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" ABSTRACT

During the past few‘Years thefe‘has beéh a qonsideréble amount of
hardwére énd'software development in fhe area of éraphic display inter?
action. This relatively new mode.of operation has receiﬁéd‘conSiderable
attention as»evidenced_by>the‘fact that mosf,méjor computing instal-
laﬁions.afe either seriéusly in§é$tigating.this area or presently have
access to such devices for'ééiehtific combutétion.b |

Graphic display interéctioh'radically'deparfs from the ‘con-
ventional mode of batch processingvgnd'it offers‘ﬁéry attractive
featureé'pértiéularly.suiﬁed tovrééeércﬁ'tybe calculafioné. In this
mode, the user is.no 1oﬁgérna'paésive obsefvervtacitly éccepting the
idiosyncraéiés of his computational‘device, but rather‘é dynémic mémber
of the.computational loop directihg the progress of-his problem_sblution
at his descretion. | | |

This paper déscribes the_Labératéry‘é'con£ributions in this éreaf
and the'progressxmade in_applyigg.grapﬁic'and interécting techniqﬁes
to the solution of @robléms'in'nucléar phySics. |

At first, weudescribe the exisfing computer enviroﬁment,-foliowed
by the software developéa tq implément thé g?aphic display and inter-

acting mode of operation, and finally some of the prominent inter-
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acting prdgra.rﬁs are descx"ib‘edi.

Tﬁe first program, TRANSPORT,;&llOws tﬁe experimenter to aésign
beam transpoit'syéﬁems; that-is; the transformation'thaﬁ‘avbeam of
chargea particlés undergoes as it paséés a serie§ of“mégnets and
lenses. The desirability'and imporfance Qf éraphic displays is demon-
'strated and the interactiﬁg process, aé applied to the solution 6f this
type of problem is shown to be.an,indispenSabie tooi in the better

understanding of the behavior of béam transport éystems.

The second'program,iTRIM, is uéedito design magnets for paiticle .

accelefﬁtors, He?é, also, the gréphic displays play a vgry:important
role in_undefstanding‘thé‘behaﬁidr of'magnetic fiélds ahd aliows thé :
expérimenfér to:investigate Vaiious magngt ﬁodels, an#ly@e thevreéulting
magnetic fields; alté? their gebmétriés,‘and,_in_generéi? invgstigate

alternative designs to arrive at the desired magnetic'fiéld.‘
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INTRODUCTION

The introduction of:graphic display terminals to-the solution of
problems relating to physics,,has added one more degree of freedom in
the'contemporary nuclear physics lahoratory; The 1mportance of th1s
device as well as the resultlng 1nteract1ng mode of operatlon, has not
been,emphaslzed well, probably, because 1ts w;de spread use‘has been
restricted, due to the large capital investment involved ahd the pre-
reduisite ofva large computer envlronment. |

»vInvthis paper, we‘describe our experiences with'ihteracting

computing, its applicatiohs to problems in physics; and we describe
some ekperimental set-ups which proyided invaluahle informatioh with a
minimum capital cost. ‘ :

The examples descrlbed in thls paper do not exhaust by all means
lthe appllcatlons of 1nteract1ve or. graphlc dev1ces, however, they

1nd1cate the capabilities that the computer graphlcs offer.

'Computer Env1ronment _

Presently, there are two CDC 6600 and one CDC 7600 computer systems
at the Lawrence Berkeley Laboratory in Berkeley runn;ng under the BKY
and SCOFE operatihg systems. 'Thevgraphic display enyirOnmeht consists
of five model 250 dlsplay consoles attached to the CDC 6600 computers via
a controller and a mlcrofllm recorder for on-line or off llne use.

Forklnteractlng and remote processing purpOSes, the Laboratory has
implementeu a system which allows a‘large number of user to utiliie the
computer facilities from remote locations. Approx1mately 130 teletype

terminals have been implemented thus far in this manner. Also a Remote



e  UCRL-20096

Batch Job entryvsyStem is provided’ allowing one to éubmit'from a remote
'terminel, e punched-caﬁd'deck as a batch job on the central compmterf
Uponfcompletibn of the batch job on‘fhe"bentrai computer the printed
outbut may be direcﬁed to:a remote terminal forvprinting.. Some
terminals.may also have the ability te_send and receive queued filee
for use or ether peripherale:SUCh as plottefs, card punches, and magnetic
tapes. | |
The Remote,Bafch Job Entry System'édnsisfs of avcdntrol computer
'wnicn performs the taske of'eonnecting»remote lines to the eentrel
computing facility. This remote batch control computer determlnes the
type of connection and the type of terminal. The follow1ng terminals
may be connected on a dial-up faeility

coe 200 UT

- UNIVAC = 1004
GE - . lhis
HP 2116 o D )
IBM 1130 ' ' Via evulation of
IBM . 360/20/28/30 UNIVAC 1004 type
- UNIVAC  9200/9300 terminal
- XDS . 9ko -

