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A Placement Program for Printed Circuit Boards

Susumu GOSHIMA®, Yasuo ISHIBASHI* Akira OSAWA?**
and Isao YASUDA**

A placement program for printed circuit boards is described. The purpose of the pro-
gram is to determine the optimal placement of circuit components on a board automatically
using DA (design automation) techniques. The outputs of this program are available for
the routing program to obtain a printed connection path. The unique features of the pro-
gram are as follows.

(1) The placement is performed by a step-by-step improvement, applying alternate
repetition of gate-assignment and IC-placement so that the total length of the con-
nection path is minimized.

(2) Steinberg's method is extended for determining the location of gates.

(3) Practical methods are developed for determining the location of IC's.

In this paper the placement techniques developed in the program, the computer pro-

gram, and the results of computation are described.

1. Introduction
The placement of components consists of two interrelated procedures; that is, as-

signment of logic gates to IC's (Integrated Circuits), and placement of IC's on a given

board. These two procedures are typically performed in sequential order using two kinds
of evaluating measures, that is, "Max. conjunction and min. disjunction" for the assign-
ment and "Minimum-~length connection path" for the placement.

One of the unique features of the program is that the placement is performed by a
step-by-step improvement,applying alternate repetition of gate-assignment and IC-place-
ment.

In order to perform the placement procedure’ several methods are employed, that is,
Case's method1) is employed for determining the initial gate-assignment, and Steinberg's

)

method2 is extended for determining the location of gates Also, practical techniques
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for determining the location of IC's are developed.

2. Program description

The program is written

in FORTRAN IV, and operates (1)
on either a HITAC 8000 series Determine the initial gate- -- Case's
. method
or an IBM 370 series computer assignment
with more than 400KBs of main 9 wJ-. N
memory. Improve the IC~placement - mz:;od
A manaral Mlaw_ahart Af tha T ;1
A general flow-chart of the Gi 1
program is illustrated in Fig. 1. Select the gates to re-assign
The program is constructed (4) [ _ Extended
of 7 steps, and has two nesting Re~assign the previous gates Stei;x:;rg's
met
loops. (5) ‘
The role of the inner nest is Select the IC's to re~place
to improve the placement through (6) ‘
Re-place the previous IC's - Pairwige
feed back between gate-assignment lexchange
method
and IC-placement; and that of the No
outer nest is to avoid the local Convergent ?
optimization of placement.
ptimizatio p n N Yes
3. Extension of Steinberg's method 2 Convergent ?
In order to apply the assignment (7) Yes
3)4) . . . ., -~ Stein~
problem to placement in electronic Determine the connectorpins berg's
method

circuits, Steinberg has described a

method of selecting an unconnected m

subset U from the component set G,
Fig. 1 General Flow Chart of the Program

and repeating partial replacement for
unconnected set U.

However, in the case of'IC—placement’ the element ratio of U to G is not so large that
the method can obtain efficient placement of IC's.

Improvements of Steinberg's method in this program are as follows.

(1)  In order to enlarge the ratio of U to G,Steinberg's method is applied not to IC-

placement, but to gate-assignment.

(2) A sub-optimal procedure is developed for partial replacement of connected setE.

The sub-optimal procedure and some examples of its application will be described.
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{ A sub-optimal procedure for replacement )
{1) Define an extended sub-set E={ e,,e2" e, },location set P={p1, p2, “pmi and
calculate the evaluating matrix ( Aij) .
(2) Define the initial assignment of E to P.
(3) cCalculate the gain (4 ij), which is a measure of goodness for exchange.
4ij = Aipi ~ Aipj + Ajpj - Ajpi (J € m) cvvrnienniann .. (1)
= Aipi ~ Aipj G>m) cenininnnnenn. (2)
«+s.. if neither e; nor ej are connected to the other elements of E.
4ij : the difference between the length of the connection path obtained before
exchange and that after exchange .......... otherwise.
(4) Calculate the maximum values of 4ij for each row (i)
bi=Mai.x(Aij).......... ................ PP &) |
(5) 1t M?x (bl) < 0, then terminate the calculation; otherwise,sort the values (bi) in
descending order and get'a set of pairs for exchange.
(6) Exchange the positions of elements in each of the pairs obtained in the previous step
and go to (3).

A .
It is known that the connect- 1 A Sub-Optimal Procedure (Value)

® Iri's Method (Value)
ion of elements in a set of E to
Sub=-Optimal Procedure (Time)
each other greatly influences
2504 X Iri's Method (Time)

elapsed computer time in this 251
procedure but does not in-

fluence the accuracy of replace-

~

o

[~
]
[~]

ment.
Fig. 2 shows the results of

computation for several assign-

Evaluating Values
—
w
2

ment problems, obtained by the

Computer Time * (sec)
-
o

sub~optimal procedure, com-
pared with solutions by Iri's

method.

