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Efficient Very Large Scale Integration
Power/Ground Network Sizing Based on
Equivalent Circuit Modeling

Sheldon X.-D. TanMember, IEEEand C.-J. Richard ShSenior Member, IEEE

Abstract—We present an efficient method of minimizing the P/G network design typically consists of several steps:
area of power/ground (P/G) networks in integrated circuit layouts  topology design, sizing of wire segments in P/G networks, and
subject to reliability constraints. Instead of directly sizing the orig- the allocations and placement of decoupling capacitances if

inal P/G network extracted from a circuit layout, as done previ- L .
ously, the new method first constructs a reduced but electrically delta-I noise is significant. Topology design of a P/G network

equivalent P/G network. Then the sequence of linear programming 1S commonly carried out by P/G routers. In this paper, we
method is applied to optimize the reduced network. The solution address the second step, that is to size the wire segments with

of the original network is then backsolved from the optimized re-  fixed topologies of P/G networks. Several methods have been
duced network. The new method exploits the regularities in the developed to solve this wire sizing problem [5]-[7], [9], [16].

P/G networks to reduce the complexities of P/G networks. Exper- Most of th thods f late th . . bl
imental results show that the sizes of reduced networks are typi- V0St Of these methods formulate the wire Sizing probiém

cally significantly smaller than that of the original networks. The @s a constrained nonlinear programming problem. Existing
resulting algorithm is fast enough that P/G networks with more approaches to this problem, such as the augmented Lagrangian

than one million branches can be sized in a few minutes on modern [5], conjugate gradient [7], and feasible direction methods
Sun workstations. [9], are known to be computationally intensive and cannot be

Index Terms—Circuit modeling, circuit optimization, linear pro-  scaled to solve large P/G networks containing millions of wire
gramming, power distribution. segments [3], [10].

Recently, P/G optimization methods that explicitly consider
the transient behavior of a P/G network were proposed in [4],
[8], [11], [13], and [15]. The common practice to reduce the
POWER/GROUNQ (P/G) networks supply power from th§ransient noise due to capacitive and inductive effects is by

P/G pads on a chip to the circuit modules. They experienggsans of adding decoupling capacitances. The decoupling
the largest current flows in a chip and are more susceptibledgnacitance allocation is performed in the floorplanning stage
current-induced reliability and functional failures. Those reliap [g] and [11]. The placement issue of the decoupling ca-
bility and functional failures typically come from electromigrapacitances was investigated in [4] by using frequency-domain
tion, excessive IR drops, and deltgfldi/di) noise [1], [2]. A sensitivity analysis. But all of those methods fail to consider
aresult, the wires in a P/G network have to be properly sized\gre sizing for IR drop reduction. In [13], wire sizing based
keep those adverse effects under control. The design of relialJg.time-domain sensitivity analysis is employed to reduce the
working P/G networks, however, is no longer a trivial task. Dransient noise. But capability of this method depends on the
signers often attempt to oversize a P/G network to avoid the ficiency of the underlying analysis algorithm and the method
liability problems. But a substantial amount of chip area can gxes hours to solve P/G networks with only a few thousand
wasted with this conservative design strategy. T_he problem bgsdes. Time-domain sensitivity analysis was also used to
comes even worse for very deep submicron designs where eygdice the transient noise by sizing and placing decoupling
more silicon area has to be dedicated to P/G network routiggpacitors in [15] and by wire sizing along with signal net
and the constraints from design rules and the reliability copsyting in [14]. Still, reported sizes of P/G networks are quite
sideration become more stringent. Hence, an important desigha||.
task is how to use the minimum amount of chip area for wiring |, 1999, we proposed an efficient algorithm to solve the P/G
P/G networks while avoiding potential reliability failures due tgire sizing problem [16]. Our approach is still based on the
electromigration and excessive IR drops. resistor-only model for the P/G wires. We consider the reduc-

, . . tion of transient noise due to capacitive and inductive effects
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millions of wire segments commonly seen in typical ASIC de- whereV,;, andV,,. are given constants based on the
signs, the SLP method, however, remains too slow to handle technology and the routing layer.
such networks. b) Minimum width constraintsThe widths of the P/G seg-

