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Abstract— The rapid increase in IC design complexity and
wide-spread use of intellectual-property (IP) blocks have made
the so-called mixed-size placement a very important topic in re-
cent years. Although several algorithms have been proposed for
mixed-sized placements, most of them primarily focus on the
global placement aspect. In this paper we propose a three-step
approach, named XDP, for mixed-size detailed placement. First, a
combination of constraint graph and linear programming is used
to legalize macros. Then, an enhanced greedy method is used to
legalize the standard cells. Finally, a sliding-window-based cell
swapping is applied to further reduce wirelength. The impact of
individual techniques is analyzed and quantified. Experiments
show that when applied to the set of global placement results gen-
erated by APlace [1], XDP can produce wirelength comparable
to the native detailed placement of APlace, and 3% shorter wire-
length compared to Fengshui 5.0 [2]. When applied to the set
of global placements generated by mPL6 [3], XDP is the only de-
tailed placement that successfully produces legal placement for all
the examples, while APlace and Fengshui fail for ��� and ��� of
the examples. For cases where legal placements can be compared,
the wirelength produced by XDP is shorter by 3% on average
compared to APlace and Fengshui. Furthermore, XDP displays
a higher robustness than the other tools by covering a broader
spectrum of examples by different global placement tools.

I. INTRODUCTION

Placement is a critical step in VLSI circuit design because it
determines the interconnect more than any other step in physi-
cal design. The rapid increase in IC design complexity, and the
wide-spread use of intellectual-property (IP) blocks have made
the so-called mixed-size placement a very important topic in
recent years.

Formally, mixed-size placement solves the following prob-
lem: Given a rectangular region R and a netlist N , place stan-
dard cells and macros within the region without overlap. The
optimization objective can be the minimization of total half-
perimeter wirelength, routed wirelength, performance, power,
etc.

A number of algorithms have been proposed for mixed-size
placement, and they can be divided into two classes. The
first class of algorithms removes the overlap between place-
able objects during global placement, leaving detailed place-
ment with only the task of further wirelength reduction. In this
class is a two-pass approach that combines a recursive min-
cut-based placer, Capo, and a fixed-outline floorplanner, Par-
quet [4]. Macros are first shredded into pieces and placed by
the standard cell placer. The locations of macros are subse-

quently derived by reassembling the component pieces, and
residual overlap is removed through the floorplanner. The
second pass places standard cells with all macros fixed. A
top-down “correct-by-construction” approach was proposed
in [5] that may invoke Parquet many times in intermediate
levels. Another algorithm in this class is mPG-ms [6], which
uses simulated annealing to gradually legalize macros and fix
them in the intermediate levels of the multilevel optimiza-
tion. Dragon2005 [7] is a two-pass simulated annealing-based
placer. Standard cells and macros are placed together in the
first pass. In the second pass, the macros are held fixed, and
the standard cells are placed again. To further reduce wire-
length, it shifts cells when swapping cells from different rows
during detailed placement. The most successful algorithm in
this class is the recently published PolarBear [8], which com-
bines recursive min-cut with an extra legalization step for ev-
ery placement subproblem generated by the partitioning. With
white space at 5%, PolarBear produces placement with wire-
length 10% shorter than Capo 9.3, while Fengshui 5.1 often
fails to find legal solutions.

The second class of algorithms may leave overlaps be-
tween macros and cells after global placement. Most analyt-
ical placers, including Kraftwerk [9], BonnPlace [10, 11, 12],
Aplace [1], FDP [13], mPL5 [14], UPlace [15], and some min-
cut-based placers, such as Fengshui [16, 2], belong to this cat-
egory. In this case, the detailed placement is expected to re-
move the overlap, as well as reduce the wirelength. BonnPlace
uses a quadratic programming-based approach coupled with
quadri-section [10]. To legalize macros, a bottom-up branch
and bound search with linear programming (LP) is proposed.
Standard cells are evened out between placement regions with
a min-cost-max-flow formulation. Further wirelength reduc-
tion is achieved by solving a LP formulation on each row.
Fengshui [16, 2] uses a greedy scheme that considers simul-
taneously perturbation of macros and wirelength minimization
for legalization. Windows spanning multiple rows for cell per-
mutation are used for wirelength reduction. Domino [17] iter-
atively improves wirelength by shredding cells into uniform
pieces and solving a min-cost-max-flow formulation. UP-
lace [15] applies zone refinement for both legalization and
wirelength reduction purposes. The objective it considers com-
bines wirelength and zone height.

