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ABSTRACT

In this paper we present a repeater block planning algorithm for
interconnect-centric floorplanning. We introduce the concept of
independent feasible regions for repeaters and derive an analyti-
cal formulafor their computation. We develop a routability-driven
repeater clustering algorithm to perform repeater block planning
based on iterative deletion. The goal is to obtain a high quality so-
Iution for the repeater block locations so that performance-driven
interconnect synthesis at the routing stage can be carried out with
ease, while minimizing the chip area. Experimental results show
that our method increases the percentage of al globa nets that meet
their target delays from 67.5% in[8] to 85%. Meanwhile, our ap-
proach is able to minimize the expected routing congestion, making
it easier for performance-driven routers to synthesize global nets
that require the insertion of repeaters to meet timing congtraints.

1. INTRODUCTION

Due to the continued scaling of VLS| technologies, interconnects
play a dominant role in determining system performance, power,
reliability, and cost. To ensure timing closure of designs, impacts
of interconnects must be considered as early as possible in the
design flow. Several interconnect synthesis techniques-topology
construction, repeater insertion, device sizing, and wire sizing and
spacing-have been studied in the literature. [7] provides a com-
prehensive survey of these techniques.

Studies have shown that repeater insertion is among the most ef-
fective methods to optimize signal delay and noise [27; 15; 22;
4]. Without repeaters, the delay of along RC wire is quadratic to
the wire length. With judicious insertion of repesaters, the delay
becomes linear [2; 19; 12]. However, most of these interconnect
synthesis techniques were designed for post-placement intercon-
nect optimization. In [5], it was projected that over 700K repeaters
will be inserted for 50nm technology. The insertion of that many
repeaters will significantly change the floorplan and placement of a
design, rendering the original floorplan and placement invalid and
leading to a dow design convergence.

Floorplanning [28; 21], being the first stage of the physical design

process, has significant effects on overall system power, perfor-

mance, and reliability. However, very few existing timing-driven
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floorplanning techniques consider the option of repeater insertion.
An advantage of considering repeater optimization during floor-
planning is that the problem size at this stage is smaller-compared
to the problem size faced by place-and-route-and hence, permits a
more effective search of the design space. In [ 14], the floorplanner
assumed that repeaters could be inserted arbitrarily in an existing
floorplan. However, repeaters consume silicon resources, and cer-
tain circuit blocks such as the cache may not allow insertion of re-

pesaters. To overcome this problem, [8] considered the insertion of
blocks of repeaters in the channel regions between circuit blocks.
However, the greedy clustering of repeaters into a repeater block
may result in routing congestion. As pointed out in [3], it isim-

portant to perform interconnect planning for global routing during
the floorplanning stage. Many designs are routing-limited; it may
not be feasible to get signals to and out of repeaters due to the lim-
itation in routing resources. Therefore, it is important to consider
routing feasibility (in subsequent steps) during the global distribu-
tion of repeaters.

In this paper, we propose a routability-driven repeater block plan-
ning algorithm for interconnect-centric floorplanning. We intro-
duce the concept of independent feasible region (IFR) for repeater

insertion under delay constraint, and derive an analytical formula
for the computation of IFRs. All repeaters are fredy movable within
their respective IFRs without violating the timing constraints. This
has the advantage that each repeater of anet has equal flexibility of
position, which facilitates globa  optimization.

Asin [8], we cluster individual repeaters into repeater blocks to
result in aregular layout structure for a higher density implemen-

tation. We develop an effective routability-driven repeater block
planning algorithm. A tile based congestion model is used to drive

an iterative deletion heuristic for repeater clustering. Experimental
results show that our method can boost the completion rate, i.e. the
percentage of all globa nets that meet their target delays, to 85%
from the 67.5% completion rate reported in [8]. Furthermore, the
expected congestion due to our repeater block planning algorithm
is lower than that produced by a planner without considering con-

gestion.