In this paper, we present an efficient approach to solving the  ments are technologically limited to the minimum width
large scale P/G optimization problem subject to reliability con- allowed in the layer where the segment lies. Thus, we have
straints. Some early results of this approach were published in LT
[17]. Our method is based on the SLP method [16]. In our new w; = pv%v
method, we first attempt to reduce the original P/G networks ! 2
by replacing many regular series-resistor circuits with smaller, ~ wherew; i, are given constants.
electrically equivalent models. The resulting networks, which c) Electromigration constraintsElectromigration on a P/G
typically are much smaller than the original ones, are solved  wire segment sets an upper bound on the current density
by the SLP method and the solutions of original networks are  of the segment [1]. For a routing layer with fixed thick-
finally backsolved from the optimized, reduced networks. The  ness, this constraint for bran¢hs expressed afd;| <
success of the new method is based on the observation thatmany wio, and can be rewritten as the following nodal voltage
wire segments share the same width in a P/G circuit due to typ-  constraint:
ical design rule requirements. Experimental results have shown
that the proposed algorithm scales very well to attack large P/G Vi = Vi | < plio (4)
networks with many regular structures. For instance, a P/G net-
work with 10 k branches can be solved in a few seconds and the
one with more than a millions branches can be solved in a fewd
minutes on modern Sun workstations.

This paper is organized as follows. Section Il describes the
formulation of the P/G network optimization problem and
reviews the SLP method. The new method is presented in
Section Ill. Experimental results on some large P/G networks
and the comparison with the SLP method are summarized in
Section IV. Section V concludes the paper.

Z Wi, min (3)

whereo is a constant for a particular routing layer with a
fixed thickness.
) Equal width constraints (coupling constraintgjor typ-

ical chip layout designs, most commercial P/G routers do
not allow the widths of P/G wire segments to be arbitrary
values with respect to other wire segments. Instead, cer-
tain P/G wire segments should have the same width. For
example, the wire segments in a P/G ring around macro
cells in ASIC designs. The constraint can be written as
w; = wj. In terms of nodal voltages and branch currents,

e have
Il. PROBLEM FORMULATION AND REVIEW OF SLP W v
. . .. Vi1 - Viz le — ij

Following [7] and [16], we formulate the wire sizing problem AN AR (5)
in terms of node voltages and branch currents. After the problem o A
formulation, we will briefly review the SLP method. e) Kirchoff’s current law (KCL):
A. Problem Formulation > =0 (6)

Let G = {N,B} be a P/G network with, nodesN = i€BG)
{1,...,n} andb branchesB = {1,...,b}. Each branchi in for each nodej = {1,...,n} and B(j) is the set of
B connects two nodes; andiy with current flowing fromi, indices of branches connected to ngde

tois. Letl; andw; be the length and width of branéhrespec-  p/G network optimization is to minimize (1) subject to con-
tively. Let p be the sheet resistivity. Then the resistancef straints (2)-(6). It will be referred to as problef hereafter.
branchi isr; = (Vi, — V4,)/(1i) = p(li)/(wi). Since both the node voltagé and branch current are chosen

1) Objective Function:We can express total P/G routingas variables, the objective function and some of the constraints
area in terms of voltages, currents, and lengths of branchesa@$ nonlinear. Hence, problefis a constrained nonlinear op-

follows: timization problem.
I;1? .
FV,I) = Z liwi =Y fov (1) B. Review of the SLP Method |
ieB ieB SLP follows the problem formulation proposed by Chowd-

We notice that the objective function is linear for branch currehtiry [7], which relaxes the original probled? by dividing
variablesI and nonlinear for node voltage variablés the problem into two phases; — V' and P — /. The relaxed

2) Constraints: The constraints that need to be satisfied fgProblem, whose solution space is a subset of the original one,
a reliable, working P/G network are as follows. becomes a convex problem (has only one optimal solution)

a) Voltage IR drop constraintsto ensure the correct and re-nd, thus, is much easier to solve than the original one.
liable logic operation, the voltage drop (IR drop) from the ButproblemP — Vs still a nonlinear programming problem
P/G pads to the leaf nodes should be restricted. We thas the objective function (1) is still nonlinear in termslofin

impose the following constraints to every leaf node: ~ the SLP method, the problef — V" is further relaxed by lin-
earizing the objective functiofi(V') around the initial solution

Vi > Viin for power networks Vb, so that bothP — I andP — V' become linear programming
Vi < Viax for ground networks (2) problems as shown in the following.
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Fig. 1. Series-resistor chain.

Fig. 2. Equivalent circuits for a series-resistor chain.

