UCRL-17136

University of California

Ernest O. Lawrence
Radiation Laboratory

COBWEB: IBM-?O%‘I/ON-LINE
BUBBLE CHAMBER FILM MEASURING MACHINES

- )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

Berkeley, California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




For AEC Informatmn Mcetmg, Eng. Sect. | UCRL-17136
Sept. 28-30, 1966 o . ' _ Preprint

{

 UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkecley, California

AEC Contract No. W-7405-cng-48

'COBWEB: IBM-7044/ON-LINE
 BUBBLE CHAMBER FILM MEASURING MACHINES

Eugene P. Bi_nrmiland Myron H. Myers"

September 19, 1966



Siiie | . UCRL-17136

COBWEB: IBM-7044/ON-LINE
BUBBLE CHAMBER FILM MEASURING MACHINES

o,
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a .Se‘vptem.ber' 19,. 1966
ABSTRACT
The engineering and programming aspects of the Berkeley
CQBWEB s‘ystem are de.:scribcdv.v COBWEDB is a system of ‘Fr'anckenste\ins
an'ci ’MAe'a'tsurikng Mic.roscopes oh-‘liﬁc 1o an IBM-7044 computer. Outlines
" of the system hardware and vséftware are prc.s;ebr;tr:;d. A b;‘ief éxérﬁple
- 'illust):@t_ing the operétion'of an on-line Franckenstcin is given.
.

e



.

-1- - UCRL-17136.

INTRODUCTION
Lawrence Radiation Laboratory at Berkeley is now conneg:fing

bubble chamber film -measuring machines to an IBM-7044 computgr.
These machines will be put on-line onc—by—one‘vwith an initial goal of five
émall Franckensteins (MP1I's, Fig. 1) and two measuring microscopes.
In addition, an on-line teletypewriter will be located at each measuripg
_n-mrchiner.‘

~Our primary objectives are to increasc the overall c[fic:ie‘ncyrof
our éxistiné measuring machines, while imp‘roving the "quality aﬁd’
completen(—:ss'.' of the data collected for final ana.lys.i:s. In bth_is light:
{1) the computer will acquiré , arrangc, and disseminate data to magnetic

tape units. (2) During this process the paramecters and measurements

“will be checked, and the measurer immediately informed of the quality

and completeness. The measurer can then make any necessary correc-
tions or remeasurements while the {ilm is still clamped in position on
the measuring-machine stage. (3) Fiducials and e¢vents will be automati-

cally sequenced and located by having the computer act as an integral part

“of cach measuring machine's stage scrvo system. For example, the.
g g ‘

computer will automatically move a measuring machine's stage from one

fiduciall_to‘anothér by periodically sa.mvplin-g the X-Y coordinates while

-the stage is in motion and feeding back updated velocity "Commands.

' (4) The computer will also gencraté and transmit parameters and

instructions to personnel, ‘and initiate event-bookkeeping operations.

- The measuring machines will be tied to the com»uter through a

"multiplexer/interface' connected to the 7044's "direct-data conncction'.

The multiplexer-is arranged to accept up to sixteen "'blocks'  of four
g plex. ged 10 accept ug ,
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devices ea‘c‘h (i. e., -a total of 64 measuring machines or-,other‘_ devices).
VEach block can be iocated up to 3000 feet from the fnultiplexer. ."Devices
other than measuring machines can be conm.ctud to the computcr through
the multlplexer/mtcrfacc, pxovxdcd they are compahble wzth our input/
output format, data-rate capabilities and existing software or;:,am/,atxon
After data has been entered th1ouwh the d1.r(,ct data LODHCCthn,
an interrupt routine moves the data to a -softwa'r\e table associated with
each measuriﬂg machine. Thé p;'occssing portion of the program t}'lc‘n
cy_(‘:le‘s ‘through each machine's table, operating c;n. the data only when new
'dat:;t has been pl.a;;ed in the table. When this computing is completed, or
‘.'when é response is réquired from a measuring machine, a commutatoz;
routine is entered; The'comr'nutator routine first saveé com_pﬁter reg-
isters in the table associated with the palrtlcular machmc being proc-
essed. It then sw1tchés control of the processing section to another
rhachine's tab'le.' The,sam’e coding can be used in. the pr.oécssing of data
from the diffe’rent\measuz.'ving machines beéause of the software-table
structure. If additional types of 'equi.pment.a_re added to the .sy‘stem,' they
ceyln‘be programmed in‘ind‘epe‘ndent sections, connected to t'hc_s already

existing program via the commutator.
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’ ON-LINE MEASUREMENT EXAMPLE

A brief example will help to illustrate what can be gained by '

-putting our measuring machines on-line.

