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g "3:5'1"5 e Abstract i gt e
TRIST is a TRI level multiprogramming SysTem execut).ve written at s
Lawrence Rad).atxon Laboratory The TRIST executive is demgned to coordl-
3 ) " -nate computer operatmns w1th a real time asynchronous devxce attached on- \
. "t.‘_'lme to an IBM 7094-11 and to make the computer time between real txme de- ;

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

. I : : , , : o L
., ately interchange buffers and process data from one buffer while the other SR
buffer is being filled; however, a large portion of the computer time is also

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

‘:"";_i--"programs controlled by TRIST are: the A~ level or real time program. whxch

f . PR . ) "\

et ‘ TRIST--A TRI-LEVEL MULTIPROGRAMMING EXECUTIVE B

i mands avallable for other uses. The asynchronous device operation reqt.ures R

‘ R that the computer be available to accept data when the device is transmitting."" ;

i

receives data from the on- lme dev1ce the B level programs, whlch process e

the data produced by the A level; and the C- level programs, whlch are general o

e i production and debug.,
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S T mtroduetion ot ot
.. TRIST is a TRI-level multiprogramming SysTem executive \?/ritt?en at .- !
Lein;ence Radiation Laboratory. The TRIST executive :is designed to. coordi-"’ , «
nate computer operations with a real-time asynchronous device attaohed 'on—l s : '3 :
line to a'n' IBM 7094-11 and to make the’computer time between real-time de-. - f ‘.
: ) mahds available for other uses. The asynchronous device operation requires" : .
'4 that the computer be available to accept data when tﬁle device is transmitting. i
" bata ere transmitted to alternate core buffers. The computer must:immedi-"‘ ;
- ately intercoapg'e buffers and process data from one buffer while the other .
~ buffer is bein‘g-vf'illied_; however, a large portion of thevcompute'r time is also . ’
available for processing 'genefal programs. Real-time demands fof.CPU ’ ‘-
(centr'al processing unit) control are met within 500 microseconds. o -
| The three ori'or_ity levels of progxle,ins'controll_ed by TRIST are: ‘the T .
A-lewel or real-time program, which reeei\}es data from the on-line device'-"ft:i ‘ f :
and has h1ghest przonty, the B- level programs, which process the da.ta. ‘, ‘
' '_piroduced by the A level and have secondx—order prlorlty, a.nd the C level ‘ :
'.,: programs, whlch are general producnon. preproductxon. and debug. and ‘ "
| . have lowest priority.
" o ‘\ .. Machine Configuration IR
The e:;ecutlve is wrltten for an IBM 7094 model 1, thh two 7302 R ;
’.core storage modules (65K), and six data channels. one with a 1304 dxsk -
:file. _;one with an LRL=built interval. timer which traps every 13‘7 milli.seeo;u‘ie.; R
" ‘one w_ith.the on-line device, ‘and thre_e tape-unit channels, one of whi'ch‘aiso | )
- :has a printer, pﬁnch, a,nd_reac}er.A See Fig.' 1. “ n (



' and transmit these data to the computer. Scan lines contalmng about 40 words

.- the data in one buffer while the other buffer is bemg filled. There are two © -1

 has processed one buffer of data and is waiting for the othe_r buffer to be filled. _\f
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X i S The on-hne dev1ce is a Flying-Spot D1g1t1zer (FSD), wlnch is used tor " vl

'>!d1g1tlze p1ctures of nuclear interactions occurring in bubble chambers; 'I‘he '-‘f*_ L

ol L

&
A

.

L FSD has buffers that collect coordmates of images along a 11ne on the film . ‘-,3" :

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

gun, the FSD operates asynchronously, and nearly 100 000 words of informa- 7“,“‘ ‘

+

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

thousand words, the data must be analyzed and reduced in real time while

| S LT

' ‘The real-time program reads data into alternate buffers, processing %

) log1cal .delay periods in the real time program. .One occurs: when the program

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.

