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ABSTRACT

This report summarises the implementation of release 19.6 (MVT) of the IBM

System/360 Operating System. A number of additions and modification to the

system were made.

Although further changes have been made since the time of writing, the
report provides basic information for the generation of future releases of the

IBM Operating System.
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1. INTRODUCTION

This report describes the generation of and subsequent modifications to
the IBM System/360 Operating System at the AAEC Research Establishment, lLucas
Heights. It does not describe the detailed mechanics of the system generat~
ion at the AAEC or the generation of an IBM operating system generally. What
is described is rather the numerous modifications to the standard system which
it was found necessary ox desirablé to apply.

A brief description of the System/360 MVT Operating System is given.

The various components of the operating system referenced in later sections
of the report are mentioned so the reader is aware of where these components
lie in the logical execution of the operating system as it processes jobs.
No attempt is made to provide a comprehensive description of MVT. IBM them-
gelves find this task a most difficult one, even with their numerous and
voluminous manuals.

The release 19.6 version of the MVT operating system was first generated
at Lucas Heights in July 1971. After six months of operating, observing, and
modifying, another system generation was performed primarily to allow for the
inclusion of the Houston Automatic Spooling Program (HASP) and alsc to recreate
the system in the light of six months operational experience. The running of
the MVT operating system is not a dormant, unchanging process. Effort is
continually being applied to improve its operation, to investigate its errors
and illogical quirks and to correct these when found. Consequently one can
only attempt to document the system at one convenient and hopefully significant
time, Six months after the initial trauma seems to be such a time.

2, MULTIPROGRAmiNG WITﬁ A VARIABLE NUMBER OF TASKS

2.1 Job Scheduling '

Figure 1 depicts the scheduling of users jobs in a multiprogramming
environment of the IBM Operating System. The various stages in the process-
ing of the job are described below.

The users deck which defines the job is read into the system via a card-
reader or magnetic tape unit.

The reader/interpreter reads the Job Control statements which partly make
up the job deck. Validation of the user's requests for system resources can
be done at this time. Depending on the job's requirements it is given by
the user a Job Class. As each job is read into the system, it is stored on
disk in Input Queues. Within any one job class the jobs are arranged in
order of Scheduling Priority, which, in most instances, is the same for all

jobs and hence jobs are queued in the order in which they are read in.
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The jobs are picked out of the job input queunes by Initiators. Each
initiator {there may be several in the system at any one time) can be assoc-
iated with only one job at a time; it is supplied with a list of job classes
upon which it is capable of acting. The sequence of classes in this list
determines the orxder in which the different job queues are searched for the
_existence of the next job to be picked up by the initiator. Obviously some
thought must be applied to the list of job queues available to an initiator
and also to the type and number of initiators allowed to be active at any one
time.

The initiator/terminator prepares the user's job and eventually hands it
over to the Task Management routines which supervise its execution. Fox the
user programmer the unit of work is a job. For the system, however, the
logical unit of work is a Task. A task is the smallest unit of work that
can command contrel of the CPU. Each job may be made up of one or more tasks.
Furthermore only one task can have control of the CPU at any one time.

The job step, appearing as a task to the operating system can issue
messages via the Master Scheduler to the operator who in turn can issue
commands to the system and user tasks.

Output is created by the user's job which is queued on output queues on
disk. There are output classes, quite unrelated to job classes, which the
user's job may create. These are processed by system routines called the
Output Writer which eventually produce the cards and listings requested by
the user.

2.2 Task Scheduling

The entire operating system, including user's jobs, exists in the computer
as a collection of tasks. That is, a collection of units of code each of
which can demand to have control of the CPU or elect to relinquish control,
or have control forxrcibly removed from it. Each of these tasks has associated
with it a Task Control Block and these are arranged in a queue of priorities
as shown in Figure 2.

The transfer of control from task to task is discussed further in a later
section on the routine AEDDP, Suffice-to say that when each task becomes
dispatchable (i.e. capable of using the CPU) it is able to remove control of
the CPU from a task of lower (dispatching) priority than it and assume control
itself, This principle constitutes the basis of the operating system and

fortunately works most of the time.
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2.3 Core Layout

The layout of core during job processing is as follows:

512K
Link Pack Area
(loaded during IPL)
486K
User's REGION
(Loaded during processing)
Tl B —————
74K EXPANDED SQS
SYSTEM QUEUE SPACE
56K (allocated at IPL and used during processing)
NUCLEUS
OK {loaded during IPL)

The nucleus is that portion of the control program that is loaded into
low core at Initial Program Load (IPL) time from the system library SYS1.
NUCLEUS. It is never overlaid by another part of the operating system.

The Link Pack Area is that portion of high core that contains selected
re-enterable routines from SY¥S1.SVCLIB and SYS1.LINKLIB, selected serially
reusable I/0 error routines from SYS1.SVCLIB and a list of track addresses,
called the BLDL LIST, of selected routines in SYS1.LINKLIB. These are
loaded at IPL time by the Nucleus Initialisation Program (NIP), using lists
specified in the library SYS1.PARMLIB.

The System Queue Space is constructed adjacent to the fixed area of the
nucleus. This area is used to construct the required control blocks and
tables used by the control program. This SQS may require to be expanded if
more space is requested than is awvailable. Once expanded it does not shrink

back again until the next IPL.



3. SYSGEN PARARMETERS AND PRE-SYSGEN MODIFICATIONS

As mentioned earlier one of the main reasons for the system generation
in December 1971 was the need to be able to run HASP on the system.

Appendix 1 is a listing of the stage 1 SYSGEN deck. It shows the generation
of the HASP pseudo unit record devices. HASP modified OS to the extent of
these unit record devices éppearing, by virtue of their associated UCB's, as
real physical devices. Another point of interest, touching on HASP again,
is the removal of ordered seek (IBM System/360 System Generation; Form

No. GC28~6554) for the disk address that holds the HASP Spool pack.

