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1 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 f i rst 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.

The thir d 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. , Kais ler , S.H., “Prel iminary
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., McIn tosh , B.A., “VTS Prccessing/
Display Subsystem Sof tware Requirements and Design ,” July, 1979.
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2 OVERVIEW OF VTS/OS DESIGN DOCUMENTATION

The design of an operating system involves the translation of a

set of software requirements into a set of program modules , tab les
and data bases whi ch , when implemented , will  perform the required
functions . The design process is essentially the selection of

techniques , structures, algorithms , e tc . ,  from nearly i n f in i t e
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 .
tHerison , 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 sof tware .

Several techniques have been used during the design of the Vessel

Traffic Service Operating System (VTS/OS ) . 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 Design
Language specifications , and a description of the system data

structures used by the Exec .

**Myerg , 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 4

Manual when the implementation-dependent details of the operating

system are known . Section 5, which presents detailed descriptions

and structure charts of the VTS/OS 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/OS.

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/OS discussion , Section 7 addresses basic

considerations for the design and implementation of fault tolerant

sof tware , with specific application to VTS. 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.

2—3
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3 THE VTS/OS EXECUTIVE

• This chapter describes the VTS/OS Executive , which is the heart
of the entire operating system . First , the philosophy behind

the design chosen for the VTS/OS 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 .

3— 1
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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 fro~ another , and if
real-time response is required , complex priority and preemption

techni4ues must be employed. Such requirements lead to extremely
complex operating systems with unavoidably hiah overhead.

Elaborate protection mechanisms , complex preemptive priority tech-

niques , and other necessary parts of general purpose systems are

neither necessary nor desirable in VTS/OS .

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

known as i 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 ,

4
3—2
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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 (q.v. in Chapter L4) , or by requesting any system service
with an event flag of SUSPEND (see Chapter L I ) ,  the next task on

the Ready queue is given control.

If priorities are unnecessary , the Ready queue can be organized
as a simple first-in—first-out queue. If priority must be given

to some tasks , the Ready ciueue 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.

3—3
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3.2 OVE RVIEW

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/O, 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/OS, 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

tasks will only require access to one global system

3—LI
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dictionary ,  which will contain those system-wide variables and
constants needed by every task. System tasks , however , wi ll
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 smal l 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

sys tem call. For examp le , 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

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:

3—5
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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. linking the LECB into ~~~~~~~~~ ELB-4Leue for -~~e ~~~~~~~~~~
and

5. saving the task’s context a.id 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 , ~ minimum of intelligence

should be placed in each . However , it may be reasonable to perform
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 check s to ensure
that the event flag specified is both valid and not currently

assigned. In the Program Design Language specif ications 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—6
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3 .3  DETAILED DESCRIPTI ON

3.3.1 The Executive

The system Executive for VTS/OS 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 ioop , 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 th~� 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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Af ter 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 , DISTRIBUTEMEMORYREOUEST , 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 noprat~~cr, a PAUSE o~erat1. on , c~ a~~’ operation w i t h  ~n

event flag value of ‘SUSPEND , that tas1- ‘ ill ~~ il 1 be at t~c
head of the Ready queue , and will be given control by the
Executive .

S ~~~~— -- — -5 .
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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/OS 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 specif ied
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 .

- 4
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Figure 3-2 VTS/OS 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 . A

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 ECB5 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/OS routines , and

not to applications tasks .
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3 . 3 . 2 . 2  Event Completion
There are two subroutines for processing event completion . The

• f i r s t ,  CALLCOMPLETE , accepts as input the ECB passed to the Exec-

utive for task request orocessing , and updates the status of that

request. The seco nd , EVENTCOMPLETE , is used to signal a task
that one of its service requests has been completed . If the

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

• EVENTCOMPLETE is called by the asynchronous portions of the
system service requests when their  processing is f in i shed .

CALLCOMPLETE wi l l  re turn  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 f l a g  is SUSPEND , the user

task will be suspended if the operation is not complete , or

will be placed at the tail of the Ready queue if the operation

is complete or an error has occurred.
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3 :~ ‘. H 
~ MAGE C:ONTROL I~Loi:TK

ThE IMAOE ~:ciNiR[iL_ I:ILCICK ( iCI~:) I S USEI) I 0 MA1NTAI N 1 HE I-~AS1C
INVE NT’~RY OF EX IS11NG PRUGRAIMS I N EAC:H PROCES30R. WHEN A
PRc~~R~

-
~ IS INSTALLED IN A PROCESSOR, AN ~~~~~ CCN 1 (U N i N r ~ ALL

FIXED INFORMAT ION ABOUT ThE r-RCJORA M, 15 :::REATE!.i. ICEV S ARE
DESTROYED BY THE ‘REMOVE CALL.

ALL lOB’S ARE ON ONE OF 1W O QUEUES ThOSE IN USE ARE ON
A QUEUE CALLED THE ‘ICBQUEUE’ • WH iLE iHOSE NUT iN USE ARE ON
A QUEUE CALLEr.’ THE ‘ JCRA V A IL Q ’ .

lOBi— RECORrJ
ICB~~LINK : QLJNK; 1* ICE: IN—iJSE AND AVA IL Q’S *1

• NODET YPE: I. IMAXNUI:’ETYPES; /* 1LIEN1 iF IES ICB NODE *1
TASKNAME: PACKEtI ARRAY 1. N) OF CHAR;
USECOUNT : I Ni EGER;
PROCESSNAME : INTEGER; 1* LISEIJ iN lr- C: */
OCBQHD: QHEAD; j *  : ,f:L-:-- S  OF FROGRAIM *1
REMOVEECBPTR: PUIN1 ER; 1* ECb OF REMOVE IN F ROi~’RESS *1
MAPSFORRUOT : INTEGER; 1* THESE FOUR FIELDS rUNT AJ N *1
MAPSFOROLA V: INTEGER; ./ *  ThE NIJMBER OF MAP REOISI ERS *7
IMAPSFORVAR: INTEGER; 7* kEQLIIRELI FOR 1HE ROUT CODE, *7
IMAPSFORBLIFF: 1NTEOER; /* LIVERL.AYS, VA RiAB LES , ~ BUFFERS.. *1
TASKMAP: ARRAY ~ I. - IMAX MAFR Ec41S IERS) OF 1N1 Ei:iEk; J*kOU1 *1
TCBQHD : QHEAEI; 1* iCr-: S OF TH IS PROGRAM*!
INIT IALCONTEXT: A RRAY 1. - CC’NT EXlSIZ E]  OF 1N1EGER;
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3 : IASF( i.:CINT ROL. i-i L OfT-K
l r4E 1~’-f LflNT ’~LI~ T~LuCk ( b t )  l~ J F D  1C’ M(’1NIA1N ~HF 1NVFNlIIr.~Y

OF 0’ ‘ I~~E (‘-4 S IN E(’~ H F RUCE~~~flR 4HEN f’. iO~ K 1: ~rHFJj~ LELi,
A T I::E:, CONTA INING ALL THE VAR1AE:L.E ]NF- I:IRMA1IC~N FOR THE TASK, 15
CREA~ ED. T HIS TOE: EX ISTS UNTIL 1 NE TASK IS :-(ILLEtI, Eli HER 1:Y
]i.FLr HR i:Y ANOTHER T ASK.

ALL TCr:v S ARE ON ONE OF IHREE ~UEUESP AS FOLL.OWS :
1’ — (‘LI ICL -

~ NOT IN USE (‘RE ON W ]~ 
-

RDYQHD — TOB’S OF TASKS 1 HAT ARE READY ) USE 1 HE CF-U,
SHOULD THEY GET ii

SUSPENDOHI:’ — CE: - S OF TASKS 1 HAT ARE CIJRHEN1 L.Y SUSPENDED dR
WAITIN G FOR EVENT S 10 OCC;UR

TC:E:~- RECORD
TCBQL 1NK: OL 1NK ; .7* AVAiL,  RIJY, SUSF • & OTHER 0’S *1
NOflE-TYFF 1 M(’xNrlrIFlYFF : f3~ ] Lii-N1 IF1EE. TbL. NODE *1
ICBPTR: POINTER;
CLONEOLINK: QLINK; 1* T ASKS I:IFF SAME lOB */
BROTHEROL 1NK : QI 1N~:, /* BROTHER TC:Ei—0 */
CH1LDQKD: QHEAL’; j * ;::HILIJ 1 C:B—Q NEAJ */
PARENT : PITIJNTER;
FOSTEC B: POiNTER;
EFLAGSACTLJAL : 1 NTEGER;
EFLA~3SFOSSIL~:LE: 1N1 EI3ER;
WA ITF LAGS: IN1EIJER;
WA ITTY F’E : INTEGER; /* WA ITALL, WAI1A NY, SUSPEND, NiL */
UCC:URREL,EVEN1 PTR POiNT ER; 7* FOR WA1 1 ALL , W Ai l  ANY *1
EFLAGPTR: ARRAY 1 - 1&. ) OF POINIER;
KILLEc.:E:P~; R :  PO i N T E R;  7* ECB ADDR IF 1 ASK BEING KILI_Et.I*/
TASK1E~: 1N1EGER;
bC.LQHD bsHFI’ri, * ~~~~~~~ L UN] ~S’ IL I liii —hi iEC’LI*/
LASTBLIFFER1Ij : iNTEGER;
LAST ~.YSTEMCALL : RECORD

FL3NCI iON : 1. MAX FUN0000E;
SLIF:FUNCT 1CN: 1N1 EC~ER~
~;iA1 US: STA 1 IJS1 YPE ;

ENri;
TASKCONTEXT . ARRAY ~i ..CO NI EX T S IZ EJ OF 1N1EGER;
TA& ~KMAP: ARRAY r i .  IMA X IMA P R E uI  ~;iER ~;J uF 1 NTEUER

END;

I
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-3. :3. 3. 4 EVENT CON1 ROI_ BI_OC1<

THE EVENT d:ON1RUL. BLOC K ( ECE: ) 15 USELI U IMAINlA1N 1HE
-:,1ATUS OF OU1STA NLIING SERVICE REQUES;S . AN ECI~ 15 C REAIED
WHEN A TASK F IRST I S5U~~S A SERVICE REQLIESI , AND IS NO1 DESTROYED
UNTIL ThE REQUEST HAS 1ERMTNA1 ELI AND ThE 1 ASK HAS PERFORMED A
GET ST A 1  US REQLIEST TO OBTA IN 1 HE STA I US OF 1 HE IN IT I AL REOLIES1 -

E0B RECORD
ECE:QL1NK : OL1NK; / *  AVA iL ,  iN—USE, aid: S *1
NOLIETYPE : 1. - MAXNOtJE1 YFES; 1* 1DEN1 IF IE.S ECE: NUDE *1
STATUS : STA1 USTYFE1
iCr~PTR: POINTER;
EFLAG : INDEPENrIENI, EF: AG1. - EH. A015, SLISPENIJ, 0.
FtJNCT ION: 1. . MAXFUNLCOLIE,
SLIBF IJNC : 1NTEGER~
STAT IJSPTR: POINTER, 1* ]N1 0 CALLER- S ADLIRESS SFAL:E ~!
3iflR(’GE ARR(’Y ~1 ‘\I) LIF IN1ECIER, /*F(’H(’,MF-TE’~- (‘ND ,EMF-E* i
1* NOTE PARAllEl ERS ARE OFTEN REFERENCED AS ECEV~. PARAIM1 ,

ECB- - . PARAM2, ETC. */

END;
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3. 3. 3. 5 1~iIFFER [:~JN1 ROL r::Li:’CK

BUFFER Ci:INTROL E:LOc:KS ARE USED TO C:UN1 RUL 1 HE ALU:’c(vl i ON OF
-YE.1 EM MEMORY T O RUNNiNG r(’~~~ (‘ :.H(’IN UF r i  r = d(’NG~ iF-F CIF
EAI~:H 1 CE. 1NDICA I iNO WHiCH PAGES OF MEMORY HAVE BEEN ASSIGNED
TO THIS I ASK . IHE BCE: WiTH BUFFERID OF 0 1~ i-Uk 1HE TASK-S
VA RIA BLE SPACE. ALt.. OTHERS (‘RE FOR MEMORY 1 HAT iHE lASK HAS
EITHER REQLIESI ED DiRECTLY WITH A GEl BLII-FER C:ALL., OR 1ND1RE.C:1LY ,
WITH AN EQUATEBLIF FER CALL.

BCE’S 1HA1 ARE IN USE HANG OF 1- 1 HE BC:EQHLI EN1 RY iN EACH
I i . :E:. lHusE HA1 ARE 1-REE ARE UN 1HE ,~:C:I~AVA1 LI~

Bc:B= ~Ef:’JRI:I
ECI3QL1NK OLINK. 1* A V A I L  ANIJ EACH—TASK 0- - S  */
NODETYPE: 1. MAXN0DElYPE:~;; .7* IDENTIFIES E:CB NODE *7
E:UFFERID: INTEGER; /*1F 0, iS VAR1ABI_ E SPACE

ALLOCATION , AND NOT uNI:IER TAs:~: i:ONTROL*7
USECUUN1 : INTEGER;
IOINPROGRESS: iNTEGER; 1* NUMBER OF XFERS */
SHARE : BOOLEAN;
RF J ~(’:EErrFrulN1 FR Ll I lNI~~k, i*Fh[ Ir SE,_E(’:F :(‘L *,
OWN ERBCBF CIIN1 ER: POINTER; 7* 1 HIS ALSO SERVES

(‘.~ (‘N I ND I - A I OR OF WH E I dI~ R I Ic N( II ~ ~~ ~~ (\.. ‘ IIWN.
THE. MEMORY. IF 11 LICiES , ThIS FIELD 15 NiL, IF N~~
THi s FIEL D POINTS 10 1 HE OWNER - S BCE. *1

IJW NERTCrFOtNTE R ~
O]

~~IER, / *~N W (’Y iLL OF- OWNE R *1
NUME:EROFMAFREGS : IN 1EGER; /*PAGE3 IN E:LIFFFR*/
BEG I NNJ NC4REG: INTEGER; 7 *LOO 1 CAL ADDRESS STA RT *7
MAFREGS: ARRAY i I. .  IMAX IMAFREGIS1ERS ] OF iNl EI:4aR,

END;

NOTE:
IF OWNE RBCE:PTR IS NOT NIL, HEN LISFOOLINT AND
SHARE ARE IRRELEVANT . FURTHERI IO]NPROCiRESS IS A
COLINT CINI_Y i:iF 1/0 X FERS BY ThiS I ASK. IF :JWNERP,C:L-:F1 R
15 TRUE, 1 HEN 1OINPRUI:4Ra55 I S A c:I:IIJN1 OF XF ERS iN
PROGRESS FOR 1HIS BUFFER BY ALL 1ASKS ACC:ESSINc,
T H I S BUFFER. THE NUMBER OF SUCH TASK S IS iN
USECUIJNT
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-3. -’: CE - ~C F J F r T S  ~ L.ICT

;*THE FILE ~:ESCRlPTOF: _ , T C - : USEL; ~Y THE J /;J S~TILTl NE-~
JNT(’ .LN ~F- ~~~~~~~~~~ 

- —  - - _ —
~~ ._ — - SEf l LEET :

:-~r~-:: ocr ~~~ SE-TTE ~~r ~ . -J £.IEv I LE J51-iES: :DB
THE LINKED T-J THE DDE, E;:R THE DE-~’.( :.E . ~NVOLV ED~ TNt’ THE
FDE: F-I:: r~iTER I ~ SLL EI IN THH IT HANNE L TAB L E ~OR THE
OPENELI ::HANNEL I NVO L- .- I NO THA T F L~ -IS ~TEV :: E. 4,

- ‘i L_

~T~E:flL IN~ - :T ~~~~~~~~~4 .  - / .-L INK F.L H DJ~E Ft’L-: T-~UEUE-~./
Z;DE:PC I N TTE H - F O I NTER -, ~-~-- :  I NTER I CI

I - - : -,, NNE~ ~~~~~~~~~~~~~ - ,-ANN ~~L. L5 -l~~ -:-

EOE:PTR - P01 NTER~ /4IJSER FEL- ’LEST EC:t-;*.,

• /-~.(NFC’RMATIC:N 
;I :~r~T~~INEt IN THE A s~: D~ 5E: TLF, 1~~.i

r: :3::I.D ~[ ~EO T- :RYEN L~-V - — r V~ ~ 4 , -  - -~~ V- ,-~..—. - \/ r — -L L _ i . ~t i i __ -  . L t _~~~~4 - 4 ( 4 L.. I i ~~~~~~i~ - , -r r i - i —  ~~~ — -— — ,— — _ -— — S- =  
1sE(’rFR:~~Ec~ roULEAN,

~4RITEFRI:;racT . 3~:;C’LETN, - - 
-

FR;JTECTEEI . BOOLE’T-N; - 

-

DISEI::TcSy EC OLEIN;
ELCi f :~-:ED - BJ’J~_ E0N;
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3. :3. 3. 7 DEVICE DESCRiPT OR BLOCK

/*lHE DEVICE DE CRIPTOR BLOCK CONTAiNS THE AT TR IBUTES
AND PARAMETERS DEE IN I NO USER ACCESS 10 AND LIEV ICE
DRIVER OPERATiONS FOR THE DESIGNATED LiEV1d:E. ARRAY
OPERATION CONT A I N S  N I L  FOR ALL. UFERAT IONS NOT
ALLOWED FOR THIS DEViCE. *1

DDB~ RECORD
DEVICENAME : PACKED ARRAY i 1.. ‘13 IJF CHAR;
DDBQLINK: OLINK;
FtIBQHEAD: QCB; /*QUEUE OF OPEN ErJB - S*/
ATTR I BU1ES~ RECORD

REArJPRUT ECT: BOOLLAN;
• W RITEPROTECT : BOULEAN;

PROTECTED: BOOLEAN;
DIRECTORY: BOOLEAN;
BLOCKED: BOULEAN;
SEGMENTED: BOOLEAN;
CONT I GUOUS : 1-JOULEAN,
SEQLIENT IAL : BOOLEAN;
AVA 1 LABL.E: BOOLEAN
r-KIr, -
‘— ‘IL -.,

OPERATION: ARRAY ~i. - MAX1OSUBFLINC3 OF
CREA, DEL, REN, GETATR.
SETA1 R, UPN, uL~

, RDR.
W RR, RIi~ u, W R~ u, RDLN,
W RLN, IOR~ 1;

BLULKSIZE: INTEGER;
i~ r.r ~ .~~ e -c- - 1 ~~~~~~ r - r - c .  -
~~~~~~~~~~~~~~~~~ 1 I’l l ~~~U~~~I~~)

TI MEOUT : iNTEGER,
RETRYCOUNT : 1 .  10
END;
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.3. 3, 3. 5 SEGMENT EC;INTER BLOC- K.

.- - *THE SEGMENT POINTER BLOCK [3 A DISC—BASED DATA
STRUCTURE CONTA INING POINTERS TO THE DATA
SEGMENTS OF SEGMENTED FILES. */

SPE~ RECORD
LASTSPB: DISCADDR;
NEXTSPB : tIISc:AoDR;
DATASEGPTR : ARRAY ~ I MAX LISF] OF D1s-I:ADr:R

END.

3—2 5
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:3. 3. -3 9 OVERLAY CONTROL BLOCK

OVERLAY CONTROL BLOCKS ARE USED 10 CONT ROL I HE ALLUCAT I ON
OF SYSTEM MEMORY 10 PROGRAM OVERLAY CODE. EACH OCB SPECIFIES,
BY THE L:UNTEN 1~

; OF 1T~ MAP REL4ISIERS, ThE :- AGE~ uF PHYsIi;AL
MEMORY CONTA iNING ONE OVERLAY. SINC:E NUT AL.L PROGRAMS USE
0VER LAYS~ OC B— S ARE NOT LISED TO CONTROL T HE ALLOCAT ION OF SYSTEM
MEMORY TO PROGRAM ROOT CCIDE. THiS MEMORY IS CONTROLLED THROUGH
~HE MAPREGI~~1 ERS FIELD IN 1 HE IMAuE uONl ROL BLUCK.

FREE OCB’S ARE ON THE OCBAVAJLQ. T HOSE IHAT ARE IN USE ARE
ON THE OCB—QLIEIJES THAT HANG OFF OF THE VARIOUS iCE’S, WITH A
QUEUE HEADER IN EACH ICE: BY THE NAME OF ‘OCBQHD’ .

OCB~ RECORD

OCBQLINK : QLINK; /* AVAIL  AND EACH—PROGRAM Q’S */
NODETYPE: 1. - MAXNODETYPES; 1* IDENTIFiES 1JI 8 NODE *1
ICBPTR: PO INTER; 1* POINTER TO ICE: *1
OVERLAYID: INTEGER; /* UNIQIJE iDENTIFIER OF OVERLAY *1
ICBPTR: POINTER; 1* ICB OF THIS OCB *1
E:EGINNINGREG: INTEGER; 1* FIRST MAP REGISTER FOR THIS

OVERLAY *1
NUMBEROFMAPREGS : 1N1’EGER; 1* NUMBER OF REOS *7
MAFREOS : ARRAY ~1. - MAX MAPREOISTERSJ OF 1N1EGER;

END;

3—26
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3. 3 :3. 10 QUEUE HEArJS- AND QUEUE CONTROL 3I.iJCK5

THIS SECTION CONTAiNS A c:UMPLETE LI ST 1NG OF ALL SYST EM—
LEVEL QLIEUES, I. E. , THOSE QLIEUES WHOSE QHEADS ARE SYSTEM—
LEVEL VARIABLES. THOSE QUEUES WHOSE QHEADS ARE IME:EDDED
IN RELORDS ( E. u. , THE OLBQHD W H1LH i~

; iN EAL:H luB) ARE N~~S 1 • - ~~~ S Y  iJL ~~~ .
~ -~~ I ~~~L. I I E~ i~~ -

ICBAVAILQHD -— QHEAD FOR AVAILABLE ICE-S
TCE:AVAI LQHD —— QHEAD FOR AVA ILABLE I
OCBAVA1LQHD —— UHEAD FOR AVAILABLE OCE S
BCBAVA1LQHD -— QHEAD FOR AVAILABLE 13C:B’S
ECBAVAI LQHD — —  QHEAEI FOR AVAILABLE ECE’S
ICBQHIJ -— OHEAD FOR ICE ’S I N USE

• RrJYQHD -— QHEAD FOR TOE’S WHOSE TASKS ARE READY 10 USE
IHE cpu. OBV 1OUSLYJ THESE lOB’S ARE IN LISE.

SUSPENDQHD -— QHEAD FOR TCB’S WHOSE TASKS ARE NOT READY 10
USE THE CPLI. (OB ViOUSLY ALSO IN :JSE )

1IMEOUTQHD -— QHEAD OF ECE’S WA ITiNG FOR TrMEOUTS; ORDERED. W I T H
INTER—ECE INT ERVAL iN SECONDS IN ECB ’. F’ARAM I.

REALTIMECLUCKQCE: —— QCB FOR ECB’S QUEUED BY THE REAL-TIME
CLOCK HANDLER TO THE TIMEOUTASYNC ROUT INE.
THERE WILL USUALLY BE ONLY ONE ECE: ON THIS QUEUE,
SINCE THE HANDLER WILL QLIEUE ONE PER SECOND

INSTALLQC:B — —  QCB FOR ECB’S QUEUED LIP BY THE SYNCHRONOUS
INSTALL ROU T INE FOR 1 ’ HE ASYNCHRONOUS INSTALL

ECEQHD —— QHEAD FUR ECB’S QUEUED UP BY 1 HE USER INTERFACE
STUBS FOR THE EXEC

3-27 
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3. J 1 tI!UEUE c:!:IN1-ROt_ BLOCK

T HIS BLOCK IS USED TO C:ONThUL. SINGLE—SERVER SYSTEM—LEVEL
QI.JEJES. IT HAS ALMOST 1HE SAME FORMAT AS iHE EVEN] CONTROL
BLOCK4 A. ~D C  AN 1 HEREFORE F;E PASSED 1 Ci EVEN1 COMPLETE 1 0
SIGNAL THE SERVER TA SK T HAT A NODE HAS BEEN PLAC:Etl
ON THE QUEUE. 1’HIS IS USUALLY DONE BY THE SYNCHRONOUS
EORTIUN OF A SYSTEM REQLIEST PROCESSOR 1: ACT 1VA1 E THE
ASYNCHRUNOLIS PORT I ON.

RECORD
HE AD: QHEALJ ; 1* F IRST & LAST NUDES */

- ~ NUDE1 YPE: 1. - MAXNODETYPES; 1* iDENTiFIES OCE: NODE *1
STAT US : STATL ISTYPE; 1* FOR COMPATIBiLiTY *7

TCBPTR: POINTER; /* i i:’ ICE OF SERVER TASK *1
EFLAG : EFLAGI. - EFLAG1~~, SUSPEND, NiL.
IAXNUDES: iNTEGER; /* EVER fiN QUEL.IE *1
M INNUDE S : iNTEGER; 1* EVER ON QUEUE */
STATLISPTR: POINTER; /* TO STATUS IJF SERVER TASK */
STORAG E. ARRAY ~ I - . N] OF IN1EGER; 1* WORKING STORAG E *1

L.I’I L. J
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3 ‘1 EXECUT IVE pr.IL SFECIFICAI IONS

:3 ‘1. 1 E X E C U T I V E

PROGRAM EXEC;

/* 1 HE EXEC PERFORMS SE~ V iCES, BU] HAS NO INPLITS OR IJU] PLITS
OTHER THAN EVENT CON1 ROL Bt.OCKS ASSOCIATED WJ1 H USER
TASKS*!

BEGIN
CYCLE :

W H I L E  TRUE /*INFINITE LOUP*/
DO BE GIN

WHILE REArJYQHEAD -C> NiL 1*] ASK LUOF’ — ANY TASKS READY?*/
ru :’ BEGIN

CYC:LE :~~ :::YcLE + 1;
IF CYCLE MAXCYC:LE

THEN BEGIN
LERCUPDATEJ
MERCUPDATE;
CYCLE : 0;

aNti;
ACT IVETASF( : REALIYQHEALI ;
RUNTASK C ACTI VET AS K) .  •i*] RAN:~-.:FER i::I3NT ROL TO 1 ASK*!
WHiLE ECEQHEAD C> NiL !*FROCESS REQUES1 ECE *1

DO BEGIN
A CTI V EECE: : -- E.cL-~QHr :I-- FIRST;
DELINK ( A C T I V EECB, Ei::BQHD, AC] IVEECE-’ . ECBQL iNK);

CASE A CTI VEE~:B-~. FUNd ION OF
10: IOFIJNCT 1ONS (ACT IV EEC B) ;
TASK: D IS] R IBUIE1 ASKRE ‘JEST ( ACT IVEECI3),
EVT : DISTRII3UTEEVEN] i~EQLIES1 (ACT IVEEC E);
ERR: Di SiR 1BL!T EERROHREQUEST ( AC] IVEEC B),
UC- ROUTER ( AC :T]V EECL- :) ;
MEM: r.ii SIR i BUT EMEMC’RYREQIJEST ( ACT 1 VEEC:13),
MiSC: LI 1SPA] f :HMJSCELLANEOUS ( AC:] 1VEECE )

END; / *END OF cASE STA] EMEN] *1
END; /*ENEI OF aCE LUUP*/

/*r-ROCESS E:VEN] 1-LAG AND SLISFEND TASK IF NECESSARY*/
CALLCOMPL~ 1 E ( ACT 1 VEEC:B )

END; /*ENrJ OF TASK LOOP*/
J*PIJTENT 1 AL SELF—LI ] AbNUST IC ROUT 1 NE *7

END; /*ENLI OF 1NFINI1E LOUP*i
END.

3—29
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PROCEDLIRE RUNTASK ( A CTIVE ] ASK

1* INPLIT: ACTiVE] ASK — TOE OF 1 ASK T ii BE ALLOWED 10
EX E CL I 1E NEXT

OUTPUT : NONE — —  PERFI:IRMS 1 RANSF ER OF CONTROL
NOTE : IT IS NOT POSS iBLE 10 SPEC]FY I H I S  ROUT i NE Al i HIS

TIME AT ANY LEVEL uF rJE1A]L, A~
; IT I~; EN] 1RELY tiE?—

ENDENT ON 1HE SPECiFiC HARDWARE USED. iT iS ALSO
LI KELY THAT 1H 15 ROUT 1 NE U 1 LL HAVE 10 BE WR IT] EN IN
THE ASSEMBLY LJ’J’4GUAGE OF 1 HE SF’EC I F I C HARDWARE. *1

3—30
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PROCEDURE IOFLINCT IONS ( ECEP] R) ;

/*INPLIT: POINTER TO C:LIRREN1 EVEN] CON]RCIL EiLOC:K
PASSED BY THE EXEI:

LIU1 Pill : NONE. CAL~~ PRUF-ER ~ YNCHRUNOUS F RUGRAM
FOR THE REQLIESI aD SYS1 EM FUNCT iON——
IS THE I/O DISTRIEU]OR *1

BEGIN
F INDDEV iCE (ECBPTR, DEIBFIj I Ni ER);
IF /*WAS THE DEV iCE FOUNU2*/

DDBPO INTER K> NIL
THEN /*YES, DO ~4~] ION; iF NOT, ERROR 15 RE]URNED BY EXEC*/

iF /*CHECK FO R INVALiD FUNCT1ON-*!
DDB P OINTE R~’. OPER A T iON ~ECBPTR”. SUBFIJNC1 ION] K> NIL

THEN J*VAL 1D FUNCT1UN, PERF uRM ~UBFLINCT luN*i
— • BEGIN

CASE DL’BPOINTER ’. OPERAT1LIN ~ECL-:PTR’-. SUBH.JNCT iON] OF
CREA : CREA) ESYNC (ECEP] R);
DEL : DELE] ESYNC (EL-EPTR) ;
REN : RENAMESYNC (EL:BPTR);
GETAT R : UETAT 1R~,YNC (ECBPTR);
SETATR: SETATTRSYNC: (ECBPTR),
OPN: OPEN (ECBPTR);
CLS: CLOSE (EC:SP1R);
I. CIRST : ICIRESET ( EC:BPTR).
RDR,
WRR,
R05Q,
WRSQ,
RDLN ,
WRLN: REAIJWRITE ECEP1Ri;
END; j*END CuE C:ASE*/

END
ELSE /*SEND INVAI_ID FUNCTION ERROR TO TASK*/

ECBPTR ’. ST ATLIS. ERROR : F.R] NVAL I LIFUNC:T iON
ELSE /*INVALIEI DEV1C:E*/

ECBF iR~ . STATUS. ERROR - ERLIEV;
/*RETIJRN TO EXEC W I T H  1-UNCI iON S](IIUS*/
END.

3-31
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PROc:EDURE FINDDEV1CE ( ECBPIR. LIDBPO]N] ER);

/*F1NIJtuEVIC:E LOOKS FOR AN EXPL1L:IT REFERENCE TO A DEVICE, ANn
RETLIRNS A POINlER TO THE DEViCE DESCRIPTOR BLOCK IF THE
DEVICE NAME MATCHES A VALiD DEV iCE SFEC]FIER. IF NO DEVICE
IS EXPLICITLY REFERENCED. IHE SYS1 EM DISK DEV iCE IS ASSUMED
BY DEFAULT, AND 115 POINT ER IS REIURNEU 1 0 1  HE CALLER. *1

BE GIN
IF /*IS THIS A CHANNEL REQUES1?*/

ECBPTR” . SUBFUNC !~REAT E
OR ECE:PTR-~. SUEFUNC DELETE
OR ECBPTR ”. SLIEFUNC RENAME

-~ 
‘ OR ECBPTR’~. SL1EEUNC OPEN

1HEN /*CHANNEL REQUEST . FiND EXPL1C:IT OR IMPLiCiT DEVICE*/
BEGIN
IF

ECBPTR” . FiLENAME. DEViCE NiL
THEN /*THE DEFAULT NAME MUST BE SUBST 1] UlED*/

ECBPTR’~. FILENAME. DEVICE : ‘tiKO : ‘ ;

DDBPOINTER :~~ tjDBQHEAD ’. FIRST ;
/*LOOF( FOR A DEViCE NAME MArC:H*/
WHILE /*LC!OP UNTiL NAME FOUND OR LIST EXHAUST ED*/

DDBPO1NTER -(> NiL
AND DDBPUIN]ER DEVICENAME K> ECEPTR~ . FILENAME

DO
rjDBPOINTER : DDBPOINTER ’. LuLIE:QL1NK~ . FLINK;

END
ELSE /*CHANNEL—BASED REQUEST, GET DEViCE F ROM 1-IiB*/

DDBPOINTER : - CHANNELTABLE [ECBPTR” . CHANNEL]. FI:tBpTR’~. IJUEPO 1NTER;
END.
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PROCEDURE DISTRIBUTETASKREQUESI ( ACT IVEECE
/* INPU1: POINTER TO CURRENT ECI3

OL IT?UT : NONE - ACT I VA T ES PROPER SYNCHRONOUS
ROLITINE — —  IS T ASK MANAGEMEN1 LJISTRIBU1 CIR *1

BEGIN
CASE ECBPTR” . SUEFUNC OF

INSTALL: INSTALLSYNCH C ACT1VEEC:B );

REMOVE : REMOVE C AUTIVEECE ) ;

SCHEDL ILE : :~CHEDULE C ALTIVE E UE ) ..
~T ( A 1 I V E ’~~P -

END. 
END; 

KILL Ac:T IVEECB ~

3 — 3 3



~ 
--5-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _
—~~ -.

--- — - - - - --—--,—,-- ,---.—,-—--

- —---5—-— -5--—- -

PRLII::EDuRE D1STRIBU1 EEVENTREQUEST C ACTIVEECE
1* INPUT : ACTIVEECE. WH ICH HAS C:URRENT REQUEST

OUTPUT : NONE — ACT IVATES PROPER ROUT INE ——
IS THE EVENT MANAGEMENT DISTR iBUTOR */

BEGIN
CASE ACT IVEECB-’. SLJBFLINC OF

SETDELAY : SEi DELAY (ACTIVEECB);
REMuVEDELAY: REMOVEDELAY ( ALT I VEELE);
WA.1TANY: WA] TANY (AC:TIVEEC:B);
WAITALL: WAITALL (ACTIVEECB)1
PAUSE : PAUSE (ACT) VEECB);

- 

I 
OETSTATLIS: u:iETSTATUS(ACI IVEECB);

END ,

• L.IM
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PROCEDURE DI STR I BIJTEMEMORYREQUEST ( ECBPT R
1* INPL IT : P OINIER TO CURRENT Ef :E

OUTPUT : NONE — ACT I VATES PROPER SYNCHRONOU S
ROUTINE —— IS MEMURY MANAGEME:NT DISTRiBUTOR *1

- 
I BEGIN

CASE ECBPTR—’. SUEFUNC OF
LOADOLAY: LCIADOVERLAY (ECEPT R);
RLSEOLAY : RELEASEOVERLAY C ECBPTR);
GETBUFFR : GETBUFFER (ECEP1R),
EQUATBFR: EQUATEBUFFER (ECEP1F();
MAPBUFFR : MAFTOBUFFE R ( ECEP1R);
RLSEBtJFR: RELEASEBUFFER (ECBF’TR).

‘ KIfl .
V I:•S~~S

3 — 3 5
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PROCEDURE Eli ST RI BU1EERRORF (EQUEST (ECBPT R)

/*INPtjT : POINTER 10 ACTIVE ECB
OUTPLIT: NONE. C:ALLS APPROPRIA] E ERROR LOGGING RUIJTINE

IS THE ERR OR CONTROL DI STRIBUT OR *1

BEGIN
CASE ECEF 1R~ . SUBFIJNC OF

FAILDETECT : FAILUREDETEC]ED (ECBF-’TR);

END.
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PROCEDURE ROUTER ( EC:BF’TR);

/*THE ROUTER L11SPA1CHES ITC—RELATED USER FUNCTION CALLS
TO THE APPROPRIATE SYNCHRONULIS SERVICE ROUTINES.
THE ROUTER ROUTiNES WILL PASS REQUEST acE-S
TO THE DISPATCHER AS NECESSARY. ]HiS IS THE lTd LuIS1RIBLIT OR. *1

BEG I N
CASE ECBPTR” . SUBFUNC OF

SENDMS : SENDMESSAGE ( ECBPTR);
REQUESTMS : REG!UESTMESSAOE (ECEPTR),

Ir~~~C~~~M r .  , ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— F r -rV r~,, r,  -

nr-.i .,r L.flI u~~~. I r~rIIM..j r i.. s ’~I II~~ j ,..•I .!..~s.... ~ L.L-1~..r I A F

SENDANS: :~ENDAN~WER (Ei:BPTR);J r klr -
- -

L..
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3. 4. 2 f.:ALLCOMPLETE

PROCEDURE CALLCOMFLETE C ECBPT R)

/*AN EVENT CON1ROL BLOCK 15 PASSED TO THIS ROUTiNE
SPECIFYING THE 1 CE AND EVENT NUMBER OF I HE USER
REQUEST IF AN EVENT FLAG OF SUSPEND WAS
SPEC IF TED, IHE IASK i~

; REMUVED F RUM IHE HEAD uF
THE READY QUEUE*/

BEGIN
/*INITIALIZE LOCAL VAH 1ABLES*/

• TCBPOINT ER : EC:BPTR~ . 1CEP 1 R;
- k I T V ~~I I \ r - - ~~~~~~~~~~~~~~ ~~‘ . I  / ~~( -

I~~ V Fl I I I... F I .~~ - I... .~~~~U I F~ - I_I I _ F  V

EFMASK : MASKS r.EVEN i FLAO~ ;
./*SII3NAL THA i EVENT iS EXPEC:]E15*/
1CBPOINTER ~ . EFLAOSF’OSSlELE

TCBPO I NTER’~. EFLAGSPOSS 1 tiLE OR EFMASK;
IF /*CHECK FOR ERROR LIE]EC]ED*/

EC~P1R’~. STATUS- - ERROR K 0
THEN BEGIN /*RET URN ERROR AS STAT US PARAMETER OF CALL*/

ECBPTW . STATUSPTR~ . STATUS : ECBPTR~ . STA1 US;
IF ./*CHECK 1-OR SYSTEM LEVEL. ERROR*/

/*ERROR IS IN SYSTEM CLASS*/
THEN

IF Y LERC*/;
END 1* RETURNING ERROR *1
ELSE BEG iN /*NO ERRCuR*/

IF /*CHECK WHiCH EVEN~f FLAG WAS SPE~:IFIED*/
EVENT FLAG SUSPENI)

THEN /*SET TOE 10 REFLECT THE IMPLiED - WAIT *J
BEG IN
TCBPOINTER’~. WA1TFLAGS : EFMASK,
TCBPuINTER~ . WA1 11YPE :
/* REMOVE TOE FROM RDYQHLI FOR iMPLIED WAIl *1
DEL1NK (TOE. RDYQHD. lOW . TC:BQLINK);
IF /*IF NOT COMPLE1E. SUSPENIJ ] ASK*J

ECBPTR’-. 51ATUS~’. ERROR REQUIES1 — 1N—F-R00RESS
THEN /*PUT ICE ON SUSPENDQ*/

LINK ( TCB1 SUSPENDQHD. iCEV~. 1CEQL1NK )
ELSE BEGIN 1* PUT AT END OF READY-Q *1

LINK ( ICE. RL1YQHrJ, TCB’~. 1CEQLINK),
ECBPTR - . STATLJSPTR~ . STAIU S ECBFTR~’. STAT US;

END;
C.

ELSE BEGIN 1* IS NOT SUSPEND. SO RE]LJRN 51A IUS FiRST */ —

ECBP TR” . STA T USPIR”. 31A] US : EC:BPTR ’. 51 Al US;
/* NOW, iF &FLAu IS ZERU, ThE uALL PRuCEssINO

IS DONE. ~u WE LAN r~EUSE iRIS ELB. O]HER—
WISE. WE MUST GET A . NEW ECE *1

IF EVENTFLAG K) 0 .1* GET A NEW ONE *1
T HEN BEG I N  1* SAV iNG THIS ONE AND GET A NEW ONE */

i CEPO I NTER’- . EFLAGPTR (EVEN]FLAG )
I....’....L.r I I.
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GETECE: ( NEW E~:BPTR ; / *W A ITS IF NONE AVAI LAE:LE*/
END i~

- SAVING CURRENT ONE *1
I_I f , t r, rI ~~ r -I-- I V .~~- . — I  r -

~~~~~~~~~~~ 
/ * •J L’ ! I I”VC. ’.J~~ V L... V fl .~ ~ ‘iF.,:. *~‘

NEWECBPTR - = ECEiFTR~
TCEPOINTER- ’. EFLAGF’TR ( SUSPEND ) : NEWECEFTR;

END;
C.”I..IM
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-~1- . 3 EVENTOOMFV LETE

PROCEDURE EVENTCOMPLETE C ECE)

/*AN EVENT :::ONTROL OR QUEUE :::ONT RoL BLOC: -( IS PASSED T O THIS
ROUT I NE~ SP E C I F Y I N G  THE TC B AND ~VENT NUMBER FOR FROC:ESSING.
IF THE TASK IS SUSPENDED. THE f:ONDITIj NS FOR ACTIVATING THAT
TASK ARE EXAM I NED, AND THE TASK IS MADE READY IF THOSE
:::~j Nt;ITIONS ARE 5~ TISF 1ED. */

BE G I N
TCBFOINTER : ECE” . TCBPTR;
E1vENTMASK : MASkS(EL.EV EVENTFLAUIII
IF TCBPIJINTER—’. EFLAGSPOSSIBLE AND EVEN fl.1ASK <L- - 0

THEN B E G I N
TCBPOINTER-’ . EFLAGSACTUAL

TCBPOINTER ’. EFLA.GSACTUAL OR EVE NTMASK~
C O N DI T I O N SA T I SF IE D  :=  F~~LSE;
IF TCBPuJINTER-~

- . WA ITTYPE WAITANY
THEN FLAC4SWAITEOFOR : = EVENT MA SK
C.I •~ r C.’ A I IA ’  ‘ C .~ ~ .r. — rV -t.r, — T ~,--,- r,— . - . I ,~~

-r -r r- , I\C- . - -
I _ I--IU’~~~.r, i ,_LIr L’r. - — -  I L- 1_~~ I_I .L i’i I ,:. I~~ - v’iu- I .1. L_I -5 .I.~I-~~

IF TCBPOINTER- WA.I TFLACiS AND EVENTMASK =
C.’ A — I  IA I ~ C.r ~~ t’ •rIJ~~ k. .5-. - +~.r T T r .,,.. — ~~~~~ -r ,—-‘— -r C.r - — — ,r ,r -
I L. L’....i,.r, J. I I... Li U IJ I flC I I ~ ~ _~ I ‘i _ I- I ._. r .~ ~_ ~~ - —- , r~ U

r r  .. ,rT-,- r — k , ,— .A-r -r V— -~~~ -rrrJ I  L-...JI’iL.I .L I LIJ I’ i.~~~~~ i L - : r A , . L.’

AND ( TCBPDINTER- - . KILLEC~:PTR = NIL.~
THEN BEGIN

TCBP’J INTER- - . EFLAUSACTUAL :
TCBPOI NTER- ’. EFLAC4SACTUAL AND
NUT FLAGSWA I TEDFOR;

TCEPOINTER”. EFLAGSFOSSIBLE
TCBPOINTER-’- . EFLAGSPOSSIELE AND
NOT FLAGSWA I TEDFOR,

IF TCI3POINTER- ’- WAI TTYPE : SUSPEND
I r C - V  r ‘\~~~~I V C  ~~ ~~ rV - -. - r /~ 1 V . - — —. r. - - . - - 1f  r V V

I rIL. , ’, I.LL.I . -.j I~~
—, , . ’ ,_. r , V .  - V I I I I ~~_I....1 . ~_ L ! V  V I I I , ,_ , ,

ELSE TCBPOINTER- - . :JC:::LRREEIEVENTPTR- -- EVENTS: -
~~

FLAC4SWA I TEDFOR
-, * FIJT TCB ON SECDY—Q */
TCBPOINTER ’. WAITFLAGS : 0;
TCEPOINTER ”. WAITTYPE : NIL;
L INK ( TCBPO INTER, RDYQHD, TCEPU INTER-”- .

Tf :BQLINK),
END
ELSE IF  TCBPUINTER -

. KILLEC.EPTR - - .:::- - NIL
THEN DISMEMBER ( TC-BFOINTER ,

I_I’41J 1

END.
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14 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 routir~ s 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/OS, the actual values

would be made available in a global symbol dict ionary, 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 prel iminary 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/OS. If the task requests synchronous service ,

it will receive onl y one completion noti f ication.

4—1
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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

• 
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 .

I
4 — 2
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4.1 EVENT MANAGEMENT

In VTS/OS , 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/OS makes extensive use of events for the purposes of task
sequencing and synchronization . In VTS/OS , an event is defined

as the setting of an event f l ag belonging to a task . This can

occur in several ways. For example , most of the system f acilities
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 specif y 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/OS has 15 event flags associated with it, numbered
from EFLAG1 to EFLAG15 . In general , for the EVENTFLAG parameter
of a call any of several values may be specified . Specifically

permissible values are discussed with each call. A value in the

range EFLAG1 to EFLAG15 indicates that the specified event shall

occur at the completion of the request processing . A value in
this range c~oes not cause the task to relinquish the CPU. All

of the numbered event flags are interchangeable with each other;

no prior assoc iation exists between a speci f ic  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 .

4 — 3
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In this case , VTS/OS will select an unused event flag and associate

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 request

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 EVENT FLAG parameter , the three words of info r-
mation will be returned to the user in the STATUS parameter. The
STATUS parameter must always be an array of at least three words .

~.L .1.2 Time—Interval Waits

14.1.2.1 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 EFLA GJ. to EFLAG15 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 suspende d until the in terval specif ied in SECONDS-
TO—WAIT has elapsed. The task may not specify zero as the
EVENTFLAG. SECONDS-TO-WAIT must be in the range to MAXSEC ,

a system—defined global constant. At the return to the calling

4 — 4
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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 r ejection.
The possible values for the STATUS parameter are listed below .

NO—ERRO R -— successful call
ERR—TIME -- number of seconds either less than 1 or greater

than MAXSEC
ERR-EFLAG -- illegal EVENTFLAG specification
ERR-DELETE D -- the time-out was cancelled by a subsequent

REMOVEDELAY call

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 au toma tically free the
event f lag associated with that call ; rather , the REMOVEDELAY

call forces an irrtmediate completion of the event associated with
the SETDELAY . The EVENTFLAG parameter in the REMOVEDELAY call is

used to identi fy  the SETDELAY call and m ust, therefore, be the f lag
specified in the original SETDELA Y call .  STATUS is used to retur n
a success or failure code to the calling task . It will contain

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 SETDELA Y
call , it does not free the event flag . The task must still use

GETSTATUS (q.v., Section 4.1.3.3) to free the flag . If the STATUS

returned for REMOVEDELA Y is NO-EF~RuR , the STATUS returned for
GETSTATU S (which is actually the completion STATUS of the SETDELA ?
call) will be ERR—DELETED , indicating that the SETDELA Y call was

4-5
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rr ~ ~
successfully forced to an early compl etion. If the STATUS
returned for REMOVEDELA Y is ERR-TOOLATE , the STATUS returned fcr
GETSTATUS will be NO-ERROR , indicating that the SETDELAY call ran
to a normal completion .

3 . 1 .2 . 3  ?AL SE

This cal l allows a task to rel inquish 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 be fore
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 amount of time . This

call should be used to release the CPU during long computational

sequences that mi ght otherwise monopolize the CPU .

4 . 1.3 Event-terminated Waits

14 . 1. 3. 1 WAITAN Y (SET-OF-EVENTS , OC CURRED-EVENT )
This call allows a task to relinquish 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 no 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 WAITAN Y call is made , OCCURRED-EVENT will  contain the bi t
index of the lowest-number event to have occurred.

SET-OF-E~TENTS and OCCURRED-EVENT both use bit-position indices

to indicate events . The low-order bit corresponds to event flag 1;

— ~~~~~~-- -  —-5



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 wil l
not regain control of the CPU until it has reached the head of

the Ready queue .

14 . 1. 3. 2 WAITALL (SET-OF-EVENTS , OCCURRED-EVENTS)

• This call allows a task to rel inquish the CPU un til 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 occurr ing will not be waited for .  If none of the
events in SET-OF—EVENTS can occur , no wai t wil l  be performed .

At the retur n , 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

f lag  1; 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 becaus e all that are necessary have already
occurred , the task will still be placed at the end of the Ready

queue , and will not regain con trol of the CPU un til it has
reached the head of the Ready queue .

~L .1.3.3 GETSTATUS (EVENTFLAG , STATUS)

This call allows a task to examine the three words of ~nformati~ n

associated with an event flag . A value in the range EFLAG :o

EFLAG1S must be specified for the EVENTFLAG . The corres ponding
three wor ds of status and data will be placed in the three wor ds

of STATUS. The four possible conditions for :ha ~V~NTFLAG are

discusscc ~a1o~.z .
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a. The EVENTFLAG is not in the range EFLAG1 to EFLAG15. In

this case, a value of “ERR-EFLAG” will be returned in the
f irst word of STATUS,and the second and third words will
be zeroed .

b. The EVENTFLAG is not associated with any service call

whatsoever. In 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 .

c. The EVENTFLAG is associated with a service call which

has not yet completed. In 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 .

d. The EVENTFLAG is associated with a service call which
has completed. In 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. In 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 14 . 1 . 3 . 3 . a  above .

4 —8 

- - ~~~~~~ — - 5— -  - - - -—~~~~~~~~~ 
- — -. 

. 



4.2 PROGRAM AND TASK MANAGEMENT

14 .2 .1  Overview
Within VTS/CS , a distinction is made between a program and a task .

A program is a fixed , possibly re-entrant, body of code which
exists 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. If a program is re—ent ran t , several tasks can
execute the same program . In this case, a Task Control Block
exists for each task .

VTS/OS provides a set of system service reque sts which enable task s
to control the execution of other tasks . Under VTS/OS, 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 norma l interprocessor communication , as described in Section
1 4 . 5 .  Every task has a complete set of capabil i t ies 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,  rece ive partial resul ts from them , use these

results to formula te a f ina l result to pass back to Task A , and

then remove progr ams C and D from the processor.

Within VTS/OS , 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 .

4 — 9
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Among tasks that  are lineally related ( i . e . ,  for a given task ,
its children and paren t, grandchildren and grandparent , etc.),
capabilities and constraints arise tha t 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.

14.2.2 Program Management Calls

14 .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 (i f  necessary , down—

line loaded) into the calling task ’s processor. An Image Con trol
Block will then be created for the newly loaded program . The f i le
containing the program must have the same name as the program
itsel f .

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 EFLAG1 to EFLAG15 , in which case
the specified event wil l  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 notif ication of either success or an error in the call
or processing cf the call. The possible values for STATUS are

given below .

~-~1
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NO-ERROR -- no error encountered
ERR-TAI -- program by this name is already installed
ERR-EFLAG -- illegal EVENTFLAG specified
ERR-NMR -- no more room in memory for this program
ERR-Ia -- some kind of I/O error occurred during the

processing of this request; program has not
been installed. In this case, the second
word of the STATUS variable will  contain the
actual I/O error code. Note that if a program

name is given improperly , it will be imposs ible
to open the f i l e , and this  error wil l  resul t .

This call does not create or imply any parent-child re la t ionship
between the task making the call and the program name speci f i ed
in the call.

4.2.2.2 RE MOVE ( 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

~cz .v .  5.2.1.1) . A program may only be REMOVEd af ter every running
copy of it has been KILLed . Once the REMOVE cal l has been issued ,
an INSTALL must be performed before a task using that program can be

SCHEDULEd . Unlike a KILL , a REMOVE call a f fec t s  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 EFLAG1 to EFLAG15 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 informat ion
about the completion. A value of “SUSPEND ” indicates that the

calling task is to be suspended until the RE MOVE processing is

complete.

4—11
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The STATUS parameter is used to return informa tion to the calling
task about the success or failure of the RE MOVE operation . The

possible returned values for STATUS are the following:

NO—ERRO R -- 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

- 

. been KILLed
E RR—SUICIDE -- a task cannot have its own program RE MOVEd

14 . 2 .3 Task Management Calls

14.2.3. 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 inde~ en-
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 ini tial ization procedures or an
earlier INSTALL call.

The EVENTFLAG parameter may have several values. A value in the

range EFLAG1 to EFLAG15 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, af ter which the parent
may use GETSTATUS to obtain the three words of information passed

by the child. A value of “SUSPEND” used as the EVENTFLA G 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 wil l  contain a unique identif ier
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 E~LAG1 to
EFLAGI5 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 specif ied 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
ERR-TNt -- 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 paren t
tasks. The three words of information will be taken from the

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 information as the

STATUS of its SCHEDULE call , care shoul d 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

4.3.2.3 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.

~ task is stopping itself , the system will  not return to it if
the tall is successful , so that the other two parameters will be
unused. f a task is stopping its child , it can use EVENTFLAG
to s~ ecify which event shall occur when the KILL processing is

complete. A value in the range EFLAG1 to EFLAG15 indicates that

the specified event shall occur when the KILL processing is

complete. In this case, the task may use the GETSTATUS call to
obtain information about the completion . A value of “SUSPEND”

indica tes that the calling task is to be suspended un til the
KILL processing is complete.

The STAT US parameter is used to return information to the call ing
task about the success or fai lure 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 tha t even a

task ki l l ing 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 descendan t

of that task. —4— 1 3 a
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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/OS

processors wil l  all be mapped processors , the details of the
mapping mechan ism have not yet been determined. One impor tan t
aspect of the mechanism that is as yet unknown is the granular ity
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 14K. Under other architectures , as many as 32 and 614 registers

may be used to span the same space , providing a granularity of

1K to .3K. Thus , wi th f iner granularity,  more flexibility can be
provided in VTS/OS , althouqh 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 suppor t 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 tarts :

system memory , fixed task images , and variable task data buffers.

