Constructive floorplanning with a yield objective
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Abstract model and our new approach, and in Section 3 we present
some of our numerical results. Section 4 concludes the pa-
The ability to improve the yield of integrated circuits per.
through layout modification has been recognized, and sev-
eral techniques for yield enhanced routing and compaction
have been developed. Still, yield issues are rarely a fac-
tor in the choice of the floorplan mainly due to the ten- o
dency to focus on the more important timing and area ob- 2-1. Model description
jectives. Consequently, floorplanning tools have been de-
veloped with only these primary objectives in mind. We  The floorplanning problem is that of placing in the
show in this paper that it is possible to generate a better chip arean rectangular modules with given area sizes
floorplan with respect to yield, with very little penalty it~ Ai,..., A,. Although modulei has a fixed areal;, its
main objectives. We describe a constructive floorplanning heighth; and widthw; can be modified as long &s - w; =
approach which is based on analytical techniques and pro- A;. However, due to feasibility constraints, the aspect ratio
duces near optimal floorplans in terms of area utilization, of modulei, h; /w;, must be limited to a rangg < 3— < sy
wiring length and yield. (i=1,...,n).
The criteria for the quality of a floorplan dealt with in
this paper are: a low chip are# (or equivalently, a high
1. Introduction area utilizationV), a low total wiring lengthL, and a high
chip yieldY".
The chip area is measured By= H - W, whereH and

Floorplanning is an essential design step when a hier- he heiaht and the width of the chi el
archical design methodology is used. Floorplanning is theW are.t e height and the Wi _t 0 the chip, respectively.
There is normally some flexibility in selectirtg andi¥/, as

placement of modules when the design of the modules haﬁ oA Il th dul d the chi o
not yet been completed. As a result, the shape of the mod-0Ng as4 covers all the modules and the chip aspect ratio is

ule (i.e., its aspect ratio) and the positions of the inpat an Within @ given range < i < ¢- The area utilization/ is
output pins have not yet been fixed. This flexibility presents defined by n

the designer with the opportunity to choose among several U= Dz Ai

implementations of the module in order to obtain a better A

floorplan. There are currently no universally accepte@erit SinceY_"_, A, is fixed, minimizing4 is equivalent to max-
ria for measuring the quality of a floorplan, but minimizing  imizing U.

the chip area, wire length or delay are often used. Yield  The wiring length is calculated using an interconnection
is normally not considered as an objective, although for to- matrix C,,,, = [ci;], Wherec;; indicates the number of
day’s ICs (with a total area @m? and up) it could become  wjires connecting modulesandj (i,j = 1,...,n). The
critical. Previous work [2] has shown a significant depen- tota| wiring length for a given floorplan is defined as

dence of the yield on the floorplan for large chips, and the

idea of a constructive floorplanning algorithm with a yield L= Z cij - dij (1)
objective has been proposed. In this paper we extend these
results and present a constructive floorplanning approach
which combines heuristic and analytical schemes for gen-whered;; is the Manhattan distance between the centers of
erating yield enhanced floorplans. Section 2 describes themodules andj, which are denoted bi;, y;) and(z;,y;),

2. The Floorplanning Algorithm



respectively. Thus, fault densitiesA; < Ay < --- < )\,, and placed in this or-
der first in the cells numbered 1, then in the cells numbered

dij = |zi — 5] + lyi — yj () 2, and so on. The module with the highest fault density
(A\») should be placed in the center cell which is numbered
m. Since our primary objective is not yield but wire length
minimization, we use the placing scheme described above
only as a tie breaker. We define for each cell a “yield fit-
ness” value which is determined by the distance of the cell
center(z,y) from the center of the chipy(/2, S/2)

Finally, for the purpose of estimating the yield of a given
floorplan, a theoretical yield model is needed. We use the
medium-size clustering negative binomial distributioer
sented in [4]. Under this yield model, which is suitable es-
pecially for large chips with clustered defects, the chip is
divided into disjoint areas called “blocks”, representihg
areas on the chip in which the defect clusters are enclosed. F(z,y) =x(S —z) +y(S—vy)
The fit of the model to actual defect data has been demon
strated in [5]. To use this model, we need to know the fault
density for each modulé denoted by); and defined as
the expected number of manufacturing defects per unit area '
which turn into actual faults. The exact fault density of a
module depends upon its critical area (see for example, [3])
which in turn, depends upon its exact layout. At the floor-
planning stage of the design process, the exact layout of th
module is still unknown. A common practice is to estimate
the fault densities based on transistor densities. These ar
usually known at this stage since reasonably good estimates 3 Determining the relative locations of modules
of the area and number of transistors per module are avail-
able. In constructive floorplanning, modules are selected and

