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Estimation of Wiring Areafor Hierarchical Design

Abstract

The estimation of the area of cells before layout, especially of shape functions, is very
important in ahierarchical design process and anecessity for top down design styles. The major
problem is the estimation of wiring space. For the internal wiring between the subcells relative
good models exist. Problems occur for the wiring space to connect the pins of a cell with its
subcells. This paper gives a mathematical description of the wiring models for both cases and
especially treatsthe pin connection problem. Our goal isto find the simplest model that explains
the experiments and to introduce only a small number of model parameters. A set of valuesfor
these parameters is an important result which is supported by new measurements for standard
cell blocks.

1. Introduction

The focus of interest in CAD for VLSI has shifted from individual algorithms to complete
CAD systems. This shift has resulted from increasing demands on the compl exity, predictabil-
ity, and efficiency of the design process and on the quality of the products. Due to the complex-
ity of the task the design process has been split into steps between levels of a part-of hierarchy
and between description domains, roughly the behavioral, structural, and physical domain
/GaK83/. These steps correspond to individual tools and algorithms within the tools. One
regquirement to combine the tools into a CAD system is the CAD framework. Because of the
strong dependency between the individual design steps, there is a second requirement for a
CAD system, which we will call the “glue”.

We can view the design of adigital system as a planning process with stepwise refinement
of an initial specification /GiO84/. In each refinement step decisions are made on the basis of
the state of the current design (as a result of design decisions of the past) and on the basis of a
prediction of future design decisions. This prediction is the glue between past and future and
thus “glues’ all steps of the design process together. If the future design steps would be fully
predictable, asfor example the size of an unfolded PLA, the glue process would be a- not nec-
essarily simple - calculation with known parameters. In the VLSI design process this is typi-
cally not the case. Aslong asthereisfree design space, future decisionsare not fully predictable
and have to be estimated, as for example the result of placement and the resulting wiring space.
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Because of this, the glue plays an important role in a multi-step design process, more so in
top-down than in bottom-up design styles. For example, high-level synthesisis currently ham-
pered by very unreliable cost and performance abstractions as objective functions. The goal of
our research isan improvement in all cases where glue is necessary. So far we have specialized
on area estimations /Zim88/ and the work reported here is progress in this direction. Our next
goal is performance estimation and has, in the case of CMOS, to rely heavily on precise area
and wire length estimations.

Estimation cannot be precisein the sense that the final result and the estimation fully match.
There will always be atolerance. The more predictable the future design processis, the smaller
the tolerance will be. Thus areduction of prediction tolerances can only be achieved by making
the design steps more predictable. In addition to the tolerance, estimation errors are possible.
Our goal isthereduction of these errors. A second goal isthe quantitative determination of esti-
mation tolerances and errors. For the user of the glue, a designer or a toal, it isimportant to
know how reliable the estimations are. The reliability can be either expressed by upper and
lower bounds or by probabilistic measures. Thisisanew but important field of research where
we can report only preliminary results.

Many different approaches have been published for area estimation. Reiswas one of thefirst
with an empirical method. Here we do not want to go into further details.

Experience with our shape function generator /Zim88/ has unveiled some interesting
aspects. A comparison between predicted and real floorplan shapes led us to the belief that the
predicted areais close to the lower bound of all the floorplans that can be generated /Zim90/.
Just by changing the orientation of thefirst cut line of floorplans, changes in area of over 70%
have been found. Other dependencies of thiskind will be shown for standard cell blocksin this
paper. We therefore have to be careful about what we want to predict.

Predictions can a so be used in the sense of “what-if” tools. A designer may not want to com-
plete a design, but evaluate different options. The knowledge in this case is again determined
by the past decisionsand by “default” assumptions about the future. Such assumptionsalso play
an important role in glue applications of predictions and the default parameters we found are
therefore, besides the estimation method, an important result.

2. The Area Estimation M odel

2.1 Shape Functions

The goal of our method is the estimation of shape functions of rectangular layouts. Shape
functions form the border between feasible and infeasible shapes. Figure 1 shows the shape
function of afixed macrocell A. The black dot (corner) defines the x and y dimensions of the
rectangular cell A. All other points on the curve and in the hatched area are made feasible by
adding empty space to A on any of the four sides or within A. It can be used for wiring.
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Figure 1: Macro shape function

IF A has different shapes, for example (A4, ..., Ay) by controlling the layout of A with dif-
ferent parameters, then a multi-macro shape function asin figure 2 evolves. Per definition asa
lower area bound, the shape function is monotonic and A, could be constructed by adding
empty areato A, or Az. The shape function in figure 2 is therefore fully defined by the corner
coordinates A1, A, As.

