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ABSTRACT 

This Faper discusses the design and specification of a 

general purpose operating system for the proposed All 

Application Digital Computer. The objective is to develop a 

system which is relatively hardware independent, adaptable, 

~omprehensive, maintainable and functional in a multipro­

cessing, multiprogramming environment. The operating system 

model is defined by using the techniques of Structured 

progra~ming, Decision Hiding, and Multi-Level Hierarchical 

Ordering. An initial set of functional requirements and 

system constraints are postulated from which additional 

functions are defined and assigned to modules for further 

specification. The modules are grouped into two classes; 

system processes which provide services to applications pro~ 

grams such as input/output operations, and primitives which 

allow for the dynamic creation and control of processes as 

well as the interprocess communications. FinallYI form~l 

parameter specifications are developed which identify the 

module interfaces, functions, and proposed implementation. 
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In the 1960's the Navy saw a proliferation of various 

types of computers and found itself faced with enormous and 

expensive computer procurement and support problems. Thus, 

in 1968 the Naval Air Systems Command undertook the design 

and development of a modular digital computer system 

(Advanced Avionic· Digital Computer) for future naval air 

computing reguirements. The impetus for the project was 

cost reduction through the application of standardization 

and modularity. By using standardized modular hardware and 

software components, the proposed AADe system could be 

configured as a simple minicomputer, a complex multi~ 

processor system, or anything in between. In 1972, the 

Department of the Navy recognized the potential of this 

computer and expanded its role from the Advanced Avionic 

Digital Computer to the All Applicatio~ Digital Computer 

(AADe) • The AADe system, which is still in the advanced 

development stage, is intended to satisfy the entire 

spectrum of Naval Airborne and general Furpose computing 

requirements for the 1978-1990 time period [Refs. 1 and 2]. 

A. MODULAR OPERATING SYSTEMS 

The advent of complex, mUltipurpose computer systems 

necessitated the development of an operating system which 

guided a computer in the performance of its tasks and 

assisted the applications programs with certain supporting 

functions. Shaw [Fef. 3] defined an operating system as 

lIan organized collection of (systems) programs that acts as 

an interface between machine hardware and users, providing 

users with a set of facilities to simplify the design, 

coding, debugging, and maintenance of programs; and, at the 

same time, ccntrolling the allocation of resources to assure 

efficient operation." The complexity of these operating 
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systems varied according to the size and purpose cf the 

computer installation; i.e., from single CPU monoprogrammed 

to multiprocessor, multiprogrammed systems. Most of the 

existing third generation computer operating systems were 

designed as highly interdependent, complex systems. Once 

these systems had been iuplemented, any changes, 

improvements, or corrections were difficult and costly. 

Benson [Ref. 4] described some of the consequences of these 

complex systems as: 

Instead of the programming task becoming easier with 
more sOQhisticated machines, it has become increasingly 
more difficult. Large and intricate computer programs are 
being constructed and as a direct consequence the task of 
demonstrating that the programs are correct, that i"5 they 
aLe proaucing in all cases the correct output for the 
input. data, is nearly impossible. 

Another consequence of increased proqram complexity is 
the increased cost of design and implementation. Although 
hardware costs are generally decreasing, the cost of 
software is increasing dramatically ••• 

~n an attempt to solve the above two problems the 
technigue of "structured programming" has been proposed. 

The primary advantages of the Modular Design Method 

(listructured Programming") have been increased system 

reliability, reduced complexity, and ease of modification. 

Consequently, the softwar~ ·development and support costs 

have been reduced. 

B. RESEABCH GOALS 

The goals of this research were to develop a 

modularized, general purpose operating system for the AADC, 

and to specify the modules and module interfaces in a 

functional notation. D. L. Parnas [Ref. 5] described the 

criteria to be used for module specification as: 

1. The specification must provide to the intended user 
all the 1nformation that he will need to use the p~ogram 
correctly, and nothing more. 

2. The specification must provide to the implementer all 
the 1nformation about the intended use that he needs to 
complet€ the ~Logram~ and no additional informaticn; in 
particular, no 1nforwd~ion about the structure of the 
calling program should Le conveyed. 
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3. The specification must be sufficiently formal that it 
can conceivably be machine tested for consistencr 
completeness (in the sense of defining the outcome of a 1 
poss~b+e ,uses) and other desirable properties of a 
spec~f~cat~on. 

4. :he specification should discuss the program in the 
terms normally used by user and implementer al~ke rather 
than seme other area of discourse. 

These goals were achieved by employing the modular design 

concept in a "top down" approach to design an-d 

illplemHntation. To attain these objectives, the research 

was organized as follows: 

1. Define the design philosophy and heirarchy, 

2. Define preliminary specifications for each module, 

s. Design the modules, 

4. Impl€ment the modules, 

5. Test the model, 

6~ D€fine formal specifications for each module. 
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By applying the concept of modularity and the "decision 

hiding" criteria, the operating system has been defined as a 

set of hierarchical modules which have facilitated the "top 

down" design and implem~ntation. As presented in the 

following sections of this chapter, these techniques have 

provided the means of expressing a large system as a logical 

ordering of less complex components. 

A. MODULAR DESIGN CONCEPT 

The modular ,design concept has been described ~y 

Gouthier and Pont [Ref. 6] as: 

l\ well defined segm~ntaticn of the project _effort 
ensures system modular~ty. Each task forms a separate, 
distinct prograIrt. module. At implementation time eaCh 
module and ~ts inputs and outputs are well defined; there 
is no confusion in the intended interface with other 
system modules. At checkout time the integrity ef tne 
module is tested independently; there are few scneduling 
problems in synchron~zing the completion of several tasks 
Defore checkout can begin. Finally, the system is 
maintained in modular fasliion; zystem errors and dificien­
cies can be traced to s?ecif1c system modules, thus 
limiting the sccpe of detai.ed error searching. 

In recent years, there have been a number of 

(Dijkstra, Parnas, Brinch Hansen, to name 

proponents 

a few) for a 

modulac design approach for developing large programs. The 

basic justification for this approach has been to allcw the 

design cf a system to proceed in a hierarchical way. By 

treating the system as a set of basic components, specifying 

the requirements/functions of each and then treating each 

comFonent as a system (module), the original system has been 

divided into a set of independent modules. Consequently, 

the hierarchical organization in the operating system model 

has simplified module Specification, implementation and 

testinq. 
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Many operating systems in past years have been designed 

with inade~uate methods of program construction. Although 

specific reguirements have been given, the design has 

proceeded with the impetus on efficient resource utilization 

at the expense of long term systems reliability and 

maintainability. This conventional approach has restricted 

the versatility of the computer system and thereby limited 

the applications programmer's ability to design more 

advanced programs requiring extended computer capabilities. 

Additionally, any attempt to expand or modify the existing 

operating system to provide more services had been difficult 

because of the rigid set of specifications in its basic 

design (Refs. 7 and 8]. D. L. Parnas [Ref. 9] has proposed 

a soluticn to the problem as: 

The basic justification for the design m~th9dology 
presented an o~d precept from engineer1ng des1gn: a 
problem must be aefin~d before it is solved. The result 
was a m~thodology which laid great st+ess on specif~~ng 
the De~av10~ of a,system or a coruponent ~n a systeID teLore 
producLng the des1gn ••• 

The prEmise that we should proceed by specifying the 
behavior of a system before designing 1tS compcnents 
implies that we can no longer look at an operating system 
as an item to be placed on a previously designed piece of 
har6~are. The actual design should beg1n with a 
specification of the overall behavior of the hardware­
soft4are ccmbination. It continues by dividing the system 
into components and they, in turn, are oesigned with 
little or no attention to tne question of what will be 
hard.are and what will be soffwa~e until very late in the 
design. 

The principle goals of the Modular Design Concept as aFplied 

to the develcpment of an AADC operating system have been to 

define ~he overall system requirements and to satisfy these 

requir9ments by designing and implementibg indeFendent 

modules with well-defined interfaces. 

B. THE DECISION HIDING CRITERIA 

Unlike ~he conventional modular design which had defined 

operating system modules according to function, the decision 

hiding technique has been used to modularize a large system 

in a different way. Decision hiding has been proposed as a 
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means of decomposing a large system into modules based on 

isolating the decisions made at each stage of the design. 

Initially, a set of basic decisions has been specified to 

define the operating system (i.e., multipIocessor, 

monopIogrammed, shared resources, etc.). Once decision 

hiding has been applied to obtain a module for a specific 

decision, the technique may be re~applied to aefine 

decisions for submodules. 

Modularization by this technique has p~ovid€d "a 

mechanism for improving the flexibility and 

comprehensibility of a syste~ while allowing the shortening 

of its development time" [Ref. 10]. For example, in the 

design of a large system program by the conventional method, 

the system's data structures; i.e., control blocks, queues, 

etc., havE been accessed directly by several"modules. Since 

the data structures "have served as interface variables 

between certain modules, a change in the format h~s 

necessitated a corresponding change in all the modules using 

these structures. The decision hiding criteria addEd tile 

requirement that each data structure be defined separately 

and managed by a specific module. Consequently, 

modification of a data structure format has required a 

change to only one module, the data structure manage~ent 

module, since the interfaces have beeR defined explicitly. 

c. THE HIERARCHICAL STRUCTURE 

The modular design concept using decision hiding has 

~esulted in the decomposition of the operating system into a 

set of distinct modules. This technique has enhanced system 

reliability and comprehensibility, inGreased flexioility and 

made testing easier. Furthe~ improvements in these areas 

have been achieved by ordering the modules into a 

hierarchical structure in which the specific relations 

between the modules have been explicitly d8fined. 
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Since one module freguently has provided services to 

several modules, the system hierarchy has been established 

by identifying the use or dependency relationships. For 

example, those modules which identify the basic functions of 

the operating system have been assigned to the top level 

level N. Each subsequent level (N-l,N-2, ••• ,1) has been 

formed as a collection of those modules that provide the 

services required in the preceeding level. 

Two benefits have been gained from the establishment of 

a hierarchy. Firstly, the upper levels have been simplified 

because they use the lower levels as primitive operations~ 

Secondly, the lOwer levels may be used as a subsystem 

becau~e they do not require the services of the modules in 

the higher levels. Therefore, the technique of hierarchical 

structuring combined with the previously described design 

techniques have established a means of developing a 

w~ll-defined operating system. 

D. MODULE INTERFACE DECISIONS 

The three design methodologies define the technique used 

in designing a modular operating system. As the functions 

and requirements were identified and assigned to separate 

modules, the specification of the module interfaces with the 

rest of the system was necessary to permit indepEndent 

module development. These interface decisions define the 

conventions for passing information between modules; and, in 

some instances, they specify the data format and type. Once 

the module interfaces were defined, system design proceeded 

with strict compliance to these constraints. In this 

manner, system comprehensibility was enhanced and, although 

flexibility appears to be limited, the algorithm developed 

for each module may be readily changed frovided the 

interface requirements are ~ot violated. SincE the 

operating system will be composed of functionally rElated 
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modules, the module interface decisions specifically 

identify the logical flow of information between modules and 

the set cf constraints to be observed in developing them. 
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III. PRELI~INARY DESIGN SPECIFICATIONS ----------- ------ --------------
The essential requirement in preliminary design specifi­

cation has been defining th~ purpose for which the AADe 

operating system was being designed and then to determine 

the set of basic functions which satisfy this purpose. Since 

the AADC operating system was to be designed as a multi­

purpose, modular system which served as an interface between 

user programs and hardware, the specifications have been 

determined by considering the requirements of an operating 

system in a multiprogramming, multiprocessing environment. 

The decision to design the operating system in this environ­

ment vas predicated on the fact that monoprogrammed and 

single processor, multiprogrammed systems could be obtained 

as logical supsets of the design by restricting the number 

of user jots in the system and number of proeessors, 

respectively. 

The first task in developing the preliminary design 

specifications was to identify the services to be. provided 

to the user and the essential managerial functions to be 

performed by the operating system given the constraints of 

multifrogramming and multiprocessing. Firstly, the operating 

syste~ had tc perform monitoring operations to supervise thE 

activity in the system and to detect and rectify, where 

possitle, software or hardware errors. Secondly, a means for 

managing resources, such as processors, files, input/output 

devic~s, space, etc., had to be provided for more efficient 

resource utilization. Thirdly, a technique for passing 

inforaation tetween separate programs .(system or user jobs) 

had to be designed; and finally, the operating system had to 

provite a simple method for controlling input and cutput 

operations, a means by which a user may enter his program 

into the system and obtain the requested output. 
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In addition to these functions and services, several 

reguirements have been specified in the AADC Develcpment 

project which have a direct effect on the design and imple­

mentation of the operating system. In paLticular, the opera~ 

ting system will be executabl~ on one processor at any point 

in tiae; i.e., a dedicated system processor. Secondly, the 

user has been given the ability to cause the creation of 

separate Frocesses 1 that may execute independently fLom the 

parent process. Another requirement has been the 

implementaticn of paging techniques; however, the page fault 

recogLition and page replacement algorithms have been 

scheduled foe implementation in hardware (Refs. 2 and 11]. 

Finally, a standardized, simple communications technique 

has been specified to facilitate interprocess communication 

and process to hardware communication. In current operating 

systems, the communications facilities have varied according 

to the type of communication; i.e., user processes pass 

informaticn to system processes via a program intErrupt 

facility, system processes communicate with other system 

processes via shared tables and lock/unlock mechanisms, etc. 

Wecker [Bef. 12] has described the problems resulting from 

these implementations as: 

By building systems with all these varied communica­
tion facilities, we tend to overcomplicate and overturden 
th~. op~rating syst~m ~nd the u~er prog~aill~. This non­
un~form1ty of COIDmunlcat~on techn~gues w~th~n a system 
lea6s to problems of syncnronization and scheduling and to 
systems whEre the overall design and structure tecome 
~bscure and maintenance becomes difficult •.• 

It would, therefore, be very desirable to build an 
operating system where data exchange techniques are 
S.lml,lified ana which will execute efficiently on our 
spectrum of ~ultiple processor hardware conflgurations. 
Tbe~;e goals c~n be ayhieved. by having all processes in the 
system com~unlcate Vla expllc~t data exchanges. 

------
1 A process is a task or algorithm which competEs for 

reSQULCeS aLd can be characterlzed by its state and 
environmEnt. 
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The communications technique utilized in this operating 

system has been designed to pass information through the use 

of Eessag€ semaphores and buffers [Refs. 3, 8, 12, and 13]. 

The inter process communication requirement and the function­

al requirements identified in the preceeding paragraphs are 

summarized in Table I. 

TABLE I BASIC FUNCTIONAL REQUIREMENTS FOR THE 
AADC OPERATING SYSTEM 

___ !UNCTION 

Monitoring 

Besource Allocation 

Input/Output Control 

Communication 
Beg uil:em ents 

Multiprogramming. 
and Mult1FrOC€ss1ng 

Dedicated Processor 

User created Processes 

Paging 

_____ ~ __ -DEFlli!!!Q~------------­

Supervise the activity in the 
system~ Detect and rectify ha£dware 
and sOItware errors~ 

Supervise the allocgtion of 
resources to com~etlng system and 
user processes. 

Method for users to enter program~ 
into the system and obtain output. 

Technilue for passing information 
from process to process, procEss to 
hardware, and in operator-system 
communications. 

Scheduling technique for opti~i?ing 
system ut11ization while provld1ng 
processor ex~cution time equitably. 

Operating system executable on only 
one processor at any point in time. 

Method by which a user process can 
create independent/dependent user 
processes. 

(To be implemented in hardwarE) 

Having identified the basic functional requirements of 

the operating system, the preliminary design specifications 

were determined in the manner described in the prec€€ding 
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chapter. To facilitate design and hierarchical ordering, 

the modules were divided into two distinct classes 

(processes and primitives). Process modules were designed 

to perform specific functions while competing for system 

resources; whereas the primitive modules were designed to 

perfo+m the common services required by user and system 

processes. In particular, primitives were used to provide 

the nechanism for resource allocation and process 

communication, and to protect critical sections. 

The operating system processes have been assigned to 

level 2, whereas the primitives which previde services to 

the processes were assigned to level 1. Within each of these 

levels, the modules have been ordered hierarchically depen­

ding on the services they provided to other modules OD the 

same level. For example, a system monitor module reguired 

the services of an input/output cQntrol module to receive 

instructions from or pass i~formation to the computer system 

operator. In this caSE, the monitor would be assigned to 

level 2.2 and the I/O controller to level 2,1. Hence, any 

module on level 2 may utilize the services provided by 

modules on level 1; however within the levels, services may 

be obtained from modules on an adjacent~ lower level. The 

remaining SEctions of this chapter are concerned with-the 

preliminary design sp~cifications of the operating system 

modules. The Fundamental Algorithm Techni~ue used by Knuth 

(Ref. 14J was adopted to define the program logic of the 

processes 

sections. 

and primitives described in the following 

A. OPERAIING SYSTEM PROCESSES - LEVEL 2 

The first stage in the preliminary design specifications 

for the op~rating system processes was to detErmine which of 

the basic fUDctions could best be performed by a proceEs and 

then to determine wnich processes provided services to ot~r 
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I INTEl1.RUPT I 
HANDLER 
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FIGURE 1. THE HIERARCHY OF OPERATING SYSTEM PROCESSES 
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processes. In particular, the 'monitoring functi~n and the 

input/output control functions were selected to be performed 

by p~ocesses. In designing the modules to satisfy these 

requirements and to provide the capability for 

multiprogramaing-multiprocessing, nine (9) processes were 

specified. The need for additional processes to serve as 

interfaCEs between selected hardware devices {i.e., line 

printers, card readers, consoles, disk drives, etc.) and 

system processes was also considered. ,Figure 1 is the 

hierarchical ordering of the operating system processes. 

1. Error Handler - Level 2.6 
------~------------~-~-~ 

In any multi-purpose operating system, there must be 

an internal method for the ,handling of user, systerrs and 

hardware generated error conditions. Corrective action may 

be accomplished by canceling the ill-behaved user precess, 

terminating and then replacing a system process, or 

notifying the system operator of the problem and waiting for 

instructions. In any case, the action to be 

determined by the designers of the 

(including both hardware and soft~are) 

performed was 

computer system 

with particular 

emphasis on the precise hardware configuration. 

SinCE the physical machine was unspecified, a module 

to perform these functions was designed to simulate the 

monitoring function; however the error correction rcutine 

has been left undefined. Once the specific actions are 

identified, the afpropriate code may be inserted (prcvided 

the interfaCE re~uirements are not violated). The following 

algorithm describes the basic logic of the Error HandlEr: 

1.1 [Wait for message] Reguest(error 
message). 

1.2 

1.3 

(Interpret message] Decode th~ error 
message and determ~ne the act~on to 
be taken. , 

fRecoverable] If correctable Then 
take predetermined action otherwise 
Go to step 1.5. 
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1.4 [Inform operator] Release (operator 
message) and Go to step 1.1. (Notify 
the operator of the error and action 
taken. ) 

. 1.5 [Nonrecoverabl~l Release (operator 
message). (Not1fy the operator of 
the error and re1uest instructions.) 

1.6 

1.1 

[Wait for answer] Reguest{answer). 

(Answer received] Perform the action 
specified and Go to step 1.1 

ALGORITHM 1 ERROR HANDLER 

The "wait for an error condition", "wait for 

answer", and "notify the operator" were performed in this 

iKplementation through the use of the message passing 

primitivEs {Request and Release) to be defined late~. Since 

information was being exchanged with the operator, the Error 

Handl€r Deeded the use of an I/O device(s). ~o hide the 

actual manner in which this was performed and to simplify 

the I/O ccntrollers r this service was assigned to an 

independent module -- the Operator System Communicator. 

In addition to providing services to the Error 

Handler, the Operator System Communicator was designed to 

assist the computer operator in controlling the system. The 

operator needed the ability to 'start up' a specific job; to 

add, delete or modify the system configuration (start up a 

new disk drive, delete a card reader, or modify a disk 

pack) i or to obtain information concerning the status of 

queues, availibility of core, 

Communicator was implemented 

control point and a uniform 

to 

etc. The Operator System 

provide 

way of 

a centralized 

obtaining system 

information or giving orders to the system. As in the case 

of the Errcr Handler, the full design of this module 

depended upon knowledge of the possible configur~tion and 

the repertoire of "ope:cator-system" instructiQns. All 

messages are passed via the Request and Release primitives. 
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2.1 

2.2 

2.3 

2.4 

2.5 

rWait for message] Request(operator 
1/0) • 
(Interpret messagel Determi~e who 
sent the message and the act~cn to 
be taken. 

[From operator] Perform action 
specified, and Go to step 2.5. 

[From system] Perform the action 
specified. (~. e., pass the message 
to the operator, etc.). 

(Answer requested] If (answer 
requested) Then Release(answer) • Go 
to step 2~ 1. 

ALGORITHM 2 OPERATOR SYSTEM COMMUNICATOR 

Since there is generally a great disparity between 

the rate of information transfer among input devices and 

main storage access time, the concept of spocling has been 

adopted to assist the system in satisfying the 

multirrogramming functional requirement. In particular, 

spooling operations utilize the services of file management 

and employ the concept of buffering (a buffer is a storage 

area used to give a better match bet~e€n p~oc~ssor speeds 

and I/O device speeds) in accomplishing its function. 

watson [Bef. 15] describes the I/O problem as follo~s: 

The I/O system must cope with a wide variety of 
devices and therefore is quite complicated at detailed 
levels of design. This cornpl~cation arises because ef the 
large Dumber of special situations which can arise in 
handling communication with each type of device. To create 
a design which is as conceptually simple as possible, the 
designeL should probably isolate as many devlce-dependent 
characteristics as fossible in separate routines (often 
called device drivers and then interface these routines 
witt mere general routines which a~e device-independent • 

. One can recognize four major functions in handling I/O 
dev~ces: 

1 fuffering of information transmitted 
devices, auxiliary storage and merno~y 

2 Proper handling of interru2ts or other 
processor signals and their interface to 
the system 

3 REserving and allocating I/O resources 
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4 Protection of the resources dedicated to one u~er or 
process fro~ interference by another. 

The Input Controller was designed to "spool" user 

jobs into a file on some auxiliary device and to enter the 

job control language (JCL) and various administrative data 

into a jcb queue. The Initiator can then retrieve this data 

and create the user process. To avoid the possibility of 

"deadlocks" for file space (i.e., the Input Controller gets 

blocked indefinitely for space to spool the· incoming data), 

the responsibility for requesting file space was assigned to 

the input device interface processes. Hence, the Input 

Controller, which is device independent, receives JCL 

information, file information, etc. from the various 

interface processes, stores this information in the job 

gueue and sends a message to the Initiator. 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

[Wait for 
(out'put) . 

a message] Reguest 

[Interpret .message] Determine the 
actl0n regulred. 

[JCL) If (JCL or file information) 
~hen store the data and Go to step 
3. 1. 

[Input for Operator System 
Comm unica tor] If (Operator input) 
Then Release{Operator I/O) and Go to 
step 3.1. 

[EOF] If [End Of File (EOF)] Then 
enter data in the job queue, 
Release (New Job) (to the ~nitiator), 
and Go to step 3.1. 

fFrom Operator System Communicator) 
1f (Conligur~~ion Mogification) Then 
take approprlate actlon and Go to 
step 3.1. 

ALGORITHM 3 INPur CONTROLLER 

In item 3.6 of the above algorithm, the message 

received by the Input Controller was from the OpErator 

System Communicator. The decision was made to have the Input 

Contrcller create the interface processes for the input 
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devices since it ha1 to maintain separate files tc store 

incoming data from each device. Thus, if the operator 

entered the command to start up another card reader, the 

Communic~tor would instruct the In~ut Controller to do it, 

wait for an answer that it had been done, and then inform 

the oFerator. 

The output Controll€r was designed to provide a 

uniform, generalized technique for handling the various 

reguested output operations. In keeping the design simple 

and device independent, the Controller was implemented to 

utilize the services of the-device interface processes and 

the File Manager. In particular, the Output Contrcller, 

upon receiving a request to output a message, assigned a 

device and then passed the information to the device 

interface process. In the case of printing files, thE data 

was passed from the File Manager via the Controller tc the 

preassigned (maybe user or system specified) interface 

process. In the event 'a device was not availatle, the 

Controller gueued the output request. 

4.1 [Wait for message] Reguest(cutput 
message). 

4.2 [Interpret message] Determine the 
action to be taken. 

4.3 

4.4 

4.5 

(Operator syst~m Communicator 
message] Take specified action and 
Go to step 4.1. (i.e., Release 
mes9age to the operator, add a nev 
dev~ce, etc.). 

[File Manager message] Release (full 
Duffer) and Go to steD 4.1. (nass 
the information to b~ output to~the 
appropriate device interface 
process) • 

[Terminator message] If (Device 
available) Then.get data frcm ~rint 
gueue, take act10n to output the 
Job, and Go to step 4. 1; Otherwise 
queu~ the print job and Go to step 
II. 1. 

ALGORITHM 4 OUTPUT CONTROLLER 
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4. ~iator - Level 2.4 

One of the principle functions of the operating 

system was to prepare a user program far execution. Frem the 

JCL and file information stored in the job queue, the system 

determined and then allocated the initial resources required 

by the job. In so doing, the user job was transformed into a 

process ~bich was assigned an internal identification, given 

resources or access to them, and entered on the "ready 

active" gueue (a list of processes waiting for a processor). 

Furthermore, a system table [P£ocess Control Block (PCB)] 

containing management information about the jot was 

established for use by the operating system as the process 

proceeded through execution. The Initiator was designed and 

implemented to prepare the user program for execution. 

5. 1 

5.2 

5.3 

5.4 

5.5 

5.6 

5.7 

5.8 

[Get internal name' Request (Inam~) 
(Wa~t for space for a PCB ~f 
necessary}. 

[Get a job from the job gueue] 
~eguest (Newjob) • 

[Interpret JeL] Det~rmine which 
resources are regu~red by the 

·process and 'verify tliat this process 
may have access. 

rObtain reguited ~esources] 
r9r (each regulred resource} Do 
Request (resource). 

[Create Process Control Block] 
Call create PCB. 

[Activate the process] Call Activate 
(new process). 

[Free job queue space] Release(Job 
queue) • 

[Finished] Go to step 5.1. 

ALGORITHM 5 INITIATOR 

When a process completes execution (either normally 

or ab~ormally), the various resources created by the process 

or assigned to it were destroyed or deallocated, 
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respectively. Additionally, ariy output reguirements were 

satisfied, including operator notification if necessary. 

Since in the design of the operating system, Doth system and 

user processes were given the ability to create subordinate 

processes, the termination of the parent process necessita­

ted the termination of its progeny (dependent processes). 

The Terminator was designed to perform these functions when 

notified by the system or user to terminate a process. 

6.1 

6.2 

6.3 

6.4 

6.5 

6.7 

6.8 

fWait for termination message] 
Request(termination message). 

rVerify message] If (Invalid) Then 
~elease(Error message) and Go, to 
step 6.1. 

[Compile list of pro~esses] Insert 
procEss to be termlnated and all 
Qe£9ndent processes on the list and 
i ~- n (number of items in the 
list). 

[Select process- for termination] 
Term_Process <- list (i) • 

[Print output file] Release (Output) • 

[Free all resources] Deallocate 
resources. 

(Free Internal 
name). 

[Finished] i <­
GO to step 6.1 
6.4. 

Name] Release (job 

i-1; If i = 0 Then 
OtherWlse Go to step 

ALGORITHM 6 TERMINATOR 

6. !i1~ Man~g~gn!_r_b~X~ls_~~_~ng_l~~ 

The design and subseguent implementation of file 

managEment techniques simplified the development cf a 

~ultiprogramming operating system. Serving as an interface 

between Frocesses and the auxiliary storage dEvices (disks, 

drums, tape drives), the File Manager was designed to 

perfoIm such functions as controlling access to files, 

creatiLg and destroying files, opening and closing files, 

and providing backup and restoration servicEs, if possible. 

Additionally, characteristics of the file, i.e., record 
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size, data storage methods, etc., and of the device were 

hidden f~om the Manager to eliminate file type and device 

d~pendencies. 

In multiprogramming systems, simul~aneous regu~sts 

from separate processes for access to a shared file reguired 

the File Manager to determine if multiFle access can be 

permitted. since the reguests may be for read access, write 

access, cr both, the File Manager was implemented to satisfy 

multiple read access requests but restricted write access to 

only cne process at a time. As in the case of the Input and 

Output ccntrollers, the File Manager was assigneo the 

additional function of creating, destroying and supervising 

the dEvice interface processes which perform the reading and 

writing of data. 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

rwait ~or a message] Request (File 
Operat~on) • 

fInterpret message] Determine action 
io be taken. 

[Configuration modification] if 
(configuration modification) Then 
perform re~uired action and Go to 
step 7.1. (From Operator System 
Communicator - add, delete or modify 
the status of a storage devic€)~ 

[New file added] If (new file) Then 
update master list of known files 
and Go to step 7. 1. (From the File 
Space Manager - a new file has been 

. auded) • 

[Directory information] If 
(directory information) Then update 
directory and release availaLle 
space to the File Space Manager as 
necessary and Go to step 7. 1. (From 
an Interface Process when the 
storage device is added to the 
system) • 

[Opera~ion on a file] If (fi~e 
operat10n) Then [If (access allowea) 
Then p8rform operation othtrwise 
Release (Lcror lileSsagt:) ] Go to step 
7.1. (A process has requested a file 
read, wrlte, open, close, etc. Tne 
aCCess ch~ck can 1llclude deadlock 
checks as necessary). 

ALGORITHM 7 FILE MANAGER 
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When a process requests access to a file, the File 

Manager tested for potential deadlock situations (a deadlock 

occurs when Frocess 1 had been given write access to file A, 

process 2 had been given write access to file B, and then 

proceEses 1 and 2 request access to files B and A, respec­

tively, and consequently, become blocked indefinitely). 

Many solutions have been presented to solve the deadlock 

problEm, some of which include: requesting and then 

assignin~ all resources at the time of process creation, the 

conceI .. t of "sacrificing", and more complex schemes [Refs. 16 

and 17]. The concept of IIsacrificingl1 was implemented in 

this design. In particular, once a process reguested a 

write access which was not immediately serviceable or had 

write access and then requested read access which was not 

serviceable, all file Lesources owned by this process £ecame 

preemptatle. In this scheme, the user must be careful to 

reguest file access at points where preemption does not 

prohibit recovery. 

In creating a file, available storage spac€ was 

found, tagged as being non-available and reserved for access 

by the precess requesting a new file. To prevent the File 

Manager from being blocked indefinitely while attempting to 

service a reguest for space allocation, the responsitility 

for this function has been assigned to a separate process, 

File Space Manager. ThllS, processes desiring a new filE made 

their reguest to this process rather than the File Manager. 

The File Space Manager was designed to managE the 

space availatle in auxiliary storage and to create new files 

upon request by a process. The allocation-deallocatiou and 

accQuDting functions were implemented as a cooroinated 

operation with the File Manager. In pdrticular, the File 

Hanag€r was assigned the responsibilty to determine the 

chang~ in available space as filES werE destroyed or dEvices 
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were added, removed or modified (change in disk pack, tape, 

etc.) and then, to inform the Space Manager of the change 

and its effect on available space. 

8.1 

8.2 

8.3 

8.4 

8.5 

8.6 

8.7 

[Wait +or a message] Reguest 
operatl.on). 

(space 

[Interpret message] Determine action 
lo be taken. 

[System configuration chang€] 
If (Device deleted) Then Go to step 
8.1 Othecwise If (Outstanding space 
requests) Then Go to step 8.7-. 

[Space f~eed] If (space freed and 
outstandlng space requests) Then Go 
to steQ 8.7- Otherwise Go to step 
8.1 (Lrorn File Manager - a file has 
been destroyed) • 

[Permanent file] If (permanent file) 
~hen (If ispace available) Then 
update ava1lable space and Go to 
step 8.7 Otherwise Release (Error 
message) and Go to step 8.1. 

[Temporary file] If (temporary file 
~hen f rihlle (space not. avallable) 
Request. (space from File manager)]; 
Upaate ava1lable temporary space. 

[Create a file] Get an RCB; update 
space available; update file 
d1rectory for the selected storage 
device- and Release (answer) to the 
requesting process; Go to step 8.1. 

ALGORITHM 8 FILE SPACE MANAGER 

Upon fielding a reguest from a process to create a 

temForary file which reguired more spacE tben what was 

available, the Space Manager was blocked until a change in 

the system occurred or a previously created file was 

destroyed. When space was not available for a perRaneut 

file, an error condition was set and the Space Manager 

proceeded to service other requests. 

lhe interrupt concept, a second and third generation 

advance, was devised to facilitate multiprogramming 

operations. Sayers (Ref. 18] defined an interrupt as Ita 
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break in the normal flow of program execution~ •• uSQally 

caused by a hardware-generated signal, such as an I/O Event, 

a program error, a machine error, or an operator-initiated 

signal." The interrupt was used primarily to compensate for 

the Epeed differential between I/O operations and central 

proceEsing by permitting the ·processor to continue execution 

of a process 

processes. For 

requesting I/O, 

while servicing the 

example, a process 

the I/O operation 

I/O requests of other 

was blocked upon 

was started and the 

processor was allocated to another process. Once the I/O 

operation was completed, the system was notified via an 

interrupt signal. At this point, the process which was 

blocked on this I/O operation was permitted to preemFt the 

curreLt process and resume execution, or was placed in a 

"ready-active" queue to wait for a processor. 

Ihe Interrupt Handler, as implemented in this 

operating system, ~as designed to servic~ various interrupts 

by determining which interrupt was set and performing· any 

predefined action. The Interrupt Handler, therefore, served 

as an interface between the hardware devices and the 

processes using these devices. When an interrupt occured, 

the Handler was invoked directly (by hardware) to service 

the interruFt. In particular, the state of the current 

proce~s ~as saved, the Handler released a message tc the 

process waiting for the interrupt and then, control returned 

to the interrupted process. 

9.1 

9.2 

9.3 

9.4 

(Wait for interrupt] wait to be 
~nvoked by hardware. 

(Save state of current Frocess] 
Save process <- Current process; 

Call Save_state (Current_proc€ssj. 

rHeset Current_process] 
turrent_process (- Interrupt_Hndlr. 

[Determine action] Identify 
1nterrupt and required action. 
(i. e., w~&ich process is ccncerned 
with this interrupt and the proper 
message semaphore). 
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9.5 [Send message] Release (message to 
process). 

9.6 fRestore the preempted process] Call 
~estore state (Save process) and Go 
to step-9.1. -

ALGORITHM 9 INTERRUPT HANDLER 

B. OPERA1ING SYSTEM PRIMITIVES - LEVEL 1 

In a multiprogramming, multiprocessing environment, 

mechanisms must be provided for the synchronization of 

processes during information transfer; for allocation and 

deallocation of resources; for process cLeatioll, control and 

termination; and for protection of critica1 sections of 

cade, of data structures and of resources. The primitives 

vert designed to perform these functions. 

In particular, the technique for interpLocess 

communication was defined through the use of the Reguest, 

Release and Allocator primitives; processor allocaticn was 

achieved by the Scheduler primitive. The primitives 

Sav€state, Restore~tate, Interrupt Enabler and Interrupt 

Disabler assist in process control and protection. Finally, 

the varicus system data structures (i.e., Resource Control 

Block - BeB, Process Con trol Block PCB, etc.) were 

"hidden" frcm the rest of the system by providing the 

primitives ReB Handler and PCB Structu4es. 

A hierarchical organization of the primitiveE was 

defined in that va~ious primitives requirE the servic€s of 

other ones. For example, all primitives invok€ the 

Interrupt Disabler at the start of execution and the 

Inter~upt Enabler upon completing e~ecution. This was 

necessary to preclude preemption while executing critical 

sections of code. Figure 2 represellts the prin:itive 

hierarchy. 
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at any Foint in time. .Request and Release messages that 

cannot be immediately matched are gueued 

semaphore and ordered by the priority 

process. 

on the m€ssage 

of the invoking 

TABLE II. MESSAGE BUFPER 

PURPOSE FI E.=L.-.D __ 

RELEASOR 
----~-----~-----------~-----------~--------

ANSWER-REQUIRED 

MESSAGE-SEMAFHORE 

BUFFER LOCATION 

DATA FIELDS 

Internal name of the process releasing 
a message. 

Indicates if an answer to the release 
is required. 

Internal identification of the message 
class identifier to be used in the 
answer. 

Identifies the input/output buffer. 

Used to pass action identifiers (inter­
face var1ables); device, process( 
resource external names; and adm~Dis­
trative data. 

BeguEst and Release may he considered as a software 

interrupt scheme utilized by processes. A process invoking 

Bequest "enables the interrupt" associated with the 

specified message semaphore and a process invoking Release 

IIsets th€ il1terrupt". After a Reljuest has been matched .,ith 

a Release, the "message semaphore interrupt" is disabled 

until Reguest is invoked again with that semaFhore. 

!he ability to Release/Bequest a message to/from a 

specific process was incorporated to provide a usable Eystem 

with a reasonable number of message semaphores. For 

example, to ~erform a file operation using thE services of 

the File Manager, process A only needs the message semaphore 

($FILEOP) and the message format utilized by the File 

Manager; no ether information is ne~ded. Process A releases 

a $FILEOP message (restricted to the File Manag~r for 

reguests) and specifies the operation desired. If an answer 

is r~quired for synchronization, the mes~ag2 semapnoLe 

process A will use in the Request is also specified. when a 

36 



Beguest from the File Manager is matched with the Release 

from process 

provided to 

A, the message data and A's internal name are 

the File Manager. Upon completion of the 

desired operation, a message will be Released to process A 

specifically, on the desired semaphore. In this manner, 

several Frocesses may be blocked with a Request on a single 

message semaphore, such as $WAIT; and another process may 

Release messages to a specific process, not necessarily the 

process at the head of the queue. 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

(Disable Interruptsl 
~all Interrupt_Disabler. 

rVerify semaphore] 
Call RCB Data ("validate"). 
If (InvaIid) Tlien set error code and 
Go to step 10.6. 

rVerify authorization to access} 
Call PCB Data ("access ll ) • 

If (Unau~horized) Then Set error 
code and Go to step 10.6. 

(Determine necessary action] 
L:all A'llocatol: (!!data l ', Match) • 

[If a match is found then activate 
ihe process) If (Match) Trien 
Call PCB_Dat...a !1Iget priority;', PRI); 
Call ~CB Data 1Iput status"l.rtEADYA) ; 
Call PCB:Data "get type - ~yst€m or 
User",Type Proc); 
Call RCB Put Queuc(~IName, 
Re~dy_A_~ue,-Type_Process, 
Pr~or~ty) . 
Call Scfie~uler. 

fEnable Interrupts] 
Call Interrupt_Enanler. 

AlGORITHM 10 RELEASE 

11. 1 

11.2 

11. 3 

11.4 

[Disable Interruptsl 
Call Inter~upt_DisanIer. 

rVerify semaphore] 
tall ReB Data (llvalidate ll ); If 
(Invalidf Then set error code and Go 
to step 11.6. 

rVerify authorization to access] 
tal,l PCB Data ("access lt ) ; 

If (Unau"EhoriLed) ThEn S'2t error 
code and Go to step 11.6. 

rDetermine nec8ssary action] 
tall Allocator ("data",Match) • 
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11.5 

11.6 

11.7 

fTest for a match]. If (Match) Then 
Co to step 11.7. 

[Block the processl 
tall PCLl Da\..a("status = BLOCKED"}; 
Call Savestate(lIinvoking process'); 
Call Scheduler. 

[Enable Inter~uptsl 
tall Interrupt Enab ere 

. -
ALGORITHM 11 REQUEST 

The Allocator was designed to perform the functions 

common to Reguest and Release: matching messages or queueing 

messages if no match is found. The entry point RCB_Match to 

RCB structures was ilplemented to simplify the Allocater and 

hide the data structure. 

12. 1 

12.2 

12.3 

12.4 

12.5 

rCheck for a match ] 
tall RCB_!1atch ("data") • 

[Match and a Request]'If (Match & 
~eguest) Then Do Transfer message to 
Requestor's buffer; and Return. 

rMatch ~nd a Releasel If (Match & 
nelease) Then Do; 1ransfer message 
to the Blocked Process' Buffer; 
Enter Releasor's internal name in 
the buffer; and Return. 

[No Match and a Release] If 
(No-~atch & Release) then Allocate a 
temporary message buffer; and Enter 
the message data into that buffer. 

rNo match-queue message by priority] 
talI pca Data ("get pr~orityll); 
Call RCb PutQue("message, pr~oritYI 
and semapnore ll ); Return. 

ALGORITHM 12 ALLOCaTOR 

2. Primitive - Scheduler - Level 1.3 
~-~---------~----~---~--------

lhe processor which is freed when a prOCESS is 

blocked must be reassigned to anotheL"proCess to efficiently 

use the processor(s) in a multiprogramming environment. 

Many schEduling algorithms have been proposed; such fa~tors 

as the priority and the past 1/0 behavior of proce!::sEs edt! 

be used to determine which process should be scheduled, or 
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if a currently running process should be preempted. Other 

techniques include first-in-first-out (FIFO) scheduling and 

round-robin scheduling, in which each process is allocated a 

time-slice on a recurring basis. The scheduling algcrithm 

is usually tailored to achieve the goal of the system, such 

as maximizing throughput in a batch system, or immediately 

starting critical processes in a command/control system. 

Since the Scheduler is run on the designated operating 

system processor, that processor must be started last to 

preclude Freempting the Scheduler~ 

13.1 

13.2 

13.3 

13.4 

13.5 

13.6 

13.7 

13.8 

13.9 

fInitialize variables] . 
Processor <- yser_processor(l); 
Que <- User; 1 <- 2; 
Cycle_finished <- False. 

(Check processor] If (Processcr is 
not allocated) Then Go to step 13.6. 

[Check the queuel Call RCB Find(nget 
priority o~ the top element i~ Que}; 
If (Que ~s empty) ~hen Go to step 
13.7. 

[Check for preemption] If 
(preemption is des1rable) Then Call 
Savestate(Current Process,Processor} 
Otherwise Go to step 13.7. 

[Change status and queue current 
process] Call PCB Data(tlput status 
of current process to KEDYA"} ; Call 
RCB Put Que(l'insert current pLocess 
on Q'ueIiT. 

rStart-up highest r.riority process] 
Call BeB Get que(lprocess at the 
head of QUell) ;-
Call PCB Data ("put status of New 
Process to RUNNING") ; 
Call REstoresta te (New Process, 
Processor) • 

[Check for a new cycle] 
If (Cycle_Finished) Then Go to step 
13. 1 ~ 

(Select next processor] 
If (more user processors) rhen Do; 
Processor <- User processor (1) ; 
i < - i + 1; En a. ; E 1 seD 0 ; 
Processor <- System_Processor; 
Que <- OS Que" 
Cycle_FinIshe~ <- True; End. 

(Loop] Go to step 13.2. 

ALGORITHM 13 SCHEDULB~ 
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The Device Directory primitive was designed to 

interface with the Operator System Communicator, Input 

Controller, Output Controller and File Manager processEs to 

provide information concerning system configuration, I/O 

devices and device interface processes~ During system 

initialization and, when required, for system 

reconfiguration, this primitive would be invoked tc cbtain 

the data used in creating Resource Control Blocks for the 

devices and Process Control Blocks for the interface 

processes. 

The Directory was designed to store two classes of 

data: system configuration (menu) and resource data. System 

configuration data defines several possible configurations 

which may be selected at system "start_up". For example, 

Menu A may identify Cardreader1, Lineprinter3, Console2, 

etc. and Menu B identifies Cardreader2, Lineprinter3, 

Console1, etc. The resource data contained in the Directory 

may consist of the interface process's external name, code 

location, priority, etc. and the device's access qualifier 

(shared or private), blocksize (buffer length), intErrupt 

identiiier, and so forth. This data is used by the Operator 

system Ccmmunicator to identify the devices to be activated 

and, hence, the message to be sent to the appropriate data 

transfer controller (Input Controller, Output Controller or 

File Manager). The various data transfer controllers use 

this information to create the interface process and dEvice 

ReE. The Device Directory primitive provides a centralized 

and standard method for accessing the ceyuired infocITtation 

to select, activate, and modify the system configuration; 

conseguently. a modification to the current functions cf and 

services provided by the operating system. 
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14.1 

14.2 

14.3 

14.4 

fDisable the interrupts] 
tall Interrupt_Disabler •. 

fIdentify information ty~e] If 
Benu Data Then Look Uf< menu"); 
Otherwise Look_Up{lfdevice" • 

fEntry fou~dl If Ent~y_Found Then 
lransfer data Otherw~se set error 
code. 

rEnable the interrupts] 
tall Interrupt_Enabler. 

ALGORITHM 14 DEVICE DIRECTORY 

4. Data ~tructures - Level 1.2 
---~------------~---~-~--

ihe data structures primitives were designed 

primarily to eliminate the data dependencies and alleviate 

the critical section problem that has plagued many second 

and third generation computer operating systems. For 

examFle, concurrent access to a common data element was 

prevented by designing these modules as ncn~interruFtable 

primitivEs and defining interface variables through which 

the Frocesses and other primitives access or store data in 

the structures. 

Every process and resource is represented in the 

systeG by its state~ identification and accounting/admin­

istrativE information. A corresponding data structurE was 

defined to contain this descriptor data for use in tasic 

process and resource operations (i.e., scheduling, mEssage 

handling, etc.). Tables III and IV represent a flexible and 

general furpcse model structure for process and resource 

descriptors, respectively. Por example, a field [ay be 

added or dEleted provided the interface variable associated 

with the field is also appropriate~y modified. If a data 

type were changed, code to convert the data to the type 

expected by other Ulociules need only be added to thE data 

structure module. The ~esource Control Block was deEigned 

to be functional for the types of rescurces identified 
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iABLE III. PROCESS CCNTBOL BLOCK DAIA STRUCTUBE 

FIELD PURPOSE ---------------------------- ------~~--~ 
EXTERNAL NAME Oser/operator specified process na~e. 

PARENT "Internal name of process which created 
this process or wnich is the parent of 
a sibling which created this process. 

CHILD Internal name of a dependent process 
cr~ated by this process or another child 
of this process. 

LEET SIBLING Link to related independent processes. 
Value is a process internal name. 

RIGHT SIELING Link to related independent processes. 
Value is a process internal name. 

PAGE TABLE PCINTER Address of the process·s Page Tabl€. 

FILE-SHAEE-WRITE 
COUNTER 

PROCESS TYPE 

RESOURCE VEC'IOR 

FILE ACCESS STATUS 

MESSAGE EUFFER 

STA'IOS 

PRIORITY 

QUANTUM 

CYCLE TIME 

PROCESSOR 

STATE VECTOR 

Counter of the number of outstanding 
file open reguests for write access to a 
non-owned, sliared file. 

Identifies system versus user proc€ss. 

Identifies 
acquired. 

Identifies 
writer( or 
condit~on. 

resources accessible or 

the process as a reader or 
if it is in a sacrificed 

Pointer to the process's message buffer. 

The status of the process in the system; 
i.e., Blocked, Running, Ready, etc. 

Identifies relative importance of the 
proces~; used in queue~ng and scheduling 
operat~ons. 

Specified time interval in which a 
2rocessor ~s assigned to this preCESS 
for execut1.on. 

Reschedule time period for a recurrent 
pJ:ocess. 

Internal name of the processor allccated 
to the precess for execution. 

Save area for the initial or last state 
of execution; i.e., instruction counter 
and processor J:egister values. 
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TAELE IV. RESOURCE CONTROL BLOCK DATA STRUCTURE 

FIELD EXAMPLE RESOURCE TYPES AND FIELD USE 

____ ~SEMAPHORE DEVICE __ --STQB!§~-----~~~----

ASSIGNED 

CREATOR 

T. or F. T. or F. T. or F. T. or F. 

system system system system 
proc. iid proc. iid proc. iid proc. iid 

creator interface File proc. iid 
proc. iid Manager 

OWNER 

EXTERNAL NAME 

DEVICE STATUS N/A 

DEVICE lID N/A 

SHARED-PRIVAIE S. or P. 

COUNTER-SIZE counter 

STORAGE BEVICE N/A 
NAME 

OPEN FILE N/A 

FILE TYPE N/A 

LEFT QUEUE 
POINTER 

RIGHT QUEUE 
POINTER 

FROM 

TO 

PRIORITY 

FILE DATA 

MESSAGE 
POIN1ER 

UP-LINK 

DOWN-LINK 

Reguest 
messages 

Release 
messages 

SAMPLE 

message 
addressor 

message 
addressee 

prac. pri. 

N/A 

active or active or activE or 
hold hold hold 

N/A RCB Nr. ReB Nr. 

s. or p. S. or P. S. or p. 

number space file 
available length 

external N/A external 
name name 

N/A N/A Read/write 

N/A Temporary Temporary 
Permanent Permanent 

both 

proces~ not used 
access1ng 

pr9c~ss file 
wa1t1ng creatien 
for access requests 

LEFT/RIGHT QUEUE 

proe. iid proc. iid 

messa~e 
semap are 

messafi€ 
semap ere 

proc. pri. proe" pri. 

N/A file iid 

N/A N/A 
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proceE~ 
accesE1ng 

file 
open 
reguests 

prec. iid 

messaSe 
semap are 

proc. pri. 

Read/~rite 

N/A 



during the design of the operating system; i.e., semafhores 

(message class identifiers), devices (readers, writers, 

consoles, etc.), secondary storage devices (tapes, drums, 

disk packs, etc.), and files. 

15~1 

15.2 

15.2.1 

15.2.2 

15.3 

15.4 

15.5 

15.5.1 

15,.5.2 

15.6. 

15.6 .. 1 

15.6.2 

15.7 

15.8 

fDisable interrupts] 
Call Interrupt_D~saoler. 

r create a PCB 1 
1f ,action = Create_PCB) Then 
Beg1n. 

rCheck for space and authorization] 
If(sp~ce . available) & (~rocess has 
autlior1zatl0n) Then asslgn a PCB 
Number and enter data passed; 
Else set Error code. 

[Finished] Go to step 15.8; End. 

[Find PCB ~umber Gorresponding to an 
~xternal Namel 
If (action = Pind PIName) Then Do· 
Search active PCBs for specified 
external name· If (found) Then 
PIName Parameter (- PCB Humber; 
Else ~IName Parameter Z- 0; Go to 
step 15.8; End. 

rCheck validity of PCB Nuwberl 
1£ (PCB Number is invalid) Tfien Do; 
Set Error code; go to step 15.8; 
End. 

r Free a PCB] 
If . (action 
Beg1n. 

= Release_PCB) Then 

rCheck authorization] 
1f (Pro~ss.b~s_authorizaticn) Then 
set spec1f~ed PCB status to 
inactive; Else set Error code. 

[Finished] Go to step 15.~; End. 

fPut data into a PCB] 
1f (action = Put_Data) Then Begin. 

fCheck authorization] 
1f (Proce~s has authorizaticn) Then 
store the data; Else set Error code. 

[Finished] Go to step 15.8; End. 

rGet data from a PCB] 
1f (action = Get_Datal Tl1€"n 
Data_Parameter (- DeSlreu PCB Field. 

rEna ble in te rr ugts j 
tall Interrupt_~nabler. 

ALGORITHM 15 pca STRUCTURES 
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16. 1 

16.2 

16.2.1 

16.2.2 

16.3 

16.3.1 

J6.3.2 

16.3.3 

16.4 

16.5 

16.6 

16.7 

16.8 

16.8.1 

16.8.2 

rDisable interruptsl 
tall Interrupt_Disabler. 

r Create an BCB] 
1f (action = Create_RCB) Then Begin. 

rCheck if s~ace is available] 
1f .lspace lor specified ReE type is 
ava1 able) Then 
assign RCB and enter data; 
Else set Error code. 

[Finished] Go to step 16.14. 

(Find an RCB Number corresponding to 
an External Namel 
If {action = F~nd RIName) Th€n 
Beg1n. -

[Search active RCBs] 
Search active ReBs for the External 
Name specified. 

r Return valueJ 
If (External ame is found) Then 
RIName Parameter <- RIName; 
Else RLName~Parameter <- o. 
[Finished] Go to step 16.14; End. 

rCheck validity of RCE Numberl 
1f (Invalid ReB ~umber} Then Do; 
set Error cod€·~ 
go to step 16.14; End. 

r Free an RCB] 
1£ (action = Release rlCE) Then set 
RCE_~umber sp~cified to unassigned. 

rEnter data in an RCB] 
If (action = Put Data) Then 
enter specifieu aata element. 

[Retrieve data from an ReB] 
If (action = Get Datal T~en 
Data_ParameteI <= des~red RCB field. 

[Find a Process in a queue) 
~f (action = Find_Proc) Then Begin. 

[Search the specified Queue for the 
speGified PINarue] 
SearCh Queue for PIName-
If (found) Then return the data and 
gueue position; 
Else return "Process not found". 

[Finished] Go to step 16.14. 

45 



16.9 

16.9.1 

16.9.2 

16.10 

16.11 

16.11.1 

16.11.2 

16. 12 

16.12.1 

(Fi~d.the.Process at the specified 
pos1tlon 1D a Queuel _ 
If {action = F1nd At Position) Then 
Begl.n. ~ -

(Find the Queue element at the 
specified position] 
Fl.od the s~ecified Queue element; 
If ( s~ecified Queue element is 
active) Then return data in the 
Queue element, Else return "Queue 
element not act:.ive". 

[Finished] Go to step 16.14; End. 

rEnter an element in a Queue] 
1f (action = Put Que) Tfien enter the 
data in the specIfied ~ueue 

fRemove.an element from a gueu~] 
If (actl0n = Get_Que) Then Begln. 

r~ind the specified queue element] 
~l.od Queue ele~ent; 
If (Queue element 1S found) Then 
Remove the specified Queue element; 
Else return helement not found lf • 

(Finished] Go to step 16.14; End. 

[Transfer a queue element from the 
specified queUE .to the opposite 
queuel .If (actl0n = Transfer_Que) 
Then geg1n. 

[find the specified queue element] 
Plnd Queue element; 
If (Queue eleill~nt 1S found) Then Do; 
Remove Queue e~ement; Insert Queue 
element on the Opposlte gueue~ End; 
Else return "element not feuno". 

16.12.2 [Finished] Go to step 16.14; End. 

16.13 

16.13.1 

16.13.2 

16. 14 

[Compare specified data with queue 
element data in a specified queue] 
If (action = Match) Tlien Eegin. 

(Check each active element in the 
gueuE for compatible data ] 
Hatch Found <- False; 
For i-= (first queue eleillent) Until 
(Last ~ueue element) Do; 
compare data-
If (compatible) Then Do; 
Match round <- True; eXlt for loop; 
End; 'End-
If (Matc~ Found) Then Remove queue 
element and re~urn data-
Else return "match not Iound". 