The remainder of the paper is organized as follows. In Section 2,
we present the problem formulation. Section 3 derives the inde-

pendent feasible region for repeater insertion. Section 4 presents
the routability-driven repeater block planning algorithm. Experi-
mental results are shown in Section 5, followed by the conclusion

in Section 6.

2. PROBLEM FORMULATION

In this paper we study the following repeater block planning prob-
lem: given an initia floorplan, and timing constraints on each net,

find the number, location, assignment and size of the repeater blocks



to be inserted in order to meet the timing constraints.

Whilethe primary objective of the repeater block planner isto meet
the timing constraints for al nets, it is equally important to avoid
routing “hot spots’ and keep the number of repeater blocks and the
increase in chip area within tolerable limits. The two objectives
of reducing the total number of repeater blocks added and avoiding
regionswith high routing congestion are contradictory in nature; by
clustering large number of repeatersinto arepeater block, we create
ahighly congested routing region around that repeater block.
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Figure 1. Impact of routing congestion on repeater block planning.

Figure 1 compares a routability-driven repeater block planner with
a repeater planner that tries to minimize repeater blocks. Three
feasible regions from repeaters of different nets are shown and the
dashed lines represent the routes passing through the region. If
minimizing repeater blocks is the sole objective, the repeater block
would be chosen in the high congestion region as shown on the
left in Figure 1. On the other hand, a routability aware repeater
planner would try to move the repeater blocks away from the high
congestion zone. As shown on the right in Figure 1, a routability
driven repeater block planner would strike a balance between the
two contradictory criteria: routing congestion and repeater block
count.

We measure the overall cost of arepeater block plan by aweighted
composition of two cost functions: one cost function guides the so-
lution towards minimum number of repeater blocks; and the other
one minimizes the routing congestion of the solution. The weights
of the two cost functions may be suitably adjusted to reflect therel-
ative importance of each criterion. Our repeater block planner tries
to obtain a repeater block plan that minimizes the overall cost of
the solution.

3. FEASIBLE REGION COMPUTATION

In this section, we introduce the idea of independent feasible re-
gion (IFR) for repeater placement and obtain an expression for
computing its width. We define the independent feasible region
for arepeater to be the region where it can be placed such that the
timing constraint of the net is satisfied, assuming that the other re-
peaters are also located within their respective independent feasible
regions. The effectiveness of its use in repeater block planning is
demonstrated by the significantly higher completion rates we ob-
tain as compared to [8].

3.1 Preliminaries

First, we present the definitions and expressions that will be used in
stating the main result for IFR computation. Each driver/repeater
is modeled as a switch-level RC circuit [6], and the Elmore delay
formula [13] is used for delay computations. The notation for the
physical parameters of the interconnect and repeater we use in this
paper isasfollows:

©  wireresistance per unit length;
¢ wire capacitance per unit length;

T,: intrinsic repeater delay;

Cp:  repester input capacitance;

Ry:  repeater output resistance.
Given a wire segment of length [ with driver output resistance R
and sink capacitance C, the EImore delay of this segment is defined
as

rc

D(R,C,1) = (?)l2 + (Re +7rC)l + RC.
Using the above expression, the Elmore delay of a single source,
single sink net N (two pin net) of length I with n repeaters can be
expressed as,

D(Rd, Cb,il'l) + D(Rb, Cs,l— xn)
n—1

+ Z D(Rb, Chy,xi — xi_l) + nTp,

=2

Drllt(ml,xg, veilp) =

where R, is the driver resistance, C is the sink capacitance, and
x; isthe location of the i*" repeater.

The optimal locations of the n repeaters for delay minimization of
the net as shown in [1] are

i =0G—-1y " +2" i€{l,2,..n},
where
. 1 n(Ry — Ra) | (Cs — Ch)
= l
x n+ 1( + r + c )7
. 1 (Ry — Rq) (Cs — Ch)
= l— .
Y n+ 1( r + c )
We denote the optimal delay for the net with n repeaters by
D(I)\;)t:Drljet(xI7m§7 """ 7m:L)

3.2 Independent Feasible Region

In [8], the “feasible region” for repester insertion has been defined
as the region where a repeater can be placed, assuming all the re-
maining repeaters are optimally placed, in order to satisfy a target
delay constraint. Let Wrr denote the width of the “feasible re-
gion” for agiven repeater.

