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ABSTRACT 

This dissertation describes the design and imp)ementation of a 
concurrent programming system called CPSjllOO which is a modelling 
language used in syste~s programming. Processor dedication and prog­
ram trace capabilities are the distinguishing characteristics of the 
language. In addition to these features, the implementation scheme 
used in developing the language is such that it can easily be modified 
and extended to develop languages for specific applications. This 
flexible character of the language can be considered as the main con­
tribution of the present work. 

Structurally, CPSjllOO is an extension of a Pascal compiler by 

prescanner and postscanner routines. Prescanner routines provide 
syntax and semantic checks of the CPSjll00 statements and the control 
directives, while the postscanner routine modifies the. assembler codes 
produced by the Pascal compiler. Concurrency primitives of Exec8, 
which is the system program of Univac 1100 machjnes, are utilized to 
maintain task creation, removal and control. 

This dissertation provides an overview of concurrent programming 
and multitasking on Univac 1100 systems. Statements, structure and 
implementation details of CPSjllOO are explained. Typical concurrent 
programming problems are solved by using CPS/ll00 to prove its capa­
bilities. Finally, this study is evaluated. 
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U Z E T 

Bu tez callsmaSlnda sistem programlamada kullanl1acak bir model­
leme dill olan bir e$anll programlama sistemi CPS/ll00'Un tasarlm ve 
gerceklest;rilmesi anlatl1mlstlr. Dilin isleyici tahsisi ve program 
izleme olanaklarl ayrlcallk gosteren ozellikleridir. Bu ozelliklerin 
yanls1ra, CPS/llOO Kolay degistirilebilir ve ozel uygulamalar icin dil 
hazlrlamak Uzere ge1istirilebilir bir yaplda gerceklestirilmistir. 
Dilin bu degistirilebilir ozelligi bu cal1smanln ana ozelligi saYllabilir. 

Yaplsal olara~, CPS/llOO bir Pascal derleyicisinin ontaraYlcl ve 
arttaraYlcl yordamlar vasltaslyla geiistirilmis seklidir. UntaraYlcl 
dizgeler CPS/l100 cilmlelerinin ve kontrol yonlendiricilerinin ifadesel 
ve anlamsal kontrolUnU yapar. ArttaraYlcl ise Pascal derleyicisinin 
Urettigi bUtUnleyici kodlarl degistirir. Univac 1100 makinalarlnln 
sistem programl olan Exec8'in esanll11k yapl1arl is yaratlml, yokedil­
mesi ve kontrolu icin kullanllmlstlr. 

Bu tezde esanl1 programlama ve Univac 1100 sisternlerinde cokiSli 
callsma uzerine bir genel baklS verilmektedir. CPS/1100'Un cUmleleri, 
yaplsl ve gerceklestirilme detaylarl aClklanmaktadlr. Tipik esanll 
programlama problern1eri CPS/llOO kul1anarak cozUlmU$ ve CPS/l100 ile 
yapllabilecekler gosterilm1stir. Son klslmda, bu calisma degerlendi­
rilmistir. 
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1. INTRODUCTI ON 

Concurrent programming has become an important topic for the effi­

cient use of existing hardware facilities of computer systems in recent 

years. Conceptually, concurrent programming is a technique for expressing 

parallelism and for solving synchronization and communication problems of 
systems programming. This technique is used to increase computer efficiency 

and to manage environments where many things need attention at the same 

time. It also provides an abstract setting for studying parallelism 

without considering the machine details. 
Concurrent programming was born with the third generation computers. 

Multiactivity (concurrent) system programs were essential to manage slow 

speed peripherals connected to fast central processor(s) of these machines. 
Studies performed by Dijkstra [1,2,3]* have been the milestones on the 

subject in its enfancy. In the seventies, concepts and data structures 

proposed by Hoare [4J, by Hansen [5J and by Dijkstra [6] were used in 

the concurrent language development studies. The present challange of 
programming methodology is a type of programming called IIDistributed 

Programming ll in which concurrent processes (activities) may communicate 
only by input/output operations. 

It is observed that two different approaches exist in concurrent 

language development studies. The first, which may be called "profes­

sional approach II , has a tendency either of enriching an already existing 
sequential language with concUl~rency features or to develop a language 
dedicated to specific hardware families. The enrichment of Algol and 

PL/l with concurrency constructs and the development of a variety of 

machine dependent system programming lanquages are works belonging to 

this approach. The second approach which is mostly applied to academic 

studies, is aimed at developing machine independent language constructs 

* Numbers enclosed in brackets refer to the references at the end. 
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and new data structures. For this academic study presented in this 

dissertation, the methods of the professional approach are preferred. 
In fact, existing concurrent languages are the results of extensive 

works which are usually carried out by software teams. The syntax and 
capabilities of these languages were strictly defined. Therefore, modi­
fications on such languages can not be easily done. The absence of . 
IIprocessor dedication" and "program trace" capabilities are the major 

deficiencies of these languages. 
At present, every medium or large scale computer system does not 

have user accesible concurrent programming languages. But, in almost 
all of these systems, there exist high level sequential languages and 
primitives (mostly assembler instructions) that provide concurrency on 
program control flow. Therefore, a practical method to develop a power­
ful and flexible concurrent language is to enrich a high level sequential 
language with concurrency primitives. This is the design philosophy of 
the concurrent language developed in the present study. 

In Univac 1100 series computers, the operating system, Exec 8 [7,8J, 
controls and manages operations in several modes including real-time. 
Users may write multiactivity (concurrent) assembler programs by using 
low level concurrency primitives of Exec 8. On the other hand, con-
current program modules can be written by using PLj1, Cobol and PLUS [10,11J 
the latter being a special system programming language. But, Univac Cobol 
[12J and PLjl [13J compilers are not suitable for sophisticated concurrent 
programming applications. Although both PLUS and 1100 Assembler provide 
concurrent programming structures, they are not convenient for average 
programmers. The concurrent language developed in this study was de-

signed to satisfy the needs of these average programmers. 
This dissertation describes the design and implementation details 

of a concurrent programmi ng system, CPS/ll 00, whi ch is a "Pascal 1 i ke" 
modelling language suitable for system programming. The syntax of 
CPSjllOO statements is similar to that of Pascal statements, because 
CPSjllOO is an extension of a Pascal compiler. CPSjllOO was developed 
as a multiphase translator. Its prescanner routines recognize "CPSjllOO 
control directives" and analyse the "input program stream". These 
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routines were written in Macro (14J which is a string manipulation language. 

The program stream processed by the prescanner routines is compiled by 

using Pascal 8Rl compiler [15J and then an assembler program text is 

obta i ned. Thi s assembler program is further processed by the CPS/ll 00 

posts canner routine to generate a multitask (concurrent) assembler program. 

After these steps, the program is assembled, linked and executed. 

The "processor dedication ll and the "program trace" capabil ities 

are the distinguishing characteristics of CPS/llOO. In addition to these 

features, the implementation scheme which permits easy modification and 

extension of the language for specific applications has been preferred. 

This flexible character of the language together with the "processor dedi­

cation" and "trace" capabilities can be considered as the main contribution 

of the present work to the fi e 1 d of concurrent progralmJi ng . 

Following this introduction, the second chapter gives an overview 

about concurrent programming; its historical development including the 

concepts and the problems related with concurrency and its relationship 

with the operating systems are explained. Synchronization techniques, 

deadlock and deadlock detection methods are stated. Explanations about 

objective and structural description of CPSjllOO conclude the second 
chapter. 

Multitasking (concurrent programming) on Univac 1100 machines and 

the Exec 8 concurrency constructs for the "activity creation, control 

and removal" and for the "activity synchronization" are explained in 

Chapter three. 

Chapter four is devoted to CPS/1100 statements, keywords and contl~ol 

directives. Implementation details of CPS/l100 are given in this chapter. 

Chapter five consists of case studies about concurrent programming. 

Case one is a "monitor" implementation where the "producer/consumer" 

problem [16J is solved. Case two is the well-known "dining philosophers" 

problem [3J which is a resource allocation problem. Case three is the 
implementation of a parallel sorting algorithm. The "quicksort" algorithm 

[17J is modified for a dual processor system in this case study. Case 

four is the implementation of a parallel algorithm applied to a matrix 

operation [18J. Case three and case four are the demonstrative examples 

of the CPS/llOO "processor dedication U feature. Case five is a model for 
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a IItimesharingli and "multiprograllilling ll operating system in which the 
tlminimum response time" scheduling strategy is applied. 

Chapter six is devoted to the discussion of the study. Comparison 
of CPS/llOO with some of the existing concurrent languages and recommen­
dations for futur~ research are given in this chapter. 

Chapter seven contains the conclusion of the study. 
Six appendices are devoted to presenting details. 
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II. AN OVERVIEW OF CONCURRENT PROGRAMMING AND CPS/llOO 

An overview of concurrent program~ing is given in this chapter. 

Previous studies on concurrent programming are summarized in chronological 

order. Concepts and basic problems due to concurrency are introduced. 

Methods and data structures that have been developed for solving con­

currency problems are briefly explained. Characteristics of existing 

concurrent languages and application areas of concurrent software are 

given. The design aims and structure of CPS/ilOO are described in 

deta il . 

In this chapter and the succeeding ones, the terms process, 

activity and task are used to denote a computation in which the 

operations are carried out strictly one at a time. The term concurrent 

processes is used to specify that the processes overlap in time. The 

term resolJrce is used to describe a set of objects (such as processor, 

memory, programs) that a process can use. The term synchronization is 

used to denote any constraint on the order in which operations are carried 

out. The term quasiparal1el means that program control, in a single 

processor system, passes to another process only at places where the 

current process explicitly specifies its own suspension. The other 

terms related with concurrent programming are described within this 
chapter. 

2.i Historical Development of Concurrent Programming 

In the mid 1950's computer architecture changed 'with the invention 

or large magnetic stores and asynchronous operating peripheral devices. 

Slow speeds of peripheral devices made asynchronous operations essential 

in computer systems. Operating systems became complex beyond human 
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comprehension and due to their size they became unreliable. Then a search 

for abstraction began. 
In the late 1960's, high level languages were used in the programming 

of operating systems as a result of these abstraction studies [19,20J. 
Through the use of high level programming languages, system progr~~ers 
were able to concentrate their productivity on the problem being solved 
rather than on machine details. They were able to produce readable texts, 
therefore testing and maintenance of programs became easy. The extraordi­
nality of these systems progr~ing languages is the coordination and 
controlling capabilities of concurrent activities and the convenience of 
representing tables, queues, lists and similar data structures. 

The developments on design and programming of operating systems were 

driven by the conceptual innovations on concurrent programming. In early 
1960's the operating systems, such as Atlas (1961) and Exec II (1962) were 
not reliable because in those years the deadlock problem was not under­
stood clearly enough [21,22J. Dividing a concurrent program into asyn­
chronous modules with time independent behaviour was an important innova­
tion and was first implemented in MIT's CTSS project [23J. 

In 1965, Dijkstra introduced the critical region concept [2]. 
Processes of concurrent programs usually operate on common variables for 
synchronization. Such common variables must be available to a single 
process at a time. Critical regions are used to prevent competing 
processes from using common variables simultaneously. Dijkstra proposed 
a special data type, named semaphore, for solving communication problems 
among processes. He used a hierarchical program structure [3J on THE 
operating system [lJ. 

In 1971. Hoare introduced the concept of conditional critical 
region [4J by which execution of processes may be delayed until a shared 
variable satisfies some conditions. Process queues associated with shared 
variables were proposed by Hansen [24J to implement conditional critical 

regions. Hansen proposed a language notation monitor [5J. Hoare developed 
the monitor concept as a method on structured system programming [25J. 

In 1974, Concurrent Pascal [16,26,27,28,29J was defined and imple­
mented. It was the first concurrent programming language based on 
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the monitor concept. Another language suitable for the design and testing 

of operating system algorithms, Simone, was implemented by Kaubisch [30J. 

Pascal has been used as basis language in the Simone project. Modula 
which is also based on the process and monitor concepts was proposed by 
Wirth in 1977 [31,32,33J. Pascal-plus, which is a realtime and simulation 

purpose language was implemented by Welsh and Busthard [34J. In those 
years Dijkstra proposed another control structure, called guarded commands, 

for process synchronization [6J. The coroutine approach has been used to 
simulate parallelism in some studies [35,36,37J. CSP/k was developed by 

extending Holt's SP/k system [38J. 

In the late seventies, efforts were concentrated to develop Uprogram 

verification rules" [39,40J and new languages for distributed systems. 

Hoare proposed a language named Communicating Sequential Processes [41J 

and Hansen proposed another language named Distributed Processes [42J to 
satisfy the constraints of distributed storing, in 1978. On both languages 

Dijkstra's guarded commands [6J are adopted as sequential control structures. 
The Ada programming language [43,44J, which will probably be a widely 

used language in concurrent programming, was announced by U.S. Department 

of Defence in 1980. Edison [45,46J, SR (Synchronizing Resources) [47J, 
*Mod [48J, Platon [49J, Implementation of Communicating Sequential Pro­

cesses [50J are some of the recently developed concurrent languages. 
Efforts to design an ideal abstraction for parallel activities and con­
current programming still continue. 

2.2 Concurrent Programming: Concepts, Problems and Solutions 

Concurrent programming is a programming technique in which several 
parts of a program may be in execution -at a given time. For many years, 

it has been used for writing parts of operating systems. But, it is 

only recently that appropriate high level concurrent programming constructs 
have been developed and used in writing operating systems. 

Operating systemsof third generation computers are collections of 

asynchronous, interruptable software modules which are called processes. 
The functionally fundamental module of an operating system, called the 
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kernel, schedules the CPU among processes, receives i/o interrupts, trans­

mits them to the devices and supports interprocess communication. The 
kernel uses clock interrupts to distribute the CPU time among processes. 

It gives each process the appearance of having its own CPU. Each of 
these virtual CPUs behaves like a real CPU except that there is a 
variable rate of progress. Use of multiple CPUs is called multiprocessing. 
The kernel and the physical (single processor) machine simulate a multi­
processor non-existing machine which is called virtual machine. The 
kernel IS responsibilities can be implemented by hardware or microprog­
ramming. Such an implementation makes asynchronous interrupts indivisible 
to all software modules. 

Control problems of concurrency arise in systems where tasks operate 
in a parallel manner. Typical control problems are nondeterminacy in the 
system, deadlocks in the system, mutual exclusion and synchronization of 
tasks. Determinacy of a system is the independence of the systemls out­
come to the relative speeds of the processes within the system. Time 
dependent errors exist in a nondeterminate system. Deadlocks may fre­
quently appear in limited resource systems. The mutual exclusion problem 
arises when two or more processes request the same resource in a system. 
When a resource is shared by processes in an uncontrolled manner, the 
processes modify the internal state of the resource and this causes 

nondeterminacy or deadlock in the whole system. Synchronization problems 
appear whenever the processes are dependent upon each other. Such pro­
cesses must have a means to communicate with each other. 

Dijkstrals THE operating system [1] may be used to demonstrate the 
basic concepts of concurrent programming. THE system has a hierarchical 
organization with five levels. Level one, which is the lowest level, 
is the kernel. It implements a virtual CPU for each process, i.e. the 
timesharing facility. Level two implements virtual memories to the pro­
cesses on higher levels. Level three enables processes on higher levels 
to communicate with the operato~. Level four consists of one process 
per i/o device. Level five consists of one process per allowed user 
program. 

The outcome of a program, which consists of concurrently executing 
processes, depends on the speed of processes, i.e. some parts of the 
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program are time critical. If the outcome does not depend on the speed 
of the process, then the processes are ca11ed 5independent processes". 

When processes of a program have a shared data (or resource), they 

must access and update the data one by one. Otherwise, the final state 
of the shared data is unpredictable. As an illustration: 

"Let, Pl and P2, which are the processes of a program, have a 

shared data, named CLOCK. Pl updates CLOCK v/hile P2 clears it. Pi 

and P2 do not communicate with each other. 

Process Pl: Process P2: 

clock:: clock + increment; clock:= 0; 

The outcome of the program absolutely deDends on the speed of the 
processes. If the execution sequence of processes is Pl, P2 then the 
result stored in the variable CLOCK is zero, otherwise it is different 
from zero.!' 

The result is unpredictable and may not be the desired one, in this 
example. Such disasterous cases, called race conditions, can occur 
whether the processes execute physically or logically in paralle1. In 
th~ physical parallelism, each process has its own processor and is 

simultaneously running. But, in the case of logical parallelism, pro­
cesses are timesharing on a single processor and one process can be 
running at a time. 

Race conditions may occur at the hardware level. As an example: 

!'Two processors, a CPU and a channel (or an i/o processor) can 

access a memory location. CPU tries to update the memory location, 
while the channel tries to store information to that location." 
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In practice, memory interlocking circuits allow only one process 

at a time to access the memory. Thus, the confusion described above is 

prevented. 
Time critical parts of the concurrent programs are called critical 

sections or critical regions. Mutual exclusive access to these sections 

must be guaranteed either by software or by hardware tools. 

Another fundamental concept, conditional critical region, [4J is 

used to explain permissibility of an operation on a critical region. The 

original suggested form for the conditional critical region is: 

where 

with r when B do C 

r: common resource or data 
B: boolean expression which tests the permissibility of an 

operation on critical region 

C: critical region. 

Concurrent programming software provides services for creating 

multiple activities and communication between activities. It is signifi­

cantly difficult to understand and debug multiactivity programs. They 

should be approached with caution, because several activities could 

simultaneously access the same data and programs may work one day but 

may fail the next. Therefore, the problems of concurrency originate 

from the difference between timing of the asynchronous activities. Several 

synchronization techniques are used to solve the problems arising from 

concurrency in systems. Any synchronization technique must ensure that 

determinacy of the system is preserved and each activity is completed 
in a finite time interval. 

Semaphores are the oldest process synchronization tools [2J. A 

sernaphore is a synchronization variable and only two operations on it 

are allowed. These operations allow a process to block itself to wait 

for a certain event and then to be awakened by another process when the 

event occurs. These operations are called P and V operations. P opera­

tion, also called wait operation, and V operation, also cal1ed signal 

operation. can be characterized as: 



P(s): wait until s > 0 and then subtract 1 from s. 

V(s): add 1 to s. 

where s is a semaphore variable. 

11 

Both P and V operations are indivisible. If the processes share 

CPU by time slicing, the P and V operations can be implemented via a 

software kernel. If the value of a semaphore is only 0 or 1 then such 

a semaphore is called a binary semaphore. 
Locking ~heme [51J is a synchronization method applicable to con­

current programming. A process may lock a shared data structure to 

ensure its inaccessibility whi1e it is a temporarily inconsistent state. 

If a process attempts to lock a~ object that has already been locked 

it must either wait, abort itself or preempt the other process. Pro­
cesses unlock the data structure after they complete their works on it. 

Lock and unlock primitives [38J are used to guarantee mutually 

exclusive access to the shared data or resources. Lock/unlock mecha­
nism, functionally, is a gate for a critical region. Before entering 

a critical region, a program should lock its corresponding gate, and 
afterwards should unlock it. 

lock ( < lock identifier >} -- ' 

critical region 

unlock «lock identifier» ; 

p, typical implementation of lock/unlock mechanism can be seen in 

PL/l [13J. Lock/unlock statements and event variables of PL/l can be 

used to create critical regions. In PL/l. an event variable can be 
declared as: 

declare «event variable» event; 

A built-in PL/1 function, completion, can be used to change the 
state of an event variable, such as: 

completion «event variable» = true; 
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or 
completion «event variable» = false; 

The wait statement of PLjl can be used to suspend progt~am control 

of a task until status of corresponding event variable become true. 

wait «event variable» ; 

The task which is in the wait state can not change the status of 
an event variable, therefore resetting of an event variable to false 
should be performed explicitly. A task in PLjl can be created by a 

ca 11 sta tement 

call «procedure name>«parameter» task «taskname» 
event «event variable»; 

Call statement with task and event options starts up a child pro-
cess to the caller. At that moment,the event variable in the call 
statement is set to false. When the child process has completed its 
job, it ~can be terminated by executing an exit statement. This sets 

the event variable used in the cal1 statement to true. Parent process 
can wait for the completion of the child process by executing a wait 
statement which uses the event variable that is used in the call statement. 

A PL/l built-in function, status, can be used for interprocess 
communications. For example: 

In process Pl: 

s ta tus «event variable» = integer variable 

In process P2: 

if status «event variable» > <integer variable> then ... 

Monitor [25Jis another synchronization tool for concurrent prog­

ramrning. A monitor can be thought of as a combination of a set of 
shared data and the critical sections for that particular set. A 
monitor provides appropriate facilities for guaranteeing mutual exclusion 
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and for blocking and waking up processes. A monitor may have more than 

one entry point. If a process enters into a monitor and finds that a 
required condition, related with shared data, is not true, then it 
enters into a wait state by executing a wait statement. When another 
process enters the monitor and finds the condition to be true, it exe­
cutes a signal statement that re~oves a waiting process, if any, from 
the queue and wakes it up. The following Concurrent Pascal codes were 
used to implement a monitor which represents a clock keeping track of 
real-time. Explanations for some statements are given in quotation 
marks. 

const one min = 60.0; onehour = 3600; 
halfday = 43200; oneday = 8640000; 

type clock = monitor 
var seconds: real; 
function entry value: real; 

begin value: = seconds end; 
procedure entry correct (time:real); 

begin seconds: = time end; 
procedure entry tick; 

begin 
seconds: = seconds + 1.0; 

if seconds> = oneday 

"constant declaration" 

"monitor declarationl! 

"defines the present!! 

"value of time" 
"sets the time to" 
lIa given value" 

"increments the time" 

"by one second" 

then seconds:: seconds - oneday; 
end; 

begin seconds: = 0.0 end; Hsets time zero lf 

Processes enter a monitor to test or update a set of critical 
da ta, thus, they communi ca te wi ttl each other. i1onitors are very use­
ful and understandable structures for interprocess communication . 

. Another way of interprocess cO!'!'im: .. mication is message passing mechanisms. 
Send and receive operations are used to specify desired i/o operations. 

The send primitive is used to pass a message to another process. 
The receive primitive is used to block the user process until a message 
is accepted from the sender process. In most of the message passing 
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systems, the transmitted message is stored until received in some 
special buffer, sometimes called a mailbox. Many systems allow 
multiple-slot mailboxes in which messages are arranged on a first-in­
first-out basis. In a zero-slot message transmission mechanism, if 

a send operation occurs first, the sender is blocked until a receive 
operation occurs. Conversely, if the receive occurs first, the receiver 
is blocked until the send occurs. 

Coroutines [37] are process synchronization tools by which a quasi­
parellel programming environment can be built. A coroutine starts with 
its first statement when it is activated the first time. It continues 
the execution until it suspends itself by transferring the control to 
another coroutine. The suspended coroutine can only be reactivated 
when an explicit transfer back to it is performed by one of the other 
coroutines. Then, it resumes its execution at the statement following 
the point of suspension. 

Guarded commands and guarded regions [6J are the statements which 
are used to control program execution in recent parallel programming 
studies [41,42]. Guarded commands have the following syntax: 

if Bl: Sl 
do Bl :Sl 

B2:S2 I .. end 
B2 :S2 I .. end 

where Bi is a boolean, Si is a sequence of statements and I denotes 
operator 'or I. 

Meaning of the if statement is: 

If some of the conditions B1 ,B2, ... are true, then select one 
of the true condition Bi' and execute the statement Si that follows 
it; otherwise stop the program. 

Neani ng of the do statement is: 

Whi 1 e some of the conditions are true, select one of them arbit­
rarily and execute the corresponding statement. 

The guarded regions have the following syntax: 



when 81: Sl 
cycle Bl :Sl 

B2: S2 I... end 
B2:S2 I... end 

Meaning of the when statement is: 
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Wait until one of the conditions is true and execute the correspond­

ing statement. 

Meaning of the cycle statement is: 

Endless repetition of a when statement. 

If several conditions are true within a guarded command or region, 

the statement that the machine will select is unpredictable. 
Uncontrolled usage of lock/unlock or wait/signal mechanisms may 

cause deadlock in the system. Deadlock is a state in which two or more 
processes are waiting indefinitely for conditions which will never hold. 
It involves circular waiting such that each process is waiting for a 
condition which can only be satisfied by one of the others. But. since 
each process expects one of the others to resolve the conflict, they 
are all unable to continue. The deadlock problem was first recognized 
and analysed by Dijkstra [2]. A typical example of deadlock is explained 

below. 

"Process Pl and P2 lock resources Rl and R2 respectively. After 
a while, process Pl tries to access the resource R2, while process P2 
tries to access the resource Rl. Both resources are not available to 
the requests of processes Pl and P2." 

To analyse a deadlock problem in a system, the system is considered 
as a combination of a set of states and a set of processes, where each. 
process is a function that maps states into states. A process is blocked 
in a state if it cannot continue execution when it is in that state. 
A process is deadlocked in a state if it is blocked in that state and 
in all future states which the system can reach. A state is safe if 
no process can map that state into a deadlock state. In a systerr with 
many different kinds of resources, deadlock is a difficult problen. If 
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a resource in a system can be used repeatedly by many processes, it 
can be called a permanent resource. If the resource is produced by 
one process and consumed by another, this resource can be called a 
temporary resource. A disk device and a message are examples for 
permanent and temporary resources respectively. 

Necessary conditions for the occurrence of a d~adlock with respect 
to permanent resources are the abscence of a mutual exclusive access 
mechanism to the resource, or having a nonpreemptive scheduling strategy 
on the resource, or allowing piecemeal allocation of the resource, or 
circular waiting of processes to acquire each other's resources. Pre­
emptive scheduling strategy is a useful way to prevent deadlock but it 
leads to a less efficient utilization of resources. Another way of dead­
lock prevention is to allocate all resources needed by a process in 
advance of its execution. For example, all tape unit requests of a 
process can be satisfied just before the execution of the process starts, 
however this leads to the inefficient utilization of resources. A way 
of deadlock prevention, due to circular waiting of processes, is sequen­
tially, hierarchically, ordering requests. The requests and releases 
of hierarchal allocated permanent resource are subject to a fixed sequen­
tial ordering [52J. Also, temporary resources can be allocated in a 
hierarchal manner to prevent deadlocks. Message transmission between 
processes can be organized hierarchally with finite process levels. Pro­
cesses at lower levels, called masters, can supply processes at higher 
levels, called servants, with messages. Servants can return answers to 
their masters in response to messages. Thus, messages are sent in one 
direction only and answers are sent in the opposite direction. 

Special models of parallel executing systems, such as Petri nets 
and computational schemata [52J have been developed to analyse and for­
malize the deadlock problem. Reusable resource graph [38J is an example 
of the modelling approach for the deadlock problem. This method concen­
trates on specific problems related to resource sharing. Resources such 
as tape drives are called reusable, because after they have been used by 
one process, they can be re-used by another process.' The physical devices 
of computer systems, such as memory, tape drives and disks, can be thought 
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of as reusable resources. A system can be represented as a collection 
of processes and reusab1e resources by a graph having nodes for each 
process and resource. The units of a resource are shown by small triangles 

inside the resource nodes as illustrated below: 

Allocation 

Rl R2 

Figure 2.1 - Graph representation of reusable resources. 

In this graph, resource Ri has two units and R2 has one unit. One 
of the units of Rl has been allocated to Pl. P2 has acquired the unit 
of R2 and has requested both units of Rl. P2 will be blocked until Pl 
releases its unit of Rl. The reusable resource graph method is used 
to analyse such a graph to determine if there is a deadlock, i.e. to 
see if some processes can never be granted their requests. A graph 
can be reduced if the request of its processes can be granted. An 
example of a reduction operation is given below: 

Allocation 

Rl 

a) Initial state: One of the 
units of R2 has been allo­
cated to P2,P2 has been 
requested one unit of Rl 
and one unit of R2. One 
unit of Rl has been allo­
cated to Pl. Pl has re­
quested one unit of R2. 

R2 

b) Process Pi has been satisfied 
by using one unit of Rl and 
one unit of R2. Therefore, 
the arrow linking Rl to Pi and 
Pi to R2 are removed to sim­
plify the" graph. 



c) Process P2 has been satisfied by using one 
unit of Rl and two units of R2. The arrows 
linking Pl to Rl, R2 to P2 and P2 to R2 are 
removed. Therefore, the graph is completely 
reduced. 

Fig. 2.2 - Reduction of a reusable resources graph. 
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There are no deadlocked processes if and only if the graph is 

completely reducible. The order of reductions is immaterial because 
the same final graph is obtained regardless of the order. 

Deadlocks can be broken by using time-outs to rewoke waits after 

a specified time interval. However, it is significantly difficult to 

pick a workable time-out interval. Another approach for deadlock pro­

tection is to use a locking strategy where locking rights of resources 
are determined in hierarchical manner. An alternative locking method, 

called predicate locks, is locking resources internally against external 

access when certain values related with resources satisfy predicates [51J. 

More on the theory of deadlock and related bibliography can be found in 
Holt's survey [53]. 

Communications between processes can be performed either by copying 

parameters within a common store or by i/o between seperate stores. 

Two major classes, procedure calls and message passing, have been evolved 
for process interaction. Communication between processes may be syn­

chronous or asynchronous. In the case of asynchronous communication, 

one of the processes can deljver a value and go on; at some later time, 
another process may pick up this value. Interprocess communication 

scheme of Concurrent Pascal is an example of asynchronous strategy. 

Concurrent Pascal uses monitors for process communication. In the case 

of synchronous, processes must send and receive val~es simultaneously. 

The synchronous communication technique was proposed as the communication 
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method in Communicating Sequential Processes and Distributed Processes. 

Classification and comparison of communication techniques are discussed 
by Straunstup [49J. 

2.3 Concurrent Software 

The cheap processing power provided by present computer technology 
has led to a variety of proposals for concurrent programming methodology. 
In the last decade, many concurrent languages have been proposed, such 
as Concurrent Pascal, Pascal~plus, CSP/k, Modula, Simone, Communicating 

Sequential Processes, Distributed Processes, Edison, *Mod, Ada, SR, 

Platon and most of thes~ languages have been impl~mented for different 

machines. Some of them, such as Concurrent Pascal, Simone, Pascal Plus, 
Modula, Communicating Sequential Processes, Distributed Processes, Ada 

are worth discussing because of their structural and functional properties. 
Concurrent Pascal [16J is an extension of sequential Pascal with 

concurrent processes, monitors and classes. It is primarily implemented 

for a PDP 11/45 machine. Concurrent Pascal compiler generates pseudo 
codes for a virtual machine that can be simulated in any other physical 

machine. An interpreter program may analyse and executes those virtual 

codes. Kernel, in the original Concurrent Pascal implementation, is an 
assembler program that multiplexes the processor among concurrent pro­

cesses and gives theT, exclusive access to monitors. Concurrent Pascal 
consists of three kinds of system types: process, monitor and class. 

A process is a combination of a private data structure, a sequential 
program and access rights. Processes can only operate on their own 

private data. But, they can share certain data structures in monitors. 

The other system type monitor consists of shared data structures and 
procedures called monitor procedures. Synchronization operation are 

controlled by monitor procedures. A monitor also has an initiai ope­

ration section for the shared data structure. Concurrent Pascal has a 

special data type, called queue, which can be used by monitor procedures 

to control execution of processes. A monitor can either delay the exe­

cution of a process and place it in a queue or resume the execution of 
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a process waiting in a queue. Only one process at a time can wait in 
a queue. A class defines a data structure and possible operations on 
it. The machine does not have to schedule simultaneous calls of class 
procedures in run time. A class can only be initialized once, and then,· 
its parameters and private variables exist forever. Concurrent Pascal 
checks that the private data of a process is accessible only by that 
process. It also checks that the data structure of a class or monitor 
is accessed only by its procedures. There is one restriction due to 
storage allocation and deal location mechanism, that a Concurrent Pascal 
program consists of a fixed number of processes, monitors and classes. 
These components and their data structures will exist forever after 
program initialization. 

Simone [30J is also an extension of Pascal with three basic 
features: process, monitor and condition variables. Condition variables 
are used to synchronize processes by means of wait and signal operations. 
They can be declared within a monitor only. There;s a queue for each 
condition variable in which two or more processes can wait for their 
activation. Processes are those parts of Simone programs which can be 
executed in quasiparallel fashion. In a quasiparallel system, there 
is by definition only one processor. the program control passes to 
another process only at places where the current process explicitly 
specifies its own suspension. As they are activated, processes are 
pushed onto a sequencing stack and commence execution. Eventually 

when the sequencing stack becomes empty, the first process on the time 
queue is moved onto the sequencing stack, simulated time is advanced 
to its restart time. When a currently executing process performs a 
signal operation, the reactivated process is moved from the condition 
variable queue to the sequencing stack and immediately resumes execu­
tion in place of the signalling process. The fundamental assumption 
on Simone store management is that all the processes will be active 
simultaneously. Therefore. the storage allocation mechanism is static 
and there exists no storage recovery operation. 

Pascal-plus [34] is an extension of Pascal which can be used in 
either realtime or simulation mode. It has a block structure construct, 
called envelope, which provides modularity of programs. Essential 
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programming structures are processes, monitors and condition variables. 

Condition variables have single first-in-first-out queues. Pascal-plus, 

being a successor of Simone, provides simulation facilities. It con­
sists of a simulation monitor o~ which processes may suspend themselves 
for a period of pseudo time. The programs ultimately intended for real­

time use can be tested by simu12tion facilities of the language. In 

realtime mode, the actual realtime devices are connected to a system 

instead of simulation processes that correspond to those devices. The 
input/output handling of the language is dependent on implementations 
for specific machines. For example, input/output handling operations 

are expressed in terms of stand~rd Pascal file operations in the original 
implementation of Pascal-plus. Pascal-plus allows a static memory allo­

cation system for processes ana monitors which are exploited during 

compilation of the program. 
Modula [31J which is bas~d on module concept is intended primarily 

for programming dedicated compu-:er systems, including process control 

systems on smaller machines. I:. relies very strongly on Pascal. The 
module concept has been introdu=ed as an essential supplement to the 
block concept. A module is a ccllection of constant, type, variable 

and procedure declarations called objects of the module. A module 
contains two lists of identifie~s. A define list mentions all module 

objects that are to be accessib~e outside the module. A use list men­

tions all objects declared outside the module that are to be accessible 
inside. Identifiers in the define list are said to be exported, those 

in the use list are imported. ~Jltiprogramming facilities are the 

processes~ interface modules an':':: signals which are added to the lan-

guage called Sequential Modula. A process can not create other pro­
cesses. Process creation is possible in the main program oniy. Modula 
sup;:>orts the poss; bil ity of dynac71 c process generation, but it does 

not support the recycling of its store. Thef~efore, overall storage 
allocation mechanism of Modula is static. Synchronization operations 
are achieved by the use of signzls. Signals can be sent, and a process 

can wait for a signal. Processes cooperate via common variables. An 

interface module, which is a kind of monitor, is a set of critical sections 
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where simultaneous execution by several process is excluded. The 
interface module allows more than one process to be in a critical 
region, provided that all but one are either waiting for a signal 
or sending a signal. The essential characteristic of Modula is the 
absence of interrupts. Modula is unusual in that it is designed to 
run on a bare machine without any operating system support. 

Distributed Processes [42] is a language concept that is in­
troduced for concurrent processes without common variables. These 
processes communicate and synchronize by means of procedure calls and 
guarded regions. A process on the language defines its own variables, 
common procedures and initial statements. It may call common proce­
dures either within itself or within other processes. A process per­
forms two kinds of operations, the initial statements and external 
requests made by other processes. The language is proposed for real­
time applications controlled by microcomputer networks with distributed 
storage. There is no need for interrupts in a realtime program written 
in the proposed language. Fast response to external requests is achieved 
by dedicating a processor to each critical event in the environment. 
An attractive feature of the proposal is that it lets a process carry 
out computations between external calls of its procedures. Synchroni­
zation of individual processes is handled by means of guarded regions. 
As an illustration: 

process 
proc 
proc 

s :- 0 

sem ~ s : i nt 
wait; when s > ~ 

signa 1 ; s:= s+l 
s : = s-l end 

The process sern is a semaphore implementation. It is initialized 
by the statement s:= 0 and wait/signal operations are defined by pro­
cedures. The when/end structure is a guarded region where the call ing 
process waits until variable s is greater than zero. Processes are 
permanent in Distributed Processes language. Proposed mechanism for 
storage allocation is static. In the implementation of the language, 
parameter passing between two processes requires a single input operation 
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before the called procedure is executed and a single output operation 
when it terminates. 

Communicating Sequential Processes [41J is a language proposal 
which has a brevity so that the primitive concepts are expressed with 
single character notation. In the language, guarded commands are 
adopted as sequential control structures. A simple. i/o command is 
used for communication between processes. There is no automatic buffer­
ing in the i/o operations. Input commands may appear in guards. The 
language is implementable both in a machine which has a single main 
store and in a network of processors connected by i/o channels. A 
parallel command of the language specifies concurrent execution of 
its constituent processes. Conrnunication occurs between two processes 
of a parallel command whenever an input command in one process specifies 
as its structure, the process name of other process, and an output com­
mand in the other process specifies as its destination, the process name 
of the first process, and the target variable of the input command matches 
the value denoted by the expression of the output command. The following 
statement is an illustration for process communication: 

x .. *[c:character; west?c + east!c] 

Process X copies characters from process west to process east. 
The Ada programming language [43J was developed as the result of 

a procurement exercise by the U.S. Department of Defence. It is a power­
ful and elegant language with the features of data abstraction, excep­
tion handling, seperate compilation and concurrency. The data abstrac­
tion construct of the language is called a package which consists of 
t",·o parts, the package specification and the package body. The package 

specification lists all objects which are accessible outside of the 
package. Generic definition facility is an ability of Ada language to 
parameteri ze units over appropriate data types. Exception handl i ng 
feature provides that the control is transferred to an emergency action 
when a specific exception condition is raised. Seperate compilation 
feature permits the compilation of a program in distinct pieces. Ada 
allows concurrent tasks to be introduced into a program by using a 



24 

notation simil ar to that for packages. Intertask comInunication is 
handled by means of urandevous ll 

•. Calls to transfer data are received 
by an accept statement with the called task. Nondeterminism is handled 
by using a select statement, each select alternative being preceeded 
by an optional guari. Since dynamic memory allocation and deal location 
mechanism may be quite slow, Ada allows the maximum. space to be allo­
cated to a collection of dynamic objects such as tasks. 

In Univac 1100 systems, the vendor supported languages with con­
currency features are Plus [10,11J, PL/l [13J and Cobol [12J. Cobol 
is not worth discussing because it is inconvenient for system programing. 
But, in PL/l multitask programming, users may use the following stat-~ents: 

- call with task and/or event options 
- clear 
- lock 
- post 
- stop with or without task option 
- wait 
- unlock 

Synchronization of the processes can be achieved by using the 
following built-in functions: 

- completion 
- status 

Task, event ann lock constants or variables are used on synchroni­
zation operations. A task constant represents a symbolic name which is 
dynamically associated with a task. It is initially inactive and becomes 
active when it is associated with a task and is inactive again when the 
task is terminated. An event constant represents a sym:solic name of a 
dynamically associated task. It is inactive initially, becomes active 
when it is associat-od with a task, and is inactive again when the asso­
ciated task is terminated. A lock constant represents a symbolic nase 
of lock. Locks are used to protect a certain data area. Lock/unlock 
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statements are used to create a critical region. 
A new task may be created by executing a call statement with task 

and event options. For example: 

call sub-task task (tl) event (el); 

The wait statement is used to suspend the control of a task until 
an event associated with the wait statement has been completed. 

wait (el); 

Programmers can alter the completion state of an event by using 
post and clear statements: 

clear 

statement sets an inactive event constant or variable 
to complete 
statement sets an inactive event constant or variable 
to incomplete 

The completion built-in function is used to know whether the state 
of an event is complete or incomplete. The built-in function status is 
used to change the status value of event variables, therefore these 
variables are used as communication signals among tasks. But, Univac 
PL/l compiler contains a variety of bugs which may be solved in new 
re 1 eases. 

The Plus compiler of Univac [llJ was a restricted software for 
many years. It was used on system programming and compiler writing 
studies under the control of Sperry Univac. In recent years, the Plus 
5R1 compiler was released worldwide. 

Plus is a language which consists of language constructs similar 
to PL/l and Pascal. The powerful feature of Plus is the ability of 
accessing facilities which can only be used in assembler programming. 
Plus provides a facility, ca1led inline, for generating assembler code 
sequences. Since the inline facility of Plus is actually part of the 
compiler, it has access to the compiler's information tables to retrieve 
needed information. The inline facility has on and off directives to 
facilitate the conditional and/or iterative generation of code. 
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On the other hand, Plus allows programmers to direct the compilation 

by using compile-time statements, such as copy, include, resume and de­

fine. The copy statement provides a mechanism by which line images from 

other resources are incorporated into the compilation. The include and 

resume statements permit the conditional compilation of source code. 

The define statement allows the parameterization of. programs. 

Modularity in Plus programming is maintained by using module and 

term statements. The environment facility of Plus allows a program to 

save processed declarations that can be read into other compilations 

later. 

Multitasking in Plus programming is possible by using inline faci­

lity. For that reason, programmers, who try to write multitask programs 

by using Plus, must have an extensive knowledge of Exec 8 and Univac 1100 

assembler programming. 

2.4 Application Area of Concurrent Software 

Operating systems are the basic application fields of concurrent 

programming since concurrent programming grew out of problems associated 

with them. Timesharing, multiprogra~ing, distributed processing and 

similar sophisticated softwaresysterns can be realized after under­

standing concurrent programming concepts. Defects of operating sys­

tems are reduced to a minimum by using concurrent programming software 

and abstract data types. Concurrent programming will develop while it 

is used to increase availability and performance of parallel hardware 

facilities. 

Concepts used on concurrent program~ing are very similar to con­
cepts. used on discrete event simulation. Data structures used in 

concurrent software may be used for scheduling and queuing events in 

simulation models. Concurrent software may be extended by adding special 

type priority lists and data structures to create a powerful simulation 

language. Simone is an example of this approach. Similarities between 

queuing network elements and concurrent language elements is stated by 

Sauer [54J. Various types of nodes on extended queuing models are 
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similar to semaphores and monitors in concurrent programming. 
Concurrent programming is the only programming technique used on 

programming realtime systems which are the systems such as industrial 
plant control, military command control, air traffic control systems. 
Requirements of realtime systems are very special. A realtime program 
must respond to a variety of indeterministic requests from its environ­
ment. The programs cannot predict the order in which requests will 
occur. It absorbs and processes dozens of different asynchronous ex­
ternal signals and operator commands. Programs must respond to requests 
within certain time limits. Otherwise, input data to the program may be 
lost or output data of the program lose its significance. Concurrent 
software may reduce the programming effort and increase the reliability 
of programs which are applied to the control engineering field. 

Time and space requirements of large scale mathematical problems 
may be reduced when the problems are solved in a multiprocessor media. 
Recently developed algorithms in the fields of sorting, polynomial eva­
luation and graph operations permits making a tradeoff between space, 

time and processors in a multiprocessor or a distributed system [55,56, 
57,58,59]. 

Artificial intelligence subjects such as game playing and robotics 

are the application area of concurrent programming. Parallel algorithms 
for alpha-beta search or implementation of transportation tables in game 
trees improve the search speed. A discussion on parallel searching on 
game trees may be found in Marshlands' survey [60]. In another survey 
by Bonner [61], robot languages are classified and their extensibility, 
concurrency and modularity features are evaluated. A robot language 
would include the ability to operate different devices concurrently. 
Concurrent operations are performed either by wait/signal mechanism 
or parallel block execution. Wait/signal primitives are commonly used 
to synchronize processes in robot control programs. The parallel block 
execution method is preferred when concurrent processes are executed 
in different devices and they communicate with each other. 
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2.5 Description of CPS/llOO 

CPS/llOO was primarily designed to aid the writing and understanding 

of concurrent progrars in various fields of computer science. The pri­
mary concern during the design and implementation phases was to produce 
a concurrent system suitable for writing model operating systems, real­
time applications and discrete simulation. 

CPS/llOO is designed to provide facilities to solve concurrent 
programming problems such as deadlock, mutual exclusion and nondeter­
minism. Special attention was devoted to facilitate the easy debugging 
of CPS/ll00 programs. Two debugging aids are made available to users. 
Users may get a dump of process synchronization variables or may examine 
status of activities. 

Processor dedication facility of CPS/llOO provides physical con­
currency in program execution. Therefore, efficient parallel algorithms 
for mathematical and engineering problems can be programmed by using 
CPS/ll 00. 

Structurally, CPS/ll00 is an extension of the Pascal 8Rl compiler 
which was developed in Institute of Datalogy of University of Copenhagen. 

Pascal 8Rl compiler permits assembler code insertion into programs and 
seperate routine comoilation. Syntactically, CPS/ilOa and Pascal have 
the same structure. CPS/l lOa has a prescanner to perform syntactical and 
semantical analyses of its commands and control directives. Prescanning 
is achieved in three phases. Prescanner programs were written by using 
a high 1evel string processing language, Macro. At the end of the pre­
scanning operation, a program, which is a mixture of Pascal and assembler 
codes, is created by CPS/liDO. These assembler codes are used to call 
executive requests [62J for exception handling. processor dedication, 
activity creation,removal and control. Also, test-and-set type assembler 
instructions are used to implement and maintain critical regions. After­
wards, the Pascal SRi compiler generates an assembler program text instead 
of an object code stream. This assembler stream is then processed by 
the cps/noo postscanner which is also a Macro program. The postscanner 
recogni zes the messages inserted duri n9 prescanning. It processes the 
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assembler code stream according to these messages. The final form of 
the program is a Univac assembler program which can only access the 
Exec8 and Pascal 8Rl libraries. This final form of the program is 
assembled and linked to produce an executable element. Block diagram 
of the CPS/llOO structure is given in Figure 2.3. 

The basic restriction of CPS/llOO software is that procedure 
activation records are not allocated and deallocated dynamically. 
Therefore, CPS/llOO does not permit processing of multilevel routines. 
In other words, CPS/llOO allows only single level routines and its 
memory allocation mechanism is static. 
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III. MULTITASKING ON UNIVAC 1100 SYSTEMS 

Generally the name acti~ity, which corresponds to the name process, 
is used to denote a program control flow in Univac terminology. The 
operating system of Univac 1100 machines, Exec8, provides services for 
creating multiple activities and for communication between activities, 
Several activities could simultaneously be in execution in programs. 
Activities created by Exec8 are identified in either of two ways: by 
an 'activity-id ' or by an 'activity-name ' . A program initially consists 
of a single activity. This is the initial activity of the program. 
Other activities can be created by using a fork$ request. Each child 
activity may have either the minor register set, which includes X8-Xll, 
A0-A5 and Rl-R5 registers, or the major register set, which includes 
all user registers. Details of multitasking are given in this chapter. 

3.1 Multiple Activity Programs and Activity Control 

The operating system of Univac 1100 machines, called Exec8, provides 
services for creating, removing and controlling multiple activities. 

Activities may be identified by an activity-name, or by an activity-id 
or both. An activity-id is a number in the range of 1 to 35. An acti­
vity-name contains a maximum of three characters. An activity can be 
named by using the executive request name~. Activity names are used to 
activate or to interrupt the execution of tasks. Activity-ids are used 
to wait for the termination of other activities. 

A program initially consists of a single activity called the initial 
activity. Other activities of a multi task program are created by using 

an executive request fork~. The entire program can be terminated by 
using the executive request abort~, while a single activity can be ter­
minated by using exit~. 
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Activities ':2n be controlled by await~, actg, dactg, twaitg, intg 

and adedg reques~5. An activity may be delayed until the completion of 

other activities via the awaitg request. This request can be used by an 

activity to sus:end its execution until the completion of specific acti­

vities. The wc~~ing activity and the activities being waited for are 

distinguished t~j their activity-ids. AcU and dact~ requests may be 

used to activat2 and deactivate activities. Dact~ request suspends 

the activity trc~ requests it. Act~ request causes the resumption of 

a named activi t~i" An activi ty that issues an act~ request must have 

an activity namE assigned through the use of a name~ request. Activities 

may interrupt e=:h other by using the int$ request. Int$ request creates 

a contingency cc'ndition, which is an abnormal occurrance, in a indicated 

acti vity. Con-r::-'J 1 of interrupted acti vi ty is di rected to a predefi ned 

routine when ar ~nteractivity interrupt is handled via intg request. A 

routine, callec :ontingency routine, must be registered via all~ request 

by the interru:-:ed activity. Another necessary condition to achieve an 

interactivity i-~errupt is that the interrupted activity name. 

Test and S~~ mechanism can be used to create and control critical 

regions. A,n ac~-'vity may lock a critical region by using a test and 

set instructior. Another activity may reference the critical region 

by using a tes~ znd set instruction and if the region is locked, that 

activity enters z busy wait state (periodic checking) until the first 

activity unlOCKS the critical region. 

Timed wai-:-'~'9 is another technique used in synchronization opera­

tions. The e:"ec~..ition of an activity can be delayed for a spec ifi ed 

time intervai b~ using the twaitg request. 

Activities ID3Y have either a subset of user registers, called 

minor registe~ s~t. or all of the user registers according to selected 

parameters duric;t; their creation. 

Test-and-s2~ queui ng mechani sm can be used to control interactions 

between activii-:es. In this mechanism, an activity sets a test-and­

set flag and th~ deactivates itself by clearing the test-and-set flag, 

until another a.c~ivity sets the test-and-set fl ag and activates the 

first activity 2-" clearing the test-and-set f1ag. ExecS uses a queue 

for each test-a.1"'J::-set flag if a test-and-set queuing registration is 
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performed. The registration can be performed by calling the executive 
request tsqrg~. 

Contingency handling mechanism of Exec8 is applicable to many excep­
tion conditions, other than interactivity interrupts, such as overflow/ 
underflow, i/o errors. Exec8 stores information about interrupted acti­
vity into an information packet when a contingency .condition is raised. 
At that moment, the interrupted activity has a high internal priority, 
called lin contingency model. The activity leaves contingency mode 
when it calls an executive request. Error-address field of contingency 
packet, which contains the location counter when the activity is interrupted 
can be used to resume the execution of the activity. 

3.2 Activity Creation, Removal and Naming 

A fork~ request with a parameter word can be used to create a new 
activity. The 52 field, bits 24-29, of parameter word contaiffithe acti­
vity-idwhich is unique and in the range of 1-35. If the 52 field is 
zero then the activity does not have any activity-id. The h2 field 
of the parameter word, corresponding to bits 0-17, is the address of 
first instruction to be executed by the new activity. The s3 field 
of parameter word, corresponds to bits 18-23, must be zero to indicate 
that all user registers are active. The parameter word must be loaded 
into A0 register before the executive request fork~ is called. 

Following instructions are sufficient to create an activity. 

newacti vity 

l A0, (0ll, newactivity) . Load the parameter word 
ER FORK$ Issue an executive 

request to activate 
the process indicated 
by the parameter word. 
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The executive request exit~ should be used to remove an activity 

from the system. 
The name~ request is used to assign a name to an activity. It 

converts an 18 bit, i.e. three characters, name to a one word activity 
name. The 18 bit user defined name must be unique. It must be loaded 
into the A~ register before the name~ request is called. 

An activity is named and that name is stored at a specific location 

by the following codes: 

L, U A0, 'ABC' 

ER NAME$ 
S A0, activityname 

3.3 Activation and Deactivation of a Named Activity 

The executive request act$ activates an activity which is already 
named via a name$ request. It resumes the execution of the named acti­
vity after the activity deactivate itself by using a dact$ request. 
The name of the activity must be loaded into the A0 register before the 
executive request act$ is called. If the activated task is currently 
active it will not be deactivated after its next dact~ request. 

In the following example, an activity is activated: 

L 

ER 
A0, activityname 
ACT$ 

A named activity may deactivate itself by using dact$ request. 
Dact$ request prevents the execution of the activity until it is acti­
vated by another activity. If other activities have issued act$ 
request for an activity before it performs a dact$ request, deactiva­
tion does not occur and execution continues. If an activity remains 
deactivated after all activities have terminated, an await$/dactS 
ambiguity error is reported by Exec8. 

An activity deactivates itself through the following instruction: 

ER OOCT$ 
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3.4 Waiting for Activity Completion 

The execution of an activity can be delayed until the completion 

of one or more activities by using the await$ request. Initial activity 

of a program can not cail await$ request because it does not have an 

activity-id. A bit mask is used to indicate the activities being 

waited for. Bit 0 of the mast must always be zero. The activity-ids 

of the activities being Y/aited for, must be used to indicate the bit 

positions which would be set to 1. The mask word must be loaded into 

A0 register just before calling of await~ request as illustrated below: 

L 

ER 

A0.mask word 
AWAIT$ 

3.5 Contingency Registration and Interactivity Interrupt 

The executive request iall~ can be used to register a contingency 

routine. A mask word is used to indicate the types of contingencies 

that may be handled by the contingency routine. Bit 34 of the mask 

word must be set to 1 to handle interactivity interrupt type contingency. 

H2 field (bits 0-17) of the mask work contains contingency routine 

address. The mask word must be loaded into A0 register before requesting 

iall~. The first two words of contingency routine is called the contin­

gency packet. The contingency packet consists of information about 

contingency processing. The address, that is the location counter 

at the moment interrupt occurred, is stored in the H2 field of the 

first word of contingency packet. Interrupted activity can be resumed 

by transferring control to the successor of that address. The contin­

gency packet is immediately followed by the codes of a contingency 

routine. An activity in a contingency routine is in contingency mode 

until it calls an executive request. 

Another executive request, cregg, is used for contingency regiS­

tration. Creg~ request allows the contingency packet to be seperated 

from the contingency routine. Further details on contingency regis­

tration are given in the Univac Executive System manuals [8,62J. 
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The executive request int~ can be used to handle interactivity 

interrupt. An activity that may be interrupted must register contin­
gency before it is interrupted. If an interrupted activity is already 

deactivated via an await$ or dact$, it is reactivated to handle the 
interrupt. If an interrupted activity has been deactivated via a test­

and-set queuing request, it will be interrupted after activation is 

performed by another activity via test-and-set clear and activate 

reqJest. The name of activity being interrupted is loaded into A0 

register before int~ requested as illustrated below: 

Interrupting Activity 

L,U 
ER 

A0, name-of-the-interrupted-activity 

INH 

Interrupted activity: 

L,U 
ER 
L 

ER 

ER 
Contingency-routine 

A0,activityname· 

NAt·1EZ . Activity naming 

A0,(0200000,contingency-routine) 
IALLZ · Contingency registration 

EXIT~ 

RES +2 · Contingency packet 

J somewhere · Jumping 



37 

3.6 Test-and-Set Instruction and Test-and-Set Clearing 

Test-and-set instruction (ts) is designed to cooperate asynchronous 
tasks via a common location for the tasks, called test-and-set cell. 
TS instruction checks bit 30 of test-and-set cell whether it is 0 or 1. 

If bit 30 of the cell is zero, the next instruction of the program is 
executed and this bit is set to 1. If bit 30 is set to 1, an interrupt 
occurs and the processor does not service this activity for a while. 
The activity receives control back and checks bit 30 of the cell again. 
A test-and-set cell can be created via a special assembler procedure 
t$cell. Bit 30 of a test-and-set cell can be reset to zero by using 
C$ts executive request. ts and C$ts pair can be used to create criti­
cal regions as illustrated below: 

cell T~CELL . test-and-set cell creation 

TS cell 

. Critical region 

C~TS cell 

3.7 Test-and-Set Queuing Registration and Deregistration, 
Test-and-Set Queuing and Activation 

The executive request, test-and-set queuing registration, tsqrg$ 
is used to register automatic queuing of test-and-set conflicts within 
a program. On the contrary, test-and-set queuing deregistration request, 
tsqcl~, supresses queuing operations on test-and-set conflicts, but 
activities already on queues will be serviced by clear test-and-set 
and activate, c$tsa, requests. 

The assembler procedure C$tsq clears a test-and-set cell and de­
activates th~ requesting activity. The cell referenced by that request 
must be declared before. A test-and-set cell must be processed by a ts 
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instruction before it is referenced in a c~tsq request. Otherwise, 
the result of the cjtsq request may cause an ambiguity on the program 
execution. 

The assembler procedure c$tsa clears a test-and-set cell and acti­
vates one activity, queued to the cell, which was deactivated by a 
cttsq request. The cell must be set via a ts instruction before citsa 
request is used. cjtsa causes a search on a specific queue for an entry 
created by citsq request. If such an entry is found, it is activated 
and the test-and-set conflict is cleared. 

