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ARCHITECTURE EVOLUTION {1960-80) 

l.t ARCHITECTURE EVOLUTION: 
This figure depicts the evolution of architecture over the 
past 20 years. In the center diamonc at the top we show 
batch computing of the 1960's which is characterb:ed by, 
first, very little or n� interactiveness and, second, very 
fittle or no sharing of peripherals and data fifes. tn the late 
1960's computer architecture evolved into two distinct 
forms. On the one hand there was timesharing which was 
intended for people who , needed large machine 
architecture, but could sacrifice certain degrees of 
performance and interactiveness. Timeshartng systems 
are characterized by poor interactiveness but very good 
sharing characteristics and also large machine 
architecture. On the other hand batch evolved into a form 

1980s 

called dedicated minicomputers. Minicomputers are 
characterized by having good interactiveness, good 
human interfaces, and very good performance, but 
tacked in the.sharing of peripherals and data among a 
community of users. 
The Apollo DOMAIN system has evolved as a direct result 
of improvements in technology and 1s widely h.eld to be 
the architecture of the 1960's. It combines the goOd parts 
of both timesharing and dedicated minicomputers, but 
eliminates tl"te disadvantages of both of these earlier 
forms. The Apolfo DOMAIN system has good sharing 
capabilities provided by a high speed interactive network 
as well as interactiveness provided by a dedicated 
computer available to each user. 



GOVERNING PRINCIPLES 

• DEDICATED CPU PER USER 
• INTEGRAL WIDE BAND LOCAL NETWORK 
• HIGH LEVEL DESIGN {ISP, VAS, PMS INDEPENDENCE) 
• USE OF ADVANCED TECHNOLOGIES 

{VLSI CPU, WINCHESTER DISKS, etc.) 

1.2 GOVERNING PRINCIPLES: 
There are several principles that have been used to 
govern the design of the Apollo computer system. First, 

·and foremost, is the notion that there exists a dedicated 
CPU for each user. Second, each user is interconnected 
with a high performance local area network. Third, the 

design of the architecture is based on high level 
abstractions so that we may independently evolve lower 
level components (SJ.JCh as the instruction set. or internal 
buses) with minimum impact. Fourth, is the use of 
advanced technologies, such as VLSI, Winchester disks, 
and so.on. 
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1.3 HIGH LEVEL DESIGN/IMPLEMENTATION: 
The Apollo system incorporates designs which are 
uniformly advanced, or appear at a higher level than 
conventional computers . A conventional computer is 
characterized by: (1) a machine level instruction set or 
what we call an 1$P, (2) a machine level address space or 
a virtual address space which is a measure of the range of 

·· addressing that the computer can span. (3) the processor 
memory bus organization, or what we call PMS, including 

·the memory buses, the attachment of processors, the 
attachment of multiple mem,ory unitsand so on, and (4) 
the 1/0 system of the computer, or the 110 bus. 
The Apollo system is designed around higher level 
abstractions in each of these particular areas. For 
example, rather than an instruction set, we talk about a 
high level language implementation. namely PASCAL 
Similarly, instead of a machine level address space. such 
as the 24 bit address space of the Motorola 68000, we talk 
about a 96 bit network wide global object address space. 
Our thinking here is that objects are very large entities 

that are 32 bits in length and whose location should be 
anywhere on the network. This 96 bit network wide object 
address space is the fundamental sy.stem address in the 
Apoflo DOMAIN system, and is designed to 
accommodate various machine tevel address spaces. 
Similarly, rather than designing the system around a 
processor memory bus organization, theApoffosystem ts 
designed around a two address packet network. This 
network is used to attach computation units, peripheral 
unit$ and gateways to other systems. It is the backbone of 
the system allowing us'E!ts to intercomm.unlcate, to 
access shared programs and data fifes ·and for access to 
shared peripherals. Finally, our 1/0 bus is notan integral 
part of our internal system. but rather an tEEE proposed 
standard MUL TtBUS . which is externally available to 
usersand is widely acknowledged as a standard for small 
computers in the computer tndustry. 



ADVANCED CONCEPTS 

SYSTEM ENVIRONMENT 
e NETWORK ORGANIZATION 
e RING NETWORK PROTOCOL 
e NODE ARCHITECTURE 

PROCESSING ENVIRONMENT 
e NETWORK WIDE VIRTUAL MEMORY 
• PROCESS STREAMING 
e SHELL PROGRAMMING 
e COMPILATION/BINDING/EXECUTION 

USER ENVIRONMENT 
8 USER NAME SPACE 
e CONCURRENT PROCESSING 
e BIT MAP DISPLAY MANAGEMENT 

1.4 AbVANCED CONCEPTS: 
There .are many advanced concepts that have been 
applied to the Apoflo architecture and they can be 
roughly broken down into three general categories: (,} 
those pertaining to the overall system environment, (2) 
those pertaining to the program environment. (3} those 
pertaining to the user environment. It is useful to point out 
certain particut.ar features that have been incorporated 

. into the DOMAIN sys·tem in each of these enviro.nments. 
The Apollo system environment is unique in the sense 
that the architecture is based on a network as opposed to 
a central systems architecture. This network allows 
shared data and peripherals, and is controlled by an 
object or•ented operating system that will be described in 
more .detail later .. 

The processing environment for the Apollo system 
includes: (1) a very large linear address space for virtual 
memory management. (2} advanced concepts, such as 
stream flO which w ill be described later, and (3) new 
ideas such as shell programming which .allow people to 
build proc.edures at the command tevef. 
The user environment of the Apollo DOMAIN system is 
radically different from conventional systems. Rather 
than a chara.cter oriented dumb terminal, the Apollo 
system has for each user an integral bit map display. This 
paraHel device allows many concurrent programs to be 
executing on behalf of each individual user, which is 
accomptished by dividing the display into multiple 
independent window areas. 



SYSTEM ENVIRONMENT OBJECTIVES 
NETWORK MODULARITY 

• WIDE PERFORMANCE RANGE 
• HIGH AVAILABILITY 

RING NETWORK 
• HIGH SPEED I LONG DISTANCE 
• MULTIPLE TECHNOLOGIES 

MAXIMIZE NETWORK INTERACTIVENESS 
• NO SUPERFLUOUS MESSAGE BUFFERING 
• MAXIMUM DMA DATA RATES. 

IJ.1 SYSTEM ENVIRONMENT OBJECTIVES: 
Network modularity was a principal design ob jective of 
the Apollo computer system, providing a wide range in 
performance. a wide range in growth capability, and a 
wide range in system level availability. Modularity at the 
network level aliows users to incrementally expand their 
system by themselves on their site. and without 
substantial programming. It means that they can 
replicate nodes to obtain very high availability. It furtner 
means that the .overall system configurations can 
conform to the users specific application in the most cost 
effective way he chooses. From a manufacturer's point of 
view. network modularity significantly eases system 
maintenance. allowing the replacement of entire nodes 
as well as the ability for one node to diagnose another. 
A second design objective for the Apollo system 
environment was to incorporate a high performance 
coaxial local area network. Although our system is 
designed to accommodate any two address packet 
transport mechanism. the specific Implementation that 

Apollo has chosen involves a ring topology. Rings have 
numerous advantages over alternative approaches: They 
generally allow higher data bandwidths and longer 
distances, they allow migration to new technologies such 
as fiber optics. they are very interactive allowing very fast 
network arbitration. and finally they incorporate a free 
acknowledgement function with the circulation of each 
packet. 
A third system environment obje.ct,ve was to maximize 
network interactiveness In this regard, our design 
eliminates all superfluous message buffering between 
nodes. allowing a message generated from one process 
to be transmitted dtrectly to another process on a 
separate machme. Secondly, our network controller 
transmits data through the block multiplexor channel 
which allows all high performance OMA devices to have 
access to the to1al mt>mory bandwidth of both machines. 
Consequently, when a message is transmitting from one 
machine to another. the data rate is at the maximum 
possible perm1tted by the two rn6mory systems. 



