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L INTRODUCTION

This report is the fourth in a series prepared by International
Computing Company (ICC) under Contract No. DOT-CG-31-78-1833
for the United States Coast Guard.

The first report* described the initial design study which
focused on alternative architectures. The second report**
carried the initial design to a greater level of detail, dis-
cussed critical design issues and presented basic hardware

specifications.

S

The third report*** presented detailed software specifications
and an intermediate level design for the application software.
This fourth report is a companion volume dealing with the
design of an operating system for the Vessel Traffic Services

(VTS) Processing/Display Subsystem.

This fourth report provides a detailed design of an operating
system which can support the VTS application in a multicomputer,
high reliability environment. The design has been prepared to
the level of detail which is appropriate at this point in the
total system design. However, since computer hardware has not
been selected, it has been necessary to limit the detail
provided for device drivers and other hardware specific areas.

The design, therefore, represents a generalized operating system
which will be implemented for a wide variety of minicomputer
systems which the U. S. Coast Guard may wish to select for the

VTS Processing/Display Subsystem.

» Henson, C.C., Cleaver, R.A., Kaisler, S.H., "Preliminary :
Design Study for VTS Processing/Display Subsystem," June, 1978.

- Henson, C.C., Mickey, F.T., Graham, R.S., McIntosh, B. A.,
"VTS Processing/Display Subsystem Design," January, 1979.

*** Henson, C.C., Graham, R.S., McIntosh, B.A., "VTS Prccessing/
Display Subsystem Software Requirements and Design," July, 1979.
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2 OVERVIEW OF VTS/0S DESIGN DOCUMENTATION

The design of an operating system involves the translation of a
set of software requirements into a set of program modules, tables
and data bases which, when implemented, will perform the required
functions. The design process is essentially the selection of
techniques, structures, algorithms, etc., from nearly infinite

possibilities.

Design is a complex process which is not yet completely under-
stood. Great strides have been made, however, in developing
concepts, techniques and tools which can assist the designer
in doing his job. These techniques allow the designer to
approach his task in an orderly fashion.

In addition to providing some assistance to the designer, recently
developed techniques make what may well be a more significant
contribution by providing techniques for communicating a design

to others so that they can understand clearly what the designer
intended. This understanding makes it possible for others to
evaluate, critique, and, if need be, alter the design.

In developing and describing the design of the operating system
for the VTS Processing/Display Subsystem, we have used a number
of techniques and concepts which should be noted before the design

is presented.

The design presented here is based upon the preliminary specifications
presented in Section 7 of the Phase II report* to the United States
Coast Guard. The design presented in that earlier report has been
modified in order to provide a more consistent structure and

provide the user with a simpler interface to operating system

functions.

*Henson, C.C., Mickey, F.T., Graham, R.S., McIntosh, B.A., "VTS
Processing/Display Subsystem Design," January, 1979.
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Each process is designed in this report as a hierarchy using
top-down design techniques,** as top-down design leads to well

structured. modular software.

Several techniques have been used during the design of the Vessel
Traffic Service Operating System (VTS/0S). Initially,

ordinary language was used to describe elements of the operating
system. Where necessary or useful, the Composite Design tech-
niques of Myers** were used to clarify some of the sequences of
transformations of system data structures. Myers' structure
charts were also used, although it was found that due to the
complexity of the interactions between various operating system
routines, these structure charts proved to be less helpful than
was initially expected, and seemed in general to be less applicable
to operating system design than to application program design.
Finally, Program Design Language (PDL) specifications have been
used extensively to describe the design.

PDL is a kind of structured English. Many different PDL's have
been suggested in the literature; however, the PDL used in this
report is based on the PASCAL language structures. PDL is a
program-like description of an algorithm, but is often simplified,
less detailed, and more readily understood than would be the
actual program. The major differences between the PDL used in
this report and pure PASCAL are described in Section 6.

Inasmuch as users have no direct interface with the Executive
itself, it has been discussed separately in Section 3. This
discussion includes a general overview of the Exec, a detailed
description, as well as structure charts, Program Desian
Language specifications, and a description of the system data
structures used by the Exec.

**Myers, G.J., "Reliable Software Through Composite Design,"
Petrocelli/Charter, New York, 1975.
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Within this report, three levels of description have been provided

for the remainder of the operating system. Section 4, which
describes the user's interface with the operating system, is
designed to be extracted for use as the nucleus of a User's

Manual when the implementation-dependent details of the operating
system are known. Section 5, which presents detailed descriptions
and structure charts of the VTS/0S routines, is designed for use
by those programmers seeking a deeper understanding of the algorithms
used by these routines, but who are not interested in the actual
code. Section 6, which presents the Program Design Language
specifications of these routines, is designed for use both as a
guide to the details of the algorithms during the implementation
and for subsequent maintenance and modification of the VTS/0S.
These PDL specifications are, of necessity, incomplete. Those
very low-level routines which interact directly with the

hardware, such as small service routines and device drivers, are
discussed from a functional point of view, but are obviously
impossible to specify at this time.

Concluding the VTS/0S discussion, Section 7 addresses basic
considerations for the design and implementation of fault tolerant
software, with specific application to VIS. This is presented
both as an aid to implementation of VTS/OS and as a guide to allow
programmers implementing the VTS applications to integrate their

procedures and structures with the fault tolerance approach adopted
by VTS/OS.
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3 THE VTS/0S EXECUTIVE

This chapter describes the VTS/0S Executive, which is the heart

of the entire operating system. First, the philosophy behind

the design chosen for the VTS/0S Executive is discussed. This

is followed by a general overview of the structure of the Executive,
together with the relationship between the Executive, system

tasks, and application tasks. A detailed description of the various
operating system data structures is then presented. Finally,

Program Design Language specifications are given for the Executive.
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3.1 DESIGN PHILOSOPHY

The VTS/OS processors will be special purpose, dedicated systems.
The software will operate in what is known as a "friendly" environ-
ment, since all programs and data structures will have been defined
at system generation time and thoroughly tested before the system

goes on-line.

In contrast, a general purpose system must provide elaborate
safeguards to protect itself against willful or innocent invasion
by users. It must also protect one user from another, and if
real-time response is required, complex priority and preemption
techniques must be employed. Such requirements lead to extremely
complex operating systems with unavoidably hich overhead.

Elaborate protection mechanisms, complex preemptive priority tech-
nigques, and other necessary parts of general purpose systems are

neither necessary nor desirable in VTS/OS.

For VTS/0S, ICC has used a non-preemptive scheduling strategy

known as 2 Volitional Executive. The Volitional Executive gives
control of the CPU to a task which retains control until it gives
up control of its own volition. An executing task is not preempted
by a higher priority task. Another task can gain control of the
CPU only when the task which is currently executing releases the
CPU.

The volitional approach allows processor scheduling to be accom-

plished in a straightforward manner. A Ready queue is maintained,




comprised of all tasks which are ready for execution. When the
CPU is free, the Executive removes the first task from the Ready
queue and gives control of the CPU to that task. When that task
gives up control, either by using a PAUSE, WAITANY, or WAITALL
call (g.v. in Chapter 4), or by requesting any system service
with an event flag of SUSPEND (see Chapter 4), the next task on

the Ready queue is given control.

If priorities are unnecessary, the Ready queue can be organized
1 as a simple first-in-first-out queue. If priority must be given [
to some tasks, the Ready aueue can be ordered on a priority basis.
It must be emphasized, however, that a priority-ordered Ready
queue does not imply preemption of the currently running task.
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3.2 OVERVIEW

The VTS Operating System provides system and user tasks with
controlled access to all system resources. Tasks which are
ready for execution are placed on the Ready queue. The task

at the head of the Ready queue receives control of the processor,
and returns control to the Executive only when it issues a
system service call. The information on the requested service
and parameters for that request are placed in an Event Control
Block (ECB). This ECB will remain associated with this service
call for the life of the call.

Based on the function code or class of service (e.g., memory
management, I/0, etc.), the Executive calls the appropriate
distributor routine. This routine may first perform some
preliminary procedures common to all requests in the specified
class. It will then call the appropriate service routine for
the specific call (e.g., LOADOVERLY, READSQ, etc.) which is
identified by the subfunction code. When a synchronous service
has been performed, or an asynchronous service has been initiated,
the distributor returns to the Executive, and the task at the
head of the Ready queue is given control of the processor. A
task may remain at the head of the Ready queue while several

services are performed by, or initiated by, the operating system.

Within VTS/0S, applications tasks and system tasks compete for
system resources in exactly the same way. They will use the
same mechanisms for interacting with each other and for inter-
acting with the Executive for scheduling purposes, and will have

the same set of calls (as described in Chapter 4) available.

The major distinction between the two kinds of tasks is that
system tasks will always be mapped into the system table area,
which contains all of the system tables and data structures.
Applications tasks will not be mapped into this area while execut-
ing applications code. As a result. during compilation, applications 4
tasks will only require access to one global system
3-4
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dictionary, which will contain those system-wide variables and

; constants needed by every task. System tasks, however, will
require access both to this dictionary and to a second dictionary
defining system-level variables, constants, and data structures.

An additional difference, although not a significant one, is
that there will be a library of procedures available to all system
tasks for performing fairly primitive but frequently needed oper-

ations (e.g., link a node onto a queue, remove a node from a

queue, etc.). This serves primarily to promote uniformity of
technique and structure among the system tasks, which may or
may not be desirable for applications tasks. Should it prove
desirable, defining a similar library for applications tasks
appears to pose no particular problems.

Due to the existence of a separate memory map for each task, a set
of small routines, termed "user interface stubs" in this report,
will be required. These routines are part of the operating system,

but are so heavily dependent on the specific structure of the
computer selected and the PASCAL implementation used by that
computer that they are described only in terms of their functions.
The user interface stubs reside in each task at a specified
location and perform a common set of operations for each operating
system call. For example, if a user task issues a "SCHEDULE
(EFLAG, ..., STATUS)," call, an external reference to the name

: "SCHEDULE" is created in the user task. This external reference

is resolved when the user task is linked, becoming a call to the
i user interface stub for the SCHEDULE system call. The user
' interface stub provides for the transfer of CPU control to the

operating system, and is responsible for:

R o T WL YRR i 2 et
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1. modifying the task map so that the task is mapped
into both the system table area and that portion of
the task's address space containing the parameters
for the system service call,

2. allocating a free Event Control Block and setting up
the fields that are not call-specific,

3. moving the call parameters into the appropriate fields
of the ECB (note: the stub may also do some preliminary
error checking of the parameters as discussed below),

4, 1linking the [ECB into t>~ ELB-yceue for f:e &re&itune,
and

5. saving the task's context a.ud returning control of the
CPU to the Executive.

To keep these stubs as small as possible, since they will use
some of each task's address space, a minimum of intelligence
should be placed in each. However, it may be reasonable to verform
some minimal error-checking at this level before going through
the entire cycle described above. Primarily, since almost every
system service call uses an event flag as a parameter, and since
the number of valid values for this parameter is small (see
Sections 4.1.1 and 5.1.1), it may be reasonable at this point
for each stub to call a simple routine which checks to ensure
that the event flag specified is both wvalid and not currently
assigned. In the Program Design Language specifications for

the various VTS/OS routines given in Chapter 6, the assumption
has been made that this check is indeed performed by the stubs,
and that the completion code ERR-FLAG is returned to the calling
task directly by the stub if this error check is not passed.




3.3 DETAILED DESCRIPTION

3.3.1 The Executive

The system Executive for VTS/0S consists of three major nested
loops. The outermost of these three loops is a simple infinite
loop, which never terminates. Thus, the Executive is never KILLed.
The next loop, referred to as the task loop, is driven by the Ready
queue. This queue consists of the TCBs of all tasks which are
ready to execute once they are given control of the CPU. During
normal processing, there will be periods when no tasks are on the

Ready queue. This will be the case when all tasks are awaiting

interrupt-driven events, such as device input and output completion.

When this condition occurs, the task WHILE-loop of the Executive
will terminate, and system diagnostic or test routines may be
called. In this manner, self-diagnostic routines will not be

performed during peak load situations.

The Executive uses several subordinate routines which are shown
in Figure 3-1 and described briefly here. Given a task awaiting
processing on the Ready queue, upon entry to the task loop, the
Exec first checks to see whether or not LERCUPDATE and MERCUPDATE
must be called. These two routines, which are described in detail
in Section 5.6, essentially monitor the current health of the
local processor and the system. These routines are called on

a cyclic basis after every "maxcycle" entries into the task

loop. If an error is detected by LERCUPDATE during processing,
the error is reported and verified by the LERC. If a LERC or a
main processor fails to send an "I AM OPERATIONAL" message to a
MERC, MERCUPDATE disconnects that processor or a MERC recon-

figures the system.
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After calling these two routines, if necessary, the Exec calls
routine RUNTASK, passing as a parameter the address of the top
Task Control Block on the Ready queue. The internal operations
of this routine cannot be specified in any detail at this time
since they are entirely hardware dependent. Routine RUNTASK
does perform whatever context switching is necessary to pass
control of the CPU to the task specified. The task then assumes
control of the CPU and executes until it makes a system service
request. At this time, control of the CPU returns to the Exec,
which now enters the innermost loop, the ECB loop.

The vehicle used for signalling all task requests to the Exec-
utive is the Event Control Block (ECB), which is described in
Section 3.3.3.4. A fixed header is present in each ECB,
containing general linkage information and function parameters
describing the nature of the service requested by the task.

The Exec removes the top ECB from the active ECB queue and

uses the function code to pass the ECB to a distributor routine
(i.e., IOFUNCTIONS, DISTRIBUTETASKREQUEST, DISTRIBUTEEVENTREQUEST,
ROUTER, DISTRIBUTEMEMORYREQUEST, DISTRIBUTEERRORREQUEST, and
DISTRIBUTEMISCELLANEOUS) for a logically associated set of func-
tions which will identify the appropriate routine to service

the request made by the task by examining the subfunction
parameter within the ECB.

Upon return of control to the Executive from the called distri-
butor, the contents of the ECB may have been altered by the
system function, in which case, the Executive will call the
appropriate distributor to perform the newly-specified function.
If the ECB was not altered by the system function, it will not
be on the active ECB queue, and the Executive will call the
CALLCOMPLETE routine to update the status of the call in the
task's Task Control Block. The Executive will then return to
the top of the task loop. If the previous task did not specify
a WAIT oneratior, a PAUSE oneration, or an operation with an
event flag value of 'SUSPEND', that tas» *ill s+ill be at the

head of the Ready queue, and will be given control by the
Executive. 3-9
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3.3.2 Executive Level Service Routines

Some functions must be performed by many or all of the functional
processing routines called by the Executive. Two major classes of
service must be provided at this level: queue management for

the synchronous and asynchronous portions of system calls, to
allow passing of ECB's for processing; and event completion
processing, to update the system data structures to reflect the

completion of a requested service.

3.3.2.1 Queue Management

The routines cited here are provided for manipulation of system
queues. Since they represent functions which must be used
frequently by all VTS/0S system calls, they may be implemented
in assembly language to optimize VTS/OS response time and
efficiency. These routines are described only in terms of their
capabilities. PDL descriptions are provided for most of the

routines, but give only a typical implementation of the algorithm.

The standard form of a VTS/OS queue is shown in Figure 3-2.

There is a Queue Control Block, containing information on the
definition and properties of the queue. This information
includes a QHEAD which has pointers to the first and last nodes of
the queue. Each node in the queue is linked to its successor

and predecessor nodes by forward and backward links, referred

to as FLINK and BLINK. The forward link of the node at the

tail of the queue is linked to NIL, as is the backward link of
the node at the head of the queue.

The two main queue manipulation routines are LINK and DELINK.

LINK is used to add a node to a specified queue. The specified
node will be added at the end of the queue. DELINK is used to
remove a node from a specified queue. The specified node may

be removed from anywhere in the queue. A third routine, ENQBEFORE,

may be used to add a new node at a specified position in a queue.

— MM.}‘SJ. Thrate




QHEAD {

QUEUE
CONTROL
BLOCK

FIRST

QUEUE
ENTRIES

LAST

#1

FLINK
BLINK

(NIL)

#2

FLINK
BLINK

Figure 3-2

#3

(NIL)

¥—— FLINK
BLINK

VTS/0S Queue Structure
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In this routine, the position in the queue at which the new node
will be added is specified by giving the address of a node
currently in the queue which the new node is to precede. 2
fourth routine, WAITFORTOPENTRY, is used by a server task to

associate a particular system-level queue with the server task.

Queue Control Blocks have been designed to have the same header
information as Event Control Blocks. This allows QCBs for single-
server queues to be linked to the Task Control Block of the

server task in much the same way that ECBs are linked to a TCB.
Furthermore, EVENTCOMPLETE (see Section 3.3.2.2) may be used to
signal to the server task that an entry has been placed on the
queue. This facility is only available to VTS/0OS routines, and
not to applications tasks.
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=ND
ELSE BEGIN
HHEONTE™. ’I”ﬁT = NODE;
SHECDE. ;= NODE;
NODE” .HLIN} DELLINE = N
NODHE "™, GHOTNE™ =L e
ENLH Y‘Sﬁ": -

’—.l\‘r'A

SROCIIDURE  LIELLANE ( NODE, SHENMD, SHoUNE 0

£ INFLT: NODOE = ANNR OF & NOUE T8 RE REMOVED FRIE O
QHEMD - ALLR ‘F T=WORI OHEAD

S_INE - SPECIFIER OF Z=Wi=D inE -I1RLI
CHATREUT: ONGDE Wl BE REMOVED FROM SFECLIFIEN GUELE

MOTE TON N e LNRD e N
LON BE USED TQ AL
FREE-NODE HUELES

IF GHEAL™ FIRE

THEN DEL 1N “ 3 URET,  GHEAH
SHEADT F . TN

ZILSE (NONE AVATL) RRR=NONEAVA G AELES

OR ANY CODE THEHAT 13 SiMinR. #/

Yoo ™. 1]
ot R B

1

A

1R NI L | -l TN <2 NIL 7% §& NG LSt #s
SRR D SUGLRSEDR %/

i I-IN" ]

NI VoA, B LNES
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3.3.2.2 Event Completion

There are two subroutines for processing event completion. The

first, CALLCOMPLETE, accepts as input the ECB passed to the Exec-

+ utive for task request processing, and updates the status of that

request. The second, EVENTCOMPLETE, is used to signal a task

that one of its service requests has been completed. If the

‘ event which has completed allcws that task to be activated,
EVENTCOMPLETE will place the task's TCB on the Ready queue.

L ' EVENTCOMPLETE is called by the asynchronous portions of the

system service requests when their processing is finished.

1 CALLCOMPLETE will return to the user any errors detected in

processing the requested task without allocating a new Event
Control Block to that task. If the event flag specified is
one of EFLAG1..EFLAG15, the user task will remain at the head
of the Ready queue; if the event flag is SUSPEND, the user
task will be suspended if the operation is not complete, or
will be placed at the tail of the Ready gueue if the operation

is complete or an error has occurred.

Rl = TN
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THE
E INVENTIIRY

IMAGE CONTROL BLOCHK
IMAGE

FROGRAM 15 INSTALLED IN A& FROCESZOR, AN
INFORMAT TON ARCUT
BY THE “REMOVES

FIXED
LHESTROYED
ALL ICBYS
A QUEUE CALLED
A SWELE CZALLED
1CE=

CONTROL RBLOW
FEALSTING FROGRAMS N

(1CZR) 1%
=NCH

VSR PO MALINTAIN THE BAELC
FROCESEOR. WHEN £
TCE, CONTALNLING ALL

THE FROGRAM, 13 ZREATELL ICE"S ARE
CAlLL.

ARE ON ONE OF TWO GIUEUES THOSE TN
THE “TCEGLUELE", WHILE THOSE NOT LN
THE “1CEAVATILRYS

LIZE ARE ON
USE ARE TN

RECORD
ICEGIINE:
NODETYFE:
TOSENAME:
LUSECOUNT: INTEGER;
FROCESSNAME: INTEGER; /3% WUSED IN IRD #/
QCRGHD: OHEALL 7+ OCRC5 OF FROGRAM ¢/
REMOVEECEFTR: FOINTER; /% ECE OF REMOVE IN FROGRESS #/
MAFSFORROOT ! INTEGER;, 7% THESE FOUR FIELDE CONTNAIN s/
MOFSFOROLLAY: INTEGER; /# 1HE NJUMEER OF MAF REGISTERES #/
MOFSFORVAR: INTEGER; /¥ REQUIRED FOR OTHE KROOT CODE, %/
MAFSFOREUFF: INTEGER; /7% OVERLLAYS, VARLIAELEES, % BUFFERE #/
TASEMAF: ARRAY T1. . MAXMARREGLIZTERSI OF INTEGER, /#ROO7T*/7
TCEQHD: GQHEALDG 7% TCRE72 OF THIS FRIOGRNAM:/
INITIOLCONTEXT: ARRAY [i. . CONTEXTSIZE] OF INTEGERS

=N

AVATL 75 #/
ITE NOLE #/

G T NED
1. . MOXNODETYRFES,
FACERDN ARRAY 1100 N1 0OF

¥ TUE IN-UZE AND
s LOENTIFIES
CHARG

WIS FAC AZTIOABLA

FROM °
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3OGO3032 TASK CONTROL BLOCE
THE TASE CONTROL RLOCK (TCE) IS SED 7O MOAINTAIN THE INVENIORY
OF AUTIVE TNASES IN EACH FROCESSOR.  WHEN A TNAZK 1z SCHEDULEL,
ATCE, CONTAINING ALL THE VARIAEBLE INFORMATION FOR THE ThsSE, 15
CRENTED,  7THIS TCR EXISTE UNTIL THE Task 1% KILLED, EITHER RY
ITSELF OR BY ANOTHER TAZK.
ALL. TCES ARE ON ONE OF THREE QUEUESD, A% FOLLOWS:
TCEAVALLE — ALL TCESS NOT 1IN USE AnE ON THIS 2
ROYGSHD - TCREYS OF TOSKES THAT ARE READY 10 USE VHE CFLU,
SHOULD THEY GET 1T
SUSFENDOHD - TCESS OF TASKES THAT ARE ZURRENTLY SUSFENDED OR
WATTING FOR EVENTS TO OCCUR

TCE~  RECORD
TCOREGLDINE: BLINE; /Z7# AVALL, RIOY, SLESF, & OTHER 7% #/
NODETYFE: 1. MAXNODETYRES, /7% IDENTIFIES TORE NODE 3%/
ICERPTR: FOINTER;
CLONEQLINE: RLINE; 7% TNEES OFF SNAME ICE #/7
EBROTHERGLLINE: CU.INE, /# EROTHER TCOE-D s/
CHILDGHD: GHEAD; 73 THILD TOE-2 HEAL #7
FARENT: ROINTER;
FOSTECR: FOINTER
cFLAGSACTIINL . INTEGER;
EFLrGGFE%E;LLE: INTEGER;
WAITFLLAGS: INTEGER;
NAITTY'T. INTEGER; 7% WAITALL, WAITANY, =USFEND, NILC #/
DOCCURREDEVENTRFTR. FOINTER; /73 FOR WATTAOLL, WOTTANY 3#/
EFLAGFTR: ARRAY [ 1. .16] OF FOINTERS
ILLECERPTR: FOINTER: 7% ECE ADIR 1IF TA0ASE REING KILLELD®/
THzE1ID: INTEGERS
BCEGHD: QHEAD; /7# BUFFER CONTROL RBLOCK-G HEALS/
LASTRUFFERIDL: INTEGER;
LASTIYSTEMCALL.: RECURD
FLNCT TON: 1..MﬁXFUNQFDDE;
SLIEFUNCTION:  INTEGERS
STATUS: STATUSTYRE;
=NL;
TASKECONTEXT. ARRAY [1. . CONTEXTSIZED OF INTEGER;
TASKEMAR: ORRAY (1. MOXMAFREGISTERS] OF INTEGER
=ND;
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3534

2,

THE

SUATLE OF

UNTTL THE
GETSTATUS

EVEN

EVENT CONTROL BLOCH (ECB) 1% USED 7O MAINTALN THE
CUTSTANDING SERVICE RER :
WHEN & TASE

ENID;

FIRET ISSUES A SEAVILE nF UP-I. AND 15 NOT DEZTROYED
RERLIEST HAS TERMINATED ﬂNU THE TASE ANS FERFORMEL A
REQUEST TO OETAIN THE STATUS OF THE INITIAL REGUEST.

CONTROL SLOCK

AN ECE 135 ZREATED

CORD

ECEOILINE: GLINES /3% AVALL, IN-LSE, E=T0 875 #7
NODETYRE: 1. MAXNOUETYRESS /% 1DENTIFIES RCE NODE #/
STATIE: STATUETYRE;
TCEFTR: FOINTER;
=FLAG! INDF.EVDFNT, =
FUNCTION: 1. . MAXFLINGCD
SUBFLING: 1N1_DER
STATUSFTR: POINTER: /3% INTO SALLERS ADDREZS SFACE #/
STORAGE: ARRNY 1. N1 OF INVTEGER; /*FﬂHﬂﬁrTF?E PND TEMFZ®/
/# NOTE FARMMETERT ARE OFTEN REFERENCED AX ZCE™ FARNMML,

ECE~ FPARMAMZ, ETC. #/ |

F El CEFLAGLD,  SUSFEND,  O;
(]

I




209 BUFFER CONTROL RO

BUFFER CONTROL BLOCKS ARE WUSED TO CONTROL THE ALLOCNATION OF
SYSTEM MEMORY TO RUNNING TASES. A CHALIN OF BLESS HANGE O OF
ENCH TCE, INDICATING WHICH PAGES OF MEMORY HAVE RBEEN ASSIGNED
TOOTHIS TASK THE RCE WITH BUFFERID OF O 1% FOR THE TASK S
VARTAELE SFACE. ALL. OTHERS ARE FOR MEMORY THAT THE TAZE A0S
CITHER REQUESTED DIRECTLY WITH A GETEBUFFER COHLL, OR INDIRECTLY,
WITH AN ERUNTEBUFFER CALL.

BCES THAT ARE TN USE HANG OFF THE RBURGHD ENTRY IN =2ACH
TR THOSE THAT ARE FREE ARE ON THE RCREAVALILLG

BCE=  RECORD
BCERLINE: QU_INE; 73 AVALLL AND "PCH—T.?H (R
NODETYFE: 1. MAXNODETYFES; 7% IDENT IES BLCE NOLE 3/
DUFF RID INTEGER; /7#1F 0, 1= UAR;ALLE SPOACE
ALLOCATION, AND NO7T UNDER TASK CONTROIZ#/
USECOUNT . INTEGER:
IOINFROGRESS: INTEGER: /3t NUMRBER OF XFERS #/
SHARE: BOOLLEAN:
RELEASEECEFROINTER: FUOINTERS SHECE OF RELEASE CAlix/
OWNERECEFOINTER: FOINTER: /7% THLZ AlLL=ED =—RVE§
AS AN INDIZATOR OF WHETHRR OR NOT THIS VA COWNE
THE. MEMORY. F 1T poEs, THIS FIELD IS VLL 1F N7
THIZ FIELD FOINTES T30 THE OWNERZ EBCOR. #/
DWNERTCEFOINTER: FOINTER;, /#ALWAYS TCE OF COWNER #/7
NUMEEROFMAFREGS:  INTEGERS JHPOGES IN BUFFER®/
FESGINNINGREG: INTEGER; JHIOGICAL ALDRESZS STOART#/
MAFREGS: ARRAY 1. MOYMNAFREGISITERSI OF INTEGER;
=N

IF DWNERECEFTR I3 NOT NIL, THEN JISEZOLUNT AND

SHNARE ARE IRRELEVANT. FURTHER, IOINFROGRESS 13 8
COUNT ONLY OF T/70 XFERS BY TH1ES THASE. IF OWNERECEFTR
1% TRUE, 7THEN IOINFROGREZS 13 0 CO0ULNT OF XFERET OIN
FROGRE=ZS FOR THIS BUFFER EY ALL S ACCESSTING

THIS BUFFER THE VbHEEn OF  SUCS 1% 1IN
LISECOLNT.
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9337

/#THE DEVICE DESCRIFTOR

DEVICE IEZCRIFTOR BLOCK

BLOCK CONTAINS THE ATTRIEUTES

AND FARAMETERS DEFINING USER ACCESS 10 AND DEVICE

DRIVER OFERATLONES
‘ OFPERATION CONTAINS NI
ALLOWED FOR THIS

DOE=

FOR THE DESTSGNATED DEVICE. ARRAY
FOR ALl OPERATIONS NOT

DEVICE. #/

RECQRD
DEVICENAME: FACKED ARRAY [1.. 41 OF CHAR;
DDEGL INE: CH_INK;
FOEGHEAD: QCE; HQAUEVUE OF OFEN FDE S/
ATTRIEBUTES= RECORD
READFROTECT: EODOLIAN,
WRITEFROTECT: HOOLEAN;
FROTECTED: BOOLEAN,
DIRECTORY: EOOL.EAN,
BLOCKED: BOULEAN;
SEGMENTED: BOOLEAN;
CONTIGUOUS: BOOL=AN;
SEQUENT IAL: BOOLEAN:
AVALLLABLE: BUOOLEZAN
=NDO;
OFERATION: ARRAY [i. . MAXIOSURFUNCI OF
CRE®, DEL, REN, GETATR.
SETATR, UOFN, CL3%, RDR,
WRR, RDSG, WRSR, RDLN,
WRLN, TORZT;
BLOCKSZIZE: INTEGER;
ADDRESS: 1INTEGER;
TIMEQUT: 1INTEGER;
RETRYCOUNT: 1..10
=ND;
3-24
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SEGMENT FOINTER BLICHK

—BASED DATA

(]

A#THE SEGMENT POINTER BLOCK I3 A DIE

1 STRUCTURE CONTAINING POINTERZT T THE DATA
SEGMENTS OF SEGMENTED FILEZS. s/

SFEB=  RECIRD
} LASTZFE: DISCADDR;
, NEXTSFE: DISCALDDR;

DATASEGFTR: ARRAY [i. . MAXDEF1 OF DISCADLDR

e

NI




3.3 3.9 OVERLAY CONTROL BLOCK

OVERLAY CONTROL BLOCKS ARE USED V0 CONTROL THE ALLOCATION
OF SYSTEM MEMORY TO FROGRAM OVERLAY CODE. =ACH OCE SFECIFIES,
BY THE CONTENTS OF 173 MAF REGISTERS, THE FAGES OF FHYSICAL
MEMORY CONTAINING ONE OVERLAY. SINCE NOT ALL FROGRAME UZE
OVERLAYS, OQCE S ARE NOT USED TO CONTROL THE ALLOCATION OF SYSTEM
MEMUORY TO FRUGRAM ROOT CODE. TH1IS MEMORY 15 CONTROLLED THROUGH
THE MAFREGISTERS FIELD IN THE IMAGE CONTROL BLOCK.

FREE OCE“=S ARE ON THE DOCENVAILGL THOSE THAT ARE IN USE ARE
ON THE OCB-GQUEUES THAT HANG OFF OF THE VARIOUS 1CE7S, WITH A
GLEUE HEADER IN EACH ICE BY THE NAME OF “0OCEBGQHDS

QCBE= RECORI

ODCBRLINK: QLINE; /7% AVAIL AND EACH-FROGRAM Q7% #/

NODETYFE: 1. . MAXNODETYRES, /# IDENTIFLIES OCE NODE #/

ICERPTR: FDINTER; /% FPOINTER TGO 1CE #/

OVERLAYID: INTEGER; /4 UNIGUE IDENTIFIER OF OVERLAY #/

ICEFTR: FOINTER; /% 1ICE OF THIS QCRE #/

EEGINNINGREG: INTEGER:; /# FIRST MAF REGISTER FOR THIS
OVERLAY #/

NUMBEROFMAFREGS: INTEGER: /% NUMEER OF REGS #/

MAFREGS: ARRAY 1. MAXMNFREGISTERSI OF INTEGER;




300303010 QUEUE HEADS AND CQUEUE CONTROL BLOCHS

THISZ SECTION CONTAINS A COMPLETE LISTING OF ALL SYSTEM-
LEVEL QIUEUES, I.E ., THOSE QUELES WHOSE LQHEADS ARE SYSTEM-
eVELL VARIABLES. THOSE GIUELES WHOSE QHEADS ARE IMEEDDED
IN RECORDS(E. G., THE OCBARHD WHICH 13 1N EACH ICE) ARE NOT

LISTED HERE.

ICEAVALLEIHD
TEBAVAILLRHD
OCBAVALLGHD
BCEAVALLRHD
ECEAVATIL_GHD
LCERHD

ROYGHD

SUSFENDGHD

TIMEOUTOHD

-— GHHEAD FOR AVAILARBLE 10EB7
-— BHEAD FOR AVAILABLE TCEB”
—-— GQHEADl FOR AVAILAERLE OCE
== QHEAD FOR AVAILAELE ECE
-— QHEAD FOR AVALILAELE ECB”
== RHEAD FOR ICE"S IN USE
-— GHEAD FOR TCE7S WHOSE TASKES ARE READY ToO USE
THE ZFU (OEVIOUSLY, THESE TCE'S ARE IN USE. )
-— HHEAD FOR TCE S WHOSE TASKKES ARE NOT READY TO
USE THE CFLL (OBEVIOUSLY ALLSO IN USE)
-— GHEND OF ECE"S WAITING FOR TIMEOUTS; ORDERED,
INTER-ECE INTERVAL 1IN SECONDS IN ECE™. FARAMI1

Py
>
o
=
S
-
=

REALLTIMECLOCKRCE -- QCEB FOR ECES QUEUED BY THE REAL-TIME

INSTALLOCE

cCEBGHD

CLOCK HANDILER TO THE TIMEOUTASYNC ROUTINE

WITH

THERE WILL USUALLY EE ONLY ONE ECE ON THIS GUELE,

SINCE THE HANDLER WILL GUEUE ONE FER SECOND
-— RCE FOR ECB’S QUELED P BY THE SYNCHRONOUES
INSTALL ROUTINE FOR THE ASYNIHRONOUS INSTALL

-— GHEAD FOR ECEYS QUEUED WP BY THE USER INTERFAL

STURBS FOR THE EXEC

E

e A AR e T




3. 11

RLELE CONTROL RBLOCE
SINGLE-SERVER SYSTEM-L_EVEL
THE EVENT CONTROL

e L
L= LS

BLOCK I3 USED 70O CONTROL
BLELES. IT HAS ALMOET THE SAME FORMNT AZ
BLOCK, AND CON THEREFIRE HE FASISED 10 EVENTOOMPL
SIGNAL THE SERVER TASE THAT A NODE HNS BEEN FLACED

ON THE SIIELE. THIS I3 USUALLY DONE RBY THE SYNCHRONOLS
FORTTION OF A SYSTEM REQUEST FROCESIOR T ACTIVATE THE
ASYNUHRONOLES FORT TON

THTS

QACR = RECORD
HEAL:  GHEAD, /# FIRST %
NODETYFE: 1. . MAXNODETYRES;

LAST NODES #/

/# IDENTIFLIES GCE NODE st/

STATUS:  STATUSTYRE;:; /# FOR COMPATIBLILITY #/
TCEFTR: FOINTER;) /7% TO TCRE OF SERVER TASK #/

CEFLAGLS, SUSFEND,
/% EVER N

N1

CIELIE 37

CUEUE 3/

CF SERVER
/3 WORKING

EFLAG: =FLAGT.

MAXNODES: 1INTEGER;

MINNDODES: INTEGER:; /7+# EVER ON

STATUSPTR: FOINTER; /3% 70 STATUS

STORNGE. OARRAY T1.. N1 OF INTEGER;
ENI

TASK #/
STORNGE #/

3-28
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END.

EEGIN

EXECUTIVE RFDL SFECIFICATIONS

EXECUTIVE

FROGRAM EXECS

/#THE EXEC PERFORMS SERVICES, BUT HAS NO INFUTS OR OUTFUTS
OTHER THAN EVENT CONTROUL BELOCKS ASSOCIATED WITH USER
TASKS#/

LCYCLE := 0O;
WHILE TRUE #INFINITE LOGF:/
DD BEGIN
WHILE READYEHEAD I NLLL  /Z#7TA%K LOOF - ANY TaSES READY 7%/
D0 BEGIN
CYCLE := LYELE + 13
IF CYCLE = MAXCYCLE
THEN EBEGIN
LERCUPDATE;
MERCUFDATE;
CYCLE = 0;
=N
ACTIVETASE = REALDYRHEAL;
RUNTASE (ACTIVETASE); /#TRANSFEZR CONTROL TO TASE#/
WHILE ECEGHEAIDN <1 NI1L AHFPROCESS RECQUEST ZCEB #/
DO BEGIN
ACTIVEECE = ECBRHII™ FIRST;
DELINE (ACTIVEECE, ECEUHD, ACTIVEECE™. ECERILINEK) ;
CASE ACTIVEECE™. FUNCTION OF
10: TOFLUNCTIONS (ACTIVERCE)
TASK: DISTRIBUTETASERETUEST (ACTIVEECE)
L DISTRIBUTEEVENTREQUIEST (ACTIVEECE)
RR: LDISTRIBUTEERRORREGUEST (ACTIVEECE)
8 L ROLTER (ACTIVEEZER);
MEM: DISTRIBUTEMEMORYREQUEST (ACTIVEEDLR);
M1 DISFATCHMISCELLANEOUS (ACT1IVEECE)
=ND; J#END DOF CASE STAVEMEN]T #/
ENIL; SHEND OF ECE LLOOF®/
/#FROCESS EVENT FLAG AND SUSFEND TASK IF NECESSARY®/
CALLCOMPLETE (ACT1VEECE)
=ND; SHEND OF TASKE LO0OF3#/
JSHFOTENTIAL SELF-DIAGNOSTIC ROUTINE#/
ENII; JHEND OF INFINITE LOOF#/

B P T e P
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FROCEDURE RUNTASK ( ACTIVETASE )

s# 0 INFUT: ACTIVETASK — TCR OF TASK TO BE ALLOWED 10

EXECUTE NEXT

QUTRUT:  NONE -- FERFORMS TRANSFER OF CONTROL

NOTE: IT IS NOT FOSSIELE 0 SPECIFY THIS ROUTINE AT THIS
TIME AT ANY LEVEL OF DETALL, A% IT 1S ENTIRELY DEF-
ENDENT 0ON THE SFECLF1C HARDWARE USED 1T 15 ALS0
LIKELY THAT THL1S ROUTINE WlLL HAVE 10 BE WRITTEN IN
THE ASSEMELY LANGUAGE OF THE SPECIFIC HARDWARE. #/

.
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| FROCEDURE TOFUNCTIONS (ECEFTR)

A#INFUT:  FOINTER 70 CURRENT EVENT CONTROL BLOCH,
FASSED RBY THE BEXEL
OUTPUT: NONE. CALLE FROFER SYNCHRONOLEZ FROGRAM
FOR THE RERUESTED SYSTEM FUNCT1ION--
I35 THE 1/0 DISTRIBUTOR #/

BEGIN

FINDDEVICE (ECEFTR, DOEFOINTER)

1= SHWNS THE DEVICE FOUNDT#/
DOEFOINTER <02 NIL

THEN SHYES, DOOFUNCTION: 1R NOT, ERROR 15 RETURNED RBY EXEC#/
LF S#CHECK, FOR INVALLD FUNCT 10N/

. DOBFOINTER™. OFERNTLION TECBRFTR™. SUBFLINCTIGONI <2 NIL
B THEN ZHVALLD FUNCTLION, FERFUORM SUEFUNCT LON#t/
. BEGIN
CASE DDEFOINTER™ ODFERATION [ECEFTR™. SUBFUNCT1ONI OF

CREN: CREATESYNE (ECEFTR)

DEL: DELETESYNC (eLBFTR);

REN: RENAMESYNEC (ECEFTR);

GETATR: GETATTRSYNC (ECBFTR);

SETATR: SETATTREYNL (RLCBFTR);

OFN: OFEN (ECEFTR);
CLS: CLOSE (ECBFTR);
10RST: IORESET (ECEFIR)
RDR,

WwRR,
RDSG,
WRSEG,
ROLN,
WRLN: READWRITE (ECEFTR);
END; S#END OF CASER#/
=ND
ZLSE /Z#SEND INVALID FUNCTION ERROR 7O TASK#/
ECEFTR™. STATUS. ERROR = ERINVALIUFUNCT ION
BELSE /#INVALID DEVICE#/
ECEFTR™ STATUS. ERROR = ERDEV,
JHRETURN 1O EXEC WITH FUNCTLION STATUS®/
END.

m

DN
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FROCEDURE FINDRDEVICE (ECEFTR, DDBFOINTER)

JHFINDDEVICE LODKS FOR AN EXFLICIT REFERENCE 1D A& DEVICE, AND
RETURNS A FOINTER 10O THE DEVICE DESCRIFTOR BLOCK 1F THE
DEVICE NAME MNTOHES A VALLD DEVICE SFeECIFIER IF NO DEVICE
IS EXFLICITLY KREFERENCED, 7THE SYSTEM DISK DEVICE I ASSUMED
BY DEFALLLT, AND 173 FOINTER IS RETURNELD 70 THE COLLER. #/

BEGIN
IF s#15 THIS A CHANNEL REQUEST 7%/
ECEFTR™. SUEBFUNZ = ZREATE
OR ECEFTR™. SUBFUND = DELETE
JOR ECEPTR™. SUBFUNC = RENAME
OR ECEFTR™. SUBFUNC = JFEN
THEN JHCHANNEL REQUEST, FIND EXFLICIT OR IMPLLCLT DEVICE#/
BEGIN
IF
ECEFTR™. FILENNME. DEVIZE = NI1L
THEN /#THE DEFAULT NAME MUST BE SUBST1TUTED:/
ECBPTR™. FILENAME. DEVICE = "DEOQO:";
DDBFPOINTER : = DDBEHEAD™ FIRST;
00K FOR A DEVICE NAME MATCRH#/
WHILE JHLOOP LINTIL NAME FOLIND OR LIST EXHAUSTEDR/
ODEFOINTER <X NI1i.
AND DDBPOINTER™ DEVICENAME <2 ECEFTR™ FILENNAME

]
ODBFOINTER = DDEFDINTERS™. DLDIBRILINF" =L INK;
END
=LSE /#ZHANNEL -BASED REGUEST, GET DEVICE FROM FLE/
DDEFOINTER = CHANNELTAEBELE TECEFTR™. CHANNEL.J. FOERFTR™. DDEFOLINTER;
=ND.




FROCEDURE DISTRIBUTETASKREQUEST ( ACTIVEECE )

s INFUT:

FOINTER TO CURRENT ZCE

OUTELIT:  NONE - ACTIVATES FROFER SYNCHRONOLES

EEGIN

=ND.

ROUTINE —— IS TASK MANAGEMENT DISTRIEBUTOR #/

CASE ECEBPTR™. SUEFLNC 0OF
INSTALL: INSTALLSYNCH ( ACTIVEECE )
REMOVE: REMOVE ( ACTIVEECE ),
SCHEDUILLE: SCHEDULE ( ACTIVEECE ),

FOsST: 33T ( ACTIVEECE )
WKILL: KILL ( ACTIVEECE )i
NI

3=33




FROCEDURE DISTRIBUTEEVENTREGUEST ( ACTIVEECE )
/% INFUT: ACTIVEECE, WHITH HAS CURRENYT REGUEST
OUTRUT:  NONE - ACTIVATES FROPER ROUTINE --—
15 THE EVENT MANAGEMENT LISTRIEBUTOR #/

BEGIN
CASE ACTIVEECE™. SUEFUNC OF
SETDELAY: SETOELAY (ACTIVEECE)
REMOVEDELAY: REMOVEDELAY (ACTIVEECE)
WAITANY: WARITANY (ACTIVEECE);
WAITALL: WATTALL(ACTIVEECE) ;
FALUSE: FAUSE(ACTIVEECE)
GETSTATUS: GETSTATUS(ACTIVELCE)
ENI;
ENDL.
3-34
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FROCENURE DISTRIBUTEMEMORYRERUEST ( ECEFTR )
/% INFUT: POINTER TO CURRENT ECE
UUTFUT:  NDONE - ACTIVATES FROFER SYNCHRONOLS
ROUTINE -- I3 MEMORY MANAGEMENT DISTRIBUTOR #/

BEGIN

CASE ECEFTR™. SUBFUNLC OF
LOnDOLAY: LOADOVERLAY (ECEFTR)
RLEEOLAY: RELEASEOVERLAY (ECEFTR)I
GETBUFFR: GETELUFFER (ECEFTR);
CRUATEFR: EQUATEBUFFER (ECEFIR)S
MAFBLUFFR: MAFTORBUFFER (ECERFTR);
RLSEBUFR: RELEASEBUFFER (ECBFTR);

END;
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4 i PROCEDURE D1STR1BUTEERRORREQUEST (ECEFTR);

| Z#INFUT:  POINTER 10 ACTIVE =CB

1 OUTRUT:  NONE. COALLS APFPROFRIATE ERROR LOGGING ROUTINE
\ IS THE ERROR CONTROL DISTRIBUTOR #/
1 K

| BEGIN
! CASE ECEFTR™. SUBFUNC OF
FATLDETECT: FAILUREDETECIED (ECEFTR);
END;
! END.




e "

FROCEDURE ROUTER (ECEFTR):

/#THE ROUTER D1SFATCHES ITC-RELATED USER FUNCTION CALLE
TO THE AFFROFRIATE SYNCHRONOUS SERVICE ROUTINES
THE ROUTER ROUTINES WILL FASS REQUEST ECE-S
TO THE DISPATCHER AS NECESSARY.  TH1S IS THE 17TC DISTRIBUTOR. #/

BEGIN
CASE ECEFTR™. SUEBFUNC OF
SENDMS: SENDMESZAGE (ECEFTR);

REQUESTMS: REQUESTMESZAGE (ECBFTR)
TRANSFERMS: TRANSFERMESINGE (RZCEFPTR);
SENDNANS: SENDANSWER (ECBFTR);
END;

ZND.




3. 4 2 CALLCOMFPLETE

FROCEDURE CALLCOMFLETE (ECEFTR)

J#AN EVENT CONTROL BLOCK 13 PASSED TO THIS ROLTINE
SFECIFYING THE TCE AND EVENT NUMRBER OF THE JSER
REGQUEST. IF AN EVENT FLAG OF SUSFEND WNE
SPECIFIED, THE TASK 1S REMOVED FROM THE KEAD OF
THE READY QUEUE#/

F BEGIN
| & /#INITIALIZE LOCAL VARIABLES®/
F - TCEFPOINTER = ECEFTR™ TCBFITR;
EVENTRLAG = ECERFTR™. EFLAG;
EFMASK = MASKS LEVENTFLAGI, ;
! JESIGNAL THAT EVENT 1S EXPECTED®/ :
i TCEPOINTER™. EFLAGEFOSSIELE = ,
| TCEPOINTER™. EFLAGSFOSSIELE OR EFMASK; I
, 1F /#CHECK FOR SERROR LUETECTED®/ j
| ECEFTR™. S5TATUS™ ERROR < ©
“ THEN BEGIN /#RETURN ERROR A5 STATUS FARAMETER OF CALLL*/
ECEFTR™. STATUSFTR™. STATUS =~ ECBPFTR™ STATUS;
IF J#CHECK FOR SYSTEM LEVEL ERROK#®/
JHERROR IS IN SYSTEM CILASS®/
THEN
JENOTIFY LERC#/;
END /¥ RETURNING ERROR  #/
E!I.SE BEGIN /#NO ERRCIR# /S
i IF J#CHECE WHIDH EVENT FLAG WAS SPECIFIED®/
! EVENTFLAG = SUSFEND
i THEN /#SET TCB 70 REFLECT THE IMFILIED “WA1T " #/
BEGIN
TCEROINTER™. WALTFLAGS = EFMNASK;
TCEFOINTER™. WALTTYFE = SUSPEND;
/% REMOVE TCE FROM ROYGHD FOR IMPLIED WAIT %/
DELINE (TCB, RDYGHD, TCBE™ TOEGLINK)Y
IF J#IF NOT COMFLETE, SUSFEND TASK#/
ECEFTR™ STATUS" ERROR = REQUEST-IN-FROGRESS
THEN  /#FUT TCB 0ON SUSFENDGS:/
LINK (TCB, SUSFENDGHD, TCE™. TCBRIL1INEK)
ELSE BEGIN /# FUT AT END OF READY-Q #/
LINK (TCB, ROYGHD, TCEB™ TCBRIZINK);
ECBPTR”. STATUSFTR™. STATUS - = ECBFTR™ STATUS;
ENLDG
END
SE BEGIN /% 13 NOV SUSFEND, S0 RETURN 31ATUS FIRST #/
ECBFTR™. STATUSFTR™. STATUS - = ECERPTR™. STATUS;
/% NOW, 1F EFLAG 15 ZERD, THE CALL FROCESSING
IS DONE, 50 WE CAN REUSE THIS ECE.  OTHER-
WISE, WE MUST GET A NEW ECE #/
IF EVENTFLAG <3 O 74 GET N NEW ONE #/
THEN BEGIN /% SAVING THIS ONE AND GET A NEW ONE %/
TCBPOINTER™. EFLAGRTR (EVENTFLAG) =
ECERTR;
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GETECE (NEW
END /% SAVING
SLSE S JUST
NEWECEFTR
TCEFOINTER™. EFLAGRTR (3US
=N

20 m

FEND) .= NEWECEFTR;

END.
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4. 3 EVENTIOMFLETE
FROCEDURE EVENTCOMRPLETE (ECE)

J#AN EVENT ZONTROL OR QUEUE CONTROL uLi CH, IS5 PASSED TO THIS

ROUTINE

IF THE Tﬁg&

fPEC FYING THE TCE AND EVENT NUMBER FOR ”RDFc::;Vﬁ
SUSFENDED, THE FUNDITIJNJ FOR ACTIVATING THAT

TASK ARE EXQMIN:D, AND ThHE TAJ. 1% MADE RENDY IF HU:;
E SAT

CONDITIONS AR

SEGIN

TISFIED. 7

TCEFOINTER = ECE™. TCBRTR;
EVENTMASE = MASKS(ECE™ SVENTFLAG)
TE TCEFDINTER“,EFLQGEF35EI[LL AND EVENTMASE < O

THEN BEGIN
TCEFOINTER™. EFLAGSACTUAL =
TCEFOINTER™ EFLAGEACTUAL OR EVENTMASE
CONDITIONSATISFIED = FNALEES

IF TCBROINTER™ WAITTYFE = WAITANY
THEN FLAGEWAITEDFOR = EVENTMASN

ELSE FLAGSWAITEDFOR TCEFOINTER™ WALTFLAGES

IE -LDFDIVTaR LWARITFLAGE AND "VrV*HﬁS~ =
FLDGSNAITEUFGR THEV -d\D TIGNSATIZFIED = TRUE
IF CONDITIONZSATI
AND (*ID,HI\T:R TI);EL-FTR = NIL)
THEN EBEGIN

TCEPOINTER™ EFLAGSACTLEAL @ =
TFDPHINTER“.E.;QUHAI*”GL NI
NOT FLAGEWAITEDFOR;

TCBRPOINTER™. EFLAGSPOSSIELE

m il

TCE’F‘UI‘\‘T:R, 5 L.I |_| L1-r'| |~_u' I[u_ r"IND
NOT FLAGSWAITEDFOR,
1 TLEF”I“T&“ CWRITTYRE = SUSFEND
THEN EIR™ STATUSFTR™ STATUS .= ECE™ STATLLE
ELSE TLDFUIV*E o SDICURREDEVENTFTR™ EVENTE: =

FLOGSWAITEDFOR,
% FUT TCE ON READY-3 #/
TCEPOINTER™. WAITFLAGS .= O;
TCEBFOINTER™. WAITTYFE = NIL;
LINE(TCEPQINTER, ROYGRRLD, TCOEFOINTER™.
TCEGLINE)
END
ELSE IF TCEPOINTER™.

FILLECERPTR I NIL
INTER)

el
THEN DISMEMEER (TCEFO
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4 USER's MANUAL

This chapter contains the VTS/OS User's Manual. It describes the
various operating system services which are available to the
applications programmer, together with the calls which are used
to request these services. Those tasks which are not directly
callable by applications are included in Sections 5 and 6. The
system services are described here only from a functional view-
point, with no explanations given of the internal workings of
the routines which provide the services. For each call, a
description is given of the use of the call, as well as the
various input and output parameters. The possible completion
codes for each call are also listed, although the various codes
are given only as symbolic values (e.g., NO-ERROR if no error
was encountered, ERR-NMR if the system resources required to
satisfy the request were unavailable, etc.). It is anticipated
that during the implementation of VTS/0S, the actual values
would be made available in a global symbol dictionary, thereby
obviating the need for application programs to code in specific
values.

