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1-1 Overview

Section 1
General Overview

This manual presents a simplified introduction to the internals of
the HP 300 Computer System. It is interded tc be followed up with
intensive classroom training tc explain in greater degpth the
operations introduced here.

To lend coherence to the presentation, the manual is organized so as
to follow the general flow of work through the system--from job

initiation to job termination—rather than to give separate
"theory-of-operations™ of the various modules of the systenm,

The following diagram will be used as a reference for the description
of the overall plan, which immediately follows. The layout of this

diagram may be compared with the layout of the foldout diagram at the
end of Section 3.

Program Environments in Memory

Console
Job 3 Task 4
—{ [Taws ]
System
Task 2 i

Task 3

O

> Job 2 Task 1
Programs,
Data, Task §
TEST. Tables, Programs,
AUN Control into %90t |

Oata, System
! . Tables

System Software in Memory

CPU
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Resident Operations

Section 2 of this manual, entitled "Job Execution®, introduces
the internal workings of the system as if it were resident in
memory at all times.

That section shows that a "jok" is created by a RUN or TEST
command from the console. A job consists of the total "prcgram
environment®, including the program code, data, various tables,
and one or more “"tasks".

Thus it will be shown that not only can there be many jobs in the

system (multiprogramming), there can also be multiplé tasks within
a job (multitasking). The basic method of scheduling tasks for

execution will also be shown.

\
1

Both code and data will be seen to exist in "segments”™. Code
within a code segment is organized as a number of "procedures”.
Data may be found in a “global data segment", "local data
segments”, or a "stack segment”; the first is global to all
tasks in the program, and the latter two are local to each task.

Disc Operations

Section 3, entitled "Disc Storage", introduces the real world of
operation with the system disc.

The discussions show that all information on the disc (with two
minor exceptions) is stored in "files"™, and in "blocks". Blocks
are subdivisions of files, and fill (or become) segments when
loaded into memory. The complete collection of special files
that make up a given program is a "workspace".

Specific operations covered in this section include: program

- loading, starting a task, array access, and record access. Segment
"swapping®”, the fundamental operation of ®"virtual memory®", is

shown in connection with array and record access.

A review covering all operations described in this manual, given in
a sequence of 43 steprs, begins on page 3-20.
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‘a
' Section 2
Job Execution

The Job

Other Activities
Job BASICSYS

Job

Hander ion [————=sob Prog 4 ]
Information Job Prog A
Handler ARUN Table
Hardware ACTIVATE
Console: - A __
human har':v;vam i ftware guggEEhD Job SAM
interface interface SHOW STATUS

REPLY

A program launched into execution runs as a "job".

The job is the major unit of work in the systenm.

Subsystems (such as BASIC) run as jobs, just like user programs.
Many jobs can run concurrently. ,

,. A job run without a specified job name assumes the program name for
the job.

One of the functions of the Console Handler is to maintain a list of
current jobs in a Job Information Table (JIT).

Program Hierarchy

A job is the execution of one or more programs under one job name.

Subordinate programs are launched programmatically by PLOAD and
PSTART calls.

The Console Handler, however, is aware of only one program--the one
that was launched with the RUN command.

-

Prog SAM

PLOAD/PSTART

Job

saM PLOAD/PSTART

Prog SAM1

<

For now, we’'ll concentrate on just the top-level program.
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Program s Code and Data

Tnree major elements ot a program’'s environment are: code, data,
tiles.

Files will be considered under a later major heacing.

A program ‘s code usually includes: main program, one oOr more
subprograms, and (in Basic) one or more function routines.

A program ‘s data usually includes: global data, local data.

Data Code Data
L]
/ Main -— Local
Global
{Common) \
Sub - Local

Separation of code and data permits an architectural rule that code

cannot be modifiea during execution. This allows code tc be re-entrant. ./\

Segmentation

Large programs and data areas are clumsy to manage.

The HP 300 can segment both code and data for efficient memory management.

Code is segmented on natural code boundaries (e.g., subprogram).

Data is segmented at a fixed, system-determined number of bytes.

Code Data
CC———3
. —1
Code Mai [ r Global data segments
Segment ain  —
—
| —
(1 7 Local data segments for Main
Code —
Segmenl Sub \:
Local Data segment
Code F ‘
Segment cn =[] Local Data segment

Segments need not be .contiguous in memory, though to the user an
entire data array is logically contiguous.
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Segment Tables

If segments are not contiguous in memory, how does the system keep
track of where all the segments are for a particular program?

For each program there is a:
Program Code Segment Table (PCST), and a
Program Data Segment Table (PDST).

These give absolute memory addresses for each of the program’s
segments.

Code Data

[
Main ST

PCST

L

Sub

Fen

ID Translation Table

Besides code and data segments, the system needs to keep track of
miscellaneous elements that are created dynamically by the program

as it runs.

This is done by a set of identification numbers (ID numbers) that are
assigned and released as needed.

Each ID number is an index into an ID Translation Table (IDTT) which
points into other table-~structures in order to locate: subordinate
programs (see page 2-1), files (page 3-4), tasks (next subject, and
"user ID ‘s".

07T

Subordinate program
File
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Program Environment

Thus, so far, there are at least 3 major tables defining the
program’s environment: PCST, PDST, IDTT.

The location of these three tables, and the location of the
global data, are made known to the system for job execution
(see page 2-1) by a Program Environment Table (PET).

PET

Job
. PCST
tnformation
Table Q Other

\ Jobs \ POST

w\ 07T
Global

Other
Tables Data

The Need for Tasks

The foregoing structure exists for every jok. If concurrent
execution were possible only at the job level and many ccncurrent
jobs are needed, many such structures would be needed. System
cverhead would be high, response poor.

Therefore the HP 300 allows a main program and its subprograms
to execute concurrently as separate "tasks".

All tasks within a job share one: PET, PCST, PDST, IDTT, global.

Each task has its own lacal data stcrage.

PCST 1
Program
PET PoST ( Tables
IDTT
Main W
Program
(Task #1)
| Code

[ Segmaents

Task #2 Task #3 Task #4 Task #5

Local Local Locat Local Local

Data
f Segments

Giobal data

)
/




2-5 Job Execution

But note: It would be tooc restrictive to say thet a task is the
execution of a subprogram. Subprograms must be able to call other
subprograme, whether in the same code segment or some other code
segment. Also, since coce is re-entrant, two cr mcre tasks should
be able to concurrently execute the same subprogram.

.1Thus a task is not a subprogram, not is it a code segment. Wwhat,

then, is a task?

Task Definition

A task is an execution path (data dependent) through a series ot
procedures. [Note: since we are ncw down to the machine level,
we will use "procedure" instead of "subprogram"; these terms are
eguivalent.]

Tne task starts executing at the start of a specifiecd pracedure.
Procecure calls in the ccde cause branches to, and returns from,
other procedures--both within and between segments. Branching
cecisions are based on data processea by the ccde.

Code S1egmonl Code Segment
2

Start Procedure A Procedure D

here

——— -
Call C l
Fem——— o

It |
|
|

R
|
|

)
X
|
|

Procedure E

- — —-
m
=]
a

[ttt e

=3

-

M

(]

»
e e e

Return to A
AN |

Procedure C

-L Call E in Seg 2
__>_.L._ _-—————

[P S N — |

]
1
|
Return to A |

.__-_l_____l

Procedure F

_—————— e —— - — — ———

r
'
|
|
|
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Task Control Block

The two main things tc specify for a task before it is started:

a. Location of local data area (a data segment, called the
task ‘s "stack").
b. Starting point for code execution.

The location of the stack is specifieé¢ in a Task Control Block
(TCB), of which there is one for every task. |[The TCB also contains
other information relating tc task execution, to be covered later.]

.The starting point is specified in a reserved space of the stack
called the "launch marker". Details concerning task start are
given in Section 3 (page 3-13).

Code
Stack Segments
TCB Launch Start
" \ Marker Task #1 5:19
\ Other here
info Available
focal data
storage
area for
torT Task #1
2
TCB Start
#2 Task #2
here
Stack
for
Task #2 ?:39
Start
Task #3
Stack here
TCB for i
#3 Task #3

Each task has an ID number, maintained in the IDTT (see page 2-3).
TICB°s are dynamic elements, assigned and used as needed while the
program is in execution.

Knowing the ID number, the system can locate the TCB via IDTT.

In this example, Task #1 will begin its execution in code segment
$2. Tasks #2 and #3 will begin in code segment #3. Execution paths
ney run in parallel, criss-cross, jump from one code segment to
another, etc.

How does each task keep track of its procedure .calls?
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rrocedure Calls

At the end of each code segment is a Segment Transfer .Table (STT).

The STT contains local labels, pointing to all procedures within the
segment, and external labels, pointing to procedures in other
segments.

For a local call, control passes to the address specified in the
STT entry.

For an external call, the code segment specified in the STT entry
is made the current (active) segment. Then a second STT number,
given in the external label, is used to access an entry in the
called segment s STT; ccntrol is passed to the address specified

in that entry.

Locai Call External Call
Code Segment Code Segment Code Segment
#1 #1 #2
=~
—~1— CallA -1 CaliB
1 M -
] | I
| | PCST Procedure |
i I 8 |
{ | | |
! - |
| Procedure : | l
A | |
| Iy 4
' | | |
! by !
1 | i
| | I ]
.| L |
| | | |
! ! k STT %1 Address [~ 4
| I |
: : STT #|SEG # | |
|
Lo Address |- l( sTT |
!
I [
| |
L
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Procedure Exits

Return information for each procedure .call is automatically
pleced orn the task s data stack as a "stack marker".

The marker is placeda at the time the call is made, and secondarily
serves to delimit or "cap" the data which is local to the calling
procedure,

The return information includes (among other things):
a. Segment number of the calling procedure.
b. Location of the next instruction to be executed.

when a procedure exit is executed, return from the called to the
calling procedure is accomplished by making the specified segment
(a) the active code segment, pointing to the next instruction (b),
and deleting the stack data that was local to the called procedure
(along with the stack marker).

Thus it does not matter whether the call was local or external;
the return information always includes segment number. (The
PCST is accessed to get the segment ‘s address.)

For nested calls, there will be a series of local data areas, one
for each called procedure, separated by stack markers giving
return information into the code segments for each call.

One Cal! Nested Cails
Stack
; Return
Exit
// . // PCST Marker ////////""’S, to
Code
#5
D:‘t:i:‘or Seg Data for
Mai
Procedure . Proc:!nuro
Main
Procedure
ITIITI #5 |_» Return -
( 7, Marker Got // / Mtat:n
Instruction
Data 1 Data
e Pro::iu?; A Procedure A for A
[~ Return
2w o n

Data
forB

/ 7 7 Return
—= to B

Data
for C

Current
Data
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Data Space Allocations

The stack diagrams on the preceding page showed two kinds of
information on the stack: markers (to remember return points
in code), and data areas for procedures.

we will now take a closer look at how data space is allocated for
a procedure.

In the compilation pracess:
{———-This Program...........translates into———}

5 COM SHORT A,B(500) In global, reserve 2 words for A,
1000 for B.
10 INTEGER I ,J On stack, reserve 1 word each for I,J.
20 REAL X On stack, reserve 4 words for X.
30 DIM Y(100) In data segment, reserve 400 words
for Y.
40 1= 1
50 A = 1+1000 Code this as a pracedure (see page 2-11)
60U END '

Assume a maximum data segment size of 2K words (actually varies from
about 1K to 16K, depending on system memory size). 1In this case,
the arrays B and Y are small enough to fit within one segment. B,
being declared as COM, is assigned to the global data segment; Y
requires a separate data segment to be created to contain the array,
and a data label (PDST pointer and offset value) to be .created anad
loaded on the stack.

The ending location of the stack marker is known as "(", and marks the
beginning of data allocations local to the current procedure.

Stack Global
0
A
1
2| LabelofB :
Array B
500
elements
1000 words!
7.7 | s (1000 words)
tack POST
Q —» 7, /< % Marker Data
Q+1 T N Segment
. Integer variables
Q+2 J e
Q+3 X
Q+4 X Real occupies
Q+5 X four words
Q+6 X ¥
Segment #
Q+7 Label
Q+8 for Y Ctfset
Array Y
100 elements
Processing (400 words)
Area
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Large Arrays

what if the arrays do not fit into the maximum data segment size?

For a local array: a chained sequence of PDST entries, each
pointing to a segment which contains part of the array.

For a global array, a label which points to a chained sequence
of PDST entries is created, each pointing to a segment which
contains part of the array.

Data
Stack Segments

Global

PDST
Starting )
Sog:\ent _ J
/, — Label for 8 8
IR
s
i /// 7 5
A Chained
antries

Label . .. Starting Segment #

...fory

Chained
entries

ZANNIZANN

The chained entries are not necessarily ccnsecutive in the PDST.
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. Data Manipulation

It was shown (page 2-9) where various kinds of storage space are
allocated for a simple program. How are those spaces filled with
actual data during proceoure execution?

In machine language:

I=1"~~7" LDI 1
' STOR Q+1
‘ LOAD Q+1
' LOAD P+2

A = I+l000 ! BR P+2
' 1000
| ADD,FLT
| STD DB+0
l {EXI‘I‘ 1}

The last used stack location (see page 2-9) was (C+8; prccessing
begins at (+9. Remember that Q+1 was reservecd for I.

)
{X)
(X)
(X)
(X)
Y Seg
Y Otfset
a+9 1

.

Q+1

STOR Q + 1 (Store top-of-stack into @ + 1)

| N 4

'\

— LDt 1 {Load immediatetha value 1)

The LDI instruction, as emitted by the compiler, loaads the value
"1" ontc the tcp of the stack.

The STCRK instruction takes whatever is con the top of the stack and
stores it, as specitied, into ¢+1l. Thus I now has a value, the

. integer "1". The content of ¢+9 is no longer needed, sc it is
deleted (i.e., ¢+9 will be re-used).
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Now, to execute A=I+1000, we need to get the value of I ana the
value 1000 into twc consecutive locations on the top of

stack, so they can be processed.

Q+1

Q+9
Q+10

The LCAD Q+1 instruction loads the assigned value of I (now in Q+1)

%4

)

(X)

(X)

(X}

(X)

Y Seg

Y Oftset

1 rd

gt

| S ——

into ¢+9, which is then the top-of-stack.

LOAD Q + 1 (Load contents of Q + 1 onto top-of-stack)

1000 la~— - LOAD P + 2 (Load contents of P + 2 onto top-of-stack)

Job Execution

the

The LCAD P+2 loads a constant from the program ccde (see sixth line
cof code on preceding page) into (+10, which then becomes the

tocp-of-stack.

skips over this ccnstarnt.

The BR P+2 (branch) instruction (seventh line) merely

The second step, after loading these two values onto the stack, is
to add them tcygether.

Both values are integers.

ADD does this.

first line of Basic program on page 2-9).
instruction ccnverts the integer result toc real.

Since the operands are nc longer needed, they are deleted in the

process, leaving the answer in ¢+9 and Q+10.

Q+9
Q+10

1000

Before ADD

1001

After ADD

Q+9
Q+ 10

i S ——

1001.0

After FLT

S

however, A& is a SEORT real numker (see
The FLT

(float)

Two
words

The thirad step is tc put this value into the space allocated for A.

Tnis was assigned to be the first twc words of glokal.

Since the start of a global segmert is known as DE (data basa), a
(EXIT O returns control to the

STD DB+0 will accomplish this steg.

system.)

Q+9
Q+ 10

1001.0

Global

[»:]

A = 1001.0
08+t

Two
words
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Review No. 1

The diagram below combines most elements discussed so far. Not
shown (for simplicity): external procecure calls (see page 2-7),
chained PLST entries for large arrays (page 2-10).

Note particularly:

l. The task environment includes a Task Control Block, a stack,
and possibly one or more - local data segments for arrays.
2. The program envirorment includes all the program s task
environments, plus the following, which are sharable by tasks:
Taoles (PCST, PDST, IDTT). ‘
Global data segmert.
Code segments.,
3. The task is the only executable entity; it executes pracedures
in code segments.

Other Consote
Activitiea

wiT
Other w—_
Jobg & Consale
-~ Hendler [

Program Enviroament

r 1
PET
: Lu j—— Other Cod :
i - oda

i > Taoles PCST Segment 1

1 ” 1

| . |

- 1 Start

: POST lr'l'uk Environmant - ] Task Procedure =

1 - ! / Cata } |

f ] | Segment i Procedure |

T for |

| Arrays | i

I { Procedure |

T 1| :

} ! STT 1

[

; TCB Jl !

1 ol Stack =

| Segment 1

2 {

OTT | Task 1 ! i

- - = Stan |

: Task 2 Procedure ]

i

o8 / '

= #2 Stack :

| Procedure |

I Task #2 ]

I —— === sun |

1 | Task 3 sTT Tocai |

: ! Cati :

Globai TCB Stack | Return trom

i 1

i Data #23 | Procedure . |

i Se9 ! B I
| |

| | = |

L | Task n__ 1 _— I
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System Tasks

Like user programs, the system program (the System Program File)
runs as a set of tasks.

Al though programs can be subordinate to others (e.g., all are
subordinate to the system program), tasks compete with one
another for execution on the cpu independently of the program
nierarcny.

System Program File PROG 1
F——————— 1 fm————————— e e -
I | ! |

| .

| CHT i | Task 1 Task 2 |
: l—"{ I
1 MST { | L 3 l
i VMT | IL TCREATE |
{ CciTo = —————————— -
| system etc. {
| Tasks i PROG 2
el U peeem e

™~ )

| |

| |

|| vaska| |

] |

| |

| |

e o v e e e pu— |

PROG 3 PROG 4

[ —— 1

| Subordinate
Task 4 Task 6 |———’1 Task 7
Task 5

—F—_——————

Although tasks are said to execute "concurrently", CEU time is
actually multiplexed among them ("apparent parallelisn™).

what determines that a particular task is physically executing
its coge?

Only two main operations need to be done:

a. Set Absolute Memory. The absolute memory address for
pointing at the "current”" TCB must be stored into
absolute memory location 4, and the address for the
current PCST must be stored into locations 1 and 2.

b. Set Registers. All necessary hardware registers (12)
must be set to address the appropriate points in the
task ‘s code and data. This is done by the cpu
microcoae, using the addresses stored in absolute
locations 4, 1, and 2. At this point, the task is
running.

See next page for these operations.
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' The Current Task

Task Selection

l

Srore TCBAges. | MU @ cry
P, Microcode

PCST . ® Load
These Code Segments pr—— Registers

f Pa |
Absolute ) r f‘un (continue) Current

©) Memory e P Code
Locations @

Seg

PCST
PsT | Soac

Pointar

POST
Saiect
cTcs This Coae Peg

This Code Seg

Task Setlings
Stack Reg
Settings
Glocal Seg
Select

[T ICS B AT NT P -]

L

This Global

Current

Otner Stack

Infarmatian

POST
:-— ‘
g Theso Data

IR

Current
Gicbai

Status

o -——>| 08 I'

Date
[ 2 I R
(s ]
[ oo ]

Index

|
L

Set Absolute Memory

1. Once a particular task is selected for execution, the Dispatcher
stores the address of this "current® TCB (CTCB) into location 4.

2. The Dispatcher issues an IXIT (Interrupt Exit) instructicn to the
CPU. The IXIT microcode does the reraining stecgs.

3. uUsing the CTCB address, the microcode obtains the PCST and PLST
pointers from the TCB, and stores the PCST pointer into locations
1l anda 2, and the PDST pointer into the DST register.

et Registers

4, The CPU microcode uses the addresses in locations 1,2, and 4, and
the values in the TCB to set:
PB and PL code registers
SB, ¢, S, and Zz stack registers
. DB and DL global data registers
5. The P, Index, and Status registers are set from the current stack
marker.

Task execution beings (or resumes.) at the new P-register setting.
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Scneduling Tasks

How does the Dispatcher know which task to run?

There are two separate "linked lists", each consisting of forward
and backwara pointers, threading through the TCB's. The position
of a task in these lists define its "precedence"; the task which
nas highest precedence is the one that it currently dispatched (has
possessicn of the CPU).

Staged | Being | Requesting | Not Requesting
[} Slmd 1 s“"“' ] w'
: 1 {Return from {In Long
| 1 Long Wait) Wait)
Scheduler Schedule ! _—— !
3 [ A ' 1 ! '
t 1 | '
' 1
] N 1 :
! ' I .
' ' | )
y r=--=" ‘ : ! . '
TC8 TCB | TC8 I TCcB ' TC8 : TC8 : TCB
3 1 L 15 J 8 : 4 : 9 | 8
7=\ ' ' !
/ \ ] i [}
\ / \ / :
CPU Queue (Short In . Notin
Wait) Schedule |, Schedule
[}
CPU
Y Queue
Heed
PUQH
Dispatcher cPua
[ XIT System TCB
Table Segment

The first list is the Schedule, maintained by the Scheduler. This is

a list of tasks which are "staged" or being staged. Unstaged tasks
lack memory resources--i.e., some segments may be absent from memory.
[The subject of absent segments is discussed later; see page 3-14.]
JTask 9, above, is "ready to run® but is unstaged. Task 6, also
unstaged, 1s not ready to run. Tasks 3, 1, 15, and 8 are staged and

so are passed to the second list, the CPU Queue., The Scheduler assumes
these are running.

The CPU Queue, maintained by the Dispatcher, is arranged in order of
task priority, and first-come-first-served within priority levels
(see next two pages).

The address of the .ICE at the head of this queue is always stored .in
a known location of the System TCB Table Segment, where it is accessible
by the Dispatcher for storing ;n memory location 4.

A task (e.g., TCB 1l5) which encounters a short wait, such as disc 1/0,
temporarily drops out of the CPU Cueue, but retains its position in
the Schedule.
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Task Priority Schemes

Round-Robin

Tnis is specified by a Quantum COption of 2 (i.e., QOPT=2).
Assume 5 tasks, four with Priority = 151, one with 152,

Quantum
Expired

e ot = ——— - e . . —— e ‘
]
f T T2 T3 T4 | 15
|
\_laopra2],  _laopr=2|__ lacpr=2|__ loocer=2{__, QOPT =2
777 p=st [T p=151 [T P=1st [ p=15t [T P =152
| Y |
' \_/ \__'__/
* CPU Queue |
] |
| r——9 A
W;;-— ————— ——I }-—————-——-T ——————— A
E— [
Not in CPU Queue
\_,1 '__/
R

Not in Schedule

Task Tl, being at the nead of the CPU Queue, executes until its time
quantum expires or it goes into a long or short wait.

1f the quantum expires, the CPU Queue is rearranged so that Tl is
rositioned after 14 (the last task in the list with the same priority).
T2 is now at the head of the queue.

Assuming tasks Tl thru T4 each execute till their guanturs expire
compute~bound), they will continue to take turns in execution in a
circular "round-robin" fashion (upper dotted loop).

When the currently executing task begins a wait, it is removed from
the CPU Queue. 1If it is a short wait, the task is simply insertea
at the tail end of its priority level on return from the wait; this
is the lower dotted-line locp. If it is a long wait, the task is
removed from the schedule as well. 1In this case, if a higher
precedence task demands its memory, the task may become unstaged and
then, on its return from the wait, would have tc be staged again by
the Scheduler. Like the former case, this task returns tc the tail
end of its priority level.

Task T5 will not receive an opportunity to execute until tasks Tl
through T4 are all out of the CPU Queue, performing waits, since it
has lower priority (152). 1Its execution may be interrupted by any
of the four higher priority tasks beccming ready to run (the third
eventuality mentioned on the preceding page). It would typically be
a background task.
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Priority-Degradation

This is the default scheme; may be specifiec as COPT=l. Assume
the same five tasks.

Quantum
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f T1 T2 3 T4 T5 T i T2 i

LJooPT=1|  laoPT=1| _taopratl|, QOPT=1], QQPT = 1 {- 1 r -
P =151 P =151 P =151 1 P=151 = P =182 LP~=152 I I pasa l

,/
'/
]
L\
Ny
¢
L

CPU Queue

Y L

——— - — —

{
|
!
|
!
[
[
1
'
l
[
I
[
[
I
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I
[
t
I
[
[
\

Wait

——— e

Not in CPU Queue
] ™
CPU Not in Schedule

Queue
Head

~

|
v

If Tl's guantum expires, its priority is "degraded" by increasing its ._/‘
value (to the next lower occupied priority level, or increment by

one if there are no lower levels). Then the CPU Queue is rearrangead

to position Tl according to its new priority value--in this case after

TS.

If T2 °s quantum expires, its priority is likewise degraced.

But if any executing task begins a lorg wait, it is removed from the ,
CPU yueue and the Schedule. Wwhen the long wait completes, the task is o
rescheduled at its undegraded priority. 1If the task is still staged

(or when it is), it is inserted back in the CPU Queue at the tail end

of its priority level. Since its priority has not been degraded, this

task will have a higher position in the CPU Queue on its return.

The more frequently a task runs into quantum expiration, the lower will
cecome its priority; it is assumed to be compute bound.

The more frequently a task goes into locng waits, the more it will tend
to maintain its priority level, and thus be assured of faster response.
Typically this would be a terminal task, for which fast response is
desirable.

when the lowest allowed priority level is reached (255), round-robin
scheduling occurs. Long waits always restocre priority tc the original .
(or nominal) undegraded value.
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Scheduling Options

Users can influence system performence by managing three scheduling

cptions. This is done by assigning non-default values to parameters
of TCREATE when each task is created.

The three options are:

Default Range
Task Priority 151 0-255
Time Quantum 2 sec 0-6 sec
Qwueue Option 1 0-2 ‘

Since a task is automatically createc fcor a user’s mein program,
without an explicit TCREATE call, the main program initially
assumes the above defaults. However, they may be changed by use of

the TALTER service.

The highest priority values, from 1 through 50 are reserved for
system use.

Guidelines:

Use rounda-robin scheduling among a group of tasks for best overall

throughput, where response is less important.

Use priority~degradation for a group of tasks that dc not neeaq
best response, sc that certain other tasks needing best response
will maintain higher priority. Those other tasks, needing gcod
response, may be assigned either queue option (next two items).

If using priority degradation, you can increase the time quantum
of the fast-resporse task (e.g., 3 sec), so that it will go into
priority degradation less often.

If using round-robin for the fast-response task, assign it a higher

priority (e.g., 100); it can be a round-robin "group" of one.
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Review No. 2

Consoile Scheduler Dispatcher
Handler
Console
¥ T Job 1 (Program Environment)
Program tables Task 1
— and Global Data Absolute
Memory
Task 2
Code Segments
U0 O | ress
] this Task
Y
Load
Starting Registers
here
Job 2 .
gt v
Task 4 CPU Queue 4
Task 5
Job 3
e
Task 8
Job 4

Task 7

A request at the console to execute a program causes the Console

Handler to activate the program s complete environment as a job.
(See Keview No. 1 for details of the program environment.)

Internally, each program has one or more tasks which are either
ready to run or not ready to run. The Scheduler informs the
Dispatcher which ones are ready.

The Dispatcher arranges tasks in a CPU queue in order of priority.
In the above example: Tasks 3,4,7,1,2. Task 5 and 6 are presumably
not ready for execution at the moment, so are not in the CPU gqueue,.

The Dispatcher stores the identity of highest priority task in a
location known as the CPU Queue Head in the System TCE Table Segment.

The Dispatcher launches the highest priority task by storing its
address in absolute memory location 4 and issuing an IXIT instruction
to load the CPU hardware registers.

Cne of the CPU registers is the P-register, which points to the next
instruction to execute in the processor. Since this register now

points tc an instruction in a ccde segment relating to Task 3, Task 3 .
is now running.

Task 3 will run until some other task is assigned the CPU Queue Head.
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. Section 3

Disc Storage

vermanent bata Storage

In the preceding sectiocn, code segments and data segments were shown
to be part of the program environment for a job. What happens when
the job ends?

At end of job, all code segments, data segments, and associated tables
(PET, IDTT, PCST, PDST) aisappear, are "deallocatea”.

A permanent copy of the code is autcmatically retained on disc as a
workspace file, discussed later. The copy in memory is cnly a wecrking
copy of the execution file in the workspace.

The permanent copy of the data, as updated by PUTN and GETN operations,
is maintained in data files on disc. The data segments in memory are
merely temporary buffers.

. Computer Memory (Prog Env.)
-
|
Global Data
o ey | |
Seg 9 (Buffer)

| 4 | GETN
{ PUTN

Task I

— -
PUTN

RUN

we will now consider the machanism by wnich data files are kept
up-to-qdate by file accesses (GET s and PUT's).

‘ (kefer back to page 2-9 in Section 2 for orientation.)
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pasic File Transfer Mechanism

Simplistically, a Get-Next transfer would operate as follows.

Program Environment
1
Code Dats
Seg Stack Seg
(Buffer)
@
______ J -
Task 1
@ Task 2
1 Task 3
File /
1 Manag
Services

1. PCAL GETN references an external entry in the STT.

2. 'This invokes the Get-Next file management service.
3. The service accesses the appropriate data file.
4. doves the recora from the disc file into the data segment.

Basic File Management

however , it would be inefficient and grossly time consuming to have
a disc access for every record transferred.

Thus file management transfers a block of records to/from the disc,
and dispenses the records one at a time to/from the buffer segment.

Steps 3 ana 4 are now: Disc
Blocks
File
®
Records
Data @ Data
Buffer 8lock
Seg Seg

3. Move a record from an intermediate "dats block segment"
(transparently managed by File Management) into the buffer
segment.

4., Get another block of records from the file when necessary.

Note: 1The aata block segment is located in the system environrent
(pointed to by an SDST entry) for shared-access files, and in the
program environment (pointed to by a PLST entry) for exclusive-access
files. We will assume shared-access.
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Disc Organization File
Space

File
Directory
System

Program
File

Volume
Label

Coid-Load
Program

The volume label identifies this particular disc vclume.

