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Floorplanning plays an important role in the physical design of very large scale integration (VLSI)
circuits. Traditional floorplanners use heuristics to optimize a floorplan based on multiple objectives.
Besides traditional floorplanning approaches, some post-floorplanning steps can be applied to consider
block flipping, pin assignment and white space distribution to optimize the performance. If we can
consider the above three optimizations simultaneously as a post-floorplanning step, the total
wirelength can be further reduced without modifying the original floorplan topology. Experimental
results show that our approach can handle these issues simultaneously and wirelength can be further
improved with a small penalty in runtime. Thus, this approach is highly desirable to be incorporated
into a floorplanner as a post-processing step for wirelength optimization.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Floorplanning plays an important role in physical design of
very large scale integration (VLSI) circuits. The shapes and
locations of the blocks on a chip are planned in this stage. The
result of floorplanning will greatly affect the overall performance
of the final circuit. As technology continues to scale down, a
hierarchical approach is needed for circuit design to reduce
runtime and to improve solution quality. In addition, the
methodology of IP based design is widely adopted. This makes
the role of floorplanning even more important. Wirelength
minimization is an important objective in floorplanning. The total
wirelength of a circuit layout can affect the timing closure and the
routability. Thus, various wirelength-driven floorplanners [1-5]
are proposed in recent years. The amount of research on this topic
reflects the importance of floorplanning as a critical component
for achieving timing closure in modern physical synthesis.

Besides traditional floorplanning approaches, some post-
floorplanning steps can be applied to further optimize the
performance. First, some movable blocks can be flipped or rotated
in real circuits. we can apply such block flipping step to further
reduce the total wirelength as a post-processing step while
keeping the positions of all the blocks unchanged. Second,
some pin positions on the blocks in floorplanning can be adjusted.
The pin assignment problem of these floating pins in floor-
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planning can also be solved in order to minimize the wirelength.
Third, the blocks are usually compacted to the lower-left
(or upper-right) corner in traditional floorplanners in order to
minimize area. However, the positions of the blocks can be
adjusted to obtain a shorter total wirelength without changing the
topology. This optimization on white space distribution can also
be performed.

In this paper, we want to address the above mentioned post-
floorplanning steps simultaneously. The optimal block flipping
problem has been proven to be NP-complete [6]. However, many
heuristics [7-13] were proposed to obtain sub-optimal solutions.
A symbolic algorithm [14] based on Boolean decision diagram
(BDD) was proposed that can solve the problem optimally to
obtain the minimum wirelength for small-sized circuits, e.g.
20-30 blocks, but it cannot handle the cases with a large number
of blocks because exhaustive searching is performed. A linear
programming based approach [15] was proposed to solve this
problem with more effectively. However, only fixed pins are
considered in this approach. For the issue on white space
distribution, an efficient min-cost flow based approach was
proposed [16]. The minimum wirelength can be obtained in
polynomial time while the minimum area of the given floorplan
topology is maintained. Linear programming based approach was
also proposed [17] for deadspace re-distribution but the shape of
the blocks will be changed after applying this method.

We will present an optimal post-floorplanning approach to
consider these three factors (block flipping, pin assignment and
white space distribution) optimally and simultaneously. The
problem can be formulated as a linear programming problem
and it can be solved effectively. Although a simulated-annealing
based approach can give an excellent result, we can still further
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reduce the wirelength (1.5-3.9%) with additional (0.3-2.3%)
runtime. Thus, our post-floorplanning approach is still desirable
to be applied in additional to the simulated-annealing based
approaches.

This paper is organized as follows. First, some background
information of floating pin assignment and white space distribu-
tion is given in Section 2. The formulation of the block flipping
problem with floating pins is described in Section 3. The
methodology of wirelength minimization by block flipping is
discussed in Section 4. The adjustment of blocks by applying
white space distribution is discussed in Section 6. Finally, the
experimental results are shown in Section 8.