SYSTEM ORGANIZATION 
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tf.2 SYSTEM ORGANtZATlON: 

•••• 

GROWTH 

The system level organization of the Apollo syste'm is 
based on the Apollo DOMAIN network. This network 
allows an extremely wide range in performance. growth 
and system availability. Moreover, users attached to the 
system can intercommunicate, can access shared 
programs and data files across the network, can access 

common pools of peripherals, and can finally access 
remote facilities, including large foreign machines or 
other Apollo DOMAIN systems. Consequently, the 
Apollo DOMAIN network together with the per user 
computing node is intended to provide fin entire 
computing facility to each user. 



RING NETWORK PROTOCOL 

0 
s 

TOKEN 

TOKEN={)11111100 
FRAME=011111101 

MESSAGE HEADER=011111110 

MESSAGE SE.PARATOR=011111111 

11.3 RING NETWORK PROTOCOL: 
The Apollo DOMAIN system is designed around a two 
address packet transport network. The �pecific 
implementation of this network can take various forms, 
and the .system is specifically designed to be able to 
migrate from one form to another as the technology 
requires. 
The topology of the Apollo network is in the form of a 
circular ring Access to this ring is arbitrated through the 
passing of a TOKEN which is a specific encoding of bits 
passed from one node on the network to another. The 
system a !lows oneand only one TOKEN to be on the ring 
at any given instant, and the possession of this single 
TOKEN gives a particular node exclusive use of the 
network for the duration of a message transmission. 
The format of the message on the ring includes the 
destination node address. the source node address. 

header information. data, a CRC check, and finally an 
acknowledgement field. The acknowledgement field is 
adjusted by the destination node. thereby acknowledging 
the correct receipt of the packet to the source node. 
The encoding on the ring uses .a conventional bit stuffing 
technique whereby the occurrence of five consecutive 1 's 
causes the insertion of a 0 on transmtssion and a 
corresponding removal of the 0 upon reception. Several 
special flag characters are used to establish packet 
synchronization and are encoded as a string of six 
consecutive 1 's followed by two identifier bits. One of 
these is the TOKEN which deviates from other flag 
characters by only the last bit thereby allowing a node to 
exclusively acquire a TOKEN by simply altering.a single 
bit. Thts allows minimal buffering in each node and 
therefore maximizes network responsiveness. 



32 BIT SYSTEM HIERARCHY 
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11.4 32 BIT SYSTEM HIERARCHY: 
The Apollo central processing unit is built around a VLSI 
microprocessor with 32 bit architecture. The instruction 
set of the processor includes both 32 bit data types as well 
as a 24 bit linear virtual address space. The physical 
parameters of the system, most notably the width of the 
data path, can be viewed in a hierarchical arrangement. 
At the system level computer nodes are interconnected 
with a 1 bit serial packet network. Certain peripherals 
attached to an individual computer node are 
interconnected with 8 bit (1 byte) .data paths, whereas, the 

memory system and high performance peripherals 
operate on a 16 bit data path. Internal CPU registers and 
an arithmetic logic unit are all implemented with full32 bit 
data paths. 

Consequently, the CPU is generally 32 bits wide, the 
memory system is 'generally 16 bits wide, while the 
network system is only a single bit wide. The width of the 
data path varies inversely with the physical distance from 
the internal processing registers. 



NODE ORGANIZATION 
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11.5 NODE ORGANIZATION: 
The internal Apollo node organization is comprised of 
severa1 key parts. First, there is the central processing 
unit comprisedof multiple Motorola 68000's. This central 
processing unit is connected to a memory management 
unit which translates the 24 bit virtual address out of the 
CPU into a 22 bit physical address on the physical 
memory bus. The memory management unit is actually 
comprised of two parts: one for the CPU and another part 
for the 1/0 system which will be. described later. The 
memory system is comprised of multipte unt!s •each unit 
containing a 11.! megabyte. This unitlsfully protected with 
error correction codes and is available in sizes up to , 
megabyte. The 1/0 system of the Apo.Ho node tS broken 
down into two parts. The first part is for those peripherals 
that are integral to the Apollo system. such as the integral 
Winchester disk and the .integral network node controller. 
These devices are connected to a block multiplexor 
channel. Other peripherals, . such as user supplied 
peripherals, line printers. magtapes and so on, a re 
connected to the MUL TIBUS controller. 
The use of a block multiplexor channel through which all 
disk and network traffic goes represents an essential part 
of the Apollo system. The system was designed to 
specifically maximize the node-to-node responsiveness 
across the network. To do this we wanted to guarantee 
that there would be no superfluous buffering of packet 
messages as they left a transmitting process and entered 
a receiving process on another machine; and, secondly. 
we wanted 1he transfer of this packet to operate at near 

MULTIBUS 
CONTROLLER 

memory speeds. To accomplish this responsiveness we all ow the network fuU (100%) bandwidth access to primary memory., disallowing i:lfl other block transfer d�vices, such as the Winchester disk. Consequently, the dtsk and the packet network actually share a common 
DMA channel into primary memory so that both of these device: can transfe� at data rat�s of nearly 100% memory bandwtdth. Occass1onally, a dJsk transfer will overlap a network transfer requiring that either device make one 
additional revolution. But the system level performance 
consequences of this interference are negligible. 
'FrnaUy, the display system is comprised of a separate autonomous 1/8 megabyte bit map memory which is organiled into. a square array of i 024 pits on each side. The dtsplay memory is constantly refreshed onto an 800 x 
1024 bit map CRT, There is a separate bit mover which is 
cap�ble ofmoving rectangles from one part of the display 
onto another part of the display at a data rate of 32 
megabits per second. 
Although the display memory and the program memory 
are in separate physical bus organizations, they actually 
share the same address space so that the CPU can 
instantaneously access display memory and alter its 
contents. Furthermore. the bit mover can move display 
areas (rectangles) into and out of program memory. The 
system is designed so the CPU can access program 
me m ory and the display memory can refresh to the CRT 
display. and the bit mover C:l11 be moving rectangles all in 
parattel a nd wrtr.�ui Interference. 
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.fi.S BIT MAP DISPLAY: 
The bit map display system is comprised of a 1024 bit by 
1024 bit array. A rectangular region of 800 by 1024 is 
physically transferred onto the CRT display. The 
remaining area is used as temporary storage for 
character font tables. The bit mover is a hardware 
primitive which is capable of moving a rectangular area 
from any place on the display to any other place on the 
display. This primitive is used to move windows into and 
out of main memory, to move them relative to the display 

itself, to implement scrolling and to create characte· 
strings from character fonts. The bit mover operates at < 
32 megabit per second data rate when moving entire!; 
within the display memory. 
The bit mover can move bit aligned rectangles fror 
display memory to/from word aligned buffers in progra• 
memory where the CPU can efficiently perform rastE 
operations, such as exclusive ORing two or more graphi: 
representations. 



