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Abstract: A new congestion—driven placement Algorithm is described based on the cell inflation. In this approach,
the methods of probability-estimation and star-model are used to evaluate the routing of nets. Global placement
can be done by using the algorithm of global optimization and slicing partitioning. The denotation of virtual area of
cell is given to indicate not only the area of cell but also the routing demand. T he virtual area of a cell is got by us—
ing the strategy of cell inflation., with which in the slicing partitioning, the routing congestion is eliminated. Fur-

ther reduction in congestion is achieved by cell moving. The algorithm has been tested on a set of sample circuits

from American companies, with great improvement in routablity having been obtained.

Key words: congestion; probability-estimation; cell inflation; cell moving

EEACC: 2570 CCACC: 7410D

CLC number: TN405.97 Document code: A

1 Introduction

The problem of introducing performance con—
straints into the automatic layout of integrated cir—
cuits has been addressed in the past. With the ad-
vent of over-the-cell routing, the goal of every
place and route methodology has become to utilize
an area to prevent the routes from spilling into the
channels. It is this overflow of routes that ac-
counts for an increase in areas. The multiple rout—
ing layers have enough routing resources to route
the most wires as long as there are not too many
wires congested in the same region. Yet net list
synthesis tools tend to generate net lists with high
pin-count nets and poor porosity library cells,
which often result in the local routing conges—
tion'".

Typical placement objectives are either to re—

duce the net-cut costs or to minimize the wire
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length. Because of its constructive nature, min-cut
based strategies can minimize the number of net
crossings but fail to uniformly distribute them'”.
Congestion-driven placement based on multi-parti-
tioning has been proposed in Ref.[3]. The actual
congestion cost calculated from the pre-computed
Steiner trees are used to minimize the congestion of
the chip, however, the number of partitions is lim-
ited due to the excessive computational load'”.
The minimal wire length as the metric to guide
placement, has succeeded in the achievement of
good placement. However, it only indirectly mod-
els the congestion and the behavior of the router.
Reducing the global wire length is helpful to re-
duce the wiring demand globally, but can not pre-
vent the existing local congested spots. Therefore,
traditional placement schemes that are based solely

[5—7
cannot ade-

on the wire length minimization
quately account for the congestion.

Recently, some congestion-driven placement
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methods are reported, such as the one proposed by
Parakh. which uses the strategy of ‘fegion ex—

8
" and

panding ” to eliminate the routing congestion
leads to the congestion oscillation in two or more
regions easily. As for the method presented by
Wang'”', besides the conventional placement algo—
rithms, a global router is run to evaluate the con-
gestion in the placement stage. And then, a flow—
based cell-centric algorithm is carried out to move
the cells so as to minimize the congestion. Howev—
er, this method depends on the router heavily.

In this paper, a new congestion—driven place—
ment algorithm based on cell inflation is proposed,
in which, the congestion keeps checking and elimi-
nating while we doing the placement. To check the
routing congestion, the method of Tesource esti-
mation ” is used instead of global routing, and the
result of congestion is more common and not
router-dependent. Tell inflation” is used to allevi-
ate and erase the congestion. All of above are done
self-adaptively in this approach, so that not only
the ©congestion oscillation” can be avoided, but al-
so it is of small loss in total wire length. Finally,

‘¢ell moving ” is described to refine our solution

further.

2  Congestion Analysis

2.1 Bin Structure

A poorly placed layout might be un-routable
due to the limited routing resources. In order to en—
sure the maximum routability in the layout, the
congestion should be minimized in the placement
stage. The followings are some denotations.

Global bin structure: A given chip is parti-
tioned into a set of rectilinear regions, each of
which is called a bin, as is the same as Reference
[ 4]. The congestion is defined based on the bin
structure. For example, in Figure I, we have 4X4
= 16 bins. For a certain bin, when its routing de-
mand exceeds its routing resource supply, it is

called a congested-bin. The number of bins must

be set properly; if it is too small, it will result in
the poor accuracy; on the contrary, it will increase

the computing complexity.
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FIG. 1 Bin Structure

Di (demand): In bin(i, j), Dy is the number of
routes, which are across or inside the bin. Since
there are horizontal and vertical routes in each bin,
there exist two D in each direction.

Si(supply): In bin (i, j), Sy is the number of
tracks, which are supplied by the route layer.
There are both Si in vertical and horizontal direc—
tions, too. Existent wiring of power and clocking
nets, and standard cells are considered obstacles to

the routing.
2.2 Wiring Modeling

If we estimate the routing congestion via run-—
ning a global router, the problem of fFouter-de-
pendent ” will appear. To avoid it, the method of
routing-estimation is adopted. In the course of
placement, a quick estimation is made for each net
using this method, with the congested bins being
detected. After that, the ¢€ell inflation” is used to
eliminate the congestion.

