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A Graph Matching Algorithm for Circuit Partitioning and
Placement in Rectilinear Region and Nonplanar Surface

In-Cheol Park, Chong-Min Kyung
Department of Electrical Engineering, KAIST

Abstract

This paper proposes a graph matching algorithm based
on simulated annealing, which assures the globally optimal
solution for circuit partitioning for the placement in the
rectilinear region occurring as a result of the pre-placement
of some macro cells, or onto the nonplanar surface in some
military or space applications. The circuit graph (G
denoting the circuit topology is formed by a hierarchical
bottom-up clustering of cells, while another graph called
region graph (G, ) represents the geometry of a planar rec-
tilinear region or a nonplanar surface for circuit placement.
Finding the optimal many-to-one vertex mépping function
from G, to G,, such that the total mismatch cost
between two graphs is minimal, is a combinatorial optimiza-
tion problem which was solved in this work for various
examples using simulated annealing.

1. Introduction

VLSI layout problem is how to place each block of a
given circuit on a given region such that the given cost
function such as overall routing length is minimized.
Although a significant advanccment has been made in the
VLSI algorithm area for the last decade, most of the ear-
lier works are dealing with the placement of one type of
cell in a rectangular region. In practical VLSI layout, how-
ever, the region available for circuit placement is rectilinear,
not necessarily rectangular, as a result of pre-placement of
some macro blocks as shown by a typical VLSI chip floor-
plan in Fig.1. Chi[1] reported an algorithm for embedding
a given circuit within a rectilincar region bascd on successive
min-cut bi-partitioning of both regions and circuit, respec-
tively. Howcver, owing to the greedy nature, it cannot
assure the globally optimal distribution of circuit modules
and ncts over the whole rectilinear region.

~ In this paper, we describe a new approach called
"graph matching™{2] which assure globally optimal result in
the partitioning of a given eletronic circuit into each rec-
tangular subregion of the whole rectilinear region. The
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overall procedure for circuit palcement in rectilinear region
according to this scenario consists of four steps as shown in
Fig.2. The procedure starts with i) step 1; converting the
given rectilinear region into a graph called region graph
(Gg) and i) step 2; converting the given circuit into a
graph called circuit graph (G.). Step 1 of dividing a rec-
tilinear region into rectangles can be done using various
heuristics[1,3} depending on the situation. Step 2 of forming
the circuit graph, G is responsible for reducing the number
of vertices through a bottom-up clustcring explained in sec-
tion II. Given a rcgion graph (Gp) and a circuit graph
(G.), the step 3 finds the globally optimal assignment of
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Fig. 1 A typical floorplan of VLSI chip.

step 1 LForm Region Graph, G » ]
V

step 2 [ Form Circuit Graph, G ¢ }
/
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step 4 Subgireuit {cluster) placement
within each rectangular region

Fig. 2 A procedure for placement in rectilinear region.
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vertices in G, onto each vertex of G,, using the graph
matching procedure based on simulated anncaling{4] men-
tioned in section III. After the circuit partitioning, the
placement of each subcircuit within cach rectangular region
can be done using various existing algorithms[5,6].

I1. Circuit Graph Formation Using Bottom-Up
Clustering

Circuit graph G, is a graph whose vertices represent
the circuit modules, while the edges represent the inter-
module connections. Bottom-up clustering of strongly inter-
connected cells is necessary in building the circuit graph

because reducing the number of vertices in G, which is.

usually much larger than thc number of vertices in Gpg,
through clustering is very important to reduce the complex-
ity of the graph matching problem.

Fig. 3 shows two clusters as a result of successive
bottom-up clustering. Following algorithm is a procedure
for clustering such that the total number of clusters is less
than a constant (CPR) times the num_region, number of
vertices in Gp, while the size of each cluster is limited by
max_size.

