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A Stochastic Wire-Length Distribution for Gigascale
Integration (GSIl)—Part I: Derivation and Validation

Jeffrey A. Davis, Vivek K. De, and James D. Meindife Fellow, IEEE

(Invited Paper)

Abstract—Based on Rent’s Rule, a well-established empirical
relationship, a rigorous derivation of a complete wire-length
distribution for on-chip random logic networks is performed.
This distribution is compared to actual wire-length distributions
for modern microprocessors, and a methodology to calculate the
wire-length distribution for future gigascale integration (GSI)
products is proposed.
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I. INTRODUCTION
. . i Average # of Gates per Module, N
LOCK frequency, power consumption, and chip size are

|arge|y determined by the Wil’ing requirements ofa VLSIfig. 1. Landman and Russo correlation between the number of module 1/O
. . . . herminals and the number of gates per module, after [7].
system [1]-[3]. It is, therefore, imperative to gain thoroug

understanding of wiring requirements for present and projectggtablished empirical relationship commonly known as Rent's

gigascale integrated systems. To enhance this understandw&e 2], [7]-[9]. This relationship correlates the number of

anew W|re-le.ngth' d|str|but|on' IS ngorogsly derived tq enablgignal input and output (I/O) terminals, to the number of
first-order estimation of the wiring requirements for gigascale

integration (GSI). Unlike previous distributions that describ%ateSN’ ml a randon|1 logic netwprk. ;h|s7coréelat|on 'S given
only local interconnect requirements [4], [5], the new distri?Y @ SIMpleé power faw expression [2], [7]-18]
bution provides a complete description of local, semi-global, T =FkN?

and global wiring requirements. o where the parametedsand p are empirical constants.

In Section Il, the assumptions and derivation of the new Early compelling evidence of Rent's Rule comes from a
wire-length distribution are rigorously examined. In SeCtiOQtudy by Landman and Russo [7], who partitioned existing
[, the new wire-length distribution is compared to data from . ~ .. . ' .

. . scientific computers into modules and discovered an average
real systems, and a methodology for calculating the er(ra_lationship between the number of gates in a module and
length distribution for future generation products is discussed. b f module 1/O terminal ilustrated in Fig. 1
A companion paper [6] investigates various applications of ghjge num erlo mc:( ule erminass, as | u? rated in Fg. 1.
wire-length distribution such as determination of a critical paMore recently, Bakoglu examined a variety of microprocessor,

model, a dynamic power dissipation model, and an optimaP!C. memory, and'gate array chips, and found tha'F similar
multilevel wiring architecture for GSI. power law relationships describe the external I/O requirements

of these systems, as seen in Fig. 2 [2]. In addition, the external
I/O pins for the Intel microprocessor family, from the Intel
4004 in 1971 up to the Pentium Pro in 1996, are estimated by
Rent's Rule, as shown in Fig. 3.

Some early work on wiring distributions, especially [10], The underlying assumption of this derivation is based upon
assumed that the wires emanating from a logic block followe recursive application of Rent's Rule throughout an entire
a Poisson distribution. The primary assumption of this wirgnonolithic system. As seen in Fig. 4, for any arbitrary closed
length distribution model, however, is based upon a welkath within a system ofV gates, Rent's Rule determines the
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Fig. 2. Bakoglu correlation between the number of external chip terminals Rent’s Rule LLD I:II:I l:]
(signal pins) and the number of gates, after [2]. determines the # of
//O’s for these two I:] D DI:I I:l

collections of gates. I:I D D Dl:]

{f=aandf =1bis Mot

b
Ila<t<b)= / i(£) df. 2)
a Fig. 4. Critical assumption of the wire-length distribution.
From Appendixes A, B, and C, the closed form expression for
the i.d.f. for a square array of homogeneous logic gates is converges to
Region I:1 < £ < VN . AN — 4N ©
k(63 - )
i(6) = % r<3 -2V N2 + 2N£)£27"4 VN(=2.0ln N — 6.0 +2.01n4) + 4.0N — %

