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A B S T R A C T 

The circuit layout problem is an important facet of 
physical design of electrical circuits as the cost, perfor-
mance, maintenance and reliability of any electronic circuit 
also depend on the placement of circuit components on the 
printed circuit board. The partitioning and layout of printed 

circuit boards is a very important phase in making a good 
physical design of an electronic system. 

In this dissertation methods have been developed to 
obtain optimal component placement on double and multilayer 
printed circuit boards. The component placement is obtained 

such that the design avoids the congested area, excess cross-
overs or holes, long etches, strong capacitance, temperature 
rise of components due to thermal coupling and improves the 

reliability of the circuit. An efficient iterative algorithm 

based on sensitivity analysis iS presented to achieve optimal 

placement of circuit components (similar or dissimilar in 
size). A technique for obtaining a good initial placement of 

components is also developed. The formulation of via assign-

ment problem for multi; ayer printed circuit board has been 

dealt with and a refined heuristic algorithm is developed 

for its solution. 
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LIST OF SYMBOLS 

A 	initial via column matrix defined as 

ii if net N. contains a pin in row I 
a,j { 0 otherwise 

Ao 	final via column matrix 

a 	number of horizontal divisions on the board 

b 	number of vertical divisions on the board 

c 	connection matrix of order NXN defined as 

-, if components Ei and E. are 
_ connected by,( wires 

0, otherwise 

Cp 	vector to indicate whether a component is placed on 
the board such that 

1, if Ei is placed on the board 

CPi - { 0, otherwise 

Ei 	component i, i=l,2, ... ,N 

EN ti 
fictitious component placed in empty cell 

i=1,2,...,ab-N 

ea 	activation energy 

F 	objective function to be minimized for placement 

Fh 	number of holes 

F1 	'wiring function related to the length of etches 

Fd 	wiring function related to the interconnection 

densities, in horizontal and vertical sections of the 

board 

Fe 	wiring function related to the,  stray capacitance 

Fr 	objective function related to the t(nperature,  rise of 

components due to thermal coupling between them 



AF (s, t) increment in function Fi due to interchange of 

components ES and Et in the placement matrix P 

[G,H] 	matrix obtained from connection matrix C and 

placement matrix P, such that 

b g. = E  

a h = E c 
k=1 'km  

K 	Boltzmann i s constant 

L 	net matrix defined as 

Nk, if jth pin of component number i/2 
(or (a.tl)/2) of the lower (or upper) 
pin row is connected to the net Nk 

D, otherwise 

~(b length of printed circuit board 

Ac 	length of the cell i.e. ,fib/b 

M 	matrix of the order NTXNT defined as 

mij = distance between components Ei and Ej 

N 	number of components to be placed 

Nj  net, j=1,2,...,NN 

NN  total number of nets in the circuit 

NP 	number of pins in each row of a component 

NR 	total number of pin rows equal to (2 X a ) 

NT 	total number of slots on the board ( a X b) 

P 	placement matrix of order a X b and defined as 

pij=kl if component Ek is placed in 
position (i,j) 



Qi 	set of components excluding fictitious components 

placed in rows 1,2, °..., i 

R 	thermal resistance of component Ei  when circuit 

board is assumed to be perfect insulator 

Rie 	thermal resistance of component Ei  when heat 

transfer in circuit board is taken, into account 

coupling thermal resistance between component Ei 

and Ej  

Si 	set of components Excluding fictitious components 

placed in columns 192, ..., a 

T 	absolute ambient temperature in °K. 

Ti 	absolute junction temperature of component Ei in' oK 

Wi 	power dissipation of component Ei  

W 	interconnection leads passing through ith horizontal 

section of the board 

Wv 	interconnection leads passing through ith vertical 

1 	section of the board 

Wh 	interconnection density in ith horizontal section 

1 	of the board i.e. Wbl/lb  
wv 	interconncction density in ith vertical section of 

1 	the board i.e. WV  /Wb 	_ 

wb 	width of the board 

we 	width of the cell i.e. wb/a 

k(T) 	failure rate of a component at absolute junction 

temperature T 



CHAPTER  •-  1 

INTRODUCTION 

In the design of present day large scale electronic 

systems, high density packaging is achieved by proper design 

and interconnection of its subsystems. The design involves 

placement of components and interconnections at three diffe-

rent levels. At the lowest level, logic elements are to be 

placed and routed on a semiconductor wafer. A printed circuit 

board is used at the second level with ICs and other compo-

nents instead of logic elements. Set of PCBs form the back-

plane which is the third level of the layout problem. 

Printed circuit boards are certainly a very important 

element in the fabrication of electronic equipment. It is the 

design of properly laid out PCBs that determine many of the 
limiting properties with respect to noise immunity, fast pulse, 

high frequency and low level characteristics of the equipment. 

High power PCBs in their turn require a special design strategy. 

The design of PCB forms a distinct factor in electronic circuit 

performance and reliability. The producibility of a PCB and 

its assembly and serviceability also depend on the design. 

All these factors finally get reflected in the price for the 

electronic equipment, because PCBs constitute about 20 percent 

of the cost. 
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1.2 Printed. Circuit Board  Desi n 

The magnitude and complexity of the PCB design problem 

is too large to solve tL1 mass. Thus attempts are made to divide 

the problem into distinct phases which are individually handled. 

The circuit diagram of a particular electronic system is assu-
med to be available in the form of design diagrams. An inde-

pendent physical component is considered as a module and each 

module has several pins which are to be connected electrically. 

Each such connection is said to form a Signal Net, A collec-

tion of such signal nets describing a complete layout is called 

a Net list. The individual components are given physical 

locations on the board surface, so that the electrical connec-

tions between them can be done. The positioning of the compo-

nents can be done to optimize certain -characteristics of the 

layout, such as total wire length, board area, total number 

of holes, expected congestion, time delay, maximum length of 

an etch, stray capacitance temperature rise due to thermal 

coupling etc. Goto and Ku:h [4], Pattnaik et.al.[10], Quinn 

and Breuer [11] and many authors use only total wire length 

as the optimization criterion for the placement of components. 

Gupta [5] has developed a refined iterative multicriteria 

optimization placement algorithm based on 

1. criterion related to the length of etches, 

2. minimization of interconnection wiring density, 

3. minimization of stray capacitance, 
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4, minimization of the effect on the electrical 

performance and reliability of circuit due to thermal 

coupling between components. 

5. minimization of total number of holes required for the 

realization of the circuit. 

A placement problEm is said to be solved_ if such an 

optimum physical positioning is achieved for all the components. 

Having assigned physical locations to electrical pins to be 

connected, the actual physical laying of conductor patterns is 

to be attempted. This problem is referred to as the routing 

problem. The interconnections must again be obtained satisfying 

certain physical constraints. For example the number of conductor 

patterns per unit area is limited by the available technology. 

Also, the number of tracks per unit area must be more ,or less 

same throughout the board. To provide the required inter-

connections between the circuit modules for assembling digital 

systems, multilayer printed wiring boards (PWB) are` used very 

often. The design rules for these PWB1  s have been revoluti-nized 

with the recent advances in the micro electronics technology. 

I n an ordinary dual in line package the number of etch paths 

between two consecutive pins is restricted. Kuh et. al [8] 

have derived necessary and sufficient conditions for .minimum 

street congestion in single row routing. Tsukiyama et.al [16] 

have described an efficient routing algorithm for special 

cases of upper and lower street congestions upto two. 

The studies of single-row routing problems by Kuh et. al. [8] 
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and Tsukiyama et.al.[16] have been restricted to minimiza- 

tion of the total number of horizontal tracks needed for 

the realization of a given set of nets. Therefore it has been 

assumed that enough space exists between adjacent nodes to 
allow for the wiring. Due to this assumption, realizations 

obtained from these algorithms require a large number of 
vertical tracks between adjacent nodes. Du et. al [3] have 
discussed the single-row routing problem when the number of 

vertical tracks available between adjacent nodes is bounded 

by a positive integer called the cross-over bound. 

The connections between the different layers in a 

multilayer wiring board is achieved by pled through .holes, 

also called Vias. Ting et. al. [14] have suggested that a 

multilayer problem can be reduced to several single line 
single layer problems by the proper usage of vias. They 

have also discussed the via assignment problem with the 

objective of minimizing via columns. Some algorithms for its 

solution are also proposed. Tsukiyama et.al.[15] have fornu-
lated anoptimization problem for finding the via assignment. 

A heuristic algorithm to this optimization problem is also 

proposed by them. Tho essence of the via assignment phase is 

to establish the fact, that the interconnections are feasible. 

This is accomplished by assigning appropriate vias in order to 

determine connection patterns of all the nets. A principal 

objective in this phase is to minimize the number of via 

columns, thus reducing the size of the board or alternatively 

increasing the routing area. A set of pins which belong to 
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the same net and which are located on the sane row is 

called a Generalized pin. Thus individual pins which belong 

to a generalized pin of a net can be connected without use 

of vias. The connections for the generalized Pins are made 

first, for the remaining interconnections vias must be used. 

The manner in which vLas are selected is importont. After 

the connection patterns are obtained, the problem of routing 

is reduced to much simpler problems with routing specifications 

on a single line basis. 

After the preliminary realization one has the choice of 

perturbing the realization as long as the connection patterns 

are not disturbed. Because of the fixed placement, the pin 

locations can not be altered. However the via columns are 
less rigidly located. Patnaik et.al.[lO] have stated the problem 
as finding the optimum placement of via columns for a given 

via assignment of a unidirectional routing so that the maximum 

number of horizontal tracks is minimized. Several available 

strategies for permuting via columns are also suggested by 

Patnaik et. al . [ 10 ] . 

