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Abstract 
As the interconnect dominates in DSM regime, we propose a novel route

and-place design methodology at RT-Ievel which strongly ties to physical design 
tasks. Unlike conventional place-and-route, our methodology prioritizes inter
connect over devices. At the RT-Ievel, we identify all global nets and carefully 
design their interconnect topology to achieve desired delay characteristics, fol
lowed by the macro-cell placement. Net clustering is carried out to account for 
net interdependencies as weil as to derive the bounding box constraint on a net. 
Within a macro-cell, as the nets are local in nature, we apply place-and-route to 
achieve its layout. Experimental results on various datapath circuits resulted in 
total wirelength reduction varying from 3.7% to 24.6% with an average value of 
12.4%. 

Keywords: Route & Place Methodology, Interconnect Minirnization, Deep Sub Micron Regime. 

1. INTRODUCTION 
Due to rapid technology scaling, technology generations in the DSM regime 

give us the capability to realize system-on-a-chip. The accompanied price is 
the dominance of the interconnect phenomena that were hitherto ignored at 
the micron and sub-micron technology generations. Therefore, existing CAD 
algorithms must be revisited and/or new CAD algorithms must be developed 
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to address this paradigm shift. In the 1997 SIA NTRS [1], for example, it is 
projected that for l00nm technology, the interconnect delay for Al metalization 
is approximately fifteen times the gate delay. This underlines the severity of 
the problem. The conventional place-and-route approach is not appropriate for 
design optimization in DSM regime as the cell placement limits the routing 
freedom of a net. Thus, in order to make the design methodology interconnect 
centered, we propose a route and place scheme so that we give priority to net 
routing over cell placement. 

Ifthere are no cells placed, where is one going to route the nets!! We address 
this problem by macro-cell clustering i.e. the cells connected by a bunch of 
nets are grouped together to give rise to abounding box constraint for the 
nets. The clustering is based on the interdependency of nets. Those nets which 
have many cells in common are put in the same cluster so that the overall 
wirelength of each net is reasonable. Once clusters are formed, within each 
cluster we would synthesize the nets that satisfy the delay constraint as weIl 
as the bounding box area constraint. It is possible that clusters may share 
macro-cells. Thus, cluster-level placement is carried out to place the common 
cells between two clusters at their common boundary. Within each macro-cell, 
place-and-route methodology is adopted to achieve its layout, as the nets within 
the cell are local in nature. In summary, this approach gives highest priority 
to the optimization of the global net characteristics, which is key to success in 
DSMregime. 

The rest of the paper is organized as follows: Section 2. discusses the re
lated work. Section 3. presents the route and place design methodology in 
detail. Section 4. shows the experimental results. Finally, Section 5. draws 
conclusions and outlines future work. 

2. LITERATURE SURVEY 
Although sophisticated models for interconnect delay were developed [2] , 

their use in synthesis is limited due to the lack of knowledge of geometry of 
interconnect early enough. So synthesis tools must adopt an approach that first 
focussed on determining optimal plan for global wiring. Such approaches are 
known as wire planning. 

Given a set of pre-designed modules, wh ich may be standard cells or custom 
modules, and a netlist describing the connections to be made between them, the 
objective of module placement stage is to assign each module a unique location 
on the chip, so that no two modules overlap, and the design constraints are met. 
Wire planning [3] is one possible source for generating these constraints. There 
will also be design constraints imposed by the particular design style adopted. 

Constructive and Iterative approach. Constructive approach try to imi
tate the approach taken by a human designer. But the intuitive rules of human 
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designer have proven to be hard to capture into a computer prograrn, resulting 
in poor quality. Iterative approach involves starting with a seed(initial place
ment) and improving it iteratively until c10sure is achieved. For large designs, 
number of iterations itself can be a bottleneck. Avoiding local minima is also 
aproblem. 

Stochastic approach. These algorithms try to avoid the local minima 
problem noted above. They allow random moves that may increase the cost 
function temporarily allowing for the solution to proceed in search of a "global 
minimum" . For example simulated annealing is one such approach [4] . But 
this approach entails a large amount of computation which tends to be a hand
icap when dealing with very large circuits. 

Min-Cut placement. The most common objective used during above place
ment process was to minimize the total interconnect length. Such algorithms 
often lead to non-uniform routings. This can lead to chip area not being mini
mized even if the wires are short. 

Hence min-cut placement techniques [5, 6] were developed which seek in 
addition, to minimize number of nets crossing a set of horizontal and verti
cal cut lines crossing the chip. Shorter wirelengths are achieved by finding 
strongly connected groups of modules. 