If is planned that by Juiy'l972vdiel'up supborf ﬁill ne gimen for.
TIBM Multi-Leaving type terminals as well as IBM 2780

For sem1 permanent data storage, there is an IBM data cell andvan
I1BM 1360 photodlgltal storageesystem (the chlpstore). Both,systems are
atteched to the CDC 6600's through'ﬁhe appropriete hardware. -The IBM
_l360vis capable of storing abent a third Qfga tmillien bits of.data
which is equivaient to almost 3000 full mangetic tapes. Fig..l shows
a generalized block diagram of tne system, shoming only the remote

access and graphic hardware.
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Software

To perform interacfing and remote fﬁnctions‘the following software
packages have been‘developed: | | | |

a. Berkeley Remote'Faoilit& (BRF)

b. Peoples Time Sharlng System (PTSS)

c; Graphlc Dlsplay Routlnes

A brnef synops1s of. these systems follows

1. Berkeley Remote Facillty (BRF)l

This software package ‘allows the remote user to performvthe follow-
1ng functions: |

a. Test edltlng (EDIT) This facility provides for'entering

text on line into a buffer, and to subsequently examine and modify

part or all of that text An example is shown in Fig. 2

b. - Calculator (COMUT). This subsystem evaluates 8 one line
_arithmetic replacement statement.“ The ab;lity to use standard
FORTRAN arithmepic funetlons coupled'with_an interactive :cap-
ability allows this subsystem to be used as a sophisticated desk
calculator. An example is shown in Fig. 3.
c. "izgg. The TXEQisubsystem consisﬁs of a compiler for a subset
of FORTRAN Iv and an 1nterpret1ve evaluation program. Its | |
L functlon is to comp1le and -execute programs entered via the test
edrtlng (*EDIT) subsystem. The max1mum number of statements is
70, (See Fig.‘l). |

d. Miscellaneous. There are various file manipulation sub-

syStems allowing the storing, lbading, retrieving of files from
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the Data Cell or the Photodigital storage deViee, or to perform
remote batch or interactive job processing. (Some of these
features are showh in.Fig. 2).

2. Peoples Time Sharing System (PTSS)>

PTSS iz a general purpose system for_entering; running and
debugging:CDC:6EOO.program from a remote console. It consists of two
principal'parts - a text editor, which,aliows the’user to create, delete
| or modify programs,'and;an‘inferactive debugger, whieh helps the user to
debug his program b& allowihg him to examihe core,.examine ﬁhe compil-
ation llstlng examine the central reglsters ete. When an error occurs.
while the user is 1nteract1ng (elther edltlng or debugglng) PTSS
occuples 1ess than 6K of central memory. The source and bnnary programs
are kept on the disk and do not require any core._ The difference
between BRF and PTSS is that the latter speeds up the debugglng of
small or medium size programs by prov1d1ng turn around tlme on the order
of avfew mlnutes.

3. Graphic Display‘Package

The_CDC 252 graphic dispiay consoles'provide'instahtaneous Visual
" readout of selected portlons of the computer. memory in the form of
alphanumerlc symbols (characters, symbols, numbers,:etc ), vectors
(llnes), or- points (dots) |

Incoming data ‘are dispiayed direetly on theldiSplay copsole i9
inch CRT within a 1024 by 1024 horizontai ahd &ertical bosition raster.
The use of o Llight pen allows the 1dent1f1eat10n of any part of the
dlsplayed data as well as edltlng the memor?ioontents The add1f10n of

a 1unctlon keyboard s1mp11f1es programmlng and enables the operator to



“T- UCRL-200096
interrabt and sort information tq the compuﬁér} A téletyﬁe i;zalso
attached, to provida for eﬁtaring of daaa or eiternal_program interrupta.

The software package preﬁared providés for the utilization of the
'light.pen, for brOgrammable'interyuéts,'use of taletype to enter‘of
extract data,.and for performing various plotting:functions.

.The BRF and the”PTTS systems ﬁay'also ufilize the graphic. displays
to output files of jobs which have been run in the ordinar& batch mode,
or tb'interactvwith»thevuser in'cases Where such interaction deems
desirabla.

AThe microfilm recOrde;‘is‘alsoﬁaccessible at any‘time to record
displayed information. This déviae has the capability of on-line and
off-liﬁa performance. |

Fig. 4 shows a view of thefdisplay console and teletype.

Applications

Having established some = qualitative and quantitative character-
istics of our graphic and intéractive cdmputer envifonment Qe prqceed
to desc#ibe some of the brominent appliéations.