PROCESSING ENVIRONMENT 
OBJECTIVES 

e 32 BIT OBJECT ADDRESS SPACE (NETWORK GLOBAL) 

e DEMAND PAGED 1/0 (NETWORK & DISK) 

0 UNIQUE OBJECT NAMES (64 BIT UI.Ds) 

C PROCESS - PROCESS STREAMING 

e SHELL PROGRAMMING 

0 EFFICIENT COMPILING/BINDING/EXECUTION 

111.1 PROCESSING ENVIRONMENT 
OBJECTIVES: 
A principal objective in designing a system processing was to p.rovide a demand paged operating system to 
environment was to abstract common entities. like implement a network wide virtual memory. A third 
programs and data files, into a uniform abstraction which objective was to provide an environment for efficient 
we calf an object. The totality of objects across a networ� process to process streaming and the control of this 
forms a 96 bit virtual address space which is comprised of streaming through shell programs. tinally, an efficient 
two fields: a unique object name consisting of 64bits, and compi.ler. binding and execution. procedure whereby 
a 32 bit byte address withln an object A second objective network wide programs can be run interactively. 
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111.2 SYSTEM NAME SPACES: 
We now turn to the operating system design in the Apollo 
DOMAIN system. One way of viewing a complex system 

is to enumerate and describe the various name spaces 

that occur in the system. First, there is the user g lobal 
namespace, or what the user would normally type at a 
terminal to execute a program or access a data file. 

Second, there is the system global namespace, or the 

namespace that the operating system uses at a network 
level. Third, there is an object address space. which is 32 
bits long and contains programs and files as well as other 

entities in the operating system which will be described 

later. Fourth, there is a process virtual address space that 
represents an address space in which a Motorola 68000 
process executes. Fifth, there is the physical address 

space which represents the amount of physical memory 
that can be placed on the system: Sixth, there is the 
network address. space or the maximum number of nodes 
that can be placed on the network. And, finally, there is 

the disk address space or the maximum bytes or pages 

that the disk can hold. 
In the Apollo system the user global namespace is 
syntactically represented as a stream of characters 

separated by slashes. This actually represents a 
hierarchical tree space which will be described later. The 
system global namespace is a 96 bit address space 
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comprised of a unique 10 (UID) which is 64 bits and a� . 
offset which is 32 bits wide. The 64 bit UID is unique ir 
space and time. It is unique in space in that it includes ar. · 
encoding of the machine's serial number and it is uniquf 
in time in the sense that it includes the time at which th€ 
name was created. This guarantees that for all time in thf 
future and for all machines that Apollo builds, no twc 
machines will ever create the same UID, hence the terrr. · 
unique 10. 
UID's are names of objects. Objects are used to hole 
programs, files and various other entities in the Apollo 
system. An object is a linear 32 bit address space. byt€ 
addressable. and can be located generally any place O' 
the network. Objects are the primary focus for the Apollo 
DOMAIN system and are cached into the process address 
space provided by the Motorola 68000. This process 
address space. while very large. is still considerably 
smaller than the 32 bit object address space. 
Consequently. address regions of an object are mappec 
into regions of a process in much the same way tha1 
regions of physical memory are frequently mapped intc 
regions of a cached memory. The process address spac€ 
is a 24 bit virtual address which is converted to a22 bi: 
physical address by memory management hardware. The 
unit of allocation in the physical address space is 1 02� 
byte pages. 



SYSTEM RELATIONSHIPS 

'• ��:r:::��-· j'"'" PATHNAME UID 

USER 

MEMORY 
MANAGEMENT 

UNIT 

111 .3 SYSTEM RELATIONSHIPS: 
The execution of a usercornmand on the Apollo DOMAIN 
system is a very complex process and involves many 
steps. First of all the user types a command which is 
translated by the naming server into a UIO. The UIO is a 
64 bit address wh1ch identifies one particular object on 
the network. These objects tr1en are dynam!c.ally mapped 
by .the operating system into a processes virtual memory. 
Once mapped no data is transferred untilthe CPU actualty 
requests it When a page fault occurs the operating 
system wifl retrieve the requested page 1rom some disk 
structure across the network and transfer it into the 
physical memory .of the local processor, It w ill then set up 
the memory management unit to translate .the virtual 
address Into the physicat address of the requested page 
and then allow processing to continue: 

VI�TUAI.. 
MEMORY 

Jn this sc6lnario we have four areas which are of interest. 
First is the operating system mapping structure. which 
maps object address spaces into process address spaces. 
Second is the memory management hardware which 
translates process Yirtuai address spaces into physical 
memory address space�. Third is the paging system 
which transf�rs pages of physical memory into and out of 
the memory system onto either local disk or across the 
network to some remote disk. And, fourth. is the disk 
structure th.at physically relates objects onto drs.J< data 
blocks. These circular relationships are dynam'icaHy and 
under system. control managed by the Apollo operating 
system. 
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11 1.4 O P E RATI N G  S YSTE M  MAPP I N G: 
Th e n etwor k g l oba l  obj ect  s pa ces a r e  m a p ped select i ve l y  
i n t o  a process v i rt u a l  a d d ress s pace of a part i c u l a r  n ode .  
O n ce the  mapp i ng  occ u rs n o  d ata i s  t ra n sferred unt i l  the 
p ro cessor a ct u a lly req uests i t .  C o n se q u e ntly,  the 
mapp ing of a la rge  a d d ress s pace f rom an object i nto a 
l a r g e  reg i o n  of  a p rocess  is a re l a t i ve l y  i nexpens ive 
p ro ce d u re .  The objects , of c o u rse . a re n et w o r k  w i d e ;  
w h e reas .  t h e  p rocesses  a re a ll  i n  a pa rt i c u la r  node 
ru n n in g  o n  beh a l f  of a pa rt i c u l a r  u s e r . The  p rocess 

o ..... ___ ..,. 