All film to be measurcd i.s first ‘scanned to locate and identify
.e_vents. This is done by scanners ulsing ouf coﬁventional scanning tables.
The scanning data is then punched into IBM cards. These data in¢lude
film-roll numbef, fréme numbér, event type, approxirﬁate locations
of event vertiées,’_ and other information nccéssary for film mcasurenﬁenlg
and bookkeeping.

S The IBM scan cards for all measuring madmincs are fed into

the system through th;: card feader at the 7044. The measurer at a
Franckens'tein-, for example, first puts his machine on-line by pressing
the machine's ""start’ button. He then uses the teletype at his machine
to sign-in and receives instructions from the computer. These instruc-
tidns include the roll ﬁumber and frame number of the first eveﬂt to be
melasured.‘ |

After the measurer has properly positioned the film to the first
view of the frame to be measured (Fig. 2), he then pushes the ''go'' button.
"Qd" signals the computer that the measurer is ready to begin an e¢vent
measurement. The computer then automatically moves the Franckenstein
stage, upon which th_e‘film is .clampe(,i, to the apbroximate position of the
first fiducial to be measuréd. The measurer in turﬁ é»ccurately posi-
fions the fiducial on thé cross-hairs and pushes the "Record' button.

This causes a comgj-ater interrupt, and the X-Y coordinates of the first

‘fiducial are éntered. The computer responds by automatically moving

the stage to the approximate location of the second fiducial. The measurer
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centers the second fiducial and pushes "Record". The stage automati-
cally moves to the third and final fiducial. The measurer again centers
and'rgcords, and the stage is aut;orﬁﬂically moved to the approximate
locatién of an event vertex.

The accuracy of the fiducial measurements is checked as they
are measured. One check is to compute the distances between the three
fiducials to insufe that they fall within certain tolerances. If the computa-
tion shows an errorl, the aut’ométic stage motion is immcdiatel.y stopped
and the measurer notified on his teletype. A second check is made by
having the measuref observe that the stage is moved to within a reason :
able ‘pr;)ximity of 1;'ts desfination by the computér—contfollcd stage
motion.

. Errors can be deleted by the measurer depressing one of three
"Error" buttons: (1) "Track Error" dél_etes the last ficiuc—iai (or track)
~that was measured. Suqcessive button depressions delcte fid_.ucials-
(and tfacks) in the reverse Qrdervof their measurements. The stage
.*automati'cally moves baék to the.apprcximate location of the last fiducial
(or t_raf:k) deleted. The deleted fiducials (or tracks) are vthe'n remeasured.:
(2) The "View Error" buiton deletes the entire view, and (_3) the "Event
Er_ror”‘bu.tton deletes the entire event.

After the three fiducials have becen measured and accepted, the

vertices, tracks, and in some cases track end points must be measured.

After measurement of the third fiducial, the stage is positioned under
computer control at a point near the first vertex. The measurer centers
‘and measurcs the first vertex, then measures along the first track. Each

measurement causes a computer interrupt, and X-Y coordinatcs are

e
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entered. Upon completion of the first track measurement, the measurer

depresses ''Track Complete''. The stage is then moved, under computer

control, back to the vertex. The measurer again centers and measures

' the vertex, and then measures coordinates along the second track.

"Track Complete" is again depressed, and the stage automatically

returns to the vertex.

Aftervall tracks associated with a pairt.icularv yertex are measured,
the computer automatically moves the s‘tage to a new vertex. If there
is no new vertex, or after all vertices and tracks h'ave been measured,
the stage is aﬁtomatically moved back to the first f{duéial measured.
This fiducial can then be remeasured and ‘compared by the compufer
with its original measurement, to check the reliability of the F‘rancke‘n‘-
stein digi'tizers.