The cold-load program (used by hardwarei) is the only other dGata on
the disc nct organized as a file.

A complete copy of the system code is kept in the middle of the disc,
in the System Program File.

The file cirectory alsc is kerpt in the micdle of the cisc. For each
file or the disc it describes: whc created it, when it was created,
how many times it has been accessed, when it was last accessed, how
big it is, how much space is left, whether it can be extended, etc.

All informaticr on the aisc, with the exceptiorn of the volume label
and the cold-load program, exists as files. This includes the
airectory itself.

Record Blocking

Topic #3 showed that disc transfers are made in blocks of records.

Data segments are limited in size tc 2K bytes (2048); it is therefore
convenient to make the block size 2K also. Since records can ke
variable lenrngth, the number of records in .a block is unfixed.

The blocks of a file nee¢ not be .ccritiguous or the disc; cortrecl
information in each block tells where the next blcck is lacated, hcw
many records are in this block, etc. This takes ten bytes, leaving
<03% bytes maximum for data records.

for simplicity, files are shown as having contiguous blccks.

Actual

Block Block Block Btock Block
1 2 3 4 5
V. z
/12345”12345%123456 1234/12345878
- ) L
Control Records

Simplified Information
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File Information in Memory

The preceaing page showed that all information pertaining to all
files can be found on the disc. However, just as it is inefficient
to transfer data records individually between disc and memory, it
would be inefficient to access the directory repeatedly for the
file information for each record transferred.

Thus there is a File Information .Table (FIT) in the user ‘s program
environment (in memory) that provides ready access to the essential
information pertaining to the file.

lhere is one FIT for each file currently cpenec by the program.
Like TCB°s, FIT's are dynamically acquired, exist only as long as
the file is ogper, and are assigned ID numbers for identification

and location by the system.

One function of the FIT is to identify a particular system data
segment (in the File Management environmenti) which is to be used for
plock transfers of data between disc and memeory. Thus it contains
a pointer into the System Data Segment Table (SDST).

User's Program Environment

1 B }
| = {Butfer)
PET T
Data
FiT Seg Records
IDTT
Disc
Task 1
FIT P
Task 2 O
S —— 4
I Task 3 J File
Blocks
R S —— I—
| I
| SDST |
I
{ Sys }
| Data '
Fiie | o Seg |
Mensgement | | ¢
i I
| 1, |
| Sys |
] Data !
| Seg |
| |
N J
In this GETN operation, the user ‘s task simply asks for records from .

his file, one at a time, unaware that they are actually ccming from a
data segment, and that a disc transfer refills that segment when empty
oy transferring in a whcle new block.
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Example of File Operations

These statements in an SPL-II Program....Produce these results:

LOGICAL FILE3ID _ Reserve stack space for 1D
number.
SYTE ARRAY DATABUF(0:131); Reserve 132 bytes for buffer

space in data segment.

OpPEN (FILE3,5, FILE31ID); Open FILE3, gyet an ID number
for it, set up FIT and a

system data segment, with an
SDST link.

GETN (FILE 3ID, DATABUF, 132); Get a reccrd from the file

Process recocrd (identified by its ID#) and
Repeat : put it in my cata buffer;
. maximum accertable record
. length is 132 bytes.
CLOSE (FILE31D); Close the file and deallacate:
FIT, system data segment, SDST
entry.

Program Environment

Seg
DATA- Records
IDTT BUF

PETY Data ‘
I
|
i
|
|
|

Disc

Stack

FIT k—

FILE3ID

Blocks

File
Management

Data

9
|

{

|

|

System :
|

|

|

|

I

—

[m——————————
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Primitive Access

The one excertion to the foregoing structure is "primitive access"
files. 1In this case, the user provides an entire data segment

for a data buffer, and prefers to handle entire blocks instead of
records. Since control information is not needed within the blocks,
tne full 2048-byte block size is available for storing data.

.The system data segment is not needed, so the PDST points directly
tc the buffer segment.

Program Environment

T
I (Butter)
:

Data Blocks
Seg
POST
File

Task 1
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Storage of Programs

The preceding pages showed how data is stored on the disc. To
see how programs are stored on disc, we need to review the
components that normally exist during the various phases of
program development.

T T T e e - m———
| b | | Memory |
| Debug ) |
Symbol
I Tabi | |
I > able | Code I
i | Segment |
| I I
| ,
[ Object Linked | |
| Source Compile | compiled Bind _Code Link %Z‘:g' Load l i
‘ - Code N Unit ™~ gment ™ Segment i ‘
i STT STT I |
[ I I
| { {
|
| User and ! |
| System | |
[ Libraries : |
|
b S N e I A J
/
I Listing I Listing w

For a simple program, the main components are as follows:

Source code consists of the human-readable source statements.

The source code is compiled into the form of a compilec unit ana
a compiler output listing is producea. -

The compiled unit is "bcund”™ or "pregared" into the form of an
object code segment, with all internal procedure references resolved
py entries in the STT (see page 2-7 in Section 2), ana a Segmenter
output listing is produced.

The object code segment is linked to any referenced user anc¢ externcl
system libraries (by further entries in the STT) and then exists as a
linked object code segment; a linker output listing is produced. The
program, on disc, is now runnable.

As a final step, the linked object code segment is loaded from the
disc into memory for execution.

Since Debug uses symbclic references and must be atle to relate these
symools to places in the object code, a Symbolic Debug Symbol Table
must also exist.

For any runnable program, &all of the above components typically exist
together on the disc, in files created by a Language Subsystem.
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Large Programs

The preceading picture was for a simple program, having one source
module, one compiled unit, and one object code segment.

A large program may have several source modules, compiled units,

and segments, and they need not have a one-for-one correspondence
among them. Thus the arrangement of these components is a little

more complicated.

r T M|
| Complied Object Code Execution | Segments ]
] Source Unite Segmente file ] Loaded in Memory ]
I I i
= N Module 1 * Segment 1 : :
| = |
: Mein Compile Main - | Seoment | Pracedure | Link : :
1 1 ]
: Segmant ’ : Segment :
i ! I ! I
: Sub A Sub A Sub A = :
! : I I
| | | |
.
| Module 2 Sub B : |
| t 1
: Sub B Sub B STT STT : §TT :
| ' ' !
| | scontroL Segment 2 : i
i SEGMENT Segment ! ]
| b C SubC 2 1 1
| . SubC ! '
: | |
| {
Segment
: Module 3 ps sTv 2 :
i |
: SubC Oirectory Dat Quta }
. a
1 Seo toad / |
I PCST :
POST
! PCST sTT :
- ]
| |
| ' |
= POST {
| ] Data i
I i Sea I
| I |
| { |
L IR J

In this example, the programmer has (for his own working convenience)
dividea the source program into three source modules. The program has
a main procedure and three subprograms (A, B, C). Since C is large, he
has decided to begin it with a $CONTROL SEGMENT statement, so it will
become a separate segment.

In compilation, the main program and each subgprogram become separate
compilea units, disregarding module boundaries.

Note that if Module 3 is revised, the entire Sub C compiled unit must
be recompiled. Thus there needs to be a Directory of compiled units
tc aefine the contents of each.
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In segmentation, code is divided into two segments at the S$SCONTROL
SEGMENT statement. References between Main, A, B, and C are resolved
in the twc STT s. Declared arrays are set up in data segments, and
PCST and PDST are created.

In linking, external references are resolved (note larger STT s in
the code segments). All segments and tables are ccmbined into an
execution file (though possibly separated in blccks on the disc).

In loading, the PLST, PCST, and data segmerts are brought into

main memory in block transfers from the disc. As execution begins,
code segments are also brought in, as needed, in block transfers.

Workspace Concegt

The user could create all of these .ccmponents individually, saving
each with a unique file name as he goes. Under the workspace ccrcert,
however, a TEST command will cause all necessary components to be
saved, with unique file names, all autcmatically.

The entire group of files can then be referenced by program name.

The following diagram shows the files for a wcrkspace created for a
program named MYPRCG.

Language

Subaystem TEST

l l l 1Compilel$ogmenuunkll.osd
Workspace on Disc

e S B T — -

| 1

| Compiled Unit Segment Execution |

| Root Source File File File 1

| File Files MYPROG 'C2 MYPROG F1 MYPROG ‘81 I

| Compil ) |

( MYPROG MYPROG 00| =] Compiled —3 | |
Segment Link Segment :

: eore u e L Loaa

I Compiled / =

Unit 2
| e N e :
Compiled

i Uni': 3 | Sogzment Sogrznent l

] ]

' , Compiled I

I MYPROG '02 Ui 4 I

I Data Seg Data Seg [——f—=

| 1

! PCST PCST |—F—

: PDST PDST —I—>

| |

| Prolog |

| File Debug Directory List File |

i MYPROG 'A1 File File MYPROG 'E1 |

| |

File/Node . . Compile

‘ Equaen MYPROG ‘D1 MYPROG ‘C1 et :

| Program |

| Development 5:9;'.“"' 1

1 Parameters sting |

: Link |

| Listing :

| |

Lo e e e e e 0 e e D e e e . e S - S — . . S - S — - —— - — — - —— - — — -—d
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Eleven uniquely named,vpermanent files are created for this program
by the Language Subsystem. Several are, or can be, createc
automatically wnen the TEST command is given.

Only the roct file bears the unrodifieé program name. The root file.
icertifies all cther files containec in the workspace.

The prolog file is iderntified by the program name with a suffix of
‘Al. It contains all file equates and node eguates and other
péreneters (SET) currently in effect for this prograrm.

Tnere is one source file for each scurce module, iderntified by
suffixes 00 through *99. Thus the méximum numkter of scurce mocules
tor a program is 100.

All compiled units go into one file, identified by the suffix °‘C2.
lhe directory file for ccnpiled units has the suffix Tl.

All segments go intc the segment file, identified by the suffix °Fl.
I'he execution file is idertifiec¢ bty the suffix °El.

The list file contains &all the listings producec by each of the
operations performec on the workspace. 1Its suffix is °El.

The debug file has the suftfix °Dl.

tach of the abcve files has its own requirements for file structure,

File Organizaticn
root Sequential
Prolog Library
source Keyed sequential
Compiled Unit Library
Directory Relative
Segment Library
Execution Primitive
List Keyed sequential
Debug Relative

note all of the above files need to be opened simultanecusly. The
banguage Subsystem creates and opens whatever files are necessary.

Commands exist for the user to ccmpile, segmernt, and link various
ccmponents of his workspace if he so desires.
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Program Loading

Erogram loading was shown as the final step in the rreceang three

aiagrams.- we will now examine the load mechanism.

Loading essentially consists of setting ur the static envirorrment
tor a job (refer back tc page 2-13 in Section 2), &nd the primary

functions are:

a. Create the PET, IDTT, and AET (Active Equate Table).
b. Create a virtual memory file for deta segment swapping.
c. Create the TCB and stack for the main prccecire tack.
a. Loaa the PCST, PDST, and global and local data segments

into memory.

note: Code segments are not loaded until a task is started (next

tcpia).

Loading is accorplished as follcows:

Workspace on Dlsc
“RUN", ENTER TEST Ir— ——. 1
e —_— ! Execution ]
@ ) @ ! File
. Console Root
File Code
Segs
Col R !
nsole .
Handier a7 Language Prolog !
Monitor File |
Task | .
Job |__.. No Compile |
info Yes Segmaent |
Lnk’
“RUN" @
Giobat
Equate
Table
Activate Losder ig %)
' Command Program Environment
Executors in Memory
oo |-Q ®
® ! ! 1
nan Butler PET oTT AET {
Aun
Executor Load
crr ‘ ;
Butter PCST POST i
]
: - ) Virtual
o Create Memory
@ ‘ “ | File
|
Butter Tc8 Stack 95:‘: ; ®
: ' Space
Tasik Environment i tor
other
&) [ 1| daws
seQs
Croate
and ! ' :
Stant c8 Stack |
! {
| Debug Task I
[ o
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Twc principal ways of invoking the Loader will be ccnsidered:

2) as a result of TEST (steps 1 through 4);
£) as a result of a RUN command (steps 5 through 9).

(1. A TEST ccmrand/softkey starts the test sequence for the active

workspace.
2. The Language Monitor check= the root file to see if the
a J program is runnable (i.e., has a valida execution file).

3. If not, the workspace files are compiled, segmented, cr
linkecd, as necessary.

4. If yes, the Loader is directed to load the program.

\ (No JIT entry is made for a .TEST-launched program.)

(5. A RUN command entered at one console ic receivec Lty the
Console handler Task. The ENTIER key activates the task.

6. The Console Handler selects one cf three Command Interpreter
Tasks (CIT) to process the command; the CHT stores the

b < command imege in the CIT’s buffer and then activates the CIT. '
7. The CIT determines that this is a RUN command, and so invokes W
the RUN Executor. (There is an executor for every .ccmrnand.)

8. A JIT entry is created, and job information is stored in it.

9. The Loader is directed to load the program nameé in the RUN
cocmmand. (Relinking takes place if the execution file is not

. linkec tc the .current systerm.)

Loading

10. The Loader causes memory space to be allocated for the program
anda in that space .creates the Program Environment Table, the ID
Translation Table, and the Active Equate Table. The AE1 is
derived from equates in the Global Equate Table (maintained by
the Console Handler.) and in the program’s Prolog File.

1ll. The Loader transfers from disc to memory the PCST, PDST, and
all data segments that exist in the Execution File.

12. The Loader also creates a Virtual Memory File on disc; if the
system needs the memory space occupied by this program ‘s data
segments, they are swapped out to this file. The file is
expandable for dynamically created data segments.

13. The Loader creates the main procedure ‘s task (TCB and stack).

l4. The Loader creates and starts the Lebug Task (only if this is
a TEST operation.
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Task Start

Program loading, as discussed on the preceding twc fpages, loaded
data segments and various tables into memcry, but no ccde segrments.

Code segments are brought intc memory only when needed. The first
is needea when the first task cf a program is started.

Either the Console Handler or the Language Monitor initiates the
first task start.

Starting a task cccurs in two phases:

l. Set up a system subrcutine (INITIAL P) to run on the user s stack
in order to put a return-to-system marker on the stack.
2. Have INITIAL P call the main program task as a prccedure call.

.The first rhase is shcwn Lbelow.

User's Program Environment
S 1
@ ! TC8 :
| screduier | 1 |
< I I
Console Language l '
Handler Monitor I l
{ —{ P LABEL |
] |
® | |
: |
® [
PSTART I Stack |
: {
|
@ | |
I ! P LABEL !
3 TS TSTART | {
Dispatcher INITIALP  |— —@ - — —’ ————— Launch :
| o-- Marker |
| S—r- |
! |
TABORT : :
| |
J

l. The Console Handler (on receipt of RUN-executcr completion status)
or the Language Monitor calls the PSTART procedure.

2. PSTART calls a task management procedure (TS TSTART) to initialize
the user ‘s TCB and stack, and request scheduling (steps 3-6).

3. The procedure label (starting point address) of the main program
task is loaded cnto the stack for future PCAL (next page).

4, TS ‘TSTART also puts the launch merker on the stack, pointing to
the INITIAL ‘P subroutine. (Also increments a task counter.)

5. And requests scheduling of this task (link TCB into Schedule).

6. Dispatcher launches task, starting in INITIAL F (See page 2-15 for
details.) -
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Calling the User ‘s Task

User’'s Program Environment

| -

|

TS 'START | TC8B
|
Execution INITIAL 'P : @
File — PCAL Task . Stack
=Y
TABORT |
80 @ : | P LABEL |
| ] |
] [ |
] 21 Returnto |
® Program ! System |
Terminate : }
( | |
H PCST I I
: Lo J
' ] :
1
[ ® cPU i Code Seg |
| S— ij Microcode I in Memory I
e Disc Adrs ;
PCAL H o
@ Routine i @ =
i ik |
| |
] | i
2 [ A —
Load Migrator @ @ _______ ———
) ‘ Store Segment @

1. As INITIAL P begins to run, the launch marker (previous page)
is deleted from the stack. Also the guantum timer begins.
1hen INITIAL P gets the main program’s task procedure label
from the stack; this gives the code segment number and the
starting procedure within that segment.

2. INITIAL P issues a hardware PCAL instruction to call the specified
user procedure.

3. PCAL puts a new marker on the stack pointing back tc INITIAL F
for eventual return to the system (see step 12).

4. PCAL discovers that the "absence" bit in the PCST entry is set
(segment is not in memory); the PCST entry contains an absolute
disc address that points to the desired segment on disc.

5. PCAL invokes an absence trap which calls the Migrator, and passes
tne code segment number to it.

6. Using the disc address in the PCST, the Migrator lcads the code
segment from the disc, and:

7. Stores it in available space in memnory.
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10.
11.

13.

The disc address in the PCST entry is replaced with a memory
aadress, and the absence bit is cleared.

The disc address is stored in an area of the code segment that
is not addressable by the user. This is done so that in case
the Migrator needs to temporarily overlay this code segment to
make room for another, it will be able to bring a new copy in
from the disc at a later time.

Since the code segment is now present, control returns to the
PCAL routine in microcode.

The PCAL routine now completes its action of setting up the

PB, PL, and P registers to point to the appropriate addresses
in the code segment. The information for this is obtained from
the segment ‘s PCST entry. The first task of the program now
begins to run at the established P-register setting.

When the task completes its execution, control is passed back to
the INITIAL P subroutine, which now calls the TABORT procedure.
(TABORT handles both normal and abncrmzl task terminations.)
This procedure decrements the procgram’s task counter.

At the end of the last task (task count = 0), TABORT calls the
Program Terminate procedure. This deallocates all memory
resources that were allocated in the load and start operations.

Note: Parts of the above action sequence apply in other

situations. Any time a PCAL references a procedure in an
absent code segment, steps 5 through 10 describe the way the
segment is made present.

If a PCAL references a procedure in a code segment that is

already present, the "make-~present" steps are skipped; action
proceeds from step 2 directly to step 1ll.
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Swapping Data Segments

Under the topic of "Program Loading" (step 13 on page 3-12) a
virtual Memory File was created for the purpose of data segment
swapping. The mechanism for doing this is shown below.

Virtual
Execution Memory
File File

Data Blocks

ofArray S // /0000 O\ M\ e e e e e —
(Original Copy) ‘l
1
—————————————— {
|
—————— - ——— 4
]
1 N
) K
——————————————————————————————— ' —
r T77
} [
Migrator | Code i vl
l @ : Disc Adrs ! :
¥ aQLDQ + 4,1 _ |
® CPU t [+ ! |
Microcode ® } PDST X =
- I
! €) :— _L. Disc Adrs : l
T
|
o [+ I | - |
@ Routina [ { Stack : ! I
6] l !
1l ' i
Abs Trap } Label of C |-~ — o=
Routine L Marker 0 —=] je-1
| bmeog 11
| b
| '
| Disc Adrs | |
| > ;o
| - |
i |
I Loaded I
| Data Segments |
| User's Program Environment of Array J[
e e e e e e

Suppose the user s progran has a large array which requires four
blocks in the execution file. When loaded into memory, the array
occupies four data segments, located by four chained PDST entries,
and there is a virtual memory file on disc having reserved space for
receiving each of the data segments.

During execution, the program refers to the "Ith" element of the
array. In BASIC:

10 DIM C(100,10) [Allocates array at compile timae]

140 X = C(I) {Machine instructicn: QLD Q+4,I,X
assuming label for C is at C+4]

Suppose, now, the Ith element is in a data segment that is absent,
i.e., the Migrator has swapped it out to the virtual memory file.
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1.

The QLD instruction in the program causes the CPU microcode to
execute its (LD routine.

The QLD microccde uses the data label at (+4 in the stack to
aetermine which data segment contains the Ith element.

It discovers that the FDST entry for that segment hes its aksence

bit cset, and the entry contains a disc address rather than a
merory address.

The microccae generates an interrupt which trensfers ccntrcl to
the Absence Trap Routine.

The Absence Trap Routine request the Migrator tc loeaa the
nissing data segment. It also puts a stack marker on the stack
tc enapble later return to the QLD instruction (7).

The Migrator finds space in memory for the cata segment (likely a
different space than it formerly occupied) and loads the segment
into memory. It updates the PLST entry to contaln a memory
address and clear the avsence bit.

The Migrator now exits (via the stack marker) to the user ‘s ccde
to re-execute the (LD instruction. This time, since the needed
data segment is presert, the (LD routine in nicrcccde is able to
access element I from the array and locac it or the stack. The
element can then be pracessec by succeeding instructicne.
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Swapping File blocks

An arrangement similar to that shown in the prececding tcpic is usec
when file procedures (GET, PUT) reference a record that is not in
tne currently present data block.

I'he main difference is that since all transfers for a file are
funneled through orie single data segment, a two-way swap is necessary,
in contrast to the one-way "make-present®” operation shown previously.
Prior PUT ‘s have likely mocified the current block, so it must be
stored back on the disc before the new block can be brought in.

A second difference is that nc temporary "virtual mermory file" is
involved; the blocks are taken from and restored to the permenent
file on the disc.

A third difference is that File Management (nct trap-processing
software) calls the Migrator.

The sequence of operations is as follows.

Execution File

Virtual Memory File

Data
File

\—
r ————————————————————————— 1
|
| Code Stack Arrays |
| |
: |
|
® @ | I
L__'— PCAL GET |
| |
® File | |
Migrator Manage- | |
ment | |
{ I
® . |
|
@ | |
Disc Adrs : I
| |
Sésllem | Data |
— ata = Seg
Segment @ | (Bufter) I
| |
I |
I i User's Program Environment :
e e J
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As shown earlier (page 3-2), a request to access a record in a
file invokes one of the file management services,

In the normal case, file management accesses the record from
its own system data segment, and

Transfers the record between its data segment and the user’s
data buffer.

However , if the request references a record that is not in the

system data segment, file management requests the Migrator to
swap data segments.

Using the disc address in the header part of the .current data
tluck, the Migrator transfers that block to the data file on
aisc, replacing the obsolete block cccupying the space.

The required new black is loadea by the Migrator intc the system
aata segment in memory. The requested record can now be accessed
(steps 2 and 3).



3-20 Disc Storage

Review No. 3

The fold-out diagram at the end of this text summarizes nearly all
of the operations previously described in this manual.

First, note the dotted-line "environment" boundaries. At the top
left is the console. The lower half of the diagram is System
Software in Memory. The center portion, upper half, shows three
jobs, of which "Job 2" is shown in detail. Job 2 has three tasks,
of which "Task 5" is shown in detail.. 7The system disc is at ugger
right, :

The operations by which work gets done in the system, from RUN
command to program termination, are shown in 43 steps. These are
trcken down into 4 major operations: Job start, Reccrd Access,

Array Access, and Termination.

A flowchart of these operations is given on the page rreceding the
foldout. The 43 ster numoers from the foldout are given adjacent

to each block for correlating the two diagrams. ("Procedure Calls",
a subset of the Job Start operations, is shown in tnhe flowchart as

a distinct major operation.)

some operations and pointers are shown in the foldout diagram but not
specifically mentionea in the 43 steps. The loading of system .;
csoftware (and subsequent swapping of system code segmenta) is

inadicated by the brcken line at the extreme right. The Console

Handler ‘s management of the Global Equate Table and Job Information

Table is indicated by arrows at the left side of the diagram. A

file Information Table is shown, pointing to an entry in the SDST,

which in turn points to the ESystem Lata Segnent for file transfers

to/trom the task’s data buffer segment. The other buffer segment

(for primitive files) is pointed to only by & PLET entry.

Job Start

l. a) A TEST command or softkey operation is pracesseé by the Language
Subsystem. The Language Subsystem checks the root file of the
prcgram s workspace on disc to see if the current execution file
incorporates all changes which may have been made in the source,
compiled unit, or segment files. If not, the Language Subsystem
compiles, binds, and links these files as necessary to obtain a
valid execution file. [Petails: ©page 3-9] Skip to step 4.




9.

10.
11l.

12.
13.

14.

15.

le.

Disc Storage

h) A RUN command entered at the console is received by the
Console Handler. .[Details: 3-11.] Proceed to steps 2,3, and 4.

The RUN command is passed to one of three Console Interpreter
lasks for interpretation and validaticn. .[3-11]

The CIT invokes the Run Executor. .[{3-11]

The Console Handler causes a new entry tc be «reated in the Job
Intormation Table, tc point to the program’s PET. [3-11]

Loading begins (througn step 9). [3-11]

ine Loader allocates memory spece for the [rcgrarm envircnment and
creates the Program Environment Table, the 1D Translation Table,
and the Active Equate Table. [3-11]

The Loader gets the Program Code Segment Table, the Program Data
Segment Table, and the global data segment, and all local data
segments from the execution file on disc. [3-11]

These are loaded into their allocated memory space. [3-11]

The Loader also creates a .Task Control Block and a data stack for
the main procedure’s task, and a Virtual Memory File on disc.
(These steps are not identified on the diagram.) The task
environment now exists and loadéing is conplete. [3-11]

Program start begins (through step 28). {3-13]

The Program Start procedure calls the Task Start prccedure tc
start the first task of the program. TS ‘TSTART fills entries in
the TCB and rputs starting addresses cn the stack (launch marker to
start INITIAL P subroutine, and a procedure label to start the
first actual procedure of the program). {3-13]

TS ‘TSTART requests scheduling of this task. [3-13]
The Scheduler links this task into the schedule. .[2-16]

Since the task has all rescurces needed tc run, the Scheduler
instructs the Dispatcher tc put the task in the CPU Cueue. [2-16]

The Dispatcher links the task 's TCB into the CPU (ueue; and when
this task gains precedence amorg all tasks, the LCispatcher places
it at the head of the CPU Queue. The TCB address is stored in the
CPUQH location of the System TCB Table Segment. [2-16]

The Dispatcher stcres the TCE address into absolute locaticn 4 of
memory, which now points to the TCB of this task. This is so both
microccde and softwere can access the TCB via a known locaticn.
[2-15]
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17. The Dispatcher issues an IXIT instruction tc the CPU. [2-15]

18. uUsing the Current TCE address in location 4, the IXIT microcode
obtains the addresses of the PCST and PLST of this program, ard
stcres the PCST pointer in absolute memory locations 1 and 2,
and the PDST pointer in the DST register. [2-15]

19. The IXIT microccde uses the adcress information in absclute menory
lccaticns 1, 2, and 4, in the stack, and in the TCRE to set the
remaining eleven main CPU registers. [2-15] :

20. Since the value tor the P register «came from the latnch merker
(see step 11 above), execution of the INITIAL P subrcutine begins.
[2-1%]

21, INITIAL P issues a Procedure Call instruction to the CPU, supplying
the address of the starting procedure as given in the procedure
label on the stack. [3-14]

¢2. PCAL microcode puts a system-return marker on the stack (actually
rerlaces the launch marker.) for eventual return to INITIAL ‘P
(see step 40). [3-14]

¢3. Discovering that the starting prccecure is in ar ebsent ccde
cegment, PCAL invokes the Absence Trap microcode to make the
segment presernt (through step 26). [3-14]

24. The Absence 1rap calls the Migratcr, passing the code segment
numoer . [3-14]

25, Using the code segmert nunber, the Migrator accesses the disc
adcéress of the segment (in the PCST) and gets the segment from the
disc., [3-14]

26. The Migratcr loads the ccde segment into memory. [ 3-14]

27. The Migratcr returns control to PCAL, which completes its action
of setting up the P register. [3-14]

<. The first task begins executing the specified prccedure in the
ncw-present code segment. [3-14]

record Access

<Y. An instructicn (e.g., PCAL GETN) in the executing code segment
requests retrieval of a reccord from a certain data file. This
generztes a call to File Management. If the reccrd is present in
the system data segment reservec fcr transfers to arnd from this
file, skip steps 30 through 32. [3-18]
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30.

31.

32.

33.

If the reccrd is not in the system data segment, File Management
reguests the Migrator tc swap data segments. [3-18]

The Migrator stores the‘currently present cata segment into its
Flace in the data file on disc, and gets the necessary new data
block from the disc. [3-18]

The data block it lcadec into the system data segment. Control is
now passed back tc File Management. .[3-18]

File Management transfers the record from its system data segment
tc the buffer segment in the task environment, where it is
accessible for prccessing. .[3-18]

Array Access

34.

35.

36.

37.

38.

39.

An instruction (e.g., (LD) in the executing code segment requests
retrieval of a specific array element. This starts execution of
the QLD microcode. If the requested elemert is .in a data segment
that is presert in memory, skip steps 35 through 38. [3-16]

Discovering from the PLST entry for the data segmert that the
segment containing the element is absent, QLD invokes the Absence
Trap microcode to make the segment present. [3-16]

The Absence Trap calls the Migrator, passing the disc address
obtained from the DST register. [3-16]

The Migrator gets the necessary data blcck from the Virtual Memory
File on disc. .[3-16]

The data block is lcaded as a data segment in the task environment.
Control returns to the QLD microcode. .[3-16]

The array element is now accessed via the cata label cn the stack,
and is available for processing. [3-16]

Termination

40.

41.

when the final procedure of the task has been executed, the code
exits to the address contained in the system-return marker on the

stack. (See step 22.) [3-15]

The system-return marker passes control back to the INITIAL P
subroutine. [3-15]
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42. INITIAL ‘P calls the TABORT procedure, which terminates the task. .
{3-15]

43. If this was the last or only task executing for this precgram,
TAEORT calls the Frogram Terminate procedure, which deallocates
all memory resources allocated for this job. The JIT entry is
deleted, and the job is thus terminated. [3-15]
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Procedure Calls
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Hardware

section 4
nardware (peration

Uperating cnvironment

1he addressaple space ot an executing program consists of a coce
segment for the executing code, a aata stack for local variables,
arithmetic processing and program control, a global data area and
a nuimber of data segments for array data. Access to other ccde
segments 1s done by a call mechanism thru a system code segment
table which contains entries with location infcrnation for all ot
the code segments of the program. The code segments need not pe
present in memory and are brought in if callea.