5§

Background-System

TRIST maintains complete compatibility with the monitor system which -

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

The main productmn programs spatxally reconstruct and kmemancally

- vanalyze bubble chamber events, and require 15 sec of CPU tlme per event. |

ERE

P
1

(An event is defined as an interaction in a bubble chamber, and is seen in the _-

"three stereo v1eWs as partxcle tracks in the form of. a strmg of bubbles. )

*:

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

-

.. tion may flow into. the computer durmg the several seconds required to meas-»».:

——t

-

.. These programs are run as B level when the data are from the FSD, and are. " o :

-

-
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routmes plus Core: A/Core B communication lmkages occupy 58K locatmns of

" the 1301 disk file. To save time and eliminate large amounts of tape 1/0 ;'@j‘;z .
'(input-o.utput)‘, A- and B-level output data are stored on the disk. The exec-- -

‘utive maintains storage communication links between A- and'!B-level pro- -

. .o : 4

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

=B o Tl UCRL-16499 . o

i 'TRIST Structure'.’ R

TRIS'I' logxc occup1es 208K locatlons of Core A, and TRIST mput output

iCore B.. (See Fig. 2;) The A-level or real-time program occupies Core A 1

from 208K up, and the current B- or C-level program occupies Core B from e
58K up.

TRIST, a TR.IST loader, and all programs are stored permanently on - '

. grams.and among the B-level programs.

TRIST Flow .

1

The general flow chart in Fig. 3 shows that a one-card loa.der calls a. . :

small loader whlch, in turn, calls TRIST mto core, TRIST thén calls 1n.and

“. gives control to the A- level program, whlch starts the FSD processmg The

.- A-level program reduces FSD data, provides dlagnostxcs for pxctures reJected L

and gives on-line quality control summanes to the operator. ‘A- level output is

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

~‘not busy. it gives control back to the executive.

TRIST then calls in, initializes, and stores up-to twelve B level pro-

grams on deslgnated areas of the disk, from whlch they are recalled as needed

" ' determines priorities and decides which program will be given control. The ' * .

3
controlling progr?’-m may be a B- or C-level program or the executive. itself.
(a) I 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. If A level '
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}’acQuirefe-another batch of data before 'the B levele complete 'the'current hatch, :

A level processmg is ternporarlly 1nh1b1ted (b) If no data are ready and the 3 ;
B level cycle is finished, TRIST g1ves COntrol to C level,. The execut).ve and q = " ‘
all non- real time programs, of course, are 1nterrupted whenever the A level - ._" ‘ _:;

. requu'es prlonty, but the C level also may be mterrupted and stored on a dlsk L

‘ area whenever there are data for the B levels. When the B levels are f1mshed?“_‘:: ,.’.; }

the C level program is then recalled and contmued (c) If B levels are fin-

1shed and there are no C- level programs, TRIST retams control and walts for e

‘more data via a pause loop. N L PR

‘- Special Features :

¢

. Program deck's T .

TRIST can control an)r combmatxon of the three levels at one t1me.,
.'except that B level requlres data from a concurrent A-lev-el program. (See
F1g 4.) The levels and programs to be run are set up as a- -deck of macro :
1ns‘t‘ructxon cards which are read by TRIST Each program deck consists of |
a program call card whlch specifies level and program; a t1me-charge card‘-j
program modlﬁcatrons. if any; and an execute card The A-level program is '
always the first program call deck-m.a run. It is followed by the B- level N

| program decks, 'if any, and then the C-level decks. Prior to processmg the - -
" first C-level program, all C-level program decks are read and stored on a . 'Z )

" disk area, thus freeing the card reader. C-level program calls are than read L . .

.from the disk when C level has priority.