Also added at this system generation were more 7-track tape UCB's for the
expanding Dataway rYequirements. Automatic Volume Recognition (AVR) was
removed from the system.since the previous 6 months experience proved that the
feature produced numerous operational problems. Another feature not generat-
ed in December was the Rollout/Rollin facility. This was rarely used in the
earlier system. SVC 200 was added to the system to allow HASP to execute its
functions.

The processor libraries for FORTRAN, PL/1 and COBOL are no longer gener-
ated automatically with esach system generation. The philosophy is now to
keep them separate and generate them only when relatively bug-free versions
are available.

3.1 UCB Modification

There is a UCB for each device attached to the system. The UCB describes
the characteristics of the device to the I/0 Supervisor and is used by the
Job Scheduler during allocation of the device.

The UCB uéually consists of two segments - a segment common to all
devices and a segment that varies according to the device. AREC can add to
chosen UCB's, at SYSGEN-time, a third segment used for communication over the

Dataway.

Common Segment
(24 bytes)

Device Variable Segment
(variable length)

ARAEC Appendage
(32 bytes)

The addition of these bytes is effected by:



(1) the addition to SYSL.GENLIB of an AAEC written macro AEATTN;
Appendix 2.1.

(ii) modifying SGIEC202 in SYS1.GENLIB to utilise AEATTN and generate
the extra bytes; Appendix 2.2.

The stage 1 instruction to create modified UCB's for addresses 240, 248

and 250, for example, would be

AEATTN (240,248,250} ,41
the operand 41 indicates that the attention byte which is alzo modified by the
macxo is 41 bytes from the end of the UCB. It is unlikely that this dis-
placement should vary from release to release.

3.2 AAEC LINK TCB

Figure 2 shows the existence of a permanent AREC TCB in the chain of
permanent system TCB's. The creation and initialisation of this LINK TCB
is effected as follows;
(i) modification, shown in Appendix 3.1, to the members SGIEAZBK and
SGIEAZNP both in SYS1.GENLIB. These changes initialise global
variables to be used in modified versions of IEAQBK and IEABRNIP.
(ii) modification, shown in Appendix 3.2, to IEAQBK in SYS1.MODGEN.
These changes emulate for the LINK the instructions that generate
the Request Block (RB) and TCB for the systems communications task.

(iii) modification to IEAANIP in SYS1.MODGEN shown in Appendix 3.3 to
initialise the newly created TCB.

3.3 AAEC Attention Handler

Appendix 4 shows the changes made to IECIOS in SYS1.MODGEN to insert a
V-type address constant for the AAEC attention handler.

3.4 8SVC 255

Appendix 5 shows the modifications to IEAQNU in SYS1.MODGEN to generate
the code to handle SVC 255, which allows entry into SUPERVISOR state.

3.5 Modification to OPEN

The OPEN/CLOSE module IGG0199Z in SYS1.DM508 was modified to allow the

current date to be inserted in the FORMAT 1 Data Set Control Block each time
the data set is opened. This allows a check to be kept on those data sets
not frequently used, and which, therefore, could well be kept on magnetic
tape and unloaded when required. The added coding in IGGO199Z picks up the
date from the CVT in packed decimal form and stores it at offset 68 of the
DSCB. This location is supposed to contain the Programming System Code ID

{(offset 62 to 74), but is not used in the current release.



The instructions added are listed below. The record identification

field is relevant to release 19.6.

The first and last instructions listed

are the standard 0S cnes between which the AAEC instructions have been added.

EXCP DXI0B

WALT ,ECB=DXECB
™ DXECB,X'20"
B2 RAEC
CLI DSCFMTID,X'F1'
BNE AREC
L 1,16
L 15,164(,1}
L 1,0(,1}
L 1,4(,1}
L 1,112(,1)
L 1,16(,1)
LA 1,0(,1)
CR 15,1
BL BAEC002
cIC 5(7,1) ,AEDLIST
*
&
BE AREC
AREC002 XC DXECB (4) ,DXECB
TIME BIN
L RD,DSCSYSCD+10
ST RE,DSCSYSCD+10
c RF ,DSCSYSCDH6
BNE AAECOD3
SR RE ,RD
L RD,DSC5YSCDH+14
AR RE,RD
SRL RE,1
ST RE,DSCSYSCD+14
L RF,D5CSYSCD+2
LA RF,1(,RF)
ST RF,DSCSYSCD+2
B AAEC004
ARECO03 ST RF,DSCSYSCD+6
ARECD04 %C DXCCW3(32) ,DRCCW3
LA RD, DXCCW7
LA RJ ,DXJBF
LA RE,DXCCHW3
1A RF ,DXDSCB
*
ST . RD,DXCCW3
ST RJ ,DXCCW4
ST RE, DXCCW5
5T RF , DXCCHG
oc DXCCW3 (32} ,OPKCCWL
*
CLI DSCEXPDT, X' 00"
BNE AREQQO
*
MV DXCCW3+24,X'05"
BAE000 EXCP DXIOB
AAEC EQU *
BC 15,0PA1020

4. SUPERZAPS

READ DSCB VIA EXCP 05800018
WAIT FOR READ TO COMPLETE
ERROR?

YES, BR OVER AREC CODE

IS5 IT FORMAT 1 DSCB?

BR OVER AAEC CODE IF NOT
LOAD CVT POINTER

LORD HIGHEST AVAILABLE ADDRESS
LOAD TCB POINTER

LOAD CURRENT TCB ADDRESS

LOAD SAVE AREA ADDRESS

LOAD CONTENTS OF R15(=EP)
CLEAR HIGH ORDER BYTE

IS SAVED ADDRESS SENSIBLE?

IF NOT OMIT THE CLC INSTRUCTION
IS IT AEDLIST OPENING?

