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Abstract

‘rcoordinate computer operations with a real-time asynchronous device

attached on-line to an TEM 7094 II and to make the computer time

between real-time demands available for other uses.: Although H‘}f}'
designed for these specific purposes, many . of the ideas incorporated :i'i'L:?;‘[i
in the program are basic to any. multiprogramming problem, and several -

of the special.features included in the.memory-protect routine,

priority handling of subroutine use, loop and halt detection, and

quality control are of particular interest,

]
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Introduction .

:stime between real—time demends from an on-line film—scanning and digi-

”}'tizing device (Flying Spot Digitizer--FSD; see Appendix A) ?? while

. meeting the data—transmission demands of that device. ﬂhe digitizing .

device should not be stopped or deleyed, therefore there is a time l
restriction of 500 microseconds after a demend within which CPU (central
.-processing unit) control must be given up for real-time processing. Ty :T
"fComputer time is available because real-time processing of,the data‘:; .
;xtfansmitted from thelFSD can be completed before thefneiivtpensmissioni f.
‘. demand eccurs. ' -";y | s ';

Machine Configuration

The TRIST executive is written for an IBM 7094 II with two 7302

ﬂ.core storage modules (65k), and six data channels:,one.with»a-l3ol
‘lezdisk file; one with an iRInbuilt interval timer which interruptsrever&
137 milliseconds, one with the on-line device; and three tape-unit
channels, one of which has g printer, punch, and reader as well as tape
-vunits. See Fig. 1.

Core Storage Structure

- TRIST logic occupies 208k locations of Core A,”end the input-output

'froutines plna Core A-Core B communication linkages Qccnpy 58kilocaticns

1"icf Core B, 'The real—time program occupies Core A from 208k_up, and

S#Core B is available from 58k up for other programs. See ?ig; 2.

| Priority |

»v The priority requirements ere unique in that the real-time program
nas the highesﬁ priority at all times. In addition to keeping the FSD

busy, the executive must handle the priorities of batches of data and
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IBM 709k II

Core A”

Channels”
A,B,C

Y fig, 1, Machine configuration. . A "
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_pguof program levels. Three "levels" of progrems are . recognized the
gireal-time (RT) program, which processes data from the FSD' the pro-
v.hiduction programs, which analyze these data, and background programs,
‘églwhich maey be debug or other production programs. The second-level.
v'HEi(anaLysis) programs are dependant upon the real-time program for data, .
i":‘;;however, the other two levels can be run together or, if necessary,
fﬁ*separately, meaning that the third-level (background) programs can con—
. timue if the FSD is down. |

Second highest priority is given to the data-analysis“programs.v
'%iThere can be a maximum of 12 analysis programs, therefore batches of data -
~"l‘."ivi:'g'a.re cycled through a string of “these programs Iowest priority is given v1$;~~
lzto “the third- level background programs, thus the executive must know the g
r.status of data and the status and order of the string of analysis programs
i;while also keeping track of the current background program. This
' ,:priority handling of data and levels must be done with the addeo compli-
. vjcation of meeting the demands from the FSD whenever they occur.. |

'Control is maintained via a set of four entry blocks (the real-time,

":non;real-time, executive, and core-B blocks) in which machine conditions
;and;identification information are saved. There is only one core-B
- program at any one time, but it can be any one of the string of analysis
- programs or the current background program, depending upon theipriority
*‘ of data. Therefore, when a program is stored in auxiliary storage, the
i\entry block is: stored with it and, in turn, read back in when the program
" is recalled. ”

When a,real-time demand occurs, the status and machine conditions

 -of the currentpnon-real~timev(NRT) program (which mayHbezeither the
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;Iexecutive itself or: the core- -B program) are saved in the NRT entry ‘block,
'w'and the RT program is entered vis its entry block.n Then, when the RT
té?program gives control back to ‘the executive, the data status and priori-
".'.:a;;ﬁties are tested and a NRT program will be entered via an entry block.
ﬁ;rbr instance, if 8 thirdnlevel background program-was running when the'\;
;;PRT denand occurred and there are data ready forvprocessing when.the RT
f?'program?gives up, the NRT block (which was tbird-leveivinfornation) isr a
5-moved to the core -B block and the core-B block and program are moved to
;fauxiliary storage. The first of the string of analysis level programs is"v
| :G'then recalled from storage and its entry Dblock: is moved to the ‘NRT block,

.‘vhich is then entered. A summary flow chart is seen in Fig, 3.