N ETWORK 
G LOBAL 
OB JECT S P A C E  

add ress space is s u bd i v ided into a n  area which is  g lob:.  
to a ll  processes a nd then fu rther  d iv ided into a n  a r�:  
w h i c h  is pe r process superv i sor  and per process use · 
This address s pace mapping  represents the o n . 
p ri m it i ve i n  which p rocesses can relate to objects. For t i" ·  
m ost p a rt the operat ing s ystem and a ll h igher  level v ie I' 

of t h e  s ystem relate to objects rather than  p rocesses , a r  
conseq uently a g reat dea l of  n etwork t ra nspa rency 
atta i ned .  
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11 1.5 M E M ORY MANAGEM ENT UNIT: 
The me mory management un it ( M M U )  i s  a piece of 
hardwa re w h i ch translates the 24 bit virtual add ress 
spaces out of the Motorola 68000 CPU onto the 22 b it 
p hysical  address in t he A pollo node. The MM U works on 
1024 byte p h ysical page sizes an d has separate 
p rotect i o n  a n d  stat i sti cs i n formation  tor ea ch  page . "there 
ex i s ts a s ep a rate e n t ry i n  a page fra me tab le fo r eac h 
i n oi vl d u a f  p a g e  s o  t hat whe n  the h.ardwa re fa u lts o ut of 
the pag e  frame table { i. e .  can n o t  find an appropriate 
req uested page } ,  an in terrupt is ta k e n  to move the 
req uested page in from secon d a ry storage . The MM U is 
actually a two leve l  h ierarchy,  the page f rame table bei ng 
at the h i ghest leve l  . A lower level  cache. called the  page 
tra ns latio n table conta ins the most recently us£ :f pages 
and acts as a speed up m echan ism to sea rc h  the page 
frame t a b l e . 
The t ra n s l a tion of a v irtua l  a ddress into a phys ica l 
a d d ress proceeds rou g h l y  as fo llows . The. 24 bit  v i rtual 
addres s i s  broken  down i n t o  th ree f ie l d s :  ( 1 ) a h i g h  o rder  
v i rt u a l  pa ge n u m ber.  (2)  a page n umber .  a n d  ( 3 )  a byte 
offset w i thi n t h e  p age. The  1 0  b i t  page n u m be r  is us.ed as 

CHECK 

an i ndex into the page transl ation ta ble. The page 
translat ion table conta ins a 1 2  bit pointer which points 
dire ctly to the physical requested pagE�. Concurrent tothe 
.me mory system beginning a memory req uest, this 12 btt 
pointer is also used to index into the page frame table 
from whi ch the high order  virtual  pag e  n umbers are 
checked. If the check is okay, t he protection is allowed 
a nd t he process 10 ag rees , then the me mory reference 
proc.eeds .t�ninterrupted . l f.  h oweve r ,  there is no 
ag reemen1 on any of these acco u nts, the memory request 
is aborted and a search is made i n  the page frame table for 
all e n t r i es corresponding to this pa rt icu lar  value of page 
n umber.  All poss ible values fo r t h is page nu mber a re 
l i nked together in a circular list and the hardware 
automa1 ically searches for  the req uested page number 
u nt i l :  ( 1 } it  fin ds it  and c o nt i n ues . o r  (2} d oes not find it 
a n d  ca uses a CPU i nte rrupt . I f  t he request ing page is 
fou nd in  t h e  page fram e table , th e locat i on within the 
page f rame tabfe is update.d to the page t rans lation table 
so t ha t  subsequent  references c a n  p roceed w i t h o ut 
resea rch i ng t h e  p a g e  fra me t a b l e .  
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X - A C C ES S E D  
X - M O D I F I ED 

( U S E D  B Y  P A G E  R E P LA C E M ENT LOG IC)  

11 1 .6  M E M O R Y  M ANAG E M ENT U N IT • 
P R O TE CTI O N/STAT I STICS: 
At each a c ce s s to a page a set of r ig hts (execute ,  read,  
write)  a re c h e c ke d  as  a f u n c t i o n  of  a particu lar leve l  that  
the p ro c e s s  i s  ru n n i n g  at . T he p rotect i o n  ha rdwa re 
spec i f i es t h e  pa rt i c u l a r  r i g hts  at  t h i s  l e ve l and all h i g h e r  
leve l s .  T h e  l ev e l s  a re two s upe rv i s o r  l e v e l s  a n d  t w o  u s e r  
l eve l s .  

T h e  m e m o ry manag ement hardware automatica lly 
reco rd s and mai nta ins certa in stat i s t i c s  about the page 
access. In pa rt i c u l a r  a bit is  set every ti me a page is 
accessed and a seco n d  bit  is  set when that page is  
mod i f ied .  The operati n g  syste m n ucle us scans these bits 
per iod ica lly to mai nta in  knowledge of t he stat ist ica l  
usage o f  the pages for t h e  purpose o f  page replacement. 



M E M O R Y  M A N A G E M E NT 
U N I T  - 1 /0 M A P P I N G  
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IU .7 M eMO R Y  MANAGEMENT U NIT · 1/0 
MAPPIN G :  
Peri pherals on the M U LTJ BUS are mapped i n!o t he 22 bit  
Apoll o phys ical address bus by means of a n  110 map. The 
1 /0 m ap cons ists of 256 page entries . each entry  po int r ng 
to a part i c u l a r  Apoll o page . A per ipheral  o n  t he 
MUL T ! BUS c a n  gen erate a 1 6  bit word or byte add ress 

9 B IT .WORO � 

and h ave the high order bits indexed into the page map 
and t he l ow orde r b i ts  indexed relat ive t o  t he page .  I n  th is , way M ULTtB US per ipherals can d i rect ly address 
themselves · tnto the virtua l  memory of a process.  



11 1. 8  PAG I N G  S YSTE M:  

V T O C  

U I O  M A P  

PH Y SICAL 
M E M OR Y  

PAG I N G  S Y STEM 

s 
M A P  

PR I M IT I V E  

To i m p l e m e nt the network w i d e  vi rt u al memory system ,  (AST ) .  Thi s  tab le  conta ins a cache o f  po in ters t o  the 
seve ral tab les  are m a i n t a i n e d  wi th in  the operat ing  system actual locat ion  of the pages ,  be they in  physical memory,  
n uc l e us. As objects a re ma pped i nto process a d d ress on l ocal d isk  or  on  a remote netwo rk node. In  this way , 
spaces , e nt r ies a re m a de in to  the ma pped seg ment tab le objects that  are l og i ca l ly mapped i nto a p rocess a re being 

· .  (MST ) .  W h e n  a CPU f a u lt o c c u rs fo r t h at v i rt ual  add ress , constant l y  swapped i n  a n d  out of me mory across the 
t h e  o pe ra t i n g  sys t e m  sca n s  t h e. act i ve segment  table network so le ly  on a demand bas is .  



DISK STR U CTU R E  

1 11 .9  D ISK STRU CTU RE; 

PHYSICAL VOLUME 
LABEL 

LOI:;ICAL VOLUME 
LABEL 

VTOC MAP 

Objects are. mappe d  onto physical d isks using a rather 
dynamfc storage a llocation .  F i rst of all a d iSk structure 
contains a. physical  vo lume label which is a l ist of pointers 
wh ich po int to m ulti p le log ical  vo l ume labels . The 
d iv is ion of a physical volu me in to m u lt i ple log ica l  
vo l u mes is a mea ns  whereby f i xed pa rtit ions ca n be 
created wh ich  do n ot com pete.  for co m m on storage. I n  
ot her w o rd s .  o n e  can create a logica l volume and 
g u a ran tee i t  has a ce rta in m i n i m u m  a m o u nt of a llo cat ion . 
Each log ical vol u me label co ntains a v o l ume table of 
c o nt e nts map. The vol u me table of contents is a l ist of all 
of the object Ul D 's i n  that vol u m e  and tor each object a set 
of object attri butes . The object attri butes consist of the 
object ty pe, access control informat ion , accou nt ing 
i n format i o n  ( last d ate accessed.  last date m od ified) , and a 

VTOC {VOLUME TABLE OF CONTENTS) 

UID (HASH) 

t 

OBJECT TYPE ACCESS CONTROL 
ACCOUNTING 
MAP 

• • •  

• • •  

map to a lf .of the various data blocks which comprise the 
object. The map is comprised of 35 pointers . The first 32 
pointers point directly to data blocks each of which 
cons ists of a single page. The 33rd pointe r points to a 
block of second level pointers (256 oft hem l wh ich in turn 
po int to actu a l  data blocks . The 34th pointer expands i nto 
th ree levels  of storage and the 35th poi nter expands into 
four level! of storage . Consequently, for sma.H objects 
d ata a c cess is very .efficient ;  and for large objects storage 
a llocation is very effic ient. 
Each block contains not only 1 024 bytes of data , but a lso 
the U I 0 and object page nu mber that this page represents . 
Consequent ly if a failu re should occur. the enti re 
mapping struct u re can be recreated by a s ing �e pass over 
all of the data pages. 