ABOVE IMSTRUCTION ASSUMES
STANDARD LINKAGE CONVENTIONS
IF SO BR OVER AREC- CODE
CLEAR ECB FOR WRITE OPERATION
GET TIME OF DAY AND DATE

LOAD TOD OF LAST OPEN

STORE CURRENT TOD

COMPR CURRENT DATE WITH DSCB
BR TO MOVE IN NEW DATE
EVALUATE CURRENT DELTA T

LOAD DSCB DELTA T

ADD OLD TQ CURRENT DELTA T
DIVIDE BY 2

AND STORE IN DSCB

LORD OLD USE COUNT

INCREMENT USE COUNT

AND STORE IN DSCB

MOVE HEW DATE INTO DSCB
CLEAR CQCW ARERL

SAVE COUNT ADDRESS

GET DSNAME KEY ADDRESS

GET DSCB BUFFER ADDRESS
SET UP THE CCWS

OR IN THE INSTRUCTIONS

IS EXPIRY DATE SPECIFIED?

ALTER A READ TO A WRITE
WRITE OQUT DSCB WITH DATE

05820018

The IBM utility program IMASPZAP permits the alteration of instructions

in load meodules which are members
System/360 Service Aids, Form No.
this doctoring process is called,

system. Some of these superzaps

of partitioned data set libraries (IBM
GC28-6719) . A series of such superzaps, as
were yun on various items of the operating

were essential to effect the correct

operation of the operating system, due to incorrect coding or logic in the

standard supplied software. Others can be optionally applied to the system,



which will run correctly without their application. However, by applying
them one is able to improve the capabilities and operation of the operating
system. Appendix 6 lists the steps of this superzapping operation. Each
NAME statement in the listing specifies the module name and CSECT within
module to be altered. Below is a brief account of the changes.

IEFSD0O%4 - This module is the Standard Page Separator routine that prints
the jobname in block capitals at the start of the user's output. The normal

-operation of the Separator is to produce 3 such identical pages. This, it
was thought, was time consuming and wasteful of paper. The superzap reduces
the separation to 1 page}

IFASMFDP - The program which dumps the SMF accounting information from
SYS1.MANX or SYS1.MANY to tape has a bug that prevented it from dumping to a
tape whose disposition was MOD. This superzap allows such an essential
operation to take place.

IGGO190P - This superzap makes a logical change to the standard code
that executes a MVI instruction, and hence clears the SLI bit in a CCW. It
changes the instruction to an OI instruction, which is logically the correct
action to take, so that the SLI bit is not cleared. This problem arose with
multifile tape processing over the AAEC Link.

IEEVSTAR - The standard default MSGCLASS for all console startable tasks
is SYSOQUT=A. This causes every task, inqluding the frequently generated
readers, writers and initiators to be listed on the line printer. This super-
zap alters the default MSGCLASS to SYSOUT=0 which is then stored on disk to be
scratched at any convenient time by the starting of the WTRO procedure.

IEEVIPL - During system generation it is possible to elect to allow the
system to issue automatically three start cormands. The start commands allow
a reader, writer and initiator to be started. By requesting this option,‘and
its subsequent superzapping, thrée 'Vary Offline; commands could be issued to
units 240, 248 and 250, This was done to suppress the OS requests to unload
these units each time OS referenced a 2400 tape unit, to which these addresses
appear to belong. They refer, in fact, to attention generating devices on the
Dataway.

IEEVRCTL - This superzap suppresses the correct generation of an error
condition when an unauthorised program is started from the console. Thus all
programs are nominally capable of being started from the console.

IEFSDO61 - This superzap corrects a logical error in the initiator
allowing the successful operation of the AAEC AELINK routine (Magon and
Richardson 1969).
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5. SMF EXIT ROUTINES
SMF (IBM System/360 System Management Facilities; Form No.GC28~6712) is an

optional feature of the System/360 Operating System which this installation
chose to select at system generation. SMF provides accounting information
related to the system, jobs and job-steps. Various exits to installation
written routines are provided, to allow local functions to be performed. One
~of the main functions of these routines is to enforce installation standards
such as job identification, core requirements, maximum execution time and
maximum wait-time. SMF collects this accounting information and writes it

out to two data sets on disk, SYS1.MANX and SYS1.MANY. At Lucas Heights these
data sets take approximately 3 days each to fill and hence are periodically
dumped to magnetic tape.

The installation can choose which SMF options it wishes to make use of
by means of the SMF default parameters specified in the member SMFDEFLT in
S¥S1.PARMLIB (See Appendix 7). This installation chose not to allow operator
intervention at IPL time to permit changing these parameters. This decision
was based on the fact that the need to change the parameters arose so rarely
that it was easier to alter the SMFDEFLT member than always to force the
operator to give a 'no change'® reply at IPL time.

The exit routines written for this installation were:

IEFUJIV - Job validation exit
IEFUJI - Job initiation exit
IEFUSI - Step initiation exit
IEFACTRT - Termination exit
IEFUTL - Time limit exit

IEFUIV

This exit routine receives qontrol just before each JCI statement read by
the card reader is interpreted, and again just before the job is queued in the
input queue for scheduling. In addition to validating the job's resource
requirements and accounting information, the routine writes a special (TYPE
128) record to the SMF data set that provides information additional to that
provided when a job was submitted at the input desk.

The program consists of two CSECTS. UJVTABLE consists of a table relat-
ing job class to maximum core and maximum time allowed to jobs of that class,
and user group number (as contained within the job card account number) to the
maximum allowed initiation priority. The other CSECT is IEFUJV. For each
job read into the system this routine compares the requested values of some

keyword parameters with those allowed in UJVTABLE and accepts or rejects the
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job depending on it requesting legal or illegal values for these parameters.
The error messages, supplied to the console operator, on rejection of a job
"are shown below. Appendix 8.1 is a listing of the job validation routine

IEFUJV.

SME Errox Reason for Exror
Code

01-PRTY A priority was specified on a JOB or EXEC
statement that exceeded that allowed for
the user.

