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ABSTRACT

This dissertation describes the design and implementation of a
concurrent programming system called CPS/1100 which is a modelling
language used in systems 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, CPS/1100 is an extension of a Pascal compiler by
prescanner and postscanner routines. Prescanner routines provide
syntax and semantic checks of the CPS/1100 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 machines, are utilized to
maintain task creation, removal and control.

This dissertation proyides an overview of concurrent programming
and multitasking on Univac 1100 systems. Statements, structure and
implementation detajls of CPS/1100 are explained. Typical concurrent
programming probiems are solved by using CPS/1100 to prove its capa-
bilities. Finally, this study is evaluated.



0ZET

Bu tez calismasinda sistem programiamada kullanilacak bir model-
leme dili olan bir esanly programlama sistemi CPS/1100'lin tasarim ve
gerceklestirilmesi anlatilmistir. Dilin isleyici tahsisi ve program
jizleme olanaklari ayricalik gosteren Ozelliklieridir. Bu dzelliklerin
yanisira, CPS/1100 kolay degistiriledilir ve 0zel uygulamalar icin dil
hazirlamak lzere gelistirilebilir bir yapida gerceklestirilmistir.

Dilin bu dedistirilebilir 6zel1igi bu calismanin ana Gzelligi sayiiabilir.

Yapisal olarak, CPS/1100 bir Pascal derleyicisinin Ontarayici ve
arttarayici1 yordamlar vasitasiyla gelistirilmis seklidir. Ontarayici
dizgeler CPS/1100 ciumlelerinin ve kontrol yonlendiricilerinin ifadesel
ve anlamsal kontrolini yapar. Arttarayici ise Pascal derleyicisinin
urettigi blitlinleyici kodlari degistirir. Univac 1100 makinalarinin
sistem programi olan Exec8'in esanlilik yapilari is yaratimi, yokedil-
mesi ve kontrolu ic¢in kullaniTmistir.

Bu tezde esanit programlama ve Univac 1100 sistemlerinde cokisli
calisma uUzerine bir genel bakis verilmektedir. CPS/1100'Un clmleleri,
yapis1 ve gerceklestirilme detaylariy aciklanmaktadir. Tipik esanls
programiama problemieri CPS/1100 kulianarak ¢Gzilmis ve CPS/1100 ile
yapilabilecekler gosterilmistir. Son kisimda, bu calisma dederlendi-
rilmistir.
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I. INTRODUCTION

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 [1,2,37* have been the milestones on the
subject in its enfancy. In the seventies, concepts and data structures
proposed by Hoare [41, by Hansen [5] and by Dijkstra [6] were used in
the conecurrent language development studies. The present challange of
programming methodology is a type of programming called "Distributed |
Programming” 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", has a tendency either of enriching an already existing
sequential language with concurrency features or to develop a language
dedicated to specific hardware families. The enrichment of Algol and
PL/1 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

P
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Numbers enclosed in brackets refer to the references at the end.



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
"processor dedication" and "program trace" capabi]it}es 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 aimost
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 [7,81,
controls and manages operations in several modes including real-time.
Users may write multiactivity (concurrent) assembler programs by using
Tow level concurrency primitives of Exec 8. On the other hand, con-
current program modules car be written by using PL/1, Cobol and PLUS [10,11]
the latter being a special system programming language. But, Univac Cobol
[12] and PL/T [13] 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 programming system, CPS/1100, which is a "Pascal Tike"
modelling language suitable for system programming. The‘syntax of
CPS/1100 statements is similar to that of Pascal statements, because
CPS/1100 is an extension of a Pascal compiler. CPS/1100 was developed
as a multiphase translator. Its prescanner routines recognize "CPS/1100
control directives" and analyse the "input program stream". These



routines were written in Macro [14] which is a string manipulation language.
The program stream processed by the prescanner routines is compiled by
using Pascal 8R1 compiler [15] and then an assembler program text is
obtained. This assembler program is further processed by the CPS/1100
postscanner routine to generate a multitask (concurrent) assembler program.
After these steps, the program is assembied, linked and executed.

The "processor dedication” and the "program trace" capabilities
are the distinguishing characteristics of CPS/1100. 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 field of concurrent programming.

Following this introduction, the second chapter gives an overview
about concurrent programming; its historical development including the
concepts and the probiems 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 CPS/1100 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 control
directives. Implementation details of CPS/1100 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 [161 is solved. Case two is the well-known "dining philosophers”
problem [3] which is a resource allocation problem. Case three is the
implementation of a parallel sorting algorithm. The "quicksort" algorithm
[17] is modified for a dual processor system in this case study. Case
four is the implementation of a paraliel algorithm abp]ied to a matrix
operation [18]. Case three and case four are the demonstrative examples
of the CPS/1100 "processor dedication” feature. Case five is a model for




a "timesharing" and "multiprogramming” operating system in which the
"minimum response time® scheduling strategy is applied.

Chapter six is devoted to the discussion of the study. Comparison
of CPS/1100 with some of the existing concurrent languages and recommen-
dations for future research are given in this chapter.

Chapter seven contains the conclusion of the study.

Six appendices are devoted to presenting details.



JIT. AN OVERVIEW OF CONCURRENT PROGRAMMING AND CPS/1100

An overview of concurrent programming is given in this chapter.
Previous studies on concurrent programming are summarized in chronological
order. Concepts and basic problems due to conchrrency 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/1100 are described in
detail. |

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 resource 1is 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
cut. The term quasiparallel means that program control, in a single
processor system, passes to ancther 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.

2.1 Historical Development of Concurrent Programming

In the mid 1850's computer architecture changed with the invention
of large magnetic stores and asynchronous operating peripheral devices.
Stow speeds of peripheral devices made asynchronous operations essential
in computer systems. Operating systems became complex beyond human



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 [19,20].
Through the use of high level programming languages, system programmers
were able to concentrate their productivity on the problem being solved
rather than on machine details. They were able to ﬁroduce readable texts,
therefore testing and maintenznce of programs became easy. The extraordi-
nality of these systems programming 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 sysiems 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 [21,22]. Dividing a concurrent program into asyn-
chronous modules with time independent behaviour was an important innova-
tion and was first implemented in MIT's C7SS project [23].

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 [3] on THE
operating system [11].

In 1971, Hoare introduced the concept of conditional critical
region [4] by which execution of processes may be delayed until a shared
variable satisfies some conditions. Process queues associated with shared
variables were proposed by Harsen [24] to implement conditional critical
regions. Hansen proposed a laznguage notation monitor [5]. Hoare developed
the monitor concept as a method on structured system programming {25].

In 1974, Concurrent Pasczl [16,26,27,28,29] was defined and imple-
mented. It was the first concurrent programming language based on



the monitor concept. Another language suitable for the design and testing
of operating system algorithms, Simone, was implemented by Kaubisch [30].
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 [31,32,33]. Pascal-plus, which is a realtime and simulation
purpose language was implemented by Welsh and Busthard [34]. In those
years Dijkstra proposed another control structure, called guarded commands,
for process synchronization [61. The coroutine approach has been used to
simulate parallelism in some studies [35,36,37]. CSP/k was developed by
extending Holt's SP/k system [38].

In the late seventies, efforts were concentrated to develop "program
verification rules" [39,40] and new languages for distributed systems.
Hoare proposed a language named Communicating Sequential Processes [41]
and Hansen proposed another language named Distributed Processes [42] to
satisfy the constraints of distributed storing, in 1978. On both Tanguages
Dijkstra's guarded commands [6] are adopted as sequential control structures.

The Ada programming language [43,441, which will probably be a widely
used Tanguage in concurrent programming, was announced by U.S. Department
of Defence in 1980. Edison [45,46], SR (Synchronizing Resources) [47],
*Mod [48], Platon [49], Implementation of Communicating Sequential Pro-
cesses [50] 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




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 1ike 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 cailed virtual machine. The
kernel's 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 system's 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.

 Dijkstra's 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 Towest level,
is the kernel. It implements a virtual CPU for each process, i.e. the
timesharing facility. Level two implements virtusl memories to the pro-
cesses on higher levels. Level three enables processes on higher levels
to communicate with the operator. 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




program are time critical. If the outcome does not depend on the speed
of the process, then the processes are called "independent 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, P1 and P2, which are the processes of a'program, have a
shared data, named CLOCK. P1 updates CLOCK while P2 clears it. Pi
and P2 do not communicate with each other.

Process Pi: Process PZ2:

lock:= clock + increment; clock:= @;

(@}

The outcome of the program absolutely depends on the speed of the
processes. If the execution sequence of processes is P1, PZ 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 parallel. In
the 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 progkams‘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, [4] is
used to explain permissibility of an operation on a critical region. The
original suggested form for the conditional critical region is:

with r when B do C

where
r: common resource or data

boolean expression which tests the permissibility of an
operation on critical region

C: critical region.

Concurrent programming software provides seryices for creating
multip]e'activitfes 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 V
simultaneously access the same data and programs may work one day but
may fail the next. Therefore, the problems of concurrency oOriginate
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 technigue 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 [2]. A
semaphore is a synchronization variable and only two operations on it
are allowed. These operations allow a process to biock 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, alsoc called signal
cperation, can be characterized as:
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P(s): wait until s > @ and then subtract 1 from s.
V(s): add 1 to s.

where s is a semaphore variable.

Both P and V operations are indivisible. If the processes share
CPU by time slicing, the P and ¥ operations can be implemented via a
software kernel. If the value of a semaphore is only O or 1 then such
a semaphore is called a binary semaphore.

Locking £heme [51] is a synchronization method applicable to con-
current programming. A process may lock a shared data structure to
ensure its inaccessibility while it is a temporarily inconsistent state.
If a process attempts to lock an 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 [38] 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. ’

Tock ( < lock identifier >} ;

critical region

unlock (<lock identifier>) ;

\/
[13]. Lock/unlock statements and event varijables of PL/1 can be
to create critical regions. In PL/1, an event variable can be
declared as:

deciare (<event variable>} event;

A buiit~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 PL/1 can be used to suspend program 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 PL/1 can be created by a
call statement

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 chi]d'process has completed its
job, it can be terminated by executing an exit statement. This sets
the event variable used in thé‘ca?] 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/1 built-in function, status, can be used for interprocess

communications. For example:

In process Pl:

status (<event variable>) = integer variable ;

I

s

process PZ2:
it status (<event variable>] > <integer variable> then ..

Monitor [25] is another synchronization tool for concurrent prog-
ramning. 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 exesutihg a wait statement. When another
process enters the monitor and finds the condition to be true, it exe-
cutes a signal statement that removes a waiting process, if any, from
the queue and wakes it up. The following Concurrent Pascal codes were
used to implement a monitor which repreéents a clock keeping track of
real-time. Explanations for some statements are given in quotation

marks.
const one min = 60.0; onehour = 3600; "constant declaration”
halfday = 43200; Oﬁedayb= 8640000,
type clock = monitor "monitor declaration”
var seconds: real;
function entry value: real; “defines the present"
begin value: = seconds end; "value of time"
procedure entry correct (time:real); "sets the time to"
begin seconds: = time end; "a given value®
procedure entry tick; ’ "increments the time"
begin |
seconds: = seconds + 1.0; "by one second”

if seconds > = oneday

then seconds:= seconds - oneday;
end;

begin seconds: = 0.0 end; "sets time zero®

Processes enter a monitor toc test or update a set of critical
data, thus, they communicate with each other. Honitors are very use-
ful and understandable structures for interprocess communication.
Another way of interprocess communication 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.
Tne 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 guasi-
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 [6] are the statements which
are used to control program execution in recent parallel programming
studies [41,42]. Guarded commands have the following syntax:

if B1:S1 | B2:S2 |.. end

do B1:S1 | B2:S2 | end

where Bi is a boolean, Si is a sequence of statements and | denotes
operator 'or'.
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 Sj that follows
it; otherwise stop the program. '

Meaning of the do statement js:

While some of the conditions are true, select one of them arbit-
rarily and execute the corresponding statement.

The guarded regions have the following syntax:
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when B1:S1 | B2:S2 |... end
cycle B1:S1 | B2:S2 |... end

Meaning of the when statement is:

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 prob]em was first recognized
and analysed by Dijkstra [2]. A typical example of deadlock is explained
below.

"Process P1 and P2 lock resources R] and R2 respectively. After
a while, process P1 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 PZ2."

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 stzte.
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 systex with
many different kinds of resources, deadiock 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 deadlock 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 [52]. Also, temporary resources can be allocated in a
hierarchal manner to prevent deadlocks. Message transmission between
processes can be organized hierarchally with finite process ievels. 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 [52] have been developed to analyse and for-
malize the deadlock problem. Reusable resource graph [38] is an example
of the mode]iing approach for the deadiock 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 reusable 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:

P1
Allocation
R1 ' R2
Request p? Allocation

Figure 2.1 - Graph representation of reusable resources.

In this graph, resource R1 has two units and RZ2 has one unit. One
of the units of Rl has been allocated to P1. P2 has acquired the unit
of R2 and has requested both units of R1. P2 will be blocked until Pl
releases its unit of R1. 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 reguest of its processes can be granted. An
example of a reduction operation is given below:

Allocation ~ Pl Request Pl
R R2 R R2
Allocation Allocation
Request equest Reguest
L2 P2 Request
a) Initial state: One of the b) Process P1 has been satisfied
units of RZ has been allo- by using one unit of Rl and
cated to P2, P2 has been one unit of R2. Therefore,
requested one unit of RI the arrow linking R1 to PI and
and one unit of RZ. One P1 to R2 are removed to sim-
unit of R1 has been allo- plify the graph.

cated to P1. Pl has re-
quested one unit of RZ2.
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Pl

@ @

P2

c) Process P2 has been satisfied by uSing one
unit of R]1 and two units of R2. The arrows
linking P1 to R1, R2 to P2 and P2 to RZ are
removed. Therefore, the graph is completely
reduced. .

Fig. 2.2 - Reduction of a reusable resources graph.

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 regardiess 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 [51].
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/0 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 deliver 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 values simul taneously.
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 [49].

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 these languages have been implemented 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 [16] 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 virtuzl
codes. Kernel, in the original Concurrent Pascal implementation, is an
assembler program that multiplexes the processor among concurrent pro-
cesses and gives them 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 alsc has an initial 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 efther delay the exe-
cution of a process and place it in a'qaeue or. resume the execution of
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a process waitihg 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 deallocation mechanism, that a Concurrent Pascal
progkam consists of a fixed number of processes, monitors and classes.
These components and their data structures will exist forever after
program initialization.

Simone [30] 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 is a gqueue 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
queuve is moved onto the seauencing 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 ot 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




21

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 on which processes may suspend themselves
for a period of pseudo time. The programs ultimately intended for real-
time use can be tested by simulztion 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 specifﬁc machines. For example, input/output handling operations
are expressed in terms of standard Pascal file operations in the original
implementation of Pascal-plus. Pascal-plus allows a static memory allo-
cation system for processes and monitors which are exploited during
compilation of the program.

Modula [31] which is based on module concept is intended primarily
for programming dedicated computer systems, including process control
systems on smaller machines. It relies very strongly on Pascal. The
module concept has been introduced as an essential supplement to the
block concept. A module is a cecilection of constant, type, variable
and procedure declarations called objects of the module. A module
contains two lists of identifiers. A define 1ist mentions all module
objects that are to be accessitie outside the module. A use list men-
tions all objects declared outside the module that are to be accessible
inside. Identifiers in the define Tist are said to be exported, those
in the use list are imported. Multiprogramming facilities are the
processes, interface modules and signals which are added to the lan-
guage called Sequential Modula. A process can not create other pro-
cesses. Process creation is pessible in the main program only. Modula
supports the possibility of dynamic process geheration, but it does
not support the recycling of its store. Therefore, overall storage
allocation mechanism of Modula is static. Synchronization operations
are achieved by the use of signais. Signals can be sent, and a process
can wait for a signal. Processess 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 js 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 sem; s : int

proc wait; when s > B :  s:zs-1 end
Droc signal; s:= s+] |

S = §

The process sem  is a semaphore implementation. It is initialized
by the statement s:= ¢ and wait/éigna] operations are defined by pro-
cedures. The when/end structure is a guarded region where the calling
process waits until variable s is greater than zero. Processes are
permanent in Distributed Processes language. Proposed mechanism for
storage allocation is static. 1In 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
wvhen it terminates.

Communicating Sequential Processes [41] is a Tanguage 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. Communication 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 [43] was developed as the result of
a procurement exercise by the U.S. Department of Defence. It is a power-
ful and elegant Tanguage with the features of data abstraction, excep-
tion handling, seperate compi]ation and concurrency. The data abstrac-
tion construct of the language is called a package which consists of
two 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
parameterize units over appropriate data types. Exception handling
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
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notation similar toc that for packages. Intertask . communication is
handled by means of "randevous”.. Calls to transfer datz are received
by an accept statemsnt with the called task. Nondeterminism is handled
by using a select statement, each select alternative being preceeded
by an optional guard. Since dynamic memory allocation and deallocation
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 [10,11], PL/1 [13] and Cobol [12]. Cobol
is not worth discussing because it is inconvenient for system programming.
But, in PL/1 multitzsk programming, users may use the following statements:

- call with task and/or event options

- clear
-~ Tock

- Eost

- stop with or without task option

- wait

- unlock

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

- compietion

- status

Task, event and Tock 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 symdolic name of a
dynamically associatad task. It is inactive initially, becomes active
when it is associated with a task, and is inactive again when the asso-
ciated task is terminated. A lock constant represents z symbolic name
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 (t1) 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:

post statement sets an inactive event constant or variable
to complete

clear 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/1 compiler contains a variety of bugs which may be solved in new.
releases. ,

The Plus compiler of Univac [11] 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/1 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, called 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 tc
facilitate the conditional and/or iterative generation of code.

e GERGTES) KB



26

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 1ine 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.

Moduiarity 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-

1ity. 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 pregramming grew out of problems associated
with them. Timesharing, multiprogramming, distributed processing and
similar sophisticated software systems 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 paraliel hardware
facilities.

Concepts used on concurrent programming 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 [54]. Various types of nodes on extended queuing models are
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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 reljability
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, poiynomial 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 procésses in robot control programs. The parallel biock
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/1100 -

CPS/1100 was primarily designed to aid the writing and understanding
of concurrent progra—s 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/1100 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/T1OOIprograms. Two debugging aids are made available to users.
Users may gét a dump of process synchronization variables or may examine
status of activities.

Processor dedication facility of CPS/1100 provides physical con-
currency in program execution. Therefore, efficient parallel algorithms
for mathematical and engineering problems can be programmed by using
CPS/1100.

Structurally, CPS/1100 is an extension of the Pascal 8R1 compiler
which was developed in Institute of Datalogy of University of Copenhagen.
Pascal 8R1 compiler permits assembler code insertion into programs and
seperate routine comsilation. Syntactically, CPS/1100 and Pascal have
the same structure. CPS/1100 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 level string processing language, Macro. At the end of the pre-
scanning operation, & program, which is a mixture of Pascal and assembier
codes, is created by CPS/1100. These assembler codes are used to call
executive requests [62] 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 8R1 compiler generates an assembler program text instead
of an object code stream. This assembler stream is then processed by
the CPS/1100 postscanner which is also a Macro program. The postscanner
recognizes the messages inserted during 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/1100 structure is given in Figure 2.3.

The basic restriction of CPS/1100 software is that procedure
activation records are not allocated and deallccated dynamically.
Therefore, CPS/1100 does not permit processing of multilevel routines.
In other words, CPS/17100 allows only single Tevel routines and its
memory allocation mechanism is static.
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ITI. MULTITASKING ON UNIVAC 1100 SYSTEMS

Generally the name actiyvity, 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 forkf request. Each child
activity may have either the minor register set, which includes X8-X11,
A@-A5 and R1-R5 registers, or the major register set, which includes
all user registers. Details of multitasking are given in this chapter.

3.1 HMultiple 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 name3. 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 multitask 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 exitg.
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Activities zan be controlled by awaitg, actg, dactg, twaitd, intg
and adedg reques=s. An activity may be delayed until the completion of
other activities via the await® request. This request can be used by an
activity to susz=nd its execution until the completion of specific acti-
vities. The wa~<Ting activity and the activities being waited for are
distinguished £y their activity-ids. Act$ and dact$ requests may be
used to activatz and deactivate activities. Dact3 request suspends
the activity thzT requests it. Act$ request causes the resumption of
a named activit:. An activity that issues an actg request must have
an activity name assigned through the Qse of a named request. Activities
may interrupt e=ch other by using the int® request. Intg request creates
a contingency czmdition, which is an abnormal occurrance, in a indicated
activity. Cont~21 of interrupted activity is directed to a predefined
routine when ar “nteractivity interrupt is handled via int3 request. A
routine, callec zontingency routine, must be registered via all® request
by the interruz=zad activity. Another necessary condition to achieve an E
interactivity i-terrupt is that the interrupted activity name. ;

Test and s=% mechanism can be used to create and control critical
regions. An aczivity may lock a critical region by using a test and
set instructior. Another activity may reference the critical region
by using a tesz znd set instruction and if the region is locked, that

3

activity enters =z busy wait state (periodic checking) until the first
activity unlocks the critical region. | _

Timed waiz™ng is another technique used in synchronization opera-
tions. The execution of anﬂactivity can be delayed for a specified

time interval L= using the twaitd request.

(=

Activities may have either a subset of user registers, calle
minor register z=t, or all of the user registers according to selected
parameters durimz their creation. ’

Test-and-s=7 queuing mechanism can be used to control interactions
between activits=s. In this mechanism, an activity sets a test-and-
set flag and the~ deactivates itself by clearing the test-and-set flag,
uritil another acTivity sets the test-and-set flag and activates the

irst activity —v clearing the test-and-set flag. Exec8 uses a queue
for each test-amz-set fiag if a test-and-set gueuing registration is
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performed. The registration can be performed by calling the executive
request tsgrg3.

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 'in contingency mode'. 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 forkg request with a parameter word can be used to create a new
activity. The s2 field, bits 24-29, of parameter word contairs the acti-
vity-id which isunique and in the range of 1-35. If the s2 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 AP register before the executive request fork® is called.

Following instructions are sufficient to create an activity.

L~ AR, (@11, newactivity) . Load the parameter word
ER FORKZ . Issue an executive

- request to activate

- the process indicated

- by the parameter word .

newactivity
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The executive request exitg 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 AP 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 Ag, ' ABC'
ER NAMEg
S A@, activityname

3.3 Activation and Deactivation of a Named Activity

The executive request act$ activates an activify which is already
named via a name$ request. It resumes the execution of the namecd acti-
vity after the activity deactivate itself by using a dact? request.

The name of the activity must be loaded into the AP register before the
executive request act@ is called. If the activated task is currently
active it will not be deactivated after its next dactg request.

In the following example, an activity is activated:

L A@, activityname
ER ACTg

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

An activity deactivates itself through the féT?owing instruction:

ER DACTZ
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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 awaitg reguest. Initial activity
of a program can not call awaitg request because it does not have an
activity-id. A bit mask is used to indicate the activities being
waited for. Bit @ of the mast must always be zero. The activity-ids
of the activities being waited for, must be used to indicate the bit
positions which would be set to 1. The mask word must be loaded into
Ag register just before calling of await® request as illustrated below:

L' AP.mask word
ER AWAITS

3.5 ContingencyRegistration and Interactivity Interrupt

The executive request iallg 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.
HZ field (bits 0-17) of the mask work contains contingency routine
address. The mask word must be loaded into AP register before reguesting
iallg. 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 HZ 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 reguest.

Another executive request, creg®, 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 [8,62].
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The executive request intg 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 dactg, 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
regsest. The name of activity being interrupted is Toaded into AP
register before int? requested as illustrated below:

Interrupting Activity ~

L,U AR, name-offthe-interrupted-activity
ER INTS

Interrupted activity:

L,U Ap,activityname.
ER NAMEZ . Activity naming
L A, (3230000 .contingency-routine) ,
ER IALLZ - . Contingency registration
ER EXITE
Contingency-routine ‘
RES +2Z . Contingency packet

-

-

J somewhere . Jdumping
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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 @ 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 recejves control back and checks bit 30 of the cell again.
A test-and-set cell can be created via a special assembler procedure
tgcell. Bit 30 of a test-and-set cell can be reset to zero by using
cgts executive request. ts and cgts pair can be used to create criti-

cal regions as illustrated below:

cell TECELL . test-and-set cell creation

TS cell
- . Critical region

CETS 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
& program. On the contrary, test-and-set queuing deregistration request,
tsqclg, supresses queuing operations on test-and-set conflicts, but
activities already on queues will be serviced by clear test-and-set
and activate, cgtsa, requests.

The assembler procedure cgtsq clears a test-and-set cell and de-
activates the 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 cgtsq request. Otherwise,

the result of the cgtsq request may cause an ambiguity on the program
execution.

The assembler procedure cgtsa clears a test-and-set cell and acti-

vates one activity, queued to the cell, which was deactivated by a
cgtsq request.

The cell must be set via a ts instruction before cgtsa
request is used. cgtsa causes a search on a specific queue for an entry
created by cgtsq 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-
Tlem by using cgtsq and cgtsa 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 (CZTS CELL), return
If no input, clear lock and deactivate (CZTSQ CELL)

Within activity Al:

Lock data area (TS CELL)
Deposit input for Bl

Clear lock and activate (CEZTSA CELL)
Return

RIS

wili et

R =Y

e G

3.8 Activity/Processor Dedication

The executive request aded? 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 2" th bit indicates
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processor n of a multiprocessor Univac 1100 system. The mask word must
be Toaded into the AP register before aded® is requested. At most one
processor may be reguested. A mask setting of zero, releases an acti-
vity. If the requssted processor is dbwn 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 mode in which activities may be serviced by any
available processor.
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IV. CPS/1100 KEYWORDS, STATEMENTS, STRUCTURE
AND
INMPLEMENTATION DETAILS

A set of keywords was developed to enhance parallel programming
and process synchronization in CPS/17100. A complete 1list of keywords
is given in Appendix C. CPS/1100 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/1100, the syntax of the Pascal language
was preferred as the syntax of CPS/1100 for the following reasons:

- CPS/1100 was an extension of Pascal; it should cbey the
syntactical rules of Pascal as much as possible.

- One of the design aims of CPS/1100 was to develop a concurrent
language for average programmers. Therefore, it would be
better that CPS/1100 has the same syntax of Pascal.

The open/close paranthesis characters are used as delimiters in
some of CPS/1100 statements, while the semicolon character is used to
denote a end-of-statement. Therefore, a close syntactical similarity
can be observed between statements of CPS/1100 and statements of Pascal
8R1 and PL/1. For example, process and monitor declarative statements
of CPS/1100 have the same syntax as the external routine declaration
of Pascal 8R1. The Tock/unlock statements of CPS/1100 are very similar
to the lock/unlock statements of PL/T.

In this chapter of dissertation, detailed information about CPS/1100
statements, structure and implementation is given.
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4,1 Declarations

4.1.1 Process and Monitor Declarations

A CPS/1100 program is composed of a main and several external
procedures. External procedures are declared as either monitors or
processes. Examples for process and monitor declarations are given
below:

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

Rules:
1. A1l 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/1100 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 exampie:

fork with taskname (xx) procname (argumentl, argument? 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 calls.

4.17.4 1i/o Initiation and i/o Termination Locks

Queue type variables are used to create a critical secticn
around i/o statements in slavetasks. A lock command which uses i/o
initiation Tock is placed just before a read/write statement in a
slavetask routine by CPS/1100. An unlock command which uses i/c
termination lock is placed to the line that succeeds a read/write
statement in a slavetask routine. These variables are common tec
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/1100 main routine.

4.1.5 1i/o Initiation and i/o Termination Flags

These variables are used in wait and signal statements if slave-
tasks perform input/output. CPS/1100 model tasks can control slave-
tasks by these flags when slavetasks perform i/o operations. These.

)3
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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/1100 main routine.

4.2 Keywords and Statements

4.2.1 Startup with Taskname and Startup Slavetask Statements ;

ot
A startup with taskname statement creates a new activity with 1%
an activity-id associated with the taskname given. The calling activity

smads

oAl

enters a wait state until it is resumed by a release statement in the

camd B

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 setsa 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 unigue.
However the same taskname can be used for ansther 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/1100 control card of the slavetask.



Startup slavetask statement must be the first executable statement of
the CPS/1100 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.

iz 13
while i =< 20 do begin
startup slavetask (i); i:= i+1;

end ;

Rule:

1. A1l slavetasks must be started up in the CPS/1100 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);

Rule:

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.

3
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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 qauss 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 task@9 exists in the system.

await (task@9);

An activity may suspend its execution while more than one activity
exists in the system with an await statement as shown below:
await (task@9,task21,abcd);
Rule:

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 example 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/1100 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. 1In the following example, variable gate
is a queue type variable.

lock(gate);
‘<Critical Region>
unlock(gate);
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Rule:

1. The condition variables referenced in lock and unlock state-
ments must be declared as queue type variables in the main
CPS/1100 routine.

4.2.7 Cobegin and Coend Statements

Cobegin/toend 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/1100 routine.

*COMPILE  OPTIONS=ISRLM,ELTNAME=TPFg.MAIN
program main;

var commence ! queue;

begin
cobegin (commence);
fork with taskname (task@1) producer;
fork with taskname (task@2) consumer;

coend;

end.




*COMPILE  OPTIONS=ISRLMV,ELTNZME=TPF$.PRODUCER
‘program define (producer);
procedure producer;
begin
await (commence);

end;

*COMPILE  OPTIONS=ISRLMV,ELTNAME=TPFZ.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:
clear (flag);
statement stores zero to the queue type variabie fiag.
Rule:

1. The variable referenced in a clear statement must be declared
as a queue type variable in the CPS/110C main program.
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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
exampies for unconditional and conditional quit statements:

quit;
quit by checking (flag);
Rule:

1.

Queue type variable referenced in quit by checking statement
must be declared in the main CPS/1100 routine.

4.2.10 Suspend and Wait Forever Statements

S

PR RE Y

Suspend statement causes an activity to delay its execution
for a specified time period.

-

4

&y

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):

or
wait forever;

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:
iz 7

deactivate slavetask (i);

£:= 73

activate slavetask (2);
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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 CPS/1100. Program execution may be ceased via a terminate
statement.

4.2.13 Fetch Status of Slavetasks Statement L

It can be checked whether a slavetask has exited from the CPS/1100
system or not by using the fetch status of slavetasks statement. If the
activity in the specified sliavetask 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 gf_s?avetasks;

Rule:

1. User is responsiblie 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 CPS/1100 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 processori is

dedicated to an activity for a while:

dedicate processor(1);

original mode;

4.2.15 Cregion/Cend Statements

These statements are used to create a critical region where
Pascal 8R1 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 acregion/cend critical region.

cregion;
write( 'xxxxxxx');

cend;

4.2.16 Snoopy on and Snoopy off Statements

‘Sncopy on statement calls a utility program to trace assembler
ff f

routines. Snoopy off statement turns off the trace operation. In the

following statements a program segment is traced:
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snoopy on;
<Portion of CPS/1100>
<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

Snapdump statement causes a dumping of the queue type variables.
The following statement is an example snapdump call:

snapdump (dump-id);
Rule:

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 8R1

-~

Pascal 8R1 compiler generates assembler instructions instead of
machine code of the program being compiled. It stores the assembler
program into a specific program file element, tpff.pafcode. The assembler
codes must be assembled by Univac 1700 assembler processor that creates
a8 relocatable element. That element, therefore, must be linked with the

Pascal 8R1 library which consists of routines for allocating and deallocating
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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 aliowed in Pascal 8R1 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;
procedure extpas (var inp:integer); external;
var a : integer;
extpas(a);

end.

@ASM,UN TPFZ.PAZCODE ,TPFZ . MAIN
@BU*PASCAL.S,ISRLMYV
program define {extpas};

procedure extpas {var abc:integer);
var kk,11:integer;

begin

end;

@ASM,UN TPF$.PASCODE,TPF$.EXTER
eMAP, 1 ,TPFE.MAIN

IN  TPFZ.MAIN

LIB  BU*PASCAL.

END




54

exXqQT TPFE.MAIN
<data>
gFIN

The routine starter element (RS) of Pascal 8Rl1 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 proceésor 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 A1,PENTS
<3 words package>

Prbgram control is transferred to pentd entry of the RS routine of
the library by Imj Jjump instruction. At this moment, index registers
x9 and x10 contain the address of start® which is the tag that refers
to start address of the activation record of main routine. Locations
between startf+136 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 8R1({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 pnet§ entry of RS routine
is performed by the following instruction.

LMJ AT1,PENTZ
<3 words package>

At this moment register AP contains the address of the activation
record for the ihcarnated 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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Figure 4.1 - Storage allocation map of
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Reference
address of
activation
record

FV

Fv

TF SL

LNUM ST

DL PRA

Arguments

Local Variables

Figure 4.2 - Activation record

Pascal 8RI1
where,
FV  : Function Return Value (2 words) LNUM:
TF  : Trace Flag
SL : Static Link ST
DL :‘Dynamic Link PRA

map of Pascal 8R}

Line Number of Procedure
Calling

: Stack Top

: 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 x1@ is set as the reference pointer of the
activation record.

3. Reference address of the activation record is saved in a
library global variable CX1@3.

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 filied 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 RI15.

2. Current stack top value is stored in register A@. 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
régister 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
x11 and program control is transferred to the called procedure.

The assembler code equivalents of the explained actions upon a
procedure call is given below: '

L,U R15, <pascal program line number>
L, H2 AP,3,x10

L,U ax, <address of argumentl>

S ax,5,Ap

L ax, <address of argument i>

S ax,n,Ap

L,U X9, <address for static link>
LMd x11, <name of the called procedure>

where ax is an A or x register
n 1is an integer with the value of 4+i.

4.3.2 Modifications on Pascal 8R1 to Provide
Parallel Processing

In sequential processing Imj instruction is used to jump to a
procedure. In parallel processing er fork? request must be used in-
stead of Imj instruction: '

In sequential processing In parallel processing
LMJ  x11, entryname L aa,Ag
Ag, (2PxxB1 ,entryname)
ER FORK3

L AR ,aa
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where aa is a register which is used to preserve content of A
register. R15 register is used in implementation.

xx is the activity-id of the created activity.

In CPS/1100 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 of ‘the activation record of a procedure.
When a procedure is started up, the following instruction are executed.

1. TS <test-and-set cell for the called procedure>
2. L,U R15, <pascal program line number>
L,H2 AB,3,x10

{Argument transfer}

4. L,U x9, <address for static link>

5. R15,A0

6. AQ,(28xx@1, name of the called procedure)
7. ER FORKZ

8. CgTSQ <test-and-set cell for the called procedure>
9. L Ag, R15

Instructions in line 1 and in 1ine 8 create & critical region
and cause suspension of activity control until the created activity,
by fork$ request, performs a signal opefation on a CPS/1100 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 1link
in the called procedure is loaded into x9 register. In line 6, xx
field is the activity-id of created activity and the adjacent @1 value
denptes that the new activity uses the major registers set, i.e. all
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the user accessible registers. Name of the procedure called is Toaded
into the H2 field, i.e. lower half, of the AQ register while QOxe] is
Toaded into the Hl field. RI5 register is used as a temporary storage
to preserve the content of A§ register between the lines 5 and 9. Exe-
cutive request fork3, in line 7, creates an activity according to the
specifications stated in register AZ and forks it to the procedure address
which was stored in the HZ field of AZ 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 A@,R15
2. TNZ <flag>
3. J ENTER
4, L x1p, <address of global variable>
5. J PROCST
6. ENTER .
7. LMJ Al1,PENTE
<3 words package>
SZ <flag>
9. S x10, <address of global variables>
10. PROCST

R15 register has been used to preserve the contents of AP register
by the creator activity. 1In line 1, the content of Ag is recovered.
Flag used in 1ine 2 is a CPS/1100 defined location 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 1ine 7, control is transferred te the entrypoint pentg of the RS
routine of Pascal 8R1 Tibrary. When the activity control returns back
to Tine 8, the activation record is allocated in memory. 1In line 8,
the flag is set to zero. In line 9, content of x10 register, which
is the reference address of the activation record, is stored into a
CPS/1100 defined global variable.
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When another activity is transferred to the procedure via a fork
stétement, it tests the flag, in 1ine 2, and jumps to line 4. It ret-
reives the reference address of the activation record from the global
variable and it Toads this into register x1@. Control passes on to
the label procst in line 14.

The activity that used startup statement is in wait state because
of the associated cgtsq request. Control 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 <test-and-set cell for the procedure>
C3TSA <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 R15,A0

L Ag,(20xx@1, name of the called procedure)
ER FORKE

L Ag.R15

Slavetasks are lowest priority activities that may be used fo
simulate user jobs executing under an operating system. Parameter
passing to a slavetask is not allowed. Slavetasks may only be started
up, activated or deactivated by other activities. The following instruc-
tions correspond to the startup slavetask (i) statement:
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1. L x10, globvar
2. L,H? regl,3,x10
3. L.,U X9, <address for static link>

where globvar is the address of the global variable that contains the
reference address of the most recentiy allocated activation record, regl
is a register in which the reference address of slavetask procedure that
will be created is temporarily stored.

. reg2, <address of variable i>
5. L label 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. CPgi-
7. L AQ, (P0PPP1 ,SLAVETASK 1)
8. SZ INTACTNAME i
9. L,U reg3,INTACTNAME

10. d Tabel3

Codes in line 6 to 9 are repeated imax, that is the maximum number
of siavetasks in the program, times. In 1ine 6, A@ register is prepared
for making a fork® request. Slavetasks do not have activity-ids, for
this reason the upper half of the AP register is set to #9PP@1. Intact-
namei is a CPS/1100 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.
- Labei3 is the label of a section where fork§ executive request is used
to create the slavetask.

11. Tabel 1°
2. 16,U Ag,1
13. 16U AR, imax+]
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14. J label2
15. ANU,U Ap,1
16. Jd *2+1,A1
17. +Cp31

+CPg2

18. +CP%imax
19. label?
20, LMJ x11,PXCS%

In Tines 12 to 14, the range of variable i, which is the content
of AQ 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 8R1 library
and program is abort. In lines 14 to 18, control is transferred to label

Co3i.

21. label3

22. ER FORK3

23. TZ y*reg3

24, J 3+4

25. L,U Al,19

26. ER TWAITE

27. J -4

28. L x10,globvar

In 1ine 22 a new activity is created and transferred to the slave-
taski procedure. Content of the address in reg3 register which is the
intactnamei 1is 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 msec 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 the slavetask proce-
dure executes the following instructions: 7




63

1. L AQ,reqgl
2. LMJ Al ,PENTZ
<3 word package>
3. L AP, (2200001 ,CONTNGT )
4. ER IALLZ
5. L AP,('<3 character activity name>"')
6. ER NAMEZ
7. ER IDENT3
8. S AP, INTACTNAME
9. ER DACTZ
10. ER LEVELZ

In linel, reference address of activation record of the slavetask
procedure, which is temporarily stored in the regi, 1s lcaded into AQ
register. Control is transferred into pent% 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 iallg
registers the activity only for interactivity interrupt due to the mask
value of P2pPP@T. In line 5, a name which is 3 characters in length is
loaded into the AP register. An internal name for the activity is created
by the Executive System in line 6. In lines 7 and 8, the system generated
internal name is retreived by ident? request into AQ registsr and it is
stored in Tocatidn intactnamei. In line 9, slave activity deactivates
itself and it waits for an external reactivation. When this happens,
it executes er level® instruction to decrease the internal priority of
the activity to the Towest level in the system.
through the execu-

~

R siavetask can be activated by another activit
tion of an activate slavetask (i) statement. The fol

Ty
lowing instructions
are executed for activity i whenever an activate slavetask statement is

reguested.

AP INTACTNAMES
ER ACTE

P
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A slavetask can be deactivated externally. This operation is per-
formed by creating a contingenty interrupt on the slave activity. The
following instructions are executed when a deactivate slavetask (i) state-

ment is processed by an activity.

L AP, INTACTNAME
ER: INTZ

These statements cause an interrupt to the slavetaski. Control of
the activity processing on the slavetaski procedure is transferred to the
address labelled as contng 1, where the following instructions are executed.

1 CONTNG1

2 RES 2

3 S AP ,SAVEARI
4 L,H2 AP ,CONTNGH
5. AU AD,1

6. S AP ,RTADDR1
7 L AP ,SAVEAEZ
8 ER DACT?

S ER LEVEL?

10 J *RTADDR1

The memory locations reserved in line 2 is the contingency packet that
is filled when the contingency mode is raised. Content of A@ is saved into
a memory location in line 3. In 1ine 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 AP register. Content of A@ is
incremented by one, thus next instruction that will be executed by the
activity is found. The address of the next instruction to be executed
is stored in location rtaddr 1 in line 6. In 1ine 7, the old content of
A register 1is recovered. The activity leaves contingency mode and de-
activates itself by executing dact® reguest in line 8. When that acti-
vity is activated externally, it drops its priority via a level$ reguest.
Control of the activity is then returned to the next instruction in the

calling program.
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Wait and signal primitives are implemented in CPS/1100 in the
following way:

1. celll TECELL -
2. cell? TECELL
ER TSQRGE
. TS celll
5. CETSA celll
TS cell?

CETSQ cell?

In Tines 1 and 2 two locations celll and cell2 are declared as
test-and-set cells via the system procedure tgcell. 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 opera-
tion is processed on cell2. .

Lock and unlock primitives are implemented in the following way:

8. TS cell
{Critical Region}
9. CSTSA cell

Implementation details of other CPS/1100 statements can be found on
Macro routines in Appendix D and assembler code listing for case one in
Appendix E1.

4.3.3 Prescanner and Postscanner Routines of CPS/1100

The prescanner routines perform the syntactic and semantic analyses
of a CPS/1100 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. Both the prescanner and the post-
scanner phases of CPS/1100 were implemented using Macro, which is described
in Appendix A.