Quality Control

?V:Y'One of the problems connected with a high-volume-data-processing

a;system.is quality control. The analysis-level programs run nnder TRISTZ
.{”nake it possible,to have the analyzed results of a nightfs'ESD run within,
é‘f:a‘very‘short time after the end of the run. This feature wiil becomeu
Ii:even'more inportant within the next few months, when the RT program will
{1 be doing pattern recognition on the input data.3 it will be necessary to
~ have analysis of the bubble chamber events as soon as possible after a

" run, to check both the digitizer and the program results.

- Memory-Protect Features

-]
!

In addition to its obvious function of protecting the execntive from‘
" -user errors, the memory-protect package is used for subroutine sequencing,
.Hl‘i.e;, to protect the library subroutines from multiple calls;‘ This

{ufeature allows‘all the library subroutines to remain in memory as part

_vof the execut(ve, thus saving g large amount of both memory space and

;;input-output (I/O) time, Otherwise, all library subroutines needed by

¢
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'ﬁ a particular program would haVe to be read in with that- program.
= Setting the memory«protect limits causes an interrupt (trap) to

1Toccur whenever a location within the specified limitS‘is-referenced
B and control then goes to a memory-protect routine., Since the library
' ubroutines are within the protected region, control goes to the E

ifmemory protect routine whenever & library subroutine. is called.

5:Multiple calls t0 a sinale subroutine can occur if for instance, ai_fi[
;;background program was in the middle of a 1ibrary subroutine when the .
p¢,real-time program was given control and then the RT program subsequently L ;';g;
:i.ca11~ that subroutine. The memory—protect routine ailows the prior o
‘;iuse of the subroutine to complete, saves the machine'conditions of the

~ subroutine exit in the proper entry block, and then allowslthe current
i”subroutine‘call, The proper entry block 1s always thethT block, |
because control has gone only into the RT program fromvthe.current NRT
l‘program; therefore the executive has not had a chance tofjuggle;the entry
1 blocks for priority demands (this happens when controligoesbfrom.the RT
program to the executive). The RT program never requests:a iibrary'l
B subroutine during its actual RT operation, therefore all conflicts of

~ subroutine calls are solved and there is no interference with_RT demands.

Time Accounting

There is a problem in keeping track of the time per program,
;hecause the executive shifts control among the programs as required hy_ '
 the priorities of the FSD and of batches of data. This problem is
rsolved via'a’set of clock blocks, which are stored and recalled with
:.the individuai programs as are the entry blocks. Each time a program 1is
'f entered or inéﬁrrupted, the time is read and used time is calculated and:

Lo

'f saved. The ef%cutive then prbduces a final run summary for itself and
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;for eaeh program, which includes prioritv level, a time-charge number,'
%f time (starting, ending, ‘and used), run type (debug, production, and
'i‘preproduction), and a completion code (normsl, interrupted restarted,a
.-:Z:etc) This run-sumary informstion 1s alsoc stored on the disk for use
f;by a time- accounting program which produces weekly, monthly, and yearly

ff3time—accounting reports.

H

'Halts and Loops

‘Since the executive is designed to keep the FSD operating and since

ij‘there is a minimum time within which control must be given to the RT
’{;program after an FSD demand, 1t becomes obvious that something must be:-
o .done to. handle progrem. halts and 100ps. (Halts would cause the FSD to f \,f
“T‘"stop, ‘and loops may not be recognized by the Operator_for'some time, |
‘i since programs are being flipped in and out.) This problem is solved
) with an interval timer atteched to one of the computer data channels.

;jlhis timer causes an interrupt (trap) to occur every l37_milliseconds.