After via assignment and linear placement of via 

columns is carried out, the routing problem reduces to the 

much simpler problem of single line routing. At this stage 
the track availability must be considered. The objective of 
layering is to allow more layers for the purpose of evenly 

distributing the number of connecting wires on different layers. 

Chang and Du [2] and Han andSgbni [6] have discussed some 

algorithms for the layering problem that arises when the single 

row routing approach of wire layout is used. 
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1.3 The Author' s Contributions 

The goals of this dissertation were to develop more 

realistic mathamati_cal models and efficient methods for 
performance optimization of physical design of electronic 

circuits at various stages of the design process. 

The algorithm proposed by Gupta [5] does not include 

any method for constructive initial placement. The initial 

placementshas to be decided arbitrarily and then the .algori-
thm iteratively optimizes the placement. For different initial 
placement different local optimal solutions may be obtained. 

The algorithm also does not incorporate the edge connector 

which is an important part of a printed circuit ,board. One 

of the assumptions made for the algorithm proposed y 

Gupta [5] is that all the components are similar, and dimen-

sions of the components are such that all components require 

same area for their placement. This assumption poses severe 

limitations on the design. In this dissertation all these 

draw backs have been taken into account and the algorithm 

proposed by Gupta [5] is modified. 

The important problem of multilayer PCB design has also 

been taken up for this dissertation. The heuristic algorithm 

for via assignment problem proposed by Tsukiyama et. al. [15] 

assumes that the placement of pins is fixed. It finds the 

optima_ assignment of via columns by repeated application of 

the process of column merging and column decomposition, This 

I 
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algorithm has been modified to find the best placement of 

pins (or components)'. The best placement is achieved by the 

iterative algorithm using sensitivity analysis for which 

expressions have b en derived with a view to reduce the 

.computational effort. The algorithm proposed by Tsukiyama 

et.al [15] is modified such that an iteration is performed 

with a view to achieve best results in two consecutive 

iterations. 

1.4 Or ani zation oif athe di s sertation 

The problem of component placement on double layer 

printed circuit board has been dealt with in Chapter 2. 
Chapter 3 describes the problems associated with multilayer 

printed circuit boards. Finally Chapter 4 offers general 

conclusions and suggestions for further research work in this 
field. Computer programs in FORTRAN-IV have been developed on 

DEC-2050 which are briefly described i n the Appendices. 



CHAPTER-2 

COMPONENT PLACSIENT ON DOUBLE LAYER PRINTED 

CIRCUIT BOARD 	 I 

2.1 Introduction 

The layout design of electronic circuits on printed 

circuit board is one of the most important and time consuming 

phases during equip:lent design process in all electronic 

industries. The problem of layout design is being made more 

and more complicated day by day with the advances in the.. 

electronics. technology. The functional capabilities, speed, 

frequency and accuracy of electronic circuits have been 

increasing exponentially.4n the other hand, with the increase 

in all these the electronic components are being miniaturized 

and made more complex. 

Allocation, placement and Routing are the three phases 

into which laying out of electronic circuits has been divided 

[5].  The partitioning of circuit components into groups and. 

assignment of these groups to boards or modules is called 

allocation. To facilitate the routing, the circuit components 

are assigned to specific locations on the board, this is termed 

as placement. Routing is the process of laying out of etches on 

the- board to make the interconnections between the ,individual 

circuit components. The interrelated problems of allocation, 

placement and routing are usually solved independently to ease 

the complex prQ lem of laying out of electronic circuit. 

The cost, performance, reliability and maintenance of 

any electronic circuit depend upon the placement of circuit 

components on the printed circuit board. The factors which 



directly effect the performance of electronic circuits are 

the interconnection length in high speed circuits, mutual 

interference and the thermal coupling between components, 

The components are to be uniquely placed in an available 

location on the board. This placement is done in view of some 

objective function which is to be minimized. The total weighted 

routing length has been used by many authors.[1,4,10,11] as a norm 

for minimization. The layout of the circuit having large number 

of holes, has poor reliability and high cost [5] . Therefore 

minimization of holes criterion is also used for placement of 

components. Interconnection density or the number of etches 

passing through a unit space is another factor which effect 

performance of the circuit. The placement based on this criteria 

avoids the congested area on the board, provides more space 

between etches which reduces stray capacitance. The stray 

capacitance and temperature rise due to thermal coupling between 

components should be minimum for better performance of a circuit. 

So placement of components should be achieved by using a 

combination of the following criteria [5] . 

1. Minimization of length of etches 

2. Interconnection density minimization 

3. Stray capacitance minimization. 

4. Minimization of the effect of thermal coupling between 

components on the electrical performance and reliability 

of the circuit. 

5. Minimization of the number of holes. 



In this chapter the iterative algorithm proposed by 

Gupta [5] based on tho above criteria is discussed. The 

algorithm is extended for the placement of components which 

are not similar in size. A technique for a good initial 

placement of components is also developed, 

2.2 The Placement Problem 

The individual components are placed at appropriate 

locations on the board, such that the interconnection can be 

done easily. The locations assigned to the components on the 

board are called ~ SLOTS. The components contain pins for 

connection by physical wires to form SIGNAL SETS. A signal 

set is a set of pins which must be interconnected to have the 

same potential. On the basis of a given interconnection the 

signal sets must be interconnected to form NETS. For the 

purpose of the placement problem, the pin locations on the 

components are ignored, and therefore, the signal set becomes 

a subset of the components. Since a component contains a 

number of connection pins, it may belong to more than one 

signal set. The complete interconnection is said to be spe-

cified,. if all the signal sets have been specified. 

So, given a set of components with signal sets defined, on 

subsets of these components, and a set of slots, finding the 

optimal placement of all modules on the slots, with respect 

to some norm defined on the interconnections, is the defini-

tion of the placement problem. 



2.3 Assumptions 

1. The printed circuit board is rectangular and divided 

into eXb cells of equal size with coordinates (i.,j), 

[i =l,2, ... , a, j=1,2,... ,b]. 

1 	2.  (NT-N) fictitious components with zero dissipation and 

no connection with any other component are also placed 

on the board. These components are not interchangeable 

with each other. 

3. The input and output terminals appear on a specified 

edge (vertical) of the board. The position of required 

terminals on the edge is also determined iteratively 

with the placement of other components. The edge connector 

is divided in ' aI  parts and each past is treated as a 

component. First I  aI  components El, £„ ..., Ea  correspond 

to the parts of the edge connector. 

4. The components are of two sizes. Dimension of the first 

type of components is such that each component require 

one and only one slot for its placement. The other type of 

component is double in size, that is they require two 

adjacent slots for their placement. The double sized 

components are treated as two different components with 

very high connectivity between them. 

2.4 A roach to the placement problem 

Following steps are followed for solving a complex 

placement problem. 



2.4.1 Initial Placement 

The constructive initial placement methods selects 

components, one at a time based on an evaluation function 

which measures signal set connectivity to components already 

selected and then decides which slot the components belong to. 

More specifically, a module is selected from the remaining 

components which has the maximum number of the interconnections 

with the components which are already selected. Next we assign 

the component to be a member of a row and a column. The first 

a1  components corresponding to the edge connector are placed 

before placing the other components. Dummy components are 

assigned to the vacant slots after placement of all the 

components. 

The steps of. constructive algorithm to determine the 

initial placement configuration are as follows. 

1, 	Find the initial placement of the first ' a' components 

corresponding to the edge connector by the following 

method. 

(i) Initialize the vector C40. 

(ii) Find maximum connectivity between any two of 

first 1 a I  components 

c  kf 

 

=m t  a  t ci, j]  
j=l, a 

(iii) Place the corresponding components in the centre 

of the connector,. 



IR = { o,f2 	, if a is even 

(a+1)/2, if a is odd 

IR s  b `' k, p(IR+l),L 	I 
enter Ek  and EX in Cp 

cp 1,  
k  

Set IK .. 0 

(iv) If all of first at  components are placed 

i.e.  c 	=1 
a 

Stop 

(v) IK - IK+l 

(vi) Find 

cm k = max [ci k] 
' 	i =l, a 	' 

C
_ 1  

P(IR-IK),b •- m, km, C4 1 

(vii) If all of first 1  a t  components are placed 

i.e.  c 	=1 
pi} i=l, a 

S to p 

(viii) Find 
= max [ci,1] 

i=1, a 
cp. 	`r( 

p(IR+1+IK),b r m, 	r  m, cp  1 
m 

(ix) Return to step (iv) . 
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2. Find the component which has maximum connectivity with 

the components already placed. 

i . e. find k and I such that 

c ~= max c. •] k' 	i_l,N 13 
j=1,N 

cpi l 
cpj=1 

3, Place Ek in the slot nearest to the slot containing E, 

Dy following the method given below 

(i) Initialize Ph and Pv, phi.-0 and  

(ii) Find m,n such that 

(iii) For all i=l to max [a,b] repeat steps (iv) to (xii) 

(iv) Ph, •- m, Ph in-q,   -q, P 	 -- •h 	 m+ '2 q• q=l, i 	(2 q+1) ~ q=l, j 	q 

(v) For all j =l•to (2i+1) repeat steps (vi) to (xii) 

(vi) p ~- phj 

(vii) If p < 1 or p > a, return to step (v) 

If p = (m-i) or p = (m+i), goto step (ix) 

If (n-i) <1 or pp, (n-i, t 0, goto step (viii) 

Pp,(n`i) 4-k 

Stop. 

(viii)If (n+i) > b or Pp, ( n+i ) # 0, return to step (v) 

k 
S top 

- n+q (ix) PTl~- nr2 a_1 i 	n"q, F+~   

t 



(x) For all o =1 to (2i+l) repeat steps (xi) to (xii)  
(xi) q•-Rv 0 
(xii) If q<l, q>n or pp, q  A 0, return to step (x) 

Pp,g F k 

stop.  

