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Congestion Estimation During Top-Down Placement
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Abstract—Congestion is one of the fundamental issues in very lated annealing [5], combining a regional router into placement
large scale integration physical design. In this paper, we propose tool [6], and performing a post placement processing step [4],
two congestion-estimation approaches for early placement stages.m. While congestion reduction at late or postplacement stage

First, we theoretically analyze the peak-congestion value of the de- : irically effecti fi timat hieved at |
sign and experimentally validate the estimation approach. Second, IS empirically’ enective, congestion estimale achieved at early

we estimate regional congestion at the early stages of top-downpPlacement stages would be equally valuable. First, a conges-
placement. This is done by combining the wire-length distribution tion-driven placement tool guided by early congestion informa-

model and interregion wire estimation. Both approaches are based tion might be more powerful. Such a tool could use techniques
on the well-known Rent's rule, which is previously used for wire- yq \yhite space allocation to relieve layout congestion. Second,

length estimation. This is the first attempt to predict congestion | fi timat Id be utilized b bined loai
using Rent’s rule. The estimation results are compared with the early congestion estimates could be utiized by combined logic

layout after placement and global routing. Experiments on large and layout Optim_izatiof‘ to improve_design convergence. For ex-
industry circuits show that the early congestion estimation based ample, when logic designers are given a number of different net

on Rent's rule is a promising approach. lists, they can estimate the congestion by running only several
Index Terms_Cc)ngestion estimation, physica| design, p|ace_ StepS Of placement. The net IiStS W|th bad estimated Congestion
ment, routability. will be discarded much earlier.

The main contribution of this paper is to estimate both peak
congestion and congestion distribution at early top-down place-
ment stages. Specifically, we quantitatively estimate the max-

INIMIZING the total routed wire length is one of theimum congestion prior to placement stage. Also, we give a con-

fundamental goals in very large scale integration (VLShestion distribution picture of the chip layout at coarse levels
placement stage. In order to achieve such a challenging objethierarchical placement flow. Both estimates are made based
tive, a number of heuristics and cost functions were proposed Rent’s rule—a well-known stochastic model for real circuits.
in the past couple of decades. Half-perimeter wire length heaghile Rent's rule has been used for wire-length estimation for
emerged as the most typical cost function in placement becaadeng time, to the best of our knowledge, there is no published
it adequately models the routed wire length, especially for tw@rork on congestion-estimation problem using the same basis.
and three-terminal nets. In general, it is believed that thereTs evaluate our estimation approaches, the estimation results
a positive correlation between half-perimeter wire length arte compared with the real congestion, which is extracted from
routed wire length. Many successful placement tools are bashd layout after placement and global routing. It is generally be-
on half-perimeter wire-length minimization [1], [2]. lieved that the global routing output correlates well with the final

As VLSl circuits are growing in both size and complexity, notouting for industrial circuits [8]. Therefore, we target estimates
only the half-perimeter wire length, but alsongestiomeed to that match the real congestion map after global routing.
be emphasized at the placement stage. Congestion is one of th@ongestion is a function of routing demand and routing re-
main optimization objectives in global routing. However, the osource. Once the technology feature and chip characteristics (die
timization performance is constrained because the cells aregike, number of layers, position of preplaced macros) are fixed,
ready fixed at this stage. A highly congested region in the plaage routing resource is roughly determirlecCongestion and
ment often leads to routing detours around the region, in tuguting demand are so closely related that it is straightforward
results in a larger routed wire length. Congested areas can ats@onvert one to the other. In this paper, we will focus on the
downgrade the performance of global router and, in the woksgtimation for routing demand.
case, create an unroutable placement irfithdie regime [3]. The rest of this paper is organized as follows. Section I

Congestion can be modeled as the summation of linear Bjefly introduces the terms and definitions used in this paper.
or quadratic [5] function of difference betweesuting demand It also reviews Rent's rule, the fundamental theory upon which
androuting resourceExisting congestion reduction techniqueshis paper is based. Section Il analyzes the peak-congestion
include incorporating congestion into cost function of simysroblem and gives a good estimate, which is validated by

experiments. Section IV models the regional routing demand
. ) . ) ) in a top-down placement context. Experiments in this section
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Fig. 1. Relationship between net cut and congestion. (a) Recursive bipartitioning and cut. (b) Worst case routing demand analysis. (c) Avetsdiyg case r
demand analysis.

