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Introduction 
Welcome to Lattice C Version 5, one of the most powerful and flexible 
programming environments available for the Atari ST /TT range of computers. 
This new version of Lattice C is based on proven Amiga and PC compilers, 
coupled with a complete suite of programming tools and libraries, resulting in 
a C development system that is unparalleled in the speed and the quality of 
its object code, while being a joy to use for the beginner and the professional 
a l i k e .  

The documentation for Lattice C 5 is divided, like Gaul, into three parts: this 
volume gives an overview of the whole system and details the working of the 
compiler, linker, assembler and all the associated tools while the other two 
volumes document the many library functions available, both generic (Unix, 
ANSI and Lattice) and Atari ST specific (GEM, AES, VDI etc.). There is a 
wealth of information here and you should not expect to assimilate it all in 
one reading - you are encouraged to work through the rest of this chapter and 
then to use Lattice C 5 in anger, dipping into the various manuals for 
reference, as and when the occasion arises. 

Before we proceed to using Lattice C 5 for the first time there are a couple of 
important things that you must know about . . .  

!Making a Backup 
You have several ways of making a backup of the Lattice C 5 disks. You can 
use the disk copying function of the Desktop to duplicate the disk, or you can 
use one of the many disk copiers available. 

However you do it, please make a backup and then store the master disks in a 
safe place, away from moisture, extreme hea t or cold, magnetic fields 
(televisions, telephones etc. give off radiation harmful to disks), strong light, 
coffee and, above all, children and dogs! If you damage your master disks we 
will charge you a handling fee for re-copying them. 

!Techn ical Support 
We are striving continually to make this product better, so we are very 
receptive to suggestions about how Lattice C 5 could be made more useful to 
you. If enough people ask for the same types of features, the likelihood is 
high that such features will be implemented in a future release of the 
package. 
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To take advantage of the support we offer, even if only to receive details of 
the. ne"'.est major revi�ion of the program, you must have sent us your 
reg1Strahon card. You wdl then be sent any new information about Lattice C. 

You must also quote your serial number for technical support, you may find it 
useful to make a note of it here: 

I Serial No. 

See Append !x J f�r more details of Technical. Support. Pleas� ensure that you 
have read thlS section carefully before contactmg us for technical support as it 
also describes some of the common problems and how to solve them. 

!What is Lattice C 5? 
So that you can get the most out of these manuals and the software, here is 
an overview of the complete Lattice C 5 system. 

Lattice C 5 is a C development system comprising a host of tools and utilities 
allowing you to create, compile, link and run programs on the Atari ST. It 
conforms closely to the new ANSI standard for the C language and includes 
ma�y extensions that give you a great deal of flexibility in the C 
envir?nment. The p�ckage also c�n.tains �he most extensive set of library 
functions (both generic and ST-specific) available on the Atari ST computer. 

Editing C Source Code 

You ca.n create and edit C programs using any editor of your choice, as long as 
the editor can save the source code as plain ASCH characters. We provide, 
and recommend, an editor, called EdC, which is GEM-based, easy-to-use and is 
a complete, visually-oriented shell. 

W� also supply � derivative of EdC, called LC . PRG, which integrates the ed1to� and. the first i;>h�se of the Lattice C 5 compiler, giving a fast edit­compde-ed1t cycle. This is usable on machines with at least lMb of memory. 

Compil ing and Linking C Source Code 

ln order to turn your C source code into an executable program, you need to 
c�mpile and link it. If you are not using the integrated system (LC . PRG), you 
will need to use the compiler driver (LC .TIP) either from the Desktop or from 
a command line shell (CLO - we supply a MS-DOS style shell which is 
known as Batcher. 

Page 2 Lattice C 5 Introduction 

The Lattice C 5 compiler operates in two phases, t�e first .phase (�Cl )  
performs pre-processing and parsing of your C code mto an  m

.
termed1�te 

format known as a quad ( .Q) file. The second phase (LC2) takes this quad fde 
and produces 680x0 object code in a file (.0 extension), ready for linking. 

The linker, Clink, creates a runnable, machine code program by combining one 
or more object files produced by LC2 with the relevant supplied libraries. 

The integrated system lets you, with a single key-press, �nvoke the f�rst 
phase of the compiler (which is built in), LC2 and then the lmker, producmg 
an executable program, ready to run from the editor. 

From a shell, the LC driver (LC .TIP) provides one command line to control 
and invoke LC l, LC2 and the linker. 

Debugging the Program 

We supply a low-level debugger (MONST2C . PRG) that will help the more 
experienced of you to investigate the operation (or not!) of you� program. The 
debugger has some higher-level features, normally c;>nly found m �ource level 
debuggers, allowing access to your source code on a lme number basis. We hope 
to produce a full source level debugger at a later stage. 

I mproving the Program 

We supply a number of powerful tools allowing you to create good-looking, 
fast and compact programs with a minimum of effort. 

WERCS is a resource editor giving full access to GEM, making it easy to 
incorporate menus, dialog boxes. and icons. I� is compatible with earlier 
resource editors and also lets you mdude graphics from art packages. 

The assembler, ASM, is a full 680x0 macro assembler, tailored to the Lattice 
C 5 environment, letting you exploit the 680x0 family of processors to the full. 

To achieve maximum performance without resorting to assembly language, 
Lattice C 5 incorporates a global optimiser, GO. �O gives you the. option of 
increasing the performance of your program with no programmmg effort, 
although it can take some time to complete its task! 

Bells and Wh istles 

Lattice C 5 also comes with a plethora of minor tools, whose usefulness wi l l  
depend on your own needs and experience. These include such things �s a reset­
proof RAM disk, a librarian, an object module disassembler etc. which are all 
fully documented in The Lattice C 5 Tools chapter. 
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IA Lattice C 5 Tutorial 
Lesson 1 - Your Fi rst Program 

We are now going to guide you through your first experience with Lattice C 5 
(at least, we hope it's your first experience - you haven' t been too impatient, 
have you?). First of all, you must install Lattice C 5 for your system. The 
method of doing this depends on your system (how much memory you have 
and whether you have a hard disk or not) - we have documented the 
installation process in a separate document (the Installation Gulde to 
Lattice C 5) since there are great number of different possible configurations 
and the installation may change as we upgrade the package. 

Lattice C 5 will run on 512K machines but you would be well advised (as you 
will soon see) to upgrade your machine to at least lMb of memory so that you 
can take full advantage of the package's features. We will take you through 
a simple program on both 512K and larger computers to show you the 
different working envirorunents. 

520ST /STE Owners 

First of all, find the EDC . PRG program (wherever you have put it on 
installation) and, from the GEM desktop, double-dick on the EDC.PRG icon to 
run the program. The following screen will appear: 
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The EDC Editor Opening Screen 

Lattice C 5 Introduction 

Now type the following program using the keyboard in the normal way and 
pressing Return at the end of each line: 

#include <stdio . h> 
#include <conio . h> 

int main ( void ) 
{ 

} 

printf ( " Hello World \ n " ) ;  
getch ( ) ;  
return o; 

Your screen should now look like this: 

Desi< Flh llock fdlt lptlons Proor111 Tools 
I I ••\NFLI n. 
Llnfl 2 Cal: I ffe•:Ul7' 
•Include <stdio.II> 
•include <unia.b> 

ht ••lahaldl { 

OI 

prlntf(11Hel11 Warlljl\1"> I 
11tcbU; 
retura I; -. 

The Hello World Program 

0 

Before we compile this complicated program we must save it to disk because, 
on a 512K machine, we have to quit the editor to compile/ link etc. 

The best place to save your source files is the Lattice C 5 working disk or your 
hard disk if you have one. So press Alt-S or click on Save As . .. from the Fi ie 
menu and the file selector will appear. 

The appearance of the file selector will depend on which one you have 
installed in your system. If your operating system is TOS 1.4 or greater, you 
have, automatically, an extended file selector with drive buttons such as 
that shown in the screen shot on the next page. 

However, if you have an earlier version of the system ROMs, you will see, 
unless you have installed a new one, a much more primitive file selector, 
without drive buttons. You can replace this system file selector, if you wish, 
with the extended HiSoft File Selector (HFSEL) by placing HFSEL in your 
AUTO folder - see the lnstallallon Gulde to Lattice C 5 for details. 
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When the file selector appears, type in HELLO .C and click on the relevant 
drive button so that the box looks like this: 

T I ... fll• llocll Edit 8 tiOH roltM 00 I 

• I 1!\•H II • 
lloel t .... . ...  
ll1tlud1 <stdio.II> FILE SEtECTlll ._! 
•l1tlud1 <taal1.11> HrKtorv1 

lit 01lolvoldl A:\t,• 
{ 

prlotfl"llel11 I Sllottllll Ill.ti ·cl.-

I 
gotcUll • 
r1tur1 IJ I AUTll__,_ 0 > 1 llL-.- -

I "----•-I LIL-o-
lllllD .L 
--·-
--·- CLJ --·- f-
--·- 6 LlWD 

SIYI I flh 
� 6 

• ... 0 I 

The File Selector 

Quit the editor using Alt-Q or by selecting Quit from the Fiie menu - you should 
now be back on the GEM desktop. Double-dick on LC .TIP to run the compiler 
driver - a box will appear, type in: 

- ih - L  hello 

so that the box looks like: 

The LC. TTP Command Line for HELLO.C 
The -lh means 'find the include files in a directory called h' and the -L means 
'link after compilation' . 

Page 6 Lattice C 5 Introduction 

m: , 
� , 
£ , 
£ " 
c ,, 
c !, 
c " 
c !, 
c !· :D 

Now press Return to start the compilation and link. Assuming this proceeds 
correctly you should see the following messages on the screen: 

Lattlte Atlrl C C111111ller Capurlght il 1"8 HISaft & Lattice, Inc, 
Rll rights reserved - Uerslan 5,84,88 
C1111plllng hella.t 
Nodule she P•88888811 D•8888888E 0•88888888 
Tatll files: 1, C1111plled OK: 1 
Linking hella 
Clink Copyright tl 1''8 HISaft & Llttlce, Inc. 
All Rights Reserved - Version 1.11 

CLilll C1111plete - H1d11W1 cade size = HU C$88881'CB> bytes 

The Compilation and Link of HELLO. C 
If you do not achieve a successful compile & link, check that you have 
installed the system correctly and that all the various tools and libraries are 
where we recommend. 

After this you will have a file called HELLO. TTP on your working disk -
double-dick on this, type Return when the box appears and you should see 
Hello World appear at the top of the screen, hit a key and the GEM desktop 
will re-appear. 

Congratulations - you have created, compiled, linked and executed your first 
Lattice C 5 program! 

1 040ST/STE , Mega, TT Owners 

First of all, find the LC . PRG program (wherever you have put it on 
installation) and, from the GEM desktop, double-click on the LC.PRG icon to 
run the program. The following screen will appear: 

Introduction 

Delk Filo llacll f41t Dotiaas Proano Tools 
•. · 1 1  •• ft Llne1 1 Cal: 1 ""':nsaa 

01 

The LC Editor Opening Screen 

Lattice C 5 

0 
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Now type the following program using the keyboard in the normal way and 
pressing Return at the end of each line: 

#include <stdio . h> 

int main ( void ) 
{ 

} 

printf ( 'Hello World \ n' ) ; 
return o ; 

Your screen should now look like this: 

Desk file lloclt Edit Options Pro1rao Tools 
t 11:\HELIO 
lloe: 7 Col: 2 ""112,,85 
•tRtlude <stdto.h> 

lot Hlolvoldl 
< 

0 

priatf(11Hella Morld\n11}; 
retur1 8; 

The Hello World Program 

Before we compile this complicated program we really ought to save it to 
disk, in case anything goes wrong The best place to save your source files is 
the Lattice C 5 working disk or your hard disk if you have one. So press Alt-S 
or click on Save As .. . from the File menu and the file selector will appear. 

The appearance of the file selector will depend on which one you have 
installed in your system. If your operating system is TOS 1.4 or greater, you 
have, au tomatically, an extended file selector with drive buttons such as 
tha t shown in the screen shot on the next page. 

However, if you have an earlier version of the system ROMs, you will see, 
unless you have installed a new one, a much more primitive file selector, 
without drive buttons. You can replace this system file selector, if you wish, 
with the extended HiSoft File Selector (HFSEL) by placing HFSEL in your 
AUTO folder - see the Installation Guide to Lattice C 5 for details. 
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When the file selector appears, type in HELLO.C and click on the relevant 
drive button so that the box looks like this: 

Desk file Bloclt Ult Dotlons Proarao Tools 
t � I •:\HELLO, · 
Line: 7 Coll •··• 
Dlotludt <stdlo.h> FIL[ SELECTlll 

Int Rllnlvoldl 
Dlrettoru: 
1:\f,• { 

printfC11Hello I ,q_ 5tltttlool ltfLLD 

I 
retura a; > 0 

I IUTL._,_ 
0 

I lllL_,_ -
I JL__,_ 

l.�1�-
--·-
--·- CL] --·- -
--·- 6 [!mi] 

SIVO I file 01 
The File Selector 

• 
0 

� 
0 :::::�::ti:w::��::.::.��;:��:�st o I 

To compile and link your program type Alt-U or select Compile & Link from 
the Program menu as shown below: 

Desk flit lloclt Ult lptlons - Tools 
• . I Suntll Chtclt 
line: 7 Col: 2 """2"85 CDAollt 

. 
llntlude <stdlo.h> 

Int Hlnlvoldl 
< 

LIN< 
Rua 
Run •Ith &Ell 

IY 
IC 

IU � 
IX 
II( 

prlAtft"Hello Marld\a"): 
ntura a; J111p to Error IJ 

>I 

01 

Run Other, ,. ID 
Run Mith Shell <*D 

The Program menu before Compile & Link 

The compilation and link will now proceed immediately and, assumi�g it is 
successful, you will then be asked to press a key to return to the editor. If 
anything goes wrong, check that you have typed in the program correctly and 
that you have copied the EDCTOOLS.INF file as described in the Installation 

Guide to Lattice C 5 - otherwise the environment may not be set up. 
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A correct compilation and link will generate messages something like this: 

Llttlu ltul c C111pll1r Copurl1bt I U'8 11s1tt & L1tt1u, Int. 
Ill rl1bts reserved - Verslen S.8'.H 
Ndvll sin P•H8HB11 l=BlllllU U•llBIBllB 

Tot1l files: 1, C111plld OK: 1 
lhkl11 llell• 
Clink Copurl1ht I 1'" 1151ft & llttlu, Iu. 
Ill R11hts lltserved - Version 1.11 

CLI• ClllPl•te • N11l11111 tede sire = HH ISl881U41l �utu 

flul 1utput file sire • H4' ISBIHUZel htu 

The Compilation and Link of HELLO.C 
After this you will have a file called HELLO.TIP on your working disk - to 
run the program first ensure that Run with GEM on the Program menu is not 
selected and then type Alt-X or click on Run on the Program menu, then type 
Return when the box appears and you should see Hello World appear at the 
top of the screen, hit a key and you will be returned to the editor. 

... Fii• llodt Ult DotlHI - Tools 
• I Suntll Cllock IY I 
u .. : 1 Col: • M11112''8• C•plle CC 
•l1tludt <stdio.II> ��lie l LI'* :g 1------�o.,., 
lot 111l1Cvaldl < 

. , 

(ll'lotf C"ltl la World\o"l; 
retura IJ 

••• •ltll liEll Ill 
Juop to Error IJ 
llun lther .. , 10 
llun •Ith Sholl �O 

• .� .. :'.����1�r·· 0-1 

Running your First Program 

Congratulations - you have created, compiled, linked and executed your first 
Lattice C 5 program! 
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Summary of Lesson 1 

So, what have we learned so far? 

• 

• 

• 

520ST /STE users cannot use a fully integrated system because there is 
not enough memory to support this - you must create/ edit your program 
using EDC . PRG, exit and compile & link using LC .TIP, typing in the 
necessary command line. 

Important note for TOS 1.0 users: this early version of the ST ROMs 
upper cases the command line typed in to . TIP programs. This can 
cause problems since the LC.TIP command line is case sensitive (because 
there are so many options). To get around this we have added an extra 
option, -?, that prompts for a further command line to be input, thus 
bypassing the ROM command line and allowing mixed upper and lower 
case to be used. Use -? if you have TOS 1.0 and need to use command 
line options that are case sensitive. 

1040ST /STE and Mega users can take advantage of the integrated 
LC . PRG, creating, editing, compiling, linking and running their 
programs all from within the editor. 
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Lesson 2 - We all make mistakes 

In this lesson we are not going to differentiate between 512K and lMb+ users 
and we shall simply tell you to compile, link and run your program - please 
refer to Lesson 1 if you are unsure how to do this. 

Run EDC.PRG (512K users) or LC.PRG (lMb+ users), insert your working disk 
and type Alt-L or select Load from the Fiie menu 

••• fll• llodt [dlt l•tlHS Pnar• Tools 
• I l , r lfii •r- 11tcgf1 • 
l'••• I Col• ......... 

Fil[ SELECTOR 0 
� Dlrtttoru1 .. , ... 

StltttlHI I--•-

I 
I 
I UAlll'US,_ 

0 
lfSfl._,_ 

'--
I HmERS...-I LESSDHS..,_ I RlllDJ51L,_ I MIRCL-,_ 

--·- a::J --·- � 
--·- 0 (]illil] 

LDld I flit l .... 
OI 6 l$��W���lli�� 0 I 

The Load File Command 

Single-click on the Lessons directory to open it and then double-click on 
PROG2.C to load the program into the editor. 
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tellt Fl le llodt Ult l•tloos Pro•rM Tools 
I I 1°\i •SSDMS\PRD&t,C 
Line: l Col: I H11111'15! 
•lo<lude <1ts.b> I• get the AES prototypes and dlflnlllons I/ 
•Include <vdl.b> If get the UDI prototypes 1nd defloltlons I/ 

,. v_opnM< Input 1rr11 I/ 
short •otii..IDIUl=U, 1,1,1,1, I, I, 1,1,1, 2}; 

/I •-•P•M< output lfflU I/ 
1ti11rt Mork....autCS7J J 

t•t ••lnlvoldl 

short '•ndltJ I• •lrtu1I •orkstlllon '••die I/ 
short Junk; If unused v1rllble II 

0 

•PPl-lnltll; I• stlft llfS •I 
h1ndh=gr1f _h1ndh Cl Junk ,&Junk ,&Junk ,&Junk!; 
v_apnM lMorLln,b1ndle,N11rLautl; 
v_tlrWlb1ndlel: 

�: !!� ::�=:�1::,, :.·�'· ··· ·. 
I• dur •nrkstltlon •I " i 

vsf_ln1trlorlh1ndle;FIS..�SIR)J /I sehtt fill tUP• user-defined 11 °"' 

The PROG2.C Program 

Lattice C 5 Introduction 

Now compile this program as you did in Lesson 1 but making sure that you 
select Link with GEM on the Options menu (lMb+ users) or, if you are a 512K 

owner, use the -Lg option on the compiler command line (instead of just -L) . 
(TOS 1.0 users will have to use the option -? and then type in the command 
line as described above). 

'* •-•Pl• 11.ttlllt ... , ... 
sMrt .art...1utCS1J; 
int R1h1(yql4J { 

s•ort ll1ndl1; 
s•ort JuM; 

I* llrtUll NDrklt1110A ••11 I/ 
/I IAUlld nrllbl• I/ 

1ppLl11ttlJ J /I start 1£§ I/ 
ll1ndle=11r1f-h11dJellJ"",IJ11•,&Junk1&J•nkl J 
V-OD•Vl« lKDrk..ln,•1111111e,M1rk-tllU; 
U-tl"*(hullllt)j 

u1Liat1rt.,.(h1cidle;flLISEU; /I stl1tt fUl t\IJI •ser-lll1flned I/ 6 
• •:.,,,_,. .. f.'!.,.9" ... ,..,. o I 

Interactively Compiling with GEM 

512K Users - Compiling with GEM 

What happened? You should have seen a report something like this: 

lattice Atari C CORpller Copurtaht II 1''8 llS1ft l lilttlce, Inc. 
All rights reserved - Uerslon s.u.aa 

v_opnl/Nk1Mork..ln,•1ndle,Mork..outl; 
KDrbt1tlon •I .. 

I• open 

Al\LESSOHS\Pll.062.t l7 ll1rnlna 18: 1rg,..1nt tup1 loc.orrut 
vsf-lnterlorlh•ndh;�IS...USERIJ I• sehtt fill type user-defined •I 

A:\LESSOHS\PRD6Z.< Z8 Error 1'1 lnv1lld fuattlao 1rgW11nt 
vsf-lnterlorlh1ndle; 4 >1 I• selett fill tup1 user-defined *I 

A:\LESSOHS\PR06Z.t Z8 Error 57: se11l-ulon upettld 

Press 1nu keu 

The first compilation of PROG2.C 
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The compiler has generated 1 warning and 2 errors. 

Now get back to the editor with the PROG2.C program loaded . To achieve 
this, lMb+ users simply hit a key whilst 512K owners must run EDC.PRG and 
load PROG2.C. Now, how do we correct these errors? Well, again lMb+ users 
have. all the luck - the cursor will already be positioned on the line in which 
the first error/warning occurred and the description of the problem will be in 
the top of the window. 512K users should note down the line numbers of the 
errors/warnings and then use the Goto . .. command on the Edit menu (or press 
Alt-G) to position the cursor in the first rogue line. 

Int rt11 llodl Ult lltl- ,,_., lnls 
I · I lj\ffS rt\llR•&t, lh I J l'o : II 11-· •'" n 1a.rorr1rt 
'* •-IDft"* 111t11ut •nv II 9 
sb1rt MDrk..1ut l57J J � 
lot 111l0Cvold> ( 

lllDl'"I ll1adl1J 
s•ort l•,.I 

I• tlttlll MOrkltltlll lllMll I/ 
/I llMIStll tll'llllle I/ 

IHLla1tO: ,. 1t1rt lfS I/ 
•1ndlFll'lf-budl1ClJ ... ,lJ,,. ,IJ ... ,lJ1•I J 
•-001wk6'erll...J1,lladl1,MOIL.1a1UJ 

II fllMI Ill iludh I/ 
/I IJH .n..st1Ut4 I/ 
/I cltlt NlrkltltlN I/ v .. tln«<t111•111; 

v1f.l1ttrltr(b1Adl1:JILISD)J /I stllU fUI '"" IAr•dl•d I/ 
/I ..... I dtdl II IUIM I/ ¥.drd16'1Ul1,Mt'tl..tutllJn, .. 1rt...11tUJ/l,Mttk..11.1t(U/I); 

v.r.l1MCU1dl1)J 
11tur1 IOlll.ultOJ 

II clu1 Mal'kltl11• II 
II s••U- IES I/ j • 

•• 

Interactively Getting to the Error 
- flll 

I 

II v.1paM '"'' arr 11 t/ 
lbtrt MOrt...l1UU:{t,1,1,1,1,1,1,1,1,1,l}J 

:.,.-.�.�l:flr&l:lll.l"---------t•t Mll(VIHI ltto 11111 11\- CIJ lliii[) 
:::: '::•1 .............. ,.,,.,,.,...,,,, ................. ---.1 
:!:01!::�!1�1111dl1ll��!l�:.�1J:{.,,,.,.,; 11 fllMI •s u1d11 11 !� 
v_sp1NlM1rk..t1,•u'11, .......... u; 1• 11u MC111r.n1ct11 •1 ,:,�.·.·.� .. '. l-tlniklM1lllllJ; /I Clllr qfts1:1tlM I/ t� 
nf_loterhrllllndhJllLISlll l /I Hiett flll tu .. 11er-.lefloed 11 

Getting to the Error for 512K Users 

Looking at the first erroneous line (v_opnvwk(work_ln. handle. work out);) 
it lo�ks leg�l, but the compiler has given an argument type Incorrect 
warnmg. This means that the type of one of the arguments in a function call 
was not what the compiler expected it to be. In fact, the problem here is that 
the second parameter in the v _opnvwk function has been declared in the 
header file as a pointer to a short and, as such, the address of hand le 
(&handle) should be  passed. 
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So position the cursor on the h of handle and type an ampersand character, 
&. 

Now go to  the next error by pressing Alt-J or  Alt-G (depending on  your memory 
- in more ways than one!), this is in the line: 

vsf_interior ( handle ; FIS_USER ) ;  / *  select f ill - type * /  

and the error is Invalid function argument. Well, i t  shouldn't take you too 
long to spot that the semi-colon between handle and FIS_USER should be a 
comma. Position the cursor over the F of F I S US ER  and hit Backspace 
followed by a comma - , . 

Now compile the program again, remembering to save it first. It should now 
compile and link successfully, to PROG2.PRG, and you can try running it. 

••• fllt llodl Ult lotions Pro11rM Jolls 

• I 1:\l F<50H<\Pll0&7 C 
Liao: H Coll 25 "••:2'157 
11 •-••""'* 1uto•t arr11 t/ 
sbort •or1L..outl571 l 

l•t ••l•l••Ul { 
short undl•J 11 vlrtutl "°rkstttlon uadle 11 

II .. ustd Hrltblt t/ short JWlkl 

"'1-lnltOl /I start 1£5 II 
•tadle=graf-lllA01l&J .... &JU11k,&Judt,&Judtll 
v_opaN btorLl111,lbandle,NOrL.1ut) J 
v_tlr'*lhandltl J 

� 
/I 111111 IES 'udlt II 
II OJtA "°"'st1tloa I/ 
II thor •ortstttloa 11 

vsf-1aterlorlh•dle,fl5..U51RI J /I Hiett fl II tpt ustr-dtll .. d I/ 
II dr .. I tittle 11 SttlH II 

•-<lrtl1(b1ndl1,•orlL..outlll l2,MOrk..1utUI 12,MOllL.••t 111/21 l 
•-t1•"'*"1Adl1l J 
rotur• •PP I-Hit 0 l 

,. tits• -st•tlll ., 
/I 1 ... t,_ AU I/ 

• 
0 
·�. 

�J ��:: '0 
6 } 

01 f.::. :::.it!* ... .• ·:· . . 0 I 

The Corrected Program 

The program draws a filled circle like this: 

The PROG2.PRG program running 
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Summary of Lesson 2 
+ Again, 520ST /STE users cannot use a fully integrated system because 

there is not enough memory to support this - you must note down any 
errors/warnings and use the Goto line . . . (Alt-G) feature of the editor. 

+ lMb+ users have an fully-integrated system where the compiler tells 
the editor about errors and you can use the Jump to Error (Alt-J ) 
command on the Program menu to find all the errors/warnings. 

+ A sidenote - the warning about argument type Incorrect would not 
have been given by older, non-ANSI, compilers. Lattice C 5 knows 
about function prototyping and is able to check the types of function 
arguments. 

If you are wide awake you may have noticed that the compiler reported two 
errors (look back at the output on page 13) and that we only corrected one of 
them to obtain a successful compilation. This is because the second error was 
caused by the first error; the compiler became confused as to the meaning of 
the program and thought that a semi-colon was overdue. This is an example 
of a spurious error caused by a previous problem - always be on the look out 
for this type of error. 
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Lesson 3 - Optionally yours 

·n to differentiate between 512K and lMb+ users 
In this lesson we are not got g 

.1 link and run your program - please 
and we shall simply tell you to comp1 e, . 
refer to Lesson 1 if you are unsure how to do this. 

Run EDC .PRG (512K users) or LC.PRG (1Mb+ users), insert your working disk 

and type Alt-L or select Load from the Fiie menu 

· t  d then double-click on 
Single-click on the Lessons d�rectory to open I an 

WTEST .C to load it into the editor. 

Desk Fll• llack Edit Dotl ons PraarM laals 
I " . ..  ·: . •. I l"LHSDNS\llUSI . C  
l ine :  I Cal : I """: !&SIB 

1: Mtest . t  - the MER.CS test progr .. far Llttiu C 5 

: Copyr ight lcl 1"8 MISofl 
., 

•Include <std lo .h> 
•inc lude <std l i b . h> 
•Include <str lng . b> 
llnclud1 <1es . h> 
•include 1'Mrsc . b" 
/I globll v1r l tbles I/ 

::���T ,:::��!��eeny, scr11r1e, screenhi 

I:� �=��i1g, finhbed•I; 
lnt checked; 
thlr ed I t l7Bl l 

01  
• 

� :.: ;·. �:'.-::::·:<".:·:'.�:�::::·:z:;?•'•:•.•:· •:; . .;•:•.' • :.• ··=·�W'·· • :w :;.w:·:�?'.tft:: ::':·:::�,�::�;::�:-:::.i�:;:0;::�{i·::': :;;-:�-: 0 I 

The WfEST. C Program 

This ro ram is an extended example of using the GEM system and uses 
p g 

t d " th the WERCS resource editor - see the chapter WERCS , 
structures crea e w1 
The Resource Editor for more details . 

�;t:o��
c
:-:s;�� 

i
�:�d5��%f��u

h
�Jf fy��f�a� �;!

n
!o:::;������:�;'J�:� 

compiling your program. 
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To see most of the compiler options available to you, select Complier 
Options . . .  i:in th� Op.tlons menu or type Control-0, from within the editor. 
The followmg hst wdl appear: 

lrsk Fil• llock Edit l•tloos ,,,,,., Tools 

• ' '""•lier Ontlon• 
1. 1111 Require fuat tloa 9rtttt1111rs I 
I 

• 
• 

i:::uJ Preuss USI trlsr111bs ln1t 11qi1.,.eotodl 

i::ilJ Stlppress 1111ltlpll lotludes of s- file 

� lll111 .... ke.,.ords 

: c::::ill lllUgo exteraals ea l1n11Nord boundaries 

1 c:EiiJ 1 1 1111 oultlple tb1rutrr tonst1Ats /I 
01 
s 
11 

: · 
GiJ StreagtbH 1111r1:11te type cm1p1rtsoas 

i:::UJ Eotble tH stule veproussor 

� 1 1 1111 register k••ords 

' 1111 Crute lfllU one <•PU of ldtntlul strings 

The Compiler Options list 

s.tj' 0 

�s you can see, from scrolling down the list using the slider on the right hand side, there �re .a great many such options giving you enormous flexibility in y
h
�m

h
r
l. 
co
h
mp1l�hon. The options tha t are enabled by default are shown 1g 1g ted m black. 

The options we are going to use in this program are: 
-csf this �s a multiple option: the -c. is a prefix which can be followed by certam other letters to give particular options. 

-cs create only one copy of identical strings - this keeps the program s�aller by only keeping one copy of any identical constant stnngs. 
-cf �equire function prototypes - function prototypes were introduced mto the C langu�ge by the recent ANSI standard and are used to tell th� co�p1l�r exactly how a function should be called, thus makmg it  e�s1er �or yo�. Lattice C 5 checks for a function prototype . and, 1f this option is used, will warn you if a prototype 1s absent. 
Thus -csf says create only one copy of identical strings and require function prototypes; you can add other -c options onto this list. 
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-v 

-Lag 

disable stack checking code - this option tells the compiler not to 
generate any inline code in your program that will check that there is 
sufficient stack space during your program's execution. You would 
normally only use this option when you had a completely finished 
program that had been fully tested and that you wished to be of a 
minimum size and to run at maximum speed. 

this is a multiple option, the -L is a prefix which can be followed by 
certain other letters to give particular options for the linker. 
-La add symbols to the created program, for debugging purposes - this 

adds all your global variable and function names to your 
program so that a debugger can pick them up and make it easier 
for you to debug your program. 

-Lg link with GEM - this ensures that the linker searches the GEM 
libraries when resolving references on your program. 

Note that both these options are available from the Options menu 
when compiling interactively, from the editor. When using LC .TIP you 
would use them on the command line, instead. 

So, if you are running interactively, type Control-0 and select -cs, -cf & - v  
and then go up  to the Options menu and ensure that i t  looks like: 

lesk fl le llo<k Edit ..,.,.._ ProorM Tools 
I �. . - CMPll•r Options . . .  All 
line: I Col t 1 MM:  Use 6lobal Optlolser 

I ntroduction 

1: t t - th um cs t ,.,-i:i;;;-5;;;i;----------
• • "' " • ·� "' Um •Ith flaatln• Point 
• topurhht ltl 1''8 MIS ------------------------­., 

•lntlud• <stdio . II>  
•indude <stdllb.11> 
•lntlude <strln1.11> 
•1nclud1 <1os.11> 
lintlude 1'Mrsc. . ll" 

Arrange aundOMS • •  I 
Cyde Wind•• 
fonts . , ,  

lStII Tobie .. , 

Preferences . . •  

I• globil v1rllbles ti 
OBJECT litenu..ptr: 
sbart screeax,strceny,scree,..,sc.rHnbJ 
int radla; 
lot deskf11g,flnlsbd'll 
Int th1<k1d: 
chor 1dltl7BI : 

The Editor's Options menu 

Lattice C 5 

I 
0 

0 
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Otherwise, if you have less than 1Mb f . 
LC .TIP as in Lesson 1 and type the foll 

? memory, q�1t the editor, invoke owmg command Ime: 

512K Users - The Command Line for WTEST.C 
Compile and link the program as usual - you will create WTEST. PRG. 
1Mb+ users can do th" d is, an run the result, simply using Alt-X. ���T o

p
��r; will use LC . TTP as described and then double-click on · rom the desktop. 

Either way, the running. program looks like: 

WfEST.PRG running 
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Summary of Lesson 3 

• The Lattice C 5 system is extremely flexible and allows the user great 
freedom of choice. 

+ There are many compiler and linker options that affect how these 
tools will treat your program. These options also often affect your 
program's size and speed of execution; it is wise to use them carefully 
and only when you need them. 

+ It is very easy to create GEM programs with Lattice C 5; once you have 
experimented a little you might like to read through the W E R C S  
chapter later i n  this manual which contains much invaluable 
information regarding GEM. Volume Ill (the Atari Library manual) is 
worth dipping into for further information on the various aspects of 
GEM. 

That completes our brief but, we hope, useful introduction to using the Lattice 
C 5 system. We now encourage you to get on and use the package, referring to 
this and the other volumes as and when you need to although you might like 
to glance at the final section in this chapter before you do. 
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lH ints and Tips 
Here is some advice on getting the best out of your Lattice C 5 system and your Atari ST. 
+ Always read the error messages very carefully - they invariably provide much information about the source of the problem. Do not expect the error message to necessarily occur in the line that is actually at fault, the compiler may often report an error one line too late. Also, the error pointer (A) often points after the error, not at it. 
+ If you are totally lost as to why your program is not working, use the manuals in the first instance - look up the library function definition and che�k that you are using it correctly and including the right header files. The manuals are full of useful and relevant information please use them for reference as often as possible. ' 

• 

• 

• 

• 

• 

It is best if you do not ignore warnings generated by the compiler - it spots many semantic mistakes and gives you guidance, through the warnings, as to errors you may be making in your usage of types. 
In parti�lar, the arg�ment type 1!1corre�t warning means that you are passmg an expression to a function that 1s not consistent with what the function expects - do .not just cast the argu!"'��t (force its type) to get yoursel� out of trouble, either change the defm1hon of the function you are callmg or change the type of the variable to be appropriate to that expected by the function. See Lesson 2 above. 
!f (when!) y01.�r program cr�shes don' t .be afraid to use the debugger - it 1s wor�h gettmg. used to smg�e-steppmg and setting breakpoints, not only will you gam understandmg of how your program is running but you will also speed up the discovery of obscure runtime errors. See the chapter on MonST2C for more detail. 
If possible, us� a � dis� for the intermediate (quad) files generated by t�e �ompiler �mce this has a massive effect on the speed of compilation. Do this by setting the QUAD environment variable - see the chapter on LC, the Compiler. 

If the linker reports undefined symbols and they are not your program's faul.t, make �ure th�t the first file loaded by the linker is c .o (or the e.qu1".alent f1�e reqmred by the library that you are using) i.e. put it first m the lmker's command. If you are using more than one library then le . l ib (or the equivalent) should be searched last. 
If you wish to create a linker control (with) file then don't get put off by the many options, get the LC.TIP driver to build it for you by using the -L option, see the LC, the Compiler chapter. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

All the advanced features of the Lattice linker (Clink) naturally 
require that you use Lattice format objects rather than GST format 
objects. It is always worth changing any existing assembly language 
code to be able to be assembled by asm so that you may use Clink. 

If you have code that does not use prototypes, perhaps becaus� you 
haven't used an ANSI compiler before, you can use the -pr option of 
the compiler to generate a prototype file for your functions, 
automatically. 

You can turn stack checking on and off �or each indivi�ual module in a 
multi-module program. This can be particularly useful 1f one module of 
a program is highly recursive. 

If your program has several large static arrays, the best code will be 
produced if you use the default (small, -b 1 )  data model i.e'. �on' t use 
the -bO option. Instead, declare the large arrays as far, exphc1tly. 

Unlike most 68000 C compilers, Lattice C 5 lets you produce extremely 
large programs that use the small, fast branch instructio�s �f the 68000 
instruction set. Thanks to the advanced alv (automatic lm� vector) 
facility of the linker these branches are extended when required. The 
-rO option overrides this feature making all branches long, fo� GST 
compatibility - unless you have a very good reason to do otherwise, �o 
not use the -rO option; we hav� neve� us� -rO, even though LC.PRG 1s 
nearly 200K long and is compiled with itself. 

To generate small, fast programs, assuming that you are using 
prototypes, use the -rr option which will cause up to �our. parameters to 
be passed in registers rather than on the stack which 1s sl�wer and 
requires more code. Note that this option may not be used 1f you are 
not using prototypes. 

Using 1 6  bit integers as the defa�lt. (via the -w flag) will give better 
code than using the default 32 bit integers. Howe".er we rec01_nm�n? 
strongly that you use prototypes with this option, s1�ce otherwise 1t 1s 
easy to end up with the �rong numb�r of. bytes bemg pl�ced on the 
stack when calling a function, often with disastrous results. 

As always, the more memory you have, the easier and the fast�r will 
be your development. Memory prices are reasonably low at the time of 
writing and we would advise you .to make sure you .have at least one 
megabyte of memory in your machme as soon as possible! 

You will also find that the purchase of a hard d isk drive will 
revolutionise your attitude to program development, as long as you 
organise it well and keep regular backups! 

Right, now it's up to you! 
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EdC 
The Screen Editor 

!Introduction 
This chapter details the use o f  the editor, EdC, and how to  invoke other 
parts of the system from it; it does not detail those tools themselves. EdC is 
an enhanced version of the editor supplied with HISoft DevpacST and HISoft 
BASIC . In many ways EdC is more than an editor, it is a visually-orientated 
shell that will let you run almost the whole Lattice C system from within it 
using a single keystroke or menu click. Having said that you will need either 
a hard disk or two double-sided floppies to take full advantage of this. 

EdC comes in two versions, one that includes the compiler (LC .PRG) and the 
other that does not (EDC . PRG). They are both used in the same way, but the 
version with the compiler has extra commands, and uses more memory of 
course. In the rest of this section EdC refers to those facilities that are 
available from both EdC and LC; whilst LC refers to those features that are 
only available from LC .PRG. 

To run EdC, double-dick on the EDC.PRG icon from the Desktop or type EDC 
from Batcher. LC .PRG is loaded in the same way. 

When the editor has loaded, a menu bar will appear and an empty window 
will open, ready for you to enter your programs. 

IThe Editor 
The editor section of EdC is a screen editor which allows you to enter and 
edit text and save and load from disk, as you would expect. It also lets you 
print some or all of your text, search and replace text patterns and 
manipulate blocks of text. It is GEM-based, which means it uses all the user­
friendly features of GEM programs that you have become familiar with such 
as windows, menus and mice. However, if you're a die-hard, used to the 
hostile world of computers before the advent of WIMPs, you'll be pleased to 
know you can use most of the commands from the keyboard without having to 
touch the mouse. 
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The editor is RAM-base_d, which means that the file you are editing stays in 
memory for the whole time, so you don't have to wait while your disk grinds 
away loading different sections of the file as you edit. If you have enough 
memory you can edit a file of over 300k (though make sure your disk is large 
enough to cope with saving it if you do!). As all editing operations, including 
operations like searching, are RAM-based they act very quickly. 

When you have typed in your program you must be able to save it to disk, so 
the editor has a comprehensive range of save and load options, allowing you 
to save all or part of the text and to load other files into the middle of the 
current one, for example. It will also let you edit up to four files at once, so 
that you can check the contents of a header file whilst writing your program. 

Features may be accessed in one or more of the following ways: 
• 

• 

• 

• 

• 

Using a single key, such as a Function or cursor key; 

Clicking on a menu item, such as Save; 

Using a menu shortcut, by pressing the Alternate key (subsequently 
referred to as Alt) in conjunction with another, such as Alt-F for Find; 

Using the Control key (subsequently referred to as Ctrl) in conjunction 
with another, such as Ctrl-A for cursor word left; 

Clicking on the screen, such as in a scroll bar. 

The menu shortcuts have been chosen to be easy and obvious to remember, 
while the Ctrl commands are based on those used in WordStar, and many 
other compatible editors since. 

!Entering text and Moving about 
Having_ loaded EdC, you will be presented with an empty window with a 
status lme at the top and a flashing black block, which is the cursor, in the 
top left-hand corner. 

1:he status line contains information about the cursor position in the form of 
!me and column offsets as well as the number of bytes of memory which are 
free to store your text. Initially this is displayed as 29980, as the default text 
size is 30000 bytes. 

You may change this default if you wish, together with various other 
options, by sele�ting Pr�ferenc�s, descr_ibed later. The 'missing' 20 bytes are 
used by the editor for mternal mformahon. The rest of the status line area is 
used for error messages, which will usually be accompanied by a 'ping' noise 
to alert you. Any message that is printed will be removed subsequently when 
you press a key. 
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Cursor keys 

To move the cursor around the text to correct errors or to enter new characters, 
ou use the cursor keys, labelled ..- --+ t and .i.. If you move the cursor.fast the right-hand end of the line this won' t add anything to yo�r text, but l you try 

to type some text at that roint the editor will automatlc�lly add �he text �o 
the real end of the line. I you type in long lines the wmdow display will 
scroll sideways if necessary. 

If you cursor up at the top of a window the display will ei!her scroll dow_n if 

there is a previous line, or print the message Top of file m the �tatus Im�. 
Similarly if you cursor down off the bottom of the window the display will 

either scroll up if there is a following line, or print the message End of flle. 

You can move the cursor on a character basis by clicking on the arrow boxes at 
the end of the horizontal and vertical scroll bars. 

For those of you used to WordStar style editors, the keys Ctrl-S, Ctrl-D, Ctrl-E 
and Ctrl-X work in the same way as the cursor keys . 

To move immediately to the start of the current line, press Ctrl ..-, and to move 

to the end of the current line press Ctrl --+. 

To move the cursor a word to the left, press Shift ..- and to move a word to the 
right press Shift --+ . You cannot move past the end of a line with Shift -+ . A 
word is defined as anything surrounded by a space, a tab or a start or end of 
line. The keys Ctrl-A and Ctrl-F also move the cursor left and right on a word 
basis. 

To move the cursor a page up, you can click on the upper grey part of the 
vertical scroll bar, or press Ctrl-R or Shift t.  To move the cursor a page down, 
you can dick on the lower grey part of the scroll bar, or press Ctrl-C or Shift .I.. 

If you want to move the cursor to a specific positio� on the s�een you may 
move the mouse pointer to the required place and chck (there is no WordStar 
equivalent for this feature!). 

Tab key 

Pressing the Tab key inserts a special character (ASCII code 9) i�to your 
text, which on the screen looks like a number of spaces, but is rather 
different. Pressing Tab aligns the cursor onto the 'next multiple of 4 column', 
so if you press it at the start of a line (column 1) the cursor moves to the next 
multiple of 4, +1, which is column 5. 

The Screen Editor Lattice C 5 Page 27 



When you delete a tab the line closes up as if a number of spaces had been 
removed. The advantage of tabs is that they take up only 1 byte of memory, 
and only one byte on disk, but can show on screen as many more, allowing you 
to tabulate your program neatly, without increasing its size unduly. You can 
change the tab size before or after loading EdC using the Preferences 
command described shortly. 

Backspace key 

Pressing the Backspace key removes the character to the left of the cursor. 
If you backspace at the very beginning of a line it will remove the invisible 
carriage return and join the line to the end of the previous line. Backspacing 
when the cursor is past the end of the line will delete the last character on 
the line, unless the line is empty in which case it will re-position the cursor 
at the left of the screen. 

Delete key 

The Delete key removes the character under the cursor and has no effect if 
the cursor is past the end of the current line. 

The commands on the Edit menu may also be used to move the cursor about 
your text: 

6oto Top NT 
6oto Botto" roe 
6oto 1 1 1  N6 

F i nd �lf 
F i nd Next NH 
F i nd Prev i ous  NP 

Rep l ace NR 

Re l ace  A l l  

Go to top of file 

Goto l ine 

To move the cursor to a specific line in the 
text, click on Goto . . .  from the Edit menu, or 
press A l t -G .  A dialog box will appear, 
allowing you to enter the required line number. 
Press Return or click on the OK button to go to 
the line or click on Cance  I to abort the 
operation. After clicking on OK the cursor will 
move to the specified line, re-displaying if 
necessary, or give the error End of file if the 
line doesn't exist. 

Another fast way of moving around the file is 
by dragging the slider on the vertical scroll 
bar, which works in the usual GEM fashion. 

To move to the top of the text, click on Goto Top from the Edit menu, or press 
Alt-T. The screen will be re-drawn if necessary starting from line 1 .  
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B l ' '  

c -:F' 

Go to end of file 

To move the cursor to the start of the very last line of the text, click on Goto 
Bottom, or press Alt-B. 

!Searching and Replacing Text 
To find a particular section of text click on Find from the Search menu, or 
press Alt-F. A dialog box will appear, 

F i nd :  

Repl ace : _ 

Cas i ng :  IRU:Pliil I test ! =TEST I 
j Cante ! I j Pre11i ous 1 1  Next 

This allows you to enter the find and replace strings. In the example above 
long has been entered as the find string and Int as the replace string. 

If you click on Cancel, no action will be taken; if you click Next (or press 
Return) the search will start forwards, while clicking on Previous will start 
the search backwards. If you do not wish to replace, leave the replace string 
empty. 

If the search is successful, the screen will be re-drawn at that point with the 
cursor positioned at the start of the string. If the string could not be found, the 
message Not found will appear in the status area and the cursor will remain 
unmoved. 

Whether test is treated as the same as TEST or Test etc. depends on which 
Casing button is selected. In the example above the search would not stop if 
LONG was found; if test== Test was selected then the search would find 
LONG. 

To find the next occurrence of the string click on Find Next from the Edit menu, 
or press Alt-N . The search starts at the position just past the cursor. 

To search for the previous occurrence of the string click on Find Previous from 
the Search menu, or press Alt-P. The search starts at the position just before 
the cursor. 
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Having found an occurrence of the re u' d . 
replace string by clicking on Replab ir; text, it can be replaced with the 

Alt-R. Having replaced it, the editor wi� t�om the Edit menu, or by pressing 
en search for the next occurrence. 

If you wish to replace every 0 
string from the cursor position 

���:��ce o� the find string with the replace 

menu. During the global replace the Es
s, �hck on Replace All from the Edit 

sta tus area will show ho 
c ey can be used to abort when the 

deliberately no keyboard e 
:

i 
m;ny replacements were made. There is 

chosen accidentally. 
q va ent for Replace All to prevent it being 

To search and replace Tab characters C 
box. Other control characters may be s�:���ed ttl �hen. typing in the dialog 

for the CR (Ctrl-M) and LF (Ctrl J) h 
or m a s1m1lar manner except 

- c aracters. 

I Deleting text 
Delete l ine 

The current line can be deleted from the text by pressing Ctrl-Y. 

Delete to end of l ine 

The text from the cursor position to h 
by pressing Ctrl-Q. (This is e . I 

t e end of the current line can be deleted 
qu1va ent to the WordStar sequence Ctrl-Q Y). 

U nDelete Line 

When a line is deleted using either of the 
an internal buffer, and can be re-inse t d 

�bove
h 
commands it is preserved in 

the Undo key. This can be done as ma
r e .mto t e tex� by pressing Ctrl-U, or 

for repeating similar lines or swapping
ny hm�s d

a� �equir�d, particularly useful 
over m 1v1dual Imes. 

Delete all text 

To clear out the current text, click on Clear 
made any changes to the text that h 

from the Fi ie menu. If you have 

confirmation is required and an al t b 
av�

l 
not been saved onto disk, a 

the text, or on Cancel to abo t th
er ox �1 l appear. Click on OK to delete 

b f 
r e operation If · h 

e ore clearing the buffer click o th S 
. you w1s to save the text 

' n e ave button. 
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IC! : [Disk Operations 
C l ear 
Load . . . roL 
Load Another • • •  AL 
Insert F i l e  rot 

- - - - - - - - - - - - - - - - - - - -

S ave «�S 

Save As . . .  ros 
- - - - - - - - - - - - - - - - - - - - -

Del ete F i l e  
- - - - - - - - - - - - - - - - - - - - -

Change D i rectory 

J 
Save As . . .  
To save the text you are editing, click on 

Save As . . .  from the Fi ie menu, or press 

Alt-S. The GEM File Selector will appear, 

allowing you to select a suitable disk and 

filename. Clicking OK or pressing Return 
will then save the file onto the disk. If an 

error occurs a dialog will appear showing a 

TOS error number, the exact meaning of 

which can be found under OSERR  in 

Volume I I  - Library manual. 

- - - - - - - - - - - - - - - - - - - - -

Qu i t  r+io l c 1 h ·11 b 
•• If you c ick on once t e text w1 not e 

saved. 
Normally if a file exists with the same name it will be deleted and replaced 

with the new version, but if Backups are selected from the Preferences 

options then any existing file will be renamed with the extension . BAK 

(deleting any existing . BAK file) before the new version is saved. 

Save 

If you have already done a Save As (or a Load), EdC will remember the 

name of the file and display it in the title bar of the window. If you want to 

save it without having to bother with the file selector, you can click on Save 

on the Fiie menu, or press Shlft-Alt-S, and it will use the old name and save it 

as above. If you try to Save without having previously specified a filename 

you will be presented with the File Selector, as in Save As. 

Loading Text 

To load in a new text file, click on Load from the Fiie menu, or press Alt-L. If 

you have made any changes that have not been saved, a confirmation will be 

required. The GEM file selector will appear, allowing you to specify the disk 

and filename. Assuming you do not Cancel, the editor will attempt to load 

the file. If it will fit, the file is loaded into memory and the window is re­

drawn. If it will not fit an alert box will appear warning you, and you should 

use Prefe rences to make the edit buffer size larger, then try to load it 

again. 
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If the file can' t be found then a dialog box will appear, asking you if you 
wish to create that file. You may do so, or alternatively modify the filename 
and try again. 

If you wish to continue editing the current file and would like to edit another 
file then use Load Another . . .  or press Ctrl-L. This will open the file in the 
next unused window. 

When loading EdC from Batcher, or any other CU, you may include up to 
four filenames. The corresponding files will then be loaded automatically. If 
a file cannot be found you will be asked if you wish to create it or may 
change the filename if you wish. 

Inserting Text 

If you want to read a file from disk and insert it at the current position in 
your text click on Insert File from the Fi le menu, or pressAlt- 1 .  The GEM file 
selector will appear and assuming that you do not cancel, the file will be 
read from the disk and inserted, memory permitting. 

Delete File 

If you want to delete a file on disk (if for instance you have run out of disk 
whilst trying to save), click on Delete Fi ie. The GEM file selector will 
appear, allowing you to select a suitable disk and filename. Clicking OK or 
pressing Return will then delete the file from the disk. If an error occurs a 
dialog will appear showing a TOS error number, the exact meaning of which 
can be found under _OSERR in Volume II - Library manual. If you click on 
Cancel the file will not be deleted. 

Change Directory 

This option allows you to move the current directory; this can be useful when 
running programs which expect all of their files to be in the same place as 
the program itself. After clicking on Change Directory the GEM file selector 
will appear, allowing you to select a suitable disk and folder name. Clicking 
OK or pressing Return will then change the directory. If you click on Cancel 
the directory will not be changed. 
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{Quitting EdC 
Fii or press Alt-Q. If changes have 

To leave EdC, click on Quit. frh
o� the � :��u�aved to disk, an alert box will 

been made to the text wh1c . a".e no . 
. 

appear asking for confirmation, hke this. 

Save Changes 
I am [Leave I f : \LC\SIEUE . C  
l am llim:J f : \LC\TD1P , C  

I 0 Rs Above o J I Save A l l  
Batkups lllll []ill 

Leave A l l  Cante! ] 

. e chan ed. Clicking on Save All, A s  
This example sh�ws that two 

·��le:i�a
t�e edito� saving the changes. Clicking 

Above or pressing Return w1
d.
� 

Leave al l will ignore all the changes 
on Cancel will return to the e i or. . 
you have made. 

h r k on the appropriate Leave 
If you wish to save s�me file� but not �: ��

o
��c 

button by F :\ LC\ TEMP.C in 
buttons. For example if you clicked on

d
t 
Return only the F : \ LC\ SIEVE.C file 

the above example and then presse , 

would be saved. . 
. s from this dialog box. This is useful if 

You can also enable and disabl� batufhat you don't require a backup of a one 
you normally use backups, but ec1 e 

line change. 
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!Block Commands 

f 1 
f 2 --------------------

Save B l ock fl 
Copy B l ock f 4 ---------------------
D e l ete B l ock QfS ---------------------
Re"e"ber B l ock Qf 4 
Paste B l ock fS  ---------------------
P r i n t  B l ock [•lW 

A block is a marked section of text which 
m�y be copied to another section, deleted 
prmted or saved onto disk. The functio� 
keys are used to control blocks. 

Marking a block 

The start of a block is marked by moving 
the c�rsor to the required place and 
selectmg Block Start or pressing key F 1 
The end of a block is marked by moving 
the cursor and selecting Block End 

. k 
m ressmg ey F2 .  The start and end of a 

loc� . do not have to be marked . 

specific order - if it is more convenient';o: 
may mark the end of the block first. 

A marked block is highlighted b showin h . 

e�iting a line that is within a bl�ck this 
�
i
t 
h
�
· 
t�x� m re�erse. While you are 

will be re-displayed when you leave th t 1 · g ig 
h
tmg will not be shown but 

a me or c oose a command. 

Saving a block 

Once a block has been marked " t  b 
the Block menu or b . ' i can e saved by clicking on Save Block from 

What blocks! will a�p�:�s;;fh�e�!� ·
0
!f 

t 
no block 

.i
s marked, the message 

the message lnvalld block ! "ll 
he block is textually after its end 

Assuming a valid block has b
wi app

k
ea

d
r. Both errors abort the command 

II · 
een mar e the GEM fl I . · 

a .owmg you to select a suitable disk a 
'
d fl 

I e se ector will appear, 

with a name that already exists the ol� I e.name.
, 
If you save the block 

backups are made with this com d 
version will be overwritten - no 

man . 

Copying a block 

A marked block may be copied memo . . 
text by moving the cursor to h

, ry perm1ttmg, to another part of the 

Copy Block or by pressing k;y 
�� ��u want the block copied and clicking on 

itself, the message Invalid block ' 
. 

' ll
you try to copy a block into a part of 

. w1 appear and the copy will be aborted. 
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Deleting a block 

A marked block may be deleted from the text by clicking on Delete Block or 

by pressing Shlft-F5. The shift key is deliberately required to pre".e�t it �eing 

used accidentally. A deleted block is remembered, memory perm1ttmg, m the 

block buffer, for later use. 

Copy block to block buffer 

The current marked block may be copied to theblock buffer, memory 

permitting, using Remember Block or by p�essing S�ltt-F4. This. can be v�ry 

useful for moving blocks of text between different files b}'. lo�dmg the first, 

marking a block, copying it to the bloc� buffer then switc�mg .to another 

window or loading the other file and pastmg the block buffer mto it. 

Pasting a block 

A block in the block buffer may be pasted at the current cursor position by 

clicking on Paste Block or by pressing F5. 

The block buffer will be lost if the edit buffer size is 

changed. 

Printing a block 

A marked block may be sent to the printer by clicking on Print Block or by 

pressing Al t-W . An alert box will appear confirming the operation and 

clicking on OK will print the block. The printer port used will depend on the 

port chosen with the Install Printer desk accessory, or will default to the 

parallel port. Tab characters are sent to the printer as a . suitable 
.
number .of 

spaces, so the net result will normally look better than 1f you prmt the hie 

from the Desktop. 

Block markers remain during all editing commands, moving where necessary, 

and are only reset by the commands Clear, Delete block, and Load. 

If you try to print when no block is marked at all then the 

whole file will be printed. 
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!Compil ing & Running Programs 
The commands of  this menu can only be used from LC.PRG with the exception 
of Run Other and Run with Shell . 

Syntax Chetk roy 
Conp i l e roe 
Conp i l e  & L i nk rou 
L i nk rou 
Run rox 

I/ Run Hi th 6EM [•lK 
JUMP to Error roJ 
Run Other roo 
Run H i th Sh e l l «�O 

Compile 

Syntax Check 

The Syntax Check i tem on this menu, 
checks the syntax of the source text that is 
currently being edited without producing 
any output file. Be sure to set up the 
INCLUDE environment variable so that the 
compiler can find the header files that 
you have # I n c l u de d .  Because this 
command does not need to load the 
compiler or your program from disk, it lets 
you check your program quickly. 

The Compi le command is only available if you have loaded the second 
phase of the compi�er LC2 .JTP along with LC .PRG. Naturally this requires 
more memory than JUSt loadmg the first phase of the compiler. This can be 
modified using the Preferences command. 

Compile will produce a .0 file that can be linked.If you haven't saved your 
program source code yet the file will be based on the name NONAME. 

If you haven't loaded
. LC2 .TTP the Compile command will be replaced by '.hor?ugh Check. This command only runs the first phase of the compiler but 

it will produce a . Q file that can be passed to LC2 .TTP and is able to spot 
some errors that the Syntax Check command cannot. 

Jump to Error 

During a syntax check or compilation any warnings or errors that occur are 
remembered, and can be recalled from the editor. Clicking on Jump to Error 
�rom the Program m�nu, or pressing Alt-J will move the cursor to the next line 
1� your prog�am which has an error, and display the message in the status 
lme of the window. 
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You can step to the next error by pressing Alt-J again, and so on, letting you 
correct errors quickly and easily. If there are no further errors when you select 
this option the message no more errors will appear, or if there are no errors 
at all the message What errors! will appear. Note that if there is more than 
one error on a line then only the first error is shown. 

If you are editing a file that is included by the current 

program, the version of the included file that is on disk 

will be used, so be sure to save any include file 

modifications to disk. 

Li n k  

If the compilation is su�cessful you 
_
can the� use the Link co�mand t� link ym�r 

program. The linker will be run with a smtable command lme. Obv10usly this 

requires the entire compiler as well as the editor and linker to be memory at 

once. 

Compile & Link  

You can combine the Compi le and Link steps using the.Compile & Link 
command. 

Run 

I f  you have successfully compiled and linked a program you can then run it 

using the Run command. If your program crashes badly you may never return 

to the editor so, if in doubt, save your source code before using this, or the Run 
Other commands. 

When issuing a Run command from the editor the machine may seem to 'hang 

up' and not run the program. This occurs if the mouse is in the menu bar area 

of the screen and can be corrected by moving the mouse. Similarly when a 

program has finished running, the machine may not return to the editor. 

Again, moving the mouse will cure the problem. This is due to a feature of 

GEM beyond our control. 

Run with GEM 

Normally, when the Run command is  used, the screen i s  initialised to  the 
usual GEM type, with a blank menu bar and patterned desktop. However if 
running a TOS program this can be changed to a blank screen with flashing 
cursor, by clicking on Run with GEM, or by pressing Alt-K. A check-mark next 
to the menu item means GEM mode, no check mark means TOS mode. The 
current setting of this option is remembered if you Save Preferences. 
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Running a TOS program in GEM mode will look messy but 
will work, whereas running a GEM program in TOS mode 
can crash the machine. 

Run Other . . .  

This command is available from both versions of EdC. It lets you run other 
programs from within the editor, then return to it when they finish. 