Most arithmetic and logical processing is cf the zero address
structure ot the stack machine where the operanas on the top of
the stack are used. The executing ccde segment, data stack and
glooal data areas are defined by registers for direct or implied
stack address access., Areas of direct access are shown by the
shaded areas in the figure. Other areas are accessed by means of
indirect pointers or labels. Data segments .are accessed in the
indirect mode using a data label pointer through a data segment
table which contains entries with location information for the
data segments of the executing program.

Central Processor Registers

Note: The 16 bit address registers in the following list are

concatenated with the hign order bits of the associated base
register to form the absolute address. For possible future
needs the intermodule bus and I/0 system have provided for
memory addressing of up to 24 bits. The present CPU and
memory, however, are implementing only 20 bits as indicated
by the base register lengths is the following list. Bit

positions in the address base registers are numbered as
follows:

E3'E2'E1’E0'0'1'2'0 oo oo 014'15

l6é pit registers number from 0.

Db : Data base register - 2U bits
Contains the address of the first location of the directly
addressable global data area.

DL : Data limit register - 16 bits

Contains the address of the last word of memory available to
the global data space.

sB :Stack base register -~ 20 bits

contalins the aadress ot the first location of the stack data
area.
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S
4 :
PO o2
4 H
PL
X :
DST:

Hardware

Stack marker pointer - 16 bits o
contains the adaress of the current stack marker peing used
within the stack.

Memory stack pointer register - 16 bits
Contains the address in memory of the top of the stack
(TVS) .

Stack limit register - 16 bits
Contains the aadress ot the last word of memory avallable
for use in tne stack.

pProgram pase register - 20 bits
Contains the address ot the first location of the code
segment being executea.

program counter - lo pbits
Contains the address of the instruction being executed.

Program liinit register - 16 bits
contains the address of the last location of the current
code segment,

Index Register - 16 bits
Contains the index to be used when indexing is involved.

Data Segment Table Pointer - 16 bits
Contains the address of the user portion of the Data Segment
Table. (Instructions allow for Z4 bits in later hardware).

S5TATUS: Status register - 16 bits including:

1 * I * T * R *Q * C * CC * SEGMENT #

v,1,2,3,4,5,6-7T, 8======—====-15

where...

M = Privileged/User (1/0) Mode Bit

I = Enable/Disaple (1/0) External Interrupts bit

' = Enable/Disable (1/0) User traps bit

R = Right Stack Op pending bit -- set to 1 execution will
proceed with Stack (p B. It is not set if Stack Op B
is a NOP.

O = Overflow oit - Set but not cleared by arithmetic

operations.
C = Carry bit
CC = Condition code (see note)
CCs = 00, CCE = 10, CCL = 01
SEGMENT % = The currently executing code segment entry no.
in the Code Segment Table (CST). The index into .
tne CST for this entry is 4*STA(8:8).
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Note: Condition code definitions

CCA sets CC = CCL it operand < 0
CC = CCE Lf operana = 0
CC = CCG 1Lf operand > 0

CC8 sets CC CCL if special ASCII cnaracter
CCE if alpnavetic ASCII character,

upper & lower case

O
.
nu

CC = CCG 1f numerical ASCII character
CCC sets CC = CCL if opndl < opndZ

CC = CCE it opnal = opna2

CC = CCyu 1f opndl > opnds

CIk: Current instruction register - 1l6 pits
contains the instruction currentiy being executed (this
register is not availaole to software).

CLK: Clock reyister - 16 bpits
Contains current free running clock time.

CCR: Clock comparison register - 16 pits
contains number to poe compared with free running clcck.

Instruction Formats

Instructions may taxke one of eight formats. Please see Section 5
tor instruction descriptions.

wote: In this section and throughout this document, bit
locations within a 16 bit register or within a data word
are specified by NAME (L:N) where N is the number of bits
starting at the bit location L in the word (numpbered from C
on tae left). For example, CIR(6:<) specifies bits 6 and 7
of the CIR register.

vMemory reterence

7
O CODE * X * I * ADDRESS

U====—--3, 4, 5, o====—=15

I Indirect bit
A Indexing to be used

If poth X and I = 1 post indexing will occur for operands and
pre-indexing will occur for pranches. 1Ine displacement is a
positive word quantity, giving sign-magnitude addressing wodes.
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Address duecoding:

p+ CIR(6:2) = UV
CIk (b:8) = Displacement
kange (p,P+255)

r- CIR(b:2) Jl
CIx(g:bd) Displacement
range (r=255,7)

b+ CIR(6:2) 1o
CIK(B:o) = visplacement
Range (Do ,0u3+255)

Wt CIK(6:3) 110
CIR(9:7) visplacement
hange (Q,(+127)

- CIR(b:4) = 1110
CIR(10:6) = Displacement
kange (Q-63,u)

5- CIR(6:4) = 1111
cIR(10:6) = pisplacement
range(S-63,3)

CIR
o 7 9 1v 11 12 13 14 15
r+ relative 0 0 . . . Displace. (0:255)
P- relative 0 1 . . . Displace. (0:255)
DB+ relative 1l v . . . Displace. (0:255)
wt relative 1 1 9 . . Displace. (0:127)
w— relative 1 110 . Displace. (0: 63)
S- relative 1 111 . Displace. (0G: ©63)

Stack and Control Instructions

*uud0 * STACKOP * STACKOP *
A B

u====3,4========9 ,1{j======15

Execution is tfrom left tc rignt (A first, then ). Interrupts may
occur between execution A and k.
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sailifts, bit Tests, Conditional tranches

vuul * ¢ * SyBCGP * AkgUBENI

U-=—=3, 4, 5=-=—=-=9Y,l0=--=---13

Wote that in this tformat tne Y pbit, CIR(4), 1s a true index bit
on tne shiift ana oit test instructions, and is the inuirect
adaressing cit for tne conditional wrancnes,

Inmeuiate

vUlyu * sSUBUP 2 * UPERAND

Um===3,d=mmmme=? gmm == ==15

Linkage ana ontrol Instructions

vull * 3JB30P 3 * ARuUmenT

J===3,4====== 7,3======-15

special Cpccdes

vull JOuUU * SPECIAL * RK-FIELD

y----3,4==-=7 ,8=====-11,12-----15

awove Opccdes

Vul) * g00u * 4OVE OP * CCF * SDEC

U-___3,4_--_7,° ------ 10,11_13,14_-15

vsiini Gpcoaes

JUl0 * OJUud * AINI O * RESERVED

Um===3,4=m===]  d==m=mm 11,12-=---=15
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Auaressiny Conventions

ine tollowinyg are detinitions usea throuygncut in discussing
audress computation:

1

If the X-pit, CIR(4), = U then 0 else the content of the X
register.

AC

> = I'he CPU reyister definea previously.

C
i

Displacement fielu of instruction word (see 3.3 cf
instruction formats).

t{c = It word instruction then Xc
else it byte instruction then Xc/2
else 1if dounle word instruction then 2%*.c
else if quad woru instruction then 4*Xc.

1o oL Stack

many operations use tne top elements of the stack as implicit
operand aadresses. Tne operands involved are deleted from the

stack and the results ot the operation are placed back on the
stack.,

Direct Addressing - The location of operands and branch targets in
inemory may be determined by a direct addressing convention that uses
the displacement field of the instruction as a pointer relative to a
bacse register selected by the instruction format. Indexing also

may pbe used in this mode. Thus the aosolute Address E (or

erfective address) is computed bDy:

£ = BASE + or - Displacement + fXc.

ihe base registers available to this mode are DB, ¢, S and P. DB
is usea for global variable addressing, Y is used for parameter
passing (-Disp) ana local variaple storage in procedures (+Disp),
S is typically usea tor accessing temporary variables in
suproutines and P is usea for brancnes and literals.

Indirect Addressing = The location of opereands and brancn targets
also may pe determined throuyn a pcinter structure where the ccntent
or the direct aadress, as computed, less indexing if an operand
address, 1is assumed to be a lavel. These are either Frogram

Lapeis that point into code segment space, or they are Data

Lavels that point into the stack, the global data area or into
data segments.,
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ferogyram Lapels - Program Lapels that are found in code segments
contain only otfsets anu can be identiftied orly by their usage in the
lnstruction, such as oranches or pv-relative loads, etc. These

lavels are self-relative, 1.e. they contain an offset relative to
their present location. 1nus the absolute aadress of a loau is:

E =P +/=-0D + (P +/- ) + fXc.

rre-indexing is useu tor oranches so the absolute aadress for a
oranch is:

L =P +/- D + Xc + (¢ +/- D + XC).

Lavels usea by the call or cranch instructions are cifferent ana
are either logical external lavels tnat point to other ccae
seyments or are local lapels that contain Pii relative offsets.

Labels that point into data areas are cf four aifferent types

tnat are described later under the neauing "Data Labels". These are
uitferentiateu py a hHutfman coding of the first three tits of the
label, Tne stack and glopal data labels ccntain offsets relative

to their respective base registers.
Ine absolute address of a Stack pase lavel is:
E = 58 + (Base +/- D) (2:14) + fx.
ne address tor & Global LCata lapbel is:
g = D8 + (Base +/- D) (1l:15) + fxc.
Lavels that point into data segments ccntain logical pointers

into a data segment taple in wnich the location of the segment
is entered,

‘'ne one word DST lavel effectively points at the bese of a aata
segment. 'The absolute address in this case is:

£ = Segment base + tXc.

where:
Segment Base = (VST PIR +4*DSEG + 2) (8:8),
' (DST PTRK + 4*DSEG + 3).

nere:

DST PTK $1000 for DSEG < %1lu000

(D5T) for DSEG > %10000

and
DSEG = (Base +/- D) (3:13).

As defined, up to 24 bits of segment base address have been
provided for in the data segment taple.
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rfo point to a location within a segment the two word Lata Segment
label form is used in which the second word contzins an offset from .

the seyment pase. Therefore tne absolute address for the Data
sejment laoel is:

L = Segment pase + OFFSET + £Xc
wilere:
QFFSET = (base + or = 0 + 1).

ine sejuent vase definition is the same as aescribec abcve,

WO types or linked segyment structure have veen provided to
acconmouate arrays that are too large to fit in one adata segment.
Tnis process is invoked when the base relative address, offset
plus inuex, is larger than the segment length. The first type
uses linkages to the next seyicent and ac¢justments are maae tc the
relative address throuyn each linked sejment to arrive at thne
Jesirea adadress. ‘fne second type uses consecutively linked
segments and througn a computation gces directly to the desirea
segment. Linkea througn i consecutive segments the adaress now

1s:

E = segy.base(i) + OFFSET + f£Xc - i*3eg.lengtn.

counds check - If E lies outside ot the ranges defined in the
tollowing tapble, a trap to STT1 of Segment 1 will occur.

Code, direct or indirect
P3 < = £ < = pPL

bata, airect
Lo < E
or SB <

3

e

VL (glopal data)

<
< S (stack)

nh
o

pata, 1nairect
up < = g
or Spb < = E

OL (glopal uata)

<
< = 5 (stack)

1r, when accessing Data segments, the laoel does not comply with
tie rangye

U <= data lavel offset <= data seygment lengtn -1

a trap to S1T13 Segment 1 will occur.

oocunas checking is agpliea in betn USER and pRIVILELGED mode,
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syte Audressing -~ 1The content of the index register in all byte
instructions is a byte index that is arithmetically shifted rignt
one bit when usea in computing the word address,

In wad and Store pyte instructions tne caisplacenent field is a
wCcru wisplacnment.

ror inairect addressing the label ottsets are byte pcinters anc
are adaeu to the contents of the index register Lkefore tne
arithmetic rignt snift is performea.

vouple wora Audressing - ‘the content of the index register in & wcuble
wcra instruction is an entry index that is multiplica by two wnen used
in computing tne word address. The instruction disgplacement tfielu 1s a
woru offset. All inuirect label offsets are wcru ortset entities that
are added after the contents oi tne index register has been

rultipliea vy two.

<uaa word Addressing - Tne content of the index register in cuaa word
instructions is an entry incex tnat is nultipliea by four when used
in computing the word address. The instruction aisglacewent field
and all indirect label offsets are word entities and are added after
the inuex multiplication.

virtual memory

Code Seymentation

runctional Description - Access

tc a segment is done througn an external Program Label useu by
& branch instruction or by a PCAL instruction whose N fiela
specifies the location of a program lapel , This lapel
specifies the program segment thru a CST sej #, and entry
voint desired (and STIT §# in called segment). A seyuence

ol accesses thru system or user CST tables takes place

to locate the new code ana set tne program rejisters to its
Location., Information aoout the calling coce is gplacea in a
stack marker so that proyram control can be returnea tc the
caller at the end cf the procedure with the EXIT instruction.

seyment Transfer Tavle (SiT) - A segment Transfer Taole is appenaed

to each generated program scjyment. Its entries arc used tc access
grccedures and subroutines lccal tc the segment, or tc prcceaures
containea in external segments. PL- cadressing is used by the PCAL
and LLpL instructions tc access the Table. It contains 1 word entries
OL two Daslic types, whicn are the grogram lavels naving the foruats
described under the next heading, "pProgramm Lavels".



4-1y ilardware

PL entry (tne last word of any program segment)

J * U * y0Gulu * STTL

Jy, 1, 2=====-7,8==--15
S{1TL = 4 ut entries in this Segment Transfer Table (Tv).

~otes IL the u=-oit (uncallavle bit) is set, and the calling
process is in USEE moce, an S1l violation will cccur.

A transter through SIT entry # U implies that execution will
oegin at ¢ = Pu,

~note: Any calil outside the current prcgranm segrent may only
reterence the first 126 entries in any other seqgment
transfer table (rL, PL-127), due to only 7 oits availaole
in the Cxternal Program Label. Calls internal to the

current program segrnent i.ay reference any cf the 255
entries,

rroyram Labels

txternal Program Label

Program calls or branches to external prcgram segments use an
external program label.

1l * SPT ENTRY # * SEGMENT #

U, lemmemee—men7, fmmmm=e =15

SIT ENTRY # Numpber to index from PL to obtain entry point into

segment,

SEGHMENT # Logical entry number in CST.

Local STT Program Label

Program calls local to a segment or calls through external labels

to a segment (which may be the same segment) go througn a Local
Programn Laoel in the target segment.
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U * U * P8 Relative Address

Uy 1, 2m=m——mmmmemee e e o-15

u = Uncallacle pbit prevents calls from unprivileged external

cegnents tc tnis section of code. An STT violation will
occur in this case.

code Prcgrain lLabels

brancuing or literal pcinters occurring in line in code are self

relative (i.e. they concain the offset to the pcinter target frcr
tlie lccation of the pcinter).

rointer kelative Ctfset

Ummmmmm—mmm e e em e e =15

reterence rrograw Labels

rointers passed as reference parareters orn the stack by the
prancih or pCAL instruction that point intc the current code
segment contain offsets relative tc the ccde segment base Pb.

rointers passed as reference parameterc on the stack that pcint-
tc external code segments are external program labels.

Code Segment Tlable & Code Seyment Table Pointer

I'ne Code Sejment Tanle contains a list of ccde segments that have
ceen allocated by the system anu assigned virtual nemory srace
(note that this also includes system ccce segments). Its lengtn
ls determinea at system yeneration time, and consists of a numoer
Or 4-wora sedginent descriptor entries., 1Tne actual number of
entries in use at any point in time is a variable, limited only
by the length of the taple. Entries are dynamically allccatec Ly
the operating syster as proyrams are loaded anad unloaded. Each

entry contains control informstion abcut the segment, and gives
its lenyth and starting address.
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I'ne tormat of the CS1 is shown in the figure pelow:

g, AUdr U SColP ====)|m—mmcmcccc e
|===e~ee—eeeee=| Seg u
= e |
| m—— e —m e |
| |
I ) | sSeg 1
| ==mmrmmmm e e

Snaraple I
code [
Segments I

I
| sSeg 191 (%277)

————— e |

hNote: the division at
s3UU 1s tixea.

size of 1 | ==—meceeee————-

|-----====----| Process #l
I | Segments
I |
| [
smem, Addr 1 uCsIpl, | | e e e e |
4 UCSIP2 ==-=>| Size of 2 |

|
i i
I | Process #2
I | Segments
| |
| I
| I
| I

Ine first suU octal entries are reserved for system and snareaole
code segments(i.e. those which may be accessed by any process
within the limits of FRIV/USER moue restrictions). 'The first
entry (seg. U) of this portion of the CST is not used to point to
a coue segrient. Instead its first wcrd contains the current
size-1 in words of this section of the code segment table (seg.#
<= 1l9l). Its remaining tnree words are reserved. The first word
of this entry (and nence the start of the CST) is pointed tc by
the SCSTP in memory aadress U.
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segment 1 contains the routines needed to service internal
interrupts. rhese are described further in the section covering
interrupts. Segment 2:d (w<=1Yl) contain such things as system
ccde, shareable coue, 1/U drivers, service routines for external
lnterrupts, etc.

Tne remainder of the table (beyond %3uU0) consists of user prcgrar
ceyments. Since the first entry must contain the length - 1 of
this taole (iuentical to tne segment U entry), this part of tne
table is limiteu to 63 segments. The User (ST pointer in mem.
audr.’ 1,2 1s set to the address pointed at by the UCST data lapel
in the Current ‘fask Control wvlock. (In the figure above, process
¢+ < ls currently executing). Accessing the table is done via the
PCAL, BAILl, brancn external, IXIf and DISP instructions and is
completely transparent tou the user. ©.G. 1f in PCAL an external
cseyment numoer lies in the range U < 3ey. No. <= %277, thne entry
1s accessea via tne S8CS1v. If the seg. wo. is in the range %300
< beg. No. <= %377, then 43UV 1s subtracted from the seqgmunent
numoer and the entry is accessed via tne UCSTP.

fne entries of the CSi nave the following form:

V] 1 2 3 § —m— e cccc e e e e == ] 5
CS1u * g *x g * Length - 1 *
8Tl * neserved *

Csiz * A * i *¥ T * K * res * VIABI(6:4)/Addr(8:3) *

Ccsr3 * Adaress *

A = Absence bit, set to 1l if tne code segment is absent from
main menory.

M = iHode pit, set to 1 if segment is to be executed in
privileyed mode.

T = Trace bit, set to 1 if trace feature is used. This is
checked by the PCAL instruction.

R Reference pbit, set to 1 when this segment is accessed.

Length = Tne length of the code segment. Note: 14 bits are
allowea for Length - 1. +The maximum segment size,
tnerefore, is lo,384 words.

VATBI = Disc volume table index.

Aadress(CSTZ2) = Hi order pits of absolute memory address of PE if A = 0,
or hi order oits of disc address if A = 1.
Address(CST3) = Lo order bits of absolute memory address of P3 if A = 0,

or lc orcer pits of disc adaress if A = 1.
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vata Segmentation

runctional Lescripticn

Yne lndirect cell of a memory reference instruction or the
pointer in other instructions contains a DATA LASEL in one of the
uefinea formats. 1Ihis label specifiecs in which vata

area the cata resides and the relative location within that cvata
grea. Ii the liawvel pcints tc a data segment, the data segment
aumoer i1s usad to inuex into the uata segment table to

jet tne location oi the s=2yment. Tne ofiset and index register
tnen are useu to comnute the relative aadress of tne lccation of
the uata within the seyment. If this relative address is greater
than the scjient length, a cnecx is made tc determine it the
segiment telongs to a set ot linked segments. If soO, seguenciny
tnrougn the set of linkeu segynents is pursued according to tne
type OL 1inking until the desired address is found.

Lata Lapels

Stack vata lLabel

Rererences to Gata in the stack (5B to S) use the stack relative
uata label.

* U u OFFSET *

U, 1, 2====cccmccmcccccem=-15

UFEtOET = word or Byte iLisplacement in the stack relative to the
vase of stack (s register). Tne fourteen bit field
allows a maximum stack size of 16K bytes (8K words).

uvlobal Pata Lapel

references to data residing in the global data area (V8 to DL)
use the ylooal aata label.

* 1 CFr SET *

Uplommmmmmmm e e e ee e 15

UFFSEY = vord or kyte Displacement from the base of the global
uata area (DB register). Tne fifteen bit field allows &
max imum size of 32n bytes (l6eK words) .
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. Labels ror bata oseyinents

xelerence to an array resiaoing in a separate cata segment is nade
with one 0f two array data lapels.

Uol Lapel

it the segient contains only one arroy, reference to the vase ot
tne array may ne .ade witn this one-wora uSi lavel,

Usl, 2, 3mmmmmmmmm—mm e mmem o]

LsEs = wntry number of tne uata sejyment in the date seygrent
taple., Inuexing is relative to tne base cf the array.

' . vata segment Lacel

references to specific elements in an array or to segments
containing multiple arrays use this two word lapel.

*ull DSEG *

NS TS MR R——— | -

* JEFSET *

P T T,

DSEG = Entry number of the data seyment in the aata segment
table.,

UFFSET = word or byte Displacement from the case of the data
seynent.,

. indexing is relative to the offset field.
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vata Segment Table & Data Segment Taole Pointer

ine vata Segment Table contains a list of data "spaces" usea by
tne system anu user proygyrams, which are currently resiuent in
virtual memory. ‘Inese spaces include sucn things as I/u puffers,
systea & user stacks, and user data segments. It consists of a
rurnver ot 4-word segment descriptor entries where tne actual
nuaver oL entries in use at any point in time is a variaole,
liwited only by the wmaximua length of the raole. wuntries are
wyramically allocatea py the system as jcbs ere initiated and
terwinateu, or as certain classes of active users reguest or
ra2lease adaitional data segaents., E£ach entry contains contrcl
lntorn.ation abcut the seygment, and yives its lenyth and starting
auuress.

FOr tne purpgose of data ranagJement tne LSi is daiviaed intc two
sectiors much the same as has veen dcne witn the CST. The first
section is reserveu for systew data segments. i'ne first word of
tne first entry in this tavle is located at tne avesclute niercry
audress %luuc.

oegwent U 1s unusey by the systea, and hence its 4-wcra entry may
contain other inforination. 1ne first word of tnis entry contains
vone less than 4 * the count of the current maximur nunber of
entries (excludinjy seqg. U) in the first section of DsI. The
reaaining three words ot this entry are reserved. NOUlZd: since
nmicrocode aces not make a special test for Segment U, the absent
oit for tnis entry must oe set by software so that an illegal
access to this segment will pe caugnt by the absence trap
software,

1rue second secticn of the £SI, starting at segment numoer 310000
(4uvo) , is useu for user data segments. Tne first wecrd of the
tirst entry in this section ot the table is locatea at the memory
audress contained in the DSI register. As in the first section
the first wora cof this section contains one less than 4 * the
count ot the maximum number of segment pointer entries in the

second section (excluding segment %10000). The rest of the first
entry is reserved.

If the PRIV mode bit in the DST entry is set, access to that
segment is allowed only in privileged mode.

Tne entries of the DST nave the following form:

0 1 2 3 4 =mmemmmmmmmmmmmmmmmcmemeeol5

ISIYN] * : Length - 1 *

L1l * C * (0 0 o * Link DST# *

Lsr2 * A * o *res¥ R * D * res* VTABI(u:4)/Adar(8:8) *

Loil3 * Address *




g
[}
o
<
T
5
|

alicwed is G5 Dytes or 32K wWOrds.

daraware

Gaxinum length oL this segrent. WOote: tune maxisur lenctn

C = Jonsecutive Link vit, set=l wonen this descriptcer is art

OL a set or consecutively linkeu ccscripters pouinting to
a sinjie .aultiple <rjment arroy. JConsecutive lingea
Segments ust all ve of euwual slze ana ¢f lenst;. w**L

wnere 1 is an inteyer fren 2 to la,

Link Loy = Linked CS1 entry, =t non-zero tc point to ac

&

iticnrel

aescriprars in the set ot wvultiple ccjnents cseicrec toe o
single logyical vate lecel. 1L C=0, the tield contains

tn2 L&l nuyvser of the next link., If C=1
contailns tne LST nuwizer oL the 1AL LSyo
itcuwily ol conscculively linkec 181 s,
inulcatey no turtner lirnhaeu entiice.,

A = avsence pit, ser=1l if tne data Swvy.arnt 1LE

s 1 1 lenor '[ .

alloweu oinly in privilejed noue,

toc fiel.

entry in tne

zers, Liela

ansent Lr .o

= privilegeu aoue nit, set=1l 1L access to thic seguieat is

L = 0oirety vit, set=1l wnen tue data segment nas veen altereu.

k = Keterence pit, set=1l wnen this data se.uwent has wveen

accessed.
res = keserved Lor sottwcre,
viaA3dl = Disc voluae taole index.
Address(L3i2) = iul oruer bits of arsolute menory adaress
tne data segment if A=y, cr the ni order
address it A = 1.
auaress (US1L3) = Lo crder pits of actsolute menory adcress

the uata segnent it A=v, Oor the lo crder
gucress if a=l.

tormats

vata rormats

tFixed point Lcormat: 16 oit, two s ccmzlement

* > * *

T BT

of the pece cf
oits of the disc

of the lhace of
cits ¢f tne disc
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(For douole-woru fixed point format, lo maynitude bits are added
on the rignt).

Loylcal format, lo bit positive integer

P T PP I

~yte striny

*y 71*3 15* Amiyc
*7 0*7 ux ASCII
dyte U pyte 1 Increacing
g FleRmor y
vyte 2 Byte 3 Aadress

- —— ——— - ——— . —— - - - —— - —— - — - —

Note: The bit #°s within an ASCII usyte detinition are in the
reverse order to the normal Amigou bit # °s (i.e. they
cor.siger bit U to pe the LS3 ot the byte).

riroating point tormat, sign + nmaynitude representation

* 5 * £ * . F *

U yl=======y,10mmmmmmmmmmmemmmmmm=3]

.
"

Fraction siyn pbit (U for positive{ 1l for negative)

gxponent+456 (range v to 511)

C.
[}

n.
1]

rraction (kange v to (2**22)- 1)
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’ . NOteE:

pecimal value

dardwarn

In sign + magnitude representation, the fractiorn is always
sOsitive witn the & vit ccntaining tne siygn of the number.
whe vinary point is assureu to the left of bit lu witn an
iaplrieu leading 1 to¢ tne left of the oinary pcint. Thus
all rloating point numbers are stored in normalizeu form,
wsut nc poit is wasteu on the leaaing 1, wmakinyg all fraction
voits signiticant. Tne excevticn is tnat 0 is & word
containing all v ’s.

(=L)**5 % 2%% (E-256) * (L+E*2%* (=12))
U when 5 =g = = 0

W

Hote the following sgecial caeses:

| .

U
|

T
]

wnote:

pecimal value

J JuU00UUU0 Juuuiduuuuuduulugduuuul = {

v 1000000uu 0ULuuvuuvuuluULUUUUUUUUUY = 1

vouole floating point format, sign + magnitude representation

* 3 i * & (ni) *

J jl==mmmm=9,l0mmmmmmmmmmm e —— =],

* ¥ (lo) *

3lmm e e e meemp 3

= rfraction sign oit (0 for positive, 1 for negative)
gxponent + 256 (Range v to 511)

Fraction (Range u to (2**54) - 1)

Ihe same hiuden 1 leading bit in the fraction F is used
as in the single tloating point format.

(=1) **5 * 2%*(g-256) * (1 + F*2**(=54))
U when S =t = ¢ = {
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selinitions
Livor (a)
sigyn (X)
eXp (a)

trunc (X)
round (X,d)

= largest integer <= X
1, if x > v
U, ift X = u
-1, if X < v
tloor (loypase2 4 ),
undelinea, it X = 0
sign (X)* rloocr ( &
0, if X = v
2 ** (exp (&) - W) * sign (x) *
floor (2**(N-exp (X)) * X + 0.5), if X <> 0
wnere N+1 is tne numoer of significant bits -

it X =4

)

rackeu Lleciiwal Data

Low

Hign Byte Memnory Address D1

0 sytes 7
vyte [(emory Address Dn : Ln-1
(most Siy bigit) Yy

on-2 ¢ Dn-3
L3 : D2
(Least Sig Digit) e Rt

The above is a representation of a decimal numeric number showing -
n digits and the position of the sign. Each Di must be in the

range !0 tc

9. All other values are illegal. The values for

the sign digit +- are as follows., !0 - !C are positive, !D is

negative, !E

is positive and IF is absolute. n may be 0 to 28,

and is specified by a parameter on the stack. The sign MUST be 1in
the rignt nibble of a byte (nibole = 4 bits).
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Zoned LCecimal Data

U Bytes 7
Low Byte memory Address Cn
(Most Significant Byte) =---—=ccccccce—--
Cn-1
Cn-2
c2
(Least Significant Byte) =-=-=~cc-cee---
High Byte Memory Adcéress Cl
U By tes 7

soned Decimal Data is representea as a byte string of characters
with the following properties:

(1) Blanks may be present at the leading end of the string
only.

(2) Following the first non-blank character, all characters
including this non-blank character must be the

cnaracters "0" thru "9", except fcr Cl (the last
character.).

