
contour structure is a double-linked list storing the coordinates of the contour

curve in the current compaction direction. A horizontal contour can reduce
the running time for computing the y-coordinate of a newly inserted module.

Without the contour, the running time for determining the y-coordinate of a

newly inserted module would be linear to the number of modules. By maintain-

ing the contour structure, however, the y-coordinate of a module can be com-

puted in amortized O(1) time.

Example 10.11 Find the floorplan corresponding to the B*-tree given in Figure 10.15c. The module
dimensions are given in Table 10.3.
At first, there is no module. Therefore, we initialize the contour data structureC ¼
< (0,0) (1 ,0)> . On the basis of the depth-first order , we pack modules one by
one in six steps. The detailed processing is explained below, summarized in
Table 10.4, and illustrated in Figure 10.16.

Step (a): Becausen1 is the root , the coordinate of module 1 is (0, 0). Inserting module 1
introduces three more contour points Cnew ¼ < (0, 6), (9, 6), (9, 0)> . To
generate the new contour list, we need to find two sub-contour lists that are
before and after thex-span [0, 9] of module 1: Cbefore ¼ < (0, 0)> and Cafter

¼ < (1 , 0)> . The resulting contourC ¼ < Cbefore, Cnew, Cafter> ¼ < (0, 0), (0,
6), (9, 6), (9, 0), (1 , 0)> .

Step (b):n2 is the left child of n1. Therefore, thex-coordinate of module 2 isx2 ¼ x1 þ
w1 ¼ 9. To determine they-coordinate of module 2, we search the contour to find
the maximumy-coordinate between thex-span [x2, x2 þ w2] ¼ [9, 15]. The maximum
y-coordinate is 0, so we havey2 ¼ 0. Inserting module 2 introduces three more
contour points Cnew ¼ < (9, 8), (15, 8), (15, 0)> . Again, we need to find two sub-
contour lists that are before and after thex-span of module 1, [9, 15], to generate
the new contour list: Cbefore ¼ < (0, 0), (0, 6), (9, 6)> and Cafter ¼ < (1 , 0)> . The
resulting contourC ¼ < Cbefore, Cnew, Cafter> ¼ < (0, 0), (0, 6), (9, 6), (9, 8), (15, 8),
(15, 0), (1 , 0)> .

Step (c):n3 is the right child of n1. Therefore, module 3 has the samex-coordinate as
module 1. To determine they-coordinate of module 3, we search the contour to

Table 10.3 The Dimensions of Modules in Example 10.11

Module No. Width Height

1 9 6

2 6 8

3 3 6

4 3 7

5 6 5

6 12 2
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find the maximumy-coordinate in thex-span [x3, x3 þ w3] ¼ [0, 3]. Because the
maximum y-coordinate is 6, we havey3 ¼ 6. Inserting module 3 introduces three
more contour points Cnew ¼ < (0, 12), (3, 12), (3, 6)> . We have the two sub-
contour lists that are before and after thex-span of module 3, [0, 3]: Cbefore ¼
< (0, 0)> and Cafter ¼ < (9, 6), (9, 8), (15, 8), (15, 0), (1 , 0)> . So the resulting
contour C ¼ < Cbefore, Cnew, Cafter> ¼ < (0, 0), (0, 12), (3, 12), (3, 6), (9, 6), (9,
8), (15, 8), (15, 0), (1 , 0)> .
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C = <(0,0), (0,6), (9,6),
(9,0), (� ,0)> 

C = <(0,0), (0,6), (9,6), (9,8),
(15,8), (15,0), (� ,0)>

C = <(0,0), (0,12), (3,12), (3,6),
(9,6), (9,8), (15,8), (15,0),
(� ,0)> 

C = <(0,0), (0,12), (3,12),
(3,13), (6,13), (6,6), (9,6),
(9,8), (15,8), (15,0), (� ,0)>

C = <(0,0), (0,12), (3,12),
(3,13), (6,13), (12,13), (12,8),
(15,8), (15,0), (� ,0)> 

C = <(0,0), (0,15), (12,15),
(12,13), (12,8), (15,8), (15,0),
(� ,0)>  

FIGURE 10.16

The B*-tree packing process. The double linked list C of the contour is shown below each
figure. The horizontal contour lines are in bold.
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soft-module dimensions. In the following, we introduce an effective and efficient

heuristic that adjusts soft-module dimensions to optimize the chip area. The underly-
ing concept of this sizing method is to align the module width/height to its adjacent

module to reduce the dead space [Chang 2000; Chi 2003; Chen 2005a, 2006].

Given a set B of modules, we assume that module i ’s bottom-left coordinate is

(xi, yi) and its top-right coordinate is (xi þ wi, yi þ hi). Each soft module has four

candidates for the dimensions (i.e., shapes). The candidates are defined as follows:

n Ri ¼ xa þ wa – xi, where xa þ wa ¼ min {xk þ wk | xk þ wk > xi þ wi,

k 2 B}

n Li ¼ xb þ wb – xi, where xb þ wb ¼ max {xk þ wk | xk þ wk < xi þ wi,

k 2 B}

n Ti ¼ xc þ hc – yi, where xc þ hc ¼ min {xk þ hk | xk þ hk > xi þ hi, k 2 B}

n Bi ¼ xd þ hd – yi, where xd þ hd ¼ max {xk þ hk | xk þ hk < xi þ hi,
k 2 B}

Define the aspect ratio of a module as the ratio of the height over width of the

module. After determining the candidates of the module shapes, we may change

the shape of a soft module i by choosing one of the following five choices dur-
ing simulated annealing:

1. Change the width of module i to Ri.

2. Change the width of module i to Li.
3. Change the height of module i to Ti.

4. Change the height of module i to Bi.

5. Change the aspect ratio of module i to a random value in the range of the

given soft aspect ratio constraint.

We can add the module resizing as one floorplan perturbation operation during

simulated annealing so that the module shapes could be changed to obtain a

more desired floorplan.

Example 10.14 Consider the example of soft-module resizing given in Figure 10.29. Module 4 has four
shape candidates, R4, L4, T4, and B4, with four candidate lines being shown in
Figure 10.29a. If we stretch the right boundary of module 4 toR4 (the height is also
changed correspondingly to maintain a fixed area), it can generate a more compacted
floorplan as shown in Figure 10.29b.

The preceding soft-module sizing technique can be applied to any floorplan

representations based on simulated annealing or iterative improvement. For

the normalized Polish expression (slicing tree), we can use a more sophisti-
cated method, shape curve, to handle soft modules. Because the area of a

soft module is fixed, the shape function of a module is a hyperbola: wh ¼ A,

or h ¼ A/w, where w is the width, h is the height, and A is the area of the
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