A Standard-Cell Placement Tool for Designswith High Row Utilization

Abstract

In this paper we study the correlation between wirelength and routabil -
ity for standard-cell placement problem, under the fixed-die place-and-
route environment. We present a placement tool with better routability
for designs with high row utilization. Compared to awell-known indus-
trial placement tool, our placer produces placements with equal or better
routability, 13.2% better half-perimeter wirelength, 15.3% better routed
wirelength, and 9.1% less vias. Compared to a state-of -the-art academic
placement tool Capo, our placer produces placements with significantly
better routability, 14.5% better half-perimeter wirelength, 18.1% better
routed wirelength, and 8.2% less vias. Experimental results show that
purely minimizing wirelength, without congestion optimization, still im-
proves routability and layout quality. Severa novel algorithmic details
are presented in the paper with experimental results. The framework and
detailed implementation of our placer are described and various place-
ment techniques are investigated. Additionally, we have built a set of
benchmarks with reasonable circuit sizes and standard-cell sizes.

1. Introduction

Standard-cell placement problem has drawn extensive research atten-
tion in VLS| CAD area ever since its appearance. Nowadays, in spite
of wide use of hierarchical design methodology and floorplanning, the
problem of placing standard-cells remains one of the important topics.
This problem is becoming more challenging because of two reasons.
First, the circuit sizes are growing dramatically. The Semiconductor Re-
search Corporation (SRC) suggests that we should be able to place de-
signs containing up to one million cellswithin 16 hours. Such aproblem
size means that there exists a huge space between the optimal solution
and the best solution by any known heuristic. The second reason is the
multi-objective placement process. In addition to the traditional objects
such as routability and timing, more issues must be taken into account
during the placement, e.g., cross talk, power. The placement problem
becomes harder when considering these objectives.

One common classification for traditional placement methods is to
put them into four basic categories: min-cut placement [1, 2], simulated
annealing [3], analytical method [4, 5], and force-directed approach [6].
However, recently proposed placement tools rarely reside in any one of
these categories. Most of them are more or less hybrid modelst. Four
classical techniques, plus clustering and flow-based method, frequently
appear in these relatively new placement algorithms [10, 11, 12, 13, 14,
15, 16, 17, 18]. In addition to the above approaches that address half-
perimeter wirelength, many techniques are proposed for timing [19, 20,
12, 21, 22, 23] and congestion [24, 25, 26] optimization. Most of them
are based on wirelength minimization.

Wirelength is the fundamental objective in standard-cell placement
problem. It is generally believed that a timing or congestion oriented
approach can hardly be successful without a good wirelength minimiza-
tion engine. The idea of timing driven placement is to reduce the wire-
lengths on certain paths instead of the total wirelength. A placement
with shorter total wirelength is relatively easier to be modified to meet
timing constraints. Similarly, a good placement with optimized wire-
length has a higher probability that its congested regions are relatively
smaller or less serious.

The major contributions of this paper are the following. First, we
study the correlation between half-perimeter wirelength and routability
under practical physical design environment (using practical designsand

1Some exceptions are[7, 8] (pure min-cut) and [9] (analytical, with flow
method in detailed placement).

an industria router). We claim that the desire to shorten half-perimeter
wirelength would never hurt athough there does exist a mismatch be-
tween wirelength and routability. Second, we present a state-of-the-art
placement tool with superior quality on both wirelength and routability.
For designswith high row utilization, thistool produces placementswith
better routability compared to a well-known commercia tool. Finally,
we describe several novel algorithmic details and many implementation
elements of the proposed placement tool. As a side effect of this work,
we have built a set of benchmarks for routability study which we believe
are more relevant than current placement benchmarks in the academic
research community.

The remainder of this paper is organized as follows. In Section 2,
we describe the work background and environment. We then introduce
the framework of our new standard-cell placement tool in Section 3.
In Section 4, we explain the relevant aspects of implementation, and
present novel algorithmic details. Section 5 showsthe superior quality of
the placement tool by comparing it with an industrial tool. We conclude
and discuss future works in Section 6.

2. Background

2.1 Routability

For standard-cell placement, in order to study routability problem
with high credibility, a good router is necessary. In this work we use
amature industrial router to evaluate placement quality.