Il. PRELIMINARIES Ill. PEAK-CONGESTIONANALYSIS
A. Placement, Routing, and Congestion A. Cut Ratio in Recursive Bipartitioning

For consistency we will use the following terms throughout In order to analyze peak congestion over all the tile bound-
the paper. Acircuit is a hypergraphz(V, E'), whereV is a set aries of the layout, we assume that the circuit isdeal cir-
of cells andZ is a set of hyperedges. Byperedge: € £ is a cuit, which strictly obeys Rent’s rule. This ideal circuitis placed
subset oV that contains two or more cells.pflacementis a set using a hierarchical placement flow that is based on recursively
of locations for all cells on a rectangular core area. bipartitioning. On each hierarchical level of the top-down place-
A common top-down placement flow is the min-cut approaaiment, each subcircuit is quadrisectioned into four smaller sub-
in which the circuit is recursively bipartitioned into subcircuitscircuits. A quadrisection step consists of a vertical bipartitioning
Meanwhile the layout area is also partitioned iplacement followed by a horizontal one.
regions each of which contains a corresponding subcircuit. LetCy be the net cut of the first bipartitioning by a vertical cut
During the global routing, the chip is divided into an arrajine. LetCs ; andCs » be the net cuts of the second horizontal
of uniform rectangulatiles. The tile is small enough that eachbipartitioning [see Fig. 1(a)]. Similarly, the net cuts of thk

placement region covers an integral number of tiles. All the neigartitioning areC; 1, .. ., C; »:-1. For an ideal circuit
will be routed by connecting the cells of each net using grid .
wires. For eaclboundaryof the tilesh, therouting demandi(b) CipmCizg=Ciza---, for i=1,...,2H

is the number of wires that cross this boundary; thefing yhere H is the number of hierarchical levels in the top-down

supply s(b) is the number of wires that are allowed to crosg,cyrsive quadrisection placement. For simplicity, all the cuts
the boundary. Theverflowof a boundary:(b) is max(d(b) — o the same levelare denoted a§; fori = 1,....2H.

s(b),0). The congestion of a placement region is the summationthegrem 1: In a recursive bipartitioning approach on anideal
of the overflow over all the boundaries within this placement '@ircuit, the ratio between the net cut of thie-( )th bipartitioning
gion. Thepeak co_ngestionf a placement is the maximum OVer-c; . and the net cut of théth bipartitioningC; is 27, where
flow over all the tile boundaries. pis the Rent exponent of the circuit.
B. Rent's Rule _ PrO(_)f: Consider the subcircu_its to be bipgrtit?oned Qt each
hierarchical level. Let7; be the size of subcircuit at thah
Rent'srule is an empirical observation first described in [9]. |evel. Thus, the size of subcircuit at thie 1)th bipartitioning
states the relationship between the number of elementary blogkg;, .| — (; /2. For and ideal circuit, all the subcircuits have
& in a subcircuit of a partitioned design and the number of eme same Rent exponep]and Rent coefficient. According to

ternal connectiong’ of the subcircuit. Specifically (1), the number of external interconnects for subcircuitatat
T = tGP (1) levelisT; = G} and the number of external interconnects for
. : . sybcircuits at{+ 1)th level isT; 1 = tG/} |. At a given level
wheret is the average number of interconnections per block an +1) . i+l g

¢, the interconnects between two subcircuits that are split from

p is the Rent exponendd < p < 0.8 in real circuits). The one of theith bipartitionings are a subset of the external inter-

Rent exponenp can be computed by plotting the versusG connects of each of these two subcircuits. €0 < k& < 1) be

relaypn ina log-log diagram fo_r every yalue@ﬁn a top—dowq the ratio between the number of cut nets ofdiebipartitioning
partitioning process and then fitting a line on the plotted POINtSH the number of external nets for subcircuittatlevel. We