( Finished] End. 

fEnable interruEtsl 
tall Interrupt_£naoler. 

ALGORITHM 16 RCB HANDLER 
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5~ 

used 

Primitive-Hardware Interface - Level 1.1 
--------~--~------------~~~-----

A processor has a 

to fetch, select 

normal complement of registers 

and execute instructions, and a 

mechanism fOL interrupt recognition. To provide to the 

operating system the facilities for altering pLocess 

execution (i.e., preempt and schedule/reschedule processes) 

and to protect vital operations on commonly accessed data 

structures, a set of primitives have been designed to enable 

and disatle interrupts and to save, set and reset the 

processor registers. The primitives, Interrupt_Enabler, 

In-terrupt_Disabler, Savestate and Restorestate, defined 

telow, perform these functions when invoked ty processes and 

other primitives. 

17. 1 rSpecific or all interrupts] 
1f (Interrupt# = 0) Then Enable all 
the interrupts in the current 
Savevector; Otherwise Enable 
Interrupt#. 

AIGOBITHM 17 INTERRUPT ENABLER 

18.1 [Specific or all interrupts] 
+f (Interrupt# = 0) Then Di~abl€ all 
1nterruFts and save status 1n 
Savevector; Otherwise Disable 
Interruptff. 

ALGOBITHM 18 INTERRUPT DISABLER 

19.1 

19.2 

19.3 

19.4 

[Disable all interrupts] 
Call Interrupt_Disab~er. 

lGet copy of processor registers] 
~emp_regs = CPUREGS(ProC€SSoL#). 

rSave co~y in PCB] 
tall PCB_iJata("teIlltJ_regs",process). 

fEnable the interrupts] 
tall Interrupt_Enabler. 

ALGORITHM 19 SAVESTATE 

47 



20.1 

20.2 

20.3 

20.4 

[Disable all interrupts] 
Call Interrupt_Disabler. 

fGet copy of saved Statevectorl 
tall PC~_Data(lItemp_Regs",proc€ss). 

fSet processor registers] 
tpUREGS(Processor#) = Temp_Regs. 

fEnable the interrupts] 
tall Interrupt_Enabler. 

AlGOEITHM 20 RESTORESTATE 
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IV. ~~§l§! VALIDATIO! 

This chaFter is concerned with implementation of the 

modules specified in Chapter III, testing the design 

COLrectness and demonstrating the feasibility of the 

proposed cpeLating system model. Time constraints precluded 

the development of the entire system, so the decision was 

made to verify selected functions (i.e., interprocess 

communication and synchronization using semaphores and 

messages) • For example, the Error Handler was implemented 

to receive error messages and to generate messages fo~ the 

system oFerator, but error correction routines were left 

undefined. Similarly, the Operator system Communicator 

module was provided a minimum set of control message codes 

to identify selected actions (add or delete a device, etc.) 

and to handle message passing. certain primitives, 

including theSE which perform the primary. functions of 

dynamic creation and control of processes and resources as 

well as interprocess communication, were implemented in 

detail. The criterion that modules were to be independent 

allowed the implementation to proceed along a path through 

the processes to the primitives with incomplete or partially 

developed modules at several nodes. Model testing was 

perfo~med using three additional modules: a hardwdre 

simulator, an initialization procedure and a preprocessor 

macro. ~he Formal Module Specifications with accompanying 

PL/I i~plEmentations, and the test modules a~e describEd in 

appendiCEs C and 0, respectively. 

A. THE HABCWAHE SIMULATOR 

The HaLdware Driver module was designed to pErform 

hard~are functions such as recognition of interrupts and 

execution of code at an address specified by the instruction 

counter. Additionally, cod~ was included to creatE the 

49 



desired system state so that system behavior could be 

validated. 

One of the pI;ocessor "registers" was used as an 

instruction counter to indicate the current status of 

program execution and another Uregister" was used to 

identify the process which was scheduled to execute. An 

integer mapping was uSed to identify the Frocesses (i.e., 

the Error Handler was identified as process one (1), the 

Operator System Communicator as process two (2), etc.). The 

process identification and instruction counter were 

separated tc avoid encoding and decoding information in the 

Hardware Driver, and to ailow the model to be expandable to 

simUlate paging. 

B. THE INITIALIZATION MODULE 

A special module was implemented for initializing 

interface variables and for creating the envircnment 

necessary to start up the system. PCB's were creatEd for 

the operating system processes as were the semaphore ReB's 

they reguired for interprocess communication. The 

initializaticn procedure in the PCB structures module was 

used to create the PCB for the Error Handler; the PCB's for 

the remaining system frocesses were created dynamically in 

the Initialization routine with the Error Handler identified 

as the running process. Message and I/0 buffers w€re 

allocated and assigned to each of the system processes, and 

the iDte~nal identification of the resources reguired by 

each process were entered in their resFectiv€ access 

vectors. 

The initialization process could have teen iuplenented 

Using PL/I initial at~ributes (initializing variaLIEs at 

compile time) within the various modules. HoweVEr, iIi 

con son a [~ c e wit h the DE: cis ion Hid in 9 C r i t e r. i a , the in i t i a 1-
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ization of the interface variables was implemented in a sep­

arate module. Additionally, the initial configuration was 

more easily modified du£ing the design and testing phase. 

c. THE fBEPEOCESSOR MACRO 

macro (SIMULTR) was used to adaFt the A preprocessor 

PL/I modules fQr testing. Simulation interrupt faints 

(SIM_INTERRUET_PTs) were placed in the modules where a 

process ~ight be blocked (i.e., after invoking the Fri[itive 

Bequest) • The macro was implemented to include the code 

necessary to generate a label at the selected interrupt 

points, set the simulation instruction counter tc the 

appropriate value and exit the module. The additional 

statements SIM_START and SIM_END were necessary to generate 

the code to initialize the simulation and generate 

declaraticns. 

D. TESTS OF SELECTED OPERATING SYSTEM FUNC~IONS 

Selected system processes were implemented to verify 

inter process communication techniques. Since the test 

program required to realistically demonstrate this function 

would encoIDFass the operations performed by Reguest, 

Release, Allocator, PCB structures and BCE Handler, these 

primitives were implemented in detail to provide a basis for 

testing the modelv Subsequently, test programs were 

desiqned and i~plemented to assure the correctnes~ of the 

data storage and retrieval operations, gueue manjpulation 

techniques, and message handling procedures. 

In particular, the Initialization Module was invoked to 

initialize the interface variables, establish the PCB'~ fOL 

the selected processes and to create Reg's for the message 

class identifieLs (semaphores) . Once the initial 

environm€nt was established, the ability to SEnd mesEa~es to 

a specific process was tested by multiple invocations of 
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Release with a specific semaphore, a varying addressee, and 

a unigue message., Request was then invoked with the same 

semaphore and both specific and general addressees to verify 

the logic of Release, Allocator and RCB structures. The 

Ioles of Release and Request were then reversed. The 

primitives were tested in a similar manner using messages 

with general addressees. 

Having ~uccessfully tested these primitives, the 

Scheduler primitive and the Hardware Driver were im~lemented 

to schedule and simulate running the selected system 

processes. In particular, a test program was included in 

the Hardware Driver to simulate the system operator entering 

commands to add an input device, an output device, and a 

disk unit. These messages were released 'to the Input 

ControllEr to be passed to the Operator System Communicator. 

The systEm processes, upon being selected for execution and 

then invoked by the Hardware Driver, initiated a ReguEst for 

a mEssagE. Since there was a matching Release on the gueue 

for the InFut Controller, it was received, interpreted and 

passed to the Operator system Communicator which in turn 

received and interpreted the message. The simulation 

continued until the initial three messages released by the 

Hardware Driver and the subseguent responsEs were received 

by the a~profriate system processes. 

The ~rite statemeuts generated by the Preprocessor Macro 

werE used to trace the flow of messages fro~ the Input 

Controller to the Operator System Communicator, and from 

that procEss to the Input Controller, Out~ut Controlle~ and 

FilE Manager. The logic u~ed to create the interface 

processes was not validated; only the sequEnce in which the 

messagES were requested, released and rec~ived was verified. 

Message flow to the Error Handler was also demonstrdted 

during the freliminary system tests; how~v€r, comprehEnsive 

error generation and validation was not accomplished. 
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v. SUMMAHY AND RECOMMENDATIONS --------.,...---

the emergence of sophisticated, versatile computer 

systems has resulted in the need for opera~ing systems which 

are efficient, adaptable, maintainable and general purpose. 

Adaptability permits expansion or modification within 

~easonatle cost and time constraints. Mai&tainability makes 

system error detection and correction" 

Generality must exist if the operating 

more feasible. 

system is to be 

useful to the many classes of potential users. 

A. SUMMARY 

As presented in Chapter II, the first stef in the design 

of an operating system was the identification and 

specification of the overall system behavior in a 

ha~d.ar€-so£tware environment. Before specifying and 

iaplementing the system modules, a set of primary functions 

were postulatea and the design was then carried cut by 

employing the techniques of structured Programming, Decision 

Hiding and Hierarchical Ordering. At each level of 

development, new functions were identified and the decision 

was made to either i~plement the functions within the scope 

of the current module being designed or to inplement it in a 

separate module. The principle consideration for specifying 

new modules was the need for having one module perform 

commcn services for the other modules, thus reducing the 

system complexity. 

The modules were grouped into two classes (processEs and 

primitive!:) and ordered hierarchically. As the design 

procEeded, hardware dependencies were identified and program 

stubs were inserted to identify the areas of incO~flete 

specification. Howev~r, the tuuctions to be perfOriLeo. at 

these stubs were defined so that the appropriate code nay be 
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written and inserted as the target machine and system 

configuration are specified. In this manner, it was possible 

to accomplish the goal of designing a well defined general 

purpose cperating system. 

Though the goal" was far reaching, it did not seem 

practical to approach the design of an operating system by 

considering each segment of the system independently (for 

exam~le, designing interprocess communication without 

considering data structures and data access methods). The 

design prcceeded in a IItop-downll fashion, specifying mcdules 

to perfcrm the various functions required ty the previously 

defined nodules. As a result of having a set of machine 

independent module definitions, it was then possitle to 

implement and test the postulated function of each module 

separately at first, and then collectively. Finally, formal 

specifications identifying the parameters, data structures, 

module interfaces, and primar~ functions were developed for 

each module. 

Many of the features of the design are of particular 

interest. The interFrocess communication modules define the 

techniques which aid in resource acquisition and process 

control (interrupt) and which provide the ability for 

synchronization of asynchronous operations. The data 

structur€E modules are the focal point for accessing, 

transferring and storing of data while allowing fc~ the 

design and implementation cf other modules which are 

indEpendent of the data structuLes. This latter case 

defines a mechanism for generating adaptive changes to an 

existing 

to cth€r 

data structure without necessitating major changes 

mcdules providing the change is within the 

interface constraints. 
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B. RECOHMENtATIONS 

As stated previously, the primary goal of this project 

vas the design of a general purpose,. modular operating' 

system which, at least conceptually, was haLdware 

independent. Since module functions were postulated within 

a set cf generalized constraints, extenticns of this work 

may proceed in several directicns. Firstly, each module 

specification should be more closely investigated to 

determine if abetter techni.gue for performing the function 

may replace the proposed one. 

Secondly, investigation into the hardware versus 

software dilemma should continue with the emphasis on 

identifying operating system functions which, if performed 

by hardware, would enhance system performance without 

degradaticn of system flexibility, adaptabili~y, and 

generality. In particular, the primitives Request and 

Release as designed in this system are two functions which 

could ccnceivably be implemented in hardware. Additionally, 

disabling and enabling interrupts, saving and restoring 

process states should be performed by simple machine 

instructions. 

Thirdly, a target machine should be SF€cified for which 

a siaulaticn model may be developed to test the correctness 

of the design decisions in a real time and multiproceEsing, 

multiprogramming environment. The stubs should be r€flaced 

with workablE test programs to sUPliort the siluulatiotr. 

The Frogramming languag8 PL/I was used for module 

i~pleffieIltdtic~ and testing rather than a conventional use of 

an assemtler language. The use of PL/I enhanced the 

comprehensability of the program logic and provided SEveral 

mechani.srn~ which dided in module implementation and te~ting; 

i.e., based and pointer va~iables, on conditions, gEneric 

55 



entry pcint specifications, and preprocessor functions. 

These high level language constructs.and the addition of a 

construct for supporting queueing operations are recommended 

for inclusion in CS-4 (see Appendix B). Additionally, a 

compiler for the language should be designed which €RFloys 

the latEst technigues for code optimization since ccmpile 

time is, in general, less critical than execution time. 
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Access Vector: 
resources and 
process. 

APPENDIX A: GLOSSARY 

PCB data 
primitives 

element 
which 

that identifies 
may be used by 

the 
the 

Active: A status value which indicates that a proceEs is 
waiting for a frocessor. 

Algorithm: A prescribed set of well-defined rules for 
solution of a pro~lem in a finite number of steps. 

the 

Assignment Vector: PCB data element which identifies the 
resources a process currently controls, must be a Eubset 
of the access vector. 

Blocked-For-limer (BlockedT): A status value which 
indicates that a process is waiting for a deadline. 

Buffer: A temporary storage area used for the transmission 
of data. 

Child: PCB data element that 
dependent process in the list 
f~oc€sses. 

identifies the first 
of ~elated dependent 

Cycle Time: PCB data element that identifies the 
reschEdule time interval fOL a recurrent process. 

Deadline: The latest time at which the execution of a 
p~ocess may begin. 

Deadlock: !he conditicn that results from the allocation of 
resources among certain processes in such a way that it 
is imFossible to grant additional resuests to these 
P~oc€sses. 

File: A collection of related data items treated as a unit. 

Hard~are: Physical equipment, e.g., 
electrical, or electronic devices. 

mechanical, 

InterfaCE: 1he linkage and conventions Established for 
communication between twc independent eleQents, .usually 
betWEEn a process and another procebs, computer 
operator, I/O oevice, etc. 

Interrupt: A break in the normal flow of execution usually 
caUSEd by a hardware-generated signal. 

JeL: Job Control 
speciiications. 

Language 
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Job Queue: Contains the JCL and administrative data of a 
process frior to its creation. 

Left Sibling: PCB data element that links the process to 
and identifies a related independent process having the 
same parent. 

lS~: Large scale integration. 

Module: One buliding block or logical unit which is used 
in the construction of a system. 

Multiprocessing: The use of two or more processcrs to 
logically or functionally divide processes and to 
simultaneously execute various pr~cesses or segments of 
processes asynchronously. 

Multiprogramming: The use of the computing systEm to 
perform interleaved execution of two or more aifferent 
processes which simultaneously cont€nd for system 
resources. 

Operating System: A set of programs and routines which 
sui~€ a Irocessor in the performance of its tasks and 
ass1st the programs ana programmers with suppcrting 
funct1ons. 

Page: A rrocess section of convienient size for 
transmission between secondary storage and main stcragc. 

PagE Table: PCB data element that contains the location of 
the process' pages in secondary storage. 

Parent: PCB data element that identifies the prOCESS on 
which this process is immediately dependent. 

PCB: Process Control Block, a collection of control data 
concerning a process. 

Primative: An algorithm that is invoked by a process and 
is executed as a part of the invoking Erocess. 

pree~pticn: The seizing of resources previously allccated 
to precesses. 

Print QUEue: contains the administrative data identifying 
~rocessEs' outFut files. 

Pr10~ity: PCB data element that identifies the order of 
I;recEd€nce Lor competing r:rocesses. 

Process: An algorithm which reguircs resources and can he 
cha~act€rized by its state and environment. 
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Processor state Vector: PCB ,data element that specifies 
the nece~sary informa tion t9 start (restart) the 
process; ~.e., processor's reglster$ contents. 

Quantum: peE data element that identifies a limited' or 
algorithmiyally .specified time interval during which a 
processor 1S asslgned to a process in a multiprogramrn~ng 
environment for sharing the pr6cessor among cOIDfetlng 
processes. 

Queue: An ordered or unordered list of Frocesses waiting 
fer seme resource or service. 

RCB: Resource· Control Block, 
concerning ·a resource. 

a collection of data 

Resource: Any facility of the computer system or operating 
system required by a process. 

Right Sibling: PCB data'element that links the process to 
and identlfies a related independent pro~ess having the 
same Farent. 

Bunn~ng: A status value which indicates that a process is 
in eXEcution. 

Semaphore: Identifies a resource or class of resources. 

Software: Programs 
haroM/are. 

or routines to be executed on computer 

Spooling: A technique for interleaving flO operations and 
procEss Execution. 

Status: PCB data element that identifies the currEnt state 
of thE process in the system. 

stub: Denotes a logical break in a program at which point a 
subprogram or macro call may be inserted when the 
functional sub specification is implemented. 

Suspend: A status value Which indicates that a prOC€ES is 
hot cont€ndin] tor resources and cannot be schedulEd for 
execution unt11 a system or process imposed condition 
nas teen satisfied. 
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APPENDIX B: ~ODELLI~G LANGUAG~ 

The work done by D. L. Parnas in the development of 

SODAS (Bef. 9] and the high level language operating 

systems, such as the Burroughs MCP, MUITlCS and project SUE, 

have prcvided the mctivation for modelling and implementing 

the AADe operating system in a high level language. 

Furthermore, the AADe program specifications have included 

the development of a new high level language, tentatively 

called CS-4, and the design and implementation of an 

operating system for AADe in the proposed language (Refs. 11 

and 19]. Basically, CS-4 has develope~ as an extension to 

the Navy ~actical Compiler Monitor Syste~ (CMS-2) with the 

impetus on utilizing the proposed AADC hardware featurEs and 

facilitating the programming of efficient executiv6 and 

applicaticns programs [Ref. 20]. 

A comFarison of selected features of CS-4 to those 

defiaed in the languages available at the Naval Postgraduat~ 

School has been the basis for the selection of a high level 

language for modelling. ThE results of the comparison, 

presented in Table V, have led to the selection of PL/I in 

that it is more representative of CS-4 than thE ether 

languages. Additionally, PL/I has provided a number of I/O 

contIol, storage allocation and system contrel ~eatur€~ that 

facilitated testing and simulating the model. Those 

features of CS-4 considered germaine to the modelling effort 

are defined celow: 

1) 

2) 

compound Data structurEs: A hierarchic~l Eet of 
var1dbles that refer to an ag-JL'egatE of data itews 
that ~ay or may not have dlfterent attributes (ddta 
types) , 

Logical, Boolean, Arithmetic and Conditional 
O~Erat9rs: A ~et of symbols each specifying ,an 
oferatlon to De performed; the result of WhlCh 
dE Fen d sup 0 II t h ~ t Y pee f dot a and con t ~ x t J~ n w hie hit 
occur.s, i.~., 

l~ {[ (~-1) > bJ Oh {C=J)) TEEN ••• 
the m~nus 51gn, -, 15 arlthrne~ic, thE 'OR' is tcolean 
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3) 

4) 

5) 

6) 

7) 

-8) 

9) 

and the gr~ater than, >1 and equal, =, signs are 
conditional operators, 

External Data Declaration: An explicit or 
contextual declaration of an identifie£ such that it 
is only known within the scope of the declaraticn, 

External Procedure Declaration: An explicit or 
contextual declaration of a procedure such that the 
~roc€dur~ is only· known within the scope of the 
Qeclarat10n, 

Variable Size Array Declarations at Runtime: The 
dinension of an array is determined and space 
allocated during execut10n of the program, 

Flew Control: The ability to control the execution 
of a specific instruction or set of instruction£: 

i. Algolic Case statment 
ii. If and compound If Statment 
iii. Do Statment 
iv. While Statment, 

Limited Scope Variables: An identifier which is 
known only w~thin the scoFe of its declaration, 

Macro Definition: A compile time feature which 
provides the ability to specify an instruction or set 
of instructions which r~place the illdcro name where it 
OCCULS in the source program, 

Character string: A string composed of zero or more 
chara~ters from the complete set of characters wbose 
bit configuration is recognizable by the C0~puter 
system in use, 
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rAB.L1i v. COIIPAB:tSOR 01' SBLB(;~BD B:tGH l,.BYBL LAIISUAGBS 

___ ~S- 4 _.£ E AI u R~ ___ --AbQQ1 ___ F0!i!!!!_N ___ !gl! ___ gb=J~.L-___ lL/I ___ APL 
Compound rata 
structures Yes 1 No No No Yes Yes 1 

Logical, Eoolean, 
Conditional and 
Arithmetic 6peLators Yes l "yes l Yes 1 Yes 1 Yes 1 Yes t 

External Data 
Declaration No yes 1 No Yes 1 Yes No 

External Procedure 
Declaratien No Yes 1 No Yes' Yes No 

Variable Size Array 
D€cldration-Runtime No No No No Yes t Yes t 

'" N Plew control Yes Yes 1 Yes Yes Yes 1 Yes 

Limited Scope 
Variables Yes 1 Yes 1 Yes 1 Yes 1 Yes Yes 1 

Macro Deijnition No No Yes 1 Yes 1 Yes 1 Yes t 

CharCtcter String Yes No Yes Yes Yes Yes. 

1 • Limited Implementation 



APFENDIX C: MODULE SPECIFICATION AND IMPLEMENTA1ION 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
NAME CHANGER PREPROCESSOR MACRO, USED TO SHORTEN 
IDEN1IfIEF.S wITH THE EXTERNAL ATTRIBUTE TO SE~EN 
CHAliACTEES DUE TO A PLjI RES1RICIrON 

"ENAELEDII BY %INCLUDE NAMCHGR; *1 

iDECLARE ( 
CURRENT PROCESS, 
CREATE RCB, 
DESTRO"Y ReB, 
DEVICE TIIRZCTORY , 
tEV L LII'iIT, 
DEV-U-LII1IT 
ERRDE-HANDL!R, 
FILE 'I LIMIT, 
FILE-MirNA GER, 
FILE-SPACE MANAGER, 
FILE-U LIMIT, 
FI Nt-PIN A ME, 
FIN t-INAM E, 
INI~r! ALIZ ATION, 
INITIATOR, 
INPUT CGNTROLLER~ 
IN~ERRUPT H!NDLEH, 
OPEEATOR 5YSTEM COMMUNICATOR, 
OU7fUT CuNTROLLZrt, 
FCBS1'RINT, 
PCT L LIMIT, 
peT-U-LIMIT 
PRI~ITIVE ACTIVATE, 
PRIMITIVE-ALLOCATOti, 
paIMITIVE-CREATE PCB, 
PRIMITIVE-DESTROY, 
PRIMITIVE-GETQUE 
fRI~ITIVE-INTERR6PT DISENABLER, 
PRIMITIVE-INTERRUPT-ENABLE~, 
FRI~ITIVE~PCBDJTA, -
PRIMITIVE~PUTQUE, 
FRIMITIV~-RCBDATA 
PRI~ITIVE-RCB HANDLER, 
PRIMITIVE-RCB-HATCH, 
PBIMITIVE-hELZASE, 
PRIMITIVE-1EsrOR~STATE, 
PBIMITIVE-REQUESf, 
PRIMITIVE-SAVESTATE, 
PBINITIVE-SCHEDULER, 
fROCESSOR-; 
RCB BITDATA, 
BCB-CHllRDA'I, 
BCb-FIND 
RCE-FIXBbAT, 
BCB-'IHANSFERQ, 
SEM-LIL1IT 
S E 11- 1 L I ~ f T , 
SYS-1-liOcr;S!)OR, 
lER]II~ATOR 

C H A Ii ACT i R ; 

63 



%CREATE BCB = 'CHEAT R'; 
%CUBRENT PROCESS = '~URPROC' 
%DESr&OY-BCE = 'DS1RY HI; 
%DEVICE LIBEC10RY = 'nEV DIC'; 
~DEV L 'IIi'1IT = • LDEVLIM'~ . 
iEBBTIR-HANDLER = 'ERRHDLA';' 
%DEV U~LIMIT = 'UDEVLIM'· 
%FIl~ L LIMI! = 'lFILLIMI; 
%FILE-MANAGER= 'PILEMAN'; 
%FIIE-SPACE MANAGER = 'FSPAMN'; 
%FILE-U lIM~T = IUFILLI~'; 
%FIND-I~A~E = 'PNDINAMI. 
%FIND-PINAME = 'FPINAMEI; 
%INIT~ALIZATION= 'INITIZE'; 
%INITIATCB ='INITATR' ; 
%INFUT CCNTRCLLER='IN CONTi. 
%IN1ERRUfT HANDLER = TINTHDiR' · 
~OPERATOB SYSTEM COMMUNICATOR =ICp COMM' 
%OUTPUI CtNTEOIL~R = 'OUT con' -
%PCESTRINT = 'PCBINIT'; -
%PCT L LIMIT = 'LPCTLIM'; 
%PCT-U-LIMIT = 'UPCTLIM'; 
%PRI~ITIVE ACTIVATE ='ACTIVAT'; 
%PRIMITIVE-ALLOCATOR = 'ALLOCTR' ; 
%PRI~ITIVE-CEEATE PCB = 'CREAT pi; 
%PRIMITIVE-DES1~OY ='DESTROY';­
%PRI~ITIVE-GETQUE = 'GETQUER'· 
%PRI~ITIVE-INTERRUPT DISENALLfR = 'DISNABL' 
%PRIMITIVE-IN1ERRUPT-ENABLER = 'ENABLE' ; 
%PRIMITIVE-PCBDATA :-'PCBSTRI; 
%PRIMITIVE-PUTQUE='PUTQUE'; 
%PRIMITIVE-RCBDATA='RCBHDLR' ; 
%PRINITIVE-RCE HANDLER = 'RCBHDLRI; 
%PRIMITIVE-RCB-MATCH='RCBMTCH'· 
~PRIMllIVE-REL~ASE = 'RELEASE': 
%PRIMITIVE-RESTORESTATE = 'RBST.ATE'; 
%PRINITIVE-BEQUEST = 'REQUEST'; 
~PRIMITIVE-SAVESTATE = 'SAVSTAT'; 
%PRIMITIVE-SCHEDULER = 'SCHEDLR'; 
%PROCESSCR-= 'PRCSSR'; 
iRCE EIiLATA = 'BIIDAlA'· 
%RCB_CHARrAT='CHaRDAT'; , 
%RCB~FIND='RCBFIND'; 
%RCB_FIXEDAT='FlXBDAT'; 
%RCE-TRANSFERO = 'TKANSQR'; 
%SEf.-LIMll = iUSEMlIM'; 
%SEM-L LIMIT = 'LSEMLIH'; 
%SYS~PRCCESSOR = 'SYSPSCR' 
%TEBRINATCR = 'TERMNTR'; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
USEFUL DECLARATIONS NOT FROVIDED BY PL/I. 

INCLUDED BY %INCLUDE GENDEC; 

DeL TRUE EIT (1) STATIC INITIAL (' 1 LB) ; 
DCL FALSE BIl (1) S1ATIC INITIAl .. (' O'B); 

%£ECLARE fOREVER CHAR; 
~FOfEVER=' ~HILE (THUE)'; 
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J* • * * * * * * * * * * * * * *.* * * * * * * * * * * * * * PREPBOCESSOR IMPLEMENTATION OF A CASE STATMENT. 

"ENA~lEDn BY %INCLUDE CASESTM. 

~DCL DO_ACTlCN OF ENTRY RETORNS(CHAR); 
%DCL CASE EN1RY RETURNS(CHAR) ; 
%DCL END CF CASES ENTRY RETU~NS(CHAR); 
iDCL END~AS~ CHAR; 
%DCL (mItall,~NEST) FIXED; 
"DCL o.K .tIXED; 

%ENtCASE ='GC TO END_OF_CASE_STMT'; 
jal1 = -1; 
%a>I= -1; 
~aJNEST = 0; 

SDO_ACTICN_OF: PROC RETURNS (CHAR); 

eNEST = ~NEST + 1; 
EETURN (' BEGIN; GO TO'); 

'''EN £ ; 

~CASE: PIiCC l1ETURNS (CHAR) ; 

IF (Q)NEST = 1) THEN ilJI = Q)I + 1; 
ELSE ~I1 = Q)I1 + 1; 

RETUR5 (ICASELAB'); 
"END; 

%END_OF_CASES: PEOC RETURNS (CHAR) ; 

IF (mNEST = 1) THEN DO; wK = aJ1; 0)1 = -1; .END; 
ELSE DO; ~k = @Il; @I1=-1; END; 

iNEST = &NEST -1; 
EETURN('DCL CASELAB(wK) LABEL; 

ENt OF CASE STMT: LND'); 
iEND; - - -

*1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLARATIONS FOR IDENTIFIERS USED AS INTEHFACE VARIABLES 
WITH REQUEST AND RELEASE, AND AS VALUES PASSED IN 
MESSAGES. 

INCLUtED IN PROGRAM BY lINCLUDE REQRELD; 

DECLARE (1* REQUEST - RELEASE INTERFACE */ 
ANYPROC, 
$ENDJOB, 
.$ERliOR 
$FIIEOP, 
$IEUFl, 
$1 N A tIE, 
$INfUT 
$IN'IDEV, 
$IN'IRPT, 
$JCElSP, 
$NE;.4JOb, 
$OBUfF, 
$OPR 10, 
$0 U 1"1' uri' I 

.$PU'IOUI', 
$fRINT~, 
$RFILr..w, 
$SPACE, 
$WAIT 

FIXED BINARY(lS) EXTERNAL; 
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DECLARE ( 1* OPERATION IDENTIFIEES FOR FILE SPACE MANAGER *1 
$$AtD 1* ADD A DEVICE *1 
$$DELET, /* DELETE A DEVICE *L 
$$EXTNT, 1* REQuEST FOR A~ EXTENT *1 
$$PEEMF, 1* PER~ANENT TYPE FILE *1 
$$SPACE, 1* SPACE fiEQUESTED *1 
$$TIMPF 1* tEMPORARY TYPE FILE *1 

} FIXED BINARY(15) EXTERNAL; 
DECIAR!( L* OPERATION IDENTIFIERS FOR FILE MANAGER */ 

$$CLOSF, 1* CLOSE FILE *1 
$$£IRAD, 1* DIRECTORY ADD *1 
$$DIRDL, 1* DIRECTORY DELETE *1 
$$DIRRD, 1* DIRECTORY READ *1 
$$D5TYF, /* DESTROY FILE *1 
$$EOF, 1* ~ND OF FILE *1 . 
$$INTPC, /. INTERFACE PROCESS IDENTIFIER *1 
$$OFENF 1* OPEN FILE *1 
l$OFCOM! 1* OPERATOR SYSTEM CO~MUNICATOR ID. *1 
$$READ 1* READ OPERATION *1 
$$SPCMN, 1* SPACE MANAGER IDENTIFIER *1 
$$WEITE 1* wRITE OPERATION *1 

FIlEt BINARY(15) EXTERNAL; 

DEClARE( 1* OPERATION IDENTIFIERS FOR OPERA~CR SYS COMMUN *1 
$$DCNE, 
$$FAIL 
$$OPBTR, 
$$PASS 1* PASS TO OPERATOR *1 

) FIXEt BINABY(15) EXTERNAL; 

DECLARE( 1* OPERATION IDENTIFIERS FOR OUTPUT CONTROLLEB *1 
$$FILOP, 
$$JCL, 
$$STOP r 
$$TEBM 
FIXED BINARY (15} EXTERNAL; 

DeL MESSAGE FOINTER STATIC ; 
DCL 1 rlESSAGE BUFFER EASED(MESSAGE), 

2 BEIEASC~ FIXED BINARY(1S), 
2 AN S WE R H EQ U EST E I T ~ 1) , 
2 MSG SE~APHORE FIX~D BINARY(15), 
2 BUF1ER LOCATION FOINTER, 
2 DA'IA F~ELD, 

3 CHAR EIELu1 CHARl8[, 3 CHAR-FIELD2 CHAR 8 , 
3 CHAR-FIEL~3 CHAR b , 
3 CHAR~FIELD4 CHAR 8 , 
3 FIELTI1 FIXED EINAR 15, 
3 FIELD2 FIXED BINARY 15 , 
3 FIELD3 FIXEJ BINARY 15 , 
3 FIELD4 FIXED BINARY 15 , 
3 fIELDS FIlED EINARY 15 , 
3 fIELC6 FIXED BINARY 15 , 

DEClARE 1 OUTPUT BUFFER BASED (OBUFPTR), 
2 OUl Bu1F CHAR(132); 

DECLARE 1 INP~T BUfFER BASED (IBUFPTR), 
2 I N E Ur F C H A R (80) ; 

~ 
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1* • * * * * * * * * * * * * • .'. * * * * * * * * * * * * * 
DECLARATIONS FOR IDENTIFIERS USED AS INTERFACE VARIAilLES 
WITH fCB STRUCTURES. 

INCLODED BY %INCLUED PCBDCL; *1 
DECLARE PRIMITIVE_PCBDATA GENERIC 

(DATCHAR ENTRY /* PUT OR GET CHARACTER TYPE DAtA *1 
(FIXED BINARYuf* PINAME = PCB NU~EER*/ 

~ii~J) Bf;A~i(/*O~I~tEiI~~NTIFIEE *1 
CHARl8} ,/* DATA FIELD */ 
FIXED ~I~ARY 1* ERROR PARAMETER */), 

tATfIXB ENTRY 1* PUT OR GET- FIXED BINARY DATA *1 
(,F-IXED BINARY,/* PINANE = PCB NUMBER*/ 
BIT~1) , /* illPUT OR mGET */ 
FIX~D BINARY,/* FIELD IDENTIFIEB *1 
FIXED BINARY, 1* DATA fIELD */ 
FIXED BINARY 1* ERROR PRAMETEB */), 

DATfTR ENTRY /* PUT OR GET POINTER DATA */ 
(FIXED BINARY,/* PI NAME = PCB NU~BER*/ 
BITJ1), /* &PUT OR illGhT */ 
FIX~D BINARY,/* FIELD IDENTIFIER */ 
POINTER 1* DATA FIELD *1 
FIXED BiNARY /* ERROR PRAMETER */), 

tATEIT2 ENTRY /* BIT(2) ARRAY DATA */ 
(FIXED BINARY,/* PINAHE = PCB NUMBER*/ 
BIT(1) /* illPUT OR roGET */ 
FIXED ~I~ARY,/* FIELD IDENTIFIEF */ 
FIXED BINARY,/* DESIRED ARRAY LCHER 

LlrlI T */ 
FIXED BINARY,/* DESIRED ARRAY UFPEn 

LIMIT */ 
C*)BIT(2} /*ARRAY DATA FIELD *1 
PIXED BINARY 1* ERROR PRAMETER */), 

DATARYS ENTRY /* FIXED BINARY(1S) AFRAY DATA */ 
(FIXED BINARY,/* FINAME = PCB NU~BIR*/ 
BIT(1) /* @PUT OR aGET */ 
FIXED BINARY,I* FIELD IDENTIFIER *1 
FIXED BINARY,/* DESIRED ARRAY LCWER 

LIMIT */ 
FIXED BINARY,/* DESIRED ARRAY UfPER 

LIMIT */ 
(*)FIXED BINARY,/* ARRp.y DATA FIElD*/ 
EIlED BINARY /~ ERBOR PRAMETER */), 

EATARYL ENTRY 1* FIXED BINARY(31} ARRAY DATA *1 
(FIXED BI~ARY,~* PINAME = PCB NU~BER*/ 

~I~~J) ~I~:R~~/~ ~~Ef~EID~~TlfIEE */ 
(*)FIXED BINARY(31) ,1* DArA fIELD */ 
FIXED ~INARY /* EaROR PRAHETER */}, 

DATEIT1 ENTRY /* BIT(1) DATA */ 
(FIXED BINARY,/* PINAME = PCB NU~BER*/ 
BIT (1) 1* o)PUT.Ort QlGET */ 
FIXED ~lN i\'RY, /* FIELD ID1Nr- IF'IEB */ 

~I~iJ) ~I~:R~AT~*F~f~gR ~~AMETEB */}); 
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DECLARE FCB_IIM FIXED BINARY(lS) EXTERNAL; 

DECLARE( 
aBOEMNR, 
OlBRMVEC, 
aCHILD, 
mCYCLE, 
~FSTkT, 
OlFWCNTR, 
aLF1SIB, 
iMSGPTH, 
aNR PGS, 
aPA'RENT, 
aPE NR 
aPRIRTY, 
aQUANTM, 
OlRESVEC, 
a.RG1SIB, 
'aST1\TE, 
as'IA'IUS, 
aSYSPRO, 
aXNAt'LE 

J FIXED BINARY (15) EXTERNAL; 

DECLARE ( 
Q;GET, 
iiP[Jl 

) EIT (1) EXTERNAL; 

DECLARE( 1* PROCESS STATUS IDENTIFIERS *1 
a:~BLKDR, 1* WAITING FOR A RESOURCE 
~~BLKDT, /* BLOCKED AWAITING TIMER 
~mREDYA, 1* WAITING FOR A PROCESSOR 
a~RUN, 1*. BUNNING *1 
awSUSPD 1* SUSPENDED *1 

) CHAR~CTER{ti) EXTERNAL; 

*/ 
*1 
*1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLARATIONS FOR IDENTIFIERS USED AS INTERFACE VAR1ABLES 
WITH BCE HANDLER. 

INCLUDED BY %INCLUDE RCBDCL; 

DECLARE fBI~I1IVE_RCBDATA GENERIC 
*1 

(RCB CHARDAT ENTRY 1* PUT O~ GET CHARACTER DATA */ 
lFIXED BINAF.Y, /* RCB NUMBER = RESOURCE IN1ERNAL 

NAME */ 
~ii~J)BI~~R~~U;*ORFi~fb I;~NTIEIER *1 
CHAR(8), 1* uATA ARGUMENT *1 
FIXEO BINARY 1* ERROR ARGUMENT */ ) , 

RCB FIXBDAT ENTRY I*PUT OR GET FIXED BINARY DATA *1 
lFIXED BINARY, /* RCB NUMBER = RESOURCE INTERNAL 

NA~E */ 
~1~~J)BI~~R~;U;*ORF!~t5 I~{NTIFIER *1 
FIXED BINARY, /* DATA ARGUMENT *1 
FIXEil BINARY 1* ERROR ARGUUENT *1 ) , 

RCE EITDATA ENTRY 1* PUT OR GET BIT(1) DATA *1 
lFIXED BINARY, 1* RCB NUMBEB = REsOURCE IN1ERNAL 

, NAME ~'I 

~f~~ri)~I~~R~:U;*ORFi~t5 I~~NTIFIER *1 
BITel), 1* DATA ARGUMENT *1 
FIXEn BINARY 1* ERROR ARGUMENT *1 »; 
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DECLARE ( 1* FIELD IDENTIFIERS ASSOCIATED WITH 
PRIMITIVE_RCBDATA *1 . 

/***FIELD J ASSOCIATED VALUES PASSED OR RETUBNED 
IDENTIFIER I IN THE DATA ARGUMENT */ 

) 

'ASSGND, 
'CNT SZ, 
'CRATH 
IDINAME, 
IDS1:AT, 
'L QUE, 
'O~ILE, 

~: 
1* 
1* 
1* 
~: 

VALID RCB NUMBER CHECK *1 
COUNTER OR SIZE - FIXED BINARY *1 
PINAME OF CREATOR - FIXED BIclARY *1 
DEVICE INAME (FILE LOCATION) - F.B. *1 
DEVICE STATUS ~#GO OR ##HOLv -EI1(1)*1 
RETURNS EMPTY OR NOT EMPTY - E1T(1) *1 
OPEN FILE STATUS - #jNOAVL,##AVAIl, 
##READ, OR ;#WRITE; ~EVICE AVAILABLE 
FOR f#TE~EF, #fPERctF, CR #TORPF FILES 

tOWNER, 
#PCTN.A11, 

FIXED BINARY *1 
1* PINAME OF OWNER - FIXED BINABY *1 
1* EXT,ERUALNAl'lf. OR PACK, CELL OB TAPE 

- FILE LOCATION - CHArl(8) *1 
iReUE!. 
#S:OR_.i:', 

1* 
1* 

#TFILE, 1* 
tiXNAME 1* 
fIXED BINARY 

RETURNS EMPTY Oti NOT EMETY - EI~(1) *1 
SHARED OB PRIVATE ##SHED OR ##PRIV 

- BITj1) *1 
FILE TYPE - #TEMPF OR #IFERMt F.B.*! 
RES. EXTERNAL NAME - CHAR(8) *1 
EXTERNAL; 

DECLARE ( 1* BCB TYPES *1 
#DEVICE, 
tErIE, 
#PC'l, 
#SEMFOR 

J FIXED BINARY EXTERNAL; 

DECIARE( 1* OPERATIONS FOR RCB_FIND *1 
#FNDOP1, 
fFNDOP2, 
#FNDOP3, 
#FNDOP4, 
#FNBOP5 

) FIXED BINARY EXTERNAL; 

DECLARE( 1* STATUS IDENTIFICATION FOR QUEUED FILE OPERATIONS 
AND FILE USE STATUS IDENTIEIE~S */ 

##AVAIL, 1* FILE IS NOT CURRENTLY OPEN *1 
##NCAVL, 1* FILE IS NOT CURRENTLY ACTIVE *1 
##PEBctF, 1* PERMANENT FILE *1 
##PRIV, 1* PRIVATE FILE *1 
#jREAD 1* READ OPERATION *1 
##READA, 1* 1EAD - ANSWER REQUIRED - STATUS => 

PROCESS' FILES HAVE bEEN SACRIFICED *1 
i#READS, 1* READ SACRIFICE - La ANSWER REQ'D. *1 
##SHBD, 1* SHARED FILE *1 
'~lEMPP, 1* TEMPORARY FILE *1 
#~TORPF, 1* fEMPORARY OR PERMANENT FILE *1 
t#WEITE, 1* WRITE OPERATION *1 
##WRI1A, 1* iRITE ANSWER REQUIRED - SACRIFICED **11 
t#WRITH, 1* WElTE HOLD - AWAITING PERMISSION 
##WRITS 1* WRITE SACRIPICE - NO ANSWER rlEQI[. *1 

} FIXED BINARY EXTERNAL; 

DECIARE( 1* STATUS OF PROCESS W.R.T. FILE OPERATIONS *1 
#jREADR, 1* ONLY READING FROM SHARED FIL1S *1 
##SACR 1* SACRIFICED *1 
j#~hIT~ 1* ~a1TING INTO SHARLD FILES - NOT 

SACRIFICED *1 
FIXED bINARY ~XTERNAL; 
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DECLARE ( 1* READY ACTIVE QUEUE ·IDENTIFIERS *1 
#BEDYA 

)FIXED fINARY(lS) EXTERNAL, 
(:fl~!R 

) EIT(l) EXTERNAL; 

DECLARE ( *1 1* RESOURCE VECTOR STATUS VARIABLES 
'#ACCES 1* ACCESS ALLOWED *1 
##ACQRD: 1* PROCESS HAS ACQUIRE~ THIS DEVICE *1 
'#NOACC, 1* ACCESS NOT ALLOWED *1 
"SAeRP 1* 2BOCESS HAS BEEN SACRIFICED W.R.1. 

THIS DEVICE - MUST REASSIGN 
) fIT (2) EXTERNAL; 

DECLARE ( 1* QUEUE STATUS, QUEUE IDENTIFIER AND DEVICE 
STATUS VARIABLES 

DECLARE 

##CIOSE, 
##GO '.HeLD, 
#tOPEN, 

#GET, 
iPUI, 

'LEFT, 
JRIGHT 

) Ell (1) EXTERNAL; 

(DEV 1 LIMIT, 
DEV-U-LIL1IT I 
FILl 1: LIMIT, 
FILE-U"'-LI MIT, . 
PCT 1: LINIT. 
FCT- U-Llt1IT ~ 
SEN-LIMIT, 
SEM-L LIMIT 

) FIX~D-BINA~Y EXTERNAL; 

*1 

*1 

1* ~ * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * 
DECLARATION AND PROCEDURE CALL NECESSARY TO OBTAIN A 
MESSAGE EUFFER A~D KNOWLEDGE OF A PROCESS' OWN 
INTEBHA'I NAME. 

INCLUDED EY %INCLUDE RRMSG; 

DECLARE MYNAME FIXED BINARY(15) STATIC INIT(O); 
CALL PRIMITIVE_PCBDATA(MYNAME,~GET,~MSGPTR,MESSAGE,ERRCR); 

* ' I 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLABATION3 FOR IDENTIFIERS USED AS INTERFACE VARIABLES 
BY OPERATING SYSTE~ PRIMITIVES AND PROCESSES. 

INCLUDED BY %INCLUDE OSDCL; 

DCL CURRiNT_fROCESS(4) FIXED BINARY EXTERNAL; 

DECLARE( 
ALL INT 
N UifEli~ T~ 
NUMBCPU, 
fBOCES50R, 
SYS fROCESSOR 

) FIX~L bINARY EXTERNAL; 

DECLARE SAVEIN'IS (16) BIT (1) STATIC; 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLAEAXIONS FOR PROCESSOR REGISTERS, FOR SIMULATICN. 

INCLUDED EY %INCLUDE aEGSTRS; *1 
DECLARE CFUREGS(4,10) FIXED BINARY(31) EXTERNAL; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLABATIONS FOR AN ARRAY TO SIMULATE ENAELING AN 
INTEEBUP~. 

INCLUDED EY %INCLUDE INTACTV; 

DECLARE INTRUPT(16) BIT(1) EXTERNAL: 

*1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
DECLARATION, FOR SIMULATION PURPOSES, OF THE INTERRUPT 
LOCA~IONS. 

INCLUDED BY %INCLUDE INTSET; 

DECLARE INTRSET(16) BIT(l) EXTERNAL; 
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MODULE SPECIFICATION 

PARAMETEliS 
INgQ1-____ 00TPUI-___ TYR~ ____ --fQ~!EN!~-----------------___ _ 
Not Applicable: All communications handled via messages. 

EXTIRNAL CALLS MADE TO OTHER MODULES 
NAME PARAMETERS PURPOSE 
--~--------~--------------------~-------------------------
Request 

Release 

Precess I-Name, 
Semaphore, 
Message Pointer, 
Error Parameter 

Process I-Name, 
Semaphore, . 
Message POl.nter, 
Error Parameter 

a) $Error - Semaphore used to 
identify messages for this 
12rocess. 

b) $Obuff - Semaphore uSEd to 
obtain an output buffer. 

a} $Opr_IO - Seruaph9r€ used to 
pass a message Vla thE Cp­
erator System Communicator 
to the Computer Operator. 

Process I-Name, Generic entry point to Process 
Put/Get Identifier, control Block module used to 

PCBData 

Field Identifier, enter or obtain data. 
Data Parameter, 
Error Parameter 

EXTERNAL CAllS MADE BY OTHER MODULES 
NAME PURPOSE 
-----------~------------~----------------------------------
Not applicable for processes. 

DATA STRUCTURES USED 
NA~! ______ Il£1~ _____ ±lR~ ______ RQ~ROS~L!!1~]2 ______________ _ 
Message 
Buffer 

Releasor 

linsWler-
Reguest 

M€Ssa£:e-
Semap are 

Buifer-
Location 

Field1 

Fi€ld2 

Fi€ld3-6 

Char-
Field1-4 

Based 

Integer 

Bit(1) 

Integer 

Pointer 

Integer 

Integer 

Integer 

Char (8) 

Dynamically allocated, pcinter 
gual~fied structure usea for 
pass1ng messages. 

Internal name of process 
releasing d message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Qualified I/0 tuffer contain-
1ng message to/1rom op€rator. 

Internal name of pLocess which 
caused the error. 

The error condition code. 

Not used. 

Not used. 
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MODULE DE~CRIPTION 
-------------~----------~-----------------------------~---
Net inplemented - Dummy module used to accept error messages 
and to pass a decoded message to the computer operator. 
Actual ~nplementation is dependent on the hardware and the 
detecticn or correction techniques employed. 
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%INCLUDE NAMCHGH; 
(CHECK (ERROR»: 

j***** ERROR HANDLER *****1 

ERROR_HANtLEE: PROC O~TIONS(MAIN); 

IINCLUDE SIMULTrl; 
SlM_STABT{fBOCESS_ERROR_HANDLER) 

%INCLUDE GENJ:EC; 
%INCLUDE PCELCL; 
%INCLUDE CASfSTM; 
%INCLUDE EEQRELD; 

ON CHECK (ERROB) 
EEGIN; 

I~ (BEBOR ~= O) TH1N DO· 
1* NON REcOVERABLE CONDITION: ERROR DE1EC'IED 

*1 IN ERROR HANDLER 
STOP; 

END; 
END; 

"INCLUDE BRMSG; 

DCL ERROR FIXED BINARY INIT(O); 
DCL HARIHARE ERROR BIT (1) ; 

DCL (FINAME.,EtiBCOD) FIX£D BINARY STATIC; 
DeL (fNA~E,rlNAME) CHAR18) STATIC; 
DeL lNDX F'IXED BJ:NLRY 15, O} ; 
DeL CE~TR POINTER STAT Ci 

DeL liCE_ERR CODES (101 : 120) CHAR (40) STliTIC 
INI'I'IAL1 

} ; 

INVALID ReB TYPE SPECIFIED IN CREATE ReB', 
SYSTEM CONDITION: ALL RCB SPACE IN USE', 
INVaLID a~SOURCE INTERNAL NAME SPECIfIED', 
ATTENPTED ACCESS TO A~ UNALLOCATED ReB', 
ACCESSED EMPTY QUEUE OR UNOPENED FILEl 
HEAD/WRITE OPERATION ON AN UNOPENED FliE', 
RESTRICTED ACCESS: WRITE INTO QUE-HEADER', 
UNIDENTIFIED OPERA'rrON IN RCB FI ND I , 

UNAUTHORIZED ACCESS TO A EESOUHCE', 
INVALID FILE OPERATION SPECIFIED', 
UNIDENTIFIED RESOURCE EXTERNAL NAME' 
UNATHORIZED WRITE ACCESS 10 SHARED FfLE'{ 
DEVICE IN HOLD STATUS: FILE UNACCESSIBLE , 
PERMANENT FILE CREATION UNAUTHORIZED' 
INSUFFICIENT SPACE POR PERMANENT FILEf, 
WRITE OPERATION TO FILE IN REAh STATUS 
UNAUTHORIZED RESOURCE ilEST&OY ATTEHf1EDf, 
RESOURCE ACCESSED HAS BEEN DESTROYED', 
ATTEMPTED TO MODIFY RCB ASSIGNED FJELD', , 

DeL fCE ERR CODES (201 : 206) CHAR (40) S'IATIC 
I NITIAl1 

) ; 

'INVALID PROCESS INTERNAL NAME SPECIFIED', 
'ATTEMPTED ACCESS TO UNALLOCATED PCB' 
'INVALID PCE FIELD REFERENCE SPECIFIEt' 
'INVALID OPERATION ON PCE FIELD AT1EMfTfD', 
'SPhCE NOT AVAILABLE FOR A NEW PCB' 
'PROCESS NOT FOUND ~ITH SPECIFliD NiME' 
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DCL PReCESS ERR_CODES (301 : 310) CHAR (40) STA1IC 
INITIAL1 

'INVALID OF SYS COMM ACTION IDENTIfIER', . ,--
·'UNIDENTIFIED RESOURCE X NAME IN MSG fUFF', 
• UNIDENTIFIED MESSAGE TO-INPUT CONTRnILER', 
'INVALID ACTION IDENTIFIER 10 OUTPUT CONT', 
'INVALID ACTION IDE~TIFIEB TO OUTPUT CONTI, 
'INVALID SEMAPHORE PASSED TO REL/RE~ FRIM', 
'UN~UTHORIZED USE OF MESSAGE SEMAPHORE', , , . ( 

) ; 

DC fCBEVER; 
CALL PRIMITIVE REQUEST (ANYPROC,$OBUFF,MESSAGE,EEROE) ; 
OEPTE = EUFFER:LOCATION; 

SIM_INIERRUPT_PT 

CALI PRIMITIVE REQUEST(ANYPROC,$ERRORrMESSAGE 1 
- ERROR) j 

SIM_INIERRUPT_PT 

CALL ERROR INTERPRETER; 
IF HABDWAR]! EHROR THEN CALL HD~JR ERR HNDLR; 

ELSE CALL SOFTWARE_ERR_HNDLh;- -
END; 

SIM_END 

ERRCB_INTERPRETER: PRoe; 
1* IDENTIFICATION OF THE ERROR TYPE AND CAUSP 

IS DETERHI~ED IN THIS SUBROUTINE; I.E., TAELE 
LOOKUP. *1 

HARIWARE_ERROR = FALSE; 
EETURN; 

END ERBOR_INTERPRETER; 

HDWE EBB HNDLR: FRoe; 
j* L~TERMINATION OF RECOVERABLE/NON-RECOVER~BIE 

AND THE APPROPRIATE ACTION INCLUDING A MESSAGE 
TO THE OPERATOR, IF NECESSARY, IS ACCOMPLISHED 

·*1 
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SOFTWABE_ERR_HNDLR: PROC; 

END 

1* APPROPRIATE ACTICN TO CORRE~T THE ERROR OR 
PREVENT FURTHER ERdOR IS TAKEN. FOB EXAMPLE A 
USER PROCESS ATT£~PTING TO WRITE INTO A RESfRICTED 
FILE MIGHi BE TERMINATED. ***1 

1*** IDENTIFY PROCESS AND ERROR CODE ***1 
IF (FIELD1 = 0) THEN PINAME = RELEASOR; 
ELSf PINA~E =FIELD1; 
ER6.COD = FIELD2; 

1*** SET UP MESSAGE EOR THE OPERATOR ***1 
CALL PRlrlITIVE PCBDATA(PINA~E,~GET,~XNAME,FNA~E, 

- ERROR); . 
OEUFPTR L EUFFER LOCATION = O~PTR; 
INDX = ~RRCOD /\100-
DO ACTION OF CASE(iNDX}-

C1SE(1) :- 1* REsorr~tE ERROR CODES *1 
CBUFPTR ~) OUT BU1F = FNAME II I I II 

ENJ:CASE; 
CASE (2) : 

OBUFPTR -) 

ENtCASE; 
CASE (3) : 

OBUFPTR -) 

ENICASE; 

- RCE_ERR_CODES(ERRCOD); 

1* PROCESS ERROR COtES *1 
OUT BUFF = PNAME ~ I I I II 

- PCB_ERR_CODES(ERECOD); 

1* PROCESS ERROR CODES *1 
OUT BUFF = PNAME 'I I I II 

- PROCESS_ERR_CODES(ERBCOD); 

END OF CASES; 
~SG-SEHAPHORE = $OBUFF; 
ANS~ER REQUEST = TrlUE· 
FIELD1-= $$PASS; • 

1*** RELEASE MESSAGE TU THE OPERATOR ***1 
CALL PBIMITIVE RELEASE(ANYPROC,$OPR_IO,MESSAGE, 

- ERROR) ; 
1* ADD CODE TO TERMINATE PROCESS CAUSING TEE 

ERROR, IF NECESSARY. *1 
FETUBN; 
SOF1WABE ERR HNDLR-- - , 

END ERROB_HANtLER; 
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MODULE SPECIFICATION 

NA~E: ~!EBATOR SYSTEM CQ~~Q]lf~lQ~ 

PAItAMETEES 
INPUT OU~PUT TYPE CONTENTS 
--------------~---~----------------------~-~-------------
Not Applicable: All communications handled via messages. 

