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·: f'-
nate computer operati9ns with a 

The TRIST executive is designed to coordi-
. . . I . 

. . - \ ~ 

real-time asynchronous device attached. on- ., 
f. 

'•. "• · ... 
. , 

:_. \ '· :; · ' 'line to an IBM 7094-II and to make the computer time between real-time de-. • .": ~ · 
•' ,·. . 'f 

,_: ., . mands available for other uses. The asynchronous device operation requires.· 

,. 

. that the computer 'be available to accept data 'when the device is transmitting,' .·.; 

Data are transmitted to alternate core buffers~ The comp~ter must iinmedi-

l· 
ately interchange buffers and process data from one buffer while the other 

·'.·, l .. : ;.~ . 
· ', . . . buffer is being filled; however, a large portion of the computer time is also · .. . .. 

. . ,. ' .·. :·-

available for processing general programs. Real-time demands for CPU 
. ' 

control are met within 500 microseconds. The three priority levels of ,. ,:' 

~' ; - : ~ . ~' 
~ -·~ ' .• ;-. 

·,.· . 
; ·:: i.<''-programs controlled by TRIST are: the A-level or r~al-time pr~~ram~ which 

' ;·· 

· · receives data from the on-lin7 deviCe; the B-level programs, which process : .. : -.. .• ·. ~ 
r ;,, 

1' l_. 
';:·· "'-: ...... . 

.... '.-::. the data produced by the A level; and the C-level programs, which are general· 

production and debug .. 
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: .• · ·• - 1 Introduction , -: :. ·1 ' /. :· •. : · .. :. 
I ) \ j ' '. ' I '. ' •• ff" - • . '~. ~ • • ' '- ' 1 1 

J' 

,. \ ' .. . i ... • -»· 
' :. • ' 'l • . . . . ~ . :' '• 

....• TRIST is-~ TRI-l~vel multiprogramming_ SysTem executi~e written at:. I • ·.:· 

.·. . ~ --- . . \ . -} 

. . . 
Lawrence Radiation Laboratory. The TRIST executive is designed to coordi-' .· . 

. 
.. ~ " .. nate computer operations with a real-time asynchronous device attached on- ." 

line to an IBM 7094-11 and to make the computer time between real-time de-

mands available for other uses. The asynchronous device operation requires . . . . , 

. •·' that the computer b~ available' to accept data when the device is transmitting. : :-:- > .. 

Data are transmitted to alternate core buffers. The computer. must immedi-
... ·.' . 

.. ately interchang'e b_uffers and process data from one buffer while the othe.r 

:_.' .. ; , . _buffer is being filled; however, a large portion of the computer time is als~ 
.. ( ::. . . I . . . 

. . · ·:.<· · .. available for proce~sing general programs. Real-time demands for CPU 
·~·. 

.. . . 
. . . 
; ~ ·. 

(central processing unit) control are me.t within 500 microseconds . 

The three priority levels of programs· controlled by TRIST are: the 

; I 
~ .. 

... 
"· 

I .., : 

i 

... ,, 

j. 

. ' A-lewl or real-time program, which re~eives data from the on-line device'.·:' 
. I , J I • 

1,•'~ .'' . 
I 

~-nd ~as highest priority; the B-level prdgrams, which pro~ess th.e data 
. I· I . . I 
ptoduced by the A level and have second .. order prio.rity; and the C-level · 

,. ,:. 
· ... 

-1 .. ~. . • t • 

·'· ... programs, which are general production; pre~roduction, and debug, and 

have lowe·st priority. 
, __ 

... ,· 

·'. . \ 
; 

Machine Configuration 
. . , 

• ,J :'. 'ltl 

. '· .. 
,. . .. 

' ' 

;",. 
·.: The exec~tive is written: for an IBM 7094, m·odelii, with two 7_302 . ;' -~ 

'. ·'i 

; ; .. ~ . 

. ;.; : ~ ·~ 
c()re storage modules (65K), and abc data channels:. one with a 1301 disk ... 

A\ ~ ' 

. ' • "v 

< .•. ,· 'r. .. file, ,one with an LRL .. built iq.terva.l time;r which traps every 137 milli.seconda,~ 
. . ' '· 

~ . ·.· one with.the on .. line device, and three "t;a,pe-unit channels, one of whi-ch.also 

·has a .printer, puhch, a_nd reader. See Fig. 1. 

• ,, ' I ~ .. 
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.{ <. ' ( .·· 

Backsround\oFSD. 
. ...... ' .. 

'· 
;-· 

'~ . .. . . 

'· ' ,. 

~--

;. ~. : ~ 
. ~ : ~ . . 

•.t ..... ! •· ';"· . 

