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Abstract
Non-rectangular(rectilinear)shapeoccursveryoftenin deepsubmi-
cronfloorplanning.Mostpreviousalgorithmsaredesignedto handle
only convex rectilinearblocks.However, handlingconcave rectilin-
earshapeis necessarysincea simple“U” shapeis concave. A few
works could addressconcave rectilinearblock explicitly. In [2], a
necessaryandsufficient conditionof feasiblesequencepair is pro-
posedfor arbitrary rectilinearshapein termsof constraintgraph.
However, no constraintis imposedon sequencepair representation
itself. The searchfor feasiblesequencepair mainly dependson
thesimulatedannealing,which impliesunnecessaryinefficiency. In
many cases,it takes very long time or even is unableto find the
feasibleplacement.Furthermore,it takes O

�
n3 � runtimeto evalu-

ateeachsequencepair, which leavesmuchspacefor improvement.
In this paper, we proposea new methodto handlearbitraryrectilin-
earshapeconstraintbasedon sequencepair representation.We ex-
plorethetopologicalpropertyof feasiblesequencepair, anduseit to
eliminatelots of infeasiblesequencepairs,which implies speeding
up theconvergenceof simulatedannealingprocess.Theevaluation
of a sequencepair is basedon longestcommonsubsequencecom-
putation,andachievessignificantly fasterruntime(O

�
mn loglogn �

time wherem is thenumberof rectilinear-shapeconstraints,n is the
numberof rectangularblocks/subblocks).Thealgorithmcanhandle
fixed-framefloorplanningandmin-areafloorplanningaswell.

1. Introduction
Floorplanningis the early stageof physicaldesignanddetermines
overall chip performance.Thehierarchicalapproachto handlecon-
tinuouslyincreasingcomplexity of VLSI circuits andthe wide use
of IP blockmakefloorplanningevenmoreimportant.Thepastyears
is the age for inventing floorplanningrepresentation.For slicing
structure,thereare binary tree[13] and normalizedPolish expres-
sion[19]. For non-slicingstructure,many representationsare in-
ventedrecently, suchastopologyrepresentation(BSG[11],sequence
pair[10], TCG[7]), packingrepresentation(O-tree[3], B*-tree[1]),
and mosaicrepresentation(CBL[4], Q-sequence[16],twin binary
tree[22],twin binarysequence[24]).

In a real-world floorplanningproblem,additionalconstraintsare
imposedon subsetsof blocksfor users’purpose.Differentdesigns
havedifferentrequirements.Thusit is importantandusefulto allow
usersto specifyplacementconstraintsduringfloorplanning.

With the advent of deepsubmicrontechnology, integratedcir-
cuit blocksareoften not rectangular. Non-rectangular(rectilinear)
shapedblocksareintroducedto facilitatetheusageof chip areaand
improve theblocks’ connectivity.

Rectilinearshapehasbeenstudiedextensively in the literature.
Rectilinearblockscanbecategorizedinto two typesof blocks:con-
vex rectilinearblocksandconcave rectilinearblocks. A rectilinear
blockis definedasconvex if any two pointsin theblockhaveashort-
estManhattanpath inside the block. Otherwise,the block is con-
cave. L/T-shapeis a specialcaseof convex rectilinearshape.Most
floorplan representationshave beenextendedto handlerectilinear
shape,suchasslicing structure[23],BSG[5, 15], sequencepair[6,
2], O-tree[14],CBL[9], B*-tree[20], andTCG[8]. Eachrectilinear
block is partitionedinto asetof rectangularsubblocks.Therelation-
ship betweenthe subblocksin a rectilinearblock is representedin
an encodingschemeor in additionalconstraint. Most of the algo-
rithmsaredesignedto handleonly convex rectilinearblocks. How-
ever, handlingconcave rectilinearis necessary. For example,a very
simple“U” shapeis concaverectilinear. Only afew workscouldad-
dressconcaverectilinearexplicitly. In [2], anecessaryandsufficient�
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conditionof feasiblesequencepair is proposedfor arbitrary recti-
linear shapein termsof constraintgraph. However, no constraint
is imposedon sequencepair representationitself. The searchfor
feasiblesequencepair mainly dependson the simulatedannealing,
which impliesunnecessaryinefficiency. In many cases,it takesvery
long time or even is unableto find the feasibleplacement.Further-
more,it takesO