The prescanner is driven by three Macro programs named phasefl, phasel
and phase2. Phasef of the prescanner performs the syntactic analysis of
CPS/1100 control directives and statements. The input to this phase is
the original CPS/1100 program text and the output is stored in a temporary
file to be used in the other phases of prescanning.

Phasel of the prescanner analyzes the parameters given to the slave-
tasks of a CPS/1100 program. During this phase an analysis of i/o opera-
tion flags is performed accofding 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 phaseZ inserts messages and assembler statements that
correspond to CPS/1100 statements into its output stream. The output
of this phase (which is passed onto the Pascal compiler) is stored in
file element tpf3.nameg. 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/1100 modifies the assembler codes produced
by the Pascal compiler according tc the messages that were inserted into
the source stream during phaseZ2 of the prescanner.

Details of scanner programs are giwen 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 Description of Prescznner_Phasef

In this macro program, procedure readln is used to read a

Tine 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 be a comment line and it is skipped. The

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

stream 1ine. 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 readin is called again.

In the main body of program phase@, the program file element

scratchf.scratchl is opened. The first Tine 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 compared with the first keywords of the

CPS/1100 statements. If a match occurs, a routine which corresponds

to the CPS/1100 statement is called.

For example, the procedure proccps

is called when the content of the variable tok is equal to the string

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

with the fields of a CPS/1100 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/1100 statements in

the input text. CPS/1100 statemesnts and the corresponding procedures

are listed below.

CPS/1100 Statement
startup and fork

wait and wait forever
await

activate and deactivate
dedicate

original mode

snoopy on and off

guit and quit by checking

fetch status

Macro Routine

procstrtup
procwait
procawait
procactive
procdedic
procorig
procsnoopy
procquit
procfetch
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CPS/1100 Statement Macro Routine
. cobegin and sigral and

release and lock and
unlock and suspend and
clear procother

4.3.3.2 Description_of Prescanner Phasel

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
CPS/1100. A temporary file infog is opened and the variables which
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/1100 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 infod and then the file is closed.

4.3.3.3 Description of Prescanner Phase?

The assembler code correspondants of CPS/1100 statements and
certain messages used in postscanning phase are produced by this program.
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The first record of the file info$, 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) Function

await

ml

me ,m5

proc-dcl

var-dc] 1, var-dcl?2
m3

mé
macbeg

forkl, fork?

cobegin, coend

startupl, startup?

wait, signal

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 AP, 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/1100. 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, suspendZ

cpsZ, 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 iines, produced by
the Pascal 8R1 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/1100.

inserts a set of codes to the preceeding
and succeeding lines of a write or writein
statement in a slavetask. Model task and
slavetask are synchronized by the aid of
these codes when a slavetask initiates and
completes an i/0 operation.

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 correspending to the fetch
status command.
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Function

forkey
waitforever

cregion, cend

produces a message that will be used
by the postscanner program.

generates codes corresponding to the
wait forever statement.

produces codes which correspond tgs the
cregion and cend statements.

1 4.3.3.4 Description_of_Postscanner

This program is composed of a set of Macro routines which
modify the codes produced by the Pascal 8R1 compiler and insert assembler

codes according to the messages produced during prescanner phaseZ. In
the following list names and the functions of the macros are given.

Name(s) of macro(s)

m@
ml

m2

m3
md, mb

mé

m7

m8

m9

Function

recognizes the location counter sign g(1)
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

Tines of the pent® entry in the input text.
Jumping to the pent$ 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 (imj) in-
struction and sets certain control flags.

deletes load and load address (1 and 1,u)
instructions which correspond to the argu-
ments used together with a forward keyword
in the CPS/1100 program text. It also
updates some control variables.

deletes store (s) instructions which
correspond to the arguments used together
with a forward keyword.

modifies the assembler ]ines‘by which the
activation record address of routines are
loaded into the AP register.
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Name(s) of mac~2(s) Function

mil updates certain control variables whena
delete argument message is recognized.

m12 updates a control variable when a slave-
task entry message is recognized.

formac, dsmac, Zimac modify : codes corresponding to the
for statement of Pascal. They are
basically used to store the values of
loop counters into a predefined table.

storeR13 loads the value 1 into RI13 register and
stores that value to the address when
the s R15,<address> instruction is

recognized.
suskey updates a control variabie when a suspend
keyword message is recognized. .
suskey? generates codes to load the suspension g
period into Al register. .
RI5ignore deletes L R15,address statements
cregion, cregicmoff update a control variable.

4.4 Comparisor of CTP5/1100 Statements with Other
Concurrent Lanziages

A group of stat=ments of CPS/1100 is functionally similar to the
statements of other concurrent languages. Comparison of the CPS/1100
statements and the stztements of other concurrent languages is given
below in a tabulzr form:

Keyword of Staz=ment Explanations

 monitor/process exist in Concurrent Pascal, Pascal-plus,
Simone, Modula and Ada, but in different
formats. The format used in CPS/1100 is
Jjust 1ike the format of external routine
declaration of Pascal 8RI. Functionally
these declarations are used to define
scope rules as in Concurrent Pascal.

queue , same name is used in Concurrent Pascal for
the same type of variables. 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
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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 eauivalent to this keyword
of CPS/1100. In most of the concurrent
programming languages dispatcher 1like
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/T.
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/1100 statements such as deactivate/activate slavetasks,

dedicate processor, original mode, snoopy on/off do not exig% 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 [16]

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/1100 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

Card-
reader
Process,

Printer
Process

Figuré 5.1 - Schematic description of producer-consumer problem.




75

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

Access Rights

Private Data

Program
Codes

Figure 5.2 - Repreéentation 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/1100 routine
is the implementation of ths above data structure for the card reader

process:

program define (cardprsc);

type lTabels = (receive, send, init);

/c

/c Access Rights

/e

procedure buffer (var entry: labels;war inprinteger; var out:integer);monitor;
/c

/c Private Data

/c )

procedure cardproc;

var entry : labels;

i,inp,out: integer;

/c ‘
/c Program- Codes
/c
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begin
release (cardproc);
await (starter); )
i::];
while true do
begin
inpi= 3*1;
Tock (lockv);
entry:= send;
fork with taskname (c1) buffer (entry,inp,out forward);
await(cl);
=i+l ‘
end;
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

Initijalization
Operations

Figure 5.3 - Representation of a monitor.

CPS/1100 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);

/c

/c Shared Data
/c
var full : boolean;

contents: integer;

/c
/c Synchronization Operations
/c
begin
case entry of
receive:
begin

unlock (Tockv);
Tock (receiver);

if not full then wait (receiver);

else unlock (receiver);

out:= contents;
full:= false;
Tock (sender);
signal (sender);

quit;

end;
send:

unlock (lockv);

’ EEEE (sender);

if full then wait (sender);

else unlock (senderj;

contents:= inp ;
full iz true
Tock (receiver);
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quit;
end;
/c i
/c Initialization Operations
/c
init;
begin;

full:= false;
release (buffer);
wait forever;

end;
end;
end;

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 is 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
CPS/1100 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 [3]

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 philosopher can only eat when none &t his neighbours are
eating.

Assume that all philosophers are thinking in the initial state and
Spaghetti plates are continually replenished. Define thinking and eating
periods of philosophers. 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 Tabels in
the procedure phils. Those activities are suspended via await state-
ments until the coend statement is executed in the maih routiné. A
queue type variable is declared for waiting/signaling operations of each
philosopher. Following codes descrice the main routine of the pkogram:

program main;

/c

/c Access Rights

/c _

procedure forks (<argument declarations>); monitor;
procedure phils (<argument declzrations>); process;
/c

/¢ Variable Declarations

/C

begin

startup with taskname (FZP) forks (<arguments>);

Fap
)

startup with taskname ( ) phils (<arguments>);

cobegin (starter);
/c
/c Forking to philosopher @
/c
pentry := phil@;
fork with taskname (P@) 2hils(pentry);
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/c
/c Forking to philosopher 1
/c
pentry := phill ;
fork with taskname (P1)phils(pentry);
/c
/c Forking to philosopherd
/c
pentry := phild ;
fork with taskname (P4) phils (pentry);
coend;

- wait forever;

end.

Philoscphers 1ive 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 neighbours.
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 reqﬁesting 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 @, phill , phil2 , phil3 , phild , pinit);
type labels = (pickup, putdown, finit);

procedure phils (var pentry: philent; var i: integer);

/c

/c Access Rights

/c

procedure forks (var fentry: labels; var i: integer), monitor;
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/e
/c Variable Declarations
/¢
begin
case pentry of
phil@:
await (starter);
phid@d := 8;
while true
do begin
/c ,
/c - Thinking time is 3 time units
suspend (3);
/c
/c Pickup Operation
lock (entrylock);
lock (philag);
fentry := pickup;
fork with taskname (F@) forks{fentry,phid@);
wait (philqp);
await (F@); -
fc
/c Eating time is 8 time units
suspend (8); -
/c
/c Putdown Operation

Tock. (entrylock)s.

fentry - := putdown;

fork ~ with taskname (F@) forks (fentry,phid@);
await (F@)5

end;

“end;
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phild:
begin
await (starter);
phidd-.:= 4;
while true
do begin
< end;
end;
pinit:
begin
release (phils);
wait forever;
end;
end;

end;

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 entry and Teaves
system. If both forks are not available when they are reguested, 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 Teaves the system.

Philosophers try :to put their forks down via an activity that simu-
Tates a putdown operation. This activity increments the variables that
represent the number of forks available for neighbouring philosophers.
It checks whether neighbouring philesophers are in wait state and both
of their forks are available. When a neighbour philosopher is found
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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 requesting philosopher thinks for a while again.

Listing of monitor forks is given below. Complete listing of
CPS/1100 program for case study two can be found in Appendix EZ2.

program define (forks);

type labels = (pickup, putdown, init);
procedure forks (var fentry: labels; var i:integer);
var = frk : array [0..4] of 0..2;

waiting : array [0..4] of boolean;

begin
case fentry of
pickup:
case i of

p: lock (philgd);

4: Tock (philqd);
end;
if frk [I11 <> 2
then begin waiting [il:= true;
case i of
§: unlock (philg@).

4: unlock (philgl);
end;
unlock (ehtrylock};
quit;
end;




putdown:
begin
frkl

frkl[ (i+1)mod5]:=frkl (4

waiting [i1:= false;
frkl (i+4)mod5] :=frkl (i+4)mod51-1;
frkl (i+1)mod5] : =frkl (i+4)mod51-1;
case i of
p: signal (philqZ};
4: signal (philg4};
end;
unlock {(entrylock);
quit;
end;

(i+4)mod5]:=frkl (i+4) mod51+1;
(i+1) mod51+1;

if (frk[(i*4) mod5] = 2) and
(waiting L(i*4) mod5])
then begin

if

/c
/c
/c

quit;

waiting [(i+4) mod5]:= false;
frkl(i+3) mod51:= frk[(i+3) mod51-1;
frklil:= frklil-1;
case (i*4) mod5 of
@: signal (philqg):
4: signal (philgl);
end;
(frk[(i+1) mod51= 2) and
(waiting [(i+1) mod 51)
Pickup forks for philosopher {i+1) mod 5
and wake him up '
_end;
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end;
inif?’_
begin
for i:= P to 4 do begin
frk [i] := 2;
waiting [i1] := false;
end;
release (forks); T
wait forever;

end;
end;
end;

5.3 Case Study Three: Quicksort with Processor Dedication

5.3.1 Problem Statement

Quicksort [17]1 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 used 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-1 is less than or equal to the pivot element and each of the elements
in position j+1 to n is greater than or equal to the pivot element. Sort
the subarrays, which corresponds to the elements 1 to j-1 and j+1 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/11OO 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 lnzn on
average. . It is decreased to (n Tnon + (n/2)1n2(n/2))/2 in 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/1100 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

/¢ Access- Rights
/c




procedure dividetwo (<argument declarations>); process;
procedure quickl (<argument declarations>); process;
procedure quick2 (<argument declarations>); process;

/c

/c Variable Declarations

/c

/c

/c Read Array x

/c
startup with taskname (T@@) dividetwo (<arguments>);
startup with taskname (TP1) quickl (<arguments>);
startup with taskname (T@2) quick2 (<arguments>);

/c

/c Wait until sorting completion

/c |
quit;

end;

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
js 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 quick? 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 6ec7arations>);
/c

/c Access Rights

/c
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procedure quickl (<argument declarations>); process;
procedure quick2 (<argument declarations>); process;

/c

/c Variable Declarations

/c

begin
release (dividetwo);

/c

/c Choose a pivot element, arrange array X

/c

/c and divide it into'subarrays

/c
fork with taskname (T@@) quickl (<arguments>);
fork with taskname (T@7) quick2 (<arguments>);
await (TP6, TP7);

/c

/c Print the sorted array x

/c

/¢
quit;

end;

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

program gdefine (quick2);
procedure quick2 (<argument declarations>);
case entry of
gesort:
dedicate processor (1);
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/c Sort one of the subarrays
/c
quit;
end;
q2init;
begin
release (quick2);
/c Initialization operations
/e
end;
end;
end;

Complete program listing for this case study is given in Appendix E3.
Dedicate processor statements are not used in the program Tisted 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 4 and error code @77. For
this reason one subarray was sorted.

5.4 Case Study Four: Gaussian Elimination with Processor
Dedication

5.4.1 Problem Statement [18]

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, 1, 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, i 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 secoend activity:

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

8. Select row & as i+2, i+4, i+6,... and reduce these rows such
that the element %,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 .activity 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; npl = 21;
type entries = (entryl, entry2, init);
arrtype = array [1..n, 1..np1] of real;
procedure gauss (entry: entries; var A: arrtype); process;
var A : arrtype;
i,j.k: integer;

begin

/c

/c Read the input matrix A
/c

startup with taskname (gf) gauss (init, A forward);

-

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

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

-

wait{waitwd);
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/c
jc Calculate the unknown variables
/c

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+1, i+3,
i+b, etc. At this time, the second reduction activity g2 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 g1 finishes a reduction pass it checks
boolean permission to see whether activity g2 has finished its duty or
not. If activity g2 has finished its reduction pass then activity gl
increments the row index i1 by 1 otherwise enters a wait state. When acti-
vity g1 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 entries = (entryl, entry2, init);

arrtype = array [1..n, 1..np1] of real;
procedure gauss (entry: entries; var A: arrtype);
var i,j.k,1,m : integer;

permission : boolean;

P,q,r : real




begin
case entry of
entryl:

dedicate processor (0);

for i:= ]_Eg n

do begin
/c
/c Reduce pivot row i
/c
if i = n then
begin Jock (waitwd);
signal (waitwd);
quit;
end;
lock tact2);
permission:= true;
signal (act2);
k:i= k+1;
while k <n
do begin
e
/C ' Reduce row k
/c
k:z k+2;
end;

Jock (acti);
if permission then wait (actl)
else unlock (actl);
end; |
end;
entry?:
dedicate processor (1);

while true
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do begin
Tock (act2);
if not permission then wait (act2);
else unlock (act2);

fi= 1+2;
while 2 < n
do begin
/c
/c Reduce row 2
/c
QI: 9+25
end;
Tock (actl);
permission:= false;
signal (actl);
if i > (n-1) then guit;
end;
init:
. permission:= true;
quit;
end;
end;
end;

The program 1isting 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
Appendix E4.2, only the program segments.where processors are dedi-
cated to distinct reduction activities, are given. In that case program
is aborted with error type 84 and error code 877 which corresponds to
the error message processor requested on adedf call was unavailable at
the time of the er adedf, 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. HMemory 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 of all prbgrams 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.

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 gqueue that is selected
according to a priority rule is loaded into the ready queue.

Write a CPS/1100 program for this model operating system.

5.5.2  Model

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



Blocked Queue |

Ready Queue 1/0 queue

I/0
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. '

A job deactivates itself while informing the operating system
that it has started an i/0 operation. At this instant, the
requesting job is transferred to the i/0 unit queue. The first
job in the ready queue is fetched and it is moved to the CPU
for processing. The i/0 gqueue is handled on a first come first
served basis. The first job in the i/0 queue gets the i/o
unit first.

A job reactivates itself while informing the operating system
that it has finished its i,/0 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/o0 unit.

Oldest job in the ready queue 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/1100. 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/0 operation is started in a user job is
created and directed to the label icinitiate. 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;
/c
/C Type declarations

/c
procedure mos (<argument declarations>); process;

procedure arrange (<argument declarations>); process;

/c
/c  Variable declarations
/c
i:=1ywhile 1 < <number-of-slavetasks>
do begin
startup slavetask (i);
tis i41;

end;




99

startup with taskname (A@@) arrange (<arguments>);
startup with taskname (T@@) mos (<arguments>);

mosentry:= clockstart; -
fork with taskname (t£1) 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.

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 mbde], 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
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suspend (50);
lock (clocklock);
clock: = clock + 50;
unlock (clocklock);
if clock >= 30 000 then terminate;
lock (clockintrpt); )
signal (clockintrpt);
end;

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 timésharing then a
CPU switching operation is performed. Afterwards, the activity being
in an endless Joop 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:

while true
do begin

Jock (clockintrpt);

wait (clockintrpt);

if (rqgtail = rqghead) and

(controltable.ccu = @)
then begin

lock (emptyrqg);
wait (emptyrq);

end;
lock (masterlock);
lock (clocklock);
if (bghead<>bqtail) and
(memreqg[bglist[bghead]] <= memswapable) and
((clock - lastswap) >= 500)
then begin
Tastswap:= clock;

/c
/c ' ‘Swap operation
if ((clock - timedecrement) >= 5@) or (timedecrement=()
then begin
timedecrement:= clock;
/c
/c CPU switching operation

end;
end;

CPU switching is performed in the fo]Towing 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




102

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<>rghead)
if (ccu<>@) and ((quantum [ccu] mod quantmax) = §)
 then begin
deactivate slavetask (ccu);

fetch status of slavetasks;
if status [ccu]
then begin . -
rqlist [rqtail]:= ccu;
rqgwait [rqlist[rqtail]]:= clock;
rqtail:= (rqtail+l) mod 2@;
lock (arrangelock);

arrangentry:z arrglist;
Tock (arrflag);
fork with taskname (AB2)
arrange (arrangentry,rqlist,rghead,

rqtail,quantum);
wait (arrflag);
await (AP2);
unlock (arrangelock);
end; |
memswapable:= memswapable+memreq[ccu];
ccu:= @;
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if rqtail = rghead then cpuidle := clock;
- end;
end;
if (rqtail<>rghead) and (ccu = @)

ccu:= rqlist [rghead];
rqlist [rqghead]:= @;
rghead:= (rghead+1) mod 20@;
memswapable:= memswapable - memreq [ccu];
activate slavetask (ccu};

end;

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<>rghead) and
(memreq [bglist [bghead]]>= memunused)

do begin

/c

/c Find the oldest job j

/c
memunused:= memunused + memreq [rqlist[j]];
memswapable:= memswapable - memreq[rqgiist[j]];
bqlist[bgtaill:= rqlist[j];
bqtail:= (bgtail + 1) mod 28;

/c |

/c Rearrange blocked queue and ready queue

/¢

_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
successjve1y until either the blocked queue is empty or memory reguest
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[bghead]]<= memunused) and

(bghead<>bqtail)
do begin

rqlist[rqtail]:= bqlist[bahead];
ragwait[rqlist[rqtail]]:z clock;
rqgtail:= (rqtail+l) mod 2@;

/c

/c Arrange ready queue

/c
memunused:= memunused - memreq[bqlist[bghead]];
memswapable:= memswapable+memreq[bqlist[bghead]];
bqlist bghead := @;
bghead:= (bghead+1) mod 20;

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/1100 routine. The user job then deactivates jt-
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/0 unit and head
pointer ofAi/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.

joinitiate:

dioqlist [dioqtail]:= ccu;

dioqtail:= (dioqtail+l) mod 20;

if rqhead<>rqtail

then  begin
ccu:= rqlist [rghead];
rqlist[rghead]:= 9;
rqghead:= (rqhead+1) mod 20;
activate slavetask (ccu);

.end
else begin
ccu:= @;
cpuidle:= clock;
_end;

if cioj = @ then
cioj:= dioqlist [dioghead];
dioqlist [dioghead]:= @;
dioghead:= (dioghead+1) mod 20;
activate slavetask (cioj);

end;
end;
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¥hen a wser job in the i/o uniticompletes 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/1100 routine. This user job
deactivates itself. Consequently, the activity that is woken up by a
signal gperation 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 emptyrg to state that the ready queue is not
empty. If i/o queue is empty, the i/o unit is registered as idie, other-
wise the first job in i/o queue is removed to the i/o unit and the head
pointer of i/0 queue is updated. The job in possession of the i/o unit
is activated. Program outline for the described actions is given below:

ioterminate:

while true do
wait (ioterm);
lock (ioterm);

rqlistirqtaill:= cioj;
raguait[rglist[rqtail]]:= clock;
rqtail:= (rqtail+i) mod 20,

/c

/¢ Arrange ready queue

/c
lock (emptyrq):
signal (emptyrq);

memswapable:= memswapabie + memreq[cioj];
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if dioghead = dioqtail then cioj = @
else begin

/c
/c Remove the job into i/o unit
/c and activate it. Update i/o queue
/c head pointer
/c
/c
end;
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/1100 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:

Jc

/c Variables and arrays are initialized
jc

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

do begin

read (infotable,memreg[i],priority[i],starttime[i]):
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/c - Sort jobs according to their starttimes and sort them
/e according to their priorities, if required.

/C Fi1l ready and then blocked gueue

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 directive. A sample user program with its control card is given
below:

*compile options=isrimv,eltname=tpf%.user3,user=uc,priority=5,starttime=000d 3

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

begin
b:=3;
while true
do begin
for j:=1 to 999999
do begin

a:=b; c:= 5.23*18.2*%0.03/(3.8*8.8%p.44);
if (j mod 444) = 9
then begin
writeln (a,c);
end;

Pt

end;
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The complete program 1isting 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 operztions 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:

- Flexibility

- Processor dedication capability
-  Program trace capability

-  [Easy usage.

More details are available in a section of Chapter two, "Descrip-
tion of CPS/1100".

The preéent chapter is mainly devoted to discuss the use of
CPS/1100, extensibility and portability of CPS/1100, comparison of
CPS/1100 with other concurrent languages, and recommendations for
future research.

6.1 The Use of CPS/1100

CPS/1100 is a powerful language with distinguishing characteris-
tics from the other concurrent languages. These characteristics make
CPS/1100 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. Flexibility of_the_Language:

CPS/1100 is modifiable and extensible because of its special
structure. The structure of CPS/1100 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/1100.
Thus, new languages could be developed for specific applications. An
average programmer may easily modify the language, because a high level
string mahipu]ation language has been chosen for implementing the scanner
routines.

B. Processor Dedication _Capability:

This capability makes CPS/1100 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. Program Trace Capability:

Program tracing capability of CPS/1100 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/1100 programs
can be fixed by using the program trace capability.

D. Easy Usage_of_the_Language:

, CPS/1100 syntax is similar to the syntax of the Pascal language.
Therefore, any programmer who knows Pascal programming can write prog-
rams in CPS/1100.

These distinguishing features of CPS/1100 are discussed, by com-
paring it with other concurrent languages, in the succeeding sections
of this chapter.

6.2 Extensibility and Portability of CPS/1100

CPS/1100 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/1100 by making privileged EXEC8 instructions available to it in a
straightforward manner by simply adding new prescanner and postscanner
routines.




Fortran routines can not be called in the present form of CPS/1100.
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/1100 available for a wide range of numerical applications.

It is possible to extend CPS/1100 and make it a powerful realtime
language by adding new statements and console communication features
into it.

The lack of portability in CPS/1100 arises from the fact that
Macro and Pascal 8R1 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.b

6.3 Comparison of CPS/1100 withOther foncurrent Languages

The design philosophy of CPS/1100 is different from that in
Distributed Processes, Communicating Sequential Processes, Modula,
Pascal-plus and Ada. The concurrency and synchronization constructs
of CPS/1100 are high Tevel statements having low level correspondents
in EXEC8. The objective of CPS/1100 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 Modula 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 Communicating
Seguential Processes was to define programming languages for distri-
buted memory systems. Therefore, the essential difference between
CPS/1100 and the other concurrent scoftware is that, CPS/1100 has con-
currency features which are raised from EXEC8, the supporting software,
while the constructs of other languages were designed according to needs.

Extensibility of CPS/1100 is its most powerful aspect compared to
the other software such as Modula. Pascal-plus, Ada and Concurrent
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Fascal. Any modification or improvement on these concurrent languages
mecessitates extensive work on both design and implementation phases.
But, extensions on CPS/1100 are rather simple. CPS/1100 is a soft-
ware that can be reshaped rather easily.

Automatic program debugging and tracing is a bottleneck for con-
current programming software. Tracing facilities of EXEC8 are raised
gnd embedded into CPS/1100. This is the advantage of CPS/1100 when
compared with the other languages such as Modula and Concurrent Pascal.

CPS/1100 and Modula are two extreme cases due to their structures
among the concurrent languages. CPS/1100 is fully supported by an
abstract machine which is the combination of Univac 1100 hardware and
its operating system EXEC8. 1In contrast, Modula runs on a bare machine.

Externally compilation of CPS/1100 routines is achieved by CPS/1100
control directives. Externally compilation aspect of CPS/1100 nearly
resembies the modular structures of other languages such as Ada's packages
and Modula's modules. »

The common characteristit of CPS/1100, 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/1100 and Concurrent Pascal is consis-
tance of access right declarations. In both software, a process can
not call another process or monitor without declaring it in a parti-
cular section of the program.

CPS/1100 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/1100 is well defined.
An average programmer who knows Pascal programming may use CPS/1100.
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As a result, CPS/1100 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/1100 are recommended:

1. Accessing the realtime facilities of EXECS8:

CPS/1100 may be furnished with realtime facilities, such as
rtg 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/1100 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/1100 programs.

CPS/1100 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 ares
of Exec8 in the memory if protection on the executive system

is suppressed. Protection on Exec8 area can be removed by a
simple system generation operation. Then, new statements

which correspond to the privilage set of Univac 1100 assembier
instructions may be inserted to CPS/1100. Also, new statements
to manipulate Exec8 internal tables or routines can be developed.

3. Allowing dynamic_storage allocation to CPS/110C routines:

Although, imp?ementatian of dynamic storage allocation mecha-
nism in CPS/1100 is not so easy, such an extension permits
the building up of large scale operating system models via
CPS/1100.



4, Creating a CPS/1100 Tibrary:

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.

This feature can be added by modifying the Fortran interface
routine in the Pascal 8R1 library. As a result of this ex-
tension, a wide range of numerical and scientific application
can be programmed in CPS/1100 with spending less effort.

6. Reentrant code creation:

Pascal 8R1 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/1100 whereby a single routine may be used for a
set of processes or monitors. As an example, a single routine
may be used to simulate a set of user jobs in a model study.

Data types and routines in CPS/1100 programs may be parameterized
by producing their copies, if CPS/1100 has generic producing
capability. That capability may be obtained by redesigning and
recoding the prescanner routines. Such an improvement would
increase the abstraction power of CPS/1100.

Compile time checking is the best way of preventing time dependent
errors in mu?tiacti?%ty programs. Therefore, CPS/1100 may be furnished
via compile time check routines. Algorithms to detect possible dead-
locks in the program may be impiemented in those routines.
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The present form of CPS/1100 uses a common memory for interprocess
communication. New keywords may be added to CPS/1100 to provide pro-
cess communication with only i/o operations. With this kind of exten-
sions, CPS/1100 would be suitable for programming in distributed com-
puter organizations.
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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/1100
were demonstrated by programming five typical concurrent programming
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/1100. 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 dedication command of CPS/1100.

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/1100 as a teaching aid
and its modeliing 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 this case study, it was
emphasized that a hierarchical programming system can be implemented
by using slavetasks and model tasks of CPS/1100. 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/1100 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. Alsc, 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 were developed in the third and forth case studies by using
processor dedication command.

Trace capabilities of CPS/1100 was used to debug programs step
by step. The snapdump command of CPS/1100 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/HOO 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 thét the design aims were
achieved in the implementation of CPS/1100.




APPENDICES
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APPENDIX A. MACRO PROGRAMMING LANGUAGE .

Macro is a language which provides powerful and structured text
transfofmation 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/1
Language translation, e.g. Algol to PL/1 translation
Text generation, e.g. text searching and report generation

[l

Text editing, e.g. systematic editing of texts

(S NN - N ¥ B N |

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. HMacro
program can be compiled and used without the need for a collection.

A program, known as macro, of the Macro language has two logical
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*MACR(O.MDC file.. source, file.omn
BUNIVAC*MACRO.MDP file. text, file.omn, file.out




where file. source
file. omn
file. text
file- out
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contains Macro program

contains omnibus element after compilation
contains input text

contdins output text produced after processing.

N
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APPENDIX B. CPS/1100 CONTROL CARDS

Control cards for a sample CPS/1100 is given below. Blanks
between fields are allowed. Each control card must be given in
one line. Comment Tlines are identified by /c character in columns
1 and 2.

@CPS.S,S ,CPS.5/0,
*COMPILE OPTIONS=.ISRLM, ELTNAME=TPFg.xxx

Main routine

*COMPILE OPTIONS= ISRLMV, ELTNAME= TPFZ.yyy
Process or monitor routine

*COMPILE OPTIONS= ISRLMV,ELTNAME=TPF®.zzz, USER=uuu, SIZE=nnn,
PRIDRITY=k, STARTTIME=hhmm

Stavetask, if any

@CPS.S,N SCRATCHB.SCRATCHY, CPS.S/1, SCRATCHE.SCRATCHZ
BCPS.S,N SCRATCHE.SCRATCHZ, CPS.S/2,
@CPS. X

A CPS/1100 program may consists of a main and several process,
monitor and slavetask routines. Options of Pascal B8Rl calils are valid
on *COMPILE directives of CPS/1100. V option is mondatory for all
routines except the main routine. Element names stated as xxx, yyy,
zzz may be 2 string that is maximum 12 characters in length. User

=

name uuu s a string maximum 3 alphanumeric characters in Tength.
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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/@. The other two @CPS.S cards are used to call the other
two phase of prescanner which are CPS.S/1 and CPS.S/Z. BCPS.X card
maintains Pascal compilation, postscanning, linking and execution
of the program.
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APPENDIX C. CPS/1100 STATEMENTS AND KEYWORDS

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 synchronization 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 contrel
of the parent activity until the new
activity executes a release statement

creates a new activity with an activity-
name associated with the:slavetask,
allocates the activation record of the
slayetask 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
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Function

await
wait

signal

lock

unlock
cobegin
coend

quit
quit by checking

suspend

clear

wait forever

deactivate siavetask

activate slavetask

terminate

suspends the control of an activity
while the specified activities in the
statement exist in the system

suspénds the contrql 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
mechanism

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 time 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



Statement or keywords

127

Function

fetch status of s1ave£asks checks whether a slavetask has exited

dedicate processor

original mode

cregion

cend

sSnoopy on
snoopy off

snapdump

from the system or not. Status of
slavetasks are stored into a specific
boolean array

dedicates a specific processor to an
activity

returns back the system into normal
processing mode

executes a ts instruction on a pre-
defined test-and-set cell

clezrs the test-and-set cell which
is set by a cregion statement

calls the snoopy trace utility
turns off the trace operation

dumps the contents of the queue type
variables.




APPENDIX D - LISTINGS OF MACRO PROGRAMS

D.1T - Prescanner Phasef
D.2 - Prescanner Phasel
D.3 - Prescanner Phase?Z
D.4 - Postscénner



D.1 - PRESCANNER PHASEQ

CP§sMACROO,CPS2S/0
MACRO COMPILER LEVEL TRYL O7/27/83 N6:06:27

FCPSICySR
00 1
1o 2
120 3
130 4
L40 5
150 6
160 7
170 8
180 9
190 10
200 11
210 12
220 13
230 14
240 15
250 16
260 17
270 18
280 19
290 20
100 21
3io 22
320 23
330 24
340 25
350 26
360 27
370 28
380 29
390 3u
400 31
410 32
420 33
430 34
440 35
480 16
460 37
w70 38
480 39
490 40
500 41
510 42
520 u3
$30 4y
540 w5
550 4e
560 %
570 WB
580 )

i

7/ (22 R T T Yy e I T L R R R A R R L R R R L PR S ST R AR )]
&4 * *
/11 * *
/17 * CPS/;lUU PRESCANNEHR *
/77 » *
/77 » PHASE O -
/77 * *
XA *
/77 % CPSII}OD STATEMENTS ARE SYNTACTICALLY -
17 % ANALYSED IN THIS PHASEJINPUT STREAM OF THIS *
A PHASE IS A CPS/1100 PROGRAM,e OUTPUT STREAM *
17/ = IS PLACED INTO THE ELEMENT *SCRATCHI® OF & *
/77 = TEMPORARY FILE °*SCRATCHS®, *
oo *
/77 » , -
AR T Y e T T TR R L L S e L L i g L
DEBUG ON;

SET ALPHA C'A' 5y *2°' >;
SET ID_CHAR - C'A® o7 *Z'\"0" Ta "9 XT_'\TErATHINITN /0>,
SET DIGIT <*0° 4% '9'>; .

TOKEN OPC*(*>;
TOKEN CPC)*>;

TOKEN MCPSC*#COMPILE®>:

TOKEN ID ¢ ALPHA(ID_CHAR) o3> ;

TOKEN BLANK IGNORE <* ' J44 >3

TOKEN NUMCDIGIT(DIGIT) ¢7ed;

TOKEN FOTXCS'EOF*Y;

TOKEN  COMC* ')y

TOKEN SZIC'SIZE='3;

TOKEN OPTC'OPTIONS=">;

TOKEN PRCTPRIORITYZ'S; -
TOKEN ELTNCTELTNAMEZ'>;

TOKEN STTC'STARTTIMEZ'D;

TOKEN COMMENTC'/C*);

AISTNUL Y,

I=0;

TOK=S*NUL"';
DECLAPE Riw);
ERR=' w# FERROR *% SYNTAX ERROR

6l




590
600
sTo
620
630
590
550
560
670
80
590
700
1Ta
120
730
740
150
760
770
780
190

NNCEEAAANUIU X R S W NN N

TP N Ng= P

2 N N

5o

53
54
L1
56
57
58
59
60
6

6

63
64
65
66
67
68
&9
10

73
™
4]
76
7
78
79

il

a3
LL]
as
86
87

89

|

93
94
95
96
97
98
99
400

PROCEDURE READLN;

$T: I=0:
EAD A
IF LENGTHUAY FQ O
TH N BEGIN
CLOSE WRYTE INTO *SCRATCHSCSCRATCHY®;
STOP, i
END}

If AC},21 EOC °/C° THEN 60 TO ST:
TOKENIZE A INTO R:

END:

PROCEDURE NEXTTOKEN?
ST: I = Iep:

IF I GT SIZE(R)
THEN BEGIN
WRITE. A INTO *SCRATCHS SCRATCHL' ;
ALL REA LN;
I=gs
ENDS

IF TRYM(R(I)) EQC * -* THENM GO TO ST3

TOK =
END:

TRIMIR(T));

PROCEDURE PROCCPS;

IF TOK EOC
8EGIN

*4COMPILE® THEN

CALL NEXTYOKEN: T=TOK; CALL NEXTTOKEN; T = TETOK:
IF T EOC *OPTIONS=® THEN

BEGIN

CALL NEXTTOKEN;CALL NEXTTOKEN:

IF TOK EQC *,° THEN
BEGIN ;
CALL NEXTTOKEN:T = TOK3CALL NEXTTOKEN;T=TLTOK;
IF EQC CELT AMEZ" T EN
BEGIN

CALL NEXTTOKEN;
TYYz TOKC®,S1;

IF

{ TIT  EQC *TPFSgr) AND -
{ TOK  MEC "TPFS NAMES®)

T EN BEBGIN

CALL NEXTTOKEN:
IF TOK NEC *,°
THEN RETURN;
ELSE BEGIN ,
CALL NEXTTOKEN; T=TOXK;CALL NEXTTOKEN; T
IF T EQC *USER=® THEN
BEGIN

TEYOK:

o€l




1100 7 101 CALL NEXTTOKEN; CALL NEXTYOKEN;

1110 8 102 IF TOK FQC ',* THEN

1120 8 03 BEGIN '
1130 8 Iou ' CALL NEXTTOKEN; T=TOK;CALL NEXTTOKEN; T = TELTOK;
{140 9 105 - IF T EQC *SIZE=* THEN

1150 9 106 8FGIN

1160 9 107 CALL NEXTTOKEN; CALL NEXTTOKEN;
1170 Yo 108 IF TOK EQC *,* THEN

1180 10 109 . 8FGIN

1190 1o 110 CALL NEXTTOKEN; T=TOK;

1200 1) 111 ' CALL NEXTTYOKEN: T = TETOK;
1270 11 312 ) . IF Y EQC 'PRIORTITYZ® THEN
1220 1} 313 BEGIN

1230 1) 114 CALL NEXTVTTOKEN; CALL NEXTTOKEN;
1240 12 1185 ! IF TOK E3C °*,* THEN

12%¢ 12 116 BEGIN

1260 12 117 ' CALL NEXTYOKEN:TZTOK:
1270 13 118 CALL NEXTYOKEN;T=TELYOK;
1280 13 119 IF T EQC *STARTTIME=Z' THEN
1290 13 120 BEGIN

1300 Y3 121 CALL NEXTTOKEN:

1310 14 122 CALL NEXTTOKEN;

1320 I 123 RETURIN;

1330 14 124 END:

13540 13 125 END ¢

1350 12 126 END;

1360 1} 127 END:

1370 10 428 ) END;

1380 9 129 END;

1390 8 130 END;

1400 7 131 END;

tulo [ 132 END;

1420 S 133 END;

1430 4 134 END;

1440 3 135 END;

1450 2. 136 END: )

1460 1 137 _ WRITE® %% ERROR %« SYNTAX ERPOR ON C®S/1100 CONTROL CARD * :
1470 1 138 END;

148g 139

1490 140

1500 L4l ©

1510 42 PROCEDURE PROCSTRTUP;

1520 1 tus CALL NEXTTOKEN;

1530 1 144 IF TOK EQC °*WITH'

1540 1 145 THEN BEGIN

1550 1 146 CALL NEXTTOKEN;

1560 2 147 IF YOK EQC "TASKNAMF®

1570 2 148 THEN REGIN

1580 2 149 CALL NEXTYTOKFN;

1590 3 150 IF TOK EQC *(*

1600 3 151 THEN BEGIN

€L



1s10 3 152 : CALL NEXTTYOKEN; CALL NEXTVTTOKEN;
1520 4 153 IF TOK EQC *»*

1630 4 154 THEN BEGIN

1640 4 155 CALL NEXTTOKEN;

1650 5 156 RETURN;

1660 5 157 END;

1570 4 158 END:

1680 3 159 END;

1690 2 160 END ¢

1700 ’ 161 ELSE IF TOK EQC *SLAVETASK!

1110 1 162 THEN BEGIN

1720 i 363 CALL NEXTTOKEN:

1730 2 164 IF TOK EQC *(°'

1740 2 165 THEN BEGIN

1750 2 166 CALL NEXTTOXEN; CALL NEXTTOKEN;
1760 3 167 LF TOK EQC ")°

1170 3 168 THEN BEGIN

1780 3 169 CALL NEYTTOXEN;

1790 Y4 170 RETURN;

1800 4 171 END;

1810 3 172 END;

Y920 2 173 END;

1830 1 174 WRITE * #*% ERROR %% SYNTAX ERROR ON FORK/STARTUP STATEMENT *;
1840 1 175 END;

1850 176

1360 A\T7

13710 . 78 v ; : : B

188D o t7o PROCEDURE PROCAWAIT;

390 1 180 CALL NEXTTOKEN:

f900 bt 181 IF TOK EOC *(*

1970 1 182 THEN BEGIN

1920 1 183 CALL NEXTTOKEN; CALL NEXTTOKEN:

1930 2 184 LOOP: IF YOK EQC *)°*

1340 2 185 THEN BEGIN CALL NEXTTOKEN; RETURN; END;
1950 2 186 ELSE IF TOK EQC *,°

1960 2. 187 THEN BEGIN

1970 2. 188 CALL NEXTYOKEN; CALL NEXTTOKEN:
1980 3 189 GO TO LOOP;

1990 3 190 END;

2000 2 191 END

2010 1 192 WRITE ° &% ERADR wo SYNTAX FRAROA OIN AWATT STATEMENT Y
2020 1 193 END}

20%0 o 194

2040 195

2050 196

2060 197

2070 398 PROCEDURE PROCOTHER]

2080 1 199 LASTTOK = TOK;

2090 1 200 CALL NEXTTOKEN;

2100 1 201 IF {LASTTOK EQC *LOCK') AND (TOK EJC "DF*) THEN RETURN:
2110 1 202 IF TOK EQC *(°

2el



2120
2130
2140
2150
2160
2170
2480
2150
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2u60
29t0
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2500
2610
2520

e NN N e

A EE W NN e e s
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203
204
205
206
207
208
209
210

211 .