When you click on Run Other . . . from the Program menu you will first be 
warned if you have not saved your source code, then the GEM File Selector 
will appear, from which you should select the program you wish to run. If it 
is a .TOS or .TIP program you will be prompted for a command line, and then 
the screen will be initialised suitably. 

This is the command to use for 'one-off' running of a program within the 
editor. If you are likely to want to run the same program a number of times, 
then use the facilities of the Tools menu. If you would prefer to specify the 
program to run via a command line, rather than using the File Selector then 
use the Run with Shell command described below. 

If you include the character sequence %.  (i.e. per cent followed by full stop) 
in the command line this will be replaced by the full name of the file that 
you are currently editing. To pass the name without its extension, use % ? . 
Thus a command line of: 

%? . o  

would pass the name of the object file corresponding to the file being edited . 

If you need a true % to be passed type % % . 

Screen initialisation depends on the filename extension, 
not the current Run with GEM option setting. 

Run with Shell  

This command i s  available from both versions o f  EdC. It lets you run other 
programs from within the editor, then return to it when they finish. The 
keyboard shortcut for this command is Shlft-Alt-0. 

It differs from Run Other in that the you enter the file to run as a command 
li�e. If the editor finds that the _shel l_p vector has been set up then this 
will be called to execute the command. This works well with the Craft shell 
as the shell can be used to run batch files and expand file wildcards etc. 

Page 38 Lattice C 5 The Screen Editor 

.. -It 

!liJ llillllil -

ott: _, 

'IEi .... . • 

IE mt: 

a:; -: 

, . -J 

!IE -· 

' 1lil • :  

! tlili • :  

! !Iii :111 : 

� - - · 

HIE :;mi � 

Hiii • :: 

r• :. .: 

i l'tiiil ::J9 .  

e 

If the _shel l_p vector has not been set up then the editor will look for the 
file to run using the PATH environment variable. 

The same expansion of the current filename as used by Run Other can be used 
by this command. If you wish to use the same command more than once you 
will probably save time by using the Tools menu. 

lo pt ions  

CoAp i l er  Opt i ons . . .  AO 
Use 6 l ob a l  Opt iA i ser 

---------------------------
L i nker SyAbo l s  
L i nk M i th f l oat i ng Po i nt 
L i nk M i  th 6EH 

---------------------------
Arrange W i ndows . . .  AM 
Cyc l e  W i ndows AU 
fonts . , ,  A6 

--------------------------
ASCII T ab l e  . . . 

---------------------------
Preferences • • •  

Compiler Options 

This command d isplays a large 
dialog box complete with scroll bar, 
like that shown below. It enables you 
to set all the compiler options that 
will be used when using the Syntax 
Check and Compile commands. To 
view further options click on the grey 
area to either side of the scroll bar to 
move a screenfull at a time or the 
arrows to move one line at a time. 

II CDl'ln l l er Ontl ons 
2. .. A l l DN  Ru l t l p l e  tharatter tonstants 

[:ill Strengthen aggregate type tlll'lparl sons 

:····· I 
c:ru Enabl e  o l d  sty l e  preprotessor 

r::llJ A l l ow  reg i ster keywords 

11!1 Create on l y  one topy of i dentital  str i ngs 

[:ill Enab l e  warn ings for tags used w ithout def i n i t ion 

ID!I Forte a l l thar detlarati ons as uns i gned thar 

� Shut off warn ing for return wi thout a return va l ue 

5!J Treat a l l  g l obal det l arat i ons as external s  

ml D i sab l e  debugging 
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Use Global Optimiser 

If this  option is checked (ticked) h 
automatically be run when usin the C 

t en the global optimiser will 

memory so that it is normall �nl 
o�plle co�mand. !�is requires a lot of 

system with more than one mrgabyre �i::�o:;. 
invoke it interactively on a 

Linker Symbols 

If  this option is  selected (shown b a check ma ;;:��:;��rate symbols in the execJable file, rea�� f�r
e:s��� l�:e ������ 

Link with Floating Point 

You should select this option if ou a . . . 
your program uses floating point Js it re using the linker interactively and 

the floating point maths library. 
causes your program to be linked with 

Link with GEM 

You should select this option i f  ou . 

program uses GEM as it causes 
y are usmg the Link command and your 

library. 
your program to be linked with the GEM 

Arrange Windows . . .  

This command is used to chan e how mul . . 

screen. It can be selected eithe; by er k. 
hple

A
wmdows are displayed on the 

Options menu, or b ressin Ctrl 
�� mg �n rrange Windows. . .  from the 

windows will be re-rrfanged 1or y
!' 1ust chck on the appropriate icon and the 

Arrange W i ndoHs 

I Cante! I 

Clicking on the Cancel button will leave th . 

before the Arrange Windows d 
e

. 
windows arranged as they were 

comman was mvoked. 
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Cycle Windows 

This command is used to cycle between the active windows; i.e. if two 

windows are open it will swap between them at each usage. If three are open 

it will select first 1 ,  then 2, then 3 and then 1 again. 

F o nts . . .  

The Fonts command is used to select different GEM or TOS fonts, it can be 

selected either by clicking on Fonts . . .  from the Options menu, or by pressing 

Ctrl-W. It displays a dialog box like this: 

TOS Font 

Font S e l ec.t i o n  

-=--­� [ 8x16 

6EH Font i:t·MHI I SAa l  1 I I T i ny ] 

OK [ Cane.el  I 

I Show I 

The GEM Font is the font that will be used by the editor to display text. In 

monochrome there are three fonts available as above. Changing to Small will 

double the number of line displayed on the screen to 40 . With the Tiny font 

the characters are only 6 pixels by 6 pixels wide but this does mean that 

there are over 100 characters per line and 54 lines! 

In medium resolution, there are only two fonts; Normal and Small . Smal l is 6 

by 6 pixels and thus the characters are difficult to read but this does give an 

extra 7 lines of text and over 100 characters per line. 

TOS font is used by non-GEM programs such as the compiler. If you click on 

the Show button then a sample piece of text is printed using the TOS font so 

that you can decide whether or not the selected font is legible on your 

monitor. On standard monochrome monitors using 8x8 will give 50 lines 

instead of 25; in medium resolution using 8x16 gives only 12 lines. 
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ASCI I Table . . .  

This command displays a dialog box like that below, showing all the ASCII 
characters: 

I ASCII Character Set I 
���� � � <> ¢ m I [•l J r I J' ';- ;��� ii I\ 
C 1 2 3 '4 5 6 '1 8 9 a �  t �  � "II 

! " n $ x & • c > * + , - • I 
0 1 2 3 4 s 6 1 a ' : ; < = > ? 
e A B C D E F 6 H I J K L H N 0 
p 0 R s T u u w x y z [ \ ] A -
' a b c d e f g h i j k 1 "' n o 
p q r s t u v H x y z { I } � A c u e a a a a , e e e r t 1 n fi � E 1 a a a o u y o u c £ ¥ P f a i 6 u n R � g L r , � % i c • i ii JJ S ll! IE R ii fi "" ' 1 '11 � © 1"'  ij U x 1 a 1 n 1 T n u • J ) n J 
D D g I ? 1 E D 1 l U � , § A � 
= 9 r T ! a µ � Q e n 6 � � e n = ± � s r J + ::: o • . ,,- n 2 3 -
�--------- I Insert I I Cance l I 

You may click on individual characters and they will be shown in the line at 
the bottom of the box. Pressing Return or clicking on the Insert button will 
then add the characters to the text that you are editing at the current cursor 
position. 

Note that the characters that would confuse the editor are 'greyed out' and 
may not be selected . Remember when using characters other than the 
standard 7 bit ASCII ones that these symbols are not the same on other 
computers. 
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It j "' 
- ! : 

Preferences . . .  

Selecting Preferences . . .  from the Options menu will produce a dialog box 

like this: 

T a b s  

Ed i tor Preferences 

Tab sett i ng :  4� 
Text Buffer : 68088-

Nul'ler i c  pad I Nul'lbers I Miji!U1IM 
B ackups ... No 

Auto i ndent IBm No 

Cursor •1m• S t i l l  

Sl'lart 0 • s  ... No 

End of 1 i ne I Stop 1 M!li!].M 
Load LC2 1 IBm l  Ho 

I Cance 1 I Save OK 

By default, the tab setting is 4, but this may be changed to any value from 2 
to 1 6. 

Text Buffer 

B default the text buffer size is 30000 bytes, but 
_
this

. 
can be changed from 

4600 to 999000 bytes. This determines the largest file size t�at ca� be loaded 
and edited . This amount of memory is allocated for each wmdow m use. :ou 
can see how much free memory you have by pressing the Help key . . C:hangmg 
the editor workspace size will cause any text you are currently ed1tmg to be 
lost, so a confirmation is required if it has not all been saved. 
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N umeric pad 

The _Numeric pad. opti�:m allows the use of the numeric keypad in an IBM­
PC-hke way allowmg smgle key presses for cursor functions, and defaults to 
Cursor pad mode. The keypad works as shown in the diagram below: 

This feature can be disabled, if desired, by dicking on the Numbers button. 

Backups 

By default the editor does not make backups of programs when you save them, but this can be turned on by dicking on the Yes button. 

Auto indenting 

It can be particularly useful when editing programs to indent subsequent lines 
from the left, so the editor supports an auto-indent mode. When active, an 
indent is added to the start of each new line created when you press Return. 
The contents of the indent of the new line is taken from the white space (i.e. 
tabs and/or spaces) at the start of the previous line. 

C u rsor  

By  default the EdC cursor flashes but this can be disabled i f  required. 

Smart ()s 

This facility .lets �ou check that your parentheses match. When you press ) 
the cursor wdl qmckly move to any matching ( character and then back to the 
current positi.on, thus you can ensure that7ou have dosed the correct number 
of brackets m a complex expression. I you find this cursor movement 
distracting then disable it. 
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End of Line 

By default (Stop), when you press cursor left at the beginni�g of � �ine or 
cursor right at the end of line, the cursor does not move. Changmg this item to 
Wrap causes the cursor to move to the previous line if you press cursor left at  
the beginning, and to the next line if you press cursor nght at the end. 

The best way to find out which you prefer is to try using each setting. 

Load LC2 

This option determines whether LC . PRG will load the second phase of the 
compiler when it loads. The new value of this option will only have an effect 
if you save the preferences and re-execute LC .PRG. 

Saving Preferences 

If you dick on the Cancel button any changes you make will be ignored. If 
you dick on the OK button the c�anges spec�fied �ill remain in force until 
you quit the editor. If you would hke the configuration made permanent t�en 
dick on the Save button, which will create the file EDC. INF on your dJSk. 
Next time you run EDC .PRG or LC .PRG the configuration will be read from 
that file. 

!Tools Menu 

WERCS [+l I 
L i nk w i th ro2 
D i sassenb l e  ID3 
L i brar i a n  re� 
Debug IDS 
Assenb l e  ID6 
Str i p  Synbo l s  ID� 
Batther IDB 
Too l � ID9 

Env i ronnent IDE 

Save too l i nfo 

The Screen Editor 

The Tools menu lets you run programs of 
your choice from within the editor using a 
single keystroke or dick of the mouse. To 
take full advantage of this facility you 
will need at least one megabyte of RAM and 
either a hard disk or two double-sided 
floppies. 

The configuration can be saved in a 
EDCTOOLS.INF file, ensuring that the same 
facilities can be used again, the next time 
that you run the editor. 

The EDCTOOLS . I N F  file that we supply is 
set up to run many of the tools supplied 
with Lattice C. 
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Before you can use this facility . 

�:r l
e��;r a�; :��:ctthteh appropri��: fil;�l ;;����g���

f����1
ea�0

h
1d
to
d
ol so that 

a · 
e appropriate m · ' own the 

tKfs�opriate key
 on the numeric keypad. ���s J�� or press Ct�I Alt and the 

produce a dialog box like 

I Tool Confi gurati on I 
Too l nl.ll'lber : 1 Henu entry : WfRCC 
I 
I 

I 

Tgee -' lml DID  om 
Cnd l l ne I I Hone I I  Pronpt I lll'llD 

X7 
Path I t : \ l t\b lnj\werts . prg 

I Use She l l  I 

I On Return
· 1 liH.!Jloliid I A l l  non-zero I 

I Pause I llllll C!ru 
!save F i l e�! LILI Ell I Ask • •  , I 
ou ·ust w 

------
I FSel  . . I 

I Do It I -

I Cante I II II( 1 

The name typed in this field . 

�� menu. Hence in the abo;;
v
::a:;1:�:;

e of the tool as placed on the 
e name WERCS appears on the 

Type 

The button selected h 
program or 

ere changes how the pro . 
as a TOS program; note that h 

gram IS run, either as a GEM 

mode made under Run with GEM l 
t e same warnings about GEM/TOS 

app Y here also. 

Disk/Use Shell  

These buttons control which of the tw 
Othe

� o
r Run with Shell. If Disk is sele�t;:�h

commands is actually used: Run 

comp ete path, otherwise simply a nam ·u �
n the Path specified must be a 

e WI o for the Use Shell option. 
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E: C  
Cmd line 

These options configure the way the command line is obtained for a pro
gram 

which is about to be run. If None is selected then a program will be run as a 

plain GEM or TOS program with no command line. If Prompt has been 

selected you will be prompted for a command line in the same way as occurs 

when using Run Other. 

Finally This.I. allows the command line on the line below to be used. This 

command line is specified in the same way as that used by Run with Shell and 

may have the same meta-characters in it. 

On Return 

This option al lows you to specify which errors E d C will bring to your 

attention when returning. If Errors only is selected then you will only be 

alerted to negative return cod
es from programs, i.e. those normally indicating 

GEMDOS errors. All non-zero will also force positive program error returns to 

be flagged. 

Pause 

This option controls whether the editor pauses after running the tool. 

Typically you will select Yes when running a TOS program and No when 

running a GEM program. 

save Files 

These options change which files will be saved before running the tool. If you 

select No then no files will be saved, selecting Yes (the default) will save al l 

files (not just the current window), whilst Ask . . .  will prompt you using the 

Save/Leave dialog described under Quitting EdC. 

Running Tools 
To run a configured tool is simple, just select the appropriate 

menu item cr 

press Alt and the appropriate key on the numeric keypad and the program will 

be run using the settings described abo
ve. 

Environment 
The environment option allows the environment variables used by the tools 

which are run to be altered. Only the variables which are needed are shown: 
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Env i rolll'lent Uar i ab l e s  

ft l 1 t l \ l t5\b l n , t : \tr1ft ---------------
t l \ l t5\ 

--
--------------

PATH= 
INCLUDE= LIB= OUAD= LC-DPT= 

t :  \ l t5\ l l  --------------------

�� -J87e -q32767w32767�::::::::::::::---�---------
I Cante l I I DK I 

The settings displayed may then be altered to reflect any changes you may 
wish to make. The environment variables used by the compiler are discussed 
in the section LC, The Complier. 

Save tool info 

This command saves the current tool settings, environment variables and 
compiler options. It will create the file EDCTOOLS . INF on your disk. Next 
time you run EDC . PRG or LC . PRG the configuration will be read from that 
f i le .  

!M iscel laneous Commands 
About EdC 

I t  you click on About EdC . . . from the Desk menu, a dialog box will appear 
giving various details about EdC include the free memory left to the system. 
Pressing Return or clicking on OK will return you to the editor. 

Help Screen 

The key equivalents for the commands not found in menus can be seen by 
pressing the He lp key, or Alt-H .  A dialog box will appear showing the 
WordStar and function keys, as well as the free memory left for the system. 

Switching Windows 

EdC has support for up to four windows, which can be selected by pressing 
Alt- 1 to Alt-4 (on the top row of numbers, not on the numeric pad). To load into 
a new window you should normally use the Load Another . . .  command (Ctrl-L) 
described earlier. You can also switch windows by clicking on the appropriate 
window with the mouse. 
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To cut and paste between windows is just as simple as copying blocks in a 
single window, i.e. mark the block and then use Remember Block command, 
switch windows (as described above) and then Paste Block. 

!Windows & Desk Accessories 
The Editor Windows 

The windows used by the editor work like all other GEM "".indows, so you can 
move them around by using the move bar on the top of 1t, yo� can change 
their size by dragging on the size b?x,_ or make them full s1z_e (and back 
again) by clicking on the full box. Chckmg on the close box will close the 
current window. If you close the last window EdC will ask you if you want to 
quit or have a new untitled window. 

Desk Accessories 

If your ST system has any desk accessories, you will find them in the Desk 
menu. If they use their own window, as Control Panel does, you will find 
that you can control which window is at the front by clicking on the one you 
require. For example, if you have selected t

_
he C�ntrol Panel it will appea

_
r 

in the middle of the screen, on top of the editor wmdow. You can then move 1t 
around and if you wish it to lie 'behind' the editor window, you can do it by 
clicking on the editor window, which brings it to the front, then re-sizing it so 
you can see some part of the control panel's window behind it. When you 
want to bring that to the front just click on it and the editor window will go 
behind. The editor's cursor only flashes and the menus only work when an 
editor window is at the front. 

Automatic Double-Clicking 

You may configure EdC (or LC) to  be loaded automatically whenever a source 
file is double-clicked from the Desktop, using the Install Application option. 

To do this, go to the Desktop, and click once on EDC . PRG (or LC . PRG) to 
highlight it. Next click on Install Application from the Options menu and a 
dialog box will appear. You should set the Document Type to be C ,  and 
leave the GEM radio button selected. Finally click on the OK button. 

To test the installation, double-click on a file with the chosen extension 
(which on old, 1 .0, ROM machines must be on the same disk and in the same 
folder as EdC) and the Desktop will load EdC, which will in turn load the 
file of your choice ready for editing. 
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To make the configuration permanent, you have to use the 
Save Desktop option. 

Saved!  Desk Accessory Users 

If you �se the PATH feature of the Saved! desk accessory then the restriction 
of havi�g your data files in the same folder and drive as EdC described 
a_bove 

_
is not relevant. The editor looks for the EDC. INF configuration file 

firstly m the current directory (which is the folder where you double-clicked 
o� the data file), then using the system path. Saving the editor preferences 
will put th� . l�F file in �he same place it was loaded from, or if it was not 
found then it will be put m the current directory. 

You ma
.
y in�oke Saved! from within the editor at any time by pressing Shlft­

C I r .  This will only work if the desk accessory is called SAVED ! .  AC c or 
SAVED.ACC on your boot disk. 
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LC 
The Compiler 

The Lattice C Compiler can be run either using the integrated compiler 
described in the section EdC, The Screen Editor, or from the command line. 
This first section below describes running from a command line interpreter 
(such as Batcher or Craft). The subsequent two sections are relevant to users of 
both the integrated and CU environment, describing the environment 
variables and compiler options. 

!The Compiler Driver 
Command line operation of the Lattice C Compiler is invoked via the lc . ttp 
command. The le program separates the options list into those for pass 1 and 
those for pass 2. Options to the compiler are specified as a list of minus (-) 
prefixed letters placed before the file names; any options after the first file 
name will be ignored. 

LC l (pass 1) and LC2 (pass 2) are then executed for each of the C source files 
specified by the files list, with the optional, third, global optimisation 
phase between pass 1 and pass 2. The file name list can consist of one or more 
file names and/ or file patterns, separated by white space. For example: 

le * \mydir \ myprog \mydir \ abc? 

will compile all C source files in the current directory, plus the source file 
named \mydlr\myprog.c plus all C source programs in the \mydlr directory 
which have four-character names beginning with a b e .  Note that the I c 
command automatically supplies the .C extension on all source file names. 

The le command will also automatically invoke the librarian and linker if 
required. 

Return Codes 

The le command returns the following completion codes: 

0 All compilations were successful. That is, at least one source program 
was compiled, and there were no fatal errors. 

One or more fatal compilation errors were reported. 

2 No source files were found. 
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The Compiler Phases 

The compiler is normally split into two phases (with an optional third, 
global optimisation, phase). These two phases are known as le 1 and le2; note 
that they are not normally called explicitly, but instead via the compiler 
driver le.ttp or the integrated environment le.prg. 

The Parser and Pre-processor 

The le 1 and le l b  commands invoke the first compiler pass, which reads a 
source file and translates it into an intermediate form known as a quad file. 

le 1 b invokes the big compiler for cross referencing and prototyping purposes. 
this will be automatically invoked if the -g option or the prototyping 
options are used on the le command. Note that the compiler included in the 
integrated compiler, LC . PRG, is a big compiler hence all prototyping and 
listing options may be used within it. 

Unlike the le command, you can only specify one source file to le l ,  and it 
should be written without the .C extension. For example, if the file argument 
is myprog, this pass will translate myprog . e  into the quad file named 
myprog.q. 

The options can consist of the following items, which are described above: 

- b  Base register relative data addressing. 

- c  Compiler compatibility settings. 

- d  Debugging mode or preprocessor symbol definition. 

- e  Extended character set processing. 

- f  Floating point format selection. 

- g  Listing generation options. This is only valid with le l b. 

- h  Precompiled header file inclusion. 

- i  Directory paths for local include files. 

- j Error I warning message control. 

- I  Longword alignment of data items. 
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- n  Retain only eight characters in symbol names. 

- o  Specify destination 
specified as -q on le . 

for . Q file. Note that this is 

- p Preprocessor options. This is only valid with the l e l b 
command. 

- q Compilation error abort control. 

- r Subroutine call control. 

- u Undefine preprocessor symbols. 

- w Generate code to use short integers. 

- x Treat all global declarations as externals. 

The code generator 

le2 reads a quad file and translates it into �n object file. The options can 
consist of the following items, which are described above: 

- m  Select target architecture. 

- o  Specify destination for .0 file. 

- s  Specify segment name. 

- v  Disable stack checking. 

- y  Unconditionally load the base register. 

The global optimiser 

The global optimiser, GO, analyses a quad file, performs several types . of 
optimisations, and produces another quad file.

, 
This !YPe . of . transf�r�ation 

makes the use of the optimiser completely optio1:1al. smce its �nput fde . is. the 
same format as its output file. In many cases, ophmlSed c�e. is �ore difficult 
to debug than non-optimised code so freq�ently the oph�iser is only used 
after the main program has been tested and is mostly working. 
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Since the optimiser works on quads, the Lattice machine independent 
intermediate form, it has no knowledge of the target processor or its 
instructions. The code generator contains all of this knowledge and makes 
very full usage of the 680x0 instruction set. The code generator tries not to 
generate extra instructions in the first place but it does have a peep-hole 
optimiser to catch the few places where this is not possible. The following 
optimisations are performed: 

Register assignment 

Commonly used auto, formal, and temporary variables are assigned to 
registers for all or part of their lifetime, according to usage. 

Dead store elimination 

Stores of values which are never fetched again are eliminated. 

Dead code elimination 

Code whose value is not used is eliminated. 

Global common sub-expression merging 

Recalculation of values that have been previously computed is eliminated. 
GO performs this with function scope. 

Hoisting of Invariants out of loops 

Calculations performed inside a loop whose value is the same on each 
iteration of the loop are moved outside the loop. 

Induction variable transformations 

Loops containing multiplications, usually associated with indexing, have the 
operations reduced in strength to addition. 

Copy propagation 

Definitions of the form leftvar = rlghtvar are eliminated when all uses of 
l eftvar have this definition as the single reaching definition, and the 
variable r lghtvar will not change before each use. This optimisation 
primarily exists to support other optimisations. 

Constant propagation and folding 

References to variables whose only definition is a constant are replaced by 
the constant. Often the defini tion is eliminated if all references are replaced. 
GO performs constant folding to propagate the new constants further. 
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Auto variable elimination and re-mapping 

Unused auto variables are eliminated, and storage offsets are reassigned. 
Often the variable is unused because of previous optimisations. 

Very busy expression hoisting 

Code size is reduced by moving an expression computed along all paths from a 
point in the code to a common location. For instance, in 

if ( a ( ) )  
f ( i  + j ) j 

else 
g ( i + j ) ;  

the expression i+j will be computed in only one place. 

Various reductions in strength 

GO will perform associative re-ordering of additive operations involving 
constants, to reduce the operation count. 

Various arithmetic operations involving constants are reduced in strength. 
-

Conditional and logical expressions whose result is unused are converted into 
corresponding lfU code. For instance, putchar(_) from <std io . �>:, is 
implemented with a conditional expression. If the result ( the ongmal 
character or an error indication) is not used, GO converts it into if-else code, 
eliminating a load into a register. 

Various control flow transformations 

GO will perform various transformations to eliminate unreachable code or 
useless control structures. 

Reordering to reduce value lifetimes 

Expressions with a single use are m�ve� adjacent to the oper�ti�n t.hat uses 
them. This helps reduce temporary hfetimes, and supports ophm1sations that 
move code around. For example, in 

p ( i ] = f (_)  j 
the computation of the address &pe l l  can be moved after the call. 
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!Environment Variables 
Th� compiler uses the e_nvironment �ariable feature of GEMOOS to locate the v
t 
ar
b
1ou

1
s progr:ims an� files. Such assignments allow these programs and files o e ocated m any directory on any disk. 

Setting the variables 

E�vi�onme�t variables may be set in one of a number of ways. If runnin from w1thm the integrated environment, they are normally manipulated usi�g the Envl�onment command described in the section EdC, The Screen Editor; if ru
h
�g from Batcher (or another shell, e.g. Craft) they are set as described t erem. 

An additional compiler option is available for users who are running from th D�k�op �o�1 fromd a shell wh_ich does not support environment variables) -E
e 

w 1c is o owe by an environment variable and value, e.g. ' ' 

- EPATH=c : \ bin 

The environment variables recognised and used by the compiler are: 

PATH Executable path 
T�is variable defines 

_
wh�re the driver will look when trying to locate the d1ffe�ent {.ro�rams which 1t needs to invoke (i.e. LC l ,  LC2, GO etc ) It should consist o a hst of semi-colon (;) or comma (,) separated items, for i

·
n�tance: 

PATH=c : \ lc5 ; c : \ bin 

would se�rch the_ directory c: \ lc5 first followed by c :  \ b in .  Note that th 
current directory 1s always searched first. 

e 

I NCLU DE I nclude path 

The INCLUD_E variab�e is similar to the PATH variable except that it is used 
to locate the include files used by your program, so that: 

INCLUDE=c : \ lc5 \ h ; c : \myhdrs 

would search the directory c :\ lc5\ h first followed by c :\myhdrs. 
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L I B Library path 

The LIB environment variable instructs the linker where the library files may 
be found, so that: 

INCLUDE=c : \ lc5\ lib ; c : \ mylibs 

would search the directory c:\ lc5\ l lb first followed by c:\myllbs. 

Note that just because a library file is in the library directory does not mean 
that the file will be linked in, you must tell the compiler this using the -L + 
option. 

QUAD Quad path 

The QUAD environment variable specifies the default intermediate (QUAD) 
file name used by the compiler. If the filename has a trailing backslash (\)  
then the compiler assumes that this is the name of a directory such that it 
may form a filename by concatenating the source file name to it. 

If you have a RAM disk installed you can greatly increase compiler 
performance if you use this as the quad temporary directory. If your RAM 
disk was drive M then you would use the assignment: 

QUAD=m : \ 

Alternatively if you wished to place this files on your hard disk in a folder 
called quads, this can be done as: 

QUAD=g : \quads \ 

LC_O PT Default options 

This variable gives the default compiler options. When the le driver starts i t 
reads this variable and inserts the options at the start of the command line, 
so that you can include your favourite options automatically. For example if 
you always want continuous compilation and any number of errors or warnings 
you might set LC_OPT to: 

LC_OPT= - C  - q -

The Complier Lattice c 5 Page 57 



IPr�-processor Symbols I 
���:) ��Jr����:�n�� t

t
t;! compiler �efine� several symbols prior to (and 

The followin� symbols are \le�::i:art 
i�:es

s
t
t
1ga

t
te

f
th

l
e
l 

transl?ti�n environment. 
ar o a compilations: 

Name Value Meaning 

_DATE_ 'date' Date on which compilation was 
started 

_FILE_ 'name· Nam� o f  main file which i s  being 
compiled 

_LINE_ n Current line which is being 
translated 

_REVISION - 6 Current minor version number. 

_STDC_ 0 ANSI operation mode 

_TIME_ ' t ime· Time at  which 
started 

compilation was 

_VERSION_ 5 Current major version number. 

ATAR I  l Host Machine 

LATTICE l Compiler Name 

LATTICE_50 l Compiler Version 

LATTICE_56 1 Current compiler release 

l\l16800) l Processor type 

�;�:��owing symbols may also be defined depending on the current compiler 

Name Option 

_ANSI -ca 

_BASE REL -bl 

_DEBUG -d l ..--dS 
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LPTR without -w 

_M88l -f8 

_MDOUBL -fd 

_MLATIICE -fl 

_MMIXED -fm 

_MSINGLE -fs 

_PLAIN_ CHAR_ UNSIGNED -cu 

PC REL -rl 
-

_REGARGS -rr 

_SHORTINT -w 

SPTR -w 

_UNSIGNEDCHAR -cu 

Note that any of the non _ prefixed symbols may be undefined via -uXX. 

!Compi ler Options 
The compiler options below all apply to the command line driver, lc.ttp; 

options which are not available in the integrated environment are noted. The 

list to lc.ttp can contain any combination of the following, separated by 

blanks: 

-8 This option causes the le command to always use the le l b  compiler 

rather than le l .  This is useful if you have enough ram to run the big 

compiler but wish to economise on disk space. This option is ignored by 

the integrated compiler. 

-b This option causes the compiler to change the form of addressing used 

to locate statics, externals and strings. By default, -b l is used to imply 

that all such items are addressed as a 16 bit offset from address 

register A4. The disadvantage of this is that it only allows 64K bytes 

of data to be addressed. You can override this option by using the -bO 
option which implies full 32 bit addressing for accessing all items. 
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-c 

Note that this option does not limit the amount of data that may be 
allocated at run time using malloc. 

This option is passed to le l where it actually causes the compiler to 
change the default storage class of s ta tics to f a r  or near as 
appropriate. If you have a program which has a large amount of 
data, you can readily use the -b l default by putting the far keyword 
on any large objects to move them out of this common merged data 
section. 

This option causes the le command to continue with the next source file 
when a fatal compilation error is reported while multiple source files 
are being compiled. Normally, a fatal error causes the process to pause 
with the following message displayed on your screen: 

Compiler return code xx . 
Press Y to abort , any other key to continue . 

The compiler error messages are also displayed immediately above 
this prompt. If you respond with a Y (yes), le will abort, otherwise it 
will proceed to the next source file. This option is ignored by the 
integrated compiler. 

The compiler defaults to compatibility with previous releases with 
many ANSI C language features, but the -c compatibility option can be 
used to activate some important features as well as compatibility 
with other compilers. The -c must be immediately followed by one or 
more letters from the following list, in any order. We recommend that 
you use the options -cusf for the best code generation and error 
reporting. 

Note that all -c options are toggle options, i.e. specifying any such 
option twice will disable it. 

+ Compatibility mode for the Lattice C++ product. This will 
suppress warnings associated with structure passing and other 
potential problems areas that will have a lready been 
diagnosed by the C++ front end. 

a Enables full ANSI compatibility mode with full diagnostics to 
check for portability problems. Some features of the compiler 
are disabled when this option is specified, such as precompiled 
header files and suppressing multiple includes of the same file 
in order to achieve compliance. It also disables register (-er) 
and extra (-ck ) keywords, also the warning messages 122 -
"Missing ellipsis", 1 32 - "Extra tokens after valid preprocessor 
directive" and 1 35 - "Assignment to shorter data type (precision 
may be lost)" are enabled. 
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c 

d 

e 

f 

k 

m 
0 

q 

s 

Allows comments to be nested. 

Allows $ character to be used in identifiers. 

Suppresses the printing of the error source line in conjunction 

with any warnings or errors. 

. k for the presence of function 
Forces the compiler to

l .chec
h one isn't present at a function 

prototypes and to c��p am w en 

call oi function definition. 

. #1 I des of the same file. If a second 
Suppresses multiple nc

f
� 

· s encountered, the directive is 
# Inc l ude  of the same i e i 

e is im ortant although no 
simply ignored. Note th�� ��=ckets or �uotes. This option is 
distinction is made for 

·
a
1
nS header files are used or created. 

implied when precompi e 

d far keywords even when 
Enables the presence of the ��or an 

the -ca option has been specified. 

f 11 ternal data to longword 
This forces alignmen� .o a

ro:�s far more useful than the 
boundaries. Note that t .

is op i 
h' h forces alignment of all 

apparently si�ilar option -1, w ��rs) resulting in structures 
ob'ects (including structure me� . 
w�ich are potentially incompatible with TOS. 

Allows use of multiple character constants (e.g. 'ab') . 

. T d to use the pre-ANSI style 
Provides a compat�bi ity �o �eleases of the compiler. The 
preprocessor found m p

f
rev

h
�ous 

rs in substitution of symbols 
most important aspect o t is occu 

within quoted strings. 
. 1 type checker. When 

strengthen the aggregate equiva ence 
ates with 

disabled (the default), this option all�ws 
l!:'g

o
t:g;r!ne of the 

common initial subsequenc�s over e 

aggregates to type check equivalent. 

d dO t 07 even when the -ca 
Enables the register keywor s - 0 - ' 

option has been specified. 

· 1 opy of all identical 
Causes the coml:'iler to genera::t�o!i�f :h� rogram. Note that 
string constants. mto. the co�e

f. sd modifica tfon of any string 
h this option is speci ie , w en 

t t runtime will produce unpredictable results. 
constan s a 
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-d 

t 

u 

w 

x 

En;jles. wamin� messages for structure and union tags that are 
us without bemg defined. For example: 

struct XYZ •p ; 

would not normally produce a warning message if structure tag 
XVZ was not defined. 

Forces all char declarations to be treated as unsigned char. 

Sh�ts off warning
_ 

messages generated for return statements 
which do not speofy a return value within an Int function For 
conformance with the ANSI standard, all such functions sh�uld 
be declared as void instead of Int. 

Ca�s�s 
.
an g�obal data declarations to be treated as externals. 

This is identical to specifying the -x option. 

This option has two uses. When used by itself or immediatel 
followed by a numeric digit, it activates the debu in d 

y 

Currently, the following debugging options are supported:
gg g mo e. 

-dO Disables all debugging information. 

-dl  
-d 
-d2 

-d3 

-d4 

-d5 

Enables output of the line number/ offset table. 

Same as -d l . 

Outputs full debugging information for only those symbols and 
structures referenced by the program. 

Outputs full debugging information for only those s mbols and 
structures referenced by the program. Additionally ir will cause 
the code generator to flush all registers at line boundaries. 

Outputs full debugging information for all s mbols and :tru
th

ctures declared in the program even if there is 
y
no reference o em. 

Outputs full debugging information for all s mbols and 
structures dec��red in �he program even if there is 

y
no reference 

to
11 

the�. Add1h�nally it will cause the code generator to flush 
a registers at lme boundaries. 

When any of the debugging options is specified the 
preprocessor symbol DEBUG will be defined so an debu

' 
· 

statements in the source file will be compiled. 
y ggmg 
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E1 i 
The -d option can also be used to define preprocessor symbols in the 
following ways. 

·dsymbol 
Causes symbol to be defined as if your source file had the 

statement: 

#def ine symbol 

- dsymbol=value 
Causes symbol to be defined as if your source file had the 

statement: 

#def ine symbol value 

-e This option causes the compiler to recognise the extended character set 
used in Asian-language applications. 

-Esymbol=volue 
Causes symbol to be defined in the environment with the given 

-f 

va lue .  This can be used to set up environment variables for the 

compiler outside of the integrated environment or shell (e.g. to set the 

PATH variable) . This option is ignored by the integrated compiler. 

This option controls the format to be used for all floating point 

operations. Currently two basic styles of floating point are supported: 

-f8 

-fa 

-fi 

Inline Motorola 68881 generated instructions using the co­

processor interface. Code compiled with this option will not 

operate unless a 68881 is installed which conforms to this 

interface. Note that the linker will also demand the 68881 

specific library routines; these are only available (at present) 

as part of Lattice C/TT. 

Auto-detecting 1/0 based 68881 emulation routines will be used 
when this option is specified. The library will check for the 
presence of an 1/0 based 68881 (such as Atari' s SFP004) and 
perform floating point arithmetic on chip. 

1/0 based 68881 maths routines will be used when this option is 

specified. The library assumes the presence of an 1/0 based 

68881 (such as Atari's SFP004) and performs floating point 

arithmetic on chip. 
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e e e e 

-fl Standard Lattice IEEE routines I" . 
pe�form software emulation of au

mJ'ed
f 
mto t�e program to 

This code will work on all m 
i;>a mg pomt operations. 

advantage of a 68881 if 
a�hme� but will not take 

compatibility with previJ'�:s:en:s· 1·0This o
f
p
h
tion is t�e default for 

ns o t e complier. 

In addition to the floatin oint 
control over the precisi�np att .:tyles, the compiler allows some 

declarations used within the 
rt 

d
uted to the f loat and double 

. user co e If you sp ·fy b h 
pomt style and a precision it must b d ec1 ot a floating 

as in -flm or -f8s. ' e one on the same -f option such 

-fs 

-fd 

-fm 

-f 

Causes the compiler to treat al l declara tions 
precision. 

as single 

Causes the compiler to treat all declara tions 
precision. 

as double 

Causes the compiler to tr t fl . 
double as double red . 

ea . oat as smgle precision and 

formats. 
p smn. This option is the default for all 

Will reset to the default of Lattice IEEE . d m1xe mode. 

This �pt.ion causes the big version of le l and hstmg file l e wi"ll a t . to generate a cross reference 
. 

· u omatically inv k th · . 
compiler if the option is specified. The -

� e . is version of the 

more of the following option Jett . g option is followed by one or 
ers m any order: 

c Outputs a cross reference of all . . . 
found by searchin the . c?mpller-p�ovided mclude files 

d 

e 

environment variable. By ������:i� specified by the I NCLUDE 
ese symbols are not printed. 

Includes all #define b . sym ols m the cross reference listing. 

Causes the source listin to d . 
c<?ntrolled by #If or #lfJef N

1splay all exclu�ed lines as 

displayed . 
· ormally these Imes are not 

- H  

-i 

-j 

m Displays both the original source line
 and the line after macro 

expansion in the listing. This is useful for tracking down 

problems related to preprocessor replacement of symbols. 

n 

s 

Toggles the narrow mode of the listing. By default, the listing 

will be formatted for a 108 column line with most lines not 

exceeding 80 characters. When enabled, this option allows for 

listing lines up to 132 characters. 

Toggles listing of the input source cod
e. 

x Toggles generation of a cross reference of the symbols 

encountered in the source file. 

This option specifies that the compiler is to preload the symbol table 

from a precompiled header file. It is immediately followed by the 

name of the precompiled header file as in: 

- Hinclude \all . sym - Hall . sym 

There is no limit to the number of precompiled header files that may 

be read in. 

This option specifies a directory that the 
compiler should search 

when it is attempting to find an include file. For e
xample, if you 

specify the option as -la: \ headers -lb :\ local and then place the line: 

#include " def s . h "  

in your source program, the compiler first tries to find the header file 

named defs .h in the current directory. If it is not th
ere, then the 

compiler searches for a:\ headers\defs.h and b:\ local\defs.h in this 

order. Finally, if these attempts fail, the compiler will attempt to 

open the file from the places specified in the INCLUDE environment 

variable. 

Note that you can use up to 16 -I options. 

h Includes the contents of all . I . 
include directory as they wer�nf n���!�e� found in the default 

Normally, only the #Include . . y t�e source program. 

This option allows control over the error messages reported by the 

compiler. It is immediately followed by a number and then an optional 

letter: 
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read the file is displayed. 
directive causmg the compiler to 

Includes the contents of all . 
expanded listing. 

user-provided include files in the 
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-jn Causes the compiler to suppress printing of warning number n. 

-jne Causes the compiler to treat any occurrences of warning n as an 

error instead. 

-jni Causes the compiler to suppress printing of warning number n. 
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-L 

-jnw E�ables printing of warning n .  B 
oriented messages are disabled. 

Y default, several ANSI 

Several messages may be aff t d . h 
-J22130e l 32w which disables w

ee � wit the same -J option such as 
and enables 1 3 2  as a warning. 

arrung message 22, turns 30 into an error 

When this option is present le . k 
are successful. The first soilrce 

;
i
�;o es t�e linker if all compilations 

executable and map files roduced 
name is. used as the name of the 

were compiled are supplifct to the /{ the lmker. Any other files that 

Lattice � startup routine is induded
1�s ��=sfi�����:cf object fil�. The 

appropriate standard library file {le . l ib) searched J last�odule, with an 

Additional Lattice libraries and linker . 
immediately following the -l option " th 

options may be specified by 

letters: 
WI one or more of the following 

a 

b 

This invokes the XADDSYM · . 

HiSoft extended debu · 

. opho� of the lmker. It causes 

output in the executabf!}��. mformat1on for all routines to be 

This invokes the BATCH 
mode linking. 

option of the linker. It forces batch 

f This invokes the MAP option of the r k 
to be generated with the MAP f"l 

m e�. It causes a map file 

g 

h 

m 

n 

· 1 e extension. 

This letter specifies that the GEM A 
is to be searched before the stand 

:s and. VDI library leg. lib 

When this option is specified t;r 
d 
n;n-�1me supl?ort library. 

output file becomes . PRG rather th
e 

n
e a

p
u t extension for the 

an . . 

This letter directs the linker t 
map. This is the default m 

o
p
o�tput the hunk portion of the 

specified . 
a 1 no other map options are 

��s �=�e�
il
�
.
irects the linker to include library information in 

�:
l l
�e!!e;

o 
��e

s
c�!�:�

e
�h��

f
�he Lattice IEEE maths library 

library. 
re the standard run-time support 

This invokes the NODEBUG . 
debugging information to be st�rptJond ofrf the hlin�er. It causes all 

pe om t e final executable. 
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-I 

q This invokes the QU I ET option of the linker. It causes no 

messages to be output by the linker if a link
 is successful. 

S This letter directs the linker to produce a
 symbol listing in the 

map file. 

v This invokes the VERBOSE option of the linker. It causes the 

linker to display statistical messages as it is processing the 

object files and libraries. 

X This directs the linker to include cross ref
erence information in 

the map file. 

For example, -Lm will search lem . l lb before le . l ib, and -Lvg will 

search leg . l ib and le . l ib, and display messages regarding the current 

linker status. Note that the standard libraries are always searched 

last . 

If you want to search other libraries, you must list those libraries 

after the option letters, and use plus signs
 as separators. For example, 

-L+myfunes. l lb searches myfunes. l lb before the standard Lattice 

l ibrary, while -Lm+myfunes. l lb+\george\myfunes. l ib searches the 

libraries myfunes. l ib. \ george\myfunes. l ib. lem.l lb and le . l ib. Note 

that the special libraries are searched befor
e the Lattice libraries. 

The -L option creates a file in the current d
irectory named xxx . lnk, 

where xxx is the name of the first source file to be compiled {i.e., the 

same name that is used for the executable and map files). This .LNK 

file serves as input to the linker, and it is n
ot deleted at the end of 

the procedure. This allows you to easily re-link if, during your testing
, 

you find a need to change and re-compile only one module. To do this, 

simply execute Clink in the following way: 

clink WITH xxx . lnk 

where xxx . lnk is the name of the . LNK file previously produced by the 

le command. 

This option causes all objects except characte
rs, short integers, and 

structures that contain only characters and sh
ort integers to be aligned 

on longword boundaries (i.e. addresses exactly divisible by 4).  

Structures will be longword aligned if they contain any members that 

must be aligned. This option can be used on full 32 bit machines (e.g. 

the Atari TT) to increase performance by reducing the need for half­

word memory accesses. 
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-M 

-m 

When this option is present, le will compile only those source files 
with dates more recent than the corresponding object files. Note that 
the dates of included files are not checked. In other words, if you 
change a header file without changing the source file that includes it, 
the source file will not automatically re-compile because it still pre­
dates its object file. 

For larger projects where there is a more intense dependency upon 
structures in common data files being changed, we recommend using a 
make utility to manage recompilation of the affected source files 
automatically. This option is ignored by the integrated compiler. 

This option allows control of the type of code generated. The -m must 
be immediately followed by one or more letters from the following list 
in any order: 

0 Causes the compiler to generate code which will run on a 
Motorola 68000. Decisions on code optimisation will be based on 
the timings for this processor. 

2 

3 

a 

c 

, 

Causes the compiler to generate code which will run on a 
Motorola 68010. Decisions on code optimisation will be based on 
the timings for this processor. In general, code for this will run 
on a 68000 although the 6801 0 has instructions not found on the 
68000. 

Causes the compiler to generate code optimised for the 68020 
processor. This code will not run on a 68010 or 68000 although it 
will run on a 68030. 

Causes the compiler to generate code optimised for the 68030 
processor. This code will not run on a 68010 or 68000 although it 
will work on a 68020. 

Causes the compiler to generate code to run on any Motorola 
680x0 family processor. Code is optimised for the 68020/68030, 
degrading performance on a 68000. 

Disables the deferred stack cleanup optimisation which leaves 
parameters on the stack, after a call, to be reused and cleaned 
up by a subsequent subroutine call or function epilogue. 

Disables the automatic registerisation� of variables. By default, 
the compiler will attempt to pick likely candidates for register 
variables. 

s Causes the compiler to choose optimisations which result in a 
reduction of space instead of time. 
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-n 

-0 

- o 

-p 

t Causes the compiler to choose optimisations which re�ul� in a 
performance increase at the cost of code space. This is the 
default. 

This option causes the compiler to retain only 8 characters for all 
identifiers. The default maximum identifier length is 31 characters. In 
either case, anything beyond the maximum Ieng.th is ignored. Note 
that this option is the reverse of that in the version 3 release of the 
Lattice C. 

This option invokes the global optimiser. This option is ignored by the 
integrated compiler. 

This option should be followed by the drive, directory, or complete 
file name for the object file that is produced by pass 2. Several 
examples are: 

-oa: \ 
Places the object file in the root directory on drive a : . 

- o \ obj \ 
Places the object file into directory \obj\ on th� current dri�e. 
The name of the file is the same as the source file name, with 
a .0 extension instead of .C. 

- ospec ial . o 
Places the object file into the current directory with the name 
speclal .o. 

This option is used when using the compil�r in .a prepr�cessor mode �o 
produce a file used by subsequent compiler mvoc�tions. When this 
option is used, the compiler will not create a quad file. However, the 
file specified as the -o option will be used as the target name for the 
created file. There are several uses for the -p option: 

-p 

-ph 

By itself, -p , causes the compiler to write the results of 
preprocessing the input source file into the output file. If no 
output file is specified, a file extension of . p  will be used to 
create the file. 

Causes the compiler to generate a precompiled �eader file 
containing a dump of all symbols encountered m the given source 
file. This file may then be used for the -H option on subsequent 
compiler invocations to reduce compilation time. 
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-q 

-pr Causes the compiler to generate a prototype file containing 
prototypes for all functions defined in the source file. The -pr 
may be immediately followed by one or more of the following 
option letters in any order: 

e Eliminates prototypes for all static functions. Only those 
functions available externally will have prototypes 
generated for them. 

p 

s 

Causes the compiler to generate prototypes with 
_PROTO for portability to other compilers. 

Generates prototypes for all static functions. Only those 
functions defined with the static function will be output. 

Note that -pres will not generate any prototypes. 

This option has two uses. If the -q is immediately followed by a !etter, it specifies where the quad file is to be generated . Otherwise it 
is used to control how many errors/ warnings will be allowed before 
quitting a compilation. 

1:his option should be f�llowed
_ 

by . the d�ive, dire�tory, or complete 
file name for the quad flle, which is the mtermed1ate file generated 
by pass 1 and read by pass 2. Several examples are: 

-qm:\ 
Places the quad file in the root directory of drive m: .  

-q \ quad\ 
Places the quad file into directory \quad\ on the current drive. 
The name of the file is the same as the source file name, with 
a .Q extension instead of .C. 

Note that the quad file is automatically deleted by pass 2. 

To control the maximum number of errors/warnings, the -q should be 
immediately followed by a number then either an e or w. For 
example: 

-q3w 
Quit after 3 warnings or errors. 

-q2e 
Quit after 2 errors. 

-q l Ow l e  
Quit after 1 0  warnings or any errors. 

Page 70 Lattice C 5 The Complier 

- r  

-q 
Quit after any errors or warnings. 

-q-
Never quit on any errors or warnings. 

Note that when the compiler quits due to too many errors/warnings, it 
will not generate a quad file. 

This option is used to control how the compiler is to generate 
subroutine calls and entries. The -r option may be followed by one or 
more of the following characters in any order: 

0 

s 

b 

Defaults all subroutine calls to far which means that the 
compiler will use an absolute 32-bit rel�ated ad��ess to locate 
the target function. Note that any functions explicitly declared 
near will use the more efficient 16-bit relative offset. 

The compiler default, causes all subroutine calls to be defaulted 
to near which means that the compiler will use a 1 6-bit PC 
relative address to locate the target function. In order for this 
to work, the target subroutine must be within + /-32K of the 
generated instruction. If it is not within range, the linker will 
generate an ALV to allow the call to be bridged to the final 
target. Any functions explicitly declared far will use the larger 
32-bit address. 

Causes the compiler to use registerised parameters for all 
subroutine calls and entry points. The first two integral and two 
pointer items will be loaded into dO-dl /aO-al for the call. Any 
function without a prototype or explicitly declared _stdargs 
will use the normal stack conventions. 

The compiler default, causes the compiler to use standard stack 
parameters for all subroutine calls. Those functions explicitly 
declared __ r e ga r g s  will use registerised parameter 
conventions. 

Defaults the compiler to use registerised parameters for all 
subroutine calls, yet still generate a prologue that handles both 
styles of parameter passing. 
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·R 

- s  

-t 

Page 72 

When this option is specified the ob"ect d compiler are automatically i�serted Jinto r:o 
1&�!r pr��uced �y !he �o

t
t�1!f

b
�!;:e

a
�a�e names. The option must be foll/we� �y ��� ��::� 

· Rmylib . lib 

��i�� f��1��:Se
b;�� �����r! ���e

th
i�cm1 vdu.b. llbd �ibrary me. The - R 

A llb · . ' u mg nve code and path · extension 1s not automatically su r d Th . · 

by the integrated compiler. PP ie · is option is ignored 

This causes .the compiler to use the default names of text for th program section, data for the d t f e 
uninitialised data section. 

a a sec ion, and udata for the bss or 

-sc=codename 
Causes the compiler to use the name codename p
t
r
h
ogram, . or code, section without affecting the names

fo
o
r
f 
t
t
h
h
e 

o er sections. e 

-sd=dataname 
Causes the compiler to use the nam d t section without affecting the names :f th� �t��;r!=c�°:n!�e data 

-sb=bssname 

a 

d 

Causes the compiler to use the name bs uninitialised data, section without affec��nag�� for the bss, or other sections. e names of the 

This option forces the use of th d k when linking. It also has the e�fec�s o/c�esso� st�tup code 
extension on the final output file to .ACC. 

c angmg t e default 

This ?Ption forces the use of the automatic ro ram t detection code. The external variable XMODE 
p � ype 

determine the current mode. - can e used to 

:::�: ���0�/��c
i
�s ��=

r
�e o: th: �esident progra� �tartup code. 

discussed in the linker se�tio�'. s rather spec1ahsed and is 
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-u 

-v 

-w 

-x 

-z 

=file This allows the specification of an alternate startup code. The 
file argument should consist of a complete pathname specifying 
the location of the required startup code. 

Note that more information of the various startup stubs is provided in 
Appendix F - The Lattice C Start-Up. 

This option by itself undefines all preprocessor symbols which are 
normally pre-defined by the compiler. The -u option may be followed 
by a name causing that name to be undefined: 

-uNAME 
Causes NAME to removed from the predefined pre-processor 
word set. 

Disable the generation of stack checking code at the beginning of each 
function. 

This option causes the compiler to treat all integers as 1 6-bit short 
values. It is intended to provide compatibility with other compilers 
although it does provide an increase in performance of the generated 
code. When using this option, we strongly recommend use of prototypes 
to catch parameter mismatch errors as not all parameters will be 
promoted to 4 bytes, as is the default. 

Cause all global data declarations to be treated as externals. This can 
be useful if you define data in a header file that is included by 
multiple source files. The -x option can be used with all the files 
except one, in this case, to cause the data items to be defined in one 
module and referenced as externals in the others. 

-y This option causes each function entry sequence to load address 
register A4 with the value of the linker defined symbol _LlnkerDB. 
This symbol is the data section base address, biased as necessary. This 
option must be used if the -b l option is used with interrupt code. Note 
that, in general, only the functions that can be used as entry points to 
the interrupt handler need to use this feature, since register A4 will be 
propagated by subsequent function calls. - y  is superseded by the 
__ saveds option keyword that may be used with a function. Any 
function having this keyword will automatically load up the base 
register upon entry. 

Cause the compiler to generate GST format linkable code. It is 
intended to provide compatibility with other languages, and is not 
recommended due to the poor performance of linkers using this format, 
their inability to generate ALVs for out of range branches and the lack 
of general support for base-relative addressing via A4. 
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!Pre-compi led Header Fi les 
Pre-compiled header files provide a method for speeding up compilation of programs which have large numbers of static include files (i .e. do not interact dynamically). Say, all modules of your program have the following statements: 

#include <stdio . h> 
#include <stdlib . h> 
#include <st ring . h> 
#include <aes . h> 
#include <vdi . h> 
#include "myst ruct . h " 
#include "globals . h "  
#include "depend . h " 

These header files may be pre-compiled by building a 'dummy' file which 
simply includes the above files. This file is then compiled using the -ph 
option i n  addition t o  your normal compiler options; note that this will 
produce a 'quad' file in the normal location, hence typically the object file is 
explicitly specified via -q, e.g. 

le · Ph - qinclude . sym include . c  

On subsequent compilations of the main file the pre-compiled file is pre­loaded using the -H option: 

le -Hinclude . sym myfile . c  

Note that there is no need to remove the I nc ludes from the file being 
compiled as the use of pre-compiled headers implies the -cl option. 

!Language Extensions 
Lattice C 5 adds several new keywords to the C language, some of these are specified by the ANSI C standard, whilst others are extensions added to support easier or better access to special facilities of the compiler. 
The extensions to the ANSI standard are preceded by a double underscore, such as __ near, as is required by the standard. If the -ca flag has not been specified then the compiler also accepts the extended keywords in the more natural form without the double underscore prefix. 
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ANSI Extensions 

con st 
The const type is used to declare an initialised data item that will never 

change. For example 

char const name [ ]  = " 1 2345abc " ;  
. h" odifier is also often used in a function declares a constant s.trmg .. T is m 

Usin this modifier can help the code prototype V.:here .a pomt� is 6ias��d�xtencf the lifetime of an object over a generator smce 1t may e a e 
function call. 

en um 
. t ral item that can only have certain The enum type is us�d t�.d�c�ar�r::t: e!s an integral constant. The actual named values, each o .w ic: . is 

ll be in at zero and are incremented values assigned to the i�en��1e��
/
'�r';.� !xpli�it value can be forced by using by one for �ach success1;e 1 en : ���ntifiers are assigned the new value plus an equals sign, then su sequen 

one, etc. 

For example, this statement defines an enum type: 

bl reen-4 puce , lavender} ; enum colou r { red , ue , g - • 

and this defines some objects of that type: 

enum colour x ,  * px ; 
. . h h erated type colour are In this example, the symbols associated wit t e enum 

given the following values: 

Value Name 

0 red 

1 blue 

4 green 

5 puce 

6 lavender 
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Each enumeration is a separate t . h . properties of an enum type are iJ:n�i;:;t to •:�0�;�/t�e 
��ta

ty
med values. The 
pe. 

signed 

The s igned keyword is treated exact) l"k h ensures that a particular variable will 6e : e 
t
t 
d
e un�lgned keyword and 

is only useful with character es 
re� e as signed. In practice this 

characters to be treated as unsiin�d. 
when usmg the the -cu option to force 

void 

The void type indicates the em t t when used as a function return earu ype, and can �e. us�d in several ways; is to be discarded, e.g. 
e or as a cast, it md1cates that the value 

void j ohn ( int x ) ; 

( void ) printf ( "Hello World \ n " ) ; 
void may also be used to indicate a function which takes 

void fn ( void ) ; 
no parameters: 

Note that this is not equival t t h d nothing about the parame��rs o i� ep e�!arTtio� void fn() which indicates parameters are used. ' ar •cu ar It does not mean that no 
The final usage introduced by ANSI was th . . used in a similar way to the wa Id 

e generic pomter, void • .  This is 
so 

_that a generalised pointer Ja� b!r :.���p'::ie::e�ha� � as a gene_ric pointer, pomts to. Because void is the empty t d 
£ w�t out knowmg what i t ype e-re1erencmg void • is illegal, i.e. 

void *p ; 

if ( *p )  

will generate error 29, invalid pointer operation. 
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c , 
E: ' 
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1::: rn 
" ;; CM 
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volatile 

The volati le keyword describes a data object that can be changed by means 
outside the control of the declaring program. Examples of such objects are 
memory-mapped 1/0 registers and shared memory. When manipulating a 
volat i le object, the compiler reads or writes the object whenever it is 
referenced. In other words, the compiler suppresses any optimisations that 
would keep volatile objects in registers. 

Storage Classes 

Several keywords are provided to indicate the storage class of an object. 
With previous versions of the compiler, the only way to change the storage 
class was to use the -b option. This option is still available, but the 
recommended method is to let the compiler default to near addressing, -bl , 
and then use the keywords where necessary. Unlike MS-DOS based compilers, 
these keywords do not affect the size of an object, but instead indicate the 
storage class. In that vein, you must place the keyword as close to the data 
item as possible: 

int near x ;  / *  addressed a4 relative * /  
long far  y ;  / *  addressed with 32 bit absolute * /  

Note that you can only use the storage keyword immediately before the 
target object. 

far 

The far type indicates that the object must be accessed with a full 32-bit 
address rather than via a 16 bit base-relative pointer. 

huge 

The huge keyword is identical to far when using Lattice C on the ST. It is 
included for compatibility with other environments which use Intel processors 
instead of the Motorola 68000 family. 
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near 

The compiler uses the near access method for objects declared using the near 
keyword. For example, 

int near x , near y ,  near z ;  

declares three near integers. These are placed into the data section in such a 
way that they can be accessed via 16-bit offsets from the data section pointer 
in register A4. The -b 1 option on the le command causes all data declarations 
without a specific access method to be treated as near . This is the default 
setting for the -b option. In other words, the compiler normally generates 
near objects in order to reduce program size and improve performance. 

Note that because of storage class model used, declaration of pointers using 
near and far is slightly unusual; consider the definitions: 

int •near x ;  / *  def ine near pointe r  to obj ect * /  
int near • x ; / *  define pointer  t o  near obj ect * /  

because of the storage class model, the first definition causes the pointer to be 
in the near data section, whilst the latter definition has no effect on the code 
generated since it indicates a pointer to near data (which is is not relevant to 
the 680x0 code model). 

Notice that pointers to near objects are always 32 bits wide. The only time 
that the 16-bit access occurs is when the offset can be embedded within an 
instruction. For most near objects this is frequently the case, and so the size 
and performance improvements can be substantial. However, if you normally 
address an object via a pointer, you will gain little by declaring that object as 
near. 

Call ing Conventions 

The Lattice C 5 compiler also provides a number of keywords that may be 
applied to functions to permit special calling conventions. The _regargs. 
_stdargs and _ _  asm keywords indicate that the compiler is to use an 
altered calling convention. · 

The default is to use _stdargs for all functions. However, if you use the -rr 
option of the compiler then it will use the _regargs convention in which 
the first two data items and first two pointer items are passed in cll/dl and 
aO/ a l ,  respectively. The keywords allow you to override the default. For 
example: 

long _regargs foo ( int i) { . . .  } 
void _stdargs bar ( void ) ; 
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Note that the keywords __ asm, _stdargs, a�d -;-reg� rgs are �utually 

exclusive. Full details on using these keywords 1s given m the section ASM, 
The Assembler. 

asm 

The asm keyword allows you to specify, exactly, in �hich r�g�s�er each 
para�eter is to �e passed. It can be used for both functmn defm1tions and 
function declarations: 

int _asm mymax ( register _do int , register  _d1 int ) ; 

int asm myfun ( i , p ) 
register _do int i ;  
registe r  _a1 char * P i  

interrupt 

The Interrupt keyword is applied to a function to indicate .that this ��ctio� 
may be called from an interrupt routine. Although, at the time of wntmg,, it does not affect the code generated for the function, it is provided for potential 
variations in code necessary to support interrupts. 

regargs 

This keyword defines a subroutine that is to be called with register 
parameters. Note that full function prototypin!? m u s t  be used so that the 
compiler can decide which parameters are of which type. 