Region II: vN < £ < 2N . Furthermor(_a, the cumulative mtercormect distribution func-
tion, c.i.d.f., gives the total number of interconnects that have

i(6) = %k [(2VN — )34 (3) @ length less than and equal £o

4
where/ is the interconnect length in units of gate pitch8s, I(4) = / i(¢) d¢ (7)
is the number of logic gateg, is Rent's exponentg is the 1

fraction of the on-chip terminals that are sink terminals and vghere { is a variable of integration and is the length of

related to average fanout, f.o., as the interconnect in gate pitches. Evaluating (7) gives the
fo expression for the c.i.d.f[(¢)
= — 4 ; .
= o (4)  Regionl:I<¢<+/N
and [ is _ak (PP -1 —r 4
I(6) == r< 5% +2VN N
=
2N(1— NP} _ ﬁ)
. -1
np _ L+2p—2w 1 2/N N (p=1)
p2p-1)(p-1)(2p-3) 6p 2p—-1 p-1 Region II: VN < £ < 2VN

(5) (see (8) at the bottom of the page). The compact closed form
analytical expressions for the i.d.f. and the c.i.d.f. in (3) and (8)
At p = 0.5,T" is an indeterminate of the form 0/0, but usingare compared to computer simulation of the exact interconnect
L’ Hospital's rule atp = 0.5 the normalization factod’, distribution derived in Appendix A in (A16).

NZP ] —-N?ZP=l 4] —N?2P=2 4]

——— +2VN -
op 22p3— ! (3/2) (- 1)2 2 1

ak 1 —p2=3 4 NP- —p2=2 4 NP=
I=—T| += <—8N3/2 +6 (8)
=5 3 -3 -1
VN _p2r=l . Np=(L/2) _yp2p —i—NP)
(2p-1) 2p
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Fig. 5. Computer simulation compared to closed-form expressions for a systeniVwathle4, p = 0.75, k = 4.0, average fanout 3.0.
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Fig. 6. Schematic of (a) a point-to-point interconnect and (b) a real wiring net.

C. Net Model Extension

In real random logic networks, the source terminals (i.e., the |Source //// //// 000 +
output 1/O’s) are usually connected to multiple sink terminals
(i.e., the input 1/O’s). The i.d.f. predicts the number of point-
to-point interconnects connecting a source terminal to each dfengrh = s

its sink terminals, as seen in Fig. 6(a). Real designs, however, \/ \/ oo v
use wiring “nets” that more efficiently connect the source to
its sink terminals as illustrated in Fig. 6(b) [2].

The more efficient wiring nets must be considered when 1"t Sink 2nd Sink f.0. Sink

estimating total wiring area, total wiring capacitance, ang
wiring net performance [2]. In order to estimate these physica
quantities, a regular linear net model is used to approximatfe length of each segmestis
the geometrical layout of a real wiring net. The geometrical
configuration of this net model is seen in Fig. 7, where each s = Liet
subsection of the net is assumed to have equal lengths 2(f.0.)
Given a f.0., the cumulative length of the point—to—poi%hereL
interconnectslqine for one linear wiring net is

?. 7. Linear wiring net model.

(10)

net 1S the net length for a single wiring net with a

given f.o.
Therefore, the net length in terms of the cumulative length
f.o. of the point-to-point interconnects .y, for the linear net
Lpoint =25 +3s-+ (f.o.+ 1)s=>_ (k+1)s model is
k=1
f.o. Lyet = XLpoint (11)
:3<— (f.0.+3)). 9)
2 where y = 4/f.0. + 3.
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Fig. 8. Comparison of the new stochastic model to actual data and a previous stochastic model.
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Fig. 9. Interconnect density function compared to the interconnect histogr

for microprocessord % 10. Interconnect density function compared to the interconnect his-

togram for microprocessaB.

Ill. COMPARISONS WITHACTUAL DATA Interconnect Density Function, i(4 )

The new i.d.f. characterizes real data with high accuracy.
In Fig. 8 it is compared to actual point-to-point interconnect
data taken from a real system [4] and also to a widely cited
previous wire-length distribution model [4]. As seen in Fig. 8, 1.OE+47
the complete i.d.f. describes a real wiring histogram with 1.0E+3 T
higher fidelity than previous models [4], [5].

