
SLAC - PUB - 3632 
April 1985 
(4 

G I A N T - a computer code for 
General Interactive ANalyeis of Trajectories’ 

J. J~GER, M. LEE, It. SERVFUNCKX, H. SHOAEE 

Stanford Linear Aecelcmtor Center 
Stanford University, Stanford, Cdijornia, Q/SOS 

ABSTRACT 

Many model-driven diagnostic and correction procedures 
have been developed at SLAC for the on-line computer con- 
trolled operation of-SPEAR, PEP, the LINAC, and the Elec- 

. tron Damping Ring. In order to facilitate future applications 
and enhancements, these procedures are being collected into a 
single program, GIANT. The program allows interactive di- 
agnosis ss well as performance optimization of any beam trans- 
port l ime or circular machine. The test systems for GIANT 
are those of the SLC project. 

The organization of this program and some of the recent 
applications of the procedures will be described in this paper. 

INTRODUCTION 

Computer control programs based on model-driven proce- 
dures for the operation of accelerators, storage rings and beam 
transport systems have been used for more than a decade since 
it was introduced at SPEAR. Today, this method is routinely 
used for operation of PEP, SPEAR, the first two LZNAC sec- 
tors, and some of the SK systems such sz the D&ping Ring 
and its associated beam transport l imes - LTR (from Linac To 
Ring) and RTL (from Ring To Linac). Similar procedures are 
either planned for or are being implemented in the SIC con- 
trol program for the start up and daily operations of all other 
SJXsubsystems such as the ARC’s, FFS (Final Focus System), 
PRL (Positron Return Line), and the LTA (Linac to Arc). 

These control programs fall generally into the categories 
of storage ring, accelerator, or beam transport, and typically 
consist of several modules which include the Modeling rou- 
tines, Application Driver, I/O, and the Database Interface. 
The more than a dozen control programs that are needed for 
successful operation of SLC would require the duplication of 
many of these common modules, thus increasing the burden 
on computing resources, and complicating the tasks of program 
maintenance, updating, enhancement, and documentation. 

A design objective of the SLC control program is to provide 
a standard structure which when integrated with sophisticated 
data acquisition devices and user interfacee could be adapted 
to any beam transport system regardless of its clsasification. 
Some of the most important functions of this program are to 
assist in commissioning of the system through intelligent diag- 
nosis, and in optimizing its performance once the system has 
become operational. 

GIANT, a General Interactive ANalysis program for 
Trajectories; is being developed to contain some of these 
functions in an integrated form. One of the most important 
features of GIANT is its applicability to both storage rings 
and transport lines. In addition to some of the well-known 
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procedures used in existing control programs, GIANT will 
contain the error correction schemes used in the design studies 
of the SLC system. 

The extensiv&ese&ch in The past twenty years in the fields 
of mathematical system theory, control theory, and artificial in- 
telligence has resulted in great many new techniques for mod- 
eling and control of complicated dynamic systems. GIANT, 
in addition to incorporating the more traditional procedures, 
is intended to serve as a tool for exploring the applicability of 
some of these ideas such as parameter identification, adaptive 
and optimal control, and knowledge based expert systems, to 
the control and operation of charged particle transport sys- 
tems. In particular, we will investigate the possibility of en- 
hancing GIANT’s diagnostic capabilities by providing it with 
a collection of inference rules and heuristic knowledge of ma- 
chine operation (which will be provided by accelerator experts) 
in addition to the lattice and element information which is 
included in the control and model databases. 

The purpose of this paper is to describe the organization 
of this code, its operating environment, the procedures, and its 
present status. 