EXTERNAL CALLS MADE TO OTHER MODULES 
NAME _____ E.!~Al1g~]~--------EQBgQ~~----_-------------
Reguest 

Belease 

Find­
Piname 

Process I-Name, 
5 e mapll or·e, , 
Message P01nter, 
Error parameter 

Process I-Name, 
Semaphore, . 
l':Jessage POl.nter, 
Error Parameter 

Process X-Name, 
Process I-Name, 
Error ParaJIletE:!r 

a) ~Opr +q - Semaphore used,to 
~deIl:rl.I'Y ·messagE!s for thl.s 
process. 

b) $Obuff - Semaphore used to 
obtain an output buffEr. 

a) $OutPUL - Se~aphor€ used to 
send messages to the Cutput 
Controller. 

b) $Input - Semaphore used to 
sena messagEs to the Input 
Controller. 

c) $Fileop - SemaphorE uEed to 
send messages to the File 
Manager. 

d) $Error - Semaphore used to 
send messages to the Error 
Handler. 

e) $uait - General messaQ€ 
class idEntifier. -

f) $Ibuff - Semaphore used to 
free input tUffers. 

Entry point to PCB Handler 
used to obtain the internal 
name of a process identified 
by external name. 

EXTERNAL CALLS MADE BY OTHER MODULES 
NAME PUhPOSE 
-----------------~-~-----------------~-~------------

Not applicable for processes. 
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DATA STRUCTURES USED 
NA~~ ______ FI!1~ ____ -1Xg~ ______ EQ~gQ~~!~b~!~ ______________ _ 
!essage Based 
Buffer 

Releasor Integer 

Answer- Bi t (1) 
Reguest 

Messa~e-
Semap ore 

Integer 

Buffer- Pointer 
Location 

Field1 Integer 

Field2 Integer 

Field3-6 Integer 

Char- Char (8) 
Field1 

Char- Char(8) 
FiEld2-4 

MODULE DESCRIFTION 

Dynamically allocated, pcinter 
gualtfied structure used for 
paszlng messages. 

Internal name of process 
releasing a message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Qualified I/O buffer contain­
lng message to/from operator. 

Action identifiers: $$PASS for 
messages to other Oroc€sses or 
the operator; $$OptOM for mes­
sages to this process. 

Value eguals $$OPRTR then 
message from operator; $$DONE 
or $$PAIL indicates task com­
pletion code for messages sent 
to other processes. 

Not used. 

Resource external name in 
answers to task messages. 

Not used. 

-----------------~~~-------~~----~~~---~--------------~--_, 

A simplistic implementation has been cOfupleted to reify the 
con~ept ct. using a focal point ~qr syst~m-op€rator c9mmun~­
catlons. The exact hardware cODxlgurat10n; a Lepertolre of 
instructions; and a complete spec~fication of functions to 
be performed are essentlal for a complete implementation. At 
prEsent, the proce~s pass~s messages ana initiates action 
messages upon rece~pt of ~nstruct1ons from the operatoL. 
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%INCLUDE NAMCHGR ; 
(CHECK (EBROR»: 

1***** OPERATOR SYSTEM COMMUNICATOR*I 

OPERATOR_SYS1EM_COMMUNICATOR: PROC OPTIONS(MAIN); 

%INCLUDE SIMULTB; 
SIM_STABT(PROCESS_OPERATOR_SYSTEt_COMMUNICATOR) 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS MODULE SERVES AS THE FOCAL POINT FOR SYSTEM 10 
OPEEATOE AND OPERATOR TO SYSTEM MESSAGES. IT INTER­
PRETS MESSAGES AND DETERMINES THE ACTION TO 3~ TAKEN. 
IN PARTICULAa, IT ISSUES ACTION MESSAGES TO THE INPUT 

~~N~~f~~~El g~~~g~ ~~~Tf¥~Lf~~o~~fTf~LiN~~~~~~~ ~~o~~Rs 
AS WELL AS PASSING M~SSAGES FROM THE SYSTEM TO THE 
OPEIiATOR. 

~INCLUDE GENtEC; 
%INCLUDE CASEST~; 
%INCLUDE FCBr.;CL; 
%INCLUDE BEQRELD; 

ON CHECK (ERROR) 
BEGIN;. . 

~E (EBROR ~= 0) THEN DO; 
(NOCHECK (ERROR»: 

END; 

BEGIN; 
ANSWER REQUEST = FALSE; 
MSG SEFJAPHORE = 0; 
FIELD1 = RELEASOR; 
FIELD2 =-: ERROR; 
MSG SEMAPHORE = 0; 
CAL~ PRI~ITIVE RELEASE(ArYPROC,$ERROR, 

- MESSAGE,ERROR) ; 
ERROR = 0; 

END; 
GO TO START; 

END; 

%INCLUDE BRMSG; 

DCL EEROR FIXED BINARY STATIC INIT (0) ; 
D CL E U F fER USE D BIT ( 1 ) S TAT I C I NIT (' 1 I B) ; 
DCL EUFFER:FOINTER POINTER STATIC; 

CALL COMMUNICATIONS INITIALIZER; 
START: ~ 

***1 

DC FOREVER· . 
IF EUF¥EA USED THEN DO; . . 

CALL PB~HITIVE_aEQUEST(ANYPROC,$OEUFF,MESSAGE,EREOR); 

SIM_IN1ERRUPT_PT 

EUEFER_USED = FALSE; 
EUFFEL fOINTER = BUFFER LOCATION; 

END; -- -

CALL PRIMITIVE_REQUEST{ANYPRCC,$O~R_IO.MESSAGE,ERRCH); 

SIM_IN1ERRUFT_PT 
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CALL MESSAGE INTERPRETER; 
DO_ACTION_OF~CASB(I)i 

CASE (1) : 
/* PASS MESSAGE TO OPERATOR *1 

FIELD4 = RELEASOR; 
CALL PRI~ITIVE RELEASE(ANYPROC,$OUTPUT,MESSAGE, 

ENICASE; 
- ERROR) ; 

CASE (2): ; . 
1* MESSAGE FROM OPERATOR OR SYSTEM *1 

DeL (START P':C,tiSG LEN,PINAME) FIXED BINARY (15,0); 
DeL ~SG CODE CHA~(4) STATIC; 
DeL (MSTI ITEM1,MSG lTEM2) CHAR(8) STATIC; 
tCL fCODE CHAR(1} STATIC; 
DeL MSG SEM FI1Ev BINARY STA~IC INITIAL (0); 
DeL SYS-MSG CHAR (40~ . 
teL ACTION FIXED BI~ARY STATIC INIT~AL (0); 

IF (EIELD2 = $$OPRTR) THEN DO; 1* MSG FROM O~ERA~OR *1 
/*** INTERP~ET MESSAGE IN INPUT EUFiER ***1 

STABT PT = 3; 
MSG LEN = 4; 
IBUrPTR = BUFFER LOCATION; 
MSG CODE = SUBSTR(IBUFPTR -) IN BUFF, 

- START_PT,MSG_LEN) ; 
STABT PT = 7; 
MSG l"EN = 8; 
MSG-ITEM1 = SUBSTR(IEUFPTR -) IN BUFF, 

- START PT,MSG LEN) ; 
IF {~SG CODE = 'ADD ') TEEN ACIION = $$ADD; 

E L S E- I F U1 S G COD E = IDE L .) THE N ACT ION = $ $ DEL E T ; 
ELSB DOT 1* MESSAGE ~O SYSTEM PROCESS *1; 

CALL FIND PINArlE(~SG ITEM1,PINAME, 
- ERROR) ; 

FIELDl = $$OPCON: 
~ALL PRIMITIVE RELEASE(PINAHE~$WAIT~ 

- t1ESSAG.t.,EFBOt{) ; 
LND; 

IF (ACTION ~= 0) THEN DO; 
/*** IDENTIFY RESOURCE TYPE ***1 
START PT = 1; 
MSG L'E N = 1; 
fCOTIE = SUBsrR (NSG IT E!i1 , STABT_FT, ~SG LEN) ; 
IF jPCODE = 'I') THEN MSG SEct = $INPUT; 

~LSE IF J?CObE = 'O'~ ~HEj MSG SEH = $OUTPUT; 
ELSL IF (PCODE= F') THEN TIO; 

STkRT PT = 15; MSG LEN = 8; 
liSG ITEM2=SUBSTd(IBUFPTR -) 

- IN BUFF, S'IART_pr , f"lSG_LEN) ; 
HSG SEM = $FI~EOP; 

- END; 
ELSE DO; 1* UNI~ENTIFIED ~ESOURCE 

EXTERNAL NAME. *1 
CALL PRIMITIVE RELEASE(RElEASOH,$IEUFF, 

- MESSAGZ ERROR)· 
BUFFER LOCATION,OBUFFrn = EUFF~H POINfER; 
OBUFPTR -) OUT BUFF = MSG CODE IT 

MSG ITEM1 'I-'INVALID R!SOURCE NA~E'; 
FIELD. = $$OPCO~; 
FIELD2 = $.liPASS; 
ANSWER REQUEST = FALSE; 
MSG SEBAPHORE = 0; 
FIELD3 FIELD4,FIELD5,fIELD6 = 0; 
CHAn F1ELDl

f
CHAH FIELD2,CHAR FIELD3, 

-CHAR F ELD4-= J.; -
CALL PRIMTTIVE RELEASE(ANYPEOC,$QUTfUI, 

- 11ESSAGB,Ef<POIi) ; 
BUFJER USED = TRUE; 

- END; 
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IF (( ACT ION ., = 0) & j M S G S t: i1 -, = 0» THE N DO; 
/*** SEND TASK ME~SAG~ TO PROCESS CONCERNEt ***1 
ANS~E& REQUEST = TRUE; 
MSG SE~APHOrtE = $OPR 10; 
FIELD1 = $$OPCO~; -
iIELD2 = ACTION; 
CHAR FIELD1 = MSG ITEM1-
IF (~CODE = 'pt) THEN ChAR FIELD2 = MSG ITEM2; 
CALL PRIMITIVE RELEASE(ANY~ROC,MSG SEM,~ESSAGE, 

- ERROR) ; -

END; 
END; 

END-
ELSE DO; 1* MESSAGE lNSWER FROM"SYSTEM PROCESS *1 

I~** RELEASE BESSAGE TO THE OPERATOR ***1 
ACTION = FIELD2; 
IE (ACTIO"N = ,.f)£DONE) THEN " 

SYS ~SG = 'ACTIGN COMPLETED fOR'; 
ELSE SYS-MSG = 'UNAELE TO PERFORM ACTION ON'; 

B U F~' E R La C AT ION, 0 D U F P T R = 3 U F FER F 0 I N 'I E R ; 
OBUFPTR -) OUT ~UFF = SYS MSG 11-

CHAR FIELD1 I t CHaR FIEtL2; 
FIELDl = $~OPCOM; -
FIELD2 = $$PASS; 
ANSWER REQUEST = FALSE; 
MSG SERAPHOBE = 0; " 
FIELD3,FIELD4,FIELD5,FIELD6 = 0; 
CHAR ?IELul,CHAR FIELD2,CHAR FIELD3, 

CHAR FIELD4 = '1; -
CALL PRIRITIVE RELEASE(A~YPROC,$OUTPUT,MESSAGE, 

- ERROR} ; 
BUFFER USED = TRUE; 
END; -

ENrCASE; 

END_CF_CASES; 

END; 

SIM_ENe 

MESSAGE_INTERPRETER: PROC; 

1* INTE3PRET MESSAGE TO DETERMINE REQUIRED ACTION AND 
SET iHE CASE STATEMENT INDEX ***1 

IF (FIELD1 = $$PASS) THEN I = 1: 
ELSE IE (~IELDl = $$OPCOM) ~HEN I = 2i 

ELSE ERROR = 301; 
END MESSAGE_INTERPRETER; 

COMMUNICATIONS_INITIALIZER: FROC; 

1* ISSUE RBQUESTS AND RELEASES TO I~ITIALIZE THE 
SYSTEM IUPUT / OUTPUT CONFIGURATION *1 

END COMMUNICATIONS_INITIALIZER; 

END OPEBA10R_SYSTEM_COMctUNICATOR; 
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MODULE SPECIFICATION 

NAME: INPUT CON1ROLLEd TYPE: PROf~.2~ 
----~----~------

PARA~ETEES 
INPUT OUTPUT TYPE CONTENTS 
--------------------------------------------~~-------~-~ 
Not Applicable: All communications handled via messages. 

EXTERNAL CALLS MADE TO OTHER MODULES NAME _____ fAEAMETEBS _--____ R~BfOS!-_________________ ____ 

Reguest 

Release 

Device 
Directory 

PCEData 

PCEtata 

BCBData 

Precess I-Name, 
Semaphore, . 
Message Po~nter, 
Error Parameter 

PIocess I-Name, 
Semaphore, . 
Message Po~nterf 
Error Parameter 

Resource X-Name, 
Access Identifier, 
Process X- N arne, 
Page Table Length, 
Page ~able Vector, 
Pr~or~ty 
Interrupf Number, 
Loca ted- Boolean . 

a) $Input - SEmaphore uSEd to 
identify messages for this 
process. 

a) $Error - Semaphore uSEd to 
send a illessag~ to Error 
Handler. . 

b) $Intdev - SemaphorE u~ed to 
send a message to a nEwly 
created interface process 
to iden~ify a device inter­
nal nam~. 

c) $Ibuff - Semaphore uSEd to 
release input buffers to an 
interface process. 

d) $Opr 10 - SemaphorE used to 
send-a illessag~ to Operator 
system Commun~cator when 
passing messages from the 
operator_or replying to a 
message Lrom op-Sys-Ccmm. 

This modul~ is invoked to get 
data which identifies a device 
interface arocess and which is 
required to create a PCB and 
an RCB for the interface pro­
cess and device, r~spectiv€ly. 

Process I-Name, Generic entry point to PCB 
PQt/Get Iden~ifier, structures module to entEr or 
F~eld Ident~L~er, obtain data. 
Data Parameter, 
Error Parameter 

Process 1- Name, 
Put/Get Identifier, 
Field Identifier, 
Vector 10wer Ltill+t, 
Vector Uppe~ L~mlt, 
Vector Param~ter, 
Error ParamE!ter 

Generic entry ~oint to PCB 
structures module to enter or 
obtain da~d or ~ortions cf the 
data stored as a vector (i.e., 
Resource Access Vector, Fage 
Table Vector, etc.). 

Resource I-Name, Generic entrr Foint to RCB 
Put/Get Id€ntii1.2r, Handler modu c to entEr cr get 
Field Identifier, data concerning a resource. 
Data ParameteI, 
Error Parahleter 

82 



RCBPUTQ 

Find 
I-Name 

Interrupt 
Enabler 

Interrupt 
Disabler 

Create 
RCB 

GET PCB 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Data ~arameter, 
Pr1or1ty 
Message />ointer, 
Data Parameter, 
Error Parameter 

Resource Type, 
Resourse X-Name, 
Besource I-Name, 
Error Parameter 

Interrupt Number, 
Interrupt Save-

Vector." 

Interrupt Number, 
Interrupt Save-

Vector 

Resource Type, 
Resource X-Name, 
Resource Owner 
Sz-Cntr pa~ameter, 
Access Identifier, 
PCl Name" 
Dev/lnt Identifier, 
File Descriptor, 
Fil€ D~5criptor, 
Resource I~Name, 
Error Parameter; 

Parent I-Name, 
Rgt-sib I-Name, 
Pr9ce~s X-Name, 
Pr~orl.ty, 
System Process ID, 
Iuit state Vector, 
Process I-Name, 
Cyclic Process ld, 
Error Parameter 

Entry po~nt to RCB Handler 
used to 1nsert a process 
or a message on a sp~ci~ied 
resource gueu€ by.pr10r1ty. 
Queues used by tbls prOCESS 
are the_message semaphore and 
the rteaay Act1ve queues. 

Entry point to RCB Handler 
used to get the internal name 
for the resource specified by 
type (file, device, etc.) ana 
external namE. 

This module is invoked tc en­
able a specific interrupt or 
enable all interrupts dl~atled 
by this prOCESS. 

This module is invoked tc dis­
able a specific or 
all interrupts and saving the 
status of the interrupts in 
a save-vector for enabling. 

Entry point to ReB Handler 
used to create an RCB of the 
tYFe specified; enter de~crip­
tor data in the appropriate 
RCB fields; and r~turn the 
resource internal namE. Not 
all fields are used by each 
type of resourCE. 

Entry point to PCB structuIes 
used to create a PCE for a 
Qrocess; enter data in the PCB 
fields; and return the pLocess 
internal name. 

EXTERNAL CALIS MADE BY OTHER MODULES 
~!~l ________________ RQRPQ~~ _______________________________ _ 

Not applicable for processes. 
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DAIA STRUCTURES USED 
NAM~ ______ FIl1D TY~P~E __ _ 

Message 
Buffer 

Based 

Releasor Integer 

Answer- Bit(l) 
Reguest 

Message- Integer 
Semaphore 

Buffer~ Pointer 
Location 

FiEld1 Integer· 

Field2 Integer 

Field3-6 Integer 

Char- Char(8) 
FiEld1 

Char- Char(8) 
FiEld2-4 

PURPQ~~LVA1~]~ ______________ _ 

Dynamically allocated, pcinter 
qual~fied structure usea for 
pass1ng messagEs. 

Internal name of process 
releasing a message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Qualified I/O buffer contain-
1ng message tO/fr~ro operator. 

a) $$Opcom - Messae from Oper­
ator System Communicator. 

b) $$JCL - Message frQID inter­
face process. 

a} $$ADD - Task identifiEr to 
create an interface process 
and device HCB. 

Not used. 

Identifies external name of 
the device to C4eate/destroy. 

Not used. 

HO~]LE D~~f]lPTIO! ________________________________________ _ 

Parti~lly i~Fl~mented process p~rform~ng such functions as 
creat1ng a dEVlce and lts assoclated lnter£ac€ pLocess; 
passing m€ssages from the operator to the Operator system 
Communlcator, etc. Implememtation limited until the haLdware 
environm€nt, JCI code, etc. are defined. 
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%INCLUDE NAMCHGR; 
(CHECK (ERROR): 

1***** INPUT CONTROLLER *****1 

INPUT_CCNTRCILEB: PRoe OPTIONS (MAIN) ; 

~INCLUDE SIMULTB; 
SIM_STABT(PROCESS_INPUT_CON~BOLLER) 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS MODULE HAS BEEN IMPLEMENTED TO CENTRALIZE ANt 
FACILITATE THE "INPu~n OPEI\ATIONS 1'-£\0;1 VARIOUS DEVICES. 
IT FERFORMS SUCH FUNCTIONS AS CREATING AND DESTROYING 
INTERFACE PROCESSES AND DEVICE RCBIS; ENTERING A JOE'S 
JCL IN THE JOB QUEUE; RELEASING MESSAGES TO THE INI­
TI-A'IORWHE-N A JOE 1-S READY FOR CREATION; AND PASSING 
MESSAGES TO THE OPERATOR SYSTEM CONNUNICATOR. ***1 

%INCLUDE GENLEC; 
%INCLUDE EEQBELD; 
%INCLUDE PCBLCL; 
"INCLUDE BCEBCL; 
~INCLUDE CASESTM; 

ON CHECK (ERROR) 
EEGIN; 

IF (EBROR ~= 0) THEN DO; 
(NGCHECK (ERROR»: 

EEGIN-
FIELD1 = RELEASOR; 
FIELD2 = ERROR; 
MSG SEMAPHORE = 0; 
ANS~ER REQUEST = FALSE; 
CALL PRIMITIVE RELEASE(ANYFRCC,$ERBOli,MESSAGE, 

-r ERROR) ; 
ERROR = 0; 

END; 
GO 10 START; 

END; 

·%INCLUDE BRMSG; 

END; 

~CL ERROR FIXED BINARY STATIC INIT(O); 
DCL (S OR P,NRPGS,PRI,PINAME,RINAME,CHILD,INTRPTNB) 

FiXED BINARY; 
DCL FOUND BIT (1) ; 
DCL (PXNAME,RlNAME) CHAR(8) STArIC; 
DCL FGTAbVEC~1) FIXED BINARY; 
DCL STATE VEe (10) FIXED BINARY (31,Ot; 
DC L Ii E.S V"E C {S E ~l 1 LIM IT: PC T U L I1'j I 1 ) BIT (2) ; 
DCL NRD~VIChS F~X~D BINARY STATIc INIT(O); 
DCL tEMP prR POINTER; 

E~t ~~i1~ilig) Bf~~A~)('5) STATIC INIT (1), 
10 FIXED BINARY (15) STA'rrc INIT (0) I 

NUif POIU1EH SfATIC ; 
NULE = NULL; . 
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START: DC FOREVER; 
CALL PRIMITIVE_REQUEST (ANYPROC,$INPUT,MESSAGE,ERRCB) ; 

SIM INiERRtil?T PT - ~ 

CALI MESSAGE INTERPRETER; 
DO ACTION OF- eASElI) ; 
CA~E'1}: 7* MESSAG£ ~ROM OPERATOR-SYSTEM COMMUNICATOR 

TO ADD AN IN~UT DEVICE *1 
1*** GET DATA PROM THE DIRECTORY REQUIRED TO 

CREATE AN INTERFACE PROCESS AND DEVICE 
RCB. ***1 

CALL DEVICE DIRECTORY(CHAR FIELD1,S OB P 
PXNAME,NRPGS,PGTABVEC,PRI,INTRPTNR~FCUND) ; 

IF (FOUND = TRUE) THEN DO; 
nXNAME = CHAR FIELD1; 
CALL PRlrlITIVE PCBDATA(MYNAME,~GET,~CHILD, 

- CHILD,ERROR) ; 
STATE VEC(l~ = PGTABVEC(1); 
STATE-VEC(2 = 1; 1* ~C REGISTER *1 

1*** CREAT~ PCB OR INTERFACE PROCESS ***1 
CALL GETPCB(MYNAME,CHILD,PXNAME,PRI~TBUE, 

STATE VEC,PINAME,IO,ERRuR); 
1*** RESET FAMILY LINKAGE. ***1 

IF (CHILD ~= at THEN 
CALL PRINIT~VE PCBDATA(CHILD,~PUT, 

-mLFTSIB,PINAME ERROE) ; 
CALL PRIBITIVE PCBDATA(MYNAME,~PUT,~CH1LD, 

- PINAME,ERROR) ; 
1*** CREATE AN ReB FOR THE DEVICE. ***1 

CALL CREATE RCB(#DEVICE~RXNAME,PINAMElIO, 
S OR P; (I I) ,INTRP'l'NR,IO,IO,RINAL"jE, 
E"RRO'R) ; 

1* SET UP RESOURCE ACCESS VECTOR *1 
RES VEe = 'OOlB; 
RES-VEe &I~AME = #iACCES; 
RES-VEe $IBUFF = ##ACCES· 
RES-VEC $INPUT = ##ACCES; 
RES-VEC $SPACE = ##ACCES; 
RES-VEC $ERROR = ##ACCES; 
RES-VEC $FILEOPl = ##ACCES; 
RES-VEe £INTRPT = ~#ACCES; 
RES-VEC $INTDEV = #jACCES; 
RES-VEC $WAIT) = ##ACCES· 
CALl: PR r1ITIV~ PCBDATA (PiNA!'1E,wPUT,aJRESVEC. 

SEM L LIMIT;PCT U LIclIT,EES VEC,EBEOR) ; 
1*** INSERT-PAGE TABLE VE~TOR AND NESSAGE EUEFER 

POINTER IN THE PCB. ***1 
CALL PRIMITIVE PCBDATAiPINA~E,illPUT/~EFMVEC6 

11,NRPGS;PGTABVEL,ERRCBl; 
ALLOCATE dESSAGE BUFFER SET(T~bP PTE); 
CALL PRIMITIVE P~BDATA(~INAbE,~PU7,~MSGPTR, 

- TE~P PTR ERROR); 
1*** RELEASE MESSAGE TO THE NEW lROcfss IDINTI-

FYING THE DEVICE INTERNAL NAME. ***1 
FIE L D 1 = R I N A ~1 E • 
CALL PRIMITIVE ~ELEASE(PINANE/$INTDEV, 

- rlESSAGE,ERROH) ; 
1*** ALLOCATE AND RELEASE INPUT EUFFEllS TO BE 

USED BY THE NEW PROCESS. ***1 
FILLD1~FIELD2,FIELD3,FIELD4 = 0; 
MSG SZMAPHOHE = 0; 
ANS~ER REQUEST = fALSE· 
CHAR FIELDl CHAR FI~LD~ = I t. 
ALLOCATE INPUT BJFFBR SET (iBUFPTR); 
BUFFER LOCATIOTI = IBUffTH; 
CALL PRIMITIVE RELEA3E(~INAME/,£lbUFFf 

- i1 E S SAG L , t, i{ F 0 IX ; 
ALLOCATE INPUT BUFFER SET (IBUI~iE; 
BUFFER LOCATION = IBUFPTR; 
CALL pRIMITIVE RELEASE(PINAMF,$IBUFF, 

- L1ESSAGE, ~fd(OH) ; 
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1*** INSERT THE PROCESS ON THE READY ACTIVE 
QUEUE AND EjABLE THE DEVICE INTERRUPT. ***1 
NRDEVICES = NRDEVICES + 1-

£ALL PRIMlfIVE INTERRUPT iNABLER(INTRETNR, 
- - DUMM1) • 

CALL RCBPUTQtiREDYA,#OS,PINAME,IO,PRII~ULP, 
FIELDl = $$Opg6~~ROa); 
FIELD2 = $$DONE; 

END; 
ELSE DO; FIELD2 = $$FA1Li 

CHAR FIELD2 = I~AD NAME'; 
END- -

1*** RELEASE ACTION TAKEN MESSAGE TO OPEBA~OR 
SYSTEM CO~HUNICATOR.· ***1 

CALL PRIMITIVE RELEASE(ANYPRCC,$OPR 10, 
- MESSAGE,ERROR) 

INtCASE; 
CASE(2): 1* MESSAGE FROM OPERATOR SYSTEM 

COMMUNICATOR; DELETE A DEVICE *1 
CALL FIND_INAME(#DEVICE,CHAR_FIEID1,RINA~I, 

ERROR) ; 
CALL PRIMITIVE RCBDAT1(RINAME,#GET~#OWNEB, 

- PIN A i1 E , .E Ii B 0 it} ; 
1* DISENABLE THE INTERnUPT, LOCATE AND FREE 

BUFFERS DESTROY OUTSTANDING FILBS 
OUTPUT ~ESSAGE TO OPERATOR CCNCERNiNG 
USER PrtOCESS EFFECTED, D~STRCY DEVICE 
RCB AND PROCiSS PCB, RELEASE ACTlON 
DONE MESSAGE TO OPERATOR-SYSTEM 
COMMUNICATOR. ALL TO BE IMPLEMETED *1 

EN:CCASE; 
CASE(3} :;/* SAVE JCL ~ND FILE INFORclATICN UNTIL ECFe 

IF EOF, ENT~R NEW JOB IN JOE QUEUE *1 
DCL JCLCODE CHbR(2t; 
VCL MSG PT FIXED BlNARY INIT(1t; 
DeL MSG-LEN FIXED BINARY INIT(L); 
IBUFPTB-= BUFFER LOCATION; 
JCLCODE = SUBSTRllbUFPTR -) IN~BUFF, 

Ii S G P T , M S G L E L") ; 
IF (JCLCODE = '~~') ~HEN DOT /* OPCOM MSG *1 

FIELD2 = S$OPRTRi 
FIELD1 = $$OPCOM; 
ANSWER REQUES1 = FALSE; 
CALL PRIMITIVE RELEASE(ANYFF.CC,$OPR Ie, 

- . L1ESSAGE, ERRO"R) ; 
END; 

1* ELSE DO; SAVE JCL FOR THE PROCESS, FILE INfO, 
OR ENTER IN JOB QUEUE IF JOB EOF. *1 

ENDCASE; 
END OF CASES; 

END; - -

SIM_EN D 

MESSAGE INTERPRETER: PROC; 
1* TRIS SilrlROUTINE DETERMINES WHO DID THE RELEASE ON 

SINPUl AND WHAT AC~ION IS REQUIRED. *1 
IF «(FIEID1 = .$.pOl:'COb) & (FIELD2 = .5:SADIJ)} THEN I = 1; 

ELSE IF 1 (FI~LJ)1=$.b02COM) & (FIELD2=-$$D:EtET)} THEN 1=2; 
ELS.t. If (1(IBLD1 = $$JCL) THE~ I ::; 3; 

ELSE ERROR = 304; . 
END MESSAGE INTERPRETER; 

END INPU1_(O~~ROLLER; 
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MODULE SPECIFICATION 

PARAliETEIiS 
INPUT oe~PUT TYPE CONTENTS 
-----------~------~~-------------------------------------
Not Applicable: All communications handled via messages. 

EXTERNAL CALLS HADE TO OTHER MODULES 
NAME PARAMETERS PURPOSE 
------------------~----------~-------------~---------------

Request 

Release 

Find 
Piname 

Device 
Directory 

PCBData 

PCBData 

PJ:ccess I-Name, 
Semaphore, 
~essage Pointer, 
Error Parameter 

Process I-Name, 
SemaphorE,. 
I1essage Po~nter, 
Error Parameter 

Process X-Name, 
Process I-Name, 
Error Parameter 

Resource X-Name, 
Access Identifier, 
Precess X-Name, 
Page Table Length, 
Page +able Vector, 
Pr~orl.ty 
Interrupt Number, 
Located-Eoolea.n 

a) 

b) 

c) 

$Output - Semaphore used to 
identify messages for this 
process. 
$Obuff - Semaphore uSEd to 
obtain an output buffer. 
$printq - SEmaphorE USEd to 
get next print job. 

a) $Error - Semaphore used to 
send messagEs to the Error 
Handler. 

b) $Intdev - Semaphore UEeQ to 
send messagE to an inter~ 
face process to identify a 
device internal namE. 

c) $Obuff - Semaphore uSEd to 
release outfut buffers. 

d) $Opr 10 - SemaphorE used to 
send-messages,to Ope~ator 
System COIDffiunlCatOr ~n . 
reply to $$GfCOM messages. 
$Putout - SemaphorE UEeQ to 
send output commands to in-

e) 

terface processes. 
f) $Fileop - SEmaphoLE used to 

send messages to the File 
Manager to 9pen, rEad or 
destJ.:"oy a fl.le. 

Entry point to PCB HandlEr 
used to obtain the internal 
name of a process identified 
by external name. 

This module is invoked to get 
data which identifies a deVlce 
interface process and which is 
required to create a PCB and 
an RCB for the interface pro­
cess and devicE, ~esp€ctiv€ly. 

Process I-Name, Generic entry foint to PCB 
Put/Get Identifier, structures module to enter or 
Field Identiiier, obtain data. 
Data Parameter, 
Error Parameter 

PrCCf:SS I-Name, 
Put/Get Iacntiiier, 
l'i E1.d 1 deli t itl~r t 
VectoL Lower L~IDlt, 
VectoL UFper Ll.ffilt, 
Vector Pdrameter, 
Error Parameter 

Generic entry Foint to PCB 
Structures llio6ul~ to enter or 
o b t a in d aLi 0 r Ii 0 r t ion s eft he 
data stored as a vector (i.e., 
Hesource Access Vector, fage 
Table vector, EtC.). 
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RCBData 

RCBPUTQ 

Find 
I--Name 

Interrupt 
Enabler 

Interrupt 
Disabler 

create 
ReB 

GET PCB 

Resource I-Name, Generic entry point to RCB 
PQt/Get_Ide~~tf~er, Handler module to enter or get 
F1€~a IQent1I~er, data concerning a resource~ 
Data Parameter, 
Error Para-meter 

liesource I-Name, 
Left/Right Queue, 
Process I-Name, 
Data J,larameter, 
Pr10rJ.ty, r 

Messa~e po~nter, 
Data l.arameter, 
Error Paramete~ 

Resource Type, 
Re :::ourse X- Name, 
Resource I-Name, 
Error Parameter 

Interrupt Number, 
Interrupt Save-

vector 

Interrupt Number, 
Interrupt Save-
Vector 

Resource Type, 
B~~our: (;e x~ l~ alae, 
Resource Owner 
Sz-Cntr Parameter, 
Access Identifier, 
PC~ Name 
D~v/Int fd~ntifier, 
F11e Descrl.ptor, 
File Descriptor, 
Resource I-Name, 
Error Parameter 

farent I-Name, 
Rgt-sib I-Name, 
Process X-Name, 
Priority, 
System Process ID, 
Init state Vector, 
Process I-Name, 
Cyclic Process rd, 
ErLor Parame1..er 

Entry point to ReB Handler 
used to insert a process 
or a message on a specified 
resource queue by ~riority. 
Queues usel by this prOCESS 
are the messagE semaphore and 
the Ready Act~ve queues. 

Entry point to RCB Handler 
used to get th~ internal name 
for the re30urce specified by 
type (file, device, etc.) ana 
external name. 

This module is invoked tc en­
able a s~ecitic interLupt OL 
enable all interrupts d1~abled 
by this process. 

This module is invoked to dis· 
able a specific or 
all interrupts and saving the 
status of the interru~ts in 
a save-vector for enabling. 

Entry point to ReB HandlEr 
used to creatE an ReB of th~ 
typ€_spec~fied; enter G~~crip­
tor aata 1ll the approFrlate 
ReB fields; and return the 
resource internal name. Not 
all fields aLE USed by each 
tYFe of resource. 

Entry poin~ to PCE Structures 
used to cr8ate a PCB for a 
~rocess; enter data in the PCB 
fields; anJ return the process 
internal name. 

EXT ERN ALe A 11 S i1 AD E BY 0 THE It 110 D U L E S 
NAME PURPOSE . 
--------------------~-----------~-----------~-------------~ 

Not applicablE for processes. 

Messagt 
Buffer 

Bas~d Dynaillica.ilj i::lloc~t~d I rainter 
CJ u a 1 ~ i i (; d ~ ; t L U C t u [c: U~:; (:! (1 i a L 
paSSll1<j m12s::::.s.CjE:::5. 
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0l:ltput 
Admln 
Table 

Releasor Integer 

Answer- Bit (1) 
Reguest 

M€ssage- Integer 
S€Dlapliore 

Buffer- Pointer 
Location 

Field1 Integer 

Field2 Integer 

Field3 Integer 

FiEld4 Integer 

Char- Char(8) 
FiEld1 

Char- Char(8) 
Field2-4 

Array 

Interface Integer 
Process · 

Assigned Bit (1) 

File Na@e Integer 

MODULE Di~CRIPTION 

Internal name of process 
releasing a message. 

Boolean indicating if answer 
~~quired. ~ 

Semaphore to be used in the 
answer. 

Qualifies an output buffer 
used to store data read from 
iiles and to pass data for 
output to an ~nterfac€ 
process. 

a) $$OPCOM - identifies a 
message from the Operator 
System Communlcator. 

b) $'~TERM - identifies a mes­
saae from the Terminatcr to 
print a job. 

c) $.$READ, ol>~EOF or $$OPENF -
identifies message-tYfe 
answer from Pile ilanager. 

a) $$PASS - pass message to 
the system operator. 

b) $$ADD( $$DELE7 or $$S'IOP -
identlfies task specified 
by the,Operator System 
CommUD~cator. 

c) File internal name to be 
printed. 

File record to be printed. 

Not used. 

File external name. 

Not used. 

This structure is used tc 
d~termine ayaila~ility of de­
Vlces, the ~ntertace Frocess 
internal namE, and the file 
being printed cn that device. 

Process internal name. 

Identifies available devices. 

File internal name. 

-------------~------~-------~------------------------------

The OUt:~ut CClttroll(;:!I: pE:LfoTI!t5 SUCD fancticns as cr€atinq 
and d € S t r c y :i. n gin t E ria c e i) roc e s s ~ saIl <.i a e vic e ~! C 0' ~~ ; -
~ s s i g n i n 9 0 U ~ F uti i 1 e s . tot h e de vic \ ~ i 0 f ~ r2 r. ~ n 9 a ~l d d c: ~~ t [ 0 Y -
~ n g 0 U t 1; u t .: ~ 1 e s ; r ass 1. n 9 0 U t ? u t b '-l .i...L ~, r....j 'n l tE1: 112 ,! c t~, C L 
S Y s tern n, € .s ::: agE: s tot.. h e a fJ pro 1-' r 1 ate d e v 1. c e; € t C • 
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%INCLUBE NAMCBGR; 
(CHECK (EBROB»: 

1***** OUTPUT CONTBCLLER *****1 

OUTPUT_CCNTRCLLER: PROC OPTlbNS{HAIN); 

1* * * * * * * * * * * * * * * * * * * ~ * * * * * * * * THIS PROCESS HAS BEEN IMPLEMENTED TO CENTrALIZE AfD 
.fACIlll'ATE THE "OUTPUTII hEQUIREI1Ei~TS IG Vd~d.UUS D£VJCES 

~M~Iu~~l's~~¥Eg~NE~~~L~Rggts~Xf~~E~~C~~ ~~~o~g~L~~~I~~~ 
OF MESSAGES TO AND FROM OTHER PROCESSES SUCH AS !HE 
TERMINA10R, OPERATOR SYSTE~ COMMUNICATCR, FILE MANAGER, 
ERBOR HAtD~Ehf AND VARIOUS INTERFACJ PRGCESSES. IN 
ADDITIOh, IT NVOKES SEVEHAL OF THE PRIMITIVES TO 
ACCCMPLISH ITS PUtiCTIONS. * * * * *1 

%INCLUDE SIMUlTR; 
SIM_START(FBOCESS_OUTPUT~CONTROLLER} 

%INCLUDE GENLEC; 
%INCLUDE EEQRELD; 
%INCLUDE CASESTM; 
%INCLUDE feELeL; 
%INCLUDE ECtLCL; 

ON CHECK (ERROR) 
BEG IN; 

IE (EBROn ~= 0) THEN DO; 
(NOCHECK (ERROR»: 

BEGIN; 
FIELD1 = RELEASOR; 
~SG SEMAPHORE = $OOTPUT; 
CALL PRI~ITIVE RE1EASE(ANYPROC,$~RRORf 

- MESSAG:E,ERaOB) ; 
ERROR = 0; 

END; 
TO START; GC 

INti 
END; 

%INCLUDE RRMSG; 

DCl 1 OU'IPUT ADI-1IN TABLE (10) STATIC, 
2 INTF PRUCS FI~ED BINARY IllIT«(1U) O}, 
2 ASS I"G NED BI T ( 1 ) I NI T ( (1 0) J 1 } I 0 ' 13) , 
2 FIN II ~1 E F I XED .a I N A R YIN IT ( 1 0 ) 0); 

DeL CPR CUT DEV FIXED bINAliY S ATIC; 
DCL CUT-JOES FIXED BINARY STATIC; 
DeL NRI~VIC1S FIXED BINARY STATIC INIT(O); 
DCL 11 FIXED bINARY INII(l); 
Del NULP FOINTER; 
DCL NE~DEV1CE FIXED BINARY; 
DCL 1 FIXED bINARY S~ATIC; 
DCL BECORD FIXED bINARY STATIC; 
DCL EEFOF FIXED BINARY STATIC INIT (0); 
DeL INA~t FIX£D BINARY; 
DCL EUfFEE USLD BIT{l) STATIC INIT('1 I E); 
BCl EUFFEB:rOINTER Po1NTER STATIC; 
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START: DC FOREVER; 
IF EUFFER USED THEN DO; 

L* GEl AN OUTPUT BUFFER *L 
CALL fRIMITIVE_REQUEST(ANYPROC,$OBUFF,MESSAGE,E~ROR); 

SIM_IN~ERRUPT_PT 

BOFFE! POINTER = BUFFER LOCATION; 
EUFFEB:USED = FALSE; -

END- . 
CALi PRIMliIVE_REQUEST(ANYPRCC,$OUTPUl,~ESSAGEtERBOB); 

SIt1_IN~ERRUPT_PT 

CALL MESSAGE_INTERPRETER; 

DO ACTION OF CASE(I) ; 
~ASE(1\~ 

1* O~£~ATOR -SYSTEM COMllUNICATOR MESSAGE *1 

END; 

IF (FIELD2 = ~$PASS) THEN 
L*** OUTPUT THE MESSAG~ ***1 
CALL PRIMITIVE RELEASE (OPR OJT DEV,$PUTOUT, 

- MESSAGE;ERROR) ; 
ELSE DO; 

1*** PERFORM TASK SPECIFIED ***/ 
CALL OP COMM MSG HANDLER-
If' ((NEwDEVICE ..... = 0) & (OU'l' JOBS ..,= 0» 'IHEN 

END; 
ENBCASE; 

CALL START_NEWJOB{NRDEV~CES); 

CASE(2t: 
1* TLRNINATOR MESSAGE */ 

1*** INCREMENT PRINT JOB COU~TEH AND frETER~INE 
IF A DEVICE IS AVAILABLE. ***1 

OUT JOBS = OUT JObS + 1" 
DO 1: = 1 TO NRDEVICES WHILE (AS.3IGHED !I)); ENI:; 
1 F (I < = N R DE V ICE S ) THE N CA L L S'1' ART N L W JOB (I) ; 
ENDCASE; -

CASE(3t! 
1* rILE MANAGER MESSAGE *1 
CALI FILE MSG HANDLER; 
ENr.CASE" - -

ENt OF CASES· - - , 

MESSAGE INiERPRETER: PllOC; 
1* tETiRcllNE WHICH PROCESS DID A RELEASE ON THE 

$OUiFUT SEMAPHORB AND SET THE CASE STATBMENT 
INDEX ***L 

.IF (EIEID1 = £$OFCON) THEN I = 1; 
. ElSE IF' (fIELD1 = $$TERtl) THEN 1=2; 

ELSE I s:: 3-
END MESSAGE_INT1hPRETiR; 
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CP COMM hSG HANDLER: PROC; 
-1* TAKE ~U£ APPROPRIATE ACTION- I.E. ADD A DEVICE AND 

AN INTERFACE FROC~SS, DElETk A ~E~lCE AND INTERFACE 
PROCESS OR STOP PRINTING A JOB. *1 

DCL (S OR P,!!RPGS,PP.I,PlNAl1E,HINAMi,CHIID,INTRNG,INDX) 
FIxED BINABY; . 

DCL fOUND Bll (1) ; 
DCL (FXNANE,hXNAME) CHAR(8) STATIC; 
DCL PGTABVEC(1) FIXED BINARY· 
DCL STATE VEe (1 Ol FIXED BINA~Y (31,0); 
DeL RES V1!:C (Sl:;M .L LIMIT : PCT U .. LIMIT) BIT (2) ; 
DeL LUM116) BIT11T; -
DeL TEbf PTR fOtNTER-

/~ DETERMINE ACTION REQUIRED AND SET INDEX *1 
IF (~IELr:2 = :z)$ADD) THEN INDX = 1; . 

fLSE IF JFIELD2 = $$DELET) THEN I~DX = 2; 
ELSb IF (fIELD3 = $$STOP) THEN INDX = 3; 

ELSE ERROR = 306; . 
DO_ACTION OF C~SE(INDX); 

CASEC1T.: 1* ADD A DEVICE AND INTERFACE PROCESS. *1 
bxNAME = CHAR ?IE1D1; 
CALI DEVICE DIRECTORY (RXNAME,S OR P,PXNAME,NRfGS, 

- PGTABVEC;PRI,INTRUR,FCUND); 
IF (FOUND = FALSE) THEN DO; 

1*** INVALID EXTERNAL NAME ***1 
FIELD2 = $$FAIL; CHAR FIELD2 = IBAD NAME'; 

EN]); 
ELSE DO; 

1*** CREATE PCB FOR INTERFACE PROCESS SETUP 
FAMILY LINKAGE, bND CH~ATE LEVIC~ ReB. ***1 

CALL PRIMITIVE_PCBDATA(MYN~ME,aGET,IDCHIL1, 
CHI.LD,EBBOl\} ; 

STATE VEC11) = PGTABVEC(1); 
STATE-VEC 2) = 1; 1* 1: REGISTER *1 
CALL TIETP B(MYNAME,CHILDiPXNAME;PRlrTRUE r 

S TAl EVE C , P rNA ~1 E, (0) , E E ROB) ; 
IF (CHILD ~= O) THEN . 

CALL PRIMITIVi_PCBDATA(CHILD,~PUT,mLF1SIB, 
PIN A ~j E , E liR 0 R) ; 

CALL PHlt1ITIVE PCBDATA(MYNANE,wPUT,Q)CBILL, 
- PINAl1E,ERROR) ; 

CALL CREATE RCB(iDEVICE,RX~AMEffINAHE,(O)£ 
S OR P,}' • L ,INTRNR, (0), (0 ,F.INAME,EliHOR); 

/* SET UP R~50UHCE VECTOR fO~ INAME *1 
RES VEC = IODIB; 
RES:VEC(RINA~E) = ##ACCES; 
RES VECj',tiPUTOU1') = i#ACCES; 
RES-VEC £1Rh02t = ##ACCES· 
RES-VEC $OBUFF = ##ACCES; 
RES-VEe $INTEP ) = #~ACCES; 
RES-VEe $INTDEV) = #~ACCES; 
RES-VEe ~WAIT} = ##ACCES-
CALL PR~~ITIVB PCBDATA(piNA~E,apOT,~RESVEC, 

5 L i'~ L L I 1'1 IT, peT U L I h I '1 fEE S VEe, E 11 R G B) ; 
CALL PRIMI~IVE_PCBDATA1pI~;ME,~PUT;~bBMVEC, 

Ii NR2GS PGTA6VEC EF-RGB); 
1*** GET MESSAGE BUFFER FOR INTfnFAC~ Fb6cESS */ 

ALLOCATE MESSAGE BUFFER SE:T (IEl1P }JTR) ; 
CALL PRIJITIVE P~BDATA(Pl~AME,aPTIT,~MSGP1R, 

- TE~P flE,£RROR); 
1*** iiELEASE MESSAG2 10 THE PhOCE~.s IDEr..TIFYI!jG 

£HE DEVICE INTERNAL ~AME. ***1 
FIELD1 = .dlh .. U1E-
CAL 1. P RId I T I V B _ ~ E LEA S E (P I ~} ~ r'j E I $ 1; N l' ~ E V , 

M E ~ .::> A G l:. , E h 1:. U 1\} ; 
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1*** GET OUTPUT BUFFERS AND INSERT ON THE 
AVAILliBILITY ~UEUE (RELEASE M~SSAGiS). ***1 

FIELDi,FIELJ2,EILLD3,FIELD4 = 0; 
MSG SZ~APHOaE = 0; 
ANSwER REQUEST = FALSE-
CHAR FiELD1 ,CHAR FIELD~ = • ,. 
ALLOLATE OUTPUT ~UFFER SET (OBUFPTfi) i 
BUFFER LOCATION-= OBUFPTR; 
CALL pRIMITIVE RELEASE'MYNAME~$OBUFFt 

- MES5AG~ ERROR} ; 
ALLOCATE OUTPUT· BUFFER SET (OB6r-PTR); 
BUFFER LOCATION-= OBUFPTH; 
CALL PRIMITIVE RELEASE(MYNAMF~$OBUFF( 

- MESSAG~,ERROrtJ ; 
1*** INITIALIZE LOCAL VARIABLES AND INSERT 

THE INTEEFACE PROCESS ON THE READY 'A' 
QUBUE. ENABLE THE DEVICE INTERRUPT. ***1 

NRDEVICES = NRDEVICES + 1; 
INT? PROCSfNR£EVICESl = PINAflE-
IF (~RDEVICES = 1) TBEN OPR OUT DEV = PI~AME; 
CALL PRIMITIVE INTERRUPT_ENXEL~R(INTH~B,tUM); 
NULP = NULL; -
CAL.1 RCBPUTQ (#ilEDYA,#OS,PINAME, (0) ,PRI,NULP, 

(0) ,ERROR) ; 
NEWDEVICE = PINA~E; 
FIELD1 = $$OPCOM; 
FIELD2 = $$DONE; 
END; 

1*** RELEASE ACTION TAKEN MESSAGE TO OPEEA10R 
SYSTEM COMMUNICATOR ***1 

CALL PRIMITIVE RELEASE(ANYPROC,$OPR IO,tlESSAGE, 
- ERROR) ; -

ENrCASE; 
CASE (2) : 1* DELETE A EEVICE AND DESTROY THE 

I~TERFACE PROCESS *1 
FIND INAME(#DEVICE,CHAH fiB1D1,RINAME,ERBO~); 
PRI~ITIVE RCBDAT8(RINA~2,#GE1,#DINAME,INTEN~, 

CALI 
CALI 

CALL 
- ERROR) ; 

PRIr'lITIVE INTERRUPl DIS~NA3LER (INTR~R,DUf.) ; 
1* LUCATE BUFF~RS AND DE~TROY THEM, 

DESTROY BCE, PCB, ~ESSAGE CONTAI~ER 
AND ALL OUTSTANDING RELEASES/REQUESTS 

ENrCASE; 
CONCERNING THE INTERFACE PROCESS *1 

CASE(3): 1* STOP PRINTING CURRENT JOB *1 
1*** GET INTERNAL NAME OF THE tEVICE AND 

INTERFACE PROCESS. ***1 
RXNAME = CHAR FIELD1; 
CALL fIND INARE(#DEVICE,RXNAME,INAME,ERROR); 
CALL PRltITIVE RCBDATA(INAMEffGET,#C~NER,PINAME, 

- ERROR ; 
DO I = 1 TO NRDEVICES 

WHILE (IUTF PROCS (I) ..,= PINAME); END; 
1*** RESET LOCAL VARIABLES, ~ELEASE MESSAGE TO 

OPERATOIt SYS'l'EI1 COMMUNICATOR, AND 
CHECK FOR NEW JCB TO PhINT. ***1 

FINAME{I) = 0; 
ASSIGNLD(I) = 'O'B; 
FIELD1 = $$OPCOM; 
FIEID2 = $~DONE-
CALL PRIMITIVB hE1EASE(ANYPrlOC,$OPR IO,MESSAGE r 

- ERROR) - ~ 
I F ( 0 U T J () B S ., = 0 ) THE N CAL 1ST ART N E {~ J 0 3 (I) ; 

ENLCASE; - -
END CF CASES· 

END O~_C~MM_MS~_HANDLER; 
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FILE MSG HANDLER: PROC; 
~ THIs SU~ROUTINE PASSES OUTPUT BUFFERS TO TEE 

APPRCPRIATE OUTPUT DEVICEi CHEC~S FOR OUTSTANDING 
JCBS TO paINT; IF ANY, GE~S fHE fILE NAME YEOH 
FRINT QUEUE AND ASSIGNS THE FILE TO THE DEVICE 
FCR PRINTINGe ***1 

DeL FXNAME CHABIB) STATIC-
DO I = 1 TO NRDEVICE~ WHILE (FINAME(I) ,= FIEID2); 
END-

i*** PASS OUTPUT BUFFER TO APPFOPRIATE 
INTERFACE PROCESS. ***1 

IP (FIELD1 = $$READ) THEN DO; 
RECORD = FIELD3 + 1; 
MSG S3MAPHORE = $OUTPUT-
CALL PRItl1TIVE_RELEaSE(iNTF PROCS(I),$PUTOUT, 

MESSJ:GE,ERROR) -
/*** GET ANOTHER OUTPUT BUFFER, INITI1LIZE 

MESSAGE BUFFER, AND RELEASE ~1ESSAGE Ie 
FILE MANAGEa TO aEAD THE NEXT RECORD. ***1 

EUFFER LOCATION = BUFFER POINTiR; 
FIELD1-= $$READ; -
FIELD2 = FINAMB (I) ; 
tIELD3 = RECO~D; 
IIELD4,FIELD5,FIELD6 = 0; 
CHAh FIELD1,CHAa FIELD2,CHAR FIEID3, 

~HAR FIELD4 = "; -
MSG SEMAPHOHE = SOUTPUT; 
ANSNER REQUEST = TRUE; 
CALL PRIMITIVE RELEASE{ANYFROC,$FILEOP,MESSAGE, 

- ERROR) ; 
EUErER_USED = TRUE; 

END; 
ELSE IF JFIELD1 = $$EOF) THEN DO; 

/*** PRINT TASK FINISHED: REINITIALIZE LOCAL 
VARIABLES~ TEST FOR NEW PRINT JOB~ REIbASE 
THE OUTPUL BUFFER, AND RElfASE tE~SLGE TO 
FILE MANAGER TO DESTROY THE FILE ***1 

ASSIGNED(I) = FALSE; 
.FINAMEJI) =- 0; 
IF (OU.4 JOBS -.= 0) THEN CALL SIJ:Ar.T NE\~JOE (I) ; 
CALL PR'II-IITI V L_RELEASE (nY N AM E, $OHUff, I'lLS SAGi, 

ERROR) ; 
FIELD1 = $$DSTYP-
CALL PRIMI1IVE BELEASE(ANYPROC,lFILEOf, 

- MESSAGE,ERROR) ; 
END; 

ELSE DO; 1* FILE OPENED */ 
1*** GET OUTPUT BUFFER, INITIALIZE MESSAGE 

BUFFER, AND ftELEASE MES3AGE TO THE iliE 
MANAGER fO BEAD THE FIRST RECORD. ***1 

BUFFER LOCATION = BUFFEa POIN1ER; 
PIELD1-= $~READ; -
;IELD2 = FINAI1E (I) ; 

FIELD3 = 1; _ 
FIELD4,FIELD~,FIELD6 = 0; 
CHAR fIELD1,CHAIi c'IELD2,CHAR FIELD3, 

c: H A R F I r~ L D 4 :: I'; -
I-1SG S EiiA FnOl~I.; = $OUTPUT; 
ANS~ER REQUEST = TRUE; 
CA~L P~IMITIVE RELEASE(ANYPhOC,$FILEOP, 

- MESS.'\GE, ERROH) ; 
~UPFER USZD = TRUE; 

END' -
END FllE_MSG_li 1,N DL£:R; 
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1*** THIS SUBROUTINE OBTAINS THE EXTERNAL NAME CF tHE 
FILf TO BE PRIhTED FROM THE PRI~T QUEUE (CHAR­
fIELD1), nELEASES A MESSAGE TO THE FILE MAtIAGER 
10 CPE~ THE FILE FOR A ~EAD OPERATION, UPDATES 
LOCAL VARIABLES TO REFLECT THE ASSIGNMENT, ANt 
CHANGES O~NERSHIP OE THE FILE TO THE OUTPUT 
CCNTROLLER. ***1 

START NEWJCB: PROC(INDEX); 
DCL-INDE)( FIXED EINARY; 
CALL fRIMITIVE REQUEST (ANYPROC,$PRINTQ,MEsSAGE,ERROR) ; 
FlElt1 = $$OPE~F; . 
FIELB2 = ##READ;. 
MsG SEMAPHORE = $OUTPUT; 
ANS~ER RiCUEST = TRUE; 
CALL FRI~ITIVE RELEASE (ANYPROC,$FILEOP,MESSAGE,ERROR) ; 
ASSIG~ED(INuEXT = TRUE; 
FINArlE(INDEX) I INAclE = FIELD2; 
OUT JC5S = OUT JOBS - 1; 
C A·1 I f R I r:; I ~ I V E --Reb i) 8. T A (I N Ii ME, * PU T , ~ 0 w NEB, 11 Y N A tl E , E R B 0 R) ; 

END START_~EWJOB; 

SIM_END 

END OUTj;lUT ..... CONTROLLER;. 
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MODQLE SPECIFICATION 

NAME: !~!IIA'IQS TYPE: P~Q£]~~ 

PARAMETEES . INEUT _____ OUiPUT ____ TYp~ ______ £Q~~~li!~ ____________________ _ 

Not Applicahle: All communications handled via messages. 