Moreover, comparisons to current data on microprocessors

1.OE+6 T

° Actual Data
= Stochastic Model

1.0E+5 1

LOE+2 T N = 142,742

indicate that the new i.d.f. accurately estimates the wiring for HOELTY E:(s):g

these VLSI systems. Fig. 9 contains a wiring distribution for ~ 1.0B+0T .
a current microprocessor design. The uncertainty in the actual  1.0g-1 — t 1
data is due to different wiring net models that were used 1 10 100 1000

to convert the net list information for this microprocessor to Interconnect Length, £ [gate pitches]

point-to-point wiring information. The specifications of theseig. 11. Interconnect density function compared to the interconnect his-
net models are contained in Appendix C. Thandp empirical togram for microprocessot'.

parameters were chosen to obtain a best fit of the data for . ) ) )
microprocessord in Fig. 9 previous generations of a product family. As shown with

Using thek andp parameters derived from microprocessom'CrOprocessor‘c'fl’ B, and C, the heredlty.of a partlculz_:lr
{oduct generation usually has a strong influence onkits

A, the i.d.f. is now used to predict the i.d.f. for subsequeR ) ) ; L
generations of microprocessors from the same company p values. This glso |s_part|cularl_y st_nkmg for the Intel
seen in Figs. 10 and 11. The i.d.f. provides a good first-ord@ycroprocessor family, as illustrated in Fig. 3.
estimation of the wiring requirements of microprocessBrs
and C.

Determination of the best values &f and p parameters Based upon Rent's Rule, a new complete stochastic wiring
for future generation products mandates an investigation irdistribution is rigorously derived that determines wire-length

IV. CONCLUSION
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Block A Block B TABLE |
VARIABLE DEFINITIONS

VARIABLE DEFINITION
Ta # of I/O’s of block A
Tr # of I/O’s of block B
Te # of I/O’s of block C
TAt0-B # of 1/O’s connecting block A to B
Tawc # of I/0’s connecting block A to C
TB-to-C # of I/O’s connecting block B to C
Tas #0of /O’s of block A+ B

Block C Tgc # of /O’s of block B + C
Tasc # of I/O’s of block A+B+C

Substituting (A2) and (A3) into (A1) and simplifying gives

Ta-to-c =Tap — T +Tec — TaBc. (A4)

_ The number of I/O terminals for a single block is directly
frequency for a homogeneous array of random logic gate@lculated from Rent's Rule. AssumingV.s, N, and N¢
and it enables a priori estimation of the wiring requirementge the number of gates in block, block B, and blockC,

for future GSI systems. Unlike previous distributions thaespectively, from (1) the number of terminals for each block is
describe only local interconnect requirements [4], [5], the new

Fig. 12. Determination of wire-length distribution for a single gate.

distribution provides a complete description of local, semi- T =k(Ng)” (AS)
global, and global wiring requirements. The new wire-length Tap =k(Na+ Np)? (A6)
distribution is verified through comparisons to actual data from Tpe =k(Np 4+ N¢)? (A7)
real systems, and a methodology to calculate the wire-length o » A
distribution for future GSI products is proposed. Tape =Hk(Na+ Np + Ne)”. (A8)
Substituting (A5)—(A8) into (A4) gives
APPENDIX A
Ta-to-c =k[(Na+ Np)l — (NP + (Ng + Neo)?
DERIVATION OF POINT-TO-POINT WIRING DISTRIBUTION Ario-c =K[(Na+ Np)? = (Np)? + (Np + Ne)
—(NA+NB +Nc)p]. (A9)

Before the complete wire-length distribution for an entire
monolithic system is derived, the stochastic wire-length digo calculate the number of interconnects between blatks
tribution of a single gate must be calculated. To illustrate thind C, define a variablex that is the fraction of terminals
calculation for a single gate without loss of generality, considé#at are sinks (or input terminals) [9]. Therefore, the expected
the corner element of a square array of gates as seen in Fig.manber of point-to-point interconnects between blogkand
The expected number of interconnects from the corner eleméntin Fig. 12 is

to all gates that are a distandeaway is determined using Licto-c = ak[(Ng + Ng)? — (Ng)? + (N + N&:)?

Rent's Rule. »
The gates in Fig. 12 are grouped into three distinct but = (Na+Np + Ne)?). (A10)

adjacent blocks,A, B, and C, such that a single closedthe « factor is expressed in terms of the average fanout of
path can encircle one, two, or all three of these blocks. Thg system, f.o0., as

number of connections between Block and Block C is ¢
calculated by conserving all 1/0 terminals for blocKks B, o=
and C. Conservation of 1/0 terminals states that the terminals fo.+1
for blocks A, B, and( are either inter-block connections orUsing (A10) to calculate the number of interconnects for

(A11)

external system connections. each length¥ in Fig. 12 in the range from one gate pitch to
For instance, applying the principle of conservation of 1/0'8VN gate pitches, gives the complete stochastic wire-length
to the three block system in Fig. 12 gives distribution for the corner element. This is accomplished by

tabulating the number of gates containedNn, Ng, and N¢
LatTp+1c = Tawo-c+ Lo+ Th-w-c +Tapc (AD)  for each length under consideration.

where these variables are defined in Table |I. Once the stochastic wire-length distribution is determined

Because blockst and B are adjacent, one closed curve ifor the corner element, it is “removed” from the system of
drawn to encircle4 and B. From conservation of terminals, 9ates for calculating the remainder of the wiring distribution

the number of 1/O’s between blocks and B is written as in order to prevent multiple counting of interconnects. The
same process is repeated for all other gates in the system.