Within ‘/TS/OS, an extensive set of primitives is provided to the
app lication tasks wh ich enables them to perform overlay in g of
code , to request variable data buffers , to switch back and forth

between several bu f f e r s  wi thou t losing con trol of any of them ,

and , within family lines , to share buffers between tasks .

4— 14
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14.3.1 Task Memory Structure

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

Each applications task can be divi ded into four por tions, not

all of which need appear in every task. Since a block of map
registers will  be permanen tly assigned to each por tion of the

task image, a f iner granularity for the mapp ing hardwa’~e provides
a definite payoff in terms of the increased f lexi bili ty ‘~.n sizing

each of the portions of the task .

The f i r st portion of the task con tains 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; r ather , the applications task
will be mapped into this portion when the task is first SCHEDULEd ,

and will not be mapped out until the task is KILLed. This portion

will also contain routines to interface with VTS/OS.

The second por tion of the task image is the overl ay space .
Obviously , if a task uses no overlays , no map registers will be

allocated to thi..~ 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 thi s space are discussed in Section ~ .3.2.
The number of map registers reserved for  the overlay space will
be suf f i c ient for the longest overlay (if only one leve l of over-
lay ing is permi tted) or for the longest br anc h in th e over lay
tree (if multi-le-zel overlay ing is permitted) . This portion of

the task address space wil l  always be reserved for  over lays , even

when the task is not mapped to any overlays.
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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 f i r st SCHED ULEd , and will not be mapped 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 granul ari ty of
the mapping hardware and of the facil i ties 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 no t use any bu f f ers , the map registers that
are lef t over will go unused . The dif f erence between b u f f e r

space and overlay space is that VTS/OS 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
buf fe r  space . This space , which will not be write—protected ,

will be under the explicit control of the applications task.

The calls tha t are used to manage this space are di scussed in
Section 4.3.3.

14.3.2 Overlay Control

As VTS/OS will be required to operate on processors ~i’thcut direct

access to discs , the overlaying process will necessarily have to
consist of mapping a task to an area of physical  memo ry whi ch

4—16

— 
_

- __ —— -‘_~~~--
u-~~~ 

—
~~~~~~~~~~~~~~~~

- 5 - -  
~~~~~~

—-
~~~ 

—

~~~~~~ 

- — —

~~~~~~~~~~~~~~~~~~

— -  -



~ ‘w 
-5

~~~ 
.

r

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/OS

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 . r4owever, 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

14.3.2.2 RELEASEOVERLAY ( OVERLAYID , STATUS
This call allows a task to release an overlay (i.e., to free a

portion of its logical address space) without mapp ing to ano ther

4—17
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overlay. However , it is not necessary to call R.ELEASEOVE RLAY
before calling LOADOVERLAY to map another overlay . The para-

meters for this call are given below .

OVE RLAYID -- the identif ier of the overlay to be “mapped out” —

STATUS -- a returned code indica ting success or fa ilure 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

14.3.3 Buffer Control

VTS/OS provides an extensive set of memory allocation capabilities
to applications tasks which includes the ability to request a

bu f f e r  of any size, starting at a user-specified logical address
in the user ’s addre ss space, to have several buffers under the
user ’ s control which share this address space , to switch back

and for th between bu f f e r s , to return bu f f e r s , and , within family

lines , to share buffers.

rJnless otherwise specifically requested by tasks, ~no two tasks

will have access to the same physical block of buffer space.
However , this protection feature may not be implemerttable at a
reasonable cost if it should turn out that the typicall~t requested

buffer size is significantly smaller than the granularit~’ provided

by the mapping mechanism . In this case , it may be necessary for
two or more tasks to share a buffer block , wi th each task being
told by VTS/OS 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, SHAPEMODE , BUFFERID, STATUS
This call allows a task to request a bu f f e r .  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 identi f ies  this bu f f e r

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

14.3.3.2 EQUATEBUFFER C 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 provi de 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 .

PARENTB UFFERID —— the b u f f e r  ID returned to the ori ginal
“owner ” of the bu f f e r  in response to a
GETBUFFER call

PARE N TTA SKID -— the task ID of the original “owner ” of
the bu f f e r

MYBUFFERI D -— the b u f f e r  ID re turned to the cal l ing
task by VTS/OS, and used by this task as

the BUFFERID parameter for  subsequen t
RE LEASEBUFFER and MAPTOBUFFER calls

STATUS —- a code indicating success or a reason for

failure -— possible values are :

k.— 
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NO-ERROR -— no error encoun tered
ERR-NMR -- system resources not available
ERR-BUFFID -- value given in PARENTBUFFERID

is not a bu f f e r  which is
assigned to the task in

PARENTTAS KID
ERR-PARENT -- task specified in PARENTTASK ID

is not an ancestor of the
calling task

ERR—PERMIT -- buffer specified in PARENT-
- - BUFFERID is ei ther no t shara ble ,

or is f l a gged fo r  release

This mechanism does not prevent a child , e.g., Task 3, frcT

obtaining an original buffer ID and task ID from an an.cestor,

e.g., Task A, and then passing on the original b u f f e r  ID and task

ID to its descendants , without Task A being informed .

14.3.3.3 MAPTOBUFFER C BUFFERID, STATUS

This call allows a task to map itself to a bu f f e r  tha t 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 .

BtJFFERID -- the identifier of a buffer which was returned
in a previous GETBUFFEP. or EQUATEBUFFER call

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

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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4.3.3.14 RELEASEBUFFER C EVENTFLAG , BUFFERID , STATUS
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 bu f f e r  is private or sharable , whether
the calling task is the owner or not, and whether more than

one task has access to the b u f f e r  at the time of the call, the
net effect of the call is the same . That is, if success~.ul , the

calling task can no longer access the buffer.

If the buf f e r  is a private b u f f e r , it will simp ly be returned .
If the bu f f e r  is a sharab le b u f f e r  and the calling task is not
the owner , the bu f f e r  will  appear to that task to have been
returned . If the b u f f e r  is sharable and the calling task is
the owner , the buf fe r  will  be fla gged for release and will
actually be released when all descendan ts have also released it .
Until the bu f f e r  is released , no additional descendant tasks
will be allowed to EQUATEB UFFER to tha t bu f f e r  again , even if it

has not yet been returned. However , descendant tasks tha t have
already executed an EQUATEBU FFER call will still be able to MAP
to the buffer.

The parameters for this call are given below .

BUFFERID -- the identi f i er of a bu f f e r  wh ich was returned
in a previous GETBUFFER or EQUATEBUFFER call

EVENTFLAG -- the event flag to be used to indicate completion --
- if cal ling task is the owner :
if EVENTFLAG is in the range EFLAG1 to EFLAG15, EVENT
FLAG will be set when the buffer is returned to the

free pool; if EVENTFLAG is SUSPEND , the cal l ing
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task will be suspended until the buf fe r  is
returned to the free pool.

- if calling task is not the owner:

processing of this call is synchronous , but
EVENTFLAG must still be EFLAG1 to EFLAG15 or

SUSPEND

STATUS -- a code returned to the caller indicating success
or a reason for f ailur e -- 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
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— 4.4 INTER-TASK COMMUNICATIONS

The system calls provided for Inter-Task Communications (ITC)

di f fe r  from those described in the Pha se 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 EFLAG1. .EFLAG15. 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 EFLAG1. .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 involv ing
his event flag is satisfied . In 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 REQUESTMESSAGF. 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 REQUESTNESSAGE 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
EFLAG1..EFLAG15 specified in the REQtJESTMESSAGE call , a GETSTATUS
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call will return to the receiving task the message ID of the f i rst
message on its message input queue. The receiving task then issues

the TRANSFERMESSAGE call to move the message to his message buf fe r ,
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 sen t , and not that it was
received. At this point, the receiving task has completed the

conversation.

The allocation of bu f f e r  space for messages and answers is not
discussed in the above treatment of ITC, since the tasks

involved may allocate buf fe r s  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 transf er 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 allocated 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 wi thin this time , processing of the
conversation is terminated and an error code of ERTIMEOUT is

returned to the sending task .

Calling sequence -
SENDMESSAGE ( EVENTFLA G, PROCESSNA ME , MBUFFSPEC , ABUFF SPEC,

TIMEOUT , STATUS);

Parameters -
EVENTFLAG : EFLAG1 . .EFLAG1S , SUSPEND
PROCESSNAME : PROCNANETYPE; /*naxne of destination ta~k*/

~~UFFSPEC= record /*descriptor for message buffer*/

BUFFERID: 1. .MAXBUFFERID;

ADDRESS : integer;

LENGTH : integer

end ;

ABUFFSPEC= record /*descrjptor for answer buffer*/

BUFFERID : 1. .MA XBtJ FFER ID ;
ADDRESS : integer;

LENGTH: integer
end;

TIMEOUT : integer; /*maximum time allowed for completion */
STATUS : STATUSTYPE ;

/*ERRORS:

ERNOPR OCESS process not found
ERBUFFSPEC invalid buffer specification

ERTIMEOUT operation no t completed
within specified interval

ERBUSERROR transmission retry coun t
exceeded or other  bus -~rro~~ 

-

4 — 2 6



—r 
--5

~~~~~~~~~~~

-5 

- _ _  ——— ---- -
~

----- —- —- -- -

- ~~~~~~~
— -—---- 

- -~ 
- - 5 - 

__~~~~ _ -~

4.4.2 REQUESTMESSAGE

The REQUESTMESSAGE call is used by the receiving task to ini tiate

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 , ?4ESSAGEID, MSLENGTH

ANSLENGTH , STATUS)

Parameters -

EVENTFLAG : EFLAG1..EFLAG15, SUSPEND

MESSAGEID: record —

MESSAGENUMBER : integer ;

PROCESSOR ID : integer
end ;

MSLENGTH : integer ;

ANSLENGTH : integer ;

STATUS : STATUSTYPE ;

/*ERRORS :

ER&OIPC task not defined to receive

messages */
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4 .4. 3 T RANSFERNESSAGE
TRANSFERMESSAGE is called by the receiving task when it wishes
to obtain access to the message data of a particular conversation .
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 TRANSFERNESSAGE call will move
the message from the message buf fe r  of the sending task to that
specified by the receiving task.

Calling sequence -
TRANSFERMESSAGE (EVENTFLAG, MESSAGEID , MBUFFSPEC, ABUFFSPEC,

STATUS);

Par ameters —

EVENTFLAG : EFLAG1 . .EFLAG15 , SUSPEND
MESSAGEID: record

MESSAGENUMBER: integer ; /*VALUE1 from GETSTATUS*/
PROCESSQRNtJMEEp .: integer /*VALtJE2 from GETSTATUS*/

end ;

MBUFFSPEC: record
BUFFERID: integer;

BUFFAD : MEMORYADDRESS;

BUFFSIZE: integer

end;

STATUS : STATUSTYPE;

ERMESSAGEID Invalid message ID*/
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The receiving task issues a SENDAN SWER 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 answe r is moved to the sender ’s answer b u f f e r
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 SENDAN SWER indicates that the answer was properly
sent, without any connotation of acknowledgement on the part of
the task that originated the conversation wi th the SENDMESSAGE
call.

Calling sequence -
SENDAN SWE R (EVENTFLAG , MESSAGEID, ABUFFSPEC , STATUS);

Parameters -

EVENTFLAG: EFLAG1. .EFLAG15, SUSPEND ;
MESSAGEID: record /*From GETSTATUS call , VALUE1 and VALUE2*/

MESSAGENUMBER: integer;

PROCESSORNUMBER: integer.

end;

ABUFFSPEC: Record
BUFFERID : integer ;

BUFFAD : MEMORYADDRESS;
BUFFSIZE : integer

end ;

STATUS: STATUSTYPE ;

/*Errors:

ERMESSAGEID Inval id messa ge ID*/ 
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4.5 FILE MANAGEMENT

4.5.1 Disc File Structures

File structures are provided by the VTS Operating System to give

users a logical struc ture for s toring and retrieving data. Two
types of file structures are provided by VTS/OS, both of which

may be used for either sequential or random data access, with the
-
. - exception tha t sequen tial wri te opera tions canno t be per form ed on

contiguous f i les.

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.

~~~ 5.1.2 Contiguous Files

Contiguous files consist of a set of sequentially allocated disc

sectors , allowing random access to the file without recuiring that

a Segment Pointer 3lock be read to determine the physical data

location . The size of the contiguous file must be provided at

f i le  creation time , and cannot be extended once the file has been
crea ted. The forma t of the con tiguous 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

f iles w ill be known .

/
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4. 5.2 File Access Methods
Random and sequential access methods are supported by VTS/OS.

Either access method may be used on segmented or contiguous files .

Buf fe r ing  is provided by the opera ting sy stem for  al l sequen tial
opera tions , and for those random opera tions which do no t af f e c t
an integral number of disc sectors.

L L 5 .2 . 1  Random Access
The user may specify data tra~isfer of any size for random access ,

using the READ and WRITE calls. Records arc designated by

a f ile of f set and record len gth , where the file offset is the
number of words from the beginning of the f ile and the record
length is the nuribe~ of words to be read or wri tten.

4.5.2.2 Sequential Access

For sequential access, the operating system ma intain s a f i l e
sequence poin ter which indicates the number of words from the
beginning of the f i le  at which the next da ta transfer  will begin.
READSQ, WRITESQ , READLN and WRITEL N system calls wiLl read and

write a user—specified number of words from the current location

of the f i l e  sequence poin ter , and will update the pointer t~
re f lect the completed read or wr ite.

4 . 5 . 3  File Main tenance Procedures

~.5.3.l CREATE

~‘~e CREATE Drocedure allows the addition of files on system c’evices

~~~~ -~~rectories . For contiguous files , the indicated number of
- er.~~:a ~e’;~ce b locks are allocated when the file is creatcd .
- -i - —

‘~~~~~~~ ~~~ ~~~~~~ o~~ ~- 2 nt Pointer Block is allocated , but
- e - ~~~ ~re ~~1oc~~ ed at creation time .



Calling Sequence

CREATE (EVENTFLAG , FILENAME , FILETYPE , SIZE , STATUS )

Parameters
EVENTFLAG EFLAG1. . EFLAG15 or SUSPEND

FILENAME ASCII file name

FILETYPE SEGMENTED or CONTIGUOUS

SIZE if FILETYPE = CONTIGUOUS , file length in words

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

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

with adjacent free areas . This will aid in future allocation

of contiguous f iles.

/
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Calling Sequence
DELETE (EVENTFLAG , FILENAME , STATUS )

Parameters
EVENTFLAG EFLAG1. . EFLAG15 or SUSPEND

FILENAME ASCII f i le  name
STATUS error code:

NOERROR
ERFILENAME invalid file name

or , if EVENTFLAG = SUSPEND:
ERNODEV no such device or not a directory

r device

ERNOFILE f i le  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 Sequence

RENAME (EVENTFLAG , OLDFILENAME , NEWFILENAME , STATUS)

Par ameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND

OLDFILENAI€ ASCII name of existing file to be renamed

NEWFILENAME ASCII name to replace OLDFILENAME

STATUS error code:

A
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NOERROR

ERFILENANE invalid f i le  name
EREFLAG invalid event f lag
ERN ODEV 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~ 14 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 (EVENTFLA G, FILENAME, ATTRIBUTES , STATUS)

Parameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND

FILENAME ASCII file name

ATTRIBUTES any combination of PROTECT , READPROTECT, WRITEPROTECT

STATUS error code:

NOERROR

ERFILENANE invalid f i le  name
EREFLAG invalid event flag
ERNODEV no such device or not a directory

device

4—34
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if EVENTFLAG = SUSPEND :
ERNOFILE f i le does not exist
E RATTR inva lid attribute speci f ication
ERFILEOPEN f i le still open
ERDIR dir ectory 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 f i le  name
ATTRIBUTES any combination of PROTECT, READPROTECT , WRITEPROTECT

STATUS error code:
NOERROR

ERF ILENANE inva lid fi le name
ERNODEV no such device

ERNOFILE f i le does not exis t
ERDIR directory error

4.5.4 Input/Output qperatioris

All input and output opera tions within VTS/OS are performed on a

channel basis. Files and non—file devices (e.g., printers) are —

assoc 4ated with a channel number for the duration of a task’s

I/O 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/O requests involving that file or device.

A —-5
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Calling Sequence
OPEN (EVENTFLAG, FILENAME , CHANNEL , STATUS)

Parameters
EVENTFLAG EFLAG1. .EFLAG1S or SUSPEND

FILENAME ASCII f i le name
CHANNEL Channel n umber , returned by the OPEN call
STATUS error code :

NOERROR

EREFLAG invalid event flag

ERFILENAME invalid f ile name
E RCHAN invalid channel number

or , if EVENTFLA G = SUSPEND :
ERNOFILE file does not exist
ERDEV no such device or , if a named

fi le 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 f lag is specified .

Calling Seqt.ence

CH.ANNEL channel number

STATUS error code:

NOERROR
ERCHANNEL invalid channel number

ERNOT OPEN f i l e  not open

4—36
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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 EFLAG1. .EFLAG15 or SUSPEND

TASKID ID of task whose channels are to be closed
STATUS error code :

NOERBOR

ERTASKID invalid task ID

4.5.5 Data Transfer Operations

All data trans fer 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 wi th allocated
buffers , then I/O 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 READ R
request which are not aligned with disc sector boundaries .

Calling Sequence
— READR (EVENTFLAG , CH ANNEL , +BUFFER, WORDS, FILEADDRESS , STATUS)

Parameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND

CHANNEL channel number

BUFFE R pointer to da ta buffe r
WORDS word count of transfer

4-37 
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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

-
- - ERFILEADDR file address outside of file

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 pointer

Block occurred

4.5.5.2 WRITER

The WRITER procedure provides random access to both segmented and

contiguous files. If the file address and word count for the

WRITER call reflect the physical b lock size of the device involved,
the transf er will be performed from the user ’s buffer area.

Calling Sequence

WRITER (EVENTFLAG, CHANNEL , +BUFFER, WORDS, FILEADDRESS, STATUS)

Parameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND

CHANNEL channel number
-FBUFFER pointer to data buffer 

-

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

4— 38
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STATUS error code:
NOERROR

EREFLAG invalid event f la g
ERBUFFER invalid memory address
ERCHANNEL invalid channel number

or,  if EVENTFLAG = SUSPEND:
ERNOTOPEN f i le  not open
ERFILEADDR f i le  address outside of f i le
ERWRITEPROTECT file read protected

ERNOSPACE no space available on this device -

partial write may have resulted

ERDIR for segmented f i les ,  a directory
error in the segment pointer
block occurred

ERN ORANDOM 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/OS and cannot be accessed or altered by user tasks. Sequence
pointers are set to the first  word in the f i le  when the f i le  is
opened.

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

Parameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND

CHANNE L channel number

+BUFFER pointer to data buffer

WORDS word count

4— 39
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STATUS error code:

NOERROR

EREFLAG invalid event flag

ERBUFFER invalid memory address

or , if EVENTFLAG = SUSPEND :
ERNOTOPEN f i le  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/OS and cannot be accessed or altered by user tasks. WRITESQ

may not be used for contiguous f i les .  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 EFLAG1. . EFLAG15 or SUSPEND

CHANNEL channel number
4-BUFFER pointer to data buffer

WO RD S word count of transf er
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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

f i les

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

carr iage return or null is tran sferre d to the user data area.

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

Parameters
EVENTFLAG EFLAG1. . EPLAG15 or SUSPEND

CHANNEL channel number

4—41

—---5- ---- -5— - . 
-5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-5

-~~~~~~~~~~~~~~~ — -



_ _

+BUFFER pointer to data buffer

MAXWORDS maximum word coun t of trans fer
STATUS error code:

NOERROR

EREFLAG invalid event flag

ERCHANNEL 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
STATUS.VALUE1 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
null is written to a specified device or file.

Call ing Sequence
WRITELN ( EVENTFLA G, CHANNEL , -t BUFFER , WORD S , STATUS)

Parameters
EVENTFLAG EFLAG1. .EFLAG15 or SUSPEND
CHANNEL channel number

~BUFFER pointer to data bu f f e r
WORD S word count of transfer
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STATUS error code :
NOERROR

- i EREFLAG invalid event f lag
ERCHANNEL invalid channel number

ERBUFFER invalid memory address

or , if EVENTFLA G = SUSPEND:
ERNOTOPEN f i l e  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/OS

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 sys tem , 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/OS 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.

4—44
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Calling sequence -

FAILUREDETECTED (SENDERID , DESTNA~4E, ERRORCODE , FAILURENUNBER) ;

Parameters -

SENDERID - Task id of reporting task

DESTNAME - NIL or PROCESSNANE of the other party for

ITC errors

ERRORCODE - BADDATAPRODUCED , BADDATARECEIVED, MSGNOT

ANSWE RED , UNABLETOINSTALL , UNABLE TO SCHEDULE ;

FAILURENUNBER - caller-assigned ID for this failure

-.



r —.

5 VTS/OS DETAILED DESCRIPTION

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

is organized along the same lines as Chapter L~, 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/OS , each task has f i f t een  nuithered event f lags , numbered
from 1 (or EFLAG1) to 15 (or EFLAG1S) . There is in addition a
sixteenth event f l a g ,  SUSPEND , which is unnumbered .

Figures 5-lA,  5 - T B , arid 5 — i C  depict the status for a single event
f lag  other than SUSPEND , i . e .,  EFLAG 1. . E F L A G 1 5 , while Figure. 5 - iD
depicts the status for the SUSPEND event f lag .

The state of each of the event flags for a task is recorded in
three entries in the Task Control Block : EFLAGSPOSSIBLE , EFLAGSACTUAL ,

arid 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 16-~ c:c
F array , wi th a single entry for each event flag . The order ing 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 PARAM 1 subfield of the ECF ; hence ,

this discussion does not apply to them) , the CALLCOMPLETE routine

fl will set the appropriate bit in EFLAGSPOSSIBLE . This bit will not

be cleared unt i l  a f te r  the system ser;ice request has completed .
At that time , it will be cleared by either a GETSTAT US reques t
for that event flag , or if it is used in sa tisfying 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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EFLAGSPOSS IBLE

H _ _ _ _ _ _ _

EFLAGSACTUAL

non-NIL

EFLAGPTR

NIL 
__________  

_____

TI ME
A A

request GETSTATUS request GETSTATUS
made completed

Figure 5—lA . Status for a Single Event Flag other than SUSPEND
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EFLAGSPOSSIBLE 
-

0 _____________ _____________________________

1 
_ _

EFLAGSACTUAL

0 ________________________________________________ ____________________________

1 
_ _ _ _ _ _ _ _ _ _

WAITFLAGS

non-NIL ______________________________________

EFLAGPTR

NIL __________

TINE
A I

request WAIT request WAIT GETSTATUS
made issued comp leted satisfied

Figure 5-lB. Status for a Single Event Flag other than SUSPEND
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EFLAGSPOSSIBLE

1

EFLAGSACTUAL

0 _ _ _ _ _ _ _ _ _  

H

1 _________

WAITFLAGS

0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

non-NIL

EFLAGPTR

NIL _______

TIME 1 1 1 £
request request WAI’T WAIT GETSTATUS

made completed issued satisfied

Figure 5-iC. Status for a single event flag other than SUSPEND
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EFLAGSPOSSIBLE

0 
_ _ _ _ _  

_ _ _ _ _

EFLAGSACTUAL

WAITFLAGS

0 ___________

in-use ECB

EFLAGPTR

spare ECB 
_ _ _ _ _ _ _

TIME
I

request request suspension
made completed ended

Figure 5—iD. Status for the SUSPEND event flag
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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 WAITTYP E 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

GENE RAL

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

5—7
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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 PARAM1
f ie ld  the n umber of seconds that must elapse a f t e r  the completion
of the previous timeout , summing these inter-arr ival  times into a
running total of the number of seconds to elapse until completion
of each ECB . If this total become s greater than the PARAM1 f ield
of the SETDELAY ECB , it links the SETDELAY ECE into the Timeou t
queue before the last entry scanned , and then adjus ts  the PARAM1
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 queue and adjusts
its PARAM 1 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 outs tanding  timeout
recuest, if that request has not yet completed. (See Figure 5-2
for  the timeout list and a delet ion example)  . The o r ig ina l  time-
out is canceL.ed by

_ _ _ _  ~~~~~~~~~~ —-~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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TIMEOUT
QUEUE
CONT ROL
BLOCK

FIRST ECB #1
LAST 50 SECONDS

FLINK

BLINK
NIL

‘ ECB *2
25 SECONDS

_____  FLINK

BLINK

0 ECB #3

17 SECONDS

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+25+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 wil l  s t i l l  be signalled for
completion in 50+’42 or 92 seconds.

Figure 5-2. Timeout List and Deletion Example
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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
PARAM 1 - event flag given by user as call parameter

SPECIFIC PROCESSING

REMOVEDELAY f i r s t  performs an error check on the event flag given
in PARAM 1 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 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 PARAM 1 entry in the EFLAGPTR array of the Task
Control Block . If no such ECB exists, or if it is not an ECB

for a SETDELAY call , the STATUS field in the REMOVEDELAY ECB is
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 RENOVEDELAY 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 PABAM1 field is updated to reflect the new inter-

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

L 

at label 100. At label 100, REMOVEDELAY exits .
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REMOVE-

DELAY

EVENT -
COMPLETE

Figure 5-3. REMOVEDELAY
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TIMEOUT-
ASYNC

EVENT-

COMPLETEJ

Figure 5-4. TIMEOUTASYNC
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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 :

P 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 queue , 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 enab les the calling task to suspend i tself unt i l

the occurrence of any one of a set of events . Upon the return

to the calling task , the condition that led to termination of

5—1 3

V ~~~~~~~~~~~~~~~ ~~~~~~~ -



— _
- 

u~~~__; _~~~ _ _ _ _ _  

----- -

~~
- -

~~~

. - -

~

--- -

~

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. In this case,

the task will be placed at the end of the Ready queue , 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
p laced 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.
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USER INTERFACE STUB
The user interface stub will set up the Event Control Block for

this call as follows :-

EVENTFLA G - set to zero

STATUSPTR - set to NIL
PARAr41 - contains SETOFEVENTS
PARAM 2 - contains the address (in the user ’s address space )

of OCCUREEDEVENT

SPECIFIC PROCESSING

The STATUS f ield in the ECB is set to NO -ERRO R , since no real
error is possible with this call. The set of events specified
in PARAM1 is then AND ’ ed against those events that can possibly
occur , as specified by the EFLAGSPOSSIBLE f ie ld in the Task
Control Block . If this is zero , OCCURREDEVENT is set to zero ,
and the PAUSE routine ( q .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 queue to
the Suspend queue , the WA ITTYPE is set to WA ITANY , and PARAM 2 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 so that a subsequent call to
WAITANY wil l  not return that same event. Finally , the PAUSE routine
is called to move this task to the end of the Ready queue .

5.1.3.2 WAITALL

GENERAL
This routine enables the calling task to suspend itself unti l
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 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 some of
• the events have occurred , the bit-position indices for those

events will be returned in the second parameter , OCCURREDEVENT .

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 queue, 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
STAT USPTR - set to NIL
PARAM 1 - contains SETOFEVENTS

• PARAM2 — contains the address C in the user ’s address space
of OCCURREDEVENT

SPE CIFIC 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 specif ied in
PARAM1 is then AND’ ed against those events that can possib ly occur ,
as specified by the EFLAGSPOSSIBLE field in the Task Control Block .
If this is zero , then OCCURREDEVENT is set to zero , and the Paus e
routine (g.v.5.l.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 queue to the Suspend

queue , the WAITTYPE is set to WAITALL , and PARAM 2 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. If the service call is completed ,

this call will also free the event flag associated with the serv ice
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  thi s call:

EVENTFLAG - set to zero
STATUSPTR - address (in user ’s address space ) of user ’ s

STATUS variable
PARAM 1 — event flag specified by call as first parameter

SPECIFIC PROCESSING

• GETSTATUS first performs an error check on the event f lag  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. If so , the status from the ECE pointed to by the EFLAGPTR
array entry is placed in the STAT US 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

5.2.1.1 INSTALL

GENE RAL

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
PARAN1 - 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 enqueues the ECB for the asynchronous

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

The asynchronous routine of INSTALL has been wait ing for an entry .

to appear on the queue which drives it. When the synchronous

routine enqueues the ECS, the asynchronous routine begins execu-

tion, competing for the CPU in exactly the same manner as the

applications tasks.
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The f i rs t  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 PARAM]. 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 ECE is set to ERR-Ia ,

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. If an error occurs in

the READ, the STATUS in the ECB is set to ERR-b , 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 f i le ,
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

ioop is entered in which an attempt is made to get memo ry for
an overlay and read in that overlay . At any point in the loop,

if an erro r occurs , the STATUS is set appropr ia te ly , all resources
are returned , and execution proceeds at labe l 100.
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If the loop is successfully executed , the ICB is linked to the
queue of in-use ICBs . The f i l e  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 sever al subordinate routines, which are shown
in Figure 5-6 and described briefly here . GETROOTMEM acquires 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-ERRO R is then returned . FILLREGS 2 sets up map registers
in the ICS. OVERLAYPROC is the routine that performs the actual

processing loop in which real memory arid an Overlay Control 3lock

are obtained ar~ the overlay code is read into memory . A STATUS

of either ERR-NMR , ERR-IO, or NO-ERROR is~ then returned . It actually

calls GETOLAYMEM, which gets the memory and in turn calls FILLREGS 3
to set up map registers in the OCB . RETURNALLRE SOURCES is called ,
if necessary , to return the ICB , any OCB5 , and real memory to the
system free—lists.

5 2 2

~

4 _

~

_-

~

_ ,
V

—

~

-- -

~

-

~

_ ____



___  
_ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

GETROOT- OVE RLAY- RETURN - EVENT-

MEM PROC ALL- COMPLETE

___  _ _ _ _  _ _ _ _  _ _ _ _  

RESOURCES 
_ _ _ _ _ _ _ _ _ _

FILLREGS 7 GETOLAY - RETURN-

MEM REAL-

MEMORY

FILLREGS 3

Figure 5-6 . INSTALL
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5.2.1.2 REMOVE

GENERAL
The REMOVE s tructure chart is shown in Fi gure 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 wi l l  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 REMOVE d , it is illegal for  a task to
request that its own program be REMOVEd , since a deadlock would

result .

US ER INTERFACE STUB

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

the REMOVE call as follows :

EVENTFLAG - the eventflag speci f i ed in the call
STATUSPTR - the address of the user ’ s STATUS parameter
PARkM1 - 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 ICE 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 ICE , 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. If not , REMOVE then checks each of the
tasks running the program controlled by the ICE 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 , arid 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

of the program . If not , all resources associated with this
program are returned to the system free-lists , STATUS is set

to ~O- ERRO R , 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 p rog res s ) ,  and execution
continues at label 5. At labe l 5 , REMOV E 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 us ing

the specifie d program. The invok ing 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 wi l l  operate

exac tly like all the other tasks already running.
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USER INTERFA CE STUB
The use: 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 var iable

PARAM1 - the ASCII name of the program (note : th is  may
require more than one word)

PARAM 2 - the address of the user ’ s TASKID variable

SPECIFIC PROCESSING
SCHEDULE begins processing by attempting to locate the ICE 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 REY .OVEECBPTR
field of the ICB. If this field is riot NIL , it contains the

address of an ECB from a previous REMO VE call, in which case

SCHEDULE sets the STATUS to ERR-PERMIT , and execution continues

at label 5.

Af te r  the above checking , SCHEDULE at tempts to get a Task Control
Block , an Event Control Block , and a Buffer Control Block. If
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 BCE , and then
attempts to get sufficient memory for the task ’ s variab le space .
If the memory is not available , SCHEDULE returns the TCB , ECB , and

BCE, sets the STATUS to ERR-NMR , and execution continues at 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 queue . At label

5 , SCHEDULE exits to the main Exec loop.
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Figure 5-8. SCHEDULE
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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 BCE , only if all three are
available . A status of either NO—ERRO R , or ERR-NMR is then
returned. The next procedure is FILL1TCB, which sets up some
fields in the TCB and BCB , but does not set up any f ie lds  that
interact with any other currently in-use system data structure
entries . The third procedure is GETVA RMEM , which gets real me rr~~ry
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,
s ince all system resources have been success fully 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 proce ssor.

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 p arent 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 f i r s t  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 callin g tas k ’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 f ield
of the TCB. This is the SCHEDULE ECE 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 KILL

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 descendan t 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 :
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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 PARAM 1
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 keepir~g. 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 1 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 KILLECE 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 subf ield 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 STATU S

to MO-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 br ie f ly  here . The f i r s t  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, DI SMEMBER
calls EVENTCOMPLETE to indicate completion of the original KILL
request. Thus, if SUICIDE was true , the calling task will now
receive comp letion 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 bu f f e rs which the
task owned , and the TCB. In addition , if the task had a BCE for

a shared buf fe r , but did not own that buffer and there is no
more I/O in that buffer , RETURNALLTASKRESOURCES passes the buffer
owner ’s TCB to PAKEWAIT , 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 F
5.3 .1  System Memory Contro l
Within VTS/OS, real memory is divided into pages , where a page
consists of the maximum amount of memory tha t a single map
register can address. Memory cannot be allocated in units smaller
than a single page. VTS/OS maintains control of this memory through

a tab le called the PHYSPA GETABLE , which con tains 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 VTS/OS itself
or to any program or task, VTS/OS places a zero in the en try for
that page. In addition , VTS/OS main tains 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 VTS/OS itself could conceivably be available at any given

instant, VTS/OS uses a variab le , referred to in the PDL in Chapter

6 as “FIRST-AVAILABLE-MEMORY-PAGE--INDEX” , which contains the

index of the f i rst page of memory not as signed to VTS/OS .

If a page is assigned to VTS/OS , the entry for that page will

contain a (currently undefined) value indica ting this assignment.

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

If a page is assi gned to a task , i.e., contains either the variables

for the task or part of a buffer which the task “own s ” , the entry

for that page will  contain the address of the Task Con trol B lock
for that task.
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5.3.2 Overlay Control

5.3.2.1 LOADOVE RLAY
GENERAL
This routine is used by a task to have itself mapped to a
specified overlay .

USER INTE RFACE STUB
The user interface stub will  set up the LOADOVE RLAY Event Control
Block as follows :

EVENTFLAG - set to zero
STAT USPTR - address of caller ’ s STATUS variab le
PARAM1 - QVERLAYID parameter from call

SPECIFIC PROCESSING

LOADOVERLAY first finds the Image Control Block associa ted with
the task ’s Task Control Block . It then traverses the chain of

Overlay Control Blocks connected to the ICE , comparing PARAM1
from the LOADOVERLAY ECE wi th  the OVERLAYID subf ield of each OCS.
If no match is found , it sets the STATUS in the LOADOVE RL.AY ECB
to ERR—QLAYID and LOADOVERLAY exits to the main Exec loop . If a

match is found , the map registers are cop ied from the OCE in to
the TCB , which con tains the active task map . It  then sets the
STATUS to NO—ERROR and exits to the main Exec loop .

5 . 3 . 2 . 2  RELEASEOVERLA Y

GENE RAL

The RE LEASEOVE RLAY structure chart is shown in Figure 5-lI. 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 in te r face  stub wi l l  set up the RELEASEOVE RLAY Event  Control
Block as follows :

EVENTFLAG - set to zero

STATUSPTR - address of caller ’ s STATUS variable
PARAM1 - OVERLAYID parameter from the call

SPECIFIC PROCESSING

RELEASEOVE RLAY first finds the Image Control Block asso ciated w ith
the task ’ s Task Control Block . It then traverses the chain of
Overlay Control Blocks connected to the ICE , comparing PARAM 1

from the RELEASEOVE RLAY ECB with the OVE RLAYID subf ie ld  of each
OCB . If no match is found , i t  sets the STATUS in the RELEASE-
OVE RLAY ECB to ERR-OLAYID and exits to the main Exec loop. If a

match is found , UN MAP OLAY is called to perform the actual unmapping.

UNMAPOLAY compares the map registers in the TCE with the map
registers in the OCE . If they are not the same , a STATUS of
ERR-MAP is returned , indi cating 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

of MO-ERROR is returned .

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 b u f f e r .  The b u f f e r  may be
made sharable (with descendants) or pr ivate . In either case,
the requesting task wil l  always be the “ owner ” of the b u f f e r .

USER INTERF ACE STUB
The user in ter face  stub will  set up the GETBUFFER Event Con trol
Block as follows :
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EVENTFLAG - set to zero

STATUSPTR - address of caller ’ s STATUS variable
PARAM 1 - LOGADDR parameter from cal l
PARAIvI2 - NWO RDS parameter from call
PARAM 3 - SHARE MODE parameter from call
PARAN4 - add ress of caller ’ s BUFFERID parameter

SPECIFIC PROCESSING

GETBUFFER’ s first error check is on the value in PARAM2 , the
amount of memory requested . If this is negative , or if this
amount will require more map reg isters than this program is
allowed for data b u f f e r s  (as specified by the MAPSFORBUFF sub f ield
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 memo ry requested is avai lable .
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 b u f f e r  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 various sub f ields
of the BCB. This includes assigning a unique ID to this buffer ,
which is also returned to the calling task through PARAM4 of the
ECS .

GETBtJFFER uses one lower-leve l procedure , FILLREGS , which actua l1
goes through the list of real memory pages (the PHYSPAGETABLE),
allocating pages and setting up the actual map register ~ialues
in the BCB .

5—41

k~ -~~~~~~~~ ~~~~. - -~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~~~~~~~~~~ --~~~~—-



5.3.3.2 EQUATEBUFFER

GENERAL

Thi s call is used by a task to gain access to a bu f f e r  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/OS to protect the tasks from each Other.

USER INTERFACE STUB

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

EVEMTFLAG - set to zero

STATUSPTR - address of caller ’s STATUS variable

PARAM1 - PARENTBUFFERID parameter from the call
PARAM 2 - PARENTTASK ID parameter from the call
PARM43 - address of caller ’s MYBtJFFERID variable

SPECIFIC PROCESSING

EQUATEBUFFER f i r s t  attempts to f ind an ancestor of the call ing
task whose TASKID is the same as the value in PAPAM2 . It does so

by travers ing upwards through the family tree , using the PARENT
subfield of each succeeding Task Control Block . If no such
ancestor can be found , EQUATEBtJFFER sets the STATUS in the

ECB to ERR-PARENT and exits to the main Exec loop. If the

ancestor is found, EQUATEBUFFER then traver ses the chain of
Buffer Control Blocks attached to the ancestor ’s TCB, seeking

one with a BUFFERID equal to that given in PARAM1. If no such

ECB can be found , EQUATEBUFFER sets the STATUS in the ECB to

ERR-BUFFID and exits to the main Exec loop. If the BCB is found ,
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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 call ing 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, f i l l s
in all the subfields of the calling task’s BCB, updates the USECOUNT

subfield of the owning task’s BCE , and links the new BCE to the
calling task ’ s queue of BCB5. Using PARAM3, it also return s 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 EQtJATEBUFFER call. The latter calls create the mechanisms

whereby a task can actually ref erence entries in a buff er , 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
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BCE whose BUFFERID subfield matches the value in PARAM1 . If

none is fo und, 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 maoped 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
b u f f e r  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 BCE into the TCB ,
which contains the “active ” task map. It will then set the STATUS

to NO-ERRO R and exit to the main Exec loop .

5.3.3.4 RELEASEBUFFER

GENE RAL
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 b u f f e r  at the time of the call,
the net effec t of the call is the same . That is, if successful ,
the calling task is denied all further access to the buffer.

USER INTE RFACE STUB
The user interface stub wil l  set up the Event Contro l Block for
the RELEASEBUFFER call as follows :

EVENTFLAG - EVENTFLAG parame ter from the call
STATUSPTR - address of caller ’s STATUS variab le
?ARAM 1 - BUFFERI D parame ter from the call
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SPECIFIED PROCESSING

RELEASEBUFFER begins processing by attempting to locate the

calling task ’ s B u f f e r  Contro l Block whose BUFFERID subf ie ld
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 BCE 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 USECOTJNT subfield of the BCE . If the USECOUNT is

still not zero, descendant tasks must also have access to this

buffer. In this case, RE LEASEBUFFER sets the RELEASEECBPTR
subfield of the BCB to the address of the RELEASEBUFFER ECB
(which indicates that a release is in p rog re s s ) ,  unma~ s the calling

task from the bu f f e r , sets the STATUS to REQUEST-IN—PROGRESS , and
exits to the main Exec loop. If the decremented USECOUNT is now

zero , RELEASEBUFFER checks to de termine if any I/O is outstanding
for  this b u f f e r .

If any I/ O is outstanding, BELEASEBUFFER sets the STATUS to ERR—
IOIP , increments the tJSECOtJNT subfield (which brings it to one) /

and exits to the main Exec ioop. This is done only when the
calling task owns the buf fe r , no other task has access to the
buffer, and there is outstanding I/O, which implies that the
calling task itself has init iated the I/O .

If no I/O is outstanding , RELEASEBUFFER can completely release
the b u f f e r , since no other tasks have access to it ( i . e . ,  U SECOUNT

is zero) . In this case, it urimaps the ca l l ing task from the
b u f f e r , returns the memory and the BCB to the system f ree—l is t s ,
sets the STATUS to NO-ERRO R , 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 bu f f e r , 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/O outstanding in the b u f f e r , RELEASEBUFFER is
free to release the buf fe r  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 zero1
no I/O 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 not i fy  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. tJNMAPBUFFER
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.

RETURN REALMEMORY 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/OS is

provided to allow communi cation 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 TRANSFERME SSAGE 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
SEMDANSWE R 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 availab le in the
instruction.
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TASK A TASK B

SENDMESSAGE (EFLAG1 REQUESTMESSAGE (EFLAGL~ Router WAITxxx (EFLAGL~ 
~ Dispatcher‘SBus ~Bus

1 
~~Dispatcher

‘
~~Router /* awaken 3*/

GETSTATUS (EFLAG’4 
TRANS FERMESSAGE (EFLAG5

a... Router
~~ Dispatcher

~~Bus4 2 Bus
• Dispatcher WAITxxx (EFLAG5 

~~Bus -Bus

~~Dispatcher
~~Router /*awakerj B*/

/*B processes message*/
GETSTATUS (EFLAG5 

WAITxxx (EFLAG 1 , . .
SENDAN SWE R (EFLAG 6 

Router
~~~~.. Dispatcher

~~ Bus~4- Bus
Dispatcher I
~~Bus ~Bus

~~ Dispatcher
~~Bus’~ Bus

Dispatcher 6 Dispatcher /*awaken B*/
Ró~~ er /* awaken A*/ /*completion of conversatlon*/

/~ A processes answer */ GETSTATUS (~SLAG6 
GETSTATUS (EFLAG 1 

Notes - Event f lags  are shown for clari ty only . Any event f l ag
value other than INDEPENDENT may be substituted above.

- Transitions from Bus to Dispatcher to Router to applications

process may bypass the actual router routines.

indicates the continued processing or waiting of

Tas ks A and B.

Figure 5—14. Inter-Task Communications
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A’ s dispatcher readies the bus interface to receive B’s answer
and transmits the b u f f e r  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 a f te r  reconfiguration) in this

processor. The PASCAL data definitions for these tables are :

GLOBALTABLE : array [1 ..MAXCONFIGURATION , 1..MAXPROCESSNAY~E1

of PROCESSORNtJMBER;

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

A
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5.4.1 ROUTER

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 limi ted 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/OS not only
allows the Dispatcher to directly noti fy  the user task , but

indeed makes this case easier to supervise than that in which
the 12~ispatcher would request the Router to perform the notif i-
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 conversation based on the

context of the request or function being performed .

USER INTE RFACE 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 request 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

MESSAGEOUTQ 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 queue , the event flag is se t during the REQUESTMESSAGE call.

USER INTERFACE STUB

The following parameters are placed in the request ECB :

EFLAG - Even t Flag
STATUSPTR - Pointer to user ’s STATUS parame ter
MESSAGEIDPTR - Pointer to user ’s MESSAGEID parameter

MSLENGTHPTR - Pointer to user ’s MSLENGTH parameter

ANSLEN GTHPTR - Poin ter to user ’s ANSLENGTH parameter

DETAILE D DE~ CRIPTION
REQ UESTMESSAGE first veri fies that the calling task has a corres-
ponding entry in the GLOBALTABLE. If the task ICE field PROCESSNAME

is NIL , the task is not identified to the operating sys tem as being
able to receive messages , and EPNOIPC is returned to the user task.

Otherwise , the MESSAGETABLE entry indicated by ICBPTR~ . ?ROCESSNA~~
is used to set up the Queue Control Block for that message queue ~c

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

Routin~- T RANSFE RMESSAGE mo ves 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 followinq 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

b u f f e r  area

DETAILED DESCRIPTION

Upon being called by routine ROUTER, TRANSFERMESSAGE examines
the MESSAGEQ for the calling task to find the BCE 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 ME S S A GE I D  is then checked

and, if the sending task is local , the mess age is moved to the
receiving task ’s message buffer and NOERROR is returned synchro-
nous ly to the calling task. If the sending task is in a d i f f e r e n t
processor , and if a short message was included in the instruction ,
this message is moved to the receiving task’s message bu f f e r  and
NOERRO R 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  SENDAN SWER
GENE RAL
SENDANSWER completes a conversation by transferring the receiving
task’ s answer to the sending task, regardless of location. Return
from the SEND~~SWER call indicates that transmission of the answer

was performed without  erro r , and does not indicate conf i rmat ion on
the part of the sending task.
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USER INTERFACE STUB

• The following information is placed in the request ECE :

EFLAG - Event Flag
STATUSPTR - Pointer to user ’ s STATUS parameter
MESSAGEID - Message identification for this conversation
ABtJFFSPEC - Answer buffer specification

DETAILED DESCRIPTION
SE NDANS~ ER examines the MESSAGEQ for the callin g task to find
the ECB containing the specified ME SSAGEID. If no such ECB is
found, ERME SSAGEID 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 ,
and the function terminates with NOERROR returned to the calling
task. This termination includes removal of the instruction ECS

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 SENDAN SWERQ of the
Dispatcher ,  and SENDANSWE R 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 sof tware 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 similari ty 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 p laced for the
DISPATCHER.

DETAILED DESCRIPTI ON
The DI SPATCHER sets up its timeout list and input queues 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 destination task 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 SENTINSTRtJCTIONQ, 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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f i rs t  two cases , the ECB arriving on the que ue from the bus inter-
face driver is used to signal completion of the receiver ’ s
TRMSFE RMESSAGE 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.
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5.LL3 Bus Interface Driver Operation

The bus interface driver for the VTS Operat ing System is
structured somewhat d i f f e ren t ly  from the device drivers . The
bus interface performs more complex functions than most

devices , and therefore requires more intelli gence in the
driver. The driver has multiple output queues, which are

selected for passing incoming instructions, bu f f e r  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
interf ace status registers) is used to determine on which of the
output queues the ECB is placed .

The bus interface itself is assumed to be responsib le 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 may 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.
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5.5 FILE MANAGEMENT AND INPUT/OUTPUT (I/O) OPERATIONS

This section describes the detailed design and operation of the

file management and I/O sections of the VTS Operating System.
The file structures supported by VTS/OS and the conventions for
device and file I/O are presented first , followed by the detailed
descriptions of the associated operating system funct ions  and
tasks .

Where potential differences in I/ O structures and organizations
exist between processors or devices selected by the Coast Guard

which will affec t the operating sys tem functions , sections of
the Program Des ign Language description are Dresented as comments
detailin g the necessary operation , rather than as PA SCAL 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/OS , all input and output data transfers are performed

on the bas is 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/O operations to be used for data transfer , regardless

of the physical organizat ion and physical c~’aracteristics of the
device involved. Since the diffe rences among di f fe rent device
types cannot be completely ignored , VTS/OS 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/OS

• provides no synchronization or coordination to support this

capabili ty, 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 sys tem disc in that system call . Thus , ‘DKl: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:l , 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/OS.
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 f i l e  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 fas ter 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 necess ary
for VTS/OS. 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 des cription
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

data structures presented in this report must therefore correspond

to the physical representation of these items of information on

the disc.

The ~t~-ucture assumed for system c irectory blocks i~~

DIPBLOCK : ARRA Y (1 ..ENTRIESINDIRBLOCK ] of;

DISCDIRECTORYENTRY ;

The map block format is :

MAPBLOCK : ARRA Y [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 excess ive

size of the map area.
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Segmented File Structures
Figure 5-13 shows the pointer-based structure of segmented fi l e s .
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 SPE 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 .
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DISC DIRECTORY ENTRY DATA
SEGMENTS

STARTADDR SEGMENT
ENDADDR POINTE R DATASEG POINTER

BLOCXS

SEGMENT ~l

(NIL)

SPB #1

L . _ 7

__________  SEGMENT
#MAXD SP

NEXT SPB LASTSPB

SPB # 2

• : .‘ SEGMENT ~~

~~~~ I (Last Segment
in File)

SPB *m~~~~~~
(All Succee ding

DSP’ s are NIL)

(NIL)

Ficure 5-13 Segmented ~i1e Structure
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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 blc.cks, 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 sec tor 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 VTS/OS. 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 “MTO :O” , the second as “MT O:l” , 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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Figure 5—21 Contiguous File Structure
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frequently result ing 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:O , 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. 1 CREATE

GENERAL

The CREATE procedure allows user tasks to enter a new f ile in the
disc directory and allocate disc space for the file as required

by its type. For contiguous files , the entire f i le  area is
allocated at creation time. For segmented files , only the first
Segment Pointer Block is allocated.
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4 USER INTERFACE STUB
The user interface stub places the following information in the

user task ’s ECB :

EFLAG - Event f lag

STATUSPTR - Pointer to STATUS parameter of user call

FILENAME - ASCII specifiôation of device , name and
extension of file to be created

FILETYPE - SEGMENTED or CONTI GUOU S

FILESIZE — Size of contiguous file or of data segmrnt
for segmented file

DETAILED DESCRIPTION
When a request is made for f i l e  creation , an Event Control Block

is enqueued for the CREATE task by routine CREATESY NC . 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 , FINDDIR E CTORYENTRY

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 pass ed back to the user task . CREATE
then calls routine GETCONTIGUOUSSP~CE to allocate adjacent disc

sectors for the entir e file if the FILETYPE parameter of the
user ’s call was set to CONTI GUOUS , 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 f ile is then created . Routine
GETFREEDIRECTORY ENTRY 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
S in with the FILENAk’~ 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 buffe r , and resumes waiting for an ECB on its input
queue.

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 fixed 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 GETCONTIGUOtJSSPACE 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 f i rs t  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 STARTSLOCK 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 . If 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.

5.5.1.2 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 ECS:

EFLAG - event flag

STATUSPTR - pointer to STATUS parameter of the user call

FILENAL”E - ASCII description of device , name and
extension for file to be deleted

—‘4 - ’ ” — T ~~~~’::’
r-’7 ~~~~~~~~~~~~~~~~~~~~~~7_44..~ J.. 4~~ ~~~~ .J.L ..~ ~~~~~~~~ .~.

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 ECS from its input
queue .

DELETE then uses several subordinate routines which are shown in

Figure 5-23 and described br ie f ly  he re . (Asynchronous routines

~~~ BUFFER and MAPTOBUFFER are not shown in Figure 5-23 as subroutine

calls since they are executed through the Executive.) First, routine

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 requirements .

Routine FINDDIRECTORYENTRY is then called to search the disc
directory file for the specified file. If the f ile 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 with
error ERPROTECTED returned to the user task.
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Figure 5-23. DELETE
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The file is removed from the directory by se tting its FILENAME to
NIL and rewriting the directory entry to the disc. The file space

allocated to the file must now be marked FRE E in the map file.

For contiguous f i les , thi s may be accomp lished by one cal l 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

wi th a value of NIL , or in the event that the last SPB in the.

f i le  has all of its DSP ’ s used , by a NEXTSPB pointer wi th a

value of NIL.

The DELETE function is comp lete at this coint. DELETE signa s

event completion to awaken the user task , an d re leases all
buffer space allocated for the DELETE task. The task then
waits for another delete request to enter its input queue .

Routine RELEASECONTIGtJOUSSPACE 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 sec tor.
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 affec ted
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 .

5.3.1.3 RENAME

GENERAL

The RENALME procedure allows the user to rename disc files , and
affec ts 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 t ransfers  the following informat ion  into
the ECB:

EFLAG - event flag
STATUSPTR - pointer to STATUS parame ter 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 DESCRIPTI ON
When a recruest to rename a f i l e  is made , the ECB containing the

call par utteters for that request is enqueued for the RENAME

task by routine RENA?~~SYN C 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 DDE is then

examined , to determine whether or not the file is currently open .

If the f i le  is open , the function is terminated and error ERF ILEOPEN

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 f i l e  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 f il e  is

renamed by placing parameter NEWFILENAME in the FILENAME of the

directory entry and rewriting the directory block to disc. RENAME

si~ r.als EVENTCOMPLETE to awaken the user task, ~nd releases its

allocated buffer space . RENAME then awaits  f u r t h e r  -enam e :~~:uests

on its input queue .
— ---—- --- --
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5.5 .1.4 SETATTRIBZJTES

GENERAL
The SETATTRIBtJT E S procedure allows the user to set attribu tes of H

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

USER INTERFACE STUB
The user interface stub t ransfers  the following information into
the ECB:

E FLAG - event flag
STATUSPTR — pointer to STATUS parame ter of the user call
FILENAME - ASCII description of device , name and

extension for the file whose attributes

are to be altered
ATTRIBUTES - Boolean va lues of RE AD P ROTECT , WRITEPROTECT

and PROTECTED to be se t for the specified file

DETAILED DESCRIPTION
When a request to set the at t r ibutes of a f i l e  is made , the ECB

con taining the cell parameters for  tha t reques t is enqueued f or
the SETA TRIBUT ES task by routine SETATTRSYNC and SETATTRIBUTES
removes the ECB from its input queue .

