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LAWRENCE BERKELEY LABORATORY .,-

John S . Colonias 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 

ABSTRACT 

This paper explores the application of digital computers to the solution of e ngi
neering problems relating to accelerator design as practiced at the Lawrenc e Berkeley 
Laboratory. First, the existing computer environment is described in terms of hard
ware and software available for direct communication between the engineer and the 
computer, then some examples of useful programs are outlined, not so mu c h to ad
vertize their extensive use, but rather to show the ease of their utili z ation and the 
manner by which the communication between the machine and the designer is c onducted. 
The author believes that the practicing engineer looking into conventional computer 
installations sees programmers using a variety of special esoteric languages , and his 
first introduction to computer languages usually convinces him that communicating 
with a computer is an awkward and constraining process. Thus he is persuaded to 
ignore the computer installation unless he is absolutely forced to use it. 

We hope that this paper will dispel some of these ideas and convince engineers 
that they can communicate with the computer in ordinary English and mathematics, 
rather than in intermediate artificial languages , and that they can benefit from the 
attractive features offered by such a cooperative adventure. 

INTRODUCTION 

The past few years have been years 
of exciting growth in the field of computa
tions. Digital computers have increased 
their computational speed by orders of 
magnitude, mathematical analysis has ex
perienced dramatic advances, time
sharing has provided the important (eco
nomic) capability of on-line interaction, 
and computer users have increased in 
number and sophistication. The net 
effect of this rapid growth is that cost per 
computation has decreased rapidly, so 
that we can afford to be less efficient in 
computation utilization and concentrate 
instead on the development of computer 
programs that can be used interactively 
with" computer as sisted instructions," 
relieving the user from the drudgery of 
having to learn programming tasks. In 
this paper we restrict ourselves to the 
interactive aspect of designing with com
puters since it offers very attractive fea
tures particularly suited to engineering 
calculation. The examples described in 
this paper indicate the broad range of 
interests and capabilities that computer 
graphics offer. 
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COMPUTERENVffiONMENT 

HARDWARE 

The Lawrence Berkeley Laboratory 
facility is equipped with a CDC 7600, a 
CDC 6600 and a CDC 6400 computer sys
tem, plus an array of temporary and 
permanent storage devices, arranged in 
the fashion sketched in Fig. 1. 

The system provides for handling 
large volumes of output by producing mi
crofiche at 48X or 24X, or microfilm 
output in 35 mm or 16 mm strip form. 
With 48X reduction up to 270 pages of 
line printer output can fit on a single 
4X 6 inch microfiche. Graphic and alpha
numeric output are both available. 

For communication with outside 
users, the computing facility is equipped 
with telephone lines to communicate with 
remote terminals. Thus, a remote 
terminal can be connected to the system 
simply by telephoning a dial-up connec
tion. 
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Fig. 1. Simplified block diagram of LBL 
computing facility. 

In addition to interfacing with remote 
terminals for interactive computing and 
remote job entry, the Berkeley installa
tion is also equipped with a remote batch 
interface system (UC Cope controller). 
Users who have remote batch stations at 
their own facilities may submit batch 
jobs and receive printed output directly. 

The <?perating systems at-the LBL 
facility evolved from orrgihal CDC sys
tems. The BKY 7600 system has grown 
out of the CDC SCOPE 1 system, and the 
6000 system has its roots in the original 
CHIPPEWA operating system. Both have 
been tailored to fit the particular needs 
of the Berkeley in&tallation, and are 
maintained by a staff of system program
mers at the Laboratory. 

SOFTWARE 

For interactive and remote communi
cations with the computers, the following 
software packages have been developed. 

1. SESAME 
2 . PTSS (People's Time

Sharing System) 
3. GRAPHIC 
4. PICASSO 

1. SESAME. This is the main BKY 
teletype system, 1 consisting of many 
subsystems with which the user may 
create and edit files, edit files already 
in tl- ~ system, copy files to and froIn the 
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"data cellll , execute small pseudo
Fortran programs, doing all reads and 
writes at the remote terminal or use the 
terminal as a sophisticated desk calcu
lator (see example in Fig. 2). 