4. If cpiii=l,N = 1, return to step 2. 

5. Place dummy cormphnents in the remaining slots. 

For k = (N+l) to NT 
If pitj  = 0, i=l...a, j^1,...,X 

k 

The constructive algorithm suggested above:. is °"'quick 
and straight forward method whose solution is not optimum 

but may be close to it. This methods gives good results for 

many applications. This placcaent confuguration is changed in 

iterative fashion to give better solutions. 

Example 2.1 Consider that the board divided in 4 h^ri zontal 

and 4 vertical divisions and there are six components to be 

placed with connection matrix as, 

C =' 

0 3 4 2 4 0 0 3 2 1 
3 0 0 1 0 2 1 0 0 4 
4 0 0 2 3 0 9 1 5 6 
2 1 2 0 1 7 1 4 0 0 
4 0 3 1 0 4 8 0 0 3 
0 2 0 7 4 0 0 2 4 0 
0 1 9 1 8 0 0 0 2 1 
3 0 1 4 0 2 0 0 1 2 
2 0 5 0 0 4 2 1 0 9 
1 4 6 0 3 0 1 2 9 0 



Cij  for i=1,4 and j=1,4 represent the components corres-

ponding to the edge connector. So in effect there ore 10 

components to be placed out of which first 4 constitute the 

edge connector. 

Solution  
1. 	(i) Cp  = to: 0 , 0 909, 0 , 0, 0,.  0, 0 , 0) 

0 0 0 0 
P - 0 0 0 0 

0 0 0 0 
0 0 0 0 

X13-+ 

(iii)IR4-2, P294`19  P3 ,4 4-3, IK- 0 

C p  = (1,0,1,0,0.,0,0,0,0,0), 

p =[0 000i 
0 0 0 1 
0 0 0 

L0 Q 00J 
(v) IK - 1 

(vi) c mk= c2,1=3, P19 4  4 .2, k4-2  

C p  = (1,1,1,0,0,0,0,0,0,0) 

P =[o 0 0 2] 
0 0 0 it 
0 00 3 
0 0 00 

(viii) 'mk  = ,94,3 , 1 4,444, ft .-4 

Cp 	 1,1,0,0,0,0,0,0) 

P 	= 0 0 0 2 
0 0 0 1 
0 0 0 3 
0004 



2. ckX _C793 =P9 	Cp = (1,1,1,1, 0, 0,1, 0, 0, 0 ) 

3. (ii) m=3, 
n=4 

(iii.) max [a,b] = 4, i=i 

(iv) Phl .- 3, 	Ph2 •- 2, 	Ph-- 4 

(v)  

(vi) p Phl = 3 

(vii) P393 = 7  

00 0 2 

0 0 0 1 
P 

007 3 

0 0 4 

2. ckG = 057 = 8, 	c = (1,1,1,1,1,0,1,0,0,0) 
l~ 	s 

3. (ii) m _ 3, 

n =3 
(iii) i - 1 

(iv) Phi - 3, Ph 2 p- 2, Ph3 f 4 

(v) j+-1 

(vi) P*- P hl _ 3 

(vii) p3921 ~- 5 
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[0002 

10001 
P = 

0573 

0004 

2. ckX = c5,4=7, Cp  = (1,1,1,1,1,1,1, 0,0, 0 ) 

3. (ii,) m = 4 
n = 4 

(iii) j-  1 
(iv) Ph16- 4, 	Ph2•- 3, 	Ph3  5 
(v)• 

(vi) p -Phl ; 4 
(vii.) p4,3.6 

0 f002  

10001 
P 	10573  

0 0 6 4 

2. ckX = C10 3=, Cp  = (1,1,1,1,1,1,1, 0, 0,1) s 
3. (ii) m=3, 

n=/4 

Uii.) i ~ 1 

(iv) Phl  3 , Ph24 2, 	Ph3  4 

(v) p •- Phl= 3 
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(v) j i-1 

(vi) p~- Ph1=3 

(vii) P3t37 #0 

(viii) (n+i) = 5 > b 

(v)  j=2 
(vi)  p — Ph2 =2 

(vii)  p =2 = (r1-i ) 

(ix) Pvl" 4, 	Pv2 3, Pv3 "5 

(x) O'1 

(xi) q 4- Pv1=4 

(xii) Ppq P2t4=1 	0 

(x)  4 -2 

(xi)  q4- Pv2=3 

(xii)  P2, -10 

0 0 0 2 

P= 0 0 10 1 
10573 1  
0 0 6 4 

2. c k, 19,E=9,  

3. (ii) rn=2, 	•n=3 

( iii )i 4-1 

(iv)  Ph14- 2 , Pb-1, Ph3-3 

(v)  j4-1 

(vi)  p4- Phl=2 

(vii)P2 ,2    t-9 	 7 
0 0 0 2 

P= 0 9101 
0 5 7 3 

0064 
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2. e'k/ =c,8,2=5,  Cp=(i, i, i, i, i, i, i, i, i,1) 

3. (ii) m=1, n=4 

(iii) i•-1 
(iv) Phi. _i, Ph2 '. 0, Ph3.- 2 

(v) j'' 1 
NO p -Ph1=1 
(vii) P1t3 

[002  
P=0 9 101 

10 573 
L0064.  

5. 	Fit r1l, F1,2+.12, P2,14..13, P3, r 14, Pot 1115, p4t2._16 

[1i 12 8 2 

P = 13 9 10 1 
14 5 .7 3 

15 16 6 4 

2.4 .2 Iterative placement im Provemen t -
2.4.2.1am S e f si zedonents 

For this phase it is assumed that dimension of the 

components are such that each component requires one and only 

one cell for its placement. In other words, the size of the 

components is practically the some. In this step, the place-

ment configuration is changed in iterative fashion. A new 

placement configuration with a lower wiring function is 

obtained after each iteration. 
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Gupta [5] has derived expressions for calculating 

the wiring function F based on length of etches, inter-
connection density, stray capacitance, thermal coupling 

between components and number of holes. Expressions to 

determine an incremental set nF=[oF(s, t), s=1,2, ..., 

N-i, t=(s+l), (s+2), ...,NT] from sensitivity analysis are 

also derived. The strategy adaopted to change the placement 

configuration in the iteration is to calculate of until the 

first negative el wont is encountered and corresponding 

components are interchanged. 

The expressions derived by Gupta [5] are stated below. 

The matrix [G;H] is formed as 

g11 	g12 • • • , ~'la 

[G:H]  
gN 1 	gN2 .... gNT a 

b 
where 	gi r j = k-a ci., pjkI 

hll 	h12 ... hlbp 
. 

1l 	hN2 .. • _N'i 

a hi =E °i p ' 	k- ' k,m 

W ie 13, V j c I1 and Wm c I2 

I1=(1,2, ..., a), I2=(l,2, •..,1~) 

and 13 is a set of components (1,2,...,N) 

gij gives the total number of wires connecting Ei with the 

components in the jth row of placement matrix P. him gives 
the number of wires connecting components Ei with the c^mponents 

in the m th column of the matrix P. 
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Ob 'e ive fu no 

F _.j' Fh +nk 	 + 	+nc Fc ~ nr Fr 	(2.4.2.2) 

where nh, nc , nd, nc, nr are the weightage given to the 

	

functions Fh, Fr,. Fd, Fc 	Fr r respectively. 

th (s,t) represents the increment in function F due to 

interchange of components Es and Et in the placement matrix, 

oF(s,t)= n oFt(s,t)+ nn zF,(s,t) +ndAFd(s,t) 
1~ 

+ ncnFc(s,t) + n 'r(s t) (2.4.2.3) 

Calculation of number of holes (Fh) 

For X-Y coordinate wiring, the number of holes which 
are formed from wires connecting E~(j,k), to the row t(t' j) 

is given by. 
a 

HR(s) = E 	(g5t -c5, pt.) - gs 
t=l 

Then, total number of holes to minimize becomes 

Fh=2 E HR(s) 	 (2.3.2.4) 
s =l 

Theorem 1 When Es(j,k) and Et(t,m) are interchanged in the 

matrix P, the elements which change in matrix [GtH] are 

hik' gib(' 1km' [i=1,2, , ..,N] . Their modified values 

become 
 = gij + A 

h k 	hik +A' 	 (2.4.2.5) 

- i  - A 
hlm = him - A' 
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cit-cis 	, if j-k 	0 
where 	A = { 

0 	, if I(_ j =0 

t _ 	ci.t-cis 	, if k-m 0 A 

	

{ 	0 	, i f k-m = 0 

Theorem 2 When Es(j, k), Et(A,m) are interchanged, the 
increment in wiring function Fh is given by 

AFh(s,t) = gsj + hsk_(gs,+hsm_Z cst)+gt1 +htm-(gtj+htk`z-cts) 

(2.4.2.6) 
s =1, 2, ..., N, 	t=s+1, s+2 , .... , ab 

where, 
1,  

2, 

 

 

if (j,O(k-m) = 0 
otherwise 

Theorem 3 When E5(j,k) and,Et(,,m) are inter changed at 
iteration (i-1), LFi (u,v) is given by 

LiFt (u,v) = { AFh 1(u,v) if n,q fr j,A and p,r 	k,m 
AFh..l(u~v);-(cut cus-cvt+cvs)(xl-x2+x3-x4), 

otherwise 	 (2.4.2.7) 

u = 1,2,...,N•, u A s,t 
v= u+l, u+2,..., ab, v fr s, t 

where E, E are occupying position (n,p) and (q,r) 

respectively 

1, i f . n= j 
X 1 = { -1, if n_,( 

0, otherwise 

it if q=j 

X 2 = { -1, if q k 
0, otherwise 
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1, if p=k 

X.3 _{_1, if pin 
0, otherwise 	 - 

1, if r=k 
X4 = { --1, if r=m 

0, otherwise 
C alculat-on of lenP~th of etches (FO 

Symmetrical matrix M of the order ab X ab can be 

determined as 

= ~cIk_pi+wo Lk -q Manhattan (rectilinear) distance 

between components Ei(k, ~() and 

Ej(p, q) 	 (2.4.2.8 ) 
The total routing length is equal to 

1 N 	TJ 
E 	cik m (2.4.2.9) 

i =1 k=1 
Total rectilinear weighted wiring length can also be 

determined from matrix EG;H]. Number of interconnection leads 

passing through ith horizontal and ith vertical sections are 

Wei = 
a 
E 	E g j1c, i=1, 2, ... , a-1 	(2.4.2.10) 
k_i+l 	jcQi 

W ,, 	= E hik, i=1,2, ...,b-1 	(2.4.2.11) 
v . k=i+1 	JeSi 

where 

Q1 is the set of components excluding fictitious compon ,̂ nts 
placed in rows l,2,...,i. 