(3) the character Cl may be any one of the characters in
the following table. This character specifies the

value cf the least significant aigit and the sign cf
the number.
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: ' N Internal Represenatation ASCII :
Units digit (====—-cccccrcrrac e c e cec e e :

: s Fositive s Negative : Absolute :
.0 :{ %173 178 : ] %175 170 : 0 3060 130 :
.1 :a %101 14l :J 112 14 : 1 3061 131 :
.z . B 8102 142 : K %113 145 : 2 %062 132 ;
3 :C 8103 143 i L %114 14C : 3 %063 133 :
: 4 :D 3104 144 :m 8115 14D : 4 3064 134 :
s . E %105 145 : N %116 14 : 5 3065 135 :
. e . F %106 146 : 0 3117 14F : 6 3066 136 :
T . G 8107 147 : P %120 150 : 7 %067 137 :
S B 8110 145 : ¢ 8121 151 : 8 3070 136
C e i I 111 149 ¢ R %122 152 : 9 %071 139 i

ASCII Sign Digit Representation

note: zZoned Decimal Data is used only by CVAP,CVPA,EDIT
instructions. ‘

Stack Marker Format

* STATUS *

* DELTA Q *
X = Contents of the Index Register
RELATIVE P = P+1 - PB (The instruction tc be returneé tc)
STATUS = The Content of the Status Register.

LELTA ¢ = - Value to be subtractec from the ¢ register to
cbtain the ¢ value of the caller.
T =Trace bit for exit instruction (Set by software).
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The stack marker 1is pushed on the stack and (¢ is moved to the
delta ( entry of the stack marker by the procecure call
instruction. This saves the calling envirorrent ana establishes
a new addressing base for the called procecure. Thus the stack
marker provides the means for restoring the calling envircnment
on return from the called prccecure.

Tables

There are several classes of tables residernt in the Amigo
operating system. They are classifiec below:

NAME MNEMONIC LENGTH WHERE
System Code Seg. Table Entr. SCSTP 1 Fixed location 0
User Code Seg. Table bank pntr.UCSTP1 1 Fixed location 1
user Code Seg. Table Pntr. UCETP2 1 Fixed location &
Reservec 1 Fixed location 3
Current TCB Pointer CICBP 1 Fixed location 4
Interrupt Stack Base QI 1 Fixed location 5
interrupt Stack Limit Z1 1 Fixed location 6
Interrupt Mask MASK 1 Fixed location 7
Device Reference .Table DRT <=120 Fixed loc. %40-%777
4 word entries
System Code Segment Table SCST <=192 Loc. at (SCSTP)
4 word entries.
User code Segment Table UCST <=64 Loc at (UCSTE)
4 word entries.
system Data Segment Table SDST var Fixed loc. %1000
4 word entries,
User Data Segment Table uDsT var Loc. at (DST reg.)
4 wcrd entries.
Segmerit Transfer Table STT <=256 One table per code
segment. § of
entries & length
fixed at load
time.
Task Control Block TCB var Dynamrically
v allocated

The entries in these tables are describec¢ in the fcllcwing
paragraghs.
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system Code Segment Table Pointer and System Code Segment Table.

The system CST pointer is a 16 bit word at memory location zero
that points tc the base of the system portion of the CST table.
This taple contains up to 191 four word entries, one for each
active system code segment.

User Code Segment Table Pointer and User Code Segment Table.

lThe Lser CET pointer is a 24 bit word at memory locations 1 and 2
that points to the base of the user portion of the CST table.
This table ccrntains up toc 63 four word entries, one for each
active user code segment.

User Data Segment Table Pointer and User Data Segment Table.

The user LST pointer is the DST register that points to the base
of the user Data Segment Table. Software treats this as a 24 bit
register to provide for expansion in later hardware versions.
This table contains up tc 4095 four word entries, one for each
user data segment assigned space in virtual memory.

System Data Segment Table

The system data segment table resides in a fixed locatiorn

starting at the memory address %1000 and contains up to 4085 four
wora entries, one for each system data segment assigned space in
virtual memory.

Ccurrent Task Control block Pointer and Task Control Block

The current task control block pointer is a 16 bit word at memory
location 4 that points to an entry in the task control block.
This entry contains DST labels that point to the current
executing task environment as describec below in the diagram and
label explanatiors. This table entry also is usec¢ by the
dispatcher using the IXIT instruction to set up ana launch a new
task environment. A task control block exists for each tacsk
currently aefined and contains operating systemr information
relatea to the task.
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The format of the Task Control Block is as follows:

* TCB linkage * - TCB/back
(CTCBP ) ===~ * e *
/ * . * -> TCB/next
/ * . *
/ T L e L
------ > * UDST Data Label *
* Stack Data Label *
* DB Data Label *
* UCST Data Label *
* Task system *
* information *
* . *
* . *
* *

UDST data label

label that points to the User data segment
table. (Note: this must be in sys DST)

label that points to DST entry having the
present location of the current task stack.
label that points to DST entry having the
present location of the current task DB
data area.

label that points to the User code segment
table.

Stack data label

"

DB aata label

ULCST data label

Stack Segment Structure

The stack segment contains the user aata stack delineated by the

stack registers SB, Q, S, and 2, and it contains information used
in the system. The hardware aefined structure is shown in the

follcwing aiagram.
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Stack Segment

(Stack Data Label)-

/
/

/ _________________________
-=—> * SB(seg. base relative) *
* Z (SB relative) *
* ZMAX (SB relative) *
* '---- *
* . *
* *
* S, (SB relativei) *
Register SB =-=> * *
* *
* . *
* . *

*

Registers S,Q -=> * Delta ¢ of Stck Mrk *

* . *
* . *
Register Z =-=-> * *

ZMAX == =mcec e

Device Reference Table (DRT)

This table contains one 4-word entry for each 1/0 device number,
up to a maximum of 120 devices. The first word of each entry
corresponds to a unique device and ccntains the aadadress of the
next I/0 channel command for that device. The second word
contains the address of the variable usea by the channel command
in word 1. The third word contains a program label that points
to the interrupt handler for the aevice. The fourth word is used
for Channel status by the Channel processor. Refer to the I/0
ERS. Since only one word is reserved for their addresses, channel
command programs and their variables must reside in memory bank
zero. Note that device numbers 0 thru 7 ¢o not exist since these
addresses are used for dedicated system functions. The format of
the entries is as shown in the:following diagram.
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4 * DEV §===>* Channel Program Pointer *
+  Interrupt DB Pointer ¥
+ Interrupt Handler Label *
» reserved %

Interrupt Stack Base and Limit

These memory locations point to the start ana end of the memory
area allocated to a system stack called tnhe interrupt control
stack. Wwhenever an interrupt occurs, external or some internal,
the current process is suspended and the stack registers are
changed to this stack.

Interrupt Mask

This location contains a copy of the status of the 1/0 Channel
mask bits. A bit set in this word indicates that interrupts are
enabled cn the channel assigned to that bit positicn.

I/0 System

In this system I/0 devices are controlled by means of hardware
channels which interface to the system bus &and which operate
under control of a special channel instruction program that
resides in main memcry. Channel prcgrems are initiatec¢ or halted
by the Start I/0 (SI0P) and Halt I/0O (HIOP) scftware
instructions. The SIOF instruction is issued to a device tc
initiate execution of a channel program which, when started, can
proceed indepent of CPU control. A channel program in progress
may be suspended by issuing a HIOF instructicn to the device
which will halt the channel prcgram of that device when it
encounters the next "WAIT" channel instructiorn. This allows the
charnel program tc be changed or mocdifiec with safety for such
things as swing buffering. when halted, the first word of the
DRI entry points at the channel WAIT instruction just

. interrupted.
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Tnere are twc types of I/0 processcr hardware channels in the 1I/0
system: The General 1I/0 Channel which requires active CPU
control of every function of its HP-IB bus, and the Program
Interpretive Channel that is structured to autonomously and in
rarallel with normal CPU operation, execute channel programs.

General 1/0 Channel - GIC

This channel requires outside control to execute its function and
two methcds ot control have been provideda. 1In the first moce
ncrmal channel programs can by executed by means of a special CPU
interrupt moce which, with out disturbing the CPU software
environment uses special microccde to issue the required
instructions. 1In the secona mode, special I/0 instructions are
providec to allow software to exercise direct control over this
channel. These instructions are reterred tc as '‘"direct I1/0"
instructions in that they involve transfers (data, status,
command) between the device and the TOS. The CPU waits until the
operation is ccnplete before proceeding to the next instruction.

rrogram Interpretive Channel

The precgram interpretive charnel has self contained hardware
which, when initiated by the CPU with an S10 instruction, can
execute channel programs with out further help from the CPU.
This allows CPU software programs and channel programs to
function concurrently.

510 Programming

An SIC transfer is initiated by the CPU executing a Start I/0
instruction for the desired device. It is assumed that there is
an I/0 Channel Command program storec¢ in main memory.

The I/0 Command program consists of a set of instructions and a
set of variables associated with these instructions to control
the transfer of data between device and memory.
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Interrupt and Trap Processing

External Interrupts

External Interrupt Structure

The external interrupt structure is a two level griority

structure with the first level at the channel and the seccnd
level at the device within the .channel.

Servicing of external interrupts is dore in descending craer of
pricrity, i.e. the highest priority interrupt is servicea tirst.
The interrupt priority of a device is determinea tirst by the
channel number to which it is attachec and seccrd by the device
number it is assigned in the channel. The interrupts structure
is nested such that a higher priority channel can preempt a lower
channel. Within the channel hcowever this preempting capability
does not exist. A 16 bit Mask is provided for the purpocse of
masking cff different channels. It is the responsibility of the
interrupt handler ,using the SMSK instruction, to clear the mask
bits of the channels it wishes to deny interrupt capabilities
before enabling the interrupt system with ION. This mask is saved
in a dedicated main memory location.

Recognition of an interrupt request is enabled by STA (1) (the
"External Interrupts" bit). Wwhen this bit is cleared the entire
interrupt system is turned off.

Interrupt Response .lime

The interrupt response time is definec¢ to be the maximum time
that may elapse between the interrupt request and the start cf
the execution of first instruction of the interrupt routine for
the highest priority unmasked interrupt. This response time is
typically 25 microseconds. Worst case time depends on the length
of time of the longest instruction and the length of the ccmmand
pcrtion of a channel program that is executing.

Interrupt Sequence

An interrupt will be activatea when the following corditicns
exist.

a. The channel has recognized the device reguest, loaded the )
interrupt status of that device into its data register and set
its interrupt request flip-flop.
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c. Mask bit is set for that channel.
c. External interrupts bit in CPU STATUS word is set.
d. No higher priority channel is requesting service.

upon receipt cf an external interrupt by the CPU, and upon
completion of the currently executing instruction, a standard
4-word stack marker is created on the current stack. If the CPU
is not already executing on the Interrupt Control Stack (ICS)
(i.e. due to a previous lcwer priority interrupt), the relative
value of the current S is saved at (SB-l). The hardware ICS flag
is set and the stack environment is changea to the Interrupt
Control Stack by setting:

¢ := QI <<from fixed memory laocation, adadress 5>>
2 := 21 <<from fixea nemory location, address 6>>
Sk := QI - %100
S 1= (+3
(6=-2) = DB of the stack marker envircnrent at (.
(6~-1) := Current Interrupt Mask

(S) Device number of external Interrupt.

(Note that operating system guarantees (gI(1l:15)) = 0)

fhe CPU then fetches the interrupt handler label from the third
(4*DEV .No.+2) entry in the DRT for this device number. The
preogram label may have either a local or external fornat. If
local it is then interpreted as an absolute address with Pb set
to U, PL set to $177777 and the Status Register set to segment
zero. If external, the standard external program label
evaluation then is executed. The status register is set to
privileged mode, external interrupts disabled.

Execution of the code pointed to then is begun.

The steps in the External Interrupt processing described above
are shown in the following table:

MEM REF ACTION FOR CPU

U An External Interrupt request is received by the CPU
and detected upon completion of the current
instruction.

1 A normal four wora stack marker is created and

2 pushed into memory, saving X, P + 1 - P8, STATUS

3 and Delta (.

4

5

6 The current value of the user s SB relative stack

pointer is stored in (SB-1).
Set up ICS with Q=QI, 2=2I, and ICS Flag=1l and
Set SE=¢-%100,S=Q+3 <<Q+1 contains Dispatcher DB>>
Read interrupt mask from address 7
0 Store interrupt mask in (G+2)

=Y o
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11 Store device number in S, <<G+3>>
12 Set interrupt DB from (DRT1) for device
13 Fetch interrupt handler label frcm DR1IZ entry for
aevice.
14,..,18 Set up code environment from label. Set Status tc

Priv. mode, External Interrupts disabled, and
pointing to proper segment number.
19 Begin executing coage.

Note: A fall-out from the firmware interrupt handler is that
(CIR) is put in the X-reg. before servicing the interrupt.
This may be of some use in such things as performance

measurements., Exception: an interrupted IXIT instruction
will have CIR = (.

The table also shows the Items stacked when a higher priority
aevice interrupts the current interrupt service routine. X,

P+1-PB, STATUS, Delta ¢ are stacked anc steps 7 through 12 are
tollowed.

External Interrupt ccde segments rust not reside in seg. 1. This
segment is reserved for internal interrupts and tragps, and is

nandled in firmware somewhat differently than the remaining
segments.

As mentioned above, STA(l), the External Interrupts bit, inhibits
the servicing of external interrupts. Pending interrupts are not

lost; they remain pending and are serviced when ION sets STA(l:1)
to 1 again.

Interrupt Control Stack, ICS Flag, and Dispatcher Flag

The interrupt control stack is defined by absolute locations 5
and 6. Note that this requires the ICS to reside in Eank 0.
These locations contain the value of ¢ and Z, respectively, for
interrupt processing. The current process is said to be running
on the interrupt stack if the interrupt stack flag is 1. This
flag is observable only on the microrprogram level. It is set by
the firmware interrupt hanaler when the pending interrupts are tc
e serviced on the interrupt stack, (or when executing the LISP
instruction and nct already on the ICS). These include external
interrupts and the internal interrupts with executing stack
gesigrated ICS in the interrupt table below. The ICS flag is
testeé by the "DISP" instruction to control its executiorn, and
cleared, when appropriate by the "IXIT" instruction.
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when execution is transferred tc the ICS the firmware interrupt
hanaler sets the ICS flag =1, and then sets (=(QI, SB=QI-100 and
2=Z1 (hote: (yI(l:15)=0, set by the operating system derctes the
oottom of the stack). S is set tc QI+3 to point tc the parameter
location (e.g. the device numter for external interrupte .- see
table of internal interrupts for other parameters). The prorer
code segment then ic set up, and servicing of the interrupt
vegins,

when all interrupts have been serviced (noted by (C(l1:15)=0)) the
IXIT instruction is prccessed tc deternine where to go next (note
that all interrupt service routines must end with IXIT).  IXIT
has several orpticns opern to it degpernding crn the state of:the
aispatcher flag (see below), (Q), ¢I(0), and (CI-4). These
include returning tc the interrupte¢ pracess, entering the
dispatcher, either at the peginning or where it was interrupted,
or returning tc an interrupted interrupt process.

ihe aispatcher flag is a hardware flag, cbservable only by the
firmware, whicn is set = 1 whenever dispatcher code is entered.
The stack used is the ICS, set up as mentioned above, except S is
set to (I+3.

Internal Interrupts and Traps

Internal interrupts arnd traps are serviced by procedures in
Segment 1. Some use the .current users stack and others transfer
tc the ICS stack and and are serviced as adescribed earlier.
btxcept for Power Fail, Stack Cverflcw and TIMEFk

interrupts which are not detected until the completion of the
current instruction, interrupts abort the current instruction
immediately upon detection and then are serviced as follows:

a. An External Program Label is createc which points to Segment
1, and whose STT No. is a function of the type of interrupt
(see Internal Interrupt Table below).

b. A stanaard 4-wora stackmarker is pushed onto the stack in
memory.

C. A parameter is pushed onto the stack at Q+3. If none is
required by the interrupt (see Table), the parameter will be
1ts External program Lacel. The current instruction is placed
in the X~-register.

a. Interrupt ccnaition is cleared.

e. Segment 1 PB and PL is set up from the CST.

t. STATUS word is set to Priv. Mode, Seq. 1, all other bits are
cleared (= %100001).
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y. P is set from the local labei, reached via the STT entry in
the External Program Label.

n. Begin code execution.

user Trars, labeled * in the following table, are enabled by the
user Traps bit (STATUS(2)). If this bit is off when a trap is
enccuntered, the overflow bit in the STATUS word is set and no
trap is taken.

Traps aiffer from interrupts in that they are conditions detected
by the firmware while executing instructions, as a result of
something that happened during execution. Interrupts are
external to instruction execution and are detected after the
instruction has been ccmpleted. Power CON and Cold Load are
special cases.

INTERNAL INTERRUPT AND TRAF TABLE

bxternal STT Parameter Executing
Prog. Label (%) No. (%) Interrupt Type (C+3) Stack
100401 1 Bounds Vviolation *x *xk
101001 2 Unused
101401 3 CPU Non-Responding
Module
102001 4 Channel Non-Respording
Module
102401 5 Unused
103001 6 CPU Mem. Parity Error ICS
103401 7 Unused
104001 10 Unused
104401 11 Power Fail ICS
105001 12 I/0 Instruction Failure
105401 13 Data Segment Bounds
violation
106001 14 System Soft halt
106401, 15 Ixit Launch Error ICs
107001 16 Unused
107401 17 Debug
110001 20 Unimplementecd Instruction
110401 21 STT Violation
111001 22 CST Violtation
111401 23 DST Violation
112001 24 Stack Overflow
112401 25 Stack Underflow
113001 26 Privileged Mode Violation

113401 27 Priv Mode DST Vviolation
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114001 30 Data label overflow
114401 31 *User .Traps
{see below) Integer

115001 32 Unused
115401 33 Unused
1lo001 34 Unused
lle4vl 35 Unusead
117001 36 CPU Timer Interrupt ICS
117401 37 Absent Code Segment

. =on PCAL,BR external P-Label

-on IXIT,EXIT N << =0 for IXIT>>
lzu00l ' 40 Trace-on PCAL,BR xtrn P-Label

~==-=-0n IXIT,EXIT N

1204v1l 41 STT Entry Uncallable P-Label
121001 ) 42 Absent Data Segment DST No.
121401 43 Power On ICS
122001 44 Cold Load Dump History 1ICS

* Enabled by "“User .1raps bit" in STATUS word.
** Pparameters are as notead.
*** Unless noted, Interrupts are serviced on the current stack.

(CIR) is placed in the X-reg. prior to entering Seg. l. This
will be used principally by the "Unimplemented Instruction”
routine.

All User .1raps will be executed in the Seg. 1 routine pointed to
oy STT No. %31. Bits in the parameter word have been reserved to
designate the trap condition as follows:

Bits 0-7 zeroes - cenotes a hardware trap

1-255 - an integer supplied by the
Math Library identifying the
function which encountered
the error.

Overflow

Underflow

Invalid Argument
(divide by zero)
Invalid Character
invalid Control word
unused

bBits 8-11 Trap Code

]
1
<

5-15
Bits 12-15 Result Type INTEGER
DOUBLE
REAL
EXTENDED

wh o
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LOGICAL
COMPLEX
ASCII
BOOLEAN(T/F)
DECIMAL
BINARY
unused

(VY . T I
ouunn

Note: Result 1ypes were selected to comply with the cata

types of the FORMATTER.

Internal Interrupt and .Trap Definitions

STT#

Definition

Bounds Violation. An address is outside cf the legal bouncs
tor that addressing mode (e.g. P>PL).

Unused.

CPU Non-Responding Module. Information requested by the CPU
from some other module (e.g. memory) has not been returnea
within a specified time (the "specified time" is hardware
controlled by a CPU timer circuit, and is normally 4.6 ms).

Channel Non-responding module. Information requested by the
CPU when executing channel programs has not been returned as
in 3 above.

Channel memory parity error. During execution of the
command sequences in channel programs by the CPU a parity

errcr has been detected on the lé6-bit data word reaa from
memory.

CPU mMmemory Parity ELrror. During execution of software
Erograms by the CPU a parity error has been detectead on the
lo-bit data word read from memory. On the "write" cycle,
where the CPU sends data to memory, memory generates parity
and stores it with the word. Normal memory use 1 parity bit
and error correcting memory uses 6 bits. Error checking is
done on data by the memory in the resc cycle.

vwhen an error is detected on a memory read , the CPU
immediately terminates the instruction and cocmmences
internal interrupt processing.

Unused.
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12.

13.

14.

15.

16.
17.

20.
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Hardware

Unused.
Power Fail. A power failure has been detected.

1/0 Instruction failure. An I/0 instruction to a device #
that is not in the range 10 to 177 has been attemp ted.

Data Seyment Eounds Vviolation. An access has been attemptec
outside the bounas of a Data Segment or a set of linked Data
Segments,

Soft System Halt. A system error condition has occurred

wnere processing cannot continue but a message can be sent
tc the console identifying the system error. The following

errors have been definea:

l. Too many FSEE's

<. Absent data segment when on ICS

3. Absent code segment when on ICS

4. ICS Stack Underflow

5. Error when processing interral interrupt
6. Exit underflow on ICS

7. UCST PTR = 0

IXIT Launch error. Bad labels in CTCB or invalid user stack
has been encountered. System stays on ICS.

Unused.
Debug. The debug instruction has been executed.

Unimp lemented Instruction. The CPU has detected a bit
pattern in its "Current Instructicn Register" which is not a
valid instruction.

STT Violation. A variety of conditions can force this trag
&s shown below:

l. The ST1 No. in an external prcgram label is greater than

the STT length (pointed to by PL) in the referenced
segment. This error can occur in PCAL, BR-external, and

the Interrupt Handler, while attempting tc set up a new.
segment.

2, In LLBL, if the label fetched from FL-N is an internal
label and N>128 (>%177), the trap is invcked (this woulad
require tcc large an STT No. when creating the external
lapel).

3. In PCAL, BR-external or the interrupt handler when
setting up a new segment, if the STT No. in the ext.
program label points tc and ext. program label in the new
segment, the trap is invoked.
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22.

3.

24.

25.

26.

27.

30.

31.

Hardware

CST Violation. An attempt is mece to transfer tc seg. 0 or
$300, or a segment number referenced through an external
program label is greater than the CST length. The
instructicns involved here are PCAL, BR-external, EXIT,
1XxIT, DISP, ard the firmware Interrupt Handler.

DST Violation. 7The LCST segment nc. referenced is greater
than the number of entries contained in DSTL (lst word of
DST). Note: entry 0 or 4000 are caught by software in
abserce handler.

Stack Cverflow. §S is greater than Z. Except fcr ALLS &
SUbS, instructions are allowed to complete before tne
interrupt.

Stack Underflow. An attempt tc move S less than (. 1lhe
trap occurs without moving S.

Privilegea Mode Violation. The code segment being executec
is ncn-privileged (STATUS(0) = 0), and an attempt is made
to execute a privileged instruction. This violation also
occurs in EXIT, if an attempt is made to exit frcm USEFK to
PRIV. mode, or if exiting from USER mode an attempt has been
nade to alter the Ext. Interrupts in the STATUS register.

Privileged Mode Data Segment Vviclation. A data segment with
the mode bit in the DST set to privileged has been
referenced in user mode. (STATUS(0:1) = 0).

bata label overflow. Indexing of stack or global data label
has caused overflow into label identifier Lbits.

User Traps. One of the following errors has cccured:

a. Integer Overflow. The result of an integer operation
(ADD, SUB, etc.) exceeds the largest rerresentable
integer. The range of allowable integers is -32768 to
+32767.

b. Floating Point Overflow. The result of a floating point

operation is greater than the largest rerresentable
number.

c. Floating Point Underflow. The result of a floating pcint
operation is less than the smallest rerresentable number,
but not equal to zero.

Note: Floating-point overflow and underflow can best be
understcod by referring to the chart below showing
the range of valid numbers:
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32.
33.
34.
35.

36.

37.

40.

valid Numkbers N occur when

(A <N <B) or (D<NIKE)or (N=C);
If (N<A) or (N>E) then OVERFLOW;
IF ((N>B) or (N<D)) and (N<>C then UNDERFLOW;

where
A= -1.1579*10\77/
B = -8.63616*10\-78/
Cc = 0.0 :
D = +8.63616*10\-78/
E = +1,1579*10\77/

d. Integer Livide-By.-Zero. The divisor in L1V, DIVI, DLIV,
LDIv is equal to zero.

e. Floating-Point Divide-By.-Zero. The divisor in an FDIV or
an ED1V instruction is equal tc zero.

f. 1Invalid Character. An invalid ASCII or LCECIMAL character
has been enccuntered.

g. Invalid Control wordi/ASCII or LCECIMAL
n. Decimal LDivide-by-Zero.

Unused.

Unused.

Unused.

Unused.

CPU Timer Interrupt. A match between the Clock and the
Clock Comparison Register has occured causing a timer
interrupt request when the timer is enabled.

Absent Code Segment. The absence bit in the CST entry for
the referenced segment is set = 1., This is checked in PCAL,
BR external, EXIT, IXIT, DISP and the firmware )lnterrupt
Handler. Note EXIT, IXIT, DISP, a new marker is not
stacked.

Trace. Non-local PCAL and Ext. Interrupts check the trace
bit in the CST entry for the referenced segment. EXIT and
IXIT check P(0) in the marker stacked by PCAL or the Ext.
Interrupt (this bit is set by the trace routine software if
it is desired to trace exits). In either case, if the bit
tested = 1, the trace routine is entered. For PCAL s,
BR-external s and Ext. Interrupts, ancther target marker is
stackea first which is used by the EXIT from the trace
routine. For EXIT and IXIT no marker is stacked; hence +
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P(0) of the last marker stacked (prior tc EXITing from

trace) must be cleared by software in the trace routine,
Ctherwise an infinite trace loop cculd cccur. Tracing Segment

l traps result in a system halt. Tracing External Interrupts
or the Dispatcher regquires special software in the trace routine
aue to the differences in EXIT and IXIT.

41, STT Entry Uncallable. The uncallable bit in a local label
(or in (PL) it STT# = 0)) is set =1 and this label is
referenced by a PCAL or BR-external from another segment

running in user mode. = This trap does not stack a new marker
tor PCAL.

42, Absent Lata Segment. The absence bit in the LCST entry for
the referencea segment is set = 1.

43. Power On. Power has been applied to the machine, and the
supplies have stabilized.

44, Cold load. The switch register number reaa on cold lcac is

useu to select the cold load device and then to enter the
Segment 1 cold load program entry.

special System Functions

rower-Fail/Power-0On

The machine will detect a power-fail if the primary pcwer is lost
for a period longer than 6 ms. The CPU, in conjunction with the
machine power supplies, will then guarantee a period of 5 ms for
processing a power-fail routine in Seg. 1. Following this, a
delay period is generated in the event the power-fail was
momentary. 7This period is used to reset the CPU and to allow
recovery of the power supplies. If power is restored by the end
of this period, the POWER-ON firmware is entered.

when a power-failure is detected, the CPU inhibits all further

interrupts. Then the power-fail routine in fegment 1 is set up,
and this code begins execution.

when power is restored, microcode checks rwemory for parity errors
and checks the contents of memory adaress 0 for all 1°s or all
U's and finding none ot these assumes memory is good. The ICS
then is set up from low memcry, the power-on routine in segment 1
is set up, and execution of the power-on routine begins. If any
of the above errcr conditicns were encounterec¢ when pcwer wes
restored, memory is initialized and the cold load procedure then
is instituted.
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Cold-1load

A special firmware program has been provided to read a start up
environment from back up memory into main memory. The back up
memory device # is read from the panel switch register. The
cortents ot aadress %37 (possible dump address) is read and- saved
anc then nemcry is loaded. The register environment is set up to
the ICS stack and the saved aump parameter is passea tc software
at ¢I+3 tc provide the dump disc adaress if a DUMP has preceded
the CCLD LOAD. S is set to QI+3 and the switch indicatea Cold
Load S1IT entry in Segment 1 is entered. This cold loac¢ facility
alsc is available through the software IPL instructicn in which
the lcad device § and cylinder address are specitied in the TOS.

System Dunp

A firnware program dumps the first 65K of memory tc the dunp
aevice read from the panel switch register. During the durp of
the seconu 34k the contents of all the CPU registers are stored
in memory starting at address %16. The dump cylinder address andg
device 4% also are stored at address %$37. Then the first 12§
words in memory (this time containing the register values) are
aumped to the next sector on the disc. The software SDMP
instruction also performs the same action but takes its device #
ana cylinder address from the TOS. Refer to the SDMP instruction
for the register locations in memory. The cold load microcode
retrieves the contents of address %37 before the loaa so that if
the SbMP instruction is followed immeciately by an IPL
instruction, this information will be passed to the ccla load
sottware at (+3.

System Clock

The CPU contains a nonsettable 16 bit counter which may be read
oy a software instruction. It starts at a random count when
power is turnea on and is continuously incremented as long as
power is applied to the system. The clocking interval is 2**]10
internal CPU clock intervals and the range of the .clack before
rcllover is approximately 6 seconds. A settable register and
compariscn circuit alsc is providec which generates an interrugt
request when the ccrntents ot the clock anc register are equal enc
fimer interrupts are enablec.

System Halt

In ccld load or dump or in executing cocae certain error
qonditions are encounterea thet meke further CEFU processing
inpcssible. In these cases the CPU halts with the run light +
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. s_teady cff .(not flashing as in scftweare halt)' a_lr_)d the li_ghts of
the NIR register on the CPu PC board set to indicate which
conaiticn causec the HALT. These conditions are as fcllows:
(u) Stack overflow con the Interrupt Control Stack.
(1) Code Segment Table Ptr at aduress 0 equals zero,
(2) uUnable to setup segment 1 for an internal interrugt.
(3) Uhassigned.
(4) Cold loed,dump error - not load or dump device.
(S) bump error - not a dump device.
(6) Cold loacd error - DMA read error
(L0) Dump error - Disc data errocr
(13) pump error - failure to write 1lst 32k wcras.