BU_Clustering
{

while( |V_| < aum segion * CPR ) {
G.=(V.E.); 1* construct G, circuit graph *
avg 1= gverage of edge weight, w(e), e ¢ E_;
for (e=(y, ;) in descending order of w(e) ) {
if{ w(e) < avg ) break ;
else if( w(v,) + w(vl) < max_size) {
* w(v,) denotes the weight of vertex i, or
total area of cells within cluster i */
merge { v, o) Y

}

max_size := B * max_size ;

}

Algorithm 1 : Hierarchical Bottom-Up Clustering

Y

Fig. 3 Cluster forest

II1. Graph Matching

Fig. 4(a) shows an example of rectilincar region
divided into rectangular subregions, and its corresponding
region graph, G, is shown in Fig. 4(b), where the weight of
cach vertex denotes the area of the corresponding rectangu-
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lar subregion, while the edge weight denotes the length of
the border line between two neighboring rectangular subre-
gions. Fig. 4(c) shows that a circuit graph (G.) having 10
vertices (denoted as small circles) is embedded onto the
region graph (G, ) having 4 vertices (denoted as large cir-
cles) through an assignment of vertices V. ta Vy. (V. and
Vy denote the vertex scts of G and G, respectively.)
The graph matching problem is formally stated here as
follows :

Given two graphs, G, = (Vp.Ep) and G.

(Vo Ec)» find the mapping from V. to V, such

that the given global cost is minimal.

The number of vertices in G, is larger than the
number of vertices in G, (even after the bottom-up clus-
tering), ie., |Vo|>|Vy |, and the graph matching problem
is to evaluate the cost function for each possible many-to-
one vertex mapping from V. to V. Simulated annealing
has been used in our work to handle this combinatorial
optimization problem.

{a) [ e}

Fig. 4 (a) Subdivision of a rectilinear region
(b) Corresponding region graph
(c) Circuit graph

Three kinds of cost tcrms were incorporated; half-
perimeter cost, edge mismatch cost and vertex mismatch
cost. The half-perimeter cost of a net is the half-perimeter
length of the MBB (Minimum Bounding Bex) enclosing all
the center points of the rectangular subregions on which at
least one circuit module belonging to the net was assigned.
The half-perimeter cost of a net having its circuit modules
assigned onto the rectangular subregions, 1,2 and 4 in Fig.
5(a), is the half-perimeter of the MBB shown as a dotted
line. The sccond term is the vertex mismatch cost which
represcats the difference between the arca of a rectangular
subregion and the sum of arcas of the circuit modules
assigned to that rectangular subrcgion. Finally, the edge
mismatch cost represents the differcnce between the capa-
city of a border line and the sum of weights of all nets
passing through that border line.

Determining  the actual border line scgments
(corresponding to the edges in Gg} being crossed over by
each net is at least as complicated as the global routing
problem which is NP-complcte. For simplicity, It is assumed
here that all the clusters assigned to a rectangular region
are placed at the center of that rectangle, and only those
edges {denoted as thick lines in Fig. 5(b)) corresponding to
the border line segments fully or partially enclosed by the
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MBB of a net (denoted as dotted rectangle in Fig. S(a) )
are responsible for providing the channel for routing the
net. The total cost function used in our simulated annealing
is a linear superposition of the three cost terms mentioned.

1

(a) (b)

Fig. 5 (a) A net consisting of three modules.
{b) Region graph where the thick edges denote
boundary segments consumed by the net.

IV. Circuit Placement on Nonplanar Surface

Another possible application of the proposed graph
matching is the circuit placement on ponplanar surfaces,
Although only planar surfaces are considered for VLSI lay-
out, there are some applications where the electronic con-
trol circuitry should be placed or "pasted” on the interior or
exterior surface of 3-dimensional objects, for example, in
military or space applications.

Fig. 6(a) shows an orthogonal hexahedron (3-D box)
for nonplanar surface embedding of electronic circuits. The
six faces of the 3-D box are shown in (b), while the
corresponding region graph is shown in (c). The assignment
of circuit modules onto each face is the similar graph
matching problem. (The region graph in (¢} is planar, how-
ever.) Fig.7 shows how-to determine the border line seg-
ments being crossed by a net according to the various dis.
tribution configuration, from (a) to (i), of the circuit
modules on each face of the 3-D box. Only those border
line segments partially or fully enclosed with the
MBV(Minimum Bounding Volume) of a net are used for
routing the net. For example, Fig. 7(a) represents the case
when all the circuit modules of a net are assigned onto one
face, in which case no border line scgment is crossed by the
net,

—

(a) (b) (c)

Fig. 6 (a) Othogonal hexabedron
{b) Six faces of the hexahedron
(c) Corresponding region graph

~531-

=) (#) (2

(@) () ©

@ e ®

@ ) @
Fig. 7 Minimum bounding volumes

V. Experimental Results and Conclusions

Fig. 8 shows, in a2 spanning tree style, the connection
pattern of a circuit having 67 modules after the assignment
onto each rectangular subregion using the graph matching
procedure based on simulated annealing. The size and the
location of each circuit module within each rectangular
subregion is meaningless and only for the purpose of illus-
tration. However, it can be readily seen that the number
of vertices assigned onto a subregion is quite proportional
to the area of the subregion, which means the vertex
mismatch cost is small.