�
n3 � runtimeto evaluateeachsequencepair, which

leavesmuchspacefor improvement. Thushandlingconcave recti-
linearshapeconstraintremainsto bea problem.

We observe thathandlingconcave rectilinearshapeis inherently
dimensiondependent,i.e., exploring topology constrainton floor-
plan representationalonecan not guaranteea feasibleplacement.
However, topologyconstraintcanbe imposedon representationfor
eliminatinglotsof infeasiblerepresentations,reducingsolutionspace,
andspeedinguptheconvergenceof searchprocess.Thusweusethe
topology representation,sequencepair, to study the problem. We
first investigatethe topologypropertyof feasiblesequencepair sat-
isfying rectilinearshapeconstraints.Thenonly the sequencepairs
which satisfy the topology property are generatedand evaluated.
Sincethefeasibilityof asequencepairdependsontheactualdimen-
sionof blocks,it is impossibleto searchin solutionspaceincluding
only feasiblesequencepairs. We usesimulatedannealingto search
for optimal floorplan satisfyinggiven constraints. Another obser-
vation we madeis that perturbationin simulatedannealingshould
distribute the probability evenly acrossall solutionsin the solution
space,andthe feasiblesolutionsshouldreacheachotherthrougha
sequenceof “moves”. Thepropertyof evendistribution andreach-
ability is very important for simulatedannealingto perform well.
Otherwise,it may be entrappedin a local optimal. To evaluatein-
feasiblesolution,a commonusedtechniqueis to adda penaltyterm
in cost function. However, the factorof penaltyis hardto decide:
too largemayaffect thesmoothnessof simulatedannealing;andtoo
smallmaybeuselessin guidingsimulatedannealingto convergeto
feasiblesolution.In contrastto traditionalapproach,we usea novel
costfunctionwhich unifiestheevaluationof feasibleandinfeasible
sequencepairs.

TangandWong[17]presentedanO
�
n loglogn � algorithmto eval-

uatea sequencepair basedon computingthe longestcommonsub-
sequence(LCS) of two weightedsequences,andshowed excellent
experimentalresults. The LCS methoddoesnot needto construct
constraintgraph.Sinceconstraintgraphis moregeneralthanLCS,
peoplemaythink thereexistslimitation for LCS,e.g.,to handlerec-
tilinear shapeconstraints.In the paper, we employ LCS computa-
tion anddemonstrateits capabilityin dealingwith constraints.Fur-
ther, thealgorithmevaluateseachsequencepair to obtainafloorplan
in O

�
mn loglogn � wherem is the numberof rectilinear-shapecon-

straintsandn is thenumberof rectangularblocks/subblocks,which
is significantly fasterthanthe original O

�
n3 � methodoperatingon

constraintgraph.1 The methodis suitableto both fixed-frameand
min-areafloorplanningoptimization. Our experimentalresultson
MCNC benchmarkfor block placementshow the promiseof the
method.

2. Preliminary
A sequencepair is a pair of sequencesof n elementsrepresentinga
list of n blocks. The two sequencesspecifythegeometricrelations
(suchasleft-of, right-of, below, above) betweeneachpair of blocks
asfollows:�������

bi
�����

b j
�������������

bi
�����

b j
����� �
	 bi is to theleft of b j (1)�������

b j
�����

bi
�������������

bi
�����

b j
����� �
	 bi is below b j (2)

1Somerecentresultsshow thatthis canbedonein O
�
mn2 � time.