Most of the system service requests can be processed either synchro-
nously or asynchronously, at the requesting task's option. If a
task requests asynchronous service, it may receive two "completion"
notifications. The first, which is always returned synchronously,
is an indication of whether a preliminary check on the call para-
meters and format revealed any error. If no error was detected,

the initial notification is a code of NO-ERROR, and the task will
receive, at some later time, an asynchronous notification of service
completion. This notification will indicate whether or not the

call has been processed successfully. If an error is detected

in the preliminary check, no further processing of the request

is done by VTS/0S. 1If the task requests synchronous service,

it will receive only one completion notification.
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If the notification code is NO-ERROR, the call has been processed
- successfully. If the code is not NO-ERROR, either an error was

detected in the parameters or call format during preliminary

processing, or else errors of some kind occurred during the subse-

quent processing of the request.

Several asynchronous routines (e.g., TIMEASYNC, CLOSEASYNC,
IORESETASYNC) are infinite loops which never terminate and have
1 no strict calling sequence. They are awakened by Event Control
Blocks, which are enqueued on input, and subsequently signal
that the requested asynchronous event has completed or an error

has been detected.




4.1 EVENT MANAGEMENT

In VTS/0S, tasks may voluntarily give up control to other tasks.
They may also control the internal sequencing of operations by
delaying themselves for a period of time or by waiting for the
completion of one or more events. This section discusses the
service requests that provide for the sequancing of operations
within a task.

4.1.1 Events

VTS/0S makes extensive use of events for the purposes of task
sequencing and synchronization. In VTS/0S, an event is defined
as the setting of an event flag belonging to a task. This can
occur in several ways. For example, most of the system facilities
provided to tasks by VTS/OS can cause events to occur at their
completion. In addition, a task that requests a service from a
child task can specify that the completion of that service shall
cause an event to occur. An event is considered to be capable of
occurring if a call has been issued that specifies that the event
shall occur upon completion of the request processing, and
completion has not yet occurred.

Each task in VTS/0S has 15 event flags associated with it, numbered
from EFLAGl to EFLAGl5. In general, for the EVENTFLAG parameter

of a call any of several values may be specified. Specifically
pernissible values are discussed with each call. A value in the
range EFLAGl to EFLAGl5 indicates that the specified event shall
occur at the completion of the request processing. A value in

this range cdoes not cause the task to relinquish the CPU. All

of the numbered event flags are interchangeable with each other;

no prior association exists between a specific flag and a service
request. A value of "SUSPEND" (a system-defined global constant)
indicates that the task making the call wishes to give up the

use of the CPU (i.e., suspend itself) until the event has occurred.




In this case, VTS/0S will select an unused event £flag and assocciate

it with the call, transparent to the task. Other mechanisms for
relinquishing the CPU are discussed below.

Each event flag may also have three words of information about
the completion of the request associated with it. In general,
these three words consist of one word of status information,
followed by two words of request-specific data. The status

word will have the value "REQUEST IN PROGRESS" until the reguest
is completed. The two data words are in general meaningless

until the request has completed. A mechanism for accessing this
information is described below in 4.1.3.3. If "SUSPEND" is used

as the value for the EVENTFLAG parameter, the three words of infor-
mation will be returned to the user in the STATUS parameter. The
STATUS parameter must always be an array of at least three words.

4,1.2 Time-Interval Waits

e v -

4.1.2.1 SETDELAY (EVENTFLAG, SECONDS~-TO-WAIT, STATUS)

This call allows a task to set a delay timer for the number of
seconds specified in SECONDS-TO-WAIT. The task may specify
either a value in the range EFLAGl to EFLAGl5 or the value
"SUSPEND" for the EVENTFLAG parameter. In the former case,

the task will not relinquish the CPU; in the latter case, the
task will be suspended until the interval specified in SECONDS-
TO~-WAIT has elapsed. The task may not specify zero as the
EVENTFLAG. SECONDS-TO-WAIT must be in the range 1 to MAXSEC,

a system~-defined global constant. At the return to the calling
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task, the STATUS parameter will contain a code indicating either
that the call has been accepted or the reason for the rejection.
The possible values for the STATUS parameter are listed below.

it i Sl R & UM

NO-ERROR -- successful call |
ERR-TIME -- number of seconds either less than 1 or greater ;

than MAXSEC |
ERR-EFLAG -- illegal EVENTFLAG specification j
ERR-DELETED -- the time-out was cancelled by a subseguent |

REMOVEDELAY call

G et e A i

4.1.2.2 REMOVEDELAY ( EVENTFLAG, STATUS )

This call allows a task to cancel an outstanding SETDELAY request.
Cancellation of the SETDELAY call does not automatically free the
event flag associated with that call; rather, the REMOVEDELAY

call forces an immediate completion of the event associated with
the SETDELAY. The EVENTFLAG parameter in the REMOVEDELAY call is
used to identify the SETDELAY call and must, therefore, be the flag
specified in the original SETDELAY call. STATUS is used to return ;
a success or failure code to the calling task. It will contain

Al il k0 a

one of the following values:

NO-ERROR -- no error encountered by REMOVEDELAY |
ERR-EFLAG -- illegal EVENTFLAG specification
ERR-WRONGFLAG -- flag is not associated with a SETDELAY call |

ERR~-TOOLATE -- the interval specified in the original SETDELAY

call has already elapsed

Although this call forces immediate completion of the SETDELAY
call, it does not free the event flag. The task must still use
GETSTATUS (g.v., Section 4.1.3.3) to free the flag. If the STATUS
returned for REMOVEDELAY is NO-ERROR, the STATUS returned for
GETSTATUS (which is actually the completion STATUS of the SETDELAY
call) will be ERR-DELETED, indicating that the SETDELAY call was

sl e i,
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successfully forced to an early completion. If the STATUS
returned for REMOVEDELAY is ERR-TOOLATE, the STATUS returned fcr
GETSTATUS will be NO-ERROR, indicating that the SETDELAY call ran

to a normal completion.

4.1.2.3 PAUSE

This call allows a task to relinquish the CPU for a short time to
give other tasks access to the CPU. The task will simply be placed
at the end of the scheduling queue. It will remain eligible to use
the CPU, as there is no requirement that any event occur before

the task uses the CPU again. However, the task will not regain
control of the CPU until it has reached the head of the Ready
queue, which will take an unpredictable amcount of time. This

call should be used to release the CPU during long computational

sequences that might otherwise monopolize the CPU.

4.1.3 Event-terminated Waits

4.1.3.1 WAITANY (SET-OF-EVENTS, OCCURRED-EVENT)

This call allows a task to relinguish the CPU until any of the
events specified in SET-OF-EVENTS, that is capable of occurring,
has occurred. Events specified in SET-OF-EVENTS that are not
capable of occurring will not be waited for. If none of the
events in SET-OF-EVENTS can occur, no wait will be performed.

At the return, all events which have actually occurred will be
indicated in OCCURRED-EVENT. If nco wait has been performed,
OCCURRED-EVENT will be zero. If more than one of the events
specified in SET-OF-EVENTS has already occurred at the time that
the WAITANY call is made, OCCURRED-EVENT will contain the bit
index of the lowest-number event to have occurred.

SET-OF-EVENTS and OCCURRED-EVENT both use bit-position indices
to indicate events. The low-order bit corresponds to event flag 1l;
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the next-to-high-order bit corresponds to event flag 15. Even
if a request is satisfied immediately, either because no event
can occur or because one or more have already occurred, the task
will still be placed at the end of the Ready queue, and will

not regain control of the CPU until it has reached the head of
the Ready queue.

4.1.3.2 WAITALL (SET-OF-EVENTS, OCCURRED-EVENTS)

This call allows a task to relinguish the CPU until all of the

events specified in SET-OF-EVENTS that are capable of occurring
have occurred. Events specified in SET-OF-EVENTS that are not

capable of occurring will not be waited for. If none of the

events in SET-OF-EVENTS can occur, no wait will be performed.

At the return, all events that have actually occurred will be
indicated in OCCURRED-EVENTS. If no wait has been performed,
OCCURRED-EVENTS will be zero.

SET-OF-EVENTS and OCCURRED-EVENTS both use bit-position indices
to indicate events. The low~order bit corresponds to event
flag 1l; the next-to-high-order bit corresponds to event flag 15.
Even if a request is satisfied immediately, either because no
event can occur or because all that are necessary have already
occurred, the task will still be placed at the end of the Ready
queue, and will not regain control of the CPU until it has
reached the head of the Ready gueue.

4.1.3.3 GETSTATUS (EVENTFLAG, STATUS)

This call allows a task to examine the three words oI informatcion
associated with an event flag. A value in the range EFLAGL to
EFLAGlS must be specified for the EVENTFLAG. The corresponding
three words of status and data will be placed in the three words
of STATUS. The four possible conditions for the IVINTFLAG are

discusscd celow.
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The EVENTFLAG is not in the range EFLAGl to EFLAGlS5. 1In

this case, a value of "ERR-EFLAG" will be returned in the
first word of STATUS,and the second and third words will

be zeroed.

The EVENTFLAG is not associated with any service call
whatsoever. 1In this case, a value of "FLAG-NOT-IN-USE"
will be placed in the first word of STATUS, and the
second and third words will be zeroed.

The EVENTFLAG is associated with a service call which
has not yet completed. 1In this case, a value of
"REQUEST-IN~PROGRESS" will be returned in the first
word of STATUS,and the second and third words will

contain either call-specific information or zero.

The EVENTFLAG is associated with a service call which
has completed. 1In this case, a completion code will
be returned in the first word of STATUS, and call-
specific information will be returned in the second

and third words. 1In addition, the association between
this EVENTFLAG and the service call will be destroyed

so that the EVENTFLAG will be considered free and unasso-
ciated, as described in 4.1.3.3.a above.
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4.2 PROGRAM AND TASK MANAGEMENT

4.2.1 Overview

Within VT3/0S, a distinction is made between a program and a task.

A program is a fixed, possibly re-entrant, body of code which
exXists in an executable form. It is controlled by an Image Control
Block. A task is an invocation of a program, consisting of the
code, together with any dynamically allocated system resources,
such as buffers and any data. It is controlled by a Task

Control Block. 1If a program is re-entrant, several tasks can
execute the same program. In this case, a Task Control Block

exists for each task.

VTS/0S provides a set of system service reguests which enable tasks
to control the execution of other tasks. Under VTS/0S, a task

can cause another program to be brought into the same processor,
to execute as a task, to stop executing, and to be removed

from the processor. The invoked task may also be able to commun-
icate brief results back to the invoking task by a mechanism other
than normal interprocessor communication, as described in Section
4.5. Every task has a complete set of capabilities so that Task
A can invoke Task B which, as part of its execution, can bring
programs C and D into the processor, cause them to execute

as Tasks C and D, receive partial results from them, use these
results to formulate a final result to pass back to Task A, and
then remove programs C and D from the processor.

Within VTS/0S, tasks are organized in a hierarchical structure.
No task may have more than one parent, although a parent may have
many children. All of the children must reside in the same
processor as the parent. There is no such structure for the
corresponding programs.
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Among tasks that are lineally related (i.e., for a given task,
its children and parent, grandchildren and grandparent, etc.),
capabilities and constraints arise that are not relevant

for non-related tasks. For example, the POST operation allows

a task to transmit three words of information back to its parent.
This capability is available only to the child in a parent-child
relationship. On the other hand, the KILL operation, which unequi-~
vocally stops a specified task, also stops each and every lineal
descendant of that task.

4.2.2 Program Management Calls

4.2.2.1 INSTALL ( EVENTFLAG, NAME, STATUS )

This call allows a task to have a program brought into the processor
in which the calling task resides. The program whose ASCII name

is given in NAME will be located and loaded (if necessary, down-
line loaded) into the calling task's processor. An Image Control
Block will then be created for the newly loaded program. The file
containing the program must have the same name as the program
itself.

When the request processing is completed, completion processing
will occur as specified by the value in EVENTFLAG. EVENTFLAG may
be either a value in the range EFLAGl to EFLAGL5, in which case

the specified event will occur at completion, or the value SUSPEND,
in which case the calling task will be suspended until completion.

At the return to the calling task, the STATUS parameter will
contain a notification of either success or an error in the call

or processing cf the call. The possible values for STATUS are

given below.




NO-ERROR =-- no error encountered
ERR-TAI -- program by this name is already installed
ERR-EFLAG -~ illegal EVENTFLAG specified
L ERR-NMR -~ no more room in memory for this program
ERR-IO -~ some kind of I/0 error occurred during the
processing of this request; program has not
been installed. 1In this case, the second
k word of the STATUS variable will contain the

actual I/0 error code. Note that if a program
name is given improperly, it will be impossible
to open the file, and this error will result.

This call does not create or imply any parent-child relationship i
between the task making the call and the program name specified
in the call.

4.2.2.2 REMOVE ( EVENTFLAG, NAME, STATUS )

This call allows a task to have a program removed from the proces-

sor. It performs a complementary function to the INSTALL call

(g.v. 5.2.1.1). A program may onlvy be REMOVEd after every running
copy of it has been KILLed. Once the REMOVE =all has been issued,
an INSTALL must be performed before a task using that program can be
SCHEDULEd. Unlike a KILL, a REMOVE call affects only the program
whose ASCII name is in NAME, and not any of its descendants.

The EVENTFLAG parameter is used to determine which event shall
occur when the REMOVE processing is complete. A value in the
range EFLAGl to EFLAGlS5 indicates that the specified event shall
occur when the REMOVE processing is complete. In this case,

the calling task may use the GETSTATUS call to obtain information
about the completion. A value of "SUSPEND " indicates that the
calling task is to be suspended until the REMOVE processing is
complete.
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The STATUS parameter is used to return information to the calling

task about the success or failure of the REMOVE operation. The

possible returned values for STATUS are the following: !
NO-ERROR -- no error was encountered
ERR-FLAG -- illegal EVENTFLAG was specified
ERR-TNI -- the program specified is not currently installed
ERR-ALIVE -- not all running tasks of this program have 1

been KILLed 1

ERR-SUICIDE a task cannot have its own program REMOVEd

4.2.3 Task Management Calls

4.2.3.1 SCHEDULE ( EVENTFLAG, NAME, TASKID, STATUS )

This call may be used by a task to create and execute a task for

the program whose ASCII name is in NAME. The invoking task may

make the invoked task its child or it may make it totally indepen-
dent. The invoked task will be placed in the Ready queue, and will
be able to begin execution when it is given control of the CPU.

The invoked task's program must already be resident in the processor,
as the result of either system initialization procedures or an
earlier INSTALL call.

The EVENTFLAG parameter may have several values. A value in the
range EFLAGl to EFLAGlS5 indicates that the invoked task is to
be a child of the calling task. The specified event will occur

when the child performs a POST operation, after which the parent
may use GETSTATUS to obtain the three words of information passed

by the child. A value of "SUSPEND" used as the EVENTFLAG also
indicates that the involved task is to be a child; in this case,

the parent's suspension will be lifted when the child performs

a POST, which will place three words of information directly

in the STATUS parameter. The final permissible value for EVENT-
FLAG is "INDEPENDENT"; in this case, the invoked task is independent
of the invoking task.
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If no error has occurred, TASKID will contain a unique identifier
of the invoked task at the return to the calling task. This TASKID
will be used in the KILL call. If an error has occurred, TASKID

will be zero.

At the return to the calling task, if a value in the range EFLAGl to
EFLAGlS5 or "INDEPENDENT" was specified for the EVENTFLAG, the STATUS
parameter will contain a code indicating whether the system accepted
the call or rejected it for syntactical reasons. If a value of
"SUSPEND" was specified for the EVENTFLAG, the STATUS parameter
will contain either notification of a syntactical error or the

information resulting from the child's POST operation.

The possible values that may be returned in STATUS are listed

below.
NO-ERROR -- no error encountered 4
ERR-TNI -- task specified has not been installed
ERR-EFLAG -- illegal EVENTFLAG specified
ERR-NMR -- not enough room in memory to run this task
ERR-CHILD -- child died before POSTing

ERR-PERMIT -- program is flagged for removal

4.2.3.2 POST ( DATAWORDS, STATUS )

This call allows a child task to communicate three words of infor-
mation back to its parent. The content and significance of the
three words must be mutually agreed upon by the child and parent
The three words of information will be taken from the

tasks.
child's DATAWORDS parameter and passed to the parent as the

STATUS associated with the EVENTFLAG specified in the parent's
SCHEDULE call. Since the parent obtains this informatlion as the
STATUS of its SCHEDULE call, care should be taken to avoid placing
in the first word of the STATUS any value that is also one of the
possible error codes resulting from the SCHEDULE call. A child

may only POST to its parent once.
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At the return to the calling task, STATUS will contain a value
indicating either success or the reason for failure. The possible
values for STATUS are listed below.

NO-ERROR -- no error encountered
ERR-INDEP -- task has no parent
ERR-AUU -- task has already POSTed to its parent once

§.3:.2:3 KILL (EVENTFLAG, TASKID, STATUS)

This call is used by a task to stop either itself or a first-
generation child. If a task is stopping itself, it sets TASKID
to zero. If it is stopping a child; it must give the child's
task identifier in TASKID.

If a task is stopping itself, the system will not return to it if
the call is successful, so that the other two parameters will be
unused. If a task is stopping its child, it can use EVENTFLAG

to specify which event shall occur when the KILL processing is
complete. A value in the range EFLAGlL to EFLAGLS indicates that
the specified event shall occur when the KILL processing is
complete. 1In this case, the task may use the GETSTATUS call to
obtain information about the completion. A value of "SUSPEND"
indicates that the calling task is to be suspended until the

KILL processing is complete.

The STATUS parameter is used to return information to the calling
task about the success or failure of the KILL operation. The
possible returned values for STATUS are the following:

NO-ERROR -- NO error was encountered

ERR-EFLAG =-- illegal EVENTFLAG specified (note that even a
task killing itself can get this error return)

ERR-NYC -- TASKID is neither zero nor the task identifier

of a first-generation child of the calling task

Stopping a task will automatically stop every lineal descendant

& 3
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4.3 MEMORY MANAGEMENT

In the absence of detailed hardware specifications, the area of
memory allocation and memory management cannot be discussed with
any great detail or precision. While it is known that the VTS/0OS
processors will all be mapped processors, the details of the
mapping mechanism have not yet been determined. One important
aspect of the mechanism that is as yet unknown is the granularity
of the mechanism, i.e., how many map registers it takes to span the
logical address space. For example, in an architecture in which

8 map registers span the entire 32K address space, the granularity
is 4K. Under other architectures, as many as 32 and 64 registers
may be used to span the same space, providing a granularityv of

1K to .5K. Thus, with finer granularity, more flexibility can be
provided in VTS/0S, although a tradeoff is made in terms of increased

overhead. The remainder of this discussion will assume that suffi-

cient granularity exists in the mapping mechanism to support the
features and capabilities described. When a particular feature
or capability depends on this specific assumption, a discussion

of the various alternatives will be provided.

All memory in the VTS/OS system can be divided into three parts:
system memory, fixed task images, and variable task data buffers.
Within VTS/0S, an extensive set of primitives is provided to the
application tasks which enables them to perform overlaying of
code, to request variable data buffers, to switch back and forth
between several buffers without losing control of any of them,
and, within family lines, to share buffers between tasks.




4.3.1 Task Memoryvy Structure

This section will discuss the overall memory structure of an
applications task. The structure is analyzed by examining the
allocation of memory map registers to the various portions of
a task.

Each applications task can be divided into four portions, not
all of which need appear in every task. Since a block of map
registers will be permanently assigned to each portion of the
task image, a finer granularity for the mapping hardwave provides
a definite payoff in terms of the increased flexibility in sizing
each of the portions of the task.

The first portion of the task contains the main program code, or
root. This portion will be write-protected, if the mapping hard-
ware will support this feature. This portion will not be under
the explicit control of the applications task for purposes of
mapping into it and out of it; rather, the applications task

will be mapped into this portion when the task is first SCHEDULEQG,
and will not be mapped out until the task is KILLed. This portion
will also contain routines to interface with VTS/0S.

The second portion of the task image is the overlayv space.
Obviously, if a task uses no overlays, no map registers will be
allocated to this portion. This area, like the root, will be
write-protected if possible. However, this portion will be under
the explicit control of the applications task. The calls that
are used to manage this space are discussed in Section 4.3.2.

The number of map registers reserved for the overlay space will
be sufficient for the longest overlay (if only one level of over-
laying is permitted) or for the longest branch in the overlay
tree (if multi-level overlaying is permitted). This portion of
the task address space will always be reserved for overlavs, even

when the task is not mapped to any overlays.




The third portion of the address space is for storage of variables.
This portion will not be write-protected. It will also not be

under the explicit control of the applications task. As with the

root portion, the applications task will be mapped into this portion

when the task is first SCHEDULEd, and will not be mapmed out
until the task is KILLed. This portion will contain the variable
storage for the root as well as for every overlay. Whether or
not this is feasible is a function both of the granularity of

the mapping hardware and of the facilities provided by the compiler

and linker used. With sufficiently fine granularity, it may not

be necessary to combine all the variable spaces (i.e., that for the

root and those for the overlays) into a single variable space. On
the other hand, the compiler and linker may do this as part of
their normal operation. This combining can always be accomplished
in a rather brute force manner by declaring all variables used in
every overlay as GLOBAL variables in the root program.

The fourth portion of the task's address space is buffer space.
If a task does not use any buffers, the map registers that

are left over will go unused. The difference between buffer
space and overlay space is that VTS/0S will be able to determine
whether or not a task requires any registers to map into its
overlay space by examining the information produced by the
compiler and linker, while it will not be able to do so for
buffer space. This space, which will not be write-protected,
will be under the explicit control of the applications task.
The calls that are used to manage this space are discussed in
Section 4.3.3.

4.3.2 Overlay Control
As VTS/0S will be required to operate on processors withcut direct

access to discs, the overlaying process will necessarily have to
consist of mapping a task to an area of physical memory which
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already contains the required overlay. All overlays which are

associated with a particular program will have to be installed

in memory when the program is initially installed. The VTS/0S
INSTALL command processing will ensure that this condition is

met, without the user having to install each overlay separately.
Although overlays may be re-entrant, as are the main programs to
which they belong, they may not be shared among programs. If two
or more programs wish to use the same overlay, each program must
have a separate copy of the overlay. The creation of the linkage
between a main program and its various overlays will be the function

of the compiler and linker.

4.3.2.1 LOADOVERLAY ( OVERLAYID, STATUS )

This call allows a task to request that a particular overlay

be mapped into the task's address space. The call itself must
not be in a portion of the task's address space that will be
occupied by the overlay. Hnowever, if another overlay occupies
that space, no indication of this condition will be given. The

parameters of this call are given below.

OVERLAYID -- the numeric identification of the overlay to

be mapped in

STATUS -- returned code indicating success or failure of
the call -- possible values are:
NO-ERROR -- no error encountered
ERR-OLAYID -~ specified overlay does not exist

4.3.2.2 RELEASEOVERLAY ( OVERLAYID, STATUS )

This call allows a task to release an overlay (i.e., to free a

portion of its logical address space) without mapping to another




y overlay. However, it is not necessary to call RELEASEOVERLAY
‘ before calling LOADOVERLAY to map another overlay. The para-
meters for this call are given below. !

OVERLAYID -~ the identifier of the overlay to be "mapped out"”
STATUS -- a returned code indicating success or failure of
the call -- possible values are:
NO-ERROR ~- no error encountered
ERR-MAP -- task is not currently mapped to the

specified overlay
ERR-OLAYID -- specified overlay does not exist

4.3.3 Buffer Control \

VTS/0OS provides an extensive set of memory allocation capabilities |

to applications tasks which includes the ability to reguest a

buffer of any size, starting at a user-specified logical address

in the user's address space, to have several buffers under the ‘
user's control which share this address space, to switch back |
and forth between buffers, to return buffers, and, within family
lines, to share buffers.

Inless otherwise specifically requested byv tasks, no two tasks
will have access to the same physical block of buff=r space.
However, this protection feature may not be implementable at a
reasonable cost if it should turn out that the typically requested
buffer size is significantly smaller than the granularitr grovided
by the mapping mechanism. In this case, it may be necessary for
two or more tasks to share a buffer block, with each task being
told by VTS/0S which portion of the buffer block it may use.

| Under these circumstances, protection would not be enforceable.
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4.3.3.1 GETBUFFER ( LOGADDR, NWORDS, SHAREMODE, BUFFERID, STATUS )
This call allows a task to request a buffer. All processing for
this call will be performed synchronously, so that there is no
need for an EVENTFLAG. The parameters of the call are described
below.

LOGADDR -- the logical address in the user's address
: space at which this buffer is to begin --
. must be beyond the end of the main program
code, and must be aligned according to the
granularity of the mapping mechanism.

NWORDS -- the number of words of buffer space requested --
must be at least one, and cannot be so large
as to extend beyond the end of the logical
address space when mapped in beginning at
LOGADDR

SHAREMODE -- if PRIVATE, no other task may use this buffer --
if SHARABLE, calling task allows lineal
descendants to map this buffer -- (Note: see
EQUATEBUFFER for a description of the mechanism
which allows the calling task to control access
to this buffer)

BUFFERID -- a value returned to the calling task which
uniquely identifies this buffer

STATUS -- a code returned to the calling task indicating
success or reason for failure -- possible

values are:




NO-ERROR -~ no error encountered

ERR-ADDR -- logical address specified is
illegal
ERR-NWORDS -- number of words specified is
illegal
ERR-NMR -- buffer space is not available

4.3.3.2 EQUATEBUFFER ( PARENTBUFFERID, PARENTTASKID, MYBUFFERID,
STATUS )
This call may be used by a task to gain access to a buffer origi-
nally allocated to one of its ancestors. The child must then use
the MAPTOBUFFER call to map itself into the buffer. The child
must obtain the task ID and original buffer ID from the ancestor
in order for this call to succeed. VTS/OS does not provide a
specific mechanism to enable a task to obtain this information
from its ancestor; thus, each "family" of tasks may use whatever
mechanism is most appropriate. The parameters for this call are
described below.

PARENTBUFFERID

the buffer ID returned to the original
"owner" of the buffer in respcnse to a
GETBUFFER call

PARENTTASKID -- the task ID of the original "owner" of
the buffer

MYBUFFERID -= the buffer ID returned to the calling
task by VTS/0S, and used by this task as
the BUFFERID parameter for subseqguent
RELEASEBUFFER and MAPTOBUFFER calls

STATUS ~=- a code indicating success or a reason for

failure -- possible values are:




i NO-ERROR == no error encountered

! ERR-NMR ~-- system resources not available

| ERR-BUFFID -- value given in PARENTBUFFERID
is not a buffer which is
assigned to the task in
PARENTTASKID

ERR~-PARENT -- task specified in PARENTTASKID

is not an ancestor of the

calling task

buffer specified in PARENT-

BUFFERID is either not sharable,

ERR-PERMIT

T

f or is flagged for release

This mechanism does not prevent a child, e.g., Task 3, from
obtaining an original buffer ID and task ID from an ancestor,
e.g., Task A, and then passing on the original buffer ID and task
ID to its descendants, without Task A being informed.

4,.3.3.3 MAPTOBUFFER ( BUFFERID, STATUS )
This call allows a task to map itself to a buffer that has been

previously allocated to it, or to which it has gained access from

a lineal ancestor. This call must be used before a buffer can
be addressed. The parameters of the call are described below.

BUFFERID -- the identifier of a buffer which was returned
in a previous GETBUFFER or EQUATEBUFFER call

STATUS ~- a code returned to the calling task indicating
success or reason for failure -- possible values

T

are:
NO-ERROR -- no error encountered

ERR-BUFFID -- buffer ID not assigned to this task
ERR-PERMIT -- buffer is flagged for release (Note:
only the buffer owner can receive this error code)
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4.3.3.4 RELEASEBUFFER ( EVENTFLAG, BUFFERID, STATUS )
This call allows a task to release a buffer when it is throuch

using that buffer. While the actual mechanics of the release
depend upon whether the buffer is private or sharable, whether
the calling task is the owner or not, and whether more than

one task has access to the buffer at the time of the call, the
net effect of the call is the same. That is, if successiul, the

calling task can no longer access the buffer.

If the buffer is a private buffer, it will simply be returned.
If the buffer is a sharable buffer and the calling task is not
the owner, the buffer will appear to that task to have been
returned. If the buffer is sharable and the calling task is
the owner, the buffer will be flagged for release and will
actually be released when all descendants have also released it.
Until the buffer is released, no additional descendant tasks
will be allowed to EQUATEBUFFER to that buffer again, even if it
has not yet been returned. However, descendant tasks that have
already executed an EQUATEBUFFER call will still be able to MAP
to the buffer,.

The parameters for this call are given below.

BUFFERID ~- the identifier of a buffer which was returned
in a previous GETBUFFER or EQUATEBUFFER call

EVENTFLAG ~- the event flag to be used to indicate completion --
- if calling task is the owner:
if EVENTFLAG is in the range EFLAGl to EFLAGlS5, EVENT
FLAG will be set when the buffer is returned to the
free pool; if EVENTFLAG is SUSPEND, the calling
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task will be suspended until the buffer is
returned to the free pool.

- if calling task is not the owner:
processing of this call is synchronous, but
! EVENTFLAG must still be EFLAGl to EFLAGl5 or

SUSPEND
] STATUS -- a code returned to the caller indicating success
; or a reason for failure -- possible values are:
NO-ERROR -- no error encountered
ERR-BUFFID -- Buffer ID is not assigned to this
task
ERR-EFLAG -- illegal event flag specified
ERR-IOIP -- I/O transfer to/from this buffer

still in progress




4.4 INTER-TASK COMMUNICATIONS

The system calls provided for Inter-Task Communications (ITC)
differ from those described in the Phase II report; however, the
differences are largely in terms of the parameters passed by and
events signalled to the user tasks, and do not greatly alter the
communications process. As a result, ITC system calls are more
consistent with other calls the user may issue to the operating
system.

From the viewpoint of the sending task, the SENDMESSAGE call is
issued with the addresses and lengths of the message and answer
buffers, a timeout parameter (the maximum time for completion

of the conversation), the name of the destination task, and

an event flag of SUSPEND or EFLAGl..EFLAGl5. If the SUSPEND

event flag is used, control will be returned to the sending task
when the answer has been received from the receiving task and is
available in the answer buffer. If one of EFLAGl..EFLAG15 is

used, the sending task may perform additional processing and then
wait on the event flag specified in the SENDMESSAGE call. The
answer will be available when the sender's wait condition involving
his event flag is satisfied. 1In either case, STATUS.ERROR contains
NOERROR if the conversation proceeded normally, or an error code
indicating the nature of any error detected during the conversation.
Return from the wait condition associated with the SENDMESSAGE call

terminates the conversation.

From the viewpoint of the receiving task, a REQUESTMESSAGE call
must have been issued to associate the receiving task's "IN"
queue with an event flag before messages may be received by the
task. Messages arriving before the REQUESTMESSAGE call will be
retained, but the receiving task does not have access to them
until the call is issued. Upon returning from a REQUESTMESSAGE
call with an event flag of SUSPEND or a wait involving one of
EFLAGl. .EFLAGl5 specified in the REQUESTMESSAGE call, a GETSTATUS
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call will return to the receiving task the message ID of the first
message on its message input queue. The receiving task then issues
the TRANSFERMESSAGE call to move the message to his message buffer,
regardless of the size of the message and regardless of whether

the sending task is local or is in another processor. If the
message needs to be transmitted from another processor, TRANSFER-
MESSAGE will request the transmission, and the message will be
transferred without involving either the sending or receiving tasks.
After the TRANSFERMESSAGE request is complete, the receiving task
has access to the message data and may formulate an answer. The
receiving task uses the SENDANSWER call to transmit his answer to
the sending task; the completion status of the SENDANSWER call
indicates only that the answer was sent, and not that it was
received. At this point, the receiving task has completed the

conversation.

The allocation of buffer space for messages and answers is not
discussed in the above treatment of ITC, since the tasks
involved may allocate buffers in advance or at the time of the
conversation. However, the normal considerations for deadlock
prevention apply to any allocation of buffers while the tasks
are running. The only restriction imposed by the ITC functions
is that any memory space used for messages or answers must be
mapped into the logical address space of the task issuing an
ITC system call at the time of that call.

4.4.1 SENDMESSAGE
The SENDMESSAGE call initiates the transfer of a message from one

task to another, regardless of which processors contain the two
tasks. The destination task is referenced by name, and its loca-
tion is determined transparent to the sending task. Buffer speci-
fications for the message and answer buffers contain a buffer ID,
a starting address for the aliocated area, and the length of that
area in words. The timeout parameter is provided to allow the
sending task to indicate the maximum amount of time the requested
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operation should take if the system is operating properly; if the
answer has not been received within this time, processing of the
conversation is terminated and an error code of ERTIMEOUT is
returned to the sending task.

Calling seguence -
SENDMESSAGE (EVENTFLAG, PROCESSNAME, MBUFFSPEC, ABUFFSPEC,
TIMEOUT, STATUS);

Parameters -
EVENTFLAG: EFLAGl..EFLAGlS5, SUSPEND
PROCESSNAME: PROCNAMETYPE; /*name of destination task*/
MBUFFSPEC= record /*descriptor for message buffer*/
BUFFERID: l..MAXBUFFERID;
ADDRESS: integer;
LENGTH: integer
end;
ABUFFSPEC= record /*descriptor for answer buffer*/
BUFFERID: 1. .MAXBUFFERID;
ADDRESS: integer;
LENGTH: integer

end;
TIMEOUT: integer; /*maximum time allowed for completion*/
STATUS: STATUSTYPE;
é /*ERRORS :
E ERNOPROCESS process not found
ERBUFFSPEC invalid buffer specification
; ERTIMEOUT operation not completed
within specified interval
ERBUSERROR transmission retry count

exceeded or other bus error*’/
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4.4.2 REQUESTMESSAGE
The REQUESTMESSAGE call is used by the receiving task to initiate
a conversation. When a message has arrived for the task, the

MESSAGEID parameter will contain the message ID which will be
used by the receiving task for all operations in this conver-
sation. If the user task does not have buffer space allocated
for the message and answer, the space must now be allocated.
MSLENGTH and ANSLENGTH contain the size required for the message
and the maximum answer length.

Calling sequence -
REQUESTMESSAGE (EVENTFLAG, MESSAGEID, MSLENGTH
ANSLENGTH, STATUS)

Parameters -
EVENTFLAG: EFLAGl..EFLAGl5, SUSPEND
MESSAGEID: record
MESSAGENUMBER: integer:
PROCESSOR ID: integer
end;
MSLENGTH: integer;
ANSLENGTH: integer:
STATUS: STATUSTYPE;
/*ERRORS :
ERNOIPC task not defined to receive

messages*/
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4.4.3 TRANSFERMESSAGE

TRANSFERMESSAGE is called by the receiving task when it wishes

to obtain access to the message data of a particular convarsation.
If the sending task is in another processor, TRANSFERMESSAGE will
accomplish the transmission and moving of message data so that
the receiving task may have access to it. If the sender is in
the receiver's processor, the TRANSFERMESSAGE call will move

the message from the message buffer of the sending task to that
specified by the receiving task.

Calling sequence -
‘ TRANSFERMESSAGE (EVENTFLAG, MESSAGEID, MBUFFSPEC, ABUFFSPEC,
i STATUS) ;

Parameters -

EVENTFLAG: EFLAGl..EFLAGlS5, SUSPEND
MESSAGEID: record

MESSAGENUMBER: integer; /*VALUEl from GETSTATUS*/
PROCESSORNUMBER: integer /*VALUE2 from GETSTATUS*/

E end;

MBUFFSPEC: record
BUFFERID: integer;
BUFFAD: MEMORYADDRESS;
BUFFSIZE: integer

end;

STATUS: STATUSTYPE;
/*ERROR:
ERMESSAGEID Invalid message ID*/
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4.4.- SEINDANSWER
The receiving task issues a SENDANSWER call to terminate the
conversation and return acknowledgement or data to the sending

task. If the sending and receiving tasks are in the same
processor, the answer is moved to the sender's answer buffer
when the call is issued, and event completion is signalled

on the event flag specified in the sender's SENDMESSAGE

call. Otherwise, SENDANSWER will supervise trans-

mission of the answer over the bus. As noted above, the status
returned by SENDANSWER indicates that the answer was properly
sent, without any connotation of acknowledgement on the part of
the task that originated the conversation with the SENDMESSAGE
call.

Calling sequence -
SENDANSWER (EVENTFLAG, MESSAGEID, ABUFFSPEC, STATUS);

Parameters -
EVENTFLAG: EFLAGl..EFLAGl5, SUSPEND;
MESSAGEID: record /*From GETSTATUS call, VALUEl and VALUE2*/
MESSAGENUMBER: integer;
PROCESSORNUMBER: integer.
end;
ABUFFSPEC: Record
BUFFERID: integer;
BUFFAD: MEMORYADDRESS;
BUFFSIZE: 1integer
end;
STATUS: STATUSTYPE;
/*Errors:
ERMESSAGEID Invalid message ID*/




4.5 FILE MANAGEMENT

4.5.1 Disc File Structures

File structures are provided by the VTS Operating Svstem to give
users a logical structure for storing and retrieving data. Two
types of file structures are provided by VTS/0S, both of which
may be used for either sequential or random data access, with the
exception that sequential write operations cannot be performed on

contiguous £files.

4.5.1.1 Segmented Files

Segmented files consist of a set of Segment Pointer Blocks contain-
ing information on the location of data segments composing the
file. Segment Pointer Blocks are linked together, with a two-word
entry indicating the location of each data segment in the file.
Additional Segment Pointer Blocks and data segments may be allo-
cated, allowing extension of the file as needed. The format

of the segmented file is described in detail in Section 5.5.1.

4.5.1.2 Contiguous Files

Contiguous files consist of a set of sequentially allocated disc
sectors, allowing random access to the file without reguiring that
a Segment Pointer Block be read to determine the physical data
location. The size of the contiguous file must be provided at
file creation time, and cannot be extended once the file has been
created. The format of the contiguous file is described in

detail in Section 5.5.1. It is anticipated that the majority of
files in VTS applications will be contiguous, since access to
contiguous files is faster and the size of most applications

files will be known.




4.5.2 File Access Methods

Random and sequential access methods are supported by VTS/0S.
Either access method may be used on segmented or contiguous files.
Buffering is provided by the operating system for all seguential
operations, and for those random operations which do not affect
an integral number of disc sectors.

4.5.2.1 Random Access

The user may specify data transfer of any size for random access,
using the READ and WRITE calls. Records are designated by

a file offset and record length, where the file offset is the
number of words from the beginning of the file and the record

length is the numbex of words to be read or written.

4.5.2.2 Sequential Access

For sequential access, the operating system maintains a file
sequence pointer which indicates the number of words from the
beginning of the file at which the next data transfer will begin.
READSQ, WRITESQ, READLN and WRITELN system calls will read and
write a user-specified number of words from the current location
of the file sequence pointer, and will update the pointer tc

reflect the completed read or write.

4.5.3 File Maintenance Procedures

§.5.3.1 CREATE
The CREATE orocedure allows the addition of files on system devices
with directories. For contiguous files, the indicated number of
secuential device blocks are allocated when the file is created.

s

, one Segment Pointer Block is allocated, but

sgments are allocated at creation time.




Calling Sequence

E | CREATE (EVENTFLAG, FILENAME, FILETYPE, SIZE, STATUS) ;

Parameters j
EVENTFLAG EFLAGL. .EFLAGl5 or SUSPEND §
FILENAME ASCII file name ;
FILETYPE SEGMENTED or CONTIGUOUS !
é . SIZE if FILETYPE = CONTIGUOUS, file length in words
g | if FILETYPE = SEGMENTED, data segment length in words
STATUS error code;

NOERRROR
ERFILENAME invalid file name
ERFILETYPE invalid file type
if EVENTFLAG = SUSPEND, the following errors

are possible:

ERNODEV no such device or not a directory

device
ERFILEEXISTS file already exists ]
ERCONTIG insufficient contiguous space 1
ERSPACE insufficient space on device
ERDIR directory error

4.5.3.2 DELETE

The DELETE procedure removes the specified file name from the

directory for the specified device directory. Any space allo-

cated to that file is released and, where possible, combined 1
with adjacent free areas. This will aid in future allocation ]

of contiguous files.
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Calling Sequence
DELETE (EVENTFLAG, FILENAME, STATUS)

Parameters

EVENTFLAG EFLAGl. .EFLAGl5 or SUSPEND

FILENAME ASCII file name

STATUS error code:
NOERROR

1 ERFILENAME invalid file name
or, if EVENTFLAG = SUSPEND:
ERNODEV no such device or not a directory
device

ERNOFILE file does not exist
ERPROTECT file protected
ERFILEOPEN file still open
ERDIR directory error

4.5.3.3 RENAME
The RENAME procedure allows the user to change the name of an
existing file. Files which are protected or are open cannot

be renamed.

Calling Seguence
RENAME (EVENTFLAG, OLDFILENAME, NEWFILENAME, STATUS)

Parameters

EVENTFLAG EFLAGL. .EFLAG1lS or SUSPEND

OLDFILENAME ASCII name of existing file to be renamed
NEWFILENAME ASCII name to replace OLDFILENAME

STATUS error code:

i s
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NOERROR i
ERFILENAME invalid file name j
EREFLAG invalid event flag
ERNODEV no such device or not a directory
device

or, if EVENTFLAG = SUSPEND:
ERNOFILE file OLDFILENAME does not exist
ERFILEEXISTS file NEWFILENAME already exists
ERPROTECT file is protected
ERFILEOPEN file still open
ERDIR directory error

4.5.3.4 SETATTRIBUTES

The SETATTRIBUTES procedure allows the user to set the protection
attributes of a file. The specified attributes are set for that
file, regardless of whether or not they were already set. Attri-
butes may not be set for non-directory devices.

Calling Sequence
SETATTRIBUTES (EVENTFLAG, FILENAME, ATTRIBUTES, STATUS)

Parameters
EVENTFLAG EFLAGl. .EFLAGlS5 or SUSPEND
FILENAME ASCII file name
ATTRIBUTES any combination of PROTECT, READPROTECT, WRITEPROTECT
STATUS error code:

NOERROR

ERFILENAME invalid file name

EREFLAG invalid event flag

ERNODEV no such device or not a directory

device
4-34
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if EVENTFLAG = SUSPEND:

ERNOFILE file does not exist

ERATTR invalid attribute specification
ERFILEOPEN file still open

ERDIR directory error

4.5.3.5 GETATTRIBUTES

The GETATTRIBUTES procedure allows the user to access the protec-
tion attributes of a file. The specified attributes are trans-
ferred to the user's program space. GETATTRIBUTES has an implied
SUSPEND event flag, if the file is on disc.

Calling Sequence
GETATTRIBUTES (FILENAME, ATTRIBUTES, STATUS)

Parameters
FILENAME ASCII file name
ATTRIBUTES any combination of PROTECT, READPROTECT, WRITEPROTECT
STATUS error code:
NOERROR
ERFILENAME invalid file name
ERNODEV no such device
ERNOFILE file does not exist
ERDIR directory error

4.5.4 Input/Output Operations

All input and output operations within VTS/0S are performed on a
channel basis. Files and non-file devices (e.g., printers) are
associated with a channel number for the duration of a task's

I/0 to that file or device.

4.5.4.1 OPEN
The OPEN procedure assigns a logical path between the user task

and a file or device. The channel number provided in the OPEN
call is used for all later I/0 requests involving that file or device.

4-35 e

|
|
|
|
|
g
|
|




R | Calling Sequence

OPEN (EVENTFLAG, FILENAME, CHANNEL, STATUS)

Parameters
EVENTFLAG EFLAGl. .EFLAGl5 or SUSPEND
: FILENAME ASCII file name
i 1 CHANNEL Channel number, returned by the OPEN call
STATUS error code:
E NOERROR
EREFLAG invalid event flag
ERFILENAME invalid file name
ERCHAN invalid channel number 1
or, if EVENTFLAG = SUSPEND: |
ERNOFILE file does not exist |
ERDEV no such device or, if a named
file was specified, not a
directory device
ERDIR directory error

4.5.4.2 CLOSE

The CLOSE procedure terminates the logical equivalence between
a file or device and the user-assigned channel number. Since
CLOSE does not act asynchronously, no event £flag is specified.

Calling Seguience

CHANNEL channel number
STATUS error code:
NOERROR
ERCHANNEL invalid channel number

ERNOTOPEN file not open
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4.5.4.3 IORESET

The IORESET procedure allows the user to close all open channels
assigned to a particular task without explicitly referencing
each channel number.

Calling Sequence
IORESET (EVENTFLAG, TASKID, STATUS)

] Parameters
EVENTFLAG EFLAGl. .EFLAG15 or SUSPEND |
TASKID ID of task whose channels are to be closed i
STATUS error code: ?
NOERROR ‘
ERTASKID invalid task ID

4.5.5 Data Transfer Operations

All data transfer operations are performed to or from buffers
allocated by the user task with GETBUFFER. This restriction is
placed on I/O transfers due to the implementation-dependent
nature of local storage allocation for PASCAL programs. If the
allocation of storage is sequential and compatible with allocated
buffers, then I/0O transfers from variable space may be allowed.

4.5.5.1 READR

The READR procedure provides random access to both segmented and
contiguous files. The system provides buffering for those READR
request which are not aligned with disc sector boundaries.

Calling Sequence
READR (EVENTFLAG, CHANNEL, +BUFFER, WORDS, FILEADDRESS, STATUS)

Parameters

EVENTFLAG EFLAGLl..EFLAGl5 or SUSPEND 5

CHANNEL channel number i
BUFFER pointer to data buffer

WORDS word count of transfer
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FILEADDRESS offset in words from beginning of file

STATUS . error code:
? NOERROR :
EREFLAG invalid event flag
ERBUFFER invalid memory address
ERCHANNEL invalid channel number
or, if EVENTFLAG = SUSPEND: |
ERNOTOPEN file not open 4
1 ERFILEADDR file address outside of file
1 ERREADPROTECT file read protected
‘ ERNORANDOM not a random access device
EREOF end of file during read -
partial read may have resulted
ERDEV device error detected during read
ERDIR for segmented files, a directory

error in the Segment Rointer
Block occurred

4.5.5.2 WRITER

The WRITER procedure provides random access to both segmented and
contiguous files. 1If the file address and word count for the
WRITER call reflect the physical block size of the device involved,
the transfer will be performed from the user's buffer area.

Calling Sequence
WRITER (EVENTFLAG, CHANNEL, 4BUFFER, WORDS, FILEADDRESS, STATUS)

Parameters
EVENTFLAG EFLAGL. .EFLAGl5 or SUSPEND
CHANNEL channel number
+BUFFER pointer to data buffer
3 WORDS word count of transfer
FILEADDRESS offset in words from beginning of file
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STATUS error code:

‘ NOERROR
» EREFLAG invalid event flag
ERBUFFER invalid memory address
ERCHANNEL invalid channel number
or, if EVENTFLAG = SUSPEND: /
ERNOTOPEN file not open §
! ERFILEADDR file address outside of file
1 ERWRITEPROTECT file read protected
{ ERNOSPACE no space available on this device -
partial write may have resulted :
ERDIR for segmented files, a directory i
error in the segment pointer
block occurred
ERNORANDOM not a random access device

4.5.5.3 READSQ

The READSQ procedure provides sequential access to both segmented
and contiguous files. The sequence pointers are maintained by
VTS/0S and cannot be accessed or altered by user tasks. Sequence
pointers are set to the first word in the file when the file is

opened.

Calling Seguence
READSQ (EVENTFLAG, CHANNEL, #4BUFFER, WORDS, STATUS)

Parameters

EVENTFLAG EFLAGL. .EFLAGLlS5 or SUSPEND
CHANNEL channel number

+BUFFER pointer to data buffer

WORDS word count




STATUS

error code:

NOERROR
EREFLAG invalid event flag
ERBUFFER invalid memory address
or, if EVENTFLAG = SUSPEND:
ERNOTOPEN file not open
ERREADPROTECT file read protected
EREOF end of file encountered during read -
partial read may have resulted
ERDEV device error detected during read
ERDIR for segmented files, a directory

error in the segment pointer block

occurred

4.5.5.4 WRITESQ
The WRITESQ procedure provides sequential access to both segmented

and contiguous files. The sequence pointers are maintained by
VTS/0S and cannot be accessed or altered by user tasks. WRITESQ
may not be used for contiguous files. The sequence pointer for

sequential write operations on segmented files begins at the end

of the current file, and extends the length of the file.

Calling Sequence

WRITESQ (EVENTFLAG, CHANNEL, +BUFFER, WORDS, STATUS)

Parameters

EVENTFLAG
CHANNEL
+BUFFER
WORDS

EFLAGl. .EFLAGl5 or SUSPEND
channel number

pointer to data buffer
word count of transfer
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STATUS error code:

! NOERROR
EREFLAG invalid event flag
ERCHANNEL invalid channel number
ERBUFFER invalid memory address
or, if EVENTFLAG = SUSPEND:
ERNOTOPEN file not open
ERWRITEPROTECT file write protected
ERDEV device error detected during write
ERDIR for segmented files, a directory

error in the segment pointer
block occurred

ERNOSEQUENTIAL WRITESQ not allowed for contiguous
files

4.5.5.5 READLN

The READLN procedure provides sequential access to both segmented
and contiguous files. The sequence pointers are maintained as
described under READSQ. READLN terminates the read upon finding
a carriage return or a null (zero) in the data stream. The
carriage return or null is transferred to the user data area.

Calling Sequence
READLN (EVENTFLAG, CHANNEL, +BUFFER, MAXWORDS, STATUS)

Parameters
EVENTFLAG EFLAGl..EFLAGl5 or SUSPEND

CHANNEL channel number




+BUFFER pointer to data buffer
MAXWORDS maximum word count of transfer
STATUS error code:
NOERROR
EREFLAG invalid event flag
ERCHANNEL invalid memory address
or, if EVENTFLAG = SUSPEND:
| ERNOTOPEN file not open
L ERREADPROTECT file read protected
EREOF end of file encountered during read -

partial read may have resulted
ERDEV device error detected during read
ERDIR for segmented files, a directory

error in the segment pointer block

occurred
STATUS.VALUEl contains the number of words read.

4.5.5.6 WRITELN

The WRITELN procedure provides sequential access to segmented
files. The sequence pointers are maintained as described under
WRITESQ. WRITELN terminates the write upon finding a carriage
return or a null in the data stream. The carriage return or

e e—————————

null is written to a specified device or file.

et — e ——

Calling Sequence
WRITELN (EVENTFLAG, CHANNEL, +BUFFER, WORDS, STATUS)

Parameters

EVENTFLAG EFLAGL. .EFLAGlS or SUSPEND
CHANNEL channel number

+BUFFER pointer to data buffer
WORDS word count of transfer
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| STATUS error code:

; NOERROR
; EREFLAG invalid event flag
ERCHANNEL invalid channel number
' ERBUFFER invalid memory address
| or, if EVENTFLAG = SUSPEND:
ERNOTOPEN file not open
| ERWRITEPROTECT file write protected
: ERDEV device error detected during write
| ERDIR for segmented files, a directory

error in the segment pointer block

occurred
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4.6 ERROR REPORTING AND CONTROL

The error reporting and recovery mechanisms provided in VTS/0S

rely heavily on participation of the applications tasks in detecting
and verifying the occurrence of errors. This approach is taken

not to place the burden of error control on the applications
programs, but to provide flexibility and context sensitivity in

the detection of failures. Many error conditions are possible
which, under certain circumstances, do not represent failures

of the system, and may even be expected by the applications task
attempting the function causing the error.

Since the applications programmer is in the best position to
determine the significance of error conditions, he is allowed to
detect and evaluate them. VTS/0OS provides the mechanism for
reporting errors to a central location, and for attempting
system level recovery on the basis of reported errors.

4.6.1 FAILUREDETECTED
FAILUREDETECTED allows applications programs to report unexpected

errors to the Local Error Report Center (LERC) for the processor
in which the task is running. Some error types may be acted
upon immediately in attempting recovery; others are logged and
examined over time to see if they recur, or whether they are
transient.
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Calling sequence -

FAILUREDETECTED (SENDERID, DESTNAME, ERRORCODE, FAILURENUMBER) ;

Parameters -

SENDERID - Task id of reporting task

DESTNAME - NIL or PROCESSNAME of the other party for
ITC errors

ERRORCODE - BADDATAPRODUCED, BADDATARECEIVED, MSGNOT-
ANSWERED, UNABLETOINSTALL, UNABLE TO SCHEDULE;

FAILURENUMBER - caller-assigned ID for this failure




5 VTS/0S DETAILED DESCRIPTION

This chapter contains the detailed description of all VTS/0S
routines other than the Executive itself. Although the chapter

is organized along the same lines as Chapter 4, the User's Manual,
the emphasis here is on the internal workings of the routines
which provide services to the users, rather than on the services
themselves. In addition, many routines with which users have

no direct interface are described in this chapter.