During track measurements, the '

‘monotony'’ and "smoothness"
of the tracks are checked. Repeated measurements of a vertex are also
checked against each other. The¢ measurer observes, as he did during

fiducial measurement, that the stage is moved to a reasonable location

when it is moved and positioned under computer control. If any of

.these checks fail, the measurer must make the appropriate deletions

and remeasurements in much the sarne way that deletions and remeasure-

ments are made for fiducials,

The net results are that: (1) computer-controlled 'sfage move -
ment saves time by éutométically secquencing the measurements, and by
immediately and r.apidly moving the stage t>o new l'ocationvsn for measure-
ment. (2) Since all measurements‘ are checked and the measurer

immediately notified of errors, required remeasurements can be mada



26 - UCRL-17136

while‘the film is still clamped and positionéd.' In some cases a single
._fiducial or track cax;x be reme‘asured, but with the machines..not Qn—l;ne,
the complete event may h‘a\)e‘ to be remeasured at a later date. (3) Any
measuring-machine malfunctions are detected immediately. We have
had experiencés wluei*e several days of measurcements have had to be |
'révdone bécause of a machine malfunction. (4) An imp:or't'_:m't by-product
is"‘gained in the form of "measurer training’'. For example, if a
méasurer has some quirk in his measuring technique thvatv consistently

causes errors, immediate feed-back makes him aware of this.

SYSTEM HARDWARE ORGANIZATION

General Organization

All me,asuring'mach'ines arc tied to the 7044 direct-data c'onn.ec;-
: .tion through' a m'uitiélexer/intérfacc (‘Fig. 3), built at La‘wvrencve Radiati'on
‘Laboratory. | |

| The multiplexer 1s organized to accept up to 16 blocks of‘four.
on-line devices each, the initial deyic'es being Franckensteins and

: measu‘ring microscopes. We have chosen to faéilitéte this by arranging -
the éé-bit data words (both input and oﬁtpu_t) in the format shown in Fig.
4. The six most significant bits arc used to designate a particular on-

: iine device. The next six 5its designate a ''function' at the device. For
e-xample, in the case of a Franckenstein, the function codes for a com~
puter input word designate a particular push button, the teletype, or
that coordinates are being’ transmitted to the computer for>computcr—_
controlled stage movement. During computer output, a functioh code
"is used to designate a specific data register at the addressed Francken-
stein. The remaining 24 bits are rescrved for data that may be associ-

ated with a particular function code.

@
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Data Output

Figure 5 illustrates how a direct-data connection output word
is distributed by the multiplexer/interface and transmitted to Frahcken-'
stein registers. The block code is decoded and used to select one of
16 blocks o‘f d'évices. Device code, function code, and .data are then'
gated to .the selected block. The device number is checked at each device
within the-selected block and used to gate the function code and data

bits into one of four devices. The {function code is then decoded and used

'to distribute the 24 bits of data to onc of 64 possible locations. For an

on-line Franckenstein we distribute the data to one of only four registers.
The four registers at each Franckenstein (Fig. 5) are used as
follows:

(1) Individual bits of the Miscellaneous Register are used to

light indicator lamps, initiate audible signals and alarms, and enable or

‘disable particular Franckenstein functions.

(2) The Display Register is used to provide data for numerical

vdisplays» such as Track Number, View Number, etc.

(3) The Teletype Register is used to receive an 11-bit tele-
type character and serially shift it into the teletypewriter.

(4) The Servo Register is used during computer control of the

Franckenstein stage movement. During a typical servo operation thg

éomputér. first transmits a data word into the servo regist.er with "one‘s'f
in the ""servo mode' and "imme‘.diate reply” b‘itllocations ('Fig. '5): The
Franckenstein replies by éending X and Y Stége coordinates back to the
computer.v Oncé the stage destiﬂation and. its ‘presenkt location are both

known, the required X and Y distances and direction of motion are

computed. The desired X and Y velocities of stage motion are determined
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from the r_espéctive computéd dist‘ances° Three bits designating X
velocity and thfee bits designating Y Velocyi.ty along with respective
direction bits and a "one" in the "delayed reply" bit location are then
' transrﬁitfed back to the Franckenstein servo register. - The velocify
_vectors in th_e. servo register are used as inputs to the X and Y servo
amplifiers, ‘and the deléyed-reply bit is used to fire a one-shot. When
-vfhe one-shot times-out (in 10 to 1‘00 msec depending on the measuring
rriachine), newi X-Y coor‘dinates‘are sent to the computer. The vel'ocity'
vectors afe then updated and transmitted ba.ck f‘o_ the servo register, -
This loop is repeated until. the Frar:lg;kenstein stage is positioned té

within a specific tolerance of its destination.