>

Figure 2: Multi-macro shape function

A4 may have properties that neither A, or A3 have. For example, A, may have al pinson
oneside, whereas A, and A3 have pinson al four sides. Thus, in a specific floorplan, A, may,
despite larger area, produce a smaller floorplan or a shorter critical delay path. Therefore, we
do not always enforce monotony.

For flexible cells, only estimated shape functions can exist, if the layout style offers design
decisions that influence the layout area. Thus each corner point has tolerances in x and y and
the shape function has a tolerance band around the average curve as shown in figure 3. In the
extreme the shape function can be a continuous curve, but due to the tolerances it can always
be approximated by a suitable number of corners. Modul e generators can be either modeled by
multi-macro shape functionsiif they generate fully predictable layouts or by flexible cell shape
functions otherwise.
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Figure 3: Flexible cell shape function

If we assume that all layout geometries for which we seek shape functions can be approxi-
mated by slicing topologies, these can be represented by dlicing trees. If shape functionsfor the
leaves of atree are known and the orientations of all dicesin the tree are determined, the shape
functions can be easily added up the tree and thus for the root node which representsthe cell of
interest /Ott83/. Figure 4 shows this correspondence.

c A b»

Figure 4: Slicing structure and tree

If the orientations of the dlices are not known, optimal orientations can be determined by
adding monotonic shape functions horizontally and vertically and selecting the corners with
minimal area of both results. This results in a monotonic shape function at each internal node
of the tree with the attribute vertical or horizontal at each corner.
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The resulting shape function estimates the total area only if no additional wiring space is
required. We therefore extended the model by trying to estimate this space/Zim88/. Thisled to
afive color model.

2.2 TheFive Color Model

Let uslook at two levelsof amulti-level part-of hierarchy. Thisinvolvesthreelevelsof cells,
I-1,1,and |+ 1.The level of acell cis denoted by a superscript and the cell instance by a
subscript. The order of levelsis such that ¢ tis composed of cells c: which are composed of
cells c:j_l (figure 5). Let us further assume that we seek the shape function of c'. Each cell c:
has pins at its perimeter which we denote p:, - Netsn . areglobally defined for al cell levels.
A net can therefore exist at many levels. For the purpose of estimation we divide nets into seg-
ments that are fully contained in one level only. Such asegment of net n_, of cell c: is denoted
by nmc: and is defined as a set of pins{ p:, I(}{pi'j,_ol}

red box

pink box

Figure 5: Two level hierarchy example

A segment can be further divided into a pink part nﬁqc: and ared part n:nc: (figure5). The
pink part connects only the pins of the subcells c: J._ ! (dotted lines). Pink segments are internal
connections of acell and exist if more than one internal pin exists. Red segments connect pink
segments or the only one internal pin of anet to an external pin (solid lines). Seen from cell c: ,
the whole segment nmc:|+1 of the supercell ¢' " can be seen as externd to c:. We assign the
color green to external net segments.

With this notion of colors of nets we define wiring area w’c;,w'c, and w’c| for cell c|.
Accordingly we define enclosing rectangles for each color, called the pink, red, and green box



Estimation of Wiring Areafor Hierarchical Design 6

(figure 5). In addition we define a blue box for the case that all nets of the current level aredis-
regarded.

Each box has an area, for example a”c}, and x and y dimensions x"c|, y’c!. In addition we
have empty (black) area, denoted aec:. If we assume red subcells c:j_l, the areas of the four
box types of cell c: are:

a’c; = Ya'c, '+a’c (1)
i

a’c; = a’c; +w'c, @)

a'c, = a’c;+w'c; (©)

a’c; = a'ci +w'c, (4)

w? has to be explained in more detail. w® is the share of cell ¢; of the pink and red wiring
area of the supercell c¢'**. We need this notion duri ng floorplanning of cell ¢' "', because
r I+1

w'c' "t and wPc' "t are usdess parameters for the placement of cells c:.
Since

WrC|+1+WpCI+1 — ZWQC:’ (5)
we derive by applying equation (3) to ¢ "t andus ng equations (1), (4), and (5)
arc|+1 — zagc:+aecl+1. (6)

i

Thus, besides the empty space a’c'"t the green areas of the cells c: completely fill the
floorplan of ¢' **

The red boxes are the outlines of the cells after layout with pins at the frame. The red boxes
can be defined recursively using equations (1), (2) and (3):

a'cl = arc:j_1 +wPcl+w'c +a’c 7)
j

The disadvantage of this definition is the fact that a net may pass through several levels of
the hierarchy without connecting more than oneinternal pin, that meanswithout pink segments.
No good model is known for the estimation of achain of red segments over several levels. Fig-
ure 6 demonstrates this problem.