» Phase oneP — V.
All node voltages become variables and all branch cur-

rents are constants. Then, the objective is two series ends, andl; andNV,,, coming from the interaction of
the series-resistor chain with the rest of the network. Suppose
g(V) = Z (V_oz_le_o) - Z ﬁ Vi, = Vi) (7) ';tge p(l)sitive currgntdirectio_n for resistiv_e b_ranc_:h (wire segment)
ieB Vi ia ieB (V5 i /rmi 1S from N; to N ,. Since the series-resistor and current
chain is a linear network, its terminal behavior can be modeled
whereq; = pLil?. by a much simpler equivalent circuit as shown in Fig. 2 [12],

The optimization is subject to constraints (2)—(5) andwhere the positive current direction Bf is from N; to N,,. The
ViV equivalent resistanch, is just the sum of all the resistances in
% >0 (8) series
. n—1
wherel; is a constant and R, = Z Ry (11)
i=1

Esign(Ly) (Vi) = Vi7) <sign(B) (Vi, = Vi) (9)
By superposition, each current source divides between the two
where¢ € (0,1). ends. For a current source, the divided current at each end can
* Phase twoP — I. _ be computed by replacing all the other current sources by open
In this step, branch currents become vgrlaples a”d.é‘#cuits and replacing the voltage sourgebetween nodeV;
nodal voltages are constants. Then, the objective functigRq by a short circuit. The current contributions from all the

can be rewritten as current sources are the equivalent curigntandl,, as shown
) in the following:
FI) =3 Bl (10)
ieB n—2 n—1
R
, . . I, = Z =i I (12)
whereg; = (pl?)/(Vi, — Vi,), subject to constraints (3), — R,
(5)1 and (6) n—2 Zl R:
The SLP algorithm starts with an initial feasible solution, then I, = et ey (13)
iteratively solves two linear programming probleni3— V/, =1 s
thenP — I.

Once the reduced network has been solved with the equiva-
lent network and the voltages at the end nodes are known, the

. . voltages at the intermediate nodes can be backsolved one by one
The new method is based on the observation that many Wjgsad on superposition as follows:

segments have the same width in a P/G network due to design

I1l. NEwW POWER/GROUND OPTIMIZATION METHOD

rule requirements. As a result, not all node voltages and branch R;

currents need to be explicitly constrained. By exploiting the reg- Vier =Vi— 5=Vs = Rilg, (14)

ularities and their implications on the node voltages and branch I. =L — I,s (15)
€it1 [ 1

currents, we can reduce a P/G network by using equivalent cir-
cuit modeling. SLP can then be applied to the reduced network
to obtain the optimal solution more efficiently.

In this section, we first present how a series-resistor chain &n
be modeled by a simple equivalent circuit. Then we show howThe equivalent circuit modeling method was originally devel-
equivalent circuits are constructed for P/G optimization and hayped for fast P/G network simulation [12]. To apply the method
the corresponding constraints are transformed for the redugedbur P/G optimization problem, we have to consider the fol-

Equivalent Circuit Modeling for P/G Optimization

P/G network. lowing differences.
. L . . . . « All the resistors in a chain should have the same current
A. Equivalent Circuit Modeling of Series-Resistor Chains direction.

Consider a chain of series resistors commonly seen in a P/G We observe that not all the node voltages in a series-re-
network as shown in Fig. 1. There exists voltagdetween the sistor chain need to be constrained by IR drop constraints.
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(b)

Fig. 3. Nodes cannot be suppressed. (a) Nodes in power networks and
(b) nodes in ground networks.

We should consider the nodes whose voltages are either
the local minimum or the local maximum. This means that
not all the intermediate nodes in a series-resistor chain can
be suppressed. Fig. 3 shows two scenarios where node
voltages are the local minimum or the local maximum
and the corresponding nodes cannot be suppressed. With
this restriction, a physical series-resistor chain has to be

o4l

broken into several subchain circuits, and the currents §. 4. 3x3 power network. current direction in each resistive branch is
all the resistive branches in each of the subchains shoualarked.

have the same sign. In other words, currents flow in the
same direction in a subchain. Knowing this, it is sufficient
to consider the voltages at the ends of a subchain circuit.

Such a restriction is consistent with the requirement in
the SLP method [16] that the current directions will not
change after optimization. So, at the end of the optimiza-
tion, voltages of those nodes will still be either the min-
imum or the maximum in the subchain circuit. This means
that the equivalent circuit modeling will be valid for both
the optimized P/G equivalent circuit and optimized orig-
inal circuit.

