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1 Introduction

Due to the layout complexity in deep submi-
cron technology, integrated circuit components are
not limited to rectangular blocks. Therefore new
approaches are essential in VLSI design to handle
arbitrary rectilinear shaped blocks effectively and
efficiently.

Up to now, placement/floorplanning with rec—
tilinear blocks has been extensively studied. M ost
previous works partitioned a rectilinear block into
a set of rectangular sub-blocks with some con-
straints induced from the original rectilinear
blocks. There is some literature on the rectilinear
block packing problem based on well-known repre-
sentations such as corner block list (CB],]H‘Sl, 0-
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Tree'?, bounded sliceline grid (BSG)
pair (SP)"™ " transitive closure graph (TCG)
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Ma et al.'" proposed a new method based on
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abutment constraint algorithm and transformed the
L/T -shaped block into abutment constraint prob-
lem. Later they extended the stairway compact ap—
proach based on CBL representation to handle the
shaped rectilinear

placement  with arbitrary

blocks'™.

Pang et al.'” decomposed rectilinear blocks in—
to a set of sub-l.-shaped-blocks and explored the
packing for L-shaped blocks and derived the L-ad-
missible O-ree which can always lead to a feasible
solution.

Nakatake et al.'™ devised a method to handle
pre-placed and rectilinear blocks. T hey partitioned
a rectilinear block into a set of rectangle sub-blocks
and placed these sub-blocks one by one until all
sub-blocks were packed at right relative positions.
Then, the placed sub-blocks were treated as pre—
placed blocks.

Xu et al.'” explored the conditions of feasi—

bility of sequence—pair” for L-shaped block. They
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partitioned a rectilinear block into L-shaped
blocks. However, after packing, a post processing
was performed to adjust misplaced sub-blocks. Fu-
jiyoshi and Murata' " also derived a necessary and
sufficient condition for feasible sequence pair for
rectilinear blocks by the properties of the horizon-
tal and vertical constraint graphs. However, the
constraint graphs are no longer acyclic after their
augmentation, resulting in a longer running time
for packing.

Lin et al."" partitioned a rectilinear block into
a set of sub-blocks and then derived necessary and
of feasible TCG for the

blocks. This algorithm treated a set of sub-blocks

sufficient conditions
as a whole and could eliminate the need of the post
processing on deformed blocks.

In this paper, we propose a deterministic algo—
rithm using less flexibility first (LFF) principles to
handle arbitrary rectilinear blocks. We partition
rectilinear block into a set of sub-blocks. The lefi—
lower sub-block is the main-block, the others are
vice-blocks. Then we give definition of flexibility
for rectilinear blocks. We place the main-block
firstly and vice-blocks immediately with considera—
tion of rotation. Unlike most of previous methods
which process each sub-block individually and thus
need post processing to fix deformed rectilinear
blocks, we treat a set of sub-blocks as a whole and
thus can guarantee the shape and size of rectilinear
block without the post processing on deformed
blocks. This method can be extended to handle the
blocks with relative constraints that are not con-
nected. Experiment results prove that the algo-

rithm is effective.

2 Placement using LFF principles

When a mason packs the polygon-shape stone
plate in everyday work, they try to use up the more
restricted resource from the corner and fulfill more
requirements, tending to leave the more ‘General”
items at the later stage of processing to have more

chance to find a match. The schedule sequence of

packing tasks can be named as Yhe less flexibility
first(LFF) ” principle.

Dong et al.'" introduced three different flexi—
bilities in a working area: (1) flexibility of empty
space, ( 2) flexibility of a rectangle to be packed,
(3) flexibility between two blocks and formulas for
each of them.

In a working area, flexibility of empty space
represents the directions at which a rectangle block
can move. If we define one direction of move flexi-
bility as one freedom. obviously, the corner/side
packed rectangle block will has 3/5 freedoms, re-
spectively, and hence a rectangle block at hollow
space will has 8 freedoms. This is depicted in

Fig. 1.

Fig. 1 Flexibility of empty space (a) Flexibility of
corner packing; (b) Flexibility of side packing: (¢)

Flexibility of hollow packing

Flexibility of a rectangle block depends on its
shape and size. A rectangle block with larger size
or rectangle with longer side will have less flexibil-
ity.

Flexibility between two blocks describes the
number of nets between two blocks. The more
number of nets, the closer two blocks must be
packed, and the less flexibility between two
blocks.

Based on the three flexibilities described
above, a deterministic placement algorithm has
been proposed. T he rectangle block with less flexi-
bility would be packed earlier at corner. It will oc—
cupy at least one corner, at the same time, new cor—
ners generate. T he rest blocks will be packed at the
corner that makes their flexibility the least. Place-
ment will be completed in this way from the origi-
nal four corners step by step.