5~ TATTR IBUTES then uses several subordintate routines which are

snc r. in Figure 5-25 and described b r ie f ly  here . First , FINDDEVICE

~~3 :~~1 e d  to get the pointer to the disc Device Descriptor Block .

~~. :hair~ of Fi le  Descriptor Blocks linked to the disc DOB is then
c.’..- .~~~j  to fe termine whether or not the f i l e  is current ly  open .

- -~~~~ 
~~~~~~~~~~ :s open , the function is terminated and error ERFILEOPEN

• - -~~~~~ to the user task. SETATTRIBUTES then allocates buffer
- t -fisc directory block , and routine FINDDIRECTORYENTRY

*.~~r :~ the disc directory file for the specified file.

-
~~~~~~ ~;ur.-~ , the function is terminated and error

t~ e user . The attributes of the f i l e  are

- -- u-es sjecified in the user ca l l .

~~~~~~~~~ ~~~~~~-- — _ _
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SETATTRIBUTES then rewrites the directory block to disc, signals
EVEN TCOMPLETE to awaken the user task , and releases its allocated

buffer space . The task then awaits further SETATTRIBUTES requests

in its input queue .

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
DDE and FD may be accessed by a user task.

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:

R.EADP ~~TECT
WRITE? ROTE CT
PROTECTED
DIRECTORY
BLOCKE D
SEGMENTED
CONTI’~UOUS
SEQUENTIAL

AVAILABLE

as shown for the specified file or device.
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DETAI I~~D DESCRIPTION
When a request to get the attributes of a file is made , the ECB

containing the call parameters for that reques t is enqueued for
the GETATTRIBtJTES task by routine GETATTRSYNC. GETATTRIBUTES

removes the ECB from its input queue and checks to see if the
FILENAME specified is a device or a named disc f i l e .  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 FINODEVICE 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 , GETATTRIBtJTES allocates buffer space for a disc
directory block , and routine FINDDIRECTORYENTRY is 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 th~ user . The attributes of the file are trans-

f erred to the i~~er ’s return parameter from the disc directory

entry , if the file was found . GETATTRIBtJTES then signals EVENTCOMPLETE
to awaken the user task , and releases it~ allocated buffer space.
The task then awaits fur ther  GETATT RIBUTE S requests in its input
queue .

3.5.2 Input/Output Operations

Input and output operations within VTS/OS are performed c~n the

basis of a logical data oath , termed a channel. This logical

path is estab lished 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/O system calls
of the VTS Operating System. Sequential 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/O 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 he linked to the FDB queue .
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5.5.2.1 OPEN

GENERAL
The  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 I/O 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 DESCRIPTI ON
The synchronous OPEN structure chart is shown in Figure 5-28.

The synchronous OPEN routine is called by IOFUNCTIONS, with a
pointer to the request 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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Figure 5-28 OPEN
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ERFILEOPEN is returned to the user task and the function terminates .

Next, the blocked attribute of the DDE 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 FOB 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 EVENTCOMPLE.TE 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 , OPEN proceeds to check that the device has not
already been opened . If the forward link field of the DDB ’s

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 sys tem call, and INITDEVICE is
called to perform any initialization required for this device .

Should an error be detected during the device ini tialization
process , that error is returned in the status parameter of the
INITDEVICE call ; the error field will contain ERDEV , and VALtJE1
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 DDE to FALSE .

An FDB is then allocated to represent the device bein~ opened.

The FILENAME and ATTRIBUTES fields of the FOB 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 .

OPENASYN C 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 DDE 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
5—91
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Figure 5-29 OPENASYNC
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the file is not already open. If the file is open, ERF ILEOPEN
is returned to t~~e user task and the function terminates. Next,

OPENASYNC obtains a buf fe r  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 entry for this f i le  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 addresse s are then set as indi-
cated by the disc file type, an d 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 tape file is to be opened , OPENASYNC

calls function CONVERTTOOECIMAL 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 . POSITIONTAP E will skip to the
fi le designated numerically in TAPEFILE , looking for a double
end-of-fi le. If this log ical 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 re turned to the user task and the
OPEN function is complete .
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5 . 5 . 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 sequential
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/O requests are returned to the free state by the CLOSE
rout ine .

USER INTERFACE STUB
The User Interface Stub places the fol lowing informat ion in the
request ECE :

EFLAG — Event Flag
STATUSPT R - Pointer to the user ’s STATUS ~arameter
CHANNEL - The number of the channe l to be closed

DETAILED DESCRIPTION
The synchronous portion of the CLOSE system call is called by
IOFUNCTION S with a pointer to the reque st ECB. The channel
table is examined to ensure that the designated channel is

open ; if not , ERNOTOPE N is re turned 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 .

For unb locked devices , CLOSE sets the channel table entry to

NIL to release the channel assignment. The ~DB in use for
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this channel is removed from the FDB queue in the DDE, an~ the
FDB is returned to the free FDB queue . Close sets the user ’ s
STATUS error return to NOERROR to indicate successful closin~-
of the channel , and returns to IOFUNCTIONS .

:~ s:~ CLOSEAS~?1- C fec~~ ues t~~e re~~ est TC f~ c~ its :n~~ -: :-ie~ e
and checks the direceel~y 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/O is then returned to the free bu f f er list de-
scribed in the READcIRITE routine description , Section 5.5.2.4.

If the disc f i le  is segmented , the Segment Pointer Block b u f f e r
is also returned to the free buffer list . CLOSEASYNC then

sets the channel table entry to N IL, unl inks  the FDB from the
DDB ’ s FDB queue , and returns the FDB to the fr ee FDB list.
NOERROR is returned to the user task , which is notified by
E17~NTCOMPLETE that the close operation has terminated. (See Figure
5-30 for the CLOSEASYNC structure chart.)

For magnetic tape files, CLOSEASYNC checks the sequential I/O

pointers in the FDB to see i f  a final tape block should be

written. If so, the remainder of the block is f illed with
zeroes and is written to the tape by the device driver. The

sequential I/O buffers used for this channel’s I/O are released

to the free buffer list maintained by READ~qRITE , and the channel

table entry is set to NIL. The FDB is unlinked from the DDB ’s

FDB queue , and is returned to the free FDB list. NOERROR is

returned to the user task by EVENTCOMPLETE , which n o t i f i e s

the user that the close request has been oerforrned.

For either disc or tape files, only I/O errors detected by the
devi ce drive r in wr i t ing  data to the device are re turned to the

user with ~RDEV in the ERROR 
field of STATUS , and with ~ertinent

device status indications in  the V~L~ El and -~A~~E2 ~ields .
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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 , WRI TER , READSQ, WRITESQ,
READLN and WRITELN requests. Data is read or written according
to the description for the recTuested function as presented in
Section 4 . 5 . 5 .

USER INTERFACE STUB

The user interface stub places the fol lowing information in the
request ECB :

EFLAG - event f lag
• 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
WORD S - for READR , WRITER , READSQ and WRITESQ:

number of words to be transferred;
f or 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 DESCRIPTI ON
The synchronous portion of the READWRITE system task is called
by IOFTJNCTIONS 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/O error has caused
the device to be removed from the system for maintenance. If

AVAILABLE is false , ERN OTAVAIL is returned and the fun ction is
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terminated . READWRITE then checks the protection attributes of

the FDB ; if  the rea d or wri te protection c o nf l i c ts with the
user ’s request, the error message f o r  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 , READWRI TE links the ECB to the request
queue of routine PEADWRITEASYNC, which will complete processing

• of the request. The IOINPROGRESS flag of the user ’s buf fe r  area
is set, to prevent release of the buffer while I/O is in progress.

READWRI TEASYNC has three input queues which it must supervi se ,
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 READWR I TE f o r  initia tion ; FURTHE R-
ACTIONQ contains FDB ’s for operations which are partially complete ;
and COMPLETEQ contains FDB ’s for actions which have completed .

Thus , READWRITEASYNC can perf orm ini tiation , continuation or
completion checking and notification for a request regardless of
functions outstanding for other I/O requests.

Before entering its main loop, READWRITEASYNC sets up wait
requests f o r  incoming control blocks on all three queues. Insi de
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 EF FOUND, and is used to obtain the incoming control
block f rom the queue and reissue the WAITFORTOPE NTRY call on that
queue. Depending on the event flag found , pointer s are set f o r
the request ~CB and , for FtJRTHERACTIONQ 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 a1 -ror has
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been found by the device driver; if so , the operation is can-
• celled, the AVAI LABLE attri bute of  the device is set to f a l s e ,

and the user is notif ied 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 f i les are checked f i r s t  to
ensure that the requested t ransfer  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 b uf f e r  area ; these requests
are set up f o r  the device driver and ini tia ted , with the FDB f o r
the request re turned on the COMP LETEQ when the dr iver has per-
formed its functions. If the READR or WRITER request is not
aligne d with the device block struc tur e, a system b uf f e r  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 f o r  the device driver , the READR FDB re turn is on the
COMPLETEQ , and the WRITER FDB return is on the FURTHERACTIONO.

For disc and tap e sequential I / O requests , the buffer pointer
of the FDB is checked to determine whether or not the system

buffer required for sequential I/O has been allocated. If the

pointer is NIL , then one of  the b uf f e r s  in the f r e e  buf f e r  list
is assigned to that channel. If no buffer is available ,

ERNOBUFFER is returned to the user and the function terminates.

(I t should be noted that, with b uf f e r s  and F OB ’ s, the number
of open files within processors of the VTS system is known such

that a s uf f i c i e n t  number of  buf f e r s  and FDB ’ s can be included
in each processor to prevent resource blocking of VTS/OS.) If
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this is the f i r st I / O request on a magnetic tape f i l e, the
pro tection status in the FDB is set to prevent the user f rom
mixing read and write operations , and also to noti fy  the CLOSE
routine that sequential wri tes were per formed 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 buf f e r  to sa ti sf y  a sequential rea d reques t,
or if  a sequential write request does not exceed the curren t
sequential buf f er , the sequential data is transf e r re d and the
operation is complete. If the current buffer space is exhausted

by this request, the FDB is enqueued f o r  the device driver to read
a new buf f e r  or to wri te the curren t b uf f e r , 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 inter face har dware is assumed to be of
the interrupt-per-character variety . READWRITEASYNC sets up

the device driver reques t in the FOB , indicates that the FDB
is to be returned on the CONP LETEQ, and notif ies the device
driver tha t the opera tion must be perf ormed .

Continuation Stage:

Only disc and tape opera tions require continuation proces sing .
Random requests for read and write are treated first. Data

f rom READ R requests which require d a system buf f e r  is trans -
f erred to the user ’s data area , and the system buffer is released.

READ R processing is complete at this point. WRITER requests

using system b uf f e r s  arrive with the previous contents of  all
af f e c ted sectors in the system buf f e r .  The user ’s data is
copied into the appropriate subsection of the system buff er ,
and READWRI TEASYNC passes a reques t to the device dr iver 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
FOB 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 READWRfl CASYNC releases the system
buffer .  The IOINPROGRESS flag for the user ’s buffer  is reset on
completion of all requests, and EVENTCOMPLETE is called to noti fy
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/OS 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
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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 af fect the
tape ’s readability . If this process does not produce a success-
ful write within the retry count of the tape 008, an error is
returned. For read operations , the read will be retried the
specified number of times and, if unsuccessful , will be aborted
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 VALUE1 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/O 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 diff erent
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 CONT ROL

This section describes the detailed design and operation of

the VTS/OS 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 FAILURE DETECTED , which is used to report errors to - •

VTS/OS. Procedures LOGN and TASKRECOVERYN are tasks which

process incoming messages from FAILUREDETE CTED 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 descrip tion 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

repor t received by FAIL UREDETE CTED has an FCB created for it
and placed on an FCB queue 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 FCB5 representing transient errors ,

and removes these FCBs from the queue. All failure reports

cause their FCB s to be logged to disc .

The other major data structures used to supervise th€ 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 sof tware of VTS/OS.
The firs t level consists of FAILUPEDETE CTED and its suppor t
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 corrmninicated to ~~RCUPDATE at the third

level of error control sof tware .

5.6. 2.1 FAIL tJREDETE CTED

GENE RAL
Procedure FAILUREDETE CTED is called by the applications programs
to repo rt errors . Error reports are sent via ITC to LOGN , whi ch
resides in processor N and places the error FCB on disc. The

FCB is then examined to see whether or not the erro r has been
ver i f ied  and recovery should be attempted.

USER INTE RFACE STUB
There is no event f lag  associated with FAILUREDE TECTED , since
it is not desirable to allow applications tasks to proceed until

the error being reported has been logged and assessed. Similar ly ,
rio error return from FAILUREDETECTED is possible , since the
error control software handles its own errors in te rna l ly .  The
User In te r face  Stub places the fol lowing parameters in the
request ECB :

SENDERID - Task ID of reporting task

DESTN~~~ - NIL or task name of the other
party for ITC errors

E RRO RCODE - BADDATAPRODUCED ,

BADDATARECEIVE D ,
MSGNOTANSWE RE D ,
UNABLE TOINSTALL

EJNAB LETOSCHEDULE ;
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FAILURENUMBER - Caller-assigned ID for

this failure.

• DETAILED DESCRIPTION

An FCB is allocated by FAILUREDETE CTED to contain information

on the current error repor t. 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. In operation , this limit of

unused FCBs would be set such that the processor causing the
flood of errors would be ren~ ved from the system befo re all

• free FCB5 could be allocated . The FCB is filled in with the

reported error information , arid is sent as a message to proce-

dure LOGN for logging to disc.

FAILIJREDETECTED calls two subordinate procedures , FCBNOTFOUND

and TASKRECOVERY, as shown in Figure 5-32.

A search is made through the list of active FCB5 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
attempting recovery . If RETRYLIMIT has not been exceeded and

the error type is not BADDATAP RODUCED , another attempt of the

requested operation may be made by the applications task. Tasks
identi fying the BADDATAPRODUCED condition are not permitted to

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 . If
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Figure 5-32. FAILUREDETECTED
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RECOVE RYCOUNT has been exceeded , the processor is disconnected ,

and the absence of LERC messages to the MERC will signal a

system congiguration change. Otherwise, routine TAS KR ECOVE RY
is called to instigate recovery of this task.

Function FCBNOTFOUND compares the SENDERID , DESTNAME , ERROR-
CODE arid FAILtJRENUMBER fields of the FCB of the reported error

to those fields in the FCB pointed to by CURRENT FCB. If any
fields do not match , FCBN OTFOUND returns a Boolean value of

true. If the FCBs do match , this is a report of an error af ter

• a retry , and consequently , 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 TASKRE COVE RYN , where N is the processor
number. TASKRECOVERYN will reschedule the task causing the

repor ted 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 FCB5 to processor N.
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5.6.2.2 LERCUPDATE

GENERAL
LE RCUPDATE forms the middle level of error control software .
The health of the components of each processor is the responsi-
bility of the LERCUPDATE routine executin~r in that processor .

USER INTERFACE STUB
None.

DETAILE D DESCRIPTION

LERC UP DATE is called periodically by the Executive , and beg ins
its processing by running diagnostic routines to verify the
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 ren~ ve 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 , LERCUPDAT E 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 MBRCUPDATE maintain identical tables but
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are effec tively slaves , and can become active only if the
previous ly active copy is disabled by a hardware or sof tware
failure .

USER INTERFACE STUB
None.

DETAILED DESCRIPTI ON
Figure 5—3 3 shows the structure of MERCUPDATE. Upon being called

by the Executive, MERCUPDATE determines whether or riot the time

period (Ti) for reception of messages from all the LERCs in the

system has expired . If 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 COMPUTECONFI GAND SENDIT 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. In 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

r.IERC, the slave copies of MERCUPDATE check to see whether or not

their timers for T2PROCESSORNtJMBER have expired . These timer

values differ for each processor. If the timer has expired , the

previous active ME RC is assumed to have failed , and this copy
of MERCUPOATE marks i tself active and calls COMPUT~ CONF IGAN DSENDI T
to assume its active role. This activation process is the reason

for the d i f f e r i n g  -~alues of the T2P ROCESSO RN U MBER t ime r , s ince
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it is not desirable to have several copies of ME RCUPDATE
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 7.7.1. 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 COMPUTECONFI GANDSENDIT. 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 Display
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-
• initted 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 buz are not active under the new configura-

• tion are “WOUNDed” . These tasks will be allowed to complete

processing of any messages on their input queues before being

KILLed .
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6 PROGRAM DESIGN LANGUAGE SPECIFICATIONS FOR VTS/OS

This chapter contains the Program Design Language specification
for all VTS/OS 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. In general, ICC

has not specif ically 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 suff icient to resolve this ambiguity .

During the implementation of VTS/OS, 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 queue 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+.LINK ;

IF PTR = NIL
THEN BEGIN

/*error: node not found*/
END
ELSE BEGIN

/*PTR points to desired node*/

END;
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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/OS
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 :
ECB+.~STATPTR+.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-

soever over the actual allocation of variable storage; however ,

certain VTS/OS routines , notably in the areas of Input/Output

and Ihter—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/OS.

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 specif ic 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 subfiel ds

• will receive the appropriate values. For example, let a record

and a new variable type be defined as:

TYPE NODE= RECORD

FIELD1: INTEGER;

STATUS: STATUSTYPE ;

END;

TYPE STATUSTYPE= RECORD

ERROR: INTEGER;

VALUE 1: 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 + . VALUE1 : BNODE+ . STATUS + . VALUE1;
ANODE+ .STATUS+ .VALUE2 : BNQDE+ .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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4. 1 EVENT CONTROL

4. 1. 1 T iME—INT ERVAL WA IlS

6. 1. 1. 1 SETDELAY

PROCEDURE SET DELAY ( ECBPTR )

1* 1NPIJT : ELBP1R, IHE L.URREN F ECh’, WH ]LH SPECIFIES:
SECONDS - NUMBER uF SEUuNDS Tu sET DELAY FUR -
MUST BE BETWEEN 1 AND “MAX SEC” — IN ECB~ . PARAM1
EVENTFLAG - FLAG 10 USE FOR CUMPLET ION SI GNALL] NO

• OUTPUT : STAflJS — SUCCESS OR FAiLURE CODE — ONE OF:
NO-ERROR
ERR—TIME — NUMBER OF SECONDS. SPECIFiED EiTHER LESS

THAN ONE OR I3REATER T HAN MAXSEC —

ERR—DELETED — TIMEOUT DELET ED BY REMOVEDELAY CALL

ECB IS SORTED iNTO THE ACTIV E TIMEOUT LiS T AND
THE T IMEOUT VALUES ARE UPDA T ED TO REFLECT ITS
FRESENCE — TIMEOUTVA LUES ARE KEPT IN PARAMI, BU1
MODIFIED TO BE INTERVALS BETWEEN SUCCESSIVE 11MEOUTS */

BEGIN
SECS : = ECBPTR ”. PARAM 1;
iF SECS > 0 AND SECS <— MAXSEC 1* THEN IS LEGAL *1

THEN BEGIN /*INSERT ECB ON ACTIVE lIMEOUT L1ST*/
TIMEOUTQPTR : TIM EOUT QHD ’. FIRST;
TIMEREMAINING : 01 ./*ACCUMULA] OR FOR TIMEOUT VALUEE,*/
WHILE /*SCAN LIST FOR INSERT iON PO]NT*/

TIMEREMA IN1NG ECl~PTR- . PARP.M1
AND T 1MEOUTQPTR NIL
rio BEGIN /*UPDATE T IME REMAiNiNG AND GET NEXT ENTRY*i

TIMEREMAINING :~~ TIMEREMAIN1NG + TIMEUUl~ ’PTR”. PARAMI ;
TIMEOUTQPTR : T IMEOUTQPT R ’. ECBC.~L~~NK’ . FL1NK;

‘~~~lr

/*HAVE FOUND iNSERT ION POINT IN QUEUE OR END OF QUEUE*/
ENQBEFORE (TIMEOUT QHO , ECBPTRI T IMEOUTQPTR~ ECBQL INK);
/*ADJUST INCREMENTAL TIMEOUT VALUES*/
ECBPTR”. r~ARAM1 : SECS - TIMEREMAIN 1NG ;
IF /*IS THERE A TIMEOUT AFTER THE NEW ENTRY ?*/

ECBPTR” . ChiNK”. FLINK N I L
THEN /*ADJUST TIMEOUT VALUE OF THAI TIMEOUT*/
I IMEOUTQPTR” . PARAM 1 : TIMEOU1~~PIR’ . PARAM1 —

ECBPTR” . PARAM1,
ECBPTR” . STATUS” . ERROR : NO—ERROR;

END /*END OF TIMEOIJT 1NSERT1ON*!
ELSE ECBPTR” . STATUS ’. ERROR : ERR—TIME; /* ERROR ]N PARAM 1*/

END.
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6. 1. 1. 2 REMOVEEEL.AY

PROCEDURE REMOVEDELAY C ECBPTR

/*  INPUT : ECBFTR~ WHICH SPECIFiES A TIMEOUT T HAT HAS BEEN
REOLIEST EARLIER AND IS NOW TO BE CANCELLED. THiS IS
DONE BY GIVING AS PARAM1 T HE EVEN1FLAO THA T WAS
ASSOCIATED WITH THE ORiGINAL CALL.

OUTPtJT: STATUS — SUCCESS/FAILURE CODE - ONE OF:
NO—ERROR
ERR—EFLAG — EVENTFLAG GIVEN AS PARAM 1 NOl A VALiD EFLAG
ERR—WRUNGFLAG — NO TIMEOU1 WAS ASSOCIATED WITH THE

• EVENTFLAG GIVEN AS PARAM 1
ERR—TOOLATE - TIMEOUT HAS ALREADY COMPLETED

NOTE: THE ORIGINAL TIMEOUT iS CLEARED BY SETTING IHE
STATUS TO ERR—DELETED IN THE aCE, WH ICH IS THEN SENT
TO EVENTLOMPLE1 E. *1

BEGIN /* ATTEMPT TO DELETE T IMEOUT *1
/* FIRST MAKE SURE EVENTFLAG iN PARAM 1 IS LEGAL *1
EFLAG : ECBPTR” . PARAM1;
IF EFLAG ( EFLAG 1 OR EFLAG > EFLAG 1~ 1* IS ILLEGAL *1

THEN BEGIN /* ERROR RETURN *1
ECBPTR” . STATUS” . ERROR : ERR- EFLAG;
GO TO 100; 1* COMMON EXIT POiNT *1

END; /* CHECK FOR ERR—EFLAG *1
a’:BDEL - ECBPTR” . TCBPTR’ . EFLAOPTF<~ EFLAOJ ;
/*  ECEDEL NOW HA:3 THE ECB TO DELET E — FIRST MAKE SURE

IT WAS A TIMEOUT ECE TO BEGIN WiTH *1
IF ECBDEL NIL 1* THA1 EVEN1 FLAG WASN ’T iN LISE Al ALL *1
OR ECEDEL’. SUBFUNC SETDELAY 1* IT WAS , BUT NUT TIMEOUT *1

THEN BEGiN 1* ERROR RETLIRN *1
E~:BPTR’ . STATUS” . ERROR : = ERR—WR ONOFLAG;
GO TO 100; 1* COMMON EXIT POINi *1

END; /* CHECK FOR ERR-WRONO~ LAG *1
IF ECBDEL . sTA1 Us”. ERRLIR •

~~~~~ REUUES1 — 1 N—PRuuREss
THEN BEGIN 1* CAUGHT AN ERR—TOOLATE *1

ECBPTR”. STATUS~’. ERROR : ERR—TUOLATE ;
GO TO 100;

END 1* ALL CHECKING FOR ERRORS *1
ELSE BEGIN 1* ACTUAL DELET iON PROCESS *1

IF ECEDEL”. QL INK ’. FL1NK c:: NiL 1* THERE IS A FOLLOW ING
TIMEOUT , SO UPDATE ITS DELTA— ] IME *1
THEN ECBDEL’ . QLINK ’. FL iNK ’. PARAM1

ãCBDEL”. QLINK ’. FU NK PARAM 1 +
ECBDEL” . PARA M1;

1* NOW REMOVE TH i S ECE F ROM T HE T1ME OU T— Q *1
DELTNK (ECBDEL . TIMEOU 1 QHD , EL.BLIEL ’. EUBOL INK );
ECBDEL”. STATUS”. ERROR : ERR—DELETED ;
EVENTCUMFtET F (ECEDEL ),
1* THAT TOOK CARE :jF THE DELETED ONE ; NOW SET

STATUS FOR THiS CALL *1
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ECE:FTR~ STATUS . ERROR • NO—~ RROR;
END; 1* ACTUAL :ELETICN *1

~.0O : 7* COMMON EXIT POINT USED IF ERRORS CAUGHT ABOVE *i

END.
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PROGRAM TI MEOUTASYNC

‘* THIS IS THE ASYNc:HRUNCUS IMEOUT T ”S~.:.. IT
DECREMENTS THE TIMEOUT VALUE OF THE EC.B AT THE HEAD
OF THE ACTIVE TIMEOUT LIST . IF THE RESULTING VALUE
IS Z ERO4 SII3NALS EVENT COMPLET ION FOR ALL ECB’S
AT THE HEAD OF THE ACTIVE TIMEOUT LIST WHOSE
TIMEOUT VALUES ARE ZERU*/

BEG IN
WHILE TRUE .f* INFINITE LOOP* ./
4ji , .L..~ ,,’.

WA ITFORTOP ENTRY ( SUSPEND, REALTIMECLCC :::Q1D, STATUS )
/*THE ENTRY IN THE REA L—TIME C:LOC:K QUEUE SERVES :JNL~r r . .-~ 

-r --  — .— — . - i  ,— —. r- — • — i— i~ 
•~ r ~ I . - -  A )~~I.L ‘ILl .1 ~ fl~~. ~~~~~~~~~~~~~~~~~ Jr ~ .s’. .L ‘~ c r ~r~ur

CARRIES NO FER’TINENT INFORMATION. THE Ec:B IS NOT
RELEASED BY TIMEOUTAS’iNC4 BUT IS REUSED ENDLESSLY
BY THE REA L—TIME CLOCK INTERRUFT ROUT INE*J

TIMEOUTQPTR TIMEOUTQHD ’. FIRSTJ
IF ./*NU PROCESSING IF TIMEOUT LIST I:~ EMPTY* .i

TIMEOUTQPTR c.: NIL
THEN BEGIN J* DECREMENT TIMEOUT VALUE FOR FIRST TIMEOUT* ./

T IMEOUTQPTR ’. PARAMI • = TIMEOUTQF TR . PARArI1 —

WHILE T IMEOUTQPTR <::: NIL ‘* THERE IS (‘iN ENTRY *1
AND TIMEULJTQPTR’ . PARP.M~ = ~ .7* THAT HAS EX PIRED 4/

DO BEGiN /* SIGNAL EV ENT COMPLETION -
~~~~

TIMEOUTQPTR STATUS . ERROR . NO—ERROR;
DELI NK C TIMEOUTQPTR4 TIMEOUTQHD, T I  MEOUTQFTR -

• ECEOL INK),
OLDPTR : TIMEOUT~ PTR;
TIMEOUTQPTR : T IMEOUTQFTR’ . QL1N::. . . FLINKI
EVENTOOMPLETE ( CLDPTR

END; 1* SIGNALLING *7
K . • C t. — —. i— .— :  r 4 —. ~~ T h~4I = ,- ,

~~ h t -rI—. T
.IMI_ , I V~~~ ~~~~~~~~~~~~ 4 .1.4 IL..4~~~~~L.. I ~~~~~~ .. ‘ I .I’I I .I. _

END; .r*END OF INFINITE LOOF */
C K I r
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PRIJC:EDL:RE PALSE(A CT IVEECB )
~ K r. I ‘ I .  ‘,. 1 I 4 ,- , T r r 7. 4 r r T r • / . . . .  T .  r. ~~. • r ,  r 444 4 • —.

~ ~~ L IMr .‘ I • iL. ~ V 4z.C.
_ i:’ — 4. LC~ ’I I i. 4. ..~ 44 4 ‘I 1 •..,.r I r~ 

) i 4~1 I. ..~I ,L L.. .4.

TA SK
OUT~ I.JT. NONE — THE CALLING T~ SK IS MOVED PROM THE HEA D

OF THE READY—Q TO THE TAIL OF THE READY—Q *7

B EGIN
r . -r. . — .~~ 

—. e- -r •~~~~ — — c -- . -r r.r, crr r..

~~~~~~ -r 
~ii.- r.~~~, r.r~j ,— LIr rr-r. .- . r - -c - rK I1~

-
L. C L.. 4- 4( . ~, C i  ~ ‘IL. T .~~I 14 . 1  4 L 4 ’  - I ~ L..4 . I ’ Ir\ ;

LINK C TOB.. RtIYQHD, TOE . TCBQL INK )
AC :T IVEEC B . STAT US” . ERROR • NO—ERROR1

END.

I

6—9

_ _ _ _ _ _ _  
- —  

~~~~~~~~~~~~~~~~~~~~~~~ V

.- 
~~~~~~~~~~~~~~~~~~



6. 1. 2 EV ENT—T ERMINA1 ED WAiTS

6. 1. 2. 1 W A I T A t SIIY

FR’cu::EDURE WAIT ANY C ACT 1 VEECFJ)
1* :L NPLIT: ACTIVEECBI WHICH SPECiFIES:

• SETOFEVENTS — THE OR ELI TOGETHER Eli FLAGS OF THE
EVENTS, ONE OF WHICH HE iS TO WAlT FOR — IS PARAM 1

OUTPIIT : OCCURREDEVENT — THE BITFLAG OF THE L.QWEST
ORDER OR FIRST EVENT TO OCCUR — ADLIR IS PARAM2 */

BEGIN
• 1013 :~~ ACT IVE ECE”. TCBPTR;

SET :~~ ACTIVEEC E”. PARAM 1;
AC TIVEECB”. STATUS”. ERROR : NO—ERROR; /* REALLY, NO

ERROR IS POSSIBLE W iTH THIS CALL *1
TEMF i : SET AND I CE” . EFLAUSPOSSI BLE;
1* TEMPI NOW HAS IHOSE EFLAGS iN WHICH HE IS INTERESTED

AND WHICH HAVE. THE POTENTIAL FOR OCCURRING *1
IF T EMi- 1 0 1* THEN NONE CAN HAPPEN */

THEN BEGIN 1* DUMP H IM I MMEDIATELY */
ACTIVEEC:B-’. PARAM2”. OCCURRErJEVENT : 0; 1* NONE OCCURRELJ */
PAUSE (ACT I VEECB)~ 1* MAKE HIM PAUSE *1

END /* DUMP ING HIM *1
ELSE BEGIN 1* SOME COULD HAPPEN; SEE IF ANY DID */

TEMP2 : TEMF i AND TOE”. EFLAUSACTUAL;
IF TEMP2 0 1* THEN NONE HAS YET *1

THEN BEGIN 1* MAK ] NG HiM W Al T *1
TCW’. WAITTYPE : WA1TANY;
TCB” . WA 1TFLAGS : TEMP1;
TOE”. OCCURRE DE VENTPTR : ACT iVEECB~ . PARPiM2;
DEL INK(TCE, RDYQHD, ICE”. TCE;QLINK) ;
LINK ( TCB, SUSPENLIQHD, 1 L 1 3 ’. TUBQLJNK);

END 1* MAKING HIM WAIT  *1
ELSE BEGI N /*  ONE HAS OCCURRED: IDENTIFY AND IELL HiM *1

FOR 1FLAG : EFLAU 1 TO EFLAGI5 DO
IF MASKS~ IFLAG J AND 1 EMP2 <) 0 1* IDENTIFIED *1

THEN BEGIN /* T ELL CALLER WHICH *1
IFMASK := MASKStIFLAO); 1* GET THE MASK *1
TCB~ EF~ AGSACTUAL - TCE” EFLAGS(’CTUAL AND

NOT IFMASK;
TCB~ . EFLAUSPOSSIELE : ICE”. EFLAUSPOSSIBLE AND

NUT IFMASK;
TCB”. WA ]TFL AGS :~~ NiL;
ACTIVEEC B” . FARAM2’- . CICCURREDEVENT : IFMASK;
PAUSE (ACTIVEECB);
uO lu 100; .1* GET UUT UF THE LOOP, OR WE- LL

TELL HIM ABOUT ALL THAI HAVE OCCURRED *1
END; 1* TELLiNG C:ALLER WHICH *1

100: END; 1* IDENTIFYiNG */
END; 1* SEEING IF ANY OCCURRED *1

I .I’I -
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1. 2. 7 WAITA LL

C ’- -Cr I I~~~.C- I A T  r f44I  I / 1\ - r  T I
I I 44• .._ L. 4J ~J444C . ~‘f t , A I I .L...I_ ~ 

,L. I .1. V L.. L.. L . 4 1

4 -r ~ I ~~~I ,-r. 1% — - 1 1~~ 1 . r. I I Li ~ ,— - Li ,— ~~. I— — t C T I—
-, * 4- I I4(~ . I I - I . V C. I . L~ 4 1 l  4W1 a. L-I 1 -~~ r ~ .1. C. -

SETOFEVENTS — THE OR- ’ED TOGETHER BITFLAGS OF THE
EVENTS, ALL OF WHICH THAT ARE POSSIBLE HE IS TO W AIT
FOR — IS F A RA M1

OUTPUT : OCCURREDEVENT — THE BITFLAGS OF ALL THE EVENTS THAT
OCCURRED TO SATISFY THE WAIT — ADDR IS PARAM2 *1

r,t r’ t
~~ l~~ 4 - I

TOE : ACTIVEECE ’. TCBPTR;
• SET : = AC:TIVEECB-” . PARAMI;

ACT IVEECE~’ STAflJS-’. ERROR . = NO—ERROR, 1* REALLY, NO
CC.~~. ,r. y C’ — :- - r r,~ r- I I ~ rLI rIJ •:- ~~1441 I . -
I_ U’. i-~ UI~ I .4. 1 I U- .... 4- 4 ’L.C. I~~ .1. I I~i I fi 4- . .  Li-- . L.I._ * /

TEMP I - = SET AND TOE”. EFLAGSPUSS IBLE1
.7* TEMP 1 NOW HAS THOSE EFLAGS IN WHICH HE IS INTERESTED

ANtI WHICH HAVE THE POTENT IAL FOR OCCURRING */
IF TEMP 1 = 0 1* THEN NONE CAN HAPPEN 4/

THEN BEGIN /* DUMP HIM IMMEDIATELY *7
ACTIVEECE- - PARAM2’- . ::ICCURREtlEVENT : 0; 1* NONE OCCURRED *i
PAUSE ACTIVEE: 13 ; 1* MAKE HIM PAUSE */

END 1* DtJMF ING HIM */
C’ 4’C c-C. - T K I - 1 

~~
, ‘~‘C r- .— I II r LIA ~~t.~~KI - :- ~~~,— T C A l  I 7 1’ 7 -

1_I_ _IC. ~~~~~~ 4. I’I - ~~ _ILI S I1_. ~~L JL_ L’ rirIl r CI’I, .j~~~~ _ I I  IL. s~_ 1_ IL -
T I~~ M~~. . - — ~~~~~~~~~~ 17. K fl• ‘ —-c - -- V Cl A —. C 1%. ~~~~~ 

- I’’ -
I C.I Ir - . I C I  I~~ 4 I i l~ IL. I LL’ . Cr 1_F l ~~~~~ — I Ji-ii._ ,

IF TEMP2 -:::> TEMP 1 1* THEN NOT ALL HAVE YET *7
THEN BEGIN /* .MAKING HIM WAIT *.‘

TC:B”. WA ITTYPE : WA ITA LL;
TOE- ’ WA IT FLAOS : TEMP1;
TOE”. 000URREDEVENTPTR : ~‘

- ACTIVEECE’ . FARAM2;
DEL INK ( TO-B, REIYQHD, TOE:” TCBQL INK);
_ INK(T OEI SUSPENDQHDI TC:E- ’. TCBQLINK);

END /* MAKING HIM WAIT  ~~~‘

ELSE BEGIN 1* ALL HAVE OCCURRED5 SO TELL HIM *1
TOE”. EFLAGSACTLIAL : = TOE- ’. EFLAGSACT UAL AND

I T~~~~l.j5 C 7  -
I’lL I I 1.1 sr .1. 1

TOE- ’. EFLAGSPOSSIBLE . TC:E”. EFLAGSFOSS1BLE AND
NOT TEMP1J

TCB”~. WA ITFLAGS : NIL1
ACT I VEECB” . PARAM2 ”. OCCURREDEVENT : TEMP1;
PAUSE(ACTIVEECB);

END; 1* TELLING HIM 4/
END; .7* SEEING IF AL._ OCCURRED *1

END.
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6. 1 2. 3 GETSTATUS

PROCEDURE :3ETSTATUS C ACT 1 VEECE )
/*  iNPUT : AOl IVEECE, WHICH SPECIFIES:

EVENTFLAG — THE EVEN1 FLAIJ WHOSE ASSOCIATED CALL .- :: STAT US
THE USER IS INTERESTED IN — NOTE IS PARAM1. AND NOT THE
USUAL KIND OF EVENTFL A G

OUTPUT : STATUS — THREE WORDS IN WHICH TO PUT THE
STATUS OF THE ASSOCIATED CALL5 iF THERE IS NOTHING
WRONG WITH THIS CALL — IF SOMETHING IS WRONG,
THE STATUS RETURNED WILL BE FOR THE GETSTA 1US CALL
— ADDR 13 iN STATUSFTR *1

B EGIN
EFLAG : AOl 1VEECEV’ PARP.M1;
IF EFLJ’iG ( EFLAG 1 OR EFLAG > EFLAO15 7* VALIDITY CHECK */

THEN BEGIN 1* FA ILED — GETSTAIUS CALL ERROR *1
ACTIVEECE”- . STATUS-” ERROR : ERR—EF LAG;
ACT IVE ECE” STATUS ” VALUE 1 : 0;
ACT IVE ECB”. STATUS” . VALUE2 - 0;
30 TO ~00; 1* COMMON EXIT POINT *1

END;
.1* FLAG 13 VAL iD — SEE IF IT HAS AN ASSOC IA1ED :~:(‘iLL *1
TOE : ACT IVEE CE” . TCBPTR;
IF TOE:”- EFLAUPIRLEFLAG] NIL /* 1HEN IT DI:IESN--T */

THEN BE GIN
ACTIVEECE’ . STAT US’- . ERROR : ERR—FLAG—NOT—IN—USE;
ACT IVEECE”. STA1 US- ’. VALUE1 : C);
ACT IVEECB-”. STATUS-”. VALUE2 : 0;
GO TO 100;

END;
1* IT HAS A CALL — WHATEVER THE STATUS ~F I HE CALL 15-,

RETURN IT — IF IT iS COMPLETE, WE ALSO CLEAR iRE INDIC(,1ORS
IN THE TCB AND RETURN THE ECB TO i RE ~REE—Q */ECB : TCB” . EFLAGPTRrEFLAGJ;

ACTIVEECE-”. STATUS : - aC E- - . STAT1,IS;
IF ECB’-. STATUS”. ERROR -C> REQUES1 —iN—PROGRESS

THEN BEGIN 1* IS COMPLETE — CLEAR iCE INDICATORS *1
EFMASK : MASKSrEFLAGJ;
TCB~ . EFLAGSPOSSIBLE : TCB~ . EFLAUSPOSSIBLE AND NOT EFMASK;
ICR”. EFLAGSACTUA L TCB”. EFLAUSACTUAL AND NUT EFMASK;
ICE”. EFLAGPTR(EFLAG ) :=  NIL;
1* ALSO RETU RN THE EC:B *1
LINK (ECE5 ECBAVAILQHD, ECE”. ECBQL1NK);

END; 1* CLEANING UP 4/
100: 1* NOW RETURN THE STATUS TO THE USER’S ADDRESS S-PACE *1

ACTIVEEI:B” STATUSPTR” : ;T(’lUS - 
~CTTVEECR” STATUS;

END.
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4. 2 PROGRAM AND TA5- -.. MANA :,EMEN r

4 2 PRU::iRAM MANAGEMENT :ALL4

6. 2. 1. 1 INSTALL

•~l W r - r 1  I Ir,r Y 7 . I . - V A 1  I - 4 4 i K l 5~~Li 1 /44 - r  T I  ICC I
r 1\Ij ...-C. 4j L/l\C. a. I ’l . I I I-lL_ s_ -:I T IML-il ~, r,L v C~~L.

/ *  INPUT: CURRENTLY ACTIVE ECE — SPECIFIES:
K IA l7.IIC — 1’. -~~ 

— I -r 7. IAI,,I C C VIC, , l~~ r ’  A k,d r .—. 1. C K l.~~ ~~~A I I C~~I ’4I 11 lZ ~~ F J~~~II_ I 4- I 11 I II_ L r rsLI 7.~Vr44 I- - ,I I I I_I 1’I a. IM. 1 I

EVENTFLAG — BY WHIC H CALL ING TA~ K IS TO
BE NOTIFIED OF COMPLETION

OUTPUT . STATUS — COMPLET ION CODE — ONE :JF:
NO—ERROR

4’. -- — I I C A I  CI ICKI’rCl A-
1_( I_ I  I ~ ~ 1_ 1_ 1_L1r I1_ 1_ V ~~~I’l I I I_I lL~

ERR-TAI - PROGRAM ALREADY INSTALLED
ERR—NMR — :3YSTEM RESOURCES REQUIRED NOT AVAILA BLE
ERR—lU — I/O ERROR OCCURRED DURING INSTALLATION —

1’ KI ~~ I_I T . A.:-C - I  4’~~rI ~~~ 51/7.1 -~~ 
— K1TA -r 7.4.:- /‘. r1 ‘/7.’4. I1 4 ri a. -_I L,rl-_I1_, —, I ~ I I LI- I. V FiI_ 7. L LIIM I Ii A I M _ I p-iL- I UrIL

I/O ERROR CODE

NOT E: THIS IS ONLY THE SYNCHRONOUS F’ORTION OF INSTALL.
ALL IT CAN DO IS QUEUE THE ECE ON THE INSTALL—
IN—PROGRESS QUEUE FOR THE ASYN:::HRUNCIUS TASK *7

F . C - r

LINK C ACTI VEEC E, INSTALLQHDJ ACT I VEECE- ’- . ECBQL INK),
EVENTCOMPLETE ( INSTA LLQHD); 7* SIGNAL N EW ENTRY ON *1
ACT IVEEC E- - . STATUS - . ERROR - = NO—ERROR;

END.
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PROGRAM I NS1 ALL

1* INPUT: ECE’S ON iRE 1NSIALLQ, WH iCH SPECiFY:
NAME — NAME OF PROGRAM 10- INSTALL iS PARAM1
EVENTFLAO — BY WH]C:H REQUESTING TASK 13 10

BE NOT IF lED OF CUMPLET iON
OUTPUT : ST ATUS RETURNED TO REOUESTOR — ONE OF:

NO—ERROR
ERR—TA I — PROGRAM ALREADY iNSTALLED
ERR—NMR — SYSTEM RESOURCES NOT AVAILABLE
ERR—lU — I/O ERROR OCCURRED DURING iNSTA LL

PROCEDURE. IN THIS CASE, THE TRUE iii:~
ERROR CODE WILL BE IN STATUS-”. VAt~1.

a NOTE: THIS IS T HE ASYNCHRONOUS TASK FORT ION OF
THE INSTAL L PROCEDURE, iT IS QUEUE DRIVEN,
WiTH THE QUEUE BEiNG BUIL1 BY THE S-YNCHRONOUS
PORT ION. IT IS SINGLE—THREADEL’. *1

VAR MYSTATUS : STATUSTYF’E; HEADER : ARRAY ri. HL1RS-] ZE]
OF INTEGER; 1* A COUPLE OF LOCAL VAR iABLES */

BE GIN
WHILE TRUE rio BEGIN 1* INFINiTELY EXECU1 ING TASK *1

WA I TFCIRTOPENTRY ( SUSPEND, iNST ALLQHTJ, MYSTAT US);
1* WA IT FOR SOMETHING TO SHOW UP ON THE 0 *1
ACTUAL : MYSTAT US” . VALLIE1; 1* ACTUAL HAS ECE. ADDR *1
STAT US : NO—ERROR ;
VA L 1 :=  0;
1* FIRST CHECK FOR ERR—TA ] *1
ICE : ICBQHD”. FIRST;
WHILE ICE -C> NIL DO

IF ICE” 1’ASKNAME “ - ACTUAI_ -”. PARAM 1
THEN BEGIN

STATUS- : ERR—IA I;
GO TO 200; 1* COMMON EX iT  POiNT iF NO W Ai T  REQUIRED *1

CND
ELSE ICE : = ICR”. 1CBCJL 1NK ”. FL1NK;

IF ICE:AVA1LQHD”. F iRST C N I L
THEN BEGIN /* HAVE NO Ic:E-’S LEFT *1

STATUS : ERR—NMR;
GO TO 200; 1* ONLY SOME OF THE ERR—NMR’S DIE HERE *1

END
ELSE BEGIN 1* GET A FRESH ICE *1

ICB : ICBAVAILQHD” . FIRST;
DELINK (1CB, IC .BAVA]LQHD5 iCE”. 1CBQL 1NK),

C -
C.

1* NOW OPEN THE FIL.E *1
OPEN SUSPEND, ACTUAL-” PARAM I, READ5 CHANNEL, MYST ATUS )
1* NOT E THE ASSUMPTION HERE THA T THE PROGRA M NAME WILL

CORRESPOND EXACTLY TO THE FILE NAME *1
iF MYSTA1US. ERROR -C:’ NO—ERROR

THEN BEG I~1 /4 ERROR IN OPENiNG — MUST SEND BAC,:K 4/
STATUS : - - ERR—Ic ’; /* THE ERROR CODES AND GIVE BACK *1
VAL 1 : MYSTATUS. ERROR; /* THE 1C:E AS WELL *.‘

1* NOTE PROGRAM NOT FOUND C:OMES BACK AS AN ERR—lU */

6 - 1L ~
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LIN~(( IC E5 ICBAVAILQHD, IC:B- - . ICBQLINK) ;
s30 TLJ 200~

~ND;
1* NOW FIND OUT HOW B IG THE ROOT IS BY READING THE HEADER *1
READSQ ( SUSPEND, CHANNELS HEADER, HDR3 I ZE, MYSTATU S);
IF MYSTATUS. ERROR --:: NO—ERROR’

THEN BEGIN 1* CAN T GET HEA DER - MUST DO ALL THE ABOVE *1
VAL I = MYSTATUS. ERROR;
CLOSE(EFLAG11CHANNEL, MYSTAT US) ; 1* AND CLOSE THE FILE —

NOTE USING EFLAGI — WAIT WILL BE AT END OF TASK *1
STATUS : ERR—lU;
LINK C ICE , ICBAVAILQHD, ICE” ICEOLINK);
GO TO 100; 1* COMMON EXIT POINT IF WAIT REQUIRED *1

CKIr -
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1* IF HERE, WE HAVE :JPENEIJ THE ~
- ILb. AND REAJJ iN iHE

HEArJER, AL t HOUGH THE EXALT FORMAT OF THE HEADER IS
NOT YET DEFINED, SINCE IT 13 LARGELY A FUNC:1 iON OF THE
COMPILER AND LINKER PROVi DED BY iHE SYSTEM, WE ARE MAK ING
O.ERTAIN AS-SUMPTiONS ABOUT THE 1NFORMm ION THAT- IT PROViDE S
IF THESE F RUVE TO BE FALSE, APPROFR1A1E MODIFICATIONS
WILL HAVE TO BE MADE TO THIS TASK. 1 HESE AS-SUMPT iONS
ARE:
( 1)  THE F ORMAT OF AN OBJECT FILE 13 AS FOLLOWS:

ROOTHEADER - ROOTCODE — OLAY 1HEADER — OLAY1CODE —
OLAY2HEADER — OLAY200DE — . .  — EOF IF THERE
ARE NO OVERLAYS, THE ROOTCODE IS FOLLOWED BY THE
EUF.

(2)  EACH HEADER CONTAINS THE SIZE OF THE CODE
PORTION FOLLOWiNG IT IN TERMS OF I HE NUMBER OF

- 
a 

MAP REGISTERS REQUiRED FOR THE CODE, NOT THE
NUMBER OF ACTUAL WORDS- OF CODE.