The following example is a solution for a 'producer-consumer' prob­
lem by using citsq and citsa requests: 

Activity Al, of program A, is passing information via a common 
data bank to activity Bl of program B. The following subroutines will 
provide the data protection and activity synchronization. CELL is in a 
common bank and it has test-and-set and queuing registered. 

Within activity Bl: 

Lock data area (TS CELL) 
ChecK for input 
If input exists, remove it, clear (C~TS CELL), return 
If no input, clear lock and deactivate (C~TSQ CELL) 

Within activity Al: 

Lock data area (TS CELL) 
Deposit input for Bl 
Clear lock and activate (CgTSA CELL) 
Return 

3.8 Activity/Processor Dedication 

The executive request adedZ dedicates a processor to a specific 
activity. A mask word should be used to indicate the processor on which 
the aded$ requesting activity is to be processed. The 2n th bit indicates 
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processor n of a multiprocessor Univac 1100 system. The mask word must 
be loaded into the A0 register before aded~ is requested. At most one 
processor may be requested. A mask setting of zero, releases an acti­
vity. If the requested processor is down or nonexistent, the activity 
will be terminated in error. 

Clearing mask and then calling aded~ request after an activity/ 
processor dedication operation causes the return of the activity to 
normal processing ~ode in which activities may be serviced by any 
available processor. 



IV. CPS/llOO KEYWORDS, STATEMENTS, STRUCTURE 
AND 

INMPLEMENTATION DETAILS 
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A set of keywords was developed to enhance parallel programming 
and process synchronization in CPS/llOO. A complete list of keywords 
is given in Appendix C. CPSjll00 is structurally divided into three 
phases: prescanning, pascal compilation and assembler code modifica­
tion. A series of Macro programs is used in the prescanning and 
assembler code modification phases. 

In the design phase of CPS/llOO, the syntax of the Pascal language 
was preferred as the syntax of CPSjllOO for the following reasons: 

CPS/llOO was an extension of Pascal; it should obey the 
syntactical rules of Pascal as much as possible. 

One of the design aims of CPS/llOO was to develop a concurrent 
language for average programmers. Therefore, it would be 

better that CPS/llOO has the same syntax of Pascal. 

The open/close paranthesis characters are used as delimiters in 
some of CPS/ll00 statements, while the semicolon character is used to 
denote a end-of-statement. Therefore, a close syntactical similarity 
can be observed between statements of CPSjll 00 and statements of Pascal 
8Rl and PL/l. For example, process and monitor dec1arative statements 
of CPS/ilOO have the same syntax as the external routine declaration 
of Pascal 8Rl. The lock/unlock statements of CPS/nOD are very similar 
to the lock/unlock statements of PL/l. 

In this chapter of dissertation, detailed information about CPS/liDO 
statements. structure and imp1e'Tl€ntation is given. 
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4.1 Declarations 

4.1.1 Process and Monitor Declarations 

A CPS/llOO program is composed of a main and several external 
procedures. 
processes. 
below: 

External procedures are declared as either monitors or 
Examples for process and monitor declarations are given 

procedure forks (var fentry:labels; var philid:integer); monitor; 
procedure phils (var pentry:philent); process; 

Rules: 

1. All process and monitor declarations must exist in the main 
program. 

2. Only declarations of processes or monitors that will be called 
in a certain process are required within that process. 

3. Monitor or process declarations must be placed before variable 
declarations in the main program or procedures. 

4.1.2 Queue Type Declaration 

Queue variable type is used only for condition variables of a 
CPS/llOO program. A queue variable can be used only for process syn­
chronization purposes. An example for queue type declaration is given 
below. 

var syncvar queue; 

Rule: 

1. The maximum length of a queue variable is 12 characters. 
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4.1.3 Forward Declaration 

Forward declaration placed after an argument in a start-up or 
fork statement prevents the transfer of the value or address of that 
specific argument to the procedure called. As an example: 

fork with taskname (xx) procname (argumentl, argument2 forward, ... ); 

The forward keyword in the example prevents the transfer of the 
value or the address of the argument2 to the called procedure procname. 
This approach is similar to the 'optional parameter passing' mechanism 
on procedure ca 11 s. -

4.1.4 i/o Initiation and i/o Termination Locks 

Queue type variables are used to create a critical section 
around i/o statements in slavetasks. A lock command which uses i/o 
initiation lock is placed just before a read/write statement in a 
slavetask routine by CPS/llOO. An unlock command which uses i/o 
termination lock is placed to the line that succeeds a read/write 
statement in a slavetask routine. These variables are corrmon to 
model and slavetask routines. They may be used for synchronization 
purpose. Following statements are examples for the declarations of 
lock variables: 

aaa ioinitiation lock of queue; 
bbb iotermination lock of queue; 

Rule: 

1. Variables must be declared in the CPS/llOO main routine. 

4.1.5 i/o Initiation and i/o Termination Flags 

These variables are used in wait and signal statements if slave­
tasks perform input/output. CPS/llOO model tasks can control slave­
tasks by these flags when slavetasks perfor.m i/o operations. These-. 
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variables are common to model and slave activities. The following 
statements are examples for the declaration of these flags. 

aaa ioinitation flag of queue; 
bbb iotermination flag of queue; 

Rule: 

1. Variables must be declared in the CPS/llOO main routine. 

4.2 Keywords and Statements 

4.2.1 Startup with Taskname and Startup Slavetask Statements 

A startup with taskname statement creates a new activity with 
an activity-id associated with the taskname given. The calling activity 
enters a wait state until it is resumed by a release statement in the 
called procedure. In the meantime, the new activity provides for stor­
age requirements of arguments, of local variables and of link data 
segment. It also se~a specific global variable associated with that 
procedure as the activation record pointer. The following statement 
creates an activity and transfers control to procedure gauss. 

startup with taskname (taskl) gauss (a,b,c); 

Rules: 

1. A taskname given to a specific activity must be unique. 
However the same taskname can be used for another activity 
if the programmer is sure that the previous activity has 
exited. 

2. A startup statement must be used on the first call of any 
procedure and used only once. 

A startup slavetask statement creates an activity with an activity 
name. Activity name can be a string up to three characters in length 
and has to be declared in the CPS/liDO control card of the slavetask. 
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Startup slavetask statement must be the first executable statement of 
the CPS/llOO main routine. The main activity enters a wait state, 
when a slavetask is started, until the name of the started slavetask 
is stored in a specific activity name field by the created activity. 
In the following statements 20 slavetasks are created. 

i : = 1; 

while i = < 20 do begin 

Rul e: 

startup slavetask (i); i:= i+l; 
end, 
-' 

1. All slavetasks must be started up in the CPS/1l00 main routine 
before any activity is created. 

4.2.2 Fork Statement 

Fork statement creates a new activity with an activity-id associated 
with the taskname given. When the new activity enters into the called 
procedure, it sets a specific index register as the activation record 
pointer of the called procedure by obtaining the record address from 
a global variable which has been set by a startup statement. An example 
for the fork statement is given below: 

fork with taskname (task~9) gauss (a,b,c); 

Rul e: 

1. The taskname given to a certain activity must be unique. 
However the same taskname can be used for another activity if the 
programmer is sure that the previous activity has exited. 
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4.2.3 Release Statement 

Release statement causes the father activity, that is in a 

wait state after a startup statement, to resume its control again. 
Format of the release statement is given below: 

release «proc-id»; 

where proc-id is the name of the procedure called in startup statement. 
For example, let the procedure gauss be called by a startup statement 

in the main routine and the control is suspended. New activity resumes 
the control of main activity by executing the following statement in 

procedure gauss: 

release (gauss); 

Rule: 

1. Release statement must be used only once in a procedure. 

4.2.4 Await Statement 

This statement suspends the execution of an activity while 

specified activities exist in the system. The following statement 
suspends the execution of the calling activity while the activity 

named task09 exists in the system. 

await (task09); 

An activity may suspend its execution while more than one activity 

exists in the system with an await statement as shown below: 

await (task09,tasK21 ,abcd); 

Rul e: 

1. Taskname(s) in an await statement must have been used in a 

startup, fork or cobegin statement before it is used in an 
await statement. 
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4.2.5 Wait and Signal Statements 

Wait statement is used to suspend the execution of an activity 
and queue it to a test-and-set cell. An activity that executes a wait 
statement is deactivated and placed in a queue associated with the test­
and-set cell. The following statement is an exampl~ for wait statement 
use: 

wait (msg); 

where msg is a queue type variable. 

Signal statement is used to resume the execution of an activity 
previously placed in a test-and-set queue. It causes a search in 
the queue associated with the specified test-and-set cell and the first 
activity in the queue is reactivated. For example the following state­
ment reactivates the activity that executed wait(msg) statement: 

signal (msg); 

Rule: 

1. The condition variables referenced in wait and signal state­
ments must have been declared as queue type variables in the 
main CPS/llOO routine. 

4.2.6 Lock and Unlock Statements 

Lock and unlock statements are used to create critical regions. 
An activity that executes a lock statement sets a test-and-set cell 
so that other activities, that access the cell, wait until that cell 
is cleared by an unlock statements. Unlock statement clears the 
specified test-and-set cell. In the following example, variable gate 
is a queue type variable. 

lock(gate); 
<Critical Region> 

unlock(gate) ; 
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Rul e: 

1. The condition variables referenced in lock and unlock state­
ments must be declared as queue type variables in the main 
CPS/llOO routine. 

4.2.7 Cobegin and Coend Statements 

Cobegin/coend and associated await statements are used to 
simultaneously commence the execution of new activities which are 
started up in the program segment specified by cobegin/coend state­
ments. Cobegin statement starts an activity with a given name and 
deactivates it. Coend statement causes reactivation of that activity 
and exits it from the system. Startup and fork statements between 
cobegin and coend statements create new activities. These new activi­
ties must be suspended via await statements on the called routines 
until the coend statement is executed. In the following example pro­
ducer and consumer processes are created and then their controls are 
suspended by await statements. Execution of both processes are allowed 
by execution of coend statement in the main CPS/llOO routine. 

*COMPILE OPTIONS=ISRLM,ELTNAME=TPF~.MAIN 

program main; 

var commence queue; 

begin 
cobegin (commence); 

fork with taskname (task~l ) ----
fork with taskname (task02) ----

coend; 

end. 

producer; 
consumer; 



*COMPILE OPTIONS=ISRLMV,ELTNAME=TPFS.PRODUCER 
program define (producer); 
procedure producer; 
begin 

await (commence); 

*COMPILE OPTIONS=ISRLMV,ELTn~E=TPF~.CONSUMER 

program define (consumer); 
procedure consumer; 
begin 

await (commence); 

end; 

Rule: 

1. Nested cobegin/coend usage is forbidden. 

4.2.8 Clear Statement 

It stores zero to a queue type variable. For example: 

c 1 ea r (fl ag) ; 

statement stores zero to the queue type variable flag. 

Rule: 

1. The variable referenced in a clear statement must be declared 
as a queue type variable in the CPS/llOO main program. 

" '';1 

" 
' .. 
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4.2.9 Quit and Quit by Checking Statements 

Quit statement causes an activity to exit from the system. But 
quit by checking causes an activity to exit from system if the referenced 
queue type variable has been cleared. The following statements are 
examples for unconditional and conditional quit statements: 

quit; 
quit by checking (flag); 

Rul e: 

1. Queue type variable referenced in quit by checking statement 
must be declared in the main CPSjllOO routine. 

4.2.10 Suspend and Wait Forever Statements 

Suspend statement causes an activity to delay its execution 
for a specified time period. Wait-time period is in the range of 2-30000 
miliseconds. Wait forever causes an activity to delay its execution for 
an undefinite time period. In the following statements execution of an 
activity is delayed by suspend and wait forever statements. 

a:= 2500; suspend(a); 
wait forever; 

or suspend (2500); 

4.2.11 Activate and Deactivate Slavetask Statements 

Activate statement resumes execution of a slavetask which has 
just started up or already deactivated by an external activity. Deacti­
vate statement interrupts execution of a slavetask and suspends execu­
tion until it is reactivated externally. As an example: 

i : = 7; 

deactivate slavetask (i); 

£:= 7; 
activate slavetask (£); 
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Rule: 

1. The variable referenced in an activate or deactivate slavetask 
statement must be an integer identifier. 

4.2.12 Terminate Statement 

This statement causes termination of all activities which are 
created by CPSjllOO. Program execution may be ceased via a terminate 
statement. 

4.2.13 Fetch Status of Slavetasks Statement 

It can be checked whether a slavetask has exited from the CPSjllOO 
system or not by using the fetch status of slavetasks statement. If the 
activity in the specified slavetask routine has exited from the system, 
the corresponding element of a certain boolean array is set to true by 
that statement. Otherwise the element of the boolean array remains as 
false. In the following statement, status of slavetasks in the system 
are retrieved. 

fetch status of slavetasks; 

Rule: 

1. User is responsible to declare a boolean array with the 
name of status in the routine in which the fetch statement 
is used. The size of that boolean array must be equal to 
the number of slavetasks in the CPSjllOO run. 

4.2.14 Dedicate Processor and Original Mode Statements 

Dedicate processor statement dedicates the specified processor 
to the requesting activity. Original mode statement causes the return 
to normal processing mode in which activities may be processed by any 
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available processor. In the following program segment processorl is 

dedicated to an activity for a while: 

dedicate processor(l); 

original mode; 

4.2.15 Cregion/Cend Statements 

These statements are used to create a critical region where 
Pascal 8Rl library routines are called. A critical region is mondatory 

around library entry jumps because programs in the library are not re­

entrant. More than one activity must not execute library program codes 

at a time, otherwise programs produce unpredictable results. In the 

following example, a string is printed in acregrion/cend critical region. 

cregion; 

write( Ixxxxxxx'); 

cend; 

4.2.16 Snoopy on and Snoopy off Statements 

Snoopy on statement cans a utility program to trace assembler 
routines. Snoopy off statement turns off the trace operation. In the 

following statements a program segment is traced: 



snoopy on; 

<Portion of CPS/llOO> 

<program to be traced> 

snoopy off; 

Rule: 

1. Only one activity at a time must be traced in a program. 

4.2.17 Snapdump Statement 
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Snapdump statement causes a dumping of the queue type variables. 

The following statement is an example snapdump call: 

snapdump (dump-id); 

Rul e: 

1. Dump-id must be a name of maximum 6 character in length. It 

is used for identification purpose in the dump lists. 

4.3 Implementation Details 

4.3.1 Structure and Storage Allocation Mechanism of 

PASCAL 8Rl 

Pascal 8Rl compiler generates assemb1er instructions instead of 

machine code of the program being compiled. It stores the assembler 

program into a specific program file element, tpf~.pa%code. The assembler 

codes must be assembled by Univac liDO assembler processor that creates 

a relocatable element. That element. therefore, must be linked with the 

Pascal 8Rl library Which consists of routines for allocating and deailocating 
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storage for procedures, i/o handling facilities, communicating with other 

software processors and tracing facilities. The library also consists 

of routines for built-in mathematical functions. 

External compilation is allowed in Pascal 8Rl software. Externally 

compiled routines must be collected to obtain the executable element. A 

sample program stream with an externally compiled procedure is given below: 

@RUN,A run-id, account-number, project-id 

@BU*PASCAL.S,ISRLM 

program main; 

procedureextpas (var inp:integer); external; 

var a : integer; 

begin 

extpas(a); 

end. 

@ASM,UN TPFZ.PAZCODE,TPFZ.MAIN 
@8U*PASCAL.S~ISRLMV 

program define (extpas); 

procedure extpas (var abc:integer); 

var kk,ll :integer; 

begin 

@ASM.UN TPF$.PA~CODE.TPFg.EXTER 

@MAP ,I • TPFZ. MAIN 

IN TPFS.MAIN 
LIB BU*PASCAL. 

END 
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@XQT TPF~.MAIN 

<data> 
@FIN 

The routine starter element (RS) of Pascal 8Rl library starts the 
execution of a program by allocating a run time stack. The size of the 
stack is dependent on the options used on the processor calling card. 
Program control is transferred to the user program codes after the pro­
cessor calling options are checked by RS routine. The first executable 
code in the main program is: 

LMJ Al,PENTg 
<3 words package> 

Program control is transferred to pentg entry of the RS routine of 
the library by lmj jump instruction. At this moment, index registers 
x9 and xlO contain the address of startg which is the tag that refers 
to start address of the activation record of main routine. Locations 
between startg~36 and stack top are allocated to the variables declared 
in the main routine. The following storage map may be useful to demon­
strate the storage allocation mechanism of Pascal 8Rl (Figure 4.1). 

In the RS routine, the data area for the variables declared in 
the main routine is allocated and next available position in the stack 
is pointed as the stack top. Program control returns to the main program. 

When an external procedure is called, the program control is trans­
ferred to the procedure. Then a jump to the pnetg entry of RS routine 
is performed by the following instruction. 

LMJ Al ,PENT~ 
<3 words package> 

At this moment register A0 contains the address of the activation 
record for the incarnated procedure. Arguments of the procedure has been 
transferred to the locations in the activation record by the instructions 
created for procedure calls. The following map illustrates the activation 
record link fields (Figure 4.2). 
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FV 

FV 

TF SL 

LNUM ST 

DL PRA 

Arguments 

Local Variables 

Figure 4.2 - Activation record 
map of Pascal 8Rl 

FV Function Return Value (2 words) LNUM: line Number of Procedure 
TF Trace Flag Ca 11 i ng 

SL Static Link ST Stack Top 

DL Dynamic Link PM Procedure Return Address 
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The following tasks are performed when program control is trans­
ferred to the pent~ entry of RS routine: 

1. TF, SL, LNUM, DL, PRA fields of the activation record of the 
called procedure are filled. 

2. Index register xl~ is set as the referenc~ pointer of the 
activation record. 

3. Reference address of the activation record is saved in a 
library global variable CX10Z. 

4. Register A~ is set as stack top pointer. 

5. The size required by procedure local variables is checked. 
If it is not enough, the stack is expanded. 

6. Level of procedure calling, which is a library global infor­
mation, is updated. 

7. Function return value field is filled with nil. 

8. Location devoted to the local variables is filled with nil. 

9. Traceword is checked for tracing process. 

10. Certain library global variables are updated. 

11. Program control is returned to caller routine. 

When an external procedure is called, the following tasks are 
performed to transfer values or addresses of the arguments: 

1. Line number of the procedure calling statement is stored 
into the register R15. 

2. Current stack top value is stored in register A0. Afterwards, 
it is used as reference address of the activation record of 
the incarnated procedure. 

3. Values or .addresses of the arguments are stored into the 
locations that succeed the fifth word of the activation record. 

4. Activation record address of the caller routine is loaded into 
register x9. This address is used as the static link value later. 
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5. Location counter of the caller routine is loaded into register 

xll and program control is transferred to the called procedure. 

The assembler code equivalents of the explained actions upon a 

procedure call is given below: 

where 

4.3.2 

L,U R15, <pascal program line number> 

L,H2 A0,3,x10 

L,U ax, <address of argumentl> 

S ax,5,A0 

L ax, <address of argument i> 

S aX,n ,A0 

L,U x9, <address for static link> 

LMJ xll. <name of the called procedure> 

ax is an A or x register 

n is an integer with the value of 4+1. 

Modifications on Pascal 8Rl to Provide 

Parallel Processing 

In sequential processing 1mj instruction is used to jump to a 

procedure. In parallel processing er fork$ request must be used in­
stead of lmj instruction: 

In sequential processing 

LMJ xll, entryname 

In parallel processing 

L aa ,A0 

L A0,(00xx01,entryname) 

ER FORKZ 
L A~,aa 
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where aa is a register which is used to preserve content of A0 
register. R15 register is used in implementation. 

xx is the activity-id of the created activity. 

In CPS/llOO programs, activation record of a procedure is alloca­
ted once and is not released until the program is finished. A flag is 
used to prevent reallocation oLthe activation record of a procedure. 
When a procedure is started up, the following instruction are executed. 

1. TS 
2. L,U 

3. L ,H2 

<test-and-set cell for the called procedure> 
R15, <pascal program line number> 
A0,3,x10 

{Argument transfer} 

4. L,U x9, <address for stati c 1 ink> 
5. L R15,A0 
6. L A0, (00xx01, name of the called procedure) 
7. ER FORK$ 
8. C~TSQ <test-and-set cell for the called procedure> 
9. L A0, R15 

Instructions in line 1 and in line 8 create a critical region 
and cause suspension of activity control until the created activity, 
by fork$ request, performs a signal operation on a CPSjilOO defined 
queue type variable. In line 2, statement number is stored in 
register R15 for tracing purpose. Activation record reference 
address of the called procedure is loaded into A~ register, in line 
3. Argument transfer operation is performed by using this reference 
address. In line 4, the address that will be used as the static link 
in the called procedure is loaded into x9 register: In line 6, xx 
field is the activity-id of created activity and tbe adjacent 01 value 
denptes that the new activity uses the major registers set, i.e. all 



the user accessible registers. Name of the procedure called is loaded 

into the H2 field, i.e. lower half, of the A0 register while ~Oxx~l is 
loaded into the Hl field. R15 register is used as a temporary storage 
to preserve the content of A0 register between the lines 5 and 9. Exe­
cutive request forkg, in line 7, creates an activity according to the 

specifications stated in register A~ and forks it to the procedure address 

which was stored in the H2 field of A~ register. 
The newly created activity consists of a set of registers with the 

same contents of its creator activity after the creation operation. It 

processes the following instructions when it enters into the called pro-
cedure. 

1. L A0,R15 
2. TNZ <flag> 

3. J ENTER 
4. L x10. <address of global variable> 
5. J PROCST 
6. ENTER. 

7. LMJ Al,PENT~ 

<3 words package> 
8. SZ <flag> 
9. S xl0. <address of global variable> 

10. PROCST 

R15 register has been used to preserve the contents of A0 register 
by the creator activity. In line 1, the content of A0 is recovered. 

Flag used in line 2 is a CPS/llOO defined locatjon which is initially 

nonzero. This flag is used to control activation record allocation. 
If it is nonzero, activity control is transferred to the label enter. 
In line 7, control is transferred to the entrypoint pentg of the RS 

routine of Pascal 8Rl library. When the activity control returns back 

to line 8. the activation record is allocated in memory. In line 8, 

the flag is set to zero. In line 9, content of xlO register, which 

is the reference address of the activation record, is stored into a 
CPSjl100 defined global variable. 
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When another actlvity is transferred to the procedure via a fork 
statement, it tests the flag, in line 2, and jumps to line 4. It ret­

reives the reference address of the activation record from the global 
variable and it loads this into register x10. Control passes on to 
the label procst in line 10. 

The activity that used startup statement is in wait state because 
of the associated citsq request. ~ontrol of that activity should be 
resumed by a release statement which is placed in an appropriate line 
in the called procedure. The appropriate line in the procedure may be 
the first executable statement in the procedure or the end of variable 
initialization section of the procedure. A release statement and the 
corresponding assembler codes are illustrated below: 

release «procedure name»; 

TS 
CgTSA 

<test-and-set cell for the procedure> 

<test-and-set cell for the procedure> 

Fork statement is used to create an activity and to transfer new 
activity to a procedure which is already allocated in memory via a 
startup statement. Assembler code correspondants of a fork statement 
is given below: 

L,U R15, <pascal program line number> 

{Argument transfer} 

L 

L 

ER 
L 

R15,A0 

A0.(00xx~1, name of the called procedure) 

FORK~ 

A0.R15 

Slavetasks are 10west priority activities that may be used to 
simulate user jobs executing under an operating system. Pa~ameter 

passing to a slavetask is not allowed. S1avetasks may only be started 
up, acti vated or deacti vated by other activiti es. The fo 11 oWl n9 i nstruc­

tions correspond to the startup slavetask (i) statement: 



1. L 

2. L ,H2 

3. L,U 

xlO, globvar 
regl,3,xlO 
x9, <address for static link> 
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where globvar is the address of the global variable that contains the 
reference address of the most recently allocated activation record, regl 
is a register in which the reference address of slavetask procedure that 
will be created is temporarily stored. 

4. L 
5. L 

reg2, <address of variable i> 
1 abe 1 1 

where reg2 is the register in which slavetask index i is stored, label 1 

is the section where the slavetask index range check is performed and 
control is transferred to the corresponding section to prepare a register 
for activity creation. 

6. 

7. 

8. 

9. 

10. 

C0$i. 
L 

SZ 
L,U 

J 

A0,(000001 ,SLAVETASK i) 
INTACTNAMEi 
reg3,INTACTNAMEi 
1 abe13 

Codes in line 6 to 9 are repeated imax. that is the maximum number 
of slavetasks in the program, times. In line 6, A0 register is prepared 
for making a forkg request. Slavetasks do not have activity-ids, for 
this reason the upper half of the A0 register is set to 000001. Intact­
namei is a CPS/llOO defined location in the common store of activities. 
Internal activity name of a slavetask is stored in the corresponding 
intactnamei word and the address of intactnamei is stored in a register. 
Labe13 is the label of a section where forkg executive request is used 
to c~cate the slavetask. 

11. 1 abel 1-

12. TG,U A0,1 
13. TG,U A0, imax+ 1 
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14. J labe12 
15. ANU,U A0,1 
16. J *$+l,Al 

17 . +C0$1 

+C0$2 

18. +C0Zimax 
19. labeH 

20. LMJ xll,PXCSZ 

In lines 12 to 14, the range of variable i, which is the content 

of A0 register at the moment, is checked. If it is out of range, control 

is transferred to the pxcsg entry of the RS routine of Pascal 8Rl library 

and program is abort. 

C0Zi. 

2l. labe13 

22. ER 

23. TZ 

24. J 

25. L,U 

26. ER 

27. J 

28. L 

In lines 14 to 18, control is transferred to label 

FORKZ 

,*reg3 

Z+4 

Al ,10 
TWAITg 

Z-4 

x10,globvar 

In line 22 a new activity is created and transferred to the slave­

taski procedure. Content of the address in reg3 register which is the 

intactnamei is tested for zero. If intactnamei is zero, it means acti­

vation record for the slavetaski procedure is not allocated and slave­

taski is not named yet, control is suspended for 10 W6ec and then intact­

namei is tested again. When intactnamei is found to be nonzero, x10 

register is updated to contain the reference address of the most recent 

activation record. 

The created activity that is transferred into tt~ slavetask proce­
dure executes the following instructions: 
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l. I A0,regl L. 

2. LMJ Al,PENTZ 

<3 word package> 

3. L A0,(0200001,CONTNGi) 

4. ER IALLZ 

5. L A0, ( 1<3 character activity name>l) 

6. ER NAMEg 

7. ER IDENTZ 

8. S A0, I NTACTNA~1E i 

9. ER DACTZ 

10. ER LEVELZ 

In 1 i ne 1 , reference address of activation record of the slavetask 

procedure, which ;s temporarily stored in the reg1, 1S loaded into A0 

register. Control is transferred into pentZ entry of RS routine to 

allocate the activation record. In line 3 and 4, activity is registered 

for interactivity interrupt. Contngi is the label where contingency 

packet and contingency routine is placed. Executive request iallZ 

registers the activity only for interactivity interrupt due to the mask 

value of 0200001. In line 5, a name which is 3 characters in length is 

loaded into the A0 register. An internal name for the activity is created 

by the Executive System in line 6. In lines 7 and 8, the system generated 

~nternal name is retreived by identZ request into A0 register and it is 

stored in location intactnamei. In line 9, slave activity deactivates 

itself and it waits for an external reactivation. When this happens, 

it executes er leveH instruction to decrease the internal priority of 

the activity to the lowest level in the system. 

11. slavetask can be activated by another activity through the execu­

tion of an activate slavetask (i) statement. The following instructions 

are executed for activity i whenever an activate slavetask statement is 

requested. 

L 

ER 
A0 • I NTACTNAr>1E i 

ACT~ 
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A slavetask can be deactivated externally. This operation is per­

formed by creating a contingency interrupt on the slave activity. The 

following instructions are executed when a deactivate slavetask (i) state­
ment is processed by an activity. 

L 

ER 
A0,INTACTNAMEi 
INn 

These statements cause an interrupt to the slavetaski. Control of 

the activity processing on the slavetaskl procedure is transferred to the 

address labelled as contng 1, where the following instructions are executed. 

l. eONTNGi 
2. RES 2 

3. S A0~SAVEA0; 

4. L,H2 A0~CONTNGi 

5. A,U A0,1 
6. 5 A0,RTADDRi 
7. L A0,5AVEA0i 
8. ER DACTg 
9. ER LEVELZ 

10. J *RTADDRi 

The memory locations reserved in line 2 is the contingency packet that 

is filled when the contingency mode is raised. Content of A0 is saved into 

a memory location in line 3. In line 4. lower half of the first word of 

the contingency packet, which is the value of location counter when the 

interruption occurred, is loaded into the A0 register. Content of A0 is 

incremented by one, thus next instruction that will be executed by the 

activity ;s found. The address of the next instruction to be executed 

is stored in location rtaddr i in line 6. In line 7, the old content of 

A0 register is recovered. The activity leaves contingency mode and de­
activates itself by executing dactg request in line 8. When that acti­

vity is activated externally. it drops its priority via a level$ request. 

Control of the activity is then returned to the next instruction in the 

cailing program. 



Wait and signal primitives are implemented in CPSjllOO in the 
fo 11 owi ng way: 

1. cell 1 

2. cell 2 
3. 

4. 

5. 

6. 

7. 

TgCELL 
TgCELL 

ER 

TS 
CgTSA 

TS 
CgTSQ 

TSQRG~ 

celll 
celll 

cell 2 

cell 2 
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In lines 1 and 2 two locations celll and cel12 are declared as 
test-and-set cells via the system procedure ttcell. In line 3, test­
and-set and queueing registration is performed. In lines 4 and 5 a 
signal operation is processed on celll. In lines 6 and 7 a wait 
tion is processed on cel12. 

Lock and unlock primitives are implemented in the following way: 

8. TS cell 
{Critical Region} 

9. CgTSA cell 

Implementation details of other CPS/llOO statements can be found on 
Macro routines in Appendix D and assembler code listing for case one in 
Appendix El. 

4.3.3 Pres canner and Postscanner Routines of CPSjllOO 

The prescanner routines perform the syntactic and semantic analyses 
of a CPSjllOO program source. Primarily, these routines recognize and 
interpret the control directives encountered in a source program and 
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modify the source stream by inserting assembler and Pascal statements. 
On the other hand, the postscanner routine processes the assembler prog­
ram generated by the Pascal compiler. 60th the pres canner and the post­
scanner phases of CPS/ll00 were implemented using Macro, which is described 
in Appendix A. 

The prescanner is driven by three Macro programs named phase0, phasel 
and phase2. Phase0 of the prescanner performs the syntactic analysis of 
CPS/llOO control directives and statements. The input to this phase is 
the original CPS/llOO program text and the output is stored in a temporary 
file to be used in the other phases of prescanning. 

Phasel of the pres canner analyzes the parameters given to the slave­
tasks of a CPS/llOO program. During this phase an analysis of i/o opera­
tion flags is performed according to user declarations. The slavetasks 
are also determined during this phase. Flags, the number of slavetasks 
and the characteristics of slavetasks are written into a temporary file 
for use during phase2. 

Prescanner phase2 inserts messages and assembler statements that 
correspond to CPS/llOO statements into its output stream. The output 
of this phase (which is passed onto the Pascal compiler) is stored in 
file element tpf$.name$. Messages and assembler instructions in the 
program text are ignored by the Pascal compiler in analysis phase. They 
are directly inserted into the assembler program produced by the Pascal 
compiler. 

The postscanner of CPS/ll00 modifies the assembler codes produced 
by the Pascal compiler according to the messages that were inserted into 
the source stream during phase2 of the prescanner. 

Details of scanner programs are gi~en in the succeeding sections 
of this chapter. Complete listings of those programs are given in Appen­
dix D. 
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4.3.3.1 

In this macro progra~, procedure readln is used to read a 
line from the input stream and to tokenize the line into an array. If 

the first two characters in the line is recognized as the string (c, 
then this line is assumed to b~ a comment line and it is skipped. The 

procedure nexttoken is used to retrieve the next token in the input 

stream line. If all of the tokens of the line are processed, this line 
is written into the program file element scratch~.scratchl and then 

the procedure readln is called again. 

In the main body of program phase0, the program file element 

scratch~.scratchl is opened. The first line of the input stream is 

read by using the procedure readln and the line is tokenized by using 

the procedure nexttoken. The variable tok is used to store the current 

token. The variable tok is comoared with the first keywords of the 

CPS/llOO statements. If a matcr, occurs, a routine which corresponds 

to the CPS/llOO statement is cailed. For example, the procedure proccps 
is called when the content of ~~e variable tok is equal to the string 

*compile. In this case, succeeding tokens are analysed by matching 

with the fields of a CPS/llOO control directive by using the procedure 

proccps. An error message is displayed on the output stream when a 
syntax error is found in the input stream. In a similar way the other 

procedures in the program are used to analyse CPS/llOO statements in 

the input text. CPS/llOO statements and the corresponding procedures 
are listed below. 

CPSjllOO Statement Macro Routi ne 

startup and fork procstrtup 

wa it and wait forever procwait 
await procawait 

activate and deactivate procactive 
dedicate procdedic 
original mode procorig 
snoopy on and off procsnoopy 

quit and quit by checking procquit 

fetch status procfetch 



CPS/llOO Statement 
co~egin and signal and 
release and lock and 
unlock and suspend and 
clear 

4.3.3.2 
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Macro Routine 

procother 

In this program, a set of macros is used to recognize the 
input/output locks and flags which provide synchronization between 
model and slavetasks of model operating systems implemented by using 
CPSjllOO. A temporary file info~ is opened and the variables w~ich 
are used to store the names of the input/output locks and flags are 
initialized with a null string. 

Macro routine cpsslave is used to fetch the slavetask parameters, 
i.e. run parameters of the user jobs in a model study, and to store 
these parameters into the arrays which are declared with the names of 
user, progsize, priority, starttime. Number of user jobs in the model 
is counted by this Macro routine. 

The Macro routine cps is used to convert the CPS/llOO control direct­
ives between model routines to a format that is very similar to the con­
ventional Univac 1100 processor assignment. 

The Macro routines ioinitlock, iotermlock, ioinitflag, ioterm are 
used to recognize the ioinitiation lock~ iotermination lock, ioinitiation 
flag~ iotermination flag respectively. The names of these locks and flags 
are stored in the corresponding variables. 

When the end of text is recognized by the macro routine end-of-text, 
the number of user jobs and the names of locks and flags are written into 
the file·info~. Afterwards, the parameters of the user jobs are written 
into the file info~ and then the file is closed. 

4.3.3.3 ~~~£~ie!iQ~_Qf_~~~~~~~~~r_E~~~~g_ 

The assembler code correspondants of CPS/llOO statements and 
certain messages used in postscanning phase are produced by this program. 
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The first record of the file infoZ~ where the number of slavetasks and 
i/o locks and flags has been stored, is read. The variables and control 
flags of the program are initialized. 

The rest of the program is a collection of Macro routines which 
are triggered when the string series described in their picture defini­
tions are found in the input text. Names and functions of these Macro 
routines are listed below: 

Name(s) of macro(s) 

await 

ml 

m2,m5 

proc-dcl 

var-dcll, var-dcJ 2 

m3 

m4 

macbeg 

forkl, fork2 

cobegin, coend· 

startupl, startup2 

wait, signal 

Function 

checks the arguments of await statements 
whether the activities corresponding to 
the arguments exist in the array activity­
names. It produces assembler code corres­
pondants of the await statement. 
initializes a series of variables when 
the keyword procedure has been encountered. 
syntax macros, they are used in the picture 
definitions of some other Macro routines. 
recognizes process and monitor declarations, 
stores the name of procedures in an array. 
recognize variable declarations. It stores 
queue type variables in an array. 
clears certain flags when a close paran­
thesis is encountered. 
recognizes the keyword var. 
produces codes to define the test-and-set 
cells and the fields to save A0, Al re­
gisters. It also generates a set of codes 
for each slavetask to control their execu­
tion. 
generates codes which corresponds to the 
fork statement of CPS/llOO. Identifier in 
the taskname field is checked whether it 
is already defined in a startup statement 
or not. If it is not defined an error 
message is produced. 
produce corresponding codes for cobegin and 
coend statements. 
produce a message for postscanning phase. 
They produce codes that correspond to the 
startup statement. 
produce codes for wait and signal statements. 



Name(s) of macro(s) 

dedicate, normalmode 

program 

progdef 

release 

lock, unlock 

suspend, suspend2 

cps2, cps, endoftext 

snapdump, snoopyon, 
snoopyoff 
clear, quitby, quit 

slvstartup 

activate, deactivate, 
terminate 

initiotermio 

endpoint 

fetching 
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Function 

produce codes that correspond to dedicate 
processor and original mode statements. 
generates a set of statements to define 
a slavetask routine. 
recognizes the name of a model task 
routine, check whether this name is 
already declared or not. It sets certain 
control flags. 
generates codes which correspond to the 
release statement. 
produce codes for lock and unlock state­
ments. 
recognize suspend statements with two 
different formats. These routines generate 
codes corresponding to suspend statement. 
produce a series text editing commands 
that erase the comment lines, produced by 
the Pascal 8Rl compiler. 
produce codes which correspond to the 
snapdump, snoopy on, snoopy off statements. 
produce codes corresponding to the clear 
quit by checking, quit statements. 
generates a group of assembler instructions 
to create an activity which will be trans­
ferred to a specific slavetask routine 
during program execution. 
produce assembler codes which correspond 
to the activate slavetask, deactivate 
slavetask and terminate statements of 
CPS/nOD. 

inserts a set of codes to the preceeding 
and succeeding lines of a write or writeln 
statement in a slavetasK. Model task and 
slavetask are synchronized by the aid of 
these codes when a slavetask initiates and 
completes an i/o ope.ation. 
inserts a set of assembler codes to the 
end of slavetask routines. These codes 
are used to suspend slavetask control for 
an undefined time period. 
generates codes corresponding to the fetch 
status command. 



Name(s) of macro(s) 

forkey 

waitforever 

cregion, cend 

4.3.3.4 
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Function 

produces a message that will be used 
by the posts canner program. 
generates codes corresponding to the 
wait forever statement. 
produces codes which correspond to the 
cregion and cend statements. 

This program is composed of a set of Macro routines which 
modify the codes produced by the Pascal BRl compiler and insert assembler 
codes according to the messages produced during pres canner phase2. In 
the following list names and the functions of the macros are given. 

Name(s) of macro(s) 

m0 

ml 

m2 -

m3 

m4, mS 

m6 

m7 

mB 

m9 

Function 

recognizes the location counter sign ~(l) 
in the input text and sets a flag. 
updates the statement by which the run­
time stack is allocated . 

. inserts a group of codes to the preceeding 
1 ; nes of the pen t~ entry in the input text. 
Jumping to the pentg entry is controlled 
by these codes. 
fetchs the entry name of assembler routines 
recognize startup and fork messages pro­
duced by the prescanner phase2. They 
reset a group of control variables. 
deletes load modifier and jump (lmj) in­
struction and sets certain control flags. 
deletes load and load address (1 and l,u) 
instructions which correspond to the argu­
ments used together with a forward keyword 
in the CPS/llOO program text. It also 
updates some control variables. 
deletes store (s) instructions which 
correspond to the a.rguments used together 
with a forward keyword. 
modifies the assembler lines by which the 
activation record address of routines are 
loaded into the A0 register. 



Name(s) of macr>.:>(s) 

mll 

m12 

formac, ds~ac, Dlmac 

storeR13 

sus key 

suskey2 

R15ignore 

cregion, cregi~~off 
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Function 

updates certain control variables whena 
delete argument message is recognized. 

updates a control variable when a slave­
task entry message is recognized. 

modify codes corresponding to the 
for statement of Pascal. They are 
basically used to store the values of 
loop counters into a predefined table. 
loads the value 1 into R13 register and 
stores that value to the address when 
the s R15,<address> instruction ;s 
recognized. 

updates a control variable when a suspend 
keyword message is recognized. 

generates codes to load the suspension 
period into Al register. 

deletes L R15.address statements 

update a control variable. 

4.4. Comparisor, of [:::>5/1100 Statements with Other 

Concurrent Lar.?Jages 

A group of sta-:..ements of CPSlll 00 ; s functi ona lly simi 1 ar to the 

statements of other c~ncurrent 1 anguages. Compari son of the CPS/ll 00 

statements and the stztements of other concurrent languages is given 

beloltl in a tabule" fo"'ITl: 

Keyword of Sta-:ement 

monitor/process 

queue 

Explanations 

exist in Concurrent Pascal ~ Pascal-plus. 
Simone, Modula and Ada, but in different 
formats. The format used in CPS/l100 is 
just like the format of external routine 
declaration of Pascal BR1. Functionally 
these declarations are used to define 
scope rules as in Concurrent Pascal. 

same name is used in Concurrent Pascal for 
the same type of variab1es. Condition 
variables of Simone and Pascal-plus have 
the same function. 



Keyword or Statement 

forward 

startup 

fork 

wait, signal 

lock, unlock 

cobegin, coend 
quit 

suspend, terminate 

73 

Explanations 

optional parameter passing is performed 
by using different entry points of pro­
cedures in Concurrent Pascal, Simone, 
Pascal-Plus and Ada. 
init statement of Concurrent Pascal is 
functionally equivalent to this keyword 
of CPS/llOO. In most of the concurrent 
programming languages dispatcher like 
facilities start up the execution of new 
processes. 
same type of statements exist in CSP/k 
and in Simone. 
exist almost in every concurrent language 
with different formats. 
functionally same commandsused in PL/l. 
Exist almost in every concurrent language 
with different formats. 
exist in CSP/k. 
exist in Simone, Pascal-plus and in CSP/k, 
but conditional quit does not exist. 
exist in Simone and Pascal-plus. 

The other CPS/llOO statements such as deactivate/activate slavetasks, 
dedicate processor, original mode 5 snoopy on/off do not exist in other 
concurrent languages, as these statements were developed by taking advan­
tage of the facilities available under the Exec8 operating system. 
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V. CASE STUDIES 

5.1 Case Study One: Producer-Consumer Problem 

5.1.1 Problem Statement [16J 

A buffer is shared by two processes so that one of them sends a 
message to the buffer while the other receives the message from the buffer. 
Operation of both processes are independent of each other. 

Define basic data structures and write CPS/llOO procedures to re -
present the events described above. 

5.1.2 Method of Solution 

Let the two processes stated in the problem be called the card 
reader and printer processes respectively. Operations and the system 
components can be represented by the following figure. 

Buffer 

Figure 5.1 - Schematic description of producer-consumer problem. 



75 

Card reader and printer processes may be represented by the following 
data structure in the program implementation. 

Access Rights 

Private Data 

Program 
Codes 

Figure 5.2 - Representation of a Process. 

The access rights are conceptual equivalents of the arrows on the 
Figure 5~1. . The private data for card reader and printer processes 
are the message sent and the message received. Program codes perform 
the sending and receiving of messages. The following CPS/llOO routine 
is the implementation of the above data structure for the card reader 
process: 

program define (cardproc); 
type labels = (receive, send, init); 

Ie 
Ie Access Rights 
Ie 
procedure buffer (var entry: labels;var inp:integer; var out:integer) ;monitor; 
Ie 
Ie Private Data 
Ie 
procedure cardproc; 
~ entry 1 abe ls; 

i,inp,out: integer; 
Ie 
Ie Program Codes 
Ie 



begin 
release (cardproc); 
awa it (starter); 
i := 1 ; 

while true do --.-
begin 

inp:= 1*1; 
lock (1 ockv) ; 
entry: = send; 
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fork with taskname (c1) buffer (entry,inp,out forward); 
await(c1) ; 
i:=;+l; 

end; 

Buffer in the system can be represented by a monitor type data struc­
ture. Shared data section of the monitor is a location where the sent and 
received messages are stored temporarily. The following figure illustrates 
the structure of a monitor data type: 

Access Rights 

Shared Data 

Synchronization 
Operations 

Initialization 
Operations 

Figure 5.3 - Representation of a monitor. 

CPS/l100 routine for the buffer is given below: 
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program define (buffer); 
type labels = (receive, send, init); 
procedure buffer (var entry: labels; var inp: integer; var out:integer); 

Ic 
Ic Shared Data 

Ic 
var full boolean; 

contents: integer; 

Ic 
Ic Synchronization Operations 

Ic 
begin 

case entry of 
receive: 

begin 
unlock (lockv); 
lock (recei ver) ; 
if not full then wa i t (recei ver) ; 

else unlock (receiver); 
out:: contents; 
full:: false; 
lock (sender); 
signal (sender); 
quit; 

end; 
send: 

begin 
unlock (lockv); 
lock (sender); 
if full then wait (sender); 

else unlock (sender); 
contents:: inp 

full :: true 
lock (recei ver) ; 



Ie 

quit; 
end; 

Ie Initialization Operations 
Ie 

init ; 
begin; 

end; 
end; 

end; 

full:= false; 
release (buffer); 
wa it forever; 
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The shared variable full defines whether the buffer is full or not. 
The other shared variable contents is used to store the information sent 
and received by the processes. Queue type variables sender and receiver 
are used in synchronization operations. 

An activity created in the main routine is transferred to init label 
of the buffer procedure. This activity sets the boolean full to false 
and deactivates itself via a wait forever statement. An activity created 
by the card reader process is transferred to the label send of the proce­
dure buffer. Control of that activity is suspended if the boolean variable 
full is true. If full is false or the activity is woken up via a signal 
(sender) statement, the information sent by the card reader process is 
stored into the variable contents. Boolean full is set to true and if 
there is an activity suspended by wait (receiver) statement it is activated 
by executing a signal (receiver) statement. The activity created by the 
card reader process .leaves system. This allows the execution of the card 
reader process if it is suspended by an await statement. An activity 
created by printer process is transferred to the label receive of the 
procedure buffer. Control of that activity is suspended if the boolean 
variable full is false. If full is true or the suspended activity is 
activated via a signal (receiver) statement, the information stored in the 
variable contents ;s transferred to the printer process. The boolean 
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variable full is set to false and if there is an activity suspended by 
wait (sender) statement, it is activated via a signal statement. The 
activity created by the printer process leaves system and allows the 
execution of the activity suspended by an await statement in the printer 
process routine. 

Operations performed while transferring information to the monitor 
and transferring the control of the created activity into a specified 
label in the procedure buffer must be indivisible. Indivisibility is 
created by critical regions that start before fork statements in the 
card reader and printer processes and end after receive and send labels 
in the monitor buffer. 

The main routine of the program is not worth to discuss~ since it 
only creates activities for card reader and printer processes. Complete 
CPSjll00 and corresponding assembler program listings for this case study 
are given in Appendix El. 

5.2 Case Study Two: Dining Philosophers 

5.2.1 Problem Statement [3J 

Five philosophers sit around a table. Each philosopher alternates 
between thinking and eating. In front of each philosopher there is a 

plate with spaghetti. When a philosopher wishes to eat, he picks up two 

forks next to his plate. There are, however, only five forks on the 
table. So a phi1osopher can only eat when none at his neighbours are 
eating. 

Ass~~e that a11 philosophers are thinking in the initial state and 
spaghetti plates are continually replenished. Define thinking and eating 
periods of phn osophers. Write a deadlock free program to represent 
events described above. 

5.2.2 Method of Solution 

The following figure is the table described in the problem. 
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Figure 5.4 - Forks on the table. 

Philosophers are simulated by phils procedure and the forks which 
are resources are represented by the forks monitor. An activity for 
each philosopher is created and transferred to the specific labels in 
the procedure phils. Those activities are suspended via await state­
ments until the coend statement is executed in the main routine. A 
queue type variable is declared for waiting/signaling operations of each 
philosopher. Following codes descriJe the main routine of the program: 

program main; 

Ic 
Ic Access Rights 

Ic 
procedure forks «argument declarations»; monitor; 
procedure phils «argument decl~rations»; process; 

Ic 
Ic Variable Declarations 

Ic 
begin 

Ic 

startup with taskname (F~0) forks «arguments»; 
startup with taskname (P~0) phiis «arguments»; 

cobegin (starter); 

Ic Forking to philosopher 3 

Ic 
pentry := phi10; 
fork with taskname (P0) Jhils(pentry); 



Ic 
Ic Forking to philosopher 
Ic 

pentry := phill ; 
fork with taskname (Pl)phils(pentry); 

Ic 
Ic Forking to philosopher4 
Ic 

pentry :: phi14 ; 
fork with taskname (P4) phils (pentry); 

coend; 
wait forever; 

end. 
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Philosophers live in a thinking and eating loop. An activity that 
simulates the actions of a philosopher is suspended for a certain period 
of time, i.e., thinking period. At the end of that period the philosopher 
attacks to get his forks which are the shared resources with his nejghbours. 
Entry to monitor forks is defined in a critical region. Only one philo­
sopher at a time may pick up or put down his forks. An activity is created 
to simulate each pickup or putdown operation of each philosopher. When a 
fork is requested by a philosopher, the requesting philosopher is entered 
into a wait state until one of his neighbour philosophers wakes him up. 
Process phils is given below: 

program define (phils); 
type philent = (phil 0~ phill , phi12 , phi13 , phi14 , pinit); 
type labels = (pickup, putdown, finit); 
procedure phils (var pentry: philent; var i: integer); 

Ie 
Ie Access Rights 

Ie 
procedure forks (var fentry: labels; var i: integer); monitor; 
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Ie 
Ie Variable Declarations 

Ie 
begin 

Ie 
Ie 

Ic 
Ie 

ie 
Ie 

Ie 
Ie 

ease pentry of 
phiHJ:: . 

begin 
await (starter); 

phid 0 : = 0; 
while true 

do begin 

Thinking time is 3 time units 
suspend (3); 

Pickup Operation 
lock (entrylock); 
lock (philQ0); 
fentry := pickup; 
fork with taskname (F0) forks(fentry,phid0); 
wait (philQ0); 
awa it (F0); 

Eating time is 8 time units 
suspend (8); . 

Putdown Operation 

~.~. (entryl ock) ; 
fentry'" := putdown; 
fork . with taskname (F") forks (fentry,phid0); 
awa.it-. (F~); 



phi14: . 

begin 

end; 
pinit : 

begin 

end; 

await (starter); 
phid4-:~= 4; 

while true 
do begin 

re 1 ea s e (ph i 1 s) ; 
wait forever; 

When a philosopher attacks to get his forks, he may receive them 
if both forks are available. The activity that simulates a pickup 
operation decrements the variables that represent the number of forks 
available for the neighbouring philosophers. It resumes the control 
of the activity that simulates the requesting philosopher via a signal 
statement. The activity then unlocks the monitor entrx and leaves 
system. If both forks are not available when they are requested, an 
element of the boolean array, that indicates whether the requesting 
philosopher in wait state or not, is set to true. In this case, the 
activity representing the pickup operation leaves the system. 
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Philosophers try 'to;puttheir forks down via an activity that simu­
lates a putdownoperation. This activity increments the variables that 
represent the number of forks available for neighbouring philosophers. 
It checks whether neighbouring philosophers are in wait state and both 
of their forks are available. When a neighbour philosopher is found 



as waiting for forks and there are two available forks for him~ a 
pickup operation is applied for that philosopher. After this, the 

activity that simulates the putdown operation exits the system and 

the reque~ing philosopher thinks for a while again. 

Listing of monitor forks is given below. Complete listing of 

CPS/llOO program for case study two can be found in Appendix E2. 

program define (forks); 

type labels = (pickup, putdown, init); 

procedure forks (varfentry: labels; var i:integer); 

array [0 .. 4J of 0 .. 2; var :frk 

waiting 
begin 

case fentry 

pi ckup: 
begin 

array [0 .. 4J of boolean; 

of 

case i of 

0: lock (philq0); 

4: lock (ph i 1 q 4) ; 

end; 
if frk [J J <> 2 

then be~in waiting [iJ:: true; 

case i of 

0: unlock (philq0); 

4: unlock (philql); 

end; 

unlock (entrylock); 

quit; 

end; 

else begin 
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Ie 
Ic 
Ie 

end; 
putdown: 

begin 

waiting (iJ:= false; 
frk[(i+4)mod5J:=frk[(i+4)mod5J-l ; 
frk[(i+l)mod5J:=frk(i+4)mod5J-l; 

case i of 

~: signal (philq0); 

4: signal (philq4); 
end; 

unlock (entrylock); 
quit; 

frk[(;+4)mod5J:=frk[(i+4) modSJ+l; 

frk[(i+l)mod5J:=frk[(i+l) mod5J+l; 

if (frk[(i+4) mod5J = 2) and 
(waiting [(;+4) modSJ) 

then begin 
waiting [(;+4) mod5J:: false; 

frk[{i+3) modSJ:: frk[(i+3) mod5J-l; 

frk[iJ:= frk[iJ-l; 

case (;+4) modS of 

0: signal (ph11q0); 

4: signal (philq1); 
end; 

if (frk[(;+l) mo~5J: 2) and 
(waiting [(i+l) mod 5J) 

then begin 
Pickup forks for philosopher (i+l) mod 5 

and wake him up 
, end; 

85 



end; 
init; 

begin 

for 1:= 0 to 4 do begin 

end; 
end; 

release (forks); 
wait forever; 

end; 

frk [iJ := 2; 

waiting [i] := false; 

5.3 Case Study Three: Quicksort with Processor Dedication 

5.3.1 Problem Statement 
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Quicksort [17] is an efficient sorting algorithm. Its performance 
may be improved by exploiting parallelism. Any sorting algorithm may be 
modified for a dual processor system in the following way: 

1. Divide the array to be sorted into two halves 
2. Sort the two halves simultaneously 
3. Merge two halves. 

The first arrangement operation of the quicksort algorithm is :useo to 
divide the array into two subarrays. Those subarrays can be sorted con­
currently in two different processors of a dual processor system. Merging 
operation is not essential for quicksort algorithm. 

Modify the quicksort algorithm for a dual processor system and write 
its program. 
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5.3.2 Modified Quicksort Algorithm 

Let x be the array to be sorted and n be the number of elements in 
the array. Choose a pivot from a specific position within that array such 
as the first element of array. Rearrange the array x and place the pivot 
element into a position j such that, each of the elements in position 1 
to j-l is less than or equal to the pivot element and each of the elements 
in position j+l to n is greater than or equal to the pivot element. Sort 
the subarrays, which corresponds to the elements 1 to j-l and j+l to n of 
array x, by dedicating a processor to each of them. 

5.3.3 Program Description 

Recursion on the quicksort algorithm must be eliminated by using a 
stack since CPS/ll00 does not permit recursive procedure calls. This stack 
is used to store pointers for lower and upper bounds during rearrangement 
operations. 

Order of comparisons in sequential quicksort algorithm is n 1n2n on 
average .. It is decreased to (n 1n2n + (n/2)ln2(n/2))/2 ;n the modified 
quicksort algorithm. Efficiency of the modified algorithm depends on how 
well the pivot is chosen. But the order of comparison in the modified 
algorithm on worst case is equal to the average case of sequential algo­
rithm. 

