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COMPONENT OBJECT MODELING FOR BEAM PHYSICS PROBLEMS

S.N.Andrianov, SPbSU, S.Petersburg, Russia

Abstract necessary flexibility and efficiency of calculations, and si-
ultaneously to store knowledge during usage of the of-

In recent years sufficient success was achieved in the mqfrgred COM-technique

eling and optimization of beamlines on the base of high-
order maps. In this paper a new approach based on sym-

bolic representation of high—order aberrations in matrix 2 BASIC CONCEPTS AND IDEAS OF
forms is described. We discuss all the pros and cons of THE COM — TECHNIQUE

such approach. The object-oriented design based on the usage of object—

oriented models for design the program systems and their
1 INTRODUCTION components. Speaking about object—oriented design, we

In recent years many accelerator design and simulatid€an-
codes was developed. The most of them are based on nuy Object—oriented methodologies (technology) of de-
merical simulation all steps of modeling process. Among signing program systems.

them we should mention the works by J.Jrwin, Y.T.Yan and

their colleagues (for example, [1]), the work by E.Forest, ¢ The tools maintaining these technologies.

K.Hirata [2] and the work of Leo Michelotti [3], M.Berz

[4]. Besides these there are several works devoted to th&e object—oriented design can begin at the very first
programming design using modern achievements in softhase of biotic cycle; it is irrelevant what the program-
ware (see, for example, [5]-[6]). Unfortunately, the probming language will be used for implementation of the de-
lems of formalizing of the tasks of beam physics in manyeloped program system: this language can and to not be
respects remain unsolved. Their solution would ensure@pject—oriented. During the development cycle the ob-
capability to store knowledge obtained as results of coniects are some formal designs (for example, quadrupole
puting experiments, to fill up the knowledge base with nev@s physical object) bound with their future implementa-
knowledge without destruction of its structure, to use théon on one of the programming languages. The object—
similar objects for the solution of the different problemsPriented software engineering is related to application of
arising in beam physics. On the one hand, the developmedfiject-oriented methodologies (technologies). Usually
of the software allows to introduce into modeling practicéhese object-oriented methodologies are supported by tool
symbolic calculations (methods and codes of computer ggoftware, but even without it they are useful, because they
gebra), modern ideas of object-problem modeling. On thallow to understand different aspects and properties of the
other hand we witness an enormous growth of capabilfleveloped program system which essentially facilitates im-
ties of modern computer technology, for example, paraplementation, testing, tracking, and designing of the new
lel computers, which can calculate both in symbolic, andersions and more essential modification.

in numerical modes. There are rather many authors who

use computer algebra in their investigations. But usuallg.1 Database of Physical Control Elements

thgy use computer algepra Codes as a powerfql calcula_tgro’ before the development of the software we should cre-
It is necessary to mention the works of B.Autin and his

ate the structured system of elementary objects, which will
colleagues who try to use computer algebra methods anﬁe ;
ow us to create computer model for the fulfillment of

. . . a
codes maximal widely [8]. In this paper we suggest a neWﬂs or that task. Outgoing from the designer’s purposes
beamline systems, it is necessary to create database of

approach which is based on symbolic representation of necf-
essary information on the one hand and object-oriented geﬁ_ysical control elements. The pointis that for the different

sign approach on the other hand. These two sides of mod roblems even the concept such a simple object as a drift

ing pr llow r flexible an werful for. . . .
g process allows to create flexible and powerful codes (\%HI essentially differs. As a basic element for any control

particle beam study including high order aberrations an lement we shall consider so-called ideal object: a ideal

space-charge forces. For this purpose we use Compon Plt ideal auadrupole and so on. The subseduent com-
Object Modeling Technigue (COM—technique) which per-. ™ . q P L q .
lication of control elements is implemented on the uni-

mits to ensure for wide classes of beam physics problerﬁ%d information frame by addition of new properties. Here

* Serge.Andrianov@pobox.spbu.ru we deal with inheritance paradigm which is already known
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from the theory of object-oriented design. If necessarg.4 The Solutions of Motion Equation

each Obj.eCt of th|§ construgteq da}tabase'ls accompanleqlll_aé(”owmg the matrix formalism concept solution of motion

the help information ensuring its interactive usage. At thi quation (1) is searched as

phase the designer deals with the only physical information

permitting him purposive to manipulation of control ele- o0

ments from the database and to create the personal project. X(s) =) M"(s]s0) XM, 2

If it is necessary to have on a designer’s desktop the struc- k=0

tural map of a cgnstructe_d syst_em._ Su_ch map can be built Xo = X(so), M =M".Q¥ > 1.

on a computer display or in an iconic kind, or in a selected

scale which geometrical parameters of the objects. According to our approach we build the fourth level
database. It is necessary to note, that this database, as well