Most macro legalization schemes used in the second class
suffer from two limitations. First, they may not produce a legal
placement in the end. Second, they may cause a large pertur-
bation to the global placement during legalization, resulting in
longer wirelength. Fig. 1 and Fig. 2 show an example of ap-
plying Fengshui’s legalization scheme on a global placement



generated by an analytical placer, mPL6 [3]. The legalized
wirelength increases by more than 10% compared to global
placement wirelength.
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Fig. 1. An example global placement generated by mPL6 [3].

-1000

0

1000

2000

3000

4000

5000

6000

7000

8000

-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

 ibm10 HPWL= 3.2984e+07, #Cells= 69429, #Nets= 75196 

Fig. 2. Legalization by applying Fengshui’s greedy method. The wirelength

increases by more than 10%.

In this paper we present XDP, a three-step approach for
mixed-size detailed placement. First, a combination of con-
straint graph and linear programming is used to legalize
macros. Then, an enhanced greedy method is used to legalize
the standard cells. Finally, a sliding-window-based cell swap-
ping is applied to further reduce wirelength. The impact of
individual techniques is analyzed and quantified. Experiments
show that when applied to the set of global placement results
generated by APlace [1], XDP can produce wirelength com-
parable to the native detailed placement of APlace, and 3%
shorter wirelength when compared to Fengshui 5.0 [2].� When
applied to the set of global placements generated by mPL6 [3],
XDP is the only detailed placement that successfully produces
legal placement for all the examples, while APlace and Feng-
shui fail for ��� and ��� of the examples. For cases where le-
gal placements can be compared, the wirelength produced by
XDP is shorter by 3% on average. Furthermore, XDP displays
a higher robustness than the other tools by covering a broader
spectrum of examples generated by different global placement
tools.

The remainder of this paper is organized as follows: Sec-
tion II presents each step of our detailed placement algorithm:
Section II.A describes the macro legalization step, Section II.B
describes the cell legalization step, and Section II.C presents
the wirelength reduction step. Section III presents experiment
results, and Section IV provides conclusions and future work.

�A number of other placement tools have mixed-size capability. Among
them, only APlace and Fengshui exports their detailed placement capability.

II. MIXED-SIZE DETAILED PLACEMENT

II.A. Macro Legalization

The first step of our algorithm removes the overlap between
macros in the global placement, which can be formulated as
the following problem:

Given a set of rectangular blocks, M � fm��m����mng,
pack the blocks within a rectangular region R without over-
lap. The objective is to minimize the perturbation, i.e., total
movement of the blocks from their original locations.

Before a detailed description, we introduce some notations
here.

Let mi be the ith macro. Its center coordinate in global
placement is �xi� yi�. Its width and height is wi and hi re-
spectively. The coordinate of mi after macro legalization is
denoted as �x�i� y

�

i�.
Let the lower left corner of the placement regionR be ��� ��,

the top right corner be �W�H�.
Let Gh be a directed acyclic graph (DAG). For each macro

mi, vhi is the corresponding node in Gh. Gh has a source node
vhs and a sink node vht .

To represent the constraint that mi should be on the left of
mj , a directed edge from vhi to vhj will be inserted into Gh.
The edge weight is set to be wi�wj

�
. Our graph definition is

similar to those widely used in floorplaning [18].
For each node in Gh, we calculate two values, L�vhi� and

R�vhi�, using Equation 1.