(15) Dump error - failure to write 2nd 32k words

system nhalt numbers other than tncse above are ccld load or Dunmp
. aisc error messages.






Instructicrns

Section 5
Central Frocessor Instructicns

vefinitions used in this section for memory
reference instructicns:

E = kffective wora address

PLyS = b+, P-, DB+, Q@+, Q-, S-

Lus = DB+, w+, Uu-, S5-

p = P+, pb-

* = Indirect adcressing allowec

L = Displacement field of instruction word usec in adcress
computation. It is always a word disgplecemert ever in bLyte ana
acuble wora instructicns.

L = Displacement field of Conditional Branch instructiors. The range
is P - 31, P + 31.

X = Indexing allowed (Note: X can also refer tc the cortents ct the

inuex register).
Inaexed= CIR(4:1) = 1
Xc = If indexed <<CIR(4:1)=1>> then (X) else 0.
txc If word instruction then Xc else

It byte instruction then Xc/2 else
If double word instruction then 2*Xc
If quad word instruction then 4*Xc.

Indicators

CCA = Condition Codes set acccrding to cefiniticns in Section 4.
CARRY = Set to the value generated by the instruction. Unless otherwise
adefinec, CARRY is set to the state of the hardwere carry sigral

generated from the high order bit lacation by the arithmetic
operation involved in tnat instructior.

(Gverflo= Set but not cleared if generatea by the instruction.
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Memory Address Computaticn

If Memory Reference using standard Huffman ccded displacement
field then: '

Begin
If CIK(5:1) = 0 then <<pDirect>>
begin
If CIR(6:1) = 0 then <<P-Relatived>>
bBegin .
E := PB Bank + (P +/-D + f£Xc)MOD2**16;
1f NOT(PB < E < PL) then BNDS Vviolation;
End;
If CIK(6:2) = 2 then <<DB Relative>>
begin
E := LB Bank + (DB + D + fXc)MOD 2**16;
It NOT(CB < E < DL) then BNLS Vviolation;
Endg;
If 12 <= CIR(6:4) <= 14 then <<y-kelative>>
Legin
E := SB Bank + (Q +/- D + fxc)Mmod 2**16;
If NCI(SB < E < S) then EBNLS Violaticn;
Eng; )
If CIR(6:4) = 15 then <<S-Relative>>
begin
E := SE Bank + (S - D + ftXc)MOD 2**16;
If NOI(SB < £E < S) then ENLS Vviolation;
End;
End else
Begin <<Indirect>>
If CIR(6:1) = 0 then
peg in <<P-Relative>>

LBLALDR := PB Bank + P +/~ D; <<Label address>>
If NCT(PB < LBLADR < PL) then ENDS Vviolation;

E := LBLADR + ((LBLADR) + f£Xc)MOD 2**]16;

If NOL(PB < E < PL) then BNLS Vviolaticn;

End else

pegin <<Label (or pointer.) in stack or LB area>>
It CIR(6:2) = 2 then <<DB relative>>
Begin <<DB relative>>

LsLADR := DB pank + DB + D; )
If NOT(DB < LBLADR < DL) then BNLS Violation;

gEnd;
If 12 <= CIR(6:4) <= 14 then
Begin <<Q kelative>>

LBLADR := SB Bank + Q +/- D;
If NCT(SB < LBLADR < S) then ENLS Violation;

End;
If CIR(6:4) = 15 then
gegin <<S Relative>>

LLADR := SB Bank + S - D;
If NOTI(SB < LBLADR < S) then ENDS violation;
End;
Labela
LabelE

(LBLADR) ;
(LBELADR + l); <<nct bnds tested>>
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<<Label evaluation)>>
If Label2(0:1) = 1 then
segin <<DB Relative adcress>>
E := DB Bank + (DB + LabelA(1l:15)/
(If Byte then 2 else 1) + f£Xc)MCD 2**1lo;
If NOT(DB < E < DL) then BNLS Violation;

gEnd;
If Label2(0:2) = 0 then
Begin <<SB Relative address>>

E := SB Bank + (Sk + Labeld/
(If Byte then 2 else 1) + fXC)MOD 2**16;
If NCT(SB < E < 8) then BNDS violation;

Ena;
I1f LabelA((0:2) = 1 then
Begin <<Label points to aata segmernt>>

DSTP := 1f LabelA(3:1) = 1 then LST register
<{KUser data segment table>>
else %1000; <<System aata segment
table>>
If (DSTP) < 4*LabelA(4:12) then LST violation;
DSTEP := DSTP + LabelA(4:12)*4;
<<address of DST entry>>
kelazadr := ((If LabelaA(2:1)=1 then LabelB
else 0)/(If Byte then 2 else 1)
+ £XC.)MOD 2**16;
Length := DSTE := (DSTEP) + 1;
If RelAddr >= Length then
Begin << Bnds problem,look for link DST>>
If DSTE(1)(0:1) = 1 then
Begin <<consecutively linkea DST “s>>
addseg := integer (KelAadr/Length);
<<number of data segments needed>>
1f .[LabelA(4:12) + adadseg] >
DSTE(1l) .(4:12) then BNDS Vviclation;
DSTEP := DSTEP + addseg * 4;
Kkel2ddr := RelAadr - Length * aadseg;
NOTE: All segments must be of equal
length ana of length Z**N bytes
where N = 1 to le.
End
else
tegin <<random linked DST s>>
while RelAddr > Length dc
begin
RelAddr := RelAadr - Length;
CSTEP := DSTP + LCSTE(l).(4:12)%*4
<<1link DST>>
If DSTE(1l).(4:12) = 0 then
BNDS Violation;<<lirnk DST = (>>
Length := (DSTE) + 1;
End;
Enag;
Ena;
If DSTE(2)(l:1)=1 AND NPRV then DST Mode Vviolation;
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E Bank := DSTE(2) .(8.8);
E := DSTE(3) + RelAddr;
End; <<End of cata segment label evaluaticn>>
End; <<End ot addressing to data areas>>
Ena; <<End of indirect address conputation>>
End; <<End of memory reference instruction aadressing>>
1t conditional branch instructicn then
kegin <<Conaditional branch addressing>>
If CIR(4:1) = 0 then <<direct>>
¥ := PB Bank + .[P +/=-CIR(1l1l:5)]m0OD2**16
else <<indirect>>
P := Pb Bank + (P +/-CIR(1l1l:5)
+ (P +/-CIR(11:5)))MOD2**16;
knd;

Note l: Unless otherwise specified, when condition code is set,
it is set on the new TOS,

Note 2: wnen English definitions are ambiguous, the ALGOL definitions
aefine the instruction.

Note 3: when S is decremented by some amount (greater than zera), the
contents of the memory cells that were celetec are uncefined.

Load Instructions

1. LOAD E(*, D, X, PDQS) <Load> Mem . CpCode=0(4

S =5 + 1;
(S§) :=(E);

The content of E is pushed ontc the stack.
Indicators = CCA

2. LDB E(*,D,X, PLUS) Load byte Mem. OpCode=15
CIR(6:1)=C

or Mem.OpCode=06
CIR(6:1)=0
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If CIR(0:4)=6 then P~relative address conputation;
It CIk(U:4)=15 then DGS relative acaress conputaticng
If Direct then
Flag := f£xcl5:1) = 1 then TRUE else FALSL;
it INLIRECT then
it P-relative then
FLAG := if Xc (1l5:1) = 1 then TRUE else FALSE;
it DUS-relative then
FLAG := 1if (Label CFFSET + Xc)dOD2 = 1
then TKUE else FALSE;
S @
(S( )) == 0;
(S( ) := 1f FLAG then (E(6:8) else (E(0:8));

X contains a byte incex. The byte referenced ic loacec into the
right nalf of the tcp cf the stack. ror Program relative incirect
aadressing the wora referenced by the direct &ccress (¢ + D) contains
a celf relative woru cffset and the byte incex is adced to ckbtain the
ettective byte address. ror D(S relative incirect acdressing the
wcrd referencea by the direct acdaress (base + D) contains a byte
labbel. The byte index is addec to this relative byte addrescs to
obtain the the effective byte adcress.

Indicators = CCk

LDD E(*, D, X, PLgS) <Load double> Mem.OpCode=10
CIk(b:1)=0
or Mem .0OpCode=1°%
CIR(6:1)=1
S + 2
S) =

S- (E,E+1);

=0

£ contains a double word index. The aouble word in E, E+1 is pushed

onto the stack, most significant word first. On indirect addressing
the word referencea by the direct address contains a word label.
Indicators = CCA

LDX E (*, D, X, PDQS) <Load Index> Mem . OpCode=13

’

X(l6:16) :
X(0:16) := 0

The content of E is loaded into the low crder 16 bits of index
register. The hi order bits of X are zero.

Hardware will load (E) into X.

Note: To load a 32 bit quantity into X, it must first be loaded on
the stack and then moved to X (32 bits) with an SBAX
instruction,

Indicators = CCA
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5. LRA E (*, D, X, PLGS) <Load relative acdress>
5 =85 + 1;
Xc := If indexea then -X else 0;
It CIR(5:1) 0 Then << direct >
vegin
If CIR(6:1)
(8) ==
Else
begin
If CIR(7:1)=G. Then
segin
()
(S)
Lnd
(

Mem . OpCode=17

0 Then <<grog rel >>
.|P+D + (P+D) - PB] + XcC
<< data relative >>

<< DB rel >>

+ XC;
5) IOE %100CC00;
<< SB rel >>
BASE +/-D - SB] + Xc;

—~

M
es = oo a0

€

.

nwm
O+ Wy nn

-e

- —

S :
(S5)
Eng;

Eng Else
pegin
If CIRgG:l)
beyin
(S) =
bknd
klse
pegin
If (E(0:1))
begin

<< indirect
= ( Then

>>
<< prog rel >>

= [E + (E) - PB] + Xc;

<< aata rel >>

1l Then << 1lxxx DB rel >

End Else
If (E(1:1))
pegin

0 Then << 00xx Stack rel >>

01xx Segment Lacel >>

0 Ther << 010x LST label >>

Enag;
End;
End;

kEnd. << Indirect >>

(E) IOR %020000;
+ 1;
XC;
<< 01llx Data segment label >>

1) + Xc;

<< Segment Label >>
<< pata relative >
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Two words are always pushec on the stack by this instructior.

In the direct addressing mode & label is ccrtructecé that points at
the direct address computed using indexing. For an address in codge
space this is a kB-relative otffset. For a stack address this is an
su-relative otfset ana for a glotecl adéress it is DB-relative with
pit 0 set tc 1 for identification. This relative address is pushed
on the stack and then a zero is pushed to complete the pointer pair.

txamples of the action of LEA direct are:

LKA De + N,X

-> (S=1) := [1, N + X ]
(S) := [ 0 |
LRA (¢ + N,X
-> (8-1) := [0C, (y + N - SB) + X ]
(S) := [ 0 ]

LRA S - N,X

-> (s-1) := [00, (S - N - SB) + X ]
(s) =
LRA P + N,X

=> (58-1)

: 00, (P + N - PB) + X ]
(S) :

For indirect addressing in program space the cirect cell ccrtairns a
self relative word offset and operates as follcws:

LRA P + N,I,X

-> (5-1) :
(5) :

[00, (P + N + (P+N) - PB) + X ]
( 0 ]

For indirect addressing into data areas the pointer cell is assuned
to contain a data label. A two word pair is constructed and indexed

as follows:
STACK DATA LABEL

| 0C OFFSET ] => (S-1) := [ 0O OFFSET + Xc ]
(S) s= 0 |
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GLUbLAL DATA LABEL

[ 1 OFFSET 1 => (s8-1) := [ 1 OFFSET + Xc ]
| 0 ]

DST LASBEL
[ 010 DSEG ] => (s-1) := [ 011 CSEG ]
[ Xc ]

DATA SEGMENT LABEL

{ Ull DSEG ] => (S8-1)
l UFFSET J (S)

[ 011 DSEG ]
[ OFFSET + Xc ]

Notice that a LST label is ccnvertec to a cata segment label. These
two"  woras are pushed or the stack.
Inaicators = Unaffected

6. wLD (*, D, X, PLQS) <guad load> MEM. OpCode=11
<KX 1s a four word index>>
S :1= 5 + 4;

Using four word indexing, a memory address is computed. The four
wordas starting at E are fetchea from remory &ana pushed or the stack.
Inaicators = CCA

Store Instructions

7. STGR E (*, D, X, DQS) <Store> Mem .OpCode=05
Cir(6:1) =1

Tne content of the .T0S is stored in memory location E. The stack is

porgea.
Inaicators = unaffected
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. 8. STB E (*, D, X, DUS) <Store Byte> Mem .Op Code.=16

CIR(6:1)=0
Unly DQS address computatior allowed;
It DIRECT then

rFlag := If Xc {15:1) = 1 then TRUE else FALSE;
if INCIRECT then
FLAG := if (lapel offset + X)MOD2 =1
then TKUE else FALSE;

if FLAG then (E(8:8)) := (S5(8:8)) else (E(U:8)):= (S(&:8));
5 1= § -1;

Computer
Useum

X contains a byte index. On indirect acdressing the wcrd referencedé
by the c¢irect address (base + D) contains a LEyte labeli. The byte

incex is addea to the byte cftset, and the right hand byte of the TGS
is stored into the referenced byte. The TCE 1s deletec. Indicatcrs =
unaf fected

Yy, STD E (*, D, X, D@S) <Store dotble> Mem .OpCode=16

CIk(b:1)=1

, . X contains a double word index. The top two words on the stack are

stcred at E, E+1. On indirect adcressing the worcé referenced by the
cirect address contains a word label.

Indicators = Unaffected

lo. QYSTR E (*, D, X, DQS) <Quad store> Mem CpCode 1=06

Cir(6:1)=1
<<X is a four word index>>

S :=§ - 4;

using four wora indexing, a memory address is computed. The four data

wCras are porped from the stack ard stored in memory at the computec
aadress.

Indicators = unaffected

memory Reference Integer Instructions

l1. CMPM E (*, D, X, DQS) <Compare memory> Mem . OpCode=06
CIR(6:1)=1

= (S) : (E);

S-1;

cC
S
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The condition code is set to pattern C as a result of the corrparlson .

ot (S): (E). The stack is poppeo.
Indicators = CCC

12. AbDM E (*, D, X, PDQS) <Add memory> Mem .OpCode=07
(S) == (8) + (E);

The content of E is added in integer form to the 10S. The result
replaces the operand on the TOS.
Indicators = CCA, Carry, Overflow

13. suBM £ (*, D, X, DQS) <Subtract memory> vem.0OpCode=10
CIR(6:1)=1

(8) = (5) - (E):

The content of E is subtractea in integer form from the TOS. The
recsult rerplaces the operana on the TOS.
Indicators = CCA, Carry, Overflow

la. InNCM E (*, D, X, D(QS) <Increment memory> Mem .OpCode=12 .
CIR(6:1)=0

(E) := (k) + 1;

The content of E is incremented by 1 in integer form.
Indicators .= CCA, carry, Overflow

pranch Instructions

15. BR E (*, D, X, P or <Branch> Mem .OpCode=14
indirect DgS)
if CIR(6:1) = 0 then <<P-relative branch>>

if Cir(5:1)=0 then P := E <<direct>>

else P := P+/~D +Xc + (P+/-D +Xc): <<indirect>>

<< NOTE: preindexing is used >>
1f CIR(5:2)=3 then
begin
Edir := 1S BASE +/- D + Xc;
if (Edir(0:1))=0 then <<PB relative local label>>
p := PB + (Edir)

else <<Brancih to external segment>>
F := Evaluation of External program label in E;
it E =S then § := § - 1;

end;
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. Control is transferred to new F. Note that for indirect branching,

pre-indexing is usea in computing the address ot the indirect cell.
Inaicators = unaffected

Conaitional tranches

CIR (l0) is the sign of P+- displacement
Range (P=31, P+31)

CIR(4) is the indirect bit for cond. branches
L = signed range

le. BCC E(*,L,P) <Branch on Condition Code> Mem .OpCoae=14
, CIK(5:2)=01
If CC AND (CCF) <> 0 then P := E(*,L,P)
else P := P + 1;

The branch addresses are in the range P-31, P+3l. Condition code
tield (CCF) in instruction is CIKk (7:3). Control is transferred tc
locaticon E+*,L, F) under the following conditions:

" . If CCF

0, Never brancn

l,branch if CC = CCL <KBL>>
2,Brancn if CC = CCE <<BE>>
3,8Branch if CC = CCL or CCE <<BLE>>
4,8rancn 1f CC = CCG <<BG>>
5,8rancn if CC = CCG or CCL <<BNE>>
6,Branch if CC = CCG or CCE <<BGE>»>
7,Always branch
Indicators = Unaffected
17. BCY E(*,L,PF) <3ranch on carry> Sub CpCode 1=14

it STATUS(5) = 1 then P := E(*,L,E) else P :=P + 1;
If the carry bit of the status word is on, contrcl is

transferrea to E(*,L,E).
Indicators = Carry cleared

lg. BNCY E(*,L,F) <Brancn on no carry> Sub OpCode 1=15
. if STATUS(5) = 0 then P := E(*,L,I) else P := P + 1;
1t the carry bit of the status word is off, ccntrcl is

transferrea tc E(*,L,I).
Indicators = Carry cleared
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14, sOV E(*,L,EF) <Branch on overflow> Sub CpCode 1=30

it STATUS(4) = 1 then P := E(*,L,E) else P :=P + 1;
If the overflow bit in the status wora is on, contrcl

is transferrea to E(*,L,E).
lnaicators = Qverflow cleared

20. BNOV E(*,L,E) <Branch on no overflow> Sub CpCode 1=31
if STATUS(4) = U then P := E(*,L,P) else P := P + 1;
It the overflow bit in the status worda is cff, ccntrcl is

transferrea to E(*,L,L).
Indicators = Overtlow cleared

21. BRO E(*,L,F) <granch on 1TCE& odd> Sub CpCode 1=36

if (S(15)) = 1 then P := E(*,L,P) else P := P + 1;
S := §5-1;

If the 170S is odd, control is transferredé¢ to E(*,L,F). The
stack ic poppead.
Indicators = Unaffected

N
[\
.

BRE E(*,L, F) <Branch on T0S even> Sub OpCode 1=37

if(s(1l5)) = ¢ then P := E(*,L,E) else P := P + 1;
S := 5-1;

If the T0S is even, control is transferred to E(*,L,F). The
stack is pogred.
Inaicators = Unaffectea

Z23. CPRB E(*,L,F) <Compare range and branch> SubOpCode 1=26

if (8-2) <= (S-1) <= (S) then
tegin
CC := CCE;
v := E(*,L,P);
ena else
pegin
if (8-1) < (S=2) then CC := CCL;
it (S=1) > (S) then CC := CCG;
end;
= 5 - 33

S
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The integer in the stack at § - 1 is tested to determine if it is
within the interval definea by the upper bouna integer on the TCS ana
the lower bound integer found in the stack at S - 2. The condition
code is set by the .compeariscn. If the integer in S-1 is within the
range ther the brarch tc E(*,L,F) coccurs. The three parameters cn
the stack are pcggec.

Inaicaters = Condition Coae

CIR(4:1)=1
CIR(6:1) =C

VAR := ((S-3, S-2)); <Laonel>
STEP := (S-1);

FINAL := (S);

it STEP >= 0 then

it VAR > FIRAL then S :=5 - 4 else } :=E;
if €TEP < 0 then
it VAR < PINAL then § := S - 4 else P :=E;

The instruction requires that the tcp 4 elemerts of the stack (T10S,
TUS-1, TOS-2, TUS-3) are the final velue, the steg size anc the lepel
acaress of the variable resgpectively. VAR is testecd against the
limit., If the limit is exceede¢, then por the tcp 4 wcrds from the
stack and execution continues ar P + 1. If the limit is nct
exceedec, then control is transferrea to E.

Indicatcrs = Unatfected

z5. MTBA E (*,D,P) <Modify,Test,Branch,A> Mem . CpCode=0E%
CIR(4:1)=0
CIR(6:1)=0

VAR := ((8-3,3-2)) <Label>

STEP := (5-1);

FINAL := (S);

VAR := VAR + STEP;

((8S=-3,5-2)) := VAR;

it VAR > +32767 cr VAk <-32768 then S:= S-4;

<<instruction ends>>
if STEP >= 0 then
if VAR > FINAL then & :
if STEP < 0 then

if VAR < FINAL then § :

S - 4 else F := E;

S - 4 else P := E;

This instruction requires that the top 4 elements of the stack (TCS,
TOS-1, TOS-2, TGS-3) are the final value, the ster size ara the lebel
aadress of the variable respectively. 1Tne step size is added in
integer form tc the variable, the sun replaces the old value of the
variable, ana the sum is tested against the limit. If the limit is
exceecec¢ or the sum is cutside the range -32766 <= VAR = +32767
then pop all 4 from the stack and execution continues at P + 1. It

the limit i1s not exceeded, then ccntrcl is transferred tc E.
Indicatcrs = Unaffected
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Integer Instructicns

26. CVID <Convert Integer to L[ouble> Stack CpCode=03
S :=8 + 1;
() == (58-1);
(S=1) := if (S(G:1))=1 then -1 else 0;

lne integer on the top ct the stack is regplacec by the egual two wcrc
cign extended dcuble integer.
Indicators = unaffected

z7. CCI <Convert Condition Code to Integer> MiniOpCodae.=14
CIR(12:4)=0
5 =S + 1;

If CC = CCL then (S) := -1;
If CC = CCE then (S) := 0;
If CC = CCG then (S) := 1;

The condition ccde states of CCL, CCE or CCC are usea to generate a
-1, U, or +1 that is pushed on the stack.

Indicators = Unaffected

28. CMP <Compare> Stack OpCode=17

CC

= (8-1) : (S);
S : - 2

S

3
’

The cconaition code is set to pattern C as a result of the integer

ccmparison of (S-1) : (S). The operands are deleted.
Indicators = CCC

29, ADD <Add> Stack OpCode=20
(5-1) := (S-1) + (8);
S :=8 - 1;

The top two words of the stack are acced in integer form and they are
then popped. The resulting sum is pushed onto the stack.
Indicators = CCA, Carry, Overflow

30. SUb <Subtract> Stack CpCode=21

(5-1) (S-1) = (5);
S :=

S;l;
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31.

3<.

33.

The top word of the stack is subtracted in integer fcrm frcn the

secona woru anad they are popped. The resulting difference is pushed
cnto the stack.

Indicators = CCA, Carry, Overflow

MPY <mMultiply> S tack CpCode=22

(s-1) * (s);

The top two woras of the stack are multipliec in integer fornm. The
two woras are deleted, and the least significant word of the double
length product is pushed onto the stack. If the high order 17 bits
(incluaing the sign bit of the seccnd word) are nct all zeros, or all
ones, overflow is set.

Indicators = CCA, Overflow

DIV <bivide> Stack OpCode=23

TEMP :
(S) :=
(S-1) :

= (S-1)/(S);
(S-1) mod (S);
= TLEMP;

The integer in the second word of the stack is cividec by the integer

on the TCGS. The second wora is replaced by the guotient, and the top
wora is replaced by the remainder.
Indicators = CCA on guotient, Overflow

NEG <Negate> Stack Cplocde=24

(8) = =(8);

~

The TOS is replaced by its 2°s ccmplement.
Indicators = CCA, Overflow, Carry
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Logical Instructions

34. LCN¥P <Logical compare> Stack OpCode=57
CC = (S-1) : (S);
S := 8 - 2;

The condition code is set tc pattern C on the ccmparison of
(S-1):(S). The two operands are deleted.
Indicators = CCC

35. LADD <Logical add> S tack OpCode=60
(S=1) := (S=1l) + (S) mod 2**16;
S :=8§ - 1;

The top two words of the stack are aaded as 16 bit.positive integers
and they are deleted from the stack. The resulting sum is pushed
onto the stack. CCA is set as though the operatior was performed on
integers rather than logical guantities.

Indicators = CCA, Carry

3b. LSUB <Logical subtract> Stack OpCode=61

(S-1) := (S-1) - (S) moa 2**16;

The top word of the stack is subtracted in logical form from the
second wora and they are deleted. The resulting difference is pushed
onto the stack. CCA is set as though the operation was performed on
integers rather than logical guantities.

Indicators = CCA, Carry

37. LMPY <Logical multiply> Stack OpCode=62
(§-1, 8) := (S=1) * (S);

The top two words on the stack are multiplied as 16 bit positive
integers. The words are replaced by the double length product with
the least significant half on the TOS.

Carry 1is cleared if the high order 16 bits are all zeros such that
the low order 16 bits represent the true result. Otherwise the carry
bit is set. CCA is set as though the operation was performed on
integers rather than logical quantities.

Inaicators = CCA, Carry
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38. LDIV <Logical divide> Stack OpCode=63

TEMP := logical ((S-2, S-1)/(S));
(S-1) := (S5-2, S-1) mod (S):;
(85-2) := TEMP;

S :=S§ ~1

The 32 bit positive integer in the 2nd and 3rd words of the stack is
divided by the 16 bit positive integer on the TOS. The top three
words are deleted. The quotient is pushed onto the stack and then
the remainder is pushed on., If overflow occurs, the quotient will be
moaulo 2**16. CCA is set on the quotient as though the operaticn was
gerformed on integers rather than logical quantities.

Indicators = CCA on gquotient, Overflow

39, NOT <One s complement> Stack OpCode=64
(5) = (8S);

Converts the top word of the stack to its cne’s complement.
Indicators = CCA

Double Integer Instructions

40. DCMmP <Double compare> Stack OpCode=10

CC := (S-3, S=2):(S-1, S);
S := S - 4;

The condition code is set tc pattern C as a result of the double word
integer comparison of (S-3, S-2):(S-1, S). The two double words are
ageleted from the stack.

Indicators = CCC

41, DADD <Double adad> Stack OpCode=11

(S-3, S-2) := (Ss-3, S-2) + (s-1, S);

The two double word integers contained in the top 4 elements of the
stack are added in double length integer form and they are deleted.
The double word integer sum is pushed onto the stack.

Indicators = CCA, Carry, Overflow
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43,

44.

18 Instructions

. DSUB <Double subtract> Stack OpCode=12

(S-3, S-2) := (5-3, S-2) - (S-1, S):
S := S - 2;

The aouble word integer contained in the 1lst and 2nd words of
stack is subtracted from the double word integer contained in the 3ra

and 4th words of the stack. The top 4 words of the stack are deleted
and the double word integer result is pushed ontc the stack.
Indicators = CCA, Carry, Overflow

the

DMPY  <Double Multiply> Stack OpCode=13

(5-3,5-2) :

The top two words of the stack and the next two words in the stack
are multiplied in integer form. Four words are deletea from the
stack and the least significant two worde of the quad length product
are pushed on the stack. If the high order 33 bitsiincluding the

sign bit of the third word) are not all zeros or all ones, overflow
is set.

Indicators = CCA, Overflow

LDIV <Double Divide> Stack OpCode=14

(S-3,5-2) := TEMP1,TEMP2;

The double word integer in the fourth and third elements of the stack
is aivided by the double word integer in the second ana first woras
in the stack., PFour words are deleted from the stack, the double word

integer quotient is pushed on the stack and then the double word
integer remainder is pushed on the stack.

Indicators = CCA on quotient, Overflow

DNEG <Double negate> Stack CPCode=15

(s-1, 8) := - (S-1, S):
The aouble word integer contained in the top 2 words of the stack is

negatea and replaces the original double word integer.
Indicators = CCA, Overflow, Carry
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Floating Point Instructions

46. FCMP <Floating compare> Stack OpCode=50

S := S - 4;

The conaition code is set tc psttern C as a result cf the flcatirg
point comparison of (S$-3,S-2):(S-1,5). The two floating point
aouble-woras are deletea.

Ingicators = CCC

47. FADD <Floating add> Stack opCode=51

(S5- = (§-3,8-2) + (8-1, S);
S

nw

15'2)
S - 2

“e oo

Tne two tloating point numbers contained in the tor 4 words of the
stack are added in floating point form. The top 4 words of the stack
are deleted and the 2 word sum is pushed onto the stack.

Note: Computed result = round (true result;22)
Indicators = CCA, Overflow

48. FSUB <Floating subtract> Stack OpCode=52

(S-3, S-2) := (8-3,5-2) - (s-1, S):

S := S5 - 2;
The floating point number contained in the 1lst and 2né words of the
stack is subtracted from the floating point number contained in the
3rd and 4th woras of the stack in floating point form. The top 4
words of the stack are deleted and the 2 word difference is pushed
onto the stack.

Note: Computed result = round (true result, 22);
Indicators = CCA, Overflow
49, FMPY <Floating multiply> Stack OpCode=53

(S-3, S-2) := (S-3, S-2) * (S-1, S):
S := S - 2;

The two floating point numbers contained in the top 4 words of the
stack are multiplied in floating point form. The top 4 words of the
stack are deleted and the 2 word result is pushed onto the stack,

Note: Computed result = rouna (true result, 22);
Indicators = CCA, Overflow
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51.

53.

Instructions

FDIV <Floating divide> Stack OpCode=54

= (8-3,5-2)/(8-1, 8);

The floating point numter cortained in the 3ra and 4th words of the
stack is divided by the floating point number contained in the 1lst
and 2nd woras ot the stack. The top 4 words of the stack are deleted
ana the 2 wora guotient is pushed onto the stack.

Note: Computed result = round (true result, 22);
Inadicatcrs = CCA, Overflow

FNEG <Floating negate> Stack OpCode=55
(s-1, 8) := -(s~1, S);

Tne floating point nunber ccrtained in the tor 2 words of the stack
is negated in floating point form.
Indicators = CCA

FLT <Float> Stack GpCode=47

5 :=5 + 1;
(S- 1, S) := float (S-1);
Converts the integer on the 10S to a 32 bit floating point number.