No doubt an ine#haustible number of programs may be described to
demonstrate thé importance'of interacting systemé and their immediate
adaptability to résearch‘type_calculations.> In this-paper,‘we will
describe a few applicatiéﬂs which we hope will dembhstrate‘the wide'_‘
range of broblems that maj bé solved in this'fashion? and the variety
af eauipmént that may be usea;a> | | |

1. Electron Ring:Accelerator Experiment

Since 1968, this laboratory has embarked into a program to

investigaté the possibility of designihg an accelerator, based on the
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concept of.acceleratioh of iors by colleotive effeots3.
| ‘VTO eccomplish this.ahd-to Study means of extrseting an electron
ring froﬁ‘a oohpression ehamberlinto an‘aoceleratlng columh, several
computational programs-were developed, tested and plaeed in production.
Further computational work lead to a design of‘a program that
permltted tra01ng particle motlon through both the compre581on and'
rollout stages, end ilnally, giving an indication of the rlng mot1on
after spill-out, when acceleratlonrln the B field can act to give the
ring substahtial speed‘in the axial direction.
| Slnce the experlmental work was performed at the Astron injector
fac111ty in Livermore, California (some 50 miles away), it was necessary
to develop the appropriate mechanisms to operate these'programs at the
Berkeley computing center and transmlt the information to the experi—
. mental site at Livermore.
,A:telephone link was designed, (see Fig. E)thich’in its simplest
form cohsisted of two eommerclally avalleble accoustic couplers, a
PDP—8L-computer and a Tektronix 611 storage.scopeff
' This link operated successfully; and it allowedvthe.experimehters
at Livermore to connect the teletype attached.to the PDP-8 directly to
the CDC 6600 computer reSiding in Berkeley. Use of:the BRF system
allowed uninterrupted communlcatlon between experlmentallsts and computer,
transm1tt1ng back and‘forth 1nformat10n through telephone lines. Results
were dlsplayed on the Tektronlx 611 osc1lloscope whlle-the interaction
was performed through the4teletype keyboard.
| Thexsuccess of'this'device lead to é perméﬁent_remote facility'at

Berkeley serving experimenters residing elsewherelv‘For‘example5 the .
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Los Alamos Scientific Laboratory eperates sQCh a'link; allowing them
to utilize.ell the-computihg_poﬁer resident at Berkeley.

5. Beam Transport Design

One of the major activities of nuclear research centers is to

-~ carry Out'experiments in low-and high;energy phySies. Such-experiments

necessitate the deSigﬁ'of beamAfrensport s&stems te.caffy ﬁhe beam. from
fhe device to the éxperimehtal areaéf'Alﬁhoﬁgh there are many:compdﬁer
progiaﬁs available to aid the eXperimenter in his design;‘they'ail
suffer frem’generality and 1ack of convenience. TRACEu’S provides a
vehicle on ﬁhich'man and,machine caﬁbcqeperetively,make.up for each other's
deficiencies in problem-solving capacity;bmaxiﬁiéing at the same time |
the advantages peculiaf to each.

Baeically,'program TRACE ie fhe outgrOWth of brogram TRANSPORT,
originally written in Balgol by Bﬁtler et‘ei,),‘ehdgimﬁiemented‘for‘
verious.machines bj manyepeoﬁie ih the field. Briefly,_program TRACE

provides means for descfibihg an injected beam and a mqggetic system.

The beam is specified by a sixQdimensional ellipsoid. The magnet
system includes the following types of beam elements:
1.  Drift spaces

2, Bending'magnetsz with arbitary angles of entry and exit

. 3. Quadrupole magnets
L.  Sextupoles
Solenoide

'6._ Slits, etc.



-10- - UCRL-2009

The manner bylwhich TNACE produces a solution'for a beam tranSport

'design is not described here;. It is sufficient toISay that the programv
is versatlle, to allow. for a var1ety of constralnts to be applled to
the system. Parameter flttlng is also poss1ble with TRACE. This allows
: the experimenter_to specify the parameters he_wants'to adjust? such as
lengths; gradients, or apertures,banu the program computes'the first-
order correction,by'a least-squares méthod;

"Ray trace ability has heen provided,‘and up to 50 vectors'may‘be
.displayed at- the samevtlme,f Phase—space ellipses are calculated at any
point in the tragectory and the projections on the coordlnate axes are

dlsplayed

COMPUTER ENVIRONMENT

Program TRACE is. operatlonal under the BKY and SCOPE systems for
the CDC 6600 Computer System using a 252 Model Dlsplay Console with an
8K buffer, character and vector generator, llght pen, and teletype.