For each routine, the description given includes a brief explana-
tion of the use of the routine, the preliminary processing required
of the user interface stub (if any) that is specific to each
routine, and then a detailed description of the algorithm used

by the routine. Where relevant, a discussion is presented of

the alternatives and considerations which led to the selection

of a particular design. Finally, wherever necessary, a descrip-
tion is given of those system data structures with which the
routine interacts, and of the nature of the interaction.
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5.1 EVENT MANAGEMENT

5.1.1 Events

In VTS/0S, each task has fifteen numbered event flags, numbered
from 1 (or EFLAGl) to 15 (or EFLAGlS). There is in addition a
sixteenth event flag, SUSPEND, which is unnumbered.

Figures 5-1A, 5-~1B, and 5~1C depict the status for a single event
flag other than SUSPEND, i.e., EFLAG1..EFLAG15, while Figure 5-1D
depicts the status for the SUSPEND event flag.

The state of each of the event flags for a task is recorded in

three entries in the Task Control Block: EFLAGSPOSSIBLE, EFLAGSACTUAL,
and the array EFLAGPTR. EFLAGSPOSSIBLE AND EFLAGSACTUAL are both
single-word entries, each using a bit-position index for each event
flag. The low-order bit in each word corresponds to event flag 1;

the next-to-high order bit corresponds to event flag 15; the high-
order bit corresponds to the SUSPEND event flag, EFLAGPTR is a 1€-crd
array, with a single entry for each event flag. The ordering is
similar to that used in EFLAGSPOSSIBLE and EFLAGSACTUAL. That is,

the first entry is for event £flag 1; the last entry is for the SUSPEND
event flag.

When a system service call is made using an event flag specifically
as the EVENTFLAG subfield of the Event Control Block (note:
REMOVEDELAY and GETSTATUS, in particular, have an event flag as a
parameter, but it goes in the PARAM1 subfield of the ECP; hence,
this discussion does not apply to them), the CALLCOMPLETE routine
will set the appropriate bit in EFLAGSPOSSIBLE. This bit will not
be cleared until after the system service request has completed.

At that time, it will be cleared by either a GETSTATUS request

for that event flag, or if it is used in satisfying either a
WAITANY call or a WAITALL call.

When the system service request completes, the appropriate bit in
EFLAGSACTUAL will be set. This bit will be cleared either by a
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EFLAGSACTUAL
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EFLAGPTR
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request GETSTATUS request GETSTATUS
made completed

Figure 5-1A. Status for a Single Event Flag other than SUSPEND
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Figure 5-1B. Status for a Single Event Flag other than SUSPEND
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EFLAGSPOSSIBLE

0 ey

EFLAGSACTUAL
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WAITFLAGS

non-NIL

EFLAGPTR

NIL

TIME
4 [ | % [ ] {
request request WAI WAIT GETSTATUS

made completed issued satisfied

Figure 5-1C. Status for a single event flag other than SUSPEND
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Figure 5-1D. Status for the SUSPEND event flag




GETSTATUS request for that event flag, or if that event flag is
used in satisfying either a WAITANY call or a WAITALL call.

When the system service call is originally made, the CALLCOMPLETE
routine will place the address of the ECB for the call in the
appropriate entry of the EFLAGPTR array. This entry will not be
cleared (actually, set to NIL) until a GETSTATUS call is made

that specifies that event flag after the associated system service
request has completed.

If a task is not suspended specifically by issuing a system service
request with SUSPEND as the event flag, it always has a "spare"

ECB pre-allocated to it. The address of the ECB is in the SUSPEND
entry of the EFLAGPTR array. This does not indicate that the SUSPEND
event flag is in use. The SUSPEND event flag is in use only while
the task is actually on the Suspend queue with a WAITTYPE of SUSPEND.

In discussing event flags, one other entry in the Task Control
Block, WAITFLAGS, must be examined. The WAITFLAGS entry is used
while the task is actually on the Suspend queue and waiting for
one or more events. If the task is SUSPENDed, WAITFLAGS will have
the bit-position index for the SUSPEND event flag. If the task is
waiting as the result of either a WAITANY or a WAITALL call, bit-
position indices of the event flags that may be used to satisfy
that call will be kept in WAITFLAGS.

5.1.2 Time~Interval Units

5.1.2.1 SETDELAY
GENERAL
This routine is used by a task to set a delay timer, whose expir-

ation will cause a specified event to occur. This may be used by




a task for watch-dogging various critical events, such.as child
completion, or for periodic rescheduling of itself. Most system
service calls will have a built-in watchdog timer, so that tasks

need not explicitly time system service calls.

USER INTERFACE STUB
The user interface stub will set up the following fields in the
Event Control Block:

EVENTFLAG - user's EVENTFLAG parameter
STATUSPTR - address of user's STATUS variable
PARAM1 - number of seconds, from user's call

SPECIFIC PROCESSING
This routine first checks the PARAM1 of the ECB to determine whether
or not the number of seconds for which the user wishes to delay

is valid (i.e., positive, but less than or equal to MAXSEC). If
the value is not legal, the STATUS in the ECB is set to ERR-TIME,
and SETDELAY exits. If the value is legal, the routine traverses
the chain of timeout ECB's, each of which contains in its PARAMI
field the number of seconds that must elapse after the completion
of the previous timeout, summing these inter-arrival times into a

running total of the number of seconds to elapse until completion

of each ECB. If this total becomes greater than the PARAM1 field

of the SETDELAY ECB, it links the SETDELAY ECB into the Timeout
queue before the last entry scanned, and then adjusts the PARAML
fields of the SETDELAY ECB and the ECB after it. If it reaches the
end of the queue without this total exceeding PARAM1 of the SETDELAY
ECB, it places the SETDELAY ECB at the end of the gueue and adjusts
its PARAM1 field accordingly. It then sets the STATUS in the ECB

to NO-ERROR and exits.

5.1.2.2 REMOVEDELAY

GENERAL

This routine may be used by a task to cancel an outstanding timeout
request, if that request has not yet completed. (See Figure 5-2
for the timeout list and a deletion example). The original time-

out is cancelled by




NIL

TIMEOUT
QUEUE
CONTROL
BLOCK
FIEST ™ ECB #1
L ls0 sEconps
FLINK
BLINK
| ECB #2
25 SECONDS
FLINK
BLINK
: »~ ECB #3
17 SECONDS
X—— FLINK
NiL BLINK

ECB #1 will be signalled for completion in 50 seconds;
ECB #2 will be signalled for completion in 50+25 or 75 seconds;
And ECB #3 will be signalled for completion in 50+425+17 or 92 seconds.

If timeout #2 is deleted, the timeout value in ECB #3 must have
25 seconds added to it, so that it will still be signalled for

completion in 50+42 or 92 seconds.

Figure 5-2. Timeout List and Deletion Example




forcing it to an immediate completion, with a status of ERR-

DELETED. However, this does not free the event flag associated
with the original timeout; it must be freed by calling GETSTATUS.

The REMOVEDELAY structure chart is shown in Figure 5-3.
USER INTERFACE STUB

The user interface stub will set up the following fields in the
Event Control Block for the REMOVEDELAY call:

EVENTFLAG - set to zero
STATUSPTR - address of user's STATUS variable
PARAM1 - event flag given by user as call parameter

SPECIFIC PROCESSING
REMOVEDELAY first performs an error check on the event flag given

in PARAM1 to ensure that it is a wvalid event flag. (Note:
although this is an event flag, since it is given as a parameter
in the ECB rather than as the EVENTFLAG subfield, the stub has 13
not performed the normal EVENTFLAG error check). If invalid, 5
the STATUS field in the ECB is set to ERR-FLAG, and execution
proceeds at label 100. If valid, REMOVEDELAY obtains the ECB
pointed to by the PARAM1 entry in the EFLAGPTR array of the Task
Control Block. If no such ECB exists, or if it is not an ECB
i for a SETDELAY call, the STATUS field in the REMOVEDELAY ECB is
i set to ERR-WRONGFLAG, and execution proceeds at label 100. Other-
: wise, the STATUS of the SETDELAY ECB is checked to determine
whether or not it has completed. If it has completed, the STATUS
of the REMOVEDELAY ECB is set to ERR-TOOLATE, and execution proceeds
at label 100. If it has not completed, the SETDELAY ECB is removed
from the Timeout queue and its STATUS is set to ERR-DELETED. If
a subsequent timeout ECB occurred (see Figure 5-4, TIMEOUTASYNC),
that ECB's PARAM1 field is updated to reflect the new inter- t
arrival time. The SETDELAY ECB is then passed to the EVENTCOMPLETE
routine to force immediate completion. Finally, the STATUS field
of the REMOVEDELAY ECB is set to NO-ERROR, and execution proceeds

at label 100. At label 100, REMOVEDELAY exits.
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5.1.2.3 PAUSE

GENERAL

This routine enables the calling task to relinquish the CPU in
order to avoid monopolizing it for long periods during extended
computational sequences. It does not cause any change in the

status of the task.

USER INTERFACE STUB
The user interface stub will set up the Event Control Block for

this call in the following manner:

EVENTFLAG - set to zero
STATUSPTR - set to NIL

SPECIFIC PROCESSING

The Task Control Block for the calling task is delinked from the
head of the Ready gqueue, and linked to the tail of the Ready
queue. The STATUS in the ECB is set to NO-ERROR.

5.1.3 Event-terminated Waits

5.1.3.1 WAITANY

GENERAL
This routine enables the calling task to suspend itself until

the occurrence of any one of a set of events. Upon the return
to the calling task, the condition that led to termination of




suspension will be indicated to the task. This routine will
always cause the calling task to relinquish the CPU.

This routine uses bit-position-indices to specify events. In each
of the two parameters, the low-order bit corresponds to event
flag 1; the next-to-high-order bit corresponds to event flag 15.

The task specifies the set of events in which it is interested by
OR'ing together the bit-position index for each event and passing
this combination of indices as the first parameter, SETOFEVENTS.
If the suspension is terminated because an event occurred, the
bit-position index for that event will be returned in the second
parameter, OCCURREDEVENT.

There are three conditions which can lead to termination of the
suspension. The first possibility is that none of the events
specified in SETOFEVENTS is capable of occurring. In this case,
the task will be placed at the end of the Ready queue, and
OCCURREDEVENT will contain a zero. The second possibility is

that one or more of the events specified in SETOFEVENTS has
already occurred at the time of the WAITANY call. 1In this case,
the task will be placed at the end of the Ready gqueue, and
OCCURREDEVENT will contain the bit-position index of the lowest-
numbered event. Note that this will not necessarily be the first
of the events to have occurred. This places an implicit priority
upon event flags: the lowest-numbered event flag will be reported
first. The third and final possibility is that none of the events
specified in SETOFEVENTS has yet occurred, but that at least

one of these events can occur. In this case, the task will be
placed on the Suspend queue until any of these events occurs. At
that time, the task will be placed on the Ready queue, and
OCCURREDEVENT will contain the bit-position index of the event.




USER INTERFACE STUB
The user interface stub will set up the Event Control Block for
this call as follows:-

EVENTFLAG - set to zero

STATUSPTR - set to NIL

PARAM1l - contains SETOFEVENTS

PARAM2 - contains the address (in the user's address space)
of OCCURREDEVENT

SPECIFIC PROCESSING

The STATUS field in the ECB is set to NO-ERROR, since no real
error is possible with this call. The set of events specified
in PARAM]1 is then AND'ed against those events that can possibly

occur, as specified by the EFLAGSPOSSIBLE field in the Task
Control Block. TIf this is zero, OCCURREDEVENT is set to zero,
and the PAUSE routine (g.v.5.1.2.3) is called to move this task
to the end of the Ready queue. If it is not zero, a check is
made to see if any of these possible events has already occurred.
If none has occurred, the TCB is moved from the Ready gueue to
the Suspend queue, the WAITTYPE is set to WAITANY, and PARAM2 is
saved in the TCB. If one or more has occurred, a check is made
to identify the lowest-numbered event. Its index is returned in |
OCCURREDEVENT. The index corresponding to that event is cleared |
in EFLAGSACTUAL and EFLAGSPOSSIBLE se that a subsequent call to
WAITANY will not return that same event. Finally, the PAUSE routine
is called to move this task to the end of the Ready gqueue.

5.1.3.2 WAITALL
GENERAL
This routine enables the calling task to suspend itself until

the occurrence of all possible events in a specified set of

events. Upon the return to the calling task, the condition that
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: lead to termination of the suspension will be indicated to the task.
] ; This routine will always cause the calling task to relinguish the
CBY.

This routine uses bit-position-indices to specify events. In
each of the two parameters, the low-order bit corresponds to
event flag 1l; the next-to-high-order bit corresponds to event
flag 15.

The task specifies the set of events in which it is interested
by OR'ing together the bit-position index for each event and
passing this combination of indices as the first parameter,
SETOFEVENTS. 1If the suspension is terminated because some of

: the events have occurred, the bit-position indices for those

k events will be returned in the second parameter, OCCURREDEVENT.

L Three conditions can lead to termination of the suspension. The
first possibility is that none of the events specified in SETOF-
EVENTS is capable of occurring. In this case, the task will be
placed at the end of the Ready queue, and OCCURREDEVENT will
contain a zero. The second possibility is that all of the events
specified in SETOFEVENTS that are capable of occurring have
already occurred at the time of the WAITALL call. In this case,
the task will be placed at the end of the Ready gueue, and
OCCURREDEVENT will contain the bit-position indices of all of those
events. The third possibility is that not all of the events
specified in SETOFEVENTS that are capable of occurring have

occurred. In this case, the task will be placed on the Suspend
queue until all such events have occurred. At that time, the task
will be placed on the Ready queue, and OCCURREDEVENT will contain
the bit-position indices of all of these events.
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USER INTERFACE STUB

The user interface stub will set up the Event Control Block for
this call as follows:

EVENTFLAG - set to zero

STATUSPTR - set to NIL

PARAM]1 - contains SETOFEVENTS

PARAM2 - contains the address ( in the user's address space )
of OCCURREDEVENT

SPECIFIC PROCESSING
The STATUS field in the ECB is set to NO-ERROR, since no real

error is possible with this call. The set of events specified in
PARAM1 is then AMD'ed against those events that can possibly occur,
as specified by the EFLAGSPOSSIBLE field in the Task Control Block.
If this is zero, then OCCURREDEVENT is set to zero, and the Pause
routine (g.v.5.1.2.3) is called to move this task to the end of

the Ready queue. If it is not zero, a check is made to see if

all of the possible events have already occurred. If all have
occurred, the indices of all the events are returned in OCCURRED-
EVENT, and PAUSE is called to move the task to the end of the

READY queue. In addition, the indices corresponding to those events
events are cleared in EFLAGSACTUAL and EFLAGSPOSSIBLE. If not all
have occurred, the TCB is moved from the Ready gueue to the Suspend
queue, the WAITTYPE is set to WAITALL, and PARAM2 is saved in the TCB.

5.1.3.3 GETSTATUS

GENERAL

This call is used by a task to obtain the status of an outstanding
or completed service call. 1If the service call is completed,

this call will also free the event flag associated with the service
call, thereby allowing it to be used for subsequent calls.
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: USER INTERFACE STUB

The user interface stub will set up the following fields of the
Event Control Block for this call:

EVENTFLAG - set to zero ]

STATUSPTR - address (in user's address space) of user's
STATUS variable

L PARAM] -~ event flag specified by call as first parameter

SPECIFIC PROCESSING
GETSTATUS first performs an error check on the event flag given

in PARAM1 to ensure that it is a valid event flag. (Note:

although this is an event flag, since it is given as a parameter

in the ECB rather than as the EVENTFLAG subfield, the stub has

not performed the normal EVENTFLAG error check.) If invalid,

the STATUS in the ECB is set to ERR-EFLAG, and execution proceeds
at label 100. If valid, the entry in the EFLAGPTR array in the

TCB specified by PARAM1 is checked to see whether or not a service
call is associated with that event flag. If not, the STATUS in the
ECB is set to ERR-FLAG~NOT-IN-USE, and execution proceeds at label
100. 1If so, the status from the ECB pointed to by the EFLAGPTR
array entry is placed in the STATUS field of the GETSTATUS ECB. The
former ECB is then checked to determine whether or not its service

call has completed. If not, execution proceeds at label 100. If
so, the bit-position indices corresponding to the event flag are
cleared in EFLAGSPOSSIBLE and EFLAGSACTUAL in the Task Control
Block. The entry in the EFLAGPTR array is also cleared, and the
ECB is returned to the system free-ECB queue. Execution now
proceeds at label 100, where the STATUS field from the GETSTATUS
ECB is moved to the user's address space.
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5.2 PROGRAM AND TASK MANAGEMENT

5.2.1 Program Management Calls

§.2:2.1 INSTALL

GENERAL

This routine is used by a task to cause a specified program to
be loaded into the processor in which the task is running. If
possible, all the fixed resources required by the program will
be assigned to this routine, and it will be added to the list
of programs available in that processor.

USER INTERFACE STUB
The user interface stub will set up the Event Control Block for

the INSTALL call as follows:

EVENTFLAG - the event flag parameter of the call

STATUSPTR - the address of the user's STATUS variable

PARAM]1 - the ASCII name of the proram to be INSTALLED (note:
this will probably require more than one word of

parameter space)

SPECIFIC PROCESSING
The synchronous INSTALL structure chart is shown in Figure 5-5.

This routine simply engueues the ECB for the asvnchronous

routine to operate on and then exits to the main Exec loop.

The asynchronous routine of INSTALL has been waiting for an entry
to appear on the queue which drives it. When the synchronous
routine enqueues the ECB, the asynchronous routine begins execu-
tion, competing for the CPU in exactly the same manner as the

applications tasks.
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Figure 5-5. Synchronous INSTALL
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The first error check performed by the asynchronous routine is

to determine whether or not this program has already been installed.
For this, it searches the queue of active Image Control Blocks,
comparing the TASKNAME field with PARAM1 from the ECB. If a match
is found, the STATUS in the ECB is set to ERR-TAI, and execution
proceeds at label 200. If no match is found, a check is made to
determine whether a free ICB is available. If not, the STATUS in
the ECB is set to ERR-NMR, and execution proceeds at label 200;

if so, the ICB is captured for subsequent use.

INSTALL then attempts to open the file containing the program. If
an error is detected, the STATUS in the ECB is set to ERR-IO,

the second word of the STATUS is set to the actual error code
returned by OPEN, the ICB is returned to the free list, and execution
proceeds at label 200. If no error is detected, the header is read
to determine the size of the program root. £ an error occurs in
the READ, the STATUS in the ECB is set to ERR~IO, the second word
of the STATUS is set to the actual error code returned by READ, the
ICB is returned to the free list, a CLOSE is issued for the file,
and execution proceeds at label 100. If no error occurred, an
attempt is made to obtain sufficient memory for the root. If no
memory is available, a STATUS of ERR~NMR is returned, all resources
are returned (i.e., the ICB is returned and the file CLOSED),

and execution proceeds at label 100. If the memory is avail-

able, as much of the ICB is filled in as is possible.

A READCODE is then issued to read in the root code. If an error
occurs, STATUS is set to ERR-IO, all resources are returned, and
execution proceeds to label 100. If no error occurs, a check is
made to see whether or not there are any overlays. If so, a

loop is entered in which an attempt is made to get memory for

an overlay and read in that overlay. At any point in the loop,

if an error occurs, the STATUS is set appropriately, all resources

are returned, and execution proceeds at label 100.
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If the loop is successfully executed, the ICB is linked to the

queue of in-use ICBs. The file is then CLOSEd and execution proceeds
at label 100 where a wait is performed. This is immediately

ended if the file has never been opened. After the wait is
satisfied, execution proceeds at label 200, where the ECB is

sent to the EVENTCOMPLETE routine to signal completion to the

calling task.

INSTALL also uses several subordinate routines, which are shown

in Figure 5-6 and described briefly here. GETROOTMEM acguires real
memory for the root if any is available, and then calls FILLREGS2
to set up the map registers for the root. A STATUS of either ERR-
NMR or NO-ERROR is then returned. FILLREGS2 sets up map registers
in the ICB. OVERLAYPROC is the routine that performs the actual
processing loop in which real memory and an Overlay Control Block
are obtained ar< the overlay code is read into memory. A STATUS

of either ERR-NMR, ERR-IQO, or NO-ERROR is then returned. It actually
calls GETOLAYMEM, which gets the memory and in turn calls FILLREGS3
to set up map registers in the OCB. RETURNALLRESOURCES is called,
if necessary, to return the ICB, any OCBs, and real memory to the

system free-lists.
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5.2.1.2 REMOVE
GENERAL
The REMOVE structure chart is shown in Figure 5-7. This routine

may be used by a task to have a specified program removed from the
processor in which it is installed. It performs a complementary
function to the INSTALL call. If all currently running tasks based
on the program have been KILLed, the specified program will be
REMOVEd as soon as all the running tasks complete their KILL
processing. Because of this requirement that all tasks be. gone
before the program can be REMOVEd, it is illegal for a task to
request that its own program be REMOVEd, since a deadlock would
result.

USER INTERFACE STUB

The user interface stub will set up the Event Control Block for
the REMOVE call as follows:

EVENTFLAG - the eventflag specified in the call
STATUSPTR - the address of the user's STATUS parameter
PARAM1 - the ASCII name of the program to be REMOVEd (note:

this will probably require more than one word of
parameter space)
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SPECIFIC PROCESSING

REMOVE begins processing by attempting to find the ICB for the
program that is to be removed. If one cannot be found, REMOVE
sets the STATUS in the ECB to ERR-TNI, and execution continues
at label 5. Having located the ICB, REMOVE then checks t>
ensure that the task is not attempting to remove its own program.
If so, REMOVE sets the STATUS to ERR-~SUICIDE, and execution
continues at label 5. 1If not, REMOVE then checks each of the
tasks running the program controlled by the ICB to ensure that

a KILL has been issued for each task (if any). If this is not
the case, REMOVE sets the STATUS to ERR-~-ALIVE, and execution

continues at label 5.

If all of the above error checks have been passed, REMOVE now
checks to determine whether or not there are any running copies
0of the program. 1If not, all resources associated with this
program are returned to the system free-lists, STATUS is set

to NO-ERROR, and execution continues at label 5. When running
copies are detected, STATUS is set to REQUEST-~IN~PROGRESS, the
address of the ECB is put in the REMOVEECBPTR field of the ICB
(which indicates that a REMOVE is in progress), and execution
continues at label 5. At label 5, REMOVE exits to the main

Exec loop.

5.2.2 Task Management Calls

5.2.2.1 SCHEDULE

GENERAL
This call is used by a task to create and execute a task using

the specified program. The invoking task may make the invoked
task either a child or completely independent. The invoked task
will then be placed on the Ready queue, where it will operate
exactly like all the other tasks already running.




USER INTERFACE STUB

The user interface stub will set up the following fields in the

Event Control Block:

EVENTFLAG - the event flag parameter from the call

STATUSPTR - the address of the user's STATUS variable

PARAM]l - the ASCII name of the program (note: this may
require more than one word)

PARAM2 - the address of the user's TASKID variable

SPECIFIC PROCESSING
SCHEDULE begins processing by attempting to locate the ICB of

the program whose name is in PARAM1. If it cannot be found,
SCHEDULE sets the STATUS to ERR-TNI, and execution continues at
label 5. If it is found, SCHEDULE then checks the REMOVEECBPTR
field of the ICB. If this field is not NIL, it contains the
address of an ECB from a previous REMOVE call, in which case
SCHEDULE sets the STATUS to ERR-PERMIT, and execution continues
at label 5.

After the above checking, SCHEDULE attempts to get a Task Control
Block, an Event Control Block, and a Buffer Control Block. 1If

it cannot get one of each, it sets the STATUS to ERR-NMR, and
execution continues at label 5. If all of the above have been
obtained, SCHEDULE sets up part of the TCB and BCB, and then
attempts to get sufficient memory for the task's variable space.
If the memory is not available, SCHEDULE returns the TCB, ECB, and
BCB, sets the STATUS to ERR~NMR, and execution continues a* label 5.
If the memory is available, SCHEDULE fills in the rest of the TCB.
If the invoked task is to be a child of the invoking task, the
family linkages are set up (i.e., a pointer to the parent, connec-
tion to the brother queue, and saving the address of the SCHEDULE
ECB in the POSTECB field of the TCB). It also places the newly
assigned task ID in the caller's address space, using PARAM2.
Finally, the new TCB is connected to the Ready gqueue. At label

5, SCHEDULE exits to the main Exec loop.
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SCHEDULE uses several subordinate routines, which are shown in
Figure 5-8 and described briefly here. The first is GETSYSBLOCKS,
which acquires a blank TCB, ECB, and BCB, only if all three are
available. A status of either NO-ERROR, or ERR-NMR is then
returned. The next procedure is FILLITCB, which sets up some
fields in the TCB and BCB, but does not set up any fields that
interact with any other currently in-use system data structure
entries. The third procedure is GETVARMEM, which gets real memory

for the task variable space, if it is available, and has the map

registers in the BCB filled in using FILLREGS. It returns a
status of either NO-ERROR, or ERR-NMR. The next procedure is
FILL2TCB, which sets up all remaining fields in the TCB (with
the exception of the family linkage fields), and updates the
appropriate entries in the relevant ICB and BCB. At this point,
since all system resources have been successfully allocated, the
TCB can be linked to other in-use system data structure entries.
The final routine is ASSIGNID, which assigns a task ID for the
task which is unique within the processor.

5.2:2.2 POST

GENERAL

The POST structure chart is shown in Figure 5-9. This routine is
used by a child task to communicate three words of data to its
parent. The significance of the three words must be mutually
decided upon by the two tasks. Since the parent obtains this
information as the STATUS of its SCHEDULE call, care should be
taken to avoid placing in the first word of the STATUS any value
that is also one of the possible error codes resulting from the
STATUS call. A child may only POST to its parent once.

USER INTERFACE STUB
The user interface stub will set up the POST Event Control Block

as follows:

EVENTFLAG - set to zero
STATUSPTR - set to address of calling task's STATUS variable
PARAM]1 - address of the calling task's DATAWORDS array.
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SPECIFIC PROCESSING

POST first checks the TCB of the calling task to determine whether
or not it has a parent. If the PARENT field of the TCB is NIL,
POST sets the STATUS in the ECB to ERR-INDEP and exits to the

main Exec loop. If the calling task has a parent, POST then
checks the POSTECB field of the calling task's TCB. If this is
NIL, the calling task has already POSTed once. In this case, POST
sets the STATUS to ERR-AUU and exits to the main Exec loop. If
all of the above error checks are passed, POST then takes three
words from the calling task's address space, as indicated by
PARAM1, and places them in the ECB pointed to by the POSTECB field
of the TCB. This is the SCHEDULE ECB used when the parent SCHEDULEd
this task. EVENTCOMPLETE is then called to signal completion to
the parent task. It sets the POSTECB field of the calling task's
TCB to NIL, so that the ECB will not be re-used. Finally, the
STATUS field of the ECB for the POST call is set to NO-ERROR, and
POST exits to the main Exec loop.

§5.2:2.3 KELL

GENERAL

This routine is used by a task to stop a "victim" who must be
either the calling task itself or a first-generation descendant
of the calling task. In either case, every descendant of the
"victim" will also automatically be stopped as a result of this
call.

USER INTERFACE STUB
The user interface stub will set up the KILL Event Control Block
as follows:




EVENTFLAG - taken from the call
STATUSPTR - address of the caller's STATUS variable
PARAM]1 - the TASKID parameter from the call

SPECIFIC PROCESSING

KILL begins processing by checking the TASKID value in PARAMI1

of the KILL ECB. If zero, the "victim," whose TCB address will
be kept in ROOTTCB, is the calling task itself. In this case,
the SUICIDE subfield of the KILL ECB is set to TRUE, and the
KILLCNT subfield of the KILL ECB is set to 0. (Note: the

KILL routine uses some of the available workspace in the ¥ILL
ECB for internal record keeping. The SUICIDE subfield indicates
whether or not the calling task is KILLing itself; the KILLCNT
subfield contains a count of the number of tasks to be KILLed,
excluding the calling task if SUICIDE is true.) If PARAM]I is not
zero, KILL examines the TCB's of each of the calling task's

children in order to identify the "victim." If no match is found,
KILL sets STATUS to ERR-NYC, and execution continues at label

200, where it returns to the main Exec loop. If a match is found,
KILL sets the address of the "victim" TCB in ROOTTCB, sets the
SUICIDE subfield to FALSE, and sets the KILLCNT subfield to 1.
Once the KILLECB is set up, KILL then sets the ORIGINALCALL
subfield to TRUE, and calls the ROOTKILL procedure. Upon the
return from ROOTKILL, KILL examines the KILLCNT subifield of the
KILLECB. If it has gone to zero, every task has been KILLed

(if SUICIDE is false), or else every task except the calling task
has been KILLed (if SUICIDE is true). If so, KILL sets the STATUS
to NO-ERROR and exits to the main Exec loop where CALLCOMPLETE
will indicate that the request has completed. If KILLCNT has not
gone to zero, the number of tasks that are now in the process of
running down are indicated by the count. In this case, KILL sets
the ORIGINALCALL subfield to FALSE, so that when the last task
has run down, one of KILL's subordinate procedures will call
EVENTCOMPLETE to indicate that the request has completed. KILL

then returns to the main Exec loop.
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KILL uses several subordinate routines which are shown in Figure
5-10 and described briefly here. The first of these is ROOTKILL.
This routine sets the address of the KILLECB in the KILLECBPTR
subfield of the victim's TCB (thereby indicating that a KILL for
this task is in progress), and then calls DESCKILL to begin a
recursive descent algorithm which will initiate a KILL of each of
the victim's descendants. Finally, it calls FAKEWAIT, which sets
up the victim's TCB for an event run-down.

The routine DESCKILL is very similar to ROOTKILL, except that
DESCKILL, when called with a TCB, sets up an event run-down for
each descendant and each sibling of that TCB. DESCKILL calls
itself in order to perform the recursive descent of the TCB tree.

The FAKEWAIT routine examines a single TCB to determine whether
the task has any oustanding events, or owns a shared buffer in
which a descendant has any outstanding I/O. If neither of these
conditions is true, FAKEWAIT calls DISMEMBER, which actually
returns all task resources to the system free-lists. If the

task has outstanding events, or if it owns a shared buffer in
which a descendant has outstanding I/O, FAKEWAIT simply places
the TCB on the Suspend queue. It also sets up a WAITALL call for
all outstanding events, if any.

DISMEMBER first removes the TCB which is passed to it from its
ICB's queue of all tasks on the ICB. It then checks to see whether
this allows an outstanding REMOVE of the program to be completed.
If so, it completes the REMOVE, and then returns to processing the
TCB itself. First, any ECBs are returned to the ECB free-list.
Next, the POSTECB subfield is examined to determine whether this
task's parent is waiting for a POST operation from this task. If
so, the STATUS of the ECB identified by the POSTECB subfield is

set to ERR-CHILD, and EVENTCOMPLETE is called to notify the parent.
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Next, DISMEMBER decrements the KILLCNT subfield of the KILL ECB.
If this has now gone to zero and ORIGINALCALL is false, DISMEMBER
calls EVENTCOMPLETE to indicate completion of the original KILL
request. Thus, if SUICIDE was true, the calling task will now
receive completion notification for its KILL request since no
descendant tasks are left. In a SUICIDE, therefore, the calling
task will always be the last task to complete. Finally, DISMEMBER
calls RETURNALLTASKRESOURCES.

RETURNALLTASKRESOURCES returns all BCBs, any buffers which the
task owned, and the TCB. In addition, if the task had a BCB for

a shared buffer, but did not own that buffer and there is no

more I/0 in that buffer, RETURNALLTASKRESOURCES passes the buffer
owner's TCB to FAKEWAIT, which will examine that TCB to determine
whether or not the event run-down is complete. While this call

to FAKEWAIT may be redundant, it is the only way to force examina-
tion of the owner's TCB if the owner has no outstanding events.
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5.3 MEMORY MANAGEMENT

5.3.1 System Memory Control

Within VIS/0S, real memory is divided into pages, where a page
consists of the maximum amount of memory that a single map

register can address. Memory cannot be allocated in units smaller
than a single page. VTS/0S maintains control of this memory through
a table called the PHYSPAGETABLE, which contains a single entry

for each page of memory. This entry indicates the status of

each page, as discussed below.

If a page of memory is not currently assigned to VIS/0S itself

or to any program or task, VIS/OS places a zero in the entry for
that page. 1In addition, VIS/OS maintains a count of the number

of available pages of memory in an integer variable called
REMAININGPAGES. Finally, since any page of memory not assigned
to VIS/0S itself could conceivably be available at any given
instant, VIS/OS uses a variable, referred to in the PDL in Chapter
6 as "FIRST~AVAILABLE-MEMORY-PAGE-~INDEX", which contains the
index of the first page of memory not assigned to VIS/0S.

If a page is assigned to VITS/0S, the entry for that page will

contain a (currently undefined) value indicating this assignment.

If a page is assigned to a program, i.e., contains fixed code
which may be used by several tasks, the entry for that page will
contain the address of the Image Control Block for that program.

If a page is assigned to a task, i.e., contains either the variables
for the task or part of a buffer which the task "owns", the entry
for that page will contain the address of the Task Control Block

for that task.




5.3.2 OQverlay Control i

5.3.2.1 LOADOVERLAY
GENERAL

This routine is used by a task to have itself mapped to a ;
specified overlay. |

USER INTERFACE STUB

The user interface stub will set up the LOADOVERLAY Event Control
Block as follows:

EVENTFLAG - set to zero
STATUSPTR - address of caller's STATUS variable
PARAM1 - OVERLAYID parameter from call

SPECIFIC PROCESSING

LOADOVERLAY first finds the Image Control Block associated with
the task's Task Control Block. It then traverses the chain of
Overlay Control Blocks connected to the ICB, comparing PARAMI
from the LOADOVERLAY ECB with the OVERLAYID subfield of each OCB.
If no match is found, it sets the STATUS in the LOADOVERLAY ECB
to ERR-OLAYID and LOADOVERLAY exits to the main Exec loop. If a
match is found, the map registers are copied from the OCB into
the TCB, which contains the active task map. It then sets the
STATUS to NO-ERROR and exits to the main Exec loop.

5.3.2.2 RELEASEOVERLAY

GENERAL

The RELEASEOVERLAY structure chart is shown in Figure 5-11. This

routine allows a task to release an overlay (i.e., to free a

portion of its logical address space) without mapping to another
overlay.
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USER INTERFACE STUB

The user interface stub will set up the RELEASEOVERLAY Event Control
Block as follows:

EVENTFLAG - set to zero
STATUSPTR -~ address of caller's STATUS variable
PARAM]1 - OVERLAYID parameter from the call

A e B A e b

SPECIFIC PROCESSING
RELEASEOVERLAY first finds the Image Control Block associated with
the task's Task Control Block. It then traverses the chain of

Overlay Control Blocks connected to the ICB, comparing PARAM1

from the RELEASEOVERLAY ECB with the OVERLAYID subfield of each

OCB. If no match is found, it sets the STATUS in the RELEASE-~

J OVERLAY ECB to ERR-OLAYID and exits to the main Exec loop. If a
match is found, UNMAPOLAY is called to perform the actual unmapping.

UNMAPOLAY compares the map registers in the TCB with the map
registers in the OCB. 1If they are not the same, a STATUS of
ERR-MAP is returned, indicating that the task was not mapped to
the specified overlay. If they are the same, an invalid value
is set in the appropriate map registers in the TCB, and a STATUS
NO-ERROR 1is returned.

rh
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5.3.3 Buffer Control

5.3.3.1 GETBUFFER

GENERAL

The GETBUFFER structure chart is shown in Figure 5-12. This
call allows a task to request a data buffer. The buffer may be
made sharable (with descendants) or private. 1In either case,

the requesting task will always be the "owner" of the buffer.

USER INTERFACE STUB

The user interface stub will set up the GETBUFFER Event Control
Block as follows:
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EVENTFLAG - set to zero
STATUSPTR - address of caller's STATUS variable

PARAM1 - LOGADDR parameter from call

PARAM2 - NWORDS parameter from call

PARAM3 - SHAREMODE parameter from call

PARAM4 - address of caller's BUFFERID parameter

SPECIFIC PROCESSING
GETBUFFER's first error check is on the value in PARAM2, the

amount of memory requested. TIf this is negative, or if this

amount will require more map registers than this program is

allowed for data buffers (as specified by the MAPSFORBUFF subfield
in the ICB), GETBUFFER sets the STATUS to ERR-NWORDS and exits

to the main Exec loop. If the amount is legal, GETBUFFER checks

to see whether or not the amount of memory requested is available.
If not, it sets the STATUS to ERR-NMR and exits to the main Exec
loop. If memory is available, GETBUFFER checks the logical address

in the caller’'s address space at which the buffer is to start
(PARAM1) . If this address is not in the program's buffer area,
or if it is not aligned on a map register boundary, GETBUFFER
sets the STATUS to ERR-ADDR and exits to the main Exec loop.

The final check is to see whether or not a free Buffer Control
Block is available. If not, GETBUFFER sets the STATUS to ERR-NMR
and exits to the main Exec loop. If available, GETBUFFER "captures"
the BCB, links it to the TCB, and fills in the variocus subfields
of the BCB. This includes assigning a unique ID to this buffer,
which is also returned to the calling task through PARAM4 of the
ECB.

GETBUFFER uses one lower-level procedure, FILLREGS, which actually
goes through the list of real memory pages (the PHYSPAGETABLE),
allocating pages and setting up the actual map register values

in the BCB.




5.3.3.2 EQUATEBUFFER

GENERAL

This call is used by a task to gain access to a buffer originally
allocated to one of its ancestors. The task may then map itself

into the buffer and use the buffer freely. Coordinating several

descendant tasks, all of which are using the same buffer, is the

responsibility of the tasks themselves, as it is not possible for
VTS/0S to protect the tasks from each ather.

USER INTERFACE STUB
The user interface stub will set up the Event Control Block
for the EQUATEBUFFER call as follows:

EVENTFLAG - set to zero

STATUSPTR - address of caller's STATUS variable
PARAM]1 - PARENTBUFFERID parameter from the call
PARAM2 - PARENTTASKID parameter from the call
PARAM3 - address of caller's MYBUFFERID variable

SPECIFIC PROCESSING

EQUATEBUFFER first attempts to find an ancestor of the calling
task whose TASKID is the same as the value in PARAM2. It does soO
by traversing upwards through the family tree, using the PARENT

subfield of each succeeding Task Control Block. If no such
ancestor can be found, EQUATEBUFFER sets the STATUS in the

ECB to ERR-PARENT and exits to the main Exec loop. If the
ancestor is found, EQUATEBUFFER then traverses the chain of
Buffer Control Blocks attached to the ancestor's TCB, seeking
one with a BUFFERID equal to that given in PARAMl1. If no such
ECB can be found, EQUATEBUFFER sets the STATUS in the ECB to
ERR-BUFFID and exits to the main Exec loop. TIf the BCB is found,




EQUATEBUFFER checks to ensure that the buffer is sharable and that
there is not a pending RELEASEBUFFER call for that buffer. If
either condition is not met, EQUATEBUFFER sets the STATUS in the
ECB to ERR-PERMIT and exits to the main Exec loop. If both condi-
tions are met, EQUATEBUFFER attempts to acquire a blank BCB for
the calling task. If none is available, EQUATEBUFFER sets the
STATUS to ERR-NMR and exits to the main Exec loop. If a BCB is
available, EQUATEBUFFER allocates it to the calling task, fills

in all the subfields of the calling task's BCB, updates the USECOUNT
subfield of the owning task's BCB, and links the new BCB to the
calling task's queue of BCBs. Using PARAM3, it also returns to
the calling task the new buffer ID by which it must refer to this
buffer. It then exits to the main Exec loop.

5.3.3.3 MAPTOBUFFER

GENERAL

This routine is used by the calling task to map itself into a
buffer which has been allocated to it by either a GETBUFFER call
or an EQUATEBUFFER call. The latter calls create the mechanisms
whereby a task can actually reference entries in a buffer, but do

not modify the active map registers to permit addressing the buffer.

USER INTERFACE STUB
The user interface stub will set up the Event Control Block
for the MAPTOBUFFER call as follows:

EVENTFLAG - set to zero
STATUSPTR - address of caller's STATUS variable
PARAM1 - BUFFERID parameter from call

SPECIFIC PROCESSING
MAPTOBUFFER traverses the queue of Buffer Control Blocks attached
to the calling task's Task Control Block, attempting to find a




BCB whose BUFFERID subfield matches the value in PARAM1. If
none is found, it sets STATUS to ERR-BUFFID and exits to the
main Exec loop. If the BCB is found, the RELEASEECBPTR subfield
is checked to determine whether or not a RELEASE is in progress
for this buffer. If so, it sets STATUS to ERR-PERMIT and exits
to the main Exec loop. If the buffer is a shared buffer, this
check "locks" the owner out of the buffer once he has issued

a RELEASEBUFFER call (in that he is not able to map back in

once he has mapped himself out), but does not affect descendant

tasks who have alreay obtained access to the buffer through an
EQUATEBUFFER call. Each such descendant is able to map into the
buffer until that task issues a RELEASEBUFFER call.

If all of the above error checks have been passed, MAPTOBUFFER
will transfer the map register values from the BCB into the TCB,
which contains the "active" task map. It will then set the STATUS
to NO-ERROR and exit tc the main Exec loop.

5.3.3.4 RELEASEBUFFER

GENERAL

This call allows a task to release a buffer when it is through
using that buffer. While the actual mechanics of the release
depend upon whether the buffer is private or sharable, whether
or not the calling task is the owner, and whether or not more
than one task has access to the buffer at the time of the call,
the net effect of the call is the same. That is, if successful,
the calling task is denied all further access to the buffer.

USER INTERFACE STUB
The user interface stub will set up the Event Control Block for
the RELEASEBUFFER call as follows:

EVENTFLAG - EVENTFLAG parameter from the call
STATUSPTR - address of caller's STATUS variable
PARAM1 - BUFFERID parameter from the call
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SPECIFIED PROCESSING

RELEASEBUFFER begins processing by attempting to locate the
calling task's Buffer Control Block whose BUFFERID subfield
matches the value in PARAM1. If no such BCB is found, RELEASE-
BUFFER sets the STATUS to ERR-BUFFID and exits to the main Exec
loop. If the BCB is found, RELEASEBUFFER checks to determine if
the calling task is the owner.

If the calling task is the owner of the buffer, RELEASEBUFFER
decrements the USECOUNT subfield of the BCB. If the USECOUNT is
still not zero, descendant tasks must also have access to this
buffer. 1In this case, RELEASEBUFFER sets the RELEASEECBPTR
subfield of the BCB to the address of the RELEASEBUFFER ECB

(which indicates that a release is in progress), unmaps the calling
task from the buffer, sets the STATUS to REQUEST-IN-PROGRESS, and
exits to the main Exec loop. If the decremented USECOUNT is now
zero, RELEASEBUFFER checks to determine if any I/O is outstanding
for this buffer.

If any I/0 is outstanding, RELEASEBUFFER sets the STATUS to ERR-
IOIP, increments the USECOUNT subfield (which brings it to one),
and exits to the main Exec loop. This is done only when the
calling task owns the buffer, no other task has access to the
buffer, and there is outstanding I/0, which implies that the
calling task itself has initiated the I/0.

If no I/0 is outstanding, RELEASEBUFFER can completely release

the buffer, since no other tasks have access to it (i.e., USECOUNT
is zero). 1In this case, it unmaps the calling task from the
buffer, returns the memory and the BCB to the system free-lists,
sets the STATUS to NO-ERROR, and exits to the main Exec loop.
Thus, all the possible alternatives if the calling task is the
owner of the buffer have been addressed.
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If the calling task is not the owner of the buffer, RELEASEBUFFER
first checks to determine if the calling task has any I/O
outstanding in the buffer. If so, RELEASEBUFFER sets the STATUS
to ERR-IOIP and exits to the main Exec loop. If the calling task
does not have any I/0 outstanding in the buffer, RELEASEBUFFER is
free to release the buffer from the calling task. It then unmaps
the calling task from the buffer and returns the BCB to the system
free-list. As a result, the buffer owner's BCB is checked to
determine whether this action allows a pending RELEASE to complete.
The check is performed by first decrementing the USECOUNT subfield
of the owner's BCB. If the decremented USECOUNT is not zero,

no I/0 is in progress in the buffer and a RELEASE is pending,
RELEASEBUFFER performs a complete release of the buffer. That is,
it returns the memory and the owner's BCB to the system free-list,
sets the STATUS in the owner's RELEASEBUFFER ECB to NO-ERROR, and
calls EVENTCOMPLETE to notify the owner that his RELEASEBUFFER
call has finally completed. It then exits to the main Exec loop.

RELEASEBUFFER uses two lower-level routines, UNMAPBUFFER and
RETURNREALMEMORY, which are shown in Figure 5-13. UNMAPBUFFER
is used to map a task out of a buffer by placing an invalid map
register value in the task's active task map for every map
register which is currently mapping the task into the buffer.
RETURNREALMEMORY is a routine which is used simply to return
pages of system memory to the system free-lists.
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5.4 INTER-TASK COMMUNICATION

The Inter-Task Communication (ITC) facility of VTS/0S is

provided to allow communication among applications processes,

and among operating system tasks, without requiring that the
location of the parties to the conversation be known. This
location transparency is necessary to allow dynamic reconfigura-
tion in the multiple processor VTS system, so that tasks may be
switched from running in one processor to running in another
processor without action on the part of the applications programs.
See Section 7 for a discussion of this reconfiguration procedure.

The actions performed in a conversation between two processes are
described from the programmer's point of view in Section 4.4.
This section is primarily concerned with the mechanisms for

accomplishing conversations and providing location transparency.

Figure 5-14 depicts the most complex instance of Inter-Task
Communication, where Task A and Task B are in difference processors
and both the message and the associated answer are too long to be
sent in instructions. In response to Task A's SENDMESSAGE call,

an instruction is sent to the processor containing Task B at
transmission 1. Task B is waiting for an incoming message, and

is awakened by the arrival of the instruction. Task B gets access
to the MESSAGEID of the message through its GETSTATUS call, and
issues a TRANSFERMESSAGE request.

Transmission 2 is the buffer code assignment to allow A's message
to be sent across the bus at transmission 3 and placed directly
in the message buffer for B by the bus interface. B is notified
that the message has been transferred, and may now process the
message and formulate its answer. When Task B issues the
SENDANSWER request, transmission 4 is sent, and consists of an
instruction notifying A's processor that the answer is ready for
transmission but requires more room than is available in the

instruction.
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A's dispatcher readies the bus interface to receive B's answer

and transmits the buffer code assigned at transmission 5. Trans-
mission 6 is B's answer, and terminates the conversation between
Tasks A and B.

Two tables are used extensively by ITC routines. The GLOBALTABLE
array indicates processor assignments of tasks under the current
system configuration. Associated with this table is MESSAGETABLE,
containing the message queue heads for all tasks which are now
active (or may become active after reconfiguration) in this
processor. The PASCAL data definitions for these tables are:

GLOBALTABLE: array [1..MAXCONFIGURATION, 1..MAXPROCESSNAME]
of PROCESSORNUMBER;

MESSAGETABLE: array [1..MAXPROCESSNAME] of PROCESSORNUMBER;




5.4.1 ROUTER 2
As described in the Phase II Report, the Router consists of

the SENDMESSAGE, REQUESTMESSAGE, TRANSFERMESSAGE, and
SENDANSWER. The individual functions of these routines have

been slightly altered to provide a more consistent and simple
user interface, and to provide the capability of context-
sensitive error detection.

The role of the Router has been limited somewhat from that
formerly envisioned, in that the Router exists between the
user task and the Dispatcher only for functions being originated
by the user task. For instructions, buffer codes or messages
received from another task causing actions affecting the

user task, the Event Control Block basis of VTS/0OS not only
allows the Dispatcher to directly notify the user task, but
indeed makes this case easier to supervise than that in which
the Dispatcher would request the Router to perform the notifi-
cation. This simplifies the user task notification process
and makes it more efficient.

As is discussed in Section 5.4.3, a key underlying assumption
in the ITC descriptions here is the correspondence between
instructions and ECB's. The Router and Dispatcher use
instruction ECB's to control the conversation, and in the case
of messages transmitted across the bus, both Routers and
Dispatchers have access to a copy of the original instruction
in the ECB they use to control the conversation.

5.4.1.1 SENDMESSAGE

GENERAL

The SENDMESSAGE routine allows user tasks to communicate with
other tasks regardless of their location. The event flag
associated with the SENDMESSAGE call will be set when the
answer from that other task has arrived, or when an error
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has been detected by the ITC routines. This includes expiration
of the user-defined TIMEOUT parameter, which allows the user to
set the maximum time allowed for the cconversation based on the

context of the regquest or function being performed.

USER INTERFACE STUB
The user interface stub places the following information in the

request ECB:

EFLAG - Event Flag
STATUSPTR - Pointer to user's STATUS parameter
PROCESSNAME - Name of the receiving task in the Global

Table
MBUFFSPEC ~ Message buffer specification
ABUFFSPEC ~ Answer buffer specification

TIMEOUT - Maximum time for conversation

DETAILED DESCRIPTION
SENDMESSAGE receives the reguest ECB from routine ROUTER. A

message number is assigned to this conversation, and the
PROCESSORID field of MESSAGEID is filled in. The GLOBALTABLE
is checked for the current configuration to determine the
location of the receiving task, and if the task is in

this processor, MESSAGERECEIVED is called to notify the
receiving task that a message has arrived. If the receiving
task is not local, the Dispatcher must supervise trans-
mission across the bus, and therefore the ECB is placed on the
MESSAGEOQOUTQ of the Dispatcher. The SENDMESSAGE function is
complete, as the Dispatcher will conduct the remainder of the

conversation.
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5.4.1.2 REQUESTMESSAGE

GENERAL

REQUESTMESSAGE associates an event flag with the message input
queue of the task issuing the call. If any messages are already
on the gueue, the event flag is set during the REQUESTMESSAGE call.

USER INTERFACE STUB
The following parameters are placed in the request ECB:

EFLAG - Event Flag

STATUSPTR - Pointer to user's STATUS parameter
MESSAGEIDPTR - Pointer to user's MESSAGEID parameter
MSLENGTHPTR - Pointer to user's MSLENGTH parameter
ANSLENGTHPTR - Pointer to user's ANSLENGTH parameter

DETAILED DESCRIPTION

REQUESTMESSAGE first verifies that the calling task has a corres-
ponding entry in the GLOBALTABLE. If the task ICB field PROCESSNAME
is NIL, the task is not identified to the operating system as being

able to receive messages, and ERNOIPC is returned to the user task.
Otherwise, the MESSAGETABLE entry indicated by ICBPTR*.2ROCESSHAMD
is used to set up the Queue Control Block for that message gueue so
that incoming messages will cause the specified event flag to be
set. The actual linkage to the TCB and setting of event flag infor-
mation in the TCB are performed by CALLCOMPLETE after REQUESTMESSAGE
has changed ACTIVEECB to point to the QCB for this task. Pointers
to the MESSAGEID, MSLENGTH and ANSLENGTH parameters in the user's
call are placed in the QCB for use by the Dispatcher.

5.4.1.3 TRANSFERMESSAGE

GENERAL

Routine TRANSFERMESSAGE moves the text of the message into the
buffer area specified by the calling task, regardless of the
length of the message or the location of the sending task.
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USER INTERFACE STUB

The user interface stub places the following parameters in

the request ECB:

EFLAG - Event Flag

STATUSPTR ~ Pointer to user's STATUS parameter

MESSAGEID - Message identification

MBUFFSPEC - Specification of the receiving task's message

buffer area

DETAILED DESCRIPTION

Upon being called by routine ROUTER, TRANSFERMESSAGE examines

the MESSAGEQ for the calling task to find the ECB containing

the specified MESSAGEID. If no match for MESSAGEID is found,
ERMESSAGEID is returned to the user task and the function is
terminated. The processor number in MESSAGEID is then checked
and, if the sending task is local, the message is moved to the
receiving task's message buffer and NOERROR is returned synchro-
nously to the calling task. If the sending task is in a different
processor, and if a short message was included in the instruction,

this message is moved to the receiving task's message buffer and

NOERROR is returned. Otherwise, TRANSFERMESSAGE places its request

ECB on the TRANSFERMESSAGEQ of the Dispatcher and has completed

its synchronous processing for this request.