. . 'digiti~e pictures of nuclear interactions occurring in bubble chambers·. 
· ... . . \ . , 

The ~· ~ ·. · 
> :-,.:·-

.·..,[ .. .. ' ... . . . 
·: . ~ . 

"""". ' .. FSD has buffers that collect coordinates of images along a line on the film 
. . 

1 \ 
<~.nd transmit these data to the computer. Scan lines containing about 40 words 

'. 
of data are produced every 2 milliseconds . Once the scan of a picture is be.-· . · 

. '.. :-\ ·;I.· gun·, the FSI? operates asynchronously, and nearly 100 000 words of informa- <·: 
' ., t -! 

'·. '., .. ··· ·.· · tion may flow into the compute·r during the several seconds required to meas-· : 
' 

I • 
-~ . . .: ( 

. " I 
•'· I .· 

ure a large picture. Since the storage available for these data is only a few 

thousand wordse the data must be analyzed and reduced in real time while 
. I 

they are being transmitted. 
" . ..• ,.. 

... 
L"' ,~ . 

The real-time program reads data irito a:Iternate buffers, processing 
1 

• 
' ,. " 

i . 

I . : . ; 
., .1 

' : 
;, . ·. ·\ 

,. 

'· 
. i . 

· · ··:. · the data in one buffer while the other buffer is being filled. 
.... :. '. ,~ 

There are two · · ·. · .. , . 
. •·· ~ 

. '';~ · .. logical.delay periods in the real--time program .. One occurs··. when th~ program' 
~·' . 

has processed one buffer of data and is waiting for the other buffer to be filled. 
! . . 

" 
The other, longer delay occurs when the FSD is advancing the film to the next 

. , 

, picture .. These CPU times are made available by TRIST for other uses. 
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Background-System 

TRIST maintains complete compatibility with the moni~or system which : 

preceded .it so that none of the pre-TRIST programs have had to be modified. 
. 

The main production programs spatially reconstruct and kinematically 

analyze 'bubble chamber events, and require 15 sec of GPU time per event • 

(An· event is defined as an interaction in a bubble chamber, and is seen in the .: 

·:: ·three stereo vie~s as particle tracks in the form of a string of bubbles. ) 
\'~ • ',' b', ·:I ',• • ' \ , I 

• 1 '. ~ . \.1 
•:. . . These programs are run as B level when the data are from the FSD, and are 

,•. ·, 

run as C level when data are from other film-measuring devices. . ., 

,· 
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·'' ··· ;,_: '·. ,. · .· ::: TRIST Structure .· · ·.• · ;:• ··, . 
. • : ' • '· • • ;· •• ' "· • .l' • ~ ; •• • ; • • ~ • • • • l 

. . :·("::':!'. '' . ~ ,.,,,, . . . .·'.' 
, .. : .. < ·· TRIST logic oc.c':lpie,s zo8K locations of Core A, and TRIST input-output · 
.•·· . . . . ~ 

·:::~_routines plus Core/A/Core B communic;ation linkages occupy 58!{ locations.of.<·: 
. 

Core B. (See Fig. ~i) The A-level or real-time program. occupies Core A 

£rom zo8K up, and the current B- or C-leve! program occupies Core B from 

58K up. 

' 
TRIST, a TRIST loader, and all programs are stored· permanently on_ 

the 1301 disk file. To save time and eliminate·large amounts of tape I/O 

(input-output), A- and-B-level output data are stored on the disk. The exec~· 

· utiv~ maintains storage communication links between A- and B-level pro..: 
. . I 

. grams.and among the B-level programs • 
., : ,I 

" . 
. ' 

·. "· 
TIUST' Flow 

·• .· ,· 
:·/_ 

., 

The general flow' chart in Fig. 3 shows that a one -card loader calls a · -; , . 
• 

s'mall loader which, in turn, calls TRIST into core. TRIS.T then :calls in. and . ·: 
I .. 

'' giv~s control to the A-level program, which starts the FSD processing. The ·. 

A-level-program reduces ,rsD· data, provides diagnos.tics for pictures rejected, 

and gives on-line quality control summaries t~ the operator. 'A-le.vel output is · · 

stored in batches of 15 events on the .disk. Whenever the A:.level program is 

not busy, it gives control back to the executive . 

TRIST then calls in, initializes, and stores up.'to twelv~ B-level pro..:· 

.. 

. ·. ;' 

.,· 

' . ': ·~ . 
grams on designated areas of the disk, from which they are recalled as needed~. 

'·· 

~ · .. 

·After all B-level programs have been initialized and stored on the.disk, TRIST . 

ciet.ermines prior~ities and decides w·hich program will be given control. The 
i 

. " 

t· 

' .. 

: . ~- ·: ' . . ' 

controlling progr~m may be a B- or c~level program or the executive. it~elf. 
' . 