The slopep of this line represents the Rent exponent. aveC; = kT;. For an ideal circuit, assumirigis fixed through
Rent’s rule has been widely used to estimate interconnei:jcﬁtthe ,hierar(/:hical levels. we have
I 1

wire length [10]-[12]. In general, a higher Rent exponent wi
result in a longer average wire length, which in turn implies a Civi  kTiy  BHGi)? (Cé )p P .
larger wiring area and more congested layout [13]. C; KL, Rt(Gy)P T (G )
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B. Worst Case Analysis is N./2. Since the cut nets are uniformly distributed, for each

The top-down placement flow terminates at file= log, N, final tile, the average number of cut nets connected to this tile

level, whereN, is the number of cells of the circuit. In the final'$ 2C1/Ne. Among all the horizontal tile boundaries, the ones
placement, each cell occupies one tilghe global router uses " the center horizontal line of the chip accommodate the max-

L-shape routing model in which a net is routed using either tfEUM number of net crossing caused by thégenets. Note
upper or the lower part of the bounding box of this net. This fhat for a specific horizontal tile boundabyat the center line,

not a good routing method, but it gives a general picture of wikhly the nets which connect to the tiles at the same column could
distribution. crossh. This is because we are using the L-shape routing model.

Now, we want to find out the maximum routing demand ovel€re arey'\V. tiles at the same column with boundaryFor

all the tile boundaries without placing the circuit. First, we disSach of them, if the connected tile in the other half is located
cuss the worst case. Let us denote the maximum routing dem&hi1€ different upper/lower part (half of the connections of this
of a tile boundary a€/,,.. tile have this property), such as tileand« in Fig. 1(c), the

Theorem 2: In arecursive bipartitioning approach on an ided?"0Pability that this route crosses boundauy 1/2 (because of
circuit, the maximum routing demand over all the tile bound="Sh&pe routing). Therefore the first cut contributes on average
ariesChax < C1(1 — a?")/(1 — @), whereC, is the net cut Q;}VE/@M) crossings td. The case for the second b!par-
of the first bipartitioning and. = C;... /C; is the ratio between titioning is relatn_/ely simple. Since there af® nets_ crossing
net cuts of two consecutive partitionings. v/N./2 boundaries, on average, each boundary is grossed by

Proof: In Fig. 1(b), the circuit is partitioned into two partsC2/ (v Ve/2) nets. Using the same approach for the third, fouth,
with a net cutCy. It follows that there are”; nets crossing etc. b_|part|t|0n|ng, we have thg expected maximum number of
between left half and right half. Let us look at a tile boundar§"©Ssings over all the boundaries
located at the right half. In the worst case, all th€seets pass _1 G I &% n Cs 44 Cy . @
this specific boundary. Hence, the first bipartitioning contributes ~** ~ 2/N, /N, +/N. +/N. '

C} to .the .routing dpmand of this bou.ndary. Similarly, tiie According to Theorem 1, we havé = C; o/~ !; plug it into
bipartitioning contribute’; to the routing demand. Thus, for(2y and we obtain
any boundary, the upper bound of the routing demand is

c, (1 =

2H 2H—1 Cmax :—/1— <_ + 206) Z (QQ)QZ
207 =Cy Z o Ne \2 i=0
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D. Experimental Validation

C. Uniform Distribution of Cut Nets Theorem 3 gives an estimate of peak routing demand for a

In the previous discussion, we assume that all the nets that @iféuit. If the Rent exponent of a circuit is known, we can es-
cut in a bipartitioning cross a particular tile boundary, which igimate the peak routing demand prior to placement stage. The
obviously, not the general case. However, once we construd@iowing experiments evaluate the effectiveness of the estima-
framework such as the model in Section 111-B, we can study t#®n method.
congestion behavior using different cut-net distribution models. Given a circuit, we first compute the Rent exponent using

