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Abstract

This paper proposes a mathematical model called Simplified Production System (SPS) model
and a two-staged solving procedure. SPS model not only considers the two-dimensional layout of
a multiple-production-line system under the constrained factory space to achieve the minimal
total material transportation flow but selects a specific site to deploy the production system for
achieving the least complexity. The major objective of SPS model is regarded as a Quadratic
Assignment Problem (QAP). Most QAPs consider the one-dimensional layout of a production
line, however the size of workstation, the rework process, the layout of multi-production lines,
and the finite factory space are seldom mentioned. The space discrete technique is applied to
make the infinite deployable positions become finite, and therefore the two-dimensional layout of
a production system can be conducted. In addition, the simplified design of a production
environment is seldom caught attention, so the other goal of this study is going to select a site in a
constrained factory space to deploy the production system to achieve the least complexity. A
numerical example is followed to describe the detailed solving procedure of SPS model. In
summary, this study applies computer programs to solve the SPS model, and thus it owns a
repeated characteristic. Actually, this study can be regarded as a valuable decision support tool
because it can easily duplicate to solve other cases by changing its input parameters only.

Keywords: QAP, multi-production lines, space discrete, Fractal dimension
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MODEL:

SETS:

Station/1..15/;
Station2(Station, Station)/4,9 6,13/,

Place/1..24/;
SXP( Station, Place):  X;
PXP( Place, Place): T,

SXS( Station, Station): N;
spsp( Station, Place, Station, Place)| &1 #LT# &3 #AND# (( N( &1, &3) #NE# 0) #AND# ( T( &2, &4) #NE# 0)
#OR# ( N( &3, &1) #NE# 0) #AND# ( T( &4, &2) #NE# 0)): Y;
ENDSETS

DATA:
N=@OLE('D:\N.xIs','N");
T=@OLE('D:\TT.xIs','T";

ENDDATA

@FOR( Station( B):@SUM( Place( J): X( B, J)) = 1);
@FOR( Place(J):@SUM( Station( B)|B#NE#9 #AND# B#NE#13: X( B, J)) <=1);
@FOR( Station2(G, H ):@FOR( Place( J): X( G, J)= X(H, J)));
@FOR( Place( J):@SUM( Station( B): X( B, J)) <= 2);
@FOR(spsp(B, J, C, K):Y(B,J, C, K)>=X(B,J) + X(C, K) - 1);
5



MIN = @SUM( spsp( B, J, C, K): Y(B, J, C,K) *(N(B, C) * T(J, K)+ N(C, B) * T(K, J)));

@FOR( SXP: @BIN( X));
END

B 2 & FShin B e WAL m A% D FRY 0 AL RRE
i R ATREY YA B NESRRE TR FHOoR SRR B

PARIES A E S N AL 2 5 B s s B s(Mosaic-Moving
Technlque) s H¥ ik h B jF B L 4T o

Initialization: =0, =0
Step 0: Given k
x=12,...,m
&:mk, &:nk,and J, =1 (x, y)Vv “
k k y=12,....,n
The position vector form a set of configuration for a SPS system, i.e.,

X, =1{8,,8,,...,5,} Vs €,

Specifically, X, = {(xsl, Ys, ) (xSz : ysz), s (xSi A ) s (st ' Ys, )}
The four end-points (vertex) for a SPS system in horizontal and vertical axis are
}; Xq =max{x‘x oo X, e ,xSN}

Xy

X, = min{x‘x Xg 1 Xs, reeer Xs,

Yo =MINYY = Yo Voo Yo fi Yo =MaXYY = Vot Voo ¥ |
Stepl: Shift the SPS configuration to the lower-left corner as the initial candidate solution

X(e,p)= {(_ _L_;i :§: Vi=12,..., N}

FD(a, f3) = the fractal dimension of X(c, )
Step2: Determine the candidate solutions

p=p+1

— — \X=X_—X +a .

X(a,ﬂ)z{(x,y_ 5L v|=1,2,...,N}
Y=Y, Vo +

IF max{y}<n, THEN
Calculate FD(c, 8): the fractal dimension of X («, )

Return step2

ELSE
a=a+1

IF maxxj<m, THEN
Set f=-1, Return step2

ELSE
Goto step 3

ENDIF

ENDIF

Step3: The optimal solution is
FD" = min{FD(a, BV a, f3;and the configuration is X ro (a,ﬂ)}

and corresponding optimal configuration is
X* =X FD*(O(,ﬂ)
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