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Abstract; To use a stochastic eptimization algorithm to search an optimum placement, the representation of
the configuration of & placement is the most important and fundamenral issue. A new Canstraint Graph based
representation SL was devised in the paper 10 represent the non-slicing structure of placement. A nearly ((n)
platement zlgorithm can be designed over the S1. representation. With the assumption of the meta-grid, we can
derive a pew concise representation for non-slicing structures from SL. We name the new representation as
Stairway Grid (SG) model. 1t needs #(34[1g #]) bits for a placement of » rectangular blocks. The solution
space of 5¢/ is 71 2*7°. For a 8¢ represencation, it takes only O ¢z} time to transform i (o its corresponding
placement. To had been proved thac 21l slicing strucrures could be represented by SG. And $G model also can
represent non-slicing structure. Experimental results on S¢ model demonstrated that it is 2 concise and effective
representation of non-slicing structure.

Key words: building block laycut; placement; foorplanning; non-slicing structure

Piacement and Floorplaning of blotks on a 20 surface is the first and the most critical phase in lavout design of
VLS8! cireutts. It has received much mere attention recently due to the increased importance of hierarchicz] design
and I (Intellectual Property module) blocks. The major objectives of VIS8T placement are chip area minimization
and interconnection wire length minmization. Since the number of possible placements increases explosively with
the numher of blocks, even snhsets af the praoblem have heen shown ro be NP-complete or NP-hard. To optimize

the placerment or fleorplan, many heuristic algorizhms were proposed to perturh the floorplan and search for better
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solutions, e. g. simulatcd annealing and genetic algorithms. To use such a stochastic optimization algorithm to

search an optimum placernent, the representation of the configuration of a placement is one of the most important

and fundamental issues. T'he representation structure afiects the elfeectiveness and the etficiency of the optimization
algorithm directly.

To devise a representation, the key properties are

1. Completeness of representation: A represcntation cxists [or cach placement. Hence, the scarch based on
the representation does not miss the oprimal solutions subject to various cost functions,

2. Representation of topology: The description of the topology is independent of the block widths and

heights. Thus, we can use the topology as a template to optimize the aspect ratios of the blocks.

3. Compactness of representation; The ratio of the number of possible floorplans and the number of configu-
rations of the representation needs to be small. Otherwise, it wastes time to try many different representa
tions that correspond to an identicai floorplan.

4. Efficiency of transformation; The transformation between the representation and the floorplan is efficient.
[t takes linear time, (}{»n}, to read a floorplan of » blocks. Thus, a linear time computational complexity is
optimal.

3. Conciseness of representation: The representation requires small memory storage. Thus, we are able to
specify multiple fleorplans with limited memory space. This is useful for certain algorithms such as genetic
approaches.

Two classes of floorplan, slicing and non-slicing, have been identified. The slicing structure obtained by
reeursive applications of “slicing a rectangle”. Choices of horizontal or versical slicing line as well as its position
produce a variety of structures'!, However, the slicing structure is very limited since trivially most of the packings
are non-slicing, but it has been very popular for the sake of its simpleness. A slicing floorplan can be represented
by an orlented roated binary tree. The number of possible configurations for the tree is (J(n? 2™ */n" 7). There are
efforts that have been published to extend the i)inary tree to the representation of non—s]itting structure.

Onodera et al. presents a non-slicing placement approach which employs a branch-and-bound strategy to
search for one aptimal solution within the whole solution space’®. The maximum number of blocks which can be
pleced in a reasonable amount of CPU time is about six.

H. Murata ct al propose a sequence pair representation 1o handle non-slicing [loorplan). They use two sets of
permutations to represent the geomerric relation of blocks. The p-admissible solution space is (21)%8", where n is
the total number of blocks. Clearly, the space is so large that there is no guarantee of finding an optimal sclution
in a reasonable amount of computation time. Its time complexity is O(a?).

Nakatake ¢t al. devised a bounded-sliceline grid structure (BSG) to cope with non-slicing floorplan'!. An 2
by n grid plane is used for the placement of # bhlocks. The representation itself has much redundaney. Its time
complexity also is Q(n”).