212
213
214
218
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
238
238
237
2R
239
240
241
242
20y
244
245
246
247
2u8
249
250
251
252

- 253

THEN BEGIN
CALL NEXTTOKEN; CALL NEXTTOKEN:
IF TOK EQC *)°

THEN BEGIN
Cal.lL NEXTTOKEN;
RETURN;
END;
END;
WRITE ERR;
END;

PROCEDURE PROCHAIT;
CALL NEXTTOKEN;
IF TOK EQC *FOREVER®
THEN BEGIN CALL NEXTTOKEN; RETURN; END:
ELSE BEGIN
IF TOK £QC *(°*
THEN BEGIN :
CALL NEXTTOKEN; CALL NEXTTOKEN:
IF TOX EQC *)°

THEN BEGIN
CALL NEXTTOKEN:
RETURN;
END:
END;
END;
WRITE ERR:

END;

PROCEDURE PROCFETYCH;
CALL NEXTTOKEN;
I OTOK EGE 'HTAYUR®
THEN BEGIN
CALL NEXTTYOKEN;
IF TOK EQC ‘OF°
THEN BEGIN
CALL NFXTYOKEN:
IF TOK €Qc *"SLAVETASKS'®
THEN BEGIN
CALL NEXTYOKEN;
RETURN;
END;
RETURN;
END;
END
WRITF ERR;
END;

€€l




2630
2640
2650
2660
2670
2680
2690
2700
2110
27120
2130
2740
27150
2760
2770
2780
2790
2800
28f0
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
‘2000
2990
3000
3o0f0
3920
3030
3040
3050
3060
3970
3380
3090
3100
5 to
3120
3130

P N e W N NN P e e

T N G G A N R e = e e

b P N EE T e NN N e e e

254
255
256
257
258
259
260
261

262

263
264
265
266
267
268
269
270
271
272
273
274
275
276
217
278
279
280
281
282
283
284
285
286
287
288
209
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304

PROCEDURE PROCACTIVE;
CALL NEXTTOKEN;
IF TOK EQC °*SLAVETASK® '
THEN BEGIN
CALL NEXTTOKEN;
IfF TOK EQC *(°
THEN BEGIN
CALL NEXTTOKEN; CALL NEXTTOKEN;
LF TOK EQC °*)°*
THEN BEGIN CALL NEXTTOKEN; RETURN; END;
END;
END;
WRITE ERR}
END;

PROCEDURE PROCDEDIC
CALL NEXTTOKEN]
IF TOK EQC °*PROCESSOR®
THEN BEGIN
CALL NEXTTOKEN;
IF TOK E£QC *(°
THEN REGIN .
CALL NEXTYOKEN: CALL NEXTYOKEN:
IF TOK EOC *)°*
THEN BEGIN CALL NEXTTOKEN; RETURN; END;
END;
END:
WRITE ERR;
END;

PROCEDURE PROCQUIT:
CALL NEXTTOKEN;
IF YOk EQC *BY?*
THEN REGIN
CALL NEXTTOKEN;
IF YOK EQC °*CHMECKING®
THEN BEGIN
CALL NEXTTOXKEN; ]
1F TOK EQC ' (° -
THEN BEGIN
CALL NEXTYOKEN; CALL NEXTTOKLN;
IF TOK £QC *)°
CTHEN BEGIN CALL NFXTTOKEN; RETURN; END;
END;
END;
END;
ELSE RETURN;
WRITE ERR;
END;

vel




3140
3150
3160
3170
3380
Y190
3200
3210
3220
3230
3260
3250

3260

3270
3280
3290
3300
3310
3320
3330
3340
31350
3360
3370
3380
3390
3400
3410
X420
3430
JuuQ
3450
Ju60
3470
3480
349D

3500

3510
3520
3530
3540
3550
3560
3570
31580
3590
1600
3610
3620
3530
3640

g e e

P g

Rl o o e e e e e e il o h kot SR o

305
306
307
308
309
3o
313
31z
313
31y
315

316

317
31
319
320
324
322
323
324
325
126
327
328
329

© 330

331
332
333
334
335
336
3371
338
339
340

T34

342
343
344
345
346
347
348
349
350
351
352
353
354
355

PROCEDURE PROCSNOOPY;
CALL NEXTTOKEN;
IF ( TOK E£QC ‘*ON' ) OR
( TOK EQC °*OFF')
THEN BEGIN CALL NEXTTOKEN: RETURN;:
WRTYF ARy
END;

- PROCEDURE PROCORIG;

CALL NEXTTOKEN;
IF TOK FEQC °'MODE®
THEN BEGIN CALL NEXTTOKEN; RETURN;
WRITE ERR;
END:

OPEN WRIYE INTO *SCRATCHSTSCRATCHI';
CALL READLN:
CALL NEXTTOKEN;
WHILE TOK NEC S'EOF*
DO BREGIN
$STRT : ‘
IF TOK EQC *#COMPILE®
THEN BEGIN CALL PROCCPS;GO TO STRT:
ELSE IF (TOK EQC *STARTUP*) OR (TOX

ELSE IF TOK FQC *WAIT®

THEN BEGIN CALL PROCWAIT;

ELSE IF TOK EQC 'AWAIT®

END;

END;

END;

EQC *FORK")
THEN BREGIN CALL PROCSTRTUP; GO IO STRY;

GO TO STRT;

END;

THEN BEGTIN CALL PROCAWAIT;G0 TO STRT: FNND:

ELSE IF {TOK EJC
(TOK EOQC

CACTIVATE®)
*DEACTIVATE®)

THEN BEGIN CALL PROCACTIVE:;GO TO STRT; END; .

ELSE IF ToOx

E3C °*DEDTICATYE"

THEN BESIN CALL PROCDEDIC;GOG TO STRY: FND;

ELSE IF YOK EQC

*ORLG INAL"®

THEN BEGIN CALL PROCORIG:G0 YO STRT; END:

ELSE IF TOK EQC
THEN BEGIN CALL PROCSNODPY:;GO YO STRT; END:
FILSE IF TOK FQC °*QUIT'
THEN BEGIN CALL PROCOUIT;GO TO STRT; END;
ELSE LF TOK EQC °*FETCH®

*SNOOPY"

THFN BFGIN CALL PRODCFETCH;60 TO STRTEND:

FLSE LF (T0K EOC °*COBLGIN'}) DR

(TOK EQC *SIGNAL® ) OR
(TOK EOC *RELEASF®) OR
(TOK EQC 'LOCK® ) OR
{TOK EOC *UNLOCK® ) OR

GEL



3650
3660
3670
3680
3590
31N0
3T10
3720
37130
3140
37150

ot P AT P e B P

3186
357
358
359
380
361
362
363

364

365
366

END;

CLOSE WRITE INTO "SCRACTHS4SCRATCHL®;

sTOP;

END MDC 0 ERRORS O WARNINGS 0 REMARKS

(TOK EQC *SUSPFND') OR

(70K EOC *SNAPDUMP')
(TOK EQC °*CLEAR®' )

THEN BEGIN
CALL PROCOTHER;
B0 TO STRT;
END:

FLSE CALL NEXTTOKEN;

OR

Sel



ACPSIC,SR CPS MACROL,CPSTS/)

MACRO COMPTLER LEVEL YR BT/27/83 Bh12%:128

160 o
110 2
120 3
130 4
140 §
150 6
160 7
170 8
180 9
190 10
200 11
210 12
220 13
23p 14
240 ) 15
250 ' 16
260 17
270 18
280 19
290 20
300 21
310 2¢
320 23
330 24
340 25
350 26
360 27
$70 28
380 29
390 30
400 . 31
wiop A ¥
420 13
w30 . 34
440 . 35
450 36
460 37
w70 L1
480 39
490 4o
500 4l
510 4z
520 43
530 44
sup 4s
550 ue
560 47
570 ua
580 49

&4 RN R ARG R R RE R ARk kb k&

/17
/17 »
/1l x
/7 *
17 *
/7 *x
/7 *
/] *
/77 »
17
/17 =
7/ »
A |
17
VYA |
7/
/77
1/ =
/77 0w

DEBUG ON;

D.2 - PRESCANNER PHASE1

a

cPs/ 100 PRESCANNTER
PHASE 1

THIS PROGRAM RECOGNIZES  THE PARAMETERS, SUCH
AS PRIORITY AND PROGRAM SIZE, OF A USER PROGRAM
IN A MODEL OPERATING SYSTEM I4PLEMENTED  VIA
CPS/11004 YT ALSO RECOGNIZES INPUT / OUTPUT
FLAGS WHICH ARE USED TO RESUME  EXECUTION
CERTAIN SUSPENDED €PS/1100 MODEL ROUTINEST USER
PROGRAM PARAMETERS AND INPUT/OUTPUT FLAGS ARE
WRITTEN INTO A FILE "INFOS", OUTPUT STREAM IS
PLACED INTO THE ELEMENT “SCRATCH2" oF “SCRATCHS™
FILE,

LA AR LT LA R R R Rl A R P A AR AR TR L ] )] ]

SET ALPHA C'A* T 22t >,
SEY ID_CHAR ¢'A* T§ TZONIDY T O\t _t\t t\tg);
9
'}

SET DIGIT <'o* ¢

.>:

TOKEN OPC* (')}
TOKEN MCPSC*»COMPILE*)>;
TOKEN CPC')')>;

TOKEN ID ¢ ALPHA(ID_CHAR)
TOKEN BLANK IGNORE ¢* * ©
TOKEN NUMCOIGIT(DIGIT) o4

:q:) H
se O
>

.
H

TOKEN FEOTXCS*EOF*);
TOKEN COMC*,*>;

DECLARE
DECLARE
DECLARE
DECLARE

USER(*);
PROGSTZE (%)
PRIORITY(%);
STARTTIME(#);

L]
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
-

LEL



590
500
610
620
630
640
650
660
670
680
690
100
110
720
730
740
750
760
170
780
190
800
810
820
230
840
850
860
870
380
890
900

10

220
930
940
950
260
970
980
990
1000
10f0
1030
1040
1050
1060
1070
1080
10%0
1100

P e gt P e B P B P

-

- g g

-

NT = Q;

TOINITLOCK = S*NUL';
TOTERMLOCK = S*NUL';
TOINITFLAG = S'NUL':
IOTERMFLAG = S°*NUL';

OPEN WRITE INTO "INFOS,.°;

MACRO CPSSLAVE TRIGGER PROTECT
< MCPS *OPTIONS® *=* wl:<ID> *,
WHICNUMD> *,* °*PRIORITY® *'=°

NT = NT+1;
USERINT)ZTRIM(W3);
PROGSIZE(NTIZTRIM(WY);
PRIORITY(NT)IZTRIM(WS);
STARTTIME(MT)IZTRIMING)
ANSWER S°DELB'L*ACPS,*'L WL L °

END;

MACRO CPSROUTINE TRIGGER PROTECY
¢ MCPS *OPTIONS® *=* Wl:<ID> %,
ANSWER S*DELBL*ACPS,'L Wl & '
FND} ) '

MACRO IOINITLCK
< WYl:CID> ‘=t
JOINITLOCK = TRIM(ML);
ANSWER °*

TRIGGER PROTECT

END;

MACRO JOTERMLCK TRIGGER PROTECT
<

WESCNUMD> *y* *STARTTIME®

* 'USER. ':Q
= WECNUMD D

SELTNAME® *z* W2:<ID> *,
L]

YL W2 L*L,USERZ*L USERINT);

TELTNAME® '=z' W2:<1ID> >;
‘L owW2

"TIOINITIATION® °*LOCK®* *OF* *QUEUE" *;°>;:

*C Wl B *:* £ 'QUEUE* & *:*

Wlt<ID> *:* "IOTERMINATION' °*LOCK® 'OF* *QUEUE*' *:°>;

TOTERMLOCK = TRIMIWL);
ANSWER °*
END;

MACRO IOINITFLG TRIGGER PROTECT

¢ Wl:<ID> *:* *TIOINITIATION®' °FLAG® "OF°

IOINITFLAG = TRIM(WLY;
ANSWER °*
END;

‘€ WL & ':' & CQUEVET L *;*'

*QUEUE® *:*>:

*C Wl L & 'YSUEC & T g

w3:<10>

*size’

L84



1140 101 HACRO JOTERM TRIGGER PROTECTY

1150 1 102 : < WE:<ID> *:® "TOTERMINATION® 'FLAG® °OF' "QUEUE' *:*>;
1160 1 103 IOTERMFLAG = TRIM(WL); '
1170 1 104 ANSWER * 'L MWL £ "' 6 CQUEUE* & ¢
- 118p 1 108 END;
1190 106
1200 107
1210 108
{220 109 MACRO ENDOFTEXT TRIGGER PROTECTC EOTX >; v
1230 1 110 A = NTE® *LIOINITLOCKE® *CIOTERMLOCKE® *EIOINITFLAGEL® *ELIOTERMFLAG;
240 1 111 WRITE A INTO 'INFOS4';
1250 1 112 I = 1;
1260 1 113 WHILE X LE NY DO BEGIN
1270 1 e I A = PROGSIZE(I) L * * L PRYORITY(I) & * * t
1280 2 115 ‘ Y v STARTTIME(L);
1290 2 116 WRITE A INTO "INFOST';
1300 2 117 I =1+ 1 ;
1370 2 118 END; :
1320 1 119 CLOSE WRITE INTO °INFOS,*;
1330 1 END;

120
END MDC D ERRORS 0 WARNINGS 0 REMARKS

6€l




D.3 - PRESCANNER PHASE?

CPS MACRO2,CPSTS/2
MACR0 COMPTLER LEVEL TR} 07/27/83 D6:27:18

/7 MR RRE RN ERE N R AR AR RN RN Rk Rk Rk kA Rk
17 * *
/17 * *
reoow trssitun PAESCEANNER .
144 » . : -
11 PHASE 2 .
/77 * *
17 * ASSENBLER CODES AND MESSAGES FD? POSTSCAN PHASE «
11 * ARE INSERTED TO THE PROGRAM TEXT IN THIS PHASE, .
1w INPUT STREAM RETRIEVED FROM “SCRATCHSTSCRATCH2" *
/7 1S COMPARED WITH PICTURES DECLARED IN MACRO .
/ro» ROUTINES,IF A MATCH IS FOUND A SET OF ASSEMBLER .
17 LER CODES OR MESSAGES ARE PRODUGCEDe THE CODES .
/11 = OR MESSAGES ARE INSERTED INTO THE QUTPUT STREAH .
/7 % THAT TIS.PLACED. INTO “NAMES" ELEMENT OF “TPFS" *
/11 * FILE, »
/7 % "
17 * .
AR L L L e L L R Ry T T T e T
DEBUG  ONg

EXPAND ANS = ANSWER '3

EXPAND TRIG = TRIGGER ;

EXPAND PROT = PROTECT :

EXPAND - 22 T SYEOL® :

EXPAND Q0 = S*DELBR* :

SET  ALPHA C'AY ,0 v2° 3

SET  ID_CHAR CUA® 4T "Z'\*0° T4 *9°\*_*\eT0NT g0y,

SET DIGIT <*0f o5 *'9'>;

TOKEN SLCZZ>;

TOKEN  TPC'3Ty*>;

TOKEN OPC'(*>;

TOKEN NLL < S'RUL'>;

S TOKEN HMCPSC*aCPS,t);

TOKEN CPC')*>;

TOKEN ~ Tp ¢ ALPHALID_ CHARY 45> ¢
TOKEN  NLANK TGNORE €' * g3 ¥y
TOKEN FORKC'FORK' )]

TOKEN TS< TSCELL'):

TOKEN RSC'RES "

FCPSICHSR
100 1
110 2
)20 3
130 [
140 [
150 6
360 7
170 8
180- 9
190 1o
200 11
210 12
220 13
230 14
240 15
250 16
260 17
270 18
280 19
290 20
3100 21
310 22
y20 - 23
330 24
340 25
350 26
360 27
370 28
3180 29
3190 30
400 32
w10 32
420 33
430 34
440 35 |
450 36
460 37
470 38
480 19
490 (Yi}
500 4]
510 42
520 w3
$30 %y
(YY) we
550 ue
‘560 K 47
3 0)] (T}
580 L2

TOKEN - NUMCDIGITIDIGIT) 45¢2;

/17
/’/
i
t/
4
124
7/

124

/7

r/
7/
124
17/
/7
/7
4
144
/17

ovi



590
600
510
620
530
640
650
660
870
680
690
100
110
120
730
140
150
760
170
780
790
a8no
810
820
830
840
850
860
870
980
LA
900
1o
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090

TOKEN FEOYX(S*EOF°*)>;
TOKEN EQSIGNC':=')>;

ERRORD} = Z2L° *% ERROR %%
ERRORDZ Z ZILY &4 ERROR #¢
WARNINGMIL = 220 »¢ WARNING oW

PROG_ID ='MAIN';
PROC_FLAG = O
VAR_FLAG = 0;
BEGIN_FLAG=0;
COBEGIN_FLAG=S*NUL";
COBEGIN_ COUNT=0;
MAINPROG_FLAG=L;
SACNZ0;

CPS_COUNT =0
SLVTASKNAME = STNUL*
SLVTASKCNT = 0;
DECLARE R(%);

OPEN READ FROM 'INFOS;°*;
READ A FROM YINFOST';
TOKENIZE Ao INTO R;
NTETRIM(R(1));

IOINITLOCK = TRIMIRII) )
IOTERMLOCK = TRIM(RIS));
TIOINITFLAG = TRIM{RIT)):
IOTERMFLAG = TRIM(R(9Y):

DECLARE QUEUES(#*#);
DECLARE VARIABLES(%%);
DECLARE PROCS(#%%);
DECLARE ACTID(#%*);
DECLARE ELTYNAME (%)

PROCS(*MAIN®IZ'MAIN';
ACN=0

UNDECLARED PROCEDURE IN LINE

UNDECLARED QUEUE TYPE VARTARLE IN LINE

CHECK THE ACTIVITY NAME(S)

IN LINE®;

.
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1100
11t0
1120
1130
1140
1150
1160
1170
1180
1490
1200
1210
1220
1230
1240
1250
1260
1270
1200
1290
1300
1310
1320
1330
1340
1350
1360
1810
1380
1390
1400
1410
1420
{430
1440
1450
1460
1470
1480
1990
1500
1510
1520
1530
1540
1550
1560
1570
1580
is90
1600

T et e e P Pt PN N B B e e e B R e Nl B S e A NN e e e e e

-

1n1
102
103
L04
405
106
107
108

109

ito
111
V12
113
114
115
116
117
118
IS 34
120
121
122
123
124
125
126
127
L8
129
130
131
132
133
134
135
136
137
138
139
140

vl

142
183
144
s
146
1u7
148
L49
150
151

MACRO AWAIT TRIG PROTCPAWAITY(SLIOPISL) W1:<CTID(*,*IDT,T2USL) W2:¢ CPESLI(;*)>);

LF TRIM(W2)C%, 12 EQC ';* THEN WEND ='END;*'; ELSE WENDZ'END®:
ACNAMES=TRIM(W]L); )
NM = D;
I =2 : NAME = ACNANESCL,173;
WHILE T LE LENGTH(ACNAMES)
DO BEGIN
IF (ACNAMESCI,L{] EQC °*,* ) OR
t I EQ LENGYHIACNAMES? )
THEN BEGIN )
IF( I EQ LENGTH(ACNAMES) ) AND
( ACNAMESCI,1] NEC *,* )
THEN NAMEZNAMEEACNAMESCI,13;
IF VOID(ACTID,TRIM(NAME))
THEN BEGIN
WRITE Z2Z€ WARNINGO! & LINE ;
ACNZACN+1;
ACTID(NAME) ZACN;

END;
HZACTID(TRIMINAME));
JIl: Nz
WHILE J LE M
D0 BEGIN
NZN%2;
Jza+1;
END;
NM=NM &N}
P LY LENATHUIACNAMER)
THEN BEGIN
R £3 23 ¥
NAME= ACNAMES[LTI,1)];
END;
END?
ELSE LIF ACMAMESTCY, Y1) NEC * ' THEN NAMESNAMEGACNAMESCT,11:
I=1+Y;
£ND
ANS Q0L * BEGIN Y6722
ANS QCL'SCODE L R15,4A0 '822;
ANS QQL'$CODE LA AD,("C NM £*)'£22,;
ANS QOL'SCODE ER AWAITS *6227;
ANS QOL*SCODE L AG4RTS -t 72
ANS Q0L WEND Lt ?22;

END;

MACRD M1 TRIG (M:<*PROCEDURE*>>;
PROC_FLAGZ1;
BEGIN_FLAG=O0;
RETURN M

END.;

vl



1610 152 MACRO M2 TRIG PROT <M:<OP>>;

1520 1 153 IF PROC.FLAG EQ

1630 1 154 THEN VAR_FLAG = 43 ' -
1640 i 155 ELSE VAR_FLAG = O;

1550 1 156 RETURN  M;

1660 1 187 END

1670 158

1680 159

1690 160

1700 161 MACRO M5 CM3CCU'VAR®) (SL) ID (SL) *:* (SLIID (SLI(*;*)> oTad);

1710 1 162 ANS M:

1720 1 163 END;

1730 164

1740 165

1750 166

1760 167 MACRO PROC_DCL TRIG )

1770 1 168 CPROCNAME:<TIDD> (SLIARGS :C(OPISLIMSISLICP)I(SL)*;* > C*MONITOR*\'PROCESS®> *:*>;

1780 3 389 PROCS(TRIM(PROCNAME) ) =TRIM(PROCNAME);

1790 1} 70 AMS PROCNAME L ARGS & 'EXTERNAL 1* 3

fnnig Fy (%23 END

1810 172

1920 173

1930 174 :

1340 175 MACRO VAR_DCLYL TRIG PROT C('VAR®IISL) NAME:CCID (°,°)> ToT> (SLI' 1 (SLITYPEICTID (SLI*: %> 4
1850  } 176 IF VAR_FLAG EO 1 THEN FAIL;

1960 1 Lr? IF MAINPROG_FLAG £Q O THEN FATL:

1870 1 178 JoZ 13 WS ' "INAMESTRIMINAME)E®,* ;

1380 } 179 LOOP:

1390 1 180 IF TRIMINAMEICJ, T2 NEC *,°

1900 I 181 THEN W = W & TRIMINAMEICJ,1] ;

1910 1 182 ELSE BEGIN

1920 i 183 IF TRIMC(TYPE) EOC *QUEUF®

1930 2 14 THEN . QUEUES(TRIM(WI)IZ'INTEGER®;

1940 2 18% ELSE  VARIABLES(TRIM(W)I)I=TRIM(TYPE):

1950 2 186 Wz

1960 2 187 . END; .
1270 1 188 NEESINES B

1980 & 189 - IF TRIM(W) EOC YVAR?® THEN W = * *;

1990 1 190 IF J LE LENGTH(TRIM(NAME)) THEN 50 TO LOOP:

2000 1 191 END:

2210 192 -

2220 193

2030 194

2040 195 MACRO VAR_DCL2 TRIG PROT

2050 ) 196 CUYVART ) {SLINAME €CID (%, * )57 aod(SL) s (SLITYPE :CCTARRAY S (SLY 'L CCONUM \ IDDETPICNUM N\ IDX1°,*)3>,04>
2060 1 197 (SLY *3° (SLICOF*(SL) ID >  (SL) *3°*)>

2070 ), 198 IF  VAR_PLAG FO | THEN FalL}

2080 1 199 1F MAINPROG_FLAG €0 O THEN FAIL;:

2090 1 200 J T Ll; WZ * ;NAMECTRIMINAME)IE®,* ;

2100 1 20) LOOP: —
2110 i 202 TF TRIM(NAMEICJU,11 NEC *,°* . .&;




2120 1 203 THEN W = W & TRIM(NAMEICJ,1] ;

2130 i 204 ELSE BEGIN

2140 i 208 IF TRIMITYPE) EOC 'OUEUE® '
2150 2 206 ) THEN QUEUES(TRIM(W))IZ*INTEGER®;

2160 2 207 ELSE VARIABLES(TRIM(W))ZTRIM(TYPE);

2170 2 208 W=y

2180 2 209 END;

2190 1 210 NEESNIS ¥

2200 1 211 IF TRIM(W) EQC °VAR® THEN W = * *;

2210 1. 212 IF J LE LENGTH(TRIM(NAME)) THEN GO TO LOOP:

2220 1 213 END;

2230 214

2240 218

22%0 216

2260 217 MACRO M3 TRIG PROT CM:<CP>>;

2210 ) 218 IF PROC_FLAG EQ |

2280 : 219 THEN REGIN

2200 ) 220 PROC.FLAG = 0

2300 2 221 VAR_FLAG = 0

2310 2 222 END;

2320 1 223 RETURN M;

2330 1 224 END;

2340 228

2350 226

2340 227 .

2370 228 MACRO MU TRIG PROT <°'VAR'D>;

2380 1 229 IF(VAR_FLAG EQ }) OR (MAINPROG_FLAG EQ D)THEN RETURN °VAR® ;
2390 1 230 END;

2400 234

2n10 232

2420 233

2430 234 MACRO MACBEG TRIG PROTC *SEGIN®(SL) (°*;")>;

2840 1 235 BEGIN_FLAG = BEGIN_FLAG +1;

2050 1 236 IF BEGIN.FLAG NE 4 THEN FATL:

2460 ) 237 IF MAINPROG_FLAG EQ I

2470 1 238 THEN BEGIN

2480 - 1 219 NZ=3*SIZE(PROCS)+SIZE(QUEUES) +B490N+900

2490 2 240 NN = NT & 3+ N

2500 2 2uy ANS *VAR GLOBALS t ARRAY (a1 'y *ENN L'T) OF INTEGER ;°027;
2510 2 202 IF SIZE(VARTABLES) NE O

2520 | 2 243 THEN BEGIN -

2530 2 244 NAME = FIRST(VARIABLES);

2540 3 245 LNAME = LAST{VARLABLES):

2550 3 246 ‘ WHILE NAME NEC LNAME

2560 3 27 D0 BEGIN

2570 3 248 ANS ° YENAMEE® : & VARIABLES{NAME) &°* :°C 27 ;
2580 4 249 NAME = NEXT(VARIABLES,NAME);

2590 4 250 END: .
2500 3 251 ANS ° *6 LNAME £° : 'L VARTABLES(LNAME) £°* ;'C ZZ :
2810 3 252 ANS QOE'SCODE RSCELL® TSCELL' 622

2520 3 253 ANS QQL'SCODE CBGNST* TSCELL'E22Z:



2530
2640
2650
2660
2670
2580
2690
2700
2710
2120
_2rn
2740
2750
27160
2170
2780
2790
2800
2810
7820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
1040
3050
3060
3370
30A0
31390
3100
3110
3120
1130

EE Gl i el & B E L A e LA e

E O e U L i S el B S i e S T L E el e W T B L ke L

254
255
256
257
258

260
261
262
2h3
ihh
265
266
267
268
269
210
271
272
27}
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
2879
290
291
292
293
294
294
296
297
298
299
Ino
101
302
303
30y

AMS QOE'SCODE SYSTEMHOLD# TSCELL'&22;
JZLINSSIZE(QUEUES) ;
NAME= FIRST(QUEUES):
WHILE J LE N
DO BEGIN
ANS 0QE*SCODE "ENAMEL*a*g?

Jzd+1; NAMESNEXT(QUFUES NAME ) ;
END;
J2AINTSTZELPROCS) |
NAMF2 FIRSTIPROCS)
WHILE J LE N
D0 BEGIN
ANS QQE'SCODE TS'ENAMEE'#L"

JzJ+l;  NAMEZNEXT(PROCS,NAME);
END;
JZLiNZSTIZE(PROCS):
NAMF= FIRST(PROCS)
WHILE 4 LE N
DO BEGIN
ANS QOL°SCODE XSS'ENAMEL**»'g"*
JTJ+L; NAMEZNEXT(PROCS,NAME);

END;
ANS QQ&*SCODE CBGNAME® RES L'E22;
K=l:
uHiLE K LE NT
DO BEGIN
ANS QOL® SCODE INTACTNAME®ELKE'* RES
ANS QOE*® SCODE SAVEAD'EKE'* RES
ANS QOE' $CODE RTYADDR'EKG'* RES
K=K+ ;
END

:
JZ1iN=STZE(PROCS);
NAMEZ FIRSTI(PROCS);
WHILE J LE N
DO REGIN
ANS OQL°*SCODE FSCLNAMEL *'(°
JzJel; NAMESZNEXT(PROCS,NAME}
END;

N=3&«STZE(PROCS) ¢ SIZE(JUEDFES) +4+900+900;
NN -2 NT » 3 + NI

LY, 13FLENGTH (NAHE) D
C'TSCELL*L22;

*C1,13PLENGTHINAME) ]
COTSCELL'E2Z:

'[lqlS;LENGTH(NAME)]&‘RES

1°'622

1622
1822

.

‘L1, 135LENGTHINAME) JL "RES

ANS QOQC°SCODE SVROADe RES 200 YL 22,
ANS QOL*SCODE SVRGAle RES 2u0 'L o22;
ANS QOE&'sSCODE RES A3 'SIZES;!J&;'&NNC 2ZEQ0L°*SCODE $(3)°622;
K43
WHILE M LE NT
DO BEGIN
ANS QO&*SCODE CONTNG'EKL *% RES €22
ANS °"$CODE 5 AU, SAVEAD'SL K 77
ANS  "SCODE LsH? AyyCONTNG®L K 7?2

1'€22;

14022,

Skt



3140
3150
Jtsu
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
31300
3310
3320
33530
3340
3350
3360
3370
3380
3390
3400
3410
3420
Y430
3440
3450
3460
34790
3480
3490
31500
3510
31520
31530
3540
3550
3560
3570
31500
3590
3600
3610
3620
3530
3540

PN AN NN NRNN NN N SRR N NP R A et b N (i f s o Ll il i i il L M W e W e & & & & &8 8o

+

308
Ine
307
308
309
310
311
312
313
31y
315
316
31
3118
319
320
321
122
323
324
328
326
327
328
329
3130
331
332
333
334
338
336
337
338
339
340
ALDS
342
AL R
J4u
345
Jup
347
Jug
Ju9
350
351
352
153
354
358

ANS *$CODE

ANS *S$CODE

ANS *$CODE

ANS *SCODE

ANS *S$SCODE

ANS *$CODE

K=K+l

END;

ANS 2ZG°SCODE COBEGIN®
ANS °*$CODE L
ANS *SCODE ER
ANS ‘*tCODF s
ANS 2ZL*SCODE TS
ANS 2Z&L£°*SCODE CsTSA
ANS *SCODE ER
ANS °*SCODF ER
ANS ° BEGIN'E22;
ANS °* BEGIN'EZ2:
ANS °'SCODE S

AyU Auyd ‘e 22

S AC,RTADDR't K & 22
L AU SAVEAN'E  x 1 L 22
£ER DACTS ‘L 22
EQ LEVELS ‘e 22
J *RTADDR*'C K € 22 ;
‘ez2;
AD,(*°CBG**)*L227;
NAMES 'Lz

AD,CABNAME'L27
CBGNST ‘822
CBGNST '027;

DACTS *£22;

EXITS JPER

X10,XS$"EPROG_IDE2Z;

NZSIZE(PROCS) + STZE(QUEUES) +33
ANS QOCL*SCODE °'¢°
ANS QOCL'3CODE *C°'T DO

ANS QQE&°*sSCODE

ANS QQL°SCODE °E€°
ANS QQE*scoDE *E°

ANS 0

QL* EN

D:*L22;

MAINPROG_FLAG=U;

END;
END;

I3

ELSF YF SLVTASKNAME EQC S°NUL®

THEN REGIN
ANS
ANS
ANS
ANS
ANS
ANS

END;

ELSE REGIN

ANS
ANS
ANS
ANS
ANS
ANS
ANS
ANS
ANS
ANS
ANS
ANS

QQC*BEGIN'EZZ;
0QE" BEGIN®E72;

*$CODE $2 FS$*ELPROG._IDEZZ;

"$CODE s X10,XS$EPROG_TDE22;

*sCODE PROCST 822,
0QL* END;'E72:

QQLBEGIN'L2Z:

Qoe* BEGIN®E2Z;

*$CODE L AD, (0200001, CONTNG*ESLVTASKCNTE®) 622
*$CODE ER IALLS ‘8 2Z;

*$CODE L AD,(*** ESLVTASKNAMEEL''")*;
2ZL*$CODE FR NAMES® ¢ 22:

'$CODE Sz AD e 27;

*$CODF ER IDENTS £ 22;

*TCODE 1z AN 'L o22:

*$CODE J o4 ‘e 72

*$CODE Leu A1,100 ' 22:

*$CODE e TWAITS *¢  72;

Lyu AD,057°822;
YENE® 4 57 RSCELL™1+1'L22:

ER TSORGS'E22Z;
LU R13,n *g22;

. ®e we

LT DO CENE® 4 5,52 ACNRSCELL1+T°€27;

vl



3650 2 356 ANS *SCODFE J s 75 e 72:

3560 2 357 ANS *SCODF S AD,INTACTNAME ' GSLVTASKCNTEZZ;
3670 2 358 ANS *$CODF EQ JACTS 'L 22 '
3680 2 359 ANS '"$CODE ER LEVELS e 22
3690 2 360 ANS QOL* END;*82Z;

3100 2 35l END;

3710 i 362 END:

3720 363

3130 364

3740 : 365

37150 366

3760 367

AR XY ]

AR R L] 369

3790 370 MACRO FORKLl TRIG

3800 1 371 ('FORK’(SL)'VITH'(SLI'TASKNAHE'(SL)OP(SL)VZ:(ID>(SL)CP(SL)PROCNAHE:(ID)V}:((SL)Hl:(OP\CP\’.‘\ID\':')-T,)):
38{0 1 312 DECLARE W(iw);

3820 1l 3713 IF SYZE(W1) EQ 1 THEN IF TRIMIWLC1)) EQC *;°' THEN FAIL:;

3830 .1 374 IF TRIM(WL(1)) EQC *ELSE® THEN FAIL;

31840 i1 375 ANS QQE*SCODE " FORK *EPROCNAMEEL® *E£22;

3850 1 376 IF COBEGIN_FLAG NEC S'NUL' THEN COBEGIN_COUNT = COBEGIN_COUNT + 1;
3860 1 3717 IF VOID(ACTID,TRIM(W2)) THEN BEGIN

3870 1 378 ACNZACN+L:

3880 2 379 ACTID(TRIM(WZ)I=ACN:

3890 2 380 ' END;

3900 1 381 IF VOID(PROCS,TRYIMIPROCNAME)) THEN WRITE ERRORDLIELINE;

3010 1 382 J=1; K=0; L=0; NNzSIZE(Wl); :

3920 1 383 WHILE J LE NN

X930 1 384 D0 BFGIN

1940 It 385 IF (TRIM(MWL(J)) EOC *(*) OR

31950 2 386 (TRIM(WL{JY) EQC *, ")

3960 2 387 THEN BEGIN

3970 2 388 K=ZK+l;

3980 3 389 WIKISTRIMIWL ()}

3990 3 390 ENOD: .
4000 2 - 3191 FLSE LF TRIMIWT(J)Y EQC *)°*

4010 2 392° THEN BEGIN

4920 2 393 Kz+l; WIKIZTRIM{WYI( )Y

030 3 394 NZSIZE(W);

4340 3 395 K=1; -

4050 3 396 ANS PROCNAME;

4060 3 397 WHILE K LE N DO BEGIN

4nrn 3 398 ANS wWiK);

40AD [} 399 ’ KzKel;

4090 u 400 . £ND;

4100 3 401 OAIDZACTID(TRIM(WZ2));

4110 3 402 AIDZ(OAID/A)*LD+(OAID(0AID/BI*8);

4120 3 4wns IF TRIX(WIIE®, 1) EQC *;' THEN ANS "1 'p27;
[FR1] 3 4Ou ANS *SCODE'R’ Lyt RLS, %6 OAID & 22 ;
4140 3 4ns ANS ‘sCONE'E* S 15,0, A0 ‘e 22
4150 3 406 ANS "sCODE’L? L R15,A0 'c 27

A



4160

4370
4480
4190
4200
uzf0
w220
4230
w240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
4370
4380
4390
yu0o
uufo
4420
4430
YTY)
44S0
4460
4470
TEL]
wuopo
4500
ust{o
8520
4530
usup
4580
4560
4570
4580
4590
4600
4610
w620
4630
4o40
4650
us60

T AN L e NN NN NN G L e Gk L G A

g B P P e B B e B B B e NI N e 0 b e B

407
una
4wn9e
410
411
412
413
W1y
418
416
417
(3 %]
w19
420
42}
422
423
424
425
426
427
428
uz29
430
431
432
433
434
435
436
437
4318
439
440
uuy
442

4493 -

wuy
4us
446
447
448
449
%50
4s)
452
w53
“hy
485
456
457

IF AID LF 7

THEN
ANS 'SCODE‘C* L AD,(DUA'CATIDEL'0L," ETATMIPROCNAME)E')Y*E22;
ELSE
ANS 'SCODF°L" L AQ,{O0°EAIDE'O1,"CTRIM(PROCNAME)E®)*E2Z;
ANS *SCODE'L £R FORKS$*EZ7; )
ANS 'SCODE'L" L ADLR1S ‘e 27
RETURN;

END:
ELSE )
IF(TRIM(W1(J)) EQC *FORWARD') OR
(TRIMIWL(JU)) EQC 'FORW®)
THEN ANS QQL°*SCODE DELETE ARGUMENT *LLE* €22

ELSE BEGIN
LIL+l;
K=K+1b;
WIK)ZTRIM(WY(J));
END;
FEDAD M
END}

END

MACRO FORK2 TRIS PROT

C*FORK® (SL) *WITH® (SL} °*TASKNAME*(SLIOP (SL) W2:<CID> (SLICP (SL) WI:CPROCNAME:<ID>

ANS 0QE'SCODE FORK *CPROCNAMEE® *£Z7;
IF COBEGIN_FLAG NEC S°'NUL' THEN COBEGTV_COUNT = COBEGIN_COUNT + 1:
IF VOID(ACTIOD,TRIM(W2)) THEN BEGIN
ACNZACN+L;
ACTID(TRIMIW2))ZACN;
END:
IF VOID(PROCS,TRIMIPROCNAME)) THEN WRLITE EQROANLLLINE
ANS PROCNAME;
LOAIDZACTID(TRIM(WZ));
AID=(0AXD/8)*10+(0AID-(0AIN/B)%8);
IF TRIM(W3)L®,12 EQC *;* THEN ANS *:'(027;
ANS *SCODE°*L® Ly R15,'¢ OAID € 22 ;
ANS *sCODE*C"° S R15,0,A0 ‘'t 22
ANS °*$CODE‘'L’ L R15,A0 't 22
IF AID LE 7
THEN ANS °*SCODE°L* L AQ+(DUNTEATIDENYL,* ETRIM(PROCNAME)IL ) "£2T;
ELSE ANS °*$CODE'C° L AG.(O0'EAIDE" 01, ETRIMIPROCNAME)E®)'E2Z;

ANS °'SCODE'EL®  ER FORKS'L2Z2;
ANS 'SCODE’E® L AU,RIS ‘R 22
RETURN;

END

(*:")

>

>3
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4670
4680
4690
4700
4710
4720
4730
4T4Q
47150
4760
4770
4780
4r9o
48400
wafo
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
49%0
4960
4970
4980
4990
5000
5010
5020
s030
5040
5050
S060
4070
5080
5090
$100
5110
5120
5130
5140
5350
5160
5170

R e o
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uss
459
460
461
ub2
463
46y
w5
466
467
468
469
410
471
472
473
4Ty
475
476
477
«78
uT9
480
48l
482
483
48y
485
486
487
488
4ne
490
491
492
493
w9y

495

496
4o?
(11 .]
499
500
501
502
503
S04
505
506
507
508

MACRO COBFGIN TRIG PROTC*COBEGIN'(SLIOPISLIWLICTOD(SL) W2:<CP (SLIL* ;' )1D>;

IF TRIM(W2)C%*,13 EQC *;% THE

IF COBEGIN_COUNT EQ O THEN

BEGIN
AC

N WEND ='END;

N = ACN +1;

' JELSE WEND = "END®

SACN T(ACN/AI LN (ACNT(ACN/R)*B) ;

co
END;
ACTID(TRIMIME)) = ACN;
ANS ZZ £ * BEGIN WA &
ANS Z276°SCODE L R1S
IF SACN LF 7
THEN ANS °gCODE L
ELSE ANS *SCODE L
ANS *s$CODE ER FORKS
ANS Z2E°sCODE L AQ,
ANS *$CODE TS CBGNS
ANS *SCODE csTsQ CBGNS

ANS WEND £ 22;
END;

BEGIN_COUNT

+AD *
AU, (00D LSAC

T COPEGIN_COUNT + 1;

£22;

NL'UY,COPEQINI*L2Z;

AD, (QO°*CSACNE O1,COREGIN)*E2Z;

. Z :
R1S *
T 'Lz
T 6727

MACRD COEND TRIG PROTKWL:<°*COEMO® (SL) (';
EN WEND = 'END;'; ELSE WENDZ'END'

IF TRIM(W1)ICH,
COBEGIN_COUNT

ANS 22 & ' BE
ANS Z2ZE°*SCODE

ANS °*S$CODE

ANS 'SCODE

ANS *SCODE

ANS WEND € 72

END;

MACRO STARTUPL TR
C'STARTUP® (SL)

11 E0C °;* TH

z 0;

GIN * 22
L

RIS,
L AD,C
ER ACTS
L AD,P
H
I6

TWITH® (sL)

AD

BGNAME®L27;
*L22;

15 Ye27;

£27;

A I I

‘L7

H
'

"TASKNAME® (SL10P (SL) wW2:<ID> (SLICP

WY CUSL) WLICOPNCPAY ,"\TDN "D

TF STZP(W]1) FO ) THEN TF YRPIM(WLI(L)Y) £OC

TF TRIM(WLI1))
DECLARE W(w%);
ANS QQE€'$CODE
IF COBEGIN_FLA
IF VOID(ACTID,

EQC *ELSE* T

STARTUP
G NEC S°*NUL®
TRIM(W2)) THE

HEN FALL;

*LPROCNAMEE®

S THEN FATL:

"h27;

THEN COBEGIN_COUNT = CORLGIN_COUNT

N BEGIN
ACN=ACN
ACTINLYR

END;

IFf VOID(PROCS,TRIM(PROCNAME)) THEN WRITE

J=1; K=0; L=0;
WHILE J LE NN

NNZSIZE(W1);

1;
TMIW?) ) ZACN;

ERRORMAILLINE ;

+

(sL)

Teed> D

4

PROCNAME : CIDD

A



5180
5190
5200
5210
$220
230
5240
$250
5260
£270
5280
%290
$3100
5310
£320
5330
5340
5350
5360
5370
5380
5390
5400
s4{0
5420
5410
5440
5450
S460
5470
5480
5490
5500
5510
5520
5530
5540
$550
5560
5510
5580
5590
$600
5610
5620
5630
5640
$650
$660
5670
5680

= AN W AN N NN N A Gl Wl L Gt ol Ll Sk W Mt el B R G Wt W L AT W W N NN e e

509

510
511
512
513
514
515
516

517

518
519
520
521
522
523
524
525
526
527
528
529
630
531
532
533
534
535
$36
537
538
539
540
541
542
543
544
545
546
547
548
549
550
55}
552
553
554
655
556
557
558
559

END;

D0 BEGIN

IF (TRIM(WY(J)) EQC *(*) OR
(TRIM(W1(J)) EQC et !