L�vhs� � �
L�vhj � � max�L�vhi� � weight�eij�� �eij � Gh

R�vht� � max�L�vht��W �
R�vhi� � min�R�vhj �� weight�eij�� �eij � Gh

(1)

For each edge eij in Gh, we calculate slack�eij� using Equa-
tion 2.

slack�eij� � R�vhj ��L�vhi��weight�eij� �eij � Gh (2)

It can be seen that the definitions are analogous to those de-
fined for timing analysis. For each node, we also calculate
value disp�vhi� using Equation 3. This is to model the poten-
tial displacement for each macro.

disp�vhi� �

��
�

L�vhi�� xi ifL�vhi� � xi
xi � R�vhi� ifR�vhi� � xi
� otherwise

(3)

In the end the total displacement of a constraint graph is
defined using Equation 4.

disp �Gh� �
X
v�Gh

disp�v� (4)

Similarly, we can define Gv and the corresponding values
for the vertical direction.

II.A.1. Initial Constraint Graph Generation

Given a global placement, we examine each pair of macros
mi and mj , and create a constraint edge between them. The



edge can be either horizontal or vertical, depending on the rel-
ative locations of mi and mj . Fig. 3 gives three relative loca-
tions that we consider. The type of the constraint edges is such
that the macros are given the most flexibility in the constraint
graphs. The edge weights are assigned accordingly.
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Fig. 3. Three types of relative macro locations which are used to determine

the constraint type between each pair of macros. Constraint edge weight is

assigned accordingly.

II.A.2. Constraint Graph Adjustment

After the constraint graph construction, we traverse each
graph and calculate the longest path. � If the longest path
exceeds the chip dimension, some of the edges need to be ad-
justed to reduce the longest path. By adjustment we mean
change an edge’s direction from horizontal to vertical while
keeping its head and tail,� or vice versa. In the following dis-
cussion, we assume the longest path in Gh exceeds the chip
width, while the path in Gv is within the chip height.�

Formally, we need to solve the following subproblem:
Given Gh with L�vht� greater than r, select a subset of con-

straint edges in Gh to move the Gv , so that the L�vht� after
adjustment is reduced, subject to the constraint that L�vvt� af-
ter adjustment should not be greater than H . The objective is
to minimize disp�Gv� after the adjustment.

This problem needs to be addressed since identifying the
right set of edges for adjustment may not be trivial under
certain circumstances. Fig. 4 presents a global placement of
macros with dimensions. The dimension of the placement re-
gion is �� � ��. Fig. 5(a) presents the Gh corresponding to
Fig. 4. Edges in the critical path are highlighted with weights.
Since macro 2 and 3 have the same width, we have two con-
verging paths with the same length. Fig. 5(b) gives the cor-
responding Gv . A straightforward method that examines one
edge at a time will not pick e��, e��, e�� or e�� for adjustment,
since the final longest path will not change. This leaves us
with only the choice of e�� or e��. However, adjusting either
of them will make the longest path on the Y direction exceed
the chip height.

To solve this problem, we extract a subgraph of Gh, consist-
ing of edges with zero slack. This graph is similar to that used
for timing optimization in logic synthesis [19, 20, 21, 22]. We
name this subgraph the zero-slack network of Gh. According
to this network, another DAG, Gc, will be constructed. Each

�In case the graph thus constructed has cycles, we first derive a sequence-
pair representation of the macros, and construct the constraint graphs accord-
ing to the representation.

�We also investigated the alternative of swapping the head and tail of the
constraint edge, depending on the global placement. Overall, we do not ob-
serve significant improvement in the final quality.

�In case the longest path in Gv exceeds the chip height already, we tem-
porarily lift the chip height to be the same as the longest path in Gv .

edge and node in the zero-slack network have a corresponding
counterpart in Gc. For an edge eij in the network, if adjusting
causes the longest path in the Y direction to exceed the chip
height, the corresponding edge capacity in Gc will be set to
��. Otherwise, the capacity is set using Equation 5.

max�yi �R�vj� �
hi�hj

�
� �� � max�L�vi� �

hi�hj
�

� yj � ��
(5)

The first component is the potential perturbation on mi’s x co-
ordinate because of the constraint edge under consideration.
The second component is the potential perturbation on mj’s
x coordinate because of the constraint edge adjustment. To re-
duce the complexity, we useL�vi� andR�vj� before the adjust-
ment, rather than those values after the adjustment. All edges
incident on vhs or vht will be assigned a capacity ��. It can
be seen that the definition of edge capacity is set to encourage
choosing edges with potentially large slack on the orthogonal
direction. A min-cut is then calculated on Gc. For each edge in
the cut, the corresponding edge in Gh will be adjusted. Com-
pared to [23], instead of permuting the sequence pair and eval-
uating the impact of the constraint graphs, we operate directly
on the graphs, giving us more flexibility and finer granularity
in the operations. Furthermore, our basic operations are more
targeted to meeting the packing constraints.