It is shown in [17] that the coordinatesof blocksand the total
width andheightof floorplancanbeobtainedby computinglongest
commonsubsequencein termsof the two sequences.Given a se-
quencepair

�
X
�
Y � , the total width of floorplan equalsthe length

of the longestcommonsubsequenceof X andY whereweightsare
blocks’ widths. Analogously, the total heightof floorplanis deter-
minedby dealingwith thelongestcommonsubsequenceof XR and
Y whereXR is thereverseof X andweightsareblocks’heights.The
coordinatesof ablockarecalculatedasfollows. Let

�
X
�
Y � = � X1bX2,

Y1bY2
� andlcs

�
X
�
Y � denotethe lengthof the longestcommonsub-

sequenceof X andY . Then
�
XR � Y � =

�
XR

2 bXR
1 , Y1bY2

� . The x-
coordinateof blockb equalslcs

�
X1
�
Y1
� with blocks’widthsasweights.

The y-coordinateof block b is lcs
�
XR

2
�
Y1
� with blocks’ heightsas

weights.In addition,all thecomputationsof blocks’x/y coordinates
canbeintegratedinto asinglelongestcommonsubsequencecompu-
tationfor a sequencepair.

3. Sequential Rectilinear Shape
For betterpresentationandeasyunderstanding,we classifyrectilin-
earshapeinto two categories: sequential andnon-sequential. we
first discusshow to handlesequentialrectilinearshapein thesection,
andthengeneralizeto non-sequentialin thenext section.
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y
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Figure1: (a) H-sequentialrectilinearblock; (b) V-sequentialrecti-
linearblock.

A rectilinearblock is saidto be H-sequential if no vertical line
cuts the block into more than two parts. Analogously, we define
a rectilinearblock to be V-sequential if no horizontalline cutsthe
block into more thantwo parts. Sequential rectilinearconsistsof
H-sequentialandV-sequential.As we canseein Figure1, H(V)-
sequentialrectilinearcan be divided into a sequenceof subblocks
usingvertical(horizontal)cuts. It is obvious that convex rectilinear
is both H-sequentialandV-sequential.Some(but not all) concave
rectilinearblocksareH/V-sequential.

In the following, we mainly discusshow to handleH-sequential
rectilinear. Thenwe show V-sequentialrectilinearcanbe handled
similarly.

Rectilinearblockispartitionedintoasetof rectangularsubblocks.
Eachrectangularsubblockis treatedasablockin floorplanrepresen-
tation.Therectilinearshapeis recoveredduringplacement.

Supposethatarectilinearblockb is H-sequentializedinto asetof
rectangularsubblocksbi, i � 1

�
2
���������

k. Thusthesubblocksbi must
follow theadjacency-orderconditionasstatedin Theorem1.

Theorem 1. If a rectilinear block b is H-sequentialized into k
subblocks, bi, i � 1

�
2
���������

k, then the corresponding sequence pair
representation must satisfy that

�
X
�
Y � � �������

b1
�����

b2
�����������

bi
�����������

bk
�����

,�����
b1
�����

b2
�����������

bi
�����������

bk
����� � and there is no common elements between

bi and bi 
 1 in
�
X
�
Y � , 1 � i � k � 1.

In addition,if thereexist multipleH-sequentialrectilinearblocks,
themultiplesetsof subblocksmustsatisfythenoncrossingcondition
asstatedin Theorem2.

Theorem 2. Given any two rectilinear blocks, a (H-sequentialized
into ai, i � 1

���������
k) and b (H-sequentialized into b j , j � 1

���������
k � ),

the corresponding sequence pair representation must satisfy that no
relative position like

�������
ai
�����

b j
�����

b j � ����� ai � ������������� b j
�����

ai
�����

ai � ����� b j � ����� � ap-
pears in sequence pair

�
X
�
Y � .