5.4.1.4 SENDANSWER

GENERAL

SENDANSWER completes a conversation by transferring the receiving

task's answer to the sending task, regardless of location. Return
from the SENDANSWER call indicates that transmission of the answer

was performed without error, and does not indicate confirmation on

the part of the sending task.




USER INTERFACE STUB
The following information is placed in the request ECB:

EFLAG - Event Flag

STATUSPTR - Pointer to user's STATUS parameter
MESSAGEID - Message identification for this conversation
ABUFFSPEC - Answer buffer specification

DETAILED DESCRIPTION

SENDANSWER examines the MESSAGEQ for the calling task to find

the ECB containing the specified MESSAGEID. If no such ECB is
found, ERMESSAGEID is returned to the user task and the function
is terminated. The processor number in MESSAGEID is then checked
and, if the sending task is local, the answer is copied from the
receiving task's answer buffer to the sending task's answer buffer, g
and the function terminates with NOERROR returned to the calling
task. This termination includes removal of the instruction ECB
from the MESSAGEQ and signalling of EVENTCOMPLETE to the sending
task, awakening him with his answer present. If the sending task
is not local, the request ECB is placed on the SENDANSWERQ of the
Dispatcher, and SENDANSWER is done with its synchronous processing.
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5.4.2 DISPATCHER

GENERAL

The DISPATCHER performs all asynchronous operations associated
with ITC. All functions which require initiation of actions on
the part of the bus interface driver software are in the DISPATCHER;
details on the expected operation of the bus interface driver are
presented in Section 5.4.3. Interface between the router routines
and the DISPATCHER is accomplished through the use of several
queues, allowing the DISPATCHER to process different conversations
as if each were the only conversation in progress. The colloca-
tion of the various transmission and reception stages also allows
the DISPATCHER to take advantage of the similarity which exists
among some of these stages.

The transmissions on the bus which are received or originated by
the DISPATCHER are shown in Figures 5-15 through 5-17. For

all instructions and buffer codes assignments, the control byte
determines on which queue the transmission is placed for the
DISPATCHER.

DETAILED DESCRIPTION
The DISPATCHER sets up its timeout list and input gqueues before

entering the main Exec loop for cyclic processing. The timeout list
for messages in process must be maintained internally, due to the
limitation which would be placed on the number of possible conversa-
tions by the use of a separate event flag for each conversation
timeout.

DISPATCHER then issues a WAITANY call to suspend itself until an
input ECB arrives on one of its queues. The first queue processed
is the MESSAGEINSTRUCTIONQ. The ECB from this queue is placed on
the MESSAGEQ of the destinationtask by routine MESSAGERECEIVED,
which also notifies that task that a message has arrived.
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Requests arriving on the MESSAGEOUTQ and SENDANSWERQ are examined
next, as their processing is similar., For ECB's from the MESSAGEOUTQ,
the timeout list must be updated to keep track of this new conver-
sation. The timeout is sorted into the timeout list by its expira-
tion time, and, if necessary, the current timeout is cancelled and

a new timeout is requested. The contents of the ECB are the nucleus
for the instruction to be sent; if the message or answer is short
enough to be transmitted in the instruction, the data is moved to
the ECB, the bus interface driver is notified that an instruction

is to be sent, and the ECB returns on the SENTMESSAGEQ in the
MESSAGEOUTQ case, or the COMPLETIONQ in the SENDANSWERQ case. If
the message or answer is long, the bus interface driver is notified
to send the instruction, and the ECB returns on the SENTINSTRUCTIONQ.

Next the TRANSFERMESSAGEQ and ANSINSTRUCTIONQ ECB's are processed.

If the input is from the ANSINTRUCTIONQ, the ECB with a matching
MESSAGEID is located on the SENTMESSAGEQ to supply the buffer address
for the sending task's answer buffer. For both cases, a buffer

code is assigned and the ECB is passed to the bus interface driver,
which will send the buffer code assignment and set up one of the
special-purpose DMA registers to receive the message or answer

data when it is sent by the other processor. When the corresponding
message or answer has arrived, the bus interface driver returns

the ECB on the COMPLETIONQ.

Next the MSBUFFCODEQ and ANSBUFFCODEQ ECB's are processed. The
matching ECB is located on the SENTINSTRUCTIONQ, and the bus inter-
face driver is requested to transmit the message or answer with

the appropriate buffer code. The ECB is returned on the SENTMESSAGEQ
for the MSBUFFCODEQ case, and on the COMPLETIONQ for the ANSBUFFCODEQ
case.

The last queue processed is the COMPLETIONQ. ECB's arrive on this
queue when a message has been received, when an answer has been sent,
or when an answer has been received by the sending task. In the
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first two cases, the ECB arriving on the queue from the bus inter-
face driver is used to signal completion of the receiver's
TRANSFERMESSAGE call. In the second case, however, the conversa-
tion has been terminated on the receiving side, and so the
corresponding entry from the MESSAGEQ for that task must be
removed and released to the free ECB queue. In the case of a
received answer, the ECB from the SENTMESSAGEQ must be used to
signal event completion to the sending task. The timeout
entered when the conversation began is removed from the timeout
list, and the ECB arriving on the COMPLETIONQ is released to the
ECB list.

The timeout list has an event flag and is processed in the same
CASE statement with the ECB queues. However, if a timeout occurs,
the ECB for that timeout is removed from its current queue and
used to send an ERTIMEOUT return to the sending task. Any

figure reference to that conversation's MESSAGEID will be ignored

by the sending processor.

<ol bR e




AT Bus Interface Driver Operation

(1]

The bus interface driver for the VTS Operating System is
structured somewhat differently from the device drivers. The
bus interface performs more complex functions than most

devices, and therefore requires more intelligence in the

driver. The driver has multiple output queues, which are
selected for passing incoming instructions, buffer code assign-
ments, and data arrival notices to: the Dispatcher. The control
byte of the transmission (which is not a part of the transmission
moved into memory by DMA, but which is available in the bus
interface status registers) is used to determine on which of the
output queues the ECB is placed.

The bus interface itself is assumed to be responsible for the
separation of long messages into packets, and for the supervision
of packet sequencing and reception. If this is not the case

for the bus interface selected, this function will have to be
performed in the driver, and will necessarily be less efficient.
As detailed in Section 7 of the Phase II Report, the bus inter-
face is expected to contain intelligence sufficient to perform
several types of error detection and to provide message-specific
reception and DMA transfer of data into reserved memory areas;
these functions also will have to be implemented in the bus
interface driver software if they are in fact not performed by
the bus interface.

One major assumption present in the ITC routines presented in

this report is that the physical storage format for data used

by PASCAL can be sufficiently controlled and that the relative
positions and sizes of fields within a data structure mayv be
predicted. This is necessary in order that the Event Control Block
may be used as the storage unit to which and from which instruc-
tions are transferred by the bus interface. If this is not the

case, the memory allocation and event control functions within

the ITC routines become more complex and less efficient.




5.5 FILE MANAGEMENT AND INPUT/OUTPUT (I/0O) OPERATIONS

This section describes the detailed design and operation of the
file management and I/O sections of the VTS Overating Svstem.

The file structures supported by VIS/0S and the conventions for
device and file I/O are presented first, followed by the detailed
descriptions of the associated operating svstem functions and
tasks.

Where potential differences in I/0 structures and organizations
exist between processors or devices selected by the Coast Guard
which will affect the operating system functions, sections of

the Program Design Language description are presented as comments
detailing the necessary operation, rather than as PASCAL code.
The file management and I/O functions will be somewhat more
sensitive to the equipment selected than other functions.

5.5.1 File Management

Within VTS/0S, all input and output data transfers are performed
on the basis of logical I/O channels. A channel may be assigned
either to a non-file-structured device or to a file within a
file-structured device. This allows a common set of channel-
oriented I/0 operations to be used for data transfer, regardless
of the physical organization and physical ckaracteristics of the
device involved. Since the differences among different device
types cannot be completely ignored, VTS/0S will not perform some
functions for some device types, such as random I/O functions on

non~directory devices.

The File Management routines provide single-user access to a non-
directory device or file within a directory device. Sharing of a
device or file among tasks within a processor is possible, since

one user task may inform another user task of the channel number
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assigned when the device or file was opened; however, VTS/CS
provides no synchronization or coordination to support this
capability, and so the user tasks must coordinate themselves
if shared access is desired at this level. Within the VTS

application, there will be one user task supervising all trans-
fers to and from a device or file, and so nc inter-task coordina-
tion will be required.

Where file names are required in system calls, there are several
ways of specifying the file or device desired. Devices which

are not file-structured are referenced by a specification of the
form "DVn:", where DV is the mnemonic assigned to that device

class, and the number "n" specifies the unit number within that
device class. Files within a file-structured device are referenced
by names which consist of a root segment of from one to ten alpha-
numeric characters, and an optional extension of one or two alpha-
numeric characters, separated from the root by a period. The device
on which a named file resides may be explicitly specified; if no
device is specified, the system supplies the specification for the
master system disc in that system call. Thus, "DK1l:VESSELSORT.TI"
specifies a named file residing on disc unit one, with a root of
"VESSELSORT" and an extension of "TI". Magnetic tapes are considered
to be file-structured but non-directory devices, and as such, will

recognize only numeric file names. The first file on a magnetic
tape would be MTn:0, the second MTn:1l, and so on.

Certain extensions will be reserved for system use, particularly
in the area of task image names. The reserved extensions are not
specified here, since it may be desirable to have them conform to
the conventions of the development operating system.

Two types of disc file structures are supported by VTS/0S.

Segmented files are provided primarily due to their extendability; )
the size of a segmented file is not known when the file is created,

and the file is extended each time a sequential write operation

is performed. This capability is not currently of importance to
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the VTS application; however, its availability allows later
system modifications to make use of extendable disc file struc-
tures. Contiguous files are of fixed length, and that length
must be specified when the file is created. However, access to
contiguous files is faster than access to segmented files,
since pointer blocks need not be read from disc to indicate the

location of the data area to be read or written.

There are certain items of file information which must be present
in some form in order to support the file structures necessary

for VIS/0S. These items are described here, as they will be
assumed in the descriptions below. The overall directory struc-
ture of disc devices is assumed to consist of a system directory
area on the disc containing the data shown in the FDB description
for each file on the disc, and a map area consisting of one bit
per sector on the disc indicating whether that sector is allocated ,
to a file or is free for allocation to future files. The PASCAL 1
data structures presented in this report must therefore correspond
to the physical representation of these items of information on
the disc.

- 44

The structure assumed for system directory blocks i3:

DIRBLOCK: ARRAY (1..ENTRIESINDIRBLOCK] of;
DISCDIRECTORYENTRY;

The map block format is:

MAPBLOCK: ARRAY [1..SECTORSINMAPBLOCK] of FREE,USED;

where FREE := TRUE and USED := FALSE. It is expected that FREE
and USED will be implemented as bit flags to prevent excessive

size of the map area.

- ) . IR IR vt T




Segmented File Structures

Figure 5-18 shows the pointer-based structure of segmented files.
The disc directory entry contains STARTADDR and ENDADDR, which are
the disc addresses of the first and last Segment Pointer Blocks
(SPB's) in the segmented file. Each SPB has 2 pointers to the
next SPB in the SPB chain, the last SPB in the chain, and an
array of Data Segment Pointers (DSP's) containing the disc
addresses of the data segments which contain data written to the
file. The size of an SPB has not been set, but is anticipated

to be several disc blocks, to allow one SPB to contain DSP's

for about 500 data segments. The PASCAL data definition for

the disc directory entry is shown in Figure 5-19, and that for
SPB's is shown in Figure 5-20. The end of a segmented file is
indicated by a DSP or NEXTSPB pointer whose value is NIL.

All types of read and write operations are supported for segmented
files. Random-access writing to segmented files is restricted

to the pre-existing file for two reasons. First, an error in

the FILEADDRESS field of the WRITER system call could cause
inordinate amounts of disc space to be allocated for SPB's and
data segments, if the erroneous FILEADDRESS is considerably
beyond the current end of the file. Second, an ambiguity

exists concerning any data segments allocated to fill the gap
between the end of the file and the random record specified:

do these data segments contain data which may be read and misin-
terpreted as valid information by the user task, or must data

be written into these data segments before they may be read?
Therefore, no extension of segmented files by-WRITER is permitted,
and an error code of ERFILEADDR will be returned to the user task
if such is attempted.

r
f
i
|
E




e e s A A

DISC DIRECTORY ENTRY DATA

SEGMENTS
STARTADDR e
ENDADDR POINTER DATASEG POINTER
BLOCKS
SEGMENT #1 b
(NIL)

SPR 71 E—=
. L] é
— i SEGMENT :
; 4MAXDSP 13

NEXTSPB LASTSPB

\ :
SPB #2 F— 3
: :
e |

7 e

) SEGMENT #N\
- {
(Last Segment i
in File)
SPB #m|—x

(All Succeeding |
DSP's are NIL) |

L

(NIL)
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Contiguous File Structures
Figure 5-21 shows the structure of a contiguous file. The file is

composed of adjacent sectors, or blocks, on the disc, and its size
is permanently fixed at the time of its creation. "Adjacent,"
when used in this context, does not necessarily mean physically
adjacent; rather, it indicates that the sectors follow one

another numerically in their addressing designation. Depending
upon the disc storage device chosen by the Coast Guard, the number
of sectors per track or the number of tracks per cylinder may
vary, and therefore the exact algorithm for generating the address
of adjacent sectors cannot be completely described here. However,
the algorithm is simple to determine given the structure of the

disc drive.

In the directory entry for contiguous files, STARTADDR contains
the starting sector number and ENDADDR the last sector number.
Thus, the exact location on the disc may be determined for any
read or write request without the necessity of reading data from
the disc, This gives contiguous files a much faster access to

random records than is available with segmented files.

Tape File Structures

Magnetic tapes are considered to be file-structured but non-
directory devices by VIS/0S. Division into files is indicated
by the presence of an end-of-file mark written on the tape; a
double end-of-file indicates the end of accessible data on the
tape. The first tape file on tape drive zero would be designa-
ted as "MT0:0", the second as "MTO0:1", etc.

Magnetic tape access is supported only through the sequential
operations of READSQ, READLN, WRITESQ and WRITELN. Random-
access writing to magnetic tape is difficult and unreliable,
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frequently resulting in destruction of the following data record;
random access reading is accomplished by reading all records up
to the desired record, and thus would provide no benefit over

sequential access modes.

Tape files may be read up to and including the second end-of-file
of the double end-of-file indicating the logical end of the tape
(e.g., a read request issued in this case will result in an EREOF
return with no data read). Requests for files beyond the logical
end of tape will result in a return of ERNOFILE. In writing tape
files, the writing of data to any file except the empty file at
the logical end of tape will result in the loss of all data
following the newly written file, as a double end-of-file will

be written when the new file is closed. For example, on a tape
with data files MTO:0, MTO:1 and MTO:2, file MTO:3 may be written
without loss of previously existing data; file MTO:1 may be
written, but would result in the loss of previous files MTO:1

and MTO:2; and any attempt to open a file beyond MTO:3 will
result in a return of ERNOFILE. Since magnetic tape files are
named by their position on the tape, the CREATE, DELETE and
RENAME procedures are not applicable to tape files.

5.5.%.1 CREATE

GENERAL

The CREATE procedure allows user tasks to enter a new file in the
disc directory and allocate disc space for the file as required
by its type. For contiguous files, the entire file area is
allocated at creation time. For segmented files, only the first

Segment Pointer Block is allocated.




USER INTERFACE STUB

The user interface stub places the following information in the

user task's ECB:

EFLAG - Event flag

STATUSPTR - Pointer to STATUS parameter of user call

FILENAME - ASCII specification of device, mame and
extension of file to be created

FILETYPE - SEGMENTED or CONTIGUOUS

FILESIZE - Size of contiguous file or of data segmrnt

for segmented file

DETAILED DESCRIPTION

When a request is made for file creation, an Event Control Block
is enqueued for the CREATE task by routine CREATESYNC. The ECB
contains the parameters of the call, and is dequeued by CREATE

when it is given control of the processor by the Executive. The
buffer space required for disc directory information is allocated
and mapped into the task address space.

CREATE then uses several subordinate routines which are shown in
Figure 5-22 and described briefly here. First, FINDDIRECTORYENTRY
is called to search the disc directory for an entry with a name
matching that specified in the user's CREATE call; if a matching
file is found to exist on the disc, the function is terminated
and error ERFILEEXISTS is passed back to the user task. CREATE
then calls routine GETCONTIGUOUSSPACE to allocate adjacent disc
sectors for the entire file if the FILETYPE parameter of the
user's call was set to CONTIGUOUS, or for the first Segment
Pointer Block if the FILETYPE was specified as SEGMENTED. If
there is not sufficient contiguous space available on the disc,
the function terminates, and error ERCONTIG is returned to the

user task.
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The directory entry for the file is then created. Routine
GETFREEDIRECTORYENTRY is called to locate an entry in the disc
directory file which is not used. If there is not a free entry
in the directory, error ERDIR is returned to the user, and all
contiguous space on the disc allocated by GETCONTIGUOUSSPACE is
marked FREE by RELEASECONTIGUOUSSPACE. This routine is described
under DELETE, Section 5.5.1.2. Otherwise, the entry is filled

in with the FILENAME from the user's call and the disc address

of the first sector of the allocated file or SPB. The directory
information dependent on the file type is filled in next. For
contiguous files, the CONTIGUOUS attribute is set, the FILESIZE
entry is set to the size specified by the user, and the ENDADDR
entry is assigned the disc address of the last sector of the
contiguous file. For segmented files, the SEGMENTED attribute

is set, the FILESIZE is set to zero words, the DATASEGMENTSIZE

is set to the size specified by the user, and the ENDADDR entry
is set to the address of the allocated SPB. The creation date
and time are filled in for either type of file, and the directory
block containing the new entry is written back onto the disc.

The CREATE function is complete at this point, and therefore %
CREATE signals EVENTCOMPLETE to awaken the calling task, releases :
its allocated buffer, and resumes waiting for an ECB on its input

gueue.

Routines FINDDIRECTORYENTRY and GETFREEDIRECTORYENTRY are virtually
identical. Both begin reading the system directory file with
FIRSTDIRBLOCK and proceed to check all entries in each block of

the directory for a matching file name in the case of FINDDIRECTORY-
ENTRY, or for a NIL file name in the case of GETFREEDIRECTORYENTRY.
The directory block address and the entry index for the entry
sought are passed back to the caller. If the entry sought is not
found before the end of the directory, a value of NIL is returned
in ENTRY to signal failure of the search. The directory

structure assumed here is one of f£ixed length, for
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simplicity of illustration. The actual organization of the
directory file should be consistent with the development operating
system of the computer selected for implementation, to make
generation and maintenance of the system software convenient.

Routine GETCONTIGUOUSSPACE is passed the length of the desired
file area and a buffer into which it can read the map file infor-
mation describing which sectors on the disc are USED and which
are FREE. Beginning with the first block of the map file, the
routine checks for free sectors on the disc. STARTBLOCK is set
to the disc address of the first free block found, and the routine
continues checking for free sectors, reading in new blocks from
the map file as necessary. If a USED sector is encountered in
the map, STARTBLOCK is reset to NIL and the number of contiguous
blocks found is reset to zero. If the sector being examined is
shown to be free, and if STARTBLOCK has not been set to a disc
address, STARTBLOCK is set to the disc address of the sector being
examined. In any case, if the sector is FREE the count of free
blocks found is increased by one, and the index of the current
sector is incremented so that the next sector may be examined.

If the number of free sectors found is equal to the number of
sectors sought to satisfy the request, the search is terminated
and the sectors found are marked USED in the map file. 1If space
was found, the address of the first sector of the contiguous area
is returned to the calling task. If sufficient contiguous space
was not found, STARTBLOCK is set to a value of NIL to notify the
calling routine that the request was not satisfied.

9.3.1.2 DELETE

GENERAL

The DELETE procedure allows the removal of a named file from

disc directory. Any space allocated to that file is released
when the file is deleted, and may be used immediately for creation
of other files. Files which are protected or currently opened to
a channel may not be deleted.
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USER INTERFACE STUB
The user interface stub transfers the following information into

the ECB:

EFLAG - event flag
STATUSPTR - pointer to STATUS parameter of the user call
FILENAME - ASCII description of device, name and

extension for file to be deleted

DLTAILED DISCRIPZIOL

When a request for file deletion is made, the ECB containing the
call parameters for that request is enqueued for the DELETE task
by routine DELETESYNC and DELETE removes the ECB from its input

queue.

DELETE then uses several subordinate routines which are shown in
Figure 5-23 and described briefly here. (Asynchronous routines
QrZBUFFER and MAPTOBUFFER are not shown in Figure 5-23 as subroutinc
calls since they are executed through the Executive.) First, routinc
FINDDEVICE is called to get the pointer to the disc Device
Descriptor Block. The chain of File Descriptor Blocks linked

to the disc DDB is then examined, to determine whether or not

the file is currently open. If the file is open, the function

is terminated and error ERFILEOPEN is returned to the user task.
DELETE then allocates buffer space for disc directory blocks,

disc map blocks, and Segment Pointer Blocks; this space is shown

as three separate buffers for clarity, but could be allocated as
one buffer large enough to accommodate the three regquirements.
Routine FINDDIRECTORYENTRY is then called to search the disc
directory file for the specified file. If the file is not

found, the function is terminated and error ERNOFILE is returned

to the user. The attributes of the file are examined to deter-
mine whether the file is protected or unprotected; if PROTECTED,
the file may not be deleted, and the function terminates wit!

error ERPROTECTED returned to the user task.
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The file is removed from the directory by setting its FILENAME to
NIL and rewriting the directory entry to the disc. The file space
allocated to the file must now be marked FREE in the map file.
For contiguous files, this may be accomplished by one call to
routine RELEASECONTIGUOUSSPACE with the FILESIZE given in the
disc directory entry, beginning with the disc sector indicated
by STARTADDR. For segmented files, DELETE must pass through all
SPB's, releasing each data segment and then releasing the SPB
itself. This process is terminated by a Data Segment Pointer
with a value of NIL, or in the event that the last SPB in the
file has all of its DSP's used, by a NEXTSPB pointer with a
value of NIL.

The DELETE function is complete at this point. DELETE signals
event completion to awaken the user task, and releases all
buffer space allocated for the DELETE task. The task then
waits for another delete request to enter its input Qqueue.

Routine RELEASECONTIGUOUSSPACE receives the starting sector address
and the size in words of the contiguous area to be released, as
well as the buffer in which the disc map blocks may be read.
MAPBLOCKINDEX is generated from STARTADDR, and represents the
map block containing the FREE/USED flag for the starting sector.
BITINDEX is the index into the array of flags which represents
sector STARTADDR. For the number of sectors calculated from the
passed SIZE parameter, sectors are set to FREE, and all affected
map blocks are rewritten to the disc. When the number of blocks
set to FREE is equal to the number of blocks the calling routine
sought to release, the routine returns to the caller.

5.5.1.3 RENAME
GENERAL

The RENAME procedure allows the user to rename disc files, and
affects only the disc directory entry for the specified file.

Files which are currently open or are protected may not be renamed.
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USER INTERFACE STUB

The user interface stub transfers =he following information into
the ECB:

EFLAG - event flag

STATUSPTR - pointer to STATUS parameter of the user
call

OLDFILENAME - ASCII description of device, name and
extension for file to be renamed

NEWFILENAME - ASCII description of device, name and
extension to be given to the specified
oldfile.

DETAILED DESCRIPTION

When a recuest to rename a file is made, the ECB containing the
call par :meters for that request is enqueued for the RENAME
task by routine RENAMESYNC and RENAME removes the ECB from its
input queue.

RENAME then uses several subordinate routines which are shown in
Figure 5~24 and described briefly here. First, FINDDEVICE is called
to get the pointer to the disc device descriptor block. The

chain of File Descriptor Blocks linked to the disc DDB is then
examined, to determine whether or not the file is currently open.

If the file is open, the function is terminated and error ERFILECPEN
is returned to the user task. RENAME then allocates buffer space
for a disc directory block, and routine FINDDIRECTORYENTRY is

called to search the disc directory for the specified file. If

the file is not found, the function is terminated and error ERNOFILE
is returned to the user. The attributes of the file are examined

to determine whether the file is protected or unprotected; if
PROTECTED, the file may not be renamed, and the function terminates
with error ERPROTECTED returned to the user task. The file is
renamed by placing parameter NEWFILENAME in the FILENAME of the
directory entry and rewriting the directory block to disc. RENAME
signals EVENTCOMPLETE to awaken the user task, and releases i%s
allccated buffer space. RENAME then awaits further rename reguest

w

on_its input gueue.
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5.5.1.4 SETATTRIBUTES

GENERAL
The SETATTRIBUTES procedure allows the user *o set attributes of

disc files. Only the attributes of READPROTECT, WRITEPROTECT
and PROTECTED may be altered by a user task. Device attributes
may not be altered.

USER INTERFACE STUB

The user interface stub transfers the following information into

the ECB: E
EFLAG - event flag
STATUSPTR - pointer to STATUS parameter of the user call
FILENAME - ASCII description of device, name and ?

extension for the file whose attributes

are to be altered
Boolean values of READPROTECT, WRITEPROTECT
and PROTECTED to be set for the specified file

ATTRIBUTES

DETAILED DESCRIPTION

When a request to set the attributes of a file is made, the ECB

containing the cell parameters for that request is engueued for
the SETATTRIBUTES task by routine SETATTRSYNC and SETATTRIBUTES
removes the ECB from its input queue.

SETATTRIBUTES then uses several subordintate routines which are
shown in Figure 5-25 and described briefly here. First, FINDDEVICE
.5 called to get the pointer to the disc Device Descriptor Block.
““e chain of File Descriptor Blocks linked to the disc DDB is then
camined, o determine whether or not the file is currently open.
e “ile is open, the function is terminated and error ERFILEOPEN
rned *o the user task. SETATTRIBUTES then allocates buffer
iisc directory block, and routine FINDDIRECTORYENTRY
earch the disc directory file for the specified file.
s+ found, the function is terminated and error
to the user. The attributes of the file are

yv+ributes specified in the user call.
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: SETATTRIBUTES then rewrites the directory block to disc, signals
EVENTCOMPLETE to awaken the user task, and releases its allocated
3 buffer space. The task then awaits further SETATTRIBUTES requests

: in its input gqueue.

5.5.1.5 GETATTRIBUTES

GENERAL

The GETATTRIBUTES procedure allows the user to access the attri-

butes of disc files or devices. All attributes,as shown in the
DDB and FDB, may be accessed by a user task.

3 USER INTERFACE STUB

The user interface stub transfers the following information into

the ECB:
SUSPEND - Event Flag supplied by user interface stub
STATUSPTR - Pointer to STATUS parameter of the user call
FILENAME - ASCII description of device, name and
extension for the file whose attributes
are tc be accessed
ATTRIBUTESPTR - Pointer for returned Boolean values of: ]

READPROTECT
WRITEPROTECT
PROTECTED
DIRECTORY
BLOCKED
SEGMENTED
CONTISUOUS
SEQUENTIAL
AVAILABLE

as shown for the specified file or device.
5-84
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DETAII=D DESCRIPTION
When a regquest to get the attributes of a file is made, the ECB

containing the call parameters for that request is enqueued for
the GETATTRIBUTES task by routine GETATTRSYNC. GETATTRIBUTES
removes the ECB from its input gqueue and checks to see if the
FILENAME specified is a device or a named disc file. If a device
was specified, the attributes of the device are moved from the

Device Descriptor Block into the user's return value.

GETATTRIBUTES then uses several subordinate routines which are shown
in Figure 5-26 and described briefly here. If a request is for

a disc file, routine FINDDEVICE is called to get the pointer to

the disc DDB. The chain of File Descriptor Blocks linked to

the disc DDB is then examined, to determine whether or not the

file is currently open. If the file is open, the attributes

are moved to the user's return parameter from the files FDB.
Otherwise, GETATTRIBUTES allocates buffer space for a disc
directory block, and routine FINDDIRECTORYENTRY is called to

search the disc directory £ile for the specified file. If the

file is not found, the function is terminated and error ERNOFILE

is returned to the user. The attributes of the file are trans-
ferred to the L_er's return parameter from the disc directory

entry, if the file was found. GETATTRIBUTES then signals EVENTCOMPLETE
to awaken the user task, and releases its allocated buffer space.
The task then awaits further GETATTRIBUTES reguests in its input

gueue.

5.5.2 Input/Output Operations

Input and output operations within VTS/0S are performed on the
basis of a logical data path, termed a channel. This logical
path is established by means of the OPEN call; thereafter, any
requests involving the device or file assigned to that channel
are specified by referencing the channel number, including
termination of the path by the CLOSE call.
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Two modes of data access are supported by the I/0 system calls

of the VTS Operating System. Segquential I/O requests treat the
device or file as a linear data stream, where the position of
data in the stream cannot be dictated by the user task. Random
access I/0 applies only to disc files, and allows the user to
transfer data to and from any point within the file. Certain
restrictions are placed on the use of these access modes in
conjunction with specific device types or disc file structures;
the disc file restrictions are described in Section 5.5.1. The
restrictions involving device I/O modes result from the nature
of the device, e.g., since a line printer does not generate data,
any attempt to perform a read operation from the printer will
result in an error return. Device restrictions are generally
implemented by protection attributes in the Device Descriptor
Block (which are transferred to the File Descriptor Block when
the channel is opened).

Figure 5-27 shows the interrelationships between the major

data structures used to control I/O operations. The channel
table contains pointers to File Descriptor Blocks for all devices
or files which are currently open. The presence of a NIL pointer
in the channel table indicates that that particular channel is
closed. The FDB contains the FILENAME used to open the channel
(see Section 5.5.1), the channel number for backward reference
from search functions, and a pointer to the DDB for that file or
device. There is also an FDBQLINK field, which is used for disc
files to link all open files on a particular disc. The DDB has
the FDBQHEAD field used for this queue of FDB's; for all devices

other than discs, only one FDB may be linked to the FDB dueue.
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5.5.2.1 OPEN

GENERAL

T he OPEN system call ‘establishes the logical path between the user
task and the device or file to be opened. A channel number

unique to the processor is assigned by the OPEN routine. Any
initialization of a device which may be necessary to prepare

it for 1I/0 operations is performed when a channel is opened to
that device.

USER INTERFACE STUB

The user interface stub places the following information in the
request ECB:

EFLAG - event flag parameter

FILENAME - ASCII description of the device, FILENAME
and extension of the device or file to be
opened

CHANNELPTR - A pointer to the user task's CHANNEL parameter,

in which the assigned channel number for this
logical data path will be returned to the user.

DETAILED DESCRIPTION

The synchronous OPEN structure chart is shown in Figure 5-28.
The synchronous OPEN routine is called by IOFUNCTIONS, with a
pointer to the regquest ECB as a parameter. OPEN then scans
through the channel table to ensure that a free channel exists,
and places the number of the first free channel encountered in

the user's channel parameter. If no free channel exists, the
function is terminated and error ERNOCHANNEL is returned to the
user task. Next, OPEN calls routine FINDDEVICE to get the DDB
pointer for the specified device or file, and checks to see if
the device is directory structured (disc) or another device.

If the device is not a disc, the FDBQHEAD of the DDB for that
device is examined to see if the device (or, for magnetic tape,
a numbered file on the device) has already been opened. If so,
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ERFILEOPEN is returned to the user task and the function terminates.
Next, the blocked attribute of the DDB is checked to see if the
device is block-structured. For block-structured devices (disc

or tape), the open function will generally be performed asynchro-
nously; a dummy FDB is entered in the channel table to prevent
use of the channel before OPENASYNC can perform the open. The
ECB is placed on the input queue of the OPENASYNC task, and OPEN-
ASYNC is notified via EVENTCOMPLETE that an ECB has arrived for
processing. Processing by the OPEN routine is complete for disc
or tape files at this point.

For other devices, OFEN proceeds to check that the device has not
already been opened. If the forward link field of the DDB's 4
FDBQHEAD field is not equal to NIL, the function terminates and
error ERFILEOPEN is returned to the user task. The AVAILABLE
attribute is set true, in case the device failed or was removed
for maintenance prior to this OPEN system call, and INITDEVICE is
called to perform any initialization required for this device. 1
Should an error be detected during the device initialization
process, that error is returned in the status parameter of the
INITDEVICE call; the error field will contain ERDEV, and VALUEl
and VALUE2 will contain pertinent status register information

from the device interface hardware. This information is returned
to the user task, and OPEN terminates processing after setting the
AVAILABLE attribute in the DDB to FALSE.

An FDB is then allocated to represent the device being opened.

The FILENAME and ATTRIBUTES fields of the FDB are filled in from
the DDB, and the error field of the STATUS parameter is set to
NOERROR to indicate to CALLCOMPLETE that the function has completed
synchronously. OPEN then returns to IOFUNCTIONS.

OPENASYNC uses several subordinate routines which are shown in
Figure 5-29 and described briefly here. First OPENASYNC

calls FINDDEVICE to regain the DDB pointer, and checks the
directory attribute in the DDB to determine whether the device

for the requested file is disc or tape. If the device is a
disc, the FDB queue of that disc is checked to ensure that
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the file is not already open. If the file is open, ERFILEOPEN
is returned to the user task and the function terminates. Next,
OPENASYNC obtains a buffer into which GETDIRECTORYENTRY reads
directory blocks from the disc in the process of finding the
directory entry for the specified file. If the file is not
found in the disc directory, ERNOFILE is returned to the user
task and the function terminates. The FDB for this channel is
now obtained from the free FDB queue. The information from

the disc directory entrv for this file is copied into the
DISCDIRECTORYENTRY area of the FDB. The channel number

found in the search performed by routine OPEN is then

placed in the CHANNEL field of the FDB, and the entry in the
CHANNEL table corresponding to this channel is set to point to
the allocated FDB. The FDB DDBPOINTER field is set to point to
the DDB, and the FDB is linked to the DDB's FDB queue. The
sequential read and write file addresses are then set as indi-

cated by the disc file type, and the TCB pointer of the calling

user task is entered into the FDB. The error field of the return
status for the OPEN call is set to NOERROR, and EVENTCOMPLETE is #
called to awaken the user task.

If the request indicated a taps file is to be op=2ned, OPENASYNC
calls function CONVERTTODECIMAL to return the numeric value of

the tape file. A return of NIL from this routine indicates a non-
numeric file name, and causes ERFILENAME to be returned to the
user task. Routine POSITIONTAPE is then called, to interface
with the magnetic tape driver. POSITIONTAPE will skip to the

file designated numerically in TAPEFILE, looking for a double
end-of-file. If this logical end of tape is found, EREOF is
returned by POSITIONTAPE, or if a device error is returned, that

error is passed to the user task and the device is marked unavailable.
Otherwise, the FDB is allocated and filled in as for other non-
directory devices. NOERROR is returned to the user task and the

OPEN function is complete.
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9.3.2.2 CLOSE

GENERAL

The CLOSE system call allows the user task to cancel the channel
assignment performed by OPEN. For block structured devices,
CLOSE must check to see whether the last block used in segquential
operations must be written to the device. For magnetic tapes,
CLOSE supplies the double end-of-file indicating the logical end
of the tape if the file was written during this channel assign-
ment. All resources which were allocated for this channel. and
its I/0 requests are returned to the free state by the CLOSE
routine.

USER INTERFACE STUB
The User Interface Stub places the following information in the
request ECB:

EFLAG - Event Flag
STATUSPTR - Pointer to the user's STATUS narameter
CHANNEL - The number of the channel to be closed

DETAILED DESCRIPTION
The synchronous portion of the CLOSE system call is called by
IOFUNCTIONS with a pointer to the request ECB. The channel

table is examined to ensure that the designated channel 1is

open; if not, EZRNOTOPEN is returned to the user task and the
function is terminated. CLOSE then checks the attributes in
the FDB assigned to that channel to see if the device is block
structured. If so, sequential I/O may have been performed
which has not yet resulted in the writing of the final block
to the device; CLOSE then enqueues the request ECB for task
CLOSEASYNC, which will complete the close operation for
blocked devices.

Por unblocked devices, CLOSE sets the channel table entry to
NIL to release the channel assignment. The FDB in use for
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this channel is removed from the FDB queue in the DDB, and the

FDB is returned to the free FDB queue. Close sets the user's
STATUS error return to NOERROR to indicate successful closine
of the channel, and returns to IOFUNCTIONS.

Task CLOSEASYNC <ezusues the raguest 7C2 from its

insut cueus
and checks the direct®Zy attribute in the FDB to separate disc
files £from magnetic tape files. If the channel was opened to

a disc file, the sequential I/O pointers are checked to see if

a block needs to be written to the disc, and if this is the case
the block is written by the device driver. The buffer used for
sequential I/O0 is then returned to the free buffer list de-
scribed in the READWRITE routine description, Section 5.5.2.4.
If the disc file is segmented, the Segment Pointer Block buffer
is also returned to the free buffer list. CLOSEASYNC then

sets the channel table entry to NIL, unlinks the FDB from the
DDB's FDB queue, and returns the FDB to the free FDB list.
NOERROR is returned to the user task, which is notified bv
EVENTCOMPLETE that the close operation has terminated. (See Figure
5-30 for the CLOSEASYNC structure chArt.)

For magnetic tape files, CLOSEASYNC checks the sequential I/0
pointers in the FDB to see if a final tape block should be
written. If so, the remainder of the block is filled with
zeroes and is written to the tape by the device driver. The
sequential I/0 buffers used for this channel's I/O are released
to the free buffer list maintained by READWRITE, and the channel
table entry is set to NIL. The FDB is unlinked from the DDB's
FDB gueue, and is returned to the free FDB list. NOERROR is
returned to the user task by EVENTCOMPLETE, which notifies

the user that the close reguest has been performed.

For either disc or tape files, only I/O errors detected by the
device driver in writing data to the device are returned to the

user with ERDEV in the ERROR field of STATUS, ard with pertinent

device status indications in the VALUEl and VALUE2 fields.
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5.5,2.3 IORESET

GENERAL

IORESET will close all files or devices opened by a designated
task. Since IORESET is primarily supplied to be used in killing
a task, no errors from the COSE routine are returned to the user.

USER INTERFACE STUB

The user interface stub places the following information in the

request ECB:

TASKID - ID of the task for which all channels
are to be closed

DETAILED DESCRIPTION

IORESETASYNC receives the request from IORESET on its input
queue. Routine GETTCBPOINTER is called to return the TCBPTR
of the designated task, or NIL if no such TASKID is found.
ERTASKID is returned to the user task and the function is
terminated if TCBPTR is found to be NIL otherwise, IORESET
scans the channel table to find FDB's containing the TCBPTR of
the specified task. For each match found, a CLOSE request is
issued for than channel. The IORESET function is complete
when all channels for that task have been closed, and calls
EVENTCOMPLETE to awaken the user task. (See Figure 5-31 for
the IORESET structure chart.)
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5.5.2.4 READ AND WRITE OPERATIONS

GENERAL

This task handles processing for READR, WRITER, READSQ, WRITESQ,
READLN and WRITELN requests. Data is read or written according
to the description for the regquested function as presented in
Section 4.5.5.

USER INTERFACE STUB
The user interface stub places the following information in the

request ECB:

EFLAG - event flag
STATUSPTR - pointer to the user's STATUS parameter
CHANNEL -~ the number of the channel to be closed
BUFFER - pointer to the user's data area
WORDS - for READR, WRITER, READSQO and WRITESQ:

number of words to be transferred;

for READLN and WRITELN:

maximum number of words to be transferred if no

carriage return or null is encountered
FILEADDR - (present for READR and WRITER only) the word

within the disc file at which the specified

transfer is to begin.

DETAILED DESCRIPTION

The synchronous portion of the READWRITE system task is called
by IOFUNCTIONS with a pointer to the request ECB. The channel
table is examined to ensure that the designated channel is open;
if not, ERNOTOPEN is returned to the user task and the function
is terminated. READWRITE then checks the AVAILABLE attribute

of the Device Descriptor Block to see if an I/0 error has caused
the device to be removed from the system for maintenance. If

AVAILABLE is false, ERNOTAVAIL is returned and the function is

i Laa Eat s R

PRUSSIETISTONS YRS, PR




terminated. READWRITE then checks the protection attributes of
the FDB; if the read or write protection éonflicts with the
user's request, the error message for that protection type is
returned and the function is terminated. (The user must close
the channel and re-open it before the AVAILABLE attribute will
be re-evaluated.)

In the absence of errors, READWRITE links the ECB to the request
queue of routine READWRITEASYNC, which will complete processing
of the request. The IOINPROGRESS flag of the user's buffer area
is set, to prevent release of the buffer while I/O is in progress.

READWRITEASYNC has three input queues which it must supervise,

to provide overlapping of I/O requests by multiple users for
multiple devices or files. READWRITEQ contains user request ECB's
which have been submitted by READWRITE for initiation; FURTHER-
ACTIONQ contains FDB's for operations which are partially complete;
and COMPLETE(Q contains FDB's for actions which have completed.
Thus, READWRITEASYNC can perform initiation, continuation or
completion checking and notification for a request regardless of
functions outstanding for other I/0 requests.

Before entering its main loop, READWRITEASYNC sets up wait
requests for incoming control blocks on all three queues. Inside
the main loop, a WAITANY call is issued on the three queues. When
input is present on a queue, the event flag for that queue is
returned in EFFOUND, and is used to obtain the incoming control
block from the queue and reissue the WAITFORTOPENTRY call on that
queue. Depending on the event flag found, pointers are set for
the request ZCB and, for FURTHERACTIONQ and COMPLETEQ, the FDB
associated with the request. The STATUS.ERROR field of the ECB

is checked at each stage of processing to see if ai. rror has
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been found by the device driver; if so, the operation is can-
celled, the AVAILABLE attribute of the device is set to false,
and the user is notified of the device error.

Processing is then divided into stages of initiation, continua-
tion and completion.

Initiation Stage:

Random-access I/O requests for disc files are checked first to
ensure that the requested transfer is completely within the
current file. If the request is outside the file, ERFILEADDR

is returned to the user and the function terminates. READR

and WRITER requests for an integral number of device blocks can
be performed directly into the user's buffer area; these requests
are set up for the device driver and initiated, with the FDB for
the reguest returned on the COMPLETE(Q when the driver has per-
formed its functions. If the READR or WRITER request is not
aligned with the device block structure, a system buffer must

be allocated for temporary data storage. In both READR and
WRITER requests, data must be read from the disc; this request
is set up for the device driver, the READR FDB return is on the
COMPLETEQ, and the WRITER FDB return is on the FURTHERACTIONQ.

For disc and tape sequential I/O requests, the buffer pointer
of the FDB is checked to determine whether or not the system
buffer required for sequential I/0 has been allocated. If the
pointer is NIL, then one of the buffers in the free buffer list
is assigned to that channel. If no buffer is available,
ERNOBUFFER is returned to the user and the function terminates.
(It should be noted that, with buffers and FDB's, the number

of open files within processors of the VTS system is known such
that a sufficient number of buffers and FDB's can be included

in each processor to prevent resource blocking of VTS/0S.) If
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this is the first I/O request on a magnetic tape file, the

protection status in the FDB is set to prevent the user from
mixing read and write operations, and also to notify the CLOSE
routine that sequential writes were performed and so the double
end-of-file indicating the logical end of the tape must be
written when the file is closed. If there is enough data in

the sequential buffer to satisfy a sequential read request,

or if a sequential write request does not exceed the current
sequential buffer, the sequential data is transferred and the
operation is complete. If the current buffer space is exhausted
by this request, the FDB is enqueued for the device driver to read
a new buffer or to write the current buffer, and the operation
will proceed once this device operation has completed.

For all other devices, sequential I/O is performed at the device
driver level, since the interface hardware is assumed to be of

the interrupt-per-character variety. READWRITEASYNC sets up
the device driver request in the FDB, indicates that the FDB
is to be returned on the COMPLETEQ, and notifies the device

driver that the operation must be performed. l

Continuation Stage:
Only disc and tape operations require continuation processing.
Random requests for read and write are treated first. Data

from READR requests which required a system buffer is trans-
ferred to the user's data area, and the system buffer is released.
READR processing is complete at this point. WRITER requests
using system buffers arrive with the previous contents of all
affected sectors in the system buffer. The user's data is

copied into the appropriate subsection of the system buffer,

and READWRITEASYNC passes a request to the device driver to

write the system buffer back onto the disc. Return from this
request will be on the COMPLETEQ.
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Sequential operations are performed next. For sequential read

operations, data has been read into the sequential I/O buffer
and must be transferred to the user's data area. Should the
data in the buffer not satisfy the sequential word count, the
FDB WORDSTRANSFERRED count is updated, and a read request is
issued to the device driver for the next portion of the file.
If the operation is complete, the sequential read request is
terminated successfully. For sequential write operations, data
has been written to the file, but the transfer is incomplete.
If the file is a segmented disc file, additional disc space is
allocated by GETDATASEGMENT before further data is transferred
into the sequential buffer. The remaining data from the user's
data area is transferred into the system buffer until the
buffer is full or the requested amount of data has been trans-
ferred. If the buffer becomes full with more data to be trans-
ferred, the count of words transferred is updated and a request
is made to the device driver to write the buffer to the device.
Return from this driver request will be on the FURTHERACTIONQ.
If the request amount of data has been transferred, the
sequential write function has been completed.

Completion Stage:
The only check made in the completion stage of processing is for
WRITER operations which required a system buffer. The write
operation is complete, and so READWRITZASYNC releases the system
buffer. The IOINPROGRESS flag for the user's buffer is reset on
completion of all requests, and EVENTCOMPLETE is called to notify
the user task of the completion of his operation.
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5.5.2.5 Device Drivers

The device driver implementation for VTS/0S will depend upon
the hardware selected for the system. The nature of interrupt
handling and of device controller hardware will determine the
structure of the drivers and what functions they must perform,
but they may be described in terms of the capabilities relied
upon by the input/output system calls of VTS/OS.

The following assumptions are made about the devices in the
system:

. The magnetic tape and disc device controllers possess
Direct Memory Access capability, and must be presented
with the memory address to be used in the transfer and
the number of words in the transfer;

. The disc device controller also requires the disc address
at which the transfer begins, specified as the sector,
track and surface;

. Serial, non-block structured devices such as consoles,
displays, and printers will have interrupt-per-character
device controllers, and the device driver must therefore
perform the transfer of data to or from memory when an
interrupt for that device occurs. ;

Device drivers possess input queues on which they are passed
File Descriptor Blocks containing the request type and all
information needed to perform the request. Device drivers will
perform retries of operations resulting in device errors for
disc and tape, based upon the retry count in the DDB; for write
operations, read-after-write verification will be performed. If

a tape record is written incorrectly, an end-of-file mark will




be written and a "skip backward" operation performed, to place

a gap with no data on the tape where the error occurred, and

the data will be written again; this generally will provide
recovery from bad areas on the tape, and will not affect the
tape's readability. If this process does not produce a success-
ful write within the retry count of the tape DDB, an error is
returned. For read operations, the read will be retried the
specified number of times and, if unsuccessful, will be abecrted
with an error returned to the user. There is generally no retry
capability for unblocked devices, as the data is serial.

The general operation of a device driver will be to remove the
FDB from the input queue and examine the device address in the
DDB. The hardware operations for that device will be performed
corresponding to the request issued, and the FDB will be linked
to the designated RETURNQHEAD for return to the system task
issuing the REQUEST. NOERROR is returned in FDBPTR+.ECBPTR.STATUS.-
ERROR if the operation was successful, and if not, ERDEV is
returned in its place, with pertinent device status register
information in VALUEl and VALUE2. Device operations which may
be requested are READBLOCK, WRITEBLOCK, READSEQUENTIAL,
WRITESEQUENTIAL, READLINE and WRITELINE. If the system buffer
ID field in the FDB is NIL, then the operation is performed
from the user's data area.

Device drivers must take care of setting the map registers of
the I/O0 map in the processor to the map values of the user
area or system buffer for this transfer.

The disc device driver must have one special capability, based
on the organization of disc controller hardware. If the read

or write request covers sectors which exist on two different
tracks or surfaces, the disc device driver may be required by
the controller hardware to break the transfer into two transfers,
and reposition the disc heads or reinitialize the controller
between the two transfers which result.
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5.6 ERROR REPORTING AND CONTROL

This section describes the detailed design and operation of
the VTS/0S error reporting and error control mechanisms.
Section 5.6.1 discusses the data structure required for this
error control philosophy, and Section 5.6.2 provides the
detailed descriptions of the PDL procedures in Section 6.6.2.

The only procedure to which the applications programs have
access is FAILUREDETECTED, which is used to report errors to
VIS/0S. Procedures LOGN and TASKRECOVERYN are tasks which
process incoming messages from FAILUREDETECTED and its sub-
routines. The Local Error Reporting Center and Master Error
Reporting Center procedures, LERCUPDATE and MERCUPDATE, are
called by the Executive on a periodic basis. For this reason,
only FAILUREDETECTED has a user interface description in
Section 4.

5.6.1 Data Structures for Error Control

The major data structure used to control and coordinate error
reports is the Failure Control Block (FCB). Each unique error
report received by FAILUREDETECTED has an FCB created for it
and placed on an FCB gueue within that processor. Successive
reports of the same error are accumulated in that FCB until a
threshold is passed, at which time action is taken to recover
from this persistent error condition. LERCUPDATE periodically
scans the FCB queue for FCBs representing transient errors,
and removes these FCBs from the queue. All failure reports
cause their FCBs to be logged to disc.

The other major data structures used to supervise the reconfig-

uration of the system are described in Section 7.7.1.
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5.6.2 Procedure Declarations

There are three levels to the error control software of VIS/OS.
The first level consists of FAILUREDETECTED and its support
routines. It performs the initial processing and logging of
error reports. The second level consists of LERCUPDATE, which
periodically assesses the health of its processor. The need
for any system-level recovery, such as removing a processor
from the system, is communicated to MERCUPDATE at the third

level of error control software.

5.6.2.1 FAILUREDETECTED

GENERAL

Procedure FAILUREDETECTED is called by the applications programs
to report errors. Error reports are sent via ITC to LOGN, which
resides in processor N and places the error FCB on disc. The
FCB is then examined to see whether or not the error has been

verified and recovery should be attempted.

USER INTERFACE STUB
There is no event flag associated with FAILUREDETECTED, since

it is not desirable to allow applications tasks to proceed until
the error being reported has been logged and assessed. Similarly,
no error return from FAILUREDETECTED is possible, since the

error control software handles its own errors internally. The

User Interface Stub places the following parameters in the

request ECB:

SENDERID - Task ID of reporting task

DESTNAME - NIL or task name of the other
party for ITC errors

ERRORCODE - BADDATAPRODUCED,
BADDATARECEIVED,
MSGNOTANSWERED,
UNABLETOINSTALL
UNABLETOSCHEDULE;
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FAILURENUMBER - Caller-assigned ID for

this failure.

DETAILED DESCRIPTION
An FCB is allocated by FAILUREDETECTED to contain information
on the current error report. If no unused FCB is available,

the oldest FCB is removed from the list of errors being moni-
tored and is used for this error. 1In operation, this limit of
unused FCBs would be set such that the processor causing the
flood of errors would be removed from the system before all
free FCBs could be allocated. The FCB is filled in with the
reported error information, and is sent as a message to proce-
dure LOGN for logging to disc.

FAILUREDETECTED calls two subordinate procedures, FCBNOTFOUND
and TASKRECOVERY, as shown in Figure 5-32.

A search is made through the list of active FCBs by function
FCBNOTFOUND to see if the error has already been reported. If
not, the new FCB is added to the FCB queue. If a matching FCB

is found, the information reflecting this error report is updated
in the existing FCB and the new FCB is returned to the available
queue.

The RETRYCOUNT parameter in the FCB is updated to reflect this

error, and is checked against the limit for retries before i
attempting recovery. If RETRYLIMIT has not been exceeded and 3
the error type is not BADDATAPRODUCED, another attempt of the

requested operation may be made by the applications task. Tasks I

identifying the BADDATAPRODUCED condition are not permitted to i
retry their operations before recovery. If RETRYLIMIT has been
exceeded or bad data produced, the RECOVERYCOUNT parameter is
incremented and RETRYCOUNT is set to zero. RECOVERYCOUNT is

checked against its corresponding limit to see whether or not
this processor should be disconnected from the system. 1If
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RECOVERYCOUNT has been exceeded, the processor is disconnected,
and the absence of LERC messages to the MERC will signal a
system congiguration change. Otherwise, routine TASKRECOVERY
is called to instigate recovery of this task.