2. Background

There is no previous work addressing the block flipping
problem with pin assignment simultaneously. The block flipping
problem with floating pins (pin positions can be changed) is
totally different from that with fixed pins only. With the same set
of block positions, the optimal block orientations can be different
due to different possible positions of the floating pins. An example
is shown in Fig. 1. The half-perimeter metric is used to measure
the wirelength. In Fig. 1(a), the pins are fixed, so their actual
positions will only be affected by the corresponding block
orientations. In this case, the shortest wirelength for the net
connecting the three blocks can be obtained by flipping m; only
while keeping the orientation of m; and m; unchanged. In Fig. 1(b),
the situation is similar except that the pins on all the blocks are
floating (so they are marked by larger rectangles, which represent
their feasible positions). In this case, the minimum wirelength is
dependent not only on the block orientations, but also on the
relative positions of the floating pins on the blocks. In this
example, the smallest wirelength of this net can be obtained by
flipping all the blocks. In addition, the corresponding pins should
be placed on the rightmost position of m; and the leftmost
position of my, in order to obtain a minimum wirelength. From this
example, we can see that the block flipping problem with floating
pins is totally different from the problem without floating pins.

Traditional floorplanners always give lower-left compacted
floorplans. An example is shown in Fig. 2(a). Though the
minimum area can be obtained, the total wirelength is not
minimized. If we can adjust the position of the blocks, the
topology of the floorplan can be maintained while the wirelength
can be minimized such as in Fig. 2(b). The block m; can be moved

to the right and the block m, can be moved up so that the total
wirelength can be reduced. Notice that the total area and the
topology of the floorplan are unchanged.

3. Problem formulation

In our approach, we consider the block flipping, assignment of
floating pins and distribution of white space simultaneously to
reduce the total wirelength. This will be applied as a post-
processing step without changing the topology and the area of the
floorplan obtained from a traditional floorplanner. The notations
used in following sections are presented in Table 1.

Given a floorplan of a set of rectangular blocks M with both
fixed pins (with fixed positions) and floating pins (with feasible
positions within a rectangular region and all the rectangular
regions are non-overlapping), we want to flip the blocks
horizontally or vertically without moving the center of the block.
Additionally, we want to fix the positions of the floating pins
within their respective feasible regions in order to minimize the
total wirelength, where the total wirelength is measured by the
half perimeter bounding box (HPWL) metric. The goal of this block
flipping problem is to find the optimal orientations for the blocks
and the optimal positions for the floating pins such that the total
wirelength is minimized. An example is shown in Fig. 3. In this
example, the net connecting blocks m; and m; will have the
shortest wirelength if both blocks m; and m,, are flipped and the
corresponding floating pins are placed at the appropriate posi-
tions in their feasible regions, respectively.

In addition, the problem on white space re-distribution can be
considered simultaneously. After floorplanning, a horizontal
(vertical) constraint graph can be obtained according to the
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Fig. 1. Example of block flipping with floating pins.
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Table 1
Notations

Notations Descriptions

M A set of rectangular blocks

N A set of nets

m; ith block in M

n; jthnetin N

w Total HPWL wirelength

(wj, hy) Width and height of block m;

X, ¥;) Center of block m;

(qij,rij)  Offset of a pin (center of possible pin position) on block m; connecting to
net n; with respect to the center of m; in the x and y directions

(sij.tij)  Range of possible pin positions of a pin on block m; connecting to net n;
in the x and y directions

a;(k) Index of the kth block connected by net n;

z; Number of blocks connected by net n;

bj(k) Index of the kth net connecting block m;

Di Number of nets connecting block m;

Ai Horizontal orientation of block m; 1: flipped 0:not flipped

@, L) Coordinates of the lower-left corner of the HPWL bounding box of net n;

(R;,R)) Coordinates of the upper-right corner of the HPWL bounding box of net
1

e The edge on the constraint graph

e The index of the block connected to the source of edge e,

e The index of the block connected to the sink of edge e,

Xk Xk

my, : my.

m;

.

j

Fig. 3. Flipping blocks with floating pins.

positions of the blocks. Based on the constraint, the feasible
ranges of adjustment on the positions of the blocks can be
evaluated. The goal of white space re-distribution is to adjust the
positions of the blocks (without change the width and height of
the blocks and also the chips) in order to minimize the total
wirelength while maintaining the topology of the original floor-
plan.