Si is the set of components excluding fictitious 

components placed in columns 1,2,...,i. 
LX and Ly are the total wiring length parallel to 

X--axis and Y-axis respectively, then total rectilinear wiring 

length is given by, 
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a-' 	b-1 
FX = LX+-y we i=1 wht + 	E W^~j 	(2.4.2.12 ) 

j- 

Theorem 4 	When components ES(j, k) and Et(A,m) are inter- 
changed, the increments oW 	(s, t) and ©Wv (s, t) in wand 
W respectively are given by 

Kl [ E (gsp-gtp) + E 	(gtq gsq)]+2cst, if -i eI1 
oW'hj(s, t) _ { 	p=l 	q=i+l 

0 otherwise 

i=1,2,..., a-l. 
and 	i 	b 

oW 	t} _ {K2[ p~l(hsp-htp),-qz 1(htq hsq)]+2cst -~F ,ifieI2 
v3= (S~ 	0, otherwise (2.4.2.14) • 

i=1,2,. ..,b-1 

where 
s=1,2, ... , N and t=s+1, s+2, ... , ab 
Il = [min(j,, ),min (j,,()+l, ... ,max(j,/ )-l] 
12 = [min(k,m), ... ,max (k,m)-1] 

it if , > j 

K1 ={_1, if/ < j 
0, if m_j 

it if m > k 
K2 = { -1, if m < k 

0, if m = k 

With the help of this theorem &F~ (s, t) can b e• written as 

of(s,t) = we E 	A. Wi(s,t)+Ic E 
P 	ieI1 	 jFI2 

AWv: (s, t) 

(2.4.2.13) 

(2.4.2.15) 

t=s+1,s+2, .-..,ab 
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Theorem 5 

If components Es(j, k) and Et(f,m) are interchanged in 
placement matrix P at iteration (y-1), the values of owk(u,v) 

and AWW,Y (u,v) in terms of AWh,y 1(u,v) and vf t"1(u,v) can 
be given by 

ieT3 

	

Y 	_ AN- (u,v)+2KlBl(cut-cus+cvs-cvt),if 
otitih (u, v) - 	y_i 

	

i 	oW 	(u, v) , otherwise 
	 (2.4.2.16 ) 

i =1, 2 , ... , a-1 

and 	 (y-1) 
nWVi 	(u,v)+2K2 (cut-cus+ovs-oyt) B2► if teI4 

oW •Y(u,v)_ 

	

Vi 	oW (y~l)(u,v), otherwise 
vi 	 (2.4.2.17) 

where 

u=1, 2, ... , N, v=u+1, u+2, ... ,alp 

v,u A s,t 

13 = [max[min (j,/), min (n,q)],...,min [max(j,/),max(n,q)]] 

14 = [max[min(k,m),min(p,r)],...,min[max(k,m),max(p,r))] 

	

1, if > j 	 1, if m > k 

	

B1 f.-1, if A < j 	,B2 { -1, if m < k 

	

0, if L = j 	 0, if m _ k 

F~ and FV are occupying the positions (n,p) and (q,r) 

respectively. 

From theorems 4 and 5 

tFY (u,v)~Fy'l(u,v )+(cut_cus+cvs_cvt) (2K1Blwci 131 

+2K2B2tc 1I4 ) 
(2.4.2.18) 
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u=1,2, ...,N, v=(u+l), ...,ab 
u,v 1 s,t 

where, (XL is the number of elements in the set X. 

Calculation of interconnection densities (Fd ) 

Wiring function (Fd) is taken as weighted rverage 

interconnection density on the board. 
a-1  b-1 

1,U h 	R J 	j] Z _1 P W+ 	v Wv 

(2./4.2.l) 
for even distribution of etches in horizontal and vertical 
sections of thn board, pht=Whi, ti=1,2,..., a-1] and 

Rv~ Wv~LJ=1g2,•..,b-l] 

~d( sit) , —1.0~~ ~ 	a-1 
 1 	oW (s r t)+ Z Pv AWv (spt) 

	

lb(a-1)-1)=1 	 J=1 

(2.4.2.20 ) 
s=1,2,...,N, t=s+1, s+2,...,ab 

If the components Es(j, k) and Et(/,m) •are interchanged at 

iteration (i-1), the value of AFd (u,v) in terms of L Fd- 1 (u,v) 

is given by 

L F'a(u,v) = LFa~l(u,v)+(cut-cus+cvs-cvt)[KiBl z Rhn 
 

K2B2 E 	Pv; /Eb(a-l)+wb(b-1)] 
na14 n 

• (2.4.2.21) 
u=1, 2,...,N, v=(u+l), (u+2 ),...,ab, u,v s,t. 

Calculation of S tr Capaci~ (F0 ) 

In X-Y coordinate wiring, total stray capacitance in 

the circuit will be minimized by minimizing. 
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a-' 	 b-1  we E _l W, w 	fc 	wv j wv  
or, • w a-1 	k~ b-1 2 

min F = ~ ~ .,;, E 	Wh~ + w 	L 	W 	(2.4.2.22) 
c 1~ i_1 1 b j_1 v~ 

we a_1 
&c (s, t) = [2.W 	oW . (s t)+[AW; (s t) ]2] 

	

i=1 ~iti hi 	ni 

+ We 	bE [2'.Wv AWv (s, t)+[AWw . (s, t)]2] 
b j=l 	j 	j 	J (2,4.2.23) 

s=1,2,...,N, t=s+l, s+2,..,,ab 

Calculation of ten, grature function (Fr) 

The failure rate of semiconductor devices is defined 

via an _ frrehen.ius relation 

h (T) = k (Ta) Exp [(T 	-`r-1) Balk] 	(2.4.2.24) 

Components Ei and Ej are placed in slots having 

coordinates (k,,() arid (p9 q) respectively. The distance 

between components 

Fl and Ej is 

= [ j2 (k-p)2 + w2 ( ,(-q)2 ]1/2 	(2.4.2.25 ) 

The temperature function Fr is written as 

Fr E 	E Rie R je W Yi/Rij 	 (2.4.2.26) 
i=i j-1 

where, 

Yi= (Rie'sWi) n, 0.5 .~ n < 2 • value of n decided from experience. 
Rij= rij(mij)n, 0.4 < n < 2.5 

Value of n depends upon the thermal conductivity and 

dimensions of the board, and heat transfer coefficient of 

the surface of circuit board. 
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Theorem 6 

When Es and Et are interchanged in the matrix P, 

the only elements which change in matrix M are msi' mti, 

mis and mit, [i=1,2,...,ab]. Those modified entries will 

be 

mts = m
t
s t = mst 

mit = m = msi 
t 	t 

msa, = mis ' mti 

i=1:2, ..., ab (2.4.2.27 ) 

Theorems 

When components ES and Et are interchanged in matrix P, 

the change in function Fr will be equal to 
N 
E {f l̀(m• )~-f-1(m• )}{Y• (K• -K• )+Y K •-Y 	• },if t <N. ~.t 	zs 	i is a.t 	s sx tKti 

AFr(s, t)' 	s, At 	 (2 .4,'2.28) 
N 

if t > N E_1{(f"l(mit)-f-1(mis )}{YiKis+YsKsi), 
l,z s 

s=1,2 , ..., {r, "t=(sal), (s+2 ), ...,NT 

f(m) _ ( ~)n, 0.4 < n < 2.5 

Theorem 8 
If components ES and E have boon interchanged in 

iteration i, the value of AFr+l (u,v) in terms of AFr (u,v) 

is given by 

AF'+1(u v) 	'~F1(u v)+(J -J )[f-l(ml )-f-l(mi )-f-l(mi )+f-l(ml )) r 	 s t 	tv 	to 	sv  su 
u=1,2,.,.,N, v= (u- 1), (u+2),...,NT 	(2.4.2.29) 

As, t 	A s f t 



where, 
ds = Ys Ksu + Yu Kus - S 1(YsK5V+ YVKvs ) 

Jt ' 2[YtK tu+Yu Kt- 8l( YtKty+Yv'vt)1 
1, :fv<N 

0 1 ={ 0, otherwise 

{1, if t < N 
2 	0, otherwise 

Algori thin 

(i) Calculate matrix [G.H] using (2.4.2-.1), 	calculate 
functions F 	, F1 h 	j , F d , Fi and F' by equations c 	r 
(2.4.2.4), (2.4.2.12), (2.4.2.19), 	(2.4.2.22) and 
(2.4,2.26) respectively, set i=1. 