In the CPS/llOO program for this case study, three process, divide­
two, quickl, quick2 are declared in the main routine. The unsorted array 
x is read. Processes are started up by the main activity and the address 
of array x and the size of it is transferred to the process dividetwo as 
arguments. Control of the main activity is suspended until the sorting 
operation is completed. The main routine is illustrated with comments 
in the following program outline. 

program main; 
/c 

/e Access Rights 

/c 



procedure dividetwo «argument declarations>); process; 
procedure quickl «argument declarations»; process; 
procedure quick2 «argument declarations>); process; 
Ic 
Ic Variable Declarations 
Ic 
begin 

Ic 
Ic Read Array x 

Ic 

Ic 

startup with taskname (T00) dividetwo «arguments»; 
startup with taskname (T01) quick1 «arguments»; 
startup with taskname (T02) quick2 «arguments»; 

Ic Wait until sorting completion 

Ic 

end; 
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Dividetwo process chooses the first element of array x as the pivot 
element. It rearranges the array x and places the pivot into a position 
j, so that the pivot element divides the array into two subarrays according 
to the values of the elements. Dividetwo process creates two activities 
and transfers their control to the quickl and quick2 routines. It suspends 
its execution until quickl and quick2 processes both complete their duties. 
Two different routines, quickl and quick2 are used to sort two subarrays, 
although these routines are the same of each other, since the Pascal 8Rl 
compiler does not produce reenterant codes. The dividetwo routine is 
explained with comments in the following program outline. 

program define (dividetwo); 
procedure dividetwo «argument declarations»; 

Ie 
Ic Access Rights 

Ic 



procedure quickl (<argument declarations»; process; 
procedure quick2 «argument declarations»; process; 
Ic 
Ic Variable Declarations 
Ic 
begin 

release (dividetwo); 

Ic 
Ic Choose a pivot element, arrange array x 

Ic 
Ic and divide it into subarrays 

Ic 

Ic 

fork with taskname (T00) quickl «arguments»; 
fork with taskname (T07) quick2 «arguments»; 
await (T06, T07); 

Ic Print the sorted array x 

Ic 
Ic 
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Quickl process dedicates processor 0 while quick2 process dedicates 
processor 1 for their execution. Quickl sorts one of the subarrays by 
successive rearrangements. Quick2 performs the same task on the other 
sunarray. Both of the activities exit the system after they finish 
sorting. The following statements explain quick2 process: 

program define (quick2); 
procedure quick2 «argument declarations»; 
begin 

case entry of 
q2sort: 

begin 
dedicate processor (1); 



Ic Sort one of the subarrays 
Ic 

quit; 
end; 

q2init:. 
begin 

release (quick2); 
Ic Initialization operations 
Ic 

end; 

end; 
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Complete program listing for this case study is given in Appendix E3. 
Dedicate processor statements are not used in the program listed in Appen­
dix E3.1. Sorting is performed by two processes on a single processor. 
In Appendix E3.2, only the program segments, where processors are dedicated, 
and the obtained results are given. In this case, due to the absence of 
a second processor in the machine that the program was run on, one of the 
sorting activities is aborted with error type 04 and error code 077. For 
this reason one subarray was sorted. 

5.4 Case Study Four: Gaussian Elimination with Processor 
Dedication 

5.4.1 Problem Statement [18J 

Gauss elimination method, which is well known, is used to solve 
linear equation systems; This method can be improved for dual processor 
systemsand thus execution time may be decreased. 

5.4.2 Gaussian Elimination Algorithm for Dual Processor Systems 

Operations of the gaussian elimination method may be divided into 
two parts, the reduction operation on the pivot row and the reduction 
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operation of the rows that succeed the pivot row. The second operation 
can be handled by two similar activities within different processors. 
Sequential gaussian elimination algorithm may be modified in the following 
manner: 

1. Create an activity and dedicate the second processor to it. 
Suspend that activity. 

2. Select the pivot row, i, starting from first row. 

3. Reduce the' pivot row so that the diagonal element is equal 
to 1. If the pivot row is the last row, stop elimination. 

4. Wakeup the second activity. 

Tasks performed by first activity: 

5. Select row k as i+1, i+3, i+5 and reduce these rows such that 
the element k, ; is equal to zero. 

6. If the last row is reached check whether the second activity 
has finished its duty. If the second activity has not finish 
its duty, enter a wait state otherwise jump to step 3 incre­
menting i by one. 

Tasks performed by second activity: 

7. Wait until the first activity sends a signal for waking up. 

8. Select row t as i+2, i+4, i+6, ... and reduce these rows such 
that the element t,i is equal to zero. 

9. If the last row is reached, register that the duty of second 
activity is complete and send a signal to wake up the first 

activity. 

10. Jump to step 7. 
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5.4.3 Program Description 

The main routine reads the input matrix which has n rows and n+l 
columns. Last column of the matrix consists of the right hand sides of 
the equalities. Main activity initializes the process gauss. Two re­
duction activities are created. Control of the main ~ctivity is suspended 
until elimination is finished. First reduction activity wakes up the main 
activity when it finishes its duty. Then~ the main activity calculates 
the unknown variables by using the reduced matrix. Main routine is explained 
by comments in the following program outline. 

program main; 

const n = 20; np1 = 21; 
type entries = (entryl, entry2, init); 

arrtype = array [l .. n, 1 .. np1J of real; 
procedure gauss (entry: entries; var A: arrtype); process; 
var A arrtype; 

begin 

Ic 

i ~j ,k: integer; 

Ie Read the input matrix A 

Ic 
startup with taskname (90) gauss (init, A forward); 

fork with taskname (gl) gauss (entryl, A); 

fork with taskname (g2) gauss (entry2, A); 

wait(waitwd) ; 
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Ic 
Ic Calculate the unknown variables 

Ic 
end. 

There are three entries in the routine gauss: ~nit, entryl and 
entry2. The activity, which is transferred to entry init initializes the 
boolean variable permission as false. Boolean variable permission shows 
whether the second reduction activity is in a wait state or not. The 
first reduction activity, which is named gl, is transferred to label 
entryl. It starts to reduce the pivot row i while the second activity 
is transferred to the label entry2. Activity gl sets the boolean variable 
permission to true in a critical region. It reduces the rows i+l, i+3, 
i+5, etc. At this time, the second reduction activity 92 checks the 
variable permission in a critical region. It either enters a wait state 
or leaves the critical region depending on the value of the boolean per­
mission. If permission is true or the second activity, g2, is woken up 
then activity g2 starts to reduce the rows i+2, i+4, i+6 and so on. Acti­
vity g2 sets the boolean permission to false and checks the value of pivot 
row index i. If the pivot row is the last row of the matrix, activity g2 
exits the system otherwise it checks boolean permission for further reduc­
tion operations. When activity 91 finishes a reduction pass it checks 
boolean permission to see whether activity 92 has finished its duty or 
not. If activity g2 has finished its reduction pass then activity 91 
increments the row index i by 1 otherwise enters a wait state. When acti­
vity gl reduces the last row of the matrix, it exits the system. Following 

program outline explains the routine gauss. 

program define (gauss);. 
const n =20; npl = 21; 
type entri es = (entryl, entry2, i ni t) ; 

arrtype = array [l .. n, 1 .. npl] of real; 
procedure gauss (entry: entries; var A: arrtype); 

var i,j,k,l,m integer; 
permission boolean; 
p,q,r real ; 



begin 

Ie 
Ie 
Ie 

Ie 
Ie 
Ie 

case entry of 
entryl: 

begin 
dedicate processor (0); 
for i:= 1 to n 

end; 
entry2: 

begin 

do begin 

Reduce pivot row i 

if i = n then 
begin lock (waitwd); 

signal (waitwd); 
quit; 

end; 

lock ~act2); 

permission:= true; 
signal (act2); 
k:= k+l; 
while k < n 

do begin 

Reduce row k 

k:= k+2; 

end; 

lock (actl); 
if permission then wait (actl) 

else unlock (actl); 
end; 

dedicate processor (1); 

while true 
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Ic 
Ic 
Ic 

end; 
end; 

do begin 

lock (act2); 

if not permission then wai~ (act2); 

else unlock (act2); 

£:= i+2; 

whil e 9, < n 

do begin 

Reduce row 9. 

£:= £+2; 

end; 

lock (actl); 

permission:= false; 

signal (actl); 

if i > (n-1) then quit; 

end; 

i nit: 

begin 

permission:= true; 

end; 
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The program iisting can be found in Appendix E4.1 . Dedicate pro­

cessor statements are not used on the listed program. Equations are 

solved in a single processor system and the results are printed. In 

Append; x E4. 2 , only the program segments ,where processors are dedi­

cated to distinct reduction activities, are given. In that case progra~ 

is aborted with error type 04 and error code 077 which corresponds to 

the error message processor requested on aded! call was unavailable at 

the time of the er aded~> or was downed by the system operator. 
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5.5 Case Study Five: A Model Operating System 

5.5.1 Problem Statement 

Assume that a timesharing and multiprogramming operating system 
can manage only pascal programs. Memory requirements, priorities and 
start-times of the user jobs are given on the job control cards as para­
meters. The system has the following properties: 

1. A line frequency clock generates regular clock interrupts in 
every predefined time interval. 

2. User programs may be time shared according to different 
scheduling strategies. 

3. The system maintains three seperate queues of user programs. 

One is the ready queue cif all programs in memory that are capable 
of immediately utilizing the CPU. The second queue is the blocked queue 
of all programs that can not compete for the CPU because they are on 
secondary storage. All members of blocked queue can proceed directly 
to the ready queue when loaded into main memory. The third queue is the 
i/o queue of all programs that are waiting for i/o processing. 

5.5.2 

4. Once every predefined time duration, if the blocked queue is 
not empty, the oldest job in the ready queue is swapped out 
of main memory. A job in the blocked queue that is selected 
according to a priority rule is loaded into the ready queue. 

Write a CPS/llOO program for this model operating system. 

l'-1ode 1 

CPU and i/o unit are the servers and ready, blocked and i/o 
queues are the three queues in the system. This model is schematically 
described by the following figure. 
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Blocked Queue 

Ready Queue .... -_ ........... I/O queue 

I/O 
CPU 

Unit 

Figure 5.4 - Representation of the model operating system. 

Actions in the system are listed below: 

1. A job processing in CPU is interrupted and is moved to the 

end of ready queue at every regular clock interrupt. At these 

intervals, the ready queue is rearranged according to a specific 

scheduling rule. First job in the ready queue is moved to the 

CPU for processing. 

2. A job deactivates itself while informing the operating system 

that it has started an i/o operation. At this instant, the 

requesting job is transferred to the i/o unit queue. The first 

job in the ready queue is fetched and it is moved to the CPU 
for processing. The i/o queue is handled on a first come first 

served basis. The first job in the i/o queue gets the i/o 

unit first. 

3. A job reactivates itself while informing the operating system 

that it has finished its i/o operation. This job is transferred 

to the end of ready queue. Ready queue is rearranged according 

to a specified scheduling rule. If i/o processing queue is not 

empty. the first job in the i/o queue is transferred to the 

i/o unit. 

4. Oldest job in the ready queJe is swapped to the end of the 

blocked queue at every predefined time period. The blocked 
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queue is rearranged according to a scheduling rule. A number 
of jobs are transferred to the end of the ready queue so that 
unused memory in the system is reduced to a minimum. The 
ready queue is also rearranged during this operation. 

5.5.3 Program Description 

Processes arrange and model operating system (mos) are declared 
in the main CPS/l10D routine. Slavetasks, which simulate user jobs in 
the model, are started up. Processes arrange and mos are also initiated. 
An activity, that simulates the system clock, is created and transferred 
to the clockstart label of the mos routine. Another activity that 
simulates regular clock interrupts, is created and directed to the 
regularint label of the routine mos. The activity that simulates the 
actions performed when an i/o operation is started in a user job is 
created and directed to the label ioinitiate. The activity that simu­
lates actions when an i/o operation is completed in a user job is created 
and transferred to the label ioterminate in the mos routine. Outline of 
the main routine is given below: 

program main~ 

Ic 
Ic Type declarations 

Ic 
procedure mos «argument declarations»; process; 
procedure arrange «argument declarations»; process; 

Ie 
Ie Variable declarations 

Ic 
begin 

;::l;while i < <number-of-s1avetasks> 
do begin 

startup slavetask (i); 

i:= 1+1; 



startup with taskname (A00) arrange «arguments»; 
startup with taskname (T00) mos «arguments»; 

mosentry:= clockstart; 
fork with taskname (t~l) mos (mosentry); 

mosentry:= regularint; 
fork with taskname (t~2) mos (mosentry); 

mosentry:= ioinitiate; 
fork with taskname (t~3) mos (mosentry); 

mosentry:= ioterminate; 
fork with taskname (t~4) mos (mosentry); 

end. 

99 

The program segment under the label clockstart simulates the system 
clock. Execution of this segment is in an endless loop in that segment. 
Control of the clock activity, that represents the time slice used in 
the model, is suspended for a while. The clock is then updated and a 
signal operation on the queue variable clockintrpt is performed. This 
program segment is listed below: 

clockstart; 
begin 

while true do begin 



suspend (50); 
lock (clocklock); 
clock: = clock + 50; 
unlock (clocklock); 
if clock >= 30 000 then terminate; 
lock (clockintrpt); 
signal (clockintrpt); 
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Actions performed after each regular clock interrupt are programmed 
in the regularint segment of the mos routine. An activity in that 
segment waits for a clock interrupt. It is woken up when a signal ope­
ration is performed on the queue type variable clockintrpt. This acti­
vity checks whether the CPU is idle and the ready queue is empty_ If 
both conditions occur, then the activity enters a wait state by using 
the queue type variable emptyrq. Otherwise it may start a swapping or 
a CPU timesharing operation in the system. 

The activity in the regularint segment checks the following condi­
tions for swap operation: 

1. Blocked queue is not empty 

2. Swappable memory space, which is the portion of memory used 
by the jobs waiting for CPU, is equal to or greater than the 
memory requirement of the first job of the blocked queue. 

3. The predefined time interval between two swap operation is 
consumed. 

The activity, whether it performs a swap operation or not, checks 
the time for a CPU sharing operation. If the difference between clock 
value and the time, at which last CPU switching is performed, is equal 
to or greater than the predefined time interval for timesharing then a 
CPU switching operation is performed. Afterwards, the activity being 
in an endless loop enters a wait state until a signal operation is per­
formed on the queue type variable clockintrpt. The following program 
outline shows the actions performed after each regular clock interrupt: 
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regularint: 

Ic 
Ic 

Ic 
Ic 

while true 
do begin 

lock (clockintrpt); 
wait (c1ockintrpt);_ 
if (rqtail = rqhead) and 

(controltable.ccu = 0) 
then begin 

end; 

lock (emptyrq); 
wait (emptyrq); 

lock (masterlock); 
lock (clocklock); 
if (bqhead<>bqtail) and 

(memreq[bqlist[bqhead]] <= me.11swapable) and 
((clock - lastswap) >= 5~0) 
then begin 

lastswap:= clock; 

Swap operation 
·end; .-

if ((clock - timedecrement) >= 50) or (timedecrement=~) 
then begin 

timedecrement:= clock; 

CPU switching operation 

end; 

CPU switching is performed in the following manner: 

If any job is already occupying the CPU that job gets deactivated. 
Then, the status of all user jobs are checked in order to determine 
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whether the current CPU user already exists in the system. The deacti­
vated job is placed at the end of the ready queue. The current clock 
value is registered for the purpose of searching the oldest job in the 
ready queue. Jobs in the ready queue are rearranged by creating an 
activity and forking it to the arrange routine. After the arrangement 
operation, the variable that represents swappable memory space is up­
dated and the CPU is registered as idle. The first job in the memory 
queue is transferred to CPU. Pointers of ready queue and the variable 
that represents swappable memory space are updated. The new job in CPU 
is activated. The program segment that performs CPU switching is given 
below: 

if (rqtail<>rqhead) 
then begin 

if (ccu<>~) and ((quantum [ccuJ mod quantmax) = ¢} 

then begin 
deactivate slavetask (ccu); 
fetch status of slavetasks; 
if status [ccu] 

then begin 
rqlist [rqtail]:: ccu; 
rqwait [rqlist[rqtail]]:: clock; 
rqtail:= (rqtail+l) mod 20; 

lock (arrangelock); 
arrangentry:= arrglist; 
lock (arrflag); 
fork wi th taskname (A02) 

arrange (arrangentry,rqlist,rqhead, 
rqtail,quantum); 

wait (arrflag); 
await (A02); 

unlock (arrangelock); 
end; 

memswapable:= memswapable+memreq[ccu]; 
ccu:= 0; 
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if rqtail = rqhead then cpuidle := clock; 

end; 
end; 

if (rqtail<>rqhead) and (ccu = 0) 
then begin 

end; 

ccu:= rqlist [rqhead]~ 
rqlist [rqhead]:: 0; 
rqhead:= (rqhead+l) mod 20; 
memswapable:= memswapable - memreq [ccu]; 
activate slavetask (ccu); 

Swapping operation is performed in the following manner: 

If ready queue is not empty the oldest job in the queue is removed 
to the end of the blocked queue. Variables corresponding to unused 
memory and swappable memory space are updated. The blocked queue is 
rearranged. Ready queue is reorganized by shifting some elements to 
successive positions to recover the gap created by the oldest job. 
These operations are repeated until the memory requirement of the 
first job of the blocked queue is satisfied. Program outline for 
this segment is given below: 

while (rqtail<>rqhead) and 

Ic 

(memreq [bqlist [bqhead]]>= memunused) 
do begin 

Ic Find the oldest job j 

Ic 

Ic 

memunused:= memunused + memreq [rqlist[jJ]; 
memswapable:= memswapable - memreq[rqlist[j]]; 
bqlist[bqtail]:= rqlist[jJ; 
bqtail:= (bqtail + 1) mod 20; 

Ic Rearrange blocked queue and ready queue 

Ie 
end; 
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If unused space in memory is equal to or greater than the memory 
requirement of the first job in the blocked queue, this job is appended 
to the end of the ready queue. The current clock value is registered 
as the time of joining to ready queue. Ready queue tail pointer is 
updated and the ready queue is rearranged. Variables denoting the 
unused memory and the swappable portion of memory are also updated. 
Block queue head pointer is changed. Those operations are repeated 
successively until either the blocked queue is empty or memory request 
of the first job in the blocked queue is greater than the unused space 
in memory. Following program outline describes these actions: 

while (memreq[bqlist[bqoead]]<= memunused) and 
(bqhead<>bqtail) 

Ic 

do begin 

rqlist[rqtail]:: bqlist[bqhead]; 
rqwait[rqlist[rqtail]]:: clock; 
rqtail:= (rqtail+l) mod 2~; 

/c Arrange ready queue 

Ic 
memunused:: memunused - memreq[bqlist[bqhead]]; 
memswapable:= memswapable+memreq[bqlist[bqhead]]; 
bqlist bqhead := ~; 

bqhead:: (bqhead+l) mod 20; 

:end; 

When a user job begins an i/o operation, it performs a signal 
operation on the queue type variable that is defined as i/o initiation 
flag in the main CPS/l100 routine. The user job then deactivates it­
self. At this moment, the activity that is already suspended in 
ioinitiate segment of mos routine is woken up by a signal operation. 
This activity places the user job at the end of the i/o queue. It 
transfers the first job in ready queue to CPU for processing and up­
dates the head pointer of the ready queue. If the ready queue is empty, 
the CPU is registered as idle. Meanwhile, if the i/o unit is empty, 
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the first job in the i/o queue is placed into the i/o unit and head 
pointer of i/o queue is updated. The user job in the i/o unit is 
activated for i/o operation. The following program segment describes 
the actions outlined above. 

ioinitiate: 

while true 
do begin 

wait (ioinit); 
1 oc k (i 0 i nit) ; 

dioqlist [dioqtail]:= ccu; 
dioqtail:= (dioqtail+l) mod 20; 
if rqhead<>rqtail 

then begin 
ccu:= rqlist [rqhead]; 
rqlist[rqhead]:= I; 
rqhead:= (rqhead+l) mod 20; 
activate slavetask (ccu); 

end 

else beg!n 
ccu:= 0; 
cpuidle:= clock; 

end; 

if cioj = 0 then 
begin -

cioj:= dioqlist [dioqhead]; 
dioqlist [dioqhead]:= 0; 
dioqhead:= (dioqhead+l) mod 20; 
activate slavetasK (cioj); 

end; 
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When a IlSser job in the i/o unit;completes its i/o operation, it 
performs a signal operation on the queue type variable that is defined 
as i/o termination flag in the main CPS/ll00 routine. This user job 
deactivates itself. Consequently, the activity that is woken up by a 
signal operation inserts the user job at the end of the ready queue. 
It rearranges the ready queue and updates the variable that keeps track 
of the swappable memory space. Then, a Signal operation is performed 
on the queue type variable emptyrq to state tnat the ready queue is not 
empty. If i/o queue is empty, the i/o unit is registered as idle, other­
wise the first job in i/o queue is removed to the i/o unit and the head 
pointer of i/o queue is updated. The job in possession of the i/o unit 
is activated. Program outline for the described actions is given below: 

ioterminate: 

whil e true do 
begin 

Ic 

wait (ioterm); 
lock (ioterm); 

rqlist[rqtail]:= cioj; 
rqwait[rqlist[rqtail]]:: clock; 
rqtail:: (rqtail+l) mod 20; 

Ic Arrange ready queue 

Ic 

lod (emptyrq); 
signal (emptyrq); 

memswapable:= memswapable + memreq[ciojJ; 
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if dioqhead = dioqtail then cioj = 0 
el se begin 

Ic 
Ic 
Ic 
Ic 
Ic 
Ic 

end; 

Remove the job into i/o unit 
and activate it. Update i/o queue 
head pointer 

end; 

The activity which is created and transferred to the label mosinit 
of mos routine, initializes local variables and arrays of the routine 
mos. It reads memory requirements, priorities and start-times of user 
jobs from a file named infotable. This information is originally ex­
tracted from CPS/llOO control directives of the user jobs. Characteris­
tic parameters of these jobs are registered in the arrays starttime, 
memreq and priority. Jobs are arranged according to their start-times, 
and their priorities if required. A group of jobs are transferred into 
the ready queue until the memory is full. The remaining jobs are filled 
into the blocked queue. The following program outline describes actions 
on initialization of routine mos. 

mosinit: 
begin 

Ie 
Ie Variables and arrays are initialized 
/c 

reset (infotable); 
readln (infotable); 
for ;:= 1 to <number of slavetasks> 

do begin 
read (infotable,memreq[i],priority[i],starttime[i]) 

. -end; 



108 

Ie 
Ie Sort jobs according to their starttimes and sort them 

Ic 
Ie according to their priorities, if required. 

Ie 
Ic Fill ready and then blocked queue 

Ie 

end; 

User jobs in this model study are single level Pascal programs. 
Characteristics such as size, priority of a user job are given on its 
control d~rective. A sample user program with its control card is given 
below: 

*compile options=isrlmv,eltname=tpf$.user3,user=uc,priority=5)starttime=~000 

program main; 
var a.b,j: integer; c:real; 

begin 
b:=3; 

while true 
do begin 

for j:=l to 999999 

do begin 
a:=b; c:= 5.23*18.2*0.03/(3.8*8.8*0.44); 

if (j mod 444) = 0 
then begin 

b:= a; 

end; 

write 1 n (a.c); 
end; 
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The complete program listing for this case study is given in Appen­
dix E5. Minimum response time strategy is applied for CPU switching in 
the model. Quantum size is selected as five. In this case study 18 user 
jobs were managed by the model operating system. Diagnosis for switching 
and swapping operations and the queue dumps are given on the output. 
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VI. DISCUSSION 

In the present work, a concurrent language has been designed, 
implemented and tested. Its main virtues are: 

Fl ex; bi 1 ity 
Processor dedication capability 
Program trace capability 
Easy usage. 

More details are available in a section of Chapter two, "Descrip­
tion of CPS/llOO". 

The present chapter is mainly devoted to discuss the use of 
CPS/llOO, extensibility and portability of cps/noo, comparison of 
cps/noo with other concurrent languages, and reconmendations for 
future research. 

6.1 The Use of CPS/ll00 

CPS/llOO is a powerful language with distinguishing characteris­
tics from the other concurrent languages. These characteristics make 
CPS/llOO a favourable language in operating system modelling and con­
current programming studies for average programmers. The attractive 
features of the language- are stated below: 

A. El~~iQili!~_Qf_!bg_~~Q9~~9~: 

CPS/llOO is modifiable and extensible because of its special 
structure. The structure of CPS/l100 permits any modification on the 
syntax and the semantics of the language. Therefore, capabilities of 
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the language can be improved by modifying scanner routines of CPS/llOO. 
Thus, new languages could be developed for specific applications. An 
average programmer may easily modify the language, because a high level 
string manipulation language has been chosen for implementing the scanner 
routines. 

This capability makes CPS/llOO a powerful language, since real 
parallelism on program control flow can be obtained with this feature. 
Thus, programmers can make a trade-off between space, time and processors 
while they analyze their problems. 

C. Er2gr~~_!r~s~_~~Q~Qili~~: 

Program tracing capability of CPS/llOO is very useful for con­
current program debugging, since errors in concurrent programs are not 
reproducible and may occur time to time. Errors in CPS/llOO programs 
can be fixed by using the program trace capability. 

D. g~~~_~~~9~_2f_~b~_h~~g~~g~~ 

CPS/llOO syntax is similar to the syntax of the Pascal language. 
Therefore, any programmer who knows Pascal programming can write prog­
rams in CPS/llOO. 

These distinguishing features of CPS/ll00 are discussed, by com­
paring it with other concurrent languages, in the succeeding sections 
of this chapter. 

6.2 Extensibility and Portability of CPS/llOO 

CPS/llOO uses EXEC8 facilities to create, remove and control 
activities. Those features of EXEC8 that are not normally available 
to users have not been employed. However, it is possible to extend 
cps/noo by making privileged EXEC8 instructions available to it in a 
straightforward manner by simply adding new prescanner and postscanner 
routines. 
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Fortran routines can not be called in the present form of CPS/llOO. 

This restriction stems from restrictions in the Pascal 8Rl library, and 

may be overcome by simply modifying this library. Such a change will 

make CPS/llOO available for a wide range of numerical applications. 

It is possible to extend CPS/l100 and make it a powerful realtime 
language by adding new statements and console communication features 

into it. 

The lack of portability in CPS/llOO arises from the fact that 

Macro and Pascal 8Rl are software written specifically for Univac 1100 
series. This characteristic is quite natural for any piece of software 

which heavily interacts with the operating system. 

6.3 Compari son of CPS/l1 00 with Other Concurrent Languages 

The design philosophy of CPS/l100 is different from" that in 

Distributed Processes, Communicating Sequential Processes, Modula, 

Pascal-plus and Ada. The concurrency and synchronization constructs 

of CPS/llOO are high level statements having low level correspondents 

in EXEC8. The objective of CPS/l100 study was to raise and embed the 

multitasking features of EXEC8 into a high level programming system. 

However, the design of other concurrent languages were dictated by the 
programming needs. Extensive studies were performed by software de­

signers to satisfy the needs of professional software developing studies 

for embedded computer systems, in the Ada project. The design philo­

sophy of Madula was to build up a language that has powerful data 
abstraction features and that runs without support of an operating 

system. The objective of Distributed Processes and Communfcating 

Sequenti a 1 Processes was to defi ne programmi n9 1 anguages for di stri­

buted memory systems. Therefore~ the essential difference between 

CPS/1100 and the other concurrent software ;s that, CPS/ll00 has con­

currency featul~es which are raised from EXECS, the supporting software. 

while the constructs of other languages were designed according to needs. 

Extensibility of CPS/iloa is its most powerful aspect compared to 

the other software such as Modula. Pascal-p1us, Ada and Concurrent 
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~ascal. Any modification or improvement on these concurrent languages 
necessitates extensive work on both design and implementation phases. 
But, extensions on CPS/llOO are rather simple. CPS/llOO is a soft­
~re that can be reshaped rather easily. 

Automatic program debugging and tracing is a bottleneck for con­
~urrent programming software. Tracing fac;l ities oJ EXEC8 are raised 
and embedded into CPS/llOO. This is the advantage of CPS/llOO when 
compared with the other languages such as Modula and Concurrent Pascal. 

CPS/llOO and Modula are two extreme cases due to their structures 
among the concurrent languages. CPS/ll00 is fully supported by an 
abstract machine which is the combination of Univac 1100 hardware and 
its operating system EXEC8. In contrast, ~10dula runs on a bare machine. 

Externally compilation of CPS/llOO routines is achieved by CPS/llOO 
control directives. Externally compilation aspect of CPSjllOO nearly 
resembles the modular structures of other languages such as Ada's packages 
and Modula's modules. 

The common characteristic of CPS/llOO, Concurrent Pascal, Modula 
and Distributed Processes is that all these languages have a static 
memory allocation mechanism. Dynamic memory allocation of concurrent 
objects in those languages is ignored because of the effect of memory 
reorganizations on the overall efficiency of the programs. 

The similarity between CPS/llOO and Concurrent Pascal is consis­
tance of access right declarations. In both software, a process can 
mot call another process or monitor without declaring it in a parti­
cular section of the program. 

CPSjllOO and Plus, both being Univac software for system prog­
ramming, have similar data structures. Concurrency features of EXEC8 
are accessible in both software. But, users are responsible from 
almost every thing about creation and controlling of activities in 
Plus programming. Some parts of Plus programs must be coded in Univac 
1100 assembler to work on multitasking mode. For that reason, Plus 
users must know Univac 1100 assembler programming. In contrast, the 
way of creating and controlling activities in CPS/llOO is well defined. 
An average programmer who knows Pascal programming may use CPSjllOO~ 
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As a result, CPS/llOO has a distinguishing structure and it fills 

a gap in the available Univac 1100 software. 

6.4 Recommendations for Future Research 

The following extensions on CPS/llOO are recommended: 

1. ~c.f.e~sin.9.. .!h~ r.e~l.!i!!le_f~cjJltle~ Q.f_E!Ef8~ 

CPS/llOO may be furnished with realtime facilities, such as 

rt~ and nrt$ requests, to execute activities in realtime 

mode. In realtime mode, activities respond externally gene­

rated input stimuli within a finite and speciable delay. 

Thus CPS/llOO can be applied to the programming of engineering 

control problems. For example robotics or industrial process 

units may be connected to a Univac 1100 system and can be con­

trolled by CPS/l100 programs. 

2. AC.f.e~sin.9..IXIC~ £rlv~t~ ~a.!a_ar.e~ ~n~ r.o~tln~s~ 

CPS/llOO may be extended so that it becomes a system programming 

language. It can make use of the console communication and i/o 

handling requests of Exec8, with simple modifications. It may 

access all hardware facilities of the machine and private area 

of ExecS in the memory if protection on the executive syste~ 

is suppressed. Protection on ExecS area can be removed by a 

simple systeT. generation operation. Then, new statements 

which correspond to the privilage set of Univac 1100 assembler 

instructions may be inserted to CPS/llOO. Also, new statements 

to manipulate ExecS internal tables or routines can be developed. 

Although, implementation of dynamic storage allocation mecha­

nism in CPSjl100 is not so easy, such an extension permits 

the building up of large scale operating system models via 

CPSjl1 00. 
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4. .f.r~a.!i~g_a _ CfSLllOQ l iE.r~.rl: 

Such a library may consist of a set of Pascal and assembler 
routines which correspond to basic data structures such as 
queue lists and stacks. Graphic processing and plotting 
routines may be added to the library. This library would be 
helpful for better model implementations, program abstraction 
and coding. 

5. ~c~e~sin~ £o~t~a~ Er~g~a~ liE.r~rie~: 

This feature can be added by modifying the Fortran interface 
routine in the Pascal 8Rl library. As a result of this ex­
tension, a wide range of numerical pnd scientific application 
can be programmed in CPS/llOO with spending less effort. 

6. Reentrant code creation: 

Pascal 8Rl multipass compiler does not create reentrant prog­
ram codes. If new releases of this compiler produce reentrant 
codes, then it may be possible to execute more than one acti­
vity on the same program codes. This will provide a powerful 

feature to CPS/l100 whereby a single routine may be used for a 
set of processes or monitors. As an example, a single routine 
may be usee to simulate a set of user jobs in a model study. 

Data types and routines in CPS/l100 programs may be parameterized 
by producing their copies, if CPS/l100 has generic producing 
capability. That capability may be obtained by redesigning and 

recoding the pres canner routines. Such an improvement would 
increase the abstraction power of CPS/l100. 

Compile time checking is the best way of preventing time dependent 

errors in multiactivity programs. Therefore~ CPS/ll00 may be furnished 
via compile time check routines. Algorithms to detect possible dead­
locks in the pi~ogram may be implemented in those routines. 
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The present form of CPS/llOO uses a common memory for interprocess 
communication. New keywords may be added to CPS/llOO to provide pro­
cess communication with only i/o operations. With this kind of exten­
sions, CPS/llOO would be suitable for programming in distributed com­
puter organizations. 



117 

VII. CONCLUSION 

In this work, design and implementation details of a concurrent 
programming language, which is structurally distinguished from the 
other concurrent languages, has been described. The merits of CPS/llOO 
were demonstrated by programming five typical concurrent program~ing 
problems with this language. 

In case study one, a monitor type data structure was implemented 
by using the wait/signal and lock/unlock commands of CPS/llOO. The 
wait/signal pair is used for process synchronization while the lock/ 
unlock commands were used to provide mutually exclusive access to the 
monitor. 

In case study two, a resource allocation problem was solved. The 
essential difference between concurrent and sequential programming 
techniques, that is the programmer's ability of thinking in a parallel 
manner, was demonstrated by this case study. 

In case study three, it was showed that some sequential algorithms 
can easily be adopted for concurrent programming. It was proved by this 
case study that elegant algorithms can be written by modifying already 
existing sort, search algorithms and by gaining the control on proces­
sors in multiprocessor environments. This case study was an example 
for using the processor dedicatjon command of CPS/llOO. 

In case study four, it was illustrated that the processor dedica­
tion facility can be used to develop efficient and improved algorithms 
in widely used mathematical and engineering applications, especially 
in matrix operations. 

In case study five, the suitability of CPS/llOO as a teaching aid 
and its modelling aspects were displayed. A model of a timesharing­
multiprogramming operating system was implemented. Real Pascal programs 
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were used as user programs in the model. In thi s case study, it was 
emphasized that a hierarchical programming system can be implemented 
by using slavetasks and model tasks of CPS/llOO. Activate slavetask 
deactivate slavetask and fetch status commands were demonstrated in 
the model study. The contingency registration and handling scheme 
was used to synchronize slavetasks and model tasks. On the other 
hand, wait/signal, lock/unlock commands were effectively used to syn­
chronize processes. The case study was a non-trivial concurrent 
programming example. 

In this dissertation, it has been suggested and demonstrated 
that the prescanning/compilation/postscanning structure is an elegant 
and convenient way of developing flexible concurrent software. In 
order to produce an easily modifiable concurrent language, a high 
level language was chosen for implementing the scanner. Set, token 
and picture constructs of Macro language were extremely suitable for 
scanner implementation Modifications of CPS/llDO syntax and code 
generation, which were essential during the implementation phase, were 
performed easily by adding new routines or by updating existing routines 
of the scanner programs. As an example, the fetch status statement 
was not considered during the design phase, but it was easily added 
to the CPS/1100 command repertoire. Also, address assignment capa­
bility of the suspend command was easily implemented by simply adding 
a new macro routine into the prescanner program. 

It is quite apparent that the processor dedication facility of 
CPS/1100, which can be considered as the most distinguishing charac­
teristic from other concurrent languages, provides better control and 
physical parallelism on program execution flow. Thus~ efficient algo­
rithms v.Jere developed in the third and forth case studies by uSjng 
processor dedication command. 

Trace capabilities of CPS/llOO was used to debug programs step 
by step. The snapdump conrnand of CPS/nOD was used to get dumps of 
common data area where process synchronization variables were stored. 
The benefits of debug facilities were experienced during program 
developments for case studies. 
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In summary, CPS/1100 was designed and implemented as a concurrent 
programming language with a flexible structure. The language was 
enriched with processor dedication and program trace capabilities. 
It has been proved by the case studies that the design aims were 
achieved in the implementation of CPS/llOO. 
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APPENDIX A. MACRO PROG~~1ING LANGUAGE 

Macro is a language which provides powerful and structured text 
transformation facilities suitable for extending and translating prog­
ramming languages under Univac 1100 executive system. Macro language 
may be used in any of the following areas: 

1. language extension, e.g. preprocessor for PL/l 

2. Language translation, e.g. Algol to PL/l translation 

3. Text generation, e.g. text searching and report generation 

4. Text editing, e.g. systematic editing of texts 

5. Data validation, e.g. format as value range checks. 

Macro system consists two seperate program modules. A compilation 
module, which converts Macro programs into an internal format, and a 
processor module, which performs actual text transformation. r~cro 

program can be compiled and used without the need for a collection. 
A program. known as macro, of the f1acro language has two iogical 

parts, a picture and a body. Picture is a specification of the form 
of the string that the macro will recognize. The body is a series 
of statements that are executed to generate an output text from input 
text. 

Control cards for Macro compilation and processing are given below: 
Further information about Macro language can be found on Macro Reference 
Manual [14]. 

@UNIVAC*MACRO.MDC 
@UNIVAC*MACRO.MDP 

file .. source, file.omn 
file. text, file.omn, file.out 



where file, source 
fi 1 e ~ ornn 

file. text 
fi 1 e:· out 
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contains Macro program 
contains omnibus element after compilation 
contains input text 
contains uutput text produced after processing. 
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APPENDIX B. CPS/llOO CONTROL CARDS 

Control cards for a sample CPS/llOO is given below. Blanks 

between fields are allowed. Each control card must be given in 

one line. Comment lines are identified by Ic character in columns 
and 2. 

@CPS.S,S ,CPS.S/0, 
*COMPILE OPTIONS=.ISRLM, ELTNAME=TPF~.xxx 

Main routine 

*COMPILE OPTIONS= ISRLMV, ELTNAME= TPF$.yyy 

Process or monitor routine 

*COMPILE OPTIONS= ISRLMV,ELTNAME=TPF$.zzz, USER=uuu, SIZE=nnn, 
PR IORITY=k, STARTTIME=hhmm 

Slavetask, if any 

@CPS.S,N 
@CPS.S,N 

@CPS.X 

SCRATCH$.SCRATCH1, CPS.S/1, SCRATCH$.SCRATCH2 

SCRATCH~.SCRATCH2, CPS.S/2, 

A CPS/llOO program may consists of a main and several process, 

monitor and slavetask routines. Options of Pascal 8Rl caiis are valid 
on *COMPILE directives of CPS/llOO. V option is mandatory for all 

routines except the main routine. Element names stated as xxx, yy)" 

zzz may be a string that is maximum 12 characters in length. User 

name uuu is a string maximum 3 a1phanumeric characters in length. 
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nnn in SIZE field on slavetask *COMPILE directive must be an acceptable 
integer number. In PRIRORITY field must be a single digit integer 
number and hhmm in STARTTIME field must be a four digit number. 

First @CPS.S card is used to call first phase of prescanner, 
CPS.S/0. The other two @CPS.S cards are used to call the other 
two phase of prescanner which are CPS.S/l and CPS.S/2. @CPS.X card 
maintains Pascal compilation, postscanning, linking and execution 
of the program. 
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APPENDIX C. CPS/llOO STATEMENTS AND KEY~ORDS 

Statement or keyword 

monitor and process 

queue 

forward 

ioinitiation lock, 
iotermination lock 

ioinitiation flag, 
iotermination flag 

startup with taskname 

startup slavetask 

fork with taskname 

release 

function 

Used for scope rule definitions 

type declaration; used to declare 
process synchronization variables 

used for optional parameter transfer 

used to create a critical region 
around i/o statements in slavetask 
routines 

used to provide synchronlzation between 
model and slave task when an i/o opera­
tion in a slavetask is initiated and 
completed 

creates a new activity with an activity­
id associated with the taskname given, 
allocates the activation record of the 
procedure to which the control of new 
activity is transfered, suspends control 
of the parent activity until the new 
activjty executes a release statement 

creates a new activity with an activity­
name associated with the:slavetask, 
allocates the activation record of the 
slavetask procedure 

creates a new activity with an activity-id 
associated with the taskname given, trans­
fers the control of this activity to a 
procedure which is already called by a 
startup statement 

resumes the control of the parent acti­
vity of the requesting activity that the 
parent activity has entered in a wait 
state by performing a startup statement 



Statement or keyword 

await 

wait 

signal 

lock 

unlock 

cobegin 

coend 

quit 

quit by checking 

suspend 

clear 

wait forever 

deactivate slavetask 

activate slavetask 

tenninate 
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Function 

suspends the control of an activity 
while the specified activities in the 
statement exist in the system 

suspends the contrQ1 of an activity by 
using the test-and-set and queuing 
mechanism 

resumes the control of an activity, 
which is already in wait state, by 
using the test-and-set and queuing 
mechani sm 

sets a specific bit of a test-and-set 
cell if the bit is not set or suspends 
the control of an activity for a specific 
time interval if the bit is set 

clears the specific bit of a test-and­
set cell if the bit is set 

creates a specific activity and suspends 
its control 

removes the activity which is created 
by a cobegin statement 

removes an activity from the system 

conditionally quit operation 

suspends the control of an activity for 
a defined tjme period 

stores zero to a queue type variable 

suspends the control of an activity 
for an undefined time period 

suspends the control of a slavetask 

resumes the control of a slavetask 
which has been suspended by a deactivate 
slavetask statement 

ceases the execution of whole activities 
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Statement or keywords Function 

fetch status of slavetasks checks whether a slavetask has exited 
frorr the system or not. Status of 
slavetasks are stored into a specific 
boolean array 

dedicate processor 

original mode 

cregion 

cend 

snoopy on 

snoopy off 

snapdump 

dedicates a specif.ic processor to an 
activity 

returns back the system into normal 
processing mode 

executes a ts instruction on a pre­
defined test-and-set cell 

clears the test-and-set cell which 
is set by a cregion statement 

calls the snoopy trace utility 

turns off the trace operation 

dum~s the contents of the queue type 
variables. 



APPENDIX D - LISTINGS OF MACRO PROGRAMS 

D.l - Prescanner Phase0 
D.2 Prescanner Phasel 
D.3 - Prescanner Phase2 
D.4 - Postscanner 



0.1 - PRESCANNER PHASE0 

acps:c,S~ CPS~MAC~OO,CPS:S/O 
MACqO COMPILER LEVEL TRL 07/27/83 06:U6:27 

tOO 1 
[0 2 

120 3 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
PO q /I. • /I 
140 5 /I. • /I 
~50 6 II. CPS/~lOO P R £ 5 CAN N E ~ • II 
160 7 /I. • /I 
170 8 II. PHASE n • II 
180 9 /I. • 1/ 

~90 10 1/. • 1/ 
200 11 II. CPS/l~oo STATEMENTS ARE SYNTACTICALLY • II 
2[0 12 II. ANALYSED IN THIS PHASE:INPUT STREAM OF THIS • II 
220 13 II. PHASE IS A cPSllloo PROGqAM. OUTPUT STREAM • II 
230 14 II. IS PLACED INTO THE ELEMENT-'SCRATCHl' OF A • II 
240 15 II. TEMPORARY FILE 'SCRATC~". • II 
250 1 b /I. • /I 
260 11 II. • II 
270 18 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
280 19 
290 2U 
300 21 
3[0 22 OEeUG ON; 
320 23 SET ALPHA C'A' :1 'Z' >; 
330 2q SET IO_CHAR C'A' ,; 'Z'\'O' - '9'\'_'\"'\'.'\';'\'1'); 
340 25 SET DIGIT ('0' ,0; '9'); 
350 2& 
360 :n 
370 7.8 
380 29 TOKEN OPC"'>; 
390 ]U TOKEN CPC')'>;, 
400 31 TOKEN MCPSC'.COMPILE'>; 
410 32 TOKEN 10 C ALPHAIIO_CHARI :.;) 
~20 33 TOKEN ~LANK IGNORE C' , :t: >; 
430 34 TOKEN NUM<OIGITIOIGIT) ,:.>; 
440 35 TOKEN rOTxCS'COr'): 
4~0 J~ TOKEN COMC',')I 
q60 37 TOKEN SZC'SIZE:"; 
470 38 TOKEN OPTC'OPTIONS:"; 
q80 39 TOKEN PRC'PRIORITY:'); 
~90 40 TOKEN ELTNC'ELTNAME:": 
50U 41 TOKEN STTC'STARTTIME:'): 
510 42 TOKEN CO~MENT<'IC'); 

570 43 
.,10 411 
540 45 A::S'NUL'; 
550 46 1:U; 
560 41 TOK=S'NUL'; 
~10 4ft orCLAP[ "'.)1 
SAO 49 ~nR:' •• fRPOQ •• SYNTAX Enpon ': 

..... 
N 
~ 



S9(1 
()OO 
,1,10 
1120 
()30 
()1t0 
"50 
UO 
670 
uo 
no 
100 
11,10 
HI;! 
730 
7110 
750 
160 
710 
180 
190 
100 
erO 
120 
no 
'''0 IIIq 
86 9 
170 
8110 
89\) 
900 
.ro 
9ZD 
930 
"0 
95

1 
96 
n 
91 

"8 roo 
IlOJ1ij 
J102~ 
J'D3q 
fO"O 
1)05(1 
I'D60 
tOTO 
lIqsq 
rQ9Q 

i 
t 
2 
~ 

t 

t ." 2 
2 
Z 
L 
t 

" 

:t 
'2 
'2 
Z 
'] 
,] 

,] 

'. • 
" '5 
'5 
5 
5 
5 
6 
6 
'II 

" 1 
1 

50 

5' 52 
53 
5 .. 
55 
56 
57 
51 
59 
60 

:f 
6] 
6ft 
65 
". 
6T 
68 
119 
70 

a 
13 
TIt 
n 

'" 17 
78 
." :y, 
lit 
n 
n 
85 
116 .., 
U 
89 

:1 
9] 

9. 
95 
96 
97 
118 
99 

,,00 

PROCEDURE READLM: 
ST: 1=0, 

EAO A, 

[NO: 

IF LENGTH'A' EO 0 
TH N BEGIN 

CLOSE wRITE 
STOP, 

END, 
U' At ".2] EOC 'IC' 
TOKENIZE A INTO R: 

INTO 'SC~ATCH,rscRATCHr'; 

I 
TH[N GO TO HI 

PROCEDURE NtKTTOKEN, 
ST: I = 1+,.: 

IF I GT SIZEIR' 
THEN BESIN 

[NO: 

WRITE· • INTO 'SCRATCH'LSCIUTCHl' 
ALL REA LN: 

I=~I 
ENO, 

I' TRtHIRII" [OC ' , THEN GO TO ST, 
TOK = TRIHIRII", 

pROCEDURE PROCCPS: 
IF TOK EOC '.COHP ~LE' THEN 

BEUM 
CALL N[XTTOKEN: T:TOK: CALL NEXTTOKEN: T = TETOK: 
IF T EOC 'OPTIONS:' THEN 

BEGtN 
CALL NEXTTOKEN,CALL NEWfTOKEN: 
IF TOK EOC ',' THEN 
arUN 

CALL NEXTTOKEN:T : TOK:CALl NEXTTOKEN;T:T,TOK: 
tF EOC 'ELT'AHE:'T EN 
BEUN 

CALL NEI!TTOI<ENr 
TTT: tOl([f,s]: 
IF I TTT EOC "TPF.;" AND 
, I TOK NEC 'tPF'~AHE'" 
T [N IEUN , 

CALL NEXTTOKEN: 
If TOK NEt ',' 

THEN RETURN: 
ELSE IIJEGIN 

CALL NEXTTOKEN: T=TOK/CALL NEXTTOKEN: T = 
I~ T EOC 'uSE~:' THEN 
8ESIN 

TUOK: 
--' 
w 
o 



1100 7 
lliO 9 
lJ.20 9 
li30 8 
11"0 9 
1150 9 
1,60 'I 
lpu to 
1180 10 
ll90 10 
1200 11 
12(0 11 
H20 II 
tl30 lJ 
12110 12 
1250 12 
1260 12 
1270 13 
1290 13 
1290 t3 
1300 13 
1310 til 
1320 I" 
tHO 111 
13110 13 
1150 12 
1360 11 
1370 to 
13110 'I 
tHO 8 
11100 7 
hiD b 
11120 5 
11130 II 
14110 1 
11150 2 
14bO 1 
11170 1 
hRO 
HIIO 
1500 
1 s1'0 
l520 1 
1530 }. 
15110 1 
1550 1 
ISbO 2 
1570 2 
15110 2 
1590 3 
1&00 3 

101 
102 

t°.3 
O~ 

105 
106 
107 
lOll 
109 
110 
111 
~1Z 
JU 
11" 
115 
lib 
117 
118 
p9 
120 
121 
122 
123 
124 
125 
126 
127 
F9 
129 
!.10 
131 
132 
133 
).3" 
135 
13b 
137 
139 
139 
140 
141 
142 
1"3 
1"" 
1115 
146 
147 
148 
1"9 
150 
151 

END; 

CALL NrXTTO~EN; CALL NEXTTOKEN; 
IF" TOK F"OC ',' THEN 

BEGIN 
CALL NEXTTOKEN: T:TOK:CAlL NEXTTOKEN: T : TtTOK: 
IF T roc 'SHE:' THEN 
BrG!N 
~ALL NrxTTOK~NI CALL NrXTTOKFNI 
rr TOK roc ',' THEN 

BEGIN 
CALL NI':XTTOKEN; T:::TOK; 
CALL NF"XTTOKEN: T ::: TtTOK; 
Jf T F;QC ''''HORTn:::' THEN 

BEGIN 
CALL NEXTTOKEN: CALL NEXTTOKEN: 
IF TOK E~C ',' THEN 

BEGIN 
CALL NEXTTOKEN:T:::TOK: 
CALL NEXTTOKEN:T:T&TOK: 
IF T EOC 'STARTTIME:::' THEN 

BEGIN 
CALL ,,(HTOKEN:' 
CALL NEXTTOKEN: 
~ETU~N; 

['10; 
tNDI 

END: 
END: 

END; 
ENI'1; 

P.:NI'1: 
END: 

END: 
END: 

ENO ; 
END: 

WRITE' •• ERROR •• SYNTAX ERPOR ON C~S/ltDO CONTROL CARD' 
END; 

PROCEDURE PROCSTRTU": 
CALL NEXTTO~EN; 
IF TOI< EOC 'WITH' 

THEN BEGIN 
CALL NEXTTOKEN; 
xr TOK EQC 'T.sKNA~r· 

THrN arUN 
CALL N[XTTOKrN: 
If TOK EOC '«' 

THE'I 'H.GIN 
--' 
w 
--' 



161"0 3 152 CALL NEXTTO~E'!: CALL '!EHTOKEN; 
H2O II 153 IF TOK EOC 'I' 
1&30 4 154 THEN BEGIN 
1&'+0 4 155 CALL NOTTOKEN; 
1:&50 5 J.5& RrTUR'!; 
h60 5 157 1':'10; 
1(,70 II 158 END: 
hRO .3 ~59 END; 
h90 2 un ENOl 
1700 ~ ~,,~ [LSI' If' TOM EO C 'SLAVI'THIi" 
171'0 1 1/12 THEN BE51N 
f720 1 J63 CALL NEXTTOKEN: 
1'730 2 ~6q IF TOK EOC 'I' 
17'+0 2 1"5 THEN 9EGIN 
1750 'I. 16& CALL NE.XTTO~E\j: CALL NOTTOKEN: 
1760 .1 1&7 IF" TOI( EOC '" 
1710 3 ~&8 THEN BEGIN 
1'780 .3 169 CALL NE)'TTOKEN: 
1790 " 170 RETURN: 
1800 II 171 END; 
1910 .3 172 ENO: 
f9l0 2 173 ENO; 
1830 1 J.7'+ IIRITE ' •• ERROR •• SYNTAX ERROR 0'1 roqK/STAPTUP STATEMENT ' : 
18110 1 175 END: 
19S0 176 
1960 177 
1'510 f8 ' 
1880 79 PROCEDURE PROCAIIAI~: 
1990 1 iBo CALL NEXTTOKEN: 
1'900 ~ 181 IF" TOK EOC 'I' 
19fo 1 lel THI':N BEGIN 
1920 1 183 CALL NEXTTOKEN: CALL NExTTnr",: 
1930 2 1811 LOOP: IF TOK EDC " , 
19'10 2 185 THEN 6EGYN CALL \jExTTO~E'I: PETUIlN: END: 
1950 2 186 ELSE. IF" TOI( EOC . , . 
1960 2 . 187 THEN BEGIN 
trno 2 188 CALL N~XTTOK~N: CALL NF:XTTOKrN: 
1980 l 189 GO TO LOOP: 
1990 .3 490 END; 
2000 2 191 ENOl 
201'0 1 492 WRIT[ . •• r.RROR •• SYNTAX rRRO~ ~N AwATT'sTATl~[NT ' I 
2020 1 193 (t.j0: 

2030 ) 19'1 
20lfO 195 
2050 196 
70/00 107 
7010 198 PROCEDURE PROCOTHfRI 
2080 1 199 LASTTOI< = TOI<: 
2090 1 zOU CALL NEXTTOKEN; 
2100 .l 201 IF (LASTTOI( EOC 'LOCK" ANt' (TOK ClC 'OF' , THEN DETURN: ..... 
2110 1 2D2 IF TOI( EOC ' I' 

W 
N 



2120 1 
2,30 1 
2\40 Z 
2150 l 
21"0 2 
2110 3 
2190 3 
2190 2 
2200 1 
221'0 1 
2220 
2230 
2240 
2250 
n"o 1 
2270 1 
2280 1 
2290 1 
2300 1 
2310 2 
2320 2 
2330 J 
2340 .3 
2350 l 
2360 'I 
2310 II 
2380 3 
2390 2 
2400 1 
2 .. 10 1 
2420 
1430 
2440 
2450 
2460 1 
,no J 
1480 1 
2490 1 
2500 2 
2st'0 2 
15'0 2 
2530 .3 
2540 3 
2550 3 
2560 II 
2570 4 
2S80 3 
2590 3 
2600 2 
26fo 1 
2&20 1 

203 
204 
205 
206 
207 
208 
209 
21u 
211 
212 
2U 
214 
215 
216 
217 
219 
219 
220 
221 
222 
223 
224 
225 
22& 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
Uft 
239 
24U 
241 
242 
243 
244 
245 
246 
247 
248 
249 
25U 
251 
252 
l53 

THEN BEGIN 
C~LL NEXTTOKEN: CALL NEXTTOK~N: 

IF TOK tOC '" 
THEN BI::GIN 

CALL NEXTTOKEN; 
ClETURN: 

END: 
IIRITE ERR; 

ENO: 

PROCEDURE PROCWAIT; 
CALI. NEXTTOKEN; 

END; 

IF TOK EOC 'FOREVER' 
THEN BEGIN CALL NEXTTO~EN; RETUR~; E~J: 

ELSE BEGIN 
IF TOK EOC 'I' 

THEN BEGIN 
CALL NEXTTOKEN: CALL NEXTTOKr~; 

IF TOI( ECC '" 
THEN BEGIN 

CALL NEXTTOKEN: 

END: 

END; 
END: 

wRITE ERR; 

ClETURN; 
ENO; 

PROCEOURE PROCFETCH; 
CALL NEXTTOKENI 
rr 'OH ~oc "'AfU~' 

THfN BfGIN 
CALL NEKTTOKEN; 
IF TOI( EOC 'OF' 

THEN REGIN 
CALL NI'XTTOKENr 

END; 
WRIH ERR; 

ENO; 

Ir TOK EOc 'SL~VETAS<S' 

THEN BEGIN 

ClETURN; 
END; 

CALL NEXTTOKEN; 
RETUR"; 

END; 

....... 
w 
w 



2630 
21>410 
2650 
2660 
2610 
26110 
2&90 
2700 
271"0 
2720 
2HO 
27'10 
2150 
2760 
2710 
2780 
271'0 
HOD 
281'0 
2820 
2830 
28"0 
2850 
2860 
2870 
2880 
2890 
2900 
2910 
2920 
21110 
29'10 
2950 
291>0 
2970 

·?9AO 
29'10 
3000 
301'0 
H20 
3030 
30140 
1050 
3060 
B10 
3(180 
3090 
31 00 
3~1'0 
H10 
3130 

1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
2 
1 
1 

1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
2 
1 
1 

1 
1 
1. 
1 
2 
2 
2 
.s 
3 
3 

" 'I 
41 
3 
2 
1 
1 

J 

25" 
255 
256 
251 
258 
259 
ao 
261 
21>2 
263 
2641 
265 
266 
267 
268 
269 
270 
271 
272 
273 
27 .. 
275 
2H. 
277 
278 
279 
280 
281 
282 
283 
28'1 
285 
286 
281 
288 
2ftQ 
290 
291 
292 
293 
2911 
295 
29& 
297 
298 
299 
300 
301 
302 
303 
,Oil 

PROCEDURE PROCACTIVE; 
CALL NEXTTOKEN; 
lr TOK EOC 'SLAVETASK' 

THE N BEG IN 
CALL NEXTTOKEN: 
IF TOI< EOC '(' 

THEN BEGIN 
CALL NEKTTOKEN: CALL ~EXTTOKEN; 

lr TOK EOC 'I' 
THEN BEGIN CALL NEXTTDKEN: ~ETURN: END: 

END: 
END; 

WRITE ERR: 
END: 

PROCEOURE PRocorOIC; 
CAU NnTTOK[N; 
IF TOK EOC 'PROCESSOR' 

THEN BEGIN 
CALL NEXTTOKEN: 
rr TOK EOC '(' 

THEN RlGIN 
CALL NEKTTOKEN: CALL ~EXTTnKrN: 
rr TOK EOC ", 

END: 
WRITE ERR; 

END: 