( 3 )  THE RoI:’T HEADER ALE-U C:UN1A1NS ADDITiONAL iNFORMAT ION
ABOUT THE ENTIRE PRcIGRAM, iNCLUDiNG THE NUMBER OF
OVERLAYS-, THE LENGTH OF l’HE LONGES1 OVERLAY LOAD
PATH, AND THE NUMBER OF MAP REGISTERS REQUIRED FOR THE
VARIABLE SPACE OF THE PROGRAM */

1* GET REAL MEMORY FOR THE ROUT CODE, ANEI
SET UP THE ICE, AS MUCH AS POSSIBLE. *1

OETROIJTMEM( ICE, STAT US);
IF STATUS <> NO—ERROR 1* THEN THERE’S NO MEMORY 4/

THEN BEGIN /* ‘JIVE RACK iCE AND CLOS-E FILE *1
CLOSEC EFLAGI, CHANNEL, MYSTATUS); /* WAIT AT 100 *1
LINK ( ICE, I~:BAV A1LQHD, ICE”. Ic:I-:QLINK)
GO TO 100;

~~KIr -
L I~~ L . l

ICE:—’ MAPS’FORROOT : = HEADERrCOEIES1ZE];
I CB”. MAPSFORULAY HEADER ~. MAX OL.AYPATH J;
ICE”. MAPSFIJRVAR : HEADERLVARS PACE3IZE];
ICE” TASKNAME : C ACTUAL” PARAM1,
IC:B-”. MAPSFORE :UFF - MAXMA PE; — (iCE” MAPSFORROOI

+ ICE” MAPSFOROLAY + [ CE-”- . MAPS FORVAR );
IC:B- - . IJSEC:OLINT :
1* NOW WE CAN READ IN THE ROOT CODE — USE A

SPECIA L READ CALL W HiCH ENABLES US TO READ INT O
MEMORY TO WH ICH WE ARE NOT MAPPED *1

READCODE (SUSPEND, CHANNEL, HEADER~CODESI ZE], ICE”. TASKMAP,
MYSTATUS); 1* PARAMS ARE ( EFL.AO, CHANNEL, AMOUNT TO READ
IN MAPREOSFULLS WHERE TO READ 1 NTO C SPEC IF I ED BY MAPREGS),
AND S1’AI US) *1

IF MYSTA TUS. STATUS -C~ NO—ERROR
THEN BEGIN

VAL 1 : MYSTATUS. STATUS ; /4 GEl iHiS FIRST *1
CLOSE C EFLAG1, CHANNEL, MYSTATUS ); 1* FOR OBVIOUS REASONS *1
STATUS : ERR—IO;
RETURNALLRESOLIRCES(1CB); /4 T HIS ROUT INE WITH REMOVE —

WIL L RETURN iCE AND MEMORY *1
GO TO 100;

END;
IF HEAEJER[NUMBEROFCIV ERLAYS] -C:: 0 1* ANY :j LAYS TO rio-? *1
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THEN FOR IOLAY : i Ic, HEADERrNUMBERUFOVERLAYS]
DO BEGIN

OVERLAYPROC ( 1CBS HEADER, CHANNEL, MYSTA1 US);
1* ThIS WILL TA KE CARE OF
GETT ING MEMORY AND READING IN THE OVERLAY *1
IF STATUS -C- NO—ERROR

THEN BEGIN 1* ERROR IN REAIJ1NG IN OVERLAY *1
VAL I : MYSI AT US. VAL 11
STATUS : MYSTATUS. STATUS; /4 SAVE ERROR CODES *1
CLOSE ( EFLAG11CHANNEL1 MYSTATUS ) / *  CLOSE FILE *1
RETURNALLRESOURCES(ICB); 1* GIVE BACK ALL STUFF 4/
GO TO 100;

END;
END;

a 1* IF WE’RE HERE, ALL OVERLAYS ARE LOADED 3IJCCESSFULLY *1
CLOSE ( EFLAGI, CHANNELI MYSTA 1 US); 1* CLOSE lHE FILE *1
LINK(ICB, ICBQUEUEI ICE” ICE:QL1NK); /* LINK ICE TO IN—USE—Q *1

100 : /4 COMMON EXIT POINT IF WAIT NEEDED *1
WAI TANY ( EFLAG1, EFGUT);
C4ETSTATUS C EFLAG 1, MYST Al US); 1* CLEAR 1 HE FLAG 4/

200 : 1* COMMON EXIT  POINT iF NO WAIT  NEEDED *1
A CT LA L” . STA1I,tS’ . ERROR : STATUS ;
ACTUAL’ - STATUS-”- . VA L~ : VAL 1;
EVENTCOMPL E1E(A CTUAL ); /4 SIGNAL THE REQUESTOR *1

END; H
I_I’I - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ —- -~~~ -~~~~- - -  



PROCEDURE GETRUOTMEM C iCE, STATUS )
/* INPUT : ICB WHICH SPECiF iES NUMBER OP PAGES OF

MEMORY NEEDED
U[JTPIJT : IF AVAI LABLE, REAL MEMORY ]S ASSiGNED 10

ICE AND MAPREGIS TERS ARE F ILLED iN
STATUS — ONE OF:
NO—ERROR
ERR—NMR — MEMORY NOT AVA ILABLE *1

BEGIN
IF ICE”. MA PSFORROUT > REMAINJNGPAGES

THEN BEGIN 1* MEMORY NOT A VAILABLE *1
STATUS : C ERR—NMR;

a END
r~~

, .- ‘~~~ ç. —
I..,I,_ ._ft~~

_ 1.~ —

F ILI_REGS2 C ICE” MAPSFORROOT1 iCE);
STATUS : C NO—ERROR;

END;

PROCEDURE F I LLRE.G82 C NPAGESS ICE )
1* 1NPIJ1 : NPAOES - NUMBER OF PAGES NEEDED

ICE — ICE TO FILL IN MAPREGS OF
OUTPUT : ICE MAPREGS ARE FILLED IN *1

BEGiN
REMAININCiPA’3ES : REMAININGPAOES - NPAOES;
IPALIE : C F IRST—AVAI LAB LE—MEMORY PAbE iNDEX;
NEXTREG : C 0; -

UNT IL NEXTREG NPAGES DO
BEGIN

IF PHYSFAGETABLEE 1PAGE~ C)
THEN BEGIN

NEXT REG : NEXTREG + 1,

FHYSPAGETAB LEEIPAGE] :~~ Ic-B;
ICE” , T AS KMAPrNEXT REUJ - MAP VALUE ASSOCIATED WITH
THIS PHYSICAL PAGE;

C

ELSE IPAGE : IPAGE + 1;
END;

4
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FROCEDLIRE OVERLAYFRUC ( ic :B, HEAIJER, CHANNEL, MYSTATIJS )
/4 iNPUT : ICE — OF A PROGRAM BEING iNSTALLED

HEADER — AN ARRAY OF WORKING SPACE
CHANNEL — I/O CHANNEL FOR PROGRAM CODE

OUTPUT : MYSTATL IE; — INDICATES SUCCESS/FA] LURE AT
INSTALLING NEXT OVERLAY - ONE OF:

NO—ERROR
ERR—NMR — SYSTEM RESOURCE.S NOT AVAILABLE
ERR—IO — I/O ERROR IN INSTALL 4/

BEGIN
/4 FIRST, GET AN OCR */

IF ciCBAvAILQHD— , FIRST NIL
THEN BEGIN /4 FAILED RIGHT AWAY *1

MYSTATUS” . ERROR : ERR—NMR;
GO TO 100; 1* COMMON EXIT POINT 4/

END
ci ,:t ~ -

OCR : OCBAVAILQHD” , 1- IRST;
DELINK ( UCBI OCBAVA 1LQHD, OCR” . OC:BQLINK),--
OCB”. NIJMBEROFMAPREIJS : 0; 1* 1HIS PROTECTS’ US iN
CASE WE CAN’T GET REAL MEMORY - ALLOWS ‘JS 10 USE
RETLIRNALLRESOURCES ROUT iNE */

LINK ( OUB, ICE”. uCBuHD, uCl3”, UCRUL1NK);
~~~~~

1* NOW REAL) IN THE OVERI,.AY HEADER AND SEE WHAT WE NEED */

READSQ ( SUSPEND, CHANNELS HEADER, HEIRS I ZE, MY- STATUS );
IF MYSTATLIS” , ERROR -C> NO—ERROR T HEN 0010 100;
1* NOW 1”RY FUR ENOUGH REAL MEMORY *1
OCR” . NUMEEROFMAF REGS : C HEADER C CODES-i ZE]
GETOLAYMEM(UCE, MY-STATUS-”- . ERROR);
IF MY-ST ATUS-’- . ERROR C> NO—ERROR THEN 0010 100;
/4 GOT MEMORY, SO NOW READ IN THE OVERLAY CODE ITSELF *1
REArICODE ( SUSPEND, CHANNEL, HEAI:IER r CODES I ZE 3,  OCR”. MAPREGS,

MY-STATUS );
IF MY-STAT US” ERROR -c:~ No—ERROR T HEN OUTCI 100;
OCR”. OV ERLAY1D : C HEAD ER[OVERLAYIEIJ ;
OCR” . ICBPTR :~~ ICR;

100 : 1* COMMON EX iT POINT *1
‘—“I
L.I~~ -
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PROCEDURE :JETOLAYMEM(cICB, STATL IS )
/* INPUT: OCR WHICH SPEC:IF IES NUMBER OF PAGES OF

MEMORY NEEEIED
OUTPIJT : IF AVAILABLE, REAL MEMORY ] S ASSIGNED TO

OCR AND MAPREGISTERS ARE F ILLED iN
STATUS — fINE OF:
NO—ERROR
ERR—NMR - MEMORY NOT AVAILABLE - IN THIS CASE,

OCR” . NUMEEROFMAFREGS I S ZEROED */

BEGIN
IF OCB”. NUMBERCIFMAPREOS :~ REMAININOPAGES

THEN BEGIN 1* MEMORY NOT AVAILABLE */
STATUS : ERR—NMR;
00EV’. NUMBEROFMAPREGS : 0;

END
1 ., I ce

FILLSEGS3 ( OCB”, NUMBEROFMAPREU::;, UCE),
STATUS : NO—ERROR;

END;
C ~ t

PRUI.;EDURE Fl LLREUS~ 
( NPAi,E~., uL:E: )

1* INPUT : NPAuE~; - NUMBER OF PALiE~ NEEDED
OCR — OCR TO FILL iN MAPREOS OF

OUTPUT : OCR MAPREGS ARE FILLED IN *1
BEGIN

REMA1NINOPAGEs : C REMA 1NINOPAUES — NPAGES;
IPAG E : F IRST—AVAI LAB LE-MEMORY—PAGE— 1NDEX;
NEXTREI3 : 0;
UNTIL NEXTREG C NPAUES 1)0

BEG IN
IF FHYSPAGETAr::LEr IPAGE ] C 0

THEN BEGIN
NEXTREG : NEXTRECi + 1;
PHY SPAGETABLE C 1PAUE 3 :~~ OCR”. 1CBPTR;
OCR” MAPRE0S~ NEXTREG] : C MAP VALUE ASSOC :1AT EL) WITH
THIS PHYSICAL PAGE4

L I  4

ELSE 1PAGE : IPAGE + 1,
I— I~~L,4~

C I~ II .I’4 -
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6 2. 1. 2 REMOVE

PROCEDURE REMOVE C ACTIVE ECB
1* INPUT: ACTIV EECE, ~H:CH SPECIFIES:

NAME — ASCI I NAME OF A PROGRA M TO RE REMOV ED
FROM THE PROCESSOR — IS- FARAMI
1 4  ~~~~~ I’T f” f A — - C , C , - ~~f 1 f~ I 

— - -
~~ A I,- ‘F’ ~ f C ‘ -f” 1 A “F’v i~.,’i ~~~~ — — i...t i&., Jr ‘_-~ ,i ,... ~ 

,~.I
_’ 4 S_ I \  i ~~~~~ -bc. i--, I

C:jMFLETION ::F REMOVE
OUTPUT . STATUS — EUCCESS OR FAILURE CODE

NO—ERROR
I ~~~F’ .4” - r 4  A - 4.. 4 7 l~ lf’’I P4.1 C

I I’4 L — r \L4 I~~(’4.~iI i ~~~~ l MU I J.IM ’ I ~~~~~~~~ 1
ERR-ALIVE — PROGRAM HAS LIVE TASKS WHICH HAVE NOT

a 
HAD “KIL~~’ CALLS ISSUED

ERR—EFLA’3 — ILLEGAL EVENTFLAG
ERR—SUICIDE — PRCIJRAM CANNOT REMOVE ITSELF */

‘F

TASKNAME - = ACT IVEECE” - FA RAM I,
ICEV ICTIM : =  ICBQHD” . FIRST; /* ICEV ICTIM MUST BE REMOVED *1’

WHILE ICEVICTIM - .: ::- NIL AND TASKNAME C> ICBVICTIW’ TASK.NAME
D’J I;,SVICT IM IL:BVI LTI M ”, ICEuLINK”. FLINK;

7~~’ 7~~~~~~f l J 7 ,~~~~~~ ’ F l~S —A £L~~v A . , ,  
~~ I I  —

THEN BEGIN
STATUS : = ERR—TNI;
:30 TO 5;

- — A — -r t -‘ 
~~. ~ — ~ r— r-~~.-r ~~.-

I L-L. - — F’, ~ V i~~ l_ . - I ~~~~~~~
-r -r. - — “F’r”,- ..-~ -r - v . c ~, ’r r’, -A .. 1 - — I L.1 - A _- i , r I

‘ 1’ ‘F ~~ — ‘F — - L J ‘F - -r
~ f A. f,~ S — A ~~~g. V 4. L- I A I I

THEN E:ELIIN
STAT~JS - 

C ERR—SUICIDE5
00 10 5,

c_Mr -L. MLJ
- — ‘F . ‘ r,  i 7 ,~- F ’  ‘ f~$.- ’. ~“ ~~- r. fr..- - C ‘F r~~~- r  -I ~_~~_ r  I - ‘ if ..~~~V i f .., I L I I  - I _ -~~ ‘UrI4,J - Af’ I I 1

s i - i - , F’- -r — -r r -r-n - - fl - i r s
~ .rs L.. i~. i ..~~r r’. ..~~- ‘ I~~ A. ~_, LIIJ I -

I r— -F’ -~- tC’ -r r - - - . .-- I, I C ~~~~~~~~~~ r. — ~, 7,-L 4 _ - s~ r - i— ~ ~~~r_Lijr ,‘ — t’~ ~

THEN BEGIN —

1k r1 - C ~~. Al ‘F ~ -
-~~ I I-I I 4.J- - -- _ .lk r~ F’IL. A V ~~

GO TO S;
END

CI P C  -r.~~~-rr-. - — -r.~ , -’rr . -~ ~ - MC ~~ 4 ‘F ~~IL- -”-- C’ ‘F I~~IL. - -
i~~~_ -~~~~~ . -_- ~~r , - — L- ~~r I ,~~ - L,i.UlM~_.L,!~ ~ ~ r-~ - I A i ~~r - ,

/*  BY THE T IME WE :3ET HERE, WE HAVE WEEDED OUT THE CAS ES OF
/ 4 M~~ - - l  ~ - f  1 P-5 I~~i.F’~ _ ”F’1~ I’F -
~ / I’41..I -: _ ..rl A _s .  — I.~l”~4’k I’I ~ a

- - ‘. -r ii 4./ r-~~ Mrlt 5 7 I~ r- ‘F ~i P Ci — ri r-. - - I  I ‘F P -r r C -/ I I--I - .r- i\c.I IL’V A. I’4~~~ .1. I -_ C,L_f — l_I’k fk -_ l_ A _ -A 1 . J~~~~ f

(.3 ) NOT ALL INVOCAT IONS OF ~‘ROGRAM KILLED -— ERR—ALIVE
HOWEV ER5 THIS DOES NOT IMPLY THAT THERE ARE NO RUNNING
COPIES OF THE PROGRAM. *1

TC BPTR = IOBV ICTIM-”. TCBQI-{D”. FIRST;
IF ~CBF TR = NIL ‘* THEN THERE ARE NO RUNNING COPIES *‘THEN BEGIN

RETURNALLRESOURCES( lO B)4  1* GIVE BACK EVERYTHING 4 /

:31A1U3 - 
C NO—ERROR

4.-

ELSE BE3IN / * THERE ARE, 5C; SAVE ECE *1
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:-T ‘i- I I.~’ - — r~C I ,C/— ’r 7 _..3 r -  — —-r- I -:- -:- -
I - I s~~ - — I’s&~~~~L#.,_~~I I A.~ S f’s _ 5 f’si. ., ._ J

ICEV ICTIM- ”- REMOVEECBPTR - ACTIVEECE :,

S’s —~~~~‘F t i  ~~c_ ~~ -. -r ~‘s r1 — .-~ c_~~ 
— — .— - -rA r i  - ,— -

I 5 V~~L.L- 4.J - - :1 I 4..J’ i - L.. r”sr~~lJI~~ - — -:i 1 I

I_.I’4 -

PROCEDURE RETURNALLRESOURCES C IC-B
/~~ INPUT : ICR OF A TASK TO RE REMIJVED

II I F’F” I I~ ” . I..I kIC “ - I  I r,C -~~~I ir.,— C- -, - Y C  ‘FP-r rl Mr
I I J I - I’IL)IMC hL. l_. IkC-_I — _ fI ”~,_ L ~~-,J % . _ ‘ L.i ’ .ll A _- 4 . 4 4  rIIMLJ

~~~~~I.f rs~j~~ A !1C r”' ~~ ”’1” I 1r,klCr. F’P ~“Jc_’rCs.s c_~~~ c _ c _ I  7~~~”F’~’I I~~~ I IL’ f-k r / I-If 1_. l ’ s  ~~ I cJf’. I 4~~~L) I _ -~~ -,j I I_I I I f-’sI._I.... L, A -~ ‘ I ~~

L~ ~ A l

- — -r~~~ ’-- r- -_ 7 - ‘ -  - --. P ~ -T - 1t ,r ,—. i - -r - -r -cr’ I ~ ‘s - - - ‘ -  c, - ‘IL ,~~L ri 1l - A I’s- _I

IF JCBPTR -C> NIL /* THERE ARE OVERLAYS TO DO ‘*1
THEN BEGIN

WH ILE OCBPTR -C> NIL DO BEGIN
kIV F’ — P-V.r F’r.-’ P 4 j 1 ‘F I~ II’ .-- . C’ T I~IV -

I - — JL’Cf I I’i - .JL~~L~_ h I~~ I’s - I_ I ’4 I’-,~~

/4 KEEP TRACK OF NEXT ONE WHILE DOING THIS ONE *1
RETURNREALMEMORY C OCBTYPE, OCBPTR) ;
/4  THERE GOES MEMORY *1
I F l . I~~.’ S —“rs r-r rI—i P ?~~S\( ~‘s ‘F I 

~~~~~~~ - —, I- ,-rr~ --’- ‘
~- ‘ ‘F ‘ II-

I ._A I M C ’ ~ ‘s I ‘sI J)_ , I - v I- A.I ._ .~. I  15./ I JL- ,_Ir f’S - •J L-a.sl...I._AIMr- , I

/*  AND THERE L~IJE~ THE uL:B 4 .,

;JCRPTR : = O CB N X T,  ,* NOW DO THE NEXT ONE -;:-~~
CI~Ir -I_I ‘4 1.4 1

END1 1* THROUI3H WITH OCES HERE 4/
RETURNREALMEMORY C ICBTYPE5 ICR ) ;  1* NOW GI~~~ BACK THE
MEMORY CONTAINING THE ROOT 4/
LINK C ICR, ICBAVAILQHD, ICE” . ICBQLINK); / 4  AND THE ICR */

END
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2 A~~-~ MANALIEMENT : :ALLS

• - - ~ - I C r I I r—
— - f’IL_ L I_I

-Cr I sI ~ ,C —-P’ L,Cr I II C • I’ ‘r  TI 1~~C ‘r.I I~ LIL- I_ A,4 _If-’s~~ . -_ L- f1I~~ L, LI_ L_ 4 i-IL I A V ~ .L. _-C

7* :( NPIJT: ACTIVEECE, WH ICH SPECIFIES:
TASKNAME — ASCI I NAME OF FROGRAM TO RUN — IN PARAMI
EVENTFLAI3 — IF 1—15 OR ‘SUSPEND” , TAS-:< IS CHILD OF
CALLER AND POST USES THIS Fl_AG ; IF - 1 INDEFENDENT ’ ,
TASK IS INDEPENDENT OF CALLER

-i-,— I -i” - -r r~ ~ -I ., r ‘Fr -C - ‘ I ICr I ii C~~ 1 l’s , -I. - - M/’s \j ~~~C S IP- C
U’.. I ./ I - I --i -~~r’-, A sj — 

-~ ~_I I_I f ’ -,Lrsc.,j _ L~~ .LJ I 1 -: r--, I I S l I T  CC. ,.i=I: I
FOR K ILL - ADDR IN FA RAM2
P r Ps -r I I P - -  P I,,4~~ I Cr 7 P K I .~~‘PI I-I I s) ‘‘ — ~~~ i Ir’ i_.~~, I A _1 l’l _- _ 5_I

IF EFLAG IS 1— 1 5 OR INDEP:
NO—ERROR
ERR—FERMIT - F’R’JGRAM FLAGGED FOR REMOVE

‘F — -r A-~~’,- ~‘s -r 7 M - -r/i I :
I I I Il-_i,’, 15(11 I A. IM. 1 I

ER R— EFL AG — ILLEGAL EVENTFLAG
ERR—NMR - NO ‘lORE ROOM IN MEMC;RY
CCI l’s ‘ C I ‘C’ C C~~ ’ -

L I  L...r s..IILI A -_ i -_ ‘_ _ II L _ I M  -
I I ~ I, r - c_ r A r  is, ~ 

—. ,, — -i _ i ‘F~ r - - -:- c -:- -r — r.  -_ ‘\ r  ‘F P I
- ~~~

I_Ic ’s~ .,4-j ‘II s..a - I r I I~~ I_ I  _~~ ~ 1_~j -_ I_J._ , s_If’ br’s I-i A JI~I

ERR—CHILD — CHILD DIED BEFORE FUSTING 4 .’

BEG IN
TASK.NAME : = ACTIVEEC:E-’ . PARA MI:
ACTIVE ECE - . PARAM2” TASKIt I : NIL; . 4 INITIALLY NONE *.~~

‘

ICBPTR - = ICBQHD” . FIRST4
WHILE ICE:PTR -C> NIL AND TASKNAME -C> ICEF-T R-’ . TASK NAM E

DO ICBPTR : = ICRPTR- - . ICBQLINK- ’- . FLINK ;
IF ICE:PTR = NIL

THEN BEGIN
STAT JS - ERR—T N I

313 TO 5;
END;

1* IF DESIRED, UHEUK HERE FuR MAXIMUM INVULATIUNS
OF A GIVEN PROGRAM, 4/

‘F C IP’ 7~~~ ~F’I~ ~-. r r -  ‘-~~~‘ I P.r. C r I .  - - . ..I ‘F I
5 A. _‘I_ ’r’ I I - I’sL.I ILl V C.L_’_. C, I l’s . ,

THEN BEGIN
-r A l l  sr - — i— r’ r. nr— r.I,.4 5 -I I-I I .,_i-: - C.I’sr —r C.I ’iI I L  I

30 TO 5;
Ci5 I r
C.IM L

ELSE : ETSYSBLOI, -(:3 (TOE , ECE:, BCE, STATUS );
IF STATUS C> NO—ERROR 1* GOTTEN RID OF MANY ERRORS BY NOW *.‘

THEN GOTO 5; /* IF HERE, MOST RE;3OURCE3 AVAI LABLE*/
LINK ( BCR, TCE- ’- . BCEQHD, BCE- - . EC.E:I~LINK n
FIL _ ITC B( ICBF’TR, TC B) ;  /4  SET UP FART :::F TOE & BCE ~~.‘

- ETVARMEM (TOE , STATUS ) , /* GET LAST RESC~URC.E *i
- : - - — ‘-:- — Cr~~~ kI~4. F’i

4 4 I - - - — -  C.I’.rs ’ ,’II I l k

~~~~~~ 1* C-OULDNT :~ET IT4 SO 4 .”
_ . NV(T CB ,  TCEAvAI L:HD T :::B”, f~ i~n~LINK), ~~* GIVE BAC: —:. 4,
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LINK ( ECE, ECBAVAJLQHD, ECB” . ECEOL INK), /*  EVERYTHING *1
LINK ( BCB, BCBAVAILQHD, BCE”. BCBC4L1NK); 1* ELSE 4/

END
ELSE BEGIN /*GOT IT, 30 FINISH NOW *1

FILL2TCB ( TCB); - 1* FILL MUST OF ICR 4/
TOE” . EFLAGPTRESUSPENrfl : ECE;
ACT 1V EECE”. PARP.M2-”. T ASKILI : TOE”, T ASKID;
FAMILY :~~ ACT 1VEECEV- , PARAM2;
IF FAMILY <> INDEPENDENT

THEN BEGiN /* SET UP FAMILY LINKAGES 4/

TOW’. FOST ECBPTR : ACT IVEECE;
FAT HER : ACT IVEECE”. TCBP1R;

- ‘ TCB”. PARENT : FATHER;
LINKCTC B, FATHER”. CHILDQHD, TCB”, BRCiTHERQL1NK) ;

a 

END
ELSE BEGIN /*  SET UP INDEPENDENT */

ICE”. POST ECE’PTR : NIL;
TOE”. PARENT : = NiL;
TCB”. BROTHERQL 1NK”, FU NK :~~ NIL;
TCB”. BROTHERUL1NK-” , BLINK : NIL;

END;
LINK (TOE , TCBREADYQHD, TOE”, TCEQL 1 NK);

c_Mr -L.I’IL.lI

5: ALTIVEELE”, STA] U5’ , ERROR : ~~
- S IA 1 Us;

END.
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PROI::EDURE L-IET;YSRLCIC:-s( rCE, ECR, BCE;, STATUS .1

/4 INFUT: NONE
I Il’ rS i I F ’  - ‘~ r r ~~-I~~-:-~~~i~~-— 

~~ A ‘F’P i’  C —-rj /‘,ls lr. ‘F’s ~~~~~ ‘F
- I _ - fi,J LI r,~~ ._I ._ I ~~.: IJr I-I I ~~~~~~ .L-c, , i- , s ’ cL-~.,,

‘SI S rLIrSCC .‘, l~~C AL ii”s ‘ F l  ‘s r-I C - r ’. I~~ .~~CI I Ii’s C.I ,  I-~ r’sC. I’ • V I A i_I- CL~~
., _ S’s 1... L. - ‘  C.

THREE “NIL”S
STATUS — EITHER NO—ERROR, IN WH ICH
CASE ALL THREE WERE ACQUIRED, I3R
ERR—NMR -i*/

BEG IN
IF TCRAVA ILQHD- ’. FIRST -C> NIL /4  1CR AVAIL 4/

AND ECBAVAILQHD” . FIRST -- :> NIL ,/* ECR AVAIL */
AND BCBAVAILQHD’~

- . FIRST -C> NIL .i* BCE AVAIL  4/
THEN BEGIN

-r ‘F’s - — r Pr. A l  T A  ‘ F l  P~L~ r .“. C ‘F I P -r -I LCI - -— I _,CP1 V Ii A I_A r’fl_I - I A. I’s, I I

DELINK ( TLB, TLBAVAI L~ HD, TUB ’ . T~~ UI_AM’J;
BCE : RCEAVAI LQHD—’. FIRST;
DEL INK (BCE, BCRAVA ILQHD, BCE- ’ - . BC.E:QL INK),
C ‘F’s - — CP r/ ’s IA ‘F I ‘DLI r ... ~~ 7 r . ~ 5 -C.L.C - — C.L,Cr-~ V II A i... &~.rILi - I .1 I’s_I I

DEL INK C ECB, ECRAVA ILQHD, ECE”‘ . EC.BQL INK);
‘C’ - — II — C~~~’C’ .

~~ -
-_I I I-i I LI’_’ - ‘ I ‘4_ S I_ U’s US Jr ~ I

END
~~‘ - -t :--r/’s r  ‘I— - - — Cj ,C _~~ IMr .  -
I— I— ~—I ~~ -_‘ S F l I ~~C. - — ~_.U’S U’. ‘II I I ‘sI

END,

— - --Cr 1 I~~ C Fl  I -r P- F, S ‘F Pr F’f~-’I ~~~~~~~~~~~~~~~ P ~~~~~~ I s_- C S 5 . ’ CI

1* INPUT : ADDR OF AN I:::B AND A BLANK TOE
OUTPUT . F ART OF TOE IS FILLED IN — NOTE

THAT NOTHING IS DONE THAT AFFECTS ANY
OTHER CURRENTLY USED SYSTEM DATA
P -r r-~, l~~

•- ~ “ I I ~~~~~ CK I -rr ‘F C ’  F ‘F C -r r- T .  ‘F C- IsI
-~~ I l’s Ll’_- I •_I U’s~~ . 4._ l’i I l’s .4. l.... ’~~ S A. - i_ ~ I I _-I_ l A -_ I I

I ‘F K IL.,’ C ‘F’s r P Ak 1Sf ~II IC! i P .  s’s I ‘~~~J f’S r1
I... .1. 15(1”. C. L I _l I Il ’4 T ,.,I_.C.L C. ~,/  I i  ~_ I I_I I I

BCE LINKED TO THE TOE IS ALSO PA RTIALLY
FILLED */

BEG IN
ICR”. ICBPTR : = ICE;
BCE : TOW’ . ECBQHD”‘ . FIRST;
BCE- ’ . NLIMBEROFMAFREc4S : = ICR- ”. MAPSFORVA R;
BOB’ - BEGINNINOMAPRE:3 : ICR” , MAPSFCRROOT -

~
‘F/~- .“- IL4 A CC c _P  r,• 1 I A ‘if ,~ I -I _ -LI - I 11 11 -_~I s_I l’s_Il_ I - I T  A l

BCE-”, OWN ERTOEPIR - = TOE,
END.
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FROC:EDURE 3’ETVA RMEM( TORI STATL ;5

/* INPUT, A TOE, WITH A MOSTLY EMF’TY BCR HO~JKED :::N
- — I I 1’I .I I - ‘F C A l 1/’ T~ ~‘ s , . I  c_ I c _  A l  ly~C’ ,~4f ’,r, sf ‘ F - ’ Psi I ,~ ~ - A TC~~ —
1 —l I I if I - A I l~ 1 I  A I_Il LI I _ I _ S  I’s _I’ IL_ I L.I l i_I l’s I I -if I”I L_I_ IJLF I I I_LI I U

i’s r~. ‘F l’s T , I  ~~‘ C. /5 P P’c_ ‘rI IC “F’/’s P-I.’
I ilL. rips A t”.I_IL_I_ f I I’ L,I_ s_’l I PlC. I F

STATUS:
NO-ERROR
ERR—NMR */

BEGIN
F, F’s - — ‘rP F’s” r. r. — I ‘ r .,’~ C ‘F r, , ‘ -r -I s_-L’ - CIL,5,L~-!f’l5.J - P AI ’s- I I I

IF BCE” , NUMBEROFMAPREGS > REMAININOPAGES
-; THEN STATUS : = ERR—NMR

a ELSE BEGIN
C ‘F t I i -C ‘r’ - ‘F-. -fl,”-, I I Cr, ‘SCM r ,r ,C S..— r, — - -P ,L I_ I_ I’sC._I. i ~ 

C,I_ -4.~, - 145./I I1 C.I’sLIl~~, II ’IrI’sCLI. l, C.L~j~ ) ,
/* THIS ROUTINE IS WIT H THE MEMORY MGMT ROUTINES,

‘F -r CC C P DMC’ ‘r’_ C  A — “F ‘ i If s I /5 I I -~ ~ - A r  ‘F - — K I ‘sK I r ‘ .  I A -~~ C-:A I I L.I’sP IFS ~-_. I I ~~. F’ .L. I ._I1-’II._ I’ IL_ I_ IJI_,r, I A JIM “II ’IIJ I L.I’ lL’ I_-_

THE MAFREGISTER VALUES IN THE BCE, */

STATUS : = NO—ERROR;
END;

C K I

r’s r .—. 
~

- ‘rr , i- C ~‘ ‘F I I - , ‘r ~~
. / r c—

P I ’ s I _ IL- I_ L, LJI’sC. 1 I_I_~~~ I s_’ I_I S I

‘4  INPUT . PARTIALLY FILLED IN T~:B
OUTPUT. ICE IS ALMOST COMPLETELY FILLED IN HERE,

EINC E ALL RESOURC:ES HAVE BEEN ALLOCATEDI
‘F . ‘ I I , I,- ’ A I ‘r ,~ I ‘I’ K II — I 5 , ‘ .‘ ‘ I  ‘F’ P -_ ‘F’! Cr’.

A S , L . l  I9u~
.. LI(’ 5 1 I T  I sJ l_A I ’4 r’,, I C1i.I I _,1I 11 ‘I,

‘s/A rCI54 ‘~‘~I ICI ICc-- ‘rl Ic_ A C’ .~~‘ 
-‘ ‘F A ‘rC r ~ ~ A Is I F’ r. 

~ ‘-if T -if I I_I I ~~.LII .l_lC.~~~. I l~ lL. I’ -_.. ,_,UL A l ’ s  I C.JJ i s_- C. 1- 15(5_ I ~.L.L.
/‘. ~ ‘s C /51 r’ ,~ I It . r fs”F’ C Fl ‘sIP -rr-- ~j  ~~ CI I ~~~~~ “F ’s 1f5 ’rI’-Ir’. C. r-,i_ .. .1 .~ r 5./LI I I_LI - I’ll_I I C.~ ri L’ #4 C. V C.i’s, • P11- I
CA M ’F l  Sf I ‘F~~ II.-’ A - rP- IS r.c_ KI -‘r’ ‘F”, i- “F’ Is I , ‘ r  -r —. I. IC I I Cr-, C
l~~~I’ I I  I A  I_ I I_ A I~lI’,I1L1I_, l  I” II’s l,_ 11111 I l’sP I 15(11 I JL.4c , I lC.I”kC., *1

i- C ,~~‘ ‘F I. I
1

- TOE-” , E:CBG!HD-”-- , FIRST , /* DO BCE FIRST *1
WITH BCE DO BEGIN

r.i CCC r-, ‘F r - ,, - - Cc-s r. I Il’, U’, ’F Ar  I C ,‘  r. A — C -~ -‘Ci _s P P C.I’s A. LI - — if 4 - P 5_II’s V I’ I 1-’. ~. I- C. I_C, -:. r I-, _‘C. “ I

JSECOUNT : = 1;
IOINPROGRESS :=  0;
SHARE : = FALSE; /4 MOST OF THESE ARE NOT 4/
RELEASEECEPOINTER : -  NIL; /* RELEVANT FOR THIS */
:JWNERBCBF’OINTER :=  NIL; 1* PARTICULAR BCE *./

END; 1* BCE NOW FILLED IN COMPLETELY *1

ICE - TOE” , ICBPTR; 1* NOW DO ICR *1
I ‘FIs I L,” /  -rc-’r, ‘F ‘ T S , - ’ , T rIf ’11Jr rc --r , ,’~ c - I  PiIs l c _ P1 1 ‘F I I

.4. I ‘sr- 5 I _- CI, A _ LI - I lL~il LII I ‘_- if - L-I._ I_~ I MI_I, ’, L. A I’S ‘, I

‘F P-i-.~~ , I I.~~.C. ’. I Ikl’ r - — ~~~~~~~ I I. -c _ P’PI IKI”I I -A .~~~ . - _I~~~C.L-s_ LIlM . - -- A L-1 ’ - s_ ’~~’I_ ~~ ’5J _SI5( I A l

1* IF ANY L I M I T A T I O N  ON THE NUMBER OF COPIES OF
A F’S IS r , r1 ~l II Ar. r-.c- “S —‘ r ’sAl vI ‘F c- ~‘s”P1 rS r’ ‘F MC’ -“ ‘

— - Cr ,- -r I I ‘ F tI—I P1-If’. i LL.’_,l_ I- -i l’s P I’ s _ I .~If ’51-1I I A ,_l IL  CiC. A l  Ir L . ’C.,,. I A I I’l l l_ I_

I C r. CCKI r,l—.klC r, t-C, r’s c_ I_I ‘F P , ‘CC r. ,I l’r ‘F k1t ,~-L,-Cr I
1 1  I—I V C. C’C.i 14 L.II_.I4C. CSC. I 1./I’s l_ I I I A - ‘ - . 1  C.C. l’s LI I_I I -4. IMC. - 11’-.C. L LIL. I
I II I I IA C. I “ S I  l~~ CM” i~ 

- C-:- ‘F Is I ‘ri,J r- ‘F P ‘F’s 4 C. f’ I j  - I ,.” c_r.
#*f IC.I’s C. V F’ If ’. A ....ILl,~ C. IM I l’s A I_ s_I A. I’S I il L. A ‘_‘ C’ I- lU’S 1_’il s_s I “ , i_LI -

1* ARE NOW DONE WITH THE ICE, */

WIT H ICR DO BEGIN 1* START THE TOE ‘~-J
CCI /‘s, ” ,

~~/S.P-’r~ I/ S I - —C. I_1-.I_S- lP1’_ - I ‘_ I t l&_  - “

EFLAI3SPC:S IBLE -

WA ITFLA GS :
FOR IRE’) C TO 15 00

- 
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EFLAGPTR~~1R’EG] : NIL; 1* 4f16 IJONE IN S’KEDUI_ *1
KILL1NPRUORESS : FALSE1
LASTBUFFERID : 0;

END;
FOR IREG : -  i TO CONTEXTS IZE L:iU

TOE-”. TASKCONTEXI[IREG] :~~ ICR”, 1N1T IALCONT EXT [1REO] ;
ASSIT3NID(TCW’. TASKID);
FOR IREG : 1 TO ICR”. MAPSFORRCICIT 1)0

TOE”. TAS KMAPEI R’EGJ : ICB”. TAS KMAP[iREG~ ;
FOR IREG : 1 TO BCE”. NUMBERUFMAPREOS 1)0

TCB”. TASKMAP C BCR”‘, BEGINNINGREG + 1REG — 1]
BCE”. MAPREGS~ IREG];

CISI1_IM -

PRUCEDLIRE AS.SIGNIE’(TASKID)

./
‘
* INPUT : NOTHING

OUTPUT : TASKILi — TASK IDENTIFIER THAT J5 UNIQU E
WI THIN THIS PROCESSOR. MOST L,~ KELY, JUST
A POSITIVE INTEGER. SOMETHiNG MORE 0-OMPL1—
CAT ED MAY BE USED1 HOWEVER. *1

I~EGIN
LASTID : LASTID + 1;
T A.~ V 1 r - — I AC’ “F’ ‘F r -
I F’.’.J F’. ,I i_I - “ I_ ..J 4.,. I

C.ND.

I
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~~., 2, 2. 2 F’OST

PROGRAM POST ( ACTIVEEC E )
-, A. Nr 5_I I - AI_. I c C.C. S., LII #4PI A s., rI -:.r Es_, A. P A C..’ -

‘ri’s I I ,C.~~, C- — ,‘sr,rlri P . I If’ i-Sr p c-.c. e- i’s -r is -r p, r-i C C CI U’i~LIr’I I ri#4UU’.LI-_. r -SLIIJ ps Jl~ -_I vs Jps,j-:’ ‘_SL 111-I I 1-i s_I CIC. -~~C.I’S I
r. /‘s ~ ‘I,’ T’ . . ‘ Al I ‘F Is If” ‘r/’sP 1/ -“ ,•‘ i-s Ar’, CI II ” A F  i- C. ‘F K I C /‘sr IS, hi ‘I,Z1rILI’s I ‘J s_,i”l I_l_ ,L I’4L1 I I—l -_I(’ I I~ 1--Ii”’.C.i M I — 1- 15 . /S in A I M  I I—Ips,--I I IA

OUTPUT. STATUS — SUCCESS JR FAILURE I QDE:
- I NO—ERROR

ERR-INDEP - TASK HAS NO PARENT
Ci-.t. A! II I rAP’ I ,.’ I I A c-’ A l  rI C Ar 54 c-s .— - -rCr P K I
C.l’sn~~~I—t LILI — I ri.~~~~

—
~ I 11-I-_ I l’Ii_psC.PILI T • lJ,:1 I C.LJ J.-ss Li_ *1

BEGIN
c--I_S ‘F I Fl7’P’Il - — 4f’i-r I I JCCf’ i ’F’s ,-\ rc-11.C.”rr’s .
_‘il .4. l_L I ‘_‘ LI - 1-1 —‘ I A V ~~ C.L, LI - I s_s i_I r I l’s I

- a PARENTTCI3 : = CHILDTCB”, PARENT,
- p t C p ~l’s rs Ck,j ’Cr ‘ i-S — K,4 ‘F I

A P  

THEN STATUS . =- ERR_INDEP
- 

, 
ELSE

‘FC  ~~ I,,J ‘F I r -r r’ Fl ~-\ Cc- f’-’rC —‘:. — KI ‘F I
A I L-n A I_LI I s_s LI - I Is_S I I_ L, LI — I’S A. i_

1~I,J KS , I A 1I . ‘ - — Ct.r’I_ /’sI I• I
I ii 14 s_I I I’I I L -if - ‘~~‘ 

S_ U’, f ’S F’I’_I LI
CI , - C f.C’ ~ - ‘F I, I

- , C.I_ - . C, s~c.LI A I M

STATUS : = NO—ERROR;
l,J 7 I Fl 1’ ~ ‘ 1,. ,’s i-s — ‘rI~~ ,”-!, - — Is I ‘F I -I_ -fl A i_i_ I _‘LI - P ,.s._s I I_ s_, LI - — 14 A i_ I

MOVE :3 WORDS FROM DATAWOR DS ARRAY INTO FOSTECE-”, STATUS,
CL )t I s  I”r , .~ I~~r~ I C ’ FC  F C ‘ I  C- ‘r C’~ 

- -
I _V  L.I’l I L- LII If ’ I_I_ I I_ ‘. I I ‘.1 I L, s _ S .’ / I

~~JD -

ACT IV EECE”. STATUS-”, ERROR - STATUS;
END,

‘1
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T

‘~ ‘ -
~~ ‘ • ~-“ ‘ F l I

1l , ~.., a . ,  ‘f I” . LI_I...

~-RuuEDUlRE c-:, ILL ( ALT I VEECE-)
II It’I I” r - A ‘- r ‘F IC ‘ ‘  1 .  I I Li ‘F c - I_ S  C- Cs C -r C ‘F C P -

- * A I’4~~ 1 I - I’lL- I -‘ V I~~I_’_,LI I vsri A I_-il s_Ir ~.L i, ~ j C.-:’ -

TA~ <,ID — IJF TASK Tu KILL1 IN PA RAM 1. IF TASK
I’ ‘F I I ‘F lIP- ‘F -r C-C I — -r IS P-L’ ‘F F 7 - ‘ 7 CC, ~l K Ic-I “F‘C ‘rI - A ’ r  /51 I

A ~ Cs, A i_I_. A I’41_I A I -,JL.I_I 1 I L’I, II’cs A 5_I A -D L. C.r’sI,.j . I’S _I l C. I c-jUl I F’II_I_
1~IC —r’CISfr /SII r,-’- P C ,:-I-- ,C I—. ‘F l~ ’ ‘F Cr’ “r/s P~& I I ‘F I I A I c-P. r.C I.-’ ‘ F l  S C
i_ L -_ILIi_l’SLIrll’S t .~ ‘ S.. 1’ ‘if’ C.S_. A I~ A C.,.. I F I-~lrs. VS A I_ I_ I’l L. -DL C.C. I’ -. A i_I_ C. -

EVENTFLAO — BY WHICH TO NOTIFY THE CALLING TASK.
NOTE THAT EVEN IF A T ASK IS SUICIDING, A COMPLETION
NOTIFICATION WILL STILL RE F’ERFORMED. SEE ROUTINE
-“ DISMEMBER” FOR’ DETAILS,

a OUTPUT: STATUS — SUCCESS’ OR FAILURE CODE. I3NE OF;
NO— ERROR
ERR—EFLAO - EVENTFLAG ERROR
ERR— NYC — TASK SPECIFIED IS NEITHER :3ELF NOR A FIRST—
GENERATION DESCENDANT OF THE CALLER

NOTE : WHI LE THE KILLING OF A TAS:-:~ AND ALL ITS DESCENDANTS
MAY RE PERFORMED ENTIRELY SYNCHRONOUSLY, THIS IS NOT
/5 1  - IA’s / . ’ i-i ‘F r.l C 711 ‘r I_S ‘F s~~- ~ ‘ Ps P-C -r I_SC r-,r, ~ -C s ~~- P- I I ‘F * I P ~. ~~ l
I’lL. . WI’ , -:1 LI -:s A CiL .C. - A. 14 I c-i 1 -D L-l- , -:. CI I c-~~~ . p r”.IJL C. ‘~~ .D vs A S_L. SI I.., L-s_1
ASYNCHRONOUSLY, AND IN POSSIBLY SEVERAL SECTIONS. AS
Ps r.C~~~PlI KIr,,’slI.r ‘rAPE- —‘ C- CS IC’S,,’~~c-. /51 5 rIl 51. 1 F - 1  11, 1 F’ ,~ ~~~~~ IyIr.I C’r ‘F P-IS
I I  UC sDL.i_I’SLIUIIM I I 1-1._IP-, -if I _ V ( , I M  I . F ,L,I_ I’sl_I I SI LJ IJWIM I ‘I I_s Ill If’ L.I_ I A LII’S,
.rLJ J’s -r F C - ‘ P-CISIr A K IT  ‘r- Ac-’ l .~ I I ~‘ I : ‘ , ‘ ,.‘ ‘ F l  r r  I_S ‘ I IC 11Cr-. C’ ‘F II -C
I il I’l I 1j 1 .- L.L.l ’SLI rIIM I I I- I . .I’~ VS A i_I~~ s_st. 1’i , A, I_L_ C.5_ I . ‘lJJvsI~. V C.~’. I ‘f A. I’lL.,...

‘F I I ‘I’ II ‘ /S, “~~A P-I -“ I I ‘I’ S I P A l  I P-C ‘ s ’ “F‘ C /5 I C  I’S, “s — p- ”r ‘ri” ‘F “r P
Is, A I _ L . A .  ,‘j L, ,-i , -i.DCs, VS ,j, I_ I-. s_-UI .J-~~~ I ,I . . I IJ p I— ,r- ,C. I--I r LI’ , I I A I

PARENT5 IF ONE IS OUTSTANDING , THE PARENT MAY ALSO BE
KILLED THEN, AND SO ON UP THE LINE. *1

BEGIN
/ *  ~~IP~~; I  L.I-~EL,~ THE A~,KItI, IF u, I_:ALLER I::1 KILLING

HIMSELr, IF NUT, HE HAD BEST BE KILi_ INLI A 1~~TGENERATION CHILD. *7

ROOTID : = AC:TIVEECB”- , FARAMI;
IF ROOTID 0 /4  IS SU X :::It~E *~,“

THEN BEGIN
ROUTTC B : ACTIVEECE” , TCBPTR~ / 4  ~OOTTCR IS FIRST DEAT H *1
ACTIVEECE ” , SUICIDE :~~ TRUE;
Ac-’W ‘F I I Cr5i~~~ U’ II I f ’~ISI r - p.,

I A V  ~~~~~~~ - I’. ,&I_i_I..I ’l I - ~JI

1* WE KEEP MUCH HOUSEKEEF’ING INFORMATION IN THE ACTIVEECB.
TH IS INCLUDES AN INtIICATOR OF WHETHER OR NOT THIS IS A
SUICIDE1 HOW MANY TASKS TO KILL(EXCLUD ING THE CALLER
1FF A 5UICItIE ) AND CITHER INFO IESC:RIBED BELOW. 4/

END 
TO ICO, 1* WHE RE THE SLAUGHTER E~EGINS IN EARNEST *‘

ELSE BEGIN 1~~ CHECKING OF CALLER-S KIDS *f
TOE : = ACT IVEECE”, TC~ PTR;
CTCE : -

~~ TCB” , CHILDQHtV”. FIRST; 1* FIRST KID *1
IF CTCB = NIL

THEN BEGIN 1* HE HAS NO KIDS1 AND IT’S NOT SUICIDE 4/

ACTIVEECE” , STATUS -”- . ERROR ERR—NYC;
30 TO 20C;

END
ELSE BEGIN ‘

- ‘ 4 NOW CHECK ALL THE (109 *~~~
‘

~— 2 9___________ 
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WHIL E 0-TOE -C- NIL AND CTO.B-”, TAS KI D K> ROOTID
DO CTCB : = CTCB” , BROTHEROLINK” , FLINK;
IF OTCE = NIL /4  NONE MAT:::HED 4/

THEN BEGIN
#5 -‘ r ’F  I 1CCc-”~s - A P”rJ’s’rl IP~ ,-’ , s~~ I~’si-s r-, - — CCIC’_ kIcJr’ -
1- -S —‘ I A V I~~I_ s_s , . s  I I S  I ‘if -if - I_PS f’5 l’s - — I_ I ’S r’s I’S I _‘ I

GO TO 200;
END
ELSE BEGIN 1* GUT THE LITTLE BEGGAR *1

RCOTTCE : CTCB;
ACTIVEECB” , SUICIDE : FALSEJ
A -‘r’F (  ICCI— -r, “s I,.” T I  I ,-— ‘ Isl ’~~ - — 4
r~ L- I A V C.i_ I_s if - I” - A , I _ I_ I_ I  ‘I I - — A

GO TO ICC; 1* LET THE GAMES BEGIN 4/

END; 1* IF d O E  = NIL 4/

a END; /*  ALSO IF CTO-B = NIL *1
END; ,/‘* IF ROOTID = 0 *1

7* WE HAVE NOW EITHER CAIJGHT AN ERR—NYC AND
WHISK ED OFF TO 200, OR ELSE IN ‘ROOTTO B- ” W E HAVE THE
TCB OF THE FIRST TASK TO KILL. WE MUST ALSO KILL ALL
HIS DESCENDANTS1 EVEN UNTO THE THOUSANDTH GENERATION, 4/

100: ACTIVEECE”‘. ORII3INALCALL : TRLiE;
ROOTKILL ( ROOTTC R, ACTIVE ECR);
7* WHEN WE GET BACKI IF EVERYTHING HAS BEEN KILLED ( FOR A NON—

I ‘F C ‘F ?‘sC ’, P i-. CL ICi-,54 ‘r I_S ‘F 1Sf” F’s! I’r “rI_S IF ‘ ‘SI CC. / C -- C. ‘5 “ -I  I 7 C ‘F ‘F’ C ‘I ‘~~‘ Cl”
-DL A ‘_- A I_IC . sj p, C. VCI’s T I c-I A 1511_I s_i _j I c-IC, L51- -I i_ s_,i_ rs ’, I U n  El i fS_S A S_s A i_’L. I I ‘_IC, I

THE STATUS TO NO—ERROR AND LET THE OS’ DO THE CALLCOMPLET ION,
WH ICH WILL FAKE INTO AN EVENTCOMPLET ION. IF THE KILLING
ISN’T FINISHED1 SET ORIG INALCALL TO FALSE, 50 WHEN IT DOES
FINISH (ASYNCHRONOUSLY), WE WILL DO THE EVENTCO~PLETION, 4/

‘F C A ~ ‘“r ’ I I 1IF ~ - 1”’l ,i’~ I,.” ‘F I I ~ - PS I II I” ~~ — “S
A I~ I’lL- I ,L V C .L, £~ - S ’S A I_ I_ I_s LI LSI’I I — (.1

THEN ACT IVEECB”S , STATUS” , ERROR : = NO—ERROR
ELSE ACTIVEECE”‘. ORIGINALCALL - FALSE,

200 :
END,

6 — 3 0  1
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PRCI::EDUR’E ROOTK ILL Tt-E , K ILLECB)
/4 INPUT : TOE — TASK WHICH IS TO BE KILLED, ALONG

WITH ALL DESCENDANTS
I,’~ 7 I I C ‘T’ — C V”. CC. 14 ‘rI_S IF I,’ ‘F I A l  ‘ ‘ IF S I 7 I I
l’ s A l _ I_ i_I_i_I I S  I_ L,,L,ID I f ’ s _ I  I I 1W. I’s A i_I_ ,, -I ,L_ L., VSC, VSA,L _i_

r’AUK LIF :~EVERAL THINGs IN ;-~ERE, INCLUDINU
WHETHER OR NOT THIS IS A SUICIDE KILL, AND THE
TOT AL NUMBER OF TASKS WHOSE KILL CANNOT BE COM—
r’sI C’rI”'’ r T IIAIyICF T / V ’rCl
I 1_. I_ l i _L I  A l  II IC L IA E I  I C.i_ -

OUTPUT : NONE *1

BEGIN
1* MOST :JF THE KILLECB HAS BEEN SET UP ALREADY. IN “KILL ” ,

WE SET UP THE SUICIDE FLAG AND THE ORIGINAL VALUE FOR
KILLCOUNT (0 IF SUICIDE, I IF NOT), THUS1 WHEN WE DISMEMBER

I /SP’ “F‘ 1_IS P-i-” F II’ 1’ I 1 ~~- P I II I”' C C C 7”, /S,s - l ,,” . rc- 7Cr-. “ I ’ S  I IC P /SKI 1”’ 7 P
I nC. l_rl.D I I rI.Dr’-, 5, l’ s A. i_ L, _s LI L I’4 I -~1_ C. ,D 5DP Il_s I” I ‘if £. I_ S’s Ll /  I INC. _.I’,I’l ‘if A S_I - -

a COMPLETION TO THE CALLER. */
- 

- .rc-’ F..-’-- I,i’ 7 I - C ‘‘T ’t” 'rC. - — E” ‘F I I C —
I l_,CI - I”, A. ~_Lc L i_IF’ I U’S - — 1\ A i_I_Cl_s s_, ,

/4  NOW WHAT 4E DO IS KILL ALL LOWER TASKS FIRST, AS MUCH
AS IS POSSIBLE 4/

CTCB : = TC:B”S, CHILDQHD”‘ , FIRST;
IF CTCB -C’ NIL 1* THEN THERE ARE KIDS *,7

THEN BEGIN
F C.”'’ ‘ - S - ’ ‘F I * ‘ , “ 1_c-’ F’S I. - ’ ‘F I I Cc-’ ,~. ‘S -I.. C..,.’ _ s I ” , A I_ I_ I, ‘_ I I_s IDI I’~ A, i_ I._ I_ L’ If / I

CAL,’CI I A T’ r / , - ’ r— -r. \ - / 1 _ L I T ,~ ’ s ’ II.~IC.! C’rC,~~ ‘rI_S C -‘ T I  I -“ C ‘T I_S ’F c-’
F’ rir- , CVII’ IA.  • ‘s s _ -  I , , If / I / I c-i A, ~, I_s I_SI IF’ L_ l_, I S I l_ l’~ A. I_i_ ‘_ U’ I Ui A,

FIRST CHILD 4/
CIIrI-I_I’ll,l

FAK EWA IT (TC R) ;  1* THIS ROUTINE SETS HIM UP AS WAITING
FOR ALL INCOMF’LETE EVENTS, OR, IF THERE ARE NONE,
HAS THE ACTUAL KILLING DUNE ‘~~/

CII
S_I’S -
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PROCEDURE DES’CK ILL ( TC.E, K ILLECB)
/4  INF’IJT : TOE — OF A TASK, ALL OF WHOSE DESCENDANTS

AND SIBLINGS AND THEIR DESCENDANTS ARE TO BE KILLED
U’ 1’ * I” ‘ r. ,_ 1_ S_SC — -T’. CC. ‘I*II 1_I_SC “‘5 CS 5’ 5~ S ’ F  Il/SI ~,-‘ 7 I I C/S I I Il_S C’ C.C
r’., A, I_I_I_ _ SD I I”iC. t. _sif I r’sI_SI I I c-I C. S _ U ’ s  A ‘~~ A. l’UIi_ Is , A, i_I_ S_-I’ll_i_I VSl’l C.I”s C.

WE DO SOME HOUSEKEEPING
OUTPUT. NUNE *1

BEG IN
-r P-iD IS 1 ’ T I  I P-Fl C”~ F . - — U’ ‘F I I C “‘T~ -
I L- if . I”. A, I_ I_ C. Ls S_.r I I’SS - “ r’-, ,i. i_i_i_I_s A_Il

KILLECE~”‘. KILLCOUNT : KILLECE” . KILLCOLINT + I;
/4  NOW WO RK OUR WAY DOWN THE TREE AR FAR AS FflR’RIBLE *7

F. - — “F “'ST’s.”, Cl_S ‘F I F LJ1 I as 1 ’  ‘F
I_ I Lsif - — I I_sD . S_-c-I A. L_I_IL’b’ii_I , I A. I”I.,_I I I

iF CTCB -C’ NIL
THEN DESCKILL ( CTCB); 1* RECURSIVE DESCENT 4,1’

1* ARE NOW EITHER DOWN AS FAR AS POSSIBLE, OR HAVE
DONE EVERYONE BELOW THIS TASK AND ARE ON THE WAY
BAC:- UP. SO~ FIRST SAV E THIS TASK’S BROTHER LINK,
IF ANY 1 AND THEN KILL HIM *1

BlOB : TCB-’5 . BROTHERQL I NK ”‘ - FLINK;
1* NOW TAK E I ARE OF THIS GUY 4/

FAKEWAIT ~ TCE);
7* NOW, IF THERE WAS A SIB, GET HIM */
IF BTCB K> NIL ./* L’u ACROSS TREE 4,’

THEN DE3CKILL ( BTCB); 1* DESCEND AGAIN 4/

END.

I
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~‘ROCEDL RE FAK EWA IT : TOE )
1* INPUT: TOE — OF A 5IN~’LE TASK TO SET UP FOR

RUNDOWN OR TO DISMEMBER
CIUTF’UT - NONE *,

BEGIN
,i* FIRST TAK E THIS GUY :jFF THE READY—Il IF ON IT 4/

IF TOE” , WA ITTYPE NIL /* HE’S ON IT 4/

THEN DELINK ( TCBI RDYQHDI TCE”‘ . TCEQLINK)~ /4  NOW HE’S NOWHERE *1
/* NOW CHECK FOR INCOMPLETE EVENTS */

IF TOE” . EFLAGSF’IJSSIBLE C> 0 /* HE HAS’ SOME */

THEN BEGIN /* SETTING UF’ FUR RUNDOWN *1
WITH TOE DO
BEGIN

• WA ITFLAGS : = EFLAGSPIJSS’IBLE, /* WAIT FOR ALL */
IF WA ITTYF’E = NIL i-a’ HE’S ON NOTHING 4/

THEN LINK(TC B, SUSPENDQHD, TCEQLINK); /*  PUT ON SUSPENDQ 4,,
’

WA ITTYPE = WAITALL , 1* WAIT FOR ALL */
END; /* WITH *1
END /* SETTING UP FUR RUNDOWN *1
C! ‘ - C  FIC’” 711 - LJC I_S /Sf” 151 “S 711,1’ ’ — 14c-ll C’7” C CI IC1I1_ I I ~ ,I ICI /Cr-.
I._ I_ -DC, C’ C. s.~ I, I’S I * UiC. c-I Fl’D Ill_I .1. IlL-UI If’ L.S_ I I_ C V  Cd’S S - c-~ I_~ VV C. V C. F’S,

I IF ,~~‘ /S Is 1 / 1_  I P-1_ F ‘F .~ -14IF IyI 5’ I Cr-, I_, ‘F I’s,l ,~ .I I “r P C I lAPs IF ‘ ‘F II C I_SC
SPIC, I_ s P i ll I ‘,. IS_ I’D I i_I A, -DI lCd lI_IC.PS S I A I  I I_I’_’ I Up plr’II’SAJ, ‘if A Ill_ C. c-IC

MAY “OWN ” A BUFFER FOR WHICH A DESCENDANT HAS AN
‘F Is Ic-- c-I lylfl I C’r C 5’ / “ ‘s ‘-c-ni’s KI.~~-C Cr-. ‘F C -:- ~ ‘ ‘I I I . ”I” 0/S I,’C ,“ I Ic-. C I ‘C
I, I l1,.,~ LSI I I” 1,_C, I C. A - ‘if I l’s l1 I ‘I.D I C. l’s, A I ~ ,‘LII IJ L’ -D I I II”I I’..C. -D LI l’sC. ‘1 C,

GOES TO THE SUSPEND—Q, OTHERWISE, THOUGH, WE CAN
DISMEMBER HIM. 4 .7

BCEPTR : = TCB-” . BCE:QHD” , FIRST 1
5 ,  CI C ‘Se’ A 1 1  C - — 1_Fli IC -
I’sCI_C.P’i._II”lbl_C. - — I I’sI_IC,

WHILE BCBPTR ‘C::- NIL DO
I’ll

I_’I_. 1,,~ A l l

‘FC F. ‘ ,“sr-.’r c-I /-. ‘ F ’~ 5’ Is IC. C. — ~ ‘I”iC I~~ .~~~‘., “S
A ~~ IDL- iDr I l’s - ~ sJ A, I ‘IF’ U’. IJ I_i P.C. ‘if-_I \.., I_I

THEN RELEASABLE . FALSE;
/*  NOTE ONLY HAV E TO CHEC:- IOINFROORESS f:CIIJNT,

SINCE THIS CAN BE NON—ZERC ONLY FOR THE CASE
WE WANT 4/

B~:BPTR : = BCEPTR” . ECEOLINK” . FLINK;
END; /* WHILE *1

IF RELEASABLE
THEN DISMEMBER (TCB) 1* DO IT IF WE CAN */
ELSE BEGIN 1* MAKE SURE HE IS ON SUSPENDQ *1

IF WA ITTYPE = NIL /4  HE WASN’T *1
THEN LINK (T021 SUSPENDQHD, TOE”‘. TCBQLINK);

WA I1TYPE : WAIT A Li_ ;
END; /4  IF RELEASABLE 4/

END; 1* DISMEMBERING *1
’

END,
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PROCEDURE DISMEMBER ( TOE)
,7* INPUT : TOE — OF A KILLED TASK, ALL OF WHOSE

EV ENTS HAVE COMPLETED
UUTF’UT : NONE, ALL RESOURCES ( ECB”S AND BUFFERS,

TO E, AND ECE- ’ 5’) ARE RETURNED. ICE IS ADJUSTED.
IF ICE HAL’ AN IJUT5’~ ANDING REMOVE C-ALL IHA1 CAN
NOW BE COMPLETED1 THIS 15 DONE, FINALLYS IF
TH IS IS THE LAST TASK TO BE DISMEMBERED UNDER
THIS KILL CALL, THE K IL.LECB IS PASSED 10 EVEN1’COMPLETE*/

BEG IN
1* DO ICE FIRST */
ICE : lOB”. J CBPT R;
]‘CB”. USECOUNT : ~‘ ICE”, LISECOUNT — 1;

• DELINK(ICBI iCE” . ICBQHD, TO E:”, CLONEQLINK);
/4 NOW CHECK FOR INCOMPLETE REMOVE */
IF I CE”, REMOVEECBPTR .:C) NIL /4  THERE iS ONE *1
AND ICE” , USECOUNT 0 /* ANrJ WE CAN DO ii *1

THEN BEGIN
R’EMECB :‘  ICE” . REMOV EECBPTR; /*  GET THE ECE *1
RETURNALLRESOURCES ( ICE);  1* COMPLET E THE REMOVE *1
REMECE” . STATUS” , ERROR : = NO—ERROR;
EVEN’ICOMPL.ETE(REMECE); /*  AND SEND 1 HE COMPLETION *1

END;
1* NuW ~IU THE. TASK *1
/* FiRST SEE IF THERE ARE ANY EC:B”S TO RETURN. THERE CAN

STILL BE SOME FROM EVENTS THAT CUMPLE”:Et’ FOR WHICH HE DIDN’T
DO A “GETSTATUS’.

FOR IFLA G : I TO 16 DO
IF TOE”, EFLAGPTRE 1FLAG J -c:~ NIL 7* 001 ONE */

THEN BEGIN /4  PLIT ON FREEQ */
ECE : TCB”. EFLAGPTR~~IFL,A0);
LINK(ECB, ECBAVAJLQHDI ECE”. ECBQLINK);

I”’ISIFI .
C. IlL) ,

/4 NOW :~EE IF HIS PAREN1 Is WA ITiNG FOR HIM */
IF ICE-”, POSTECE <> NIL /* YUP1 HE iS’ *1

THEN BEGIN
PEtE : TOE”, F’OSIECB;
PECE” , STA1 US”. ERROR = ERR—CHILD;
1* THIS COVERS THE CASE OF A PARENT WAITING FOR A

CHILD WHO SUICIDED , OR OF A . PARENT WHO KILLS HIS
OWN K I D  *1

EVENTCOMF’LEI E ( PEtE); /* 1’ELL PARENT 4/

END;
/* NOW SEE ABOUT THE KILLING TASK : DUES IT GET A

COMPLET I ON NOW
KECB : ‘ TOE”, KILLEC:EPTR;
KECE” , K ILLCOUNT : ~‘ KECB” , KILLCOUNT — 1;

1* NOW WE HAVE DE0REMEN1’Erj THE COUNT, iF NONE IS LEFT
AND IT IS NOT THE ::RIOINAL CALL, WE NOTIFY THE CALLER,
IF IT WAS NOT A sUICIDE1 ALL 19 WELL, IF JT WAS , NOW THE
3UICTDER GETS HIS LAST EVENT, THUS , IN  A SUICIDE, THE CALLER
W ILL ALWAYS BE ThE LAS’l ONE KiLLED, 4/

IF KEC:B- ”- - , KILLCCILINT “ (3

AND KECB” . CIRICINALCALL : -  FAL:~;E - -
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THEN BEGIN
KECE”‘, STATUS-”- . ERROR - = NO—ERROR;
EVENTOOMPLET E ( K E C B ) P  / 4  NOTIFY THE ‘(iLLER *./

END;
./ *  AND FINALLY, RETURN ThIS GIJ Y “ S RESOURCES’ */
RET~JRNALLTAS~- -:.RE:ECURC ES ( TO E ) 5

END.

~
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PROC:EDURE RETURNALLTASKRESI: LIRCES (TOE >
/* INPUT . TOE; — OF A TASK WHOSE BC:B5

BUFFERS, AND lOB CAN BE RETURNED TO FREE—Q - ’S
OUTPUT NONE 4/

~“. C -  711
A l l

BCBF’TR - = TOE” . BCBQHD”- . FIRST
IF BCBPTR -C> NIL /*  THERE ARE BCE -’ S TO DO *,/

THEN BEGIN
WHILE BCBPTR -0’ NIL DO BEGIN

IV ‘T - — I”s c-I , ,c-.”rn “s ‘ - r. “( I ‘F IS 11,..” CI ‘F Is IL~ -SD L, SZIIM A I - ‘ ‘  4 I L ,& 1 f ’ I l’s - C”., -ID ~sL, A I’ll”, - P L,A. l’Sr\ ,

1* KEEP TRACK OF THE NEXT ONE 4./-

IF BCBF’TR”, OWNER TRUE
-: THEN RETURNREALMEMORY ( BCBTYF’E5 E:C:BPTR)

• /4 CAN ONLY RETURN THE MEMORY IF HE OWNED IT */
ELSE BEGIN /* SEE IF GETTING RID OF THIS GUY MEANS

THAT THE J:IWNER OF THE MEMORY CAN ALSO GO 4/
- — r.c-.F,n r. ,,’-, “ I  I I S ICr - . T , ,~~.l ’C ,~~~~c - , ,
- —- ,

~ ‘ _, ,Dr I l’s , _I S•4 I’SC, I’. ~,,.I_. ~~ p

IF JBCB”- . 1DINPRUGRES:E; ~~
- o

THEN FAKEWA IT ( CBC:B” , CW NERTCBF’O I NT R) ,
~‘* NOTE THAT THIS FA KEWAIT MAY BE REDIJNDANT~ELIT IT WILL NOT CAU SE ANY REAL GRIEF *1

I ‘F ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

*1 
• ,