Timing driven placement. With interconnect delays playing an increas
ingly significant role in the timing c10sure problem, it is no longer sufficient 
to just guarantee routability of a particular placement but needs to satisfy 
length(delay) constraints. This concem led to work on timing driven place
ment [7] and routing [8] algorithms. These algorithms can be broadly c1assified 
as net-based [9] and path-based [10] approach. Net-based approach usually 
involves computing timing slack for each net and converting them into wire
length upper-bound constraints or net weights to be used in the cost function 
during placement. Path-based approach involves modeling path-based con
straints as a mathematical programming problem. 

The above approaches address the problem in a piece-wise fashion by con
sidering point-to-point length constraints. In DSM regime, however, the entire 
topology of the net affects the delay. Our approach is global in nature when 
deriving a routing solution for a given net. The influence of the topology on 
the delay can be reduced by appropriate buffer insertion through isolation of 
the downstream capacitance. 

3. ROUTE-AND-PLACE DESIGN METHODOLOGY 

The design flow of the proposed Route-and-Place design methodology is as 
shown in Figure 1 The input netlist consists of instances of RT-Ievel compo
nents such as n-bit adders, n-bit registers, m-to-l multiplexors, etc. We assurne 
that the bounding box area of the leaf-cells used to build the macro-cells is 
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known apriori. The netlist may be either a hand-written one or the output of 
a front-end synthesis tool. From the netlist, we eliminate the following global 
nets: power, ground, clock, and nets such as Global Reset. Specialized net 
topologies need to be generated for such nets. Grouping of nets that drive the 
same macro-cells is also carried out. 

From the pre-processed netlist, net clusters are formed based on multi-net 
dependency. For each cluster so formed, the nets in that cluster are prioritized 
according to their cell-count. Following this priority, an optimum net topology 
is synthesized for each net. After all nets are routed, macro-cells are then 
placed around the nets. Within each macro-cell, the traditional place and route 
is carried out as the nets within a macro-cell are local in nature. Between two or 
more clusters macro-cells may be shared. To handle this scenario, inter-cluster 
placement is performed, following which an optimized layout is generated. In 
the following paragraphs we present a detailed discussion on each phase. 
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Figure 1 Route and Place Design 

Flow 

I. Net Clustering: Two nets are said 
to be interdependent provided they have 
at-least one common cello The higher 
the number of common cells, higher the 
degree of interdependency. Strongly in
terdependent nets must be routed in the 
same region in order to find "good" in
terconnect topologies for all the nets in 
question. Net clustering is carried out 
based on the net interdependencies. We 
employ clique partitioning algorithm to 
form the clusters. 
From the input netlist, a net interdepen
dency graph, G, is constructed where 
each node represents a net and an edge 
exists between two nodes if and only if 
the nets represented by the nodes are in
terdependent. Each edge is weighted 
with a weight equal to the number of 
common cells between the nets. A mod
ified version of clique partitioning algo
rithm proposed by Tseng and Siewiorek 
[11] is applied on Gdual, the dual of G. 
The main modification to the original 
algorithm is to handle a weighted input 
graph. 
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The advantage of applying clique partitioning on G dual is that it not only 
yields cliques of nets but also information as to which nets within the clique 
needs to closer. In other words, it yields clusters that are hierarchical in nature. 

... _ ... .. 

: n3 .. . ........ , 

Figure (a) Figure (b) 

Figure 2 (a) A Simple netlist with five nets connecting ten RTL modules; (b) Net inter
dependency graph 

For a simple RTL netlist shown in Figure 2(a) G and G dual are shown in 
Figure 2(b) and Figure 3. Clique partitioning on G dual yields minimum 
number of maximum weighted cliques. The following clique set is obtained 
from Gdual : C={ {b, d, e, f, g}, {a, cl, {i}, {j}, {h}}. 

On expanding the clique set into net clusters, we obtain the following: 
C'={ {nI, n2, n3, n4, n5}, {nI, n5}, {n3}, {n4}, {n5}}. As clique parti
tioning is performed on G dual, a net may occur in more than one cluster. In a 
given cluster, we can group nets into sub-clusters that identify the nets that are 
desired to be routed very closely in the same region. A sub-cluster in a cluster 
arises under the foIlowing conditions: 
(1) An identical cluster exists by itself. 
(2) An identical sub-cluster occurs in one or more other cliques. 
The reduction of C' gives rise to C"={ {{nI, n5}, n2, n3, n4}} , where {nI, n5} 
is a sub-cluster that occurs by itself. Thus, we obtain one hierarchical cluster 
with two levels. 