Fig. 5(c) gives the Gc for Gh with edge capacity assigned.
The solution for this instance is the min-cut formed by e�� and
e��. Adjusting this increases the longest path on the Y direc-
tion to 9, but is still within the chip height. Fig. 6 gives the
final constraint graphs after the adjustment.

The adjustment process iterates until the longest paths in
both graphs are shorter than the chip dimension, indicating we
have found a set of non-overlapping constraints that can be sat-
isfied. Empirically, it terminates after a few iterations. �

II.A.3. Macro Coordinate Determination

The constraint graphs and the subsequent adjustment are es-
sentially used to find a set of non-overlapping constraints that
can be satisfied. Our next stage is to determine the exact lo-
cations of the macros so that the total perturbation on macros
is minimized. This can be formulated as the following linear
programming problem:

min
nP

i��

�wxi � dxi � wyi � dyi�

s�t�� dxi � x�

i � xi � dxi
�dyi � y�

i � yi � dyi

x�

j � x�

i �
wi�wj

�
if �eij � Gh

y�

j � y�

i �
yi�yj
�

if �eij � Gv
wi

�
� x�

i �W � wi

�
hi
�
� y�

i � H � hi
�

(6)

Here, the dxi and dyi are used to quantify the perturbation
of mi. wxi and wyi are positive weights that can be set to ei-
ther one or the number of connections on each macro. The
next two inequalities are derived from the edges in Gh and Gv .
The last two constraints force the macros to stay with the chip

�It is possible that the iterations may not find a feasible solution. In reality,
we have not observed any instance of failure on the example we tested, even
with only 2 to 3% of white space.
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Fig. 4. An example of macros with overlap.
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Fig. 5. (a) Constraint graph Gh. (b) Constraint graph Gv . (c) Corresponding

Gc with edge capacity assigned. The min-cut identifies the set of edges which

will be transformed from horizontal to vertical.

region. Although the formulation is similar to that in [10, 24],
we do not go through the bottom up branch and bound process,
as proposed in [10]. Our constraint-graph-based method helps
to prune the search space by following the relative order in
the global placement. Furthermore, we only solve the LP af-
ter a legal packing of macros is guaranteed, while a LP may
be tried for every possible combination of non-overlapping
constraints [10] in the worst case. The objective can also be
enhanced to consider wirelength by the formulation of Mon-
grel [25], as in [26]. To solve the LP, we used a public domain
interior-point LP solver, BPMPD [27].

II.B. Cell Legalization

Following macro legalization, the second step removes the
overlap between standard cells. This step is to solve the fol-
lowing problem:

Given a placement where overlap only exists between cells,
or cells and macros, remove the overlap between all objects
and obtain a legal placement. The objective is still minimiza-
tion of wirelength.

A greedy heuristic has been proposed for this purpose
in [16], as an extension of [28] for mixed-size placement. A
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Fig. 6. (a) Constraint graph Gh after adjustment. (b) Constraint graph Gv
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Fig. 7. (a) Front-end designates the leftmost site that can be occupied with-

out overlap with already legalized objects. Back-end designates the rightmost

site that can be occupied without overlapping with macros that have not been

legalized yet. Back-end contour is initialized as the contour of macros if they

are packed to the right boundary. (b) In addition to updating the front-end con-

tour, the back-end contour of rows crossed by a macro will be updated after

the macro is legalized.

front-end contour designating the leftmost empty site on each
row is maintained. Movable objects are traversed in ascending
order of the x coordinate. The location of each object is deter-
mined by considering the combination of incident wirelength
and displacement penalty. The front-end contour is updated af-
ter each object is placed. Although it gives a satisfactory result,
this method can not guarantee that all the macros can fit within
the chip boundary when the legalization finishes. To mitigate
this drawback, the global placement of Fengshui takes a con-
servative approach, packing the macros and cells very tightly
to increase the chance of success during legalization [16]. An-
other alternative by APlace is to iteratively “squeeze” the cell
locations and restart cell legalization until a legal soltion is ob-
tained [29]. However, as we will show in Section III, this strat-
egy may not find a legal solution either.