It is obvious that horizontal flipping and adjustment of blocks
do not affect the y-coordinates of the pins and similarly, vertical
flipping and adjustment of blocks do not affect the x-coordinates
of the pins. Both dimensions of the flipping and block adjustment
steps can be performed independently of each other. In the
following sections, we will focus on the horizontal flipping and
block adjustment steps while the vertical flipping and block
adjustment steps can be applied similarly.

4. Block flipping

In this section, we will describe how to formulate the block
flipping problem as a linear program (LP). Consider a net n;
connecting a set of z; blocks, the coordinates of the pins on the

blocks connecting to n; can be represented by
&+ qij(1 = 22) + &ijp  yi+1ij(1 —22) + hyy) (1)

forallie {aj(l), aj(2), P aj(zj)}.

Note that {Mgy1), May(2)5 - - - May(zy)} is the set of blocks connected
by net n;. /; tells whether block m; will be flipped horizontally and
2; tells whether block m; will be flipped vertically. If m; is flipped
horizontally, A; is one; otherwise, it is zero. Similarly, if m; is
flipped vertically, /; is one; otherwise, it is zero. gij is the
horizontal offset of the pin position with respect to the vertical
center such that —s;;/2<g;;<s;;/2 and h;; is the offset of the pin
position with respect to the center such that —t;;/2<h;;<t;;/2.

We also denote the bounding box of net n; by (Lj,Lj’- : Rj,R]f)
where (L;, L;) and (R;,R;) are the coordinates of the lower-left and
upper-right corners of the bounding box, respectively. As all the
pins connecting to n; should be located inside the bounding box of
n;, we have

Xi+q;;(1 = 22) + g;; <R
Xi+qij(1 = 27;) + g =1
Vi +1ij(1 = 224) + hjj<R;
Vi +1ij(1 = 24) + hjj =L (2)

for all i e {a;(1),a;(2),...,a;(z)}.
Finally, in order to minimize the total wirelength (W) of the
packing, we have the objective function as follows:

IN]
W=>R—-L+R-L) (3)
j=1

5. Orientation fixing

Circuit designs of today are usually very complicated and
involve a large number of blocks. If the block flipping problem
with floating pins is directly formulated and solved as an LP, a
large amount of memory and extremely long runtime will be
needed. It is a good idea to reduce the number of blocks with
variable orientations first before formulating the LP problem. A
large portion of blocks can actually be fixed with their optimal
orientations even in the presence of floating pins. If we can fix the
orientations of many blocks before formulating the LP problem,
the runtime and memory requirement to find the optimal
orientations of the remaining blocks can be reduced significantly.
According to the bounding region of each net, we can divide the
blocks into three types: independent blocks, solvable blocks and
dependent blocks as follows:

e [ndependent blocks: The orientations of these blocks will not
affect the total wirelength.

e Strictly or conditionally solvable blocks: The orientations of these
blocks will affect the total wirelength but they can be
determined optimally independent of the orientations of the
other blocks.

e Dependent blocks: The blocks that are neither independent,
strictly nor conditionally solvable. Their optimal orientations
are dependent on the orientations of the other “dependent
blocks”.

Details on independent blocks and solvable blocks will be
discussed in the following sections.
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5.1. Independent blocks

A block m; is independent if

Sibitk)

Xi — 1qipaol — - > LRy, k)

Sibi(k)
2

forall k e {1,2,...,p;}.

Note that {ny,q), np,), - -
block m;.

As the possible pin positions do not overlap with the bounding
regions of the corresponding nets, changes in orientations of these
blocks will not affect the total wirelength. An example is shown in
Fig. 4. LL; and LR; are the minimum and maximum possible x-
coordinate of the left boundary of the HPWL bounding box of net
n;, respectively. RL; and RR; are the minimum and maximum
possible x-coordinate of the right boundary of the HPWL
bounding box of net nj, respectively. In this example, block m; is
connected to net n; and n, as shown in Fig. 4(a) and (b), the
possible pin locations on m; connecting to n; and n, do not lie
inside the bounding regions of n; and n,, respectively. Therefore,
the orientation of m; will not affect the HPWL of n; and n;, nor the
total wirelength. Thus, m; is an independent block and its
orientation can be fixed as flipped or not flipped.

