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Margaret H. Alston, James E, Bnloy, and Peter White
Lawrence Radiation Laboratory
University of California
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August 8, 1962

ABSTRACT
An on-line computing system called QUEST can be used by a physicist
‘to analyse unusual bubble-chamber events, The préduction version of a
program called PACKAGE ha.i been modified so that the physicist can control
the progress of a specific event through the subroutines of PACKAGE, Feed-

back from the computer to the operator permits him to decide what hypothesis

he should try next, depending upon the results already obtained. Because the
physicist requires time to think what to do next, the QUEST system has been

designed so that it can interrupt and then restore other programas.
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QUEST--AN ON-LINE EVENT-PROCESSING ROU’I‘INE°
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Lawrence Radiation Laboratory
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August 8, 1962

At tho Lawrence Radiation Laborutory o data-processing osystem {o
uoed in which the tracks of nuclear particle evento occurring in a bubble
chamber are photographed and analyzed., First the pictureo are scanned;
then if an interesting event io found the film is placed on a meanuring bro-
Jector (MP), and coordinate pointa along each charged track on three stereo
views are measured, These measurements are converted to magnetic tape
and, after eomeé reorganization in a program called PANAL.l are procesced
by o program called PACKAGE, This program, written for the IBM 709 or
7090, is & combination of two programs already described: PANG? and
KIck3

PACKAGE consivsm of many very complicated subroutines which are
the same for all typeo of eventa. The progress of each event io controlled
Ly an event-type subroutine which callie the various subroutines in the main
program. In general an event-type subroutine has to be coded for each
topological ovent type in an experiment., Tho PACKAGE program io currently
about 27,000 worda long without the experiment-dependent event-type coding,
which msually contains about 2600 words,

The PANG part of the program reconstructs tho tracko in space from

the coordinate measurements on the two best stereo viewo, and calculateo

QWork dono under the auspiceo of the U, S, Atomic Energy Commiosion,
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the momentum at the center of the track and the azimuth and dip angle at
each end of the track. Aleo it inserts and reconstructs the neutral tracks
from vertex-point measurements. These calculations consist of two parts:

(a) a mass-independent part, in which a parabola is fitted to the
measured points on the track images, and each track is reconstructed in
space, without the loss of energy of the particle being taken into agcount;

(b) a mass-dependent part, fn which the energy loss of the particle
is taken into account, and the best space variables are obttained for one or
more particle-mass hypotheses for each track,

The KICK part of the program applies conservation of energy and
momentum at each vertex of an event by assuming a definite mass interpre-
tation for each track taking part in the fit. If the fit is sufficiently over-
determined, the prograin calculates the xz (probability) for this particular
physical interpretation of the event, In this way many physical interpretations
of an event can be tried, and the xz of any particular hypothesis can be
found.

This PACKAGE system works well for experiments {n which there
are many events of a certain topology, and an event-type subroutine trying
all the moat likely physical hypotheses can be programamed. However, for
unusual events it is very time-consuming to program a special event type that
tries all possible physical interpretations of the event,

This paper describes a modified version of the PACKAGE program, -
called QUEST, which has been written to allow ‘a physicist on-line to the 709
computer to decide what hypothesis he wishes to try for a particular unusual )
event, Cormnmunication to and {rom the computer is by means of a typewriter,

The feedlack from the computer to the operator is most important because he
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he can decide what hypothesis he would like ttoitgy - dépending upon previous
results, Because the physicist requires flxha to tfdnk what to do next and
doea not wish to be hurx;iad Ly the knowledge that an expensive cémputer is
idle, the programhaci been made so that it can temporarily interrupt some
of our production programs. The QUEST program can aleo be used to process

events which, although they have a usual topology. have falled for no apparent

reason to fit in the production event type; QUEST can easily be used to try an

unusual hypothesis for which the ordinary event type is not programmed, .

