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COMPUTER SYSTEMS DIVISION
Accounting Svstems Group
17447 Pruneridae Ave.
Cupertino, Cn., 95014
CA08)-725-8111 X4257

BEil1 Vaudghan, Accounting Yvstemns Hupervisor

“1 Operatoerless Job Scheduling and Processing

ARGTRACT

ACE 15 an online job scheduling and processing anplication.
The application controls simnultuanvous processing queves of jobs
in 1 multi-nachine network. A single master schedule controls tha
aveves and the machines on which execution will occur,

Applvaing "scheduling parameters” to the master job list craates
a month’s schedule. The porameters allow for scheduling o job to
execnted by the dav of the waek, the workdayv of the month, or the
particular month of the vear,

Paily processing starts with assiagning seavence nunbers to
the jobs scheduvled {or the dav and reviewing job dependencies.
tach joh is either scheduled to run or doferred {or future
precessing. the schedule is then executed in the established
seneance with continuows pregramnatic monitering. Jobs are onlv
streaned uwpon suvrcessful completion of their dependencies. Ot the
conclusion of the processing, a rapert ism genarated that lists
svccessful, aborted, cancalled, and deferred jobs.

Thae application has been prinarilv designed to b= operatorl
in its execution. However, a munval override capobilitv has bee
provided.,  Ho changes in existing application proarans or JCL is
reauired,

Eackarovnd

The Accounting Svstems Group of CSY raports to the CSY Lontrollzr

and handles all accounting data processing for CEY, Qur role within

the Accounting Department is to svopport and develon computerized ac-

counting svastems,

In addition to support we have becone hanvilv invelved and dedi-

cated t01

(1) testina new HP products - both hardware and softuware,
This includes not onlv doing pre-release lesting for
functionality and reliability but also uvtilizing thaese

prodvcts to develoo our distributed environnent,

(2) Ffullv vtilizing HP software and hardware to inplement a
"distribvted”" data processing énvironment, i.e. one in
which the coemouting power 1s where the peonle and
problems are. This inclvudes addressing 1the problens of

system securitv and operatorless—connuters,

We currentlv have our applicatsons sprend across two HP3O00 svstems,

n

SERIES 44 and a SERIES 33, with a total of about 1000 Mh of disc

storage (four of our disc drives are Private Volumes)., Une 2619A does

the orinting for both machines (we use DG/3000 to conv spoeolfiles from

the Series 33 to fhe Series 44), We have one HIMIDD mucrocemputer
the departnent and are currently evaluvating ar HP3000 1t0 be put
Accouvnts Pavable for dedicated processing. Our svstemns grouvp of

professionnls suoports an accownting department ol 40 neonle.

in

in
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JOB PROCESSING FUNITION processing continves with either a restart of the abortad
___________________________ iob or the streaming of the next available Jieb,

Job processinag for batch jobs can be broken down intoe several tasks: %, REPORTING. After all orocessing is completed,tha results

must be recorded onto the master schedule and reported to

t. SCHEDULING. This consists of determining when to run each
the svstem vsers. In Data Processing it i% necessarv toe

job that is on the Master Job list. The Master Job list
inform the users as to what was accompliched and 1o in-

is the set of all hatch iobs whose processing needs to be .
form the svstems agroun of what problems must be fixed.
schedvled (reasons for schedulino will be discussed),

Along with the scheduling of iobs, interdependencies

among  jobs nust be taken into consideration, Certain

iobs’ processing will be "dependent”  upon the successful

conmpletioi. of other jobs. If the job strean that process-—

es Labor vouchers aborts, we would not want 1o begin the

processing of our Labor Varlance iob stream until we suc-

cessfully :inish the Labor Vouchers., Scheduvling also in~

clvdes identifving jobs that require "axtra considara-

tions" such as tape mounts or private volume mounts,
2. PROCESSING. This includes 2 interrelated tasks:

a. Strearinag the jobs on the schedule. For the next job
to be processed, a check must be made for the successful
completion of all jobs this job is dependent on, check to .
moke sure nll extra considerations thave been taken care
of (private volumes , tapes, etc.), and then stream the

iob.

b. Monitor.ng the processing of each job, Processing must

be monit -2d o that when a job f{inlshes or aborts,



AUTOMATION OF THE JOR PROCESSING FUNCTION: AGE

We have found that almost all of the Jjob processing function can
he automated. ACE is ouwr applications subsvstem that handles ALL of owr
schedule processing for our Accounting dcpartneﬁt . ACE 1s an enline
iob-schedvling and oprocessing application. The application controls
simultaneovs processing queves of jobs in a multi-machlne network. A
single naster schedule controls the gueves and the machlines on which
execution will occur. ACE is operatorless in its executlon and
reguires NO changes in existing application oprograms or JCL ton imple-

nent, The subsvstem has two online proarams, SCHEDULER and PROCESSOR,

that are usad to create and execute the job schedules,

Taking the job processing function described above it will now be
shewn how ACE is set up and executed to process jobs, Flavre 2.1 shows

an overview of the implementation of the ACE subsvstem.
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Figure 2.1 Implementinag ACE



