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INTRODUCTION

Use of a computér to perform repetitive real-time tasks such as
equipment control, monitoring, data gathering and data reduction
requires an executive routine which will ensure that the proper actions
are initiated at the appropriate times.

This memorandum describes GPEXECl, a generalized real-time execu-
tive routine for the Univac 1230 computer. Written in assembly
language, it can be assembled by and run on other Univac computers
which are similar to the 1230.

Included is a flow chart, a sample timing chart a program llst1ng
and a timing test routme.K A £}
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GPEXECL is a program which calls on a sequence of routines in a
predetermined order. The time at which each routine in the sequence is

called is determined by preset table entries and the computer's real-
time clock.

THE REAL-TIME CLOCK

The real-time clock is, frr progremming purposes, a memory cell
whose contents are increased by one every 1024th of a second. Since
the clock will overflow into the sign bit and turn negative after
approximately six days, it is necessary to reset it periodically.
Therefore, a check cn the clock is made prior to the execution of eac
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routine. If a reset is necessary, a flag is set and the clock is
cleared following the execution of the upcoming routine.

CAPABILITIES OF GPEXEC1

GPEXECL is capable of repeatedly executing a sequence of N routines
in a specified order. The time of execution for each routine, relative
to the start time of the exec, is specified by the user. Also
specified by the user is REPTIME, the time interval between successive
executions of the sequence of routines.

It is assumed that each routine will be completed before it is
time to execute the next. However, should a routine fail to return
control to the exec prior to the execution time of the next, the next
routine will be executed immediately upon return of control. The
manner in which the timing is handled will ignore this tardiness and
the routine will be scheduled for its next execution at the proper time.

The time of execution of any routine may be varied relative to the
preceding and following routines. Also, the entire sequence may be
easily shifted forward or backward in time.

GPEXEC1 can be set up so that one or more routines are executed
only occasionally. A routine can also be deleted entirely from the
sequence of events. These capabilities will be discussed in detail
later in this memorandum.

SETTING UP GPEXEC1 FOR A SPECIFIC TASK

To set up GPEXECL for a specific task, it is necessary to supply
entries to two tables and to set two parameters.

The first parameter is the number punched on the card labeled
EXEC 05 (see program listing). N should be set to the number of
routines which the exec will control.

The second parameter is the number punched on the REPTIME card,
labeled EXEC 54. REPTIME should be set to the number of clock cycles
from the start of one sequence to the next.

The first table to be filled is the INITLTIME table, which must
contain N entries. The jth entry is the number of clock cycles after
the start of the exec that the»jth routine is to be executed.

y?‘_‘] E&| % g)é

on

&mm‘ ABLITY
st
i =




NUSL Tech Memo
No. 2211-64-70

The other required table is called JUMPTABLE. It also must contain
N entries, each of which must be a return jump (RJP) to the desired
routine. Each entry in the JUMPTABLE may be coded with a keyset con-
dition.

THEORY OF OPERATION

Once initiated, the exec transfers the contents of INITLTIME to a
working area, TIMETABLE, and waits for a command to start. When this
is received, the real-time clock is zeroed and a comparison is made
between the clock and the first entry in TIMETABLE. When the clock
reaches or exceeds this value, the table value is increased by REPTIME
and the new value is checked for overflow. The corresponding routine
in JUMPTABLE is executed, provided that the keyset condition is met or
the entry has not been cleared.

If the overflow test indicated that a reset of the clock was
necessary, the clock reading is subtracted from all entries in TIME~
TABLE and the clock is zeroed.,

A check is then made to determine whether the program should be
terminated. If so, the exec exits. If not, the routine index is
incremented by one and the exec awaits the execution time of the next
routine. Following the execution of the last routine in the sequence,
the routine index is cleared so that the exec now waits for the proper
time to re-execute the first routine in the sequence.

METHODS OF DELETING A ROUTINE

There are two ways in which a routine can be deleted. The most
flexible is by including a keyset condition in the coding of the JUMP-
TABLE. Thus the execution would be deleted if the keyset condition
were not met.