EXTERNAL CAllS MADE TO OTHER MODULES 
~~] ______ ~~B~~~~~--____ ----EQRPQ~]-----·-----------------
Regues~ Proc~ss I-Name, a) 

S·e IDa phor,e, . 
$Iname - Semaphore USEd to 
limit the humber of proces­
ses in the system. Reguests Message Po~nter, 

Error Parameter decrement ceunter while re­
leases by Terminator incre­
ment the ceunter. 

b) $Newjob - Semaphore used to 
identify messages to this 
process. 

**************Module Implementation Incoillplete************** 

*****************Anticipated External Calls***************** 

PCBData 

PCBData 

RCBData 

RCBPUTQ 

GETPCB 

Process I-Name, Generic er.try Foint to PCB 
Put/Get Identifier, structures module to entEr or 
Field Identifier, obtain data. 
Data Parameter, 
Error Parameter 

Process I-Name, 
Put/Get Identifier, 
Field Identifi~r, 
Vector Lower L~m~t, 
Vector Upper Limit, 
Vector Parameter, 
Error Parameter 

Generic entry point to PCB 
structures module to entEr or 
obtain data or Fortions cf the 
data stored as a vector ji.e., 
Resource Access Vector, ~aa€ 
Table Vector, etc.). J 

Besource I-Name, Generic entrr point to ReB 
Put/Get Identiil.er, Handler moju € to enter cr set 
FiEld Iuentifier, data concerning a resource. 
Data Parameter, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Process I-NaJle, 
Data ~arameter, 
Pr.1.or~ty 
Me!::sage Pointer, 
Data Parameter, 
Error Parameter 

ParEnt I-Name, 
Rgt-sib I-Nali1e, 
Process X-~d.l!!e, 
Priority, 
System prOC8~~ ID, 
Init st~te vpctor, 
Pro c f~ s s 1- l'! .:t IH: , 
Cyclic Proc~ss IJ, 
Erl~or ParilUlctt::!: 

Entry point to RCB HandlEr 
used to insert a process 
or a message on d specified 
resource gueue bi.priority. 
Queues used by tnl.s precEss 
are the message semaphore and 
the Ready Act~ve queues. 

Entry point to PCB Structures 
used to cr2ate a PCD for a 
proc~ss; enter ddta in tr.e PCB 
f.ield::;; "and retul'n thE proCe:=JS 
internal Tl3.me. 
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Create 
ReB 

Find 
I-Name 

RCBGETQ 

Resource Type, 
Resource X-Name, 
Resource Owner 
Sz-Cntr Parameter, 
Access Identifi~r, 
peT Name , .. 
D~y/lnt Id~nt1f1er, 
F1J.e Descrl.ptor, 
File Descrip.tor, 
Re~ource I-Naille, 
Error Parameter 

Resource 'llype I 
BeEourse X-Name, 
Resource I-Name, 
Error Parameter 

Re~ource I-Name, 
Left/Right Queue, 
Precess I-Name, 
Q tata Parameter, 
~ressage Point er, 
Q Data Parameter, 
Found Boolean, 
Q status Boolean, 
Error Parameter 

Resource I-Name, 
L~ft/Right Queue, 
Plnd Oper9-t.~on, 
Queue Poslt10n, 
Process I-Name, 
Data Parameter, 
Data Parameter, 
:r;rror Parameter 

Entry point to RCB Handler 
used to create an ReB of the 
type specified; enter descrip­
tor data in the appropriate 
RCB fields; and retur~ the 
resource internal name. Not 
all fields are Used by each 
type of resource. 

Entry point to RCB Handler 
used to get the internal name 
for the re50urce specified by 
type (file, device, etc.) ana 
external name. 

This entry point to ReB Hand­
ler is used to re~ove a rro­
cess from the specified gueue 
for the injicated resource. 
The data stored in the queue 
are returned if the prOCESS is 
found and the gueuestatus is 
also provided. 

This entry point to ReB Hand­
ler is used to determine queue 
position of a process and put 
or get a copy of data. The 
process, poslticn, or both may 
b~ ~peclfled to select a spe­
clf1C pr9~?s~, ani proceEs at 
the SReC1Ilea F05ltloD OL d 
~pecific.p+ocess at a speci­
iled posltl.On. 

EXTERNAL CALLS MADE BY OTHER MODULES 
~!~l _____ ~ __________ R~B£Q~~ ______________________________ __ 

Not a~plicable for processes. 
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DATA STRUCTURES USED 
~!ME ______ fl!1~ ___ TYPE ______ gQRPOS!LVAbQ!~ ____________ --_ 

Hessa~e 
Buffer 

Based 

Releasor Integer 

Answer- Bit (1) 
Reguest 

Message- Integer 
Semapflore 

Buffer- Pointer 
Location 

FiEld1-6 Integer 

Char- Char(8) 
FiEld1-4 

Dyna~i9ally allocated, pcinter 
qual~f1ed structure used for 
pass~ng messagEs. 

Internal name of procEss 
releasing d message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Not used. 

Use undefined. 

Use undefi:led. 

***************Additional structures Undefined************** 

MO~Q1~~£~~B1R1ION ________________________________________ _ 

Inltiator dEsign and implementation is incOIDflete: job 
types, JCI u.sed, etc. must be known before inplemenfatjon. 
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~INCIUDE NAMCHGR; 1***** INITIATOR *****1 
(CHECK (ERROR»: 
INITIATOE: PEOC OPTIONS (MAIN) ; 
"INCLUDE GENIEC; 
~INCLUi)E PCBI;CL; 
%INCLUDE EEQBELD; 
jlNCLlJDE RH!1SGi 

ON CHECK(E.rtROR) 
BEGIN; 

IP (ERROR ~= 0) THEN DO; 
(NOCHECK(ERHOh»): BEGIN; 

FIELD1 = RELEASOH; 
fIELD2 = ERROR; 
CALL PRIMITIVE RELEASE(ANYPROC,$ERROR,MESS~GE, 

- ERROR} ; . 
GO 'IO STAR'r; 
END; 

END; 
ENt; 

DCL (NEW P I NAME,PARE~T~PRIORITY) FIXED BINARY; 
DCL EXTEEXA~ NAME CHAR(d); 
DCL EEROE FIX~D BINARY STATIC INIT(O); 

START: 
DC FCEEVER ; 

1*** CHECK FOR AVAILABLE PCB SPACE ***1 
CALL fRlrlITIVE_REQUES1(ANYPROC,$I~AME,MESSAGE,EBROR); 

CALL 

CALL 

L*** GET NEXT JOB TO BE CREArED ***L 
FRI~ITIVE REQUEST (ANYEROC,£NEWJOE,MESSAGE, 

- ERROR) ; 

1*** INTERPRET DATA fRUM JOb QUEUE **~/ 
JCL INTERP.t<ETER; 

~ 

1*** GET THE REQUIRED RESOURCES ***1 
CALL GE1_REQUIBED_HBSOURCES; 

CALL 

1*** CREATE A PCB FOR THE PROCESS ***1 
1*** CALL CREATE_PCB ***1 
1*** FREE JOB QUEUE SPACE ***1 
IRIaITIVE RELEASE (ANYPROC,$JOBQSP,MESSAGE r 

- ERROR) ; 

1*** INSERT THE PROCESS ON THE READY A QUEUE **/ 
CALL ECBPUTQ (tfF:EDYA,itUSER,P I NAM~, (0) ,PRIORITY, 

l"SGf'TR, (0) ,.ERRuf<f; 

END; 1* MAIN PROGRAM SCOPE *1 
JCL_IN1EBIRETER: PRoe ; 

1* INTERPRET JCL TO IDENTIFY REQ~IliED RESOUbCES 
ANL CAPABILITIES *1 

RETURN-
E~D JCi~INTERPHETER; 

GET_fiEQUIEED_R£SOURCES: FRoe ; 
1-' VERIFY THAl' TH£ PROCESS BEING CREATED CAN ACCESS 

THE 2E~OUilCiS HE REQUESTED ; CREATE heli' AS 
NECt~SARY A~D SET U~ ACCESS V~C1CR *1 

RETURN; 
END GtT REQUI~ED niSOURCES; 

END I~ITlh!Oh; -
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MODULE SPECIFICATION 

PARAHETEBS 
INPUT OU1FUT TYPE CON~ENTS 
.--------------------~--~--------~--------------------------
Not Applicable: All communic~tions handled via messages. 

EXTERNAL CALIS MADE TO OTHER MODULES NAMf ______ g!B~~~~BS __ - _______ RQRPQ~] ______ -----__________ _ 

Request ProcSssI-Narne, a) $Endjob - Semaphore used to 
Semaphore" 1dentify messages to this 
Message P01nter, process. 
Error Parameter 

**************Module Implementation Incomplete********$***** 

*****************Anticipated External Calls***********~***** 

Find 
Piname 

PCB~ata 

PCBData 

Process X-Name, 
Pro(:ess I-Name, 
Error Pal:ameter 

Process I-Name, 
Put/Get IdGlltifier, 
FiEld Identifier, 
Data Parameter, 
Error Paramctsr 

Process I-Name, 
p~t/Get_Ide~t~fier, 
P~€ld Iaent~rl~r( 
Vector LOweL L~m+t, 
Vector Upper L1lli1t, 
Vector Parameter, 
Error Parameter 

Entry point to PCB Handler 
used to ontain the internal 
name of a process identified 
by external name. 

Generic entry point to PCE 
Structures module to enter or 
obtain data. 

Generic entry ~oint to PCB 
structures module to enter or 
obtain data or portions cf the 
data stored as a vector (i.e., 
Resource Access Vector, EagE 
Table Vector, etc.) ~ 

RCBData Resource I-Hame( Generic entry point to RCB 
Put/Get IdElltif1er, Handler module to entEr cr get 
Field Identifier, data concerning a resource. 
Data Parameter, 
Erl:or Parameter 

RCBFUTQ Resource I-Name, 
~€ft/Right Queue, 
Precess I-Name, 
Data l?arameter, 
Pr~orlty, . 
l'1e.5sage POlnter, 
Data Param~ter, 
Error Parameter 

Destroy- Resource I-Name, 
RCB Process I-Name, 

Precess Vectoc, 
ErLor Parameter 

Entry po~nt tc HCB HandlEr 
used to 1Dsert a process 
or a message on a sp~cif,ied 
resource Sueue by.prlorlty. 
Queues used ty tUlS prOCESS 
are th~ message seruaphort and 
the prlnt gueues. 

This entry point to RCB Eand­
ler is us€d to de~troy an hebe 
All proce!:: . .s.es all tho? RCD queue 
are ldentitied and return~d to 
the calling frcc~ss so that an 
error message il'ay be sent to 
tne Ecror Handler for each 
process in the Ij.st. 
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RCBGETQ 

~ . 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Q_Data Par~meter, 
Message Po~nt€r, 
Q Data Parameter, 
Found Boolean, 
Q status Boolean, 
Error Parameter 

This entry point to ReB Hand­
ler is used to remove a fro­
cess from the specified yueue 
for the indicated resourCE. 
The data stored in the queue 
are returned if the procEss is 
found and the queue status is 
also provided. 

EXTERNAL CALLS MADE BY OTHER MODULES . 
]!~ __________ -r--__ gQBPO~] _______________________________ _ 

Not applicable for processes. 

DA~A STRUCTURES USED 
NA~l __ ~ __ !1~b~ _____ ~Xg~ __ ~ ___ RQBEQ~~1~1~B~ ______________ _ 
Message 
Buffer 

Based 

Releasor Integer 

Answer­
Reguest 

Bit (1) 

Message- Integer 
Semaphore 

Bufier- Pointer 
Location 

Field1-6 Integer 

Char- Char(8) 
Field1-4 

Dynamically allccated, pcinter 
qual~fied structure usea for 
'passlng messages. 

Internal name of process 
releasing a message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Not used. 

Use undefined. 

Use undefined. 

***************Additional Structures Undefined************** 

~Q~Q1~_~~~~~1111QH ________________________________________ ~ 

Terminator dEsign and implem€ntation is incornflete. Note! 
terainaticn of a process results in the termination of all 
derEfident ~rccesses; deallocating resources; and printing 
outFut files. 
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%INCLUDE NAMCBGR; 1***** TEHMINATOR ******1 
(CHECK (ERROR): 
tEBMINAfCR: f~OC OPTIONS(MAIN); 

%INCLUDE GENtEC; 
%INCLUDE fCELCL; 
%INCLUDE EEQEELD: 
% INC L U DE R 1d1 S G ; 

ON CH ECK (ERRO R) 
EEGIN" 
IF (E~EOE ~= 0) THEN DO; 

(NOCHECK (ERROR) ): BEGIN; 
FIELD1 = RELEASOR; 
FIELD2 = ERROR; 
CALL .PRIMIJ:IVE ,hELEkSE (ANY,P.ROCI'·.$,ERROR,.rlESS AGE, 

- ERROR) · 
ERROR = 0; • 
GO '10 STARl'; 
END: 

ENB; 
END; 

DCI P I NAME FIXED BINARY; 
DCL lBROB FIXEL BINARY STATIC INIT (0) ; 

DC 1 ( I N V A 1 I L , T E R rj F LAG) b 1'1' (1) i 
START: -
DC FOREVER; 

1*** GET TERMINATION MESSAG2 ***1 
CALL PRIMITIVE_REQUEST (ANYPROC,$ENDJOB,MESSAGE,EREOR) ; 

1*** VERIFY THE MESSAGE ***1 
CALL TERMINATION_VALIDATOR; 

1*** VALID: THE~ START TERMINATING ***/ 
TER~_FLAG = TRUE; 

DO WHILE (TER~ FLAGt ; 
/*** SbLECT TH~ PROCESS TO BE TERMINATED ***1 

CALl TERN_SELECTOK; 

1*** LNSERT CODE TO DETERMINE OUTPUT PILES ***1 
L*** RELEAS1 MESSAGE TO OOTEUT CCNTROLLER ***/ 

CALL PRIMITIVE RELZASE(ANYPROC,$OU1FUT,MESSAGE, 
- ERROR) ; 

1*** DESTROY THE PROCESS ***/ . 
/* CALL PRIMITIVE_DESTROY (PINAME,PROCVEC, ERReR) ; ''f./ 

/*** RELEASE ER~OR MESSAGES FOR ANY PROCESS 
. QUEUED ON h RESOURCE JUST DESTROYED ***1 
1******* INSERT CODE ******1 
1*** FREE ~HE JOB QUEUE SPACE ***1 

CALL PRIMITIVE RELEASE(ANYPROC,$INAME,NESSAGE, 
- ERROR) ; 

END; 
END· 
TEhMINA1ICN VALIDATOR: PROC· 

1* IHIS-SUBHOUTI~E VERI~IES THE JOB TERMINATION 
BEQUEST; I.E., THE VALIDITY OF PROC1SS tAl TO 
DES1P.OY FhOCESS Ib'. 

INVAIIL=fP,LSE; 
E tl D T E i1 M 11. A'I lOt; V 11 LID i\ TO it ; 
7LRM SElEC1C~: ~hOC; 

IV. l' HIS S U!.3 R 0 UTI U E lJ E ri' f R MIN E S W HIe H PRO C E S son 
M E ~j 11 E R () F A .i? hoe E sst S F A MIL Y 1ST 0 E E DES THO Y E r 
FIHS1. 

T E h 1'J r L JI G = F A L S E : 
EHD TEh"B ~El::Cl'OIt; 

E N 1) T E R Z'j 1 ~ ATe ~ ; 
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MODULE SPECIFICATION 

TYPE: f~Qf£;~§ 

PARAMETEES 
INPUT OUTPUT TYPE CONTENTS 
------------~--~--~----------------------------------------
Not Appli~able: All communications handled via message~. 

EXTERNAL CALLS tADE TO OTHER MODULES 
NAME _g~~A~fl1~~~ __________ RQBg~~ ____________________ _ 

Request Precess I-Namp., a) $Fileop - Semaohore used to 
S€maphore" 1dentity messages for this 

Release 

Find 
Piname 

Device 
Directory 

PCBData 

Message P01nter, process. 
Error Parameter 

Precess I-Name, 
Semaphore" 
Message P01nter, 
Error Parameter 

Process X-Name, 
Process I-Name, 
Error Pdrameter 

Resource X-Name, 
Access Identifier, 
Process X-Name, 
Page Table L~ngth, 
Pag~ raDle Vector, 
P r 1.or J. ty 
Interrupt Number, 
Located-Boolean 

a) $Error - Semaphore used to 
send messages ~o the Error 
Handle~. 

b) $Intdev ~ Semaphore u~ed to 
send message to an inter­
face process to identify a 
device internal nams. 

c) $Rfilew - SemaphorE uEed to 
release mesEages to an in-' 
terface proc~ss to per~orm 
a read or w~1te ope~at~on. 

d) $Opr 10 - S€mapho~e used to 
send-a messag~ to Op~Iator 
Syste~ Co~munlcator wb~n 
rep~ylDg ~o a ruessage Irom 
Op-Sy s-Co rom. 

e) $Space - Semaphore used to 
send messages LO the File 
Space Manager when a file 
is destroyed or. when a de­
vice is aaded or deleted. 

f) $Wait - Semaphore used to 
send a message to a pIocess 
which sent an open-flle 
message. 

g) $XXXXX - SEmaphore used 
when specifiEd in aDs~er to 
a message received. 

Entry point to PCB HandlEr 
used to obtain the internal 
name of a proce~s identitied 
by external name. 

This module is invoked tc get 
data which identifies a rievice 
interface proc~ss and which is 
required to crEate a PCB and 
an ReB for the interface pro­
cess and device, respectively. 

PrOCf::!SS I-Na£r.e, Generic erltry Faint to PCB 
Put/Get Identifi0r, structures module to ~ntEr or 
Field I~~nti£ier, obtain data. 
D a taP a r arne t ~.? r , 
Error l'aramet2L 
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PCEiJata Process I-Name, 
putLGet Identifier, 
Field Identifi~rf 
Vector Lower L~m+t, 
Vector Upper L~m~t, 
~ector Parameter, 
Error Parameter 

Generic entry point to PCB 
structures module to entEr or 
obtain data or Dortions of the 
data stored as a vector (i.e., 
Resource Access Vector, fage 
Table Vector, etc.). 

RCEData Resource I-Name, Generic entry point to ReB 
Put/Get Identif~er, Handler module to enter cr get 
Fie1.d Identiiier, data concerning a resource. 
Data Parameter, 

RCBPUTQ 

Find 
I-Name 

Error Parameter 

Resource I-Name, 
Left/Right Queue, 
P r.ocess I-N arne, 
Da ta Par ametel.', 
PrioritYl .. 
Message POl.Ill:.er, 
Data Parameter, 
Error Parameter 

Resource Type, 
Re~ourse X-Name, 
Resource I-Name, 
Error Parameter 

Interrupt Interrupt Number, 
EnaDler Interrupt Save­

Vector 

Intarrupt Interrupt Number, 
Disabler Interrupt Save­

Vector 

Create 
RCB 

GET PCB 

Destroy­
RCB 

Resource Type, 
Resource X-Name, 
Resource Owner 
Sz-Cntr Parameter, 
Access Identifier, 
}:IC'! Name, 
D~v/Int Id~ntifier, 
F~le Descr+-ptor, 
Fl1e Descr~ptor, 
Resource I-Name, 
Error Parameter 

Par€nt I-Name, 
hgt-sib I-Harne, 
Process X-Name, 
priority, 
Sy~tem ~rocess ID, 
ln~t state Vector, 
Process .I-Name, 
Cyclic Process ld, 
Error Parameter 

Re~oul.cE: l-NaUte, 
Process I-~amet' 
P roce::;s Vector, 
Error Pardrnet(:'r 

Entry po~nt to RCB Handler 
used to lnsert a proc€~~. 
or a message en a SP9c1~led 
resource queue by.prlorlty. 
Queues used by thlS procEss 
a~€ the message semaphorE and 
the Ready Actlve ~ueues. 

Entry point to ReB Handler 
used to get the intecnal name 
for the resource specifiEd by 
type (file, device, etc.) ana 
external name. 

This module iE invoked tc en­
able a specific interrupt or 
enable all interrupts dl~abled 
by this process. 

This module is invoked to dis­
able a specific or 
all interrupts and saving the 
status of tne interrupts in 
a save-vector for enanling. 

Entry point to ReB Handler 
uSEd to create an ReB of the 
type spectfied; enter d~scrip­
tor 4~ta_ln the approprlate 
RCB tlelds; ana re~urn the 
resource internal nameD Not 
all ti~lds are used by each 
tYfe ot resourCE. 

Entry point tc PCB structures 
used to c~eate a PCB for a 
process; enter data in the PCB 
fields; and rEturn th€ FLocess 
internal name. 

This entry point to RCB Hand­
ler is us~j to Jestroy an BC3. 
All prOCl?s.3CS on the nee queue 
are ldentii:i.fld dnd returned to 
the callinj prCCL!~J~J so thdt ali 
err 0 r In e s S :l gem a y f) ~~ s C lJ t to 
t h (; Err 0 r tL:"l n d 1 t~ r lor \:! d C h 
pro C e :.> s i l! t h \: 1 i ~j t . 

105 



RCBGETQ 

RCB­
Transfer­
Queue 

RCB-Find 

Resource I-Name, 
Leit/Right Queue, 
Process I-Name, 
Q_tata Par~fuetEr, 
Message po~nter, 
Q Data Parameter, 
Found Boolean, 
Q status Boolean, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Frem Q status, 
To Q S~atus, 
Xfer'€d Boolean, 
Error Parameter 

Resource I-Na.me, 
L~it/rtight Queue, 
F1nd. Oper:9-t~on, 
Queue Pos~tlcn, 
Process I-Name, 
Data Parameter, 
Data Parameter, 
Error Parameter 

"This entry point to RCB Hand­
ler is used to remove a ~ro­
cess from the specified gueue 
Lor the indicated resource. 
The data stored in the queue 
are returned if the procEss is 
found and the gueue status is 
also provided. 

This entry point to RCB Hand­
ler is used to transfer a pro­
cess from the gueue specif~ed 
to the oQPosite queue. The 
status of the To-QueuE bEfore 
transfer and From-Queue after 
transfer are returned. 

This entry point to ReB Hand­
ler is used to determine queue 
position of a }I:ocess and put 
or get a copy at data. The 
f rocess, _PO!?~ tion, _ or bo th may 
b~ ~pec~Iled tc se~Ect a spe­
c1f1C pr9~?s~, any proce~s at 
the sQecltled ros1t10n o~ a 
specilic.Pfocess at a speci­
f1ed pos1tlon. 

EXTERNAL CAllS MADE BY OTHER MODULES 
NAME PURPOSE 
-~~------~-----------------~-----~------~-------~--------

Not applicable for puocEsses. 

DATA STRUCTUEES USED 
~!~l-_____ E!11~ _____ %XR~ ______ RQBRQ~~L1~1~!~ _________ ~ ___ -_ 
Message Bas~d 
Buffer 

RelEasor Integer 

Answer- Bit(1) 
Reguest 

Message- Integer 
SEmapnore 

Bufier- Pointer 
Location 

Field1 Integer 

Dynamically allocated, pcinter 
gual~fied structure usea for 
passlng messagEs. 

Internal name of process 
releasing a message. 

Boolean in:licating if answer 
re.;ruired. 

Semaphore to bE used in the 
answer. 

Qualified I/0 tuffer contain­
lUg data r~ad from a file cr 
to be writ~en into a filE. 

a) $$OPCOtl - Message fro [ 
Operator System-communica­
tor. 

b) $$I NTPC - Message fran, in­
te-r" f ace it rocess .. 

c) .'f)$OPENf - Message to cpen 
a file. 

d} :ti Jj n E ADo r $ $ VI R IT B - 11 <: s ~ ,-1 9 e 
to do a file read. or WLlle 
~J:(~La~ion • 

e) $$LLO~F - M~SSdg~ to clo~u 
a tile. 

f) .ii$USTYf - rjes~a!]n to de­
stroy a iile. 
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FiEld2 

FiEld3 

}'ield4 

FieldS 

Field6 

Char­
Field1 

Char­
Field2 

Integer 

Integer 

Integer 

Integer 

Integer 

Char (8) 

Char (8) 

Char- Char(8) 
Field3-4 

a) $$OPRTR - Operator message 
reply to a Ieguest fOL ac­
cess to a restricted file. 

b) $$ADD or $~DELET - $$CPCOM 
message to add or delete a 
device and interface fro­
cess. 

c) File internal name identi­
fying a file to be clcsed 
accessed on a read or write 
operation, or aestroved. 

d) #iREAD or ##WRITE - tenti­
~ies ty~e access requested 
~n a flle open messag€. 

e
f

} $$EOF - End of file rEad. 
) Directory entry number. 

a) Record number to be rEad 
from or writt~n into. 

b) File length for files in 
the directory for the peT. 

Device internal name identi­
fied in $$INTPC message. 

a) $$TEMPF or $$PERMf - Iden~ 
tified in $SINTPC messages. 

a) ##SHRD or ##PRIV - Identi­
fied in $$INTPC mes~ages. 

File or device external name. 

Pack, tape, cell, etc. (EeT) 
external name~ 

Not used. 

~QQQ1~_~~~~~lf~lQB ________________________________________ _ 

File ManageL has been implemented to perform the standard 
file operat~cDs o~ o~en+~q, closing, ae~trol~ng, reading 
from and wrltlny lnto flLes. Creat1ng flIes 1S perfcrmed by 
an independent module to prevent file creation when Epace 15 
not available from interfering with the other file O~Era­
tions. In addition, this ~rocess controls the allocaticn of 
~iles dnd ~rev2nts deadlocks using pr~em}tive techniquEs; 
1.e., once a Frocess has been asslgned access to a fl1€ 1f 
subsequeQt 0fen_reguest~ cannot be satisfie~.imhlediat€ly ~nd 
a poteatlal oeadlocK e~lsts, the Droces~ls Illes art sacrl­
ficed (c a Il be alloca ted to ot heL' process es) un til s uc h time 
as all files reguir?d ~an be allocated concuLre~tly~ Inter­
face processEs and ueVlce ReB's are dlso createn and 
destroyea by this p~OC0JS. 
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%INCLUDE NAMCHGR; 
(CHECK (ERROR)): 

1***** FILE ~ANAGBR *****1 

FILE_MANAGER: PROC OPTIONS (MAIN) ; 

%INCLUDE SIMULTR· 
S I M_ S T A E ~ (f R DC ts S _ F I L E _ ~l A NAG E R) 

%INCLUDE GFNLEC; 
%INC~UDE ~EQ~ELD; 
%INCLUDE CASES1~; 
%INCLUDE liCBDCL; 
jINC1UDE PCBI:CL; 

DCL ERBGR fIXED EINARY INITIAL(O); 
DCL I FIXEt BINARY; 

DCL RCB~R FIXED BINARY; 
DCL PCTNANE CHAR (8) ; 
DeL NULP POINTER; 

ON CHECK (ERROR) 
BEGIN; 

IF {ERBOR ~= Ot TliZN DO; 
FIELD1 = RE~EASOR; 
FIELD2 = ERRORj 
IF (ERBOR = 11:L) THEN DO; 

ANSwER REQUEST = TRUE; 
MSG SE~APHO~E = $fILEOP; 

- END; 
ELSE DO; 

ANSWErl REQUEST = FALSE; 
MSG SL~APHOnE = 0; 

END; 
(NOCHECK (ERROR)): 

EEGIN; 
EnROR = O· 
CALL PRIMiTIVE RELEASE(ANYPROC,$EHROR,MESSAGE, 

- ERROR) ; 
END; 

IF (&fiROR ~= 118) THEN GO TO START; 
END; 

END; 

%INCLUDE RRMSG; 

START: 
DC EOIiEVE:a' 

CALI PRiMITIVE_REQUEST (ANYPROC,$FILEOP,MESSAGE,ERROB) ; 

SIM~IN~ERRUPT_PT 

CALL MESSAGE_INTERPRETER (I) ; 
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DO_ACTICN_OF CASE(I); 

CASE (1): 
1* MESSAGE PRO~ OPERATOR SYSTEM COMMUNICATOR *1 
CALL OP COMM MSG HANDLER; 

ENICASE; - - -

CASE (2) : 
1* MESSAGE FROM DEVICE INTERFACE PROCESS 

PERFORM SUCH ACTIONS AS UP DATING THE 
MASTER FILE LIST; FILE DIRECrORY ON THE 
DRUM, FAtK, TAPE, BTC., RELEASING MESSAGE 
~O STORAGE MEMORY MANAGER. *1 

IF (FIELD2 ~= $$EOF) THEN DO; 

1*** IF EXISTING FILE IS TEMPORAY THEN DEIE~E IT 
IT FROM THE DIRECTORY ELSE CREATE AN BCB *1 

IF (FI.ELD5 ..,= $$TEMP.F,\THEN DO; 
CALL PRIMITIVE RCEbATA(FIELD4,'GET,#PCTNAM, 

- PCTNAMi ERROR)· 
CALL CREATE RCB(#FILE,CHAR FIELD1,MY~lME, 

FIELD3;FIELD6,PCTNA~E;FIELD4,f#AVAIL, 
#*PERMF,RCBNR,ERROR) ; 

r.ND; 
ELSE DO; 

ANSWER REQUEST = FALSE; 
FIELD1-= ~$DIRD~· 
CAL1 PRltlITIVE_RELEASE(RELEASCR,$RFILEW, 

. MESSAGE,ERROR); 
END; 

1*** GET TH~ NEXT DIRECTORY ENTBY ***1 
E I EL D 1 = " ~ D I 1i R D ; FIE L D 2 = FIE 1 D 2 + 1; 
ANSWER_REQUEST = TRUE; 
CALL P~I~I~IVE RELE~SE(RELEASOR,$RFILEW; 

- £1 E S S 1. "G E , E H R OR} ; 
END; 

1*** EO?: CREATE AN RCB FOR THE peT AND RELEASE . 
A MESSBGE TO THE FILE SPACE MANAGER ***1 

ELSE DO-
FIELD1 = $$OPCOM; FIELD2 = $$DONE; 
CALL PRIMI7IVE RCEDATA(FIELD4,#GET,#XNAME, 

- CHAR FIEL~l,ErtROR) ; 
CALL PRIMITIVE RCBDATA(FIELTI4,.GET,#PCTNAM, 

- CHAR FIELD2,ERROB); 
CALL CBEATE RCB(#PCT~CHAR F7ELD2(NYNAME,FIELD3, 

- FIELlJ6, (1-lt,PIEiD4, (0) ,FIELDS, 
RCBNR EHROR . 

CALL PRIMITIVE_RELEASf(ANYP\bc,$OPR_IO,~ESSAGE, 
EUROR); . 

fIELD1 = $$ADD; FIELD2 = RCBNR; 
CALL PRIMITIVE_RELEASE(ANYPriOC,$SPACE,NESSAGE, 

ERROR) ; 
END­

FIELD1,FIELD2,FIELD3,FIELD4,FIELD5~FIELD6 = 0; 
CH~RTFIELD1,C~~R_FIELD2,CHAH_FIELDJ,CHAR_FIELI4 

- t 

ENl:CASE; 

CASE(3) : / * ~ IS SAG E F R () MAP ROC E SST 0 DO A F I LEO PEN, 
CLOSE DESIROY, READ WRITE, ETC. *1 

CALI PIL~ o~~nAlrON ccutROLLER; 
EN[C~SE; - -

END OF CASBS; 
END; - -

SIl1_END 
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MESSAGE INIEBPRETER: PROC(I); 
1* ~ETERMINE WHICH PROCESS DID A RELEASE ON $FILEOP 

AND SET THE CASE STATEMENT INDEX *1 
DeL I FIXED BINARY-
IF (MESSAGE -) FIEiD1 = $$OPCOM) THEN I = 1i 

~LSE IF (MESSAGE -) EIE1D1 = $$INTPC) TH~N I = 2; 
ELS~ I = 3; 

RETURN; 
END MESSAGE_INTERPRETER; 

OF COMM MSG HANDLER: PRGC· 
-1* TBIS ~OBROUTINE PERFORMS SUCH FUNCTIONS AS CREATING 

OR DESTROYI~G A DEVICE RCB AND AN INTERFACE PReCESS, 
UP DATING THE PACK,TAPE, ETC MCUNTED ON THE DEVICE, 
AND DETERMINING ACTION TO EE TAKEN ON A REPLY iO A 
USER'S REQU~ST FOR FILE CwNERSHIP ON A SHAR~D FILE*I 

DeL (~XN~ME/PX~~ME) CH~H(8Li ~. T 
DeL (~ G~ P,NR~uS,~RI/~INAn~,RI~AM~,CHILD,INTRNR,~NDX) 

F! X E1j BIN A R Y ; 
DCL VAlX BIT (1) ; 
DCL PGTABVEC~1) FIX~D BINARY; 
DCL STATE VEL (10) :fIXED BINARY (31 ,0) ; 
1)Cl BESVEC(SE~ 1 LIl'IIT : PCT U L1I1Il) BIT(2); 
DCL LU~(16) Bli(i); - -
Del TEMf PTR potNTER; 
DC L I 1 F~ XED £1 N A R YIN IT (1) ; 

1* DE~ERMINE ACTION TO BE PERFORMED AND SET INDEX *1 
IF (FIELD2 = $$OPRTR) THEN INDX = 1; 

ELSE IF (FIELD2 = $$ADD) THEN INDX = 2; 
ELSE IF (FIELD2 = $$D~LET) THEN INDX = 3; 

ELS~ ERROR = 309; 

DO ACTICN OF 
-CASE (1T= 

CASE (INDX) ; 
1* M~SSAGi FROM OPEHATOi *1 

1* ADD CODE *1 
ENDCASE; 

CASE (2) : 1* ADD A DEVICE, INTERFACE PROCESS ~ND 
PCT IF APPLICABLE *1 

RXNAME = CHAR_FIELD1; 

1*** GET DATA REQUIRED TO CREATE THE INTERFACE 
PROCESS AND DEVICE BCB FROM THE DEVICE 

1*** 

DIR~CTORY. ~**I 
CALL DEVICE_DIBECTORY(RXNAME,S_OR_P,FXNAME, 

NHPGS,PGTABVEC ,PRI,INTclNR, VAlX) ; 
IF (VALX = FALSE) THEN DO; 

FIELD2 = $$1;'A1.1; 
CHAR FIELD2 ~ 'BAD NAME'; 
CALL-P~IMITIVE HELEASE(ANYPROC,$OPR IC r 

... I1 E S SAG E, EEL, 0 t) ; 
END; 

ELSE DO; 

CREATE INTERFACE PROCESS ANt SET FAMIlY 
LINKAGh. ***1 

CAL], PRIMITIVE PCBDA1A (MYNAME,QJGET I aCHILD 
- CHILU,ERRCE) ; 

STArE VECJ1) ::: PGTABVEC (1); 
STATE-V~C 2) = 1; 
CALL GETP B(HYNAME~CHILD~fXNAME,rFI,ThUE, 

S T 11 T r.: v:C l ,. PIN A fj E, (u) ,..t:, Ii l~ 0 R} ; 
IF (CHILD -,::: 0) TTI.t:N 

C 1\ L L f'R I ~l I T I V }~ _ p c § pAT A (C f I ~ t P I, 0) ~ U ~ f-
a) L tIS 113 [- I IJ fdl J.'. L fddi h) ; 

CALL PhINITIVE PCBUATA(MY(AME,~r6~, 
- meld LD,i'I!~j~rIL, EI.hCh) ; 

CAL L C I< :~ l\ T E H ~ P (~D ~ V TeE .( H ~ !J /~ fJ !: ' P T tJ h ~: E r (ll) 

[
. ~ OR":"It!, Cd/lc{ .r ll:LDL, _l.d h.d'., (U) r (J) , 
1 J. N A f1 t:. , L H H U l{ r ; 
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1* SETUP RESOURCE VECTOR FOR PINAME *1 
RESVEC = 1001B; 
RESVEC RINAME) = ##ACCESi 
RESVEC $FIL~O~) = ~#ACCE~; 
RESVEC $EEROR) = ##ACCES; 
RESV1C $aFILE~) = #iACCES; 
RESVEC $WAIT) = ##ACCESi 
RESVEC $INTD~V) = ##ACC~S; 
RESVEC $INTRPT) = ##ACCES; 
RESVEC $OBUFF

k 
= #fACCES; 

RESVEC $IBUFF = *#ACCES-
CALL P IMITIV PCBDATA(PtNAME~~PUTf 

~RESVEC,SEM L LIM1T,PCT U LIM 1, 
RESVEC ERROH)7 - -

CALL PRIMITivE PCBbAT~(PINAME,IDPUT, 
wBR!1VEC,I1 ,NRPGS,PGTABVEC,ERROE) ; 

1*** GET 11ESSAGE BUFFER FOB. THE" PROCESS ****1 
ALLOCATE MESSAGE BUFFER SET <1'Er1P PTE} ; 
CALL PRIMITIVE PCBDATA(PINA~~,IDpnT, 

-&MSGPTR,TEMP_PTR,ERRCR) i 

1*** RELEASE MESSAGE TO THE PROCESS IDENTIFYING 
THE DEVICE INTERNAL NAME. ***1 

FIELD1 = RINAME; 
CALL PRIMITIVE RELEASE(PINAME,$INTDEV, 

- MESSAGE, BEROE) ; 
1*** ENABLE THE DEVICE INTERRUPT ***1 

CALL PRIMITIVE INTERRUPT ENABLER(IN~RNh, 
- - DU M) ; 

NULP = NULL- . 
1*** ENTER THE PROtESS ON THE READY 'A- QUEUE *1 

CALL RCBPUfQ (#REDYA,tH)S,PINAME, (0) ,ERI, 
NULP I (u) , ERBeR) ; 

IF (CHA~ FIELD2 = INO MOUN1'\ THFN IO: 
1* RELEASE rlBSSXGE TO OPERATOR SYST~M COM~. ~/ 

FI1LD1 = $$OFCOM; 
FIELD2 = $$DONE; 
CALL PRIMITIVE RELEASE(ANYPROC,$CPR IO 

- , ~l E S 5 AGE, E 11 ROt() ; 
END; 
ELSE DO; 

1*** SEND tESSAGE TO INTERFACE PROCESS TO EEAD 
THE FIRST DIRECTOBY ENTRY. ***1 

ENDCASE; 
CASE (3) : 

FIELD1 = $$DIRRD; 
FIELD2 = 1; 
ANSHER BEQUESl = TRUE; 
CALL P~IMITIVE_RELEASE(PI~AMEL$RFIL~W, 

I1ESSAGr.;,El1ROH) ; 
END; 

EN D; 

1* DELETE A DEVICE AND DESTROY THE 
INTL~FACE PROCESS *1 

CALL FIND INAME(#DEVICE,CHAR FIELD1,RI~AME, 
- ERROR) ; -

CALL PRIMITIVE RCEDATA(RINAME,~GET~#DINAME, 
- INTENb,hRRO~~; 

CALL PRIMITIVE IN~EHRUPI DISENABLEa(I~1hNli, 
- - DU~); 

1* DLTERMINE FILES ASSOCI1\'l'ED riITli THE 
DEVICE AND THE peT; t~STROY ReE'S *1 
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FILE OPERA1ICN CCNTROLLER: FRoe; 
D"CL lDA1A,lJUdl1Y 1 POSIT,FSIZI:;,INAME) FIXED BINARY; 
DeL FINhrlE

f
2INAME,READ WRITEtJ) fIXED EINARY; 

DeL lOOP F- XED bIHARY INI'rIA (0); 
DeL ix'EAME· CHAR C8}; . 

/*** DETERMINE ACTION AND SET INDEX ***1 
IF (MESSAGE -) fIELD1 = $$CPENF) THEN J = 1; 

ELSE IF «MESSAGE -) FIELD1 = $$READ} i 
(MESSAGE -) FIiLD1 = $$WRITE) THEN J = 2· 

ELSE IF (MESSAGE -> FIELD1 = $$CtOSF) THEN J=~; 
ELSE If jMESSAGE->FIELD1=$$DSTYF) THEN J=4; 

ELS~ ERROR = 110; 

DO_ACT ION_OF 

CASI(1) : 

CASE (J) ; 

1* OPEN FILE: SHOULD INCLUDE SUCH TESiS 
AS; LEGAL PILE, ACCESS DEVICE STA1US, 
READ OR WRITE OPErlATION, IF WRITE AND 
FILE OPEN CAN'T BE SATISfIED AT THIS 
TI~E TrlEN CHECK FOR POTENTIAL DEADIOCK*I 

/*** GET FILE INTERNAL NAME ***/ 
FXNAME = MESSAGE -) CHAR FIELD1; 
CALL FIND INAME(#FILE,EXNAMEtFINAME,EERORl; 
CALL FILE-ALLOCATOR(FINAME,##OPEN,RE1EASOR, 

ENDCASE; 

CASE (2) : 

ENI:CbSE; 

CASE (3) : 

- FIELD2) ; 

1* READ/WRITE OPERATION: CHECK FILE 
EXISTANCE~ ACCESS, AND RELEASE MESSAGE 
TO THE AP~ROPBIATE DEVICE INTERFACE 
PROCESS *1 

FINANE = FIELD2 ; 
1* CHECK Ie' L1ES!:)AGE R.F;1EiiSOR DID liN 

OPEN ON THIS FILE. ~I 
CALL BCB_FIND(FIN~HE~~LEFT(#F~PqP1~POSIT, 

R E LEA S 0 R , D A T A I D U 1'1 L Y , .t. R R C R) ; 
IF (POSIT = 0) THEN ERROR = 106-

/~ VEl\IFY 11:' OPERATION (READ/WHITE) 
REQUESTED IS LEGAL. */ 

IF «£'IELD1 = If1fHRITE) & (DATA = ##READ)) 
THEN ERROR = 116: 

1* GET DEVICE INTERdAL NAME AND THEN 
THE INTERFACE PROCESS'S INTERNAL 
NAME. *1 

CALL PRIMITIVE RCBDATA(FINA~E,~GET,#D!NAME, 
- DATA,EEROR} ; 

CALL PRIMITIVE RCBDATA(DATA,tGET~#CWNEB, 
- DATA LRHO~) -

1* RELEASE A MESSAGE TO l~E lNT~~FACE 
?ROCESS TO PERFORM THE OPERATION. */ 

FIELD4 = RELEASOR; 
CALL PRIMITIVE RELEASE(DATA,$RfILEW, 

- 11 E S SAG l~ , E f; R C R) ; 

/* CLOSE FILE: VERII'Y FILE FXIS'l.nNCE, 
REMOVE PROCESS INAHi FaOM FILE RCD~ 
CHECK FOR OUTSThNDIUG OPENS, IF ANI 
SELi.:;CT ONE Oh ~~Of\l:: AriD nELLASE A l'1ES!:)AGE 
TO ~HOSE PROCESSES, IF NONE CLOSE THE 
FILE. *1 

PINAM£ = MESSAGE -) FIELD2; 
PINAME = M~SSAG~ -) RELEASOR-
CALL IILE_ItLLOcnrOR (flt4A:1E, IJ#ClUSE, FINAME, 

NO UP) ; 
ENCCASE; -
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CASE (4) :; /* DESTROY FILE: . PERFORM TESTS ON LEGAL 
~ILE, ACCESS, AUTHORIZED TO DESTROY, 
IF ANY ~HOCESSES ARE USING OR ~AITI~G TO 
USE THE FILE, RELEASE A MESSAGE TO 1HE 
SUPERVISOR FOR 1ACH PROCESS, DESTROY 
FILE nCD UP DATE MASTER FILE LIST UP­
DATE FIL~ DIRECTORY, ANL SEND MEsslGE TO 
STORAGE aEHORY MANAGER. *1 

DeL PRO VEClO : PCB LIM) EIT(1) 
- INITIAL 1(PCB LIM +1) (1) 10IB); 

FINAME = FIELD2; -
1*** GET SIZE OF THE FILE AND peT NAME ***1 

CALL PRIMITIVE RCBDATA(FINA~E,#GZT/HC~T SZ, 
- FSIZE,BRROR) . -

CALL PRIMITIVE RCBDATA(FINAME,#GET(#PCTNAM, 
- . FXNAME,ERROti!; 

CALL FIND INAME{#PCT(FXNAMELINAMErE~RCR); 
CALL DBST"ROY_RC E (F IN A~E, R EL.t ASOR, P RO_ VEC, 

ERROh) . 
1* RELEASE MESSAGE 10'SUPERVISOR FOB 

EACH PROCESS THAT WAS QUEUED UP eN 
THIS FILE. *1 

IP (PRO VEe (0») THEN 
DO 1-= 1 TO PCB LIM; 

IF (PRO VEe (I» THEN DO; 
FIEL])3 = I-
ERROR = 118; 

END; 
END; 

1* GET SPACE AVAILABLE IN PCT AND UPDATE I1 *1 
CALL ?RIMITIVE_RCBDATA(INA~E,~GBT,#CN1_SZ, 

DATA"ERROH.) ; 
DATA = DATA + FSIZE' 
CALL FRIMITIVE RCBDATA(INA~E,#PUT,#CNl SZ, 

- DATA,ERROR) ; -

1* RELEASE MESSAGE TO UPDATE DIRECTORY *1 
FIELD1 = $$DIRDL; 
FIELD2 = FINAME; 
FIELD3 = FSIZE; 
CALL PRIMITIVE RCBDATA(INAME,tGET,IDINAME, 

- FIN A ~Lt, , E RHO it) ; 
CALL PRIMITIVE RCBDATA(FINAME,tGET,#O~NERg 

- F I lJ A rJ i , ERR 0 H) ; 
CALL PRIMITIVE RELEASE(FINAMh($RFILEW, 

- MESSAGB, EBROR) ; 

1* INFORM SPACE MANAGER OF THE CHANGE IN 
SPACE AVbILABLE fOR FILES. *1 

FIELD1 = $$ADD; 
FIELD2 = INA~lE; 
FIELD3 = rSIZE; 
CALL PRIMITIVE RELEASE(ANYFROC,$SPACE, 

- MESSAGE, ERROR) ; 
ENDCASE; 

END OF CASES; RETURN; 
EUD FIIE_~PEhATION_CCNT~OLLER; 
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FILE ALLOCATOR: PROC(FINAME(OPERATION,PINAME,TYPE): 
1*-* * * * * * * * * * * * * * * * ~ * * * * * * * * * * THIS SOEROUTINE D~TE~~INE3 IF A PROCESS CAN HAVE ACCESS 

TO A £I1E, IF ACC~SS IS DELAYED, DOES A DEADLOCK EXIST 
OR CAN IT OCCU~; IF A FILE IS CLOSED, ARE THERE OUT­
STANtING REQUESTS FOR THE FILE aND IF so SATISFIES 
THEM- E1C. * * * * * * *1 

DCL (6PEEATION,FOUND,Q EMPTY~BDATA) BIT(l); 
DCL DUMMY PAR~ FIXED-BINARl INITI~L(O); 
DCL . DUf1~Y~PTR POINTER-
DCL (FINAM~,PINAME,TYiELtSTAT,PRI,TfRI,iSTAT, 

PRIVATE,DATA) ?IXEv BINARY; 
DCL iOfELEM FlIEb BINARY INITIAL(1); 
DeL FIL~ (1) BIT (2) ; 
DeL IfIl2 £IT(2); 
DeL CDATlI CHAR (B) ; 
DUM~Y PTE = NULL; 
FOUN r;~"'::: -E ALSE; 

CALL FRI~ITIVE PCBDATA(PINAME,&GET,wRESVEC,FINAME, 
- FINAL'1E,FILE,ERROR); 

CALL fRIMITIVE RCBDATA(FINAME,#GET,#S_OB_P,PRIVATE, 
- ERROR) -

IF (CFERATION = ##OPEN) THEN bo; 1* OPEN FILE *1 
1*** CHECK ACCESS AUTHORIZATION ***1 

IF (FJ:LE (1) -,= ififll.CCES) THEN DO; ERROR = 109; RETURN; 
END· 

1*** CHECK IF THE FILE CAN BE OPENED ***1 
CALL fRIMITIVE RCEDATA(FINAME,#GET,#DSTAT,BDATA, 

- ERROR) ; 
IF (BDATA = ##HOLD) THEN DO; ERROR=113; RETURN; END; 
CALL FRIMITIVE_PCBbATA(PINAME,~GET,~PRIRTy,PEI, 

ERROR) ; 
1*** ASSIGN THE FILE TO THE PROCESS ***1 

FILE(1} = ##ACQRD; 
CALL EBJMITIVE_PCEDATA(PINAME,~PUT,~RESVEC,FINAME, 

FINAtlE, FILE, ERROR) ; 
IF «1YPE = ##WBITE) & (BRIVATE = #~SHRD» THEN DO; 

1*** WRITE ACCESS INTO SHARED FILE: CHECK 
OWNERSHIP ***1 

CAlL PRIMITIVE_RCBDATA(FINAME,#GET,IOWNER,DAIA, 
ERROR) ; 

IF (DATA -,= PINA~E) THEN DO· 
1*** NOT OWNER: ~UT ON QU~UE AND RELEASE ERROR 
~ESSAGE TO THE OPERATOR ***1 

CALL RCBPUTQ(FINbME,tRIGHT,PINA~E,DUNMY PARM T 
PRI,DUMMY PTR,##WRITH,ERROH) ; 

ERROR = 112- RETURN; tND; 
/*** ~UTHORI~ED ACCESS: UPDATE WRITE COUNTER **/ 

CALL PRIMlflVE PCBDArA(PIU~M~,~PU1,~FWCNTE,DATA, 
- ERROR) ; 

END; 
CALL fRIMITIVE_PCBDATA(PINA~E,mGET,wFSTAT,TSTAT, 

ERROR) ; 
IF (lSTAT = ~#SACRt THEN DO; 

1*** PROCESS iN SACRIFICE STATE ***L 
CALL DEADLOCK SETTER (fINAME,PINAME,PRI,TYPE,1STAT, 

- PRIVATE) ; 
EE1URN; END; 

IF «('ISTAT = #;t.F:EADR) & (TYEE = it#WRITE) & 
( P I\ I V ATE = IT r. S H t: D)) THE N 
/*** UPDATE P~OCESS'S FILE hCCBSS STATUS ***1 

CALL ~RIMITIVE PCBDATA(PI~A~E,~PUT,clfS~l~T,##~RITH, 
- ERHOR) ; 

1*** DETEI\l~I!lB IF THE FILE IS AVAILABLE ***1 
CALL PkIMITIVE_SCl0ATA(fINAME,#GLT,#OEILE,FSTAT, 

EI~ R (J n) ; 
IF (ESTAT = fi#AVJ..IL) THEN DC)" 

1*** FI~L hVAltADL8: AS.SIGN THE pnOCj~SS, Et;TEP. 
l!liOCE::;~ l~J TH1~ QUl.Ur~ AIJD RELEASE h MESSAl~8 

**)'f./ 
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CALL PRIMITIVE_RCBDATA'(FINAME, # PUT ,#OFILE ,TY FE, 
ERROa~ ; 

CALL RCBPUTQ(FINAME~iLEfT~PI~~~E~DUaMY_PABM,fRI, 
DUMMY ~TR,TY~E,~hRO~); 

CALL PRIMITIVE RCBnATA(PINAME,#GE~,#XNAME,CDATA, 
- ERROR) " 

MESSAGE -) CHAR FIELD1 = CDATA; 
MESSAGE -) FIELD1 = FINAME" 
CALL PRIMITIVE RELEASE (PINAME(,MSG SE~APHORE, 

- i1ESSAG~,EBROR) ; 
END; 

ELSE DO· 
/*** FILE ALL READY OPENED ***1 

IF «TYPE = ltiwRITE) I (TYPE.,= FSTAT) THEN DO; 
/*** ACCESS NOT AVAILABLE AT THIS TIME ***1 

CALL DEADLOCK SETTER(FINAME,PINAME,paI,TYfE, 
- TSTAT,PRlYATE) ; 

RETURN; END; 
1*** ACCESS MiY BE AVAILABLE; CBECK OUTSTA~DING 

OPEN QUEUE AND PERMIT THIS OPEN IF QUEUE 
IS EMPTY OR THE PhIORITY OF THIS PEOCESS 
IS GREATER THAN THE PRIORITY OF THE PEOCLSS 
ON TOE OF THE QUEUE ***1 

CALL RCB_FIND(FINAME,#RIGHT,trNDOP5,lOPELEM, 
DUMMY PARM,DUMMY PAEM,TPRI,ERRCB); 

IF (PBI < TPRI) THEN -
CALL RCBPUTQ(FINAME,#BIGHT,PINAME,DUMMY PARM, 

PHI, DU MMY_PT R, T YP E I EBROR) ;-
ELSE DO; 

CALL RCBPUTQ(FINANE,#LEFT,PINAME,DUMMY PABM, 
PRI,DUciMY PTR,TYPE,EBRO~~1 

CALL PRIMITIVE_RCBDATA1PINAME,#GET,#XclA~E, 
CDA~'A ERROlt); 