All the resistors in a chain share the same width

Observing the widths of all the resistive branches in
a series-resistor chain are typically identical, and subse-
quently a series-resistor chain is typically extracted from
a straight P/G trunk or one side of a power/ground ring
that commonly are routed with one routing layer.

With this assumption, all the equivalent currents com-
puted in (12) and (13) will remain unchanged during opti-
mization. The width of each individual wire segment will
be the width of the equivalent resistor and the resistance
of each individual wire segment after optimization can
easily be backsolved. Let!, the unknown variable, and
R. be the resistance dt; and R; after optimization, re-
spectively, then

. R

Ri — —qu

5 (16)

Electromigration constraints

whenV; is replaced by a short circuit, add is computed

in (15). Notice that all the currenfg,, I € [1,n — 1] will

have the same sign in a series-resistor subchain. Without
losing generality, we assume currents are always flowing
from Ny toN,,,i.e.,Ig, > 0,4 € [1,n—1]. Then we have

IRiZIRj7f0ri<j. (18)

This is becausé., > I., for i < j according to (15).
So, R, will experience the largest current. Since all the
resistors in a series-resistor chain share the same width,
we only need to consider the current®f for the electro-
migration problem a$?; sees the largest current density.
Similarly, for a ground network, with the same assumption
of the positive current direction for each resistive branch,
we only need to consider current Bf, for the electromi-
gration problem. By using thég, or I, as the current
for the equivalent resistaR,, electromigration constraint
(4) for Rs as shown in Fig. 2 will become

plso
L,
I

plso

en

Is

Ve, — Vio| < for power networks
1

Ve, = Vao| < ; for ground networks  (19)

Note that constraint (19) is a linear constraint for both
P — VandP — I. Another important difference it that we
have to explicitly consider the electromigration constraints
in problemP — I now.

Finally, electromigration constraint (4) also needs to be As an illustration, Fig. 4 and Fig. 5 show, respectively,e83
modified to accommodate the changes in equivalent cjpower network and its corresponding reduced network.

cuit modeling.

The flow chart of the entire new optimization procedure is

Consider the series-resistor subchain in Fig. 1. The cighown in Fig. 6.

rent flowing through resistaR;, /g, , has two components

The detailed explanation of each step in Fig. 6 is given as

follows.

[R; =1+ Ioi (17)

New P/G Optimization Algorithm

wherel (= (V;)/(Rs)) is due to the voltage drop df;
acrossR; and it is also the current flowing throughy in
the reduced networl{,, is the current flowing throug;

1) Analyze the networkz to obtain an initial feasible solution
and construct the equivalent netwark of G and designate
the initial solution inG. asV*, I* for k = 0.

e
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i/» NN~ : from 1. If f(V;’fl) > f(V;’flfl), do the line search along the
Sk directiond = (v}, -~ V) untl J(V) < J(V_,).
i v Record the result from the last iteratiband line search in
= J:_ — — - step 3 ag/}*1. Constraints (2), (3), (5), (9), and (19) are
NN : repeated respectively in the following:
é L } D [ Vi > Viuin fOr power networks
1 1 1 T Vi < Vimax for ground networks
A N
W = P77~ 2 Wimin
[ } N [ AT
) L Vi, — Viz _ VH — ‘/32
é [ % li[i - l_]I_]
} B Esign(1) (V) = V) <sign(L)(Vi, = Vi)
¥ ‘/, \\A 'l/ \\z + plSO'
A . ‘\"/ -_— _ <
9 i T Q Vs, — Vi,| < o for power networks

= = = L 7
Fig. 5. Equivalent circuit of the 83 power network. All the equivalent _ plso
resistors are marked with dotted surrounding boxes and the equivalent currents |V51 VS? | < 1+ Lo, for ground networks
are shown at both ends of the equivalent resistors. I,

4) Construct the minimum width constraints (3), equal width

constraints (5), and electromigration constraints (19) using
Compute the initial V*+1 for each branch
. o .
1 Busi;’;‘;z:’;:‘:l:v(zlent 5) Minimize the objective function (10) subject to the con-
network Ge straints (3), (5), (6), and (19) by linear programming and
| record the result ag**. Constraints (3), (5), (6), and (19)
v are repeated respectively in the following:
Construct all the ) 1T
2 constraints for P-V w; = p% > Wi, min
problem assuming Vi, — Viz
branch currents are constant Vil _ Viz — ‘/31 — V}z
3 Solve SLP problems P-V }—‘ Z ;=0
* ieB(j)
plso
Construct all the Ve, — Vi,| < 7— for power networks
4 constraints for P-I L+ 1_1
bl i l
probieih assuming Vi, = Vi,| < P59 for ground networks
node voltages are constant 1 2 14+ I,
! y
E+1 7h+1y _ k Tk i inafti
5 Solve LP problem P_I 6) If |f(VEHL IST) — f(VE,IF)| < e eis the termination

criterion, then stop; otherwise% k 4+ 1 and go to step 2.
7) Backsolve thé” andI of G from V*+1 andI*+! and obtain
the wire width for each wire segment ¢n.