The TOUE is deleted and the double word floating point result is
pushed onto the stack.

Inaicators = CCA

FIXT <Fix and truncate> Stack OpCode=71
(S-1, S) := trunci{(s-1, S5));

The floating point number contained in the top two words of the stack
is convertea to fixed point form and truncated.

Carry is clearea if the high order 17 bits (including the sign bit of
the second wora) are either all zeros or all cnes, such that the low

order 16 bits represent the true result. Otherwise, the carry bit is
set.

Indicators = CCA, Carry, Overflow
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FIXR <Fix and round> Stack OpCode=70
(S-1, S§) := trunc((s-1, S) + .5*signiS-1, S);

The floating point number contained in the top 2 woras cf the stack
1s converted to fixed point form and rounded.

Carry is cleared if the high order 17 bits (including the sign bit of
the second word) are either all zeros or all ones,. such that the low

order 16 bits represent the true result, Otherwise, the carry bit is
set.

Indicators = CCA, Carry, Overflow

Extended Floating Point Instructions

55.

56.

ECMP <Extended floating compare> Stack OpCoae 77
cC := (5-7,5-6,5-5,5-4):(s-3,8-2,5-1, S);
5 := 85 - 8;

The conaition code is set to pattern C as a result of the flcating
point comparison of ($-7,5-6,5-5,5-4):(S-3,5-2,S-1,S). The two
floating point quadruple-words are aeleted.

Indicators = CCC

EADD <Extended floating adad> Stack OpCoae = 72

S :=§ - 4;

The two floating point nunbers ccntainea in the top & words of the
stack are added in floating point form. The top 8 words of the stack
are deleted and the 4 word sum is pushed onto the stack.

Note: Computed result = round (true result;54);
Indicators = CCA, Overflow

ESUB <Extended floating subtract> Stack CUpCode .= 73

S := 8 - 4;

The floating point number ccntainea in the top fcur words of the
stack is subtracted from the floating point number ccrtainea in the
next 4 woras of the stack in floating point form. The top & words of
the stack are deleted and the 4 word aifference is pushed onto the
stack.
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Note: Computed result = round (true result, 54);
Indicators = CCA, Overflow

58. EMPY <Extended floating multigly> Stack OpCode .= 74

(S-7’S-6’S-5’S-4) = (S-7,S-6,S-5,S-4) * (3-3,5-2,3-1,3);
S := 8§ - 4;

The two floating point numbers ccntained 'in the top & words of the
stack are multiplieda in floating point form. The top 8 words of the
stack are deleted and the 4 word result is pushed onto the stack.

Note: Computed result = round (true result, 54);
Inaicators = CCA, Overflow

59. ED1V <Extended floating divide> Stack OpCode = 75

(s-7,5-6,5-5,5-4) := (§~7,5-6,5-5,5-4) / (s-3,5-2,5-1,5);
S := 5 - 4;

Tne floating point number contained in the 5th thru the 8th words of

the stack is divided by the floating point number contained in the

lst thru 4th words of the stack. The top 8 words of the stack are

deleted and the 4 word quotient is pushed onto the stack.

NOTE: Computed result = round (true result, 54);
Indicators = CCA, Overflow

60. ENEG <Extended floating negate> Stack OpCode = 76

The floating point number contained in the top 4 words of the stack
is negated in floating point form.
Indicators = CCA

6l. EFLT <Extended float> Stack OpCode=30

+ 2;
Converts the double wora integer contained in the top 2 words of the
stack to a four word floating point number.

Note: Computed result = round (true result, 22);
Inaicators = CCa
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62. EFXR <Extended fix and round> Stack OpCode = 34

(s-3,5-2) := trunc(s-3,5-2,5-1,5) + .5*sign(s-3));
S := §-2;

The extended floating point number containeo in the top :four words of
the stack is converted to Double Integer forr and rounded.

Carry is cleared if the high order 17 bits (incluaing the sign bit of
the second word) are either all zeros or all ones, such that the low

order 16 bits represent the true result. Otherwise the carry bit
is set.

Indicators = CCA, Carry, Overflow

63. EFXT <{Extendea Fix and Truncate> Stack CpCode .= 41
S :=§ - 2;

The extended floating point number contained in the top .four woras of
the stack is convertea to Double Integer form and truncated.

Carry is cleared if the high order 17 bits (including the sign bit of
the secona word) are either all zeros or all ones, such that the low
order 16 bits represent the true result. Otherwise, the carry bit is
set.

Indicators = CCA, Carry, Overflow

Boolean Instructions

64. OR <0r, logical> : Stack CpCode=65

{(S-1) := (S-=1) or (S);
S := §-1;

The top two words of the stack are logically inclusive ORed together,

the operands are deleted and the result is pushed onto the stack.
Indicators = CCA on the .10S

65. XOR <Exclusive or, logical> Stack OpCode=66

(S-1) := NOT(S-1) and (S) or (S-1l) and NOUT(S);
S := 8~-1;

The top two words of the stack are logically exclusive ORed together,
the operands are deleted, and the result is pushed onto the stack.
Indicators = CCA on the new 7ICS
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66.

AND <And, logical> Stack OpCode=67
(S-1) := (S8-1) and (S):
S := 8 - 1;

The top two words of the stack are logically ANDed together, the
operands are deleted and the result is pushed onto the stack.
Inaicators = CCA on the new TGS

Test Instructions

68.

69,

70.

sTST <Test BYTE on TCS> Stack OpCoae=31
Inaicators = CCB on (S(8:8))

CCB is set on the right byte on the TCS.

TEST <Test TOS> Stack COpCode=25

Indicators = CCA on (S)

DTST <Test double word on TGS Stack OpCode=27

Carry is cleared if the high order 17 bits (including the sign bit of
the second word) are either all zeros or all ones, such that the low

order 16 bits represent the true result. Otherwise, the carry bit is
set.

Indicators = CCA on double wora (S-1, S), Carry

WTST <Test Quad word on TCS> Stack CpCode=26

Indicators = CCA on yuad wora ($-3,5-2,5-1,S)
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Zero Instructions

71. ZERO <Push zero>

Stack OpCode=06

A zero word is pushed onto the cstack.

Indicators = Unaffected

72. DZRO <Double push zero>

S := 8§ + 1;
(S) := 03
S := 8§ + 1;
(8) = 0;

Stack OpCode=07

Instructions

TwO words containing all zeros are puchec ontc the stack.

Indicators = Unaffected

Cuplicate and Celete Instructions

73. DEL <Delete A>
S := § - 1;

The TOS is deleted.
Indicators = Unaffected

74. DDEL  <Double delete>

S := 8 - 2;

Stack OpCode=40

Stack OpCode=02

The top 2 words of the stack are deleted.

Indicatocrs = Unaffected
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Instructions

75. DELB <Delete B>

The second word of the stack is Geleted and the stack is compressead.
The TUS is unchanged.

Inaicators = Unaffected

76. DUP <buplicate A>

The top word of the stack is duplicated by pushing a copy cf the TOS

cnto the stack.
Indicatcrs = CCA

77. vbDuUP <Double duplicate>

S =8 + 2
{(s-1, S) :

fl e

The double word in

(5-3, 5-2);

Stack OpCode=01l

Stack OpCode=45

Stack OpCode=46

the top twc words of the stack is duplicated by

pushing a copy of it cnto the stack.
Indicators = CCA on new TOS Doubleword

78. QDUP <Quad Duplicate>

S =S5 +
(S-3’ -2

-
’
-

4
¢S

The four top words on the stack are cduplicatec¢ by pushing a
copy of them onto the stack.

Indicatcrs =

Exchange Instructions

79. XCH <Exchange A and E>

LLMP := (S-1);
(5-1) := (8):
(S) := TEMP;

1,s)

Stack OpCode=42

CCA on the new Quad word

Stack OpCode=32

@
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The top 2 wcras of the stack are interchanged.
Indicators = CCA on the new 10S

8u. DXCh <Double exchange> Stack OpCode=16
TEMP := (S-1, S);
(S-3, S5-2) := 1EMP;

The'top twc double wora pairs are interchangeé or the cstack.
Indicators = CCA on the new T0Sf double word.

1. XxCd <Quad excnhange> Stack OpCode=33
TEMpP := (8-3,5-2,5-1,S8);

The top two Cuad word sets on the stack are interchangecd.
Indicators = CCA on the new TOS Cuad word

82. XAX <Exchange A and X> Stack OpCode=35

The content of S is interchangeda with the cortent of the index
register.
Indicators = CCA on the new TOS

83. CAB <Rotate ARBC> Stack OpCode=56

(5-2) :=
(5-1) :=
(S) == TE

The third word of the stack is removec from the stack, the

top two words are compressed onto the rest of the stack, and the
original third word is pushed onto the stack.

Indicatcrs = CCA on the new (5-1,S)
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Incex Transfer Instructions

84. LDXA <Load -» onto stack> Stack OpCode=44

Tne content of the index register is pushed orto the stack,
Indicators = CCA on the new (S)

85. STAX <Store A into X> Stack Cp(Code=42

The content of the index register is replaced by the top wcrd
of the stack and the stack is porpec.
Indicators = unaffected

Inaex Arithmetic Instructions

so. INCX <Increment index> Stack OpCode=04
X := X + 1;
The content of the index register is incremented by one in

integer form.
Indicators = CCA, Carry, Overflow

87. DECX <Decrement X> Stack OpCode=05S
A= X - 1;
The content of the index register is decremented by one in integer

form,
Indicators = CCA, Carry, Overflow

8. ADAX <Add A to X> Stack OpCode=36 .

X X + ):
) S -

- N

(
1
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Instructions

The top word of the stack is adcec to the content of the

incex register. The sum replaces the content of the index
register, and the stack is poppecd.

Indicators = CCA on the new 3, Carry, Overflow

8Y. ADXA <Aad X to &> Stack CpCode=37

The content of the index register is acdea tc the top word cf

the stack, and the sum replaces the top word of the stack.
Indicators = CCA on the new A, Carry, Overflow

Yyu. XLSL CNT <X Logical shift Left> Sub CpCoge 1=17

The contents ot the X register is shifted left CNT bits.,
Indicators = Unaffected

Control Instruction

91. NOP <No operation> Stack GpCode=00

The user program space and Gata space remein unchanged.
Indicators = Unaffected

Shift Instructions

Memory opcode=01

Sub (OpCode .= CIK(5:9)

Bit 4 is a true index bit

CNT = (CIR(10:6) + (if CIR(4:1) =1
then X else (0)) moc 64;
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single wora Shift Instructions

Y2, ASL CNT <Arithmetic shift left> Sub QOpCode 1 =00

I'ne TUS is sniftea lett CNT bits. If the sign bit changes,
overflow is set.
Indicators = CCA,Overflow

93. ASR CnNT <Arithmetic shitt right> Sub CpCode 1=01

The TC0S is shifted right CN1 bits, propagating the sign bit.
NOTE: low order bits are truncated which for negative integers
is a magnitude round up, i.e. it does not divide by two,
Indicators = CCA

94, LSL CNT <Logical shift left> Sub OpCode 1=02

The TOUS is shiftea left CNT bits logically.
Indicators = CCA

Y5. LSR CNT <Logical shift right> Sub OpCode 1=03

The TCS is shifted right CNT bits logically.
Indicators = CCA

90, CSL CNT <Circular shift left> Sub OpCode 1=04

The TOCS is shifted left CNT bits circularly.
Indicators = CCA

97. CSR CNT <Circular shift right> Sub OpCode 1=05

The TGS is shifted right CNT bits circularly.
Indicators = CCA
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98. SCAN <Scan Bits> Sub OpCode 1=06
. CIR(10:6)=0
If CIR(4:1) = ¢ then X := -1
If (S) <> 0 then
begin
while (S(0:1)) = 0 then
pegin
lcgical shift left A by 1;
X 1= X + 1;
End;
logical shift left A by 1;
X :1= X + 1;
End
else if CIR(4:1) = 0 then X := 16
else X :

The TGS is shifted left until S(0:1) = 1, then shifted left one more

bit. The shift count is left in the index register.
Indicators = CCA on final TCS

Double word Shift Instructions

99. DASL CNT <Double arithmetic shift left> Sub OpCode 1=20

The double word contained in (S-1, S) is shifted left CNT bits. If
the sign bit changes, overflow is set.
Indicators = CCA on Doubleword ,Overflow

100. DASR  CNT . <Double arithmetic shift right> Sub OpCode 1=21

The double wora contained in (S-1, S) is shifted right CNT bits,
propagating the sign bit, S$-1(0).

Note: low order bits are truncated which for negative double integers
is a magnitude round up, i.e. it does not divide by two.

Indicators = CCA on Doubleword

101. DLSL CNT <Double logical shift left> Sub OpCode 1=Z2

The double word containeada in (S-1,S) is shifted left CNT bits
lcgically.
Indicators = CCA on Doublewora
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102. DLSR CNT <Double logical shift right> Sub (pCode 1=23

The doublewora contained in (S-1,S) is shifted right CNT bits
lcgically.

Indicators = CCA on Doubleword

103. DCSL CNT <Double circular shift left> Sub OpCode 1=24

The doubleword contained in (S-1,S) is shiftea left CNT bits
circularly.

Indicators = CCA on Doubleword

ly4. DCSR  CNT <Double circular shift right> Sub OpCode 1=25

The doublewora contained in (S5-1,5) is shifted right dNT bits
circularly.

Indicators = CCA on Doubleword

Four hord Shift Instructions

105. QLSL CNT <Quad logical shift left> Sub OpCode 1=10

The four words contained in ($-3,5-2,5-1,S) are shifted left CNT bits
lcgically.

Indicators = CCA on Quad word

106. ULSR CNT <guad logical shift right> Sub OpCode 1l=11

The four words contained in (S-3,5-2,5-1,S) are shifted right CNT
bits logically. '

Ingicators = CCA on (uad word
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. pit Instructions

107. LsIT (BD,X) <Load bit from memory> - Sub OpCode 1=32

BD is the bit displacement CIR(10:6)
(S-1,5) contains a Data Label

DIEMP := Xc + BD; <Double worad> .
BITL := DTEMP(26:4); <bit location in wora>
fXc := DTEMP/l6;

E := Label base + Label offset + fXc;
BNDSTEST;

S =85 - 1;

If (E(BITL:1)) = 1 then § := 1 else S := 0;

Starting at the address in memory of the word pointed at by the label
in the two top words ot the stack, a bit locaticn is computed by
indexing from the wora address, BL + Xc bits forward in memory. The
cata label is popped frorm the stack and the bit frcm the computed bit
memory locaticn is pushed on the stack in bit 15,

Indicators = CCA on the new 10S

h)

108. SBIT (DB,X) <Store bit in memory> Sub OpCode 1=33

BD is the bit displacement CIR(10:6)
(s-1,5) contains a data label
(S=2(15:1)) contains the bit to be stored

DTEMP := Xc + BD; <Double wora>

bITL := DTEMP(28:4); <Bit location in word>
fXc := DTEMP/16;

E := Label base + Label offset + fXc;
BNDSTEST;

(E(BITL:1)) := (S=2(15:1));

S := §-3;

Starting at the address in memory of the word pointed at by the label
in the two top words of the stack, a bit lacaticon is computed by
indexing from the word address, BD + Xc bits forwara in memory. Bit
15 ¢f the third word in the stack is stored in that bit location.
Three words are deleted from the stack.

Indicators = Unaffected
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Field Instructions

109. EXF J K <Extract field> Sub OpCode 2=15

U <= J <= 15 specifies the first (leftmost) pit in the source
tield.
0 <= K <= 15 specifies the number of bits in the field,

(S(16-K:K)) == (S{(J:K));
(S(U:16~-K)) := 0;

gits J, J+1, J+2,..., J+k-1 are extracted from the 10S, and the TOS
is aeleted. The K bit field is right justified with high order
zeros, and this result is pushed onto the stack.

Indicators = CCA on the new 10S

110. DpF J,K <Deposit field> Sub CpCode 2z=16
0 <= J <= 15 specifies the first bit in the destination field.
U <= K <= 15 specifies the number of bits in the field.

(S=1(L:K)) := (S(l6-K:K));

(S=1(0:J)) := (5-1(0:3));
(S=1(J+K:16=J-K)) := (S=1(J+K:16-J-K)):;
S :=§ - 1;

The K least significant bits of the TOS are placed in bits J,
J+l,..., J+K-~1 of the second word of the stack; the rermaining bits of

the second word of the stack are unchanged. The source operand is
deleted from the stack.

Indicators = CCA on the new TOS

Immediate Instructions

N = CIR(6:8) 0 <= N <= 255
111. LDI = N <Load immediate> Sub OpCode 2=02
S :=8 + 1;
(S) := N;
The immdeiate positive quantity N is pushed onto the stack as a '

positive integer.
Indicators = CCA on the new TCS
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112, LDNI . = N <Load negative immediate> Sub OpCode 2=12

S := 8 + 1;

(S) := -N;

113.

114.

115.

1lle.

The immediate positive quantity N is 2 °s comglemented and pushed onto
the stack as a negative integer.
Inaicatcrs = CCA on the new TGS

CMPI

N <Compare immediate> Sub OpCode =04

= (8) N;

S

CC
S

w-e a8

1

The condition code is set to pettern C as a result cf the conpariscn

ot the 10S with the pocsitive guantity N. The TCE is deletea.
Indicatocrs = CCC

CMPN =N <Compare negative immediate> Sub OpCode =14

S := S

The condition code is set to pattern C as a result of the compariscn
of the TUS with the 2°s complement of the positive quantity N. The

TOS is deleted.
Indicatcrs = CCC

ADDI = N <Add immediate> Sub OpCode 2=05

(S) :

(S) + N;
The immediate positive guantity N is added tc the .10S in integer

form, and sum replaces the TGS.
Indicators = CCA, Carry, Overflow

SUBI = N <Subtract immeciate> Sub OpCode 2=06
(8) = (8) - N;
The immediate positive quantity N is subtracted from the TOS in

integer form, and the result replaces the TOS. -
Indicatcrs = CCA, Carry, Overflow
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117. MPYI = N <Multiply immeciate> Sub OpCode 2=07

The immediate positive quantity N is multipliec with the TCS in
integer form. The 16 least significant bit integer result replaces
the TOS. Overtlow is set if the 16 most significant bits of the 32
bit result are nct the same as the sign bit of the least significant
wora, .

Indicatcrs = CCA, Overflow

118. DIVI = N <Divide immediate> Sub OpCode 2=10
(8) == (8)/N;
Tne immediate positive qunatity N is dividea into the ICS in integer

torm; the 16 bit integer quotient replaces the TOS.
Inaicators = CCA

119. AND1 = N <Logical ANLC immeciate> Sub CpCode 3=17

(S) == (S) anrnd N;

The immediate positive quantity N is expanded to 16 bits with high
order zeros and ANDed with the TOES; the result replaces the TGS.
Indicators = CCA

Irmeciate Index Instructions

120. LDXI = N <Load X immediate> Sub CpCode 2=03
X 1= Nj;

The index register is loaded with the positive immediate operand N.
Indicators = Unaffected

121. LDXN = N <Load ‘X negative immediate> Sub OpCode 2=13

X := ~N;

The index register is loadec with the 16 bit 2°s complement of the
immediate operand.
Indicatcrs = Unaffected
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4 122, ADXI
@

X 2= X + N;

N <Add immediate tc X>

Sub OpCode 3=05

The immediate positive quantity N is addea to the content of the
index register in integer forn.

Indicators =
123. 8BXI = N

X = X - N3

<Subtract immediate from

CCA on X, Carry, Overflow

x> Sub CpCode 3=06

The immediate positive guantity N is subtracted from the cortent of
the inaex register in integer form.

Indicators =

Program Control Instructions

: . 124, PCAL N Procedure call
if N = 0 then
begin
TEMP := (S):
5 3= 5 = 1;
else TEMP

] "o
fo
oLt wnow

<& ~e

n wm

+ 1;
STATUS;
+ 1;

S - 0;

v

w

aluation of

Control is transferred to
contained on the TCS if N

otherwise.
If reference is made to a

CCA on X%, Carry, Overflow

Sub OpCode 3=02

t= (PL - N);

label in TEMP;

the locaticn evaluated by the label
= 0 or by the label ccntained in PL - N

Then a four word stack marker is placed on the stack.

local label, transfer is made to the PL

relative address and the stack linkage is created ignoring the U bit.

user mode,
otherwise a trap occurs.

If reference is made to an external label whose Code Segment Table
numper is different than the present number and the machine is in
the U bit of the target segment linkage must not be set,

Furthermore if an external label is +
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reterenced a local label must occur in the STT table of the called .
segment. If the 1race bit is or in the Target CET entry the PCAL will

be made to the Trace routine. If a privileged user is calling a user
segment it will run in privelegea mode.

Indicators = unaffected

EXIT N <Procedure exit> Sub OpCode 3=03

S = Q7

If (¢=-2(0:1)) = 1 then INTERRUFT call to TRACE

else

pegin
TEME := ( - 4;
S = y;
Qg =5 - (8);
§ =8 -1;

STATUS := (S); Note that user mode may EXIT to privileged

code but may not change the user mcde bit or
the external interrupt disable bit,
PB,PL are set to code segment specified in the
status wecrd (Q-1(8:8)) .

S =5 -1;

F := PB + (S);

S := 8§ - 1;

X := (8);

S := TEMP - N;
End;

This instruction is used to return from routines called by the PCAL
instruction. The exit occurs by setting Q to ¢ - DeltaQ, STATUS to
the previous status, X the previous X, and P to the return P.

If bit 0 of (Q-2) is set
to one, S is set to Q and control is transferred toc the interrupt
TRACE routine instead of exiting.

SXIT N <Subroutine exit> Sub OpCode 3 =04
P := PB + (S);
S :t=S8S~-N-1;

The instruction is used to return from subroutines.
Indicators = Unaffected

HALT K <Halt> Spec. OpCode=17

This is a privileged instruction. The machine halts. This

instruction is non-interruptable and manual intervention is required

to restart the machine. If, on entry, the K field = %17 then the 'l'
contents of the TUS is placed in the NIR register, otherwise CIR is
transferred to the NIR. Wwhen all other communicaticn has failed, +
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this is used by the System to place an error number in the NIR lights
on the CPU board.
Indicators = Unaffected

PAUS k <Pause> Spec. OpCode=(l
1his is a privilegea instruction. The machine pauses. This

instruction is interruptable. The K field is ignored.
Indicators = Unaffected

XEw K <Execute> Spec. OpCode=06

CIR := (S-K);

The content of the wora in the stack at S - K is placed in the
current instruction register to be executed. Control is returned tc
the instruction following the -AEQ unless a transfer of control was
executed. :

Note: Executing a stackop with the right stackop not a NOP is
illegal.

Indicators = Set by executed instruction or StackOps.

IXIT <Interrupt Exit> Mini OpCode=17
CIR (14:2)=0

This instruction is used only to exit fromr interrupt service rcutines
and the dispatcher. Several alternative routes are available,
depending on the setting or clearing of certain flags. These are:

l) Dispatcher exit to new process. This path is taken
if the dispatcher flag is set upon entering the
instruction.

2) Return to interrupted prccess. This path is taken after
the last interrupt has been serviced and (Q=QI) = C. Note
that we do not autcmatically enter the dispatcher.

2a) Same as (2) except a DISP instruction had been executea

while pseudo-disabled (i.e. an attempt was made to
enter the dispatcher).

3) Return to an interrupted Interrupt Service Routine,
This path is taken when an Int. Service routine is
completed and ¢(0) = 0, ¢(l:15)is not equal to 0
(2 lower priority interrupt hac¢ been interrupteaq).
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4) Return to interrupted dispatcher. This path is taken
upon completing the servicing of an interrupt that
occurred while in the dispatcher. This is detectea
by ¢(06) = 1 (set by the firmware interrupt handler.)
and @I(0) = 0 (i.e. @ is not equal toc <(I).

4a) Same as (4) except a LDISPF instruction had been executea
while pseudo-disableu.

5) Start dispatcher instead of returning tc interrugtec
process. This is signitiec¢ by GQI(0) = 1, set by
executing a DISP instruction.

v) Restart dispatcher instead ot returning to interrurtea
aispatcher. This is signified by ¢I(0) = 1, set by
executing a DISP instruction.

NOtes (5) & (6) are treated as iaentical .cases.

IXIT assumes it is executing on the ICS, with a stanuard 4-wora
marker at y, (-1, Q-2 & Q-3, the DB of the stack marker environment
at (+1, the previous interrupt nask at (+2 and the device nunber of
the interrupting device at ¢+3. In addition, when dispatching a new
Erccess or returning to an interrupted process, the lebels found in
the CTCB (Listed below) are used to set up the new environment,

(CTCBP) contains DST label pointing at User LST
(CTCBP + 1) contains the Stack DST label

(CTCBF + 2) contains Global (DB-DL) DST label
(CTCBP + 3) contains the UCST DST label

Note: In launching a process off the ICS all labels
are evaluated before the environment is changead
and will trap on the ICS if an error is encountered.
The stack register values also are checkea with
a special check of S against ZMAX(not ) ana
if in error a launch error trap will occur.

This is a priveleged instructiorn.
Indicators = Unaf fected
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. 131. DIsp <Dispatch> Spec CpCode=03
| CIR (14:2)=2

if (ICS FLAG = 1 OR (LI-4)<> 0)

Tnen (QI) := %10000U else
begin
& 1= S+4; <<for stack nmarker>>

(S-3) := X; (S8-Z) := P+1 - PB;
(S-1) := STATUS; (S) := S=y;
(SB-1) := S - SB; <save user 5>
¢ ¢=QIl; Z := Z1I; DISP FLAG := ICS FLAG
<set up ICS>

[
"
-

-e

o~
i
-
+
-

= DB + $1000;

US = (u=1); X = (=3);

Set Pb & PL from CST; (for STATLS)
P := PB + (Q-=2);

End;

This instruction is used to enter the cispatcher dairectly fron &z user
program (if privileged) or from the ICS after servicing all penaing
interrupts. Execution of this instruction is the only way tc enter
the dispatcner.

This is a privileged instruction.
Indicators = If DISP taken then CCE else CCG.

I'he following two instructions nust be executec in pairs within a
given process (i.e. for every PSDE there must be a FSEE somewhere in
the following code). 1he main memory locaticn QI-4 (Dispatcher
Disable Flag), while non-zero, prevents dispatcning a new process.
The results of these instructiocns are testeda in IXIT and LISE.

132. PSDB <Pseudo Interrupt Disable> Spec CpCoae=03
CIR (14:2)=1

(WI-4) := (wI-4) + 1;

The Dispatcher Lisable Flag (=(QI-4)) is incremented. Wwhile this
flag is non-zero, the dispatching of a new process is inhibited.
This is a privileged instruction.

Indicators = Unaffected
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YSEB

(I-4) := (QI-4) - 1;

<Pseudo Interrupt Enable>

Spec OpCode=03
CIR (14:2)=3

1 (uI-4) = -1 then SYSTEM SOFT HALT;

It (yI-4) = 0 then

If (QI(0:1)) = 1 then

if DISF Flag =
begin
(GI) := 03

1l then <interrupteda while c¢ispatching>

Abort dispatcher ana restart;

erna

else EXECUTE DISP INSTRUCTION;

Tne aispatcher disable tlag (yI-4) is decremented by this

instruction. 1f the flag previously wés zero, & system soft halt

results inaicating toc many PSEB 's. If it now equals zeroc, all
"pseudo-adisables" have been removed, and it is ncw allowable to

dispatch a new process.

DISP instruction is executed.
when this instruction is executeda, QI(0) is cleared,
is abortea and then restarteda at the beginning.

1f a dispatch request is present, i.e.,
wI(U) =1 (signifying an attempt toc aispatch while pseuaco-disablec),
ANC we are not already in the cispatcher the sequence followea Lty the
I1f we are alreaday in the dispatcher

is nonzero, or if no daispatcher request is present, execution

the dispatcher
If the disable tlag

ccntinues at the next instruction,
This is a privileged instruction.

Indicators = If

(UI-4) = 0 then CCE else CCG

DBUG <Debug interrupt call> Spec OpCode=14
S =S + 1;
(S) := X;
5 :=8 + 1;
(S) := P + 1 - PB;
S := 8§ + 1;
(S) := STATUS;
S :1=8 + 1;
(S) =8 - Q;
Q = 53
Debug label := %107401;
P := evaluation of Debug label;

Execution of this instruction transfers ccntrol to an Internal
Interrupt procedure (CST = 1, STT = 17 octal) for special system

processing, depending on the K~-field value as listed in the
following table.