02-REGION A region specified on a JOB or EXEC State-
ment that exceeded that allowable for the
class of the job.

03-TIME A time was specified on a JOB or EXEC state-
ment that exceeded that allowable for the
class of the job.

04-ROLL A job requested the invocation of the
ROLLOUT/ROLLIN facility which was not
allowed for the user.

07-RCCT N An account number was specified on the job
card that did not match with any in the
table of authorised users.

08-NO TIME No time was specified on the job card when
it was required.

09-NO ROOM For a class that permits the user to omit
the TIME parameter, SMF inserts TIME=5 on
the job statement image. If there is no
room within the statement image to insert
this keyword this error arises.

IEFUJL

This routine receives control just before each job is initiated. Its
function is, for each job, to save in a special area of core in SQS information
pertinent to the job that is just about to be initiated. For each initiator
started, an area of 8QS is getmained, and information is saved pertipept to

the job currently under the control of the initiator. This information
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is used by AELINK, to pass information to the plotting and paper tape routines,
and by other AAREC modifications to 05, principally one that gives current
status information about jobs in execution.

The format of this block is shown below, and is generated as a DSECT by
the macro AESQS in AAE.MACLIB, Appendix 8.2 is a listing of the routine
IEFUJI.

Offset
{deci- Length Contents
mal)
Unused
Jobname (EBCDIC)
12 20 User Name (EBCDIC)
32 4 Reader Start Time (hundredths of seconds)
36 4 Reader Start Date (format is OOYYDDDF)
40 2 Highest Condition Code encountered in job
42 2 Unused
44 16 Timer Work Area (4 words updated each step start)
60 8 Initiator Identifier (EBCDIC)
68 8 Jobstep Name (EBCDIC)
76 8 Usexr Account Number (EBCDIC)
84 12 Unused
IEFUST
This routine receives control just before each step is initiated, It

saves in the as: ciated area in SQS the step-name of the step about to be
initiated. Appe dix 8.3 is a listing of the routine IEFUSI,

IEFACTRT N

This routine receives control when the execution of a job or job-step has
terminated. The routine writes to the user's SYSPRINT data set the condition
code of the terminating step. It also saves in the associated area in SQS the
currently highest encountered condition code for the job, and prints this out
at job termination. Appendix 8.4 is a listing of the routine IEFACTRT.

IEFUTL

This routine receives control whenever the job CPU time, step CPU time or
job wait-time limits expire. For CPU time expiries the job is cancelled.
For wait time expiries a message is issued to the operator who has the choice
of cancelling the job or granting it some extra wait-time, during which time it

is hoped the job will find itself free to do something other than wait.
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Appendix 8.5 is a listing of the routine IEFUTL.

6. AEDDP - DYNAMIC DISPATCHING PRIORITY SCHEDULER

As discussed in the introduction, the basis of the System/360 Operating
System philosophy lies in the existence of quite clearly definable units of
work called tasks, the physical expression of the uniqueness of each of these
tasks being displayed in the creation of Task Control Blocks (TCB's). Each
task can demand the resources of the CPU, but only one task at any one time
can be given it. This section discusses how the System/360 goes about giving
control to the various tasks demanding control and how a locally written
routine AEDDP goes some way to improve what O0S does.

As shown in Figure 2 the TCB's are arranged in a sequential priority
gueue, Any task can be regarded as being in one of two states:

(i) able to utilise the CPU i.e. disgpatchable

(ii) unable to utilise the CPU i.e. non-dispatchable.

Only one task in the dispatchable state can actually have control of the
CPU at any instant, and that task will be the highest such task in the queue.
No task in the non-dispatchable state will ever have control of the CPU. .
task entering state (i) forcibly removes control from any task of lower
priority than it, and conversely control is, in turn, forecibly removed from it
by a higher priority task entering state (i). A task entering state (ii) can
only do so when it has control of the CPU and allows the operating system to
pass control to the next lower priority task in state (i). If all tasks are
in state (ii} the system finally passes control to the pseudo-task at the
bottom of the TCB chain. This pseudo-task sits in the wait state until any
task becomes dispatchable.

A major problem arises from this otherwise elegant concept. Each user
job can, for all intents and purpbses, be regarded as a task to the system.
The position of this task (i.e. job) on the gueue of competing tasks depends

gimply on when it was initiated®.

* In fact a variation on this theme allows the initiators to set the

dispatching priority of job classes to a pre-set value, but this is equally
inflexible since it is difficult to define a job's class on the basis of its
CPU/I/0 boundness. What is stated in the text is essentially true for the

purpose of the argument.
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Tasks are placed in the queue under those tasks already present. This
means that if a job enters the system after a CPU bound job (that is one that
does not frequently revert to state (ii)}, the latter CPU bound job will be
higher in the chain of tasks and will rarely pass control to the second task
underneath it.

This situation, in terms of CPU usage alone, is tolerable, simply because
the CPU is doing as much as it possibly can. But considered with two related
facts, it proves to be an inefficient and costly way to run the resources of
the central computing facility. These facts are core usage and the method of
charging by IBM.

First, core usage. With the installation's present 512K, core is the
resource with the highest premium. A job sitting in core in a state of
being capable of executing but not being allowed to, results in poor usage of
this important system resource.

Second, and perhaps more important, is the method currently used to charge
the installation. Basically a charge is made per unit of time recorded on
a meter which records CPU activity. Once started in motion, by the CPU

executing at least one instruction (a few micro-seconds), this meter will run

for a minimum period of ~ 1/2 second ( ~ 106 micro seconds). This meter is
wired to a light on the console - the 'system light'. While this light is
on a charge is being made for the CPU. There is another light on the console,

called the 'wait light', which goes off whenever the CPU isg being utilised.
Thus the time being used by the installation is measured by the amount of time
the wait light is OFF. The time charged to the installation, and for which
it is requested‘to pay, is measured by the time the system light is ON.
Because of the 1/2 second minimum ON time for the system light, an I/0 bound
job can cause the system light to be fully and permanently on and the wait
light also almost always ON.