Xi + 1qipol + <RLp,k (4)

- My} is the set of nets connecting

5.2. Solvable blocks

For those blocks which are not dependent, their orientations
will affect the total HPWL wirelength. But the orientations of
some of them can still be determined optimally independent of
the orientations of all the other blocks. We called such kind
of blocks solvable blocks. There are two kinds of solvable blocks,
strictly solvable and conditionally solvable. We will explain both
of them in detail in the following sections.

5.2.1. Strictly solvable blocks
Consider a block m;. If it is not an independent block, there
must be at least a net n; connecting m; such that

X — |q;;] —% <LR; or x;+|q;;l +% >RL; (5)
Consider the set of nets Q(m;) connecting m; and satisfying the
above inequalities. If every net n; in Q(m;) satisfies the condition
that the possible positions of the pins connected by n; (except the
one on m;) do not overlap with that of the pin on m; connected by
n;, m; is called strictly solvable and the optimal orientation of m;
can be determined immediately.

This is because only the nets in Q(m;) will affect the orientation
of m;. Consider a net n; in Q(m;). The orientation of m; will affect
the position of the left or right boundary of n; (since m; and n;
satisfy inequalities (5)). However, no other blocks on net n;
overlap with m; horizontally, so the effect of m;’s orientation on
the wirelength of net m; is clear, which is either 2 x |g;;| or
—2 x |q;;|, depending whether m; is on the left or the right
boundary of n; and the original orientation of m;. Therefore, we
can compute the total effect of m;’s orientation on W by summing
up it’s effects on each net in Q(im;) and determine its orientation /;
(0O or1).

Then, we can calculate the exact horizontal position of the
floating pin on m; connecting to n;. If m; overlaps with the right
bounding region of n;, the position should be x; +q;;(1 — 24)—
sij/2. If m; overlaps with the left bounding region of nj, the
position should be x; + g;;(1 — 24;) + s;5/2.

An example is shown in Fig. 5. We can look at block my4 in
Fig. 5. It overlaps with the bounding regions of both net n3 and ny,
so it is not independent. However, it does not overlap with other
blocks connected by those two nets. Therefore, it is a strictly
solvable block. For net ns3, my should not be flipped to obtain a
smaller HPWL. For net ny, it should be flipped to obtain a smaller
HPWL. As |q43| and |q4 4| are 4 and 5, respectively, and s43 and s44
are 2, my should be flipped. Hence, the horizontal position of the

a b
[O: Possible pin positions if the block is not flipped horizontally
B : Possible pin positions if the block is flipped horizontally
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Fig. 4. An example of independent block: (a) a net n; connecting to my, m,, ms, ms and mg and (b) a net n, connecting to m;, ms and me.

a b
O : Possible pin positions if the block is not flipped horizontally
M : Possible pin positions if the block is flipped horizontally
| LLs LRy, RLs| RRs,) LL,| | LR, RL,| RRy |
| T T | T
I ms G I mg | ms | | I mg
| | 1 | 1 ] 1
: | | | | | PIO units—
| 1 M3 I my I M3 my ’
| | 1 | B —
K ] ] | ]
I 8 units | | | | ]
my [ m I | my I 1|om I |
| ] 1 ] | ]
| 1 | 1 | 1

Fig. 5. An example of strictly solvable block: (a) a net n; connecting to my, ms, ms and ms and (b) a net ns connecting to m; and my.
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pin connecting my4 to net n3 and the pin connecting my4 to net ny
should be x4 + 3 and x4 — 6, respectively.

5.2.2. Conditionally solvable blocks

If a block m; is not strictly solvable, there must be at least one
net n; in Q(m;) such that the possible positions of some pins
connected by n; overlap with that of the pin on m; connected by n;
horizontally. Let Q(m;) be a subset of Q(m;) such that every net n,,
in Qq(m;) satisfies the condition that all the blocks (except m;)
connected by n, do not overlap with block m;, and we denote
Q(m;) — Q;(m;) by Qy(m;). Following the same argument for
strictly solvable blocks, we can determine the effect of m;’s
orientation on the total wirelength of the nets in Q;(m;). Let this
be o01(m;). The value of 06,(m;) will determine a potential
orientation X of m;. Then, for each net n; in Q,(m;), we can
determine the largest possible “adverse” effect on n; if m; follows
the potential orientation X. This largest possible adverse effect on
n; will depend on whether m; overlaps with the left or right
bounding region of n; and the potential orientation X. Then we can
sum up all these adverse effects for each net n; in Q,(m;) to obtain
0o(my). If |02(my)| < |d01(m;)|, block m; is a conditionally solvable
block and its optimal orientation should be X. Otherwise, m; is not
conditionally solvable and its orientation is to be determined in
later steps.