In addition to the success/failure of the routing, the number of vio-
lations is an essential indicator of the routability. Another measure of
routability is the routing time. In our experiments we often observe big
difference (sometimes one is 5 or 6 times longer than another) on rout-
ing time for two placements, even though both routings are successful.
Shorter routing time means less iterations on rip-up and re-route to fix
the violations, thus corresponds to better routability.

Total routed wirelength and the number of vias are two measurements
of layout quality (not routability) if the routing is successful. They are
not very useful if the routing fails, but still good indicatorsfor evaluating
placement quality.

2.2 Benchmarks

Collecting benchmarks is an inevitable step of this work. The old
MCNC benchmarks are small (except one circuit). Recent IBM-PLACE
benchmarks [14] are in reasonable size, but lack physical information.
We scale circuits in IBM-PLACE to match the standard-cell sizes in
a 0.18um library, which was obtained from Artisan Components Inc.
through the academic research support program. We then output a pair
of LEF/DEF files and use an industria floorplanner to decide the core
size and rows. Using an industrial place-and-route tool as the standard,
we found the transitional benchmarks by changing the number of rout-
ing tracks between rows, and the number of routing layers.

The above benchmarks do not have power, ground and clock net. To
acquire real designs, we downloaded 1SPD01 benchmarks [22]. These
benchmarks are in structural verilog file format. We use an industrial
synthesis tool to compile them with 0.18um standard-cell library, and
then perform the same procedure as described above. After the proce-
dure we have benchmarks of real designs.

2.3 Variable-dieand fixed-die

A good description of fixed-die and variable-die can be found in [7].
Most previous placement techniques were developed under the variable-



die assumption?, while fixed-die is the common style in the real de-
sign world. Fortunately, the gap is not as big as it looks, because most
placement techniques do not care whether variable-die or fixed-die is
used. Nevertheless, the difference does exist. One obvious example
is: in fixed-die placement with large white space, placing all the cells
close to each other will get better wirelength. But the congestion will
be worse than a spread-out placement. The trade-off between conges-
tion and other metrics (wirelength, delay) must be made. Alsoitisvery
hard for placement tool to handle congestion without knowledge of rout-
ing tracks, as an excessive congestion estimate leads to more efforts on
congestion minimization, impairing wirelength and delay.

Handling congestion in fixed-die mode is beyond the scope of this
paper. We deliberately choose very small white space for all bench-
marks. For these benchmarks, there is no difference between variable-
die and fixed-die approaches. We want to understand the wirelength and
routability problem in this context, and then move forward to the place-
ment with typical fixed-die mode, i.e., larger white space. Specifically,
we set white spaces of all the benchmarks less than 2%, corresponding
the row utilization more than 98%. We believe that under this high uti-
lization circumstance, the study on the wirelength and routability will
help us understand the correlation between then.

3. Framework of Our Placement Tool

3.1 Overview

The flow of our placement tool is shown in Fig. 1. Thisisasimilar
flow asin [14]. Compared to the work in[14], our placement flow con-
tains different features which will be described in Section 4. We aso
address some practical problems on which [14] does not give the an-
swer. These problems include the limitation on the number of rows and
balancing the lengths of rows.

The main placement flow consists of two parts: recursive bisection
and simulated annealing. These two techniques appeared very early in
the literature of standard-cell placement and have proven effective. The
recent advances in multilevel partitioning [27, 28] and their implemen-
tations imposed effects on the placement research in academia. Several
placement tools[7, 14, 8] were proposed based on them.

As Fig. 1 shows, the given circuit is recursively partitioned along
alternatively horizontal and vertical cut line. The subcircuits after par-
titioning are assigned to rectangular bins. At some points a bin-based
simulated annealing (i.e. the moving objects are the subcircuits in the
bins) is performed to improve the current placement. Such a procedure
terminates when certain stop criteria (e.g. average number of cells per
bin islessthan a given number) are satisfied. An adjustment step isthen
executed to fit the current bin-based placement into row structures. The
next step is a cell-based simulated annealing. The bin structure still ex-
ists and the cells are moved between the centers of bins. The locations
of these centers can be changed during the annealing procedure. Af-
ter that, the final step simply spreads overlapped cells, and makes local
improvement to obtain the detailed placement.

3.2 Advantages and Disadvantages

Implementation

Multilevel partitioning implementation is available in source code or
C library files. In our case we use hMetis [27] as the partitioning tool.
Also, the cooling schedule of simulated annealing is well-known. Com-
pared to analytical or flow-based approaches, this flow is easier to be
implemented.