22 Formalization of the Structure ObjeCtS"‘,S previous, c'onsists of two part;: first contains block ma-

Database tricesM'! — linear transfer matrices for control elements,
a the second contains block matrid®s"*, describing aberra-

At the second phase of designing the designer addressiesis generated in the corresponding control element. Simi-

to the database of the second level, which contains the ilarly we compute block matricéel'!, Q'*, describing the

formation on parameters of units ensuring their operatiogontribution of space—charge forces. These matrices de-

Here, first of all, it is necessary to attribute the informapend on model distribution functions of the space—charge

tion on fields generated by these objects. In this approai#tha phase (or configuration) space.

we use the well known philosophy of a perturbation theory

which allows to structure the field information. The fringe2.5 Selection of Local Coordinate Systems

fields can be included using virtual (as fringe fields do no'I:

o . . ; or each control element there is some coordinate system,
exist without element by itself) object. For this purpose we . . )
Wwhere the motion equation has a simplest form. Such co-

use a database of model functions for fringe fields. The . . . .
. S . . . . ordinate system is selected as base one, and in this coor-
selection such as distributions is determined by a princip k .
- . inate system we evaluate both matB%*, and matrix
of the adequate description of experimental data and effj--;; ~1% o .
. . L ) , Q'". The transition from local coordinate systems to
ciency of the mathematical description. As base the piece- -~ .
a global system (used for description of the total beamline

wise constant approximating of distribution of fields is con%{ftem) is realized using transformation matrices of coordi-
a

sidered. The selection of a necessary object can be carri .
. . . e systemd'. Such set of matrices makes content of one
out from the database of physical objects. It is necessary t?

. o auxiliary databases. In particular, the transfer matrix for
consider a problem of space-charge forces specifically. In

this case we use the database of model distributions [5]. Ziﬁgltinso;gtre]%s 3? e?;{g?;n ;IJ;::?mzll;}f((zr;nnLjncao::)etzz':)eodng?or-

) ] ) ] ing matricesM'* enter in the appropriate database. For
2.3 Motion Equations and Matrix Formalism  implementation of direct calculations we use a homothetic

The knowledge of field decomposition in used objects aF_ransformation for return to the global coordinate system.

lows us to define the approximation order for the motion

equation which can be written in the following form [6]: 3 SYMBOLIC OPERATIONS
o For realization of a simulation procedure we should con-
dX - Z Plk(S)X[M’ (1) struct as from LEGO blocks a beamline system either in
ds =0 the language of motion equation (using maiAk*), or in

the language of evolution matricdd'*, describing time
where P'¥(s) are matrices depending on field and itsevolution of particle beam. If the necessary matrix object
derivatives values calculated on an electrical axis of a cois missing in the appropriate database, we should use one
trol object. Using of the information of the database of thef computing modules to calculate a required matrix in the
second level (field of objects) we constraint the database sfmbolic form and then to update the database. Let’s re-
the third level — database of matrices, which appropriatemark, that for this purpose we use the program package
to used objects. According to the matrix formalism concegin codes MAPLE V and REDUCE) ensuring the neces-
the basic objects are the matricBs!(s), that are trans- sary operations with non-commutative objects (for exam-
fer matrices for ideal objects with independence from thple, for the CBH—formula) and with matrices (using of the
fields. The matrice®'* (k > 2) can be calculated for extended matrix operations such as Kronecker sums and
rather wide class of functional dependence from . Thugroducts). The existing symmetries allow to use a block
objects of the third level database are the matrieés, structure of matrices and for the reduction of matrix di-
calculated in symbolic forms using computer algebra codesensionsM'*, that essentially reduces computing costs
(for example, M APLEV) up to some approximation or- (especially for the high orders of approximatidt). Let’s
derN. Similarly we can construct the other matrices whicliemark also, that for the research of a long—time evolution
are necessary for our modeling process [7]. of beams there is a necessity to construct evolution matrices
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on large intervals. In this case representation by matric¢s2] S.Andrianov, A.DvoeglazovBeam-Lines Design Codes:

allows us to decrease temporary costs of calculations es-
sentially. This has allowed to study explicitly enough the
processes in extract resonance system [8] and problem of
influence of space—charge forces (for example, the problem
of a halo formation [9-10]).

4 COMPUTER EXPERIMENT

In this paper for realization of the approach described
above we use the system &fAD — DELPHI, per-
mitting, on the one hand, to build simply a user inter-
face, and on the other hand, to use the dynamic modeling
paradigm [11-12] for computing experiments using pre-
pared databases. Moreover, latest version®DBfLPH I
allow to implement the client—server technology and thus
distributed calculations concepts. The second moment,
which it is necessary to point, is related to a capability of
wide application of paralleling procedures for calculations.
The point is that the matrix formalism admits parallel pro-
cessing realization naturally as the beam simulation prob-
lems can be resolved by manipulation with matrix objects.
Thus the parallel calculations can, basically, be performed
both in numerical, and in symbolic modes.
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