We continue the analysis usingiaiform distribution model the partitioning-tree method proposed in [13]. Specifically, we
in which the cut nets of a bipartitioning are uniformly distributediecord the number of cells and the number of external nets for
over all the subcircuit area. In other words, the cells in the pgtach partition when recursively partitioning the circuit. Then,
titioned subcircuit have equal probabilities to be connected td¥§ do a linear regression on these data points plotted on a log—
cut net. log diagram. The slope of the linear regression result is the Rent

Theorem 3:In a recursive bipartitioning approach on argXponentp. The net cut ratiox is then computed using The-
ideal circuit, assuming cut nets are uniformly distributed, tH&'eém 1. By partitioning we also obtain the net cuts of each par-

expected maximum routing demand over all the tile boundarigdoning C1, Cz, .. ., etc. Due to the existence of Region II of
is Rent’s curve, the first several net cuts do not correlate well with
- Theorem 1. Therefore, we uég, /o ~! instead ofC; in exper-
O = % <} n 2a> VN —1 iments ¢ = 8 in our work). Now, we can compute estimated
VN: \2 2a% — 1 maximum routing demand using Theorem 3.

The real peak routing demand of the design is obtained by

where C; is the net cut of the first bipartitioning and = ; . L .

: . . lacing and global routing the circuit. The placement algorithm
C;+1/C; is the ratio between net cuts of two consecutive parti- . . : . . . .
e . used in the experiments is a recursive bisection approach using
tioning operations.

Proof: In Fig. 1(c), the first bipartitioning resulf; means a multilevel partitioner hMetis [14]. This isglobal placement

that there ar€’; nets connecting the left half and right half inrocedure because it S.tODS at a certainc n level. Then, an
: . : : -shape global router is used to route the global placement

the design. We know that the number of final tiles on either ha . . 7
output. The peak routing demand is the maximum number of

2A tile has unit width and height. crossings over all the vertical and horizontal tile boundaries.
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TABLE |
ESTIMATION OF PEAK ROUTING DEMAND

circuit | Fcells | #nets | tile grids | Rent p | est. D, | real Dy, | runtime(s)
ibm01 12,036 | 13,056 | 64 x 64 0.48 30.3 31 116
ibm02 19,062 | 19,291 | 64 x 64 0.51 62.7 67 208
ibm03 21,924 | 26,104 | 64 x 64 0.65 47.8 62 195
ibm04 26,346 | 31,328 | 64 x 64 0.62 52.1 52 218
ibm05 28,146 | 29,647 | 64 x 64 0.69 89.1 90 289
ibm06 32,185 | 34,935 | 64 x64 0.57 82.3 60 305
ibm07 45,135 | 46,885 | 64 x 64 0.55 86.8 90 422
ibm08 50,977 | 49,228 | 64 x 64 0.55 1119 100 511
ibm09 57,746 | 59,454 | 64 x 64 0.49 93.0 75 426
ibm10 67,692 | 72,760 | 64 x 64 0.47 135.8 112 669
ibml1l 68,119 78,843 | 128 x 128 0.51 53.9 50 601
ibm12 69,026 | 75,157 | 128 x 128 0.52 76.1 76 771
ibm13 81,018 | 97,574 | 128 x 128 0.39 85.5 108 823
ibml4 | 147,088 | 147,605 | 128 x 128 0.46 117.6 111 1580

Table | shows the comparison between the estimated pe
routing demandD;, and the real peak routing dema),.

The test circuits are large industrial designs selected from t
IBM-PLACE benchmark suites [15], which are derived from thfPlacementZ
ISPD98 benchmark [16]. Runtime is measured in seconds o regions L
Sun Ultral0 workstation with a400-MHz central processing un ‘
(CPU). Good estimates are listed in boldface. It should be not
that the estimated peak routing demand is scaled by a fac
Vv N./(mn). This is because there afé./(mn) cells in each
tile, not one cell per tile as in the estimation model.