We enhanced this method by introducing a back-end con-
tour, which is initialized as the left contour of macros if they
are packed to the right. Fig. 7(a) illustrates the initialization of
a back-end contour.

Before legalization, all the movable objects are sorted in as-
cending order of their left boundary. The placeable objects are
examined one at a time. If the object is a cell, we scan each
row and pick the site between the two contours that gives the
shortest wirelength for the nets connected with it. The front-



end on the target row is updated. If no site can be found for a
cell, it will be temporarily put on its original location with its
physical dimension ignored. This will result in cell area over-
flow in certain regions of the chip, which will be dealt with in
the additional step that follows. If the object is a macro, it will
only be considered for movement between the interval deter-
mined by the two contours. This restriction guarantees legality
of macros obtained from II.A. An additional step after each
macro legalization is to update the back-end contour of rows
that the macro crosses, as shown in Fig. 7(b).

Depending on the global placement, if cell area overflow
remains in certain part of the chip, we partition the chip into
regions, and use the min-cost-max-flow formulation in [10, 12]
to even out cells between different regions. Each region is rep-
resented as a node in a graph. A bi-directional edge is set up
between each pair of adjacent regions, as illustrated by Fig 8.
The node capacity is the difference between the region area and
the total cell area in the region. The unit cost of an edge is the
center-to-center distance between the two regions it connects.
Since the edge cost is positive, the final solution has no cycles.
A dynamic programming-based method is used to select the
cells to move between regions. The occurrence of this situa-
tion depends partly on the global placement. Among the 18
examples we tested in Section III, five of them still need this
adjustment. However, the wirelength usually increases after
this adjustment.

Fig. 8. Network flow based formulation to even out cells.

II.C. Further Wirelength Reduction

After a legal placement is obtained, the last step of our algo-
rithm is to further reduce the wirelength. Here, we use a win-
dow spanning a single row or multiple rows and slide it across
the chip. We enumerate all the possible configurations and pick
the one giving the shortest wirelength of nets connected with
the cells. After permutation is finished, the window is slid by
half its width. This process is iterated until no further wire-
length reduction is possible. This is the same process as that
described in [16].

III. EXPERIMENT RESULTS

In this section we evaluate the effectiveness of our detailed
placement, XDP, using ICCAD04-MS. These circuits were in-
troduced in [5] to test the placer’s capability to handle macros
of different shapes and aspect ratios. Table I describes the char-
acteristics of ICCAD04-MS. All the experiments were done on
an Intel Xeon processor with 2.4GHz and 2GB memory.

TABLE I

CHARACTERISTICS OF ICCAD04-MS. ALL MACROS IN THE CIRCUITS

ARE MOVABLE.

circuit #cell #macro #pad #net #row utilization
ibm01 12507 246 246 14111 144 80%
ibm02 19343 271 259 19584 203 80%
ibm03 22854 290 283 27401 219 80%
ibm04 27221 295 287 31970 213 80%
ibm05 28147 0 1201 28446 148 80%
ibm06 32333 178 166 34826 204 80%
ibm07 45640 291 287 48117 240 80%
ibm08 51024 301 286 50513 256 80%
ibm09 53111 253 285 60902 293 80%
ibm10 68686 786 744 75196 482 80%
ibm11 70153 373 406 81454 322 80%
ibm12 70440 651 637 77240 425 80%
ibm13 83710 424 490 99666 350 80%
ibm14 147089 614 517 152772 375 80%
ibm15 161188 393 383 186608 422 80%
ibm16 182981 458 504 190048 507 80%
ibm17 184753 760 743 189581 454 80%
ibm18 210342 285 272 201920 406 80%