Another method is to simply zero out the desired cell in JUMPTABLE.
The exec performs a test on the entries prior to any attempted execu=
tion and aborts if a zero is found.

CHANGING THE TIMING
The execution time of any or all routines may be advanced or

retarded by increasing or decreasing the contents of the associated
TIMETABLE cell(s) by the desired number of clock cycles,
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GENERAL COMMENTS

The enclosed program listing is coded so that the exec may be
started and terminated by either a key setting or the setting of a
memory cell. The memory cell flag seems to be preferable since it can
be set by interrupt from a keyboard or an external piece of equipment.

DAVID POTTER
Mathematician

LU

GEORGE BOTSEAS
Computer Specialist

CLAIR BECKER
Mathematician
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APPENDIX A

PROGRAM LISTING
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Tesl
sl
st
ol
TesT
TeST
TLST
TeST
TEST
TEST
Teol
TEST
TeST
TeST
resT
TeST
TEST
TEST
TEST
TEST
TeST
TeST
TeST
TEST
Test
TeST
TeSt
TeST
EXEC
LAEC
EXAEC
eXEC
exeC
EXEC
EXEC
EAELC
eEXEC
EALC
LALC
LAEC
EAEC
exeC
EAEC
EXEC
EXEC
ExEC
taEC
e XLC
eAcC
caeC
eXEC
cacC
EAEC
EXEC
LAEC
tacC
LxeC
LAEC

vl
Je
ud
(VS
us
vo
a7

09
1u
11
1
13
14
15

L7
18
19
<0
2l
22
23
o4
25
26
e7
28
ul
ue
ud
o4
(VS
(H3)
u7
uo
09
10
11
12
15
14
15
16
17
18
19
20
21
ec
c3
Py
25
«O
27
b
29
39

UADL
ik

GPEAECL

CLUCRA
N

GPeAeCl

cacCl

EAtCe

LAcCS
cXe.Cy
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ApLOunt lull
LuouC
UPE XLLC L
SYL=PRUC4FOT ILK*FEDLTU

LuC=pb %Seﬂ
dNchllMLSFXntluu ?
LHu=LUC =y

PrOCLUURL*R1 “W@Qjanr
PUT*w(lou) W (TiML) lbaofe%
TYPE T #5CrERUUTINL * % %2
CiNT*A%)+01 ‘\‘~:§QQ
TYPE=ULCxA%DHP 5% HSPE? j
{Yrtw*]ImE«Tth*htTUdN

Linu=FROC%xR]

PKOCEUDURL *¥R2

Rl

KETURiv

ENL=PRUCxR2

PROCEDURE *#1 3

Kl

RLTU]\N

LiND=PRUC %It 3

PROCEDURL *RY

K1

TYPET*$CKSENU OF CYCLESCRS'

ReTUki

ENL=PRUC #[{g

PROGKANM®USIN/USL

QOMMLNltuENEﬂAL PURPUSE REAL=TIMEL EXeCUTIVE
COMMLNT #ROUTTINE FUK UNLVAC 1230 COMPUTER
LUUALS2160

FuUALb*M'CHAubE Fun fUtiberk OF ROUTINES

COMMLINT#4 IS THE WUMosER UF RUUTINES TO BE
COlME N *CONTROULLED BY THE EXLCUTIVE

ETRY

STHRA*LIUAW (STARTENV) "INLTIALIZE CONLTROL FLAG
EnT#07+l=10LillTIALIZE
;NT*A*a(LNLTLIIML+d7,*TIMEIAuLE

STR*A*w (TIMETABLE+LT?)