Is the difference

6 between iterations

IV. EXPERIMENTAL RESULTS
small enough?

A computer program for P/G network optimization has been
developed based on the proposed method. We tested the pro-
gram on a set of P/G networks on a Sun workstation with one
7 Back solve the solution for 296 MHz SPARC processor and 1 GB of memory. The set of

original network G P/G network test cases have complexities ranging from ten to

one million wire segments. The proposed method is compared
against the pure SLP algorithm [16] in terms of CPU time and
the quality of results. For all the test cases, we assume that all
2) Construct the minimum width constraints (3), equal widtthe wire segments in a series-resistor chain share the same width

constraints (5), constraints (9), and electromigration coand that the same width constraints are enforced in both the new

straints (19) using”. and the pure SLP methods. The minimum width allowed for all
3) Minimize g(V.F) subject to constraints (2), (3), (5), (9), andf the P/G circuits is 0.4m and most of P/G wires are initially

(19) by an SLP, record the result ygfl, wherel begins setto 0.8um. The supply voltage for all the power networks is

Fig. 6. New P/G optimization algorithm.



282 IEEE TRANSACTIONS ON COMPUTER-AIDED DESIGN OF INTEGRATED CIRCUITS AND SYSTEMS, VOL. 22, NO. 3, MARCH 2003

TABLE |
COMPARISON OF THE NEWALGORITHM AGAINST THE SLP METHOD
ckt [ pure SLP method [ new algorithm | Speedup | max IR(Be) | max IR(AT)
| #nodes | #bchs | time(sec) | area(%) | #nodes | #bchs | time(sec) | area(%) |
pg4x4 17 23 0.28 50.0 7 13 0.01+0.22 50.0 1.22 0.086 0.17
pg20x20 400 439 4.02 50.0 31 70 0.01+0.30 48.4 12.97 0.13 0.26
pg300x10 3001 3599 110.88 50.0 429 1027 0.46+6.42 50.0 16.12 0.038 0.077
pg100x100 10001 10199 1079.30 49.99 154 352 3.04+1.39 49.99 243.63 0.028 0.056
pgl000x1000 | 1 x 10% [ 2 x 105 | >10hrs - 3529 9089 | 38.04+92.31 9.85 >276.18. 0.27 0.3
TABLE I
RESULTS FORDIFFERENT TOPOLOGIES OFSIMILAR P/G NETWORKS
ckt [ #strip | #nodes | #bchs | #nodes(equ) | #bchs(equ) | norm time(sec)
pg10x1000-5 5 10001 10055 61 115 1.00
pg10x1000-10 10 10001 10100 103 202 1.37
pg10x1000-20 20 10001 10190 202 391 2.01
pg10x1000-50 50 10001 10460 501 960 8.26
pg10x1000-100 100 10001 10910 1001 1910 42.50
pg10x1000-200 200 10001 11810 2001 3810 192.59

5 V. We allow 6% (0.3 V) IR drop for all the P/G circuits. Thedrops have been increased due to downsized wires. We notice
current sources in each P/G circuit are scaled such that the thiat the area reduction of the first four P/G networks is mainly
tial solutions are always feasible. The results are summarizediound by the minimum width of each wire, the last circuit is
Table I. mainly bound by the given IR drop constraints. It is apparent

In Table I, column 1 shows the names of the P/G networltsat both algorithms give the same results for most of the test
tested. Columns 2-5 list, respectively, the number of nodesdases. The discrepancy in netwgr0 x 20 is due to some
the circuit ¢ node$, the number of branche# pochg which numerical issues in the linear programming process.
accounts for the resistive branches, CPU time in secondsAlso we notice that how many nodes and branches that can
(time(sec), and the reduced chip area of the original area ive suppressed depend on the topologies of the P/G networks.
percentagedrea (%)) for the pure SLP method. Columns 6Table Il shows how P/G network topologies affect the complex-
to 9 show the same criteria for the new algorithm. Columities of reduced P/G networks and normalized CPU times for
10 gives the speedup of the new algorithm over the pure Sti® optimization process. We use a number of P/G networks
method. The last two columns show the maximum IR dropgith similar complexities but different topologies. All the P/G
before (max IR(Be) and after fnax IR(Af) optimization for the networks have ten rows and each row has 1000 resistor-current
new algorithm. The CPU time for the new algorithm consists akctions. The difference is that each P/G network has a different
two parts. The first part is due to the construction of equivalentimber of vertical P/G strips and each P/G strip consists of a
circuits and the second part is the time for the P/G optimizatismumber of resistors connecting all the rows. With vertical P/G
by SLP and back solving of original networks. strips, we have mesh-structured P/G networks.