H

" Priority and entry vectors

TRIST conti\ols the pnontles ‘of all three levels vxa a prlority word and
" a set of flag words which determine.the Btatus of data, of the string of B- level . '

programs, and of the current C-level program. The leyels are maintained and{_. '
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1

:~core B) in whlch machme condltxons and 1dent1f1catxon informatlon are saved
The ¢core B (B and C level) and executxve entry vectors are moved in and out of

Y the non-real-time entry vector as program control is exc,hanged; thus the non- .

real-time entry vector contains information pertaining either to the executive or '
i
- B program and may be processing a string 6f several B-level core B programs, '
therefore each core B entry vector is stored and recalled with its program.

. Time accounting'

PR

A time -accountmg feature is incorporated mto TRIST via a set of clock

vectors whlch are stored and recalled with the 1nd1v1dua1 programs as are the )

N :-;. : : l

|

the programs and w1thm 1tse1f in program loadmg and core-B program exchang-. ‘

L : mg, times are saved in the approprlate clock vectors.’ The‘executwe then

_‘ . :" ,v: !!

S produces a fmal run summary for itself and for each program, mcludmg level
i .

time -charge number, time (starting, endmg, and used), run type (debug, pro-

ductlon, preproductxon, etc. ), and a completmn code (normal 1nterrupted re-,

started, ~etc. ). ‘This run summary information is also stored on the disk for L
use by a txme-accountmg program whlch produces weekly. monthly, and yearly

~time -accountmg data.

Memory protect package: _'. '_ o L i

i

In addxtxon to its obvious function of protecnng the executwe .t'rom user

\

errors, the memory- protect package is the vehxcle for system compat1b111ty

P NI

between the prev1oﬁs system and TRIST and for mult1p1e subroutine use se-. !

quencmg Smce all of the standard 1/0 routmes are part of the executwe under

entered v1a aﬂset of four entry vectors (real-tlme, non-real-txme, executwe. a.nd S

to the core B program. "There is only one core B program.at any one time, and ‘7-‘;‘

therefore only one core B entry vector. TRIST‘may, have retired a C-level core~:1.".

~— =
-

f?':" ':: entry vectors. Real- t1me demands cause: TRIST to nge control to the A- level :-J",

S program at mtervals of approxlmately 200 msec. ‘ As TRIST shifts control among"'

s e

' TRIST. a memory-protect t_rap occurs when any one of these routines is called, ;

P
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LB :g"and the memory protect package 51mply reroutes the call to the new executwe 'k

" : subroutme. o L " - " - o o o ‘ I :
. Multiple-call protection - - Lol i '

R The memory- protect package also p.rotects all the executwe subrOutmes N

o from multiple calls. Smce there are three levels of programs operatxng. xt is. , ' ;

3 A posmble that the C- level program, for example, will have been in the mlddle of 7. Lt

[T

a subroutme when the higher prlorxty A-level program was given control of the ':'fj

CPU. If the A- level program needed to use thxs subroutme, there would have [ RO
AN "been a conflict, but since subroutme calls go through the memory protect pack- -_' SRS

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

‘ ._completmn, the machme cond1t10ns of the subroutme exit are saved in the entry C
vector, and the current call is then allowed to go through Although TRIST may ars ‘

,J

'_be running three levels and therefore many programs all together, there are -

_ "'i.-'really only two running at any one instant in time (the real -time. program and : o
! - the non- real-tlme program), thus there is no problem of knowing where to save :
. machlne cond1t10ns. AFurthermore, since the,real-tlme program .may never |

- C | request use of a system subroutine during.it's actual real-tlm_e o‘peratio’n, the ‘ i
above proce‘dure solves all conflicts of_call's'and does not interfere with the ;
real-time demands. ‘
Sense -switch usage . ) o IR .:7:'(

TRIST re.serves‘all the s.en:se ‘switches for its 'excl‘n’sive:use. The ;g : ; :