From Table |, one can see that eight out of 14 estimates are vi
close to real numbers, supporting our previous analysis. How-
ever, the estimates are not accurate for some circuits. There arg- Internal and external routing demand.
number of reasons for poor estimates. First, according to the uni-
form distribution model, the probability of a cut net connecting teegions during the placement will give us a rough congestion
a cell is the same from net to net. In the placement, however, th@p, which is valuable for early design evaluation.
connected cells tend to be placed closer, causing the estimate@iven a placement region, the nets which cause the edge
value smaller than the real value. Second, in the proof of Theg-ossings can be classified into two types: thernal nets
orem 3, we sum up the number of nets crossing bountlaty which connect cells within this region, and tbgternal nets
each level. However, each number is indeed an upper boundvdrich span toward other regions or cross this region while con-
all boundaries. Since the boundaries with maximum crossinggcting no cells. Thus, we give the following terms.
at different levels are not identical, the summation (estimatedDefinition 2: For a given region- in a design, the internal
value) tends to be larger than the real value. Other inaccuradiesting demand/D(r) is the summation of the number of
come from the variation of cut rati®, the chip area aspect ratiocrossings caused by internal nets for all tile boundaries; the ex-
(whichis notone), etc. These factors are added up causing thetenral routing demand@ D(r) is the summation of the number
certainty in the estimation work, including those good estimatesf.crossings caused by external nets for all tile boundaries.
Nevertheless, the fact that the congestion can be predicted i$he total routing demand(r) for a regionr can be calcu-
promising and merits further study in this area. lated by

Internal nets

External nets

IV. REGIONAL CONGESTIONESTIMATION D(r) = ID(r) + ED(r).

In Section Il we have discussed the peak-congestion estima¥ig. 2 shows the concepts of internal routing demand and
tion problem. Another estimation requirement, regional congesxternal routing demand at a top-down placement stage. The
tion estimation, appears at early placement stages. In this sagginal circuit is divided into subcircuits and each subcircuit is
tion, we propose a routing demand estimation approach in thgsigned into a region. The dashed lines are internal nets. The
context of top-down placement. thicker solid lines represent external nets. The routing demand

Definition 1: For a given regiom in a globally routed design, in a region consists of two parts: net crossings caused by the
the routing demand(r) is the summation of the number of netinternal nets and those by the external nets.
crossings over all the tile boundaries within regton Atthe very coarse placement stage, the subcircuits are loosely

Note that theregion in the definition is a common term in coupled, i.e., the number of external nets is much smaller than
top-down placement. It is calleglacement regiorin [3] or the number of internal nets. The routing demand of a region is
global binin [17]. A region contains a number of adjacenprimarily determined by the interconnect complexity of the sub-
global routing tiles. Estimating the routing demand for all theircuit which belongs to the region. As the top-down placement
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flow goes into deeper levels, the routing demand of a placemaeteral parts, each part tends to have its own Rent exponent.
region is determined by not only the internal complexity of th€hese Rent exponents may vary a lot. Tlisality of Rent’s
subcircuit in this region, but also the geometrical locations ofile means different interconnect complexities among the mod-

other subcircuits and the interconnects between them. ules of designs. In some sense it indicates the local circuit com-
_ plexity, i.e., congestion.
A. Internal Routing Demand Fig. 3shows local Rent curves on circuitibm09. The curves are

In a typical top-down placement scheme, e.g., min-c@Ptained by the following approach. We first partition the orig-
placement, the cells of a partitioned subcircuit will eventualiipal circuitinto four parts. For each part, we partition it 29 times,
be placed within the area that is assigned for this subcircufviding this partto 2, 3..., 30 partitions. For each partitioning,
Therefore, estimating the internal routing demand becom§ compute the average number of cells per partiticand the
feasible. For a certain region in a top-down placement, t€rage numberofexternal connections per partfiorhenwe
internal routing demand is proportional to the total routed wirdraw a 29-point plot on a log—log coordinate, which takes>
length after global routing [4]. as X axis andlogl’ asY axis. It is obvious from Fig. 3 that,