When a timer interrupt occurs, control is sent to a timer service routine,

“which examines the current machine conditions for halts and lOOps, When

" a halt is detected in a debug program, the location of the halt is written,

a core-memory dump is written, and the next program is called, When a

halt is detected in a production program, the location of the halt is

‘ written and the timer routine attempts to set up a restart of the program. ,

. Loops are detected by an I/0 timer word which is part of each

program’s entry block. Since all programs are of a data-processing

_nature, a maximum permissible elapsed time (approximately four seconds)

'-' between I/0 requests'can be established. The I/0 timer word is incremented -

at each timer'trap and cleared when an I/O request is recognized. When '%%Z

the “timer worﬂﬁexceeds the established maximum, a statement is printed

’? on—line and the computer operator may take corrective action.
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i Q‘_- " Operating
Setting up the operating procedures for the system posed the same

*ﬁtype of . problem as program loops and halts. Since halts for operator

.-:_action (tape requests, etc.) would halt the -FSD, operator action "pauses

o are set up in which a request for action is printed on-line and & pause

'1100p is entered. In this way, the RT demand interruptsvand‘interval

f.timer interrupts .cen continue while the operator is performing the re-

‘v‘quested'action. The operatOr then must have a way‘to_signal’the'execu-

~ Each priority level has a specific operator action sense: switch with which -

f.tive that the action is completed. The sense'switches are used for this
.. *

o purpose. Operator action sense- switch signals are handled by the
efinterval timer service routine. In addition to checking for halts and

3tloops, this routine checks and remembers the status of the sense switches.'

nﬁthe progrem can request operator action or with which the operator himself,jw"ji

.. can initiate action (for loop handling or interrupting), thus three gense

- 'switches are used for operator action. TFor example, when a program re-

f:quires»operator,action, it prints a request on-line and goes to a "pause"

'~ -subroutine. The operator then performs the requested action and puts

. the specified sense switch down. - The timer.serviceirOutine will recog- xf;

" nize that the switch is down the next time it is in the specified.

‘f‘priority level for that switch and will print an acknowledgment statement.

The operator then puts the sense switch up and the program continues.

In practice, this amounts to the operator's essentlally flipping the

' sense switch down and up--only rarely is there a delayed.reaction. .

5f tested. %

The console kéys are used as sense switches by each program--ten are
© provided for, &ach level--and the executive has "sense switch" testing
subroutines to test thegse in the same way as a sense switch is

ek
A
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Z;,;:{ The Operator msy wish to initiate action to force an interrupt or.
.e restart in a program In this case, he puts down the sense switch for
:'the specified level which will cause an on-line statement and-then a
s psuse in that specified level only. At this point,vthe operator nsj
- _put the sense switch up or may indicate 8 transfer by'entering e command
‘i; in.the keys and then putting the sense switch up.. (He'signals that the
| keys are to be used as a command rather than as sense switches by using‘
t .the fourth sense switch. The fifth and sixth sense switches are used
fbr interrupting first- and third- level processing ) The timer servicev
"routine checks to see that,the transfer is to a "legal" area, for that
.itlevel. Important communication links exist between-tne memory— rotect
*routine in its feature of multiple subroutine call protection and the
‘timer service routine when it allows direct operator action.. Depending_.
i; upon the status of the memory-protect routine, theitimeruroutine mey |
iu not.immediately execute g desired transfer, but may set_the location to
‘iiiiwhich the memory-protect‘routine will transfer. It shouid_be noted.
E’.»tha,t operstor transfers are done only as an emergency procedure: to
j'end'a third;ievel program, to attempt a restart if a.production program

[ I

As in-trouble, elc.

Sense Lights v

The sense lightsvgive the operator an indication of the leVel'that

“;is currently in control. fThere is one sense light for each of the three

.priority levels and one for & pause routine; all off indicatesvexecutive

= control. If, for instance, the sense 1ights are flashing between 1 and b,

there are no background programs»-only the RT program is running. The

upper half o 5 Fig. 4 shows the TRIST interrupts and the lower half

shows TRIST covtrol.
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Program Decks and Skipping '

oy

The programs to be run are set up as a deck‘ok cards consisting of -

“ J?:& program card specifying program and level, ‘a time charge card speci-

sifying charge number and run type, modificatious, if any,vand an execute

,‘ card. At the beginning of the run, the RT program deck is read and the

e FSD is started, the analysis programs are initialized. and moved to

-auxilaryvstorage, and then the third-level program decks are read and
'-:xstored on a disk area. Third-level programs are then runrin:order fromf
.E;this disk area.’ The operator can skip backward or forwaraiin the list_of L
t:?ftnese programs via a specified console "skip" key., Wnen the'Skip‘key is
‘fput down, identification of ‘the next program in’the program list is

vprinted on-line with its serial number indicating its relative pOSition

© o-in the progrem 1list (the fifth program to be run has serial number 5)

:iyihe operator may select that or any other program invthe list by indie;.
cating its serial number or he may terminate all third-level programs by

: fiselecting serial number zero.