(a)~ A level has a batch of data.ready, TRIST initiates a B-level cycle during. 

which all B -level programs will be run in order on that· batch of data. I£ A level 

.~ 
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: ·: '· -4·-
, ' 1' \ •' r ~?I : ' ' +' J _: .~ ; ~: ,\ . . • • , (' 

!:_.. •; ··.~· .. .'. ·: :;· 

' i ., ~ 

.'.-
~ :. /' . 
. : •, ~ ' ;• 

UCR·L-16f99 .· ;: :. · .· . 
" ~ .·I' 

~-· t . ~ ~ '. ,.. ; ·' :··· '\. " . . ' ·.. ·' ' 

' " . : J • •,;\ ; ; ' i· • I • t ~:, ~ • ' ' ' , 

.. :. : acquires~_~nother batch o~ data b"efore ·the B l~yeh compleie the' current batch, 

·': ,'' 
G ·'o ·,t 

, .. .. 
. ~. ·. · .. : .. · A-lever~rocessing is temporarily in,hibited. . (b) If no data a~e ready and·. the::·:: .. ).::.~ 

• • 4 , •. ~- • : 

'.:. ':-.,. 

B-leve~ cycle is f.inished, TRIST gives c~ntrol to C level.. The executive and ,\-~ 
• (' <I~ ' 

,.t_., .;:: · all non-real-time p:rograms, of course. are interrupted y.rhenever the A level .... · .· .... 

... ~:·,·:requires -~~iority, but th'e C .lev~l also ma·y ~e inter.rupted and st~red on a di~k·: ·:'" :·: ··.·.: '. ;: ; 
... _.,, '.,., 
-~:•.::· ... .'area whenev:er there are data for the B levels. 
.;. . . ··.·· 

. . . \. ,~ 

When the B levels are finished, '.; . 
. ; ... ... 
. \ -~-- .. ~ 

" ', ., 

' I ' • ~ 1' ; ' 

... \ 

.. \' 

, .. 
• ·r_.' . l 

• .. . , 

i' 

-~' 

't'he C .;level program is then recalled and continued. (c) If Be levels are. fin~ . . . . . . . 
ishecl and there are no C-level programs, TRIST retains control and :waits fo.r 

more data via a pause loop. 

' \. 

. Special Feature 8 
•"·· 

· P:rogram decks 
·,.' 

I· ,. . . ~: ; . 
:. • •• t • . . . '· 

TRIST can:- control any combination of the three levels at' on,e time,.·; .. 

except that B level require~ da:ta from a concurrent A-level program~ (See ' ' 

Fi~. 4. ) ·The levels and programs io be run are set up ~s a ·deck of macro 
li 

. ·instruction cards which are read by TRIST. Each program deck consists of ; . 

. • ,i 

' ; ... . . . . . 
• ,'I> 

' . 

. . :··.' 

.. · 

.. . 
a program call card, which specifies level and program; a time -charge car?-i · ... ' ·. '· 

,; . : ~-

program modifications, if any; and an execute card •. The A-level program i~ 

always the first program call deck in.a run. It is followed by the B-level 
. 

program decks, ·if any, and then th_e C -level decks. Prior to processing the 
. . 

. . 
first C-level program, all C-level program·decks are read and stored on a. 

. . i 

disk area, thus freeing the .card reader. 

. from the disk when C level has priority. 

C -level program calls are than rea·d .. :~ · · · ' 
' ; . ~ 

; 
. .. ,, 

Priority and entry .:vectors . 

· TRIST conti~~ls the priorities ·of all three levels v~ a priority w.ord ~nd ; '··'·. 

! 

a set of ,flag words which determine. the ~tatus of data, of the string of B -level· .. 
' ' 

. ! 

programs, and of the current C-level program. The lev~ls are maintained and J.· : 
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· ~ ·, e! 1 :· ... ~ 
' . J' ,. 

,I : ., I' ~ f 
' ~ r i4 ~~ '' .' 
• .. . 't 

. , . · ... ··· 
I·. 

-- t • t · ~ t ·• • .. ' r.. .. ·.. · . ~~ ... · . 
'· , : ~ • t j ' I ( ':, ; l " 4 ' ' 

; ·~ ,. , • . 1 ; · J. r .. · j ~ . ; . t ~ ~ 1 ~ .: : ~ ~ 

: ; • ' .' !: • ~ ~ :-:-· f I : • ;'- • ' .I _.;; ) 

•. l . ,, . ; ~ ; . ' t . •• : ·. • • • ~ • •• ••• 0 • 

•• • ' • • '•! • • . .T • • ~ ' . . ) .. •· . / ' ~ . . 
·'·, : · ente~ed. vi~ a~ s~t of four entry v~ctors 

; .. r~ -~ :· .. l ~- .~ .. 
, ~ .. 