As opposed to the definition of “feasible region”, the independent
feasible region of a repeater is the region where it can be placed
while meeting the timing specifications of the net, assuming that
the other repeaters are placed within their respective independent
feasible regions.

Formally, we define the independent feasible region (IFR) for the
it" repeater of anet N as

IFR; = (1’: — W[FR/Z,Z‘Z + W[FR/2) n (O,Z),

SUChthat(.Tl,l'g, ..... y Ly enns l’n)EIFRleFRQX...XIFRn
and DN, (z1, 22, oy ) < Dgt. Here, W;rr and Dgt respec-
tively denote the width of independent feasible region I F R; and
the target delay associated with the net.

]

a i i

1 i i+1

Figure 2: Independent feasible regions.



Note that the final placement of a repeater in its IFR does not de-
pend on the placement of the other repeaters, so long as they are
placed within their respective IFRs. To allocate an equal degree of
freedom to each repeater in the net we choose the IFR intervals to
be of equa width (see Figure 2). We have the following theorem
for the width of the independent feasible region of a repeater.

THEOREM 1. For Dy, > D}, the width of the independent
feasible region for theit" repeater (i < n) of thenet N is
Digt — Doy

TrR re(2n — 1)

]

The proof of the theorem is omitted due to page limitation. It is
presented in [23]. It can be shown that that whenn = 1, Wrgr =
Wirgr. Although Wirr < Wgg for n > 1, its use results in
a solution of higher quality because it facilitates a higher degree
of fairness during global optimization of repeater block clustering.
Moreover, the repeater block planning algorithm does not have to
iteratively compute the new feasible region widths for repeatersin
every iteration asin [8].

4. REPEATER BLOCK PLANNING

In this section we describe in detail our routability-driven repeater
block planning algorithm. Given a floorplan, we assume that re-
peaters can only beinserted within the vertical and horizontal chan-
nels [18] defined by circuit blocks asin [8]. We also assume that
no repeaters can be inserted into circuit blocks.

For the purpose of routing congestion computation (to be described
in Section 4.1), we divide the entire chip areainto a set of rectangu-
lar routing tiles as shown in Figure 3. The routing tiles correspond
to higher metal layers reserved for the routing of global nets. We
also divide the channel between circuit blocksinto aset of repeater-
block tiles, which are of a finer resolution than routing tiles. As
in [8], these repeater-block tiles represent locations where the re-
peaters may be placed. Not all repeater-block tiles are shown in
Figure 3. In effect, we construct a two-level tile structure, one for
the purpose of routing-congestion and the other for defining candi-
date repeater block (CRB) locations.

Routing [ Circuit | |
Tiles Independent Feasible Region Black

Bloc!
Circuit Block

CRBs of feasible
region

Source

Bounding Box of the het

Figure 3: Creation of routing tiles and candidate repeater blocks.

For each repeater b to be inserted, we find Sy, the set of CRBs
into which it can be placed. As shown in Figure 3, each repeater
has several CRBs to which it may be assigned. The objective of
the repeater block planner is to assign each repeater to a single
CRB. Our approach to solving this problem isto first generate the
candidate set for each repester, and then use a routing-congestion

driven iterative deletion [20] algorithm to obtain an assignment for
each repeater.

The iterative deletion procedure operates on a bipartite graph G
that represents the set of all possible repeater assignments. Let B
be the set of al repeaters that need to be inserted. The edge set of
G isdefined as E(G) = {(b,c) : b € B,c € Sp}. The essence
of iterative deletion isto start with a redundant solution space that
contains all possible assignments of repeaters to CRBs. One at a
time, the algorithm deletes an incompatible repeater assignment,
i.e, an assignment that results in high routing congestion or too
many repeater blocks. Equivalently, theiterative deletion algorithm
removes an edge from the bipartite graph one at a time. When
the algorithm terminates, the output of the iterative deletion is a
compatible assignment of repeatersto CRBsin terms of routability
and repeater block count.