1 /0 H I E R A R C H Y  

LA N G UA G E  1 /0 

STR EAM 1/0 

M A P P E D  1 /0 

PAG E 1/0 

1 1 1 . 1 0 1 /0 H I E R A R C H Y :  

-

= 

I N D USTRY CO M PATI BLE, 
SYSTEM I N D EPEN D E N� 

O B J ECT TY P E  I N D EPEN DENT, 
P R O C ESS-P ROC ESS , FILE, D EVICE, 
ETC. 

OBJ ECT LOCAT I ON (NETWORK 
W I D E) I N D E PEN D E NT. ASSOCIATES 
O B J ECT - P R O C ESS A D D R ESS I N G  
O N LY, N O  DATA TRANS FER RED 
U N T I L  R E FE R E N C E  I S  MAD E. 

P H YS I CAL 1 /0 TO LOCAL A N D  
R E M OTE D I SKS AC ROSS N ETWO R K. 
DATA TRAN S FE R R ED "ON DEMA N D , "  
R ES U LT I N G  FRO M  C P U  PAG E FA ULT. 

Th e re a re fo u r  l ev e l s  of  a bs t rac ti o n  in  t h e  l / 0 system of d e s c r i be d  e a r l i e r . T h e  m a p  p r i m i t i v e s  h ave  t h e  
the  A p o ll o  D O M A I N .  T h e  h i g h est  leve l  is t h e  l a n g u a ge c h a ra ct e r i st i c  of be i ng  object l ocat i o n  i n de p e n d e nt 

l e v e l w h t c h  i s  s u pp o rt e d  by t h e  st a n d a r d  l a n g u a g e  t h e re by a l l ow i n g  st re a m s  to go across t h e  network . The 
com p i l e rs ,  s u c h  as F o rt ran  read and wr i te .  The m a p pe d  p r i m i t i v e  a s s o c i a t es  o b j e c t  t o  p ro c e s s  
i mp l e m e ntat i o n  o f  t h i s l a ng uage  leve l  i s done by w h at w e  a d d re ss i n g  o n l y .  No data is  t ra nsferred u n t i l  the refe rence 

c a l l  t he s t re a m  l e ve l. T h e  s t re a m  l eve l  has  the i s  made .  Al l  data  t ran sfer  in  t he e n t i re system o c c u rs at 
c h a rac te r i s t i c  o f  be i n g  o bjec t  type i n de pe n d e n t  and  ca n t h e p a g e  l ev e l .  The  p a g e  level  i s  the phys ica l 1 /0 t o  local 
acco rd i n g l y t a l k  to f il e s .  pe r i p h e r a l  d e v t ce s . o r  to ot h e r  a n d  re m ote d isks  a c ross t h e  netwo rk . Th is  d ata i s  
p rocesses . Th e i m p l e m e n t at i o n o f  t h e  s t r e a m  l e v e l  i s  t ra n sfe r re d  o n  de m a n d  res u l t i n g  e xc l us i v e l y  f ro m  a CPU 
acco m p l i s h e d  t h ro u g h  t h e  map p r i m i t i ves  w h i c h  w e re page f a u l t.  



I NPUT 
STREAM 

S TREAM FIL TER: 

. PROCESS NETWORK: 

.I 11 . 1 1 STREAM f/0:  

STR EAM 1 /0 
FILES 

,� 
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OUTPUT '' 
STREAM ''-' 

PROCESS 

The stream YO level deals wrth the i ntercon nectton of output of one pro ce.ss is connectedto the input f)fanother 
objects ,  i n clud ing p rocess to fi le  operat ions ,  and process p rocess. This m u lt iple process application can acquire 
to process operations.  I t  has the principal  characteristic the form of a stream filter wn.e.reby every proc�ss forms 
of bei ng object type indepen dent. Since i t  is i mplemented some trans.formaUon on its input and then passes the 
t h r o u g h  t h e  ma p pe d  1 /0 le ve l ,  o bjects c an be output to another process. When appHcations are 
con ceptually  interconnected by st ream s both wit hin the encoded in th is m a n ner.  p rogram mers are encou raged to 
sa m e  n o d e  a nd ac ross the network. write processes as s imple, m od ular pro g rams that perform 
Whe n str e a ms a re used to i nterconnect p rocesses . t he · so me primitive function .  Freq uently,  these funct ions can 

be reused acro s s  many appli cations .  



SOFTWAR E  TOOLS 

A PPLICA TION: 

11 1 . 1 2  S O FTWA RE T O O L S :  
A l a rg e  c o l l e c t i o n  o 1  p rog ra m mod u l es des i g n ed t o  
p e rf o r m  s o m e  p r i m i t i v e  f u n c t i o n  h as evo l ved  over  years  
o f  use  by a l a rg e  c o l lec t i o n  of  u s e rs .  These m o d u l es are 
refe r red  to as S o f t w a re T o o l s  a n d  a re w 1 d e l y  d i s t r i b u t ed 
t h rou g h o ut t h e  u s e r  c o m m u n i t y .  So f tware  Too l s  f o l l ows 
t h e  m e t h od o l o g y  l a 1 d  o u t  in t h e  book  e n t i t le d  "So f twa re 
Too l s ' '  b y  K e rn ig an a n d  P l a u g e r .  p u b l i s he d  b y  A d d i s o n  
W e s l e y . 
A ppl i c a ti o ns c a n  b e  ea s i ly f o r m e d  by  i ntercon n ect i n g  · 

• • 
• •  

.0 

s t re a m s  of data t h rough a c o l l ec t i o n  of Soft wa re T o o l s .  

The c o fl e c t i o n  o f  stan dard Sof tware Too ls  i s  d e rived f ro m  
a li b rary  o f  prog rams - a "too l box" o f  Softwa re Too l s .  I n  
t h is w a y  co m p l e x  a ppl icat i o n s  c a n  freq u e n t l y  b e  formed 
wi th l i ttle  o r  n o  p rogra m m i n g .  The t i me req u i red to  
deve l o p  a n e w  appl icat i o n  i s  s i g n i fi cant ly  red u ced . 
F u rt he r m o re .  iJse rs a re en couraged to w r i t e  prog rams 
t hat a re s m a l l .  conceptua ll y  s imp le ,  and u s a b l e  for m a n y  
a pp l i ca t ions  a n d  by many users .  