Dat; Input
The format of the 36-bit input word to tile direct-data connec-
tioﬁ is identical to the format éf the output §vord.
v A sequential system is used to collect data from the various
" devices coxi_nected to the multiplexer iﬁterface (Fig, '6). A '"load
v pulée" 1;n}'1'st be transmitted to fh.é on-line devicesv before any data can
be géted ihto the multiplexer. This load pulse is transmitted to all
on-line devﬁl_ces_ simultaneously. If one or more functions requiring
conﬁpﬁter interrupt (e.g., depression of a ""record" push button, typing
of a teletype character,. etc. ) have occurred at any of the devices, the
load pulse stores the fact of the occurrences in an associated ''function
VIfl‘ip-f‘lop'f. If any of the function flip-flops are in the 'sét‘ étavte‘in
a,riy'o;fl the blocks, tl'-xe‘ "interrupt request'' for the respective block will
~designate this. .The ""enable data input'' >i's then set and propaga£ed through

a -gaté chain, each gate in the chain being associated with a particular
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device block. The second input to each of the gates is the ''not" of

interrupt request from the associated device block. The enable data

input is, therefore, propagated from block to block until an interrupt

- request is encountered, thus selecting that block for data input to

the compliter.
The function flip-flops within the selected block are serviced
in serial order. That is, all function flip-flops ivn the first device are

serviced, followed by those in the second device, etc. If more than

one function flip-ﬂop'is set per device, they are serviced in the same

serial manner.

B.ylservicing a function flip-flop, 1 méan that the output of the
first set»funétién flip-flop vencountered: is used tb generate a device
code and function code, and to gate any as sdciated data ‘onto the |

24 data lines. The block code is generéted in the multiplexer/inter - .

. face. After all these data have been put into the computer, the associ-

ated function flip-flop is reset (by "advance to next function'), and the

next one in the series is serviced. This servicing procedure is repeated

until all function flip-flops within the block are serviced. At that time

the inter.rupt request for that partiéular block ibs removed and the
eria.ble data input level is allowed to propagate down the gate chain
until the next interrupt reque.st is encountered. | |

This servicing proceduré Is continued unt'ilk,alkl funétion' flip-

flops in all device blocks have been serviced., An "end-of-record' is

then sent to the computer.
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SYSTEM SOFTWARE

Introduction

The first generation of software hc;s_been designed and is now
beinvg'coded. IBM's programming system IBSYS is being utilized. .The
| coding is in the FORTRAN 1V 1anguage, excepl;. for input/output and bit-
manipulation routines. Th.is.px;ogram, w};e'n running. does not shafe
the computer with ahy other program. When this first program is
operatviOnal and sé;mewhat stable, \ﬁe plan to translate it into machine
langl;age for écéno‘my of memory space and speed. This will involve
_cxarﬁining the FORTRAN-generated instructions and eliminati.ng
redundant coding. _ |

The output frorﬁ th'is IBM 7044 program will be _pfocéssed
' through an editing program on oulr CDC 6600. This editing program will
translate complete events back into the data format currcbe’ntly generated
by the p}alrtic_ul'ax.' measurihg’machines, so that larger existing programs
need not be modified. In addition, the output tapes from the "44" pro-
.gvr.a'm will .iikcly contain the data for more than one meééuring machine,

and this will need to be separated.

Organization

The program can be thought of as consisting of three l'o‘gica_l
"s"ections—interrupt, control, and the commﬁtator. Communica_tibn
be_tween these s¢ctions is via the software tables (s'ee T:ablé I), with one
4Lab_1e pcrx measuring machine. The interrupt rbuting dispatches data

just entered into the computer from various measuring machines to data:

storage areas, these being specified by pointers in.the relevant machine's
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- table. The control section really constitutes the basic operation of the

program. This involves reéponding to input data from a given measur-
ing machine by specifying the logic that defines the measurement pro-

cedures and analogous processing. The commutator is simply a switch-

ing mechanism to get the control section to work on different measuring

machines.
Interrupt

The IBM 7044 has several data channels which logically connect
the central processing unit and core memory to the input/output devices.
The computer multiplexer/interface deéigned for COBWERB is considered

to be one input/output device in this connotation. The data channel to

~which the interface is connected(in the future,channel will mean this

particular one) operates asynchronously with the central processing -

unit. The c-ompdter program normally keeps the channel in the read

mode, so that the interface is free to input data to the computer at will.

v_'When' the multiplexer/interfage determines that enough data has been

transmitted to the computer, an "end of record" signal is generated.
This causes a "pfogfam interrupt' to take place in the computer and
the read que is turned off.b This means that the executing software
is stopped, . computer regiéters are px‘eser'yred for a later resum}ﬁtion
of thié spftware, and the 'mterrupit sectioﬁ of the program is called into
operétion. | |