At this point an explanation of the hierarchy is necessary. We started with apart-of hierarchy
with two or three levels at most, and a hundred to a thousand cell instances at each level. With
thisnotion we can easily handle 10°to 107 primitive cells. This number of levelswould not jus-
tify the above definitions. Our shape function estimation procedure, as already mentioned,
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Figure 6: Chain of red net segments

makes use of aslicing structure which can be expressed by the slicing tree. Thistree also defines
a hierarchy of cells with two subcells per cell in our method or up to five as reported by other
authorsto allow for pin wheels. If we extend the original hierarchy by the slicing hierarchy, the
assumption of many levelsisjustified.

2.3 ThePink Model

Because of the disadvantage of the recursive red model, we use the following recursive pink
model. In order to get rid of the red net segments, we add all red segments to the next pink seg-
ment on ahigher level. Figure 7 explains this notion. The pink net segments and the pink boxes
are shown by dotted lines. The extension of the pink segment yields an increase of the pink wir-
ing area per net. We denote this new area by wh.

NS ~
> SRR \
: \
o \
__________________________ 5 \ |
\i

\Eﬁ]
- 7
s‘. ---------------------------------- E

Figure 7: Pink net model
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The pink recursion can be described by the area equation
a’c; = Y a'c; T +'c +a’c (8)
i

This means that the pink area of cell c: does not depend on the nets without a pink segment
at level |. If we need the red area of a cell, equation (3) has to be modified to

| ~p | ~r |
a'c, = a’c,+W'c, 9)

\7vrc: now includes all red segments of nets at all lower levels of the hierarchy that were left
outin épc:. Also, the blue box must be newly defined:

a’c, = Ya'c, t+ac (10)
j
We model the pink wiring areas of anet asx and y additions to the cell dimensions:

xw'n ¢ =t a.n (12)

t isthe track demand factor, meaning the portion of atrack required for a single wire net.
t, isthe factor for vertical tracks. t) isfurther splitintot), and t;, for the cases of avertical
or horizontal dlicing line direction. These cases require different amount of wiring space. We
now have the four factors t;,, , t;, , ty,, and t), . ox is the geometric width of the net n.The'y
dimensions are handled equivalently.

Figure 8 defines the used dimensions. Aslong aswe do not know the orientation of cells, we
cannot distinguish between left/right and top/bottom (I/r, t/b). We therefore use xw = x| + xr

andyw = yt+yb.
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Figure 8: Dimensions
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We can calculate xw and yw by building the sum of all individual contributions of nets that
are counted. For the pink wiring areawe only count the nets that have pink segmentsin the cur-
rent cell. We call this set of nets N°c'.

xwhc) = D xW'n_c. (12)

|
me N°c

They dimensions are defined accordingly. The dimensions of the blue box are the result of
the sum of the shape functions §° = f(X") of the subcells c:j_l of cell ¢, resulting in

Y G (13)

Two difficulties arise. First, leafcells in the tree are red and second, the empty space a° has
to be handled. Let us deal with thefirst problem first. There are two solutions. In the first solu-
tion we reduce the red dimensions to pink by subtracting the appropriate red wiring area. The
disadvantage of this solution is the fact that we throw the exact dimensions of the leaf cells
away and replace them by dimensions based on the red wiring area estimation.

The other solution is a second set of track demand factors for the case of red subcells. We

call thesefactors t,, , ty, .ty, ,and t, . Thesewill be smaller than the pink ones because all

xv ' *xh ?tyv?
red segments of nets within tﬁe subcells are already included in the cell area. Now the question
arises, which color hasacell composed of two red subcellsand so forth. We defined a“ redness’
factor between 0 and 1 which defines the proportion of the pink and red track demand factors
used. Red cells have the factor 1. Each time, two cells are composed, the average of the factors
istaken and areduction factor (<1) is subtracted until O is reached. We implemented this solu-
tion, which also has its disadvantages. It is very difficult to find the right relation between red
and pink factors and the value for the red reduction factor. We therefore favor thefirst solution

NOow.