III.A. The Effectiveness of XDP

First, we compared the effectiveness of XDP with the de-
tailed placement of Fengshui 5.0 [2], and APlace [1]. We gen-
erated two sets of global placements using APlace and mPL6.�

Table II lists the overall comparison of the three algorithms
on global placements generated by APlace. Column “FWL”
gives the final wirelength. Column “RT(s)” gives the runtime.�

XDP produces results comparable to the native detailed place-
ment of APlace, and 3% shorter wirelength compared to Feng-
shui. Table III lists the overall comparison of the three algo-
rithms on global placements generated by mPL6. XDP is the
only detailed placer that produces legal placement for all the
examples, while Fengshui and APlace can not produce mean-
ingful results for ��� and ��� of the examples, respectively.
Furthermore, for those examples where legal results can be
compared, XDP produces wirelength 3% shorter than APlace
and Fengshui.

III.B. Impact of Individual Techniques

Next, we analyze the impact of each heuristic used in XDP
by experimenting with global placements generated by mPL6.
We first evaluate the effectiveness of LP during macro coordi-
nate assignment. For comparison purpose, we implemented a
greedy method for macro assignment. The nodes in the con-
straint graph are traversed in topological order, and their coor-
dinates are chosen as the closest location allowed by the con-
straints. Note that once a macro coordinate is assigned, it will
have a ripple effect on its successor’s leftmost/lowest allowable
coordinate.

Table IV summarizes the overall impact of LP. The column
“GPWL” gives the global placement wirelength. The column
“Greedy” corresponds to the greedy method. Column “LP”

�We did not obtain meaningful global placements from Fengshui 5.0 due
to orientation specification issues.

�N/A or Overlap means the placer either crashed or produced illegal
placement.



TABLE II

COMPARISION OF DETAILED PLACEMENT ALGORITHMS USING GLOBAL

PLACEMENTS GENERATED BY APLACE.

circuit GPWL
Aplace Fengshui XDP

FWL RT(s) FWL RT(s) FWL RT(s)
ibm01 2.16E+06 2.14E+06 24 Overlap 2.08E+06 24
ibm02 4.84E+06 4.65E+06 50 N/A 4.65E+06 53
ibm03 6.95E+06 6.71E+06 58 N/A 6.73E+06 52
ibm04 7.57E+06 7.57E+06 62 N/A 7.48E+06 64
ibm05 9.83E+06 9.69E+06 54 9.84E+06 59 9.59E+06 72
ibm06 6.38E+06 6.02E+06 76 Overlap 6.11E+06 73
ibm07 1.04E+07 1.00E+07 111 Overlap 9.94E+06 119
ibm08 1.29E+07 1.25E+07 131 Overlap 1.24E+07 152
ibm09 1.26E+07 1.21E+07 154 Overlap 1.21E+07 140
ibm10 3.11E+07 2.88E+07 296 Overlap 2.90E+07 324
ibm11 1.96E+07 1.87E+07 215 Overlap 1.87E+07 199
ibm12 3.50E+07 3.34E+07 279 Overlap 3.38E+07 260
ibm13 2.34E+07 2.28E+07 279 Overlap 2.30E+07 239
ibm14 3.74E+07 3.59E+07 445 Overlap 3.55E+07 413
ibm15 4.88E+07 4.68E+07 648 Overlap 4.67E+07 565
ibm16 5.83E+07 5.45E+07 798 Overlap 5.43E+07 666
ibm17 6.69E+07 6.57E+07 735 Overlap 6.53E+07 667
ibm18 4.48E+07 4.20E+07 706 Overlap 4.17E+07 672
Avg. 1.00 1.00 1.03 0.73 1.00 0.98

corresponds to the LP-based method. Column “FWL” gives
the final wirelength. Column “RT(s)” gives the runtime. The
LP-based strategy helps to reduce the final wirelength by 1%,
and the runtime by 2%.