MESSAGE -) CHAR FIELD1 = CDATA: 
~ESSAGE -} EIELTI1 ~ PINAME; 
CALL FaIMITIVE RELEASE(PINAME,MSG SEMAPHObE, 

- MESSAGE,ERROR) ; 
END; 

END; 
RETURN; 

END; 

ELSE DO; 1* OPERATION IS CLOSE FILE *1 
1*** RE~OVE THE PROCESS FROM THE QUEUE AND 

DETERMINE IF ANY OUTSTANDING REQUESTS FOR 
OPEN CAN BE SATISfIED ***1 

IF JCFILE(1)=i#ACCES) I (FILE(1)=~#NOACC»THEN RETUH~; 
IF FILE (1) = if#ACQRb) THEN 

ALI He B GEl Q (f I N 1\ M E i ti L EFT, PIN A 1 ~ L , DUN:1 Y P P. R 11 , 
DUM~Y ~TH,DATA,FOLND,Q E~pry,ERRCB); 

IF ((.,FOUND) ! (FILE: (i) = # #SACRF) ~ TH~N 
CALL RCBGEl.Q (FINAHE,#RIGHT,PINi~dE,DU~1MY PARMI 

DUMMY PTflgDATA,FCLND,Q EMP1Y,ERMCR); 
IF, ( ! D A T A = #:# W R I T E~- I (1) AT A = :# i:- W H 11]) I 

r A 'I A = 1HH~ R lTd I ( D A T A = :# iT- W R ITS» .::; 
fRIVATE = '*SHLD)) THEN DO; 

CALL PRIMITIVE PCBDArA(PINAME/~GET,~FWCNTR,DA1A, 
- ERROR} ; 

IF (DLTA = 0) THEN CALL PRIMITIVE PCbDATA(PINAME, 
wPUT,wFSTAT,#itREAD,E!<HOR) ; 

T B I! 2 = F I L E (1); f I 1. E ( 1) = # # A C c~:- S " 
CAL L P rt I M I'I I V L _ PCB DAr A ,p I N A ME, a) ~ U ':.- I & RES V E C , E'I JJ A 11 E , 

FINAME,FIL~,ERROH) ; 
I F (( Q EM P T Y = f A L S L) , ( -. }' 0 U N 1) } I ( T i3 IT 2 = # ~ SAC R F) ) 

'I it eN B E'r u (\ H ; 
CAL L f 1( I I1 I T I V ;~ !{ C b D A T A (i I N A i1 E , if P U l' , # 0 F I L E , #- ~ .8 V l~ I 1 , 

- EHHOR) ; 
DU~MY FA[,M = 0; 
CALL TIfSOLVE lJi~l\DLOCK (FIUAl1E,DUl1MY PAHM); 

E~'.D; - -
RETURN; 

END FILE~AlLOCATOri; 
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RESOLVE DEADLOCK: PROC(RCBNR,EXEMPT PRO); 
1* * • * * * * * * ~ * * * * * * ~ * * * * * * * * * * * THIS SUBROUTINE TESTS IF ANY OUTSTANDING OPEN BEQUESTS 

CAN EE ~ATISFIED, IF A SACRIFICE HAS OCCURRED AND THE 
FILE IS AVAILABL~, CAN THE fROCESS'S SACRIFICED FILES 
EE BE-ASSIGNED, ETC. * * * * * * * * *1 

DeL (SlAi<TING,RQ S'rAr,LQ STAT,XFERED) BIT(1); 
DeL (ELE~,acaNR,PINAM,DA1A,PRI,FSTAT,DUMM1 ~ARM, 

POSIT,EXEMPT PRO) FIXED BINARY; -
DeL CDA1A CHAR(8r-
DCL FILES (PILE L LIMIT :. FILE U LIMIT) EIT (2) ; 
STARlING = TRUE; - - -
ELEM = 1-
DO FGEEVER; 

TOP: 
1*** GET THE TOP ELEMENT ON THE OUTSTANDING 

QUEUE ***1 
CALL nCB PIND(RCBNR,#RIGllT,IFNDOP5,EIEM,PINAM,DATA, 

- PRI, ERROR} ; . 
ELEM = ELEM + 1; 
IF (DATA = 0) THEN RETURN; 1* R_QUE IS EMPTY *1 

IF «(£ATA = ##READ) I ((DdTA = ##WhITE) & STARTING» 
THEN DO; 1* OPEN REQUEST NOT SACRIFICEt 

TRANSFER TO OPEN QUEUE AND 
RELEASE MESSAGE 10 PROCESS *1 

STARTING = FALSE-
CALL ReB TRANSPEHQ(RCBNR,#RIGHT,PINAM,RQ STA1, 

- LQ STAT XFLRED,ERROR)~ 
CALL PRIMITIVE RCBDAT~(RCrl&RI~PUT,#OFILB,DATA, 

- ERROR} ; 
CALL PRIMITIVE RCBDATA(RCBNR,iGET,#XNAME,CDA1A, 

- ERROR) ; 
MESSAGE -) CHAR FIELD1 = CDATA; 
MESSAGE -) FIELD1 = BCBNR; 
CALL PRlclITIVE EZLEASE(PINAM,$WAIT,MESSAGE,EEROR)_; 
I F «( D A T A = # if W 1\ J: l' E) I (R Q_ S TAT = 1f tt C LOS E) 11 HEN RET URN ; 

END; 

ELSE DO; 1* OPEN REQUEST SACRIFICED *1 
IF (..,STARTING & (-. «DA'TA=f.#READA) I (CA'TA=#frHEALS))) 

1·HEN RETUdN; 

1* TEST SACRIFICED OPEN BEQUESTS FOE 
READ OR WRITE IF NO TRANSFER WAS 
MADE ABOVE; ELSE ONLY lEST READS. *1 

.., = #. ir W R I T H) J ( PIN AM.., = E X E i1 P T _ P H 0» THE N IF «DATA 
BO· 
CALL PRIMITIVE PCBDATA(PINA~,illGE1,~RESVEC, 

FILE 1 LIMIT,FILE U LIMIT,FILES,EHRCR); 
DO I = FILE-L-LIMIT TO FIL] U LIMIT-

IF «FILE'S (T) =#itSACRF) & lI~=RCENRt) THEN DO; 
1* I 15 AN BCB INTERNAL NAME iOR WHICH 

PHOCESS FINAj DIJ AN OPEN REQUESI *1 
CALL PRI~ITIVE RCBDATA(I,#GET,jOFIL~,FSIAT, 

...,.. ERR.OR} -
CALL RC~ FIND(I,#RIGHT,#}NDOP',DUM~Y PAB~, 

- PINAcl DATA,DUMMY PARM EBNeR}; 
IP <JFSTAT = ##wRITf) j (DATA ~ #iw~ITS) I 

DATA = ##WRITA) I (DATA = 1f~:whITH)) 
H .E N I F ( S T A i< T I 1~ G) 1 E ENG 0 '.£ 0 T a .P ; 

ELS£ ilETURN; 
END; 

END; 
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1* GOT HERE ~-- TRANSFER THIS paOCESS'S 
OUTSTANDING OPEN hEQUESTS AND RELEASE 
MESSAGES TO THE PHOCESS WHEN REQUIRED 

teL IDATA FIXED BINARY; 
ESTAT = #iR2ADR; 

*1 

DO I = FILE L LIMIT TO FILE U LIMIT; 
IF (lILES1If = i#SACRF) TBEN DO; 

CALL RCE TRANSFERQ(I(~RIGHT~PINAM,RQ STAT, 
- L~ STAT,xfERED,ERROR); 

CALL RCB_FIND (I(#LEFT-i#F~lDOP1 ,POSIT,PINAL1, 
DATA(PR ,El',ROB); 

IF «DATA = ##READA) J (DATA = ##RBADS)} THEN 
IDATA = #,READ; ELSE LO; ItATA = #tWEITE; 

FSTA~ = ##WRITR; END; 
CALL PRIMITIVE RCEDATA(IJHPUT,*OFILE,IDATA, 

- EhRO R.} ; 
CALL RCB_FINDeI.( # LEFT l. -# F·l~DOP ... t POSIT, PI N ~M, 

IDATA{ P~I,ERROR}; 
IF «DATA = ijREADA) I (DATA = ##WRI'IA) THEN 

DO; 
CALL PRIMITIVE RCBDATA(I,#GET,#XNAME, 

. . - CDATA,ERROR); 
MESSAGE -) CHAR FIELD1 = CDATA; 
MESSAGE -> FIELTI1 = I; 
CALL PRIMITIVE REL2ASE(PINAM,$WAI1, 

- MESSAGZ, ER BOB) ; 
END-

FILES (I) = ##ACQRD; 
END; 

END; 
CALL PRI5ITIVE PCBDATA(PINAM,IDPUT,~RBSVECL 

FILE L LIMIT, FILE U LIMIT FI1ES/EB~CR) ; 
CALL PRIMITIvE PCBDATA(PINI~,~puf,~FSTA1,FST~T, 

END: 
- EEROE:} ; 

END; 
END-

END RESOLVE_DEADLOCK; 
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DEADLOCK_SETTER: PROC(FINAME,PINAME,PRI,TYPE,STAT, 
SHAH PRIV}; 

1* * * * * * * * * * * *-* * * * * * * * * * * * * * * * THIS SUEBCUTINE T~ANS?ERS ALL OF THE FILE OP~N RECUESTS 
FOR THE PROCLSS lPINArlEt TO THE OUTSTANDING QUEUE AND 
SETS THEIR STATU~ TO ~inEADH OR ##kRITH ACCORDINGLY. 
IF A FILE BECOMES AVAILABLE, DEADLOCK RESOLVER IS 
INVCKED ***1 

DCL SEAR PRIV FIXED BINAliY-
DCL (xIN1H1EI.PI NAiiE,PRI,TYPE~STAT) FIXED BINARY, 

CAS INuX FIXED BINAEY (.:s) , 
( L Q S 1: AT, R Q S TAT, T R A ~l S) E iT ( 1) , 
(OP POS,~STAT,C?RI DATAl FIXED BINARY 
CHfKK (FILE L LIi1IT: FI.LE U LII1IT) BIT (1) I 

DUMMY PARa ~IXED BINARY ~NIT (O), 
tUM~Y-PTR POINTER; 

DUMMY_PIE = NULL; 

/* DETERMINE NECESSARY ACTION *1 
f~(1~~~A~B~~I~ !4~~~~~JfHfN(0~~Jb ~L~i~~jT~)rT~~1N DO; 

CALL PRIMITIVE PCBDATA(PINAME,~GET,iFWCNTR,DATA, 
- ERROR) ; 

tATA = DATA + 1; 
CALL PRIMITIVB_PCBDATA(PINAtlE,mPUT,mFWCNTll,DATA, 

ERROR) ; 
END-
DO_ACTION_OF CASE(OP); 

CAS!(1): 1* PROCESS HAS NOT OPENED A SHARED FILE ON 
A WRITE *1 

IF (TYPE =i#READ) THEN CAS INDX = 1; 
ELSE CAS INDX = 2; -

ENLCASE; -

CASE(2): 1* PROCESS HAS OPENED A SHARED fILE ON A 
WRITE AND IS NOT CURRENTLY SACRIFICEL *1 

CAS INDX = 2; -
ENLCASE; -

CASE(3): 1* PRO£ESS IS CURRENTLY SACRIFICED *1 
CAS I~DX = 3; 

ENLCASE; -

END_CF_CASES; 

DO_ACIION_O? CASE(CAS_INDX); 

CASE(1): 1* READ ACCESS REQUESTED - NO SACRIFICE 
CONDITIO~ *1 

CALL RCBPUTQ(FINAaE,#RIGBT,PINAME,DUMMY FARM, 
PRI,DUrlclY_PTR,TYPE,ERROH) ;-

ENLCASE; 

CASE(2): 1* SACRIFICE ~LL OF 1HIS PROCESS' FILES *1 
BEGiN" 

DeL f I L E ~ ( F I L ELL I MIT: F I LEU L I r1 IT) B I '1 (2) ; 
CALL PRlr.IT I V:3 PC13DATA (P II,; A Mr:j~GET, Q) R IS v EC, 

F I L ELL I 11 IT, F I LEU L I l1 : 'I , F 1 i. E S , 'B H h 0 R) ; 
DO I = FliE t LlbIT TO FILE U LIMIT; 

CBEKKeI' = 7ALSE" - -
IF ((FILES (I) = ##ACQRD) & (I ..,= PIl\A~iE» 

TH.c.N DO; 
FILES(I)~ ~#SACRF; 

CALL BCE r~ANSFER~(IltLEFT,~INAME,LQSTAT, 
L< Q S I AT, T R id~ S , t R R 0 Ii) ; 

118 



1* RESET DATA'IF THE OPEN QUE IS IMPlY 
AND SET CHECK TO INDICATE THE FILE MAY 
BE REkSSIGNED - *1 

IF (LQSTAT =##CLOSE) THEN DO; 
CALL PRIMITIVE RCBDATA{FINAME,iPUT, 

#OTILE,#¥AVAIL,EBEOR) ; 
DATA = O· 
CALL PRIMITIVE RCBtATA(FINAME,#PUT, 

¥OwNER,DATA,ERROR)~ 
CHEKK (I) = rRUE; 

END • 
CALL RCB FIND(I,#RIGHT,iFNDOP1,POS,PINAME, 

~FSTAT CPRI ERROR) . 
1* CHANGE THE ~ROCE§S' OPE~ATION STA1US 

ON THE QUEUE, IF N1CESSARY *1 
IF ! (FST'1T ) 0) & (FSTAT <=2» THEN to; 

DO_ACTION_OF CASE.(.FSTAT) ; 

CASE(1): /* CURRENTLY READ *1 
IF (TRA~S) THEN FSTAT =##READS; 

ELSE FSTAT =#tfiEADA; 
ENDCASE; 

CASE(2): 1* CURRENTLY WRITE *1 
IF (TRANS) THEN FSTAT = i#WRITS; 

ELSE FS1AT = ##WRITA; 
ENDCASE' 

END OF CA~ES; 
CALL ReB FIND(I,iRIGHT~~f~DOP2,POSt 

END; 
- PINAME,F~TAT,CPRI .. E3bOR) ; 

END; 1* END IF ACQUIRED *1 
ENB; 1* END DO LOOP *1 
1* SET THE PROCESS' STATUS TO SACRIFICED *1 
CALL PRIMITIVE PCBDATA(PINAME,~PUT,ffiPSTAl, 

~HfSAtRtERROR) ; 
CALL PRIMITIVE PCBDATA(PINAME~~PUT,~RESVEC, 

FILE I. LIT-iII',..FILE U LIl1IT,FILES,ERROB); 
1* NOW ENT~E-THE FILi TU LE OPENED IN 

SACRIFICE STATUS - ANSWER REQUIRED *1 
GO TO CASE (3) ; 

END; 
ENrCASE; 

CASE(3}: 1* ENTER THE PILE TO BE OPENED IN SACRIFICB 
STATUS, ANSWER REQUIRED *1 

IF (TYPE =t::1tJ2AD) THEN FSTAT =1f~~READA; 
ELSE FStAi = ##~RITA; 

CALL RCBPUTQ(iINAME,#RIGHT,PINAME~DUMMY fARM, 
PRI,DUclMY PTR,FSTiT,EllRUR)1 

DCL FILES(1} BIT(2); - . 
FILES(1) = ~#SACRF' 
CALL PRIMITIV~ PCBbATA(PINAME,~PUT,~RESVEC, 

FIUAM""E,FINAME,FILES,ERROR) ; 
ENLCASE; 

END_OF_CASES; 

1* ASSIGN THE fILES THAT HAVE BECOME AVAILABLE *1 
DO I = FILE L LIMIT TO FILE U LI~IT· 

IF C H E K K (I) -1' HEN CAL L R E sO LV E _ D ~ ALL a C K (I, PIN A 11 E) ; 
EN D j 

END DiALLOCK_SETTEd; 

END FILE_MANAGirl; 
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MODULE SPECIFICATION 

PARAMETEES 
INPUT OU1PUT TYPE CONTENTS 
---------------------------------~-----------------~~-----
Not Applicable: All communications handled via message~. 

EXTERbAL CALLS rlADE TO OTHER MODULES 
NAME ____ --~B~fl~l]BS---------_RQBPO~~ _____________________ _ 
Request Process I-~ame, a) $Space - Semaphore used to 

Semaphore, identify messages for this 

Release 

PCBData 

PCBData 

RCBData 

RCBPUTQ 

Fino 
I-Name 

Message Pointet, process. 
Error Parameter 

Process I-Name, 
Semaphore,. 
Message P.()~nter, 
Error Parameter 

a) $Rfilew - SemaphorE used to 
send messages to an iD~Er­
face process to UD-
date the directory. 

b) $XXXXXX - SemaphorE u~ed to 
send a message to t~e pro­
cess requestlng a IllE. 

c) $Error - SEmaphore uSEd to 
send messages to the Error 
Handler. 

Process I-Name, Generic entry point to PCB 
Put/Get Identifier, Structures module to entEr or 
Field Identifier, obtain data. 
Data Parallleter, 
Error Parameter 

Process I-Name, 
Put/Get Identifier, 
Fi€~d Identifi~r( 
Vec~or Lower L+m~t, 
Vector Upper L~mlt, 
Vector Parameter, 
Error Parameter 

Generic entry point to PCB 
Structures module to entEr or 
obtain data or portions cf the 
data stored as a vector (i.e., 
~esource Access Vector, Eage 
~able Vector, etc.). 

Resource I-Narne t Generic entry point to BCB 
put/Get Identlfler, Handler module to enter cr get 
Field Identifier, data concerning a resource. 
Data Paramet02r, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Data J?arafiletl2r, 
1?r~or~t} 
Message Fainter, 
Data Parameter, 
Error Pd.rameter 

Resource Ty l,E:, 
it (: !: 0 U L- 5 G Y. - N a In e , 
Re::=ource I-NaDlC:, 
Error Param€:t~r 

Lntry po~nt to ReB HandlEr 
used to lnse~t a ~~ocess 
or a message on a sp~ci~i€d 
resourC8 gueue by.prlorlty. 
Queues used by thlS preCESS 
are the message semaphorE and 
the peT gueues. 

Entry point to RCB HandlEr 
used to get the internal nawe 
for the r0~OU~C~ s~ecifiEd by 
t Y p (~ ( f i 1 c , r1 E vic (> , e t <.: .) a n a 
ext e.c II d 1 II a me. 
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Create 
RCB 

RCBGETQ 

RCB-Find 

Resource Type, 
Resource x- c~ arne, 
Resource Owner 
Sz-Cntr Parameter, 
Access Identifier, 
PC'! Name, 
Dev/lnt Identifier, 
File Descriptor, 
File Descriptor, 
Resource I-Name, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Q_Data Par~meter, 
Message POl.nter, 
Q Eata Farameter f 
Found Boolean, 
Q Status Boolean, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Find Oper9-t~on, 
Queue Posltlon, 
Pr:ocess I-~aroe, 
Data Parameter, 
Data Parameter, 
Error Pa4:ameter 

Entry point to ReB Handler 
used to create an RCB of the 
type specified; enter descrip­
tor data in the appropriate 
ReB fields; and return the 
resource internal name. Not 
all fi~lds are used by each 
type ot resource. 

This entry point to ReB Hand­
ler is used to remove a rro­
cess from the specified gueue 
for the indicatEd resource. 
The data st~r~d in the queue, 
are returned ~f the prOCESS l.5 
found and the gueue status is 
also provided. 

This entry point toRCE Hand­
ler is used to determine queue 
position of a process and put 
or get a copy 9£ data. The 
process, posltlcn, or both may 
b~ ?peclfled to select a spe­
clflC pr9~?ss, any proce~s at 
the ~2~Clrl.ed posltlon or ~ 
specltlc.P~OCESS at a specl­
fled posltlon. 

EXTERNAL CALIS MADE BY OTHER MODULES 
~h~l ________________ RUtiPQ~~ _______________________________ _ 

Not appliGable for processes. 

DA~A STROCTURES USED 
]!~] ______ Il11_D _____ !lg~ ______ gQBEQ~~L~!1~!~ ______________ _ 
Message 
Buffer 

Based 

Releasor Integer 

An swer- Bit (1) 
Reguest 

Message- Integer 
S€~afflor:e 

Buife£"- Pointer 
.Location 

Dynamically allocated, peinter 
gual~iied structure usea for 
passlng messagES. 

Internal name of process 
releasing a message. 

Boolean indicating if answer 
required. 

Semaphore to be used in the 
answer. 

Not us~d by this prOCESS. 
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pi€ld1 Integer 

Fi€ld2 Integer 

Field3 Integer 

Fi€ld4-6 Integer 

Char- Char(8) 
Fi€ld1 

Char- Char(8) 
Fi€ld2 

Char- Char(8) 
Field3-4 

a) $$ADD or $jDELET - Messaqe 
from File Manager indica~ 
ting that a device has been 
added or dEleted. 

b) $$SPACE - ~essage from Pile 
Manager indicat1ng that a 
file has beEn destroyed. 

c) $$PERMF or $$TEMPF - Mes­
sage to create a permanent 
or temporary file. 

d) $$EXTNT - Message for a 
f1le extention. 

a) peT internal name - Identi­
fies the PC~ which wa~ 
added or deleted, or en 
which a file was destroyed. 

b) $$SHRD or $$PRIV - Identi-
fies the file access-type. 

File space requested. 

Not used. 

Identifies file external name~ 

Identifies peT external name. 

Not used. 

MOQ~1~~~~fBJI1IQB _______________ ~ ________________________ _ 

File Space Manager has been implemented to perform file 
creation as an lndependent system functionc It fields re­
guests for file creation determines type access, location, 
1£ speciiied, and availatility of space. if a permanent file 
is reguested on a specified peT and space is not available 
an error condition lS ~aised which terminatEs the procEss. 
For tempc~ary files, a dummy file is created until space 
becomes available and thefi a message is released to thE pro­
cess reguEsting the file. 
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%INCLUDE NAMCHGR; 1***** FILE SPACE gANAGER ****1 
(CHECK (ERROR»: 

FILE_SPACE_~NAGER: PROC OPTIONS (MAIN) ; 

%INCLUDE SlMULTR· 
SIh_S~ART(PROCESS_FILE_SPACE_MANAGER) 

%INCLUDE GENI;EC· 
'%INCLUDE BEQRELD; 
%INCLUDE BCBCCL; 
%INCLUDE: PCBECL; 
%INCLUDE CASfSTM~ 

DeL (INAnE FDATA I) FIXED BINARY; 
DCL SPACE ~EC(Pct l LI~IT : peT U LIMIT) BIT(1)­
DeL CUT '5 PACf, RE'Q 'FIX ED BIN A RY-S1:I AIIIC INITIAL (~) ; 
DCL ESTAI 131'111) ; 
DCL ERROR FIX~D BINARY INITIAL (0) ; 
ON CHECK (ERROR) 

BEGIN; 

IF Ji~f~~ :=B~t-EI~5~;DO~SG SEMAPHORE = $SPACE; 
FIELD2 = ERROR; -
(NOCHECK (ERROR)l: BEGIN; ERROR = 0; 

CALL PRI~ITIVE RELEASE (ANYPROC,$EBROR, 
ME S SAG E , ER R 0 R) ; END; 

GO TO START; 

END; 

%INCLUDE EBMSG; 

S~ART: 

END; 

DC FOREVER-
CALL PR frJ-ITIV E-:..REQUEST (A NYPROC, $ SPAC E, MESSAGE, EItReR) ; 

SIM_IHIERRUl?T_PT 

CALL MESSAGE_INTERPRETER; 

DO ACTICN OF CASE (I) -
-CASE(1T: 1* SPAct MODIFICATION FBCM FILE MANAGEh 

A DEVICE HAS BBEN ADDED OR DELE~ED *1 
IF (FIELD1 = $$DELETt THEN 

SPACE VEC(iIELD2 = FALSE; 
ELSE DO; -SPACE VEC(IELD2) = TRUZ; 

IF (OUT_SPACE_rlEQ ~= 0) THEN 
CALL SPACE RESOLVER {F'IELD2) ; 

END; -
EN LCASE; 

CASE(2): 1* SPACE FREED BY FILE ~ANAGiR; I.E., 
A FILE WAS DESTROYED. *1 

IF (OUT SPACE RLQ ~= 0) THEN 
- -CALL SPACE RESOLVER{FIELD2); 

ENtCASE; -
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CASE (3) : 1* SPACE REQU.ESTED FOR PERMANENT FILE, 
DEVICE SPECIFI£D BY EXTER~AL NAME. *1 

1* GET INTERNAL NAME
f 

IF NOT FOUND ERROR 
CONDITION IS SET ~ PRIMITIVE. *1 

CALL FIND INAME(#PCT~CHAR FIELD2,INAr.E, 
- ERROti);-

1* CHECK DEVICE STATUS IF IN HOLD SET 
ERROR; I.E., NO FILE CAN BE CREA1ED *1 

CALL PRIMITIVE RCBDATA(INAME,tGET(#DSTAT, 
- 5S'I'AT,E.RROti) . 

IF (BSTAT = #iHOLD) THEN ERROR = 11~; 
-1* STAT IS GO; tHECK IF FERMANENT FILES 

CAN BE CREATED ON fHIS UNIT. *1 
CALL PRIMITIVE RCEDATA(INAME,#GET§iOFIIE, 

IF (FDATA = i#;EMPF) THi~A~~~6~a~ ~'4; 
1* NOw CHECK SPACE AVAILA~LE; IF SPACE 

NOT AVAILAELE SET ERROR CONDITION *1 
CALL PRIMITIVE RCBDATA(INANE,#GBTL#CNT SZ, 

- fDATA,ERROn)·-
IF (FIELD3 > FDA'IA) THEN ERBOR = 115; 

1* ALL TESTS CO~P1ETED SUCCESSFULLY; 
CREA~E THE fILE, ENTER IN DIRECTCRY, 
UPDATE SPACE, ETC. *1 

CALL FI~E CREATOR(INAME); 
FDATA = EUATA - FIELD3; 
CALL PRIMITIVE RCBDATACINAME,#PUT(jCNT SZ, 

- PDATA,iRROR} ; -
ENrCASE; 

CASE (4) : 1* CREATE A TEilPORARY FILE WHERE SPACE 
IS AVAILABLE; ELS1 CREATE A DUMMY 
FILE UNTIL SPACE BECCMES AVAILABlE. *1 

DO J = PCT L LIMIT TO peT U LIMIT - 1; 
IF (SPA~E-VEC(J») THEN-DU· 

CALL PRI~lTlVE_RCBDATA(~,#GETL!~Y£LE, 
.r-DA'l'n,..c..hnOB) ; 

IF (PDATA ~~ ##PERMF) THEN DO; 
CALL PRIMITIVE RCBrA'IA(J,:ttGE'I, 

# C NT S Z , FD A T A ,.c: R R OR) ; 
IF (FIELD3 <= FDATA) THZU 

END; 

GO TO CEATEF; 
END; 

END; 
IF (J > peT U LIMIT) THEN J = 0; 

1* CREAT~ ~ DUM~Y FILE *1 
CRATEY: CALL FILE CREATOR (J) ; 

YDATA = fUATA = FIELD3; 
IF (J ,=O).,THEN CALL Ph!~ITI~E_RCBDATA(J, 

#PUT, ~tdT .... SZ, FDATA, Eh.:.~OR) , 
ENI:CASE; 

CASE(5): 1* A FILE RX1ENIION REQUESTED; CEfeR 
FGR SPACE AVl1ILABl.B ON Sld1E UNIT; 
IF NOT AVAILABLE SEl ERLoa CO~rI1IGN 

1* 
ENDCASE; 

ELSE ALLOChTE SPACE L UPDA1E DIRECTORY, 
UPD~TE fILE bes, ETc. *1 
TO BE IMPLEMEarED LAIEfi *1 

END OF Cl1S~S; 
END; 7* ~ND DO FOREVER *1 
SIM ...... END 
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MESSAGE INlERPRETER: ERoe; 
IF (lFIELD1 = $$ADJ) l (FIELD1 = $$DELE'I» THEN I = 1; 

ELSE IF (FIELD1 = ~$SPACE) THEN I = 2" 

RE1 UBN; 

ELSE IF (FIELD1 = ~$~EfiMF) THEN f = 3; 
. ELS£ IF (FIELD1 = $$TE~PF) THEN I = 4; 

ELS~ IF (FIELD1 = $$~XTNT) THEN 1=5; 
ELSE ERROR = ~10; 

END MESSAGE_INTERPRETER; 

FILE_CBEATCB: PROC (PCTINAM)"; 

1* THIS SUBROUTINE CREATES A FILE (REAL OR DUMBY) AND 
RELEASES MESSAGES TO THE PROCE~S REQUESTING A FILE 
ANt TO UPDATE THE DIRECTORY, OR QUEUES REQUESTS 
UN1IL SPACE BECOMES AVAILABLE */ 

DCL (PCTINAM,RCBNR,FDATA,AVAI1,PINAME) FIXED BINAbY; 
DeL CDATA CHaR(8); 
DeL DUMMY PTR P01NTER; 
IF (FCTIN~M ~= 0) THEN DO" 

1* GET DATA FOR CRE1TING A FILE *1 
CALL PRIMITIVE RCBDATA(PCTINAM,#GET,#XNAME,CDATA, 

- EUROR) ; 
CALL PRIL1ilIVE RCBDATA(PCTINAM,#GET,#DINAME,FDATA, 

- ERROR) . 
CALL PRIMITIVE RCBDATA(FDATA,#GET,#CWNEB,PINAME, 

- ERBOR) ; 
AVAIL = #iAVAIL; 

END" 
1* SET VARIABLtS POR CREATING A DUMMY FILE*I 

ELSE DO; CDATA = • '; FDATA = 0; AVAIL = ##NOAVLi END; 
CALL CREATE RCB(#FILE~CHAR FIELD1!RELEASORLFIEID~! 

- FIELD~,CDATA,FDATA,AVAI1,FiELD1,B~BNR, 
ERROR) ; 

IF .(PC~lNAl1 .,= 0) TBEX DO; 
/* FILE CBEATED: RELEASE A MESSAGE iO THE INTERFACE 

PROCESS TO UPDATE THE DIRECTORY *1 
ANSWER REQUES~ = FALSE; 
FIELDS-= 1;IELD1; 
FIELD6 = FIELD2; 
FIELD1 = $$DIRAD; 
FIELD2 = 0" 
EIELD4 = FDATA; 
CALL PRIMITIVE_RELEASE(PINA~E~$~FILEW, 

MESS8.Gt., l:,FROE) ; 
1* RELEASE A MESSAGE lC THE PROCESS 

REQUESfING A FILE. *1 
FIELD1 = FCBNR; 
CHArt FIELD2 = CDATA; 
CALL-PRIMITIVE RELEASE(REIEASOE, 

I1SG _ S E MA PRORE I t·1E S S li G E , ElulO H) ; 
l~; D " 

ELSE DO; 1* DUMMY FILE CRtATED; QUEUE UP INFO UN1IL 
SPACE AVaILABLE AND MESSAGE CAN BE 
RELEASED *1 

DUMMY P1R = NULL" 
CALL PliIMI~IVE PCBDATh(RELEASOR,~GET,~rRIPTY, 

- FDATA,Z2ROR1; 
C~LL RCBPUT~(PCT U LI~IT,;~IG~T,nrtEAsOR, 

l1SG St.bAPHOTIL~i.'"DATA,DU11~Y .l:'Th,HCbNR,ERRCR); 
OU1 SPAC! RtQ = OUT S~ACE REQ + 1; 
END~ - --

END FILE_csiATOR; 

SrACE_lt:tSCIVER: PHOC (PCTI!lAM) ; 

/ * T I I ISS U B P. 0 (j l' I N r: It. T 'J' E N P T S T 0 H. E SOL V E 0 U T S'f A ~i D 1. N (; 
F J LEe 11 1: A 'lION H E Q lJ 1: S T S to; / 
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Del (PC1INAM,DAT,POSIr,PINA~,FINAM,PRI,SEMA,DAT2,tATA) 
fIXED BINARY; -

DCL (FOUhD,Q ENPTY) BIT (1), DU~li1Y PTR POINTER; 
DCL CDAlA CHAR(8) ; -
POSII = 0; 

DO WHILE (CUT SPACE REQ ~= 0); POSIT = POSIT + 1; 
1* GET THE-SPACE-AVAILABLE; AN OOTSTANLING REQUEsr 

FOB A FILE FROM THE QUEUE; AND THE SPACE RECUIRED 
FOR THIS FILE RE~UEST. *1 

CALI PRIMITIVE RCBDATA~PCTINAM,#GET,#CNl SZ,DATLEFROR); 
CALL RCE_FIND(PCT_U_LI~IT,#RIGHT,#FNDOP5;POSIT,~I~AM, 

FINhM PRI ERROR)· 
CALL PRIMITIVE RCBD'T~(fINAM,#~ET,#CNT SZ,DAT2,ERECR); 
IF eDAT )= DAT1) ThEN DO; - -

1* SUFFICIENT SPACE IS AVAILABLE: REMOVE THE 
FILE REQUEST FROM THE QUEUE. *1 

CALL RCBGETQ(PCT U LIHIT,#RIGHT,?INAM,SEMA,DUM~Y PTR 
, FIN"Ad;FO U N D, U B i1PTY, ERHOh) ; -

1* UPDATE THE SPACE AVAILABLE *1 
tATA = DAT - DAT2; -
CALL PRIMITIVE ~CBDATA{PCTINAM,#PUT,#CNT SZ, 

- DATA ERROR) ; -
OUT SPACE REQ = OUT SPACE REQ - 1; 

7* INITIALIZE F!LE RC~ ELEMENTS. *1 
CAL t P R.I 11 I T I V E _ B C B D i1 T A (F I N A ~l , i pur , if 0 F I L E , :# it A V AlL I 

ERROR) ; 
CALL PRIMITIVE_RCBDATA(PCTINAM,~GET,#DINAME,DAiA, 

ERROR) • 
CALL PRIMITIVE_RCBDATA(FINAd,lpUT,#DINAME,DATA, 

ERROR) : 

1* RELEASE A MESSAGE TO THE INTERFACE PROCESS 
TO UfDATE THE PCT DIRECTORY. *1 

EIELD4 = DATA; 
CALL PRIMITIVE HCEDATA(DATA,#GE~,#OWNEH*DATA,EEROR); 
ANS~ER REQUEST-= FALSE; 
EIELL1-= $$DIRAD; 
FIELI:2 = FINAt1; 
l"IEI£3 = DAT2; 
CALL PRIMITIVE_RCBDATk(FINAM,iGET,'TFILE,FIELD5, 

ERROR) • 
CALL PRIMIiIVE_RCBDA1A(FINAM,IGET,IS OR P,FIELL6, 

ERROR) ; --
CAL1 PRIMITIVE_RELEASE(DATA,$RFI1iW,MESSAGE,EREO~}; 

1* SETUP A~D RELEASE A MESSAGE TO THE ERCCESS 
REQUESTING A FILE. *1 

CALL PRIMITIVE RCBDATA(PCTINAM,#GET,#XNAME,CDA1A, 
- ERROR) " 

CALL PRIMITIVE_HCBDATA(FINAM,!PUT,IXNAME,CDATA, 
ERROR) : 

FIEID1 =- FINld1; 
CHAR FIELD2 ~ CDATA" 
ANsw1R REQUEST = FAiSE; 
~SG SEtJAPnORE = o· 
FIEL[2

f 
FIELD3 = 0; 

CHAR F ELUl = • '; 
CALL-PRli1ITIVl:: REL~ASE (PILJAH,SEHA,MESSAGE,ERhO};); 
POSl~ = POSIT = 1; 
CAT = DAT - UAT2; 

i. N D; 
I .. C 11 E C t~ F 0 H M () R 2 0 U :i' ~ l' AND I N G H i~ QUE S T S Tab E 

SATISIFI1D. *1 
IF (POSIT = OUT SPACE aEQ) THEN RETURN; 
END" --
BEJ.~RN; 

Et\D Sl-ACE_L,ESOLVEE; 

END rILE_SPACf_~ANAGErl; 
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MODULE SPECIFICATION 

PARAMETEES INRQ1 _____ Q~1PUT ____ ~1E]----__ ~Q~TEMTS ____________________ _ 

None 

EXTERNAL CALLS ~ADE TO'OTHER MODULES 
~AME _____ ~gA~~~ET~RS __________ EQBEOS~ _____________________ _ 
Release Precess I-Name, a) $Error - Semaphore used to 

Semaphore,. send messages to the Error 
Message POlnter, Handler. 
Error Parameter b) $XX~XXX ~ Semaphore uEed to 

IntErrupt Interrupt NUIDDer, 
DisablEr Interrupt Save­

Vector 

IntErrupt In terrU'pt Number, 
Enatler Interrupt Save­

Vector 

SavEstate CPlna@G, 
FLocessoL, 
Error Parameter 

Restore- PIName, 
state Processor, 

Error Parameter 

send messagEs to an inter­
face process or process 
~ process €xpect~ng an 
~nterrupt message. 

This module is invoked tc dis­
able all interruots while 
the handler is in execution. 

This module is invoked to en­
able a specific int2rrupt or 
enable all interrupts d~Eabled 
by this process. 

This module iF invoked tc save 
the cu 1: r En t s tat e 0 f ex e c l~ t ion 
of a process being preEmft€d. 

This module i~ invoked to 
restore the state of the pre­
empted process. 

RCBData REsource I-Name.. Geueric entry Faint to RCB 
Put/Get Iaentii1er, Handler module to enter cr get 
Field IdeDtifier, data concerning a resource. 

Find 
I-Name 

Da ta Par aoet.er, 
Error Parameter 

Resource Type, 
Re!:ourse X-~ame, 
Resource I-liarae, 
Error Paramet~r 

Entry point to ReB Handler 
used to get the internal name 
for the resource specified by 
type (filE:, device, etc.) ana 
external ndme. 
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EXTERNAL CALLS MADE BY OTHER MODULES 
NA~l ________________ guRkQ~~~ _____________________________ __ 

Invoked directly by hardwa~€ when an interruft occurs. 

DATA STRUCTURES USED 
~!~£ ______ fJ!LD _____ 1XR] ______ gQBRQ~~L!!1~]~ ______________ _ 
Nessage 
Buffer 

saveint 

--~ Based 

Bit(1) 
Array 

Dyna~~9ally allocated, pcinter 
gualltled structure useu tor 
sending information concErning 
the interrupt via a Release. 

Array used to save the status 
of the interrupts; arguement 
in call to the Disabler and 
Enabler. 

~Q~]b~~~~BlfTIQli ________________________________________ _ 

~his process is invok€~sched~led bY,har~~are when ever an 
lnterrupt occurs. It determlnes wtlch ln~errupt was set, 
sets up a m~~sage to the appropriate interf~ce prOCESS ,and 
resets the lnterruf~. The current process lS temporarl1y 
preEmpted until the interrupt is handled. 1his module has 
only teen p~rtidlly implemented. 
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%INCLUDE NAMCHGR; 1***** INTERRUPT HANDLER *****1 

l CHECK (ERROE); 
NTERRUPT_HANbLER: PRoe OPfIONS(MAIN); 

%INCLUDE GENI:EC; 
%INCLUDE CSDel; 
%INCLUDE FeELC1; 
%INCLUDL EEQRELD; 
%INCLUDE BRMSG; 

ON CHECK (ERROR) 
BEGIN; 

IE (EEROR ~= 0) THEN DO· 
(NCCHECK (ERLiOR)): EEGIN· 

JIELD1 = MYNAME; 
FIELD2 = ERROR; 
CALL PRIMITIVE RELEASE(ANYPKOC,SERROR,MESSAGE, 

-- ERROR) ; 
ERROR = 0; 
GO TO RETURN PT; 

ENI.:; -
END; 

END; 

DeL (SAV PROC,INAME,INTF PROC,SEMAPHO~E) FIXED BINARY; 
DCL ElBON FIXEt BINARY; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL FRIMITIVE_INTE~RUPT_DISENAELER(ALL~INT,SAVEIN1S}; 

/*** SAVE THE STATE OF CURREIIT :PROCESS ***1 
SAY PRCC=CURRENT_PROCESS(SYS_PROCESSOn); . 

C~Ll rRI~~TIV~ SAVEST~TS(SAV PROClSYS PRCCFSSOR.EBBOR): 
1 4 '1.':'* 51:T CU~RE~T [If{O"CESS '.£0 Ir:TEEHUPT HANDIER *1 -

CURRENT_fROCESS(SY~_PROCESSOR) = MYNAME; 

1*** IDENTIFY THE INTERRUPT ***1 
CALL INTERRUPT_IDENTIFIER; 

1*** RELEASE THE MESSAGE TO PROCESS CONCERNED *1 
CALL PRIMIIIVE_EELEASE(INTF_PROC,SEMAPHORE,MESSAGE,EEBOB); 

1*** RESTORE THE STATE OF INTERRUPTED PROCESS *1 
. CALL FBIMllIVE_RESTORESTATE(SAV_PROC,SYS_PROCESSOB,EBROfl); 

/*** REENABLE THE INTERRUPTS ***1 
CALL FRIMITIVE_INIEERUPT_ENABLER(ALL_INT,SAVEINTS) 

INTERRUPT IDE~TIFIER: FRoe; 
1* IDE~lIfY ~HICH INTERdUPT IS SET, SiT MESSAGE BUFFE3, 

~ESEI THE INT£ERUPT, SET LOCAL V~HIAEIES ,INTF PROC 
AND SEbAPHCRE~A2PROPRIATE~Y AND TAKE CARE OF A]Y 
SPECIAL ACTICN ?,~~UIRED *1 

END IN1ERHUPT~IDENTIEIER; 

BETULiN fT: 
END IN1!HRUPT_HANDLER; 

129 



MODULE SPECIFICATION 

-TYPE: gE!flJl1!~ 

PARAMETEIiS 
INPU~ _____ Q]~I-___ IYP~ ______ ~QNTE!!~ ____________________ _ 

AddressE:€ Integer 

Semaphore Integer 

Message pointer 

Error Integer 

Process, specified or unspeci­
~i€d, expected to do a match­
~ng J:teguest. 

M~ssage/Resource class ioenti-
fler. . 

Qualifies message buffer which 
contains the .informa tien to be 
entered in the nessagc buffer 
request. 

Error conditicn code. 

EXTERNAL CALIS MADE TO OTHER MODULES 
~AM! ______ R!B!n~l~~~ __________ gQBROS~ _____________________ _ 

Interrupt Interrupt Numbe~, 
Disabler Save vector 

IntErru~t Interrupt Number, 
enatler~ Save Vector 

This module is invoked to dis­
able all interrupts while 
Release is in execution. 
The status of the interrupts 
is saved in the Save Vector. 

This module is invoked tc re­
enable all inteLLu~ts wLic1 
were di~abled bY,the current 
module In 2xecutl0n. 

Resource I-Name, Generic entry Faint to RCB 
PutLGet Identifler, Handler module used by this 

RCBData 

RCBPUTQ 

PCBData 

PCBData 

Field Identifier, module to verify the semaphore 
D a taP a r a Ifl e t e r , pas sed a oS a n a r 9 u e In en t . 
Error ParamGter 

Resource I-Name, 
Leit/Right Queue, 
Process 1- N a me, 
Lata ]?arameter, 
Prlorlty, , 
Nessa~e POlnter, 
Ddta Para.meter, 
Error Parameter 

Pro C 2S S I ~ :i arne ,_ , 
Put/Get Iaentl!ler, 
Field Identifi8r, 
Vector Lo~er Liilllt, 
Vector Upper Llmi~, 
V e c tor Par a ill 2 t e r , 
Error ParamEt0r 

Pro c e s s 1- N :i !:I t2 , 
Put/Gt.~t Id21Jtifier, 
fiEld Identllier, 
Data Param8t81', 
Error Paramet2r 

Entry potnt to ReB Handler 
used to ~nsert a process 
or a message on a sp~ci~ied 
~esourC2 ~ueu~ bY.P£lO~lty. 
Queues used by tnls mOQule 
are the messagE semaphore and 
the Ready Act1V€ queues. 

Generic entr~ point to PCB 
Structure5 ruodble used by tnis 
module to verify access autho­
rization tor thE:! proc~.ss using 
the semaphore. 

Gcneric" entry point to PCB 
structures module to obtdin 
the unbloc~cd froce~~'s tYfc 
and priorit.Y,ana ch3.!lgc !::1:.dtUS 
to ready actlV€. 
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Scheduler (NONE) 

Allocatcr Caller, 
Addressee, 
semaphore, 
Message, 
Bey ReI Boolean, 
Match Boolean, 
Error Parameter 

This primitivE is invoked to 
~chedule a precess for exec­
tion if the current process 
doing the release matched an 
outstanding reguest from a 
blccked process. 

This primitive is invoked to 
determine if a matching re­
quest has been made for this 
message or the resource teing 
released for reallocation to a 
process. If Match is truE the 
process is unblocked. 

EXTERNAL CALIS MADE BY OTH~R MODULES 
]!~l _________ ~ ____ ~~QBPO~~ _______________________________ _ 

Invoked by all system and user processes. 

DA1A STRUCTURES USED 
]!ME ______ !Il1_D _____ l1g~ ______ RQBgos~LVA1~]~ ______________ _ 
Saveint Bit(l) 

Array 

MODULE DE~CRIPTION 

Array used to save the status 
of the interrupts; arguereent 
in call to Disabler and 
Enabler. 

---------------------------~ ... ------------.... ~ --'"----

This primitive has been d~signed to prpvide a uniform method 
for inte£frocess communication and resource allocation. The 
message/~€50UrCe class identifier and FrOC€5S access autho­
rizatlon are verified. The Allecator is then invoked tc 
determine if the release can be matched. If it is, the fro­
cess is unblccked and the Scheduler is invoked. 
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%INCLUDE NAMCHGR; I****~ RELEASE *****1 
1* * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS PRIMITIVE DETERMINES IF THE CUriRENT RELEASE 

MATCHES AN OUTSTANDING REQUEST. IF IT LOES, THE BLOCKED 
fROCESS IS ACTIVATED AND THE SCHEDULEB IS INVOKED. **1 

{CHECK (ERROR) l: 
PRIMITIVE_RELEaSE: PROC(TO,SEMAPHORE,MSG PTR,ERPRM) 

OPTIONS (MAIN) ; -

%INCLUDE GENEEC; 
%INCLUDE CSDC1; 
%INCLUDE RCEBCL; 
%I-NCi,UDE FCBLCL; 

ON CHECK (ERROR) 
BEGIN; 

IF (ERROR ~= 0) THEN DO; 
E:.RPRM = ERROR; 
GO TO RE~UHN POINT; 

ENB; -
END; 

DeL (CALLEB,ADDRESSEE,SEMAPHORE,ERPRM,PRI,TO) 
FIXED EINARY; 

DeL ERROE FIXED BINARY INI'I (0); 
DCL MSG fTR POIN1ER; 
DCL (VAIID ,rLtiTCii) BIT (1) ; 
DCl (SYSFRC,QUE) BIT (1); 
DeL BEL BI'I (1) S1:ATIC INI'rIAL ~'1' B) ; 
DC L RES VEe ( S E tl L L I 1'1 IT: S E b L I 1'11 T ) :d I 'I (2) ; 
DeL IO J I XED BIN A V: Y S T A ~ ::: C I N I"T (0) ; 
DCL NULP PCINTER STATIC; 

1*** DISENAbLE ALI INTERRUPTS***/ 
CALL PRIMllIVE_INTEaRUPT_DISENABLER(ALL_IN~,SAVEINTS); 

1* VERIFY SEMAPHORE ANt ACCESS *1 
CALL fRIMITIVE RCBDATA(SEMA~HORB,#GEf,#ASSGND,VALItr 

- ERROR) ; 
IF (,VALID) THEN ERROR = 308; 

CALLEH = CURRENT £ROCZ5S(PROCESSOR); 
CALL fRI 111 'II V L_PCbDArr A {CALLE B I iVGET (. aJ RE-S V Ie ,S El'1 l_L 1i1IT , 

SEN LIMIT,HLS VEC,ERRORr· 
IF ( Ii E S _ V E C (S E ~'1 A P H 0 R E) = # # 1\ D ACe) T fi EN - E H R 0 R = 3 () ~ ; 

1*** INVOKE THE ALLOCATOR ***/ 
ADDRESSEE = 70; 
C~LL PRIMITIVE ALLOCATOfi(CALLER,ADD~KSSEE,SRMAPH05E, 

- t1SG_fTR,REL,MA'ICrl,ERROE); 

IF (MATCH) THEN DO; 1*** AC'IIVATE THE PROCESS ***1 
CALL P~IMITIVE PCBDATAlADDRESSEE,~PU1,aS~ATUS, 

- mwREDY A, i.RHO R} ; 
CALL PRIMITIVE PCBDATA(ADDRE5SBE,~G~T,~PhIRTY,PRI, 

- ERROR) • 
CALL PRIMITIVE_PCBDATA(ADDHES~E~,~GE1,~SYSPRO, 

SYSPHO,Eh20R) ; 
If (SYSPl\O = 'IHUE) THEN QUE = YOS; l::LSE QUE = #ussa; 
N Ui.l· = t: u L 1. • 
CALL RCBPUT~('~EDYA,CU1/ADDH~SSE~,IO,PRIINULP,IO, 

-r. ,E,H~10L~t.~ , 
C It L L r RIM ..1.1. I ~ E ~ C 11 :, LJ U L E R ; 

r.TIn· 
RET U h!~ r () I l~ T : I "* J( * 1\ [ ~ ! lAC L E 'l' H E I NT 1 R l( U P T S "* * * I 
c A ~ L I· ~ Ii'! 1 '11 V i:. 1 N '1 i~ h l~. lJ i' 'i' r.: NAb L 1:; H (iU, L ll~ T , S 11 V ~' J ;~ l' .s) ; 

EUD rRIMI7IV~_Hir~ASE; - -
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MODULE SPECIFICATION 

TYPE: gB!~l1Jl~ 

PARAMETEBS . 
J]gQl_----Q]TPU1----1YP~------£Q~%EN!2 _____ -------------__ _ 
Addressee Integer 

SemaphorE Integer 

Message Pointer 

Error Integer 

Process, specified or unsreci­
ficdL expected to do a IDa~ch­
l.ng .t{elease. 

M~ssage/Resource class identi-
fl.er. -

Qualifies messagE buffer in 
which the matth1ng relea~e 
message information is tc be 
of a p~ocess doing a matching 
entereCl. 

Error conditicn cod€. 

EXTERNAL CAlLS MADE TO OTHER MODULES 
NAME PABAMEIEBS PUHPOSF. 
---------~--------~----~-----------~---------------~--~--
Interrupt Interrupt Nuwber, 
Disabler Save Vector 

This module is invok~d tc dis­
able all;interrupts ~hile 
Request 1S 1n execut10n. 
The status of the interrupts 
is saved in the Save Vector. 

Interrupt Interrupt Number, 
enatler Save Vector 

This module iE invoked tc re­
enable all interrupts ~hich 
werE disabled by the current 

RCBData 

PCBData 

PCEtata 

module in eXEcution. 

Resource I-Name, Generic entry Foint to BCB 
Put/Get Identifler, Handler module used by this 
FiEld Identifier, module to verify the semaphore 
Data Parameter, passed as an arguement. 
Er:ror Parameter 

Process I-Name, 
l'ut/Get Identiiier, 
FiE~d Identi£i~r( 
Vector Lo~er L~illlt, 
Vector U~Fer Limit, 
Vector Parameter, 
Error Parameter 

Generic entry Foint to PCB 
structures module used by this 
module to verify access autho­
rization for the process using 
the semaphore. 

PreCESS I-Name, Generic entry ~oint to PCB 
PutLGet Identifier, Structures module to changE 
FiE~d Identifier, the requesting process's sta-
Data ra~dmeter, tus to blOCKed 1£ no rratch • 
Error Parameter 
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Scheduler (NONE) 

Savestate Reguestor, 
Processor, 
Errol=' Parameter 

Allecator Caller, 
Addressee, 
Semaphore, 
Message, 
BEg Rel Boolean, 
Match Boolean, 
Errol: Parameter 

This primitive is invoked to 
schedule a process for exec­
tion if the current prOCESS 
doing the reguest gets blocked 
for an answer or a resource. 

This primitive is invcked to 
save the current statE of exe­
cution of the process which 
did an unmatched request. 

This primitivE is invoked to 
determine if a matching re­
lease has been made or if the 
reguested resource 1S availa­
ble for allocation to this 
process. If Match is false the 
process is blocked. 

EXTERNAL CALLS MADE BY OTHER MODULES 
~!~l ______ ~~ ________ f~~KQSE _______________ ~ _______________ _ 

Invoked by all system and user processes. 

DAiA STRUCTURES USED 
]1~1 ___ ~ __ fl11n _____ 11PE~ ____ gQBfOS~LY~bQI~ ______________ _ 
Saveint Bit(1} 

Array 
Array used to save the status 
of tne interrupts; arguement 
in call to Disabler and 
Enabler. 