(ii) Calculate multi criteria function LF= nh F + nL F, + 
nc F' + nd F~ + nr, Fr by equation (2.4.2.2). 

(iii)Set s*- 0 

(iv) s ~-s+l 
(v) Set t = s+1 

(vi) If (s < a and t >a) or (s>a and t , a) go to step (xiii) 
(vii)Calculate AFj (s, t), LFI (s, t), LFd(s, t), AFi (s, t),oFr(s, t) 

if i=1 by equations (2.4.2.6), (2.4.2.15), (2.4.2.20), 
(2.4.2.23), (2.4.2.28) and for i > 1 by equations . - 

(2.4.2.7), (2.4.2.18), (2.4.2.21), (2.4.2.23) and (2.4.2.29) 

respectively. 
(viij)Calculate &'(s, t) by equation (2.4.2.3). 



-31.- 

(ix) If AF' (s, t) is not negative goto step (xiii) . 
(x) Find the matrix Pi  after interchanging components 

Es  and Et• 

(xi) Set i 	1+1 and calculate F1. 

(xii) Calculate (G;H]1  with the help of equation (2.4.2.5) 

and matrix M1  with the help of equation (2.4.2.27) and 

goto step (iii). 

(xiii)Set t = t+l. 
(xiv) If t is not greater than NT go to step (vi) 

(xv) If s is less than N go to step (iv). 
(0f%) -SD 

2.4.2.2 Components of different sizes 

One of the assumptions while stating the placement 

problem is that the components are of two different sizes. 

Dimensions of first type being such that each component 

requires one and only one slot on the printed, circuit board, 

and the second type of components are double the size of the 

first type. In other words, a double sized component requires 

two adjacent sots for its placement. The double sized 

component, for solving the placenent problem are treated as 

two distinct components with very high connectivity between 

them. After performing the iterative improvement algorithm 

with all the components treated as occupying one slot, irres-

pective of the initial placement, it has been observed that 

the two components which correspond to a double sized component 

come closer and are placed in adjacent slots, because of the 

(c. _, Libraru universitq of DoE 
gQORKES  



-32- 

high connectivity between then. But the position of the 

slots occupied by the two components depend largely on 

the initial placement. Once the two components he come 

close in the adjacent slots during the iterative procedure 

it is not possible to move the two components to any other 

slot to improve the Okj ective. function, unless the pair is 

moved together. That is, the position of the pair of 

components corresponding to double sized components are 

inter changed with another pair of components placed in some 

other slots.. 

The two slots occupied by the pair corresponding to 

the double sized components may be adjacent in either the 

same row or in tho same column. So this phase of iterative 

improvement procedure is carried out in two stages. Sn the 

first stage all the possible pairs of components in a column 

can be interchanged with another pair of adjacent components 

in a column. For different conlbina tions of two pairs that 

can be inter changed the objective function value is calculat(A 

using the equation (2.4,2.2). The pairs are interchanged if 

there is any improvcment in the value of total objective 

function. For this stage the various combinations possible are- 

) int 	nge exchad with  
 

for all 	 for all 
i2  2, a 	 k1=i1 
it  w '2_1 	 C.,  p , if jl<b-1 

jl  = j2  =l,1 -1  

and 	k2  =i2  +l, a 
k1= k2-1 	 , if i2<a 

/1=  /2=1,b-1 • 
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The second st ga is similar to tho first stage 

except the possible pairs of components in a row are 

interchanged with another pair of adjacent components 

in a row, i.e. 

( pile l), (pi2, j2) can be interchanged with any of 

,) s (Pk2 i2 
1 	.. 

where 	 where, 

32=2, b-1  

j1=j2-1 	 A2=j2 	, if it <a 

i 1=i2 =1, a 	 k1=k2 =i~+1, a 

and 

42'2+1, b-1 

h12-X 	,if j2<b-1 

kl=k2=1,a 

Example 2.2 

Consider a circuit containing 14 components. The 

components are to be placed on the pri_ntcd circuit board of size 

15 X 23 cr,•i~. As many as 36 components can be placed on the 

board. The board is divided into 6 horizontal and 6 vertical 

divisions. In all 20 components (14 plus 6 corresponding 

to the edge connector are to be placed on this board. Thermal 

resistances of all the components are 400°C/W. Failure rate 

of each component at 100°C (junction temperature) is 0:025 per 

1000 bra. ' Ambient tr iperature is 27°C. The power dissipation 

of each component is given in Table 2.1. Thermal resistance 

(Rij) due to thermal coupling between two components i and Ej 
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is assuned to be 5000 raid, where mid is in cros, and 

Yi~ie Wi[i=1,2, ...20]. The values of weightages for 

different functions are taken as 

nh=1, nr0.0 5 n=20.0, nc 0.015 , nr =0.015 

Non zero elements of connection matrix C axe 02,1=1? 
c3,1_l, c4,1=1, 06,2_2, c72=1, c8,22, c6,3:2, 07,3=3, 

C8,3 2, c5,4=1, c9,5=1, c10t5_4, clip5=3, c9,6__2,c9,7=100, 

c10,7=l, 011,8 5, c12,9=3, °31 10=3, c14,11=4, ,c15=3, 

020,12=100, 016,13-4, 017,14=100, cl8, l5=1, °19,16" 5' 

020,17-6 

Table 2.1 

Power dissipation of components of example 2.2 

Component 1 2 3 4 5 6 

 

78 9. 10 

Power 
dissipation - - - - - - 160 170 180 80 
in mw 

Component 11 12 	13 	14 15 16 17 18 19 20 

Power  
dpation 85 120 	130 	140 150 160 170 -' 60 80 130 
in mw 
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Initial placement obtained by-thc; constructive. algorithm. 

0 19 16 13 10 5 

7 9 0 8 11 2 

15 12 20 17 14 6 
P 

18 0 0 0 0 3 

0 0 0 0 0 1 

0 0 0 0 0 4 

Plaee.lent obtained by iteratively interchanging two individual 

components at a time (stage one) in 22 iterations 

13 7 	16 19 ' 	8 3 

10 9 	12 0 11 5 

0 0 	20 0 17 6 

P O 0 	0 0 14 2 

0 C 	0 0 01 

18 0 	15 0 0 4  

After iteratively interchanging a pair of components in 

same column with another pair of components in same column 

(stage two), 	the placement after two iterations is 

7 19 	16 13 8 3 

9 0 	12 10 11 5 

0 0 	20 0 17 6 

' O 0 	0 0 14 2 

0 0 	0 0 0 1 

18 0 	15 0 0 4 
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There is no further improvement by interchanging 

pair of component in same row with another pair in same 

row (stage three). 

Tho function values at the end of each stage is 

compiled in Table 2.2. 
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CHAPTER 

MULTILAYER PRINTED CIRCUIT BOARD 

3.1 Introduction 

The sophisticated Integrated Circuit technology has 

facilitated the fabrication of complex circuits within small 

chips. For designing complex large scale electronic systems 

using these semiconductor chips as basic building blocks, 

multilayer printed circuit (MPC) boards are used as a medium 

for interconnecting these blocks. The components are mounted 

on top of the MPC board with terminals inserted in the drilled 

through holes called Pins. The blocks are interconnected by 

means of printed wires on different layers. Plated through holes, 

called Vias, are used for inter layer connections, in order 

tb connect wires on different layers. Determination of via 

locations and physical routes of printed wires for making the 

interconnections of the circuit constitute a MPC routing 

problem. 

The routing of MPC boards is restricted by some physical 

constraints namely the size of the multilayer board, the 

feasible number of layers, the minimum width of conductor 

path and the necessary seperation between two adjacent parallel 

conductor paths. The basic assumptions as proposed by Ting et.al 

[14] for solving MPC routing problem are: 

1. The geometries of the pins and vias are at fixed locations. 

Vias appear only columnwise. 
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2• 	Only points (pins and/or vias) on the same line can be 

connected directly and the physical routes must be confined 
within the channels on both sides of the line. 

3.. Connections for holes in a column are on one layer and 
for points (pins or vias) in a row are in other layers. 

The problem of interconnection of circuit on different 

layers can be divided into three interrelated phases [15]. 

First to decompose the whole interconnection into the portions 

of each layer, second assignment of vias for each net. 

and finally laying out the wire patterns on each layer, Many 
algorithms have been developed [3,6,8,16] for solving single 

row (or unidirectional) routing problem. Based on the assumptions 

made above, the multilayer routing problem can be reduced to 

several single line routing problems [14]. From a general 
multilayer problem, several single line single layer routing 
problems can Le obtained by following three basic steps, firstly 

assigning xias to form connections with pins on the board, 

secondly assignment of connection patterns to various layers, 
and finally realization of all the connections on the basis of 

single line, single layer problems. 

While assigning vias to form connections with pins two 

main objectives are to be kept in mind [14] , minimization of 

via usage and the minimization of via columns. Each additional 

via reduces the reliability of the circuit and via column adds 

to the size of the board and if the board size is kept constant, 

the area available for routing is reduced. 
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In this chapter the problem of component placement 

on multilayer printed circuit boards is discussed. The via 

assignment problem has also been described in detail. The 

formulation of optimization problem has been dealt with and 

then a .refined heuristic algorithm is developed'. 

3.2 Ccm onant Placgn, ent on IvIPC Boards 

For solving the problem of MPC board routing the first 

assumption is that, the geometries of the pins are at fixed 

locations, which means that the pin locations have to be 

decided prior to solving the actual routing problem. In other 

words the component placement has to be fixed based on some 

optimization criteria. For the component placement on multi-

layer circuit boards also the same set of criteria are used 

as for the double layer PCBs (chapter-2). The criteria used 

for optimizing the component placement on MPC boards also 

is, a combination of length of etches, Inter-connection density, 

Stray capacitance, effect of thermal coupling between components, 

and total number of holes. But the method of calculating the 

number of holes required for realizing a circuit on multilayer 

PCB is different from what it is for double layer PCBs. Since 

the need of multilayer PCB; arose from the development of 

components in DIP packages it is assumed that the pins of each 

components are in two horizontal rows. 