In Table V we compare two alternative strategies in the cell
legalization step. Column “Movable” corresponds to the strat-
egy that allows macros to move when necessary, but only hor-
izontally, as described in Section II.B. Column “Fixed” cor-
responds to the alternative which fixes macros after the macro
legalization step. We list both the final wirelength and the run-
time in columns labeled “FWL” and “RT(s).” It can be seen
that giving flexibility to macros helps to reduce the final wire-
length by 4%. The runtime for the movable strategy is longer
by 11%. This suggests that it is useful to give flexibility to
macros during legalization when there is plenty of white space
in the placement examples.

Table VI shows the impact of back-end contour. Without it,
only eight of the examples can be legalized successfully with-
out adjusting the macros, because some macros are pushed out-
side the chip. With back-end contour for budgeting the legal
sites on each row, we can legalize all examples.

IV. CONCLUSION AND FUTURE WORK

A three-step mixed-size detailed placement, named XDP, is
described in this paper. A combination of constraint graph and
linear programming is used to remove the overlap between
macros. Standard cells are legalized by an enhanced greedy
method. Sliding-window-based cell swapping is applied to fur-
ther reduce wirelength. The impact of individual techniques is
analyzed and quantified. When applied to global placement re-
sults generated by APlace, XDP can produce wirelength com-
parable to the native detailed placement of APlace, and 3%
shorter wirelength compared to Fengshui 5.0. When applied
to global placements generated by mPL6, XDP is the only de-
tailed placement that successfully produce a legal placement
for all the examples, while APlace and Fengshui fail for ���

TABLE III

COMPARISON OF DETAILED PLACEMENT ALGORITHMS USING GLOBAL

PLACEMENTS GENERATED BY MPL6.

circuit GPWL
Aplace Fengshui XDP

FWL RT(s) FWL RT(s) FWL RT(s)
ibm01 2.10E+06 N/A 2.23E+06 13 2.18E+06 37
ibm02 4.54E+06 5.12E+06 70 5.09E+06 22 4.74E+06 70
ibm03 6.94E+06 N/A Overlap 6.64E+06 54
ibm04 7.37E+06 7.84E+06 98 N/A 7.53E+06 75
ibm05 9.36E+06 9.79E+06 80 9.80E+06 38 9.73E+06 66
ibm06 6.39E+06 N/A N/A 5.97E+06 64
ibm07 1.00E+07 1.04E+07 150 Overlap 1.01E+07 120
ibm08 1.25E+07 1.25E+07 192 1.25E+07 68 1.19E+07 157
ibm09 1.37E+07 1.32E+07 233 1.38E+07 81 1.27E+07 146
ibm10 3.01E+07 N/A Overlap 105 2.95E+07 321
ibm11 1.76E+07 N/A 1.91E+07 131 1.82E+07 206
ibm12 3.67E+07 N/A N/A 3.44E+07 330
ibm13 2.26E+07 N/A 2.40E+07 145 2.36E+07 242
ibm14 3.62E+07 N/A 3.65E+07 540 3.53E+07 443
ibm15 5.57E+07 5.27E+07 1230 5.24E+07 420 5.00E+07 552
ibm16 5.73E+07 5.55E+07 1425 5.59E+07 447 5.30E+07 671
ibm17 6.67E+07 6.70E+07 1103 6.71E+07 493 6.53E+07 923
ibm18 4.41E+07 4.41E+07 1472 4.42E+07 550 4.31E+07 724
Avg. 1.03 1.52 1.03 0.60 1.00 1.00

TABLE IV IMPACT OF LP-BASED MACRO COORDINATE ASSIGNMENT.