MODULE DESCRIPTION 
------~-------~-------------~------------------------------
This.primitive has been.dest9Bed ~o provide a unifo~m rn~thod 
for lnteL;rocess communlcatlon ana resource allocatlon. lhe 
message/r~source class identifier and procEss access autho­
rizatlon are veri£led. The Allecator is then invoked tc 
determinE if the request caD be satisfied. If not, the pro­
cess is blocked and the Scheduler is invoked. 
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%INCLUDE NAMCHGR; 1***** REQUEST *****1 
1* * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS PRIMITIVE DETERMlNES IF THERE IS A MATCHING 

RELEASE FOR THE CURRENT REQUEST. IF NOT, THE INVOKING 
PROCESS IS BLOCKED, THE REQUEST QUEUED, AND SCHEDULER 
INVCKED. **1 

(CHECK (ERROR)): 
PRIMITIVE_REQUEST: PROC(TO,SEMAPHORE,MSG PTR,ERPBM) 

(jPTIONS (MAIN) ; -

%INCLUDE FCBtCL; 
%INCLUDE OSDCI.; 

%INCLUDE liCBLCL; 

DCL (SE~AfHORE,ADDRESSEE,CALLER#ERPRM,TO) FIXED BINAEY; 
DCL ERROR FIXED BINARY INI/I' (0); 
DCL MSG fTE FOINTER; 
DC L BE C- E I 'I ( 1) S TAT I C I NIT I A L ( , 0 ' B) ; 
DCL VALID EIT(l) INITIAL('l'B); 
DeL RES VEe (SEM L LItlIT : SE~ LIMIT) BIT(2); 
DeL MA1~H BIT(l); ~ -

ON CHECK (ERROR) 
BEGIN; 

IF (EBROR ~= 0) THEN DO; 
£RfHM = ERROR; 
GO TO RETURN POINT; 

END; -
END; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMIIIVE_IN?ETIRUPT_DISENABLER(ALL_IN1,SAVEINTS}; 

1* VERIFY SEMAPHORE AND ACCESS */ 
CALL fRIMITIVE RCBDATA(SEMAPHOBE,~GET,#ASSGND,VALIB, 

- EBROR) ; 
IF (~VALID) THEN ERROR = 30B; 
CALLER = CURRENT PROCESS (FROCESSOR) · 
CALI ERI~ITIVE P~BDATA(CALLER,WG8TtiliRESVEC,SEM L L1MIT, 

- SEN 1IMIT,R~S~VEC,ERRORr'-
IF (BES_VEC(SEM~PHORE}=#iNnACC) THEN ERROR = 30~; 

1*** INVOKE THE ALLOCATOR ***1 
ADDRESSEE = TO; 
CALL PRIMITIVE ALLOCATO~(CA1LER,ADDRESSEE~SEHAPHORE, 

- M S G _ P T 1( , R E Q , I'l 11 '1' C 11 i ERR a H) ; 

IF (~MATCH) THEN DO· 1*** BLOCK THE INVOKING PROCESS **1 
CALL ELl~ITIVE_P~BDATA(CA1LERrmpUT,~STATUS,~~BLKDP, 

ERROB) . 
CALL FRIMITIVE SA.VESTATE(CALL~R,PROCESSOR,ERROR); 
CURRE~T PROCES-.s (PROCZSSO~) = 0; 
CALL f£~MITIVE SCHEDULER; 

'EUD; 
RET U iHl P a I N 'I : 

~ 1*** ~EENABLE THE IN1ETIRUPTS ***1 
CAL L PHI M I 'I I V L I tj 'I' E 1\ t{ U LJ T _ .8 N A !j L E rt (A L L III T , S A v .c IN l' S) ; 

END PRIMITIV£_~EQUEST; 
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MODULE SPECIFICATION 

PABAI1ETEIiS 
L!R~l ____ ~]!I]I __ ~YP~ ______ ~~~!EN~§ ____________________ _ 

Addressor Integer 

Addressee Integer 

Semaphore Integer 

Pointer 

.Bi t (1 ) 

Match Bi t (1) 

Error Integer 

PrQcess internal name which 
in~tiated the call to Reguest 
or Release. 

Process internal name to which 
th€ message is addressed or 
from whicfi the message is ex­
pected; may b€ unspecifiEd. 

M~s~age/Resource class iden­
t~f~er. 

Qualifies message container. 

Boolean identifying message 
type; request or release. 

Boolean specifying if th~ cur­
rent message matclied a queued 
message. 

Error condition code. 

EXTERNAL CALIS MADE TO OTHER MODULES 
NAME PA1AME1~BS ~URrOSB 
---------~----------------------------~----------~---------

PCEData 

RCBfUTQ 

RCB­
l'jatch 

Process I-Name, Generic entry Foint to FCB 
Put/Get Ideutiiier, structures module to attain 
Field Identifier, the priority of the process 
Data Parameter, whicb initiated the message 
Error Parameter when no match was found. 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Data Rar ameter, 
Prl0r1.T,Y, . 
l1 e s sa S. e Po 1. n t E; r , 
Data .Parameter, 
Error Parameter 

Addressor, 
Adaressee, 
Semaphore, 
Messaye, 
B€g_~el, 
Matcn, 
Error Parameter 

Entry point to ReB HandlEr 
used to insert a prOCESS 
or a message on a sp~ci~ied 
resource queue by Er1.0rlty 
when no mateD was tound. The 
queue is specified by thE se­
maphore ana Reg_Rel • 

This primitive ~~ invokEd to 
compare outstdnulHg rr.t:ssages 
on the s~eGifiEd semafhore 
g u e u c ( i 6. ~ n y ) a 11 ~ ret U 1;' l!.s the 
message butfer FOlllter 11 a 
match is found. 
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EXTERNAL CALLS ~ADE BY OTHER MODULES 
~!~] ________________ g~]rQ~~ _______________________________ _ 

Request & Release 

DA~A STRUCTURES USED 

Resource allocation and message matching 
or gueueing unmatched messages. 

]!ME ______ fl!1_D _____ l1R~ ______ RQ~ROS~LY!1~!~-_____________ _ 
Message 
Buffer 

MODULE DESCRIPTION 

Based structure used to store un­
matched message releases until 
matching reguest is received. 

------------------------~----------------------------------
This primitive has been ~esigned to manage the allocation 
of £esouLces, handle interprocess communlcation, and a~sist 

.the primitivEs Re~uest and Release. Unmatc~€d message re­
leas~s aLE queued on the specifiEd semaphore 9ueu~ after 
transiering the message data to a temporary container where­
as unmatched message requests result 1n the gueueing of the 
message and the process doing the request. Matched relEases 
unblock Frocesses which had outstandlng reguests satisfied 
and in e~ther case, matched requests or releases, the oata 
in tile qUEued release or current release is transferred in­
to the reguestor's message container. 
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%INCLUDE NA~CBGR; 

(CHECK (fRROB): 

1***** ALLOCATOR *****1 

PRIMITIVE_ALLOCATOR: PROC(ADDBESSOB,ADDRESSEE,SEMAEHCRE, 
MSG FTR,REQ REL,MATCH,ERRORPAEM) 

OPTIONS1MAIN) ; -

%INCLUDE PCErCL; 
%INCLUDE GENtEC; 
~INCLUDE BCE.cCL· 
%INCLUDE REQBELD; 

ON CHECK (ERROR) 
B'EGIN; 

IF <ERROR ~= 0) THEN DO; 
E£BORPARM = ERROR; 
GO TO RETURN POINT; 

END; -
END; 

DCL CADDRESSOR,ADDRESSEE,SE~APHORE,PRI,DATA,ERRORPARM) 
FIXEr: BINARY; 

DCL EBROR FIXED BINARY INIT(O); 
DeL (~SG f7R,HSGPTR) POINTER; 
DCL (MATtE, REQ_REL) BIT(1); 

1* DETERMINE IF THE CURRENT MESSAGE MATCHES A QUEUED 
MESSAGE. *1 

CALL PRIMITIVE_RCB_~ATCH(ADDaESSOR,ADDRESSEE,SEMAPBORE, 
i1 S G P T H, R E Q_ R E L , MAT C H , ERR 0 E) ; 

IF «MATCH) & (~REQ i{BL~ t THEI~ DO; I~'c MATCH & REQUES'I ;';,/ 
IF (MSG ETR ~= NULL) 7H~N DO; 

MSG fiR -) MESSAG~ BuFFER = MSGPT~ -) MESSAGE~EUFFER; 
FBE~ MSGPTR -) ~ESSAGE BUFFER; 

END; -
RETURN; END; 

IF {(~ATCH) & (RE8 REL}) THEN DO; 1* MATCH & RELEASE *1 
IF (~lSG P'rR ~= N IL) 'r}jE~ 

MSGPT~ -) MESSAGE BUFFER = MSG PTR -) MESSAGE EUFFER; 
MSGPTE -) RELEAseR = ADDRESSOri; -
RETURN; END; 

IF «~L'lATCH) & (BEQ.,..REL) & (MSG PTR -,= !IULL) THEN DO; 
7* NO MA1CH & RELEAS~ *1 

ALLOCATE MESSAGE BUFPER SET (MSGPTR); 
~SGPTR -) MESSAG~ BUFFER = MSG PTR -) MESSAGE BUFFER; 
r.SGPTB -) RELEAsoR ~ ADDRESSOR; -

END; 

ELSE MSGPTR = MSG_PTa; 1* NO MA~CH & REQUEST */ 

1* NC MATCH: QUEUE THE MESSAGE BY PRICRITY *1 
CALL FRIMITIVE PCBDATA(ADDRESSOR,~GE1,~P~IRTY,PRI, 

- EI<ROh) • 
CALL FCBFUTQ(SENAPHGRE,2EQ BEi,ADDRESSOR,ABDRESSEE,PRI, 

MSGPTrt,.JhTA, ETIRCB} ; 

RETUHN PCINT: 
END PR1Ml~IVl_ALLOCA~oa; 
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MODULE SPECIFICATION 

PABAMETEES 
1~~Q_T _____ Q~lE~1 __ --!lg~ ______ fQ~1~!!2 _____________________ ' 

None 

EXTERNAL CALLS MADE TO OTHER MODULES 
NAME PARANETERS PURPOSE' 
-----~------~~------------------------------------------
Interrupt Interrupt Number, 
Disabler Save Vector 

Interrupt Interrupt Number, 
enabler Save Vector 

Sav€state CPlname, 
Processor, 
Error Parameter 

Restore- PIName, 
state Processor, 

Error Parameter 

This module is invoked to dis­
abLe all interrupts while 
Scheduler 1S in execution. 
The status of the interrupts 
is saved in the Save VEctor. 

This module is invoked tc re­
enable all interrupts which 
were disabled by the curIEnt 
module in execution. 

This module is invoked tc save 
the current state of execution 
of a process being preemFted. 

This module is invoked to 
enter the newly sch8gulEd pro­
cess's state vector lnto tne 
the,allocated rrocessor's 
regJ.,sters. 

PCBData Process I-Name Generic entry Foint to PCB 
Put/Get Identifier, structures module to enter or 

RCbGETQ 

RCBPUTQ 

RCB-lind 

Fi€ld Identifier, obtain data. 
Da ta Par ameter, 
Error Parameter 

Resource I-Name, 
Left/Right Queue, 
Process I-Name, 
Q. Lata Parameter, 
Ife~sage Pointer, 
Q_Lata Pa~affieter, 
Found Bool.ean, 
Q_Status Boolean, 
Error Parameter 

Resou~ce I-Name, 
Left/Right Queu~, 
Pro c e s s 1- N a I[t e , 
Data ~ararueter, 
Pr~orlty, 
Message Puinter, 
Data Pa.rameter, 
Error Parameter 

Resource I-Name, 
L~f~/~i~ht ~~~u~, 
P1Ud. Opl~r<;tt~on, 
QUE-ue l?oslt~on, 
Pro c e s s I - ~~ d r::. \~ , 
D a t d l} a r a rio c t t; r , 
lJ Ii i.. a P ,1 r <l:!\ (; t '': 1: , 
Error t>craUietEl' 

This entry point to aCE Eand­
ler is used to remove a fro­
cess from the soecifiEd gueu0 
for the indicat~d resourc~. 
The data stored in thE queue 
are returned if the prOCESS is 
found and tne gueue status is 
also provided. 

This entry point to RCE 
Handler is USEd to enter a 
preempted prOCESS on the r€ady 
active queue aft~r doing a 
savestafe operatlon. 

This entry point to Rep hand­
ler i!:; USE:J to dE'!ter;nillC! yueuc 
position o.!.. a rroc8ss and ~ut 
or g~t a copy 9£ data., The 
[J~o~~~s~ .:PU.SltlQ!~, ~r riot!: _t!l~Y 
b,; ':)i,,,C.l...J..1Ll to .:lelt..ct '3 .)f'\.~ 
C ~ f 1 C l' r ~ c ~;::, ~, ;j 11 Y tJ r i) C c ;: :..; J. t 
t h (! ~; p ~ C 1. t .I. C J f 0 :c; 1 t ~ 0 n 0 1 t? 
S fl e c 1. .1: 1. c . p~. 0 C l . ~ S d t d .c; r E C 1 -
t 1. e d J) 0 S 1. t J. 0 n • 
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EXTERNAL CALLS MADE BY OTHER MODULES 
NAME PURPOSE 
---------------------~------------------------------~~-----
Request 

Release 

saveint 

Current 
Process-

CEU CPROC 
Pri- -

Current process blocked on unsatisfied 
reguest; hense processor available. 

Current process did a matching release 
which unblocked a process; hense, Fre­
emption possible. 

Bit(1) 
Array 

Integer 
Vector 

Integer 
Vector 

Array used to save the status 
of tne interrupts; arguement 
in call to Disabler and 
Enabler. 

This static array identifies 
processes assigned a processor 
which is ijent~fied by the ar­
ray index. 

Array of priorities for the 
current processes. 

MODULE DESCRIPTION 
---~------------~---~----------------------~-------~-----.--

This primitive has been partially implemented to perfoIm 
schEduli~g of processes ~ith preempt10n only among operating 
system precesses. System procEsses execute only on tfie 
system prcce~sor whlle user processes Execute on the other 
processors. 
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%INCLUDE NAMCHGR; I****~ SCHEDULEH *****1 
1* THIS PRIMITIVE SCHEDULES PROCESSES TO BE RUN ON 

PROCESSORS. *1 

(CHECK (ERROfi~): 
PRIMITIVE_SCH~bULER: PRoe OPTIONS(MAIN); 

%INCLUDE osnCL-
5(.INCLUDE FCEBCi; 
%INCLUDE RCEr:CL; 
%INCLUDE GEN£EC; 

ON CHECK (EBROR) 
BEGIN; 

IF (ERBOR ,= 0) THEN GO TO RETURN_POINT; END; 

DCL (EBI,POSIT,PINAME,DUMNYFB) FIXED BINARY(1S), 
ERROR FIXED BINARY (15~ INIT(O), 

CPU CPROC PR~ (4l "-lFI~~~ BIN~g~ (15) STATIC INIT «4) O) 
, {FO'OND,DUI1MYnl,R.c. S\"n.i:!.D~PRLLdPT) EIT (1), . 

DUMMYPTR POINTERT . 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL FRIMITIVZ_INTERRUPT_DISENAELEB(ALL_INT,SAVEINIS); 

1*** SCHEDULE USER PROCESS IF PROCESSOR IS 
AVAIL~BLE ***1 

DO I = 1 TO NUM~CPU· 
If «1 ...,=SYS_PHOCESSOa) & (CURRENT_PROCESS (1) = 0» 

END; 

THEN DO; 
POSIT = 1; 
CALL RCS fI~D(#REDYA,#USERt~FNDOP5.POSIT,PINAME~ 

-DUil~IFD,PTII,ERilOilJ ; 
IF (PINAME ~= 0) THEN DO; . 

CALL RCBG£TQ{#REDYA,#USER,PINAME,DUM~YFE, 
DUMMYPTR,DUMMYFE,FOUND,DUHMYB1,ERROB) ; 

CALL PRI~ITIVE PCBD~TA(PINA~J,dFUT,~STA1US, 
- Q)Q)HUN,ERHOR}; 

CEU CPROC PRI(I) = PRI; 
CALL PRIMI~IVE rlESTORESTATE{PINAME,I,ERROR); 

EN!;; -
END; 



/*** SCHEDULE SYSTEM PROCESSES: PREEMPT IF 
NECESSARY ***1 

FOSII = ," 
CALL RCE fIND(#LEDYA,#OS,#FNDOP5,POSIT,PINAME,DU~MYFE, 

- PRI,ERROR) ; 
IF (FINAME ~= 0) THEN DO; 

IF ICURRENT P~OCESS(SYS PROCESSOR) = 0) THEN 
HE SCEED-= TaUE" -

ElS~ DO; , 
RE SCHED = FALSE; 
IF-jPRI ) CEil CPROC PRI(SYS PROCESSOR)} THEN DO; 

FHEEMPT = TRU£; - -
CALL RCBPUTQ(iREDYA,#OS~ CURRENT FROCESS( 

SYS PROCESSOR~,DU~FlYFB,CPU LPROC Pnl( 
SIS-PROCESSOR IDU~MYPTR,DUEtYFB,ERBGE); 

CALL PRI~ITIVE SAVSTATE(CUR~ENT PROCESS( 
SYS PROCE5s0R' ,SYS ?ROC.2:SS0],BRROR); 

CALL PRI~I7IVE PCBbATA(~URREjT PROCESS( 
SIS P~OCE5S0h),~PUT,IDST~TnS,~IDNEDYA,EEROR); 

END; -
ELSE PREEMPf = FALSE; . 

END; 
IF (R ESC H ED I PRE EM P 'I) THE Ii DO; -

CPU ~PROC PRI(SYS PROCESSOR) = PRI; 
C A 11: R C B GE I <.l (11.H ED Y A J. if 0 S I. PIN A L'1 E , DUM 11 Y F B , D U 11 ~ Y f T R , 

DUMfiYFB,FOUND,vU(H1rB1 ,ERROl<) ; 
CALL PRIMITIVE PCBDATA(PINAME,~PUT,~STATUS,~iRUN, 

ERROR}; -
CALL PRIMITIVE RESTORESTATE(PINAME,SYS PROCESSOR, 

ERROR); - -
END; 

END; 

1*** REENALLE THE INTERRUPTS ***1 
CALL fRIHITIVE INTERRUPT ENABLER(ALL INT,SAVEINTS); 

RETURN_POINT: ~ - -

END PRIMliIVE_SCHEDULER; 



MODULE SPECIFICATION 

NAME: ~!11fI-~!B~CTQBl TYPE: gg!~11L!] 

PARAMETEliS 
INEY~ _____ Q]IPUI-___ !!g~ ______ ~Qli1~M1~ ____________________ _ 

X-Name 

Sha_Pri 

Xnam_Pro 

NR PGS -
PglocVec 

Priority 

Interrupt 

Found 

Integer 

Integer 

Char (8) 

Integer 

Integer 
Array 

Integer 

Integer 

Bi t (1) 

Identifies d€vice external 
name. 

Device access type: sharEd or 
private. 

External name of the interface 
process. 

Number of pages in page table. 

vector of the interface Fro­
cess's page addresses. 

priority of interface precEss. 

Device interrupt identifier. 

B001ea~ indicatinq that thE 
device specified oy external 
n~me was/was not in the revice 
Dlrectory. 

EXTERNAL CALIS MADE TO OTHER MODULES 
NABf PARAMETERS PURPOSE 
-----------~-~--~------------~------------~--~------------~ 

IntErrupt Interrupt Number, 
Disabler Save Vector 

Interrupt Interrupt Number, 
enatler Save Vector 

This module i£ invoked tc dis­
dbl~ all.interrup~s whilE. 
DeV1ce Dlrectory l~ executlng. 
The status ot the lnterrupts 
is saved in the Save VEctor. 

This module i£ invoked to re· 
enable all intErrupts which 
were disabled by the current 
roodule in eXEcution. 

EXTERNAL CAllS MADE BY OThER MODULES 
]!~ ________________ RQBRQ~~ _________ ~_. _________________ ~ __ _ 

FilE Hanager 'I'his primitive is invoked to obtain the 
Input ccutrcl1e~1 rEgui~ed 4ata to creatE a device RCB and 
& Output Ccntre~ er a aeVlce lnterface process. 
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DA~A STRUCTURES USED 
!!~ _____ -11!1] _____ 11g~ ______ g~~EOS]LVALUES 

Saveint Bit(1) 
Array 

DirEctory Static 
Array 

Device Char (8) 
Name 

Access Integer 
TYFe 

Process Char (8) 
Name 

Nr. Pgs Integer 

Page 
Vector 

Integer 
Array 

Priority Integer 

Interrupt 
Number 

Integer 

Array used to save the status 
of the interrupts; arguement 
in call to Disabler and 
Enabler. 

Dictionary, indexed by exter­
nal name~ o~ the computer sys­
tem I/O a€v~ces. 

Device external name. 

Device acces~ specification: 
shared or pr~vate. 

Interface process external 
name. 

Number of pages in interface 
processes page table. 

List of page addresses fer the 
Interface process. 

priority of interface [reCESS. 

Identifies device interrupt 
nu.mber ... 

. ~QDr1]_]~~fEIE1!QB ________________________________________ _ 

This primitive.h~s te~~ desigfred to pro~ide the system with 
the necessary lntor~atlOn to create an liCE for an I/O devlce 
and an assoclated intertace process. The device extErnal 
namE need only be s~ec~fied to obtain this information. 



%INCLUDE NA~CHGR; 1* DEVICE DIRECTORY *1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * THIS PRIMITIVE IS USED BY SYSTEM PROCESSES TO GET 
THE EEQUIRED INFORMATION TO CR1ATE AN Reb FOR A 
DEVICE AND A rCB FOR THE INTERFACE PROCESS. *1 

DEVICE DIRECTORY:PROC(XNAME~SHA PRI,XNAM PBO,NRPGS,PGLCCVEC, 
- PRI,INTBP~NR,EaUNLr OPTIONS(ctAIN); 

"INCLUDE GENI:EC; 
%INCLUDE OSDCL; 

E§t f~~tM~~I~A~~~~~~R~~~~f~~~NR) FIXED EINARY; 
DCL PGLCLVEC(*) FIXED BINARY; 
DCL ~CUND BIT(1); 
DCL NR_ENTRIES FIXED BINARY STATIC INIT(3); 

Del 1 DIRECTORY (3) STATIC, 
2 DEVNAME CHAR(8) INIT('IPDEV1','FPDEV1','OPDEV1'), 
2 SHARPRI FIXi:D BINARY INIT(1,1,1), 
2 PBCXNAM CHAil(S) INIT('INPR01','FPR01','OUTPE01'), 
2 NUM PGS FIXED 13INABY INIT(1,1,1), 
2 PG Lac VSc (1) FIXED BINARY INI1:-(9.(10,11), 
2 PRIORITY FIXED BINARY INIT(~5,47,4~) 
2 INTERRUPT_LOC FIXED BINARY INIT(1,2,~); 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMITIVE_INTERRUPT_DISENABLER{ALL_INT,SAVEINTS); 

l* SEAliCIJ THE DIRECTORY FOR TEE EXTERNAL NAME *1 
DOl = 1 TO H R i N J:' ~ I E S ,,;II I L E J D E V IHd1 J:: (I) ~ == x U A i'1 E) ; E 1J D ; 
IF ( I > N I< EN T"R I E S ) l' H B N DO; 1" 0 U N D = F A L S :E; RET U B N ; END; 
1* IF FouND TRANsFEa THE DATA *1 
SHA PRI = SHARP.EI (1) ; 
XNA'E F.r.C = PROXNAH (1) ; 
NRPG~ = NUM PGS(I): 
PGLGCVEC = ~G LOC_VEC(I,*); 
PBI = PRIOHI~l(I); 
INTBFTNR = IN'IERHUPT LOC (I) ; 
FOUND = TRUE; -

1*** ENABLE THE INTERRUPTS ***L 
CALL PRIHIT IV E_INTEftR U PT....,.EU ABLER (P.LL_I NIl SA VEl N1'S) ; 

RETURN; 
END DEVICE_DIRECTORY; 
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NODULE SPECIFICATION 

PARAMETEBS 
INg~l _____ Q]1fQI ___ TYP~ ______ fQ~!]EI~ ___________________ _ 

Paramete~s SF€cified with the appropriate entry point. 

EXTERNAL CALLS ~ADE TO OTHER MODULES 
NA~1 ______ g~B~ME1~B2 __________ fQBPOS~ _____ · _. _______________ _ 

Interrupt Interrupt Number, 
Disabler Save Vector 

. IntErrupt Interrupt Number, 
enatler Save vector 

This module is invoked to dis­
able al~ int~rr~pts whi~~ 
PCB HanQl~r 1S 10 exeCU~1on. 
The status of the intErr~pts 
is saved in the Save VEctor. 

This module i~ invoked to re­
enable all intErrupts ~hich 
were disabled by the current 
module in eXEcution. 

EXTIRNAI CAllS MADE BY OTHER HODULES 
]~gl ________________ g~BRQ~~-----_--------------------------
Invcked ty processes and other primitives. 

DA11 STRUCTUEES USED 
NA~! ______ IJJ1~ ____ 11R~ ______ PUBRQ~KL!~1~E~ _________ ~--__ _ 
SavEint Bit(1) Array used to save the status 

Array of tile interrupts; arguement 
in call to Disenabler arrd 
Enabler. 

PCB 

External 
Narr,e 

Pdrent 

Child 

Left-
Sitling 

Pointer 
Array 

Based 

Char (8) 

Int'~ger 

Integ0L 

IILt(!':Jcr 

This vector contains the PCB 
reier-Bnce pointers fol.: created 
processes. The index numter is 
the process tnter-Hal namE. The 
dimension is bcunded by thE 
external variable PCE lI~IT, 
initialized at IPL, w]ich spe­
cifies the maximum nu~ber at 
FLocesses that can exi5t at 
any time ia the systEm. 

Process Control Block. 

Process external name. 

Process ·cr0dto.c. 

Internal name of depend~nt, 
r(~lat(:d process. 

Lin k !=; i n de p e II d t:: nt, r t:.~ 1 a t ( d 
PL(JC~~':;(~~;; Vdlue 1:, <4 l;lCCC::'~~; 
1. I I t 8 r fl rt 1 Ii J r.l (: 0 r z r..! L 0 • 
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Right­
Sitling 

peE Page 
TabIe_ Vec 

Integer 

Pointer 

File Integer 
Write_Cntr 

Sys Bit (1) 
Process 

Resource Bit (2) 
Vector Array 

File Integer 
status 

Me~sage_ Pointer 
P01nter 

status Char(8) 

Priority Integer 

Quantum Integer 

Cycle_ Integer 
T1me 

Processor Integer 

Registers Integer 
VEctor 

Links independent f related 
processes; value 1S a precess 
~nternal name or zero. 

Qualifies the Page Table 
structure containing the page 
addresses. 

- Value is the number of current 
file open requests for write 
access into a shared filE. 

Boolean used to qualify a pro­
cess as a system/user Frccess. 

Array used ~o~ ~dentifying re­
source acgu1s1t10n and access 
authorization. Values arE; a) 
tlNOACC - access unauthor1zed 
bj ##ACCES - access autherized 
c ##ACQRD - resource acguired 
d ##SACRF - allocated rEsour-

ces have been sacrificed. 
The array inuex is a rescurce 
internal name. 

Shared file usage identifier. 
Values are: a) *#READR - read 
only, b) ##WBITR - write or 
reao ana write access, c) 
##SACR --sacrificed writEr. 

Qualifies the message luffEr 
allocated to the process. 

Process szstem status. Values: 
a) w~BLKDli - blocked for a 

resource 

C
b) mmBLKDT - blocked for time 

) mmREDYA - blccked for a 
processor 

de) (i)(i)SUSPD - process sus fended 
) wwRUN - process scheduled. 

Process priority. 

Maximum execution time alloted 
for each a~location of the CPU 
to the process. 

Keschedule tiffie period fer a 
recurrent process. 

Processor allocated to the 
prOCESS. 

State vector: status of CPU 
registers saved when execution 
interrupted ot the initial 
state 01 execut10n. 
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Page 
Table 

Number 
Pages -

Table 

Based Contains th~ number of pagEs 
and the page addresses. 

Integer 

Integer contains the location of each 
Array . page of a process's code. 

~Q~Q1£_Q~~£B1E1IQ! ________________________________________ _ 

This module has been designed tO'be independent and to 
provide sufficient flexib11ity for modiflcation. A PCB 
structure has been defined above which is allocated dynami­
cally. Data is entered or retrieved by 'invoking the module 
at t~e.dat~-typ~-sFecifie4 entry point. The entry point 
specLilcatlons nave been aone separately., 
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%INCLU£E NAMCHGR; 1***** PCE STRUCTURES *****1 
PCBSTR: EBOC OPTIONS (NAIN) ; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
OPERATING SYSTEM SUBMODULE 1 OF DATA SiBUCTURES. 

THIS MODULE IS DESIGNED TO BE INDEPENDENT OF THE OTHER 
O.S. MODULES AND TO ~hOVIDE SUFfICIBNT FLEXIBILITY FCR 
EASE OF MODIFICATION. A PRIMITIVE PCB STRUCTURE IS 
DEFINED FOB WHICH SPACE IS ALLOCATED DYNAMICALLY. 
IN10RMA1ION IS ENTERED INTO AND RETRIEVED FBOM ELEMENTS 
OF THE SiRUCTURE THROUGH A CALL TO THIS ~ODULE AT A 
S P E' C I FIE DEN l' H Y POI lJ T DE P Z N D I l~ G Q.N -r HE T YF E 0 FDA T A 

l IE. CHARACTER{BIT STRING, INTEGER l INTEGER ARRAY). 
SIMPLIFIED PAGE TABLE IS SIHILAR~Y DiFINED AND 

ALLOCA1ED, AND IS LINKED TO THE ~PPROP~IATE PCB. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *1 

%INCLUDE GENI:EC; 
%INCLUDE CSDCL; 
%INCLUDE PCELCL; 
iINCLUDE CASESTM; 

DCL NUME_PAGES FIXED BINARY; 

Del ECB_liEF_AIlRAY (50) POINTER STATIC; 

Del 1 PCB BASED (PCB_PTR) ALIGNED, 

2 EXTERNAL_NAME CHAR(8), 

2 IMMEDI~TE RBLATIVES, 
3 ( PAR EN'T, 

CHILD, 
LEFT SIDLING, 
RIGH~_SIBLING )PIXED BINARY, 

2 PCB_PAGE_TABLE_PTR POINTER, 

2 RESOUHCES 
3 FILE SHAhE W3ITE CTR FIXED BINARY, 
3 V A LIn s Y S 11 ROC E S3 BIT ( 1) , 
3 B E SOU RC E _ v Let 1 2 0 ) b I-T (2) , 
3 FILE STATUS FIXED BINARY 
3 MESS~GE_POINTER FOINTER,' 

2 fROCESS EXECUTION DATA, 
3 STA~US C~AR(d), 
3 ( PRrOI1Il' t, 

QUANTUt1, 
CYCL:::; l'.I:1E, 
PROCB3Sh ) FIXED 

3 REGISTLhS(10) FIXED 
BINAItY, 
B I H A ~l Y (3 1) ; 

DCL 1 PiiGE TABLE 0J\SED (PAGE 1ABLE l'TR), 
2 N U l'l E 1: B I' il G 1:. ~ f I X r; {) 1:) IlJ A h Y ! -
2 TAB 1 E ('[.j U ~l BrA G f. S REf E n ( H U £1 B E ;~ _ P AGE S) ) 

F I X L D iJJ!J A l~ Y ( 1 S) ; 
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1* INITIALIZE PCB REFERENCE VECTOR TO NULL AND LAEEL 
INDICIES. THIS INITIALIZATION IS INTENDED TO EE 
DCNE AT 1PL TIME BY THE SYSTEM SUPERVISOR. *1 

PCBS1RIllT: ENTRY; 

DCL FIRSI BIT(1) STATIC INIT(11'B}; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRI~I~IVE_INTERRUPT_DISENABLER(ALL_INT,SAVEIN~S); 

IF FIRST THEN DO; 
FIRST = fALSE; 

PCB REF ARRAY = NULL; 
ALLtCA1~ PCE SET {PCB PTR); 
PCB REF ARRAYj1) = P~B PTR; 
PCE-PA(~ TABLL ~TR = NULL; 
QUA"NTUt.l,--
CHILD, 
LEE1 SIBLING, 
RIGBl SIBLIN G, 
PARFN]: 
FILE sfATUS, 
FILE-SHARE ~RITE CTR, 
CYCL~ 11rlE- = 0; 
PRIORITY = 50; 
VALID SYS PROCESS = TRUE; 
STA1U~ = illmREDY~· 
EXTERNAL NAHE = IERRHNDLR'; 
RESOURCE-VEe = 'OO'E; 
REGISTERS = 0; 

END; 
1*** ENABLE THE INTERRUPTS ***1 

CALL PRIMITIVE INTERfiUPT ENABLER (ALL INT,SAVEINTS) 
RETURN; - - -
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ENTRY POINT SPECIFICATION 

PARAMETEBS 
!]R]1 ____ ~Q~1R~--TYE~------~Q~~1~-------~-------------
Parent 

Ri ht 
Si£liiig 

External 
Name -

Priority 

Sys_Proc 

State 

Cycle_ 
T1IDe 

Integer 

Integer 

Char (8) 

Integer 

Bit (1) 

Integer 
Array 

Internal Int2ger 
Name -

Integer 

Error Integer 

Process creater. 

Child of the parent---may be 
zero. 

External name ef the process. 

priority of the process. 

System/User process bcolean. 
Values: #OS er if USER • 

Initial state vector used to 
set the CPU registers ufcn 
allocation of a processor for 
execut1.on. 

Process internal name. 

Reschedule tiIDe period fer a 
recurr.ent process. 

Error condition code. ValUES: 
a) 205 - Pl:B space unavailable 

ENTRY POINT r.ESCRIPTION . 
---------------------------~-~---~------------------~------

This entry point is invoked when a new process is being 
crea~ed. A PCE is allocated and initiallzed rrovided Sfac€ 
is availa~le and the number of allowable processes 
(PCB_1I~jI'I) is r.9t e!,<;:eeded~ ~ process internal Dame. is . 
retu~ned LO the lnvoK1ng modu~e and PCn r~ference pOlater lS 
savej in the feB iefer~nce vector until the fLocess is 
destroyed. The entry point is restricted tram direct access 
by a user preCESS. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT IS INVOKED WHEN A NEW PCB IS 10 BE 
ALLOCATED AND INITIALIZED. AN INTERNAL NAME IS 
ASSIGNED AND A PCB ALLOCATED If SPACE IS aVAILABLE 
(IF THE NUMBER OF ALLOWAELE PROGRAMS IN THE SYSTEM 
15 NeT EXCEEDED •••• PRESENTLY 50). *1 

GETPCB: ENTRY (FATHER,EROTHER,hX~ NAMELPRI,SYS PROC,STATE, 
INTERNAL_NAL1E,CYCL'E,ERRuR); -

DeL (FATH~R,BROTHER,PRI,CYCLE,lNTERNAL NAME) 
F1XEt BINARY; -

DeL EXT NAME CHAR (8) ; 
DeL SYS-PEOC EIT(1); 
DeL STA~E (*) FIX1D BINARY (31) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMITIVE_INTEHRUPT_DISENABLER(aLL_INT,SAVEIN1S); 

R 1: 

1* GET INTERNAL NAME. *1 
DO INTERNAL NAME =1 TO PCB LIM 

WHIL£;- (PCB liEF ARRAY1INTERNAL NAME)...,= NULL) ; 
END- - - -

IF (INTERNAL NAL1E > PCB LIt1) THEN DO; 
INTEbNAL NAME = 0; ~RROR = 205; GO TO R1; 
END; -

1* ALLOCATE AND INITIALIZE THE PCB. *1 
ALLCCATE PCB SET( PCB PTR\; 
PCB bEF ARRAYJINTERNAL ~A~E)=FCB FTR­
PCB-FAG~TAE1L PTR=NULL; -' 
QUANTUM,CHILD,LE?T SI31ING,PROCESSR = 0; 
RESOURCE VEC = fOI~; 
STAIUS= QjJSUSPD; 
PARENi=FA'IHEF~ ; 
RIGHi SIBLING=JRCTHER; 
PHIOE'Il'Y=PRI; 
EXTERNAL NAME=EXT NAME; 
CYCLE TIEE=CYCLE·­
REscUBcE VEC = '60'B; 
VALlt SY3 PROCESS = SYS PRDe; 
DO 1=1 10-10; -

REGIS~i'EHS (I) =STATE (1) ; 
END; 

1*** ENABLE THE INTERRUPTS ***/ 
CALL PRIMITIVE INT~RhUPT ENABLER (ALL INT1SAVEINTS); 

BETUEN; - - -
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ENTRl POINT SPECIFICATION 

PARAMETEES 
~gQl _____ Q]lPU! ____ !!R~ ______ ~QNT~~1~ ____________________ _ 

Internal Integer Internal name cf the process 
being destroyed. Name -

Error conditicn code. Values: 
a) 201 - Invalid procEss name. 
b) 202 - Inactiv€ PCB number. 

Error Integer 

ENTiY POINi DESCRIPTION 
---~--------~-------------~--~------~-----T-----~--------
Deallocation of a PCB dnd associated Page Table, and fre8ing 
of tbe internal nallie for futnre use is accornflished whEn 
this entry pcint is iuvoked. Entry is restricted from direct 
access by USEr processes. 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * LEALLOCATION OF A PCB AND ASSOCIATED PAGE TABLE, AND 
FREEING Of THE INTERNAL NAME FOR FUiURE USB IS 
ACCOMPLISHED WHEN THIS ENTRY POINT IS INVOKED. *1 

RELPCB: ENTRY (INTERNAL_NAME,ERROR) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL FRIMITIVE_INTERRUPT_DISENABLER(ALL_INT,SAVEINTS); 

R2: 

1* VERIPY PCB NU~BER AND ACCESS. *1 
IF INVALID(INTERNAL_NAME) THEN GO TO B2; 

1* DEALLOCATE THE PCB AND PAGE TAELE. *1 
IF(PCE PAGE TA3LE PTR,=NULLl THEN DO; 

PAG~ TAB~E BTR~2CE ~AGE lAbLE PTR; 
FEEE-PAGE~~AB1E; - - -

END; 
PCb REF ARBAl(INIE3NAL UAME)=NULL; 
FRE! PCBi -

CALL FRIMITIVE lNTERRUPT ENABLER~ALL INi,SAVEINlS) 
1*** EnAD~E THE INT3BBUP1S *~*I 

RETUBN; 
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ENTRY POINT SPECIFICATION 

MODULE N AL1E: 

PAHAl'lETEES 
INPUT 0 UTPUT TYPE CONTENTS 

~----~-~-----------------------------~----.-

PXnaI'.le Char (8) 

Integer 

Integer 

Process external name. 

Process internal nam~. Plname 

Error Error" condition code. Values: 
a) 206 - Process not found. 

EN1]1_POJ]1_]]~~BJfTlgB-__________________________________ ~ 

This entry pcint searches the list of active PCB's to find 
the I,rocess sEecifiedby external name and return the in­
terD~l name i~ found. 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT SBARCHES THE LIST OF ACTIVE PCB'S 
TO lCCA1~ THE PROCBSS ~ITH EXTERNAL NA~E ('PXNANEI) 
AND ~ETURNS ITS INTERNAL NAME C'PINAME'). IF NOT 
FOU1D AN ERRCR CONDITION IS RAISED. *1 

FIND_PINAI1E: ENTRY (PXNAME, PINAME,ERROB) ; 

DeL fXNAME CHA3 (8); 
Del fINANE FIXED B~NARY; 

1*** DISENAbLE ALL INTERRUPTS ***1 
CALL fRIMITIVE_INrERRUPT_DISENAbLER(ALL_I~T,SAVEINTS); 

R3: 

DO I = 1 TO PCB LIM; 
FeB FTR = FC~ ~EF ARRAY(I); 
IF l(fCB PIR ~= NULL) E (EXTERNAL NAME = PXNAME» 

THEN DO; PINAM~ = f; GO TO-R3; RND; 
END-
EHRCR = 206; 
PINAME = 0; 

1*** ENA~LE THE INTERRUPTS ***1 
CALL ERIMITIVE_INTERRUPT_ENABLER(ALL_INT,SAVEINTS) 

RETURN; 

154 



ENTRY POINT SPECIFICATION 

HODULE NAME: PCB SlRUCTURE~ ENTRY NAME: g~EQAT!=GE~l]IC 

PAlfIliETE ES 
l]PU1 _____ Q]lEQ1----1YPE-----~~!!EN!~ ____________________ _ 

****~;*******Common Parameters To Each Entry Point*********** 

PCB_fumb 

Put/Get 

FiEld#-

Error 

.Integer 

Bi t (1) 

Integer 

Integer 

Process internal name. 

0feration identifier. Values: 
a mPUT - enter data in speci­

fied field of the PCB. 
b) ~GET - return CODY of 

data stored in s~ec~fied 
PCB field. 

PCB field identiiier. Values: 
a) &BORHNR - Page TaDle refer­

used to obta1n address of a 
speci+ied page. Put Of era­
tl.on lnvalld. 

b) wBRMVEC - Page table refer­
ence used to get a cOFY of 
the page table. 

C wCHILD - PCB Child field. 
d wCYCLE - PCB Cycle Time. 
e mFSTAT - F11e ~tatus. 
f wFWCNTR - Fil~ Write~Cntr. 
Q ~LFTSIB - Leit-Siblina. 
li MSGPTR - Messa~e Poin~er. 
i ~NR PGS - Number-Paaes. 
j IDPATIENT - parent7 J 

R wPE NR ~ Processor. 
1 illPRIRTY priority. 

mQUANTM - ~uantum. m 
n 
o 
p 
g 
r 
s 

whESVEC - Besource Vector. 
mRGTSIB - light siIling. 
wSTATE - Reglste~s. 
QSTATUS - status. 
mSYSPRO - Sys Process. 
mXNAME - Exte~nal_Name. 

Error condition codes. Values: al201 - Invalid process name,. 
b 202 - Inactive-PCB nurrber. 
c 203 - Invalid field n~mber. 
d 204 Invalid operaticn. 

~]1]1_P01Bl-n]~~EIElIQ~----------------------_-------_____ _ 
~hesE entry faints, are invoked to 8nter or get a COfY cf, 
aata from a fCB. They all have at least tour ~draill~t~rs 1n 
commcn; the f~rst th:r;p-E: which i~Entify the P£;:n numnf'r, Eut 
o r 9 ~ top ~ I; -.l t. 1 0 !l , and the ;;, C B t 1. ~ 1 d , r 8 S 1.) e c t 1. V (~1}' . The L r l' 0 r 
par a IT, e teL .1 ~ tIt 8- 1 a oS t po. r a III e tel 111 e a c h ~ n try i: 0 1 n t . 
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********************Generic Entry Points******************** 

DATCHAH Entry point Specification. 

PARAMETEES 
1]RUT~ __ Q11EUT ___ I1£~ ______ ~QMTEN!~ ____________________ _ 

Charparm Charparm Char(8) Transfer of character aata. 

DATFIXB Entry Point Specification. 

PARA~ETEBS INEQ1 _____ Q]lPUT ___ TY£~ ______ ~QNT~li!§~ ___________________ _ 

Fixbparm Fixbparm Integer Transfer of integer data. 
(i)PUT unauthorized ill fields: 
~BHMVEC and ~NB PGS. ~~E~ not 
authorized in fIeld wERMVEC if 
the Page Table is unallocated. 

DATEIT2 Entry Point Specification. 

PARAl"~ETEES 
INPU1 OUTPUT TYPE CONTENrS 
------~-~-~------~-------------------~-------------------

L Linl -
B2ary B2ary 

Integer 

Integer 

Bit (2) 
Array 

Array lo~er limit. 

Array upper limit. 

Transfer of bits data into or 
from an element of, pcrtion of 
or the entire resource vEctor. 

DATAPYS Entry Point Specification. 

-
PARAr~ETEBS 
INPU1 OU1PUT TYPE CONTENTS 
------------------------~--------------------------~-------

L_LiIlJ 

U_Liu~ 

SFBary SFf:ary 

Integer 

Integer 

Int€ger 
Array 

Array lower limit. 

Array upper limit. 

Trans~er short integer arra~ 
d a t a ~ n too r fro m a 1"1 e 1 e fi: e n t 
of, portion at or the entite 
Page Tahle Vecfor. aGET is not 
authorizEJ if the table is not 
alloca ted. 

DATAPYL Entry Point Specification. 

LFBary LFLary III t0g~r 
ArrdY 

T r it n ~~ ~ {~ rIel n gin t (; 'J (~r. d r I a 'i 
d :1 t d l n t 0 Q r fro !i1 ttl (-! r c [ 
field - B2~i~ter5. 

1:)6 



DATEIT1 Entry Point Specification. 

PARAMETEES 
INPUT OUTPUT TYPE CONTENTS 
-----------------------~---------------------------------
Bitlparm Bit(1) Transfer a copy of data from 

PCB field Sys Process only. 
Field initialIzed when FLocess 
created. 

DATPTR Entry Point Specification. 

PARANETEES 
INPUT OUTPUT TYPE CONTEN15 ----------------7---------------------------------
Ptrparm Ptrparm Pointer . Transfer pointer data identi­

fying the precess1s message 
buffer. 

ENTRY FOINT DESCRIPTION 
-----------------~-----------------------~----------------

The entry point is ~elected by a pr~processor ge~eric fro­
cedure wnich determlnes the approprlate entry pOlnt by the 
number of argueulents in the call and their data type. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THE FOLLOWING EKTfiY POINTS ARE INVOKED TU ENTEF IN 
CB GET A COpy OF DATA PdOM A PCB. THEY ALL HAVE AT 
LEAS1 FIVE PARAMETERS. THE FIRST IS THE PCB NUMBER 
THE SECOND SPECIFIES IF THE OPERATION IS A PUT OB A 
GET, THE THIRD IDBNTIFIES THE FIELD, THE NEXT 
PARAMETERS ARE DATA PARAMETERS, AND THE LAST 
PARAMETER IS AN E~ROR PARAMETER. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * *1 

DeL 

DeL 
LeL 
LeL 

(PCB NUMB,FIELD#,ERROR) FIXED BINARY, 
PUTG"IT BIT (1) ; 
(L LIM,ll LIM) FIXED BINARY; 
INDX FIxED BINARY; 
(BAE L LIM FIXED BINARY STATIC INITj1l' CHAR-U-LIM FIXED BINARY STATIC INI! 2 , 

1* * 

FI"Xi:::L-LIM FIXED blNAhY STATIC IKIT 1 , 
FIXE U:LIl1 FIXED bINARY S1'ATIC INli 1 ), 
EIT2-L LIM FIlED BINARY STATIC INIT 1~, 
EIT2-U-LIM FIXED BINARY STATIC INIT 1 I 

B E S vEt: U L I t'l }' I XED E I N A E. Y 5 TAT I C 1 I ( 1 2 0) , 
ARY~ L LI~ FIXED BINARY STATIC INIT 11' 
ARYS-U-LIn FIXED BINARY STATIC INIT 1 , 
ARYl:L:LIM FIXED nINARY STATIC INIT 1 , 
ARYL U LIN FIXED BINARY STATIC INIT 1 , 
EIT1~L-Llr. FIXED BINARY STATIC INIT 11' 
EIT1-U-LIM FIXED BINARY STATIC INIT 1 , 
PTR I LIM YIXiD BINARY STATIC INIT 1 , 

P~R_~~LIM FIXED bINARY STATIC INIT(1); 

* * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT IS INVOKED TO BNfER OR GET A COPI 
GF CHARACTER TYPE DATA. *1 

DATCHAR: ENTRY(PCB_NUMB,PUTGET,FIELD#,CHARPARM,ERROR); 

LeL CEARfARM CHAH (8) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL fRI~ITIVE_INTERRUpr_DISENABLER(ALL_INT,SAVEIN1S); 

1* VERIFY PCB NUHBEB, ACCESS 
IF (INVAIID{PCE NU~b»)THEN GO TO R4; 
I F «( FIE L D # > C11 A i\ U L I :1 ) ~ ( FIE L D y < 

DO; - - " 
EBROR = 203; 
GO TO R4; 

END; 

ANr OPERATION. *1 
CHAR_L_LIM» THEN 

1* THE I N DE X I N TO THE C 11 S EST ATE i1 E NT I 5 CO [1 PUT E D 'I C 
FEFLECT ~Hb FIELD AND OPERATION DESIRED *1 
INDX = 2* FIELD# ; 
IF (1?U~GET = Q)GET) THEN INUX = IUDX-1; 

DO A C 'I ION OF CAS i:. (I tl D X) ; 
LAS E 111 -; C 11 ~~ hPJ. H ~1 = S TAT US; END CAS E ; 
CASE 2 : STA~US = CHhkPA~M; ENDCAS£; 
CAS E 3 : C Ii A It P II 1~ ['i = 1~ Z T E. H ~ II L 1-1 A dE; E NBC A S E ; 
CASE 4 : EXT£RhAL NAME = ClrhTIPARL1; ENDCASE; 

END_CF_CASE5; -

R4: / * * * £ tl A f3 L 1': 'I II E IN T L r~ H UP l' S * * * I "" 
( A L 1.. f H J i·j 11"1 V LIN J. I~ H F U ? T E :~ jd~ L L ~ (A 1. LIN T , S A V L 1 N T S ) 
fETUt1N; - - -

158 



/* * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * THIS ENTR~ POINT IS USED TO ACCESS INTEGER 
(FIXED BINARY) TYPE DATA. *1 

DAT.FIXE: ENTR~(PCB_NUMB,PUTGET,FIELD#,FIXBPARM,ERBOR); 

DeL FIXBfABM FIXED BINARY; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL EBI~ITIVE_INTERRUPT_DISENABLER(ALL_INT,SAVEIN1S); 

1* VERIFY PCB NUMEEB, ACCESS ANL OPERATION. *1 
IF ( I N V A LID (P C 13 N U !'JJ3) ) THE N GOT 0 R 5 • 
IF «(EIELD~ < "FIXE l_LIM) j (FIELD# > FIXB_U_LIM» THEN 

DO; ERROR = 203; TIO TO B5; END; 

1* THE INDEX INTO THE CASE STATEMENT IS COMPUTED TC 
REELECT IHE FIELD .AND OPERATION DESIRED */ 
INDX = 2 * FIELD~; 
IF (~UTGEl ~ roGET) THEN INDX = INDX - 1; 

DO ACTION OF CASE (INDX) ; 
~A3E 11~ FIXBPARN = PRIORITY; ENCCASE; 
CASE 2 : PRIORITY = FIXBPARM; ENDCASE; 
CASE 3 : FIXBPARM = QUANTU~; ENDCASE; 
CASE 4 : QUANTUM = FIXDPABM; ENtCASE; 

. CASE 5 : FIXBPARM = PaRENT; ENDCASE; 
CASE 6 : PARENT = FIXBPARM; ENDCASE; 
CASE 7 : FIXBPARb = CHILD; ENDCASE; 
CASE 8 : CHILD = FIXBPARtl; ENtCASE; 
CASE 9 : FIXBPARM = LEFT SIBLING; ENDCASE; 
CASE 10): LEFT SIBLING =-FIXBPARM; ENLCASE; 
CASE 11): FIXE?A~M = RIGHT SIBLING; ENtChS~; 
CASE l~j: RIGHT SIbLING = FIXBPARtl; ENLCASE; 
CAS~ 13 : FIXB2!R~ = PROCBSSR; ENDCASE; 
CASE,14 : PROCESSR = FIXBPARM; ENBCASE; 
CASE(15): IF (PCB P~GE TABLE PTR = NULL) THEN 

r"IXE'PARH :: 0; -
ELSE DO; 

PAGE TABLE PTR = PCB PAGE TABLE PTR; 
FIXEPARM =-NUMBER PA~ES; - -

END; -
E'"rU::CA!:jE; 

CASE(lb): ERBOR = 204; ENDCASE; 
CASE(17): IF (PCB PAGE TABLE PTB = NULL) THEN DO; 

PIXLPARH ~ 0; rHROR = 204; 

ENLCASE; 

END; 
ELSE DO;.-, 

PAGE ~ABLE PTR = PCB PAGE TABLE PTR; 
IF (1 f I X B PA It L1 < 1) ,- - -

(FIXBPARU > NUMBER PAGES)} THEN 
ETIROR = 204; -

ELSE FIXclPAEM = TABLB(FIXEPARM) 
END; 

CASE 18l; EIU~OR = 204i ENDCASE; 
CASE 19 : FIXBPARM = yILE STATUS; ENDCASE; 
CASE 20 : FILE SfATUS = FIXBP~RM; ENCCASE; 
CPoS ~ L}): F I X 21' A r: .. : = F I L F 5 HAn E ~l!{ 1'1.1 E C'T;i,; ,t; N tc AS 1. ; 
CAS.t 2 L): F I L E .3 H i, 2 E ;.j R 1'1 I C'1' H := F I X D PAn L1 ; EN r: CAS E ; 
C 11 S 1 (2 J ~: F J Y. {j ~ i\ }Ul = - eye L L - T I r·! E; £ j~ DCA S E ; 
CbSE (L4 J : CYCLE 'i'Ll'll:: = FIXvPld\l1; ENiJCliSl:; 

END_Cr_CASES; 

R5: 
1*** ENJ\rLr~ THE INTf:HHUPTS ***1 

C 1'1. L L F i< I ~ll T 1"";::; I ~l 1':. J 1'. UP T r. l; A fj L r~ I{ (A 1. T... I NT I S A V E I N'l S) 
r.ETU8N; """t - -

159 



1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT IS USED TO ACCESS EIT(2) ARRAY DATA 
*1 

DATEIT2: ENTRY(PCB NUMB,PUTGET,FIELD#,L LIM,U LIM,B2ARY, 
ERRUli) ; --

DC~ E2AHY (*) BIT (2) ; 

/*** DISENABLE ALL INTERRUPTS ***/ 
CALL PRI~ITIVE_INIEBRUPT_DISENABLER(ALL_I~T,SAVEIN1S); 

1* VERIFY PCB NUMBER, ACCESS AND OPERATION. *1 
IF (INVAIID(PCB NUNB» THEN GO TO R6' 
IF Dd ~FIELD# < BIT2_L_1I~) I (F'IELD#:> BI'I'2_U_LI~1» THEN 

EEROH = 203; 
GG TC R6; 

INC· 
IF «(I_LIM < 1) I (U_LIM > RES_VEC_U_LIM» THEN 

DO' 
~BROIt = 204; 
GO TO R6; 

END; 

1* THE INDEX INTO THE CASE STATEMENT IS COMPUTED TC 
REFLECT ThE FIELD AND OPERATION DESIRED *1 
INDX = 2 * FIELD#; 
IF (POTGET = ~GET) THEN INDX = INDX - 1; 

DO AC1ICN OF CASE(INDX); 
~ASE(1)~ DO 1 ~ L LIM TO U LIM; 

B2ARyen = RES OunCE VEe (I) ; 
END; -

EN[CASE: 
CASE(2): DO I = L LId TO U LIM~ 

RESOU£(~E VEe (1)·-= BLARY (I) ; 
END; -

ENICASE; 
E.N D_ CF_ CASES; 

R6: 
1*** ENABLE THL INI~RRUPTS ***1 

CbLL PRIMITIVE IUTiRliUPT ENABLER (ALL INi,SAVEINTS) 
BETUEN; - - -
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS EN~RY POINT IS USED TO ACCESS FIXED BINARY(15) 
ARRAY DATA *1 

- DATARYS: ENTRY(PCB NUMB,PUTGET,FIELDj,L LIM,D LIM,SFEARY, 
ERRUh) ; --

DeL SEBARY (*) FIXED BINARY; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL FRIMITIVE_INTERRUPT_DISENABLER(ALL_INT,SAVEIN1S); 

1* VERIFY FCB NUMBER, ACCESS AND OPERATION. *1 
IF (INVAIID(PCB NUMd}) THEN GO TO R7; 
IF «FIELD# < ARYS L_LIM) I (FIELD~ > ARIS_U_1111» THEN 

DO; -
ERROR = 203; 
GO TC R7; 

END; 

/* THE INDEX INTO THE CASE STATE~ENT IS COMPUTED TC 
PEFLECT iHE FIELD AUD OPERATION DESIRED *1 

INDX = 2 * FIELD# ; 
IF (PU1GET = &GET) THEN INDX = INDX - 1; 

DO ACTICN OF CASE(INDX) ; 
~ASE (1): IF (PCb PAGE TABLE l'TR = NULL) THEN 

ERRoR = 21)4; -
ELSE DO· 

PAGE fABLE PTR = PCB PAGE TA1~E PTE; 
IF (11 LIM-< 1) J (U LIM >-NUMBE~ PAGES)} 
THE~ ERROR = 204; - ~ 
ELSE 

END; 

DO I = L ~IM TO U LIM; 
SFBARY1I) = TABLE{J); 

END; 

ENICASE; 
CASE (2): IF (L ~IM ..,= 1) I (U_LIM < 1») THEN DO; 

EEflOn = 20L!; 
RETURN; 

END; 
IF (PCb PAGE TABLE FIR ..,: NULL) THEN DO; 

PAG3-TABL~ PTR E PCB PAGE TABLE PTR; 
FREE-PaGE ~ABLE; - - -

END; -
NUMB PAGES = U LIM; 
ALLOtATE Pi'.GE TABLE SET (PAGE 'IABLE PiB) ; 
PCB PAG~ TADL~ PTR = PAGE TAILE PIR; 
DO 1 = '-TO U II~; - -

TABLE (I) = SFEARY (I) ; 
END; 

EHrCASE· 
END OF CASES; 

B7; - -
1*** ENABLE THE INTETIRUPTS ***1 

CALL fRIMITIVE_IN1~HRUFr_ENAELER(ALL_INT,SAVEIN1S); 
i.ETURN; 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENiRY POINT IS OSED TO ACCESS FIXED 3INABY(31) 
ARRAY DATA. *1 

DATARY1: ENTBY(FCB_NUME,PUTGET,FIELD#,LFBABY,ERROR); 

DeL LFBABY (*) FIXED BINARY (31) ; 

1*** DISENABLE ALL INTERRUPTS ***/ 
CALL PRIMITIVE_INTERRUPT_DISENABLER(ALL_I~T,SAVEIN~S); 

/* VERIFY PCB NUMBER ACCESS AND OPERATION *1 
IF (INVAI1D(PCB NUMB» THEN G6 TO B8; • 
1 F D~ [F IE L D # < A R Y L_ L _ tIM) I ( FIE L D # >. A R Y L _ U _1 I M» THE N 

ERROR = 204; 
GC TC F8; 

ENt; 

1* THE INDEX INTO THE CASE STATEMENT IS COMPUTED TC 
tEFLECT 1EE FIELD AND OPERATION DESIRED 
INDX = 2 * FIELD_; 
IF (PUTGET = wGET) THEN INDX = INDX -1; 

DO AC'IION OF CASE (INDX) i . 
~ASE(1): DO I = 1 TO 10· 

LFi3ARY (I) = REGISTERS (1) ; 
END; 

ENI:CASE; 
CASE(2): DO I = 1 TO 10; 

REGI5T:t:RS (I) = LFEARY (I) ; 
END; 

ENtCA5E; 
END_OF_CASES; 

B8 : 
1*** ENABLE THE INTERRUPTS ***1 

CALL PRIMITIVE INTiBRUP~ ENAB1E~(AL1 INT,SAVEINTS) 
rlETUBN; - - -

*1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 'IBIS ENTRY POINT IS USED TO ACCESS BIT (1) DATA. *1 
D A :l BIT 1: EN TRY (P C B _ N U f'1 B , PUT GET, fIE L D # , BIT 1 PAR [1 , ERR 0 It) ; 

VCL EIT1FARM BIT(1); 

, /*** DISEHAELE ..1LL INTERRUP.TS ***L 
CALL fRI t:ITI V E_INTEhF, U prr_DIS ENABLER (ALL_I NT I SA V EI N 1:5) : 

1* VERIFY PCb NUMBER, ACCESS ANL OP~HATION. *1 
~F (INVALID (2CB NU~·lD) l THEN GO TO R9; 
IF ((FIELD1T < BIT1 L 1.1:1) , (FIELD# > BI'I1_U_LIH» THEN 

DO; - -
EEBOE = 204; 
GO TO R9; 

EN!;: 

1* THE INDEX INTO ThE CASE STATEM~NT IS COMPUTED TC 
i{ E F LEe T I H E F J E L D 1\ IJ D l.J PER A T ION DIS I r: E D * I 
INDX = 2 * FILLD#; 
;: F ( l? U T GET = iV GET) T H 1:: ~l I N D X = I N D X - 1; 

HO AC'IICN OF CASE (INDX) ; 
cASE (1): iJIT"tPAi\;-: = VilLID 5YS l>HOCF;SS; £NDCASf; 
CAS E (2): E rt t. () H = 2 0 (l ; E N 11 CAS ~ ; 

}~ND_Or_CASI~ ; 

H9; 
/"4** FHl,BLE 'IdE INTEf<HUPTS ***1 

CALL [i\IMITIVE IHTw;hJ.illPT ENl\iJLE[~(ALL INT,ShVEINJS) 
EETUfiN; - - -
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1* * * ~ * * * * * * * * * * * * * * * * * * * * * * * * * 
THI~ ENTRY POINT IS USED TO ACCESS POINTER DATA. *1 

DA~PTR: ENIRY(PCE_NU~B,PUTGET,FIELDi,PTRPABM,ERiOR); 

veL flbEARM POINTER; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL fRIMITIVE_INTERRUPT_DISENABLER(ALL_INT,SAVEINIS); 

1* VERIFY PCB NUMBEB, ACCESS AN~ OPERA1ION. *1 
IF (INVAlID(PCE NUMB»THEN GO TO Bl0-
IF (FIELD~ < PTR 1 LIN) i (FIELD~ >' PTR U LIM» THEN 

DO; - - - -
ERROR = 203; 
GO TO R10; 

END; 

1* THE INDEX INTO THE CASE STATEMENT IS COMPUTED TC 
REFLECT 1RE FIELD AND OPERATION DESI3ED *1 
INDX = 2 * FIELD#-; 
IF (PUTGET = mGE1) THEN INDX = INDX - 1; 

DO ACIION OF CASE (INDX~ ; 
~ASE(l)~ PTRPARM = clESSAGE POINTER; 
CASE(2): MESSAGE POINTER =-PTRPARM; 

2ND OF CASES· ~ - - , 
R10: 

ENDCASE; 
ENDCASE; 

1*** ENABLE THE INTERRUPTS ***1 . 
CALL PRIMITIVE_INTERRUPT_ENABLER(AL~_INT,SAVEINTS) 
BETUliN; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * INVALID CHECKS THi PCEi PASSES TO INSURE THA~ THE 
PROCESS CONTROL ELOCK IS CURRENTLY ACTIVE AND ALSO 
SETS THE POINTE~ TO THE PROPER ECB FOR DATA ACCESS. 