Thus for an I/0 bound job the ratio

CPU rental cost
CPU usage

is high.

For a CPU bound job this ratio is at a minimum.

AEDDP attempts to redress this unsatisfactory situation brought about by
the normal functioning of OS and tries to run the CPU for as long as possible
in a state of low CPU cost/CPU use ratio. Figure 3 illustrates how it does
this in an idealised case of two jobs executing in the machine, one job being
totally CPU bound and another reasonably I/0 bound. In case (a) the CPU
bound job has a higher dispatching priority than the I/0O bound job.
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Consequently the latter never gets control until time t=8, when the I/0 bound
job gets control. While the cost/use ratio of the CPU is low for the
duration of the CPU bound job (i.e. from time t = 0 to t = 8), the cost/use
ratio for the entire duration of the I/0 job is high. Furthermore, the total
elapsed time for the running of both jobs is from t = 0 to t = 19, during
which time the I/0 job may have had exclusive use of a number of peripheral
devices, though capablé of using them for only a short part of that time. In
case (b) the I/0 bound job is given a higher dispatching priority. Consequent-
ly whenever it is unable to make use of the CPU because it is waiting on the
completion of an I/O operation, the lower priority CPU bound job is given
control, which then runs until the I/0 bound job becomes dispatchable again,
at which juncture it assumes control of the CPU. The effect of this is to
increase the length of time for which the cost/use ratio is at a minimum and
decreases the length of time the I/0 job is in core and allocated peripheral
devices. There is, naturally,a corresponding increase in time which the CPU
bound job spends in core and may have allocated peripheral devices. This
increase in time can be shown to be the time the I/O job has control of the
CPU. Statistically, the definition of the CPU bound job reduces the
likelihood of it having slow peripheral devices allocated to it, though it by
no means excludes the possibility.

While the above argument is very much over simplified and idealised, it
does serve to show what AEDDP attempts to do, and, given the correct mix of
jobs in core, does do. It does it in the following manner.

AEDDP resides permanently in the link pack area. Its TCB is the lowest
of the permanent TCB's (See Figure 2). Most of the time AEDDP sits in state
(ii), that is, non-dispatchable. Every few seconds (and this time can be
varied when required) AEDDP becomes dispatchable. Since it is at a higher
priority than the user tasks it receives control almost immediately. It
scans the TCB chain and calculates how much CPU time each user task. has used
in the previous time interval. The TCB's for these tasks are then rearranged
in the inverse order of the CPU time used. The net effect of this is to
cause the I/O bound jobs to tend to the top of the user TCB queue and the CPU
bound jobs to be suppressed and kept at the bottom of thé queue, AEDDP then
returns to its non-dispatchable state and control is again rassed to the user
tasks. This technique caters for the case when the characteristics of a job
vary throughout its execution. Only its most recent history is considered
in assessing its CPU or I/0 boundness. Appendix 9 is a listing of the

routine AEDDP. The technique of grafting the routine into the system is
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described elsewhere in this report.

7. POST SYSGEN MODIFICATIONS TO OS SOURCE CODE

This section and subsequent sections describe modifications made to the
source code of System/360 Operating System which enhance its capabilities.

7.1 Modification to IEESMFIT

The chain of TCB's illustrated in Figure 2 shows the TCB for AEDDP firmly
embedded in the permanent TCB list. The insertion into this chain of the TCB
for AEDDP ig effected by a simple modification to the module IEESMFIT whose
normal function is to initialise the SMF accounting system. Appendix 10.1
shows that by insertion of an ATTACH Macro specifying AEDDP the operating
system causes to be loaded at IPL time the dynamic dispatcher intec the Link
Pack Area. It should be noted that this simple technique can be used to
create any desired number of local resident tasks.

7.2 Modifications to IEEVRCTL

A function of 0OS exists that allows the execution of certain system tasks
by the issuing of an operator console START command (IBM System/360 MVI Job
Management PLM p 91, Form No. GY28-6660-5). Normal OS restricts these system
tasks to basic job management functions such as reading input streams, initiat-
ing job-steps and writing system output. In validating the tasks requested
by the operateor to be started, the System Task Control Routine inspects a table
of authorised program names set up in the routine IEEVLNKT. This routine
exists in SYS1.LINKLIB as a module in its own right and also as a CSECT of the
mcdule IEEVRCTL. IEEVLNKT was modified by inserting in this table a number
of other routines which the installation wished or may wish in the future to be
executed by means of a START command from the console, The initial modific-
ations were made to the source version of IEEVLNKT which was assembled and
link-edited into the Starter Systém library SYS1.CI505 prior to the link-
editing of the 0OS System Task Control Routines, Subszequent changes may be
made by superzapping the CSECT IEEVLNKT in the load modules IEEVLNKT and
IEEVRCTL in SYS1.LINKLIB. Appendix 10.2 lists a recent version of IEEVLNKT.
The existence of a program's name in the Authorised Program List in IEEVLNKT
allows that program to be started from the console and to run in Supervisor
State. A further modification was made to the routine IEEPSN in the module
IEEVRCTL. This is the routine that looks up the Linkage Table and if the
requested program is not authorised it returns an error condition. A super-
Zap was run to suppress this error condition, thereby allowing any program
to be started from the console. A listiné of the superzap is to be found in
Appendix 6.
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8. MODIFICATION OF THE DISPLAY COMMAND

The normal System/360 Operating System reply to the operator request to
display the status of a job that is currently active or being initiated is a
rather perfunctory 'job selected'. To augment this meagre information
supplied by 0S5, several changes were applied to the system. The following
paragraphs describe the modules affected by these changes.