2.4 Feedthroughs

The second problem, the empty space, occurs because of the cornersin the shape functions.
If we compose two cells on top of each other as shown in figure 9, the composite cell gets the
maximum of both x dimensions and the sum of they dimensions. The differencein x resultsin
empty space. This empty space could be propagated up in the model.

We use adifferent solution. We assume that empty space increases the transparency of acell.
Transparency is modeled by vertical and horizontal feedthroughs. Standard cells, for example,
have built-in feedthroughs perpendicular to the row. We measure vertical feedthroughs by the
wiring spacexf in the x-dimension of acell. Theempty space a® of cell B infigure 9ismodelled
aswiring space x° and thus
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Figure 9: Empty space

xfég = xfcg +x°cq (14)

€ denotes the cell with empty space added. The question now is: What is the vertical trans-
parency of AB. We use the weighted sum of two extremes. One extreme takes the average of
the transparencies of AB, the other the minimum. Thisresultsin

xf€, + xfg

Xfc,g = W >

+ (1-=w) - min (xfC,, xfCg) . (15)

The horizontal transparency in this caseis simply, because no empty space hasto be consid-
ered:

yfc,g = yfc, +yfcg. (16)

The case of cells with a vertical slicing line is handled appropriately. In the calculation of
wiring space the feedthrough dimensions are subtracted up to the additional wiring space for
nets. Any remaining feedthrough space is propagated up in the slicing tree.

This pink model has proved its quality for standard cell and flexible cell examples. The
resultsfor standard cells are shown in chapter 3. Our shape function generator therefore strictly
uses the pink model for the complete slicing and hierarchy trees. In order to use the shape func-
tion, the additional red wiring space has to be added at the level where the shape function is
used. We call this additional space the red shift.

2.5 Red Shift

The red shift is handled as an addition to the x and y dimensions of the pink cell. Let & be
the number of one wire pins of cell c: (corresponding to the number of nets N" ). If we assume
an equal distribution of the pins on the four sides of the cell, we can calculate four values =, ,

n,, m,,and m, . Thisis similar to the assumption that the pins can freely float around the

r )
perimeter of the cell. If we have more knowledge about the positions of the pins, for example
after global routing during floorplanning, the four values can be determined more precisely.

If the capacity of the sides of the red box islarger than the associated number of pins, we can

calculate the dimensions of the red box as:
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X = x"+max([ (n,+m,) -t + (m,+x,) - t,—xf],0) 17)

For brevity we have eliminated the cell identifier ¢; and have assumed a unit grid. ., isthe
red shift track demand factor for vertical netsand t, isthe factor for the vertical part of hori-
zontal nets. The feedthroughs xf are only subtracted up to a value which leaves the red shift
positive (max-function). The y-dimension is handled accordingly.

The capacity of aside depends on the design style. Let us assume blocks of horizontal stan-
dard cell rowsas an example. It isreasonable to have no pinsto the side of cell rows. Therefore,
the capacity of the vertical sidesis equal to the y-dimension minus the accumulated height of
the rows. The latter is equivalent to yID of the blue box.

Therefore, we have the additional conditionsfor y' :

y'em+y andy > +y° (18)

For the x-dimension the conditions are different. We assume that the internal pin positions
of the nets entering from the bottom are equally distributed. For R rows, ., - (R—1) /R nets
cross the bottom row. The number of feedthroughs of this row is assumed to limit the capacity.
None of the built-in feedthroughs of the standard cells of this row is used for internal wiring.
Let T, betheaveragetransparency for vertical wires of all standard cellsin c: , defined as num-
ber of vertical feedthroughs divided by the x-dimension of the cell, then we arrive at the con-
ditions:

.- (R=1) n,- (R=1)
erb— and x>t (29)

T -R T, 'R
X X

In the case the conditions are not met, we add one grid unit to the x- or y-dimension for each
pin that violates the condition.

