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A New Clugering Based Partitioning Method
for VLSl Mixed- Mode Placement
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Abdract : An dficient partitioning agorithm for mixedmode placement ,extended MFFC based partitioning ,is presented. It comr
bines the bottont up clugering and the top- down partitioning together. To do this,dedgners can rot only cluger cells conddering
logc dependency but a partition them aiming a mirrcut. Berimenta results show that extended MFFC based partitioning per-
forms well in mixed-mode placement with big pre desgned blocks. By compari on with the fanous partitioning package HMETIS,
this partitioning proves its remarkable function in mixed node placemert.
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1 Introduction

At present ,in ite of  many grest achievements
made in VLSI/ULSI placement area, such as quadratic
placements*?! | detailed placements®*! | incremental
placements'® 7! placement flow desgns®*®! and @ on,
the advanced techrology has brought out a great challenge
to gandard cell placement. Desgners are required to inter
grate from ten thousands to hundred thousands even mil-
lionsof standard cells onto one snge chip. Furthernore,
to inmprove desgn process and time-to-market ,the concept
of desgn hierarchy and reuse is becoming very inportarnt.
Sme critica parts of circuits are desgned separately and
then integrated onto the chips as pre-desgned mecros,

such as datgpath ,memory and intellectua property (IP) ,
and © on. It is very difficult to place sandard cells and
those pre-desgned mecros together directly in mixed
node. Frdly ,though ome placement methods for exanr
ple Qplace ,are good at placing norma cells ,we may ot
use them directly due to the big pre-dedgned blocks. Sec-
ondly ,though floorplaning methods are good at placing big
blocks ,we may ot use it directly either due to the rormal
cels outdde the pre-desgned blocks. Consequertly , the
hierarchical mixed-mode placement (HMMP) ! process is
enployed to meet this requirement. HMMP includes a par-
titioning ,a floorplaning ,and a cedll placement process. As
apart of HVIMP ,partitioning takes an inportant role in
the entire process. It acts as a preprocesor to decrease the

problem scae. Al it joins the floorplaning and the cell
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placement process together. The quality of partitioning &-
fects much the find placement result.

However ,people are accusgomed to usng clugering
or partitioning techniques in the begnning of hierarchica
methods, such as maximum fanout free cone (MFFC)
dusgering™® firg choice clugering!™ ratio-cut partition-
ing!™ , pectrunr based partitioning!™?! the generalization
of the AVFagorithm with look-ahead scheme'®™®! .and some
two-way or multilevel partitioning methods. In fact ,we
have roticed that the conventiona bottomup clugering
methods try to group the inner nets as many as possble
but ignore reducing the interconnection anong clugers;
while the conventiona top-down partitioning methods try
to reduce the interoonnected nets anong blocks but ignore
the logc dependency of cdls in blocks. In this paper ,a
new method unites the advantages of the two by selecting
the nodel of extendedMFFC-based (BVIFFC) partition-
ing which is pecidly desgned for mixed-node placement
with big pre-desgned macros,not only to group cells into
clugerswith logic dependency as close aspossble ,but a-
D to partition clugersinto blockswith interconnections a
nong them asfew as possble. It firg creates clugers sur-
rounding the macros by the connection ,then partitions the
clugered circuits into blocks with the min-cut objective.
The BEMFFC-based partitioning is combined into HMMP in
this paper ,replacing the former ratio-cut partitioning'™!.
Bxperimenta results on five DEF L EF benchmarks show
that the BMIFFC-based partitioning is very dfective in the
mixed-mode placement.

2 HMMP process

Wu and Hong firg proposed HVIMP process®! and
they achieved very good experimentd results. Its flow be
gns with a circuit partitioning,which is followed by a
block-based floorplaning. Then a quadratic placement in
each block and a find detailed placement on entire chip
will be employed.

In this pgper ,the partitioning part of the process ex

ecutes the extended-MFFC based partitioning. It is adopt-
ed to gather gandard cells with closes connections into
virtual oft blocks and convert the mixed circuit into the
block circuit. Then a dmulated annedling optimization
procedure is enployed as floomplaning’®®! to place the
blocks onto the chip. After floomlaning,a Q-placel®?!
(goba placement) is done in each virtua block regpec-
tively to obtain the cdls’ doba placement. Hndly ,the
process adopts the detailed placement!® ! to diminate the
overlap of goba-placed cels and dlocate the cdls into
the defined rows ,digned with stes. We can see that the
partitioning makes it available for floorplaning and Q
place to work together.