_saveds 

If a function may be called from code which has not set up the �lobal �a�e 
register (A4) then it is necessary to load it a� the st�rt of the funct1�n. Th.is is 
possible using the -y option. However this apphes to all functions m a 
module; to cause it to be loaded for a single function, you can use the keyword 

_saveds as in: 

int _saveds myentry ( void ) 
{ 

} 

Note that _saveds only has meaning when applied to the ac�al def�nition 
of the function. External functions with the _saveds keyword simply ignore 
the keyword. 
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e 
__ stdargs 

This keyword defines a subroutine that is to be called with standard stack parameters. 

!Bui lt- in Functions 
The �tti�e C 5 compil�r provides several standard library functions which are budt-m. t? the c<;>mpder and as such generate high quality 680x0 machine code. explo.1tmg register �ont;nts in a way which would not otherwise be possible. Smee the complier knows' the semantics of these functions it may pre-c?mpute c�:mstant ex�ressions, like strlen( 'He l lo Wor ld '); also if a function result is not used, 1t may be discarded before it is computed. 
The built-in functions recognised by the compiler are all prefaced with _bulltln_ and then followed by their standard library name. The header files use �defines to ensure that the built-in function is used instead of the library version, for example: 

int strlen ( const char * ) ; 
int _builtin_st rlen ( const char * ) ; 

#def ine st rlen ( a )  _bu iltin_st rlen ( a )  
Such .a mechanism ensures that it is possible to suppress the use of a built-in fu.nct1on and force. the library definition to be used. This can be useful if you WISh to have, �or instance, the mem family of functions check their input pa�ameters agamst the bounds of your heap, i.e. to catch dangling or random pointers. 
�o force the use of the library version you should include the normal header files and then explicitly #undef the function, e.g. 

#undef strlen 

The library functions recognised by the compiler as built-ins are: 
int abs ( int ) ; 
int max ( int , int ) ; 
int memcmp ( const void • , const void • size t ) · vo�d •memcpy ( vo�d • , const void • , siz�_t ) ;- ' 
void •memset ( vo1d * , int , size t ) · 
int min ( int , int ) ; - ' 
int st rcmp ( const char • , const char * ) ; c�ar •strcpy ( char • , const char * ) ; s1ze_t strlen ( const char * ) ; 
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In addition to these, the prlntf function, in its _bulltln_prlntf form, is 
recognised. When such a call occurs the formatting string is analysed 
according to the normal library rules to see if it contains: 

• No substitutions, so that a call to _writes may be made, 
• Only %d , %p, %s and %x conversions, when a substitution is made 

for _tlnyprlntf. 

Otherwise a call to the standard library prlntf routine is made. 

The compiler also makes available several built-in functions which increase 
the functionality of the language: 

void emit ( short ) ; 
void -bu iltin fpc ( int , double ) ;  
void geta4 ( void) ; 
long get reg ( int ) ; 
void put reg ( int , long ) ; 

Again these are normally prefixed by _bulltln_, with the following suffices 
being acted upon: 

_emit This function inserts its short word argument into 
the instruction stream at the current point. This can 
be used to insert unusual instructions into the 
program, for instance: 

_emit ( Ox27c ) ;  / * and #$dfff , s r * /  
_emit ( Oxdfff ) ;  

. . .  _fpc __ bul lt ln_fpc is used to generate inline MC68881 
transcendental instructions using the Line-F opcodes. 
It takes two parameters, the second of which is the 
operand to be passed to the function for evaluation, 
whilst the first is the 'encoded extension field', i.e. 
the low 7 bits of the FPC opcode. Consider the 
inlining of the function sin: 

double sin ( double ) ;  

#def ine s in ( x )  _builtin_fpc ( 1 4 , x )  

geta4 This 'function call' forces the global data register, 
A4 ,  to be loaded at the start of a function. It is 
exactly equivalent to using the _saveds keyword 
on the function definition, but may be used in hortable code with a placebo definition of geta4 
eing used in a non-Lattice environment. 
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getreg 

putreg 

ge!reg di�ectly obtains the contents of a specific 
register; t�1s can be useful in situations where you 
need to .P•ck up specific register values e g the 
stack pomter. 

' · · 

pu�reg allows you to store a value into a specific 
register. 

Using ��ese �nctions allows direct access to the instruction stream and code 
ge�era ton. ote that, whilst code may be inserted in the instruction t 
usmg .-1.t

em
f
lt, it .is often easit;r and more useful to use the #pragma

s
l���� 

capabt 1 y o Lattice C 5 descrtbed below. 

Unl ine Cal ls 
!h� #pragma lnllne directive allows the Lattice C com iler ��!·���od

f
et

h
either to support direct calling of the operating �yste� �:�r::: 

o e processor not supported by C. 

The directive has the form: 

#pragma inline ( <r>= J  <name> ( ( <parms> ] )  
{ ( register <s 1 > ( , <s2> )  ( , . . .  ) )  ( ' <emit> ' ; ( . . •  ; ] ) } 

The various parts of the directive are: 

<r> the register in which the function returns its 
value. 

<name> the �ame . of  . the previously prototyped 
function which ts to be inlined. 

<S l > .<S2> the r�gisters which are destroyed as a result 
of this call. etc. 

' < e m it> ' the hexadecimal string to be placed in the 
instruction stream. 

<parms> gives the mann · h · h h 
as follows: 

er m w ic t e parameters are passed to the call 

( ( <cast> I <r1 > J  ( , ( <cast> I <r2> I I ( ,  . . .  ) ) ) 
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E.t: ' 

where: 

<cast> an optional cast to (short) so that the fuarameter is 

placed on the stack as a short (rat er than the 

natural size for the type). 

<r l > a register in which the parameter is to be passed. 

The I separators above indicate alternatives, so that a parameter may be 

cast or assigned to a register. The [ . . .  ] notation indicates that the enclosed 

parameters are .optiona�, so that a .::parms:-- value may even consist of 

commas with no mterverung casts or regJSter assignments. 

Consider calling the GEMDOS function cc.on ou t  I this takes a. single 

parameter which is the chara�ter to be prmt�d .  Before ex�cutt.ng the 

GEMOOS trap, we must also specify GEMOOS function number, 2 m this case: 

#def ine _TRAP_1 " 4e41 '  

void _vg s ( short , short ) ; 

#def ine Cconout ( c )  _vg s ( 2 , c )  

#pragma inline _vgs ( ( short ) , ( short ) ) 
{ register d2 , a2 ;  _TRAP_1 ; }  

This results in the parameter c being pushed onto the stack as a short-word 

followed by the function number 2 as a short word, followed by the GEMOOS 

trap. Prior to the call the registers 02 and A2 are saved. 

Calls to more complex parts of TOS may also be effected; consider the l lnead 

function: 

#def ine _LINEA_D ' aOOd ' 

void linead ( int , int , LA_SPRITE • , void • ) ; 

#pragma inline linead= ( dO , d 1 , aO , a2 )  
{ register d2 , a6 ;  _LINE_A_D ; } 

This calls the Line-A sprite routine with the co-ordinates in DO and D l  and 
the sprite definition and save blocks in AO and A2 . Prior to the call, 02 and 
A6 are saved. Note that A2 is not saved, along with 02 and A6, as this is 
implicit in its usage in the call. 
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The #pragma lnllne directive may al b d 
encompass features of the processor 

s�hi�h
us

t� tf extend the language to 

Consider a general rotate instruction: 
e anguage cannot express. 

#define _ROL_L_D1_00 " e3b8 " 
unsigned long _lrotl ( unsigned long , int ) ; 

#pragma inline dO=_lrot l ( dO , d 1 ) { _ROL_L_D1_DO ; } 

This would then allow the f th 
instruction stream without recou�:: t� a fu�ct����O rotate instruction in the 

A more complex function might be us d t k 
long word. This might have the form:

e o pac two short word values into a 

unsigned long pack ( short , short ) ; 

#def ine SWAP DO • 4840 • 
#def ine MOVE=w_o1 _00 • 3001 • 

#pragma inline dO=pack ( dO , d t ) 
{ _SWAP_DO j _MOVE_W_D1 _DO ; } 

!Compi ler Operational E rrors I 
These indicate that the compiler is havin t bl . 

it cannot access required files or cannot !ht 
r?u e op�at�ng correctly because 

�ome of these errors are caused b not 
a n. e?oug disk �r memory space. 

information to phase 1 so that it �ill 
pr�vid

l
mg the req�1re� prototyping 

usable by phase 2 or by some other . mamp
f
u a

l
te a function mto a format 

' misuse o a ow level facility. 

-I option ignored 

More than 16 -I opti t · . .  
and used. 

on s rmgs were specified. Only the first 16 are retained 

-r option has been moved to LC l 

A -r option was detected on phase 2 Th· . 

of the compiler with the version 5 ;ele:!e�ptlon was moved to the first phase 

_builtin_fpc requires -f8 switch on LC 1 

A call has been made to bulltln f c d . 

using the MC68881 flag. The first p
-: �rm

l
g
d 

p
b
hase 2 whe� phase 1 was not 

ase s ou e re-run with the -f8 flag. 
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Argument to abs must be an integral type 

In phase 2 the function _bulltln_abs has been passed a non-integral type. 

This function must be prototyped correctly so that the first phase will convert 

any parameters to the required type. 

Argument to emit must be an integral constant 

In phase 2 the opcode to _bulltln_emlt is a non-constant value. Only constant 

values may be used for the opcode specification. 

Arguments to max/min must be an Integral type 

In phase 2 the function _bulltln_mln or _bulltln_max has been passed a non­

integral type. These functions must be prototyped correctly so that the first 

phase will convert them to the required type. 

Can't create debugger Intermediate file 

The first phase of the compiler could not create its intermediate file for the 

debugging output. This error usually results from a full directory on the output 

disk. 

Can't define _LINE_ and _FILE_ 

An attempt has been made to pre-define __ LI NE _ _  or __ F I LE_ from the 

command line; such redefinitions are illegal. 

Can't open debugging file 

The second phase could not open the debugging symbol file. 

Can't open precompiled header file 

One of the pre-compiled header files specified via the -H option could not be 

opened by the first phase. 

Can't create object file 

The second phase of the compiler was unable to create the object file. This 

error usually results from a full directory on the output disk. 
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Can't create quad file 

The first phase of the compiler was unable to create the quad file. This error usually results from a full directory on the output disk, or an attempt to use a nonexistent disk. 

Can't open file for pre-processor output 
The first phase of the compiler was unable to open the pre-processor output file. This error usually results from a full directory on the output disk. 
Con 't open prototype file 

The first phase of the compiler was unable to open the prototype file. This error usually results from a full directory on the output disk. 
Can 't open quad file 

The second phase of the compiler was unable to open the quad file. This error usually occurs when you call phase 2 of the compiler ( lc2) directly with an invalid quad file name. 
Can't open source file 

The first phase of the compiler was unable to open the source file. This error usually occurs because you mis-spelt the file name or did not specify the proper drive and/or directory path. 
Can't open symbol file 

The first phase of the compiler was unable to open the symbol file. This error usually results from a full directory on the output disk. 
Combined output file name too large 
The output file name constructed by combining the source or quad file name with the text specified using the -o option exceeded the maximum file name size of 64 bytes. 

Corresponding message not found in le 1 . lc 
The error number which the compiler generated could not be found in the error file Jc l . lc. 
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Dead assignment eliminated <symbol> 

d dant assignment to symbol . Note The global optimiser has detected
b 
a r

� ·�fe in your program, but generated that these assignments. may not e v1si 
internally by the compiler. 

End of file on object file 

Th cond base of the compiler detect.ed an end of file condition on the obj��efile. This usually indicates a full disk. 

Error message too long In le 1 . lc 

. the Jc l Jc file exceeded the maximum length permitted. An error message m · 

Error reading symbol file 

The second phase encountered an error when reading the debugging symbol 
fi le . 

Fi le name missing 

The source file name was not specified. 

File name too large 

The name of the file passed to the second phase exceeded the maximum file 
name length. 

File too short 

fl . d prematurely. This indicates that the A pre-compiled header .: � ����:r file is damaged in some way. structure of the pre-compi e 

Floating point opcode must be a constant 

d bulltln fpc is a non-constant value. Only constant In phase 2 the opco e to - -
"fi f values may be used for the opcode speci ca ion. 

Full path name of source file too long -- not retained 

ed d the maximum length permitted in the debugging The full pathname exce e . output file and so was not retamed. 
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Intermediate fi le error 

j.fe firs� phase of the compiler encountered an error when writing to the quad 
1

. 
e. This error usually results from an out-of-space condition on the output 

disk. 

Invalid -b option 

The character following the -b option was not O or 1; see the section LC, The 
Compiler for the valid options. 

Invalid -e option 

The charact�r followi�g the -e was not a 0, 1 ,  or 2. This usuall occurs 
because the lme was mistyped. Retype the line and try again. See tife section 
LC, The Compiler for a list of the valid compiler control options. 

Invalid -f option 

One of the characters following the -f option was not a recognised com iler 
contr?l character. S�e the section LC, The Compiler for a list of the 

p 
rd 

compiler control options. 
va 1 

Invalid -J option. Warning/error not specified 

Foll�wing the -J option to le l an error number was not specified; see the 
section LC, The Compiler for details of the -J option. 

Invalid -m option 

One of the characters followi�g the -m option was not a recognised com iler 
contr?l character. S�e the section LC, The Compiler for a list of the 

p 
rd 

compiler control options. 
va 1 

Invalid -r  option 

One of the characters following the -r option was not a recognised com iler 
contr?l character. See the section LC , The Compiler for a list of th 

p 
I 'd 

compiler control options. 
e va 1 

Invalid -s option 

One of the characters following the -s option was not a recognised com iler 
contr?l character. S�e the section LC, The Compiler for a list of th 

p 
rd 

compiler control options. 
e va 1 
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Invalid attribute flags for bulltln function 

An _bulltln function has the wrong attribute types; this indicates that it was 

incorrectly prototyped during the first phase. Check the types of the 

parameters in the prototype. 

Invalid Intermediate file 

During the second phase the intermediate file was found to be damaged in 

some manner. 

Invalid option 

An invalid command line option was specified, and that option will be 

ignored. See the section LC, The Compiler for a list of the valid compiler 

control options. 

Invalid register specification for getreg 

A register specification to __ bu l l t ln_getreg was invalid. The register 

specification must be a constant in the range 0 to 15. 

Invalid register specification for putreg 

A register specification to __ bu l l t ln_putreg was invalid.  The register 

specification must be a constant in the range 0 to 15. 

Invalid symbol definition 

The name attached to -d specifying a symbol to be defined was not a valid C 

identifier or was followed by text which did not begin with an equals sign. 

le 1 . lc is corrupt 

An error occurred whilst the compiler was attempting to read the error file 

te l . le. 

No functions or data defined 

The compiler reached the end of the source file without finding any data er 

function definitions. One common cause of this error is to forget a comment 

termina tor (* /) during the first function in the source file. This causes the 

compiler to gobble up your program as if it were a comment. 

The Compiler Lattice C 5 Page 89 



\ 

No register specified for ASM call 

During phase 2 a function has been declared using an _asm convention, but no 
register was supplied where one was needed. 

Not enough memory 

This message is generated when either phase of the compiler uses up all the 
available working memory. 

Parameters beyond file name ignored 

Additional information was present on the command line beyond the name of 
the source file. A common source of this error is to place compiler options after 
the file name. 

Reference has overlapping definition <symbol> 

The global optimiser has detected a reference to symbol which overlaps a 
definition which it has seen. This may or may not indicate an error in your 
program, but should be investigated. 

Same register used twice for parameters 

During phase 2 a register has been used twice in an __ asm call. All registers used in such a call must be distinct. 

Seek error on object file 

The second phase of the compiler detected a seek error on the object file. This 
usually indicates a full disk. 

Symbol file corrupted 

The second phase detected a corrupt symbol file. This rarely occurs and may 
be related to a full disk or lack of disk integrity. 

Unable to continue compilation due to previous B LTN 
e rror(s) 

The second phase has been forced to  abort due to  previous errors encountered 
when processing _bulltln functions. 
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Unable to find 'le 1 . lc' 

The first phase is unable to find the error file le 1 . lc which contains its error 
messages. 

Undefined variable <symbol> 

The global ortimiser has detected a reference t� syr'!'bc:>I without see�ng any 
definition o this symbol. This almost certainly md1cates a bug m your 
program. 

Unrecognized -c option 

One of the characters following the -c option was not a recognised compiler 
control character. See the section LC, The Compiler for a list of the valid 
compiler control options. 

Unrecognized -j option 

One of the characters following the -f option was not a recognised compiler 
control character. See the section LC, The Compiler for a list of the valid 
compiler control options. 

Unrecognized -p option 

One of the characters following the -p option was not a recognised compiler 
control character. See the section LC, The Compiler for a list of the valid 
compiler control options. 

Unrecognized -q option 

One of the characters following the -q option was not a recognised compiler 
control character. See the section LC, The Compiler for a list of the valid 
compiler control options. 

Value for putreg must be an integral type 

In phase 2 the function _bu l ltln_putreg has been passed a non-integral type. 
This function must be prototyped correctly so that the first phase will convert 
them to the required type. 

Wrong number of parameters for builtin function 

In phase 2 an __ bul lt ln function has been passed the wrong number of 
parameters. 
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/Syntax errors and warnings I These indicate that the compiler i h . . . source program. The messa e incl:d 
avmg d1ff1cu�ty understanding your C 

identifying the point at wh1ch th 
es ��e source fde name and line number indicates that the problem prevent: t��o e� wa� detected. An error message and must, therefore, be corrected 

cons �chon of a usable object module compiler d
_
etected something unu�u�l 

�a�nm�
l 

message indicates that the module, usmg appropriate assumptions ab 71 
h

proceed
_ 

to make an object code to do. ou w at you intended the source 
Syntax errors and wami forma t: 

ngs are reported via a message with the following 

fff  nnn Error xxx : mmm 
where the message components are: . 

fff This is the name of the source file processed when the error occurred. 
that was being 

nnn :-!�!!/!!:
h
�:er of the source file line that was being 

at I, not 0. 
e error occurred. Source file lines begin 

x x x This is the error number, as listed below. 
mmm This is the error message text. 

All messages listed below indica te fat I listed below is followed by (W) Wh 
a errors unless the message number 

not produce a usable object m�dul:n ;
h

fat�I error occurs, the compiler will 
condition by beeping and a . 

. e c command alerts you to this continuous compifation. 
P usmg, unless you use the -C option to force 

If the message number below is followed b W . . such a i:nessage is displayed, the com iler 
�

l 
( ), then it is a warn_ing. When by makmg reasonable assumptions al'out 

w
� 

prod�ce a usable object module do. Nonetheless, it's a good idea to i 
w �t you intended the source file to compiler's assumptions may disagree " t

n
h
veshg�te th�se warnings, since the w1 your mtenhons. 
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invalid pre-processor command 

This error is generated by a variety of conditions in connection with pre­
processor commands, including specitying an unrecognised command, failure to 
include white sf.ace between command elements, or use of an illegal pre­
processor symbo . 

2 unexpected end of file 

The end of an input file was encountered when the compiler expected more 
data. This may occur on an #Include file or the original source file. In many 
cases, correction of a previous error will eliminate this one. 

3 file not found <name> 

The file <name> specified on a #Include command was not found. 

4 invalid lexical token 

An unrecognised element was encountered in the input file that could not be 
classified as any of the valid lexical constructs (such as an identifier or one of 
the valid expression operators). This may occur if control characters or other 
illegal characters were detected in the source file. 

5 invalid macro usage 

A pre-processor #define macro was used with the wrong number of arguments. 

6 line buffer overflow 

Expansion of a #define macro caused the compiler's line buffer to overflow. 
This may occur if more than one lengthy macro appeared on a single input 
line or if the closing parenthesis was missing from a macro invocation. 

7 file stack ful l  

The maximum extent of  #Include file nesting was exceeded; the compiler 
supports #Include nesting to a maximum depth of 16. 

8 invalid conversion 
A cast (type conversion) operator was incorrectly specified in an expression. 
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9 undefined identifier <name> 

The �a�ed identifier was u�defined in the context in which it appeared; 
that is, it had not been previously declared. This message is only generated 
once; subsequent encounters with the identifier assume that it is of type Int 
(which may cause other errors). 

1 0  invalid subscript expression 

An error was detected in the expression following the c character 
(presumably a subscript expression). This may occur if the expression in 
brackets was empty. 

1 1  string too large or not terminated 

The l�ngth of a string constant exceeded the maximum allowed by the 
compiler (256 bytes). This will occur if the closing " (double quote) was 
omitted in specifying the string. 

1 2  invalid structure reference 

The expression preceding the period ( . )  or indirect (->) structure reference 
operator was not a structure or pointer to a structure. 

1 3  member name missing 

An identifier indicating the desired aggregate member was not found 
following the period ( .)  or arrow (->) operator. 

1 4  undefined member <name> 

The indicated identifier was not a member of the structure or union to which 
the period ( . )  or arrow (->) referred. 

1 5  invalid function call 

The identifier preceding the left parenthesis of a function call was not 
implicitly or explicitly declared as a function. 

1 6  invalid function argument 

A functi<;m ar�ume�t expression . following the left parenthesis on a function 
call was mvahd. This may occur if an argument expression was omitted. 
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1 7  too many operands 

During expression evaluation, the end of an expression was encountered but 
more than one operand was still awaiting evaluation. This may occur if an 
expression contained an incorrectly specified operation. 

1 8  unresolved operator 

During expression evaluation, the end of an expression was encountered but an 
operator was still pending evaluation. This may occur if an operand was 
omitted for a binary operation. 

1 9  unbalanced parentheses 

The number of opening and closing parentheses in an expression was not equal. 
This error message may also occur if a macro was poorly specified or 
improperly used. 

20 Invalid constant expression 

An expression which did not evaluate to a constant was encountered in a 
context which required a constant result. This may occur if one of the 
operators not valid for constant expressions was present. 

2 1  illegal use of aggregate 

An identifier declared as a structure or union was encountered in an expression 
where aggregates are not permitted. Only the direct assignment and 
conditional operators may be used on aggregates, and explicit or implicit 
testing of aggregates as a whole is not permitted. 

22 (W) structure used as function argument 

An identifier declared as a structure or union appeared as a function argument 
without the preceding & operator. Aggregates may be passed by value, so 
this is a legal construction. The warning message is generated to alert you 
that earlier versions of Lattice C (before version 3) passed the address of the 
aggregate in this case. 

23 invalid use of  conditional operator 

The conditional operator was used erroneously. This may occur if the ? 
operator was present but the : was not found when expected. 
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24 pointer operand required 

The c�ntext of the �xpression. re�ui�ed an operand to be a pointer. This may 
occur if the express10n following did not evaluate to a pointer. 

25 modifiable lvalue required 

The c�ntext of the e�pression �quired an operand to be an lvalue. This may 
oc�r if the expression following & was not an lvalue, or if the left side of an 
assignment expression was not an lvalue. 

26 arithmetic operand required 

Th� context '!f the expression required an operand to be arithmetic (not a 
pointer, function, or aggregate). 

2 7 arithmetic or pointer operand required 

The context of the expression required an operand to be either arithmetic or a 
pointer. This may occur for the logical OR and logical AND operators. 

28 missing operand 

During expression evaluatio�, the end of an expression was encountered but not 
enoug� operands were available for evaluation. This may occur if a binary 
operation was improperly specified. 

29 Invalid pointer operation 

An operation was specified which was invalid for pointer operands (such as 
one of the arithmetic operations other than addition). 

30 (W) pointers do not point to same type of object 

In an �ssignment .state�ent defining a value for a pointer variable, the 
express10n on the right side of t�e = operator did not evaluate to a pointer of 
th� exact same type as the pointer variable being assigned, i .e. it did not 
point to t�e sa�e type of object. The warning also occurs when a pointer of 
any type is ass1�ned to an arithmet�c .o?j�ct. Note th�t the same message may �e a f�tal e�ror if generated for an in1tJahser expression or in some situations 
involving m1Xed memory models. 

3 1  integral operand required 

The context of an expression required an operand to be integral, i.e. one of the 
integer types (char, Int, short, unsigned, or long). 
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32 invalid conversion specified 

The expression specifying the type name for a cast (conversion) operation or a 
slzeof expression was invalid. 

34 invalid in itialiser expression 

The expression used to initialise an object was invalid. T�is may .o��r fo� a 
variety of reasons, including failure to separate elements in an 1mhahser hst 
with commas or specificatio� of an expressio.n w�ich did not evalua.te to a 
constant. Some experimentation may be required in order to determine the 
exact cause of the error. 

35 closing brace expected 

During processing of an initialiser list or . a s�ructure or unio� mem�er 
declaration list, the compiler expected a closing right b:�ce, �ut d1� ��t �nd 
it. This may occur if too many elements were specified m an m1tiahser 
expression list or if a structure member was improperly declared. 

36 (W) control cannot reach this statement 

A statement within the body of a switch statement was not preceded by a 
case or default prefix which would allow control to reach that statement. 
This may occur if a break or return statement is followed by any other 
statement without an intervening case or default prefix. 

3 7  duplicate statement label <label> 

The specified statement label was encountered more than once during 
processing of the current function. 

38 unbalanced braces 

In a body of compound statements, the number of opening left braces ( and 
closing right braces ) was not equal. This may occur if the compiler got out of 
phase due to a previous error. 

39 invalid use of keyword <keyword> 

One of the C language reserved words appeared in an invalid context (e.g. as 
a variable name). 
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4 0  
break not Inside loop or switch 

A break sta tement was detected tha . . do, for, or switch statement. This 
t was not w1thm the scope of a Whlle, 

sta tement. 
may occur due to an error in a preceding 

4 1  
case not inside switch 

A case prefix was encountered outside th may occur due to an error in a preced " ta
e scope of a switch statement This mg s tement. 

· 

4 2  
invalid case expression 

The expression defining a case value constant. did not evalua te to an integral 

43 
duplicate case value � case prefix was encountered which defin m a previous case prefix within th 

e
l
d a constant value already used e same sw tch statement. 

44 
continue not inside loop 

A continue statement was detected tha do, or for loop. This may occur du t 
t was n�t within the scope of a While, e o an error m a preceding statement 

45 
. 

default not inside switch 
A default prefix was encountered . 
This may occur due to an error in a p

outs1
d
�e the scope of a switch statement rece mg statement. 

· 

46 
more than one default 

A default prefix was encountered within th which a preceding default prefix h d I d
e scope of a switch statement in a a rea Y been encountered. 

4 7  
while missing from do statement 

Following the body of a do statem found. This may occur due to an er;;t,��� -w�e
b
da

d
use was expected but not m e 0 Y of the do statement. 
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48 invalid while expression 

The expression defining the looping condition in a while or do loop was null 
(not present) . Indefinite loops must supply the constant 1, if that is what is 
intended. 

49 else not associated with if 

An else keyword was detected that was not within the scope of a preceding If 
statement. This may occur due to an error in a preceding statement. 

50 label missing from goto 

A statement label following the goto keyword was expected but not found. 

5 1  label name conflict <label> 

The indicated identifier, which appeared in a goto statement as a statement 
label, was already defined as a variable within the scope of the curtent 
function. 

52 invalid i f  expression 

The expression following the If keyword was null (not present). 

53 invalid return expression 

The expression following the return keyword could not be legally converted to 
the type of the value returned by the function. 

54 Invalid switch expression 

The expression defining the value for a switch statement did not define an 
integral value or a value that could be legally converted to an integer. 

55 (W) no case values for switch statement 

The statement defining the body of a switch statement did not contain at 
least one case prefix. 

56 (W) colon expected 

The compiler expected but did not find a colon (:). This error message may be 
generated if a case expression was improperly specified, or if the colon was 
simply omitted following a label or prefix to a statement. 
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57 CW) semi-colon expected 

The compiler expect�d but did not find a semi.-colon (;). This error generally 
�eans that the compil�r completed the processing of an expression but did not 
fmd a. statement t�rmmator. This may occur if too many closing parentheses 
were incl1;1ded or if an expression was otherwise incorrectly formed. Because 
the compiler scans through white space to look for the semi-colon the line 
number for this error message may be beyond the actual line wher� a semi­
colon was needed. 

58CW) m issing parenthesis 

A parenthesis required by the syntax of the current statement was expected 
but was. not foun� (as in a while o� t.or loop). !his may occur if the enclosed 
expres�1on was mcorrectly spec1f1ed, causmg the compiler to end the 
expression early. 

5 9  invalid storage class 

In processing declarations, the compiler encountered a storage class invalid for 
that declar�tion context (s�ch as auto or reg.lster for external objects). This 
may occur if, due to. prece�mg errors, the compiler began processing portions of 
the body of a funct10n as if they were external definitions. 

6 0  Incompatible aggregate types 

The t�pes of the aggregates involved in an assignment or conditional 
operation. were n�t exactly the same. This error may also be generated for 
enum objects, which are treated as integers. 

6 1  CW) undefined struct/unlon tag <name> 

The indicated structure or union tag was not previously defined; that is, the 
mem�ers of t�e agg�egate were unknown. Note that a reference to an 
�n�efined tag 1� permitted if the object being declared is a pointer, but not if 
1t is �n actual mstanc� of an agg�egate. This message may be issued as a 
warning a�ter the entire source file has been processed if a pointer was 
declared with a tag that was never defined. 

62 structure/union type mismatch 

A struc��e or union tag has been detected in the opposite usage from which it 
was origmally declared (i.e., a tag originally applied to a st ruct has 
apl?eared on an aggregate with the union specifier). The Lattice compiler 
defines only one class of identifiers for both structure and union tags. 
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63 CW) duplicate declaration of item <name> 

The indicated identifier has been declared more than once within the same 

scope. This error may be generated due to a preceding error, but is generally 

the result of improper declarations. 

64 structure contains no members 

A declaration of the members of a structure or union did not contain at least 

one member name. 

65 invalid function defin ition 

An attempt was made to define a function body when the compiler was not 

processing external definitions. This may occur if a �rece�ing error caus.ed the 

compiler to get out of phase with respect to declarations in the source file. 

66 CW) invalid array l imit expression 

The expression defining the size of a subscr�pt in an array dec�aration did not 

evaluate to a positive integral constant. This may als? occur if a zero �ength 

was specified for an inner (i.e. not the leftmost) subscript of an array ob1ect. 

6 7  illegal object 

A declaration specified an illegal object as defined by this versio':' of C. 

Illegal objects include functions which return arrays and arrays of functions. 

68 i l legal object for structure 

A structure or union declaration included an object declared as a function. This 

is illegal, although an aggregate may contain a pointer to a function. 

69 structure includes Instance of self 

The structure or union whose declaration was just processed contains an 

instance of itself, which is illegal. This may be generated if the • is 

forgotten on a structure pointer declaration, or if . (due t? some inte�twining of 

structure definitions) the structure actually contains an mstance of itself. 

7 0  Invalid use o f  structure qualifier 

The formal parameter of a function was declared illegally as a function. 
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7 1  formal declaration error <name> 

A variable was declared before the opening brace of a function, but it did not 
appear in the list of formal names enclosed in parentheses following the 
function name. 

7 2 external item attribute mismatch 

An external i tem has been declared with attributes which conflict with a 
previous declaration. This may occur if a function was used earlier, as an 
implicit Int function, and was then declared as returning some other kind of 
value. Functions which return a type other than Int must be declared before 
they are used so that the compiler is aware of the type of the function value. 

73 (W) declaration expected 

In processing the declaration of objects, the compiler expected to find another 
line of declarations but did not, in fact, find one. This error may be generated 
if a preceding error caused the compiler to get out of phase with respect to 
declarations. 

74 (W) initialiser data truncated 

A string constant used as an initialiser for a char array defined more 
characters than the specified array length. Only as many characters as are needed to define the entire array are taken from the first characters of the 
string constant. 

75 Invalid slzeof expression 

An attempt was made to apply the slzeof operator to a bit field, which is i l lega l .  

76 left brace expected 

The compiler expected, but did not find, an opening left brace in the current context. This may occur if the opening brace was omitted on a list of initialiser expressions for an aggregate. 

7 7  identifier expected 

In processing a declaration, the compiler expected to find an identifier which was to be declared . This may occur if the prefixes to an identifier in a 
declaration (parentheses and asterisks) are improperly specified, or if a sequence of declarations is listed incorrectly. 
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7 8  undefined statement label <label> 

The given statement label was referred to in the most _recent func!ion in a 
goto statement, but no definition of the label was found m that function. 

79 (W) duplicate enumeration value 

More than one identifier within the list for an enumerat�on. type had the 

same value. While this is not technically an error, 1t 1s usually of 

questionable value. · 

8 0  invalid bit field 

The number of bits specified for a bit field was invalid. Note that !he 
compiler does not accept bit fields which are exactly the length of a _machme 
word (such as 32 on a 32-bit machine); these must be declared as ordinary Int 
or unsigned variables. 

8 1 pre-processor symbol loop (macro expansion 
too long or circular) 

The current line contains a reference to a pre-processor symbol that is a 
circular definition. 

82 maximum object/storage size exceeded 

The size of an object exceeded the maximum legal size for objects in it� storage 
class· or the last object declared caused the total size of declared objects for 
that �to;age class to exceed that maximum. 

83 (W) reference beyond object size 

An indirect pointer reference (usually a subscripted expression) used an 
address beyond the size of the object used as a base for the address 
calculation. This generally occurs when an expression makes reference to an 
element beyond the end of an array. 

84 (W) redefinition of pre-processor symbol <name> 

A #define statement was encountered for an already defined sy�bol. The 

first definition is pushed, so that an additional #undef statement 1s needed 
to undefine the symbol. 
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85 CW) function return value mismatch The expression specifying the value to be return . same type as the function itself Th I 
ed by a �nct�on was not of the converted to the appropriate type· th e v� ue specified is automatically of the conversion. The warnin ca� b e ra�nmg merely serves as notification force the return value to the Jnction 

';ye un{.��!ed by .usi�g a cast operator to return statement with a null ex re . pe. . wammg JS also issued when a 
function which was not declare� :���� (1.e. no . return value) appears in a 
particular context can be disabled . th

' generat1o_n of the warning for this usmg e -cw option on the le command. 
86 CW) f . ormal definitions conflict with type list The �ypes of the formal parameters declar d . fu_nchon did not agree with those of a r 

�. m the act!'lal definition of a with argument type specifiers. 
p ec mg declaration of that function 

87 CW) 
argument count incorrect The number of function arguments su lied . . the number of arguments in its declar 

f P . to a function did not agree with 
88 CW) 

a 10n usmg argument type specifiers. 
argument type incorrect The type of a function argument e . . 

fuco�ponding type declared in the list :f ��ss1on d
t 
id not agree with its nct1on. gumen type specifiers for that 

89 CW) constant converted to required type T�e t�pe of a constant expression used as tu . 
f
w1th its corresponding type declared in t� r

n�t1ofn argument did not agree or that function. e is o argument type specifiers 
90 

invalid argument type specifier !he type specifier for an argument t . . incorrectly formed Argument type ./Pe m a function declaration was for type names in �ast operators or sslzpeeoc1f iers are !ormed according to the rules expressions. 
9 1  

illegal void operand 
�ne of the operands in an expression was of . . . disallowed, since void represents no valu . . type void, this is expressly to assign the result of a function declared 

e. T�1s .d
JS
' often c�used by attempting 
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92 CW) statement has no effect 

An expression statement did not cause either an assignment or a function call 
to take place. Such a statement serves no useful purpose, and can be 
eliminated; usually, this error is generated for incorrectly specified 
expressions in which an assignment operator was omitted or mistyped. 

93 CW) no reference to Identifier <name> 

An object with local scope was declared but never referenced within tha t 
scope. This warning is provided as a convenience to warn of declarations that 
may no longer be needed (if, for example, the code in which the variable was 
used was eliminated but not its declaration). It may also occur if the only use 
of the object is confined to statements which are not compiled because of 
conditional compilation directives such as #lfdef or #If. 

94 (W) uninitial ised auto variable <name> 

An auto variable was used in an expression without having been previously 
initialised by an assignment statement or appearing in a function argument 
list with a preceding & (i.e. its address passed to a function). Note that the 
compiler considers the variable initialised after any statement causes it to be 
initialised, even though control may not flow from that statement to other 
subsequent uses of the variable. Note also that this warning will be issued if 
the third expression in a for statement uses a variable which has not yet been 
initialised, which may be incorrect if that variable is initialised inside the 
body of the for statement. 

95 (W) unrecognised #pragma operand 

The operands of the #pragma statement did not match the syntax expected. 
This may occur, for instance, if an lnllne directive had missing semi-colons. 

99 (W) attempt to change a const lvalue 

The program is writing to a const object. This is not permitted by the 
definition of such objects. 

1 00 (W) no prototype declared for function 

A function was called with no in-scope prototype. This message can only occur 
if the -cf option is set. 

The Compiler Lattice C 5 Page 1 05 



1 0 1  redundant keywords in declaration 
More keywords than permitted appeared in the declaration of a variable or function. 

1 02 conflicting keywords in declaration 
The attempted declaration contained conflicting keywords (e.g. near far). 
1 03 CW) uninitialised constant <name> 
A variable has been declared with the const modifier, but no initialiser has been supplied so that the variable is, by definition, undefined and cannot subsequently be initialised (since it is constant). 
1 04 CW) conversion from pointer to const/volatife to pointer to non-canst/volatile 

A conversion from a pointer to an object specified using the const or volatile modifier has been assigned to a pointer which does not have that property. Hence the compiler will be unable to honour the const/volatlle property of the object when accessed through the new pointer. 
1 06 postfix expression not allowed on a constant 
An attempt was made to use a postfix operator (++, etc.) on a constant. 
1 07 

too many Initialisers 
The declaration encountered contained more initialisers than elements existed to place the values into. 

1 09 Invalid use of type name or keyword 
The type name used was illegal in the context in which it occurred, e.g. attempting to pass a typedefd name as a parameter to a function. 
1 1 6 CW) Undefined enum tag <name> 

The program is accessing an object of type enum with the named tag, which has not been defined. 

Page 1 06 Lattice C 5 The Compller 

1 1 7 Enum contains no members 

An empty enumeration declaration ha� occurred. This will happen if the tag 
s ace between the left and right brace is empty. P 

t m� 1 1 8 Conflicting use of enum/struct/union ag <na 

. has been detected in a different usage A structu.re, �nion or e��m�rati�:c::;ed (e.g. a tag originally applied t� a from which it was ongma y 
'th the union specifier). The Lattice struct has appeared on an argreg�t�:tifiers for structure, union and enum compiler defines only one c ass o l 

tags. 

1 1 9 Identifiers missing from defin ition of function 
<name> 

. . define a function using the prototyped format, An attempt is be
h
mg ma

t
d
b
e to 

supplied for one of the parameters. however a name as no een 

1 2 1  CW> Hex constant too large for char (high �:s
1
��1; 

. d f d · too large to fit into an object The hexadecimal. 
or �ctal con�t

f
ant J�St

de�i���g : constant larger than 127. The f char This wdl occur 1 one is 0 type . ·
f 1 1 be used to permit multi-character constants. -cm option o c may 

1 22 CW) Missing el l ipsis 

. t type when the compiler An ellipsis ( . . .  ) did not appear in. � funct10n pro o 
expected to see one (e.g. after a tradmg comma). 

1 23 No tag defined for enumeration (cannot 
construct prototype) 

. f lion prototype currently has no tags The enumeration type �sed m a
t 

unc 
truct a function prototype to represent defined, hence the compder canno cons 

i t .  

1 24 Debugger symbol table overflow 

The amount of information required to generate the source level debugging 
output has overflowed the compiler's table. 

1 25 Invalid number 

The 'number' encountered cannot be parsed as a legal number. 
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1 26 (W) #endif, #else, or #elif out of order 

The compiler has detected a #endlf, #else or #ellf without a matching #If. 

1 27 Operand to # operator must be a macro 
argument 

An attempt has been made to use the stringisation operator (#) on an 
identifier which did not appear as a macro argument in a macro definition. 

1 28 #error usage 

This error number is allocated to the ANSI #error directive. The error 
message issued will be that specified by the user. 

1 32 (W) Extra tokens after valid preprocessor directive 

A valid pre-processor directive was parsed (e.g. #endlf), but tokens which 
could not be attached to the directive that appeared afterwards. 

1 33 Cannot redefine macro <name> 

An illegal attempt is being made to redefine a macro. This will occur if you 
attempt to define any of the predefined macros LFILE_ etc.). 

1 35 (W) Assignment to shorter data type (precision 
may be lost) 

An assignment has been made from a wider data type to a more narrow one 
(e.g. long to short). This may cause data loss at run time. 

1 36 Invalid use of register keyword 

The register keyword cannot be used in the context it appeared in. 

1 39 (W) Missing #endif 

The end of compilation unit was reached whilst a #endlf was still pending. 
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1 40 (W) sizeof operator used on array that has been 

converted to pointer 

The slzeof operator has been applied to an arra>'. which was chnverted 

quietly to a pointer type. Thi� occu�s when a function argument as array 

limits of c J i.e. is of indetermmate size. 

1 42 (W) Array size never given for <name> 

The com ilation unit finished before the named array'.s size had been 

defined. this will occur if a tentative definition occurred m the module (of 

the form, for instance, char xc J )  

1 43 
Object has no address 

An attem t has been made to obtain the address of a register variable w�ich 

can have �o address. Note that this error is issued whether or not the ob1ect 

is actually assigned to a register. 

1 44 Combined storage for strings and con�tants 
exceeds maximum 

The size of the static near data area exceeds the maxim.um of 64K. This err�r 

would be issued at link time if not issued by the complier. Note that there ts 

no limit on far data. 

1 54 (W) no prototype declared for function pointer 

The function pointer being accessed has not been fully specified so that a 

complete prototype is not known for it (e.g. void ("x)() would have no 

prototype, whilst void ("x)(vold) would). 

1 55 (W) no statement after label 

A label appears but no statement appears after it. The standard requires 

that a statement appears after every label, even if it is the null statement 

( ;) . 
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Interna l  Errors 

These indicate that the compiler encountered some internal condition that 
should not have occurred. They are reported via the message: 

CXERR : xx 

where xx is the error number. When such a message occurs, compilation is 
terminated immediately, and both the quad file and the object file are 
probably unusable. If you get one please send us copies of the source files you 
are attempting to compile. 

1 Invalid error or warning message code number. 

2 Call to function not applicable to the current environment. 

3 Invalid symbol table access. 

4 Declaration chain is broken. 

5 An unlink error occurred while processing an "undef'. 

6 The compiler attempted to push back too many tokens. 

7 There is no aggregate list for a structure reference. 

8 Stack underflow has occurred. 

9 Invalid attempt to generate the address of a constant. 

10 A test value is not a constant. 

1 1  Invalid unary operator. 

12 Invalid binary operator. 

13 A scaling object is  not a pointer or array. 

14 Unexpected end-of-chain while restoring internal context. 

15 Invalid quad type. 

16  Deletion length is  less than two bytes. 

1 7  Insufficient memory. 

1 8  An error occurred when releasing memory. 

1 9  Invalid condition during temporary assignment. 
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e e 
Mj; imt. 

20 Invalid condition while processing program section. 

ilC liillt 21 Literal pool generation error. 

22 Invalid condition while processing data section. 

iC lilillf 23 Invalid quad file. 

24 End-of-file while processing "for" quad. 

l!E ... 
25 Invalid register number. 

26 Temporary save or restore error. 

-= --
27 Invalid operand size. 

28 Invalid storage base. 
·-= --

29 Error during branch folding. 

•• -
30 Error during control statement processing. 

31 Error during special addressing setup. 

·-= - 32 Invalid object description block offset. 

33 Too many function parameters. 

,. - 34 Indirect argument for call-by-reference. 

35 Invalid external relocation value. 

,. - 36 Error during search of the debugging information lists. 

37 Error during search of library lists. 

� - ·  38 Array size invalid for optimisation 

38 Error determining pointer size 

•• -· 39 Invalid register parameter quad 

40 Unsupported type for register parameter 

•C:: =-· 
41 Invalid register parameter specification 

tie lill• 
42 Byte register required 

77 Out of index registers 

L liill 1 
99 Miscellaneous error 
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C li n k  
The Linker 

CLink is the standard linker for Lattice C and may either be used in the 
integrated mode as described in EdC, The Screen Editor, or directly from the 
command line. 

The linker command line specifies which files are to be linked together and 
in what order. Note that the order of linking is significant as this allows a 
symbol defined in a module linked earlier to override one in a later module; 
this is often useful when replacing standard library routines with your own 
custom versions. 

IA simple Clink command l ine 
To link a single C object file together with a startup stub and library the 
command line used could be: 

CLINK c . o  mine . o  LIB  le . lib 

this will produce an executable program (assuming no errors occur) named 
mlne.prg; note that the name of the executable is taken from the second 
named file in the link sequence. 

!Concepts 
CLink provides several unusual features whilst linking, this allows more 
flexibility when ini tially writing your program leaving many of the decisions 
up to the linker. 

A L  Vs 

When CLink i s  col lecting all of the CODE type sections together, i f  any are 
more than 32K apart and a 1 6-bit PC rela tive access is attempted, ra ther 
than simply fail with and out-of-range error message, CLink redirects the 
access to a JMP to the same location. This jump is known as an automatic link 
vector or A L V. Note that this may cause problems if you attempt to access 
data using PC-relative mode, although this is not recommended anyway since 
on the 68030 there are separate code and data caches which can cause 
consistency problems. 
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Near DATA/BSS 

Clink supports a 64K near data section which can be accessed via a global 
base register (traditionally A4). This section is formed from all sections 
which are named _MERGED (as described in the assembler section) and then 
several variables are created by the linker to allow the initial base of this 
to be set up. This is discussed later under the Reserved symbols section. 

I D irectives 
The Clink directives allow the input files and the format of the output file 
to be specified. 

I n put directives 

The input directives allow the names of the object files to be linked to be 
passed to the linker. The linker works by collecting all sections which have 
identical types into a single output section; note that apart from the special 
name _MERGED section names are ignored when generating executable files. 

Whe� a �ii� i� required by Clink it ini.tial�y looks in the current directory for 
the flle, 1f 1t 1s found there then that file 1s used, otherwise a search is made 
for it in the paths mentioned in the L IB environment variable. The L I B  
variable consists o f  a list of semi-colon (;) or comma (,) separated items which 
indicate paths where the file should be searched for, e.g. 

LIB=c : \ lc \ lib ; c : \ mylibs 

FROM files 
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Specifies the object files that are the input files for the 
linker. If the first i tem on the command line is a 
filename then the FROM keyword is optional and may 
be omitted. FROM may be used more than once with the 
files for each F ROM adding to the list of files to be 
linked. 

To specify more than one file in a single FROM 
statement they may either be listed after it  separated 
by spaces or +, e.g. 

FROM a . o+b . o  
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LIB fi les Specifies the files to be scanned as libraries. Only 
modules within the library which contain symbols 
which are referenced will be included in the final object 
module. Note that LIBRARY is a synonym for LIB. The 
same syntax used for specifying multiple FROM files 
may be used for multiple libraries. 

Output directives 

The output directives control the format and type of the final file created by 
the linker when a link has been completed successfully. The output file 
generated by the linker is normally directly executable by GEMDOS (unless 
the PRELINK option has been used) and is, by default, named the same as the 
second object module supplied by a FROM option with its .o suffix replaced 
by . prg; if only one file is linked then the the output name will be based on 
that file. The format of the file is identical to the normal GEMDOS 
executable file, but with the DATA and BSS sections split so that they 
contain both the Near (__MERGED) data and Near (__MERGED )  BSS 
sections. This leads to a load map of the following form: 

_encl 

Far BSS 

Near BSS _BSSLEN 

_edata, _BSSBAS 

Near DATA _DATALEN 

_DATABAS, _UnkerDB 

Far DATA 

_etext 

Code 
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Note that the symbols marked are all discussed under the Reserved symbols section below. 
ADDSYM 

NODEBUG 

PRELINK 

TO fi le 

XADDSVM 

Pre-linking 

This causes CLink to emit standard DRI symbols for all symbols in the input object files regardless of whether the input object file was compiled with one of the -d options. Note that the option XADDSYM is normally preferred. 
Suppresses any symbol table information or symbolic debug information in the final object file. This is equivalent to the object file that would be produced if Strip were run on the final object file. Note that ND is a synonym for NODEBUG. 
Causes Clink to output an object module with references and definitions still intact so that it can be linked later on to produce a final executable file. This is designed for development of large projects where the programmer is only changing a single source module. Note that a prelinked object file cannot have ALVs inserted into it and so CLink may be unable to satisfy all 16 bit PC­relative references when linking with the prelinked file .  
Specifies the name of the output file which is to be crea ted, overriding the default name generation discussed above. If the file name specified begins with a period { . )  then the normal default name generation is performed using the extension specified after the period rather than . PRG. 
This causes Clink to emit HiSoft extended symbols for all symbols in the input object files regardless of whether the input object file was compiled with one of the -d options. This is extremely useful for use with a symbolic debugger such as MonSTC . Note that that when the PRELINK directive is in force then XADDSYM is a synonym for ADDSYM. 

Pre-linking is similar to a normal link, however instead of producing the five load sections from identically typed sections, it coalesces only identically typed and named sections into output sections. If a section is unnamed then it is merged with the first named section of the same type. Note that the special name _MERGED is considered a type-modifier and hence only sections named _MERGED will be coalesced with _MERGED sections. 
Page 1 1 6 lattice C 5 The linker 

I" d according to the normal rules, i.e ALVs When pre-linking AL Vs are app ie 
b h s within a section, and all cross-will be generated for out of range ranc e 

output-section references. 
. . ·n often have undefined values (smce the During pre-linking variables 

w_1 d t b linked later) and so all of these modules in which these are de�n� t:
re 

;ea�s that an error has technically variables are reported. Note 
f
t a 

c{�nk will be non-zero. This is likely to be occurred and the return code rom . .  •. 
important to users of make type uhhhes. 

. . and location of files and variables A map file is a file descnbmg the order 
1 f"le for perusal by the user. These l. k ·uen to a norma I 

· th 
processed. by the m er wn 

f o tions for the programmer to c�stom1se e files provide a large number o 
d
p . th MAP directive which has the output format; they are enable usmg e 

format: 

MAP [ [ f ilename ] , opt ion , option , . . .  ) 

f h file to which the map file is to be The f i lename gives the name o �:p to indicate that the filename should written, this may be of t�e fon
::i� The options specify which parts of the be ba�ed on the

b 
out�utt

t f!len�aall �onsist of single letters: map file are to e wn en a 

Option e M aning 

F Produce a mapping of input files in the output file 

H Show where the input hunks (sections) were 
placed 

L Map the library placements 

s Show all external symbols 

x Show a cross reference of external symbols 

. . " t . often useful to be able to When generating cross-refer�nc� mfor����n
T�i;scan be done using the XREF separate this from the map file lt

nforma
s lref�rence file to be specified. It has directive which allows a separa e cros -

the form: 

XREF f ilename 
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To control the layout of the ma fl are used in the same way as the 
J: 1 e several directives are available wh . h 

FW 
ore nonnal output directives or options· 

ic 
IDTH n Width of file names (default 1 6). 

. 

HEIGHT n Lines on a page in m fl (default 55) .  
ap 1 e,  0 indicates no pagination 

HWIDTH n 

INDENT n 

Width of hunk names (default 8). 

Columns to indent on a I' Th '  . 
(default O). 

me. is is included in width 
PWIDTH n 

SWIDTH n 

WIDTH n 

Width of program unit names (default 8). 
Width of symbol names (default 8). 

'WITH' fi fes 

Sets the maximum line Jen th t reference listings. This is usetJ 
�r the �ap and cross to a device which h 

w. en sending the output requirements. If not specifie�s 
on

d 1ff�
d
re

h
n t l ine length e w1 t defaults to 80. 

A WITH file provides a method for and 
.s!mple) Clink command lines 

7;capsulating 
.long and complex (or short :ra��tlonally with the extension LNK 

;�o�trol file, known as a W I TH file 
u�ed �:��c� ���i:�:s� ��: ;��n

1 
st�ct�re�r��!;f

t�a�'r�e
f�:e��d!�tical 

could have the WITH f'I 
p e the first simple command I' 

y be 
1 e: me example 

FROM c . o mine . a 
LIB le . lib 

Consider a slightly more com I two modules (object files) anla 
e�

b
��;ple of program which is to consist of 

FROM c . o+mine . o+hers o LIB le . lib 
· i the obj ect files 

TO prog t . ttp 
; and a simple library 

XADDSYM output file name 
VERBOSE add HiSoft extended symbols MAP . map , F , H , X 

P
o�

o
t

d
put messages during linking uce map file Note the use of the . to d I . . 

b , e 1m1t comm t · e passed for execution to the linker 
�n. s m a WITH file. This file can then WITH file is saved as mywlth . lnk) 
smg the command line (assuming the 

CLINK WITH mywith . lnk 

Lattice c 5 
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A more complex example would be to consider a mixed language example with 
both C and assembler modules. Assuming that the main project was written in 
C, the normal C runtimes would have to be included, additionally it may be 
necessary to force some external data items defined in the assembly language 
to use the _ prefix required by C, this can be done using the DEFINE directive: 

FROM c . o  
a . o+b . o  
d . o+e . o  
LIB  lcg . lib+lc . lib 
TO prog2 . prg 
DEFINE _menu=menu 

MAP . map , f , h , l , s  
XREF . xrf 
HEIGHT 66 
FWIDTH 1 0  

C startup code 
assembler obj ect f iles 
C obj ect f iles 
GEM & C runtime libraries 
output f ile 
alias menu defined in assembly 
to  menu referenced in c 
map file 
separate cros s - reference f ile 
longer page length 
narrower filename width 

Note that the contents of WITH files are always processed after any files 
explicitly named on the command line, hence if the last WITH file were 
named mywtth2.lnk, then the command line: 

CLINK WITH mywit h2 . lnk LIB  mylib . lib 

would search the myllb. l lb file before searching the leg . l ib or le . l ib files. 

!Compiler Options and Clink 
The - b  1 option 

This option causes all data, within a program, to be merged into one large 
block which is referenced via 16-bit references. Clink is aware of where these 
references occur and will order the output so that the theoretical maximum of 
64K is possible. 

The -r l option 

The -r 1 option causes all subroutine references to be via 1 6-bit relative 
branches. References which span more than 32k are noted by CUnk and given 
an AL V, or Automatic Link Vector, which it creates, and are guaranteed to 
transfer control to the actual routine the caller was trying to reach. 
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The -d options 

If a module is compiled with debugging turned on (any of -d l through -d5), then Clink will parse this debugging information if it encounters any errors, and if a line number can be found, report the line number on which the error occurred. This is significantly more useful than merely reporting the module which caused the problem. 

[Reserved symbols 
To provide access to the base of the sections created by the linker various symbols are invented by the linker. These are as follows: 
_RESBASE, _RESLEN Reserved symbols 
These are reserved symbols used in the Lattice C resident startup code. If you use them in your own code your programs are almost certain not to work correctly. 

_LinkerDB Pointer to static merged data section 
The address of this external variable points to the base of the merged data section. It is this variable which is referenced when a function is defined as _saveds . 

_BSSBAS, _DATABAS Base of merged data sections 
These names refer to the base locations in the MERGED data section. The location of _ _  B S S B A S  is the first byte of the merged BSS, whilst _ _  DAT ABAS is the first byte of the merged data. These variables may be accessed using the code sequence (note that only one underscore is used since a further one is added automatically by the compiler): 

extern void * f a r  _BSSBAS , *far  _DATABAS ; 

void •x , •y ;  

x=& BSSBAS ; 
y=&=DATABAS ; 

_BSSLEN,  _DATALEN Merged section lengths 
The addresses of these names give the length of the respective _MERGED data section in longwords . Note that these variables must be accessed as longs otherwise the compiler may attempt to relocate them, giving random values as a result. 
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extern void *far  _BSSLEN , *far  _DATALEN ; 

long a , b ;  

a= ( long ) &_BSSLEN ; 
b= ( long ) &_DATALEN ; 

end, edata, etext Last locations in program 

. . th rogram The address of _etext These names refer to the last locations m �:ram te�t, that of _edata the is the first location above t�� �x�cu�
ab!e t� a�ea and end  the location first location above the mihahse a -

immediately after the uninitialised data area. 

. s a wide selection of hbranes for use Because of the large nu�b�r of 01::��; i� supplied. The 'normal' libraries are: under the various compilat10n mo 
d d C library; l cm . l lb the standard c o the startup code; lc . l lb the stan ar 

�aths library; lcg . l lb the standard GEM library. 
. . t nt naming conventions made up of All libraries are named accor�mg to cons1s e

startu stub, or le for a library, an initial leading letter, ei
;��

r �l{�:i�g lettefs to indicate the type of the optionally followed by one o e 
library: 

Letter 

m 

g 

T of library ype 

Library is for floating point maths 

Library is for GEM support 

. 1 a s be linked after the maths or Note that the standard C hbrary_ must
: 

w � maths and GEM libraries is GEM libraries but that the relative or er o 
unimportant. 

. . o more of the fol lowing letters are used to Following this prefix, none, one � . . 

indicate the options used to compile the hbrary. 

Letter T ype of library 

s Default short integer library (-w) 

r Register parameter passing library (-rr) 

nb Non-base relative library (-bO) 
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�:f�i�:r�fo��:J ::;:r also be followed by an additional suffix; currently the 

Suffix Type of startup stub 

ace Desk Accessory 

out Auto program type detecting 

res Resident program 

Hence for �nstance
_ 
the file lcsrnb. l lb is a short integer, register passing non­

base. relative � hbrar�, _
whilst lcgr . l lb would be a long integer re ister 

passmg GE
_
M hbrarr. S1mliarly a file called csrnbacc .o would be a �hort 

mteger, reg1Ster passmg non-base relative Desk Accessory startup stub. 

;.�e GST l�braries. supplied follow identical naming conventions but use a bin 
1 e extension to md1cate that they are in the GST format. 

· 

!Clink Messages 
�

t
��::

o
::U��;

s
� ;��\1::ay 

b
discover things which it needs to bring to your 

which is 
.
being built. 

et er e error messages or observations on the program 

Clink Warn ings/messages 

��=I;�!;�:: �n
tt� �ectio�

1 
a�tho:g� wa�nings, will often indicate that the 

unless you are certain t�::;,o� ���e�st��r;; ������� ��� r�:intould not run it 

Warning MERGED data > 64K, use -bO on LC 

The merged data section has exceeded the limit of 64K The bl 
ff d b · 

· pro em may be 
rec 1 1e y either compiling your program using the -bO 0 t" I 
ex I. " ti d I · 

p ion on c or 
P 1c1 Y ec armg some of your arrays for. 

' 

Warning! Absolute reference to <name> 
module: <mod> file: <file> 

An absolute reference was detected t d d · 

resident load module. This warning ;ii� :�
y
rg� _ata ·�f

em, w
f
hilst building a 

made to th . e given I a re erence has been 

module. 
e symbol __ RESBASE, i.e. the linker is building a resident load 
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Warning: ALVs were generated 

This message is generated when the NOALVS option is used, indicating tha t  

ALVs were generated . Note that this message will not be  issued i f  the 

XNOAL VS option is used. 

Enter a DEFINE value for <name> (default _stub): 

U ndefined symbols. . .  First Referenced 

These messages indicate that the linker has encountered a referenc
e to a 

symbol for which it cannot locate a definition. The second message is issued if 

the BATCH keyword is specified, whereas the first allows you to specify an 

alternate name for the reference. 