THE PRESENT PROGRAM

" General,

The present. CUEST piogram {e a reorganized vorsion of PACKAGE

_ to give a phyucist the facil!ty for controlling the flow of an event through the

PACKAGE program on-line to the 709 computer, Information {s inserted by
the physiciet by means of a typewriter connected to the direct data channel of

the 709. The computer’uplies, ‘also on the typewriter, with the results of

. calculations, or prompts the operator to insert further information, From the

results of the kinematic fits already obtained, ‘the operator can decide what
fit he wishes to try next,

Different types of information are required to define an event type,

' Firstly, the topology of the event is required so that the measured tracks can
. be labeled and unmeasured tracks can be {inserted. Secondly, the mass

identities for each track have to be defined so that the mass-dependent part

of the fitting procedure can be porfermed, Thirdly, in the kinematic analysis

| the trackse taking part in any vertex fit have to be apecified,

Figure } shows a block diagram of the pr;gram. The left-hand part
of the dlagram represents PACKAGE, and the right-hand part represents

routines that have been written to control the progress of the event through the

;;;;;;;
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processing. At several points the main program control is transferred to
the operator, who can then transfer back to any one of many different points
in the program. The insertion of information has been considerably elmpliﬁcd
so that a physicist who {8 unfamiliar with the subroutines in the PACKAGE

program can still operate QUES‘I‘. One important modification is that only

~ one mass interpretation is assigned to each track at any time. In this way

the track number gives directly the address of the storage locations of the track
'varlablea.' According to this procedure. if a second mass hypothesis for‘any

- track is required, the dperétor must insert the new hypothesis and return to
the mases-dependont fit in the PANG part of the program before starting any
kinematic fit for the new mass hypothesis. This means that the physicist
usually should try one complete physical 1n£erpretation for all the vertices in
an event before continuing to another hypothesis,

At present, interesting events are measured on & "Franckenstei;ﬁ"
measguring projector and run through the PANAL program. The PANAL output
tape is then used as input to QUEST. Soon we will have a measuring projector
connected to the direct data channel of the 709 and will be- able to remeasure
specific tracks or additional tracks if the fita obtained are unsatisfactory, |

Control Routines for QUES'I‘.

The two most used control routines in QUEST are IDENT and VERTEX,
To insert the topology of an event the operator calls a routine named IDENT.
After the computer has indicated the vertex and future vertex (terminal |
locations) of a track, the operator enters the charge and mass assignment. )
(For unmeasured tracks the operator has to enter all the information.) When
identification has been given to all tracks, prograﬁ control is returned to
PACKAGE. The program then labels the measured tracks, inserts neutral

tracks, and makes the mass-independent fit for each track specified.
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The particle identities specified By. the operator are then translated into mass

‘code words, and the mass-dependent fit in. PACKAGE is made.

If the operator requires the program to change .aéme mass assignments
to explore other physical hypotheses vfor the event;, he can call the SPMASS
(Special Maaﬁ) routine, which inéerts th_e'new mass codes and then returns
control to PACKAGE. for the 'mass-dévpendent fits. -

‘ When a vertex fit i required, 'thé ope;#tdr enters the word '‘vertex'
followed by the type of verteéx fit he requires, (decay, production, two-vertex)
the number of meaa.ured trac;ks in the vertex, and the track numbers of the
tr#cka that are vim‘rolved i.n_the yertéx.' _ The VI RTEX routine then generates
the ;::ompllcated calling sequences requiréd by tk}e track-setup (ZSET) and
vertex-fitting (ZVERT) routines. After the fit has been attempted, some

information is printed out on the typewriter'. This includes the x ¢ of the fit

and the number of constraints, so that the operator can decide what to try

ne;tt. In addition, the program ohtpufa onto a tapé. for subsequent processing,
a complete binary record of the.ﬁtted variables of each track taking plrt .in.”
the fit., If the operator requires additional track information to be output onto
the typewriter, he can request the relevant ihformatlon by calling the REPORT
routine, |