1../
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K -field Reserved for
0 System debug breakpoint processing
l " " 11} n
2 n [1] n 1]
3 Symbolic aebug breakpoint processing
4 ] " " (1]
5 ] (1] [1] "
6 (to be deifineq) ,
7 Graceful operating system death
10 Graceful subsystem death
11/17 {to be defined)

Indicators = unaffected

IPL <Initial program locad> Spec OpCode=15
CIR(12:4)=0

This instruction expects the next instruction in code to be the
complement of CIK and traps to Priv mode violation if not. It also
expects a device number in the right byte of TGSA and a cylinder
address in the left byte of T0OSA. Starting First the ccntents of
memory at address %37 (dump disc address) is read and saved. Then
starting at sector 1 of the designated cylinder address, 65K words
are loaded into the first bank in memory from the device specified.
The stack then is set to the interrupt control stack location
designated by the new contents of memory addresses 5 & 6 with SB set
to QI - 100. The saved original contents of aadress %37 is stored in
the stack at @I+3 and S is set to this lacation. If the IFL
instruction has been immediately preceeded by an SDMP instruction
wI+3 now contains the device # and cylinder address used by the SDMP
instruction, otherwise it will contain garbage. This information
will be used by the locad software to complete the system dump if sc
desirea. Code segment 1 then is set up and P is set to the value
contained in the cold load entry STT44. Software action now
commences.,

This is a privilegea instruction

SDMP <System Dump> - Spec OpCode=15
CIR(12:4)=1

This instruction expects the next instruction in code to be the

ccmp lement ot CIR and traps to Priv mode violation if not. It also
expects a device # in the right byte of TOSA and a cylinder address
in the left byte of TOSA. The first 65K words of memory are dumped
to the device specified starting at sector 1 of the cylinder address
designated. The contents of the haraware registers of the CPU plus
the dump disc address then are stored in memory starting at aadress
le and then an additional 128 words, starting at address 0 and
containing these values, are dumped to the device specified at the
next sequential disc address. The order of the registers stored are
as follows:
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le - SB Bank

l7 - SB

20 - Q

21 - S

22 - 2

23 - DB Bank
24 - DB

25 - DL

26 - PB Bank
27 - PB

30 - P

31 - PL

32 - DST Bank
33 - psT

34 - X

35 - STATUS
36 - CIR

37 - TOSA <<dump cylinder address and device $>>

Luring the dump TOSA is stored in memory at address %37 and the stack
is popped. P is incremented to P+2 to skip the compare word and
software execution resumes.

This is a privileged instruction.

Indicators = CCE if dump is successful else CCL

Move Instructions

MEMORY OPCODE = 02

SUB OPCODE 2 = 00

MOVE OPCODE = CIR(8:3) ‘
SDEC = CIR(14:2) -
CCF = CIR(11l:2)

CIR(1l1l:1) = Numeric
CIR(12:1) = Alphabetic
pPB8/DB (0/1) CIR(11l:1)
Left to Rt/Rt to Left = CIR(13:1)

The following is a description of the address bounds checking done with
byte strings.

Procedqure BNODSTEST (Label,Typa); <<begin bounds test>>
Begin
If NOT (Label Base <= Label Address <= Label Limit)
then bounds Vviolaticn trap;
Return;
end;
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MOVE <{mMoOve words> Move OpCode=00
D := If CIR(13:1)=0 then 1 else -1;
Deltas := if D=1 then (S) -1 else -(S) + 1;
If CIR(11l) = U then <<PB relative source>>
If NOUT ( (PB<=(S-4) +PB<=PL)AND(PB<=(S-4)+FB+DeltaS<=PL))
Then Bounds Violations Trap else GOTO M
else Begin <<Data label source pointer>>
Source data label := (S5-4,5-3);
it not((Label base <= Label Address <= Label limit) AND
(Label pase<=Label Address+DeltaS<=Label Limit))
then Bounds Vviolation trap;
end;
M <{<bata label target pointer>>
Target data label :=(S-2,5-1)
if NOUT¢(Label bBase <= Label Address <= Label limit) AND
(Label base <= Label address + DeltaS <= Label limit))
then bounas Vviolation Trap;
<<Begin Move>>
while (S) <> 0 do
begin
(target address) := (source aadress);
target label otfset := target label offset + D;
source label offset := source label offset + D;
(S) = (S) - 1;
end;
S := S - Logical SDEC

The instruction expects a wora count in the TOS, a target label
pointer in S$-2,5-1, and a source label pointer in S-4,5-3. If the
Direction bit, CIR(13:1), is zero, the worus are moved in a
left-to-right manner (increasing addresses) from the source area to
the target area. A "one" direction bit will cause a right-to-left
move from the source area to the target area. Prior to the move,
pounds tests are appliea to both the initial and final values of the
source and target addresses. S is decremented to delete from the
stack the number of logical parameters indicated .in the SDEC field
atter the move is completed. :
Indicators = Unaffected

MVB _ <<Move Bytes> Move CpCode=(l

D := If CIR(13:1) = 0 then 1 else -1;
1F CIR(l11])=0 Then Ebegin
lype := Prog;
Sources:= (S-4); <<Program label source>>
end
Else begin
Type:= Data;
Source:= (5-4,5-3); <<Data label source>>
end;
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Target:= (5-2,5~1); <<Data label target>>
while (S)<>0 Do
begin
BNDSTEST (Source,Type);
bNDSTEST (Target,Data);
(Byte target address) := (Byte source aadress);
source label offset := Source label offset + D;
Target label offset:= Target label cffset + D;
(S) := (S) - 1; .
end;
b := S - logical SDEC.

This instruction expects a byte .count in the TOS, a source byte label
gointer in S-4 if program relative, cr in S-4,5-3 if data relative,
ana a target byte label pointer in §-2,5S-1. If the direction bit,
CIR(13:1), is zero, the bytes are moved in a left-to~right manner
(increasing addresses) from the source areé to the target area. A
Lirection bit =1 will cause a rignt-to-left move from the source area
to the target area. The pointers, and byte count are updatea with
the move. S is decremented to delete from the stack the number of
logical parameters indicated in the SDEC field after the nove is
completed.

Indicators = Unaffected

139. MVBW <Move Bytes while> Move CpCode=04

Source := (S-4,5-3); <<Source Byte Data Label)>>
Target := (8-2,S-1); <<Target Byte DLata Label>>
BSAD := source byte label address;
B8IAD := target byte label address;
MOVING := TRUE;
while MOVING do

begin

BNDSTEST (Source,Data) ;

If (CCB on (BSAD) < CCF) then

begin

BNDSTEST (Target,Data);

(BTAD) := If CIR(13) =1 <<upshift bit>> and (BSAD)
is a lower-case letter then upshift (ESAD)
else (BSAD);

Source label offset := Source label offset + 1;

Target label offset := Target label offset + 1;

X := X + 1;

end
else MOVING := FALSE:
end;

S := S - logical SDEC.
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This instruction expects a scurce byte data label pointer in §-3,8-2,
anc a target byte cata label pointer in S-1,S. As long as the byte in
the source string is one of the types specifiec by CCF, and the
accresses are valid, the byte is moved. If the byte is tc be moved
ané the upehift bit is on and the byte is a lower-case letter, the
target byte will bpe an upshifted copy of tne souce byte. X is
incremented by the number of bytes moved. S is decremented to delete
from the stack the number of logical paremeters indicated in the EDEC
tield.

Indicators = CCB on the last character scannec

SCw <Scan while> Move OpCoae=02

D s= if CIR(13:1) = 0 then 1 else -1;
It CIR(11:1) = 0 then
pegin
Type := Prog;
Source := (S-4); <<program label source>>
End
Else
Begin
Type := Data;
Source := (S-4,5-3); <<Data label source>>
End;
BSAD := Source Byte Label Aadress;
bNDSTEST (Source ,Type.);
while (BSAD) = (S-1(8:8)) do
begin
Source lapel offset := Source label offset + D;
X := X + 1;
Ena;
CAKRY := If (BSAD) = (S(0:8)) then 1 else 0;
CC := CCB on (BSAD);
S := S - Logical SDEC;

This instruction expects a a terminal character in the left byte and
a test character in the right byte of S. The Source label in §-2,S-1
is a program label or data label depending on bit 11 of the CIR. 1If
the address is valid, bytes are scanned until the source string
presents a character different from the test character. 1If the
terminating character is the same as the left byte of the TCS, the
CARRY bit is set. If the direction bit, CIR(13:1), is zero, bytes
are scanned in a left-to-rignt manner (increasing addresses). A
direction bit =1 will cause a right to left scan of the source
string. X is incremented by the number of bytes scanned. S is
cecremented to delete from the stack the number of logical parameters
indicated in the SDEC field. (S-2,5-1) is considered a logical
parameter.

Indicators = CCB on last character scanned, CARRY
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141, SCU <Scan Until> Move OpCode=03

D := If CIR(13:1) = 0 then 1l else -1;
1t CIK¢ll:1l) = 0
Begin

4); <<Program label source>>

S-4,5S-3); <<Data label source>>
End;
BSAU := Source byte Label adcress;
bNCSTEST (Source,Type.); /
while (BSAD) <> (S-1(8:8)) AND (BSAL) <> (5-1(0:8)) do
begin
Source label oftset:=Source label offset + D;
X := X + 1;
End;
CAKRY := If (BSAD) = (S(0:8)) then 1 else 0;
S := S5 - logical SDEC;

This instruction expects a terminal character in the left byte and a
test character in the right byte of S. The source label in S-2,5-1
is a program label or data label depenaing c¢cn bit 11 of the CIR. It
the address is valid, bytes are scanned until either the terminal or
the test character is encountered. If the last character scanned is
the same as the left byte of the 10S, the CARRY bit is set. X is
incremented by the number of bytes scanned. S is decrememted to
delete from the stack the number of logical parameters indicatea :in
the SDEC field.

Indicators = CARRY

142. CMPB <Compare Bytes> Move OpCode=035

L := If CIR(13:1) = 0 then 1 else -1;
IF CIR(11l]) = 0 then Begin
Type := Prog;
- Source := (S=4); <<Program label source>>
end else
Begin
Type := Data;
Source := (S=-4,5-3); <<Data label source>>
end;
Target := (5-2,S8-1); <{<KData label source>>
BSAD := Source Byte Label Address;
pTAD := Target Byte Label Address;
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while (S) <> 0 AND (BTAD) = (BSAD) Do
Begin
bBNCSTEST (Source, Type) ;
BNDSTEST (Target,Data);
Source label offset:=Source label offset + D;
Target label offset:=Target label offset + D;

(S) := (8) - 1;
X := X + 1;
End;

CC := If (S) = 0 then CCE.

else if (BTAD) > (BSAD) then CCG else CCL;
S := S - logical SDEC;

This instruction expects a-byte ccunt in the TCS, a source byte label
pointer in S-4 if program relative source, or in S-4,5-3 if data
relative source, and a target byte label pointer in S$-2,5-1. 1If the
Direction bit, CIR(13:1), is zero, bytes from the source area are
compared to bytes from the target area in a left-to-right manner. A
Direction bit = 1 will cause a right-to-1left comparison. The
instruction terminates when either a comparison fails or the byte
count in the T(S reaches zero. X is incremented by the number of
bytes that compared equal. S is decremented tc delete from the stack
the number of logical parameters indicatec¢ .in the SDEC field.

Indicators = If (byte count = Q) then CCE else

If (final target byte > final source byte) then
CCG else CCL.

I/0 and Interrupt Instructions

For the I/0 instruction assume the following definitions:

K is a four bit field 0 <= K <= 15,

All I/0 and Interrupt control instructions are PRIVILEGED
except RMSK.

I1f Chan/dev# is illegal (i.e. not in the range %10-177)

a trap to segment 1,STT #12 will occur.
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143, SIOP <Start I/0 Program> Spec OpCode=07
Cir(l2:4)=0

(S) = Channel program pointer
(S=1) = Device number
If DRT3(2:1) = 1 then CCL else
Begin <<abort bit above is clear>>
CC := CCG;
If DRT3(0:1) = 0 then
Begin <<00,01>>
If DRT3(1l:1) = G <<halted>>
OR (DRT3(l:1)=1 AND DRT3(15:1)=1)
<<halting in WAIT>>
then begin
DRT1 := (S); <<Chan ptr to DRT1>>
DRT3(0:2) := 3; <<set starting stated>>
Send SIO command to Channel;
CC := CCE;
end;
End;
End;
S :1=8 - 2;

This instruction expects a channel program pointer in S and
channel/device number in S-1., The third word of the device DRT entry
(DRP3) is read with a semaphore read. This delays execution of the
instruction by a possible independent program channel until &ll the
information is in place. If bit z of DRT3 (the abort bit) is 1, the .
instruction is aborted and CCL is set. If the channel program is '
halted (if bits 0,1 of DRT3 are both 0), or if an HIOP instruction
has been issued but not yet serviced and the channel is in a wait
instruction state (bits 0,1 of DRT3 are 0 and 1 and bitl5 of DRT3 is
a 1), then the channel program pointer in § is placed in DRTO of that
aevice, bits 0,1 of DRT3 are set to 1,1 (SIO starting state), an SIO
command is sent to the channel and CCE is set. Otherwise if the
apove conditions are not met then CCG is set. ‘

This is a privileged instruction.

Indicators = Condition Code

144, HIOP <Halt 1/0 Program> Spec OpCode=07
‘Cirl2:4)=1
(S) = Device #
If DRT3(0:2) <> 0 then
Begin
1f DRT3(0:1) = 1 then
Begin

If DR1T3(1l:1) = 1 then DRT3(15:1) := 1;
DRT3(0:2) := 01;
Sena HIOP command to device;
end;
CC := CCE;
If DR13(15:1)
Enda
Else CC :=
S :1= 8§ - 1;

0 then CC := CCG;

CCE; <<Already halted>>
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This instruction expects a device number on the top of the stack. 1If
DRT3(0:2) of that device indicates that the cdevice channel progranm is
starting or running, a halt I/0 program command is sent to the
channel to stop execution of tnat device s channel command program at
the occurrence of the next WAIT channel command. If starting, a
nalting in WAIT state is set to properly terminate the channel
program. If now the channel procgram is halting but not yet halted and
not in a WAIT instruction, CC is set to CCG. All other states are
set to CCE. This includes the alreaday halted state. wWhen halted, the
DRT entry for that device points at the WAIT instruction at which the
channel program halted, bits 0 and 1 of DRT3 are set to 0. If the
channel program was not at a wait instruction when the HICP was
issued, an interrupt request will be generated when the channel
program is halted.

This is a privileged instructicn.

Indicators = Condition Code

RIOC <Read 1,0 Channel> Spec OpCode=12
Channel Command := (S);
send RIOC command to Channel;
If DRT3(2:1) = 1 then <<abort bit set?>>
Begin
CC := CCL;
Terminate instruction;
End else
Begin
(S) := Data read from the channel;
CC := CCE;
End;
This instruction expects an IMB read channel commana to be in the top
of the stack., If the abort bit is not set for the device, the RICC
commana from the TuS is sent to the channel (or channels if global
commana) and the data read is pushed on the stack.
This is a privilegea instruction,
Indicators = Condition Code
WIOC <write I/0 Channel)> Spec OpCode=13

Cnannel Commmand := (S-1);
pata wora := (S); ;
If DRT3(2:1) =1 then <<abort bit set?>>
Begin
CC := CCL;
Terminate instruction;
End Else
Begin
Send WIOC Command and data word to channel;
S := 5 - 2;
CC := CCE;
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Instructions

ION <Enable external interrupts> Spec OpCode=02

CIR(14:2) = 01
STATUS (1l:1) := 1;
The interrupt system is enabled by setting the interrupt bit in the
status register.
This 1s a privileged instruction,
Inaicators = Unaftected
IOFF <Disable external interrupts> Spec OpCode=02

CIR(14:2)=00
STATUS(1:1) := O0;

The interrupt system is disabled by setting the interrupt bit in the
status register to 0.

This is a privileged instruction,

Inaicators = unaffected

TON <Timer On> Spec OpCode = 02
CIR(12:4) = 05
The CPU hardware allowing the CPU timer to interrupt the CPU is .
ENABLED by this instruction. This is a privileged instruction, :
Inaicators = Unaffected
TOFF <Timer Off> Spec OpCode = 02
CIR(12:4) = 04
The CPU hardware allowing the CPU timer tc interrupt the CPU is
DISABLED by this instruction., This is a privileged instruction.
Indicators = Unaffected
ITON <Enable external interrupts ~Spec OpCode = 02
and timer> Cirl2:4) = 15

STATUS (1:1) := 1;
Enable TIMEF interrupts;

The interrupt system and the timer are enabled by setting the

interrupt bit in the STATUS register tc 1 and by enabling the Timer
interrupt enable hardware.

Note: 1This provides the ability tc enable both interrupt functions in
one uninterruptable instruction. .
This is a privileged instruction.

Indicators = Unaffected
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153, ITOF <Disable external interrugts Spec OpCode = 02
and TIMER> CIR(12:4) = 10
STATUS (1:1) := O3
Lisable TIMER interrupts;
Tne interrupt system and the timer are disaktlea by setting the
interrupt bit in the STATUS register to 0 eéna by disabling the Timer
interrupt enable haraware. .
Note: This provides the ability to disable bteoth interrupt function
in one uninterruptable instructiorn.
I'his is a privilegec instruction.
Indicators = unaffected
154, INIT <Initialize I/C Channels> Spec (CpCode = (02

Cir(l12:4) = 02

{S) = Channel number
Send INI1 command tc channel;
Clear DR13°s of all 8 device DRT s on this channeli;
Clear mask bit fcr this channel in memory MASK;
CC := CCE;
If NOT PIC then
If "System Controller" then
Begin
bring online as cor.troller in charge;
If unsuccessful
begin
take offline;
CC = CCG;
end;
End else CC := CCG; <<ncot system controller>>

The INIT instruction initializes the channel desigrated by
bits 9-12z in the TOS by
Terminating cperations in progress on the channel,
Clearing the channels interrupt enable bit,
Setting channel registers to defined initial values,
Setting the channel HP-IB bus to the idle state,
Clearing the 4th word of every DRT entry for this channel,
Clearing the mask bit for that channel in rem loc. 7.

Cevices controlled by I/0 software can be cleared only by
being issued a DCL or SDC Interface Command refer to HP

Interface Bus Standards).

This is a privileged instruction.

Indicators = If not system controller then CCG else CCE;
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155, SMSK <Set mask> Spec OpCode=04
CIR(12:4)=0

Mask word := (S);
send "Set mask" command and Mask word
To channels;
Begin
Memory loc. 7 := (S);
S := S-1;
CC := CCE;
End;

The TCS must contain the mask wora. The 16 bit mask is transmitted
to all channels. A copy of the MASK is stored in memory loc. 7. If
no error is detected, the TCS is deleted. This is a privileged
instruction,

Inadicators = Condition Code

150, RMSK <read Mask> Spec OpCode=05
CIR(15)=0
5 := S + 1;
(S) := 16 bit device mask from Memory location 7;

This instruction transfers the 16 bit mask word to the TCS.
Indicators = Unaffected

Note: Special I/0 functions
IOCL <I/0 Clear>

This function is execute¢ by first issuing a SMSK to all zero’s, then
loading %120000 in S-1 and zero in S and issuing a WICC instruction,
This sequence clears all I/0 channels by

Terminating operations in progress on each channel,

Clearing all channel interrupt enable bits,

setting channel registers to cefine initial values,

Setting all HE-IB pbuses to the idle state,

Clearing all MASK pits in memory location 7.

ROCL <Channel Roll Call>

This function is executed by loadaing %120000 on the stack and issuing
an RIOC instruction., This sequence identifies the presence of I/0
cnhannels on the system. The presence of each channel is reprecented
in a wora pushed on the stack by a ""1" state of the bit position in

the word ccrresponding to its junperea channel number. Thus the (S)
yields bits = 0 at channel numbers not occupied by a channel. .
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‘ Register Control Instructions

157. PSHR N <Push registers> Sub OpCode 2=11
if CIR(15) = 1 then PUSH(S-SB);
if CIR(14) = 1 then PUSH(Q-SE);
it CIR(13) = 1 then PUSH(STATUS);
if CIR(1l2) = 1 then PUSH(Z=-SB);
it CIR(11]) = 1 then PUShH(DL-DB);
if CIK(10) = 1 then
segin

PUSH (UDST BANK);
PusSH (UDST);
End;
if CIR(9) = 1 then
Begin
PUSE (DB BANK);
PUSH (DB);
knd;
if CIR(8) = 1 then
Begin
PUSH(SB BANK);
FUSH (SB);
End;
. it CIR(8:8) = 0 then
Begin
S :=8 + 3;
PUSH (PB BANK);
PUSH (PB) ;
PUSH (P) ;
PUSH (PL) ; ‘
PUSh(ISR) ;<<Internal hardware status register>>
End;

where...
PUSH (REGISTER) is defined to be
Procedure PUSH (Register);
Value register; Integer register;
Begin
S := S + 1;
(S):= REGISTER;
End;

Note for pushing S-SB the following occurs:
S := 8 + 1;
(S) := S - SB - 1;

The registers specified by CIR (8:8) are pushed onto the stack. Note:
. this instruction executes in the sequence shown.
Indicators = Unaffectea
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158.

159.

Instructions

SETR N <Set registers> Sub OpCode 2=17

if (CIR(8:5) <> 0 and NOT Priv Mode)
then MODE VIOL. TRAP;
if CIR(8) = 1 then Begin POP (SB); TEMP := (SB BANK);End;
it CIR(Y) = 1 then Begin POP (DB); POP (DB BANK);End;
it CIR(10) 1 then Begin POP(UDST); PCP(UDST BANK);End;
if CIR(1l1) 1l then POP(DL + DB);
if CIK(12) l then PCP (4 + SB);
if CIR(13) 1l then if PkIV MODE then
POP (STATUS(U:16)) else
POP (STATUS(2:1,4:4)) ;
1l then POP(QU + SB);

l then POP(S + SB);
1 then SB BAMNK := TEMP;

if CIR(14)
it CIR(15)
1t CIR(&)

where...
POP (REGISTER) is defined tc be
proccedure FOP (thegister);
Begin
Register := (S);
1f Register = "g"
then § := 8§ - 1;
End;

The registers specified by CIR (8:8) are fillea by an absolute value
trom the T0S for UDST, STATUS, DB, DB bank, SB, SB bank and an
absolute value computed by adoding to the TGS for the others. After
each register is set, the TOS is deleted.

Indicators = Unaffected except by loading STATUS reg.

ADDS N <Add to s> Sub OpCode 3=12

if N> O then S := S + N:
if N = 0 then

Begin
Temp := (S);
S t= S-1; <<This leaves original 1S) undefined>>
S :t= S + Temp;

End;

If the eight bit operand is zerc, the content of the TOS is addea to
S - 1 (the T0S is popped and (S) spaces are then pushed onto the
STACK). Otherwise the operana is added to S (N spaces are pushed
onto the stack).

Indicators = Unatfected
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‘ lou. sUBS N <Subtract from S> Sub OpCode 3=13

if N> O then S := § = N;
if N = 0 then

Begin
Temp := (S5);
S := S-1; <<This leaves original (S) undefinea>>
S := S - TEMP;

End;

It the eight bit operand is zero, the content of the TOS is
subtracted from S - 1 ((TOS) + 1 words are popped from the stack).
Otherwise the operana is subtracted trom S (the stack is popred by
N).

Indicators = Unaffectea

lol. XCHG <Exchange Global Data Area> Spec OpCode=03
Cir112:4)=0
New DB DST Label := (S);
If NGT PRIV MODE .
Then Mode Violation Trap;

DB Bank,DB := Label evaluation of DB seg. label;
: <<Segment base in DST entry>
. DL := DB + Segment Length; <<length in DST entry>>
TEMP := ((CTCBP) + 2);
((CTCBR) + 2) := (S);
(S) := TEMP;

This instruction expects a Data segment label in S that points to a
new global data area. The segment base aadress in the DST entry for
that label is loaded into DB bank and DB. The segment length in this
DST entry is added to DB and loaded in DL. The new DB segﬁent label
in the TOS then is exchanged with the CB segment label entry in the
current Task Control Block.

Indicators = unaffected

le2. RCLK <Read Clock> Spec OpCode=05
CIR(12:4)=1
S := S+1;
(S):= CLOCK;

The contents of the Process Clock is pushed onto the top of the
stack.
Indicators = Unaffacted
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lo3. SCCR <Set clock comparison register> Spec CpCode=05
CIR(12:4)=3

Clock comparison register := (S);
5 := S - 1;

The word in the top of the stack is stored in the clock comparison
register. The top of the stack then is aeletea. Any previous

unserviced Timer interrupt will be cleared. This is a privileged
instruction.

Inaicators = unaffected

Special Control Instructions

164. FLDA <Frivileged load from absolute Mini CpCode=15
address> Cir(lz:4)=0
5 =8 + 1;
(S) = (X);

Tne content of the index register is a 16 kit absolute address; the
content of this address is pushed onto the stack. The execution of
this instruction is limited to bank 0 (lst 64K of memory). This is a.
Frivileged instruction. ’
Indicators = CCA

le5., LSEA <Load single word from extendea Mini OpCode=16
: address> Cir 14:2)=0
S :=8S + 1; '
(S) = ((8-2),(8-1));

An Absolute Address is contained in S-1, S (the bank address is in
S-1 and the l6-bit address within the bank is in S). The content of
this address is pushed onto the stack.

This is a privilegea instruction.

Indicators = CCa

166. LDEA <Load double word from extendea Mini OpCode=16
address> Cir(l2:4)=2
S =85 + 2;
(85=1) = ((S=3), (8-2));
(S) := ((S=3), (S-=2) + 1);

The double-wora address is in S-1, S(bank address in S-1). The
acuble-wora pointed to by this address is pushed onto the stack (MSWw
in S-1). This is a privileged instruction.

Indicators = CCA on double-word
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169.
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Instructions

PSTA <Privileged store into absolute Mini OpCode=15
address> Cir (12:4)=1
(X) 3= (S);
S t= S - 1;

The content of the index register is a 16 bit abpsolute address; the
top worda of the stack is stored into memory at that address, and then

deleted trom the stack. The execution ot this instruction is limited
tuv bank 0 (lst 64K Memory).

Tnis is a privileged instructicn,
Indicatcrs = Unaffected

SSEA <Store single word into extendea Mini CpCode=16
address> Cirl2:4)=1
((8-2), (5-1)) := (8);
S = §-1;

The absolute address is containeé in S-2, S-1 (the bank address is in
5-2, and the lé-bit address within the bank is in S-~1). The contents
of the 1T0S is stcred in this lccation. The T0S is then pcppec.

1his is a privileged instructicn.

Indicators = unaffected

SDEA <Store cdouble word into extended Mini OpCode=16
address> Cir12:4)=3
((8=3), (5-2)) := (S-1);
((5=3), (8-2) + 1) := (S);
S =8 - 2;

The double-wcrac in S-1, 5 (MSw in S-1) is storec into the location
pcinted tc by the double-wora address in S-3, S-2 (bank address in
5-3). The data is then poppec from the stack. This is a privilegec
instruction.

Indicatcrs = unaftected

RSW <kead Switch register> Spec OpCode=05
Cir(l2:4)=2
)

:= 5 + 1;
{S) := Swi

witch register;
The content of the Fanel Switcn register is pushed onto the stack.

This instruction is intended for use in debug and diagnostic noae,
Indicators = CCA



S=6U Instructions

171. MCS <Memory command and status return> Mini Opcode=l7

CIR(12:4)=2

W w

+ 1;
(s -

~ o0

S
(S) 2,5 - l)Special Memogp

The special control commanda in S-1,S is sent over the address bus tc
the memory ccntroller specitiec¢ by bits 12, 13, 14 of (S-1) and a
wcra of status is returnea tc the .10S.

This is a privileged instructior.
Inaicatcrs = Condition code

Semaphcre Instruction

This instruction is used to implenent a mechanism wherety a memory

location may be read and altered withcut modification by another
module during the read-alter sequence.

72. SEML <Semaphore Load> Mini OpCode=17
Cir(l2:4)=1

S-1,S contains a data label

S := S + 1;

(8) := (Data label address);

(bata label address) := -1;

<KNOTE: This occurs in memory as a special

uninterruptable read contents and

write all 1°s sequence>>
CARRY := If (S) = =1 then 1 else 0;

The content of the memory location addressed by the data label in the
two top elements of the stack is read by a special memory operaticn
that reads the location ana replaces its contents with 1°s before

nandling the next memory request. The original contents of this
memory location is pushea on the stack.

Indicators = CCA on the new 1CS
CARRY If (E)=-1
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. List Search Instructions

173. LLSh <Linked List Search>. Mini OpCode=14
' Cir l2:4)=1

wHILE X > 0 AND ((S-1,8) + (8-3)) < (8 - 2)
AND (5-1,5)<>0 ao
Begin
(S) :
(S-1) :
X :

S-1), (8) + 1);
§-1), (8)):

.
’

{
(

(
(
X
Ena;

S-1, S contain an absolute address (consisting of a bank ad¢ér. ana a
le bit absolute addr. within the bank) into a linked list. Each
aouble word link in the list is an absolute memory address which

peints to the next link. The third word in the stack (£-2) is a test
wora. The fourth wora in the stack (S§-3) is an offset which indicates

the position, relative to each link, of a target number. The count
is in the index register.

At each step the test wora is ccmparea to the target number. If the
test wora is logically less than or equal to the target number, or
) the link address is equal to zero, the instruction terminates.
; . Ctherwise, (S-1), (S) is replaced by the next link, the count (index
register.) is decremented, and the instruction repeats again.
lThis is a privileged instruction.
Indicators = CCL if terminated on X = 0
CCE if terminated on ((S-1), (S) + (S-3)) >= (5-2)
CCG if terminated on ((S-1,S) = 0

Label Instructions

174. LLBL N <Load Label> Sub OpCode 3=07
if N> (PL(8:8)) then STT violation trap else
Beg in
If ((PL-N)(0:1)) =1 then
Begin <<external>>

S :=8 + 1;
(S) := (PL-N);
End else  <<internal>>
if N > 8177 then STT violaticn trap else

Begin
[ S =S + 1;
(S(0:1)) == 1; <<convert to external>>
(S(l:7)) := N3
‘ (S(6:8)) := STATUS (8:8);
Ena;
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The label in the STT table at PL-N is loaded onto the 1108 if it is in .
the sTT, i.e., N is less than or equel to STIL. If the label is
internal and N is less than or equal to %177 the label is converted

to external type and stacked. If the label is internal and N is

greater than %177 then a STT violation trap is invoked.
Indicators = unaffectea

175. CwLB <Convert word label to byte label> Mini OpCode=14
CIR(12:4)=2
(5-1,S) contains a data label;
If (S-1(0:1)) = 1 then
begin <<DB label>>
If (s-1(l:1)) = 0 then (S-1) := ASL(S-1)
else cata label overflow;

End;
If (S-1(0:2)) = 0 then
pegin <<SB label>>

If (s-1(2:1)) = 0 then (S-1) := ASL (S-1)
else data label overflow;
End;
It (S-1(0:3)) = 3 then
Begin <<Data segment label)>> ' ‘ _
If (S(0:1)) = 0 then (S) := ASL(S) .
else data label overflow; -
Ena;

The offset field in the data label on the stack is multiplied by two
and checked for overflow.