More details are shown in Ref.[ 1].
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3 Placement of rectilinear block

3.1 Partition, definition, and representation

We partition a rectilinear block into a set of
sub-blocks. The leftdower sub-block is the main—
block, the others are the vice-blocks. According to
the algorithm based on LFF principles'", we know
larger block has less flexibility than smaller one, so
we should maximize the main-block of rectilinear
block, which is placed earlier than vice-block to
achieve a feasible placement easily. We can parti-
tion rectilinear block in the following step. Firstly,
we rotate the rectilinear block to maximize the
lower-eft sub-block. Secondly, we divide the rest
into sub-blocks as less as possible. This can im-
prove the speed of placement. Figure 2 is a sample
of rectilinear block partition, where a is main—
block, both b and ¢ are vice-blocks. Both the parti-

tions in Figs. 2(a) and (b) are acceptable.

12 12
26 26

a a

bi e c

6
5 b 56
9 4 9 4
(a) ®)

Fig.2 Results of rectilinear block partition

As shown in Fig. 3, it is obvious that the flexi-

bility of the rectilinear block is greater than the

main-block and smaller than the circumscribed
. Circumseribed
Main-block retangle
/ ~

/ N\

Fig. 3 Rectilinear block and its circumscribed rect-

angle

rectangle. We use the original definition of flexibili-
ty for rectangle block and add some compensation.

We define the flexibility of rectilinear block as
below:

Mi= R+ w(Rl- R (1)
where Miis the flexibility of rectilinear block, Riw is
the flexibility of main-block (rectangle flexibility
definition shown in Ref.[1]). Rk is the flexibility
of circumscribed rectangle. Parameter w can vary
from 0 to L. If w= 0, the flexibility of rectilinear
block is the main-block’s flexibility, and if w= 1,
the flexibility of rectilinear block is the circum-
scribed rectangular flexibility.

The following describes how to represent rec—
tilinear block. The representation of rectilinear
block should satisfy:

(1) Recording the size of sub-block;

(2) Maintaining the relation between sub-
blocks.

So we can use a set of four-uple ( width,
height, rx, ry) to represent a rectilinear block. T he
first one is main-block, the others are vice-blocks.
The width and height are values of the horizontal
and vertical sides of sub-block. (rx,ry) is leftdow -
er corner coordinate of sub-block related to main—
block. rx = = 1,ry= - 1 for the main-block. T he
rectilinear block in Fig. 2(a) can be represented as
follow:

(9,26, — 1, — 1)
(4, 14,9, 0)
(6,9,13,5)

3.2 Rotation of rectilinear block

[n the placement procedure, the rotation of
rectilinear block must be considered. For rectilinear
block, it has eight possible rotation positions. Be-
cause we decompose rectilinear block into rectan—
gles, we only need to know the rotation rule of
rectangle in order to maintain the constraint be-
tween sub-blocks. If we know the coordinates of
leftdower and right-upper corners, we can con-

struct the rectangle. Thus we transform the rota—

tion of rectangle to the rotation of two points.
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A point,A(x,y), has eight cases of rotation in
coordinate system shown in Table 1.

Table 1

Rotation rule of point

Reflection and clockw ise
270° 0° 90° 180° 2707
(=vex) (= woy) | (vox) [(wo= y) (= v.= x)

Clockw ise
0° 90° 180°
(x.v) [{y.=x) (= x.= %)

With the rotation rule of point, we can handle

the rotation of rectilinear block.
3.3 Packing

In a given rectangle chip area, it is reasonable
that packed rectangle block must occupy one empty
corner of the current chip packing configuration.
When an unpacked block is packed in the selected
corner, a new current chip packing configuration is
formed. There are many candidate corners for a
packing step and one corner has two packing orien-
tations for a rectangle. For example, in Fig. 4, there
are total 7 corners in the current chip packing con-
figuration, and a block B can be packed at any one
of them with two possible orientations. As a re—
sult, there are 14 packing choices for block B. T he
real line block form the current chip packing con-

figuration.

‘| [

Fig.4 Candidate packing corners for block B

In terms of the flexibility definitions discussed
above, we define one choice of this kind as a candi-
date corner packing step (CCPS). A CCPS can be
block _ id, length,

width, orientation, x, y ). The block _ id is block

represented by a six—-tuple as

name, the length and width are values of the longer
and shorter sides of the packed block, orientation
indicates that the rectangle is placed with its longer
side laid horizontally or vertically. (x. y) is the
leftdower corner coordinate of the suggested loca—
tion.

Under the current chip packing configuration,

for an unpacked block i we have a list of candidate
CCPSs. For example, in the current chip packing
configuration in Fig. 4, unpacked block B has 14
CCPSs. We sort all CCPSs of all unpacked blocks
for the current chip packing configuration in a list
according to the definition of the flexibility of a
rectangle. In the list, an earlier CCPS possesses a
higher priority. Then the unpacked blocks are
pseudo-packed with a greedy strategy following the
list order until no rectangle can be packed in the
present chip packing configuration.

For a CCPS, a fitness value Fiis calculated as
follows:

Fi= P'+ M! (2)
where P' is the total area of blocks that can be
packed in this CCPS.

Under the current chip packing configuration,
block whose CCPS has the highest Fi will be se-
lected as the next packing step. After this step, a
new current chip packing configuration is formed
and the rest unpacked blocks again have a new set
of CCPSs. This placement process iterative to have
all modules placed in the chip area.