| Other routines that can be used by the operatér are:
(a) VERTMM, calculates the mass missing at a vertex when the operator
specifies which visible t‘rackn are to be used;
(b) SWIM, which propagates the fitted :variablel at one end of a track to the
other end and stores them so that they can be used in a subsequent fit;
(c) HUNT, which finds and reads in a particular event at the request of the
operator;
(d) STORE, which stores fitted variabies. if they are required for subsequent

fits;
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(e) DESTROY, which destroys stored fitt?d information when it is no longer
required; | | ' ' -
(f) VERTXX, which uses the "Exten;:l" subroutine in KICK to slightly alter o
-the anglee and the errors of a neutral coming from a zero prong (the end of
the zero prong bei'ng poorly defined because of gappiness in thé track) and then “
goes into the normal VERTEX routine; |
(g) INSERT, which allows the operator to éhange the variables of a trick'
(for example, the mass value o.r the-value of the 'ei-ror ona i:articular variable);
(h) BYPASS, which can be used by the ope‘rator if he finds that he has two
measurements of the same event on an input tépe. or that he has several events
of the same topology (in fhis case it wastes time to enter the identifications of
the t;acka atb the étart of each event because they can be saved froni the pre-
ceding event; the BYPASS routine reinserts the identification already used in
the preceding event);
(i) TARGET, which permite the operator to change the identity of the target -
nucleus in a vertex fit.
In addition there are ama.il self-explanatory routines END (end event), REWIND
(rawifids input tape), fand BSR (Back Space Record is one event, on input tape).' |

There is alsé ; CHANGE routine, which permitn the opérator or pro-
grammer to change any word in core by typing out the new instruction on the
typewrite?. This facility is hsedvmainly for debugging the program. These
control routines, including. the typewriter decoding routines, occupy about

1000 words of storage.

Input-Qutput Control | | ’

The IO (Input-Output) routines in the QUEST program have been pro-
grammed in such a2 manner that the Direct Data Connection appears to the -

machine as a tape unit. On-line inputs are read into successive locations
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either from the typewriter or from the Franckenstein until the ENTER button
on the console is pushéd; this causes an End-of-Record (EOR) and End-of-File
(EOF) code to be inserted. The EOF pulse to the data synchronizer terminates
the channel operaﬁon. ‘The EOF code (76) and EOR code (77) are inserted to -
enable the programmer to determine, on review, how the data have been
entered with reaspect to records and files. This allows the programmer flex-
ibility of inpuf format, _
- Several other additions have been made to the BCD codes:
15 Upshift Case control for typewi-itar _
16 Downshift

35 Carriage return

36 Tab
At present we have found it poéuib!e and convenient to limit all entero.d
comments to slx»or fewer characters,

_ | Any unassigned BCD codes can be used for '"formatting'' --i,e,, filling
out blanks, etc. A word containg six BCD characters and at least one full word
must be transmitted at a time. Therefore, if one wishes to print only one
character on the typewriter, the word in core contains the character desired

. and five unassigned characters. The typewriter prints only this character

with no addttion&i spaces,

Interrupt.

‘Since the physicist must spend some time interpreting the output data
presented to Bim. he has the option of allowing the machine to process another
prograin during this interval, He presses a button labeled '"continue,' which
initiates a direct-data interrupt and traps to an interrupt-control program,

The control program then writes the contents of core memory onto tape, inputs
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another previously entered program into core, and starts to process the
entered program. When he desires to return to QULST, the physicist pressce
“access QUEST", and the procedure is rcvefsed.

The interrupt-control program saves all registers, lights, channel
information, and instruction locations--returning them to their 'original"
status for the subsequent program. Therefore, a program may be interrupted
at any point and returned without the program's knowledge that it has been |
interrupted. The only restriction on the standby program is that it. does not
use the first 500 words (interrupt-control program) of core except for the trap
locations.

At Present--owing to tapéf-writing speeds--it requires 14 seconds to
interchange programs. If a double-core 7090 or 7094 were available, this
time would be reduced to milliseconds, and then all IO from the typewriter
could be interrupted. The typewriter types at a rate of 11 characters a second,
and much computation timne is lost because of thev series aspect of information
transﬁiasion from operator to machine.