’l‘he inte rrupt‘_‘section cén determine the number of data words
trans_mittcd'imo mcmofy during the last "read' cycle of the interface.
Each word of input data is then scanned for machine block and m_xmber

designations. This determines which software table is to be used in the
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ultimate destination of the data word. If the data word rex)eals that one
"of the ‘measuring_-machine buttons has bcen depressed, the datei word

is then appended foihe nueaS”uring machine's input buffe-r. If thc data
word indicates that the dpe_rator pushed the "recqrd" button, the.”record"
wordvisb add‘ed to the input buffer. Sir_\ce' the data word is a X or Y
"record" funcli(‘)n,iit is. also appendcd to the measuring machine's track-
coordinate buffer. _Bécéuse the Y "record' function comes last, it
triggérs the updating of the "num.bé/r of track points" éounter.

* With regard fo rfnoVixig the stage of the m.eab'uring machine, the
control program tells a scrvo subroutine the desired clcstixn;ltiOxx of the .
sitage. An .algorithm is then applied to determine the velocity
vectors of‘the. stage, thesc vbcing sent through the interface as ’th.c servo
word with a delayed reply requested. Thus, when the interi‘upt scction
recognizes an ihpgt "servo coordinate” data word, the servo routine-
‘must calculate either a new directioﬁ and velocity or stop the stage.
"C'are is taken within‘the serve routine to insure that it is ''program
interrupt” protected. If this wcre not the case, thc_éervo routine
could be entered both by the control and interrupt sections at the same .
“time, causing an undesired reentrant cod'ing problem.

The. interrupt section also handles thé~tc1etypc data. If‘the
input data word indicates that the telcpri‘nter-is ready fof another char-
acter, the next character, if any, 1s ecxtracted By using the measuring-
_lmachilne's software table. If the teletype has had a keyboard character
'depressed, that character is added to the input message. Only the fir;t
72 characters arc allowed iﬁ ‘az} input message; all subsequent onecs arc
ignored. A carriage-return character is consideréd an "end-of hﬁcssage”'

2 . ' . . 1 . .
delimiter. A line feed is used as a ''message erase' delimiter.

¥
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Control

The control séctionvdefines the actual logic flow of the measure-
ment sequence. One can think of this section as handiingjust one
measuring machine. The multipl’icity of machines is accomplished by
uSing software tableé for the storage of measuring-machine par‘améters ‘
and variables, with one such table per ma'chine. Another way to |
visualize the ease of implementing this machine multiplicity is via the
Fortran language, v\‘{hcre ¢very machine -oriented parameter or variable
takes on an added dimension, that of a number of measuring macluineé.

When the éontrol section must wait for s_o‘mething to happen,
such as a me,asur.ing-‘mvac‘hinc opcra.mvr action or the completion of a
servoing sequence, it transfcrs \control to a .routine named DELAY.
DELAY is a part of the commutator section ana eventually r'cturns.
éontrol for that measuring machine to the computer instruction "(or flow-’
chart box) located physically immediateiy after the transfer to DELAY.

The basic measurement prdcedure has already been described.
An operator must sign on via the telctype. Having done this, there are
two choices of measuring pr_o‘cvedure—-auto.matic and manual.

Automatic Mode. The automatic mode presupposes the existence of

punched cards, generated from the visual finding of an interesting inter-
action during the film-scanning operétion. These punched cards are
entered into the corﬁputer via an on-line card reader. Each set of scan
cards is identified with a measuring -machine numb.er. The cards can
.either Add to the current list of scan cards for the machi.‘né, or replace
them. The scan cards contain such information as roll and frame
numbers, event type, ctc.. This indicates the number of measurable.

(charged) tracks per vertex, and the number of vertices in the event..
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T.he fi.duciéls arc measured and checked in cach view using the
~automatic mode. Then the vari'ouis tracks are r'neasuredfand the coordin-
ates examiﬁed for monéton§ and smooth-n_éss. No longer_does:the
oper#tor need to set up a ciata vpaﬁel by lﬁand to indicatc such phings as
>ro‘11, f'r_ame, v'iew,, vertc_:x, vand traclg bnumbcrs. These are remembered .
and updétcd by the program, and then displayed back to the operator.
'I‘he operator nced not digitizc the vertices anyrﬁore. All tracks are
‘.meas‘uvre'd' frorﬁ t}lue \'e.rte.# outward, thus the program can take the first
track coordinate as a vertc;ﬁ.