Ta-to5 =Ta+Tp —Tap. (A2)  This algorithm is illustrated in Fig. 13. The wire-length dis-
Likewise, because blockB and C are adjacent, the numbertrlbutmns for individual gates are superimposed to obtain the

of terminals between bloclB and C is written as wwe—lengthl d|str|.but|on for the entire system of gates. _
To describe this algorithm mathematically, define a function

Th-to-c =I5 +Tc — Tpe. (A3) @(i,4,¢) that gives the number of gates that are a distahce
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simulation to determine the final wiring distribution. In this
appendix, a compact closed-form analytical approximation of
Block B the wiring distribution is derived.

To obtain a closed form analytical expression for the com-
plete wire length that appears in (Al6), it is assumed that
on average the partitioning strategies are similar to the partial
manhattan circle as seen in Fig. 13. From geometrical inspec-
tion, a partial manhatten circle with radidsn a large square
array of gates is the most common configuration for gates that
are at a distance greater tharfrom the chip perimeter.

The number of gates on the periphery of the partial man-
hattan circle is equal to twice the radius of the cir¢i).
Therefore, from Fig. 13 the expressions 8y, Ng, andNg
are approximately given by

Fig. 13. Algorithm for exact wire-length distribution calculation.

Na=1 (B1)
away from the gate in théth row and thejth column in a r=i1
square array of gates, as seen in Fig. 13. This function excludes Ng= Y 2r=(t-1) (B2)
all gates that have been previously analyzed (i.e., the dashed r=1

Nec =2/ (B3)

gates in Fig. 13). Using step functiong(z), the function

®(4,4,¢) is found from inspection to be (A12), shown at thgynere N4, Np, and No are the number of logic gates in
bottom of the page. , ~block A, block B, and blockC in Fig. 13.

~ Using ©(¢,j,£), N4, Np, andN¢ are rigorously defined gy psituting (B1)~(B3) into (A10) gives the expected num-
in general as ber of connections from the center gate of the partial manhattan

Ny=1 (A13) circle (p.m.c) to all the periphery gates
r={—1
. Iyme(f) =ak[(1+ £ - 1)) — (L(£=1))P + (£(L+1))P
N¢ = (i, 4, £). (A15) \whereq is the fraction of I/O terminals that are sink terminals

in (Al1).
The average number of interconnects connecting each gate
pair separated by a length in a given partial manhattan
P -1 P circle is obtained by dividing the number of interconnections
irJ, ) <Z (i, j, )
r=1

Using (A10) and (A13)—(A15) gives the exact formula for the
discrete interconnect distribution

:iig <1+§_:1

(L

given by (B4) by the number of gates on the periphery of
a partial manhattan circle2f. Using this partial manhattan

P P circle approximation, the expected number of interconnects
(i, j,r ) <1+Z (i, 4,7 ) ]

connecting gate pairs that are separated by a leAdgtha
given system is
ak
p_ _ b b
Using (A16), computer simulation of this algorithm can be Lep(£) = 2% [+ £E = 1)) = (= 1))+ (e +1)
performed, but for a large number of gates, simulation time — (1 +L+1))7]. (B5)
becomes excessive.

(A16)

To complete the derivation for the entire wire-length distri-
bution, the number of gate paifd (¢) separated by a length
in a square array ofV gates must be determined. To begin
the derivation of the number of gate pairs separated by a
The complete derivation of an exact wire-length distributiomanhattan distanggin a square array oV gates, first consider
is presented in Appendix A. The final form of the exact wiringhe function®(¢, 5, ¢£) defined in (A12).
distribution appears in expression (A16). This expressionSumming®(i, j, ) over the entira/N by /N square array
is a double finite series summation that requires computfgates givesV/ (£), the total number of gate pairs separated