2There were afew placement papers presenting experimental results on
fixed-die mode, including [7] and [22]

3The benchmarks in [7] have various white space ratio up to 30%. In
this case, the half-perimeter wirelength in placement isno longer agood
indicator of routability.
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Fig. 1: Framework of Our Placement Tool

Simulated Annealing

A wesakness of pure min-cut type placement isitsirreversibility: once
acell is assigned to one side of the cut line, it will never move to the
other side to improve the placement. Combining simulated annealing in
this flow helps placements move out of the local minima

We use multilevel simulated annealinin this placement flow. It is
similar to the hierarchical annealing used in [29]. The key ideais to
reduce the number of movable objectives in annealing. The difference
between our flow and [29] is: instead of using asingle cooling schedule
through three hierarchical levels, we use low temperature annealing at
each level and do not fix the number of levels. Moreover, we avoid
using simulated annealing at final placement stage and use a fast greedy
improvement instead. Our final placement step takes approximately 5%
of the total runtime, while the final annealing stage in [29] often takes
more than 70% of the total runtime.

Both bin annealing and cell annealing use total wirelength as the cost
function. Also they adopt the same cooling schedule. Swapping is the
main move in both types of annealing and shifting islightly used in cell
annealing (discussed in Section 4.5).

The disadvantage of simulated annealing isits expensive runtime cost.
Although our flow tries to reduce this cost by bin-based approach, an-
nealing is still the most time consuming part.

Bin Based Approach

Bin based placement iswidely used [11, 14, 17]. The advantage isthat
its regular structure provides various ways to speed up computationally
expensive operations in placement. At the cell annealing step in our
flow, bin structure confines the change of every move to be local. This
is much faster compared to the old “flat” annealing, in which every cell
move or swap changes locations of many other cells.

The weakness of bin based method is that it requires that the cells are
equally divided into bins. Therefore the tolerance (or unbalance factor)
of partitioning has to be small. This often degrades the quality of par-
titioning. Another drawback is that the bin based method can hardly be
extended to handle big macro cells.

There are two additional problems caused by bin-based structure: the
limitation on number of rows and bin unbalance. They are solved by
two new approaches proposed in this work. Please see Section 4.3 and
Section 4.4 for details.



3.3 Data Structure

In addition to cells, models and nets, pin structure is indispensable.
Pins of the same cell (or net) should be placed together in memory for
higher efficiency®. The other net (or cell) to pin mapping could be im-
plemented by alinked list.

Bin structure contains a double linked list for al cellsin the bin. This
is for cell annealing within bin structure. Like the linked list for pins,
thelinked list for bins can be built statically, as every cell belongsto one
and only one bin.

Two data structures can be used to speed up the bin annealing step. A
new net list could be created by eliminating the same nets or an external
net list could be built for every bin (internal nets are useless). We use
the second method in the implementation.

Each net has two fields other than the basic data. One is to save the
current bounding box before calculating new value. Thus afailure move
trial in annealing does not need computing bounding box again. The
other field is an integer tag indicating that the net was already visited
when swapping two cells or cell groups.

Itisvery useful, at thefinal placement stage, to sort the cellswithin the
same row and build adouble linked list for each row. The reason is that
we need to quickly find neighbors of a given cell at local improvement

step.

4. Detailed Implementations

In this section, we present details of implementation for this place-
ment flow. Due to the space limitation, not every detail is showed with
support of experiment data. However, all of them are real problems we
have encountered and every conclusion comes from many experimental
runs.

4.1 Cut Minimization and Wirelength

Cut minimization isthe basis of min-cut type placements. Itisasothe
key factor in our hybrid placement flow. The quality of the partitioning
affects the final wirelength result substantially.