11. Routing: In [12] it is shown that both the total wirelength (i.e., the 
total interconnect capacitance) as weIl as the interconnect topology will die
tate the interconnect delay. Our methodology gives near complete freedom 
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Figure 3 Dual of the graph shown in Figure 1.2(b) 

(c) 

(I) 

Figure 4 (a)-(e) Various stages of routing the cluster (f) Final layout 
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to optimize both factors for every global net. In this work, we focus on total 
wirelength minimization. Thus, given a cluster, for every net belonging to the 
cluster, we aim to obtain an optimum interconnect topology in terms of its to
tal wirelength. We assume that the delay is linearized by repeater insertion and 
therefore the wirelength is a reasonable delay metric. The delay of a long line 
that is "quadratic" in nature can be canonically converted into "near-linear" 
delay by buffer insertion, as a buffer isolates the "downstream" capacitance 
[13]. Optimal buffer insertion [14] algorithms exists in the literature that can 
be employed for this purpose. 

Work is in progress to compare the actual delays by employing accurate 
timing analysis tools such as moment-based timing tools [15] and HSPICE. 

The generation of a routing solution begins from the innermost sub-cluster( s) 
and works outwards. For eg., in case of e", first we generate a routing solution 
for {nI, n5} and then continue with nets n2, n3, and n4. For those nets which 
are at the same level within a cluster, we given preference to larger nets i.e. 
nets with higher cell count. As the routing solution evolves, macro-cells get 
locked into certain positions and the end all common macro-cells are locked. 
Thus a partial placement solution also evolves as a side-effect of this phase. 
Re-positioning of macro-cells is carried out with the objective of making the 
layout as square as possible. 

Figure 4 shows how the routing solution for the cluster e "evolves. The 
sub-cluster {nI, n5} within e" is routed first. Figure 4(a) shows a simple 
topology for net nl with two possible locations for the macro-cells belonging 
to n1. Figure 4(b) depicts the addition of net n5 to net n1. This fixes the 
positions of the macro-cells B, C, and J. Between the two possible candidates 
n2 and n3, we randomly pick n2. With macro-cells B and C already placed, 
we construct a net topology for n2 as shown in Figure 4(c). There are three 
possible cell positions that can be occupied by the remaining cells on the net, 
namely A, D, and E. Routing of net n3 necessitates the placement of macro
cells D and E that are shared with net n2. Thus, macro-cells D and E are placed 
as shown in Figure 4(d). Finally, net n3 is routed as shown in Figure 4(e). 

111. Macro-cell Placement: In the routing solution obtained in the previous 
phase, the placement of unbound macro-cells is carried out. Generate pin loca
tion constraints for each macro-cell. Within a macro-cell (eg. an n-bit adder) 
since all the nets are local in nature, we can employ the conventional place
and-route approach to obtain an optimized layout. The reason for cluster-level 
placement is that some clusters may have common macro-cells. In such a case, 
the common cells need to be placed at the common boundary. 
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4. EXPERIMENTAL RESULTS 
We present results for the following five benchmarks: (1) Compress; (2) 

Find; (3) FIFO; (4) T/'s Shuffle Exchange Network; (5) Traffic Light Con
troller (TLC). These are datapaths are automatically generated by a high level 
synthesis tool. Pertinent design data of the benchmark examples are shown in 
Table 1. We present the experimentation procedure below. 

(1) Netlist preprocessing: From an input RTL netlist, power, ground, and 
clock nets are eliminated. Nets with identical cell lists are collapsed into one 
compound net, i.e., they are treated as a single bus. If two nets have no com
mon cells then they are independent and the relative cell placement does not 
inftuence each other's total wirelength. In real designs, the degree of interde
pendency between two arbitrary nets lie between the above two extreme cases. 

In a design consisting of N number of nets, the node size of the net in
terdependency graph (G) is equal to N and the worst-case complexity of the 
number of edges is O(N2 ). Therefore, the worst-case complexity of the num
ber of nodes in G dual is O(N2 ). In real life designs, the node-size of G dual is 
much smaller than the worst-case complexity. Column 3 of Table 1 reports 
the node-size of G dual for each design. 

(2) Net Clustering: Gdual is provided as an input to Tseng's clique parti
tioning heuristic [11]. The original algorithm proposed in [11] is modified to 
handle weighted input graphs. Optimal number of maximum weighted cliques 
are heuristically obtained. The nodes in the clique identify the cells that need 
to be in the same neighborhood. From the cliques and from the information 
about the cells associated with each node, we generate clusters of nets. A net 
may belong to more than one cluster, as the clique partitioning is performed 
on G dual rather than G. Recall that by doing SO, not only do we find cliques 
of nets but also information as to wh ich nets within the clique needs to routed 
closer. The latter information helps in prioritizing the nets when being routed 
as discussed in Section 3 .. For each design, in Table 1 we tabulate the num
ber of cliques obtained (column 5), the size of the largest clique (column 6), 
and the execution time for clique partitioning (column 7). 

(3) Routing and Macro-cell Placement: The routing solution for each cluster 
is generated by hand. Work is in progress to integrate an interconnect synthesis 
tool that automatically generates the optimized network. We used Flint layout 
synthesis tool [17] in an interactive mode. We force Flint to generate a desired 
interconnect topology by generating appropriate channels in the placement. 
Flint has features to manipulate the macro-cells such as ftipping, rotating etc., 
that are used extensively during the placement of macro-cells. 