If a sequencepair satisfiestheconditiongivenin Theorem1, the
subblocksbelongingto a rectilinearblock canpossiblybe abutted
oneby onein x directionandthenbe alignedin y directionto re-
cover theoriginalshape.An exampleis illustratedin Figure2. Note
thatthealignmentoperationdoesnotchangethetopologicalrelation
specifiedby sequencepair. Let us determinea referencesubblock
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Figure2: (a)Theoriginal shapeof rectilinearblock b. (b) Sequence
pair (X

�
Y )=(b1 a b2 c b3, a b1 c b2 b3) satisfiesthe condition in

Theorem1. Subblocksb1, b2 andb3, canbealignedto recover the
original shapeof b. Notethatthereis no commonelementbetween
b1 andb2 (or betweenb2 andb3) in

�
X
�
Y � .
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Figure 3: (a) The original shapesof a and b. (b) The two sets
of subblocks(ai and bi, i � 1

�
2
�
3) can not be alignedto recover

the original shapealthoughthey satisfythe adjacency-ordercondi-
tion in sequencepair representation.Thesequencepair is

�
X
�
Y � ��

b1 a1 a2 b2 b3 a3, a1 b1 b2 a2 a3 b3
� .

(sayb1 for convenience),andthentherelative positionof eachsub-
block in y directionis ri, i � 1

���������
k (surelyr1 � 0). Let x

�
bi
� (y � bi

� )
be the x(y) coordinateof bi, andw

�
bi
� (h � bi

� ) be the width(height)
of bi, i � 1

���������
k respectively. Thusthealignmentoperationis per-

formedasfollows:

ymax � max � y � bi
� � ri � i � 1

�
2
���������

k �
y
�
bi
� � max

�
y
�
bi
� � ymax � ri

��� i ��� 1 � 2 ��������� k �
Theorem2 preventsthesituationasshown in Figure3. Thetwo

setsof rectangularsubblocks(ai andbi, i � 1
�
2
�
3) cannotbeassem-

bledto original rectilinearshapebecauseai andbi arecrossing,al-
thoughbothai andbi satisfytheadjacency-orderconditionasstated
in Theorem1.

Thetwo necessaryconditions(Theorem1 andTheorem2) guar-
anteethe topological relation of subblocksfor rectilinearblocks.
It shouldbe notedthat we may needto adjustthe x coordinateof
thefirst subblockof anH-sequentialrectilinearblock to make them
tightly abutted,referringto Figure2. Theadjustmentis performed
asfollows:

x
�
b1
� � x

�
bk
� � k � 1

∑
i � 1

w
�
bi
�

However, the two conditionsare only necessary, but not suffi-
cient. The feasibility of constrainedsequencepair is actualdimen-
siondependent.For example,referringto Figure4(a),thesequence
pair (b1 a b2 c b3

�
a b1 c b2 b3) satisfiestheconditions,but thecon-

strainedsubblocksb1,b2 andb3 cannotbeassembledto recover the
originalshapebecausec is widerthanb2 andsubblocksbi cannotbe
tightly abutted.Weaddressthis issueby addinga“dummy” blockat
theright asshown in Figure4(a)andre-evaluatethesequencepair.
If therectilinearshapecannot berecovered,thenthedummyblock
will be pushedout of the frameasshown in Figure4(b). The out-
of-framevaluewould measuretheviolation. Formally, thedummy
block is determinedasfollows. Given a problemthat k subblocks� bi � i � 1

�
2
���������

k � of arectilinearblockb bein aframeW � H, where
bi hasdimensionw

�
bi
� � h

�
bi
� respectively. Let δ denotethedummy

blockandx
�
bi
� bethex coordinateof subblockbi. Thewidth of δ is

w
�
δ � � W � x

�
bk
� � w

�
bk
�

andtheheightof δ is h
�
δ � � 0.