The program is written in Fortran Iv.. A.typlcal session using
TRACE on the CDC,66OO requires approximately 6O-K8 words of main'v'
storage,. and it lasts for about an-halfbhourl_ Since'the CDC.66OO is a
multiprocessing computer system; the‘program occuples a control polnt
for the duration of the_session; houever, the CPU.(Central-Processor
Unit) is released to other'programs when ‘not in use. . Thus, the total
CPU t1me 1s, at most, 5% of the total sess1on tlme Figure 6 shows a

flow chart of program 'TRACE.
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 PROGRAM OPERATION

The session begins}wiph‘the user viewingupart.of pﬁg.inputbdeta

,as.shown in.Fig-c7- The deteAcorrespond to avﬁeﬁefron secOndary beem '
5D the characterlstlcs of whlch appear in Table l and the beam
'llayout in Fig. 8. | |
’ The source of this beam is in front of the flrst magnet (30 ~deg

beodlng magnet)-followed_by a quadrupole double, the first element of
which ie vertically focueihg. vWe'reguest avparaliel.beam_in the long
eﬁraight:section.- Thevnext quadrupoie section hes its'first element
‘horizohtally,focusing; followed'by afﬁ???-deg'behding.ﬁagnet. We
réQﬁesf a‘ﬁaist after the first—gradient quadrupole}' Theibeam then
‘passes through aIQuadrupoie, to a 55-deg bending‘maénet, through a
doublet, and to'the.targep;‘where We'expect a,horizontalkand verticalA“
focus. |

The data dlsplayed on the screen correspond to the 1nput needed
: to calculate the flrst order - optlcal propertles of the Bevatron 5D
: secondary beam used in this example, and cons1st of the approprlate )
_parameters for each constltuent element ' The formattlng of this 1nput
.lls almost 1dent1cal to. that of program TRANSPORTl

At thls p01nt the user may exerc1se any of the optlons llsted 1n‘
the bottom of the‘screen. The functlonsvof these'optlons are listed

~ in Table 2.
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| This 1lst.by,no ﬁeans:exhausts the-multitndelofvother options.that
the user miéht.want'to incorporate. The modularlty of program TRACE
allows such expans1ons, as is mentloned later.

Now--returnlng to our example: upon 1n1t1ation”ofithevoption
uITER“;_the eXecutive program of TRACE decodes the'action,.and signals
the'beginninévof erecntion,-resulting'in_Fig. 9'whichxdisplays the beam
envelope,v.?rogram TRACE again waits (releases CPU)'for thepnser‘to
resume an ihteraétion cycle based on the informatlon'displayed..

The user may decide to observe the phase space ell1pse at some.
location along ‘the beam llne, to do so, he points the llght pen at the
functlon MATRXt Next the llght pen is p01nted at the locatlon on the
bean line where the phase-space elllpse is de51red, and also speclfles
thevplanes on which the'phase-space'ellipse is to_be_projected} Upon
initiation of the interrupt, Fig. lO'results. Here;vthevuser'has a
wealth of lnformation at his disposal. At flrst the beam envelope is
shown, wh1ch is deflned as the plot of beam s1ze versus pos1tlon along'
the system, Interpretatlon of the trace is fa1rly_obv1ous.

A'rectanéle'ls drawn to represent a magnet' the.siae of the
rectangle reflects the magnet length and aperture. The beam siae is
‘1nterpolated llnearly in drlft spaces

.Both the horlzontal and vertlcal planes are_displayed, as shoWn,

along with the cumulatiVe beam length.

Below ‘the beam envelope, the RC matrlx (cumulatlve transfer matrlx)‘

is displayed along w1th the SI matrix (beam matrlx)
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The RC matrix'represents‘the‘transfer metrix of tﬁe'beam;transport
system up to the point at which it was requesteo. | “

The beam transfer matrix (s1) includes the projections of the
ellipse upon the coordinate axes. The SI matrix shown'in.arranged'so-

that the diagonal elements occupy the first column es.shown below;
S , vfr-—“ o
\/_”—' MR r,
Vo33 o r3‘11" 32
J&E;Z-MR rhlrhgrh3 l
V55 ,CM'vrsl%e*" 5375k
\/?62 PC ?61%2%3%&”65'. |

"Since 5 5 =. 31> we have rij ; rjls The off- dlagonal elements of
this matrix represents various quantltles such as dispers1on, tilt, ete.
‘At this point, the user has the optlon of returnlng to the dlsplay
of input date, ALTER, some parameter, and execute (ITER) agaln, or he
may request to view the phase space at a different-locetion_on the'beam'
line. | | | o
~ Figures 11, 121showpthe‘phasegspece ellipsesﬁetfvariouscpoints
along the trajectory; Fig. 13 shows a‘ray<trece of six particles'while
Fig. 14 shows an enlarged sectlon of the flrst quadrupole doublet.:
Once the computatlonal loop has been completed, the user may
ropcat the same loop again, or new problems may bevbrought-to the screeo

by exercising the option NCASE.
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At all tlmes, the experimenter may use the optlons SNAPD or SNAFPB
to take mlcrofllms of whatever is dlsplayed on the screen. This micro-
fllm is. later doveloped to a hard copy for permanent record

Thus, by show1ng the results 1n an 1nteract1ng way, the operator
can qu1ckly examine the overall character1st1cs of the system and take
1mmed1ate act1on. Errors. are detected eas1ly, and time loss: because
of erroneous datavls effectlvely m1n1mlzed Durlng the course of the.
session, warnlng messages are avallable to gulde the operator to avoid
1nval1d condltlons " In general a program 11ke the one described could

be used effectlvely both as a de81gn tool and as.a teachlng tool.