I~: .. . -~ . . ·,, .. 
j4,.:. ' •. 

; '• 

. .. 
I .,. ' . 

. ; . .... ' • • • ~ ; :I "\ ; • : .. , : 
' . / ~ . ~ . . . } . "t 

(real-time, non-real:-time, executive, an:d 

·:;;·· · . ·:;.-_; ~~re 13 > in which. niacliine ·condi~ions and .ideh~ific~tion. iniormatio~ are. saved.· ·,: ': :: ;:J 
·. ·: ,· .• · .. ::- . : . . . ' . . . . . . . . ,•-' . : ; /. I' 
L·~;; ::_ .; ·The co~e B (B- a·~d. C -level) and ex·ecutive. entry vectors are moved in and out of ; ::(. ; ;,: 

_;~·· ,;

1 

~.>:~. : th~ ~on~real-time entry vector as program control is e?'changed; thus the non- '; '{· i !~. 
·., ;t;_ t\ . /i· ,· . . . 1 '-: 

. ... ~ l . • ~ • ' " . .• r.. -~ :t: 

;·~:-.:.~?',::· ';~:; real-time entry vector contains information pertaining ~ither to the .. executive or::· ~- .; ::r~· t 
·(:.J·~.: ·:-- to the core B program. ·There is only one core B progra~ .at any one time, ·and:_:·, · ~t ; .. 
..• ~ . : . !· .. :~ ~ ~; 
::..· !:. · therefore only one. core B entry vector. TRIST may have retired a C-level core·: ; .. -:.'··. :~: 

• • "' • .._ ' . ~- • • ' * ··' <~. ~- ' .~. . .. :: : " :" . . ~· 

.~~;._'~ .~ .... ·.·, B program and may be processing a string of several B-level core B programs, ··:: ~-;_ 1• :·,, 

:,:r;:.: ·:.:·:;..-.:: : .. th~refore. eac~ core· B entry v:ector is stored .and recalled wit~ its program·. . · .i .:," -~: 1- ; · ;. 
' . ... . . . . . ~.: ~: . ... ~ . _: . ~: 

. ' .... >~--~··:: : 1 : .: ( : ·! 
,.,. · Time accounting. ·' · · · i 

• !'>• •,.;' • '· 

,:~ <.:;::";:_', A time -accounting feature is incorporated into TR~ST via a set of clock 
1 

.. : ;·.:. ~ 
. :.·· _:;;,·."···. ·vectors. which are stored and.recalled with the individual programs 'as are the · .. ': 

I :·t I . 
., . . ' 

,: \ •' .... ': '.·. ' . . . I' \ ' ; I ·-:· 

· r, : ;' .• entry vectors. Real-time demands cause ·TRIST to give control to the A-level_ -~. .. -~ · '. 
; ,} ~- ~ . . . . I . . .. ~ . . , ; .~. ~ : 

' :.• . . . ;. . I . . . ' ... • ; ':\· . 

• ••• ; •• ,· I program at intervals of approximately 20Q msec. As TRIST shifts control among' r · •• :·: / 

! . ., l' 

·.the programs and within itself in p.rogram1-loading and core-B program exchang~ .,.: 1 :j: .. · . . I . .. , · .. 
0 • 

•• J. 
., ; 

. in~, times are. sav.ed in the appropriate clpck vectors. The ·executive then ·. ' :·;:'I 
. 1· I . \ 

I ' 

produces a final run summary for ·itself arid for each 'program, including level, 
. . . I . . I . 

. I . . 

time -charge number;_ time. (sta~t~ng, ending, and used), run type (debug,· pro-

duction, preproduction, etc. ), and a completion code (normal, interrupted, re-,: 
..... ·.. <. 

•.; 
• I 

.. ·'' ·: started, etc.). ·This run summary information is also stored on the diskfor 
I I 

·' 
. . ~ '·. . ' \ . 

'· . ' . . . ' . " ..... 
·" 1: >: · ·use by a time-a~1counting program :which produces weekly, monthly; a:nd yearly·;_.-' 

, ·I ' . \' 

. . -~ 

.. ~ 
{.~;· ... 

• • I t• • ·• ·, 
· time -accounting ~ta. 
' • 0 

·• 
': .1 ;., .... · · Mep1ory-protect package ' .. 

'.·'' 
~ ,'. : ·, I. ·~; : I 

, . . . ~ .... •, 

.. 
. . . . . i' · . 

. in addition to its obvious function of p~otec:ting the executive' from u.se:r · ~; 
, ,, , • · I ,·_

1 
I . 

. ·' 

i. 

.;, · .. l:. :-. 
' .. 