The interrupt-control program als'o. has provisions to start a new
standby programn at any time--e. g., termination of old standby, error in
standby program, etc. The provisioh is rnade also to either clear the core or
not upon entering a new standby program. It had been feared that there nﬁght
be some trouble with tape i'eading while programs were being trénsferred into and
out of core. No errors have yet been observed. Since the interrupt program
is available, the physicist does not feel that he is rushed by the computer ™
sitting idle. It is our opinion.that this, in iteelf, makes the in;g\rrupt feature

highly desirable.
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HARDWARE

The hardware consists cfan IBM input-output writer, a set of telephone
lines between the control station and the computer, and the necessary logic:
circuitry té provide for the flow and interlocking of data and control signals,
In the near future a measuring projector (Franckenstein) will also be put on-
line to the 709. The circuitry is shown in Fig.. 2.

Input to 709. ’ |

_ Depfcaoion of the "Access QUEST" button on the control console
eetablishes the logical connection of the system to the 709. A "Direct-Data
Interrupt" pulse is initiated into the direct-data channel of the computer,
causing a transfer of control to the interrupt-control program. The program,
in turn, reserves the proper data channel and executee a read sequence initi-
ating ''ones' into the '"Read Select' and '"Channel Ready—Read' control lines,
The coincidence of these two signals enables the input function of the system
and turng on the "QUEST Proceed' light on the control console.

The data originating from the Franckenstein or typewriter are trans-
mitted over the telephone lines six bits at a time and enter a thirty-six-bit
register near the 709, through the data distributor. When the register ie filled,
a "Direct-Data Demand " pulee, initiated into the direct-data channel, causes
the computer to accept the entire thirty-six-bit word.

The system is logically disconnected from the computer by a pulse
into the "End of File' control line. This pulse is initiated by either an "Event
Complete" code from the Franckenstein or by depression of the "Enter' button
on the control console. |

Output from 709

Execution of a write sequence by the control program initiates logical
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“ones " into the "Write Select" and "Channel Ready- Write" cbntrol lines. The
coincidence of these two aignafa enables the 6utput function of the systemn and
turns on the "Output Active' light on the control console,

The computer provides output data in thirty-six-bit words by establishing
dc levels on its output data lines. The data lines are scanned by the data
collector, which feeds the data to ihe typewriter in six-bit codes. When all
thirty-six bits have been accepted by the typewriter, a "Direct-.D;ta Demgnd"
pulse is initiated into the dire_ct-yda'ta channel, causing the compufer to provide
the next output word. |

Termination of output is under program control and occurs with the
reset of the '"Write Select" and '"Channel Ready- Write" coﬁtrol lines,

Error Checking.

All data transmitted over the telephone lines are accompanied by a
parity bit and undergo a parity check after their tranamission. The occurrence
of a parity error during either the input or the output operation turns on the
"Parity Error' light and inhibits any "Difect-Data Demand' pulse into the
computer. This occurrence durlgg the output operation causes the typewriter
also to stop. | |

~The system can be re-enabled by depression of the "Erase" button
(during the input operation) or the "Repeat" Butfon (during the outﬁut operation),
The former clears the thirty-six-bit register and re-enables the input function,
while the latter re-enables the output function and causes the data on the data

lines .to.be typed out again.
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METHOD OF OPERATION |