B console keys are used as senseqswitches by each program (ten are p'r._ovi'ded :i‘. -

for each level). One sense switch is usedto indicate that the keys are being : o
"used for thls purpoise. The.only time this switch is off is when the operator . '
needs to indicate tlie loeation of a transfer, in which case this key is off and : ‘

;.'g"; . . . R
[ . i . o~

. the transfer comméhd is in the keys. Three sense switches designate the

3

} L program for which operator action.is intended (A-level, B- or C-level, or the ' - 1

S LU
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L -executwe) A f1fth sw1tch is used to mterrupt C level processmg The cur- ! Lok
Vo P A S
. . T R S
s j_rent C-level program 1s f1mshed and further C levels are 1gnored L Y e s
& R u | SR G R
;.- . Sense hgzxts L A : - L P A RIS
Ny - DR N ; . . . . , .. PR SN ':.!; ! }
R L ge S TP - ' PR . 1oare T
W T The sense lights give an indication of the level that currently has con~-, {1 * .-
s - ’ . . . . . LY e e
’ S‘” ' Ty N I } . ' ' : + :-"(":‘ Por "
oy 0 trol. - One is used for the real-time program, one for B level, one for €. =~ ' :
) . . . . : . ' K , A4 £ .- :
v . B . o “ N '
v +.+ level, and one for pause; all off is used to indicate executive control, - § s P
, H . . R PRI Y L .
‘ ' . L i‘i Y,
S ‘ ' ‘ ‘ ' ML S SR
PR A Interval t1mer T o St DA e e
¢ : : : : ' R
"'xT "i ¢ . R : . n': ¢
Attached to Channel H is an. mterval t1mer, wh1ch causes a data- EPRE I S
e . . , AT
o channel trap to occur’ every 137 msec. The _txmer servxce routme examines | i -‘; RO
e RS T
R Pyt
.t the current machme operating conditions for halts and loops, allows (by means A
L o e
.:n .'4’,‘: a : i st '
e - of sense switches) program pauses for operator actxon (tape requests, etc. ), ‘ "i‘. Soit
2 ;" ‘A - J_»‘ o . Y
. . .. . . . D
e, and allows direct operator actxon (to force a program to pause, to force a SR
AR, , L ' ' S #
: ‘.. .restart in a program, to force a dump and interrupt a program, etc.). SRR S A ;
- ] Lt . ) . . . . ) ) ) K“:‘ ) | ..
2 Halts : ) : : R : RN A
. : ,* .. When halts occur in debug-mode operat1on. a dump is taken and the e b
- | e B
R i e .
* A , o 1
‘ next program is called - When they occur in productmn programs, the t1mer, BN
: - o I w B
routine attempts to restart the program. " I ST
RN . R AR
P M ’ L) i
N
L. - ._.__._.Loops doa K ‘
g‘ N - N . - B ': v ;, t \ -
1 i ' E
;‘ N Loops are detected by an I/O txmer word whlch is’ part of each program Co
?r. A - . - ;\.‘ f , ;
. entry vector. Since all programs are of a data-processing nature. a maximum . . .
L . R . . . ) . ‘. -
o7 2 ¢ permissible elapsed time (approximately 4 sec) between 1I/0O requestd.canbes . ] ;
R ) . - - ’ N R
-, established. The 1/0 timer word is incremented at each timer trap and cleared oy
.+ ¢ when an I/O request is recognized. When the timer word exceeds the established
. ‘\- '. . ,' . . . ) : E . ;
L maximum, a statement is printed on-line and the computer operator may take ol
TR : . ' . : cy fa
:' o . " 3 ) 3 M . ' L . _}
.-, )17 corrective action, ; _ b
wlo . o ‘%},1 . R ‘ ‘,_
oot Program operator action R
(Y : : . Lo T
e When a program requests operator action, it prints a request on-line ! y
. ‘ i
L9
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'Ef_and goes to a. pa.use subroutme.. (Pause subroutmes are prov:ded because |
. j":‘,real tlme demands u;terfere thh halts and because, a8 stated above, TRIST . i :
:checks for halts and aseumes they are errors.) The operator perfo‘rms the . i-‘; '
: requested actiorr and 'outs the specified senge switch down and up. When'con% ,-3 g
v-""-",’trol has returned to the specified level, the sens'e switch actiorx is recognized » %
" and proces sing continuee. | | :
*- Direct ooerator action‘ ; o i o e ST
When the operator 1n1t1ates actxon, | he szmple ‘puts dovx;n the appropnate g .
: senee switch which causes ackmowledgment and a pause in the spec1f1ed level "" L
‘only.: At this pomt, the operator may put the sense sw1tch up or may indicate e I
a transfer by entering a command' in the keys and then_puttmg tl‘xe ‘sense ew1tch .5
up. . Important communication links exist between the memory'-protect' routine : f
in.its feature of multiple subroutine ca'll.prote‘ction and the timer service r_:-' ‘
routine when it allows direct operator action. Depending upon the status of the“"{; i ;
~ m'e!mo‘ry:r-protect .routine, the timer:routine may not -imrrxediateiy execute a l ;‘
devévir_ed transfer, but may set the location for the memory -orotect routine .to i
. ‘e.xecbute... | . ' ' ,
"Skipping C-iew)ei programs RN o o ‘ s ‘
TRIST mcorporates a pro{nsmn fo|r Lkipp'ing either i)ackward or for- :
ward in the C-level program deck A spe i<':1f1ed console key ('C- LEVEL SKIP") iv_;‘;
- may be put down to cause: 1dent1f1cat10n of the next C level program in the ‘
> program deck to'be printed on-line with 1t,\s serial nurnbe_r 1nd1catmg its rela- t
tive position in the program decl; (the fifﬂ;‘i.program to be run has s:er"ia'l nu'mb,erf
| _ 5).' The operator may seleci that or any other program in the deck by indicating . ‘
3 its serial number.';_‘.or may terminate all C-level programs by selecting serial L
numb'er: zero. \ 1 : | | ) o ‘!\‘
. \ , | i
\ '
i - i f
. R