The X-axis denotes the size

of the evaluating matrix for the 10 20 30 40 50 60 70 80 90 100

Size of T
assignment problems, and the ize of Tested Matrix

Fig. 2 Results Obtained from The Sub-Optimal Procedure
Y -axis denotes the solutions and *) CPU time of HITAC 5020F Computer

computer times.
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The figure shows that the solutions obtained by the sub-optimal procedure approximate
closely to the optimal solution of Iri's method, and that 80 percent improvement is obtain-
ed in the solutions by random assignment.

4. IC-placement method

Two methods are developed for IC-placement. The first method is used for placing
mutually connected IC's in neighboring locations, and the second one is used for opti-
mizing the placement of neighboring IC's. In the following, first the methods are de-
scribed in detail, and second the results of computations obtained with them are shown.

{ The first method )
(1) Define and calculate the transfer vector Ti (x,y) for each IC numbered i, denoted

IC (i).
1) Ti X ):_l_ [ZRIJ'DIJJ .................................... (4)
( y JRij i
T J

where, Rij : electrical affinity between IC (i) and IC (j).
Dij : distance vector composed of X-distance and Y-distance between IC (i)
and IC (j).
(2) Define the neighboring IC's, IC (k) and IC (£)
IC (k) : a neighboring IC (i) in direction X, determined by the x-component of Ti.
IC(£) : a neighboring IC (i) in direction Y, determined by the y-component of Ti.
(3) Calculate the gains Cik (Ci £) for the exchange of IC (i) and IC (k) (IC ( £))
according to the formulas (5), (6).
Cik =Ti(x,y)—-Tk(x,y) , Ci=Ti(x,y)—TL(x,y) = (5,8
(4) Repeat steps (2) ~ (3) for all i.
(5) Sort the values of Cik and Ci £ in descending order and determine the combination
set  for exchange, which might be effective in improving IC~placement.
Q={ qi » qz » o v qm !
(6) Recompute the gain for the exchange q € Q, exchange the pair of elements defined
by q € Q, if the gain of q€& is effective for improvement.

( The second method )

This method is employed to improve the placement obtained 7 4 4 1
by the first method. In this method, a set of four IC's and a 8 ;5 >
set of four locations are selected. All possible combinations 72227777
of IC's and locations are examined to find the best possible ° 6 >
placement for the four IC's. Fig. 3 An Example of

Selecting Ic's
A description of this procedure for nine IC's and the
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locations are given in Fig. 3.

(1) Select the following subsets P, , P, , P, , and P, from the locations set P.
P={1,2,3ceecee., 9} ,P ={1,2,4,5,} ,P. =1{2,3,5,61,
P, ={4,517,8]) , P, ={5,6,8,9}

(2) Define the IC set Ci = { Ci, , Ci: , Cis , Cis} . where, Cij is the IC which corres-
ponds to the j-th element of Pi.

(3) Fixing the locations of all elements of Ci* (complement set of Ci), calculate the best
allocation of Ci to Pi.

(4) Repeat steps (2) ~ (4) for alli= 1, 2, 3, 4.

(5) If the allocation in Ci is not changed in the above step, then terminate the procedure;
otherwise go to (1).

( Results of computation) Table 1

Results (Total length of connection path)

To examine the efficiency of these . .
obtaine from the new algorithm

methods, five examples are tested.
No. of
Table 1 summarizes the results of Method ¢ 9 12 15 16 20
computation. Random
P ° . 1884 | 4210 | 4760 [ 3130 |5240
allocation
The total length of the connect-
ion path in the table illustrates the Pajrwise
1916 | 4160 |4640 | 2890 |4700
exchange
length of the connection path ob-
New
tained by the three methods, that 1892 4150 14590 293014500
method

is, the new method (a combination

of the previous two methods), the

random allocation method with 10000 repetitions and the so called pairwise-exchange-
method. Compared with the other methods, the new method shows considerably better
placement.

5. Examples of application

The placement program described above has been applied to various types of printed
circuit boards, such as boards with 33 IC's, 55 IC's, 200 IC's, etc..

Five examples are shown in table 2, and compared with manual placement.

The Table shows that a more than 40 percent improvement in the number of unconnect-
ed points is achieved over manual placement, and that the computer time in the routing is

considerably reduced.
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Table 2

Results of applying the program to some printed circuit boards

Routing **
Manual Placement by

No. of No. of | Elapsed com- placement the program

hee puter time in Unconnected,... Unconnected %
ate IC's A [Time¥] s Time

g placement * lines lines
1 106 31 24 34 52 14 37
2 138 58 54 50 123 38 100
3 74 25 19 31 52 4 20
4 65 25 14 1 32 8 27
5 57 26 26 28 50 23 42
* CPU time (min.) of HITAC 8400 computer.
*% Obtained under the routing conditions ie.

2 layers, one channel, floating through~hall.

6. Conclusion

An efficient placement program for IC's on printed circuit boards has been presented.
The program can be applied to various types of printed circuit boards and is expected to
reduce the time that is required for the design of the boards.

Examples of the application of the program have proved that placement of IC's with
this program is considerably better than manual placement in the area of routing the

printed path.
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