It is shown in Table | that equivalent circuit modeling can In Table II, column 1 shows the names of the P/G networks
significantly reduce the complexities of the P/G networks. Féested. Column 2 gives the number of P/G strips in the P/G net-
instance, for circuitpg100 x 100, 98.4% nodes and 96.5%works. Columns 3 to 6 list, respectively, the number of nodes (
branches have been suppressed. #d000 x 1000, 99.6% node$, the number of resistive branchéskichg in the original
nodes and 99.5% branches are gone. With the reduced P&bwork, the number of nhode# fodes(eqy) and the number
networks in which node and branch counts are no more thafresistive branchest(bchs(equ)in the reduced network. The
a few thousand, they can be solved by SLP very efficientliast column shows the normalized CPU times (with respect to
Two orders of magnitude speed up over the pure SLP methibe first P/G network) for optimization.
on larger test cases is a clear evidence of the effectiveness dfrom Table Il, we can easily see that the topology of a P/G
the equivalent circuit modeling technique. With this, networketwork has a large impact on the effectiveness of the new al-
pg1000 x 1000, which has more than one million branchesgorithm. With more P/G strips, fewer circuit nodes can be sup-
can be optimized in a few minutes. To the best of our knowpressed. Specifically, for the P/G networks in TableAtow x
edge, this is the largest P/G network ever optimized by a P#&strip gives the lower bound for the number of nodes in each
optimization algorithm in a reasonable time. On the contrasgduced network. The actual numbers of nodes are close to the
the pure SLP method was unable to find any solution aftergaven low bounds. In real P/G networks, the numbers of P/G
10-h trial. strips used should be significantly smaller than that of resistor-

The area reduction for most of the tested P/G networks darrent sections, which still render our method very efficient.
about 50%. The actual improvements, however, strongly dependur work is based on the resistive-only models for P/G net-
on the initial solutions. After optimization, the maximum IRworks. But the capacitive and inductive effects in P/G networks
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with current technologies have reached a point where they are n¢s]
longer second-tier effects for some high performance designs.

For the transient behavior of a P/G network, due to capacitivey,,
and inductive effects, we would like to view the corresponding
noise reduction as a separate step as suggested by recent publi-
cations [4], [8], [11], [15]. The common practice is by adding
decoupling capacitances subjectto floorplanning and placement
constraints. The output of our optimization process is a working!€!
P/G network based on the steady-state current consumption for
each individual current source with some noise margins for tran-[7]
sient voltage variations. The actual transient noise at each node
that goes beyond the allowed noise margin is taken care of b3f8
the decoupling capacitance allocation process where a more de-
tailed RLC model can be used for the P/G network.

One area we would like to study in the future is how to ef- [9]
ficiently build the steady-state current models for time-varying
current consumptions of circuit modules, and how to set up th&0]
noise margins such that the worst case transient noise can be
sufficiently controlled by a decoupling capacitance allocatiornyq;
process. To this end, the decoupling capacitance should be prop-
erly budgeted early in the design flow, for instance, in ﬂoorplan—ml
ning. A decoupling allocation process that can effectively honor
the decoupling requirements from the wire sizing process is also
an important topic. [13]

(14]
V. CONCLUSION

15
A fast P/G optimization method based on equivalent circuit[ ]

modeling was proposed for sizing the widths of the wire seg-
ments in a P/G network under reliability constraints. [16]
Experimental results have shown that this new algorithm
can be more than two orders of magnitude faster than the SLP
method, the best known P/G optimization algorithm, on largdl”]
P/G networks with many regular structures. The power of the
new algorithm was fully demonstrated with the optimization
of a P/G network with more than a million branches in a few
minutes on modern Sun workstations. We have shown that the
P/G network topologies and regularities have a considerable
impact on the effectiveness of this new algorithm.
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