PROCE~URE PROCOUIT: 
CALL NEXTTOKEN; 
Ir TOK roc 'BV' 

THtN "trotN 

THEN BEGIN CALL ~EXTTO~EN; RfTURN; END; 
END; 

CALL N[)(TTOKEN; 
IF TOK EQC 'CHECKING' 

THEN BEGIN 

END; 
ELSE RETURN: 

CALL NEXTTOKEN; 
lr TOK EOC '(' 

THEN !lEGIN 

END: 

CALL NEXTTO~E~; CALL NEXTTOKlN; 
lr TOK EOC '" 

THEN 9EGIN CALL NrXTTOKfN; ~ETUQN: ENn; 
END; 

WR HE ERR: 
END; 

...... 
w 
..j::oo 



31 .. 0 
3150 1 
3160 1 
3170 J. 
HIIO , 
']~'O 1 
HOD 1 
321'0 
3Z20 
3Z30 
nlfo 
3250 1 
3260 1 
3270 ~ 
3280 l 
H90 1 
3300 
3310 
337.0 
3330 
33

'
10 

3350 
3360 
3370 
H80 
3390 1 
3400 1 
HtO 1 
3" 7. 0 1 
3430 ,. 
HlfO 1 
3'150 1 
'4',0 1 
341() 1 
3480 1 
H90 J. 
3500 1 
HID 1 
3520 1 
H30 1 
35'10 1 
3550 1 
3560 1 
3570 J. 
3580 1 
3590 1 
3600 1 
3&1'0 1 
H2O 1 
3630 J. 
3&'+0 1 

305 P~OCEOURE PROCSNOOPV; 
306 CALL NEXTTOKEN; 
307 IF ( TOK EOC 'ON' , O~ 
308 (TOK EOC 'OFF" 
309 THEN BEGIN CALL NEXTTOKfN: ~ETU~N; ENO: 
3tO wntTr rRn. 
]11 END; 
.H2 
31l 
31 .. 
315 P~OCEOU~E PROCORIG; 
316 CALL NEXTTOKEN; 
317 IF TOK EOC 'HODE' 
318 THEN BEGIN CALL NEXTTOKEN; RETURN: END; 
319 W~ITE ERR; 
320 END: 
321 
322 

OPEN WRITE INTO 'SCRATCHI;SC~ATCH1'1 
CALL REAOLN: 
CALL NEXTTOKEN: 
WHILE TOK NEC S'EOF' 

DO 8EGIN 
STRT: 

IF TOK EOC '.COMPILE' 
THEN BEGIN CALL PROCCPS;GO TO STRT: END: 
[LSE lr (TOK Eoe 'STARTUP" OR (TO~ E~C 'FORM" 

THEN BEGIN CALL PROCSTRTUP; GO ro STPT: rNO: 
ELSE Ir TOK EOC 'WAIT' 

THEN BEGIN CALL PROCWAIT: GO TO STRT: tND: 
ELSE IF TOK EOC 'AWAIT' 

THEN BEGtN CALL D~OCAWAITIGO TO ~T~T: rN~: 
ELSE IF (TOK E~C 'ACTIVATl" OR 

(TOK EOC 'DEACTIVATE" 

323 
3211 
325 
32& 
327 
328 
329 
330 
331 
332 
]31 
334 
335 
336 
l17 
)]8 
339 
3 .. 0 

'''1 3 .. 2 

THEN BEGIN CALL PROC~CTIVE:GO TO STRT; END; 
ELSE IF TO~ EJC 'DEDICATE' 

3 .. 3 
3 .... 
3'1S 
346 
347 
348 
349 
35U 
351 
352 
353 
354 
355 

THEN BEiIN CALL PROCOEDIC:GO TO STRT: rNO: 
ELSE IF TOM Eae 'ORIGINAL' 

THEN BEGIN CALL PROCORTG:GO TO STRT; (NO: 
rLS~ IF TOK EOC 'SNOOPY' 

THEN BEGIN CALL PROCSN~OPY:GO TO STRT; END: 
ELSE IF TOK roc 'OUIT' 

THEN BrGIN CALL PR,coUtT;GO TO STRT: END: 
ELSE 1F TO~ rOC 'FETCH' 

THEN yrGTN CALL ~ROCF[TeH;~O TO ~TRTIENO: 
rLS[ IF (TnK EOC 'COAlr.IN" DR 

(TnK EOC 'SIGNAL' ) nR 
(ro~ EOC 'RELEASr" OR 
(rOK EOC 'LOCK' 'OR 
(TOK EOC 'UNLOCK' , nR 

...... 
w 
()"I 



31>50 1 356 
Ht.O 1 357 
3&10 1 358 
31>80 1 359 
HIIO 1 31>0 
HOD l 361 
3710 2 362 
3720 1 31>3 
3730 1 3611 END: 
37110 31>5 C~OSE wRITE INTO ·SCRACTHS,SCRATCH1".: 
3150 366 STOP: 

END MOC n ERRORS 0 WARNINGS 0 REMARKS 

«TOK toe 'su~prNn'l 

«rOK toe 'SN~pnu~p'l 

«TOK (OC ·CLH.P· I 
THEN BEG!N 

CALL PROCOTH(R: 
GO TO STRT: 

(!f0: 
ELSE CALL N(XTTOKEN: 

OR 
OR 

-' 
eN 
en 



0.2 - PRES CANNER PHASEl 

acps;c,sp CPS .. MACR01,CPS;S/l 
)1AC~O COHPtURL'P.:Vfl h~01/21/83','l'lbI2~125 ' 

lho J' . 
if!) 2 
120 3 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
ll0 4 II. • II 
lq 0 II II. • 1/ 
150 6 II. CPS/,tUO PRE S CAN N E R • II 
160 7 /I. • /I 
110 8 II. PHASE 1 • II 
160 9 II. • II 
190 10 II. THIS PROGRAM RECOGNI2£S THE PARAHETERS, SUCH • II 
200 11 II. AS PRIORITY AND PROGRAH SIZE, O~ A USER PROGRAH • II 
2[0 12 II. IN A MODEL OPERATING SYSTE~ I~PLEMENTED VIA • II 
llO 13 II. CPS/lloo, IT ALSO RECOGNIZES INPUT I OUTPUT • II 
230 14 II. FLAGS WHICH ARE USED TO RESU~E EXECUTION • II 
240 15 II. CERTAIN SUSPENDED CPSlllOO HODEL ROUTINES; USER • II 
250 16 II. PROGRAH PARAMETERS AND I~PUT/OUTPUT flAGS ARE • II 
260 17 II. WRITTEN INTO A FILE "!NfOS", OUTPUT STREAH IS • II 
210 18 II. PLACED INTO THE ELEMiNT "SCq"CHZ" OF "SCRATCHS" • II 
260 19 /I. FILE.. • /I 
2'10 20 1/. • /I 
300 21 /I. • /I 
310 2Z II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
320 23 
330 24 
340 25 
350 26 DEBUG ON: 
360 27 SET ALPHA ('A' .~ '2' ): 
370 29 SET IO_CHAR <'A' =. 'Z'\'O' ,; '9'\'_'\'.'\','): 
380 29 SET DIGIT ('0';, T9')' 
390 30 
400 H 
~I'o U 
~7U 33 TOMEN OP<"'), 
q]O 34 TOKEN HCPS('.COMPIlE'): 
440 3S TOM EN CP('I'): 
450 36 TOKEN 10 ( ALPHA lID_CHAR' :'.';) 
460 37 TOKEN BLANK IGNO~E (' , ;,;'>: 
~70 38 TOKEN NUM<DIGIT'DLGITI .;,>: 
480 39 TOKEN EOTXCS'EOf'): -
4'10 40 TOKEN COH(','>: 
500 ql 
510 42 
520 43 
5JIJ 44 
541J 45 DECLARE USER'.': 
550 4& DEClARf PROGSIZE'$': 
560 47 DECLARE PRIORITY'.,; 
510 49 DECLARE STARTTIME'.': 
590 49 

..... 
W ....., 



590 50 
bOO 51 
6io 52 
620 5l 
630 5'1 
6"0 55 
650 56 
660 51 
"10 !1ft 
b80 59 
690 1 60 
100 1 bf 
71'0 1 62 
720 I 63 
730 l 6'+ 
1"0 l 65 
1S0 1 "" 160 i 61 
710 1 68 
190 69 
190 10 
800 11 
arO 12 
920 1 73 
910 1 1'+ 
8'10 1 7!l 
850 16 
860 77 
HO 78 
990 79 
890 ~ 80 
900 1 81 
91'0 1 82 
920 1 83 
IIlO 911 
91f0 85 
950 86 
9"0 87 
\170 89 
980 1 89 
990 l, '90 

1000 1 91 
tofo 1 92 
lellD 9l 
10"0 9'+ 
1050 95 
1060 96 
1070 1 97 
1080 1 98 
t (1110 1 99 
1100 1 100 

NT = 0: 
IOINITLOCK S'NUL'; 
IOTERHLOCK S'NUL'; 
IOINITFLAG S'NUL'; 
IOTERHFLAG = S'NUL'; 
OPEN WRITE INTO 'INFO'!'; 

MACRO CPSSLAVE tRIGGER PROTECT 
(HCPS 'OPTIONS' '=' Wf:CIO> ',' 'ELTNAME' ':' W2:CIO> ',' 'USER' '=' wl:CIO> ',' 'SIZE' ':' 

END; 

W,,:(NUH> 'f' 'PRIORITY' '=' W5:<NUM> ',' 'STARTTIHE' '=' W6:<NUH»: 
NT = NT+l: 
USERINTI=TRIHIW31; 
PROGSIZEINTI:TRIHIWIII; 
PRIORITYINTI=TRIHIW51; 
STARTTTHEIHTI:TRtHIWbll 
ANSWER S'OELB't'ICPS,'t WI t' 't w1 t',uSER:'t USERINTI; 

MACRO CPSROUTINE TRIGGER PROTECT 
< MCPS 'OpTIONS' ':' Wl:<IO> , 'ELT~A~E' ':' W2:<IO> ); 

ANSwER S'OELA'&';CPS,'C WI t' 't w2 : 
rNO, 

MACRO IOINITLCK 

END; 

( wl:<IO) ':' 
IOINITLOCK 
ANSwER ' 

TRIGGER PROTECT 
'rOINITIATION' 'LOC~' 'OF' 'QU[UE' 
= TRIH(lIlI; 
't W~ & ':' & 'OU[UE' & ':' 

MACRO IOTERHLCK TRIGGER PROTECT 

• :. >: 

( wll<ID> 'I' 'IOTERMINATION' 'LOCK' 'O~' 'ourur' ':'>; 
IOTERMLOCK : TRIMIW11; 
ANSWER' '& Wl & ':' & 'ourUE' & ';' 

END; 

MACRO IOINITF"LG 

END; 

< Wl:<IO) ':' 
IOINITFLAG 
ANSWER ' 

TRIGGER PROTECT 
'IOINITIATION' 'FLA5' 'OF' 'CUEUE' 
= TRIMIW11; 
'C Wi & ':' t '~~~UE' t ';' 

. :'): 
..... 
w 
CO 



11'10 
1150 
1160 
1170 
l.180 
1190 
1200 
Ufo 
rZ20 
1230 
12"0 
1250 
iZI,O 
1210 
1280 
1290 
1300 
Ufo 
1'320 
IHO 

010 MOC 

101 
1 102 
J 103 
1 10'1 
1 105 

lOb 
107 
108 
109 

1 ito 
1 111 
1 112 
1 113 
~ 41" 
2 115 
2 116 
2 117 
2 U8 
1 119 
1 PO 

n EII"'Oll5 0 

MACRO IOTERM TRIGGER PROTECT 
< Wl:<IO) ':' 'IOTERMINATION' '~LAG' 'O~' 'QUEUE' ':'>: 

IOTERMFLAG = TII1M(W11: 
ANSWER' 'E W~ & ':' & 'QUEUE' & ':' 

END: 

MACRO ENOOFTEXT TRIGGER PROTECT< EOTX >: 
A = NT&' '&IOINITLOCK&' '&IOTEQMLOCK&' '&IOINITFLAGt' '&IOTEQM~L.G: 
WRITE A INTO 'INFOl t ': 
I = 1: 
WIHL[ I U: NT DO 9EUN 

A = PROGSIl~III t ' 't PRTORITY(II t ' , ~ 
, , t STARTTI~Etl': 

WRITE A INTO 'INFO';': 
1=1+1. 

END: 
CLOSE WRITE INTO 'IN~O'.': 

END: 
WARNINGS n "'EMAIIKS 

..... 
W 
\.0 



0.3 - PRESCANNER PHASE2 

iC~S~C,SR C~StMACR02.CPS;S/2 
MACQO COMPILER LEVEL 7R~ 07/27/83 06:27:fa 

100 I II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , II 
lfo 2 /I. • /I 
Fa 3 1/. • /I 
l10 ~ II. CPS/lfun ~ ~ ~ s c • ~ N r R • II 
lila 5 II. • II 
150 6 /I. PHASE 2 • 1/ 
160 7 1/. • 
170 a II. ASSEMBLER CODES AND MESSAIES ~Oq ~DSTSCAN PHASE • 
180 9 II. ARE INSERTED TO THE PROGRAM TEXT IN TH1S PHA~r." • 
190 10 II. INPUT STREAM RETRIEVED FROM "SC~ATCH':SCRATCH2" • 
200 11 II. IS COMPARED WITH PICTU~ES OECLARED IN MACRO • 
zeo 12 II. ROUTINES,IF A HATCH IS FOUND A SET OF AssEMBLER • 
220 13 II. LER CODES OR MESSAGES ARE ~RODUC~D; THE CODES • 
230 14 II. OR MESSAGES ARE INSERTED INTO THE OUTPUT STREAM • 
240 15 II. THAT IS.PLACED INTO "NAMEI" ELE~ENT OF "TPFS" • 
Z50 16 /I. FILE. • 
260 17 II. • 
270 18 1/. • 
280 19 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
290 20 
300 21 
Ho ?7. 
320 B 
130 24 
340 25 
350 26 
3&0 27 
370 28 
380 29 
390 30 
.. 00 31 
41'0 3Z 
HO 33 
430 H 
4QO 35 
450 36 
460 37 
410 38 
480 39 
490 4U 
SOO 41 
510 "2 
520 43' 
510 .... 
~ .. 0 411 
550 46 
560 .. 7 
570 48 
580 49 

or.8ua 
EXPAND 
EXPAND 
EXPAND 
EXPAND 
EXPAND 

ON, 
ANS : ANSWER I 
TRIG : TRIGGER 
PROT : PROTECT 
ZZ = S'EOL' 
00 = S'DELe' 

SET 
SE T 
SET 

ALPHA ('A' ,: :Z' >: 
IO_CHAR ('A' '" 'Z'\'O' ". 
DIGIT C'O' ,: '9'>: 

TOKEN 
TOKEN 
TOKEN 
TOKEN 
TOKEN 
TOKEN 
TOKEN 
TOIH'N 
TOKI':N 
TOHN 
TOKEN 
TOKEN 

SL(2Z>: 
TP(';.'): 
OP(' (' >; 
NLL ( S'NUL'): 
MCPS('iilCPS,'): 
CPC',")-
To ( ALPHA(ln_CHAR' :.;) 
"LAN~ TONont (' , :.: )1 
"ORK( '!'ORK')I 
TS<' TlCELL' >: 
RS('RES '>: 
NUMCOIGITIOIGIT, t;,) ; 

• 9' , • _ • , • ;0' , ' , • > : 

1/ 
1/ 
/I 

" /I 
1/ 

" 1/ 
/I 

" " " " 

..... 

.p­
o 



59 a 50 
600 51 
Ho 52 
620 53 
!>30 54 
64 a 55 
650 5& 
660 57 
670 58 
!>80 S9 
1)90 60 
100 bl 
11"0 62 
120 63 
no b4 
740 65 
750 66 
760 67 
770 68 
780 69 
790 70 
ana 71 
BfO 72 
920 73 
830 74 
840 75 
850 76 
860 17 
970 78 
980 79 
8'10 "U 
900 R1 
91'0 82 
920 83 
930 a4 
940 85 
950 86 
~60 87 
970 88 
98 0 89 
990 90 

lono 91 
101'0 92 
1020 93 
11)30 94 
t 040 95 
1050 96 
t060 97 
1070 98 
1 Cl80 99 
1090 100 

TOKEN rOTX<S'EOF'): 
TOKEN EQSIGN(':='>: 

ERRORO~ ZZt' •• ERROR.. UNOECLAqE~ PROCEDURE IN LINE' • 
ERROROZ ZZt' •• ERROR •• UNDECLARED QU~Uf. TYPE vARtARLE IN LINE ': 
WARNING"l Z1&' •• WARNING •• CHECK THE ACTTVITY NAMEISI TN LINE': 

PROG_ID ='MAIN" 
PROC.F'LAG = UI 
YAR_FLAG = 0: 
BEGINJLAG=O; 
COBEGIN_FLAG=S'NUL': 
COBFGIN_COUNT=O, 
HAINPROGJUG=J., 
SACN=O: 
CPS_COUNT =0; 
SLvTASKNAME = S'NUL' 
SLVTA5KCNT : 0, 
DECLARE RI.,: 

OPEN READ FROH 'INFO'I': 
REAO A FROH 'INFO';'; 
TOKENIZE A INTO R: 
NT:TRIMIRI111: 
InlNlTLnc~ : TRtH'~ll'" 
IOTERHLOCK ~ TRIHIRISII, 
IOINrTFLAG = TRIHIRI711: 
IOTERMFLAG = TRIH(RI911: 

OECLARE 
DECLARE 
DECLARE 
OECLARE 
OECLARE 

QUEUES("': 
VARIABLES("': 
PROCS(.·': 
ACTIOI.·': 
ELTNAME(.,: 

PROCS('MAIN'I='MAI~': 

ACN=O : 

--' 
.f::oo 
--' 



1100 
111'0 
1120 
1130 
l1QO 
1150 
1160 
1170 
1180 
1190 
HOO 
12fo 
H2O 
12JO 
12110 
1250 
1260 
t 270 
nRO 
1290 
BOO 
l"Jfo 
t 320 
1330 
lHO 
1350 
rH.O 
I Uti 
I]A II 
1390 
1400 
hto 
1420 
I .. JO 
h40 
1450 
tq/,o 
1470 
IliaD 
1q9o 
1500 
Bto 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1&00 

1 
1 
1 
1 
1 
1 
1 
l 
2 
l 
J 
J 
3 
3 
J 
4 
II 
4 
1 
J 
J 
3 
3 
4 
4 
J , 
] 

J 
4 
4 
J 
2 
2 
2 
1 
1 
1 
1 
1 

1 
1 
1 

101 
lt12 
10J 
104 
lOS 
106 
107 
108 
109 
110 
111 
112 
111 
1111 
115 
116 
117 
118 
1111 
12U 
121 
122 
123 
12'* 
.1.25 
126 
127 
P" 
119 
130 
131 
112 
133 
lJII 
U5 
136 
137 
138 
139 
140 
1 II 1 
1'*2 
1'*3 
144 
145 
1,*6 
i 117 
148 
1119 
150 
151 

~ACRO AWAIT TRIG PQOT('AWAIT'fSLIOPISLI Wl:«YOI','I);.;)fSLI w2:< CPfSLlf':'I»: 
rF TRIHfW2IC.,lJ EoC ':' THEN WEND ='END:': ELSE WENO='ENO': 
ACNA~ES=TRIHfWll: 

NH = n: 
I =2 : NAME = ACNAHESC~,lJI 
WHILE I LE LrNGTHIACNA~ESI 

DO BEGIN 
IF I ACNAHES( I. fJ rOc '.' I Oq 

I 1 EO LENGTHIACNAHES) I 
THEN BEGIN 

IFf I EO LENGTHIACNAHESI I AND 
I ACNA~ES[I.1J ~EC ',' I 

THEN NAHE=NA~E&ACNlMES[I,lJ: 
IF VOIOIACTIO,TqI~(NA~EII 

THEN BEGIN 
WRITE ZZt WARNINGO! & LINE 
ACN=AC~+l: 
AeTIoI~A~EI:lCN: 

nWI 
H:ACTIOITRI~INA~EII: 

J=l: N:l: 
WHILE J LE H 

00 BEGIN 
N:N*2: 
J=J+l: 

ENO: 
NI1:NH+N: ,r T Lf LrN"TH(lC~A~t., 

THEIoI !!EGIN 
1=1+1: 
NAHE= leloll~ESc1,tJ: 

ENOl 
ENOl 

ELSE IF AC~AI1Estr,tJ Nrc' , T4E~ NAI1E=NAHE&ACNAHESEI,lJ: 
1:1+1: 

END; 
ANS OOt ' BEGIN '&7l: 
A~S cCt'IeODE L R1S,AO '&2Z: 
ANS OOt'SCOOE LA AO,I't N~ &'I'&ll: 
ANS QOE'SCODE ER AWAITS 'EZl: 
ANS OOt"COOE L "o,Rts - 't ?z: 
ANS OOt WEND £ 7l: 

ENO: 

MACRO HI TRIG (H:('PROCrOURr'»: 
PROCJLAG=l: 
BEGINJUG=O; 
RETURN H: 

E~D.: 
--' 
.po 
N 



1 Ho 
B20 
Ib30 
u,QO 
11>50 
h(,O 
U70 
Ib80 
1690 
1700 
171'0 
1720 
1730 
1140 
1750 
f760 
1710 
Heo 
1790 
1~11[) 
tHo 
tHO 
1930 
uqO 
lA!lO 
191>0 
1970 
1980 
1990 
1900 
IHO 
1920 
1930 
1940 
1950 
1960 
IHO 
t9BO 
1990 
7.000 
?Jl'o 
7no 
7.J30 
20qO 
2050 
70100 
lO1() 
7.~" I) 
2[)91) 
2100 
71 to 

1 
1 
1 
1 

1 
1 

1 
J 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
it 
2 
2 
2 
1 
1 
1 

1 
L 
1 
1 
1 
1 
1 

152 
153 
15q 
155 
156 
157 
He 
159 
160 
161 
162 
163 
1f,q 
~65 
166 
167 
168 
~69 
11U 
Pl 
112 
173 
17" 
175 
116 
177 
178 
179 
180 
lBl 
182 
183 
16" 
185 
186 
le7 
lBB 
189 
190 
191 
192 
19l 

1
9

" 195 
196 
19 1 
l?H 
199 
200 
201 
202 

MACRO MZ TRIG PROT (M:(OP»: 
U· PR OC .. FU G EQ 

THEN VAR_FlAG = i: 
ELSE VAR_FlAG = 0; 

RETURN M; 
ENO: 

MACRO M5 (M:«f'VAR'1 fSll 10 fSll 'I' fSllIO fSllf':'I> .:.»; 
ANS M' 

END: 

MACRO PROC_DCl TRIG 
(PROCNAME:<ID>fSL'ARGS:<fOPfSlIM5fSLICPlfSLI':' ) ('HONITOR'\'PROCESS') 'I'>: 

PROCSITRIMIPROCNAMEII=TRIMIPROC~A~EI; 

AN5 PROCNAMt & ARG~ t 'ExTrRNAL .' • 
[NO. 

MACRO VAR.DClf TRIG PROT <1'VAR'lfSLI NAMr:«!D 1','1) ;.;> ISll'I'ISLITyPEI<tO) ISL.':') I 
Ir VAR.rlAG EO 1 THEN rAIL, . 
Ir MAYNPROG_rLAG EQ 0 THEN FAIL: 
J = 1: w= ' ':NAME:TRIHINAHE.&',' : 
LOOP: 

(NO; 

rr TRIHINAHE'[J,fJ NEC ',' 
THEN W = W & TRIHINAMEI[J,IJ 
ELSE BEGIN 

IF TRIHITYPEI EOC '~UEUE' 
THEN QU(UESITRtMIWII='t~TEr.E~'1 
Elsr VARIABLrsITqI~(W"=TQIHITYPEI: 

W - , " . , 
END; 

J = J+l: 
IF TRIMIWI EOC 'VAR' THE~ W = ' '; 
IF J LE LENr.THITRlMINAMEI. THE~ 50 TO LOOP: 

MACRO VAR.Del2 TRIG pqOT 
CC'VAR'IISlINAME:«IO f','.):.:)fSll':'ISLITYPE:«'ARRAY'fSLI'['«(NUM \ IO)fTPICNUH \ IO)I','I».t.> 

ISLI 'J' ISLI'OF'15LI {n, (~ll 'I') I 
Ir VAR_'LAG Ea , THEN rAIL. 
lr HAYNPROG_FLAG EQ 0 THEN rAIL: 
J = 1: w= ' ';NAMr=TRIMINAMr't',' 
LOOP: 

rf TRIMINAMtlCJ,lJ NEC ',' 
--' 
.f;:Io 
w 



2120 
2L30 
21~O 
2150 
2160 
2110 
71BO 
2190 
noo 
221'0 
2220 
7230 
;>240 
2250 
2260 
2270 
22AO 
22QO 
2300 
2310 
2J2U 
2330 
2340 
2HO 
23"0 
2310 
23RO 
2390 
2400 
;>'.I'u 
141.[) 
2430 
2440 
7.450 
2460 
2470 
2q80 
24QO 
2500 
2510 
2520 
2530 
2540 
2550 
2560 
7.570 
2580 
2590 
2600 
2&10 
;>&20 

1 
1 
L 
2 
2 
2 
2 
1 
1 
.L 
1 

1 
1 
1 
2 
7. 
1 
1 

1 
.L 
1 
1 
1 
7. 
2 
7. 
7. 
7. 
3 
3 
3 
3 .. .. 
1 
1 
3 

203 
2011 
205 
206 
207 
208 
209 
210 
211 
212 
213 
21~ 

215 
216 
211 
218 
219 
220 
221 
27.2 
223 
22 .. 
225 
226 
l'11 
a8 
229 
,30 
2 3 1 
2)2 
2JJ 
lH 
235 
236 
l37 
238 
239 

""O 
2"1 
242 
241 
2 .... 
2'.5 
246 
;ZQ7 
24e 
,49 
l50 
251 
252 
,53 

END: 

THEN W : ~ & TRIHINAHEI[J,tJ ; 
ELSE BEGIN 

IF TRIHITYPEI EOC 'OUEUE' 
THEN QUEUESITRIH(W,,='INTEGER': 
ELSE VARIABLESITRI~IWII=TRIHITYPEI: 

W - • " . . 
ENOr 

J = J~l: 
IF TRIHIWI Eoe 'VAR' THEN W : ' ': 
IF J LE LENGTH(TRIM(NAHEII THE~ GO TO LOOP; 

MACRO H3 TRIG PROT <H:(CP»; 
IF PROC.FLAG EQ 1 

THE'~ nEGIN 
PROC.rLAG = 0 
VAR_FLAG = 0 

END; 
RETURN H; 

END: 

HACRO H4 TRIG PROT ('VAR'); 
IFIVAR.FLAG EQ 11 OR (HA[NPROG.FLAG EO OITHEN RETURN 'VAR' 

END: 

MACRO HACBEG TRI5 PROT( '3EGIN'ISLI 1':'1>: 
BEGIN_FLAG = BEGIN.FLAG +1: 
IF BEGIN.FLAG NE ~ THEN FAIL: 
IF HAINPROG_FLAG EO 1 

THEN BEGIN 
N=3*sI,EIPROCSI+5IZEIOUEUESI+4+90n+9UO 
NN : NT • 3+ N : 
ANS 'VAR GLOBALS I ARRAV I,t ;t '&NN r.'=l or INTEGER :'r.Z7: 
Ir SI7E(VARYABLESI NE 0 

THEN BEGIN 
NAHE : FI~STCVARI.BLESI: 

LNAME : LlSTCVARIABLESI: 
WHILE NAME NEC LNAHE 

00 BEGIN 
ANS ' 'tNAMEt' : 't VARIABLESINAMEI t' :'t ZZ 
NAME : NEXTIVA~IAaLES.NAM[I: 

END: 
ANS ' 't LNAME t' 
ANS QOt'SCOOE RSCELL. 
ANS oOt'SCOOE CBGNST. 

't vARYABLESCLNAHEI t' ;'t Zl 
HCELL'tlZ: 
TsCElL'tlZ: 

--' 
.p:. 
.p:. 



2~30 
26QO 
2(,50 
2(,1>0 
2('70 
2!.80 
2690 
2700 
2710 
77<'0 
nlrJ 
?HO 
2750 
27bO 
2170 
27~0 

2790 
2800 
7Q(O 
7820 
200 
28QO 
2950 
291>0 
2870 
2980 
2890 
2900 
2910 
2920 
2no 
29QO 
2950 
291>0 
2970 
2980 
2990 
lOOO 
3010 
l020 
lalO 
l040 
]U50 
10bO 
3HO 
JOAI) 
D90 
3100 
3110 
3120 
HH, 

3 
3 
3 
3 
3 
] 
q 
q 

~ 

3 
~ 
j 

3 
3 
q 
q I, 
3 
l 
] 
] 

3 
4 
q 
] 

] 

] 

] 

.$ 
q 
q 
q 
q 

.$ 

j 

.$ • 
1 
] 

q 

J 
J 
J 
J 
3 
J 
J 
J 
] 

254 
255 
25& 
257 
258 
259 
26U 
2bl 
262 
2bJ 
I~ II 

2b5 
2bb 
21>7 
If.a 
H9 
270 
271 
272 
27J 
274 
275 
276 
217 
278 
279 
2BO 
281 
282 
2B3 
£84 
285 
28b 
2B1 
2B8 
289 
290 
291 
292 
293 
294 
19~ 

29b 
297 
298 
299 
JOO 
]01 
302 
3D] 
3nq 

ANS QQt'SCOOE SYSTE~HOLO. TSCELL'CZZ: 
J=L;N=SIZEIOUEUESI; 
NAHE= FIRSTIOUEUESI: 
WHILE ,J LE N 

00 BEGIN 
ANS QOt'sCOOE 'C~A~EC'.'t' 

J=J+l: NA~E=NEXTIOUEUES,NAHEI: 

ENO: 
J:4IN!&tlr,I~ROC~11 
NAMf~ fIRSTIP"OCIII 
WHILE ,J LE N 

00 BEGIN 
ANS OQt'sCODE TS'CNAMEC'.'C' 

J:J+tl NAM£:NEXTCDROCS,NAHEI: 
END: 

J:~:N=SIZEIPROCSI: 
NAHr= rYRSTfPROCSII 
illHLE ,J I.E N 

00 BEGIN 
ANS QOC'SCOOE XSS'CNAMEC'.'C' 
J=J+l: NAME=NEXTIP~OCS,NAHEI: 

END: 
ANS QOC'SCOOE CBGNA~E. RES ,'CZZ: 
K-+' 
w~tLE K LE NT 

00 BEGIN 
ANS Oor.' SCODE INTACTNAHE'CKC'. RES 
ANS 00&' 'CODE SAVE_U'EK&'. RES 
ANS QOC' ,CODE qrADOR'CK&'. RES 
K =K + 1 : 

END ; 
J=l:N=srZECPROCSI: 
NAME= FIRSTIPROCSI: 
wHILE J LE N 

DO "EGIN 
ANS OQt'SCDOE rS·CNA~Et'.'r.' 
J=J+l: NAME=NEXTIPROCS,NAHEI: 

END: 
~=3.StZEIPROCSI + SIZEIOUEOESI .~+90U.900: 
NN : I\It • 3 • N, 
ANS oOt'SCODE SVRGAO. 
ANS QOt'SCOOE SVRGAr. 

RF:S 
RES 

900 '£ HI 
QUO '& lZ: 

'cr,t3~LENGTHINAMEIJ 
t'UCELL'CZZ: 

'Ct,t3 CLENGTHINAHEIJ 
t'UCElL't1l, 

'(1,13.LENGTHINAHEIJt'RES 

I' c?Z 
l'tZl 
l'Cll : 

'Ct,t3~LENGT~(NAHEIJt 'Rr.S 

ANS QOC'sCOOl RES 'r. 'SIZEs_tJ6;'&NN£ ZlCOOC'SconE SI11'£Z7.: 
K:: ~: 
oIHILE K U: NT 

00 BEGIN 
ANS oOt'SCOOE CONTNG'f.KC'. RES 
ANS "CODE S 40,SAVfAO'& K 

ANS '.coot L.~' AU.CONTNr,'~ K 

2 
£ 7.l 
r. 7 Z 

'ClZ 

l'tZl': 

l'r.zz: 

..... 

.r.. 
111 



3~~0 4 305 ANS '!,COoE A,U AU,! ' £ lZ 
3150 4 .30& ANS '!,COOE S AO,RTAOOIl'f, ~ ( lZ 

3t&O 4 307 ANS '!,COOE L AU, SA V!' AO' r. ~ I ( 1 Z 
3 70 4 308 ANS '!,COOE EI? DACH '( 7Z 
3180 4 J09 ANS 'sCOOE Ell LEVELS 'r. n 
3190 4 310 ANS "CODE J *f/TADOR'( K t Z7 
3£00 4 311 K:K+t: 
3210 .. HZ END: 
H2O .3 .3l.3 ANS ZZ('sCOOE COBEGIN* '&lZ: 
3230 .3 314 ANS 'SCOOE L AO,I' 'eBG'" '£Zl: 
3240 .3 3t5 ANS "CODE Ell O/lMI:I 't7Z: 
H'IO J 1tt. ANS "COO~ ~ AO,canNAMr'r.ZlI 
3HO J 317 ANS zzr.'SCODE TS CBGNST '£ZZ: 
3270 3 318 ANS Zl&'JCODE CITS' CBG NS T 'Ell : 
3280 3 319 ANS 'S CODE Ell OACTS '£ll: 
HIIO 3 l7.0 ANS ., CODE E" EX I TI 'r. z 7 I 
BOO J l2J. ANS , IlEGIN'tZlI 
Bfo 3 122 ANS , 8EGYN'&ZZ; 
3320 .3 323 ANS 'sCOOE S ~to,XS"tPROG_ID£lZ: 
3330 3 324 N::sIZEIP"OCSI • SIZE: 10UEUES' +3: 
3340 3 125 ANS oOt'lCOOE '& ' L,U Ao,057'r.ll; 
3350 J 321> ANS QOt'SCODE 't'Y DO '&N£' , 5? "SCELL:::!1+l' £lZ; 
33&0 3 327 ANS OQt'SCODE '£'Y DO '£~£' , S,S2 AO,RSCELL;t+Y'£ZZ: 
3370 3 328 ANS QOt'SCODE '(" Ell TSORGS' &lZ: 
3380 3 329 ANS oor. 'SCODl '(" L,U R 13,0 'tlZ: 
3390 J 330 ANS OOt' END; 'tZl: 
3400 3 l3l MAINPROG_rLAG=O: 
HtO 3 33Z END; 
H2O 2 33.3 nw: 
HJO 1 1H El.S F: rr SLVTASKNAMf: EOC S'NUL' 
34~0 t BS T~EN !lEG1N 
3450 1 336 ANS OOt'9EGIN'tZZ: 
3~I>0 2 337 ANS oot' BEGIN'ell; 
3470 z 338 ANS "CODE 5Z ",'&"ROG_IOtlZ; 
Heo z 339 ANS 'SCOOE S W10,XS$'&PROG_IO&lZ; 
3~90 2. 340 ANS 'ICOOE PROCST 'tZZ; 
3500 2 341 ANS 00&' END; '&lZ: 
3510 2 342 ENO: 
357.0 1 343 ELSE BEGIN 
]530 1 J~4 ANS QOG'BEGIN'(.ZZ; 
1540 2 145 ANS OOt' BEGI'I'tZZ; 
]SSO 2 j41> ANS "CODE L AO,IOZOOU01,CONTNG'tSLVTASKCNT&')'&ZZ; 
35&0 ... 347 ANS 'ICOOE E~ IALL, t ZZ; 
3570 2 348 ANS "CODE L A!J, ( ••• tSLVT_SKNAMEt"')'; 
3590 2 349 ANS zn'HOOE F.:~ NA"'E~ , & 72: 
3590 2 jS CJ ANS 'ICOOE H AD , t 17; 
]bOD <1 351 ANS "CODE ER IIJENH ' & lZ: 
31>10 z 352 ,,'IS "COOl' Tl An ' t zz; 
H2O 2 353 ANS "CODE J '-4 ' & ZZ; 
H30 2 354 ANS "CODE L,U AI, 1. on 't 7Z; --' 

H40 2 355 ANS "CODE [q TIIA IH ' t n; -J:>t 
en 



3650 2 356 
3560 2 357' 
3610 2 358 
Hila 2 359 
31)90 2 360 
3700 2 lbl 
3710 1 362 
3720 363 
3730 36,. 
3740 .H5 
3150 366 
H60 16i 
""0 1108 
HAD 369 
3790 310 
3800 1 371 
381'0 1 372 
3920 1 373 
3930 . 1 37tt 
38110 1 315 
3850 1 376 
3860 1 311 
3810 1 378 
3880 2 319 
3890 2 390 
3900 ,I. l 8 1 
3910 1 382 
3920 1 383 
3930 1 38,. 
Hila 1 385 
3950 2 386 
3960 2 387 
3970 2 388 
3980 3 389 
1990 3 390 
4000 2· 391 
II oto 2 HZ" 
linD 2 393 
q 030 3 ]911 
Ii "40 3 395 
11050 3 396 
4060 3 ]97 

" !l10 1 398 
4 0110 II 399 

" 090 Ii liDO 
4100 3 '101 
11110 3 1102 
"l10 1 '10] 
IILJO 1 II 0'1 
'1111 0 j '105 
4150 1 '106 

END: 

ANS 
ANS 
ANS 
ANS 
ANS 

[NO; 

"CODE 
"COOF: 
"CODF: 
"CODf 
00&' 

J I~5 'E Il: 
$ AO,INTACTNAM['&SLVTASKCNT&ll: 

Eq JACTI & lZ: 
[q LEVEL~ & Zl: 

END:'&ll: 

HACRO FORMl TRIG 
('FORK'I$L"WITH'ISL,'TASKNAHE'ISLIOPISl'W2:(IO)I$L'CPISlIPROCNAHE:(10)W3:(!SL'Wl:(OP'CP'·'''to,':').~.)): 

DECLARE WI.': 
IF SIl[IW1I EO 1 THEN IF TRIMIW111l' EOC ';' THEN FAIL: 
IF TRIMIW1Ill' EOC 'ELSE' THEN FAll; 
ANS OOE'SCODE FORK '&PROCNAME&' 'Ell; 
IF COBEGIN.FlAG NtC S'NUL' THEN COSF:GIN.COUNT = COBEGIN.COUNT + 1: 
IF VOIDIACTIO,TRIMIW211 THEN BEGIN 

ACN=ACN+l: 
ACTIOIT~I~IW211=ACN: 

END: 
IF VOIOIPROCS,TRIMIP~OCNAMEII THEN WqlTE EqROR01&LINE; 
J=l; K=O: L=O: NN=SllEIWll: 
WHILE J LE NN 

00 BrGIN 
If IT~IMIW1IJII [oe 'I') OR 

ITRIMIW11JII EOC ','I 
THEN BEGIN 

K=~+l: 

WI~)=TRIMlwtlJI); 
(NO: . 

fL~F.: IF TRIMIWUJII roc 'I' 
THEN BEGIN 

~=~+1: WIK)=TRIMlwtIJ,,: 
N=SllElIo/I: 
K:t: 
INS PROCNAME: 
wHIL~ K L£ N 00 BEGIN 

ANS WIKI; 
K:K+'; 

':NO: 
OAID=ACTTOITRl~IW211: 

AIO:IOAID/A I.I0+IOAlD;;IOliD/A ,.8,; 
lr llll'"l(Wl)c.,l:l toe ',' THEN INS 'Z'tll, 
INS "CODl'~' L,U RlS,'L 0110 ~ 1Z I 
ANS "COnE'&' S Q15,n,AU 'C Zl 
INS "CODE't' L ~15,AU 'E Zl ; 

...... 
~ ...... 



~r.:e",,"'_~."'~;·~''-'-'" __ '"''-.._~ __ "~ 

" 160" 
"170 
"t80 
"190 
"200 
"2fo 
"220 
4210 
4240 
"250 
"260 
"270 
"280 
"290 
11100 
"Ho 
Q120 
11130 
113" 0 
4350 
"360 
4lTO 
4380 
11390 
"liDO 
""10 
""20 
4"30 
"""0 
" .. 50 
" .. 60 
"HO 
"480 
,,"90 
"500 
"510 
"520 
"530 
"5"0 
"550 
"560 
"510 
"58[1 
11590 
IIbOO 
lib 1'0 
11&70 
'1630 
'Ib'lO 
IIb50 
"1>60 

3 
1 
1 
.3 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
J 
2 
2 
1 

1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
~ 
1 
1 
1 
1 
1 
~ 
1 
1 

"07 
,,08 
409 
'lID 

"11 
"12 
Hl 
H" 
"15 
U6 
,,17 
,,18 
,,19 
"20 
"21 
"22 
"23 
424 
"25 
426 
427 
428 
429 
"30 
IIH 
.. 32 
433 

" 3" 1135 
"36 
,,37 
,,38 
11]9 

""0 ""1 ""2 
""3 
""" ""5 ""6 ,,"7 
""8 ,,"9 
"50 
"51 
"52 
,,53 
4~4 

455 
,,5(, 

"57 

~NO: 

IF" AID Lr 7 
THlN 

A~S "COOE't' L 
ELSF: 

ANS "CODr'c.' L 
lNS "COOE't' ER 
lNS 'SCODE't' L 
RETURN: 

END: 

lO,IOUO'£Atot'Ol,' tTRtMIPqOC~AMElt'I'tZl; 

AO,IOO'tAIDt'Ot,'tTRTMIPROCNAMrlc.'I'c.Zl: 
rORK,'tZl: 
AU,RIS '& Zl; 

ELSE 

J:J+ 1: 
END I 

IF"ITRIMIwlIJII roc 'FO"RIIAIIO'I 011 
ITRIMIWllJII EOC 'FORII'I 

THE~ ANS oot"COOE DELETE ARGUMENT 'tLt' 
ELSE BEGIN 

L:L +1: 
K:I( + 1; 
1I1KI:TRtMIW1IJ,,; 

END: 

't21; 

MACPO rORK2 TRIG PROT 
<'rORK' ISLI 'WITH' ISLI 'TASKNA~E'ISLIOP ISLI W2:(10) ISLICP ISL) w3:(PROCNAME:(IO) 
ANS oat',cOOE "ORK 'tPROCNAM~t' '&l7; 
IF COBEGIN_FLAG NEC S'~UL' THEN COBrGT~_COUNT = COBEGtN_COUNT + 1: 
IF VOIOIACTIO,TRIMIW21) THEN arGIN 

ACN:ACN+l: 
ACTIol rql"'CWZ) I:ACN: 

END: 
tr VOIOIPROC$,T~tMfP~OCNA~rl' TH~~ .RITE E~~ORn!~LtNr: 
ANS F'ROCNAMll 

.OAIO=ACTJoI TRIMIW2 I I: 
AIO:IOAXO/8'.10'(OAIO;IOAI~/el.81; 

IF TRXMIW3)[.,lJ EOC ';' THEN ANS ':'£l7; 
ANS "CDoE't' L,U R15,'£ OlIO £ 7Z 
ANS "CODE't' S q15,n,lO '£ 7Z : 
ANS "COOE't' l Q15,lQ 't ZZ ; 
IF AID LE 1 

THEN ANS "COOE'E' L AO.IOU~'tArot'nl,' tTRtHIPQOCNlME)t"'EZZ; 
ELSE ANS 'SCOoE't' L Ao,Ino't AIDt'01,'tTRtMIPpOCNlMrlt')'Ell; 

ANS "CDOE'£' ER rOqK"£Zl; 
ANS 'ICOO('&' L Ao,Ilt5 '& ZZ; 
RETUIlN: 

tNO: 

( t: .,) ): 

-' 
.r.=­
oo 



"610 
""80 
4690 
"'00 
11110 
11120 
11730 
"740 
"750 
'1160 
"110 
qno 
11790 
"800 
"81'0 
"820 
"830 
"9"0 
"850 
"860 
"870 
11880 
4890 
11900 
""fo 
11920 
119 3D 
II 911 0 
"950 
"960 
4910 
4980 
11990 
5000 
50fo 
!'IOlO 
5030 
50110 
5050 
50,.0 
!lOTO 
5080 
5090 
5100 
SliO 
5120 
5130 
51"0 
5150 
5~60 
5110 

1 

t 
1 
2 
2 
2 

~ 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

t 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 

458 
1159 
1160 
1161 
1162 
"63 

""" "65 
466 
"61 
1168 
11&9 
1170 
1171 
472 
"73 
11711 
1175 
1116 
1111 
1118 
419 
lieD 
1161 
1182 
1183 
IISII 
485 
"86 
1187 
IIS8 
1169 

""0 
1191 
"92 
1193 
494 
495 
1196 
1191 
1198 
1199 
500 
501 
502 
SOl 
SO" 
505 
506 
507 
508 

MACPO COBfGIN TPIG PROT('COBEGIN'ISLIOPISL'W!:<TD)ISLI W2:<CP CSL'C':"»: 
IF TRIMIW2Ir.,1J EOC ':' THEN WEND ='[~~:' :ElSf WEND = 'END' 
IF COBEGIN_COUNT EO 0 THEN 

BEGIN 
ACN = leN .': 
SACN =IAC~/~I.1~.IAr.N=I.CN/A'.81: 
COBrGIN_COU~T = COPtr,iN_COUNT • t: 

ENO: 
ACTIOITRIMIW~" : ACN: 
ANS zz t' BEGIN '& ZZ: 
ANS lzt'sCOOE l R1S,AO 'tzz: 
lr SACN Lr 7 

TH(N AN' ',coor L AU,IOoO'tSAC~t'Ul,conlnIN"L1ZI 
ELSE ANS 'ICODE L AO,IUO'tSAC~t'Ol,COBEGIN"t7Z: 

ANS "CODE ER FO~KI '&lZ: 
ANS ZZ&'SCOOE L AO,R1S '~lZ: 

ANS 'sCOOE TS CBGNST '&ll: 
ANS 'SCOOE CITSO CBGNST 't?l: 
ANS WEND & ZZ: 

END: 

MACRO COENO TRIG PROT<W~:<'COENO' (SLI (':") >: 
IF TRIMIW1IC.,tJ EOC ':' THEN WEND = 'END:': ELSE WEND='ENO' 
COBEGIN_COUNT : 0: 
ANS ZZ t' BEGIN 't ZZ : 
ANS ZZt'sCODE L Rfs,AO 'ell; 
ANS 'sCOOE L AO,CBGNAM['tZZ 
ANS -SCOOE ER ACTS 'tZZ 
ANS 'SCODE l AO,P15 '~Z7 

ANS WEND t zz 
END: 

MACRO STAnTupt TRIG 
('STAPTUP' ISL' 'WITH' IsLI 'TASK~A~E'CSL'Oo ISLI W2:<lO) CSLICP ISL' PROCNAME:<lO) 

W~:(CSLI WL:<OP\CP\','\TD\';') ;.;> ): 
Ir StlrlWll ro • THEN II' TPIMCW11111 coe 'I' TiltH rATLI 
y, TRIHIWl(1l1 roc 'rlSE' THrN FAll: 
DECLARE WI.,: 
ANS OQt'SCODE STARTUP '&PROC~A~E~' '~Z7; 

IF COBEGIN_'LAG NEC S'NUL' THEN C09EGl~_COUNT : CORLGIN_rOUNT • t: 
IF VOIDIACTIO,TRIMCW2ll THEN BEGIN 

AC~:AC\j·l; 

ACTl~IT,I~IW7))=ACN: 

END: 
If VOIOIPROCS,TRIMlpROCNAMEII THEN wqlTE EQRORnltLTNE; 
J=l: K=O: L=O: NN=SlZEIWl I: 
WHILE J LE NN 

...... 
~ 
~ 



i'Iii!Pi1iiM_[J§.t.'ctill:L:V~~~=~","';'~-::"~· -:"""' 

5190 1 509 
5190 1 sto 
5200 2 511 
5HO 2 512 
5220 2 513 
5230 3 51~ 

52~0 , 515 
5250 "I. 51& 
52&0 2 517 
5270 2 518 
52AO 1 519 
'1290 ] &70 
5300 ] 521 
5310 .3 522 
5320 , 523 
SHO 3 52q 
'1HO II 515 
5350 It 52& 
5360 J 527 
~170 3 528 
S3~U 1 529 
!I 190 ] (,30 
5~OO 3 531 
541'0 l 532 
54?0 J 533 
54'0 1 53~ 

54~ 0 3 5lS 
5450 l 536 
546U ] 537 
SHO 3 S38 
5480 l 539 
5q90 ] 540 
5500 3 54l 
5510 2 Sill 
5520 2 5~3 

SSlO 2 • Sqq 
55~0 2 SIjS 
5550 2 5116 
5560 2 5" 7 
5570 l 548 
5580 3 549 
5590 .3 550 
5600 2 55, 
561.0 2 552 
5&20 1 55] END: 
5630 5Sq 
5&"0 555 
S!.50 !i56 
5660 551 
5670 558 
5680 559 

00 BEGIN 
IF ITRIMIWtlJII EOC '1'1 O~ 

ITRIMIW1(JII EOC ','I 
THEN BEGIN ' 

K=K + f; 
WI~I=TRIMIW1IJII: 

END; 
ELSE IF TRIMIW11JII EOC 'I' 

THEN 8EGIN 

ELSE 

K=K+1: WCKI:TRtMlwiIJI'; 
N:SIlECWI I 
K: 1'1 
ANS'SCOOE't.' L Xln,CXlu$'~ZZ; 
ANS PROCNAME: 
WHILE K LE N 00 9E51N 

ANS W(lOI 
~: ~.1 : 

END; 
OAID:ACTIDCTRIMIWZII; 
A 10-:: C OA 1018 I. HI. lOA I I'J ., 0 A 1 n I A '.81 I 
Ir TRIM'Wllt.,tJ ~oc r,o THlH AHS 'l't111 
AHS "CODE't.' L,U R1S,'t OAID elZ; 
ANS 'SCOOE't' S P!S,O,AO '~ZZ; 

ANS 'SCODE't' L Rl~,AU ' ~ ZZ 
AHS 'SCODE't' 'S T.'~T~lMCPROC~AMEIf.7Z: 
IF AID U: 7 

THEN ANS 'SCODE'" 
ELSE ANS 'SCOD~'&' 

ANS 'SCOOE'" ER 
ANS 'SCOOE'f.' C'TS~ 
ANS 'SCODE't' L 
~ETURN: 

END: 

L An,IunO'tAID&'OI,' 
L An.IUD·~ArD~'nl,' 

rORK~'r.Z7.; 

TS'&TRTMIPROCNAMrlr.Z7; 
AU,R1s 'r.ZZ; 

IFITRIMIW11JII Eoe '~Oq~~Rn'l OR 
ITRI~IW1IJII Eac '~ORw'I 

f.TPIMIPROCNAME!&'I'tZZ: 
tTRIMIPROCNAMElt'I'tZZ: 

THEN ANS OOt'sCDDo DELETE ARGUMENT '&Lt' '&7Z: 

J=J+ r; 
END: 

nSF: !lEGIN 
L =L + 1; 
K =K + t ; 
WIKI=TRIMIW11JII; 

END; 

--' 
U1 
o 



5&90 
5700 
5710 
5720 
'Ina 
5740 
5750 
5760 
5710 
5780 
5790 
5900 
58fo 
5820 
5930 
59"0 
5850 
5860 
5970 
B80 
5990 
5900 
5910 
5920 
5930 
59"0 
5950 
5960 
5970 
5980 
5990 
6000 
(1)11) 

60?O 
6030 
"0"0 
6050 
"060 
b070 
"080 
(,090 
6100 
6110 
6120 
6130 
10140 
6~!\0 

6l6() 
6170 
6190 
(,190 

1 
i 
1 
! 
1 
2 
2 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 , 
1 
1 
1 

1 
1 
1 
1 
1 . 
1 

1 
1 
1 
1 
1 
1 

5"0 
5&1 
562 
5/d 
U~ 
565 
566 
567 
568 
5&9 
510 
571 
572 
573 
5111 
575 
576 
577 
578 
579 
580 
581 
592 
583 
584 
585 
5e6 
587 
588 
589 
590 
591 
592 
593 
59" 
595 
596 
597 
598 
599 
&00 
601 
602 
603 
"04 
/00' 
bOb 

bOT 
608 
609 
610 

MACRO 5TARTUP2 TRIG PROT 
('STARTUP'ISL"WITH'ISL,'TASKNAME'ISL'OPISL'WZ:<ID) ISL'CP ISL' w3:<~ROCNAME:<IO) 1';'1) >; 
ANS oOt'sCOOE STARTUP '&PROCNAHEC' 'CZl: 
II' COBfGIN_I'LAG NEC S'NUL' THEN COIlE!HN.COUNT ::: coREr, {N.tOI/ItT • ': 
tr VOln(AeT10,T~rM(W~11 T~rN OF-GIN 

ACN:ACN+t: 
ACTIOITRIMIWZ,,:ACN: 

END: 
II' VOIOIPROCS,TRIMIPROCNAHEII THEN WRITE ERROR01&LINE; 
ANS 'IeOOE'&' L xlo,cxlol'tZ1: 
ANS PROCNAMEI 
II' TRIMIW3IC.,lJ EOC ':' THEN ANS ':' ZZ: 
OAIO:ACTIDITRIHIWZII: 
AIO:IOAIO/8).~0+(OAID;(OAIO/BI.91: 
ANS "COOE't' L,U R15,'& OAIO &ZZ: 
ANS '$COOE'&' S R1S,O,AU '&Zl: 
ANS 'ICOOE'&' L RIS,AU ' t ZZ 
ANS 'iCOOE't' TS TS'&TRIHIPROCNAHEI&lZ: 
II' AID LE 7 THEN 

ANS'SCOOE't' L AO,IOOO'tAIO&'Ot,' &TPIMIPROCNA~EI&'I'&ZZ; 
ELSE 

ANS 'sCOOE't' L AO,IOO'&AIO&'Ol,' tTRIMIPROCNAME'C'I'CZZ: 
ANS 'SCOOE't' ER rORKI'tZZ: 
ANS 'ICOOE'~' C~TSQ TI'&TRrMIP~OCNAM~I~lZI 
ANS 'SCOOE't' L AD,RtS '&Zl: 
RETURN; 

END: 

HACRO WAIT TRIG PROT( 'WAIT'ISL,OPISLI wt:(IO) ISLI w2:<CPISLII':'I»: 
YI' TRIMIW2'C.,IJ Eoe 'I' THEN WE~O:'r.N':': EL~r wtNO='rNn' : 
Ir VOIOIOUEUrS,TRIHIWJ'1 THEN WRITE ERROROl&LrNE: 
ANS ZZ&'BEGIN'&ZZ: 
ANS 'SCOOE CsTSO '& WI &lZ: 
ANS WEND &ZZ; 

END: 

MACRO SIGNAL TRIG PROTC'SIGNAL'ISLIOPISLI ~t:(IO)ISL'wZ:(ePISL'I':'I»: 
II' TRIHIW2IC$,tJ EOC ':' THEN WENO:'END:': ELSE WENO:'ENO' : 
II' VOIOIOUEUES,TRIMIW~I' THEN WRITE ERROR07.tLINl: 
ANS lZ&'BEGIN'&ZZ: 
ANS "CODE elTSA 't Wl &711 
AN. wtNn t7l, 

[NOI 

..... 
U"1 ..... 