FUNCTIONAL ENVIRONMENT 
GIANT, as a program for lattice diagnosis and beam op- 

timization, will be developed in two stages. The first version 
will be used for off-line simulation studies. The aim is to en- 
able the user to investigate beamlines (actual or planned) for 
isolating possible lattice errors and to experiment with various 
correction procedures. This is a stand alone interactive pro- 
gram with the input consisting of data files of beam position 
measurements (obtained from either real machines or simu- 
lation programs) and the model database. Text and graphic 
output are provided to facilitate interactive analysis. The code 
is written in FORTRAN 77 and in the interest of portability, 
every attempt ia made to avoid the nonstandard features of 
the language. Graphic routines are modularly designed and 
implemented to allow easy conversion to other systems. 

The online version of GIANT will be a module in the 
SLC model driven control system. In addition to GIANT, 
this group of software consists of modules for Configuration 
update, Orbit Study, and Chromaticity Correction (Fig. 1) The 
process of integrating the entire package and interfacing it ‘with 
the control system I/O and database is achieved through the 
Application Driver program’. 

In this configuration, all of the data to be analyzed are 
measurements of beam centroid and will be obtained through 
data acquisition hardware and software system. In addition, 
the Configuration Update program will generate the model 
databsse which contains the mathematical description of the 
model to be used by GIANT. 

The user interfaces consisting of touch panels, mouse, and 
text and graphic displays are standardized in function so that 
their logical layouts remain uniform and independent of the 
subsystem being analyzed. 

Contributed to the 1985 Particle Accelerator Conference, Vancouver, B.C., Canada, May 13-16, 1985 



i . . . .“.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  .  .  .  .  .  .  .  .  .  .  

M O D E L  

Ske le ton  Input  Deck  

: M o d e l  Do tobose  
:................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*...... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.-tit 5 ,0 8 1 \2  
Fig. I. S t ruc ture  of  S L C  m o d e l  d r i ven  cont ro l  system. 

O R G A N IZATION 
F r o m  o u r  e x p e r i e n c e  of  on - l i ne  c o m p u t e r  cont ro l  m a c h i n e  

opera t i on ,  w e  h a v e  f o u n d  that  the  modek l r i ven  commiss ion -  
i ng  a n d  o p e r a t i o n  p r o c e d u r e 6  c a n  b e  g r o u p e d  in to  two  types:  
Sys tem D iagnos t i c  P roccdu re r ;  B e a m  O p t imizat ion P r o c e d u r e e .  
T h e  d iagnos t i c  p r o c e d u r e s  a r e  n e e d e d  for  start  u p  a n d  commis -  
s i on ing  of  b e a m  l ies. A fter the  b e a m  h a s  b e e n  t ranspor ted  
t h r o u g h  the  beam l i ne ,  t hese  rou t ines  a r e  u s e d  to ana l yze  b e a m  
cen t ro id  pos i t ions.  T h e  p u r p o s e  of  the  ana lys is  is to invest i -  
g a t e  poss ib le  e r r o r 6  in  the  b e a m  l ine  such  a 6  a l i gnmen t  er rors ,  
f ie ld er rors ,  ca l ib ra t ion  e . r rors  a n d  pos i t ion  mon i to r  ma l func -  
t ions. In add i t ion ,  t hese  p r o c e d u r e s  m a y  b e  u s e d  to save  f i le6 of  
r e fe rence  orbi ts.  T h e s e  f i les m a y  subsequen t l y  b e  u s e d  to detec t  
c o m p o n e n t  mal funct ion,  o r  to res to re  the  m a c h i n e  af ter  shu t  
downs .  A fter s tar t -up o p e r a t i o n  ls comp le ted ,  b e s m  opt im iza-  
t ion p r o c e d u r e 6  a r e  n e e d e d  t h e n  to c o m p e n s a t e  for  e r ro rs  in  the  
sys tem a n d  to ca lcu la te  the  sys tem p a r a m e t e r s  a n d  cor rec to r  
s t rengths  r e q u i r e d  for  rou t i ne  opera t i on .  S o m e  of  the  typical  
app l i ca t ions  of  t hese  p r o c e d u r e s  a r e  t ra jectory a n d  d i spe rs ion  
cor rec t ion.  

