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A Reduced-Order Modding o Multi-Port RC Networ ks
by Means of Graph Partitioning ~
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( Department o Hectronic Enginesring, Tsinghua University, Beijing 100084, China)

Abgract : A nodfied reduced-order method for RC networks which takes a divisornand-conquest drategy is presented. The whole
network is partitioned into a set of sub networks @ firg ,then each of themis reduced by Krylov subgpace techniques ,and findly dl
the reduced sub-networks are incorporated together. With some accuracy ,this method can reduce the number of both nodes and
conponents of the circuit comparing to the traditiond methods which usudly only offer a reduced net with less nodes. This can
markedy accelerate the parse matrix based dmulators whose performance is dominated by the entity of the matrix or the number of

components o the circuits.
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1 Introduction

With the trend in microdectronic indugry to the
deep sub-micron era ,the dfects o the interconnection be-
come nrore inmportant than any time before. In order to get
the precise irformation of these interconnects,a popular
method isto smulate the equivaent RC networks extract-
ed from the physca layout. But these RC networks are
big that it is time consuming and menory prone to Smu-
late them directly.

For the feaghility of dmulation ,the reduced-order
nodeling of linear passve networks is an dficient way. A
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lot of related work has been presented in recent 5 years,
such as PACT (pole andys's via congruence tranformer
tions) (!, AWE (asynptotic waveform eval uation) 12! and
MPVL (metrix- Padé via Lanczos) based on Krylov sub-
paces®* ¥ ec. Epecialy MPVL works accurately and
gably. In the case of a net with large scae ports (clock
nets or power nets are in this case) ,these methods can
only reduce the number of nodesdf the network ,but could
mot reduce the number of cormponents dgnificantly because
the result metrix of trander function are dense and the ac-
tual conponents are not reduced. For the arsemetrix
based smulation tools, these node-reduced but compo-
nent-unreduced networks gain a very limited benefit. For
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exanple ,a network with 100 ports ,500 interna nodes and
10000 ocorrponents should not be reduced to a circuitry
with less than 100 nodes. As the result matrix G, and C,
in H,(s) are dense ,the reduced network gill has about
100 x 100 cormponerts.

To vanquish this grid , we present an amended
method. It takes 3 seps shown in Fg. 1 to reduce the net-
work. Sep one isto divide the originad multi-port network
in ome smdler sub-networks with a moderate number of
ports. Sep two is to reduce the sub-networks one by one
by meansdof MPVL . Sep three isto link the reduced subr
networks into a result network in which both the nodes
and conmponents are greatly reduced .
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FHg.1 Algorithm flowchart of partitioning based RC network
reduction.

2 Partitioning-based reduced-or der

moded ing

Let G(Vp,V,, E) be the grgoh representing the
multi-port RC network to be reduced ,where Vp and V,
represent setsof the ports (or externa nodes) and internd
modes ,regectively.| E| =L ,| V| = Np,and | V|| = N,
represent the number of components, ports and interna

nodes of the network ,regpectively. Suppose any port could
be an input or output port ,then the trander function of
G(Vp, V), E) can be expressed ast®! ;

H(s) = B'(G+ sC) !B (D

where G and C represent N X N red arse metrices, N
= Np + N; ,and B represents an N X Npred matrix.
The trander function of the reduced network would be as

Hn(s) = Bh( Gy + sCy) "By 2

where G, and C, represent n X n red dense metrices, n
> Np,and B, repreents an n x Npred metrix. The trar
ditiond techniques of reduced-order modding can only
make n much srdler than N but could ot guarantee the
gardty of G, and C,. Thus the number of cormponents of
the reduced network is very close to NAwhich exposes the
fact thet traditional reducedrorder nodeling will lose dfi-
ciency if L= N3.

To overcome this difficulty ,we partition G(Vp,V,,
E) into k sub-grgphs, G(Ve,;  S.Vi;, B) .j = 1,
2, ,k, where S C V, represents the separator of
G(Vp, Vi, B), j (Vi S) :Vl,(jV|,j) ﬂ(jS)
= @,V nV,= Ofor Vi #j, jVp,j = Vp,Vp,;
NVe;= Ofor Vi #j,E={(u,v)| u,v Vp;

S Vi, (u,vy E and j E = E.And the par-

titioning process can be realized by taking the vertex cut
dprithm'® recursvely. If the network is a tree the parti-
tioning process can be performed snply and ficiently.