6200 611 
621"0 1 612 
6220 1 1>13 
1>210 1 1>1'1 
62'10 1 615 
6250 1 616 
6260 1 617 
67.70 1 618 
6280 1 1>19 
6290 1 620 
6300 1 62J 
63£0 1 622 
1>320 1 623 
6310 62'1 
63110 625 
6350 626 
6360 627 
6370 &28 
6390 1 629 
&390 1 1>30 
6 .. 00 1 631 
6"10 1 632 
6'120 1 633 
6 .. 30 1 63'1 
,. If 'I(I £ It1r, 
1>'1'10 1 bH 
6 .. 60 1>37 
6'170 638 
6'180 639 
"'190 ""U 6500 ~ ""1 6510 1 I>'1Z 
6521) 1 6'13 
6S30 1 1> .... 
65'10 1 I> If 5 
65'10 1 ",,/0 
6560 2 6'17 
6570 2 6'18 
6580 2 6'19 
6590 1 6SI) 
1>&00 1 651 
6610 2 1>52 
61>20 2 653 
6!>30 2 1>5'1 
6"'10 655 
6650 656 
6&60 657 
6670 658 
6680 1>59 
6&90 6&0 
6700 &61 

MAC~O DEDICATE TRIGGE~ PROTECT ('OEOICATE'(SLI'PROCESSOR'(SLIOP(SLIW1:(~UM)(SL)W2:(CP(SL)(':')): 
If T~IMIW2)(*,lJ EOC ':' THEN WENO:'ENO:' : ELSE WENO:'ENO': 
If wi EQ 0 THEN WZ = 1 
If w1 EO 1 THEN W2: 2 
If wi EO 2 THEN W2: If 
If wt EO 3 THEN WZ = B 
ANS ZZ t· BEGIN' & Z2 ; 
ANS 00&' SCODE L Rls,An '&S'EOL': 
ANS 00&' SCOOE L,U AO,'&W2& S'EOL': 
ANS 00&' SCODE E~ ADEDS '& S'EOL': 
ANS 00&' SCODE L An,~15 '& S'EOl': 
ANS 21 t WEND t 21: 

ENOl 

M'C~O NO~MALMODE TRIGGER PROTfCT ('ORtGTNlL'ISll Wl:('MODE'fSLlf':'I»; 
If TRIHIW1IC*,11 EOC 'I' THEN WE~O='EN~:' : fLSE WEND='END': 
ANS zz t' 8EGIN' & ZZ : 
ANS 00&' SCODE L Ris,AO '&S'~OL' 
ANS 00&' ICODE L,U AO,O' & S'~Ol' 
ANS oot' SCODE ER ADEDS 't S'EOl' 
ANS OQ&' SCOOf. L An.R1S '& S'EOl 
AN~ " ~ wtNn 17, 

END, 

MAC~O p~onRAM TRIG PROT 
( 'P~OGRAM' CSLI PROCNAMEI<TD)(SlIWI(f 
If T~IHIPROCNAHEI EOC 'OEfINE' T4EN 
BEGINJLAG=O; 
If SLVTAS~NAME N~C S'NUL' 

THEN REGHI 

OPISLI(lD I ',')CSl)CPIISll':'»: 
rAIL: 

UIS oot' 
ANS 00&' 
ANS 00&' 

PROG~AM OErINE(SLAVETASK'&SlVTAS~CNT&'I;'&7Z: 
PROCEDURE SlAVETAS~'&SlVTASKCNT&';'&ZZ: 
ICODE SlAVETAS~ ENTPY '&Z2: 

END; 
ELSF. BEGIN 

If VOIOCPROCS,TRIMIPROCNA~EII T4EN WRITE ER~O~ot&LINE: 
PROG_IO=TRIHIPROCNAHEI; 
RETURN 'PROGRlH'&PROCNA~E & w: 

END: 
ENOr 

-' 
lT1 
N 



6110 
&720 1 
&130 1 
67110 1 
6150 1 
&760 1 
&710 
6780 
&790 
6800 
&810 1 
U20 J 
6830 1 
69'10 1 
6850 1 
6860 1 
I, n 70 1 
I>!OO 
6890 
1>900 
uto 
,,910 1 
1>930 1 
&9'10 1 
6950 1 
6960 , 
6970 
&980 
6990 
7000 
701'0 1 
7020 1 
7030 1 
10'10 1 
1050 1 
7060 
7010 
1080 
1090 
ll00 1 
7110 1 
H2O 1 
1130 1 
71'10 1 
7150 1 
7160 ~ 
1110 1 
7180 
1190 
1200 
rzIu 

6&2 MACRO PROGOEF TRIG PROT('PROGRAM'CSL"OErINE'CSL'W:(CSLIOPISLIPROCNA~E:(IO)CSLICPCSLI':'»: 
&63 IF VOIOCPROCS,TRIMCPROCNAMEII THEN WRITE ERROROltLINE; 
66" BEGIN_rLAG:O: 
665 PROG_ID:TRIMCPROCNAMEI; 
6~6 RETURN 'PROGRAM't' DE,IN['t W; 
661 END: 
6bB 
669 
610 
671 MACRO RELEASE TRIG PROT('RELEASE'CSLIOPISLIW1:(YD)CSLIW3:<CPCSLIC':'I»: 
612 IF TRIMIW31(*,~J EOC ':' THEN WENO:'E~D;': ELSE WENO:'END'; 
613 lr VOIDIPROCS,TRLMCW~" THEN WRITr rR~oRottLINE: 
614 ANS Zlt'BEGIN'tZZI 
675 ANS "CODE T5 Ts'tTRIMIWf,tzz: 
616 ANS 'SCOOE CSTSA Ts'tTRIMIWf,&ZZ; 
617 ANS WENO &ZZ; 
~7Q END, 
b79 

b80 
681 
6e2 MACRO LOC~ TRIG PROT('LOCK'CSL' OPCSL' Wll(IO)CSLIW'I<CPCSLIC'I'I»r 
6ft] Ir TRIMCWlIC*,lJ (OC ", THEN WE~O:'END:': EL~r WENO='ENO': 
68'1 ANS ZZ & 'BEGIN' t ZZ; 
&85 ANS 'SCOOE TS • & WI t zz; 
686 ANS WEND & ZZ: 
681 END: 
68S 
689 
690 
691 
692 
693 
69q 
695 
696 
697 
698 
699 
700 
701 
102 
10l 
70Q 
705 
706 
701 
708 
709 
710 
711 
112 

MACRO UNLOCM TRIG PROTC'UNLOCM'ISL'OPISLI ~1:<IO)ISLIW3:(CPCSLII':'l»: 
IF TRIMIW3'C*,lJ EOC ';' THEN WE~O:'ENO;'; ELSr. WENO='ENO'; 
ANS ZZ & 'BEGIN' & ZZ: 
ANS '$COOE CITS 't wt & ZZ: 
lNS WEND & ZZ: 

ENO: 

MACRO SUSP£ND TRIG PRorC'SUSPENO'ISL'OPISLIW',CNUM)CSLIWJI(CPCSLlf':'l», 
IF TnIMIW31(*,fl EOC ',' THEN WE~D:'[N~:'~ [LSr. WlNo:'[Nn'; 
ANS lZ&' BEGIN' &ZZ; , 
ANS ZZ&'SCOOE L R1S,Al '&Z7: 
ANS ZZ&'SCOOE L,U A,,'tT~1~IW1ItZZ: 
ANS ZZ&"COOE ER TWAITS'&ZZ: 
ANS ZZt"CODE L AL,RIS 'tZz: 
ANS WEND t ZZ: 

END: 

..... 
U'1 
W 



7220 713 
723') 714 
7Z~O 7t~ 

7250 716 
72<,') 111 
121:1 71R 
77. A a 71 '/ 
72'10 noJ 
730J 121 
731 a "12 Z 
132' 1~3 

7J 1') 124 
73ijlJ 725 
7350 12& 
731>U 12 7 
137'3 ~ 726 
7380 1 729 
1390 1 730 
HOO 1 731 
I'll 0 i 117 
H2U "( 7B 
H3:l 2 734 
'74Q ~ 2 135 
H50 2 73& 
HI>O 2 7n 
7470 2 738 
1480 2 739 
H90 2 740 
7500 1 '741 
7510 1 742 
1520 743 
'7530 744 
1540 7 115 
7550 741" 
151>0 747 
7570 1 '748 
7580 L 749 
7590 1 750 
HOt! 1 751 
7Ho .. 752 
71>20 2 153 
7b30 7. 154 
nq 0 2 755 
7(,50 2 15& 
7!.60 Z 157 
7(,70 2 750 
HAO , 759 .. 
7 ~.qo 2 11>0 
7700 1 7&1 
1710 1 H2 
7720 163 

H ~ C R a S II S P [ 'j D ? T R 1: :; PRO T < ' 5 U 5 P l N U ' ( S L I 0" ( S l I II , : ( 1 D > I S L I W J : ( C PIS L I ( , : ' I » ; 
tF TP!H(W31[*,IJ loe ':' TMEN WE~O='EN':': El~t WFNn:'ENO': 
ANS 72('~C~OF SUSP~NO vlVWGRJ '[Zt; 
ANS ZZt W1 &':= u '& ZZ; 
ANS 22t' 8FGIN' (Z7; 
AN! 7Z~"CODF EP TWALTt'ttl: 
AN~ ~Z~'~cnnr L A .. ,H'5 'rl~l 

ANS wuw t Zl: 
[>ID; 

M4CI?0 0'52 TRIG PROT (MCPS WI Inn> w2:<Ir) ',' 'USf':R' '=' W3:( 10 > ) 
sLVT~SKN.~~ = TRIM(wJ): 
SLVTA5KC~T : SLVT~SKCNT + ~ 

C"lt.r:UIINT :cl's.COU"Ir +'1 
ElTNAM[(CPS.COUNTI=Tql~(W21; 

IF CPS.COUNT Hf t 
THEr! BlGIN 

~1~(:;"~wtI1UNt I I 
.n=fLTNAHfl~ir 
ANS OOt'&CT5,"I '&7Z: 
ANS OO&'OLD TPF\.PA~c'or 'tll: 
A"IS QOr.'ASSUME ASCII orF '&7Z; 
A"IS QOr.'CALL UNTVAC.C~S;CLE.R'r.ll: 
ANS QOt'SAvr '&TRTM(WJ) &Zl: 
ANS OOr.'xCTS '&ZZ; 

rNO; 
ANS OQ&'~BU.PASCAL;S.'tTqIM(Wll&ll: 

END: 

MACRO CPS TRIG PROT (MCPS wt:<ID> W2:(IO) ); 
CPS. COUNT =cPS.COUNT +1; 
ELTNAME(CPS.COUNT)=TRI M(W2l; 
IF CPS.COUNT NE 1 

THEN RLGrN 
M=CPS.COUNT -. : 
W3=lLTNAME(HI; 
ANS OQ&'~CTS,N '~Z7; 
ANS OOr.'OLD TPF\;PA$CODE '&lZ; 
ANS OQt'ASSU~£ ASCII OFF '&Zl; 
ANS OOt'CALL UNIV.C*CPS;CLEAR 'tzz; 
AN5 OOt'5AV~ 'tTRtH!W]) &7l; 
AN~ OQC'xCTS '&7.1; 

fNO; 
ANS OQ(,'~BU.PASCAl;S,'tTRIMIWllr.7Z: 

END; --' 
C.1l 
~ 



·iciJ!"_.:,~".>.,,, 

17:'10 
17110 
1150 
1160 
1110' 
1180' 

"'0' HOD 
181'0' 
7820 
7830 
HItO 
7850 
1860 
'1810 
1II8q 
1890 
1900 
191'0 
192 11 
1\130 
19110 
1950 
196Q 
1970 
1910' 

'''1' '000 
lI~ro 
8020 
8030 

I. 

t 
" .. 
" t 
II 

t 
t 
1. 
1. 
1. 
1. 

~ .. 
t 
t 
t 

8 tllt !). 
ROSO 
806 0 
1I~10 t 
:Oi8~ ~ Ii Q' • 
8 O· 
• Q 
II 0 

i~[ ! 
I!I~O " 
8200 It 
111.l'O 
8Z2D 
8230 

1611 
765 
166 
167 
768 
769 
111/ 
711. 
712 
713 
7711 
715 
716 
777 
718 
71' 
780 
181 
182' 
7113 
18_ 
785 ' 
786 
787 
788 
let 
,,~ 

79~ 
792 
7.3 
7.11 
795 
796 
797 
7911 
799 
800 
80~' 
aDZ 
80J 
lOll 
805 
106 
107 
108 
liD. 
BfO 
af1 
Hi' 
Sf3 
II'll 

MACRO ENO.OF.TEXT TRIG PROT <EOTX): 
N=SIZ£ C £L TNAME': 
W3=ELTNAMECN': 
ANS OQl'lCTS,N 
ANS OOl'OLO 
ANS OOl'ASSUME 
ANS OQ"CALL 
ANS OOI:'SU'£ 
ANS OOI:'XCTS 
J=f: 
WHILt J l[ N 

00 SEGIN 

'Ell: 
TPFS~ASCOOE "ll: 

AsctI OFF "2Z: 
UN~VAC.CPS~LEAR "2Z: 

'I: TRIMCW]' 'lZ: 
• ElZ: 

ANS OOI'ICPS;!S,N 
ANS OOt'ilELT,IN 
ANS OOl'lAoD 

"ELTNAME(J'C',CPSrS/J,'l 'TPFS,PA'COoE"Zl: 
'I:ELTNAME(J"ZZ: ' 

ANS Oill'USM,US 
J=J·r, 

TPF'~.SCOOE"ll: 
" ELTN.HEIJ)~Z21 

END: ' 
M=rtRsTCELTNAMt" 
ANS .0l~'~AP,t ' ,"ELTN~ME(M'It21 
.NIOOI·IN ····tELTN.ME(M"ll: ' 
ANI <lOl'US "BU.PUCAL ~'lZl: 
ANI'OOt~END 'I:Zl: 
ANI aat'.ust rN'OTA.Lr.rN~OI~·'tt, 
ANS QOC"USE 'PA'OOQIJOd,TN"O'IW'Ul, 
ANI OOC"SETC,D, 'CZl, 
ANS OQt'IXOT 'CELTNAMEC",tll: 

END: .-

MACRO INAPOUHP TRIB PROT 
1" TRTMIW2'C.,~l EOC 
ANS lze'SEBIH'CZl, 
ANI ll"SCODE LISNAP 
ANS lZt WEND 'll: 

END, 

('INAPDUHP'CSL'ODCSL,wf,<ID)iSL'W21<CPISL"':"»1 
'I' THEN WENO:'END,', ELSE WENO:'ENo', 

, .. UAtM I illite '.'.,0',' 'NTICELL" ,ASCELL' ; 

MACAO SHOOP VON T~r6 P~oT ('SNOOpyfl!L'W~I('ON'CSLII""»1 
l' T~tHlwrIC.,Ll [OC ',' THr.N Wt~D:'[NDI'1 [LSr. W~ND~'r.ND'1 
AN! lZ"SEGIN'[lZ/ 
AN! zZ,'SCODE ILJ TONI'; 
ANS Zlt WEND Cll; 

ENO, 

-' 
(J'1 
(J'1 



RZ~O 915 
·Z50 Hlb 
A2bO 6' 7 
AZ70 Sl8 
829::1 J. 8' 9 
8190 J. ~2lJ 

·300 1 132! 
83\0 622 
11320 823 
~33U q7~ 

1\ 3 ~ ;) ~ ; r, 
6.1S0 87& 
A360 977 
R370 ! 8~9 

8380 1 829 
8390 ~HJ 
A~rrO • 'L~ .1 
841u i H32 
R~2U ! 1133 
9430 ~ l~ 
A~qO 035 
e~50 83b 
841>0 837 
R410 1 838 
8480 .. AH 
A4'10 1 8"U 
BOO 1 841 
8510 1 842 
R520 1 8~3 

8530 8~4 

8540 845 
11550 846 
6560 847 
8570 848 
8580 8~9 

8590 1 • 850 
HOO J. 851 
RHo 1 852 
11620 1 sr, 1 
AbJO 1 854 
Ab40 655 
8!>50 8% 
8&60 857 
8b70 858 
8&80 1 859 
8&90 ~ AbU 
fl7no 1 ~'d 
n 71 0 H~~ 

6120 863 
8730 ! 864 
B 1~0 1 865 

"AeRO Sl-lflOPyOFF" TRIG PROT <'SNOOPY'($Ll W!:<'OFF'(SLl(';'I»: 
l' TRIHf',;l)[*tlJ F:QC ';' THFN wI:N'J='EIID:': FLSl WFI'irl='ENO': 
AN5 Z7E'9ECIN'~ZZ: 
AtlS zn' ,.cotn: SLJ Torr~': 

MIS zn IIENf) &7Z: 
n,fl ; 

M~CRO ~LfAR TRIG PROT ('ClEAP'ISl) OOISLI~tl<!fl)ISLIW£:<CP(SLII':'I»; 

!F TRtHIW7IC.,.J ~~C ':' THEN W~N'='E~~:': £LSE w£NO='END': 
IF VOtOIOUEUES,TRTMI~"1 THEN wqrTE E~ROR"2ELIN(: 
AN' Z7t'BEGYN't7Z: 
ANS '~cnu[ ~l 'twirZ?; 
AN5 WEND ClZ: 

~NO; 

MACRO OUITBY TRIG PROT<'OUIT'ISL1'9Y'ISLI'CHECKING'(SL)OP(SLIWt:<ID) w2:«~L)C~ ('I')): 
IF TRHII1/2IC*,l) EC(, 'I' THFN ,I'::N'J='EIIIO:': ELSI:: wENO='ENO'; 
IF VOIOIQUEUES,TR!Mlwtl) THfN WqlTE E~RORD2~LtNr: 
A~15 17r,'c\f:Gy/l'tlll 
~NS '~COD[ TN? 'tW1t7Z: 
ANS '~COO[ ER FXIT~ '('7Z: 
ANS WEND (.2Z: 

(Nf) : 

MACRO OUIT TRIG <wt:('OUIT' (SLI(':'I»: 
IF TRIMIWt)(.,l) rec ';' THEN WENO='E~O:': 
ANS Z2(" BEGIN' (. 27: 
ANS Z7tOC&'~CODr. l~ fXITJ'(.Zl: 
AtlS WfNfl EZZ : 

ENfl: 

I'LSl WENO='ENO': 

MACRO SLVSTARTUP TRIG PROT <'STARTUP'($LI'SLlVETASK'ISLIOPlsLIWi:< 10 >ISLlw2:< CP(SLI(':'I»: 
1r TRIHfW21[.,iJ ~cc ';' THfN WENO='E~O:': fL5l WfNO='ENO'; 
ANS 00 r ' B[G1N ' E lZ ; 
AN~ CD ~, arGtN' E l7 : 
ANS oct' ,copr L Yl",rx1U.' & Zl : 
ANS acc' 1CODE L Ql~'A8 ' & II 
ANS C~C' ,coor L,Hl A8,J,Xlu' E Zl : 
AN5 QOC' ~CODf L,U X9,STA~T" & ZZ : 

--' 
U"I 
0'1 



r---

8150 J. ~~6 

n 1/,0 J. " b I 
fl110 ;6e 
8181 ~69 

R1'1-J r\ 71..J 

"~nCJ 117. 

n~ILl ~12 

SS2CJ 813 
8 ~ 3 'J ~74 

~94J 2 875 
8950 876 
R9bU ~ 71 
RHO >l1~ 

R9AO .l fl1? 
A99J 1 89U 
A~OD 1 B81 
A ~ t 0 .L 9~l 

linG J. 8R3 
R93'l ! H q '. 
S94[J J. 985 
B~5D 1 886 
8960 1 B81 
8970 J. R~8 

89AO 1 on9 
8990 J. S9U 

9JOO 891 
9010 892 
9020 893 
9030 894 
9040 895 
9050 1 996 
90&0 1 891 
9070 1 en 
9)80 J. 899 
9090 1 9(10 
'1100 1 9'11 
'11to 1 9(lZ 

9120 2 903 
9130 2 9(14 
914 a -, .- ~n5 

Q 1 ~ [] Q 11(, 

9 lId) .l 'Ill I 
'1170 1 9 na 
Q 180 1 9(19 
'1190 9tO 
920a 'Ill 
921 J 9 It' 
'1220 91 J 
92,Hl 'II'. 
9240 915 
'1250 .L 916 

END: 

ANS 00 &' END:' £ Z7 : 
ANS OOt' cAsr '£ wI ~ , nF ' Z7 

v - 1 

WH ILl' ~ U' NT 
1'0 PU;l~1 

HIS ~(1 r, ' 
AtIS Q(lt' 
MI~ :)0&' 
A'IS 00 &' 
ANS ~O t ' 
K = 1<+. ; 

F:l1fl; 
AN!J oe r.' LNDI 
ANS QOr.' r~G!~1 

MIS QOL' HO(J[ ER 
MI5 00&' ~COOf TZ 
ANS OOL' HOOF: J 
ANS OOr.' HODf L,U 
AN5 oct' HODI' lR 
ANS OOL' 'CODE J 
ANS QO£' HOOE L 
ANS QO(' HODE L 
ANS oar,' DID: 
ANS oor. wnw 

'r, W 

L 
52 

H.DOl 
HODE 
$COOE 

r. 'I ~t~1!'1 '(; 17 I 
~~,It'J~nJ~l,st AVlTA~K'&~t'I'L71: 

t~TACTN'~t'tK&7Z 

X7,t~rArT~A~t'&K£?Z L ,U 
['10: , t z z ; 

, r, 71 ; , t Zl : 
F Dill<' 

, 
~ !Z ; 

,.X7 , £ zz 
$+4 , t Z 7.; 
At ,1 u , 

t Z 7: 
TwATH , CU; 
, ':'4 , 

~lZ: 
xtu,C)(ln,' tzz; 

Ag,R1S , £ Z7 , r.Zi': 
r,Z7 ; 

MACRO ACTIVATE TRIG PROT<'ACTIVATE'ISU'SLAVETASK'ISLIOPISLI wt:< to )ISLI 1012:< ePIStll':')): 

Eflll : 

IF TRIHI~ZI(.,lJ rec ':' THEN IoI~ND='ENO:': ELSE WlNO='ENO': 
ANS CO ~, REGIN ' ezz 
AN5 00 r. ' CASE ' t 1011 t' OF' tZl : 
K = 1, : 
WHILE K LE ~IT 

DO SFGIN 
ANS COC' '&K&': PEGl\! ' & 7Z ; 
MIS Qllt' 'CODE 
ANS 00£' '(' 
K = 1(+1: 

UIOI 
AH~ UCt' END; 
ANS QOt '.coor FM 
ANS oct WlNO 

L Ary,rNTACTNA~E'tK£7Z: 

FNI':' ezz 

AC T< 
, &17 
, tZ7 
~Z7 

MACAO nL~CTIVATL TRlG PAOT<'OlACTIVATE'ISLI'SL~vrrASM'ISLIOPISLIWl:< 10 )ISLIW?:< CPISlII':')): 
iF TRIH{W?I[~'LJ ~oc ';' THrN WrN'='E~J:': FLSl WEN8:'[NO': 

.... 
tTl 
-I 



'1260 
9270 
'12RU 
9290 
9HliJ 
'93\U t 
9320 2 
933U 2 
9340 2 
935J i!. 
9360 ' 1 
9370 1 
9380 1 
9390 1 
940!J 
9410 
qQ20 
900 
9440 1 
945 U 1 
9460 1 
9Q70 1 
94110 ! 
9Q90 
9500 
9510 
95'10 
9530 1 
95QO 1 
9550 1 
'1560 1 
9570 1 
95110 1 
9590 1 
9~OO 1 
96f0 i 
H2O 1 
HJO 1 
'H40 1 
'Ib~O 1 
'/b,.0 1 
9b1U 1 
9~80 1 
9 ~90 1 
9701) 
9710 
9720 
9130 
'/740 1 
9750 1 
9760 1 

911 
91~ 

919 
97U 
~~1 

Y?2 
923 
924 
925 
9Zb 
927 
929 
929 
930 
9~1 

932 
933 
934 
935 
936 
937 
938 
939 
940 
941 
942 

R~:G1N AM~ OD r ' 
A~S OC r • CASt:. ' ~ WI ~ • 

, &Z7 
0" , r.Z7 

K =' 
>Iff 11 L v L ~ NT 

no urc T II 
~N5 OOt' 'tK&': P(r:l~ , r. ZZ I 
ANS Qat' ICODE 
ANS QCt' 't' 
K = K+l: 

L A~,!NTACT~A~E't~t7l: 

nW:'t7Z; 

lND: 
ANS ~Ot' END; 
AN5 QQt 'ICOOE t:.q 
~NS "Ot IIF:N[1 

t~:J: 

~ACPO TlRMtNATr. TRIG 
IF' TR1I"'(1I11["'.13 
AN5 OOf,' BEGIN 
ANS CC£' ~CO:JE 

ANS oot WF:N[1 
F:NO; 

, t7Z 
TNT$ • tll 

tll 

PQOT( wl:< 'TER'1INATE'(SLlC';'))>: 
(oe ';' THEN W£~O='E~';'; ELSE wcNO='ENO'; 

, tZl: 
(R APORT' 'elZ: 

tZl: 

,q1 MACRO INtTTOT(RHIO 'niG PROT<Wll('W~TT'·"WRtT'LN·)(5L'W21«(OP«(SL'tOISL1I'.'l):.;>(SLICPI!SLI':'», 
9q4 Ir SLVTASKNAME EOC S'NUl' THrN r~lL , . 
945 ANS 00 r.' BEGIN 't Zl; 
94& ANS 00 r. '~CODE TS 'tIOINrTlOC~ t Zl; 
947 AN5 00 t "CODE TS 'tlotNtT'lA~ t Z7; 
948 ANS 00 t '$COOf. C~TSA 't IOINITFlAG t lZ: 
949 ANS 00 r ',CODE EA OAtT' ,~ lZ: 
9S0 ANS CO & • \CODE TS RSCElL 't Zl; 
951 ANS QO &' END 't ZZ; 
9SZ ANS 00 & Wl t W2 7Z: 
953 ANS OQ t' BEG1~ '& Z7; 

9bU 
'1b! 
9b;: 
91>3 
9b4 

965 
966 
9~7 

ANS CO £ 'SCOOE t~TS RSCElL 't l7; 
AilS CO £ '~COOE TS 'tIOTEqMLOCK t Zl: CO 
ANS CO £ '~COOf T5 'tTOTEqM~LI3 t Z~; 
AN·, aa ~ '.enOr ~'T~A 'ttOTL~~'~13 t t~1 

AN" QO t "CODE £R nACT' '[ 7Z: 
AN~ 00 r.' (NO 't Zl: 0 

FNO; 

~ACRD LNO~OINT TAIG PQOT ( 'lNO;' > ; 
l' SLVTASKNAMt t:.OC S'NUL' THEN ~AIL: 
ANS Qot ',coor SZ INTACTNAM('t 5LVT.!~CNT t 72 
AI'5 OOC 'HOOf T5 $YSTrMHOLo'C Z7 : 

--' 
U'1 
(X) 



'1170 9 I> 3 
'Ilea 969 
'HQO - ~7J 

9~0~ 971 
'l810 972 
9~2U 973 
9930 974 
9~40 97S 
9950 97~ 

9~60 J. 971 
9970 2 ~79 

9980 <: 97'1 
9990 2 99U 
9900 <: 9Al 
'1910 2 9Bi 
9920 1 983 
9930 I 994 
9940 9~5 

9950 'lAb 
9960 9A7 
9970 98B 
9980 1 989 
0990 1 9Q() 

111000 1 'Hl 
100tO 992 
10020 993 
10030 994 
10()40 995 
10050 99& 
10060 1 997 
10010 1 9QR 
till/no 1 ""'1 
10:)90 1 lonu 
10lOO 1 tunl 
lOUD 1 UC!2 
10110 tun3 
IIlL HI t Urlil 
101" 0 ' 1005 
10 lS() 1 UOb 
10160 lU07 
10110 l'J08 
10180 1 " U09 
11'1190 1 lutO 
10200 Illtl 
I1'1l10 lUI ( 
11'12;>0 J. 1 U I j 

10230 J. 1014 
10Z"0 1 t015 
ln25~ !Ulb 
10260 1 U 11 
1 11 270 1 ulll 

A~'S Qct '·COO!" 
HIS 0(;1(.' UI): 

CHS~ SVSHM40LO't 17 
't Z 7 

£ ~ID: 
MACAO FLTCH1~G tRIG 

'IF TRIHlwllr*dJ 
AN5 Z7 ~ , PlGJ.N 

1 = J.: 

PROT<'rETCH'ISL)'STATJS'ISL)'OF'ISL) ~1:<'SL~V[T~5~5'ISLJI':'J> ); 
roc ';' THrN W~N~='E~J:'; ~L5r W~NO='f.N~'; 

, r zz 

wHH~ t L£ NT 
0" p.Cc:rN 

AN~ cor. 'STATUS[' r. T 
A ~IS OC(' ',cone: nlz 
ANS oOt 'lCOn£ J 
ANS oOt 'STATUS[' r I 
I = r •• 

ENO; 
AN5 wEND t 7Z 

r.ND: 

~ 'J i= f"ALSE :'[22: 
I;. trtfijf~E' & 1 &Z z: 
'-3 '&2Z: 
t 'J := T~UE :'EZ7; 

MACRO FORKEY T~IGGrR PROTECT <',OR' ISLJ w!:<ro> ':=' >; 
IF SLVT~SKNAHr NEC S'NUL' TH£N rAIL: 
AN~ QO t "CODE ,OR KlVWORD 'r.?l I 
AN~ 'rOR 'r. Wi t ' I~ , 

ENO; 

~ACRO WAITFORCV£R TRIGGER PROTEcT ( 'wAlT' wt:('FOR[VER' (';'»): 
IF TRIHIW1)C"'dJ EOC ';' THEN Wf.NO='EIID;': £LSE WUIO='[NO': 
AN5 72 & '~EGIN '& Zl; 
AN. Ob t '.,ogr r~ 

AN~ OQ & '.COOf C'TSO 
ANS ZZ & wCND· & ZZ; 

F:NO; 

liUTt"4HnL'" t 11 
SYSTE'1HOU)' t Zl 

MACRO CRF:GTON 1RIG pqOT <'eRrGTON' ':' ) ; 
ANS 72 t ' BF~tN ' & Z2 
ANS OQ t ',eODr TS RSCFLL' ZZ 
ANS 00 t '~CODf L R1S,R13' 7Z 
ANS (JQ r. ',eoor t,1I "'Jd • E U 
Atl~, r~ f. 'H;C1iH c~rOTOfi ON 'r. n 
ANS DQ r.' lND; '& Z7 : 

rNO; 

..... 
c.n 
1.0 



r 

1028,J IU19 
lOZ9J lU20 
.0300 1021 
,OHo 1022 '1ACRO COlD TRIG PROT 
1032J lU23 At~S 00 £ · 9rSIN 
10330 ! t lJ2~ M~S 00 £ "CODF 
lrJ34 J 1U25 AN!'. O~ ',C;O:H: 
.0350 IU2b ANS 00 £ • ~ C ODr 
.. 0360 • 1 U27 HIS I)C £ · EJIO: 
1037 0 ... tU2e [NO; 

r,~o MDC ('1 F"RPOPS 0 WAR'Il'lGS ,(1 Pf:YAPKS 

('CEND' t;' > : 
• £ Z7 
CtTS RSC~LL' 72 
L Nll,Rts' ZZ 
CRE~ION OF~ • t "7Z 

• £ ZZ 

-' 
0'1 o 



r 
0.4 - POSTSCANNER 

~CPS;C,SP CPS,MACR03,CPS;S/3 
MAC~O COMPILER LEVEL 7ql 07/27/83 06:36:3b 

100 1 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
11'0 Z I I • • II 
120 J II. * II 
130 If II. CPS/tlQO P 0 S T S CAN N E R • II 
1"0 5 1/. *. /I 
ISO & II. ASSEMBLER CODES PRODUCED BY PASCAL COMPILER ARE • II 
1bO 7 II. PROCESSED VIA THIS PROGR'M~MODtrlcATIONS ON THE • II 
110 8 II. CODES ARE PERrORMEO ACCORDING TO THE MESSAGES • II 
lRO 9 II. WHICH ARE INSERTED TO THE TEXT BY SECOND PHASE • II 
190 10 II.· or CPSlllOo PRESCANNER; • II 
200 11 1/ * * /I 
21"0 1 Z 1/. • /I 
220 13 II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• II 
no 14 
ZqD 15 
2S0 1" 
2&0 17 DEBUG ON: 
210 18 SET ALPHA <'A' :1 'Z'); 
zeu 19 SET ID.CHAR <'O:.:'9'\·";.'Z·\'.'\"'\':'\·,'\'I'\·"\·.·>: 
2QO 20 SET DIGIT ('0',.'0'); 
IO() ~ 1 
110 12 
320 23 TOKEN DOT <, '); 
330 2'1 TOKEN 10 <ALPHfIlO.CHARI ;.;>: 
340 25 TOKEN lOA <ALPHAIALPHAI !~!>: 
350 2b TOKEN NUM <nIGITIOIGITI ,0'>; 
3bO 77 TO~EN MISC (lD_C~'RIID.CHAR) ;.;>: 
370 28 TOKEN BLANK IGNORE ( •• ;.; ): 
380 29 TOKEN AST ( '.' >; 
390 30 TOKEN COM < ',' >; 
qOO 31 TOKEN R13 < 'R13' ); 
Ql0 32 TOKEN AZERO < 'AD' >; 
'120 
430 
'1'10 
q'io 
'160 
'171l 
4AO 
'190 
500 
510 
520 
SJD 
540 
550 
5bO 
570 
5~O 

33 
34 
l5 
3& 
37 
3A 
'9 
40 
41 
42 
43 
4'1 
45 
If6 
lf7 
'Ie 
QY 

DECLAPE PROCTypE; 
OELJLAG = 0 ; 
OF:LJUG2::: (') : 
~~oc"pr = ~'NUL', 
P~OCNAM[ % S'NUL', 
CALLEDPnoc ::: S'NUL': 
DECURE DEL (.) : 
O[LJ=O: 
OELJUG: 0: 
PNJLAG= 0: 
STARTUPJLAG= 0: 
SLAVEFLAG= n: 
rORFUG 0: 
rORNU~ ::: :::36, 

.... 
~ ...... 



590 
600 
!o10 
620 
'd 0 
b~O 

650 
660 
610 
&80 
&90 
700 
710 
720 
730 
no 
750 
760 
770 
780 
7'10 
~OO 

910 
820 
830 
9~0 

'50 
",0 
810 
880 
890 
900 
910 
920 
930 
9~0 

95(] 
HO 
970 
980 
99(] 

t::lOO 
lola 
1020 
1030 
t Oq I) 

1050 
1060 
t010 
lORa 
t !]90 

1 
1 

1 
1 
J. 

J. 
1 
1 
1 
2 
2 
1 
1 
2 
l 
Z 
2 
Z. 
Z 
2 
1 
1 

1 
1 

1 
1 
1 

50 
51 
52 
53 
~q 

~5 

5b 
57 
58 
59 
6(] 
61 
&2 
&J 
6q 
&5 
66 
67 
68 
69 
70 
71 
72 
73 
H 
75 
76 
11 
18 
79 
80 
91 
82 
83 
eq 
85 
86 
87 
BB 
89 
9U 
91 
92 
93 
9~ 
9~ 

96 
97 
99 
99 

lOU 

susrUG = (1 

CREGION_FLAG = 0 

r)rClAflt rtHiUVt,,,,,, 

MACRO M{1 TRIGGER PROTECT( wt:('~ll"»: 
PNJLAG = I; 
ANSWER S'OELS'&TRIMIW1J; 

E.ND; 

MACRO HI TRIGGER PROTECT ( '.' 'RES' 'SIZES'); 
PROCTYPE = 'HAI~PROG' ; 
ANSWfR '. RfS 136'; 

END; 

MACRO HZ TRIGGER PROTECT 
Ir TRIHIPROCTYPE' NEC 

THEN IF SLAVEFLAG 
THEN BEGI'l 

< 'LMJ' 'Al,PENT,,): 
'MAINPROG' 

EO t 

ANSw!:R S'EOL't' 
SLAvr'LAn ~ n I 

[NO; 
ELSE BEGIN 

L AD,AA' r, S'lO!.': 

ANSoiER S'EOl't' 
ANsWrR S'EOl't' 

l AD,R!5' t S'EOL' 

ANSwER ' T2 
ANSWER ' J 
ANswER ' L 
ANSwER ' J 
ANSWER 'ENTER 

END; 
ANSWEP , lHJ AI,PENTS' 

f:ND; 

M_CRO H3 TRIGGER PROTECT cwt:<ID ) '.' ) 
IF rN.FLAG EO n THEN '-IL: 
P~DCNAH["RIMIW1'1 

PN_rLA~ 

RETURN 
E~D; 

: n; 
S'Df.LB'£ wH'.'; 

l RIJ".AO'& S'(OL' 
r"tPPoCNAME&S'EOl'; 
ENTER 't S'EOl' ; 
xfu,XSS'£PRoCNAME£S'EOl': 
PPOCST'£ S'EOl': 

'£S'EOL': 

-' 
O'l 
N 



r ZWLD .• uL .• 

1100 101 I1ACRO 114 TRIGGER PROTECT ('STARTUP' wl:(10»: 
11fo 1 LIl2 CALLEDPROC = TRl~(WL): 
H2O 1 103 DEL_FLAG = L; 
1131l 1 104 STARTU~JLAG=l: 

1140 1 105 J: 1: 
1150 1 106 WHILf J L( SO 00 BEGIN 
14&0 1 t07 DELlJ,=O: 
1170 2 08 J=J'I: 
1180 2 109 END: 
1190 1 Ito RETURN 
lZ00 1 111 END: 
lzfo 112 
H2O 113 
1230 114 
t'240 liS I1ACRD M5 TRIGGER PROTECT ('FORK' Wl:(IO»: 
1250 1 11& CALLfDPROC : TPIMIWl': 
1260 , ~17 DEL_FLAG : I: 
1210 1 118 J=I: 
1280 1 119 WHILE J LE 50 00 BEGIN 
1290 1 120 OELlJ':O: 
1300 2 121 J:J.l: 
1 Ho 2 l~Z ENO: 
t 320 1 123 RETURN 
tHO 1 124 (NO: 
1340 125 
1350 17.& 
1360 127 
tHO za MACRO M6 TRIGGER PROTfCT ('LMJ' 10 > 
1380 1 129 If DfL_fLAG EO 0 THEN I' llL: 
1390 1 13u F.LSE ~EGIN 

1"00 1 131 J=l: 
HI0 2 131 WHILt J LE 50 )0 qEGIN 
1420 2 133 iJ<:lIJ':O: 
1430 3 134 J:J'1: 
1440 J 135 EN!): 
14~0 2 1~& OH.F'LA!l : 0: 
t""a 7. 137 orL_FlA52 = 0: 
1470 2 138 END: 
1"80 1 139 END: 
1490 1"0 
BOO 141 
1510 142 
1520 143 MACRO 117 TRIGGER PROTECT (wt:('L'\'L,U'> W2:(10)>: 
1530 1 144 If DfL_fLAG2 EO 0 THEN fAll: 
1540 1 145 OELJ:orLJ·t: 
1550 1 lq& If or LI OELJI [0 n THEN RrTURN Wl~' '& ~ 2: 
1560 1 1"7 END; 
1570 1~8 

1580 lq9 
1590 150 -' 

1&OU 151 '" w 



""''''''_u'''uuu_,~"'~~,~~''''' 

Ufo 
11'>2U 
1630 
1 &~O 
ib50 
B60 
1670 
UAO 
1690 
1100 
tHo 
1720 
17 30 
17'10 
1150 
1760 
t 770 
1780 
1790 
1800 
uto 
1820 
1830 
B~D 
1850 
lUD 
1870 
1860 
1990 
1900 
191 (] 
1)20 
1930 
19~ 0 
B50 
19/,0 
1970 
f990 
1990 
2000 
2010 
20ZO 
2'030 
ZO"O 
Z350 
231>0 
2010 
20~O 
2090 
HOI) 
2110 

1 
1 
1 
1 

1 
1 
1 
1 
1 
Z 
Z 
1 
1 
1 
1 

1 
1 
1 

1 
1 

1 
1 
L 
1 
1 

1 
1 
1 

152 
153 
1511 
155 
l56 
157 
158 
159 
,60 
161 
162 
~"3 
161t 
11>5 
166 
167 
11.8 
11>9 
170 
171 
172 
PJ 
17'1 
175 
176 
177 

178 
79 

180 
181 
182 
183 
18 ~ 
185 
181> 
187 
188 
189 
190 
191 
192 
j.93 
19" 
195 
196 
197 
19 9 
~99 
2no 
201 
202 

~ACRO MA TRIGGER PROTtCT <wt:('S') W2:<IO»; 
IF OEL_FLAG2 EO 0 THEN FAll; 
IF OrLJ lO n THEN FAIL: 
IF OfLIOELJI EO n THEN RETURN Vlt' '&J2; 

END: 

MACRO Mil TRIGGER PROTECT('L,HZ' 'AO,J,xto'>; 
IF DEL.FLAG EQ 0 THEN FAIL: 
IFI TRIMIPROCTyprl ~oc '~ATNPROG'I ANa 

(5'A~Tup.rLAG to 1 I 
THfN BrGIN 

ANSWER' L,H2 AO,3,xla'; 
STARTUP.FLAG = 0; 

[NO; 
rL~E ANswrR' L .0,XS\'& CALLEDPROC 

OEL.FUGZ=l; 
OELJ=U; 

END; 

MACRO Mtl TRIGGER PROTECT ('DELETE' 'ARGU~ENT' Wl:<NUM»; 
,I=TRTMI wll: 
nELlJ'=l: 

END; 

MAC~O M12 TRIGGER ~ROTECT< 'SLAVETAS~' '[~Tqy' >; 
SLAVEFLAG= 1; 

END; 

MACRO FORMAC TRIGGER ~ROTECT< 'FOR' '~EYWORn' >: 
FORFLAG = 1; FOR~U~: FDRNUM • 36 ; 
IF rnRNUM GE 900 

END: 

THEN ANSWER S'EOL'&S'EOL'~' MAxr~UM NU~~E~ OF FOR STATEMENT' t 
'rxCEEDED' E S'[OL' & S'EOL' 

~ACRO D5HAC TRrr.GfR P~oTlCT ('OS' W11( l~ ) ); 
IF FOPFLAG NE 1 THEN FAIL: 
IF TRIMIWIIC1,JJ NtC 'A~,' THEN FAIL: 
FORFLAG = U ; 

--' 
0'1 
.j::> 



2120 
2no 
?l40 
2150 
21bO 
2110 
2160 
2190 
2200 
221'0 
2220 
<'230 
2240 
2250 
22bO 
2270 
2280 
2290 
2300 
2]10 
2]7.0 
2JJO 
2]40 
2350 
?lllO 
2 ]70 
2380 
2]90 
2400 
2410 
2HO 
2430 
2440 
2450 
2H 0 
2HO 
24 RD 
2490 
2500 
2510 
2520 
1530 
'540 
2550 
2570 
2580 
2590 
HOO 
2brO 
2&20 
?b30 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

203 
204 
205 
20b 
207 
208 
209 
21u 
211 
212 
213 
21'1 
215 
21& 
217 
Zla 
219 
220 
221 
<122 
223 
224 
225 
22& 
HI 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
20 
244 
145 
246 
ZH 
248 
249 
250 
251 
252 
253 

FORNUM 
l 
l 

IIl!i, W1 t ' r. 
)(11,111' , t 

FORSAV(TRIH(WIII = 
ANSWER S'EOl' (. , 

s'rOl' t • 
S'EOl' r. ' 
S'EOl' r. ' 
S'EOl' (. , 

S 

S 
l 

AU.SVRSAO+' ~ rORNUM (. ',Xl1' r. 
Al,SVRGAt+' r. FORNUM r. ',xt1' 
Xl1,II1S' (. S'EOL' : 

E"'O; 

MACRO OlHAC TIIIGGER PROTECT 
IF VOIO(FORSAV,TPIM(W 4 11 
ANSwER S'EOl' E' L 

S'EOL' (.' L 

('Ol' Wl!( l' ) ); 
THEN FAlL ; 
P15,Xll 'r. 
Kll,R13 'r. 

S' E Ol' r.' L 
S'EOl' r.' L 

An,SVRGAO+' r. FDRSAV(TRTM(wtll (. ',XLI' r. 
Al,SVRGA1+' (. FORSAV(TR!M(wtll (. ',Xlt' r. 

S'EOL' 
END; 

MACRO STORER13 TRIGGER PROTECT ('S' wt:< TD ) >: 
A = TRIM(WlICl,JJ; 
B = TRIM(Wll(5,lENGTH(WtI1: 
tr· A Nrc 'RJ," flH!I rAIL I 
AN5WE~ S'EOL' (., L,U ~15,1 ' ~ 

S'EOL' t' S Q1S,' 9 ( s'rOl': 
END; 

MAtRO SUSMEY TRIGGER 
SUSfLAG=l; 

('SUSPEND' 'K,YWOqJ'); 

[NO; 

MACRO SUSMEY2 TRTjGl~ ('SZ' 
IF 5USFLAG EO n THrN Fill; 
SUSFLAG = n; 
AN~wrR S'EOL't' L 
AN~wrR s'rOL'£' L 

END; 

wt:<l'l»; 

lit5,AI' r. S't~L'; 
AI,' r, TRI~lwl) ~ 

MACRO RIstGNOR[ T~[GGrR PQOTECT < 'L,U' ~t:(ln> >; 
Tr CREGION_FlAG EO U T4E~ FAIL: 
Tf TRIM(Wll(l,4] NfC 'RIS,' THE~ FAIL; 

END; 

~ 'f: OL t: 

...... 
0'1 
U, 



21180 
2,,90 
2700 
2710 
H20 
2730 
2740 
275U 
2760 
2770 
2780 

END MOC 

25'1 
1 255 
1 256 

257 
Z58 
259 
260 
26l 
262 

1 21>3 
1 2611 

o ERRORS a 

MACRO CREGIONON TRIr,GER pqOTECT ('CqEGION' 'O~, >; 
CREGION_rLAG = 1: 

ENO: . 

MACRO CREGIONOFF TRIGGER PROTECT <'CREGTO~' 'Ofr' >: 
CREGTON_rLAG = 0: 

ENOl 
WARNINGS 0 REMARKS 

-' 
en 
0'1 



APPENDIX E - PROGRAM LISTINGS OF CASE STUDIES 

E.l - Case Study One: Producer - Consumer Problem 
E.2 - Case Study Two: Dining Philosophers 
E.3 - Case Study Three: Quicksort 

E.3.1 - Without Processor Dedication 
E.1.2 - With Processor Dedication 

E.4 - Case Study Four: Gaussian Elimination 
E.4.1 - Without Processor Dedication 
E.4.2 - With Processor Dedication 

E.5 - Case Study Five: A Model Operating System 



E.1 - CASE STUDY ONE: PY'od,ucer - Consumer Problem 

acps;!s.s .CPS,S/D, 
MAno INTERPRETER LEYEL 1Rf,02l03/811 ,l,f127136 

r .COMPILE OPTIONS=IRSLH,ELfNAME=TP".HAIN 
r PROBRAM MAINCINPUT,OUTPUTI, 
~ TVPE LA8ELS:CRECEIYE,SEND,INIT': 
r PROCEDURE BUFFERCYAR ENTRY:LABELS:YAR INPrINTEGER:YAR OUTPIINTEGERI:HONITOR: 
r PROCEDURE CARDPROCIPROCESSI 
r p"oerou',,; ",RrNTPROeJl'Aocr:U, 
r VA" REenV[/! I QUEUE 
r SENDER QUEUE 
r LOCKY QUEUE 
r ENTRY LABELS 
l' INP INTEGr:R 
r OUTP INTEGER 
~ HOLOPERIDD INTEGER 
r BEGIN 
r HOLDPERIOO := SOO: 
r ENTRY 1= INtT: 
r STARTUP WITH TASKNAHEfTtl BUFFERfENTRY,INP FORWARD ,OUTP FORWARDI: 
r COBEGINISTARTERI, 
l' STARTUP WITH TASKNAH[fT21 CARDPROC, 
r STARTUP WITH TASKNAHEIT31 PRINTPROC, 
r COEND: 
r SUSPENDfHOLOPERIODl, 
r TERMINATE: 
I' r:NO

t
' 

I' .COHP LE OPTIONS:rRSLHV,r:LTNAH£:TP'.:CARD 
r PROGRAM DE'INEfCARDPROCI, 
I' TYPE LABELS:CRECEIYE,SEND,INITI: 
r PROCEDURE 8U"ERCYAR ENTRYrLABELS:"AR INPrINTEGER:VAR OUTP:INTEGERI:HONITOR, 
r PROCEDURE CARDpROC, ' 
r VAR ENTRY I L~BELS, 
r I INTEGERr 
l' IN" INTrar.R, 
l' OUTI' tNTI':Or:R, 
r 8[GIN 
r R[LEASECCARDPROCI: 
r AWAITCSTARTER': 
r I I ~ll 
~ WHICE TAUE DO 
r BEGIN 
t' INPI=Ul: 
r LOCKCLOCKII': 
r ENTRY,: SENDr 
r FORK wITH TASKNAHECcfl BUFFER([NTRY,tNP,OUT" FORWARD': 
r AWAITCC~I: 
t' II=I·~: 
r ENDr 
rEND, 
r .COMPILE OPTIONS=IRSLHV,ELTNAH[:TPFI:PRINT --' 

m 
co 



r PROGRAM OErI~EIPRXNTPROCII 
[ TYPE LABELS:IRECEIVE,SEND,INIT': 
1 PROCEDURE BU~~ERIVAR ENTRY:LABELS;VAR INP:INTEGER;VAR OUTP:INTEGERI;MONITQR, ' 
I PROCEDURE PRINTPROC, 
1 VAR ENTRY LABELS, 
t INP INTEGER; 
r OUTP INTEGER; 
1 BEGIN 
r RELEASEIPRtNTPROCI; 
r AWAITISTARTERI: 
r WHILE TRUE 00 
[ BEGIN 
1 
r 
1 
1" 
l' 
1 
t 
1 
1 
1 
l' 
1 
I 
r 
1 
I 
l' 
1 
r 
t 
l' 
1 
r 
t 
1 
1 
1 
1 
{' 

t 
1 
f 
f 
1 
1 
r 
1 
1 
1" 

LOCKILOCKVI: 
ENTRY:: RECEIVE: 
rORK WITH TASKNAMEIPt, BUFFERIENTRY,INP FORWARD ,OUTol; 
AWAIT/P11; 
CREGION; WRITELNIOUTP': CEND: 

END: 
ENOl 

+COMPILE O~TtONS=IRSLMV,ELTNAME:Tprl:BUFrER 
PROGRAM OEFINE/BUFrEPI: 
TYPE LABELS :/RECEIVE,SENO,INITII 
PROCEDURE BU~FER/VAR ENTRYILABELS;VAR INPltNTEGE~IVAR OUTP:INTFGFnl; 
VAR FULL I BOOLEAN 

CONTENTS: INTEGER; 
BEGIN 

CASE ENTRY OF 
P[ClOvl'. 

BEGIN 
UNLOCK I LOCKV I: 
LOCK/RECEIVER'; 
IF NOT FULL THEN WAITIRECEIVERI 

ELSE UNLOCKIRECEIVERI: 
OUTP :: CONTENTS 
LOCK I SENDER I: 
FULL :: FALSE; 
SIGNAL I SENDER I: 
QUIT: 

END: 
SEND: 

BEGIN 
UNLOCI(ILOCKV'I 
LOCKISENOERI; 
IF FULL THEN WAITISENOERI 

ELSE UNLOCKISENDERI: 
CONTtNTSI= IN"I 
LOCK / '1ECE IvrR '; 
FULL := TRUE; 
SIGNAL/RECEIVER'; 
QUIT: 

END; 

...... 
en 
1.0 



r BEGIN 
~ rULl 1= FALSE: 
r RELEASEIBUFFERI: 
r WAIT FOREVER : 
r [NO: 
r [ND, 
r ENOl 

ICPS~S,N SCRATCH"$CRATCH"CPS~S/1,sCRATCH'.SCRATCH2 
MACqO INTERPRETER lEVEL 1Rt 02/03/~~ ~tI3~:.3 
'CPS~S,N SCR'TCH"SC~'TCH2,CPS~S/2, 
MACQO INTERPRETE~ lEVEL 1Rt 02/03/B~ ~rI321'0 
acps'x 
iOU.PASCAL:S,IRSlM 
PASCAL 8RlA RLIS ~RrOAV, t9Bq rr: RUARV 3, .rllQllO 

r 

~ 
3 
Ii 
5 , 

PROGRAM MAINIINPUT,ourpUTI: 
TYPElABELS:IRECEIVE,SENO,INITII 
PROCEDURE BUFFERIVAR ENTRY:LABELS:VAR INP:INTEGER;VAR OUTP:INTEGERI,EXTERNAl 
P OCEOURE CAR PROCIEXTE~N~l , 
pROCEDURE PRINTPROC,EXTERNAl I 
VAR GLOOAL' I ARRAY I,r :, 181'.' or IHTEIER I 7 

B 
9 

tf ICOO!: 
t3 ICOOE 

til sCOOE 
5' ICOOE: 

I
' ICOoE 
1 HOOP:' 
8 'COO!: 
9 HOOE 
o SCOOE 

zf ICOOE: 
ZZ ICOOE: 
23 ICOOr: 
2- ICOOE 
ZS 'CDOr: 
Z6 HOOr: 
Z7 ICOOr: 
211 'COOr: 
29 sCOOE 
3D ICOOE 
3r 'CODE 
32 SCODE 
33 ICOOr: 
311 

ENTRY I LABELS : 
HOLDPERIOO : INTEGER 
INP I INTEGER I 
OUTP I INTEGER I 
RSCELL. "CELL 
CBGNST. TSCELL 
SVSTEMHOLO. TSCELL 
LOCKV. TSCELL 
RECEIVER$ TSCELL 
SENorA. TeCELL 
TIOurrER. T,CELL 
TICAROPROC. TSCELL 
TSMAIN. TICELL 
TSPRINTPROC_ TsCElL 
XSSBUFFER- RES 
XSSCAROPROC_ RES 
XSSMAIN$ RES 
XSSPRIHTPROC. AES 
CBSNAME+ RES 
rlBurrrR. RES 
FSCAROPROC- RES 
rSMAIN. RES 
rIPRtHTPRot. RES 
SVRGAO. RES 90~ 

t 
t 

r 
I' 
r 
r 
r 

SVR6AL. RES 900 
RE S S IZ (', i;rl6 jirU9 

f ,. 
2 
2 
1 
t 
r 
t ,. , , 
f 
t 
f 
! 

" , , ,. , 
r 
r ,. 
t , , , ,. ,. 
r 
J , ,. 

0, 
fa 
2; 
3; -. 'II 

" 1111 
III 

" J.O, 

I
'~: :., 
':: 
" .PI 

IsBI 
1t9; 
20" 2'. 
2:1:1 

" I' 
~ 
3 
II 
S 

" 1 

" 9 

t! 
t~ 
liS 
~6 

~: 
20 
Zr 
U 

0, us 

0, 1 

"I " 0, .. 
fl6, ~9S_ 

Ii'>55. 11.955 
19561 ,956 
•• 9511 A9S1 
&.95111 ,,95~ 

..... 
-...J 
o 



35 ICODE I I 11 23;. 23 
36 
37 ICODE COaEGIN. 2";: 24 
38 ICODE L AO,I'CBG') 25;;. 2~ 

39 'CODE ER NAHEl 26 .. 26 
40 ICOOE 5 AO,CBGNAHr 27" 27 
41 
42 'CODE TS CBGNST 28-• 2A 
'13 
44 ICODE cnSA CBGNST t 29- 29 , · "5 ICODE ER DAcn In,, 3n 
'16 ICODE ER EXITS , 31, 3! 