Input  
T h e  inpu t  to G IA N T  consis ts  of  th r e e  f i les: 

1 )  B e u m  Pos i t ion  Mccrsuremcn t r  -  Th is  f i le con ta ins  the  h o r -  
izonta l  a n d  vert ical  m e a s u r e m e n t s  of  b e a m  cen t ro id  pos i t ion  
at  mon i to r  locat ions.  In add i t i on  to the i r  magn i tudes ,  the  f i le 
a l so  con ta ins  s t a n d a r d  dev ia t ion  of  m e a s u r e m e n t s  a n d  a  f lag 

, ind ica t ing  the  state of  esch  mon i to r  (on/of f . )  
2 )  Cor rec to r  S t reng ths  -  Th is  f i le con ta ins  the  hor i zon ta l  a n d  
vert ical  s t rengths  of  orb i t  o r  t ra jectory cor rec tors  that  w e r e  in  
effect w h e n  the  b e a m  pos i t ion  w a s  reco rded .  
3 )  M o d e l  D a t a b a s e  -  A  b e a m l i n e  no t  con ta in ing  a n y  t rans-  
ve rse  coup l i ng  e l emen t  c a n  b e  r e p r e s e n t e d  by  a  C O M F O R T ( * )  
dataset .  T h e  m o d e l  of  t he  b e a m l i n e  is de f i ned  by  va lues  of  
the  s t rengths,  lengths ,  type,  a n d  loca t ion  of  the  e lemen ts  c o n -  
t a i ned  in  4 & s  dataset .  F r o m  this, C O M F O R T  wil l  ca lcu la te  
the  Twiss p a r a m e t e r s  8,  a n d  Q , the  d i spe rs ion  func t ion  v, a n d  
tl’, a n d  the  be ta t ron  p h a s e  a d v a n c e  at  e a c h  e lement .  

S t ruc ture  

A l t h o u g h  m a n y  m a c h i n e  d iagnos t i c  a n d  cor rec t ive  me th -  
o d s  m a y  b e  fo rmu la ted  in  a lgor i thmic  forms,  a n d  h e n c e  c a n  

b e  i m p l e m e n t e d  ln  G IANT,  t he re  a r e  occss iona  w h e n  the re  ls 
n o  subst i tu te for  the  heur is t ic  k n o w l e d g e  of  a n  exper t  phya i -  
cist o r  a n  e x p e r i e n c e d  opera to r .  Add i t iona l ly ,  in  the  ear l y  
s t agea  of  m a c h i n e  opera t i pn ,  it m a y  b e  des i rab le  to manua l l y  
e x a m i n e  the  effect of  va r ious  pa ramete rs .  Accord ing ly ,  G I- 
A N T  is s t ruc tured  to a l l ow  us i ng  es tab l i shed  m e t h o d s  of  d i -  
agnos i s  a n d  cor rec t ion,  s6  we l l  M  expe r imen t i ng  wi th  intui t ive 
a n d  non-a lgo r i t hm ic  ideas .  Funct iona l ly  G IA N T  is d i v i ded  
in to  t h ree  modu les :  M a n u d  Adjust ,  E l e m e n t  Cheek ,  T ra jec-  
tory Corrsc t ion.  E a c h  m o d u l e  m a y  b e  u s e d  to s imu la te  the  
effect of  c h a n g e s  in  e l emen t  p a r a m e t e r s  o n  orbi t / t ra jectory,  o r  
to mod i fy  the  m o d e l  d a t a b a s e  to ref lect  m o d e l i n g  e r ro rs  o r  
h a r d w a r e  c h a n g e s 7  -  m  