The routing estimation method applies to the
standard cell layout with two or more routing lay-
ers. From the current cell positions and bin struc-
tures, the routing estimation of each net across the
chip plan is obtained in both horizontal and vertical
directions, as well as the information on the con-
gested bin.

Since the routing estimation is done during the

placement, we do not know the real shape of each
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net. In fact, even a two-pin net can be routed in
many forms, so the follows are criteria to build up
an estimation model:

1) No detours exist when we estimate a net,
and the net must be routed within its bounding-—
box.

2) The estimation should be appropriate.

3) No complicated computing during the rout-
ing estimation.

In practice, we adopt Star-model ” to estimate
the routing of each net. T herefore, it is necessary to

find the center of the net according to formula(1):

Sink |
®
Sink2
e
Source
Sink3
Sink

)

va= ad/lnl. yu= Yy/nl (1)

iEn iSn
In order to optimize the routing and reduce the
number of vias, we adjust x» and y» to the nearest
coordinates of one of the nodes that connects to the
net, and then connect each node of this net with
the center. Figure 2 is a five-pin net. First, the
net is transformed into star-mode just like the one
on the right. Then we compute and adjust the co-
ordinates of the net center, where the x coordinate
of it equals to that of node Sinkl, while y coordi-

nate equals to that of node Source.

Sink1

FIG.2 Star-Model

To estimate the routing of nets, we have to
follow the rules below: a) all the two—pin nets
should route without detours and within its bound-
ing-box, and any two-pin net can switch direction
once at most; b) the star-mode net can be trans—
formed into a rectilinear routing tree based on
Manhattan Routing”. As shown in Fig. 3, when
we estimate the route that connects to Sink2 and
the Center, there are two possible routing paths:
A and B. No one knows which path the following
router will choose after placement, so we assume
that the probabilities of the following router’s
choosing path A or B are equal, i.e. this route will
go along path A and path B 0.5 track for each.
Obviously, if the route has the same x or y coordi-
nate, there would be only one possible path. As
shown in Fig. 3, when we route between Source
and Center, there is only one path, so that the
routing estimation is 1. 0 track. According to this
method, the result of routing estimation is ob-

tained and shown in Fig. 4. Please note that in

FIG.3 Routing Estimation

some segments, the estimated number of the re-
quired tracks is more than 1. 0. It is because there
are some duplicated nets in these segments. As it

is not consistent with the real routing, we modify
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FIG.4 Routing Estimation of Five-Pin
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them into a single net. In addition, the number of

tracks required in the bins, where the net passes,
should be recorded.

. P ” . ..
In fact, the Star-model” is very similar to the
A . »
minimum steiner-tree model, and the net center
can be compared to the steiner point. According to
L] i »” .
our experiments, star-model” is very close to the

real routing in practice.
2.3 Routing Resource Supply

The information on the routing resource sup—
ply includes the width of each metal layer, the
pitch, positions of pins in cells, obstacles and so
on.

2.3.1 Existent wiring

An existing wire in layer m of the power,
ground or clocking nets in a region (i,j), shown in
Fig. 5(a), decreases the routing resource supply by
a/w.where w is in the unit of routing tracks. Since
these wires are fixed throughout the placement. no
updating is required during the run time of place-

ment once the resource supply is reduced.

Metall Metal2
[ )
1
L
§ - u -
bin(i.j) 2
) ®) bin(i,j)

FIG.5

(a) Existing Wiring: (b) Cell Obstacle

2.3.2  Cell Obstacles

A cell normally consists of one blockage in the
first metal layer, which is as large as the cell out-
line, several blockages in the second metal layer
and some pins in either the first or the second met-
al layer. We assume that metall and metal2 are
horizontal routing and vertical one, respectively.
T herefore, a cell placed in bin (i, j) decreases the

routing resource supply by:

Awean Sy = Ti X % (2)
oo s
BunSy = T2 X (3)

where [ is the length of the cell indicated in Fig. 5
(b),L and W are those of the bins, 71 and T2 are
the numbers of tracks in the first two metal layers
within a bin, respectively. Let s be the width of
pins in a cell. Note that though it is in the first
metal layer that the pins might be, they are still
considered obstacles in the second metal layer to

T he

decrement in both equations (2) and (3) can be

other nets because of their accessibility.

pre-processed before the global optimization.
2.4 Cell Inflation

Let’s introduce some more denotations again.

Real Area of cell: The real area of a cell is the
product of the length and the height of a cell,
which is the actual size of the cell and can be used
in the accurate computation, such as in the first
step in global optimization to get the global opti-
mized position of the cell, in the routing estima-
tion, etc.

