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Abstract example, by dipoles, quadrupoles and so on) and corre-
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This paper presents the new codes for design of beam Imé% 94 P M

based on the dynamic modeling approach. This approa@the Kronecker power of a phase veciorof kk—ttiﬁngsrder,
uses three levels of modeling process which operate liy”f(U-t) is a(n x (n+k—1

he following obiects: physical " oal (i boli £ 1)) —dimensional matrix. This
the following objects: physical, mathematical (in symbo Iq’epresentation is similar the Hamiltonian expansion which

form) and computer ones. The human man-machine intgfi known in beam physics because of to Alex Dragt's
face is described. works (see, for example, [2]). For nonautonomous systems
we can use the so called Magnus's representation [1]. This
1 THE BASIC DEFINITIONS AND approach allows us to pass from the time—ordered exponent
CONCEPTS operator to a routine exponential operator. The expansion
of the functionF’ generates an expansion of the function
Constructing of effective software in the field of beamG(X;tlto) = > re, Gr(tto) X ¥l which appears in the
physics is actual today. Such codes are used for expldvlagnus’s representation and so we can write
ing and developing beamlines of different types. There is .
a set of complex approaches for the process of model cre-
ation, so a researcher (designer) has to know different fields M(tlto) = eXp{Z L (xtlto) }’
of science (not only physics, but numerical analysis, con- h=0
trol theory and etc.). In this way it is obviously that cor-
responding computer codes should have a natural interface
(friendly for users) for manipulation by the calculation andrhe similar to the Dragt—Finn factorization for the Lie
graphics computer resources. Here we are presented ongrahsformations allows to rewrite the exponential operator
the possible ways for such kind of software creation. as an infinite product of exponential operators of Lie oper-
ators

1.1 Mathematical Tools M=...-exp{Lu,} exp{Lu, } =

The necessary mathematical tools are based on the Lie al- =exp{Lv,} -exp{Ly,} - ...,
gebraic methods, in the first place on the Lietransformatiqnherer — H, X", V, = V,X* are homogeneous

(map) ideology in the matrix representation [1]. polynomials ofk-th order. The matrice¥I; or V; can
be calculated with the help of the continuous analogue of

The Lie Transformations It is known that time evo- the CBH- and Zassenhauss formulae and by using the Kro-
lution in dynamic systems may be represented by onarecker product and Kronecker sum technique for matrices.
parameter groups of maps acting on the initial values dfloreover using the matrix representation for the Lie oper-
phase space variablggl : X, — X = Mo Xj. Inthe ators one can write a matrix representation for the Lie map
case of Hamiltonian systems such maps form symplectigenerated by these Lie operators
groups of symplectic maps — the so called Lie maps. In this
way one have to compute the action of this group for givenM - X = M X = (M!°M"M'2 .. .M. ) x> =
dynamic systems [2, 3].

Gk(X;ﬂto) = Gk X[k]

_ Z Mlk )([k]7
The Matrix Formalism  Let =0
X _ px,up) X = (1Xx XP XMy

dt
where the matricedI'* (solution matrices) can be cal-
be a motion equation for particles in a beam line and thewgilated according to the recurrent sequence of formulae of
is an expansio¥'(X,t) = ZZO:O Fk(t)X[k]. HereX is the following types:
a phase vector in a local coordinate systémis a con-
trol vector describing external control fields (generated, for My, - XU = exp{Lg, }- X1 =
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1 o= 1 15 V(D)D) < lmfk—1)d status in the accelerator physics allow to make the follow-
XU+ Z m! H Gl X mE=DH, ing conclusions:
m= gt o the usage mathematical methods have to be adequate both
whereG® = G®(-1) @ E + Ell'-1 @ G —the Kronecker to physical models and modern programming methods, to
sum ofl-th order. Using the generalized Gauss’s algorithnput it in another way the mathematical methods have to per-
we can write the matrix representation for the inverse mapit using of artificial intelligence methods and facilities;