Function FCBNOTFOUND compares the SENDERID, DESTNAME, ERROR-
CODE and FAILURENUMBER fields of the FCB of the reported error
to those fields in the FCB pointed to by CURRENTFCB. If any
fields do not match, FCBNOTFOUND returns a Boolean value of
true. If the FCBs do match, this is a report of an error after
a retry, and conseguently, FCBNOTFOUND returns a Boolean true
to FAILUREDETECTED.

Routine TASKRECOVERY determine the processor currently running
the task for which recovery is indicated. If a processor assign-
ment is not found for the task to be recovered, the LERC is
notified of possible table contamination. Otherwise, a message
is sent to procedure TASKRECOVERYN, where N is the processor
number. TASKRECOVERYN will reschedule the task causing the
reported error.

Procedure LOGN runs in each of the three processors having
discs, where N is the processor number. LOGN in each of these
processors maintains a disc log of all reported errors for
those processors sending their FCBs to processor N.




|
5.6.2.2 LERCUPDATE g
GENERAL g
LERCUPDATE forms the middle level of error control software. f
The health of the components of each processor is the responsi-
bility of the LERCUPDATE routine executing in that processor. ;

|

USER INTERFACE STUB
None.

DETAILED DESCRIPTION

LERCUPDATE is called periodically by the Executive, and begins
its processing by running diagnostic routines to verify the i
functioning of the processor hardware. If any diagnostic check |
fails, it is run again to verify the error. Verified errors

cause LERCUPDATE to remove its processor from the system. If

no diagnostic routine finds an error, LERCUPDATE examines the

active FCB list to remove those FCBs which have been on the

list for longer than the designated error retention time. This
prevents sporadic correctable errors from causing a processor

to be removed from the system. FCBs which exceed the FCBRETAIN-
TIME parameter are returned to the queue of available FCBs.

LERCUPDATE then resets the hardware watchdog timer. The expira-
tion of this timer disconnects its processor from the system

bus; by resetting the timer, LERCUPDATE reaffirms its processor's
health. Similarly, a message is sent to all MERCs in the system
to notify them that this processor is still functioning properly.

5.6.3 MERCUPDATE |
GENERAL
Procedure MERCUPDATE exists in all processors in the system, and !
is called periodically by the Executive. Only one copy is

"active," and this copy monitors the overall health of the system.

The other copies of MERCUPDATE maintain identical tables but
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are effectively slaves, and can become active only if the

previously active copy is disabled by a hardware or software
failure.

USER INTERFACE STUB
None.

DETAILED DESCRIPTION

Figure 5-33 shows the structure of MERCUPDATE. Upon being called
by the Executive, MERCUPDATE determines whether or not the time
period (Tl) for reception of messages from all the LERCs in the

system has expired. 1If so, these messages are used to update
the PCSTATUS table; any processor from which no message was
received is marked as "DOWN". If this copy of MERCUPDATE is the
active MERC, it calls routine COMPUTECONFIGANDSENDIT to notify
the slave copies of the system configuration.

If this copy is not the active copy, MERCUPDATE looks for a
configuration message from the active MERC. If the message has
arrived, the current configuration number and the map of active
Display Station processors are updated to reflect the current
configuration. 1In most cases, this will not represent a new
configuration; however, if the configuration has changed, routine
RECONFIGURE is called to perform any special processing required

by the configuration change.

If no configuration message has been received from the active
MERC, the slave copies of MERCUPDATE check to see whether or not
their timers for T2PROCESSORNUMBER have expired. These timer
values differ for each processor. If the timer has expired, the
previous active MERC is assumed to have failed, and this copy

of MERCUPDATE marks itself active and calls COMPUTECONFIGANDSENDIT
to assume its active role. This activation process is the reason

for the differing values of the T2PROCESSORNUMBER timer, since




it is not desirable to have several copies of MERCUPDATE

declaring themselves as active MERCs. The values should be
selected such that sufficient time passes between their success-
ive expirations that the first MERCUPDATE copy may activate

itself and send configuration messages before the next T2PROCESSOR-
NUMBER timer expires.

Routine COMPUTECONFIGANDSENDIT examines the UP/DOWN status of
the two Main processors and the Position/Collision processor to
calculate the column index for the Configuration Table described
in Section 7.7.1l. The statuses of the Display Station processors
are then examined to determine whether or not any of these
processors have failed. If the Watch Supervisor's station is
down, its functions are reassigned to the first active Display
Station processor found by COMPUTECONFIGANDSENDIT. The Watch
Supervisor may reassign his station after this occurs, but
alerts may be sent to his station before this reassignment can
be made, and these alerts should not be lost. The other Displayv
Station processors are then scanned to see if they have failed,
and if so, their functions are reassigned to the Watch Super-
visor's station. This is again to prevent the loss of any
alerts for which a downed Display Station processor may have
been responsible. The computed configuration and the table
containing Display Station logical assignments are then trans-
mitted to all other MERCUPDATE copies.

Routine RECONFIGURE is called with the new configuration number
when a reconfiguration occurs. The Configuration Table for the
new configuration is scanned, and all tasks which must be made
active are SCHEDULEd. Conversely, all tasks which were active

in this processor but are not active under the new configura-
tion are "WOUNDed". These tasks will be allowed to complete
processing of any messages on their input gqueues before being
KILLed.
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6 PROGRAM DESIGN LANGUAGE SPECIFICATIONS FOR VTS/CS

This chapter contains the Program Design Language specification
for all vTS/0OS routines other than the Executive itself. The
chapter is organized along the same lines as Chapter 5, with a
PASCAL-like PDL used to present the actual algorithm for each

routine.

It is important to recognize that although an effort has been
made to conform to the syntax of PASCAL wherever reasonable in
the PDL, actual PASCAL syntax has in some places been knowingly
violated on the grounds that it is occasionally less readable,
and at other times overly restrictive. Major areas in which
the PDL deliberately does not conform to PASCAL are described
below.

PASCAL is a very strongly typed language, requiring that every
label, data type, variable, procedure, and function be declared
before the beginning of the executable code. 1In general, ICC

has not specifically declared every label, data type, variable,
procedure and function, since it is generally obvious from the
PDL itself when and how such elements are used. Where the possi-
bility exists for ambiguity, declarations have been made at a
level of detail sufficient to resolve this ambiguity.

During the implementation of VTS/0OS, some of this typing will
have to be defeated or weakened. For example, the GETSTATUS
routine always returns a three-word variable of type STATUSTYPE,
which is defined as three integer variables. However, in certain
contexts, one of these variables may contain an address to be
used as a pointer, rather than an integer. VTS/OS requires this
capability; hence, it has been assumed in the PDL.
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In general, when traversing a queue, seeking a node with a
specific value in one field of the node, the PDL in this chapter
does not conform to pure PASCAL syntax. Let a queue node be

defined by:

TYPE NODE= RECORD
LINK: POINTER; /*pointer to next node or NIL*/
TARGET: INTEGER; /*field of interest*/
END;

Then, in this report, the gueue traversal is generally coded:

PTR := FIRSTNODE;

WHILE PTR <> NIL AND PTR+.TARGET<>VALUE
DO PTR := PTR+.LINK;

IF PTR = NIL

THEN BEGIN
/*error: node not found*/
END
ELSE BEGIN
/*PTR points to desired node*/
END;

Properly coded in PASCAL, this operation would be:

PTR := FIRSTNODE,

B := TRUE;

WHILE ( PTR<>NIL ) AND B DO
IF PTR+.TARGET = VALUE THEN B := FALSE ELSE PTR := PTR+4.LINK; 1

IF PTR = NIL

THEN BEGIN
/*error: node not found*/
END
ELSE BEGIN
/*PTR points to desired node*/
END; p
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In the interests of readability, the former version has been
used.

At times, the restrictions imposed by PASCAL have been unaccep-
table. In such cases, the assumption has been made that these
restrictions would be avoided in the actual implementation either
by performing small critical sections in assembly language or

by modifying the PASCAL compiler. One example of this restric-
tiveness involves returning values through an address pointer,

a capability which is required repeatedly but not available in
pure PASCAL.

A specific example of this is the requirement that a VTS/0S
system task return a status to another task which has called it.
In this case, assuming that the address of the calling task's
STATUS variable is in the STATPTR subfield of an Event Control
Block, the value is returned in the PDL by:

ECB4.STATPTR+4.STATUS :=VALUE;
Another example of PASCAL's restrictiveness which will have to
be overcome can be found in the area of variable storage allo-
cation. PASCAL does not allow the programmer any control what-
socever over the actual allocation of variable storage; however,
certain VTS/0S routines, notably in the areas of Input/Output
and Inter-Task Communication, require that certain variables
be contiguous in memory in order to take advantage of DMA trans-
fers. This will have to be enforced in some manner during the
implementation of VTS/0S.

Further differences between the PDL used here and PASCAL lie in
the area of record subfields. The PDL used here assumes that

if a record field is assigned a specific value, then all subfields
of that field are assigned a specific value, and furthermore, that
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if a record field in one variable is assigned the values from
that record field in another variable, corresponding subfields
will receive the appropriate values. For example, let a record
and a new variable type be defined as:

TYPE NODE= RECORD
FIELDl: INTEGER;
STATUS: STATUSTYPE;
END;

TYPE STATUSTYPE= RECORD
ERROR: INTEGER;
VALUEl: INTEGER;
VALUE2: INTEGER;
END;

Then, if ANODE and BNODE are both of type NODE,
ANODE+.STATUS :=BNODE+.STATUS;
is assumed to be equivalent to:

ANODE+.STATUS+*.ERROR := BNODE+.STATUS+.ERROR;
ANODE+.STATUS+.VALUEl1 :=BNODE+*.STATUS+.VALUEL;
ANODE+t.STATUS+.VALUE2 :=BNODE+.STATUS+.VALUE2;

Finally, since it is not possible to predict to what extent the
compiler chosen will perform compile-time and run-time error
checking, specific error checks, primarily on the validity of

a given value for a given variable, have been written into the
PDL. It is entirely possible that these will prove to be
unneeded, once an actual compiler is chosen.
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6. 1 ZVENT CONTROL
b, 1. ¥ TIME-INTERVAL WAITEZ
6.1.1.1 SETRELAY

FROCEIURE SETDELAY (ECEBFTR)

/% INFUT: ECBFTR, THE CURRENT ECE, WHICH SFECIFIES: i
SECONDS - NUMEBER OF SECONDS TO SET DELAY FOR -
MUST BE BETWEEN 1 AND "MAXSEC" - IN ECE™. FARAMI
EVENTFLAG - FLAG T USE FOR COMPLETION SIGNALLING

QUTRUT: STATUS - SUCCESS OR FALLURE CODE - ONE OF:
NO-ERROR
ERR-TIME - NUMBER 0OF SECONDS SFECIFIED E1THER LESS
THAN ONE UOR GREATER THAN MNXSEC -

ERR-DELETED - TIMEOUT DELETEDL BY REMOVEDELAY CALL

ECE IS SORTED INTO THE ACTIVE TIMEOUT L1ST AND

THE TIMEOQUT VALUES ARE UFPDATED TO KREFLECT ITS

FRESENCE - TIMEQUTVALUEES ARE KEFT IN FARAMI, ELN
MODIFIED TO BE INTERVALS BETWEEN SUCCEZSIVE TIMEOUTES #/

EEGIN
SECS : = ECEFTR™. FARNMML;
1F SECS > O AND SECS <= MAXSEC /# THEN I3 LEGAL #/
THEN EBEGIN /#INSERT =CE ON ACTIVE TIMEOUT L1ST#/
TIMEQUTGPTR = TIMEQUTaHD™ FIRST;
TIMEREMAINING = Q; JH#ACCUMULATOR FOR TIMEOGUT VALUES®/
WHILE /#SCAN LLIST FOR O INSERTION FOINT#/
TIMEREMNAINING < ECEFTR™ FARAM1
AND TIMEOQUTEFTR < NIL
D0 BEGIN /#UPDATE TIME REMAINLING AND GET NEXT ENTRYs#/
TIMEREMAINING = TIMEREMAINING + TIMEOGUTOFTR™ FARCMI;
TIMEOUTRFTR = TIMEQUTRFTR™. CERIZINK™ FLINK;
ENL;
/#HAVE FOUND INSERTION FOINT IN GIUEUE OR END OF QUEUE®/
ENGBEFORE (TIMEOUTAHD, ECBPTR, TIMEQUTQRFPTR, ECBRLINK);
/#ADJUST INCREMENTAL TIMEOUT VALUES*/
ECBPTR™. FARAM1 := SEC3 - TIMEREMAINING,;

1IF /#1353 THERE A TIMEQUT AFTER THE NEW ENTRYT#/
ECEPTR™. H_INK™ FLINK <3 NIL
THEN /#ADJUST TIMEQUT VALLUE OF THAT TIMEOUT#/

TIMEQUTQFTR™. FARAML = TIMEOUTIFTR™. FARAM1 -
ECBFTR™. FARAML;
ECEPTR™. STATUS™ ERROR := NO-ERROR;
END /#END OF TIMEOUT INSERTI1CON#®/
EILSE ECBFTR™. STATUS™ ERROR = ERR-TIME; /# ERROR IN FARAM13%/ %

END. ‘
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& 1. 1.2 REMOQVEDEL.AY

FROCEDURE REMOVEDELAY ( ECEFTR )

/% INFPUT: ECEBFTR, WHICH SFECIFIES & TIMEQUT THNAT HAS BEEN
REGIUEST EARLLIER AND IS NOW 70 BE CANCELILED. THIS IS
DONE &Y GIVING A3 FARAMLI THE EVENTFLAG THAT WAS
ASSOCIATED WITH THE ORIGINAL CALL.
QUTRUT:  STATUS - SUCCESS/FAILURE CODE - ONE OF:
NO-ERROR
ERR-EFLLAG -~ EVENTFLAG GIVEN AS FARAMLI NOT A VALLD EFLAG
ERR-WRONGFLAG - NO TIMEOUT WAS ASS0CIATED WITH THE
EVENTFLAG GIVEN AS FARNMMI
ERR-TQOLATE - TIMEOUT HNS ALREADY COMFLETED

NOTE:  THE ORIGINAL TIMEOUT 15 CLEARED BY SETTING THE
STATUS TO ERR-DELETED IN THE ECE, WHICH 15 THEN ZENT
TO EVENTCOMFLETE. */

BEGIN /% ATTEMFT Y0 DELETE TIMEOUT #/
/% FIRST MAKE SURE EVENTFLAG 1IN PARAML IS5 LEGAL #/
EFLAG = ECEFTR™ FARAML;
IF EFIL.LAG < EFLAGI OR EFLAG Z EFLAGLYS /7% I35 ILLEGNAL #/
THEN BEGIN /# ERROR RETURN #/
ECEPTR™. STATUS™ ERROR := ERR-EFL_AG;
GO 7O 100; /% COMMON EXIT FOINT #/
END; /% CHECK FOR ERR-EFL.AG #/
SCEDEL = ECBFTR™. TCEPTR™. EFLAGFTRIEFLAGI,;
/s# ZCEDEL NOW HAS THE ECE TO DELETE - FIRST MAKE SURE
IT WAS A TIMEOUT ECE TO BEGIN WITH #/
IF ECBDEL = NIL /# THAT EVENTFLAG WASN“T IN USE A1 AlL #/
OR ECEDEL™. SUBFUNC <> SETDELAY /74 1T WAS, BUT NOT TIMEOUT #/
THEN EEGLIN /# ERROR RETURN 3#/
ECEFTR™. STATUS™ ERROR := ERR-WRONGFLAG;
GO TO 100; /% COMMON EXIT FOINT #/
END; /% CHECK FOR ERR-WRONGFLAG #/
IF ECBDEL™ 3TATUS™ ERROR {2 REQUEST-IN-FROGREZSS
THEN BEGIN /# CAUGHT AN ERR-TUOLATE 3/
ECBPTR”. STATUS™. ERROR := ERR-TOOLATE;
GO TO 100;
END /3 ALLL CHECKING FOR EZRRORS 3#/
L3E REGIN /3% ACTUNL DELET10ON FROCESS #/
IF ECEDEL™ GLINK™ FLINK <X NIL /7% THERE IS5 A FOLLOWING
TIMEOUT, S0 UFDATE ITS DELTA=-TIME #/
THEN ECEDEL™. QL INK™ FLINK™ FARAML1 .=
ECBDEL™. QLINK™ FLINK™ FARAML +
ECBDEL™. FARAML;
/# NOW REMOVE THIS ECE FROM THE TIMEQUT-Q #/
DELINK(ECBDEL, TIMEQUTAHD, ECBLELL". ECEBRLINK);
ECBDEL™. STATUS™ ERROR = ERR-DELETELD
EVENTCOMRLETE(ECEBDEL ) ;
/# THAYT TOOKE CARE OF THE DELEZTED ONE;, NOW SET
STATUS FOR THIS CALL #/
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SCERTR™ STATUS™. ERROR . = NO-ERROR;
ENDG /% ACTUAL DELETION s/
100: /# COMMON EXIT FOINT USED IF ERRORE CAUGHT

ST ABOVE #/
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6. 1. 1. 2 TIMECGUTASYN
FROGRAM TIMEOUTASYNC
¥ THIZ IS THE ASYNCHRONILS TIMEOUT Tasi IT
DECREMENTS THE TIMECUT VALUE 0OF THE ECE AT THE READ
OF THE ACTIVE TIMEOQUT LIST. IF THE RESLUILTING VALLUE
I2 ZERD, SIGNALS EVENT ZOMPLETION FIR Qoo _!"’5
AT THE HEAD OF THE ACTIVE TIMECUT LIST WROXZ
TIMEQUT VALUES ARE ZERO*/
BEGIN
WHILE TRLE SHINFINITE LOOFs/
00 BEGIN
WAITFORTOFENTRY (SUSPEND, REALTIMECLICKGID, STATLE),
7#THE ENTRY IN THE REAL-TIME CLOCK GLREUE ZERVES ONC
T2 INDIZATE THE OQCCURRENCE OF AN INTERRUFT, AND

END; SHEND OF VF;NITE 'JuF*

i
=
)

CARRIES NO FPERTINENT INFORMATION. THE ECB I3 NCGT
RELEASED BY TIMEILTASYNC, RUT ;3 REUSED ENMDLESSLY
EY *HE |'\|_l"—\L_"TI E i :._\_“ I‘. I\lT_F\RL' F\'E”_iTINE*/

TIMEQUTIFPTR = IMECQUTEORD™. FIRST:

B SEND PR tha:IVr IF TIMECUT LIST IS EMRTYx/
TIMEQUTIFTR < NIL

THEN EBEGIN JEDECREMENT TIMEIUT 'ﬁ'”r FOR FIRST TIMEDUT#/
TIMEQUTIPTR™, FARAMLI = TIM

E-_-ln»rT . FOARAEML - L
WHILE TIMEQUTOFTR < NIL /7% THER IS YN ENTRY #/
AND TIMESUTRFTR™ FARAMI = O /# THﬂT HAS EXFIRED 7
OO BEGIN  /# SIGNAL EVENT COMPLETION s/
.IWEUJ.HFTn O STATUS™ ZRROR . = NO-ERROR;
DELINK(TIN n:Df iITEFTR, TIMEQUTSHDO, TIMEQUTORIFTR™ ZCERLINK);
Cll_ FTR = TIMEQUTIFTR:
IMEQUT FTR = TIMEQUTORPTR™ SLINKE™ FIUINKSG
EVENoudMFLETE (OLDPTRY
END S # ~IbNﬁL_;NG #*/
EN; F# FPROCESZING TIMED

-
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& L 2 EVENT=-TERMINATED WNALTS

G121 WATTANY

FROCEDURE WATTANY (ACTIVEECE)
/% INPUT: ACTIVEECER, WHICH SFECIFIES:
SETOFEVENTS - THE ORYED TOGETHER EITFLAGS OF THE
EVENTS, ONE OF WHICH HE 15 10 WAlT FOR ~ IS5 FARAML
QUTFLUT:  OCCURREDEVENT - THE BITFLAG OF THE LOWEST-
ORDER 0OR FIRST EVENT TO OCCUR — ADDR IS FARAMZ #/

BEGIN
TCE = ACTIVEECE™. TCBFTR;
SET = ACTIVEECE™. FARAMIL;
ACTTIVEECE™. STATUS™ ERROR = NO-ERROR; /# RKREALLY, NO
ERROR IS FOSSIEBLE WITH THIS CALL #/
TEMF1 = SET AND TCE™ EFLAGSFOSSIBLE,
S# TEMFI NOW HAS THOSE EFLAGE IN WHICH HE IS INTERESTED
AND WHICH HAVE THE FOTENTIAL FOR OCCURRING #/
IF TEMF1 = O /% THEN NONE ZAN HAFFEN #/
THEN BEGIN /4 DUMF HIM IMMELIATELY #/
ACTIVEECE™ FPARNMZ™ ICCURREDEVENT = O;
FAUSE(ACTIVEECE): J/# MAKE HIM FAUSE #/
END /3% DUMFPING HIM #/
ELSE BEGIN /# SOME COULD HAFFEN: SEE IF ANY DID #/
TEMFZ = TEMF1 AND TCE™ ZFLAGENCTLUNL
IF TEMFZ = O /7% THEN NONE HNS YET #/
THEN BEGIN /3# MAKING H1IM WALT #/
TCEB™. WAITTYFE = WALTANY;
TCE™ WRITFLAGE = TEMF1;
TCE™ QCCURREDEVENTFTR = ACTIVEECE™ FARAMZ;
DELINK(TCE, RDYGHD, TCE™ TCEGLINK)
LINEA(TCE, SUSPENDRHD, TCE™ TCRRLLINK)
END /3 MAKING HIM WALT #/
ELSE BEGIN /3% ONE HNS OCCURRED: IDENTIFY AND TELL HIM #/
FOR 1FLAG = EFLAGL TO EFLAGLS DO
IF MASKSIIFLAGI AND TEMRZ {3 O /# IDENTIFIED #/
THEN BEGIN /# TELL CALLER WHICH #/
IFMASK := MASKSIIFLAGI; /# GET THE MASK #/
TCB”. EFLAGSNCTUAL : = TCE™. EFLAGSACTUAL AND
NOT IFMASK;
TCB”. EFLAGSFOSSIELE = TCE™ EFLAGSFOSSIELE AND
NOT IFMNSES
TCB™. WAITFLAGSE = NIL;
ACTIVEECE™. FARAMY™ JOCCURREDEVENT = IFMNASK;
FAUSEC(ACTIVEECE)
GO TO 1005 /% GET QUT OF THE LOGF, OR WE“Li.
TELL HIM ABOULT Al THAT HAVE QCCURRED #/
END; /% TELLING CALLLER WHICH 3/
100: END; /% IDENTIFYING #/
END; /3 SEEING JF ANY OCCLIRRED #/

¥ NONE JCCURRED ¢/

=ND.




G122 WAITALL
FROZEDURE WAITALL(ACTIVEEIE
S INFUT: ACTIVEECE, WHICH SFECIFIES:

SETOFEVENTS - THE ORYED TOGETHER BITFLAGES OF THE
EVENTS, ALL OF WHICH THAT NARE FOSSIBLE HE IS TO WAIT
FOR - IS PARAML
OUTFUT: OCCURREDEVENT - THE BITFLAGS OF ALL THE EVENTS THAT
OCCURRED TO SATISFY THE WAIT - ADDR IS FARAMZ #/

ol
m
)
=
r<

TCE = ACTIVEECE™ TCZEFTR;
SET .= ACTIVEEZE™ FARASML;
ACTIVEEZCE™. STATUS™ ERROR . =
ERRCR I3 FPOSSIBLE WITH THIZ
TEMF1 ;= SET AND TCE™ EFLAGSROSS
S TEMRL NOW HAS THOSE EFLAGS IN H;u: HE I3 INTERESTELD
AND WHILH AAVE THE FOTENTIAL FOR JCCURRING #/
IF TEMFL = O /% THEN NINE CTAN HﬁFPE' +/
THEN BESIN /% DUMP HIM IMMEDIATELY +/
ACTIVEED u%.rﬁanZ“.JECURREDEVENT c= Qs /% NONE OCCURRED 4/
FALUSE(ACTIVEEZER); /7# MARE AIM FAUSE +#/
oND /3 ULJP"I‘ ING HIM +/
ZI_ZE EBESIN /7% SOME COULD HAFFEN; 3SEE IF ALL DID =/
TEMFZ = TEMF1 AND TCE™ EFLAGEACTUAL,
IF TEMFZ < TEMF1 /7% THEN NOT ALL HAVE YET #/
THEN EBESIN /5t MAKING HIM WAIT #/
TCE™ WAITTYFE = WAITALL;
TCE™ WAITFLAGS .= TEMFL:
TCE™ DCCURREDEVENTFTR = ACTIVEECE™ FARAMZI;
DELINKEA(TIE, ROYEAD, TCE™. TCEBRLINE)D;
SINEATCE, SISFENDORD, TCES. TCBELINED

NO-ERROR; /% REALLY, NO

=N A% MART VD HIM WRIT #/
ELSE BEGIN 7% ALL HAVE JCCURRED, 30 TELL HIM #/
FERET EFLﬁa-ﬁC Ual = TCE™ EFLAGSACTLAL AND
NOT TEMFL;

TOE" EFLAGESFOSSIRELE = TCD™ EFLAGSFOSSIELE AND
NOT TEMF1;
TCB™ WAITFLAGS : = NIL;
ACTIVEECE™. FARAMZ™. OCCURREDEVENT
FAUSE(ACTIVEECE)
END; ./* T I_L.J.NL‘ I'{.LI *./.
ENDG O /# SEEING IF ALL JCCURRED s/

TEMF1;

ENI.
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6. 1. 2 3

GEVETATUS

FROCEDURE SETSTATRS (ACTIVEECDR)
s%  INFUT: ACTIVEECE, WHICH ‘FFII'IF:

EVENTFLAG - THE EVENTFLAG WHOSE ASSOCIATED CALLYES STATUS
THE USER IS INTERESTED IN - NOTE IS FARAML, AND NOT THE
Usunl. KIND OF EVENTFLAG

OUTRUT: STATUS - THREE WORDS IN WHICH 70 FUT THE

EEGIN

100:

=N,

STATUS OF THE ASSOCIATED CALL, 1F THERE IS NOTHING
WRONG W1TH THI CALL - IF SOMETHING IS WRONG,

THE STATUS TURNED WILL RE FOR THE GETSTATUS CALL
- ADDR 1% 1N STATUSFTR #/

Flﬁb c = ACTIVEETZE"™. FPARAML;
FOEFLAG £ EFLAGL OR EFLAG 2 EFLAGIS /7% VALIDITY CHECK #/
IHPN BEGIN /% FAILED - GETSTATUS TALL ERROR #/
ACTIVEECE™ STATUS™ ERROR = ERR-EFLNG;
ACTIVEECE™. STATUS™ VALUEL 0;
ACTIVEEZCE™ STATUS™. VALUEZ 0;
GO TO 1005 /# COMMON EXIT FPOINT #/
ENI
J# FLAG IS VALID - SEE IF IT HAS AN ASSOCIATED AL #/
TCE = ACTIVEECR". TCRFTR;
IF TCE™ EFLAGFTRIEFLAGI = NIL 7# THEN IT DOESN'T #/
THEN REGIN
ACTIVEECE™ STATUS™ ERROR = ERR-FLAG-NOT-IN-UZE;

=

|

ACTIVEECE™. STATUS™ VALUEL = Q;
ACTIVEECE™. STATUS™ VALUEZ = 0O;

GO 70O 100;
=N
/¥ IT HAAS A CALL - WHATEVER THE STATUS OF THE AL, 15,
RETURN 1T - IF IT 135 COMFPLETE, WE ALID CLEAR THE INOICATORS
IN THE TCB AND RETURN THE ECE TO THE FREE-G #/
ECR = TCER™ EFLAGRPTRLEFL.AGI;
ACTIVEECE™. STATUS := ECB™ STATUS;
IF ECE™ STATUS™. ERROR <2 REQUEST-IN-FROGRESS
THEN BEGIN /# I3 CUMPLETE - CLEAR TCB INDICATORS #/
EFMASK = MASKSLEFLAG];
TCB”. EFLAGSPOSSIELE .= TCB™ EFLAGSFOSSIELE AND NOT EFMASK;
TCB™. EFLAGSACTUAL = TCB™ EFLAGSACTUNL AND NOT EFMASK,
TCB”. .LPCPT (EFLAG) = NIL;
/% ALS0 RETURN THE ECB #/
LINEA(ECE, ECEBAVAILGHD, ECE™. ECEBGILINK);
ENLG /% CLEANING UF #/
/# NOW RETURN THE STATUS TO THE USER”S ADDRESS 3IFACE #/
ACTIVEECE™, STATUSPFTR™ STATUS = ACTIVEECE™ 3TATUS;

o o PR IR T i OV SRR
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FROGRAM TNSTALL

/% INFUT:  ECE‘S ON THE INSTALLG, WHICH SFECLIFY:
a NAME - NAME OF FROGRAM 10 INSTALL 15 FARAMI
EVENTFLAG - BY WHICH REGUESTING TASK 15 10
BE NOTIFIED OF COMFLETLION

OUTFUT:  STATUS RETURNED T0 REQUESTOR - ONE OF:
| NO-ERROR
g ERR-TAI - FROGRAM ALREADY INSTALLED
ERR-NMR - SYSTEM RESOURCES NOT AVAILABLE
, ERR-ID - I/0 ERROR UCCURRED DURING INSTALL
~ FROCEDURE. IN THIS CASE, THE TRUE I/0
- ERROR CODE WILL EE IN STATUS™ VALL

] NOTE:  THIS IS THE ASYNCHRONOUS YTASK FORTION OF
! THE INSTALL FROCEDURE. 1T 15 GUEUE DRIVEN,
E W1TH THE GQUEUE BEING BUILT BY THE SYNCHRONCOUS
/ FORTION.  IT IS SINGLE-THRENDEL. s/

VAR MYSTATUS: STATUSTYRE: HEADER: ARRNAY [1. . HDRSIZE]
DOF INTEGER; /3% £ COURPLE OF LOCAL VARIABLES #/
EEGIN
WHILE TRUE I3 BEGIN /# INFINITELY EXECUTING TASK #/
WATTFORTOPENTRY (SUSFEND, INSTALLGHD, MYSTATUS);
/# AAIT FOR SOMETHING T0O SHOW URP ON THE @ #/

ACTUAL = MYSTATUS™ VALUEL; /% ACTUAL HAS ECE ADDR #/
STATUS = NO-ERROR;
VALE := O

/# FIRST CHECK FOR ZERR-TAY #/
ICE = ICEEHD™ FIRST;
WHILE ICE < NIL DO
IF ICE™ TASKNAME = ACTURL™ FARAMIL
THEN EBEGIN
STATUS = ERR-TAI;
GO TO 200; /% COMMON EX1T FOLINT 1F NO WAIT REGUIREL #/
END
ELSE ICE = ICE™ LCERLINES FILINKS;
IF ICEAVALLEHD™ FIR=T = N1
THEN REGIN /3% HNAVE NO ICE S LEFT #/
STATUS = ERR-NMR;
GO TO 200; /# ONLY SOME OF THE ERR-NMR‘S DIE HERE #/
END
ELLSE BEGIN /# GET & FRESH ICE #/
ICE := ICEAVAILAKDN FIRST:
DELINK(ICE, ICEAVAILGHD, 1CE"~ ICBOLINK);
=N
/% NOW OFEN THE FILE #/
OFEN(SUSPEND, ACTUNL™. FARNM1, READ, CTHANNEL, MYSTATLS)
/% NOTE THE ASSUMFTION HERE THAT THE FROGRNMAM NAME WILL
CORRESPFOND EXACTLY 7O THE FILE NNAME #/
1F MYSTATUS. ERROR <2 NO-ERRUOR
THEN BEGIN /# ERROR 1IN OFENING = MUST SEND ENACE #/
STATUS = ERR-ID; /% THE ERRUOR CODES AND GIVE BACK #/
VALL = MYSTATLS ERROR; 7% THE 1CRB A% WELL #/
/% NOTE FROGRAM NOT FOLIND COMEZS BACK A2 AN ERR=-10 3#/

6-14




CINECICE, ICBAVALILZHD, ICE™ ICEGLINE);
50 TO Z00;
END;
s# NOW FIND QUT HOW EIS THE ROCT IS BY REALDING THE RHEADER #/
READSC{ SUSFEND, CHANNEL, HEALDER, HORSIZE. MYSTATUS)
IF MYSTATUS. ERROR I NO—-ERROR
THEN BEGIN /% CAN"T GET HEADER — MUST OG0 ALL THE ARBOVE #/
VALL = MYSTATUS. ERROR;
CLOSE(EFLAGL, CHANNEL, MYSTATZS); /% AND ZLJISE THE FILE -
NOTE USING EFLAGLI - WAIT WILL EBE AT END OF TASK #/
STATUS .= ERR-10;
LINK(ICE, ICBAVAILAHAD, ICE™. ICEQLINK);
GO T3 100; /# COMMON EXIT FOINT IF WAIT REQUIRED #/
=N

S




E | A ITF HERE, WE HNAVE OFENED THE FILE AND REND IN THE
j HENDER. ALTHOLIGH THE EXACT FORMNAT OF THE HEADER IS
E | NOT YET DEFINELD, SINCE 1T 1% LARGELY A FUNCTION OF THE

1 COMFILER AND LINKER "DVlDED BY THE ZYSTEM, WE ARE MAKING
E o CERTAIN ASSLMFTIONS ARBOUT THE INFORMNATION THAT-IT FROVIDES
| IF THEZE FROVE TO BE FALSE, ARFROFRIATE MODIFICATIONS
WILL HAVE T0O BE MADE TO THIS TASH. THESE ASSUMFT 1ONS
ARE:
(1) THE FORMAT OF AN OBJECT FILE 13 AS FOLLOWS:
ROOTHEADER - ROOTCODE - ULAYIHEADER - OLAY1CODE -

OLAYZHEADER - OLAYZCODE - . . . - EOF. IF THERE
ARE NO OVERLAYS, THE ROOTCODE 1% FOLLOWED BY THE
; EOF.
; (Z) EACH HEADER CONTAINS THE SIZE OF THE CODE ;
E . FORTION FOLLOWING IT IN TERMS OF THE NUMBER OF :
ﬁ MOAF REGISTERS REGUIRED FOR THE CODE, NOT THE i

NUMEER OF ACTUARL WORDS OF CODE
(3 THE ROOTHEADER ALSO ZONTAINS ALDITIONAL INFORMATION
ARBOUT THE ENTIRE FROGRAM, 1INCILUDING THE NUMEER OF
; OVERLLAYS, THE LENGTH OF THE LONGEST OVERLAY OAD f
i FATH, AND THE NUMEBER OF MAF REGISTERS REQUIRED FOR THE 3
VARIAEBLE SFACE OF THE FROGRAM. i/
s# GET REAL MEMORY FOR THE ROOT CODE, AND
SET P THE ICE, A% MUCH AZ FOSSIELE. #/ f
GETROOTMEM(ICE, STATUE);
15 STATLIS <> NO-ERROR /7% THEN THERE"S NO MEMORY st/
THEN BEGIN /# GIVE EACK 1CE OND CLOSE F1LE %/
CLOSE(EFLAGL, CHANNEL, MYSTATILIZ): 7# WAIT AT 100 #/
LINKCICE, TCENAVALLLGHED, TCE™ TOERILINE) ;
GOTO 100;
=NIL;
TCE™. MAPSFORROOT = HEADERICODESIZED;
ICE™. MAFSFOROLAY = HEANERILMAXTOLAYFATHIS
ICE™ MAFSFORVAR = HEADERLVARSFACESIZED;
IZE™. TASKNAME = ACTUAL™ FARNMAML;
ICB”.M&PSFDREUFF = MAXMAFS - (1CEB™ MARSFORROOT
+ ICE™ MNAFSFOROLAY + ICE“,MAPSFUnVAR),
LGB, UULtunNT L= 0
N /# NOW WE AN READ 1IN THE RUOOT CODE - USE A
SPECIAL READ CZALL WHICH ENABLES US TO READ INTUO
MEMORY TO WHICH WE ARE NOT MAFFED #/
READCODE (SUSPEND, CHANNEL, HEADERICODESIZE], ICB”™. TASKMAR,
MYSTATUS); /7# PARAMS ARE (EFL.AG, THNANNEL, AMOUNT TO READ
IN MﬁPREGSFULL.wHERE T READ INTO(SFECIFIED BY MAFREGS).,
AND STATUS) #/
IF MYSTATUS. uTﬂTUS <2 NO=-ERROR
THEN EEGIN
VALL = MYSTATUS STATUS, /7% GET THL1Z FIRST #/
‘LUoE(;FLPPl.!HANNEL,MYu.nTUE)i J# FOR QOBVIOUS RENSONS #/
STATUS = ERR-I10;
RETURNALLRESOURCES(ICE); /# THIS ROUTINE WITH REMOVE -
WILL RETURN I1CE AND MEMORY #/ .
GO 70 100; |
END; |4
F HEADERINUMBEROFOVERLAYS] <3 O /# ANY QLAYS TO DOT s/

6-16
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100:

ENI.

END; i

THEN FOR I0OLAY = 1 TO HEADERINUMBEROFOVERIAYS]
DO BEGIN
OVERLAYFROC(1ICE, HEADER, CTHANNEL, MYSTATUS) ;
73 THIZ WILL TAKE TRRE OF
GETTING MEMUORY AND REALING IN THE OVERLAY #/
IF 2TATUS < NO-ERROR
THEN BEGIN /# ERROR IN READING IN OVERLAY #/
VALL = MYSTATUS. VALl
STATUS = MYSTATUS. STATUS, /# SAVE ERROR CODES #/
CLOSE (EFLAGL, CHANNEL, MYSTATUS); /% CLOSE FILE #/
RETURNALLRESOQURCES(1CEB); /# GIVE BACK ALL STUFF #/
GO TG 100;
=ND;
END;

s# IF WE'RE HERE, ALL OVERLAYS ARE LOADED SUCCESSFULLY #*/
CLOSE(EFLAGT, CHANNEL, MYSTATUS); /% CLOSE THE FlLE #/
LINKCICE, ICEGUELE, ICE™ ICECILINE); /# LINK ICE TO IN-USE-G #/
% COMMON EXIT FPOINT IF WAIT NEZDED #/

WRITANY(EFLAGL, EFGOT);

GETSTATUS(EFLAGL, MYSTATLIS), /¥ CLEAR THE FLAG #/

/% COMMON EXIT RFOINT 1IF NO WALIT NEEDED #/
ACTUAL ™. STATUS™ ERROR = STATUS;

ACTUAL ™ STATUS™ VALLT = VALL;

EVENTCOMPLLETEC(ACTUNL ) /% SIGNAL THE REQUESTOR 3/

e AT IR
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FROCEDURE SETRODTMEM(ICE, STATUS)

s# 0 INFUT: ICE WHICH SFECIFIES NUMEER OF FAGES OF
MEMORY NEEDED

DUTRUT: IF AVAILABLE, REAL MEMORY 1

ICE AND MNFREGISTERTS ARE ~ILL
STATUS - ONE OF:
NO-ERROR
ERR-NMR - MEMORY NOT AVAlLAELE #/

BEGIN
IF ICE™. MAFSFORROOT > REMAININGFAGES
THEN EBEGIN /3# MEMORY NOT AVAILAELE  #/
STATUSZ = ERR-NMR;
1 =ND
' ELSE BEGIN
FILLREGSZ(ICE™. MAFSFORROOT, 1CE);
STATUS = NO-ERROR;
ENI;
SN

FROCEDURE FILLREGSZ(NFAGES, ICE)
¥ LINPLUT: NFAGES - NUMBER OF FAGES NEEDED
ICE - ICE 7O FILL IN MAFREGES OF
QUTRUT: ICE MAPREGS ARE FILLED 1IN #/

BEGIN
REMNININGFAGES = REMAININGFAGES - NFAGES,
IFAGE = FIRST-AVAILABLE-MEMORY-FAGE-1INDEX;
NEXTREG = O; ’
UNTIL NEXTREG = NFAGES DO
BEGIN
IF FHYSFAGETARLELLIFAGE] = O
THEN BEGIN
NEXTREG = NEXTREG + 1,
FHYSFAGETABLELIFAGEDT = TCE;

ICE™ TASKMAFINEXTREGI .= MAF VALLE ASS0OCIATED WITH

THIS PHYSICAL FPAGES
END
ELSE IPAGE

IPAGE + 1;




FROCEDURE OVERLAYFROC ( LCE, HEALER, CHANNEL, MYSTATUS)

Z#  INPLUT: ICB - 0OF & FROGRAM BEING INSTALLED
HEADER - AN ARRNY OF WORKING SPACE
CHANNEL - T/0 CHANNEL FOR FROGRAM CODE

OQUTRUT:  MYSTATUS - INDICATES SUCCESS/FAILURE AT
INSTALLING NEXT OVERLAY - ONE OF:

NO-ERROR
ERR-NMR - SYSTEM RESOURCES NOT AVAILNAEBLE
ERR-IO - I/0 ERROR IN INSTALL #/

BEGIN
/# FIRST, GET AN ICE #/
IF JQCBAVAILGHD™ FIRST = NIL
THEN EBEGIN /# FAILED RIGHT AWAY #/
MYSTATUS™. ERROR = ERR-=NMR;
GO TO 100; /% COMMON EXIT FOINT 3%/
END
EL%E PEGIN
OCE = OCEAVAILGHD™ FIRST
DELINEA(OCE, QCBAVALLGHD, OCE™. QCERLINE);
OCE". NUMBERUOFMAFREGS = O; /# THIZ FROTECTS US 1
CASE WE CANST GET REAL MEMORY - ALLOWS S 70 USE
RETURNALLRESOURCES ROUTINE #/
LINK (OCE, ICE™~. OCREOHD, OCE". QCEBGILINE) ;
=NLD;

/# NOW READ IN THE OVERLAY HEADER AND SEE WHAT WE NEELD #/

READSR (SUSFEND, CTHANNEL, HEADER, HDRSIZE, MYSTATUS);
IF MYSTATUS™ ERROR < NO-ERROR THEN SOT0 100;
/¥ NOW TRY FOR ENOUGH REALL MEMORY #/
QCB~. NUMEEROFMAFREGS = HEADERLCODESIZED
GETOLAYMEM(OCE, MYSTATUS™. ERROR) ;
IF MYSTATLS" ERROR <2 NO-ERROR THEN GOT0O 100;
/% GOT MEMORY, 30 NOW READ IN THE OVERLAY CZODE ITSELF #/
READCODE (SUSPEND, THANNEL, HEADERICODES1IZED, OCE™. MAFREGE,
MYSTATUS)
IF MYSTATUS™ ERROR < NO-ERRUOR THEN GOTO 10Q0;
OCE~. OVERLAY1D = AENDERLOVERLAYIDI;
OCB™. ICBPTR := ICE;
100: /# ZOMMON ZX1T FPOINT #/
END.
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FPROCEDURE SETOLAYMEM(ICE, STATUS)

s#  INFUT: OCE WHICH SFECIFIES NUMBER OF FAGES OF
MEMORY NEEZLDED

OUTRUT: IF AVALILAELE, REAL MEMUORY 15 ASSIGNED T0
OCE AND MAFREGISTERS ARE FILLED 1IN
STATIIS — ONE OF:
NO—-ERRUOR
ZRR-NMR - MEMORY NOT AVAILABLE - IN THIZ CASE,
JCR™. NUMEBEROFMAFREGS 13 ZERCED #/

EBEGIN
IF QOCBE™. NUMEEROFMAFREGS > REMNININGFAGES
THEN BEGIN /3 MEMORY NOT AVAILABLE #/
1 STATUS = ERR-NMR;
QCE"~. NUMBEROFMAFREGE = O;
END
ELSE BEGIN
FILLREGSZ (OCE™. NUMBEROFMAFREGE, OCE);
STATUS = NO-ERROR;
=ND;
END.

FROCEDURE FLl_LLREGSZ (NFAGES, OCE)
A INFUT: NFAGES - NUMBER DF FAGES NEEDED
OCE - OCB TO FILL 1IN MAFREGES OF
QUTRUT: OCE MAFREGS ARE FILLED IN #/
BEGIN
REMNALININGFAGES = REMNAININGRAGES — NFAGES,;
IFAGE = FIRST-AVAILABLE-MEMORY-FAGE-INDEX;
NEXTREG = 0O;
UNTIL NEXTREG = NFAGES DO
BEGIN
IF FHYSFAGETARLETLIFAGE] = O
THEN EEGIN
NEXTREG : = NEXTREG + 1;
FHYSFAGETAEBLELIFAGE] = OCB™. 1CEFTR;

OCB™. MAFREGZINEXTREGI = MAF VALUE ASSOCIATED

THIS FPHYSICAL FAGES
END
ELSE IPAGE = IFPNGE + 1,
END;

P e R . e

WITH




4.2 1.2 REMOVE

FROCEDURE REMDV" ¢ ACTIVEECE )
S INPUT CTIVEECE, WRICH =F

ECIFIES:
A iE ~ ASCII NAME JF A FROGRAM T3 BE REMCVED
FRb THE FROCESZCOR — IS FARAML
EVENTFLAG — FLAG OF CALLING TAsk T3 BE SET AT

CﬂMrLCTI N OF REMOVE
—

JUTRUT: 2TA - SUCCESE COR FAILURE CODE
NU—ERROR
ERR-T ~ FROGRAM I3 NOT INSTALLED
ERR-ALIVE FROGRAM HAS LIVE TASKES WwARiled HAVE NOT

AAD "RILL" TALLS T3SUED
CRR"EF AG = [ TATE rh\/'EMTI I
ERR-SUICIDE - FROGRAM uﬁﬂhd. REMGVE ITSELE #7

SESIN
TASKNAME = ACTIVEECE™ FAR AM;.
ICBVICTIM = IZBEAD™ FIRST: /% ICEBVICTIM MUST BE REMOVED s/
WHILE ICBVICTIM I3 NIL ﬁND TASENAME - ICEVICTIM™ TASKNAME

0o ICEBVICTIM = ICEVICTIM™ ICBGELINK™ FLLINE;

IF ICBVICZTIM = NIU
THEN BESIN
STATUS = ERR-TNI;
SOOTDOS
END;
TCOR = ACTIVEECZE™. TCERTR:
ICE = TCB™ ICEBPTRI
IF ICE = ICBVICZTIM
THEN EEGIN
STATUS = ERR-SUICZIDE;
GG T3 5
END;
TCEFTR = ICEVICTIM™ TCBQRD™ FIRST
wHILE TCEFTR < NIL DG
IF TCBEPTR™ WILLECEPTR = NIL

THEN BEGIN
STATUS = ERR-ALIVE;
GO TO 35

END

ELZE TIBPTR = TCERPTR™ CLONER

NEC FILINKG

LIN
s BY THE TIME WE SET HERE, WE HAVE WEEDED -! T THE CASES OF

¢x NO SUCH Lo == ERR-TNI;
(2) TASK REMOVING ITSELF -= ER
3)  NOT ALL INVOCATIO dF RO
HON:V:R; THIS DOES NOT IH b
CORIES OF THE PROGRAM. */
TCEBRPTR = ICBVICZTIM™ TCE@HD™ FIRST,
IF TCEPTR = NIL /7% THEN THERE ARE NO RUNNING CORIES #/
THEN BEGIN
RETURNALLRESOURCES(IZE): /% GIVE BACK EVERYTHING
STATUS : = NG-ERRCR;
END
ZLSE BEGIN /7# THERE ARE, 30 3NAVE ECE #/

R-SUICT
GRAM KILLED ~— ERR-ALIVE.
AT THERE ARE NO RUNNING
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STATUS = REBUEST-IN-FROGRESS;
I““VI’.;M”.REMOVE:uDF|n = ACTIVEECE;

r o
B
o

FROCEDLRE ﬂET”RNQhLﬂEUU“N =S ¢ LEE )
. INFUT: CE OF A TASK TO RBE REMOVED
DUTRUT: NDNE -— AlL RESOURCES (QCES, ICE,
MEMCRY) ARE RETURNED T3 SYETEM FR

moD

5TS #/

SEGIN
QUEFTR = IL[IB™ QCBEeRD™ FIRM
IF OCERPTR < NIL /7% THERE
THEN BEGIN

ARE OVERLAYS TO DO s/

WHILE OSCEFTR <3 NIL DO REGIN
OCENXT = JCSFTP L OCEEL INEC FLINES

% FEEEF TRACK OF VcXT ONE WHILZ DOING THIZ ONE #/
RETURNREALMEMORY ( IJCEBTYPE, OCEFTR)S
/% THERE SGOES MEMORY #/
WINKE ( OCBFTR, JCEAVAILAKD, JCERPTR™ DJCERLINE)
/% AND THERE UDE” THE QCE #/
JCEBPTR = OCENXT, /s NOw DO THE NEXT IONE *7
END;
=ND; /* THROLGH WITH ZCBES HERE #/
RETURNR LMEMURY ( ICBTYFE, ICBE ); /# NOW SINVZ BACK THE
MEMORY CDN*AI\;NG THE ROOT #/
CINK ( ICE, ‘MD@V@ILGHD. ICE™~ ICEBQUINK):, /% AGND THE ICE +/
ENI.

R i TP RS e
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TASK MANAGEMENT ZALLS
1 SCHEDULE

FROCEDLRE SCHEDLLE ( ACTIVEECE )

PET: ACTIVEECE, WHIDH ZFECIFIES:

TASENAME - AZCII NAME OF FPROGRAM T3 RUN - IN FARAML
SVENTFLAG - IF 1-13 OR "SUSPEND", TASK IS CHILD OF
CALLER AND FOST USES THIS FILLAG: IF " INDEFENDENT",
TASK I% INDEFENDENT OF CALLER

OUTRUT:  TASKID - I0 OF SCHEDULED TASE: MAY BE USED
T
i)

SEGIN

FOR WILL ~ ARDR IN FARAMZ
STATUS — COMFLETION 20D
IF EFLAG IS 1-15 OR INDER:
NO-ERROR
ERR-FERMIT - FROGRAM FLAGGSED FOR REMCOVE
ERR=-TNI - TAS NOT INSTALLED
ERR~-EFLAG — ILLEGAL sVENTFILAG
ERR-NMR — NO MORE ROCM IN MEMIRY

IF EFLAG IS SUSFEND:
3 WORDS OF DATA FROM CHILD'S FOST OPERATION
ERR-CHILD - CHILD DIED BEFORE FPOSTING #/

TAZENAME = ACTIVEECE™. FORAML:
ACTIVEECE™ FARAMZ™. TASKID = NIL: 7% INITIALLY NONE s/
ICEFTR = IZBEHD™ FIRST:
WHILE ICEFTR <2 NIL AND TAZKNAME < ICEFTR™ TASENAME
OO ICEBRFTR .= ICBPTR™ ICBEBG@LINE™ FLINE;
IF ICEPTR = NIL
THEN BEGIN
STATUS = ERR-TNI;
GO TO S
END;
/# IF DESIRED, CHECK HERE FOR MAXIMUM INVOCATIONS
OF A GIVEN FROGRAM. #/
ICBPTR”. REMOVEECERPTR < NIL
THEN BEGIN
STATUS .= ERR-FERMIT:
GO 70 5
END
ZLSE GETSYSBLOCKS(TCB, ECE, ECE, 3TATUS)S
IF STATUS <2 NO-ZRROR /73 GOTTEN RID OF MANY ERRORS EY NOW
THEN GOT3J S /# IF HERE, MOST RESCURCES AVAILAGBLE*/
LINE(EBCE, TCE™. BCBGHD, BCE™. BCEEL.INK);
FILLITCBC(ICBPTR, TCB); /% SET P PORT OF TCB & BCDB #/
SETVARMEM(TCE, STATUS); /+# GET LAST RESCURCE #/
= ERR-NMR
5IN /7% COULDNT SET IT, S0 #/
CB, TCEAVAILSKD, TZE~, TOEBOLINE): 7% GIVE BACK #/

L3}
|
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LINK(ECE, ECEAVAILOHD, ZCB™. ECEQLINK); /# EVERYTHING #/
LINK(ECE, BCEAVAILAHD, BECE™. BCEMRLINK); /# ELIE #/

END

ELSE BEGIN /#GOT IT, S0 FINISH NOW 3#/
FILLZTCEB(TCE): /# FILL MOST OF TCB #/
TCB™. EFLAGPTRLSUSFENDI @ = ECE;
ACTIVEECE™. FARAMZ™. TASKID := TCE™ TASKIDU; 5
FAMILY = ACTI1VEECE™ FARAMZ; i
IF FAMILY <2 INDEFENDENT

!]
|
i
5
i
|
|
|

THEN BEGIN /% SET UF FAMILY LINKAGES #/ |

TCEB™~. FOSTECEFTR := ACTIVEECE:; |

FATHER := ACTIVEECB™. TCEPTR; |

TCB™. PARENT := FATHER; !