However, if we compare amin-cut placer and our placer by analyzing
the net-cut sequence for the final placements, opposite phenomenon is
showing. The placement produced by amin-cut placer has better net-cut
at thefirst several levelsthan our placer, while our placer outputs place-
ment with shorter total wirelength. Fig. 2 illustrates this observation.
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Fig. 2: Net-cutsat different placement levels. Thecurveof theplace-
ment by our placer correspondshigher net-cutsat the coarser place-
ment levels, compared to the placement by min-cut approach. The
curve of “Pure Partition” indicates the net cuts obtained by recur-
sive bi-partitioning without terminal propagation.

test circuit 1 test circuit 2
level | wirelength | runtime || level | wirelength | runtime
1 4.300 130 1 4.524 130
2 4.273 124 2 4544 120
3 4.324 119 3 4.561 110
4 4.317 112 4 4.549 96
5 4.361 97 5 4.598 70
6 4.347 65 6 4.539 40
7 4.368 52 7 4.560 16

Table 1: Wirelength and runtime comparison for placement using
different partitioning effort. levelindicatesat which placement level
we start using high-quality partitioning (longer runtime). Before
that level the partitioning isin the fast mode (wor se quality). Wire-
lengths arein meters. Runtimeistotal partitioning runtimein sec-
onds. Every entry isthe average value from three placement runs.

test circuit 1 test circuit 2
level | wirelength || level | wirelength
1 4.316 1 4.560
2 4.328 2 4521
3 4.322 3 4.608
4 4.264 4 4.508
5 4.305 5 4.503
6 4311 6 4.582
7 4.329 7 4.492

Table 2: Wirelength and runtime comparison for placement using
different terminal propagation strategiesin partitioning. levelindi-
cates at which placement level we start using terminal propagation
in partitioning. Wirelengthsarein meters. Every entry isthe aver-
age value from three placement runs.

do a reasonable job for early partitionings. Runtime cost can be reduced
without much loss of quality. Experimental results showed in Table 1
support this point. The total runtime of partitioning can save up to 88%
without much loss in the quality of final placement.

4.2 Terminal Propagation

Terminal propagation is the essential technique to the success of min-
cut type placement. It leads to better bisection results for placement
compared to theure partitioning. This is because terminal propagation
uses geometrical information of external terminals.

However, in our placement flow that combines partitioning and simu-
lated annealing, terminal propagation is not as important as it is in min-
cut placement flow. The reason is the following. In pure partitioning,
although wrong decisions for cells are likely to be made without con-
sideration of external terminals, these mistakes can be fixed in the later
annealing stages. In addition, ignoring external connections may entail
partitioner to focus on internal connections, leading to a better partition-
ing solution.

We conduct the following experiments to study terminal propagation
in both our flow and min-cut placement flow. Table 2 lists the final wire-
length comparison for different terminal propagation usages. Experi-
ments show that in our placement flow, it is better not to start terminal
propagation too early or too late. Some medium levels are more reason-
able points to start using terminal propagation.

4.3 From Binsto Rows

An inevitable problem for the bin based approach is the difference
between the number of rows in the design and the number of rows in
the hin gridS. Because of this limitation, previous experiments of bin
based approach were performed by the aid of detailed placer (e.g., [15]),

_ '_I'his_, suggests that, at earlier levels of our placement flow, the cut mi-on the benchmarks that have 64 or 128 rows (e.g., [14]). We devise a
imization does not have to be greedy. In other words, we only need-to

SUnbalanced partitioning (used in min-cut placement) does not apply

4This is because the increment (by one) operation is faster than an hdre, because bin annealing requires that all bins have roughly the same

operation in most machines.

size.



simple-but-effective adjustment step and put it before the cell annealing @
process. The basic idea is to merge all the cells within the same column DNDD
RN

in the bin grids, and then evenly divide them into rows. Fig. 3 explains :
(a) Variable-width clusters (b) Flat annealing

the algorithm.
Cluster swapping Cell swapping

Input: Placement with overlapped cellsraix n bins, and number of
rowsr

Qutput: Placement ain x r bins
for ith column in bin grids, Ki < mdo

Sort all the cells within this column and put them into an awaly) ’—‘
curr_width«+ 0 E\ X
for each cellc + col(j), 1< j < sizeofcol) do \D B
cell_.width« the width of cellcol(j)
y(j) < curr_width+ cell_width/2
curr_width + curr_width+ cell_width

(c) Regular bins (d) Variable-width bins
end for_ . . Cell swapping Cell swapping
total_width «— total cell width for cells incol()

for each celc + col(j), 1< j < sizeofcol) do
bin_x + the original bin x-coordinate for cetlol( )
bin_y « |y(j)/(total_width/r) |
Put cellcol(j) into bin (bin_x, bin_y) at new bin grids
end for
end for

Fig. 4: Comparison between different move typesin simulated an-
nealing. (a),(b),(c) are previously used methods and (d) is our new
approach.

placement obtained by this method correlates well to the placement after

spreading out cells, providing a good initial point for detailed placement.
It should be noted that the method of variable-width bins could be

extended to low-density standard-cell designs. White space, or feed-

This adjustment step does not consider connections between c&i€ough area can be assigned into bins and the simulated annealing ap-
rendering quality loss of wirelength. In experiments we observed ab&jpach can still be applied. The only difference is that the bins are wider
3% worse wirelength after this adjustment §te¢\ flow-based algo- NOW — it contains not only the cells pyt also the_whlte space. Detailed
rithm could be used for this specific problem and lead to better solutigh@cement process needs to be modified accordingly.