The wire-length estimation problem has been studied falthough all of the four subcircuits are derived from the same
many years. There are several successful estimation technicd@g/gn, the Rent curves and exponents of these subcircuits are
based on Rent's rule: Donath’s classical method [10], igglite different. This locality feature of large circuits motivates
extension [11], and a more recent model [12]. In these methdéto examine the relative congestion of different subcircuits.
the wire-length distribution of the entire design is predicted .
before place and route. However, in our paper, we estimite RENt Exponent Extraction
wire length for each region and take into account the locality In order to estimate total wire length (or the internal routing
of the Rent's rule. Since different subcircuits have differemtemand) of a region, we need to extract the Rent exponent of
complexities and Rent parameters, wire-length estimates fbis region. A traditional way is using partitioning to get num-
subcircuits correspond to the internal routing demand. bers of block size and external pins. Then a linear regression

Donath’s work [10] gives the estimate of total interconneds performed when enough numbers are gathered. To make the
length for a design. The total wire length of a design can BRent exponent extraction effective, a minimum number of par-

estimated as titioning is expected.
AN (1—4r—1)2 (74<p71/2>ﬁ_1 _ 1_4<v—3/2>H> ptl The part of Rent’s rule curve in Region | implies true Rent
_ ¢ 9 4p=1/2—] 1—ap=s/2 - J 2 exponent. Thus, locating the data points becomes a key factor
XN (1 — 47— 1)2 (7H— 1;{;;12”) ’ p=2 inthis method. The following dynamic rent exponent extraction
(DREE) algorithm gradually increases the number of partitions
where o when it partitions each subcircuit and then performs linear re-
Ne number of gates of the subcircuit; gression on the latesf (V = 4 in our approach) data points.
p Rent exponent; For each linear regression, we compyieprobability, which
t Rent coefficient; indicates the goodness of fit [19]
A constant\ = 1/2; N_9 42
H =log, N, number of hierarchical levels. Q=T, <__7 X_> ()
In Davis’s wire-length distribution model [12], the intercon- 2 2
nect density functiori(l), which is defined as the number ofwhereXN is the number of fitting data points afit}(a, z) is the
interconnects with length is given by incomplete gamma function which is defined by
3 oo —tira—1
i(l) = A <l— — 2/ NI + 2ch> PPt 1<1< /N, T, (a,2) = M. 4)
2 \3 o J ot e edt
whereT is a function ofN. andp. Whenl > /N, i(l) = 0. Once the qualityQ of linear regression is greater than a
The total wire length of the design is threshold value (0.9 in our experiments) for every subcircuit,
VNC we claim that these regression points are in Rent’s rule Region
I, = Z i) - 1. I. The algorithm terminates and outputs Rent exponent for each
= subcircuit.

The total running time cost of DREE algorithm is dominated

Both Donath’s model and Davis's model are adopted in O#{Yr nning time of recursive binartitioning on the circuit. which
internal routing demand estimation. Related results are evald- unning t ursive bipartiioning IFCUIIL, Wi

ated in Section IV-E is very fast due to the recent advances of multilevel partitioning
' techniques. The method of extracting Rent exponent is similar to
B. Locality of Rent's Rule the classical approach (e.qg., [13]). The algorithrdyaamicin

. . L ) the sense that unnecessary partitionings are not performed once
The input of wire-length estimation approach is the Rent X jinear regression is obtained. Thus, it reduces the cost of

ponent, which, in the previous work, is a fixed value for the eng,5cting Rent exponent to running time of several partitioning
tire design. However, a fundamental weakness of Rent’s rulejs oo

that it does not reflect local fluctuations of interconnection com-

lexity in many designs [18]. If we partition a large circuit into
P y y 9 [ ] P 9 Algorithm 1: DREE

3We assume that the global routing tiles are square. Input:  n subcircuits Gr= Vi, Ex) E=1,...
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Fig. 3. Local Rent curves for different partitions of circuit ibm09, quadrisectioned into four parts. Rent curve for subci€ujt(@)C-, (c) Cs, and (d)C,.
Output: Rent exponent r, of each subcircuit G,k =
1,...,n.
k< 0, m < number of data points for line fitting
repeat
k—k+1
for each subcircuit Gi(i=1,...,n) do
Do 2* way partitioning on G
Compute G,k =|V(G;)|/2* (average number of

modules per partition)

T,k = average number of external nets per Fig. 4. External routing demand analysis.