S H ELL P RO G RA M S  

U t. 1 3  SHELL P R O G RAMS:  
A s he l l  program i s  . a  h ig her leve l f l o w  o f  cont rol above the 
conven t i ona l  progra m  l evel (e .g . Fortran or Pasca l ) .  S hell 
pro g rams a re written in  a sh.e! l  progra mmi ng la "lguage 
that has a r ich set of co nstru cts t h at a re .  in many respects, 
s im ilar  to a convent i o nal l anguage. H owev e r .  a n  
exec u t a b l e  statement w i t h i n  a s h e l l  p rog r a m  f req u e ntly  
involves t h e  com plete e xecut ion  o f  o n e  or m o re 
co n ven t i o n a l  programs. In  t hi s  reg ard . a ;Shell p r ogra m 

1 ca n be tho u g h t  of as a so p h i st icated command processor 
w h i c h · coo rd i n ates the execut ion of m u lti p l e  .program 
s t e ps.  

C O N VE N T I O N A L  
COMMAND LEVEL 

E XECUTE PRO G  1 
EXECUTE PROG 2 
t F CON.OITfON 
THEN 

EXECUT.E PROG 3 
INVOKE SHELl. PROCED U R E  

· ELSE 
EXECUTE PRO G  4 

etc. 

The abil ity of u s-ers to p ro gram applicat i o ns in  a ,s hell 
progr a m m i ng l a n g u ag e  reli e v es a great  dea l  of 
compJexity that wou ld ot herw ise be required with in a 
Fo rtran or Pasca l prOg ra m .  Consequent ly, p rograms 
w ritten in th ese languages t e n d  t o  be s i mp le r  and have . 
fewer i n pu t  optt o n s .  
The c o n cept of s h e l l  program m i n g  goes ha nd· in -hand 
wi th  th e co n ce p t  . of S o ft ware Too ls .  H e re. t h e  sh e lf  
pro g ra ms rep resent t h e  i n t e rconnect of strea ms between 
var ious prog ra ms.  and c a n  · be ex ten ded to r ich ly  
i n t ercon n e c t  s m a ll  p ro g r ams in  o rder to for m  complex 
a ppJ J cat lO ns. 



C O M  PI  LA TI ON/B I N O I N G /EXECUTION 

O P E R A T I N G  
S Y S T E M  

P U R E  P . I C .  
C O D E  

I M P U R E  
D A T A  

11 1. 1 4  C O M  PI LA T I ON/B I N D I N G /E X E C UTI O N : 
We n o w  s h i f t  t o  t h e  h i g h e r  l eve l o r ga n i z a t i o n  of  o bje c t s  i n  
t h e  s y s t e m a s  t he y  r e l a t e  t o  use r p r o g ra m s .  c o m p il e rs .  
b i n d e rs a n d  l o a d e r s .  
The c o m p il e r  t ra n s l a t e s  a s o u r ce prog ra m object i n t o  a 
c o m p i l e d  obj e c t  T h e  c o m p i l e d  ObJeC t  h a s  a fo r m a t  w h i c h  
i s  s u i t a b l e  fo r d t re c t e x e c u t i o n  i t  t h e re a re n o  u n res o lved 
refere n c e s  ( I  e . n o  o t h e r  s u o r o u t i n e s  w h i c h  n e e d  t o  . b e  
bo u n d  t o get h e r ) .  If .t h e  a p p l i C a t i o n  c o n t a m e d  s e v e r a l 
s o u r c e  p rog ra m O bJ e ct s .  t h e s e  c o m p i l ed o bj ects  m u s t  b e  
b o u n d  t o g e t h e r  p r t o r  t o  e x e c u t i o n .  a p r o c e s s  
a c c o m p l i s h e d  b y  t he B I N DE R .  T h e  process  o f  l oad i ng 

.. a n d  e x e cu t i n g  a c o m p i l e d  object  c o n s i s t s  o f  ( 1 )  mapp i n g  
t h e p u re p o s ; t i o n  r n d e p e n d e n t  c o d e  i n t o  a reg i o n  o f  a 
p ro ce s s  a d d r e s s  s p a c e .  ( 2 1  c r e at m g  a n  i m p u re d a t a  
o bjec t  a n d  m a pp i n g  t h a t  d a t a  O bJ e C t  tn t o  a n  i m p u re 
s e c t r o n  o f  t h e  p r o c e s s  a d d r e s s  s p a c e .  a n d  { 3 )  

S O U R C E  
PROGR A M  
OBJE CTS 

C O M P I L E D  
O B J E C T S  

D A T A  
O B J E C T S  

d y n a m i c a l l y l i n k i n g  o p e r at i n g  syst e m  refere n c es to the 
o p e ra t i n g  s y s t e m  d u r i n g  e x ec u t i o n .  
T h e re a re t h re e  i m porta n t  po in ts i n  t h i s  procedure: ( 1 )  
T h e  o ut p u t  o f  a c o m p i l e r  c a n  b e  d i rectl y  executed i f t here 
a re n o  e x t ern a l  re fe rences  to be reso lved . (2)  A runnable 
o b jeCt . o n c e  fo rmed . is paged i nt o  m em o r y  at r u n  t i me.  on 
d e m a n d  ( 3 )  S o u rce p rogram objects .  c o m p il e d  O bJects. 
a n d  bo u n d  o bj e cts c a n  be res ide nt a nywh ere o n t ht 
n etw o r k . · 
The c o m p il e d  ob jec t  fo rmat  i s  compr ised of tw o pariS". 
The f i rs t  maj o r  p a rt is posit i on i n d e pe n dent code an� 
p u re d a t a  w h 1 c h  1 S  d i rect l y  mapped and exec uted in to � 
p rocess  a d d re s s  s pa c e .  T h e  s ec o n d  pa rt  i s  a databa�� 
u s e d  by t he l oa d e r  to create an i mp u re tempora ry oa! 
o bject  w h i c h  is s u bseq ue ntly  mapped i n t o  t he impurf 
pa rt of  a p r o c e s s  a d d ress s p a c e .  



USER E N VI R O N M E NT O B J E CT I V E S  
I 

OU N I FO R M  N A M E S PAC E 

O B I T  M A P  D I S P LA Y  (TEXT, G RAPH I CS) 
& C O N C U R R EN T  PR OC ESS IN G PE R U S ER 

I V . 1  U S E R  E N V I R O NM ENT OBJ E C TIVE S :  
A key o bject i ve i n  des igning th e Apollo user e n v i ro n me nt 
i s  t o  c o m b i n e  s imp l ic i ty  a n d  un iformitywith a h i gh deg ree 
of f u n c t i o n a l ity . 
A l l  ob jeGts t hat tt-. e system is capable of referenci ng can 
be ex p ressed i n  a u n �f o r m  n ame spactl t h at traffscef'lds 

the entire netwOrk Furthe r .  a b i t map d isplay . as opposed 
to a c hara c t e r  d ispl a y .  i s  used to represent  text and 
g raphics ovtput. The o u t p ut from mul1 ip le  prog rams can 
be coff curr�nHy displayed through m u lt i p le win d ows .  
thereby provid ing a deg ree of f u n ct i o na Hty unavaila ble 
o n  convent t o na f  sy ste m s .  