The largest possible adverse effect d,(m;,nj) on a net n; e
Q,(m;) if m; follows a potential orientation X depends on whether
m; overlaps with the left or right bounding region of n; and the
potential orientation X of m;. There are three possible cases. In the
first case, m; overlaps with the right bounding region of net n;
only. In this case, if X is flipping m; to the left (more exactly, it
should be flipping the pin on m; connecting to n; to the left),
02(m;, ny) = 0. Otherwise, d,(m;,n;) can be obtained by assuming
that all the other blocks on n; that overlap with m; are flipped in
such a way to minimize the wirelength of n; and 6,(m;, nj) will be
the difference in the wirelength of n; between the case of flipping
m; to the right and flipping m; to the left. The second case of m;
overlapping with the left bounding region of net n; only can be
considered similarly. In the third case, m; overlaps with both the
left and right bounding regions of net n;. In this case, d,(m;, nj) will
be the difference in the wirelength of n; between the case when m;
follows the orientation X and all the other blocks are flipped in
such a way to maximize the wirelength and the case when m;
follows the opposite orientation of X and all the other blocks are
flipped in such a way to minimize the wirelength.

If a block is conditionally solvable, we can determine its
orientation /; (0 or 1). Then, we can calculate the exact horizontal
position of the floating pin on m; connecting to n;. In the first case,
m; overlaps with the right bounding region of net n; only. The pin
position should then be x;+ q;;(1 —24;) —s;;/2. In the second

a

b
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case, m; overlaps with the left bounding region of net n; only. The
pin position should be x; + g;;(1 — 24;) 4 s;;/2. In the third case, m;
overlaps with both the left and right bounding regions of net n;.
Because the positions of the other pins inside the bounding
regions are not known, we cannot determine the best possible
position of the corresponding floating pin yet at this stage. In this
case, we will only decide on the block orientation (/;) while the
exact pin position will be left to be determined by the MILP or LP.
An example of a conditionally solvable block is shown in Fig. 6.
We can look at block ms in Fig. 6. It overlaps with the bounding
regions of both net ns and ng, so it is not an independent block. It
does not overlap with the other blocks on ng but overlaps with
block m, on ns. Thus, we have Q(ms) = {ng} and Q,(ms) = {ns}. It
is obvious that ms should not be flipped to give a smaller HPWL
when considering ng. Thus, the value of d1(ms) for this potential
orientation X of not flipping is 2 x |q5| = 9. Then, we need to
determine the largest possible adverse effect on ns € Q,(ms) if ms
does not flip. The block ms overlaps with the left bounding region
of ns. Since the potential orientation X will put the pin on ms
connecting to net ns to the left, d,(ms, ns) will be the difference in
wirelength between not flipping and flipping ms when the
orientation of m, is such that the wirelength of ns is minimized,
i.e., flipping the pin connecting m; to net ns to the right. This value
is 6 in this example. Finally, we have |d,(ms)|<|d1(ms)|, so the
block ms is a conditionally solvable block and its optimal
orientation should be “not flipped”. The horizontal position of
the pin connecting block ms and net ns and the pin connecting
block ms and net ng should be x5 — 2.5 and x5 + 3.5, respectively.
After identifying the types of blocks [15], the orientations of
those independent and solvable blocks can be fixed. Only
dependent blocks will be considered in the LP formulation.

6. Distribution of white space

After traditional floorplanning approaches, the positions of the
blocks can be obtained. Based on the positions, constraint graphs

a b

ny

ms
my

Fig. 7. Example of constructing a constraint graph for a floorplan. (a) Floorplan; (b)
horizontal constraint graph.

m |

[O: Possible pin positions if the block is not flipped horizontally
M : Possible pin positions if the block is flipped horizontally
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Fig. 6. An example of conditionally solvable block ms: (a) a net ns connecting to m,, my and ms and (b) a net ng connecting to my and ms.
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can be constructed. An example is shown in Fig. 7. The floorplan is
shown in Fig. 7(a). For each pair of blocks, if they do not overlap
horizontally, an edge is added on them to reflect the horizontal
relationship. Thus, a horizontal constraint graph, Gy = (Vy, Ep),
can be constructed as in Fig. 7(b). The vertical constraint graph
can also be constructed similarly.