The four sources and sinks of information for the various items of
detailed job information are the Timer Queue Element (TQE), the Linkage Control
Table (LCT), the Timing Control Table (TCT) and the special AAEC blocks in SQS.
It has been described earlier how the SMF exit routine IEFUJI creates for each
initiator a 96 byte area in S80S in which is stored information pertinent to
both the initiator and the job running under the initiator. This block
supplies the linking information required for the extraction of the required
information about a job.

The TQE is one element in a queue of elements called the Timer Queue
{IBM System/360 MVT Supervisor PLM, Form No. GY2B-6659-4). The timer queue
provides a means of scheduling values representing time intervals for placement
into the interval timer to cause interruptions to occur at appropriate times.
Each time a routine issues an STIMER macro cone of these elements is created.

At every task switch the time information in each element of the timer queue
is updated so that any inspection of the queue provides accurate timing
information about each associated task.

The LCT (IBM System/360 MVT Job Management PLM, p236) is built in core by
the Initiator Initialisation routine. It is used as a communications area by
the various routines of the initiator.

The TCT (IBM System/360 MVT Job Management PLM, p258) is built in core by
the User‘Exit Initialisation rougine {IEFSMFIE) of the initiator. The table
is passed to the supervisor when the job step is established. It is the source
of information for the SMF Termination records.

8.1 Modification to IEFSD263

This routine ({(BM System/360 MVT Job Management PLM, p52) is the initiator
attach module, It is the routine that presents the users job (step) as a
task to the operating system. In executing this function one of the last
things it does before attaching the user's program is to issue an STIMER macro.
After issuing the STIMER, the routine was modified to save in the special AAEC
area for the job in SQS the Timer Work Area and the Initiator Identifier.

Appendix 11.1 is a listing of the relevant changes to IEFSD263.



19

8.2 Modification to IEESD565

This routine (IBM System/360 Job Management PLM, p97) is one of the Queue
Alter Routines and is the message routine that provides the normally sparse
information, mentioned at the beginning of this section, regarding the status
~of a job. This routine links to a message writing routine with a value in
register 4 indicating which message is to be written to the operator. A value
of 17 in register 4 indicates that a 'job selected' message has been issued.
When this is the case the AREC modification extracts information from the ICT,
TQE, TCT and SQS to give the following information:

{i) TCB address of the current step

(ii) JTU = Job CPU time used to the start of the current step
(iii) TTG = CPU time tc go before the occurrence of a CPU time expiry
interrupt
(iv) RC = requested core for the step
{(v) UUC = unused core of the reguested core

(vi) Stepname of the current step
(vii) Initiator identifier.

Appendix 11.2 is a listing of the relevant changes made to IEESD565,

9. START COMMAND MODIFICATION

9,1 Introduction - WAATTACH and WAAXCTL

WAATTACH and WAAXCTL were created for two reasons. Firstly they give
to the operating installation an increased capability of executing under 08
tasks generated by the normal 0S START command. Further, these tasks arxe
always in a stoppable state - that is either stopped by the STOP command or
cancelled by the CANCEL command. Both of these reasons apply to each of the
routines under differing circumstances and by differing techniques. Neither
routine is dependent on the existence of the other. Only one small superzap
to 0S allows WAAXCTL to function. No change to 0S is needed to allow WAATTACH
to function.

To describe the purpose of each of these routines a description is first
needed of how 05 deals with the START command.

9.1.1 The 0S5 START command

It is the System Task Control Routine that processes the START command.
Normally OS allows the START command to initiate basic 0S functions such as
reading input streams, initiating jobsteps and writing system cutput. The
routines that perform these basic functions are similar to user's tasks and
job control language (JCL) statements are generated to describe the required

task. These statements are processed in a manner similar to a user's job.
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When the master scheduler determines that a command issued is START it
issues an ATTACH macro instruction to pass control to IEEPRWI2 which resides
in the linkpack area. IEEPRWI2 getmains core, to load and execute the remain-
ing Task Control routines, and then issues an XCTL to IEEVSTAR(IEEVSTAR,
IEEVJICL) * which builds up the JCL images needed for the task requiring to be
started, each JCL statement being chained to the next. IEEVJCL transfers
control to the CSECT IEEVRCTL within the module IEEVRCTL({IEEVRCTL,IEEVRICL,
IEEPSN, IEEVLNKT). The various CSECT's within IEEVRCTL interpret for validity
the generated JCL and also check that the specified PGM name ig authorised to
be started from the console. IEEVLNKT is the authorisation table used by the
CSECT IEEPSN to check the validity of the program wishing to be executed. If
the program is unauthorised control is returned to IEEPSN with a bit set in a
location pointed to by register 3 to indicate an error. Control is
subsequently passed on to other routines of the System Task Control Routine
which either continue or abort the initiation of the task. Finally IEEPRTN
(IEEPRTN2) is given control to free the core obtained for the loading and
‘executing of all of the above mentioned routines.

9.1.2 The first modifications to START

Soon after MVT was implemented at Lucas Heights the following changes were
made to the System Task Control Routine. Firstly additions were made to the
authorisation table in IEEVLNKT. This allowed these additional AAEC programs
to be started from the console as well as the standard IBM routines. However,
as more and more programs were added to this list it soon became evident that
a neater way to allow freedom to start any job from the conscle was to suppress
the errox indicétion in IEEPSN. This was duly done and the changes made to
0S8 to allow this are described elsewhere in this report.

The great freedom in console capability had three drawbacks. One was
the sharp increase in the number of console jobs started during the day and
also at any one time, with the associated problem of expanding System Queue
space. Another was the total inability to cancel such jobs with the normal 0OS
CANCEL command, a status that proved embarrassing on many occasions. Thirdly
these jobs were not accounted for by the System Management Facility of OS.