DCL INVALID ENTRY (7IXED BINARY) RETURNS(EI~(1)} 

INVALIB: EBOC (PCBif) RETURNS (BIT (1)) ; 

DCL fCB# FIXED BINARY; 
IF «PCiHf = 0) (; (PUIGBT = wGET» THEN 

Pc13if ::: cunBENT PROCESS (PROCESSOH) ; 
IF (fCE ~ < 1) I ([Jeb t~ )-50) 'IHEN DO; 

fREOR = 201 ; 
RE'IURN (TRUE) ; 

END" 
PCE F'IR = -'PCB REF A2RAY (PC8#); 
IF 1 f C B F 'I R = - t: U L L) T Ii END 0 ; 

ERhO] = 202; 
R E '1 U !i N (T:~ u E) ; 

END; 
H E l' U [, N (c A L S E) i 

END INvJ\LIL; 

END PCBS'IH; 
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MODULE SPECIFICATION 

- TYPE: gBI~~111] 

PARA:1ETEliS IB£Q! _____ Q]lgQI-___ l1g] ______ fQlil~li!~ ___________________ __ 

Parameters SFecified With The Entry Point SFecifica~ion. 

EXTERNAL CALIS MADE TO OTHER MODULES 
]h~! ______ g!B~~t1~ES~ _________ RQRPOS~ ___ ~ _________________ _ 

InteLruft Interrupt Number, 
Disabler Save vector 

This module is invoked to dis­
able all interrupts while 
liCB Handler is in execution. 
The status of the intErrupts 
is saved in the Save Vector. 

Interrupt Int€rrupt Number, 
enabler SaVE Vector 

This module is invoked tc re­
Enable all intErrupts which 
were disabled by tne current 
module in execution. 

EXTERNAL CAllS MADE BY OTHER MODULES 
NAME puaposs . 
----~-~-~----------------~~--------------------------~-~ 
Invoked by other p~imitives and only system Frocesses. 

DATA STBUCTU~ES USED 
NA~£ ______ Ill1n _____ 11PE ______ RQ]ROS]L!A1~!~~ _____________ _ 

Saveint Bit(1) 
Array 

Array used to save the status 
of the interrupts; arguement 
in call to Disabler and 
Enabler. 

Resource 
Control -
Block -

Assigned 

Creator 

Owner 

Ext_Name 

D(;;'Jice 
Status -

structure This structurE has been de­
signed to store administrative 
ana operational data used in 
the managiI1g cf ~i'GteID r~sour­
ces; u.e., S€mapnores, FlIes, 
DeYlces, and data storage COll­
talners (l'CT' s) • 

Bit (1) 

Integer 

Integer 

Char (8) 

Bit (1) 

Determines if the £850urce 
Control Block is assigned to 
a resource. 

Process that created th~ RCB. 

Process that has been aSEign8d 
control of th€ resourCE. 

External ndme of the rescurcc. 

Device access state. 'Jalues: 
a) 6iGO - tll.€ d(:vic(~ i[~ activ(: 
b) #iltJOLD - acc\.'':''';s to t i l·..:!s 

a n u peT t 0 1. t hi:.:; J. '-- vic e i ~; 
n 0 l aut j I 0 [ i ~: I_~ 11 • 

c) t~ at d i l p.J. i C <1 b 1 e i 0 L S (~ II a­
ph 0 r e l( l~ 13 • 5 • 
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Device 
Iname -

Shared 
Private 

Integer 

Integer 

Cntr_siz€ Integer 

PC~_Name Char (8) 

OpeD_File Int2ger 

File_Type Integer 

Right_Que Pointer 

Device internal name. 

Resource access classification 
Values: a) ##SHHD or If#PBIV -
shared or private resource. 

a) Se~aphore - Buffer, Job_q, 
Prlnt Jobs, etc. counter. hI File = file length. 

c Device - not used. 
d PCT - file space available. 

PCT external name. 

AfPli,cable for files. Values: 
a ##NOVAIL - file unavailable 
b **AVAIL - file availatle 
c) i#READ - file opened for 

reading only 
d) ##WRITE - f11e opened for 

writing only. 

Not applicable for semaphore 
or devlce resources. Values: 
a) ##TEMPF - temporary file or 

type file allowed on FCT 
b) #:JPERMF - pErmanent file or 

type file allowed cn peT 
c) #"#TORPF' - both file types 

allowed on pel'. 

Qualifies queUEd messag~E. 
a) Semaphore - outstanQlng 

process reguest messases 
b) File - currEnt file oFen 

r€q~ests satisfieg. . 
c) DeVlce - current deVlce 

access regu€~ts satisfied 
d) peT - not used. 

Qualifies queued meSSaO€E. 
a) SemaphoLe - outstanding 

process release illessages 
b) File - outstan<iing file 

open requests 
c) Device - outstanding device 

access reguests 
d) peT - outstanding file 

creation reguests. 
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From Integer 

To Integer 

Priority Integer 

File_Data Integer 

Q_ioP Pointer 

Q_Eottom Pointer 

This structure is used tc save 
data re~uired for the manage­
IDent of the resources and LLe 
matching -0£ messages. 

Internal name cf the frocess 
doing the Request or RelEase 
saved in the Left/Right queue 
for Semaphore ECB's, resfec­
tively. IDtern~l name of the 
process accesslng,or reg~est-
1ng access to a fl1e or dev~ce 
resource; or file creation. 

Internal name cf the Froc€ss 
expected to do a Release or 
Request, saved in a Semafhore 
Left/Rlght qUEue. 
Also used to save the Serra­
phore to be used in an ans~er 
to a message. 
Precedence of the prOCESS. 

Not applicablE for Semaphore 
or DeVlce ReE's. Values: 
aj Sem~phores - not applicable 
b DeVlces - net appllcatle 
c File Left Que - i#REA[ or 

##WRITE (Ille opened en a 
read or write for a process 
identified in the PRO~ 
Field) 

d) File Right gue - ##READ or 
#- # W R IT E t :ti: * .Li E A D A 0 r it H W R I r A 
(outstanding read/\~~i te. 
open re~u€stsaCr~!lCEdl, 
#I~EADS or ##~RITS (read/ 
write o?en€d request Eacri­
ficed), or ##wRITH (out­
standing write-open rE~uest 
for a non-owned shared file 

e) peT Right Que - dummy file 
internal name for outstand­
ing file crtation resuests. 

A) Semapho~es - qualifits the 
mes~age butfer of a process 

a01ng a Reguest or a temp­
orary m8ssage buffer for 
outstanJing Releases 

b) Not useJ in the other type 
ReB que~es. 

Backward queue link. 

For~ard queue link. 

bQn]1]_~!~fB1RTIQB~ _______________________________________ _ 

This primitiv€,h~s.Leen i~?l~rnen~£J to pcovide resourCE 
ma~age~Ent laCllltles to tn~ vaL~ous SYSLem FrocesSES a~d 
p r 1. :I} ~ t 1. V € !::. • I 11 C S ~ !3 t2 1 V 1 C e .s 1- n c 1 11 Q E C r (: at .1 n <J a n \-1 d € s t L 0 11. n g 
Res 0 '..1 r c e COl l t r 01 b 10 C t; ~~; (; r. t e r i n 9 and got t 1. n 9 ddt a; a n c -
con t f" 0 11 i n q dec C s _-..; tot. !1 (~ V d rio u sty per, ~ sou r C 8 S • The c: n try 
poi n l s uti 1 i z i n y t. [, e d c1 t a S L r u c t u r E::; d € fin e d d b 0 v e h d V c be t' n 
speCifiEd se~ardtely. 
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~INCLUDE NAMCHG~; 1***** ReB HANDLER *****1 
/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~HIS PiIMI~IVE HAS BEEN IMFLE~ENTED TO CENTERALIZE PEE 
LOCATICN CE RESOORCE DATA AND TO HIDE DATA STORAGE 
HErHODS. 11 P&OVIDES THE INTERFACE TO PROCESSES AND 
PRIMITIVES REQUIRING SUCH SERVICES AS CREATING HESOUECE 
ceNTRCL BICCKSi DESTROYING BCBS; ENTERING GR ACCESSING 
DATA" MANIfULA~ING QUEUE ENTRIES USED TO STORE DATA 
CCNcfRNING AVAILIBILITY, ACCESS, AUTH03IZATION, ALLOCATION 
AND DEAILOCATION O~ THE RESOURCES; AND MATCHING OF 
INTERPfiOCESS COMMUNICATION MESSAGES. *1 

PRIMITIVE_ReE_HANDLER: FRoe CPTIONS(MAIN); 

~INCLUDE GENI>EC; 
%INCLUDE CSDCL; 
%INCLUDE RCEr;CL; 
~INCLUDE CASESTM; 

DCL 1 
1*** RESOURCE CONTROL STRUCTURE ***1 

RESOURCh. CONTROL BLOCK(120) STATIC, 
2 ASSI(;UED B:Tl1i INI1'(120) (1) IOIB), 
2 CREATOR FIXEn bINARY, 
2 OWNEB FIXED BINARY, 
2 LEFT~QU3 POINTER, 
2 RIGH~ QUB POINTER, 
2 EXT N~tlE CHAR(8}, 
2 DEVIcE STATU3 E!T(1), 
2 DLVICE-INAME FIXED ~INARY, 
2 SHARED-~RIVATE FIXED BINARY, 
2 CNTH S~ZE FliED EI~ARY, 
2 PCT NtME CHASJ8), 
~ OPEN FILZ FIXLD BINARY, 

DCL 1 
2 FILE-TYPE PIXBD BINARY; 

L h QuEU! EASED(LRQ PTR) I 

2-C-TCP POINTER, -
2 F~OM FIXED BINARY, 
2 ~o YIXED BINaRY, 
2 PRECEDENCE FIXiD EINARY, 
2 FIL~ DATA FIXED BINARY, 
2 ~SG ~Th POIN~ER, 
2 Q_BUTTOM POINTER; 

DCL jADDEESSO~rADDRESSEE,DATA/RINAME) FIXED BINARY; 
veL ~BBOB FIXED BINARY; 
DeL (EEQ l\EL,Q#) BIT(1); 
DCL (MSG-;'IR, STAnT ,'IEL'12) POINTER; 

DeL 
1*** LOCAL SU3EOUTINE ENTRY POINTS ***1 

v A LID E l~ '1 R Y P"I X B D BIN .7\ R Y ) HE T U i ( N S ( bIT ( 1 ) ) 
Ii E M 0 V E Q E l~ 'I It Y ~ FIX ED BIN .tl. nY, D I T ( 1) , P a I NT::' R ,. l? 0 i WI E R) , 
INS E l~ '1. E N TRY (1' I X L D l3 I N f~ It Y , D I T ( f) , POI N T E R , 

r'l x E j) 13 I N A 2 Y) , 
LOOKUE ENTRY(PUINTER,FIXED BINARY(FIXED BINA~Y), 
QUE F C 5 I TEN TRY (Y I X E IJ E I ~ A R Y , POI N~' i h) ; 
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ENTRY POINT SPECIFICATION 

FARA~ETEBS INR]1 _____ Q~lPUT __ __1Yp~ ______ fQ~1]E~~--__________________ _ 

~ype 

RXNa!ne 

Ownec 

Size 

Open 

RIName 

~rror 

Integer 

Char (8) 

Integer 

Integer 

Integer 

Char (8) 

Integer 

Integer 

Integer 

Integer 

Integer 

Specifies resource ty~e to be 
creat~d. Values are: iDEVIC~, 
iFILE, ISE~FOR, or #PCT. 

Resource external name. 

Owner's internal name. 

File length or number of re­
source un~ts. 

Shared or private resource. 

/pCT exterLal name - for File 
and Device resources only. 

Device internal name - fer peT 
and File resources only. 

File status - ##AVAIL or 
#iNOAVL. 

a) Files - ##TEMPf" or ##PERMF 
b) peT's - i#TEM?F, ##FEBclF or 

##TORPF. 

Resource internal namE. 

Error condition code. Values: 
all01 - invalid resourCE type 
b 102 - RCB unavailable 
c 103 - invalid resourCE name 
d 104 - unallocated rescurce. 

~!1]1_POJM1_~~SCRIE1±ON ___________________________________ _ 

This entry pcint is used to create an ReB of the type 
specified and to return the internal name. Only system 
proc2sses may invoke this entry point. 
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ENTRY POINT IMPLEMENTATION 
~------------------------

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY FaINT TO RCB HANDLER IS UTILIZED TO CREATE AN 
RCB OF 1HE TYPE SPECIEIEJ; TO ENTER THE DATA IN THE 
VAaIOU5 BCE FIELDSi TO RETURN THE RCB INTERNAL NA~E, 
"ReNAMEII; AND TO Rx;TURN AN E1ROR CODE, "ERROR". *1 
CR3ATE BCB: ENTRY(TYPE,RXNAME,CWNR,SIZE,S OR P,MOUNTED, 

- DEV_NAr1E,·OPEN,T_FILE,RI~AM't,.eRROE) ; 

DeL {T¥PE,OWNR,SIZE,DEV NAME,OPEN,CREATR,LIMIT,I) 
FIXED BINARY; -

DCL (RXNAME, MOUNTED) CHAR (8) ; 
JCL (5 OE P,T FILE) FIXED BlNARY; 
DCL 5Y"SPEO BI~(1) ; 

1*** DISENABLE ALL IN1ERRUPTS ***1 
CALL fRIMITIVE~INTERaUPT_DISENABLER(ALL_INT,SAVEINTS); 

tBEA'IB=CURRENT PROCESS (5YS PROCESSOR) ; 
IF ~(1YPE < 1)-1 (TY~E > 4f) THEN DO; 

fRROE = 101; GO TO RETURN1; END; 

DO_ACTION_OF CASE (TYPE) ; 

CASE(1): 1=1; LIMIT=SEM_LIMIT; ENDCASE; 

C~SE(2): I=DEV_L_LIMIT; LIMIT=DEV_U_LI~IT; ENDCASE; 

CASE(3): I=FILE_L_LIMIT; LIHIT=FILE_U_LIMIT; ENDCASE; 

CASE(4t: -1= PCT L LItlIT; LIMIT= PCT U LII1IT; ENDCASE; 
END GE CbSES; - - - -

DO w!JliE ({ASSIGl~ED (~» S (I <= Lli'lIT»); 1=1+ 1; END; 
IF ( I > L1 HIT) 7 H .G N DO; ERR 0 a = 1 0 2; G ° lOR E T URN 1; END; 
ASS1GNED (I) = TRUL; 
CREATOE (1) = CBEATR; 
OWN E F. (I) = 0 ~1 N R ; 
LE1;1 QU~ (I) , RIGHT_QUE (I) = NULL; 
EX1 ~AMt(I) = RXNAN~; 
DEV~CE INAME(I) = DEV NAME; 
DEVICE-ST~TUS(l) = #~~O; 
SHABED-PEIVAIE(I) = S_OB_P; 
CU1B SlZE(I) = SIZE; 
PC'I "NAI·a: (1) = MOUN-TED; 
OPE] fIL£(I) = OPBK; 
FIlE:TYPE(I) = T_fILE; 
RI N id1 E = I' 

GO TC f.E1URN'; 
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ENTRY POINT SPECIFICATION 

HODU1E NAME: RCli-B!E]1ER ENTRY NAME: ~f~~ATf~ 

PARAl1ETEES 
J~EQ1--___ Q]XR~T ___ II~~ ______ ~Q~~~!!~ ____________________ _ 

Addrf~ssor Integer Internal name cf the process 
which did a Beguest/Release. 

Addrl~sse€ Addressee Integer To which process the Request 
or Release was addressed 

Semaphore Integer 

Pointer 

Q# Bit (1) 

Match Bit (1) 

Error Integer 

Internal name of the message 
semaphore used in the ReguEst 
or Release. . 

Qualifies the Regucstor1s mes­
sage buffer OE the temFoLary 
buffer from an unmatched 
Release. 

Left or Ricrht gueue identifier 
Values: #LBFT for an inccming 
Request or #RIGHT for an in­
coming Release. 

Boolean which identifies to 
the invoker if a match has 
been found. 

Error condition code. Values: 
a) 103 - invalid resourCE name 
b) 1 ()4 - ullallcca ted. resource. 

EXTERNAL CALLS MADE BY OTHER MODULES 
!!~1 ________________ R~fgQ2~ _______________________________ _ 

Allocato~ To determine if there is an outstanding 
Release or R€quest \·;hich matches a cur­
r~nt Reluest or Release, respectivEly. 

~~1]X_RgJr1_]]~fB!R1JQ~ ___________________________________ _ 

This entry Feint has been implemented to facilitate ~h€ 
allocation of resources and matching of irlterFrocess 
communication messages. In this implementation, the actual 
techniquEs u~ed to perform the.servlces indicat~d abovE and 
the llature ot: the oueues are hldden from the f-rocess€s; 
hense modification~has been simplified. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY FOINT TO ReB HANDLER IS UTILIZED BY TilE MESS1GE 
AILOCA1CB iO DETERMINE IF A REQUEST/RELEASE MESSAGE 
MATCHES A QUEUED-UP RELEASE/REOUEST MESSAGE. "ADDHESSO.B", 
"ADDB.ESS£;E", uSEl-1APHOhE", A'ND (fQi-" MUST BE SPeCIfIED 
BY T HE CALLING l' ROC ED URE. I F A MATCH 15 N01 }'OUN D "M ATCH" 
ISS E ~ 'I a f A L S E • I F A tl ATe HIS F 0 U N D II 1.1 A'I C l~ " IS 5 E T TO 
TRUE AND "M P'I'R" (f'lESSAGE POINTER) AND "iiDDRESSEEtI ARE 
SET TO IHE V~LUES STORED IN THE QU~UE. *1 
PRIBITIVE_RCB_MATCH: ENTRY(ADDRESSOR,ADDRESSEE,SEMAPEOBE, 

. tl...t.PTR,Q#,I'jATCH,ERROR) ; 

DCL SEMAPHORE FIXED BINARY, 
M PTE FOINTER, 
M~TCH BIT (1) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRI~I'IIVE_INTERRUPT_DISENABLER(ALL_INT,SAVEIN1S); 

tlATCH = FALSE; 

IF C# =#LEFT) 1'HEN START = RIGHT QUE (SEMAPHORE) ; 
IF i v A L I.D (S E ~1 A P H 0 R E}) T 11 END 0 • 

15E START = LEFT QU~(SE~APHORE}' 
IF (S7AR1 = NULL) THEN GO TO RETUR~~; 
1~EMP = SIAR'r· 
IF (ADDREss£t = 0) THEN 

DO VlHILE ~ .., ({~ErU!-> TO = 0) I (l'EBP-)TO = ADDRESSeR») ; 
IF (TE~P-)Q BOTTON = START) THEN GO TO BETURN2; 

ELSE TEM~ = TEMP-)Q_BOTTOM; 
EN!;; _ 

ELSI 
DO wHILE (-, ( «TEr1F-)TO = ADDRESSORLl (TEMP-) TO = O)} 

b (TEMP-)FROM = ~DDHESS~E»); 
IF (TEMP-) Q BOTTOM = START) THEN GO TO HETURN2; 

ELSE TEMP E TEMP -> Q BOTTOM; 
END; ~ 

ADDfiESSEE = TEMP-)FRCM; 
~ PTR = lEMP-> MSG PTR; 
r~1CH = lRUE; -
CALL EEMCVEQ (SErjAEHORE, (-,Q#) ,TE~lP,START) : 
FREE TEMf -) L R QUEUE; 
END; - -
GO 10 RE1URN2; 
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ENTRY POINT SPECIFICATION 

ENTRY NAME: B~~RUT2 

PARAf.ETERS 
1]PU1-__ --Q]lgY1-~--!1PE----~-~QNTEN!2-----------------___ _ 
RINan.e 

Reg ..... l'.el 

Addressor 

Addressee 

Pri 

Msgptr 

Data 

Integer 

Bi t (1) 

Integer 

Integer 

Integer 

Pointer 

Integer 

Resource internal name. 

Queue identifier. ValuEs are: 
iLEFT or #RIGHT; #OS or ~USER 
for the ready active gu€ue: 
#REDYA. 

Internal name of the process 
being inserted in the gueue. 

Internal name of the F~ocess 
to which the message 1S ad­
dressed; or the semaphorE to 
be used in reply to a file 
creation task. 

Priority of the process teing 
queued. 

Qualifies the Frocess's mes­
sage buffer. 

a) Dummy file internal name 
f9r outstandins file CLea­
t10n reguests. 

b) ##READ OJ: 4t#WRITE fer file 
open Ieguests which WEre 
allocated (file left gue) 

c) ##READ or ##wRITE tor un­
allocated opEn requests; 
##READ! or i#WRITA for un­
allocated, sacrificed file 
open requests; ##R~ADS or 
##WRITS for allocated, but 
sacrificed file open re­
quests; an~ ##WRITH fer an 
outstanding file open fo~ 
w~~te dccess to non-owneo, 
shared file. 

]B1El_f~J~1_~]~~BIE11QH--_________________________________ _ 
This ..entry pcint is invoked to eRte.r a pr9CtSS by priority 
into a sfec~fied queue and to save speclflc data. 
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/* * * * * ~ * * * * * * * * * * * * * * * * * * * * * * * THIS ENtRY FOINT TO RCE HANDLER IS USED TO ENTER A 
PItCCESS ("ADDRESSOR") BY PRIORITY (flPRI") IN A SPECIFIED 
QU1UE (IiBEe REL") FOl{ THE RESOURCE SPEClrIED BY nRINAME". 
II ADD RES SO R u; II ADD RES SEE ", It P R I .. , .. i1 S G P T R II, A i~ D .. D A T A" ARE 
STCRED IN IRE APPROPRIATE QUEUE ELE~ENT FIELDS. */ 

RCEPUT~: ENTRY (RINAME, REQ REL6ADDRESSOR,ADDRESSEE,fRI, 
~SGPTR,DATA;ERR R); 

DCL fBI FIXED EINAliY; 

/*** DISENABLE ALL INTERRUPTS ***1 
CALL ERIMITIVE_INTLRRUPT_DISENABLER(ALL~INT,SAVEIN1S); 

IF (VALI~(RINAME)) THEN DO; 
ALLdcATE L R ~UE~ESET (LRQ PTE); 
lRQ_FTB -)-PtiOM = ADDRESSO~; 
LR~ FIn -) TO = ADDFESSEE; 
LRQ-FIR -) PRZCEDENCE = PRI; 
LRQ-PTR -) FILE DA7A = DATA; 
LRQ-E1R -) MSG ~TR = MSGPTR; 
CALL INSERT(RINAME,RE~ REL,LRQ PTR,PRI); 
END; --
GO IO BEIURN3; 
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ENTRY POINT SPECIFICATION 

MODULE NAME: RCE-~~]~1~B ENTRY NAME: E~BG~~2 

RIName integer 

Re'LRel Bi t (1) 

Addressor Integer 

Addressee Integer 

MsgPtr Pointer 

Data Integer 

Found Bi t (1) 

Q_Empty Bi t (1) 

Error Integer 

......----_ ...... _-------_ ..... 
This ~Dtry 1£ invo~e9 ~o remove a process and aS30ciatEd 
data trcm tIle speclfleu resource queue. The data is returned 
to the invokEr and the queue element is deallocated. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT TO RCB HANDLER IS USED TO REMOVE A 
PRO C E 5 5 ( II 1. D DR E S SO R" ) r R 0 ~1 THE 5 P E CI FIE D QUE U E (" F. E Q R E L ") 
ASSOCIA'IED \oJITH THE RESOUi<CE SPECIFIED BY IIRINAME". !HE 
DATA STOrlEt IN THE FIELDS OF THE QUEUE ELEMENT IS R£1URNED 
I N "Ii 5 G P T R .. AN D .. D A T A It IF THE PRO P E h QUE U 1:. E L E 11 E NT I F 
FOUND. IIfOUND" IS SET 'liO TRUE OR FALSE IND1CATING THAT 
T H ArT HEEL EM EN T HA 5 0 R HAS NOT BEE N R E I'l 0 V ED. II Q E 1'1 P 'I Y If 
INDICAIES 1HE STATUS OF THE CUE AFTER THE ELEMENT HAS 
BEEN REMOVED. *1 
BCBGE1C: E"TRY(RINAME,REQ RELLADDRESSOR,ADDRESSEE,MSGPTR, 

DATA, FOUN D-;Q .... E1"'] PTY, ERROR) ; 

. DeL (FOUND,Q_EMPTY) BIT (1) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMITIVR_INT1HRUPT_DISENABLER(ALL_INT,SAVEIN1S); 

FCUND 1 Q EMPTY = FALSE; 
IF (VALltjR.INAME») THEN DO; 
IF {EEQ ~LL =#LEFT) THEN ST~RT = LEFT_QUE (RINAME) ; 
ELSE 5TAnT = RIGHT QUE (RINArlE) ; 
IF (SlABT ~ NULL) ~HEN GO TO ~ETURN4; 
TEMf = SlbRT -) Q BOTTOM; 
DO WHILE «(TEMP ~~ START) & (TEMP-) FROM ,= ADDRESSOR}); 

TEMP ~ ~EMP -) Q_EOTTOM; 
END; 
IF (TEMP -) FROM ~= ADDRESSOR) THEN GO TO RETURN4; 
ADDRESSEE = TEMP -) TO; 
MSGP1R = TEMP ~> MSG PTR; 
D A 'I it = 1: I r1 P .,. > F I 1.. E. r !l. T 11 ; 
C A 11 l) - M 0 U - Q~ J P I ~. ,".,- - "1 R -L T l' ~.11 P sm· R r.1) 

. 4\ 1:. n v 1: ... , t'J A l.'lL, Itt.. ~ 4.t; , ~".j , "J. A .1 ; 
IF (STARI = ULL) THEN ~ EMeTY = TRUE; 
FREE lEMF -) L R CUEUE; -
FOUNt = 1RUE; - -
END; 
GO TO RE'IURN4; 
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ENTRY POINT SPECIFICATION 

MODULE NAME: RCB HANDLER 
--~------

PARAt1ETEBS 
_INPUT OUTPUT TYPE CONTENTS 
---------~-----------------~-------------~~~--------------
RIName 

QI 

PINaID~ 

Integer 

Bi t (1) 

Integer 

Ing Fin Bit (1) 
Stat -

Newg Bit(1) 
star'{_Stat 

Xfered 

Error 

Bit(1} 

Integer 

Resource internal name. 

Queue identifier. Values are: 
iLEFT or #RIGHT 

Process internal name which is 
being transier~ed 

status ofQ# after transfer. 

status of opposite queue be­
fore transfer. 

Status of transfer. 

Error condition code. Values: 
a\ 103 - invalid resourCE name 
b) 104 - unallocated rescurce. 

~!1]1_f~!]1_~~~~~IRl1Q~ ___________________________________ ~ 

This entry pcint is invoked to transfer a process from one 
queue of an RCB to the opposite queue of that ReB and to 
retur~ tne status of botb~~ueues after and betore tranELer, 
respEcti vely. . 
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/* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT TO hCB HANDLER IS USED TO TRANSFER A 
PROCESS ~"EINAt!EII) FROM ONE CUE (nQi") 01' AN nCB 
("hINAME') TO THE OTHER QUEUE. "xFEREb" INtICATES THAT 
tHE OPERAtION HAS/HAS NOT BEEN PERFORMED. "INQ FIN S'IATn 
INDICA'IES 'lItE S'I'ATUS OF IIQgU AFTEf: THE l'BANSFEri. -
"NE.WQ S'IAR'l STAT" INDICATES THE STATUS OF THE QUEUE 
OPPOSITE "Cl" BEFORE THE TRANSFER. */ 

BCB_TBANSFERQ: ENTRY(RINAME,Q#,PINAME,INQ FIN STAT r 
NEWQ_START_STAT,X.FERED,.EBRO"R); -

DeL FINANE FIXED EINARY; 
DeL (INQ fIN STAT1,.NE\r;Q START STAT,XFERED,NEWQ) EIT (1); 
DeL (STA]'ll,~~ART~) POIN~ER;- . . 

/*** DISENAELE ALL INTERRUPTS ***/ 
CALL FRIMITIVE_INTEREUPT~DISENABLER(ALL_INT,SAVEIN'IS); 

X:ERE[ = FALSE; 
IF (VALIB(RINAMl») TEEN DO; 
IF (C# = #LEFT) THEN DO; 