ACE: THE MASTER JOB LIST

ACE begins with the creation of a MASTER JOB LIST. This list con-
tains all the jobs ( on all the machines) that ACE will control. To
create the 1list only two pieces of information are necessay, (i) the
fullv-qualified name of the flile in which the JCL resides, which will
be called the "JOE-NAME", and (2) the computer on which the JCL vsvally
resides. Optional information includes “DEPENDENCIES",

"EXTRA-CONSIDERATIONS", START- TIME-STOP-TIME WINDOW, DEFAULT-QUEUE,

AND DEFAULT- SEQUENCE NUMEER,

Dependéncies are the job-names of those jobs uvpon whose successful
completion the current job depends. Extra consideratlions are dependen-
cies that ACE can’t handle. The aoplication can check to see if the
proper private volume ls currentlv mounted, but It cannot physically
mount the orivate volume itself., So the extra consideration I3 the
reminder to the person setting up the dallv schedvle that “"PRIVATE
VOLUME AUDITO04 IS NEEDED FOR THIS JOR®. Extra considerations are also
commonly uvsed to remind of needed tape mounts, The start—time-stop-—time
window allows a schedvled job to be run only between two specifled
times, le. the "window". If the window cannot be satisfied, the job ln
not streamed. The default agueve and defavlt sequence number allow a

one—time specification of these ltems when their values are falrly

static.

ACE: CREATING MONTHLY JOR SCHEDULES

Once the Master Job List has been spbecified th2 monthly job
schedvles can be created. To aid in the schedvling of jiebs a set of

“scheduling oparameters” are defined within the svstem and can be used

to create a schedule.

In our Accountinag department we nprocess Labor Vouchers avarwe
Wednesday night. We process our {irst General Ledger to microfiche on
the 3rd worklnq~&uy of everv month, We oporocess «om2 jobs everv other
week on Mondav, some jobs everv dav of the week and some jcbs only
twice a vear. What we have found is that most of our inbs have a dis-
tinct pattern to thelr schedvle. We’ve defined a =et of parancters
that describe these patterns to aid us In our monthlyv scheduling. These
parameters allow for scheduvling a job to be executed bv the daw of the
week, the workdav of the month or the oparticvlar month of the vear.
Using combinations of parameters any pattern can be described. There

are also parameters that allow for the exclusion of davs, waeks, or

months,

Once the parameters have been speclfied for each job, creating a
specified month’s schedvle consists of “applving" these parameters to
the month’s calendar. The resvlt is the actual schadvule of the date
each Job will run during that month, ACE maintains a table of holidavs
(inputted by the wvser) and will not schedule jobs on those speclfic
dates, Once satisified with the schedvle for the month, and when ap-

propriate (eg. the beginning of the wmonth), the schadule ls nctlvated

for use,.



ACLE: DAILY JOR PROCESSING

Wailv processing beains by entering SCHEDULER and requesting the
day’s schedvle. All jobs schedvled for this dav, and al)l iebs from
preu;ous scheduvles that elither aborted or were “"deferred” will be
presented. (nlv whern a job finishes svccessfullv or is cancelled is it
removed from the current schedule, Seguvence numnbers and aqueuve numbers
must he assigned to each job on the scheduvle. Dependencies are reviewad
and are “"deactivated” or additional added Lf desired. For jobs reauir-
ing oprivate volumes or tapes, the private volume name or the logical
device nunber on which the tape resides can be entered into the svstem,
(PROCESSOR  will then check to make sure the private volume is mounted
before streaming a job and in the case of tapes will reoly to the first
tape request). Each Jjob that appears en the schedvle can either (1) be
Inft scheduled to run this day, (2) deferred for future processing, or
(3) cancelled fromn the schedvle., Deferred Jlobs will continve to appear
anch  following dav until scheduled or cancelled. Cancelled jobs will
not appear ogain until the next date they are schedvled to run, Jobs
that were not schaduled mav be added to the schedule at this time as
long as thev exist on the Master Job List. For all jobs that are left
on the schedule, MPE passwords are entered and the schedule is readv to

process,

The nroogram PROCESSOR  (Flgure 3.1) executes the schedvule,
PROCESSOR is an online program that can be run from anv terminal on the

system, The orogram is executed in one of two modes:

(1) AUTUMATIC RESUME mode in which PROCESSOR will executes the
entire schedvle without need of anv uvser interaction.

This is the cure "operatorless” nmade.