Figure 3 showe an example of the present typewriter format, together

with & diagram of the event being processed,

Step 1.
' The program reads the input tape identification, prints this out on the

typewriter, and goes to ''Control,"
Step 2.
Since the aelected event is not the first one on the input tape, the
HUNT routine ie called. If the event had been the firet event on the tape, the
READ routine would have been used. In either case the progrrefgflrieri\?ﬁfa et‘{)e_nt'
"Control" and prints out the serial number of the event in hand, together with
the target ldentiﬂc_ationd -in this case PR for proton.
Step 3. _
To identify the topology aﬁd mass of each track the operator calls the
routine IDENT. First he specifies the total number of tracks in the event (11)
and ai-o the number of tracks that were not measured (4)-~-1i, 0., the neutrals,
'The typewriter then gives the LSZ number, vertex, and future vm'tcm:4 of the
track, and the operator types in the charge and also the mass identity he wishes
“to give to this track, This is repeated for all measured tracks, For un-
measured tracks the typewriter types "2/ indicating an unmeasured track,
The remalning information is inserted by the operator so that the program can
generate the track measurements. After all tracks have been entered, the
”compixter_ returns control to PACKAGE, and the mass-independent and mass-
dependent space fits are made. The program then returns to ''Control" for

the next instruction after printing some identifying information for the event,
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It also writes PANG information for each track onto the binary output tape,
Step 4. |

The operator etarts to request vertex fits in the order he considers
moat appropriate. In this particular example he first tries the A deé.#y
[vertex 4, i.e., a docay‘ with three tracks] and swims the fitted value of the
lambda's variables (track 9) for use in vertex 3 He then does the =~ decay
at vertex 3 and iwimn the T~ (track 4) to vertex 2. At vertex 2 he r_oquh'ot

the interaction of a Ii’fo

with the hydrogen in the chuhber. To obtain this he
enters PROD (for production) in thé vertex type and the number of tracks ’taking
pari in the vertex. In this parficular case heo calls the VER;I‘XX .xoutine, since
he wishes to "Extend' the zero proxig at vertex | and change the vaiiﬁblu of
track 8 because gappiness in the tracks prevents one from obtaining accurate
measurements for the actual end point of track 1. | After the fit, the fitted
variaﬁles of track 8 at vertex 2 are stored and VERTMM is called to allow a
calculation of the invariant miseing ﬁxanc of track 2 (n+) and 4 (¥"). This
missing-masse calculation does not chaxige the values of the variables of track
8 at vertexvz. therefore track 8 can now be swum to Qertox 1. Finally voz;tax
1 is fitted, This is a produétion vertex with three track-.. In this case the l(o
track {8 neutral and not observed, and trackrbank 15 is defined and given the
identity of a KO. Also since track 1 (the beam track) is specified, the program
glves the operator the option of beam-averaging its ximméntuﬁ\.

Since all the fits in this event are good, the operator can END the event,
However, he could also try the A as coming from vertex 1, 2, or 3; all these
fits proved bad,

After the event is finished the operator can either READ the next event

on the tape, or HUNT for a definite event,
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USE OF PRESENT PROGRAM AND FUTURE PLANS

Tho program has been in operat!on since: .Iuly 1st: and has so far
. boen used for ZOONS (unuaual events) ln tho current oxpoﬂxnont in which K~
are incident on the 1Z-inch bubble chamber filled with hydrogen. Sovord
interactions and dccayn of Eo have been analyzed as well as some R lntor-.
actions. The program has proved to be very useful for this type of sveant,
A typical event takes 10 to 20 minutes of 709 time to analyze. So far the
project has éoat about $3000 for hardware and 3 man-months of programming
effort.

In the future we plan to put one of our large Franckensteins (MPIID)
, on-llne to the 709 (see Fig.2). This will allow the physicist to measure addi-
tional track if he cannot find the éxplsnation of an event., Also, if he is having
trouble obtaining a fit, he can look at the picture and remeasure one or more
tracks in the event if he desires. This procedure should greatly increase the

- flexibility and usefulness of the project.
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LSZ number indicates whether the track was measured as: (a) leaving the

‘chamber (L), in which case the momentum i{s determined from the

| curvature of the track; (b) stopping (S), in which case the vmomenturxrx @l

' dotérmined from range; (c) of zero length (Z), which indicates unmeasured,
"Vertex' is the vertex number from which the track comes, ' Future |

~ vertex" is the vertex number to which the track goes,
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FIGURE LEGENDS