The HMMP in this pgper differs from that of Ref.
[3] jug in the partitioning gage;the former uses the
BEMFFC based partitioning ,and the latter uses the ratio-
cut partitioning method!™!.

3 EMFFC-based partitioning

Actudly , the extended-MFFC based partitioning is
conmposed of the extendedMFFC clugering and the
HMETIS partitioni ng. Before the introduction of extendect
MFFC clugering ,the MFFC clugering will be presented
firdly.

3.1 MFFC dugering

The MFFC clugtering!®! includes decomposition techr
nique and litting technique. The litting technique is
used when a cluger deconposed is too large. It lits the
cluger into smal ones. Due to the length regriction ,only
the deconpostion technique will be described here.

The deconposdtion aways darts with a st of cdls,
and traces dl in-direction connections of each cdl in st
to cluger those whose dl outputs are in the set. For exanr
ple ,a circuit as FHg. 1 shows will be deconposed into A ,
B ,C D ,Efive clugers. The cluger A is decomposed from
the st with the only cdl V ,and it absorbs cels V1 be
cause the output of the cdl V ,i.e. V1,isin the =t.



24

26

While the cdl S canrot be clugered into the set because
there exigs one output o it ,i. e. the cdl V2 ,being out-
dde the =t.

Fg.1 MFFC decormpostion
3.2 ExtendedMFFC clugering for mixed-mode

The extended MFFC clugering ison the bass o the
extended MFFC decormpodtion technique ,and it is e
cialy dedgned for the placement of circuits with big pre
desgned macros. The extended-MFFC deconposition techr
nique will be introduced firg.

3.2.1 ExtendedMFFC decomposition technique

Extended-MFFC  deconpostion technique differs
from the conventiond MFFC deconpostion technique in
initia decormpogtionfrom cels sdection. The extended
MFFC traces from a st of cdls;while the conventional
MFFC traces from one snge primary output (PO) or a
certain cdl. Gven initid st S={c1,c,c3, ,Cy} we
are required to decompose a new cluger from S usng ex
tended-MFFC. Beore this we ddine:

input (c) :acdl inging net of ¢ connects.

output (v) :a cel outgping edge of v connects.

{output (v)} :the st of dl the output(v) s.

{output (v) }| S:the output (v) sthat arein the st of

{output (v) } | *S:the output (v) s that are ot in the
s d S

| § :the number of the dementsin S.

S {output (v)} ={output (v) }| S+ {output (v) } |*
S,and {output (v) }| Sis exclusve to {output (v) } | "S.

F(v) :] {ouput(v)}| § /| {output (V) }|"S .isthe
factor which indicates whether the cell v should be clus
tered into st Sor rot. The maximumis 1 ,and the larger it

is,the nore connections there are between v and S. In
this paper ,we ignore those output (v) s,which are not in
the st S but have been clugered by other <ts.

In extended-MFFC decormpodtion ,a clugering factor
will be ecified before clugering begins. When we judge
whether a cell vwould be clugered into the st or not we
only need to check F(v). f it is greater than the dugter-
ing factor ecified ,the cdl v will be clugered into S,
otherwi se ot. S ,when the clugering factor is st to 1 the
extended-MFFC clugering isjug the same as MFFC clus
tering.

Suppose we are checkingone input (¢;) ,and it isthe
cel v. We check the F(v) to determine whether or not to
absorb v. Then we g on this process from the next input
(c) until dl cdlsin S are checked.

3.2.2 ExtendedMFFC cdugering from hard blocks

The problemdf clugering in circuitswith big pre-de-
dgned blocks (hard blocks) becomes subtle because of
the exigence of hard blocks. If we jug cluger asif those
hard blocks did not exig ,the result must be not as good
as taking them into acoount. The extendedMFFC cluger-
ing is an overdl clugering lution of the sandard cell
placement with big hard blocks. It begins with hard
blocks ,creeting clugters surrounding them. These clugers
are created by the connections between clugers and hard
blocks. By controlling the clugering factor mentioned in
section 3. 2. 1,we can achieve the clugers surrounding
hard blocks ring by ring.