: .. ~ 

. "" ·.:: .. ::,.errors, the memo~_y-protect package is the vehicle for sys~.em compatibility. , : 
' i .f ~ t I ' •' ' , ' f •.;;.... ' , ' , \~ '• · t. 

;·"·-;.····:<.'··between the previo~s system·and TRIST and for multiple subroutine use. se-. 1 
•. 

·' .... 

·' ~ , · .. 

~-

(' .. , . ; 

• . "1~ ... : ' ' . ' if! • . :· •. 

~ ... "' • ... v.'; ' ~ • . 
. . : f ' ~ . 

Since :all of the standard I/0 routines I are part of the executive unde~,, : ,· 't .. ~; ~. ,_ ... · .: . quenc1ng. 
'• .;._. ' ., ' '., 

·. l\ .. . ~ .. 

''·\ 

TRI~T, a memory-protect trap occurs when any one of these routines is called,;:· ; <:_; : 

' ·.• 

' ... · .. p· ,.,a 
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·.·an~ the ·memory-pr~tect·package simply reroutes the call to the new exe~uti.Je >· ~ ~ ·: ~ 
• { ' • • - ' J :- ~. . 

" 1' .. : .• '· '. 
• !I ' •I 

{ ~ . ' . ;" . ': . .---· · subroutine. 
(, . ·. 

. ·' ,' ... 
, • ,": i > :'~ r_ ~ ,· 

'. . ~. :' . ;- !' 
- :·.'_:..- .. 

~. ·, ' - f ' 
Multiple·-call protection . .. . ~~ . \ 

• • ;1' ~' ' • j 

.. . . . . . . .. . : :: ·: ~:. . ~ ; r . ,.· 

.{/~::.··. ,; .... · The memory-protect paskage. also protects all the executive subroutines, .. · . •, ;· · 
: f.) ~ ~.:~ ~ 

., 4 ,. ._ ' 

'[·· :·· .. · :·.;. from ·multiple 
'I • t, ' •, 

calls. Since there are thr~e leve.ls of prc;)grams operating, it is.·,~' :· .: ·. i , . 
~. 

}' ... :- '· .. . 

.: .. ·:~~.:·. . ... possible that the C-leve.l progr~m, for example, ~ill have been :in the middle of'~: , 
t.._•·. ·-. ,\. )_' :, • '. 

f• .. ( 

· "· '..~·a sub.routine when the higher priority A-level progr~m was given control of the .; 
;.·· .. . ~·. -·~ . ~ . . . 

' · . CPU. 

. .- '. 

.. If the A-level program needed to use thif! subroutine, ~ere would have 
~ ·. ~. ' . ~ .. ' 

~ t' 
~ .. ~ ' 

1. < : • 

·: '·been a conflict, but sin~e ~ubroutine calls go through the memory-protect pack~::··:':·: ·•. ' . . . . . ... ·, 

' .. ~ ,• ~ -

: ~. . - ·. 
~ ~ .• -. 

·-~ ,, 

'=-: 

.'_t·:.' 

.. ;:·. ,. 

· .. 

,: 

.. age, the conflict is eliminated. The prior use of the subroutine is brought to .. 

. completion, the machine conditions of' the subroutine exit are s~ved in the entry ,; 

vector, and the curr~nt call is then allowed to go through. Although TRIST may.[. 

·.be running three levels and therefore ma~y progra~s all together, there are . 
·- - -

·;·really only two running at any one instant in time (the r·eal-tiine. program and 

. the non-real-tim.e program), thus there is no problem of knowing where to save.·.' 

ma,yhine conditions. .Furthermore, since the real-time program may never 

request use of a system subrout~ne during. its actual real-time operatio.n, the 

above procedure solves all conflicts of calls and does not interfere with the 

real-time demands. 

Sense -switch usage '· 

TRIST reserves all the sense switches for. its ·exclu.sive use. The·· 

console ~eys are used ·as sense switches by eac~ program (ten ~re provided ' 

for each level). One sense switch is used to indicate that 'the keys ·are being: 

. ·used for this purpoise. The only time this switch ie off is when the operator 

'. 

. . .. ~ ~ 

:;_.,i,.:· : .. ·:·.needs to indicate tl}e location of a transfer, in which ca~e this key is off and: 
'"•' ,.·.- . :-: ' . 

. ;.:~·. · the transfer comm~ltd is in the keys. Three sense switches designate the 

prog~am for which operator action .is intended (A-level, B- or C-level, or the· 
... 

·.· ' . I 

. ' 

~ . 

,, 
{ 

. ,. 

. . 

•,', 

't _-; 

'•,!' 

.. ' .- ~- - :-:. 