1 117 BEGIN t 
2 48 BEGIN 1 32; 36 

49 ICOOE 5 xl0,X5SHAIN t .37- J7 
50 ICODE L,U AO,057 1 38, 38 
51 HODE r 00 11 ,52 R5CELL .. f+ r 1 39. 39 
52 ICODE I DO 11 , 5,52 AO,RSCELL~l+I t 'lOt 4" 
53 ICODE Ell TSQRG' 1 ""~ '11 
54 ICOOr: L,U 1'113 10 

, 41 .. 47 
2 55 (NO, 1 

56 HOLDPERIOD :: 500, t 43. 45 .. 
57 ENTRY ,- INIT : t 46; 48 
58 'CODE SURTUP BlJHE!! , 

11 9 ;, "" 59 HODE OEL(TE ARGUMENT 2 1 S". SO 
60 HODE DELETE ARGUHENT 3 1 S1;; 51 
bl 'CODE L xlo,cxfol , 52. 5i' 
b2 BUFFERIENTRY,INP,OUTP); 1 53; 62 
63 ICOO!: L,U R15,1 t 63· • b3 
64 ICOOE 5 R1S,O,AO t 64-.. 64 
65 SCOOE L 1l~5.AO t 65- 65 .. 
66 ICODE TS HBUFFER t 6(, - 66 
67 ICODE L Ao,(ooolot,BUFFERI 1 67; 67 
be sCODE ER FORK' t bA- be .. 
b9 ICODE Cn5Q HBUFFER t 6'h 69 
70 HODE L AU,RIS t 7ht 7" 
7t 
11 

2 73 SEGIN 
74 
75 SCODE l Rts,An 11-.. 71 
7b ICODE L AO,(OO02n~,COBEGrNI Hi. n 
17 ICOOE ER FORK' nO. 13 
78 
19 HODE: l An,R1S 74 t 74 
8n HaDE TS CBGN5T 7!'i .. 7~ 

al HOO£ C'T50 CBGNST 7/, • 711 .. 
2 82 !:ND: 

83 
84 'CODE STARTUP CARnPROC 17- 17 --' .. " 85 ICODE l xln,Cxto' 1~- 7R -" • 



86 CAROPIlOC; t 7Q~ 
OJ 

82 
87 ICODE l,U illS,! I 83;; 83 
88 ICODE 5 Iqs,o,Aa 1 811; 8q 
89 HODE l R15.AO I 8<;;;; 8~ 

90 ICODE T5 UCARDPROC I 8" .. 8& 
91 Icoor L An,lon030i,CARDPROCI I 87 .. R1 
91 IeODE ER "OIlKI 1 BAt OA 

93 'CODE CITSO TlCARDPROC 1 89:; 89 
911 ICODE l AQ,Rf5 1 9". 9" 
95 
96 ICODE STARTUP PRl"TPROC t 91r 91 
97 ICODr: l l<ln,cxiol t 91a. 9l 
98 PIlINTPIlOCI t 93, 96 
99 ICODE l,U Il 15, II t 97- 97 

too 'CODE S IllS,O,AO 1 
.. 

98" 98 
101 ICOoE l 1l15,AQ I 99· 99 
t02 ICODE T5 TS I'll INTPROC 1 tun: Ian 
103 'CODE l AD,IOOOIIOI,PRINTPROCI 1 tal .. tal 
1011 ICOoE ER FOllK' t to?· 102 
105 'CODE CHSO HPRINTPIlOC t lU3; t03 
106 ICOOE l AD. R [S t tUIII; 1011 
107 
108 

2 109 8EGI"I 
110 
111 ICOOe: l IlIS,AO 1 105;: 105 
112 ICOoE l AO,CBGNA'IE 1 to"t t 06 
113 ICOOE ER Acn 1 lU7;; 107 
qll ICOOE l AO,Ills t lue" ' us 

2 115 END: 1 
r~6 
1'17 
118 ICODE SUSPEND KEYWORD lU9;: , 09 
1 9 
120 HOlD"EIlIOD 1= n 117 __ 111 
121 

2 IZ2 8E:G 1"1 
123 
1211 ICODE Ell TWAITI 117;: 112 
125 
126 HODE l Al,RIS t 11. 113 

? 127 END; 
128 

2 129 8EGIN 
130 HOOE Ell ABORU t1"; 1111 

2 III END; 
lU 
133 1':"10, '.l~; 11" 

...... 
PROiRAM MATN CONTAINS 13] lI"IES ANn 3 PROCtOURES/3 EXTER"IAlS 

"-.J 
N 



I~OJT ~Nn OUTPUT A~l ASCII FILFS 
STO~AGE: 2"80/5179 Tl~l U5lD: & SFcnNDS 
fNn PASCAL SnlA ~1 fRAOA5 NO WARNIN3~ ~'b '-B~N~ J"7?" ~A~~ 
~Cr~,N • 
Cr\ 1Rt~ '6 JUL HJ AT ,1:QbIQl 
T~E AS~UMln Mont IS 'l~LnATA 

OLD Tpr'~PA'CODl 
CO~'ILrA TVPf: ASH,S 
ASSJM[ ASCII OFr 
CALL UNIVAC*CPS.CLEAR 
~AV~ Tpr';~Al~ 
~CT~ 

IN !~~C MODl 
~BU.PASCAL~S,lRSLMV 
PAScAL BPIA RLI3 THURSDAY, 19~3 JULY ~8. 17:46:49 

1 

1 
iI 

2 

2 

2 

2 

2 

2 

2 PRJGRAM orFINFICARoPROC); 
3 TyoE lABElS=IRECEIVl,SEND,INIT); 

" PROCEDURE AUFFERIVAR ENTRY:LABELS;VAR 
5 PROCEDURF fAPoPROC; 
b VAq ENTRY LABELS : 
7 ! INH:GER: 
n HI'" HITrGr.n, 
9 OUTP INTEGER: 

In 3EGl~ 
11 BEGtN 
J.2 lCOOE SZ FtCAROPI'IOC 
13 HOOE S xl.o, XSlCARDPROC 
.1.4 HODr: PROCH 
15 EN); 
H> 
17 3lGL'l 
19 lCOOE: TS HCAPDPROC 

'1'1 lCOoE cnSA HCAPOPROC 
20 END; 
zl 
2~ ~£ H'j 
lJ ,coor L 1115, ~,.. 
24 HODE LA AI), «'I) 

25 'C GO r ED AW A I T1 
26 lCOO!: L A(1.PL~ 

21 UID: 
G~ 

29 I : :: 1 : 
30 ~H!Lf TRill: 00 
1 I er:GlII 
J7 YNf':=l·l; 
33 
34 BI:.GIN 

INP:INTE~ER;VAP OUTP:!NTEGER);EXTERNAL 

1 O. 13!i 
1 
2 0; ., 
2 "Ii. II 
2 5 .. 5 
'I for. f> 
~ 1 .. T 
2 
2 

Ai. 8 

2 n, 14 
2 5" 5 
2 6·· 6 .. 
l Tjj. T 
2 

2 
2 81i B 
:> 9- 9 .. 
:> 

~ 
'I 10;, In 
2 ./.1 .. 11 
2 12. lZ 
? 13, 13 
'1 

:> .1. 11 ;;. 15 
l H>-Oi, 1~ 

:1 
:1 19~ 2' ..... 

........ 
? W 



J'i tCDOE T~ Lnc~v 

,\I. ~~, rJ I 
jf 

B fNTRV:= Sl~IO: 

39 J CODE FOPK 'lUFFF:R 
qn .C :lOE flUE TE AflGUMF:NT ~ 

41 RUrr!RIENTAY,INr,OUTPl: 
42 nODE L,II n~~,s 

43 \COO~ S Pl5,O,_U 
4" HODE L r .. s,~o 
4e; ~CODE L Ar,I('1l0c;ul,flUI',fRl 
46 lCOOE f:R rOPK~ 

47 lCODE L Au,Rt5 
4~ 

.I 49 flE31N 
5;:1 HODE L Rl5,AO 
51 'CODE LA An,1321 
52 !COD~ U' AWA!T~ 

53 lCOD~ L Afi,Il.L5 
54 END: 
55 
56 1:=I+J.: 

2 57 E'ID : 
1 5~ l"lD: 

PR03RAM PEFINt CONTAINS 58 lINFS AND L PROClDURES/2 FxTERN4lS 
NO ~AIN PROGPAM I~PUT AND OUTPUT ARE ASCII rILES 
~rO~AGrl 2tSJ/C;119 TI~£ USEnl In,5 M1LlTSFCONDS 
nw "neAL ijP1A .,;:' NO UtllellS NO loIARIIIN:lS 55 1~.!\AHK 

IIICTS,'" 
Oln TPr';PA'CQDE 
AS~\JMt A~CTI orr-
CALL IJN1VAC.t"S ;CU.AIl 
SAV~ TPr';CARD 
XCTS 
TN .e:xe:c "onE 
;SU+PASCAL:S,lqSLMV 
PASCAL APIA rL[S rHURSDAV, lQAl JULY '8, 171.&1~. 

t 

2 PROGRAM orrTNfIPRINTPROCl: 
3 TYO( LABELs=(RrCEIV(,SENO,lNTTl; 
4 PRDCF:OURE PUrFFR(VAR ENTPY:LABELS:VAP INo:INTEGED;VAP OUTP:INTEGf.Rl;FXTERNAL 
5 PRoCEDURE PPINTPROC: 
6 VA~ ENTRY LA8F:LS 
7 INP INTEGER 
e OUTP J.~lrr:GrR 

1 9 BlGl'l 
2 .LO BEGIN 

:> , 2" .. 

2 ,5· 
7 21~ 
'1 2R. .. ;- 2!)~ .. 
2 39,;; 
2 IIn~ .. 
2 'It .. 
'1 4'- •. 
2 43;; 
2 'I4~ 

2 
2 4'5,: 
2 'If> .. 
2 470; 
2 1113· .. 
2 

2 49· 
2 53~ 
2 SII .. 

t 
1 
2 
2 
2 
2 
2 
2 
2 [1. ., 

2~ 

21> 
27 
Z~ 

3R 
39 
'In 
'It 
112 
113 
44 

4'5 
46 
47 
IIA 

52 
53 
SII 

4 

n-.. 
n·· .. " . 5· , 
r, .. ... 
7-.. 

US 

7 
q 
5 
6 
7 ..... 

...... 
~ 



Ll 'COD~ S7 r'PI'lNTPROC '1 Ij ... 0; 

17 HOtH ~ ~, (I, X~""IH~TPt?(lC :? ~ !' " .. 
13 ~COOr P["lCST , 1· 1 

;> !~ f.N:J; 2 
!~ 

2 !~, :ltGI ~ :? 
!7 HOD!: 15 nl'RINTpQOC 7. A-.. A 

.t.8 lCODE C 1 T SA HPRINTPROC 2 ~ . .. 
Z J,9 EWJ; 2 

.. 
£~ 

l ~ I ~t:HII :? 
a leOD~ L R15,An ? ln~ 10 
23 tCODE LA An, f 41 2 lt~ 11 . .. 
£4 ~CODE Ep AwAIT' 2 .!.2i- 17. 
,5 lCODE L 1.n,P1'; ;> 13 .. 13 

2 i b E ~W; 2 
21 
lq ~HrLr TilliE 00 2 lltt 11'> 

2 £9 BF.GYN 1-
30 

1 31 ~[GI~ 2 
32 HODE T5 LOCK V ;> 11t 11 

3 33 END; 2 
.l I, 
15 rNTRVI: ~[CEtVF., 

, lilt I' 
3& JCOD~ ronK BurHR 2 20. 20 
37 ICOO~ DELETE ARGUMENT ;> 2 21i,j 21 
38 BUF~ERCENTRY,INP,OUTPI; 2 22. 3t' 
)9 'CODE: L,U RJ.5,6 ;> J7.jj 32 
~o HOOe: s fas. 0, AD 7. J3. 33 
4t HODE L RJ.5,AO ;> J~. 311 
4;> 'COD~ L An,COOO601.BurFERI ;> 35 ;; 35 
q3 tCOOE ER rORK~ ;> 36; 36 
44 teODE L AU,Rl5 2 37;0: 37 
45 

J 4" 901"1 2 
47 ICOD!: L R15.Arl 7. 38 ;; 38 
.. 8 ,CODE LA An. f b4 I 7. 39. 39 • 
49 'CODE (P AWAIH 2 IIO~, lin 

50 'CODE L 1.n,p .. 5 ;> Ill .. III 

3 51 E/IIO; 2 
~7 • 
53 

3 54 BEGIN 2 
55 HODE T5 RSCF.:LL ;> 1120i ~2 

5~ \coor. L R15,R1j 1. IIJ .. II! 
57 ,eoor L,II I'll .I , ~ '1 .... " .... 
5~ 'C ODE CRrGION ON ::1 lit;; "5 

'3 59 t.ND; 2 -~ 
3 &0 wRITELNfOlJTf'I; I'EGHI 2 116; 50 '-J 

61 'C OD:: ($ T5 RSCrLl ;> 51·· 51 01 •. 



b2 lCOD~ L R'.J,Rt5 .. 52:; 52 
b3 H;)DE CREG!(j" OFF .. 53;: 53 

1 (,0 L"D: , 
b~ 

? /, ~ lNOI , 
,,~ .' !i~ , ,.7 ~ N'; 

,. 
~ !)~t. SS 

PR03RAH DU'PI[ CONTAINS 67 LlN'-S AtID <. PPOCI:.IJU'H:S/"! rxT[PNAL<; 
NO 'IA IN rlloG" A"1 !~rLlT A'lD OUTf'UT ~rlr AsCn rULe; 
.. TOH3EI :!'~7/~J.79 T!~l U~U)I J~a~ M!LLISrCDNOS 
rNO PASCAL BillA .- NJ ERflons NO WARfllNG5 5(' I ~ANK 

~CTS, " 
OLD Tpr\~PHCODE 
ASS\JM( ASCII OFf 
CALL UNIVAC·CPS~CU:AR 
SAVE TPF';P'I!'IT 
xCTS 
tN ote '"'onE. 
asu .PA5C AL ~'s, l'HL MV 
PASCAL aPIA PL!a THURS DAY, 1903 JULY 2a.17:~6:5B 

1 

2 PROGIIAH OU INt: I BUrrrQ'; t 0, US 
TY~E LABELS =IRECLIVf,SE~O,lNIT'; 1 

~ PROCEDURE BUffERIVAR [NTRY:LA9ELS;VAIl INP:INTEGER;VAIl OUTP:INTEGERl: .. o~ 7 .. 
5 VAQ fULL I SOOlON 2 811. e 
~ CONT(NTS I HITl:GER I 2 'Iii 'I 

1 7 3EGHI 2 

Z e SEGHI 2 0-.. " 9 HODE SZ F'BUFFEIl .. 5,. 5 
10 'CODE S Xllo,X<;,IIU FrrR '1 ". " .. 
!l 'COO~ PRocn 2 T;: ., 

:z 12 EN~: 
, 

Z 13 CAsr ENTRY or :,> 8t '11 
l~ !?f.c[!vr: .. 
15 11(C; I" '1 
16 

~ 17 ~£Gl~ '1 
lA ICOOE ens LOC~V :,> H" 11 

II .Q ENO: 7 
20 
21 
22 n:;l" 2 

23 ICOOE T~ firer Ivt!? 2 J,3· 13 .' ~ 24 END: 2 

2S 
2~ If' NOT FUl.L THUI ;> l~t 16 ...... 

4 Z7 ~f.S!1/ :,> ""'-I 
1./\ lcnnr C. BQ tll.r. t T V r Il ? 111:, 11 0'1 



L_Mi, &(,ky 

~ ,9 ::flO ;> 
~f"' !;.LSr '1 

4 .ll ~L31~ '1 J.At. l~ 

~ ? HOU:: C'TS RrCrrVt." 2 1'1-t., 11:1 
'I .u EIIO; 2 

34 
J5 OIJT" := CONTLNfS 2 2n·· .. 2~ 

36 .. 37 3E.Sl~ 2 
3P Hoor T " srNn(.p i! lll· Z'I .. 

" 
jQ ~NO; ;> 
4 'I 
41 Fill I. := 'ALS!: ;> l5i.. 26 
47 .. 43 31. S 1" i! 
44 HOOE enSA St:~IDrR 2 21t 21 

" 4~ END; ;> 
46 
47 

'I 4R BEG!N 2 
49 
sn ICODE tP FXIH , 21l; 211 

4 51 END; ;> 

52 
3 53 ENn; ;> 29 t, 29 

~4 SEND: ;> 

J 5S AtGl11 ;> 

56 .. 57 91::Gl~ 2 
58 HOOF.: c~ TS LOCKV 2 JOt 30 

II 59 END; 2 
!on 
1>1 .. 62 31::Gl~ 2 
b3 'COOf: TS srNDEP 2 3t;; 3t 

" b'l END; 2 
65 
bb lr rULl THEN ;> 32· 34 
&1 3LGl'1 ;> •. .. 
&q ~COOE cnso S(NOFR '} 30;., 3'1 

'I "Q (Nfl i! 
70 [LSI' 2 

" 71 3l51'1 2 3(,1; 3(, 

7'l HODE ens sn·HllP " 31- 31 
0. 

n (NI1; ? 
'I" 
15 CONTlIHS:= JNI'; 2 3 11 ; 'I t ..... 
16 ....., 

4 71 9l:.~11/ ;> ....., 
7~ HOOE TS prCrIVl::p ;> '12 .. 4" 

II 79 END; " 



3~ 
~ , rULL . - T"Ur: 2 43· 44 .. 
92 

" 
~.~ 3L:; J. 'I 2 
~4 ~COUF. C <TSA PlCllvl'R 2 45., 45 

1+ tiS ::tiQ; 2 
~~ 

fl7 
If 8~ q E r, L I~ 2 

9~ 

9[' lCODf Ul rxu· 2 46. 46 
1+ 91 ~fI&J; 2 

9? 
93 r N('l; 2 470; 47 
94 TNtT: 2 

3 95 "E(a~l 2 
9~ r UL.I. ,: F' A V,!: I 2 411;. 49 
97 .. 9B al:.Gl~ 2 
99 HOD:: TS np.urF'r.R 1 S"Si 5" 
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1 .COMPILE OPTIONS=lSRLH,ELTNAM£=TPF',HAYN 
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1 PEN TRY I' PHILENT 
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t PHIlQO QUEUE 
t PHILQt QUEUE 
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f PMIlQ) QUEUE 
{ PHIlQ4 I QUEUE 
t ENTRYLOCKI QUFUE 
{ WAITWD QUFUE 
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t Ff.NTRy :: INtT : 
t STARTUP WITH TASKNAHEIFOOI FORKSIFENTRV,PHtLIO FORWAROI: 
{ PENTRY := PINIT : 
t STARTUP WITH TASKNAHEIPOOI PHILSIPENTRYI: 
t ron(GlNISTARTERI, 
f lOCKIPHILSTI: 
t PENTRY 1= PHILO 
t FORK WITH TASKNAMEIPOI PHILSIPENTRYI: 
t wAtTIPHILSTl1 
1 LOCKIPHILSTI: 
t P[NTRY := PHIL. : 
t FORK WITM TASKNAHEIPll PHILSfPENTRYI: 
r WAITIPMII.STI) 
1 LOCKIPHILSTI) 
I PENTRY 1= PHIL2 , 
t FORK WITH TASKNAMEIP21 PHILSIPENTRYI: 
1 WAITIPffILSTI: 
, LOCKIPHILSTI: 
t PENTRV := PHIL) : 
t FORK WITM TASKNAMEIPJJ PHILSIPENTRYI: 
1 uAITIPHILSTI, 
f LOCKIPfIlLSTJ) 
t PlNTPV I: PHIL4 I 
t FORK WITH TASKNAHEIP41 PHILSIPENTRYI: 
1 WAITIPHILSTI: 
1 COENO: 
t WA1TlwArTWO'j 
1 tLl.nl~.l'wOI) ..... 
t SIISPENDI,1DODI: t.O 
t TfRMrNATE: ..... 
t tNO; 
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.COMPILE OPTIONS=ISRLMV,ELTNAMF"=TPF"';PHILS 
PROGRAM OEF"INEIPHILS'; 
TYPE lABELS=IPICMUP,PUTOOWN,INIT'; 
TYPE PHILENT=IPHTLO,PHILt,PHILZ,PHIL3,PHIL4,PINIT1: 
PROCEDURE PHIlSIVAR pENTRy:pHILENT;VAR I:INTEGER'; 
PROCEDURE fORKSIVAR fENTRY:LABELS;VAP I:INTEGER':MONITOR; 
YAP PHIDO I INTEGER 

PHIDl INTEGER 
PHID2 INTEGER 
pHI03 INTEGER 
PHI04 INTEGER 
fENTRV LABELS 

BEGIN 
CASE PENtRV OF" 

PHILOI 
BEGIN 
LOCK IPHILSTI: 
SIGNALIPHILST' : 
AWA!TISTARTER, : 
PHIOO : = 0: 
WHILE TRUf. 00 

BEGIN 
SUSPENOI3': 
LOCKIENTFlYLOCK' : 
LOCKIPHILOO': 
FEN TRY 1= PICKUP : 
fORK WITH TASKNAMf.IF"U' rORKSIF"ENTRV,PHIDO'; 
WAlTIPHILOO'; 
AWAITIFn, : 
SUSf>ENDI8'; 
LOCKIENTRYLOCK'; 
FENTRY := PUTDOWN ; 
FORK WITH TASKNAMEeFO' FORKSIF~NTRy,PHIOO': 

AWAITeFOI: 
QUIT BY CHECKINGeWAITWD'; 

END; 
tNDI 

f'H IL 11 
BEGIN 
LOCK IPHILSTI: 
SIGNALlpHILST, ; 
AIIUTISTARTER, : 
PfIIDl := 1: 
wHILErRuE 00 

BEGIN 
SUS"E.NO/21; 
lOCK '(NTRYlOC" II 
LOCKlpHILO,l.'; 
FEN TRY := pICKUP 
FORK WITH TASKNAME(Fl' FORKS(FENTRY,PHID11; 
WAITePHIL01' ; 

.... 
1.0 
N 



1 
1 
t 
t' 
t 
t 
t 
r 
t 
t 
t 
t 
f 
1 
t 
f 
1 
t 
t 
1 
{ 

f 
1 
f 
\ 
t 
1 
t , 
1 
t 
t 
t 
~ 

1 
1 
1 
1 
1 
1 
1 
t 
1 
f 
t 
t 
t 
t 
1 
1 

AIIAITIF"lI: 
SUSPEND(1): 
LOC~ I ENTRYLOCK): 
F"ENTRV := PUTOOWN 
FORK WITH TASKNAHr.IF"l) FORKSIF(NTRY,PHI01': 
AWAlTIF!) : 
OUlT AV CHtCKTNnCWAITWOlr 

(NO: 
lND: 

PH IL 2: 
BEGIN 
LOCK IPHILSTlr 
SlGNALIPHILSTlr 
AWAlTISTARTERI: 
!>HID2 := 2: 
wHILE TRUE 00 

REGlN 
SUSPE:NO 151/ 
LOCK IENTRVLOCK I: 
LOCKIPHIL021: 
FENTRV := PICKUP: 
rORK 1I1TH TASKNAM[IF21 FORKs(r[NTRY,PHIOZ): 
WAlT(PHILOZI: 
AIIAITlrZI: 

SUS"ENDI211 
LOCK I [NTRYLOCt< I: 
rENTRY := PUTDOIIN 
FORK WITH TASKNAHEIF21 FORKSlr(NTRv,PHID21: 
AIiArTIF;»: 
QUIT AV CHECKINGIIIAITIIOI: 

["10: 
["10: 

!>H IL:5: 
REGl'" 
LOC~ (!>HILSTI: 
SlGNALIPHILSTI: 
AWAlTISTARTERI; 
PHIOl : = 3: 
IIH ILE TlW[ 00 

9EGl"l 
SUSPENDI!>I: 
LOCK I ENTRYLOCK I: 
LOCKIPHIL031: 
FENTRY := PICKUP 
FORK 1I1TH TASKNAHrlF"3) F"ORKS(F"ENTRV,PHIOJ1: 
IIHTIPHIL031; 
AWAITlr,,: 
~IJS~!'.NrJ (l', 
LOCK (ENTRYLOCK I: 
FEN TRY := PUTOOIIN 

..... 
~ 
w 



1 
1 
f 
1 
t 
1 
f 
1 
1 
1 
1 
f 
1 
f 
1 
1 
f 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
t 
f 
1 
t 
1 
1 
[ 

1 
t 
1 
1 
1 
1 
1 
t 
\ 
1 
t 
1 
1 
1 
t 
1 

FORK WITH T_SKNAHflFjl FORKSlFlNTRV,PHIOJI; 
AIiAITlF31; 
QUIT BY CHECKINGlWAITWOI; 

UW; 
lNO; 

PH Il4: 
:\(:'GIN 
lOCKlP>illST) ; 
SIGNALlPHllST) ; 
AWAITISTARTER) ; 
PHT04 := 4; 
WHILE TRUE DO 

BEGIN 
SUSPEND(4); 
LOCK I ENTRYLOCK); 
LOCK lPHIl041; 
FENTRY := PICKUP 
FORK WITH TASKNAHElF41 FORKSlFE~TRy,PHlD41; 

WAITIPHILQ41; 
AWAITlF4); 
SUSPENDI91; 
LOCK lENTRYLOCK I; 
ffNTRY 1= PIlTflOWN ; 
fORK WITH TASKNAM[CF4) FURKSCrlNTRY,PH1D41; 
AWAITlF"'; 
QUIT BY CHECKINGlWAITWDI; 

1.ND; 
UW; 

PINH: 
BEGIN 

REL£ASEIPHILSI; 
wALT FOREVER; 
QU!T; 

f.~O; 

FNO; 
FND' 

.COMPilE OPTTONS=lSRLHV,ElTNAME=TPFi;FORKS 
PROGQA~ DEFI~ElFORKSI; 

TYPl LABELS=IPICKUP,PUTDOWN,INITI; 
PROCEDURE FO~KSIVAR FENTRY:LABElS;VAR I:INTtGlR); 
VAP. FRK ARRAY ( 0,;" ] OF O!;l ; 

~AITtNG : ARRAY ( 0,;4 ] Of BOOLEAN; 
!lEG 1" 

CASr FlNTRV OF 
PlCKUP: 

ilf"GIN 
CA!>E I OF 

0: LOCK I PHILOUI 
1: lOCKlPHTLO.4I 
2: LOCKlDHIL02) 

LOCKlDHTLOJI 

--' 
I.D 
-'=" 
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q: LOC~(~HtL04': 

E~O; 

IF FRKC!) (> 2 THEN BEGtN 

CP~GION: 
WRITELN: 

WAITINGEI] := TRUE: 
CASE I OF 
0: UNLOCK(PHILOOI 
1: UNLOCK(PHILOl' 
21 UNLOCK(PHtL021 
3: UNLOCK(PHIL031 
4: UNLOCK(PHIL041 

END: 

WRITELN(' OPERATION : PICKUP I RE1ERV FORKS 'I: 
WRITE(' PHILOSOPHER ',1,' FORKS ON THE .TISLE : 'I; 
WRITEIFRK[O),' ',fRK(1),' ',fRKeZ),' ',fRKE3],' ',fRK(4)I;WRtTELN: 
WRITEI' wAITING IRRAY I "I 
WRITECWAITINr.cn1,' ',WllTINGtlJ,' ',WAITtNGC2J,' ',WIITING[3J,' ',WAITtNGC 4 11; 
WRITELN; 

CFNOI 

ELSE IlEGIN 
WAnINGrtJ I::' rAur I 

UNLOCKCrNTRYLOCKl1 
QUIT; 
lNO 

I'I'IHI. IP'" MM' f, :If! rllKf II'''' MOO !I ell 
rRK( II+tl MOO 5 J:: fRKf Cl+11 MOD 5 :l II 
CASE. 1 OF 

0: SIGNALIPHILC"': 
1: SIGNALCPHILCll; 
L: SIGNAL(P HILQ21; 
3: SlGNALCPHILC31: 
,,: SIGNALCPHILC"'; 

END; 
CREGION: 

WRITEL'l; 
WR!TEL~I' OPERATION : PIC~UP I GET FOqKS "; 
WRITEC' PHILOSOPHfR ',I,' FORKS ON T~E TABLE: "; 
WRIT ( U" RK [ 0) " ',F R K r ~ J " " f RK C 21,' " fRIH J J,' " f R K ( " J I ; II RI Tf: LN; 
w~r'rl' w~'TLNn A"R~' I "I 
wIHHlwATTTNG[I"],' ',WA1TINGrlJ,' ',WAYTtNGC2J,' ',wAITINGt,n,' ',WAYTTN(;[q)l: 
ioIIHTf.LN; 

CfND; 
UNLOCK C(NTRVlOCK I; 
OIJIT I 

!'Nfl ; 
lND: 

PUTDOW'l: 
B!'GIN 

fR~( II+q, MOD 5 J:= r-PKf (l+~' Mon 5 J • t; 

...... 
1.0 
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FRn 11+\1 MOt! 5 )1: FIlKr IP~) Mon .. 1 + tl 
IF" ( F"~Kr 11+4) Mon ~ , = ? , ANn 

I WAHING( (1+4) MOD 5 ) ) THI:."I 
BFG1N 

wAITINGC 11+") MOD 5 J := FALSI' 
rRK( (1+3) MOD 5 J:= I'IlKC (1+31 '100 5 J ::: 1: 
r R K C 1 J : = r ilK C 1 J 1 ; 
CAS[ 11+41 MOO 5 OF -

U: SlGNALIPHILQOI: 
41 SIGNAL(PHILC 1I: 
2: SlGNAUPHILC21: 
3: SIGNAUPHILQ11: 
'I: SIGNAL(PHILQ4): 

(NO: 
END: 

IF I FRK[ 11+4) MOD 5 J = 2 I AND 
I IIHTINGC 11+J.I MOO 5 J I THEN 
BEGIN 

WAlTINGC (1+1) HOD 5 J 1= FALSE 
rRKC (1+21 MOD 5 J:= FRKC 11+21 MOO 5 ) :: 1: 
rRKC I J := rRKC 1 J 1: 
CASE 11+11 HOD 5 OF • 

0: SIGNAL (PHILonl: 
11 HGNAL!PHILOf): 
21 SItINALlPfllLQ?): 
3: SrGNAUPHILQJI: 
'I: SlGNAL(PHILQql: 

END: 
("10: 

CREGION: 
wRtHLN; 
IIIHHL~!' O~!;IIATlnN I ""fDUWN '" 
wRITr!' ~fllL050PHrR I '",' rOPKS ON THE ,ASLE : ": 
WRITE!FRK(nJ,' ',rRKC.l.J,' ',rRKC<'J,' ',rRKC 3J,' • ,f'RKC"JI :WRTTFLN; 
IIRITE(' WAITING ARRAY: 'I: 
W R I T1: I II AT T I NIH f'l J " ',II A 1 T IN G r 1 J " ',II AT TIN 5 [ 7 J " ',II a 1 T PI Gr .I J .' '. W A T T T N r, ( " J I : 
wRrHL~' 

e[NO, 
U~LOCK([NTRYLOC~I: 

QUlT : 
END: 

INIT : 
BfG T N 

FOR 1:= U TO 4 no aFGtN 

R(L(AS[ !FORKS I; 
wAIT FOR(Vt.R; 
S TGNAL (WA !TWO I: 
011 L T : 

rflK( l J I~ 7: 
IIA TT'TNtlC 1 J I: fALH: 

END: 
...... 
1.0 
0' 



1 END; 
r rND: 
1 END; 
I 

acps;s,N SCRATCH'.SCRATCHl,CPS;S/l,SCRATCH'tSC~ATCHZ 
~AC~O JNT[PPRETER LEVEL TRr n1/Z1/A~ U7J~bJUh 
'C~,;"N 'tRAfCH,,5C~ATCH1,C~S:S/I, 
HACRO INTERPRETER LEVEL TRI 01/21/RJ 01:56:44 
acps;x 
IBU.PASCAL:S,ISRLM 
'ASCAL AR1A PLTn ~tDNrS"AV, 1~9! JULY 21, 1J~AJtl 

1 

2 
3 

PROGRAH HATNIXNPUT OUTPUT': 
TYPE LABELs=ePTCKu~,PUTDO~N,tNTT': 

4 
5 
(, 

TYPE PHILENT=(PHtLo,PHtLt,PHtL2,PHrL3,DHTLIl,Dl~lT': 
PROCEDURE FORKseVAR rENTR':LABELS:VAP OHILTO:INT~GrR';fXTEPNAL 
PROcEoURE PHILSIVAP PENTRY:PHILENTI;fxT[QNAL ; 

7 
II 
9 

VAP GLOBALS J ARRA' 1,1 ;, ,A21.' OF l~T[G~R : 
FENTRY I uerLS : 
AENTRY : PHILlNT : 

10 AHILIO : INTEGER : 
RSCELL. T'CELL 
CBGNsr. T'CELL 
SYSTEHHOLO. '!CfLL 
ENTRYLOC~. 'SCELL 
PHILOO. TSCELL 
PHILO 1. TSClLL 
PHILQZ. TICELL 
PHIL03. TIC ELL 
PHIL04. TSClLL 
PHILS'. r'ClLL 
WAITWO- T'CELL 
TSfO~KS. T'CELL 
'IHAIN. TIC£LL 
TIPHILS. TICtLL 
XS'FORKS. ~fS 
XSIMAIN. RES 
XSIPHILS. RrS 
CBGNAME. RES 
F'f~RKS. RES 
fSHAIN. R[S 
FIPHILS_ RES 
SVRGAO. RES 9nO 
SVRGAI. PlS 9nu 

.I. 

~ 

! 

1 
t 
1 
1 

It 'CODE 
12 'CODE 
13 'CODE 
14 ICODE 
15 HODE 
16 'CODE 
17 HOOE 
18 ICOOE 
J,9 ICOOE 
20 'CODE 
:ll 'CODE: 
22 'CODE 
23 HOOE 
21l 'CODE 
25 'CODE 
26 'CODE: 
21 'CODE 
28 ,CODE 
29 'CODE 
10 'CODE: 
.H 'CODE 
.12 leOOE 
.B HOOE 
34 'CODE 
3'1 ICOOF.: 

RES SIZE' t36 tH~l 
• 11' • w 

36 
37 'CODE COBEGIN* 
3A 'CODE L Aro, e 'CBG' I 

t o· 13'5 
1 

.. 
t 
2 "E'. (, 
2 0li 0; 

1 U61 4~S(' 

t 1~S7 .. 1~S7 
1 1~5!11i 4~51\ 

1 lQ59, 4~59 
1 n- o 
1 t; 1 , 2~ 

II 
2 

1 3t ~ 

1 q, 4 
1 5. c; 

t 6· .. 6 
1 7- 7 
1 q~ 6 ... 
t 9~ 9 .. 
t lnt 10 
1. 11; It 

1i? l? 
.1~; 13 
lll- 11l • 1'1; It; 

1"";. 1" 
17;. 17 , lQ· lA , .. 
19• 19 , 2O, 10 

t 2'· Z, .. 
1 27. 1~ , 2~; 23 
t 24~ 24 ., 

-' 
20;. 25 \D 

2";;. 2" ...... 



P'CHECK/pAS8P1 " 11 0~On5 01",0"" ~ (2) 0'1"'112 0'lU'I,7 
I( 31 "~to"s 01,070 

FORKS I( I. Oll07! 012516 
" 131 012517 01260'1 

PHILS "C 11 012605 OtJII07 'IOJ "'1"'120 U'IOQl2 
MAIN I( 11 013'110 otHor , (0 I O'lO'lB 0'104"3 

~ (0361 0'11.144'1 0'164'1" 
SYS'*RLIB'; LEVEL 
END MAP, FRRORS: 0 TIME: 1".671 STORAGE! 17192/4,O'l0717/U73771 
lUSt tNroTAALE,INro,. 
IUSE pAlononUO,INFO'. 
ISErc,O 
aXOT TpFI,MAIN 

OPERATION 
PHILOSOPHER 
WAITING ARPAY 

OPE~AT~ON ",HI OS PHfP 
wAITING ARRAY 

OllERAlYON 
PHILOSOpHEP 
wAITING ARPAY 

OPERATION 
PHILOSOpHEI! 
WAITING ARRAY 

OPERATION 
PHILOSOPHEP 
WAITING ARIUV 

OPERATION 
PHILOSOPHER 
WlTTING A~PAV 

OPERA TION 
PHILOSOPHER 
wAITING ARRAV 

OPERATION 
PHILOSOPHEP 
WAITING ARI!AY 

OP[RATTON 
PHILOSOPHEI! 
wAITING ARRAY 

oprRATION 

PICKUP I GET FORKS 
If FORKS ON THE TABLE : t 2 2 [ 2 
FALSE FALSE FALSE FALSE FALSE 

tlr.~U~ , ~E~ r9RKS . 0 K N HE TABLE I 02 t t :> 
I FALSE FALSE FALSE FALSE FALSE 

PUTOOWN 
I If FORKS ON THE TABLE I t 7 f 2 , 
I FALSE FALSE FALSE FALSE FALSE 

puTDOWN 
1 FORKS ON THE TABLE : :> 2 2 2 2 
FALSE FALSE FALSE FALSE FALSE 

PICKUP I GET FORKS 
I If FORKS ON THE TABLE : t 2 ;> t 2 
I FALSE FALSE FALSE FALSE FALSE 

PICKUP I GET FORKS 
f ;> 1 FORKS ON THE TABLE I ° 2 t 

I FALSE FALSE FALSE FALSE FALSE 

PUTDOWN 
If FORKS ON THE TABLE : t ;> t 2 2 

I FALSE FALSE FALSE FALSE FALSE 

: purDOWN 
1 FORKS ON THE TABLE : :2 2 2 2 ;> 

FALSE FALSE FALSE FALSE rALsr 

I PICKUP I GET rORMS 
I If rORKS ON THE TABLE I 1 ;> 2 t ;> 

rALSE FALSE FALSE FALSE FALSE 

I PICKUP I GtT rOR~~ 

~A MAR flO 

27 JUL 8l 

27 JUL 83 
21 JUL 8l 

1":27:50; 

08:01:06 

08:0U:11 
0 1 :59:211 

--' 
U) 
CX) 



PHILOSOPHER 1 FORKS ON THE TABLE : o 7. 1 1 7. 
WAITING ARPAY FALSE FALSE FALSE FALSE FALSE 

OPERATION PUTOOWN 
PHILOSOPHER If FORKS ON THE TABLE I 1 7. t i' ? 
WAtTING ARPAY FALSE FALSE FALSE FALSE FALSE 

OPERA TION PUTDOWN 
PHILOSOPHER l' FO~KS ON THE TABLE : 7. 7. 7. 2 2 
WAITING ARRAY FALSE FALSE ~ALSE FALSE FALSE 

OPERATION PICKUP I GET FORKS 
PHILOSOPHER .. FORKS ON THE TABLE : 1 2 7. 1 7. 
WUTING ARRAY I FALSE FALSE FALSE FALSE FALSE 

OPERATION PICKUP I GET FORKS 
PHILOSOPHER 1 FORKS ON THE TABLE : o 2 1 f 7. 
WUTING ARRAY FALSE FALSE FALSE FALSE FALSE 

OFtERA TION PUTDOWN 
PHILOSOPHEP If FORKS ON THE TABLE : f ? t 7. 7. 
WAITING ARPAY FALSE FALSE FALSE FALSE FALSE 

OPERATION I PUTOOWN 
PHILOSOPHER 1 FORKS ON THE TABLE : 7. 7. 7. 7. 7. 
WAITING ARRAY fALSE FALSE FALSE FALSE FALSE 

OPERATION I PICKUP I GET FORKS 
PHILOSOPHER If FORKS ON THE TABLE : t 7. 7. 1 2 
WAITING ARIUY FALSE FALSE FALSE FALSE FALSE 

OPER A HON I PICKUP I REZERY FORKS 
PHILOSOPH(P I 0 FORKS ON THF TABLE I 12212 
WAITING ARRAY TRUE FALSE FALSE FALSE FALSE 

OPERATION I PUTOOWN 
PHILOSOPH(P I If FORKS ON THE TABLE : 2 " i' 2 t 
W HUNG ARR AY FALSE FALSE FALSE FALSE FALSE 

OI>EIUTION PICKUP I GET FORKS 
PHILOSOPHER 3 FORKS ON THE TABLE I 7. t t 2 t) 

WAITtNf1 AIlPAY I rALSr FALSE FALSF FALSE FALSE 

OPERATION PUTDOWN 
PHILOSOPHER 0 FORKS ON THE TABLE : 7. 7. 1 7. ! 
WUTING ARPAY FALSE FALSE FALSE FALSE FALSE 

OPERATION PUTDOWN -' 
PHILOSOPHER 3 FORKS ON THE TABLE : 7. 7. 7. 7. 7. 0.0 
WAITING ARRAY FALSE FALSE FALSE FALSE FALSE 0.0 



,e:;ac;eJZ 24 • 

O~ER A TT ON ~ICKUP I GET FORKS 
~HILOSO~HER 0 FORKS ON THE TABLE : ;> t ;> ;> t 
WAITING ARPAV I FALSE FALSE FALSE FALSE FALSE 

O~ERATION PICKUP I GET FORKS 
PHILOSOPHER 3 FORKS ON THE TABLE : ;> f t ;> n 
WAITING ARRAY FALSE FALSE FALSE FALSE FALSE 

OllERATION I IIUTOOWN 
PHILOSOPHEI'! 0 FORKS ON THE TABLE : ;> ;> t ;> t 
WAITING ARIIAY FALSE FALSE FALSE FALSE FALSE 

OPERATION "UTDOWN 
PHILOSOPHER 3 FORKS ON THE TABLE I 2 ;> 2 2 ;> 
WAITING ARRAY I FALSE FALSE FALSE FALSE FALSE 

OllERATION ~lCKUP I GET FORKS . 
PflILOSOPHER 0 FORMS ON THE TABLE : ;> t 2 ;> t 
WAITING ARPAY FALSE FALSE FALSE FALSE FALSE 

OllERATION "lCKU" I GET FORMS 
PHILOSOPfltP 3 FORMS ON THE TABLE I 2 t f 2 11 
WAITING ARRAY FALSE FALSE FALSE FALSE FALSE 

OPERATION I PUTOOWN 
PHILOSOPH[P f 0 rORKS ON THE TABLE f 2 2 t 2 1 
WAITINIl ARPAY I FALSE FALSE FALSE FALSE FALSE 

OPERATION PUTDOwN 
PHILOSOPHER 3 FORKS ON THE TABLE : 2 ;> 2 2 2 
WAITING ARPAV FALSE FALSE FALSE FALSE FALSE 

OPERA TION PICKUP I GET FORKS 
PHILOSOPHER 0 FORMS ON THE TABLE : ;> 1 ;> 2 t 
WAITING ARRAY FALSE FALSE FALSE FALSE FALSE 

OllElUTION' PICKUP I GET FORKS 
PHILOSOPHER 3 FORKS ON THE TABLE : ;> t t 2 n 
WAITTN" ARRAY I FALSE FALSE FALSE FALSE FALsr 

OPERATION IIUTOOWN 
PHILOSOPHER 0 FORMS ON THE TABLE : ;> ;> t ;> t 
WAITING ARPAr FALSE FALSE FALSE FALSE FALSf. 

OllERATION PUTOOWN 
PHILOSOPHER I 3 FORKS ON THf. TABLf. I Z ;> " ? , 
WAlTYN!; ARRAY r FALSE FALSE rALSF FALSE FALSE 

OPERATTON I PICKUP I GET FORKS N 
0 PHILOSOPHEP 0 FORKS ON THE TABLE : ;> t ;> ;> t 0 

WAITING ARRAY FALSE FALSE FALSE FALSE FALsr 



oprfUTlON I PIC~UP I GET rORKS 
PHILOSOPHER 3 FORKS ON THE TABLE : 7. t t 7. 0 
W~ITING ARR~Y FALSE FALSE FALSE FALSE FALSE 

OPERATION PUTDOWN 
PHILOSOPHeR 0 rORKS ON THE TABLE : 7. 1. t 1. , 
WAITING ARRAY ! FALSE FALSE FALSE FALSE FALSE 

OPERATION PUTOOwN 
PHILOSOPHER :1 fORKS ON THE TABLE : 2 1. 222 
WAITING ARRAY FALSE FALSE FALSE fALSE fALSE 

OPERATTON PICKUP I GET FORKS 
PHILOSOPHER 0 FORKS ON THE TABLE I '- t 7. 1. t 
WAITING ARfUY I FALSE FALSE FALSE FALSE FALSE 

OPERATION PICKUP I GET fORKS 
PHILOSOPHER I 3 FORKS ON THE TAALF. I 1. 1 t ., 0 
WAITING ARPAY I FALSe FALSE FALsE FALSE FALSE 

OprRA TION PUTOOWN 
PHILOSOPHER 0 FORKS ON THE TABLE : 7. 7. t 7. 1 
WUTING ARRAY I FALSE FALSE FALSE rALSE FALsr 

oprrunoN I PUTOOWN 
PHILOSOPHER 3 FORKS ON THE TABLE : 7. 7. 7. 7. 7. 
WAITING ARR"" FAL~E FALSE FALSE FALSE FALSE 

OPERATION PICKUP I GET fORKS 
PHILOSOPHER 0 FORKS ON THE TABLE : 7. 1 7. 1. t 
WAITING ARRAY FALSE FAlSE FALSE FALSE rALSF 

O,.ERATION I PICKUP I GET FORKS 
PHILOSOPHER 3 FORKS ON THE TAeLE : 7. 1 17.0 
WAITING ARRAY FALSE FALSE fALSE FALSE FALSE 

OPI':RATION I PUTDO\lN 
PHILOSOPHER 0 FORKS ON THE TABLE I 7. 7. t 7. t 
WAITING ARRAY FALSE FALSE FALSE FAlsE FALSE 

OPERA TION PUTOOWN 
PHILOSOPHEII 3 FORKS ON THE TABLE I 7. 7. 7. 1. 2 
WAITING ARRAY FALSE FALSE FALSE FALSE FALSE 

OltEUTtON PICKUP I GFT rORKS 
PHILOSOPH!:" 0 rORMS ON THI': TAnLF I 2 1 2 2 t 
WAtTING _RRAY rALsr FALSE fAL5f FALSf fALSf 

N 

OprRATION PICKUP I GET fORKS 0 
-' 

PHILOSOPHER 3 FOR~S ON THf TABLf ;> t t 7. !1 



------~ "~~"""-,-"'--~------------

E.3.1 - CASE STUDY THREE: Quicksort (Without Processor Dedication) 

acps;s,s ,CpS,S/O, 
HACqO INTERPRETER LEVEL TRY 07/27/A3 08:03:42 

r .COHplLE OpTtONS=IRSLHG,ELTNA~E=TPF':MAIN 
r PROGRAM HAINIINPUT,OUTpUTI; 
t CONST N=looo: 
r TYPE o,rNTRICS:C at1NIT , 04START I; 
r 02ENTRIES :( 02INIT , OZSTART I; 
I ARRAYTypE : ARRAY [ t ;. N ] OF INTEGER: 
1 PROCEOURE DIVIDETWOIVAR X : ARRAYTYPE: N : INTEGERI; PROCESS: 
r PROCEDURE OUICKONECVAR OfENTPY oIENTRIFS:VAR x 1 ARRAYTVpE: LOWER, 1 INTEGER: UP~ERl 1 INT~G~RI: PROCESS: 
r PROCEDURE OUICKTWOIVAR Q2ENTPV 1 Q2lNTRIES:VAR x I ARRAyTyPll LOWlR2 1 INTEGER: UP~EP2 1 INTEGEPI: PROCESS: 
r VAR FINISH ~UEUE 
r OLOCKl QUEUE 
[ QLOCK2 QUEUE 
1 FORKLOCK QUEUE 
r o,rNTPV 01ENTPIES 
[ 02ENTRY O~ENTPIES 
t DHINT INTEGER 
I I,Cp INTEGER 
r x ARRAYTypE 
r BFGIN 
1 CPEGION: 
t READLN: 
r PAGE: WRtTE:LN: WIllTEI..N; 
r WRITELNC' 
r WRITELNI WRITELN: 

•• UNSORT(O ARpAV CLOOD [LrMENTSI •• 
WRITELN; 

l' CENO; 
I FOR I := 1 TO N 
f DO BEGIN 
f CREGION: REAOIXIll): WRITElxlrllSI: CEND; 

" ; 

t IF C I HOD 20 I = 0 THEN BEGIN CREGION: WRITELN: CENO: END: 
r END: 
r LOCKCFINISHI: LOCKCQLOCK11: LOCKIQlOCK21: 
r CREGION: CP 1= CPTIMECJ): CENO; 
r Q1ENTRY :: QfINIT: 
r STARTUP WITH TASKNAHECTO[I QUICKONEI01ENTRY,X,DHINT FORW.DHINT FORWI; 
r 02ENTRV := Q?INIT; 
I STARTUP WITH TASKNAHECT021 QUICKTwocozrNTRv,X,DHTNT FO~W,OMINT FORWI: 
r STARTUP WITH TASKNAHrCTonl OIVIOETWOCX,NI: 
I WAITCFINISHI: 
( CREGION: 
r CP 1= cPTIMECl';CP; 
f PAGE; WRITELN; WPITElN: WRITElN(' 
r WRITELN; WRITELN; 
r WRITELN: WRITELN; WRtTELN(' 
r WpITELN; wRITELN: 
l' C(ND I 
I rOR I 
r DO 
t 
r 

1 = 1 TO N 
BEGIN 

-CREGION: WRITECXIII:51: CENO: 
Ir (I Hon 70) = 0 THEN SEGIN 

TIME CONSU"IED " CP,' MSEC'I; 

•• SORTED ARQAV •• .) : 

CRrGIO~; wRITElN: CENO: END: 

N, 
o 
N 



I 
r 
1 
I 
f 
r 
f 
r 
r 
r 
r 
r 
r 
I 
r 
I 
f 
r 
r 
l' 
r 
1 
r 
r 
t 
f' 
l' 
r 
f 

} 
I: 
I 
r 
t 
t 
l' 
I 
I 
1 
I 
t 
1 
r 
1 
r 
r 
{ 
f 
1 
r 

END; 
LOCK lOLOCK 11; 
SIGNALIOLOCKII: 
LDCKIOLOCKZI; 
SIGNALIOLDCKZI; 
OUIT: 

ENDr 
.COMr LE O~TIONS:I~SLMVG,ELTNAMl=T~F'.OlVIOE~ 

PROGRAM DEFINEIDIVIOETWOI: 
CONST N=lDDD: 
TYPE 01ENTRIES =C olINIT , OlSTART I; 

02ENTRtES :, OZINIT 02START II 
ARRAYTYPE : ARRAV [ i :1 N ] OF INTEGER I 

PROCEDURE DIVIDETWOIVAR X : ARRAYTYPE: N : INTEGERI: 
PROCEDURE OUICKONEIVAR QrENTRY OfENTRlrS:VAR X ARRAYTYP[: 
PROCEDURE QUICKTWDIVAR Q2ENTRY : Q2[NTRIES:VAR X : ARRAYTYP[: 
VAR UP,DOWN,. INTEGER 

BEGIN 

LB,UB,J I INTEGER 
OlENTRV I O~ENTRIES 
02ENTRV 02ENTRIES 
I,JPr,JMf I INTEGER 
TEMP I INTEGER 

RELEASEIDIVIDETWOI: 
L 9 I: 1 I UII 1 = N I A I: LA 1 
UP I~ Ull I DOWN I: til 
REPEAT 

WHILE , UP ) DOWN I AND I X [ UP ] A I 00 UP : = UP ;1; 
J .- UP : ' 
rF UP () (lOWN THEN IIEGIN 

TEMP ,= X [ DOW~ ) , 
X [ DOWN ] := X [ UP ] ; 
X r UP ] := Tl~P ; 

LOWER! 
LOWERZ 

INTEGER: UPPERl 
INTEGER; UPJ>ER2 

INTEGER); PROCESS: 
INTEGER); PROCESS: 

WHTLr. I DOWN ( UP I .N~ I 
J ,= DOWN, 

X r nOIiN 1 <~ • I no DIlWN I: DOWN. " 

IF DOWN <) UP THEN BEGIN 

UNTIL DOWN = uP 
)( r J J := • : 
JPl' := J + 1: 

END: 

JMt := J - ,: . 
IF U9 ) J~l THEN erGIN 

LOCKIF'ORKLOCKI: 
OlENTRV :: QtSTA~T ; 

TE~P 
x r UP 

:= ~ r UP J: 
x [ 0 OW N J: 

x roo",,) :7 TLMP 
E~O: 

rORK wITH TASK~AMEITObl OUIC~D~Er~!E~TPY.X.JP!,U~I: 
WAITIFORKLOCK I: 

END: 

N 
o 
w 



f 
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1 
1 
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f 
r 
{ 
r 
r 
r 
t 
r 
f 
l' 
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1 
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I 
1" 
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1 
1 
r 
l' 
r 
r 
1 
r 
r 
r 
r 

IF JMl ) LII THEN BEGIN 
LOCKIFORKLOCK'; 
02ENTRY := 02START 
FORK WITH TASKNAHECT01' OUICKTwOlOZrNTRv,x,LB,JH!,; 
WAlTIFoRKLOCK': 

AWAlTCT06,T01,; 
LOCKIFINIS~'; 

SIGNALIFINISH' ; 
~UIT; 
END; 

END; 

.COMPILE OPTIONS=IRSLHVG,ELTN~HE=TPF'.OUICKl 
PROGRAM oEFINECQUICKONE'1 
CONST N~10001 
TYPE QlENTRIES =c 011NIT , O~START II 

a2ENTRIES =c 021NIT , 02START I: 
ARRAYTYPE = ARRAY [ t ~, N J OF INTEGER 

PROCEDURE QUICKONEIVAR ENTRY I af(NTRIFS: VAR 
TyPE STACKITEH = RECORD 

STACK 

LII 1 INTEG!':R 
U9 1 INTEGER 

END: 
= RECORD 

TOP I INTEGER ; 

X:ARqAYTVPE; LOwFR 

ITEM ARRAY ( f •• N J OF STlCI(!TEII 
END: . 