Repeater Block Planning Algorithm
Build atwo-level tile structure on a given floorplan;
Compute |FR for each repeater b € B;
Obtain CRB set Sy, for each repeater b € B;
Generate the bipartite graph G;
While there exists arepeater to be assigned do
Delete the highest cost edge of G;
Update monotonicity;
Update congestion matrix;
Update edge costs;
Assign repeater to a CRB if required;

SCow~NoOA~WNE

=

Figure 4: Repeater Block Planning Algorithm

Figure 4 gives the overall flow of our repeater block planning a-
gorithm. Steps 1 through 4 are data preparation stages. Step 1
constructs a two-level tile structure as shown in Figure 3. In Steps
2 and 3, we compute the minimum number of repeatersrequired for
each two-pin net to meet its target delay [8; 1] and assign Wirr
of each repeater based on the available net slack (Dfy; — D3y,;) as
defined in Theorem 1. Then, we generate the candidate set Sy, for
each repeater b by intersecting the IFR of the repeater with the set
of repeater-block tiles within the bounding box of the net. If the
IFR for arepeater does not have any intersections with the set of
repeater-block tiles, then we consider possible repeater locations
along the boundaries of circuit blocks. For such nets, we allow
repeaters to be placed along the circuit block boundaries in order
to meet their timing constraints. The result is a bipartite graph G
constructed in Step 4.

Steps 5-10 perform the iterative deletion operations. The iterative
deletion procedure assigns each repeater to one of its CRBs. To
accomplish the task of deleting incompatible repeater assignments,
the edges in G have dynamic weights. The weight of edge (b, ¢)
reflects the “cost” of assigning repeater b to CRB ¢, assuming that
the other repeaters can go into any of their CRBs with equal prob-
ability. An edge of a higher cost implies that the repeater block
assignment is likely to be incompatible with the rest, and the iter-
ative deletion operation in Steps 6-10 (to be described in Section
4.3) seeks to remove the highest cost edge or the most incompat-
ible repeater block assignment. As edges are iteratively deleted
from the graph G, the routability of the floorplan is modified and so
is the expected repeater block count. These changes are reflected
onto the edge costs of the graph at every iteration, thus making
the edge weights dynamic. We shall present the routing congestion
model and the associated cost function in Section 4.1, and the edge
weight, which is a composite cost function of the routing conges-
tion cost and repeater block cost, in Section 4.2.



4.1 Congestion M odel

The congestion model employed is essentially a two dimensional
rectangular grid based probabilistic map assuming two-bend rout-
ing for each segment. Thisissimilar to that developed in [3]. The
congestion of arouting tile tile(z, j) isdefined as:

Cr(i,j) = Expected number of horizontal routes
passing through tile(i, j),
Cy(i,j) = Expected number of vertical routes

passing through tile(i, j).

To derive the congestion numbers for the routing grid, we first com-
pute the expected number of routes passing through every routing
tile for awire segment with afixed source and a fixed sink.

Without loss of generality, we consider the source to be located in
tile(0,0) and the sink to be located in tile(m, n) and assume that
abend consumes both horizontal and vertical routing resources. It
is easy to see that there are atotal of (m + n + 2) possible two-
bend routes from source to sink. Assuming that all these routes are
equally likely, we obtain the probability matrix shown in Table 1.
d0Ch (4, 7) isdefined as the probability of ahorizontal route passing
through tile(i, 7). Similarly 6C, (4, 7) isdefined for vertical routes.

Tile 0CK(i,7) | 6C,(3,7)
0<i<m,0<j<n m m
0<ism,j=0 EESTEE G
=00 | oy | it
1=0,7=0 1 1
i=m,j=n 1 1

Table 1: Probability matrix.