~~~r - , .  ‘ - - ‘-“ - - 5’ -.
. 

-I, C.LE’r I I’sJ BL.lDAVA A, L,5~ HDl bL-EF I P. -

/* CAN ALW A YS RETURN THE BCE, THO *1
CIsIr . - I IL,I’Fl =I_ lMSj , 1* ~~~f~~ A I _ S ,

END, 1* IF 4/’

L1NK ( TCE , TC BAVAI LQHDS TOE-”- , TCEQLINK ; 7* FREE TC:B 4 ,7

:ND.

6—36

- 

- -



6.3 MEMORY MANAGEMENT

f. . :~:, 1 :,‘vERLAY LON’lROL

6. 3, 1. 1 LUALIOVERLAY

PROCEDURE ..OADOVE RLAY ( ACT IVEEOB
.1* INPUT : Ad IVEECB, WHiCH SPECiFIES:

OVERLAY ID — ID OF AN OVERLAY 1’O WH ICH C:ALLiNc~ 1AS}(
WILL BE MAPPED — iN PARAM1

OtJTFUT LALLING A.D~
- t - 

~1AF~~ED I ri IVE RLAY iF 1 EGAL
STATUS — SUCCESS OR ERROR CODE:
NO—ERROR
ERR—OLAYID — OVERLAY NUT ASSIGNED ~O IHIS T ASK */

BEGIN
iCE : ACTIVE ,ECB” , T CE:F’TR;

• It-B : ~‘ ICE:”. 1CBPTR~FLINK : — ICE-” , C’CBQHL’-”- . FIRST;
0vERLAY1LI : AC:’i IVEECB”- , PARAMI. ;
WH II_ E -LINK <~~: - NIL AND -LINK ”, uV ERLAYID -:~~~‘ UV ERLAYILI

:i:: Fl_ iNK : FL1NK”‘ , OCBQL1NK--”- . SLiNK;
IF c-LINK --::::- NIL

THEN BEGIN
STA’IUS : NO—ERROR;
FO R IREG . — ~ i’o SLINK-” . NUMBERI:IFMAPREGS DO

TCB-” , TASKMA P F. FL] NK” . BEG1 NN 1 NGREG + 1 REG’— 1)
FL INK-” , MAPREGS~ IREOL

END
ELSE STATUS : ERR—I:ILAYID;

ACTIVEECE-”. STATLIS”, ERROR : :- STA 1 US;
END.
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F’RflrFtu~R~ RELEAS EOVERLA’Y ( ACTIVEECB )
1* INF’Ui - ~-“;C:~ I VEECJ3 , WH I C-H :E;PEC:IFIE~ - -

OVERLAY 1 r — .1 Li; :ii F AN OVERLAY WH ~ ~~~ C-ALL. :~ ~~
IS TO BE MAF’F’EtI OW’ O~- — IS PARAM 1

CILITF’UT : CALL,INO -i ASK 5 MAPF- F.D OUT OVERLAY IF LEGAL —

STAT US — SUCCESS OR ERROR c:ODE’
NO—ERROR
ERR—O LAYILI — OVERLAY NOT ASSIGNED TO THIS TASK
ERR—MAP — TASK NOT :IAPF’ED INTO ~HJS OVERLAY *1

BEGIN
101$ : ACT IVEEC13” . TCI3F”i’R ;
ICE ~~

‘ TC:B-” , ICEFT R ;

FL INK : ‘ I CE”. CIC:BQHD” , F I PSI;
OVERLAY] LI ~~c:’r I VEEC -r~ ‘- . :~AkAM 1;
WHILE FL INK C> NIL AND FL INK” , ~,‘VE ’-:i_ (

~Y It -::.~ OV ERLAY :t Ii>
FLIP4K” , OCBQLINK” , FU NK5

‘F I” ‘ I  ‘IIIL”’ -_ S I l l
.1, 1 I 1 , _ L I l T ” , ‘-“ 11,1, 5,,,

THEN STA’f LIS : ERR—U LAY 10
a1::;E BEGIN

UNI~iAPOLAY C I CE FL INK, ~EI LIRNSTAI iS) ;
US : RET :JRNSI Al US;

END;
ACTIVFEO’t-:-”, STATLIS”- , ERROR . STA1’US,

NA

PROC:EtIURE UNMAPOLAY C ICE, FI...INK RETURNSTA’r
INPUT : ALIDR OF A TOE AND AN OdE WI C:H 15’ 10 1’E MAPPED

OIJ1’ OF THIS TASK — ‘(A SK NEEL; NOT BE CURRENTLY
li ’F’PED IN

uUTF’i ,J ;  IF’ MAPF’ELI IN (‘; I CALL, I AS~-:’. i S  MAE-FELt ::ui m -:~—:; L~kN
RETUR’NSl i’Yl - EITHER NO—ERROR OR ERR—MAP ~~ .f

SECiIN
RETLIRNST AT : -‘ NO—ERRIJ F< ;
FOR IREG : I 10 FLINK ”. NUMEEROF1”IAPkEG:~ 00

IF TOE”‘. 1 ASKMAF’ E FLI NK” , L::EOINNI NO~ EC4+ I REG— L]
FL 1NK -”. MAPREGS~ IREG)THEN

ICE”, TASKMAPCFLJNK”‘, BEG INNINOREO#IREO— i j
ILL,EGAL—MAF’R EGIS’IFR—VA.. ,UE

CI , ‘F” U,C~~ ’I t,.IsI’ ”~~A ’l’ - — ‘ “,Cl _ I.,I A t: , -
‘~~l._ - ,,.’C. I’sI’ , I l~ 1\ I’ I ..j I I ~ I - - L,,I’sU~ I 11 lU’S

END,
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4, -:: , BUFFER C.C:NTROL

4, ,:: 2, 1 CIETE;UFFER

e r,,— , . - F” V ‘ . ‘~ — . —r i”, ‘CC “I”, ‘ c’ “I’ ‘F I I C C.’ r,P ~~ 1 . 5 , . , ”,I’, ~~~~ 5 ~l _,P P C.I’s I, I-’I~ ,’ I A

— ‘C” I —r - 4,” “I” 1’ I IC’ ~~
‘ — - r, I Il_I -r r I_I ‘:- r’ . I” ?’ ‘I’ F” ‘I’

/ - ,L I SI I ‘,j I - I”l l_ ’ I 1. V L, I,.,, ’_ -a_ lJ  ?II I S ’ ,.’l I - _ICL,, l,_, A l  1,

Lot:4At :DR — LOGICAL ADDRESS IN :,, ;SER-’:E; ADDRESS SF’At-E
AT WHICH BUFFER SHALL .ETART — IN ~A RAMI
NWORDS — NIJMEER OF WORDS IN BUFFER — IN F’ARAM2
SHAREMC:DE — EITHER ‘1PR IVATE ’ OR I SHA RAELEII — IN ~ ARAM3

OUTF’UT: BUFFERID — Itt OF ASSiGNED BUFFER IF AVAILABLE — ADDR
IS IN PARAM~
STATUS — EITHER NO—ERROR, OR ERROR C:CDE ,
EF:R—NWU RDS : ILLEGAL NUMBER OF WORDS SPECIFIED
ERR—NMR : MEMORY NOT AVA ILA BLE
ERR—AD DR : LOOAE:DR NUT ALIGNED ON MAFI REGISTER

BOUNDARY OR NOT IN BUFFER ARE”i’~’./
’

~~ ‘A 5’N
-- c\ - - F ’ ’ F ’ , r - ’pr. -r..’--. ‘p- ,—.,,C• ”F’,”,

S.,’ - ‘“ , _ , I 5 C. I,, ‘,, ‘ h_I - I ‘_ - I_ I I I’~ I

‘F - - e .  — ‘r r -V , . .’.. r .- -?-,r,--I- r, -1_ I, ’ J. ’_ ’C’ I”

- = AL :TI’ —~EEC:E-”. F’ARAMZ;
NM~ZPREGS - ~

- ENTIER C NWC :RDS / FAO ESXZE ),
IF ~iC: E: - MAPSFC;EBUFF NMAPREGS OP NWORDS --: o

T’-~E>~ STATUS . = ERR—NW ORL:S
ELSE BEGIN

I F NMAF’SEOS )- REMAIN I NG’PAOES
THEN STATUS - -= ERR—NMR
CI c” I” i”,r” , -  -r III._, l_ .:’c, I IC’ ,l A IS I

~,.O-’.:iADDR : = AOTIV EEC:B-” , PARAMI
IF LsJOADDR NUT AL IGNED TO MAF’ i :iRANL:LAR1T y
tiP LJGADDR NOT IN TASK -“S BUFFER SPACE

THEN STAT iS : ERR—Att tIR
ELSE BEGIN

BCE: . = BCEAVA :IL QHr —- , FIRST;
‘ F l” r, -r, — N F l
P 5 I  ._ ‘h’ — ‘4 ,1, L

THEN STATUS ERR—NMR
ELSE BEGIN

DELINK (BCBI BCBAVAILQHD, BCE”. ECEOLINK);
b a” - , LATESTBUFFERID : TOE”‘. LATE3TBUFFERID

+ ~~~;

BCE-”- , BUFFERID = TOE” . LATESTL-iUFFERID;
A CTIV EEO-B-”, PARAM~ ” , BUFFER It; - -= L~:i,E . I3UFFERID,
STATU:3 : = NO—ERROR5
BCE-” . NUMBEROFMAFREGS

NMAF’REGS
i” — . r, ,.‘-. ,“ . I” —. ‘F SI I ‘F Ir’-r.I”, - — I 4,—. 4 r r. ~‘ r’I 1’5 ‘ F” -“ ‘F -_ “— -

- C C . .~ A L ’III’4 A l I~~if (’I I ,~~~ . — l~~’ifL*iL 5., P.1 P I’II C’ . A , 1 , I

1” ‘T’, ,.“. I I , ’ ~~ ’ —. -Th I ‘Is l’r - —5,,~ _‘ 1_I - I,,l,~~ C —. ‘,, ,‘ L’ Il I - “ .1. 1

BCE” , :JWNERTC:BF’TR - TOE5
BC:B” , OWNERE:CBPTR - NIL;
7”. — - 1. -“ - ITh I — C- I ’  “ ' V .  t -  ‘I’ “I — II 1’ ’ -1,’ — - 5_I - I’s C. L ~~. I- - - ,c 5,, L_ L,’ r’ - P. - ‘ ‘4 i, _,j

BCE” , IOINF’ROGRE-E S - = II

3HAR EMC :t:E - -
_ A C:TX ’ / E OE -
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IF SHAREMODE -= PRIVATE
THEN BCE- ‘- , SHARE - = FALSE
C1 “c~’ r’ ‘r. “ c’ f.,1,C — ~~~~.I IC.
~~~~~~~~~ L~.L-~~~’ - -: nF IP.C, . -—- I ~~

F I LLREGS N:JMEEROFMAF’REGS~ Bc-B),

~:CB, TC;E’ ’ EC:EQHD, BCE”- , E:CBQLINK ~
END;

C. ~4LI

END I
END;
ACTIVEECE” . STATUS- ”- . ERR’i:IR = STATUS,

END.
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PROC:Et,IURE EILLREGS’ C NMAPREGS1 }t013

,/*INPU’]’ : A BUFFER CONTROL J~LOI::K WHI CH :15 10 BE ALLOCA’I ELI
11 NMAPREGS” PAGES OF MEMORY AND 10 HAVE ‘I HE
Mf~U’. D C ’  1’ .‘~~rPrITh 1 , -- r .r  1 — KI C’ 1 I I CT ’
I II ~r , L ’ ,,,l I L,P. I Ll~ I ,I &, II’4 I .5 1., ,_ i,~~J -

OUTPUT : FILLED iN BUFFER CONTROL BLOCK *1

BEGIN
REMA ININOPAG ES : REMA 1NINGPAGES — NMAPREOS~
IPAGE : = Fl RST-AvAILAB LE— MEM0RY—PAGE—INrJEx;
NEXTREG :
UNTIL NEXTR EG NMAPREC4S’ DO

BEGIN
iF F’HYSPAGETABLE~ iPAGE) - 0

THEN BE G IN
NEXTREC’I : NEXTRECI + 1;
PHYSP AOETABLE~ IFIAUEJ : ~~

- 

~:C:B-’- , OWNERTCBPTR;
BCE” , MAPREGS~ NEXIREG’~ : MAR VALUE ASSOC L ATELI W iT H

— 
THIS PHYSICAL PAGE;
END

ELSE 1PAGE : IPAGE + 1;

END;
END.
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,,

~~~ 
- ‘ ‘

1 I  - , ‘

F’c ’LIL~~D,_ . -~.: :T~. . ’T: _ .F555~ I:~~C T : V C’ I , :.I -

,‘
* T ’ -~ ,.,T. -IOTIVEE’OIE;5 ~~— I - _ -- - ,3F’E::,IF ~~~~~ :- ,

A
’
~ ~~

‘ t-- i .~~~i-;M~~~

PAREN I~~:L :FFERID — ID :3F A BUFFER ASSIGNED It! THAT
TAS~-:, — IN PARAMI

OUTPUT. ~~ FFERI3 — CD UNt;ER WHI:::H t:ALLINO T1~5- -:, MAY NIAF’ TO
I Ifl r I  .~~ rrr, -r a A l  . “ ,I ICr 4rnI-’ ‘F — - ‘F I

I “ II I t  I, ’ ’ _ P P I, I”V,I I I  I” L,5_ ,,,I 4 l ~~~5.. 
— I ,5,I 5, , I” I, :’ A I ’ M  P1 ,I”T,I”II I ’.~~

— SUCC-E~’::E; :‘,;R ERR’_;F, ,
~-ODE ,

• NO— ERR ;:; R
C’~~

IF” . C,4I’ .CSI’I” 4’ 4,~~ I,, ’ , F’ ,I ’ . - ‘F C C” P’~ IS  l”.4c’,C’SI’ r- .’~ “ I”  ‘Fr  ‘r - - SI ,Th ’~~I”~ I” , I I - - I I”~, I_ I I I I” . _1 C - ‘_ - 1, I ,t 5,, 5, S_I 7 P I II’!. I_I’M I I I -_ ‘ I ” . A 1., 5, - _ ‘ I MI_I I

I N L ~E~ , TJR IF ,, ,:AL5,.C.5
ERR—BUFFID BUFFER :E:F’EC:~ FIE ; 

~~~~~ -‘ARENTEUF FERID IS NOT
IJWNED BY ,L:R ASSIGNED TO ‘IRE ANCEST:::R

‘I’ ”!” I”,I F”r r” F’, , -r”.C. - -r p” t rn -r ,‘ - “ ‘ F  ‘TI I~~’F”, F”.F”, ‘F I I 4’rC’ Ar”,
C’. I 1 I L,_ I” . I I A I I_I I_ t I I C, .“, OP C. l_. 1, I 1, I,,. 5,’ ,~. - _ ‘ C. A I P1CC’. I P. 1. V I’ I I I.,, ‘_ 1 I”.

CI 7’ “C” Cr, rc’,r’. r”. r” I ‘~~~A c” C
I_ I  • l,,~5 I I  C h_~ I~ ‘.,,‘I~ , I’~~ C. i__ C, “1 -2. C

E R R —NM R ~‘ I T E l  RES::;URC,ES NOT AVPI LAD’LE

rICc’. ‘F SI
.51 ’S

‘I’ “ ‘fI - — 7”. c’ ‘F’ ‘F I ICC c’ V’.”, ‘F’.” ’ r.r, ‘F’ F” , ,
- -— I”,l_, I ,s V CC, l_. I,ZI - I l_~ CIP I C’V, ~

F’, A r CS I’,” ,._ ‘7’ “ '7’, ‘‘ . F” A r,CSI”r’ r’I’r r’,
I C’,C, I ’4 I - -— I’ ’ - ‘ l - ’ I”V,C,I’S I I I I” . I

PARENTTAS’ :ID - = ACTIVEEC-B “ ,

I lI_I ‘F I ‘ j c ’, F’, C’”. I —r - — ‘. SI ‘F I /‘. I~j  r. I”, I’, I”.r” l,, l”I”I ’ ~‘.c- 
I , ” ‘I’ F’, , “ “-. C- A 1” , I~~ SI ‘F’ .-“, “r’ A, -::- I -  ‘F F’

514 I I 1, I,.. 5,, I 1 I I ’lI,_ I 4 I -, ,‘ I ~I .5 i,_ I li i i ~,I I I •C’, i_, I’S I I I . ‘_ ‘ I’ -, •, 5,’ -, _“ , ‘I IF’. I_ I’S I , I I . - _ I, 1,,

I”, rsnr”l’,l”r - -— F’, Ar’,CIS I”r’.-”, C’ ~sr. F’- I ’I”F ’,’r r, -5,11_I P1  il ”s C . l ’4  I - -— PI I I”SCI ’II I , I I II”I(Z I ’II I I~ I I’V, I

IF PARENT NIL
THEN STATUS - = ERF:—F’ARENT
EL,E:E SEOIN

“I ‘F kIl, ” - — r,nr,rI,j ”r “ . F’, “ I . ,”~I IT’,.- ’ , I”' 7 ,‘.C’ - ’I’ -P I,,, 5 l ’ Mr’-. ,  — P I 1 l ”, L_ I”I I - 5,’ ,_ .h_ I I_ ,,l 1 5,1 - P - ‘. I”I’_’ I

“'‘,Ac ,c’SI’rt.I Ir’Crr, ‘Fr  — -‘ ,“- ‘r ‘F ‘ i C r ,” - i ’ ,,- -  r-, /1, r./~ Iyl:P l-’ .ITh I_ ,I’4 I h_Il_I,” P Cl’V, 5, S_ - “ ‘~~‘_ ‘ I I / I . ,:, ’ .. -~~~- - P I’ PIrII I A  ~

W HILc , F_IN:-.:, -:,,, ~
- N5 ,L l ‘.0 .- ._ IN;- - ’, 

‘ , ~~!I _ . I” P I .I’< IE’I - -,. .“ P1  I”IC.I’I I C!.JFFC.RI5,!
f l ’  “1 t l ’ , l I,.’ —_ CI T R I I ,,- ’ , ” - , l” ,~~~.r , r I  r .  - C’ ‘ I ,- ’

I 5,, .5 I ‘Ill” ‘SI” , . C’ _ . CIt_ I,,, A I ‘II”, P i._. A I -. I

‘F C I” I ‘F \I I - - — I ‘F I A F’, C I ‘F 11,11,.’ ,’ .I  II, I I” F’. r, c’ F’, I -. - re .-“ ‘- I ‘F I
I, P P1_ i, SI” - — I’ll 1, 5,, ,

,,Ifl I I_ I, I’lII” ,, ,  ‘_, ‘VV l ” I l,_ I” ,S_ ” _’L_ ’ P  . c’, “,, ,- ‘ ‘ M A  5,,

F” l_ICSI , “ I A ” ’ -2- — ~~~~~~~ r I  ‘C’C’ ‘I F’.
I I ICI’M -_I I I I  ‘_ ) _  - — I_,fll’. S_Il_ Il I ,~~5,’

ELSE BEGIN
1’ “ C” V Islt ,*, IZ’IJA~~~ CA I 4 Cs r I i_A. ’M r’, . -,,,u,r lr’. — f r.i_.’~ C.

I”pI~ CI V lI,11 .“ .“ OPrI C /‘. 5” C’ Pr4 V~~I’ I •rP S -“‘., RI V I
I_Ifs r i_ A l’I~\ , I 5,L_Cl’,,_lI_,, I_ ._,5..If I P. “,, ‘ I’M 1.

‘V’ I_IC’%,I ,;.“r ‘I,’P l  I,; . - — “ nV’. _ V’~~rF’ M  ‘F ‘F’
I I IC,I’I -_ ‘ I “1 I ‘_‘‘ _7 . — C,I’\I ’~ - P L_ I’~I I I 5. I

Cl . ‘ C  C’C” '” ‘F RI‘t i._, -~~C •_ Il,_ ._P A I’ M

= ECBAVAILt~— t:”, FIRST ,
IF BCE NIL

THEN ~;TATL :S - = ERR—NMR
CI . ‘C 4Cr- ‘F I
I2, I._ -2I C, 52 C,_1 A I ’ll

DEL INK~ EC:B, BCE:AVAI LQHD, BCE” . BCBQLINK) ;
I ‘~~‘rr” ,”.”r F’,l ,Cl”rI” . -r 4 — ‘r,~ - p—,, .- I A ’I” r~~.”’ ’rr,i ‘C’C7” fl ‘F

I ‘ _ ‘5,I - s_ I I I I_ _ I l  1_Il_ Il I I,_ I~~ 5, 5., . — I ‘_‘l_ I - 1,_ fl I i_Ct I C”_~I I C,fl S
- -
7’

BCE” , BUFFERID . = TO E- ’- . LAT ESTEUFFERILC ;
‘S2i~g~” ACT IVEECt: ‘

. PARAM3”- . MYBUFFERID
2.i_:E” , ~ LII Fi:,r<1h_ I ;

E:1 13’- :-~ELEI”SIEEOBF’TR - NIL,
FLINK-”. L:SEC:OL:N I . = FLINF: ‘ . ,_). IE L,, IL ,N T + 1~
~TATLIEI - -“- NO—ERROR,

- ,~~~-—~~~~~~~~-- ---- ‘-_ - .—‘
. - 

~~—,,—---‘ .‘



-- ‘ ‘- - 

~~~~~~~~~~~~~~~

i’—

~~

-i’

E:C:B”- . CiWNF_RBt:,:E:F”i P - 
— L. I NK;

BIB”. OW NERTOE;PTR -

Ft_ 1NI~,”, jW NERT; .~;P’[R;
FlIP IREG :~~ I 

‘
~CI

~-L1M-:-”- . NUMBERUH1C;PREG’:~;
31:1 i~c-r~:”' . 1AF’RE3:~ L ] R EG~

FL.1N~<”, MAPF~EGS~~iREG, ;
BCE” . NL:MBEkOFMA’-’REGS,

FLINK ” . NUMBERUF I”IAF’PEOS;
BCE”'. BEG INN1NGREO

FL1NK”- , BEGINNINGREci;
LINK ( BCE , ‘;C2’~’ . BC:BQHD, Ec:B-’ . ~CEGH_ iNK) ,

CR IT’I .

ENL1;
ENDS

ACT I VEEC-B”, SI ATUS”~. ERROR : STe”1 ’( U!:,;
END.
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‘ i ’

;;Pf
-
~~~
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‘It,
’ 

~~~~
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6. 3. 2. .3 MAPTOE:UFFER

PROCEDURE MAPTOBUFFER C ACTIVEECB

/* iNPUT : ACTIVE ECE, WHiCH SPECIF iES :
BUFFEPID — ID OF BUFFER UBIAINED BY GETBUFFER OR
EQUATEBUFFER CALL - iN PARAM1

OUTPUT : USER IS MAPPED TO SPECIFIED BUFFER, IF LEGAL
STATUS — SUCCESS OR ERROR CODE :
NO—ERROR
ERR—BUFF1D —— SPECIFIED BUFFER NOT ASSIGNED TO USER
ERR—PERMIT —— BUFFFR i~ FLAGGED FÜR RFLEA~ E */

• BEGIN
ICE : ACTIVEEC B” . TCEPTR;
PLINK : TCB”. E:CBQHD ’, FiRST ;
BUFFERID :~~ ACTIVEECB”, PAR AM1;
WHILE FLINK ‘::> NIL AND FLINK”. BUFFER1D -:: ::‘ BUFFERIn DO

Fl_INK : PLINK”. BCEQL iNK”, PLiNK;
IF FLINK NIL

THEN STATUS : ERR—BLIFFID
F” c’C,

IF FLINK”. RELEASEECE:PTR C:::’ N1L~
THEN S’1’A1’U5’ : ERR—F’ERM ].’l
ELSE BEGIN

STATUS : NO—ERRUR;
FÜR IREG : I TO I-LiNK”, NUMBERUFNAPREG’S DO
TCB”, TAS’K’MAP L FL J NK” , BEOJNN 1NUREO + IREG

FL1NK-” , MAPREGSUREGJ;
END;

ACT IVEECE”. STATUS” , ERROR : STATUS;
END.
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-

- 

-

. - ‘ ~~~ :-~~

1-.. .3. 2, -
~ RELEASEBUFFER ~~~~~~~~

‘ ‘ 
~~ 

- --
~~~
“

~~

-H
3R1:CEDLRE ~:E A .EIEBLFFER I, AA T IVEE :B

‘F I~ IF.? I T ’  I”’! ” ‘I’ I ICPr,”' ’C. I Il_ I ‘r ,A q _~ ,~~‘r’ ,F” 7 ’  ‘F I” ‘FCc’ . ,
/ I’ I P ,1 I I’ , 1_ , I S V C, L_ ’_’Lfl $11 I .1, ‘_,‘ I I ‘~~‘l I ,  ‘_‘ P i, C. - s .

41 IC’ r’C4 ‘Fr ,  — ,~~~C t\ ‘P.. ICCI”r’, “ r,” , 1”,C I”, I I  C A  “CT’ ‘V I n A  I”, A ‘M l
LI5_ ’I~ I s _ I” . 1, A_I I-,, I’ . CI’_’I I” I _I ’\ I I_I C’C I’V, IZ,S_ ,C.I i- ’C,5,  -_ 

S I ’ S  P I ‘,I’II”L I I i ,

.~~.I I’!’ C” ‘ “ “  - CII IC C’ Pr F”. V 
,“ l~ , C’ I C fl~~ -Cr C’ I”, I~~I?~ ’ I~’ ‘F ‘P I C !“ l A ‘ “C r, I” ‘~ ‘ , I” , C I  I” ‘1 ,“ CI I I,.,’ I - S_I _ ‘I I s_ I’S .5 -_l I’\ s _ s _ s _rI’_’C.S, 5, I P 1_I C t O  i, C.i,_C, 1” s_A -i ~~~~~~~~~~ I” ‘_ ‘C’, I’\CI,_ I,I’.CIC,

‘F I” -“'‘F’ ‘ F ’  I ‘F RI I ‘C CS P - _1 I 1, I,_, s_ A I’M I_I

‘rA ‘rI 14 41 I “ ‘#r’ 40 I_In CF’S flflrI 44” I” ,
C’ I fi I I., lCl — ot~. L.._-c,~~-_ ‘,t P. CI’Sr’. .,II”. .,, I_iDC,.

R I  “~ — CT” .V’I “in
I’4 , _ I s_ I”I*” .l,.I l’%

C”, I” l_ 7’. I IF” C’ ‘F F’ “F’ I I ‘F c’ F’, I IC C C’” ‘F F, R I C”’!” 42’” ‘F c ’ -Rl  C’” “F’ C’ ,“‘ A l  I
I,,_ P.l”. A_ Il_Il I S Li I l”I A ‘_‘ 5,’~_’l P I_, I”’. 5 5_I 141 1,_ I I 1 14,10 j, ‘.~IIMs_a,J I IJ • ,- I”iL, i,_ I,,, I’V,

— C C’~ ~ ‘ — V I I C’ ,~~‘/‘
, I CI 1”RI”r C” ~‘S “~ I” F”~ C.” ‘F C’ V C’ 1”5,,”. I” . s_ I  I,, I” s s_ s_ s., ‘~~F ,s_ s_ v C I’ M I I 5,, A- ,L,, OP C I,- .5 I ~~i,_ A_ I

ERR— IOIP — I/C: STILL IN F- R :::GRESS IN :UFFER *1

BEG IN
ST !’1TJ5 = NC!—ERROF, ;

- — “.
_ - ‘T ’ F I  1C’C’-’ -7=’ - - ” ' ‘T”’ 7=’C-” ’I I_-A,’ - — I’ I’ _ - I .1, V I,, L_ I_,L,’ I ‘ -  I,, ’ I I

FLIN:’:,: : -= TO-B”. BI::EQHD-” , C’!’~~~~:’~~T .

EUFFER~ D = ACT IVEEC E-” PARAMI;
WHILE FLINK - -::- NIL AND FLINK” . BLIFFERID • -:~~

- EUFFERIE’ DO
‘r I  I.” - — C’ ‘F 5. 1 1 , ” ,-” I” , Al” , I ‘r I I ’ .” , F” ‘F I I . ”P s _ .~ Ml”., . “ 1~~~i,_ .I, I’Mi”-, , C’  — ~~ .‘ , s_ ,l, 1 111”, , I” I,_ , ,  1411”-,

IF FL~ N~-: NIL OR FLINK ’
~. EUFFERID 0

T~—iEN STAT JS = ER’R—L3UFFID
CI ‘~~‘C 7=.C, ’ ‘FC.L_ - ’ C  _IE ,C~~A l

IF FLINK-”- , OWNERE:CEF’TR NIL ./* il-ilS TASK IS .JWNER */
THEN E:EuIN

PLINK-” . USECOUNT - FLINK” , L:SEC:OUNT —

‘F C C’I ‘F 1M,.-’.”. I I, ” .C, -,Th I I RI ’! ’ ,“- ,
.I,I~~ 1” I_i,IllI”, - ‘.~‘OC,’_”_”_’,’. I “ ,_ ‘ I_I

THEN ~E3iN .“~ FLAG FOR RELEASE AND JNMC P *J
CI ‘F \I 5.” -“. I” F” , -_ P1 A C  = C’. r, r. ‘V F”. — -~ 

,~~- ‘I’ ‘ F ’  ~~~~~~ C’- F’,
I 1,_ i, lIP-, ,  I”lCI_ C . I” ;CIC.i_I.,.h_ I I I C’. - ‘-- .5 I_ . I 5,

UNMARBUFFER C FLINK, TO-B ) I

IC” . I’ .C,’j l IF”. - ’T’ ‘11. 1 “,flC,,”flC~~”,”

F” I r, 

I I” I I,’ ‘2’ . — AC.  ‘_ . I_.I L,, . I  I —, 1. I’S — P 4”, _ 1 _1 I’\ I- ~_I

F”I C’. C F”. C- ” ’ ‘F I, I I’ V I II~~-CI~~’I ” , I I RI “F ’ I, II” . I  I ‘ CI”,. ’ ‘I
L_I_ ,’_ l l_, i_’L_ ’_i S I ’l I ‘I I. ,, ._,L,I_ , ,_II_Il’S I I ’1L1* LI_ I ’V, I_’

‘F a c~ T 5.11,,- ’ .“. ‘F C’, ‘F I, IO~~~ 
,“,,“ I” I I” ,~~‘ 

,~‘ - - ‘- I”
I I  I I _ ,‘, Ill” , . A C.1, I~ II I’SI_II_’l’SCC’C’

‘I” I_IC” , I C’ C F” ‘T 5.1 .- ‘ F” A Ill .“ ‘F’ I” , C’ “r I II”, RI  - C’ ”V’ ‘~.I I I L,, ‘ “ I i_IC_ I .5, I’ M ,1 II ‘... I’ i9 I I’ . 1.,, I ‘ _‘ I’~ I’S I 5,, I “ ,1

- -~ ERP— IOIF’ 1
1 ’ I  ‘F 5.11,” ” . I I, ’C ~~‘C” II 15.1” !’ - — I -
I i _ 5 1 4 1 C’, , I_I.,_ICl_,l._I_ II ’4 I . — - I ,  I -

END
ELSE BEGIN / -~- NO I/O, RETURN BUFFER AND BCB*,/

UNMAPBUFFER C FL INK, ICE ‘ ,

RETL :RNREAL~ EMCRY FLi,NK ) ,
T’.CI ‘F I. II,.” F CI ‘F 5 . 1 1 .” “ F’ . F’ . ’ ’  F’. — r. .~~j I rI 1 I  ‘F 5 1 1  - - - C. - — r, A
~_lv_,, I,_ 5 , 1111’ , P 5,_ i, I’M(” , J  I ‘ ,,‘ ,,) C’ _ . S_I I,’ , l~~I j_

I . s _ ,I. 41 I - I_IL’ C,I,, 5_ ,5, I ’ M I’~~ / I

I ‘ rRII,’ , F”  ‘ 1 5 , 11 ,” r, ’ r .A I  IrIS - r -  “~ I_ IF -r ’ t~~~ II . ’~~ ’ - . F’, ” , T ” , I ’,I l’ I,II

I_ S I’ M( ’., s l ’ L _ _ S I ’4I” -, l  Cl _ - C . l , V I , I s_ ’.5., I IL ,  I s _ S I ’Ml” . C’ _ s _ ’ t_ - I L _ S I ’41 ’ - . I ,

CND;
I_ I’I5_ I

END / *OWNEP TRUE -~/
ELSE BEGIN /-* RELEASING’ FR:::M ,::WNER~~3 DESOENDANT-~r-

‘F C ! ‘  ‘F I* I I ’  ‘‘, ‘F Cl * 5 ,  IV’, F’, I” . ~ ‘ np” ~“S I I I- .1 I’M I ’ , , 5 , ’_1 S I ‘II I”,I_,L’I”V, C.~ C’ ‘-, ,— ‘ ~I

~ ‘! IC’15 1 2 ‘F’ ‘i ‘I” ’  I . ’  - — r r.l” , ‘ F ,” , ‘Fr,
I I I~~ ,IM — , I 7 1  I ‘ _I ,_l - -— Cf”.I”, - - - I. ‘,,‘ 4, P

C,s,_~~~’lZ 1_’ C.’,_’ 5 , I
I II’,IIYIA I IC .I ‘C’C’ ’rV’- / C V ‘ 1 , 1 1  “ ‘F’ c ” V”I
I,,’ IMI  It ’ll C’’ ,.’ ’  I I_ I ”V, I, P s_ s  1 4 1 1” ’ , ,  I 1_,SZI / I

t:W NEPTCE FL INK ”, :JWNERT:BF ’TR;
OWNERE’:CE - ~~~~~~~~ ‘ ,
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DELINK(FLINK, C:L~v’- E;C.EUHD, PLiNK’”, E:C:Bfj L I NK )
LINK(F L1NK,~~UBAV~ 5, ,UHD,FL1NI’Z”. ECBQL 1NK);
OWNERBCB”- , USECOUN1 C1WNERBCB-”- . USECOUNT — 1;
IF OWN ERECE-” , USECOUN’I = 0 AND

OWN ERBCB ’. 1OINPROGRESS :- 0 AND
OWNERBCB”, RELEASEECBPTR C> NIL
THEN BEL-’IN

RETURNREALJ~1EMURY ( BUBTYPE, UWNERBCB ) ;

DEL1NK(OWNERBCB, OWNERT CB”, BCBQHDJ
CiWNERECB” , BCBQL INK);

LINK ( OWNERBCB, BCBAVA1LQHD,
OWNERBCB’5.. BCBQLINK),

1* ISSUE RELEASE COMF’L,ETION TO OWNER *1;
RELEASEECBPTR” . ST ATUS”, ERROR : NO—ERROR;
EVENTCOMPLETE C RELEASEECEPTR );

CRIr
I,_ 1415,’

END;
END;

F RIrI ’

AUTIVEEUB”, :~TAT US” , ERROR : :~TA’1 L~~;
END.

UNMAPBIJFFER

PROCEDURE UNMAPEUFFER C BCE, TCB
1* INPUT : ADDRESS OF A BUFFER CONTROL BLOCK FROM WHICH A SPECIFIED

TASK iS TO BE UNMAPPEE’
OUTPUT : TA SK I S UNMAPPED *1

BEG I N
r-OR IREG : 1 10 BCE” . NUMBEROFMAPREGS DO

IF TUB”, T ASKMAF-’JBLB” . BEGI NNiNURE~ + IREU — ii
BCE” , MA PREGS~~1RECI]
THEN TCB”. IASKMAP E E’CE”. B’EG1NN1NC4REC4 + I REG - 1]

ILLEGAL—MAPREGISTER—VALUE ;
END.

RETURNREALMEMORY

PROCEDURE RETURNREALMEMORY C NODETYPE, NODE
1* INPUT : ADDRESS OF A CONTROL BLOCK WHiCH SPEC:IF1ES,

THROUGH THE CONTENTS OF ITS  MAP REGISTERS PAGES OF
REAL MEMORY WHICH ARE 1’O SE RETURNEE’

OUTPUT: MEMORY IS RETURNED TO FREE POOL *1

BEG iN
CASE NODF.TYPE OF

BCE, OCE, ICB, iCE:
IF NUDE-”, NUMBEROFMAPREGS > 0 T HEN
FOR IR EG : 1 TO NODE”, NUMBEROFMAPREOS DO BEGIN

6 — 4 6
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CONVERT NODE”, MAPREGS~ 1REG ’J PROM MAP VALUE 10 PAGE NUMBER;
PHYSPAGETAI3LE ~ PAGENLtMBER ) : 0;

C5.Ifl ’
1,_I’l L/ I

REMAININGF’AOE’~ 
: REMAININLiPALiES + NODE”. NUMBERUFMAPRE~~~

,

END.
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IN T~::- : — ~~~~~~ ~~~~~~~~~~~~~~~~~~~

R’JUTE:~ ~~.~NC- 1 i:1N: ,

1, 1,,

PR’OC:EDU~ E 5ENLIMg5SAL~E (~ ,f:~.F”i R

- / *1 HE ~-‘AkAME’~ ERS S’i ORELI IN I HE ECB AkE -
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GLOB AL ‘I ABLE

MBIJFFSF’Ei,:: F~EC0RI)
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,-‘ *~‘~_,~ f:~ I HE MF_SSi” CiE 5FF C. 11’- ~, ER ~,;N I HE IESSAuE ~~ EUE, CIF-
1HE, REC:EIV 1NG I ASK,, (‘NJ_ I 1’~r.~ICA~I ES i,:;,jMF’Li—,l .I’,UN OF ‘1 HE
EVEN’I A5::.UL : LA I EL,; ‘54,fl’H THE ME ‘I ’

~~U~~, ~~LIEI,)~~~~4,/

~EGIN
MESSAUEQC-B - 

— MES:~:AC-,Ei ABI_E ~ 
‘i ASKNAME]

L_ IN K C EC-BF”TRi ME:3:~;AGEC,’Hl’~.ALI , EC:i::F’T R” - _f :L-:1,!L iNK
MESSAI:~EQCE:” - . N1ESSAGE1L’ -

EL:BP1 S’-’- . M~~~~ ;A LIEAU ,
ME~~

;
~ uEuCE” , MSLENG I HPIR - ~

- EL:BF’ k” . iI~.LENLi H;
ME:~~;AuE uLB”, ~N:~L?_Nu] HF’TR : L , 1.:L*”i’ r<’ ’ , AN~;LENu IH;
/*riFc:REMENT iOiNPROi3RE:~~
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~ OR ~~ PR MES SAGE SC:k: l-~NEI , If -

NUT OWNED ~:Y ThIS USER, iN OWNE R’S MESSAI::4E L-~C:B*/
EV ENI C:UMF’LETE (ME5SA;:,E;,~C:i~i,
END.
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~~ PEC i,;E:~,TME:~~,AGE

~‘RT::EL :..E’,’F_ REQI.JESTN1ES:~;AI-~E 1-,C.E’:F”i F)

. .— 4 T HI-:  PAR’AMEl F_R:E: S [ORE LI IN I HE  Ec..R ARE,
EV EN1FLACI, aFLr’.L~1 . , EFL,.5’~U15, :~.L~~;I-’f-,Nr,I
ME::;SAI3EILIF’i R: POIN’I ER 10 1HE USER MESSAGE 10 PARAllEl e~
ISLENGI HF’TR. F’O,tN’I ER if , THE USER MS’LP,NOTH PA RAMET ER
ANSLENOTHP1 5: F’OINflER 1 I 1  1 HE USER ANSLENO IN F’ARAMEI ER*J

i~E:iiN
T~~~KNAME : ‘- ,L.EP1R’ . 7;, ,BF’Tr’,’ . ILEP I R” , 1A~:’(NAME,
IF ./*CAN ‘iHL~

; 
~;ASK RECEIVE ME’~,;SAOES’?*/

TA~~K.NAIMF. ~
‘ N I L

THEN ,r-* Nt:,, RETURN ERROR* ,/
ECBF”I R-” S l  Al US. ERROR - ERNO I I

ELSE
r-:E”,IiN
MESSAOF_Il!I,.,F: : ‘- MF.:~;: :AGETABLE ~‘i ASK NAMEJ1
- / *MOV E E’C.B F- I ELJJS I Li

- 
— MESSAGET A BLE ~- ‘I ASK-NA ME)

NIESSAUEC’I:.E:”, EH_AO - ECL-:PTF - -  
-

ME:~,::;AG’EC~C:r::-” :E ;TA TUSPT F . “ EC:Bf-”'I F-” . ~~~ I~ ;l :~- H’l
-/ *1= (‘,:~.F’. Li NKrUE F CR C,ALU::O1lF’:,,N,T F*,’
ACTivEE::r~: -

END,
ND.
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/ , _ 1, 1. 4 SENDANSWE R IS)

PROCEDURE SENDANSWE R EC,E:PT R);

,/*THE F’AFAMETERS ~T lRED LN THE ECB ARE :
EVENTFLAG: EFLAO I - EFLAO1~~1 ~USF’END
IIES:E;AGEID: IDENTIFIC:AT ,ION OF THIS C:ONVE RSAT 1ON
ABUFFSF’EC. RECORD

BUFFERID, INTEGER,
ADDRESS: INTEGER;
.“ T ’ ~~C .  T RI ’ I ” ’C’ .1, L ,1,, A I’M I

END; */

~‘*F INtl I N:E:T5I, f:TI C-N ECS 1N ~ES5At~E~l F -< TH I’:.
FOUND - FALSE,

‘ c’ :- -- A . --F’ - .-’ - —  ,“F”F’ :‘:- -‘~~
“- F”-”1 -’: ‘~~~F’-”~’”F ” -’-- ‘1_ C , F’F’,.-” , I , ~~~~~ - F ” , ’ l  ~~~~~C’I- ~~~ .~~ 

..,, B - -- -~~ ~~. ME -, -., ~- I ~~~~~ ~, L.4,. (s_ 5,, F I I’~ - 
, - L1F , ,‘~ - , RL’L-5, -_ - NA1 ,s_),

‘F 5, II”7’ n I I ~
. ‘7’ 7 - — RI F” C” F’. F” I “rn — I’,C ,“. ,~~- F’, C” r’ C’ “fl, ‘~ I IC ‘~ r “ - - F’, ,“ “F‘ -,I,I’I’:’ I I” \ _ ’ _ . I ,7 , ,_ I41C.L.CII~ 1’V, - -‘ I I I,_ -_l - ,_ .I II_~~s _ ’,I’,_ - A _ I . ~-.r.It I IS,’ , I I..”,.,_ I I

W HILE ,I’*SEARCH INSTRUCTION LIST* ,,
INSTRUCTIONECBF’TR --::::. NIL (‘ND NOT FOUND

IJLI
BEG IN
IF ,/ ‘ * IS’ THIS 177*1

ECSPTR-”- , MESSAGEID . = INSTRUCT I ONEC:E:F’TR” , MESSAGEI D
THEN /*YES, END SEARC,H*J

FOUND TRUE
ELSE .f’*NO, - ,EEF’ LOOKING*J

INSTRUCT IONEC:BF’TR ~
- ,[NS’I’RUCT i;:;NEO.BPTR”-, EC,E;QL INI.,, FL INK;