This error may occur because you have called a function using one name, but 

possibly mis-spelt the definition. Alternatively you may not be linking with 

the correct libraries, e.g. if the symbols mentioned include names such as 

_CXA55 then you are not l inking with the floating point maths library, 

similarly, references to variables such as __ AESpb indicate that you have 
used GEM, but not linked with the GEM library. 

Cli n k  E rrors 

These are the errors which may be issued by the linker. In general errors may 

be ignored by use of the IGNORE keyword to Clink, however programs so 
produced may not function correctly. The error numbers are broadly divided so 

that 200-400 may be issued by either pass. 401 -500 are issued by pass 1 ,  whilst 
501-599 are issued during pass 2. 

Note that if a module has been compiled with debugging turned on (-dl 

through -d5) then the line number on (or near) to where the problem occurred 
will also be reported. 

200 
Out of memory! 

The linker does not have enough memory left to successfully complete the 
l ink. 

300 System error <val> on read 

A system error occurred whilst attempting to read from the disk. This should 
only occur if the disk has been damaged in some way. The value of the error 

is given by <val>. 
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30 1 System error <val> on write 

A system error occurred whilst attem tin . . 

normally indicate that the disk is f \'1 ·A to 'fnte to the disk. This will 

<VOi>. 
u . e va ue of the error is given by 

400 • • •  Break: Clink terminating 

This message is printed when th . . 

!he user pressing Ctrl-C. Note tha: t��'::'ahon of . 
the hnker is interrupted by 

mput or output is occurring. 
eyboard 18 only checked whilst screen 

425 Cannot find l ibrary <file> 

The file named in a LIB statement Id 
probably due to a full pathname no

c
t
o
b
u
ei·n 

no� be l
f
ocate

h
d by the linker. This is 

g given or t e file. 

426 Cannot find object <file> 

The file named in a FROM or ROOT 
linker. This is probably due to a full 

s:�tement coul� not .he located by the 
pa name not bemg given for the file. 

443 '<file>' is an invalid file name 

The . filename specified in a FROM L I B  ROOT 
Typically this will be because the na�e is n�;l. 

statement is invalid. 

444 hunk symbol has bad <val> symbol <file> 

A hunk symbol hunk ty 
the ext;rnal type set t�e z::� e�c�u�tered by the linker which did not have 

indicates that the named input fil u m
d
stead to ya t .  If this error occurs it 

e was amaged m some manner. 

445 Invalid hunk_symbol <name> 

A hunk_symbol hunk type was enc . 
external definitions. The named 

ou
b
nt

l
ered by the lmker during parsing of the 

sym 0 was attached to this hunk. 

446 Invalid symbol type <val> for <file> 

Whilst parsi�g external declarations an unknown 
encountered m the named file. 

symbol type <val> was 

448 <file> ls not a valid object file 

The named file did not match the specifications for an object module. 

Page 1 24 Lattice c s The Linker 

449 
No hunk_end seen for <file> 

On reaching the end of a hunk within the named file an end marker did not 

appear. 

450 Object file <file> is an extended library 

An attempt has been made to use a library as the operand of a FROM or 

ROOT statement. Libraries may only be searched, not included. 

50 1 
Invalid Reloc 8 or 1 6  reference 

An attempt has been made to generate a branch between two differently 

named sections. Branches may only occur within a common section. This error 

will normally indicate an attempt to execute the data section! 

502 <name> symbol - Distance for Reloc 16 > 327 68 

The target of a 16 bit branch is more than 32K away from the reference. In 

general you should not see this message due to ALV generation. 

503 <name> symbol - Distance for Reloc8 > 1 28 

The target of an 8 bit branch is more than 128 bytes away from the reference. 

Note that the compiler does not generate such external branches and that the 

assembler does not allow their generation. 

504 <name> symbol - Distance for Data Reloc 1 6  
> 32768 

A 16 bit base-relative data section access is attempting to reach more than 

32K. This error will normally indicate you are very close to the 64K limit on 

near data, and a a module has had its data section fall off the end of the 

merged data section (biassed by 32K) . The solution is to reorder your modules 

putting the ones with large data sections alternatively you may have to 

move some of your near data to far. 

505 <name> symbol - Distance for Data Reloc8 > 1 28 

An 8 bit base-relative data section access is attempting to reach more than 

128 bytes. This error will normally indicate incorrect code generation from the 

compiler. 
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506 Can't locate resolved symbol <name> 

During the second pass the linker could not locate the named symbol in its table. This will either indicate an internal linker failure or a damaged library file. 

507 Unknown Symbol type <val>, for symbol <name> 

During the second pass the linker could not match the type of the named symbol in its table. This will indicate an internal linker failure. 

508 Symbol type <val> unimplemented 

Whilst parsing external declarations an unknown symbol type <val> was encountered in the named file. Note that the equivalent error (446) is reported during pass 1 .  

509 Unknown hunk type <val> In Pass2 

The named file did not match the specifications for an object module. Note that this message is identical to the pass 1 error 448. 

5 1 0  <name> symbol - Reference to unmerged data 
item 

A module has attempted to access an unmerged (far) data item using a near access. This will usually occur if one module of a program is compiled using the -b l option whilst another module uses -bO. The error message also suggest the action: try -bO option on LC. 

5 1 5  An ALV was generated pointing to data 
<name> symbol 

An ALV was generated in the data section of the program. This will only occur if code generation has been performed in a data section, and as such this error will normally indicate an internal compiler failure. 

600 Invalid command '<cmd>' 

The named command was not recognised by the linker. The commands which are recognised are discussed in the section Clink, The Linker. 

60 1 <cmd> option specified more than once 

An attempt has been made to specify a command, which may only appear once, more than once, e.g. attempting to specify two TO files. 
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602 unable to open output fi le '<file>' 

The named outf.ut file could not be opened. This may be because the disk or 

directory is ful · 

603 <val> Is not a valid number 

The value <val> which appeared as a numeric argument could not be parsed 

as such. 

604 with file Is not readable 

An error occurred whilst reading the WITH file. 

605 Cannot open with file '<file>' 

The named WITH file could not be opened. 

607 No FROM files specified 

No FROM or ROOT files were specified so the linker cannot start linking. 

608 Premature EOF encountered 

Th
. ·11 mally indicate serious file End-of-file occurred unexpectedly. 1s w1 nor 

system structure problems. 

609 Error seeking in file <file> 

An error occurred whilst attempting to seek about the named file. This will 

normally indicate serious file system structure problems. 

6 1 1 Reloc found with odd address fo! sy�bol 
<name>, file <file> 

A 16 or 32 bit relocation was attempted on a non word-aligned boundary. This 

is always illegal on the 68000. 

E RROR: Invalid decimal constant '<val>' .  

The value <VOi> which was entered i n  response to a n  undefined symbol was 
an invalid decimal constant. 
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ERROR: Invalid hex constant '<val>' .  

., The value <val> which was entered in response to an undefined symbol was 
an invalid hexadecimal constant. 

ERROR: Multiply defined symbol '<name>' .  -= 

-= 

A symbol has been redefined. The file in which it first appears is named, as 
is the file in which the attempted re-definition occurs. 

ERROR: Symbol '<name>' is not defined. 

·Iii: The named symbol which was entered in response to an undefined symbol was 
also undefined. 

Hunk #n not written ·-== 
The numbered hunk n was not written to disk. This will indicate an internal 
linker failure. 

.. 
Unknown internal error 

-= An internal error occurred whose error number was not recognised. This 
indicates a serious internal linker failure. 

-= 

..:: 

...::: 

·• 

IC: 

·MC 

MC 
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Batcher 
The Command Shell  

Batcher is a command line processor modelled on the COMMAND.COM 
processor of MSOOS. It can be used instead of the GEM icon interface if you 
like, or it can be used to run batch files. Unlike some other command line 
interpreters on tl"\e ST, you can still run GEM programs (such as EdC) from 
Batcher. 

To run a program under Batcher, give the file name for the program. If you do 
not give an extension and a file without an extension cannot be found, Batcher 
will try to load a file with the extension . PRG, then .TOS and finally .TIP. 

There are a number of commands built-in to Batcher i.e. no other program has 
to be loaded in order that they can be executed. These are described in the 
following sections. 

Batcher can also be used to set up environment variable values used to 
configure the compiler, and to tell Batcher where to look for programs. 

First we will describe the commands that are built in to Batcher and then we 
will discuss its line editing and batch file facilities. 

!AVAIL  Available memory I 
AVAIL displays the size of the largest free GEMOOS block of memory. 

lco Change Directory I 
The CD command changes the current directory. Directories are also known as 
folders. 

This command takes one parameter; the name of the directory to go to. The 
syntax of the directory name follows the standard syntax used for path 
names. If the first character is a backslash (\ ) then the path is relative to 
the root directory. Otherwise, it is relative to the current directory. In 
addition, . .  refers to the directory one level towards the root directory from 
the current directory. 
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Note tha t, following the operating system convention, there is a separate 
'current' directory for each drive. This means that, to move to a particular 
directory, you should first use the Change Disk command described below and 
then use the CD command. For example to move to C: \ LC you would use: 

C :  
CD \ LC 

This scheme has a useful advantage. Say you have two versions of a program 
in E: \MINE\ OLD and D: \MINE\ NEW. Then after using: 

CD E :  \MINE \OLD 

and 
CD D :  \MINE \NEW 

you can use E: and D: to refer to these two directories. 

IB : C hange Disk I 
B: (or b:)  makes disk B the current disk. Any drive letter may be used so that 
whenever you reference a file without giving an explicit disk designator, the 
current disk will be used. 

IC LS Clear screen I 
This command clears the screen and enables line wrap. If the COLOUR 
command has been used then the screen colours will be set as per the last 
colour command. CLS is useful of your program has left you with black text on 
a black background! 

!COLO U R  Set screen colours I 
This command takes two numeric parameters which set the background and 
foreground screen colours, using TOS rather than GEM colours, as shown in the 
table below 

Number High Medium 

0 W h i t e  W h i t e  

1 B lack Red 

2 Green 

3 Black 
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e.g. If you are using mono-chrome: 

COLOUR 0 1 

k d If you are using medium 
would use black text on a white bac groun . 

resolution: 

COLOUR 3 1 

would give red characters on a black background. 

Copy Files I 
(COPY 

. .1 rou s of files. You can use wildcards 
Copy files. You can c�py �mgle fi es o

F
r g �pie to copy all the .C files from 

in the source and destination names. or exa ' 

disk A to disk D enter the command: 

COPY a : * . C D :  

C fl. les whose name starts with the letter 
To make a backup code of all the . 

F, you could use: 

copy f * . c  * . BAK 

Note that the f is omitted in the second file specification. 

You can ask to be prompted for the files to be copied by specifying the /a (for 

ask) flag. e.g. 

COPY d : \ myfiles \ * . o  a : \  / a  

with the names of all the . o files in the d :  \ myflles 
will prompt you 
directory. 

You may reply: 

y copy this file 

N ignore this file 

Q or Cti1-C quit and don' t copy any files 

A copy this and the remainder of the files 
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You can also modify the order in which the files are listed by using the / S  
(for size order) or /D (for date order) flags, optionally followed b y  a - to reverse the order; so 

copy \ f red \ * . c  a :  /ad 
would prompt you for the . c  files in the fred directory on the root of the current drive, in date order. 

Notice that you may enter commands and arguments in either upper or lower case. 

Copy will use as much free memory as it can and read in as many files as possible. This means that copying files is often considerably faster than with the Desktop, especially on a single floppy system. 

COPYWARN Enable file overwrite warnings 

The COPYWARN command lets you enable warnings when over-writing an 
existing file using the COPY command. Use 

COPVWARN ON 

to enable this. If you are prompted, press Y to over-write this file, N to leave 
this file and A to copy this and all subsequent files without asking. 

lDEL Delete Files I 
DEL deletes files . You can use a wild card specification and Batcher will prompt you before it deletes each file to ensure that you really want to delete 
it. Type Y to delete this file; N not to delete it; Q to quit the delete command 
and A to delete the remaining files. 

To avoid the prompting entirely, use the N flag: 

DEL * . PRG/ N  

You can also modify the order in which the files are listed by using the / S  (for size order) or /D (for date order) flags, optionally followed b y  a - to reverse the order. 
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!DC Disk Change I 
The ST's operating system can fail to notice that a floppy �isk has been 
changed with the potentially disastrous conseque�ce �f co�ruptm� the floppy. 
This is especially a problem when using disks with identical senal numbers 
under TOS 1 .4 and 1 .6. 

The DC command can be used to ensure that the operating sy�tem notices that 
you have c�anged a floppy disk. It may be followed by a drive letter, but by 
default it will apply to dnve A. Thus 

DC 

will ensure that the operating system notices that the disk in drive A has 
been changed and 

DC B :  

will inform the operating system that the disk in drive B has c�anged._ If you 
find that use this command frequently, then you should consider usmg the 
DISKCHANGE command. 

lDIR  Directory List I 
This commands lists the files in a directory. ";r'ou may follow

. 
D I � by a 

directory name or a drive name or a wild-card file name for which files to 
display. For example: 

DIR  headers 
DIR  B :  
DIR  d : \ lc \ * . c  

If you specify the W flag, only 
.
the file n

.
ames are displayed. Otherwise, the 

names, sizes and dates for the files are displayed. 

DIR  d : \ sources \ * . c /W 

You can also modify the order in which the files are listed by using the /S 
(for size order) or /D (for date order) flags, optionally followed by a - to 
reverse the order: 

DIR  * . h /D  

lists all the .H files in  the current directory, in  date order. 
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I DISK CHANGE Set auto-diskchange mode I 
Using 

DISKCHANGE ON 

causes Batcher to ensure that the operating system has noticed that a disk 
has changed whenever you use a built-in command that refers to a floppy 
disk drive. As such it takes a second or two before the command is executed. 
We thus recommend that it is not used on floppy only systems unless you are 
changing disks a great deal. Its effect can be disabled by using: 

DISKCHANGE OFF 

which is the default. You can ensure that the operating system notices a 
particular disk change by using the DC command, see above. 

!ECHO Echo commands I 
Echo commands as they are processed. When echoing is on, each command in a 
batch file will be displayed on the screen before it is executed. You can use 

ECHO OFF 

to prevent the commands in batch files being echoed as they are performed 
and ECHO ON to tum this back on. 

If the parameter to ECHO is not ON or OFF then the text will be echoed to 
the screen. For example: 

ECHO This is a message 

will display 'This Is a message' . 

IERA Erase Files I 
This command is exactly the same as DEL and is supplied for the benefit of 
CP/M users. 

IEXIT Exit Batcher I 
This command exits Batcher. You do not need to use this in . BAT files since 
Batcher will exi t when it comes to the end of the batch file. 
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I FORMAT Format floppy disk I 
This will format standard ST double-sided disks without any interleave. It 
should be followed by the drive to format e.g. 

FORMAT B :  

will format the disk in drive B .  A second (optional) parameter may be 
supplied giving the volume label which is to be given to the disk, e.g. 

FORMAT B :  VOLID 

Formats a disk in drive B with a volume label of VOLID. 

!FREE Free disk space I 
Returns the free space (in bytes) on a disk. For example, 

FREE 

gives the free space on the current disk while: 

FREE A :  

gives the free space on drive A. 

IMKD IR  Make Directory I 
This command creates a new directory (or folder) with the given name. You 
may use a full path specifica tion if you wish, al though MKDIR will not 
attempt to create more than one directory at once. 

MKDIR SOURCES 

will create a directory called SOURCES on the current disk. 

IMO USE Control Mouse Visibility I 
Tums the mouse on (use MOUSE ON) or off (MOUSE OFF) . This is useful if you 
run a program which leaves the mouse in a funny state. Whenever you run a 
. PRG program, CU enables the mouse. It disables the mouse on return. If a 
program disables the mouse and fails to re-enable it before it exits, subsequent 
programs will not show the mouse cursor. 
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Conversely, entering MOUSE OFF in Batcher will prevent the mouse cursor 
appearing when you run a program, which can be useful when running non­
GEM applications that have extensions of . PRG. 

When Botcher runs programs with extensions of . TOS and . TIP the mouse is 
not enabled. 

To set the mouse back to the default value, issue MOUSE ON commands until 
the mouse appears and then issue MOUSE OFF commands until it vanishes 
again. 

!PAUSE Pause fo r  keypress I 
PAUSE will wait for a single key to be pressed. This can be used in batch files 
so that the user can read the previous output or change disks. 

IREM Remark I 
Used to place a comment in a batch file - the line is ignored. 

IREN Rename I 
Rename files. Wild cards can be used: 

REN * . 0 * . 00 

will rename all the files in the current directory with extension . o to have 
extension .oo. 

IRMDIR Remove Directory I 
This command deletes a directory (or folder) with the given name. The 
directory must be empty before you can remove it. You may use a full path 
specification if you wish. 

RMOIR A : \ SOURCES 

will delete a directory called SOURCES on the current disk if it does not 
contain any files. 
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ISCREENSA VE Set screensave mode I 
d (SCREENSAVE ON) the screen is not cleared before a . PRG 

When tume �n
. runnin . PRG files that are not really GEM 

file i� �n. This i
h
s useful whe:e 

the oufput from previous commands. 
apphcahons, so t at you can s 

IS ET Set Environment Variable I 
SET the current environment 

Sets environment variables. If you just type ' 

variable values are listed. 

SET INCLUDE=d : \ headers 

SET PATH=d : \ lc ; c : \ bin 

Vari
.able by setting it equal to no value. For example, 

You can remove a 

SET QUAD= 

removes the QUAD environment variable.The environment variables used by 

Lattice C are described under LC, The Compiler. 

\SMALL Set font size I 
This command is only really useful in monochrome. 

SMALL ON 

will cause TOS output, like that from �atche�, to appear in the 8x8 system 

font. On a high resolution screen, this gives 50 Imes on the screen. 

SMALL OFF 

selects the 8x16 font giving the usual 25 lines in monochrome, but only 12 in 

medium resolution. 

!TYP E  Type File I 
TYPE displays a file on the screen. 

TYPE HELLO . C  
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IVI RTUALDISK Perform virtual disking I 
This command is used by the installation program so that Batcher can 
perform 'virtual disking' i tself rather than using the operating system 
routines, which do not work reliably. However, as all Batcher commands do 
not support this facility, we do not recommend that it is used interactively. 

IWH ICH Which file would ru n  I 
This command returns the path of the file that will be run if you use a given 
filename. For example, 

WHICH WERCS 

will tell you from where WERCS will be loaded if you type WERCS to 
Batcher. This can be very useful if it appears that you are running the wrong 
program, particularly if it is called TEST ! 

lline Editing 
When using Batcher you can also use the cursor keys. The .-- and -+ keys will 
move the cursor within the current line, whilst you can us the i key to 
display the previous command that you entered to Batcher . This is very 
useful if you have made a simple typing mistake. The area of memory where 
these commands are stored is known as the history buffer. You may press i more 
than once; this will display the other lines that you entered previously. If 
you go too far back in the history buffer, then press J. and then commands will 
be displayed in the order in which they were entered. 

Pressing Backspace will delete the character to the left of the cursor; 
Delete will delete the character under the cursor. Pressing Ctrl and .-- wi l l  
take you to  the beginning of  the current line and Ctrl and -+ will take you to 
the end of the line. 

You can also recall the last line that starts with a particular character 
sequence by typing " first. For example: 

A l e  ( Retu rn ] 

will d isplay the last line tha t started with LC and you can then edit this 
line if required. Using a prefix of ! will cause the last such command to be run. 
For example: 

l cl [ Retu rn ) 
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will probably run the last Clink command. 

Batcher also supports some of the traditional MS-005 line editing keys: 

Fl copy one character from the previous line 

F3 copy the rest of the previous line 

FS clear the current line 

Delete ignore one character from the previous line 

Insert cause the following characters to be inserted. Pressing 

Insert again switches this off. 

The best way to learn about these features is to experiment. 

!Batch fi le faci l ities 
Batch files are very useful for re-compiling groups of  files. For examp:e, you 

might have a single batch file that re-compile� (an� re-assembles _eve� 
module in a large program. A batch file consists s1�ply of the hst o 

commands that you wish to execute and has the extension . B�T. To run a 

batch file, just type its name from within Batcher . . If Y?u are usmg t�e Gfi� 
Desktop you can just double-dick on the batch hie, if you have msta e 

Batcher for the document type . BAT. 

When Batcher is executed without a command line, it l�oks �or a 
_
ba�ch f i le  

called AUTOEXEC . BAT and executes the comman_ds con tamed . m this file. The 

most common use of this facility is to set up environment variables, and your 

preferences, but you can use it for any purpose. 

Batch files may have parameters. Within the batch file th�se are refer�nced 

as % l, %2 up to %9 for the last parameter. To include a :<i character m a 

batch file use %% . 

For example if mv.bat contained 

Then: 

del l\i2 
ren l\i1 l\i2 

mv mine . c  new . c  

The Command Shell Lattice C 5 Page 1 39 



would rename mfne.c to new.c deleting any old version of new.c 
u 

. 
the first two non-space characters on Bat h ' Batcher treats the rest of i' t 

c .er s command line consist of IC 
f, . 1 . . s command hne as · 1 ' 
ac1 J ty is provided so that a smg e command This 
B t you can use Latf c t · 

a cher commands from with. ice sys em function to run 
COMSPEC environment varia��/;�r

t:�n:rograms. You need to set the 
where to find Batcher. 

a t e system function will know 

[Redirection 
Batcher supports command line . . J 
prFfram that would normally be se���r��hon. To c�use the output from a a 1 e, add > (greater than) and the name :/�ee

f�l
v1a GEMDOS to be sent to e 1 e. e.g 

dir * . c  >mydir  

will create a list of the C files in th can also append to an existing file by
e
u
c
s�
rrent di

h
rectory to the file mydfr. You mg >>, t us: 

dir  * . h  »mydi r  

would add the . h files in the curre t d ' You can also re-direct input to come �ro 
irec

f
�o
l 
ry t� the end of the file, mydfr m a 1 e usmg < .  

· 

Note that all redirection operators must and that due to problems with the 
be. at the end of the command line behave strangely if their input/ outpu�be�at��g sy�em, some programs may are described in the Volume Ill - Ata I Ube-

irecte . Some of these anomalies 
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WE RCS 
The Resource Editor 

WERCS is an acronym for WIMP Environment Resource Construction Set and is 
pronounced Works. It allows you to create and edit resource files for use with 
GEM programs. 

!What is a Resource Fi le? 
A resource file is a special file (normally with the extension . RSC) that 
contains resources . A resource is actually a tree structure in memory which is 
used by the GEM AES to produce such things as: 

• Menus 
• Dialog boxes 
• Icons 
• Alert boxes 
• Strings 

A resource file contains such things to deliberately keep them separate from 
your program code. In addition, the X-Y co-ordinates of every item in a tree is 
stored in such a way as to produce the same visual layout, regardless of the 
screen resolution. This means one resource file can be used for all screen modes 
and by many different programs. 

Using resource files is good practice because it encourages modularity and aids 
portability thus saving you time and energy in the long run. 

A certain understanding of the way a resource file works is required in order 
to create and use such a file. 

Each resource file contains one or more t rees . A tree may be one of five 
different types: Form, Menu, Free String, Alert or Free Image. Forms and Menus 
are the most common; each of these, in turn, consists of individual objects, 
where each object has a distinct type, use, purpose and appearance. 

Whilst you are learning to use WERCS we recommend that you start off by 
using just Forms. 
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What is a Tree ? 

Fonns (or Dialog Boxes) and Me 
resource files you need to under:t���

r�h�;;-1ruA
t
ES ob1

f
'ect �rees and to understand 

M 

c ure o ob1ect trees. 

any of the WERCS commands k 
tree terminology to describe the:.

or on parts of object trees and we shall use 

When it is loaded into memo an ob"ec . . 

��l��� g�scribing an object. the first' o�j!��(�i:�� �n arr0
a
)
}'. of records, each 

ele 
. . is normally the outer box of a Dialo 

m ex is called the root 

val��� ����sdi!��:e t�f tthheesAeEfSieltdhs, the head, ra?t�x�d���to����ts inhothlde �rete has 
e structure f th 

' m eger 

not normally need to access these d '  I 
o e tree. Fortunately you do 

example, say we have a Dialog Box '[i��
t rhis�E RCS does it for you. As an 

Hessage 

/ 1 rad i o! I I rad i o? I / 
OK 

The tree structure this represents can be shown as: 
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where the components of each box are: 

ob j index name 

head t ail next 

Most of the terminology used to describe obj
ect trees is similar to that used in 

human family trees; of course objects o
nly have one parent and most people 

don' t  think of themselves as ultimately descended from a root! 

Object number O is called the root of the tree. Its ch ildren are Message, 

Radio Box and OK button. Radio box's parent is outer box; its children are 

First Radio and Second Radio; its siblings are Message and OK button. 

First radio and Second radio are childless and they are grand children of the 

root object, outer box. 

Normally what is important with object trees is the tree str
ucture, not the 

order that the items are in memory. The detail of how trees are stored in 

memory is described in Appendix B - Resource Details. 

What is an Object? 

There are thirteen types of obje
ct that you can have in object 

trees; most of 

them are some form of text or boxes or a combination of both. Different types 

have different memory requirements; in general the more flexibility the more 

bytes are used. 

As well as the fields described ab
ove, associated with each object is its 

position, size and also some flags and states . 

The position of an object is alw
ays given relative to its parent; 

normally you 

set the position and size of the 
object using the mouse - WERCS takes care of 

the calculations for you. 

The flags and states are used for 
two purposes; first to change the appe

arance 

of an item; for example whether a box has an outline (Outlined), and also to 

give information to the AES; for example that clicking on a Button will cause 

control to be transferred back t
o your program (Exit). To start off with you 

need not be too concerned abo
ut flags and states as WERCS gives you sensible 

defaults . 
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The thirteen types of objects are as follows: 

• Box 

• IBox 

• String 

• Button 

• Text 

• BoxText 

• BoxChar 

• Title 

• Ffext 

• FBoxText 

• Image 

• Iron 

• ProgDef 
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A straightforward box - can have a fill pattern and a border. 

An 'invisible' Box; only truly invisible if it has no border. 

A straightforward string of characters. 

Like a String but with a box round it; normally used for Dialog 
Box buttons. 

Like a String but with more formatting possibilities: colour, size 
and justification. 

Like Text but with a surrounding box as well. 

A single character in a box. The most memory efficient way to 
have a single character in a filled or coloured box. 

A special form of String only used in Menus. 

This is like Text but can be used for editable text so that you 
can type in characters, numbers etc. The programming interface 
isn' t easy but we show you how to do it in the example 
program. 

Like Ff ext but with a box around it. 

A simple bit-mapped graphic image. 

Like an Image, but with a mask so that it changes sensibly 
when selected and also has a character and string associated 
with it. Originally invented for the desktop's disk icons. 

A programmer-defined object with its own drawing routine. We 
recommend that you don't try these out until you've exhausted 
the possibilities of the pre-defined objects. 
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H eader Fi les 

In order for a program to use a resource file, the programmer must be gi�en a 
method of referring to each tree and object; WERCS helps you by creatmg a 
header file, as well as the actual resource file. As you create a resource file you 
can give names to both trees and objects, so that you can refer to these names 
within your program. The header file contains constants which translate 
these names into integer values. The header file is then #Included as normal 
into your program. 

If the compiled version of the head�r file. is out of �tep wi.th the r�source 
file, strange things will happen; this vanes from shght m1s-behav10ur to 
total system crashes. 

!Quick Tour 
Running WERCS 

To run WERCS, simply double-dick on the WERCS. PRG icon. WERCS also 
needs its . RSC and . LNG files in order to run. 

There now follows a whistle-stop tour of WERCS introducing the editing 
facilities available. A more detailed reference section is to be found in the 
next section. 

Low Resolution 

WERCS runs in all screen modes, for maximum flexibility. When running in 
low-resolution, the title of each menu is reduced to the first two characters 
only. However, the full menu title is shown at the top of the menu box, once 
it has been pulled down. 

Creating a New Resource File 

Having loaded and executed, WERCS will display a tree window, labelled 
Untitled . A tree window displays all the trees within the file and initially 
this is blank since you are starting with an empty file. 
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When creating a new resource file it is best to select the programming 
language for which you require the header file before you enter any names. 
This can be done by selecting Language from the File menu. You can also 
choose whether your names will be upper-, lower- or mixed-case. Selecting the 
language before you start ensures you don't make any naming errors while 
building the file. Naturally C is the default language with this version of 
WE RCS. 

Creating a New Tree 

To create a new tree you simply select a suitable type of tree from the Tree 
menu - this stage is  known as tree-level editing. An icon representing this type 
of tree will appear in the tree window, together with a dialog box. The main 
point of interest for the time being is the name that you wish to call the tree 
- when you are happy with its name press Return and you will then be at the 
object-editing level. 

Creating Objects 

WERCS will now display a window showing the new tree, allowing you to 
add and edit new objects. To add an object, select the object type from the 
Object menu. The mouse will change into a representation of that object, then 
you should click where you require the object to be placed. To name this 
object, double-dick on it ,  to move it simply drag it, or to re-size it click on its 
lower right-hand corner. 

When you are satisfied with the objects in this tree, clicking on the Close box 
will return you to the main tree window. If you don' t like anything you have 
done, the last session may be aborted by selecting Abandon Edit from the Edit 
menn 

When the tree window is visible, an existing tree may be edited by double­
clicking on its icon. Certain attributes, such as the name, may be changed by 
single-clicking to produce a dialog box. 

When you are happy with your resource file, ensure the correct language 
choice has been made then Save As the file. This will create the . RSC file 
containing the actual resources, a . HRD file containing your names for each 
item, and a header file. 
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!Using WERCS 

General 
Most of the editing actions inside WERCS are obtained from me�us or via the 

corresponding keyboard short-cut. Keyboard shortcuts are shown m each menu 

with a � symbol denoting the Alt key, and /\ �enoting the �trl key. Menu� that 

are inapplicable at a particular time are disabled. O�mg to a bug . m the 

original version (1 .0) of the operating system, the titles are n.ot disabled 

when using these ROMs, although naturally these commands wdl have n
.
o 

effect. There is a summary of the keyboard short-cuts at the end of this 

chapter. 

I ntroduction to Creating and Editing Trees 

There are two main levels when running WERCS. Th� Tree Level is use? for 
manipulating which trees are in your file and the Object Level for the items 
within those trees. 

When you open a file (or use New) a window containing the trees in t�e file 
is shown, known as the tree window. You can add a new tree to the file by 
clicking on one of the items on the Tree menu: Form, Alert, Free String, Menu 
and Free Image . Whilst you are learning to use WERCS and if you are not 
familiar with GEM it is best to just use Forms. Forms account for the vast 
majority of trees in any case. 

Note that a Form is also known as a Dialog Box; we use .t�e terms . inter­
changeably. Generally we use Form in the context of ed1tmg and m the 
programming section we refer to Dialog Boxes. 

After clicking on Form from the Tree menu you will be presented with a 
dialog box like this: 
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You can now enter the name of the tree. The defaults for these are MENU l, 
MENU2, FORM l, FORM2 etc. 

Pressing the Return key or clicking on the Edit button will then let you edit 
the objects within the tree. The other buttons and fields are described in 
detail later. 

To edit an existing tree, such as a Menu or a Form, double-dick on the 
appropriate tree icon. You will then be taken straight to the Object Level. 

Changing Objects 

Once y�u have clicked on Edit from the Name of Tree box you are ready to 
add ob1ects to the tree. To add a new item to a tree, click on the required item 
type from the Object menu. The mouse will change to an outline 
representation of the item that you are adding. Release the mouse button and 
move the mouse to where you would like the new item, then press the mouse 
button. If you decide you do not want to add this item after all, click on the 
Cancel item from the Edit menu. 

When you have finished editing a form click on the Close box; this will 
return you to Tree Level mode. 

Selecting objects 

To change the attributes of any object, single-dick on it. It will then be 
sele�ted (highlighted) and you can use most of the menus to change its 
attributes, the border for example. The exceptions to this are the text items, 
Images and Icons; to edit these, double-dick on an object. 

When the object is selected the GEM selected bit is used to show this. This 
m

_
eans that if you die� on. a box it will appear black. In particular if you 

chck on the outer box 1t wdl all go black. If you didn' t mean to click there 
you can either: 

• click on the menu item Cancel from the Edit menu, 

• click outside the box, or 

• click on the item that you meant to select. 

If you wish to edit the parent of the current object, single-dick with the ALT 
key held down - the parent of the object will then be selected. If you already 
have an item selected and ALT-click again, its parent will be selected. This 
may be repeated any number of times until the whole tree is selected. To bring 
up the Text Box of an object's parent double-click whilst holding down ALT. 
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Item Names and Text 

To change the Text or Name (remember: Text is the displayed message; Name 
is what your program will know the item as) of an object, double-click on that 
item - this will present a Text dialog box. This varies depending on the item. 

For example a Box only has a Name and presents a dialog box like this: 

Buttons have one Text field and so have this type of box: 

Whereas FText and FBoxText items have the appropriate TEDINFO fields as 
well: 

To make the Name the same as the Text, click on the Same button - this is 
like clicking on OK except that the object will be given a name based on the 
text of that object and the Prefix for this tree, if any. This can save a great 
amount of tedious object naming. For editable text the name is taken from the 
Template thus giving the same name as your prompt. 
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Since underline characters are used by WERCS in a special way then, when 
editing text fields, you should enter underline characters L) as tildes ( -) and 
vice versa . If we didn't do this it would be impossible to see how many 
underlines you have in your Template strings. 

To enter control characters into strings enter \ \ (two back slashes) followed by 
the ASCII symbol corresponding to the control character. For example the 
ALT key symbol is entered as \ \ 7 .  Similarly the copyright symbol (©) is 
\ \ 1 89. Don' t try and enter a null character \ \ 0 as the AES treats this as the 
terminator of the string. 

In the unlikely event that you need to enter two consecutive back-slashes type 
three instead; for three back-slashes type four and so on. 

When using formatted text (FText or FBoxText) you should ensure that the 
Text field has the same number of characters as the Template field has -s 
(stored in the file as underlines). If you are using different Valid characters 
then you should have the same number of characters in the Valid field as 
there are -s in the Template field. 

�f you are u�ing the same character throughout the Valid string you can enter 
JUSt one as m th� example . above. We have not seen this facility officially 
documented but 1t works with all known versions of the operating system at 
the time of writing. 

The other attributes of TED INFOs (such as Large/Small characters) are set 
using the Text menu. 

BoxChars (single characters surrounded by boxes) have their own dialog box, 
thus: 
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Moving and Sizing Objects 

To change the size of an item, place the mouse near its bottom right-hand 
comer and drag to the required size. By near its botto!" �orner we. normally 
mean within one character cell of the bottom corner but ms1de the ob1ect. If the 
object is less than a character high then you should click within the bottom 
half-character of the box. Similarly if it is less than one character wide you 
need to click within a half-character of the right. 

Note that the border of an object is often outside the object i tself as .is any 
outline or shadow of a box. This area is not considered part of the ob1ect by 
the objc_flnd call. This means that you will not be able to select or drag an 
object by clicking in its border, outline or shadow. Also, any program you 
write to handle such objects must bear this in mind. 

To move an object within a tree, drag from s�mewhere oth�r than the �ottom 
right-hand corner. If the object has any children, they will move with the 
object. 

To move or size any parent or siblings of an object, first select the required 
objects using ALT-clicking as described under Selecting Objects above and 
then drag as if you were moving a single item. 

If you want a quick copy of an object or objects, select and then Shift-drag. 
Generally it is best to Shift-click with the mouse near the top left corner of 
the object as this is where the object will appear. This will let you move a 
new copy of the object leaving the old one where it was, so you can drag the 
new one to its new position. This is particularly useful if you have a set of 
similar objects with the same flags and attributes set (say disabled, right 
justified small Text). Set up the first one and then Shift-drag to create the 
rest. 

If you using Shift-clicking to move an object which has children, �ou will get 
copies of the children too. When you let go of the mouse you will be asked 
whether you wish to delete the children too. Indicate that you do wish to 
delete the children; otherwise you will get an extra set of children, starting 
where you originally clicked. 

If you move an object outside its parent then you will be asked for 
confirmation of this (unless you are in Expert Mode). 

If you move an object so that it would completely cover another object or 
objects then you will again be asked if you wish to adopt these objects as 
children of the object that you have moved. If the new position of the object 
will partially cover another then you will be given an error message. 
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After you have moved or sized an ob ·ect it character or half-character bound 
\ m

:
y be snapped to the nearest 

Half Character Snap commands. 
ary, I you ave used the Auto Snap or 

You may also change the position d . 
d fr 

an size of an object using the Extras comman om the Flags menu. 
Editing Images 

Double-clicking on Images will brin . . screen display similar that below: 
g up the Icon Editor which will give a 
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that it is as large as possible ac ua size eneath it. 
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If you decrease the height by too much, increase the height again and the 
newly displayed area will be the same as it was before you made the Image 
display smaller. The maximum height of Image that you can edit is 128 
pixels. If you attempt to edit a larger image, it will be truncated to 128 pixels 
high. 

To change the width of the Image click on the W+ and W- buttons; the 
current width is displayed to the right of these buttons. GEM restricts the 
size of Images to multiples of 16 pixels (so that it can draw them on the 
screen quickly) so these buttons change the width 16 pixels at a time. The 
width of the main display and the button will change to give as large a main 
area as possible. These buttons do not repeat if you hold them down. As with 
height changes, do not worry if you make the width too small by mistake, 
just click on W+ and the area that you have just deleted will re-appear. 

The maximum width of an Image that can be edited is 128 pixels. Again, 
editing an image that is more than 128 pixels wide will cause it to be 
truncated . 

The arrow buttons scroll the main display in the appropriate direction. 
Scrolling upwards and to the left loses the pixels that are removed from the 
Image. The pixels that are lost when scrolling to the right or downwards can 
be retrieved by scrolling to the left and upwards, assuming that the maximum 
size of 128x128 is not reached. 

The C lear button will clear the entire Image to white; unless you are in 
Expert Mode you will be prompted to check that this is what you want. 

The Fi i i button will fill the entire Image to black; as with Clear you will 
normally be prompted for confirmation. 

VFl lp and HFl lp reflect the Image in a vertical/horizontal line through the 
middle of the Image. The best way to understand this is to try it. Clicking on 
VFllp (or HFllp) twice is like doing nothing at all. 

Line is used to draw a line of black pixels. The mouse cursor will change to a 
+; click where you would like the line to start and then on where you would 
like the line to finish. 

Cancel is used to cancel all the changes that you have made since entering 
the Image Editor; if you are not in Expert Mode you will be prompted to 
ensure that this is what you require. 

To name an Image, double-dick in the Actual Size area; the usual name box 
will then be displayed. 

The Text menu can be used to set the foreground colour of the Image. 
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The normal way to exit from the Image Editor is via the Close box although 
you can also use the commands on the Fiie and Misc menus. 

Editing Icons 
The display when editing an Icon is like this: 

Editing an Icon is like editing an Image except that the main display consists 
of the Da ta of the Icon on the left and the Mask of the Icon on the right. 
There are also some extra buttons in the Icon Area, and the Icon's string and 
character fields can also be accessed. 

There are two Actual Size displays; the one on the left normally shows the 
icon not selected; that on the right shows it selected. If however you set the 
Selected bit using the Flags menu from the Object Level window then these 
will be the other way round. The Icon on the left is always as it will appear 
in the file. 

The extra buttons for Icons are used as follows: 

Data and Mask are a pair of radio buttons; if Data is selected then the Data 
bit map is used as the source for the commands below and also as the current 
bitmap for Clear, Fiii, VFllp and HFllp; WERCS will remind you which bitmap 
you are destroying unless you are in Expert Mode. The rest of the commands 
are described assuming that Data has been selected; to perform the action the 
other way click on Mask to select it first. 

· 
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Copy, AND, OR, and XOR perform the appropriate logical operation; so that 
Copy will make the Mask the same as the Data; AND will set only the bits 
in the mask that are already set in both the Mask and the Data; OR will set 
bits that are set in either or both and X 0 R will set those bits that are 
different in the two bitmaps. 

Cover will copy the mask and surround the bits that are already set with 
extra bits. The source bitmap should not have any pixels set around each edge 
as these will be cleared in the source so that it can be covered correctly. This 
is useful for producing the first attempt at an Icon's mask from its Data 
bitmap; this is another command that is best understood by experiment. As 
usual you will be warned about the area that will be destroyed before 
proceeding if you are not in Expert Mode. If you delete something 
unintentionally you can always use Cancel to revert to the Icon before you 
entered the Icon editor. 

Zoom causes the current selected bitmap, Data or Mask, to take up the 
whole of the main display; this is intended for editing large Icons where 
each pixel is very small in the main display. Click on Zoom again to return 
to the normal display. 

Visually a finished Icon has three components; the Bitmap part, the String 
( ICON in the example above) and the Character (A in the example above) . 
Every object of type Icon has an overall size just like any other GEM object; 
this is normally bigger than the Bitmap itself. The three components may 
each be positioned independently relative to the top left corner of the object. 
In the example, the Bitmap is to the left of the box and the Text near the 
bottom in the middle. Strangely the single Character's position is actually 
relative to the bitmap not the main object. Also GEM will draw the Bitmap 
and String even if they are outside the object's box. 

To edit the text of the Icon's String, double-dick on the text in the Actual 
Size display; this will bring up the usual text name box so that you can enter 
the Strii:tg and also set the Name of the Icon object. The Icon Text may also be 
moved m the normal manner. Editing the Icon's Character works in a similar 
way and you may also move the Bitmap itself within the nominal box 
represented by co-ordinates of the object. The object's co-ordinates are changed 
as usual in the Object Level window. 

Fre9uently Icons d? not need either or both of the String and Character 
attnbutes; you can 1ust set these to be blank. So that you can edit such text, on 
entry to the Icon Editor, blank strings are represented as __ and blank 
characters as -· As a result of this and the fact that the actual display for 
icons is simulated 

_
(so th�t WERC� knows accurately where the components 

are? the . Actual Display is not quite the same as the GEM display in the 
mam Object Level wmdow or when the Icon is displayed by your program. 

We will now describe the menus in detail. 

The Resource Editor Lattice c 5 Page 155 



File Menu 

The Fi le menu is used to manipulate which file you are editing. Initially you are editing a blank file, shown within a window labelled Untitled. 
New 

To starting editing a new empty file, click on the New item from the File menu. 

Loading 

To load an existing resource file click on Load and select the appropriate file from the File Selector. An alert box saying . HRD file not found will appear if this file is missing - you will still be able to edi t  your file although any names previously attached to trees or objects will be lost. 
Another way of loading a file is to set up the GEM Desktop to load WERCS when you click on . RSC or . HRD files, using Install Application. Similarly you may invoke WERCS from a CLI (such as Batcher) in which case the file extension is not required. 

If you wish to load a resource file created with another resource editor you may like to convert the other editor's equivalent of the HRD file into a true . HRD file, in order to preserve the names of your items, using the conversion utility WCONVERT. 
Importing Images 

Images and Icons converted using the WIMAGE utility can be imported using the Import Image item on the File menu. You will be presented with the File Selector to enter the file to import. This will copy the object to the Clipboard, subsequently selecting Paste from the Edit menu will place it in your file. 

This command actually copies the second object from the first tree in the file to the Clipboard. 

Saving 

Clicking on Save As will present you with the standard file selector and you can choose a filename for the current file. Clicking Save saves the file, without pause, under i ts original name - if the file was Untitled then Save will do a Save As. 
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. F'I Selector for Save As need not have any The filename �ou enter mt? the \� b dd d by WERCS .  In addition to a extension - SUI table exten�1o�s 
R
w1 e a 

De�nition) file is also saved. This is . RSC file, �n . H R.D (for H�So t esour�7.
s as the names you have selected for a special file which co.ntams

d
sut

. tet 
ther language files are to be created . the contents of that file an w IC � 'de a particular resource file is to be This method ensures tha����/�11 ��ow each time you edit it. The . HRD used for C, for example, 

file format is described in detail in Appendix B.  

Save Prefs 

. tions such as the language that you are using The default values for vanous o�· 1 when WERCS is loaded are read in from and the character snap for n
.
e"':' I es 

h d for on the standard GEM path. a file called WERCS . INF . This is searc e 

To change the defaults use the Save Prefs item on the File menu. 

Language 
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You can select the language used for the header file when you next Save the 
resource file. It also allows you to select the names to be in lower-, upper- er 
mixed-case. Details of supported languages and file extensions may be found 
in Appendix B.  

Quit 

To leave WERCS, click on Quit. If you have changed the file you are editing 
you will be given the opportunity to save or lose your modifications. You can 
also use the Close box on the tree window to achieve the same effect. 

Flags Men u 

This menu contains the various attributes that are part of the ob_state and 
ob_flags fields of object tree items. A selected item is shown ticked. The 
corresponding standard GEM names for the fields are as follows : 

Selectable SELECTABLE 
Default DEFAULT 
Exit EX IT 
Editable EDITABLE 
Radio Button RBUITON 
Touch Exit TOUCH EXIT 
Hide HIDETREE 
Selected SELECTED 
Crossed CROSSED 
Checked CHECKED 
Disabled DISABLED 
Outlined OUTLINED 
Shadowed SHADOWED 

UnHide Children 

The item Unhlde children will clear the H IDETRE E  bit for any immediate 
children of the selected object so that they become visible and you may then 
select them once more. 
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Extras 
. . hat shown below which allows direct 
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yo: �an easily make objects 

These may be modified; use t is wt 

move outside their parents. 

. . . b f the object word. This is 

The Extended Type is the most s1gmf1cant yte o 
oses. 

ignored by the AES but may be used for your own purp 

. . hildren that an object has. 

No Of Children is the numb�r of !trst generation c 

It does not include 'grand-children . 

. h t obi·ect of the tree. 
Index In tree is the object number relative to t e roo 

. . f 
. rent 1 for the second and so on. 

Child number is 0 for the �1rst ��1� �s;t:h�a 
obje�ts between the old and new 

This field m�y be changed, !� w �� the tree. The easiest way to l'.'lace �he 
positions will ch�nge pos1tto� 

articular order is to select the �rst child 
children of a particular parent m a

h
p 

d child and make this child 1, etc. 
and make this child 0 then select t e secon 
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e 

Objects may also be re-ordered using Sort from the Misc menu. 

Parent gives the Index In tree number of the object's parent. 

e 

The buttons in the box ( Image and Icon in the above example) tell you what 
type the selected object is and let you change the object's type. Image may be 
changed to Icon, Box to IBox, String to Button, and Text, Ffext, BoxText and 
FBoxText interchanged. 

Changing Icons into Images loses the mask and string i tems of the Icon so you 
are prompted for confirmation unless you are in Expert Mode. 

Fill Menu 

The Fi i i menu lets you change the fill pattern of the object, the colour of the 
fill and whether it is opaque or transparent. Opaque means that text will be 
displayed with a white background whereas transparent means that the fill 
pattern and fill will show 'behind' the text. 

The fill patte�n and colour are only applicable to Box, BoxChar, BoxText and 
FBoxText ob1ects. The transparent/opaque setting is only applicable to 
BoxText, Text, FBoxText and Ffext objects. 

The Fiii menu is also used to set the background colours of icons. 

Border Menu 

Lets you change the colour and size of the border for an object. Clicking on the 
Size item brings up a box as below: 

The Border . Size is sp�ci�ied in pixels as appropriate. A negative size means 
the �order .ts . drawn ms1de the box; a positive number means it is drawn 
outside. This 1s only normally useful with Box, BoxChar, BoxText, FBoxText 
and IBox objects. 

If set for Ffext or Text objects, the border affects the size of the box that is 
drawn when the object is selected thus increasing or decreasing the visual size 
of the object. 
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Text Menu 

The Text menu lets you change the justification, colour, and size of the text 
object types: BoxChar, BoxText, FBoxText, Text and Ffext. The actual text is 
changed by double-dicking on the object. 

C l i p bo a rd 

The clipboard is a special area. of �emory which c�n contain trees or objects. 
It is ideal for moving or copymg items between different areas of a resource 
file, or between different resource files. All clipboard commands can be found 
on the Edit menu. 

Cut 

Cut will copy the currently-selected object to the clipb�ard with it.s children 
and removes the current object from the tree. If the object has children you 
will be asked if you wish to delete them as well. If you choose not to delete 
the children they will become the children of the deleted object's parent. The 
object may then be pasted somewhere else. 

Paste 

Changes the mouse form to a pointing finger a�� waits for you tc;i left�click. 
This will place a copy of the object at that position. To cancel this, chck on 
Cancel on the Edit menu. 

Copy 

Copy copies the current selection to the clipboard and leaves it in place. 

Cancel 

Cancel is used to cancel the selection of a menu when the mouse has changed 
to a non-pointer form. For example, if you dick on String from the Object 
menu and decide tha t you do not want a new string after all, dick on Cancel . 

From within the Image/ Icon editor, Cancel w�ll cancel all the changes 
_
you 

have made since you entered the Image/Icon editor. You are prompted with a 
dialog box first to ensure that this is really what you wish to do. 
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Abandon Edit 

This allows you to abort the object-level editing that you are currently performing. All changes made since you chose to edit the current tree will be 
lost. It's ideal if you have made a major mistake in editing a particular tree. 
Delete 

Delete works like Cut but leaves the contents of the clipboard intact. 
To copy just some of the objects of a parent, create a new Box using the Object menu and make this cover the objects you wish to copy. Then select Copy and use Delete (not Cut) to delete your temporary Box, but not its children. Now use Paste to place the copy of the objects where you need them and then Delete to remove the outer Box again. This sounds more complicated than it is in practice. 

Misc Men u  

Auto Size 

With Auto Size enabled, every time you change the text of an object the size 
of the object's box will change to just surround it; thus if you make the text of 
a Button longer it will make the Button bigger; shortening the string will make the box smaller. If you switch Auto Size off, the Button would stay the 
same size and the new text would not necessarily fit in the existing box. 
Auto Naming 

If Auto Naming is enabled (shown by a tick) then objects are automatically given a Name as if the Same button in the Text dialog box had been clicked. 
The Name is based on the tree's prefix, if any, and the Text of the item. 
Auto Snap 

If this item is selected from the Misc menu then every item that you move or 
size will be snapped to the nearest character boundary. This is useful to make 
sure tha t items line up and will appear the same in different screen 
resolutions. 
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Half Char Snap 

Misc menu then objects will snap to the If this item is selected from the . 
imilar way to character snap. nearest half-character

_ 
b?undary, m �1e\o run in more than one resolution However if you are des1gnmg 

_
a resource 

ut the same, as half a character in oi:ie then objects will not _necessanl?;'. �om�a�acter or a quarter of a character m resolution may be either a w o e c 
another resolution. 

Find Text 

the text 

Find Name 

. I amed object within the file, opens the This item searches for a par
h
t1cu 

�� � The box presented looks like this: appropriate tree and selects t e o Jee . 
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Number Select 

This allows you to select an ob·ect . . 
. 

this can be useful if you have a� ob
�
Je

1
c
v
t
en it

ts.d
ob1�ct number in the current tree; 

ou s1 e its parent. 

Sort 

This enables you to sort the childre f . 

various possible criteria that are select:d 
� a pa

h
rtt

d
c1;1Iar object according to 

rom t e ialog box: 
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Top to Bottom and Bottom to Top will sort the objects according to their y 

position on the screen whilst Left to Right and Right to Left will sort them 

according to their x position on the screen. There are two priorities for the 

sort, Fi rst and Second. Note that the sort does not affect the objects' positions 

on the screen, it affects their order in memory and within the tree. 

The default is First, Top to Bottom and Second, Left to Right . So, say we 

have 6 objects (names obja to objf in any order in the tree and in memory) 

with screen representations as follows: 

obJd 

obJb 

obJa 

obJf 

obJe 

ob Jc 

and then we sort using the default options. The objects will be sorted so that 

their order in memory and in the tree is objd, obja, obje, objb, objf, objc. 

Note that the sort will not affect the screen representations. 

Alphabetic means that the strings of the objects are compared rather than 

their screen positions. Sorting alphabetica�ly does not mean that the objects 

will change position on screen only that their position in the object tree and 

in memory may change. 

Remember to select the parent of the objects that you wish to sort before you 

click on Sort. You can use Alt-clicking to select the parent of a given object. 

Test 

Test lets you test out a Form, Menu or Alert Box. In order to test a Form it 

must have an object (such as a Button) with the EXIT and SELECTABLE flags 

set, or alternatively with the TOUCHEXIT flag set. If it does not then you are 

given an error message. 

When you click on an Exit Button (or click on an item if testing a Menu) then 

you are told which item you have selected and its name, if any. You can 

choose whether to continue testing the tree, or return to WERCS .  If you 

double-click on a TOUCHEXIT item then the value displayed will not include 

the top bit, as returned by form_ do. 

Expert level 

If this is enabled (shown by a tick) then all warnings to do with tree re­

organising are suppressed: for example, when an object is given a new parent, 

or commands that effect the entire data or mask bitmaps in the icon editor. 

This also includes the warning about losing information when changing an 

Icon to an Image using Extras and when using the Abandon Edit command. 
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Tree Level Editing 

Form s 

Forms are the most common ty f . 
used for dialog boxes, but can aJ'� �e 

tree m resource files; they are normally 
the pattern of the background in a c::Jd for replacement desktops, to change 
you create a new Form or sin le-dick 

progr�m. or to ad
_
d icons to it. When 

you are presented with a dial�g box Ii�; t�: :��s�=l
���e m the file window, 

The name of the tree may be chan ed WER S . 
a valid name according to the curr�nt 

.
s I f

C �1� check to e�sure that it is case, and that it is not a duplica te of 
e ec ion o nguage, with the correct 

this duplicate name is an ob"ect 
a current name. If the other item with 

it and then change its nami. 
you can use the Find Name command to select 

Remember that in Mixed case Ok d OK . selected Lower or Upper case then
a
t
n
h 

are different names but if you have ey are not. 
Pressing the Return key or clickin o h E the objects within the tree. 

g n t e dft button will then let you edit  

Cancel will not add a new tree t th fl the tree name that you have mad� e J e and will disregard any changes to 
To add more than one tree without editi h . . OK button - this lets you set up a n b 

�g t em 
_
1mmed1ately, click on the um er o trees without entering the objects. 
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To re-order the trees in a file, click on the Move button. This will change the 
mouse form to a pointing finger; you should then click on the tree that you 
wish to place immediately after the current form. Owing to the structure of 
resource files, when the file is reloaded, the Menus and Forms will be first, 
followed by the Free Strings and Alerts, followed by the Free Images. 
To delete or copy an entire tree, click on the appropriate button. To paste a 
tree from the clipboard into your file, click on Paste from the Edit menu. 

This box also lets you set up the Prefix for this particular tree. This is used to 
provide the start of the names of objects if you use Auto Naming. 
To edit an existing tree, double-dick on the appropriate tree icon. You will 
then be taken straight to the Object Level. 

Menus 

Menus are a very special type of Form which must conform to a number of un­
published rules, otherwise GEM will behave strangely. Fortunately, when 
using WERCS, you don't have to worry about these rules as WE RCS will cope 
with them for you. 

When you ask for a new menu you will see a screen similar to that below: 

Normally Menus consist of Titles (which are displayed along the top of the 
screen) and Strings (which are displayed in the pull-down menus themselves). 
To add a new Title, click on Title from the Object menu and then click in the 
menu bar where you would like it . The other Titles (and their menus) will be 
moved if required. 
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Title i tself; this will cause 

You can then insert objects in the usu 1 below the new object will be moved 
:

o
:an�er, �or";�lly Strings, and objects 

pointer is at the left ed e of the b 
n. �u s �u e�sure that the mouse 

will leave a 'hole' to th: left of it. 
ox when msertmg objects; otherwise yru 

You can use types other than Strin · M · . 
produce its own resource file for 

����
pl 

en�s if you 71sh; we used WE RCS to 
states of items just as if you �ere editing

e. 
F
ou ca� a s� chang� the flags and 

them, the items on the FIJI Border and Text 
a orm. or t ose Objects that have ' menus can be used. 

If you want your menu to work in m h . In:iages or you will find that there ��� !itin o�e resolution don't use Icons or ":111 overlap. This is because the width a 
e� : �a[s between th�m or they 

d1ff�rent number of character cells . d "�f 
e1g t of t�ese objects are a 

avoided by adjusting the object once 
�� 

i 
\ e�e� resolutions . This can be 

between icons. s oa e so that there are no gaps 

The boxes surrounding menus must t b k scr�en, otherwise the system m
�o e ta

h 
e �p more t�an one quarter of the 

designing menus for use in Low Resol!tio':.as . e especially careful, when 

The Tree Name box can be used in the same way as for Forms. 
Free Strings 

A Free String is a string of ch . 
particular tree. They can be used

a��c��r\�h: t /5 �ot connected with any 
software, for example. 

c1 I a e ore1gn-language versions of 

The Name and Text of the Free Strin can b . . . 
any other type of string in WERCS fh 

e modified m the same way as 
graphics characters for example. 

so at you can use \ \ to enter control and 
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To edit an existing Free String, it is only necessary to single- or double-click to 
bring up the box shown above. 

The Delete, Copy, Move and OK buttons work in the same way as with 
Forms, detailed earlier. 

Make Alert can be used to turn a Free String into an Alert. You should ensure 
that the String conforms to the rules for Alerts, as described below. 

Alerts 

Alert Boxes are actually stored as Free Strings (see above) but are passed to 
the AES form_alert call to display an alert box. 

There are two types of restrictions as to the contents of Alerts; the first type 
is those restrictions documented by Atari (to keep down the amount of memory 
used by the AES when displaying them) and the second type of restriction is 
caused by bugs in the first release of the operating system ROMs. 

As officially documented, each line in an alert box must be no more than 30 
characters and there is a maximum of 5 lines.  Each Button must be no more 
than 20 characters each and there is a maximum of three Buttons. Strings and 
Buttons may not contain J or I characters. ROMs prior to 1 .2 do not check for 
the infringement of these rules and failing to adhere to them will corrupt 
certain areas of the AES workspace! WERCS rigidly enforces these rules 
when converting the tree representation back to a string. 

The release 1 .0 of the ST ROMs contained various bugs, including long 
buttons/short text problems. Before releasing a commercial program ensure you 
have checked all your Alerts on a 1 .0 ROM machine. Subsequent ROM 
releases ( 1 .2 a .k.a. Blitter TOS, 1 .4 a .k.a. Rainbow TOS and 1 .6 a .k.a. STE 
TOS) have these problems corrected. These difficulties with the early ROMs 
have not been documented and so WERCS cannot check reliably for them. If 
you have later ROMs you have the flexibility to use some Alerts that it is 
not possible to use with the earlier ROMs. 
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The dialog bo th t . x a you are present d . h Box m the file window, looks like :his71t , when you single-click on an Alert 

Which i.con will appear in the Al . 
appropriate icon in the tree display 

e:! :��v!� controlled by clicking on the 

The Delete, Copy, Cancel, OK and M those on the Form Tree Name dialog ��: buttons work in a similar way to 

Clicking on Make St 1 Alert. 
r ng turns this item into a Free Str1'ng rather than an 

c.licking on Edit (or double-clicki e���a��:��
e 

o��� an Object Level �fn��t��a:��o
��n. fr.o1 

m the tree level 
e 1 mg a Form. s1m1 ar to that opened 

You should only add St . 
T 

rmgs and Buttons to th F post toned automatically by WERCS y 
e �rm and these will be re-�ay and also dele�e, copy and paste ob ·e�t� can �d1� the Text in the normal e parts of an ob1ect will not affect th! ft'n. 

I
M

A
o
l
dtfymg the flags and states of 
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The Resource Editor 

Re-ordering the Buttons in Alert Box is achieved by dragging a Button. If you 
drag button A onto Button B then the Buttons will be re-arranged so that 
Button A is immediately before Button B. This is similar to the moving of 
Titles in Menus. If it sounds complicated, experiment and you should soon get 
the hang of it. 

Alerts are represented as strings of the format shown below: 

( icon ] ( line1 l line2 . . .  l linen ] ( button1 l button2 . . . .  J 
where Icon is one of: 

0 No icon 
1 Question Mark icon 
2 Exclamation Mark icon 
3 Stop icon 

l ine 1 .  l lne2 etc. are the various message lines and button 1 are the various 
Buttons. To check that you understand this, create an Alert and then change 
it to a Free String and, assuming that it is small enough to fit on the screen, 
you will be able to inspect it. 