For exanple,as Hg. 2 denondrates,we are now
clugering from the hard block. FHrg ,we divide the hard
block into four parts 1,2,3,4 ,and cluger the cdls in
those parts into sts. Then we decormpose from them to
trace new clugersone by one under the current clugtering
factor. After that ,we go on deconposing from those new
created clugers under a new srdler clugering factor urtil
the clugering factor goes out the proper vaue.  we obr
tain the clugersring by ring jus asthe area A in Hg. 2.
The neared to the hard block are the closegt in connection
to the cdlsinit ,and the clugersin the samefill (in Fg.
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2) are created under the same cludering factor. f not al
cdls are clugered into sets dter the clugering factor goes
out proper vaue ,we will cluger them from primary out-
puts (POs) o circuitswith the dgprithm of extendedMF
FC clugering. S ,even if in the placement o circuitswith
hard blocks that have little connections with other normal
cdls ,our agorithm can gill work well. The agorithm can
be done asfollowing agorithm pseudo codes.

Fg.2 Bxtended MFFC clugering from a hard block

Algorithm extended- MFFC clugering for mixed-node
placement

(1) create the root clustersfrom hard blocks

(2) while (dugering factor = proper val ue)

(3) for each root duger

(4 decormpose _ new _ clugter _ from_ root ;

(5 =t new cluger as new root ;

(6) endfor

(7)  decrease the clugering factor properly ;

(8) end while

End agorithm

The process decormpose — new _ cluger _from _root in
the dgorithm works in the way as mentioned in section
3.2.1.

After the clugering has done , HMETIS will be in
wked to partition clugersinto a certain number of parti-
tions.

3.3 HMETIS package

HMETIS™ is a library downloaded from http :

WWW-users. cs. umn. edu/  karypi g metis. It can partition

a hyper-grgph into partitions with min-cut anong them. It
can d 0 take the gandard deviation of areasaf blocksinto
acoount . We enploy it to partition the clugered circuitsin
this process. All options used in this paper are ddfault as
described in Ref. [14].

3.4 Determine the parameters

In this partitioning ,ome parameters mug be deter-
mined beore it executes. In this pgper \we are required to
determine these parameters:the clusering factor ,the nunr
ber of blocks ,and the blocks area deviation.

3.4.1 Clugering factor

This parameter is introduced in section 3.2 and is
used for gaining the clugers around hard blocks. It is
nore independent of later process,as it is to inprove the
logc dependency of clugers, we decide to determine its
vauefird. It is st to 1. O initidly ,and dop decreasng a
a certain vaue between 0.1 and 1.0. The less it is
stopped at ,the fewer blocks are inputted to HMETIS ,and
then the running time is cut down ;while the cut number
may increase dter partitioning. $ we need to determine
the minimum vaue o cluger factor by experimenting
much. Sown in Hg. 3 ,this is done on the circuit of two
mecros ,and the other two parameters are st to four blocks
and gandard area deviation. We find out that we get the
dortes tota wire length when the minimum clugering
factor isst t0 0. 6. S it is used as default in later experi-

ments.

Fg.3 Cdugering factor and tota wire length

3.4.2 Number o blocks
How many blocks (soft blocks) the normal cdls in
circuitswill be partitioned into is a conventiona problem.
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In current research ,how to determine the number is diffi-
cult. Due to the different gpplications,the block number
ecification may be different. There may be a certain re-
lation between the optima block number and the circuit
logc dependency ,but we canrot find it yet.

In our HMMP process ,the block number ecificar
tion is d9 subjected to the time conplexity of the later
floorplaning. Under average running time ,we find out the
total number of <oft blocks and hard blocks is proper in
therange o 6 30. Because the number d< dfects the
dobal placement ,which places cdls in each block ,we
canrot gve a prodf to the optimal number. We have o
choice but to experiment on it. However ,one snde block
cannot contain too many cells in it because of the conr
plexity of the Q-place. D this parameter may range with
the corresponding scale of circuits. Fgure 4 gves the dia
gram of the number of <oft blocks and the final placement
result (tota wire length) on the same circuits as the find
experimental results. Due to length redriction, here we
give one circuit with two pre-designed blocksin Fg. 4(a)
and one with dx in Fg. 4(b) ,under the clustering factor
from the result of section 3. 4. 1 and sandard area deviar
tion. From the data ,we can find out that the optimal block
number is 4.