"LOGIN I 
L..rJG1H CP- .... TTY-Bee 13. 36.37 . .. 8t(l"Sao.B. U"l 1/74. 
DIllER Joe CAMD OM 'STOP 
tElA. 98 I I ... COl.1lH1ASI 
'tTABII LOGGED IN . SESAME 1.3 EoiT£R1NG ' £01 T 

~O~D:~~:~I ~ - - - - - { 1'I:I.U Wl»q.t. br1zlc1 procJ'UI 

LOAD IN PMOGR£SS ZZ'D t'rca .tonp 4n1c:. 
LDAO tOMPLE TE.. EN TERI NG t EDI T 
CI< .. '£01 T 

Lt I. ~ CAi:"C'i:LAtt---:nt'E -- -- 'l'b1. iut.NctSaa lht. procru 

2. • i.-TRANSfORM Ilr A !: : SAI'I'LED DATA CONTROL SYSTEM 

5. • 
6 . Dl HENS' ON P( Ie> .. Q( un. C( llitllf) 
7. .p AND ~ ARE COErFlCl EoHS 
8. READ.P 
9. R£AO.Q 

U" "M-IS 
II. DO I '-2.18 
12 . peu-p(U/Qel) 
13. I Iil( 1) -ge 1 )/Y< J) 
14. PCl). PC D/Iile I) 
IS. Iil( J) - 1.8 
16. C(U.P(l) 
17. 00 6 H-2.MM 
lB. 51 Gf'IA- e." 
19. I'(N. GT. HUGO TO J 
ea. ABC-PC H) 
21. MaN 
22. GO TO .. 
23. 3 M- Ie 
24. ABc-e •• 
25· 4 00 5 1-2.H 
26 · K-( N. U-l 
27. 5 SIGMA-SIGMA+C( KhQ(1) 
28. 6 ceN) -ABC-Sl GHA 
29. 00 18 K- I.HH 
3e. N-K-I 
31. PRINT.H. CCK) 
32. Ie COHTl NUE 
33. Et4D 

()( - 'EDI T 
,J(EQI 
BEGIN XtQ 
DIITER... P. 

.... '---- --- ---
g.e.0. 368. e. 264.0. 0.e. 0. e. e.e. e. e. e.0.". e.el 

EHTER. •• Q. 

I.e. -1. 368. 0. 368. e. 0, e. 0. e. e. e . 0. e . e. 0.8. 8. 81 
"'- e.0 C<U . 0. e 
"':II 1. 0 c(2)- 0..368 
N- 2.0 C(3) - 8.76142.-
"' - 3.8 C<.-),. ',"91441283 
N- 4.0 C(5) " '," 9 6850363 
N- 5.0 C(6) " 0.988.-893", 
N- 6. e C( 1) - ~. 99513464 

N_ 1~0 C(8) . 0.99843035 
N- 8 . 0 C(9) - 8.99942231 
,.,,- 9 . 8 CCIB),. 0.999181<43 
N- IB.0 CO J) - 0.99992111 
H- lI.e CCl2) - S.99991121 
N'" 12.0 C< 13) - '';999989",. 
N_ 13.·S C(J",h "'.9999961 
N- u.s C< ISh 0.999'19851 
~D -< EQ. ENTERl~G tEDI T 

0< - 'EDIT 
· OC . I 
... TT 088 D1 SCQIINECTED 

IJ.QIU 1 thru. 33 are tned 
trc. the coo.ole 
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Fig. ,2. Example of SESAME use, showing 
the ease of use of various subsystems. 

2. PTSS. This is a general purpose 
system1ior entering, running and de
bugging programs from a remote console 
(CDC 252 display or Tektronix 4002). 
It consists of two principal parts: A 
"text-editor" which allows the creation, 
deletion, or modification of programs, 
and an interactive "debuggerll which 
helps the user debug his programs, by 
allowing him to examine core, examine 
the compilation listing, the central 
registers, etc. When an error occurs, 
while the user is interacting (either 
editing or debugging), PTSS occupies 
less than 6K of core. When the user 
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wants to cOInpile and run the program, 
PTSS increases its field-length to 
accommodate the compiler. 