From the definition of the matrix A it is ° evident that 

the non zero entries in a column of A represent that pins 

belonging to the net corresponding to the column are present 
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in a row. Further if the pin belonging to a net are 

present in more than one row V5. asare required for its 

realization. So the total number of vies required for 

the realization of the whole circuit is calculated by. 

counting the total number of vies needod for realizing 

each net. That is if a column of A has more than one non-

zero entries then that number of holes are required for 

the realization of the corresponding net. So the total 

number of holes to be minimized becomes 

NR 
Fh = E a, if E  

J=1,iN 	k=l 
i =1, NR 

During the iterative procedure for finding the best 

component placement it is required to find the A matrix for 

each iteration. To avoid the calculation of whole of the A 

matrix the following approach can be used to modify the 

matrix A and hence save the computation  time. 

When Es(j, n) and Et(/ gy m) are inter changed in the 

6 matrix P then the matrix A can be modified as follows. 

no c hang e if j = k 

otherwise, 

a(2 j-1),L 	t 	~, if L(2s-1),k 	i'(2xP 	•-1), X~ 
(2s-1),k k_l, iqp 	 jV o 

p_l,NP 
0 1, •b 
V,A n 

= 1, otherwise. 
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'12j,L2 k klNP = Or if L2s,k # L (2-xP 	),p P=1,NP 
s, 	=,   

o~ n 
= 1, otherwise 

a(21(-1),L (2s~) E NPR' 
a2 

,L2 
	N~1 

s,kk1P 

~ 	2 t-1 , k 	(2xP 	= a(2~-1~~L(~k~1,NP 0, if L ( 	) 	' k9 o..l)~p+ P1 ,NP 
 

o m 
1, otherwise 

a2 ,L 	.1. 	=0, if L2t,k # L(2.xP 	),p I p=1,NP 
2t) k=7; NP 	 ~,o 	0_1,b 

oAm 

1, otherwise 

a(2s-1)rL(2-~l),k1k*1sNPa 
= 1 a2s,L2t,ki k-1,NP 

The nets associated with the components going out of 
the row are compared with other pins of the sane row. If 

another pin in the row is belonging to the same net then 

the elenent of A corresponding to the row and the net is not 

changed other wise it is made zero. And the elenent of A 

corresponding to the row to which the component is entering 

and the corresponding nets is made equal to one. 

3.3 The via Assn. rmient Probla. 

For a circuit, one possible realization on a multi-

layer .00ard is done by drawing the conductor paths connecting 

vias in the same column on one layer. 	interconnections 
between pins and vias in the same row are drawn on the other 
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layers. This scheme of connecting pins or vias in the same 

row or column is termed as the single row single layer routing. 

This can be conducted only after determination of via assign-

merit for each net. 

If vias are assigned in a slightly different way, a 

totally different realization of the circuit on the board is 

obtained. Thus increase or decrease in the number of via 

columns is achieved by assigning vias to the nets differently. 

Hence it is very important to assign the vias for each net 

under the criteria that the number of via columns is reduced 

as much as possible'. 

In a circuit if there is a net with all the .pins 

placed in the same row, then no vies are required for the 

interconnection of this net. So it is assumed that for the 

via assignment problem the circuit does not contain any 

such net. 

• For a given net list L = {Ni, N2, ...,Nn} of n nets. 

Matrix A is defined as A = [ail]=[ al, 2 a3... an] where 

each column a corresponds to a net N~ of the net list such 

that 

- { 1, if net N~ contains a pin in row i 

d 	0, if net N~ dces not contain a pin in row i 

It is not possible to connect two pins of a net, if 

they are placed in different rows by laying the connecting .path 

on -one layer when single-row single-layer routing is used. 
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If there is a nonzero entry in the ith row of the column 

a~ of the matrix A, that is aid =l then at least one via in 

the ith row is . required for interconnecting the net 

corresponding to the; column a~ . Hence it is deduced that the 

minimum number of via columns necessary for realizing a 

given net list L, i f q is the maximum number of ones in a 

row of A, is q. 

If the rows il,i?, ...,ik of the column a j have non 

zero ela:ients, Vias are assigned in the rows il, i2, ..., ik, 

for the net N~, in the some via column, then all these vias 

are connected by single row single layer routing. Hence, if 

the number of columns of A is equal to n then maximum number "'' 

of via columns that are sufficient for the realization of all 

the nets, is n. 

3.3.1 Column M erg 

Consider there ;ire non zero elements in distinct rows 

of the columns a~ and aL or in other words the scalar product 

of the columns a~ and 	is equal to zero i.e. 

E aka ak~ = 0. The matching, Iii, is defined as the total 
k 	-. number of nonzero elenents in the two columns a~ and aI.V ias 

in the same via column are assigned for nets N~ and Ni 

corresponding to aj and ak respectively. Thus if (a, a~ ) = 0 

for two columns a~ and aG in A, then vies in the same via 

column are assigned for the corresponding nets Na and N1. 



The vias for any net are chosen from one single via 

column, but a via column may contain vias for more than 

one net. Hence the problem of assigning vias for each net 

with the minimum number of via columns may be stated as [15]. 

For a given 0-1 matrix A = [ al, a2, ... a ] minimize 

the number of c-lumns in the matrix A by repeated applica-

tion of the column merging process to A. 

Column Mergirj6  - For a pair of columns ai and a j  such that 

( ai„ aj  ) = 0, merge ai  and a j  into a new column aij= ai+ a j• 
Delete ai  and a from the matrix A and add column aij, to it. 

After repeated application of column merging process on 

A, till no further merging is possible, the number of columns 

in the reduced A matrix is the upper bound on the number of 
via columns which have to be used for the assignment of vias 

for each net. 

3.3.2Column Decomposition 

The vias for a net are alternatively chosen from p(> 2) 

different via columns also. Consider a column aj of A 

corresponding to the net Nj  having ones in rows il, 12, ...., i k ' 

Denote I 4 {ii, i2, ...,ik}, and decompose I into Il and I2 

such. that I1U12=I and 1l(\12  has exactly one row ia. Then 

for net Ni  the vias in rows of Il  in one via -  column jl  and 

those in rows of 12  in another via column j2, such that two 

different parts of routing for Nj, one in via column jl and 

other in via column j2 are finally connected by means of _ 

two vias in row ia• A different way for the assignment of 



vias in two different via columns for net Nj is to 

decompose I into two disjoint subsets Jl and J2 and then 
by adding some row ibsl to Jl and J2, respectively for 

getting two sets Il and I2'. Then vias for N j can be 

assigned in two via column jl and 

. The process of column decomposition for a column aj 

of A is described as follows. The column a j is decomposed 

into aj1 and a j2 where aj has ones in rows of I and a jl and 
a j2 have ones in the rows of Il. and 12, respectively, such 

that IC.I1UI2 and j I1f 121 ~1, respectively. Then each of such 

decomposed columns, aj1 and aj2 are merged with other columns 

to give single columns through the process of column merging. 

Column Decomposition - For a proper integer p(j), 

decompose a column aj of A into ajl, aj2, ..., a jp( j) such that 

i) aj < ajl + -aj2 + ... +a() 

ii) for any K (2 < K < p(j)), there exists a column 

ajh( 1 ( h < k) satisfying (ajk. a jh)=1, then 

replace aj by matrix [a j1 aj2...ajpl j)] composed 
»f the p(j 1 columns. 

The replacement of a. by [Qjl, aj2...ajp(~)] indicates 

the decomposition of the net Nj into p(j) subnets Nj1,N j2, • • • , 
where each N jk corresponds to ajk. These Njk are 

realized in differ;:ont via columns and are later interconnected 

by means of single row single layer routing. 
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With the introduction of the process of column 

merging and column decomposition the problem of minimiza-

tion of via columns while assigning vias is stated as [15]. 

Given a 0-1 matrix A = [ aj a2... an ], by applying 

the process of column merging and column decomposition to 

A, minimize the number of columns in A. 

3.4 Heuristic 	_ j 

The proposed heuristic algorithm is split up into two 

different phases. The first phase constitutes the forming of 

unidirected graphs for A such that each vertex corresponds 

to a column of A and each edge corresponds to 2 pair of 

columns ai and a~ such that ( ai.a~ ) = 0. A sequence of 

column merging process is applied to the columns correspon- 

ding to the edges till no more column merging is possible. 

The resultant matrix A after this phase depends largely upon 

the starting pair of columns. The pair which leads to maximum 

matching, after all the steps of merging are carried out, is 

the best choice for the starting pair. Determination of the 

starting pair' of columns for merging process is a complex and time 

consuming problem in itself'. If all the options. at each step, 

as shown in figure (3.1) are tried out the total number of 

combinations to be considered becomes exceptionally large if 

the total number of nets in the circuit is, sufficiently big. 

To simplify the problem the matching in only first two steps 

is considered. In the second step the pairs are chosen on 

the basis of maximum matching, giving least preference to the 

merging that leaves only one zero in the resultant column. 

0 
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Based on the maximum total matching in first two steps, 

the choice of the Pair of columns is made, Once the 

starting pair of column are decided, the pairs corresponding 

to the maximum matching in two steps are merged and the 

graph is constructed tafresh°. This is continued till there 

are no edges in the constructed graph-. The second phase is 

to decompose Unmerged columns in the remaining matrix A, one 

at a time, such *that each of the decomposed columns is then 

to be merged with a proper mate into a never column by the 

process of column merging. 