‘Fig. 1. Overall flow diagram for CUEST program,
Fig. 2. Circuit diagram of the on-line typewriter and measuring projeétor (M.P)
for CUEST. |
Fig. 3. An example of the CUEST program. The photograph and cor?-es;:onding
sketch show an unusual event trorx_x an experiment,  The iol\lowing reactions
take place (track number in parenthesis):
Vertex (1) x‘m o =0 (@) + k% (13)
Vertex(2, (8) +tp- v (2) +p (3) + (4)
Vertex(3) E" (4)=u" (5) + A° (9)
Vertex @ A° (9)~ 1'; (6) + p (7)

: Trackq 1 through 7 @ré measured; the neutral tracks 8 through"ll
are inserted by Atho program from vertex measurements, The on-line
" typewriter output from the event is shown in b, The underlined letters and
numbers are those inserted by the operator; the rest of the printout is written

by the computer.
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Package Control routines
- READ
HUNT
| READ event |
—> ]| |DENT|
————= — — —[BYPASS
Space fit o
Mass-independent , '
e —

Space fit
Mass-dependent

L —— —{ VERTEX ]

Track seiupL(zssT EXTEND VERT XX
Vertex fit (ZVERT)L . « —
Print -~ —
I
Swim track (Z SWIM) — —<— —{ SWIM
Store track ' — — —<+ — —-STORE
\ i

Event finished

MU.27949

Fig. 1
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6 6 6
lines lines|Enablellines| L_ine ' Line
1+ ver[ "™ rece |
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Telephone count distrib. register 709
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47 lines
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; Line ine Enable|lines| Data ines rom
] . ; ———
Typewriter e De°°de<—6—rece|ver<—\\—dr|ver 5 oufput| collect. . 709
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Fig. 2

[ l«——Write select

[«——Ch. ready-write
[ e ——Read select

+—Ch. ready-read’

MU-27948
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(b)

THE FOLLOWING IS THE PACKAGE SUMMARY FOR THE TAPE LA!ELED WTERHALLV ‘as

FOLLOWS.
PANAL QUTPUT FROM 9AP PANAL 620709

72,07 ALVAREZ K72 TAPE 282 PREVUED 620703 $P Q 'EVTS FOR ALS

TON

CONTROL 000000000000 PR
SERTAL- NO_FORMAT 1S RRRRBBFFFBTT 3529 243 9}
HUNTING FOR EVENT
CONTROL 3529 243 01 PR
TAL MO, OF TRACKS IS 1)
FORMAT 1§ TRACK N - 152, VHPEX. FUTURE VERTEX  CHARGE eSS
[ i

Thate 2 - LoieiEh
TRACK 3 = L,2,0,%FR
TRACK &4 = L,2,3,- ;F
o 2ot

X 6 =Lls0T
TRACK 7 = §.4,0, 7R
TRACK 8 = 21,2501
R
TRACK 11 = 2, TE.0 0
COMMENE ING smrPTf“—

COMMENC ING MADI
SERIAL 3529 2'03 OI TYPE 200 MEAS, OF DATE MEAS. 62/07/02
ng 15.70 ORD 5
R

1510 DPBEAM
CONTROL 3529 s 0
VERTEX TYPE = DECAY 3
TRACK
TRACK
TRACK F
CPRTHRY CHY_sQ. L 1L STEP  CUT  DAMN
5303 3 o -0
IS EVENT GOOD ¥
N0 OF TRACKS TO SWIM =
TRAC

3
ctémndf‘ 3529 243 01 PR
VERTEX TYPE = DECAY 3

TRACK &

TRACK
TRACK
CPET MRS oMt s, L UL STEP  CUT DAMN
1.06 3 .3 ° 0
1s Evewr ooon Y
0 OF TRACKS TO SWIM o 1t
TRack =

K
cnnwo’r 3529 243 01 PR

VERTEr Y TYPE = PROD & 4

TRACK 8

TRACK

TRACK

TRACK T

NO OF TRACKS TO EXTEND 1
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‘This report was prepared as an account of Governmeht
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 .

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.
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