One main difference between PTSS 
and SESAME is that the latter allows 
one to quickly and easily enter, debug, 
or execute simple programs using a 
limited subset of FORTRAN. 

3 . GRAPHIC. This is a set of low level 
routines to allow device independent 
graphic displays. This independence is 
achieved by having the routines for each 
device, interpret only those parameters 
supported by each device . Devices to be 

ultimately supported, include CDC 252 
consoles, GT40 terminals, Tektronix 
4010/12, ARPA net protocol, Stromberg 
Carlson 4460 and CALCOMP . The pack. 
age allows the user to clear the screen 
and plot points, lines and character 
strings for on-line or off-line devices. 
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4, PICASSO. This is a ~eneral inter
active graphics program for constructing 
a complicated data structure by the time
proven method of drawing pictures. The 
program can serve as a II front- end" 
module for any model-building program 
which interprets and analyzes a user-de
fined data structure. In many applica
tions the picture itself is the desired out
put, as in printed circuit design layout, 
or flowcharting of procedures and pro
gram. For these PICASSO is self-con
tained. The philosphy of the program is 
to allow the user to create and edit dia
grams, which are treated as entities. 
The diagrams may consist of basic ele
ments (lines and/or text) or they may be 
built from other (previously defined) dia
grams as well. The recursive nature of 
the data structure provides for the con
struction of models based on user-defined 
components, such as logical diagrams, 
mechanical engineering drawing physical 
plant layout, optical systems design, or 
almost any problem where the model is 
easier to draw than to encode in digital 
form by hand. Figure 3 shows some 
successive views of a window-frame mag
net rotated for three dimensional projec
tion. 

DESIGN APPLICATIONS 

The complexity of modern accelera
tors and beam lines is such that the re
quired standards of beam quality and op
erational flexibility cannot be achieved 
without the use of a computer. 
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Fig . 3. E x ample of PICASSO u s e , showing 
a three dime n sional view of a bending 
magnet . 

Computer programs to simulate 
various aspect s of accelerator design 
have been d evelo ped by m'any labo ra 
tories, and a r e b e ing extens ively used to 



perform their specified functions. Here, 
we will touch only some of the areas 
emphasizing the ease of use and the man
ner by which the communication between 
the machine and the designer is conducted. 

MAGNET DESIGN 

Perhaps the most expensive single 
component of a particle accelerator is 
the magnet whose field shape determines 
the function of the magnet in the acceler
ator. The precision required in the 
design of these magnets, as well as the 
high cost of modern accelerators, de
mand the study of many possible models 
before construction of the actual magnet 
begins. Therefore computer programs 
like LINDA and TRIM that simulate the 
mathematical model of a two-dimensional 
magnet with a variety of boundary con
ditions are very useful. 

Specifically, program LIND; uses 
a combination of scalar and vector po
tentials applied to a mon-uniform rectangu
lar grid of about 10000. It produces ac
curate results, allowing the experimenter 
to perform perturbation studies on the 
pole face profile with very fine detail. 

4 
Program TRIM also calculates 

magnetic fields for two-dimensional mag
nets with arbitrary geometry and general 
boundary conditions. Here the problem 
space or universe consists of an irregu
lar triangular mesh of about 4000 points 
on which the magnet geometry is super
posed. TRIM users vector potential 
throughout the mesh. Both programs are 
large and involved, but once the user 
has learned a few simple rules, these 
programs are easy to use. 