However, minor loss of quality in this step is acceptable since the fol-
lowing cell annealing will cover the loss. 4.5 Balance Control

The adjustment step will make all rows equally long if we can put Control of the maximum row length is a very important topic for de-
fractional cells into bins. However, due to the variety of cell widthssigns with high row utilization. A gradual budget assignment approach
the formed rows have different lengths. In experiments we obsenigds proposed in [16] on this problem. In our placement flow, the row
+10% discrepancy for row lengths. Section 4.5 will discuss issues ghbalance comes from the inexact bisections and bin annealing. It is
row balance control. well-known that low tolerances of partitioning result in suboptimal ob-

. . . jectives. Moreover, due to the accumulation of the unbalance for a series
4.4 Cell Annealing with Bin Structure of partitionings, it is extremely hard to control the row balance by low-

We propose a new approach at the cell annealing stage. Specificalfiag the tolerance in partitioning. Similarly, in the bin annealing stage,
we allow cell moves between bins while changing the centers of bimgnning the cluster moves that violate row balance substantially confines
Fig. 4 explains the difference between this method and previous @ freedom of clusters and results in loss of placement quality.
proaches. In the figure, (a) and (b) were used in [19]; (c) was used iMThe bin adjustment method in Section 4.3 partially helps reducing the
[11, 14]; (d) is the new method in our approach. row unbalance, yet it cannot eliminate the unbalance. The author in [9]

In (a), cell clusters, not cells are swapped during simulated anneges a network flow based algorithm to solve the balancing problem.
ing. The freedom of cells are confined by clusters. In (b), cells are ngxyk simplified the flow model in which cells can only be moved between
to each other. Moving a cell will change all the locations of cells ofdjacent rows and implemented the similar approach.
the right. Although the authors in [19] employed wirelength estimation The cell annealing stage provides a good opportunity to control the
technique, this flat annealing is still the most time consuming part. (@aximum row length. There are two ways to achieve this objective:
was used in [11, 14]. Its drawback is that all the bins have the same wighalizing the overflowed rows, or disallowing moves that violates row
while every bin has different total cell width. This problem becomes sgalance. The former needs fine tuning of simulated annealing for appro-
rious especially when the average number of cells per bin is small,ffate coefficients, while the latter is relatively easy. According to our
the cell widths vary considerably. In this case the improved wirelengdimplicity principle, we adopt the second approach in our work.
does not correlate to the true wirelength after spreading cells. (d) is newAnother detail for the implementation of cell annealing is the choice
method in our approach. The idea is to keep cells overlapped at bin cgfmove types. We allow both cell swapping and cell shifting, i.e., mov-
ters for speeding up cost evaluation process. However, the bin widihg a cell from one bin to another. Experiments show that introducing
are not fixed. The center of a bin will be updated periodically in thgll shifting not only improves wirelength results, but also greatly helps
simulated annealirfg according to the summation of bin widths for allthe balance control. Moreover, our experience indicates that the flow-
the bins on the left. As the temperature becomes lower, less movesi{ged row adjustment method is unnecessary in our flow — cell based
accepted, thus the changes of bin widths become smaller. This progighealing solves the balance problem well.
dure of minimizing wirelength will converge at the end. The overlapped |n our experiments, we observed that balance control for very tight
6The comparison is made when the number of rows in the bin grids d&€§ign (e.g., 0.01% white space) is very difficult and usually leads to

not change after adjusting. Otherwise the wirelengths are not compaignificant loss of quality. Considering that this very tight design is less
ble. relevant with current fixed-die issue, we do not further discuss balance

"For example, before the temperature change. control problem for very tight designs.