The purpose of floorplanning with yield as a secondary pjaced one at a time [1, 6]. The heuristic strategy which we
objective is to position all the modules in a bounding box fo|iow here is to select a module which has the highest con-
with minimum total aread (or maximum area utilization nectivity (i.e., number of wires) to the already placed mod-
U), minimum wiring lengthL, and as high as possible a yjes and has the largest area. Once a module is selected, its
yield Y. For given module aread,, ..., A, a feasible  |ocation on the chip must be determined. Since the newly
floorplan solution selects & x W rectangle and places  selected module is connected to the already placed ones, it
in it n non-overlapping rectangles, where rectangh®s || either be placed in the current bounding box contain-
dimensionsh; x w; (with h; - w; = A;) and is centered  ng all the placed modules or cause the bounding box to

“Cells with the same number have the same value of the fit-
ness function, which results im different fithess values
yerey P

If, during the floorplanning process, a given module can
be placed in several potential locatiofis® , y(9) which

are equivalent with regard to wiring length, then we select
the location for which F(z(?,y®) — F; | is minimized,
%hereFj is the fitness value of the ideal location for the
given module.

around(z;,y;) (i = 1,2,...,n). increase by no more than the width or height of the new
) block. All locations in this search space are evaluated so
2.2. Yield enhancement as to minimize the total wire length to already placed mod-

ules. If, however, multiple locations are available witinsi
It is shown in [2] that for yield enhancement it is best jlar wiring lengths, then the one which increases the yield
to place modules with higher fault densities as close to thejs selected. The latter is the one with the minimum differ-
center of the chip as possible. To achieve this objective atence between the yield fitness of the candidate location and
the floorplanning stage, we assume that the chip is a squarghat assigned to the module by order of fault densities, as
S x S (S = /> i, A;) and divide the chip area into an described in the previous sub-section. The first module to
g x g grid, so that the center of each grid cell is a possi- pe selected according to this procedure is the one with the
ble location for the center of a modulg? is kept as close  |argest area, and it is placed in the location which is deter-
as possible to the number of modules, and to ensure symmined by its fault density. The “search space” for module
metrical locationsyg is restricted to odd numbers. For such |ocations is illustrated in Figure 1. Once an initial floampl
a grid, theg® cells can be divided inten = k(k +1)/2  is obtained by the constructive algorithm, we modify the as-
groups (where: = (g + 1)/2), where the cells in the same  pect ratios in order to achieve area minimization (and area

group have an equal distance to the center of the chip. Eachytilization maximization). The next sub-section introdac
cell is then assigned a number from 11to (See Figure  the model used in this step.

1 for the numbering of the cells in&ax 5 grid for which

g =5,k =3andm = 6.) A cell with a lower numberis  2.4. Determining optimal shapes for modules

more suitable (from the point of view of yield) for a module

with a lower fault density. Ideally, for yield maximizatipn The floorplan construction step determines the relative
the modules must now be ordered according to increasingpositions of the modules. We then use a linear program-
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Figure 1. Steps in the constructive floorplanning.

ming model to modify the shape of each module to achieve
a better solution in terms of the chip area utilization.

The model variables are:

H,W - the height and width of the chip,;, w; - the height
and width of modulé, z;, y; - the coordinates of the center
of the location of modulé i = 1, ...,n).

Since the relative location of the modules is not changed
in this step, we include in the model relative location con-
straints which are obtained from the horizontal adjacency
graph (HAG) and the vertical adjacency graph (VAG) for
the originally constructed floorplan. These graphs indicat
which modules are placed to the right of other modules, or
below other modules, respectively.

The linear programming model is:

selectH, W, h;, w;, z; andy; (i = 1,---,n)

so that the objective function

H+W 3)
is minimized, subject to
Boundary constraints:
zip 2 wif2 (i=1,---,n) (4)
ritwi/2<W (i=1,---,n) (5)
yi+hi/2<H (i=1,---,n) (1)
Non-overlapping constraints from HAG and VAG:
T > 2 +wi/2 4 w;/2 (8)

(7 is to the right ofi and non-overlapping)

Yi > yi+hi/2+h;/2 9)
(j is above; and non-overlapping)
Aspect ratio constraints:
hi )
rn<—<s (i=1,---,n) (11)
w;
H
< =< 12
PSS (12)
Non-negativity constraints:
all variables> 0 (13)

If both w;/h; and h;/w; lie within the aspect ratio range
then rotation is automatically performed. The objective fo
the linear programming model is to minimize the chip di-
mensions. We use the objective “minimize+ 1" which
results in an almost square floorplan. We can also have ob-
jectives like “minimize2H + W” or “minimize H + 2W”,
which will result in more rectangular floorplans.