1. Xu et al. develop a 2I) branch-and-bound cluster refinement algorithm for block placement 1o optimize area
and interconnection at the same time!'®', For a small £ as the cluster size, the run time complexity for each iteration
is >4y, Tt is CPU intensive and difficult 1o handle if we choose a larger cluster size.

It is obvious that the complexity of problem increases a lot from slicing floorplan to non-slicing ﬂoor’plan.
More recently, Pei-Ning Guo et al devised a rooted ordered tree, O-tree, to represent the admissible placement

L%, The run time

which is non-slicing,» in which the blocks were compacted to the left and to the bottom boundaries
tor transforming an O-tree to its representing placement is linear to the number of blocks. A deterministic
algorithm is derived by perturbing (J-tree in sequence, but only external nodes can he the pnssible inserting

positions, Unfortunetely, (-tree structure is not a topological representation. (Given an ()-tree, the exact
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floorplan 1opology depends on the widcths and heights of the blozks.
Any placement or floorplan is bounded on a 2D plane and can bhe ropresented by a planar graph. In such a
2 Y graf
planar graph, rthere arc only three kinds of relationship, soch as “direct horizontal constraint™, “direct verticel

. between two nodes (hlocks). Bused on this observation. we devised a

constraint” and “having no direet relation’
new ¢quivalent representation of a planar graph. The new representation is a triple (S, L. L;). We ezall it 4
constraint: graph (CC) model 8. In the triple. S is a permutation ol the nodes, I, denotes the relationship
between two adjacent nodes in 8, L, denotes the relationship between a node and its other connected nodes n a
planar graph. From a triple (5,1,.L;), we can get its_ corresponding planar graph. and therefore its corresponding
placement. The solution space of the wriple (5.4, 023 18 2t 377 where n 18 the number of the blocks (nodes)
in 8. The transformation operation takes € (n (n — 13/2) time. Through a re-encode operatien on L. the
transformation time could be reduced to nearly OG0,

Our aim Is ta find an effective nan-slicing representation which has reasenable solution space and the runtime
for transforming a representation to its representing placement is linear to the number of blocks. If we add
meta-grid assumptions to the (0 model, we can derive a new Stairway Grid (5G) model. The solution space of the
SG model is 71 2™ 7, the transformation operation takes exactly (2(n) time. The placement zlgorithm based on SG
can be embedded in a simulated annealing process.

The rest of the paper is composed as follows. Section 1 defines the CG model, 81, Scction 2 derived :he SG
model from S1. representation. Section 3 presents the algorithm based on SG and shows pur experimenital results

far MCNC benchmarks. Section 4 is the conclusions.

1 Constraint Graph Based Model

Problem Description. The set B {7, Ry.... . B.} of rectangular blocks lie parallel to the coordinate axes. A
placement I'= { (x;,»)/155=in) is an assignment of ccordinates ro the lower left corners of » rectangular blocks
such that there are no two rectangular blocks overlapping. Each B: is defined by a tuple (&,.w;), where &, and w,
are the height and the width of blocks B,y respectively. The objecoive of the placement is 10 {ind an assignment so
that the chip area and interconnection wire-length between blocks are minimized while satislying the given
constraints,

1.1 <Constraint graph

A constraint graph for a placement is a graph &= (V,E), in which the nodes in V are placemient blocks with
additional four nodes uszed [or 1the boundaries of 1he plecement. and the edges in E are the geometric constraints
between two blocks, A geomelric consiraint exists when we can draw a horizonta: or verical line between two
blocks without passing through oiher blocks.

The edges in F are dirceied. There are two kinds of cdges: one with the direction from a left node to a right
node, another with the direction from a bottom nede to a top node. The weight d(e) for an edge e= (8., B;) is the
separation distance berween two nades, o () is equal to x;—x; —w, for horizontal edge and y,— »,— A, for vertical
edge. d{e¢) is cqual to zero when 1wo nodes B; and B, are adjacent to each other, otherwise it is positive. The cdges
in constraint graph can be divided inio two se1s; E; for horizontal constraints and K, for vertical constraints. Then,
we have the horizontal constraint graph G, — (V, E,) and the vertical constraint graph G, =(V,E,). Both G, and G,
arc s—¢ planar dirceted acyclic graphs, Because the placement is planar and there is no edge crossing other adges,
both constraint graph Gy and (5. are planar, Accarding 1o Graph theory, we have

Lemma 1. (; and G, are planar graph, both sizes K, and £, arc less than 31V | =23 far [V >3

Definition (Admissible Placement). A placement is admissible if any block in a placement has one nether
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adjacent block and one left adjacent block except boundary blocks. Two blocks are adjocent 10 each other if there is
a constraint edge ¢ between them and the weight d{e)=0.