P R O C E D U R E S  

T h e  t ra jectory ca lcu la t ions  by  M a n u d  Adjust ,  E l e m e n t  
Check ,  a n d  i’ba jec lo ry  Cor recc t ion  m o d u l e  a r e  b a s e d  u p o n  the  
v a l u e 6  of  the  t ranspor t  mat r ices  f rom a  g i ven  pos i t ion  m o n -  
itor, latt ice e lement . ,  o r  cor rec to r  to the  b e a m  pos i t ion  m o n -  
i tors, a n d  a r e  ca lcu la ted  f rom the  m o d e l  Twiss pa ramete rs .  
A l t h o u g h  the  funct ions of  G IA N T  a r e  desc r i bed  ln  te rms of  
t ra jector ies,  they  c a n  a l so  b e  u s e d  to ana l yze  orb i ts  in  s to rage  
r ings.  In that  case  the  cho i ce  of  the  s tar t ing po in t  ie  arb i t rary ,  
a n d  the  c losed  orb i t  c a n  b e  c o n s i d e r e d  as  a  t ra jectory wi th  a p -  
p rop r i a te  ini t ial  v a l u e a  at  the  s tar t ing po in t  zo,  4  a n d  A & , 
w h e r e  z m e a n s  e i ther  z o r  y, E  s tands  for  ene rgy .  

M a n u a l  Ad jus t  
T h e  p u r p o s e  of  this p r o c e d u r e  is to a l l ow  m a n u a l  exam i -  

na t i on  of  the  t ra jectory sensit iv i ty to var ia t ions  in  ini t ial  c o n -  
d i t ions o r  e l emen t  pa ramete rs .  Th is  cou ld  b e  a n  a i d  in  wdk -  
i ng  the  b e a m  t h r o u g h  the  b e a m l i n e  at  commiss ion ing  t ime, o r  
e x a m i n i n g  va r ious  latt ice r eg i ons  for  m isa l ignments .  M a n u a l  
Ad jus t  accomp l i shes  this by  a l l ow ing  in t roduc t ion  of  art i f ic ial 
k ick6 o r  e n e r g y  c h a n g e s  at  a n y  des i r ed  pos i t ion.  T h e  se lec ted  
p a r a m e t e r  is a s s i g n e d  to a  k n o b  wh i ch  c a n  b e  set  to arb i t ra ry  
v a l u e 6  by  the  uzer .  T h e  p r o g r a m  t h e n  s imu la tes  the  effect of  
t he  p a r a m e t e r  c h a n g e  o n  t ra jectory,  a n d  d isp lays  the  resu l t  
g raph ica l l y .  T h e  p a r a m e t e r  c h a n g e  op t ions  a re :  
1 )  (g,  z &  A & )  at  a n y  b e a m  pos i t ion  mon i to r  -  this w o u l d  
permi t  t he  u s e r  to ana l yze  the  b e a m l i n e  o n e  sec t ion  at  a  t ime 
by  tak ing  ou t  the  effect of  t he  e n t r a n c e  cond i t i on  to that  sec-  
t ion. T h e  e n e r g y  e r ro r  is d e t e r m i n e d  by  i nc lud ing  its contr i -  
bu t i on  us i ng  the  d i spe rs ion  func t ion  f rom the  mode l .  
2 )  ( A d )  at  a n y  cor rec to r  -  in  add i t i on  to a l l ow ing  s imu la -  
t ion of  va r ious  cor rec t ion  me thods ,  this op t i on  c a n  b e  u s e d  to 
manua l l y  cor rec t  the  t ra jectory.  

3 )  (AZ’)  at  a n y  e l emen t  -  w i th  this op t i on  o n e  m a y  s tudy  
the  effects d u e  to e l emen t  m isa l i gnmen t  a n d / o r  m o d e l i n g  er ror .  

Fo r  a n y  of  the  a b o v e  opt ions ,  the  c h a n g e s  in  the  p a r a m e t e r s  
m a y  b e  on ly  for  s imu la t ion  pu rposes ,  o r  the  p r o g r a m  c a n  b e  
ins t ruc ted to imp lemen t  them.  