Figure 2 shows an example of a floorplan before and
after the area minimization step. We can see that for this
example, not only did the area utilization increase, but the
other two criteria improved as well.
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Figure 2. A floorplan (a) before and (b) after aspect ratio opt imization.

3. Numerical Results the generated solution is also very good but in case (b) the
greater emphasis on area utilization and wiring length did
In order to measure the quality of the ﬂoorplans gener- not allow a near optimal yield. In such a case further trade-
ated by our algorithm, we developed a random floorplan offs between yield and the other two objectives is possible.
generator. In this random floorplan generator, a set of
modules with areasl; is given. At each step, a module
is selected at random from the list of yet unselected mod-

ules and its location is then determined randomly within the [€)) (b)
boundaries of the existing chip. If a suitable location can- Module arearange | 1:2.37| 1:7.80
not be found, the dimensions of the chip are increased. We Area utilization 5% 1%
performed multiple runs of random floorplan generation for Wire length 1% 8%

a given set of modules, and recorded all the resulting non- Yield 1% 35%
isomorphic floorplans. Thus, for each floorplanning prob- Run time 22 sec|| 30 sec
lem, we obtain the possible solution space and the proba-

bility distribution for quality measures like total wirerligth Table 1. Percentile of algorithm generated so-
L, area utilizatiori/ and yieldY . lution for the two types of floorplans.

Clearly, the variation in the areas of the given modules
has an impact on the quality of the floorplan. We there-
fore, experimented with two sample test cases: in ¢aye
we have modules of almost similar size and in cdgeve
have few very big modules and the rest are small modules. Figures 4 and 5 illustrate the distribution of area utiliza-
The histograms illustrating the distributions 6f U and tion and yield, respectively, for all possible floorplanslan
Y are shown below. Figure 3 illustrates the distribution of for the best 20% floorplans with regard to wiring length. We
wire length for all non-isomorphic floorplans generated for observe in these two figures a shift towards higher area uti-
case(b). As expected, it is similar to a normal distribution. lization and higher yield in the floorplans with low wiring
The vertical line indicates the wiring length of the floompla  length. We also see from the above figures that for these
generated by our algorithm. Table 1 shows the percentile infloorplans optimizing the shape of the modules has only a
which our solution is located compared to all floorplans, for limited effect on the wiring length, but a bigger impact on
the two cases of module size distribution. Our constructive area utilization and yield. Area utilization always impesv
floorplanning algorithm generates solutions with very good with module shape optimization while the yield slightly re-
area utilization and wiring length. In case (a) the yield of duces in the case of modules with a large variation in size.



Al floorplans Al floorplané
0.14 Generated solution w/o aspect ratio optimization--—--+-- | 0.14 Generated solution w/o aspect ratio optimization---—+-— |
Generated solution with aspect ration optimization ---->-- Generated solution with aspect ration optimization -
0.12 - T 1 0.12 - B
0.1 [ b 0.1 M
g I g f
£ oo08f | H £ oo08f
¢ ¢ M
[ [
a M a
0.06 - b 0.06 - al
0.04 - b 0.04 -
0.02 - b 0.02 -
0 . 0 | . . .
2.4e+06 2.8e+06 3.2e+06 3.6e+06 2.8e+06 3.2e+06 3.6e+06 4e+06 4.4e+06 4.8e+06 5.2e+06
Total wire length Total wire length
(a) Modules with similar size (b) Modules with varying size
Figure 3. Distribution of the total wire length of the floorpl ans.
4. Conclusions Binomial Distribution for Yield Analysis of Defect Toleran

Circuits,”IEEE Trans. on Computersol. 42, pp. 724-737,
A constructive heuristic approach combined with an an-  June 1993.

alytical technique have been used in this paper to obtaln[s] I. Koren, Z. Koren and C.H. Stapper, “A Statistical Stuoly

fforpl?gsvzl'tlh be:ter 'yIEIdH InI this gpproacr? vx;le do c%‘nslld_er Defect Maps of Large Area VLSI IC4EEE Trans. on VLSI
the yield wnile se ectlng the location at which a module is System,sml. 2, pp. 249-256, June 1994.

to be placed. We believe that incorporation of the yield into
the selection criteria for modules to be placed will signifi- [6] S.M. Saitand H. YousselLSI Physical Design Automa-
cantly increase the yield of the floorplan without paying a  tion, Theory and PracticeNorld Scientific, 1999.

heavy penalty in terms of the primary objectives of floor-

planning.
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Figure 4. Distribution of the area utilization of the floorpl ans.
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Figure 5. Distribution of the yield of the floorplans.