Hg.4 Number of blocks and totad wire length
two hard blocks; (b) With sx hard blocks

(a) With

3.4.3 Contrdling the areas of blocks
In conventiond partition, a dandard deviation of

blocks areas may be preerred. But in the BMFFC based
partitioning of the mixedtnode process ,blocks with a cer-
tain area deviation may be nore fit for floorplaning. In
fact floorplanis good at placing such blocks. However the
areas of blocks ,indicating the number of cells in blocks,
will irfluence on the Q-place in gobd placement ,because
the number of cdls can dfect the find lution accuracy
o it. D it isd D subjected to two corflictive agpects. For
gnplicity,the gandard deviation is used in al experi-
ments in this paper.

4 Experimental results

The proposed extended MFFC-based partitioning al-
gorithmisinplemented in C+ + language and works on
un Workgation V880. Intel Corp. provides the tes cir-
cuits whose characteridics are shown in Table 1 ,including
cel number ,macro number ,net number ,and tota area of
mecros versus total area of chip in percentage.

Table 1 Characteridics of ted circuits

Cae #cdl # mecro # net Macro areal %
Block2 7094 2 10049 37
Block6 5996 6 10049 47
Block8 5662 8 10049 50
Block9 5895 9 10049 53
Block10 5151 10 10049 57

Table 2 gvesthe value of the parameters used in ex
tendedMFFC based partitioning. These parameters are
determined as section 3. 4 describes.

Table 2 Parameters

Parameter Min dugering factor # block
Vaue 0.6 4

Area deviation
Sandard

Table 3 gves the experimentd results of extended
MFFC based HMMP with conparion to the results of
HVMP3!, TWL is the abbreviation of tota wire length
and its unit isp m.

We can e that the extended-MFFC based HMMP
outperforms the former HMMP on al teg circuits. The inr
provement ratio ranges between 7. 4 % and 43. 6 %.
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Table3 TWL of BEMFFC based HMMP and Re . [3]

TWL of TWL o Inprove
Qreuit

Re . [3] EMFFC based ratio/ %
Block2 1692002 1566458 7.4
Block6 2029252 1492078 26.5
Block8 2022614 1481309 26.8
Block9 2345725 1948917 16.9
Block10 2130945 1201478 43.6

Table 4 gves the running time of our dgorithm. We
can se in Table 4 that the running time of partitioning
(col . partition) isonly a svdl part of tota running time
(ool . total) ,at nmog 2.5 %. It is very dficient for us to
gain © good total wire length.

Table 4 Running time of BMFFC based partitioning

Partition Totd Ratio of
Qircuit
/s /s totd/ %
Block2 8 322 2.5
Block6 7 381 1.8
Block8 6 426 1.4
Block9 7 516 1.4
Block10 5 290 1.7

We d o gve the comparion between the extended
MFFC based partitioning and the HMETIS partitioning in
mixed-mode placement. HMETIS uses al default options.
We dill employ the process of HMMP ,but use extended
MFFC-based partitioning and HMETIS as partitioning
method regectively. From Table 5 ,we can find out that
the extendedMFFC-based partitioning outperforms
HMETIS by the retio rangingfrom 7. 6 %to 33. 7 %on al
circuits with about 50 % time conservation. Our agoprithm
is nmore suitable for large- scale placement than HMETIS.

Table 5 Conparion between BMFFC based portioning and
HMETIS

HMETIS Our agprithm TWL inproving
case TWL Timel' s TWL Tinel s ratio/ %
Block2 | 1.70x10%| 14 [ 1.57x10° 8 7.6
Block6 [ 1.67x10%| 14 | 1.49x10° 7 10.5
Block8 | 1.68x10°| 13 | 1.48x10° 6 11.9
Block9 [ 2.94x10%| 14 [ 1.95x10° 7 33.7
Block10] 1.31x10%| 13 | 1.20x10° 5 8.0

5 Conclusion

The method of extendedMFFC based partitioning
can help inprove the qudity of mixed-node placement
with big pre-dedgned blocks. In the next gage,timng,
ocongegtion ,and other mixed-node kindsdf placement such
as circuits with various heights of big cells will be taken

into acoount.
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