END;
IF ./‘*ERROR IF NOT FOIJND* ,,

NOT FOI,JND
V I I 1 s_ I 4 1

Ef-E:F’TR-”, STATUS, ERROR - =‘ ERMESSAGEID
ELSE J*FOUND, F’ROC.EED WITH SEND*,/

BEGIN
IF ‘*15 THE -3ENDER IN THIS F’RO;:,E:~,S0R-? *,/

ECBPT R” , ANSWERED, F’ROCESSORID - TH 1SFROC-E,E SCIR
THEN ,*yE~ , DO THE SENLI YNC:HRONOUSLY*/

“ ‘ F R I
~~~~~~~~ £ I’M

/*MOVE ANSWER FROM RECEIVER’S BUFFER TO SENDER’S BUFFER*/
/*DECREMENT BCE IOINPROGRESS FLAGS FOR SENDER -’ S

ANSWER BUFFER BCE AND , IF SENDER DOES NOT OWN
THE BCB, THE OWNER-” S BCB*/

Ec.BF’TR-”- , STATUS, ERROR ; NOERROR; /‘*DONE*i
/*REMCiVE INSTRLICTION EC.B FROM ‘IESSAI:,EQ*.f
Fl” , * 5,11 ( ‘r 5 , I . ”F F,I ‘ ,“ - ‘I ’ ‘F — RIF’ “ -FI C.’r rs I.,I C”~~’.” - ‘S, “ CC “‘F. “1L1C’ ‘S,r

A I ’ll ’ ., • A I ’4’ _ 1 I (‘s I,,4L~ 4, LII’M~~,I_IDI I I’ll I IC~C’C’FIbC,I,ISi L,A~~. t~’,ni,ruj ,

V 5 I .”F’V’, I I “ F ’ ’ F  ‘ l1,IC’ - ! .~~ .“I”F ’. - ’ - , ‘ —-r’ “ I  ‘F V’.II,,” -
s 51’:’ I I’S, ,JI_, I A I_ll’lC,LkIr I I’S, . L_L’A,UL, S I’ Mr l, I

j *SIGNAL ~.ENDER THAT MESSAGE HAS ARRIVED*/
EV ENTOOMPLETE (INSTRIJCT IONECBPTR);
END
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ELSE *~~J5T TRANSMIT OVER BUS*/
2E0 I N
!* ‘E NCREMENT THIS F’ARTY -”S EC:E: IOINF’ROOR ESS FLAG AND1

IF HE DUES NOT OWN THE BUFFERJ THE OWNER S FLAG#/
LINK (ECBPTR, SENDANSWE RQHEAD1 ECBF’T R” . EC.BQL INK ) ,

IC5,I’IS’C”C’ M l ,I C’rI ’ 1 -‘~~Cs I r /~~RI.;- I IF” I”I — 5” ,, ‘ -
I 1_-U~ II L- I_, I 1— ~. ‘:ICd ’lJ_I~ ’lI~4, _1l’F~L,I’~l’,!L, . )

C5,I -
s_ I

~ND.
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.~ L, T .E.F’ A~ :
, , .HEF 

F’ ‘ , ~~L
“ .5. ‘
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“
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~ 
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~~ 

“~~ 5”5’~ I~ 
- -

r~IRiIiEui :kE t’ ISPAI ;:,HER;

- - * I NF’Ij’[ : ENQUEIJELi EI::r~ “ S F RUM I HE i~:U5 I ‘fl EkE ALE DR 1 YES AND F RI. IM
‘V - I “ ‘ l r . ’ . C ’  ‘,‘ I I  7” , ‘ —
I 1”~E MIJL)LILit’,, ~,iF I r’iE ,~ LII,,I I

üin F’l ,fl - ECI~
; -“ -.; 1’-;JR THE. BUS 1 N1 ERFAC,:E DR 1 VE . R OR F:.VEN’f COME-tEl I ON

Tl:i THE. SENt’ I NO AND RF_C:E, lvi NC, TAS.KS*/

B E G I N
/*SEI UP TIME OUT E ,JS 1 *,/
WA l TFCIRTUPEN1’RY EFLAG 1, MESSAGE I N51 RIIC:T] ONQOB, VAR 5’E Al US),
W AI TFCJR1 OPEN1 PY C aFLA02, MESSAOEOLn QOB, VAR S’I’ Al LIS),
WAI l FC,’RTOPEN’I RV ( EF’LA631 :3E.NDANSW ERQC:B, VAR’ Si Al’US),
WAIITFI:IR1OPENTRY (EFLA.Oi, 1 RANSFER’ME.SSAOEUCBI VAR’ Sl AT LIS);
W A I TFURTC’F’ENl RY ( aFLn’:~5, ANSI NST RI. , :i:: ’I ‘I ONQC:h~, VAR ST A’I LIS ) ,
WA J TFiJR1 C’PEN”IRY ( EFLAO~- , M~;i3LIf-FCULIEQC:E:, VAR ’ STAl LIS )
,.JAIT”,ISTflFFNiRY (EF- i (‘1i7 A~’4-rI FFII:lIIF-ncI ~(‘F~ 

:

WAIT FO RTOF’ ENI RY ( EFLAGS, C:,:IMPLE’r ICINI;!cr::, VAR :3TA’I U5) ;
WHIL E /*INFIN11’E L;JUP*/

TRI,. IE
[10

~‘:EO iN
WA 1, 1 ANY 1’: FLAO I +EF LAu 2+EF LA’::~3+EF LAC-i ’l +EFI ,A I .,5+EFLAUC .

+EFLA,:i7+E Fl. A ’L’S.+EF LAC~9, Er- FCILIN1.,) ;
/*RETURN WITH OLIEUF, EN1RY OR I IMEOLIT*/
-/ *EC:E:F’TR IS SET TO HE a’f:1~ CE- 

‘I’ HE i:iF’ ENTRY F :‘R EF— I_AI:V8 1 ‘1 HROIJGH
.3, AND iS NUT SET F-OR EFL~AC’9, IHE I1ME,:iuT EVENT FLAG*;’

,f *T1~~ WA ITFORTOF’ENTFY FUR ‘~HR I~!UEUE FOLINfl IS F&_l~~~UELl ; ThE
TIMEOUT F’OS’TIUN OF’ ’rHE CASF, 5’I(”I’EMEN’;’ BELOW WiLL R’E~:E I I HE
PRIJF’ER I ,L MEOtJ1’ VALUF,*/

CASE EFF OUN D OF
EEl ,AO 1: /*MESSAL4E] NSI RUC.1 I

BEG I N
,,“*[IE”IERM J NF i.IES’; TNAITUN*/
TASf ~’NAME : aCi~r-Tr~”- , i A~’KNAME,
MESSA,”,EREC:EIVFrJ ( EC:E:FII’ F) / *Li NK E : 1 0 ME5~ ,AI,~~-.iI INLI

Nol 1FIE::I REC,:EIVER*,’
END; —

EFLAG 2, EFLA&33: ,/‘ *MESSAUEOUTQ, 5ENIJAN5WERQ* ,

BEGIN
IF

EFFOUND - EFLAO2
THEN

/ #‘3ET f:C;NVER:—A1 ION ‘ I NIEULI’T IN I I IEi:,I.,:I I, :.T, LF - ‘I
I I N1E1’HI’ VAL.,.JE A - ; :.HL,IRI ~

‘- F I HAN Hf-. L:IIRREN1 .~EAtI LIr
THE 11 MFjJLI1 LI Si , tJELE1 F I HE i::URREN’l ‘r I IF_OI.J I:~NLI
,,ISE THE NEW 1 IMEOU1 VALUE ‘IC’ RE1SSI,jE I HE I 1 IECIIJ ’i - *1

END;
F / *SHOR1’ MESSAGE. CR ANSW ER* ,/

r cBPTR-”- , MSI_ENC’i N -C ac:I~~,PACEF:,)R’MESSAOE
THEN
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BEG IN
,1*MCIVE MESSAGE OR ANSWER INTO ECB*,i

- - -~*FA53 ~~~ TO BUS INTER1FA C:E DRIVERJ INDICATING’ ME:3SAGE OR
~~~~~~ 4 ,N T1-E I N:: I RLIU I ,1,UN~. C.L,t: ~~ I ,.,~~N::; UN :;C.I ’41 I Mit:
FOR MES:3A0E4 ON C:::IMF’LETIONQ FOR ANSWER. */

CI.Ir ,

ELSE J *LONO MESSA GE OR ANSWER*/
BEGIN
/*p~ SS ECB TO BUS INTERFACE DRIVERS INDICAT ING INSTRUCTION

ONLY. RETURN FOR BOTH CASES IS ON THE SENTINSTRIJCTIONQ, *,
END;

END; /*EFLAGS 2 AND 3* .!
EFLAO~1, EFLAO~~, / *TRANSFERME:3SAGEQ, AN SI NSTRUCT I ONQ*/

~3E3’IN
IF ,,*ANSINE;TR:JC:TICIN”, ’T’*/

F’, I IlS I r. . — F” CI ,-“, C-
ItI “ 1 _ I ,,JI41LI - -— ltI L,,J 1.7,_ I

THEN ,“ ~-Y ES, ::iET E~JFFER ADDRE:33*,/’
BEGIN

— I -I” ' 5,I” F’ I’,4 C’ F ’-C- /’, ‘ I ’ C ’1 1 IC A I” I” ‘F F’.1’ ’~I’ -I Il ”i I L’I-lI,_ I_.L,Ir I I~ S - “ .,,IL,I’M I I II~ .
,_I , lF  UI,, I,i.,I I .I-I AJ, C’ 1, I”,’:’ I I

F”F’,I IkIr - — CA l  “ -F’
C’ I,, ,,_.I-SI

~ J - ‘ I

W HILE
MATt:HECBF’TR -: :- - NIL i’NU NOT F OUND

Dci
BEGIN
IF

MATCHEl::EF~TR-”, MES’S’A’JEiD = EC.BPTR”- . MESS’AGEIE’
THEN

“I 

FOIJND ‘ TRUE
,I

~

I 
.~

MATCHECI3FTR : ‘ MATCHEC-E’;FTR”~, ECE:QLINI’;::. H’s_ INK~END1
IF

NOT FO I_IND
THEN

BEG IN
V I. I ”T’ V F”SJ I Cl’, “ ‘, r’r r’, , I ,  I.

~ ~I’~51I_~ I ‘iC’ T I_ I CS,l_, LIr ~~ i’~ I’S,l ,J4’1 ’5I’ ,/

Ci’OTO IC
END;

/*GET USER’S BUFFER INFORMATION FROM MATCHECB*/
END

ELSE /*TRANSFERMESSAGEQ*/
,/*GET BUFFER INFORMAT ION FROM REQ.UEST ECB* .,,

IF ./*15 MESSAGE OR ANSW ER IN INSTRUCTION’?*i
lNSl~RL;CT IONLENOTH :> BAS IC INSTRUCT Il:N

THEN / *MCVE IT NOW *”
~_I ~~, I,~ A I’ M

/*MCV E DATA IN ECB TO USER BUFFER SPACE* ,i
/4513NAL EVENT C:OMF’LETE TO USER*,”
;3lJT::I 10
ENtI,

- BUFFERC:IJDE ,1~ BLIFFERCODE,
BLIFFER000E - E:L;FFERCODE - -;‘ , ;
/ ‘i’F’A5 :3 ECB TO BUS ~NTERFAL-E DRIVER, FECIL~EST INO BUFFER C:ODE

“'F, S IfI, ‘F , - C ”  ‘F C’,5,I FS I 1”~ F, I” “F’ I IFI RI “5 IT “F‘ ‘_ I F’ I~~ F” C1 5,1 ‘I’ I IF’ “ C’ lyl r I  I~~ “ ‘F C 5,ICI
I ,“,I’ I41’ :’I I S  ,‘:, £ 1_IIS I r iI41&,,’ I” S,it I ,_ II ”!. I 41  ‘ _ ‘l I . IC. l_ ’_’l_ l l,,II’M I I’l l,., I_- ’,,I IC’ L,it I S I _I  I,’,

WITH THE DATA IN THE USER’S E’;UFFER*,-

6 — 5 6
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10: ./ *EX IT WITH ERRC;R-~/
END. -/ -~EFLAGS AND 5*,

EFLAO~., EFLA’:47: /*MSBLFFCODEQ, ANSI3UFFIZOE,EQ* ,,
B E G I N
FOUND - “~

MATC,HEC:E:F’TR - = .~ENT I N:,TRUC:T IONC~-EAD, FIRST1
WH ILE

MATO-HEOEF’TR -Ce- NIL AND NUT FOUND
‘F-
A-

BE G I N
5,

MATC:HEC.BF’TR—” , MESSAGEID : ECBF~TR” . MESSAc4EID
THEN 

— - F. I~~ ’
C’ I_I I,,,N[l - -- TI~

I ’ I
l,~~I., -,, It_

MATC:HECBF’TR . MAT:::HEC:BPTR”, ECBQLINK, Fl_INKI
END;

NOT FCILINt;
THEN

BE Ci IN
,f’*NOTIFY LERC OF ERSOR*/
:4010 20
END;

,/$~3ET U3ER B UFFER SPEC. FROM MATC-HECB*.’
I F,f~ C”.” 1 ’ ”-Q ‘r’ C’ 7’S I IC” ‘r I”r’ r”r,r IS, “F’ ‘F ‘F. T i  IF” . r,F” C I IIrC.’F’ ‘F RI —‘/ * ‘F I” . I _, I_, I,.,, J~,1 I 1_i C. ‘_ 1 i 151 I it “SC’ - ,L- I,. I_i rS, A it “,, ‘V, ~~ 

I,~~I,,,.I,_ .,,I I 4, I ‘,L’ I I II I I

THE D~’ ‘ ~‘RDM THE USER-S BUFFER BE TRAN:3MITTELI
WITH E,::E~-- CR” , I3UFFERCCiDE, THE BUS INTERFAC.E WIL L
PERFORM ANY NECESSARY F’ACKETIZATION * ./

/*RET~JRN ~s ON THE :3ENTMESSAGEQ FOR EFLAGIS, AND
ON THE C:C;MPLETIONQ FOR EFLPIG7*,/

20: / *EXIT WITH ERRI:IR OR :3HCRT ~ESSAGE1ANSWER*J
END; !*EFLAI:45 IS AND 7* ,i’

EFLAC4S’ /*c:OMF’LET I ONQ*/
,‘itL’ I I’I

- , *T:-:E BUS INTERFAcE DRIVER RETURNS INFO R M A TION ON THE
NATURE OF THE COMPLETION IN ECBF’TR ”, SUBFLINC, *,/‘

C”f l .”F” r’ C’.r.r,’rr, .-” . C” I’F.’F’ S R I ”  C
I ‘_ IA-, i t_-I_ C’ I I’S, . -:. LIA I I” ‘_II 51L-

MESSAGERECE I VED1 ANSWERSENT:
BEGIN
ECBPTR” . STATUS. ERROR : = NOERROR;
EVENTCOMPLETE ( ECBPTR);
IF

ECBPTR’ - . :BUBFUNC ANSW ERSENT
THEN

BEGIN
FOUND FALSE;

— , ‘ —I it -:,.:.r ,Lir,t~;,iI_. ‘, . --. -

OETMESSAOEOC- B C ECDF’TR”- . TCBPTR ‘ , PROCESSNAIIE),
IPITCHECBF’TR : M-ESSAOEQCB, Q.HF,PID, FIRST;
ILJ 1’ I I’

~~r~ S s _ s _

MATCHECBF’TR ‘0:- NIL AND NOT FOUND
I_ I

~:EriIN
* F.
S I
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MATC-HEC.BPTR”. MES:E;AGEID - = ECBPTR’5 . MESS’AGEID
THEN

FO IJND : ~
‘ ‘[‘RUE

MPTC:HEC,BPTR - MATCHECBF’TR-”, ECE:QL INK, ~LINr’:.;
- I

itIMLJ,

IF
NOT F1JLND

THEN
BEGIN
/-*NOTIFY LERC OF ERROR*/
.3OTO 30
END;

DEL xNf~.’: (MATCHECE:PTR1 MES-S’AGEQC:B, QHEAD,
MATC-ECE:F’TR- ”- . EC-EC!LINK);

I ‘r 1,11,” 1 IVIAT ‘LJ “‘T’.I” ,’F’F. F”i”.Cr” F’ ,~~-V ” , “I_IF’”S ’F
- - I,, 1, 1 541”. l~ I 1 I .,‘I”l _ L,’r I I ’ll C’ I’S,C.its_L.4~~ ‘S~ I ICI”l L,

i,,4fl’V’,’ I  IC,” -r, r’ ,fl” rI ,” , C, - f l I” ,I ‘F 101,” -
• I II I I l_ ,C’IitI_. gZI ’F I I~ , - i t_  I_I ‘.-Ss_ .4, ‘Il’S I

END;
END, /-*FOR ME:E.SAOE RECEIVED OR ANSWER SENT* ,~’ANSWERREc:E I VED -

BEGIN
FOUND : - FALSE;
N1ATCHECBPTR - SENTMESSAOEQHEAD . FIRST;
WHILE

MATCHECBPTR -c:- NIL AND NOT FOLND
DO

BEGIN
IF

MATCHECBPTR-” , MESSAGE ID - EC:BFTR ‘
, MESSAGE ID

THEN
FOUND . TRUE

F. I” ’
MATC: -- ECBF’TR - = MATC-HEOBF’TR-”. ECI3QLINK. FLINK1 -

TUD
IF  

L.I I

NOT FOUND
THEN

BEGIN
J*NOT IFY LERC OF ERROR*/
GOTO 30
END;

DEL INK ( MATCHECBPTR, SENTMESSAGEQCB, QHEAD,
MATCHECBPTF<”~. ECBQL INK);

I ‘F 5,11,,. F’ “ “F l ’FI ‘F’ F’ I~~ r. ’F” ’~~’ F” V’ I’~I_I I” A ‘I,, .1, I’l l’ .. I, C, _.L~~l” I I’S I I I’sC,,s_ I.,..’_,I_~1,.’,SI II_,I ’l 3
—.r, r ’, - r F , ,.’, I” , ’Y” , ‘il It li .”i t_ I_ C’ I I , s_ I  ,I,li l,, 4 ,IIIP.. 1 3 3

MA TC-ECBPTR” . STATUS. ERROR NOERRORI
EV ENTOOMF’LETE C MATCHECB);
END;

END;
:3C ./ * EXIT  W ITH ERROR OR COM PLET ION * ,/’

END; / *EFLAG 5*1
EFLAI39 : .1*TIMEOUT* ,,

,I*REMOVE TOP ENTRY IN TIMEC:L:T LIST* ,/
,“4RE;.lI,JE::,T NEXT TIMEOUT W ITH DELAY ( EFLAG9I . ,  )~ *~~

,“*F’t ND MAT CHING EC:t-: IN MESSACEOUTQ, SENTINSTSLICTIONOI

11
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C~ SENTMESSAGEQ AND Fl_ACE IN EOBPTR AFTER OELINKING* ,/

EC:E:F’TR” , STATUS. ERROR - ERTIMEOLIT;
“' I ITS  I . ‘ ‘ ~~ F.7 5’ C I CC” ‘Fl l’I’~~~I” ’
C1 ‘I I_IW I L’1_ 1 I I ” ,_C. I A-. ¼ s_ I,,.I_.r I n /

END3 i*EFLAG 9*11
~.

-3L; ,-“ *MA N : : “,SE ‘~,TAT EMENT*!
- I ~~~ I / * I NF IN I TE LJOF’*/

a’ ND ,1

6 — 5 9
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6. 5 FILE MANAGEMENT AND INPUT,’OUTPUT FUNC:TIONS

3 3, ~~‘ I C ‘F I F. MA Is I “SC” T4~4F’ s I  ‘7’- .1, 1, I 4, 1_it I II ,I” II’ Il,i1_I IitI ’4 I

6. 5, 1. 1 O.REA’TE

F’RIJCEDURE CREAT ESYN( : C ECBPTR )3

/*ENQUEUES REQUEST ECB FOR CREATE*/

BEGIN
LINK: ( ECBPTRI CREATEQHEADI ECBPTR-” . ECBQLINK~~EVENTCIJMPLETE C CREATEQCB);
END,

6 — 6 0  ‘
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- .“

- , * ,, “Ir - _ I , -~ .‘EN - .3_ i ’ l s - ~ L-s_ ~~ s_ - _ ;_ ,. ‘ ‘ S~ _~~~~ ‘ ,. ,~~,. , I i t’ I, - ; _ ’C,

I_ - _ - I ’ I I l - . . i 4 j , . ’4 ’3 ,

F.~l_aN.~~;E. :T LE~~\MET’,~-’E.
‘ILET”i’FE, :.EC’MaNTSD. ~i::

’
~~

’
I IG’L’ C L:~~,I

FILESI::. INTEIDER; J *.;:ZE OF :ILE FOR c,:NTI::iLC.~
_:S1

— ‘W C ,“5~~“ — ‘I ‘F’ I” -‘ l”,~~- S~fl~~~’5 VT’ — ‘ m r .
‘~~S ,~,it I_lI~ I _ h I l l ,  . 1 C , I_lI I C . 1 5 1  I I’

SE3MEN’fl i:~ 3,S VEN TN WC;RaE.*,
OUTPUT , CREATED FILE OF SF- E::IF1EL; NAME T IF- E ‘;ND SIZE

uR ~~~~~ V .” -~-C,I”SC’ S s_ .:. C. X .1. -: I

“I.” 15 1 ’?’ - r i ’ ‘r ‘sh” I IF” ’F C” 1’I % ‘I’ - ‘ . “ I  ‘7’ ‘F “- ‘ “I ‘C” “ '‘‘F’ , 4, - 1
I I .7 1 I’ M , .l,, Ir C’ 1. 1_ , 

~l, s_ 3 ’I I I,_ ,l_IIM I .5 .71_ lI _ I _ -: :.r I Il_-C,

ERLIIR cIRE :.’rI :RT ’ ERRC;R4 ,I

BEiJrN
�~HIL. ‘4 INFTN IT E LOUP*,

I I’~~I~~3 A-.

DC; ‘

B.EA IN ~

‘

~

‘

*SL~ :F’END UNTIL REQUEST COMES .rN*1’
WA I TFORTOF’ENTRY SLISPENDI .: RE’’r E’QHECD, IAR ST’Y’_ S ;- ,
E::BF-TR ,

~:TATU i:E; VAL,,E1;
- . - “_  ‘ .

‘
_ 

‘ - ‘. I~~, . ’ - , ,  , ‘, ‘ - I’ - -
‘

I .7ETC,Lt F .~~~,l’\ ,,3 j I ’SELUL:l”~, ‘1 1j, ~ ._ _ l, ,LI ’:: , ::, 1_ C .~ ~~~_ I C ’ I  L I _ i l V . 1 ”. -~~ 1I”~ I ‘ _~~‘ )  I

“An ri “F’ - .  ‘F I ‘F” I””~’ F, I FlI 11 ’i” ‘1’ 1” 5 I -“.1”, ,“‘“7’ P1 “~ ‘I S. ” ’ -II” . 3 I_ It , _ 1 i,., I”S ¼ I.:’ LlI 1. I,. V F’lI”, .‘:~ I I’ I ..: .

F’ INCDIR EC:TORYENTRY (ECBF’TR” 1 DiRBL:; - -:,PT~:’ ’ , VA R ;:;IRE:L:c- -.,1
I I/I,’F. C is I “I’ F, *3 -v~~n ~~i’M , i”. i 

)
IF ‘ *ERRUR IF FILE ALI~IEHDY E X I  ~~~~~

ENTRY - -,:: :- - NIL
THEN

ECBF’TR” . STA T -

EL_ SE ,~ ~ C:REATE F tLE CF 5F’EC:IF ‘ED “ ,‘F’E* -‘

BE:’; IN
.“*OET ~~ .[_ I_ T ILE IF :-i:sTI_ ~UCUS, j R ~~~~~~~~~~~ :,r.:. ~C’

‘:A:E- E ~- I , B ,F’ T ’F, F’ IL E’r T’F’E OF
3 _ LINT

I ,C , I ”I :. ~~~~c ,:-~~
- I- 1,~ ~aCBF’~S ’ , T I _,E~ ,~~::,- BL-FTEF ’ 5

4 ” , — ‘I’ ”I r ”” t”,i  — ‘ ‘  - -
‘.1 1 . 1 ’ S  -:. I I . , ” . I I_II,,,, I_Il_ , l ’ , / 1

,
~IEC’MENTZD.

‘:~ETooNT x3u1:IussPAc-a (:~pEi:3I ZE1 BUFFER - ,
V AR TPRTE,LIJCI-::.)

- ‘s_I’ll I

IF ,- 4WA 5 ENOUGH 3PAC-E :~-,:; ,ND ’ 
~~~

.-

- -‘- N I L
THEN ~4NU1 RET;_IRN ERROR* ,’

EC.E:F’T F: - :E, T~~T~ hS, ~~~~pI:Ip - -—

EL S E ‘- *SF’{IL- E FOUND, ENTER C” I_ E*,,’
BE GI N
-:,ETFREEDI~~EC:TORYENTR’ T’ EI:BF T R 1  ~~ 

j , :L,, : I - - ,~~T~,, ~~~~~~~ L~ ~~~ E:LI_ l~~
- : I

~~~ C,N I r, ’T ,l I

t F  -‘ *~4~~’5 A FREE aNTR’~ , ‘,iLINLI ”r ,

EN TR’f ‘ I SI I_

~EN 4i~-~L~ ~E’iL-R-N 
S;:RCF~s
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-
- £T~~ 1 I ,,~E: , ERROR - 

—

LI- ” :- E  Ec- B F”cR - F,r LET’IRE I .F

‘:.IJNT I GULL:- -

— - r” - — ,‘\ C’- “ -“ , I ‘7’ — - I ‘ , ‘, I  : - - ‘ - - - F, 5 — - I”' ‘ - ‘ ‘V” /S “~ , ‘F’7”, I “ C’ I ‘ V”it I,,, it I 1-: :. 3,, I_ Il ‘1 3 -3, I_~ 1,3 I_ I I_ I - ,  - ‘  C’ I’ ‘ I_ C ,  I I’ ,I’I I A,’ A- _ 3 I_ I ’ ,. I C’’-,’ l~ I” I .’, I

1’ ‘V I”' I- _ 3,,,~ I I I’. - l~ 1 I._ s_ C’ £ ,, C. -

~.EC’MENTED
REL:AS,EC,CNTII:4L~OLISS~~I- ’~~.E ~ST~:::RTBLI: C,l’.,.I BUFFER ‘

,

SF’E-::E. I E

END
ELSE ./~ ENTRY FOUND, PRUC:EED* .,

BEGIN
DIRELOc:KPTR” , ENTR’?J. F L ENAME , = ECBFTR”, FILENAM E1
UIRBLOCKF’TR-’- , ~ENTR’T’], START ,’~DE;R - - -3-

IF ,*j::ONTII:~LjotJs iJR 5EG[1ENTE ;’~”*~
r” C’ !“ .r’ . ‘r , ,,“, C ‘F I ‘ \  ‘F’ , I— — ‘ “ I ‘7’ ‘F “1 I ‘ ,  I
s_I_-C. r’ I I’S - C’ I 1_it I Y C’ C. — L- L 51 I -L 1.7 I,j I_I

THEN ,.- 4SET 0 PENTRY FUR CCINT I UUULS~
,
~BEGIN

DIRBLOC:- -: F’TR” , :ENTR’fl . “ TIP IBUTES , C I T  IGLOLS - p L I~~~ .

DIRE;LOC1~,PT R” :ENTR i ~~. F ~LE.:’IZE E::E;F’ IR’ - , SIZE ,
/ *SET El I RE;LOC-~- ,F- ’rR- - -

. c,ENTR’~ ~ - ENDADDR EQUAL. VU ‘ HE Di
E:LIJCI< WI-i I f-H REPRESENT ‘~~ ~~~~~~~~~~~ I 11l j lL 1, 1 SF-A CrE

EQLIAL TO N F.;LIJC,~- - ,SI W~-iERE N
~EC-BPTR’ SI E-’-E ’ SC:BLIJC,~:,3I E— i 01- 1 DI3i:: .LOI~~- - ,, ,, L  ZE4 .’

END
ELSE t *SE3MENTED*~

BE G I N
O IRBLC’CKF’TR” - ~ENTR’~’ ~~ . AT’l’R LEUT ES, :~ EI,MFN TEE T~ LE.
DIRBLOC--:,F’TR-” , I, , E I’ 4 T ’ \ T ~~~~, FtLE:E,CZE - ~

‘

DIRE’LIJC~,F’TR “ , :ENTPY~ . D~ I ’ CEL’MEN,.:. L ZE — EDBRT R’ - s IZE ;
DIRE:LC;C: -::,F’TR” , :EN”F:Y:~, ENr,II’5;DL;F: - 3-

END 1
GETE;ATE I, DA T E ) i

GETTIME i ’1~ ME,1
DIRE L:;L’:-::,F-TR--’ , :ENTR’Y:L I kEI I~v~~ E - 

—

DIRE-:LCu”,K FTP” ENTR’~ ]. .:R TIME - 
— T IME3

/ *WR ITE E l I R E L C 3 C,~,~ B~- ’; C - -:, UN ‘
~ HE LI ,~

: I - ,, .:- . ERRuR - NL;E ;R3
END;

END;
END ,

EVENTCOMPLETE (ECBPTR),
RELEASEBLIFFER ( :5,USPENtI, BUFFID, VA R 5’~7’~T~.5) I

END,
END,

* The CREATEQUEUE is a queue of ECB ’s,  each containing

the informa tion needed to proces s an appl ica tion ’ s request to

have a file created -
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PR’OC-EDUR’E FINDDIR’ECTORYENTRY (EUBI BUFFER.. VAR DIRBLOCK1 VA R ENT RY ) 1

,“ *T HIS PROI::EDLIRE DEPENDS UF’UN THE DIRECTORY STRUCTURE
OF THE DEV ELOPMENT OPERATING SYSTEM*/
BEGIN
FOUND , = FALSEI
DIRBLOC:-~ , FIRSTD IRBLOC~-: ,
W HILE ,/*I_ ;JIJP UNTIL ENTRY OR END :1F DIRECTORY FOUND*/

V’I ‘F ~‘r’l ,“ C” l,,C -‘ — I ‘S. ” r~~ ‘F “ 'IT’ ll C’
~ I’SCIL.UL .I\ ‘-,. s_I”I ’,3 I Li I l”L Ds_IJL’I’—,

AND NOT FOUND
DO

BEGIN
,/‘*GET DIRE:LOCK FROM DISC AND PLACE IN BUFFER*/
CKl’T’ I3-. ’,J - — 4 -1_IM I (“S I - — £ I

WHILE /*CHEC -::. EACH ENTRY IN THE DIRE;::TORY E:L01 :K* ,/’
ENTRY - - : =  ENTRIESINSL;:iC: -( AND NOT FOUND

DO
BEGIN
IF 1*15 THIS THE ENTRY SOLIGHT?* ,/

BUFFER [ENTRYI FILENAME
ECB. FILENA M E

THEN
FOUND : = TRL[ E

ELSE
/*KEEP TRACK OF ENTRIES CHECKED IN THIS BLOCK*!
ENTRY : ENTRY 1;

~ND;
IF ,“*lF FOUND, DON’T INCREMENT tJIRBLUCK*/

NUT FOUND
THEN

= NEXT DIRECTORY BLOl:.K (DEPENDS AN DISC. HARDWARE)*,/
CRlf -
1_I’ IL, I

IF ,/*S’END BACK NIL IN ENTRY IF NOT FOUNEI*/
NOT FOIJND

THEN
ENTRY , - NiL;

END .
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PRIJOEDLiRE OETFREEElIREC’TORYENTRY ( ECB, BUFFER’, VAR DIRELOCK, VAR ENTRY),

,f*TH I’S F’ROCEDIJRE DEFENDS LIF’ON THE DIRECTORY STRUCTURE
OF THE DEVELOF’MENT OPERATING SYS’TEM*./
B E G I N
FOUND - = FALSE;
D1REiLOCK , = FIRSTDISE:LOCK,
• IH 

‘V I ‘ I C’ “7’, I lII I ‘F’ ‘F i CisI”F’ F. *J C’ C~ C ‘F’ “'c ‘F F’. ~~‘ ““I’ “IC’\i l~~ C’ 5 IT’,
V~ 5 A-, s_ j  *1,,, .JLIr ‘._~I51 I S s_ s_I ll I I’S I ‘J1”\ I_I ~,, Ji” £ I’S I_ I.,,. I ‘_i I I IJ I ‘II I_I *

F’’F FA f. l ~ 7C” I~~’ ,P ,_ I “,.— - ‘rr ‘Fl,. l £ l’SlIL,I.JL.I’ I. “,“- 1_ I’isJ I 1,) £

AND NOT FOUND
DO

BEGIN
/*i3E1 DIRBLOCK FRi:IM DISC AND PLACE IN BUFFER’*/
7 ’KIl F.\/ - — 4 -
I_ IM l l ’ S I . — .11

WHILE /*CHECK EACH ENTRY IN THE DIRECTORY BLOCK* ./ ’
ENTRY ENTRIESINE:LOCK ANti NOT FOUNEI

DO
BE G I N
IF /*18 THIS A FREE ENTRY’? *,,’

BUFFER CENTRY]. FILENAME NIL
TH EN

FOUND TRUE
ELSE

,f’*KEEP TRACK OF ENTRIES CHECKED IN THIS BLOCK* .7
EN T RY - = ENTRY + 1;

END;
IF /* IF FOUND, DON’T INCREMENT DIR’BLOCK*,/’

NOT FOUND
THEN

,/*DIRBLiJCK : NEXT DIRECTORY BLOCK ( DEF ENDS ON DISC- HARDWAR E)*/
END;

IF ,/‘*SEND E:A I:l<: NIL IN ENTRY IF NOT FOUND*,
NOT FOUND

THEN
— I~ I ’F I -

s_I” l I l’. I  l”I,L L,. I

ENEI,
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F’. fl” — - C F I ,C C” r’ ‘F’” ’ ” I ‘Ft  “‘ I ”  I C’- C” F”, —‘ C ‘ C” “~~~ • IC r~ CF’, I I” , C’ ,’F 75 F. 1”, I C’ ‘ lZ  ‘ -C’ I’SUl_,C,I_ll_IF,C, .,,~~~ , I_.IJ~~~ I SULII_ILI,D,:’rA L,C. I, -:1 ~~~~ EiLIrC’C,I’S, h Al ’S - .  I I’ I l ’ST, .L_ IJL ,l ’- ,, )  1

BEGIN
BLOC,KSSCILIOHT : (‘$ 1 ZE+DI’SCBLOC-KS I ZE— ~ 

) 
~~ ~ oi SCE:LciC :-~sI ZE;

IiA f’SF ,I ,l C’ “.l.- ’,’l.ll ’,r”V - — F’’F r”.I ’l’MAC,’FII -
I Jl”~ C’ ~

_.~~JL.1—. I I’453 C,A , C’ £ I”I*J I I II’ I~~ CiL.,LIL,’*,,

FOUND = FALSE;
STARTBLOCK : NIL;
WHILE /*LOOK FOR CONTIGUOUS SPACE*/

MAPBLUCKINDEX <= LASThAPBLOCK
AND NOT FOUND

DO
BEG IN
/*REt’S.D MAF’BLOCKINDEX INTO BUFFER*/
E.ITTN DEX - =

WHILE I*CHECK EACH BIT FLAG IN THE BLCiC -(4/
BIT INDEX - -C~ SITSINMAF’BLuCK
AND NOT FOIJND

DC’
B E G I N
IF /* ,[S THIS BLOCK FREE?*j

BUFFER E B I T I N D E X ~ 
‘,::,i FREE

THEN /*N01 :-(EEF’ LOOK ING*j
7’I’F ‘ F R IJ. Ill

E:LOCKSF;:;’JND . = (‘1;

C”I’Ps~~ i ”F’I’II — “ ‘1/ , — kI ’I’ I
I ‘(fl I C.L,U_ .I”* . ‘5” I’4 ,L I_.

CR1
1_Ill

ELSE /*ADD TO C:ONTIGUO’JS BLOc:K C:OUNT* ,/’
BEGIN
IF ,,*R ES’ET STARTBLQC-(’?,i’/

START E;LOC.::t , N IL

THEN J*YES*/
S’TARTE:L’JCK : = ./*ADDRESS OF BLOCK REF’RESENTEE; BY

MAFELOCKINDEX ~EITINDEX ,H-i 1
BLOC~(SFOUND : BLOC:KSF,::LIND + I;
BITINDEX BIT INDEX + ~~~

IF /*CHECK FOR ENOUGH SPACE FUUNLI*,/’
1. l  1” .“~~.“ C”~~ ’C’,I ‘Mr — ri C’ ~~~~~~~~~~ “ ,I i ” ,

~~~~~~~~ Lil.JllllJ —

THEN /*SIGNAL END OF LOOP*/
FOUND : = TRUEI

END;
,/*MApBLOC~(INDEX NEXT MAP BLOCK* ,/’;
END;

IF /*SF’ACE FOUND’?*/
FOUND

HFN I*MARK SPACE USED IN MAP F ILE *J
~.E :~ IN.MAF’BLOCKINDEX : THE MAP BLOCK CONTAINING STARTBLI:ICK

~~,EE1USEtI BIT* ./ ;

•BI T N CEX , = THE BIT REPRESENTING 3TARTBLCiC~ IN MA F-BL_OC~~INDEX - ~/ ,
I It: - - E T 0,

- :- ‘‘~‘CLL, BITE, IN THIS BLOC:K*,
— ‘ — “ ‘ 1  ,,  I “ 9” .” “ I I. ’i I’l ’

,~~ J(’~’ 
- r I C-L,U l,.’I ’ ~~ IC. IJI_ .A.7C’ , I

6—6~
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- ‘ ~~~~~~~~~ ‘~5’ -‘ ,~ _,,



- — :  ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ ~~~~~~~~~~~~~~~ -~~~~ - ,~~~~~~
_______ — —-- - - ‘  ~~~~~~~~~~~~~~~~~~~~~~~ . 

“

I !
WHILE ./*NEW BLOCK IF DONE WITH THIS ONE-u ’,!

EIITINDEX BITSINMAF’BLOCK
AND E:LOCKSSET -C EILOCKS’SOUGHT

BEG I N
BUFFER C B i T IN D E X ~ .~~~~ USED,
B I T I N D E X  :~~ B I T INDEX + 1;

BLOCKSSET - BLOCKSSET + I,
CRlf -
L,IMLJ I

/*WRITE MAP BACK ONTO DISC*/
/*A DJUST MAPBLOCK INDEX TO NEXT MAP BLOCK*/
B I T I N D E X  : 1,
I—Mr -
s_l’4 I,J I

END
• ELSE ./‘*RETURN NOT FOUND INDIC:ATION* ,/

STARTBLOCK : = NIL,
“RI
1._Ill

I
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S. ~~~, ‘~, :2 DELETE

I:.~~~I 
— “ I-r i IF,~~ ’ 1 ~~‘V C’’F’ C”\/RI “ V ‘1~ ’C,’F’F. ‘ -I t-’~UL,iti.’ _I f l~~ , A_’I~,1_s_ I s_,,,. r •‘ iL- ‘. I,,. I_II,, 1U I C’s /

/*ENQUEUES REQUEST ECB FOR DELETE*,,’

BE G I N
LINK ( ECE:PTR, DELETEQHEAEII ECEPIR”- . ECBQLINK) ,
EVENTCCIMF’LETE ( EIELETEQHEAD)5
END.
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~~
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~~~~~~~
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F’ROC:EDIJRE DELETE;

/*INF’lJT: EVENT fC;NTRUL BLOCK F~ CIM DELETEQUELIE
C’ I I’t’ fli I”!’ - I- ‘F I I” ‘F [‘Fl I-” F’V ’f /‘S Is I~’ ~‘ I - — “ 3’. “ ,C”l” I !r. ,. I CF ‘F.” Cr, tC r.I -‘ “‘I,,” I r ‘ ‘F
‘JL I I I,, I , I” £ s_C, £_ ‘C ,A-.L. i C.IJ rII’lILJ L,,II,,, ,J L.I”, CI I’S ,, I I,,Vl ’S ’lL.Aj I ,J • I’S[ ,C, CII,,, IJL,I-s A-, s -,~ I

OR ERROR :
C’~~~ Ist F’T l  C
s_rVIl lL,r J. L.s_

ERPROTECTEL’ FILE F’ROTECTEE’
EROPEN F I LE OF’EN*/

BEGIN
WHILE /*INFINITE LOOP*/

TRUE
DO

BEGIN
I I I”, ‘F ‘TI-” r~. ‘V’C’ r’.I’F’Is I’F’F’, ‘Si 7”I I.” l’F,Ck IF’ 7” F”I I”' “F”C’1I IF /V T’ I I/S I”, ‘ -  ‘r ,I, “ T I  IC”
‘SVlli’ I £ I C’ — I”S I V. r I~.I”I I I’S I ‘. .:..JCIr C,I’IL, L!C.s_ C. I C,I..,I”I L~ ’ .7. 1 VIII’S ‘,.. I I-I I I,,I._~ /
I-C” V”.I~I ~~‘Fl - — ‘F ~~“ C” FC -“ I” F,.”, — L3~~’)\ r I” ‘F F”,,” - -it ‘_~4 ’r’ I I”I, - — LII~,L.C, I C,I..IL., . - (1.!r’i ~~ .1 ~7,l, I ,,. I’S C.
r i~~’ ‘F RI!, ’ F l~~ ‘— r.ID’rI’F. 1” ~~‘I F”1’ r’.”(LI~~~/’Sf F’ “ -V’. IZ. ’FF’I ,-‘-. r’ “- 7:’ ‘I - r is”,.”L.II~,I_. I I’ll ’ , ~itL,,.r I fil 7J~~,j_,C, I C,l~ ,(’ l~~~ ’ (L.II C.I,,7Z . I I ,‘S - s_L,L..l,~~,,, ,L ‘41” , /

FINDtIEV 1CE ( ECBPTR, VA R DDE:POINTER )
FDBPT R : ZIDBF’OINTER”. FDI3QHEAt1. FIRST;
WHI LE !*WALK THROUGH THE FDB QUEUE FOR THIS DISC*/

FtIBPTR —,:::- NIL
DO

BE G I N
IF 1*18 THIS ‘IHE FILE TO BE EIELETED?*/

FDEPTR-”. FILENAME = ECEPTR”~
, FILENAME

THEN /*Y ES, RETURN ERROR~F/
Fl F’ 3” T I’,
~~~~~~~~ £ Ill

ECBF’TR’5. STATUS. ERROR - = ERFIL EDPEN
31313 1~END;

FDBP~~ . = FDE:PTR-” . FDBO.LINK. FLINK ,
END;

3ETBIJFFER (DIRBUFFADDR, 0 IRBLCIC:KS I ZE, EIIRBLIFF ID, VA R :3T~ T~JS);
I~AF’TOBUFFER (DI RE:UFF ID, VAR :3TAfljS’);
GETBUFF ER (SPEiADDR, SPBSIZE, 5p~~~

[;, VA R :E;T~,T US);
MAF’TOBUFFER l. SPI3ID, VAR STATL IS);
I3ETBIJFFER ( MAPBUFFADCIR, MAF E:LIJCKSIZEI MAFIBUFFID, I~J(S1

R :3TATUS ) ;
MAF’TOBUFFER ( MAF’BLIFFID, VAR STA TUS ) ,
FINDDIRECTORVENTRY ( ECBF’TR, DIRBUFFADOR1 VA R DIRBLOCK,

- VAR ENTRY);
IF /*CHECK FOR FILE NOT FOUND*/

ENTRY = NIL
THEN /*SEND ERROR SACK TO TASK*/

BEGIN
‘F It ‘F - ‘‘ T k  I I” ~: ‘F I V

I (1. , ._P I I”I I - L,r,l~4l.JI S L.s_

3010 12
END;

BEGIN
IF /*CHECK FOR FILE F’ROTEC-TE D*/

D IRBUFFAD DR ~ENTRY] I ATTR IBIJTES. PROTECTED
THEN /*RETURN ERROR*/

FI~~~~3’I 1’ R I

ECBPTR-” . STATUS. ERROR - ERPRUTECTEt’
GOTO 12
END;

I
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~~~~~~~~~~~~~~~~~ -

,/*REMOVE FILE FROM ~ IRE::,TORY S’i SETTING FILENAME TO NIL
(D EPENDS ON DIRECTORY CONVENTIONS OF DEVELOPMENT SYSTEM)-* /

OI REU F F A DDR ~ENTRY . FILENAME. NAME : NIL;
/*W RITE DIRBLIJCK BAC: .::: ;:;NTO r;ISC*/
ECEF’TR”~, ST(~T!JS. ERROR . =- NOERROR;
BE G I N
CASE DIREL:FFADDR ENTRYJ , FILETYPE C;F

CONTIGUOUS: BEGIN
/*MARK ALL BLOCKS FREE IN MAF’*/
RELEASECONTIGUOUSSPACE (FILESI ZE1

MAPBUF FADD R”~, DIRBUFFADDR [ENTRY]. STARTADDR);
SEGMENTED: BEGIN

THISSPB - DI REU FF ADDR ~ENTR’1]. STARTADDR ;
WHILE /*FiJR ALL SPE S IN FILE*/

- ,
• l r ( j, .:.CIr CI “-,,,-‘ I M A , s_

DO
BEG I N
,/*REA D TH.ISSPB FROM DISC:*,
NEXTS’F’E: : = SPBADDR”. NEXTS’PB;
OSPINDEX . 1;
WHIL E /*ALL DATA SEOS IN SF’E:*J

D~ P IN D E X  -~,= MAX DSF’
AND 5F’E;ADLIR”- . DATA ~;E~~-- ,,’< E~~~r’ INDEXJ - ,,,:- NI,,,.

DO
BEG IN
RELEASECONT I GUOUSSF ACE

F ‘F .“ r” .” ‘F 7 F” ~yl/V C’F’~T I V VA r  r,~~’ ”.‘S L.’CIC’ C. -I, LI. .~ I II’ ll 7 ../ I I I A,. lJ r’I.

SPBADDR-’~’
, DATAISEGPTR EDSF’INDEXJ) ,

DSPINDEX : = OSPINDEX + 1;
F’Is -C,I’ILJ ,

RELEASECONTIGUOUE’SPAC:E I. SPBSI ZE3
MAPBLIFFERJ THISSPB),

THISSPB : NEXTSF’ E;,
IF /*ARE THERE MORE SF’B”5 ’*~

SF’EAEIDR”. DATASE’3PTR :DSF’INDEX] -C:’-- NIL
THEN

NIL1 ,i’*SF’AC-E RE’s_EASED*/
I-kIT’ -

END;
END, /*END CASE*/

12: /*EXIT HERE WITH ERNOFILE OR ERPROTECTED*/
RELEAS’EEIUFFER ( SUSPEND, SF5 ID, VA R STATUS),
R’ELEA~

;EBUFFER ( SLi~ F’END, MAPBLFFID, VAR :~TATLj~.) ;
FF9 ‘ J’S.”F’~’Fll CCCI” . ‘ ~~‘ I I.”r.CRIV” 7’, ‘F r’,T’,I ICC ‘VT ’ I 11,F”. —‘ rA T ’  ‘C’-

t I”IC’C, ~~‘ .jC’ C’ itt” 4. CI’...’ C f  itI ‘IS.’/ A,.I .1 I’. 7’ A-.C’ C’ 5 7,11 V (“II ’S ‘,,d I I’l I ‘—~ ‘~~‘ I I

15: /*RETLIRN HERE WITH ERFILEOPEN*/
EVENTOOMPLETE ( ECBPTR);
C -C,

C
s_ -
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PROCEDURE RELEASECCINT I GUOUSSPACE ( STA RTA DDR, MAPSUFFER , S I ZE)

/*INPIJT: STARTING DISC ADOkESS AND SIZE OF CONTIGUOUS
AREA TO BE RELEASED.

OUTPUT: CONTIGUOUS SPACE RELEASED TO FREE BLOcK LIST*/

BEGIN
./‘*CALCULATE SECTORS IN RELEASE AREA*/
BLOCKSSOUGHT : (SIZE + DISCBLOCKSIZE — 1) DIV DIRBLOCKSIZE;
/*MAPBLOCKINDEX : THE MAP BLOCK i~ONTAINING STARTBLOCK”S

F’FlF’F’ /1  I”.I ’fl r’ F ” F’- / ,
7~~5 I /

!*BITINDEX : THE BIT REPRESENTING STARTBLOCK IN MAPSLOCKINDEX*/ ;
BLCICKSSET ,~~ 0;
WHILE /*ALL BITS IN THIS EILCICK*./

I3LOCKSSET -( BLOCKSSOUOHT
DO

BEGIN
/*READ MAP BLOCK AT MAF’BLoC:-(INDEx*/
WHIL E /*NEW BLOCK’ IF DONE WIT H THIS CINE*/

FlY ‘F’I’ I’,IrI ’F’V ,“ ,_ F’. ‘F ’! ’ .” ‘ F R I~~,,/tF.r’ I —

~. ‘ £ I I l” ILIit/ S,..”’ j .  i. I C’ I ,‘ll lu” Ir L,.L.UL.I”.

AND BLOCKSSET BLOCIKSSUUGHT
013

BEG I N
BUFFER [BITINDEX] FREE;
BITINDEX :“  B’ITINDEX + 1;
I’l l ,“ “' ‘I “.“‘3”F’ ‘F - — ‘F’ I ,“ .“I .” .“‘,“‘ F’ ”r a -
1 71.,.LIL ’l ~~~~~~~~~~ I - 7’L.L L’I” ,C’C.(~ , I .1, ~

END;
,/‘*WRITE MAP BACK ONTO DISC*/
/*A DJLIST MAF~BLUCK INDEX TO NEXT MAP BLOCK*!
BITINDEX :=  1;
END;

END.
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- ,., r -T ’ , I C’, :’ ,C’ , , ’, , AC , ; I / k  ‘ - ‘ 1

I 
- ‘ - ‘ ‘ ‘~~. ~1 ’ “ ‘ 1  ‘—‘ ‘.— ‘ I I “ I ‘.‘ A’—- ,,. Li I I “1

- 
,‘ ,,I’ ’ l I,”.I I”’ ”” “ ‘ ‘ I ” , , , ‘. I I - -”  - --‘ ,-- ,~ — ,

-, ‘r, , - I I -  l_ ;_ -- - ._. = I ‘A ’ - -  ‘, — ‘ - - - ‘ - I.,,, - -3 3 “_ ‘., - A-’ ‘ _ ‘ ,“ I I”, L, - 4 -  - - ‘ -‘

BEGIN
LINK, EOBF’TR I ~4E, ’ .N~C~~.~ ’1El . L.1 i~ BF”T F “ . St :BCL. ‘ I I ’  :1 1

3 
EVENTCO~ F’L~IETE C RENAME;::::) I

- IE ND.
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- ‘

_‘F OC,EDURE REN(CIE:

- ‘ > T N F ’~.~T. EVENT ; :ONTF::C _ ~~_ ,j U:- , ~~~~~~~~~~~ ~~~~~~~~~~~~~~

::L FTLE ~:(LaNA C-:E
~

“r r, I -r :“ ,c’ I’S 1 7 5 ’ ,arrI F” ’I’ I —
C’,s_ Iq I - -I I Is _ A - ’  I” A s_A- -

I:;R ERROR:
E RN OF IL E
C!”I F,r’,3’ ‘FT”,””r r”f V T I  V ‘‘7” ““V ~ “ FCit r’.r ‘S...) I C,,,., C,7,j I 1, s _ s _  I I”T._ ~ I s_L, I

VF’5 — ‘ ‘V” I V ‘F I V I~ C’V is II,, fl I s_I ‘4 I A-.s_ ‘,. s_I ,1’

A4HTL..E ,/*INFIN1TE ~_OOF’*/

SEC’ I ~
~~~~~ I T’’ ::’F:’~’C;F E~—~TF’’ ,E, I_ ’E;F’END, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • 3 ’ •~~ I S;T(’TU:E: ,

- —‘ i” C k  I 14 ~ ,Ir’ C’, ,”.r ,, , - , , , ‘-~II  II- 14 =. I” ‘F F’,,”.”r’ -,.,. ,‘,. ‘ ., I I I I ”, - “ ,‘S A-,, ‘II II I L.. ’,A’ t I_ ’A-’  - ‘3’! C’IC,I’ LI. I I I’S’.,) I I

3EL,~NE-:, (EC:BF-TR, RENAMEC!HEADI E:::BF’TR-” . E , B :~!L. :~
C ‘F RI F, ‘F’ r I  I ‘F ‘~ C I F”-’- Th I’. — “, ‘ I 3’, “4 r. T I  ‘F, r,” 1’ 5 I” F” ’ , - -
~~~~~~~~~~~~~~~~~~~ 4 . C , I,,~~~.I” 1’S4 -,i--; r, L_- A . , I 1 1C ’ I,J , L I’ I I C , I’ S ) I

r’r,r, F,’rF, -— I”, F r”,”, “ K I ’F ““I~.I, ,~~~‘ , , .~~, :  C “ - - ,“ T F” , ’,’ -I’ LlI. IC’ I “ S -—- A-I I J I IC ’  LI I is - I . ’,  - I’ LII,LiI”I I , i  LI , . .5 ”.-Z’ I I

i’~~~~s_ 
‘V’ -~~ 

— ,, “ — E “ . .,, ~~~ ~~— :  LI~~~~~~_

FDBP TR <
‘
.:: ‘ NIL

B E G I N
IF /*15 THIS THE F1L~ TO -~E ~~~~~~~~~~~FDE;F’TR’-”- FILEN(-’-’ME = ECBPTR-”- , i ,I L A , ,F~~L~~Nü -1E
THEN - ! ~*YE,3 , FET :,JRN ERRC:R*.,

A ’ i t I~~ i. I - I

EOB F- T’R” - , :3TATUS, ERROR - = ERFILEOPEN
GOTO ~5
END,

FDBPTR : FDBF’TR” . FD E :OLIN ~- - - . F L N~:,4
END;

CV’ETBL:FFER (tIIRBUFFADDR, ‘;~~ , : ,,,::C: :- , :~~ ZE 1 GIR’~:UF~~I 1 , ~)(‘~~ :3T(~T~~. , 1

‘,
~( “~ 

.‘I” C’. 7”. I I V ’Z’ S”' —, - F’- ’r “ If, I ICr” T V’ I I /‘I,l ’ ‘ ‘  “F‘ 3’-, r ’  -
I I” I_ I L’ I_ I, I a,,” 4. A-’ A. ‘S 7 ’ . ,,’ C’ C’ -~ i, I VI’-. I”~ -,. ‘ I 1 I I_ 3 , - -

,

‘ l’  ‘I.ll ”-C’ “ “‘O’JF”isI”I”fl ’,J ‘ I” “ -F C. ”~~ ” . h- ‘I’ F’.F,l I I”' !” I’, 7’,=,r’, - 7 5 1”, ‘7’. F “- r II” 1, I IJL.L- I LIrI I 1 . I ’4 I i’S I 4. C,L.1.r I I’S, L’ A. l’S~~) ,, ‘~ I’ L I L A ”, I V I I’S A-’ A. I’SL’s,.-_ ’L- I”, I

VA R ENTRY);
IF /*CHECK FOR FILE NOT FOUND*!