APPENDIX B
CLOSED FORM ANALYTICAL EXPRESSION

(04 Duo(b+1) = (£ = VN + jlus(£ = VN +j)
—(£ = VN +i)uo(6 = VN +i) + (£ = Du,(£ - 1)
®(i,5,8) = | 20 =2/N+4j+i-Du,(d—2VN+j+i-1)]. (A12)
—(£ = VN =1+ j)u (£ = VN =1+ )
—(£ = VN =1+ 9u,(f — VN —1+1)



586 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 45, NO. 3, MARCH 1998

No. of Gate Pairs Separated by a Length [, M( { )
1.00E108 ——

Sourcg 000
1.00E+H)7 - / /
1.00E+06 | //v
1.00E+05 | Length = s
1.00E+04 —— _— Computer Simulation 0oo
LOOE+03 —— ... Derived Expression "'-‘
1.00E+02 —{ 3 .
= ates K 15t Sink nd Q; h Q:
Loosror L N=84681 gat :. 2nd Sink fo.th Sink
1.00E:+00 | | | | } } Fig. 15. Linear Net Model.
0 100 200 300 400 500 600
Length between Gate Pairs, | [gate pitches| The final expression for the approximate un-normalized dis-

, ed closed | , el crete interconnect distributioii(¢) is given by
Fig. 14. Derived closed form expression versus exact computer calcu atlon.Region - 1 < ? < \/N

3
by a length’ 70 = % 2 opyp <£— — 2N +2N£>12P‘4
- P} 3
i=vVN j=VN
(i, 4, ¢ (B6) Region Il: VN < ¢ < 2V/N
=1 j=1
o Ok 3 2p—4
Evaluating (B6) exactly gives i(f) = 6 (2= 2p)p2VN — 0)°¢% (B11)

Region I:1 < £ < VN where/ is the interconnect length in units of gate pitches.

For a givenk, p, o, andV, the total number of interconnects
in a system from Rent's Rule is given by [9]

Itotal = OékN(]. - Np_l)- (812)

M) = <§ - 202VN + % (6N — 1))
Region Il: VN < £ < (2V/N —

)
1 Using (B12), the discrete interconnect distribution is trans-
M) = <—— +202VN — 3 (12N 1) formed to the discrete probability density function. The un-
normalized probability density functiop, , (¢) is determined
+ - \/N(2\/N— 1)(2VN + 1)). (B7) by dividing expression (B11) by (B12)
3 Region I:1 < ¢ < VN
Assumir)g that’v. > 1, then (B7) simplifies to the final / (2 - 2p)p /3
expression for the number of gate pairs separated by a lengtip;,,, () = IN( = Nv-T) < 3

—2VN. £2+2N£>£2p 4
£ in a square array ofV gates

Region I:1 < ¢ < VN Region Il: VN < ¢ < 2¢/N
e (2—2p)p
M) = = =202V N + 24N () = I (2N = 03P, B13
( ) <3 \/_+ ) pmt( ) 6N(1 _Np_l) ( \/_ ) ( )
Region II: VN < ¢ < 2N The following expression is used to determine the normalized
- Lo/ 5 discrete probability density function:
M) =3 (2VN = £)°. (B8) oW
The closed form solution fod/(¢) is checked against com- 1=I Z Dt (B14)

puter simulation in Fig. 14.

Therefore, the approximate expression for the discrete wi
length distributioné’(¢) that gives the expected number o
interconnects for a given lengthis

gy making the assumption that/N >> 1, then the discrete
distribution is approximated by a continuous probability den-
sity function (p.d.f.). The normalizing factor for the p.d.f. is

i'(0) = M(£)Iexp(£). (B9) determined from
o . . . . L p 1
Iexp(€) is simplified using a binomial expansion and is given I'= Ty (B15)
by |ttt
Y 2p—4 =
I = = (2 — P, B10 . .
ewll) = ak 2 (2= 2p)l (810) Evaluating (B15) gives (B16), shown at the bottom of the page.

2N(1 — NP1
1+2p— 221 1 2N N )

(B16)

(2_2p)p<_Np P -Dip-D2p-3 6p  2p-1 p-1
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AN AN E /4 V74 000 ;4 .

N A\ N7 /4
N

The expression for the normalized probability density funand equal te?. This P(¢) is determined from the probability
tion is pins(£) = I'pl . (£). The full expression forp;,(£) density function and is given by

becomes V]
Region I:1 < ¢ < VN P() :/ p(¢) d¢ (B21)
1

Pu() = 1 F<£ _o/N2 +2N£>£2p—4 where ¢ is a variable of integration and is the length of
' 2N(1 - NP71) "\ 3 the interconnect in gate pitches. Evaluating (B19) gives the
expression for the cumulative distribution functigt{¢)

quis
[=]
o
[+]
é B
é
6 #
é

Fig. 16. Bi-directional Linear Net Model.