THEN BEGIN
KzK+1;
WAK)ZTRIMIWLIIJIY )

ELSE IF TRIM(ML(J)) EQC *)°*

THEN BEGIN

KZK+1; WIKIZTRIM(WTI(U)Y;
N=SIZE(W)}
K=
ANS "SCODE'L* L Xih,CX108°'£22;
ANS PROCNAME;
WHILE K LE N DO BESIN

ANS WK

K=K+l

END;

OAID=ACTID(TRIM(W2));
ALIOZ(OAIN/B)*10(0AID -(OALN/AISB)
TF TAIM(WNIIL*, 13 EOC ¥:¢ THEN ANS  *1'622:

ANS °*SCODE'L’ LU R15,'8 0ALD £22;
ANS °SCODE*L?* S R15,0,A0 ‘822
ANS *sCODE’CL® L R1S,A0 * €& 22 ;

ANS 'SCODE‘E’ TS TE ETRIM(PROCNAMEIELZZ:
IF AXID LE 7
THEN ANS *sCODE'L’ L AD,{UNQ*EAIDE'OTY,
ELSE ANS 'SCODE'E’ L AN, {UD'EATIDE"DL,"

ANS *sCoDE"CL* ER FORKS'£22Z;

ANS *SCODE'EL' CSTSQ TS'LTRIMIPROCNAME)NELZZ;
ANS °*SCODE'L® L AU,R15 ’ 822,
RETURN; .
END;

IF(TRIM(W]ICJY) EQC 'TORWARD') OR
(TRIM{W1(J)) EQC 'FORW®)

THEN ANS QQEL*SCODF DELETE ARGUMENT *CLE*
ELSE BEGIN
L=+,
KzZK+1; i
WIKIZTRIM(WLEIY)
END;

' ETRIMIPROCNAMENE)*£22;
ETRIM(PROCNAME)E*)*E22Z;

'Lz

gsl



5690
5700
s11{0
57120
510
5740
57%0
5760
5770
5180
5790
5800
5810
5820
5830
5840
5850
5860
5870
5380
5890
5900
5910
5920
5930
s940
5950
5960
5970
5980
5990
6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6360
6170
6180
6190
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560
561
562
563
564
865
566
567
568
569
570
ST)
572
573
574
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MACRO STARTUP2 TRIG PROT

CU*STARTUP*(SL)*NITH*(SL)*TASKNAME* (SLIOPISLIWZ2:<ID> (SLICP (SL) W3I:<PROCNAME:<ID>

ANS QQ&*SCODE STARTUP ‘*EPROCNAMEE"® '622: '
IF COBFGIN_FLAG NEC S*NUL' THEN COREGIN_COUNT = COREGIN_COUNT + 1
IF VOIDCLACTIO, TRIM(W2)) THFN BEGIN

ACNZACN+1;
ACTID(TRIMINZ))ZACN;
END;
IF VOID(PROCS,TRIM(PROCNAME)) THEN MWRITE ERRORDIELINE;
ANS °*sCODE*L* L X10,CXY08°€622;

ANS PROCNAME;

IF TRIM(W3)L*,1] EOC *;* THEN ANS *;* & 22:
OATD=ACTIOD(TRIM(NZ));
AID=(OAID/B8)*10+(0AID-(0OAID/BI*8;

ANS *SCODE°E* Loy R15+°¢ OAID £22;
ANS *S$SCODE'L’* S R15,0,AU *£22;
ANS °*SCODE'EL* L R1S4AUD * & 22

ANS °*SCODE‘L* TS TS*ETRIM(PROCNAMEIEZZ;
IF AID LE T THEN

ANS "SCODE'E’ L AD,(000°EAIDEOL,’ ETPIM(PROCNAMEIE® )" LZZ;

ELSE

ANS °*sCoDE'L’ L AD,(OD*EATDE’DL,* ETRIM(PROCNAME}EL®)'L22Z;

ANS 'SCODE'E" ER FORKS*£27;
ANS *SCODE‘L* C$TSQ TS*LTRIM(PROCNAMENILZZ;
ANS *SCODE°L® L AD,R1S *e2z;
RETURN;

END;

MACRO WAIT TRIG PROTC °*WAIT*(SLIOP(SL) WU1:CID> (SL) W2:<CPISLIL";°)D);
IF TRIMIWZ2IC#,1) EQC *:* THEN WENDZ*END:*; ELSE WENDZ*FNR®
IF VOID(QUEUES,TRIM(W])) THEN WRITE ERRORQ2EL INE;
ANS Z2Z2E°BEGIN'LZZ;
ANS *$CODE csTs0 ‘v oWl k27
ANS WEND £22;
END;

MACRO SIGNAL TRIG PROTC™SIGNAL*ISLIOP(SL) 41:CIDD(SLIN2:CCPISLIC" ;)0
IF TRIM(W2)IC#*,Y] EQC *;* THEN WEND=*END;°*; ELSE WENDZ'ENO®* ;
IF VOID(QUEUES,TRIM(W))) THEN WRITE ERROROREL INE;
ANS ZZE'BEGIN'EZZ;
ANS *3CODE CRTSA oML 72y
ANS WEND (223
END 3

LSt




6200 611 MACRO OEDICATE YRIGGER PROTECT <*DEDICATE*(SL)*PROCESSOR'{SLIOP(SLIWALICNUMIISLIWZICCP(SLI( %123

621p 1 612 IF TRIM(W2)L*,3] EQC ";° THEN WENDZ'END;® : ELSE WENDZ'END';
6220 1 613 IF Wl EQ O THEN w2 = 1 '
6230 1 614 IF Wl EQ 1 THEN W2 2 ;

6240 1 615 IF Wl EQ 2 TYHEN W2 = % 3

6250 1 616 IF WY EQ 3 THEN W2 = B ;

6260 1 617 ANS 22 & ¢ BEGIN * £ 22 ;

6270 1 618 ANS QQ£* $CODE L R1S4AN *ES*EOL*:

6280 i 619 ANS 0QL°* S$CODE LyU ADy'ELW2E S*EOL";

6290 i1 620 ANS 0QL°* SCODE ER ADEDS 'L S°*EOL*;

6300 ) 62} ANS QQE* SCODE L AD,R1S 'L STEOL';

6310 1 622 ANS 22 L WEND & 22

6320 1 623 END;

6330 624

6340 625

6350 626

6360 627

6370 628 MACRO NORMALMODE TRIGGER PROTFCT C('ORIGINAL®(SL) W1:<(*HMODE*(SLIL*;*)D>>;
6380 1 629 IF TRIM(WLIC#*,Y] EQC *;* THEN WEND='END;* ; FLSE WENDZ'END';
6390 1 630 ANS 22 & ° BEGIN * & 27 ;

6400 1 631 ANS QQL* SCODE L RI5,A0 *LS*EOL":

6410 i 632 ANS 0QCL* SCODE LyY AD,0* L S*EOL*;

6420 1 633 ANS QQf*' SCODE £R ADEDS *f S°FOL';

6430 b 634 ANS QQ&* 3$CODE L ANLRLS 'L S'EOL":

LXLY] ! (%11 ANE 27 & NEND & 27

6440 i 636 ENDy

6460 637

6470 638

6480 639

5490 LRV MACRO PROGRAM TRIG PROT

6500 ) (X3! ¢ "PROGRAM® (SL) PROCNAMESCIDD(SLIWICT OPUSLICID /7 * ' DUSLICPIISLI* 5 >>;
6S10 -} 642 IF TRIM(PROCNAME) EQC °*DEFINE® THEN FATL:

6520 1 643 BEGIN_FLAG=D;

6530 1 L1 IF SLVVTASKNAME NEC S°*NUL®

6540 L 645 THEN REGIN

65%0 i bUb ANS QoL* PROGRAM DEFINE(SLAVETASK LSLVTASKCNTE®);'E27; )
6560 2 647 - : ANS Qot* PROCEDURE SLAVETASK ESLYTASKCNTE® ;%€22;
6570 2 648 AMS QOQGE* $CODE SLAVETASK  ENTRY 'e22;
6580 2 649 END; .

6590 1 650 ELSF BEGIN *

6500 1 651 IF VOID(PROCS,TRIM(PROCNAME)) THEN WRITE ERRORD1LLINE;
6610 2 652 PROG_ID=TRIM(PROCNAME) ;

6620 2 653 RETURN *PROGRAM®EPROCNAME € W;

6530 2 (31 END; )

6640 1 [3:3] END;

6650 656

6660 657

6670 658

6680 659

6690 660

6700 661

PASH



6710 662 MACRO PROGDEF TRIG PROTC'PROGRAM® (SL)*DEFINE'(SLINIC(SLIOPISLIPROCNAME:ICTIDI{SLICPISLY Y *>);

6720 1 663 1F VOID(PROCS,TRIM(PROCNAME)) THEN WRITE ERRORDIELINE;

6130 1 664 BEGIN_FLAG=0; '
6740 1 665 PROG_IDZTRIM(PROCNANE);

6750 1 666 RETURN *PROGRAM'L® DEFINE'E W:

6760 1 667 END:

6770 668

6780 669

6790 670

6800 67) MACRO RELEASE TRIG PROTC'RELEASE®(SLIOPISLIWEzCTIDD(SLIWICCP(SLI(®;*)D>D;
6810 1 672 IF TRIM(M3IC*,L] EQC *;* THEN WEND='END;"; ELSE WENDZ'END';
6820 } 673 IF VOID(PROCS,TRIMIWL)) THEN WRITF ERQOROTLL INE:

6830 1 5TH ANS ZZC°BEGIN'LZZ; )

6840 1 675 ANS *3CODE 183 TS '¢TRIM(NTIEZZ;

6850 1 676 ANS *$CODE CSTSA TS LTRIMINTIIEZZ;

6RHD 1 617 ANS WEND £z2;

6070 1 678 ENDy

6800 679

5890 680 .

6900 681 i

6910 682 MACRO LOCK TRYG PROTCPLOCKT(SL) OP(SL) WLtCTIOD(SLIWYICCPISLIT 3 )d)
6920 1 6h3 1P TRIM(WIIL®, 13 £OC *3° THEN WEND=*END;"; ELSE WENDZ'END';
6930 1 684 ANS 27 € 'BEGIN® E 22

6940 1 685 ANS 'SCODE TS LD B A & 3

6950 1 686 ANS WEND £ 22

6960 1 687 END;

6970 688

6980 689

6990 6590

7000 691 MACRO UNLOCK TRIG PROTC'UNLOCK®(SLIOPISL) W1:CIDDISLIWICCPISLI(*:)DD;
7010 b 692 IF TRIMI{W3IC*,13 EQC °*:°* THEN WENDZ'END;*'; ELSF WENDZ*END';

7020 3 693 ANS 2Z & °'BEGIN® £ 2Z:

7030 1 694 ANS *3CODE csTS v L Wl L o22:

7040 1 695 ANS WEND £ 22:

7050 1 696 END;

7060 . 697 )
1070 698

7080 699

Ta90 100 MACRO SUSPEND TRIG PROTCOSUSPEND*(SLIOPISLIWLICNUMDISLIWITCCPISLIT 1))y
Y00 1 101 IF TRIM(WIIL®, 13 EQC *3° THEN WENDZ'END; ' ELSE WENDZ'END';

7110 1 702 ANS 22¢€° BEGIN® £22; '

7120 1 703 ANS 22&°$CODE L R154A1 COvE27;

7130 1 704 ANS 228°$CODE LU ALy *ETRIMINLIEZZ:

7140 1 70% ANS Z2Z2L°*SCODE ER TWAITS®*L22;

7150 1 106 ANS 2ZL'$CODE L ALyRYS 822;

7160 1 7107 ANS WEND & 22;

7170 1 708 END;

7180 709

7190 710

7200 711

T2t 712
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7220
7239
7240
7250
7259
7273
12400
7290
730)
7310
7329
7330
T340
7350
T360
T3T8
7380
7390
TH40g
LA RK:
TH2zU
7430
T4490
7450
TH6D
T4T0
T480
7490
7500
7510
7520
7530
TSHD
7550
7560
7570
7580
7590
7600
7610
76420
7630
T640
7550
1560
7670
T680
14590
T100
7110
7720
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713
Tte
71%
116
717
718
%]
124
121
722
723
724
125
726
727
728
129
730
731
1%2
133
734
135
736
137
738
739
740
76}
742
743
Tuy
745
746
Jurt
‘748
749
150
751
752
753
754
755
755
757
758

T 159

160
754
162
163

MACRO SHSPENMD? TRIG PROTC'SUSPEND® (SLYOP(SLIWT :CLDDISLIWSICCPISLI(":")D>D;

TF TRIM(W3IIL*,1] £0C *;° THEM WENDZ®END;"; ELSL WENPZ'END®;

ANS 22L°%CODE SUSPFND VEYWORD '£27;
ANS 22¢ Wi EY = [V A A & 4

ANS 278" BFGIN® £27;

ANS 725°TCODF ER TWALTS* 022

ANSG TZrRYECODE L ALyRTS LYy
ANS. WEND & 22 .

CEMND:

MACRO CPS2 TRIG PROT <MCPS WY:3CIN> W2:CLD> "' *USER® *=' W3:C 1D > > ;

SLYTASKNAME = TRIM(W3);
SLVTASKCMT = SLVTASKCNT » 2
CPS_COUNT =ehS.COUNT #1;
ELTNAME (CPS_COUNT)I=TRIM(WZ);
1F CPS_COUNT NE 1
THEN BLGIN
MEERS, LOUNE 1
WIZFLTNAME (M

ANS QUE'ACTS,N Y672

ANS QOC*OLD TPFS . PASCODE ‘L2

ANS QOL'ASSUME ASC1Y OFF 672

ANS QOL'CALL UNTVAC*CPS JCLEAR' L2

ANS QOL'SAVFE LTRYMIWY) L2Z;

ANS COE*XCTS '622:
FND;

ANS QQE*DBUHPASCALGS, "ETRIMIWLIIGZZ;

END;

MACRO CP$ TRIG PROT CMCPS Wl:<ID> W2:<ID> >

CPS_COUNT =CPS_COUNT +1;
ELTNAME(CPS_COUNT)ZTRIMIWR);
1F CPS_COUNT NE 1
THEN BEGIN
MICPS_COUNT . ¢
WITELTNAME (M)

ANS QQEL’RCTSyN '827;
ANS QQE°OLD TPF3.PASCODE 622
ANS QQEL'*ASSUME ASCII OFF 627
ANS QQE°CALL UNIVAC®CPS.JCLEAR *£27;
AHS 0QEL*SAVE TETRIMINTY) L72:
ANS QQL'XCTS 'Lz

FHD

ANS DQE*ABUAPASCAL S, "CTRIMIVWLIIE?Z;

END;



PP -0 PP N NN N N =R O -

*> - [ e = od o ol

764
765

766

767
768
769
779
11}
172
773
7%
175
76
117
778
179
700
78
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783
784
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786
787
788
789
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19}
792
793
194
795
796
197
798
199
800
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802
803
804
80S
806
(1.3
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aTo
ar,
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MACRO END_OF _TEXT TRI6 PROT CEOTX)>;

NZSTZE(ELTNAMEY;
WISELTNAME(N) ;
ANS 0QE*ACTS,N 'g27;
ANS 00C°OLD TPESTPASCODE *€22;
ANS QQC*ASSUME ASCYL OFF ‘822
ANS QQL'CALL  UNIVACSCPSCLEAR *£22:
ANS QQL*SAVE ‘e TRIM(WI) E2Z;
ANS 0QQE*XCTS v E£22;
9=1;
WHILE J LE N

Do BESIN

ANS catcacesPs,N

ANS QQE*FELT,IN
ANS QQE*aADD
ANS QQE*IASH,US

TEELTNAMELSIL®sCPSTS/3,°C *TPFSPASCODE®L2Z;
TYLELTNAMECJIGZZ:
" TPFSIPASCODE €22; _

't ELTNANE(S)E22;

J:Jors .
END; ‘

NZFIRST(ELTNANED ) ‘
ANS QQE*AMAP,I ' PP RELTNANE(MIR 22
ANS QQCIN ‘-tztvnnnztnvszz-
. ANS 0QR°LIB auopuscALd':zz-

ANS 0QE*END ‘ ez

ANS QQE°BUSE ruroraaLs turo|;°cztn

ANS QuteaUSE ' PASQOQOOO,INFOS L2273

ANS QQE*SETC,D . €223

ANS QQE*aXQT  CELTNAME(NIEZZ:

END:

!

"MACRO SNAPDUMP TRIG PROT CCSNAPDUMP*(SLIOP(SLIWNT:CIDY(SLINZ2eCCPISLIC 30D,

IF TRIM(W2IC#, L) EQC 3 THEN WENDZ'END;*: [ELSE WENDI'END')
ANS ZZL'BEGIN®L2Z} |
_ ANS ZZL'SCODE LSSNAP '°'ttaxn(v;)t°°'.o.'cntscrLL:'.RschL'-
ANS ZZC WEND &ZZ:
end;

MACRO SNOOPYON TRYG PROT ¢ SNOOPYY(SLINTLC ONT(SLIL? ;¥ 1))y
1 TAYR(MTIEM, LD £GC ) THEN MENDI'END)*3 ELSE WENDHEND')
ANS Z22e°BEGIN'LZZ; \
ANS 22€°$COOE SLS  TONS*;
ANS 22€ WEND £22;
END;

S§1L




A240 315

250 Hle

8260 817

8270 818 MACRO SHNOPYOFF TRIG PROT C'SNOOPY*(SL) WL:C OFF {SLI(* ;" )D>>;

B23%30 i 819 IF TRIMUW1)C#,1] FQC *;* THEN WENDZ'END;*: FLSE WEND=YEND';

8290 i 920 ANS Z27EL*BECIN'LZZ:

R3ING 1 821 ANS Z27L'1CODE siJ TOFF%*:

8310 1 82¢2 ANS 276 WEND. £22:

320 " 823 FMD;

933y - 324

L L] R7S

8360 826 B

R16] 827 MACRO CLFAR TRIG PROT C'CLEAPY(SL) OP(SLINT:CLDD(SLIW2:CCPISLIT ;") D>);
A3T0 i 28 LF TRIMIW?)C %y, FEQC *;* THEN WENDZ'END;*; ELSE WEND=END*;

8380 1 829 IF VOTD(QUEVES,TRTM(WY)) THEN WRITE ERRORNELTINE;

8390 A Al ANS 27L*BEGIN'EZZ

aunNg i 851 AMS *SCODT b4 LWArZ7;

8410 i 432 AMS WEND E£22:

R420 i B33 CND;

BY30 8134

LEL T4} 63g

8450 836

8460 837 MACRO OUITBY TRIG PROTC*OUITT(SLY*AY P (SL)*CHECKING  (SLIOPISLIWLCIND W2:CUSLICP (*:*)>);
BY70 1 838 IF TRIM{W2)C %y 43 EQC *;* THEN WENDZCEND:': ELSE WENDZ'END';

B4BD i 39 IF vOoID{QUEUES, TRIMINW1)) THFN WRLITE ERRORDZfLLINF

LA 1 ghu aHS Z20L'OFgIM*LTZy

8500 1 DY ANS '$CODE TNZ TLW1LZ2;

8510 1 su2 ANS *$CODE ER EXITE '822;

8520 1 B43 ANS WEND £22;

8530 I sty END;

8540 845

R550 Bub

8560 847

8570 848

8580 849 MACRO OUIT TRIG <CWl:<*QUIT® (SL)IL";°*)>3;

8590 1 * 850 IF TRIM(WI1)D*,120 EQC *;* THEN WENDI'END:*: FLSt WENDZ'END'; '
8400 1 851 ANS 278° BEGIN * & 77; ‘
Bs10 i 852 ANS 22L0QE°*S$CODE R FXITS €27,

820 1 B53 AHS WFND £22

8630 1 854 ENMD L

BOUD 855

8550 : 856

B560 857

8670 858 MACRO SLVSTARTUP TRLG PROT < STARTUP*(SLI*SLAVETASK {SLIOPISLIWLIC ID D(SLINZ:C CPISLILY;%)D>)>;
8680 1 857 IF TRIM(W2)C%,1] FQC *;° THEN WEND=TEND;®; FLSE WENDZ'END';

869Q i B&U ANg Q0 £ * BEGIM " & 72

a7N0 s LYY AMS QO f BFGIN Y & 27

LRA N IS Hhy ANS QoL TCODT L Yin,Cxlusr L 27

ar20 1 863 ANS QQL*' TCODE L R1G,p8 e 272

8730 i 864 AMS COL* %CODE LyH2 A8, 35,X10% € 22 ;

8740 1 B65 ANS Q0E' $COOF LyU X9 STARTE®® £ 27

961



ar150 i ate ANS QO € ° END3; L &

AT6HO i wet AHS QOL' CASF 'L wt n ' ofF ' € 27

aTTY i 168 W oz vy

87819 1 H69 WHILF K LE  NT

RT91 i BTy Ny REGIM

nang 1 w1y AMS Q0 n LW LYy CRESBUN Y 827

LR ¢ 372 ANS Q0L  8CODE L AU UNUDONL SLAVETASK LKE ) L7 72
8321 z 873 ANS Q20&' $CONME SZ INTACTMAME ' EKEZZ

8330 ¢ 474 AMS Q0E' $CODE L,U XTyINTACTMAME EKETZ

A34y H 875 ANS Q20 ¢ ° END: v £ 22

B35S0 2 876 K = K+, ;

a360 2 8577 FHD;

R870 1 nTA ANS QOL® END LA & 2

RYRD i nr9 ANS QoL PEGAN L 27 ;

R393D 1 490 ANS QOQL°* sCODE  ER FORKS ve 22 ;

A3ING 1 B8l AMS QOL' TCODFE T2 P X7 L A 22

8910 1 22 ANS QOL® $CODE 544 A&

R?20 i BA3 ANS QQCL' TCODFE  L,yU Al 10 ' €£27;

ny%n 1 LI ANS QoC' scopt LR TWAYTY * L2272,

A1) L 8A5 ANS QOL' $CODE J 57y *r2z;

8350 1 LE:E) ANS QQL' $CODE L X1U,CX31nNg* £27;

8960 1 887 ANS QOE' $CODE L A8,R15 v e 27

a970 i BAB ANS QOQf* EMD * 027

LR2: 0] ] nae ANS QOFf WEND L27;

B8990 i 89U END;

9IN0 B9}

901D 892

9020 893

9030 894

9040 89s MACRO ACTIVATE TRIG PROTC*ACTIVATE®(SL)*SLAVETASK (SL)IOPtgL) Wl:< ID DU(SL) W2:< CP(SL)Le;9)d>;
9050 1 896 1F TRIMU(W2)1C*, 1] EQC *;* THEN WENDZ'END:°: ELSE WENDZ'END';
060 1 897 ANS QO ¢ ° BEGIN ' 827

2070 i 498 ANS QQ f °* CASE * L W1 ¢ ° ofF * £22 ;

9380 i 899 K =1

?090 1 900 WHILE X LE NT

91N00 1 901 DO BFGIN ' .
9110 1 902 ANS QQL° YLXEL' PEGIN * £ 72

9120 2 903 ANS GQNE* 3CODE L AT, INTACTNAYE ' EKEZ2Z;

9130 2 904 ANS Qot* A A FND;*E2Z

9140 2 305 : K T K+l: <

0150 ? 04 (RIS

9160 1 Gy AME GO Ewnbg ‘e

9170 1 9n8 ANS QODE *3CODF FR ACTT L2727

9180 i 09 ANS QQE& WEND €27

9190 i 910 END:

9200 914

9210 912

9220 913

9230 914

9240 915 MACRO NELACTIVATE TRIG PROYC'NEACTIVATE (SLI SLAVETASK  (SLINPISLIWE:C 1D DISLIW2:C CPISLYIL Y ;*)D);
9280 1 916 LF TRIMIW2IC %, .3 E£2C ' THEN WENDZ'END: Y FLSEL WENNz®END®:

A



9260 It 917 AMS QO AEG LN ' E27

9270 1 913 AMS QQ . F ¢ CASE * & WL £ * oFf * £27 ;

9280 1 919 K =t

9290 4 920 WHLtL ¥ LE MT

92300 L 921 fe BEGTM ‘

9310 1 922 : AMS QOL* YEKE': - PLAIN ' L 27

9329 2 923 ANS QOE' %CODE L ANy INTACTNAME LK EZ 2
9330 2 924 ANS QL' LA END; Y € 22 ;

9340 2 325 : K = K+i:

9357 2 926 LND;

92360 1 927 ANS 0QE EMD ‘622

9370 1 928 ANS ©QE& '3CODE ER TNTS  *E27 ;

9380 i 929 ANS £QE WEND £22

9390 1 930 END;

9400 911

9410 932

9420 933

9430 934 MACPO TERMINATE TRIG PROTC Wl "TERMINATEC(SLI(®;*)>>;
o4uQ 1 935 ) IF TRIM(WIU*, 13 E2C *;* THEN WENDT'END;'; ELSE WFNDZEND*;
945y 1 936 ANS 0QL° BEGIN * £27:

9460 1 937 ANS 0GQEL*  $COOF ER  ARORTS v 622

9470 1 938 ANS 0QE  WEND £22;

9489 i 939 FND;

9490 uQ

9500 941

9510 42

9520 10 MACRO INTTIOTERMIO TRIG PROTCWISC WATTE*NWRITFLNY (SLIW21C{OPCCISLITOISLI Y, ) D000 (SLICPIISLY D),
9530 1 Iy IF SLVTASKMAME EQC S*NUL® THEN FALL 13 )
9540 1 945 ANS Q0 & ° BEGIN ‘L o27;
9550 1 ub ANS Q0 ¢ * $CODE TS YETOINITLOCK & 22;
9560 1 ou7 ANS Q0. & * 1CODE TS ‘ETOINTTFLAS £ 272;
9570 1 948 ANS Q0 & ' $CODF CETSA  'C IO0INJITFLAG £ 22:
9580 1 949 ANS QO £ * sCODE ER DACTS 72

9590 1 950 ANS . CQ & * $CODE TS RSCELL ‘e 22
9500 1 951 ANS QC ¢ END ‘e 22;
9610 1 952 ANS Q0 & Wi & W2 £ 7Z: .
9520 1 953 ANS Qo ¢ BEGIN 'L 22
9530 1 954 ANS QO & * $CODE C*TS  RSCELL 'L 27
9540 i 955 ANS QC & ' %CODE TS *ETIOTEQMLOCK € 27;
9550 1 956 ANS QC £ * .sCoDF TS TETOTERMFLAS £ 27,
LYY It 41 ANS 98 F ' fcabf LETSA  ‘LIOTLAMPLAG L oE?y
9670 i 9589 ANS QQ L ' %CODE £ER NACTS 'L 72

9580 1 959 ANS Q0 £ ° END Lte 22
9590 1 960 FND;

9100 964

9710 962

9720 963 .

9730 964 MACRO LNDPOINT TRIG PROT < *ENDL' >

9740 1 965 IF  SLVTASKMAME £OC S°*NUL® THEN CATL:

2750 1 P66 ANS QOL *9CODF 62 TINTACTMAME'E SLVTASKONT & 722
9760 1 967 ANS Q0L *%CODF TS SYSTEFMHOLD'e 27

85l



9770 i 963 ANS QCE *eCOD¥ CsTSY SYSTRMUOLD'EL 27

97810 1 969 AMNS Q08 * EHD; 'L 27

9790 " 3T END; .
98309 971 MACRO FLTCHING TRLIG PROTCFETCHTISLITSTATUS ISL)ITOF*ISL) WY:C SLAVETASHS ' ISLI( %> >,
9810 L 972 CLF O TRIMUWLIC %, 42 EQC *;* THEN WENDZEND;®; ELSE WEND=Z*END';
9320 1 973 ANS Z7 € ' PLGLM vt 22 ; )

9930 It 374 Iz &3

9440 1 975 WHILE U LE NT

9850 1 974 DO BEGIN

9460 i 977 ANS CQE "STATUSC® £ T £ '3 FALSE ;4¢22; )
9370 2 978 AMNS 0CE *3CONE TMZ  ILTREVWAME e [ €£22:

9880 2 979 ANS QQE '8CODE J 543 ‘627

9890 2 984 ANS QQE *STATUSC® £ T & *23 :z TRUE :°'L27;

9900 ¢ 984 T =1 4+,

9910 2 98¢ END;

9920 1 983 ANS WEND £ 22 ;

9937 1 934y FND;

9940 985

9950 986

9960 987

9970 988 MACRO FORKEY TRIGSFR PROTECT CPFORY (SL) WL:<ID> "zt >

9980 1 989 IF SLVTASKNAME NEC S°*NUL' THEN FATIL;

099( 1 99y ANS Q0 £ *$CODE POR  KLYWORD LI S

10900 ! 9ny ANS *OFOR Y L WL LYo 1

10010 1 992 END

1n020 993

10030 994

100uD 998
10050 996 MACRO WAITFOREVER TRIGGER PROTECT ¢ *WAIT® WI:C'FQREVER® (*;°*)>>;
10060 1 997 IF TRIM(WI)C#*, 12 EQC ';' THEN WENDZ'END;*; ELSE WENMDZ'END’;
1noTo 1 998 ANS 72 € *REGIM * £ 27y

ngan ! 949 ANG 06 & YAcODE Ts SYSTEMHOLNY L 27

i0d9g i tuou ANS 00 € *$CODE 3789 SYSTEMHOLN® & 27
10,00 1 touny ANS 22 & MEND. L 22;

10310 1 102 £ND;

10120 " lung

Lo tunu

10140 - 1005 ‘

10159 1u06 . /
10160 1oa7 =

10170 1008 MACRO CREGTON TRIG PROT <°*CRFGIOM® *:°* >
10180 1 1409 AMS 72 L * BFSIN ' ¢ 22 ;
11190 i 1utg ANS  0Q £ '1CODE TS RSCFLL * & 22 ;
10200 1 101} ANS 00 & °"$CODF L R15,R13* £ 72 ;
mn1o 1 1012 ANS 00 6 TeCnDr Lell RYSys * £ 27

2z 4 tuty AME PG 6 YeCODE CHFGYIOMN ON- % 1 22
10230 i 1014 ANS  0Q L * kDt L 27

10240 1 1016 FND;

1nz2sa 1ute

10260 1oy

10279 tutn

649l



10283 1519

10293 1v20

VN300 1024

10310 1022 MACRO CEND TRIG PROT C*CEND®* ';* >

10323 1 1U23 ANS  0Q £ ' BfF3IN * L 27

10330 i 1024 ANS  QQ & *T7CODF [ R 8 RSCFLL * ¢ 72
10349 i 1u25 ANS QO L *TCOJE L R13,R16* £ 22
10350 I3 1025 ANS 0Q E *SCODF CRESION OFF ‘72
10360 i o2y ANS  DC E ' EMD; e 22

10379 " -1u2g CND s

END MDC N FRPORS D WARNIMNGS ' PLMARKS
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acrPsSJC, SR

CPS¢MACRO3,CPSTS/3

D.4 - POSTSCANNER

MAC0 COMPILER LEVEL 7Rl 07/27/83 06:36:36

100
110
120
130
140
150
160
iro
180
190
200
2To
220
230
240
250
260
270
280
290
LLL]
o
120
330
340
350
360
370
180
390
400
410
420
430
440
450
460
470
unn
490
500
510
520
530
540
550
560
570
880

1 /7 L R e T e i A A Y i T S R A I a2 R it 22
2 1/ L -
3 77 L *
[ 77 . cPS/1100 POSTSCANNER *
s 1/ * *
6 /7 * ASSEMBLER CODES PRODUCED BY PASCAL COMPILER ARE *

-7 17/ . PROCESSED VIA THIS PROGRAMSMODIFICATIONS ON THE *
8 1/ " CODES ARF PERFORMED ACCORDING TO THE MESSAGES *
9 124 * WHICH ARE INSERTED TO THE TEXTY BY SECOND PHASE *
10 /7 * OF CP$/.100 PRESCANNERY *
11 1/ . *
12 /17 ., -
13 124 T T T Ty ey s T e T e Y]
1y

15

186

17 DEBUG ON;

18 SET ALPHA C'A' 5, *2°>;

19 SET ID_CHAR € 0% 0 O N AT JorZ o\t N QN PN P\ (\ "} "\ "+

20 SET DIGIT <*0°45'or>;

24

22

23 TOKEN DOY 'y

24 TOKEN ID CALPHAUID_CHAR) 2.0

25 TOKEN IDA CALPHA(ALPHA) 4043

26 TOKEN NUM <DIGITI(DIGIT) gae>;

27 TOKEN MISC CID_CHAR(ID_CHAR) Gqad;

28 TOKEN BLANK IGNORE ¢ * * J.¢ >,

29 TOKEN AST < '**' >;

30 TOKEN COM ¢ *,* >3

31 TOKEN R13 ¢ °*R13* >;

32 TOKEN AZERO < *AQ* >;

33

Iy

3%

36 DECLARE PROCTYPE;

37 DEL_FLAG = 0 ;

38 DFL_FLAG2= N .

\LJ PROCTYPE 2 S*NUL Y,

40 PROCNAME = S*NUL*g

4] CALLEDPROC = S*NUL';

42 DECLARE DEL(*);

u3 DELJ=O;

4y DEL_FLAGZ 0O

us PN_FLAG= O; .

46 STARTUP _FLAG= O

47 SLAVEFLAGZ 0

Y. FORFLAG = 0

u9 FORNUM T S36y

19t




590
600
510
520
530
640
650
660
670
680
690
1700
110
720
730
740
750
760
770
780
790
800
310
820
830
840
950
L]
870
880
a9n
200
210
920
30
40
50
360
970
980
990
1300
1010
1020
1030
1040
1050
1060
1070
1080
19390

-

b e 3=

e RN A NN N - bt N - e e

50
51
52
53
54
39

57
58
59
60
61
62
63
64
65
66
67

69
70
T
T2
73

75
76
11
78
79
80
81
a2
83
8y
85
96
87
88
89
S0
91

93
94
95
96
97
98
99
10u

SUSFLAG = 0 ;
CREGION _FLAG = O

DFECLARE FORSAVI®®)

MACRO M TRIGGER PROTECTC wl:<*$(1)*>5;
PN_FLAG = 1{;
ANSWER S'DELB*CTRIM(W1Y;

END;

MACRO M1 TRIGGER PROTECY < '#' °‘RES® °*STZEs$')>;

PROCTYPE = *MAINPROG®
ANSWFR ‘e« RES 136* ;
END;

MACRO M2 TRIGGER PROTECT < *LMJ' *AL,PENTS'>;

If TRIMIPROCTYPE) NEC *MAINPROG®
THEN TIF SLAVEFLAG EQ 1
THEN BEGIN
ANSWER S'EOLCL’
SLAVFFLAGR = N g
END;
ELSE BEGIN
ANSWER STEOL'L®
ANSWER S*EOL'C’
ANSWER *
ANSWER °*
ANSWER
ANSWER '
ANSWER *ENTER
END;
ANSWER ° LMy

[ S ol

AL,PENTS®
END;

MACRO M3 TRIGGER PROTECT <wl:<CJD > '#* >
IF PN_FLAG EQ N THEN FAIL;
PAOCHAME =TRIMEWL)
PN_FLAG = 0O;
RETURN S*OELB'EL W1E'%';
END;

L
L

AOyARY £ S*ENLY:

AQ,R15" £ S'EOL"* ;
R13,,*A0'L S°*EOL"
FS'LPROCNAMELS 'EOL*;
ENTER *& S*EOL"* ;
XU XSS*EPROCNAMEES EOL " ;
PPOCST*L S'EOL"*;
*CS'EOL";

.
H
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1100
1110
1320
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
15%0
1560
1570
1580
1590
1600

Lo o I N R

e PO b et et e e

RN N e NN

e

101
102
103
104
108
106
i07

08
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

28
129
L30
131
132
133
134
135
136
137
1318
139
140
l4)
42
143
14
145
Lus
7
148
149
150
151

MACRO M4 \TRIGGER PROTECT C*STARTUP® W1:¢1D>>;
CALLEDPROC = TRIM{Wi);
DEL_FLAG = i3
STARTUP _FLAG=):

J=1;
WHILFE J LE S0 DO BEGIN
DEL(J)=0;
NENES ¥
END:
RETURN ;
END;

MACRO MS TRIGGER PROTECT <C’FORK® W1:<ID>>;
CALLFDPROC = TPIMIWL1);
DEL_FLAG = 43

Jzl;
WHILE J LE 50 DO BEGIN
DEL(J)=0;
NESES §
END:
REYURN
END:

MACRO M& TRIGGER PROTECT C*'LMJ* I9 >
IF DFL_FLAG £Q O THEN FAIL;

ELSE QEGIM
JEly
WHILE J LE 50 20 BEGIN
peLtuY=0;
JIdel;
END;

DEL.FLAS = 0O}
OFEL.FLAS2 = 0:
END;
END;

MACRO M7 TYRIGGER PROTECT <H‘:<'L'\fL.U‘) W2:<10>>;
IF DEL_FLAG2 EO O THEN FAIL;
DELU=ZDOLUsT;
IF ODILL(OELJ)Y EO 0 THEN RETURN wWiL® ‘tw?;

END;

€9l



1610
1620
1630
1640
1650
1560
1670
1680
1690
1700
{110
1720
1730
1740
1750
17160
1770
1780
1790
1800
1810
1820
1830
1340
1850
1860
1870
1880
1890
1900
1910
1720
1930
1940
1250
1960
1970
1980
1990
2000
2010
2020
2030
2040
2150
2060
2070
2080
2090
2100
2110

= e e NN B P e e B ——

o -

——

152
153
154
158
156
157
158
159

460 -

161
162

63

64
165
166
167
168
169
170
171
172
173
174
175
176
17
iTB

79
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202

MACRO MR TRIGGER PROTECT CW1:¢*$*> W2:<1D3>;
IF DEL.FLAGZ EQ 0O THEN FAIL;

IF DFLYJ £EO N THEN FALL;
IF DEL(DELJ) EO D THEN RETURN WiE® ‘CA2;
END;

MACRO M9 TRIBGER PROTECTC'L,H2* *AD,3,X10'>;
Ir DEL_FLAG EQ O THEN FATL:;
TF( TRIM{PROCTYPE) EOC *MATINPROG®) AND
( STARTUP _FLAG £EQ 1)
THEN BEGIN

ANSWER * LyH2 AD,3,X10°;
STARTUP _FLAG = 0
END:
FLSE ANSWER ¢ L AO,XS$8'6 CALLEDPROC ;
DEL_FLAG2:Y;
DELJ=0;
END;

MACRO M1) TRIGGER PROTECT (°DELETYE® *ARGUMENT® WL:<NUMD),;
JETRIM(WY)
NELEJYZ);

END;

MACRO M12 TRIGGER PROTECTC 'SLAVETASK® CENTRY' >;
SLAVEFLAG= 1:
END;

MACRO FORMAC TRIGGER PROTECTC 'FOR® °*WEYWORD' >
FORFLAG = 1 ; FORNUM = FORNUM + 36
IF FORNUM GE 900

THEN ANSWER S'EOL'ES®EOL*E® MAXTMUM NUMBER OF FOR STATEMENT * £

*FXCEEDED * € S*EOL* & S‘'EOL’
END:

MACRO DSMAC TRIGGER PROTLCTY <*0S' Witd ID D> >
IF FOPFLAG NE )L THEN FATL;
IF TRIM(W1ICL,37 NLC "AN,* THEN FAIL;
FORFLAG = U

791




2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2uto
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
25%0
2540
2550
2570
2580
2590
2600
2510
2620
2530

- o e e e = et e b Rk i o S

e e e

-

203
204
208
206
207
208
20%
21U
211
212
213
214
2158
216
217
218
219
220
221
22
223
224
225
226
227
228
229
23p
23
232
233
234
235
236
237
238
239
240
241
242
243
204
248
2u6
2u7
2u8
249
250
2514
252
253

FORSAVITRIM(WY)) = FORNUM

ANSWER S°*EOL"’
S*EOL
S*EOL"
S*'EOL"*
S*EOL"

VOV Y
-« o o » o

END;

MACRO OLMAC TRIGGER PROTECT <'DL°
IF VOID(FORSAV,TRIM(W,))

ANSWER STEOL’
STEOL’
S*EOL"
STEOL’
S'EOL'

e VP Y MM

END;

L

L
L
L

rwvonr-e

.
’

R15,¥11
X1LE,RLY

f,
4

AUySVRS5AO0+" € FORNUM & ',x1L*
Al,SVRGAT+* & FORNUM & *,X11°

X11,R15"°

THEN FATL
RIS,x13 °*
X11,R13 '
AN, SVRGAQ+"
AL,SVRGAL+"

MACRO STORERLY TRIGGER PROTECT < *S°*

A = TRIM(WNLICY,3D;

B 2 TRIMIWIILS,LENGTHIWID;

P A NEC *RLXY THEN
ANSWER S*EOL* C °
S'EoL* ¢
END;

MACRO SUSKEY TRIGGER
SUSFLAG=Y;
END:

MACRO SUSKEY2 YRTISGER

C*SUSPEND®

S

¢ et

FAJL
L,u

R15
1S,

IF SUSFLAG EQ N THEN FAIL;

SUSFLAG = 0,

ANSWER  STFOLYE *

ANSWER  S'FOL'C °
END;

1}

R1G,A10°
A, ©

£
[2

1

.