'CALCULAT_ION OF MAGNETIC FIELDS

The mathematical model involved in the application under consider-
ation has been set forth in previous peper; (7, 8) however, for the
sake of contlnulty a brlef descr1pt10n follows | |

A W1de and significant class of phenomena in nany areas- of sc1ence
and englneerlng may be descrlbed by P01sson s equatlon, |

vGv9 : N | (1)

where A is a function of.¢vor.itsederivatives, S is a function of':
" position, and,o.is specified.on:the boundary. Polsson'svequation

describes magnetostatic'prOblems by making use of the magnetic vector

'potentiallzi The magnetic field, ﬁi may be determined from the magnetic

-
vector potential A, by

B=pH= XA, - - (2)
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-_

 and the curl of the magnetizing force H is equal to
' : - - -

where Eaié the current denSity.r
Substituting’ﬁ?frém Eq. 2 into Eq. 3'gives
Ik VKA =T W
‘wa,<éihceiz andﬁg'each have only one éomponent'(for two-
dimensionai problemé) Eq. 4 reduces to. .
ey 3.7&’) = L&?TT—J-), |

where 7y = % | |

_Equatiqn 5 is of the féfm’of Eq. i, and it.is'épproximated by
finite?différence equatiohs, which are solved by a relaxation process.

Recent additions to the”existing programs include the'calcﬁlation
of cylindrically symmetric magnétic fielGS'and’the ¢alculation of
- magnetostatic enefgy ih_both air and iron régions.

:iThe computation model of fhié program‘isidescribéd (in the
reférences).as ¢onsistiﬁg of an irregulai'triangular meéh of #Bout MOOO
poinﬁs, on which the'magnet géometry-is-outlined. No geomeﬁrical
restrictions are imposed on thé magnet; éymmetrical planes méy or may
not be included,.deéending upon the requirements of theiproblem; any
cUrrent distribution may be COnsideted; also several'different kinds of
~iron may‘be used in the samé:mégnet. |

The éalcﬁlétion of magnetic fields involves basicélly.fiye distinct'
?éfagés: preparation of input dataglgenération of:the résulting
triangular mesh; examinétion of CRT plots to.insure proper triangle

distribution (repeated attempts may be necessary before good "zoning"
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is produced); calculation_of)the"resulting field distribution; generation
of fieldAdistribution plots.
Under the present graphic dlsplay method these five stages have

been comblned in the manner descrlbed below

GRAPHIC DISPLAY METHOD

‘a. Preparatien of Input Data'

JV Under the graphlc dlsplay method the geometry of the magnet is
drawn on CRT screen w1th a llght pen, whlle the coordinates of the
spe01f1ed boundary‘p01nts may'be entered‘by a teletype attached to the
CRT console. Let'us.consider an eiample. ‘

Fié. 15 shows thevcompleted éeometry of the_magnet as it eppears
on the isemetric grid. The next phase.consists.of the transformation
of the 1sometr1c triangular grld into the grid shown in the sequence of
Flgs. 16, 17, 18 and 19. This transformatlon is obtained by‘methqu -
described in Ref._z. In cases of input error (as shown in Fig. 18) er
if the user wants to ehange'any portion of the dispieyedvgeometry he
proceeds as follows: : |

1.  He p01nts the llght pen. at the p01nt where the error appears

Aior at the point he wants to change o

'2:r He presses the "interrupt" button
'3. | Next he moves the light pen to the new locatlon des1red
_h} - He presses-the 1nterrupt” button. |

| Immedrately, the screen 1is refreshednw1th the correspondlng change

,dlsplayedvur the error corrected. This process mayvcontanue-until the
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experimenter is satisfied that both the geometry and’the.distribution of
triangles are correct.

- b.  Execution of Main-Program

The maln program is initiated b&vthe experlmenter from the console,
once he is satlsfled that the generated mesh properly represents the -
magnet geometry under,con81derat;on. He may view the progress of the
>SOlution‘totcheck convergence, or wait for the final solution. The
final flux distribntiOn in both air and iron is displayed,‘es well as
pertinent;curves_relatlng to the character of the solution on the.median
plane and elsewhere in the magnet, ‘ |

The experlmenter either accepts thls solutlon asg satlsfactory and .
;records the results on mlcrofllm for permanent record or takes actlon
"to change some input parameters, according to the needs of the experl-

‘menter. Thus the calculatlon loop is closed w1th the experlmenter
_ dlctating the action to be taken.