After partitioning ,each sub-network is reduced indi-
vidudly ,and rodes in S and Vp,; are regarded as the
portsof the jth sub-network. By MPVL the reduced trans
fer function of the jth sub-network is derived as

Hn,j(S) = BI,](Gn,j + SCn,j)_an,j, j =1,2, Jk
(3

where Gp,jand C, j represent n; X n; rea dense metri-
ces,Bn,j represents an n; X Np; matrix, Npj =| Vpj
| +] S| .,and nj = Npj. Thus G(Ve; §,Vij, E)
is reduced toa(vp,,- S ,T/l,j ,_E,-) Wwhere | V, ;| =
n - Np,; .andin generd | E| ,the number of the con



10 Yang Huazhong & al. :

A ReducedOrder Modding of Multi- Fort RC Networks

1039

ponents of the jth reduced sub-network ,is a the scde of
2.

Fndly ,adl the k reduced sub-networks are incorpo-
rated ino Gy (Ve, Vi, E) which is the reduced model of
G(Ve,Vi,B) whereVi = (S Vi) ,E= §,
and the number of the conponents in the reduced network

k
is proportiond to Z n? which is much sraler than N3,
j_

the number of conponents of the reduced network by
MPVL without partitioning.

In order to reduce the number of conponents dragi-
cdly, G(Vp,V,, E) sould be partitioned as honmoge
neous as posible and &l the node cut sets S sould be
minimzed. For a genera grgph,these partitioning conr
draints are quite hard to be stidied. Fortunatdy , the
nogly actud RC nets are of very limited loops and in
nog cases they are in tree gructures with o loops ,thus
the partitioning process consumes an extremely limited

time of CPU.

3 Numerical results

As MPVL isthe nog dfective nodd-reduction ago-
rithm and becomes popular in recent years,it has been
embedded into our three-gep partitioningbased RC net-
work reduction flow. In fact ,any other traditiond reduced
order modeling techniques can be embedded into our flow
too. To conpare the dficiency and accuracy ,ome actua
RC nets are reduced by MPVL with and without partition
ing ,repectively. All the reduced RC nets by our method
are equivaent to their origna nets because their eectrical
pefformance differences, measured by circuit Smulaor
HSPICE!®! | are less than 1%. The HSPICE smulaion
time of origna nets and the reduced ones is liged in
Table 1 which shows there is a Sgnificant gpeed inmprover
ment in Parse-metrix based smulators.

Table 1 Qonparion of MPVL with and without partitioning

Reduction time/ s Component # Smulation time by HSPICE s
Index | Port # Reduction Reduction Reduced Reduced Reduced Reduced
Origna Orignd
w/ 0 Part. w/ Part. w/ 0 Part. w/ Part. w/ 0 Part. w/ Part.
1 50 5.25 1.75 3390 819 428 266.5 110.2 27.0
2 100 55. 80 6.45 10120 2408 1080 1111.7 469.4 93.3
3 150 540.9 21.53 25500 12060 1455 4738.7 3638.8 130.6
4 240 2743.88 163. 23 50000 25124 6024 15477.9 12399. 3 692.4
5 500 — 824.30 150000 — 14412 124031.4 — 2511.2

Acoording to the experimentd results shown in Table
1 we can see that the results of partitioning-based reduc-
tion method show better performance. The smulation time
o the reduced network by our method liged in column 10
is much less than those of the orignal and the reduced
networks without partitioning ,lised in column 8 and col-
umn 9 ,regpectively. Gormparing the run time shown in col-
umn 8 and column 9 we can see that the Peed inprove-
ment of the reduction agorithm without partitioning drops
from 141. 8 % to 24.8 % when the number of ports i
creazesfrom 50 to 500. OF particular note that shown in
oolumns 3 and 4 when the partitioning method is carried

out ,the reduction process will save nore time because the
conputational cog grows dragically with the increasng
dimengon of metrix Gand Cin H(s).And MPVL even
failed in the 5th experiment because it is run out of memr
ory. D in this agect ,the partitioning is not only an €fi-
cient way to reduce the number of cormponents but a0 a
necessary way for any interconnect with very large scale
ports.

4 Conclusion

The nodified reduced-order method presented in this
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paoer takes partitioning and MPVL to reduce the numbers
o both nodes and components of multiport RC networks.
This actualy acceerates not only the sparse-metrix-based
circuit amulators whose conputational cog is dominated
by the entity of the metrix or the conponents of the net-
work but a9 the reduction process itsdlf . Other reduced
order nodding techniques can a be embedded in our
three-gep partitioning-based flow , and the partitioning
drategy should be gpplied to RA. networks.
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