U S E R  N A M E  S PACE 

NETW O RK 

N O D E  

S YNTAX 
//A/B / C  • . .  N ET W O-R K WI D E  
/B /C/D . . .  L O C A L  R O OT R E LATIVE 
C/D/E • • .  WO R K I N G  D I R E CT O R Y  R E LA T I V E  
@FIG "@":"/user/name..dir/" 

DIR E C TO R Y  OBJEC T 

N A M E  

I V . 2  U S E R  NA M E  S PA C E :  
T h e  n a m e s p a ce s e e n b y  a use r  is o rg a n ized a s  a 
h ie ra rc h i c a l  t re e  s t r u c t u re .  T h e  h i g h e s t  node of  t h e  
n e t w o r k  i n  t h e  t ree rep r e s e n t s  t h e  m o s t  g l o b a l  port i o n s  o f  
t h e  n etwo r k .  W h e re a s , t h e  leaves at  t h e  bot tom o f  t h e  t ree 
re p re s e n t  p a rt ic u l a r  objects ,  s u c h  a s  p r o g rams .  f i l e s  a n d  
d e v i c e s .  I n termed i at e  n odes  a re used t o  re p r e s e n t  
c o l l e c t i o n  o f  o b j e c t s  t h a t h a v e s o m e c o m m o n  
assoc i a t i o n . F o r  e x a m p l e .  a n  e n t i re n o d e  o n  t h e n e t w o r k  
ma y be represented by an e n t 1 re s u b t ree in  t he t r e e  
h i e ra rc h y .  T h e  o ve ra ll  n a mespa c e  h ie r a r c h y  is  i n t e r.d ed 
t o  r e p res e n t  a l o g i ca l org a n i za t i o n  of t h e  n e t wo r k . A ll  
l e a v e s . o r  t h e  lowest l e v e l  o f  t h e  t r ee ,  represent objects 
a nd t h e  use r h as a var ie ty  o f  s y n tac t ica l  for ms  in  w h i c h  t o  
express  t h e  l o c at i o n  o f  a n  object . F i rs t  o f  a ll  t h e re i s  t h e  
n e t w o rk wide s y n tax w h ich i s c o m p r i s ed of t w o  l e a d i n g  
s l a shes fo llowed by a f u ll  pat h n a m e  to  rea c h  t h e  o bject. 
Seco n d ,  t h e re i s  t h e  f o c a l  root re l a t i v e  s y n t a x  wh i c h  c a n  

POINTS TO N E XT 
D I R E CT O R Y  OR 
TAR G E T  O B JECT 

UID L O R  . 
PATH N A M E  PATHNAME 

S UBSTITUTED 
I N  N A M E  ( L INK)  

be u sed to exp ress objects that  are l ocal to  a parti cu l ar 
u s e r ' s  node .  Sy ntact i c a ll y  t h i s  i s  e x p ressed b y  o n e  l ead ing  
s l as h  f o l l owed b y  a r e l a t i v e  path  name.  For  c o n ve n i e n ce , 
t h e  u s e r  m a y  a tt a c h  h i m self  o r  his work i n g  d i rectory to 
any po i n t  in  the t r ee n a m e  h ie ra rchy ;  a n d ,  c o n s eq u e n t l y ,  
he  may express  a path  n ame w h i ch is re la t i ve to h is  
w o rk i n g  d i rectory .  He does t h is by express i n g  the  r e l at i v e  
pa th  n a m e  w i t h ou t  a l ea d i n g  s l as h .  Ea c h  n o d e  i n  t he 
n e t w o r k  i s  repre s e nted as a d i rectory  o bject  a n d  c o n t a i n s  
a l i st of  assoc i at i on s .  F o r  e a c h  name a t  a l o wer l eve l  t h ere 
i s  c o n t a i ned w i t h i n t he d i rectory a U I D  or a p a t h  n a m e .  I f  i t  
i s  a U I D  i t  p o i n ts  t o  the next l ower  leve l  d i rectory o r to t h e  
object  Itse l f .  I f  i t  i s  a path n a m e .  the pat h  n a m e  i s  
syn tact 1 cally  su bstituted  i n t o  t h e  n a m e  being searched 
an d t h e  s ea r c h  c o nt i n ue s .  This l att e r  path na me is used 
for  li n k ing n a m es across t h e  network .  



C O N C U R R E N T U S E R  ENVIRON M ENT 

SEQ UENTIAL ---1� 
OUTPUT 

ACC U M U LATED---! ..... 
OUTP UT 

IV .3  CO N CURR E NT USER ENVI RONMENT:  

t4-- C O MPILATI O N  

DOMAIN 
N ETWORK 

EDIT ING 

PROGRAM EXECUTiON 

ELECTRONIC MAIL  

DOCUMENTATIO N 

The notion of concu rrency is a new concept o n  the Apo11o window can contain  the output of related or u nrelated 
D O M AJ N  s ys t e m  u n a v a i l a b l e  o n  c o n v e n ti o n a l  appl ications. F o r  example, o ne window can contain the 
timesharing systems. On these tatter systems users are seq uential output of a program while a second window 
g en erally req u ired to ex ecute one fu nction at a t ime.  g raphicaHy displays . the accu mulated output of the same 
When a user switc hes f ro m  o n e  function to a n othe r, prog ram. Sim i l a rly, program development, compilation, 
generally the conte xt of t h e  . prev ious funct ion is tost.and ed iting and a n  on� t ine he lp system ca n a ll  be concurrently 
h as to be s u bsequent ly  rec reated . The Apollo iniegral bit displayed .  
map d isp lay prov i d es the u s e r  with t he capability of ConsequenHy, the .Apol lo system is  des igned to 
d isp lay i n g  mul ti p le w i n dows s i m ultaneously . Each accommodate a to.t a l  use r env ironment. w h i c h  we believe 

always involves a number of co ncurrent f vnctions.  



D I S P LA Y  M A NA G E R  

I V . 4  D I S P L A Y  M A N A G E R :  
The d is p l a y  m a n a g e r  r e p resents t h e  o u t e r  m ost l a y e r  of d is p l a y e d  c o n c u rrent ly ,  each of w h i ch can be execut i n g  
log ic  w i t h in t h e  A p o l l o  system -- that  wh i c h  c o n t ro ls  t h e  a n  i n de pe n d e n t  s h e l l  o r  c o m m a nd e n v i ron m e n t .  The 
re l a t i o n s h i p  a m o n g  t h e  m a n y  w i ndows p rojected onto t h e  p h i l osop h y  o f  t h e  d i s p lay m a n ager is  t o  a l l o w  programs t o  
C R T  d i s p l a y .  Accord i n g ly ,  . t h e  Apol l o  system a d d s  t w o  o utput  data in  a l og i cal  format ,  while allow i n g  the  u s e r  to 
a d d i t i o n a l  l ay ers a bo v e  the c o n ve n t i o n a l  p ro g ra m m i n g  i n de pe n d e n t l y  co ntro l what  is  p h ysica l l y  d i s p l a y e d .  