'•'' (-' 
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o 1 1 ~ :, ' ' ~.... ., ·, )", f <,. o 

' •: t i : I lip: ~. •' i • I I ' - ., t ' : 'r I ' '. t ~ • ' 

· ex~cu~iye). '·:A fifth swit~h i~ ~sed to iriterrupt c .. level proce.ssing. 
. . . .· . I . , . . '; . 

:.rent C -level prog:ram is finished and further C l~vels are ignor~d. 
\ 

I .. 

~ ' 
~ . • • , ~ 1 • t 
' 'I i I. I '~· o 

f . ' ~ ,... ' ' ' I~ 
( " I t. ,j 

The cur·- . ' ~~ ~ t; 
.... ,· ~~ ! .. . ·' ~~ 

~' ; i ~ • • I j ' 

. : , '; .. ' i . . , .. ;( l \. 
t : . ; ... 'l ~ t ·.,. 1 ~- l 

Sense lights • ,': ::' • ~I :· ...... ' J I # 9 

• t ·' : • i . ~ . . , • . 1-. J ; ! • 

' .. 
I< sense light's .give an indiCation of th~ l~v~l that cu~rently has ~on~.;. j . ~ ,. ., .. ,. The 

,. ,.'t 
. .a: ••• ·.-~ 

'-: <. i: ,. 
...... < ' . t . 
. '-' . 

.~ .. • . 
. ..... 1 1 .,' 

,i. ' ~ : ~ 

... ., 
~ . ,,. . ' 

... 

: .'~ -~' J. r 

' 
I· 

trol. ·One is used for the real-time program, one for B'level, one for C · :.. ~ , .. 
. . . ~ . ~" '· ~-(. ,,. ,, • 1 i ~ ; . 
. .:~·. t ·.:·: ~ . ' .. v . ,,~ 1 .: • 
, ' 1: ·. · •. I . i . ' ·"· . ~r -~·~ ~ .. : ·~ .·· <. f 

I . . . . ' -~ _, • ·: ;•: 

Attached to Channel His an .interval timer, which causes _a data- .. '( t- · ·• ~ :·. ~.<J_' 

level, and one for pause; all off is used to indicate executive control.· 

. Interval timer . ' 

'r . . . 
: . channel trap to occur every f3'j' msec. · The timer- service 

. . ~ ' -~ . 

routine examines :.; r ' : 1 
:. ~ : 1 

\ . . . . . . ; ' ~ ' ) •·· 

.\ .. 

'I; ' • 4' :o, I ~ 
·, . • 
'. ·., , 

• 

' :. 

,. 

~., ' 

._ . :."> l' 

t -· , ,. 

:I • J 

:: ·"' - ~ 

... 
' ' . 

. . 
I; • '~ .. , .. • 

.• ! " \ to: • ~ ; j ' • 

(by means · •' . , 
... , '\! 

· .. the current machine operating conditions f_or halts.and loops,. a.llows 
l . . . 

-of se.nse switches) program pauses for operator action (tape requests., etc,),. 
.,· , .\ ' .'. 

~. t . ' . I ' 

and. allows direct operator action (to f~rce a program to pause, to force a: 
( • 't . . 

~ ~--~,:; •. -~ ~. r' \_ 

': i·, - i ·' ·: l 
. . l . 

·. I 

· .restart in a program, to force a dump_ and interrupt 'a program, etc. ). 
I : < ~ ...... 

-~ ~ ~ . ·-•, . ' 
,• It i 

~ ~ ( .. ; : !. ~I ·Halts: 

. . ~ I When halts occur in debug-mode operation, a dump is taken and the .. 1 

l• .• t\ ' . < • ~ 
. . i . ~ .. - .. 
'• , ... . •· 

I' '" I 
I -, •'I. ' 

next program is called. · When they occur in production programs, the timer · . · · . 
. .. 

i '\ . 1 1 
routine attempts to restart the program. f ~ • ' • 

, ~· .. ~ ~· t . 

Loops ~ • ~ oJ 

j '•" .\ 
•. t. . . . . ., .. ~ 

Loops are detected by an I/O timer word which .is· part of ea.ch program's J· 

I. 

\-. 
, • , I 

. : entry vector. 
··. ·.: t~ r . 

Since all programs are of a data-processing nature, a maximum 

~ permissible elapsed time (approximately 4 sec) between, I/0 r~~_ueets:~ca:n:be!'~ 
,. 