3. Experimental Results

Here we restrict ourselves to standard cell blocks. The examples are taken from a large
design with nearly 300 000 standard cells. The design was broken down into three levels of a
hierarchy and the examples are taken from the lowest level. The structure of the design was
generated with the high-level synthesis system MIMOLA which resulted in ahigh connectivity.
Therefore therelative wiring areais very large compared to other benchmarks. We used acom-
mercial standard cell library ACMOS 4H from Siemens AG. Thisisa1.25um CMOS technol -
ogy with an average transparency T, = 0.6.

For the layout of the standard cell blocks we used our own implementation of simulated
annealing similar to TimberWolf SC /Sel.87/ and a heuristic channel router that could route
most channelsin density. Two wiring layers are assumed.
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We performed three kinds of experiments. In the first experiment we compared the estimated
red shape function for cells which had unrestricted pin intervals with synthesized layouts. Then,
we deleted the external pinsfrom the netlist of these cells for measuring the pink boxes. The sec-
ond result was a set of layouts of a multiplexer that occurred several times on the chip. The dif-
ferent sizes of these layouts show that the estimation of the red shift is very important. The third
experiment was the quantitative determination of the red shift for cells with restricted pin inter-
vals.

All experiments have shown that the track demand factors strongly depend on the restrictions
on the pins. In the case of no restriction (our first experiment), we found t;h and t;v to be zero.
Therouting is nearly straight from the internal pins to the cell frame. There isno need for addi-
tional tracksin the orthogonal direction. For our standard cell synthesistool, thevalue tryh =03
seems to be reasonable. Regarding the detailed routing result, it seems that t;\, should have the
same or adlightly less value. We could not measure this value exactly because the transparency
xf reduced the horizontal red shift to zero in all cases.

Table 3 shows the experimental results of 8 different cells. Our circuits consist of 166 to 827
standard cells with 62 to 423 pins (table 1). We measured the pink and red boxes for a wide
aspect ratio range (different number of rows). In al cases there were no restrictions on the pins.

number of

cellname | subcells nets | framepins
alu32bit 827 877 100 cut net-to-cut | track demand
alu32_ctrl 215 250 106 orientation| orientation factor
nmux05x32| 166 269 195 :
moos| 28| s | 2oL || SRR BEES | o)
pel 1536 | 530 746 423 vergi o aralgl . 01
pe2_L173 382 617 395 vertical orE[)ho onal 0.4
sioo3x16thl | 602 408 62 g '
sn32 600 686 103

Table 1: Example circuits Table 2: Pink track demand factors

Columns 1 and 2 of table 3 show the cell name and the number of rows of our measurements.
Columns 3 and 4 contain the areas of the smallest “pink layouts’” (which we got by deleting the
frame pins from the netlist) and the deviations of the “pink layouts’ from the pink shape func-
tion. The shape function was computed by using the sizing parameters of table 2. The last two
columns show the minimum areas and the deviations of the red boxes.

Except for two examples (pel_1536 and sioo3x16thl), the errors of the red shape functions
were less than 10%. This shows that we can estimate very well the smallest layouts of a cell
which usually will be synthesized without pin restrictions. The two cells with the larger estima-
tion errorswere investigated in more detail. We found that these cells have many large netswith
many connections. These cells cannot be handled accurately by our standard cell placement tool.



Estimation of Wiring Areafor Hierarchical Design 13

pink boxes red boxes

cellname row area,;, | aver. error | area,;, | aver. error

numbers | [mm?] [%] [mm?] [%0]
alu32bit 2..24 39 9.0 39 7.1
alu_ctrl 2..15 0.8 6.8 0.9 7.6
nmMux05x32| 2..12 0.6 23.7 0.9 8.7
nmux08x32| 2..15 1.0 15.9 13 45
pel 1536 | 2..25 2.6 12.8 2.7 13.8
pe2 1173 2..18 18 3.8 2.3 9.4
sioo3x16thl | 3..30 39 18.0 39 16.2
sn32 2..22 2.2 10.6 2.4 31

Table 3: Average area estimation error for pink boxes and red
boxes of cellswithout pin restrictions

For instance, the smallest manual layout of cell sioo3x16thl was about 30% smaller (2.6mm?)
than the smallest layout our tool achieved. It seemsthat the results of synthesistoolswhich can
handle these nets better will be closer to the shape function.

The estimation errors of the “pink layouts’ are mostly due to the synthesis tool, too. This
tool generally yieldsnot very good results when no forcesto the cell frame exist. For these cases
the cost function should be changed. The penalty for overlapping cells must be increased. On
the other hand, generating a good “pink layout” is of no practical interest.