partition
endeocrord polnt (2.4, gex) = (08 Gs log Tit) D. External Routing Demand
if &> m then Internal routing demand can be estimated using Rent pa-
for each subcircuit G, perform a rameters, while estimating external routing demand requires
linear regression on m-points data set: the knowledge of interconnection between regions. We cannot
(ks Yirk ), (Tt Yokt )y - o o5 (Ti kg1 simply assume a uniform distribution of interconnects between
Yirk—mi1) regions. However, the interconnect distribution of the current
get line fitting result equation f:(z) = a;x+b; placement is known. For each region, we compute the external
and quality of fitting Qi routing demand based on the interconnects that connect or pass
endif through this region. Fig. 4 shows a simple example of how to
until  Q; >09 for i=1,...,n estimate the external routing demand.
pi=a;, i=1,....n In Fig. 4, a design area is divided into four rectangular re-

return  p;, i=1,....n gions: Ry, Ry, Rs, andRy. Let C;; be the number of intercon-
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Fig. 5. Probability density function instance (a) on ar 8 grid and (b) its 3-D representation.

nects betwee; andR;. Assume that the distance between theects between every pair of regions will be evaluated. Among
center of adjacent regions is one unit. For region the wire them, the ones that connect or pass the evaluated region are
that connects?; and other regions contributes one unit to itsounted. Therefore, the external routing demand estimate for
routing demand. A wire that may pass throujh (e.g.,C23) regionk is

statistically contributes a half unit t&;’s routing demand be-

cause this wire has a 50% chance to be routed in this region. EDy = Z Cijpi; (k)
Then, the estimate of external routing demaad)) of region 1<i,j<n,istj
fhis where(;; is the number of interconnects between regiamd
ED, = Cpy+ Cus + Cra + 1023_ regionj. p;;(k) is theprobability density functiorwhich indi-
2 cates the likelihood a wire from regianto regionj passes a
Similarly, we have given regionk. It can be calculated by equally assigning prob-
1 ability for interconnects passing from one region to its neigh-
EDy =C12 + Cy3 + Coy + 5014 borhood regions. An example of probability density function is
1 givenin Fig. 5(a) and its three-dimensional (3-D) representation
ED3 =C13 + Cy3 + C34 + 5014 is shown in Fig. 5(b).
EDy =C14 4+ Cos+ Cay + %CQL%- E. Estimation Results

In general, we assume that there argectangle regions. To  We conduct experiments to estimate the routing demand for
estimate the external routing demand for a region, the intercavery region in the coarse placement. By summing up the wire-
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length estimate and crossed routed wires of a region, we obtain TABLE I
the total routing demand. At an early level of top-down place- ESTIMATION ERROR AND RUNTIME COMPARISON
ment, we apply the estimation method on every region to get circuit | level | Donati's | Davis's | Davis's | time

a routing demand distribution. This result will be compared to + RE | + RE only | (sec)
real routing demand map. 2% 2 89% | 104% | 129% | 39
To get the real routing demand distribution, we continue the ibm01 | 4 x4 8.0% | 11.6% | 6.2% | 57

. T 8 x8 10.4% | 11.1% | 26.0% | 128

placement process from the point where we make estimation. 5% D 81% | 11.9% 637 5
The placement approach is a typical recursive bisection flow ibm02 | 4x4 8% | 96% | 11.6% | 147
using a state-of-the-art multilevel partitioner hMetis [14]. After 8x8 10.4% | 11.4% | 18.8% | 274
placement, we use a high-quality maze router to complete the _ 2x2 7.8% 6-8? 11-2? 179
global routing stage. The global routing consists of two steps: ibm03 g:g }gg‘: igg%‘: ;i‘g%‘: 22;
initial routing and ripup/reroute. Both the total wire length and %2 83% | 64% | 17.8% | 107
the congestion (represented by overflow) are part of the cost ibm04 |4 x4 111% | 121% | 152% | 146
function in global routing. From the result of global routing, we 8x8 13.8% | 13.1% | 21.2% | 287
extract the routing demand, which is the number of net crossings bl i : i 12'(1);2 g'gz; 12'2(;:; gg?
on the boundaries of the global routing tiles within every region. 8x8 8.4% | 84% | 23.2% | 880
Such a result is the real routing demand distribution, which re- 2x2 11.2% | 81% | 98% | 352
flects the wire requirement on a design. ibm12 | 4 x4 59% | 4.2% | 9.1% | 447
8 x8 81% | 64% | 11.5% | 901