T

€ S*'EoL"' ;

Wit ID > 5

& FORSAV(TRIM(W1))
£ FORSAVITRIM(W1))}

Wwt:< 1D > >;

tr
€9 L S*FoL*;

YKEYWORD'D

wl: <IN,

LoS'ENLY
RIWtwYy L S*EOL*:

MACRO RISIGNORE TRIGGER PROTECT ¢ "L, U W1:cIn> >
IF CREGION.FLAG EQ U THEN FATL;
*RIS,T THEN FALL;

IF TRIM(WLICY,4] NFC
END:

[
|4

[
€

IS
LYY’

[
A

S9t



25680
2690
2700
2710
2720
27130
2740
2750
2760
2170
2780

-

1
1

254
255
256
257
2s8
259
260
26}
262
263
264

MACRO CREGIONON TRIGGER PROTECT C'CREGION'

CREGION_FLAG
END;

MACRO CREGIONOFF TRIGGER PROTECT

CREGTION_FLAG
END

END MDC O ERRORS O WARNINGS 0 REMARKS

1

03

C'CREGION®

TONT

COFF

>3

591



APPENDIX E - PROGRAM LISTINGS OF CASE STUDIES

E.1 - Case Study One: Producer - Consumer Problem
E.2 - Case Study Two: Dining Philosophers
E.3 - Case Study Three: Quicksort
£.3.1 - Without Processor Dedication
E.3.2 - 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: Producer - Consumer Problem

AcPS s, S 1CPSS/0,
MACRO xurcnrnzrcn LEVEL TRY 02/03/784 3T:27:36
*COMPILE OPTIONS=IRSLM,ELTNAMES TPFS JMAIN

e L]

e le ke b Rr e de e e bl Lo b L L L L e e R e L e L R R R R R R R R E R e e R B B B Lo X o B |

PROBRAM MAINUINPUT,OUTPUT)

TYPE LABELSZ(RECEIVE,SEND,INIT);
PROCEDURE BUFFER(VAR ENTRY:LABELS;VAR INP:INTEGER;VAR OUTP:INTEGER) ;MONITOR;

PROCEDURE CARDPROC;PROCESS?
PROCEDURE PRINTPROC;PROCESS)

VAR RECEYVER t
SENDER [
LOCKY H
ENTRY H
"IMP t
ourTP H
HOLDPERIOD @

BEGIN

HOLOPERIOD := 500;
ENTRY = INIT:

QUEUL
QUEUE
QUEUE
LABELS
INTEGER
INTEGER
INTEGER

“s me W= as Be e =

STARTUP WITH TASKNAMEC(TT) BUFFER(ENTRY,INP FORWARD ,0UTP FORWARD):

COBEGINISTARTER);

STARTYUP WITH TASKNAME(T2) CARDPROC;
STARTUP WITH TASKNAME(T3) PRINTPROC;

COEND;

SUSPEND (HOLDPERTIOD) ;

TERMINATE;
END,

SCOMPILE  OPTIONS=IRSLMY,ELTNAHEZTPFSTCARD

PROGRAM DEFINE(CARDPROC);
TYPE LABELSS(RECEIVE,SEND,INIT);
PROCEDURE BUFFER(VAR ENTRY:LABELS: vaa INP:INTEGER; VAR OUTPIINTEGER) ;HONITOR;

PROCEDURE CARDPROC:

VAR ENTRY 1 LABELS
) INTEGER

H
INP ¢ INTEGER|
1

oure INTEGER

BEGIN

RELEASE(CARDPROC);

AUAIT(STARYER)'

B

WHY t TRUE DO

BEGIN
INPzZIN]:

LOCK(LOCKY);
ENTRY = SENDg

FORK WITH TASKNAME(CT) BUFFER(ENTRY ,INP,OUTP FORWARD};

AWAIT(CY):
TizIe):
END;
ENDY

SCOMPILE OPTIONS=IRSLMV,ELTNAKECTPFSSPRINT

891



PROGRAM DEFINE(PRINTPROC);

TYPE LABELS=(RECEIVE,SEND,INIT);

PROCEDURE BUFFER(VAR ENTRY:LABELS; VAR INP:INTEGER;VAR OUTP:INTEGER) ;MONITOR;
PROCEDURE PRINTPROC;

VAR ENTRY '+ LABELS
INP t INTEGER;
OUTP ¢ INTEGER;

BEGIN

RELEASE(PRINTPROC) ;
AWALIT(STARTER)};
WHILE TRUE DO
BEGIN
LOCKILOCKV);
ENTRY:= RECETIVE;
FORK WITH TASKNAME(PI1) BUFFER(ENTRY,INP FORWARD ,0UT®);
AWAIT(PL); .
CREGION; WRITELN(OUTP); CEND:
END;
END;
*COMPILE OPTIONS=IRSLMV ,ELTNAMFITPFS JBUFFER
PROGRAM DEFINE(BUFFER);
TYPE LABELS ={(RECEIVE,SEND,INIT);
PROCEDURE BUFFER(VAR ENTRYILABELS VAR INP:INTEGEQ;VAR OUTP:INTFGFR);
VAR FuLl t BOOLEAN ;
CONTENTS: INTEGER ;

BEGIN
CASE ENTRY OF
RECEIVFy
BEGIN
UNLOCK(LOCKV) ;
LOCK(RECEIVER);
IFf NOT FULL THEN WAIT(RECE]JVER)
ELSE UNLOCKI(RECEIVER);
QUTP := CONTENTS
LOCK(SENDER) ;
FUuLL := FALSF ;
SIGNAL(SENDER ) ;
QuUIT;
END;
SEND:
REGIN -

UNLOCKILOCKY ) ;

LOCK(SENDER) ;

IF FULL THEN WAIT(SENDER)

ELSE UNLOCK(SENDER);

CONTENTS = INP;
LOCK(RECEIVER);

FULL :T TRUE;
SIGNAL(RECEIVER);

QUIT;
END;

891




END
END;
END;
ACPSNE,N  SCRATCHS
MACR0 INTERPRETER L
FCPSISeN  SCRATCHS
MACRO INTERPRETER L
acPs ‘
FBUSPASCALTS s TRSLM

yryra>3>3 sy

.
.

¢

¢

SESIN

FULL t= FALSE;
RELEASE(BUFFER);
NAXT FOREVER

SCRATCHLCPSTS/ L/ SCRATCHS (SCRATCH2

VEL TRY 02/03/84 1Y:s3[:13
SCRATCHZ,CPSTS/2,
VEL TRY 02,03/84 JY:32:40

PASCAL BRLA RLTB FRIDAY, Y984 FE RUARY 3, ‘!IS“!JU
r

2  PROGRAM MAINUINPUT,OUTPUT):
3 TYPE LABELST(RECEIVE,SEND,INTT);
4 PROCEDURE BUFFER(VAR ENTRYILABELS:VAR INP:INTEGER;VAR OUTP:INTEGER);EXTERNAL
§ P OCEDURE CaR PROCIEXTERNAL 3
& PROCEDURE PRINTPROCIEXTERNAL §
T VAR GLOBALS t ARRAY (T &) 181041 OF INTEGER ;
] ENTRY @ LABELS ;
9 HOLDPERIOD : INTESER ;
0 INP 1 INTEGER ;
T oUTP ¢ INTEGER 3
2 SCODE RSCELLW® TSCELL
3 SCODE CRGNST#* TSCELL
4 SCODE SYSTEMHOLD® TSCELL
tS‘xcooE LOCKVX TSCELL
6 SCODE RECEIVER® TSCELL
T SCODE SENDFA® TsCELL
8 $CODE YSBUFFER® TSCELL
fv SCODE TSCARDPROCH® TSCELL
0 SCODE TSMAIN® TSCELL
2T SCODE TSPRINTPROC® TSCELL
22 SCODE XSSBUFFER® RES r
23 SCODE XSSCARDPROCH® RES b o
24 SCODE XSSHAIN® RES r
25 SCODE XSTPRINTPROCH RES r
26 SCODE CBGNAMEW nes r
27 SCODE FSBUFFER® . RES
28 $CODE FICARDPROCH RES t
29 SCODE FSMAIN® _ RES
30 SCODE FSPRINTPROCS RES t
3 SCODE SVRGAD®  RES 900
32 $CODE SVREAL®  RES 200 i
33 scooE RES SIZEs Ma6grate

e
&=

P P R e e P R P LR LT

U‘ 13%

T36g 95V
19555 A%SS
19565 4956
1957g A9S7
1958y A9SH

bt Cadtt” L

[T RN -
NYDOD AP RE ANGI O DA PAT N AD

0Ll



N

$CODE (1)
$CODE COREGIN® :
$CODE L AD, (*CBG*)
$CODE ER NAMES
$CODE $ AO,CBGNAMF
$CODE TS CBGNST
$CODE CSTSA CBGNST
$CODE ER DACTS
$CODE ER EXITS

BEGIN

BEGIN

$CODE S X10,XSSMAIN
$CODE LU 40,057
$CODE Y DO 11 , SZ RSCELL T+1
$CODE I DO 11 , $,52 AO,RSCELL71+I
SCODE ER TSORGS
$CODE LU nL3,0

END;

HOLDPERTIOD := S00;

ENTRY := INIT:
$CODE STARTUP BUFFER
$CODE DELETE ARGUMENT 2
$CODE DELETE ARGUMENT 3

$CODE L x10,CxY0s
BUFFER(ENTRY,INP,0UTP);
$CODE LyU R15,1
SCODE 5 R15,0,A0
$CODE L R15, A0
$CODE TS TSBUFFER
$CODE L AD,(000Y0Y,BUFFER)
$CODE . ER FORKS
$CODE C$TSQ TSBUFFER
$CODE L AD,R1S

REBIN
$CODE L R15,A0
$CODE L AD, (0002}, COBEGIN)
$CODE ER FORKS
$CODE L ANLR1S
$CODE TS CBGNST
$CODE Ce TS0 CBGNST
END;
$CODE STARTUP CARDPROC
$CODE L X1n,CX1o

. e

-

. D o 2l el il ket b ol o W ) pih il b D ik ok S s ok b b B 2 b

—~

- s . A

kA
73
T4

15
16

77
TR

Lt




86

87

LY

89

90

91

92

913

94

9s

96

97

98

99

100

101

102

103

104

108

106

107

fos

2 B 1 1
110

111

112

113

134

2 115
116

117

118

1l9

120

_ 12t
2 122
123

124

125

126

? 127
128

2 129
130

2 131
132

1 1

CARDPROC;
SCODE Lol R1S,3
$CODE s R15,0,A0
$CODE L R15,A0
$CODE TS T$CARDPROC
$CODE L AN (0DU3DY,CARDPROC)
$CODE (4} FORKS
SCODE C$STSQ TSCARDPROC
$CODE L AQ RIS
$CODE STARTUP PRINTPROC
scone L Xi10,cx10%
PRINTPROC
$CODE L,U R1S,4
$CODE 3 R15,04A0
$CODE L R15,A0
$CODE TS TSPRINTPROC
SCODE -~ L AN, (0ODUODT,PRINTPROC)
$CODE ER FORKS
SCODE  C$TSQ TSPRINTPROC
s$CONnE L AD, RIS

BEGIN
SCODE L RIS, AD
$CODE L AD,CBGNAME
$CODE ER ACTS
scone L AQ,R1S
END;
$CODE SUSPEND KEYWORD
HOLDPERIOD 1= '

BEGIN
tcooe ER TWALTS
$CODE L Al,R1S
END;

BEGIN

$CODE ER  ABORTS
END;

END,

PROGRAM MAIN CONTAINS 133 LINES AND 3 PROCEDURES/3 EXTERNALS

- b s il el i gt

-t ok el i el b bl b

-

- s e e

91

101

103~
toug

10s;
106

107e
1usyg,

io9y

llﬂi

11?;

113;

11“;

| 34

82
a3
BY
85

at
an
89
9n

91
92
96
97
98

ton
101
102
103
104

105
1086
107
108

109

118

aLlL



INPJYT AND OUTPUT Ap ASCTI FILFS
STOIAGE: 2nB0O/5379 . TIME UStD: 6 SFCONDS

FND PASCAL BPLA " ND FARORS - NO WARNIMSG

FCTB N

crs TRIB 28 JuL 83 AT fTiheud
THE ASSUMEN MONE 1§ FLELNATA

oLn TPFS PASCODE

COMPILER TYPF: ASM,yS

ASSJME ASCTUI OFF

CALL UNTVAC*CPS.CLEAR

SAVE TPFSTMA (N

LTS

IM EXEC MODE

IBUMPASCALWSyIRSLMV

PASCAL BRIA RLI3 . THURSDAY, 1983 JuLY 28,

—

S 1Y6 [TBANK  3N72 N _3AwK

17:46:089

2 PRIGRAM ODFFINF(CARDPROC); .1
3 TYPE LABELSZ(RECEIVE,SEND,INIT); 1
4 PROCEDURE. BUFFER(VAR ENTRY:LABELS;VAR INP:INTESER;VAR OUTP: INTEGER) ;EXTERNAL ; 2
5 PROCEDURE CARDPROC 2
3 VAR ENTRY : LABELS 2
7 1 t  INTEGER: ?
] L t INTREGERY 2
9 OUTP t  INTEGER; ?
1 10 3EGIN 2
2 11 BEGTN 2
12 3CODE $? F$CARDPROC 2
13 $CODE [ x10,XSSCARDPROC 2
L4 SCODE PROCST 2
2 15 END; 2

16
2 17 3EGIV 2
19 3CODE TS THCARDPROC 2
19 $CODE CITSA T$CARDPROC ?
2 ( 20 END; 2

21 !

2 2? AESIN ?
23 1C0D¢F L R15 AR ‘ . 2
24 4CODE LA AN, {u) 2
25 3CODE EP AWATITS 2
26 3CODE L AD,P LR ?
2 27 END; 2

8
29 1:=21; 2
} 30 AHILF TRUE 0O 2
2 (3] arcin ?
32 INP 2z %) 2

33
3 I8 BLGIN 2
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35 1CODE TS Locwy
' thOENRY
57
38 FNTRY:= SEND;
39 $CODE FOPK AUFFER

40 ¢CODE DELETE ARGUMENT
4l BUFFERIENTRY,INP ,OUTR);
42 1CODE Lyt RL%, 8

43 31CODE S P15,0,80
an SCODE L £45,40
4% HCODE L APy LLNDSUL yBUFFFRY
46 3CODE FR FORK¢
47 $CODE L AULR1S
]
3 49 BE3N

52 $CODE L R15y A0
51 $CODE LA AN, 132)
52 3CODE £ AMATTS
53 3CONDE L AU.N;S

3 sS4 END; ’
55
56 I:o1¢4;

2 57 END;

1 58 ENDS

PRO3SRAM DEFINE CONTAINS 58 LINFS AND 2 PROCEODURES/2 FEXTERNALS
NO MAIN PROGPAM INPUT AND QUTPUT ARE ASCII FILES
STOTAGE Y 218375179  TIME USEDT INLS MLLLTISFCONDS

FND PASCAL HPIA -7 NO ERRORS NO WARMINGS 55 Y BpMK
ACTS, N

oLon TPF$PASCODE

ASSUME ASCTI OFF

CALL UNTVAC*CPS.CLEAR

SAVE TPFYICARD

XCTS ’

IN EXEC MODE

ABUSPASCAL <S o IRSLMY

PASCAL BR1IA PLTIB  THURSDAY, 1983 JULY 28, 1714863154

PROGRAM DFFINF(PRINTPROC);
TYPE LABFLSZ(RECELVE»SEND,INIT)

PROCEDURE FUFFFR(VAR ENTRY:([ABELS; VAP TINP:INTEGEP;VAR OUTP:INTEGER);

2

3

4

s PROCEDURE PPINTPROC;
6 VAY ENTRY . LABFLS
7T INP ¢ INTEGER;:;
[} ouTP : ANTEGER;
9 8LGIN

o] BEGIN
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$CODE 57 FePRINTPROC
teopt 5 X1y XSIPRTINTPROC
FCODF PANCST
END3
AEGIN
FCODE TS TLPRINTPROC
1 CODE CTTSA T$PRINTPROC
END;
JEILY
tCO0E L RI5,AN
$CODE LA ATy (4}
$CO0E £p AyATTS
}CODE L AD,P LS
EMND;
AHTLF TRUE DO
BEGIN
AEGIN .
$CODE TS LOCKY

END;

ENTRY1 = RECETIVE
3CODE FORK BUFFER
$C0DE DELETE ARGUMENT 2

BUFFER(ENTRY,INP,OUTP);
$CODE Lyu RL5,6

$CODE S R15,0,A0
$CODE L RL5,A0
$CODE L AN (000601 ,RUFFER)
$CODE £R FORKS
$CODE L AUWR15
BESIN
$CODE . L R15,AN
1CODE LA AD, (6H)
$CODE £p AWAITH®
5CODE L ADN,RLS
END;
BEGIN
3CODE TS RSCELL
$C0DE L RI5,R1Y
$CoDne Lyt R14,iQ
BCODE CRFGION ON
tND:
WRITELNIOUTP)Y: REGLN
3C00% CsTS RSCELA
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PROSRAM DEFIME CONTAINS 67 LINFS AND 2 PPOCLNURES/? EXTERNALS

NO MAIN PROGT AM

62
63
LU
68
Ho
%4

1C0DE
YCODE
END;

£ 8D
END;

L

RY3,R15

CREGTIOM OFF

INPUT AND QUTPUT ARFE ASCLT FLLES
SEMNt 3287 MILLISECONDS

STOASE g1q7/5&70_ Tive U

TND PASCAL BR1A
RCTS N

N2 ER

oLD TPFS.PASCODE

ASSUME ASCII OF

F

CALL UNIVAC*CPS.CLEAR
SAVE TPFELPRINT

XCTS
TN EXEC MODE

FBUSPASCAL S, IRSLMY

PASCAL BRILIA PLT

[

3

THURS DAY

PROGRA

PROCEDURE BUFFER(VAR ENTRY:LABELS;VAR INP:INTEGER;VAR OUTP:INTEGER);

VAR

IEBIN
BEGINM
$CODE
$CODE
LCODE PR
END;
CAS
RE

IEGIN
1CODE
END

3LGIN
$CODE
END;

ALGIN
1LOne

RORS NO WARNINGS 56 T BANK

y 1983 JULY 2B, 17:46:58

M DFFINE(RUFFFER);
TYOE LABELS =(RECEIVF,SEMND,INLIT);

FULL
CONTENT

¥4
$
0CsT
€ ENTRY

CEIVF:
REGIM

(AR

T8

IF NOT

[ RS

t BOOLEAN ;
St IMTEGER

F$BUFFER
X10, XSERUFFER

oF

LOCKYV

RECFIVER

FULL THEN

RLCeLYVER

NN N

L A

NN N

NN

AN

bup

12

435

18

17

52
53

L1
58

Ll -~ 2

¥4

13

16
17

138

E- - )

91



£ND

AL3AY
1CODE
[V

LGN
$CODE
END

ALSIN
$CODE
END;

1CO0E
END;

SEGIN
$CODE
END;

IEGIN
$CODFE
END;

3LGIN
Y CODE
END

ILGIN
$C0DE
END;

BL5IN
$CODE
END;

tLSF

ceTS RFCFLve®
oUTP 1= CONTLNTS
T SENNEP

FuULY 2= FALSE ¢

CITSA SENDFR
BEG LN
(A4 FXITH
END;
SEND:
REGLMN
CeTS LOCKY

TS SENDER

IF FULL THEN

CTTSQ SENOFR
ELSE
cCeTS SFNDER

COMTENYS = TNP,

T5 RFCEIVER
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g1 FULL := TPUF;

4 93 3LGUM
K4 $CODE CTYSA PECETVER
4 85 €8O,

L] 89 ' REGLH

90 FCODE ER £XTTY
4 91 END;

3 93 FND;
9u INTT:
3 95 AEGIM
948 FULL 2 FALSES .

4 98 BEGIN
99 fCODZ TS TIRUFFER
ARTISI Toielvha CUT8A TERUYFFrFR
4 tutl END;
Tu?
103
4 1us BEGIN
108 16onk TS SYSTEMUOLN
1uh $CODF (L 81:] SYSTEMHOLD
1u7
[ 108 END;
. 1u9
140 END;
111 END;
12 END:

Ll Y ]

PROBRAM NEFINE CONTATINS 112 LINES AND 1 PROCFDURE/Y FXTERNAL
NO MAIN PROGPAM  INPUT AND OUTYPUT ARF ASCLY FALLS

STOIAGE: 2142/5179 TIME USED: 436% MILLISFCONDS '
END PASCAL BPLA -7 NO ERPORS MO WARNINGS 64 T BANK
ACTS N

oLD TPFELPARCODE

ASSUME ASCT1 OFF

CALL UNIVACHCPS4CLE AR

SAVE TPFY,3UFFER
XCTS

IN EXEC MODNE

FCPSISHN TPF$.MAIN,CPS4S5/3, TPF4,PASCODE
MAC20 INTERPPETER Ltvel TRL ND7/28783 LT:07:06
AELTHIN TPF%  MATN

FLT BRY1 S74Q7C U7/28/83 17:47:16 (7>N)
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END FLT,
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AXRE RUNTLS
PCONYVS (Ol ASCPODASE
ASCINS* FQU 1
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T4 15 15 00 U
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STARTSw RES L%
RSCELL™ TSCELL
CBGNS T TECELL
SYSTEMHOLD® TSCELL
LOCKV* TSCELL
RECEIVER® TSCELL
SENDER® TSCELL
STOPPER® TSCELL
TSAUFFFR#* TSCELL
TECAPDPROCH TSCELL
TSMATIN® T3CELL
TSPRINTPROCH TSCELL
XS5EOUFFERY REs Y
¥SECARDPROCS RES 1
XSTMA [N# Ars 1
XSEPRINTPROC® RES 1
CBGNAME % RES 1
FSBUFFER* eSS It
FSCARDPROC* RES i
FEMATN® aEs i
FSPRINTPROC* QES it
SVRGAQ* RES Fnp
SVRGAL* RES 9Np
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UNDEF [NLD
PENDS
PENTS

FND ASM,
BCPSSS N

MACI0 INTEPPRETER LEVEL 7RI

TELT,IN

END ELT,
FASY,US
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UNDEF INEN
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CTSAS

END ASM,
ACPSIS N
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PENTS YSEPRINTPROCFIPRINTPROC CTSAY

END ASM, EPRORS 1 NONE  ITEM COUNMY: T35
BCPSIS N TPFS,BUFFER,CPS S/, TPFYLPASCODL
MACR0 INTEPPRETER LEVEL TRY NT7/2B/83 L7:47:47
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FORKY IUFFER STARTS XSYBUFFER
cTS% ASCFDASCH
COUNT: 92

AXRS RUNT1S
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AUFFER=
L AN, RS
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12 FR3UFFER
J . ENTER
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LMy AV, PENTS
+0N% .8
nununuounenpn ¢ U
*BIFFER o
57 FEBUFFER
5 X1U,XS3AUFFER
PROCST
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LyHe X11,5,X10
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TSPRINTPROC
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I0: Donhuns
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ABORT
ABORT

ABORTY
ABORT

ARORT
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E.2 - CASE STUDY TWO: Dining Philosophers

ICPSIS,S 1CPSpS/0,
MACRO INTERPRETER LEVEL 7RI 07/27/83 07:51:28
*COMPILE OPTIONS=ISRLM,ELTNAME=TPFS ,MATIN !
PROGRAM MAIN(INPUT,OUTPUT);
TYPE LABELS=(PICKUP,PUTDOWN,INIT);
TYPE PHILENTZ(PHILO,PHILY,PHIL2,PHIL3,PHILY,PINIT);
PROCFOURE FORKS(VAR FENTRY:LABELS;VAR PHILID:INTEGER) ;4ONITOR;
PROCEDURE PHILS(VAR PENTRY:pHILENT) ;PROCESS;
VAP  FENTRY H LABELS ;

PENTRY &~ PHILENT ;
PHILID ¢+  INJEGER
PHILQOD ¢  QUEUE
PHILQL ¢ OQUEUE
PHILQ2 :  QUEUE
PHILQ3 H QUEUE H
PHILOQU ! QUFUE !
ENTRYLOCK: = QUFUE 3
WALTND ¢t QUFUE
PHILST =  OUFUE
REGIN

FENTRY :3 INIT 3
STARTUP WITH TASKNAME(FOO) FORKSI(FENTRY,PHILID FORWARD);
PENTRY = PINIT ;
STARTUP WITH TASKNAME(POD) PHLILS(PENTRY):
FOREGIN(STARTER) ;
LOCKI(PHILST);
PENTRY = PHILO
FORK WITH TASKNAME(PN) PHILS(PENTRY):
WAIT(PHILST)
LOCK(PHILSTY):
PENTRY := PHILL
FORK WITH TASKNAME(P1) PHILS(PENTRY):
WATTIPHILST)
LOCK(RPHILSET )
PENTRY = PHIL2 3
FORK WITH TASKNAME(P2) PHILS(PENTRY);
WAITIPHILST);
LOCK{(PHILST);
PENTRY 1T PHILS H
FORK WITH TASKNAME(P3) PHILS(PENTRY);
UATTIPHLILSTY)
LOCK(PHILST) T
PENTRY 12 PHIL4
FoRK WITH yASKNAME(PU)} PHILS(PENTRY);
WATIT(PHILST);
COEND:
WALT(WATTWD)
CLEARIWALYWD)
SUGPEND (10001 ;
TERM INATE;
ENDT
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«COMP
PRO
TYP
TYp
PRO

PROCFDURE FORKS{VAR FENTRY:LABELS;VAR T:INTEGER);MONITOR;

VAP

BEG
C

ILE OPTTIONSTISRLMV,ELTNAMF=TPFS JPHILS

GRAM DEFINE(PHILS);

E LABELS=(PICKUP,PUTDOWN,INIT);

E PHILENT=(PHTLO,PHILY,PHIL2,PHIL3,PHILY,PINIT);
CFDURE PHILS(VAR PENTRY:PHILENT;VAR I:INTEGER);

PHIDO 1 INTEGER ;
PHIDL INTEGER ;
PHIDZ INTEGER
PHID3 INTEGER
PHIDH INTEGER
FENTRY LABELS
IN
ASE PENTRY OF
PHILO!
REGIN
LOCK(PHILST)Y;
SIGNAL(PHILST)
AWALY(STARTER)
PHIOO := O
WHILE TRUFE DO
BEGIN
SUSPEND(3);
LOCK(ENTRYLOCK) ;
LOCKIPHILOOY;
FENTRY 1= PICKUP
FORK WITH TASKNAME(FU) FORKS(FENTRYPHIDQY;
WALT(PHILQO);
AWALTIFO)
SUSPENDI(8);
LOCK(ENTRYLOCK )
FENTRY := PUTDOWN ; :
FORK WITH TASKNAME(FOQ) FORKS{(FLNTRY,PHIDO};
AVALIT(FO);
QUIT BY CHECKING(WAITWD);
END;
END Y
PHLIL Lt
BEGIN
LOCK(PHILST);
SIGNAL(PHILST);
AWALITUSTARTER) ;
PHIDYL = 33 -
WHILE TRUE DO
BEGIN
SUSPEND(2);
LOCKIENTRYLOCKH) ;
LOCK.(PHILQ});
FENTRY := PICKUP ;
FORK WITH TASKNAME(FL) FORKS(FENTRY,PHID1};
WAIT(PHILQY);

se va e 46 »e
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AMATITIFY)Y
SUSPENDI(1);
LOCK(ENTRYLOCK)
FENTRY 1= PUTDOWN ;
FORK WITH TASKNAME(F L) FORKSIFENTRY,PHIDL});
AWAIT(FY); '
QULIT NY CHECKINGIWALTTWD Y
END}
END;
PHILZ2:
BEGIN
LOCKIPHILSTY
SIGNAL(PHILSET)
AWAIT(STARTER);
PHID2 := 2:
WHILE TRUE DO
REGIN
SUSPEND(S)
LOCK(ENTRYLOCK) ;
LOCK(PHILQ2);
FENTRY 1z PICKUP
FORK WITH TASKNAME(F2) FORKS(FENTRY,PHID2};
WAKT(PHILQ2);
AMAIT(F2);

SUSPENDI(2)

LOCK(ENTRYLOCK) ;

FENTRY := PUTDOWN ;

FORK WITH TASKNAME(F2) FORKS(FENTRY,PHID2};
AWATITIF2)

QUIT AY CHECKING (WATTWD};

REGIN

LOCKAPHILST)

SIGNALIPHILST)Y ;

AWALT(STARTER) ;

PHID3Y :z 3;

WHILE TRUE DO
BEGIN
SUSPENDI(6Y;
LOCK(ENTRYLOCK) ;
LOCK (PHILQ3)Y;
FENTRY := PICHUP
FORK WITH TASKNAMF(F3) FORKS(FENTRY,PHID3);
WAITIPHILO3),
ANAITIFY) ;
SUSPEND(3)
LOCK(ENTRYLOCK)
FENTRY :z PUTDOWN ;
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FORK WITH TASKNAME (F3) FORKS(FLNTRY,PHIDS);
AWAITIF ) ;
QULY BY CHECKING(WAITWD);
END;
END;
PHILY:
BEGIN
LOCK(PHILST);
SIGNAL(PHILST) ;
AWAIT(STARTER) ;

PHIDY = 4;
WHILE TRUE DO
BEGIN

SUSPEND %) ;
LOCK(ENTRYLOCK) ;
LOCK(PHILQU4);
FENTRY := PICKUP ;
FORK WITH TASKNAME(F4) FORKS(FENTRY,PHID4);
WALT(PHILQY);
AWAIT(F4);
SUSPENDI(9);
LOCK(ENTRYLOCK) ;
FENTRY 12 PUTDOWN ,
FORK WLTH TASKNAME (F4) FORKS(FLNTRY,PHLDY)
AWAITIFY);
QULT BY CHECKING(WAITWD);
END;
END;
PINLT:
BEGIN
RELEASE(PHILS);
WALT FOREVER;
QuULT;
ENO;
FND;
FND;
®COMPILE OPTTIONSZISRLMV,ELTNAMEZTPFSFORKS
PROGRAM DEFINE(FORKS);
TYPL LABELSZ(PICKUP,PUTDOWN, INIT);
PROCEDURE FORKS(VAR FENTRY:LABELS;VAR I:INTLGER);
VAP FRK : ARRAY [ 0,54 1 OF 0,32 ;
W#AITING : ARRAY [ DyT4 1 OF BOOLEAN ;
REGIN
CASE FUNTRY OF
PICKUP:
BEGIN
CASE I OF
0: LOCK(PHILQO);
1: LOCK{PHILQL)Y;
2: LOCK(PHILO2);
3: LOCK(PHILOS);

vel




W LOCK(PHILOGY)
END;

IF FRKCIJ ¢> 2 THEN BEGIN
WALTINGCI] := TRyE;
CASF I OF
C: UNLOCKIPHILOD);
1: UNLOCK(PHILOL);
2: UNLOCK(PHILOZ);
3: UNLOCK(PHILO3);
4: UNLOCK(PHILO4);

END;
CREGION;
MRITELN;
WRITELN(® OPERATION t PICKUP / REZERV FORKS *);
WRITE(® PHILOSOPHER & ",1,° FORKS ON THE TABLE : *);

WRITE(FRKLND,* *yFRKLCL1Iy* *,FRKL2]3,* *,FRKC33,* *,FRKLUII;WRITELN;
WRITE(' WALTING ARRAY 1t *)3
WRITE(WATTINGC NI, * *,WALITINGL)I,* *,WAITINGC21,* °*,WALYINGC3],* *,WAITINGLHED]);

WRITELN;

CFND
UNLOCHIENTRYLOCK)
QUIT:
END

ELSE BEGIN

WATTINGC T 12 FALSKE
FREE (Te4) MOD & ez FRKD (Leh) MOD 8% I
FRKL tI+1) MOD & J:z FRKL (1+)) MOD & 3
CASE . I OF
U: SIGNALI(PHILQNG;
1t SIGNAL(PHILQY);
2t SIGNAL(PHILQ2):
3: SIGNALIPHILQZ):
4: SIGNAL(PHILQH);
END;
CREGION;
WRITELN;
WRITELN(® OPERATION 2 PICKUP / GET FORKS B E
WRITE(' PHILOSOPHER AR T FORKS ON THE TABLE : *);
WRITE(FRKINI ' *WFRKCAT;' "HFRKL2D,* *HFRKD3T,* *,FRKLUD) ;WRTTELN;
WRTITELY  WALTING APRAY 1 *)} -
WRTTE(WATTINGE DY, *yWAITINGE 43,* * WATTINGC2],* *,WAITINGL 37,° ', WAITTINGLUD);
WRITELN;
CEND;
UNLOCK (ENTRYLOCK) ;
ouIT;
FND;
END;
PUTDOWN:
BFGIN
FRME (T+4) MOD S J:= FRK[L (I+4) MOD S5 1 + 1;
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FRYL (I+1) MOD 5 212 FRKL (Xel) MOD & 1 ¢ 1;
IF ¢ FRKD (I*4) MOD % 1 = 2. ) AND
{ WAITINGL (I+4) MOD 5 3 ). THEN '
BEGIN
WATTINGC (T+4) MOD 5 ] := FALSFE ;
FRKC (X+3) MOD S5 J1:= FRKC (I+3) ™0D 5 1 & 1;
FRKL I 3 := FRKC [ 3 _1;
CASE (I+4) MOD 5 OF
U: SIGNAL(PHILOM;
L1 SIGNAL(PHILQOT):
2¢: SIGNALIPHILQ2);
3: SIGNAL(PHILQZ);
4: SIGNALIPHILQUY);

END;
END;
IF ( FRKD (I+}) MOD S 1 = 2 ) AND
{ WALTINGD (X+4) MOD 5 ] ) THEN

BEGIN
WATITINGL (I+1) MOD S 1 1= FALSE
FRKC (I+2) MOD 5 J:= FRKC (1+42) MOD S 1 = 1;
FRKC I 1 = FRKC 1 1 _1;
CASE (T«1) MOD 5 OF
D: SIGNALIPHILQM);
bt OSLONALIPHLILGT)
21 SIGNALIPHILQG?)
3: SIGNAL(PHILOY): "
4: SIGNAL(PHILQH):
END;
END;
CREGION;
WRITELN;
WRITELN(Y  OPERATLION I PUTNOWN iy
WRITE(® PHILOSOPHER [T FOPKS ON THE TABLE : *);
WRITE(FRKEND,® *yFRKCLDy® "yFRM[21y* *opRKLU3D,* *yFRKLUI);WRTTFLN;
WRITE(' WAITING ARRAY : '},
WRITE(WATTINGL NI, * * WAITINGTLY," ' WATTINGC?2]," *,WALTINGI 37, *,WATTINGLUD);
NRITEIN;
CEND}
UNLOCK (ENTRYLOCK) ;
QULT; .
END: .
INTIT:
gEGTIN
FOR J:= U TO 4 DO BFGIN
FRKE 1 Y % 29
WATTINGL 1 J1:=
EMND;

FALSE

RELEASE (FORKSY
WAIT FOREVER;
STGNAL (WATTWD);
ouLT;
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1 EMD;
1 FND;
1 END;
Y
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1

PROGRAM MATN(INPUT
TYPE LABELS=Z(PTCKUP

TYPE PHILENT=(PHILO,PHILL,PHIL2,PHILT,PHILG,BINIT);

oUIPUT )

YPUTDOWN,, INTT);

PROCEDURE PHILS(VAR PENTRY:PHILENT) ;FxTEONAL
GLOBALS : ARRAY (,1 Ty 1821,) OF INTEGFR

vaR

11 $CODE
12 $CODE
13 SCODE
LY $CODE
15 $SCODE
16 SCODE
17 $CODE
18 $CODE
49 $CODE
20 $CODE
21 sCcoDE
22 $CODE
23 $CO0DE
24 SCODE
25 SCODE
26 SCODE
27 SCODE
28 ¢CODE
29 SCODE
30 $CODE
31 $CODE
32 $CODE
33 $CODE
34 SCODE
3% sCODFE

37 $CODE
3a scoDE

FENTRY 1 LABFLS

PENTRY : PHILENT ;

PHILID : INTEGER ;

RSCELL * TSCELL
CBGNST» THCELL
SYSTEMHOLD* TSCELL
ENTRYLOCK* TSCELL
PHILOO*® TSCELL
PHILOL* TSCELL
PHILQZ* TSCELL
PHILQ3* TSCELL
PHILOY * TsCELL
PHILST» TsCELL
WATTWO TsCELL
TSFORKSH TSCELL
TSMAIN® T$CELL
TSPHILS* TSCELL
XSTFORKS* RES 1
XSSMA LN RES 1
XSSPHILS™ RFS 1
CBGNAME® RES 1
FSFORK S RES N
FSMAIN® RES i
FSPHIL S* RES it
SVRGAO®  RES 9no
SVRGAL*  PES 90y

RES SLZE® 136_ 1821
sl
COBEGIN®
L AP, ('CBG*)

2
3
4
5 PROCEDURE FORKS(VAR FENTRY:LABELS;VAR PHILID:INTEGER)
[
T
8
9

(FXTERNAL
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PSCHECK/PASBR])
FORXS

PHILS
HAIN

SYSS*RLIBSS LEVEL
END MAP, FRRORS:

JUSE INFOTARLE,
JUSE PASONONGO,
aSETC,0

axorv TPFS yMAIN

OPERATION H
PHILOSOPHER H
MATTING ARPAY :

PERATY 1
ffosAnu:w 1
uAIrtNG ARRAY ¢

OPERATION
PHILOSOPHER

WAITING ARPAY

. en se

OPERATION
PHILOSOPHER

WAITING ARRAY

e s se

OPERATION
PHILOSOPHER

VATTING ARRAY

“ oo 3a

OPERATION
PHILOSOPHER

WATTING ARPAY 1

ve v

OPERATION
PHILOSOPHER
WATITING ARRAY

. 25 e

OPERATION
PHILOSOPHEP

WAITING ARRAY

n e s

OPERATION
PHILOSOPHER
WAITING ARRAY

s e =

OPERATION !

sty 010735
$(3) ny1045
$(1) o11074
$(3) 012517
sty 012605
s(1) 013410

0  TIME: 14,671 STORAG
INFOS,
INFOS ¢

PICKUP / GET FORKS
4 FORKS ON THE TapLE
FALSE FALSE FALSE FALSE

PICKY FY FORKS
f " FO‘K? BN 55 TABLE
FALSE FALSE FALSE FALSE

PUTDONN
4 FORKS ON THFE TABLE
FALSE FALSE FALSE FALSF

PUTDOWN
1 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
4 RKS ON THE TABLE

FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
1 ORKS ON THE TABLE

FALSE FALSE FALSE FALSFE

PUTOOWN
4 FORKS ON THE TABLF
FALSE FALSE FALSE FALSE

PUTDOWN
1 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE
PICKUP 7/ GETY FORKS

4 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GET FORKS

01,004 $(2) 040412
01,4070
p1zs16
012604
013407 $(0) nYnNy20
ot1370f1 s(0) 040433

5(036) 04044y

E: 17792/4/040777/7073777

122712
FALSE

r 02112
FALSE

t 12022
FALSE

22222
FALSE

0uQuysT

40432
04guy3
ous44y

18
27

27
27

MAR

JUut

JUL
JUL

83

a3
83

14:27:5%
08:01:06

08:00:.1
07:59:28

86l



PHILOSOPHER
WAITING ARPAY

OPERATION
PHILOSOPHER
WATTING ARRAY

OPERATION
PHILOSOPHER

WAITING . ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
VAITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER

WATITING ARRAY

OPERATTION
PHILOSOPHER
WAITING ARRAY

OPERATTION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
WATITING ARRAY

OPERATION
PHILOSOPHER
WATTING ARPAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

e ae e s o0 2e . e be e o e 2o ss e oa

o se e

1 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE
PUTDOWN
4 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

PUTDOWN
{ FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
4 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
1 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE
PUTDOWN
4 FORKS ON THE TABLE
FALSE FALSE FALSFE FALSE
PUTDOWN
1 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE F

PICKUP / GEY FORKS
Y FORKS ON THE TABLFE
FALSE FALSE FALSE FALSE

PICKUP / REZERV FORKS
Q FORKS ON THE TABLE

TRUE FALSE FALSE FALSE
PUTDOWN
L] FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

PICKUP / GET FORKS

3 FORKS OM THE TABLE

FALSE FALSE FALSF FALSFE

PUTDOMNN

0 FORKS ON THE TABLF

FALSE FALSE FALSE FALSE:
PUTDOWN

3 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

3

661




OPERATION
PHILOSOPHER
WATITING ARRAY

OPERATION
PHILOSOPHEP

WAITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER

WAITING ARRAY

OPERATION
PHILOSOPHER

WAITING ARRAY

OPERATION
PHYLOSOPHER

WATITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSCPHER
WAITING ARPAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION’
PHILOSOPHER
WAITING ARPAY

OPERATION
PHIILOSOPHER

WAITING ARRAY

OPERATYION
PHILOSOPHER

WAIVING ARRAY

OPERATTON
PHILOSOPHER
VAITING ARRAY

w e v

- se ee se oo an - e v

e ve e

PICKUP / GEY FORKS
0 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
FORKS ON THE TaABLE