Indicators = Unaffectea

176. CBLW <Convert byte label to word label> Mini Op(Code=14
CIR(12:4)=3
(S-1,S) Contains a byte data label;

If (S-1(0:1)) = 1 OR (S-1(0:2)) = 0 then
Begin <<DB or SE label>>
(5-1(2:14)) := (5-1(1l:14));

(S-1(1:1)) := 0;
(S=1(0:1)) := (S=1(0:1));
Ena

else (S) := ARS(S);

The offset field in the data label on the stack is divided by twc.

Indicators = byte address to carry .



5-63

Instructions

. 177. CLAA <Convert Label to Absolute Address> Mini OpCode = 15

Cir112:4)=2

(S~1,S) := Address evaluation of Data label in (S-1,S);
CARRY := If LabelOffset(15:1)=1 then 1 else 0;

The Data label ccntained in the top two elements of the stack is

rerlacea by the absolute aadress pointed tc by that data label. The
byte address ot the label is placed in CARRY. This is a privilegec
instruction.

Indicators = unaffectea

178. GEL <Generate Extendea Label> Mini OpCode .= 15

CIR(12:4)=3

(S-1,5) Contains a Lata segment label
(s-3,S-2) contains double integer inaex
DX := (S-3,5-2);
Uffset := (S);
Dlabell := (S-1);
DSTP := 1f Dlapell.(3:1) =1 then DST register
else %1000; <<address of DST>>
If (DSTP) < Dlabell.(4:12)*4 then DST violation;
DSTE := DST + Dlabell.(4:12) * 4; <<address of DST entry>>
helAddr := DX + If Dlabell.(0:3)=3 then Cffset else 0;
Length := (DSTE) + 1;
If RelAadr > Length := (DSTE) then
regin
If DSTE(1l).(0:1) = 1 then
gegin
addseg := integer (RelAddr/length);
<<number of data segments>>
If (Dlabell.(4:12) + addseg > DSTE+1l. (4:12)
then bounas Vviolation;
DSTE := DSTE + addseg * 4;
RelAddr := RelAddr - Length;
End else
bBegin
wWhile RelAddr > Length ao
Begin
kelAddr := RelAddr - Length;
DSTE := DSTP + DSTE(1l).(4:12) * 4;
<<link DST>>
It DSTE(1l) .(4:12) = 0 then
sounds Violation; <<Link DST was 0>>
Length := (DSTE):;
End;
Eng;
End;
Dlabell.(4:12) := DSTE/4;
S := 8§ - 2;
(S - 1) := Dlabell;
(S) := RelAddr;
(S = 1).(3:1) := 1;
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The top two woras in the stack contain a data label pcinting to a
lerge array located in multiple Gata segments., The fourth ana third
woras in the stack contain a aouble integer tc be used insteac of the
inaex register for indexing into the large array. Using this double
integer, narmal array indexing is performed through linked DST
entries to obtain the new indexed address. The final DST § and
offset within this segment of the element address are then used to
generate a new data lavel that points directly to this element. The
original data label and double index values are deletea from the
stack and the new label is pushed on the stack.

Indicators = unaffectea

179, vLAB <validate Labpbel> Mmini OpCode=17
CIR(1l2:4)=3
5-3 contains an Si relative stack fence
5-2(15:1) contains the instructicn mode bit -
5-1,S contains data label;
I1f $-2(15:1)=l ana STA(C:1)=0 then set CCL else
Begin
CC := CCE
If (8-1(0:1)) =1 then
If (S-1(1:15)) > DL-DB set CCL:
It (S-1(0:2)) = 0 then
It (s-1) > (8-3) then set CCL;
It (8-1(G:2)) = 1 then
It (valid address AND (If S-2(15:1)=PRI1V
Uk If DST MODE bit=user.) then CCG else CCL;

End;
S 1= S - 4;

‘'This instruction expects a cata label in the top two woras in the-
stack, an instruction mode bit in S-2(15:1) anad a offset stack fence
or limit in the fourth wora in the stack. Labels that point into the
stack are bounads testeu using the limit value in S-3 instead of S.
Labels that point into the glokal data area (Lb rel) are tested in

the normal way. Labels that point into data segments are tested to
give a valid address and to pass the PRIV mode test with the mode bit
in S-2.
Indicators

CCE if valid user address in the stack
or global data area. ’

CCs if valid data segment label.

CCL if invalid address or priv segment
with user mode bit.
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. Extended Instruction Set (Lecimal Arithmetic)

This section contains 16 instructions that operate on decimal data.
Some also use, in addition to the decimal data type, another data

type. This group includes convercicns to ana from deciral,
add/sub/mult/aivide, test, negate, absolute, ana eait.

The parameters on the stack for decimal instructions are groupea into
items. Each item contains . words. Words G and 1 form a 2 word byte
lapel addressing the low address of the string. Wword 2 describes tne
length of the string (in decimal digits). word Z alsc indicates
whether half-rounding is performed ard, where the inmplied decimal
point is. Since % wocrd byte labels cannot reference PB relative
operands, there is no kB relative adcdressing in decimel instructions.

There exists an S-aec, tor POPing of the stack after the instruction.
Bit 15 of the instruction op code indicates that the result ITEM is
tc be bCked if a 1 and, nct POPed it a 0. In ary case, all source
ITEM s are PCPed. In the case ot PL1Vv, the remainder is always
Pured. In the case of CVPE, the extended result is never PuUFred.

The following figure shows the positicn of each paraneter in an iten.

‘ ITEM = Wword ¢ : :
1l Label :

H = 1 implies Half-Rounding is performed.
Ly = the number of digits following the implied
decimal point
Len = the number of aigits in the string 0<=Len<=28

(Note: If Len = 0 then tne label is not bounds
checked.)

Balf-Rounding may cause the result to be incremented. If the left
most aigit that has been right truncatea is a 5 or greater, then the
stored result is incremented. The half-Rounding bit is ignored excefgt
on the result ITEM of an PADD or PSUB instructiocn.

Nnotation for identitying the items, Item 0°s word 2 is at location
S-1. Item 1l°s wora 2 is at location $-4. And Item 2°s word 2 is at
location S-7, and Item 3°s word 2 is at location S-10. Different
instructions will require a different number cf items. The usage
kFlaced on each item deperas upor. the instruction being perfornead.

. Generally speaking, Item 2 is a destination pointer, and Item's 0 and
l are source pointers. . four item stack for a EDIV (with one zero
word) instruction would look like this:
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Note:

In

S5-12
o-11

5-10

5= Y
5- 8

5= 7

the

ww wn [ [ 97]
] | ]

w
[

: 2 word Byte
: Label :

2 woru byte

; Label

i Dp : Len :
i 2 word pyte  :
: Label :
: i DF : Len :
{2 wora Byte :
: Lavel :
. :oDr : Len :
. zERO |z

Item 3 - Fkointer to the
C¢uotient

Item z - Pointer to the
Remainder

Item 1 - rointer to the
Diviagenrd

Item 0 - Pointer to the
Divisor

case of FALD or PSUE the stack would lock as follows.

~1

v o

N w

: 2 word Byte :
: Label :
s H : D¢ : Len :
:t 2 word Byte :
: Label :
H s DF : Len :
¢ 2 wWoru Byte ;
: Label :

: 4 E RO :

Item 2 - Half koundable Result

Item 1 - Source 1 to be added
to source 0.

Item U - Source 0 to be added
tc source 1.

The ZERU pushed on the stack last is an interrupt worad and is
to be pushed for ALL decimal instruction, with the exception
of EDIT.
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. Traps

The traps which can occur as a result of a Decimal instructicn
execution are as follows:

Trap Name Parameter Comment
LUver flow/PACKED 108 Result exceeds field
cize,.
wverflowi/BINARY 109 Significance lost,
Invalid Argument/PACKED 128 Decimal Livide by zero.
Invalid Character /EXTENDED 133 Not Decimal aigit.
Invalia Character/ZONED 137 Not Decimal digit.
Invalid Character/PACKED 138 Not Decimal or ASCII
aigit.
Invalid Cnaracter/BINARY 139 Not Decimal digit.
Invalid Control word/EXTENLCED 143 Len or LP toc large or
scurce,
Invalid Control worda/ZONED 147 Len too large.
Invalid Control word/PACKED 148 Len or DFP too large.
Invalid Control word/BINARY 149 Len or DF too large.
\
; . If one of these conditions occurs and user traps are enablea, the

S-dec is preformed and then a copy of the destination ITEM is PUSEed
(3 woras, ané only .the Quotient in the case of PLIv). Then a transfer
is made to the Trap handler, with the appropriate parameter. If user
traps are disabled, overflow is set, the S-dec is performed and the
instruction ends. ‘

Condition codes are set on the stored result.

Decimal Zero and Overflow

Decimal zero can be rerresented as a positive zero, negative zero, or
an absolute zero. All instructions produce ornly a positive zero,
except CVAP,

The left-truncated result is stored and decimal overflow occurs if
all significant digits to the left of the impliecd decimal point do
not fit in the result filed. If this happens, then if a) User traps
are ENABLED, Trap %010 occures or b) User traps are LISABLED,
Cverflow is set, the S-dec is preformed, and the instruction ends.

Firmware Support

' ~ Some of the Decimal ..otructions will be aore in firmware and some in
software. Those in firmware are PADD, PSUB, PCMP, CVAP, CVPA, MVP,
PABS, PTST, PNEG. +Tnose in scftware are PMPY, PDIV, CVPB, CVBP,
CvEpP, CVPE, EDIT. '
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The instructions supported by the firmware increase S by 38 words . :
(decimal) temporarly auring execution to pretorm the interrupt

restart process. Also, if any operand of these instructions crosses

two Data Segment boundaries (Linkea Data Segments), then a DST

violation will occure. This means that the minimum C.S size is 7

words.

Arithmetic LCecimal Instructions

lsu. PADD <Add Packed> OP CUDE 1is 034000

rADD expects 3 items, and a zero,where (ITEM 2) := (ITEM 1) + S
(ITEM 0). CCA is set on the stored result. 1f in either source
specitication the length is zero, then that corresponding operand is
consiaered to be zero ana the label is not checked for Valldlty.

This feature is used in the MVP instructicn.

Indicators: CCA, OVFL

Traps: Overtlow/PACKED 108
Invalid Character /PACKED 138
Invalid Control wora/PACKED 148
18l. PSUB <Subtract Packed> OP COLE is 034004

PSUL is exactly like PALD except that (Item 2Z) := (Item 1) -
(Item (). Traps and Indicators are the sare.

ig2. PCMP <Compare Packed> OF CODE is 034010
PCMP expects 2 items, and a zero, where (Item 1) is compared with
(Item 0) and CCA is set to CCG if Item 1 is greater than Item 0, CCE
if equal, and CCL if Item 1 is less than Item 0.
Indicators: CLA, OVFL

Iraps: 1Invalid Character /PACKED 138
Invalid Control word/PACKED 148
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"' 183.

ls4.

Instructions

PMPY <Multiply Packed> OP CODE is (34050

PMPY expects 3 items (and one zero word) on the stack ané (Item 2) :=
(Item 1) * (Item 0). No indication of uncerflow is giver,

Indicators: (A, OVFL:

181. PSuUB <Subtract packec>
is3. PIST <Test packea>
l'raps: COverflow/PACKED. 108
Invalid Character /PACKED 138
Invalid Control word/PACKED 148
PODIV <KDivide Packea> OP CuDL 1is 034054

PL1V expects 4 items (and one zero wora) on the stack, where (Item 3)
:= (Item 1) / (Item 0). Item 2z <~ the remainder. If Item z°'s Len

rarameter is zero, then then remainder is not stored, yet the
instruction produces a quotient.

Indicators: CCA, OVFL

iraps: Overflow/PACKED 108 Computer

.. Museum
Invalia Argument/PACKED 128
Invalid Character /PACKED 138
Invalia Control wora/PACKED 148

Conversion Decimal Instructions

185,

CVAP <Convert ZONED to Fackea> OP CODL is 034024

CvAP expects 2 items on the stack. Item 0 is an ASCII Numeric String
ana is converted to a Packed string and the result is stcred at

Item 1. The ASCII source must be lesding blanks or decimal digite.
The rightmost digit may be signead. Leading blanks will be converted
to aecimal zeros; embeaded blanks are illegal. An all blank tiel¢
converts to an unsignea (absolute) zero target field. An unsigned
ASCII operand will produce an unsigned aecimal result. If the number
ot targyet digits is less than the number of source digits, the source
will be converted until tne target field is filled, producing a left
truncated result. If the source aigit count is less than the target
aigit count then the remaining target field will be fillea with
zeros. Both aigit counts must be in the range (0 <= Len <=28. If the
scurce aigit count ic zero, then only the S-dec is performea.
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note: 1f an illegal character is founa in the scurce, tnen the trap
is delayed if it occurea on a zonea digit (appearing in a positicn
other than the sign) until the result is copiec tc the cestinaticn
item. ‘lne zoned digits wcula be convertea tc the .corresgcnding
uwigit, 1he trap woula be taken at the completicn of the instructicon,

Note: All source digits are alwaye checkea.

Inadaicators: CCa, OvrL

lraps: Invalid Cnaracter/PACKED 138
Invalid Control word/PACKED 148
lo6. CvPA <Convert Packed to 4«ONEL> OP CODE is 034020

numeric Data

CVPA expects 2 items cn the stack. 1Item U is a cecimal data string

and i1s ccnverted to an ASCII Rumeric Data string and the result is
storea at Item 1.

An unsignea result is consicderec positive when setting the ccncition
coue, resulting in CCG or CCE. Leading zeros are converted to zeros,

If either length is zerc, then nothing but the S-dec is performed. ‘ :
1ne least significant digit is always modifiea by the sign byte ot

the decimal source to appear as specified earlier. A set absoclute

(PABS) instruction is provided tc get a digit in the sign positicn,

Note: The source and destination fields cennot overlsar at all in
memory since an internediate copy is not maintainec!

‘Indicators: CCA, OVEL

Traps: 1Invalid Character/ZONED 137
Invalid Control word/ZONED 147
ld7. CVvBP <Convert Binary to Packed> ~ QOF CCDE is 034034

CVBF expects two items on the stack; Item 0°s Label must evaluate to
a word address (i.e. otftset is evern). Item 0°s Len parameter in word
< is the length in woras ot the binary number tc be converted. This
length must be less thar or egual tc 6. If this length parameters
specities a lergth greater tharn 6, then User 1Traps disabled will
ceause OGVrL to pe set, User Traps enablea will ceuse Trap !48§ tc
occur. The 2°s complement source at Item 0 is ccnverted tc decimal
ana stcred at lItem 1. The target is fillea with leacing zercs it
necessary. If the scurce overflcws the target, the left truncated .
result is stored and a decimal overflow occurs. The length cf Item 1
must be less than or eqgual tc 28. If the length of Item 0 is zero,
tnen nothing is performea.
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ly8,

189.

Instructiorns

Inaicators: CCA, OVFL

Traps: Overflow,/PACKED 108
Invalid Control word/PACKED 148
CvPB <Convert Packea tc binary> OP CULE is (G24C30

CvrB expects two items on the stack; the label in ltem 1 nust
evaluate to a word adgress, In Item 1, the specitication Len in word
2 is length in words of the binary number. 1If tnis length is greater

than 6, or if the length of Item 0 is greater tnan 28, ara user trags
are enablea, a TkAP 149 is performed and CVEL is nct set. 1If the
length ot 1lter U is zero, then nothing is perforneo.

Inaicators: CCA, UVFL

Traps: Overflow/BINARY 109
Invalid Character/BINARY 139
Invalid Control word/EINARY 149
CVPE <Convert Packed to Extendec GF COLLE is U24040

Floating Point>

CVPE expects 1 ITEM at S-3 and 4 wcrds at S-7 thru S-4 for the
Extended floating point result to agppear. The contents of the ITEM
at S-3 is converted to 4 word floating point and stored at S-7 thru
S-4. The Item is always PCGFed and the Extendec result is left. The
stack shculd appear as follows.

S=-7 : :
S-6 : Space for the Extenaea :
S-5 : Floating Point FResult :
S=-4 :
5-3 : Source Label for %oned s
S=-2 Decimal Fiela :
S5-1 : Parameter word ;
S : Z ERO :

Indicators: CCA, OVFL

Traps: Invalid Character /EXTENLED 133
Invalid (ontrol word/EXTENDED 143
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™~

lyu. CVEP <Convert Lxtended Floating OP CUDE is 034044 .
Pcint to Decimal>

CVEP expects Item 1 (at S-7 thru S-5) as a aestination pointer anad at

5-4 tc S-1 is a 4 wora floating point number which is ccnverted to
decimal and stored at Item 1, then the S-dec 1s performec.

S-7 : Destination Label points :
5-6 ¢ to Decimal Fiela :
5-5 Parameter hord :
5-4 : Extended Floating Foint :
5-3 ¢ Source to be conver ted :
5=-2 and storec¢ in the :
5-1 Decimal Field :
S : 4 E RO :

Indicators: C(CA, OVFL

Traps: Overflow/PACKED 106
Invalid Control word/PACKED 148

Special Decimal Instructions

191. MvP <Move Packed Field> CP CODE is 034014

MVP expects two items on the stack, where Item 0 is a source and

Item 1 is a destination. 1Item 0 is moved to Item 1 and CCA is set on
the value., If the destination length is longer than the source, then
leading zeros are filed in. 1If the destination length is less than
the source, then truncation ocures at the left end. This instruction

simulates the follcwing sequence of Macrococe,

DZRO,ZERCG;
PALD;

Since 3 zeros are FUSHeud, the following must be considered:

S5 must be less than Z-3 else stack overflow will
occur.
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192,

193,

194,

Instructions

Shitts can be done with MVP as follows:

Snift RIGHT by X digits

then destination DP = 0
and source DF = X

shift LLFT by X digits .
then destination DB = X

and source DFP = 0

The shifted resultes can have nalf rounding arrlied since an FADL
instruction is preformed.

Indicators: <CCA, Overflow

Traps: Overflow/PACKED 108
Invalid Character /PACKED 138
Invalid Control word/PACKED 144
PABS <Set Packed Field to Absolute> OP CCDE is 034070

PABS expects one item on the stack anda will set CCA on the value of
the decimal string pointed to by this iten. 1In adadaition, it will
change the sign byte to absolute (a value of %(2)1111).

Indicators: CCA

Traps: Invalid Character /PACKED 138
Invalid Control word/PACKED 148
PTST <Test Packed> OF CODE 1is (34060

PTST expects a single item on the stack an will set the condition
ccde to CCA on its value.

Indicators: CCA

Traps: Invalid Character/PACKED 138
Invalid Control word/PACKED 148
PNEG <Negate Packed> OP CODE is 034064

PNEG expects a single item on the stack an will negate the decimal
string. If the r2s'"* is zero, only positive zero will be generated.

Indicators: CCA

Traps: Invalid Character /PACKED 138
Invalid Control word/FACKED 148
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Decimal Edit Instruction

1y5. EDIT <Edit Decimal> OP CODE is 034074

Tne stack contains three 2 word byte labels and a single length
parameter. The length of the target string is impliec by the edit
mask. EDI1 does not generate any traps. There is no S-dec. The
stack appears as follows:

S-6 : 2 word Byte : Target Label

5-5 : Label :

5-4 : 2 wWword Byte : Edit mask Label

5-3 Label :

S-2 : 2 word bkyte : Packed or Zoned Source Label
5-1 : Label :

S : Length : Packed or Zoned Source Length

- e . e e - .- -

Indicators: CCA if numeric editing

Traps: (to be insertea.)

summary of Decimal Instructions

Below is a complete list of the decimal instruction package. Those
instructions appenaea with a 4§ sign are implemented in firmware.

Inst OGP CODE Inst OpP COLE
PALD# 034000 CVPB 034030
FSUE# 034004 CVPE - 034040
PCMP# 0340G:10 CVEP 034044
EMPY 034050 MVP# 034014
PD1IV 034054 PABS#% 034070
CVAP# 034024 PTST# 034060
CvrAs 034020 PNEG# 034064

CVbP 034034 EDIT 034074
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Appendix A

Alphabetical Listing of Instructions

88.
29,
115.
1z,
157,
89.
122,
66.
119.
92.
93.
lo.
17.
16,
<0.
19,
15,
<2,
<l.
67.
83,
176.
27,
177.
28,
142,
113.
11,
114,
23.
Yo.
97.
185.
187.
190.
26.
186.
188.
189,
175.
41,
J99.
100.
134.
40,
103.
104.
74.
77.

ALAX
ALD

ADDI
ADDM
ADDS
ADXA

" ADXI

AND
AnDI
ASL
ASK
sBCC
B8CY
BNCY
BNOV
BOV
BR
BRE
BRO
BTIST
CAB
CBLw
CC1
CLAA
CHP
cMpB
CMPI
CMPM
CMPN
CPRB
CsL
CSRr
CVAP
CViBP
CVEP
CVIiD
cvea
cves
CVPE
CwLB
DADD
DASL
DASR
DBUG
DCMP
DCSL
DCER
DDEL

i<

<Add A to X>

<Add>

=N <Add immeaiate>

E(*,D,X,FDGS) <Add memory>

N <Ada to s>

<Add x to A>

=N <Add immediate to X>

<And, logical>

=N <Logical ANL immediate>
CNT<Arithmetic shift left>
CNT<Aritnmetic shift right>
L(*,L,E)<Branch on Condition Code>
Li«*,L,F)<Branch on carry>
L¢*,L,P)<Branch on no carry>
L«,L,F)®Branch on no cverflow>
L*,L,F)<Branch on overflow>
E{(*,0,X,P or indirect DyS)<Branch>
L« ,L,EF)<Branch on T0S even>
L(*,L,F)<Branch on 10S& odd>

<Test byte in TO0S>

<Rotate ABC>

<Convert byte label to worc>
<Convert Condition Code to Integer>
<Convert Label to Absolute Address
<Compare>

<Compare bytes>

=N<Compare immeaiate>

E (*,D,X,DQS)<Compare memory>
=N<Compare negative immediate>
L(*,L, P)<Compare range and branch>
CNT<Circular shift left>
CNT<Circular shift right>

<Convert zonea to packead>

<Convert binary to packead>
<Convert extendec Flt. pt to decimal>
<Convert Integer to Double Integer>
<Convert packed to zonea>

<Convert packed to binary>
<Convert packed to extencea Flt.Pt.>
<Convert word Label to Eyte Label>
<Double add>

CNT<Double arithmetic shift left>
CNT<Double arithmetic shift right>
<Debug Interrupt Call>

<{Double compare>

CNT<Double circular shift left>
CNT<Double circular shift right>
<Doupnle delete>

<bouble duplicate>



44.
7.
73.
75.
131.
34,
llu.
l01.
lo2.
43,
45,
ilu.
4z.
oY.
76.
gu.
72.
59.
5.
ITEN
59.
ol.
62.
63.
58.

60.

57.
109.
125.

47.

46.

50.

54.

53.

52.

49,

5l.

48 .
178.
127.
144.

14.

86.

154,
149,
148.
135.
152.
153.
130.
35.
34.
107.
Z.

DDIV
DECX
DEL

DELo
DISP
DIV

DIVI
DLSL
DLSK
DMPY
PDNEG
DPF

DSUB
DTST
bup

DXCH
D4 RO
EADD
ECMP
EDIT
EDIV
EFLT
EFXR
EFXT
EMPY
ENEG
ESUB
EXF

EXIT
FADD
FCMP
FDIV
FIXR
FIXT
FLT

FMPY
FNEG
FSU3
GEL

HALT
HIOP
INCHM
INCX
INIT
IOFF
ION

IPL

ITUF
ITON
IXIT
LADD
LCMP
L3IT
Les

<Double Divide>

<Decrement x>

<bDelete A>

<Delete B>

<Dispatch>

<Diviae>

=n<Divide immediate>
CNT<Double logical shift left>
CNT<Double logical shift rignt>
<bouble pMultiply>

<Dbouble negate>

<Deposit field>

<Double subtract>

<rTest double word on 1GS>
<buplicate A>

<bouble exchange>

<Double push zero>

<Extended Floating 2dd>
<Extended Flcating Compare>
<Edit decimal>

<Extended Floating Divide>
<Extended Float>

<Extended Fix and Round>
<Extended Fix and Truncate>
<Extended Floating Multigly>
<Extended Floating Negate>
<Extenaed Floating Subtract>
<Extract Field>

N<Procedure exit>

<Flocating add>

<Floating ccmpare>

<Floating diviae>

<Fix and round>

<Fix and truncate>

<Float>

<Floating multiply>
<Floating negate>

<Floating subtract>
<Generate extendea label>

K <Halt>

<Halt I/O Process>
E(*,D,X,DUS) <Increment memory>
<Increment index>
<Initialize I/0 Channels>
<Disable External Interrupts
<Enable External Interrupts
<Initial Prcgram Loac>
<Interrupts & timer off>
<Interrupts & timer on>
<Interrupt Exit>

<Logical adaé>

<Logical compare>

<Load Bit>

E(*,D,X,FL(S) <Loac byte>
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3.
lbb'
111,

Jo.
112.
o.
b4.
120,
121,
174.
173.
37.
1.

los.
94,
95,
do.,
171.
137.
31.
117.
45,
13g8.
139,
33.
9l.
39.
bd.
192,
180.
124,
124,
182.
1b4.
lo4.
1s3.
194.
132.
133.
157.
lo7,
78.

105.
10e6.

10.

70.

sl.
l62.
l4e6.
156.
17¢.
lus.

LDD
LDEA
LLI
LC1lv
LENI
LDX
LDXA
LDX1
LL Xiv
LLBL
LLSH
LMPY
LOAD
LRA
LSEA
LSL
LSKR
LsSuB
MCS
MOVE
MPY
MPYI
MTBA
Mvs
MVB W
NEG
NOUP
NOT
OF
PABS
PALD
PAUS
PCAL
PCMP
PD1IV
PLDA
pPMPY
PNEG
PSDB
PSEB
PSER
PSTA
Qoup
WLl
WLSL
QLSRR
USTR
QIST
WwXCk
RCLK
RIQC
RMSK
RSW
sSB1T

E(*,D,X,PLyS) <Load double>

<Load dcuble wcra frcm ext. address>
=N <Load immeciate>

<Logical divide>

=N <Load negative immediate>
E(*,0,X,L(S) <Load incex>

<Loau X onto stack>

=N <Loaa X immediate>

=N <Load X negative immeuiate>

i <Load Label>

<Linked list search>

<Logical multiply>

E (*,D,X,PLLS) <Load>

E (*,D,X,PLuS) <Load relative address>
<Load singcle worc from ext, acdress>
CNT <Logical shift left>

CN1 <Logical shift right>

<Logical subtract>

<Memory Command and Status Feturn>
<MOve woras>

<riultiply>

=n <multiply immeaiate>

£ (*,D,P) <Modify, Test, kranch A>
<Move bytes>

<mMove pytes while>

<Negate>

<No operation>

<One s complement>

<0r ,logical>

<Set packea field tc abksclute>
<Add packea>

K <Pause>

N <Procedure call>

<Compare packea>

<Divide packed>

<Privileged load from absolute acdress>
<Multiply packec>

<Negate packea>

<Pseudo Interrupt Disable>

<Pseudo Interrupt Enable>

N <Push registers>

<Privileged store into absolute address>
<Guad Luplicate>

E(*,D,X,PCCS) <Quadruple Load>
<Quad logical shift left>

<Quad logical shift right>
E(*,D,X,D\S) <Quadruple Store>
<guad Test>

<¢uad Exchange>

<Reaua Clock>

<Read I/0 Channel>

<Read hask>

<Reaa Switch register>

<Store Bit>



Aprendix

1230

Yy,
163,
141,
140,
lo9,
13e6.
172,
158,
143,
155,
lod.

85.

9.
7.
30.
1l1l6.
13.
158,
120,
24,
68,
151.
152,
179,
147,
2.
79.
lel.
129,
9d.
63.
71.

S8XI
SCAN
SCCK
SCu
SCw
SDEA
SDMP
SEML
SETR
SIOop
S5i1SK
SSEA
STAX
STB
STD
STOR
SUB
SUBI
SUBM
S0BS
SXIT
TBA
TEST
TOFF
TON
VLAB
wIOC
XAX
XCH
XCHG
XE¢
XLSL
XOR
ZERO

=N <Subtract immediate from X>
<Scan bits>

<Set Clock Comparison Ekegister>
<S8can until>

<Scan while>

<Store double wora into ext., address>
<System LCump>

<Semaphore Load>

N <Set registers>

<Start 1/0 Program>

<Set Mask>

<Store single worad intc ext. address>
<Store A into X>

E(*,0,X,DuS) <Store double>
E(*,D,X,DQS) <Store double>
E(*,D,X,DQS) <Store>

<Subtract>

=N <Subtract immediate>

E (*,D,X,DCS) <Subtract menory>
N <Subtract from S> .

N <Subroutine exit>

E (*,D,P) <Test, tranch, A>
<Test TUS>

<Timer Cff>

<Timer On>

<validate Label>

<Write 1/0 Channel>

<Exchange A and Xx>

<Exchange A and B>

<Exchange Global LCata Area>

K <Execute>

<X-register Logical Shift Left>
<Exclusiie or, logical>

<Push zero>
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