The index of two blocks connected by edge e, are denoted as e},
and e}, respectively. Block Me; should be on the left of Mt . Hence,
the constraints on the horizontal positions of the blocks can be
represented by the following inequalities:

Wt
2’(><01V€k e Ey (6)

Wes
Xes + —=% — Xei —

We can see that the problem of block flipping, floating pin
assignment and white space re-distribution is a mixed-integer
linear programming problem (MILP) with a set of linear inequality
constraints (Eqgs. (2) and (6) and the ranges of g;; and h;;) and a
linear objective function (Eq. (3)). We can solve it optimally by
invoking an MILP solver. For efficiency purpose, we can also obtain
approximate solutions by solving it as an LP.

If we solve the MILP directly, the problem can be solved
separately in the horizontal and vertical directions. We assume
that the x-direction in the following discussion and the problem
in the y-direction can be handled similarly. The MILP in the
x-direction is formulated as follows:

Minimize:

INI
W=> R 1L (7)
=1

J

Subject to

AM=0o0r1 Vvke{l,2,...,IM]}

Xi+qij(1 =275 + 8 <R;

Xi+qii(1 = 24) + g =L

Vj e {1,2,...,IN|} and Vi € {q;(1), q;(2), . .., a;(z)}
Wei Wei
Xei +T_ Xei -5 <0 Ve, c€Ey (8)

7. LP-based optimization

According to the above MILP formulation, /;'s are integers, Xei'S,
xei’s, gij's, Ri's and L;’s are real values, and ¢;;’s and s;;’s are real
constants. We can use the same formulation but the constraints of
/i’s are released to any real values between 0 and 1. The problem
can hence be solved as an LP instead. When there are real
numbers in the solution, we will simply round the solution to 1 or
0 according to following equations:

)vi =1 if )\1‘>0.5
i =0 otherwise 9)

We have done the experiment by both MILP and LP approaches.
From the experimental results, we found that more than half of
the A;'s will be set to either 1 or O after solving the LP. It means
that most of the blocks can be determined as “should be flipped”
or “should not be flipped” by LP. Similar to the results shown in
[15], the results are quite close to the optimal. In addition, results
also show that the optimized total wirelength obtained by LP is at
most 0.1% longer than the optimized total wirelength obtained by
MILP. By solving the problem in this way, the runtime is observed
to be much shorter. It is because the complexity of solving an MILP

problem is much higher than solving an LP problem and the
performance of the wirelength optimization can be maintained.

According to the LP formulation, the complexity of the this LP
problem can be evaluated easily. There are [M|4;’s, |M| Xes's, [M]
xei’s, IN| Lj’s, IN| Rj’s, kIN| g;;'s and k|N| s;;’s (k is the average pin
number of each net). Thus, the total number of variables is
3|M| + (2k + 2) x |N|. Additionally, the number of inequalities is
equal to 2k|N| + [M|%. 2k|N| and [M|? are the number of ¢;;’s and
s;;’s and the total number of relationships between any two blocks
(at most |[M[?), respectively.

If the orientation fixing step is applied, around half of blocks
can be fixed. In addition, some of pin positions can also be fixed
accordingly. Thus, the total number of variables and the total
number of inequalities can be reduced by half. In general, we can
also run this algorithm on ISPD 2006 benchmarks with orienta-
tion fixing step (without consideration of white space distribu-
tion) with a machine having 2 GB RAM [15]. Without orientation
fixing step, most cases of ISPD 2006 benchmarks cannot be
completed because of insufficient memory.

8. Experimental results

In order to evaluate our proposed methods, comprehensive
experiments were performed on floorplanning benchmarks. We
used CPLEX9.0 as the LP solver. All programs were written in C and
were run on a Sun Blade 2500 workstation with a 1.6GHz
UltraSPARC IIli CPU and 2 GB RAM. Details of the experimental
results are discussed below.