FALSE FALSE FALSF FALSE

PUTDOWN
a FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PUTDOUN
FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

pICKUP / GET FORKS
RKS ON THE TABLE

FALSE FALSE FALSE FALSE

PICKUP /7 GET FORKS
3 FORKS ON THF TABLE

FALSE FALSE FALSE FALSE
PUTDOWN
0 FORKS ON THE TaABLE
FALSE FALSE FALSE FALSE
PUTDOWN
3 FORKS ON THE TABLE

FALSE FALSE FALSF FALSF

PICKUP / GET FORKS
o] FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GEYT FORKS
FORKS -ON THE TABLE

VALSE FALSFE FALSE FALSF
PUTDOWN
0 FORKS ON THE TABLE

FALSE FALSE FALSE FALSE

PUTDOWN
3 FORKS ON THF TABLF
FALSE FALSE FALSF FALSFE

PICKUP / GET FORKS
0 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

2 Y

FALSE

-

002



OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
MAITING ARRAY

OPERATTION
PHILOSOPHER
WATTING ARRAY

OPERATTON
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARPAY

OPERATION
PHILOSOPHER

WATTING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATYION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER
WAITING ARRAY

OPERATION
PHILOSOPHER

WAITING ARRaY

OPERATION
PHILOSOPHER

WATTING ARRAY

OPERATION
PHILOSOPHER
WATTING ARRAY

OPERATION
PHILOSOPHER

e e

e 2o ta

" de e

- e ae

PICKUP 7 GEY FORKS
3 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PUTDDWN
0 FORKS ON THE TABLF

FALSE FALSE FALSE FALSE

PUTDOWN
3 FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
0 FORKS ON THE TABLE
FALSE FALSFE FALSE FALSE

PICKUP / GET FORKS
3 FORKS ON THE TAALE
FALSE FALSE FALSE FALSE

PUTDOWN
0 FORKS ‘ON THE TABLE
FALSE FALSE FALSE FALSE

PUTDOWN
3 FORKS ON THE TABLE
FALSE FALSE FALSFE FALSE

PICKUP / GET FORKS
] FORKS ON THE TABLE
FALSE FALSF FALSE FALSE

PICKUP / BET FORKS
3 FORKS ON THE TaplE
FALSE FALSE FALSE FALSE

PUTDOWN
0 FORKS ON . THE TABLE

FALSE FALSE FALSE FALSE

PUTOOWN
3 FORKS. ONM THF TABLE

FALSE FALSE FALSE FALSE

PLCKUP. # GFT FORKS
0. FORKS ON THE TABLE
FALSE FALSE FALSE FALSE

PICKUP / GET FORKS
3 FORKS ON THE TABLF

: 21
FALSE

:1 2 1
FALSFE

1 21
FALSF

t 22
FALSE

2 22
FALSE

21
FALSF

t .2 2
FALSE

t 22
FALSE

I |
FALSF

: 21
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E.3.1 - CASE STUDY THREE: Quicksort (Without Processor Dedication)
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*COMPILE

PROGRAM MAIN(INPUT,OUTPUT);

OPTIONS=IRSLHMG,ELTNAMEZTPFS IMAIN

PROCESS:
t ARRAYTYYPE: LOWERL ¢

INTEGER; UPPER)

t ARRAYTYPE; LOWER2 : INTEGER: UPPER2

CONST N=1000;
TYPE - QIENTRIES = QTINIT , OLSTART 1}y

Q2ENTRIES =( Q2INLT , Q2START };

ARRAYTYPE = ARRAY [ 1 5o N 3 OF INTEGER ;
PROCEDURE DIVIDETWO(VAR X : ARRAYTYPE; N : INTEGER);
PROCEDURE QUICKONE (VAR QTENTRY : QTENTRIFSIVAR X
PROCEODURE OQUICKTWO (VAR Q2ENTRY ; Q2ENTRIESIVAR X
VAR FINISH t  QUEUE :

0LO0CK )} t . QUEUE :
QLOCK2 t  QUEUE :
FORKLOCK t QUEUE ;
QJENTRY ¢ QIENTRIFS 4
O02ENTRY ¢t Q2ENTRIES ;
DMINT t  INTEGER
I,CP t  INTEGER i
X t  ARRAYTYPE
BFGIN
CREGTON;
READLN;
PAGE; WRITELN; WRITELN:
WHITELNC® *% UNSORTED ARRAY (1000 ELEMENTS)
WRITELN; WRITELN; WRITELN;
CEND;
FOR I := 1 TO N
DO BEGIN
CREGION;  READ(X(L)); WRITE(X(T1:5); CEND;
IF ¢ X MOD 20 ) = 0 THEN BEGIN CREGION; WRITELN;

END;

LOCK{FINISH); LOCK(QLOCKI); LOCK(QLOCK2):

CREGION; CP := CPTIME(3); CEND;
QLENTRY := QTINIT;

e

CEND; END;

STARTUP WITH TASKNAME(TOY) QUICKONE(QLENTRY ,X,DMINT FOQuW,DMINT FORW);

"Q2ENTRY := Q2INIT;

STARTUP WITH TASKNAME(TO2) QUICKTWO(QZENTRY ,X,0MINT FORW,DMINT FORW);
STARTUP WITH TASKNAME(TON) DIVIDETWO(X, NI

WAIT(FINISH);
CREGTION;
CP 1= cPTINE(!);CP;
PAGE; WRITELN; WRITELN: WRITELN(®
WRITELN; WRITELNG
MRITELN; WRITELN: WRITELN('
WRITELN; WRITELN;
CEND3
FOR I =z | TO N
D0 BEGIN
CREGION; WRITEU(X(1):5); CEND:
IF (I MOD 20) = O THFN 8FGIN

TIME CONSUMED : *,CP,* MSEC');

w*x SORTED ARRAY *»

CREGTION;

WRITELN;

'Yy

CEND: END;

1
H

INTEGER Y
INTFGER}

PROCESS
PROCESS?
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$COMPILE

END;
LOCK(QLOCKI);
SIGNALIQLOCKT);
LOCK(QLOCK2);
SIGNAL(QLOCK2);
QUIT;

END

OPTYONSTIRSLMVG,ELTNAME=TPFS ,DIVIDER

PROGRAM DEFINE(DIVIDETWO);

CONST N=1DODD:

‘TYPE  QLENTRIES =( QYINIT , OJSTART );
QZENTRIES =( QZINIT , Q25TART )}
ARRAYTYPE = ARRAY [ Te N 3 OF INTEGER ;

PROCEDURE DIVIDETWO(VAR X : ARRAYTYPE; N : INTEGER);

PROCEDURE QUICKONE (VAR QTENTRY : QTENTRIFS;VAR X : ARRAYTYPE; LOWER. :
PROCEDURE QUICKTWO (VAR Q2ENTRY : Q2ENTRIES;VAR X : ARRAYTYPE; LOWERZ :
VAR UP,DOWN,A : INTEGER :
LByUB,J t INTEGER :
QLENTRY t QJENTRIES
02ENTRY :+ Q2ENTRIES
T,JPL, UMl ¢ INYEGER :
TEMP t INTEGER :
BEGIN
RELEASE(DIVIDETWO) ;
LB 1= 1 3 UR 12 N3 At X C LB 33
UpP 1% UBR DOMN 12 LB
REPEAT
WHILE ¢ UP > DOWN ) AND ( X £ UP 3 > A ) DO UP := UP ;1;
J o= oup
TF  UP <> DOMN THEN BEGIN
TEMP 1= X € DOWN 3 3
X T DOWN J 1= X [ UP ] ;
X € UpP 3 1z TEMP ;
WHYLE  DOWN ¢ UM 3 AND ( X 7 DOUN ) C= &)
J o1z DOWNG
IF DOWN ¢> UP THEN BEGIN
TEMP 2 X € UP 2:
X T UP 3 := X C DOWN J;
X CDOWNTD 7 TeMP H
END;
ENO; -
UNTIL DOWN = uP ;
X € J 73z A
JPY 1z 0 e
ML ez U = 1 ’
IF uB > JF1 THEN BEGIN

LOCK(FORKLOCK };
QJENTRY := QUISTART ;

FORK WITH TASKNAME(TN6) QUICKONE(ITENTPY,X,JPL,UR);

WAIT(FORKLOCK);
END:

INTEGER;
INTEGER;

no DOWN

UPPERY : INTEGER);
UPPER2 : INTEGER);

1tz DOWN & 4

PROCESS:
PROCESS:

€0¢
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IF UMl > LB THEN BEGIN
LOCK (FORKLOCK) ;
Q2ENTRY := 02START ;
FORK WITH TASKNAME(TOT) QUICKTWO(D2FNTRY,X,LB,JM1);
WALT(FORKLOCK);
END;
AUALT(TO64TOT);
LOCK(FINISH) ;
SIGNAL(FINISH);
QUIT; ‘
END; :
*COMPILE OPTIONSZIRSLMVG,ELTNAKEZTPFS ,0ulCK]
PROGRAM DEFINE(QUICKONE)
CONST N=51000; :
TYPE OQJENTRIES =( QIINIY , QLSTARY );
Q2ENTRIES =( Q2INIT , Q2START );
ARRAYTYPE = ARRAY € 1 T N 1 OF INTEGER ;
PROCEDURE QUICKONE (VAR ENTRY : OQTENTRIES; VAR X:ARRAYTYPE; LOWFR : INTFGER:
YYPE  STACKITEM = RECORD
LBt INTEGER
UB ¢t INTEGER ;
END:
STACK = RECORD
TOP ¢+ INTEGER ;
ITEM : ARRAY T T Jq N I OF STACKITEM ;

END:
Van 1) rORTACK }
NEWBNDS STACKYTEM
Tyda b ¢ INTEGER H
UP+DOWN : INTEGER :
TEMP H INTEGER H
BEGIN
CASE ENTRY OF
QISTART:
BEGIN

LOCK{FORKLOCK) ;
SIGNAL (FORKLOCK) ;
WITH NEWBNDS
DO BEGIN
LB 1= LOWER) up 1= UPPER;
SSTOP 1= SoTOP +}1
STITEMC $TTOP J°LE @
STITEMC SSTOP 1IJUB ¢
WHILE NOTU(STTOP = Q)
DO BEGIM
LB 1= SgITEMC S,TOPITLB;
UB = STITEMCL $5TOPI,UB:
STTOP := SeToP F 1;
WHILE UB > LB DO BEGIN
A = X € LB 1; J:= LB; UP :T UB; NOWN:= LR,
REPEAT
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WHILE(UP > DOWNIAND(X [ UPJ > A ) N0 UP:z UP-1;

JrE oyl g

IF UP <> DOWN THEN BEGIN

UNTIL DOWN = UP ;
X C 43z A
IF JglB > uB Ty THEN

ELSE

END;
END;
END;
QUIT;
END;:
OLINIT: BEGIN
$STOP := 0O
RELEASE(QUICKONE);
WALT(OLOCKYL);
QuUIT;
END;
END;
END;
RCOMPILE OPYIONSTIRSLMVG (ELTNAME=TPF S ,0UTCK2
PAOGRAM DEFINE(QUICKTWO)
CONST N=21000;
TYPE O)JENTRIES =( QYIINIT , O;START
Q2ENTRYES =( Q2INXT , Q2START

TEMP tT X L UP
X C UP I := X [ DOWN 1;
X COOWNI := TEMP :

END;
WHILE(DOWN ¢ UP) ANDIXUDOWNICZA)
D0 DOWN := DOWN +1L;

J 1= DOWN:
IF DOWNCDOUP THEN BEGIN
TEMP i X C UP :
X L UP 3 := x € DOWN 1J:
X CDOWN] := TEMP H
END;
BEGIN
TizuB; LAy UByy
SeTOP 1= S.TOP +)1:
STITEML STTOP J4LB := LP;
STITEML STTOP JJUR := UB;
LB 12 Jel:
UR 1= I
END
BEGIN

1=UB: LBz J+a:
SSTOP := S,TOP +1:
STITEML STTOP 1.LA := LR,

STLITEML STTOP 23UuR uR;
L8 = I
UB = JTi;

END;
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ARRAYTYPE = ARPAY C 1 :l N 1 OF INTEGER
PROCEDURE JUICKTWO (VAR ENTRY : Q2ENTRIES; VAR X:ARRAYTYPE: LOWER : INTEGER; UPPER : INTEGER):
TYPE STACKITEM = RECORD '
LB : INTEGER ;
un 3 INTFBER 3

. END}
STACK = RECORD
TOP : INTEGER
"ITEM : ARRAY € T Ty N J OF STACKITEM ;
END: ,
VAR s t STACK H
MEWBNDS : STACKITEM ;
T,J,A : INTEGER
UP,DOUWN ¢ INTEGER H
. TEMP t - INTEGER :
BEGIN
CASE ENTRY OF
Q2START:
BEG LN

LOCK(FORKLOCK) ;
SIGNAL(FORKLOCK):
WITH NEWBNDS
DO BEGIN
LB := LOWER; UB := UPPER;
STTOP := S4TOP +};
SSLTEML STTOP JTLB :=
STITEMC STTOP JJUB :=
WHILE NOT(STTOP = D)
DO BEGIN
LB := STITEML STTOPJI4LB:
UB := S,ITEML $,TOPIJUB;
SyTOP 1z STTOP !
WHILE uB > La B0 BEGIN
A sz X C LB J; J:= LB; UP = UB; DOWN:Z LB:
REPEAT

L8;
us;

WHILE(UP > DOWNIANDI(X T UPJ >3 A ) DO uP:= UP¥y;
Jiz UP
IF UP <> DOWN THEN BEGIN
TEMP 1= X [ uP 3;
X C UP 3 = X C DOWN J;
X ENOWNT 1% TFMP :
FND

WHTLE(DOWN < UP) ANDI(XCDOWNIC=A}
DO DOWN := DOWN +1;

J 1z DOWN;
IF DOWNCOUP THEN REGIN
TEMP 12 X U up
X T UP 3 := X € DOMWN
X [DOWN] := TEMP
END;

UNTIL DOMN = UP

s
e wo wa
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X € J3 :
IF J3Le > us

THEN BEGIN
T:zuB; wB:z J=1;
SeTOP = STTOP +1;
SeITEMC S,TOP J4lB :=
Sy ITEML S,TOP J,UB :=

1

"
p

Le 1= Jel;
ua = 1,
END

FLSE BEGIN

T:=LB; LB:= J+1;
SpTOP 1z STTOP 1
SeITEML $.TOP 1,L8
SeITEML S.TOP 3 us
L8 = Y H

us := Jgi;

o
"W
crr
w o
.o we

END;
END;
END;
END;
QUIT;

END;

Q2INIT: BEGIN
SeTOP :
RELEASF
WATTLOL

QUIT:

END;

=0
(Q urcxtuo),
DEK2)

END; -
END;
BCPSJS M SCRATCHS gSCRATCHL,CPSTS/ Ly SCRATCHS ySCRATCH2
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ACPSTSIN SCRATCHS gSCRATCH2,CPSeS/2,
MACRO INTERPRETER LEVEL 7RY 07/27/83 0B:1}:55
acPS X
BBUSPASCALTS  IRSLMS
PASCAL BRLN PLIBl WEDNESDAY, 1983 JULY 27, B:15:44

PROGRAM HAIN(INPUT ouUTPUT) ;
CONST Nz 10
TYPE DltNTRIES 2¢ QTINIY o QLSTARY )y

Q2ENTRIES ={ O2INIT 4 Q2START )4

ARRAYTYPE = ARRAY [ 1 O¢ N 3 OF INTEGER ;
PROCEDURE OIVIDETWO(VAR X : ARRAYTYPE; N : xntscrn)
PROCEDURE QUICKONE(VAR QUENTRY : QTENTRIES;VAR X
PROCEDURE QUICKTWO(VAR Q2ENTRY : Q2ENTRIES;VAR X :
1 VAR GLOBALS : ARRAY (34 o7 18207) OF INTEGER ;
1 CP : INTEGER ;
12 ODMINT : INTEGER ;

D@~ RE LN

ARRAYTYPE: LOWER]

e N RS N NS B I e )
L02



PSTRACE/PASBR]
PSWRITE/PASEP]
PSINTRPT/PASARY
PSRS/PASAR]
PST0/PASARY
QUTCK2

QUTCKL

NIVIDE2

MATN

SYSs*«RLIBST LEVEL
END MAP, ERRORS: 0 TIME:

BUSE  INFOTARLE,INFOS,
AUSE  PASDODDUD, INFOS,
asETC,0

axXar  TPFSMAIN

{1
$(3)
s(1)
$(3)
(1)
$(3)
$(1)
$()
(1)
$(3)
s(1)
LIB B
t(1)
(1)
$(3)

14,353

on3sie
003672
003725
005126
005353
nos7us
0U6040
noTLTY
007407
010720
011123
011711
012477
0,3106
013556

STORAGE?

00367%
nDn3T2Y
005125
unsis2
005742
0N6037
an717s
007406
oYuTy7
013122
014730
0Y2u476
013108
013558
013601

$(2)
$(2)

$(2)

$(0)
s(0)
$(0)
$(0)
$(036)

genur?
040213

Duo3tY

04Ny 20
040422
nuny2y
040430
040434

17792/07040777/073717

gep212
040313

DuouLY

ougs21
040423
oupu27
040u33
140435

23

23
23
23

27
27
27
27

ocT
DEC
APR
JUL
APR

JUL
JUL
JUL
JuL

78
79
82
80
82
83
83

a3
83

1t:52:21
16:52:28
10:37:37
13:49:59
10:40:32
oBs21:23
08220213

oRt191)t
nR:18:23




6TY
835
436
366
440
u27
756
5719
420
763
505
316
516
19%
883
168
281
709
S47
3158
915
292
36N
85S
754
RO2
630
997
253
332
8S3
601
530

955
13.1:]
254
720
34
L ¥
242
254
603
85
399

37

38
514
337
317
592
8Ty
299
469
89%
768
670
608
9Nt
317
731
a5y
185
517
310

59
957
904
103
236
396
699
mny
472
390
454
112
323
820
2ns
182
715
313
116
A2
339
611
629
536
550

®% UNSORTED ARRAY

901
789
486
117

465

807
909
241
836
69
948
310
153
4se
605
95
17
a4y8
2
341
177
163
805
169
101
930
159
85
663
334

" 111

AyN
319
771
54%
T40
789
90h
612
byt
234
219
653
280
537

506
825
338
11u
676
104
695
512
458
571
733
812
912
250
660
754
171
348
717
185
239
964
763
510
348
300
389
655
785
372
358
530
236
223
984
986
614
631
424
P
399
320
%1}

38
475

283
743
328
asn
240
572

32
685
Tu8
461
447
B87
Hou
TU6
613
760

28
413
595
a1y
628
Thy
2uS
800
668
66N

97
196
486
159
384
207
749

22
756
251
324

52

96
121
639
821
598
byl
559

76
50
245
617
601
945
579
443
4t
361
14
574
495
543
244
130
819
TW2
506
629
585
81s
599
380
354
873
418
584
850
432
955
231
734
58
858
50}
877
517
419
660
12
425
118
459
611

416
a1y
388
459
687
531
163
LIk
171
urs
121
142
179

47
865%

50
304

83
867
911
974
907
778
597
513
T34
229
644
687
596
139
940
768
717
518
a96

81
738
771
110

62
549
505
648
813

940
956
166
288
597
604
131
740
613
24
679
573
120
619
332
349
193
990
119
155

980
135
428
788
384

300
552
149
YY)
429
286
978
127
335
924
418
624
200
108
47
888
398
383

(1000 ELEMENTS) =«

896
746
885
14y
328
996
42
406
978
1Y
646

657
321
552
605
859
824
363
833
473
429
420
132

40

a%n
139
491
986
296
546
392
914
431
470
683
632
927
LY
921
863
210
157

24

976
197
485
292
574
693
820
76}
892

63

87
623
990
674
997
643
456
133

76

48

52
806
561
799
868
843
308
367
966
701
168

531
171
420
513
516
894
238
IR
796
391
604
300
a1l

311
193
474
837
402

559

181
573

73
hao
929
51%
931

66
366
340

19

o0
279
319
166
502
583
878
143
237
329
40}
821

93
T23
518
431
462
909
672
103
2587
267
858
921
347

875
903
129
286
527
167
849

84
553
529
297
291
307
982
253
495
457
136
151
192
540
676
413
999

58
326
284
360
105
306
170
763
356
2971
472
44s
755
897
924
»07
543
587
428
125
865

367

36
462
6T%
506

91
998
161
110
450
710
225
A4S
835
439
163
942
921
TQ?
527
809%
322

87
848
147

87

67
981
572
691
418
643
T30
527

62
862
911
899
wyt
61
172
513
3719

17
950

723
25
63

396

391

330

463

292

593

396

366

763

334

257

458

319
us

686

91312

718

629
86

260

605

948

893

(1Y}

682

880

476

L3 4]

337

82s

530

540

796

733

979

6R6

119

629

372

322

640

632

967
sal
269

47

63
203
115%
9719
T20
442
azn
860
913
738
113
239
581
762
184
4317
620
149
837
257
657

63
427
487
440
251
88%
Sk

66
584
649
677
672
130

157
6US
699
Hes
176

842
516

31
343

3.
400
175

175
952

52
666
T40
443
116
4Ty
816
429
382
349

78
588
7
561}
244

52
794
817

38
249
503
847
651
234
465
499
103
528
592
203
70U
452
728
540
998

993
889
313

70
243
894
288
171
230
249
671
T69
427
622
493
373
3s8
391
395

14y

91
506
867
518
228
165
997
317
398
3712
707
371
253
31
498
633
958
209
692
107
171
708
173
414
562

460
977
678
979
456
469
642
337
9Ty
265
140
586
A DY
180
689
355
419
484
625
122
304
173
248
242
924
739
4Ty
466
587
449
981
767
253
116
856
866
928
369
T49
247
564
433
516
691
457

703
262
2%
899
979
548
130

7%
114
724
790
879
804
988
u4yn
383
546
T4t
226
958§
816

1473,
125

562
752
167
a8
573
329
157
666

67

42
876
son
635

83

70
i
'Y}

24
515
947
254
994

475
754
563

52
43y
125

43
684

L1]
431
770
733
826
239
911
168
746

35
787
548
SOu4
442
950U
986
397
928
771
610
645

19
533
519
233

250
239
160
527
7Y%
679
yu2
625
766
835

602



396
331
4ne
210
432

149
114
L ral
169
noe

78
6318
3?
na3
212

674
311
697
463
946

su?
384
110
T4
639

393
64}

33
453
679

819
A3N
59
157
125

557
207
936
240
342

T34

580
S41
394

585
703
928
e
823

223
197
478
419
553

189
3ing
157
847
828

472
455
400
179
763

782
us

?2
482
206

108
B97
294
855
498

962
357
48
267
989

916
631
510
782
808

397
1Y
292
148
991

5712

58
798
361
249

710
56
9%0
9%
437

oLe



n
25
52
69
91

113
130
a4
iny
176
207
238
25n
279
297
319
335
358
312
393
413
429
wus
el
(34"
49y
511
527
546
5712
588

605
629

644
672
687

107

733
748
766
788

TIMF CONSUMED :

495
511
527
547
572
590
606
629
645
672
6A7
my
733
T49
766
TR8

e SORTED
1 Y
31 31
52 52
70 73
92 93
1314 115
130 133
147 pu7
104 %)
1719 3719
209 210
239 23¢9
251 253
280 283}
N 30U
321 322
37 337
359 360
31T 3719
395 396
835 416
429 433
847 447
462 462
a1s uve
495 498
‘512 513
527 528
548 548
‘5§12 573
592 592
6UT 61U
629 630
646 bHus
674 b67H
689 6O
T09 110
733 T34
T49 752
767 768
789 790

1010 MSFC
ARRAY w*
2 2
32 33
S4 56
15 17
94 95
116 116
132 132
14A  Lh9
167  fhA
180 8}
218 219
239 240
253 253
283 2R3
100 304
322 323
338 339
360 361
3719 380
396 396
417 4l8
ulf{ 43}
449 450
463 463
478 478
498 50}
513 S13
528 529
549 S50
5713 ST3
5§93 595
611 61}
631 63}
648 649
674 676
691 692
T10 11}
Tiu T34
754 1S4
768 769
794 796

H
34
58
76
96

116

133

149

164

184

223

240

254

284

304

324

340

361

382

396

ulg

432

452

419
502
515
530
551
ST4
596
641
632
651
676
693
738
736
754
769
796

5
35
58
78
96

117
133
ine
Y]
188
223
241
254
286
b1
326
LLDY
363
383
397
419
432
453
465
482
503
515
530
552
ST4
597
612
632
653
677
695
118
738
155
170
797

6
35
59
8t

97
1.8
135
151
169
185
225
241
254
286
306
328
342
365
383
397
4,9
ui3
454
465
483
50%
516
510
$52
519
597
613
633
655
67TR
6ot
147
746
156
771
197

6
36
62
82
97

il9
136
AS3
iT0
189
226
202
257
288
307
328
343
366
384
398
420
434
485
466
48y
504
516
531
553
579
598
613
635
657
679
699
17
739
756
171
799

7
38
62

103
120
137
15%
11
192
228
242
257
288
110
329
347
366
384
398
020
436
458
468
ugs
504
516
£31
557
580
599
614
638
657
679
699
718
740
757
171
800

12
40
63
B3
103
121
137
157

o

229
243
257
291
31
329
3ug
366
384
399
420
437
4s6
469
486
505
516
536
559
593
601
617
639
660
679
700
120
T4y
760
1313
802

14

40

63

84
{0y
122
139
157
171
193
230
244
260
292
31t
330
348
167
386
399
420
439
456

486
5us
547
s37
559
583
601
620
639
660
679
T01
r20
THn
761
117
803

17

42

63

as
105
124
139
AS7
71
195
2%1
244
262
292
313
330
349
367
388
400
424
4wy
4s7
470
487
506
517
540
561
584
603
622
639
660
682
10,
123
741
T6l
778
8N4

19

43

65

8Ss
108
125
14n
157
11
196
233
245
263
29?7
3413
331
349
36A
388
4yn
425
Hyn
457
472
489
5uU6
548
sS4n
561
S84
6utb
623
640
663
683
Tut
123
Y4
162
779
RUS

19

47

66

86
108
12%
142
159
172
197
234
247
265
292
316
3312
354
369
390
40
427
44
458
472
489
506
518
544
562
585
604
624
LY
666
684
ms
T24
3
763
182
806

22
47
66
87
110
125
142
159
1y

‘203

234
248
267
294
317
3132
155
370
391
402
427
uy?2
usn
472
49n
506
S1A
543
562
585
605
625
641
666
685
703
r27
Tyl
763
782
AY7

22
ug
67
87

110

325

143

isu

173

205

236

249

267

295

317

333

356

371

391

4ne

427

w42

459

473

490

510

519

543

563

587

6n5

625

642

668

686

703

128

Thy

763
782
808

24

50

67

87
111
129
143
161
1rs
208
236
249
269
296
319
33y
357

372%
3191

432
428
442
459
4714
491
510
519
54%
564
587
605
62R
643
670
686
TO0%
730
T46
763
78%
809

24

52

68

0
112
130
143
163
AT
206
237
250
272
297
319
334
358
372
392
413
428
443
460
4Ty
493
511
527
546
571
588
605
629
643
671
687
mne
131
746
763
787
811

L2



Al12
830
a54
R76
A6
912
940
955
981

813
a33
855
8717
897
914
240
956
982

Rly
a3s
855
BTR
Re7
915
940
957
o84

814
83s
856
878
898
916
941
962
986

815
835
858
879
899
921
942
964
986

816
836
858
8A0
899
921
945

966

986

a6

837

859
1R ¢
901
921
945
967
g8

817
837
86U
883
0]
924
LY
973
989

849
840
862
885
9uY
924
947
Ty
990

819
g2
8613
885
9204
924
948
9Ty
99Q

820
843
865
RB7
%47

927

948
ors
991

820
Bus
865
888
907
927
U9
976
993

821
845
866
B89
sor
928
950
977
994

823
847
867
850
909
928
50
78
9986

823
847
867
A92
U9
928
950
79
997

824
8us
864
893
910
929
952
9T
997

82%
R48
868
894
911
930
954
919
997

825
su9
8770
894
91

93

955
879
998

826
as0
LEA
R9S
911
932
955
980
998

828
853
875
896
LADY
936
955
981
999

Zle
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£.3.2 - CASE STUDY THREE: Quicksort (With Processor Dedication)

TF JMl > L8 TYHEN BFGIN
LOCK (FORKLOCK);
Q2ENTRY := Q2START ; '
FORK WITH TASKNAME(TUT) QUICKTWO(OZ2ENTRY X ,LB,yJUM )
WAIT(FORKLOCK);
END;

AWALIT(TO6,TOT);

LOCKAFINISH);

SIGNAL(FINISH) !

ouUIT;

FND;

$COMPLLL OPTIONSZIRSLMVG  ELTNAMESTPFS yOUTCKY

PROGRAM DEFLNE LQUICKONF )

CONST N=)000;

TYPE QLENTRTIES =( QIINIT ,
QZ2ENTRIES =( Q2INIT ,
ARRAYTYPE = ARRAY [ 1

PROCEDURE QUICKONE (VAR ENTR

TYPE STACKITEM = RECORD

LB ¢ INTEGER ;
un t INTFGER
END
STACK = RFCORD
TOF ¢ INTEGER
ITEM ¢ ARRAY € Y Jo N 1 OF STACKITEM :

QLSTART )
Q2START )
Ty N 1 OF INTEGER :

Y QTENTRIES; VAR X:ARRAYTYPE; LOWER : INTEGER; UPPER : TINTEGER):

END:
U LI 1 STACK i \
NEMBNDS : STACKITEM ;
I,JyA ¢ INTEGER  ;
UP,DOWN : INTEGER
TEMP 1 INTEGER
BEGIN
CASE ENTRY OF
QISTART
AEGLN

LOCK (FORKLOCK) 3
SIGNAL(FORKLOCK);
DEDICATE PROCESSOR(O);
WITH NEWBNDS
00 MEGIN
L8 = LOWFR; UB := UPPER;
SeTOP = S,TOP +1;
SSITEML STTOP JeLB := LB
SSTITEML S TOP 1TUB := UB
WHILE NOTI(STTOP = 0)
DO REGIN
LB 12 SGITEMC S,TOPIVLR;
uB rz STITEML SSTOPI,UR:
STTOP = §,TO0P = 1;
WHILE U § LB DO BEGIN
A T X L LB J; Je= LBy UP. := UB; DOWNIZ LB;

€L



Q2ENTRIES =0 Q2INIT , Q2START );

ARRAYTYPE = ARRAY € 1 %y N ] OF INTEGER ;
PROCEDURE QUICKTWO(VAR ENTRY : Q2ENTRIES; VAR X:ARRAYTYPE; LOWER : [NTEGER; YPPER : INTEGER); -
TYPE STACKITEM = RECORD

LB : INTEGER ;
uB ¢ INTEGER
END;

STACK = RECORD
’ TOP ¢ INTEGER :
ITEM : ARRAY € T T4 N 3 OF STACKITEY ;

: END:
VAR S t  STACK H
NEWBNDS :  STACKTTEM
Tydyh t  INTEGER :
UPDOWN : INTEGER H
TEMP :  INTEGER
BEGIN
CASE ENTRY OF
Q2START: .
BEGIN

LOCK{FORKLOCK) ;
SIGNAL(FORKLOCK);
DEDICATE PROCESSOR(1};
WITH NEWBNDS
DO BEGIN
LB = LOWFR; UB = UPPLR;
SJTOP 1= S4TOP ¢l3

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
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SSITEML S%TOP 1ITLB :z LB;
SCITEML STTOP 13UB := UB;
WHILE NOT(STTOP = ()
DO AEGIN
LR t2 STITEML STYOPI,LB;
UB := S,ITEML $,TOPISUB;
SyTOP := STTOP _ 1:
WHILE UB > LB DO BEGIN
A = X C LB J; J:= LB; UP := UR; DOWN:T LB: .
REPEAT
WHILE (UP > DOWN)AND(X [ UPJ >z A ) DO UP:= UPTY;
J:z Up ;
IF UP <> DOWN THEN BFGIN
TEMP $T X [ UP hH
X C UP 1 1= X C DOWN 33
X CDOMNY := TEMP :
END;
WHILE(DOMN < UP) AND(XCDOWNIC=A)
DO DOWN := DOWN +1;
J 1z DOWN;
IF DOWNCOUP THEN BEGIN
TEMP t= X € yp 3: n
X C UP 3 := X L DOWN J: r's
X CDOWN] := TEMP :




215

90:8£:860
0Es8g B0
10:65:00

LLLSL0/LLLONU/IN/ICOLLY

SERONY hEhUNU

£8 Inr L2 £En0n0 0CHOND
£8 Inr 2 L2Zh0H0 wghOna
£9 nr (2 £Zh0h0 22h0N0

(9500 3
(u)s
(ars
(03

139Y4045
IT9SE0 9965Tu
$96E10 91TLTu
STI€£10 Lusety
905210 SILITU

RN

(S WRY
()3
(11rs
(1)s

NIVAH*34dlL ioxe

g'olise
$504NIt0O0OUNEYY 3SNE
$30JNI*3IT6VLI0INT asne

iSH04dd  *dVW ONJ
TIATY 2sulNUHesSAS

NIVK
Z3QIATO
TX2100



3196

331

489

219

432
" ER

149
114
927
769
528
TYPE

78
63R
32
483
272

674
3
697
461
946

07
k11
330
T4y
639

393
64}

33
453
679

04 CODE 77 CONT 12

819
830
519
157
125

557
207
936
u0
Ju2
REENT

PACKET ADR Npooo1 1Ip: 0O0QNS

PROCFSSOR REQUFSTED ON ANENS CALL WAS UNAVALLARLE AT THE

734
1
s8n
5.t
39N
ADR:

58% 223 189
103 197 388
928 478 157
718 479 847
823 553 828
ni1152 BDI:

TIME OF THE FR ADEDS OR WAS DOWNFED BY THE SYSTEM OPERATOR,

OCCURRED IN DIVIDETWO (LINE 1)
%% WALKTBACK FROM DIVIDETWO (LINE 1)
DYNAMIC LEVEL: 4, STATIC LEVEL: 2,

CALLED FROM QUICKTHO (LINE 23667
CALLED FROM QUICKONE (LINE 21649)
CALLED FROM MAIN (LINE 19631)

EXECUTION TEPMINATED IN ERROR

4712
455
4g0
179
763
000004

782
845

482
206

1ur
897
294
855
498

962
357
945
267
989

916
631
511
782
808

397
368
292
148
991

572

58
298
361
249

Tt0
56
950
96
437

91e



674
835
436
366
wun
u27
756
579
420
763
505
316
516
195
883
168
281
709
547
358
915
292
360
85s
754
802
630
997
263
132
853
601
530

82
9585
5n8
254
720

34

02
242
254
603

399

137
338
511
137
377
592
870
299
469
895
768
670
605
907
317
133
85U
185
st17
310

59
957
9Ny
103
236
396
699
™
472
390
uny
112
323
820
208
182
715
333
3116
174
39
61}
629
536
550

w* UNSORTED ARRAY

901
788
(113
117
465
807
909
241
a36

69
948
31N
153
458
605

95

17
848

341
1717
163
AOS
169
701
9310
159

85
663
334
111
840
319
771
S4S
Tun
789
opy
612
Huh
234
219
653
280
€37

506
825
3315
110
676

104

695
512
455
571
733
812
912

25U

660
754
171
3u8
717
185
239
964

163

510
Jus
100
359
655
785
372

358 -

53U
236
223
984
986
614
631
424
280
399
320
914

475

283
743
328
890
240
572

12
685
Tua
4ol
uy7
887
4oy
T06
613
760

28
W
595
ALY
628
T44
205
8gn
668
660

97
196
486
159
384
207
T49

22
756
251
324

52

98
LY
639
821
598
641
559

161
5n3
2u4s
617
60}
ous
579
143
941
36

14
574
495
543
264
130
819
TH2
506
629
SRS
a1s
599
180
354
8713
415
584
850
432
958
233
134

58
858
S0}
8717
517
419
660
132
425
118
459
611

4186
3
388
459
687
51t
163
an3
171
4R
121
142
179

865

s0
304

a3
867
91
Th
907
778
597
513
T34
229
6ul
687
596
139
94N
768
777
518
896

81
738
771
130

62
549
505
64n
813

940
956
766
288
597
604
131
740
613
241
679
573
120
639
332
349

93
530
i19
15%

au
980
135
428
188
384

3no
552
189
a8
429
286
978
727
335
924
418
624
260
ins
47
888
398
1a3

1000 ELEMENTS)

R96
Tu6
885
144
328
996
142
Bye
975
464
646

i
657
321
552
605
BS9
azu
363
a3s
[(RA]
429
420
132

L 'Y4
LET]
139
491
986
296
46
392
9l
431
4rn
683
632
927
A
921
863
240
157
24

LA

976
97
4was
292
574
693
820
761
8492

63

87
623
990
674
997
643
456
133
176
6u8

52
806
561
799
868
843
3ns
367
966
101
168

531
LT
420
513
516
894
238
413
796
391
604
3ing
811

311
193
0Ty
837

402

559
97
181
573
73
489
929
515
931
66
366
340
19

90
279
319
166
502
583
78
143
237
329
LRI}
R21

93
723
518
431
462
909
672
109
257
267
858
921
347

875
901
129
286
527
167
849

BY

581

529
297
291
3107
982
253
495
us7
136
151
192
540
676
413
999

68
326
284
360
105
3ne
170
763
356
2917
472
uus
755
897
924
N7
843
587
428
125
865

367

42
679
sS06

91
998
161
110
450
710
225
845
835
439
163
ou2
921
707
527
809
322

87
868
147

87

67
981
5712
691
4an
643
73n
527

62
862
911
899
4yt

611

172
517%

379

950

723
25
63

3%6

391

330

463

292

593

396

366

763

334

257

458

3t
L)

686

932

715

629

260
605
948
893
468
6n2
8RO
476
910
337
825
530
540
796
733
979
6R6
179
629
372
322
640
612

967
LY:8 |
269

47

63
203
115
979
720
442
42n
86N
973
738
113
239
581
762
184
[(¥%{
620
149
837
257
657

65
427
a7y
440
251
88%
504

66
584
649
677
672
130

on
157
608
699
463
176

842
ste

343

34
400
775

175
952

52
666
740
443
116
4Ty
816
429
382
349

78
588
147
564
20y

52
794
817

38
249
5Ny
847
651
234

‘465

490
703
528
592
P}
N0
452
728
SuQ
998

993
YT
313

70
243
894
288
171
230
949
671
769
427
622
493
3713
358
391
3195
144

91
sa6
R6T
518
228
368
997
317
3198
372
T07
371
2?53
311
u9a
633
955
209
692
797
171
7108
173
4y
562

460
977
678
979
456
469
642
337
974
265
140
386
711
180
689
35%
4t9
4BY
625
122
Ny
173
2u8
242
924
739
4Th
466
587
449
981
767
253
116
856
866
928
369
T49
247
564
433
576
69}
457

703
262
T
899
979
548
130

15
114
T24
79N
are
804
988
u9n
183
S46
741
226
955
LPY
143
128
562
752
167
878
573
329
157
Y1)

67

42
876
590
635

83

7n
606
6t

24
515

947

254
994

!

47s
754
563

52
434
125

43
684

40
43}
170
733
826
219
913
168
Tus

35
787
548
504
442

950

986
397
928
711
610
645

19
§31
519
233

250
239
160
527
7%
679
442
625
766
835

L12




L}
LM
(3.0
366
“un
42y
631
579
820
39y
50%
316
516
195
85
Y

281
518

124

b 1.1
157
292
360
103
Gy
9yt
630
672
26%
332
614
s
%3n
: ¥4
431
687
rar
733
748
766
AR

TIME CONSUMED :

1

sy
1
I
592
sy
299
469
674
562
67C
6ng
6ug
3y
oMty
118
1rS
17
3 1]
59
257
Luz
113
26
J9¢
116
6Y2
T2
390
4Ry
112
323
4h5
208
6A7
™y
733
749
T66
180

e SORTED
3¢l 108
486 335
117 110
se% 819

32 1n4
455 388
241 512
Y97 455

69 &7}
176 632
17N 559
153 414
859 250
605 669

95 210

17 471
433  3ug

2 391
341 185
17T 239
16 105
247 283
169 510
Y24  lug
612 300
159 359

85 655
663 631
T3y 172
ti1 358
e 530
119 2%
584 223
s4% 518
689 69)
T THY
T3V T34
T49 752
767 168
TR9 . 790

379 MSEC
ARRAY #%
327 488
328 24%
298 617
260 . any
512 489
12 579
311 143
108 472
461 361
uy7 14
475 S7T4
494 495
459 543
eéj 24y
505 130
28 598
413 452
595 506
611 629
628 585
62 132
208 599
1313 380
668 354
660 238
9T 415
196 S84
ug6 333
150 432
384 254
2017 23}
251 8sas
22 58
674 676
69l 692
71N 11y
T34 7134
754 754
T68 769
794 796

[!
188
388
459
33
511
163
638
171
478
121
142
179
47
625
50
Uy
83
(1'%
254
629
639
9u
897
5413
624
229
644
239
596
139
4ys

4N
676
691
718
736
754
769
T96

£9%

218
288
597
604
13
114
613
2u)
347
573
120
639
332
349
193
605
119
155

54
399
138
428

92
384

300
552
149
250
4?29
286

62
677
695
718
738
755
170
797

873

295
a4
y2n

56
142
uy6
189
464
646

657
321
552
605
653
31?2
363

24
473
429
42n
132

un
432

34
139
491
546
?96
Shh
392
47?2
678
697
T4
138
756
771
797

134

485
292
874

58

331
223

63

a7
623
540
674
516
643
456
133
L76
648

52
234
561
318
527
419
ins
367

81
168

531
W71
679
699
mnt
139
756
773
799

144

474
wo?