ENTRY = NIL
THEN /*SEND ERROR BACK IC’ TASK*/

BEG IN
ECEIPTR” , :E;TAT : FNOFILE
I ,u,O  12

~ND;
iF ,*CHEC:<. FOR FILE PRoTEI:,TEt;*J

JIREIUFFADEIR ENTRY], TTRIrIUT E,~- , :‘FI:;TEC T
r’-:EN -/ *F:ET:JRN ERROR* .,

BEGIN
ECEPTR - S ~‘ATUS, ERROR - ERF’ROTECTED
GOTO 1,
V RI  -
L_I’4 I

““ I -IT ’  ~~~~~ ‘.‘
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___________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ‘  ‘~~~~~

-

‘ ,/*RENAME FILE BY ~~~~~~~~ 7 ’ I~~~~~, l~I ’.ME T:; NEWF ILENA~ E’~;
:IRBUFFADDR ENTFY ~~ . F :~~ ::-~~:~~:, 

•-~ I-~~~~~~~ - - E:13F’TR- ”- , ‘~EW F I’s_~~~~’~ME4

- .f*WR’ITE t;IFBLOC-~:, C -~
, -:NTC Cl1:~~

’4*,.’
- EO~~ ’1F’ - . 51A1U5. ERROR - = ~ OERROR, ,‘ ,,-:-:L -~~~~

’ ;5*1

- 12: ./ * EX IT HERE W I T H  ERN C F ILE Ij~~~ aRF’RCITa;:TEt~~- ,,-”
F’. C’ I-/I .“C ‘F’ I 1 C’ I-CF’ ‘ “ I I ‘ ‘F” , = S I  7’. ‘r F’, i , I I-C ‘F ‘ IA C’ 2’ h’ I’S -“ I

- ,‘SitI.,itI’IC ’C.A ”.Jr “ s_I’S , ‘ I I _” -,’I I,., I ’I LI I j,, a,, ,’S L’ I_’ C ’ C ’  IL I V I’l I’\ Li I I’I I IJC’ -

1.5: /*RETURN HERE WITH ERFILECIPEN*/
EVENTCC’MPLETE (ECBF’TR);

- 

I END1
END,

- r
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~~~ 5. 1. -
~ SETATT RIBUTES

I F’RUCEDURE SETATTRSYNC ( EC:E:PTR);

J*ENQUEUES THE REQUEST ECS FOR S’ETATT RIE:IJTES*J

- B E G I N
LINK ( ECBPTRI SETATTRI BUTESQHEAD1 ECEPTR” , ECBQL INK);
EVENTCOMF’LETE (

~~ETATTRIBUTESUCB )
END.

Ill
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, ,-.-‘— - - - —‘5” , - — -- - -—- ,-. -

F’R”JCEtILIRE 5ETA”~ TRIBUTES,

/*INp~
JT, EVENT CONTROL BLOCK FROM 3ETATT RIBUTESQLEUE1

f:ONT(~INING;
T 1  CR1

C’ ,‘. A-,itI M ; -

ATTRIBUTES = RECI:Rr
F. !” “IT ’  C,I’l ‘ ‘FI’,~ - ’F’ - 7” . “ I “ ‘I i~~ 1’, Is I ,
I’Sit ~ ’ ILr 7”,,. I I_ I,. I - i:. _‘ ,, Is_C,1”II’II

W RI TEF’ROTEC:T : BO’JLEAN;
PROTECTED : BOOLEAN
END;

OUTPUT : ATTR IBUTES OF REQUESTED DISC FILE
SET AS REQUESTED ‘JR ERROR :

ERF I LEOPEN
ERNUFILE*1’

BEGIN
WHILE /*INFINITE LOOP*/

TRUE
DO

B EGI N
WAITFORTOF’ENTRY ( SUSPEND, SETATTRIBUTESQHEA D I VA R STATUS );
ECBPTR : = SETATTRIE:UTESQCB’~. QHEAtI. FIRST;

I i ~I IC” F ‘ — C’ I .”T” I”. 
~:- C’~’ ~4 ~ ‘ “F’ “ I -r y’.I --F’ c’- - ‘  r” r I~~ — - I”. I ‘F’~~~I ,-“. C “‘!C ’ I ‘FU i,.. ~, i r” , ‘ S s _ L ’L’ I I ,‘S, -,.,i~, I (‘1 I I I’S .1, 7..’ ,,I I s_-:’~-~rIC,I- u,,, C,L.h~ F I I”. - C,L.LI’I.!L I Nb.,

FINDDEVICE (EC E:PTRI VAR DEIBF’OINTER’);
IF ./*OISC: OR OTHER E,EVIc,E’?~~DDBPTR-”- . ATTRI BUTES. DIRECTORY
THEN /*0180, FiND FILENAME* ,,

BEGIN
FDBF’TR : DDBF’OINTER-”- . FDE:QHEAt;. FIRST,
FOUND : FALSE;
WHILE /*WA L’( THROUGH THE FOB QUEUE FOR THIS DISC* ,/

FDE:F’TR C> NIL AND NOT FOUND
DO

BEG I N
IF ,/* IS THIS THE FILE’?*,i

FDE:PTR-”- , FILENAME ECE:F’TR”- , FILENAME
THEN !*YES, CA N’T 5ET ATT RIE:UTEG*J

BEGIN
ECBF.TR.K , STATUS, ERROR . = ERFILEOF’EN1
FOUND - TRUE
END;

FDI3PTR - = FDBPTRA . FDI3QLINK. FLINK,
END;

IF /*IF OPENI 0-AN -’T SET ATTRIBUTES*!
NOT FOUND

THEN /*NOT OPEN1 SET ATTR IBUTES*/
BE G I N
GETBIJFFER (DIRBUFFAt~DR, DIRELIJCKSIZE , DIRE:UFFID, VA R STAT US);
MAPTOBUFFER (DIRBLIFFID, VAR STATUS) ;
FINDECTORY ENThY ( ECBPTR, DIRBUFFADDR, VAR DIRBLC’CK..

VA R ENTRY .’ I
IF /*CHECK FOR FILE NOT FOUND*J

-- ~~I ‘F I
s_ I ’ d ,  I’~, I ‘ ‘  I ’ d A s _

THEN j*’~END aRRUR r~A,;:-::, TO TA ::,k.*.,-
I-f’ C’ C. ~~~7”, - ” -:- TA ‘F — I-Fl 151 “ I F’ ‘F I =s_L, L’f” I I’S - -,.‘ I (“ I I - “ L.I’SI’I — r’ .‘. s_L,
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ELSE , ‘ *MOVE ATT R IBUTES*j
C’F’” ‘FI, is_a. ‘ A I M

DIREUFFADDR EENT RY] , ATTRI BUTES : ECBPTR” , ATTRIBUTES,
/*W RITE DIRECTORY ENTRY BACK TO OISC*/

- I EC’~ P~ ~~~~
‘- . STATUS. ER ROR : ‘-‘- NOERROR;

CR11” -C,IMIJ I

END
ELSE J*OTHER DEVICE, CAN’T SET ATTRI BUTES* ,/

ECBPTR~”. STATUS. ERROR , ERDEV;
EVENTOOMPLETE (ECBPTR)1
s_I’ ll.),

Cls I
s_I’d -

J 

- ,:

“ :

: • ~~~~~~~~~~~~~~~ 5’ —-,~ - -~~~-‘



___ _ _ _  ~~~~~ 
-
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~~~ - -~- ‘-—---~~~~

C ‘4 C” —r ”  “r’ “4. ‘7” ‘F F’, ‘I’ I I ‘7” C,”
I,, , .

,,
I , ~~ , ,

,, I .,‘it I I , I  I , ’ S A i ’ ,,’ I C , - ’

PROCEDURE GETATTRS’T’NC (EI SF’TR I

,f* ENc.UJEUES THE REQUEST ECE: FOR GETATIRIE:UTES*/

BEGIN
LINK. (ECBPTR , :JETATT RIE;UTESQHEAD, Et:BF’TR”- , ECBQLINK)1
EVENTCOMPL ETE ( GETATTR I SLiTESQCE:
END.
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F’ROCEDURE 3ETj~TTRI 5L3TE5;

,‘ *INPUT: EVENT CONTROL E;LOI::~::: FROM C4ETATTR1 E:UTESQIJEUE1
CONTAINING :
V ‘F I
I .1 I., C.I ‘II II 11 ,

“I “7” “F‘ F’, ‘V . “F’ I” ,” “ I “F‘ I” , - I” , ” , 1’ “F‘ “ F, -— I  I I’S .L~~ ’ _ I C , C’ r I .’S .  C ’ _I . L I M I itI ’S A

OUTPUT : ATTRIBUTES OF REQUESTED FILE OR EIEV1OE
OR ERROR :

ERNOFILE*/

?‘IF’ ,” ‘ F RII I’d

WHILE .I*INFINITE LOOP*/
‘FF1 1 IC
I I’S LIC,

DL~
BEGIN
WA ITFORTOPENTRY (5L~5FEND, ;JETATT P I BUTESQHEADI VA R STATUS )
ECBFTR : = l3ETATTRIBUTES~!CB-”- , QHEAD, FIRST;
DEL INK ( EI::E:F’TR, GETATIR IE;UTESQHEAD, ECE:F’TP-”- , ECE:QLI NK);
F’t NDDEVIC:E (ECBF’TR , VA R ODEPOINTER),
IF ,*DISC OR’ OTHER DEVICE?*,

ODEPIR-”- . ATTRIBUTES. DIRECTORY
THEN /*DISC, FIND FILENAME&I

BEGIN
FDE:PTR - 

r~ DDEF’OINTER”- , F IEQHEI”ID. FI~~ST;
FOUND : = FALSE;

W H I L E  ,I’ *WAL- ~
,. THROUGH THE FOB QUEUE FOR THIS DISC*/

FDEPTR - -,:::- NIL AND NUT FOUND
DO

BEG IN
IF /*15 THIS THE FILE?*/

Ft~BPTR-” , FILENAME = ECEPTR” . FILENAME
THEN /*YES, RETURN ATTP ISUTES~~

BEG IN
ECE:PTR” . ATTR IBUTE5’PTR”. ATT R £ E;UTES -

FDBPTR-”- ATTRI BUTFS-
ECBPTR”A’ , STATUS. ERROR - NIJERR’OR,
V I  (Mr. - ‘rF” I I C,
I ,. ‘ — I’lL,I - — I I’S ,.‘s_~

END;
FDBPTR : = FDBF’TR”~, FDEQLINK. FLINK;
END;

IF /*WERE THE ATTRIBUTES FOUND?*/
NOT FOUND

THEN !*NQ, GO TO THE DISC*/
BEGIN
GETBUFFER (DIRBUFFADDR, DIRE:L0C -:::SIZE3 DIRBUFFID, VAR 3TI~T US);
MAPTO BLIFFER (DIREUFFIDI VAR STATUS)I
FIN t ~ECTORYENT RY (ECBF’TR~ U IRBUFFAfJDR1 VA R CIIR’E:LC;CK,

VA R ENTRY) ,
IF /*CHEC:-( FOR FILE NOT FIJUND*/

C15I’V’F,~,J — RI TI
s _ I ’ l I I’S I  — I’l i s_

THEN J *SEND ERROR BACK TO TASh : *,/
Ei .EF’TR”, STAT : ERNOFILE

ELSE ,/*MOV E ATTR IBUTES*J
EC:BPTR”-, ATTRIE:UTESPTR-”- , ATTRIBUT ES

Ci IRBUF FADDR ~ ENTRY ‘i. ATT R I ELITES ,
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ECEPTR~ . STt~TUS. ERROR . NOERROR;
I-

ELSE /*OThER DEVICE, GET DEVICE C~TThIEUTES*/

ECBPTR ’- . ATTRIBUTESPTR . P~TTRIEUTES : = DDE F :I INT ER’~. ATTR IEUTES,
ECBPTR . STATUS. ERROR : NOERRU R ;
END ;

EVENTCOMF LETE (ECBF TR ) ;
EN DI

END.

.f~
.
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2 INPU T. / OU TF U T OPERATIONS

~~~ 5. 2. 1 OPEN

PROCEDURE OPEN E CE:PT R) ,

/*INPUT~ POINTER TO CURRENT EVENT CONTROL BLOCK1
CONTAINI N G :

r TI £~~~I/~ ~~~~~~~ F— T I F- K I ll  I,~4I~~ V \J 1 .I— .r i. I....C.*’41 II IC.. I .1. ~....I .i ’4l II IC. I T I C. ~

CHANNELPTR: PO I NTER TO USER’S CHANNEL PARAMETER;
OUTPUT: CHANNEL OPENED TO THE SPECIFiED DEVICE

OR ERROR :
FT NA, IC.

ERNOC HANNEL ALL CHANNELS IN LISE
ERN OFILE
ERDEV
ERtIIR*/

BEGIN
CHAN INt I EX 1,
~JHI LE ./ -~F IN D  FREE CHANNEL *,

; HANN’~LTA13LE [rH ~ N IN t i EX I fl :.
AND LHAN INDEX MA X~~r~PiN~~~L

DO
c :HAN1ND EX CH AN IN D EX + j ;

IF /*FREE CHANNEL FOUND?*/
CHAN I NDEX :::• MAX CHANNEL

THEN /*YES., RETURN ERROR*J
BE GIN
ECBPTR . STATUS . ERROR ERNO CHANN EL ,
:3iJTC~ ~o
‘— Ki r
I._ I,I4_ I

F INDDEV ICE ( ECBPTR, VAR DDD F OI N T E R ) ;
IF .I *CHEL:K FOR DEVICE OPENED ALREADY (NOT FOR OI C)4 /

NOT £ ‘DBPOINTER. ATTRIBUTES. DIRECTORY
ANtI DDt-:Pc ’IN TER ’ . FDEQHEAD. FIR ST .:: > N I L

THEN / *RETLIRN ERROR*!
B EGIN
ECBPTR ’ . STATUS . ERROR = ERF ILE OPE N ~
GOTO 10
END ;

IF /*CHECK FOR DEVICE OR FILE*.f
DDBPO I NTER~ . ATTR I BIJTES. BLOCKED

THEN ./*DISC OR TAPE1 NOTIFY TASK* ./
BEGIN
/*SET CHANNEL TO PREVENT CONFLICT*/
ECBPTR’~. CHANNELF’TR~ . CHANNEL : CHANINDEXI
CHANNELTABLE ~CHAN INDEX ~ = DUN MYFDBPTR~
LINK (ECBPTRI OPENQHEAD, ECBPTR . ECBG’LXNK)1
EVENT COMF’LETE (OPENQHEAD);
30T0 IC)
END;

6—80
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-~~~~~~~~~ .

DDB F OI NTE R . A TT RIBU T E E , . CIVAI LAI3 LE TRUE:
INITDEVIOE DDB F OIN TER 1 VA R 5TATL~3)
IF ,*tIEv I:::E ERROR? *!

STATUS. ERROR NOERROR
THEN /*YES, NOTIFY USER*./

BEGIN
/*RETURN ERDEV AND DEVICE STATUS REGISTER S*.,
ECBPTR’ . STATLIS. ERROR . STATUS 1
DDBPOINTER . ATTR IBUTES. AVAIL A BLE : FALSE ;
GOTO IO
END ;

/*GET F I L E  DESCRIPTOR BLOCK AND FILL IT IN* ./
FDEPTR : = FREEFDE:QCB. FtIB~ HEAD. FIR~;T;
IF /*N;j FDB’S — NOT EXPECTED IN VTS*/

~~T r. T ’ .  — KI T I
I 1..’ 11r I I’l I ‘4 ~. I.._

THEN
BEGIN
ECE:PTR ’. STATUS. ERROR . ERN MRI
GOTO 10
r—KI r
L.. I’ll.) I

DEL I NK ( FtIEPTR1 FREEFDE :OCB . QHE ’AD , FDBPTR . FDBQL I N K ) 1
CIr -iANNELTABLE C :HANI N D EX I . ~

- Ft’E;PTR
FDBP TR . DDEPOIN TER : DDBF ’OINT ER ;
L I N K  ( Ft’BPTR, DDBF’OINTER~ . FDBQHEAD, FDBFTR . F D I 3 Q L I N K > I
FOBPTR~ . FILENAME : DDBPOINT ER’~. FILENAME;
FOBPTR~ . ATTR IBUTES : = DDBPO IN TER ~ . A TTRI B U TES1
/*INtIICATE FUNCTION COMPLETEtI*/
~~~~~~~~~~~~~~ ~~rA r! F , 1 , — r. — ‘U C~r ,r ,, r .

I . .=• I I-I I ~~~~~~ C.I~ r~IJI~ . I’4IJ~~.1~~I~~IJI~~ J

/*EXIT HERE WITH ERROR OR ASYNC OF ’EN * .f
L.I’4
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~~ OC:~~DI .~RE :JFF . N A - ,yN ~:;

/4 T N F I ..fl PCI 1 NT ER 1 r~~C:UkREN I aV~.NI CON’i ROL E;LOc:K1
OONIA 1NING :

F I L E N A M E : F I L .EN AME1Y PE 1
r~~NNE LF I R I N ’  F -~ i ii I:ER (rl (’NNEL -(‘k(’N1F- c.R

::iUTr-;JT . :T.HANN EI _ UPENE.D I 0 1 :-:E ~-F.C. ~ F 1. ED LIEV i .E
uR ERR IJ R :

E R F IL~.NAMF
ERCHANNE:. .
ERNUF 1 LE
ERDEV
ERDIR */

b E GI N
W H J L E  / *INF I N ]  TE LOUP*/

TRI.JE
t.’Ij

~E3 1 ~~

,*t4Ai 1 -OR OPEN REQUE:E;I * ./

WA Il FURl UPENI RY SUSFENIJ1 ~U—E NI1iL:i~
;, VAR (‘ i LJ -;)

ECbP1 R . ( 1PENQHEALI . F 1R31
DFL I N K  EC :J-:P TR1 OPEN !T.!HEALI , ~.C I :1—l k .  F.C:r::I~L iN K
F 1 NDDFV i CE ai::BF’TR. VAR r~r.ir~-’i: ’ J NI aR
‘*TI E~,IC~. ‘~- rITN1aR ~41LI “io : i- ~i -*-L, Li LN j IFI U\~I. 1
U— /*DISC: OR 1 AI—’E ? *J

rJrm:F ’cI 1 NTRR. Afl RI BUT E:~.
;. Lii k~~C I  i~ t~~~’j

T :-~ :N /*t i  I SC *./

bEGIN
OE il CIF’ENI RY ( DtIBPO IN1 ER” . F DH~.~HkAiJ, VAk F
WH .1 L~ 1 ~•C:HECK F ::R F 1 L~. ~PFN * /

‘ r T~~C ’ F~~ ~~~~~ K ! T I
r I.. L..I — 1 1 .  ... ... i’4 .L L...

[11:1

~EC~1N
IF

Ef:t- :PTR’. F- 1LJ.~.NAME - FDbF - i k .  I
THEN ;*F IL~: OPEN1 RFLI L*(N ~~~RC iI ~*.,

B E G I N
E C B F T R ’ . ~TAl  L~.. . aRRC ’R -

iiOi CI 10
END ;

GETNEXTEN 1 RY ( Ej DBFOU’.fl Ek~~. ~- r ibQHEArJ1 VAR ~-D b P T R ) ;
END ;

ObI BU Fr— ER ( D1RBI ,F-FAr .IE IR , !j IRr ~I_cic, :cs.I . ~~~ u I R I ~:L.U- F- iLl 1 VP;k .1 ~‘,l iS
MAPTOE :UF FER (DIRBUF F 1EI I ‘~:I A l

i ND T1 ] RP~C:~i c’RYENl FY ECJ~:Pi R~ I.~ I bU)- ALiI.;R. VAR LI 1 ~~~J~ : _~~~ iij ~.

VAR ~N~I RY ‘I
1 c— . .‘ *i::HEc:~:: ~ o~ F~ _.a NI : i ;-

E N r R V  - N I L
HEN /*RE flJRN aRkuk*~

F:EO .1 N
aCBP1 R . Si Al L~~. ERR OR - F RNO~- L LE ..
ciI:Il I I

~ NEi ;
—

/ *1 ~-F ‘4 :.. — .~* / _,. ~~
,. ‘~~ t’r ’ ~~~~~~~~~~

~~~~ 
oeiri ~~~~~~~~~~~~~~
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= 
— — - . ‘  . r’, 1 -‘i ’ . .  r ,  - I  — .  a — ‘ r. — “ ‘ ,‘ ‘r r— _ I L.. s... i... 1... . ‘ ‘ • s  J. I . ‘_) (i L i... — .... - I . . I ,, IL.5 I I. 4... —— .‘. I — ‘I ‘~

— ,:R E : F:I ~~~~c l:,3.  F:E : : :~-~E ’,L~.
[F ..*NO Ti~~~: .~~ — N!:T :..~Fa :.TE: z ’ ~

~~flr,r, r ,  — I r I

THEN

~.E3I’I
C.BPTR ” . ~~~~~~~~ E P R :R  . -

aNn ;
— r i  1’ ~IL F 1 r  r.r.rr. r— .— , r-’. rr.r,,-..-- . ,-. — , i - c ~~ — ‘~ rr ’ ” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~LIL.,... .1. Ml’.. I J U l  5”i 1 I” , L.. l.... I LI~~~~.L.C.. ‘.:‘L’~~I... i LI I LI ,...’r • I~ . . i~ LIL’ 1.~ L... .~ ‘4! ’..

r r  it..— . -r ,—. ..‘.. ,—. ‘r 
~~~

.— - r, T r, F- -. .~. F, 
~J ~~~~ 

“4- r . ’, ’ — ‘-‘. r ‘, - . I . — . ‘ . .‘ “~ ‘~~~ 
, “F’ ‘ , ‘4

JL.~~~ I . I.~ ~ - .‘Ll..5 .k l’~C.~
_. ‘ _iI ’, T &... I’4 ‘~ f - - b ~. ‘I~

1 L..’JLI.. 4. i.. ’! ‘. T ~ i

— — ,—.it,i~ i .-.’— ... /~~i. ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~— •_..~... I..•r I’, . I.._ .1 II I 1iI’4C.L.. I I .

,::HANNELTABLE FDBPTR “
. .:.Hi~NNaL~ . ~~

F-F. !. I~. -r—. .
.‘., ‘ r,~~ i .  “ — K I -r i-— . — r. —, r. r. , .  ‘r K

I LiLr I r, . I.. LI LiI — .1. i~~ t I_ I . . ‘~~ LIL i L ’ r I) 1. I ’M 1 . 1 1 . )

... I ‘n. . (FDBF’TR. ::D3PC: INTER’ ’ . FDB QHEAD1 r E E F ’  .. rc~~Q~ ‘[N ; :.,
./ *~E ET L:P .~E iUENT’t”L I~ :J I N F O R M A TI C N * ,,’
FDBPTR” . 13LF ER . N I L . .

r. ~ . i— .. ’. = a —. Ir e—, C’ -F ~F’ . ‘‘, 1 . I  - — . — - ..• . —Li r i i”. . _ ‘ ~. ‘s-f I U 0 3. -‘ _ 1 ‘4 , C’ L. LI I ._ 4 3... 5

F, —if r~. “- : a — c- —
~
— - — ‘I . K’ I ,i ,r, 1~’. , ——, L- i ‘. . • ,_ ‘ i. ‘. -f _ . C’ .i. I S i—Il  ~I. ~_‘ ‘4, s_ I - ‘

— . , -r . r, —.— .— , , .. -‘r ,—.r’,r,’r’ ,
i ‘..~C.I 3’. - _ -Ci 1 I I~’i - ‘...-LZ ’f

EC:BF’TR”. STA TUS . ERF :OR . NOERROR ,
‘~E X I T  WITH ERROR ON OI~~C F ’I; _ OFEN* ..~’

RELEASEBUFFE S :E:_:SFENt~ R~ :U F F I D )
C. I ‘Mi_ I

F. F. r”-~— -
~‘ ‘~ ‘~~“ a —, - -

‘ ‘r ’t~ — , 1’ C i ‘ ‘  
~~

‘ ‘ - ~~~~~~~~~ ‘ ,‘~ “ 
.
~ C I F- -— “ i ‘i;

a.) L 1 .  J. s ’. I ~~. ‘i . I-; I I .1. La c_ I • i_ -...‘ . , -/ I ... i__ 3 . S,.’ L.. L.. - ‘ I i~’, I.. ’ i,_, -,

‘~r a ri— — ,‘, r— — .—. , .  I, , -r -‘,r — .—. ‘r -, r n i  - ‘ ‘  — if’. i ’ , 5’ ‘ - - s  — P ,,,4. 1 ,“. ly iF- - -
I 1 C..~ .‘. 3....C. . — ‘.. ‘~,..iI 4 Vit 4~’~. I I,_.IL I C. .,,. , i . I  3 a.._ ~~~~~~~ • ~‘. , ,‘. ...L, \4I’ . 3  . I . .  ‘4 I L . C . .’

I F ~ *f:-iEO;-. , TO SEE T;-AT N-’~ E. -i~
’.E: NU~~ER I

‘i e-, F- F- “ I if” . I, I t I
I i C.I s ~.C. “ I L 4...

THEN ,/ *R~ T:JR~ ERROR ~~. - ’

~~~~~~~~~~~~~ , , ~~~‘ C’ ~~ ~. C’. F, ~~ ‘~~.1~~ ‘r I ‘4 1
I... ,rir’ I •‘. . . I _ I.: i . ’.I”, 1_~ I ’, - . . I~’,I .‘. I....I .I ‘il .i ‘I._ I

END,
s - ,, r” .r, r. y .r ’r _ .. I  ‘ F ,~~,— , F- ‘r,’ , — - ‘ ‘ — - r ,~~s’-,r- . ’.- , ’— v -  ~~.,

_ . , , ‘ ,— , n  —
I C. .5 I L i....C. I .~~. s_ C. i .s. I LI Li c_ C U,.:.

END OF FIL.E I.E. ~:‘4c c _ NT L~E: ‘.:EF..JR’E 1~~ ’E~ L’ L.E
L ’E’ FOL :ND, ~~~~~~~ ERRo :~,’ C: -N’Th’IN. E ,  r~_ :E ,LF *,

IF .s*C.HEC.:-::. FOR DEVICE ERROR’ — .-~ 
C)

- ~~A T E  ERROR E~ DE
TflE~. J *MARK D:JIc_ : .~N AILACL~ F~

DDBPIJINTER. ATT RIB L :TE S. AVA ILABLE ‘ FAL - E:
IF /*CHE0 ’::: FOF: EOF~- ./

STA T . .S. ERROR - . - - NCERRC :F :
THEN .‘ *RETURN EOF LR EE’ ’ ::.E a,~~:c,R*

,
BEO I N

ERRC.F: - - ~~~~~~~
:‘OTO ~o
END I

i~GET F:LE ::EE.c:RI~~T,:;R ~-L , .:c.:-.. “.NL: ;= ‘:L4.. T -
~~~~~ ‘

— =1— , ~~~ — r ‘~_ C  — ‘ -r
• iS’- “'— ‘C .  C. ~~. C L’ I,..- ‘5 ,_ - 4_ ’ - I ‘ ‘ n ~~ ’ I I I_ I .4,’,

- r ‘ ,—, , r , f l .- C’. I —, ~‘F’ -— ‘ ‘ I , ~~ ” p 1” ’~~ i” . I -
£ . . / 1 j’i 1 .1 I~ I,., C - ‘ — ‘ iU i -t .—. ‘_. I it s_ I I ’M I I —

NIL
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5 . ~~~~~~~~ ~~~~~~~ . - -,— .~ —-~~~~-—_ ~~—~~--—_-

ECBF TR”~. STATUS. ERRI :IR : ERNMR ;
GOTtI 10
I~~K,rU.. IMU I

DELINK ( FDBPTRF FREEFLIBQCB. QHEAD1 FtIE:PTR”~. FDE;QL INK);
FtIBPTR” , DISCDIRECTORYE NTRY . FILENAME ECBF’TR ” . FILENAME1
i—r ri F “i”it., ” F T .‘ —. r ‘F F.r” C’. ~i”l”.F- tjIr~S~ I’i F, ‘41 It ~i””F’F, T it.I I —• . —,~~I_ C.r I I~~ . £_~~. .:.Us _ L c ’ i C . U , c _ I r ,T~~~IM I I ’ i T ,  1 I 1  I I~~~~ ,U,..’ I C .’.I

DDB PO IN TE R” . ATTRIBUTES ’;
rr ~ ita F-, ” rFI~~~ C’.L3 /t Ii1KIF-I — ~~r’ rl! . ”rF. .~’~ 

,
~‘~_3 A K I K I~~~I F, ”F~Fi1’, C” !~iJ t K i K I ~~~~I U. L.Ir I I~ . L.1’lIlIMIMlt L.. , —- s_. I_,s_l r I r’4, , _.VU ,l’4I ’M~~~L_C I I~’i . i,. .I !J’4IMI._I_ J

CHANNELTAE:LE rFDBPTR”. CHANNEL) : FDBPTR,
FDBPTR” . DDBPOINTER : = DDBPO INTE R ;
LINK ( FOBPTR 1 DDBPU INTER ’~’. FDB QHEADI FDBPTR~ . FDBQL INK);
FDBPTR~~. TCBPTR : ECBPTR ’. TCBPTR;

‘
I ECBPTR 1

~’. STATUS. ERROR . = NOERROR ;
END ;

10: j *LAEEL FOR ERROR EX 1T* ,/
EVENTC:OMF’LETE (EC:E:PTR);
IF /*IF ERRORI UNDO CHANNEL SET BY OFEN*/

ECBF’TR” . STATUS. ERROR ‘C: NOERROR
‘THEN

BEGIN
,
~~!,J/Kk 1K’ I F’ it 7”.~ F- if F- —‘ r C.1F..”.. —‘ LI/K It lIt IF-I F. “if F, ,“. .‘  LI ‘3. K li t I, I ‘1 — • I I -
c.’I”TI lI’IIMC.L.. , I IL~L.st a.. C.L,Dr I r’s , ~~~~— la ’ MI ’ MC.4...r I a’i , Uc’lI’ I!MI’4L. I... .4 , ‘ IM 5 4 ._ I

ECBPTR1’ . CHANNELPTR~’ . CHANNEL . NIL3
END ;

END;
END.

1$ ~~~~~~ ;“ ~
-‘ 

~~

‘

t ? b~~~~ ~~ i5’ -
‘$~

. i: ~~~~~~~~~
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C.LC~ .E

~~, , ‘F-r I F. F- C’.1 C’ ~~‘ C ‘ CC’ .0’ ‘ F. •I ROLc.J_ Ic’iI,_ l_.L. IJ...i(_. ~i I~..’..,tl I I~3 . )  I

./‘*INF’UT : EC2: :::oNT-~ .(NINo,
cHANNEL: INTEI3ER’; ,,

‘4 -

OUTF’LIT: FILE CLOSED OR ERROR:
ERNOTOPEN*/ .7

1 .

BEGIN
FDBPTR : = CHANNELTA BLE ~ECBPTR’~”. CHANNEL ) ;
IF ,/ *I HE CK FOR FILE NOT OPEN*(

FtiBF’TR : NIL .
~
‘

THEN ./ *RETURN ERROR */
ECE:PTR~~. :~TAT~ S ERR OR : = ERNUTCF’EN

• F-I C” F- ‘ F- I F- F.F-t 1,1 .I I ,~~ I C’, C” F 1’ “F . /
,I.._C’ ~~ I *r j. ~ .. C. ‘Jr Ir.a ’M1 I ‘Mi .Jh’4 3._.s_ ~ 

,,, ~ ~~~~~ 1. I ~~ ,1 ~ ~
‘

?‘,F- C” 1’ ICI C. i,, ~ .3. I ’M

IF /*BL;J C: - ::_ STRUCTURED DEVI C :E ’?*,f
F-F r.r,’rr,.-’., I\ ’V” ?F, T fl I I~~”~~~~. ’ ~~~ C’. ‘ l ,..’F-ri
1. CC I I”~ . I’ . I I I”. .L CL’ I L~~ l . UI... I_I _‘i ’~~~~ s_I

THEN /*VES, PROCESS ASYN CHRON OUSLY */
BEGIN
I T It II, F F- ‘F, F. ‘T’ fl I” ’l C’ . ‘ F- i_IF- /‘\ 1” F- —‘ i’, F, “F F, ,.‘.. I”C’.r. .

~~ 
I ‘V K II’

I_ k IMi”. 1, C..., C’I I I” 3.1 I~. . _ i,.. .:‘c.3.~.,. ICI- i s _ I  C. _.C’~~ I 1 3 .  , s_. L.’CI I.. I_. S I ’ M s ’ , I

F-3. I F- K I “F’ C” C’ lV !0, I F- e-’ I • -ta “'p”' it’
C. V E.I ”l I L’ IJI iI 4._ C. I I... ( i..s 4._ iJ ...iL_ 3.~, I_,I..l 1 3
F-K IF
C.! M I.,

F-I ,~~‘F- ‘ 1” ri I T  ,~‘F- C”/t h ! C C C” I C C’.F-F ,‘ ‘4JKI .I_ iFi i” ,I, I . , I  IC’ .i  - /
C. ~ ., .:‘ It ,/ 1.. ~~. V .3. c_ C. L1 I I’ M I.. ’ I~. c_.L 3._ . ‘I_. U. - ‘ I I’ M —‘ I IC,L’ I ‘ c_ i ’ _ I’ ,’ 4.. 1 -

BEGIN
,/*RELEASE :::HANNEL ASSIONM ENT ~~,~’
C”! IA it I~~ I I -r i~ rI ~ C C”it, F, ‘l’ F. ,“. —‘ I..J /‘, KI l t  IF-I “ I - — I,,I I’ ’ -i,.,I’ll’.!IMI ’I! 4.. I i’ iUI.._ I... I. a._.UL1C I Ci , .I”1~~~I’M I’MC.L_,.4 . — I ’M ,I. i_I

/ *REMOVE FOB FROM 0DB c.!UEUE OF FLIB -”S* ./
F I F K I I ,’ I Cr~1~~~~”F~~. ar it’Ci ”4” r’ i . ” . F r  7’ i I P  1’ K I ” rF-f l .’~. 

~~~~~~~~ ~~ I IF- “s ’- ‘ ‘ C.0~”F~~’” ‘ ‘ F-I” , ” ~‘ I\ I I ’J I... a. I’M r’., ‘, I 4 , 5 Cii~
’ I 1 3 . 3 I I_i I__i I I l’s , I_I 4_ I C’ I LI .1, I’M I itt’, , I 4_IL’ I5.f~~ C.I” • i_ I I ‘ 3_1 4_Il I “3. . I 1_ ’1_ ’ 5 £... 5, 1 - i l . , .  I

/ -rI-RET~JRN FOB TO LIST OF FREE FDB - ’ :E,*/
• ‘V S I ”  / rr , ,FC’r F. rF.rF-rr,r, — I IF- A r  F-I” r’ ,r’, ’rF, ..” . F-r,t, ,i ‘V 3 . 1 1 .”
1_ I, I ’ll ” 3. C I_ ILD C I Cii •“,C.C.i”' a_IC. , .,I IIt I ii... I C L C’I I “s , C 4_IC :34.., ,I. I’M!”.. ,

EC:BF’TR- ”- . , ,TA’T~.!S, ERROR : 1 N(JERRI:R;
END ;

END,
END
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~ ns r~c’ :~ 
/~~I . ? 7 .~~~’~~~~ ~‘T’ .’ , -

FROM CO.

~~
fli [ L ,

~~~
’ ‘ .LC:~,E’;S’-i’NC:,

f— 1~’ J T .  PO :N TER T:: r I L E  ,::0N ’:,. T L . ~ L,JL. :.
L:;1AI’4NC.~~~ ~~~~~~~~~~~~~~~~~~~~~

:- E3T N
W H I L E  .s *i N F :I N I TE  ._ .:OF’*.~’

-rn,  IF-
I I ”’ ,Lh C.

BEG IN
I I/’, T ~rCC’.FC’r.’It~~,F-K1”FF.’,J I C I  ‘ ,—.FF-K l~~ ‘ ‘ I  • ~~‘F- — ‘r. I JAF . , ‘ i f  /3.~ ifI Ii”” . ‘I

A I 1j4’3. c_i n taM I l’s I I, _‘c_ ’OC C.IML. I L. s_ a._1.._iIti,~~ .,.,C~ I y r If’s ,_I I fl I ‘._is_it  I
I— it,F. n~ F, , — - ‘ I  C’ ‘~‘ CC’3 1 IF- ‘5 r. = ‘F F.C” -r .
I,,. , _.s,.iC I l~ , , “ I,,.. I._ I_ . ia._. I, ,.rIC.l i,. i . C 1. I’s. ’ I 3

IF /*13 ThE DEVIC.E DISC’?* ,i
I r  C’~”3 “~ ‘a ,.‘.. .‘s”r”’I’ ri ‘F Cii I” F-C’ F ‘T F-I ‘n” ,—.i— ,
I Llj_i~~ i l ’ s  . 1 . 1  I I’ s ,L I_,l,_ i it ’,j . 4_ J. I’sC .L’a’ _U’i T

• ‘r t,,Jr’I, I ,.‘ ‘r C” ‘T I IF-FiF- p.r T I  I I - ‘sT I’3. ‘3 it ’ E I i r  ,~~‘F’ /” I IF-i,,I’if ‘V ~~ I CI  F-’~~~~~ F.~~~I l”l C. ‘M / * ~ -;‘ I CI tI’s C. 0 I ,s. a_.a_ s_ I. I I’ . A I’M I Cl C’ ‘,.‘ C. 1,5., U C. I ’ M  I S I--IL. 4_i J l~ I I_I’s

BEGIN
‘V F- ,,, -r . . fl” I F-F,F- ‘5 F l  IF-F-r” I—,.—,
.1 C ./ ~ .1. 0 I I~1 C. I’sC. I I  C’~_/ C C I_ I’s I

FLIBP TR” ’. BUFFER -C N I L
THEN ,/*YE34 CHECK :11k DATA*/

BEGIN
1’ F-

F-F flri ”r i . .’.. P” F-r,F,f,r- T r y  ,‘ i KI I IC’ F,?” C” .‘ “ . C”
rL,I~~C I ,’ s  . ,:,C. I,5~ r c _ / , : I s I s . . ) I ’ M ,  J I_ I’s4_ C I ’ ., ./ U

THEN /*PA,RTIAL BUFFER EXISTS*/
F,F- , ’  4 ’ K I
C CI.) S I’M

.f’*WR ITE BUFFER TO E; I SC: AT SEQF’OS IT I ON. BLOCK’*/
ENE : ,

/ “1 is I’J rJ5’T” /S I ’/ ’ I’~ ’ r,F-F-5 I I IF, ‘I’ i’ CKI F, F- ” I” I ir,15 I 
~~~ 

ICF-F-r~I “fl ’ I  I L I I  11 - 1 ,1i- . . ’  C’C.C.I”l ,‘Ml”3. J. I I I_ IM I I’sC. I ‘.JI’sI ’M L.~ I._l I C.I’s” I’ .

F-F.CCC.I I1 F-F-F,I I C’. ’!” if C I  ~~n~F-r”.. ’- F l  ICr- r-F I F’ -i ‘F C,0,’T’r~, - — K i T I
C, i_, a..., 4..’ Li C I  I_ I’s L_ .1. 0 I I. LI ... I C It l’s - 4_L I  I r I_I’s 3. 4 _ I . 4  I I.. 4_ i l  I l’s , ‘ ‘  I ’ M .1. I... I

IF .!*SEGMENTED ~~[LE W I T H  C;p~~ ,i E:UFFER?* ,,
F-F f ,F.”FFi .”, ,“5I I F,r,I—~K,,”.—.r,r-,r,I IC~”’F-F, - “ ‘,, KS T I
C L i~.i

— I ‘s , ....Lr3.r3.C.,’M -r a.:.~~ .3, I~~~I_I ’s  “,,. I’M i i..

THEN J~~YES, RETURN IT*/
F-F.CF-f il IF-F-F-f l u T e- .~r r /~~ I Ir- ,i— .CltI ”if .:’c ,r IT:I , ~~~~~~~~~~~~~~ C l  IF-CaF, ‘r i” -, r,r,C’rF. — Ia . I ’ V I
C I’sC. C. C’ —i C C C. i’s L. A 0 I I. I...’.’ f’s Ci I.. I’M I ... r I..’ I..’ .j I I I — l’s . 4_I c_i t ’ I L. l’s 3. 5.1 .4 . I C!i’ I l’s , — I’ M S 4 ._ I

ChIT _ I -
l __ IML I

i
’*NO BUFFER OR BUFFER RELEA~;ED*~

END
t, ’ iF-l” I’ C” “r /’ ’ 5 F- - .  -

_
It L_ “it / I II . ..:‘,‘MC. I 3. I..’ I IC

B E G IN
IF .~“*PART IAL BUFFER ‘RESEN~ ?*i

FDBPTR” . BUFFER 0’ NIL
AND FDBPTR~ . SEQPOSITION. WORDS <> 0

THEN /*PAD IT AND WRITE IT*/
BEGIN
/*FILL BUFFER WITH ZEROS FROM SEQPOSITION. WORDS

TO ODBPO1NTER’~, BLOCKSIZE*/
/*WRITE BUFFER TO TAFE*/
END I

,‘*RE~ E1’5~SE TAPE BL:FFER*.,
FREEBUFFERLIST FDBPTR- ’- . BUFFER” . BUFFERID] . NILE
IF .7 *WRI T IN G A FILET~*./

FTDB PT R’~ . ATTRIB U TE S ,  WRITEF’ROTECT
THEN !*Y ES1 WRITE DOUBLE END OF FILE*./

i*REQ :JEST DOUBLE END OF FILE FROM TAPE DRIVER*,/’;
I~~’

‘ ‘\C~~
’ C”.J/~~K I I t I C I  A .~~~ ’ I’ C’ l3.IIy!I~~ h,I~ if .3. -‘

t’,a.,., i..,LtI - ,.’C, ‘_,FIF, l ’Ml ’MI_i_ P,_ . ,_iJ. i_’ ! I ’ MI Il_I ’M I ‘3 , ’
I - S I S I 1 I ‘i” F- if F’ r,r, T fl.’.. — ‘ I /t I~ lit iF-I ‘3 — K! I’ I -
CW S I ’ M u  ,C.l_ I I .C’ LC. i_1t L C’r I l’s , LIrn- I• ’IISIIt a._ .• - “ i’I i. I_I

6— 8 6
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“ ‘ ‘ “

~~~~~

,i*REMcIVE FOB FRI::M Dr:B ~ JEUF OF
DEL INK (FEIE:PTR3 FDBF’TR-”, DDBF’O INTER” . FDI3QHEAD ., FDEF’TR” -

‘

XR E’3”’_I R ” M F:: T L I ~~’~~: FF REE nJE 
F- ‘~~I ‘V

i i  t ii_’l I I’l i l  I I”,L.. s_, I 4.11.1 3 . 5 : 1  I l__ I ID~ t’ .,,IEr i l ’ s  . ~~~~~~~~~~~~~~~~~~~~~~~~~

~
L E:r’ I R” . :;TATL,::,. Itl ”\ i’sLII’s . = NUERRUR;

EVENTCOMPLETE ( ECE :PT R) ,
END ;

END.

/

: 1 
)

- ‘— F
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~ .. 5. 2. 3 IORESET

PROCEDURE IORESET ( ECBPTR);

/*INP?JT . REQL:EST ECB ~RIDM IOFUNCTIONS CONTAINING.
•A .~1~5ID .  I N •~~uECi ;

CALLS IORESETASYNC*/

BEGIN
LINK I ECBFTRI IORESETQHEAD , ECBPTR~ . ECBQLINK)1
EVENTCOMPLETE (ICRESETQHCB)1

I I  
~~~~~~~ 

- ,ETT- , F ’ -;T~~ ~~ .: ~~ 
- 

- ,.. -.
~

,‘~* LNP ~~ T ; , :. , j 3  -
~~~~ , , .

‘3 —— I I ~~~E~~~ - - “ I - 
-
‘ .:, — - - ‘ .~~~~~ -~ 

-
‘

— 

I., 

— :  I — I — —

-
~~~~~~~~~~

“s :- i ,~~~ 
- - .: -~~ ~~~~~ : : ‘ ‘~ - .

I I C .  — ‘sf.’ ‘T .“1I1L’ - - , ‘\‘ I

~ ;-; ‘ ..: ::-: c. N~~_ ~~\I~ ~
‘:::~~~ “ . ~~~~~~~~~ :,

L . I l . C ’  ~~~~~~
, , i ’ . l :~~~~~

. ’ I.. .I ’!I~~

IF ~
‘ :

~~~
; —

1 -
~~~~~~~~ 

— 

I : :2

- -:.~~~~~ — — I’~ ~~~~ 
;~~-B .. ~~.. ,: ~~~~~~~~ - : ,.~- ,:~~~~~~ “ i: :’

- • ~~~~‘~ 
- 

‘~~~~~~~~~~~~~~~ b~è~~

~I.J .!- ~- ‘- “ “
,
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_ _  - ./“.-

:‘‘ ~~~
- ‘

~~~ F~~J RE ,t ORE .SETA :E ;YNC . ;

~~
‘
* INF’L T - R’EOL’EST ECB FROM I ORESET C.ONTI”3 I NI NO.

TASKID:  INTEGERI
OL:TF’LT - ALL F ILES  FOR t :A ,LL1N~ TASK. ,.:,L3SED* .~

WHILE .~“*INF ,tNITE LOOF *,/
TRUE

DO
BEGIN
WAITF ORTOF’ENTRY SUSF’END1 IORE SET~!Ci~, VAR STAT US) 1

• ECBPTR : I OR’E SET QHEAD . FIRST3
F-I ‘F i l i , ” / r , ’t i Ci T’ri t ,—.r,C,r C”r rI I_ ’Ir .“~ r ,r,—.cic.~’I~fl~”.. F- fl “~~l i a. I!,.:

4.. C. L.. 1, I ‘WI ‘,, 3. !_.. I,.,. ., i I I I’, I .1. LI I’s l_., ‘ ,I I.... I ‘s / I  I l_ I-  iL. I I . . I..’ a_’r I I_I , C. .1..’ > 1... .4. I’M!”. I

— F’ ‘~~ ‘I’ , ‘ F’ i’, ‘~~5 1’ I ~‘r F- F’ / F- , ‘ F’ F’ “F‘ i” , “- —r It C ’ I .” ’~ I’, I I I’, F’ “Ifl “ ‘Fir, “ i f —, ‘,

I’M I tI ’s 3. C.’..CIt’ I l’s . I I i t ! ’~.. ,L 4 _ I l  ‘I l l’s I L.C’r I ‘ s f 1

IF’ ./* INVALID TA~~’ .. ID’?*/
TOBPTR NIL

T-’~EN / ,‘r ’y’ES; RETURN ERR OR *j
“CC’ Tfl .“ o —r ‘‘, —r’ C’ C’S’ F, — ~‘‘ — I”, “if ‘\ i’— I , , ’ ‘r r

I.,, — . 4_il ~ . , ‘.~ I • , I 1, I._,, i_ C’s !”!, — l’s . ‘“' i_ C, I I i _ i - , 5. 5.

EL SE /*FIND THIS T A S K ’ S  I:IFEN CHANNEL.E~*/
B E GI N

/*FIND DEVICES OF’ENED BY T:-~IS TAS ~.:, *,/
I TO ‘IAXC:HANNEL

4_1 1 1

BEGIN
FDE;F’TR - :::HANNELTAE;LE ECH/’)N~J. ;:t:~;pTR;
IF /4C:LCSE THIS CHANNEL ~~*i

’

FDE:F’TR -
~::.-

- NIL
AND FLIE:F’TR”. TCBF’TR TCE:F’TR

THEN ./ *Y ES4 .i’
:‘~:L, fl3E ( :~,L~~F’END, CHAN3 VA R 3T{’~T US);

END-i
ECI3F’TR”, STAT US. ERROR . NOERROR;
END ;

E’-~FNTT.::MF’LETE ECE:PTR -‘

END.

I’- -~~ ‘• ~~~~~‘- ~~~~-
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rr~ ~~~~~~

‘ ‘  - . -

- ! .:‘, 5. ..~.. - ! ~EAL I . 5.ND ~;R TE ,: : T 1,:.N5,

~~~CO:-: ’. ’~ SE1”,i WP~~~E I~~It, i: ,F T’ ..:),

, /~~I ’ .~F’:~ T. EC13 ~4 IT -  :‘{~
i :I.: v~ETERC , I”;S :, F ’E : I F I E E ;  ~~~~~ THE :- I ,l_1_ .5, . lIL~

‘sC. ;I_ l ::,L. 1 I”iC,i L i _ I’~~1 ~~~~~~ I ,tI ’, I

AND ~RIT ELN IN SECT ION 5. ‘
~~~.

‘ I L~~~~~~~~~ I ,  THE REcL:EST EO3 P(’,SS E ;  T:J REAE:WR .t ~E’ .S’~NC. :::R ~~,_ I ’ s I:I~~ .