circuit GPWL
Greedy LP

FWL RT(s) FWL RT(s)
ibm01 2.10E+06 2.22E+06 30 2.18E+06 37
ibm02 4.54E+06 5.00E+06 87 4.77E+06 70
ibm03 6.94E+06 6.67E+06 58 6.68E+06 54
ibm04 7.37E+06 7.52E+06 66 7.59E+06 75
ibm05 9.36E+06 9.76E+06 66 9.76E+06 66
ibm06 6.39E+06 6.00E+06 66 6.06E+06 64
ibm07 1.00E+07 1.01E+07 123 1.02E+07 120
ibm08 1.25E+07 1.21E+07 152 1.19E+07 157
ibm09 1.37E+07 1.29E+07 145 1.28E+07 146
ibm10 3.01E+07 2.91E+07 340 2.90E+07 321
ibm11 1.76E+07 1.82E+07 195 1.80E+07 206
ibm12 3.67E+07 3.52E+07 380 3.48E+07 330
ibm13 2.26E+07 2.35E+07 242 2.34E+07 242
ibm14 3.62E+07 3.55E+07 452 3.54E+07 443
ibm15 5.57E+07 5.04E+07 650 5.03E+07 552
ibm16 5.73E+07 5.32E+07 665 5.31E+07 671
ibm17 6.67E+07 6.52E+07 948 6.52E+07 923
ibm18 4.41E+07 4.32E+07 715 4.31E+07 724
Avg. 1.01 1.02 1.00 1.00

and ��� of the examples. For cases where legal placements
can be compared, the wirelength produced by XDP is shorter
by 3% on average. Furthermore, XDP displayed a higher ro-
bustness by covering a broader spectrum of examples by dif-
ferent global placement tools. Future work includes extention
to placement instances where both movable macros and fixed
macros are present. Consideration for routability and perfor-
mance may also be included.
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TABLE V IMPACT OF MOVABLE MACROS DURING LEGALIZATION.

circuit GPWL
Fixed Movable

FWL RT(s) FWL RT(s)
ibm01 2.10E+06 2.25E+06 37 2.18E+06 37
ibm02 4.54E+06 4.83E+06 62 4.77E+06 70
ibm03 6.94E+06 6.93E+06 63 6.68E+06 54
ibm04 7.37E+06 7.97E+06 67 7.59E+06 75
ibm05 9.36E+06 9.75E+06 68 9.76E+06 66
ibm06 6.39E+06 6.21E+06 66 6.06E+06 64
ibm07 1.00E+07 1.09E+07 138 1.02E+07 120
ibm08 1.25E+07 1.18E+07 117 1.19E+07 157
ibm09 1.37E+07 1.31E+07 123 1.28E+07 146
ibm10 3.01E+07 3.10E+07 236 2.90E+07 321
ibm11 1.76E+07 1.90E+07 175 1.80E+07 206
ibm12 3.67E+07 3.90E+07 320 3.48E+07 330
ibm13 2.26E+07 2.53E+07 244 2.34E+07 242
ibm14 3.62E+07 3.62E+07 354 3.54E+07 443
ibm15 5.57E+07 5.13E+07 490 5.03E+07 552
ibm16 5.73E+07 5.34E+07 466 5.31E+07 671
ibm17 6.67E+07 6.65E+07 746 6.52E+07 923
ibm18 4.41E+07 4.45E+07 635 4.31E+07 724
Avg. 1.04 0.89 1.00 1.00

TABLE VI IMPACT OF BACKEND CONTOUR.

circuit GPWL
w/o backend w/ backend
FWL RT(s) FWL RT(s)

ibm01 2.10E+06 N/A 2.18E+06 37
ibm02 4.54E+06 N/A 4.77E+06 70
ibm03 6.94E+06 N/A 6.68E+06 54
ibm04 7.37E+06 N/A 7.59E+06 75
ibm05 9.36E+06 9.76E+06 67 9.76E+06 66
ibm06 6.39E+06 6.06E+06 65 6.06E+06 64
ibm07 1.00E+07 N/A 1.02E+07 120
ibm08 1.25E+07 N/A 1.19E+07 157
ibm09 1.37E+07 N/A 1.28E+07 146
ibm10 3.01E+07 N/A 2.90E+07 321
ibm11 1.76E+07 1.80E+07 205 1.80E+07 206
ibm12 3.67E+07 N/A 3.48E+07 330
ibm13 2.26E+07 N/A 2.34E+07 242
ibm14 3.62E+07 3.54E+07 445 3.54E+07 443
ibm15 5.57E+07 5.03E+07 565 5.03E+07 552
ibm16 5.73E+07 5.31E+07 674 5.31E+07 671
ibm17 6.67E+07 6.52E+07 943 6.52E+07 923
ibm18 4.41E+07 4.31E+07 729 4.31E+07 724
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