Notethat thealignmentoperationmayintroduceoverlapamong
blocks/subblocks.We will re-evaluatethe sequencepair to resolve
overlap. The detail will be discussedin Section5. Figure 4(b)
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Figure4: (a) Alignmentoperationis performedandDummyblock
is introducedat the right of a rectilinearblock. (b) The resultafter
re-evaluatingthesequencepair. In violationof rectilinearshapecon-
straint,thedummyblock is pushedout of frame. Theout-of-frame
valuewouldmeasuretheviolation.

actuallyshows the resultafter resolvingoverlap. For V-sequential
rectilinearshape,we will analogouslydealwith the two sequences�
XR � Y � andalign the subblocksin x direction. It can be handled

similar to H-sequentialrectilinear.

4. Arbitrary Rectilinear Shape
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Figure 5: (a) A non-sequentialrectilinear block; (b) it is
H-partitioned into four sequencesof H-sequential subblocks,�
b3
�
b8
�
b9
� , � b1

�
b2
�
b7
�
b8
� , � b4

�
b7
� , and

�
b5
�
b6
�
b7
� .

A non-sequentialrectilinearshapecannot be partitionedinto a
sequenceof H-sequentialor V-sequentialsubblocks. However, it
can be partitionedinto multiple sequencesof H-sequentialor V-
sequentialsubblocks.A rectilinearblock is saidto beH-partitioned
if it is partitionedinto multiplesequencesof H-sequentialsubblocks.
Analogously, a rectilinearblock is said to be V-partitionedif it is
partitionedinto multiple sequencesof V-sequentialsubblocks.Let
usconsideranexampleshown in Figure5. Therectilinearblock is
H-partitionedinto four sequencesof H-sequentialsubblocks,s1 ��
b3
�
b8
�
b9
� , s2 � �

b1
�
b2
�
b7
�
b8
� , s3 � �

b4
�
b7
� , ands4 � �

b5
�
b6
�
b7
�

in bottom-uporder. Any two adjacentsequenceshave at leastone
subblockin common,for example,s1 ands2 have a commonsub-
block b8, s3 and s4 have a commonsubblockb7. Eachsequence
of subblocksis constrainedsimilar to an H-sequentialrectilinear
shape(thealignmentoperationin y directionwill bedifferent).Thus
the sequencesmustsatisfy the adjacency-orderconditionandnon-
crossingconditionstatedin Theorem1 andTheorem2 respectively.
In addition,thesequences,si, 1 � i � 4, needto follow thebottom-
up order. In otherwords,thesequence

�
b1
�
b4
�
b5
� shouldbetreated

as constrainedby a V-alignmentconstraint. The only difference
is that the subblocks � b1

�
b4
�
b5 � are not abutted with eachother.

Thusthe sequenceof subblocksmustappearin sequencepair like�
XR � Y � � �������

b1
�����

b4
�������

b5
�������������

b1
�����

b4
�����

b5
����� � . So do the sequences�

b1
�
b4
�
b6
� and

�
b3
�
b7
� . All theseconditionstogetherguaranteethe

topologicalrelationbetweensubblocksto recover theoriginal recti-
linearshape.Weadddummyblocksto keeptherelative positions.

For bettermanipulationof data,we usean orthogonallink list
(calledO-list) to representthepartitionof therectilinearblock. An
O-list consistsof a set of H-lists and a set of V-lists as shown in
Figure 6. Each H-list containsthe sequenceof subblocksto be
alignedhorizontally, andeachV-list containsthe sequenceof sub-
blocks to be alignedvertically. For H-partitionedsubblocks,each
H-list is treatedas an H-sequentialconstraint,requiring to satisfy
theadjacency-ordercondition.Any two adjacentH-listsarerequired
to satisfythe non-crossingcondition. EachV-list is treatedasa V-
sequentialconstraint,requiringto satisfytheordercondition.