) LINK(TCE, FATHER™. CHILDGHD, TCE”. BROTHERGLINK); |
END |

ELSE REGIN /# SET UF INDEFENDENT 3%/ f
TCB™. FPOSTECEFTR = NIL; :
TCOE™~. FARENT = NI1L; |

TCE~. BROTHERGLINK™. FLINK := NIL; §

TCE~. EROTHERGLINK™ BLINK := NIL; |

ENL; ]

LINK(TCE, TCEREADYGHD, TCE™. TCBRLINK); 4

END; |

5: ACTIVEECE™. STATUS™. ERROR = STATUS; ;
END. j
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FROCEDURE GETSYSBLOCKZ(TIE, ECE, BCE, 3TATUS)

s TNPUT: NONE
OUTRLT: ADDRESSES OF A TCB, ECE, AND BCE, IFF
(A1 -hnEE ARE AVAILABLE, OR ELSE

T:: HN‘FI ll--

ST TUC b= LITHE“ NO—-ERRIR, I
CASE ALL THREE WERE ACIQILIRED, OR
—NMR #/

SEGIN
IF TCEAVAILIAD™ FIRST < NIL /% TUE AVAIL #/

AND ECBAVAILAOHD™. FIRST <> NIL /7# ECE AVAIL #/
AND BCEAVAILARD™ FIRST < NIL /% ECE AVAIL +#/

‘ THEN EBEGIN
TCE = TCEBAVAILIHD™ FIRS
UELINF(*LE»TLDpVAILUHU:TCE CTORELINKE DY
ECE .= RBCEBAVAILGHD™ FIRST
DEL Vh(DPD»DCDAVﬁI UHD.DCB L BCEGRLINKD
ZCE .= ZCEAVAILAGHD™ FIRET
UELINK(E B, ECEAV ILQ.E:EﬁB”.E: L INR)
STATUZ = NDO-ZRROR;

SLSE STATUS = ERR-NMR;
END.

FPROCEDGRE FILLATIEB(IZE, TIBE)

LT ADDR OF AN IZE AND A BLANE TCBE

FOTS PART OF TCE IS F 'LQU IN - NOTE
THAT NOTHING I3 DONE THAT AFFECTS ANY
OTHER CURRENTLY USED SIYSTEM DATA
STRUCTURE ENTRIES (ILE . TCE IS NOT
CINEED TO ANY HIEUES), ALTHCO THE
BCE _INKED T3 THE TIB Ia ALSO FARTIALLY
FILLED s#/

BEGIN ;
TCE™ ICEFTR := ICB; !

BCE = TZR™ BCEoHD™ FIREST
BCE™. NUMBEERCFMAFRESS = ICB™ MAFSFIRVAR,
BCE™ BEGINNINGMAFRRES = ICB™ MARPSFIRRICT -

T-‘:B’ MARPSFIRILAY + 1
BC CJWNERTCEBRFTR = TCE;

END.
6-25
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FROCEDURE SETVARMEM(TCE, 3TATU

(0]
m
o

L]

)

f_l'.l

INFUT: A TCE, WITH A MOSTLY EMFPTY EBCE HOOKED ON
SIEFTRINT - IF AVAILAEBLE, REAL MEMCRY I35 ALLICATED FOR
THE VARIAELZ SFPACE OF THE TASH
STATUS:

NO-ERRCR

ERR-NMR  #/

ECE = TCB™ BCE@RD™ FIRST

iF ECE .NLHELQJF IAFREGS  REMAININGFAGES
THEN STATUS = ERR-NMR
cLSE DEULV

FILLREGS(BCE™. NUMEBEROF MEFREGS, BCEY;

S THIS ROUTINE IS WITH THE MEMGRY MGMT ROLTI
1T FPERFIORME THE ACTLAL ALLOCATI dN AND FLAC

THE MAFREGISTER VALUES IN THE ECE. =%/

i o]

= NO-ERROR;

INFUT FARTIALLY FILLED IN TCE
JLTRUT: TCE IS ALMCST ZOMPLETELY FILLED IN HERE
SINCE ALL RESCURCES HAVE REEN ALLICATELD,
IT I35 NOW SHEAY 7O LINE THIS TCE 7O OTHER
SYSTEM QUELES THE ASSCCIATED ICE AND BCE
ARE ALZD UFDATED. NOTE, HOWEVER, THAT
FAMILY LINMAGES ARE NOT RFT NOT OONE HERE. #/
N
BCE = TCB™ BCEBEHD™ FIRST /# OO0 BCE FIRST #/
WITH ECE DO RESIN
BUFFERID = O; /% FOR VARIAEBILLE SPACE #7
JESECOUNT = 1
IOINFR 52 = 0;

SHARE : = rALoE; /# MOST OF THESE ARE NOT #/
RELEASEECBFOINTER := NIL; /# RELEVANT FOR THIS #/
JWNERBCBFOINTER = NIL, /% FARTIZULAR BCE */

END;  /# BCE NOW FILLED IN COMFLETELY #/

ICE = TCE™ ICBFTR; /% NOW DO IZE #/

CINKA(TOE, ICE™ TCBOHD, TOB™ CULIONESLINED

CBTOOSECIUNT o= ICES USECDUNT + 1

s# IF ANY LIMITATION ON THE NUMBER OF CORIES OF
Q FARTICLLAR PROGRAM IS5 TO RBE IMFOSED, IT WiILL
HSAVE BEEN DONE BEFIRE THIZ. SEE R-UTT.E SKEDL,
”“ERE VARIIWS ENTRIES IN THE ICSE ARE THECWED., s/

/# ARE NCW DONE WITH THE ICB. #/

WITH TCBE DO REGIN /7% START THE TIR 7

_FLPGS CTUAL = O
LAGSFOSSIBLE (= O

NAITFLI V35 = 04

FOR IREG := {1 7O iS DO




EFLAGFTREIIREGT = NIL, /# #1& DONE IN SEEDUL. #/
ILLINFROGRESS = FALZES
LASTRBUFFERID = O;
=NI;
| FOR OIREG = 1 TO CONTEXTSIZE 10
TCE. TASKCONTEXTLIREGD = 1CE™ INITIALCONTEXTLIREGI
ASSTGNID(TCE™. TASKID);
FOR IREG = 1 TO ICE™ MAFPSFORRCOOT DO
TCE™. TASKMAFLIREG] = ICE™ TASKMAFLIREG],
E | FOR IREG := 1 TO ECBE™. NUMBEROFMNAFRESS L0
; TCR™. TASKMAFLBCE™ BEGINNINGREG + 1REG - 11
, = BCB™. MAFPREGZCIREG];

=N
FROCEDURE ASSIGNIDC(TASKIDN

S INFUT: NOTHING
OUTHUIT . TASKID — TASK IDENTIFIER THNT 135 LINIGUE
WITHIN THIZS FROCESZOR. MOST LIKELY, JUST
A FOSITIVE INTEGER. SOMETHING MORE COMFLI-
CATED MNY RBE USED, HOWEVER. #/

LASTID := LASTID + 1;
TASKID := LASTID;
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6.2 2 2. PO
! FROGRAM FOST ( ACTIVEECZE )
A INPLT ACTIVEECR, WAIDH SPECIFIES:
DATAWCRIOS - ADDR OF 3 NORES
BACK T2 CALLING TASK S FARE
| JUTRLT:  STATLS - SUCIZESS OR r"é‘IL RE

NO—:RRUR

ERR-INDEF TASE HAS NO

ERR- -
! ERR-ALL - TASK HAS ALREAD
f BEGIN
1 CHILDTCE @ = ACTIVEECE™ TCERTR;
= FARENTTCE = CHILDTLE™ FARENT,
i IF FARENTTIE .= NIL
] THEN STATUS : = ERR-INDEF
ELSE
IF CHILDTCE™. POSTECE = NIL
; THEN 3TATUS : = ERR-ALU
3 LSE BEGIN
STATUS = NO-ERROR;
CHILDTCE™ FOSTECE := NIL;
MOVE 3 WORDS FROM DATAWCR
EVENTCOMPLETE ( FOSTECE )
END;
ACTIVEECE™ STATUS™ ERROR := STATUS;

OF DATA 7O B
NT - ADDR IN
CoDE:

FARENT
FOSTED ONCE

Y

#*/
3
FOSTECE™ STATUS 3




FROCEDLURE wILL(ACTIVEELCE)

L)

ACTIVEECE, WHIZH SFECIFIEZS:
TASEID = OF TAZK TO MILL, IN FARAM L. r TASK
S WILLING ITSELF, TASKID I35 ZERO. NOTE THAT ALl
DESCENDANTS OF SFECIFIED TASK WILL ALSO BE KILLE
EVENTFLAG — BY WHICH TO NOTIFY THE CALLING TASK
NOTE THAT EVEN IF A TASK IS5 SUICIDING, A COMFLETION
NOTIF CATIDN WILL =TILL BE FERFORMED. SEE ROUTINE
“DISMEMEER FOR DETAILS
STATUS - JU|P22€ OR FAILURE CODE. ONE OF:
NO—-ERROR
ERR-EFLAG - EVENTFI_LAG EZRROR
ERR=-NYZ - TASE SFECIFIED I3 NEITHER SELF NOR A FIRST-
GENERATION DESCENDIANT IF THE CALLER

WHILE THE KILLING OF A& TASKH AND ALL ITS DESCENDA

MAY EBE FPERFORMED ENTIRELY SYNCHRDNDUJLY, THIS I= NG

ALNAY? FOSSIELE. IN THIZ ZAZE, THE FPROCESS WILL OCCUR
SYNCHRONCOUSLY, AND IN FOSSIELY BEVEnAL SECTIONE. NS

ﬁ DESCENDANT TASK 'S EVENTS ALL RUN DOWN T2 ZOMPLETION:
HAT DESCENDANT TASH Witi ZE EILLeD. QUJE ER: SINCE

HILLINB A TASK WILL DAUSE US TO FAKE A& POST T3 IT3

FARENT, IF ONE I3 QUTS ANDTVG, THE FARENT MAY ALSD BE
wILLED THEN, AND S0 ON P THE -INE. s
FIRST CHECE THE TASKILD IF @ CALLER I3 WILLING
HIMSELF. IF NOT, HE HAD BEST BE RILLING A 13T
GENERATION THILD., #/
c= ACTIVEECE™ FARAML;
ROCTIOD = O /% IS5 SUICDIDE +#/
THEN BEGIN
ROOQTTCE = TIVEECE™ TCEFTR: /4% ROOTTIZE IS FIRST DENTH #/
ACTIVEECB*.:UIL DE := TRUE;

ACTIVEECB”. KILLOENT = O;

/# WE KEEFP MUCH HOUSEKEEFING INFORMATION IN THE ACTIVEECE.
THIS INCLUDES AN INDICATOR OF WHETHER OR NOT THIS IS A
SUICIDE:. HOW MANY TASES TO KILL(EXCLUDING THE CALLE
IFF A SUIZIDE), AND OTHER INFCD DESCRIBED BELOW. /7

G0 TO 100 /% WHERE THE SLAUGHTER BEGINS IN EARNEST #/

E BEGIN /% CHECKING OF CALLERYS WIDS #/

TCE = ACTIVEECE™ TCEBPTRI

CTCE = TCE™ CHILDGHD™ FIRST; /# FIRST KID +/
IF CTCE = NIUL

THEN BEGIN /# HE HAS NO WIDES, AND I7T°S NOT SUIZIDE #/
ACTIVEECE™ STATUS™ ERROR . = ERR-NYI,
S300T3 200

E BEGIN /% NOW CTHEDW ALl THE KIDES /7

A PN MR st
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WE HAVE NOW

B OF THE FIRS
HIS DESCENDANTE, EVEN LINTD TH" THOUSANDTH SENERATION. =/
ACTIVEECE™ ORIGINALCALL := TRUE;

ROOTKILL(ROQTTCE,
£ ¥ HHEN NE bET EA

THE S.ATU

WHICH WIL
SNCT FINISHED. SET ORIGINALCALL 7O FALSE, =0 WHEN IT DOES

"INI?H(ASYMC4RWNG SLY), WE

e
-

CYER .= LCTCB~.
CTCE = N" VE
THEN [n:u Hh

END
ELSE BEGIN /s
ROCGTTCE @ =

ACTIVEECE™.
ACTIVEECE™.
GO 70 1CC;

E CTCE <2 NIL AND CTCE™ TASEID <2 ROOTID

EROTHERGL ITNE"™. FLINS;
NI l:\l:. i ll’-\(T-.: e

GOT7T THE LITTLE BEGGAR #/
CTCR;

SUICIDE FALZE;

[

‘.LI—L.‘IT .L)

/# LET THE GAMES EBEGIN 3/

END; /% IF CTCE = NIL #/

s ALE0 IF CTCB
S OIF ROQTIO = © s/
EITHER CAUGHT AN

200, OR ELSE
TASE TO

ACTIVEECE),
Wy IF EVERYTHING A% BEEN wILLED(FOR A NON-

= NIL #/

ERR=-NYZ AND
IN “ROOTTCES WE HAVE THE

WE MUST ALZD AI;L AL

EVERYTHING EUT THE CALLER(FOR A& SUICIDE), SET
I'J NU—ERRUF\ ANU g:T T"iﬂ ‘J-J c":l ll‘lE unt_L_L»’ IM I_C.l .LJN:
FAEE INTI AN EVENTCOMFLETION. IF THE KILLING

ILLCOUNT = ¢

IVEECE™ STATUS™ ERROR := N
IVEEZE™ ORIGINALCOALL .= FA

WILL DO THE EVENTIOMPLETION. #/

-ERRUIR
SE;

Q
&




FROCEDURE ROOTWILL(TCE, WILLECE)
F#%  INPLUT. TCE - TASK WHICH I3 TO BE HILLED, ALONG

DEGIN

WITH ALL DESCENDANTE

wILLECE - THE ECE FROM THE KILL ZALL. WE WILL
WEEFR TRACK DF SEVERAL THINGE IN HERE, INCLUDING
WHETHER R NOT THIS IS5 A SRIZIDE ®KILL, AND THE
TOTAL NUMEER OF TASKES WHOSE Il TANNOT BE COM-
FLETED IMMEDIATELY

QUTRLUT:  NONE 7/

S# MOST OF THE HILLECE HAS EEEN SET UF ALREADY. IN “KILLY,
WE ZET UF THE sSUICZIDE FLAG AND THE ORIGINAL VALUE FOR
KILLCOUNT(O IF SUICIDE, 1 IF NOT). THUS, WHEN WE DISMEMEER
THE LAST TASK(MILLCOUNT G0ES BACK T3 ZERD), WE CAN STSNAL
COMPLETION T3 THE CALLER. #

TCE™. WILLECERTR := HILLECE:

7% NOW WHAT WE DO IZ RILL ALL LOWER TASKS FIRET, AS MUCH
A IS5 POSZIBLE =/

STCE .= TCR™ CHILDGRD™ FIRST;

IF CTCE <2 NIL /% THEN THERE ARE KIDS #/

THEN BEGIN
DESCHILL GCTEE, MILLECE);
FAKEWAIT(ITCE); /% THIS COMFLETES THE WILL OF THIS
FIRST CHILD =/

=N

FARKEWAIT(TIE); /% THIS ROUTINE SETS HIM UF AS WAITING
FOR ALL INCOMFLETE EVENTS, OJR, IF THERE NRE NONE,
HAS THE ACTUAL KILLING DONE #/




PROCEDURE DESCKILL(TCB, KILLECE) ;
/% INPUT: TCE - OF A TASK, ALL OF WHOSE DESCENDANTS |
AND SIBLINGS AND THEIR DESC ENDANTS ARE TO BE KILLED |
KILLECE - THE ECE FROM THE ORISINAL #ILL CALL, WHERE
WE D0 SOME HOUSEKEEF NG
JUTFUT.  NONE #/
BEGIN
TCB‘.'I_hECDPT c= KILLECE; ;
ECE™. KILLCOUNT : = KILLECB™ KILLCOUNT + 1; -
/* NOW WORK OUR WAY DOWN THE TREE AS FAR AS FOSSIBLE #/
CTCB = TCB™ CHILDGEHD™ FIRST 1
IF CTCB <> NIL
THEN DESCKILL(CTCE); /# RECURSIVE DESCENT #/
/% ORE NOW EIT.En DOWN AS FAR AS POSSIBELE, OR HAVE
DONE SVERYONE EELOW THIS TA“V AND ARE ON THE wAY
BACK UF. 50, FIRST SAVE THIZ TASK S EROTHER LINK,
IF ANY, AND THEN HILL HIM #/
ETCE = TCB™ BROTHERGLINK™ FLINK;
/% NOW TAKE CARE OF THIS SUY #/
FAKEWAIT(TCR)
/% NOW, IF THERE WAS A SIB, SET HIM #/
IF BTOB <> NIL /7# G0 ACROSS TREE #/
THEN DESCKILL(BTCE); /% DESCEND AGAIN #/




FROCEDLRE

QUTRUT: NONE s/

.l.l

1

NEEWATT(TIE)
TCE - OF & SINGLE TAse 7O SET UP FOR
RUNDOWN OR TO DISMEMEER

FIRST TAKE THIS GLY OFF THE READY-2, IF ON IT #/
TCE™ WRAITTYFE = NIL 7# HE"S ON IT +#/
THEN DELINE(TCE, ROYGHAD, TCEB™. TCEALINK); /3% NOW HE'S NOWHERE #/
NOW CHECK FOR INCOMPLETE EVENTES #/
TCE™. EFLAGSFOSSIELE I O /7# HE HAS SOME +#/
THEN BEGIN /3 SETTING UF FOR RLINDCOWN 3/
WIlTH TCE DO
BEGIN
WARITFLAGS = EFLAGSFOSSIELE: 7% WAIT FOR ALL #*/
IF WAITTYFE = NIL /7% HE®SZ ON NOTHING #/
THEN LINS(TCE, SUSFPENDOSD, TCEBOLINEDY /7% PUT ON SUSFENDD #/
WAITTYFE = WAITALL:, 7# WARIT FOR ALL #7
END; /¥ WITH #/
END /3% SETTING UP FOR RUNDOWN #/
ZLSE BESIN /7% HE HAS NO INCOMFLETE EVENTS. HOWEVER,
WE ZAN"T JUsT DIQ.EMLER HIM SUT OF HAND, SINCE HE
MAY “OWNT A BUFFER FIOR WHIZH A DESCENDANT HAS AN

it st i

L:\EL‘MPL:T: 170 TRANSFER. IF =20, JRST MAKE SURE HE
GIOES TO THE SUSPEND-GL OTHERWISE, THOLGH, WE AN

DISMEMEER AHIM. -t/
BCERPTR @ = T:E . BCEOHAD™. FIRST:
RELEASABLE . = TRDLI
WHILE BCEFTR I NIL DO
[L‘J-LM
IF BCEBFTR™ IOINFPROGRESS <> O
THEN RELEASABLE .=
/# NOTE ONLY HAVE TO CHECK LDLNFRGGRESS COLNT,
SINCE THIS CAN BE NON-ZZRC ONLY FOR THE CAhsE
WE WANT #/
SCEFTR = BCEFTR™ BCECH.INE™ FLINE;
END; 73 WHILE #/
RELEASARBLE
THEN DISMEMBER(TCE) /# DO IT IF WE CAN s/
ZL3E BEGIN /# MAKE SURE HE IS ON SUSFENDQR #/
IF WAITTYRPE = NIL /7# HE WASN‘T #/
THEN LINE(TCE, SUSFENDGHD, TCE™. TCERLINK)
WRAITTYFE = WAITALL,
ZND; /3% IF RELEASABLE +#/
END; /7% DISMEMEERING #/

-
m
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FROCED
/7% (N

auT

BEGIN

URE UISMEMEBER(TCE)
FLUT: TCE ~ OF A KILLED TASK, ALL OF WHOSE
EVENTS HAVE COMPLETED
FUT: NONE. ALL. RESOURCES(ECE S AND BUFFERS,
TCE, AND ECE-S) ARE RETURNED. ICE IS ADJUSTED.
IF ICE HAD AN DUTSETANDING REMOVE CALL THAT CAN
NOW BE COMFLETED, 7THIS 1% DONE. FINALLY, 1IF
THIS IS THE LAST TASK TO BE DISMEMEERED UNDER
THIS KILL CALL, THE KILLECE IS PASSED 70 EVENTCOMFILETE#/

/# DO ICE FIRST #/
ICE .= TCEB™. ICBFTR;
TCB™. USECOUNT = ICBE™. USECOUNT - 1;
DEL INE(TCE, 1CB™. TCBQHD, TCE™. CLONERL INE);
/% NOW CHECEKE FOR INCOMPLETE REMIVE #/
IF 1CBN REMOVEZCERTR < NIL /7# THERE 1% ONE #/
AND TCR™. USECOUNT = O 7% OND WE CAN DO IT #/
THEN REGIN
REMECE := ICE™. REMOQVEZCEFTR; /# GET THE EZCE #/
RETURNALLRESOURCES(ICE);; J/# COMFLETE THE REMOVE #/
REMECE~. STATLIS™. ERROR : = NO-ERROR;
EVENTCOMFLETE(REMECE); /% OAND SEND THE COMPLETION 3#/
=NDG
% NOW 0 THE TASK #/
/% FIRST ZEE IF THERE ARE ANY ECE'S TO RETURN. THERE CAN
STIILL BE 30ME FROM EVENTS THAT COMPLETED FOR WHICH HE DIDN-T
N0 A “GETSTATUS . #/
FOR IFLAG := 1 TO 1é DO
IF TCE™ EFLAGFTRLIFLAGI < NIL /% GOT ONE #/
THEN BEGIN /% FPUT ON FREER #/
ECE = TCR™ EFLAGFTRLIFLAGI;
LINK(ECE, ECERAVATILGRD, ECE. ECRA_INK);
=ND;
/% NOW SEE IF HIS FARENT IS WAITING FOR HIM #/
IF TCE™ POSTECE < NIL 7# YUF, HE 15 #/
THEN BEGIN
PECEB = TCEB™. FOSTECE;
FECB™. STATUS™. ERROR := ERR-CHILD;
/# THIS COVERS THE CASE OF A PARENT WAITING FOR A
CHILD WHO SUICIDED, OR OF A FPARENY WHO KILLS HIS

OWN KID #/
EVENTCOMFILLETE(RECE): /# TELLL FARENT #/
=ND;
/# NOW SEE ABOUT THE KILLLING TASK: NUES IT GET A
COMFLETION NOW #*/
KECB := TCB™ KILLECEPTR;
KECE™, MILLCOUNT = KECB™ WILLCOUNT - 1;

/% NOW WE ANVE DECREMENTED THE COUNT. 1F NONE IS LeFT
AND 1T IS NOT THE ORIGINAL CALL, WE NOTVIFY THE CALLER
IF IT WAS NOT A SUICIDE, AlLL 15 WELL. IF IT WAS, NOW THE
SUICIDER GETS HIS LAST EVENT. THUS, IN A SUICIDE, THE CALLER
WIiLL ALWAYS RBE THE LAST ONE KILLED #/

IF WECE™ KILLZOWUNT = O

AND KECB™. ORIGINALIALL = FALSE




THEN EEGIN
RECE™ 3TATUS™ ERROR .= NO-ERROR;
SVENTCOMFLETE(KECE), /% NOTIFY THE HILLER #/

- P

END;
S# AND FINALLY, RETURN

Al
RETURNALLTASKRESGURCES (TCE

2 GLY S RESQURCES #/
Vi

TS ———




RETLURNALLTRSERESOURCES(TZE)

FROCEDURE

- OF A TASK WHOSE BCES,

BUFFERS, AND TCE COAN RBE RETURNED TO FREE-2'Z
NONE  #/7

g

CET BCRRHD. FIRETS
ONIL A% THERE ARE BCEYZ TO DO s/

EN BEGIN
WHILE BCBFTR <> NIL DO BEGIN
BCBNXT := BCEPTR™. BCBOLINK~ FLINK;

FEEF TRACE OF THE NEXT ONE s/

BCEBFTR™ DWNER = TRUE

THEN RETURNREALMEMIRY(ECETYFE, BCEFTR)

CAN ONLY RETURN THE MEMCORY IF HE GWNED [T 7

ELZE BEGIN /% ZEE IF GETTING RID OF THIS GUY MEANE

THAT THE DOWNER OF THE MEMORY AN ALSO G0 w7/
OBCE = BCBPTR™ OWNERBCEFTR:
IF QRCE™ I[OINFROGREZS = O

THEN FARZWAIT(OECE™ JWNERTIEFOINTER),

A% NOTE THAT THIS FAKEWAIT MAY EE REDUNDANT.
BUT IT WILL NOT CZALSE ANY REAL GRIEF 7/

ENDIG 7% IF OWNER #/

LINE(BCERFTR: BCEAVAILIHD, BCEFTR™. BCOREALINED;
S# CEN ALWAYS RETIIRN THRE RBCE, THO #/

¥ WHILE #/

7 IF s/

CINEA(TCE, TCRBAVAILAHD, TCE~ TCRALINE), /% FREE TC

*/

Lo




6.3 MEMORY MANAGEMENT

&oE0L OVERLAY CONTROL

b,

o3

Lol 1 LOADOVERLAY

FROCEDURE LLONDOVERLAY  (
L INFLT: ACTIVEEDRE, WHICH SFECLIFIES:

OVERILAYID = ID OF AN OVERLAY 70 WHICH
WILL EE MAFFED — IN FARAMIL

CALLING VA 1S MOFFED 10 OVERLAY 1F
STATUS - SUCCEESS OR ERROR CONE:
NO-ERROR

ERR=OLAYID — OVERLAY NOT ASSUENED

ACTIVEECE )

DUTRUT:

1o
BEGIN
TCE
LR
FLINK
OVERLAY LD
WHILE FLINE I3
OO FLINE @+
FLINK NIL
THEN BEGIN
STATLE = NO-ERROR;
FOR IREG 1070 FLINE™ NUMEEROFMAFREGS
TCE™ TASEMAFLFLTNE™ EESINNINGREG+IRES
FLINK™ MAFREGSTIREGTS

CTIVEECE™. TCEFTR;
CE™~. 1CEFTR;

ICE™. QCEQHD™ FIRST;
ACTIVEECE™. FARAML;
NIL OND FLINE™
FLINES QBRI INE™ FLINES

mr—

= B
=

OVERLAY 1D <35

e ot

IVE

',._.

)
o t”

I

=ND
E_SE
ACTIVEECE™

STATUS : = ERR-OLAYID;
STATUS™. ERROR STATUS

CALLING A=

LEGAL

THIS TazE #7

RLAYID

N
= =

J




& B 1R RELEASEDVERLAY

SROCSDLURE RELEASEOVERLAY ( ACTIVEECB )

¥ ITNFUT: CCTIVEEZCE, WHICH SPECIFIES:
OVERLAYID — 1D OF &N OVERLAY WHICH CALLING Trsk
IS TO BE MOARPFPED QU7 OF - 15 PARMML

OUTRUT CALLING TRsE 1S MARFED OUT OF OVERLAY IF LEGAL. -

STATUS - SUCCESES OR ERROR COOE:
NO-ERROR
ERR-OLAYID — OVERLAY NOT ASSIGNED T THIS TASK
ERR-MNF - TASE NOT MARPFED INTO THIZ OVERLAY #/

BEGIN
TCE = ACTIVEECE™. TCEFTR;
ICB := TCEB™~ ICEFTR:;
FLINK = 1CEB™. OCEGHD™ FIRZT;
OVERLAYID = ACTIVEECZR™ 2ORAML;
WHILE FLINE < NIL AND FLINE™ OVERLAYLID <> OVERLAYLID i
FLUINE = FLINES QCBRLINE™ FLINES
iF FLINK = NIL
THEN STATUS - = ERR-OLAY1D
CLSE REGIN
HNMORTLOY | ]lE, LINK, RETURNSTATUE);
ZTATUS = RETURNE Tﬁ s
=N
ACTIVEECE™ STATUS™ ERRUR =~ STATUE;
=

FROCEZDURE UNMAROLAY ( TCOR, FLINE, REVURNSTAT )
Vi ANFLIT: ADDR OF & TCE OND AN © WICH 1= 70 BE MAFFED
OUT OF THIS TAask — TRk NEED NOT B CURRENTLY
MOFFED IN
OLITRL IF MAFRFED IN AT CALL, TNSK 15 MAFFED QUT AT RETURN
RETURNEZTAT — EITHER NO-ERROR OR ZRE-MOAF ¢/

HEGIN
RETURNZTAT = NO-ERROR;
FOR OIREG = 1 70 FLINE™ NUMEEROFMNAFRESS D0
IF TCE™ 1ASEMAFPIFLINE ™ BEGINNINGREG+IREG-11 =
FLINK“.MAPREGSCIREG]
THEN
TCE™. TASKMARLFLINE" BEGINNINGREG+IREG-1]
cm HLEGRL-MAFREGISTER-VALLLE
ELIE RETURNZTNAY = ZRR-MNF;
NI

B TR RN " ST

et ki bl
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2 b 2203 [ ough ol nied a3

Lo AT

& 3% L GETELFFER

FROCEDURE SETRUFFER ( ACTIVEEZE )

;% TRPUT ACTIVEECE, WHICH SFECIFIES
LOGADDR - LOGICAL ADDRESS IN LSER SFACE
AT WHICH BEUFFER SHALL START - IN F
NWORDS —— NUMEER OF WORDS IN BLFFER - IN PARAMZ
SHAREMODE - EITHER "FRIVATE" ARAELE" - In

QUTRUT:  BUFFERID ~ 1D OF 1GNED AVAILABLE -
TS IN PARAMA
ATATUS - EITHER NO-ERRUR E DE
ERR-NWORDS.  TLLEGAL NUMEER OF SFECIFIED
ERR-NMR. MEMORY NOT AWAILABLE
ERR-ADDR: LOGADDR NOT ALIGNED ON MAF RESISTER
EOUNDARY R NOT IN BUFFER AREN®/

W3
s T T TT T
o, LR el ]

i

S

=
MEE o
]

FARAEMZ;

s
1

e~

=

T INGRDS
Rl ( ;\.

L

o

s

\

:‘d AF’ ! (=2 (RS
i IZE™ MAR HERS SO PPR; AWy
THEN xTﬁ H L= cFF —Nw
LS
iF G5 REMAININGRAGES
TOTIZZ = ERR-NMR
BESIN
DGATDR C = ACTIVEERCE™ FARAML
LOGADDR NGT TD MEFE GRAENULARITY

HLIHNED
IN THsSE
= ERR-ATDOR

i
LFFER SPNCE

Lﬁﬁﬁﬂnﬁ NOT
THEN =TATI
ELZE DEUIN

BCR 5

sCEAVATLIRD™, FIRET;
.“' \. a.- h‘)IL.
THEN STATUS = EZRR-NMR
ELSE BEGIN
DELINK(RBCBE, BECEAVAILARD, BCE™.
TCB™ LATESTELUFFERID = TIE™
g 15

fi

BCE™. BLFFERID := TCEBE™ LATEST
ACTIVEECE™. FARAMS™. BUFFERID

NO-ZRRIORS

i) li-l If\F H’E _’l

STATUS : =
ECE™. NLUMBER

BCERLINK);
LATESTEUFFE

BHFrERLD;
goEe BUF

VVﬁFRELb;

BCE urG;N\ '1'E' = LOGADDR/PAGESLIIE,
BCE™. USECT = 4
BCE”.“&NERTHS'T? = TCBi

DB DWNEREBCEFTR = NIL;
BCB~. § ELC%ﬁEE'[PTﬁ L= NIL
BCE™. ICGINFROGREZS - i
SHAREMCDE .= ACTIN CET. RARAME,

6-39
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T

FORAMZ
ALDR

I0;




NI

e T T — " . .

lifes ?ﬁﬁn:uiﬁc = FPRIVATE

THEN EBCE .“HNTE L= FﬁLSE

ELSE ECE™ SHARE .= *H
FTLLREGS (NUMEEROFMAFRESS, BL
INK (BCE, TCE™ EBCERHD, BCEB™. BCBRLINKIS

N
EVD;
ACTIVEECE™, STATUS™ ERRIR .= 3TATUS;




FROCEDURE FILLREGE ( NMAFREGS, LCE )

S INFLT: A BUFFER CONTROL BLOCE WHICH 15 170 BE ALLOCATED

"NMAFREGS" FAGES OF MEMORY AND 70 HAVE THE
MAF REGISTER FORTION FILLED 1IN

OUTFUT:  FILLED IN BUFFER CONTROL BLOCE #/

BEGIN
REMAININGFAGES = REMAININGFAGES - NMAFREGS;
IFAGE : = FIRST-AVAILABLE-MEMORY-FAGE-INDEX;
NEXTREG = O;
UNTIL NEXTREG = NMAFREGS D0
EEGIN
1F PHYSPAGETARBLELLIFAGEY = O
THEN EEGIN
NEXTREG : = NEXTREG + 1.
FHYSPAGETARBLEL IFAGED |+ BCE™. OWNERTCEFTR:
BCE™. MAFREGSLNEXTREG] = MARVALUE NSSOCLIATED
THIZ FPHYSICAL FPAGE,S
END
ELSE 1FPAGE = IFAGE + 1
=NI;

W1TH
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| BCE™. JWNERELEFTR = ~ILINE;
BUE™ DWNERTCEFTR | =
‘ FLLINE™ DWNERTLCEFTRS
| FOR IREG = L 0
_ FIoINES™ NUMEEROFMAFREGS
! Do RBCRES MNFRESGSIIREGD - =
FLINE™ MOARPREGZCIRES D
' BCE™. NUMEBEROFMNAFREGS: —
FLINE™ NUMEERUFMAFREGS,;
( BCE™ BEGINNINGREG . -
‘ FLINE™ BESINNINGREG
LINK (ECZE, TCE™ BCRERHD, BCE™ BCERIZINE)D,
ENL;
=NDO;
=ND;
=NI;
ACTIVEECE™ STATLIE™ ERROR = ETATLS;
f SN

G=u3
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AOF X2 MAPTORUFFER

FROCEDURE MAFTOBUFFER ( ACTIVEECER )

I INFUT: ACTIVEECE, WHICH SFECIFIES:
BUFFERID - 1D OF BUFFEZR OBVTAINED 1Y GETEBUFFER OR
EQUATEBUFFER CALL - 1IN FARAML

QUTRUT: USER IS MAFFED TO SPECIFIED BUFFER, IF LEGAL
STATUS - SUCCESS OR ERROR CODE:
NO-ERROR

ERR-BUFF1D -- SFECIFIED BUFFER NOT ASSIGNED TO USER
ERR-FERMIT -- BUFFER 15 FLAGGED FOR RELEASE =/

‘ BEGIN
| TCE := ACTIVEECE™. TCBFTR;
FILINK = TCB™. BCBRHD™ FIRST;
EUFFERTID =~ ACTIVEECB™. FARAML;
WHILE FLINE <> NIL AND FLINK™ BUFFERID < BUFFERID DD
FLINK = FLINK™ BCBRILINE™ FLINMES
IF FLINK = NIL
THEN 3TATUE = ERR-RBUFF1D
ELEE
IF FLINK™ RELEASEEZCEFTR < NIL
THEN 37RATUS = ERR-FERMI1T
ELSE BEGIN
STATUS = NO-ERRUR;
FOR IREG = 1 70 FLINK™ NUMBEROFMOAFREGEZ DO
TCE™. TASEMNAFLFILINK™ BEGINNINGREG + IREG - 11
c= FLINK™. MAFREGEZTIREGD,

=ND;
ACTIVEECE™. STATUS™. ERRUR = STATUS;

e Tm@am Wt
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DELINE (FLINK, TOB RBCRBAHD, FLINKE™, BCROGLLINK)
CINKCFLINE, BCEAVA  LERD, FLINK"™. BCEGLINEK) ;
OWNEREBCE™. USECOUNT = JOWNERECE™ USECOUNT - 1;
IF QWNERECE™ LSECOUNT = O AND
OWNERECE™, IQINFROGRESS = O AND
ODWNERBCE™. RELEASEECEFTR <3 NIL
THEN BEGIN
RETURNREALLMEMORY (ECETYFE, JWNERBCE )
DELINK(OWNERECE, OWNERTCE™. EBCEBGHI,
JUWNERECE™. BCEGLINK) ;
LINK(OWNERECE, ECBAVALLGHD,
OWNERBCE™. BCEGL INK);
/# ISSUE RELEASE COMFLETION TO OWNER #/;
RELEASEECEFTR™. STATUS™. ERROR : = NO-ERROR;
EVENTCOMFLETE ( RELEASEECEFTR )

=ND;
=ND;
=ND;
END;
ACTIVEECE™. 3TATUS™ ERROR = 3ITATUS;
END.
UNMAFRUFFER

FROCEDURE LNMAFEUFFER ( BCE, TCB )
/s# INPUT: ADDRESS OF A BUFFER CONTROL BLOCK FROM WHICH A
TASK 15 TO BE UNMAFFED
OUTRUT: TASK I3 UNMAFFED #/

FECIFIED

wy

EEGIN
FOR TREG = 1 TO BCE™. NUMBEROFMNFREGS DO
IF TCB™ TASKMAFLBCBEB™. BEEGINNINGREG + IREG - 11 =
ECE™. MNFREGETIREGI
THEN TCB™ TASKMNAFLBCE™. BEGINNINGREG + IREG - 11
o= ILLEGAL-MAFREGISTER-VALLLE:
NI

RETURNREALMEMORY

FROCEDURE RETURNREALMEMORY ( NODETYFE, NODE )
/#  INFUT: ANDRESS OF A CONTROL BLOCK WHICH SFECIFLES,
THROUGH THE CZONTENTS OF 173 MAP REGISTERS, FAGES OF
REAL MEMORY WHICH ARE TQ BE RETURNED
DUTFUT:  MEMORY IS5 RETURNED 10 FREE FOOL %/

BEG1IN

CASE NODETYFE OF
BCE, OCRE, ICEB, TCEBE:
IF NOLE". NUMBEROFMAFREGS > O THEN
FOR IREG = 1 70O NODE™ NUMEEROFMAFREGS DO BEGIN




BEESSERECE

CONVERT NODE®. MAFREGSI1IREGI FROM MAF VALLUE TO FAGE NUMEERS
FHYSPAGETARLLEDFAGENUMBER] 1= O

j END;
| SEMAININGRAGES ;= REMAININGFAGES + NODE”. NUMBEROFMAFREGSS




INTER=TRASE COMMUNLITAT LTONS

RIOITER -

ANCT LTINS

.1 SENDMEIZNGE

FROCEDURE SENDMESSAGE (ECEFIR)

A#THE FARAMETERS ITORED IN THE =ZCR ARk
EVENTFLAG: CFLAGL. . EFLAGLS,  SLisFaND
TASENCOME NAME OF THE RECEIVING 163E 1IN jHE
SLOENL TABLLE
MEUFFSFEL: ARECORD
BUFFERIL: INTEGER;
ADDRE=S:  INTRGER
JTZC L'\ITrHrF\
= NI;
ARUFF=RPEL: SOME AT MBUFFSPEC
TIMEDLT THE MAXIMLIM T LME THLIS ZJONVERZAT ION TAN
TAEER.
MES=ZAGETID: SRS IGNEL WRHEN THE CONVERSST LON {2 INLTINATZD #/
BEGIN
ZCREFIR™ MESSAGELD MRESSAGENUMERER -+ MEZENGENLMEER:
MESSNGENLIMERER = MES ENUMEBER + 1.
CURPTR™. MESSAGEIL. FROCESSURLIL = THIZPROCES
IF SRCHECE FOR DESTINATION 1IN TidHl= FROCE
GILOEQILTABLE TCONRIG, RECRERPTR™ TOSENAMED 2 O
THEN S#UON IO SENDMESSNGE ;YNCHHDNGUHLV*f
MESSOGERECREIVED (ECRFTR)
ELSE JRTHAE DISFATLHER GETS 110 SENL TiHRE MESZNGR S
BEGIN
/#INCREMENT LOINFROGREZ= =ING :
NOT TIWNEL 2Y G133 =ER, 1IN ANNEH
JINE (BECRFTR, MEZESAGEDUN SAERNLL
EVENTCOMPLETE (MEISNGEDLTHCR)
=NLL
ZND.

oy TRAGTTE




FROCELURE MESZSNGERECRIVED (RCEFTRYS

SLHRPLACE THE MESZAGE SPECLFIER ON THE MEZINGE RUELE OF
THE RECEIVING TASE, OND INDICSTES CUOMPILLET TUN OF THE
EVENT A~ESGCIATED WITH THE MESEANGE GiELzs/

BEGIN
MESSNGEACE = MESSAGETARLE LTATENOMETD:
WINE (ECERFTR, MESSINAGEOSHEAL, RORFTRT. ZCREHOLINE D ;
MESSAGEQCE". MESINGELD =
ZCRRFTR™. MESIAGELILL
MESSAGERCE™. MSLENGTHFTR . = BRFTR™. MELENGTH;
MEISAGERCE™. ANSLENGTHFTR SCRERTRT. ANSLENGTH;
/#DECREMENT LOINFROGRESS FOR “f ¢ MESSNGRE BDE OGN
NOT DWNED BY THIS USERS RS MESZAGE RCR#/
EVENTLOMFLETE (MEZICGELCE)Y .
=NLL

i
i
5
1
i
¥
i
i
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. REEUEAITMEZSOGE

FROCELLIRE REGUESTMEZZNGE (RUEFTR)

JETHE FARAMETERE ZTORED IN THE =R ARR:
EVENTFLALG. EFLAGL. . EFLALLS, =
MESSAGEILFTR: FOINTER 0 THE FARAMET 2R
MELENGTHFTR. FOINTER TO THE FERAMETER
ANSL_ENGTHFTR: FOINTER 10 THE LSRR ANSLENGTH FARAMETER#/

BEGIN

TAZENNME  — ZCERIR™ TCEFPTR™ ITDEFITR™ TAZENNME;

IF AHCAN THLS TAEK RECEIVE MESSAGES T/
TAZENAME — NIL

THEN FHEND, RETURN EZRROR*/

ECEFIR™ STATLES ERROR (= 2RNOLITE

FEGIN

MESSAGEOCE = MESSNGETARLE DTNSKNOAMED,
JRMOVE 0B F [z 0 R

MESSAGEICE = MESSAGETAELE LTASENAMEDS

ME %EHFD’ FFLAG 7 ECERPTR™. =FLAD
MESSAGEACES, STATUSFTR = "F4P1R*.$v&%USP1R;
JSEEOKE _lNthF FOR CALLCOME T s
ACTIVEECR = MESSNGRCES

=N
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4 w18 PAGE L€ BEST QUALTYY PRAQYIGATLR
R - ’
oA 104 SENDANIWER iy
FROCEDURE SENDANISWER (ZCEFPTR)
’ A#THE FARAMETERS STIRED IN THE ECE ARE:
EVENT f'L_li\l_‘l: EFLAGL. . EFLAGLS, SUSFEND
MESZAGEID: IDENTIFICATION OF THIS CONVERSATION
ARBLUFFSFELC. REZORD
BUFFERID: INTEGER:
ADDRESS:. INTEGER:
SIZE: INTEGER
END; s/
t EEGIN
- RFINOD INSTRUCTION ECE ON MEZSQASER FOR THIS FROCESSH/

= FALSES

WCOERCE = SGETMESIAGE R TCERPTR™. PROCESSNAME)
INSTRUCTIONECERTR = ME GERCE. SREND. FIRET
WHILE AERSEARCH INZTRUCTION LIST/

INSTRUCTIONECERFTR <2 NI AND NOT FOLND

IF J#IS THIS IT7#/
ECEPTR™. MESSAGEID : = INSTRUCTIONECEFTR™ MESSAGEID
THEN /%YES, END SEARCHw/
FOUND = TRUE
ELSE /*Nn, WEEFR LOCK ING*/
INSTRUCTIONECERTR : = INSTRUCTICNECERTR™. ECEGLINK. FLINK;
ENE‘ }
IF #ERROR IF NOT FOUND#/
NOT  FoLUND
THES
ECBETR™. STATUS.

J#ECOUND,

- ##1E THE
ZCEFTR™ AONSW
THEN SHYES,
BEGIN
/#MOVE ANSWER FROM RECEIVER’S BUFFER 7O SENDER'S BUFFER#/
/#DECREMENT BCB IOINFROGRESS FLAGS FOR SENDER'S
ANSWER BUFFER BCE AND, IF SENDER DUOES NOT OWN
THE BLD. THE OWNERS EBCBE#/

55
'ROCESSORID (= THISFROCESSOR

R
UU THE ZEND SYNCHRONOUSLYse/

SCRERFTR™ STATUS, ERROR = NIERROR; /#*DONE/
/*R:nUVE INJ RUCTION ECE FROM MESSOGEG/
CELINK (INSTRUCTIONECEFTR, MESSAGEQCE. GHEAD,

INSTRUCTIONECEFTR™. ECBRLINKD,
S#ESIGNAL ZENDER THAT MEZSAGE HAS ARRIVED/
SVENTCOMFLETE (INSTRUCTIGNEZRBFTR)
END

o 3 3 T,;‘_-g,wm',& hvata




SLEE JEMUST TRANSMIT OQVER BlLS®/
BEGIN
J#INCREMENT THIZ FARTY 2 LED IGINFROGRESS FinG AND,
IF HE OCES NU4 OWN THE BUFFER, THE OWNERE FLAGH/
LINK (ECEFTR, SENDGNE wERCnhﬁu: ECBFTR™ ECRELINED,
EVENTIOMFLETE (ZENDANSWERRCE) .
=N
END;
END.
\"’t'
<¥
N




GRE LSRN TAERS

SRTNFUT ENGUELIED =ZCE7Z FROM GAR BLE INTERFACE DRIVER ONL FROM
THE MODULES OF TRE ROUTER.
ALTELT RCERECE FOROTHR BLUS INTERFALE DRIVER OR EVENT SOMRPLET LON
T THE SENDING AMD RECEIVING THEREZE/

EEGIN
SHIETOUR TIMEOUT LI3T#/
WALTFORTOFENTRY (EFLAGL, SESNGETNZTRUCT IONGCE, VAR STATUE);
WATTFORTOFENTRY (EFLAGEZ, MESZNGROLTRCE, VAR STNATILE),
WATTFORTOFENTRY (EFLAGE, SENDANSWERAOCE, VAR Z1TNATUE),
WAITFORTOFENTRY (EFLNAGA, WFﬂN“"CRMF”mﬂGFﬁFE. VAR STATUZS)
WAITFORTOFENTRY (ZFLAGS, SINSTRUDTIONGCE, VAR STNATLE) S
WATTRORTOFENTRY (EFLNAGE, “uU“FrPHU_" s MOR O STATLIS)
WAITFORTOFENTRY (EFIAG7, ANSRUFFCODESCE, VAR S1A8TUER)
WOTTRFORTOFENTRY (REFLAGE, COMRPLETTONGCE, VAR STATUS)
wHILE ZHINFINITE LODF#/

TRLE

i}
ERGIN
WRTTANY (EFLAGI +EF LG+ F L OGS+ LAGA+EF L AGSrEFLOGA
+EFLAG7+EFL AGE+EFLAGY, EFFOUNLD
AHRETLRN WITH DLUELE ENTRY R T IMEOLT #/
SEECERFTR 1S SET TO THE ECR OF THE TOF ENTRY FOR EFLAGE L THROWGH
3, AND 15 NUT SET FOR EFLAGY,  THE TIMEOUIT EVENT FlnGss
FETHRE WRTTFORTOGPENTRY FOR THR GUELNE FOUND 7= REISZUELDG THE
TIMEDLT FORTION OF THE CASE STATEMENT BELOW WIlLL REZET THE
FROFER T IMEQUT VALLRE#/
::Aul" l..l-:-'..”..lNIJ :"F
EFL.AGE JEMESSNGE T NET RUICT TONGH: /S ,
BEGIN |
SHUETERMIME ST TNAT TON 7
TOSKNOME -~ -lPFTu“.vhﬁﬂNAME; !
MESZNGERECEIVED (ELEFTR) ARLINES T
NU?lFIEE

ENL;
EFLAGZ, EFLAGS: SEMESSAGEOLT S, SENIONSWERES /7
BEGIN
=
EFFOUND = EFLAGH
THEN
EEGIN
ARISET CONVEREATLION TIMEQLT IN TIMEDOLT L1=T. I= 1HdIs
TIMEOLT VOLLUE 15 SHORTTER OTHAN THE CURRENT SEND OF
THE 1 IMECOLT LIS, DELETE THE CURRENT TIMEOLG ANL
VSE THE NEW TIMEOLT VALLUE 1D REISSUE THEHE TIMEOLT. #7;
END;
iF S#EHORT MESSAGE OR ANSWERSE S
ECEBRFTR™ MSLENGTH < RIESFOALCEFORMESZNGE
THEN

- ¥ Y S AT v




R -~
dcp I8 »p

Pla»
0Ny 3ap

BEGIN

SEMOVE MEZSNAGE R ONSWER INTI SECEs#/
SREGES ZCE TO BRSO INTERFACE DRIVER, INDICATI Nn MEZSAGE OR
ANSWER IN THE INSTRUCTION. ECh RETURNES ON SENTMESSAGED
FOR MESSNGE, ON COMPLETIONG FOR ANZWER. #/
=N
EL3E AHUONG MESZAGE IR ANSWER#®/
GEGIN
JHFPASS ECE TO BUS INTERFACE DRIVER, INDICATING INSTRUCTION
CONLY. RETLURN FOR BOTH CASES IS ON THE SENTINSTRLCTIONG. #/
=N
=l SHEFLAGS 2 AND S/
LAGS ., EFLAGT: AHTRANSFERMEZSAGED, ANSINSTRUCTIONZI#
GEGIN
iF AHRANSINITRUCT IOND T/
EFFOUND .= EFLAGS
THEN FRYES, GET DBUFFER ALDDRESS/
GEGIN
METCOHEZEFTR | = SENTMESSAGEOREAD. FIRST,
FOOND = FALSES
wHILE
MATCHECERTR < NIL AND NOT FOUND

EEGIN
iF
MATCHECEFTR ™. MEZZAGEILD = ECBFTR™ MESSAGEILD
THEN
FOUND .= TRLUE
LEE

WATgHE CETR = MATCHECRERPTR™ ECEARLINE. FIoINE;

i

NOT  FiZLIND

SRNOTIFY LERIZ OF ERROR#/
SOTg 10

END;
/#GET USER’S BUFFER INFORMATION FROM MATCHECBE#/
END

ELSE S#TRANSFERMESSAGER I/
J#GET BUFFER INFORMATION FROM REQUEST CCEs*/;
irF S#1E MESSAGE R ANSWER IN INSTRUCTIONT#/
INSTRUCTIINLENGTH » BASICINSTRUCTIGN
THEN SRMOVE IT NOWst/
SEGIN
SH#MOVE DATA IN ECE T2 USER BUFFER SPACEs/
S#EIGNAL EVENT COMPILETE TO USERsS
SOTO 10
NI
hnEFTR.AU”F ER

/*Pﬁ' “FL TO BUS IVTE FGL_ Dh VEa, REGIES
TRGN MI;EI“N M“E REluﬂ\ Jr TUC hw’ uN
wITH THE DATA IN THE USER'S BUFFERs/




i THIS PAGZ [3 ;"" Y DAL TTY P4 w
‘ WROM 00, 4 FRAQTIGABLY

SREXLT WITH ERROR#/
i HEFLAGE 4 OND S/
JHMEBLUFFCODER, ANZRUFFCODERD®/

SENTINSTRUCTIONGHEAD. FIRST, 5

NIL AND NOT FOUND ;

MATOHEZERFTR = MATOHEIRFPTR™. SCERLINK. SLLINES | 5

n

NOT FOLUND
HEN | 3
BEGIN
FENOTIFY ILERC OF ERRIOR/
SOTO 20
=Nk
S#GET UUSER BUFFER FROM MATCHECE*/
: RFACE DRIVER, RERLESTI
ERS BUFFER BE TRANSMI
WITH ECEFTR™. BUFFERCILE. THE BLS INTERFALC
FERFORM ONY NEZESSOARY FACKETIZATION®S
ARRETURN 13 ON THE SENTMESSAGED FOR EFLAGE: AND
o=

ON THE COMPLETIOND FOR EFLAGT#/
20 AHEXIT WITH ZRROR OR SACRT MEZSNGE/ONSWERs/
ENDs SREFLAGS & AOND 7/
EFLAGE: SRCOMPLET TIONG /s
SEGIN
F#THE BLZ INTERFACE DRIVER RETURNS INFIRMATION ON THE |
= R . !