Lemma 2. From an admissible placement we can get a corresponding constraint graph; from a constraint
graph we algo can get an admissible placement.

For an admissible placement in Fig. 1, its cotresponding conssraint graph will be the one in Fig. 2.

B

3 ’—’ € T ‘
- £ —j ! = (S ¥ { \?__.\—::\e'
5 ﬂ f Ls J—' ;_’ L Be— e
, T e
%
(@) Gy, (b G,
Fig.1 Admissible placeinent Fig. 2 Constraint graph of Fig. 1 admissible placement

1.2 Constraint graph based representation-ST

In & constraint graph, if there is an edge (B, B;) in (., 4, 15 the right “direct horizontal constraint™ block of
B;; if there 15 an edge (B,,B;) in G,, B, is the ahove “direct vertical constraint” block of & if there is no edge
between two blocks m (v, we call that the two blocks “have no direct relationship”. There is no other kind of
relationship between twa hiocks except above three. We first delete the left and bottom boundary node and its
output edges from constraint graph. After this step, each time we choose one of the nodes which have no input
edges in (¢ and delete it and its output edges in &7, untl there is no node left in G. During this node deleting
process, at each step, we record the deleted node narme in order in §, if the current deleted node has an input edge
in G, from the previous deleted node, then recerda “1” in L;, if the edge is in &, then record a “0” in L,. if there
is no edge between them in &, then record a * « "in L;. Similarly, we record the relationship between the current
deleted node and each of all the nodes deleted hefore the previous deleted node from the back in § in L,. After the
process stated above. we get the new representation SL of a constraint graph. this process can he described as the

algorithm CG-TO-SL.

/* Algorithm CG-TO-SL = /

Input ; Constraint Graph G=(V .E)

Qutpue:S{0:r— 1]/ * germutation of a blocks * /
Li[0in—_7] / « relationship between 2 block and its adja-
vent front block in § * /

Lgl0:{n—1)€n ~-23/2] / * relacionship between a hlock
and all Itz front block from the kack in § except its
adjecent front block * /

mark 1he root nedes and all its ouiput edges;
pointer ={}
fori=Gton-1
Slil=find_nade (£, nade: /< find node in & with
all its input cdges marked and mark all its out-
put edges * /
if (i1 =0) then
il Cewe=find edge (S[i— 11,80 1,Gs) ) then
Lili]=*1";
else if (true={ind .edge (S[i].80i—13.G.}) then
Lili j—"0";
Else

Lij="+";
end if
if G2>1) then
for j=i—2t0
i (true—find edge (ST 1,817 1,G0)) then
Lyl pointer |=%1"
if (trve=find_edge (S[i7.5[51,G)) then
Lyl poimer ] —*07;
else
L:[pointer]="»";
end il
pointer =pointer -+ 1
end for
end if
elsc
Lilil="x";
end for
/ + in the algorithm, we use mark operation to replace the

delete operation = /

For an ndmissible placement in Fig. 1. we gert its corresponding constraint graph in Fig. 2. By applying the
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algorithm CG TO-SL., the produced SL representation is (S Lqs Ly = (abcdef 01101,0 % 100 « 11 % = ),

In algorithm CG-TO-SL. every time when we select a node in € which is net recorded in S and all its input
edges had been marked (deleted), we may search all the nodes that are still not recorded in S, Thercfore s the total
search time is O(n(e+1)/2).

From a representation (5.L,, L,), we also can derive an algorithm SL TO-CG 1o get its corresponding

constraint graph.