559

97
181
573

73
489
463
515
173

66
366
340

19

9n
279
3719
166
Sg2
583
160
143
237
329
401
431

S18
679
h99
718
T40
757
171
aon

81t

129
296
527
167
207

8y
551
529
297
291
307
64}
253
49s
487
136
151
192
540
339
41y
240

68
326
284
360
105
Ine
170
513
3%6
297
679
700
720
740
760
775
anz

L1
up?
ugn
LI

91
641
161
111
450

2n
225
64n

35
439
163
629
513
549
527
172
322

87
130
147

87

67
(PL.]
5712
324
418
643
53N
527
679
701
120
T4n
761
777
aps

128

63
3196
LLDY
330
463
292
593
396
3166
537
33y
257
4S8
319

ug
587
425
564
629

a6
260
605
6N6

96
468
517
462
476
635
317
498
530
682
my
123
TH)
761
778
any

t27

269

ur

63
203
115
585

78
442
420

77
280
322
143
239
581
320
184
417
620
149
66N
257
657

65
427
487
440
251
470N
Sul

683
708
T2y
T4z
T62
779
AuS

313
3i
3u3
i
4ng
isy

175
149

52
666
125
443
116
474
603
429
382
349

78
588
147
564
244

52

70

$2

38
2u9
sN3
335
651
234
684
ns
124
743
163
182
8Ns

7es

313

70
243
368
288
171
23n
396
671
550
427
622
493
373
358
191
395
144

91
506
611
518
228
365
369
317
398
3712
633
171
25Y
111
&85
703
127
Ty
763
T82
QY

489
292
478
4%
469
642
337
557
265
140
386
300
180
379
355
419
uny
625
122
304
173
248
242
592
424
474
466
587
449
490
5N}
253
116
686
N3
128
Tuy
763
782
ans

RQ9

433
563

52
W1y
125%

u3
572

4D
43}
611
254
398
239
428
168
442

35
219
548

-1l

442
6n7
280
397
612
528
610
645

19
531
519
213

687
mne
3L
T46
763
787
a1l

81L¢



12
AlN
ASY
R76
896
912
940
958
981

813
ByYs
85%
877
897
91y
940
956
9R2

ALY
AlS
R5S
a78
897
018
94n
957
98y

a1y
83S
856
CRE:]
898
916
94 )
962

986

a15
835
858
879
899
921
942
964
986

a1s
836
858
880
899
921
us
966
986

LY
A37
859
881
901
921
s
967
988

817
8x7
860
883
901
924
Sue
273
989

LEXs)
R62
a8s
04
924
47
oT4
99N

819
842
863
885
904
924
948
974
990

Az20
84y
865
887
907
927
948
918
991

820
131
865
8as
N7
927
U9
976
993

nz1
Ays
866
889
207
928
950
917
99y

821
Bu7
867
890
9n9
928
950
978
996

Azl
84T
BR67
B892
9u9
928
950
979
997

824
sug
868
893
910
9?9
952
979
997

A28
Ay8
LY
L]
911
30
954
979
997

ars
849
870
894
911
934
955
979
998

L)
85n
873
B9%
911
932
955
980
998

B28
853
875
896
911
936
955
981
999

612




ACPS eSS

E.4.1 - CASE STUDY FOUR: Gaussian Elimination (Without Processor Dedication)

+CPS 4570,

MACRO INTEPPRETER LEVEL 7RY N7/28/83 311:13:09

. Ak ot ol et o S iy P ok s P oot P ek i o R b (ko B ok R s Pk o o ek b PRI A el A A 8 e A e

#COMPILE OPTIONSZIRSLM,ELTNAMEZTPFSIMALIN

PPOGRAM MAIN;
CONST Nz20; NP1z24;
TYPF ENTRIES {ENTRYI1,ENTRY2,IN[T);
ARRTYPEZARRAY [14TNy15,NPT 3 OF REAL;
PROCEDURE GAUSSCENTRY § ENTRIFST VAP A t ARRTYPE); PROCFSS,
VAR A . 1 ARRTYPE

4
TyJdyK : INTEGER ;
LM, CP,Z INTFGER
ENTRY : ENTRIFS
GLOCK t QULUE §
ACTL ACT? t QULUE
WAITWD :  QUEUE ;
FINISH : QUEUE
S :  REAL
X t  ARRAY [1,°NY OF REAL
BFGTIN
CREGION;
READLNG )
WRYTELN; WRITELN; WRITELN(® *s INPUT MATRIX %% *);
WRITELN; WRITELN(® 20 X 20 COEFFICYENTS AND RIGHT HAND SIDE*);
WRITELN; WRITELN;
CEND:
FOR I 2 1 TO N
00 BEGIN
CREGION; WRITELN; WRITE(® fy:; CEND;
CFOR . J 1T 1 TO (N+1)
DO BEGIN
Z = 5
IF J = (N+}) THEN Z := 8 ;
CREGION; READ(ACT,JI); WRIVE(ACI,J3:Z:1); CEND:
END;
END; :
CREGION; CP 3 CPTIMF(3); CEND:

LOCK(WALTWD) ;

LOCK(FINTISHY;

STARTUP WITH TASKNAMF(GO) GAUSS (INIT,A FORWARD);
LOCKI{GLOCK) ;

FOPK WITH TASKNAME(GL) GAUSSCENTRYL,A);
WAITIGLOCK) ;

LOCK(GLOCK ) ;

FORK WITH TASKNAME (G2) GAUSSIENTRY2,A);
WAIT(GLOCK);

WATT(WALITWN);

CRFGION; CP 1= CPYITMF(YIT Cp: CEND:

XTNDY = ACNZN+13;
FOR L o1 INTRY PoWwNTO
No AFGIN

S T 0y

022
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CR

CE

FOR J:z (L+1) YO N

DO BEGIN
S ¢ § « XUy & ALL,JT;
END;
XCLY := ACL, N+i3 & §;
END;
EGION;

WRITFLN; WRITELN(* TIME CONSUMED 1

*3CPy* MSEC);;

WRITELN; WRITELN(® #% SOLUTION =+ *);
WRITELNL e cnimne *); WRITELN
ND;

FOR I :=. 1 TO N
DO BEGIN CREGION; WRITELN(X(I)); CEND; FND:
LOCKIFINISH) :

SI

GNALIFINISH)

QUIT:;

ENDY
*COMPLLE
PPOGR
CONS
TYPE

PROC
VAR

OPTIONSTIRSUMV ) ELTNAMESTPFS ;GAUSS
AM. DEFINE(GALSS)Y)
T N=220; NPLZ2Y;

ENTRIES = (ENTRY1,ENTRYZ,INIT);

ARRTYPE = ARPAY [ LTeNy 1 o+ NP1D OF REAL:

FOURE BAUSS(FNTRY 1 ECNTRTES; VAR A
LydeKyl oM 1 INTEGER;

PERMISSION : BOOLEAN;

PsQyR t  REAL H

REGIN CASE ENTRY OF

ENT
"B
L

S
3

RY11
EGIN
OCK{(GLOCK);
IGNAL(GLOCK) ;
OR T:= 1 TO N
DO BEGIN
P T ALT,I2;
FOR J = T TO (N+})
00 BEGIN
ACIydd = ACL 007 P
FND;
IF T = N THEN BFGIN
LOCK (WATTHD) ;

STGNAL {WATTWD)

QuiY;
END:
LOCKCACT2);
PERMISSION := TRUF ;
SIGNAL(ACT2);
K o1z Y1
WHILE K <= N
DO REGIN
Q = ACK,T11;
CFOR Jrz IOTO (N+1)

APRTYPEDY

Lee




DN BEGIN
AFKy T 12 AFKedY = ALT,d3% 0
Fuby
K 1= K +2
END;

LOCKLACTL)
IF PERMIGSION THEN WATIT(ACTL)
ELSE UNLOCK(ACT1);
END;
END;
EMTRY2:
BEGIN
LOCK(GLOCK) ;
STIGNAL(GLOCK) ;
WHILE TAUE
Do BEGIN
LOCKLIACT2);
IF NOT PERMISSION THEN WAIT(ACT2)
ELSE UNLOCK(ACT2?):

Lot2 142
WHILE £ <= N
DO BEGIN
R := ACL,TI3J;
FOR M:= I TO (N+})
DO BEGIN
ACLyMY 22 ACL,MI T ALY ,MI% B
END;
L sz L+2
FND;
LOCK(ACTL);
PERMISSION := FALSE:;

STGNALIACTL);
IF X >z (N_1) THEN QULT;
END g
END;
INIT:
BEGIN
PERMTSSION 1= FALSE;
RELEASE(GAUSS) ;
WAIT(FINISH) ;
QUIT; -
END;
FND
END
ACPS IS N SCRATCHS ¢SCRATCHL,CPSTS/1+sSCRATCHS ¢ SCRATCH2
MACRO TNTERPPETER LEVEL 7TRY 07/28/83 11:14:5?
ACPSTSHN SCRATCHS ySCRATCHZ ,CPSTS/ 2,
MACRO INTERPPETER LEVEL 7RY Nn7/28/83 31:15:45
ACPSIX :
ABUEPASCALTS y IRSLM
PASCAL BRLA PLIB THURSDAY, 1983 JULY 28, 11:)6:04

o A b ;. b b e i b 8 s R b 8 Al b b s A M et b A b ok b B D b R b pd b s o

¢ae



$(Y) na3Yi6y uns221 :

PSLEVEL/PASEP] $(1) ny3222 003235 23 0CT 78 41:52:20

PSNUM/PASER (1) no323e uniuit $(2) NuNQ6e7 Quan7e 17 JuL 78 13:55:46

PSSTDERR/PASARY s(1) NO3ul2z pN3uel 10 DEC 79 L7:45:47
$(3) ‘003462 V03515

PETIACE/PASBR, s(1) 0u3sle 03671 23 0CT 78 11:52:21
$(3) no3eT2 UN3T24

PSWRITFE/PASBP) $(1) ng3r2s unsta2s £(2) ounNpT? 0uu2L2 11 DEC 79 16:52:28

R X5 3] 005126 005152

PSINTRPT/PASARY s 005153 DNST42 $12}) 040213 040313 2% APR B2 10:37:37
$(3) 005743 006037

PSRS/PASRRY sl noeouy unT17e $(2) 04031y QuO4L7 23 JuL 8o 13:49:59
$(3) 007177 007406

PSTO/PASARY $(1) 007407 O1UTLT 2% APR 82 10:40:32
$(3) ni0720 01,122

GAUSS $(1) 031123 01,731 s(M 040420 040420 28 JUL B3 11:17:29

MATIN $(1) n11732 012567 $(m 040421 04O42Y 28 JuL 83 11:17:01
$(3) n1257T0 012621 $(036) 0u4Nyg25 Ou6425

SYSs*QLIRSs LEVEL
END MAP, FERPORS: 0 - TIME: 13,806 STORAGE: 17792/74/040T77/073777

AUSE INFOTARLE, INFO%
AUSE PARUNONUD, INFOS,
SSFETC,D

Axor TPFS MATIN

oo TNRUT HATATY »e

20 x 20U CNEFFICIENTS AND RIGHT HAND STIDE

976 Sy 9IT 145 9T2 A8 3T Ny3  UT0 346 275 BeZ 475 644 876 942 UT5 Nel 472 Be8  47S,1
Ls6 94 UF3 Spb 375 3,7 276 5,1 B¥4 2,9 378 Y49 133 643 199 147 374 1,0 576 1a1  314,5
TS0 4,9 3.5 0,7 7T8 1,0 Ty2 N, 551 047 273 3.1 634 Bel 476 U445 634 142 539 247 349,40
535 4R el BeS5S 633 Iy TYH 9,5 4J9 2,7 975 341 4Tt 4,7 675 46 874 1,1 972 9,5 LILTY
393 Myt 7.0 N,A BR2 3T 9V 1,6 358 7,7 77 Yol 352 8,F 272 247 95 742 3TT V.8 38U 46
beb  TeR  Le5 a8 933 TeB  TJT 4,5 942 8986 259 Be3 052 T3 UT9 9.5 TTL 9.5 239 St S0BeN
876 My To7 Tyd . 279 648 47T 641 TTH 946 076 2aF 0F4 2,1 TT9 M,T 271 543 STL 1.0 334,7
TeT 63 9a4 0 3,0 092 742 371 3,1 672 4,8 970 1,1 273 R,0D T8 BeT 631 5.6 632 542  U5BeH
352 2,5 D38 0,6 3TT 7,5 135 349 (23 4¢3 479 149 576 S.B 578 943 970 8,9 277 5.0  I53,4
8e8 Tl 945 9,0 27h B9 TI6 14N 974 L4l 274 Nel 374 346 .72 Heh 278 4,7 4T9  Te9 38242
S50 592 bel 45 LS4 0,7 834 Sy6 Ul Dy3 577 440 076 4,9 279 144 379 Be49 634 2,9  333.6
LsU 8,5 243 143 007 2,6 370 848 370 244 374 1,8 071 8.2 954 Bel  ZTl Re6 571 9.5 - 39N,k
155 147 907 8,8 D34 1,0 ST6 2,7 UTU B45 Tl 349 372 14T 657 248 976 943 070 .7 32246
638 0,1 746 By4. 3TL D46 Utl 147 LU 61 6T 849 876 1,6 932 945 878 Bet 4Tl Be3 U196
538 Beb Ua8 8,8 279 5,7 372 2,6 27L g1 575 4B BT6 Teh 472 S42 239 NN 374 2,6 3TB.T
650 1ol Jel 5,5 259 BeY 552 2,5 0s4 S5¢8 872 9,0 TI5 4,3 874 1,9 0J9 RBJS 970 9.1 4214
339 64h 542 440 273 Aa2 254 0,5 T8 1,9 0TH 3,1 T3 548 554 647 257 S43 357 6.0 3485
439 Sab Ut 338 93T Byt 337 TR 653 MgT 574 243 4Tl 249 979 TR 671 el TTO U5 427,84
633 2,0 44 MU 4T3 34 575 1,9 679 148 956 D3 0T8 6.0 670 1,8 77T 246 4T2 St 33549

€ee



371 845 67

TIME CONSUMED

*& SOLUTION #w

ly73882y
2,388854
1,755760
2,18n330
4095750
9,803126
3,328051
4,114559
2,N13716
74999725
64916009
34315470
5,775178
1,406205
7,269488
3,910773
2,801161
SeBOIUGHD
3,4063u44

842 937
451 MSEC

3,6

balt

6yt

¥2e



—qn,—.-——.-..4..._n.q-..-ag.-)-qmn-.r.—l_.y.,‘u—)-qn—-—p-—n—.._-)-.nM—mrqpq—-nr.-.—p.—)-.pn-p.

E.4.2 - CASE STUDY FOUR: Gaussian Elimination (With Processor Dedication) -

FOR Jz:x (L+1) TO N

D0 BFGIN
S 1z S + XCJY1 % ACL,JI;
END;
XCLY := ACL, N+1] T s;
END;
CREGION;

WRITELN| WRITELN(Y TIME CONSUMED 1 %,CP,* HSEC*);
WRITELN; WRITELN(® %% SOLUTION w& *);
WRITELNU(' . ______ *); WRITELN ;
CEND;
FOR T := § TO N
DO BEGIN CREGION; WRITELN(X(I)); CEND: END:
LOCK(FINTSH) |
STGNAL (FINTSH)
QUIT;
ENDT

*COMPILE OPTIONSZIRSLHV.ELTNAHE:YPF!lGAUSS

PPOGRAM DEFINE(GAUSS);
CONST NZ203 NPL=21;
TYPE ENTRIES = (ENYRY1,ENTRYZ2,INIT);

ARRTYPE = ARRAY 13N, L .7 NP1J OF REAL;
PROCEDURE GAUSS(FNTRY : ENTRIES; VAR A : ARRTYPE);
VAR  L4JyKyLyM : INTEGER;

PERMISSTON 1 RONLFANG
PyQyR t  PEAL :
REGIN CASE ENTRY OF
ENTRYT:
BEGIN
LOCK (GLOCK) ;
STGNAL (GLOCK ) ;
DEDICATE PROCESSOR(D);
FOR I:= 1 TO N

DO BEGIN
P = ALY, T1);
FOR J := I TO (N+1)
00 REGIN
ACIWJ] 1= ACIWvU3I7 P
END;

IF T = N THEN BEGIN
LOCK (WATTWD) ;
SIGNAL (WATTWDY;
QuUiT,
END;
LOCK(ACT2);
PERMISSTON ::z TRUF
SIGNALLACT2)Y
Kotz Te1
WHILE K <= N
DO REGIN
Q = ACK,T3;

q2e



FOR J:z I TO (N*+,)

DO BEGIN
ACKyJY 12 ACK4JD = ALT,J1% 0 ;
END;
Ktz K +2 ;
END;
LOCKIACTY);
IF PERMISSION THEN WATT(ACTY)
ELSF UNLOCK(ACTY);
END;
END ;-
ENTRY2:
BEGIN

LOCK (GLOCK) §
SIGNAL(GLOCK);
DEDICATE PROCESSOR(1);
WHILE TRUE
DO BEGTIN
LOCK(ACT2);
IF NOT PERMISSION THEN WAIT(ACT?)
CLSF UNLOCKIACRT?);
L1z 142
WHILE L <= N
DO BEGIN
R 1= ACL, I3
FOR M1z I TO (Ne,)

DO REGIN
ACL4MY 2= ACL,MI S ACI,4]e B ;
END ;
Ltz L+? ;
END;

[
LOCKIACT});
PERMISSION :z FALSE;
SIGNAL(ACT,);
IF T >= (N:]) THEN QUIT;
END;
END;
INIT:
BEGIN
PEAMTISSION 1= FALSE:
RELEASE(GAUSS)
WAIT(FINISH);
QUIT;
END;
END;
END; -
ACPSTSHN SCRATCHS,SCRATCHL,CPS:S/L,SCRAYCH1'SCPATCHZ
MACRO INTERPRETER LEVEL 7TRY 07/2A/83 11:19:33
ACPSTISHN  SCRATCHEGSCRATCH2,CPSTS/2,
MACRO INTERPRETER LEVEL TR1 N7/28/83 11:19:58
ACPSIX :
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PSRS/pPASBRI $(1) 006040 007176 £(2) nunN3te Quouy? 23 JuL 8y 13:49:59

$(3) 0u7TLTT 007406
P$I0/PASBR1Y s 007407 gluTY 2% APR B2 10:80:32
$(3) 010720 013122
GAUSS st 011123 ola7aY (N 040420 o4pu2n 2% JuL 83 11:22:37
MATN s(1) 011742 012577 . %$(0) 040421 DUDU2Y 2% JuL 83 11:22:03
: $(3) 042600 012637 $(N36) Q4N425 QueH2S

SYSSRLIBST LEVEL

END MAP, ERRORS: O TIME: 13,953 STORAGE: T17792/4/040777/073777
FUSE INFOTABLE,INFOS,

AUSE PASUDLOOD, INFOS,

ASETC D

axorv TPFS MATIN

sk INPUT MATRIX w*w

20 X 20 COEFFICIENTS AND RIGHT HAND SIDE

906 Be4 9TT Ieb 972 A48 304 Ny3 370 346 205 842 U5 644 BT6 942 1T5 Nyl ue2 8.8 25,1
156 948 033 544 335 3,7 236 ,t Bo4 249 378 1,9 173 643 .79 1.7 374 1,0 576 1,1 310,5
TS0 49 379 0,7 7.8 1,0 7,2 .U SZ; D7 2¢3 3,1 64 R4 4Te Ug5 64 142 ST9 2,7 349,0
533 94 byl Ayh by 4o 25 el WTH 047 bas  YeA AR Y41 @ LI LT LY
LI I TP » I 2 LR TN BT S I P I PR 34 3L v
636 TpB8 |45 6eB 933 TeA 737 902 Seb 279 843 0z T3 UT9 9,5 TTL 945 1279 Se1  508,0
876 040 TITT T4 279 6,8 437 ‘1 T4 946 0TE 24,3 OT4 2,1 Tu9 BsT 271 543 571 140 338,7
757 643 954 3,0 032 7,2 351 331 652 448 970 1,1 273 B.0 uls BeT 6TL 5,6 6s2 592 58,4
3.2 2'5 0.8 0..6 37 7.5 le5 3 9 03 '0!3 49 1.° 596 5ef 58 941 L] ";9 2eT S,U 35!‘.“
858 743 935 9,0 253 8,9 736 l.n geu  Tgl 234 N1 304 3,6 UTz 444 278 t,T 4Y9 T49  382,2
550 552 631 445 174 0,7 834 5,6 0J4 0,3 S5T7T ue0 076 4,9 279 1.4 379 B9 654 2,9 333,68
150 8,5 203 1,3 OTT 246 330 848 370 244 354 1,8 01 8,2 954 Beh 271 8,6 5¥L 9,5 390,86
155 1,7 957 848 04 1,0 576 2,7 050 8,5 7Tsl 349 332 1,7 677 2.8 976 943 03U 4,7 322,86
678 0g1 T36 Bgh 371 0p6 GTL IgT  1T0 6,1 BTT B,9 BT 1,6 992 9.5 8VB Ae4 4TL By3 81946
558 896 038 B8y8 239 5,7 372 2,6 231 341 575 U8 876 Tk 472 5,2 279 D0 334 2,6  378,7
650 I,1 131 545 279 B8y3 552 2,5 0s4 548 872 8.0 T¢5 4,7 B4 1,9 079 8,5 93U 9,1 421,04
359 696 5352 40 253 642 2e4 NS Te8 Y49 0T4 Il TT3 0 S.4 0 ST4 647 257 543 377 6,0 34845
439 S5gb (Y3 318 937 fg4 337 7..5 63 0'7 S538  243 4l 249 909 TR 6ol "9‘1 1.0 6,% “27,“
673 2,0 4ou 44 4T3 348 ST5 1.9 479 T8 976 D¢3 0TB 6,0 670 148 TTT 246 472 S.1 33549
3TL 85 6eT B,2 93T 346 674 6,1 476 4 435 8,2 973 343 378 145 OTU 641 S5TT 24T 41943
ER Tvpe"ny coDE 77 CONT 12 reEnT aor: 011813 B01: nGNoOW

PACKET ADR Nunony 1Dy NONQNOS

PROCFASON REQUFSTED ON ADEDS CALL WAS UNAVALLARLE AT THE
TIME OF THE FR ADEDS OR WAS DOWNED BY THE SYSTEM OPERATOR,
OCCURRED IN GAUSS (LINE 1)

«ex WALKTBACK FROM GAUSS (LINE 1) #wx

DYNAMIC LEVEL: 2, STATIC LEVEL: 2,

CALLED FROM MAIN (LINE 19506)

FXECUTION TEPMINATED IN ERROR

AD AMBIGUITY ABORY ADR: n1l472 BDI:000004

Led
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E.5 - CASE STUDY FIVE: A Model Operating System

AFREE  TPFS,
NS5, T TPFY . F// 71500
3CPSaSsS 4y CPSeS5/0,
MACRO INTEOPPETER LEVEL TRY 07/31/63 19:42:01
«COMPILE OPTTONSZIRSLMG,ELTNAME=TPFS Sy ln
PROGOAM MAINCINPUT,0UTPUT);
TYPE AQRTY®, = ARRAY [ U v 19 1 OF INTEGER ;
ARRTYP2 = ARRAY [ L 4% 20 ] OF INTEGER }
MOSENTRIES = (MOSINIT,CLOCKSTART,REGULARTINT ,IOINTTTATE,IOTERMINATE);
ARRGENTRIES =t ARRGINIT , ARRGLIST) ;
PROCEDURE MOS{VAR MOSENTRY : MOSENTRIES);PROCESS:
PROCEDURE ARRANGE (VAR ARRANGENTRY : ARRGENTRIES ; VAR LIST : ARRTYP1;
LISHEAD : INTESER;LISTAIL : INTEGER ;VAR SORTKEY : ARRTYP2): PROCESS;

VAR MOSLOCK ¢ QUEUE

CLOCKLOCK t  QUEUE

ACTIVATOR t  QUEUE

FINISH 't CUEUE H

AIRANGELOCK ¢ OQUEUE

ARRFLAG H QUFEUE H

CLOCKINTRPTY : QUEUE

MASTLRLOCK 1t TOINTTYUATLON LOCK OF QUFyr
TERMLOCK 1 TOTERMINATION LOCK OF OUTUE H
STARTER 3 QUFUE H

I0INIT H TOINTTIATLON FLAG OF OQUEUE
IOTERM H IOTEPMINATION FLAG OF QUFUFE H
EMPTYRQ ! QUELF [

1 1 INYEGER;

MOSENTRY H MOSLNTRIES;

ARRANGENTRY ARRGENTRIES ;

DUMINT H INTEGER

DUMARR t ARRTYPI

DUMARR2 H ARPTYP2

REGIN

T ¢35 13

WHILE I €= 1B On BERIN
STARTUP SLAVLYASK (I}
I :2 1 #43
END;

ARRANGENTRY 1= APRGINLTY
STARTUP WITH TASKNAME(ADN)
AIRANSE(ARRANGENTRY,DUMARRL FORW,DUMINT FORW,DUMINT FORW,DUMARR2 FORW);

MOSENTRY sz MOSINIT
STARTUP WITH TASKNAME(TUD) MOS(MOSENTRY);

LOCK(MOSLOCK.) ;

MOSENTRY := CLOCKSTART;

FORK WITH TASKNAME(TOL) MOS(MOSENTRY);
WAIT{MOSLOCK);

62¢
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LOCK tMOSLOCK);

MOSENTRY :Z REGULARINT;

FORK WITH TASKNAME(TDZ) MOS(MOSENTRY);
WAITI(MOSLOCK);

LOCK{MOSLOCK);

MOSENTRY := TOINITIATE;

FORK WITH TASKNAME(TO3) MOS(MOSENTRY);
WAIT{MOSLOCK) ;

LOCK(MOSLOCK);

MOSENTRY := TOTERMINATE;

FORK WITH TASKNAML(TO4) MOS(MOSENTRY);
WAIT(MOSLOCK)} ;

LOCK(STARTER) ;
SISNALISTARTER);
LOCK(FINISH);
WAIT(FINISH);
QUIT;
FND,
*COMPILE OPTIONSZIRSLMVG,ELTNAMESTPFS s ARPANG
PROGRAM DEFINE(ARRANGE);

tyhd AGHTYAL & ARRAY £ 0 43 Y2 ) OF INTEGLR )
ARRTY®Z X ARRAY [ 1 4o 2y 3 OF INTEGER 3
AFRGENTRIES =( ARRGINIT , ARRGLIST) ;
PROCEDURE ARRANGE(VAR ENTRY : APRGENTRIES ; VAR LIST : ARRTYPI1:
LISHEAD : INTEGER;LISTAIL : INTEGER :VAR SORTKEY : ARRTYP2);
VAP IyJyK t INTEGER ;
: INTEGER ;
REGIN
CASF ENTRY OF
ARRGLIST
BEGIN
LOCK{ARRFLAG);
SIGNAL(ARRFLAG);
Jois LLTISTATL#2N =) Mob 2y
Lovz (LTISTAIL#20 72y mMon 24
WHLILE ( J <> LISHEAD )} AND
{ SORTKEYL LISTCL J 31 < SORTKEY ¢ LISTC 113 )

DO REGIN
TEMP := LISTCJYY ; LESTCJY := LISTLTI ; LISTLII:= TEMP ;
1 := ( I+20 Z1) moD 20 ;
J oz L Je20 T1) MOD 20
£ND
WITy
END
ARRGINIT:

3EGIN

0ed



RELEASE (ARRANGED;

LOCKIFINLISH);
WAIT(FINISH);

END;

FND;

LND;

*«COMPIL

PROGR
TYPE

PROCEDURE MOS (VAR ENTRY

3 OPTIONSZIRSLMVG,ELTNAMEZTPFS ,MONDELOS

AM DEFINE (MOS);

MOSENTRIES =(MOSINIT,CLOCKSTART ,REGULARINT, IOINITIAYE.IOIFRMINAYE)'
s ARRGLIST)
ARRTYPL = ARRAY [ O 4+ 19 1 OF INTEGER ;
ARRTYPZ = ARRAY [ 1 4% 2 :

ARRGENTRIES =1

ARPGINIT

0 3 OF INTEGEP

PROCEDURE ARAANGE (VAR ARRANGENTRY 1
LTSHEAD : INTEGER:LISTAIL : INTEGER

TP

VAR

SYSTEMTABLE =

LASTINTYRPT
LASTSWAP
CLOCK
LydyHy 1L
RQHEAD ,RQTALL
8QHEAD,BQTAIL
DIOQHEAD
DIOQTAIL
MAXROLEN
RQLIST

RINAILT

8qLLST
DIOQLYIST

LRI

SHIFT

MAXWALT
CONTROLTABLE
TIME

CPUUSER
013408
MEMIDLE
READYQUE
BLOCXEDQUE
DIOQUE
PRIORETY
STARYTIME
MEMREQ

STATUS
MEMUNUSED
TIMLINCREMPFNT
TIMEDECREMENT
YEUP

%e ee e e sa s e we = se en

es se W ae

s =m e ea 16 ae e se 23 48 e aw s ab se se e

RECORD
ccu
croJ

fND;

INTEGER

INTEGER

INTEGER

INTLGER

INTEGEP

INTEGER

INTEGER

INTEGER

INTEGER

ARRTYPY

ARRTYYP2

ARRTYP]

ARRTYP)

INTEGER

INTEGER

INTEGER

SYSTEMT

ARRAYC

ARRAYL

ARRAYL

ARRAYL

ARRAYL

ARRAY([

ARRAYL

ARRTIYP2

ARRAYC

INTEGEP

INTEGEPR;
INTCGLR;

1 MOSENTRLES)

ARRGENTYRYIES § VAR LISY 1 ARRYYP),

¢ INTEGER:
g INTEGFR:

es Bu Seme wr ws e = ve ws e me = se we

IBLF‘
un
1.,100
1..100
lo"un

]
]
]

p]

OF
OF
0F
OF

INTEGER:
INTEGER;
INTEGER;
INTFEGER

sVAR SORTKEY

1.,!00.0..19 J OF INTEGER;
A-l1UU'U'c19 J OF INTEGER:
lo|1UU Nesl9 3 OF INTEGFR;

15420 3 OF INTEGER;
ARRAYL 13470 370F INTEGER;
ARRAYL 1¢42ud 3 OF BOOLFAN
TINTEGER;

'

ARRTYP2);

PROCESS;

Lee



MEMSWAPAALFE t INTEGER;
INFOTARLE r TEXT H
ARQRANGENTRY ¢ ARRGENTRIES
AUANTUM -1 ARRTYYP2 '
QUANTMAX + INTEGER H
CPUIDLE : INTEGEPR H
CPUIDLECUM ! REAL H
MEMIDLECUM 1 REAL H
MEMUTILLIZ2E 1 PEAL H
CPUUTILIZE + REAL H
BEGIN .
CASE ENTRY oOF
CLOCKSTART
AEGIN

LOCKAMOSLOCK) ;
SIGNAL(MOSLOCK) ;
WHILE TRPUE DO BEGIN
SUSPEND (50}
LOCKICLOCKLOCK);
CLOCK := CLOCK + SN;
UNLOCK{CLOCKLOCK);
IF CLOCK >= 30000 THEN TERMINATE;
LOCK{CLOCKINTRPT);
SIGNALICLOCKINTRPT);
END;
rND;
RFGULARINT
SESIN
LOCK (MOSLOCK);
SIGNAL(MOSLOCK) ;
WHILE TRUE
DO BEGIN
LOCK(CLOCKINTRPT};
WATT(CLOCKINTRPT);
IF( RQTAIL = RQHMEAN ) AND
{ CONTROLTABLESCCU = 0O )
THEN BEGIN
LOCKIEMPTYRQ)Y;
WAIT(EMPTYRQ)
LHRO;
LOCK (MASTERLOCK
LOCK(CLOCKLOCK)
IF ( BCHEAD <> BQTALL )
AND (MLMREQEBOLISTLBOMEADII <= MEMSWAPARLE) AND((CLOCKZLASTSWAP) >=500)
THEN BEGIN
CREGION;
WRITELN(® SWAPPING *);
CEND:
LASTSWAP := CLOCK;

WHILE (ROTAIL <> ROMEAD) AND

AXA
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(MEMRLOCBQLEISTCBOHEADIY >z MEMUNUSED!?
Do BFGIN
LRO 1= ( 20+RQTAILTRQHEAD ) MOD 20;
MAXWA (T = ROWALTCRQUIGTIROHEADID; U := RQHEAD;
IF LRQ > 1
THEN BEGIN
FOR T3=1 TO (LROTL)Y DO
BEGIN;
K s=(RQHEAD+I) MOD 20:
IF uAYWALT > ROWAITCRQLISTC X 12
THEN REGIN
MAXWALT := ROWALITCROQLISTC K 23:
J 1z K3
END;
END;
END;
HEMUNUSED 3 =MEMUNUSED ¢MEMRFQEROLYISTCUIY;
MEMSWAPABLE 1 SMEMSWAPABLE SMEMREQLROLYISTLUID;
BOLISTC BOTAIL J:= RQLISTC J J;
BOTA[L :=(BOTAJILe+1) MOD 20;
LOCK (ARRANGFLOCK) g
LOCK (ARRFLAG)
ARRANGENTRY :3 ARAGLIST ; )
FORK WITH TASKNAME(AUT) AQRANGE (ARRANGENTRY,BOLTST,BQHEAD,BOTALL (QUANTUM)
WALT(ARRFLAG)
AWATT(ADYY g
UNLOCK CLARRANGELOCK) ;
SHIFT :X(ROTAIL 5 J +13) %oD 20 ;
LF SHIFY > 0O
THEN BEGIN
FOR 1:=1 TO SHIFT DO
BEGIN:
K o3z [+d71:
ROLISTCK MOD 201:=RQLISTC (Ks1) MOD 203
END;
END

ROTATL :S(RQTATL20-%) MOD 27
END;

WHILE (MEMRPLOCBQLISTCBOHEADII <= MEMUNUSED)

AND (BQHEAD <> BQTAIL)

DO BEGIN
RQLISTCROTAIL] := BOLISYCBAIHEAD];
RQWATITCROLISTCRQTAILI) = CLOCK;
RQTAIL :=(RQTAIL+1) MOD 2U;
LOCK{ARRANGELOCK Y ; :
LOCK LARRFLAG)
ARRANGENTRY := ARRGLIST
FORK WITH TASKNAME(ADS) ARSANGE (ARRANGENTRY,RQLIST,ROHEAD,RQTATILQUANTUM};
NATTEAQRFLAG?;

€ed
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AWALT(AQE);

UNLOCKIARRANGELOCK) ;

MEMUNUSED : TMEMUNUSED SMEMREILBOLISTC BOHEAD]D;
MEMSWAPABLE : SMEMSWAPABLE*HEMREQUBQLISTCBOHEAD]D; '
RQLISTCBOHEAD] := 0

BQHEAD :=(BQHEAD+1) MOD 20;

END;

END;

IF

((CLOCKTTIMEDECREMENT)I>= S0) OR(TIMEDECREMENTZ0) THEN
BEGIN
TIMEDECREMENT = CLOCK:
WLITH CONTROLTABLFE
DO BEGIN
IF CCU <> 0  THEN QUANTUML CCU J := QUANTUML CCU ] + 1
IF ( ROTAIL <> RQHEAD )
THEN BEGIN
IF(C . CCU <> O ) AND ((QUANTUME CCU J MOD QUANTMAX) = G )
THEN BEGIN
DEACTIVATE SLAVETASK(CCU);
CREGION;
WRITELNC® REGULAR INTRPT®);
CEND;
FETCH STATUS OF SLAVETASKS;
I sTatust ccuy 1
THEN BEGIN
RQLISTCRQTATLI:=CCU;
ROWAITCRQLISTCROTAILID::=CLOCK *
ROTAIL:=(RQTAIL+}} MOD 20::
LOCK {ARRANGELOCK) ; N
ARRANGENTRY := ARRGLIST ;
LOCK (ARRFLAG)
FORK WITH TASKNAME (AUZ)
APRANGE { ARRANGENTRY yROLIST RQHEAD ROTAIL ,OUANTUN]Y;
WALT (ARRFLAG};
ANALITIADZ)Y;
UNLOCK (ARRANGELOCK ) ;
END '
MEMSWAPABLE 1=MEMSWAPARLE *MEMREQECCUD
CCy = 0
IF RQTAIL =RQHLAD THEN CPUIDLE :: CLOCK:;
END
FND:
IF(RQTALL <> ROHEAD) AND ( CCu = Q)
THEN BEGIN
CCU = RQLISTLRQHEAD];
POLISTCROHEAD] = 0O
RQHEAD :=(RIHEAD+)) MOD 20
MEMSWAPARLE ; MEMSWAPABLEBMEMREQCCCUD;
ACTIVATE SLAVETASKICCU);
END;
LND:

¥el
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END;
/C
/C *¥  DUMPING SECTION &%
/C

IT 2 [I+);
If LI <z 10U
THEN BEGIN
TIMECTEI:= CLOCK; CPUUSFRCIID:= CONTROLTABLE,CCU;
UIOJOBLIII:= CONYROLTABLESCIOU;
FOR L[:= 0 Y0 19 p0 BEGIN
READYOQUEL XL, IJ:= RQLISTYL 1D
BLOCKEDQUELTL,L3t> BQLISTLLY;
DIOQUECTIL,13:= DIOQLISTLL];
MEMIDLECIIJ:= MEMUNUSED:

END;
IF IT>1 THEN MFMIDULECUM t= MEMTDLECUMSMEMUNUSED®(TIMFLTLY TIMECLIT 210
END
ELSE BEGIN
CPUIDLECUM := 0; MEMIDLECUM:= 0O; .
FOR TI:= L TO 10N DO BEGIN
CREGLON
WRITELNG
WRITELN(® CLOCK °*,TIMECIXJ,* CCU *,CPUUSERCILI,* DIOJ *,0YI0JOBCTL],"*
WRITELN; WRITE(®* RQUEUE ¢} ’
CEND;
FOR I 320 TOG 19 DO BLGIN CREGION; WRITEC(READYOUFCTII,12:3); CENOD:
CREGION; WRITELN; WRLIVTE(® BQUEUE *): CEND;
FOR 1 :20 TO 19 DO BEGIN CREGION; WRITE(BLOCKEQOUELIL,13:%); CEND; END;
CREGION; WRITELN; WRITE(® DIOQUE *); CEND; N
FOR I :=0 TO 19 DO BEGIN CPEGION; WRITE(DIOQUELITY,TJ1:3);CEND; END;
CREGION; WRITELN; CEND;
END;
II := 0;
END
/¢
/C «¢ o NU OF DUMPING SECTION - *@
/¢
UNLOCK (CLOCKLOCK) ;
UNLOCK (MASTERLOCK) ;
END;
CND
TOTNITIATE:
BEGIN

LOCK (MOSLOCK);
SIGNAL(MOSLOCK)
WHILE TRUE
DO BEGIN
WALTEYOINITY;
LOCK{TOINTT);
CREGION;
WRITELNC® 170 STARTED®):

*yMEMIDLELITI);

G€e



CEND;
LOCK (CLOCKLOCK ) ;
WITH CONTROLTABLE '
DO REGIN
DIOOLISTLDLOQTAIL] := CCU;
OTOOTYAIL :=(DIOOTAILeY) MOD 20;
IF RQHEAD <> RQTAIL
THEN. BEGIN
CCuU := RQLISYC RQHEAD J;
ROLISYC ROHEAD 1 := O
ROHEAD :>(ROHEADs1) MOD 20;
ACTIVATE SLAVETASK(CCU):

END
ELSE BEGIN
ccu =0 ¢
CPUIDLE = CLOCK
END;
1F C100 = 0
THEN BEGIN

CIOJ := NDIOQLISTCDIOJIHEAD]:
DICQLLISTCDIOQHEAD] := 03

DLOQHELAD := (DIOOHEAD +1) %00 20:
ACTIVATE SLAVETASKI(CIOU):
END;
FNOD;

/C
/¢ #%  DUMPING SECTION &%
/C

1T = 1T+1;

IF I ¢z LOU

THEN BEGIN

TIMECIIJ:z CLOCK; CPUUSERCITD:= CONTROLTABLE,CCU:
DIOJORL ILJ:= CONTROLTABLESTCTOJ;
FOR 1t> 0 10 19 p0 BEGIN
READYOQUECII,IJ:= RQLISTCID;
BLOCKEDOUECTII,XJ:= BQLISYCII:;
DTOOURCTI, L1212 DLOOLASTE LY,
MFMIDLEL LT3tz MEMUNUSED]
END;
LF TI>4 THEN MEMIDLECUM := MEMIDLECUMSMEMUNUSED*(TIMEC IYISTIMELTICLD);
END ‘
FLSE BEGIN
CPUINLFEUM 1= 0 MEMIDLECUM:I= Ny
FOR Il:z 1 70 10N DO BEGIN
CREGION:
WRITELN;
WRITELN(® CLOCK ', TIMECIL1J,' CCU °*,CPUUSERCILDI,* DIOJU *,DYIOJOBLTIII,* IDLE STORE
WRITELN: WRITE(® RQUEUE «);
CEND;
FOR I :2U TO 19 00 BEGIN CRFGYON; WRITE(READYOQUFECTI,XJ:%): CEND: END:
CREGLON; WRITELN: WILTE(® BQUEUE *}; CEND;

YWHEMIDLECITZDY;
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/€
/C
/C

FOR 1 :=U TO 19 DO BEGIN CRFGION; WRITE(BLOCKEDQUELTI,LIJ:3); CEND; END;

CREGION; WRITELN; WRLITE(* DYO
FOR I t=U TO 19 DO BEGLN CRE
CRLGION; WRITELN; CEND}
END;
Il :=
END;

0;

€% END OF DUMPING SECTION =+

“UNLOCK {CLOCKLOCK);
UNLOCK {MASTERLOCK ) ;

END;
END;
IOTERMINAYE:
BEGIN

LOCK(MOSLOCK) |
SIGNAL(MOSLOCK)
WHILE TRUE
DO BEGIN
WAIT(IOTERM);
LOCK(IOTERM)Y;
CREGION;
WRITELN(®
CEND;
LOCK (CLOCKLOCK )
WITH CONTROLTABLE
DO BEGIN
LOCK (MASTERLOCK);
ROLISTCRQTATIL] = CIOJ;
ROWAITERQLISTCROTAXLID:
ROTAIL :=(ROTAIL +1) MO
LOCK {ARRANGFLOCK )
ARRANGENTRY :T ARRGLIST
LOCK (ARRFLAG);
FORK WITH TASKNAME(AO3)
, WAIT(ARRFLAG);
‘ ANATT(AD3);
UNLOCK (ARRANGELOCK ) ;
IF POMEADCORQTATL THEN

IF DIOQHEAD = DIOQTAIL

QUE  *); CEND;
GION; WRITE(DIOQUECIT,TIt3);CEND: END;

170 FINISHED®);

zclLock;
D 20;

.
.