In the experiments, the test cases used are the MCNC and GSRC
benchmarks. Detailed information of the testing circuits are
presented in Table 2. The pre-placed circuits are obtained from
the floorplanner Parquet 4.5 [5] with “minWL” turned on
(“areaWeight” = 0.3 and “wireWeight” = 0.7). This is to ensure
that the initial floorplan is already well-optimized in terms of
wirelength by the floorplanner. We applied our approaches (MILP)
on all the floorplanning results to see whether our post-floor-
planning process can improve the wirelength. We evaluated the
effect on wirelength reduction when the circuits contain floating
pins. We assumed that the range, s;; and t;;, of each floating pin
are smaller than w;/p; and h;/p;, respectively, (p; is the number of
nets connecting block m;). It can ensure that the final pin positions
will not overlap with each other.

A summary of the improvement in HPWL for different portions
of floating pins without white space re-distribution is presented
in Table 3. P is the ratio of the floating pin number to the total
number of pins. The optimal improvement is about 2.01% on
average for fixed pins. The variation on the improvement for
different test cases is quite large. By our investigation, Parquet can
always give appropriate orientations for solvable and independent
blocks. If there are more dependent blocks in the floorplan

Table 2
Information of the testing circuits

Test cases No. of blocks No. of pins No. of nets No. of pads
apte 9 97 264 73
Xerox 10 209 696 2
hp 11 83 214 45
ami33 33 123 480 42
ami49 49 408 931 22
n10 10 118 179 69
n30 30 349 511 212
n50 50 455 841 209
n100 100 885 1539 334
n200 200 1585 3035 564
n300 300 1893 3789 569
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Table 3
Wirelength improvement for different portions of floating pins without re-
distribution of white space

Table 4
Runtimes for different portions of floating pins without re-distribution of white
space

Test cases Wirelength improvement (%) Test cases Runtime (s)

P=0% P =25% P =50% P =100% P=0% P=25% P=50% P=100% Parquet [14]
apte 15.91 16.24 16.57 17.20 apte 0.04 0.01 0.04 0.04 4.08 0.09
xerox 5.31 5.50 5.68 6.05 Xerox 0.09 0.09 0.09 0.09 7.85 2.10
hp 0.83 1.42 1.95 3.03 hp 0.04 0.04 0.05 0.05 517 0.90
ami33 0.04 0.56 1.07 2.18 ami33 0.05 0.05 0.05 0.05 30.48 2.30
ami49 0.00 0.59 1.16 2.35 ami49 0.08 0.09 0.14 0.15 7138 19.00
n10 - 0.55 1.08 222 n10 0.01 0.01 0.02 0.02 4.32 -
n30 - 033 0.66 1.33 n30 0.01 0.01 0.02 0.04 35.99 -
n50 - 0.32 0.64 1.31 n50 0.01 0.01 0.04 0.07 85.32 -
n100 - 0.29 0.57 1.14 n100 0.04 0.06 0.07 0.09 337.84 -
n200 - 0.19 0.38 0.77 n200 0.06 0.09 0.13 0.16 1395.26 -
n300 - 0.20 0.41 0.82 n300 0.07 0.11 0.14 0.20 2771.45 -
Average 2.01 2.38 2.74 3.49 w.r.t. Parquet (%) 0.32 0.32 0.37 0.38 100.0 9.13
w.r.t. P = 0% 1.00 1.19 1.37 1.74

Table 5

solution (such as apte and xerox in this experiment), the possible
improvement will be larger. Notice that the given pin positions of
the GSRC benchmarks are at the block centers. Thus, the
improvements are 0% for all the GSRC benchmarks when there
is no floating pins, i.e., P = 0, since the wirelength is not affected
by the block flipping step. The average wirelength improvement
increases with the value of P. It means that if we can make use of
the feasibility of pin location adjustment, the wirelength can be
reduced significantly. It means that we can reduce the total
wirelength significantly by exploiting representational symme-
tries with our approach.