(2) MANUAL RESUME mode in which PROCESSOR will executs the
entire schedule bv stopping after each jinb is straaned
and waiting for the vser to let it stream its next Job.
This mode is extremelv vuseful when manv jobs are depen-
dent on a single job, One can Jet the first jeobh ruen ond
then monitor the job to completion before Jettinag
PROCESSOR pick the next lob. Should the kev job abert the
vser covld fix the oproblem and restart the job =0 it
finishes suvccessfuvlly, This way the johs depending on ite
completion would be streamed instead of being deferred

because thelr dependenclies couvldn’t be met,

The proaram allows the user to switch betw=en astomatic resume and
nanval resume at anv time bv usina control-Y, The user could Monitor
that first kev job using manual resume and voon its svccessful coem nle-

tion leave PROCESSOR in auvtomatic-resume and go home,

PROCES30R picks the next job to strenm according to a straight-

forward set of rules.

(1) Onlv one job from a particvlar aveve can he in processing
at anv  time. Until the ovtcome of the curvent job is

resolved. all following jobs in that auveve wait,

(2) Each queve 1ls bprocessed in the order of the seaquence

numbers assianed to each job. Mo job will be consldered
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for oprocessing wuntil all jobs ahead of 1t have Been
processed (this means either fuinished svccessfully.

aborted or deferred because dependencies weren’t mat)

(3) PROCESSOR will continually loop seduentially through the
gueves checking to see 1f the naxt job in each guewe i=

readv to stream or must be deferred becavse of dependcency

1]

aborts. PROCESSOR can have as manv  iohs nrocessing as

!

there are aueuves active for the schedule (it can’® oo
more be cause of rule (1) and it could bz less bacause
dependencies ¢an Cross gueues forcing one oueuve to walt

until another’s job finishes).
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%’ SHOW’ COMMANDS
SHOWJOB JOB=@J
SHOWJOB
SHOWOUT JOE=€
SHOWOUT JOE=@!
SHOWOUT JOE=@:READY.N

Figure 3.i PROCESSCR,

Besides being able to specifv which wmode to run the schedule in.

there are other tasks which can be performed from PROCESSOR,

i1

First, +there are a whole set of PLIGST® commands For reviawing
scheduled and running Jjobs. Jobs, aueves, or the entire scheduls can be

listed either online or offline. Figures 3.2 and I.3 show the format

of the schedule lists.

Gecond. the schedule can be altered from within PROCESSCR,  Gueves
can be deferred, cancelled, or suspended. Jobs can be added, modified
or deleted. When modifving ieobs, depandencies can be addad or

deactivated,.

Third, PROCESSOR uses pbrocess handling %o allow the vuser 1o =strean

a job, run TDP.PUR.SYS. run SPOOK . PUR.SYS.  or exccute other NMPE com
mands. This is to allow for restartina aborted jobs from within
PROCESSOR. GPOOK is used to read spoolfilez. TDP iz an editer. and the
stream command not onlv streams the iob but also sets ud the ok

streamed as an ACE job.



QUEVE
PRIORITYX STATUS
COMPUTER CODE

01%310%04 R

0i%20%02 G

JOER~-NAME

JORL4 . GROUP , ACCOUNT

JOBR12, GROUP . ACCOUNT

DEPLEMDENCIESS

EXTRA CONSLIDERATIONG

X¥RJOBAK GROUP  ACCOUNT
XXTOBRYY , GROUP , ACCIUNT

JOEZZ .GROUP , ACTOUNT

®¥KTOI 4, GROUP AGTIUNS

NELDS TAPE mMOUNT

FOR LAST STEP

Figure 3.2 Current Schecule List
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JUk1i . GROUP . ACCOUNT

QUEDE-NUMBER ;

PRIORITY: __
COMPUTER-NUMBER : __

START-TIME:

STOP-TIME:

AVG-RUN-TIME:

THIS MONTH’S SCHEDULE:

DEPENDENCIES:

EXTRA CONSIDERATIONS:

STATUS~ CODE : SUHELRULE-DATY

DEFAULT-GUEDE ~HUMBER

SEFAULT-PRIORITY:
DEFAUL T ~COMPUTER~NUMBER s __

START-TIME-WINDCW:

STOP -TINE~WINDOW:

i &
1E3454678F 01224567 EP0 1 22456707080

QO00ROAROLEODROLODOCOLEGO00 LYY

JOEBXX ., GROUP . ACCOUNT

JORYY .GROUP . ACCOUNT

JOBZZ.GROUP , ACCOUNT

JOUEL4 . GROUP ,ACCOUNT INFORMATION:

Figure 3.3 Current Schedule Job Informatian.
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When PROCESSOR finishes orocessing the production schadule the
last iob streamed generates o report summarlizing the results of The
processing., Aboerted johs, deferrad jobs, cancelled jobs, and succassful

iobs are all reported in this report, We then pest this repert foir The

Users.,
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