/% Algorithm SL-TO-CG = / if (/223) then
Input: §[0:a], L [1:n— 11 L [1: tn—13{n—2)/2] for j=¢ 2t 1
Qutput: Constraint Graph = (V,E) if (L] pointer ]= *17) then
Pointer=1; add an edge (SCi1v8101) 10 Ga
Add S[1] to V4 else if (L;[pointer ]—207 theu
for i=2 to n; add an edge (5[ 7].5[/]) 10 G,
add §Fil 1o V5 end if
i (Za[i]="1") then puinter — puinter+ 1
add an edge (S[i—11.50]) in (7, end for
else if (L{i]="0") then end if
add an edge ¢S[7—11,5[7]) in G, end [or
end if

Ohviously, the runtime of algorithm S1.-T0-CG is O((n—1>(a—2)/2). The runtime of the twa algorithms
CG-TO-51. and SL-TO-CG show that the (5,1, /) representation is equivalent to constraint graph for admissible
placement. Givenan (5,L,.1.) representation. we can find its corresponding admissible placement by applying the
algorithm SL-TO-P,

Lemma 3. The run time of the algorithm SL-TO-Pis O{(n—1)(n—2}/2).

/ * Algorithm SL-TO-P « / for joi-2 101
Input: S[1m].Llliz—1 | Lol 1; Gi— 1) (e —2)/2] if (Z;[pointer |= 1"} then
Output; A placement P=1{(ayy ) | 150750} H (87 ). <8 _j ). 2+8[]. width) then
Pointer—1 S8« &3 N +5 L
SM3 =0 end if
S y=0 else if (L:[pointer]= '0") then
for i=2 toa if (50l y=<2S[jJ »+5L7 ] height) then
Silxz=0 S0, v=805] ¥v+STj]. heigh:
Sily=0 end if
il {L{7/-1]="%1") then end if
S.r=87i- 1], «+8[i—1]. width pointer =pointer 4 1
else if (LLi—11="'0"} then end for
Sl y—=8r—11 v +3Lf—1]. height end il
cnd if end for

if (:=3) then
1.3 Block placement based on SL representation

For a SL representation we can [ind its corresponding admissible placement. If we exchange any tweo blocks in
S, another new placement can be produced. If we randomly choose one element in L, or in L,. and change its
present “state” to another one of the three, this operation also produces a new solution. Based on this property of
5L representation. we can design a reasonable siochasiic search algorithm over the SL representarion.

For the SL representation, its solution space is a! 3" 7", it needs n{(n—1)+[lgn ]} bits to describe, and
takes O ({n—1) (n — 2)/2) searches to construct the placement. To reduce the run time complexity of SL
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representation, we must reduce the number of scarches in the .
On the observation that anv block in an admissible placement has not many blocks which have a directed

“

consirainl edge connected 1o it thercfore there are many sirings anly included the “ = ™ relationship in L;. For
example, from a floorplan result of the MCNC benchmark Ap, we can derive its SL representation from its
constraint graph. The derived SI. representation is

S=(ACDBEFGHIJK}, L =(01100] » 111),

L,—C0%11% % 20l 0% » % #0» % x0% x0% % % % » x00% % % ® % x «x010%x x % x)
Obviously, if we can skip the “ » " string in L, efllectively, the total number of searches will be reduced to nearly O
(), it is true because the constraint graph is planar and its placement is also planar. We rewrite the derived L, as
follows

L=(0-111-3% #01-10-4% %« #0-3% «02%0-6% # % % »00-7T% % % % % x0I0-4% % %)
the negative number is the length of the “ = " siring. Although the length of L, is not reduced. besed on the new
encode . an effective search can be design on it. Therefore the run time complexity is reduced. Random change of
one element “state™ in L; only needs 16 adjust at most 2 related “ * ™ strings.

To further reduce the solution space and the run time complexity of the SL representation. we add more

restrict assumptiors on the admissible placement.
2 Stairway Grid Model

In SL. representation, if two blocks have not any constraint edges between them, we record their relationship

“@

as “» " In an admissible placement, blocks transfer their vertical relationship through edges in G, among them.