JUP2L 7 AECL

guMMLNI*LNStnl AvLITIOVHAL INITLIALIZING

CUMMEINT #OUTINES HE.RE
LivT#a4U(oTARTENU ) *ANOT ' TiME TO START
JUREALC2AKEYL'NO  wALl

STRauUaw (CLOCK) 'YES  CLLar CLUCK
9L»41'bUnR0U|;uL 10D X

CiaTxus (I Tb b ABLE+0L) 'L XeCUT Q0 TIME
Civl2y=us, (CLUCK ) *APOS'1IHME TU £XeCUTL
JEPsEALLY'Ny WAL

LT ®#us (KEPTAmE ) Y YLD
RelLryduko (TIv TABLE #L L) "UHLATE TAOSLE
b}nnuu»u(cLughpLuo)'CLLAN nLoe I FLAG

LOoH®a#l% \POSYTEST Furk CLuCk Kb of |

S IHAbBI*LPY (CLUCKFLAG) *RESLT kel

sTisuasl (LXEQU) "SAVE [DEX

Ll Tapnan (UM TA3SLE+DT)

DIrdpdn (LXLUD) #hcwrO' 0L INE Drpe e

s et .
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LXEC
EXEC
EatC
EXEC
taclC
ExeC
EAEC
exeC
eXeC
tXEC
ExeEC
EXEC
EXEC
EXEC
EXEC
EXEC
execC
EXEC
EXEC
_EXEC
EXEC
eXxecC
EXEC
EXEC
ExXEC

_EXEC

(3 (N5
eXclo

LAaeC?7

INLTLT IMe

T IMCTABLE
JUMPTAGLE

REPTIME
CLUCKFLAG

STARTEND
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V' eXeCule T

EnT4L1»0"RESTURE INDEXK

CT*A»w (CLOCAFLAG) "RESET CLOCK

JP*EALLT4AZERU YN

ENT*G4w (CLOCK) "YES

RPT#N%40LV Y ADUUST

RPL*Y=u4a (TIMmETABLE) ' TABLE

STR*pO»w (CLOCK) "CLEAR CLOCK

bSh*uuasl (STARKTENU) '"TERMINATE PROURAM

exIfryes

EXITxKEV<c'YES 1IF KEY2 SET

USKxELxN=1*NQO INCREMENT INDEX

NO=0pP

JP*EXECS

2048D'T1 - 2 SECUNULS

128000°'Te = 12,5 SECONDS

2o856U'TS = 25,25 SECONDS

G08320'T4 - 39,675 SECONDS

RESERVE #iv ' NUMBER OF ROUTINES

RJP*K1

RUPxR2*KeY3

RJP*RS

RUFP*R4

10c4Q0u'TIME BETWEEN RECYCLES 100 SECONDS HERE

0'CLUCK RESEf FLAG

0'UPPERK START (LOWER END

END=DATA
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APPENDIX B

TIMING AND FLOW CHARTS
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START ,

PROGRAM / SUBROUTINE R3 |n comnTROL :
J, START SEQVENCE w1 / STARY SEQUENCE %2
% Vé

J *

[a]  [re] [ra] [re] IV [f3]_[ry]
T w(RePTIME) %

et— T2

h—

—
el

T

INITLTIME TIMETARLE TIMETABLE TUMPTABLE

™ T T, +w(REPTIME) RIC % R1

T Ta T +w(REPTIME) RTP# R2 %KEYS

Ts T Tr+w(REPTIME) RIP ¥ R

Ts Te Te+w (REPTIME) RIP #* RY
BEtoRE€E AFTER
SEQUENCE 81 SEQUENCE ® 1

NOTES

1. ™E ENTIRE SERUENCE OF SUBROUVTINES mAY BE SHIFTED enzue‘z/m-relz
IN TIME BY DECE.EMEMTJNG/Z»JCRCAIENYING ALL TTEMS TIwn
TimeETraadLt BY At.,

2. INDIVIDUVAL SUBROUTINES mAY BE SHIFTED én&.uca/‘.araz I TImME
BY DECREMENTIIG/INCREMENTING THE CORRESPOADING ITEA
v TIMETARLE BY 4t

3., SUBROUVUTINE R2 wjiLlL BE EXEcCUTED oMLy IF KEY 3 1S sET.

4. TNDIVIDUAL SUBROVTINES MmAY RE DELLTED BY sTORIMG A
2ERO T THE CORKESPOUDING JITEA, T TuomP?TABLE .

FIGURE & = SAMPLE TiMING CHART AP CorITEMTS oF SXREQC TABLES