Virtual Area of cell: The virtual area of a cell
is the area of the cell after inflation. The value re-
veals not only the size of the cell but also the rout-
ing demand of the bin, where the cell locates cur-
rently. The virtual area can be used to eliminate
the congestion, such as in the latter step in the
global optimization to decrease the routing conges—
tion of the bins. The value of the virtual area is a
multiple of the real area, and the ratio can be de-
termined by the degree of the congestion of the
bin.

The method of cell inflation is presented as
follows.

After the routing estimation and detection of
the congested bins, in which the real area of the
cell is considered accurate, what we should do is to
inflate the areas of the cells located in the congest—
ed region. Supposing bin A is a congested one and
the area of cells located in bin A have the same ra-
tio, we can get the virtual area of the cells, which
will be used during the implementation of the next
partition loop. Due to the rule of area-balance,

some cells located in bin A are forced to move to
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other bins, as results in a decrease in the number
of cells located in bin A. Generally speaking, with
the decrease in the number of cells, the number of
nets through bin A will decrease accordingly. As a
result, the routing resource supply in bin A will
increase, while the routing demand will decrease.
T herefore, the congestion in bin A will be alleviat—
ed or eliminated. When the inflated cell moves to
an uncongested bin completely, it will recover to

the original area.

FIG. 6

2.5 Cell Moving

After the global placement. the cell moving is
implemented to erase the routing congestion fur-
ther, which is a desired method to decrease the
congestion. For instance, we now have a most
congested bin S and a most un-congested bin T, so
we draw a line from S to T, and then use a step
line SABCD - T to fit it. Next, some operations
are carried out along the step line. The cells in bin
S to bin § and A are mapped according to the coor—
dinates, as well as those in A originally and the
newcome ones from bin S to bin A and B. The
same operation will not be finished until we reach
bin T. After that, we do the congestion detection
and find another most congested bin and the most
un-congested bin. We then repeat the above cell
moving for several times.

The experimental results show that the cell
moving can decrease the congestion considerably.
The total wire length can be increased during the

cell moving. Since the cells are merely moved to

As shown in Fig. 6(a), there are four cells
and five nets in the left-up bin A, so it is congest—
ed. We expand the areas of the four cells located in
bin A. After next partition loop, due to the area—
balance, cell C is forced to move to bin B by using
the virtual area of cell. At this time, there are only
three cells and four nets in bin A, so the routing
resource supply increases while the routing demand
decrease. The congestion in bin A is then eliminat-

ed.

binA After Congestion (b)
Eliminated

A

A bt L T e el

(a) Routing Congested in bin 4: (b) Routing Congestion Eliminated

B
.
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FIG.7 Cell Moving

the adjacent bins, the increment is limited. The ra-
tio of nets routed is overwhelming for a router. Be-
cause the moving can not only enhance the
routability, but also make the route easier and de-

crease the detour, it is fairly valuable.

3 Main Algorithm Description

The information on the circuit is read through

LEF/DEF format. An m Xn bin structure is built
up.
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3.1 Global Optimization and Slicing Partition

The main loop of the global placement is com—
posed of global optimization, congestion detection,
congestion elimination and slicing partition.

In global optimization, a mathematical pro-—
gramming problem is derived and then solved. The
objective function is based on the nets” quadratic
wire length model. For a net n, its length is com—

puted according to the following equation:

L.= Z[ (x’-_ xf)2+ {J’f_ J"j)e

ijEn

Since the number of cells in a net is different
from each other, we assign a weight w. to net n.
T herefore, the objective is to minimize the weight—

ed sum of the quadratic wire length of all nets:

(;b: Z L nll n

nEN

At the lth partition level, the placement plane
is divided into 2’ regions, each containing a subset
of cells. If r is a region, we use T to denote the set
of cells contained in r, and (g, w) to denote the
coordinates of the center of region r. Thus for each
region r, we have two constraints on the global

placement:

T
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Combining the objective function with the
constraints, we get a constrained quadratic pro-
gramming problem:

LQP:min{®(x) = éx"ox + bX|AYX = ')