For better comparison, we scale both the estimated routing 523 B Ta% T 58% T 393
. . 170 B K
demand map and the real routing demand map. The scaling ;13 | axa| 11.0% | 11.3% | 17.0% | 442

process is simply dividing every routing demand value asso- 8x8 89% | 88% | 28.9% | 962
ciated with a region by the average routing demand value of 2x2 84% | 6.3% 7-1? 860

; i : ibm14 | 4 x 4 9.5% | 7T.0% | 134% | 721
the whole chip area. After scaling, for each regiomve have a 88 104% | 109% | 201% | 1627

scaled estimated routin_g dgmaDgl(r) and aspal_ed regl routing average 9.0% | 9.4% | 14.9%
demandD,.(r). The estimation error for regionis defined by
Error(r) = |D.(r) — D,.(r)|/D.(r) x 100%. The overall esti-
mation error for the design is the average value of the estimatigg the routing demand for this region. However, if regions are
errors over all regions. small, the detours contribute routing demand to neighboring re-
All the experiments have been done on a Sun Ultral0 worfions, which makes estimation difficult. In general, estimates
station with a 400-MHz CPU. Table Il shows the overall estimaf |arge regions are more accurate than those of small regions.
tion error for three different approaches. The first approach usgsis suggests that designers may use actual global routing to get
Donath’s wire-length estimation model and routing estimatiagbngestion information at later top-down placement stages.
(RE) method proposed in Section IV-D. The second approach
is similar to the first one. The only difference is that it uses
Davis’s wire-length distribution model. The third approach esti-
mates regional congestion based on Davis’s wire-length modeln this paper, we studied the congestion-estimation problem
only, without RE. The three approaches use the same DREElmsed on Rent's rule. Although Rent’s rule has been widely used
gorithm to extract Rent exponent. Since the running time foin various estimation fields for over two decades, it has not been
external routing demand estimation can be ignored compariadopted for congestion analysis. We presented a novel relation-
with the Rent exponent extraction process, we only report tehip between circuit Rent parameters and peak congestion of the
runtime for DREE algorithm, which is dominated by the parayout. Experiments show that the model works well for L-shape
titioning approach. Experiments show that the speedup of tteuters. More sophisticated model could be conducted based
partitioning tool (hMetis in this paper) does not degrade the esna the analysis framework. Also we proposed a regional con-
timation. Thus, we use the fastest option of the partitioning togestion-estimation method that takes both internal and external
The results in Table 1l show that the proposed approach is eruting demand into account. The locality of Rent’s rule is ex-
effective way to estimate congestion. By combining either Dgoited by our approach. Experiments on large industry bench-
nath’s or Davis’s wire-length model with the RE method, wenarks show that the estimation error is on the average less than
can predict relative congestion with small errors. The compat®% compared with the actual congestion obtained by place and
ison between approaches with or without RE shows that, in geoute.
eral, wire length only cannot estimate congestion well. ThereRecent research work shows that the Rent exponent of a cir-
are some different cases for which wire length itself producesit can be predicted [20]. This will give the Rent’s rule-based
good estimates. These cases are mostlysr2placement level approach a bright future. The proposed method in this paper,
where the RE is not as important as later levels. combining with Rent exponent prediction, allows designers to
It should be noted that for a given circuit, the estimation bdast predict congestion distribution at early placement stages.
comes harder as the number of regions increases. Circuit ibomB&reover, with fast congestion estimation, a placement tool
ibm04, and ibm14 show the trend. A global router uses detowrsuld incrementally update the congestion map during the
to avoid routing in a congested area. When regions are large, tiiecement process and adjust the operation accordingly, thus,
detours for congested spots in a given region are still countachieving a congestion-free layout.

V. CONCLUSION
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