NOTURE OF ThHE COMPLETION IN ECRFTR™
CRSE ECERPTR™. SUEBFUNC OF
MESSAGEREZEIVED, ANSWERSENT:
BEGIN
ECBPTR™. STATUS. ERROR : = NOERROR;
EVENTCOMFLETE (ECEBFPTR);

=

i e s,

ECEFTR™. SUBFUNC = ANSWERSENT ﬂ
THEN

BEGIN

FOUND : = FOLSE;

MESSAGEQCE ;=

SoB (ECEFTR™ TOERFTR™ FROCESSNOGME)
MATCHECEFTR = MESSAGEQCE. BHEAD. FIRST:
WHILE
MATCHECERTR <2 NIL AND NCT FOuUND

RN
CEGIN

re
o
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MEBTCHECEBRTR™. MESSAGELD = ECEBFTR™ MESSAGEID
THEN

FOUND = TRUE

h MATOHECEFTR = MATIHECEFTR™ ECEGOUINE. L INES

m
2=
]

: IF
‘ NOT FOLND ;
THEN
EBEGIN
/%NOTIFY LERC OF ERROR%/
SOTO 30

(=AY 8
OELINE (MATCHECEFTR, MESZAGESCE. ZREALD,
MATCHECERPTR™ ZCERLINKD

LINE (MATCHECZEFTR, EEECBRREAL,
e
[

(e : L)
MATCHECZEBRTR™ ECRBILINED)
—wivrsy .
‘ et
=N A#FOR MEZSOACE RECEIVED OR ANIWER SENT#/

ANZWERRECEIVED: i
BEGIN :
FOUND = FALSES
MATCHECEFRTR = SENTMEZSOGEGHEAD. FIRST:
wHRILE

MATCHECEFRFTR <22 NIL AND NOT FOULND
oo
BEGIN

THEN
FOUND .= TRLE
ZL3E
MATIH
ENDG

W
m
i
-3
23
|
=
=
G
i)
m
1
[}
n
-4
i
I
i
ol
C
2
e
i
r-
A
=

EEGIN
ARNOTIFY LERC OF ERROR#/
GOTO 30
END;
DELINE (MATCHECBFTR, SENTMESSAGEGCE. QHEAD,
MATONECERTR™. ECERLINK)
LINE (ECBRRPT Ra FREZECEEHEND:
ECERTR™. ECEBLR.INE )
' |AT ek :E CEFTR™ STATUS, ERROR = NOERRDOR,
NTCOMPILET E {(MRTCHECE)
END;
SN

=50 FHREXIT WITH ERROR OR COMPLETION/
SN SHEFLAG 33/
EFLAGY: FRTIMECGUT#/

F § *RE r-V"' T 'F :l rﬂY 1.’\: TquF ‘:T I—I.—;T*./.
SRREBUEST NEXT TIMECUT WITH EEA..I (EF quﬁ':’ o N B

J#FIND MATZHING ECR IN MESSAGEDILTE, SENT TRUCT TONG,
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FILE MANAGEMENT AND INFUT/OUTFUT FUNCTIONS

FROCEDURE CREATESYNC (ECEFTRII
/#ENGQUEUES REQUEST ECB FOR CREATE#/

BEGIN

INK (ECEFTR, CREATEGHEAD, ECEFTR™
SVENTCOMPLETE (CREATERCE);

=N
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ks naiin

x ]

SRRIR

oy e e

et YFE O

HEL:L&E\ CNT IGUCILSSFOCE (STARTELOCH, ERBUFFERT,
SEBSIZE D

NI

=NIO
ELSE SRENTRY FOUNLD, FROCZEDN/

CESIN
DIRBLOCKFTR™. (ENTRYI. FILENAME = ECEBFTR™ FILENAGME,
DIRBLOCEFTR™. LC\THJJ.EIMR|ILUﬂ L= BTARTELOCE;
IF ARCONTIGLOLE DR SZEGMENTEDT#/

ECEFTR™ FILETYFE = CONTIGUDLRS
THEN F#ZSET UDIRENTRY FOR o ot

SEGIN
DIREL CENTRY I ATTRIE
UIRBLLICE CeENTRYI. FILES
S#SET DI nELn WCHFTR™. LENTRY 1. eNL
BLOCE WHICH ReEFRESENTS CONTIGLOLEZ SFOACE
WRERE N

NIt

EOLAL TOON BLOC

CECERTR.. SLZE+D]

olr BU
ODIREBLOC

=N
GETOUATE (ONT

&1

SETTIME (TIMES,
DIRELCC R LENTRY 1. CREATE
DIRBLOGCEFTR™. CENTRYI. IRTIME
- \ Al T

FRWRITE ENCE ON TRE
ZCEBFTR™
=NO;

eNL;

END;

ERRUR = NUERRIDR,

EVENTCOMFLETE (ECEP’*),
RELEASEBLFFER (3UZ BUFFIO, VAR ZTNATLED,

ZND

=N

* The CREATEQUEUE is a queue of ECB's, each containing
the information needed to process an application's request to

have a file created.

N FTS TIPS o T SCTO
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FROCEDURE FINDDIRECTORYENTRY (ZCE, BUFFER, VAR DIRELOCE, VAR ENTRY),

J*THIS FROCEDURE DERENDS LFON THE DIRECTORY STRUCTURE

OF THE DEVELIFMENT JFERATING SYSTEMe/

BEGIN

FOUND = FALSES

ODIRBLOCE = FIRS

wHiILE S#LD0
DIRBLOCK = LAST
AND NOT FOUND

alu}

L
N\
IL ENTRY OR END OF DIRECTORY FOUND®/
DIRBLICK

EBEGIN

| /#GET DIRELOCK FROM DISC AND FILACE IN EUFFER#*/
1 ENTRY .= 1
F . WHILE /#CHECHK EACH ENTRY IN THE DIRECTORY BLOCHS/
ENTRY ©= ENTRIESINELOCK AND NOT FOUND
oo
BEGIN
IF /%15 THIS THE ENTRY SOUGHTT#/

BUFFER L[ENTRYI. FILENAME =
ECE. FILENAME
THEN
FOUND = TRUE
LSE
A¥EEEF TRACK OF ENTRIES CHECKED IN THIZ BlLOCHst/
ENTRY = ENTRY + 1;
END;
IF JS#IF FOUND, DON-T INCREMENT DIRELOCH*/
NOT FOUND
THEN
Z#DIRELOCE = NEXT DIRECTORY EBLOCH (DEFENDS ON DIZC HARDWARE) #/
ENII;
IF A#SEND BACK NIL IN ENTRY IF NOT FOUNDs/
NOT FOUND
THEN
ENTRY = NIL;
END.

i
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FROCEDURE GETFREEDIRECTORYENTRY (

A#THIS FROCEDURE DEFENDES URFON THE
OF THE DEVELOFPMENT OFERATING 3Y3T
BEGIN
FOUND = FALZE;
DIREBLOCK = FIRSTDIREBLICH,
WHILE SHRLIOF UNTIL ENTRY OR EN
DIRBLOCK <= LASTODIRELOCK
AND NOT FOUND
DO
BEGIN
A#GET DIRBLOCK FROM DISC AND F
ENTRY = 1
WHILE /#CHECK, EACH ENTRY IN
ENTRY <= ENTRIEZINELOCH AND
oo
BEGIN
IF A#13 THIZ A FREE ENTR
BUFFER L[ENTRYJ. FILENAME
THEN
FOUND = TRUE
ELSE
J¥EZEF TRACK OF ENTRIES
ENTRY = ENTRY + 1;
END;
IF J#IF FOUND, DONST INCREM
NOT FOLUND
THEN
JSEDIREBLOCKE, = NEXT DIRECZTOR
NI
IF SHZIEND BACK NIL IN ENTRY IF
NOT FOLUND
THEN
ENTRY = NIL;
ZNI.

ECE, BUFFER, VAR DIRELOCE,

ODIRECTORY STRUCTURE
=M
O OF DIRECTORY FOUND®/
LACE IN BLFFER#/
THE DIRECTORY BEBLOCK#/
NOT FOUND
Y3 s
= NIL

CHECHED IN THIZ BLOCHS/
ENT DIRELOCES/

Y BLOCK (DEFENDSE ON DISC
NOT  FOUNDs/

VAR ENTRY),

AARTIWARE ) #/

A NP BB e A




FROCEDURE SETCONTIGUOUSEFACE (SIZE. BUFFER, VAR STARTELOCK )

= (SIZE+DISCBLOCKSIZE-L) DIV DISCEBLOCKSIZE;
hY "IRQTMAFLLGC“,
FIDUND = FALS
STARTELOCK = NIL;
WHILE /#L0CK FOR CONTIGUOUS SPACE#/
MAFBLOCKINDEX <= LASTMAFBLOCK
AND NOT FOuUND
jujul
BEGIN
‘ SHREND MOFEBLICHINDERX INTO BUFFER#®/
BITINDEX = 1
WHILE ARCHECE EACH EBIT ﬁ’ IN THE BLOCH=/
SITINDEX <= BITSINMAFRELIC
AND NOT FOUND

oo
BEGIN
IF A#IS THIS BLIOCK FREET#/
BUFFER CBITINDEXI < FREE
THEN SEND,  HEEFR LOOEING®/

BEGIN
BLOCKSFOUND = &
STARTELOCK = NIL
=ND

ELSE J#A0D TS CONTIGUDUIS BLICHE COLNT#/S
EEGIN
I FHRESET STARTELOCK T/
STARTELOCE = NIL

THEN SHYES®S
STARTRBLOCY, = S#ADDREZS OF EBLOCH REFREZENTED EY
MAFEBLOCH INDEX C(ELTINDEX 1%/,
BLOCYMZFOUND = RBLOCHSFOUND + 1
EITINDEX = BITINDEX + 1,
IF AHRCAECE, FOR ENOUGH SFACE FOUND+/s
BLOCKSFOUND = BLOCKSSCOUGHT
THEN /#SIGNAL END OF LOOP3#/
FOUND = TRUE;
END;
SH#MAFBLOCK INDEX = NEXT MAFR BLOCK®/;
END;
IF S#SFACE FOUND %/
~OLUND
THEN /#MARK SPACE USED IN MAR FILE#/
SEGIN
#MAFBLOCKINDEX = THE MAF BLOCE CONTAINING STARTELOCK 'S
FREE/USED BIT#/
+BITINCEX .= THE EBIT REFRESENTING STARTELOCE IN MAFBLOCKINDEX#*/,
CHESSET .= 0O;
- e / q’pll_t_ DI = IN THI - L'Lr“-
CKSSET < BLOC

> LI P .-
SSO0GHT

L bR e




B L RPN o
e i AL SRR S A e e e i = B e

!

f

{ wHILE JRNEW BLIOCH IF DONE WITH THIZ ONEsx/
BITINDEX = BITSINMAFELOCH

i AND BLOCKSSET < EBLOCKHSSOUGHT
5 oo
‘ EESIN
BUFFER [EBITINDEX] .= USELD;
EITINDEX := BITINDEX + 1;
| BLOCKSSET .= BLOCKSSET + i
] =ND;
/#WRITE MAF BACK ONTO DISC#/
/#ADJUST MAFBLOCKINDEX TO NEXT MAF BLOCK®*/
L RITINDEX := &
: =NIL;

i ——

END
4 ELS JERETURN NGT FOUND INDICAT ION/
| STARTELOCH = NIL

=N




i Tt s b U N A

! 4 5. 1.2 DELETE

‘ FROCEDURE DELETESYNC (ECEFTR)

SHENGUIELES REQUEST ECE FOR

]

ELETE®s

SEGIN

CINE (ECEPTR, DELETEQHEALD, ECEFTR™ ECBELINE)
SVENTCOMFLETE (DELETECHEAD);

END.
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FROCEDURE DELETES

f*INrVT EVENT CONTROL EBLOCK FROM DELETEQLEUE
JUTELUT r-I =z DELETED AND E-L.-Jl.nu RETURNED T3 FREE BLOCK
OR ERROR:
ERNCFILE
ERFROTECTED FILE FPROTECTED
EROFEN FILE OFPENs/
BEGIN
WHILE /#INFINITE LGQF#/
TRUE
oo
EEGIN
WAITFORTIFENTRY (SUSPEND, DELETEFEAD, VAR STATLIE),

ECEFTR : = DFLETCuC TOEHENDL FIRET:

DELINE (SCEFTR, DELETEAHEAD, ECEFTR™ ECERL_INGD
FINDDEVICE (ECEFTR, VAR DGEFOINTER),

FOEFTR = DDEPOINTER™ FDEOHEAD FIRST;

WHILE SHWALK THROUGH THE FIDE QUIELE FOR THIZ DISCss

FOEFTR < NIL

oo

BEGIN

IF /#1535 THIS THE FILE 70 BE DELETEDT#/
FOEFTR™. FILENAME = ECEFPTR™ FILENAME

THEN /*Y:S RETURN ZRROR3®/
BEGIN
ECEFTR™ STATIS. ERROR = ERFILEDFEN
GOTD 15
END;

FOBRBF™™ .= FOEPTR™. FLOBGUINE. FLINE;

ENII;

r-
-

=

GETEUFFER (DIRBUFFADDR, DIRBLOCESIZE, DIRBUFFID, VAR STATUS)

MAPTOEUFFER (DIREUFFID, VAR
GETEUFFER (ZFEADDR, SFESIZE, ZFRILD, VAR STATUS)
WAPTuEUF"cn (SFBID, VAR ”TthJ).
GETBUFFER (MAFBUFFALDDR, MNFELOCKSZIZE, MAFBUFFID, VAR
MAFTORBUFFER (MAFELFFID, VAR uThFug).
FINDDIRECTORYENTRY (ECEFTR, DIRBUFFADDR, VAR DIRBLOCH,
2 VAR ENTRY),
IF /#CHECK FOR FILE NOT FOUNDi/
ENTRY = NIL

STATUS)

THEN /#SEND ERROR BACK TO TASK®/
BEGIN
ECEPTR™. STAT = ERNOFIL
GOTO 12
END;
EEGIN
IF /#CHECK FOR FILE FPROTECTEDN:/

DIRBUFFADDR LhNTnYJ ATTRIBUTES. "FROTECTED

THEN /#RETURN ERROR#/
BEGIN
ECBPTR™ STATUS. ERROR .= ERPROTECTED
GOTO 12

ENI;




[

b

A#REMOVE FILE FROM DIREZTORY BY ZETTI FILENAME TO NIL
(DERENDS ON DIRECTORY CONVENTIONS OF DEVELOPMENT SYSTEM) #/
DIREBUFFADDR CENTRYI. FILENAME. NOME = NIL;
SHWRITE DIRELOCN BACK ONTO DISC#/
SCEFTR™ STATUS. ERRIR | = NOEZRRORS
BEGIN
CASE DIREBUFFADDR [ENTRYI1. FILETYFE OF
CONTIGUOLS: EBEGIN
J#MARE. ALL BLOCKS FREE IN MAF#/
RELEASECONTIGUOUSSFACE (FILESIZE,
MAFPEBUFFNADOR™, DIRBUFFADDR CENTRYJ1. STARTADDR);
SEGMENTED: EEGIN
THISSFE .= DIREBLUFFADDR [ENTRYI. STARTADDR;
Sl

oy
[
=

NG

WHILE SHFOR ALL SFE-S N FILE®/
THISSFE <X NIL

oo
EEGIN
SHREAD THISSFE FROM DISCs/
NEXTESFE = SFBADD “ONEXTEFES
OSFINDEX (= 1;

WHILE s#ALL DATHA SEGS IN SFRE#/
OSFINDEX <I= MAXDEFR
AND SFEADDR™. DATASESGFTR [DEFINDEXI < NIL
g
EBEGIN
l'\ﬂs.n_(\.n_-_f-_-:\l IGuoussE (\CE
(D\Jl".JA.ZI_I 'v‘ B ' ’:(
FEADDR™ .UﬁThaLbFlﬂ COSFINDEXTY,
USPINDEX = DSFINDEX + 15
ENL;
RELENSECONTIGUOUSSFACE (SFRSIZE
MOFELUFFER, THIZSFE),
THIZSFE = NEXTEZFES

IF S#ORE THERE MORE SRR ST#/
SFEADDR™. DATASEGFTR CDSFINDEXI < NIL
THEN NS
THISSFE .= NIL; SHSFACE RELENSEDStS
=N
END;
END; /#END CASEx/

Z#EXIT HERE WITH ERNOFILE OR ERFROTECTED/
RELEAZEBUFFER (3SUSPEND, SFEID, VAR STATLE)
RELEAZERIFFER (SUSFEND, MAFEUFFID, VAR STATUS),

RELEASEBLUFFER (3LSPEND, DIRBUFFID, VAR STATUS),

SHRETURN HERE WITH &
EVENTIOMFLETE (ECEBFTR)

=N




FROCEDURE RELEASECONTIGUOUSSFACE (STORTADDR, MAFBUFFER, =IZE),

S#INPUT:  STARTING DISC ADDRESS AND SIZE OF CONTIGUOUS
‘ AREA TO EBE RELEASED.
QUTFLT: CONTISUOUS SFACE RELEASED TO FREE BLOTE LIsST#/

J BEGIN
FRECALTSULATE SECTORS IN RELENASE AREN#*/
BLOCKSSOUGHT := (SI1ZE + DISCBLOCKSIZE - 1) DIV DIRBLOCKSIZE;
/H#MAPBLOCK INDEX = THE MAPRP EBLOCK CONTAINING STARTBLOCHE'S
FREE/UJSED BI**/,
J#BITINDEX = THE BIT REFREZSENTING STARTELCOCK IN MAFBLICHINDEX*/;
BLOCKSSET @ = 05

WHILE sEBLL BITE IN THIS BLOCKs#/
BLOCKSSET < BLOCHSSOQULIGHT
julu]
EEGIN
FHREAD MAF EBLOCK AT MAFBLOCHINDEX#/
WHILE /#NEW BLOCK IF DONE WITH THIS ONE®/

SITINDEX <= BITSINMAFELOCE
AND BLOCESSET < BLOCHSIOLGHT

oo
BEGIN
BIUFFER CEBITINDEX] .= FREE;
EITINDEX := BITINDEX + 1i:
BLOCKSSET = BLOCKSZET + 1
=N

SHWRITE M BACK ONTD DIsSCH

/#EDJUST ﬂAFELDCKINUEX TQ NEXT MAF BLOCKs/
BITINDEX := 1;
END;

END.
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RENASMED FILE
! SR ERROR:
|
Cogn it W T ool I oy
CANCFILE
(= [ =Tt g = of el T1LE FPROTECTE
cRPNU-cL-LD lthh =i TgD
[ o P el el N = = .
:nUHad FI;L JFQN*J
G TN
ST LN
R T . % i i ot
wHILE FHEIMFINITE
TRUE
™
Wit

R TS
M T

TR M AT
\gMun

ORT

™o

T T
e B TN

DELINK
FINDDEVIC
FOEFTR

LA
VHn o

o

NG
FOBFPTR .= FLEFPTR™
=ML
FETELUFFER (DIRRBUFFADDR,
MAFTORUIFFER (DIRBUFFID, VAR & )
FINDECTORYENTRY (ECEFTR, DIRBULUFFALDR, VAR DIRDLT
VAR ENTRY)S
IF /H#CHECK FOR FILE NOT FOUND2/
ENTRY = NIL
THEN /HESEND ERROR BAC
EEWIV

TO TASKE#/

=

EFTR™ STAT .= ERNOFILE
i.J'UTCl S
=N
I FHCAECK, FOR FILE PROTECTEDS:/

DIREBUFFADDR C[ENTRYI. ATTRIRBUTE
THEN S#RETURN ERROR®/

SEGIN

ECEPTR™. STATUS ERROR .= eRPROTECTED

SOTO 12

=N
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& 3.

SETATTRIBUTES
FROCEDURE SETATTREYNCD (ZCEFTR)S

J#ENGUELES THE REGMUEST ECE FOR SETATTRIEBUTES®/

GEGIN

LINK (SCBFTR, SETATTRIBUTESGHEAD, ECEFTR™ ZCBELINE);
EVENTCOMFLETE (SETATTRIBUTESHCE),

END.
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FROCEDRE SETATTRIEBUTES,
S INFUT: ZVENT CONTROL BLOCK FROM ZETATTRIBUTEZGLELE,
CONTOINING:
FILENAME -
ATTRIBLUTES = RECORD
READFROTECT: BOCLEAN
WRITEFROTECT: BOOLENN;
FROTECTED: BOOLENN
n:NEI.
OUTFUT: ATTRIBUTES OF REQUESTED DISC FILE
ZET AS REGUESTED OR ERRDOR:
ERFILEJFEN
ERNOFILE®/
DEGIN
WHILZ JAHINFINITE LOOFs#/s
TRUE
nc
BEGIN
WAITFZRTOFENTRY (SUSFEND, :ETQTTRIEUTESQHEﬁU; VAR STATUS)
ECEFTR = ZETATTRIEBUTEZZCE". 2HAEAD. FIRST,
DEL INE (gL[nuh. SETATTRIBUTEZRREND, :EBPTR“.ECEQLINH);
FINDDEVICE (ZCEFTR, VAR DOEFOINTER)
IF F#DIs L OR OTHER LDEVICE?#/
UOEFPTR™ ATTRIEBUTES. QIRECTORY
THEN /*u;Jn; FIND FILENAMER/
CEGIN
FOBFTR = DDEFOINTER™. FOROHEAD. FIRST;
FOLND = FALZES
WHILE SHAGLE THRIOUGH THE FLROE QUEUE FOR THIS DISCH/s
FORBFTR <2 NIL AND NOT FOUND
oo
BEGIN
IF SIS THIS THE FILET#/
FOEFTR™ FILENAME = ECEBFTR™. FILZNAME
THEN SHYES, CAN-T SET ATTRIBUTEZS#./
CEGIN
ECEBFTR™. STATUS ERROR = ERFILZOFEN,
FOUND .= TRLE
END;
FDEBPTR .= FDBFTR™ FDBGLINK. FLINK;
END;
i = /#1F OFEN, CAN'T SET ATTRIBUTES::/
NOT FOUND
THEN JSRNOT OPEN, SET ATTRIBUTES/
CEGIN
SETEUFFER (DIRBUFFADDR, DIRBLICKEIZE, IRBLUFFID, VAR
MAFTOBUFFER (DIRBLUFFILD, VAR STATUS),
FINDECTORYENTRY (ZCEBFPTR, DIRBUFFADDR, VAR DIRBLOCE,

VAR ENTRY ),

IF SHCOHECK, FOR FILE NOT FOUNDst/s
ENTRY = NIL

THEN S#ZEND ERROR BACE TO TASE#/
ECBFPTR™ STAT .= ERNOFILE
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L3E /#MOVE ATTRIBUTES#/
BESIN

DIREBUFFADDR CENTRYI. ATTRIBUTES = ECEFTR™ ATTRIEBUTES;

/F#WRITE DIRECTORY ENTRY EACK TO OISCs/
ZCRPTR™ STATUS ZRROR = NOERROR;
=N
END
END
EL3E J#0THER DEVICE, CAN'T SET ATTRIBUTES#®/
ECEBFTR™. STATUS. ERROR = ERDEV;
EVENTCOMPLETE (ZCBFTR)S
END;
NI




o

ifi

[

A i

i

CRRETR R

FROCEDURE GETATTRIYNCD (

#ENGUELES THE REGUEST ECE FOR GETATTRIEBUTEZZ®/

SEGIN

LINE (SCEFTR, SGETATTRIBLUTESMHEAD, ECEFTR™ ECBHLINE)
EVENTCOMPLETE (GETATTRIELTEZGCE),

=N,




FROCEDURE ¢

i

i 12

AHINFUT: SZVENT CONTROL BLOCH FROM
CONTAINING:
FILENAME
ATTRIBUTEEPTR:
ATTRIEBLTESZ OF
R ERRUR
RNOFILEw/

GETATTRIEW

o
i
=

FOINTER:
QLTRUT: REGILESTED FILE OR D

A#INFINITE LOOF*/

(SUSFEND, SGETATTRIBUTESM
TRIBUTESHCZE™. BHAEND. FIRST:
GETATTRIBUTESOHEADI, ECZEFTR™
~ _n... L.C»'-F' i |'\J \Jpl'\ A_:I:l T:r‘.\ )i
/*UIﬁC OR OTHER DEVICETS/
ODEFTR™ ATTRIBUTES. DIRECTORY
THEN /*DIQL, FIND FILENAMES/
BEGIN
FDOEFTR =
FOLIND
WHILE
FOEFTR
O
BEGIN
IF

- oy T
e l'_il.

DOEFOINTER™. FUBRHEAD. FIRET
FALZE;
7HWALE

ZONIL AND

THROUGH THE FLE
NOT  FOUND

GHAELE FOR

THI- THE FILETs#7s
I_\_l AME = :I:[F “‘ F
URN A**’Iﬂ

FEloan

TS
FOEFTR™.
THEN I*YEU.
SESIN
cCEFTR

ﬂ

TS T e

. ATTRIBUTESFT
FODEFTR™. ATT
STATUS. zRRdR

= TRLUE;

“ATTRIBUTES
»\IDL' R
ECBETR™. c= NOERRORI
=OUND
NI
FOEFTR
END;
/#WERE
NOT FOUND
THEN /#NQ,
EEGIN
GETEUFFER (DIRBUFFADDR, DIREBLOCKESIZE
MAFTOBUFFER (DIREULFFID, VAR STATUS),
FINDECTORYENTRY (EPBFTR, DIRBUFFADDR,
VAF\ ||\Y)l
P NOT FOUNDs#/

FORBFTR™. FOEBGL INE. FLINES

IF THE ATTRIBUTES FOUNDY#/

GO TO THE DISC*/

g S RCHECH
ENTRY = NIL
THEN J#SEND ERROR EBACK TO TASEs/
ECEPTR”.STQT ERNOFILE
ELSE MOVE ATTRIBUTES#/
ECBPTR ATTHIDUTEUFTR ﬁ[TFID“»EE
DIn[UFFAUUR NTRY 1. TRIBUTES;

I L s
L -

I_I_
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! ECEFTR™ ZTATWES ERROR = NOERROR
1 END

' LZE A#OTHER DEVICE, GET DEVICE ATTRIBUTES#/

| SEGIN 5

i CCEFTR™ ATTRIEBUTESFTR™. ATTRIEBUTES .= DOEFIINTER™ ATTRIEUTEZ,
; SCEFTR™ STATUS. ZRROR = NOERROR;

| END;

EVENTCOMFLETE (ECEFTR);
‘ END;

‘ END.

| |
|
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i
il
[

INFUTAGUTFLUT OFPERATLONS

i
J

. 2.1 OFEN

FROCERURE OFEN (ZCEFTR)

/#INPUT: FOINTER TO CURRENT EVENT CONTROL BLOCH,
% CONTAINING:
| FILENAME:  FILENAMETYFRE;
| CHANNELFTR: FOINTER TO USER’S CHANNEL FARAMETER;
9 OUTFUT:  CHANNEL OFENED TO THE SPECIFIED DEVICE
= OR ERROR:
! ERF ILENAME
ERNOCHANNE ALL CHANNELS IN USE
ERNOFILE
ERTEV
ERDIR#/

BEGIN

CHANINDEX = 1;

WHILE F#FIND FREE CHANNEL*/
THANNELTAEBLE CCHANINDEX]1 I NIL
AND CTHANINDEX <= MAXCHANNEL

=)
f)

CHANINDEX = ZTHANINDEX + 1
FHFREE CHANNEL FOLND?# /s
CHANINDEX » MAXCHANNEL
THEN SHYES, RETURN ERROR#/
EEGIN
ECEFTR™ STATUZ. ERROR = ERNOCHANNEL;
S0TD 1 (./
=N
INDODEVICE (ECEFTR, VAR DDEFOQINTER)
Ir SHCHECE FOR DEVICE CFENED ACRENDY (NGT FOR OISC) s/
NOT DDEPOINTER. ATTRIBUTES. DIRECTORY
AND DDEFOINTER™ FROERHEAD. SFIRST < NIL
THEN SHRETURN ERROR#/
BEGIN
ECBFTR™. STATUS. ERROR : = ERFILEOFEN;
GOTO 10
END;
IF /#CHECK FOR DEVICE 0OR FILE#/
DDEFPOINTER™. ATTRIBUTES. BLOCKE
THEN JROIZC OR TAFE, NOTIFY TAZK#/

F BEGIN
' A#EZET CHANNEL TO FREVENT CONFIL
ECEBPTR™. CHANNELFTR™ CHANNEL @ =
CHANNELTABLE ICHANINDEXI = DU
LINE (ECBFTR, OFENCHEND, ECEFT

EVENTCOMFLETE (OFENUHEND)

-
m

ICT+#7
CHANINDEX,
MMYFLERTR,

R ECEELINED,

GOTO 10
END;




ﬁVPI;ﬂDL"

DOEFODINTER™ AT RI’H._

INITOEVIZE (DLEFDINTE

IF AHOEVICE ERRIGRT#/
STATLS. ERROR <3 NﬂE&dUE
THEN FEYES, NOTIF

SEGIN

_M["ll S REGIST

SHRETURN ERDEV aND UEV*dC
ECEFFR" .UTATUE.ERRUA
DOBFOINTER™ ATTRIEL

GaTO 10

ENL;
SHGET ’Igh DESCRIF
FOBFTR @ = EEFDDULE

IF f*ND FDExS - N
FOEBFTR = NIL
THEN
BEGIN

i

:VAILﬁBLE

WOAND FILL IT IN#s
FDDhﬁtﬁD FIRETS
EXFECTED IN VTZ#/

SCERTR™ STATUE. ZRRI

SOTO 10
END

DELINK (FOEFTR, FREEFDEGCE.
CHANNELTAELE CFHANINDcXJ

FOEFTR™. DOBFOINTER
LINK (FOEFTR, DOEFOIN
FOBFTR™. rtL:NAMF =
FDEFTR™. ATTRIBUTE
f*INUILﬁTE FUNCTION
ECBRFTR™. STATUS. ERRUn

FHEXIT HERE WITH

ENLL

"DEUHE&D;
UUDFD;NTER“
T*RIEH.b-.
Zi “FLL*EU*/

“UE!‘\!‘\\JI\ J

'RDR OR AEYND DFENst/

B S




A s A A S

SRINFUT S FOINTER 70 CURRENT EVENT CONTROL BLOCK,

T —— i et et

FROCEDURE DFENNSYNCG

CDNT“lNIVL.
S ILENMME: = TLEN FTY"F,

:HﬁﬂNELF]R: TN R T0OSERTE CHANNEL FARAMET =G
DLTRUT THONNEL OFENED 10 THE SFRCILFIED JEVICE

JR ERROR:
ERF ILENNAME
ERICHNANNEL.
CRNOFLLE
=ROEV
EROIR#*S

BESIN
wWHILE F#INFINITE LiFe/
TRIUE
i
GESIN
f*N.\T FOR ODFEN REGLES %/
WOTTFIORTOFENTRY (SUSFENLL  OFENGE, VAR
e i Wn = OFPENGZHEALL F1RST
OELINKE {(ECRFTR, OFENDHEALD, =CRFIR™ RORGHOUNE D
.,NEH_VICE {(ECREFTR, VMOR TIDEFOINTEZRY
SHTIEVICE SOINTER WL NOT =E N1 oHARCHED LN TOFLUINGT TONSs 7

w

TRTIED ;

1~ ARDOUST OR INAFE?#S
DORFODINTER. ATTRIBLTES. DIRECTORY
THEN SROTSOHS

BEGIN
GETTOFENTRY (DDEFODINTER™ FORBMHERAL, VOR FLEFTR).

WHILE= SRCHEDE ROR OFL1LE TRFEN#/S
FORFTR -2 NIL
o

EGIN
F

- 5

ECRERTR™ -

LENCME = FOERPTRT R TLENOME
THEN £ <

il
ILE OFEN, RETURN 2RRUORES

= r.bl'\l

J UL OSTATLE. ERROR e mRFLLRORFEN,
GUT 10
=N

SETNEXTENTRY (LOBFIINTER™ FLREBUHENLDL VAR FDEFTR) *

NI

GETRUFFER (DIRBUFFALDR, IRBLOCHESLZE, OIRRELUFFLID, VAR 087002,

%FFTuTIF’-n (OTRBUFF I =TATWE)

INOOIRECTORYENTRY (EOERFTR, RDIREUFNALDDR, VAR O D1TRRELCCE
VAR OENTRY DY, ]

L= SRCHECE FOR FILE NOT =CHINTR S
ENTRY — NI

THEN SHRETILIRN ZRRUR® /S
BEGIN
ECERPTRS STATWE, ZRROR ©~ RRNOELLLES
S
= NL

SROFEN = T1.5#/

PAGCE L8 BECT vy vy PRACTICANLE
HIS P 3
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ECEFTR™ STATUS. c = ERNMRG
GOTD 1o
=N
DELINK (FDRESTR, FREEFLEACE. 2HEND, F
FOEFPTR™. DISCOIRECTORYENTRY. FILENAME
FOEFTR™ JI“EDLRFZTGA ENTRY. ATTRIBLTESR
UDEFDIVT"” TRIBUTES;
FREFTR™. CHANNEL = EZCEFTR™ CHANNELFTR™ CHANNELS
CTHANNELTARLE EFDBPTR*.SHANNEh ;= FDBFTR;
FORFTR™ DDEFDOINTER = DDBPOINTER:
LINK (FDEFTR, DDBFOINTER™. FOBEBGQHEAD, FDEFTR™. FDBELINK);
FDEFTR™ TCEFTR = ECERPTR™ TCEFTRS
ECEFTR™ STATUS. ZRROR = NIERROR;
ENI;
JHIABEL FOR ERROR EXITH*/
EVENTCOMFLETE (E I["'TF\');
IF A¥IF ERROR, UNDOD CTHANNEL SET BY OFEN®/
ECEFTR™. STATUS ERROR <2r NOERROR
THEN
BEGIN
CHANNELTAELE [ECRBFTR™ .EHANMELFTR - CHANNEL 3
ECEFTR™. CHANNELFTR™. CHANNEL = NIL;
END
END;
ENTL




w-.'__,,,__w,-,v—.,.v....--m..-————-v.w

'._.,W_,,._.-r...w

2.2 CLOSE

RO

QUTRUT: FILE CLOSED OR ERROR

BEGIN :
FDEFTR = CHANNELTABLE [ECEFTR™. CHANNELI; 3 4

IF F#CHECK FOR FILE NOT OPENst/ 7
"E!BF'TF'\ o= NIL ¥ s
THEN RETURN ERROR/ - 4
o EPTR' :TATHu ERRIR = ERNSTIFEN 2 -
it se JEFILE OFEN, NOW DLISE 1T/ E 5
EEGIN Y
IF /#ELOCHK LEVICET#/
OEFTR™. ATTRIBUTES. BLOCHED
T'EN /#YES, FROCESS YNCHRONDUSL Y/

L=
=

e AHOEVICE CON BE CTLOEED SYNIHRINDUSLY*/

| § e Faa ¥ S ) et
1_” e Lwilse i ;
¥
i SCE O CONTOINING:

CHANNEL : INTEGER;

ERNCTIFEN®/

FEGIN
LINE (ECERTR, CLISEGCEAD, ECERPTR™ ECEBELINKD,
EVENTIOMPLLETE CZUISEQTE)

=N

CEGIN
JHRELEASE T
CHANNELTABLE
FS#REMOVE FLDE
DELINE (FREPTR, FIOEFTR™
WRE:LnV FDE TO LIST

TR ((EORRTR (ot = g

-
Lee L 1M (¥ D vl W

TIENMEN
BRFTR™. THONNE

~OBFTR™. FOB&L

-
<
=
=
-

CEPTR™. STATIS. ERROR
Nr‘.

e

=
4

=ML

EMD

¢ RSN AR T



=

*.ﬁ

FHOANY

= 'l‘

OFENTRY (QLJPEND. CLOSEQCE,

SESHEND. F

HE DE

-
VL-C

T —r|—

TRIBTES.
IR e o=
2 THERE ST

Q0T HeE B

CRECRUSFER Py r
[ il Y HRLIDT [

iF

THEN

TRE

=LEE VI
r-.

FOBFTR"

AND FDBFTI

THEN
BEGIN
SRFETILL

SHWRIT
=N
SHRELEASE
FREERUFFE

112 S 3W

FROEFTR™
THEN
SHREN

END
/RRELEASE CTH

CTHANNELTABLE

Ehus)hL
FDEPTR”

SYES,

EELUFFERLIS

R OR BLFF

AGNETIZ TH

FARTIAL EUF

BUFFER <
~. SEQFOS

CURRENTESFE

VAR STATLUS)

T'-n

Lh oAaTA IN THE

g s
BRI CHEbE st o 4

EEN WRITTEN TURN BLUFFER:S
BUFFER™ EBUF i, FOEFTR = NIL;
O FILE wiTH BLUFFERT %/
BELFFER i
RETLRN IT#/
T TOURRENTSFREUFFER™ BUFFERILDI. FOBFTR

NIl
ITION WORDS <2 O

/#FAD IT AND WRITE IT#/

BUFFER WI

E BUFFER T

TAPE BUFF
RLIST

EITINP A B

SHYES, WRIT
E5T DOUBLE

ANNEL AZ
LECEBFTR™

TH ZEROS FR
T2 DDEFOINTER™ BLICZK

ATTRIBLTES.

.LHﬁm

OM SEQFISITION. WORDS

O TARE#/

SRt/

FOEFTR™. BUFFER™ BUFFERIDI .= NIL;
Ty sy
blels 76

WRITEFRO iy
TE LOUBLE END OF F
END 7

GNMENT 3/

y %
L-I_.J




SEREMOVE FOE FROM DOR SUEWE OF FORE s/

o
DELINK (FDEFTR, FOBFTR™ DDEFOINTER™. FOESHEAD, FOBFTR™.

fap ERPmoELGPRRE  PRYNES RN E W ST ; -
o S SR R B TR I :.[F l'l'\El: 'DL‘.- :p'n'/

'.- 0 g s v pe: P alUsC RN e, ) o .
IN% (FOEFTR, FREZFIBEHEND, FOERPTR™ FDEOLINED;

EPE.TR LSTATUE, ERROR . = NOERROR

EVENTCOMPLETE (ECEFTR):
NI
ENIL




e

2

S TORE

SET

FROCEDURE ICORESET (ECEFTR)I

L#INPUT:

CaLLs

BEGIN
LINK <
EVENTZO
ENLD.

REQLEST
TASKID: INTEGER:
IGRESETASYNC#/

ECEBFTR, IORESETEHEAD,

MPLETE (ICRESETEHCB);

SEEPTR.

CONTAINING:




| BEGIN

. WAITFORTOFENTRY (SUS
= ECRRTR (= IORESETEHHE
. DEL! BPFTR, IORE
SETTCRBPOINTER (ECEPT
[ = I S TH TR
= N

RETLIRN ERRORSS
LS ERAROR

THIS
/*FlVﬂ DEVICES CGFENEDR EY THIZ TAZE#S
T MAXTHONNEL

FEGIN

™ x_(""_'TF\' E_.

? IF FHCLOSE THIS
FORFTR

AND FOERTR™. TCEFTR = TCEFTR

T i R s T Yot b o
L I‘N NG FDERTRG
oy i .\,

AGNNEL st/

THE!
e

j MLDSE
=NIH

=N

’- REIS PyCE T BECT OV oA
FROH © B




et e SN S S e A i

p“:* Wapdoba

¢ oo TR A

o
[t ¥ 1 Y 1 B0

s e
1L 2
<
...., T»
e 3
i R

8 - 1]
{ [ _J
i o e k-
e} -J v
=] =4 [
P rY [ c E-
LJ Ly £3 =* [l = i
: L 1 € <& A ! i
g L 4l [ 5 0
o iE - = I A 1
) (o = k= + =
wn il = < i £ B2
3 k- £1 0 LN P o, > (L4
[ ' L) i i % < 2
L I o] i L= 4 X
e r — 1 ] ohe i
L W | Mm = .
! ! id s} [ na 1
i1 ] 7 D o i o
2l i % - N
.., i e I | -] : !
g [ S - o
g 4 P40 <
i (1 Cre N T v (a4 = :
i £l ] 5 b} % T 4
= c Wiz i b= 4
{ e I € Ix T +4
2 ] it P I 4 3 |
! >k ! w2 - 5
y L Wal (5] L o
B e -
L rd < k- F- 2 in
e [ L A L 1 4 ) < < [ o W )
3 L 1 bl il 4 PR }- = | =5 5 D
-2z i 2 e (- 4
= li L ox _ * # k- 2
= O RO 5 . . B0 4O 0
i (4 LA B i g k-
- Z - w ol F b 2 @ oo »
e O R SR O P B L)

0 =

£ ] ; " id
T O e 4 » o

Wl i

STRSTR
[ ¥ &)

Y|
ER
-~

\
i
E
5

1o o
14 gl L8 PN U U AR T = 2Z LU £ v k= -
L I L ) UCE] Y

W% I e & ot

Ey B S R ke It




END;
ENI

FR#MOVE USER _ATA AREN ADDRESES AND MAFS INTO FOB#/

S#INCREMENT ISINFROGRESS FLAG IN USER ECE, AND
IF NOT OWNED BY THIS USER, IN JWNERS ECE#/

JRPOSS REGUEST TO READWRITEASYNCE/

LINE (ECEFTR, REAOWRITEGHEAIL ECERTR™. So INEDS

EVENTCOMFILETE (REAOWRITERCE)

J#EXIT WITH NOTCOMFLETE OR ERROR#/

ENIL




FROGRAM RENLWRITEAZYND,

SRINFUT: ZCB WITH 'PFﬁMr.rﬁ- AR SFRCIFIED IN THE CALLING
SEELENCES FOR READR, REALSED, READLN, WRITER, WRITESC,
AIND HRITELN IN SECTION 5020 204
AT SOMPZETION OF THE REQUESTED FLNCTION OR ERROR:
SREDF END OF FTiR
(VALLLEL HAE WORD COUNT FOR ACTUAL
TRONSFRER LN SECUENT IAL RENALE)
ERFILEADDR FILE ADDREZS BEYOND Flik
ERDIR UIRECTORY EZRROR
ERLEV UNCORRECTAELE DEVICE ERROR
(VALLUED AND VALUEZ CTONTNAIN THE
RETURNED STNTUS REGISTERS FOR
THE JLEVICE)
ERNOSFACE o OF ROOM ON BLOCKED DEVICE
ERNORANDTM ITNVALID REQUEST FIOR DEVICE OR FILE#/

EBESIN
J#SET R SYSTEM RUFFER TARBLE FOR SREBUENTIAL 1/0s/
BUFFIL .= O;
wHTI_E s#t OF BUFFERS TEFENDE ON FROCESZS0OR*/
BLIFINREX < BUFFEZRISFORTHISFROCIZSS uh
T
SEGIN
GEIBUFFER (BUFFADDR, 10ORBLUF=Z12E, FRIVATE, VAR BUFFLLD, VAR ZAATUS);
FREEBUFFERTNAEBLE TERWUFFIDI. FUBFTR = NIL
C\‘L‘J

WRLITFORTOFENTRY (EFILAGL, READWRITERCE, VAR ZTATUS);
WQITFURTOFENTRY (EFLAGZ, FURTHE PLI}WNHL[; VAR STATLE)
WATTFORTUFENTRY (ZFLAGE, COMFLETEOCE, VAR =TATUES)

WHILE JH#INFINITE LOUFe/
TRUE
i

SEGLIN

WALITAENY (EFLAGT + EFLAGZ + EFLAGSE, VAR ERFFOLUNDD;

JEGET O STATUS RETURN AND RE-135UE GICRELUE REQUEST %/

GETSZTATIUS (EFFOUND, VAR STATLS),

CASE EZFFIOUND OF

EFLAGL
BEGLIN
CECEPIR = STATUS. VALLUEL; J#RETURNED =CE FOINTER®#/
DELINK (ECEFTR, READWRLIZOHEAD, ECEFITR™. QRLINE)
WOITFORTOFPENTRY (EFLAGL, REAIWRITEZCE, VAR Z7TATUS)
ENI;
EFL.AGZ:

BEGLIN
FORFIR = STATUS, VALUEL, SERETURNED FUER FOINTERSS
=ECEBFTR O = ’DLFTR‘.&DEF?R; SRASEOCTINTELD ZCE#/
DFEI-INE '"WEFTA. FURTHERACT LONGHEAD, FDEFTR™. CHOINE D
WATTFORTOFENTRY (EMLAGZ, FURTHERACT LONGCE, VAR =T8S,
=NI;

EFLAGE:
REGIN e Ty
UM BAP Y F b holin g




Baal o oo

FDBPTR := STATUS. VALUEL; /#RETURNED FDE FOINTER#/
ECEFTR ;= FDEFTR™. ECBFTR; /#ASSOCIATED ECE#/
=UINE (FDEFTR, CDMFL:T:uHEﬁn, FOBFTR™. SLINK);
WALTFD JF:N RY (EFLAG3, COMFLETEGCE, VAR STATUS);
ENIL 4
END; SHEND CASER/
1= /#CHECYK FOR ERROR#/
SCEFTR™. STATUS. ERROR « O
THEN /#CANCEL 1/0 REQUEST#
BEGIN
IF /#CHECYK FOR SEVERE ERROR#*/
ECBFTR". STATUS. ERROR < SEVEREERROR
THEN /#MARK DEVICE UNAVALLABLE®/
CESIN
DDEFOINTER : = CHANNEL TFLLE [ECEPTR®. CHANNEL I DDEFOINTER;
DDEFCINTER™. ATTRIBUTES. AVAILAEBLE = FALSE;
END;
GOTO 10 /#SIGNAL EVENT COMPLETE#/
END;
s
/#SELECT STAGE OF PROCESSING TO EBE PERFORMEDH:/ i
CASE EFFOUND OF o
EFLAGY : /#INITIATION STAGE®/ ¥
GEGIN ' o
BPTR = CHANNELTABLE [ECEFTR™ CHANNEL I; 5 ]
unh_ Eunrsﬂ . SUBFUNC OF
READR, WRITER:
BEGIN
IF /#CHECK FOR REGUEST WITHIN FILE#/
FDEFTR. ATTRIBUTES. CONTIGUQUS
AND FDEFTR™, FILESIZE < a
ECEFTR™. FILEADDR + ECEFTR™. WORDS e
THEN /#ERROR, RETURN TO USER#/ o
ZEGIN =
ECEFTR™. 3TATUS. ERROR : = ERFILENADDR; &
GOTO 10
END;
/#CHECK ALIGNMENT OF REQUEST#/
IF
ECEFPTR™. "IL;ADDRE
MOD FDERTR DDBPUINTER . BLOCKSIZE = O
AND ECEFTR™. WORDS MOD FDEFTR™ DDEFTR™ BLOCKSIZE = O
THEN /#CAN FPERFORM IN USER BUFFER#/
BEGIN
/#INDICATE USER DATA SPEC FOR TRANSFER#/
FOBPTR™. BUFFER : = NIL;
CASE ECBPTR™. SUBFUNC OF
READR:
FDBFTR”. DEVICEDRIVERREGUEST : = READBLOCKS,
WRITER:
FOBPTR™. DEVICEDRIVERREGLUEST .= WRITEELOCKS:
=END;
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/#OSK FOR FDE BACE ON "OFERATION COMPLETE®

it/

FRDEFTR™. DRIVERRESURNGHEAD @ = COMPLETECGHEAD,

i INK FUbFTn, BLOCKEDDEVICEDR L VEREHEAL,
FOBRFTR™. GIZTNED S

JHNDTIRFY DEVICE DRIVER 1HAT REQUEST HAS EEEN

&N
=2k SENEEZD & BLUIFFER*/
BEGIN
SROQLCULATE WUSER UﬁTP SECTORS NEEDELs#/

ENDADNDR = ECERIR™ FILEANDRESS + ZCEPTR™. WORDSES

FHOSSUMES “OLVC FERFORMEL BEFORE “=° #/
BUFFWORDS @ = (ENDADDR + DISCELOCKSIZE - 1)
DISCELOCKSIZE

- FILEADDRESS DIV DISCELOEKSIZE,

DIV

GETEBUFFER (10BUFFADDR, BLUFFWORDS, VAR 10OBUFFILLD,

VAR ﬁTPIHZ),
MAFTORBUFFER (10BLFFLIIL VAR STATLE

)i
SHFOINT FDEFTR™ BEUFFER 10 0 .-il.: SIFFER S BCEs/

CASZE ECEFTR™. SLUEFUND OF

READR: FOEFTR™. DRIVERRETURNRCE @ = COMRPLIZTERCE;

WRITER: FOEFTR™. DRIVERRETURNRCE =
FURTHERACT LONQICE,;
SNL;
FORFTR™. DEVICEDRIVERREMLIEST = REALNEBLOCES;
LINKE (FIERFITR, RBLOCKERDILEVICEDRIEERGHENLL
FOEFTR™. FREBRLLINED;
ENLG
=N SHEND REALDR, WRITER INITIATION#/
REALDER, WRITESE, <READILN, WRITELN:
IF OIS OR TNRET+/
FORFTR™ ATTRIEBLTES. BLOCKEID
THEN sHYEE, THECE FOR BUFFER NEELEL/
BESIN
I~
FOEFTR™ BUFFER = NIL
THEN JHROLLOCATE REAL/VWRITE GURFER®/
EEGIN
FIOUND = =ALSES
BUFFIL = 1;
WHILE S#LOOK THROUGH TARILLE
BUFFIN < BUFFERZFORTHISFROCESSOR
AND NOT = 0UND
julu}
BEGIN
I
FREEBUFFERTARLE TRUFFIDI. RLUEFTR
THEN
EEGIN
FOLIND = TRLE;
FORFIR™ BUFFER . =
JHECE FOINTER FOR BUFEFERR®/;
ENL;
BUFFITI = BUFFID + 1,
END;
ir FROLT OF BLIFFEREST®
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SANCELFEFZRG

=NI;

-
M

NCT FOERTR. ATTR [BUTES.
AND rUDFT"' ~ TNEVICZEDRIN
THEN f*Y--. SET FROTE

CAZE EPCP*””.JLLF“NE

T T e e e o =
wR L erROTECT HES I
REABRERETECT = TREE;
AHCAELCLULATE NEW ~OSITION OF WORD
g;b,gN S FOINTER#ES
ITIGN: = FOEBFTR™ wiR T
BFTR. WORDS;
re wl ! !
L™ I*W;LL nﬂ:

NEWFIDE T"Jl\. 2
THEN SRAYESH S
ZASE ._...E."'TF:

RER

e Thi
u;ﬁ;m

/#MOVE WORDS FROM BUFFERs g
FDFPTR“ ITION WORD | = g
Se >
by b
uRI ;
Ecuu- o
S EMOVE NHRU' ' o
FOEFTR™ =
NEWP!
=NO;
IND /7 #0F CNASEw/
ELIE /#ND, REND IR WRITE ELFFERw 5
CASE ECBPTR™. SUBFUNC OF o -
READSE. RENADLN:
BEGIN
/EMOVE  WOR ELUFFER.
FOEFTR™ = Oy
;5ar|n” woi D
-~ FODBPTR™. DDBFOINTER"
FDBPTR. DRIVERRETURNGCE . =
FLURTHERACT TONGIZE,
FDBFTR™. DEVICERIVERREMUEST .-
<Enn[L~ ;
/805K DRIVER TS READ THE NEXT BLICHs#/
"-.MDD
WRIT READLA
uEUI\
FRMOVE WORDS LIFT (N THIS BUFFER+.