Each scan card contains the approximate 'posi‘tio_x‘\ of the ver-
ticés_. After measu.ring th(, f'x'rvst track 'm.a verte.{, Uw pr'ograxﬁ knoWs
the purported positionvof that vertex. Since the measuring maching.
has the facility for computer—cbnﬁrolled_ stége motion, the stage can be
returned to the préper vertex after measuring a track in the autoxﬁatic
mode. The absence of é »mdnually su déxta pancl and the automatic stage
motion are the twé most importént factors in dramatically increasing
"the numbe.r of measured cv.cnts per hour.

The operator will switch from vi_ew to view. When the event is
completé. the next scan card, if any, is typed to the operator. He mus

“then position the film at the proper frame and view.

jManual Mode. - The manual mode of opei‘atiqn is designed to allow any'
opératio’n.one_can presenﬂy do with & measuring machine connccted to
a card punch. This mode docs not require any artificiality to accomplish
s';omvethirng tﬁat is natural in the present ofi-line environm@;nt.

The operator ly.pcs in codes indicating view, vertex, track, and

(or) fiducial numbers. All of the operator's actions involving the

>

.
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measuring machine are put on the measuring machine's output tape for

later processing, perhaps involving special routines within the editing

program.

Operator Options. The operator has other logical operations he can .

“exercise via the teletype. He can type in a ''system control' message.

"This may indicate such things as a operator sign-on, operator or

maintenence sign-off, manual or automatic mode for measuring, event

‘-uh‘m'easurable, altering the measuring machine's output data tape,

removing the machine's output data tape, status, and debug. Status
g P P g

. tells the operator precisely where in the program's logic he-is when the

"status' message appears, and then returns to that point in the pro-

cessing. Debug enables the programmers to examine and alter memory

locations. ‘This is used only during debugging phases.

A single. log tape is generated during one day's measuring. It

. gives an indication by time of day of when events were started, completed, -

why rejected, and eventually, some statistics on when portions of an

‘event need to be remeasured.

Commutator

The commutator section switches the control section from the

vprocesSing of one measuring machine to another. The DELAY portion

saves the hardw_are index registers in the measuring-macﬁine's soft-
ware table. An index register points to thé next desired value of the-
instruction counter for that machine.. The remainder of the vcommutat’or
simply cycgles the measuring -machine number to give the next higher

numbered measuring machine a chance to be processed. Thus all
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measuring machines have the same priority, and the control section
- processes them in a circular fashion. Thus it would be very straight-
forward to implement a meaningful . priority scheme for the measuring-

- machine processing.

CONCLUSION

.We'shquld have our first measuring machine _on—,line,and
opefational b‘efo’r‘e t};e end of 1966. Cther measuring machines will
follow in sucgess_iqn. There is also a good possibility that scanning-
‘table data to be used with the on-line mea.suring fnaé:hihes will be col-
lected thfough the COBWEDB lsyst.em. |

In the programming area it is likely that spatiél reconstl'uction
and kinematicé will be advdcvd; This would serve as a more definitive
check on the data. These calculations can be made using only a few

selected track points.
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Fig. 1. Franckenstein measuring projector (MPI-E)
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Table 1. Software table {one per measuring machine)

L
Locatiovn. of the machine's input buffer
. , : ' [ 4
Number of data wdrds in the input buficr
LocaltiOn'vof the machine's track coordinate buffer
. Number of track points in the track ;‘:oofdinate buffer
‘Location of thc machin_e's.i.nput tc-lctype keyboard message
Lo.cation of the machine's output teleprinter n}xessage
Numb.er .of crharbacters. alrcady vLVransmittéd in the ﬁeléprin‘;ér _mes's‘age
Total nﬁmbef of characters to vtransmi‘t in t.h_c{»telcp_xv'viz.mtcr message
‘Existencev of servao ibardviarcf |
Name of track-coordinate élucckixxg' routine
| Mode of operation |
Permanent data-tape name
C'gr_rent _data-fape name
Sign-on fflag——yes or ﬁo
:Fiducial courlxt_er
Fiducial set being méasure.d
Current viéw, vertex, and track numbers
Nuvmber of ,views"lveft‘ .to‘p_ro_cess in thé' évent.
Number of vertices left to process in th e view
Number of chavrged tracks left to process in the vertex i
Fiducial check flag I

Instruction counter and hardware rcogisters

Etc.
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Fig. 2. Ty’picai bubble chamber view 'showmg fiducials and vertices.
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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

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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