One of the attractive characteristics 
of these programs is that they have been 
ad'l-pted for on-line interactive use. 
Specifically, program TRIM displays the 
problem mesh on the screen and allows 
manipulation of data to conform with the 
requirements of the problem. The man
machine communication is done in a man
ner meaningful to the user, with frequent 
instructions guiding him to the next step. 
Upon examination of the displayed mesh, 
the engineer corrects or alters any part 
of the mesh that does not agree with the 
input specification. He continues this 
procedure of altering and viewing the 
corresponding change until he is satisfied 
that the geometry is free of errors, then 
he terminates the on-line session and the 
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resulting final mesh is submitted to the 
computer for the off-line ca l c ulation of 
the magne tic field distribution. Figure 
4 shows su cce ssi ve stages of a mesh de
sign, while Fig. 5 shows a complicated 
mesh structure and the resulting field 
distribution for a preliminary design of 
a super conducting dipole magnet. 

XBB 673-i392 
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Fig. 4. (a) Preparation of mesh on the 
console. (b) Final generated mesh. 

At present we are in the process of 
converting the TRIM program to use a 
Tektronix 4012 terminal and at the same 
time reduce the core requirements of 
the program from 150000 8 locations to 
less than 50000 8 . 

BEAM TRANSPORT DESIGN 

The design of beam transport sys
tems involves the guiding of a beam of 
particles from the accelerator source to 
the target. This transport system con
sists of various beam transforming ele
ments whose behavior is modeled by pro-
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Fig. 5. (a) Calcomp plot of the gener
ated mesh for a superconductiI:1g di
pole magnet. (b) Calcomp plot of 
the resulting field distribution. 

gram TRANSPORT. 5 This program, 
used interactively, occupies 60000 words 
of memory and provides means for de
scribing an in~ected beam and a magnet 
system. The earn is specified by a six
dimensional ellipsoid, while the magnet 
system includes most of the commo"nly 
used beam elements such as bending 
magnets, quadrupoles, sextupoles, drift 
spaces, etc. 

The program is versatile and allows 
for a variety of constraints to be applied 
to the system. Parameter fitting is also 
possible, allowing the experimenter to 
specify the parameters he wants to adjust, 
such as length, gradients, or apertures; 
and the program computes the first order 
correction by a least- squares method. 

The outstanding feature of this pro
gram is its interactive aspect. The pro-
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gram is written in such a way that the 
CRT console is used not only as a means 
of displaying data but as a suggestive 
medium, guiding the user throughout the 
design by either informing him quickly of 
the overall characteristics of the system 
or by displaying warning messages to 
avoid invalid conditions. Thus errors are 
detected easily and los s of time because 
of erroneous data is effectively mini
mized. 

Figure 6 shows various phases of 
the development of a beam trans port 
system. The rectangles represent a 
magnet while the size of the rectangle 
reflects the magnet length and aperture. 
Below the beam envelope, the cumulative 
transfer matrix is displayed along the 
beam matrix. Both these matrices in
clude useful information pertaining to the 
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Fig. 6. (a) Beam envelope and phase 
space projection. (b) Ray trace 
beam envelope and phase space pro 
jection at different point and beam 
line . 



projection of the beaITl ellipsoid on the 
coordinate axes, the tilt of the ellipse, 
dispersion, etc. The phase space 
ellipses at various points along the tra
jectory ITlay be displayed next to the 
ITlatrices. 

The interaction between user and 
ITlachine consists of altering various 
paraITleters and observing the corre
sponding change, or ITlodifying the con
vergence conditions deITlanded to pro
duce a ITlore sophisticated design. 

BEAM- BEAM INTERACTION 

This prograITl6allows the theoretician 
or the storage ring designer to investigate 
the beaITl- beaITl interaction effect of a 
strong beaITl of charged particles a test 
particle as well as the effect of ITloving 
the beaITl through the ring to the next in
teraction region. The prograITl accepts 
various sto'rage ring paraITleters such as 
the shape and intensity of the strong beaITl 

.' 

. -t ..... ............ _-
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"r" 
\.. 