. established .. The I/0 ti~er word is incremented at each timer trap and cleared, 
1 

_; 

. when an I/0 req,ues't is recognized. 
I ' 

When the timer word exceeds the established 

maximum, a statement is printed on-line and the computer operator may take ' .. ; 

.' f-, I f 
I ,\ .'~ ~ '"• 

~: . 
! ·; 1' corrective action. :\ 

~-

.i 
: ' .. ' 

'" . :'1 t ··. 
. . . . t~i . 
Program operator ·action 

. ~ ,-

,. ~ ·' 't ... 
When a program requests operatQr action, it prints a request on:-line 

II •,' 
.. :. 
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1
, 
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1
· .fr 

f f . ~ 
: '. :: : . • . ! .• ·. . • • ·t.~i· ... ~ . . t : :: T .. >. . . . . " .. . :,.. . 
·.and gc;>e's ·'to a .'.'pause" au~ routine.. (Pause subroutines ·are proVided because ·· · · 
. : .. . . . . . , .. , ' . . . :_ ' .. 

.· real-ti~e demands interfere with halts and because,·:as stated above, TRIST 
,'. ' . . .. 

·' .t 

I ' ' ~ 

i . 
. ! 

j ~ 0 • 

checks for halts and assumes they are errors.) The operator performs the :· , ., 

~equested action and puts the specified sen~e swftch down and up. 
· 1~ /; . ~ • ·. \' > I 

' • t I • ~ 

When c;:on~ ... ·' · .. , 
.,.. ~--.. ~-~-~~--~ 

::•:: · .· :· trol has returned to the specified level,· the sens'e "SWitch action is recognized . ;· . ':: ": ·· 
• , , ,. • , ' I ~ • : ' ~·· 

,_ .. 
and processing continues. 

' ·. ~ -~ . •·, 
: .. ·'·Direct operator action 

,.,_'•·, 

... .. ·,. 

,'. 

..·. ' . '' 
f • ••• t ' • ·;. 

When the operator initiates action, he simple puts down the appropriate,. · · ' 
. ' . . . . : \ ' :. 

sense "Switch.which causes acknowledgment and a p~use in the specified level .·, ,• 

• only.:· At this po.int, the operator may p~t the sense switch up or may indicate . ·-

''' ''' 

. 1 ~. 

.;' .· .. ,. . . . ·I 
a transfer by entering a command ~n the k~ys and th~n putting the sense switch 

' . •. 

' \ 
'' •' '.J 

'·· 

'.' 

_,;·.· 

.. 
.... ·. 

. : 
.. ; ~· . (, 

up .. Important communication links exist between the memory-protect routine .. :. 
'. 

in its feature of multiple subrou,tine call protection and the timer service 
' ' 

' ' 
routine when . .it all~ws direct operator action. Depending upon the status of the, . 

f ' 
memory-protect routine, the timer·~routine may not immediately execute a 

~ . . . 

de.sir.ed transfer,: but may set the location for the memory-protect routine to 

execute .. 

.. · 
Skipping C -level programs .. 

A ' • : ' 1 I ' ' ~ ' t 

.. TRIST -inco.rp·orates a provision f~r skipping either backward or for- : · · 
I . . 

ward in the C-level program deck. A spJ~i~ied console key ("C-LEVEL.SKIJ?':'.).:·:.,. 
. ' ' :' ·I . ' . . 

may be put down to cause::identification of\the next C-level program in the 

program deck to be printed on-line' with it;s serial number indicating its rela
! 

·. 

tive position in the·. program deck (the fifth\ program to be' run has ~erl.al number: 

5). The operator may select that or any other program ln the deck by indicatln,g 

its serial number,;. or may terminate all c:..level programs by selecting serial 

. number· zero. \ \ -r 
\ , I 

'.> 

f.· 

~· . . 

' ~ ' I 

,. ' 

' j 

. ~ 

".' 

! ' 
•' 

!'. 
.. 
' . 

; 
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... . . ·The. actual skip~ing p'r~cedure is as follows: · The' operator puts down· 
: '~:.' ··~ 'f ... ' . . .. . J. , 

the C~LEVEL SKIP key and -~eads the on-line ~o~ program and serial.number . 
. .. ~ 

.:·:·t' 

. !\•' 

He simply puts the SKIP key up if the desired program was indicated on-line.: , .. 
. . ·. :,; ,• ~:\' . '. -~ 

1.' :."; : If he wishes to select a different program, he puts down a C -LEVEL SELECT ... ·,~-
• < • ' ,• ( • I t .. ..,. ,, 

L ~;··:. ,. key, puts ~he desired serial_number in the keys,· puts the SELECT key up, and,_~;·. 
. . ...... ,_ 

. . . ",; . ·.·: .. • 
': ... 

l' . ·,·. 

',;.' 

' ..... 

., 
,• 

.: 

., 
'· 

1' . 
J.· 

·, . 

. • ;. 

:. 

:·~ .~. 

reads the printer message . When he sees the desired program, he puts both '· ·> 
·. •., 

the SELECT c:hid:SKIP keys up. 
\' '< 

~ .. ; 

Reading additional C -level decks , I .· . 