3.4.1 Outline of the algorithm 

Phase 1: 

1. Find the matrix A = [ al a20•. an], Put k * 1 

2. For each VV corresponding to a~ and (Vi,V j)cE if 

and only if ( j.aj ) -- 0, construct a unidirected 

graph G = [V;E]. Delete all the vertices that do not 

have any connection with any vertex from the graph and 

obtain the graph Gk= [V k, Ek]. 

3. If Ek = 0 goto Phase 2. 

4. Find the maximum matching M = Ml+ M2 in two consecutive 

steps. 

5. Delete ai and a, corresponding to (Vi,V~)cMl from 

the matrix A and add than to a column defined by 

( ay+ a ), and make this new column inadmissible. 

6. Modify graph Gk, delete the vertices Vi and V1eM. 

7. Find the maximum matching Ml in the remaining graph 

giving least preference to the matching equal to (NR-1). 

t~ 633 
Central library mverst U of oorc iH c 
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8. Delete akand a1 corresponding to (V k, VL)cMl 

from the matrix A and add then to a column defined 
ty ( ak  +a, ), make this column also inadmissible. 

9. Goto Step 2, k = k+l. 

Phase 2 
l. Denote the solution matrix by Ao  and initialize 

it to zero. 

2. Delete all the columns having less than or equal 

to one zero from A and add them to the solution matrix 

A0. If A satisfies any one of the following conditions 

then add all columns of A to the solution matrix Ao  

and stop. 

(i) There is a row in the matrix A which does not 

contain any zero, 

(ii) Each one of the rows of the matrix A have exactly 

' one zero. 
(iii)There is no admissible column left. 

3. Select a column a, in A which has the minimum number 

of. ones among all the columns. 

4. For this 7aj construct a graph G_[X,Y; E] whose vertices 

are partitioned into two disjoint sets X and Y with 

the properties. 

(i) no two vertices in X are adjacent in E and. 

(ii) no two vertices in Y are adjacent in E . 
such a graph is call=ed a Bipartite graph [7]. The 

bipartite graph is constructed in the following way. 
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(i) each xieX corresponds to row i of A such 

that aik=1, 

(ii) each yjcY corresponds to column a~ of A. 

(iii) (xi,yi)cE if and only if a~ corresponding 

to y~ cY has a zero in the ith row correspon-

ding to xisX. 

If any one of the vertex of X is not contained in a 

connected component of G find the column a
k 

with 
next minimum number of ones and go to 4. 

5. Find a tree T = [X, Z;D] spannig X in G =[X,Y; E 

such that thy: sum of zeros in the columns corresponding 

to y, eZ is minimum among all the possible trees, 

that can be found from the bipartite graph G. 

6. For each (xi,y~)eD, 	aid ~-- l and make a~ corr-spcndi.ng 

to y~cZ inadmissible, delete as from the matrix A. 
7. Go to Step 2. 

The tree constructed in phase 2 gives an information as 

to how the columns are to be decomposed end then merged with 

other columns. For each y~cZ, define a column vector 

a(i) ) _ [ j ) 	~).. 	) t 
I (i 	

. 	
1 ] such that 

(J) 	1, if (x ., y . )ED 
aiX _ {0, 

if (xipyi) I D• 

then a can be decomposed in to all such ax (~) with yjeZ1 

by using the process of column decomposition. Each of the 

decomposed columns aare mc_rged with the column a~ using 

the process of column merging, giving a new column. 
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Ex am pl e 3.1 
For a circuit containing 9 nets, to be realized in 6 

rows 	consider the matrix A to be 

al  a2 	a3 	a4 	a5 	6 	`i7 	a 	a3 
1 11 	0 	0 	14 	0 	16 	0 	0 	19  

2 0 	12 	13 	14 	15 	0 	0 	18 	0 

A= 	3 0 	12 	13 	0 	0 	0 	17 	0 	19  

4 11 	0 	0 	14 	15 	16 	0 	18 	0 

5 11 	0 	0 	0 	15 	0 	17 	18 	19  

60 12 	0 	14 	0 	0 	17 	0 	0 

where the subscript of each one indicate the net number. 
The problem is to minimize the number of columns by repeated 

processes of column merging and decomposition. 

Phase 1- 
1. G 	is a graph with five vertices vl, v2, V3,V6  and v7  

as shown in figure 3.2(a). 

2. Combinations for merging of pairs in first two steps are 

i. (v6,v7 ), (vl,v2 ), matching M 	I1+M2=5+6=1l. 

ii. (v3,v6), (vl,v2), matching M= M1+M2 =4+6=10 

iii. (v2,v6), 	(v7,v3), matching M 41+M2=5+5=10 

iv. (v6 ,V7 ), 	(vl,v3), matching M=Ml+M2=5+5=10 

here maximum total matching in two steps is 11 for 

(v6,v7), 	(vl,v2), but since M1=5=NR-1, choose the 

set M={ (v3,v6), (vl,v2) } as a maximum matching in G1• 
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3. Columns a3 and -s6 are merged into a36 a3 + a6, 
and a~ and 22 into a12 al + a2. Thus we have 

4 a5 a7 a8 09 a12 736 

1 F-14 0 0 0 19 11 l 

2 14 15 0 18 0 12 13 

A_ 	3 0 0 17 0 19 12 13 

4 14 15 0 18 0 J.1 16 

5 .  0 15 17 18 19 11 0 

b 14 0 1.7 0 0 12 0 

where new columns a12 and a36 are inadmissible. 

4. E= 0, hence go to phase 2. 

Phase 2 

1. Delete a12 from A and add it to the solution matrix Ao 
a4 a5 07 08 'a9 a36 

1 14 0 0 0 19 16 1 11~ 

2 14 15 0 18 0 13 2 12 

3 0 0 17 0 19 13 3 12 

A = 4. 14 15 0 18 0 16 Ao-  4 11 

5 0 15 17 18 19 0 5 11 

6 14 0 17 0 0 0 612 

2. Select a9 as k 
The bipartite graph G for aq is constructed as shown 

in figure 3.2(b). 
3-, The trees [X,7-'D] spanning X in G_[X,Y.# E] are 
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i) [W,Z,*DJ [{xl,x3rx5}#€Y/.~.,YS}P{(x3►y11.~r(3`'S,Y4'), 

(xl, Y5 ) (x3,Y5) } ] 

total number of zeros in y4 and y5= 3+2=5 

ii) [W,Z,'D] _ [{x1,x3,x5},{Y4,Y3},{(x3,Y4); (x5,y4), 

(x1,y8), (x3,Y8)}] 

total number of zeros in Y4 and y8= 3+2 = 5 

4. Choose the tree [W,Z;D] [{x1,x3,x5}, {Y4,Y5}, 
{(x3,Y4), (x5,Y4), (xl,5), (x3,Y5)}] 

as shown in figure 3.,2 (c) . 
5. From this tre ~ts evident that ak = a9 is dec-mposed 

into a94~ =[001010]t and (5) =[101000]t columns a4 ~and 
a4 are merged into a now inadmissible column a49 and 
columns a95~and a5 into a5g. Resultant A and A. tecr.me 

a7 a8 	a36 a12 a49 a59 
10 0  16 1 ll 14 19 

20 18  13 2 12 14 15 

A=  3 17 0  13 A0=  3 12 19 19 

4o 18 	16 4 11 14 15 

5 17 18 	0 5 1] 19 15 
6 17 0 	0 6 12 14 0 

6. In the bipartite graph constructed for a8, X is not 
contained in a counocted component, so a7 is selected 
as a and the biptirtite, graph is obtained as shown in 
figure 12(d). 

7. G itself forms the required tree. Hence, a8 is decomposed 
into 	8)~[001001]t and a73°~=[000011]t 
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8. After merging $8)  with a8  and $36)with a36, 

A is transformed into 
alb 	a367  

1 0 	16 
2 18  13  

A =3 17 	13  

4 18  16  

5 18  17 

617 	1.7  

9. Adding a7s  and a367  t{ Ao 

a12 a54 	ca49 a367 a78 
1 11  19  14  16 

Ao= 	2 12  15  14 13 18 

3  12 19 19 13 17 

4 11  15  14  16  18  

5 11  15  19  17  18  

6  12 0  14 17 17 

Thus the circuit is realized in 5 via columns. 

0 



CHAPTER - 4 

CONCLUSIONS 94D SUGGESTIONS 

4.1 Conclusions 

Extensive investigations have been carried out, in 

recent years on the design of electronic circuits with 

reference to performance, maintainability, cost, reliability, 

etc. The aim of this dissertation has been to develop effi.-

cTent methods and more realistic mathematical models for 

performance optimization of the physical design of electronic 

circuits. The main conclusions of the present investigations 

are summarized below. 

An improved iterative algorithm for optimally placing 

the components on the double layer printed circuit board has 

been developed. The components that are placed using this V 

algorithm may be similar or dissimilar in size. The algorithm 
also incorporates the edge connectors which is an important• 

part of every printed circuit board. The strategy adopted for 

iterative placement improvement is to calculate the ohange in 

function till the first improvement is encountered and the 

corresponding components arc interchanged while solving the 

problem on a computer, this strategy requires considerably 

lesser amount of computer memory than the other strategy to 

calculate the change in function for all possible pairs and 

then interchanging the components corresponding to the maximum 

improvement. 



This has facilitated the solution of larger problems, 

i.e. for circuits with more number of components. 