S'lABT1,TEMP = LEFT QUE(RINAME); 
STAF.~2 = RIGHT QUB1RINAME); 

~~~i DO; -
S~ABT1,TEr1P = RIGHT QUE (,RINAME) ; 
STABT2 = LEFT QUE(RINAM~); 

END; -
I! (S1ART2 = NULL) THEN NEWQ START STAT = ##CLOSE; 

JLSE NEWQ SlART STAT = ##OPEN; -
CALL lOOKUP1TLMP,~INA~E,IPOSt; 
IF (lIDS = 0) THEN GO TO RETURN5; 
CALL BE~OV~Q(RIKAME,Qi~TEMP,START1); 
I? (S1AR11 = NULL) THEN INQ FIN ST~T = i#CLOSE; 

3LSE INC_FIN_STAT = ~#OPEN; -
NEwQ = -, Qi; 
2RI = TEMP -) PRECEDENCE; 
CALL INSERT (fiINAME,NEWQ,TEMP,PRI) ; 
XFERED = T?-UE; 

EHD; 
GO 1C RETURN5; 
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ENTRY POINl SPECIFICATION 

PAEAM3TEES INRQ_T _____ Q]1R~1_ ___ !YPE _____ fQ~1ENI~ ____________________ _ 

ReB Integer Resource internal name. 

Q' Bit (1) 

FindOl? 

Posit 

PINam 

Datparm 

Posit 

PINam 

Datparm 

Pri 

Error 

Integer 

Integer 

Integer 

Integer 

Integer 

Integer 

Queue identifier. Values are: 
#LEF'T or iRIGHT. 

Operation idEntifier. ValuEs: 
#FNDOP1, 'FNDOP2, #FNDOP3, 
#FNDOP4, and #FNDOP5. 

position in gueue to ce sam­
pled or in wliich the process 
was found. 

Internal name of process to 
be found or which was found at 
the specified Fosition. 

Data found or to be entered. 

priority of the process in the 
queue. 

Error condition code. Values: al 103 - invalid resourCE name 
b 104 - unallocated resource 
c 108 - invalid operatien. 

ENTEY POINT rESCRIPTION . 
-----~-------------------------~-~--------~--------------

This entry pcint_provide~ sach ~e~vices~a~ searching.a queue 
for a precess and returnlng posltl0n ana data saffipl~n9 a 
speciil€d positicn in a gueue, and modifying ~ata 1n a queue 
elEment. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT TO RCB HANDLER IS USED TO DETERMINE THE 
QUEUE ("#QII) POSITION (UPOSITtI) OF A PROCESS ("PINAMfI) 
AliD EN1ER crt GET A COP",! OF DATA. THE "PINAM" ·POSIT" OR 
BOTH ~AY BE SPECIFIED TO SELECT A SPECIFIC P~OCESS, A~Y 
PliOCESS AT fOSI'IION ("POSIT") OR A SPECIFIC PROCESS AT 
A SPECIFIED POSITION. *1 
BeE FIND: ENTRY(RCB,Q#,FINDOP,F05IT,PINAM,DATPARM,PRI, 

- ERROR) ; 

DCL (RCE,FINDOP,POSIT,PINAM,DATPARM,IPOS) FIXED BI~ARY; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL fRI~ITIVE_~NTER£UPT_DISENABLER(ALL_INT,SAVEINIS); 

IF JVALlt(RC~) THEN DO; 
IF (FINDOP < 1) i (FINDOP > 5» THEN DO; 

E ROR = 108; 
GO 10 EETURN6; 

END; 

IF (Qi =#LEFT) THEN START = LEFT_QUE (RCB) ; 
ELSE STAFT -= RIGHT QUE (ReB) ; 

IF (SlART = NULL) ThEN DO; 
DAIFARM, POSIT = 0; 
GO 10 FETURN6; 

END; 

IllOS = fCSIT; 
DO_ACIION_OF CASE(FINDOP); 

CASE(1): 1* FIND THE PROCESS SPECIFIED BY fINAM END 
RETURN THE POSITION AND PILE DATA *1 

CAL L L 00 K U l? ( 5 f Ii h 'r , PIN A H f I paS) ; -
IF (IEDS = 0) iHEN DATPARrl, PRI = 0; 

E L 5 E DO; D A T f> A fd1 = S TAR rr -) F IL E D 11 T A ; 
PRI = START -) PRECED1NLE; END; 

FOSI'l = 11?05; 
ENI:CASE; 

CASE(2): 1* FIND THE PROCESS SPECIFIED BY PINAM AND 
. ENTER THE DATA IN DATPARM, RETURN THE 

POSITION IN THE QUEUE *1 
CALL LOO~UP(STAhr,PINAU,IPUS) i 
IF (IPOS ~= 0) TrlZN START -) r·ILE_DATA = DATPARM; 
FOS1T = IPOS; 

ENrCASE; 
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CASE(3): 1* FIND THE SPECIFIED PROC AT THE SPECI~IED 
POSITION AND RETURN FILE DATA *1 

CALI QUEFOSIT (IPOS, STAR'I') ; 
IF «IPOS = 0) I (PINAl1 -.= START -) FROM»THEN DO; 

. LATPA&M, PRI = 0; 
ERROR = 108; 

ENt-
ELS! DO; DATPARM = START -) FILE DATA; 

PRI = START -) PRECEDENLE; END; 
ENDCASE; 

CASE(4): 1* FIND THE SPECIFIED PROCESS AT THE 
SPECIfIED POSITION AND ENTER THE DATA 
IN DATPARM *1 

CALL QUEPOSIT(IPOS,START); 
IF (IPOS =0) I (PINAM -.= START -) FROM» THEN 

ERROR = 108; 
ELSE 

START -> fILE_DATA = ITATPARB; 
ENrCASE; 

CASE(S): 1* FIND AND RETURN THE PROCESS NAME AND DATA 
AT THE SPECIFIED POSITION *1 

CALI QUEPOS.Il (IPOS, START) ; 
IF (IPOS = 0) THEN PINAM,DATPARM,PRI = 0; 

ELSE DO; 
FINAM = STAdT -) FROM; 
tATPAhM = START -) FILE DATA; 
FBI = START -) PRECEDEN~E; 

END; 
ENrCASE­

lND CF CASES; 
END; -
GO 'IC BE1URN6; 

180 



ENTRY POINT SPECIFICATION 

MODULE NAME:. RCB HA!·DL~E 

PARAMETEES 
1~EYX _____ QQTPUT ____ !XR] ______ ~~~1EN!2 ____________________ _ 

Type Integer Resource type ioentifier. 
Values: #PCT, #DEVICE, iFILE 
and iS~MFOR. 

RXName Char (8) 

Integer 

Integer 

Resource external namE. 

Resource internal name. RIName 

Error Error conditicn code. Values: 
a} 101 - invalid resourCE type 
b) 111 - unidentified resource 

external name. 

EN1]1_g~J]1_~~~fli~~1!Q] ___________________________________ _ 

This entry pcint finds and returns a resource internal name 
when prcvlded a valid external name for a resource for which 
an RCB has been created. 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1HIS ENTRY POINT TO RCB HANDLER RETURNS THE INTERNAL NAME 
OF ARE 5 C U ii C E ( II R I NAn .E " ) t-J HEN G I V E i~ l' H E E :x ~. ERN A L N A M I , 
lIlBXNAi·l.E"t AND THE RESOuRCE CLASS (ltTYP2") PROVIDED A 
RESOURCE vY THAT NAME HAD BEEN CREATED. *1 

FIND_INAME: ENIRY(TYPE,RXNAME,RINAME,ERROR); 

DCL (EASE,TOP) FIXED DINARY; 

1*** DISENABLE ALL INTERRUPTS ***1 
C 11 L L F R I 11 I 'I I V E _ I g T L R H UP 1_ DIS EN A B L E R (A L L _I NT, S A V E I1~ 1: S) ; 

I F ( 'I Y P E = # S EMF 0 R ) THE N DO; B.A S E = 5 E ('1 I 1.. I i'I1 T ; 
TOP = SEI1 tIRIT; 

END; -
ELSE IF (TYPE = if FILE) THEN DO; BASE = FILE L LIl"lIT; 

TOP = fILE U LI~!T; 
END- - -

ELSE IF (TYPE = #LEVICE) THEN DO; 
BASE = DEV L LIr:IT; 
TOP = DRV U LIMIT; 

END; --
ELSE IF (TYPE = #PCT) THEN La; 

BASE = PC7 L LIPIT; 
TOP = PCT U IIMIT; 

ELSE DO; ERRon 
GO TO 

EN D; - -
= 101; 
RET U ~~ N 7 ; E l~ D ; 

DO I = EASE TO TOl? HHILl: (F.XNA~l.r; 
1 F (I ) '1 () !J) l' tl f. 1, E l~ H 0 it = 11 1 ; 

.... = EXT_NAHE(I)); :END; 

1:. L S E H I N A !1 ~ = 1; 
GO 10 flE1URN7; 
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EnTRY POINT SPECIFICATION 

PARAMETEES 1.!!.R.Q1 ____ Q]~~ll_ __ IlR~ ___ ~.Qll1EN1.§ _______________ _ 

RIName 

Addresso~ 

P.l:oVec 

Error 

Integer 

Integer 

Integer 
Vectcr 

Integer 

Resource internal name. 

Internal name of the Frocess 
destroying the ~esource. 

List of ~rocesses found en the 
~ueues of th~ resource bEing 
Qestroyed. 

Error condition code. Values: 
a) 117 - process not CiU t }]o­

rized to destroy the re­
sourCE. 

C
b} 103 - invalid resourCE name 

} 104 - unallocated rEscurce. 

ENTRY POINi DESCRIPTION 
---~---~~---~-----------------~~------------------~~-----
This entry peint is invoked to destroy a specified reseurce 
~rovided the addrEssor is the owner or the creator of the 
resource. An~ Frocess on the resource gueue is returned to 
the invoker ~cr proper disposition. 
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1** * * * * * * * * * * * * * * * * * * ~ * * * * * * * THIS E~TRY ~OINT fO RCB HANDLER IS USEr TO DESTRCY 
A S F E C 1 FIE D ReB ( 11 r. I N iu.1 E "). THE Ph 0 C E S S R E QUE S TIN G 
DES'IRUCTION (IIADD::.iESSOiPI) MUST BE THE CREA'rOll OF THE 
RCE OR AN Ert~OR TOR THAT PhOCESS IS RAISED. ALL 
PROCESS INTERNAL NA~ES QUEUED ON ~HIS ReE ARE 
IDENTIfIED BY SETTING A BIT FIELD IN fBOVEC 10 TFUE. 
THIS VECTOR IS UTILIZED BY THE INVOKING PROCESS TO 
RELEASE MESSAGES TO THE SUPERVISOR CCNCERNING TME 
NON-EXIST~NCE OF lHIS RESOURCE AND THE PROCESSES 
USING IT. *1 

DESTROY~RCB: ENTRY (HINAME,ADDRESSOR,PROVEC,EaROR) : 

DCL QNB Ell (1) ; 
LCL fBOVEC(*} EIT(1); 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRINITIVE_INTBRRU?T_DISENABLER(ALL_INT,SAVEINIS); 

IF (VALID ~RINAME) THEN DO; 
IF «ADDBESSOR ~= C~EATORJRINADE» I 

(ADDRESSOR ~= OWNER(R~NAME»)THEN DO; 
ERROR = 117; 
GO ~ro RET URN 8 ; 

END· 
IF «LE~'I_ QU E (HI N li~lE) ~=N U LL) I (RIGH T_ QU E (HI NAME) -.=N ULL) ) 

l'H.r.N DO; 
PROVEC(O) = TRUE; 
Q NH = #Lt;f'T; 
S'I ART = L E P T QUE (R I N A 11 E) ; 
DO J ~ 1 TO "2; 

DO WHILE (START -0= NULl·); 
TEM? = START -) Q TOP; 
IF (TEMP -) FROM ~= brDRESSOH) lHEN 

PROVEC(TE~P -) FROM) = TRUE; 
CALL REMOV~Q(RINActE,QNR,TEMP,STA3T); 
FREE TEMB -) L R QUEUE; 

END- - -
START = RIGHT QUEiRINAME}; 
QNR = tRIGHT;-

END; 
END; 

ASSIGNED (BINAME) = fALSE; 
END; 
GO 'IO pETURN8; 
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ENTRY POINT SPECIFICATION 

MODULE NAME: Bf~HABDL,g 

PABAMETEES 
IN~Ul _____ Q]iPU1 ____ !1R~ ______ ~QB~~B~~ __________________ _ 
RIName 

PutGet 

Field 

Cdata Cdata 

E.r:ror 

Integer 

Bit (1) 

Integer 

Char (8) 

Integer 

Resource internal nam€. 

Operation identifier. Values! 
#pur or #GET to enter or get 
a copy of data, respectively. 

BCB field identifier. Values: 
a) #PCTNAM - PCT external name 
b) #XNAME - external name. 

Transfer of character data. 

Error condition code. Values: 
a) 103 - in"valid resourCE name 
b) 104 - unallocated resource. 

~Blil~R~l~l_Q]~~B!PT!QB ___________________________________ _ 

Invok~d to"acces~ chara~t~r.type data. Implemeuted as a 
gener1c ~ntry pOlnt to ~rlmltlve~RCBData. 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT TO ReB HANDLER IS USED 10 ACCE~S 
CHARAC'IER ~YPE DATA. "RINAME" SPECIFICES THE Rca NUMEER; 
"PUTGETfI SPECIFIES THE OPEriATION TO .t3Z PEBF"ORi1ED C#EUT OR 

4t-GET)· IIfIELD" SPECIFIES THE RCB FIELD (DEFINED BY lHE 
~VARIAE1ES); AUD "CDATAH CONTAI~S THE DATA TO BE EN'IERED 

OR IS SET 10 TH~ VALU£ TO BE RETURNED. *1 
DeL FIElD FIXED BINARY; 
DCL l?UTGE1: BI T (1) ; 

RCE_CHABtA1: ENTRY(RINAME,PUTGET,FIELD,CDATA,ERROR); 

L C1. CDAT A CHAR (8) ; 

1*** DISENABLE ALL INiEHRUPTS ***1 
CALL fRIMITIVE_INTL~RUPT_DISENABLER{A1L_INT,SAVEINiS); 

IF ( V 11 L I L (R I N AM E)} T Ii t N DO; 
DO A elI o:~ 0 f" CAS F. (Y I E L D) ; 

CAS 1:. ( 1 ) -: I F ( i? U l' G l~ 1':;:: i.t l? tJ T ) THE N 1:: X T N A r~ E (R I N A l11) :;:: C D AT 1\ ; 
E. 1. S teD t. l' /, = E X 'r N A ~1 E (R I 1ft\" ~1 E) ; 

ENCCAS8; ~ 
CASi (2): IF (PUT(;E'I= #PUT) THEN peT NAdE (i<INACii) =CDATA; 

1:: L sEc D il T A = peT _ N id1 E (R I 11 A ME) ; 
E tl 1:( A S E ; 

f.ND_GF_CASES; 
iND· 
GO fo RE1URN9; 
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ENTRY POINT SPECIFICATION 

PARAMETEES IBEUT ___ ~_Q]!RUT ___ !YP~ ______ ~QB!]~1~ _____________ ~ ______ _ 
RINanle 

PutGet 

Field 

Fdata Fdata 

Error 

Integer 

Bit (1) 

Integer 

Integer 

Integer 

ENTEY POIN1 DESCR!PTION 

Resource internal name. 

Operation identifier. Values: 
#PUT or #GET to enter or get 

-a copy of data, respectively. 

ReB field identifier. ValuEs: al #CRATR - resource Creator 
b tOWNER - resource O~ne~ 
c #DINAME - Device internal 

name 
d) #CNT SZ - counter or file 

l€ng~h 
e~1 #OFILE - Of en File data 

is OR P - Shared Private 
#TFIL~ - File_Type data. 

Transfer of integer type data. 

Error conditicn code. Values: 
a) 103 - invalid resourCE naIDe 
b) 104 - unallocated rescurce. 

--------------------~------------------------------~-------~ 

Invok~d to acccs~ lnLeger.typ~ data. Implemented as a 
generlc entry pOlnt to Pr~mlt1ve_RCBData. 
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1* * * * * * * * * * * * * * * * * *"* * * * * * * * * * * THIS ENTRY FOINT TO ReB HANDLER IS USED 10 ACCESS FIXED 
BINARY 'IYPE D~TA. "RIliAME" SPECIFICES THE BCB NU11EEB; 
npliTGET" SFECIFIES THE O?ERATION TO BE PERFORr1ED (#PUT OR 
#GET); "FIELD" SPEC.lFIES THE RCB FIELD (DEFINED BY THE 
jVARIAElES~i AND "FDATAII CONTAINS THE DATA TO BE ENTERED 
OR IS SET lU THE VALUE TO BE RETURNED *1 

RCB_FIXEDA'I: ENTRY (RINAME,PUTGET,FIELD,FDATA,ERROR) ; 

DeL FDATA FIXED BINARY; 

1*** DISENABLE ALL INTERRUPTS ***/ 
CALL PRI~ITIVE_INTERRUPT_D!SENAELER{ALL_I~T,SAVEINqS~; 

IF ( V A LIt (R I N A ~1 E) b THE NO a ; 
DO~~~1~~r:OiF ~~3rdKiE~D~~UT)THEN CREATOR(RINAME)=FDATA; 

ELS£ FDATA = CREATOR (RI NAi1E) ; 
ENLCASE· 

CASE (2): If? (PUTGET=~PU'I) THEN OWNER (RINAME) = FtAT!; 
ELSE FDATA = OWNEB{RINAME} j 

ENrCASE; 
CASE (3): IF (PUTGET = #PUT) THEN 

DEV lCE INAME (BINAME) = fDATA; 
ELSE FDATA = DEVICE_INA~E(RI~AME); 

ENDCASEi 
CASE (4); IF (PUTGET = #PUT) THEN 

CNTR SIZE(SINAME) = FDATA; 
ELSE FDATA = CNTR_~IZE(RINAME); 

ENrCASE" 
CASE (5): IF (PTJl'GET = #PUT) THEN 

OPEN YILE(HINAME) = FDATA; 
ELSE FDATA = OFEN_FILE(£INAME}; 

ENI:CASE; 
#PU'£) THEN CASE (6): IF (PUTGET = 

SHARED PRIVATE (RINAME) = FDATA; 
= SH1!rtED_paIVATB (RINAtlE) ; ELSE FDATA 

ENI:CASE" 
CASE (7): iF (PU'iGET 

ELSE FDATA 
ENtCASE; 

END Of CASES; 
END; -
GO TO BETURN10j 

= #PUT) THEN 
FILE TYPE(RINAME) = FDATA; 

= FILE_TYPE (RINAME) ; 
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ENTRY POINi SPECIFICATION 

ENTRY NAME: Bf~BI!QAT~ 

PARA~ETEliS 
INPUT OUTPUT TYPE CONTENTS 
-----------------------------~-----------~--~--------------
RIName 

PutGet 

Field 

Bdata Bdata 

El:z:or 

Integer 

Bi t (1) 

Integer 

Bit (1) 

IntegeL" 

Resource internal name. 

Operation identifier. Values: 
iPUI or #GET to enter or get 
a copy of data, respectively. 

RCB field identifier. Values: al iDSTAT ~ Device status data 
b iL OUE - left QUe status 
c #R-UUE - Righ! Que status 
d ~ASGND Assigned data. 

Transfer of bits data. 

Error condition code. ValuEs: 
a! 103 ~ invalid resourCE name 
b 104 - unallocated resource. 
c 107 - invalid put operation 

atternP1ed in queue beadEL 
d) 119 - invalid put operation 

attempted in assigned field 

EN1]1-RQJBI_f~scRIK1J2B ___ ----------------~----------_____ _ 
Invoked fer transfer of bit type data. Implemented as a 
gen€~ic entry Foint to primit1ve_RCDData. 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THIS ENTRY POINT TO RCb HANDLER IS USED TO ACCESS BI1S 
TYPE DATA. "RI~AMEI1 SPECIFIES THE RCB NUMEER; "PU1GE'I" 
SPECIFIES lHE O.2ERATION TO EE PERFORMED (#PUT OR #GE'I); 
"FIELD" SPECI1"IES THE 1<CB FIELD (DEFINED BY THE #VARI­
ABLES); ANI: "BDATAfi CONTAINS THE DA'l'A TO BE ENTERED CR 
IS SET 'IO THE VALUE TO BE RETURNED *1 
RCB_BITDATA: ENTRY{RINAME,PUTGET,FIELD,BDATA,EHROB); 

DeL EtA!A BIT (1) ; 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMI1IVE_INTERRUPT_DISENABLEB. (ALL_I N"r, SAVEIN'IS) ; 

IF (VAlID(RINA~E)l THEN DO; 
DC ACTION OF CASB(FIELD); 
CASE(l)~ IF (PUTGET = #PUT) THEN 

DE V ICE S TAT US (H I N A 11 E) = E LA T A ; 
ELSE BDATA = DEVICE_STATUS (RINAME) ; 

ENrCASE; 
CASE (2): IF lPUTGET = IPUT) 'I'HEll ERROR = 107: 

ELSE IF (LEFT_CUE (RINAMEl = NULL) THEN 
EDATA = TRUE; 

ELSE BDATA = FALSE: 
EN~CASE; 

CASE (3): IF jPUTGET = #PUT) THEN i:.RROR = 107; 
ELS L IF (RIG Hr_ QU E (Rr N AM~) = NULL} T HE~~ 

- rlDAIA = TRUE; 
ELSE BDATA = FALSE; 

EHtCASE; 
CASE(4}: 11 ~PUTGET= #PUTl THEN ERROR = 119; 

ELSr; BD-ATA = AsslGNED (RINAI1:E) ; 
EN[CASE; 

END CF CASES; 
END; -
GO TC BETURN11; 
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'I. 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * THE FOLLCWING LOCAL PROCEDURES ARE US~D 10 PBRFORM 
FUNCTIONS WHICH ARE COMMON TO SEVERAL ENTRY POINTS *1 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * VALI[ CHECKS THA'I' "RCBNR" IS WITHIN RANGE AND THAT THE 
RCB IS CURRENTLY ACTIVE. *1 
V A LID: FE 0 C (BC EN R) RET URN S (B I T ( 1» ; " 

DCL ECB~E FIXED BINARY; 

BeENE) stM LIMIT} & ,BCENR < DEV"l LIMIT») I IF jlBCENfi < 1) i 

j~~~~~ ~ ~~r~UuL~~~I~)&&(~~E:~R«F~t!~t-tf~f~J~ 
bCBNB > peT_U-LIMIT) THEN DO; - -
BBOR = 103; rtETURN (FALSE); END; 

IF (-,ASSIG-NEDJPCENR\) T-HLt: DO; 
ERROR;: 10 ; iiEI'Ui.tN{FALSE); END; 

RETUEN (TRUE) ; 
END VAliD; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * R E 1"10 V E 0 R E i'10 V EST H E QUE U ;~ E L E 11 EN 1 ( " ELM T II \ F 1:10 H THE CUE U E 
(uQNUl'l'!) ASSOCIATED ~:I~I'H rBE RCB Nt1L1BER (flBCB"). IITOfELMTfI 
SPECIFIIs lHE TOP EL£ctENT IN THE QUEUE. *1 
RE~OVEC: fEOC(RCB,QNUM,ELMT,10PEIMT); 

DeL C N U r'~ 13 11' (I ~ , 
( E ~ H 1 , TOP E L t-r-T , T E r1 P , T E M P 1 ) POI 11 T E R , 
RCB FIXED BINARY; 

TEMP = EIMT; 
T1:.MP1 = 10PELM'I; 
IF «(lE~F = TOPELMT) & (TEMP -) Q_TOP = iOPELMT) 

iHEN DO; 
/* REflOVE THE ONLY ELEMENT IN THE QUEUE *~ 
I F ( C N U 11 = if L B F T) T H i N L EFT QUE (R C B) , TOP E La T == NUL L ; 
ELS£ RIGHT QUE(ReE), TOPEL~T = NULL; 
BEIURN; -

END; 
ELSE "DO; 

IE (TEtlP1 == TENFt THEN 
/. bEHOVE THE ~OP ELEMENT IN THE QUEUE *1 
1. F ( Q N U i"1 = if L £}' T) THE N 

LEFT QUE(RCB) = TEMP -) Q EOTTOM; 
ELSE RIGHT=QUE{HCB) = TEMP -) Q:EO~TOM; 

END; 
1* RESET THE QUEUE LINKhGE TO REMOVE THE ELEMENT *1 
T E i1 P 1 = 'I E ~j l? -) Q B 0'1 T 0 a ; 
TEMP1 -) Q TOP = ~EAP -) Q TOP; 
l' E ~1 P 1 = 'i E rI i! -) Q TOP' -
rE~Fl -) Q BOTTO~-= T~MP -) Q BOTTOM; 
t;1:;IUBN; - -
1:: N D l.d~ i1 0 V. L Q ~ 
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * INSERT ENTERS THE QUEUE ELEMENT ("PTH") IN THE nCB 
(uF:INAME") QUBUE SPBCIFIED (ilL OF. RtI) BY PRIORITY ("ERI"). 

- - *1 

INSERT: FROC(RINAME,L OR R,PTR,PRI); 
DeL (BINAME,PRI) FIXED-BINARY; 

DCL (PT B, STAR T, T Er1P) POI NTER; 
DC L 1 OR R BIT (1) • 
~CL E!PTY BIT(1} iNIT('O'B); 
IF (L OR R ='lEFT\ TBEN·DO; 

S1A~T ~ LEFT QU~(RINAME); 
IF jS1ART = NULL) THEN EMPTY = TRUE; 
ELS~ IF {START -> PRECEL~NCE )= P~I) THEN GO TO FIND; 
LEET QUEiRINAME) = PTR; 

- END; 
ELSE DO; 

START = RIGHT QUE(RINAME); 
IF jS1ART = NULL) THEN EMPTY = THUBe 
ELS~ IF (START -) PRECEDENCE )= PRI) THEN GO TO FIND; 
RIGHT QUE(RINAME) = PTR; 

END; 
IF (EMPTY) THEN DO; 

PTE -) Q TOP, P1R -) Q_BO~TOM = PTR; 
RE1URN; ..... 

END; 
l l EtlP = S'IABT; 
GO TC ENl; 
FINt: TEMP = START -) Q BOTTO~; 

DO riHILE j(TEl1i'~=5TART) f, (TEl1P-)PBECEDENCE>=FRI)); 
rE~f = TE~P -> Q BOTTOM; . 

END; -
ENT: ETR -) Q EOTTOd = TEMP; 

STABT, pTR -) Q TOP = TEMP -) Q TOP; 
~EfJF -) Q TOP, START -) Q BOTTOR = PTR; 
DETURN; - -

END INSER1; 

1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * LOOKUP SEARCHES THE QUEUE BEGINNING wITH THE ELEMENl 
IISTAR'I" EOB PROCESS SPLCIFIED BY uNAL1 u • IF THE PRGCESS 
IS FOUl~D "START" IS SET TO :I'HE POINTER TO THE PROCESS 
AND IPOS IS SET TO THE PROCESS' POSITION IN THE QUEUE. 
IF THE fP.OCESS IS NCT fOUND "IPOS" IS SET TO ZERO. *1 

LOOKUP: PRCC{STAR'l',NA[1,IPOS); 
[J C L ( S'I A f. T .t T t.. ~1 P) 2 C I U l' E R , 

(NAi'l,IPOS,I) FIXED BINARY; 
TEMP = S'IART; 
1 = 1 ; 
IF ('lEMP -) FROd -,= NAti) THEN DO; 

TI~F = START -) Q BOTTOM; 
I = 2; -
DOW H I L 1 ( (T E 11 P .., = S T i\ R T ) & ( TEN P -) FRO Ii -. = N AM) ) 

1= 1+1; 
'IEMF = ~EMP -) Q_BOTTCM; 

END; 
END; 
II; (1 EMP -) FROB ..,= NAN) 'IHEN IPOS = 0; 

ELSE Ii-OS = I; 
~, 'I A 1< 1 = 'i E tl P ; 
fE1URN; 
Lt;D lCCKUF; 

190 



1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * QUEPOSIT BETORNS THE FOINTER TO THE PROCESS IN THl 
POSITICN SFECIE.IED BY IIIPOS" IN THE QUEUE S'IAnTING WITH 
"S'IART". "S'IART" IS SET TO THE RETUBN POIN'IER IF THE 
PECCESS IS FOUND ELSE "IPOSIf IS SET TO ZERO. *1 

QUEPOSI~: PROC(IPOS,STAET); 
DCL (IEGS,I) FIXED BINARY, 

(START"TEMf) POINTER; 
lEMP = SlAtiT -> Q_BOTTOM; 
I = 1; 
DO WHILE ((I < IPOS) & (TEMF ~=. START); 

TEME = T~MP -> Q_bOTTdM; 
I = I + 1; 

END; 
IF ( I = lPOS) THEN 1* DONE *1 START = TEMP -) Q_TCP; 

ELSE 1* NOT bONE *I·IPOS = 0; 
BETURN-

END QUEfOSIT; 

RETURN1: BETURN2: RETURN3: BETURN4: RETURNS: RETURN6: 
RETUBN7: RETURNS: RETULN9: RETURN10: RETURN11: 

1*** ENABLE THE INTERRUPTS ***1 
CALL fRltlITIVE_INTERR UPT_ENABLER {ALL_I NT, SAVEl NTS) ; 

END PRIMI~IVE_RCB_BAND1ER; 
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MODULE SPECIFICATION 

NAME: l~lERROPT E]1Eb~~ TYPE: PR1~J!1!~ 

PARAMETEBS 
INPUT OUiPUT TYPE CONTENTS 
-----~----------------~---------~-----------------------
Interrupt J:nteger 

Integ€r 
Array 

If not zero, it identifies the 
interrupt to be enablEd. 

If interrupt is zero, it iden­
tifies all interrupts to be 
enabled. 

EXTEfNAl CALLS MADE TO OTHER MODULES 
NA~E ______ PABAMETEB~ __________ PUBEOS~ _____________________ _ 

None. 

EXTERNAL CAllS hADE BY OTHER MODULES 
NAMF PURPOSE 
---~--~-----~--------~------------------~-~------------~ 

Invoked by all prtmitives and the Interru?t Handler upcn 
CCIDf1€ting e~€cut~on. 

DA~A SiRUCTUBES USED 
]~lLL ____ IJ~1_D ___ 1:1£I _____ 2QBRQ~~L.V Abgl~ ____ ~_.~ ________ _ 

Intrupt Bit(1) External structure containina 
Array the current status of the sy~­

tern interrupts. A '1 1 1ndi­
cates the interrupt is eEabled 
and a '0' indicates that it is 
disabled. 

~gnQ1~_~~~~BIIIJQB _________________________________________ ~ 

This primitive was designed to enable all thE inte~Lupts set 
in tte aLray save vector if the parameter interrupt equals 
zero oth€r~lSe Gnly the specifiea interrupt is enabled. 
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%INCLUDE NA~CHGR; 1***** IN1EhRUPT ENAEIER~*****I 
1* THIS PRIMITIVE WAS DESIGNED TO ENABLE ALL THE 

INIERBUPTS SET 10 TRUE IN THE ARRAY SAVINT IF 
IN1IRRUPi# IS ZEliO (0), OR TO ENABLE THE SPECIFIC 
INiERHUPT SPECIfIED BY INTERRUPT# *1 

PRIMITIVE_INIERRUPT_ENABLER: .PROC(INTERRUPTfi,SAVEINT); 

%INC1UDE INTACTV; 

DeL INTERRUPT' FIXED BINABY(15) 
S A V E I N T (1 6) BIT ( 1) i 1* b f 11 ENS ION ED N U Ii BIN T * 1 

IF IINTERRUPTi = o~ THEN 1* RENABLE FRCM SAVEINT *1 
I~1~UP1 = SAVEINf; 

1* INiRUFT CONTAI~S THE CUREENT STATUS OF THE SYSTEM 
INTERRUPTS. A 1 INDICATES THE INTERHUPT IS BNABIEI; 
A 0 INDICATES THE INTERRUPT IS DISZNABLED *1 
ELSE INIBUPT(INT~RRUPT~) = '1'B; 
1* ENABLE A SINGLE INTE~RUPT *1 

RETUBN; 
END PrlIMITIVE_INTERRUPT_ENABLER; 
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MODULE SPECIFICATION 

TYPE: pa1!l.!1!1] 

PARANETEBS 1]gQ1 _____ ~tP~1 ____ !lR~ ______ fQ!!~~1~ _______________ ~ ____ _ 

Interrupt Integer 

Integer 
Array 

If not zero, it identifiEs the 
~nterrupt to be disabled. 

If interrupt is zero it is 
used to save the status cf all 
interrupts being disabled. 

EXTEI~NAL CALLS I'lADE TO OTHER MODULES 
!!~! ______ R~g!~E1E]~ __________ R~]RQ~~ _____________________ _ 

NODe. 

EX'T E t N A L CALLS MAD EB Y OTHER ~l 0 D U L E S 
NA~E PURPOSE 
----------------~----------------------------------~-------
Invoked ~y all primitiyes and the Inter~upt Bandler to 
prevent 2nteLru~ts durlng execution. 

DATA STRUCiURES USED 
1!~.t1£ _______ F I11.!2_. ___ ±.I~~ __ ... _~_.£QBEQ~ ~LJ:~1.Q!~ ____ ' _~ _________ . 

Intrupt Bit (1) External structure containing 
Array the current status of the sys­

tem interrupts. A 11' indi-. 
cates the interrupt is enabled 
and a '0' indicates that it is 
disabled. 

~Q~Q1~_~~~fB1R1IQ!~ _______________________________________ _ 

This primit~ve was design~d to disable all the interrufts 
~urr8ntly enabled a~d ~9 r~turn the current interruFt status 
1n the save VEctor 1.£ tne lIlterL'Upt parameter eo.]uals ZEro 
otherwiSE only the interrupt spec1.fied is disaoled. 
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MODULE IMPLEHENTATION 
--------~--~---------

%INCLUDE NAMCHGR; 1***** INTERRUPT DISENABLER *****1 
/* THIS PRIMITIVE WAS DESIGNED TO DISENAbLE ALL THE 

INIERRUPTS CU~aENTLY SET AND TO SAVE THE CURRENT 
INIEBRUPT STATUS IN THE ARRAY SAVEINT IF INTERRUPTI 
EQUALS ZERO (0) OTHERWISE DISENi1ELE T~E SPECIFIC 
INIERRUPT INDICATED BY INTERRUPT# *1 

PRIMITIVE_INIERRUPT_DISENABLEB: PROC(INTERRUP~#,SAVEINl); 

%INCLUDE lNTACTV; 

DCL INTEnRUPT~ FIXED BINAhY(1S), 
SAVEIN1' (16) BIT(1); 

IF ( 1 N I E f( R UP T #- = 0) THE N / * DIS EN A B I .. E Al LIN T ERR U P 1 S 
AND SAVE THE CURRENT CONFIGURATION IN SAVEINT *1 

DO; 

1* INTRUFT CONTAINS THE CURRENT STATUS OF THE SYSTEM 
IN!ERhUPIS. A 1 INDICA7ES THE INTERRUPT IS ENAELEL; 
A 0 INDICATES AN INTERRUPT IS DISENABLED *1 

SAVEINT = INTRUPT; 
INFJRUET = IOIB; 

END; 

ELSE 1* DISENAELE A SI~G1E INTERRUPT *1 
IN'lRUfT(INTERRUPT1t} = 'OIB; 

END PRIMITIVE_INTERRUET_DISENABLER; 
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MODULE SPECIFICATION 

PARAl1ETE 11S 
INR'y~ ___ QJl1PUT ~~lRl1 ___ ~Q1iTENT~ _________________ _ 

P-Iname 

Proc(~ssor 

Error 

Integer 

Integez:-

Integer 

Process internal name. 

CPU on which the,procEss being 
saved was execut~ng. 

Returns error condition code. 

EXTERNAL CALIS MADE TO OTHER MODULES 
NA~l ______ g~~h~ET£~ _________ -fQBfQ~~ _____________________ _ 

Inte~rupt Interrupt Number, 
Disabler Save Vector 

This module i~ invoked to dis­
able all i~te~rupts .hil€ 
Savestate ~s ~n executl0n. 

IDte~rupt Interrupt Number, 
enatler Save vector 

This module i~ invoked to re­
enable all interrupts which 
were disabled by the current 
module in execution. 

peBD.1TA ProcE:SS I-Name, 
PQt/Get_Par~~~ter, 
F1e~d Iaentlt~er, 
Da ta Par amet2r, 
Error Parameter 

This module i~ invoked tc save 
the contents of the CPU regis­
ters on which Process I-Name 
was in execution. 

EXTErlNAL CALLS MADE BY O~HER MODULES 
]!~1 ________________ EQBEQ~] _______________________________ _ 

Scheduler 

Reg Ut~st 

Inte~rupt Handler 

Save the state of a process which is 
being preempted. 

Save the state of a process whose re­
blocked Oll a re~uest for a message or 
resource. 

Save the state of the current procEss in 
execution on the Operating Sy5~em E~o­
cessor until the current ~nterrupt lS 
handled. 
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DA~A STRUCTURES USEv 
~!~] ______ FIEL_D _____ TYPE ______ EQBRQ~~LY!~Q£2-_____________ _ 
Saveint Bit(1) 

Array 

CPUREGS Integer 
Matr~x 

ItEm (i, j) Integer 

Current- Integer 
Process Array 

Array used to save the status 
of the interrupts; arguement 
in call to Disabler and 
Enabler. 

External structure represent­
ing the CPU registers for tach 
processor •. 

Represents ~egister 'jl cn 
processor • 1.. I '. 

External vector used to iden­
tify the process executing on 
processor • i" (Array Index). 

MO~~b]_~~~~BJ£1JQ! ________________________________________ _ 

This primitive was designed to save the current state cf the 
processor in the save-area (PCB Field) for the specifiEd 
process .. 
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lINCLUDE NAMCHGR; 1***** SAVE STATE ***~*I 
1* THIS PRIMITIVE WAS DESIGNED TO SAVE THE CURRENT STATE 

OF 'IHE PROCESSOR lUPRQCESSOR#II) IN I'Hl: Si1V.2;AREA EOR 
THE PReCESS SPECI.cIED BY "PINAi1EII. UFCN COMPLETICN 
THE cuaRENT PROCESS 70R THE SPECIfIED PROCESSOR 1S 
SET TO ZERO. *1 

PRIMITIVE_SAVESTATE: PROC{PINAME,PROCESSOR#,ERPRM); 

%INCLUDE EEGS1RS; 
%INC.i.UDE PCEtCL; 
%INCLUDE CSDCl; 

ON CHECK (ERROR) 
BEGIN; 

IE (EBROR ~= 0) THEN DO; 
ERPRM = ERROE.i 
GO TO RETURN POINT; 

END; -
END; 

DCL (PINAME.(.PROCESSOR#,ERPF..M) FIXED BINARY (1S) ; 
DeL EBEOE F.J..XED BINARY (15) INIT'(O); 
DCL TEMPREG (10) FIXED BINARY (31); 

1*** DISENABLE ALL INTERRUPTS ***/ 
CALL FRI~ITIVE_INTERRUPT_DISENAB~ER(ALL_INT,SAVEIN1S}; 

1* SAVE THE ~~0CESSOR STATE IN PROCESS'S PCB *1 
TEMPREG = CPUREGS(PROCE3S0B#,*); 
CALL FrtIMITIVE_PCBDATA(PINAME,mPUT,~STATE,TENPREG, 

ERROR) ; 

/*SET CURREN1 PROCESS OF THE PROCESSOR TO ZERO*/ 
CURRENT_f~OCESS(PROCESSOR#) = 0; 

1*** REENAELE THE INTERRUPTS ***/ 
CALL PRIMITIVE INTERRUPT ENABLER (ALL IN1~SAVEINTS) 

RETURN feINI: - - -
END PR~MITIVE_SAVESTATE; 
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~ODULE SPECIFICATION 

PARA~lETE ES 
IN i'yZ-__ Q.YIE UT ___ !lf~ _____ ~Qli~ EN :!~ __________________ _ 

F-Int.me 

Frocessor 

Error 

Integer 

Integer 

Integer 

Process internal name. 

CPU allocated to the ~rocess. 

Returns error condition code, 

EXTEBNAL CALIS-MADE iO -OTHER MODULES NAtjl _____ gl!B~METflRS ________ pU!!.R0S~ ___ _ 

Interrupt Interrupt Number, This module iE invoked tc dis-
Disabler Save Vector able all interrupts while 

Restorestate is LU ex~cution. 

Int€rr~pt Interrupt Number, 
enabler Save Vector 

This module i~ invoked to re­
enable all interrupts which 
were disabled by toe cur~ent 
module in eAecution. 

PCB Dt. TA Process 1-Name, 
Put/Get Parahleter, 
Field Identifier, 
Data Param-et~:i:, 
Error Parameter 

This module is invoked tc set 
the CPU reqisters for the spe­
cified protesscr to the state 
vector saved in the process·s 
PCB. 

EXTEPNAL CAllS MADE BY OTHER MODULES 
NAME PURPOSE __ - ___ --_____________ - _________________ ~ ____ 4~ _______ ~-~-__ _ 

Scheuuler 

Interrupt Handler 

Restore the state of a Frocess which 
was blocked, preempted OL just creatEd. 

Restore the state of the process preemp­
ted by this mOdule after the int€rru~t 
has been handled. 
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DATA STRUCTUEES USED 
_N_A_M_E _____ --F-Il1-D---~IlPE----- PORPOSU!A1.Q£~..:. ________ ~ __ _ 

saveiat 

CPUREGS 

Curr~nt­
Process 

Bit (1) 
Array 

Integer 
Matr:1x 

Item(i,j) Integer 

Integer 
Array 

Array used to save the status 
of the interrupts; arguement 
in call to Disabler and 

, Enabler. 

External structure represent­
ing the CPU registers for each 
processor. 

Represents register 'jl en 
processor 'il. 

External vector used to iden­
tify the process executing on 
processor 'i I (Array Iod EX) • 

~~~]1]_]~~~EJR1!Q! ____ - ___________________________________ _ 

This primitive was designed to se~ the resisters of thE Sie­
cifiEQ processor to the state vector s~veQ in the procEss s 
PCB 2nd to SEt current process for the processor to thE 
specified precess. - _ 
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~QBUL~_!]£L'EM~~!ATIQ~ 

%INCLUDE NAMCHGR; /***** RESTORE STAtE *****1 
/* THIS PEIMITIVE WAS DESIGNED TO RE3TORE THE REGIS~ERS 

FOB THE PROCESS SPECIFIED EY PINANE FOR THE PROCESSOR 
SPECIFIED BY PROCESSOR# AND TO SET THE CURRENT FBOCESS 
FOB THE PROCESSOR TO PINAME. *1 

(CHECK (ERROBL): 
PRIMITIVE_RES~ORESTATE: PROC(PINAME,PROCESSCEI,ERPRM); 

%INCI,UDE PCErCL; 
%INCI,UDE CSDCL; 
%INCLUDE BEGS1RS; 

ON CHECK (ERROR) 
BEGIN; 

IF (ERROR ~= G) THEN DO; 
~RPRM = BuROR; 
GO TO RETURN POINT; 

END; -
END; 

DCL (FINAME,PROCESSOR#,ERPBM) FIXED BINABY(15~ ; 
DeL ERBOR FIXED BINARY (15) INIT (0) ; 
DCI TEl'1PBEG(10) lIXED BINARY (31) i 

1*** DISENABLE ALL INTERRUPTS ***1 
CALL PRIMITIVE_INTtRRUPT_DISEKABLER(ALL_INT,SAVEINTS); 

/* GET THE PROCESSOR STATE SAVED IN THE PROCESS'S 
PCE *1 

CALL fRIMITIVE PCBDATA(PINAME,~GET,~STATE,TEMPREGt 
-- ERBOi() ; 

/* SET THE PROCESSOR REGISTERS AND UPDATE THE 
CURRENT EROCESS. *1 

CPUREGS(fROCESSOR#,*) ~ TEMPREG; 
CURR~NT_fROCESS(PROC"ESSORtf) = PINAHE; 

1* BEENABLE THZ INTBRROPfS. *1 
CALL fRIMITIVL_INTEilRUPT_ENABLER(ALL_INT,SAVEINTS); 

BE'JURN feINT: 
END PRl~ITIVE_RESTORESTATE; 
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APPENDIX D: MODEL INITIALIZATION AND lEST PROGRAMS 

%INCLUDE NAMCHGR; 1***** HARDWARE nRIVER *****1 
(CHECK (ERROR» : 

HDBIVEB: PRoe OPTIONS (MAIN) ; 

1* THE HAFDWARE DRIVER IS USED TO SIMULATE THE PROCESSORS 
EXECUTING THE SCHEDULED PROCESSES, SETTING INTEREUPTS 
AND INVOKING THE INTERRUPT HANDLER AFTER AN 
AlfBOPEIA~E TIME LAPSE AND PERFORMING OTHER FUNC1IONS 
OF IHE HARDWAriE. *1 

ON CHECK (ERROR) 
BEGIN; 

IF (ERBeR ~= 0\ THEN DO; 
POT FILE (SYSPRINT) LIST ('HARDWARE DRIVER: ERROR=', 

ERROB) SKIP; 
(NCCHECK (.i.h~Ort) ) : 

EEGIN; ERROR = 0; END; 
END; 

END; 1* ERROR ON CONDITION *1 
% INC I. U D E F C EtC L ; 
% I U C I, U DEB C EtC L ; 
%INCLUDE CSDCL; 
%INCLUDE lNTACTV; 
%INCIUDE INTSE7; 
%InC1UDE GENIEC; 
ilNCLUDE CASFSTM; 
%INCLULE EEGSI~S; 

DCL If.:I;~£ r1~L FIX~D_BINARY(31) STATIC,. 
T.1 1'1 1:. .r; f I X ~ D B I L~ ld~ Y (3 1) , 
(PROe (4) FIXED BllJARY (15) STATIC INII t~4) 0) , 
CINDX(4~\ fIXED BINARYJ15t ST~TIC INIT 4)0), 
CHEG (10 FIXED BINARY 31 STATIC IN IT 1D} D) I 

E B R 0 I, F' X .8 D BIN A R YIN T ( ) I 

IC FIXED BINARY EXTERNAL; 

CURREN~ fROCESS = 0; 
CALL IN~1IALIZATION; 

CALI lES'IER; 

DO FCEEVER; 

£lUT FILE (SYSPRlNT) LIST (' HARDlvAI-.E DBlVER - TOP') SKlP; 

1** EXECUTE OHE "STEP" ON EACH PHOCESSOR **1 
DO I = 1 TO NUNbCPU" 

I}' ( CUR R L 11 T P a 0 C 1'. .s 5 (I) ..., = C 1> ROC (I t ) THE N DO; 
1*** SAV"E THE IDENJ:'IFICATlOd Cr' THE PROCESS BEING 

RUN ***~/ 
CPl<OC (I) = CURPENT PROCESS (1) ; 
C IN D X (I) = CPU h r.; G S 1 I I 1) ; 

END" 
I * * * S E i T fI r: INS T f< U C T ION CO U ~ T E H FOR S I M U 1 h T ION * I 

Ie = Ci:UP.EGS (1,~) ; 
I F ( C U l' H L :~ T _ f 1\ 0 C r~ ~ S (I) ..., = 0) THE N !) 0 ; 

FUT }ILE(SYSPL~lHT) LIST(IINDEX=',CINDX(I»; 
rUT f I 1.. L (S Y ~ t) h J U'j') LIS l' ( I ') SKI P ; 
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1** EXECUTE THE PROCESS **1 
to ACTION OF CASE(CINDX(I)}; 
~ASEJ1): CALL SUPERVfsOR; ENDCASE; 
CASE 2): 

P T FILECSYSPRINT) LIST('TERMINATOR - DUM~YI); 
1* CALL TERMINATOR; *1 

ENtCASE; 
CASE (3) : 

PUT FILE(SYSPRINT) LIST('INITIATOR - DUMMY'); 
1* CALL INITIATOR; *1 

ENtCASE; 
CASEj4j: CALL INPUT CONTROLLER; ENDCASE; 
CASE 5: CALL OUTPU~ CONTaOLLER; ENDCASE; 
CASE 6: CALL FILE MXNAGER; ENDCASE; 
CASE 7: CALL OPEB~TOR SYSTEM COMMUNICATOR; 

ENL ASE; --
CASE(8): CALL FILE_SPACE_MANAGEB; ENDCASE; 

END OF CASES; 
1* -CHECK TO SEE IF A PROCESS HAS EEEN PREEMPTED. 

IF SO, SAVE TilE CORRECT INSTRUCTION COUNTEE FOR 
SIMULATION PURPOSES. *1 

IF ((PROC(I) ~= CURREN~ PROCESS(I) THEN DO; 
CREG (1t' = CINDX (1); -
CREG(2 = IC· 
CALL P\IMITIVE PCBDATA(CPROC(I) ,ruPUT,wSTATE,CREG, 

-- ERROR) ; 
END-
ELSf 

1*** SAVE THE SI~ULATION INSTRUCTION COUNTER 

CP UREGS (1,2) = IC; 
END; 
1* CHECK INTERRUPTS *1 
TIMER = TIMER + 5; 1* INCREMENT THE CLOCK *1 
DO J = 1 TO NUMBINT; 

:t****1 

1*** IF IHE TINE fOR AN INTERRUPT TO CCCUF 
HAS ELAPSID THEN SET TilE lWTERRUPT **1 

IF «(INTRUPT (J)) [; (ITIl'1E (J) )= TIUER)} THEN DO; 
IN1RSET(I} = TIUE; 
p U '1 F I L E (S Y S:2 I~ I 1'4 r ) LIS T ( , I N T ERR U P l' I I I I ' SET' t ; 

1* CALL INTERRUVr_HANDLER; 
*1 

END; 
END; 

END; 
END; 1* OF, UO FOREVER *1 

s rr A R 'I I 0: E N TRY (I NT E R5' n PT ¥) ; 
/*$** THIS PROCEDURE SIMULATES STARTING AN JIC 

DEVICE - THE BASE T1MB IS SAVED TO CHEC~ 
ELAPSED TIME TO SET THE IN~ERRUPT ****1 

DeL INTEhnUPT# FIX£D BINARY(15l, 
DE V 'l'1 ~l E ( 1 6} F' 11..1 D 81 tll\ R Y (1 J ) STATIC IN 1 T ( ( 1 6 ) SOt; 
1* DEVTiME IS THE AVERAGE LENGTH Of TIME aEQUIE~D 

fOR A UEVIC£ TO PEEiORM I1S FUllCl1CN *1 
ITI~E (lN1ERnUPT#) = TII1zn + DEVTI~lE (ll~TERRUPT#) ; 
RETURN; 
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TESTER: PBOC; 
1**** IHIS PROCEDURE IS USED TO SET THE SYSTEM STATE 

FOli T~ST PURPOSES. ***1 
1*** TRACE IS USED TO ENABLE PRINT STATMENTS IN 

-SEl.ECTED F-ROCEDUBES. *****1 
DeL TRACE BIT (1) EXTERNAL; 
TRACE = lRUE; 

%INCLUDE BEQRElD; 
DCL iEST MSGS (3) CHAR~8) INIT (. IPDEV 1 , 

'O~DEV1 ., 'FOPD.t;V1 I); 

1*** RELEASE MESSAGES TO CREATE DEVICES FOP. !HE 
INPUT CONTROLLER, OUTPUT CONTBOLLER ANt THE 
FILE MANAG~~. *****1 

ALLOCATE MEsstGE BU?FER SET (MESSAGE) ; 
MSG SEMAFHORE~EltLE~/F~ELD3~FIEL~4~FIElp5LFIELD6 = o· 
CHA~ FIEIL1~CnAB FLLLD2,CHArt EIE~D~~CHAn ~IELD4 = , •• ' 
ANSW~R REQUEST =-EALSi; - - , 
FIELI:1-= $$JCLi 
K = 4; 
DO I =1 10 3· 

ALLCCA1E INPUT' BUPFER SET(IBUFPTR); 
BUFFER LOCATIO~ = IBUFPTR; 
IF(I<3~ THLN INPUT BUFFER = ImmADD 1 I 11EST MSGS(I}; 

ELsE INrUT EUF'PER =-, Q)Q)ADD 1 II TEST £1SGS (3) IT 
- 'BIG BIRD'; -

CALL PRIMITIVE RELEASE(K;$INPUT,~ESSAGE,ERROR); 
END; -

END 'IESTER; 

END H~EIVER; 
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%INCLUDE NAMCHGR; 1***** INITIALIZATION *****1 
{CHECK (EBEOE}) : 
lNI1:iALIZATIC}J: PROC OPTIONS (MAIN) ; 

DeL 'IRACE BIT (1). EXTERN AL; 
IF TEACE THEN . 

PUT FILE(SYSPRINT)LIST('ENTERING INITIALIZE') i 
ON CHECK (EERCR) 

EEGIN; 
IF (ERROR ~= 0) THEN DO; 
PUT FILE(SYSPRINT) LIST('IN INITIALIZE, ERROR = " 

ERROR~ SKIP ; 
(NOCHECK (EBROL"(»: BEGIN; ERROR = 0 i END; 
END; . 
END; 

DCL ERROR FIXED BINARY INIT(O); 
%INCLUDE EEQRELD; 
%INCJ .. UDE BCcLCL; 
%INCLUDE FCE~CL; 
%INCLUDE GENtEC; 
%INCLUDE OSDCl; 
%INCLUBE BEGS1RS; 
%INCLUDE INTAC~V; 
~INCLUDE INl'SET; 
%INC1UDE CASESTM; 

1*** INITIALIZE INTERFACE VARIAELES ***1 
ANYPliOC = 0; 

it#ACCES = 'Ol'B; 
##ACQRD = 'lO'B; 
jASSGND = 4-
t: If A V AIL = 0: 
J;. 4. ~ T r'" S E· = • ~ , '0 -
t .. 1t'-'.L~ • .u, 
f:CRAIB = i­
~CN'I 52 = 4; 
i=DEV1CE = 3; 
trDINAME = 3; 
#DSTA'I = 2; 
#FIIE = 2; 
~fNDOF1 = 1; 
#FNDOE2 = 2; 
#FNDOP3 = 3; 
#l"NDCP4 = 4; 
f.FNDOPS = 5; 
#GET = I" B; 
f,#GO = • liB­
t#HOLD = totE; 
#LEF'I = lOtH; 
#L QU~ ;:: 4' 
t: ~: 1r a Ace = 1 0 0 ' B; 
tffNCAVL = 3; 
1;OFILE = s-
it 1~ o.r E N = '6' B ; 
#05 = 'O'E; 
#CWNEE = 2; 
#PCT = 4; 
tPC'I'NAM = 2; 
tH; PER I~ F = 1; 
#f:PRIV = 1; 
#PU'I = 'O'B; 
~~REAr: = 1· 
U ~~ REA t A = l; 
f;#BEACR = 1; 
f#HEALS = 4' * II I G H'l = • 1 I B -I 
iit< QUF = 3-
U ~f"3 A C Ii .t = I 1 1 ' B­
t 4~ :., A L 1< = 3' I 

tfSl::~rCh = ': 
y#SHf<D = 0; 
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#S OR P = 6; 
if tfr E t!I F = 0; 
#TFILE = 7-
#iTGRfF = ~-
4;USER = 'l-B­
##WBI'IE = 2;' 
##WBI'IA = 7; 
##ilBI'IH = 3; 
*#wRI'IR := 2; 
~#.wRI1S = 5; 
~XNAME = 1; 

$$ADI: = 0-
o$$CLCSF ::;'4-
$$DELET = 1! 
$$DIBAD = 18; 
$ $ j) I R D L = 19; 
$$DIBRD = 17; 
$$DO llE = 1-
$.$DS'IYF = ~; 
$$EOF = 15-
$.ilEX1NT = ~; 
$$FAII = 2; 
$$FIIOP = 12; 
£$I1JIFC= 7; 
$$JCl = 16-
£$OPENF = ~;­
$$OFCCM = 6" 
$$OPR1B = 2~: 
$$PASS = 14; 
$$PERMF = 3; 
$.'tiREAD = l' 
!,i$SfACE = 2; 
£$SPCMN = 0; 
S$STCF = 10; 
$$TEMPF = 4; 
~$TEi1L1 = 11; 
S$WRI'IE = 2; 

CD B 0 R 11 N R = 9; 
~ E R 11 V E C = 1; 
£i)CHIID = 4-
GJCYCLE = 12; 
G;FSTAl = 10; 
Q)FWCN1R = 11; 
CiJGET = '1'E; 
GJLFTSIB = 5; 
dMSGF'lB = 1; 
a>NR PGS = 8; 
G:)PA]l:.t'T = 3; 
Q)PE !~R = 7' 
iJPRTRTY = '; 
wPlJ'I = 'O'E; 
Q) QUA N T ~l = 2; 
GJI~ E S VEe = 1- ; 
G)RG'l'SIB = 6; 
CJSTATE = 1; 
OJSTA1CS = 1; 
iJSYSiiiO = 1; 
CJXNAM2 = 2; 

~~BLKCB = 'DLOCKEDR'; 
~~BLKLT = 'ULocKtD~'; 
~~REDYA = 'R~ADYA'; 
(Jd.l{UN = 'I<U~H] HG" 
~~SUSPD = 'SUSPEN~'; 
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/*** INITIALIZE LIMIT VARIABLES ***1 
PCB_LIM = 50; 

ALL INT = 0
1
;. 

N U M'"E I NT = 0 , 
NUMECEU = 4; 
DEV L LIMIT = 101; 
DEV-U-LIMIT = 110; 
FIL~ I LIMIT = 51; 
FILE-U-LIMI1 =100 ~ 
PCT I IIMI~ = 111; 
PCT-U-LIMIT = 120i 
SEN-L-LIMIT = 1; 
SEM-L1MI1= 50; 

CPUREGS = O· 
IN'IHUET = '~'B; 
IN'IRSET = 'O'B; 

DCL SlATE (10) FIXED BINARY (31) : 
DCL SYS PROC fITj1) ,EXT NAi1 CHAR (8) ; 
DCL (FAT~ER,3hCTH~R,PRI,tYC1E,INAME,LASTfROC) 

fIXED BINARY; 
DeL SYSPROCESS (8) FIXED BINARY· 
DCL ACCESS (120) 3IT(2) INIT( (1~O) (1) '01 I E); 
DeL CWNEE FIXED BINARY, DUMH1~B EllEb BINARY INIT(O), 

DUMMYB1 BIT (1) · 
DC L tUM £1 Y C H ARC H ! ~ (~) I NIT ( (8) I • ) ; 

DCL NULLfTR POINTER; 
DCL MSG_INIT EOINTEh; 

1* INITIALIZE A MESSAGE BUFFER *1 
ALLOCATE MESSAGE BUFFER SET (MESSAGE) ; 
NSG I~IT = MESSA~E; 
FI~I~1~FIELD2,FIELD3£FIELD4,PIELD5lFIEID6 = 0i 
~~f~A~5~L~16?HAR_FIE D2,CHAR_FIELD3,CHAR_FIELu4 = II; 

MSG SEHAFHOR~ = 0; 
ANSWER_REQUEST = fALSE; 
BUPFER_LCCATION = NULL; 

/*** CREATE PCb FOR ERROR HANDLER ***/ 
CALL fCBINIT; 

. I***SET INITIAL SYSTEM STATE ***1 
SYS EROCESSOR PROCESSOR = '1· 
CUR~ENT_PROCESS{SYS_PROCESSOR) ,SYSPROCESS(1) = 1; 

1*** ADD CODE FOR PAGE TABLE INITIALIZA~ION ***1 
1*** SET STATE FOR THE ERROR HANf.1ER ***1 

IN Al1 E = 1· 
CALL PRIMiTIVE PCBDATA(INAME,&PUT,~PE NB1SYS PROCESSOR, 

- ERROR} ; - -
STATE = 0; 
STA'IEJ1~ = 1; SlATE 2 = 1; 
CALL d MITIVE_PCB~ATA(INAME,~PUT/~STATE,STATE,ERRCR); 

1** INITIALIZE ~ESSAGE BUFPER FOR ERROR HANDLER **1 
ALLOCAfE MESSAGl ~UFFEk SET(MES3AGi~; 
MESSAGi -) ~E~Sh~E BUfiER = MSG l~Ir -) MESSAGE BUFfER; 
CALL fRI~ITIVE PCb]ATA(INAME,~PUT/~MSGPTB,ME3SA~E, 

En nOL() ; 

1** INITIALIZE RESOURCE VECTOH FOR ERRon HANf.LER **/ 
CAL L f i, 1 :~ I T I V b _ P C ~3 D 1\ T 1\ (I N i'~ :1 L , w 1) U T , (,~!~ E.s v .r: C r 

S 2 l1 L I. I MIT, ? C l' U L 1 [.j I 'J' , ACe r~.3 3 , E i< E 0 B) ; 
ACCESS = 'OO'D: - ~ - -
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1* INITIALIZE A PCB FOR THE TERMINATOR *1 
SYS ERoe = TRUE; 
FATllEB = 1-
BROTHER == 6; 
PRI = 49-
CYCLE = 6; 
EXT NAM = 'TERMINTR'· 
CALL GETPCB(FATHER,5~OTHER,EXT_NAM,PRI,SYS PROC,STATE, 

INAflE,CYCLE,ERROR) ; -
STA'I.E(2) = 2-

CALL f~IMIT1V~ PCBDATA(INAME,mPUT,illSTA~US,mmREDYA. 
- ERROR) • 

CALL fRIMITIVE PCBDATA{INAML,@PUT,mSTA1E,STATE,ERRCR)­
CALL fRINITIVE-PCBDATA(INAME,~FUT,illPE NR,SYS PROCESSO~, 

- ERROR) . - -
ALLOCATE MESSAGE BUFFER SET(MtSSAGE); 
MESSAGE -) ~E5SA~E DUFFER = MSG 1N1T -) MESSAGE BUFFER; 
CALLFRIMITIVE PCrlTIATA(INAME,IDPUT,&~SGPTB,clESSA~E, 

- EEhOR) ; 
FATHEB,SYSPROCESS(2) = INAME; 

/*** INITIALIZE PCB'S FOR SYSTEM PROCESSES ***1 
DO I = 1 TO 6; 

DO ACTION OF CA3E(I): 
C1SE(1} :-/* INI~IATOR *1 

EXT_NAM ; 'IN~~AToa'; 
PRI = 4-8; 

ENrCASE; 
CASE(2): 1* INPUT CONTROLLER */ 

EXT NA~ = 'INCONTRL'; 
PRI-;:: 48; 

ENJ.:CASE; 
eASE(3): 1* OUfPUT CONTROLLER *1 Exf »AM = 'OUTCNTRL'; 

PRI-= 48; 
ENrCllSi; 
CASE(4): 1* FILE MANAGER *1 

EXT HAn = 'FILEMNGR'; 
PRI-= 45-

ENtCASE; t 

CASE(5}:.I* OPERATOR SYSTEM COMMUNICATOR *1 
EX'! NAd = I op_cor1M' ; 
PRI-= 49; 

FNJ:CASE; 
CASE(6): 1* FILE SPACE MANAGER *1 

EXT NA~1 = 'SPt~CEMAN'; 
PRI-= 45· 
BROTHER b 0; 
FAThER = SYSPROCESS(6); 

ENLCASE; 
ENt OF CASES· 
CALI G1TPCd(F~TH~R~B~OTHER"EXT_NAct ,PBI,SYS_PROC,STATE 

, I 1~ A M .t. , eye L E , E R l:{ 0 R ~ ; 
I F 1: R ACE THE N ? U T }' I L E (S Y S P L\ I L~ :£' ) LIS l' ( 

'CASE. IND£X =',I,'INA~1E =',INAME) SKIP; 
BRCTHEH = Ii'lAME; 
CALL PRIMITIVE_PCBDATA(INA~E,~PUT,~PE_NH,SYS_PROCESSOR 

, ERROR) ; 
ALLOCA~t ME3SAGE BUFFER SE1(MiS3AGE) : 
Mi::SSAGE->:·li':;SAGr:- JUFI"ER = L·1SG IN I'I->11ESSAGE BUFFER; 
C A 11 P i1 I ;·1 I T I V L _ PC d D A T A (I N f~ ~1 E , "@ PUT , Q) 1'1 S G f- T R , i1"E S S ]\ G E , 

EBROB} ; 
SlA11(2) = I + 2; 
C Ii LIP r< 1. 11 I T I V r. _ i? C ij DAr A (I N A ME, Q) P U '£ , (1) S '1 A 'I E , S '1 A l' E , E b R 0 H) ; 
C A ii PhI ~J I T 1 V i:. PC lj n A r A ( I N A :1 1: , Ii) P U l' , I,) S'1 A T US, J.l (J R 1:. V Y A , 

... ERROE) ; 
3YSFHOCl:.SS (1+2) =INAMEf.:" 
IF ((1)1) e (1 < h)~ Tft,N 

Cit i. L .P It I M I 'J.' I V E _ i J C L~ D A T A (L h S 'I' P It 0 C , a.l PUT, Q) L F T SIP. , 1 I'; Ii ME, 
l:;hHOH) ; 

LAS'IPROC -= INAME; 
f..llD; 
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1* CCNNECT LINEAGE OF SYSTEM PROCESSES *1 
FATHER =SYSPROCES5 (2) • 
LASTEEOC = SYSPROCESS(7l· -
CAL L P R I li I T I V --E PC 13 D A :L' b (l' A THE i~ , ~ P U:r , Q) CHI L D I LAS T PRO C I 

- ERROR) ; 
1* CCNNECT FILE SPACE MANAGER TO FILE MANAGER *1 
FATHER = SYSPrtOCESS (6) • 
LASTf£OC = SYSPROCESS(8)· 
CALL ERIMITIVE PCBDATA(~ATHER,wPUT,wCHILD,LASTPROC, 

- ERROR) ; 

1* SE! UF SEMAPHORES *1 
DO I = 1 TO 19; 

DO ACTION OF eASE(I) ; 
"CASE (1):- EXT NAii =' ENDJOB' • 

. OwN'Ea :: SYSPROCESS (2) ; 1* 'TERMINATOR *1 
ENI:CASE; 

CASE (2) :. E~X T N A ~1 = I ERROR' ; 
OWNER = SYSPROCESS (1) ; 1* ERROR HANDLER */ 

ENt(:ASE; 
CASE(3): EXT NAM = 'PILEOP'; 

OWN"ER = SYSPROCESS(6) ; 1* FILE MANAGER */ 
ENrCASE; 

CASE(4): EXT NAM = 'INAME'; 
owN]a = SYSPROCESS(3); 1* INITIATOR *1 

ENECASE; 
CASE (5): EXT NAl1 = 'INPUT'; 

o r~ Nt R = S Y S PRO C E S S (lq ; / * I !~ PUT CON T Bel L E R * / 
ENtCASE; 

CAS E (6): EXT N A i1 = 'J 0 B Q S P' ; 
OWNZR = SYSPROCESS(4);/* INPUT CONTBOIL1R*/ 

ENBCASE; 
CASE(7): EXT NAM = 'NEwJOB'; 

o l~ N~ R = S Y S PRO C E S 5 (3) ; / * I NIT I A? 0 R * I 
ENJ:CASE" 

CAS E (8): E X 'I i~ A n = '0 P RIO' ; . 
O~WER = SYSPRO"CESS(7) ;/* CP .... COI1i1*1 

ENrCASE; 
CASE (9): EXT NAM = 'OUTPUT'; 

OWNeR = SYSPROCESS (5) ;I*OO'I'FUT CONTROLLER*/ 
ENBCASE; 

CASE(10): EXT NAM = 'REDYlQUE'; 
C~N]R = SYSPROCESS(1); 

ENBCASE; 
CASE(11): EXT NAM = 'IBUF?ER'· 

OWNER = SYSPROCESS('); 
ENDCASE; 

CASE (12): EXT NAM == 'INTDEV'; 
OWN"ER = SYSPROCESS (1) ; 

EN.cCASE; 
CASE (13) : EXT NAM = ·OBUFFER'· 

OWN'EB = SYSFHOCESS('); 
ENrCASE; 

CliSE (14): EXT NAM = • PUTOUT' ; 
CWN~R = SYSFROCLSS (5) ; 

EN[CASE; 
CAS E (1 5): EXT tl A N = 'w A IT' ; 

OWNER = SYSFi{OCESS (1) ; 
EN£CASE; 

CASE. (16): EXT NAM = 'INl'EHRPT'; 
CwN]n = SYSPitOCESS (1); 

FN[CAS.c.;; 
C l\ S E ( 1 7): E i: T ~ rl [1 = I I NT D E V I ;' 

o ~ ;~ I: R = S Y S f HOC E S S ( 1) ; 
FN.cCAS.E; 

CAS E ( 1 (3): £ X T N A ~: = 'S PAC E I ; 

C ~ 11 T F< = S Y S r 1-: 0 C E ~ S (8) ; 
EN[CASE; 

C A,j £ ( 1 ')): EX iJ.l N fdl = 'r ;( I WI' Q' ; 
01'/ lJ 21< = S Y S P i\ U C E S S (2) ; 

E ~~ LeA SE . 
E!Ii;_Of_C"S£~ : 
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CALL CBEATE_RCE(~SEMFOR,EXT NAM,OWNER,LUMMYPB,DU~MYFB~ 
DUMNYCHAR,DUMMYFB,DUMMYFB,DUHbYFE, 
INAME,ERROR) ; 

IF !RACE THEN PUT FILE(SYSP~INT) LIST( 
'CAsi INDE.X = I ,I(' INAtwlE =' ,INAI1E) SKIP; 

ACCESS (INAME) = i#ACCES; 
DO ACTION_OF CASE (I) ; 

~ASE11l: $ENDJOB= lNAME; ENDCASE; 
CASE 2 : $ERROR = INAME; ENDCASEi 
CASE 3 : $FILEOP = INAME; ENDCASE; 
CASE 4 : $INAME = INAHE; 

. . NULLPTR = NULL; 
DO J = 1 ?O 30; 1* 30 USEB JOBS MAXIMUM *1 

CALL PRIMITIVE RELEASE(ANYPROC,$INA~E, 

END; 
NULl"PTR,ERROR) ; 

ENDCASE; 
C A S.B .( 51 : $ IN PUT = I N A 11 E - EN DC l'~ S E ; 
CASE(6 : $JOBQSP = INAMk; ENDCASE; 
CASEl7 : $NEWJOB = INAME; ENDCASE; 
CASE 8 : $Opa 10 = INAME; ENDCASE; 
CASE 9 : SCUTPUf = INA~E; ENDCASE; 
CASE(10; #REilYA = INANE; ENDCASE: 
CAS1(11 : $IBUFl= INAME; ENDCASE; 
CASE(12 : $INTD~V = INAME; ENLCASE; 
CASE (13 : $OEUFr'= INAME; ENDCASE; 
CASE (14 : $PUTOUT = INAI"lE; ENDCASE; 
CASE(15 : $WAIT = INAME; ENDCASE; 
CASE(16 : $INTRPT = INAciE; ENDCASE; 
CASE (17j: $INTDEV = INAl1E; ENDCAS~; 
CASE(18 : $SPACE = INA11E; ENDCASE; 
CASE(19 : $PRINT~ = INAME; ENDCASE; 

EN:C OF CASES; 
END; - -
MESSAGE = MSG INIT: 
DO I = 1 TO 8; . 

INAME = SYSPROCESS (I) ; 
IF (I > 1) THEN 
CALL PRIMITIVE PCBDATA(INANEs&PUT,mEESVEC, 

S E I'j -1 L.l i'1 IT, PC T U L I l:! IT, A C C E S S , ERR 0 Ii) ; 
CALL PRIMITIVE-PCBDATAllr~GE1,Q~hIRTy,PRI,ERROR); 
CALL RCBPUTQ{tTIEDtA,#OS,I,DUMrlYFB,PFI,NUL1PTE, 

DUi1MYFB,EhPOR) ; 
LO J = 1 TO 2; 

ALIOCATB OUTPUT_BUFFER SET (CBUFPTB); 
BUFFER LOCArIOK = OBUEPTB" 
CALL P~IMITIV~_RELEASE(IN1~~($OBOFF,MESSAGE, 

EI\ROHj ; 
ALI.OCATE INPUT BUFFER SET(IBUFPTR) ; 
BUFfER LOCATIon = IEUFP~R; 
CALL PEIMITIVE_RELEASE(INAME,SIEUFF,MESSAGE, 

END; 
ERROR) ; 

END-
FREE MESSAGE -) MESSAGE EUFFER; 
CUI\EENI FROCr:SS = o· ~ 
CALL Prt~MITIVE SCHEbuL~R; 

END INITIALIZATION;-
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1* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * PREPROCESSOR SIMULATION MACRO USED TO INCLUDE THE 
INDICES AND PRINT OUTPUT MESSAGES FOli SIMULATION. 

IIENAELEDU BY %INCLUDE SIMULTB; 

%DCL SIM STAnT ENTRY(CHAR) RETURNS (CHAR) ; 
%DCI SIM-INTERRUPT PT ENTRY BETURNS(CHAti); 
%DC1 Q)S~~ET fIXED;! 
%DC1 SIH_END CHAR; 

iCz1SIMPT ~ 1-
%SIM END = 'nCL SMLPT{~SIMPT) LABEL; IC = 1; 

- SIftEND: R~TURN;'; 

~SIM_STAB'I: EROC (ciJSIMNAM) RETURNS (CHAR); 

DCL (&SIMNAM,&SIMRET) CHAR; 
aSIMRET = 'DCL Ie FIXED DINARY EXTERNAL; 

*1 

PUT FILE(SYSPRIN£) LIST('ILNTEBING" ," , 
, I Q) S 1M N A ~l I I' I 1 , 't 'I C = I 1 I Ie); GOT 0 S 11 L P T (I C) ; 
SML P T ( 1):; ; 

BETURN (CilSIMRET) ; 
"END; 

%SIM_IN~EERUFT_PT: PRDC RETURNS (CHAR) ; 

Q)SIMPT = Q)SIMPT +1; 
RETURN (I Ie = J)SIrlPT; GO TO SI~lEND; SI~LFT (Q)SII1PT): ; I) ; 

%END; 
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