Free Images 

A Free Image is an Image-type object that is not connected with any 
particular tree. When you use rsrc_gaddr you get the address of a B ITBLK 
rather than an object. 

The Tree Name dialog box for Free Images works in the same way as that for 
Forms except that clicking on Edit takes you straight to the Image Editor as 
for Image objects. 
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Keyboard Shortcut Summary 

T
k
he following table gives the keyboard shortcuts when the Alt Ctrl or Shift 
eys are held down. 

' 

Key Alt Ch1 Shift 
A Abandon Edit Border Size Alert 
B Shadowed Box 
c Copy Crossed BoxChar 
D Default Form 
E Extras Editable Button 
F Find Text FT ext 
G Find Name Disabled FBoxText 
H Selected Number Delete 
I Import Image Small text I Box 
J Large Text Icon 
K Expert Hide Image 
L Load Left Free Image 
M Centre Menu 
N New Right 
0 Sort Outlined 
p Language Opaque ProgDef 
Q Qjt Transparent 
R Save As Radio Button Free String 
s Save Selectable String 
T Test Touch Exit Text 
u Auto Naming Un Hide BoxText 
v Paste Selected Title 
w Auto Size 
x OJ Exit 
y Char Snap Checked 
z Half Snap 
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Note also that the Backspace key is used to delete objects, whilst the 

Undo key cancels an operation. 

There is a rationale behind the choice of keyboard shortcuts to help you 

remember them; the Alt keys refer to commands on the File, Edit and Misc 

menus, Ctrl for the Flags, Fiii, Border and Text menus and Shift for the Object 
and Tree menus. We have attempted to make shortcuts use the initial letter 

of the item as far as possible; the exceptions to this are the standard 

clipboard shortcuts and the following: 

P Programming Language, 

0 Order (Sort), 

/\G Greyed (Disabled), 

AB Border (Shadowed). 
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MonST2C 
The Debugger 

I 1 ntrod uction 
MonST was originally designed as  a low level debugger for debugging 
assembly language programs but we, and many other people, have found i t  
useful in debugging C programs. The version of MonST that we supply with 
Lattice C, MonST2C , has been enhanced so that it 'knows' about where, in 
memory your program lines start and automatically loads your program and 
source code for you. 

Together with the facilities of the original MonST, such as function labels, a 
full integer expression evaluator and named access to external variables, 
MonST2C gives you many of the features of a high level symbolic debugger. 
It does not give you access to local variables, floating point numbers, structures 
etc. As it was originally designed as a low level debugger some knowledge of 
assembly language is useful when using MonST2C. 

As MonST2C uses its own screen memory, the display of your program is not 
destroyed when you single-step or breakpoint, making it particularly useful 
for graphical-output programs such as GEM applications. It also uses its own 
screen drivers so it is possible to single-step into the operating system screen 
routines such as the AES or BIOS without affecting the debugger. MonST2C 
will also work in low resolution, thus allowing you to debug programs that 
run in low resolution. 

Initially we shall describe how to use MonST2C to debug programs that are 
compiled as a single module. Using it with multi-file applications will be 
described later. 

If you are already an expert at using the version of MonST supplied with 
DevpacST version 2 then please read the next two pages on the use of 
MonST2C with Lattice C. 
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fPreparing to use MonST2C 
If you are going to debug a program using MonST2C you should ensure that you have selected the compiler's -d3 flag when compiling your program, either using the Compiler Options box or from the compiler's command line. 
When linking you should either check Linker Symbols from the Options menu if invoking the linker from the editor or use the XADDSYM keyword if using an explicit linker command line or link file. Do not use the -Ln option as this will remove much of the debugging information. 

This will ensure that  the addresses of your functions, the library functions tha t you use, your program's ex ternal  va riables, and the a ddress corresponding to each line of your source code will be stored in your executable file. Don't be surprised if this causes it  to increase in size dramatically! 
Whilst we recommend using -d3 for most purposes there are two other variants of the -d flag that  you may find useful:  
Using -d 1 includes the name and line number informa tion for MonST2C, producing very much smaller files than using -d3, but has two disadvantages compared with -d3.  

Normally the compiler will make some of your variables register variables automatically. Using -d3 will force the compiler to store every such au to­
generated register variable in memory at the end of each s ta tement. This has 
the advantage of generally making the assembly language code genera ted easier to understand. If you are using the -d l flag then it is probably a good idea to use the -m r compiler flag which will  d isable the  a u toma tic 

registerisation completely. 

The other disadvantage of - d 1 is that it only s tores the filename of the 
source file in the debug information ra ther than the full  pathname. Thus it 
can only be used to debug files that are in the current directory. 
The -d2 option is exactly the same as -d3 except tha t  the output  files are 
slightly smaller and the compiler chosen regis ter variables will not be 
flushed to memory; they will remain in registers. 
Using -d4 and -d 5 will crea te still larger files than -d2 and -d3, however the additional information is of no use to MonST2C. 
Don't use the Global Optimiser when preparing code to  be debugged wi th MonST2C as the transformations tha t it performs can make the code 
produced appear to bear very little similarity to your source code! 
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] ! I nvoking MonST2C 

From the Desktop 

m with extension . PRG; to debug a TOS MonST2C is supplied as a GE� prog�ONST2C . TOS or install it as a TOS . can rename 1t as 
t will perform the same 

applicaho
T
n/o�ill ensure that the operating sys em 

ithout it. Once executed 
program. is . unning your program w initialisation as if you were ; the name of the file to load. M ST2C will prompt you or 

h 

on 
' th the GEM version of t e If you debug a TOS pr_;g[.a� :� t the screen d isplay "".i� � debugger it will wor m 

bu in a GEM program wit � probably be messy! howeveriJ��rts
ggf fasty problems to occur a TOS debugger w�ll cause a 

and should be avmded. 

From the Editor 
. onfi uration file, EDCTOOLS.INF, If you are using the stan�ard ed 1��u 

c 
o t�on on the Tools menu and Alt MonST2C can be invoked us�ng the �d O� co�rse, the editor will need to be and the 5 key on the numeric key .P 

f�r this to work. Invoking the debug?er able to find the r:v10NST2C :RG 
p

f�l� file corresponding to the file bemg in this way will lo�fi a:s; l�ad your source file too. edited.The debugger wi 

. d f the editor is d when mvoke rom The type of initial screen mode use 
. the Tool Configuration dialog. GEM and TOS buttons m 

I described �:!e;�i:::ti�� ��C. The Screetyn E���r
s���e�o

i�itf:l
t
i���io�h:r:u 

a��o relevant above about using the wrong P 
here. 

From Batcher 

. . k MonST2C from Batcher, just type If you wish to mvo e 

monst2c t e s t  

i f  test i s  the program that you are debugging. 
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IMonST2C Dialog and Alert Boxes 
MonST2C makes extensive use of dialog- and alert-boxes which are similar in concept to those used by

. 
GEM programs but have several  differences. �onS�2C does _no� use ge1:mme GEM-type boxes in order for it to remain robust that is to avmd mteraction when debugging programs that themselves G�� calls. In a�diti�n the mouse is not available within the debugger u:i� w 1c makes ob1ects hke true GEM buttons impossible. 

A MonST2C dialog box displays the prompt ESC to abort above the to left c�rner of the box together with a prompt, normally followed by a blank line with a cursor. At any time a dialog box may be aborted by pressing Esc or dat� may �e entered by t�ping. The cursor, Backspace and Del keys ma; be use to �d1t entered text m the usual way and the whole line may be deleted by pressmg the Ci r  key - note that this is different to GEM dialog boxes wh1c
.
h use the Esc key to delete a whole line of text. An entered line is termmat�d by pressing the Return key, though if the line contains errors the screen will flash and the Return key will be ignored allowing correction of ihe da� befor� pressing Return again. Another difference is that dialog oxes
f 

t at require more than one line of data to be entered do not allow the 
M
use 0

S 
the curs?r up and down keys to switch between different lines - in on T2C the Imes have to be entered in order. 

A MonST2C alert box is a small box displaying a message together with the prompt [ Return? a�d is normally used to inform the user of some form of �rror. The box 
.
will disappear on pressing the Return or Esc keys whichever 1s more convement. ' 

!I n itia l Display 
If 

_
rou h�ve run MonST2C without a command line you will be resented with a dialog box prompting for an executable program name. yJ'u should enter t

.
he name of the program that you wish to debug. If you omit the file's extension, MonST2C will look for a . PRG, .TTP and . TOS file in that order. 

lu.k.ji}'fi I C�rtain features work differently or are not available when 
. ... .  ,,_,_ . us.m� MonST2C in low resolution. They are shown with this icon. 
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!Front Panel Display 
The main display of MonST2C is via a Front Panel showing registers, memory 
and instructions. The name Front Panel stems from the type of panels that 
were mounted on mainframe and mini computers to provide information on the 
state of the machine at a particular moment, usually through the use of 
flashing lights. These lights represent whether or not particular flip-flops 
(electronic switches) within the computer are open or closed; the flip-flops 
that are chosen to be shown on this panel are normally those that make up 
the internal registers and flags of the computer thus enabling programmers 
and engineers to observe what the computer is doing when running a program. 

So these are hardware front panel displays; what MonST2C provides you 
with is a software front panel - the code within MonST2C works out the state 
of your computer and then displays this information on the screen. 

The initial MonST2C display consists of five windows, similar to those 
shown below. In low-resolution the arrangement of the windows is slightly 
different to allow efficient use of the smaller available screen space. 

I ___ ,. _____ 
D 8 : 88888842 B BBCA 11EB BBCA 12EB AB : BBBE,886 26DE 8888 8881 BOBE 2E1C BOBE 
D 1 : BBBBBBB1 o 2E 8186 BBEB 8830 BB A1 : 8BBE2A'B 8808 BUBB BUBB 8888 8888 BUBB 
D2 : BB888881 o 2E 8186 BBEB 8838 BB A2 : BBBEB504 BOBE 8504 8832 FCBB BOBE 860' 
0 3 : fffff0'8 H **** **** **** **** Al : BBBE2E1C BOBE 25D2 BOBB 0880 BOBB BOBB 
D' : BBBBBBBB 6B2E 0106 OBED 8838 A' : eeeE281c eeee eeee 0020 202e 2020 202e 
DS : BOOBBBBB 682E 8186 OBED 8838 AS : OOOEOSDO BOBO aeaa OBOE BSD' 8832 FCBB 
D6 : 8BB88888 682E 8186 OBED 8830 A6 : 8BBE'81' 8832 FBC6 BOBE 88DC BOBB 0001 
D7 : B0888888 682E 8186 OBED 8838 A7 : 8BOE'884 BOOE 26DE BOOB B881 OBOE 2E1C 
SR : B388 U A7 ' BB00378A 8,BB 8888 BBBB 8888 8888 BBBB 
PC : BBBEBC4E LINK A6 11-$14 

n ' u  �•  ·' 
BBBEBC4E J1a i n  ¢LINK A 6 , ll-SU 88888888 602E 8186 ' ,OI 
8BBEBC52 HOUEH . L  DS-7 , - CA7l 88888884 BBEB 8838 er B 
BBBEDC56 MOUED 113 D7 DDBDDDD8 DODD 3CBB \<ii 
DBBEDCSB HDUE . L  11hee, D6 DDDBDDDC DODD 3CBE \<8 
DDDEBCSE LEA AEScontro l CA4l AD DDDDOD10 DODD 3D26 \=& , , .  80088814 DODD 3D2C \=, 
8881/* 88880818 DODD 3D32 \=2 
0892 * rotp - fu l l y confi gure the nath ine after th 9888881C DODD 3D38 \=8 
0083 * BBDBBD2B BDBD 3D3E \=> 
0004 * Started 1/3/B' A l ex 6 ,  K i ernan 08080824 BUDD 3D44 \=D 
8005 * 88908828 OBED AC56 cr�U 
8006 * Co111n l l e  u s f n q :  8880882C OBED BBCA .l'clcJ'll 

MgoST 2 . 85c e HiSoft 1990 

The top window ( l  Registers A4) displays the values of the machine's data 
and address registers, together with the memory pointed to by these registers. 
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The next window (2 Disassembly PC) is the disassembly window; this 
displays several lines of assembly instructions, by default based around the 
program counter (PC), shown in the title area of the window. A => sign is used 
to denote the current value of the PC. 
Window number 3 is the memory window which displays a section of memory 
in word-aligned hex and ASCII. 

Window number 4 is the source code window; it shows a a portion of your 
source code and the corresponding line numbers. 

The final window at the bottom of the screen, which is un-numbered, is the 
smallest window and is used to display messages. 

O�e of the most po�erful features of MonST2C is its flexibility with 
w!ndows - an extra wmdow may be created, the font size can be changed, and 
wmdows may be locked to particular registers; these features are detailed 
later.  

Simple Window Handling 

MonST2C has the concept of  a current window - this i s  denoted by  displaying 
its title in black. The current window may be changed by pressing the Tab 
key to cycle between them, or by pressing the Alt key together with the 
window number, for example Alt-2 selects the disassembly window. (AZERTY 
keyboard users please note - the Shift key is not required when using Alt to 
select windows). Note that the lowest window can never be made the current 
window - it is used solely for displaying messages. 

/Command Input 
Mon�T2C is controlled . by single-key �ommands which creates a very fast 
user-mterface, though this can take gettmg used to if you are familiar with a 
line-oriented command interface of another debugger. Users of HiSoft 
DevpacST and HiSoft debuggers on other machines should find that they 
are already familiar with many of the commands. 

In general the Alt key is the window key - when used in conjunction with 
other keys it acts on the current window. 
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Commands may be entered in either upper or lower case. Those commands 
whose effects are potentially disastrous require the Ctrl key to be pressed in 
addition to a command key. The keys used were chosen to be easy to 
remember, wherever possible. Commands take effect immediately - there is no 
need to press Return - and invalid commands are simply ignored. The relevant 
sections of the front panel display are updated after each command so any 
effects can be seen immediately. 

MonST2C is a powerful and so�etimes comp�ex program and we re�lise that 
it is unlikely that many users wdl use every smgfe command. For this reason 
the remainder of the MonST2C manual is d ivided into two sections - the 
former is an introduction to the basic commands of the program, while the 
latter is a full reference section. It is possible for new users and beginners to 
use the debugger effectively while having only read the Overview; don't be 
intimidated by the Reference section. 

IMonST2C Overview 
The most common low-level command in MonST2C is probably single-step, 
obtained by pressing Ctrl-Z (or Ctrl-Y if you find it more convenient). This will 
execute the instruction at the PC, the one shown in the Register window and, 
normally, also in the Disassembly window. After executing it the debugger 
re-displays the values of the registers and memory displayed, so you can 
watch the processor execute your program, step by step. Single-stepping is the 
best way of going through sections of code where you don't understand what is 
going on, but it is also the slowest - and it deals with your program only on an 
assembly language level, not in terms of your C program. There is, of course, 
an answer. 

A breakpoint is a special word placed into your program to stop it running and 
enter MonST2C .  There are many types of breakpoint but we will restrict 
ourselves to the simplest for now. A breakpoint may be set by pressing Alt-B, 
then entering the address you wish to place the breakpoint. You can enter an 
address in MonST2C as a symbol, as a hexadecimal line number preceded by 
#, hex (the default base), a decimal line number preceded by # \ or as a 
complex expression. Examples of valid addresses are main. too. # 1 0. #\ 1 2� 
1 O+mydato . If you type in an invalid address the screen will flash and 
allow you to correct the expression. You can omit the leading _ or @ of C 
function names if you wish. 

Having set a breakpoint you need some way of letting your program actually 
run, and Ctrl-R will do this. If will execute your program using the registers 
displayed and starting from the PC . MonST2C will be re-entered if a 
breakpoint has been hit, or if a processor exception occurs. 
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MonST2C uses its own screen display which is independent from your 
programs. If you press the V key you will see your current programs display, 
pressing another key switches you back to MonST2C . This allows you to 
debug programs without disturbing their output at all. 

Any window may be zoomed to the full screen size by pressing Alt-Z. To return 
to the main display press Alt-Z or the Esc key. The Esc key is also the best 
way of getting out of anything you may have invoked by accident. The Zoom 
command, like all Alt-commands, works on the current window which you can 
change by pressing Tab. You can dump the current window to your printer by 
pressing Alt-P. 

To change the address from which a window displays its data, press Alt-A, 
then enter the new address. Note that the disassembly window will a lways 
re-display from the FC after you single-step, because it is locked to the FC. 
The locking of windows is detailed in the Reference section. 

To quit MonST2C press Ctrl-C . Strange as it may sound this will not always 
work - what Ctrl-C does is terminate the current program, which may be 
MonST2C or, more likely, the rrogram you are debugging., in which case 
MonST2C will still be in contro . You know when you have terminated the 
program under investigation because it will say so in the lower window. Once 
your program has been terminated, pressing Ctrl-C will terminate MonST2C. 
We hope this overview has given you a good idea of the most common 
features of MonST2C to let you get on with the complex process of writing 
and debugging programs. When you feel more confident you should try and 
read the Reference section, probably best taken, like all medicine, in small 
doses. 

IMonST2C Reference 
N umeric Expressions 

MonST2C has a full expression evaluator, based on that in the DevpacST 
assembler, GenST, including operator precedence. We decided that changing 
MonST2C to use the standard C operators would be confusing for users who 
are already familiar with MonST2 . 
The following operators are supported, in decreasing order of precedence: 

monadic minus (-) and plus (+), address of line number (#) 
bitwise not (-) 
shift left (<<)  and shift right (>> )  
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c: , 

£: ' 

Et: ., 

Ei:' � 

bitwise And (&), Or (I) and Xor (A) 

multiply (") and divide (/) 

addition (+) and subtraction (-) 
h ( ) ot equals (<>} 

l· ty (-) less than (<), greater t an > , n 
equa i - , 'f . urn 0 if false or -1 ($FFFFFF.l'J.•) i 

The comparison operators are si�n�df:i;:!;�t 
operand and shift it t�e num�er 

true. The sh�f� op�rators t�k� t 
h�n� operand, vacated bits are filled with 

of bits specified m the rig t 
zeroes. w· h . b the use of parentheses ( and ) .  . it 
This precedence can be overridden y . ns are evaluated from left-to-right. 
operators of equal precedence, exp�essio 

' thin quotes - ASCII constants) are 
Spaces in expressions (other than t ose wi 

not allowed. . . · h . . usin 32-bit signed-integer arithmetic, wit 
All expression evaluation is done g 

no checking of overflow. 
orts indirection using the { and } 

The MonST2C ex\'ression evaluator :��:':J'! a byte, word or long basis, by 
symbols Indirection may be perfo 

h . ed size which defaults to long. 
followin

.
g the } with � per�od then t

u:er��i�emory is unreadable or not .an 
If the pointer is invahd, either bee� . d' ction is used) then the expression 
even address (if word or longwor m ire 

will not be valid. 

For example, the expression 

{dat a_start+1 0} . w 

. data start+ 1 0, assuming data_start 
will return the word contents o� l�c�ti�n

similar-way to ordinary parentheses. 
is even. Indirection may be nes e m 

Numbers 

b · nous forms· 
Absolute numbers may e m va · 

decimal constants, e.g. \ 1 029 

hexadecimal constants, e.g. 1 2f or $ 1 2f 

octal constants, e.g. @730 

binary constants, e.g. % l l OOO lO 

character constants, e.g. 'X' 
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\ is used to denote decimal numbers, 
$ 

is used to denote hexadecimal numbers (the default), % for binary numbers, @ for octal numbers and single ' or double • quotes for character constants. 

Character Constants 

Whichever quote is used to mark the start of a string must also be used to denote its end and quotes themselves may be used in strings delimited with the same quote character by having it occur twice. Character constants can be up to 4 characters in length and evaluate to right-justified longs with null­padding if required. For example, here are some character constants and their ASCII and hex values: 

· a ·  
' hi ' 
" Test • 
• it ' s •  
• it " s '  

Symbols and Registers 

a 
hi 
test 
it ' s  
it ' s  

$00000051 
$00006869 
$54657374 
$6974277C 
$6974277C 

Symbols may be referred to and are normally case-sensitive and significant to either 8 or 22 characters (depending on the form of debug information used), though this can be changed with Preferences. 
Normally there is no need to type the initial _ or @ of C language labels. You can enforce the need to include the or @ with the Preferences command 
Registers may be referred to simply by name, such as A3 or D7 (case insensitive), but this clashes with hex numbers. To obtain such hex numbers precede them with either a leading zero or a 

$ 
sign. A 7 refers to the user stack pointer. 

There are several reserved symbols which are case insensitive, namely TEXT, DATA, BSS, END, SP, SR, and SSP. END refers to one byte past the end of the BSS section and SP refers to either the user- or supervisor-stack, depending on the current value of the status register. Remember that the names of all your external variables and functions will also be available. 
In addition there are 10 memories numbered MO through M9, which are treated in a similar way to registers and can be assigned to using the Register Set command. Memories 2 through 5 inclusive refer to the current start address of the relevant window and modifying them will change the start address of that window. 
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Window Types 

d the exact contents of these windows and There are four window .types �J° d b I w The allowed types of windows are how they are displayed is deta1 e e o . 
shown in the tabfe below. 

Window Allowed Types 

1 Register 

2 Disassembly 

3 Memory 

4 Disassembly, Memory or Source code 

5 Memory 

Register Window Display 

. x to ether with the ASCII di�play ?f The data registers are shown m �e ia gf the eight bytes they pomt to m their low byte and then � hex d1sp 
l 

y 
shown in hex, together with a hex memory. The address reg1s�ers a�\a so

d . lays in MonST2C this is word-dis lay of 12 bytes. As with al e� tsp 
• •  ali[ned, with non-readable memory displayed as . 

. . d . fla form additionally with U or S The status register is sh?wn m 
d
hex a

A
n
7 '  �:not�s the 

'
supervisor stack pointer, . or supervisor-mo es. . denoting u�er- . .

1 to the other address registers. displayed m a s1m1 ar way 

. a disassembly of the current instruction. The PC value is shown together w1�� 
f addresses these are shown in hex, Where this involv�s one �r m

d
o�� e

l 
e
y
e 
�;�he memory they point to. together with a su1tably-s1ze isp a 

For example, the display 

TST . W  $ 1 2A ( A3 )  ; 00001 FAE OF0 1 

ister A3 is 
$ 1 FAE, and that the word signifies that the value o� s. 1 ;�:ol�s �e!ore complex example is the display memory pointed to by this is . 

MOVE . W  $ 1 2A ( A3 ) , - ( SP )  ; 00001 FAE OF0 1 �0002AC08 FFFF 

. . before but the destination address is 
$2AC08, The source addr�ss

.
mg mod;

F
1s �ote that this display is always of a suitable Presently contammg $ FF · 

d ord) and when pre-decrement EM d t b · g displayed as a qua -w size (M<?V . a
d
a 

h
�·� . luded in the address calculations. addressing is use t is is me 

The Debugger Lattice C 5 Page 1 85 



No hex data is shown for the data registers and the address 
register data area is reduced to 4 bytes . In addition the 
disassembly line may not be long enough to display complex 
addressing modes such as the second example above. 

Disassembly Window Display 

Disassembly windows display memory as disassembled instructions. On the 
left the hex address is shown, followed by any symbol, then the disassembly 
itself. The current value of the PC is denoted with => .  

If  the instruction has a breakpoint placed on it this is  shown using square 
brackets (c J )  afterwards, the contents of which depend on the type of 
breakpoint. For stop breakpoints this will be the number of times left for this 
instruction to execute, for conditional breakpoints this will be a ? followed by 
the beginning of the conditional expression, for count breakpoints this will be 
a ,,; sign followed by the current count, and for permanent breakpoints a • is 
shown. 

The exact format of the disassembled op-codes is Motorola standard, as 
accepted by the assembler, asm. All output is upper-case (except lower-case 
labels) and all numeric output is hex, except trap numbers. Leading zeroes are 
suppressed and the 

$ 
hex delimiter is not shown on numbers less than 10. 

Where relevant numerics are shown signed. The only deviation from Motorola 
standard is the register lists shown in MOVEM instructions - in order to save 
display space the type of the second register in a range is abbreviated, for 
example 

MOVEM . L  d0 - d3 / a0 - a2 , - ( sp )  

will be disassembled as 

MOVEM . L  d0 - 3 / a0 - 2 , - ( sp )  

I I Any displayed symbols replace the hex address display, •2•r51;w limited to a maximum of 8 characters. 

Memory Window Display 

Memory windows display memory in the form of a hex address, word-aligned 
hex display and ASCII. Unreadable memory locations are denoted by • • .  The 
number of bytes shown is calculated from the window width, up to a 
maximum of 16 bytes per line. 
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Source-code Window Display 

The source-code window displays ASCII files in a similar way to a . screen 
editor. The default tab setting is 8 though this can be toggled to 4 with the 

Edit Window command. 

Window Commands 

The Alt key is generally used for controlling wi.ndows,. and wh�n used applies 
to the current window. This is denoted by havmg an mverse title and can be 
changed by pressing Tab, or Alt and the window number. 

Most window commands work in any window, zoo��d or not, though when i t  
does not make sense to do something the command is ignored. 

Alt-A Set Address 

This sets the starting address of a memory or disassembly window. 

Alt-B Set Breakpoint 

Allows the setting of any type of breakpoint, described later under 
B reakpoints. 

Alt-E Edit Window 
On a memory window this lets you edit memory in hex ?r ASCII. Hex editing 
can be accomplished using keys 1 -9, A-F, together with ��e cursor keys. 
Pressing Tab switches between hex & ASCII, ASCII editmg takes each 
keypress and writes it to memory. The cursor keys can be used to move about 
memory. To leave edit mode press the Esc key. 

On a register window this is the same as Alt-R, Register Set, described 
shortly . 

On a source-code window this toggles the tab setting between 4 and 8. 

Alt-F Font size 

This changes the font size in a windo�. In �igh resolution 16 a�d 8 pixel 
high fonts are used, in colour . 8 and 6 pixel h.igh fonts are .used. This allows a 
greater number of lines to be displayed, assuming your momtor can cope. 

Changing the font size on the register window causes the position of windows 
2 and 3 to be re-calculated to fill the available space. 
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Alt-l 

. lock Window Thi� allows disassembly and memo . reg1ste�. After any exception the staJ a��ndows
f 
to be �ocked to a particular according to the locked register. 

ress o the window is re-calculated, 
To unlock a window simply enter a blank string. 
By def�ul.t window 2 is locked to the PC . by speofying a lock to a memory wind 

. You
h
can lock windows to each other ow, sue as M2. 

Alt-0 
Show Other :

y
h
m
is
b

p
l
r?

f
mp

l
ts for an expression and o I re evant. displays it in hex, decimal and as a 

Alt-P 
Printer Dump Dumps the current window contents on . by pressing Esc. to the printer. The print can be aborted 

Alt-R 
Register Set �llows any register to be set to a value b . . sign, then i ts new value. It can also b 

, J specifying the register, an equals memories MO to M9. For example the �i::;e to set the values of the MonST2C 
a3=a2+4 

sets �egister A3 to be A2 lus 4 of. windows when in zoo� mod:ou can also �se this to set the start addre window starts at the required ad;r��at on exit from zoom mode the releva�t 

Alt-S 

Do not assign to M4 if wind . 
window. ow 4 is currently a source-code 

. . Split windows !his either splits window 2 into wind into window 3 and window 5. Each 
o
n:; an? windc;iw. 4, or splits window 3 creator. Pressing Alt-S again will unspl1' t  th 

w1?dow is independent from its e window. fO·@jj J This command has no effect. 
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Alt-T Change Type 

This only works on window 4 (created either by splitting window 2 or by 
loading a source file). It changes the type of the window between 
disassembly, memory and source-code (if a file has been loaded). 

Alt-Z Zoom Window 

This zooms the current window to be full size. Other Alt commands are still 
available and normal size can be achieved by pressing Esc or Alt-Z again. 

Zooming the register window can be extremely useful as i t  
allows you to see the 'hidden' registers MO. M l and M6-M9. 

Cursor Keys 

The cursor keys can be used on the current window, and their action depends 
on the window type. 

On a memory window all four cursor keys change the current address, and Shift 
i and Shift .J, move a page in either direction. 

On a disassembly window i and .J, change the start address on an instruction 
basis, � and .-.+ change the address on a word basis . 

On a source-code window i and .J, change the display on a line basis, and Shift 
i and Shift .J, on a page basis. 

Screen Switching 

MonST2C uses its own screen display and drivers to prevent interference with 
a program's own screen output. To prevent flicker caused by excessive screen 
switching when single-stepping the screen display is only switched to the 
program's after 20 milliseconds, producing a flicker-free display while in the 
debugger. In addition the debugger display can have a different screen 
resolution to your program's if using a colour monitor. 

v View Other Screen 

This flips the screen to that of the programs, any key returns to the 
MonST2C display. 
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Ctrl-0 

. 

Other Screen Mode 

This c�anges the screen mode of Mo ' . ��so�u.h?n. I� re-initialises window fo
�;T. s display �etween low and medium 

d
;, im�l display. This will not effect t��es and wmdow positions to that of 

ugg . 
screen mode of the program being 

This command is ignored on a monochrome monitor. 

As MonST2C has its own idea of wh 
what pa�ette to use you can use M��S

the screen is, what mode it is in and 

memory m use by your program, ideal for 1��-1!0 �ctuall}'. look at the screen 
ve graphics programs. 

� If your program chan e . . 

.....__. the XBIOS or the har�!:�;e:; positio� ?r .resolution, via 

you temporarily d isable 
�1�:::· it is .1mp?rtant t ha t  

P re fe rences  while ex . 
n switching using 

MonST2C will not no/cutmg such code; otherwise 

program's screen. 
ice the new attributes of your 

When a disk is accessed, when loadin . 

probably switch to the program's dur· 
g 

t
�r savmg, the screen display will 

:�;���u:f�r
��ch as a write-protectio��iol:t�J':r::i�n. T:is is in ca�e a disk 

oxes to be seen and acted upo 
rea error, as it a llows 

n. 

Breaking into Programs 

Shift-Alt- Help 

. 
Interrupt Program 

Whil� a program is runnin . . 

combu�ation, which will cau�e I� �::Ce
be mte�rupted by pressing this ke 

PC. With computationall inten . exception at the current value of r: 
r:�'!;�'::.� but with /p_.::.v::,��;.:.

:octiom this will be within ,.,: 

the line-F hancfi:r
A
s���e�������!:�n will n�r���l� �: i':t t� :g::h�:e�� as 

that a breakpoint be placed in 
ory. If this is the case it is recommend�J 

Program command (Ctrl-R) issued.our actual program area then a Return to 

Pressing Alt-Help without th . 
to the printer _ if 

e S� lft key will normally rod 

cancel the dum 
you press this accidentally it should b 

uce a screen dump 

P· 
e pressed again to 

It is possible for this key combination to b . 
oc.curs press it again and it should 

e I?no�ed when pressed - if this 

· 
itself 

will produce no effect 
work. Pressing it when in MonST2C . 
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A program should never be terminated (using Ctr l -C) if it 

has just been interrupted in the middle of a ROM routine. 

This is likely to cause a system crash. 

Breakpoints 

Breakpoints allow you to stop the execution of your program at specified 

points within it. MonST2C allows up to eight simultaneous breakpoints, each 

of which may be one of five types. When a breakpoint is hit MonST2C is 

entered and then decides whether or not to halt execution of your program, 

entering the front panel display, or continue; this decision is based on the 

type of the breakpoint and the state of your program's variables. 

Simple Breakpoints 
These are one-off breakpoints which, when executed, are cleared and cause 

MonST2C to be entered. 

Stop Breakpoints 
These are breakpoints that cause program execution to stop after a particular 

instruction has been executed a certain number of times .  In fact a simple 

breakpoint is really a stop breakpoint with a count of one. 

count Breakpoints 
Merely counters; each time such a breakpoint is reached a counter associated 

with it is incremented, and the program will resume. 

Permanent Breakpoints 
These are similar to simple breakpoints except that they are never cleared -

every time execution reaches a permanent breakpoint MonST2C will be 

entered. 

Conditional Breakpoints 

The most powerful type of breakpoint which allow program execution to stop 

at a particular address only if an arbitrarily complex set of conditions apply. 

Each conditional breakpoint has associated with it an expression (conforming 

to the rules already described). Every time the breakpoint is reached this 

expression is evaluated, and if it is non-zero (i .e. true) then the program will 

be stopped, otherwise it will resume. 
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Aft-8 

. . Set Breakpoint ThJS �s a window command allowin . �::
typ
hme. J�e line e�tered should be

g
o��e

o�e:��nfogr d�aring of breakpoints a t  e o reakpomt required: 
owmg forms, depending on 

<address> 

will set a simple breakpoint. 

<address>, <ex presslon > 
will set a s top breakpoint a t  the <::expression> times. 

given address, after it has executed 

<address>, = 

will set a count breakpoint. The initial value of th . e count will be zero. 
<address>, • 

will set a permanent breakpoint. 

<address>, ? <::exp ression > 
will set a conditional breakpoint using the . ' given expression. 

<address>, -

will dear any breakpoint a t  the given address. 
Breakpoints cannot be set on addres . !�Sough ROM breakpoints �=; �h1ch ar� odd or

. unreadable, or in 
. e emu ated usmg the Run Untl l 

Every time a breakpoint is h interrupted or r 
reac ed, regardless of whether h 

described later 
esumed, the program state is remembered in th 

t 
H
e
l t
program is 

· e s ory buffer, 
Help 

. . 
Show Help and Breakpoints T�1s dJSplays the text, data and BSS ;• th

) 
every current breakpoint. Aft-;�gment ;ddresses and lengths, together tsp ay. mman s are available wi thin this 
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E:::ll' 
Ctrl-B  Set Breakpoint 

This sets a simple breakpoint at the start address of the current window, so 
long as it is a disassembly window. If a breakpoint is already there then it 
will be cleared. 

u Go Until 

This prompts for an address, at which a simple breakpoint will be placed 
then program execution resumed. 

Ctrl - K  Ki l l  Breakpoints 

This clears all set breakpoints. 

Ctrl-A Set Breakpoint then Execute 

A command that places a simple breakpoint at the instruction after that at 
the PC and resumes execution from the PC. This is particularly useful for DBF­
type loops if you don't want to go through the loop, but just want to see the 
result after the loop is over. 

Ctrl- D  GEMDOS Breakpoint 

This allows a breakpoint to be set on specific GEMOOS calls. The required 
GEMDOS number should be entered, or a blank line entered if any existing 
GEMDOS breakpoint needs to be cleared. 

H is t o ry 

MonST2C has a history buffer in which the machine status is remembered for 
later investigation. 

The most common way of entering data into the history buffer is by using you 
single-step but, in addition, every breakpoint reached and every exception 
caused enters the machine state into the buffer. Various forms of the Run 
command also cause entries to be made into this buffer. 

H 

The history buffer has room for five entries - when it fills 
up, the oldest entry is removed to make room for the 
newest entry. 

Show H istory Buffer 

This opens a large window displaying the contents of the history buffer. All 
register values are shown including the PC as well as a disassembly of the 
next instruction to be executed. 
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e 

!f a di�assem�Iy in the H i sto ry display includes an 
m�truction which has a breakpoint placed on it the c l s  
will show the �urrent values fo.r that breakpoint, not the 
values at the time of the entry mto the history buffer. 

Quittin g  MonST2C 

Ctrl-C Terminate 

This will issue a terminate trap to the current GEMDOS task. If a program 
has been loaded from within MonST2C it will be terminated and the 
message Program Terminated appear in the lower window. Another 
program can then be loaded, if required . 

If no program has been loaded into MonST2C it will itself terminate when 
this command is used. 

Terminating some GEM. programs prematurely, before they 
have closed worksta tions or restored window control 
properly can seriously confuse the AES and VOL This may 
not be noticeable immediately but often causes crashes 
when a subsequent program is executed. 

Loading & Saving 

Ctrl- L  Load Executable Program 

This will prompt for an executable filename then a command line and will 
attempt to �o�d the file �eady for execution. If MonST2C has already loaded 
a program It IS not possible to load another until the former has terminated. 

The file to �e loa
.
ded must be an executable file - attempting to load a non­

executable file wlll normally result in TOS error 66 and further attempts to 
load exec1;1table files will normally fail as GEMDOS does not de-allocate the 
me�ory It allocated before trying to load the errant file. If this occurs 
termmate MonST2C, re-execute it and use the Load Binary Fiie command. 

B Load Binary File 

This will proml'.'t for a filename and optional load address (separa ted by a 
comma) and will then load the file where specified . If no load address is 
given, memory will be allocated from GEMDOS and used. MO will be set to 
the start address and M l to the end address. 
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s Save Binary File 

This will prompt for a filename, a start address and an (inclusive) end 

address. To re-save a file recently loaded with the Load Binary Fiie command 

<fi lename> ,MO, and M l may be specified, assuming of course that MO and 

M l have not been re-assigned. 

A Load ASCII File 

This powerful command allows an ASCII file, normally of source code, to be 
loaded and viewed within MonST2C . Window 4 will be created if required 
then set up as a source-code window. Memory for the source code is taken from 
GEMDOS so sufficient free memory must be available. It is recommended that 
source-code be loaded before an executable program to ensure enough memory. 

If the file currently being debugged contains Lattice debug information, 

MonST2C will use the line number information corresponding to the new 
source file that has been loaded. Thus, loading the source file will change 

the effect of the # opera tor. 

Window 4 is not shown, though an ASCII file may may be 
loaded in low-res then viewed after switching to medium 
resolution using Ctrl-0 and pressing Alt-S, Alt-T, Alt-T. 

If an ASCII file is loaded after an executable program the 
memory used will be owned by the program itself, not 
MonST2 C .  When such a program terminates, any 
displayed source-code window will be closed. This is also 
the case when the source text is automatically loaded by 
MonST2C. 

Executing Programs 

Ctrl -R Return to program I Run 

This runs the current program with the given register values at full speed and 
is the normal way to resume execution after entry via a breakpoint. 

Ctrl -Z Single-Step 

This single-steps the instruction at the PC with the current register values. 
Single-stepping a TRAP, Line-A or Line-F opcode will, by default, be treated 
as a single instruction. This can be changed using Preferences. 
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Ctrl-Y Single-Step 

Identical to Ctrl-Z above but included for the conven1·ence of G erman users. 

Ctrl-T Interpret an Instruction (Trace) 

This interprets the instruction at the PC . h . 

It is similar to Ctrl-Z but skips over BSR:s�/R� ;�:�laytd re
A
gister v�lues. 

calls, re-entering the debu 
' ' s, me- and Lme-F 

way through the routine or��;.��;��.: 0��:t���o!� �:;���f�.1 the 

Ctrl-S  Skip an Instruction 

Ctrl-S increments the PC register by the size of h . . 

�ausing_ it to be skipped. Use this instead of Ctrl-� e current mstruchon th�s 

mstruct10n is going to do something it shouldn't o t
w
h 

h
t
en yo

d
u know that this 

r a you on't like. 

R Run (various) 

This is a general Run command and prom ts for h 
selected by pressing a particular key. 

P t e type of execution, 

Run G Go 

This is identical to Ctrl-R, Run, and resumes the program at full speed. 

Run S Slowly 

This will run the program at d d 
history buffer. 

re uce speed, remembering every step in the 

Run I Instruction 

This is similar to Run Slowly but allo 
particular number of instructions may be ;:e���u�!f��e 

b���;���,
is
s�n:::�� 

Run U Until 

You will be prompted for an e · h" 
instruction. The program will 

�h��sion w 
1
�c� will be evaluated after every 

given expression evaluates to non zer�u�, a e1t at reduced speed, until the 

For example if single-stepping a DBF l
( rue) ���n MonST2C will be entered. 

you could say Run Until d6&ffff-ffff ( 
o�f. w ;c used d6 in the ROM code 

SFFFF) or, alternatively PC-FC8
-
B l A 

wa1 
h
mg or the low word of d6 to be 
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This should not be confused with the Until command, 

which takes an address, places a breakpoint there then 

resumes execution. 

With all of these commands (except Run Go) you will then be asked Watch 
Y /N? If Y is selected then the MonST2C display will be shown after every 

instruction and you can watch registers and memory as they change, or 

interrupt execution by pressing both Shift keys simultaneously. If N is selected 

then execution will occur while showing your program's display and execution 

may be interrupted by pressing Shift-Alt-Help. 

Selecting Watch mode with screen switching turned off is 

likely to result in a great deal of eye strain as the 

display will be flipped after each and every instruction, 

particularly alarming with colour monitors. 

With any of these Run modes (except Go )  all information after every 

instruction will be remembered in the history buffer. In addition TRAPs wil l  

be treated as single-instructions, unless changed with Preferences; though 

see the warnings under that command about tracing all the way through ROM 

routines. 

When a program is running with one of the above modes a couple of pixels 

near the top left of the display will flicker, to denote that something is 

happening, as it is possible to think the machine has hung when, in fact, it is 

simply taking a while to Run through the code, an instruction at a time. 

Searching Memory 

G search memory (Get a sequence) 

This will prompt Search for B/W /L/T /I? , standing for Bytes, Words, Longs, 

Text and Instructions. 

If you select B, W or L you will then be prompted to enter the sequence of 

numbers you wish to search for, each separated by commas. MonST2C is not 

normally fussy about word-alignment when searching, so it can find longs on 

odd boundaries, for example. If you wish to force a particular alignment, 

finish the list of items to search for with ',W'; for word boundaries or ',L' for 

longword boundaries. 

If you select T you may search for any given text string, for which you will be 

prompted. You will also be asked whether you wish the search to be case 

sensitive; if you press Y then Test will match TEST or TeSt 
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If you select I you can search for part or all of the mnemonic of an instruction; 
for example if you searched for 

$ 1 4(A you would find an instruction like 
MOVE.L D2 .$ 1 4(A0). The case of the string you enter is important (unlike 
MonST version 1 ), but you should bear in mind the format the disassembler 
produces, e.g. always use hex numbers, refer to A7 rather than SP and so on. 

Once you have selected the search type and parameters, the search begins, 
control passing to the Next command, described below. 

N find next 

This can be used after the G command to find subsequent occurrences of the 
search data. With the B, W, L and T options you will always find at least 
one occurrence, which will be in the buffer within MonST2C that is used for 
storing the sequence. With the T option you may also find a copy in the 
system keyboard buffer. With these options, the Esc key is tested every 64k 
bytes and can be used to stop the search. With the I option, which is very 
much slower, the Esc key is tested every 2 bytes. 

The search area of memory goes from 0 to the end of RAM, then via the 
system ROM area and cartridge area then back to 0. MonST2C will not 
search the cartridge area if the environment variable NOCARTRIDGE exists. 

The search will start just past the start address of the current window (except 
register windows) and, if an occurrence is found, it will re-display the window 
at the given address. 

Searching Source-Code Windows 

If the G command is used on a source-code window the T sub-command is 
chosen automatically and, if the text is found, the window will re-display 
the line containing it. 

M isce l l a neous 

Ctrl- P  Preferences 

This permits control over various options within MonST2C . The first three 
require Y /N answers, pressing Esc aborts and Return leaves them alone. 

Screen Switching 

Defaulting to On, this causes the display to switch to that of your program 
only after 20 milliseconds. It should be switched off when a program is about 
to change a screen's address or resolution and then turned back on afterwards. 
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Follow Traps 

By default, single-stepping and the various forms of the Run command treat 
TRAPs, Llne-A and Line-F calls as single instructions. However by turning this 
option On the relevant routines will be entered allowing ROM code to be 
investigated. 

If you are interested in this sort of low-level hackery, you should consider 
purchasing DevpacST as it provides facilities from recovering from the after 
effects of interrupting the operating system code. 

Relative Offsets 

This option defaults to On and affects the disassembly of the address register 
indirect with offset addressing modes, i.e. xxx(An) .  With the option on, the 
current value of the given address register is added to the offset and then 
searched for in the symbol table. If found it is disassembled as symbol(An) . 
This option is required to show the addresses of your global variables if they 
are accessed via an address register. 

Ignore Case 

This option defaults to Off. If it is set to On then if you enter fred in an 
expression the subsequent search will give the value of the first symbol that 
matches this, ignoring case, thus finding FRED, fred or Fred. This option is 
useful for lazy typists who use the same name with different casing. 

Show Line Numbers in Source 

MonST2C can either show line numbers in your source window in decimal 
(press D), hexadecimal (H ) or not at all (press N) .  Using hexadecimal line 
numbers has the advantage that you can use them directly with the # line 
number operator. This if you can see that you want to execute your program 
until the line with number 001 C  then just type U (for run until) # 1 C .  
Remember how ever that AO through A7 and DO through D7 are register 
names and take priority over hexadecimal numbers. To enter line number AO 
use #SAO. 

Decimal line numbers are naturally more civilised but remember that you 
need to prefix any decimal number with \. If you want to find the address of 
line 28 decimal, use #\28 not #28. 
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Auto Load Source 

Using the default settings, MonST2C will automatically load a C source file and run your program until the label _main, (i .e. the beginning of your function main), ready for you to set a breakpoint in the code. MonST2C loads 
the source file corresponding to the first module with debug information in 
the file that you are debugging. This would normally be your main program. 
You can disable this feature if you do not wish to load this source file or you 
wish to debug a program written in anot�er language. Please see the sections at the end of this chapter concerning the use of MonST2C with multi-module programs. 

Automatic Prefix Labels 

Using the default setting MonST2C will try prefixing symbols by _ and @ if it cannot find a label, so that if you enter main and there is no label called main, the MonST2C will try _main or if this doesn't exist then it will try @main. 
This facility is extremely useful since C functions normally have an _ added by the compiler. When using register passing @ is used as the prefix instead of _. Thus you can just use the C name without bothering about the prefix. Should there be an assembly language name the same as a C name, say test and _test, then you will need to use the _ explicitly to get the C function 

rather than the assembly language one. 
You can disable this option so that only exact matches of names are 
supported. 

Symbols Option 

This allows control over the use of symbols in expressions in MonST2C . It will firstly ask whether the case of symbols should be ignored, pressing Y will cause case independent searching to be used. It will then prompt for the 
maximum length of symbols, which is normally 22 but may be reduced to as 
low as 8. 

Top Of RAM 

This indicates to MonST2C which memory location should be considered the top of memory by the Search Memory (G) command. Normally you will not need to change this as it defaults to the system variable phys_top; but you may need to modify it if you are debugging software that lowers phys_top. 
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I:  I_ I 
Save preferences 

. our current preferences to the file Reply y to this command �o save �hen MonST2 loads it will read your MONST2 . INF in the curren� d�rec�6NST2 INF must be in the current directory current preferences from this file. . 
when MonST2C is loaded. 

Intelligent Copy 

h The addresses should be . bl k of memory to anot er area . This copies a oc 
entered in the form 

<start> <inclus ive_end> , <dest inat ion> 

. 
' 

b 1ed to a is intelligent in that the bloc� of memory may e cop The �opy 
h" h erlaps its previous location. �� w � � 

. d n the validity of the move, No checks at all 
.
are ma e

s �f memory is likely to crash ,,.._. copying to non-existent
_ 
area 

t areas may well crash the � MonST2C and corrupting sys em 
machine. 

L List Labels 

. dis la s all loaded symbols. Any k�y This opens up a large wmd
.
ow 

E
and 

aborfs. �he symbols will be displayed m displays the next page, press1�� 
k 

SC 
the order they were found on is . 

• w Fill Memory With 

. h a articular byte. The range should be This fills a section of memory wit p 
entered in the form 

<st a rt> , <inclu sive_end> , <f illbyte> 

. The warmng escn . d "bed under the I command about the lack of checks applies 
equally to this command. 

M Modify Address 

Included for compatibility with MonSTl , equivalent to Alt-A. 

0 Show Other Bases 

. h M STl equivalent to Alt-0. Included for compatibility wit on ' 

D Change Drive & Directory 
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This allows the current drive and sub-directory to be changed. 

Ctrl-Alt- Numerlc Dot Reset machine 

Holding down Ctrl and Alt and then pressing the Dot (.) key on the numeric 
keypad will cause the machine to be reset. Great for Mega ST owners with 1 .2 
ROMs but without long arms! 

Ctrl -E  Re- Instal l  Exceptions 

This command causes MonST2C to re-install the exception vectors; useful if 
you are debugging a high level language program whose runtime routines use 
the exceptions. Naturally, Lattice C 5 programs do not normally modify the 
exception vectors. This must be used after the user's program has modified the 
exceptions. 

Command Summary 

Window Commands 

Alt-A . . . . . . . . . . . . . . . . . . . . . .  Set Address 
Alt-B .. . . . . . . . . . . . . . . . . . . . .  Set Breakpoint 
Alt-E . . . . . . . . . . . . . . . . . . . . . . . Edit Window 
Alt-F . . . . . . . . . . . . . . . . . . . . . . . Font Size 
Alt-L . . . . . . . . . . . . . . . . . . . . . . .  Lock Window 
Alt-0 . . . . . . . . . . . . . . . . . . . . . . Show Other 
Alt-P . . . . . . . . . . . . . . . . . . . . . .  Printer Dump 
Alt-R . . . . . . . . . . . . . . . . . . . . . .  Register Set 
Alt-S . . . . . . . . . . . . . . . . . . . . . .  Split Windows 
Alt-T . . . . . . . . . . . . . . . . . . . . . .  Change Type 
Alt-Z . . . . . . . . . . . . . . . . . . . . . .  Zoom Window 

Screen Switching 

V . . . . . . . . . . . . . . . . . . . . . . . . . . . . View Other Screen 
ctrl-0 . . . . . . . . . . . . . . . . . . . . .  Other Screen Mode 

Breakpoints 

Alt-B . . . . . . . . . . . . . . . . . . . . . . Set Breakpoint 
Help . . . . . . . . . . . . . . . . . . . . . .  Show Help and Breakpoints 
Ctrl-B . . . . . . . . . . . . . . . . . . . . . .  Set Breakpoint 
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U . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Go Until . 
Ctrl-K . . . . . . . . . . . . . . . . . . . . . Kill Breakpoints 

Ctrl-A . . . . . . . . . . . . . . . . . . . . .  Set Breakpoint the� Execute 

Ctrl-D . . . . . . . . . . . . . . . . . . . . . GEMOOS Breakpoint 

Loading and Saving 

Ctrl-L . .  . . . . . . . . . . . . . . . . . . . .  Load Executable Program 

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Load Binary File 

S . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Save Binary File 

Load ASCII File 
A . . . . . . . . . . . . . . . . . . . . . . . . .  . . 

Executing Programs 

Ctrl-R . . . . . . . . . . . . . . . . . . . . . Return to program I Run 

Ctrl-Z . . . . . . . . . . . . . . . . . . . . .  Single-Step 

Ctrl-Y . . . . . . . . . . . . . . . . . . . . . Single-Step 

Ctrl-T . . . . . . . . . . . . . . . . . . . . . Interpret an Instruction (Trace) 

Ctrl-S . . . . . . . . . . . . . . . . . . . . . Skip Instruction 

R . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Run (various) 

Searching Memory 

G . . . . . . . . . . . . . . . . . . . . . . . . . . .  Search Memory (Get a sequence) 

N . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Find Next 

M iscellaneous 

Ctrl-Alt-Dot . . . . . . . . . . . Reset machine 

Ctrl-C . . . . . . . . . . . . . . . . . . . . Terminate 

Ctrl-E . . . . . . . . . . . . . . . . . . . . Re-install breakpoints 

Ctrl-P . . . . . . . . . . . . . . . . . . . . Preferences 

D . . . . . . . . . . . . . . . . . . . . . . . . . .  Change Drive & Directory 

H . . . . . . . . . . . . . . . . . . . . . . . . . .  Show History Buffer 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . Intelligent Copy 

L . . . . . . . . . . . . . . . . . . . . . . . . . . .  List Labels 

M . . . . . . . . . . . . . . . . . . . . . . . . . Modify Address 

O . . . . . . . . . . . . . . . . . . . . . . . . . .  Show Other Bases 

W . . . . . . . . . . . . . . . . . . . . . . . .  Fill Memory With 

Shift-Alt-Help . . . . . . .  Interrupt Program 
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Debugging Stratagem 

Hints 8c Tips 

If you have interrupted a prog . Sh comman� and have found yours���n 
u:�:�id��t-A�t;�e� or by a R':'n Until 

of returning to the exact point in 
e � e OM, there is a way 

ensure the Follow Traps option is
y
o
o
n
ur

th
prog

d
ram

R 
wh

U
1ch called the ROM. Firstly 

7 . ' en o un ntll with an · sp=a . This will re-enter MonST2C th 
express10n of 

will be in your program. 
e moment user mode is restored which 

When using Run Until knowing that it will tak . . condition to be satisfied, give MonST2C a ha 
e a quite a 

_
whlle for the 

the expression as you can, for example 
nd by pre-computing as much of 

( a3> ( 3A400 - \ 1 00+M1 ) )  

could be reduced to 

a3>xxx 

where xxx has been calculated by you using the Alt-0 command. 
If you do use a label with R u tll @ will speed up the table s�;ch 

n
co���:�?i��itly including any leading - er 

Bug Hunting 

There are probably as many s trat . f . . progr�mmers; there is really no sub�fi1;:te 
�r f�ndin� bugs as there are 

experience. However, here are some hints wh
�r

h 
earm

h
ng the hard way, by 

way !  I C  we ave learnt, the hard 

Firstly, a very good way of findin b . 
think. The disadvantage of reach· 

g 
f
�gs IS to look a t  the source code and 

the s?urce code, is that it gets y� i��� �o� t�e 
b
�ebugger, then s�cond for 

machine or programming environment 
a a its. You may switch to a least not one as powerful you are used to.

that does not offer debugging, or a t 

If a prc;>gram fails in a very detectable w . debugging is normally easier than if sa 
ay, such as cau�ing an exception, 

work exactly as it should. 
' y, a program sometimes doesn't quite 
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Many bugs are caused by a particular memory location being stepped on. 
Where the offending memory location is detectable, by producing a bus error, 
for example, then a conditional breakpoint placed at one or more main 
subroutines can help greatly. For example, suppose the global variable 
maln_ptr is somehow becoming odd during execution. The conditional 
expression could be set up as 

{main_ptr}&1  

If this method fails, and the global variable is being corrupted somewhere 
un-detectable, the remaining solution is to Run Until that expression, which 
could take a considerable time. Even then it may not find it, for example if 
the bug is caused by an interrupt happening at a certain time when the stack 
is in a particular place. 

Count breakpoints are a good way of tracking down bugs before they occur. For 
example, suppose a particular subroutine is known to eventually fail but you 
cannot see why, then you should set a count breakpoint on it, then let the 
program run. At the point where the program stops, because of an exception 
say, look at the value of the count breakpoint (using Help). Terminate the 
program, re-load it, then set a stop breakpoint on the subroutine for that 
particular value or one before it. Let it run and then you can follow through 
the subroutine on the very call that it fails, to try and work out why. 

Exceptions 

MonST2C uses the 68000 processor exceptions to  stop runaway programs and to 
single-step, so at this point it would be useful to explain them and what 
normally happens when they occur on an ST. 

There are various types of exception that can occur, some deliberately, others 
accidentally. When one does occur the processor saves some information on the 
SSP, goes into supervisor mode and jumps to an exception handler. When 
MonST2C is active it re-directs some of these exceptions so it can take control 
when they occur. The various forms of exceptions, their usual results, and 
what happens when they occur with MonST2C active is shown in the 
following table: 
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Number Exception Usual effect M onST2C active 

2 bus error bcmh; trapped 

3 address error bcmh; trapped 

4 illega 1 instruction bcmh; trapped 

5 zero divide bcmh; trapped 

6 CHK instruction bcmh; trapped 

7 TRAPV instruction bcmh; trapped 

8 privilege violation bcmh; trapped 

9 trace bcmh; used for single-stepping 

1 0  line 1010 emulator fast VDI interface fast VDI interface 

1 1  line 1 1 1 1  emulator internal TOS internal TOS 

32 TRAP #0 bcmh; trapped 

33 TRAP #1 GEMOOS calJ GEMOOS calJ 

34 TRAP #2 AES/VDI call AES/VDI calJ 

35-44 TRAP #3-#12  bcmh; trapped 

45 TRAP #13 XBIOS calJ XBIOS call 

46 TRAP #14 BIOS calJ BIOS call 

47 TRAP #lS bcmh; trapped 

Exceptions 2 to 8 are caused by a programmer error and are trapped by 
MonST2C. 

Exception 9 can remotely be caused by programmer error and is used by 
MonST2C for single stepping. 

Exceptions 10, 1 1, 33, 34, 45 and 46 are used by the system and left alone. 

The rest (i.e. the unused TRAP exceptions) are diverted into MonST2C, but 
can subsequently be re-defined to be exploited by programs if required. 

The 'bombs' entry in the table above means that the ST will a ttempt to 
recover from the exception, but it is not always successful. 

When an exception occurs, the ST prints on the screen a number of bomb 
shapes (or mushrooms on the old disk-loaded TOS), the number being equal to 
the exception number. Having done this, it will abort the current program 
(losing any unsaved data from it) and attempt a return to the Desktop. 

If the exception was caused by or resulted in important system variables being 
destroyed then the attempt may fail and the machine will not recover. 

Occasionally very nasty crashes can cause the whole screen to fill with bombs 
(or mushrooms) which looks very impressive, but is not very useful! 
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Memory Layout 

The usual versions of MonST2C co-reside with programs �ein� debugged; t�at 

is, they are loaded, ask for a filename, and load that file m together with 

any labels. 

It is useful to examine the usual logical memory map both with and without 

MonST2C, shown below: 

high memory 

Free 
Free 

Program 

, .  System 
low memory 

Without MonST2C With MonST2C 

The actual code size of MonST2C is around 25k, but in a?d.ition it .requires an 
additional 32k of workspace. This may seem large but it is required for the 
copy of the ST screen memory saved by MonST2C; this is a most useful 
feature of the debugger. 

Exception Analysis 

When an unexpected exception occurs, it can be useful to b� able to work �ut 
where and why it occurred and, possibly, to resume execution. Of!en a C\uick 
curse and a look at your source code may get your program working quicker 
though! 
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Bus Error 

If the FC is in some non-existent area of memory then look at the relevant 
stack to try and find a return address to give a clue as to the cause. If the PC 
is in  a correct area of your program then the bus error must have been caused 
by a memory access to non-existent or protected memory. Recovering from bus 
errors and resuming execution is generally not possible. 

Address Error 

If the PC is somewhere strange the method above should be used, otherwise 
the error must have been caused by a program access to an odd address. 
Correcting a register value may be enough to resume execution, at least 
temporarily. 

Illegal Instruction 

If the PC is in very low memory, below around $30, it is probable that it was 
caused by a jump to location 0. If you use MonST2C to look here you will see 
a short branch together with, normally, various OR I instructions (really 
longword pointers) and eventually an illegal instruction. 

Privilege Violation 

This is caused by executing a privileged instruction in user mode, normally 
meaning your program has gone horribly wrong. Bumping the PC past the 
offending instruction is unlikely to be much help in resuming the program. 

Using MonST2C with other languages 

A major feature of MonST2C is i ts ability to use symbols taken from the 
original program whilst debugging. MonST2C supports two formats for label 
information - the DRI standard, which allows up to 8 characters per symbol, 
and the HiSoft Extended Debug format, allowing up to 22 characters. 

Most of HiSoft's language products suppqrt both formats (for example, 
DevpacST, HISoft BAS IC and FTL Modula-2) and many other vendors' 
�ompile�s and linkers have an option to produce DRI-format debugging 
mformat10n. 

The line number information format is, at the present time, specific to Lattice 
C and as such the line number operator, #, can only be used with programs 
compiled with one of the debugging options (-d l  to -d5). 
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Using MonST2C with multi -module programs 

MonST2C will initially read the line number information and . 
source file for 

the first module in the file that was compil�d us
h
ing -d. T�

l
us! ift

y��
s
a:

o
��lfu 

interested in debugging one module at a time t en compi e J�S 
with -d3: the appropriate source code will be loaded automatically. 

If you wish to debug more than one file at once, then yo� can
. 
switch � 

another file by explicitly loading the appropriate source file usmg the 

command. 