THIS 15 !)PHTTY. TY1'E START TO EXECUTE -

S! 
START PROGRAM 

TYPE MO. SECTIONS 

" TYPE SIGMA(I) 
.3961 

TYPE TUME 
2 . 581 

TYPE DELTA-NU/SUTOR (MAX.) ... 
TYPE BETA 

, -

1~~IDJ'q TYPE 1-- 1'OR SERIES~ TYPE NO . or TERMS 

01 
TYPE BtAM STRENGTH 

\ 

.:~:3~·~~69987. SIGHA. 3.937168 SMAL.L. AMPL. TUN£· .6266211 

TO CONTINUE WITH THESE DATA .. TYPE I - - OTHERWISE II 

" 
TYPE INITIAL X • Y (,.-,.ORMAT ONl.Y~ 2' 1.1.,£5) 

2 .9111 11' .. , . . e • x. :!.91U1111"".eaD+IUI y. e. 

TO CC*T'''U£ \lITH THESE DATA .. TYPE I - - O":'H£'RVlSE • 

" 

and the position and slope of the test 
particle. As the beaITl interacts the test 
particle the values of the new position 
and slope are plotted. As the process 
progresses an orbit is traced in the phase 
space, (x, x'), (x = position of particle, 
x' = slope) that shows the position and 
slope of the test particle. (See Fig. 7). 

This visual representation of the 
effect of the beaITl- beaITl interaction al
lows one to find paraITleter va lues that 
give stable phase plane plots (i. e. , 
bounded), and thus the test particle stays 
within the physical aperture of the systeITl. 
It also shows when the test particle is un
bounded and thus is lost froITl the physi 
cal systeITl. 

The curves shown in Fig. 7 were 
ITlade on the Tektronix 4012 te rITlinal 
and represent phase plane orbits traced 
for various initial starting condition of 
the test particle. The dialog between 
ITlan and ITlachine is shown below the plots, 

. . 

TO ADD NOISt .. TYPE 1 -- OTH~VlSE I 

" TYPE NO. 0,. PRINT STEPS 
511' 

TYPE REVSI"PRUIT 

" rem TTY OUT1'UT .. TYPE I -- roR PLOT .. TYPE 2 
21 

TYPE X"IN .. XNAX 
....... 1 

TYPE YHIN .. YttA,X ..... , .. , 
X"I"· e. 
YH'N. I. 

TO PL.OT AXES~ TYf'E 1 -- OTHERWISE II 

" 
• 2.911.0+'. a. 

~e 8 . 86190-83 2 . 61350-112 

XKAY. • 
YKAX • 

..lIfI'IE·" 
4.UIIIE-'2 

.. 
11111 

58111. TYPE ADDIT. NO. Or PRINT STEPS 

T~E REVS/PRINT 

" 
N· I sell~ TYPE ADDlT. NO. or PAINT STiPS 

1.11, 
T~E ftEI/SIPP.INT 

. 
• 
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Fig. 7. Phase plane orbits traced with va rious initial conditions of the test particle. 
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and consists of question and answer con
versation in which the computer asks 
pertinent questions about the type of prob
lem that it is asked to compute. The 
structure seen in these plots is inter
esting to those who study the properties 
of non-linear mapping. It can also be 
suggestive to the theoretician trying to 
understand the mechanism that causes the 
actual physical beam blowup seen in real 
storage rings. 

Here, as in the previous examples, 
the interaction between man and machine 
is not only desirable but mandatory if 
the behavior of the system to a variety 
external conditions is to be properly in
vestigated. 

CONCLUSIONS 

We have attempted to show the man
ner in which interactive graphics are 
being applied to some applications per
taining to accelerator design. We also 
showed that these prograITls are written 
in a way that requires a minimum of 
computer experience. However, no 
matter how clever the programmer is, 
or how well written this programs are 
for these uses, it is mandatory that he 
have some degree of" computer literacy." 
The user must also be willing to accept 
as perfectly natural the use of a computer 
to amplify his intellect, just as he now 
accepts as perfectly natural and desir
able the use of machinery to extend his 
physical capabilities. Thus, he should 
not hesitate to perform elementary com
putations until he gains the confidence 
to perform the more complex tasks. 
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