M LX 5 Xg=M"1.X. ¢ the manipulated objects must maintain a natural exten-
sion of the set of processes and effects being investigated;
1.2 The Dynamic Modeling Approach o the manipulated objects must admit the most simple

o . o (from the a computational point of view) operations nec-
Success or fail in the beamline creation is closely connect%gsary for calculations.
with model selection (or selection a whole family of mod-rm this point of view selection of the Lie algebraic meth-

els), in [4] is described the paradigm of dynamic modeling s is justified. According to the paradigm dynamic mod-
approach. This term we consider as a possibility of flexié”ng we can go by the following way:

ble manipulating with elementary objects (from which our 14 gefine an initial set of decisions (preliminary judge-
beamline consists). There are some problems connectednis of design problem):

with optim_al _and correct selection _of eler_nentary objgc; to apply one or more mathematical models of various
set: what is it the elementary physical object, what king.oherties of the dynamic system (in our case of the beam
of properties must be provided by these objects, what kinghe system). On this step in the frame of the matrix formal-
of mathematical object can be associated to these phygim, we must select some of set of matrices from databases
cal objects and etc. But at the moment exist a wide set gf,q include them to a calculation module. If there are no
object—oriented methods for the abstract system model Crﬁécessary matrices one can calculate them using computer
ation (also its known as object—oriented modeling). Thes&]gebra codes (in this work we usually use BEDUCE

methods help us to formalize our modeling process. and M APLE codes:
) * to analyze the solution and then accept or reject corre-
1.3 Computer Implementations sponding model, and in the later case, define a new set of

In this report we describe a prototype of the designing sy&€cisions and return to the second step. N
tem for construction of beam lines with desired character- 1h€ running of calculation experiments allows the filling
istics. This designer’s tools has to admit including differen@U" knowledge bases, for example in the form of recom-
kind of mathematical methods used for solution searchiff§endations and exclusions which can help for selections
too [5, 6]. Instruments collection should guarantee the co®f models in future.

venience and effectiveness all manipulation for designing !N the frame of this approach the mathematical model

process. are regarded as objects, which have such very important
characteristics as the inheritance and polymorphism.
2 BASIC CONCEPTS OF DYNAMIC From point of view of the matrix forma_lism thbricks_
MODELING of the corresponding databases are matrices of low dimen-

sions calculated in the symbolic form with the help of com-
Here we consider the idea and concept of dynamic modduter algebra codes.
ing paradigm for beamlines design. This approach is basedThese matrices are objects from which we build our
on two aspects: matrix formalism for Lie algebraic methmodels of a dynamic system - beam line system [7]. The
ods and object-oriented programming approach. Using éktension of usual matrix algebra is realized on account
these approaches permits to create a base of an expert gfsan introduction of the Kronecker sum and product. We
tem for studying of beamlines. For creation of corresporfiave to note the possibility of using of parallel processing
ding databases and knowledge bases the computer algdbeéh in the symbolic and numeric modes of calculations.
codes are used.

Usual approaches in beam physics deal with some set 3 CONCLUSION
of different on their nature (mathematical one first of all)
elements. This is one of the principal difficulty which in-Modern trends in soft— and hardware development give us
terferes in buildingknowledge bases— the first part of a chance for more effective computing process realization.
any expert system. Indeed, these elements have difféer this purpose it is more comfortable to use homoge-
ent methodological description, operations and represemeous objects and operations. In this case we have more
tations. In this case the knowledge engineering (i.e. tHew requests to machine resources. The symbolic repre-
process of building expert systems) is hindered because wentation of necessary information gives us a way for flexi-
must use different kind of elements, define necessary coble and efficient manipulation by our mathematical objects
nections between them (in the form of semantic nets, fdor designer requirements. It is obviously, that for com-
instance), construct human interface for manipulation eplex physical-mathematical models using the designer has
ements of the expert system. The analysis of the presamed of a man-machine interface, which gives a possibil-
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ity for making modifications of package’s settings (for re-
guirements in selected fields of beam physics). In this pa-
per computer codes for design process of beam line is pre-
sented. This package has the properties of opening and en-
larging environment (the designer has tools to include and
manipulate by mathematical models which connected with
such physical objects as dipole, quadropole, etc.), math-
ematical methods to solve of corresponding equations [6]
and optimization methods [7] too.

A graphics interface makes to construct a starting beam
lines for investigation more simple and comfortable. The
using mathematical methods allow us to realize advantages
of parallel and distributed calculations.
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