For Devpac MonST2 Users 

If you are used to the version of MonST that is part of Devpac ST version 2, 

here are the differences: 

• Source line numbers can now be displayed in either hexadecimal or 

decimal. This is set using the Preferences command. 

• 

• 

• 

• 

Using the default settings, MonST2C will automatically ru� the 

program until the label _main and �oad the source file corresponding to 

the first debug information in the file. 

The operator # is used to give the address corres�onding to a .
given C 

line number. To use this you need to use the compiler's -d opt10n .. T
he 

argument to # is a general MonST2C expression and so wh�n usmg a 

number this should be in hexadecimal or prefixed by \ for decimal. Thus 

# 1 0  and #\ 1 6  both give the address of line 16 of the program. 

The ASCII load command will cha!'ge t�e action of the # operator if 

the appropriate debug information is available. 

MonST2C has no support for disassembly to disk. Dissassembly to the 

printer is only available via Alt-P. 
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ASM 
The Assembler 

The Lattice Macro Assembler supports the development of assembly language 
modules for use with C programs. Because the Lattice C Compiler generally 
produces very good machine code you seldom have to resort to assembly 
language programming. However, some intimate relations between hardware 
and software are best achieved in the assembly language environment. Also, 
assembly language is sometimes necessary when you want to get the best 
combination of code size and speed. 

The assembler han�les the complete set of Motorola 680x0 instruction 
mnemonics as well as an extensive set of assembler directives and a powerful 
macro facility. It can, therefore, be used to develop complete systems in 
assembly language. Nonetheless, it is provided primarily to supplement the 
C compiler and has not really been designed for large assembly language 
projects. For such tasks a full assembler package, such as DevpacST should be 
used giving more power for the assembly language programmer. 

!Basic Concepts 
The assembler reads a source file and produces an object file in the Lattice 
object file format, along with an optional listing of the source and assembled 
code. The source file is assumed to have a . s extension and the object file is 
produced with a .o extension . .  

Source Format 

Each assembly language source line has the following format: 

label operat ion operands comment 

White space (i.e. spaces and tabs) can appear before any field and must 
appear between the operation and operand. 

The four fields of the source line are described below: 

Label 

The label field is optional. If it is present and is preceded by white space, it 
must be followed immediately by a colon. That is how the assembler 
determines that the field is a label and not an operation. If there is no white 
space before the label, then the colon may be omitted. 
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A label can normally be up to 63 characters long and can contain letters, 
digits, underscores, periods, at symbols ( @ )  and dollar signs. It cannot start 
with a digit, and the case of letters is significant. For example, labels XYZ, 
xYZ, and XyZ are distinct. 

Local labels are supported using the Motorola standard syntax of a decimal 
number followed by a dollar character. They may be used between two non­
local labels and need only have unique names within that scope. Note that 
unlike GenST, starting a label with a period does not signify a local label. 

Operation 

The operation field contains the name of an instruction, assembly directive, 
or macro. This field may not begin a line; if no label is present, then the line 
must begin with white space. If a label is present but is not followed by a 
colon, then white space must separate the label and operation fields. 

The case of this field is not significant. That is, operation MOVE is the same 
as move, this applies equally to macros. 

O perands 

The operands field contains zero or more expressions, depending on the 
particular operation. For some operations, the operands field is optional or 
never used. Expressions are composed of constants, variables, and operators. 

A constant is a decimal, hexadecimal, octal, or binary number. The default 
number base is decimal, and the other bases are indicated by a prefix: 

Number Representations 

Nwnber Representation Example 

Decimal a string of decimal digits 1 234 

Hexadecimal $ followed by a string of hex digits $89AB 

Octal @ followed by a string of octal digits @743 

Binary % followed by zeros and ones %1 01 1 01 1 1  

ASCII Up to 4 ASCII characters within ' AC9T ' 
Literal  quotes 

A variable is a label name or a name defined via an assembler directive. The 
special variable, • (asterisk) can be used to signify the current program 
counter. 
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-- -l 

I- .... 

-- -

... -

.. -

... -

... -

. .-; -

-= ;.-. 

·MC :all 

IL =-

� ;mi 

An operator is one of the following: 

0 d Operator Meaning r er 

1 -
-

2 < <  

> > 

3 & 
I 

4 . 

I 
% 

5 -
I= 
< 

<= 

> 
>= 
+ 

-

6 " 

Unary minus 

Bitwise NOT 

Left shift 

Right shift 

B itwise AND 

Bitwise OR 

Multiply 

Divide 

Modulo 

Equal to 

Not equal to 

Less than 

Less than or equal to 

Greater than 

Greater than or equal to 

Add 

Subtract 

Bitwise Exclusive OR 

The Order column indicates the order in which 
d 

ofr�!to
l�ft

a�� �r����
s;�; 

Operators of the sam� precedence are processe 

example, in the expression 

ABC+DEF* - PDQ 

��::��=t���i�:o��a�h�u�������n 
f�=t���!��;::n � ��� �s�lt�f l��a:!��h=:� 

as in, 

(ABC+DEF ) * - PDQ 

· 32 bit value An absolute expression is one that 
Each �xpress

l
10n rep

t
res

t
ent

(
s
l1
"ateral or equated) while a relocatable expression 

contams on y cons an s ' . r k" 
contains symbols whose value is determined during m mg. 
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Comment 

This field is any text appearing after an operation, associated operands and 
white space. A comment may also be specified after a label or on a blank line 
when prefixed with a semi-colon or asterisk. 

!Addressing modes 
The addressing modes supported by the Lattice assembler are as follows: 

Mode Example 

Dn add . w  d 1 , d0 

An addq . w  # 1 , a 1 

(An ) add . w  ( a 1 ) , d0 

(An ) +  add . w  ( a1 ) + , d0 

- (An )  add . w  - ( a 1 ) , do 

d 1 6 (An )  add . w  1 0 ( a1 ) , d0 

dS (An , Xn )  add .w  1 0 ( a 1 , a2 . l ) , d0 

bd (An , Xn ) add . w $ 1 0000 ( a 1 , a2 . 1 ) ,  dO ('020 only) 

( [ bd , An ] , Xn , od )  add . w  ( [ 1 0 ,  a 1 ] , a 2  . 1 ,  20 ) , d O  ('020 only) 

( [ bd , An , Xn ] , od )  add . w  ( [ 1 0 ,  a 1 , a 2  . 1  J , 20 ) , d O  ('020 only) 

( xxx ) . W  add . w  ( 1 00 )  . w , dO 

( xxx ) . L  add . l  ( 1 00 ) . 1 , dO 

#<data> add . l  #1 00 , dO 

d 1 6 ( pc )  add . w  1 0 ( pc ) , d0 

dB ( pc , Xn )  add . w  1 0 ( pc , a2 . l ) , dO 

bd ( pc , Xn )  add . w  $ 1 0000 ( pc , a2 . l ) ('020 only) 

( [ bd , pc ] , Xn , od ) add . w ( [ 1 O ,  pc ] , a2 . 1 ,  20 ) , dO ('020 only) 

( [ bd , pc , Xn ] , od ) add . w  ( [ 1 0 ,  pc , a 2  . 1 ]  , 20 ) , d O  ('020 only) 
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where: 

d8 8 bit number 

d 1 6 16 bit number 

bd 32 bit byte displacement 

od 32 bit outer displacement 

All Address register (a0-a7) 

On Data register (d0-d7) 

Xn Index register (d0-d7 /a0-a7) 

Note that all the operands of the addressing modes marked 68020 are 
optional. 

Data for the 68881 floating point instructions may be specified using floating 
point notation, i.e. 

_.#2 . 1  
... #2 . 1 E+1 0 

will be converted into the proper floating point formats according to the type 
of instruction. For example, in the following instruction: 

fmove . s  #2 . 1 , fp 1  

The 2. 1 would be  in  single precision. Other sizes allowed are: 

fmove . d  
fmove . x  

#2 . 1 , fp 1  ; double precision 
#2 . 1 , fp 1  ; extended precision 

Note that the packed data format is not converted for y�u.  Also if you want 
to specify the bit pattern by hand you may use the following formats: 

fmove . s  
fmove . d  
fmove . x  

#$1 2345678 , fp1  
#$1 23456781 234568 , fp 1  
#$1 23456781 23456781 2345678 , fp 1  

3 2  bit 
64 bit 
96 bit 

You can also specify the constants in octal (i .e. � 1 2 34567 1 2) or binary (i.e. 

%0 1 1 0 1 1 0 1 00 1 1 0 1 0 1 ). 
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!Using the Assembler 
The assembler can be  run via the following command: 

asm ( >listf ile ) ( option s ) filename 

Optional fields are enclosed in brackets, and all fields are described below: 

>l i stfi le 

Causes the listing and error message output of  the assembler to  be  directed to 
the specified file. 

options 

Assembler options are specified as a minus sign followed by a single letter· in 
some cases, additional text may be appended. The letter may be in either 
upper or lower case. Each option must be specified separately with a 
separate minus and letter. The options are: 

' 

-d 

- lpfx 

This option has two uses. It activates the debugging mode (in the same 
war as the com

_
piler -d l option) or it defines symbols. When used to 

define symbols 1t may be used in the following ways. 

- dsymbol 
Causes symbol to be defined as if your source file had the sta tement: 

symbol EQU 1 

·dsymbol=value 

Causes symbol to be defined as if your source file had the 
sta tement: 

symbol Eau value 

�pecifies th�t INCLUD
_
E files are to be searched for by prefixing the 

filename with the strmg pfx, unless the filename in the INCWDE 
st

_
atement is alr�ady prefixed by a drive or directory specifier. Up to 4 

different -I strings may be specified in the same command. No 
inten:ening ?lanks are permitted in the string following the -1. Note 
that if a directory name is to be specified as a prefix, a trailing 
backslash must be supplied. 
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·Hilst) 

-m 

When an unprefixed INCLUDE filename is encountered, the current 
d irectory is searched first; then file names are constructed and 
searched for, using prefixes specified in -I options, in the same left-to­
right order as they were supplied on the command line. 

Causes a listing of the source file to be written to the standard output. 
The listing displays the appropriate program counter and code 
information alongside the assembly source. One or more of the 
following characters may be appended to the - I option, with the 
following effects: 

m 

x 

List the source for text from I NC LUDE  files as well as the 
original source file. 

List additional data generated for source lines which cannot be 
accommodated alongside the original source line (i .e. allows 
multiple listing lines for each source line). 

List the expansion text for macros. 

This option controls whether warnings are generated when 68020 code 
is encountered. The -m must be immediately followed by one of the 
letters from the following list: 

0 Used for 68000 target. Provides warning flags if you attempt to 
use 68020 only instructions. This is the default case. 

2 Used for 68020 target. Turns off the warnings supplied in the 
-mo option. 

3 Used for 68030 target. 

-opfx Specifies that the output filename (the . o  file). If a directory name is 
specified the output name is formed by prefixing the input filename 
( the .s file which is being assembled) with pfx . Any drive or 
d irectory prefixes originally attached to the input filename are 
discarded before the new prefix is added. No intervening blanks are 
permitted in the string following the -o . Note that if a directory 
name is to be specified as a prefix, a trailing backslash m ust be 
supplied. 

-u This option automatically prefixes all external references with an 
underline (_} . If references to C labels have already been prefixed 
with an underline, the option is not needed. 

-w This option works like the option -dSHORTINT. 
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filename 

Specifies the name of the source file to be assembled. This is the only 
required field on the command line. If the name does not have an extension . s 
is assumed. The object file will have the same name as the source file, except 
that the source file extension is replaced with .o . 
For example, the following command causes the assembly language source file 
modn .s to be assembled, producing the object file modn.o .  A listing of the 
source file, along with any error messages generated, will be written to the 
file modn. lst. 

asm >modn . lst - 1  modn 

!Assembler Di rectives 
The assembler handles all the 68000, 68020, and 68030 instructions using the s tandard Motorola syntax. Assembler directives are instructions to the assembler rather than instructions to be translated directly into object code. 

Note that although the IDNT, PAGE, SPC and TIL directives are recognised, 
they are not supported and do not cause errors to be generated in order to 
provide compatibility with other assemblers. Also, as with instruction 
mnemonics, directives cannot begin in the first character of the source line. 

CNOP offset.alignment 

This directive aligns the program counter using the given byte alignment and offset. For example, 

cnop 1 , 4 

aligns the program counter one byte past the next long-word boundary relative to the start of the current section. Note that 

cnop 0 , 2  

is equivalent to the EVEN directive found in other assemblers and will ensure 
that the following data is aligned on an even address (i.e. a word boundary). 
This is normally only necessary when 68000 instructions follow byte-aligned 
data as the DC and DS directives word-align automatically. 

CSE CT name(,type,alignment,reltype,relslze) 

Defines a program control section. Some form of section must be defined before 
any data can be generated. All parameters are optional except name and 
have the following functions: 
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name 

type 

align 

reltype 

relslze 

is the control section name, note that this is case sensitive. 

ma be CODE (or O) for instructions, DAT A (or 1) for initialised 
dat�, or BSS (or 2) for uninitialised data sections; the default value 
is 0. 

s ecifies the alignment requirements �f the control secti<;>n as a �wer of 2; this parameter is currently ignored and all sect10ns are fongword aligned. 

s ecifies the relocation type, which determines the ��f�ult 
a�dressing mode to be used for all symbol referenc� and defm1hons 
from within the control section. The default value is 0. 

'f' s the size in bytes of the relocation data for the section; spec1 ie , ' d . b . tions for the default value is 4. Legal type an s1z� co� ma . 
relocation information on the 68000 are summarised m the following 
table: 

Type Size (bytes) Description 

0 4 Absolute long addressing (default) 

0 2 Absolute short addressing 

1 2 PC-relative offset (PC) 

2 2 Address-register-relative offset (A4) 

A discussion of the use of CSECT directives which are compatible with the -b 
and -r options of the C compiler appears later. 

(label) DC.B expression(,expression) 
(label) DC.W expression(,expression) 
(label) DC.L expression(,expresslon) 

These directives define constants in memory. They may ha�e o�� �r 
1 IDO_fi operands, separated by commas. The constants and any associate a e �1 

be aligned on a word boundary for DC .W and DC . L. You may also specify 
string expressions for DC.B  within single or double quotes. 

Be very careful about spaces in DC  directives, as a space is the delimiter 
before a comment. For example, the line 

dc . b  1 , 2 , 3  , 4 

will only generate 3 bytes - the , 4 will be taken as a comment. 
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( label) 
(label) 
(label) 

DS.B 
DS.W 
DS. L  

expression 
expression 
expression 

!hese directives reserve uninitialised memory locations. Any label specified 
is set to the star! of 

.
the area, whi�h will lie on a word boundary for the �S.W and DS.L direchv�. If .used within � BSS section, the reserved space is 

simply added to the section size and no object code is generated. 

For example, each of these lines will reserve 8 bytes of space in different 
ways: 

END 

ds . b  8 
ds . w  4 
ds . l  2 

Signifies the end of program source. 

ENDM 

Terminates a macro definition. Must be used after a MACRO directive. 

label EQU expression 

Thi� directive permanently assigns the value and type of a given label to be 
eqmval�nt to the �xpression. If there is an error or forward reference in the 
expression, the assignment will not be made. 

IDNT string 

Currently ignored, provided for compatibility only. 

INCBIN filename 

Includ
.
es a binary file, verba�im, in the output file. Suggested uses include 

g�aph1cs data and ASCII files. You may specify a drive specifier and 
d!rectory for I N C B I N ,  otherwise it will default to searching the current 
directory. 

INCLUDE filename 

This directive will take source code from a file on disk and assemble it 
exact� as tho�gh it were present in the text. The directive must be followed �y a 1lename m normal GEMDOS format. If a drive specifier or directory is 
mcluded, the entire filename must be surrounded by quotes, e.g. 

include " b : \ constant s \ heade r . s •  
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In the absence of a drive specifier, the filename is taken to be relative to the 

current directory and any include directories specified on the command line 

are also searched. 

Include directives may be nested up to 16  levels and if any error occurs when 

trying to open the file or read it, assembly will be aborted with a fatal error. 

LIST 

Tums on the assembly listing. All subsequent lines will be listed until an 8'D 
directive is reached, the end of the text is reached, or a NOLIST directive is 
encountered. 

( label) MACRO 

This starts a macro definition causing all following lines to be copied into a 

macro buffer until a matching MEXIT directive is encountered. The presence of 

a label determines whether Motorola-style macros are to be used. Refer to the 

macro definition section for a more detailed explanation. 

MEXIT 

This can be used as part of a MACRO definition to stop the current macro 

expansion prematurefy, usually as a result of a conditional. 

NARG 

This is not a directive but a reserved symbol. Its value is the number of 
parameters passed to the current macro. Note that \ # may be used as a 
synonym for NARG. 

NOLIST 

Switches the assembly listing off. 

OFFSET (expression) 

The OFFSET directive switches code generation to a special dummy section for 
the generation of absolute labels. The optional expression sets the value for 
the first label, otherwise zero is used. No bytes are written to the disk and 
the only directive allowed is DS. This can be used to generate labels which 
represent offsets into a data structure. For example, 

next 
t itle 

The Assembler 

offset 
ds . l  
ds . b  

1 0  
1 
32 
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will assign the value of 1 0  to the label next  and 1 4  to t i t l e  (i.e. I longword 
after ne xt) .  To return to ordinary code generation, use the CSECT or SECTION 
directive. 

PAGE 

Currently ignored, provided for compatibility only. 
RORG expression 

This directive changes the program counter to the specified number of bytes 
from the start of the current section. Note that the value specified must be 
less than the current PC. 

SECTION name(,type) 

Define a program section. There are no restrictions on name and the optional type may be one of the following (in upper or lower case): 
C<X:E 
DATA 
BSS 

code section (instructions) 
data section (initialised data) 
BSS section (uninitialised data) 

The default type is CODE. Note that the SECTION directive is a subset of the CSECT directive which is explained in greater detail elsewhere. 
label S ET expression 

This is similar to EQU, but the assignment is only temporary and can be changed with a subsequent SET directive. Forward references cannot be used in the expression. 

TTL string 

Currently ignored, provided for compatibility only. 
XDEF symbol(,symbol • . .  ) 

Defined symbols may be exported using XDEF; the symbol type (relocatable or absolute) will also be exported. 

XREF sym bol(,symbol . . .  ) 

This defines labels to be imported from other programs or modules. If any of 
the labels specified are already defined an error will occur, although 
importing a label more than once is accepted . Note that the symbol will 
inherit the relocation type of the control section in which it appears. 
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Conditional  Assem bly 

to write a comprehensive source Conditional assembly allows the P��p.r��[ 
the start of the conditional block program th

b
at can co

f
v
t
e
h
r
e
m
m
a::y

c
l�ndi���ti�es and at the end of each block there there must e one o 

must be a corresponding ENDC directive. 

I F  
IFEQ 
IFNE 
I FGT 
IFGE 
I F LT 
IFLE 

expression 
expression 
expression 
expression 
expression 
expression 
expression 

h ion compare it with zero and then These directives evalu�e t � .express
the ' result The conditions correspond ���:t��o�al:�e 

a:����l:on���n 
1�;d�: with the �xception of the IF directive, 

which is identical to IFNE. 

IFD label 
IFND label 

d. h th r a label is defined or not. These directives allow control depen mg on w . e e . h • th IFND With I FD, assembly is switched on i �  the labe� is  defmed, w ereas Wl 
assembly is switched on if the label is not defmed. 

IFC 
IFNC 

'string l ' , 'string2' 
'string 1 ' ,  'string2' 

Primarily for use within macros, these directives perform 
_
a �ase-sensit� 

com arison of two strings, both of which must be enclosed w1thm quotes. 
will �nly assemble the block if the strings match exactly, whereas IFNC does 
not assemble if the strings match. 

ELSE 

Toggles conditional assembly on or off. If the precedi?g conditi��al b���
c
�:s 

assembled, E LSE will cause assembly to stop until a mate mg 
encountered, and vice-versa. 

ENDC 

This directive terminates the current level of conditional assembly. If there 
are more ENDCs than IFs, an error will be reported. 
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!Macro Defin ition 
Asm supports two styles of  macro definition. Motorola standard macros are 
defined via the following sequence: 

name MACRO 

ENDM 

The definition must begin with the macro name followed by the directive 
M A C R O .  This is followed by the lines that comprise the macro itself, 
terminated by the ENDM directive. The MEXIT directive may also be used 
within the macro to terminate the macro early. Using this method of 
definition, macro parameters are referenced by a backslash and a number, for 
example 

move . w  \ 2 , ( aO )  

which would substitute the second macro parameter for \ 2 .  Alternatively, you 
may wish to use the second form of macro definition which is more flexible 
although non-standard: 

MACRO 
name [ arglist ] 
... 

ENDM 

With this system the MACRO directive must appear first, followed by a line 
showing a model of how the macro will be called. The argllst is a comma­
separated list of argument strings which provide macro parameter names and 
default values in the following format: 

a rg [ =default ] 

where arg is an identifier which can be used within the macro to refer to the 
corresponding argument text in the macro invocation and default is a string 
that will be associated with arg when that argument is not provided by a 
particular macro invocation. Note that default must be enclosed in single or 
double quotes if it contains any white space characters. 

Both formats of macro definition support the NARG reserved word - and its 
alternative syntax of \ # - which will be substituted with the number of 
macro arguments. Also, quoted strings may be passed as macro parameters. 

In order to define labels within a macro you should use the special symbol 
\ @ . This causes the assembler to generate a unique number each time the 
macro is used, preventing multiple definitions of the same label. 
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The following example illustrates macro definition using the second style: 

min W 

MACRO 
MINWORD source=# 1 00 , dest 
cmp .w  sou rce , dest 
blt . b  min\ il  
move . w  source , dest 

ENDM 

The macro name is MINWORD and it could be invoked in the following way: 

MINWORD , d2 
rts 

resulting in the instructions, 

min . O  

cmp . w  
blt . b  
move . w  

rts 

# 1 00 , d2 
min . O  
# 1 00 , d2 

N t that the default value of #100 was substituted because the first 
p;a

e
meter was omitted and that \@ was replaced by .0 (calling the macro a 

second time would use . l etc.). 

!Interfacing C with Assembly Language I 
The aim of this section is to discuss the conventions which a program m�st 
follow when interfacing to C. Attention is given to features of the �thee 
assembler, Asm, which assist in writing such code and some of the p1tf�lls 
which can occur. Full examples of both C calling an assembly language �outme 
and assembly calling a C function are given towards the end of the section. 

The following list covers the main points which you should �ear in mi�d 
when writing assembly code for �se with <:=· Each of these 1s covered m 
greater detail with examples later m the section. 

• 

• 

• 

Separate control sections containing definitions or ext�r��l �eferences 
should be defined for code, initialised data and ummtlahsed data 
(BSS) via the CSECT or SECTION directives. 

Code references (including function calls
_
) �ay . u�e PC-relative 

addressing or branch instructions if the function 1s w1thm a 32K range, 
otherwise you should use absolute addressing (i.e. a JSR instruction). 

Data references for near data should use register A4 as a base pointer 
whereas far data must use absolute addressing. 
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• Near data must be defined in the named section _MERGED. 

Standard argument passing functions are prefixed by an underscore (j 
and use values pushed onto the stack. 

• 

Register passing functions have a prefix of @ and place some arguments 
in registers with the remainder on the stack. 

• 

• The __ asm specifier can be used to determine which register each 
function argument is passed in, with certain limitations. 

• The size of type Int may vary between word and long. Also, type char 
may be signed or unsigned depending upon compiler options. 

• Return values appear in DO with D l also being used for double valu�. 
Note that the condition codes after a function call cannot  be rehed 
upon. 

• A function may only corrupt registers DO-D l /AO-A l ,  all others must be 
preserved, including 68881 floating point registers (except for FPO/FP 1 )  
if used. 

Control Sections 

In order for an assembly language program to link correctly with C object files 
you must use named control sections . The Lattice assembler provides this 
facility through the SECTION and CSECT directives. The latter of these 
provides more powerful options concerning automatic conversion of addressing 
modes, although in many cases you can simply use SECTION, A summary of 
both options can be found in the assembly directives section. 

Programs should be divided into code (assembly language instructions and 
routines), data (initialised data and constants) and BSS (uninitialised data) 
sections. Each of these is described in greater detail below. 

Code Sections 

All assembly language instructions should appear within code sections. The 
two simplest form of directives you can use to specify a code section are: 

SECTION name 
CSE CT name 

where name is the control section name. The compiler uses the default 
section name of text for all code generation although you may wish to use 
different names to identify program modules. 
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Any functions defined within a code section can be called from the same 
module with a branch or jump to subroutine instruction which you may wish to 
make PC-relative. However, in order to make a function visible to other 
modules when the program is linked you must define it as an external 
definition, for example, 

XDEF newt able 

would make the function newtable callable from any other module. You 
should take into account that the C compiler automatically prefixes all 
external references with an underscore character (_). The XREF directive may 
be used to access an external reference which is defined in another module. 

The CSECT directive may also be used to specify additional information 
about the control section; its general format is: 

CSE CT name , type , align , reltype , relsize 

Only the name parameter must be present; it specifies the name of the 
control section. The type parameter describes the type of section; code, data 
or BSS (the values 0, 1 and 2 may also be used) .  The al ign parameter 
specifies the alignment requirements of the control section. The last two 
parameters, re l type and relslze, specify the type and size of r�location 
information associated with symbols declared withm the control section. 

For example, the section directives described previously are equivalent to: 

CSE CT name , code , 4 , 0 , 4  

which is interpreted as a named code section, aligned on a longword 
boundary, defaulting to absolute longword addressing for symbols. The final 
two parameters can be used in code sections to automatically convert absolute 
long addressing to PC-relative for more compact code, as in 

CSE CT 
XREF 
JSR 

text , 0 , , 1 , 2 
function ::::function 

Note that we have used the number 0 rather than code and the alignment 
parameter has been omitted as all sections are longword aligned. The JSR 
instruction will actually be assembled as 

JSR _function ( PC )  

because we have specified a relocation type o f  PC-relative. To  override this 
you may move the XREF out of the PC-relative section. It is also possible to 
use several code sections with different relocation types, the assembler will 
only use PC-relative addressing for symbols declared in the correct sections. 
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The advantage of using CSECT to provide PC-relative instructions is tha t  changing a single CSECT directive gives you the ability to  transform all external references. This provides you with an equivalent mechanism to that provided by the -r option on le. 
To call a C function from an assembly language module, you must always include an XREF declaration for the function. Before calling the function (via JSR or BSR), you must supply any expected arguments in the proper order either on the stack or in registers, depending upon the style of parameter passing employed by the function. After control returns from the called function, the stack pointer must be adjusted to account for any pushed arguments. 

XREF _cfunc 

MOVE . L  
MOVE . L  
JSR 
ADDO . W  

DO , - (A7 ) 
D1 , - (A7 ) 

cfunc 
NB , A7 

; push a rgument 

; call function 
; restore stack pointer 

This code fragment illustrates stack parameter passing, more details can be found in the relevant section. Remember to prefix function names with an underscore U or @ symbol accordingly. 
Data Sections 

There are two types of control sections in which program data can be held; data and BSS  sections (described later). The first of these is for initialised data and constants and may be defined with either of the following directives, 

SECTION name , data 
CSECT name , data 

where name is the control section name. The compiler uses two names for 
data sections; data for far data (this is accessed with absolute long 
addressing) and __ MERGED (the program's near data, accessed as a base­
relative offset from register A4). Examples of instructions used to access each 
type of data are 
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move . w  
move . w  

f a rdata , do 
neardata ( a4 ) , d 1  
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. bl which is accessed by a C program you When defining global data m assem YI ' th an XDEF directive. The C source d 1 th symbol as an externa w1 . must ec �re I d
e 

extern declaration of the correct type. For example, this must also me u e an . assembly program defines a global vanable: 

CSE CT 
XDEF 

_ent rynum DC . W  
END 

asmdat a , data 
_entrynum 

1 5  

f d ' th a n  underscore This can be done Note that data �s always pr� ixe 
Th

w1
corresponding C �ode to declare the automatically via the -u optmn. e 

variable is as follows, 

extern unsigned short far  ent rynum ; 

. f ecifying a near data section, i.e. The Lattice assembler provides a way o sp . . d ff A4 All I ' ' th' a 32K range which is accesse o · where all the data ies wi m 
1 declared within such a control section absolute lon�ord references t

t
o 

d
s�bfh� address-register-relative addressing will automatically be conver e o 

mode. This is done through the CSECT directive: 

CSECT �MERGED , data , , 2 , 2  

where the case of the section nam�. is imf��tan:i
i
!:r::ct��e� t�!s ��:�

g
�o�

h
= 

direct equivalent to the -b op IO� �or a�y data by simply placing it in an arrangement and thus the access mo e . d . appropriate control section. Consider the followmg co e. 

globl 

SECTION text 
move . w  globl , dO 
move . 1  _otherdata , d1 
rts 

CSE CT 
XREF 
DC .W  

MERGED,  1 ,  , 2 , 2  
otherdata 
42 

The move instructions will actually be assembled as 

move . w  global ( a4 ) , d0 
move . 1  _ot herdata ( a4 ) , d 1 

because the symbols were declared in a near data section. 
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BSS and Offset Sections 

The seco�d form of data section is the BSS or uninitialised data section. It 
behav� m 

.
exactly the �ame way as a regular data section except that the 

only. directive. a.ll.o�ed IS the D� directive. By placing all data which you 
r�qu1re to be 1mtJahsed to zero m the BSS section you can save considerable 
file space because no data is actually written, the size of the section is merely 
remembered. 

The directives to start a BSS section are identical to data sections in every 
respect other than the section type. The special section name of MERGED is 
also recognised for near data in a similar way to that describedpreviously. 

Although visibly very similar to a BSS section, an offset section describes 
m�rely the layout of data and not actually a specific instance of it. The 
pnmaiy use of the OFFSET directive is to provide a simple way to declare 
offsets mto data structures. For example, here is a structure described in C: 

st ruct 

} ; 

NameNode { 
st ruct NameNode * next ; 
st ruct NameNode *pre v ;  
int uses ; 
unsigned char name [ 1 6 J ; 

In ord�r to use thi� structure from an assembly language program, we must use 
numer�cal offsets mto the structure. To aid readability and maintainability 
we �IS� to us� srmbols which refer to each element. The following 
description provides Just that: 

OFFSET 
nn_next DS . L  1 
nn_prev DS . L  1 

IFD SHORTINT 
nn_uses DS .W  1 

ELSE 
nn_uses DS . L  

ENDC 
nn name DS . B  1 6  
sileof_nn DS . B  0 

This does not generate any code, simply offset values. The symbols nn next 
nn_pr�v and nn_uses will be set to the absolute values of o, 4 ;nd B 
respectively. The prefix of nn_ has been added to avoid possible name 
clashes. wi th other symbols and the dummy entry slzeof nn provides a 
convenient way of referring to the size of the entire structure. -
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A conditional block has been used around the integer field because the length 
of an integer may vary between word and longword. Using this method, re­
assembling the source with the -w flag for short integers will automatically 
generate the correct offsets. Some code which accesses this s tructure might 
look like the following: 

lea 
subq . w  
move . !  
rts 

f irst node ( a4 ) , ao 
# 1 , nn_uses ( aO )  
nn_next ( aO ) , aO 

Function Entry Rules 

There are several rules which the compiler enforces to provide a mechanism 

for calling functions. These rules must also be followed by assembly 

programmers wishing to interface with C. 

Regardless of how the function was called, register A7 (the stack pointer) 

always points to a return address: Regist�r A4 po�nts into a program'
_
s near 

data to allow base-relative addressing as discussed m the previous section. 

Depending upon the style o_f parameter passing employe� by a. particular 

function, parameters may either be found on the stack, m registers o� a 

combination of both. Arguments are always passed by value. An explanation 

of the three methods of parameter passing follows. 

Standard Arguments 

This is the default method of parameter passing where all function arguments 
are placed on the stack immediately before the return address. The _stdargs 
keyword may also be used in a function prototype or definition to force stack 
parameters. Note that functions which take a variable number of parameters 
always use standard argument passing. 

Register A 7 is the stack pointer which points to the 4-byte return address 
followed by the arguments in left-to-right order. Arguments can then be 
accessed as an offset from the stack pointer. The exact location of the 
parameters on the stack depends on the argument types and the current flags. 
Considering the default long integer mode, for the function call: 

char ccc ; 
double ddd ; 
int iii ; 
func ( ccc , ddd , iii ) ; 

The Assembler Lattice C 5 Page 23 1 



The co?'�il�r generates code to extend each of the parameters to the size of 
��

d
i�� ;

o
;t 

e
�
a
����er and then push the arguments onto the stack in reverse 

move . l  
movem . l  
ext . w  
ext . l  
move . l  

dO , - ( sp )  
d2 - d3 , - ( sp )  
d 1  
d 1  
d 1 , - ( sp )  

This results in a stack organised in the following way: 

Location Size Contents 

(A7 )  4 Return address 

4 (A7 ) 4 Argument ccc 

8 (A7 ) 8 Argument ddd 

1 6 (A7 ) 4 Argument iii 
om arison in By c P , default short mteger mode (option -w) the com iler would fy

e�:s
ra!�g�t

d�y
t::J'a

u
n
sh
d 

t
t
h
w
e a

b
rgu

t 
men ts CC<?, ddd, and I l l onto the sta! using two 

' o y es, respectively: 

Location 

(A7 ) 
4 (A7 ) 
6 (A7 ) 
1 4 (A7 ) 

move . w  
movem . l  
ext . w  
move . w  

Size 

4 

2 

8 

2 

dO , - ( Sp )  
d2 - d3 , - ( sp )  
d 1  
d 1 , - ( sp ) 

Contents 

Return address 

Argument ccc 

Argument ddd 

Argument Ill 

Note that �u� to the widening of char types to the size of an Int, the actual 
parameter is m the low byte of the Int although the full 1· t l 

d Al 
n eger va ue may be 

�!��din�ou�����!��1:;��t�':. r may be signed (the default) or unsigned 
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If a structure or union is passed by value to a function, then the contents of the 

aggregate are copied onto the stack with the last element pushed first. In 

effect you receive a complete copy of the aggregate on the stack followed by a 

single byte for alignment if necessary. 

Stack space occupied by function arguments may be used by the function as 

temporary workspace once the values are no longer needed. 

Register Arguments 

If a function is explicitly declared _ _  regargs or is called from a module 

compiled with the -rr option, some arguments are passed in registers instead 

of on the stack. Note that functions which accept a variable number of 

parameters always use the previous style of parameter passing. 

With register parameters, the first two pointer arguments will appear in NJ 

and A 1 ,  and the first two integral arguments will be in DO/Dl and widened to 

an I nt if necessary as previously described. Structures, unions and double 

precision floating point numbers, along with any parameters not placed in 

registers are passed via the stack in the usual way. 

Obviously, the function needs to know whether it is being called with some 

arguments in registers or with all arguments on the stack. The compiler helps 

make this distinction by placing the character @ in front of function names 

that are called with register arguments, replacing the underscore that the 

compiler normally supplies as a function prefix. 

The _asm Keyword 

Providing much greater control over register passing, the __ asm keyword 

allows you to specify exactly which registers parameters are to be passed in. 

It can be used in both function definitions and declarations: 

int �asm mymax ( regist e r  _do int , reg ister �d 1  int ) ; 

int _asm myfun ( i , p  ) 
register dO int i ;  
register :=::a 1  char • p ;  

I n  order for the register specifier sequence t o  b e  used, you must have the 

_asm keyword specified on the function. If you do use the _asm keyword, 

you mus t  specify a register for each parameter and not re-use the same 

register for any two parameters. If you need to pass some parameters on the 

stack then you should use the _ _  regargs keyword instead. Note that 

currently the compiler is restricted to returning only basic types like long, 
double, etc. 
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In order to permit the most flexibility . . �ot limit what registers may be pass 
dm �eg1ster pa�sing, the compiler does m. which it is impossible to genera:e .c :we�er this ca� lead to situations aliased variables. To ensure that su h 

? e � at works m the presence of sho_uld avoid utilising registers that 
�

o
���uations 

l
�re not e!lcountered, you variables and instead only use the registers: 

norma y be assigned as register 
_do _ao 
_d1 _a1 
_d2 _a2 
_d3 

The best advice is to be careful h . . 

uncomfortable with it, use the -rr op�o:�f ��1
1
nfo:h1�:��;:;�

. 
and if you are 

Another mechanism which ma be used . . . the #pragma lnllne statemenr d "b 
t� ach1e�e similar effect to _asm is 

Wh_en no instruction stream is �e�;n 
ed I� det�1l elsewhere in this manual. wh!ch may use any register or fhe sta�k 

t�1s will generate a function call regJSter for the return value. 
or parameters and may use any 

Function Exit Rules 
Function return values are passed back i the data type declared for the function T

n
h
one or mo� registers, depending on · e conventions are: 

Return Data Bi ts 

char 8 

short 16 

long 32 
float 32 

double 64 
pointer 32 

Asm Syntax M earung 
DO.B Low byte of DO 
DO.W Low word of DO 
DO.L All of DO 
DO.L All of DO 
DO.L, D l .L High bits in DO 
DO.L All of DO 

Note that the above table does not mention Int should return its value as a short if . d f 
1 .  An as�embly language function 

long if not in that mode, i.e. DO. W o;�O�L�u t short mteger mode (-W) or as a 
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If the function returns a structure or union, it must define a static work area 
(i.e. not on the stack) to temporarily hold the returned object. Then the 
function must return in DO a pointer to this temporary copy, and the calling 
function will immediately move the data to the appropriate place. This 
approach implies that functions returning structures or unions are not re­
entrant, although they are serially re-usable. Such functions can be recursive 
if designed very carefully with this in mind. 

The registers D2 through D7 and A2 through A6 must be saved if they are 
used by the function, similarly if a 68881 maths co-processor is present (only 
possible on 68020 or 68030 systems) and any of the floating point registers FP2 
through FP7 is used, they must also be saved. 

After setting up the return value, a function exits with the RTS instruction. 
Note that the calling function removes the arguments from the stack. 

Call ing Assembly from C 

To illustrate how the rules governing C functions affect an assembly language 
routine we have chosen a short example which can be implemented either as 
C calling assembly, or assembly calling C (the C and assembly object modules 
must be linked with the startup code and appropriate libraries). It illustrates 
many of the points made previously and can be used as a basis for your own 
function calls. 

The function returns a hash value calculated by adding together the ASCII 
codes of each character in the supplied string up to a specified length. This 
value is then divided by the number held in the global variable maxhash 
and the remainder (or modulo) is returned. 

The calling program simply defines and initialises the variable maxhash 
and calls the hash function with a sample string. Implemented in C, this is 
as follows: 

u nsigned short maxhash ;  / *  def inition * /  
/ *  declaration ( prototype ) * /  
u nsigned int hash ( unsigned int length , const char * s t ring ) ; 

void main ( void ) 
{ 

} 

unsigned int result ; 

maxhash = 1 01 ; 
result = hash ( 4 , ' Banana ' ) ;  

The hash function coded in assembly language for default addressing modes, 
parameter passing and types: 
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CSE CT 
XDEF 
XREF 

hash -

movem . l  
@hash 

move . !  
moveq 
bra . s  

2$ move . b  
ext . w  
ext . !  
add . !  

1 $  subq . l  
bcc . s  
di vu 
clr . w  
swap 
move . !  
move . !  
rts 

END 

text , code cont rol section 
_hash , @hash declarat ions 
_max hash imported global 

4 ( sp ) , dO / aO 
; stdargs entry point 
get the parameters 

d2 , - ( sp )  
; regargs entry point 

#O , d2 
preserve register 

1 $  
( a0 ) + , d 1 
d 1  
d 1  
d 1 , d2 
#1 , dO 
2$ 
_maxhash ( a4 ) , d2 
d2 make result 32- bit 
d2 get remainder 
d2 , d0 return value in DO 
( sp ) + , d2 restore register 

Any labels available to the C program are prefixed by an underscore 
ch�racter (__) ?r @ .  Note that for this function, it is easy to rovide an entr romt for register parameter calling by simply bypassing �he code which /:iads. arguments from . the st�ck into registers for use by the body of the 

th
�ctto

d
n. If y�u

l 
are usmg register parameters as default, you may leave out 

1s co e entire y. 

The gl
.
obal variable is accessed as a base-relative offset from A4 because we �e usm� �efault near data. The function must also save 02 on the stack 

cause 1t 1s used as a temporary register and must be restored. 

Jom�ling the program with default short integers, unsigned char and far 
ata 

b
�es

l 
not change the C 

_
source although it causes many changes to the 

assem y anguage. The function must now be changed to: 

_hash 

@hash 

2$ 

1 $  
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move . w  
move . !  

move . !  
moveq 
moveq 
bra . s  

move . b  
add . !  
dbra 

4 ( sp )  , do 
6 ( sp )  , ao 

d2 , - ( sp )  
#O , d 1 
#O , d2 
1 $  

( aO ) + , d 1 
d 1 , d2 
d0 , 2$ 

Lattice c 5 

length is now a word 
changing stack off sets 

can ' t  sign extend char 

optimised loop 

The Assembler 

di vu 
swap 

move . w  
move . !  
rts 

_maxhash , d2 
d2 

d2 , d0 
( sp ) + , d2 

don ' t  clear high word 

Note that the parameters now have different offsets on the stack, characters 
can no longer be sign extended and global data must be accessed using absolute 
long addressing. 

It becomes apparent that changes in compiler options such as �b or -r � 
dramatically alter the appearance of assembly code. The Lattice compiler 
provides some ways of insulating the programmer from these factors, as 
illustrated in the next section. 

Call ing C from Assembly 

This time, we will write the same program but as a C function called from 
assembly language. In order to provide the greatest flexibility whilst 
preserving code clarity, we will make use of the CSECT directive. This is the 
calling program for register arguments only: 

CSE CT text , code , , 1 , 2 
XDEF @main PC- relative 

XREF @hash 

@main regargs version 

move . w  #1 01 , maxhash 
moveq #4 , dO 
lea st ring , aO 
j sr @hash returns DO 

rts 

CSE CT �MERGED , data , , 2 , 2  
DC . B  ' Radish ' data access off A4 st ring 

CSE CT �MERGED , bss , , 2 , 2  
XDEF maxhash 

maxhash DS . W  1 
END 

Firstly, you may notice that there are no longer underscores before external 
labels. This is because the assembler can be called with the -u option which 
automatically prefixes an underscore to all externally visible labels whilst 
being overridden by the presence of an @ symbol. 
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The relocation type and size parameters of used in order to provide automatic PC an 
the CSEC! directive have been for the relevant sections. This has the ege�4 base-relat1�e addressing modes references to string and hash to: 

t of automatically converting the 

lea t · 
J' sr 

s r1ng ( a4 ) , aO 
hash ( pc )  

Simply changing the relocation t e II gener�te the correct addressing ��de
a ��� the assembler to automatically comrder options. To override the defa�lt a

�s
d
:or�esponds directly to the C specify another, or for external s mbols ro . 
essmg mode. you may simply control section. In our exam le m

y . , p v1de an XREF m an appropriate relative section forces abI'oJ� te 
��1:g t�e

d
refer�nce to @hash outside the PC­symbol. g a ressmg for all references to that 

Specifying the special section name of M R the section contents within the progr 
- • E GED causes the linker to include relative addressing via A4. 
am s near data segment allowing base-

Now the hash function written in C: 
/ *  declaration * /  extern unsigned short maxhash · I 

unsigned
.
int �regargs 

{
hash ( uns1gned int length , const h c ar *string ) 

unsigned long total = O ; 

while ( length - - )  
total += * string++ ;  

} return total % maxhash ; 

The -;regargs keyword is present to fi . for . this function. Remember to link if� t�e complier to use register passing register parameters since we are using @m 
t
i 
e startup code and libraries for a n  rather than _main. 
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IAsm Error Messages 
Branch out of range for 8- Bit offset 

A short branch to a label outside the range of an 8-bit offset was specified. 
This can be cured by simply changing the branch size to word. 

Branch out of range for 1 6-Bit offset 

A word branch to a label outside the 16-bit range was specified. 

Can't branch short to EXTERN 

Asm does not allow short branches to an external label, causing this error. 

Can't create object file 

It was not possible to generate the object file. This can be caused by invalid -
o options, disk full, protected files, etc. 

Can't open source file 

The source file could not be opened, often caused by an incorrect filename. 

Combined output file name too large 

The object file prefix specified from the command line caused the output 
filename to exceed the maximum length of 128 characters. 

Constant size not same as relocation size 

A reference to a relative symbol conflicts with the byte size of relocation 
information for the current control section. 

Constant too large 

An invalid ROM constant number was specified for an FMOVECR instruction. 

Data generation must occur in reloc section 

A data generation operation other than DS appeared in an OFFSET section. 
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Definition symbol not found 

Internal error, should never happen. 

Duplicate label 

More than one definition of the same label was encount d ere . 

Duplicate macro definition 

A macro was defined more than once. 

Duplicate section name 

A section name was re-used illegally. 

ELSE/EN DIF not found 

An unterminated IFcc directive was encountered . 

END directive assumed (W) 

This warning notifies you that th . . 
source file being assembled. 

ere was no exphc1t END  directive in the 

Error w!itlng object file 
Execution terminated 

A DOS error occurred whilst writing the object file to disk. 

Errors detected -- Processing terminated 

This message appears at the end of the 
occurred. Any object file generated will be in���:'bly process if any errors 

External name table overflow 

e maximum of 256. The maximum number of imported labels exceeded th . 

External symbol defined 

A definition for a label also 
encountered. 

declared as an external reference was 
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Extraneous data on input line (W) 

A valid source line was followed by invalid text, which was ignored. This 

can be caused by providing too many parameters for an assembler directive. 

File name missing 

The command line did not contain a file to assemble. 

File not found 

The file specified by an INCLUDE directive could not be found. 

Generating 32 bit branch , code only valid on 68020 

This warning is generated when assembling a long branch for the 68000 

processor. 

Generation argument count 

Internal error, should never happen. 

I llegal macro definition 

The syntax of a macro definition was incorrect. 

Immediate data size error 

Immediate data too large 

An arithmetic or logical operation was specified with an out of range 

immediate value. 

Immediate mode not allowed 

An instruction which does not support immediate addressing was encountered 

with an immediate mode operand. 

Input line too large 

A source line exceeded the maximum length of 255 characters. 

Invalid Addressing Mode 

Generated by an illegal addressing mode being supplied to certain 68020 a 

floating point instructions. 
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Invalid command line option 

The assembler was invoked with an unrecognised command line option. 

Invalid control section parameter 

A CSECT directive with invalid parameters was encountered. 

Invalid Data Size 

The vector of a BKPT instruction was out of range. 

Invalid destination mode 

The second operand of an instruction was specified with an illegal addressing 
mode. 

Invalid Effective Address for Opcode 

One of the address translation cache family of instructions contained an 
illegal addressing mode. 

Invalid expression 

An OFFSET or I F  directive contained an invalid expression. This error can also 
be caused by an expression containing a divide or modulo by zero. 

Invalid fi le name 

The filename specified for an INCBIN or INCLUDE directive was not valid. 

Invalid generation function index 

The assembler attempted to generate an illegal instruction. 

Invalid Length 

A LINK instruction was encountered with an illegal stack offset. 

Invalid l ist option 

The assembler command line contained an unsupported listing option. 

Page 242 Lattice C 5 The Assembler 

I nvalid mode 

An illegal addressing mode was used with an instruction. 

Invalid opcode 

An unrecognised opcode name was encountered; this is often caused by a mis­

typed instruction. 

Invalid operands for this opcode 

This error can be caused by invalid addressing modes, data size, macro 

parameters etc. 

I nvalid origin 

An assembly directive causing incorrect data alignment or origin was found. 

Invalid relocation type/size combination 

The specified relocati?n type and relocation data size specified in a CSECT 

directive are not avallable. 

Invalid shift count 

The bit count contained in a shift or rotate instruction was out of range. 

Invalid Size 
Invalid Size Field 

Invalid Size For Mode 

Each of these errors are caused �y an invalid or unsupported data size 

extension to an instruction or addressmg mode. 

Invalid source 

A MOVES instruction was specified with an invalid source operand. 

Invalid source mode 

The first operand of an instruction contained an unsupported effective address. 

Invalid string 

A define constant or condition directive contained an invalid string. 
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Invalid symbol 

A symbol containing an illegal character or characters was declared. 
Invalid vector 

This error is generated if a TRAP instruction has an out of range vector. 
-i option ignored 

The maximum number of include directories which can be specified on the command line has been exceeded. 

k-factor out of range 

The k-factor specified for an FMOVE instruction on packed data was out of range of the legal values. 

Label ignored CW) 

The label bef�re a directive, such as a conditional, is not a recognised syntax and has been ignored. 

Label not found in pass 2 

Internal error, should never happen. 

Label offset different in pass 2 

A phasing error caused by different code being generated on the first and second pass. 

Lexical result overflow 
Lexical type error 
Lexical value overflow 

Internal errors, should never happen. 

Long Branches to EXTERNs not supported by the Linker 
The Latt!ce linkable object file format does not support branches to external labels usmg a long-word offset. 
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Macro argument too large 

A macro invocation was encountered with an argument string which was too 
long. 

Macro buffer overflow 

A macro definition was too long. 

Macro nesting level exceeded 

This error occurs when a macro definition references other macros too many 
levels deep. 

Macro substitution l ine overflow 

The substitution of macro arguments caused the line to overflow. 

Maximum Include file nesting exceeded 

The INCLUD� directive .has nested files too deeply. This is caused by included 
files referencmg other files to a number of levels. 

Missing label 

An EQU or SET directive was encountered with no corresponding label. 

Missing macro definition 

The definition of a macro could not be found. 

Must occur inside section 

A data generation directive was used outside a control section. 

Not enough memory 

The assembler ran out of memory when trying to allocate some internal buffer 
space. 

Not Inside macro definition 

An assembly directive only valid within a macro definition, such as ENDM, 
was encountered outside a macro. 
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Not inside scope of IF  directive 

An ELSE directive was found which did not lie within a conditional control 
block. 

Number Too Big 

A value in an expression overflowed the allowable range. 

Options beyond file name ignored 

Any command line options specified after, rather than before the file to be 
assembled have been ignored. 

Public symbol not defined (W) 

The program source contained an XDEF directive of a symbol which was not 
defined in the program. 

Seek error on object file 
Execution terminated 

An attempt was made to move past the end of an object file. This is usually 
caused by an invalid RORG directive. 

Target out of range 

This error is generated if a DBRA instruction to a label which is out of range 
is found. 

Too many control sections 

This error signifies that the number of SECTION or CSECT directives has 
caused more than the allowed number of sections to be generated. 

Unknown segment type 

The type specifier for a SECTION or CSECT directive was other than CODE, 
DATA or BSS. 

Unrecognized opcode 

An operation was encountered which was not recognised as a valid opcode, 
synonym or macro. 
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Value out of range for mode 

An out of range value was used in an addressing mode. 

Value out of range for PC Relative addressing 

An out of range value was used in a PC relative addressing mode. 

Warning 68020 or 68030 opcode generated (W) 

This warning is generated when a non-68000 pro�essor instr�c�ion is 

encountered and can be disabled from the command hne by spec1fymg an 

alternate processor. 

I nterna l  E rrors 

These are internal errors generated when the assembler encounters a situation 
which should not occur internally. If you encounter one of these please send us 
an example piece of source code which demonstrates the problem. 

Memory freed Incorrectly 

Mode lexical pointer error 

Section not found in pass 2 
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The Lattice C 5 Tools 
Lattice C 5 comes with several tools which are non-essential to the operation 
of the compiler, but which can enrich the programming environment. 

lh ramdsk Reset Proof RAM Disk I 
If you have a megabyte or more of RAM then you can use some of this memory 
as a very fast disk which will make a hard disk seem slow. The problem 
with many ramdisks is that they disappear when you press reset. If you are 
developing a new GEM-based program and are having problems with your 
mouse or menu you can need to reset quite often. 

RAMINST. PRG and RAMINST. RSC Jet you set up a ramdisk that will survive 
resets. Whilst this will work in 99% of cases ,occasionally, if a program 
crashes in a particularly nasty way you will Jose the contents of the ramdisk. 
To avoid this save the source code on to a real disk before running your 
program .H ramdsk will additionally copy the files and folders that you 
would like on the ramdisk automatically when you switch on. 

The version of HRAMDSK . PRG that we supply with Lattice C is configured 
for our recommend setup for users with one floppy disk and one megabyte of 
RAM as described in the Installation Guide. Before running RAM INST to 
tailor the ramdisk to your preferences, HRAMDSK. PRG should normally be in 
the AUTO folder on the current disk as this will be used as a basis for the 
ramdisk driver. 

To run RAM INST copy it just double-dick on RAM I NST . PRG.  If the driver 
cannot be found in the AUTO folder is not you will be presented with a file 
selector to enter the drive, path and file to load. Once the driver has been 
loaded, RAMINST will present you with a GEM dialog box like this: 

Lattice C 5 Tools 

Copied f l ies/Directories : 

I lla.._ 
Drhe : " :  

llsl< Siu: Jlij,Jl 
Dir lntrles:  11L 

lcim fi les I 

Save ... • '\IUTU\llUllDSl .PRIL____ 
c:mo [ill[] OfilJ 
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You can change the files and folders that are copied by clicking on one of the 
relevant fields and editing it. To clear out the existing names click on the 
Clear Flies button. 

You can use simple filenames, filenames with wildcards or directory names. If 
you specify a directory name the entire directory (and any sub-directories 
within it) will be moved to the ramdisk. Note that you can specify the drive 
from which the files are copied. 

Change the size of the ramdisk by simply modifying the Disk Size field. This 
is the amount of memory used by the disk and is slightly larger than the 
data size because some of the space is used for the directory and the file 
allocation table. You can use any size you like, subject to the available 
amount of RAM. 

Normally you can have up to 112 directory entries in your main directory (just 
like a standard floppy disk) and this is usually sufficient. However you may 
change the maximum number of directory entries using the Dir entries field of 
the dialog box. For example, if you have a two and a half Megabyte 
ramdisk and using it to store (amongst other things) all the relocatable files 
for your 100 module wonder program and don't want to put them in a sub­
directory, you can use this option to increase the number of directory entries. 

If you don't like the ramdisk being called drive M you can change this too. 
You can also change the disk, directory and file to which the driver will be 
saved. 

Finally if you wish to modify a differently installed version of the ramdisk 
you can click on the Load button and load another file. 

Note that the ramdisk is only designed to be run from the AUTO folder; it 
can't be run once the system has booted. 
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I t Header file compressor I lcompac 
. 

This command is used to create a compre�sed version of a header file tha t  
may be processed more quickly by the compiler. 

!compact infile outfile 

file by performing four basic The !compact command compresses a 
operations: 

C o m p ress i o n  

k h t a e removed Expressions are Multiple and �eaningless
d
bla

d
n 

C
c ����=��e ::U1es to det�rmine which are analysed accordmg to stan ar pr 

safe to remove. 

E l imination 

All comments and unnecessary blank lines are removed. 

Tra nsformation 

Certain sequences such a s  hex constants are �onverted
f 

into
d
��r� ef��i::: . F pie OxOOOOOO 1 1s trans orme · representat�ons. 

k
or 

,
exam 

I '.f the secondary representation is more space transformations ta e p ace on Y 1 
efficient. 

Toke n isation 

A limited number o f  cor�mon k
T
e
h
y�o

f
�ds 

d
are

se
r
t
e��c��

yw
to �

r
��g

i
l: �::����a��� 

" th th high order bit set. 1s 1xe 
ed �'ropne� and will be automatically expanded as they are encounter . 

. h d fil ·s anywhere between 20% and 75% The end result of compactmg � ea �r . e
l
1 

contents The compiler will smaller . depending up
h
on

h 
t 
d
e %1g1:� 

in)ut so that error messages will automatically expand t e ea er 1 e 
. . print out the original line (without comments for a diagnostic. 
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lomd Object Module Disassembler / �his �t
1
ility program disassembles an object file produced by the Lattic C omp1 er and produces an output listing cons' t' f bl 

e 
statements, possibly interspersed with the origina;s2��u�ce

asse
d
m y-language 

co e. 
omd >output options obj ect source 

The
d
obJ�ct field is re�uired and gives the complete object file name. That is om will not automatically supply the .o extension. 

' 

���o��� :��d
fi�13f!i��!J, �!:��e:id\��s�c!'���!d 

c�i:����c�o�r�e
w�:� 

th
e -

b. option (see the le command) to produce the debugging information in e o !ect module that allows omd to associate a particular source line with �e object .code t�at was generated. If you did not use the -d option, then th source Imes will not appear in omd's output. 
e 

The >output field is optional and redirects omd 's output fro th an output device or file Most r 
m e screen to 

to a file and then printing th� f�l��a�r;1�{! �:��� �?i:!�irecting its output 

The options field need not be prese t Th A . . only accepts the following option: 
n . e tan implementation of omd 

-x  Ov�rride the def�ult size of the buffer used to hold the external symbol ���!1��n
o��f; ��e�!t:�����;��I=���� ;:��� :!::�!!���ua s���f� increase this value if omd h symbols. 

reports t at there are too many external 

Example 

J�is example compiles MVPROG.C to produce MVPROG 0 which is then isassembled. The disassembled listing is saved in the file MYPROG. LST. 
le - d  myprog 
omd >myprog . lst myprog . o  myprog . c 
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loml  Object Module Librarian I 
The object module librarian oml can create a library file by combining object 
modules, generate a listing of the modules (and their public symbols) 
contained in a library, or manipulate modules within an existing library file. 

Library files provide a convenient way of collecting object modules to be 
presented as a group of available components during linking; the linker then 
includes only those modules from the library which are actually needed by 
the program being built. Libraries are especially useful when several 
programs make use of common subroutines, since these subroutines can be 
placed in a library file and included, as required, when the programs are 
linked . 

A library file is made up of object modules, each of which was originally a 
single file. Each module within the library is identified by a module name, 
which is normally obtained from the object module itself (the Lattice object 
module format defines a special program unit or module name record). This 
name is placed in the object module by the translator (assembler or compiler) 
program which generates it. Some modules may not contain a module name at 
all; in that case, the librarian assigns a module name of the form Snnn, 
where nnn is a decimal number indicating that the module was the nth 
un-named module encountered in the library. 

In order to perform replacement of modules within a library file, it is 
necessary to ensure that the module contains a program unit or module name. 
The Lattice C 5 Compiler and assembler always place a module name in the 
object files they produce. The current versions of the compiler and assembler 
use the name of the object file. Thus, compiling ftoc.c produces an object 
module with the name ftoc.o. 

When the linker examines a library file to find modules to be incorporated 
into a program, the module name is not important; instead, the linker decides 
if a module is needed on the basis of the public symbols it defines. A module 
may define one or more such symbols, which identify program components 
such as functions or variables. Because the presence of more than one 
definition for a symbol may cause confusion, the librarian warns when it 
examines or constructs a library file which includes multiple definitions of a 
symbol. 

Each invocation of om l specifies a particular library file upon which 
operations are to be performed. Then, a sequence of one or more commands is 
used to indicate the desired operations. 
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Commands may be specified on the command line used to execute oml, or they 
may be read from std ln , or a combination of both. If no commands are 
specified on the command line, commands are automatically read from stdin, 
which is usually the user's console but can be redirected to a file. The special 
command @ (valid only on the command line) is used to switch command 
input from the command line to stdln; an explicit file name may be attached 
to the @ to force commands to be read from that file. Commands are read 
from a file or from stdln until an end of file condition is detected; if commands 
are being read from the user's console, a Ctrl-Z must be used to end command 
input. 

Each command is specified as a single character, usually followed by a list of 
module names or object file names. Commands and file/ module names are 
separated from each other by white space. If a command is followed by one or 
more names, the first name specified is not checked as a possible command; 
thus, names which might be confused with commands must be specified as the 
first name following a command. 

The format of the command to invoke the librarian is: 

oml [ <cmdfile ] [ >listfile ] [ options ) libfile [ commands ]  

The various command line specifiers are shown in the order they must appear 
in the command. Optional specifiers are shown enclosed in brackets. 