The adaptlon of thls program for”graphic display purpoSes is out;
linedlin Fig. 20, which shows the overall flow chart of the progrem
o FIELD. The time response is almost 1nstantaneous except in blocks 11

',and 12 Here the response is perceptlbly slow, depending on the number
1of p01nts used to s1mulate a magnet.‘ That is an 800- po1nt problem
lrequlres about a mlnute, a 2500- p01nt problem, about 5 mlnutes, and 8

MOOOfp01nt problem, 15 minutes. |

| ‘Since the accuracy.of‘the.solution is a function_of the‘number of

mesh points used,‘the maximum number of points should be‘utllized to
,obtain»the»maximum attainable precision. 'This, however, drastically‘ :

reduces not only the,g}me response of the system, but also the
_ T S . S
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feasibility of the pfogram,‘since it requires‘aboutvlSQOOOS memory'
locations for a 4000-point problem, and sneh a lerge amount of memory
cannot be easily allocated to an experimenter even:with a multiprocessing
| computer system euch as the CDCv6600. For this reason, a "strategy"

was devised which would reduce the time to about 1/6 and the etorage :
required to-ebodt 1/5. This'strategy consists of tne following scheme:
(a) simulate a magnet by a coarse mesh, say 30 X 30,.(b),obtain a
solution, (e)vdetermine_the region at which the highest accnraey is
’fequired,.(d) enlarge:this region, (e) insert the vector potentials
obtained from the coarse solution in the enlarged reglon, (f) 1nterpolate
for the in between vector potentials, (g) freeze the boundary, and
finally solve this enlarged or "zoomed" reglon._,

This scheme was used‘ln the magnet snown in Fig. 15 with excellent
results. We first ran this magnet with aISO X 50 mesh and saved the |
results for comparison; (see Fig. 21) then we ran the same magnet with
25 X 25 mesh We zoomed the region within the poles shown in Fig. 15
to a 17 X 17 mesh, and solved the 17 X 17 mesh w1th fixed boundary
obtained by 1nterpolat1ng from the fector potentlals of the 25 X 25
solutlont The results were almost (Fig. 22)'1dentlcal to the 50 X 50
solution, indicating that a eoarsevmesh may be used.as an initial
solution and the region where high aceuracy is desired may be "zoomed";
significantly less time and core memory are used without sacrificing |

accuracy.
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CONCLUSIONS

The experieneésqdertved frem tne epplieetiens mentiened,:end from
many othefs.already in use,tindicate thet'granhic interactions are
extrenely.attractite in reseeren typescelcuiatiens.. Perheps,‘the out; :
standing feature, is the abiiity of the expefimenter to communicate
‘with the device, and. guided by therdisnlays to arrive at e solution
for his contemplated design: This man-macnine interehange of inform-
atlon does not by neces31ty imply that graphlc dlsplays are indispens-
able 1n this mode of operatlon. Our experience has shown that even in
vthe absense of graphic displays the information obtained was invaluable
in simulating varieus physical processes, The ability of the device,
guided by the.experimenter to search for a better solution and to type
the results (in some abbretiated mode) hesbprqduced equally good results
in cases where graphic displays were net available.

One constant criticism is that this on-line process, requires-a
portionbof the computer meﬁory to be dedicated tovthis process, which is
a waste, since only 5% ef the real-time isvcensumed by the resident
program. This argument is not valid beeause any computer system having
online interaction as an integral part~of‘the computer environment
_ necessitates the appropriate mechanisms of rolling-in and rolling-out
ef such types of jobs. |

In our system we have 6M control p01nts, and a prlorlty system,
which allows the roll- out of an on -line job once an I/O request is made.
At the . completlon of the I/O request and the subsequent 1n1t1at10n of

the interrupt the job is rolled-in for the extremely small fraction of
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time required to execute the detected interrupt. The 6h.control pointéi:

are sufficient to handle & large number of‘jobs'simultaneously so that_
very 1ittle-is lost if two.or_three on-line jobs are occupying_control
points.

F1nally, our experlence with the 1nstallation of remotevtermlnals
to serve experlmenters residing 1n states other than Callfornla has
shown conclusively that‘thelr interacting dlalogue_wlth the resident at

vBerkeleyvcomputer,:is not hampered by_the_absence of:graphic displays,
and it is not very‘far into the future that remote terminals possessing
all the interactive quaiities.needeo, will become.a permanent member of

all nuclear physics installations.
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Table 1. Beam Nb. SB.

General description
Physicists:respohsible
Installation date
Target locétion
Target material

Target size

Momentqm_range
Momentum width
Solid angle
Productioﬁ angle
Type of separator’

Separation factor
Emittance
Flux transmitted

Other information

500-MeV/c K* or K™, separated
T. Elioff (LBL)
June 1967

External beam-Channel 1 - 2nd focus '

Uranium

1/8 in. vertically, 3/8 in. horizontally,
1.5 in. in length

~0.2 to 0.60 BeV/c (positive or negative)
» . . .
~6 millisteradians

2L deg

Electrostatic Mark V (10 ft long) L-in. Gap

Pion reJectlon 350 at 550 kV (capable of

6oo kV)

0.02 radian in. (horlzontal), 0.017 radian in.