When all C-leve! programs have been run. or if no C levels we~e origi-. 
' '· . . ' . 

nally read, a;:C-level deck can be read via a MORE CARDS console key. 
'" 

This· 
. ' 1 . 

·key initiates the reading of C-leve! p11ogram decks onto the disk from which they 

are read as. C level gets priority. This means, .for instance, that an A-level 

run can be started and successive C-leveLruns ·can be initiated during the con':" 

.tinuing· A-level run. If desired, a C-level run· can be terminated and a higher.:. 

priority C-leve! run _c:an be initiated without interrupting the other levels, 

Conclusion 
,. 

'' 

Approximately, 17 man-months of effort have gone ill.to the development 
;t • ' . • 

of' the TRIST executive systemj however. in' one 'month, the computer time 

saved by the multiprogramming operation has equalled the development cost.·.· ·; 
' 

This executive, which·has been in operation since February of 1965, success- ., 

fully c_oordinates computer operation with tl_le on~line, asynch-ronous FSD, and. 

~ · ~- ·simultaneously makes ava:ilable nearly 60% of the CPU time for other use. 
,• .:··· 
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Fig. 1. Machine configurations. 
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Core_ storage ! 
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B- or C -level ' ' 

.. program ,. '!. 
' ,. 

, .. (Core B progra~) · 
i *,r 

l .. 

I_ 
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) 

Disk storag'e 

··Module 0 ,• Module t 

.. .. 
TRIST loader. . 

• 
TRIST. ..... 

. Permanent program · ' 
storage, , TRIST storage. 

(t 302 000 words) (t'023 000 words) 

. . A._ and B -level storage 
B -level storage. ' (279 000 words) -
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(t 953 000 words) 
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C-level storage .. 
(t 86.0·000·words) 

C -level· storage. 
(465 000 words) . . 

,_ 
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Fig. 2. TRIST structure. 
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• .. ·' 

·'•· 

•' I 
,.,., · . 
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.. 

•lr A-level 

. Begin A level. . 
· Accept and reduce · · 
FSD data in real-time. 

~~ ~· ••. If ... . • • • ... 

, ·, ', :,< ~:!_.------~~.;..·-~--D -_-:_ . ..;-~~ 

'. ' ·.; ~ 

.. 

; .. 
TRIST co~trols _available 

· CPU time until all · 
. B levels are initfalized. 

~' . 
:•· 

+ .~ ,, • . . 

··Read-,·. initialize,· and store all B:..level 
disk. .. . · ·: · . programs\ on the 

' ' . \ ·:- l 

' ·, . /' ! ,, , 
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· · .. '.:·A level has 
·· .. · _·. data ready. 

' .. , / 

y. B lc:~~~t 

.I .•,,, 

· .· TRIST give~: ~oritrol 
to B ·level, C level; 

or ·itself. 

" B-level cycle 
·i-s finished. ., 

.. •, 

... ,. :. 
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·' 
.. ~" .. 

,It •••• 
. .•. 

Run C-level 
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Disk 
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.. I ·, 

C-leve! 

Process A-level 
data through the . 
cycle of B _-level 
programs .. · . 
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r
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I
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B -level cycle 
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. .'.C-levels. 

J,' 

TRIST 
pause 

·' 
.·1' 
.. \ .. ·. 

"'.· .. 
' .. ~ ' 

·· .. Fig. 3. TRIST flow~ I 
\· 

f . 

··• . 

. ! 

I. . .. · 

. ' ~ 

•\ 

' 

. ·' 
.. \· 

I '· 

' :' 

I \ 

. ' 

··lo ., 

., 

l· 

t? 
I 



•. 

Real-time~· 
(A-level) program 

A level goes to 
TRIST when waiting 
for FSD data or· 
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Flying -Spot 
Digitizer 
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I 
Channel. D trap 

when FSD requires 
CPU control. . 

Interval 
timer trap 

Allows TRIST to 
check for halts 
or loops and 

. film advancing. allow operator----------.. 
action. 

Pause 

TRIST saves c•.),) 

conditions and goes 
to A level on a 

channel D trap 

Sense 
switches 

Used for operator 
· action or interJ;~upts 

Zrswh~n 
L-execu~ive _ 
~area 1s ~

TRIST ·pause 
when B level 

:is free and 
'--------'· no C levels. ~enced •. 

Memory-protect 

trap 

.. 
I 

t 

B level 

· Used for skipping 
C levels anq loading 

Console 
TRIS.T goes to 
B level when 
A level has 

more C 1. ev

1
els ...--------;~· . 

keys 

.data. 
TRIST goes to C level 
when A and·B levels free. 

· TRIST.' stores and 
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.• 
This report was prepared as an account of Government 

sponsored work. Neither the United ~tates, 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 

B. 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 in 
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. 