Our second experiment shows very clearly that the layout in a top-down design depends
largely on the positions of the frame pins. Figure 10 shows the red shape function and all lay-
outs of amultiplexer (nmux05x32) which occurred several times on the chip. The shape function
was computed with the track demand factor t;h = 0.3 for cells without pin restrictions. The
figure shows two results. First, the shape function corresponds to the lower bound of the mea-
sured values and second, the different heights of layouts with the same number of rows. The
different y-dimensionsfor nearly the same x-value result from different pin interval restrictions
as aresult of floorplanning. We can see that this influence is extremely large and thus the esti-
mation of the red shift is very important for a precise floorplanning at the next upper hierarchy
level.

In our third experiment, we investigated this red shift for cells with restricted pin positions.
We restricted ourselves to examples where the capacities of the sideswere larger than the num-
ber of pins. For these samples we tried to find track demand factors for the entering nets. We
restricted the pinsto asingle side and assigned the pinsrandomly to the sides. Thetrack demand
factors should be approximately double of these for unrestricted pin positions because the aver-
age net length will be twice as large due to the restrictions (if we assume a random placement
for both cases). Table 4 shows the deviation of the red shape function to the sample layouts by
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Figureismissing

Figure 10: Estimated shape function and layout results with
different pin positions

using the track demand factor t;h = 0.6. The factor t, is superfluous for our experiments
because the built-in feedthroughs of our standard cells reduce the horizontal red shift x" to zero.

cellname row area,, | aver. error
numbers [ [mm?] [%0]
alu32bit 2..24 4.2 10.8
au_ctrl 2..15 1.0 4.7
nmux05x32| 2..12 0.9 22.1
nmux08x32| 2..15 15 8.2
pel 1536 2..25 4.1 12.7
pe2 1173 2..18 2.8 5.8
sioo3x16thl | 3..30 39 16.5
sn32 2..22 24 7.1

Table 4: Average area estimation error for red boxes. The
pins were randomly assigned to one side each.

Experiments with further restrictions on the frame pins have shown that the cell areawill not
increase in all cases. We had several examples where the area slightly decreased when the pins
were restricted to smaller intervals. In other cases, the area increased. For a small number of
samples the variations of the cell areas were more than 30%.
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We observed a similar result by another experiment, too. For this experiment we only inter-
changed the intervals of the pins. This was done for the nmux08x32 multiplexer. Since all input
ports and the output port had the same width (32 bit), the red shift must be unchanged although
we interchanged the assignment of the ports to the intervals. A red shift computation that does
not analyze the contents of a cell (i.e. the netlist and/or the behavior) can only depend on the
locations of the pins. In our experiment, the number of pins assigned to one interval was the
same for all permutations. However, the variations of the cell areas were about 15%.

Both experiments show that it is not possible to estimate precisely the red shift of acell with
arbitrary pin restrictions. It has no sense to look for a more complex red shift model that shall
improve the results of table 4.

4. Conclusion

The most difficult part of the shape function computation is an accurate wiring area estima-
tion. Theaim of this paper wasto describein detail the wiring areaestimation of our shape func-
tion generation method. We introduced a mathematical five color model. Each color isrelated
to a certain part of the wiring area. Since it is not possible to estimate accurately the wiring
space of the net segments connecting the frame pins of a cell, we described a recursive pink
model that considers the interconnection of the subcells only. The remaining wiring space
needed to connect the frame pins has to be added only on the hierarchy level where the shape
function is used. Inaccuracies of the red shift will not be multiplied with the number of hierar-
chy levels of acircuit.

Results taken from a large number of sample layouts have shown that the accuracy of the
pink model is sufficient for an early area estimation and for floorplanning. The same accuracy
was obtained for the red shape function compared to the lower bound of all layouts of a cell.
However, the wiring areawe need to connect the frame pins cannot be estimated with the same
accuracy. Theinterchange of the association of the pinsand intervals already resultsin areadif-
ferences of more than 10%.

Until now we restricted our measurementsto standard cell blocks where the capacities of the
sides were larger than the number of pins. Our next am is to improve our red shift model for
the case that the pins are not equally distributed over the cell frame. Thisis necessary for the
top-down floorplanning where the global router decides the pin positions. Then, we will
improve our areaestimation model for the upper general cell levelsand wewill try to determine
the model parameters for these levels more precisely.
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