5b 6b

4b

1b

3b

7b

8b 9b
2b

V−lists

H−lists

O−list={H−lists, V−lists}

Figure6: Theorthogonallink list, O-list, is � H-lists,V-lists� .
5. Algorithm
Notethatthecalculationsof x andy coordinatesof all theblocksare
doneindependentlyby evaluating

�
X
�
Y � and

�
XR � Y � respectively.

In thefollowing wemainlydescribethealgorithmto evaluate
�
X
�
Y �

in thepresenceof constraintssincetheevaluationof
�
XR � Y � canbe

donesimilarly.
The underlineengineof our algorithm is basedon computing

longestcommonsubsequencepresentedin [17] with alignmentoper-
ationpluggedin. Sincethealignmentoperationmayintroduceover-
lap amongblocks/subblocks,we needto re-evaluatethe sequence
pair to resolve overlap. Oneiterationof LCS computationmaynot
alignall subblocksimposedby rectilinear-shapeconstraints,because
alignmentoperationsfor differentrectilinearshapesareaffectedby
eachother. However, sincethereis no crossingbetweenrectilinear-
shapeconstraintsasstatedin Theorem2, rectilinearshapescanbe
keptin bottom-uporderin y direction.First iterationof LCScompu-
tationalignsthebottommostrectilinearshape.Anotheriterationwill
align at leastanothersetof subblocksrelatedto a rectilinear-shape
constraint,and so on. Thus at most m � 1 iterationsare needed,
wherem is thetotal numberof rectilinear-shapeconstraints.On the
otherhand,if afterm � 1 iterations,still notall subblocksarealigned
for all rectilinearshapes,thentheremustexist crossingbetweenrec-
tilinear shapes(violating theconditionin Theorem2). In this way,
ouralgorithmcandetectwhethercrossingexists.2

Let lcs � � X � Y � denotethe returnvalueof the algorithm, i.e. the
lengthof the longestcommonsubsequencewith alignmentopera-
tion andthedummyblocksintroducedby constraints.Consequently,
lcs � � X � Y �! W , thewidth of theframe.

Analogouslywe canevaluate
�
XR � Y � to computethe y coordi-

natesof blocks/subblocks.Similarly lcs � � XR � Y �" H, theheightof
theframe.Thetime complexity of thealgorithmis statedin thefol-
lowing theorem.

Theorem 3. The algorithm evaluates a sequence pair in O
�
mn

loglogn � time where m is the total number of rectilinear shapes and
n is the number of block/subblocks.

If asequencepair is feasible,thentheplacementproducedby the
sequencepair mustbecontainedwithin thegiven frame. Thus,we
have thefollowing necessaryandsufficient condition.

Theorem 4. A sequence pair
�
X
�
Y � is feasible if and only if

lcs � � X � Y � � W and lcs � � XR � Y � � H.

In real-world floorplanningon fixed die-size,we not only place
all blocks/subblockswithin thegivenframe,but alsoconsidersome
otherobjectives,suchasminimizing wire length. Floorplanningis
an NP-hardproblem. We usesimulatedannealingto searchfor an
optimalfloorplan.

The following operationsare usedto generatea neighborse-
quencepair in simulatedannealing.

Move1 is to move a block/subblockin thefirst sequenceX from
theoriginalpositionto a destinationposition.Move1still maintains
the relative orderingof other blocks/subblocks.Note that Move1
doesnotchangethesecondsequenceY . Thedestinationof a moved
unconstrainedblockor rectilinear-constrainedsubblockis within an
interval. It is easyto computetheintervalsandpick a randomdesti-
nationwithin theintervals. Obviously, Move1canbedonein linear
time.

Move2 is similar to Move1exceptthat it operateson thesecond
sequenceY .
2RecallthatBellman-Fordalgorithm,whichcomputesshortestpath,
uses�V � iterationsto detectnegative cycle.