4

The herizontal relationship has the similar property. [t is the * % * relationship that breaks off the transfer and
makes the 8L representation solution space become larger. Pecause the relationship cannot convey in SL, we
always need to record all the relationship between a block and each of blocks which are in front of it in §. This
makes the run time of transforming a SL represertation to its corresponding placement become (¥(n?), According
to the definition of admissible placement, a block in the placement hes an up adjacent block and a right adjacent
block except boundary hlocks. We may explicitly designate the -elationship hetween two adiavent blocks in S in
L. Because the vertical or horizontal relationship can be transferred among blocks in a placement, relationships
recorded in L also may be designated explicitly.
2.1 Meta-grid assumption

To repair the “broken” transfer relationship in 81, we assume that two adjacent blocks in § only have one of
the two relationships “direct vertical constraint” and “direct horizontal constraint”. Recall the definition of the
admissible placement, it means that for a block in S, its zhove block will take all the “room” sbove it and its right
block will take all the “room” right v it. If the block itself takes *full” of its “room™. there will be no gap
between any two “rooms™ of the three. Note that the permutztion order in S just describes the blocks order in a
placement from ite lefe bottom te its top-right. For an admissible placement in which any block will take a full
“room” of the same size, given a permutation §, we place the blacks in the order recorded in S from left-bottom to

top-right in a stairway grid. This situation is depicted in Fig. 3.

With the above assumption, any two adjacent blocks in & have one of the two 7
relationships such that the 7in SI. representation will not include the * % ™ clement, y L
so the relatonship in I, becomes conveyahle. In Fig. 3, anyblock has a ream e
“above™ it and a room “right to™ it. L, just depicts 1the next block in which one of the " b
two rooms, Which block will take the vther one room must describe in ;. Fig. 3 Stairway grid
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Given a permutation § and L, , with the “room™ assumption, we can get a “room packing™. The minimal rect-
angle surrounding the “packing” comprise (p-1) * (¢+1) roems, where p is the number of “0” in L, and ¢ is the
number of “17 in L,. For instance, il S~ (abedef)s Ly~ (011013, the packing will be the onc in Fig. 4.

"in § is above its

In such a packing, it is reasonable that if a block &
adjacent front block “5”, it needs only te determine the relationship between
— block “a” and blocks which are located on the left of block “#7. If the left block

Fig. 4 Relationship determined

by L;=(01101) of block “a” is determined, the decision process will stop. For the “right™

relationship in %, we have the similar decision process. If we just record the
decision process in L, which deseribes how to determine ane of the two relationships having not been recorded in
“ « 7 element from L;.
For example, if (S+L1vL)= (abedef-01101,01001), the packing determined by S and L. is depicted in Fig. 4,

an overall decision process described in [.; can be pictured in Fig. 5. The bold lines in Fig. 5 clearly describe the

1L,y we will eliminate the *

decision process. In L;, we need to record the relationship between blocks such as (ar,ad ce be df). H fisabove

d, the decision process for / may extend 10 include «f v or/and 4f, For the decision process, we have

S

Lemma 4. Given a n-block permutation S and its L;. with the “room”

assumption described above, to determine the other relationship “above (direct

[ e
e Jd
a|

vertical constraint)” or “right to (direct horizontal constraint)” between a block Fig. 5 Decision provess
and any other block in § which has not been deseribed in £, . the maximal length determined by L, = (01001}
of 1,13 2n—6 and £, only includes “0” and 1" elements.

l.emma 4 has heen proved in Ref.[7]. According to [Lemma 4, we ohtain the Stairway (eid model. Tt has the
similar form to the SL. representation. The difference between these two models is L, In SG model, [, just
describes a decision process. The possible configuration of SG madel is 2] 2% 7.

Lemma 5. In SC model, given & n-block permutation S and its £,. and that any block will take the same size
of raoms, we can get only one corresponding constraint graph of these rooms. (S.L,) representation is equivalent
to its constraint graph.

Lemma 6. The conversion time between (5,7,) and its enrresponding consteaint graph is (J(n). where n is
the number of blocks in $.

2.2 Block placement based on SG model

From a SG representation, we can detrermine the shove block room and the right hlock room for any block
room. If we have the width and height of all the blocks . through a placement algorithm. we ean construct a corre-
sponding admissible placement for a SG representation. This algorithm can be easily derived from the algorithm
SL-TO-P. Because the maximal comparison operations in the decision process is L, |4 |L,|=3»—7, we have.

Lemma 7. The placement algarithm based on S( rmodel 1s (){n), where n is the number of blocks.