When we meet a rectilinear block, we treat the
main-block of rectilinear block as same as the other
rectangle blocks. When the main-block is settled,
we place the related vice-block immediately and try
the possible rotations. For example, in Fig. 5, M 1,
M2, M 3 are packed blocks. PA is a rectilinear block
to be packed. Block P is the main-block and block

6

3
2
M1 |1 7

M2 ]4 s| M3

(@)

M2 |4 51 M3 M2 |4 5| M3
3 . 6 3 - 6
2 88 p B9 2 (El[A]

M1D| 4 7 ML 1P 7

10 [FiG!
®) °)
Fig.5 Reectilinear block packing

A is the vice-block, when the main-block P is set—

tled in corner 1. The possible rotation cases of the
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rectilinear block are eight. B, C, D, E, F, G are the
possible positions of vice-block A after rotation.
The overlapped case, such as D, and exceeding
bound case, such as F, G, will be eliminated. Sup-
posing that the vice-block is placed at position A,
three new corners (8,9, 10) come out. They can be

used by the rest blocks.
3.4 Placement with relative constraint

The flexibility partition, definition, representa—
tion and rotation rule of rectilinear block described
above do not require the rectilinear block to be con-
tinued. So it also function in blocks with relative
constraint, which are not connected. We can name
the leftdower block of these blocks with related
constraint main-block, the others are vice-blocks.
But the related position between blocks must be
fixed. For example, in Fig. 6, block A and B are two

blocks with related constraint which are

Assume that:

Bes: Block set to be packed

Ugs: Unpacked block set

Pus: Packed block set

Pu: Current placement configuration
Fi: Flexihility of block i

w1, w2:weight for the two flexibility

Deterministic algorithm: R — LFF
Input: array of blocks with width, height
Output: blocks with position and orientation

Flow chart of Algorithm:

(1) Uns= Bes

not connected, x1,x2, y1, y2 are constant. T he room
between blocks can also be made use of.

x
1

Main-block

~ A

A B <+ Viee-block
14

Fig. 6 Blocks with relative constraint which are not

connected

4 Algorithm

LFF. The

algorithm can be summarized as follows. In fact, we

We implemented the algorithm R

treat a rectangle block as a rectilinear block with
one main-block and no sub-block. So we can treat
rectangular block and rectilinear block as the

same.

(3) while UBS is not empty and there is space for packing in Pu
{

(4)  for each block i in UBS, under the current .

(5) Fi= P'+ M!

(6) Update P with the block of the smallest Fi packed in it

calculate

(7)) Add the main-block and related vice-block of the smallest Fito Pus

(8)  Remove the main-block and related vice-block of the smallest Fi from Ups

(2) Updated the Placement with an estimated blank rectangle with required ratio of length and width:

}

S Experiment results

We implemented the deterministic algorithm

using C programming language and run it on a Lin-
ux workstation with P4 1.7GHz CPU and 128M
memory. There is not standard circuit benchmark

for rectilinear block packing. Most of researchers
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use the modified MCNC benchmarks that are con-
structed by themselves to test their method. We
apply our algorithm on the modified MCNC bench-
mark circuits. We add some additional rectilinear
blocks to Microelectronics Center of North Caroli-
na ( MCNC) benchmark circuit, including L-
shaped, T -shaped and some more complicated recti-
linear blocks and blocks with related constraint
which are not connected.

In Eq. (1) parameter wis a very important pa—
rameter. We use the modified MCNC benchmark
ami33 and ami49 to study the rule of it. We try dif-
ferent wwith area usage varied in the range of 90%
~ 99%, aspect ratio of the chip is set to 1 : 1.5,
212,121,120 1,1.5 % 1. Figure 7 shows the
rule between the ratio of success and w. We can see
w= 1 is better. It is also reasonable that giving the

less flexibility for rectilinear block is easier for its

Arbitrary Rectilinear Block Packing Based on *** 1421
80
% m [
B 40}
]
27
00 0.2

Fig.7 Rule between the ratio of success and w

Our experiment results are shown in Table 2
and Fig. 8. We can see that both concave and con-
vex blocks can be handled and the performance is
quite good. We can not directly compare our
method with others, such as CBL"', O-ree'”,
SP" . TCG'"", but we can designate the length and
width of working area and all the blocks” shape is
fixed, not flexible. Our rectilinear blocks are more
complicated. We obtain satisfactory area usage

(more than 93%) and other methods can hardly

achieve it.
packing.
Table 2 Results of testing rectilinear blocks
# Total # Lshaved | # T—haned # Other Nel area area Dead space Time
blocks e e rectilinear blocks /mm? /mm? /% /s
Ami33_R 39 1 1 4 1. 455 1.562( 1. 369X 1. 141) 6. 83 38. 82
Ami49 _R 55 1 1 4 43. 684 46. 236( 7. 449 X 6. 207) 5.52 246.38

(a)

Fig. 8 Experiment results
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