With the Lagrange Relaxation Method, this
problem can be solved. According to Reference
[ 10]. the global optima can be obtained by:

x= Q 'b y= Q 'b,.
where the vectors x and y denote the coordinates of
the movable cells to be placed. We solve this prob-

lem by changing the format of above formula and

making use of the iterative solution method
conjugate-gradient method (CG). To improve the
condition number of matrix Q, we use the precondi-

tioned conjugate—gradient method (PCG) in prac-

tice, which can result in an effective solution.
First, the global optimization and partition are
achieved on the chip planes, from level O to the
partition-level limit N. In this way. we get the
global optimization for each cell. Then, we detect
the routing congestion and find the congested bins.
During above processes, the real area of the cell as
the accuracy, is used to get the optimized optimiza—
tion. Next, with this method, we expand the areas
of cells to get the virtual areas of cells and adjust
the positions of cells to eliminate the congestion.
For a better result, we withdraw the partition level
to level (N - 6) and restart our global optimization
and partition, using the virtual areas of cells. Be-
cause of the rule of partition, part of the cells in
the congested bins move out of the bins automati-
cally and naturally. When reaching the partition
limit N again, we do the congestion detection, ex-
pand the areas of cells to update the virtual areas
of cells, and withdraw the partition level again.
After repeat it several times, we draw a conclu—

sion, with the loop flow shown in Fig. 8.

FIG.8 Partition Loop Flow

The algorithm can decrease the maximum con-
gestion markedly without any congestion vibra-
tion. With this method, the total wire length is in-
creased. However, because the position of cells is
adjusted naturally, it only increases a little.
Though we spend more time in withdrawing the
partition level repeatedly during this algorithm, it

is still timesaving and effective.
3.2 Post-Processing

After global placement, the cell moving is
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performed to erase the routing congestion further,
as descripted in section 2. 4. Finally, a final place-
ment, namely FAME, is used to assign the cells
into the slots and refine the solution obtained. For
more about FAME, please refer to Reference| 11].
I[n the last two processes, we both use the real ar—
eas of cells, so the inflated method will not affact
the final placement. The main design flowchart of

our approach is shown in Fig. 9.

Build up Bin Structure
& Other Initialization

Global Optimization

Cell Moving

K Siig Pariion>
Congest—Analysis

has been implemented on ULTRA-SPARC work-
stations with C language. To verify this approach,
we have tested it with a set of sample circuits from
American company. The characteristics of the cir-
cuits are listed in Table 1. As for the approach
without congestion constraints, the results, which
are obtained by using conventional placement (CP)
and congestion—driven placement (CDP), are sum-
marized in Table 2 and 3. X-Max is the number of
track shortage in the most congested bin in x direc—
tion, while Y-Max is that in y direction. Accord-
ing to the results, it is shown that our approach
can effectively cut down the maximum congestion
at about 30— 40 percent. Although the total wire-
length increases slightly, it is less important than
routability by now., especially in the cases of deep
submicron technology. Even though the run time
increases as twice as before, our algorithm still
runs fairly fast. It takes about one hour for the cir-

cuit U28070 that consists of more than 160 thou-

sand cells.

Table 1 Characteristics of Sample Circuits
# Circuits  # Pin # Cell # Net # Row # Laver
R . . . able 142 4596 4674 64 4
FIG.9 Main Design Flowchart Table
Design 1028 44283 44943 164 5
DM 1607 82924 83990 172 5
4 Experimental Results Uose14 388 32112 36452 186 3
U 11228 836 64224 72966 263 3
. . . U 28070 1604 160560 181932 417 3
New congestion—driven placement algorithm
Table 2 Comparison Between CP and CDP
Ccp CDpP
Circuits
Wire/um R4ime/s XM ax Y M ax Wire/um R4ime/s XM ax Y -Max
Table 33643475 73.6 90 16.5 33934358 212.7 58.5 4.5
Design 50503240 542.4 193 106. 5 50772567 1187.9 164 85
DM 1. 17 10% 766. 6 1014 1011 1. 18 10% 1703. 6 680 720
vosel4 26148356 543.9 553 455 27246965 1255 410 400
U11228 62317492 938. 1 1287 1078 64068224 1777. 6 699. 5 588.5
U 28070 2.16 X 10% 1714 4173 4032 2.26 %X 10° 3637. 4 2195 1728
Table 3 Ratio of CDP vs CP
Wire R-Time X-M ax Y -Max *
Cireuits ire ime ax ax 5 ConcluSlon
Increase Increase Decrease Decrease
Table 0. 86 188.99 35.00 72.73
Design 0.53 119.01 15. 03 20. 19 [n this paper, we have presented a new con-
2 . . P .
bM 0.63 122.23 32.94 28.78 gestion-driven placement based on cell inflation, in
Uo0s614 4.20 130.74 25.86 12.09
U11228 2 81 89. 49 45. 65 45. 41 which the method of probability-estimation is used
U 28070 4. 96 112.22 47. 40 57.14

to evaluate the routing of nets. Using the schemes
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of cell inflation, we eliminate the routing conges—
tion. Further reduction in congestion has been ob-

tained via cell moving. In addition, the well-

known quadratic placement is incorporated with
the slicing partitioning strategy in this approach.
The experimental results prove this method effec—

tive and efficient.
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