<cmdflle Causes commands to be read from the named file, provided that 
no commands are specified on the command line or that the @ 
command (see below) is not used to force commands to be read 
from std ln . If this option is omitted and neither of the above 
conditions is met, commands are read from the user's console. 

>llstflle Causes the listing output generated by oml to be written to the 
named file. If omitted, listing output is directed to the console. 

llbflle Specifies the name of the library file to be created or 
manipula ted; this is the only command line field which must be 
present. 

Options are specified as a minus sign followed by a string of characters which 
may not include white space. The options available are: 

-b Forces the 'batch' mode of operation; in this mode no user 
interaction will occur. 
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C I 
C I 

- opfx Specifies that the output filenames for the x command are t� be 

formed by prefacing the module name with . pfx. No�� that if a 

directory name is to be specified as a prefix, a trai�mg noie 

separator (a backslash under GEMOOS) must be supplied on t e 

prefix. 

- s  

-v 

-x 

Causes a listing of the public symbols defined in the module to 

be included in the listing produced by the I command. 

Forces the 'verbose' mode of operation; in this mode the 

librarian prints out its progress to date. 

Causes a cross reference of symbols to be output in the listing 

produced by the I command. 

c mmands are specified by a single character; if alphabetic, either u�p�r or 
0 

be used They are separated from each other an rom 

��=:n�:�� ff::�r module ·name lists by any white space. The commands are: 

@fi le  Causes the remainder of command input to be read from stdln, 
or from the named file. 

d list 

r list 

Deletes the named modules from the library. Since modules 

without program unit names are assigned mod�le. nam� by the 

librarian, it may be necessary to obtain a hstmg (via the I 

command) in order to determine the assigned $nnn name for the 
module which is to be deleted. 

Causes generation of a listing of the modules in the library 
after all other requested operations have been performed . I f  

the -s 0 tion is used on  the command line which �nvok� oml, 
the Jistkg will include the public symbols defined m each 
module as well as a list of the module names themselves. 

Re laces the named object files in the library, or adds them to 
thf library if not already present. Note that replaceme_nt of 
existing modules in a library will work correctly only if .the 

file name is the same as the module name. Note that a is a 

valid synonym for r. 
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X list Extracts the named modules from the library, creating files of 
the same names. Note that if the module name includes a path 
name, the librarian will attempt to create a file with that 
name. All files are created in the current directory unless the -
o option is used; in that case, each module name is prefixed 
with the text specified on the -o option. If the special name • 

is specified in an extraction then oml will extract all files in 
the library. oml will terminate execution if an a ttempt to 
extract a module is unsuccessful. Note that it is an error to 
specify the same name in both a replacement and an extraction 
list .  

If replacement modules or deletions are specified, a new version of the library 
file will be built, provided that no errors are detected. This new version is 
created first as a temporary file; when it has been completely built, the 
original library file (if it existed) is deleted, and the temporary file 
renamed. This sequence ensures that the original l ibrary file will not be 
affected if an error is detected. 

Modules are always included in a library in topologically-sorted order, so 
that no backward references occur (except in the case of modules which 
reference each other, which are retained in the same order in which they are 
encountered). 

Warning messages are produced if a module named in a deletion or extraction 
list was not found in the library or if a second definition for a public symbol 
is encountered in one of the modules to be included. 

Exam p les 

The following examples illustrate the use of oml . Remember that replacing 
modules within a library file only works correctly if the module name is the 
same as the file name. 

Building a New Library 

Create a list of the file names of the object modules which will make up the 
library. Then create the library using the following command: 

oml new . lib r �name . 1st 

where new. l lb is the name of the library to be created, and name. 1st contains 
a list of the files to be included in the library. Note that creation of a new 
library is one occasion where the correspondence between file and module 
names is not required. 
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Extracting Modules from a Library 

Use the following command to break out all of the modules from a library: 

oml - o\ obj ect \ cfuncs . lib x 

Note that this command will be successful only if no module names �n the 

library cfuncs . l lb contain path names. A file for .each
_ 
of the modules m the 

library will be created in the directory \ object\ m thlS example. 

Deleting Modules from a Library 

Use the following command to delete modules from a library: 

oml cfuncs . lib d t r ibe . a  

This example deletes the module tribe.a from the library cfuncs. l lb. 

Listing the Modules in a Library 

Use the following command to obtain a listing of the modules and symbols in 

a library file: 

oml - s  t e st . lib 1 

The listing may be saved to a file using 1/0 redirection: 

oml >test . 1st - s  test . lib 1 
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!strip 
Symbol Strip Utility / �trip is a utility for removing the symbol tabl d . information, from an executable file. 

e an any symbolic debugging 

strip file1  ( file 2 . . .  ) 
Any number of files, which should in I d . 
a file is not executable it is simply ig:o�e�. 

any extension, may be specified. If 

Example 

This example compiles MYPROG C to rod linked and then has its symbols and d b
p . u

f
ce M�PROG.O, which is then e ug m ormatlon removed: 

le - d3 - La myprog 
strip myprog . ttp 
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lwconvert Resource Name Converter I 
Wconvert is a utility for converting the name files from the Digital 
Research and Kuma Resource Construction Sets. It is provided so that you can 
edit resource files produced using these programs with WERCS while 
retaining your names for trees and objects. 

There are two versions of this program: 

wconvert.prg lets you select the file to convert using the file selector. After 
it has converted one file it will let you select another one if you wish. 

The second version is wconvert.ttp which takes the names of the file(s) to 
convert on the command line for CLI users. Wildcards may be used with this 
version. 

Wconvert treats files differently depending on their extension: 

DEF it is assumed to be a Digital Research RCSl file. 

RSD it is assumed to be a Kuma K-RSC file (actually the same basic format 
as RCSl) .  

DFN it is assumed to be a Digital Research RCS 2 file. 

The file will be converted into a . HRD file of the same name and in the same 
directory as the old file, ready for use with WERCS. Remember to make sure 
that the Language and Case settings are correct when you edit the file with 
WERCS for the first time. 
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lwimage Image Converter I 
Wlmage is a utility for convertin f 
files into resource files. 

g parts o Neochrome and DEGAS format 

J\fter s !arting wlmage and ou will 
via a File Selector. This file Jay be a 

�� pr�mpted to enter a file to convert 

an extension of .NEO) or un-com 
oc rome format file (normally with 

.Pl2 or . Pl l ) . Wlmage knows ab���s:�d?ue!as/Deg�s Elite file (normally . Pl3, 

format files even though Neochrome itself do!:�o��gh resolution Neochrome 

Converting colour pictures to Ima es d 
GEM Icon and Images have only tw; cotn I�ns has the disadvantage that 

of Images and Icons that can be converte�u
i�i2s!�2�o;��=

·
t the maximum size 

After entering the file name the Im f . 

presented with a dialog box
,
like this�ge Ile will be loaded and you will be 
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The box above is for a low resolution picture. If the picture is a medium or 

high resolution picture then only the appropriate colours will be displayed. 

If you are converting from a low resolution picture and the screen is in low 

resolution mode then the boxes after Colour 2 etc. will be in the appropriate 

colours as displayed by Neochrome. 

This dialog box enables you to indicate which colours are to be treated as 

Data and Mask bits in the Icon or Image that wlmage produces. If Both is 

selected for a particular colour then the corresponding pixels of this colour 

will be set in both the Data and Mask .  If Data is selected they will be set in 

the Data but reset in the Mask. If Mask is selected then pixels of this colour 

will be set in the Mask but reset in the Data. If None is chosen then the bits 

will be reset in both the Data and the Mask. When importing an Image, only 

the Data setting is used. 

You will then be presented with a dialog box like this: 

Enter the area of the picture that will be converted. Indicate whether you 

are producing an Icon or an Image by clicking on the appropriate radio button. 

If you wish to use the mouse to select the area, ensure that the Use Mouse 

button is selected; this button will be disabled if this picture may not be 

displayed in the current resolution. If Use Mouse has not been selected then 

the area to import is taken from the co-ordinates entered. 

If you click on OK you will then be prompted to use a File Selector to enter 

the output file to which your Image or Icon will be written in the form of a 

resource file. This can be imported into another resource file using the Import 

Image item from the WERCS File menu. 

After the file has been saved you will be given the opportunity to import 

another image or to quit the Wlmage program. 
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Appendix A 
I mplementation 

Behaviou r 
This appendix tries to detail the areas Lattice C 5 which are traditionally 
different across compilers, and often left undefined. Reliance on any of this 
information will, in general produce non-portable programs; note that this 
includes reduced portability to other Lattice C systems. 

This section is based around Appendix F.3 of the ANSI C Standard document 
and the paragraph numbers relate to those paragraphs in that standard. 

!Trans lat ion 
2 . 1 . 1 . 3 

Diagnostic messages are issued on the console device describing the error 
situation encountered. For syntax violations the compilation is subsequently 
terminated . 

I Environment 
2 .  1 . 2 . 2 .  1 

The arguments to main() are parsed from the command line as passed to the 
program via the GEMDOS Pexec ( )  call. Whitespace characters are 
considered to be separators unless enclosed in single or double quotes. The 
argv(O) string points to an empty string as the program name is not available. 

When started by a process supporting the Atari extended command line 
format, the arguments to main() are as supplied by the parent process. 

A third argument is passed to main() representing the environment variable 
vector, as described under environ. 

2 . 1 . 2 . 3  

An interactive device is assumed to be those for which GEMOOS indicates 
that Fseek() cannot be performed. 
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!Identifiers 
3 . 1 .2 

Th� numb.er of significant characters is specified by the -n compile time 
option. This has a default of 31, and a maximum of 100. 

The linker treats all characters as significant, with full case significance. 

!Characters 
2 . 2 . 1 

The source and execution character sets are the Atari ASCII set. 

2 . 2 . 1 . 2 

No shift states are used for encoding of multibyte characters. 

2 . 2 .4 .2 .  1 
�here are always eight bits in a char giving a range from -128 to 1 27 for 
signed characters or 0 to 255 for unsigned. 

3 . 1 .3 .4  

The source character set is mapped as-is to the execution character set 

M�ltiple character constants are supported when using the -cm fla The 
lexical characters are parsed right to left and are packed low byte u !:ards. 
Hence the character constant 'ALEX' would pack: 

p 

31-24 23-1 6  15-8 7-0 
' A '  ' L '  ' E ' ' X '  

T
h
he "C" locale is used to convert multibyte characters into corresponding wide 

c aracters (codes) for a wide character constant. 
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3 . 2 .  1 .  1 

The type char defaults to signed, but may be configured as unsigned at 
compile time (-cu) . 

I Integers 
3 .  1 . 2 . 5  

All integer types are two's complement. 

Type Int is configurable to be 16 or 32 bits. The default setting is 32 bit, with 
16 bit being available when using the -w option. 

Type short is 16 bits; type long is 32 bits. 

3 . 2 .  1 . 2 

The result of converting an integer to a shorter signed integer, or the result of 
converting an unsigned integer to a signed integer of equal length is truncation 
to the lower bits of the assigned integer. 

3 . 3  

Bitwise operations on signed integers produce results as if the integers were 
unsigned. 

3 . 3 . 5  

The sign of the remainder on integer division is the same as that of the 

quotient. 

3 . 3 . 7 

Right shift of a negative-valued signed integral type produces a sign 
extended type. 

Implementation Behaviour Lattice C 5 Page 265 



!F loating Point 
3 . 1 .2 .5  
The floating point format used is the IEEE standard format for both float and 
double. long double is implemented as double in the current release. 

Single-precision Floating Point 

The single precision IEEE format represents a number in 4 bytes. Note that all 
calculation is performed using doubles so that use of floats will only reduce 
storage space and not increase the speed. The bit layout is: 

31 30-24 23-0 

Sign Exponent Mantissa 

The sign bit is 0 for positive numbers and 1 for negative numbers. The 
mantissa has an implied binary point at bit 23 and thus ranges in value from 
1 .0 to <2.0. The exponent is held in excess 127 format. The IEEE denormalised 
format is not currently supported . When the exponent is 255, the value 
represents Not-A-Number (NaN), the type of which is determined by the 
mantissa . Zero mantissas indicate Infinity (oo), whilst non-zero mantissas 
indicate other NaN conditions. The number zero is represented by all bits 
zero. 

The following (non-portable) definition may be used to access the individual 
fields of a float atomically: 

union 
{ 

float f ;  
st ruct 
{ 

int s : 1 ; / *  s ign * /  
int e : S ;  / *  exponent * /  
int f : 23 ;  / *  mantissa * /  

} b ;  
} j 
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Double-precision Floating Point 

The double precision IEEE format represents a number. in 8 bytes. The bit 
layout is: 

62-52 51-0 

Sign Exponent Mantissa 

The sign bit is O fo� pos.itive nu�bers �nd 1 for negative l!umbers. The 
mantissa has an imphed binary pomt at bit 51 and thus ranges m value �om 
1 .0 to <2.0. The exponent is held in excess 1023 format. The IEEE denormalised 
format is not currently supported . When the exponent is 2047, the value 
represents Not-A-Number (NaN), the type of which is determined by the 
mantissa . Zero mantissas indicate Infinity (00 ), whilst non-zero mantiss�s 
indicate other NaN conditions. The number zero is represented by all bits 
zero. 

The following (non-portable) definition may be used to access the individual 
fields of a double atomically: 

union 
{ 

double d ;  
struct 
{ 

int 
int 
int 
int 

} b j  
} j 

3 . 2 .  1 . 3 

s :  1 ; I * sign * I 
e : 1 1 ; / * exponent * /  
f 1 : 20 ;  / * high bit s  of mant issa * /  
f2 : 32 ;  / *  low bits o f  mant issa * /  

In default mode (-fl) truncation of an integer to floating point is towards zero. 
In -f8 mode the direction of truncation is as specified by the maths coprocessor 
(user-selectable). 

3 . 2 . 1 .4 

In default mode ( -fl) truncation of an floating point number to a narrower 
floating point type is towards nearest. In -f8 mode the direction of truncation 
is as specified by the maths coprocessor (user-selectable). 
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!Arrays and Pointers 
3.3 .3 .4, 4.  1 .  1 

s l ze_t is a lways of type unsigned long Int . Traditionally it has been 
unsigned Int. 

3 . 3 .4 

Casting a pointer to an integer requires that the target type be long (or Int in 
default long integer mode), or truncation will occur. Casting an integer to a 
long is as if the integer were first extended to long. 

3.3.6,  4. 1 .  1 

ptrdlff_t is of type long. 

!Registers 
3 . 5 . 1 

The compiler honours as many register variable declarations as possible on a 
lexically first encountered basis for integral, pointer and floating point types 
(when the -f8 option is used). If the global optimiser is used all registers are 
remapped to provide maximal usage. 

The number of registers available for register declarations is not fixed and 
hence is undefined. Typically a minimum of 4 scalar and 2 pointer variables 
will be available. 

IStructs ,  Un ions, Enums, and Bit-fields 
3 . 3 . 2 . 3  

Accessing a member of a union object using another member of a different type 
produces undefined behaviour. 
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C '.  I 

c; • 
3 .5 . 2 .  1 

. d d "ng to the alignment restrictions 

The members of a structure are ahgn� accor i 

of the basic type. Hence the structure. 

st ruct 

{ 
char x ;  
char y [ 3 ] ; 

} j 

would not align y. Whereas the structure: 

st ruct 

{ 
char x ;  
int y [ 3 ] ; 

} j . d . inserted (when required) is determine 

would align y. The amount of padding 
d rgnment. When -I is not present 

b the -I flag which will force l<;>ng wor a i 

t?e default alignment is word alignment. 

igned Int bit-field 
A lain Int bit-field is treated as an uns 

p 
f 1 ng This means that 

b f bl· t-field are always elements o a o . 
The mem ers o a 
the members are also of type long. 

A bit-field never straddles a long boundary. 

d n hence the definition: 
A bit-field is packed from the top ow 

struct 

{ 
unsigned abcde : 5 ;  

unsigned fghij k : 6 ;  

unsigned lmn : 3  

u nsigned opqrs : 5 ;  

unsigned tuvwxyz : 7 ;  

} ;  

would pack as: 

31-27 26-21 

abcde fghi j k  

Implementation Behaviour 

20-18 17-13 12-6 

lmn opqrs tuvwxyz 

Lattice C 5 

5--0 
??717? 

Poge 269 



3 . 5 . 2 . 2  

Enumeration types have the integral type Int. 

!Qual i f iers 
3 . 5 . 3  

Whether a reference to a n  object with volati le qualified type between 
sequence points constitutes an access is undefined. 

!Declarators 
3 . 5 .4 

The maximum number of declarators that may modify an arithmetic, 
structure, or union type is limited by available memory. 

!statements 
3 .6 .4 .2  

The maximum number of case values i n  a switch statement i s  limited by 
available memory. 

!Preprocessing Directives 
3 . 8 . 1 

The value of a single-character character constant in a constant expression 
that controls conditional inclusion matches the value of the same character 
constant in the execution character set. Such a character constant may have a 
negative value. 

3 . 8 . 2  

System include files (those in < > brackets) are located initially i n  the 
current directory, then in the directory mentioned in the INCLUDE environment 
variable, then in directories mentioned on the command line via the -I option. 
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r:1 : 1 
. . . ll . the current, then in 

. • • • S) are located mitia y m 1 . th User include files (those m 
d line via the -I option, final y m e 

. d on the comman 
l directories me�tione . he INCLUDE environment variab e. 

directory mentioned m t 
1 ce names is obtained by 

The mapping of indudable file nan:� t?d�;:::� ��;tions (\ �r / delimited) 
taking the last eight c�aract:� o�inar filename and any extension. 
together the same portion o e 

3 · 8 · 6 
"bed · the section 

a lnllne directive is as descn. .m 
The behaviour on the #pragm 

ted #pragma directive. 
LC, The Compiler. This is the only suppor 

· 1 the date an TIME when respectivety, . "Id The definitions for _DATE_ a�d
ble are the date and time of compiler bui . 

time of translation are not avai a 
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Appendix B 
Resource Detai ls 

This appendix contains detailed information on programming with resource 
files, compiling the WERCS example program and the file formats used by 
WE RCS. 
This section of the manual is designed to help you when programming with 
resource files that have been created by WERCS. The first section describes 
the objects and their attributes, whilst the second considers the programming 
aspects of these data structures. It continues by considering the multi-language 
support available from WERCS and concludes by discussing the WERCS' 
specific file formats. 

!Objects 
There are thirteen different types of objects as follows: 

Box 

A Box is a rectangle whose interior colour and fill pattern is controllable, as 
is its border thickness. 

BoxCha r  

A BoxChar is a graphic box containing a single text character. I t  also has 
colour and border size attributes. 

BoxText 

Similar to Text objects (see later) but in addition surrounded by a border 
whose size and colour can be specified . 

Button 

A Button is displayed as a centred string of characters with a border. If the 
default flag is set, pressing the Return key in the standard form-handler is 
the same as clicking on the Button. A Default button is shown with a wider 
border. A new Button created with WERCS has its Selectable and Exit flags 
set. 
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FBoxText 

An FBoxText object is a formatted B T . . Text attributes, it also has border att��u�xt Object; m addition to the normal �o; text entry. These extra strings are cal�d at�etlate
l 
and two extra strings e AES displays the Tern la te s trin . .e emp a�e and Valid fields. type of text except that for �ve und 

g �s if it were _displaying any other 
T
from the main text string. For e?ample

er!1���h�ra
l
c
d
ter

b
�t d1sp_lays a character ext entry of: ' e e o Ject might consist of a 

0 1 1 088 

and a Template of 

Date :_/_/_ 

this would be displayed as 
Date : 0 1 / 1 0/88 

if it were an FBoxText. 
Remember: underline characters are entered as tildes (-). 
The Valid string is used when the ob" . 
form_do command. The Valid strin

Ject is ��ed as .a Form using the GEM typed for each underline characte . g specifies which characters may be validation characters are: 
r m the Template string. The different 

x all characters allowed 

9 Only 0-9 

A A-Z and space 

a A-Z, 0-z, 128-255 and space 

N A-Z, 0-9 and space 

n A-Z, a-z, 0-9, 128-255 and space 

p A-Z, a-z, 0-9, 128-255, \ : ? • .  

p A-Z, 0-Z, 0-9, 128-255, \ : 
F A-Z, a-z, 0-9, 128-255, : ? • 

f A-Z, a-z, 0-9, 128-255, 
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In the above A-Z includes non-English capital letters. 128-255 means that a 1 1  
characters greater with value greater than 128 can be used, including lower 
case non-English letters and the £ sign. 

You can use different validation characters in the same string if you wish. 
Thus for the date example above we would use the 9 character for all 6 
character positions since the only characters allowed in dates are digits. 

The most commonly used of these validation digits are probably X and 9. 
Note that if  you wish to enter negative numbers you have to use X (otherwise 
the - sign would not be allowed). 

Also the pathname options ( P  and p) are of limited value as a number of 
software producers sadly use illegal pathname characters such as - in their 
filenames. All but the X, F and f validation characters also have the 
undesirable feature with the first, 1 .0, operating system ROMs of crashing 
the system when you press _! 
Note that whilst validation characters, P, p, F and f allow you to enter lower 
case letters these are echoed as the upper case equivalents. 

If otherwise illegal characters are present in the Template string then the 
AES will skip past them if they are entered. With our date example typing 
I will skip to the next field even though I is not otherwise a valid 
character. 

You should ensure that there are at least as many underlines in the Temrlate 
string as there are characters in the main Text string; otherwise all o the 
latter will not be displayed. If you are intending to use this object as a Form 
in situ as normal, you should have the same number of characters in the Text 
string as there are underlines in the Template; if you don' t observe this then 
if the user types a long string, the next string from your resource file will be 
corrupted. This restriction does not apply if you are intending to change the 
address of the Text field when the resource file is loaded. 

So, in general, ensure that there are exactly the same number of characters in 
your Text string as there are underlines in your Template string. 

Surprisingly, the Valid string does not have to contain a character for every 
underline in the Template string; if all the validation characters are the 
same then you can use just one. We have not seen this officially documented 
but it certainly works on all versions of the operating system we have used 
and can lead to considerably reduced resource file and memory usage if you 
have long strings. 
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If the first character in a text field is the at-sign (@ ), then form_do will 
display your string as underlines and place the cursor at the start of the 
string. Thus you can enter a blank string of n characters by typing, say - , n-1 
times, press cursor left until you are at the start of the string and then press 
@ . The string will then disappear; but don't worry; it will be stored in your 
file ready for use. 

FT ext 

Similar to a FBoxText (see above) but without border attributes. 

I Box 

An !Box is a so-called invisible box, similar to a Box but hollow. It is only 
truly invisible if its border has a thickness of zero. 

Icon 

This consists of two bit-map images, one for data and one for a mask. In 
addition a string of characters and a single character are also associated 
with it. Icons also have their own foreground and background colours. 

Image 

An Image is a graphic bit-map with a foreground colour attribute. It differs 
considerably from an Icon; it has no mask (so cannot be distinguished on a 
patterned background), and no associated text or single character. 

ProgDef 

This type of object is for advanced programmers only. It allows you to create 
your own types of object by supplying your own drawing routines. ProgDefs are 
displayed in WERCS as boxes with a diagonal line. ProgDefs are also known 
as Us e r D efs . We have seen the la tter term used mainly in older 
documentation; a hangover perhaps from days when a Digital Research user 
was someone who wrote the assembly language to install CP /M on their 
computer. 

String 

A String is a sequence of characters drawn in black and in the standard 
system font. If you require different sized or coloured text you should use one 
of the formatted text object types. 
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Text 

�ctually graphic text; this is a sequence of characters that can be displayed 
m the system font or in a small font and can be left-, centre- or right-justified. 

Tl tie 

Objects of type Title are only used as Menu titles. Their use in other types of 
tree is not recommended; they have the same attributes as Strings. 

Flag Types 

The different flag types for objects are as follows: 

Selectable 

The Selectable flag is used in conjunction with the form_do AES routine. If 
this flag is set then if the user clicks on the object during a form_do call i t 
will be highlighted and the Selected state bit will be set. If the Selected bit 
was already set, the object will be shown as normal and the Selected bit 
reset. 

Thus setting this bit effectively turns any object into a Button without 
changing the appearance of the object. All Buttons that are to be used as such 
should have this bit set; this is the default when you create a new Button 
with WERCS. 

Default 

The Default bit tells the AES that this is the default button of the form, i.e. 
the one which will be returned if the user types Return. 
Normally this is used. for Buttons but can also be used for other types. With 
Buttons the Default bit causes the object to be displayed with a wider border 
so that the user can see the default. For other objects there is no change in the 
screen display. 

If the Default bit is set for an object you should normally also set the 
Selectable and Exit bits. 

We do not recommend having more than one Default item in a form; the user, 
your program and the AES are likely to get confused. 
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Exit 

The Exit bit is used to indicate that clicking on this object will cause form_d� to. r�turn to your program, with the index of this object as its result. If the Exit btt is not set the user can continue to edit the Form. 
This bit can. be used for �ny

_ 
type of object, but only with Buttons is the size of the border increased to md1cate to the user that this is an Exit Button. When you create a new Button using the Object menu this bit will be set. 

The Selected bit should be set whenever the Exit bit is set. 

Editable 

!hi: Editable bit should only be set for the FText and FBoxText objects· this indicates that the user may edit the text in this field. If you set this blt for other types of objects the AES will mis-behave often causing the system to bomb. The �ields in the TEDINFO structure used by the AES for FText and FBoxText ob1ects must conform to strict rules as described under FBoxText. 
There is no need to set other flags in conjunction with the Editable flag. 
Do r:iot use an Editabl� text field as the last object in a Form; all the current ve�s.1ons o.f t�e operating system will crash if you press cursor down when ed1tmg this field . 

Radio Button 

The Radio Butt?n bit is used to indicate that an object is one of a set of radio buttons. The ob1ects need not be of type Button. 
E".ery sibling of the object should have the Radio Button bit set; to ensure this you can �se an IBox �o surround just the objects that you wish to be Radio Buttons. Rad10 Button ob1ects should have the Selectable flag set. 
For an example of programming with Radio Buttons see the WTEST program. 
Touch Exit 

The Touch Exit bit �s used to te�I the AES to exit form_do when the user moves the mouse J?Omter over an item and clicks on it. The exit occurs when th� mouse button is _Pressed ?own (rather than released as in the case of the Exit flag). Touch Exit also differs from Exit in that the button need not be S��ectable. When us!ng form_do, if the user double-dicks on a Touch Exit o Je�t then th� top bit of the return value will be set. Even if your ro ram is not interested m double-clicks, you still need to mask off the top bif. g 

This flag may be used with any kind of object. 
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Hide 

The Hide bit is used to hide an object and all its children from the AES. This 
means that the object is not displayed by objc_draw and will not be found by 
objc_flnd. This is useful when you wish to remove part of a tree temporarily, 
without re-organising that tree. For example, WERCS itself uses this facility 
when drawing the Extras dialog box to ensure that only appropriate types of 
objects are shown. 

If you have hidden an object using WERCS you cannot use the Hlde.co�nd 
from the Flags menu to unhide it again because you cannot select it; instead 
select its parent and then use the UnHlde Children command from the same 
menu instead. 

F lag States 

The flag states for objects are as follows. 

Selected 

If the Selected flag is set, it indicates tha t  the object will be d isplayed 
highlighted. This bit is changed from 0 to 1 '?r fro� 1 to 0 if the objec! is 
Selectable when the user clicks on the approprtate ob1ect. Any type of ob1ect 
may have this bit set. 

Crossed 

The Crossed bit causes the AES to draw a white diagonal cross through the 
object. If the object is Selected then the cross is displayed as black. This flag 
can be used on all objects except IBoxes. 

Checked 

If the checked flag is set the AES will draw the object with a blac� tic.k 
mark, ./ / inside it with the tick in the top left corner. When the object is 
Selected the tick is shown in Black. The Checked flag may be used for any 
type of object including IBoxes. 

D isabled 

If  the Disabled flag is  set for an object then i t  is  shown greyed, that is, with 
less intense colour than normal. In addition, Disabled objects may not be 
Selected when using form_do or as part of a Menu even if they have the 
Selectable bit set. Note, though, that Disabled Editable fields may be 
edited ! 
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Outlined 

If the Outlined bit is set then the object is drawn with a black box outside it. 
Note that this does not form part of the object as far as objc find for 
example, is concerned. This bit may be used with all types of objects.

- ' 

, 1 : Shadowed 

I '  
1 •  ' I  

�f the Sh�dowed bit is set for an object a shadow is drawn outside the object 
m the object's border colour; this includes Buttons. The Shadowed bit has no 
effect on objects without a border. 

Selecting both Outlined and Shadowed attributes produces a messy display of 
the object and should be avoided. 

Object. Flags and States Summary 

The following tab!� shows which attributes change the appearance on screen 
for each type of object. Text Attr refers to the alignment and size of text: 

Box 

.BoxChar 

BoxText 

Button 

FBoxText 

FT ext 

I Box 

Icon 

Image 

ProgDef 

String 

Text 

Tl t ie 
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Fi l l  F i l l  Xparent Border Border 
Pattern Colour /Opaque Colour Size 

./ ./ ./ ./ 

./ ./ ./ ./ 

./ ./ ./ ./ ./ 

./ ./ ./ ./ ./ 

./ ./ 

./ ./ 

./ 

./ ./ 

Lattice C 5 

Text 
Colour 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

Text 
Attr 

./ 

./ 

./ 

./ 

Resource Details 

The following table shows the effect of particular flag/state sets for a number 
of the Flags. Remember that Selectable, R�dio Button, :rouchExit, Selected 
and Outlined may be used for all types of objects except Titles: 

Default Exit Editable Crossed Disabled Shadowed 

Box " " • ./ " ./ 

BoxChar " " • ./ ./ ./ 

BoxText " " • ./ ./ ./ 

Button ./ ./ • ./ ./ ./ 

FBoxText " " " ./ ./ ./ 

FT ext " " " ./ ./ • 

I Box " " • • " ./ 

Icon " " • ./ ./ • 

Image " " • ./ ./ • 

ProgDef " " • ./ ./ • 

String " " • ./ ./ • 

Text " " • ./ ./ • 

Title " " • ./ ./ • 

Key: 

,/ Changes appearance of object and the behaviour of the AES. 

" Changes the behaviour of the AES but not the appearance. 

X Has no effect. 

• Causes the machine to crash with bombs. 
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Pro rammin with Resources 
This section details the various data structures and object types, together 
with common AES programming algorithms. This section uses the standard 
names and typedefs for the data structures and their components which are 
supplied in the header file oes.h.  

Tree Structure 

OBJECT Structure 

A tree is stored in memory as an array of objects. Each object has pointers to 
allow the AES to tree-walk as required. The structure is as follows: 

typedef struct obj ect { 
short ob_next ; 
short ob_head ; 

short ob_tail ; 

unsigned short ob_type ; 

unsigned short ob_flags ; unsigned short ob_state ; void *ob_spec ; 
short ob_x ; 

short ob_y ; 

short ob_width ; 
short ob_height ; 

} OBJECT; 

index of obj ect ' s next sibling index of first child or - 1 if none 
index of last child or - 1 if none 
obj ect type ( high byte  is ignored by the AES and used for extended obj ect numbers ) 

depends  on obj ect type X co - ordinate of obj ect relative to pa rent ( in pixels )  Y co - ordinate of obj ect relative to parent ( in pixels )  width of the obj ect i n  pixels height of the obj ect in pixels 
All the fields are present for all objects although the ob_spec field depends 
on the object type and is usually a pointer to another s tructure as described 
below. 
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. . an array of records. The mo an object tree is hk� 
rmally the outer Box When i� is l

(
oa_�����!� m�s c�ed the root objec�. It 1�i:�ds called ob_head, 

first ob1ect w1 
·ect in the tree has t ree . to the AES the 

of a dialog box. Eac� ��ese hold integer values tha�
l 
d1�t:�� to access these ob_tall an1 �h�-�:e� Fortunately you do not �or�� :e have a dialog box 

structure o 
S d it for you. As an examp e, directly, WERC oes 

like this: 

Message 
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__________ 

I obj index name 

head tail next 
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When this is stored in memo h . 

objects will be: 
ry t e mdex and first three fields of the various 

Index ob head ob tail ob nex name -

0 1 5 -1 outer box 
1 2 3 4 Radio Box 
2 -1 -1 3 First Radio 
3 -1 -1 1 Second Radio 
4 -1 -1 5 Message 
5 -1 -1 0 OK button 

Object number 0 is called the roo t of 
Radio Box and OK button. Radio .

the tree'. 
I ts children are Message, 

First Radio and Second Radio· ' t
bo�

b
;.parent is outer box; its children are 

First Radio and Second Rodi 
' i s s1 . mgs are Message and OK button 

the root object, outer box. 
o are childless and they are grand children of 

Normally what is important with b' 
or�er .that the items are in memo 

o Ject trees is the tree structure not the 

child immediately follows its par�t. 
or example, don' t assume that the first 

We can now give co . d f' . .  

fields · 
nc1se e m1t1ons of the ob head ob tol l  d b 

· 
- ' - an o _next 

ob_head 

ob_toll 

ob_next 

points to the first child (or is -1 if childless) 

points to the last child (or is -1 if childless) 

points to the next sibli 'f h 
to the object's parent. 

ng or, 1 t ere are no more siblings, 

Values for the ob type f Id 
ob_spec field will ;ow be �= ' . 

together with the interpreta tion of the 

structures to which they refer. 
scribed, followed by the definition of the data 

Box G_BOX 20 
The ob_spec field cont · h 
(high word). 

ams t e colour word (low word) and border thickness 

Page 284 Lattice C 5 Resource Details 

2 1  
Text G_TEXT 

The ob_spec field contains a pointer to a TEDINFO structure; the te_ptext 

pointer within the structure points to the actual displayed text. 

22 
BoxText G_BOXTEXT 

The ob_spec field contains a pointer to a TEDINFO structure; the te_ptext 

pointer within the structure points to the actual displayed text. 

23 
Image G_IMAGE 

The ob_spec field contains a pointer to a BITBLT structure. 

24 
ProgDef G_PROGDEF 

The ob_spec field contains a pointer to an APPLBLK structure. 

25 
G_IBOX IBOX 

The ob_spec field contains a colour word (low word, only border colour 

attribute used) and border thickness (high word) . 

Button G_BUTION 

The ob_spec field contains a pointer to the displayed string. 

Box Char G_BOXCHAR 

The ob_spec field is used for the following fields: 

bits 24-31 
bits 16-23 
bits 0-15 

String 

ASCII value of displayed character 

border size 
colour word 

G_STRING 

The ob_spec field contains a pointer to the displayed string. 

G_FT EXT 

26 

27 

28 

29 
FT ext 
The ob_spec  field contains a pointer to a TEDINFO structure. The text 

pointed to by te_ptext is merged with the template pointed to by te_ptmplt 

before display. The fill attributes in te_color are ignored. 
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FBoxText G_FBOXTEXT 30 
The ob_spec field contains a pointer to a TED INFO stru tu Th b�:�::1d��p�r/e_ptext is merged with the template pointed t� b;ete__p�e;,� 
Icon G_ICON 
The ob_spec field contains a pointer to an fCONBLK structure. 

Title G _TITLE 
The ob_spec field contains a pointer to the displayed string. 

Object Flogs 

3 1  

32 

The various flags in the ob flags f Id h 
as a hexadecimal mask: 

- ie ave the following values as bits and 

Name on Menu Standard Name Bi t  Mask 

Selectable SELECTABLE 0 Oxl 

Default DEFAULT 1 Ox2 

Exit EXIT 2 Ox4 

Editable EDITABLE 3 OxB 

Radio Button RBUTION 4 Ox IO  

LAST OB 5 Ox20 

Touch Exit TOUCH EXIT 6 Ox40 

Hide HIDETREE 7 Ox BO 

INDIRECT 8 Ox JOO 

The LASTOB bit is used by the AES t fi d . . 
is set for the last object and the las� : �he 

I 
last ob1e�t m. ai:i object tree; it 

WERCS for ou but ou m . . o Jee a one. This bit is handled by 

manipulate frees in �emor:'! find it useful to access it if you write routines to 
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If the IND IRECT bit is set, the ob_spec field is treated as a pointer to the 
ob_spec field rather than the value itself. WERCS does not allow you to 
set this bit; if you need it then your program should set it and re-initialise 
the ob_spec field as required. 

Object States 

The following table gives the values as bits and masks of the ob_state field. 

Name on Menu Standard Name Bi t  Mask 

Selected SELECTED 0 Oxl 

Crossed CROSSED 1 Ox2 

Checked CHECKED 2 Ox4 

Disabled DISABLED 3 OxB 

Outlined OUTLINED 4 OxlO 

Shadowed SHADOWED 5 Ox20 

Border Thickness 

The low byte of the high word in some ob_spec fields stores the border 
thickness in pixels. A value of 0 means no border, positive values give a 
border inside the object, negative values force it outside the object. 

Colour Word 

The colour word used in some ob_spec fields consists of the following 
components: 

Border Text X/0 Fiii Fiii 
Colour Colour Pattern Colour 

1 5  1 2 1 1  8 7 6 4 3 0 

In the above diagram the numbers indicate the bits, so that the Border 
Colour is in bits 15-12, the four most significant bits of the first byte. 

X!O is the Transparent/Opaque bit; Opaque is indicated by the bit being set. 
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Fiii Pattern is as on the Fill menu with 0 indicating hollow- and 7 solid- fill. 

The Border, Text and Fill Colours are as on the appropria te menus. The 
standard names for the colours are: 

Colour Value Colour Value 

WHITE 0 LWHITE 8 

BLACK 1 LBLACK 9 

RED 2 LRED 10 

GREEN 3 LGREEN 1 1  

BLUE 4 LBLUE 12 

CYAN 5 LCYAN 13 

YELLOW 6 LYELLOW 14 

MAGENTA 7 LMAGENTA 15 

The L in the above names indicates light. If  you must encode a colour word into 
your program the best base to use is hexadecimal. 

TEDINFO Structure 

This structure is used by the object types BoxText, FBoxText, Ffext and Text: 

typedef struct text edinfo { -
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char •te_ptext ; 
char •te_ptmplt ; 

char •te_pvalid ; 

short t e_font ; 

short te_j u n k 1 ; 
short te_j u st ; 

short te_color ;  

short te_j unk2 ; 
short t e_thickness ; 

pointer to actual text 
pointer to template ; editable 
portion denoted by underscores 
pointer to  st ring containing 
validation characters 
font u sed : 3=system font , 5=small 
font 
reserved for future use  
text j u stif ication required : 
O=left , 1 =right , 2=centre 
obj ect colou r and pattern of box ­
type obj ects ( see previously for  
word format ) 
reserved for future use  
border thickness 
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short te_txtlen ; 

short te_tmplen ; 

} TEDINFO ; 

ICONBLK Structure 

length of te_ptext string 
( including null ) 
length of te_ptmplt string 
( including null ) 

This is used by the Icon object type only: 

typedef st ruct icon_block 
{ 

s hort * ib_pmask ; 
short * ib_pdata ;  
char * ib_ptext ; 

short ib_char ; 

short ib_xchar ; 

short ib_ychar ; 

short ib_xicon ; 

short ib_yicon ; 

short ib_wicon ; 

short ib_hicon ; 
short ib_xtext ; 

short ib_ytext ; 

short ib_wtext ; 

short ib_htext ; 
} ICONBLK ; 

pointer to icon mask 
pointer to icon data 
pointer to the text displayed wit h 
the icon 
low byte is the displayed character , 
high byte defines colou r u sed - top 
nibble is foreground colou r ,  bottom 
nibble is background 
X c o - ordinate of ib_char relative to 
ib xicon 
y co - ordinate of ib_char relative to  
ib_yicon 
x co - ordinate of icon relative to the 
ob x of the ob j ect 
y co - ordinate of icon relative to the 
ob_y of the obj ect 
width of the icon image in pixels 
( must be a multiple of 1 6 )  
height of icon image i n  pixels 
X co - ordinate of icon ' s  text relat ive 
to t he ob x of t he obj ect 
Y co - ordinate of icon ' s  text relat ive 
to t he ob_y of t he obj ect 
width of rectangle to display icon ' s  
text in ( cent red ) 
height of icon ' s  text 

The bit  images for the mask and data are stored as arrays of words. 

BITBLK Structure 

This is used by the Image object type and Free Images only: 

typedef st ruct bit_block 
{ 

short *bi_pdata ;  pointer to bit image 
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s hort bi_wb ; 

short bi hl · 
short bi-x · ' 

- I short bi_y ; 
short bi color · } BITBLK ; - ' 

width of image data in bytes  ( must  be even ) 
height of image in pixels source X co- ordinate source Y co- ordinate colour word ( se e  previously)  

b.l_x and bl_y are used as offset . t h . . bits before this will be ignored. 
s m o t e bit image given by bl_pdata; any 

APPLBLK Structure 

This is used by ProgDefs: 

typedef st ruct appl blk { -
int ( *ab_code ) ( PARMBLK * ) ; po�nter to code to draw the Obj ect long ab_parm ; passed as a 

} APPLBLK; 
paramete � to the low- level drawing routine 

PARMBLK Structure 

This is passed to ProgDef drawing routines: 
typedef st ruct parm blk { -
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OBJECT *pb tree · short pb_obj ; ' 
short pb_prevstate ;  
short pb_currstate ;  
short pb_x ; 

s hort pb_y ; 

short pb_w; 
short pb h · 
short pb.=x� ; 

short pb_yc ; 

short pb_wc ; 

short pb_hc ; 

pointe� to �tart of obj ect t ree the Obj ect index the old state of the obj ect to be changed 
th� new ( changed )  state of the Obj ect 
the pi�el X screen co - ordinate of the Obj ect 
the pi�el Y screen co - ordinate of the Obj ect 
the p�xel width the obj ect the p�xel height of the obj ect the pixel X co - ordinat e  of th cu rrent clip rectangle 

e :�e pixel Y screen co - ordinate of e current clip rectangle the · l pix e width of the current clip rectangle 
the pixel height of the current clip rectangle 
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long pb_parm ; 

} PARMBLK; 

copied f rom the ab_parm value in 
the APPLBLK 

If pb_prevstate and pb_currstate are the same then the AES is drawing 
the object, not changing it. 

H ints & Tips on Resources 

Using ProgDefs 

If a loaded resource file contains any ProgDef objects, their ob_spec; field 
will not be initialised on loading - this is up to the programmer. An APPLBLK 
structure needs to be allocated and initialised, then a pointer to it planted in 
the relevant ob_spec field. 

The drawing routine (in the ab_code field) will then be called whenever 
that object needs drawing or changing (remember that if you have a ProgDef 
in a menu this may occur at any time). The routine called should normally be 
declared as both __ stdargs and __ saveds, taking a single parameter 
pointing to a PARMBLK. Hence a typical declaration would be: 

int �stdargs �saveds my_progdef ( PARMBLK *pb) ; 

When your custom drawing routine has finished, the value it returns is the 
ob_state value which you wish the AES to render over your object, i.e. 
returning a value of 0 applies no extra effects, whereas returning CROSSED 
(for instance) would draw a cross over the object. Note that any number of 
ob_state values may be ORed together to produce the desired effect. . 

When designing ProgDefs it is often easiest to base them on existing objects 
which can be manipulated in WERCS, e.g. in the example program we 
implement a rounded button based on the normal square button, hence the text 
may be manipulated from within WERCS. 

When the AES calls your drawing code you are still in the AES's 'context', 
i.e. you are using its stack, hence recursive routines or large local arrays may 
cause it to overflow. Note that this also means that the routine which is 
called must be compiled with stack checks off (the -v option). Also note that 
the AES is not re-entrant hence you may not make any calls to it (although 
you can, and should, call the VDI). 

If you draw using the AES's handle (as in our example) then you should 
ensure that you maintain any of the VDI attributes, alternatively you may 
use your own virtual workstation which will avoid these problems. 
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Creating New Desktops 

It is possible to replace the standard GEM background pattern (the area of 
the screen not used by the menu bar) using a special tree. This allows 
different colours and fill patterns to be used, as well as allowing icons to 
appear on the desktop. 

A Form should be created in WERCS with the root object being a borderless 
Box with a suitable fill pattern and colour. If any icons are required these 
should be added to this Form. The size of the Form is not relevant. To tell 
GEM to use this Form, the size and position (ob_x, ob_y, ob_ width and 
ob_helght) fields in the root object should be set to the usable screen size, 
found using the AES wlnd_get(DESK. WF _WORKXYWH . . . .  call. The form 
can then be installed using a wlnd_set(WF _NEWDESK • . . .  call with an object 
parameter of zero. Before your program terminates, the desktop must be de­
installed by passing a NULL value to the same call. 

Note that installing a desktop does not cause it to be drawn and you should 
normally call form_do(FMD_FINISH . . . .  to force a redraw of the area. 

Common Mistakes and how to avoid them 

The following is  a list of  common mistakes made when programming with 
GEM and resources in general. The reasons given here are brief as there is 
insufficient space to expand upon them; they act as pointers for where to look 
in other documentation. 

Problem: My program was mainly working but now it crashes during its 
initialisation. 

Reason: Your resource file is out of step with your program and what was 
the Menu that you were displaying is now a Form; as a result the 
GEM menu_bar call bombs. Re-compile all the parts of your 
program that rely on the header file. 

Problem: My dialog box doesn't disappear after you click on OK. 
Reason:  The dialog box is  on top of one of your windows and you are not 

replying to WM_REDRAW events. If you don't open a window, 
the Desktop will re-draw the desktop tree for you automatically . 

Problem: My program crashes when it should be displaying a Dialog Box. 

Reason 1: If you have no editable fields and are passing -1 as the starting 
object the machine may crash, despite what some documentation 
says. Use 0 instead. 

Reason 2: If you do have editable text fields make sure that they conform 
to the rules under FBoxText regarding editable text. 
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Problem: A GEM program crashes unexpectedly. After rebooting, the same 
program works correctly under the same conditions. 

Reason: 

Problem: 

Reason: 

Problem: 

Reason: 

A program has modified GEM's data structures unintentionallr. 
There are many possible ways of doing this; one to look out for is 
not doing a v_clsvwk after a v_opnvwk; that is leaving a Virtual 
Workstation open. 

The mouse disappears or leaves extra pixels on the screen ('mouse 
droppings'). 

Your grat_mouse calls are mis-balanced in some way. For each 
hide (M_ON) call you must have a show (M_OFF) call. 

There are mouse droppings where a menu has been pulled down. 

You are not using wlnd_update (BEG_UPDATE . . . .  a n d  
graf_mouse (or the VDI v _hide_c) before writing to the screen. 

Problem: When using some desk accessories the screen display is messed up. 

Reason: Make sure that you are taking note of WM_REDRAW events and 
only updating the areas given by the wlnd_get (WF _FIRSTXYWH . 

. . .  and wlnd_get (WF _NEXTXYWH . . . .  calls. To test this, move a 
desk accessory about the screen; the Control Panel and the Saved ! 
desk accessory can both be used. 

Problem: Some desk accessories 'lose' their mouse when invoked from my 
program. 

Reason: Make sure you don't remove the mouse until after you have done a 
wlnd_update (BEG_UPDATE . . . . call and make sure that it is 
visible before calling wlnd_update for END_UPDATE. 

Problem: The program works fine in medium and high resolution, but 
crashes when accessing a menu on 'old' ROM machine. 

Reason: Your menu is taking up more than one quarter of the screen. When 
running in Low Resolution, a menu may not contain more than 16000 
pixels. If you are using large menus, you may wish to consider 
using a special menu for low resolution, as WERCS does. 

Resource Details Lattice C 5 Page 293 



e e e e 

/WERCS Language Details 
This section details the language specific details of  the name files produced by WERCS. 

Assembly Language 

If you have selected Assembler from the Language dialog box WERCS will 
produce a file with extension .I containing EQU statements of the form: 

label Eau 1 

If you have a saved a resource file called TEST. RSC you would then include the constants from the name file using: 

INCLUDE TEST . I  

The characters allowed in names are: 

A-Z, a-z and _ as the first character and: 

A-Z, a-z, 0-9, _ and . in subsequent characters. 

Although designed with DevpacST in mind, the . I  file can be used with other assemblers that follow the Motorola standard. 

BASIC 

I f  you have selected BASIC from the Language dialog box WERCS will 
produce a file with extension . BH containing CONST statements of the form: 

CONST label\= 1 

If you have a saved a resource file called TEST. RSC you would then include the constants from the name file using: 

rem $include test . bh 

The characters allowed in names are: 

A-Z, a-z as the first character and: 

A-Z, a-z, 0-9, _ and . in subsequent characters. 
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The . BH file is designed with HISoft BASIC and Power BASIC in mind, and 
adaptation to other BASICs for the Atari ST is s tra ightforward 
straightforward so long as the BASIC is suitable for serious GEM work. 

c 
If you have selected C from the Language dialog box WERCS will produce a 
file with extension . H  containing #define pre-processor s tatements of the 
form: 

#define label 1 

If you have a saved a resour�e fil� called TEST. RSC you would then include 
the constants from the name file usmg: 

#include ' TEST . H "  

The characters allowed in names are: 

A-Z, a-z and _ as the first character and: 

A-Z, a-z, 0-9, and _ in subsequent characters. 

All s ixteen characters of the name are significant as is the case with 
Lattice C 5. This may cause problems with some other C implementations, 
such as the HISoft C Interpreter, if your names have the first eight characters 
the same. 

FORTRAN 

If you have selected FORTRAN from the Language dialog box WERCS will 
produce a file with extension . INC containing PARAMETER definitions of the 
form: 

INTEGER*4 LABEL 
PARAMETER ( LABEL=1 ) 

The characters allowed in names are: 

A-Z, a-z as the first character and: 

A-Z, a-z ,0-9, and _ in subsequent characters. 

All sixteen characters of the name are significant as in Prospero FORTRAN; 
the WERCS  output was designed for use wit� this compiler and with 
Prospero's GEM bindings; they may not be appropriate for other FORTRANs. 
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We would like to apologise for the lack of an example FORTRAN ro ram· 
we do not have the necessary FORTRAN expertise to produce this. 

p g ' 

Modula - 2  

If you have �elect�d Modul? from the Language dialog box WERCS will produce � file with extension . D E F  containing a definition module. For example, if you have saved a resource file called TEST. RSC the file wi"ll b of the form: ' e 

DEFINTION MODULE TEST ; 
CONST label=1 ; 

END TEST . 

If y
d
ou

l 
ar

f
e 

h
writing a one-module program you can use an implementation 

mo u e o t e same name. 

Otherwise, you will need to write a implementation module like this: 

IMPLEMENTATION MODULE TEST · 
END TEST . 

' 

To access the constants from your other modules use: 

FROM TEST IMPORT label ;  

IMPORT TEST ; 

and then access the labels as, for example, TEST. label . !�����er not to use the same name as your main module if you are using this 

The characters allowed in names are: 

A-Z, a-z, $ and _ as the first character and: 

A-Z, a-z, 0-9, $ and _ in subsequent characters. 

All sixteen characters of the name are significant. 

A�though designed for us
_
e with FTL Modula-2, the name files ina be used 

with any Modula-2 complier that follows the Third Edition of Wirth's book. 
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P a s c a l  

If you have selected Pascal from the Language dialog box WERCS will 
produce a file with extension . INC containing constant definitions of the form: 

CONST 
label= 1 ; 

If you have a saved a resource file called TEST. RSC you would then include 
the constants from the name file using: 

{ $I  TEST . INC } 

The characters allowed in names are: 

A-Z, a-z as the first character and: 

A-Z, a-z, 0-9, and _ in subsequent characters. 

All sixteen characters of the name are significant. 

Although our example programs are for Personal Pascal, the . I N C  files 
generated are suitable for use with most Pascal compilers. 

!The WTEST Example Programs 
Compil ing WTEST 

To illustrate the most common resource-handling programming requirements, 
we supply an example program written in a variety of languages. The 
programs all do the same thing but the implementations vary according to 
the language used. A ready-to-run version called WTEST. PRG is supplied on 
the master disks; it needs WRSC. RSC to run. 

To re-compile WTEST first you need to run WERCS and then use the Load 
command from the Fiie menu to load WRSC.RSC from your backup disk. When 
WRSC . RSC is loaded the name file, WRSC.HRD containing the names of the 
forms and objects will be loaded as well. 

All the following commands are on the Fiie menu. Click on Language and 
then select the language that you wish to use by clicking on the appropriate 
radio button in the dialog box. Next save the file using Save; this will re­
save the WRSC . RSC resource file, the name file WRSC . H RD and also a file 
for the language of your choice. Next use Quit to leave WERCS. 

Resource Details Lattice C 5 Page 297 



One more general point: if you edit a resource file and change its structure you 
will need to re-compile your program, in case any constants have changed. 

c 
WTEST .C is the source file for use with Lattice C 5. This is an extended 
version of the standard WT EST, only supplied with Lattice C 5, which 
rather than using square buttons, uses rounded ones. Several other headers 
files supplied as part of Lattice C 5 are also used. 

Assembly Language 

WTEST.S is the source file for use with DevpacST2 . As well as the WRSC . I  
file produced by WE RCS you will need GEMMACRO.S and AESLIB .S from 
your DevpacST master disk. 

BASIC 

WT EST . BAS is the H ISoft BASIC version which will also compile under 
Power BASIC. It needs the GEMAES.BH file from your BASIC master disk as 
well as the WRSC . BH file produced by WERCS. 

Modula-2 

WTEST .MOD is  the FTL Modula-2 version. You will need to compile the file 
WRSC.DEF produced by WERCS before you compile WTEST.MOD. You will 
also need to compile WRSC.MOD from your WERCS backup disk before you 
link. 

Pascal 

WTEST. PAS i s  the Personal Pascal version; to  compile this you will need 
GEMSUBS.PAS from your Personal Pascal backup disk. 

WTEST structure 

!he differe�t versions of . W T  E S T  all do the same thing but the 
1m�lementahons vary according to the language used. We have tried to keep 
variable names and procedure/function names as consistent as possible. 

The program is deliberately over-simplified; it manages to avoid calling the 
VDI completely and gets away with an evnt_mesag, avoiding the dreaded 
evnt_mult l . The general structure of the code in all the programs is as 
follows: 
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Procedure I N ITIALISE 

This does the required GEM initialisation then loads the resource file. The 
tree address of the menu is found and the menu installed. The usable screen 
size is found and certain global variables initialised. 

Procedure SETDESK 

This sets the new desktop pattern to be a particular address and forces the 
AES to re-draw the whole screen. 

Procedure DEIN ITIALISE 

Resets any installed desktop, removes the menu bar, frees the resource, then 
does any required GEM de-initialisation. 

Procedure HAN DLE_DIALOG 

A general dialog box handler which starts by centring and drawing the box. 
User interaction is handled by form_do and, on return, if the exit object was 
a Button, it is de-selected. 

Procedure SET TEDINFO 

This allows a particular TEDINFO structure to have its data portion set to a 
particular string. 

Procedure GET_TEDINFO 

Allows a particular TEDINFO structure to return its data portion. 

Procedure ROU ND_BUTTON 

This i s  the code that the ProgDef in  the Lattice C 5 version of  WTEST uses. 

Procedure OBJ_I NIT 

This modifies the button objects in the dialog box to be ProgDefs. The strings 
already there are saved and used subsequently for the round buttons. It also 
determines the AES's VDI handle for the use of ROUND_BUTION. This 
routine is only supplied in the Lattice C 5 version. 

Procedure SET_BUTTON 

This allows one particular radio Button to  be  set from a group. I f  invalid 
parameters are specified the routine will never finish. 
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Procedure GET_BUTTON 

Allows a group of radio Buttons to be interrogated to see which is selected. 

Procedure TEST_DIALOG 

This handles the particular dialog box in the resource file. It implements 
proper cancelling - that is, if it is cancelled, the Button state and Text entry 
are left alone. 

Procedure HAN DLE_MENU 

This is the menu-click dispatcher; it takes various actions, depending on 
which menu item has been dicked, and also de-selects the menu title. 

Procedure MAIN 

This is the main loop, acting only on MN_SELECTED message events. In a 
proper program evnt_multl would be used and a far greater selection of cases 
would have to be dealt with. 
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IHRD fi le format 
. HRD files consist of a header record, any number of variable length data 
records and then an end-of-file record. 

HRD Header record 

l'lall\e Size 

version word 

autonamlng byte 

langflag byte 

autosnap byte 

casing byte 

autoslzlng byte 

reserved byte 

Resource Details 

Meaning 

1 at present 

1 if auto-naming selected 
0 if no auto-naming 

1 if C, 
2 if Pascal, 
4 if Modula-2, 
8 if FORTRAN, 
1 6  if assembler, 
32 if BASIC 

0 if no character-snap 
1 if half character-snap 
2 if full character-snap 

0 if mixed 
1 if upper 
2 if lower 

1 if auto-sizing 
0 if no auto-sizing 

not used at present 

Lattice C 5 Page 301 



, I 

I l 

I .  ·1 ' I '  

I I 

e e e e 

HRD Data Record 

Name Size Meaning 

type byte 0 if Form, 
1 if Menu, 
2 if Alert, 
3 if Free String, 
4 if Free Image, 
5 if object (rather than tree), 
6 if end-of-file record, 
7 if record names a prefix rather than a 
name. 

reserved byte not used at present 

tree Index word number of tree 

obj Index word if object then object number within tree 

name varie Name terminated with a single null 
s 

ILNG fi le format 
The WERCS . LNG file is a text file containing the information that WERCS 
use� to work out which name file to produce, what to output and what is a 
vahd name. You can modify this if you wish; though be warned that it is 
easy to produce files that your compiler won't  like. 

The file consists of a numb�� of .Language specifications followed by an end 
record. Each Language spec1ficatlon starts with a line like: 

* LANGUAGE C 

where C i� the name of the language. This is used purely for documentation 
purposes; it won't affect the Language Dialog Box for example. The records 
are for C, Pascal, Modula-2, FORTRAN, assembler, and BASIC in that order. 

The end record is a single line: 

*END 

�nd should be the last line in the file; the information following it will be ignored. 
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The other lines in the language specification may appear in any order and 
can be one of: 

* SOURCE . H  

This specifies the extension of the source file that WE RCS 
will generate ( .  H 

in this example); the full stop (.) must be present. 

*SIGN I F I CANCE 1 6  

Specifies the number of significant characters in names; minimum 1 maximum 
16. The default is 1 6. 

* I N ITIAL a - z , A- Z , _  

Specifies the characters that are allowed a s  the first letter o f  the �ame. The 
hyphens (-) indicate a range of letters. The commas may be omitted. The 
equivalent of this would be 

* I N ITIAL a - zA - Z_ 

which is far less obvious. Do not put spaces in the IN ITIAL string. The default 
is a-z, A-Z. 

* FOLLOW a - Z , A- Z , 0 - 9 , _  

specifies which characters are allowed i n  names other than i n  the first 
position. The syntax to specify the characters is the same as for " IN ITIAL. 
Default is a-z, A-Z, 0-9. 

* INIT 
*TREE 
*OBJECT 
*EXIT 

These commands specify the text that is generated in the source file. The 
" IN IT text is generated once at the top of the file, " END at the end of the file, 
"TREE for each named tree in the file and "OBJECT for each named object. 
Each entry may be more than one line long, the entry being terminated by the 
next • command. The following special pairs of characters may be used: 

Character Meaning 

% F  base file name (without drive, directory or extension), 

% T name of the current tree, 

% N  name of the current object, 

% V  the value of the current object (for "OBJECT) or tree 
(for *TREE), 

% %  a single % character. 
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Of the above only %F and %% h default for * INIT, *EXIT *OBJECT 

s 
d
o�IT

d be . used in * INIT and *EXIT. The ' an REE is no text at all. 
See the WERCS. LNG file for an exa language tha t is not supported alr:�le. If y��fywa�t to g.ef!e.rate code for a language that you do not use. If you are rdv

mo I t e defm1hon of another name of the Button in the Language b . �����us you can even change the wrong don't blame us! ox m . RSC but if something goes 
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" ,, Appendix C 
Converting to 

Lattice C 5 

!Lattice 3.04 
Old Lattice 3.04 programs are probably the easiest programs to convert to 
Lattice C 5. Often few or no changes will be required. There have however 
been many changes to gain ANSI conformance on the runtime libraries and 
some rationalisation of names to match those used by Lattice C on other 
architectures. The important changes for upgrade users are: 

• obs has been changed so tha t it only deals with the type Int. 
• molloc, colloc, free, reolloc have been extended to respond correctly to 

passing of ANSI NULL arguments. Note that this means that any use of 
mol loc(O) will return a NULL pointer. Also note that free returns the 
'type' void, not Int as with the previous release. 