A constructive algorithm has been developed which 

gives a good initial placement for the iterative procedure: 

The problems solved using the placement obtained by this 

constructive algorithm, as the initial placement for the 

iterative procedure are 'found. to be requiring less number 

of iterations and hence lesser time for converging to a 

better local optimal, than those solved with an arbitrary 

initial placement. 

For multilayer printed circuit board the component 

placement is obtained using a similar algorithm as that for 

douLle layer printed circuit board. A set of equations have 

been derived for the calculation of number of holes or vias 

for realizing a circuit on multilayer printed circuit board. 

It has been assumed that the routing of etches is done using 

a series of single row single layer routing procedures. An 

improved algorithm for via assignment has also been developed. 

This heuristic algorithm applies the Processes of column 

merging and column decomposition to minimize the number of 

via .columns necessary for the realization of the circuit. 

The columns to be merged are selected keeping in view the 

best merging in two consecutive steps. 

Efficient computer programs have been developed for 

optimal component placement on double layer printed circuit 

boards and for placement and via assignment on multilayer 

printed circuit boards. 
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4.2  Suggestions For  Future Research  

Expressions are yet to be derived for sensitivity 

analysis in iterative placement improvement of different 

sized components. In this dissertation placement of com-

ponents of only two different sizes is taken up. The 

algorithm may be extended to deal wii:h various sized 

components. 

Associated with the problem of via assignment on 

rnultilayer printed circuit board, the problems of how to 

order the via columns and that of layering, are also interes-

ting, which also require further investigations. 

One extremely use±ul area for future research is the 

natural combination of allocation, placement and routing 

problems. This combined problem, although large, should 

provide very useful results. Apart from this, more work must 

be done in the direction of global optimization of the placement 

problem. 
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APP \ DIX - A 

A computer program is written in FORTRAN-IV to 

implc_icnt the multicriteria optimal placement of com- 

ponents on double layer printed circuit board (MOPCOD.FOR), 

The ovcrall orgonisction of the program is shown in Figure 

Al. A brief description of various subroutines is given 

below. 

1. C;iHOLE 	This subroutine is used for calculating 

the numbor of holes required for realizing 

the circuit using X-Y coordinate wiring on 

a double Layer printed circuit board. It 

is called in subroutine CALFNS. 

2. CALFNS 	This subroutine calculates the values of 

functions Fh, F~, Fd, Fc and Fr. It is 

called in the main program and calls 

subroutines CAHOLE,WIREDE,WRLE, FACAP, 

FUTE'P. 

3. CALMGH 	This subroutine calculates the matrix 

[G;H]. It is called in the MAIN program. 

4. DELIl~G 	this subroutine is usod to calculate the 

change in wiring length due to change in 

placement. It is called in subroutine 

FUNCHA. 

5. DELFD 	This subroutine calculates the change in 

horizontal average density and vertical 

average clonsitr duo to the change in 

pl can E nt. It is called in subroutine 

FUNN1CI-IA. 
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6. DELTAF 

7. DHOLE 

8. DUBIC 

This subroutine calculates the change in 

temperature rise function due to change in 

the placement. It is called in subroutine 

FUNC? A, 

This subroutine calculates the change in 

number of holes due to the change in placement. 

It is called in subroutine FUNChA. 

This subroutine performs iterative improvement 

procedure on the placement by interchanging 

the pairs with components in same column 

(stage tiro) and then the pairs with components 

in same row (stage three). It is called in the 

MAIN program and calls, the subroutine TCIC. 
0 

9. 	FACAP 	This subroutine calcul.:tes the function which 

is prcportional to the stray capacitance. It 
•is called by subroutine CALFNS . 

10. FNDCON 	During the constructive initial placement 

procedure, this subroutine finds the placement 

of f:first' a' c ;mponents that correspond to the 

edge connector. It is called by the subroutine 

INIPLA. 

11. FNDMAX 	This subroutine finds the c --:mponent which has 

maximum connectivity with the components already 

placed during the constructive initial place- 

m e,nt. It is called in the subroutine INIPLA. 
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12. FUNCHA 	This subr , utine calculates the change in 

functions due to change in placement. It is 

called in the MAIN progrmn and calls sub= 

routines DHOLE, DELFD, DELTAF, DELII~IG. 

13. FUTEVIP 	This subroutine calculates temperature rise, 

mean temperature Vise, mean fo.iure rate and 

reliability of the circuit, It is called in 

the subrc. utin e CALt'NS . 

14. INIPLA 	This subroutine finds the initial placement 

by performing the constructive algorithm. It 

is called in the subroutine INPUT and it calls 

subroutines FNDCON, FNQ,'1AX, PLACE and OTHERS.. 

15. INPUT 	This subroutine reads the input data required for 

th.e prograan. The data that is number of horizon-

tal and vertical divisions of the board, 

number of el,enents in the circuit, weightages 

corresponding to each optimization function, ambient. 

temperature, thermal resistance, power dissipation, 

failure rate of each component, connectivity 

matrix and the thermal coupli rig cocffic ient 

matrix are given in the file Y.DAT. This 

subroutine is called in the MAIN program. If 

constructive initial placement is to be done it 

calls the, subroutine INIPLA, otherwise the 

initial placement is read from X.DAT. 

16. INTCHA 	This subroutine finds the new values of the 

functions after interchanging the components. 

It is called in the MAIN program. 
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17. NMGH 	This subroutine modifies the matrix [G.H] 

for the new placement. It is called in the 

MALN program. 

18. OTHERS 	The subroutine places the dummy components 

while doing the constructive placement. It is 

called in the subroutine INIPLA. 

19. OUTMUP 	This subroutine outputs the results in the 

file Z. DAT'. It is called in the MAIN program. 

20. PLACE 	This subroutine places C. component in a slot 

which is nearest to the position of a component 

during the constructive algorithm. It is 

called in the subroutine INIPLA. 

21. TCIC . 	This subroutine interchanges two pairs of 

components and calculates new function values. 

It is called. in the subroutine DUBIC and it 

calls the subroutine NMGH. 

22. TE14IPRE 	This subroutine calculates the temperature 

rise and the circuit reliability. It is called 

in the main program. 

23. WIREDE 	This subroutine calculates the average wiring 

density and is called in the subroutine CALFT\TS. 

24. WRLE 	This subroutine calculates the total wiring 

length and is called in the subrrutine CAL 'STS. 
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APPENDIX - B 

For the implementation of component placement and via 

assignment on multi.layer printed circuit board, a computer 

program in FORTRAN-IV is written. The overall organisation 

of the program called COWAN. FOR is given in Figure $ .. 

The subroutines CALMGH, DELfl G, DELFD, DELTAF, FACAP, FNDCON, 

FNDMAX, FUTEMP, INIPLA, INPUT, NMGH, OTHERS, OU'IMUP, PLACE, 

TEV1PRE, WIREDE and WRLE perform the same functions as described 

in Appendix A. A brief description of ot:-..er subroutines is 

given below. . 

1. CAHOU4 	This subroutine finds the total number of vies 

required for the realization of circuit with 

initial placement of components. The iritial 

A matrix is also calculated. It is called in 

the subroutine CALFNM. 

2. CFI 	This subroutine calculates the values of 

functions Fh, FX , Fd, F and Fr. It is called 

in the MAIN program and calls the subroutines 

CAHUL`7, WI RUDE, WRLE, FACAF, FUTB•IP. 

3. DELETE(I) This subroutine deletes the I th column from 

the matrix A. It is called in the subroutines 

PHASE1 and PHASE2. 

4, 	DHOLIM 	This subroutine calculates the change in number 

of vies due to change in placement. It is called 

in the subroutine FUNCHM and calls the subroutine 

MODIAI. 
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5. FUNCH~ 

6. GRAPH 

This subroutine calculates the change in 

the functions due to change in the placement. 

It is call c in the MAIN program and calls the 

subroutines DHOLIlVI, DELFD, DELTAF and DEiENG . 

This subroutine finds the graph with vertices 

corresponding to the columns of A that can be 

merged with another column. It is called in 

the subroutine PHASEL» 

7. INTCHM 	This subroutine finds the new values of the 

functions and the new matrix A after interchanging 

two components. It is called in the MAIN program, 
8 . MINVI A 	This subroutine minimizes the number of via 

columns required on the board after the optimal 

component placement is achieved. It is called 

in the MAIN program and calls the subroutines 

PHAS El. and PHAS E2' . 

9. MODIAI 	This subroutine modifies the matrix A after 

interchanging two components. It is called in 

the subroutine DHOLFM. 

10. MODMRG(I,J)This subroutine modifies the graph and merges 

the columns I and J of the matrix A. It is 

called in the subroutine PHASE ... 

11. PHASE1. 	This subroutine performs the phase one of the 

minimization of via columns process by repeatedly 

merging the columns. It is called in the 

subroutine MINVIA and it calls the subroutines 

GRAPH, MODMRG and DELETE. 
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12. R AS 2 	This subroutine performs the second phase 

of minim. zation of -via columns by column 

decomposition. It is called in the subroutine 

MINVIA and calls the subroutine DELETE. 

13. RDNET 	This subroutine reads the nets connected to 

each cothponent from the: file W.DAT. It is 

called. in the MAIN program. 



MAIN I 

INPUT 
~ 'IN LPI A 

FNDCON 
FNDMAX 
PLACE 

i RDNET I 	 •1 OTHERS I 

CA 

I CAHOLM 

FACAP 
FUTEMP I  

i FUNCHM I 
DHOLEM 

MODIAI 

OELFD 
DELTAF 
DELENG 

INTCHM 
TEMPRE 
NMGH 
MINVIA 

I PHASEI' 
GRAPH 
MODMRG 
DELETE 

PHASE2 
OUTMUP  DELETE 

ORGANISATION OF THE PROGRAM COPVAM. FOR 
FIGURE 81 
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