Fig. 3: Algorithm to adjust binsinto row structure




test circuit 1 [ test circuit 2
stage random optimal random optimal Placement Routing
spreading| spreading|| spreading| spreading Placer and Options total | horizontal | vertical
after cell annealing 4.50 4.06 WL WL WL || vios | WL | time
after spreading 4.68 4.55 5.20 4.79 Industrial default 6.97 2.96 4.01 0| 934 49
after local impr. 4.52 4.52 4.46 4.41 horizontal first || 5.69 2.98 2.71 0| 8.09 64
Impr. at last step 3.4% 0.7% 14.2% 7.9% vertical first 5.59 2.98 2.62 0| 7.92 60
Ours xfactor = 1.1 5.64 2.64 3.01 0| 7.58 31
. ; - ; : xfactor = 1.3 5.74 2.88 2.86 0| 8.02 42
Table 3 Compar_lson of flna! placement wwele_ngths using rano_lom factor= 1.5 || 5.76 552 394 ol 7721 47
spreading or optimal spreading. Although optimal spreading gives xfactor=1.7 || 6.14 255 3.59 0| 824]| 29
better wirelength at this step, the final wirelength after local im-
provement step issimilar to that of random spreading. Table 4: Observation on the relationship between routability and

horizontal/vertical wirelengths for benchmark ibm01. Wirelength
isin 10° microns. Routing time isin minutes. For each placement
4.6 Spreading Cells run, horizontal and vertical wirelengthsarereported aswell astotal

At the beginning of the final placement stage, we face the problemvsit elength. We control the first cut as horizontal one or vertical
spreading the cells within the bins. The authors in [30] use the optintale, and report the result for each run. xfactor means that we give
placer for small placement instances. We integrated the same brarftégher weightsfor horizontal wiresduring placement, resultingina
and-bound algorithm to spread cells in bins with less than 8 cells. Hovglatively shorter horizontal wirelength.
ever, we found that this step is unnecessary in our placement flow, as the
later local improvement covers the difference between an optimal spreal
and a random spread.

Table 3 shows that the gain from optimal spreading cells is shado
by the later local improvement step. This is not the first time we have
the situation: an optimization at a given step may not be necessary
to the following optimizations. We hope that the experience obtainé‘?i
from experiments will be helpful for understanding placement proble N
in a global view.

Qhe relationship between routability and different wire direction should
\A;%edstudied further. We do not report the results of our placer using xfac-
niaf in Section 5 because (a) usually it does not make much difference on
ER}étabiIity in our experiments (only routing time changes) and (b) we
nt to understand the correlation between routability and pure wire-
gth minimization.

5. Experimental Results

4.7 Resource Aware Placement Our placement tool has been implemented in C. We tested the tool on
In the over-the-cell routing context, each routing layer has differegtseries of selected benchmarks. These benchmarks originate from the

rules on wire width and wire spacing. Also, a portion (or all) of layeflesigns used in [22] and [14], and are carefully created as described in

metal-1 usually is occupied by the standard-cells. Thus the routing Sction 2.2. The circuit features are listed in Table 5.

sources for horizontal wires and vertical wires are indeed not equal.

Placement algorithms should take this difference into account to im ‘ ‘ white ‘ row ‘ core | routing ‘
prove routability. However, previous placement work has not mentioned _circuits | cells | rows | tracks | space | util. util. | layers
about this issue matrix 3083 5| O 1.06% | 98.94% | 98.94% 3
: . . . VP2 8714| 100| O 1.80% | 98.20% | 98.20% 4

In our benchmarks which use 4-layer or 6-layer routing, the horizontal 35 \jac | 8002 | 84| 4 | 1.36% | 98.64% | 68.20% | 4
routing resources are less than vertical ones. Correspondingly, horizon64-MAC | 25,616 | 143 | 6 1.64% | 98.36% | 59.07% 4

t less th tical C dingly, h
tal wirelength should have higher weights compared to vertical wire !Emgé iﬁ'gég igg g 82%’ gg-g;zf ;g-gg? g

. . Iom! y . (0] . 0 . o

length c_iurlng the placemen't. We co_nduc_:t expenments to evaluate the ;o= 21879 | 149 0 0.32% | 99.66% | 99.66% 6
correlation between routability and wire direction. ibmo4 | 26,332 | 174 0 0.61% | 99.39% | 99.39% 6