• An extra level of data hiding has been introduced between the ANSI file 
and GEMDOS file handling. In particular f l leno no longer returns a 
GEMDOS file handle, but instead an internal handle. The _chkufb 
function may be used to obtain the mapping from internal to GEMDOS 
handles. 

• dcreot, dc lose, dopen, dread, dwr l te and dseek have had an 
underscore prefix added. Note also that the level of functionally at this 
level is significantly greater than before, as many of the GEMDOS 
anomalies are removed at this level. 

• AZ is no longer recognised as end of file marker in text files; this usage 
was not widespread and invariably caused confusion. 

• lsdoto, lsdptr, lsstotlc, lsouto, lsheop and lspptr were hang-overs from 
the MS-DOS implementation in version 3 and not strictly relevant to the 
68000 environment and so have been removed. 

• Almost all internal variables have been renamed or removed, any 
references to such variables should (in general) be removed. 

• The values placed in _OSERR are now the positive GEMDOS error codes. 
This change was to increase conformity with other Lattice compilers. 
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• allmem and bldmem are no longer relevant to the new dynamic memory 
manager (cf. the old static memory manager); any calls to these functions 
are best removed. 

• The exec family of functions are no longer available, they did not 
perform as described under the old documentation anyway (in fact they 
were fork synonyms).  TOS is incapable of performing exactly the 
operations required to implement these functions as previously described. 

• The -n flag on the compiler has the opposite sense to that under 3.04, i.e . 
-n truncates to eight characters rather than increasing the significance to 
32 characters. 

• 

• 

The Line-A functions have all been implemented, and a correct header 
file made available together with many extensions. In particular, the 
showmouse macro from l lnea .h has been corrected to include the hide 
depth parameter; ref�r to the Line-A documentation for details. 

In conformance with ANSI, memcpy is not guaranteed to perform 
correctly when blocks overlap. Under version 3 this case was handled 
correctly. 

• _MNEED is defunct due to the dynamic memory model used. It may be 
· used to specify an initial heap size (e.g. if you have a program which 

will have only very small malloc requiremer.ts) although it no longer 
specifies the maximum heap size. In particular negative values are 
ignored. 

• The GEM AES and GEM VDI header files have been split into two, 
although both may be included via #Include <gemlib.h>. 

• Many of the types in the AES and VDI prototypes have been changed to 
reflect more natural type usage. This should not, however, affect the 
code generated. 

• The AES, VDI and Line-A libraries were re-written from scratch, hence 
any bugs in the old libraries are most unlikely to exist in the new 
libraries. 

Other Differences 

This section lists other differences from version 3; hopefully all important 
conversion differences are listed above. Here is the list of the improvements 
and changes in Version 5, relative to Version 3: 

• The compiler now uses sequence points to ensure correct evaluation and 
side effect generation according to the standard. 
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• 

• 

• 

• 

• 

• 

• 

The compiler now includes a full AN�I pre-pr?cessor with . str�ng 
facilities token facilities and appropriate scoping of subshtut10n 
symbols: The def i ned( )  directive is also 

.
supported .

. 
In

. 
addition, 

_DATE_ and _TIME_ provide the date and time of comp1lahon. 

The const and volatile keywords are supported. 

Function prototypes may now include an optional parame!er !'ame. A�o 
functions taking a variable number of arguments may be md1cated with 
ellipses ' . . . ' . 

String literals may now be concatenated to allow easier coding of long 
strings. 

The cast operation (void ") correctly coerces a type without any warning . 

Many diagnostic messages have been added to detect programs that do 
not conform to the ANSI standard. 

The compiler now recognises several new keywords: 

signed 

near 

far 

huge 

_regargs 

_stdargs 

_asm 

_saveds 

_Interrupt 

Overrides any default unsigned options. 

Declares a data item to be addressed relative to 
the global base register. When . used with. a 
subroutine, it indicates a PC-relative subroutine 
call .  

Declares an item that must be addressed with a 
full 32 bit address. 

Same as far. 
Defines a subroutine that is to be called with 
register parameters. 

Defines a subroutine that  is to be called with 
standard stack parameters. 

Defines a subroutine that takes its parameters in a 
specific register 

Defines a subroutine that is to load up the global 
base pointer upon entry. 

Defines a subroutine that may be called from 
interrupt code. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

To provide faster compilation of a large project, the symbol table may be 
saved out to disk so that it can be used in future compilations. If you run 
a large header file through the compiler and save it in this way, 
subsequent compilations using that header file will be much faster. 

The compiler provides an option to ignore redundant #Include statements 
(i.e. several #Include statements that refer to the same file) . 

The search rules for #Include files have been modified to conform to 
standard UNIX search conventions. 

It is now possible to disable particular error messages as well as to 
change the severity of most messages. Along with this, it is now possible 
to specify a maximum number of erro.rs allowed in a compilation so that 
the compiler will abort. 

We have implemented an improved form of error recovery for many of 
the common mistakes to eliminate many of the situations that resulted in 
the cascade of errors. 

All of the compiler messages have been moved to a separate file to 
simplify adapta tion of the compiler to non English language 
environments. 

In order to produce a compiler that fits well on a smaller system, we 
have elected to provide a big version of the compiler that includes some 
additional features. If you wish to take advantage of these features (at 
a cost of about l SK), you must use this big compiler instead of the 
standard one. 

The big compiler provides a full listing ability including macro expansion 
display, nest level counting, and include file listing. This listing may 
also include an optional cross reference of all variables, #define values 
and structure tags. 

The big version of the compiler may be used to generate prototype files of 
all functions encountered in a module. This eliminates the potentially 
tedious task of constructing the list of prototypes for all functions in a 
project. 

The compiler generates instructions optimised for each of the 680x0 
family processors including support for the address modes found on the 
68020 and 68030. 

The compiler provides an option to generate in-line floating point 
instructions which directly access the 68881 and 68882 maths co­
processors. This code takes advantage of register tracking. 

You may now instruct the compiler to choose code sequences optimised for 
space or for time. 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

In addition to the -rO / -r l flags, you may freely mix the style of 

subroutine calls with the near and far keywords. Th?se decla�ed near 

will be referenced with the pc-relative addressing while far will use the 

full 32-bit addressing. 

Data ma be addressed much more freely with the near and fer 
keyword!. These control the type of addressing to be used for �xternal 

d ta Onl those items declared near will be addressed _a
s a 16-bit offs�t 

fr�� th/ A4 register. All others will be accessed with a full 32-bit 

address. 

When the -cs option is used, string con�tants will be �laced in the code 

section. This option is beneficial when usmg the -bO option. 

Two styles of register parameters are supported. The -rr o�tion �uses }he 

compiler to place, automatically, up to four param�ters �n re?1sten: or 

b t. lls The asm keyword may be used m con1unctlon with a 
su rou me ca · - · 1 t ameters in a 
register specification list to cause the comp1 er o pass par 

given register. 

The compiler now tracks the condition codes affected _
by the 

_
generated 

code in an attempt to avoid generating unnecessary test instructions. 

Stack deanu on subroutine calls is delayed as long as po�sible to allow 

coalescing aJ'd even elimination of the cleanup across multiple calls . 

The bitwise Boolean operations generate better code for dealing with 

constant values. 

Division by 2, 41 or 8 no longer generates a subr�utin� cfl!: The compiler 

generates inline code to normalise and perform t e ca cu a ion . 

Bit shift operations have been re-written completely. The compiler now 

generates optimal shift sequences for all constant values. 

The compiler attempts to J?l�ce as. many variables as possible in registers 

unless this feature 1s exphc1tly disabled. 

The code generator now takes full advantage of all 68000.addr�s mo�es 

including auto increment and PC-relative indexed. Tracking o� �ndexmg 

operations allows the compiler to suppress unnecessary additions and 

substitute indexed address modes. 

Loading of specific constants has been optimised to . 
generate the optimal 

code sequence and avoid MOVE.L # as much as possible. 
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• Several new built-in functions have been added: 

• 

• 

• 

• 

abs Return the absolute value of an integer. 

_emit Insert a hex word into the instruction stream. 

. . .  _fpc Generate MC68881 transcendental operation. 

geta4 Force loading of the global data register. 

getreg Obtain the contents of a specific 68000 register. 

max Return the larger of two integers. 

memcmp Compare memory blocks. 

memcpy Copy memory block. 

memset Initialise memory block. 

min Return the smaller of two integers. 

putreg Directly store into a specific 68000 register. 

strcmp Compare strings. 

strcpy Copy strings. 

strlen Obtain string length. 

Many small code optimisations suggested by users have been 
!mplem�nted. In particular, t.he compiler no longer will generate NOP 
instruct10ns. Also, MOVEM instructions in the prologue/epilogue that 
reference a single register are converted to MOVE instructions. 

All GEMDOS/BIOS/XBIOS functions are available via inline TRAPs 
eliminating the overhead of 'stub' based methods. 

switch statements on values which are in the range of a short are 
converted to use the more efficient code. 

The entire .run-time library. has been re-�ritten to take advantage of 
better algorithms. The most important routines were recoded in assembly 
language. 
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IH iSoft C 
Converting HiSoft C programs to Lattice C 5 is normally fairly. simple, 
requiring few changes to the source code. The following options are 
recommended to ensure compatibility with the HiSoft C model: 

-a..i Force all characters to unsigned; HiSoft C always considers plain 
characters to be unsigned. The use of this option will ensure that any 
dependencies on this behaviour will not cause unexpected effects. 

-fd Force all floating point declarations to be of type double as HiSoft C 
only supports the double real format. 

The following points should also be taken into account when converting code: 

• If you are using the HiSoft C toolbox the main function should be 
renamed as lc_maln, so that the special initialisation code runs before 
your program. 

• The HiSoft C toolbox is supplied already compiled as a library for use 
with Lattice C 5 and can simply be linked in - see the I nstal lat ion 
Gulde. 

• 

• 

HiSoft C programs which do not use the GEM toolbox, but do use GEM, 
must use appl_lnlt and appl_exlt. Their use is optional under HiSoft C, 
whereas Lattice C 5 uses these calls to perform some initialisation itself. 
Failure to call these will result in mysterious crashes. 

The HiSoft C functions strgetfn and strsplfn were re-named from their 
traditional Lattice names. The functions strmfn and strsfn respectively 
should be used in their place. The easiest solution is to define this 
mapping on the command line to Lattice C (since HiSoft C would not 
allow the mapping within the program) viz: 

- dstrgetfn=strmfn - dst rsplfn=st rsfn 

Where code cannot be made to run successfully under both systems, the IC and 
LATTICE pre-processor symbols can be used to distinguish between the 
translation environment; HiSoft C always defines I C ,  Lattice C 5 always 
defines LATIICE. Hence one can write: 

#ifdef IC 
/*  HiSoft c specif ic code * /  

#else 
/ *  Lattice C version of the code * /  

#endif 
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Converting 

Appendix D 
GST Support 

lLinkST, The GST format l inker 
I ntroduction 

LlnkST i s  a linker that links GST-format files. In general we recommend that 
you use the Lattice C Linker,Cllnk rather than LlnkST since Clink is faster 
and has more facilities. llnkST does have one advantage over Clink though: 
it will let you link with other languages that produce GST format files. 

For example, if you have some assembly language written with GenST, the 
assembler supplied as part of HiSoft DevpacST2, then you could use GenST 
to produce a GST-format file and then link it, together with your C code and 
the GST libraries, to produce an executable program. If the assembly language 
module you have is short or doesn' t use the extensions to the Motorola 
standard provided by DevpacST, we recommend that you convert your 
assembly language to the Lattice assembler, asm, so that you can use Clink. 

If you wish to link your Lattice C code with code written in another high 
level language that supports the GST format (producing a so-called mixed 
language program) or you wish to use a third party library provided in GST 
format, then you will need to use LlnkST. 

Producing mixed language programs is not for the faint hearted; you need to 
ensure that the required start up code is provided for both languages and that 
the memory models, including register conventions,are compatible. Fortunately 
Lattice C 5 provides a wealth of options, so that you can match most popular 
conventions. See the section on LC, The Compiler. 

If you are 'only' linking with assembly language, things are much simpler 
since you can modify the code that is being called to handle whichever 
memory model you wish to use. 
Note that Lattice C 5 does not produce the other commonly used format on the 
ST, DRI linkable code, because this linker format is not sufficiently rich to 
support some of code constructs that Lattice C 5 generates. 

llnkST will only link GST-format files. 
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Compil ing code in  GST format 

To produce code that can be linked with L lnkST you will need to use the 
LC .TIP driver's -z option or, alternatively, convert a Lattice format file to 
GST format by using lc2gst as described at the end of this appendix. 

If you are producing a program that is larger than about 32K using GST 
format then you cannot use the compiler's default small code model because 
GST linkers cannot generate ALVs, the clever method that Clink uses to allow 
you to use the small code model with large programs. Thus you will need to 
use the -rO option when compiling GST-format libraries. 

The GST libraries that we supply follow the same naming conventions as 
those in Lattice format only with the GST .bin extension. If you are using -IO, 
yo�'ll n�ed to use lcnb.bln, lcgnb.b ln and lcmnb.b ln as your libraries, 
which give you large code and large data. Thus to link with these you will 
also need to use the -bO compiler flag. 

There are a few other points regarding the use of GST format: 

• 

• 

• 

The maximum amount of near data is restricted to 32K rather than 64K 
as with Clink. 

Lattice line number debugging information cannot be included in your 
executable program. 

There are some errors that Clink can spot that llnkST cannot· these are 
mainly mis-uses of memory models. 

' 

I nvoking Lin kST 

As with most of the tools supplied with Lattice C 5 you can either run llnkST 
f�om the D�sktop . or f�om a �hell and . can either supply a complete command 
lme or specify a lmk file which contains the required information. 

The command line should be of the form: 

<filename> < - opt ions> ( f ilename ] [ - options ] 

Options are denoted by a - sign then an alphabetic character supported -
options being: 

' 

-8 generate a true BSS section for any such named sections 

-D debug - include all symbols in the binary file using DR standard 8 
character format (for MonST2C o� other debuggers) 
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-F 

-L  

-M 

-0 

-Q 

-s 

-T 

-u 

-w 

-x 

force pass 2 of the linker, useful if you want to see all errors (as any 
pass 1 errors will, by default, stop the link before the second pass) 

specify that all following filenames are library filenames 

dump a map file showing the order of the sections and labels. The 
map filename will be the main filename with an extension of . MAP 

specify object code filename, may be followed by white space before 
filename 

'quiet' mode, which disables the pause after the link 

dump a symbol table listing, The symbol table filename will be the 
main filename with an extension of . SYM 

truncate to  eight characters 

force upper case 

specify control file filename, defaults to . LNK extension 

extended debug, using the HiSoft Extended Debug format for use with 
MonST2C. 

Normally any file specified given are assumed to be input files, defaulting to 
the extension of . B IN, though if a . LNK extension is specified it will be taken 
to be a control file. After a -L option, filenames are all assumed to be library 
files. 

The output file can be specified with the -o option on the command line, or 
using the OUTPUT directive in the control file. If there is more than one of 
these directives or options, the last one is used. If there is none given, then 
the first input filename specified in the command line or control file is used, 
with an extension of . PRG. 

Example Command Lines 

PART1 PART2 - d  

Reads PART l . BIN and PART2 . BIN as input files, and generates PARTl . PRG as 
an output file complete with debugging information. 

PART1 PART2 - o  TEST . PRG 

Reads PART l . B IN and PART2 . B IN as input files, and generates TEST. PRG as 
an output file. 
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- o  TEST . TO$ START - 1  MYLIB - s  

Reads START. B IN as an input file, selectively reads MYLIB . B IN as a library, 
and generates the output file 

TEST .  TOS and the symbol listing file TEST.SYM . 

LinkST Running 

LlnkST has two passes - during pass 1 i t  builds u p  a symbol table of all 
sections and modules, and during pass 2 it actually creates the output file. 
When it starts it prints a logon message, then reports on which files it is 
reading or scanning during both passes. This gives you some idea of what 
takes time to do, as well as exactly where errors have occurred. 

If there is enough free memory at the end of pass 1, LlnkST will use a cache to 
store the output file, which speeds up the process greatly. If it uses the cache 
it will write to the disk at the end of pass 2, and report the number of errors. 

When the link finishes you will be prompted to press a key before quitting. 
This is to give you an opportunity to read any warning or error messages 
before returning to the Desktop. You can disable this pause by using the -q 
option, useful if you are using a CLI . 

Error and warning messages are directed to the screen - if you want to pause 
output you can press Ctrl-S, while Ctrl-Q will resume. Pressing Ctrl-C will abort 
the linker immediately. 

You can re-direct screen output to a disk file by starting the command line 
with 

>FI LENAME . TXT 

or you can re-direct it to a printer by starting the command line with 

>PRN : 

to the parallel port, or 

>AUX : 

to the serial port. 

If you do re-direct output in this way you should use the -q option as you 
won't be able to see the prompt at the end of the linking. 
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Control Files 

The alternative way to run the linker is to have a control file for the 
programs which you are linking together. 

If you require a lot of options which won' t fit on the command line or you get 
bored of typing them, you can use a control file, which is a tex! fi�e 
containing commands and filenames for the linker. The def�ult e�tension is 
. LNK and the control filename is specified on the co�mand lme usmg the -w 
(for With) option. Each line can be one of the followmg: 

INPUT <filename> 

This specifies a filename to be read as an input file. The default extension is 

. B IN if none is given. 

OUTPUT <filename> 

This specifies the filenam� to. be us�� for the output file. There is no default 
extension - you must specify it explicitly. 

LIBRARY <filename> 

This specifies a filename to be scanned as a library. The default extension is 
. BIN if none is given. 

SECTION <sect ionname> 

This allows specific section ordering to be forced. 

DEBUG 

All symbol names included in the link are put in the output file so th�t 
debugging programs such as MonST2C can use them when the program is 
numing. 

XDEBUG 

Similar to the debug option but uses HiSoft Extended Debug format for up to 
22 character significance. 

DATA size [ K ]  

The BSS segment size is set accordingly. The size can be given either a s  a 
number of bytes or as a number of K-bytes (units of 1 024). This option is 
particularly useful for the Prospero compilers which effectively use the BSS 
segment for their stack. 
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BSS <sectionname> 

Specifies that the named section should r . h This .can save valuable disk s ace b 
te �n t e GEMDOS BS� section area. 

contains any non-zero data. Thif sh� l
� t �t� generate errors tf �he section 

DATA statement. 
u no e used at the same time as the 

TRUNCATE 

Causes all symbols to be truncated t 8 h . . 
to link assembly language with long

o 
la�el�r�ct�r:'·h

T
i
hts t

i
s 

}
sometimes required 

short labels. 0 ig - eve anguage code with 

UPPER 

Forces all symbols to be au tomaticall . 
required when a compiler or assembler ge�er

u
a
p
t 
per-cas.ed. T��s is sometimes es case-insensitive code. 

Blank lines in the control file · 
d making the first character in t�:e 1:�:0::, 'a 

a
;n:r 

�o
,
�ments can be included by 

With the INPUT or OUTPUT dir r 'f h f . 
substituted the first filename o

�c
t�

ve, t t e tlename ts specified a s  • it  is 
having a generic control file for link�n�o�mand line

f 
This ca� be useful for 

model. programs or a particular memory 

An example control file is: 

;
N
���t��� file for linking large model gem programs 

INPUT * 
XDEBUG 
L IBRARY LCGNB 
L IBRARY LCNB 
SECTION TEXT 
SECTION DATA 
BSS UDATA 

Assuming this control file is called CPROG LNK the llnkST · , command line 
TEST -w CPROG 

will read as input files CNB  B I N  d T LCGNB . B I N  and LCNB  B IN Th 
a
b� EST. B l� , and scan the libra ries . f . . . e o Ject code, including extend d d b in ormatton, will be written to TEST PRG e e ug 

specified. · ' as no output file was explicitly 
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The two SECTION directives, above, ensure that the TEXT and DAT A sections 
appear in the correct order in the output file. The BSS directive ensures that 
the UDATA section is treated as a true BSS section. 

If you do not specify a drive name in the control file or on the command line, 
the default drive will be assumed. If you run llnkST from the Desktop, the 
default drive will always be the same as that containing the file on which 
you double-dicked; though if you run it from a CLI or from the editor this 
will not necessarily be so. 

LlnkST Warnings 

Warnings are messages indicating that something might be wrong, but 
probably nothing too serious. 

duplicate definition of value for symbol <x> 

The symbol was defined twice. This can happen if you replace a subroutine in 
a module with one of your own, for example. The linker will use the first 
definition it comes across, and give this warning on the second. 

module name is too long 

Module names can only be 80 characters long. 

comment is too long 

Comment directives are only allowed to be 80 characters long (don't ask u; 
why, we don't know!). 

absolute sections overlap 

Two absolute sections clash with each other. 

SECTION <x> is neither COMMON nor SECTION 

A section name was specified without defining its type. 

LinkST General Errors 

unresolved symbol <x> in file <x> 

The symbol was referred to but not defined in the file. There may also be 
other files which refer to the symbol, but this error gives you a start in your 
search! 
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XREF value truncated 

e e e e 

A value was too large to fit i t th 
to an external may be out of r:n�e. 

e space allocated for it, for example a BSR 

runtime relocation is only available for LONGs 

attempt to redefine Id of symbol <x>. 

bad control line <x> 

An illegal line was found in a control file. 

non-zero data in BSS section 

A section wanted as a true BSS section contained non-zero data. 

LinkST Input/Output (1/0) Errors 

file <x> not found 

Can't open output file <x> 

Can't open map file <x> 

Can't open symbol file <x> 

Can't open input file <x> 

1/o error on Input file 

disk write failed 

attempt to DEFINE <x> with <Id> of zero 

bad operator code Ox99 In XREF directive 

bad truncation rule In XREF 

wrongly placed SOURCE directive 

bad directive <99> 

<id> <99>not DEFINEd as a SECTION but used as one 

attempted re-use of <id> <99>as SECTION id 

attempted re-use of <x> as SECTION name 

section is COMMON but being used as though it's not 

SECTION is being misused as COMMON 

unexpected end of input file 

'Linker Bug' Messages 

filename <x> was too long 

LinkST Binary file Errors 

These can be produced as a result of internal checks by the linker. If you get 
one please send us copies of the files you are trying to link! 

These are errors in the internal s t f h . 
. 

If they do it probably means thI'1 ax �I t e mput file, and should not occur. 

incorrect code. 
compi er, assembler or converter produced 

missing SOURCE directive 

Can occur if a file is not in GST format, for example a ORI file. 
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IGSTlib, The GST format l ibrarian 
GSTllb i s  a librarian that is designed fo r  maintaining GST format libraries. When specifying filenames to GSTl lb you must explicitly include the file extension, normally .bin. 
GSTJJb has a number of different possible command lines as shown below: 
Replace modules 

gstlib r [ vs q ] [ a j b  obmod ] library [ f iles . . .  ] 

This will replace any current occurrences of the modules contained in the given files. If a module is not already present in the library then it will be added. If the library does not exist then a new library will be created that just contains these files. The following additional options may be used 
v (verbose). Echo when adding or replacing a module or creating a library. 

a mod (after). If adding a new module insert it after mod. 

b mod (before) .lf adding a new module insert it before mod. 

s (sort) . Sort the library so that it can be scanned by a linker 
in a single pass, if possible. If this fails due to circular 
references then the new libra ry will be saved in 
l lbname. tmp and the original library left as it was. 

q (quit). Wait for Return to be pressed before exiting GSTIJb, 
for use with the Desktop. 

Update modules 

gstlib u [ vsq J [ a j b  obmod J library [ files . . .  ] 
This works in precisely the same way as the replace modules option except that the modules are only updated if the versions in the files are more up to date than the version in the library. Exactly the same options may be used as with the r option. 
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Load modules 

gstlib l [ vq J  prog . lib [ f iles . . .  ) 

This option can be used to produce a library that contains just th� . 
mo�ules 

that would be included when linking a program. The v and q mod1f1ers ave 
their usual meaning. For example: 

gstlib 1 prog . bin c . bin you rprog . bin le . bin 

u d be used to create a library containing the modules requi�ed by co 1 
Id then run LlnkST without the need to scan the hbrar}'.. b������· ��:e 

c��eated a library using this option it is unwise to sort it 
subsequently. 

Delete modules 

gstlib d [ vsq ] library [ modules . . . .  ) 

Deletes the modules with the given names. As usual v 
-
�ill cause t�e 

librarian to inform you of its progress, q will pause �efore ex1tmg and s will  
attempt to sort the library after performing the deletions. 

Move modules 

gstlib m [ vsq ] [ a j b  obmod ) library [ modules . . .  ) 

Moves the given modules to thr end of the library unless either a or b are 
specified, in which case: 

a mod moves the modules immediately after obmod and 
b omod moves the modules immediately before obmod. 

The other modifiers have their usual meanings. 

Tabulate modules 

gstlib t [ vvvvvq ) library [ modules . . .  ) 

his form of command line displays information about. the
.
giv�n modules in ;he library. If no module list is included, the information is given about all 

modules. The different levels of information are as follows: 

v module names only 
vv as per v and the size and date 
vvv as per vv and the list of exported (xdef) symbols 
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vvvv as per vvv and the list of imported (xref) symbols 
vvvvv as per vvvv and a cross reference of the symbols 

As ever, q may be included to pause before GSTlfb terminates. 

Extract modules 

gstlib x [ vkq ) library [ modules . . . .  ] 

This extracts the given modules from the library. If no modules are specified then all the modules are extracted. Note that module names may have .o, . c  or .bin appended to them depending on the tool that produced them. The additional modifiers are: 

k keep date stamp from library on the extracted files 
v inform the user of progress 
q pause before exiting 

If a module that is being extracted does not have a name it will be placed in a file called dummy###.B IN where ### is a unique decimal number. 
Librarian command files 

If the command line to GSTllb contains an @ sign, the name following this is taken as a command file name and the command read from this. Additionally such files may contain lines starting with #; these are treated as comments. Long lines may be split by using \ as the last character of the line. 
Example command lines 

gstlib tv le . bin 

List all the modules in the library le .bin; there are quite a few! 
gstlib xk le . bin printf . o  

Extract the module prlntf. o into a file called prlntf .o retaining the date stamp that it had in the library. 

gstlib d le . bin printf . bin 

Remove the module prlntf.bln from le.bin. 
The source code to GSTllb is supplied; see the lnstallatlon Gulde for details. 
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llc2gst, The Object Fi le Convertor 
lc2gst is a tool for converting Lattice C object files to the GST format. It has 
three different forms of command line as follows: 

le2gst f ile . o  
le2gst · O  dir\  f ile . o  
le2gst - o  j ohn f ile . o  

The first form simply converts flle.o to file .bin. Note that the . o  is required. 

The second form places the converted file in the directory di� note thatd�; 
terminating \ must 

_
be present. This option can be used to eep your 

format files in one directory. 

The final form causes file .a to be converted to !�hn .bln .
. 
Not�

t 
th�� t�� . b in 

extension is always used, regardless of any exphc1t extension a er e . 

lc2gst can convert more than one file �t ���e: ;
t
i��l:

s 
i���d���

e
����r 

e
�1;!�� 

convert at . the end o
h
f the co��il:eed 

l
a �hell that supports this, such as wildcards itself, so t at you WI 

Craft, to provide this facility. 
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LC LC1 LC2 

er � .  I 
- b  - b  Base relative data 

- bO - bO Non-base relative data 

- b 1  - b 1  Base relative data 

- B  Always use 'big' compiler 

- c+ - c+ Suppress structure messages 

- ca - ca ANSI compatibility 

- cc - cc Allow nested comments 

- cd - cd Allow $ in identifiers 

- ce - c e  Suppress error line printing 

- cf - c f  Require function prototypes 

- c g  - cg Process ANSI trigraphs (not implemented) 

- c i  - c i  Suppress multiple includes o f  same file 

- ck - ck Allow new keywords 

- c l  - cl Forces long alignment of al l  external data 

- cm - cm Allow multiple character constants 

- co - co Enable old style preprocessor 

- cq - cq Strengthen aggregate equivalence type checking 

- e r  - e r  Allow register keywords 

- c s  - c s  Create only one copy o f  identical strings 

- ct - ct Enable warnings for tags used without definition 

- c u  - c u  Force all char declarations a s  unsigned char 
- cw - cw Shut off warning for return without a return value 

- e x  - e x Treat all global declarations as externals 

- C  Continue on error 

- d  - d  Enable debugging 
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- d O  - do Disable debugging 
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· d 1  · d 1  

· d2 · d2 

· d3 · d 3  

· d4 · d4 

· d5 · d 5  

- dx=y · dx=y 

- e  - e  

- eo - eo 

- e 1  - e 1  

- e2 · 82 

- Ex=y 

· f · f  

· f 8  · f8 

- f a  - fa 

· f i  · f  i 

· f l  · f l  

· fd · fd 

· fm · fm 

· f s  · f s  

- gd - gd 

- ge - ge 

- ge - g e  

- gh - g h  

- g i  - g i  

- gm - gm 

- gn - g n  

- g s  - g s  

- g x  - g x  

· Hx x x  · hx x x  

- ix · ix 

· j <n >  · j <n> 

· j <n>e • j <n>e 
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Enable debugging · dump line table 
c: :11 

Generate symbol information 

- j <n>i - j <n>i Disable message n 

Generate symbol information, dump at every line 

Generate full symbol information 

• j <n>w - j <n>w Enable message n as a warning 

· L+ 
Specify additional linker objects 

Generate full symbol information, dump at every line 

Define preprocessor symbol 

� =· - La 
XADDSYM option 

· Lb 
BATCH option 

Recognise extended character set 

· Lf 
MAP option 

Japanese character set 

- Lg 
GEM library 

Chinese character set 

Korean character set 
It- : . · Lh 

Hunk map option 

· L l  
Library map option 

- Lm 
Lattice maths library 

Define environment variable x with value y 
Use standard Lattice libraries 

Generate code for Motorola 68881 
Lt • · Ln 

NODEBUG option 

· Lq 
QUIET option 

Auto-detecting 1/0 based 68881 
- Ls 

Symbol map option 

1/0 based 68881 maths 

· LV 
Verbose option 

Use standard Lattice libraries 

- Lx 
XREF map option 

Treat all declarations as double precision 

Use float as single precision and double as double precision 

Treat all declarations as single precision 

Cross reference defined symbols 

Cross reference compiler provided files 

List excluded lines 

· l  - 1  Align objects on longword boundaries 

· M  
Only compile modified source files 

- m  - m  Generate code fo r  Motorola 68000 

- mo -mo Generate code for Motorola 68000 

- m 1  - m 1  Generate code for Motorola 68010 

- m2 - m2 Generate code for Motorola 68020 

List header files 

- m3 - m3 Generate code for Motorola 68030 

List included files 

- ma - ma Generate code for all Motorola processors 

List macro expansions 

- me - me Disable cleanup overhead reduction enhancement 

Print narrow lines 

-mr -mr Disable automatic registerisation 

List source 

-ms -ms Generate code optimised for space 

Produce cross reference listing 

Read in header file xxx 

- mt - mt Generate code optimised for time 

- n  - n  
Retain only 8 characters for identifiers 

Specify include directory 

Disable message n 
Make message n an error instead of a warning 

· O X  · O X  Place object file in location x 

- p · P 
Preprocess only 

- pe - pe Generate prototypes only for externs 

- ph · Ph 
Generated precompiled header file 
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- pp - pp 

- pr - pr 

- ps - ps 
- q x  · OX 

- q<n>e - q<n>e 

- q<n>w - q<n>w 

- q 

- q - - q -

- r  - r  

- ro - rO 

- r 1  - r1 

- rr - rr 

- rs - rs 

- rb - rb 

-Rx 

· S · S 

- sb=x - sb=x 

- sc=x - sc=x 

- sd=x - sd=x 

-ta 

-td 

- t r  

·t"X 

· U  · U  

· U X  · U X  

· V  · V  

• W  · W  

• X  · X  

-y  - y 

· Z  
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Generate prototypes with _PROTO for portability 

Generate prototype file 

Generate prototypes only for static functions 

Place quad file in location x 

Quit compilation after n errors/warnings 

Quit compilation after n warnings 

Sarne as -q l e l w  
Never quit on any errors o r  warnings 

Default subroutine calls to near (PC-relative) 

Default subroutine calls to far (Absolute) 

Default subroutine calls to near (PC-Relative) 

Default subroutine calls/ entries to register conventions 

Default subroutine calls/ entries to stack conventions 

Generate code for both register and stack convention entries 

Place compiled objects into library x 

Specify default segment names 

Specify name for BSS segment 

Specify name for code segment 

Specify name for data segment 

Force linking of a desk accessory startup stub 

Force linking of auto detecting startup stub 

Force linking of resident startup stub 

Use file x as the startup code 

Undefine all preprocessor symbols 

Undefine preprocessor symbol x 

Disable stack checking code 

Default to short integers 

Treat all global declarations as externals 

Load up A4 with base address at start of functions 

Generate CST-linkable code 
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Appendix F 
The Lattice C Start- U 

!Introduction 
The Lattice C compiler i s  supplied with a wide range o f  differing startup 
stubs which perform various levels of initialisation and have differing 
impacts on the programs which may be written. 

!The stubs 
4 different stubs are provided for the following purposes: 

Standard - suffix none 

This family of  stubs provide the normal entry and exit code required by a 
GEM or TOS program designed to be run either from the Desktop or from 
another program via GEMDOS Pexec . They perform full command line 
parsing via either the Atari extended command line method, or if this is not 
available via the command line embedded in the programs basepage. The 
memory available to the program is assessed and various internal variables 
are initialised to support the dynamic memory allocator (note that this 
allocator is careful to ensure that bugs in TOS pre-1 .4 are not aggravated). 
The environment variables available are also parsed into the standard UNIX 
environ format. 

The final call, from the startup code, is to the pre-main routine _main which 
initialises the standard 1/0 library prior to calling the main routine. If your 
program uses no standard 1/0 you may wish to declare your main function as 
_main to ensure that no superfluous library routines are drawn in. 

Desk Accessory - suffix 'ace' 

The desk accessory family of  stubs perform the minimal initialisation 
required by desk accessories. The only 'normal' operations performed are the 
initialisation for the clock function and the reading of the OS information. 
The stack space for a desk accessory is fully contained within the startup 
code, so if a different stack size is required this must be dane by modifying 
the stack size in the startup and reassembling it, the relevant line is: 

base ds . b  256 
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which is normally near to the last line in c • s . 

These stu�s perfo!m no command 1.ine parsing, no environment setup, no 
standa�d f�le opening and no dynamic memory allocator initialisation. This 
last pomt is so that all DAs are forced to conform to the requirement that a 
DA may not legally use GEMOOS Malloc. 

In order to circumvent the malloc problem you may add static arrays to the 
library free memory list using the _addheap function. The function has the 
prototype: 

void _addheap ( void • base , size_t length ) ;  

Calling this function with the base of a static array and and a length count 
adds those bytes to the library heap. For example: 

int main ( void ) 
{ 

} 

static long heap [ 1 00 ) ; 

_addheap ( heap , sizeof ( heap ) ) ;  

Note that .the length of the. heap must be a longword multiple. Also be 
aware that if you never call this function and your program calls any function 
which must malloc() memory (e.g. fopen()) then all such calls will fail. 

�ecause �esk accessori.es are alw�rs GEM programs they must always be 
lmked with the GEM hbrary, add1t10nally the DA startup is specified using 
the -ta option. 

Auto-detecting - suffix 'out' 

This family of stubs allow a program to detect how it has been run, from the 
auto-folder, �s a desk accessory, as a GEM program or as a TOS program. An 
external variable, Int _XMODE, is made available so that the program may 
perform the requisite initialisation: 

0 Standard GEM program 

1 Standard TOS program 

2 GEM DA 

3 Auto folder TOS program 
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For the GEM/TOS modes (0, 1 and 3) the startup code performs otherwise as 
described for a normal GEMOOS program. For the DA mode, the stack issue 
recurs, in this instance the startup code re-uses the space taken by the startup 
code as the stack for the desk accessory. This gives approximately 750 bytes 
of stack space, which may be increased by inserting NOPs, immediately 
before the lsada2 label. Other than this oddity, the DA startup sequence is 
identical to that described previously. 

Resident - suffix ' res' 

The resident stubs provide a facility for generating programs which are both 
residentable and re-entrant. This is used, for example, by LC2 so that it may 
be multiply re-executed from within the integrated environment. The resident 
stubs place no special restrictions on the programmer other than that all 
accesses to the data must be referenced through A4, i.e. the normal -b l model. 
Note that these means there must be no far data whatsoever. 

In the resident mode the startup code initially detects whe�her or not the 
program is being executed in a resident manner, or whether 1t has been run 
normally, as if by Pexec(O, . . .  ) .  A copy of the near dat� sec�ion is �h�i;i �de 
so that any relocation required may be performed on 1t, prior to 1mtiahsmg 
A4. Note that in this mode the default locations of any global data variables 
exported for a symbolic debugger point to the original constant copy of the 
data and not the copy which is in use. 

To use a residentable program from within your own application, it must 
initially be loaded using Pexec(3 , . . .  ) and then shrunk viz: 

#include <osbind . h> 
#include <basepage . h> 

bp= ( BASEPAGE * ) Pexec ( 3 , prog , • • , • • ) ;  
Mshrink ( bp , bp - >p_tlen+bp - >p_dlen+Ox 1 00 ) ; 
Mf ree ( bp - >p_env ) ;  / * kill the environment * /  

To execute this program, another basepage must be allocated for the active 
copy, and then executed: 

BASEPAGE •ap= ( BASEPAGE * ) Pexec ( S , NULL , command , env ) ; 

ap - >p_tbase=bp - >p_tbase ; 
ap - >p_tlen=bp - >p_tlen ; 
ap - >p_dbase=bp - >p_dbase ; 
ap - >p_dlen=bp - >p_dlen ; 
ap - >p bbase=ap+t ; 
ap - >p=blen= ( long ) ap - >p_hitpa - ( long ) ap - >p_lowtpa - sizeof ( *ap ) ;  
e r r=Pexec ( 4 , NULL , ( char * ) ap , NULL ) ; 
Mfree ( ap - >p_env ) ;  
Mfree ( ap ) ; 
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where command and e n v  give the command line and environment 
respectively that are to be passed to the child process. 

If a residentable program is to be executed normally a standard Pexec(O , . . .  ) 
suffices. Please note that a residentable program whilst conforming to the 
normal GEMDOS program load format contains many extensions which are 
generated by the linker in order to support the resident concept. At this time 
it is not our intention to provide detailed information on this since such 
information is only useful to the startup stubs (provided) and the linker, 
CLink. 

User supplied stubs 

A user specified s tub may be  passed, by  the user, to  the compiler driver. 
Typically this is used when the startup code has been modified for a special 
purpose, or the stack size of a D.A. has been increased, for example. 

The name of the stub is communicated to the driver via the -t= option, in 
conjunction with the -L options. Hence to compile and link with the stub 
mystub.o: 

le - L  - t=mystub . o  myprog . c  

Naming conventions 

The naming conventions for the startup stubs follows exactly the same pattern 
as that for libraries. The first character of a startup stub is always c, 
followed by: 

Letter Type of library 

s Default short integer (-w) 

r Register parameter passing (-rr) 

nb Non-base relative (-bO) 

The final three character suffix, as described above, are as follows: 

Suffix Type of startup stub Option 

ace Desk accessory -ta 
out Auto program type detecting -td 
res Resident program -tr 
User User specified stub -t= 
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f·1 11 d c s r n b a c c  . o  would be a short integer, register passing 
Hence a 1 e ca e b 
non-base relative desk accessory startup stu . 

{Re-assembling c.s . 
The startup code is provided so that it may be modified as the user requires. 

To re-assemble it the command: 

asm [ opt ions } c . s  

should be used, either from a shell, the desktop or as a Tool / Run Other 

command from the environment. 

The options part dictates what sort of stub is to be pr
_
oduced, all types of stub 

are controlled using various -d parameters. These are. 

AUTO Auto-detecting (-td) 

DA Desk accessory (-ta) 

GST GST compatible (-z) 

NOBASER Non-base relative mode (-bO) 

REGARGS Register passing mode (-rr) 

RESIDENT Residentable program (-tr) 

SHORTINT Default short integer mode (-W) 

. b cc 0 the command used is: 
Hence to build the stub described earlier, c s r n  a . , 

asm - dDA - dREGARGS - dNOBASER - dSHORTINT c . s  

fact build the linkable file into c . o rather than 
Note that this will in 

c s rnbacc . o. 

h "f . GST does not build a GST compatible linkable file, 
Also note t at spec1 ymg 

h I 2 t fi st 
the • o produced by asm must be passed throug c gs r . 
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Appendix G 
ST ASCI I  Table 

Here is the 8-bit ASCII representation of the ST's character set: 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 A 

1 1  B 

12  c 
13 D 

14 E 

15 F 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 1 2 3 4 5 6 7 8 9 10 1 1  12  13  14  15  

� {li i:> ¢ •It I r+J J © .. J' F c Il l' F R 
n 2 3 � s 6 n B 9 a E � "ti u c s t. ':i 

I I I  II $ Y. & I ( ) * + I . ' 
e 1 2 3 4 s 6 1 a ' I ( - > ? -, 
@ A B C D E F G H I J K L M N 0 
P 0 R S T U U W X V Z [ \ ] A 
' a b 
P Q r 
� � : , , , 

c 
s 
A. a 
A. 0 , a 1 0 u ,.., ,.., a o JJ' g 

d e 
t u 
a .... a 
0 .... 0 ,.., ,.., n H 
II! IE 

f g h i j k l n n  0 
V H X z { I } tw A y 
a t e e e r i l � ft 
u u y 0 u ¢ £ ¥ p f 
a o · - - i .... ,.., ..., 
A R 0 

r- "I . .  , � � i c :. 
t �I © ® 1M 

u U H 1 a 1 n 1 T n U • l ) n J 
D D 9 ! � 1 � fl 1 l D � , § A � 
� a r � I o � 1 o e 2 s � � e n 
= + > < - - - - r J + ::::: 0 • 

• ,,- n 2 3 -

The most significant four bits of the ASCII representation are shown down the 
left side whereas the least four significant bits are across the top so that, for 
example: 

4C (4*16+12=76 decimal) represents L 

78 (7*1 6+1 1 = 1 23 decimal) represents ( 
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ST ASCII Table 

Appendix H 
VT52 Screen Codes 

When writing to the screen via GEMOOS or the BIOS calls, the screen driver 
emulates VT52 protocols. The control codes are sent via escape sequences, 
which means an escape character is sent (27 decimal, or $1B) followed by one 
or more other characters. 

ESC A 
ESC B 
ESC C 
ESC O 
ESC E 
ESC H 
ESC I 
ESC J 
ESK K 
ESC L 

ESC M 
ESC Y 

ESC b 

ESC c 
ESC d 
ESC e 
ESC f 
ESC j 
ESC k 

ESC I 
ESC o 
ESC p 
ESC q 
ESC v 
ESC w 

Cursor up; no effect if at the top line 
Cursor down; no effect if at the bottom line 
Cursor right; no effect if on the right hand side 
Cursor left; no effect if on left hand side 
Clear screen and home cursor 
Home cursor 
Move cursor up one line; if at top scrolls the screen down a line 
Erase to end of screen, from the cursor position onwards 
Clear to end of line 
Insert a line by moving all following lines down. Cursor is 
positioned at start of the new line 
Delete a line by moving all following lines up 
Position cursor; should be followed by two characters, the first 
being the Y position, the second the X. Row and column numbering 
starts at (32, 32) which is the top left 
Foreground colour; should be followed by a character to determine 
the colour, of which the four lowest bits are used 
Background colour; similar to above 
Erase from beginning of display to the cursor position 
Enable cursor 
Disable cursor 
Save the current cursor position 
Restore a cursor position saved using ESC j; note that this is not 
supported on the original 1 .0 ROMs 
Erase a line and put cursor at start of line 
Erase from start of line to cursor position 
Inverse video on 
Inverse video off 
Wrap around at end of line on 
Wrap around at end of line off 

For instance these codes may be used in a normal prlntf statement to print 
information one after another, on the same line, e.g. 

printf ( " \ 033IProcessing %s \ 033K\ n " , file ) ; 
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ISuggestions 
We welcome any comments or suggestions about our programs and, to ensure we remember them, they should be made in w,riting. 

[Common Problems 
The following is  a list of common mistakes made when starting programming with La ttice C. Please check these carefully against your problem before ringin for technical support. 

., 
. 

• 

Why does the linker complain that symbols beginning with _CX or _AES are undefined and wants me to enter a "DEFINE value"? 
These are symbols in the floating point maths library and/or GEM libraries (respectively), if you have used any floating point maths or GEM calls you must link with the relevant library. This involves selecting Link with floating point or Link with GEM from the options menu if using the integrated compiler, or using the -Lm or -Lg options from the command line. 

., My program was nearly finished, but suddenly the compiler has started reporting "Intermediate file error". How can I stop this? 

• 

• 

., 
• 

• 

., 
• 

• 

This almost certainly means that the compiler has run out of space on the device on which it is creating the quad (intermediate) file. Either delete some files from the appropriate disk, or if it is a RAM disk, and you have enough memory left, increase its size. 
Whenever I try to read/write screen images, they always get corrupted. Why? 

The libraries support two modes of file operation, text (the default) and binary. In text mode all CR/LF pairs are considered special and may be removed/added by the library. If using a binary fife (such as a screen image) make sure you have selected the binary mode of operation, see the page on fopen() etc. for more details on this. My program mysteriously crashes, and I think this is the compiler corrupting the stack. Is this a bug? 
What has probably happened is that you have either allocated too much s tack space with stack checks disabled (these are on by default), or that you are writing over the end of an array which you have allocated on the stack. This problem can be hard to track down, so always make sure you test your program with stack checks on. 
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I I ndex 
$ legality 61 
68000 68, 217 
68010 68 
68020 68, 217 
68030 68, 217 
68881 floating point 63 

asm keyword 79, 233 -
BSSBAS,linker 120 -
BSSLEN, linker 120 -
DATABAS, linker 120 -
DATALEN, linker 120 -
DATE_ pre-processor symbol 58 -
edata, linker 121 -
end, linker 121 -
etext, linker 121 -
far keyword 77 -
FILE_ pre-processor symbol 58 -
huge keyword 77 -
interrupt keyword 79 -
LINE_ pre-processor symbol 58 -
LinkerDB, linker 120 -
MERGED, linker 1 15 -
near keyword 78 -
PLAIN_CHAR_UNSIGNED pre--
processor symbol 59 
regargs keyword 71, 79, 233 -
RESBASE, _RESLEN, linker 120 -
saveds keyword 73, 79 -
stdargs keyword 71 , 80 -
STDC_ pre-processor symbol 58 -
TIME_ pre-processor symbol 58 

_OSERR 32 

• A  
abandon file, resource editor 162 
absolute code 71, 1 19  
absolute expression, assembler 213 
Adding symbols 66 
Additional Tools 249 
address error 206 
Addressing modes 214 
aggregate equivalence, strengthen, -

cq 61 
Alert boxes, debugger 178 
Alert, resource editor 169 
align long objects 67 

alignment 269 
Alphabetic, resource editor 165 
ANSI compatibility mode 60 
ANSI extensions 75 

const 75 
enwn 75 
signed 76 
void 76 
volatile 77 

APPLBLK 290, 291 
ASCII Table 337 
ASCII table, Editor 42 
ASCII, assembler Literal 212 
ASM, the assembler 3, 21 1 
Assembler 3, 21 1 

calling conventions 228 
Comment 214 
conditional assembly 223 
conditionals 

end, ENDC 223 
if defined, IFD 223 
if equal, IFEQ 223 
if equivalent, IFC 223 
if greater than or equal, IFGE 223 
if greater than, IFGT 223 
if less than or equal, IFLE 223 
if Jess than, IFLT 223 
if not defined, IFND 223 
if not equivalent, IFNC 223 
toggle, ElSE 223 

constants 212 
data listing 217 
directives 218 

CNOP, conditional alignment 218 
conditional assembly 223 
CSECT 226 
CSECT, conditional alignment 218 
DC, define constants 219 
DS define space 220 
ELSE, toggle conditional assembly 223 
END end assembly 220 
ENOC end conditional assembly 223 
ENDM, end macro definition 220 
EQU, equate label 220 
IDNT 220 
IFC, if equivalent 223 
IFD, if defined 223 
JFEQ, if equal 223 
IFGE, if greater than or equal 223 
IFGT, if greater than 223 
IFLE, if less than or equal 223 
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IFLT, if less than 223 IFNC, if not equivalent 223 IFND, if not defined 223 INCBIN, include binary 220 INCLUDE, include source 220 LIST, enable listing 221 MACRO, define macro 221 MEXIT, exit macro invocation 221 NOLIST, disable listing 221 OFFSET, start offset section 221 PAGE, page throw 222 RORG, relocatable origin 222 SECTION, define program section 222 SET, temporary equate 222 TTL, set title 222 
XDEF, export label 222 XREF, import label 222 

error messages 239 
Function Exit Rules 234 
includes, listing 217 
Label 21 1 
labels 

equate, EQU, "' 220 
start offset section, OFFSET 221 temporary equate, SET 222 listing 
disable 221 
enable 221 
page throw 222 
title 222 

macro expansion listing 217 
macros 

calling 225 
default parameters 224 
define macro, MACRO 221 
definition 224 
end macro definition, ENDM 220 exit macro invocation, MEXIT 221 Number Representations 212 

Opcode 212 
Operands 212 
Operation 212 
operator 213 
options 216 

debugging, -d 216 
defining symbols, -d 216 
listing 217 

data generation 217 
include files 217 
macro expansion 217 

object file, placing, -o  216 
short integer, -w 21 7 
target processor, -m 217 
underline prefacing, -u 217 

reserved symbols 
NARG, number of macro arguments 221 

variable 212 
assembler, ASCII literal 212 assembler, binary number 212 assembler, decimal number 212 assembler, floating point 215 assembler, hexadecimal number 212 assembler, octal number 212 assembler, running 216 Assembly language 225 

calling conventions 79, 80, 233 resource editor 294 
assembly language calling conventions 79 
ATARI pre-processor symbol 58 auto naming, resource editor 149, 162 auto size, resource editor 162 Auto Snap, resource editor 152, 162 auto-detecting program 332 Automatic Link Vector 1 19  Automatic linking 66, 72 automatic program detection 72 automatic registerisation 68 AVAIL, CLI 129 

• B  
Backspace key, Editor 28 Backup, master disks 1 Backups, editor 31 
base-relative 59, 78, 1 19, 228 BASIC, resource editor 294 Batch file 139 

comments 136 
exit 134 
parameters 139 

batch mode 66 
Batcher 2, 129, (See CLI) Beginning of line, Editor 27 Bibliography 341 

68000 343 
Algorithms & Data Structures 344 C Programming 341 
ST Specific 345 

Big compiler 59 
Binary, assembler 212 
BITBLK structure 289 
Block buffer, Editor 35 Block commands (see Editor, block commands) 
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Border, resource editor (see Resource 
Editor, border) 

Box resource editor 144 
BoxChar, resource editor 1 44, 150 
BoxText, resource editor 144 
breakpoint, debugger (see debugger, 

breakpoint), (see Debugger, 
breakpoint) 

building pre-compiled headers 74 
Built-in Functions 80 
bus error 206 
Button, resource editor 144 

• C  
C++ mode 60 
calling assembler macros 225 
calling assembly. language 228 
Calling Conventions 78 

assembly langauge 233 
assembly language 79 
interrupt code 79 
register 79, 233 
standard 80 

cancel, resource editor 161 
Case dependency, Editor 29 
CD, CLI 129 
char, unsigned 59, 62 . character constants, multiple, -cm 61 
character set, extended 63 
Child number, resource editor 159 
CHK instruction 206 
choosing a library 121 
Clear text, Editor 30 
CLI 129 

AVAIL 129 
Batch files 1 39 

parameters 1 39 
CD 129 
clear screen 130 
CLS 130 
COLOUR 130 
comments 136 
COPY files 131 
COPYW ARN 132 
create directory 135 
Cursor keys 138 
DC 132 
DEL 132 
delete 

directory 136 
files 132 

DIR 133 
directory 

change 129 
create 135 
current 129 
delete 1 36 
list 1 33 

disk change 1 32 
disk format 134 
disk free space 135 
DISKCHANGE mode 133 
drive, current 130 
ECHO commands 134 
enable file overwrite warnings 132 
environment variables, setting 137 
ERA 134 
EXIT batch file 1 34 
font 137 
FORMAT disk 134 
FREE disk space 135 
history 138 
Line Editing 138 
l i s t  

directory 1 33 
file 1 37 

memory free 129 
MI<DIR 135 
MOUSE control 135 
PAUSE command 136 
redirection 140 
REM 136 
REN 136 
rename file 136 
RMDIR 1 36 
SCREENSA VE mode 136 
SET 137 
SMALL characters 137 
TYPE 137 
VIRTUALDISK 1 37 
WHICH 1 38 

CLink The Linker 3, 23, 1 13  
CLINKwITH environment variable 

1 19 
Cl.S, CLI 130 
CNOP directive, assembler 218 
co-processor, maths 63 
code generation 68 

68000, -mo 68 
68010, -ml 68 
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68020, -m2 68 
68030, -m3 68 
automatic registerisation, -mr 68 
deferred stack cleanup, -me 68 
family mode, -ma 68 
short integer, -w 73, 217 
space optimisation, -ms 68 
stack checking, -v 73 
time optimisation, -mt 69 

code generator 53 
code model 71, 228 
COLOUR, CLI 130 
colour, resource editor (see Resource 

Editor, colour) 
Command Line Interpreter (See CLI) Command line, setting within 

Editor 38 
COMMAND.COM 129 
comment, assembler 214 
compatibility mode 

$ legality, -cd 61 
allow register keywords, -er 61 
ANSI, -ca 60 
C++, -c+ 60 
constant string copying, -cs 61 
enable structure warnings, -ct 62 
enforce prototyping, -d 61 
error source line suppression, -ce 61 
longword align data, -cl 61 
make char unsigned, -cu 62 
make globals external, -ex 62 
multiple character constants, -cm 61 
permit new keywords, -ck 61 
pre-ANSI pre-processor, -co 61 
return value warnings, -cw 62 
strengthen aggregate equivalence, -cq 

61 
suppress includes, -ci 61 

compatibility option 60 
Compile, Editor 36 
Compiler 2, 51 

built-in functions BO 
Calling Conventions 78 
character set 63 
code generator 53 
Command line operation 51 
compiling and linking from Editor 37 
compiling from Editor 36 
CXERRs 1 1 0  
Environment Variables 56 

Errors 84 
Extensions 74 

ANSI 75 
const 75 
enum 75  
signed 76 
void 76 
volatile 77 

Calling Conventions 78 
_asm 79, 233 
_intenupt 79 
_saveds 79 

Storage Classes 77 
far 77 
huge 77 
near 78 

file name 58 
goto error 36 
Integrated 25 
Internal Errors 1 1 0  
k l  52 
klb 52 
LC2 36, 53 
librarian 72 
line number 58 
linking 66, 72 
options 39, 59 
options, Tutorial 18 
Parser 52 
phase 1 52 
phase 2 53 
phases 52 
Pre-compiled Header Files 74 
Pre-processor 52 
Return Codes 51 
start date 58 
start time 58 
Storage Classes 77 
syntax check 36 

compiler includes 
cross reference 64 
listing 64 

Compiler options, saving in Editor 
48 

Compiler Tools 249 
Compiling and linking, Tutorial 6, 9 compress header files 251 
conditional alignment, assembler, CNOP 218 
conditional alignment, assembler, CSECT 218 
conditional assembly see assembler 
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const modifier 75 
constant strings 61 
constants, assemble� 212 
continuous compilation 60 . 
control characters, resource editor 

150 
controlling errors 65 
controlling warnings 65 
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compiler includes, -gc 64 
linker symbols, -Lx 67 

symbols, -gx 65 
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CSECT directive 226 
CSECT directive, assembler 218 
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Cursor keys 
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debugger 189 
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cut resource editor 1 61 
CXERR, compiler 1 10  
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data model 59, 77, 1 19, 228 
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DC directive, assembler 219 
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debug . . 
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DEBUG pre-processor symbol 59 
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Debugger 3, 22 
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Automatic Prefix Labels 200 
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load program 194 
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Symbols Option 200 
terminate 1 94 
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disable debugging 62 
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compile 36 
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global optimiser 40 
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delete file 32 
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deleting text 30 
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EDC.PRG 25 
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save as . . .  31 
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installing new tool 46 
path 46 
pause after running tool 47 
run other/run with shell 46 
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Enabling warnings 66 
end assembler macro definition, 

ENDM 220 
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equate label, assembler, EQU, = 220 
ERA, CLI 134 
Errors 22, 84 

control 65 
maximum 70 
source line suppression 61 
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PATH) 
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exponent 266, 267 
export assembler symbol, XDEF 222 
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extended debug, option 
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Global optimiser, GO 3, 53 
globals data register 73, 79 
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placing 70 �ntermediate files, locating 57 interrupt code conventions 79 
interi:upt program, debugger 190 Invalid block! 34 

e e e e 

• J  
Jump to error, Tutorial 14 

• K  
K-RSC 259 
Keywords 74 

_asm 79, 233 
_far 77 
_huge 77 
_interrupt 79 
_near 78 
_regargs 71, 79 
_saveds 73, 79 
_stdargs 71, 80 
const 75 
enum 75 
far 59, 71, 77 
huge 77 
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set INCLUDE path, -i 65 
short integer, -w 73 

e e e e 

PAUSE , CLI 136 
PC-relative code 71, 119, 228 
portable prototypes 70 
pre-ANSI pre-processor, -co 61 
Pre-compiled header 61, 74 

building 74 
generate 69 
load 65 
using 74 

pre-defined symbols 58 
pre-linking, linker 1 1 6  
Pre-processor 52, 58 

DEBUG symbol 62 
define symbols 63 
options 69 

eliminate static prototypes, -pe 70 
extract portable prototypes, -pp 70 
extract prototypes, -pr 70 

• Q  
QUAD (See Environment, QUAD) 
QUAD files (See intermediate 

files) 
Quit, Editor 33 

• R 
Radio Button, flag type 286 
ramdisk 249 
real maths (See floating point) 
Redirection, CLI 140 
register keywords, allow 61 
register passing 122 
registers, debugger 1 84 
Registration card 1 
relocatable expression, assembler 

213 

C 295 
Cancel 161 
Checked 279 
child 284 
child number 159 
Clipboard 161 
colour 

border 160 
fill 1 60 
names 288 
numbers 288 
word 287 

control characters 150 
Copy 161 
copying trees 167 
Crossed XJ9 
Cut 161 
Default 277 
Delete 162 space optimisation, -ms 68 

stack checking, -v 73 
standard stack, -rs 71 
startup code, -t 72 

extract static prototypes, -ps 70 
generate precompiled header, -ph 69 
pre-process only, -p 69 

pre-ANSI 61 relocatable origin, assembler, RORG 

deleting trees 167 
Disabled 279 
Editable 278 
editing icons 154 
editing images 152 
example program 297 
Exit 278 

strengthen aggregate equivalence, -cq 
61 

suppress multiple includes, -d 61 
suppress source listing, -gs 65 
suppress warning, -jni 65 
time optimisation, -mt 69 
undefine symbols, -d 73 
unsigned char, -cu 62 

Options menu, Editor 39 
output filename 

linker 116 

• P  
packing bit-fields 269 
PAGE directive, assembler 222 
Page down, Editor 27 
page throw, assembler, PAGE 222 
Page up, Editor 27 
parameter passing, register 61 
parent, resource editor 148, 160 
PARMBLK 291 
P ARMBLK structure 290 
Parser 52 
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