ERC: ’-~ANNEL I NVA L.~ : : :HANNEL N:JMBE;;
‘— r I, i, ’~ ‘T’ . , r~,’ r — - ‘F, 1 ,F- I I T ,‘ .F- * IC’,’3- ‘r’,F-I,
I_1’s ’llJ I ~_ IC’  ltl ”I l~ SI_ C. ~_Il’s 4_IC. ‘1 -I. ‘_ C .  I ’ll _ i I I_ IC It,

ERREADF’ROTE,::T
ERW RITEPROTZ: .T
i F,5l ,”F /S I I’t T I  t - F - ’ I T C ’ . I~~ 3 . I ’ T h ’r ‘V 111, 1 1  P1F, l
itl ’s4’M_ ,I I ~ IV f’ ,L ~ _ IJIt V a. i_-it I ’M _ I I I~ : II~, -L 1~~ .C’a...~t’~~’

BEG I N
,‘*PERFORM IN IT I AL ERROR flHE~~- :5*/
F’DBF’TR - C:Ht”NNELTABLE :ECBF’TR” - I:.HANNEL

IF , , 1-FILE NOT OF’EN*j
FDBF’TR NIL

THEN
~.r””'’ r I , I
C,C.I.) L , ’ M

EC:3F~T~~” S,TAT.. S, ERR;:;R , = E R F ILEN O T D F’ EN
OIUT;J I;..:
— IF. -
I_ I’M  I_I l

IF ,~ * I ~: THE DEV ICE A’vA I LI ’,BLS’ ’*j
NUT FDBF’TR” . ODBF’TR” ' . ATTRIBUTES. AVAILAB L.E

THEN ,~-“ *NO, RETURN ERRC;R — ..ISER ‘lUST TL, :S.E ‘:HANNEL—~

ECBF’TR . STAT, .lS, . ERROR . ERNOTAVA IL ,
GOT::; I C:
r— I., r -
C,i ’41_ I

F- ‘ -. F. Fi a “F ,— ‘ -r C’, I I ‘F - — I “if ‘F C’, I
£ C / ‘l~ C C’, !__ I I C. I,_ , I 5. i,.. I”4 ,‘ .3. .,.‘I_.. I I s, I_ I I’ll ‘3F I

: : ~:F NC: ~
- READR

r, F- , ’  F, F’ ‘F’ F. ,“., ‘ - ~~‘ F-I ‘K I C’ _ 
~
“,V /~ C’

‘.)l’s It’..- C’ C I I’. - - :_ - ~. C ‘,. ‘ l’l ’_ - ” ‘is.. ! I

OR EC-BF’TF’ ‘ 

~L:BF~,~N C — ’ READ L _ N

IF .- -~CHEC.:( R E D  F’ROTE,:.T*,
? flflF, ”if , - - - I ‘ ‘ rfl, ‘V F,i ‘“ —‘ — - if- f’ r’.r’,r- ,, -- , ’r’ ’ -
C LI lti t’ . .  - I I I CI I. CIa_i I i t t’ . ‘sC.: .1_ C ,‘,L’ I It ’ .,’ I

THEN
BEGIN
F-f. F, c. ~rfl 

,‘. C’ ~r /~ ~‘if I IC” I~~’ FiT_i Thai - — I”F,  F”, r ’ A if. F, F, — “if F- - -
I l’s . ‘...I I ~~‘ I ‘~.i0, C.I’sC’,I.Jfl - — C.I’sC’s l_I’ 44 _ It ’  I’sLL I ItI..’ I

~OTO 10
EN 01

END

~~ L;:~,T BE A W RIT E<- .~

,,‘*C:HEC: . WR ITE ; ‘ROT~~ .T~ .1
—r r,r”. -‘F r’, .‘. I, i— —i” .—, r , I  ‘~— —  — ‘F- -r —‘— ‘—— ,r.,— .—’~ 

— -
C 4_ l.Z’l I l’s , I’ I I ,‘s .1. C’ _, - ‘ - “Ml’s .3. : 1t C C’. I_I I , I _ .

ri -F-”,,

ECBF’TR- ” ~,T AT I .S, . 1~RF:CR - — ERWR rTE;:’R:::Ta,:,T ..
,:~CT O I ’ -

- ‘ I *  —

- 
- 
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END 1
END;

!*LIOVE USER . ATA AREA ADDRESS AND MAPS INTO FEiE*I

i*INCREMENT IOINPROORESS FLAG IN USER BCE1 AND
IF NOT l:IwNF_tl BY THIS USER-i IN OWNE R’S B,CE*/

/*FASS REQUEST TO READWRITEASYNC*/
LINK (ECE:PTR1 READWRITEQHEADI ECBPTR’1’. ~~ a. INK~~
EVENTCOMPLETE (READWR I TEQCI3);

10’ J-*EXIT WITH NOTCI:IMF’LETE IJR ERROR*/
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-~~ -~~~~~

~‘ROORAM HEs ”,IJWR I F A~:’~N~

- - rNF ’l.j - :” - EC:B W I I H F-’AkAME ~ F-.RS AS; SPEC : ~ lED iN THE CALL. 1 NO
;,F~’LlENC:E~

; ‘-OR REA[lR , REAL iSQ4 READLN, WR I]  ER, WR ]I 1 ESQI

AND WR ’ITEL. N I N  SaO~l iON ~~ I , 5. 2. -

:i 1
4 

C~ ~ ~i’MF ;_F I 1 ON OF I ~~~ REOt IE~~~1 FD ~~I INt. I I.UN OR 1-ESFOR
ER’EOF END OF r-T LE

( VALUE 1 HAS WORD CUIJN1 i-OR (~IC1 UAL
1 RANSFER iN SEQUEN1 IAL READS )

ERFILEADDR ILE ALiIJRESS E;F..YCiND FiLE
ERDIR L’JREC] OR’Y ERROR
EREIEV uNp::ORRE0TAELE DEViCE ERROR

(V A LIJE I AND VALLIE2 t:ONTA] N I HE
RE1 UR’NED Al LIS REGISTERS i-OR
THE UEV) C:E

ERNUSF’Ac:E OW :J~’ ROOM ON BLOCKED DEV iCE
• ERNORANDC:M NVAL1D RE.QUES~ F l:IR DEViCE OR - ILE*/

BEGIN
.*SF” UP SYST EM i~:LtFF ER 1 AE:l_E OF’ SE QUEN I AL 1 / U*/

~;UFF ILl ‘=

‘141-.ILE /*~t OF E:LIFFERS DEPENDS uN ~~ ClC:ESS’OR*/
I~t ,:FINDEX - -:, C:LPFEr~~FuR l . 1 ~~-’ -~uL.r.. u R

T’ II ’I

~:EG iN
GEI BUFFER ~E:UFFADDR, 1IJE:UFS1ZE, i-’RIVAI E VAR E:UFF1LII VAR S1A 1US )
FREEBUFFER~ At-;LE ~t-:tJFF ID]. i~DBPIR : NIL,
END ;

1Ti~’:tRT iFEN i RY ( EFLAG1 REAE’Uh]IEOC5.1 ,IN-.. -

WAITFC’RTOPENl RY (EFL AO 2 I  FURl HERACI ] ONQCE: 1 VAR STAT LIS ) I

WA I TF ‘IIRl OF-ENTRY EFLAO :31 C:OMF’LE”l EQC~:, VAR Si ~V$ US)
WHILE ./*INFINITE LOOP*,/

TRUE

BEG iN
WA I TANY ( EFLAGI + EFLAU2 + EFL.A03 , VAR it~~F O U N D ) ;
1 *;,E :~;‘T Al US RET URN AND RE— ~;:~~ j E :~

;j_:r—_ lJE REI5.~UE: ;1 *1
I:iai si Al LIS ( EFFOUNrJ, VAR STA1 U!~ )
CAS E EFFOUNJJ OF

EFLAG 1.
B E GiN
ECBP1R :3TATIJS. VALUE1; /*RE.l ’~JRNED ECE; E’OINTER*/
DEL1NK ( ECBPTR, READW R1 I EQHEAt’ , ELBP I R~’. QLINK);
WA1TFO RTOPENTRY ( EFLAG1 READW R11EQCB, VAR SI AT US) ;
END;

EFLAG2:
BEGiN
FDBF’l k : ST(,1 US. VAI_ UE1I  ./*RF1URNELI ~~JjIi (-‘II I N l ë R* ,

EC.EPTR . — FDBF’TR” . ECEP-i R; ./ *AS: ;OC1AI ELI aC.E-:*,/
r iF t_ iNK (~~t1BF’TR, FURl HE.RAC:T IUNI,JHEAD, -DE:PTR- ’- , I;!L I N K) ,
WAI1FORTOPENIRY (ETLAU:Z 1 c-URI HF, R’l’Ci :1ONc..~CB, VAR ~TAl  US)
END ;

EFLA’~3.
BEGIN 

,.j I 
-
~~~~

-4~ ~‘~~r ~~~~~~~~~~~~ ‘I

6 — 9 2  

_
~~~~~

- -  ~~i:.’ ~~~~~~~~~~~~~~ ~i.:: -. 



FDEPTR : STA TUS . W-’ILUEII /*RETURNED FDE: ROINTER#,”
ECBPTR . = FDBPTR ” . EC:BF’TR; ,/*ASSIJCIATED ECB*~’
Fl F-? 1’ ~s IL.” / ‘t’r r.~~. -r if’, ~ ‘ — IIA~~

, I F - F’  F- I IF- /I~ F’ i~~•T’ ~~~~ “F F, ~~ .. I ‘V ~ ~3..
• 
~ -a_ ! ,ti_ .4. I SIF’.. I, I 4_I i_IC’ I I’s1 LU1 IC’ 4_ l._ I i_L ’.t’I itI- I 4_U I Li I_IC’ a CI . .s/ I,- .1. a ‘4 F’.. I I

WAITFORTOPENTRY (EFLAUBI r.OMPLETEQCB, VAR 5T(YTI,jS);
a_ I ’ M  a -

END; /*END CASE*!

IF / *CHECK FOR ERROR */
ECEPTR’~’. STATUS, ERROR -:~ 0

THEN /*CANCEL i/O REQUEST*/
BEGIN
IF /*CHECK FOR 5;EVERE ERROR*,/

ECBPTR”' . STATUS. ERROR S’EVEREERR ’IJR
THEN /*MARK DEVICE UNAVA1LABL E * ,/’

~:Ei3IN
DDBP OINTE R : CHANNELT AB LE ~ECBPTR”, CHANNEL~ ”. EIDEPIJINTER;
DDBPOINTER’~”. A [T RiBUTES. AVAILABLE - = FALSE~END ;

0010 10 /*SItJNAL EVENT COMPLET E*/
END;

/*SELECT STAGE OF PROCESSING TO BE F’ERFORMED* ,’
:::ASE EFFOUNtI OF

EFLAGI: /* INITIAT ION STAI3E* ./ r
BEGIN
C’flC.C” r, - — Fl Ifl kik IF-I “F‘ A r.. 1 if if” C-C’ C~ 

“r’ F. ,“. , ‘  I I In, ‘~ i KICI “3 ,
I 4_a 1, 1r’ I I”~ . i_..”II’ ,!’MIIII._. a_. a 4”(5.’a_ a_ I. I__ c_ I_I t 1 i ’S - ‘,.,‘I”?i’ It’IJ’II,_a_ .4.’ - I

A ~.F F-f.T”,r,’FFi.”. C”! Ir, I I —. F —I , , i i _  _ I~~~l i t ’  I l’s , .,.I l_14_l I_I

READR , W R I T E R :
BEGIN _

_

i -

IF /*CHECK FOR REQUEST WITHIN FILE* ,/’ ,
‘ 

- ‘

F-F ~~~~~~~~~~~ A-r rF. ‘F r,, I” rF-p’ - -‘ KI~~l~ TI”! I
I 4_ i_Sr I 1”s . I I  I I C’s ,L IaL I  a i_ .t i , _.IJI ’M I ,L ’ ,.~ _ IL”_,” .J F.’) - -
‘K” . I r F-~~ C’ ~~i if F, .“ . F~ ‘F !  :‘ ‘F 7 .- “~ 5.
1 1!’ MLJ C 4_I l_IC’ I i’s , a .3. i _ i _ _i .3. ~~i_

ECEPIR”. FILEADEIR + EC.E:F’TR”, WORDS
THEN ./*ERROR , RETURN TO JSER*,’

BEGIN ~~ ‘

ECBF’TR-’. 5TATLIS. ERROR - = ERFILEADDRI
3010 10
END;

/*CHECK ALI~3NMENT OF REQUEST*/IF
ECEPTR”K . FILEADDRESS

MOD FDEPTR” . DDBF’OINTER” . BLOCKSIZE 0
AND ECBPTR ’ . WOR DS MOD Ft’BFTR~”, DDBPTR” , 2L00 - ..S1:E C

THEN /*CAN PERFORM .1 N USER BUFFER* ,,’
I K I

£J~~.I..4 4. I’ M

/* INDICATE USER DATA SF’EC FOR TRANSFER*/
FDBPTR~ . BUFFER : = NIL1

CASE ECBFTR’-”. SUBFUNC :‘F
READR :

FDBPTR” . DEVICEDR’IVERREQUEST READE-:LOC:-:,S,
I~~~~~~ 1’ ’~F’ ? ’

A I

FDBPTR~”'. DEVIC.EDR IVERREQUES’T - - -

L. I’ll_I I
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-

,f*A5K F-OR FDB r~:r CK C.IN ‘ CIPERAl ION C0MPI_ ~.l’E’1 Q*J
- -

‘ FDBF’TR”' . E I RI V ERF ~’EI UR’N QHEALI . F- C:OMFLE1 EII.!HEAD;
LINK ( FtiBF’TR, E’L.I:IrI<a:I EIEV 1 i_:~~~~~ j~~~ I VERQHEAIJ 1

FDBPTR” . QI_ INK ;’;
/*NIjT 1 r— ‘i DEV 1 CE 1.1k 1 VER 1 HAT REQUEST HAS BEEN QI..IELIELJ*/
END

ELSE /*NEELI r’~ ~,‘t .JE~~ER *J
BEGIN
/*CALI::ULA I E U SER LIA1 A SECTORS NEEDELI*,
ENDADDR : ~

- EI::r~F’l k”. FTLEALItIRESS + ECEP’i k” . WORDSI
,f’*ASS (JI~1ES ‘EtIV~

’ F-’E’R’FORMED BEFORE ‘— “

BUFFWURDS : ( ENt1ALI!iR .i. DlS’CBLUC<SIZE — 1) DiV
rIXS0ELoC KSI ZE

— FTLEAtIDRE~S’S D I V  riiscI~LocKSIzE ;
• GETELIFFER’ (1I:I13uF-F-ADDR-i BUFFWORDS1 VAR 1OBUFF iLl 1

VAR STA1 U S ) ,
MAP TOBUFFE R (iOEUF}~~tI, VAR STA1 US) ,
,/*F’UINT F’DBP iR~ . BUF F ER 10 IH1S BUFFER’S BCB* ./
CASE ECEF’TR” . StJE:FLINC: OF

READH: FDBF’l k”. tJRIVERRE1 UR’NQCB : O0MF’ L~J EQCB ;

WRITER: FtII~Pl R”' . ER IVERRE1URNQC:B
FU Rl  HERA C:i .IONQCB;

r i’.Ir ,
ata’ Mi_ F

F DBF.’TR”'. DEVICEDR 1VERREQI,JE:E;I : READ[3LOCKS;
LINK (F1~E;I- ’l R BI_CIC:KEDLIEV I C:EDR 1 I~;ERQHEAIJ,

FDBF’TR” . Fr,IBQL INK!;
F’ I’. IF
I_ I’l L I

END ; /*END ~ EADR , W R I I E R  1N IT 1AT1CIN */
READSQ, WRI1 ESQ-i R[~AflLN1 WR1 TELN :

IF /*[IISC ::IR l’AE’E ’~-/
FDBPTR”, AI1R1BW E . BLOCKED

THEN /*YES, C:HECK F-OR BLIF-FER NEELIELI*./
BEGIN
IF

FEiBF’l k” . BUF~—E R : NIL
THEN /*ALLOCcYIE RaArj,WRITE BL:~- r - F R * I

BEGIN
- 

- 

~‘-AL SE1
L-;LIFFJLI :
WHILE /*I..OOK THROIJGH IABI_E

~ UFFI[) < EUFFERSFORTNJSF’ROCESSUR
AND NOT r- OUNrJ

DO
BEGIN

F-RE E I~LIFF-E R ’~ AI:LE FBI.JF FIDJ . ~-tJE: F.’1R - I’- NiL
I - THEN

E:ECIIN
F L,ND : 1 RUE;
F rI r~pl R’”’ . BIJI -FER

/*r~c:r-: F’CI T Nl ER f— OR BU }-FER */ ;
r_’,’.IrL_ I’lL,’ 1

BUF F i Ti - ~
‘-‘ RUFr— I LI + 1,

END~
J*C t.~~ T uF 1~L:F-FERS’~’* ,,

‘F
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NU T C ’ l:IL N L J

THEN -~~ .~NCT ::-: F ECT:o — :-EE TE,”T ~~,’
BEG I N
ECE:PTR “ . STATUS. E~’ RCR - E;;:NCE~ IFFER;

— 
C I IT I I -

- I itND;
END,

IF ./‘*FIRST TAPE REQUEST~’.’r ,’-
NOT FDE:PTR”- . ATT RIBUTES. :;IREOTORY
n F fl Fl r,” ,— , ..‘.. F F-~ I y C’r” F F. “' I IF-F, F. F” “ ‘I I F- — ‘ “if — - ‘F I
I’ ~~IIJ I~ L I~ r I l’s - L.IC. V .~ ~~~~~~ i VC.l’sl’sC.’~’I,_ .it ‘ I ~“' III ,L

THEN ./ *Y ES, SET PROTECT I::IN*,,
;_ A ~.E ECBF’TR” . SIJEFUNC OF

READSQ.’ READLN:
FDBF’TR”. ATT RIEUTEE’ . WRITE PROTECT - -- TRUE,

I IF. I F’1” I” ’ — I IT_I ‘F F-I 1St

~‘Mr’s 4, 5 C. -:‘&r!: “Ml’s .3. I itL_ a ’4 .
FDBPI’R” 3’ . ATTRIE:IJTE~

; , REAt :PR:: ;TEOT - TRUE,
END1

,/ *Cp ;LC.ULATE NEW -‘I:IsI’r’ r c;N ;:F WC RD

NE~ Po~~ITi:IN -~~~1jE FTR ~~~~~~~~ ~~ sr
+C.L.ItaF I l’s .

‘F if” ‘ ,~ 
I I ‘V I I TI 11 -‘ ‘ I I F” F- F- , if’ I” . -  I ‘ F -’~~ ‘F -- ‘V t I, I “F

4. I . 5$ .1, I_ a... I “II... aJI_,II C I_ I”!, Cit -Z ’ _,iC i” -I. ç, .1, C.IM ,
k IC’ iF. —, F’ I “F ‘V , K I ,‘~ F- 7” F’. ‘rl ~~, ,- ‘. “, I”,!~ l~ , ~, 7 1 “F —, - - ‘ ,—,i - — 

~- ,‘ -, - —
‘4 ~~. s/9C U ‘ ‘ ,~ i .s ‘J I’M “_ I It’ a I l’s - LI i_i It’ I’~ L .3. I 9 I I _ i ’s It’s..’.,’ I., I “ ‘_I 4. — *

THEN
‘ ‘ ‘K’  I”  CC”F ”,’  C” I  I5” ,F-~ ‘ h I C ’ - F ’~~~’ ‘~I_ S”, ’ .’ I_” .’ .LI I I l’s - - , “,.‘I_I I i_II’4I_ , I,,.if’

READSQJ ~Es ;0’LN.
CF -C ”  ri.,

./‘-l-MOV E W0RD:E: 7RCN~ BL.FFER*, J
FDB PTR” . :~. E.:~F’o :E ;ITI ; :N .  ~CFE; -

NEWF’O:E;ITION, I

EN DI I.-,

WRI TESQ .- PEADLN. “I

BEG I N  -
“
~
‘

.—“~ MUVE W ORDS T:- BL:FFER* ,
I r  r, ri ’ ’ f l ’- ’ - F - F ’ F , &-, C ’ ’ 3 f l’ t c I .- .r ,r ’ , — ‘~1 -j
I L It’~~ I C. - : i t _ .~r I _I,:, I i. ‘ _ ‘ I ” I. F~~c_ I ,’s l_I , — - ,,

• I I

END,
END; i’ *C;F 1”~:5E*/ 

~~~

‘ 
~

EL.~IE /4~N0, PEAt’ I :R W R I T E  B L F F E~~~, ~
CASE ECBF’TR”- . 5UEF~JNC: OF

READSQ. READLN’
‘F K!

/*MOV E WOR DS LEFT IN THIS EL:FFER-~- .
C’ Y” if’, t. “F‘ ‘ , .“ . F -f ”  r .  —

‘ ,
_, _‘~ C’, K I I - — I”. if’, ._ — ‘

I L It’r I l’s - - ,i 3.,,. ~~ I — , “ ‘  ,s I 3. ‘_ ‘ I 4 , , I  l”~ 4_I - ‘‘  I

E:_ .BPTR” . WL;k D’; - 
— ,~E,~F’u::.4, I

F- F F. F. ~F F,.- .’ .if. F. F” — r 1S 1” — ‘F • ‘ 1’~ I — ‘~ I 
-— ,~ L C’C I l’s - LI4_i It, 1 - - a, , I4 I ,Z,”. - C s_ _ l i  . 1  _ I ,3. — —- -

FDE;FTR ”, IRIV ERRETJRNC~C~
;

‘ T_i ’T L,’C’F, ”% ‘ “F‘r —.I,IFi . ’’: .
C _ Il’s I r-i~~.1’sHL- i

FDBF’TR”. 0EV X C.ERIV2RREC~..-E- ~IT -
F, A F ril C’.
i’s j I1,J~~lL,c_I _ ’~ 
F-I ,.’ if F, T I  IF-’F , -  ThF- ‘K F. ‘if~ 117 II F”’] “I- - I

,1 *5 ,. ‘ I” , Ii i’s 1, V i t I”  I _ I ‘tI ,1,.’ I I 15. l’IC. ,\ I I,. l_ ’_ ’ ’._ I “V .

-END ;
W R I  iE !: i’~E ’~L L I 4 ,

BEGIN
,‘~~1C:VE ~CRD.E- _IiFT L N ~~ I BLF7i~ ’~ 

-
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~1
FDE:F’TR-” . SEQPOS’ITION. WIJRLJ , =

EC:BPTR” . WORDS : ‘ NEWF’OSITION
r— r ri c, ’r if’ ,.-” , r.r’.r’F’ — I’I sI’F t”,.”. I i t  ‘ ‘ I,,.’ . ‘V 7 C ’-i~~ 4_’L~~r’ I CS - i_li_i itir’ LI a, I’M 1 I_ I’s . i_11_UL,’5.,i .s ~~

C’DE :PTR” DRIVERRETHRNI)rB =

Fl R’THER~’.CT’tnN1” r’B;
C’r C.F.”FF./’. I” F’? I T  C” I7Fi ‘ V I  ~F-FiF.F-F I IF-~;”r - —
I 2_ I l_IC’ I l’s . 4_lit. V a, S_ I_ I’s ,I. V ~~.I’s l’stI,’IS ,_I %_ _I I . —

WR ITEBLuLK~ ;
/‘*ASK DRIV ER Tn WRITE THIS’ BLOrK*/

END; /*OF CASE*/
END 1*OF SEQUENTIAL OP”NS FOR DISC AND TAPE*/ -

ELSE ./*DEVICE, DRIVER DUES READ OR WR ITE*,/
BEGIN
/*MQVE USER BUFFER SpEC TO FtIE*/

FDBPTR”4. DRIVERRETURNQCB : = C:JMPLETEQI::E-:;
FDBP TR ”~. DEVICEDRIVERREQUEST : E::.BF’TR”, SLBFLNC;
I 1k!,’.” IF-F FiV” , ’?’ F’, ~~~~~~~~ I IF-K “7 ’ 2 A l  F F-I IT i .F-T’ F. T I  IF-F,1” LJ F- /S TI
a.. .3. a ’4r”. ‘i I~ L.IItl r I l’s~~ , It I,:. ,L. it I’l I a, I - I l _ I., C.V £ i_~t4_I~~ 4. V C,i’s’,~ C1I .l~UJJ

FDBF-TR” . FDBQL INK) ;
,*AS~.: DEVICE DRIVER TO TRANSFER CHARAC:TERS* ,i
END; ./‘*OF SEQ. DEVICE PRUCESS’ING*/

END1 ,“*OF CASE FOR INITIAT ION OF 110*1
END ; /-*OF INITIATION STAGE*/

EFLAG 2, /*FURTHER ACTIUN STAGE*j’
BEGIN
LA ’:.E ECBF’TR~ , :E;UBFiJNC OF

REAEJR :
BEG I N
/ *MOVE DATA FROM FtibPTR’~ , BUFFER TO USER’S BUFFER* ,i
RELEASEBUFFER ~SUSPENEI, FtIE:F’TR”. BUFFER”, BUFFERID,

VAR : .TATIjS),
ECEiPTR-”- . STATUS, ERROR : NI:IERRUR,
GIJTO 10
I_ I I

WRITER .
1 %  ‘

—‘ 7  I
It’ i,~~ a , I

/ *MCVE I;ER DnT (\ T: I FEIDFTIS ELIFFER*
I El I i’s  , I_Il ’s V I’sRL_ I I_Iki\ IUL.lti “ ‘  l_ .c_ lMrl_ L_TtI,~..L.i_.,

FrJBPTR-’, DEVICEDRIVERREQUEST : WRITEBLOC KS;
/*ASK DRIVER TO WRITE BLOCKS BACK TO DISK*/
END;

READSQ , READLN I WR ITESQ4 WRITELN :
BEGIN
IF /*NEED DATA SEGMENT IF SEOMENTED*,i

C’FI1 i~~~ FT_. .”. ‘K”r rFl ‘V ‘:‘i I”r ’ ’- F’F’.”M it’Kt’7’?7
I I’, . I”i I I CI .1. I_IL I 5.’. ’ . ‘tlit, I..II I it. I’ M I 5.

THEN
BEGIN
GETDATASEGMENT (FDBPTR, VAR STATUS);
IF /*ERROR’?*/

STATUS. ERROR -.: :‘ NOERRUR
TH EN ./ *RETURN TO USER*/

BEGIN
ECBP.TR”, STATUS : STATUS ;
GOTO 10
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END1
I_I’ll_I I

/*CALC:ULAT E NEW POSITION OF WORD
SEQUENCE F’OINTER*/

NEWEOSITION: = FDI3F’TR”. :E;EQF’IJSITICIN. WORD
+ECBPTR” WORDS ;

IF /*WILL THE BUFFER BE SUFFIC1ENTT’*/
NEW PCISITION ‘C, FDBFTR ” . UDBPOINT ER” . BLOCKSIZE

THEN /*VES*/
CASE ECBF-TR”, SUBFUNC OF

READSQ1 READLN :
BEGIN
/ . IIAI II IF- I 1 .F’K F C’. F-I .. .I~4 V’,I IF-F-F-F,,s.

.‘ I I _i V C. V LII’s IJ ._I I~ I’s ..,iI I It’L l a I ta’s 1~ ./

F-F r.r,’r F. ,“.. , ‘F-, r,, C’ I ‘F C’ Ki I I ‘ —I LIlt-I”’ I l’s - . It I..i, Ii.., A a .L iJI’l. v.U
NEWPIJS IT ION;

a_I ’ M i

WRI l I t . t il ,” h , 1’~EAD LN :
riFI” ’F I
DtI.~I i I ’ M

,/*MIJVE WORDS TO BLIFFER*,
FDBF’TR”, SEQEOSIT ION. WORD =

NEWPOSITION,
END ;

END; ,/‘*OF CASE*~
ELSE /*NO, READ C:R WRITE E:UFFER* ,/

CASE EC:EF’TR”'’ , SLIEFLINc: OF
READ~ u1 READLN :

BEGIN
,/ ‘*MQVE WORDS :_EFT IN THIS BLIFFER*/
FDBPTR ”. SEQF’OSITiON, WORD : = 0;

ECEF ’TR ”. WORDS = NEWPI:ISITION
— FDBPTR” . DDBPOINTER” . ELoI:,:-I,,sIzE~FTIBPTR” . DRI V E R R E TUR N QCB : =

~1JRTHERACT .LONQCB;
2” F’! II’ CF-F, ‘V I  117if’ .F,C’ t IF- ,z’ Y ’  - —I 4_ l. lr I l’s - LI~~ V .3. ‘_C, l’s £ V I_I’tCII_I, ,, ._lt ,_I a

READBLOC.K’S,
J’*(~5K D R I V E R  TO READ THE N E X T  E:LOC:~ *,,

WRITESQ, REAEILN :
BEGIN
/*MOVE WORDS LEFT IN THIS BUFFER*/
FDBPTR~ . SEQPOSITION. WORD : = 0;
ECBPTR~ . WORDS = NEWPOSITION

- FDBPTRA . DDBPOINTER”. sLoc:-(SIzE;
FDBF’TR~ , DRIVER’R’ETUR’NQC:B

FURTHERPICT I ONQCB,
FDBPTR”K , DEV ICER I VERREQUEST

WR I TEE’LOC:<S;
/*ASK DRIVER TO WRITE THIS BLOCK*/
F- IFl,
CI’lIJ ,

END; ,,- ‘*lJF CAS E*/
END; ,/*QF SEQLENTIAL OF - ’ NS FOR DISC AND TAF’E*/
ELSE /*DEVICE, DRIVER DOES READ JR WRITE*/

BE G I N
,‘*MIJVE USER BUFFE R ~F’EC. TO FDB* ,’
FIJBPTR”. DRIVERRETURNQCB : — ,::OMPLETEQC.B,
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FDEPTR” , DEVIC.EDRIVERREQIJEST : = ECE;PTR”. SUEFUNC;
I 1k!, ’ .” # ‘7r C’ it’ r’ ~‘ .t’ F- F’i 117 I~ I “FT El, I 2” F’S I ‘F CF -f  F’ ‘ F t  417 ‘F 5LI 7 A F
a_ A  IMI”I Lj L,r’ I’sl ._Itl, ,!I_aI_ a’ M I £ I 11_ IJ it. V 4, I_,~~ ,4_ IC’, 4, V I_ I’s&., Ul it. l

FDE:PTR”'’. FDBQL INK),
- /*ASK DEV ICE DRIVER TO TRANSFER OHARACTERS*j

END; /*l:IF SEQ. DEVICE PROCESSINIJ*/
END; /*CIF FURTHER ACTION STAG E*/

EFLAG3: /*CCMPLETION STPGE*/
C’ F’ ‘V Kl
IJC.LJ 1. I’M

IF ,/*DISC RANDOM WR ITE?*/
ECBPTR”. SUEFUNC .= W R I T ER

THEN 1*Y ES, RELEASE BUFFER*,
- ‘ RELEASEBLIFFER ( SUSPEND, FDEPTR- ”- . BUFFER”'’. BUFFER It;2

s I ,ACi ,:.“r-,~~!! I.:’ -V rl F\ .
~~ I r. I — ‘~~ /

ECEF’TR”. STATUS. ERROR : NOERR’OR;
4 F ,  F-~ IF’KI7’C” FMF,I 1t” '~” C’ I C’ ‘T’ iF’~~~~~~’~~ -

- ‘  .3.1_/ I,_ V it. I’II I I_ I_lI II” I_ s.. I I_ I_ L.DI” I l’s / I

/*DECREMENT IOINF’ROGRESS FLAG FOR USER BOB AND ,
IF NOT OWNED BY THIS IjSER, IN THE OWNER”S
BCE *1

F-Is IFI .
It. I’ll_ I I

END; ,/*END OF STAGE CASE*/
ENEI; /*INFINITE LOOP*/

END.
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6. 6 REt,:UVERY AND RECONFIGURATiON

6. 6. 1 rJAl ’A STRIJCTURES AND VAR IABLE DECLP.RA1 iONS

TYPE
TASKID

RECORD
TASK It’, FROCESSORNL !MBF—R’ iNTEGER

r-kI r
5_l it  LI I

ERRORTYPE (BADDATAPRODLCED, BADDATARECEIVED1
MSGNOTANSWERED, UNAI~LETCI INSTALL,
UNABLETOSCHEDULE);

FOB 1* FAILURE CONTROL BLOCK *1
RECORD

FL 1 NK1 BLINK: “FCB;
• SENDERID,DESTNAME : TA SK1D;

ERRORCOLiE: ERROR~l YPE;
FA1LURENUMBER , RETRYCOIJN1, RECOVER’YC:UtJNT: INTEGERS
TIME1STREPORT., TIMERECENTRE,PCIRT : 1 IME;

END,
VAR

FCBQUEUEHEAD : “Ft:B; 1* POINTER TO THE FIRST Fc:B iN THE QUEUE *1
FCBQTAIL: ‘~FCB; 1* POINTER TO I’HE LAST FCB IN THE QUEUE *1
FCBAVAILQHEAD: “FCB; 1* POINTER TO THE FIRST FCB IN 1HE

QUEUE OF AVAILABLE FOE’S *1
MERCAT1VESTATUS: (ACTIVE1 1NAc :TIVE); .1* EIESC:RIEiES THE ABILI1Y OF

THE MER’C TO SENLI CONF 1L’—
URAT ION MESSAGES’ */

NOF’REVIOUSCONFIGMSG: E:OOLEAN; /* 1’RUE MEANS THAT 1HE MESSAGE ONE
WAS NOT AVA ILABLE *1

CURRENTCONF’lG: INTEGER; 1* DESCRIJ~ES CURRENT CONF iGURATION *1
ROUTERTABLE : ARRAY El. . MAXNUTASKS3 OF RECORD

TASKNAME : T ASKNAMET YPE;
TASKIrI, PROCESSOR : iNTEGER

END;
CONFIOTABLE: ARRAY El. . MAXNOCONF1ciURAT IONS] OF

ARRAY El.. MAXNU1’ASK] OF RECORD
I ASKNAME : TASKNAMETYPE; PROCESSOR : INT EGER

F-KIT
L.. I’I LII I

VI RTUALTOD I SPLAYPCMAP :
ARRAY El. . MAXNODSPLAYPROCESSORS] OF IN1 EGER;
1* MAP OF VIRTUAL STATIONS TO DISPLAY PROCESSORS;
ELEMENTS ARE THE INTEGER IDENTIFIER FOR THE PROCESSOR *1

PCSTATUS: ARRAY El. . MAXNOPROCESSORS] OF (UP, DOWN);
1* NOTE: ELEMENTS 1-3 OF PCSTATUS CORRESPOND TO THE THREE MAIN

PROCESSORS *1
1* WE ASSUME THER E IS A FUNd iON “CURRENITIME ” WHiCH RETURNS
THE CURRENT TIME OF DAY. *1
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6 . 6 . 2  PROCEDURE DELARATIONS

6 . 6 . 2 . 1  FAILUREDETECTED

PROCEDURE FAILUREL)ETEC,:TErJ ( SENLiE~~1Li 1 UES~r NAME1 ERRORcOrJE1 ~- AILURENUMBER)I
/ *T H]5 PROCEti(~lRE 15 :::ALLE1J BY AN A~’PL.ICA ’1 iON 1 ASK

WHENEVER AN ERROR IS DEl ECTED */ -

VAR CURRENTFCBI NEWFCI~;: “FC:B;
BEGIN
‘F F-
‘I

FCBAVA1:_QHEAD NIL
1HEN

1* SINCE THERE IS NC’ AVA1 LAI{L~. ~CB, WE WILL TAKE
THE LAST FOB FRUM 1 HE FCI3 QUEUE *1
BEGIN
NEWFCE: FCEQTAIL,
FCB~ TAIL : FCBQTAIL”. BLINK;

• FCBQTA1I ”'. FL1NK : NIL
END

l ’~ ,~~‘t—

.1* GET AN FOB FROM THE QLiEUE CIF AvAiLABLE FCB”S *1
BEGIN -

‘
NEWI-”CB : FC:BAVAILQHEAEI;
F CEAVA I LQHEAEI :

FCBAVAILQHEAD””. FLINK;
FCBAVAILQHEAD” . BLINK : = NIL
END;

,f* FiLL IN THE INFORMATION IN ~lHE ~CB *1
NEWFCB’~. SENI3ERID: ‘ SENDERID;
NEW :I~:” '’ , DE STNAME: DEST NAME ;
NEWFCL-:”. ERF<ORCUDE: ~‘ ERRCIRCODE;
NEWFC:B” , F-A I LURENUMBER: ‘~ FA1 LUR’ENUMBER;
NEWFCIc”. I IME1STREPIJR’T : CURRENIT I ME;

,f* LOG T HE ERROR *1
1* :3ENDMESSAGE “10 ~_OGN, WHERE N IS’ THE O.UHR’ENT F’RIJI:.ESSOR
NLIMBERI C:ON1A1NING THE INFORMAl ION I::CINTANEEI N
THE RECORD F’UINI ED BY NEWFCB *1

1* SEE IF 1 HIS ERROR HAS OCCURHELI i~E-~F ORE *1
CURRENTFCB: FCBQUELIEHEAD;
I it_I ’T~~ r’

~~~~~~~ I_ ~~

CURRENT FCB <) NIL AND
FCBNOTFOUND 1* FUNCT I ON CALL *1

DC’
CURRENT FOB: i::URRENTFC1~v

’-’. F- LINK 1

IF
:~IJRRENTFCB NiL

TH EN
/* 1HIS IS THE FIRST TIME THE ~.RR’CIR HAS Oi::c.URRED
SO PLACE IT IN THE FOE QU EU E. */
W I 1 H CL:R’R-ENTF CE:’”- DO

BEGIN
CLl~ REN1 FCB: NEWFCR;
RETRYCO I.JNT :

6 — 1 0 0
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RECOVERYCOItNT : “ 0;
T1MERECENTREPCIR’T: TIME 1STREPOF(T;
FLINK : FCBQUEUEHEAD;
BLINK : NiL;
FLINK’~. BLINK : CURREN~I

’ FOB;
FCBQUELIEHEAD : CURRENT FCB
END

F-I C.

1* THIS ERROR HAS OCCURRED BEFORE SO RESET :
THE VALUE OF “THE MOST RECENT T iME THE
ERROR HAS OCCURRED” AND RETURN THE SPARE
FCB TO THE AVA iLABLE QUEUE *1
W iTH NEWFCB’ DO

BEGIN
CIJRRENT FOB”. TI MERECENT REF’ORT :

TIME1STREPORT;
FLINK : FCBAVAILQHEAD;
?“ I YKII ,” . — I S I TI--

FLINK”'’. BLINK : NEWFCB;
FCSAVAILQHEAITJ: NEWFCB
END;

rIJRRFN1’Frt~-” RETRYCOUNT ’
CURRENTFC B”. RETRYCOUNT + 1;

IF
CURRENTFC B”. RETRVCOUNT ‘C RE1’RYLIMIi
AND CURREIs!TFCB~ . ERRCIRCODE BADrJAT AF’RODUCED

THEN

1* ALLOW ‘[HE APPL ICATIONS PROGRAM TO ATTEMPT ‘HE
OPERATION AGAIN *1

ELSE

1* TOO MANY ERRORS’ HAVE ‘:JcCuR-RED SO 1’HE I ASK
MUST BE BAD AND MUST BE, RECOVERED *1
WITH CURREN1’FCB” DO

BEGIN
RECOVERYCOUN1’: RECOVERYCOUNT + 1;
RETRYCOUNT: 0;
IF

RECOVERYCOUNT > RECOVERYL1MIT
THEN

1* THE PRUCE’~SOR MUST RE RAD *1
1* DISCONNECT THE PROCESSOR *1

ELSE
TASKRECOVERY ( EIEST NAME )

END
END /* OF PROCEDURE FA1LUREDETEC1 ED *1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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FIJNCT I ON FCBNOTFOUNt;: BOOLEAN ;

1*11-113 FUNCTION IS USED IN F’R’OCEDLIRE FAILUREDETEc:1ED 10
DETERMINE IF A NEWLY c:ONSTRUCTED FOB HAS AN
IDENTICAL ENTRY ALREADY ]N THE QUEUE *1

BEGIN
IF

CIJRRENTFI::B - NIL
THEN

FCBNOTFCIUND: TRUE

WITH CURRENTFCB” DO
IF

SENDER ID NE WFC B”. SENDERID AND —

ERRORCOEIE - -  NEWFCEV’. ERRORCODE AND
• DESTNAME NEWFCB”. DEST NAME AND

FA I LURENUMBER NEWFCB”. F- A I L~us’ENuMr:~ER
THEN

FCBNOTFOIJND : FALSE

FCBNOTFOUND : 1’RUE
END 1* OF PROCEDURE FCBNOTFOUJND */ H
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PROJ::EDURE TASK RECOVERY (TASK : TAS K1D);

1* THIS PROCEDURE SENDS’ A 1 RECOVER 1’ MESSAGE 10 1 HE 1’ASK
RECOVERY TASK ON THE 1-’ROCE.SSOR ON wHl::H
“TASK” IS RUNN ING *1

VAR
I: INTEGER;

BEGIN

1* FIND THE PROCESSOR WHERE THE TASK iS RUNNING *1
I : 1
WHILE

• 1 <~ MAXNOTASKS AND
OLO BALTAB LEEIJ . TASK1t’ (> 1AS’K. TAS’KJ L;

I: I + 1,

IF I ) MAXNOTASKS THEN /* NO’I 1FY LER’C ’OF IN1’ERNAL ERROR *1
ELSE

1* SENDMES~ AGE “RECOVER “'TASK 1 ASV iD~~” TO
TA SKRECUVERYN .ç~ i’~; OLLIBALTABLEE 13. F’ROCESSOR *1

END 1* OF PROCEDURE TASKRECOVER Y *1;
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PROCEDURE LOON;

— 
,1* 1H]S PROCEDURE MAINTAI NS AN ERROR LOG F O R PROCESSOR

NUMBER N *1

VAR
NE WFCB : “FOB;

BEG I N
WHILE /* iNFINITE LOOP *1

TRUE
DO

BEGIN
1* WAIT UNTIL A MESSAGE ARR 1VES*

- 

• 
/*PLACE THE ECE FROM MESSAGE IN VARIABLE NEWFCE *7

/*WRITE NEWFCB TO DISK *1
END

END 1* OF PROCEDURE LOON *1;
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PROCEDURE TASKRECOVERYN;

/* THIS PROCEDURE RECOVERS 1 ASK’ES RUNNiNG ON PROCESSOR N.
THIS.  PROCEDURE MUST ALSO BE RUNN I NG ON PROC:ESSOR N */

VAR
TASKID : INTEGER;

BEGIN
WHILE 1* INFINITE LOOP *.f

1’RUE
DO

BEGIN
1* WAIT FOR A ME~~ AGE *1
1* PLACE ‘I HE 1ASK ID FOUND iN ME~~ AuE IN• VAR IABLE 1 ASK It’ *1

’

1* RESCHEDUL.E (TASKID) *1
END

END 1* OF PROCELILtRE TA5’KRECOVERYN *1;
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- I 6.6.2.2 LERCUPDATE

PROCEDURE LERCUPrIATE;

VAR
CURREN]’FCB: “FCB;
flIAGERRc’R5~ ARRAY El. . MAXNO DIAG ERRS] OF BOOLEAN;
PROCESSORFA1LURE : BOOLEAN;
I: INT EGER;

BEGIN
1* RUN DIAGNOST ICS AND FOR EACH DIAGNOST iC CHECK SET THE
CORRESPONDING ELEMENT IN DIAGERRORS TO TRUE IF AN
ERROR WAS DETECTED, OTHERWISE SET IT 1’O FALSE *1

1* SEE IF THERE WERE ANY ERRORS DETEC1EtI BY THE
DIAGNOSTIC AND IF THERE WERE1 IHEN VERIFY THEM *1
PROCESSORFAILURE: FALSE;
FOR I : 1 TO MAXNOtIIAGERRS . DO
IF

EIIAGERRORSEI3
THEN

BEGIN
1* RLIN DIAGNOSTIC NUMBER “I” AGAIN *1
IF LIJAGERRORSEI) THEN PROCESSORFA iLURE : TRUE
F-IsIr

IF
PRO~:ESSORFA 1 LURE

THEN

1* A VERIFIED ERROR HAS’ BEEN DISCOVERED1 I HIlS 1 HE
PROCESSOR MUST BE CONSIDERED BAD ANrJ lUST BE
D iSCONNECTED *1
BEG 1 N
1* NOT] FY MAINTENANCE OF THE PRCIBLEMS *7

1* DISCONNECT PROCESSOR *1
V~~ls IT”I.I_ I~~ L~ I

1* DELETE THOSE F OB’S WHICH HA VE BEEN AROUND SO LONG
THAT THE ERRORS WERE PROBABLY I RANS I ENT AND HAVE
DONE *1
CURRENTFCB: HEADFCBQUEIJE;
WHILE

CURRENTFCB ‘C) NIL
DO
V F-
L I

( C:URRENTT I ME — CLIRRENTFCB”'. TI MERECENTREPORT )
FCBRETA I NT IMELIM I T

THEN
WITH CURRENTFCB” DO

BEGIN
IF BL iNK NIL THEN

HEADFCBQUEUE : FL INK;
IF FLINK NIL THEN

TAILFCBQUEUE : BL INK;
F:LINK ”. FU NK: -

~ FU NK;
FLINK ”. BLINK:~~ BL INK;
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F L I N K : ~~
‘ HEA DFCBAVAIL QUEUE;

- 

. BL 1NK :~~ NiL;
FU NK” . BL1NK :~~ CURRENTFCB;

I 
HEADFCBEVA 1LQUELtE : = CURRENTFCB

1* RESET WATCHDOG TIMER *1
1* SENDMESSAOE “I AM OPERATIONAL ” TO ALL MERC’S */

- 

END 1* OF PROCEDURE LERCUPDA1’E. *1

I’
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6 . 6 . 2 . 3  MERCUPDAT E

PROCEDURE ME.Rc:LIpr)ATE;

VAR
CONF1G: INTEGER;

BEGIN
IF

1* TIME Ti HAS EXPIRED */

1* COLLECT MESSAGES SENT FROM ALL LERC’S AND SET EACH
ELEMENT OF PCSTATUS 10 “UP ” IF A MESSAGE WAS
RECEIVED, OR TO “DOWN” IF NO MESSAGE WAS RECEIVED *1

• IF
MERCACT 1 VESTATUS. ACT I VE

THEN
COMPUTECONF 1 GANDSEND IT

ELSE
IF *

1* 1 CONF 10” MESSAGE HAS ARR IVED *1
THEN

BEGIN
1* PLACE “CONF 1(3” IN CURREN’I CONF 113 *1
1* Pt ~‘CE 11VIRTUPL Tori 1SPE AYPCMAF’1’ IN

VI RTUAL.TOD I SPLAYPL:MAP *1
IF

NE WCONF IG OLDC:ONFIG
THEN

RECONF IGURE (NEWCONFIG);
F-
‘7-

F-I

IF
1* TIME T2PROCESSORNUMBER HAS E X P I R E D  *1

THEN 1* ACTIVE MERC MUST BE BAD, BECOME ACT IVE *1
BEGIN
MERCACTIVESTATUS ACTIVE;
COMPUTECONF 1 GANDS.END IT

END; 1* OF MERCUFDATE *1
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PROCEDURE COMPUTECONF I GANDSEND I ‘F;

.1* THIS PROCEDURE IS CALLE D BY MERCUPDA TE 10
DETER~ JNE THE CURRENT CUNF1uURATION AND TO
SENI:’ 1 HE CONF IGURATION MESSAGE TO THE OTHER
N1ERC ”S *1

VAR
I: INTEGER;

BEG IN

1* COMPUTE THE CURRENT CONF1GURA’i ION NUMBER WHICH
CORRESPONDS TO THE NUMBER IN PART 1 OF ‘I HE
ROUT I NO/RECONF I GURAT ION TABLE *,f
IF

PCSTATLISE1] “ DOWN
THEN

CONF I0:~~ I
ELSE

CONFIG: 0;
T 1 ’
L I

FICS1’ATUSE23 ~
- DOWN

1 HEN
CONFIG : CONFIG + 2;

IF
PCSTATUS[.3) DOWN

THEN
CONFTCi:~~ CONFIG + 4;

IF
CUNF’lG = 4

THEN
CONFIG’: 3

r~~ ,‘ -

IF
CONFIG 3

THEN
CONFIG : 4-;

CONF I G:~~ CONFIG + 1;
IF

PCSTATUS E VIRTUALTODISPLAYPCMAPL1) ] = DOWN
THEN

1* THE WATCH SUPERV ISOR’S DISPLAY PROCESSOR IS DOWN
SO ASSIGN THE WATCH SUPERVISOR’S VIRTUAL PROCESSOR
TO THE FIRST DISPLAY PROCESSOR WH iCH IS UP *1
BEGIN
I : 2;
WHILE

I ‘C MAXNODI’SPLAYPROCESSURS ANti
PCSTATUS E VIRThALTOUJISPLAYPCMAPF 1 :i 3
DOWN

DO
1 =  1 + 1;

IF
I C MAXNO DIS PLAYPRUCE SSOR S
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THEN
BEGIN
V I R I UAL”I OLII SPLAYPC MAF-’ [i ) :
VIRTuALT ODISPLAYPcMAPr 13;
/* SEND MESSAGE TO DISPLAY I ThAT iT
IS NOW THE WATCH SUPERV iSOR’S STAT ION *1
END

1* NO1 IFY MA INTENANLE 1HA~ ALL LJ I~~PLAY
PROCESSORS ARE DOWN *1

1* MAP ANY VIRTUAL STATIONS ASSIGNED TO DOWNED
DISPLAY PROCESSORS TO THE DiSPLAY PROCESSOR
USED BY VIRTUAL STAT ION 1 (THE WATCH
SUPERV ISOR) *1

ECIR
I : 2 TO MAXNOD1SPLAYPROCES.SORS

I I DO
IF

PCSTATUS EVIRTUALTODISPLAIYPCMAF’ L i)] ~
“ DOWN

THEN
VIRTUALTODISPLAY’MAP f I)

VIRTUALTODISPLAYMAI-’ El 3;

1* SENt’ MESSAGE CONTAINING “CONF]G” AND
“VlRTUAL .TUDISPL,AYF’CMAP” ‘tO ALL ME’RCS’ *1

END 1* OF COMPUTECONF IGANDSEND I T *1
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PROCEDURE RECONF I OURE, (CONE 16: INTEGER);

1* THJS PROCEDURE SCHED I,ILES AND WOUNDS ‘tHE NECESSARY
TASKS TO FIT THE NEW CONF ] I3URATION. WHEN A TASK
IS WOIJNDELI, IT IS PLACED ON A QUEUE OF WOUNDED TASKS
AND 13 ALLOWED TO CONTiNUE r-’RoCESSING ITS OIJTS1 ANDING
MESSAGES. THE WOUND QUEUE I S CHECKED PERIODICALLY1 AND
THOSE TASKS WITH NO MORE’ OUT 81 ANDINO MESSAGES ARE
KILLED *,/‘

BEGIN
FOR

I : 1 TO MAXNOT ASKS
DO

WITH CONFIGTAE1LE ECONFIGJ DO
IF

PROCESSOR THISPR UCE SSOR ID
AND 1* TASK NAME IS No’s IN ::ONFI (3URATICIN TABLE *1

THEN
SCHEDULE (SUSPEND, 1 ASKNAME, STA1 US)

I. ,. L,s~~

IF

r PROCESSOR ..- TH1SPROCESS.ORID
AND 1* TASK NAME 18 IS CCINF1r3IJRA1 ION 1’ABLE *1

T HEN
1* WOUND THIS TASK *,/

END 1* OF RECONFIGURE *.f
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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 ooerate in

the presence of failures, In 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 to 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 
!~~~~~

5
~~~~~

5 d i h i zed . 

-



_ _ _ _ _ _ _ _ _ _ _  
—~~

- —---- .-- - --~~~~~~~-•,-- — -‘.- - -,- - ,~~~~~- ..~~ - -~~~~--~~~~~~~--- - “,-•- --‘----‘-

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 tine 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

Implementat on 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.

-- - — ‘-—~~~~~~~ - 
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Severity of the Results of a Failure

The possible results of a failure are listed below in increasing

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 .
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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—i 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
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V

Reconfigure and Recove r

I I
V V

V
Continue

Figure  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

— Hal ts (dies)
— Produces erroneous results
- Goes wild - continually transmits nonsense

• Interprocessor Bus

- Open
- Stuck
— Intermittent errors

• Prima ry Memory

- Module fails
- Word/bit fails
- Intermittent

7—6
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• Storage Devices

— Device fa i lure  
-

- Bad sectors

• I/O Interface

- Fails (open)
— Stuck-on (“Hogs ” bus )
— Intermit tent  errors

• Watchstanders ’ I/O Devices

• Display Processor

— Halts (dies)

- Produces erroneous results
- Goes wild - continually transmits nonsense ,

re ta in ing control of the interprocessor bus

or deluging the watchs tander  wi th  erroneous
data .

Tasks (The Execution of Code)

• A server task dies before completing

• The processor in w!uich the task is executing
fails and halts

Task requesting a service dies before the service

is completed; therefore , the server has no desti-’ ,;ion

to send its results

7—7



‘ The task cannot be invoked (perhaps dre to an

inabil i ty to identify the task or that the

task cannot be found or that the resources

necessary to activate the task cannot be made

ava i l ab le ) .

• Task continually transmits messages

• Task destroys executing copy of code and

causes total task f a i l u r e

. 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

7-8
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• Internal  consisi-ency check of a data base fa i l s  -

• 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 fa i ls

• Program malfunctions and copy of code being ut i l ized

is suspected

• Program “bugs” appear

• Design errors are discovered

~ •2 . 1 Redundancy

~vstem redundancy a f f o r d s  both good and bad aspects . The
existence of duplicate components of any type always Dresents

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

aoplication to its two main goals: detecting , checking and

verifying a failure ; or oroviding a spare component for replace-

rner .t

,
~ spare or replacement copy of a resource is of no value in

ach ieving faul t- tolerance if it does not function properly i t s e l f .
Therefore , there must be a continual checking and ver i fy ing  of
the operational status of spares .
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One approach , or technique , employed to 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 . Qtherwise, 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 ” diagnostic routines.

Verification of the operation of various components of the 
system

is art 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 .

U nderstanding 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 operaticri 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 mech anisms or procedures for achieving hardware faul t
tolerance are:

. Provide spare resources

• Failure containment

• Ability to selectively shut-down components , uti l izing
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 highi”
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.

Irt 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 ~an 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-Li 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 arid 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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Figure 7-2. Class C - Level 4 Hardware Model
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Software Procedures

The integrity of information stored iii 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 ver i fy  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 writ ten 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 capa~i1~ ty.

There will be a watchdog timer within the bus interface. This

timer may be a monostable flip-flop (one-shot) , or may be a
prE~settable countdown timer using the 60 Hertz AC line frequency

as its input. The time constant of the one-shot or the 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

initial state or countdown value . If the timer is
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not reset before this time expires , the timer wil l  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 health” and when it
continues to execute the continuing 3eries of reset commands on
the watchdog timer that it is allowed to remain connected to the
interconnection bus.

7.3.3 Discs

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 only recovery mechanism possible is

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 H
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 to ensure that a
task that is waiting for an answer does not wait

too long in the event that the answerer has died .

To i l lustrate, the state diagram for the process DELETE-VESSEL
(see Figure 7-5) will be used. At state L~ 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 question is not answe’ed 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 s i tuat ion and no t i fy  the errc~ reporting center tha t  i t
suspects that  that  watchstander s ta t ion  is inoperat ive .
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7 . 4  SOFTWARE FAULT TOLE~~ NCE

So ftware faul t tolerance may be achieved through the use of

the fol lowing techni-:’~es , listed by area of ac~~li c a t i or. of the
technique.

Program Desigfl

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
straicrhtforward . and the cor !,bination 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 imp lement

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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. Util ize 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 processes 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 bu~-~ the most trivial of failures in the data base.
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7.5  ERRO R DETECTION ~ND REPORT IN G

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

•1
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- 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 .
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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 pe rmanent errors .

Remote Detection -

There are three way s that a failure in a processor can be
remotely detected . First , if the operating system of the
processor fails to reset the watchdog tin’er , the processor
will be automatically disconnected . Second , the LERC5 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 .
Failure 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 .
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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 ME?.Cs 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 processor 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 PC~~RC will attempt to help its processor become

the active Position/Collision Processor

7.5.4 Display Pi:ocessor 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 to
all ~~ RCS . If the ME RC 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 per fo rms local detection of bus

fa i lure .

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.
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7.6  ERROR RECOVERY

The following assumptions are ma de 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/O
device or a memory module which can be logically
removed from active use).

For incapacitating hardware errors , the LERC

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
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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 C ontroller

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

A
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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 PCMERC5 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 to 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
noti fying maintenance .
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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 af ter reconfiguration with respect to display
processors is controlled by the watchstanders themselves except
that any Virtual Display Stations assignec~ 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 ‘IrS/OS. 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 norma]. 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 reinstal].ation of a task , any messages
arriving for that task will be placed on the proper queue 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 aff ected 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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8 RECOMMENDATIONS AND CONCLUSIONS

In the course of this design e f fo r t , 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 .

Fur thermore , 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 identi f ied some
constraints on the f inal  choice which are of varying cri ticality.
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 .
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ICC believes that the design in this report will prove to be

quite unworkable if an attempt is made to imp lement 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 har dware
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/OS, 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 fea tures of processor
architecture. As a result, the PASCAL programmer is hampered by

an inability to perform any but the simplest manipula tions 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/OS ,

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/OS; the directory structure of VTS/OS may be modified to

conform to the development system , but the indicated directory

information must exist in some format to support the VTS/OS file

management functions .
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