With the first two risks known and allowed for in ones' actions and the

latter deficiency accepted the situation was just tolerable. Then HASP was

* We use the convention that the relevant CSECTS within a load module follow
in parentheses the name of the load module i.e. module (csectl, csect2,

csect3,...)
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generated as an operating facility and the situation became obviously
intolerable. This was due to the fact that the SYSOUT output of such console
startable jobs was not spooled to the HASP output data sets, and printed under
control of HASP, but was spooled to an OS output data set. This could only
be printed by first stopping the HASP printer, varying online the associated
device, and starting the OS writer to that device - all rather slow and clumsy.
WAAXCTL and WAATTACH remedy most of these problems.
9.1.3 START command JCI building

To describe the function of WAATTACH it is necessary to understand the
mechanisms whereby the JCL is generated from the START Command.

While any procedure in SYS1.PROCLIB can have any stepname and DDname,
special significance is attached to the stepname IEFPROC and the DDname IEFRDER

as will be explained below. The general form of the START command is

S procname|.identifier| |,devicename| |,volser| |,parmvalue| (positional)

|:,keyword=option, cesa .] [,H={?_}] , (keyword)

with the usual meaning attached to sguare and curly brackets.

Positional parameters like device name, volume serial and parmvalue must
be entered in exactly the order in which they appear ahove. To omit a
positional parameter, a comma must be inserted in its place. Keyword para-
meters can be entered in any order or omitted altogether.

Examples:

$ AEDLIST.A,,AAREOQ],DSN=SYS1.LINKLIB,LOAD=DSPMAP
I A 4 keyword
v

olume serial
positional
omitted device name

S WrR,00D, ,B,REGION=22K
A ] t keyword

parmvalue

omitted volume serial}positional

device name
The keywords typed in are compared by the Syntax Checker routine IEEVSTAR
with a list of acceptable DD keyword parameters. Those that match are saved

to be uged as an overriding statement for the IEFRDER DD statement. Those
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that do not match are assumed to be symbolic parameters and inserted in the
EXEC statement.

The purpose of the identifier is to give the system a means of stopping,
modifying or cancelling the task. Thus tasks with the same PRCCEDURE name
can be made unique by the creation of a unique identifier. If, however, an
identifier is not supplied by the operator (most common at Lucas Heights), the
system generates cne as follows. If the procedure stepname is IEFPROC and if
there is a DD statement IEFRDER it takes the device name associated with the
IEFRDER statemeﬁt, and inserts it as the identifier. In this way, for
instance, one can stop or cancel the normal 05 reader to Q00C or writer to OQE
by the commands

) 010,

or ¢ OCE respectively.

If there is no IEFRDER statement the system forms an identifier from the name
of the procedure in the START command. Thus when AECOPY, which does not have
an IEFRDER statement, is started by

s AECOPY
the system interprets this command as though

s AECOPY .AECOPY
had been typed on the console. The stop command

p  AECOPY
is directed to the identifier rather than the procedure name.

A final point should be made regarding the JCL building by the System
Task Control Routine. The stepname given to the EXEC PROCname statement,
{as opposed to the step within the procedure that is EXEC PGM=) is given the
name STARTING. The generated JCL for a writer to OOCE would appear on a
listing of the form

//WTR JOB MSGLEVEL=(0,0) ,etc....
//STARTING EXEC WTR

XXIEFPROC EXEC PGM=IEFSDOB0,PARM='PA,IEFSD0O0%4"*
XXIEFRDER DD UNIT=00E,etc....

9.2 WAATTACH

None of the above discussion, which was restricted to the generation of
JCL for console started tasks, explains why none of the user written routines
started in this way were cancellable. The fact is that the system tasks of
readers, writers and initiators are written in such a way that they

(i) assume they are always initiated via a START command and
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(ii) test appropriate flags periodically for STOP or MODIFY, or create

appropriate ECB's to be POSTed by CANCEL.

The user written roupines, however, should not require to be rewritten in
order to allow them to be stopped when desired and should have the capability
of being started in one of three possible ways:

{a) as a user job via the card reader,

{(b) as a system task directly under OS,

{¢) as a console job passed to the HASP internal reader (this concept

will be clarified when WAAXCTL is discuased).
WAATTACH allows these conditions to be satisfied provided a set of rules is
followed. These rules are:

1. If it is wished that a routine have the capability of being started
from the console then the procedure that describes that routine should
specify to execute PGM=WAATTACH.

2. This procedure MUST have the same name as the routine wishing to be
executed. This requirement is to allow WAATTACH to ATTACH the required
routine from the JOBLIB Or STEPLIB library by finding the PROCname in the
Command Scheduling Control Block (CSCB) for case (b) above. It also only
has meaning for case (b).

3. The step within the procedure should, whenever possible, also he
the name of the routine wishing to be executed e.qg.

/ /AECOPY EXEC PGM=WAATTACH
in order to execute the AECOPY program.

This rule is to account for cases (a) and {c) above.

4, The étep that executes the procedure should, where possible, also be
the name of the program wishing to be executed. This has meaning only for
jobs read in via the card reader, This rule, for procedures unable to comply
with rule 3, permits WAATTACH to find the program name from thig PROCSTEP name
e.qg.