One way to shorten horizontal wirelength is adding a weight for hor- igm07 44,811 222 O 0.92% | 99.08% | 99.08% 6
; ; ; o ibmog | 50,672| 240 | 0 0.71% | 99.29% | 99.29% 6
|zonFaI Iength when _caICl_JIatlng boun(_jlng box of a net._Thls |n_troc_|uce5 ibmoo | 51382 | 235 o 0.91% | 99.09% | 99.09% 6
floating point operations in the bounding box computation, which is the ipym10 | 66,762| 307 0 1.00% | 99.00% | 99.00% 6

innermost operation of the simulated annealing. Another method is to
increase the width of the core area while keeping the height unchangeflle 5: Tested circuit statistics, including number of cells, number
during the bin annealing stage. This way the horizontal wirelength wiif nets, number of rows, number of routing tracks between rows,
be less than that of the original approach as they have higher cost. Werest utilization, core utilization, core are and number of routing lay-
pect better routability although the total wirelength will likely increaseers. Coreareaisin 1(f square microns.
In min-cut type placement, however, the weighting method does not
apply. We can use theut sequence method proposed in [8] to affect
the horizontal/vertical wirelengths. An observation is: for a partitioning We compared our placement tool with a well-known industrial placer,
based placement that alternatively uses horizontal and vertical cut, if Weyance QPlace (Silicon Ensemble, Version 5.3), and a state-of-the-art
use horizontal first cut, the final horizontal wirelength will be shortef.-qemic placer, Capo (September 2001 ver§iom)l three placers
than that of using vertical first cut. . ) read LEF/DEF files and output placement results in DEF format. We
Table 4 shows the experimental results on dealing horizontal/vertigal, ,se cadence WarpRouter to read the placement outputs and do
wirelengths sepe}rately. We run the industrial tool and our placer to %%bal and final routing. We consider the routing resuticess (no vio-
different half-perimeter wirelengths. For each placement run, horizoBgiqn) finished (with a small number of violations) dailure (too many
tal, vertical and total wirelengths are reported. Routing results are alggiations or out of time). In the case of successful and finished rout-

reported, including number of violations, routed wirelength and routingy 'the number of violations, routed wirelength and number of vias are
time. The table shows that for our placement flow, the horizontal/verti horted.

wirelengths are not significantlly affected by the first cut. However, the
xfactor, which indicates the weight of the horizontal wires, does affeeiye do not compare the work in [14] (Dragon2000) because: (a)

the lengths of different directions. Also the routability (measured yragon2000 can not read LEF/DEF files, and (b) Dragon2000 has the
routing time) becomes better as the horizontal wirelength decreaseslimitation on the number of rows.




Table 6 shows the comparison. All the reported wirelengths are in
meters and the runtimes are in minutes on Sun Ultral0 workstation with

. . Circuits Placer Placement Routing
400MHz CPU. Due to the immense runtime, we only run each plage- WL T time” ST WL s T e

ment once. QPlace|[ 0.10 | 05 || Succes 012 | 21556 | 1
Compared to QPlace, our placer produces placements with sim|lamatrix | Capo | 0.10 [ 0.4 || Success 0.13 | 21669 1

or better routability and significantly better layout quality for all testefd Ours _|) 0.09 ] 2.2 ) Success 011 ) 21127) 1
. A QPlace|| 0.38 | 1.2 | Success 049 | 69913 | 15
circuits. For 2 out of total 12 circuits, our placer produces routable p» Capo || 0.36| 1.1 Succes 051 | 69257 5

placement (without routing violation) while QPlace fails to do so. Far Ours || 0.33| 9.1 | Success 0.42 | 66185 | 39
2 circuits both placers fail. For rest of the circuits, our placer’s resu It32 VAG QCP'ace 8-2& i;‘ gmﬁs 81752 gigg; ;S
. . . - apo . . ccess .

corresponds to shorter half-perimeter wirelength, shor_ter r_outed wire= Ours |l 026 | 109 |l Siccess 064 | soaa0| 17
length and less vias. For some benchmarks, the routing times for the QPlace || 2.07 5 || Finished | & 3.40 | 326344 | 439
placements produced by our placer are much shorter than those fronj theMAC | Capo || 2.08 5 || Success 2.88 | 264713 | 18
; ; Ours 1.93 24 Success 2.60 | 252092 17