APRANGE(ARRANGENTRY,ROLIST ,RQHEAD,RQOTAIL ,QUANTUM);

AEGLN

LOCK{EMPTYRO) ;

SIGNAL(EMPTYRO);

CPUTOLECUM 1= CPUTDLECUM & (CLOCK , CPUTOLE )¢
FNO;
MEMSWAPARLE : =MENSWAPABLE+*MENREQLCIOUD;
THEN CT0J 2 D
ELSE BEGIN

CT0J 12 DTOOLISTLDIOQHEAD Y,
NICOLISTCDIVOHFADD 1= My

DIOOHEAD := (DIOQHEAD +3) MOD 20;
ACTIVATE SLAVETASK(CIOJ);

LE2
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END;
/C
/¢ #% DUMPING SECTION #¢
/C
Y +2 11+1;
IF Il <= 100
THEN BEGIN
TIMECILIJ:= CLOCK; CPUUSERCITI:= CONTROLTABLE,CCUY;
DIOJOBLYIJ:= CONTROLTABLE.CTIOJ;
FOR I:= 0 TO 19 DO REGIN
READYQUEL I, I7:= RQLISTCLT;
BLOCKEDQUECII,I3:= BQLISTCLI;
DIOQUECTL,I2:= DIOQLISYCID;
MEMIDLECIYJ:z MEMUNUSED;
END;
IF II>1 THEN MEMIDLECUM :> MEMIDLECUMMEMUNUSED®(TIMELIIIZTIMECITZID);
END :
FLSE BEGIN
CPUIDLECUM := 0; MEMIDLECUM:= O;
FOR II:= | TO 100 DO BEGIN
CREGION:
WRITELN;
WRITELN(® CLOCK *,TIMECII],* CCU *,CPUUSERCTIID," DIOJ *yDTIOJORCTLI,* IDLE SYORE
WRITELN; WRITE(® RQUEUE *»:
CEND;
FOR 1 :=0 Y0 19 DO BEGIN CRFGION; WRITE(READYOUECLTX,IJ:3); CEND; END:
CREGJON; WRITELN: WQLITE(!® BQUEUE *); CEND;
FOR I 20 TO 19 00 BEGIN CRFGTION; WwRITE(3LOCKFOOUECTII,13:%): CEND: END}
CREGION: WRITELN; WwRITE(® DIOOUE *); CEND; 5
FOR I :=0 TO 19 DO BEGIN CREGION; WRITE(DIOQUECIX,TIJ:3);CEND: END;
CREGION; WRITELN; CEND;
END;
II := 0;
END;
/¢
’C #¢ END OF NDUMPING SECTION #%
VA
UNLOCKICLOCKLOCK )
UNLOCK (MASTERPLOCK);
UNLOCK ( TERMLOCK) ¢
rND g
FND
FND;
HOSINTIT:
BREGIN
CONTROLTFABLF 4CCU 12 D
CONTROLTARLE ,CI10J := D;
LASTINTRPT 1T 0
LASTSWAP 1= 0,
CLOCK iz 0y
ROHEAD tz N

CWMEMIDLECITIY;
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ROTAIL [ &2 I
DIOJIHEAD 1z N0y
oDroovarL 1Ny ,
BOHEAD 1z Ny
BATAIL 1T 0
MAXRQLEN :1218;

11 tT 0y
MEMUNUSED 1T 4Q00;
HEMSWAPABLE = 0
TIMEINCREMENT .
TIMEGECREMENT

CQUANTMAX

CPUIDLECUM

MEMIDLECUM

LOCK(TOINTT); ERM);
I := 0;

WHILE I¢= 19 00 BEGIN

RQLISTC 1.3 :=
RQLISTC I 1 :=
RAYAITC T+t 1 :
oroQLISTC T 7 ¢
PRIORLIYYL T+t 2 ¢
STARTTIMEL 1+) ]
QUANTUML 144 ] ¢
T 18 Lol

END

3}
[

RESET(INFOTABLE) ;

. PEADLN(INFOTABLE); ' .

FOR I :2 1 TO 18 DO REGIN
READ(INFOTABLE yMEMREQC II PRIORYITYLTII,STARTYTIMECLI D) ;

END;
FOR [:2 1 7O 18
DO BEGIN
rom 0 1% (¥l T Yy
DO BEGIN
IF  STARTTIMEL T ) > STARTYTIMEL U 3
THEN BEGIN
TEMP 3= STARTTIMECJ); STARTTIMECL U)szSTARTTIMFCTID: STARTTIMECT)eSTEMPS
TEMP 17 MEMAFQCJ Y] MEMR 00D 1 =HEMRFOL LT MEMREOC Tz TELMPy
TEMP 1= PRYIORLTYCUD; PRIORITYLUI:=PRIORATYLI); PRIORTTY[TI:=TEMP;
END;
END;
END
1z 1

WHILE (T <= MAXPQLEN )} AND
{ MEMUNUSED > MFMREQLTI1) DO HEGIN .
PQLESTCI 1%:= T
ROWAITL T Ju= STARTTIM®SL [ 3
MEMUNUSED : cMEMUNUSEDSMEMREQL T
MEMSWAPABLE :2MEMSWAPAR  E+MEMRFQL 1D ;
RATAIL := RQTATL*L; -
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K = 18713
FOR J:z0 TO K DO BEGIN '
BOLISTCJI:=I;
BOTAIL := BOTALIL +1l;
1 1= T+1;
. END;
LOCKIFINISH)
RELEASE (MOS):
LOCK(FINISH);
WATIT(FINISH);
[ VR &
FND;
END;
END;
*COMPLLE OPTIONSSIRNLMV ,ELTNAMECTPFS JUSERL,USERZBIR,SIZE=330,PRIORITY=2,STARTTIME=O0QDG
PROGRAM MAIN;
VAR AR, ¢ INTEGER | € 3 REAL
BEGIN
3:= 1;
WHILE TRUE
DO BEGIN
FOR J :21 TO 9999%¢
DO BEGIN
A = B ;3 Ci=5¢1723414/(3,3%99.0/7250) 3
1F tJ MOD 3331:=0
THEMN BEGLN
WRITFLN(A,C):
END;
B = A
END;
END;

ENDe
*«COMPLLE OPTIONSTIRNLMV ,ELTNAMECZTPFS CUSER2,USERZIKT,SIZE=420,PRIORTITY=1,STARTTIMEZNDN0O
PROGRAM MAIN; ’
VAR A,BR,J ¢ INTEGER ; € : REAL ;
BEGIN
R:z 2;
WHILE TRUE
00 SEGIN
FOR J 2= 1 TO 999999
DO BEGIN

B ¢ C 12 4 3#7.700020701243%14,8¢1352);
A

191

A
8
END;
eND:

END,
*COMPLILE OPTIONSTIRNLMYV ,FLYNAME=TYPF S JUSERIGUSER=UC,STZE=1UN,PRIORITY=5,STARTTIMEZONDN

ove
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PROGRAM MAIN;
VAR 4,8,J : IMTEGER ; € : REAL ;

BEGIN .
.- '
WHILE TRUE
DO BEGIN
FOR J :2 1 TD 999999
Do BFGIN
A 1T 8 3 € 1T 5023018,20N,03/(3,848,88N,04);
IF (J “0D 848)1=¢
THEN BEGIN
WRITELN(A,C)
fND}
B 12 A;
END;
END;

END. .
*COMPLLE OPTIONSZIRNLMV ELTNAME=TPFScUSERY,USERZNRT ,SIZE-435,PRLORITY=3,STARTTIME=NOND

PROGRAM MAIN;

VAR A,B,J INTEGEP c ¢ REAL

3FGIN
A Uy
WHILE TRUE
30 BEGIN
FOR J 1= 1 Y0 999999
D0  BEGIN :
A 22 B § C T 6,448, 14N NUS/ (338735057,
B X A
END;
END;
ENDe

«COMPLLE 0°T[ONS:IRNLHV.ELTN!M(:TPFS:USEQSpUSEQ:BES.SIZE:ZOD,PPIORITV:!ySYlRTTTHE:UOUU

PROGRAM MAIN,
VAR A,B,J @ INTEGER ¢ € ¢+ REAL
RFEGIN

8:2 53

AHILE  TRUE

Do BEGTIN
FoRr g 12 L THh 990999
DO BEGIN S ..
A 2T P 3 €T O U4, ,5¢9,99394,2/(3,7%0.99);
IF (4 MOD 55513y

THEN BEGIN
WRITELN(A,C)
EnD;
1T A

Lve
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END

*COMPILE OPTIONS:IPNIHV,ELTNAHF:TPF‘:USEP&;USLPI‘LT.SIZE:ZQU'PRIORITV:3.STQRTTIHEZGDDU
PROGRAM MAIN;
VAR  AyB,0 INTEGEP § € ¢ REAL

HEGIN
213 6, N
WHILE  TRUE
20 BEGIN
FOR J 1=, T0O 999999
DO BEGIN
A otz B3 Cz0J91e3,549,4/(5,3485240545)
Pz Ay
Fuhy
END
END .

«COMPILE OPTIONSZIANLMV,ELTNAMEZTPFS JUSERT,USER=YEN,SIZE=4N0,PRIORITY=1,STARTTIME=0D0OO
PROSRAM MAIN;
VAR A,ByJ : INTEGEPR : C : REAL ;
BEGIN
Rz 7y
WHILE TRUE
70 BEGIN
FOR J 124 TO 999999
DO BEGIN
A1z B 3 Crz T22%7.1%0203/(553497940.02);
IF (J MOD 4003=y
THEN BEGIN
WRYITELN(A,C);

END;

END.

«CNMP || E OPTIONSZ IPNLMV,FLTNAMEZTPFSsUSERB yUSERZSEK )SIZE=350,PRLORTTYZ4,STARTTIMNEZOUNO
LPROGRAM MA[N;
VAR . A,8,) : INTEGLP ; € ¢ REAL ;

RESIN
prc A
dHILE  TRUF
JO BEGIN
FOR J 1=, TO 999999
pn PELoLM
Atz B C sz 7,!¢0,92'0:65/(8:1‘9:3‘0:56):
Ptz A
(R
END;
END

*COMPILE OPYIONSSI"NLHV.fLTNlHF:TPFQ:USLRO’U§£R=DOK.SIZE:SGU,PDIORITVZS.STARTTTHF:UQUQ

A4
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PROSRAM MAIN;
VAR AyB,J ¢t INTEGER ; € 1 REAL ;

BEGIN .

B:= 9;

WHILE TRUF

50 BEGIN
FOR J :=4 T0 999999
D0 BEGIN
AT B 3 C12 97940.2400T/(0y67%0589);
’ : B sz Ag
END;
END;

END S

SCOMPILE  OPTTONSZIRNLMV,FLTNAMESTPFSTUSEALN,USFRZ0N,SIZE=220,PRIORITY =Y, STARTTINF 200D
PUOGRAM MALIN;
VAR A,B,J4 : INTEGER ; C : REAL ;

BEGIN
8:= 103
WHILE TRUE
D0 BEGIN
FOR J :=1 TO 99999
DO~ BEGIN
A2 B g € 13 1,162,243,3/(654%007¢871);
B 12 Aj .
END:
END;
ENDY

SCOMPILE  OPTIONS=IRNLMV,ELTNAMEZTPFS.SERLY,USERZONB,SIZE=300,PRIORLTY=2,5TARTTIMEZLOO00D
PROSRAM MAIN;
VAR A,B,J : INTEGER ; C t RFEAL;

BEGIN
Bz 11g
WHILE TRUF
00 BEGIN
FOR J 1T} TO 999999 !
DO  BEGIN
A1z B C 1T By 1B A%0,85/(T04e0. L0006 );
Ptz A3
END;
END:
END.

*COMPILE OPTIONS:IENLMV,FLTNAHE:TPF!?USERI?.USERZONI.SIZE:?Yﬂ.PRIORITV:l'STARTTI“E:O"D”
PROGRAM MAIN; '
VAR AR, INTEBER 1 6o RTAL g
BEGIN
B:= 123
WHILE TRUE
00 BEGIN

eve
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FOR J =1 TO 999999
DO BEGIN
A ¢ Crz TO3¢90380504/7(4034%970¢0703);

. ee
1

» O

-}
END;
END;

END, .

*COMPILE OPTIONSTIRNLMV,ELTNAME=TPFSsUSERLI,USER=ONU,STZE=420,PRTIORLTY=2,STARTTIME=00ON
PROGRAM MAIN;
VAR AyByJ H INTEGER C H REAL ¢

BEGIN
Bz 13;
WHILE. TRUE
20 BEGIN
FOR J =1 TO 999999
DO BEGIN
A 2z B ; C 1= 6,180,08U%9,1/(4724078%953);
B 1z AS
END;
END:
END,

- «COMPLLE OPTIONSZIRNLMV,ELTNAME=TPFSJUSERLY ,USER=OND,STZE=300,PRTORITY=3,STARTTIME=0NON
PROGRAM MAIN;
VAR A,8,J 1 INTEGEP § C t REAL
BEGIN
= X'
YHILE  TRUF
DO BEGIN
FOR J 1= 1 YO0 999999
DO BEGIN
A I B € 1T By299,1e0,N55/(473#0790eN,56);
¥ (J won somzh
THEN BEGIN
WRITELN(A,C);

ENDS

END.

s COMPILE OPTIONSTIRNLMV, ELTNAME 2TPFS SUSER LS, USERZ08S,STZEZU9N,PRIORLTYZ2,STARTTIMEZQNQN
PROGRAM MAIN;
VAR 4A,B,J : INTYEGER ; C ¢ REAL;

BEGIN
Btz {63
WHILE TRUE
N0 BEGIN
FOR 4 1z 1 T0 999999
DO BEGIN

vve



3 CtT UsUSH0,91%8,34/(53%0,99);

N
>

END;

END. ,

#COMPILE  OPTIONSZIPNLMV,ELTNAMESTPFSTUSERL6,USERTONA,STZE=360,PRIORITYZ2,STARTTIMEZUNON
PROSRAM MAIN;
VAR A,B,J : INTEGER ; C : REAL ;

BEGIN
Bz 163
WHILE TRUE
© DO BEGIN
FOR J =1 TO 999999
DO BEGIN - - -
A 1T B 3 € 22 9.2%0,06%N,85/7(0423%7,6);
B 12 A;
FND;
END;
END»

*COMPILE OPTIONSTIRNLMY FLTNAMF=TPFS JUSERLT,USEQ=ONY,STZEZ240,PRTIORITY=5,STARTTIME=QNON
PROGRAM MAIN:
VAR A,B,J ¢ INTEGER ; C ¢ REAL
BEGIN i
Bz 173
WHILE TRUE
DO BEGIN \
FOR J 1% 1 TO 999999 K
DO RERIN
A sz B ;3 € 1= N,N54¢87u%0,76/7¢0s3%78%0ek);
IF (J MOD 999)c-u
THEN HEGIN
: WRITELN(A,C)}
END;
R sz A
N
ENDy

END.

*COMPLE OPTIONSSLRNLMV ,FLTNAME=TPFS JUSERLIB ,USFR=ONS,ST2E=145,PRIORITY=},STARTTIMETQOQN
PROGRAM MAIN:
VAR A,B,J INTEGER ; C ¢ RFEAL 3

8EGIN
3:z 183
WHILE TRUE
00 BEGIN
FOR 4 = ) 10 999999
D0 BFGIN

A 32 B 3 C12 975%973%U056/(575¢0.3¢047);

G¥e




END;
END;

- . s

END.
ACPS IS, N SCRATCHS g SCRATCHL,CPSTS/1ySCRATCHS ,SCRATCH2
MACRO INTERPPETER LEVEL TRY 07/31/83 19:54:27
FCPSIS,N SCRATCHS ySCRATCH2/)CPSaS/ 2y
MACI0 INTERPRETER LEVEL 7R1 07/31/83 19:53:07
ACPS X -
IBUSPASCALTS,IRSLMG
PASCAL 8R1A PLTIB  SUNDAY, 1988 JULY 3L, 19:57:27

1

2  PROGRAM MAINCINPUT,OUTPUT): _ 1 og 138
3 TYPE  APRTYPL = ARRAY [ 0 4s 19 1 OF INTEGER ; 1
4 ARRTYPZ = ARRAY [ | ae 20 3 OF INTEGER ; 1
5 MOSENTRIES Z(MOSINIT,CLOCKSTART REGULARINT,TOINITIATE,IOTERMINATE); 1
6 ARRGENTPIES =( ARRGINIT , ARRGLIST) ; 1
7T PROCFDURE MOS(VAR MOSENTRY ¢ MOSENTRIES) JEXTERNAL ¢ 2 g L]
8 PROCEDURE ARRANGE(VAR ARRANGENTRY : ARRGENTRIES ; VAR LIST : ARRTYPY; 2 Ne 4
9 LISHEAD :_INTEGER:LTISTATIL : INTEGER ;VAR SORTKEY : ARRTYP2);E 2 -1 9
10 VAR GLOSALS = ARRAY (,1 ¥, 1880,) OF INTEGER ; 1 136g 2045
1 ARRANGENTRY : ARRGENTRIELS 1 2016 2Mpé
' 12 DUMAPRY 1 ARRTYp1 1 2047 ¢D36
13 DUMARR?2 : ARRTYP2 ; 1 2087, 2056
LY DUMINT : INTEGER ; 1 2057, 2057
15 I : INTEGE® ; 1 2ns58g 2058
16 MOSENTPY : MOSENTRIES 1 2059, 2059
LY $CODE RSCELL» TSCELL 1 Ny n
la SCODE CBONSTw TECEL 1 1, 1
19 SCODE SYSYEMHOLD® TS$CELL 1 2 2
20 SCODE ACTIVATOR® TSCELL 1 L1 3
21 YCODE ARRANGFLOCK® - TSCELL 1 “& 4
22 $CODE ARRFLAGX TSCELL 1 5; 5
23 $CODE CLOCKINTRPT TSCELL 1 65 &
24 SCODE CLOCKLOCK#* TSCELL 1 e’ I
25 $CODE FMPTYROw TSCELL 1 "z A
26 VCODE FINISH® TSCELL 1 99 9
27 3CODE TOINTT# TSCELL 1 ing 10
28 $CODE TOTERMa TSCELL 1 g 1
29 SCODE MASTERLOCK*  TSCELL 1 2, 12
30 $CODE MOSLOCKS® TSCELL 1 g 43
31 SCODE STARTER® TSCELL 1 1ug e
32 BCODE TERMLOCKW TSCELL 1 455 15
33 SCODE TSARRANGES TSCELL 1 165 16
34 SCODE TEMATN® TeCELL 1 17 7
35 $CODE TSMOS» TSCELL 1 18, 18
36 SCODE XSSARRANGE® RES 1 1 a93 19 ™
37 $CODE XSEMAINM® RES 1 1 2Ny 20 by
38 $CODE XSEMOSw RES 1 1 21; 21
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APPENDIX F - PROGRAM TRACE AND DUMP OUTPUTS

F.1 - Program Tracing
F.2 - Snapdump Output




F.1 - PROGRAM TRACING

TYPE LABELSZ(RECEIVE,SEND,INIT);

PROCEDURE BUFFER(VAR EMTRY:LABELS;VAR INP:INTEGER;VAR OUTP:INVEGER) ;MONITOR;

'‘PROCEDURE PRINTPROC;
‘VAR ENTRY 1 LABELS

INP ¢t INTEGER:
OUTP 3 INTEGER;
BEGIN

RELEASE(PRINTPROC) ;
AWAIT(STARTER) ;
WHILE TRUE 0O
BEGIN
SHOOPY ON;
LOCK(LOCKVY
ENTRY := RECETVE;
FORK WITH TASKNAWE(PT) BUFFER(ENTRY,INP FORWARD ,0UTP);
AMALIT(PL);
SNOOPY OFF3
CREGION; WRITELN(OUTP); CEND:
ND:
END;

sCoOMPILE OPTTONS=IRSLMYV ,FLYNANEZTPFSTBUFFER

PROGRAM DEFINE(BUFFER)
TYPE LABELS =(RECEIVE,SEND,INIT);
PROCEDURE BUFFER(VAR ENTRY:LABELS;VAR INP:INTEGER;VAR OUTP:INTEGER);
VAR FULL t BOOLEAN
CONTENTSt: INTEGER ;

BEGIN
CASE ENTRY OF
RECEIVE:
BEGIN .
NLOCK{LOCKV)
LOCK{RECEIVER);
IF NOT FuLl THEN MATY(RECEIVER}
ELSE UNLOCK(RECEIVER):
OUTP = CONTENTS
OCK(SEN ER)
FULL 5= FALSE
SIGNAL{SENDER);
QuUIT;
END;
SEND
BEGIN

UNLOCK(LOCKV);

LOCK (SENDER) ;

IF FULL THEN WATT(SENDER)
ELSE UNLOCK{SENDER);

CONTENTS 1= INP;

LOCK(RECEXVER);

FULL 1z TRUE;

STGNAL(RECEIVER);

QuIT;
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F.2 - SNAPDUMP OUTPUT

TYPE LABELS=(RECEIVE,SEND,INIT);

PROCEDURE BUFFER(VAR ENTRY:LABELSIVAR INPIINTEGER:VAR OUTP:INTEGER) ;MONITOR;

PRQCEDURE PRINTPROC; :
VAR ENTRY & LABELS ;

INP t  INTEGER:
ouTP ¢ INTEGER:
BEGIN

RELEASE(PRINTPROC)
AMAIV(STARTER);
WHILE TYRUE 0O

BEGIN

LOCK(LOCKVY

ENTRY:= RECEIVE;

FORK WITH TASKNAME(PY) BUFFER(ENTRY,INP FORWARD ,OUTP);

AWATY (P LYy

CREGION; WRLITELN(OUYP); CENDg

END; :

END;

SCOMPILE OPTIONS=IASLHV, ELTNAME=TPFS POUFFER

PROGAAN DEFINE(BUPFER)
TYPE LABELS =(RECEYVE,SEND,INIT);
PROCEDURE BUFFER(VAR ENTRY:LABELS;VAR INPIINTEGER;VAR OUTPsINTEGER);
VAR FULL t BOOLEAN ;
CONTENTS: INTEGER ;
BEG N
CASE ENTRY OF
RECEIVE:
BEBIN
SNAPDUNP (pUNPT)Y
UNLOCK (LOCKV) ;
LOCK(RECEIVER);
IF NOT FULL THEN WATT(RECEIVER)
ELSE UNLOCK(RECEIVER):
SNAPDUMP (DUMP 2) 3
OUTP 12 CONTENTS ¢
LOCK (SENDER) ;
FULL = FALSE :
SIGHAL(SENDER);
QUIT;
END:
SEND:
DESIN
UNLOCK(LOCKY) 3
LOCK(SENDER} ¢
IF FULL THEN WAIT(SENDER)
ELSE UNLOCK (SENDER)
CONTENTE 1= INP;
LOCK(RECEIVER);
FULL = TRUE;
STGNAL{RECEIVER);
QUIT;

992




BUFFER
PRINT
CARD
MAIN

SYSseRLIBSY LEVEL

END MAPg
JUSE
ause
asETC,0

ERRORS: 0

axer TPFS LMATN

aoumPy

080630
040680

apunP2

040630
04D640
T ,

apumuel

040630
040680

OUNP 2

040630
040640
2

apume i

040630
0une40

UMP2

030762

ersTongonoo?

0iYops
005700900000
030762

UTS7DUDUUQOT

03T006
005700000000
040762

0T5700000008

03Yo0e

TINE: (33724
INFOTABLE, INFOS 4
PAS0000Q0, INFOS

s

(13 ¢ 0t
s (1) [1}% o
(M otr

STORAGE: Y7792/4/040777/073777

030760

005700000000

0jT004

205 700000000

030760

a0$700000000

aiToou

005700000000

010760

0057100000900

0jTo0s

040735 qriTRT

3 4T
73 0T}265

66 QT 438

72

005 790g0g000

005700000000

005700000000

QoS TQOROQROE

90S 700907000

$(0) D4OuL2 Dugugh

(0 puOuls geos LT

$(0) 040420 QuOu2Y

$S(036) 040825 QN6424
13159153 02/03/84
00S700000000  00STUDDODOGO
71:59:53 02/03/84
005700000000 005700000000
¥:59183 D2/U3/84
005700000080 005700000000
P3150:53 02/03/84
005700000000 ‘' 00S700000000
13:59:53 02703784
00570000000g  0OSTO00DQOULD
TL:59:83 D2/03/84

0z
[th]
03
a3

59122
T':59:00
P:58:00
T:58: 47

FEB 84
FEB as
FES 84
FEB 84

T406 TIMECSHARING EXEC

005700000000
005700000000

005700000000
005700060000

00570000000}
1406 TIMESHARING EXEC

005700000000
00570000000

00s700000000

00570000000}
nos7o0b0006500

Ya06 TIMEYSHARING EXEC

o0s5T00000000
gosTooo0000N

005700000000
005700000000

005700000003

TL06 TIMXSHARING EXEC

pOSTOUODNO0QD

005700000004
' 005700000000

005700000000
005700000000

TL06 TIMERSHARING EXEC

a0s 700NQ0000 0as70000000),

005700000000

00ST70NQ00000
005700000000

T‘Ub TIN!nSHlRING EXEC

192



11.
12.
13.
14.
15.

268

REFERENCES

Dijkstra, E.W., "The Structure of THE Multiprogramming System",
CACM, Vol. 11, No. 4, pp. 341-346, 1968. ‘

Dijkstra, E.W., "Cooperating Sequential Processes", in Programming
Languages, New York: F. Genuy ed., Academic Press, pp. 43-112,

Dijkstra, E.W., "Hierarchical Ordering of Sequential Processes",
in Operating Systems Techniques, New York: Academic Press, pp. 72-
93, 1972.

Hoare, C.A.R., "Towards a Theory of Parallel Programming"” in
Operating Systems Techniques, New York: Academic Press, pp. 61-71,
1972.

Hansen, P.B., Operating System Principles, New Jersey: Engiewood
C1iffs, Prentice Hall, 1973.

Dijkstra, E.W., "Guarded Commands, Nondeterminicy and Formal

- Derivation of Programs", CACM, Vol. 18, No. 8, pp. 453-457, 1975.

Univac 1100 Series Executive System Programmer Reference, UP-4144.2,

. Vol. 2.

Univac 1100 Series Executive System Programmer Reference, UP-4144.2,
Vol. 3.

Univac 1100 Series Systems Programming Student Guide, UE-986,1980.

Stodola, F.w.,'“The Plus Programming Language", in Sperry Univac
Series 1100 Systems USE-UUA/E Conference Notes, Sperry Univac
Major Systems Division, 1979.

Univac 1100 Series Plus Programmer Reference, UP-9198,

Univac 1100 Series Cobol Programmer Referénce, uP-8582.

Univac 1100 Series PL/1 Programmer Reference, UP-8277.

Univac 1100 Series Macro Programmer Reference, UP-8336.

Pascal. 8R1 Programmer Reference, DIKU-Copenhagen.




16.
17.
18.
19.
20.

21.

22.

23.
24.
25.
26.
27.
28.
29.
30.

31.

269

Hansen, P.B., “"The Programming Language Concurrent Pascal®, IEEE
Trans. on Soft. Eng., Vol. SE-1, No.Z2, pp. 199-207, 1975.

Hoare, C.A.R., "Quicksort, Algorithm 64", CACM, Vol. 4, No. 7,
pp. 321-322, 1961.

Hildebrand, F.B., Methods of Applied Mathematics, New Delhi:
Prentice Hall, 1968.

Corbato, F.J., "PL/1 as a Tool for System Programming™, Datamation,
Vol. 15, No. 5, pp. 69-76, 1969.

Irons, E.T., "Experience with an Extensible Language", CACM,
Vol.13, No. 1, pp. 31-40, 1970.

Lych, W.C., "An Operating System Designed for the Computer
Utility Environment", in Operating Systems Techniques, New York: i
Academic Press, pp. 341-350, 19/¢. |

Howarth, D.J., "A Re-appraisal of Certain Design Features of
Atlas 1 Supervisory System", in Operating Systems Techniques,
New York: Academic Press, pp. 371-377, 1972.

Saltzer, J.H. and J.W. Gintell, "The Instrumentation of Multics”,
CACM, Vol. 13, No. 8, pp. 495-500, 1970. ,

Hansen, P.B., "Structural Programming", CACM, Vol. 15, No. 7,
pp. 574-578,-1972.

Hoare, C.A.R., "Monitors: An Operating System Structuring Concept",
CACM, Vol. 17, No. 10, pp. 549-557, 1974.

Hansen, P.B.,."The Solo Operating System: A Concurrent Pascal
Program", Softw. Pract. Exp., Vol. 6, No. 2, pp. 141-150, 1976.

Hansen, P.B., "The Solo Operating System: Job Interface", Softw.
Pract. Exp., Vo] 6, No. 2, pp. 151-164, 1976,

Hansen, P.B., "The Solo Operating System: Processes, Monitors
and Classes", Softw. Pract. Exp., Vol. 6, No. 2, pp. 165-200, 1976.

Hansen, P.B., The Architecture of Concurrent Programs, New Jersey: ;
Englewood Cliffs, Prentice Hall, 1977. H

Kaubisch, W.H., R.H. Perrot.&C.A.R. Hoare, "Quasiparallel Programming",
Softw. Pract. Exp., Vol. 6, No. 3, pp. 341-356, 1976. ,

Wirth, N., "Modula: A Language for Modular Multwprogramming", Softw. |
Pract. ExE » Vol. 7, No. 1, pp. 3-35, 1977. i




32.
33.

34.

35.
36.

37.

38.
39.

40.

41.
42.
43.

44.

45,

46.

270

Wirth, N., "The Use of Modula", Softw. Pract. Exp., Vol. 7, No. 1,
pp. 37-66, 1977.

Wirth, N., “"Design and Implementation of Modula®, Softw. Pract.

Exp., Vol. 7, No. 1, pp. 67-84, 1977.

Welsh, J., and D.W. Bustard, "Pascal-Plus - Another Language for
Modular Programming", Softw. Pract. Exp., Vol. 9§, No. 11, pp. 947-
957, 1979. ,

Conway, M.E., "Design of a Separable Transition-Diagram Compiler",

CACM, Vol. 6, No. 7, pp. 396-408, 1963.

Knuth, D., Fundamental Algorithms, The Art of Computer Programming

Vol. 1, Mass. Reading: Addison Wesley, 1973.

Kriz, J. and H. Sandmayer, "Extension of Pascal by Coroutines and
Its Application to Quasi-parallel Programming and Simulation",

Softw. Pract. Exp., Vol. 10, No. 10, pp. 773-789, 1987.

Holt, R.C., G.S. Graham, E.D. Lazowska, and M.A. Scott, Structured
Concurrent Programming, Mass. Reading: Addison Wesley, 1978.

Hoare, C.A.R., "Proof of Correctness of Data Representation", Acta
Informatica, Vo] 1, pp. 271-281, 1972.

Owicki, S., and D. Gries, "Verifying Properties of Parallel Prog-
rams - An Axiometric Approach", CACM, Vol. 19, No. 5, pp. 279-288,
1976.

Hoare, C.A.R., "Communicating Sequential Processes", CACM, Vol. 21,
No. 8, pp. 666 667, 1978.

Hansen, P.B., "Distributed Processes - A Concurrent Programming
Concept™, CACM, Vol. 21, No..11, pp. 934-941, 1978.

Barnes, J.G.P., "An Overview of Ada", Softw. Pract. Exp., Vol. 10,
No. 11, pp. 851-887, 1980.

Roberts, E.S., J.A. Evans, C.R. Morgan and E.M. Clark, "Task
Management in Ada - A Critical Evaluation for Real-time Multi-
processors » Softw. Pract. Exp., Vol. 11, No. 10, pp. 1019-1053,
1981.

Hansen, P.B., "Edison = A Mu]tiproceSsor Language", Softw. Pract.

Exp., Vol. 11, No. 4, pp. 325-362, 1981.

Hansen, P.B., "The Design of Edison", Softw. Pract. Exp., Vol. 11,
No. 4, pp. 363 396, 1981.




47.

48.

49.
50.
51.

52.
53.

54.

56.
57.
58,
59.

60.

61.

271

Andrews, G.R., "The Distributed Programming Language SR - Mechanism,
Design and Implementation", Softw. Pract. Exp., Vol. 12, No. 8,

pp. 719-754, 1982.

Cook, R.P., "*Mod -~ A Language for Distributed Programming", IEEE
Trans. on Soft. Engr., Vol. SE-8, pp. 563-571, 1980.

Straunstfup, J., "Message Passinz Communication Versus Procedure
Call Communication", Softw. Pract. Exp., Vol. 12, No. 3, pp. 223-
234, 1982,

Roper, T.J. and C.J. Barter, “A Communicating Sequential Language
and Implementation", Seftw. Pract. Exp., Vol. 11, No. 11, pp. 1215-
1234, 1981.

Eswaran, K.P., J.N. Gray, R.A. Lorie and I.L. Traiger, "The
Notions of Consistency and Predicate Locks in a Database System",
CACM, Vol. 19, No. 11, pp. 624-633, 1976.

Tsichritzis, D.C., and P.A. Bernstein, Operating Systems, London:
Academic Press, 1974.

Holt, R.C., "Some Deadlock Properties of Computer Systems",
Computing Surveys, Vol. 4, No. 3, pp. 549-557, 1972.

Sauer, C.H., E.A. MacNair and S. Salza, "A Language for Extended
Queuing Network Models", IBM Journal of Research and Development,
Vol. 24, No. 6, pp. 747-755, 1980.

Brent, R.P.; "The Parallel Evaluation of General Arithmetic
Expressions", JACM, Vol. 21, No. 2, pp. 201-206, 1974.

Even, S., "Parallelism in Tape Sorting", CACM, Vol. 17, No. 4,
pp. 202-204, 1974.

Garvil, F., "Merging with Parallel Processors", CACM, Yol. 18,
No. 10, pp. 588-591, 1975.

Lewitt, K.N., and W.H. Kautz, "Cellular Arrays for the Solution of
Graph Problems", CACM, Vol. 15, Ko. 9, pp. 789-801, 1972.

Muraoka, Y., and D.J. Kuck, "On the Time Required for a Sequence
of Matrix Products", CACM, Vol. 16, No. 1, pp. 22-26, 1973.

Marsland, T.A., and M. Campbell, ®Parallel Search of Strongly
Ordered Game Trees", Computing Surveys, Vol. 14, No. 4, pp. 531-
552, 1982.

Bonner, S., and K.G. Shin, "A Comparative Study of Robot Languages",
Computer, Vol. 15, No. 12, pp. 82-96, 1982.




	KTEZ171001
	KTEZ171002
	KTEZ171003
	KTEZ171004
	KTEZ171005
	KTEZ171006
	KTEZ171007
	KTEZ171008
	KTEZ171009
	KTEZ171010
	KTEZ172001
	KTEZ172002
	KTEZ172003
	KTEZ172004
	KTEZ172005
	KTEZ172006
	KTEZ172007
	KTEZ172008
	KTEZ172009
	KTEZ172010
	KTEZ172011
	KTEZ172012
	KTEZ172013
	KTEZ172014
	KTEZ172015
	KTEZ172016
	KTEZ172017
	KTEZ172018
	KTEZ172019
	KTEZ172020
	KTEZ172021
	KTEZ172022
	KTEZ172023
	KTEZ172024
	KTEZ172025
	KTEZ172026
	KTEZ172027
	KTEZ172028
	KTEZ172029
	KTEZ172030
	KTEZ172031
	KTEZ172032
	KTEZ172033
	KTEZ172034
	KTEZ172035
	KTEZ172036
	KTEZ172037
	KTEZ172038
	KTEZ172039
	KTEZ172040
	KTEZ172041
	KTEZ172042
	KTEZ172043
	KTEZ172044
	KTEZ172045
	KTEZ172046
	KTEZ172047
	KTEZ172048
	KTEZ172049
	KTEZ172050
	KTEZ172051
	KTEZ172052
	KTEZ172053
	KTEZ172054
	KTEZ172055
	KTEZ172056
	KTEZ172057
	KTEZ172058
	KTEZ172059
	KTEZ172060
	KTEZ172061
	KTEZ172062
	KTEZ172063
	KTEZ172064
	KTEZ172065
	KTEZ172066
	KTEZ172067
	KTEZ172068
	KTEZ172069
	KTEZ172070
	KTEZ172071
	KTEZ172072
	KTEZ172073
	KTEZ172074
	KTEZ172075
	KTEZ172076
	KTEZ172077
	KTEZ172078
	KTEZ172079
	KTEZ172080
	KTEZ172081
	KTEZ172082
	KTEZ172083
	KTEZ172084
	KTEZ172085
	KTEZ172086
	KTEZ172087
	KTEZ172088
	KTEZ172089
	KTEZ172090
	KTEZ172091
	KTEZ172092
	KTEZ172093
	KTEZ172094
	KTEZ172095
	KTEZ172096
	KTEZ172097
	KTEZ172098
	KTEZ172099
	KTEZ172100
	KTEZ172101
	KTEZ172102
	KTEZ172103
	KTEZ172104
	KTEZ172105
	KTEZ172106
	KTEZ172107
	KTEZ172108
	KTEZ172109
	KTEZ172110
	KTEZ172111
	KTEZ172112
	KTEZ172113
	KTEZ172114
	KTEZ172115
	KTEZ172116
	KTEZ172117
	KTEZ172118
	KTEZ172119
	KTEZ172120
	KTEZ172121
	KTEZ172122
	KTEZ172123
	KTEZ172124
	KTEZ172125
	KTEZ172126
	KTEZ172127
	KTEZ172128
	KTEZ172129
	KTEZ172130
	KTEZ172131
	KTEZ172132
	KTEZ172133
	KTEZ172134
	KTEZ172135
	KTEZ172136
	KTEZ172137
	KTEZ172138
	KTEZ172139
	KTEZ172140
	KTEZ172141
	KTEZ172142
	KTEZ172143
	KTEZ172144
	KTEZ172145
	KTEZ172146
	KTEZ172147
	KTEZ172148
	KTEZ172149
	KTEZ172150
	KTEZ172151
	KTEZ172152
	KTEZ172153
	KTEZ172154
	KTEZ172155
	KTEZ172156
	KTEZ172157
	KTEZ172158
	KTEZ172159
	KTEZ172160
	KTEZ172161
	KTEZ172162
	KTEZ172163
	KTEZ172164
	KTEZ172165
	KTEZ172166
	KTEZ172167
	KTEZ172168
	KTEZ172169
	KTEZ172170
	KTEZ172171
	KTEZ172172
	KTEZ172173
	KTEZ172174
	KTEZ172175
	KTEZ172176
	KTEZ172177
	KTEZ172178
	KTEZ172179
	KTEZ172180
	KTEZ172181
	KTEZ172182
	KTEZ172183
	KTEZ172184
	KTEZ172185
	KTEZ172186
	KTEZ172187
	KTEZ172188
	KTEZ172189
	KTEZ172190
	KTEZ172191
	KTEZ172192
	KTEZ172193
	KTEZ172194
	KTEZ172195
	KTEZ172196
	KTEZ172197
	KTEZ172198
	KTEZ172199
	KTEZ172200
	KTEZ172201
	KTEZ172202
	KTEZ172203
	KTEZ172204
	KTEZ172205
	KTEZ172206
	KTEZ172207
	KTEZ172208
	KTEZ172209
	KTEZ172210
	KTEZ172211
	KTEZ172212
	KTEZ172213
	KTEZ172214
	KTEZ172215
	KTEZ172216
	KTEZ172217
	KTEZ172218
	KTEZ172219
	KTEZ172220
	KTEZ172221
	KTEZ172222
	KTEZ172223
	KTEZ172224
	KTEZ172225
	KTEZ172226
	KTEZ172227
	KTEZ172228
	KTEZ172229
	KTEZ172230
	KTEZ172231
	KTEZ172232
	KTEZ172233
	KTEZ172234
	KTEZ172235
	KTEZ172236
	KTEZ172237
	KTEZ172238
	KTEZ172239
	KTEZ172240
	KTEZ172241
	KTEZ172242
	KTEZ172243
	KTEZ172244
	KTEZ172245
	KTEZ172246
	KTEZ172247
	KTEZ172248
	KTEZ172249
	KTEZ172250
	KTEZ172251
	KTEZ172252
	KTEZ172253
	KTEZ172254
	KTEZ172255
	KTEZ172256
	KTEZ172257
	KTEZ172258
	KTEZ172259
	KTEZ172260
	KTEZ172261
	KTEZ172262
	KTEZ172263
	KTEZ172264
	KTEZ172265
	KTEZ172266
	KTEZ172267
	KTEZ172268
	KTEZ172269
	KTEZ172270
	KTEZ172271