F lemen t  C h e c k  

T h e  func t ion  of  this m o d u l e  is to systemat ical ly  sea r ch  for  
a n d  ident i fy  d i po le  f ie ld e r ro rs  d u e  to m isa l i gnmen t  o r  m o d e l -  
i ng  er rors .  T h e  fo l low ing  ou t l ine  desc r ibes  o n e  such  p r o c e d u r e  
i m p l e m e n t e d  in  e l e m e n i  check  af ter  the  t ra jectory ie  m e a s u r e d  
at  the  pos i t ion  mon i to rs  (Fig.  2) :  

1 )  Se lec t  the  sec t ion  of  b e a m l i n e  to b e  inves t iga ted  a n d  c o m -  
p u t e  the  t ransfer  matr ices.  
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ELEMENT CHECK 

Lood Beomltne 
t 

Select Wtndow 
-t 

Compute Motr~x 
t 

Predlcl Trajectory 

Fig. 2. Flow chart of element check procedure. 
2) Calculate the values of (z.c,z&AEc) by fitting the simu- 
latedtrajectory values to the measurements and compare the 
results. For a good fit, indicating no errors, proceed to the next 
be&line section and continue the process. A poor fit indicates 
that a region with dipole field error has been detected. 

3) Calculate the contribution of the trajectory errors due to 
(.zc,z&AEc). Subtract it from the measured trajectory values 
to calculate the difference trajectory. Introduce dipole error in 
the region; determine its values such that the difference tra- 
jectory is minimized. An error is identified for a successful 
minimization of the difference trajectory. Otherwise, the er- 
ror iz introduced in the next magnetic element and calculation 
is repeated. 

4) Continue this simulation study until the end of the 
beamline. 

Trajectory Correction 
After the lattice and modeling errors have been identified 

or corrected using trajectory information for a single beam, this 
procedure may be used to optimize the trajectories for either a 
single beam or both beams in the LZNAC. All of the correction 
methods for transport lines and storage rings use the model 
database as produced by COMFORT to compute the appro- 
priate transfer matrices between correctors and beam position 
monitors. The mathematical ‘methods are the Newton’s and 
the Least Squares procedures. The information gathered for 
the trajectory and the dispersion correction is obtained by the 
local bump perturbation methods, and for the orbit correction 
it is obtained by the Harmonic analysb as well as by the I+ 
cal bump distortion method. The program can either calculate 
the effects using a particular correction scheme, or lf requested, 
implement it by modifying the strengths of hardware correc- 
tors. The predicted and measured trajectories are plotted in 
geometric or phsse space. The corrector strengths are also 
displayed graphically. 
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PRESENT STATUS 
Since the development of GIANT wss begun about six 

months ago, we have been testing the procedures in GIANT 
either experimentally or by simulation. The Manual Adjust 
procedure was implemented into the on-line control program 
for the SIC Damping Ring. This procedure has been found to 
be very useful to assist the optimization of beam transmission 
from the LZNAC to the Damping Ring experimentally. In ad- 
dition, the Element Check procedure has been studied using a 
computer code which wsz developed for off-line error analysis 
of the Damping Ring. We have found that this procedure can 
work satisfactorily in some cases. More work will be needed 
to update this procedure to include features which will work 
under more realistic conditions. One of the applications of the 
off-line version of GIANT will be to facilitate studying this 
problem. Although the ‘Dajectory Correction procedures are 
the same ss those used in the existing control systems, they 
need to be tested for experimentally correcting both beams in 
the LZNAC and for correcting the single beam trajectory by 
simulation ln the SLC arcs. Additionally, the effect of non- 
linearitiez on the first order correction, scheme will be studied 
using the off-line version of GIANT. 

We expect that the off-line program will be completed 
within the next few months. The on-line program will be 
ready for the commissioning of some of the SLC subsystems 
early next year. 
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