Fig. 9(a) and (b) show additional rectilinear regions
used for the placement of two benchmark circuits[7] whose
statistical data are shown in Table 1. Table 2 and 3 show
the detailed results of the graph matching based on simu-
lated annealing, where the vertex mismatch and edge
mismatch costs are shown for each vertex and edge of the
region graph, Finally, table 4 shows the similar result for
the assignment of a circuit having 144 modules onto 6
faces of a 3-D box using the graph matching algorithm.

In conclusion, a graph matching algorithm for finding
the globally optimal circuit partitioning and placement on
the rectilinear region occurring due to the pre-placement of
macro cells and on the nonplanar surface is proposed based
on simulated annealing.
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65504 5540 54 0.08 %
24-th DAC, 1987 :; 32049 32840 159 20‘48 95;
vs 33559 33560 1 0.03 %)
ve 38441 38340 101 0.26 %)
vy an2 42760 48 (0.11 %)
] ve 20990 21000 10 (0.05 %)
va 41432 41700 208 (0.50 %)
2|§ Total 275737 215740 S8l (021 %)
Edge weight in G, Edge wright in G, mismatch cost
i& L (‘, ) w, (‘1) | Wole; )= w, (ﬁ )
z. 89 ] 0 000 %)
o 100 100 0 (0.00 %)
o 194 195 1 0.51 %)
AT P 194 206 12 0.62 %)
> L Sl s | 4 =
= = :: 89 8 K (o.dg %;
Fae e 200 147 X (26.5 %)
. t 17 Total 1154 1156 108 (93 %)
]
AL ~ Table 3. Detailed result for test 4.
\7 Vertex weight in G, Vertex weight in G, mismatch cost
f A) W, () §Wg ()= W, )]
v 7400 2400 0 0 %
" 2400 2400 0 © %
& v 2400 2400 0 © %
= v 2400 2400 o {0 %
vy 2400 2400 0 © %
/ ve 2400 2400 0 0%
[ Total. 1 14300 [ (0 %)
Edge weight in G, Edge weight in G, mismatch cost
Wole, W, () 1Wele))-W (e}l i Wie) > Wyle)
otherwise () .
: : : : e
" )
Fig. 8 Spanning tree connection pattern of a circuit having a2 g é Z (u:% Zi
.
67 modules. o H s 9 on
P 8 s 0 © %)
“ 8 7 0 © %)
ey 8 10 2 (25 %)
\ m 8 3 0 © %)
e 8 1 0 (0 %)
i} \ e 8 2 0 © %)
. LTotal 96 67 4 (4.2 %)
NN table 4. Detailed result of the placement of a circuit having
144 cells on six faces of 3-D box.
L \
N
(a) {b)
Fig. 9 Region pattern for (a) Primary 1, (b) Test 4.

Vertex weight in Gy | Vertex weight in G, mismatch cost
Walv) w.(v) | Wy v))-W, ()]
vy 15825 15850 25 ©.16 %)
vy 4220 4140 80 (1.89 %)
vy 10550 10450 00 (0.95 %)
v 9495 9490 5 {0.05 %)
vy 31650 31800 150 {0.47 %)
[ 8440 R450 10 {0.11 %)
Total 80180 D180 370 0.46 %
Edge weight in G, Edge weight in G, mismatch cost
Wale) W, (g) 1Wate))=W (e
L 134 137 3 (2.23 %)
e, 102 L0 1 0.99 %)
P 68 68 0 (0.00 %)
e 68 68 0 ©.00 %)
.t‘ 102 104 2 (1.96 %)
Total 474 478 6 (126 %)

Table 2. Detailed result for primary 1.
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