Lemma 8. The solution space of G model includes all the slicing structure placement.

Lemma 8 has been proved in ather place'”'. Obviously . the 5G model can represent non-slicing placement, but

i1 has the same time complexity s slicing representation.
3 Experimental Results

We have implemented a placement algorithm based on SG model in C programming language. Our algorithm is
cmbedded in a simulated annealing process. A new admissible placement can be obtained through the operations on
SG model listed below: 1} exchange randotmly two blocks in 832} randomly change the siate of gne element in 7,
or L;;3) randomly rotate a module 200°, 180C%, 270°:4) reflect a module when the wire length is aptimized ;3) for
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floorplan including seft-blocks, randomly select one candidate in candidate set {in the set, all blocks have the same
area, but their aspect ratio is dilferent) 1o substitute the corresponding block.

We use a cost function like (C, * area+C, * wire-length), where ) and C; are the weights for area and wire-
length respectively, to optimize a placement or floorplan. The wire-length model used here is the half-perimeter
model. On a SUN SPARK20 workstation, we obtained our experimental results on MCNC benchmarks (a set of
standard test circuits for floorplanning and placement devised by Microelectronics Center of North Carolina).
Table 1 is the results of placement. Table 2 is the results of floorplan including soft-blocks. Table 3 is Minimum/
average experiment results with different weights. The last column of Table 3 is the comparison results with
O-tree. Our algorithm is better in most cases and it is effective for dealing with soft blocks in floorplanning . while
O-tree is not. For ami33, when C, =1, and (, =5, the placement result is area = 1. 2583 (mm)?, wire length
=48. 23mm, CPU time increased reasonable compared with the situation when €, =1, ("; =0. Figure 6§ is the
floorplan of ami49. Figure 7 is the placement of ami33. We use ami33 to create an example including 198 modules,

and the algorithm reaches a placement of this example in 165 seconds with area usage 0. 926.

Table 1 BBL placemenmt results based on SG Table 2 Floorplan results based on SG
Example Usage Time (sec. ) Example Usage Time (sec. )
Xerox 0.922 30 Ami33 0. 983 87
Hp 0.932 32 Xerox 0. 979 76
Ami33 0. 963 36 Hp 0. 980 75
Amiq9 0.918 65 Apte 0. 966 78
Amid§ 0. 982 179
Table 3
Area+0, 1 * wirelength Area+wirelength 0.1 * area+wirelength Improve over
Examples {minimum/average) (minimum/average) (minimum/average) O-tree area/wire( ()
© area  wire  area wire area wire  (average) (1 =C2=1)
apte 46, 07/46, 73 405.84/429, 24 47.4/47.9 194.95/202. 83 47.23/48.20 103.8/177.6 10/45
xerox  20.12/20.34  604.7/667.7  20.2/20.3 4103.46/501.10 20.68/20.95 403.4/533.9 9§12
ami33 1.214/1. 218 54.07/61. 64 1.22/1.23 51. 67/56. 72 1.24/1.25 39.43/48. 94 0.275. 2
ami49 38, 377/38.477 973.8/1164.6 38.37/39.4 732.84/870.43 41.74/45.72 710.22/775.5 6/—12

Fig. 6 Floorplan of ami49 Fig. 7 Placement of ami33

4 Conclusion

We have devised a new non-slicing representation from the commonly used constraint graph. Operations on
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the new SL represemation are simple and effective. On the observation that any node in 4 constraint graph corre-
sponding 1o an admissible placemem has reasonable limited number of input edges. through a new encade of L; in
the SI. representation, we can get a placement algorithm and its time complexity is nearly O(n). In order to reduec
the solution space of SL representation and gel a concise O{n) placement algorithm, we add the meta-grid assump-
tion to the SL representation of CG maodel such that we derive out the so-called SG medel. Experimental resulis
have proved the S(; madel is a new effective representation for non-slicing structure. Although the generality of SG
representation is affected by the mata-grid asswinption it is warth to inireduce the assumption to get a Qtn) place-
mem algorithm. Research on CG and SG models and their applications. such as routability of the placement and
timing driven placement based on 'SG model. is ongoing. It is promising to obtain new research results on these

two models.
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