'(vertlcal)

~ 4ooo k*(s500 MeV/c) per 5 X 101t wpp protons;

K*/all positives ¥ 1/20

1.  Mass split is at first focus with submomen-
~tum recombination

2. At first focus, vertical magnification =
1.5; horizontal magnification = 0.95;
K - m vertical separation = 0.5 in.

3. At final focus, vertical magnification
X U4.5; horizontal magnification = 0.5.
- For stopping K* in i grams of CH, the rate
- is&1200 K*/5 X 101t p+ (EPB). Approx-
imately 60% of K* pass through a

/8X3/8 in. cross sectlon at the flnal focus;

L. Target is not mounted in either FPB or
secondary-beam vacuum, and is easily
accessible.
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TABIE 2

OPTION _ FUNCTION
ALTER Alter data. The alteration is'performed by entering the
appripriate address in the DATA array. This number is shown
on the left column of Fig. 73 for example, to change the
first drlft length to 15 inches, we type 22, 15. g ( carriage
‘ return) _ :
DLINE Delete one line of input Inﬂother'WOrds,’delete one element
» oi the beam system. : o o S
ALINE Add one line of input. . This option allows the user to enter-
- all his input via teletype, or to add a new element in’the
‘beam system.
SNAPB - Record this dlsplay on mlcrofllm. (This option is used to
‘ record the beam envelope.) : :
-,§NAP§ Record thls dlsplay on mlcrofllm (This option is used to
record the data dlsplayed.)>»,~
MDATA ’Thls option (presentlng an addition frame) allows the user
S to view more data; in many 1nstances, one frame is not enough
: ‘ to dnsplay all data. ' :
GO ‘Execute the data (w1thout appllcatlon of constraints).
‘ ENTER N Execute data, applylng constralnts.
EIN‘ End of,sess1on.
VECT Perform chenges on the Vectors displayed. This option allows
' " the user to alter vector parameters to enter new. vectors or
‘ gto remove those already specifled
B BAYS . This option prov1des for the: dlsplay of all rays spec1f1ed
: " .. or individual rays may be. dlsplayed at will.
gEAM This optlon allows the user 10 review a: beam already cal-
culated. : :
- SCALE - - | Scaling of both horizontal and vertical beams. . The user l
» ~enters via teletype the region he wants to scale and the -
scaling factor.
MATRIX This option allOws the user to specify the location where

he wants to observe the. phase space ellipse and the. RC and
ST matrlces.
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MATRX (Later paragraphs describe these matrices in more detail).

- The user initiates this option by teletype, enters the
location where the ellipse is desired, and specifies the
planes of the projections of'ellipse (x, ¢, ¥s O, etc.)

NOTE: 1If a teletype is used to initiate. any of these options, only the
letters underlined need be spec1f1ed If a light pen is used, it is .
pointed at the option desired and, by depressing the m1crosw1tch on the
light pen, the 1nterrupt is 1n1t1ated :



@m
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>BRF! _
CONNECTED ) o

BRF 2+9 #10/29/70+ 15:21+32+ #Bs ENTER NAME,ACCOUNT
COLONIAS» 424201 ¢ . . .

UCRL-20096

oK )
TEDIT! .
OK ’ _
1e *CALCULATE FLUX DENSITY ON THE AXIS OF TN
2. *A4 NONFERROUS SOLENOID OF SMALL CONDUCTOR . .
3. . *SIZECCROSS SECTION)
4. . . 0*
Se ’ HNPUT DATA NEEDED
6.
7. * TN = NUMRFR OF TURNS o
He * C = CURRENT IN AMMERES ’
9. * S = LENGTH OF SOLFNOID(I.\ICHES)
10. * R RADIU: CINCHFS)
11. * 2z “AX1S OF SOLENOID .
12. . * DZ = INCREMENT ON Z AX1S WHERE B IS CALCULATED
13. . :
L4 ] courmus
15" READs TN»C» S»Rs2Zs DZ
16. IFCTN.LT. 0. ) GO TO 20 LINES 1 thru 32. ARE TYPED IN
17 COEFF=4+0%PI*TN*C*1 +E-7/(2%5%0.0254) FROM THE CONSOLE
18, ICOUNT=(Z/DZ)+0+0001
19. ICOUNT=ICOUNT*1
20. DO 10 1=1,1COUNT
21. UPss/2 - 2
22. UP2s5/2+42
23. DOWN = SORT(UP#%2 + R&%2)
24, .DOWN2= SQRT(UP24%2+ RE#2)
25. ‘PAREN = (UP/DOWN + upaloome) .
260 B = COEFF*PAREN
27. . PRINTsZ,B
28. - Z=4-D2
29. 10 CONTINUE
30. GO TO 1
3. 20 commm: ’
32. END . J
U7, .
TAEQ! BEGIN EXECUTION ~
‘BEGIN XBEQ

ENTEFR+ee TNs C» Ss Rs Zs DZ»