We define a subnet asthe segment of anet between two consecutive
repeaters, between the source and the first repeater, or between the
last repeater and the sink. In the problem at hand, the source and
the sink of a subnet may have several candidate locations if they
are repeaters. We compute the contribution of each subnet to the
congestion matrices, Cy, and C, by fixing the source and sink of
a subnet segment to the centroids of their CRBs. Thus, given a set
of two pin nets and candidate locations for the repeaters we can
compute the congestion matrices Cy, and C, asfollows:

Cul(ij) = Y 8Culi,j),

Vsubnets

> 8Cu(i, ).

Vsubnets

Cv(iaj) =

Asisdonein anumber of other routers we assign a congestion cost
to each routing tile. A number of ways for modeling the congestion
cost have been proposed in literature [26; 25; 16]. For the purpose
of this work, we use a monotonic piecewise cost function of the
type proposed in [11] (see Figure 5).

4.2 Dynamic Edge Weights

The “cost” of assigning a repeater to a CRB (or the edge cost) is
a weighted composite function comprising of the congestion cost
and the repeater block cost.

e Congestion Cost: The congestion cost of an edge is defined
as the maximum congestion cost among all routing tiles in
the one-bend routing path for the subnet that has the repeater
as its source and the subnet that has the repeater as its sink.
The respective sink and source of the subnets are assumed

Slope=100

Congestion

Cost Slope=10

AN

Slope=0.01

N\

0 09 1
Normalized Congestion

Figure 5: Piecewise-linear congestion cost function.

to be located at the centroids of their CRBs. One-bend rout-
ing, instead of two-bend routing, is used for congestion cost
calculation because of its efficiency. The congestion metric
and the associated cost functions used have been described
in Section 4.1. We denote the congestion cost of an edge
e = (b,c) € E(G)asCC(e).

e Repeater Block Cost: The repeater block cost function is
used to guide the iterative deletion procedure to converge to
a solution with minimum number of repeater blocks. Let ¢
be a CRB. Let B, be the number of IFRs intersecting on
this CRB. Also, define Byq. to be the maximum number
of repeaters that can be inserted into a CRB. The repeater
block cost of the CRB ¢, BB(c) is defined as follows : if
the number of repeaters assigned to the channel tile is less
than Bz, then wedefine BB(c) tobe1/ min(B., Bmaz)-
Otherwise we define BB(c) = oo.

The composite cost function isaweighted product of the two costs.
The cost of anedge, e = (b,¢) € E(G) isdefined as:

COST(e) = (CC(e))™ x (BB(c))™,

where p; and p» are positive parameters such that p; + p» = 1.
Changing the values of p; and p» allows us to perform a tradeoff
between the two contradictory criteriainvolved.

4.3 Iterative Deletion

The iterative improvement method modifies the solution space re-
peatedly by changing a small portion at each step. Our procedure
begins with aredundant set of possible locations for each repeater,
and removes a single highest-cost redundant assignment at each
step, while attempting to minimize the cost of the solution. It pro-
ceeds by deleting the highest cost edgee = (b, c) of G. Also, let N
denote the net to which repeater b belongs. We update the bipartite
graph and its associated edge costs as follows:

e Monotonicity Updates: The formula for the IFR of each re-
peater has been derived assuming that a monotonic route be-
tween the source and the sink through the repeater |ocations
isgenerated. To prevent non-monotonic repester location as-
signments, we update the candidate sets for repeaters in the
net N to make it monotonic. A CRB in N lies on a mono-
tonic path if there exists a sequence of CRBS, one in each
CRB set of the remaining repeaters, that forms a monotonic
path from source to sink. In Figure 6, for example, the re-
peater assignments shown form a non-monotonic sequence



from the source to the sink. CRBs that do not lie on a mono-
tonic path are removed.

Feasible regions

Feasible regions
for buffer 1 and,

Sourt

\ The assignment of repeatersto shown /ocationswill
result in a non-monotonic path.