VAil • I TACK 

BEGIN 

!lEWlhloS I 
I,J,A 
UP,DowN 
TEMP 

STACKtTEH 
INTEGER 
INTEGER 
INTEGER 

CASE ENTRy OF 
aBU'lT: 

BEGIN 
LOCKIFORKLOCKI: 
SIGNALIFORKLOCKI; 
WITH HEWBNOS 

00 BEGIN 
LO ,: LoWrRI UB 1= UPPE~: 
s;'rop 1= S,TOP +~I 
S;ITEM[ S~TOP J;Le := Le: 
S;'lTEMC S~TOP J;'UB := UBI 
WHILE NOTIS;TOP = 01 

00 BEG III 
LB := s.rrEHC S,.TOPJ;'LB; 

UB := S~ITEHC S:TOPJtUB: 
S;TOP := S.TOP C I; 
WHILE UB > LB 00 BEGIN 

INTFGER: UPPE'l 

A := X r LB J: J:= LS: UP := UBI nOWN:: LR; 
REPEAT 

INTEGE'lI: 

N 
o 
.j:>o 
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r 
t 
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I 
f 
f 
I 
t 
r 
1 
r 
t 
t 
f 
t 
r 
r 
r 
r 
1 
r 
r 
f 
f 
1 
r 
r 
f 
f 
r 
1 
r 
r 

WHILEIUP ) DOWNIA~DIX C UP] >~ A I no UP:: uP~t: 
J'~ UP I 
IF UP () DOWN THE~ BEGlN 

UNTIL DOWN : UP 
)(CJ]::A: 
If' J;;LB ) UB '='J THE~ 

QUIT; 
END; 

END; 

OlINIT: IlEGIN 

END: 
END: 

S='TOP := 0; 
RELEASEIQUICKONEI; 
WHTIOLOCK1' : 
QUIT; 

END; 

END: 
END: 

.COMPILt O~TtONS:l~SLMVG,[LTNAME=Tpr"QUTCK2 
PROG~A~ DEFINEIQUICKTWOI: 
CONST N=lODO; 
TYPE OlENTRIES =1 QtINIT , O~START I; 

Q2ENTRIES :( Q?INIT • 07.START I: 

ELSE 

TI'MP 
X ( UP J 
X (DOWNJ 

!:ND; 

: = x (UP 1: 
:: X ( DOWN 1; 

TEMP 

WHILEIDOWN ( uP, ANOIX(OOWNJ<:AI 
00 DOWN := DOwN +1: 

J := DOWN: 
IF' OOWN(>UP THEN 

BEGIN 
11:U91 UIII= JIII~I 
S';'TOP 1= S.TOP +1: 

BEGIN 
TEMP 
)( ( UP J 
X CDOw"I] 

[ND: 

S;"UEM[ 5;TOP J;'LB:: Lt"; 
S ;"ITEM[ S ;TOP J;UB : = uEI: 
Ltl := J+l: 
UA I = I: 

r.NO 
BEGIN 
1::L8: LB:: J+~: 
S;'TOP := S.TOP +1: 
S;'UEM[ S;'TOP J;'LR :~ LIl: 
S ';'1 TEM[ S ;TOP J;UR : ~ UA: 
LIl : = 1 
UB : = J::Il; 

n~o: 

x (UP J 
X ( DOWN J 
TEMP 

N 
o 
(,J'1 



r 
f 
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r 
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1 
r 
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I 
l' 
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I ARRAYTYPE :: ARRAY [ 1 ~l 'I J or INTEGER 
PROCEDURE ~UICKT~OIVAR ENTRY: a2ENTRIES: VAR 
TYPE STACKITEH = RECORO 

X:ARRAYTYPE: LOwER INTEGER: uPPER INTEGER I: 

LB INT[{;ER 
UII I INTrllrn 

[NO, 
STACK:: RECORD 

TOP 
ITEH 

VAR S 

BEGIN 

N(WBNDS 
I,J,A 
UP,DOWN 
TEHP 

CASE ENTRY or 
OZSURT: 

END: 
STACK 
SUCKITEH 
INTEGER 
INTEGER 
INTEGER 

BEGIN 
LOCKIf'ORKLOCKI: 
SIGNALCrORKLOCKI: 
WITH NEWBNDS 

DO BEGIN 

INTEGER 
ARRAY C l' ';, 

t8 ::: LOWER: U8:= UPPER; 
S~TOP := S~TOP +1: 
S~ITEH[ S~TOP J';LB := L8; 
S~ITEHC S~TOP J';UB := UB; 
WHILE NOTCS;TOP :: 0) 

00 8EGIN 

'I J OF' STACI(ITEM 

LB := S';ITEH( S';TOP1,LB: 
UB := S,ITEH( S,TOPJ;UB: 
S.TOP ,: S;TOP ,. 
WHTL' UB > LB ~O REG IN 

A ::: X [ La J: J:: LB: UP := UBI DOWN:: LB: 
REPEAT 
WHILriUP ) OOWN)'NOI~ r UPJ >= A 00 UP:: UP"l: 

JI= UP : 
IF UP () DO~N THEN 

UNTIL DOWN :: UP 

BEGIN 
TEHP 
X ( UP J : = 
x COOWN' ,: 

rr~n : 

x (UP J: 
x ( DOWN J: 
If M" 

WHILEIDOWN ( UP) AND(X[DO~NJ(=') 
DO DOWN := DOWN +1, 

J := DOwN: 
If' DOWN( >UP THEN I'I[GIN 

TE"IP 
X [ UP 
)( rDOiol~J 

rND: 

I:: l( r UP 1 I 
:= l( r DOWN J: 

TEMP N 
o 
m 



x ( J J := A: r 
1 
r 
[ 

IF J=LB ) UB .J THEN 

r 
[ 
[ 
I 
r 
f 
r 
[ 
r 
r 
r 
f 
r 
r 
t 
f 
r 
[ 
r 
r 
f 
t 
r 
r 

OZINIT: 

[ END; 
t [NO: 

QUlTl 
ENOl 

BEGIN 
S.TOP := 0: 

END: 

RELEASrlOUICKTWOl, 
WAlTIClI.OCK:1" 
QUIT: 
END: 

END; 
END: 

ICPS;S,N SCRATCH'.SCRATCHl,CPS~S/l,SCRATCH'lSCRATCH2 
MACQO INTERPRETER LEVEL 7Rl 07/27/83 08:10:~[ 
;CPS;S,N SCRATCHI.SCRATCH2,CPS;S/2, 
MACRO INTERPRETER LEVEL 71'11 07/27/83 08:1~:55 
ICPS;X 
18U.PASCAL:S,IRSLM5 
PASCAL BRIA RLIB ~EDNESDAY, 1983 JULY 27, 8:15:~~ 

1 

2 PROGRAH HlINIINPUT,OUTPUTI: 
3 CONST N=lQOO: 

" UPI': Q1ENTRtES =« QflNlT , 
!l QHNTRICS =1 Q1..tNl T , USURT II 

Q2SHRT II 

!:LSE 

6 ARPAYTYPE = ARRAY ( 1 ;. N J Of INTEGER 

BEGIN 
I:=UB: UB:= J.1: , 
~,TOP := S:TOP +f: 
S~ITEM( S.TOP J,LB := LB: 
S.ITEM( S.TOP J,UB := UBI 
La I: J+1: 
US :: t: 

END 
BEGIN 

I:=LB: LB:= J+l; 
S,TOP 1= S;TOP .(, 
S,ITI':M( S.TOP J.LB 1= LS: 
S!ITEM( S.TOP J,UB := UB: 
LB : = t 
UB : = J,t; 

END: 

7 PROCEDURE DIVIDETWOIVAR x : ARIUYTYPE: N : INTEGfRI;EXTERNAL 
8 PROCEDURE OUICKONEIVAR O[ENTRY : Q[ENTRIES VAR x ARRAVTVPE: LOWERl INTEG 
9 PROCEDURE QUyCKTWOIVAR QZENTRY : Q2ENTR1I'S VAR X : ARIlAVTyPE; LOWERl l'lTEG 

ti VAR GLOBALS : ARRAY ,=!- ,; 1820':' or INTEGE 
CP : INTEGER : 

12 DMINT : INTEGER : 

l O~ 135 

2 010 6 
2 0, II 
2 °10 II 

t t161 1955 N 

t 19S6, 1956 0 

" t 19!;7, 1957 



PSTIIACrlPAS8Pl '( 11 
'( 31 

P'WQITE/PA58P1 '111 

" 31 
PstNTRP TlPA SII Rt .. (11 

$(3) 

P'RS/PAS8Ri 1;( 1) 
.. ( 3) 

PstO/PAStlR! '( 1) 
" 31 

OUICM 2 .. 11) 
OUICK 1 "11 
DIVIDE? " 11 
MAIN "1 I 

" 3) 
SYS'*RLIB'; LEVEL 
F.:NO MAP, ERPORSI ° TIME: 111,353 
JUSE tNFOTAIIU:,INrOI. 
IUS( PA'OOOOOO,INFO', 
aSHCrO 
HOT TPr',MAIN 

0035tt. 00]671 
003672 0037211 
003725 005125 '12) Ollt'!077 0110212 
005126 005152 
005~5 3 0057'12 1(2) O'l02U 01l0H3 
005 113 006037 
0060110 007f76 .. on 0110314 0401117 
007J.77 00711011 
0071107 OlU7 ~ 1 
010720 Ohl22 
011123 01~1~O 'IeOl 0110'120 0'10421 
011711 OIZ l176 ,,0) 0"011'"2 0'10'123 
OlZ'l77 Olltos tlOI 0"011211 0"01127 
0J,3106 013555 '101 0401130 0401133 
013556 013601 '(036) Oll0431f 1401135 

STORAGEI 17792/4/0110777/073777 

23 OCT 78 

11 DEC 79 

23 APR 112 

z:J JUL 80 

23 APR 82 

27 JUL 83 
27 JUL 83 
21 JUL 83 
21 JUL 8.5 

It:52:21 

16:52:29 

10: 37:37 

lJIII9159 

10:40:32 

08:21123 
OA:20113 
0~1I911l 
011118123 

r'l.) 
a 
00 



•• UNSOQTED ARRAY ctooo ELEMENTS) •• 

67'+ ~37 'lot 506 283 76i "~6 9"0 896 976 HI 875 367 723 967 8"2 993 116U 703 "75 
1135 J8 788 825 743 50 8l" 956 7,.6 A97 193 901 3& 25 881 516 889 977 2&2 75" 
1136 511 48& 335 328 2115 388 7&& 885 IIe5 "7'1 }.29 "&2 63 2&9 31 31 3 678 717 563 
366 p7 1.17 110 890 617 "59 288 11111 292 837 286 679 396 1 3'13 70 979 899 52 
,,~o 317 '1f,5 676 2'10 601 687 597 328 57'1 1102 527 506 .391 "7 3, 2'13 "56 979 113'1 
"27 592 1107 10'1 572 9"5 5~t 6011 996 693 ° 1&7 9t 330 &3 '100 8911 '169 511" 125 
756 87 0 909 695 ,2 579 163 131 1'12 820 559 8"9 998 1f63 203 775 2813 6"2 130 '13 
t;79 2119 2H Sf2 685 1,143 A03 7'10 1406 761 97 81i ut 2112 115 7 nl 337 7'i 6~1i 

"20 '169 IIl6 ,.55 7'18 9"1 171 613 975 892 tat 551 110 593 11111 175 230 9711 11" -0 
763 895 69 571 461 361 /f78 2/f.l 464 6l 573 529 '15O lll6 720 952 11"9 265 72" "31 
505 768 9,.8 73.5 "'11 14 121 679 6116 87 73 297 710 36& ""2 52 671 1"0 790 770 
HI> 670 :570 812 1\87 5711 14? 573 " 623 1189 291 220; 763 "20 666 769 .sA6 1179 733 
'Ht. 605 '53 912 "94 1j95 179 120 657 990 929 307 ""5 33,. 860 HO "27 7tl 110" 826 
t95 907 1158 2511 706 Sill 47 6J9 321 6711 51S 982 835 257 973 1143 622 l80 988 239 
883 lI7 605 660 613 21111 865 332 552 997 931 253 "39 1158 738 116 1193 &89 1190 911 
168 731 95 754 7&0 130 50 3119 605 643 66 '195 f6l 3t9 III 474 373 355 l8l 168 
28\ 8511 17 171 28 819 3011 193 859 .,56 366 1157 9112 "8 239 816 358 '119 5116 7116 
709 IllS A'I8 348 413 7If2 83 990 824 ,pJ 34O 136 921 6~6 58t '129 391 4811 7111 35 
o;H 517 2 717 595 506 867 119 363 f6 19 151 701 932 767 382 395 625 22" 787 
J5ft 3l1l 3111 185 8111 679 911 155 833 "8 5 192 '527 715 184 3'19 "''I 122 1155 5118 
91 5 'i9 '77 239 "28 585 97" 54 473 52 90 51f0 809 6:>9 "17 78 91 301+ 811>. SO'l 
292 957 163 96'1 1411 815 907 980 '129 806 279 676 H2 86 "£0 588 506 173 143 ""2 
HO 901+ 1105 763 2U5 599 778 135 1120 561 379 1+13 87 260 1119 11f 7 867 2lf8 125 950 
855 103 tb9 510 800 J80 597 "28 132 799 166 999 !! 68 60S 837 561 'i18 l42 51>2 9116 
7511 236 701 348 668 3511 51l 788 11O 868 502 68 1'17 9118 257 244 228 9211 752 397 
A02 396 930 JOO 660 873 734 3811 1f$2 8lf3 'i8) 326 87 893 657 5i! 365 739 167 928 
tdO 10119 159 359 97 1115 229 6 8 8 lOS 1178 28'1 67 11108 6'5 794 997 'I7If lilA 771 
997 701 85 655 {96 58'1 6'14 lOO 139 367 143 360 98t 682 "0i7 817 317 466 573 61U 
263 472 663 785 486 850 687 552 491 966 237 105 572 880 1187 38 398 587 329 645 
332 390 :nlf 372 159 432 596 149 986 701 329 306 691 If 76 If 110 2119 372 11'19 IS1 19 
853 '154 > 111 358 384 955 139 8"8 296 168 "ot 170 4 18 'Ito 251 503 107 981 666 531 
"ot 112 AIfO 530 207 23J, 940 429 5116 2 821 763 6'13 337 885 847 371 767 67 519 
''i30 323 119 236 749 73'1 768 286 392 531 93 356 730 825 Su4 651 253 253 112 233 

82 820 771 223 22 58 777 978 91'1 ~71 723 297 527 53U 66 2311 HI 116 876 6 
955 205 51f5 981f 756 858 518 727 'll I 420 518 1172 62 540 581f 465 11911 856 590 0 
~88 782 740 986 251 50~ 896 335 47O sf3 43t 4"S 867 796 6119 IIIIU 6B 86& 635 250 
25" 715 789 6111 324 877 81 92'1 683 51"6 "62 755 911 73.5 677 703 955 928 83 239 
120 333 90'. 631 52 517 738 '118 632 8911 909 897 899 979 672 528 209 369 70 160 

'If 116 "l7. 'I 7~ 96 '119 771 62'1 927 238 fo72 921f Iflft 6A6 00 5901 692 7149 (,UI> sn 

" P'I "1ft. tAU 'I .. Uto Dn 2 '10 ,~" Pl to! "07 10 1 t 71~ ..,11 llll TIl 1 2~1 I.., nlo 
1~2 ]39 234 399 6]9 1];'! 1'12 ~O5 921 79& 257 5143 tTl 629 157 70u 171 :;64 24 679 
25" 611 219 320 82f 1f25 5'19 ""7 663 391 267 587 513 372 6U5 '152 705 '133 515 1442 
603 679 653 9tl 598 118 505 888 210 60" 858 '128 379 322 699 728 1"73 516 9~7 625 N 

85 536 780 35 6'11 1+59 611A 398 I!; 7 300 921 125 77 640 "63 5140 '114 {,91 2514 76& 0 
\D 

HQ 550 !ill 1f75 5511 611 813 383 2'1 81'1 3117 e65 950 632 176 9118 562 457 99'1 835 



396 1"9 
311 !H 
""II 911 
?.In ",9 
437. !.'f. 

1A 
63q 

H 
'183 
772 

907 393 
38q 6"" 
un Jl 
7"" "~,J 
639 &79 

819 557 n .. 
AJn ~07 1 
!'t",'1 936 !IBn 
157 9110 5 .. 1' 
t~5 JII~ 39" 

585 223 
7nl 797 
928 11711 
718 1179 
823 553 

189 
3A8 
757 
8117 
828 

472 7A2 
"5~ 8115 
lion 12 
17'1 qq2 
7&3 20& 

962 916 397 
357 631 3"8 
9lf5 ~lO 2/12 
267 782 Ilf8 
989 808 991 

572 7tO 
SA 1j6 

195 950 
l& f 96 
2lf9 lin 

N 
--' 
o 



UHF CONSUMED 1010 HSFC 

•• SORTED ARRAY •• 

0 0 1 .I. 7. 2 II 5 6 6 1 1"2 111 17 19 19 22 22 24 2'1 
25 28 31 31 12 33 1'1 35 35 36 lA 40 40 42 43 117 117 118 50 52 
5:> 0;2 52 52 54 56 56 58 59 62 62 63 63 63 b5 66 66 67 61 68 
609 7U 70 13 75 17 78 78 81 82 83 A.s 84 A5 85 86 87 ~7 87 90 
9f 91 92 93 94 95 96 96 91 91 103 J,03 (Oil 105 1 U5 108 110 110 Ht 112 

111 1h HII U5 116 116 116 117 1 ... 8 .1.19 120 121 122 124 125 J.25 125 F5 f'29 un 
130 :l30 t30 131 132 J.32 133 133 135 136 137 137 139 lH 1110 J.II2 tll2 1'13 1'13 1113 
HI! 1"" ''17 141 14A 1'19 '"9 iq9 f51 .'\3 'S~ 151 157 1<;7 157 1<;9 t 5'1 .If,u 16' 1"3 
U1 lId tt,It J."1 tit 1 1.101 hI! ~,.. \1>9 J.1U 01 1" 171 111 '11 112 In 113 1"\ 1Tt. 
lHo 177 179 119 180 181 184 ,85 111'1 lll9 191 93 193 195 196 191 ?03 205 2U5 206 
207 207 ?09 21u 21.8 219 223 223 225 226 229 229 230 2H 233 2311 214 23b 236 237 
23A 239 239 239 239 2'10 2'10 2'11 2"t 2'12 2'12 243 2'14 244 24<; ,41 248 2"9 249 250 
l50 251 ?st 253 253 253 l54 2511 l5" ,51 l51 257 260 262 7b 3 265 2bl 267 269 Ol12 
:179 2AO l80 281 283 2A3 2811 2A6 286 288 289 291 792 292 '19'7 29l 2911 295 "96 20n 
297 299 ~OO lOU 300 30'1 lOll 305 lU6 307 310 311 HI 31, 313 .s16 317 317 3lA 319 
319 nu nt 322 322 323 324 32b 3Ol8 328 329 329 :no 3JU 331 B2 33" 333 334 33'1 
nl) 335 Bl 331 338 339 340 341 3'12 3113 3'11 348 311~ 349 34'1 3'i 4 355 35b 357 358 
HA 3';8 359 3!>U 31>0 361 3101 3b3 365 .s6b 3b" 31!06 367 367 lb A 369 no 371 372, 372 

J77 373 Hl 379 379 380 382 383 383 384 384 384 386 388 38R 39U 391 391 391 392 
393 39 4 195 396 396 39b 396 397 391 398 398 399 399 'lao 4un 40 ! '102 "Ob 412 413 
1113 4t4 illS 416 411 '118 448 '119 4~9 420 1120 420 4Z0 '124 1125 4n 427 '1;>7 If28 '128 
"2'1 "79 1129 43J. "31 4ll 432 432 II 3 434 " 36 '137 439 Cl40 4'10 44 ! 4'12 '142 442 '1'13 

""5 '1"6 ""1 447 449 Cl50 452 453 '154 'ISS 455 45b 456 CI"i7 4 57 458 4511 '159 459 460 
461 '161 ""7 4102 Ifb3 1163 464 '165 "b5 4610 468 469 4b9 1170 472 412 472 473 474 '174 
1174 475 "75 476 478 418 479 '182 '183 4814 485 '186 4Bt> '181 489 489 119n 490 4 'It 1193 
494 "95 "95 498 498 501 'i02 503 5Ul 504 504 50S 5u5 SOb 5u6 506 506 510 <;10 511 
511 511 ''i12 513 513 513 515 515 5J,6 516 516 516 517 511 I) ,8 5t8 'ilA 519 1j19 527 
527 527 527 52B 521'1 529 530 5JO 5)0 531 53t 53b 537 540 54" 54 U 54l 543 1j4«; 54b 

5"" 5"7 5'1" 548 549 55U sst 552 552 553 557 559 559 561 5&1 562 '51>2 56J 564 571 

572 572 'lj72 573 573 573 57" 5711 579 579 580 581 583 584 5611 585 585 587 587 588 
5811 5'10 '592 592 591 595 596 591 591 5'18 599 601 601' bOJ 6u4 bn4 605 bn5 605 605 
601j 60b 607 610 61 t lot.\. 611 612 613 613 614 bt7 620 b7Z "23 b24 625 b2S 62A b29 

629 b211 "29 63U 631 63~ 632 632 633 635 638 639 639 b19 640 64 ! "'11 b4, "'13 b43 

644 645 6'16 b48 648 6'19 651 653 655 651 651 660 6bO 660 6b3 66b 6b6 b68 t>70 611 
672 b72 6711 b74 6111 676 616 617 671:1 619 679 679 679 682 683 bS4 685 bRio "86 b87 
1>67 "A7 "89 ('9,1. t.91 />92 1,9 J 69S "'17 1>99 "99 7no 7ut 701 1u1 7" 1 10' 70l 70<; 7nb 

707 707 109 710 "IiO 111 1~!I 7t!1 1f 717 7111 720 720 723 7;l3 n'l 727 778 130 731 
733 733 731 734 ., 4 734 736 n8 7 e 739 7"0 74u 740 Hl 1'17 1" j 144 7114 746 7111> N 
He 7119 7IIq 75Z 154 75'1 75" 155 756 156 757 160 1&t "61 7bl 763 7/>3 763 7b~ 763 -' 

766 7M 167 768 168 7f,9 169 110 171 771 771 115 771 778 17'1 7~ l 782 782 78<; 787 ..... 
788 7A8 789 79U 7911 191> 796 797 791 199 800 80, eOl 8"4 AU'S snb ~U1 608 Q09 811 



1112 8t3 Al" 8tll 815 816 A16 817 8.1.9 819 821'1 820 821 821 823 82" 825 8~S 826 828 
Ill" 8n Al5 835 835 836 837 837 8,,0 8"2 843 84!'> 8,+5 847 8'+7 84a 848 8119 ASO 853 
AS" 855 ASS 856 858 858 859 86U 862 863 865 865 866 867 867 8611 868 8,70 1173 875 
II1/) 877 fl7A 878 879 8110 A8f 883 A85 885 A87 888 lin 890 1!9~ 893 894 894 890; 896 
1196 897 1197 898 899 899 901 901 9U" 904 9U7 907 9U7 909 9U9 9tU 911 'lIt 91 t 9t1 
'112 914 91 5 916 921 921 921 9211 "2" 924 927. 927 92a 978 928 929 '1jO 93 93~ 936 
9110 940 94" 9"1 94" 9"5 9115 94& 9117 948 91111 9"9 950 950 950 952 9S11 'ISS '155 955 
955 956 '1S7 962 'I/)11 9/)6 9/)7 973 9H 9711 975 97/) 977 978 919 979 979 979 980 9111 
981 9112 9811 98/) 986 98/) '18e 989 990 990 991 993 994 996 997 997 997 998 998 999 
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E.3.2 - CASE STUDY THREE: Quicksort (With Processor Dedication) 

IF JMl > LB THEN BEGIN 
LOCKCFO~KLOCKI; 

Q2ENT~Y := OlSTART : 
FORK WITH TASKNAMECTU71 QU1CKTWOIOlENTRY,X,LB,JM~I; 

WAITIFO~KLOCKI; 
rNO; 

AWAITITU6,T07l; 
LOCK IrINISHI: 
SIGNAL(FINtsHI I 
QUtT; 
rNO; 

.cnMP1~t O~TtONS=I~SI.MVG,tLTNAME:Tpr'.QutcKl 
PNOG~AM DtrlNlIQUlCKON"." 
CONST N=~OOOI 
TYPE OlENTRIES =1 QIINIT , Q4ST-RT I; 

02ENTRIES =1 Q2INIT , OlSTART I; 
ARRAYTYPE = ARRAY r 1 ~, N J or INTEGE~ 

PROCEDURE outCKONElvaR ENTRY: QfENTRIES; VAR X:ARqAYTYPE; LOWER 
TYPE STACK ITEM = RECORD 

VAil 

LR INTEGER 
UP I INTrGrR 

[NO, 
STACK : RrCORO 

S 
NEIoIB'IDS 
I,J,A 
UP,DOWN 
TlMP 

TOP INTEGER 
ITEM ARRAY r ;. N J OF STACK ITEM 

[NO: 
STACK 
STACKIn:M 
INTEGER 
INTEGER 
INTEGER 

BEGIN 
CASE E.NTRY OF' 

olSTARTl 
"rillN 
LOCK CF"ORKLOCK I: 
SlGNALIF"ORKLOCKI; 
DEDICATE PPOCESSORCO); 
WITH NEWBNDS 

DO nrOIN 
L8 :: LOwI"PI un:= UPPER; 
S;TOP :: S,TOP +11 
S;'ITEM( S';TOP J;LR := LB; 
S;'!TEMC S·~TOP J;UB := URi 
WMILE NOTIS;TOP : 01 

DO REG IN 
LB := S,ITFMC S.TOPJ;LS; 

US :': S':ITEM[ S;TOP),UB: 
S';TOP := STOP: tl 
WHILE UB ~ LB 00 BEGIN 

lNTEGER; UPPER 

A := x [ LB J: J:= LB: UP := UB: DOIIN:= LI3; 

INTEGER): 

N ..... 
w 
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QZENTRTES =1 02IN!T • OlSTART I: 
ARRAY TYPE = ARRAY C 1 ~t 'I J OF INTEGER. 

PROCEDURE OUICKTWO(VAR ENTRy: 02ENTRIES: VAR X:ARRAVTYPE: LOwER INTEGER: tiPPER INTEGER I: 
TYPE STACK ITEM = RECORD 

VAR 

LB INTEGER 
UB· INTEGER 

END: 
STACK = RECORD 

S 
NEWIIIIOS 1 

I, J, A 
UP,OOWN 
TEMP 

TOP INTEGER. 
ITEM ARPAY C I ~. 'I J OF STACI(ITE~ 

END: 
S HCI( 
STACKTHM 
INTEGER 
INTEGER 
INTEGER 

Bl'GTN 
CASt: ENUV or 

Q2START: 
BEGIN 
LOCK IF"ORKLOCK I: 
51GNALlfORKLOCKI; 
DEDICATE PROCESSOR(1); 
WITH NEWBNOS 

00 BEG!N 
LA := LOWER; UB 1= UPPLR; 
5;'TO,. 1= S.'OP +11 
S ;ITEM( 5-;; TOP J:;'U.l : = LB; 
S;ITEM( S";TOP J;UB := UBI 
WHILE NOT(S;TOP :: UI 

00 nU'llN 
LA 1= S:;'ITEM( s:;'TOPJ.LB; 

UB ::: S~IT~M( S,TOPJ;;'UB; 
SJTOP := S.TOP • ~: 
WHILE UB) LB 00 B£GIN 

• := X [ LB ': J:= Le: UP := URI DOWN::: LB: 
REPEAT 
WHILE(UP > DOWN)ANOIX r UP) >= A I DO UP:= Up:l: 

J:= UP 
IF UP <> DOWN THEN BEGIN 

TE MP = X (UP ); 
x [ UP, = x ( DOWN J: 
x [DOWN1 = TEMP 

END; 
WHILEIDOWN 

00 DOWN 
UPI ANO(XCDOWNJ<=AI 
:= DOWN +1: 

J : = DOWN; 
IF DOWN(>UP THEN ~EGIN 

TE'1P 
X C uP J 
X COOliN) 

= )( r UP ) 
= )( [ DOWN ) 
:: TEMP 

N ..... 
.s;:. 
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396 14<;> 78 67'1 907 3';>3 Al9 557 734 58!> ?23 189 '172 7BZ 1 UR 962 9.L6 397 5H nO 
HI 114 6311 311 364 641 830 207 1 703 197 386 'I5~ 845 A97 357 "31 3(,8 Sq 56 
489 927 32 697 no 33 51<;> 916 560 928 47/1 757 "00 22 294 9" !> 0;1 0 l"Z 295 95D 
2111 769 "83 461 1'14 453 157 940 5!t 716 "79 8"7 179 'Iez /I 5<; 1.67 182 1'18 ~6t 96 
432 528 272 946 639 619 125 342 394 823 ~53 828 763 206 " 9/\ 969 IIUA 99~ 2,,9 437 

ER TYPE 04 CODE 77 CONT 12 REENT ADR: rHUS2 BOI: !'l0000" 
PACKET AOR "uOOOl to: oooons 

PROCESSOR R[OUrSTED ON Anto, CALL WAS UNAVAILAALr AT THE 
TIME or THr. ER AO[DI OR WAS OOWNfO BY THE SYSTfM OPERATOR. 
OCCURRED IN OIVIOETWD (LINf t, 
••• WALK=BACK fROM DIVIOfTwO (LINE 11 ••• 
DYNAMIC LEVEl: 4, STATIC u:vrL: 2. 
CALLED rROM OUtCMTWO (llNt 231>671 
CALLED rROM OUICMONE (LINE 2.L649 1 
CALLED rROM MAIN (LINE 196311 
EXECUTION TERMINATED IN ERROR 

N ..... 
0'1 



•• UNSORTED ARRAY ('000 ELEMENTS' •• 

6H U7 901 506 283 761 416 940 1196 976 311 875 367 723 967 842 993 460 703 "75 
1135 338 788 825 143 5r13 8l" 956 7'16 J.97 193 901 36 7.5 1\8t St6 889 977 2&2 75" 
"36 Sl1 486 33S 3211 24S JOA 71>& ABS ,,95 " 7'1 129 4&2 63 ?b9 J! ~1J &79 717 563 
366 lH t17 110 890 617 "59 2118 t'lll 292 837 2911 679 396 1 343 70 979 899 S2 
4'10 371 "6S 676 2 .. 0 601 687 597 328 574 "02 527 506 391 ,,7 3J. 243 456 979 ,,34 
"27 592 1'107 10 .. 572 9"5 51t 60'1 '196 6'13 0 167 91 3JO 63 .. 00 894 .. 69 5'18 125 
756 870 909 695 12 579 163 131 1'12 820 559 8"9 999 '163 203 715 288 6'12 no "3 
579 299 2'11 51l 685 1" 3 A03 7"U IIU6 761 97 8'1 161 292 115 7 t'71 337 7 or; 6114 
HO 469 II 36 'ISS 7118 'I'll t71 61:3 975 892 181 551 110 593 979 175 230 97" U" 40 
763 895 69 571 .. &1 361. '1711 241 46" 63 513 529 450 3Q6 720 952 9"9 265 72" '131 
505 768 9,,8 733 447 14 \21 679 646 87 7J 297 710 366 4,,2 52 67t 140 79" 770 
316 670 Hn 8t2 887 574 142 573 'I 623 489 291 725 763 420 666 7&9 )8& 879 7H 
516 60S ts3 912 494 495 179 12U 657 990 '12'1 307 e .. s 334 860 7 .. 0 1127 711 804 826 
195 907 4511 25U 706 543 '17 639 321 674 515 982 835 257 973 .... 3 622 180 988 219 
883 317 605 66U 613 2"" 865 332 55? 997 '131 253 '139 '158 738 116 "93 689 49n 911 
168 731 95 75,. 760 po SO 3'19 605 6113 66 '195 163 319 113 '17" 373 355 383 168 
28t 8S11 P 17,l 28 8t9 30'1 ~9 3 859 456 366 1157 9"2 118 239 at6 358 '1\9 511" 746 
709 1115 AliA 3118 "1~ 7112 8J 990 !I 2" 433 3'10 136 9 21 68& 58t 4?9 39t "R" 7'lt J5 
5117 5t7 2 717 595 506 867 J.19 363 J.76 1'1 151 701 932 762 382 39 5 6 2 5 22" TA7 
358 310 341 1115 "1'1 629 911 155 A33 611a 5 192 527 715 tall 349 14" 122 Q5'i 5118 
'145 59 177 239 628 SIIS Q7'1 "'I lin 52 90 SilO 1109 679 'Ip 78 9t 3"" 816 504 
292 957 11.3 96" 7411 815 Q07 980 112'1 806 279 67& 322 ~6 620 5118 506 173 t'43 \,,112 
360 90" R05 763. 205 599 7711 135 420 561 379 '113 87 260 ,,,Q 1" 7 R67 2118 \'2s 950 
85S 103 16Q 510 80'1 380 597 428 132 799 166 999 868 605 " 37 56 ! 5111 2"2 ~62 9A6 
7511 236 70t 3'18 668 354 513 1A8 "" 868 502 68 147 9"8 ;>57 211 " 228 92'1 751 H7 
~02 396 QJO 300 6&0 ' 873 73" 38'1 'I~2 8'13 583 326 87 89 J 657 52 '65 739 1'&7 9;>8 
630 699 159 359 97 415 n9 6 A911 305 1178 28'1 61 '168 65 79" 997 ,,711 A711 771 
997 7"1 85 655 196 58" 611'1 300 139 367 1 .. 3 360 981 6~2 '127 817 317 1166 513 610 
263 '+72 663 785 '186 850 687 552 1191 966 237 105 572 8110 1187 H H8 5117 32 9 6115 
332 3'10 33" 372 15Q .. 32 596 1'19 98(, 7n1 '2Q 306 69t 1176 '1'10 2119 H' '1119 1'57 t9 

AS3 .... " III ]0;8 3811 9~5 '.l'1 8'16 '96 168 'I ul 170 1I1~ 910 251 snl 1U7 YII 1 1,66 S3J. 
60f H2 ~IIO 53U 2U1 231 9110 "29 'PI 6 2 A21 763 "113 131 1\85 847 311 767 67 5J9 
530 323 319 236 7119 73" 768 2A6 H2 531 93 356 73" 875 5U" 6S! 753 253 '12 233 

82 820 771 223 22 58 777 978 q.4 171 723 297 527 530 66 23'1 Ht 11'6 876 6 
'ISS 205 SII5 984 756 858 5111 727 "jt ,.20 51A 1172 62 5'10 58'1 465 1198 856 590 ° 588 782 14n 986 251 501 1196 335 1170 513 'Ijl 'Ilf5 862 796 6,.9 "90 6.B 866 635 250 

25" 7ts 789 &1" 32" 877 81 9;''' (,83 516 1j6?' 755 91' 7J3 671 703 '155 928 83 239 
120 JJl 9011 &31 52 517 738 'Its 637. 89'1 9U'1 897 '199 979 672 528 20Q 369 70 160 

3" 11& ('1' "lq 9" qt9 771 6"" 9,7 Z38 67' 92 .. 41ft "II" 130 5Q2 692 7IJ9 " of> 5?7 
91 l;>q ,."" 2AU \l~" IItd' 130 Z'HJ 'lQ 113 103 607 "11 779 9'1 ./A j 797 2117 '''11 n& 

""1 H9 2]" ]99 6l? 132 62 1M '111 7'16 '57 ""l tn 6'9 157 700 171 !>"q 2'1 679 
25" 6U 21Q 32U 1121 q25 ~qq /j'17 8b~ 391 267 587 t;~~ 372 6 UO; qS 2 705 .. 33 515 ""2 N 
603 629 653 9l! 598 118 505 888 2.j.O 60" 858 '128 379 322 69Q 178 tn srI'. 9" 7 625 -' 

85 51& 280 35 
"" 1 

"59 6 .. 11 398 157 300 921 125 77 6110 "63 SIjU II 1" 6'11 25/f 766 ....... 
399 51)0 "37 '175 0;59 6tl 8J.3 lAl 24 all 3lf7 86S Q50 6'2 , 76 998 562 '157 99q 835 



n"," CONSUMED 379 MSEC 

•• SO~TED A~RAY •• 

-n HI ut iUk ~n ~~~ llU f9$ ~9~ IH ~H ~H 3H lH i~~ H~ a~~ U~ ~B ~B 
U6 511 1186 335 328 245 388 218 295 1185 11:74 129 4&2 63 2b9 3, 313 292 510 563 
366 1n tt7 110 294 b17 1159 2AB t411 HZ 22 2!16 40n H6 1 3113 70 478 1;80 ~2 
Ij~tt If' IILII \H9 ,,," ""1 n ru1 12n !i14 110" 817 1106 Jill 117 '4 ' .. 1 11'1" lln II~II 
lilT 5'12 3? ln4 !112 4A9 51t 6011 !J6 58 0 1&7 91 330 b3 1100 368 4"'9 'i48 125 
611 l~' "5«; 388 12 519 163 lH 142 1 559 207 6111 1163 203 384 288 6112 130 43 
'iU 29' 141 512 HI 143 63A J.14 IIU6 331 97 B4 l&t 292 115 7 171 337 75 512 
-20 116' 197 455 108 1172 171 &13 189 223 18t 551 110 593 ~85 175 230 5'i7 114 40 
193 "'" 69 571 461 361 47A 241 4611 63 573 529 4S0 3116 7A 149 396 265 457 43.1. 
Ijo~ 561 H6 632 1141 14 121 3117 646 81 73 297 24 366 11112 52 671 1110 383 6tl 
116 61a '17" 559 475 574 142 573 4 623 1189 291 225 537 420 blob 55n 386 399 2'i4 
0;16 bl15 '53 414 4911 495 179 12u 657 540 116] 307 64'1 334 77 125 "27 300 157 398 
19t; bll8 liSA 250 1159 543 41 639 321 674 515 6"1 35 2<07 28n 4" 3 622 180 536 239 

85 311 605 660 6p 244 625 332 0;52 516 173 253 439 458 HZ 116 1193 379 49" 11='8 
lb~ ,,11_ 9t; 2to 5 5 130 5n 349 bUO; b43 66 1195 1&3 319 1.13 4711 3n 355 J83 168 
781 118 11 171 2" 5118 304 193 653 456 366 457 629 "8 2311 603 3511 1119 5116 4112 
5l~ lAS -3~ 3"8 411 452 83 60S 372 133 3'10 136 513 587 58\ 1129 Ht 11114 ~61 35 
~H S11 2 391 595 506 1141 119 3&3 176 19 151 511 9 475 HO 382 395 625 22~ 219 
J5R .31 U lilt 165 611 629 254 155 211 648 5 192 521 564 184 349 til" H2 HI 5118 
157 ~9 171 239 628 585 &29 54 473 52 9n 540 tH 679 411 18 91 304 511~ ·5011 
297 2S 1 ~6J 105 62 132 6311 399 "29 :.1J4 279 339 J27 qb 620 SA 8 <;06 173 tal 3 I/4Z 
360 ;41 747 283 2L15 599 94 135 420 S/oJ. 379 413 87 260 149 1" 7 611 248 125 6"7 
lo~ 1"] t&9 510 133 380 501 428 132 318 166 240 DO &05 661J 564 518 242 56' 280 
41/" zJ& '24 lII8 66~ l54 s.n 92 110 527 502 68 147 606 257 241/ 2211 592 13" 397 
441 Jq{, (,7Z 300 6bO 238 ,,211 3811 "J.2 4\9 <;83 326 81 9& 657 52 3&5 42" 1&7 612 
6!0 .L16' 159 359 91 41S 2:.19 6 34 3n5 160 2A4 61 468 bS 1U 369 4711 2U9 528 
I>1l ('J2 8e; 6~5 196 51\1/ i,411 300 '39 367 tll3 360 41 q 517 421 0;2 311 466 5n bto 
16J 474' "b"J &H 486 333 239 552 491 113 731 105 572 462 487 38 198 5A7 3211 645 
H:t' 3911 n4 312 1511 lin 596 1119 5 ... 6 III ~29 ln6 32" 41& 4110 249 312 449 157 t9 
614 40;'1 "t 358 384 254 U9 250 '96 168 1101 110 41 II 6'5 251 5"3 633 490 66" 531 
"01 112 '.111'/ 5!U ~U1 231 114~ 4 ~9 1\"" 2 431 !Ill "43 In 41n lB HI S!'Il 1>1 !It II 
'1Jr) J 7 J HII 2]1, l!li !\II II n 2A6 392 !>H III 3'16 '19" 4118 'iU4 6'14 25~ 2'1J 4' 2H 

87 ""5 ~B4 2ll 22 '18 -';40 62 4n ",71 ~le 297 527 530 b6 234 Ht 116 420 6 
41t 205 <;,,0; 51.8 6711 676 676 677 671l 679 "711 &79 679 6112 683 bllll 685 6116 686 b!l7 
"n bAr f,99 6Q.L "9t &92 "93 6"5 6111 699 "911 71')U 701 7"1 1Ut 1nJ 70~ 7nl 100; 10& 
IIlI 'In 1 1U'I 7lU 71" Ttl 71~ 1111 111 111 11A au 72" 1?l T,n 1211 121 ·".8 7l" 111 
In nJ 73l HII 714 7J11 136 138 738 739 74n 740 14n 1111 1112 743 144 7114 7116 746 
He 749 7'19 752 754 7511 75" 755 756 756 757 760 1bl 7bJ. 762 763 7&3 763 7b3 763 N ...... 
166 n& 7b7 768 7&8 769 76'1 770 771 711 771 775 717 778 71'1 18.2 78:> 7112 78 5 7A7 00 
H~ IA~ 1AII 790 194 796 711" 197 197 199 lIuo 8 "2 ~ U' 8"4 All~ 8116 A U7 8"8 R09 8tl 



1112 81.l A14 81q A15 81& 1\16 et1 A~9 819 liZ" 820 q2t 871 A2J 82i1 1\2t; 8?S 1\ 2t> &28 
II]" Illl Alt; 8'S lilt; 836 1131 8'7 Ailn 842 8'1' 845 A45 847 Ril7 8i1 8 11'111 8'19 85n 853 
A54 8t;!> A55 85& A5A 858 859 860 A&2 863 8&S 865 8&6 867 a67 868 A68 8110 87J 875 
A76 877 A7B 878 1179 880 881 883 A85 885 887 8~8 98'1 890 892 8'1 J A94 8'1'1 A9t; 896 
A'16 8'17 1197 8'18 89'1 899 'lot 901 'lUll 9!H '107 907 '107 909 9U9 9to 91t 911 911 911 
'112 914 <)l~ 916 921 921 92\ 9211 9211 9211 927 927 9Zg 9~8 '1211 929 930 9H '132 936 
940 940 'Iiln 9ql 942 9QS '1110:; 9116 9i17 9i18 948 9119 950 950 '150 952 95i1 9t;5 '1st; 955 
'ISS 956 957 962 96i1 966 967 973 '174 97i1 97S 976 977 918 '17'1 979 979 979 98£1 981 
'181 9112 C)8Q 986 986 986 98A 989 990 990 '191 993 994 99& '191 9'17 997 998 9911 999 
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-' 
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E.4.l - CASE STUDY FOUR: Gaussian Elimination (Without Processor Dedication) 

~CPS;s,S ,CPs,s/o, 
MACQO INTEPPPETER LEVEL 7RI n7/2R/83 11:13:U9 

t .COMPILE OPTIONS=IRSLM,ELTNAME=TPrS;MAIN 
I PPOGRAM MAIN; 
I CONST N=2U: NPt=2i: 
t Tvpr ENTRIES =IENTRY1,FNTRY2,IN!TI: 
t ARRTYPE=ARRAY [\.:N,~~.NPt J OF REAL; 
t PPO~lDUQE GAU.SltNTny I ENTPIF5, VAn A I AnPTypr" ~R"CrS~1 
t VA» A APRTYPl I 
t t,J,K INTFGER ,; 
t L,~,CP,Z: INTFGFR 
t FNTRY ENTRlrS 
1 r.LOCK QI/lllt 
t HfL,ACT'l' QlIlUE 
t wAITwD QUEUE 
, FINISH QUEUE 
t S REAL • 
t ~ ARRAY ct~;NJ "I' REAL 
t BFGTN 
t CRrGION; 
t P[ADLN: 
t WRITELN; WRIT[LN: WRtTELN(' •• INPUT MAT~lX •• '1; 
t WRITELN; WRIT[LNf' 20 X 20 COlFFICIENTS AND RIGHT HAND SIDE'I; 
I WRITELN; WRITELN: 
t CEND: 
I F OR I : = 1 TO N 
t 00 BEGIN 
1 (REGION: WPITlLN: WRITEf' 'I: C[ND: 
t rOR J:= t TO IN+l1 
t 00 BEGIN 
, Z := 5 : 
t 11' J = I N+ 1 I THI'N Z: = B : 
t CREr.rON; RrA~IA(t,J)I; WRITEIA[l,J):l:tl; rENO: 
I END; 
t [ND: 
I CREGION: CP :: C"'TIMrfJI: ClND: 
t LOCKfIoiAITwnl; 
t LOCKfrYNISHI; 
r STARTuP WITH TASKNAMrlGUI GAUSS IINIT,A rORWAR~I; 
f LOCKIGLOC~I; 

t rOPK WIT4 TAS~NA~[fGtl GAU5SfENTRyt,-': 
1 WAITfGLOC~I: 
t LOCKIGLOCKI: 
t FORK wIT4 TASKNA~lfG71 GAUSSflNTRV2,AI; 
I WAITfGlOCK'; 
t WATTIWAITwOl: 
I CRrG!ON: CP :=CflTTMfl ~I-:: rp: CEND: 
t XCN] := ACN,JoI+1J: 
t rOIl l I: I N~'l I t"()Wf<rO 
t no Of GIN 
t S : ~ ll: 

N 
N 
a 



t FOR J:: IL+l1 TO N 
t no BEGIN 
1 S :: S + x r J 1 • • [ L ,'J J ; 
1 END; 
t X(LJ :: A[L, N+J.) ::: s; 
1 END; 
t CREGION; 
1 IIRITfLNI IIRITElN(' TIME CONSUMED I ',CP,' M~EC'I; 
t WRITELNI WRITELNI' •• SOLUTION •• 'II 
1 WRITEL~I' ________________ 'I; WRITELN : 

t CEND: 
1 rOR I :: 1 TO N 
1 00 BEGIN CREGION; WRITELNIXIIIII CENOI ENO, 
r LOCKlrINISHII 
t SIGNALlfINISHI; 
t ~UIT: 
1 END; 
t .COMPILE OPTIONS:tRSLMY,ElTNAM(:TPf'.GAUSS 
I PROGRAM D~flNEIGAUSSII 
t CaNST N:ZO: NP1:2t: 
t TyPE ENTRIES: IENTRYt,ENTRYZ,lNIT,: 
t ARRTYPE: ARPAY rl;.N, 1 .; NP1) or PEAL; 
t PRnCrOUn( GAUSSlrNTRY I tNTnrES: V'~ A I APRTY~E'; 
t VAn L,J,K,L,M I TNTEGER: 
t PE~MISSrON BOOLEAN: 

1. 
t 
t 
1 
t 
t 
1 

t 
t 
I 
I 

P,Q,R REAL 
qEGIN CASE ENTRY or 

lNTRYtl 
BEGIN 
LOCKIGLOCK'; 
SIGNAUGlOCK I; 
FOR I:: t TO N 

DO BEGIN 
P := A[I,IJ; 
FOR J := I TO I N+ l I 

00 BEGIN 
ACI,JJ := ArI,J1' P 

fNr1; 
If T = N THEN BfGIN 

LOCK I WA nllo I; 
SIGNAL IWATTWD': 
QUIT; 

END: 
lOCK I ACT,,; 
PERMISSION :: TRUE: 
SIGNAL I AC T2': 
K :: T+l : 
WHILE K <= N 

00 ~EGIN 
Q := A(K,!]: 
rOR J:= ! TO !~.~, 

N 
N ..... 



t 00 BtGIN 
I ArK"I' ,= .H~,J' :: ACT,Jl. 0 I 
I rNOI 
I I< ::: I< +2 I 
I END: 
I LOCKIACTl': 
I Ir ~r."Mta~10N THEN WATTIACTI. 
I ELSE UNLOCKIACTI,: 
t END; 
I !'"NO: 
1 UITRY"": 
t BEGIN 
t LOCK (GLOCI<, : 
1 STGNALIGLOCI<,: 
I WHILL TQUE 
t 00 eEG!N 
1 LOCKIACTl': 
I IF NOT PERMISSION THEN WAITtACTl' 
1 ELsE UNLOCKtACTi": 
1 L 1= t+2 I 
I WHILE L <: N 
t 00 BEGIN 

I 
t 
1 

, I 
t 

R := ArL,IJ: 
FOR M:= I TO tN+~' 

00 IH.GIN 
A[L,MJ := A[L,MJ ~ 

END: 
L:=t+7: 

rNO, 
Le'CKIACTl': 
PERMISSION := FALSE: 
s rGNAL I AC T A." 
IF" I ): IN .. I' THEN QIILf: 

F:NO I 
END: 

t 
I 
1 

I'HT: 

t 
I 
1 
t 
t rNo: 
I [NO: 

IlF:GIN 
PE~MrSSION ,= rALSE: 
Ilf.LlASEIGAUSS. : 
WAITIF"INISH' : 
OUIT: 

[NO: 

~CPS;S,N SCRATCH'.SC~ATCHl,CPS;S/1,SCRATCH'~SCRATCH2 
MACIIO TNTERPPETER LEVEL 7R1 07/2~/83 11:1~:S7 

~CPS;S,N SCRATCH',SCIIATCH2.CPS;S/2. 
~ACIIO TNTERPPETEIl LEVEL 7Rt n7/2A/B3 11:15:.5 
~CPS;x 
~811·P'5CAL:S,IPSLM 
PA~C~L 8PIA PLTB THURSDAY, 19~3 JULY 28, 11:+&:04 

H!,MH R 

N 
N 
N 



-

"( 11 !'lOllf," UOJ2lt 
Pst(v[lIPASep 1 "( 1) !'lU3222 OOJ?35 23 nCT 78 11:52 20 
PINtlM/PASSRl '( 11 003236 un3"11 • (2) "'4 nOb 7 Olf 0"76 17 Jut 78 U:'i5 "6 
PIS TOERR IPASAR' 11 III OU3412 003"&1 10 OEC 79 17:45 17 

" 3) 003"6;l U035J,5 
PHUCE/PASSP! S (11 003516 U0367t 23 nCT 18 l1:52:21 

"( 3) n03672 on372" 
P'w~lTI'IPASePl • It) n03725 UOst"25 , (2) 01111017 0" 0212 11 DEC 19 16:52:29 

S(3) 005).26 uost52 
PST~TRPT IPASPRt . 1i( 11 005153 0057112 "21 0110213 0"0313 2~ APII R2 10:37:37 

" 31 005743 006037 
PSIlS/PASRRt 1i( 11 n060llU un7t76 Sl21 0,,03111 0"0"17 2J JUL 80 l3:49:S9 

1; I 3) 007117 00711 06 
"STO/PASAR' 11 ( 11 OU74n7 otu117 2~ APII 82 11'!:"0:32 

,,« 1) 1110720 01 .. 122 
GAUSS "111 Ol1123 01.731 ,;( 0 I 0401120 0"0"20 28 JUL 83 11:17:29 
MAI~ 1;« 1) 011732 012567 1ilnl 0"0"21 0"0"2" 28 JUL 83 l1:17:01 

,,« 3) OJ.251u 012621 "036 ) 0"n"25 01f&"25 
SYS,.qLI~'; LEVEL 
(NO HAP~ rRPOIlS: 0 TIME: 13,R06 STORAGE: 17792/4/""n777/013771 
aUSE lP~rOTARLf., INF'O' t 
~UH ~UU"(jOlJO. INF'O', 
~srrr.n 

HOT Trn .1'. IN 

•• fN~lJf MATtltw •• 
2n ~ 7u cn[F'F'ICIENTS AND RIGHT HAND StDf. 

9;6 ~,'I 9;7 1. & 9;2 R,S 3':" n.3 1;0 J.6 2:'5 9.2 " ;5 6!4 8':6 9." 1':5 n.t ";2 8.8 '':is.t 
1;& 'I." 0;3 5 t~ 3 ;5 3,7 2';'6 5 ~ f 8;" 2,9 3;'8 r.9 1 ;3 6 1 3 !';9 1.1 3;~ '," s,:" 1.1 31 ... 5 
7-;'0 '1.9 3~9 0,1 1';8 ',0 7";2 0," S;~ 0.7 2;'3 'r ~'1 ";',, A." 4';6 11.5 6;" 1.2 5;9 2;7 J49.n 
5~'! Q ~A &.1 a.S &:3 J,6 1;'1 9,0; ... ;'9 1,7 9;5 ~~t 14;" 4,1 &;'S '.1> S ;'4 t ,1 9;2 9 ~o; 'I ..... ,6 
3;J ",' 7.U n.~ 6;2 J,1 9;5 I," .1 ;8 1.1 1:'4 ... n J ;2 ... " 2:'2 1.1 ~ ;"s 1,1 3;7 '~'I J8"." 
b;b 1.A 1.~ 6 t 8 9:J 1,A 7 ;7 " , 'I 9;1. '1,6 2;'9 8 .. J 0;2 1,' u;9 9;0; 7';"1 q.'1 2;9 !\ • 1 'lOA .n 
8 ;b n.n 7;;1 7," 2";9 6,8 ";7 6,1 7;" 9.6 0;'6 ?~ 0;''' 2.1 7;9 ~.7 2;1 5~J S;l l~" ·B~·.7 
7;7 ('~1 9;4 J,n 0;2 7J 2 3;1 3,' 6;2 4,8 9;0 t ;1 2;3 R~O U;8 8.7 6;1 5~6 6;2 5.2 .. se~" 
3;2 2~~ 0;8 0,6 3';7 7,5 1";5 3,9 U;3 'I. J ";9 1.9 5;& r;~8 5;8 9;3 9;0 " ~9 2:7 5~0 JSJ~" 
8 ;8 7~~ 9~S 9~O 2':1 A,9 1;6 l~n 9;" 1;1 2;" ";1 J ;4 J,6 ... ;2 4 ;" 2;'8 II t 7 ,,':-9 7~9 382." 
5;0 'i,7 &;1 4,5 1;" 0,7 8 ;" 5,6 u;" 0,3 5;'7 lI~n O;b 11,9 l;9 t; .. 3:'9 11,9 6';" 2~9 J33~" 
1 ;U A.r; 2; 3 1 t 3 0";7 7,6 J;O B,B 3;0 2.4 3;11 IrA 0;'1 8.2 9;" Boll ,;1 '1.6 5;1 9~5 J9n." 
1;5 1 • 1 9:7 A,~ 0:" t," S;b 211 U;U 8;<; 7;1 ~,9 J ;2 t.7 &;1 "~R 9;6 9 ,.3 0;'0 4.7 322,6 
',;8 ". , 7~& 8,4 3';J. 0.6 U;l 1,1 ... ;U 6,t ";'7 9.9 8 ;'& 1;6 9;2 9 ;5 8:'8 8. II ";1 I!~J "19.6 
5 ;S 8,6 0~8 A,R 2";9 'i,1 3 ;2 2.6 2:'J. 3.1 S:'5 4. e 8 ;'6 7~" ";2 5 ;2 2;9 n~n 3;" 2:6 H8.1 
b;D 1. t 1;1 5,5 2;9 8.3 5:'2 2;5 0;4 5~~ 8;2 9.0 7;5 4~3 s;" 1;9 0:"9 II ~·5 9;0 9~t "21.4 
3;9 6." 5~· 2 lit'" 2;3 ",2 2;;"1 0:5 1 :"8 t~9 0;''' 3 ;, 1;'3 5,4 5 :,,, 6 1 2;7 'i.3 3 ;7 6.0 J4~ :5 '" N ";9 fj~6 U;6 3.8 9-:1 P,4 3;7 1~R b; 3 n~7 5;'11 "i3 ";1 2.9 9:'9 7 ~ 6:'1 4;t 7;'0 4.5 "21.4 W 
b;3 ?" 4 ~'4 4.11 4:3 3,4 5:5 t~9 4;9 1.R 9;6 (1~3 U;'8 6 ;n b;U 1 q 7:1 ;>~6 ";2 5~t 335.9 



3:, A.5 &;7 8.2 ':7 3,6 6:4 6.t .. ;& .. ,1 4:5 ~.2 ~;3 3,3 3:8 1.5 U;U 6.1 5:7 2.7 
TIME CONSU"Efl : 451 ~Sr::C'- .. . 

•• SOLUTION •• 

hHn~9 
2,3888<;4 
l,75576U 
2,18n:510 
.. ,095750 
'1,803126 
3,32 11 051 
4,114559 
2,013716 
1,999725 
6,916009 
3,315'170 
5,175118 
1,'1062"5 
7,269"1'18 
3,910173 
2,601Hol 
5.A"~""0 
3,4063 .... 

'119~3 

N 
N 
.::. 