Table 4 presents the runtime of our approach for different
portions of floating pins without white space re-distribution. We
also show the runtimes of the floorplanner Parquet to see the
relative amount of runtime needed by our post-processing step. In
addition, the runtime (running on Intel Pentium4, 3 GHz CPU with
2 GB memory) of the BDD-based approach [14] is also shown. The
runtime of our approach is very fast. It is less than 1% of the
runtime of the floorplanning step. Additionally, we should have
similar wirelength compared with the BDD-based approach as we
should obtain optimal total wirelength if the same intermediate
floorplan results are used. Results show that our runtime of all the
cases are much faster. It is because we can reduce the problem
size effectively by applying the orientation fixing step when white
space distribution is not considered. Second, the problem is
formulated as LP which can be solved effectively.

The summary of the improvement in HPWL for different
portions of floating pins with white space re-distribution is
presented in Table 5. The optimal improvement is about 3.15% on
average for fixed pins. It means that we can further reduce the
total wirelength if the distribution of white space is considered
simultaneously. The average wirelength improvement also in-
creases with the value of P. An example of whitespace re-
distribution for test case n10 is shown in Fig. 8. We can see that
the movement of the blocks is small but the improvement on
wirelength optimization is still significant.

Table 6 presents the runtime of our approach for different
portions of floating pins with white space re-distribution. We also
show the runtimes of floorplanner. The runtime is fast but it is
slower than the one without considering the re-distribution of
white space. It is around 2% of the runtime of the floorplanning
step. In general, the floorplanner can give very good results. There
is 4% reduction of wirelength with only around 2% additional
runtime. This approach is desirable to be incorporated into a
floorplanner as a post-processing step for wirelength optimiza-
tion.

Wirelength improvement for different portions of floating pins with re-distribu-
tion of white space

Test cases Wirelength improvement (%)
P=0% P =25% P =50% P =100%
apte 16.24 16.33 16.66 17.28
Xxerox 7.16 7.35 7.54 7.91
hp 4.46 5.11 5.70 6.91
ami33 1.33 1.91 242 3.54
ami49 1.85 244 3.01 4.22
n10 0.70 1.18 1.66 2.19
n30 0.59 0.91 1.24 1.57
n50 0.24 0.55 0.86 1.19
n100 0.47 0.75 1.03 1.31
n200 1.02 1.21 1.40 1.59
n300 0.54 0.73 0.94 1.14
Average 3.15 3.50 3.86 4.61
w.r.t. P = 0% 1.00 1.32 1.63 1.95
8 7 1 3 8 7 1 3
2 2
4| 9 0| 5 41 9 0| 5
6 6

Before whitespace
re-distribution

After whitespace
re-distribution

Fig. 8. Example of white space re-distribution.

Besides minimizing the wirelength, another advantage of this
approach is that the topology of the floorplan can be maintained.
During the floorplanning stage, a good topology can be found to
optimize objectives like power, routability, timing, etc., then we
can further reduce the wirelength without modifying the topology
by using the proposed method.

9. Conclusion

To conclude, we have presented a detailed study on the block
flipping, floating pin assignment and white space re-distribution in
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Table 6
Runtimes for different portions of floating pins with re-distribution of white space

Test cases Runtime (s)

P=0% P =25% P =50% P =100% Parquet
apte 0.05 0.09 0.10 0.14 4.08
xerox 0.51 0.54 0.59 0.62 7.85
hp 0.29 0.32 0.32 0.35 517
ami33 0.20 0.20 0.24 0.29 30.48
ami49 1.01 1.09 111 1.19 71.38
n10 0.06 0.06 0.06 0.06 4.32
n30 0.55 0.56 0.56 0.60 35.99
n50 0.64 0.65 0.66 0.72 85.32
n100 1.71 1.72 1.77 1.99 337.84
n200 6.24 6.47 6.48 6.54 1395.26
n300 9.87 10.25 10.40 10.48 2771.45
w.r.t. Parquet (%) 1.85 2.05 2.14 2.37 100.0

floorplanning. We consider the above three issues simultaneously as
a post-floorplanning process, and the total wirelength can be further
reduced while maintaining the topology. Experimental results show
that our approach can handle these three issues simultaneously and
wirelength reduction can be resulted with just a small penalty in
runtime. Only around 0.4-2.3% of additional runtime can result in
2-4% (or even more for some cases) reduction in wirelength. This
approach is highly desirable to be incorporated into a floorplanner as
a post-processing step for wirelength optimization.
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