Rotation is to rotateanunconstrainedblock (e.g. exchangethe
width andheight of the block). Rotationdoesnot changethe se-
quencepair representation.This operationcanbedonein constant
time.

Flip is usedto changethe orientationof a rectilinearshape.If
a rectilinearshapeis H-partitionedto a setof subblocks,thenFlip
operationwill causethe shapeto be V-partitioned,andvice versa.
Theoperationon sequencepair is to reversetheorderof thesetof
subblocksin thefirst sequence,andwealsoneedto updatetheO-list
of therectilinearshape.Flip canbedonein lineartime.

Notethatif asequencepair
�
X
�
Y � is infeasiblethenlcs � � X � Y �!#

W or lcs � � XR � Y �$# H. Thereforelcs � � X � Y � � W andlcs � � XR � Y � � H
measuretheviolationin x andy directionrespectively. Naturally, we
usethefollowing costfunction

C � lcs � � X � Y �&% lcs � � XR � Y � � λL

whereL is wire length,and λ is coefficient for balancingthe two
factors.Thecostfunctionunifiestheevaluationof bothfeasibleand
infeasiblesequencepairs.

6. Reachability
Thesolutionspacewe explorein simulatedannealingincludesonly
sequencepairsthat satisfytheorderingconditionimposedby The-
orem1. We relax theconditionimposedby Theorem2, andlet the
algorithmto evaluateit asmentionedabove. We canprove within
the solutionspaceany sequencepair canreachany othersequence
pair througha sequenceof move operations.Givenany two differ-
entsequencepairsin thesolutionspace,onecanbechangedto the
otherasfollows. First, we useflip operationto make the ordering
of constrainedsubblocksbe the samein the two sequences.Then,
onesequencecanbe“sorted” into theothervia move1/move2opera-
tions.Notethatmove1/move2doesnotchangetherelative ordering
of constrainedsubblocks.Weneedatmostm flip operations.Sorting
onesequencerequiresat mostn move1/move2operations.In total,
at mostm � n operationsareneededto transforma sequencepair to
anotherin the solutionspace. Therefore,the diameterof solution
spaceis at mostm � n (diameteris themaximumdistancebetween
any two solutionswherethe distancebetweentwo solutionsis the
minimumnumberof movestransformingoneto theother).

7. Experimental Results

Table1: Min-arearesultsof floorplanningwith rectilinearshapes.
constraints time area dead

circuit block recti. subblock (s) (mm2) space
apte 9 2 6 3 47.08 1.1%

xerox 10 2 6 6 20.72 6.6%
hp 11 2 6 8 9.342 5.5%

ami33-1 33 3 9 23 1.282 9.8%
ami33-2 33 4 12 25 1.268 8.8%
ami49-1 49 3 9 30 38.28 7.4%
ami49-2 49 4 12 32 38.82 8.7%
ami49-3 49 5 14 32 38.82 8.7%

Wehaveimplementedthealgorithmandtestedonproblemswith
variousrectilinearshapeconstraints. Many existing floorplanners
minimizechip areaor useminimizing areaasanobjective. Our al-
gorithmcanalsobeadaptedfor min-areaoptimizationby shrinking
theframewhena feasiblesequencepair is metin simulatedanneal-
ing.

Our goal is mainly to test the capability of the approach. Al-
thoughrectilinearshapeis studiedextensively in theliterature,most
of the previous works handleconvex rectilinearshapeonly. There
is no commonbenchmarkfor rectilinearblock placement.The test
problemsarederivedfrom MCNC benchmarksfor blockplacement.
We choosea numberof blocksandmake themconstrainedin vari-
ousrectilinearshapes.Thealgorithmperformsvery well on all test
problems.Table1 lists theexperimentalresultsfor minimizingarea,
whereall blocksarehardblocks.Theexperimentswerecarriedout
on a PentiumIII Mobile(1.1Ghz). As an illustration, Figure7 dis-
playsthefinal packingresultfor ami49-3.
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