QPlace. 64-MAC, ibm02 and ibm07). Compared to Capo, our placer
LS - QPlace || 0.70 3 Success 0.93 | 133383 49
shows S|_gn|f|cantly bett_er_ablllty to produce routable placement. ibmol | Capo | 0.63 2 || Failure - . -
The wirelength and via improvements by our placement tool are sum- Ours || 057 33 || Success 0.81 | 126861 | 64
marized in Table 7. Compared to QPlace, on average we reduce |the QPlace || 1.62 7| Success 241 | 315699 | 103
ted wirel th by 15.3% d vias by 9.1%. The half . t K Ibm02 Capo 1.52 4 || Finished 2.35| 316261 | 111
routed wirelength by 15.3% and vias by 9.1%. The half-perimeter wire- Ours || 124 65 || Success 211 | 203042 50

OO OoOor oo OOO%OOOOOOOOO%

lengths produced by our placer are on average 13.2% shorter than those QPlace || 1.66 6 || Success 2.06 | 253085 | 19
by QPlace. Compared to Capo, on average we reduce the routed wirébm03 | Capo | 1.80 4 || Success 244 | 282647 44
length by 18.1% and vias by 8.2%. The half-perimeter wirelengths piio- Q?;l‘;ie 1'32 42 ':Si‘::i:gfd 55 ;'gs ;igggg 1%
duced by our placer are on average 14.5% shorter than those_by Capoipmoa | cCapo || 2.23 6 || Finished | 343 | 2.66 | 342134 | 266
Our placement tool usually takes 5 - 10 times longer runtime than Ours || 1.68 63 || Finished | 343 | 1.1 | 279865 | 142
QPlace. Itis still reasonable. We have tested our placer using the biggest QPlace || 3.66 1 11 1} Finished 150 | 510 1 621024 | 414
ircuit which h 220.000 I | k b iaht h | 3 .,1bm07 Capo 3.90 11 Failure - - - -
circuit which has , cells. It takes about eight hours to place it ours || 321 76 || success 0| 407 | 542015 92
on a PC with 733MHz CP? We expect that our placer can be speef QPlace || 3.98 16 || Finished | 37 | 5.29 | 788828 970
up by a factor 2 or 3, using approaches better exploiting the bin basedm08 | Capo || 3.92 12 | Failure - - - -
data structure. At this moment we focus on quality rather than speeé Ours | 3.29 | 197 || Finished | 20 | 4.31 | 712121} 316
- Al : quality PELes OPlace || 355 13 || Success | 0 | 4.23 | 590681 | 42

as a placement with good quality often saves a great amount of timg ifbmog | Capo || 3.49 12 || Success 0 | 410 | 595388 | 47
routing. Ours 2.93 145 Success 0 | 3.42 | 546233 35
QPlace || 6.28 22 || Success 0 | 7.54 | 906297 | 103

. ibm10 | Capo || 6.69 17 || Success 0 | 826 | 974678 | 203

6. Conclusion ours || 548| 276 | success | 0| 6.62 | 852072| 93

The main idea of this paper is a simple-but-good-enough placer
wirelength minimization. We have shown that minimizing wirelengt
is still the important topic for routability, even in modern fixed-die con
text. We hope that the simplicity of the placer can help future studﬂ%‘I

u

on more complex issues in placement process, such as meeting ti . .
P P P 9 imes of QPlace and our placer are on Sun UltralO workstation

constraints. . X i :
We have shown the superior routability of the placements produc%%?ﬂ‘ﬁg’\égécpu' whiletheruntimesof Capo areon Intel/PC with

by our placer. Compared with the industrial tool and the state-of-the=
art academic tool, our placer produces placements with equal or better
routability, and much better layout quality after routing. Our future work
includes fix-die placement method for designs with general white space,
e.g., 50-80%. We believe congestion optimization, as well as wirelength,
is the essential step to achieve routability for general fix-die placement.

ﬁoarble 6: Comparison between Cadence QPlace, Capo and our
placer. Half-perimeter wirelength in placement and routed wire-
i gth arein meters. Runtimeisin minutes. A routingisconsidered

reif thenumber of violation isgreater than 0. (*) Note that the
i

Impr. over QPlace Impr. over Capo

Circuit placement routed placement routed
wirelength | wirelength vias || wirelength | wirelength vias
matrix 10.0% 8.3% 2.0% 10.0% 15.4% 2.5%
7. Refer efJC% ) R , VP2 13.2% 14.3% | 5.3% 8.3% 17.6% | 4.4%
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