Region Il: VN < ¢ < 2V/N Region I: T < ¢ < VN
1 _ 1 02— -2l 4
() = ———————— D(2V/N — §)3¢%—4 B17)  P(f) = r WN___ T2
2p—2
where/ is the interconnect length in units of gate pitchés, — M)
is the number of gateg; is Rent’'s exponent, and the new (r-1

unprimedI” factor is (B18), shown at the bottom of the page. Region IIl: VN < ¢ < 2N
At p = 0.5, I' is an indeterminate of the form 0/0, but USi”Qsee (B22) at the bottom of the page).

L'Hospital's rule atp = 0.5, I' converges to Using the normalization factdt, the un-normalized discrete
AN — /N i.d.f. ¢/(£), is transformed to the normalized continuous i.d.f.
r= 5 (B19) i(¢). The interconnect density function, i.d.f., is defined as
N(-2.0lnN —6.0+2.0ln4)+ 40N — - .
VN(=20 N = 6.0+ 20lnd) + 40N - 5 () = Lorapin (8. (823)

The probability density function is defined such that th8ubstituting (B12) and (B17) gives
probability of having an interconnect between length- « Region I:1 < ¢ < VN

andf = b is ak (03
, i(l) = 7r<3 —2VN#% 4 2N£>£27’_4
Pla<t<b)= / punc() db. (820)
a Region Il: VN < ¢ < 2V/N
The cumulative distribution function, c.d.P(¢), gives the (0 ak r 3 2p—a
- . . . i(0) = — D2V N = £)°¢<P7=, B24
total probability that a given interconnect length is less than i) 6 ( VN ) (B24)

2N(1— N7—1)

(B18)
<_Np 1+ 2p— 221 1 2N N )
p(

I'=

__+ —
2p-1)(p-1)(2p-3) 6p 2p—-1 p-1

_N2p—1+1 _N2p—2+1
+2V/N -
o 22p3_1 (3/2) (p_l)Q 2 1
—fP—> L NP~ —fP—=2 L NP~
Pf=—— T Z [ —8N3/2 -
0= a=wen | 3 (o @-3 G-
6T _p2e=l g Np=(1/2) _yg2p —i—NP)
(2p—1) 2p

(B22)
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>
>
Sink
ink

/N /N

S

Sink
Fig. 17. Binary Tree Net Model #1 (all leaves are sinks). >

Fig. 19. Binary Tree Net Model #2 (all vertices are sinks)

Region I:1 < ¢ < /N
Sink £2r_ 1 R e |
> I(E):%kl“<—+2\/ﬁ—+

6p (2p-1)

_/2p—2
N I% +1>
(p—1)
Sink Region Il: VN < ¢ < 2¢/N

Sink
(see (B27) at the bottom of the page).

Fio 18, Bidirectional Binary Tree Net Model #1 (all | - The cumulative interconnect distribution function gives the
'9- 18.- Bi-directional Binary Tree Net Model #1 (all leaves are sinks ). y,a| number of interconnects that have a length less than and

. . . ) I
The interconnect density function defined such that the numbeec}ua tof
of interconnects between length= ¢ and? = b is

£
/ i(¢) dc. (B828)
b 1
Ha<t<b)= / i) de. (B25)

The closed form analytical expressions for the i.d.f. and the

c.i.d.f. are compared to computer simulation of expression
The cumulative interconnect distribution function, c.i.d.f., i$A16) in Fig. 5.
determined from

APPENDIX C
1(0) = Lot P(£).

CATALOG OF WIRING NETWORK MODELS

Several regular wiring net models are used to extract the
point to point interconnect information given a net list of a

(B26)
Substituting (B12) and (B22) gives

NZP ] —N?P=1l 4 —N?2P=2 41
+2VN -N
6p 22p3_ ! (3/2) (p B 1) 2p—2 1
/2 pP— 2 p—
10 =L 41 (cgny2 2N A N (B27)
2 3 (2p - 3) (p-1)

_p2p—1 p—(1/2)  _y2p P
VN / + N £°P + N )
(2p-1) 2p
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Fig. 20. Bi-directional Binary Tree Net Model #2 (all vertices are sinks).
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