1 
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r 
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t 
1 
t 
1 
1 
t 
I 
t 
t 
f 
1 
t 
t 
t 
r 
1 
t 
t 
t 
1 
t 
t 
1 
t 
t 
1 
t 
t 
t 
t 
t 
t 
t 
1 
t 
t 
t 
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E.4.2 - CASE STUDY FOUR: Gaussian Elimination (With Processor Dedication) 

ro~ J:= Il+L' TO N 
DO BFGtN 

S := S + XrJl • ACL,JJ: 
END; 

XCLJ := ACl, N+!J ~ 5; 
END; 

CRF:GION; 
WIIITfUl, WtUTt:l.NI' TIME CONSUMlD I ',CP,' M'\EC", 
WRITELN; W~ITELNI' •• SOLUTION •• "; 
WRITELNI· ________________ "; WRITELN : 

CENO: 
FOR I : = 1 TO N 

00 aEGIN CREGION; WRITELNIXll": eENO: END: 
LOCK (FINISH' I 
S lGNAL IF INISH, I 
QUlT; 

END'; 
*COMPllE OPTIONS=IRSLMV,ElTNAME:TPF.IGAUSS 

PPOGRAM OEFINEIGAUSS': 
rONSf N:7,O, NP 1:Z1, 
TYPE ENTRItS: IENTIIVt,ENTRYl,!NIT" 

ARRTYPF: ARRAY rl;,N, ! .': NptJ OF REALI 
PROCEDURE GAUSSIFNTRY I ENTRIES; VAR A : ARRTVPE'; 
VAR 1,J,K,L,M: INTEGER; 

prRMISSYoN I "DOLFAN, 
P,C,I! I RtAL 

~EGIN CASE ENTRY OF 
ENTRVI: 

BEGIN 
LOCKIGLOCI(,; 
SIGNAlIGlOCK.: 
DEDICATE PROCESSORln,; 
FOR II: 1 TO N 

00 BEGIN 
P : = HI,!J: 
FOR J := I TO tN+l' 

00 REGIN 
ArI.JJ :: ArI,JJI P 

ENn; 
IF' I = 'I THEN BEGIN 

LOel<IWUTWO'; 
SIGNAL!WATTWOI; 
QIIIT; 

[NO; 
LOCI(IACT21; 
PFRMIssIoN := TRUF 
SIGNAl. IACT2': 
II : = r.' : 
WHILE: K <= N 

00 REGIN 
Q := A[~,!J: 

N 
N 
U'1 



FOR J:= 1 TO IN+.l 
00 BEGIN 

t 
1 
1 
1 
1 
1 
1 
1 
I 

A(K,JJ := A(K,JJ 
ENO; 

::: AtI,JH 0 

1 
t 
1 
1 
t 
1 
1 
1 
1 
r 

I< : = K +Z ; 
END; 

LOCI< IACT~ l; 
IF PERHTS~ION THEN 

. I:LSf 
(NO: 

(NO; 
ENTRY2: 

BEGIN 
LOCKIGLOCKI, 
SIGNAL (GLOCI< I; 
DEDICATE PROCtSSOR(ll; 
WHILE T~UE 

00 BEGTN 
LOCK «ACT2l; 

WATrlleTtI 
UNI.OCK I AC Ttl: 

t 
1 
t 

IF NOT PERMISSION THEN WAITIACT71 
El.SE IINLOCK!Ar.T?l; 

t , 
I 
1 
1 
1 
t 
t 
t 
1 
1 
1 
1 
1 
I 
t 
1 
1 
1 
t 
1 
1 

L I:: t+2 : 
WHILE L <:: N 

DO BEGIN 
R := ACt.,!): 
ron HI: I TO INo,I 

DO BUlIN 

L .-. -
END: 

A(L,H] := A[L,M) ::: 
END; 
Lo? ; 

LOCK I ACq l: 
PERMISSION := FALSE; 
SIGNAl!ACHI; 
IF I ): IN;', THEN QIIIT: 

END; 
END; 

INlT: 
BEGIN 

PERHtS~10N I~ fAlSl; 
RELLASrIGAtlSSl: 
WAITIFINISHl: 
QUIT ; 

nco: 
1 ENO; 
1 END; 

aCps;s,N SCRATCH"SC~ATCH1,CPS:S/"SCRATCH,,5CRATCH2 
MACRO INTERPRETER LEVEL 7Rt 07/2A/A3 1t:19:J3 
~CPS;S,N SCR'TCH"SCRATCH2,CPS~S/l, 
MACnO TNTERPRETER LEVEL 7RI n7/ZA/A] It:'9:~A 
'iCPS;X 

ArI,'n" R 

N 
N 
m 



PIPS/PAS8Rl " 11 0060110 oe7176 ,,21 'lIl03t4 01l01l.l7 23 JUL 80 1J:'I9:59 
,« 31 007177 On71106 

PHO/PAS8Rt ,« 11 00711e7 otU7P .n APR 112 10:110:32 
1« II e~0720 01~[22 

GAUSS .: (11 01fl23 01 .. 7111' "I'll 01101120 01l042n Z~ JUL 83 11:22:37 
MAI'! '«II 01[742 012577 'COl nll01l21 01101124 Zq JUL 83 11:2Z:03 

" 31 0,2600 Ot263t' Icnl61 0llnll25 0"61125 
SYS'.RLlel~ LEVEL 
END MAP, ERRORS: ° TIME: 13• 953 STOIUGt: [7792/'1/0'10777/073777 
IUSE INrOTABLE', INFO". 
IUSE PA,uOOooo,INrOI. 
asErc,o 
IXOf fP'" ,MA IN 

•• INPUT MATRIX •• 

20 X 20 COEFrICIENTS AND RIGHT HAND SIDE 

9':'6 !I til 9:'7 I," 9:'2 11.8 3:"11 " .. 3 ,:'0 3,6 2:'5 9,2 II ~'5 6.4 8;'6 '1.2 1;5 ""I 11';2 8.11 1125~1 

1;6 9,11 0;3 5.11 l';S ,3,7 2';6 5,t 8 ;"11 2.9 3;'8 1,9 1;'3 6,3 J.:;9 1.1 3 :Oil I,D 5;"6 1;1 3111,5 
7';'0 ",9 3';9 0,7 7';8 t,o 7';2 0.0 5 -:~ 0 .. 7 2~'l 3.1 6 ; .. f\~" ";6 .. ~ 5 & ,;" t,:> 5':9 2,7 3 II '7 .. n 

E~ 9 til 6~~ ".lI "il ~·t 1-11 t ,II Ii "', 1,7 ,"II ',1 Ii~" II .1 " ;5 ';A _ -.. , I 9-2 9,'1 lIi-"" nt' 1 :. I "," 11.:1 '. 9!'/i at. 1~8 7 t" 7~" lI.n J ~l " ~ , l. ~'l 2.1 9~!) 1 !" J~1 3,'1 ] II." 
6';6 7,11 , ~'5 6,8 9;3 1.8 7;7 4.5 9 :'2 5,6 2';'9 9,' o~', 7~3 U';'9 9.5 1;1 9;5 '2';'9 5~t 501l,!0 
8';'6 OlD 1 ... ·7 7,11 2';'9 6,8 ,,';'7 6.1 7';'4 9;'6 0':& 2,.3 0::,. 2 f t 7';9 8 ~7 2 -; 1 5;3 5';1 t ',0 J3",7 
7;7 6 ,3 9;" 3,0 0;'2 7.2 3;1 3 .. 1 6 ;"2 If ,8 9';0 tot 2 ;3 8.(1 U;8 ~.1 &';1 5.6 6;2 5~2 IIse;1I 
3:'2 2,5 0;8 0 •. 6 3';7 7.5 1';'5 3,9 0;'3 q 13 q';'9 t,e;! S ;r, "'.A 5;8 Q; 3 9;'0 II .'e;! l':7 5;0 ]S]~ .. 

8';8 7.J 9;'5 9,0 2':1 R.9 7;'6 t.o 9;;"" ttt 2;q 'l,f J;'" 3.6 !;, "." 2;'8 "i 7 " ... ·9 7~9 382~2 
5';0 5," 6;1 If ,5 1';'11 0,7 8;11 5,6 0:',. 0,3 5';7 11.0 0';& II~Q 2;9 t ;11 3":9 B t9 6';" ,,;9 3l]~6 

1;0 8 f 5 2;3 tfl 0';'7 2,6 3;0 8,8 l ;00 2.11 3;" t ~'e 0;1 B,i 9;" 8~" 2;'1 8.6 5;'1 9r5 39n,1I 
1;5 1,7 9;7 8,8 0';'11 t,e 5;'6 2 .. 7 0;"0 Il ;5 7;1 '~9 3 ~'l t.7 &;7 2.8 9;r, 9~3 o';u II 1.7 322 .. 6 
6';'8 n.l 7;6 8.11 3';'1 0.6 0';'.1. t I. 7 ,;'0 6,1 6';7 8 !9 8 ';& 1~6 9;~ 9.5 8 ':8 R,II ";'1 8,3 1f19,6 
5';8 8 (6 0 ... ·8 8.8 2';9 5.7 3';2 2,.6 i;'1 3!t 5;5 ... ~ 9;'6 7~" ,,;, 5.? 2';9 n.o 3::,. 2.6 318.7 
6;0 f I' 1 ... ·1 5,5 2';9 8,3 5;'2 2 .. 5 0; .. 5,8 8;2 'l~n 7 ;5 4;~ 8;'4 t~Q 0::9 ";'5 9;U 9~1 112 t ~'q 
3;9 6,6 5;2 11,0 2;l 6,2 2;',. n l 5 7;8 1',9 0":" ~~t 7;'3 5,11 5;4 6,1 2;'7 5;3 3';7 6~" 3111l~5 
";9 5,6 O ... ·b 3 tS 9;'7 R,II 3 ';'7 7,A 6;3 0,7 5 ';11 2.3 ,. ;1 ;>.Q ~'''9 1,A b;'l 11.1 7 ... ·0 II ~5 1127,11 

6';'l ",n II ~4 ",II 11':3 3.4 5;'5 t .. 9 11;"9 Itl! 9';6 0.3 0;8 6,n &;U t • ~ 1';7 2;6 "':2 5.1 3l5~9 
3';'1 8,5 6~7 8 t 2 9;7 3,6 6 ;11 6 1 11;"& II t q ';5 e :2 9 :3 1;' 3;8 '.5 0;0 &~t 5;1 2~7 1119;3 

ER TYPE nil CODE 77 CONT 12 REENTIAOR: OllS13 BOl: 'ltJnoo~ 

PAC~ET AOP OU"O"l to, 00nOn3 
PAOCrS\on PfoursTtO ON AOlOI CALL WAS UNAVAIlAALE AT THE 
TIME Of THE' fR AOEDI OR WAS DOWNED BY THE SYSTEH OPERATOR! 
OCCURREO IN GAUSS fLINE 11 
••• WAlKQBACK FROH GAUSS (LINE 11 ••• 
DYNAMIC LEVEL: '2, STATIC LEVEL: 2" 
CALLE'O fROM MAIN (LINE 195061 N 
EXECUTION TERMINAfE'O IN ERROR N 

AD AHBIGUITY ABOPT ADR: nU"72 BOI:nuOoe., 
..... 



228 

,., P' ..... .., .. ... '" "0 "'N "'0 "'0 ..... 
~ .... 0 ... 0"" O~ ~O 0'" 0 ... O~ 0", 
C'" ce c .. cc CO CC c .. 00 C'" 
ON ~o O~ 00 0'" 0 ... 0 ... 00 00 
10 .. 010 00 00 00 0 .. 00 oeo C":r. 
ON 00 00 00 00 00 00 00 ::10 

"'N 00 00 "'0 00 00 ...... 00 00 
0..- ce CO cc CO 00 00 00 Ce 
CO 00 Co 00 00 00 00 00 Co 
10 .. ce ce CO CO CO ee ce Co 
00 00 00 00 00 O~ 00 00 00 
CN ec ce oc CO CO Co co 00 

ON "' ... 0'" 0'" "' ... 0'" 0'" ...... 0", 
0.., .... 10 .... e eN .... 0 .... 0 eN .... 0 .... 0 
0'" .... 0 .. '" 0 .. ... 0 .. '" 0 .. "'0 .. '" 0 .. .... c ee 0.0 .... 0 co 00 .... 0 00 
0 ... .... ::: ..'" 0 .. .... 0 .. '" 0" .... 0 .. '" 0'" .... 0 co co .... 0 00 CO .... e 00 

e", .... e 0&1'1 ee .... 0 e&l'l CO .... e o.n 
0 .. "'0 co 00 "'0 00 00 .... ", 00 
0..- ... C 0&1'1 00 .... 0 e&l'l 00 "'0 o If) 
0 ... "'0 00 00 ...0 00 00 .... 0 00 
0", .... e 011'1 Ce ... 0 011'1 c-o .... 0 CII) 
0 .. .... 0 00 00 "'0 00 00 "'0 00 

...... _.c ..N ...... ... '" "0 ...N .. '" "' ... ... N ... '" "''=' "'0 -ON "'0 "' ... "'N ... 0 
OC "' ... co 00 N", 00 C-_ ,.., ... co 
.. 0 ..... 00 "0 ... '" 00 ..... 0 ... ::I~ 
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E.5 - CASE STUDY FIVE: A Model Operating System 

;r~EE T~'~. 
;453,T TP".,FIII15UO 
~CPS;S,5 ,CPS.S/O, 
~ACqO INTEQPPtTt~ LEVEL 1R1 01/JI/RJ 19:42:UI 

1 .COMPILl OPTIONS=lRSLHG,ELTNAME=TPFS;MAIN 
1 PROG~AM MAINIINPUT,OUTPUTI; 
1 TYPE AqRTY~~ = ARRAY [ U .; 19 J OF INTEGER 
1 AqRTY~2 : ARRAY [ 1 ,; 2U J OF INTEGER 
f MOSENfRI£5 =IMOSINIT,CLOCKSTART,REGULARTNT,IOINTTTATE,LOTERHINATEI; 
1 AQRGE~TRIES =r ARRGtNIT , ARRGLISTI ; 
t PR~CEOU~! MOSIVAR MOSENTRY : MOSF~TRIESI:PPoCEss: 
1 PR~CEOURE ARqANGEIVAR ARRANGENTqy I ARQGE~TRIES I VA~ LIST: ARRTYP1: 
1 LISHlAO : INTE3ER:LISTAIL : INTEGER :VAP SOPTKEV : ARRTYP21: PROCESS: 
t VAP MOSLOCK QUEUE 
1 CLOCK LOCK QUEUE 
1 ACTIVATOR QUEUE 
[ FINISH CUEUE 
t A~RANGELOCK ~UEUE 
1 AQRFLAG CUEuE 
1 CLOCKINTRPT QUEUE; 
t MASTlRLOCK rOINTTyATLON LOCK or curuE 
1 TER~LOCK TOTlRHINATTON LOCK or ourur 
1 STAQTER OUf.UE 
1 101~IT 10INTTIATLO~ FLAG OF curur 
1 10TERH tOTERHINATION rLAG OF cUrUE 
t l~PTV~Q Qur.ur I 
I 1 INTECl", 
1 ~OS~NTRY ~OSlNTRIES: 
1 ARRANGE~TRV ARRGENTRIES 
I DU~INT INTlGER 
1 DUMARRL ARPTVPl 
t OU~'~R2 ARPTVPZ 
1 P(51~ 
1 I :: l; 
1 w~TL~ 1 (: to o~ ~L"IN 
1 STARTUP SLAVtTASKIIl, 
I. I:=r+.: 
1 rN~: 
1 
1 ARPA~GrNTRV 1= APRGINIT 
1 STARTUP WITH TAS~NAHf(AOOI 

1 A~R'N3EIAPRANGENTPY,DUMARRl FO~W,DU~INT ,OR~,DU~INT FnRw,DUMARRZ rORWI; 
1 
[ MOSE~TRY :: M05lNIT ; 
1 STARTUP WITH TAS~NAHr(TUOI MOSIMOSrNTRYI: 
1 
1 
t LOC~(HOSLOCKJ: 
1 WOSE~TRY := CLOC~START; 
I fORK WITH TA5KNA~E(Tn~1 ~OSI~OSENTqVI, 
1 WAITIHOSLOCKI; 

N 
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r NO 0 

lOCK I MOSLOCK I: 
~OSE~TRY := REGUlAR!NT; 
rOR~ WITH TAS~NAM(IT02' MOSIMOStNTRYI: 
WAlT IMOSLOC~ I: 

LOC~IMOSLOCKI: 
~OSE~TRY := IOtNITIATE; 
rORK WITH TASKNAM(ITOlI MOSIMOSE~TRYI; 
wAlTIMOSLOCK I; 

LOCKIMOSLOCKI; 
MOSENTRY := IOTERMINATf.: 
~ORK WITH TASKNAM(IT041 MOSIMOSENTRYI: 
WAITIMOSLOCKI; 

LOCK I STARTERI: 
SISNALISTARTERI: 
LOC~ IrINIS~n; 

wAITlrrNISH) ; 
eUIT : 

·COMPlLE 
PROGRAM 

O'TIONS=IPSLMVG,ELTNAME=TPF'.ARPANG 
DEFINE I ARRANGE); 

'V~I A~"fY~l. A"HAy to,: ,~ l OF [HTI6tR I 
ARRTY-2 : ARRAY [ 1 .; 2U l OF INTEGER I 
A~RGE~TRlrS =1 ARRGINIT , ARRGLISTI ; 

PROCEDURE ARRANGEIVAR ENTRY : A"RGENTRIES ; VAR LIST: ARRTYP1; 
LlSHEAD : INTEGER:LISTAIL : INTEGER ;VAP SORTKEv 

YAP 1,J,K INT~GER : 
TEM~ INTEGER : 

PU1'l 
osr rNTRY or 

AIl~ClLlST 1 
HGIN 

LOCK (ARRf'LAG I: 
SIGNALIARRFLAGI: 
J I: ILTSHTL.~n ".:!) MOO i'UI 
11= ILBurL0'/O. ":'2) Mon 7UI 
WHILE I J () LISHEAO I AND 

I SORTKEY[ LIST[J J) < SORTKEY [ LIST[ IJJ I 
DO flEGIN 

ARRTYPZ): 

TEMP := LlSTrJJ : LlSTCJJ := LISTCtJ : LtSTCIJ:= TrM~ 
I := I 1+20 =1' MOD 20 ; 

~UtT I 
[NOI 

ARRGINIT: 
9EGIN 

J ::: I J+zn ::11 MOO 2U : 
ENO: 
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RELEASEIARPANGEJ; 
LOC~IFINISHI; 

WAITIFINISHI; 
E~O: 

rND; 
t~D; 

.cn~plLE O~TIONS:IPSLMVG.[LTHAMt:T~F'.MOnELOS 
PROGRAM DErlNlIMOSI: 
TYPE MOSENTRIES :IMOSINIT,CLOCKSTAPT,REGULARINT,tOTNtTtATE,10TEPMINATEI; 

ARR~lNT~IES :1 ARRGINIT , ARRGLIST, : 
ARRTY~l : ARRAY CO.: 19 J OF INTEGER : 
ARRTYPZ = ARRAY C ! .; 20 J or INTEGER: 

pnOcrou~~ MOStVA" fNTUV I 'MOSlNT~lr~1 I 
rnnCfOURr AR~ANGfIVAI AR~ANG'NTRV , AR~BrNTR![S I VA~ LIST, ARRTVP11 

LISHEAO I INTE5[U:LISTAIL : INTEGER :VAq SORTKEY : ARRTVP2,: PROCESS: 
TYPE SYSTEMTABLE: RECORD 

CCU INTEGER: 
CIOJ I IHTrQrR: 

ENO, 
vAP LASTINTRPT INTEGER 

LASTSWAP INTEGER 
CL~CK tHrERt" 
f,J,H,rl I INTlG[R 
RQMEAD,ROTAIL INTEGEP 
9QMlAD,BOTAIL INTEGER 
DIOQMEAD INTEGER 
DIOQTAIL JNTEG£P 
MAXRQLEN INTEGER 
ROllST ARRTypl 
R~~AIT ARRTYP2 
9QllST ARRTYP! 
OIOOlIST I ARRTVpl 
LRO INTEGER 
SHIFT INTEGER 
~AXWAIT INTEGER 
CO~TQOLTABLE I SYSTEMTABLr: 
Tl~[ ARRAy( ~!ltun J OF INTEGER: 
CPUUSER APRAV( 1.~lUO ) OF INTFGER: 
OI3JOB ARRAYC 1;,IUO J OF INTrGER: 
~E~IOLE ARQAY( 1;,100 J OF INTrGER; 
REAOYQUE ARRAYC 1;,IUO,O.;19 J OF INTEGER 
9LOC~EDQUE ARRAyr ~:tlUO,O,;19 J OF I~TEGER 
DIOQUE ARRAY( 1:,IUO,O,;19 J OF INTEGfR 
PRIORITY ARRlYP? : 
SlARTTtME ARRAYC 1!t20 J or INTEGER: 
~E~RrQ ARRAVC l •• ~u Jar INTEGER: 
STATUS ARPAY[ 1;.2~ ) or BOOLEAN 
ME~UNUSED INTEGER; 
Tl~ltNcRrMrNT I INTtnt,p, 
TI~lOECR[Mf.NT I INT(GlP: 
T(MP INT(GlR; 
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ME~SWA~A~LE INT(GlR;' 
INroTA~LE T[XT; 
ARqA~~ENTRY ARRGENTRIES 
~UANTU~ I ARRTYP2 
OUANTMAX INTEGER 
CPU IDLE INTEGER 
CPUIDLECUM REAL 
~E~lDlECUM R~Al 

~E~UT1L1ZE PEAL 
C~UuTllrlE REAL 

BEGIN 
CASE: ENTRY OF 

CLOC~STARTI 

~EGl~ 

LOCI( IMOSLOCK I: 
SIGNALIMOSLOCK I: 
WMILE TRUE DO BEGIN 

SUS~ENOI5UII 

LOCKICLOCKlOCKI: 

rNO; 
RrGUURINT I 

CLOCK :: CLOCK. 50: 
UNLOC~ICLOCKLOCKI: 
IF CLOCK >: 30000 THEN TERMINATE: 
LOCKICLOCKINTRPTI: 
SIGNALICLOC~INTRPTI: 

END: 

9E~lN 

LOC~IMOSlOCKI: 

SIG~ALIMOSLOCKI: 

WMILt TRUE 
DO BrGIN 

LOCKICLOCKINTRPTI: 
WAITICLOCKINTRPTI: 
II'I ROTAIl = ROHEAO I AND 

'CONTROLTASLl;CCU = 0 
THrN BrG!N 

LOCK IEMPTYRQ I: 
WATTIEMPTYRQI: 

ltHJ: 
LOCKIMASTERlOCKI: 
lOCKICLOCKLOCKI: 
IF I BCHrAD <> BOfAll I 

AND IMlMREQreOLISTC9QHEAO]) <: ME~SWA~A9Lrl ANOIICLOCK;LASTSWAPI )=~OOI 
THf.N BrGIN 

C~r.GION: 

WRITEV-/I' SWAPPING 'I: 
CEND: 
LASTSWAP := CLOCK: 

WHILE 'ROTHL <> ROMf:AOI A'ID 
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IHEMRtOC8QLLSTfBOHEADJJ >= HEHUNUSEDI 
no BF:GtN 

l.RO 1= I 20.ROTAIL~OHEAo I HOD 20: 
HAX~AlT := RO~AIT[~QlIST~ROHEAD)J; J := ROHEAD; 
IF LPO > 1 

THEN BEGIN 
FOR II:l TO IlRQ~ll 00 

BEGIN: 
K :=IRQHnO-II HO~ 20: 
Ir ~A~~.LT > ROWAIT[ROlIST( K JJ 

THEN REG IN 

END; 

HAX~.lT := RO~AIT(ROLlSTr K )): 
J 1 = K; 
END; 

[NO; 
HEHUNusrOI=H[HUNU$tO.~(~RrQrRaLtsTCJJJI 
MrHSW.PABLEI:HE~SWADAglE;~EHREQrROLIST[JJJ; 

BOLISTe eOTAIl J:: RQLISTC J J; 
BOTAIL I=IBOTAIL-tl MOD 20; 
LOCKIARRAMGFLOCKI, 
LOCK I ARRFLAG I, 
ARRANGENTRY :: ARRGlIST ; . 
FORI( WITH TASKNAHEIAOII AQRANGEIARRANGENT~y,BOLTST.BOHE.0.BaTAll.0U.NTUHI: 
WA. T I ARRrtAl'i I I 
A~AlfIA01II 
UNLOCKIARRANGELOCKI= 
SHIFT ::IROTAIL .. J +19) ~O[) 20 
IF SHIFT ) 0 

THEN BEGIN 
FOR 11:1 TO SHIFT DO 

BEGIN: 

END: 

I( := 1+J:"1; 
ROLlSTCK HOD 20JI:ROLlSTCII(+tl MOO znll 

n~ol 

RQTAIl ::IROTAIL+Zo.tl MOD zn; 
END: 

WHILE IMrMPtO[BQLISTrB~HEAOl) <= HrMu~usrDI 

AND IBQHEAO () BQTAILI 
on ~EGIN 

RQl!STCROTAlll 1= BQllSTrB~HEA~): 
RQWAITCRQLISTCRQTAILJJ 1= ClOCW: 
RQTAIL :=IRQTAIL+11 MOO 2U: 
LOCKIARRANGtlOCKI: 
lorKIA~~rL.GII 

ARPANGf.~TRY :: APRGLtST : 
rORK wIT~ TASKNA~[IA061 ARqANGEIIRRANG[NTRY.RQL1ST,ROHrAD.~QTAIl.QUANTUMI: 

WAITIAPRFLAGI; 
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AWAlTCAi.l6': 
UNLOCK(A~RANGELOCK': 
MEMUNUS£D:=MEMUNUSED~M~M~E~(~QLlSTrBOHEADJJ; 
MEMSWAPA9LE:=MEMSWAPABLE+MEM~EO(80LISTCBOHEAOJJ; 

BOllST(BOHEADJ := (1; 
BOHEAO :=IBQHEAO+l' MOD 20: 

END; 
FNO; 
IF IICLOCK~TIHEOECRE~ENT')= SOl ORITIM~OECREMENT=OI THEN 

BEGIN 
TIM[OECREMENT := CLOCK: 
WITH cONTROlTABLF 

DO BEGIN 
IF CCU () 0 THEN QUANTUM( CCU J:= QUANTUH[ CCU J + t : 
IF C ROTAIL () ROHEAD I 

THEN BEGIN 
IFI CCU () 0 I AND IIQUANTUM[ CCU J MOO QUANTMAXI = 0 I 

THEN aEGIN 

FNO: 

DEACTIvaTE SlAVETASKICCUl1 
CREGION: 

W~lTELNI' REGULAR INTRPT'I: 
CEND; 
FETCH STATUS OF sLAvtTASKS, 
V S"Tusr cell J 

THE'I BEGIN 
ROllST[ROTAtLl:=CCU: 
ROWAIT[RQLISTCROTAILJJ:=CLOCK: 
ROTaIL:=IRQTAIl+l1 MOD 2U:· 
LOCKIARRANGELOCKI: 
ARRANGENT~Y := AR~GLIST : 
lOCK CARRFLAGI: 
rORM wlTH TaSMNAH,.AU1, 
ARRANGEIARRANG[NT~y,ROlrST,RQHl'O,ROTAIL,OUANTU~11 

WAlT CA RRFLAG': 
AWAIlIAOZ' : 
UNlOCKCARRANGElOCK': 

rNO, 
Ht~sw.~aBLEI:MlMSWA~A"LE·MEHREQ[CCUJ: 

ceu := " : 
IF ~QTAIL =RQHlAO THEN CPUIDLE :: CLOCK: 

END: 

tFCROTAIL () RQHEAO' A'IO I CCu = 0' 
THEN BEGIN 

L"fO: 

CCU := ROlTSTr~QHE.D': 
PQLlST[ROH£ADl := n: 
ROHEAO ::C~~HE'D+~' MOO 20: 
~EMSWA~.gl~:=MEHSWAPlBLEaMrHREQrCCUJ: 
ACTIVATE SLAVETASKcceu'; 

END: 
N 
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£,,!D: 

•• DUMPl"lG SECTIO"! •• 

II := 11+1: 
If II <= IOU 
THf.~ BEGIN 

TIMEtt!J:: CLOCK: CPUUSr.RCIIJ:= CONTROLTABLf.,CCU: 
DIOJOStIIJ:= CONTROLTABLE;CIOJ: . 
fOR 1:= 0 TO 19 DO BEGIN 

Rf.ADYOUECII,IJ:= RQLISTtll: 
BLOCKEOQUECIl,lJI: BOlISTe!]: 
OIOQUEtIl,lJ:: DIOQLISTCIJ: 
HEHIDLECIIJ:: HEHUNUSED: 

FND: 
IF It>\ THEN MrMIOLlCUM I: MrMTOLECUM+ME~U~U5En.'TtMrttI' TIMEtIT;t]11 

i~u 

ELSE BEGIN 
CPUIDLECUM :: 0: HEMIOLECU~:= 0: 
fOR TI:= 1 TO Ion DO BEGIN 

cn~r.loNI 
wRITELNI 
WRITELN(' CLOCK ',TIMECIIJ,' CCU ',CPUUSERCIIJ,' OlOJ ',OIOJOB[IIJ,' TOLE STORE ',MEHtOLECIIJI: 
wRITELN: WRITE(' RQUEUE ": 

CEND: 
FOR 1 I:U TO 19 00 BlGl"l (REGIONI WRIT[f~EAOVOurCII,llI311 CENOI ENOl 
CREGION: WRITELN: WRITEI' BOUEUE 'I: CEND; 
fOR I :=u TO 19 DO BlGIN CREGION: ~RITEIBLOCKEDOUEtIl'lJ:~I: CEND: END; 
CREGION: WRITELN: WRITEI' DIOOUE 'I: CEND: 
fOR 1 :=0 TO 19 DO BEGIN CPEGION: WRtTEIOIOQUErlT,tJ:31:C(ND: FNO: 
C~tGION: WRTTf.LN: CEND: 

END: 
II := n; 

END: 

•• t~U or DUMPING SrCTION •• 

UNLOCKfCLOCKLOCKI: 
UNLOCKfHASTERLOCKI: 

END: 
~N(): 

rOr'llTIATu 
BEGIN 

LOC~(MOSLOCKI: 

SIG'IALlHOSLOCI< I: 
wHILE TRUE 

D:l BEGIN 
wAITI!O!NIT): 
LOCI< I TOINTT); 
CREGION: 

wRITElNf' I/O STARTED'): 
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Cf:NO; 
LOCKfCLOCKLOCKI: 
WITH CONTROLTABLE 

DO REGIN 
0!OOlISTtDLOQT4ILJ := CCU: 
OIOOTAIL ::IDIOOTAILtll MOD 20: 
IF ~QHEAO <) RQTAIl 

THEN BLGIN 
(CU :: qQLISTC PQHElO J: 
ROLISTt ROHEAO J t= 0: 
ROHEAD ::(ROHEAO.1J HOD 20: 
ACTIVATE SLAVETASKICCUI: 

E~O 

ELSE BlGIN 
CCUI:O, 
CPUIOLE I = CLOCK 

END; 
IF (rOJ : 0 

THrN BEGIN 
CIOJ := 'IOOLISTCDIO~HEADJ: 
DIOQLLSTrDIOOHEAOJ /: 01 
OIOQHlAD := IDIOOHEAD +11 ~O~ 70: 
ACTIVATE SLAVETASKICrOJI: 

END; 
rNO: 

IC •• OU~PI~G SECTION •• 
IC 

II := U-l: 
IF" II (: J.nu 

THEN BEGIN 
TIMEtIIJ:: CLOCK; (PUUSERCIIJ:: CONTROlTABLE.CCV: 
OIOJOqCIIJ:= CONTROLTABLE;CTOJ; " 
fOR 1:: U TO 19 DO BlGIN 

~rAOYOUE(tI,l):= ROLISTel): 
BLOCKEOOUECIl,I):: BQLISTC!J: 
otoouI\CU,1)': Illo0LJSHO, 
MfH!(lLHUJt= HCMIJNUHOI 

END: 
IF" II>! THlN ME~lOLE(UH :: ~EHIDLECUM.MEMUNUSED.'TIHECIIJ:TIME(TIC!J': 

£.'1[1 
rUE BEGIN 

CI'Ul"lLrCIIM 1= 111 M!:MIDLCr.\JMI= ", 
FO~ 11:= 1 TO tun DO BEGIN 

CREGION: 
IIIlITELN: 
WIlIT[LNI' CLOC~ ',TIMECIIJ,' ceu ',CPUUSE~CIIJ,' DIOJ ',D!OJOBCII1,' IDLE STO~E ',MrMtDLECltJl1 
wlllT(LN: WRITE" 1l~lJlU£ ": 

([NO: 
FQR 1 ::~ TO 19 DO ~EGIN (REGION: wRITEI~EADYOU[(TI.IJ:J': CEND: END: 
(PEGlON: wqlT[L~: w~rT[I' BOUEUE 'I: eEND: 
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FOR 1 :=u TO 19 DO BEGIN CRFGION; WRITEIBlOCKFDOUE[Il,lJ:31: CENO; FND: 
CREGION: WRITf.LN; WRITE I' OlOOUF 'I; C~'ID; 
r·OR 1 :=u TO 19 DO IH.GJ.N CP/;;(HON; WIIIHIOIOOll£.rlt,tltlIIC[NO; ~NO; 
CREGION: WRITrLNI CtNDI 

END; 
II := 0; 

END; 

•• END 0' DUMPING StCTION •• 

!!:NO; 

UNlOCKICLOCKlOCKI; 
UNLOCKIMASTERLOCKI: 
FNO; 

10 TE qM INATE: 
BEGIN 
LOC~IMOSLOO'; 
SlGNALIMOSLOCKI: 
WHILE TRUE 

DO BEGIN 
WAITIIOTERMI; 
LOCK I IOTERM) ; 
CREGION: 

WRITELNI' 
CENO; 
LOCKICLOCKLOCKI; 
wITH CONTROL TABLE 

DO BEGIN 
LOCKIMASTERLOCKI; 
ROLlSTCROTAIL) :: crOJ: 

110 rtNISHEO'I: 

ROWAITCRQLlSTCROTAILJ):=CLOCK: 
ROTAIL :=IROTAIL +11 ~OO 70: 
LOCKIARPAN~FLOCK): 
ARRANGENTRY := ARRGLIST 
LOCK I ARRFLAG): 
FORK WITH TASKNAMrl,03) ARRANGEIARRANGENTRY,ROLIST,RQHEAO,ROTAIL,OUANTUMI: 
WAlTIARRFLAG) : 
AWAlTI.03); 
UNLOCKIARRANGELOCKI: 
IF POHEAO()RQTATL THEN AEGL~ 

LOCKIEMPTYROI: 
S IGNALIEMPTYROI: 
C~utOLECU~ 1= CPUIULlCUM • ICLOCK ~ cPurOLE II 

FNO; 
ME~SWAPA9L~::MEMSWAP.8LE+HEMR[OCCIOJ); 

IF 0100HEAO : orOOTAll THrN CTOJ I: 0 
ElSE BEGIN 

crOJ I: OTOOLTSTCDIOOHEA01; 
OlOQlI5TCOloOHrAOl I~ "I 

otOOHEAO :: IDIOQH[lO .t I HOD 20; 
ACTIVATE SLAVETASKICIOJI; 

N 
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IC 
IC 
IC 

IC 
Ie 
It 

END: 

•• ~UMPING SECTION •• 

II := II+1; 
Ir II <= 100 

THEN BEGIN 
TIME[IIJ:= CLOCK; CpuuSERCII]:= CONTROLTA9LE.CCU; 
OIOJOBCIIJ:= CONTROLTABLE;CIOJ: • 
FOR 1:= 0 TO 19 DO BEGIN 

ELSE 

IF 
END 
BrGIN 

REAOYOUEClI,IJ:= ROLISTClJ; 
BLOCKEOQUECII,IJ:= BQLISTC!): 
olOOUECIl,I):: 010QLISTCIJ; 
MEHIOLE[lI):= HEMUNusEO: 

END: 
11)1 THEN HEHIOLECUM := HEMIOLECUH+MEMUNUSEO.,TIHECII);TIMECII.1JI: 

CPUIDLECUH := 0; HEHIOLECUM:: 0: 
rOR II:: 1 TO 100 DO BEGI~ 

CREGION: 
WRITELN: 
WRITELNI' CLOCK ',TIME[II],' CCU ',CPUUSEQ[II1,' DIOJ ',OIOJOAtII),' IDLE STORE ',HEHTOLECIIJII 
WRITELN: WRITEI' RQUEUE "1 

CENO: 
FOR 1 ::0 TO 19 00 BEGIN CREGION: WRITEIREADVOUECIl,I]:31; CENO: END: 
CREGION; WRITELNI wqlTEI' BOUEUE 'I: crNO; 
FOR I 1:0 TO 19 00 BEGIN CRrGION; WRITEI3LOCKrDOUFCYI,l]:]II tENDI END; 
CREGION: WRITELN: wRITEf' DIOOUE 'I: CEND: 
FOR 1 ::0 TO 19 00 BEGIN CREGION: WRITEIDI00UE[II,IJ:jl:CEND: END: 
CREGION; WRITELN: CEND: 

END; 
II := 0: 

END; 

•• END Or DUMPING SFCTlON •• 

UNLOCKICLOCKLOC~I: 
UNLOCKIM~ST(PLOCKI; 

UNLOCKfTfRMLOCKl; 
rNnl 

fND I 
r::NO; 

MOSINIT: 
REGlN 

CONTROL fABLE .CCU 
CONTROLTA~L[.CIOJ 

USTINTQPT 
LASTSIIAP 
CLOCK 
ROHEAD 

1= (') 
I: 0 

n 
n 
(') 

n 
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RCTUL 
DIO~HE:AD 
OIOOTAIL 
SOHUO 
BOTAIL 
MAX~CLEN 

11 

0: 
0: 
rI; 
(11 

:: 0: 
: = 1 8 ; 
: = 0; 
:= qoou: 
:= 0: 
:= 0; 
:= 0: 
;: "i 

: = 0: 
:= 0: 

M[MUNUSED 
MEMSwAPABLE 
TIMElNCREMENT 
TIMEDECREMENT 
OUANT"'AX 
CPUIDLECU'" 
MPlIDLECUM 
LOC~ I IOINTT': 
1 : = 0: 

LOCK' IOTER"": 

I/IHL£ 1(: 19 00 BE"GtN 

RESEfllNFOTABLfl I 
PEADLNIINFOTABLEI: 

ROLISH I J : = 0: 
BeLISTC I J := 0: 
RCwAITr J+l ) :: 0: 
OlOOLlSTC I J 1= 0: 
PRIORITY[ 1+1 J := 0: 
STARTTIMEC l+! J := n; 
OUANTUMC 1+4 J := n: 
T H 1+1, 

OlD, 

rop I. := 1 TO 19 00 PEGlN 
~EAO'LNrOTl8LE,MEMREOCIJ,P~lO~TTY[JJ,STARTTl"'E[lJ': 

fNO: 
rOR 1:= I TO 16 

no BEGIN 
flPI J ,~ 1f.!1 Tn 111 

00 BUlIN 
IF STARTTIME[! J ) STARTTJM[[ J J 

[NO: 
1 : = 1, 

END, 

THEN BEGIN 
TEMP I STlRTTIMECJJ: STARTTt~E(JJ:=5TARTTIMr(IJ: ~TARTTtME(IJ::TEMP: 
H,M"'. Mt"'R!'ClcJJI MfMlltOCJl'="'C"'Rror 111 MrM,H.OrlJ.=TLMP, 
T[MP I ~RrO~lTYrJJ: PRIORITY[J):=P~IOR!TY(lJ; PRIORTTY[TJ::T[MP, 

END: 

W~lLE I I <= HAXPQLEN , AND 
( MEHUNUSEO > HFMREC(tJI DO BEGIN 

QOLlSTCl~131= I: 
RCWAIT[ t Ji= ST~RTTtM~r 1 J: 
MEMUNUSEO:=M[MUNUSED~MrM~EO(TJ: 
MEMSWAPABL[:=~E~SWAPA~lE.H[MRrQ[ll: 

PJTAIL := ROTAIl'I: 
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K := le::1; 
FOR J:=O TO K 

LOCK IF'INtSH' 
~(L(ASE: (MOS' 
LOCK IFINISH, 
w"ITIFINISHI 
oulT : 

rNO; 
END; 

(NO; 

r := 1+1: 
END; 

DO BEGIN 
BOLISTrJJ::!: 
BOTAll :: BOTAIL +1: 
I := lot; 

END; 

.COMPllE OPTIONS:IRNlHV,ElTNAME=TPF"';USE~l,USER:81R,SlZE:lJU,P~lORITY:2,STARTTTHE:OOOO 
PIIOGRAM MAIN; 
~.ff A,_,J INflfiEff ( C I RrAL 
BEGIN 

9: = 1; 
"HILE TRUE 

DO BEGIN 
FOR J :=1 TO 99999Q 

00 BEGIN 

END: 

END; 

" := 8 ; (:=5*1:23.14113.3*99:012:01 
IF" IJ MOD 3331:0 

THUJ BEGIN 
WRlTF:L~'A,CI: 

END; 
B : = A; 

lND: 

*COMPILE OPTIONS=lRNLMV,F.LTN"MF.:Tpr';USERZ,USER:IKt,SlZE=420,PRlORITY=l,STARTTIME:"O~O 
P~05RAM ~AIN; . 

'VAR -,B,J INTEGEP.: ( : REAL: 
BEG!N 

q. - Z· 
~~iLE' T'~Ur 

00 9EGIN 
FOR J := t TO 999999 

00 BEGIN 
A := B : C :: .. ;3*7;7.0;2'+1112,3.t4:8*1:21: 
B :: .: 

END: 
"IlO: 

EIlO; 
.COMPILE OPTIONS=IRNLMV,F:LTNAMF:=Tpr,;USER3,USER=uc,stzr=14n,PR!O~lTY=5,STA~TTIM[=ono~ 
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pqOGIHM MAl'l; 
VAR l,S,J 
SEGIN 

B: = 3; 
WHILE TRUE 

DO BEGIN 
FOR J 

DO 

END: 

("'0; 

IN TEG[P c 

:= 1 TO 999999 
BrGtN 

RE AL 

A I: B I C I: Sf2l.1~.2.".Ol/.3,9.B.8.n.q~,: 
IF (J HOD IIQQI=U 

THEN BEGIN 
WRITELN( AtCI: 

[NOI 
1\ I: A: 

END: 

.CO~PllE OPTrONS:IRNlHV,r.LTNAHE:Tpr';uSER~,USER:~RT,SllE=~3S,PP10RITV=3,S,ARTTIHE:OOryO 
PR03~aH HAIN; 
VAR A,8,J INTEGEP: C : REAL: 
9r GIN 

~ I: q; 
"HlLE TRUE 

l'lO~ 

)0 BEGIN 
FOR J 

00 

END: 

:= 1 TO 
erGIN 

A .­
II .-

[NO: 

999999 

B ; 
A; 

C := 6.Q.e.1.~."US/(l;l.g;3.0;7': 

.CO~Pll[ OOTIONS=IRNLHV,ELTNAMr:Tpr':U5ER5,USEP:~ES,SllE:200,PR10RITV:l,ST'RTTTHE:OOOO 
PROGRAM HAl"'; 
VAR A,B,J I TNTEGlP: C HAL: 
Of GIN 

9: = 5: 
~HIL~ TRUE 

00 a~GtN 
rOR J 1= 1 TO ~9'9'9 

00 erG IN 

("'0: 

, :: P 

IF 'J 
THEN 

B : = A; 
lND: 

C:= Ot"" •• ;5.9:99.9.Z/"~7.0;991: 
MOO 5~SI=u . 
BEG!N 

WRlTELNIl,CJ: 
nlD; 
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E.>l0. 
_COMPlLE. OPTIONS=lPNIMV,rLTNAMr:Tpr';USE~&,USlR:ALT,SllE=2'U,PRIORtTV:3,STARTTIHE=OOOO 

pqO~RAM MAIN; 
VAR A,g,J !NTEGlP: CREAL: 
HrGIN 

:!:: 6; 
oIHILE TRUE 

)0 BEGIN 
rOR J I~. TO 999999 

DO BEr-IN 

tllO: 

('<D. 

A := B; C:=O;9t.3.5.9.~/'5;j.8;2.0;q5': 
p : = A: 

r/I('I I 

-COMPILE. OPTIONS=lRNLMV,fLTNAME=Tpr';USER7,USlR=vEO,SlZE=~"O,PRlORITV:t,STARTTIME=OQOO 
PQO~RAM HUN; 
VAR A,B,J !NTEGER; C : REAL: 
BEGIN 

~ : =7 I 
~H!LE TRUE 

~O BEGIN 
FOR J :=, TO 999999 

DO REGIN 

[OjD: 

E.'IO; 

~ :: B ; CI: 7:2*7;1.0:03/1S:3 0 9:UO:O": 
Ir C J "'00 4001=U 

THlN BEGIN 
WRITEL'HA,Cl: 

END: 
P :: A: 

t"NI" ; 

.C0M P llE OPTrONS:lrNL/1V,rLTNAME=Tpr';USER8,US[R=St~,SIZE:J50,PP!ORTTV:4,STARTTtME:OUnO 
.PIlOGRAM MAL'I; 
VAR A,~,J INTlGlP: CREAL: 
HGIN 

? :: ": 
wHILE Tllur 

JO BEGIN 
FOP J ::~ TO 099999 

DO "l r,H~ 

('10. 

·CO""lL[ 

(Nil; 

~ :: B : C := 7,1.O.9Z.0;b5/18;1.9;3.0;S6'; 
r : = A' 

(liD: 

OPTIO~S=InNLMVlrLTNAMr=Tpr';uSlR9,U~lR:OO~,SI1E:360,PDlORITV=3,S,ARTTTHf:nooo 
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PIl05R~H MAIN; 
vAR A,B,J INTEGER let ilEAL I 
ef:GIN 

B:: 9; 
IIHILE: TIWI': 

)0 BEGIN 
FOil J :=l TO 999999 

00 BEGIN 
A := B ; Ct= 9;9+0;2+0;7/10,67+0;891: 
B :: A: 

END: 
ENil: 

END; 
+COMPILE OPTtONS=lRNI.HV,rLTNAHr:Tpr':US(Rln,usrR:o~,Sl7.E:270,PIl10RtTY:3,~TARTTTMr:n010 

PIIOGRAM HAIN: 
VAR A,B,J : INTI':GER : C I REAL: 
BEGIN 

B:: 10; 
wHILE TRUE 

END; 

00 erG IN 
FOR J 

00 

£'10: 

:=1 TO 99999 
BfGIN 

A I: 8 I 
e I: A; 

END: 

C ,: t,hl,Z.3,31I6;"+U:7+':lll 

-COMPlLE OPTIONS:IRNlMV,ELTNAME:TPr';uSEIl11,USER:0"B,SIZE=300,PRIoIlITV:Z,STARTTIME=UOOO 
PIl05RAM MAIN: 
VAil A,B,J : INTfGER : C : REAL: 
9E:GIN 

R:: 111 
IIH rLE: TIlUF 

00 BEGIN 
FOR J :=1 TO 999999 

00 BEGIN 

[140: 

lNO~ 

A := e : c ,= ~tl.8.~+O.~/f7;~+O;'.O;bl; 
P ::: A: 

[NO: 

+COMPILE OPTIONS=lRNLMV,fLTNAMf:TPFS;US£R12,USfR=0"I,SIZE=Z7n,pRIOIlITV=l,STARTTl~E=onon 
pqOGRlM MAIN: ' 
yA~ A,~,J 1 !N'l~Lr Ie, "rAL I 
Sf G [N 

B:= 12: 
WHILE TIlUE 

00 BEGIN 

I 
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FOR J 1=1 TO 999999 
DO BEGIN 

A I: B : CI: 7:3-9;3-0:04'1";3-9;1-0;031: 
B !: A: 

ENfl; 
EIIO; 

tl/D; . 
-COMPILE OPTIOI/S=IRNLHV,ELTNAHE=TPFS:USER13,USER:OI/U,SIZE:4Z0,PRIORITV="STARTTIME=OOOn 

PROGRAM MAIN; 
VA~ A,8,J INTEGER I C REAL I 
Ht'lIN 

B I:: ill 
wHILE TRUE 

;)0 BEGIN 
FOR J 1=1 TO 999999 

00 BEGIN 

E'IO: 

END; 

A 1= B • C I:: 4,hO.O,,4_9.111";2_0;8_9;31. 
B :: A: 

ENI': 

-COMPILE OPTIONS:rRNLHV,f.LTNAHE=TPF';USE~14,USER:01/0.SIZE:300.PRTORITV=3,STARTTr~E=oryon 
PROGRAH MAIN: 
VA~ ',8,J I INT(GEP I C I RrAL I 
BE GIN 

B:= 14; 
11M Ill:: TRUr 

00 8~GIN 

FOR J i= 1 TO 999999 
DO 8EGIN 

E'IO I 

[NO; 

A :: B : C 1= e,2_9tt-n.n5~'1";3-0;94.n,~b" 
H' IJ "on 'lon,:lI 

TMUI IIEGIN 
WIIITEL'I I'.C': 

END. 
1'1 :: A: 

r:Nn; 

.COMPILE OPTIONS:IRNlHV,ELTNAHr:TPFS:USER1S,USER=09S,STzr::49n,pHTORITY::2,STARTTI~l:unun 
PROGRAM MAlN: 
VAl! A,B.J INTEGER. CREAL. 
SEGTN 

A I:: 15: 
.. MIU: TllUr 

'0 BEGIN 
FOR J := t TO 999999 

DO BElilN 

N 
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A := B ; c:= U;~S.O.91.8:3~/(S;J-O;~91: 
P := A: 

ENt; 
END: 

END. 
*COHPILE OPTIONS=lPNLMV,ELTNAMr=TPFS:USER16,USER=O~A,StZE=360,PRIOPITV=Z,STAQTTIME=UOOn 

PPOGP_M HAIN: 
VAp A,B,J INTEGER; C : PEAL: 
BEGII'I 

e I: 161 
WHILE TRUE 

00 BEGIN 
FOR J := 1 TO 999999 

DO BEGIN 
A := B : C := 9:2-0:D6-n.~5/(O\2J.~;61: 
B : = A: 

FN!'; 
END: 

END. 
*COHPILE OPTIONS=IRNLHV,FLTN~Hr=TPF';USERl1,USER=ONV,SIZE=21n,pRIORITV=S,STAQTTIME=OOOO 

PROGRAM HALN: 
VAP A,B,J INTEGER: CREAL: 
BEGIN 

~:= 17: 
WH IL E TRUE 

00 BEGIN 
rOil J 1= 1 TO 999999 

00 R(r.!N 

t!lO, 

[NO • 

A := 8 ; C := 0.'15*8:'''*U:76/10:3.7:8*0:''': 
IF (J MOO 9991:U 

THtN '1lCHPj 

END; 
P := A; 

nH': 

WRtTELN( A,CII 

• CO~DILE 0~TtONS=!PNLHV,fLTNAHE:TP~S:~SER18,USER:ONs,srZE:t"5,PRIORITY:l,STARTTlME=onon 
PROGRAM HH!I: 
VAR l,B,J INTEGt P : C RrAL : 
HGIN 

g:: 18; 
>If-! lLE TRUE 

00 BEGIN 
Fon J :: 1 to 999999 

no SrGIN 
. A := B ; C:= 9:5.9:3-U:56/(5:S*0;3 t O:71; 

6 : = A; 

N 
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1 END: 
1 E~D: 
1 
1 END. 

aCPS;S,N SCRATCH'.SCQATCH1,CPS;S/1,SCRATCH'.SCQATC~Z 
MACRO INTEPPPETE~ LlVEL 1Rt 011JI/R3 19:51:Z1 
ICPS;S,N SCRATCH'.SC~ATCHZ,CPS;S/2. 
MAC~O INTERPRETER LlVEL 7Rt 07/31/83 19:53:U7 
acps;x 
19U.PASCAL;S,IRSLM3 
PASCAL SPIA PLIB SUNDAY, 1983 JULV 31, 19I51:?7 

! 

2 PROGRAM MAINIINPUT,OUTPUTI: 
3 TY~E APRTYP1 = ARRAY [ 0 ,; 19 ] 0' INTEGEq : 
~ ARRTYPZ = ARRAY ( I ~; 20 J or INTEGE~ ; 
5 MOSENTRIES :(MOSINIT,CLOCKSTART,REGULARtNT,IOINITIATE,IOTERHINATEI; 
& APRr.ENTpIES =1 ARRGtNtT , APRGLtsTI I 
7 P~OC~OURr ~OSIVAR MOSENTRV I MosrNTRIES"EXT~QN.L I 
8 PROCEDURE ARRANGEIVAR ARRANGENTRY : ARRGENTRIES : VAR LIST: APRTYP1; 
9 LISHEAD : lNTEGER;LtSTAIL : INTEGER ;VAR SORTKEY : ARRTYP21;E 

10 VAP GLOBALS : ARPAV I,t ;~ 1880.' OF INTEGER; 
11 ARRANGENTRY I ARRGENTRIlS I 
12 nUMAPRl I ARRTYpl , 
13 OUMAPR2 : ARRTYP2 : 
14 nUMINT : INTEGER ; 
15 I : INTEGEP I 
1& HOSENTPV : HOSENTRIES 
17 ICODE RSCELL. T'CELL 
19 'CODE CBONST. TfCELl 
19 'COOE SYSTEMHOLO* T'CELL 
20 fCODE ACTIVATOR. T'CtLL 
21 fCOOE ARRANGF.LOCM* TSCELL 
22 sCOOE ARRELAG* TSCELL 
23 tCODE CLOCMINTRPT. TSCELL 
2q 'CODE CLOCKLnCK* T'CELL 
l~ 'CODE F.MPTVRO. TSCELL 
2b 'CODE rlNISH* TSCElL 
27 'COOE tOINYT. T'CElL 
29 SCoDE tOTERM. TsCElL 
29 SCODE MASTERLOCK* TSCELL 
3D 'CODE HOSLOCK. T'CElL 
31 SCOoE STARTEP. TSCELL 
32 ICODE TERMLOCK* TSCELL 
JJ ICODE T'ARPANGr. TSCELL 
J4 ICOoE T1MAtN. T'C~LL 
3~ 1CODE T,MOS. T'CELL 
3& SCODE ~S'ApRANGE. RES 
37 'CODE XS'MAIN. RES 
JR lCOD~ XS'MOS. RES 
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APPENDIX F - PROGRAM TRACE AND DUMP OUTPUTS 

F.l - Program Tracing 

F.2 - Snapdump Output 
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F.l - PROGRAM TRACING 
TYPE LABELS:IRECEIVE,SENO,INITI: 

.PROCEOURE BUFFERIVAR ENTRY:LABELS;VAR INP:INfEGER;VAR OUTP:INTEGER';MONITOR; 
PROCEDURE PRINTPROC; 

'YAR ENTRY I LABELS; 
INP INTEGER: 
OUTp INTEGER: 

BEGIN 
RELEASEIPRINTPROCI: 
AWAITI STOTERI I 
WHILE TRUE DO 

BEGIN 
SNOOPy ON: 

END; 

LOCKILOCI(VI, 
ENTRVt: RECI':IyE, 
FORK wITH TASKNAMEIPtl BUFFERIENTRV,INP FORWARD ,OUT~': 
AWAIT I Pl' I 
SNOOPy IfFFI 
CREGION; WRITELNIOUTPII CEHOI 
NO; 

.COMPILE OPTrONS:IRSLHV,r.LTNA"E:TP'I~UF'tR 
PROGRAM OE'INEI8urFERI, 
TYPE LA8ELS :IRECEIVE,SEND,INlt'l 
PROCEDURE BUFrERIVAR ENTRY:LABELS;VAR IHP:INTEGER;VAR OUTP:INTEGER'; 
VAR FULL I BOOLEAN I 

CONTENts I INTEGER I 
BEGIN 

CASE ENtRV OF 
RECEIVE: 

BEGIN 
NLOCKILO'CKV'I 

LOCK CRECE;rVER' I 
IF NOT FulL THEN WAytlRECEIVERI 

ELSE UNLOCKIRECEIVER,: 
OUTP I: CONTENTS I 

OCKIUH U', 
FULL ,: rALS[ , 
SIGNAlCSENDERI; 
QUIT; 

ENOl 
$[NOI 

9ESII. 
UNLOCKILOCKVJ; 
LOCI«SENDERI; 
IF FULL THEN WAITISENDER' 

ELSE UNLOCKISENOERI; 
CONTENTSI: INP; 
LOCK (RECEIVER I I 
,.ULL I: TrIUr:, 
SIGNALIRECEIVER', 
QUIT; 
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F.2 - SNAPDUMP OUTPUT 
TYP[ LABELS:IRECEIVE,SENO,INITI: 
PROCEDURE BurrER«VAR ENTRYILABELSIVAR rNPIINTEGE~IVAR OUT~IINTEGERJ:HONITOR; 
PROCEDURE PRtNTPROC; 
VAR ENTRY I LABELS: 

INP INTEGER; 
OUTP INTEGER: 

nEG IN 
REL[~SEIPRIHTPROCJI 
lIlAITISTARTER' ; 
WHILE TRUE 00 

BEGIN 
LOCKllOCKVJ: 
ENTRY:: RECEIVE: 
rORK WITH TASKNAM£IPt, BurrERCENTRV,rN~ rORwARD ,OUTP" 
AI.,.rtll'~' I 
CREmrON. IIRITELNIOUTP', CEND, 

[NO; 
[NO; 

.COHPIL[ OPTJONS=XRSLHV,ELTNAHt:TPr,fBurrER 
PROGRA" DE'INr.Clu"tRI, 
TVPE lA8EL! :«RECEIVE,SEND,INITI, 
PROCEDURE BU"ERCVAR ENTRVILA8ELS,VAR tNPIINTEGER;VAR OUTP,INT£GERI; 
VAR rUll BOOLEAN 

CONTENTS: INTEGER: 
IIEG N 

CASE [NTRY or 
RECErV[, 

BElIN 
SNAPOUHP« DUHP'h I 
UNlOCIC«LOCKYI; 
LOCK I RECEIVER I; 
Ir NOT rUll THEN I/AtTIRECEIVER. 

ELSE UNlOCKIREtEIVERl, 
SNAI"OUHP«OUHP2/1 
OUTI" ,= CONTENTS 
lOCKISENDER.; 
rUlL I:: fALSE: 
S I6NAl« SENDER I: 
QUIT: 

END; 
SENDI 

nUIN 
UNLOCICILOCICVI, 
lOCKCSEI(DERI: 
I' rUll THEN IIAITISENDERI 

ELSE UNI.OCK«SENOER" 
CONU"n Il~ IN'" 
lOCK I UCEIVER'; 
rUlL := TRUE: 
SIGNllIRECEIVERI: 
QUIT; 

N 
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0'> 
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IUSE INrOTABU:, INFO' .. 
IUSE PUOOOOQO.INFOI. 
HEre.O 
nor TPrli.HAIN 

10U""L O~D16Z OlO760 fl1591S] 02103/11'1 fl06 TIME,SHlRtN6 EIIf;C 

0"0630 005100000000 005700000000 0057DOOOOOOl 
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r 
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