Additional Decks

When all third-level programs have been run or if no third level

_pprograms were originally read, a deck can be read via a "more cards

console key. This key initiastes the reading of third level program

decks onto the disk from which they are run. This means, for instance,:v'
;'that a RT run can be started and successive third-level runs‘can'be

_ initiated during the continuing RT run. If desired, anyvparticuiarc
‘::third-level list of runs can be terminated and a higher;priorityv

" list of decks ean be initiated without interrupting the other

- levels,. g

g



a3 vamdﬂﬂl

| - Debuggigg
’ ;;;I. With three interrupts (FSD interval timer, and memory protect)

"iﬁgoing at once, timing became a large factor in. the debugging of the

'1[2¢xecutiv¢. It was difficult, in fact almost impossible,-to get a bug .
ijto repeat because of the changes in the timing of'thése intérrupts.i Thé‘

r_%finterval timer interruﬁt could be operated with a manual switch; which
"isaved a great deal of confusion. Otherwisé,jonceva bmg 6ccurred, ome

"_'might be several routines (and bugs) awey from the original problem by

";the time a halt occurred, Also, it was necessary to add special features

. to take care of the problem of simultaneous interrupts.

Conclusion
A_Approximately 17 man-months of effort have gone intovthe,deyelopment
©"of the TRIST executive; however, in one month, the computer time saved

rm;,Ey the multiprogramming operation equalled the development cost. The

’ffexecutive has been in operation since February of 1965 and successfully

Q{;;coordinated_computer operation with the on#line, asynchronous FSD, and

Q';:simultaneously.makes available mearxy 60% of the CPU time for other usef"
.ritfifi L 1m' ; ,Thevlarge computing capacity of the TO9% is reqmired'during. |
H _ yeal-time processing, but the large amount of time otherwise available
 :ﬁVneeded'to be used efficlently; therefore, the TRIST executive:was

;f:developed.
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e e Mppematx AU
’; The on-line device is 8 Flying Spot Digitizer (FSD), which is used

fjfto digitize pictures of nuclear interactions occurring in bubble chambers.

"ffihe FSD ‘scans across: the film, digitizing coordinates of images along the -

| scan line. These coordinates are then saved'in a buffer-(block of

".}storage) and transmitted to the computer when a buffer is filled. Scan

*lines containing about ko words of data are produced every 2 milliseconds.

.jhonce the scan of a picture is begun, the FSD operates asynchronously, and
f'nearly 100 thousand words of information may flow into the computer during

? the several seconds required o measure a large picture. ~Since the .

=$%compnter storage available for these data is only a.few thousand words,

i‘f the data must be analyzed and reduced in real—time while thei are being
{f;itransmitted. o e B
| The real;time program reads data into alternate huffers, processing
4ithe data in one buffer while the other buffer is being filled. There
ﬁ';rare two logical delay periods in the real-time program.  One occurs when'
] }the program has processed one buffer of data and is waiting for the other
T buffer to be filled and the other, -longer delay‘occurs when the FSD is
fladvancing the film to the next pilcture. The lengths of_the_delay periods
‘r’vary with the size of the bubble chamber image on the film, but an

" average of 60% of the CPU time during an FSD run is available.




".f-lé- - jiz_;f T - UCRL-16481

R, o%Ie S ... References ... i

“v.

v-:l P V. C. Hough and B. W. Powell, in Proceedings of e.n International

Conference on Instrumentation for High Energy Physics ’

e Berkeley, 1960 (Interscience Publishers, N. Y., 1961)

L pege 2h2- obs.

’.2 H. W VWhite, et al., Preliminary Operating Experience with
' Hough-Powell Device Programs » Nuel, Instr. Methods, Vol. 20

(1963) pp. 393-400.7

i
S

-3, Dennis Rell, Joan Pinchak, H. S. White, The DAFR Production System. N
A Paper delivered at the Conference on Programming for Flying
. Spot Devices, Columbis University, October 1965. o




This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed 1in
this report.

As used in .the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