Figure 6: Non-monotonic repeater assignment.

e Congestion Updates: Deletion of the highest cost edge and
the corresponding monotonicity updates change the solution
set represented by the bipartite graph G. The congestion up-
date procedure reflects the impact of these changes onto the
congestion matrices Cy, and C,.

e Edge Cost Updates: Due to monotonicity and congestion
updates the cost of assigning a repeater to a particular tile
changes. This procedure updates the cost of the edges in the

graph G.

The assignment of a repeater to a repeater block is accomplished
when the candidate set for the repeater consists of only one repeater
block.

5. EXPERIMENTAL RESULTS

We have implemented our repeater block planning algorithm us-
ing C on a SUN UltraSPARC Il machine. In this section, we
present the details of our experimental set up and the results ob-
tained. The interconnect and repester parameters and the ElImore
delay model have been described in Section 3.1. The values (see
Table 2) used for these parameters are based on a0.18um technol -
ogy in the NTRS' 97 roadmap [24].

Description Value
wire resistance per unit length (Qm) 0.075
c wire capacitance per unit length (fF/pm) | 0.118

Ty intrinsic repeater delay (ps) 36.4
C,/Cy | sink/repeater input capacitance (fF) 234
R, /R, | driver/repeater output resistance (£2) 180

Table 2: Parameter values for interconnect, repeater, driver, and
sink.

Circuit | Modules | Nets | 2-Pin Nets
apte 9 97 172
Xerox 10 203 455

hp 11 83 226
ami33 33| 123 363
ami49 49 | 408 545
playout 62 | 2506 2150

Table 3: Details of MCNC benchmarks.

We report the results of our repeater block planner for six MCNC
[17] benchmark circuits. The relevant details of these benchmarks
are shown in Table 3. In thiswork we focus on solving the problem
of repeater block planning for two-pin (single source, single sink)
nets. As the benchmark files do not provide information on signal
direction, we choose the first pin to be the source and all the oth-
ersto be sinks, and decompose a multiple terminal net into a set of
two-pin nets. Thismay not be good especially for path based timing
optimizations, but it provides a sufficiently good model of the in-
put to arepeater block planner. Weignore all single pin, power, and
ground interconnects. The initia floorplans of the MCNC bench-
mark circuits used for this work were obtained from [9], and are
the same as those used in [8]. These floorplans were generated by
running simulated tempering using an improved Monte-Carlo tech-
nique [10].

Since the MCNC benchmarks do not come with any timing infor-
mation, we assign target delays to the two-pin nets as follows. We
ignore all two pin nets whose lengths are smaller than the critical
length L,,:, [1], above which repeater insertion can be used for
delay reduction. For each net we then compute the optimal delay
T,,+ obtainable by repeater insertion [1] and then randomly assign
atarget delay between 1.05 and 1.20 times T,,; asin [8]. Aswe
generate these timing constraints on our own, a direct comparison
between our method and that in [8] may not be fair even though we
do use their results for reference in the following discussion.

MET] TCPU
Circuit NOTMET NRE‘P Cyrrax 0A (S)
apte
p1=1,p2=0 122 /50 176 10.77 | 1.44 17
pr=0,po =1 120/ 52 176 11.09 | 144 15
p1 =p2=0.5 121/51 176 11.00 | 1.44 12
[8] 102/ 70 185 - | 0.69 0.23
Xerox
p1=1,p2=0 368/ 87 354 2202 | 1.24 8.0
p1=0,p2 =1 361/94 354 3498 | 1.24 7.0
p1 =p2=0.5 361/94 354 19.74 | 1.24 75
[8] 260/ 195 399 - 138 0.53
hp
p1=1,p2=0 185/41 258 30.68 | 1.03 21
p1=0,p2 =1 175/51 258 3256 | 1.03 23
p1 =p2=0.5 169/ 57 258 31.36 | 1.03 22
[8] 131/95 280 - 124 0.48
ami33
p1=1,p2=0 326/ 37 243 54.27 | 1.44 42
p1=0,p2=1 324139 243 61.24 | 1.44 47
p1 =p2=0.5 324139 243 51.71 | 1.44 39
[8] 305/58 667 - | 136 1.63
ami49
p1=1,p2=0 497/ 48 287 1566 | 1.04 85
p1=0,p2 =1 496/ 49 287 1999 | 1.04 7.2
p1 =p2=0.5 496/ 49 287 1574 | 1.04 7.0
[8] 41217133 946 -1 0.78 3.25
playout
p1=1,p2=0 2053/ 97 1090 274.44 | 1.32 63.0
pr=0,po =1 2017/ 133 1090 281.73 | 1.32 62.1
p1 =p2=0.5 2020/ 130 1090 253.36 | 1.32 66.2
[8] 1533/ 617 4263 - 084 | 1398