l eve l. A s  me n t i o ned e a r l i e r ,  a prog ram m a b l e  s he l l  The d i s p l ay m a n ag e r  i s  controlled b y  t h e  use of funct ion  
c o o r d i nates t h e  act i v i t y  of m a n y  p rog ram s  (i n  both  keys o n  the  u ser  key b oa rd . P u s h i n g  a f u n c t i o n  key c a use.s 
p a ra i i e t  a n d  s .e q u e nt i a l  re l at i o n s h i ps ) ,  T h e  outpu t  o f  t h i s  t h e  e x ec u t i o n  (i n ter p retat ion }  o f  a user  p r o g ra m m a ble s h e l l  i s  w ri tt e n  i r, to a vi rtu a l  term i n a l .  ca ll ed a PA D .  s e q u e n ce of c i s p l a y  m an ager p r i m it ives .  C o nseq ue nt ly ,  Port i o n s  o f  t h i s  PAD a re d i s pl ayed t h ro ug h  a rect a n g u l a r . t h e  u s e r  c a n  def i n e  func t ion  k eys to perform co m p lex w i n d o w  w h ic h  i s  t h e n  p roj ected ont o t h e  CRT d i sp l a y .  d i s p l ay m a n ag er f u n ct i o ns .  
The  d i s p l a y  m a nager  p e r m i t s  m u ltip le  w i n d ows to be 



U S E R  E N V I R O N M E NT 

WINOOWS 

I V .S U S ER ENVI R O N MENT: 
The Apollo O OMAfN operating system creates a deg ree 
of independe nce betwee n application pro grams and 
w hat is act ually viewed on the terminal  d isplay .  In 
part i c u l a r .  app l r cation  programs create virtua l  terminals 
w h i c h  we c a ll  pads . The pads a re i ndependently 
wind owed o n t o  the C RT d isp lay tota lly under l)Ser 
c o nt ro L Wind ow i m a g es a re superimposed o n  the pads 
a n d ea n  be .moved rela t i v e  to  the pad in e i the r a horizo ntal 
o r  a verti cal d i rection ,  Wi ndow rmages from various pads 
are stacked l o g i c a lly  on top ofthe d i s play so 1hat o n l y  t h e  
o ne on t o p  i s  d i splaye d .  Consequently the  u s e r  
envi ro n ment i s  ac tual ly  a t h ree d i mensio na l .vo lum e :  800 
bi ts .goi n g  a c r o s s .  1 024 b its goi n g  d own and many l eve ls  
of  w i ndow s deep . The u s e r  tan a l so move w i n d ow areas 
u p  or down re l a t i ve t o  t h e  ph ysica l d i s pl ay a n d  f i nally c a n  
m o v e  w i !! do v• a re a s  i n t o  a n d  out of t h e d isp lay  relat ive t o  
othe r window a r eas . 

PROCESS£$ 

DISPLAY 

Prog rams create the pad by writing command and data 
:se'£!uences throug h  a st ream: The window image created 
by the display manager from the pad c an be placed 
anywhere in the C R T  and can be overlayed by other 
wi ndow images. Window i mages contain l ines and 
f rame s .  A line is a . singte Hne sequenc-e of c haracters and 
has only one dimens�on . A fram-e has two di mensions and 
h a s  a rectan gula r format. It c ontains cha r acters an d/or 
graph ic  data. Finall y .  fra mes may �:i'lso conta in u ser 
created bit maps .  T hese b it m aps may res ide  either within 
th e pad or w ithi n a separate user suppl ied object Pad 
i n fo rmat io n  n o r ma ll y  a cc u m u lates over the l i fe of a 
p rocess.  Th is  a llows a use r to scroll e i ther i n  reverse or in  
fo rward directions over t h e  e n t i re life of the process . 
H o weve r .  f o r  efi ic iency sa ke certa in  com m ands may . be 
e m i tt e d  fro m the prog ra m to delete all  o r  pa rt of the .pad a s  
app ropr ia te  



SU M M A R Y  O F  K E Y  P O I N T S  

• H I G H  P E R F O R M A N C E  L O C A L  N ET W O R K  O F  
D E D I C AT E D  C O M P U TE R S  

• L A R G E  M A C H I N E  A R C H I T E C T U R E  

• L A R G E  M AC H I N E  L A N G U A G E S / C O M P I L ER S  

• O B J E CT O R I E N T E D  N ETW O R K  O P E R A T I N G  SY STE M 
• A D VA NC E D  U S E R  I N T E R F A C E  CO M B I N I N G 

T E X T , . G RA P H I C S ,  C O N C U R R E N T  P R O C ES S I N G  

• A D V A NC E D  VL SI , W I N C H E ST E R ,  C O M M U N I C A T I O N S  

T E C H N O L O G I E S 

V . 1 S U M M A R Y  O F  K E Y  P O I N T S : 

A n  A p o l l o c o m p u t e r  s y s t e m  i s  co m p r i sed  of a n u m be r  o f  
h i g h  p e rfo r m a n c e  d e d i cated c o m p u t e r s  i n t e r c o n n e c t e d  

o v e r  a l o c a l  a re a  n e t w o r k . Each of t hese n o d e s  c o n t a i n s  a 
l a r g e  m a c h i n e  a rc h i t e c t u r e w h i c h  i m p le m e n t s  a d e m a n d  
pag ed n et w o r k  w i d e  v i rt u a l m e m o ry s y ste m .  a l low i n g  a 
l a r g e  n u m b e r  o f  p r o c e s s e s  f o r  e a c h  u s e r .  ea c h  p r o c e s s  
h a v i n g  a ve ry  1 a r g e  l m e a r  v i r t u a l  a d d re s s  s p a c e  
L a n g u a g e s  t h a t  r <J n  o n  t h e  A p o l io s y s t e m i n c l u d e  F o rt r a n  
77 a n c  Pa s c a l  a :1 d  a re t m p l e m e n t e d  to  t a k e  a d v a n ta ge o f  
t h e  m a c h i n e ' s  3 2  bit o n e n t a t 1 o n . 
A n  c t j e c :  c r 1 e n t e c  n e t w o r k  · o p e r a t i n g  s y s t e m  
coo r d i n a t e s  t h e  u s e r' s  a c c e s s  t o  n e t w o r k  w i d e  fac i l i t ies 

O bje cts t h e m se l ve s .  r e p resent i n g  p rog ra ms  and data 
f i le s ,  et c . .  a re i n de pen d e n t  of  t h e i r  n et w o r k .  l ocat i o n .  a n d  
g i v e n  a p p r o p r i a t e  a c cess r i g h t s .  c a n  be  ac cessed 
u n i f o r m l y  by a n yo ne on t h e  s ystem . 
T h e  u s e r s  d i s p l a y  t e r m i n a l  i s  capa b le of d i s p l a y i n g  m u l t i �  
f o n t  t e x t  g r ap h i cs a n d  ca n be d iv ided i nt o  m u l t i p l e  
\V I n d ows e a c h  d i s p l a y i ng m d e pe n d e n t  p r o g r a m  o u t p u t .  

T h e  A p o l lo sys tem i s  des i g ned  a round  h igh  tech n o l o g y .  I t  
i n c o r po r a t e s  V L S I  C P U  c h i p s ,  a l a rg e  c a pa c i t y  
W i n c h e s t e r  d i s k .  a n d  a d v a n c ed c o m m u n i c a t i o n  
t e c hn o l og i e s . 