//AEDLIST EXEC AEDLIST
XXIEFPROC EXEC PGM=WAATTACH
XHetc...
5. For jobs read into the HASP internal reader, the PROCSTEP name is
STARTING, so rule 4 can never be enforced. For jobs such as
//RAEDLIST JOB etc....
//STARTING EXEC AEDLIST
//IEFPROC  EXEC PGM=WAATTACH
//SYSPRINT DD etc....
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WARTTACH picks up the program name from the JOB name generated by the operating
system.
The above set of rules gllQWS WAATTACH to issue the ATTACH macro for the
required program without the need for any additional PARM values to be specified.
When the job is read in via the 0S card reader or HASP internal card
reader it is cancellable by the normal OS CANCEL command. For the case when
the task is invoked by a START command, WAATTACH periodically (every ~ 5
seconds) tests the STOP flag in the CSCB so that the issue of a STOP command
to the identifier of the task causes WAATTACH to DETACH the task and terminate.
WAATTACH allows, without any modification of the start command or major
modification to procedures, complete flexibility in executing b§ the START
command any suitable routine the user wishes. Appendix 12 is a listing of
WAATTACH.
9.3 The Second Modifications to START - WAAXCTL

The existence of WAATTACH obviates the need to alter IEEPSN, since only
WRATTACH need be authorised to execute any suitable routine. However the
generation of HASP, as mentioned earlier, brought with it the problem of
system task SYSOUT. WAAXCTL requires one small change to another routine of
the System Task Control Routine,

WARXCTL was written primarily to permit console started jobs to direct
their SYSOUT data to the HASP on-~line printer. This is not currently an
available facility in a HASP enviromment, Additional facts to be stated,
and which are considered beneficial are:

(1) WAAXCTL reads these tasks into the HASP internal reader and hence

they are cancellable as are all users jobs;

(ii) as effective user jobs, these tasks produce SMF records and hence

their execution is accounted for;

(iii) Dbecause they are jobs under initiators, only those jobs are executed
for which there are available initiatorg (which are essentially
fixed in number). This will help towards slowing down the increase
in 80S.

The only medification to the System Task Control Routine is to alter an
XCTL instruction within IEEVICL to pass control to WAAXCTL instead of IEEVRCTL.
WAAXCTL first of all tests if HASP is present and active on the system. It
does this by issuing SVC 200 (the HASP SVC) which under special circumstances
returns a value in register 15 which, if zero, indicates HASP iz not active.
If non-zeroc HASP is active. If HASP is not active WAAXCTL XCTL's to IEEVRCT
and the START command is processed as it normally would be by 0S. If HASP is
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active a test is made to ascertain whether the procedure started contains as
its first characters RDR, INIT, WTR, HOS, SYS. If it does,control is again
passed to IEEVRCTL since it is assumed such tasks should be executed as

system tasks and not users routines. If the START is not for one of these

5 classes of procedures tests are made to check if any other task is currently
using the internal reader. If so, control is again passed to IEEVRCTL to
process the command in the normal manner. When eventually it has Been decided
that the internal reader is available and required, WAAXCTL passes over to the
reader the string of JCIL statements generated by the routine IEEVSTAR, On
detecting the last generated statement it then passes over a / * EOF card

image which indicates to the internal reader the end of job. ﬁhAXCTL then
XCTL's to IEEPRTN which freemains core getmained by the System Task Control
Routine. The jobk generated is given a special account number, and has a class
and priority which permits it to be initiated as soon as the first initiator is
available (which is often immediately}. Appendix 13.1 is a listing of the
superzap to IEEVJL, and 13.2 is a listing of WAARXCTL.

10. CONCLUSION
The additions and modifications described in this report are of two kinds.
There are those that are entirely peculiar to the IBM System/360 at Lucas
Heights, allowing both the Operating System and the Dataway to function.
There are also those that can be applied to basically any MVT (or even MFT)
System. among the latter are AEDDP, WAATTACH, WAAXCTL, and modification to
OPEN. It is felt that these additions usefully augment the capabilities of
05 and at the same time are relatively easy to apply to any level of release,
It is hoped that this report will provide a useful base from which to

generate further releases of the IBM System/360 Operating System.
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APPENDIX 2
2.1 AREC UCB Modifier macro to be added to SYS1.GENLIE

2.2 Modification to SGIEC202.
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APPENDIX 3

Modifications to SGIEA2BK and SGIEAZNP

Modification to IEAQBK

-Modification to IEAANIP
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APPENDIX 4

Modification to IECIOS







Ad-1

&4

v/

aftiNg  /*

. 6I@9vTLL=203S6TATLTLL=TN3S 313130 /°

6TIP999L #*403YVane ANTLINCGY NOILN3LLY J3Y¥Y (NLVYINI3V)A J0 TS0I3vv*
SCIJZI=3WVN JONYHD

¥LvQ (d NISAS//
070=dS10'EX0Vd=JIY=10A'NITGOA * TSAS=NSA QA  ZLNSAS//
070=dS10*£AHIVAd=33U=T0A'N3I9QOW " TSAS=NSO GO TLiNSAS//
V=in0SAS 0Q LININASAS//

3i0dn831=W3g 33X3 ELS//

t**‘*###&.n..-.tltil*t*tt##**####tttﬂnt#*****ﬂ*ﬁ*ﬂ.tﬁ.ni*iﬁ**tt*'!**ﬂ##ﬂ#ﬂ*\\

* ¥ ¥
* “INIWILVYLS 313730 /* FHL 3FA0W3IYN "//
* NOISY3IA WB] NIJHIA Vv 0L 0317ddV¥ 41 *STIYLIO 83HIYNA ./
» H04 (TLOT'ATNFIZL NL/WL 33VV 33S "dOg $°6TY HO03 23vY Ag w7/
* ATSNOTA3Yd 03141004 SOIZ3T 40 NOISH3IA ¥ SINSSY MOT3IE 3600 “//
* ANIT 23vy ¥04 378¥L NOIINILLY NI NOSOVY SL1H3SN] LI
# ANILNOY NOTINILLY U3Y¥Y 804 SOI03] 0L IONVHI ®//
* ®//
R e e I L T T I Ty






APPENDIX 5

Modification to IEAQNU
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APPENDIX 9

DYNAMIC DISPATCHING PRIORITY SCHEDULER - AEDDP
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APPENDIX 10

MODIFICATIONS TO 0S8 SOURCE-1

10.1 IEESMFIT
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APPENDIX 11

MODIFICATIONS TO OS SOURCE-2

il1.1 IEFSD263

11.2 IEESD565
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APPENDIX 13
WAAXCTL
13.1 Superzap to IEEVJCL

13.2 rListing of WAAXCTL
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