For each macro-cell, we generate standard celllayouts by employing "Std
cell" layout generator module in Lager silicon compiler. Thus, within each 
macro-cell cell placement is following by net routing. This approach is jus-
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tifiable as the nets within the macro-cell are short. From the MAGIe layouts 
generated by Flint, we measure the wirelength of each net. The nets are routed 
in two wiring layers (Mt and M2). We sum up the lengths of all Mt and M2 
segments of a net to obtain its total wirelength. 

4.1 DISCUSSION OF RESULTS 

We demonstrate the efficacy of our approach in terms of the following de
sign characteristics: (l) the sum of overall wirelengths of all nets in the design. 
(2) the bounding box area of the final layout. The reported values of the above 
measures are in the units of >., the basic unit of scalable CMOS technology. 
All designs are targeted for static CMOS technology. 

Below, we compare the optimized designs generated by route-and-place 
(RnP) approach against those generated using Macro-cell (PnR) based layout 
style as weIl as Standard-cell (Stdcell) based layout style. 

Total Wirelength. Table 2 summarizes the comparison of the total wire
length. The actual values of total wirelength are reported in columns 2-4. 
Columns 5 and 6 show the percentage change. In comparison with PnR, our ap
proach yielded in significant wirelength reduction between 3.7%-24.6%. This 
clearly demonstrates the effectiveness of the proposed approach. In compar
ison with Stdcell, our approach is not effective (but for Find) because of the 
following reasons: (1) Routing is limited to channels and hence in general the 
wirelength is higher. This can be alleviated by incorporating over-the-cell rout
ing. (2) Macro-cell shape and port location information is not exploited. Work 
is underway to improve the approach by addressing these factors. 

In Figure 5 we compare the results according the netlength distribution. 
In each figure, we plotted the net id on the x-axis and its wirelength on y
axis (in units of >'). The nets are sorted in ascending order according to their 
wirelength. As majority of nets in every design have reduced substantially, it is 
evident that the proposed methodology is highly effective. Equally important 
is the fact that there was no tradeoff between nets. 

Bounding Box Area. The penalty paid for the wirelength reduction is an 
increase in the bounding box area. Table 3 summarizes the comparison of 
the bounding box area. The measured values are reported in columns 2-4. 
Columns 5 and 6 show the percentage change. In comparison with PnR, our 
approach resulted in an average increase of 25.8%. In comparison with Std
cell, our approach resulted in an average increase of 109.2% !! But, this can 
be improved by incorporating area in the cost function while generating rout
ing solution for a cluster. Compaction algorithms and over-the-cell routing 
algorithms will be integrated into the design flow to minimize the area penalty. 



436 Ananth Durbha, Srinivas Katkoori 

Table 1 Pertinent design data and clique partitioning related data 

Design Macro-cells Nets Nodes No. 0/ Size 0/ Exec 
in Gdual Cliques Largest Time 

Clique seconds 

Compress 35 106 62 14 8 0.39 
Find 58 125 130 18 15 3.47 
Fifo 63 91 179 33 20 3.48 
Shuffle 104 43 353 37 67 52.57 
TLC 32 30 86 19 10 0.42 

Table 2 Total Wirelength ("-" stands for reduction) 

Cireuit PnR I RnP I Stdcell I vs. PnR I vs. Stdcell I 
Compress 343064 330536 100122 -3.7% +230.0% 
Fifo 1000242 754083 380351 -24.6% +98% 
Find 105256 99956 399962 -5.0% -75.0% 
Shuffle 1115374 873600 164289 -2l.7% +432.0% 
TLC 129122 120004 40120 -7.0% +199.0% 

Table 3 Bounding box area 

I Cireuit PnR I RnP I Stdcell I vs. PnR I vs. Stdcell I 
Compress 2782 x 2894 3071 x 3435 2459 x 1648 +31% +160.3% 
Fifo 5076 x 4583 3368 x 7529 5735 x 2832 +9% +56.0% 
Find 4520 x 5109 4099 x 6814 5195 x 2528 +21% +112.7% 
Shuffle 6227 x 4916 4883 x 6973 5339 x 3584 +11% +77.9% 
TLC 1963 x 1983 2450 x 2489 1875 x 1360 +57% +139.1% 

5. CONCLUSIONS 
We introduced a novel route-and-place design methodology that is applied 

for interconnect minimization in DSM regime. Full ftexibility to design the 
global nets is the key to high performance design in DSM regime. Extensions 
to this work includes integrating an interconnect synthesis tool, incorporating 
area minimization, and delay measurement using DSM-accurate timing tools. 
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