ENTER PROBLEM CONSTANTS

'50050¢55540,0+557+0,051
Ze 7.0 Bt S.8554E-0§
Z= 6¢5 PB= 7.6468E-0K

Z= 640 B= 1.0297E-07
Z® 545 B 1.442F-07
Z= S0 ‘B 2.1279E-07
Z= 4.5 R= 3.3766FE-07
Z® 4.0 R= 5.9H26E-07
L2 3.5 Be ]1.2631E-06
Z= 3.0 B= 3.5718E-06
Za 245 ‘B= 1.2307E-05 .
~2% 2.0 RB= 2.1039E-05
Z= 1+5 B= 2+3336E-05
Z= 1.0 BR= 2.3978E-05
Zx 0«5 B= 2+4199E-05

Z= 0.0E*00 B=s 2.4257E~05
ENTEReee TNs» Cs Ss Rs Zs DZ»s

? 'RESULTS

ENTER PROBLEM CONSTANTS

-2!

SENTINEL TO END

END XEQe+ ENTERING tEDIT
OK .

'STORE.» SOLENL !

STORE THIS PROGRAM IN FILE CALLED SOLEN1

STORE IN PROCESS
STORE SUCCESSFUL
ENTER SUBSYSTEM NAME
*CLEARL

EMPTY BUFFER

>DCel

OK

Fig. 2-

INTERACTING USAGE OF BRF,

DISCONNECT EQUIPMENT

GHOWING USAGE RFMOTE STORING AND LOADING OIP'IONS

XBL 7011-6884
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CONNECTED , D
°8F 2,9 *11/02/70. 10.07.17. *A. ENTER NAME,ACCOUNT

FOLOMAS,4249OI . : Lo
ov , '
1TOMUT
QK )
,nv-v**x+v*v**9+ALO (QIN(Y)+10)
'TLR. oo Xy Y, ....Request Parameter Va.lues _
1,2 ce..Set X=1, Y=2 .
FOx= 7.32%6154 ++++Value of Fox= 1‘+1*2 +1.(s1n(2)+1o)
) . cee8et X=2, Y=2

TROX=z 1%,3296154 ««..Value.of Fox
o ' ceeoNull field for x, pre'vious value is used -

“Fov: 12.3933787

nwl

>DC. » ‘ e .Disconnect Equipment
~ £0. 41 READY

Fig. '3 EXAMPLE OF coym smasys'rm
C UNDERLINED STATEMENTS CORRESPOND TO USER RESPONSE

XBL 7011-6886
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Fig. 4 XBB 704-1883

Graphics station showing display console
and teletype
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.7 GRT screen displaying inpub to (BB 694-2243

program TRACE
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.

IR R

QB16-16 Qu;adrupolc

el
[6x 36“C" Magnet
Electronics Controt
z
Bevatron Bgam#SD
Power Supplies
XBL 691 4407
o

Fig. 8 Bevatron Beam #5D -
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P L) cage b tew
WA ToN £2TEINA. Bhax M3 WD, BOE MYC <o

. e
PaSE SPACE AT X2

XBB 7011-5124

Fig. 10 Particle phase space tErogectior} at
various locations along the beam line
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Fig. 15 Window frame magnet geometry outlined
on isometric paper. Dots signify
input points. :
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Fig. 11 Particle phase space pro- Fig. 12 Particle phase space pro-
jection at various locations along jection at various locations along
the beam line the beam line

XBB 7011-5125

Fig, 13 Ray trace of six particles Fig. 14 Enlarged section of beam
line
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Fig. 16 Simulated window frame magnet Fig. 17 Simulated window frame
on cathode ray tube magnet on cathode ray tube

XBB 7011-5126

Fig. 18 Generated mesh for window Fig. 19 Final geometry
frame magnet displaying error in
upper right part of magnet
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3
Oid Geometry
; olready
problem on cards
a |
Bring old -
solution from Neb"'
mag. tape probiem
< S . l k]
Orow geo-
metry via
light pen
k ) I {
Generate
. mesh
= S )
Display
mesh
on CRT
9 N o
An
Perform Ye Y
k changes
chonges desc’)ved
'IO No i . g )
. ,
Mo'c(l’el Cylindricai "
s0lve - model ' §
12 . : ;
" Rectangulor
mode! ¥
13 I §
Dispigy flux
distribution
or CRT
1
Generate’
zoomed
region
. 19 Dispiay
20 ) pertinent
Save _Yes curves
. - {  solution on |
. mog. tape | !
22 23
Alter
magnet Decide Change
geomeiry excitation
Begin '
new
probiem

|

2n

Flg 20 - Flow chart of 1nteract1ng magnet
- design program '
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XBB 674-2489

Fig. 22 CRT console displaying flux distribution
for "Zoomed" region
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their emplovees, nor
any of their contractors, subcontractors, or their.employees, makes
any warranty, express or implied, or assumes any legal lLiability or
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.
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