O




FUEPTR”.SE@PGSITIGN.NDRU RO
SCERTR™ WORDEZ @ = anHLIIDN
- FDBFTR™. ul..![;F”.a.: TER™ BLOCKESIZE;
FOEPTR™. DRIVERRETLURNOCZE @ =
FVRTHEnPLTTﬁNNCu;
FOEBFTR™. DEVIZERIVERRERIEST @ = |
wRITERBLOCKS,; |
JEAZE DRIVER T WRITE THIS BLICE#/ |

‘ END;

E | END;  /#0F CASE#/ :
END /#0F SEQUENTIAL OF NS FOR DISC AND TAFE#/ g

ELSE /#DEVICE, DRIVER DGOES READ OR WRITE#/ |

: BEGIN |
§ /#MOVE USER BUFFER SFEC TO FDE#/ |
E FOEFTR™. DRIVERRETURNRCE ] COMPLETEQCE:; ]
1 FDEFTR™. DEVICEDRIVERREGUEST & = ECEFTR™. SUBFUNC, H

LINE (FOEFPTR, SEQUENTIALDE VICEDRIV:nuHcPD; i1
FOEFTR™. FOBGLINK); |
s#ASE GEVIZE DRIVER T3 TRANSFER CHARACTERSH/

3 END; /#0F SEG. DEVICE FROCESSINGS/ |
END; /#0F CASE FOR INITIATION OF I/0%/ £
END; /#0F INITIATION STAGE/
EFLAG2 /#FURTHER ACTION STAGE#*/
EEGI
CASE ECEPTR“.SUBFUNC aF
READR:
EEGIN
/#MOVE DATA FROM FOEFTR™. BUFFER TO USER”S BUFFER#/
RELEASEBUFFER (SUSFEND, FLOBFTR™ BUFFER™ BUFFERILD,
VAR STATUS),
ECEFTR™. 3TATUS. ERROR : = NOERROR;
GOTD 10
END;
WRITER:
I.IEIJ IN
/#MOVE USER‘S DATA TO FOEFTR™. BUFFER#/
FDEFTR". DRIVERRETURNGCE - = FJMFLE EGCE;
FDBFTR™. DEVICEDRIVERREQUEST : = WRITEBLOCKS;
/#ASK DRIVER TO WRITE BLOCKS BACK TO DISKs#/
END;
READS®, READLN, WRITES® WRITELN
BEGIN
IF /#NEED DATA SESMENT IF SESMENTED#/
FDEFTR™. ATTRIBUTES. SEGMENTED
THEN
EEGIN
GETDATASEGMENT (FDEFTR, VAR STATUS)
IF /#ERRORT#./
STATUS. ERROR < NOERROR |
THEN /#RETURN TO USER®/ |
EEGIN X ’

ECEPFTR™. STATUS = STATUS, .
GOTO 10 1
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=N;
=N
AHCALTULATE NEW FOSITION OF WIZRD
! SERUENCE FOINTER®S
NEWFDSITION: = FOEFTR™. SEQFPOSITION, WORD
+CPE\F. r” 5 :N‘Uf\AJ..u

IF SNl THE EBUFFER BE SUFFICIENT ?#/
NEWF S ITIJN o FOBPTR™. UDEFOINTER™. BLICKSIZE |
THEN FHYES# /S |
ZASE ECEFTR™. SUBFLUNC IOF
READSE, READLN:
BESIN
/EMOVE WORDS FROM BUFFER®/
FOGRTR™ SEQPISITION. WORD : =
i NEWFOSITION,
=N :
WRITEZZR, RENDLN ]
BEGIN J
FHMOVE WORDS TO BUFFER*/ E
FOEBFTR™. SEQFOSITION. WORD : = F
NEWFRIZIZITION f
END; |
=ND; SROFE DRSERS :
ELS /#NO, READ TR WRITE EUFFERst/
CAZE ECEFTR™. SUEBFUNC OF
READZE, RENDLN: {
EEGIN }
JEMOVE WORDS LEFT IN THIS BUFFER®/ i

FOERTR™. SEGFOSITION, ”UnD = ‘
ECERTR™ WORDS = NEWFOQSITION '
~ FOEFTR™. DOBFOINTER™. BELOCKSIZE;

FORFTR™. DRIVERRETURNELE : =
FURTHERACT L ONGICE;

-nnp*ﬁ . DEVICERIVERREZUEST =
READELOCKS:

S#ASK DRIVER TO READ THE NEXT BLICK::,

END;

WRITESRE, READLN:

BEGIN

/#MQVE WORDS LEFT IN THIS BUFFER#/

FDEPTR”. SEGPOSITION. WORD : = O;

ECEPTR”. WORDS : = NEWFOSITION :
~ FOBFTR™. DDEFQINTER™ BLOCKSIZE:

FDDFT ~ DRIVERRETURNGCE - =

URTHERACT IONGCE;
FDBP.n‘ DEVIZCERIVERREQLEST . =
WRITEEBLOCKS,
SHASK DRIVER T3 WRITE THIS BLOCK®/
END;
END; SROF CAZE#/
END; s#0F SEGUENTIAL OF“NS FOR OISC AND TAFREx/S
eLsE /#DEVICE, DRIVER NOQES REND OR WRITEs+/
CEGIN

SHMOVE USER BUFFER SFED TO FORst/
FOEFTR™. DRIVERRETURNECLE .~

b=8y




FORPTR™. DEVIZEDRIVERREGUEST

=INE (FDEFTR, SERUENTIALDEVICEDRIV LﬂuHthl

FORFTR™. FORGLINE)
= JeOEE DEVICE DRIVER T2 TRANISFER
END; J#OF SEQ. DEVICE rRDCEEE NG/
END; S#OF FURTHER ACTION STAGE#/

cFLAGS: SHCOMPLETION STAGE#/
BEGIN
i S#DISC RANDOM WRI

ECEPTR™ SUBFUNC = wn =
THEN /#YES, RELENZSE BUFFER#®/
RELEAZEEBUFFER (oUSFc\D. FOEFTR™ BUFFER
VAR STATUS);

ECEFTRS. STATUS. ERROR . = NCERROR;

EVENTCOMPLETE (ECEFTR),

J#DECREMENT IJINFROGRESZ FLNG FOR USER EBCE AND,
IF NOT OWNED BY THIZ USER, IN THE JWNER'S
BCE#/

END;

=N SHEND OF STAGE

=
=ND.

SERINFINITE LIOF#/

CHARACTERS#/



& & RECOVERY AND RECONF IGURATLION

6. 6.1 DATA STRUCTURES AND VARIAELE NECLARAT 1ONS

TYPE
TASKID =
RECORD i
TASKID, FPROCESZORNUMBER: INTEGER r
=ND; |

ERRORTYFE = (BADDATAFRODUCED, EALDNTARECEIVED,
MSGNOTANSWERED, UNABLETOINSTALL,
UNARLETOSCHEDULE) ;

FCB = /# FALLURE CONTROL BLOCK #/

RECORD
FLINK, BILINK: “FCE;
SENDERID, DESTNAME:  TASKID;
SRRORCODE: ERRORTYRES
FAILURENUMEER, RETRYDOUNT, RECOVERYCOUNT: INTEGER;
TIMELISTREFORT, TIMERECENTREFORT: TIME;
END;

VAR
FCBRUEUEHEAD:  ~FCB; /# FOINTER 70 THE FIRST FCE 1IN THE CIUELIE #/
FCBOTAIL: “FCE; /% FOINTER TO THE LAST FCE IN THE GIUEUE #/
FCBAVAIL.GHEAD: “FCB; /% FOINTER TO THE FIRST FCE IN THE
GUEUE OF AVAILABLE FCE7S #/
MERCATIVESTATLIS: (ACTIVE, INACTIVE); J/# DESCRIEES THE ABILITY OF
THE MERC 10 SENL CONF 1G-
URATION MESSNAGES #/
NOFREVIOQUSCONF 1GMSG: BOOLEAN; /7# TRUE MEANS THAT THE MESSAGE ONE
WAS NOT AVAILAEBLE #/
CURRENTCONF 1G: INTEGER; /# DESCRIEBES CURRENT CONFIGURATION 3#/
ROUTERTAELE: ARRAY [1.. MAXNOTASKS1 OF RECORD
TOASKNAME TASKNAMETYRE:
TASKID, FROCESZSOR: INTEGER
=ND;
CONFIGTABLE: ARRAY [1.. MAXNOCONFIGURNTIONSI 0OF
ARRAY T1. .  MAXNOTAZK] OF RECORD
TASKNAME.: TASKNAMETYFE;: FROCESSOR: INTEGER
END;
VIRTUALTODISFLAYROCMAR:
ARRAY [1.. MAXNODSFPLAYFROCESSURS1 OF INTEGER;
/# MAP OF VIRTUAL STATIONS TO DISFLAY FROCESSORS:
ELEMENTS ARE THE INTEGER IDENTIFIER FOR THE PROCESSOR #/
PCSTATUS: ARRAY [1.. MAXNOPROCESSORS]1 DOF (UP, DOWN);
/# NOTE: ELEMENTS 1-3 OF FCSTATUS CORRESPOND TO THE THREE MAIN
FROCESS0ORS #/
/# WE ASSUME THERE 15 A FUNCTION "CURRENTTIME" WHI1CH RETURNS
THE CURRENT TIME OF DAY, #/

e i midaitat i SRA




6.6.2 PROCEDURE DELARATIONS g
6.6.2.1 FAILUREDETECTED

FROCEDURE FAILUREUDETECTED (SENLERLID, LESTNAME, ZRRORCODE,
A#TH1S FROCEDURE IS SALLED BY AN ARFLICATION TASK
WHENEVER AN ERRUR I3 DEVECTED #/
VAR CURRENTFCE, NEWFCR: “FLR;
BEGIN
FCEMNVALLAHEAD = NIL
THEN
/% SINCE THERE IS NO AVALLAELE FCR, WE WILL TAKE
THE LLAST FCB FROM THE FCOB QUELE #/
BEGIN
NEWFCE: = FCBAQTAIL,;
FCERTAIL: = FCBATATL™ BLINK;
FLBRTATIL™ FLINK: = NIL
END

m
-
)
m

/% GET AN FCB FROM THE QWEUE OF AVAILAERILE FCE S #/
BEGIN
NEWFCE: = FCEAVATLGHEALS
FCBAVAILGHEAD: =
FCEBAVATLAHEAD™. FLLINK;
FCBEAVAILGHEAD™ BLINK: = NIL
ENL;
/% F1LL IN THE INFORMATION IN THE FCE #/
NEWFZE™. SENLDERID: = ZENDERID
NEWFCE™ DESTNAME: = DESTNAME;
NEWFCZE™. ERRORCODE: = ERRORCODE; ¢
NEWFZE™ FAILURENUMEER: = FAILURENUMEER;
NEWFCE™. TIMELISTREFORT: = CURRENTT IME;

s# LOG THE ERROR #/

/% SENDOMESSAGE T0 OGN, WHERE N IS THE ZURRENYT FROCEZZOR
NUMEER, CTONTAINING THE INFORMATION CONTANED 37

THE RECORD FOINTED BY NEWFCE #/

/# SEE IR THIS ERROR HNS QCCURRED BEFORE #/

CURRENTFLCB: = FCBRUEUEHEAD;
WHILE
CURRENTFCE <> NTL AND
FCBNOTFOUND /# FLNCTION CALL #/°
jaln
CURRENTFCRE: = CURRENTFCE™. FLINK;
1S
CURRENTFCE = NIL
THEN

/# THIS I3 THE FIRSYT TIME THE ERRUOR HAS OCCURRED
20 FLACE IT IN THE FCE QUEUE. *#/
WITH CLURRENTFCE™ DO

BEGIN

CURRENTFCE: = NEWFCE;

RETRYCGUNT . = O;
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RECOVERYCOLINT: = O;
TIMERECENTREFORT: = TIME1ISTREFURT
FILLINK: = FCBRUEUEHEAD;

BLINK: = NIL;
FLINK™ ELINK:
FCEQUEUEHEAL:
END

CURRENTFCE;
CURRENTFCE

m

LIE

/# THIS ERRUR HAS COCCURRED BEFORE =0 RESET
THE VALLE 0OF "THE MOST RECENT TIME THE
ERROR HAS QCCURRED" AND RETURN THE SPARE
FCE TO THE AVAILAEBLE QUELUE */
WITH NEWFCE™ DO
BEGIN
CURRENTFCE™. TIMERECENTREFORT: =
TIME1STREFORT;
FILINK: = FCBAVAILI_GHEAD;
BLINK: = NIL;
FLINK™. BLINK: = NEWFCE;
FCEAVAILGHEAD: = NEWFCE
=ND;
CURRENTFCE™, RETRYCOULNT: =
CLURRENTFCE™. RETRYCOUNT + 1
-
CURRENTFCE™. RETRYCOUNT < RETRYL.IMIT
AND CURREMTFCE™. ERRORCODE < BADDNATAFRODUCED
THEN

/# ALLOW THE AFFLICATIONS FROGRAM TO ATTEMRT
OFERATION AGAIN #/

cel.se

/# TOO MANY ERRORE HAVE OCCURRED S0 THE TASK
MUST BE BAD AND MUST BE RECOVERED #/
WITH CURRENTFCE™ DO
BEGIN
RECOVERYCOUNT: = RECOVERYCOUNT + 1;
RETRYCOUNT: = 0;
IF
RECOVERYCOUNT > RECOVERYLIMIT
THEN
/# THE PROCESS0OR MUST RE RAD #/
/# DISCONNECT THE PROCESSOR #/
ELLSE
TASKRECOVERY (NESTNAME)
END
END /# 0OF PROCEDURE FALLUREDETECTED #/

THE




e it i

-
I
; FUNCTION FCENOTFOUND:  EOOLEAN;
/#THIS FUNCTION IS USED IN PROCEDURE FATLUREDETECTED 10
DETERMINE IF A NEWLY CONSTRUCTED FCE HAS AN
; IDENTICAL ENTRY ALREADY IN THE MUELE #/ d
BEGIN
« IF
CURRENTFCE = NIL
| THEN
- FCENOTFOUND: = TRUE
EL3E
WITH CURRENTFCE® DD
IF
SENDERID = NEWFCE”. SENDERID AND
ERRORCODE = NEWFCE®. ERRORCODE AND
1 DESTNAME = NEWFCE”. DESTNAME AND
FAILURENUMEER = NEWFCE®. FATLURENUMEER
THEN
FCENOTFOLIND: = FALSE
ELSE
FCENOTFOLND: = TRUE ;
END /# OF FROCEDURE FCENOTFOUND 3/ i

——
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FROCEDURE TASKRECOVERY (TASE:  TASK1DD;

/# THIS FROCEIMIRE SENDS A "RECOVER" MESZNGE TO THE TASK
RECOVERY TASK ON THE FROCESZOR ON WHLCH
"TASK" TS RUNNING #/

VAR
i INTEGER;

EEGIN

/% FIND THE FROCESSOR WHERE THE TASK 15 RUNNING #/
1:= }
WHILE
1 <= MAXNOTASKS AND
GLOBN_TABILLECI Y. TASK1ID <> TASE. TASKID
i
I:=1 + 1;

IF I > MAXNOTASKS THEN /# NOTIFY LERC OF INTERNAL ERROR #/
ELZE
/# SENDMESSNGE “"RECOVER <TASK. TASK1D:" TO
TASKRECOVERYN <N I3 GLOBNLTABLELII. FROCESSORZ %/

END /# OF FROCEDURE TASKRECOVERY */;




FROCEDURE OGN,

/% TH1S PROCEDURE MAINTAINS AN ERROR LOG FOR FROCESSOR
NUMEER N #/

VAR

NEWFCE: ~FCE

EEGIN

WHILE /# INFINITE LOOF #®/
TRUE

no
BEGIN

/% WAIT UNTIL A MESSNGE ARRIVES#
/#PLACE THE FCE FROM MESSAGE IN VARIABLE NEWFCE #/
SH#WRITE NEWFCE TO DISK #/

END
END /% OF PROCEDURE OGN #/;




< e LS

e — — \

FROCEDURE TASKRECOVERYN;

/% THIS FROCEDURE RECOVERE TASKES RUNNING ION FROCESSOR N
THIZ FPROCEDURE MUST ALS0 BE RUNNING ON FPROCESS0R N #/

VAR
TASKID: INTEGER:
BEGIN
WHILE /# INFINITE LLOOF #/
TRUE
Do
BEGIN
/% WAIT FOR A MESSNAGE #/
/# PLACE THE TASK ID FOUND 1IN MESSNGE IN
1 VARIABILE TASKID #/
' /% RESCHEDULE (TASKID) #/
=ND

END /% DF FROCEDURE TASKRECOVERYN #/5
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6.6.2.2 LERCUPDATE

FROCEDURE LERCUFONTE:

VAR

CURRENTFCE: ~FCE;

DIAGERRORS:  ARRAY [1. . MAXNODIAGERRS] OF BOOLEAN
FROCESSORFALLURE: BOOLEAN;

I: INTEGER;

BEGIN

/# RUN DIAGNOSTICS AND FOR EACH DIAGNOSTIC CHECK SET THE
CORRESFONDING ELEMENT IN DIAGERRORS TO TRUE 1F AN

ERROR WAS DETECTED, OTHERWISE SET IT TO FALSE #/

/# SEE IF THERE WERE ANY ERRORS DETECTED EBY THE
DIAGNOSTIC AND IF THERE WERE, THEN VERIFY THEM #/
FROCESSORFAILURE: = FALSE; 2
FOR I:= 1 T0O MAXNODIAGERRZ DO
IF
DINGERRORSII]
THEN
BEGIN
/% RUN DINAGNQSTIC NUMEER "I1" AGNIN #/
IF DIAGERRORSIII THEN FPROCESZORFALLURE: = TRUE
=N

Il'
FROCESSORFALLURE
THEN

/7# A VERIFIED ERROR HAS BEEN DIZCOVEREDR, THUS THE
PROCESSOR MUST RBE CONSIDERED EAD AND MUST RBE
UISCONNECTED #/
BEGIN
/% NOTIFY MAINTENANCE OF THE FROBLEMS #/
/% DISCONNECT FROCEZSSOR #/
=N
/¥ DELETE THOSE FCBR'S WHICH HAVE HEEN AROLUND =20 LOING
THAT THE ERRORS WERE FROBNAELY TRANZIENT AND HNAVE
UONE %/
CURRENTFCE: = HEADFCBRQUELE;
WHILE
CURRENTFCB <> NIL
DO
4™
(CURRENTTIME - CURRENTFCE”. TIMERECENTREFORT) -
FCERETAINTIMEILLIMIT
THEN
WITH CURRENTFCE™ DO
BEGIN
IF BLINK = NIL THEN
HEADFCRRUEUE: = FLINEK;
IF FLINK = NIL THEN
TAILFCEGUEUE: = BLINK;
BLINK™ FLINK:. = FLINK;
FLINK™ BLLINK: = BLINK;




FILINK: = HEADFCEBAVATLOUELE;
BLINK: = NI1L;
FILINK™ BLINK:= CURRENTFCE;
HEADFCBEVALLRGUELE: = CURRENTFCE
=ND;
* /% RESET WATCHDOG TIMER #/
/# SENDMESSNGE "I AM OPERATIONAL" TO ALL MERC S #/

¢
END /# OF FROCEDURE LERCUFLINTE #/
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6.6.2.3 MERCUPDATE

FROCEDURE MERCUFDNTES

VAR
CONFG: INTEGER;

BEGIN
143
/# TIME T1 HAAS EXPIRED #/
THEN
/# COLLECT MESSAGES SENT FROM ALL LERC’S AND SET EACH
ELEMENT OF PCSTATUS TO “"UP" IF A MESSNAGE WAS
RECEIVED, QR TO "DOWN" IF NO MESSNGE WAS RECETVED #/

IF
MERCACTIVESTATUS = ACTIVE
THEN
COMFUTECONF 1GANDSENDIT
ZLSE
IF -
/# “"CONFIG" MESSAGE HAS ARRIVELDR #/
THEN
EBEGIN
s# PLLACE "CONFIG" IN CURRENTCONFIG #/
7% FPLOACE "VIRTUALTODISPLAYRPCMAFR® IN
VIRTUALTODISFLAYFOMAF #/
IF
NEWCONFIG <22 OLDCONFIG
THEN
RECONFIGURE (NEWCONF1G);
END
ELSE
i
/% TIME TZFROCESSORNUMEBER HNS EXFIRED #/
THEN /% ACTIVE MERC MUST BE &=NL, BECOME ACTIVE #/
EBEGIN
MERCACTIVESTATLUS = ACTIVE;
COMFUTECONF 1GANDSENDIT
=N
END; /# OF MERCUFDATE #/
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FROCEDURE COMFPUTECONFTGANDSENDI T

/% THIS FROCEDURE I3 CALLED RBY MERCUFDATE 10
DETERMINE THE CURRENT CZONF1GURATION AND TO
SEND THE CONFIGURATION MESSAGE 10 THE OTHER
MERC“S #/

VAR
I: INTEGER;

BEGIN
/# COMPUTE THE CURRENT CONFIGURATION NUMEBER WHICH

CORRESFONDES TQ THE NUMEER IN PARY 1 OF THE
ROLTING/RECONFIGURATION TABLE #/

1=
PCSTATUST1] = DOWN
THEN
CONFIG: = 1
cl.SE
CONFIG: = 0;
T

PCESTATUSIZI = DOWN
THEN

CONFIG = CONFIG + 2;
IF

FPCESTATUSEZT = DOWN
THEN

CONFIG: = ZONFIG + 4;

I

CONFIG = 4
THEN
CONFIG: = 3
E
1F
CONFIG = 3
THEN
CONFIG: = 4;
CONFI1G: = CONFIG + 1;
IF
PCSTATUS L VIRTUALTODISPLAYRPCMAFL1]) 1 = DOWN
THEN
/# THE WATCH SUPERVISOR-S DISFLAY FROCESSOR IS DOWN
S0 ASSIGN THE WATCH SUPERVISOR” S VIRTUN. FROCESSOR
TO THE FIRST DISPLAY FROCESSOR WHICH IS UP #/
BEGIN
I:= 2Z;
WHILE
I < MAXNODISFILLAYPROCESSORS AND
PCSTATUS © VIRTUALTODISPLAYRCMAFRT1]1 1 =
DOWN
Do
I:= 1+ 1;
IF
I < MAXNODISPLAYFROCESSORS

-

0
[0}

1
-




oot

THEN
BEGIN
VIRTUALTODISRLAYRFCMARILD: =
VIRTUALTODISFLAYFCMAFLL 1,
/# SEND MESSAGE TO DISFLAY I THAT 17
15 NOW THE WATCH SUFERVISORS STATION #/
END
ELSE
/% NOTIFY MAINTENANCE THAT ALL DISFLAY
FROCESS0ORS ARE DOWN #/
END;
s#¥ MOF ANY VIRTUAL STATIONS ASSIGNED TD DUOWNED
DISFLAY FROCESSORS TO THE D1SFLAY FROCESSOR
USED BY VIRTUAL STATION 1 (THE WATCH
SUPERVISOR) #/

I .= 2 TO MAXNODISPLAYPROCESSORS

FCSTATUS [VIRTUALTODISFLAYFCMAR [111 = DOWN
THEN
VIRTUALTOLRISFLAYMAF [I1 @ =
VIRTUNLTODISFLAYMAF [13;
/% SEND MESSAGE CONTAINING "CONFIG" AND
"YIRTUALTORTSFLAYFCMAR" TO ALL MERCE #/

END /% 0OF COMPUTECONF IGANDSENDIT #/

e
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FROCEDURE RECONFIGLIRE (CONF1G: INTEGER)

J# THIS PROCEDURE SCHEDULES AND WOUNDS THE NECESSARY
TASKS TO FIT THE NEW CONFIGURATION. WHEN & TASK
I3 WOUNDED, 17T IS FLACED ON A QUELE OF WOLNDED TASES
AND 135 ALLOWED TO CONTINUE FROCESSING 1TSS OUTSTANDING
MESSAGES. THE WOULND 2QUELE 15 CHECKED FERIODICALLY, AND
THOSE TASKS WITH NO MORE QUTSTANDING MESSNGES ARE
KILLED #/

BEGIN
FOR
I := 1 TO MAXNOTASKS
Do
WITH CONFIGTAEBLE [CONFIGI DO
IF
FROCEZS0R = THISFROCESSORID
AND /7% TASK NAME IS NOT IN CONFIGURATION TRELE #/

THEN

SCHEDULE (SUSFEND, 7TASKNAME, ZTATUS)
ELSE

IF

FROCESS0OR = THI1SPROCESSORID
AND 7# TASK NNME 15 I3 CONFIGURATION TAELE #/
THEN
/% WOUND THIS TASK #/
=ND /# 0OF RECONFIGURE #/




7 FAULT TOLERANCE

7.1 ENVIRONMENT

Design Objectives

The objective of fault tolerance is not to build a non-failing
system, but to build a system that can continue to operate in
the presence of failures. 1In the presence of a failure, the
sYstem must continue to operate, possibly with a reduction in
its capabilities, and must recover from the failure quickly
enough to prevent the interruption of critical functions. The
recovery discussed here is based on the presence of redundant
system components and, therefore, depends on the restoration
of a failed component to operational capability before another
such component can fail.

The failures that must be guarded against are those originating
in both the hardware and software whether caused by:

. Implementation errors
. Component £failure
. Inaccurate specifications

. Human error.

Both transient as well as solid (permanent) failures will be

covered.

Hardware and Software

The symptoms of failures and the characteristics of error handling
and recovery procedures are usually quite similar for both hard-
ware and software failures. This fact should be utilized in
developing consistent and common procedures o deal with both

types of failure.

Processes (References to processes are equivalent to references to tasks)
Applications programs are written as a collection of relatively
short processes. Processes should be easy to restart, self-
checking and verifying, and should have clean interfaces to

other processes and data bases utilized.
" 7.1 g —




Redundancy

There is a redundancy of all hardware and software components in

the system. The system is sized such that the failure of a
hardware or software component will not cause total failure of
the system, but merely cause it to operate at perhaps reduced
capacity, even though that is not always the case.

Time Constraints

Although this is a real-time management information system, the
response time criteria does allow the restart and reexecution

of a process. The time constraints also allow human intervention
to accomplish system recovery in most instances, particularly
those in which it is the most appropriate recovery mechanism

to be employed.

Occasional short outages are acceptable; however, lengthy outages
are unacceptable, even if they are scheduled.

Cost~Effective Fault Tolerance

Factors contributing to cost-effectiveness of fault tolerance are:

. Modular design and implementation of both hardware
and software

. Implementation of fault-tolerance capabilities primarily
in software.

Scope of System

One attribute or characteristic of the VTS system that greatly
simplifies the entire problem of achieving fault tolerance is
that the system is completely defined and tightly-bounded with
respect to both the types of procedures that will be run, or
services that will be provided, as well as the exact nature of
inputs and outputs of these procedures and services. There is

a well-defined limit to the range of each reply or response.




Severity of the Results of a Failure
The possible results of a failure are listed below in increasing

b il g

order of severity.

Discard results of one process (whether completed
or not) - small loss of time, no loss of data

. Loss of one message

Loss of a hardware or software component with a ;
spare /redundant component available :

Momentary total system outage with automatic recovery

quickly executed

. Momentary total system outage with complete reload/
restart automatically executed

. Failure requiring human intervention to restart

Failure requiring human intervention to diagnose.




7.2 GENERAL APPROACH FOR ACHIEVING FAULT-TOLERANCE

‘ The goal of fault tolerance is that failures, errors and bugs
of all types be anticipated. Redundancy of components and
isolation or containment of the failure will be used to
provide tolerance of faults, whether they are:

. Permanent or transient

. Hardware or software based

. Design or implementation errors in hardware or
software (applications or operating system).

Figure 7-1 shows the stages and alternatives in the failure
detection and recovery process.

The components of a fault-tolerance system are:

. Redundancy

~ Physical components

- Processes/Code

- Data base

- Consistency checks

- No real value without error handling and
recovery capabilities

. Error Handling

- Error detection

- Error containment or isolation
- Error identification

- Error reporting

- Error verification

- Error logging




Error Detection

|

|
v

Error Reporting
l

I
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Attempt Local Recovery
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| |

| |

v v
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|
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Reconfigure and Recover

|
|
| Vv
|
l
I

Continue

7-1 Failure Detection & Recovery Process
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. Recovery

- Determining possible configurations
- Isolating failure

- Reconfiguration

- Restart

- Safe-shutdown if necessary

- Reconstruction of complete system
- Restoration of data bases

The following failure modes are listed by location of occurrence
to provide a background for discussion of fault tolerance.

Hardware

. Main Processor

- Halts (dies)
- Produces erroneous results

- Goes wild - continually transmits nonsense
. Interprocessor Bus

- Open

- Stuck

- Intermittent errors
. Primary Memory

- Module fails

- Word/bit fails
- Intermittent
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. Storage Devices

- Device failure
- Bad sectors

. I/0 Interface

- Fails (open)
- Stuck-on ("Hogs" bus)
-~ Intermittent errors

. Watchstanders' I/0O Devices

- Display Processor

- Halts (dies)

- Produces erroneous results
- Goes wild - continually transmits nonsense,

retaining control of the interprocessor bus

or deluging the watchstander with erroneous
data.

Tasks (The Execution of Code)

. A server task dies before completing

. The processor in which the task is executing
fails and halts

Task requesting a service dies before the service

is completed; therefore, the server has no desti-.

to send i1its results

zion




- The task cannot be invoked (perhaps dire to an

inability to identify the task or that the
task cannot be found or that the resources
necessary to activate the task cannot be made
available).

. Task continually transmits messages

E . Task destroys executing copy of code and
causes total task failure

. A "permanent" lock is placed on a global resource.

Inter-Task Communication

. No destination for message

- Addressed process not currently active

- Erroneous message generated

. No answer received

. ITC mechanism flooded or overloaded with messages
Data Base

. Redundant copies of data base become inconsistent
(This might be detected when an update is sent to
all copies of the data base and it is found that it
cannot be performed on one of the copies.)

. An update is given to a data base that it cannot execute
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Internal consistency check of a data base fails .

. Information requested from a data base is not present

. The processor on which the data base resides dies

. The data base manager dies or otherwise fails to
respond properly

Code

. Internal consistency check of block of code fails

. Program malfunctions and copy of code being utilized
is suspected

. Program "bugs" appear

. Design errors are discovered

-

.2.17 Redundancy

vstem redundancy affords both good and bad aspects. The

existence of duplicate components of any type always presents

r

u

the opportunity for disagreement and the subsequent requirement

for some independent or third-party method to resolve the disagree-
ment. Redundancy, therefore, has to be treated differently for
application to its two main goals: detecting, checking and
verifying a failure; or providing a spare component for replace-

ment.

A spare or replacement copy of a resource is of no value in
achieving fault-tolerance if it does not function properly itself.
Therefore, there must be a continual checking and verifying of

the overational status of spares.
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One approach, or technique, emploved *o ensure the "usability" of

redundant resources is to maintain all components in an active
state rather than a passive or stand-by status. This is accom-

plished by rotating the designation of primary components or
by operating all available resources at reduced load levels.

The operating system must maintain a current map of available
hardware and software resources. However, the operating system
must always be skeptical of the picture it has of its current
environment. All failures must be detected and reported so that
failed components may be repaired or replaced. Otherwise, the
inherent reliability of the system degrades.

7.2.2 Error Handling
A key design practice should be to make use of expected responses

to establish the status of other tasks and to avoid overloading

the system with excessive "are you well?" messages. Embedded
checks (within tasks and data structures) can often detect
failures that are missed by even "good " diagqnostic routines.
Verification of the operation of various components of the system
is an important aspect of error detection. The operating system
must check its own status and behavior as well as the application
programs. Use of diagnostic and check-out routines should be

maximized within the constraints.

Understanding the nature of a failure in a running system
usually requires very accurate and complete knowledge of the state

of the machine at the instant of the failure - not later.

7.2.3 Recovery

Recovery is an integral part of fault-tolerant operaticn and, in

a real-time system, may be the most difficult objective to achieve.
The characteristics of the VTS do alleviate this problem somewhat
since the system is basically "self-correcting" with respect to
operations on the data base and is tolerant of small divergences
while convergence to the "correct state" is taking place.
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7.3 HARDWARE FAULT TOLERANCE

The general mechanisms or procedures for achieving hardware fault
tolerance are:

. Provide spare resources
. Failure containment

. Ability to selectively shut-down components, utilizing
a unique address, even if the component has gone "wild."
Also ability to selectively reactivate and reinitialize
components.

All of the above goals or requirements are facilitated by highly
modular design of the hardware. There should be no master

HALT, RESTART, or RESET signals. It is essential that the system
permit the physical removal and reinstallation of hardware compo-

nents without disturbing the remainder of the running system.
The removal capability must not be impaired by any failure mode of

the component.

In general, the system should automatically recognize its current
operational environment that is assumed to be changing on a
dynamic basis. It should identify all available resources. This
action is executed by the software; however, it is impossible
unless the hardware design/logic does support such actions.

A basic conflict does exist between the requirement to protect
the currently "working system" and the need to "absorb" new
or recovered resources.
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Diagnostic and check-out routines can be difficult to design
and execute on a large variety of human interface devices. They
often require large amounts of human response.

Hardware Fault Tolerance Models

Figures 7-2, 7-~3 and 7-4 show the models, or diagrams, for
the three system configurations being studied in detail by this

project. The component blocks of these diagrams and some major
subsystems are discussed here in terms of their characteristics
and the fault tolerance features they should include.

7.3.1 Memory
The most common failure will probably be memory parity errors.

Hardware Checks

All of the memory installed on the system should contain Error
Checking and Correcting (ECC) hardware. That is, the memory
should have built in the memory boards error detection and
correction capability at the byte (8-bit) level. This will
detect and correct most of the memory error problems that result
from hardware failures.

The main problem with ECC memory is the lack of recorded
information regarding memory errors that are occurring in a
particular portion of memory and being corrected automatically.
If the integrity (inherent reliability) of the system is to be
maintained, automatically corrected errors must also be reported
and recorded so that a failure pattern in a particular memory
module can be detected.

There are a number of error patterns that can occur within the
bytes that will only be detected (not corrected) by the ECC

memory. Some error patterns will not be detected or corrected.
Both of these latter classes of errors must be handled by soft-

ware actions.
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Software Procedures

The integrity of information stored in the memory of the system
will be verified by utilizing software check routines. All
data will be divided into constant fixed~sized blocks. (The
size of these blocks should be no larger than the size of a
page). A portion of each block of data will be reserved for
control information. The control information included will

be information such as a Cyclic Redundancy Check (CRC) of

all information in the block.

Periodically, an operating system service routine will read each
block of data that is in memory, calculate its CRC, or whatever
check method is used, and verify that the data has not been
corrupted. Including this capability in the system introduces a
requirement that a CRC check value be calculated every time a
block of data is written into primary memory.

Special hardware devices (chips and chip sets) are available
that will automatically produce and check a CRC code as a

block of data is passed through the chip at high speed.

7.3.2 Main Processors

A processor may fail in a manner that prevents it from detect-
ing its own failure. This, in fact, may be a very common form
of failure for a processor. In this context, the failure may
be caused by either faulty hardware or software; however, the
best recovery mechanism appears to be a hardware capability.

Therz will be a watchdog timer within the bus interface. This
timer mav ke a monostable flip-flop (one-shot), or may be a
presettable countdown timer using the 60 Hertz AC line freguency
as its input. The time constant of the one-shct or tie count-
down value will be slightly longer than the running time of the

longest single task in the system. Between the execution
of each task, the operating system will address a register
within the bus interface that will reset the timer to its

ini*ial state or countdown value. If the timer is
7-16




not reset before this time expires, the timer will disconnect
the errant processor from the interprocessor bus.

Consequently, the normal mode for any processor is to be dis-
connected from the interconnection bus. It is only when a
orocessor has convinced itself that it is healthv and when it
continues to execute the continuing series of reset commands on
the watchdog timer that it is allowed to remain connected to the

interconnection bus.

7.3.3 Dises

The integrity of all information stored on the disc is verified
and corrected in the same manner as that used to verify the
contents of primary memory. However, it is obvious that the
cycle (time between checks) for information stored on disc should
be much longer than that utilized for primary memory checks.

When it is detected that information stored either in primary
memory or on the disc has become corrupted, a recovery opera-
tion must be initiated.

If the page in primary memory has not been altered (this informa-
tion is maintained by the operating system in order to determine
which pages have to be written out), a new copy of that page

is obtained from the storage device and the integrity of the copy
in primary memory is restored. If the page in primary memory has
been written to, the onlv recovery mechanism possible 1is

to signal a failure in the task utilizing that page and for

that task to be reinitialized and restarted.

If a block of data on the disc is identified as corrupted,
that block must be replaced by a copy from the back-up copy of
the data base.
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7.3.4 Display Processors

The display processor will play a key role in process management
with respect to requests that are entered by the watchstander.
The display processor will maintain a record of all service
requests entered that have not yet been satisfied as well as
information as to which processor is providing the service
requested. The display processor will then be in a position to
detect the failure of the server task or server processor by

a prolonged silence. The display processor would then convey
this information to the Reconfiguration Controller and reinitiate
a request for the services in a normal manner as soon as the
system is again declared operational by the reconfiguration
master. There are a number of situations in which two processes
are intercommunicating and if one of these dies it could leave
the other one in a "hung" condition. This situation will be
handled by: .

Requiring a positive acknowledgement task-to-task

for instances where such information is needed

. Making use of watchdog timers tc ensure that a
task that is waiting for an answer does not wait

too long in the event that the answerer has died.

To illustrate, the state diagram for the process DELETE-VESSEL
(see Figure 7-5) will be used. At state 4 the vessel has been
properly identified, the record has been displayed, and the
watchstander has been queried "okay to delete." There is no
need for the display processor to acknowledge the receipt of
the record to be displayed, nor to acknowledge receipt of the

question. If the gquestion is not answered in a suitable length
of time, the delete record process will make the assumption that
the watchstander station is inoperative, it will recover from
whatever condition it may have reached by being half-way through
a delete situation and notify the error reporting center that it

suspects that that watchstander station is inoperative.
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7.4 SOFTWARE FAULT TOLERANCE

Software fault tolerance may be achieved through the use of

the following technigues, listed by area of application of the
technique.

Program Design

. Utilize Simple Algorithms
It has been well demonstrated that it is much easier to
prepare reliable programs if the algorithms being imple-
mented are simple. Special emphasis should be paid to
partitioning the work so that each process is decomposed
into pieces, each of which by itself is simple and
straichtforward, and the combination of all, and the

interrelationships in particular, are simple.

. Keep Each Process Short
This characteristic is intimately related to the
preceding one in that the processes that implement
simple algorithms will hopefully be short ones. It
also has a good impact upon the ability to roll back
the flow of control in order to restart a process
and correct for a failed process.

Message Handler

. Utilize Passive Communication Between Processes
Executing processes will not be interrupted to accept
normal messages. There is no "panic" in the message
handling process itself. Message handling is imple-
mented utilizing a mailbox technique. It is possible
to utilize this procedure and still maintain satisfactory
response times if the principle of "short processes"
is adhered to.
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. Utilize Watchdog Timers
A watchdog timer will be set by the message handler
each time a message is sent. If that message is not

acknowledged before the runout of the watchdog timer,
the message handler must take corrective actions.

Data Base

The data base management system and the data base itself are
probably the "weak links" in the fault tolerance system due to

the much lower state-of-the-art in data base software. The
software is usually quite large and it is often very difficult

to subdivide the functions into short orocesses from which recovery

is easy.

Because of the very nature of its organization, use, and modifica-
tion, it is especially difficult (and time-consuming) to recover

from any but the most trivial of failures in the data base.
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7.5 ERROR DETECTION AND REPORTING

The following considerations apply to the detection and reporting
of all types of errors.

. The processor will be disconnected by the watchdog
timer if it hangs up or enters an endless loop
(e.g., failures that are "non-detectable" by any other

means) .

. The LERC periodically runs check-out routines against
the hardware and control software.

. Every process is designed and implemented to perform
local (i.e., process) failure and error detection.

. All errors or failures detected are reported to the
LERC which logs them. Processors without discs will
have their log maintained by a support process on a
main processor.

. All errors reported are verified by the LERC. (This
is to avoid recovery on transient errors.)

- For diagnostic errors, verification
involves rerunning the diagnostic.

- For process errors, verification involves the

following:

. Roll-back and reexecution  If

failure reappears, then

. KILL and RESCHEDULE. If failure
reappears, then




- Attempt recovery

. For verified errors, local recovery is initiated
. Periodically, the error log is examined for failure
patterns that have not resulted in solid, verified

errors

7.5.1 Process Failure

Local Detection

A process can attempt to detect its own failure by performing
various self checks. For example, a process can verify the
validity of its computed data. If a process determines that it
has failed, then, either the computational portion or the error
detection portion of the process has failed. Either of these
cases indicates a failure in the process. Thus, the process
must inform the LERC that a recovery of that process is required.

Remote Detection

A failure in a given process can be detected by other processes
which are interacting with the given process. Three basic errors
can be detected:

. Bad data received
. Message not answered

. Unable to INSTALL or SCHEDULE a process

The LERC on the processor on which the error detecting process

is running is the one to which the error is initially reported.




7.5.2 Main Processor Failure

Local Detection

The LERC is responsible for making a local determination of the
health of a processor. It makes this determination based upon
two sources of data. The first source is the LERC diagnostic
routines which are executed periodically under control of the
LERCUPDATE routine. These routines are designed to detect
errors in both hardware and software. The second source of data
are error reports received from application processes. The

LERC logs these and verifies them in an attempt to distinguish
transient errors from permanent errors.

Remote Detection

There are three ways that a failure in a processor can be

remotely detected. First, if the operating system of the

processor fails to reset the watchdog timer, the processor

will be automatically disconnected. Second, the LERCs on other
processors will keep a log of the inability of their processes

to communicate with processes on another processor. Third, all
MERCs will log "I AM OPERATIONAL" messages from all main processors.
FPailure of a main processor to send this message will result in
that processor being disconnected by MERCUPDATE.

7.5.3 Position/Collision Processor Failure

Local Detection

The local detection of a processor failure is the responsibility
of the LERC. The functions performed by the LERC in the Position/
Collision Processor are the same as those performed by the LERC

in the main processor.




Remote Detection

There are two ways that a failure in a Position/Collision
Processor can be remotely detected. First, if the operating
system of the processor fails to reset the watchdog

timer, the processor will be automatically disconnected. In
addition, the Position/Collision Processors possess MERCs which
are distinct from those on the Main processors. These MERCs
will be referred to as PCMERCs. The PCMERCs communicate with
each other to determine which processor is active. The LERCs
on each processnr will regularly send "I AM OPERATIONAL"
messages to the other processor'’s PCMERC. If a PCMERC does
not receive an "I AM OPERATIONAL" message after a fixed period
of time, the PCMERC will attempt to help its processor become

the active Position/Collision Processor .

7.5.4 Display Processor Failure

Local Detection

The local detection facilities are the same as those found on
the Position/Collision Processor with the important additional
feature that the human operator is also an integral part of
the error detection process.

Remote Detection

There are two ways a failure of a Display Processor can be
remotely detected. First, if the operating system of the

Display Processor does not reset the watchdog timer after a

fixed period of time, the Display Processor will be automatically
disconnected. In addition, the LERC on a Display Processor is
required to periodically send an "I AM OPERATIONAL" message toO
all MERCs. If the MERC acting as reconfiguration controller

does not receive this message after a fixed period of time, it
will conclude that the Display Processor has failed and modify
the configuration of the system accordingly.
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7.5.5 Bus Failure

Local Detection

Bus interface unit hardware performs local detection of bus

failure.

Remote Detection

Bus failure remotely detected as failures in message handler.

7.5.6 Data Base Failure

Local Detection

Local detection of data base failure is performed by DBMS.

Remote Detection

Failure in the data base can be detected remotely by a process
which has discovered inconsistencies in the data it has obtained
from the data base. This process will inform the LERC on its
processor that it has experienced a "Bad Data Received" error.
The DBMS responds to the same sequence of retry and recovery
messages as is used for process failures.

7.5.7 Other Hardware Failures

The LERC on the processor to which the hardware is attached per-
forms periodically diagnostic routines which will check for any

failures in the attached hardware.




7.6 ERROR RECOVERY

The following assumptions are made concerning recovery from
detected errors:

. Local recovery is attempted for all verified
errors except incapacitating hardware errors.
(Incapacitating failures include almost all
solid hardware errors except errors in an I/0

é device or a memory module which can be logically

removed from active use).

% . For incapacitating hardware errors, the LERC
L executes a system disconnect and issues a failure

notice to the "maintenance" console, if one exists.

. For non-incapacitating hardware errors, the LERC
immediately issues a failure notice to the
"maintenance" console and then returns control to
the Executive.

. To recover from a verified process failure, attempt
each of the following in the order given.

- Roll-back and retry process
- KILL and RESCHEDULE the process
- INSTALL a new image, i.e.:

. Identify all TCBs associated with
the ICB of the failed process

. KILL all of these TCBs preserving
enough information to restart the

good tasks where they were interrupted




. REMOVE the old image ‘
. INSTALL a new image '
. SCHEDULE the new tasks and restore

the good tasks which were interrupted.

~ If none of the techniques above succeed,
processor reconfiguration is required.

7.6.1 Process Failure

A process can be recovered in three ways. First, a process can
be rolled back to its last message and have execution reinitiated.
If this fails after a given number of attempts, a second more
radical recovery technique can be attempted. In this case, the
process is KILLED and RESCHEDULED. Failure of this recovery
attempt, results in the last recovery attempt. This involves
KILLing all processes executing from the same image as the
process which is in trouble, INSTALLing a new image, restoring
all processes except the troubled process to their states prior
to the KILLing operation, and RESCHEDULing the troubled process.
If all of these recovery operations fail, the LERC must conclude
that the processor is bad and disconnect the processor.

7.6.2 Main Processor Failure

As mentioned above the LERC has the capability to disconnect the
processor if it determines that it is bad. In addition, if the
operating system fails to reset the watchdog timer after a

given interval, the processor will be automatically disconnected.
The task of reconfiguring the system is performed by one of the
MERCs. All the MERCs record the "I AM OPERATIONAL" messages from
all processors. One MERC acting as Reconfiguration Controller
will send out a configuration number corresponding to the configura-
tion indicated by the reported messages. This MERC can also
disconnect any bad processors utilizing the bus interface unit

of that processor. Each MERC examines the configuration number
received from the MERC acting as Reconfiguration Controller. If
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this differs from the previously obtained configuration number,

a process is started which will KILL and SCHEDULE the proper
processes to reflect the new configuration.

7.6.3 Position/Collision Processor Failure

The LERC on each Position/Collision Processor has the capability
to disconnect the processor if it determines that the processor
is bad. The processor will also be disconnected if the operating
system fails to reset the watchdog timer within a given time
interval. Both processors contain PCMERCs which accept "I AM
OPERATIONAL" messages from the other processor. If the active
processor fails to send this message during a given time inter-
val, the PCMERC on the inactive processor will initiate a take-
over of the active duties by the processor on which it is running.
This process consists of disconnecting the other Position/
Collision Processor and activating the transmission facilities

on the good Position/Collision Processor.

7.6.4 Display Processor Failure

The Display Processors can be disconnected by the LERC and by
failures to reset the watchdog timer as described for the

other processes. The reconfiguration task is performed by the
MERC acting as the Reconfiguration Controller. The MERC in
addition to sending the current configuration number to all other
MERCs sends PART III of the Routing/Reconfiguration Table. The

Reconfiguration Controller MERC also periodically sends PART II
of the Routing/Reconfiguration Table ta all MERCs.

7.6.5 Bus Failure
The failed bus is disconnected from all processors and the alter-

nate bus is utilized for all traffic.
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7.6.6 Data Base Failure
Recovery is the responsibility of the DBMS.

7.6.7 Other Hardware Failures
The LERC upon verifying a failure on a piece of attached hard-
ware will be responsible for "disconnecting" the hardware and

notifying maintenance.




7.7 RECONFIGURATION

All tasks are INSTALLed on their respective processors at all
times. When spare processors are available, the READY tasks are
allocated to the available processors in a manner so as to
balance the load while maintaining "families and hierarchies" or
"groups” on the same machine in order to minimize interprocessor
communication load. Current configuration information is main-
tained in the Routing/Reconfiguration Table.

The only reconfiguration controlled automatically by the system
is the deletion and addition of "main" processors. Reconfigura-
tion and recovery after reconfiguration with respect to display
processors is controlled by the watchstanders themselves except
that any Virtual Display Stations assigned to a failed display
processor will be automatically switched to the display processor
currently servicing the Watch Supervisor. Figure 7-6 shows the
possible failure and recovery states for the Class C, Level 4
system.

7.7.1 Current Configuration Information

There are three system tables which define the current operating
environment of VIS/0S. The first is the Configuration Table, shown
in Figure 7-7. This table has two indexes: as shown in the figure,
the column index represents the current configuration, indicating
which of the main and position/collision processors are currently

in normal operation; the row index corresponds to the names of all
tasks which can receive messages via Inter-task Communications. The
entries in the table contain the processor in which each task resides
for that configuration. The Router functions use this table to deter-
mine whether or not a receiving task is local to the sender's
processor, and thus will automatically respond to a reconfiguration
when a new column index is received from the controlling MERC.
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Associated with this Configuration Table is a table of message

input queue addresses for use by the Router and Dispatcher, shown
in Figure 7-8. For all tasks which may be active in a particular
processor, its message queue address table entry points to the
incoming message queue for that task. Thus, even during recon-
figuration of the system or reinstallation of a task, any messages
arriving for that task will be placed on the proper gueue to be
removed when that task is ready to receive the message.

The third table, shown in Figure 7-9, represents a correspondence
between physical processor addresses and logical identification

of Watchstander Station tasks which must receive messages. In
order to avoid having the applications programs know the physical
processor responsible for waterway cells affected by an alert, this
table provides a correspondence between physical CPU addresses

and logical Watchstander Station addresses. Stations are assigned
logical addresses when the system is initialized. When a Display
Processor fails, it may be replaced by a spare or have its func-
tions reassigned to the Watch Supervisor by altering only the
physical processor address entry in this table.
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RECOMMENDATIONS AND CONCLUSIONS

In the course of this design effort, ICC has found that perform-
ing the detailed design of an operating system in the absence

of hardware specifications and development software specifications
has both significant advantages and significant disadvantages.

One advantage is that it is possible to relegate the actual
details of manipulating the hardware to very low-level routines,
which tends to encourage top-down design. A more significant
advantage lies in the fact that the design process is not
immediately constrained by the lack of features which are
discovered to be helpful, nor by the presence of others which
are discovered to be either awkward to work with or awkward to
work around. Useful features can be assumed to exist; awkward

ones can be assumed not to exist.

The disadvantages lie in the very same freedom, and the possibility
of abusing this freedom. Constraints external to the design
process may force selection of hardware and software lacking

one or more of the helpful features upon whose existence much

of the design is predicated, or conversely possessing one or more
of the awkward features whose absence is critical to the design.
Furthermore, since it would be foolish to assume the existence of
features which are helpful but rarely found, the design will not
take advantage of such features if, in fact, they are actually
available after the selection of hardware and software has been
made.

In the area of hardware selection, ICC has identified some
constraints on the final choice which are of varying criticality.
One highly critical constraint, upon which a great deal of the
design is based, is the requirement that the selected processor
use at least 16 mapping registers to span a single task's address

space.

e Sl




ICC believes that the design in this report will prove to be
quite unworkable if an attempt is made to implement it on a
processor with fewer registers.

A related constraint, but of much lower criticality, is that it
would be useful in the extreme if the memory protection hardware
allowed three levels of access to memory (in descending order of
privilege: write, read, and execute). An acceptable, although
less valuable, alternative would be to have write-protection alone.
However, the design is not predicated upon the assumption that

any form of memory protection is provided, although a higher degree
of protection will obviously afford greater safety of operation.

In the area of manufacturer-provided development software, ICC
has made some assumptions concerning the structure and format

of program object files. These are detailed in Section 6.2.1.1,
the INSTALL routine. However, these assumptions are not central
to much of the design of VTS/0S, and have all been encapsulated
within the INSTALL algorithm.

Significantly greater constraints have become apparent as a result
of ICC's choice of PASCAL as the basis for a Program Design Language.
These constraints, which render it virtually impossible to implement
the entire operating system in pure PASCAL (as defined in the PASCAL
User Manual and Report, by Kathleen Jensen and Niklaus Wirth), can
all be traced back to the fact that PASCAL was initially designed
as a teaching language. One goal of the PASCAL design was to have

it be as independent as possible of any features of processor
architecture. As a result, the PASCAL programmer is hampered by
an inability to perform any but the simplest manipulations of data
structure elements, since these are "hidden" by PASCAL. The
strong variable typing in PASCAL, which is highly appropriate for
an applications program, proves to be a hindrance in an operating
system routine.
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The inability to manipulate memory addresses, and to access memory
indirectly through these addresses, is also a hindrance. Perhaps
the most awkward constraint concerns the definition of the Event
Control Block. Although the ability to define and use these ECB's
in flexible and varying ways is crucial to the design of VTS/0S,
PASCAL makes this procedure extremely tedious, and occasionally
not feasible.

The development operating system should be evaluated both in terms
of its capabilities for compiling and linking together programs
and subprograms for the operating system and applications, and in
terms of the compatibility of its disc directory structure with
that outlined for VTS/OS in Section 4.5. The disc directory
contents shown in this report are a minimal subset necessary for
VTS/0S; the directory structure of VTS/0S may be modified to
conform to the development system, but the indicated directory
information must exist in some format to support the VTS/0S file
management functions.
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