o
N



;o : If he wishes to ‘select a different program, he puts down a C LEVEL SELECT

' saved by the multiprogramming operation has equalled the development~ cost.: o

- e - L [ A .
o R . bt N
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Fan

The actual skxppmg procedure 13 as follows. The operator pute down

Lo : R ST

v

He sunply puts the SKIP key up 1f the desxred program was 1nd1cated on-lme.- ; '.-;

- When all C-level programs have been run or 1f no C levels were ongx-_'

| nally read, asC-level deck can be read via a MORE CARDS console key. This -
" “key initiates the reading of C-level program decks onto’the disk from which theyT

‘are read as.C level geté priority. This means. for i'nstance, that an A-level *

Approx1mately 17 man-months of effort have gone mto the development

" of the TRIST executxve system, however, in one month the computer time

LIR

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

Y

"simultaneously makes available nearly 60% of the CPU time for oth'er use.

P ' )
\
I ¢ g
ey :
i ‘
A
i
y 1
. H i
. . L
¥ \ + .
H i . .
' * N
N .
‘o N
‘ as

. ' the C LEVEL SKIP key and reads the on-line for program and serial number. , .

key, puts the desired serial number in the keys, puts the SELECT key up, and :
reads the printer message. When he sees the desxred program, he puts both
the SELECT 4rd SKIP keys up. l* .

' Reading additional C-level decks .. . = ,' - L B

run can be started and successive C-level:runs can be initiated during the con- .

- tinuing A-level run. If desired, a _C-level run can be terminated and a higher- °
" priority C-level run can be initiated without interrupting the other levels. . ,‘; -
0y ) . | . \ -
! - . ) . . . . . . 53
' Conclusion o o L

‘fully coordinates computer operation with the on-line, asynchronous FSD, and. * '

- e
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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 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.
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