Table 4: Comparison of repeater block planning solutions.

In Table 4 we report the following results from our repeater block
planning algorithm : (i) ratio of number of nets for which the delay
constraint is met to the number of nets for which the delay con-
straint is not satisfied, ==L —; (ii) the total number of repeaters
inserted to meet timing constraints, Nr e p; (iii) the maximum tile

congestion, Carax; (iv) the chip area increase, 0 A expressed as



a percentage of the original chip area; and (v) CPU time required,
TCPU. We also include the results for these benchmark circuitsre-
ported in [8].

Compared to [8], M ET is significantly higher. The success rates
of meeting the timing constraints (or completion rates) range from
71% (for apte) to 95% (for playout). The average completion rateis
85%. On the other hand, the average completion rate for the same
examplesin[8] is67.5%, and the compl etion rates range from 58%
(for xerox and hp) to 84% (for ami33). Our completion rates are
higher for all benchmark circuitsin Table 3.

In Table 4, we report an identical Nz g p under three different com-
binations of p; and p» for each benchmark circuit even though the
completion rates are different. The completion rates are different
because some nets cannot meet the timing constraints after we ex-
pand the floorplan to accommodate the repeater blocks along the
boundaries of circuit blocks (see Section 4). In fact, all entriesin
Nrep, Crax, and § A include nets that do not meet the timing
constraints after floorplan expansions.

Table 4 also shows that we generally require a smaller number of
repeaters to achieve a higher completion rates, compared to [8]. In
[8], al channels between blocks are expanded at the beginning of
the planning step [9]. As aresult, net lengths become longer, and
more repeaters are required. In our algorithm, we expand the chan-
nels only when required. Therefore, our net lengths are “shorter”
in general, and we require a smaller number of repeaters to meet
the timing constraints.

The results in Table 4 also show that our algorithm is able to re-
duce routing congestion. With p; = 1 and p» = 0 the objective
function is oriented towards the reduction of congestion cost, while
setting p1 = 0 and p> = 1 causes the repeater block count to be
minimized. p1 = p» = 0.5 represents a solution with a tradeoff
between the two contradictory cost functions. The Table shows that
routing congestion levels can be lowered when they are accounted
for during repeater block planning. In xerox, for example, Carax
for p1 = 0 and p2 = 1 (i.e,, the objective of minimizing the num-
ber of repeater blocks) is about 50% higher than the Ciyrax for
p1 = 1 and p» = 0 (i.e., the objective of minimizing the rout-
ing congestion). Clearly, if the design is routing-limited, the actual
completion rates for the former case will be reduced accordingly.
However, the average increase in chip area due to repeater insertion
is1.25%, which is higher than the 1.05% average increase reported
in [8]. Moreover, the run-times of our algorithm are higher than
thosein [8].

6. CONCLUSION

In this paper we have presented a repeater block planning algo-
rithm that uses the concept of independent feasible regions to do
repeater clustering. The assignment of repeaters to repeater blocks
is routability-driven and thus avoids regions of high routing con-
gestion. Experimental results show that our technique performs
significantly better than existing repeater planning methods.
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