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Abstract — Since Murata et al. introduced the elegant
topological representation of a block placement configu-
ration called sequence-pair [8], there was a significant re-
search effort in the field of encoding systems for non-slicing
floorplans. This paper presents a block placement tech-
nique operating on the set of binary tree representations
of the layout - called B*-trees [3]. The novelty of this ap-
proach is due to an efficient B*-tree evaluation based on a
data structure called segment tree {2], mainly used in com-
putational geometry. Experimental results using device-
level analog placement problems as benchmarks confirm
the efficiency of the novel exploration approach.

1 Introduction

Block placement is a classical problem, but nevertheless,
a difficult one: the block placement problem subject to
nonoverlapping constraints was proven to be NP-hard even
for rectangular blocks of fixed orientation [8]. The nature
of the problem entailed the use of combinatorial optimiza-
tion methods (as simulated annealing, genetic algorithms)
to explore the solution space of placement configurations.
These algorithms use stochastically controlled hill-climbing
to avoid local minima during the optimization pracess. In
addition, they do not impose severe constraints on the size
of the problems or on the mathematical properties of the
cost function. While efficiently trading-off between a va-
riety of layout factors as area, total net length, aspect ra-
tio, maximum chip width and/or height, cell orientation,
“soft” cell shape, etc., they are very flexible — supporting
incremental addition of new functionality, and they are rel-
atively easy to implement (although good tunning requires
more time).

The traditional way of approaching the block placement
problem is to explore a huge search space using, for in-
stance, simulated annealing as the optimization engine,
where the cells are represented by means of absolute coor-
dinates allowing illegal averlaps during their moves (trans-
lations, changes of orientation) in the chip plane [6].

Alternatively, the topological representations are based
on a different idea —~ to define an encoding system as a so-
lution space, each code representing a feasible placement
configuration. While the classic absolute representation
approach trades off a larger number of (annealing) moves
for easier and quicker-to-build (often infeasible) layout con-
figurations, the idea of using topological representations is
to trade off more complex (but always feasible) layout con-
structions for a smaller number of moves. This is why fast
algorithmsg are needed for any encoding system to evaluate
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each generated code representation, that is, to translate
the code to its corresponding block placement.

The first remarkable encoding system not restricted to -
slicing floorplan topologies was proposed by Murata et
al., who suggested to encode the ”left-right” and ”above-
below” positioning relations between blocks using two se-
quences of block permutations, named sequence-pair [8].
An O(n?) algorithm based on constructing a pair of
horizontal and vertical constraint graphs was used for
sequence-pair evaluation. More recently, a different ap-
proach of O(nloglogn) complexity — based on comput-
ing longest commeon subsequence in a pair of weighted se-
quences — was proposed by Tang ef al. [11]. Nakatake et
al. devised a meta-grid structure without physical dimen-
sions (called bounded-sliceline grid) to define orthogonal
relations between blocks, where the construction of the
placement configuration is of quadratic complexity [9).

Guo et al. proposed the ordered tree { O-tree) data struc-
ture to reduce the drawback effect of redundancies in the
two previous representations [4]. Chang et al. suggested
a layout representation based on binary trees — called B*-
trees [3]. This encoding is based on the so-called natural
correspondence between forests of (rooted) trees and bi-
nary trees [7], and therefore it could be regarded as a rep-
resentation equivalent to the ordered trees [4]. The corner
block list, proposed mare recently {5], is a representation
that can be used to encode floorplans with zero dead-space
{“mosaic¢” floorplans). Different from the tree-based rep-
resentations, the sequence-pair, the bounded-sliceline grid,
and the corner block list define the topological relations
between blocks independent of their dimensions.

This paper thoroughly analyzes a novel algorithm build-
ing a placement configuration from a tree representation.
Our algorithm achieves a O{nlogn) complexity employing
a more sophisticated data structure used in computational
geometry [10] — called segment tree. Note that in {4] the
authors claim that an ordered tree evaluation can be per-
formed in O(n) time, but they do not offer any information
about the data structures employed. Chang et al. do not
investigate the complexity of the running time, just quot-
ing the result claimed by [4]. Insufficient clarity concerning
implementation details prohibit us to independently assess
the time complexity of the algorithm in [4]. The reason of
our wariness is the following: a known lower bound for
the problem of finding the p-edge contour of a union of n
isothetic rectangles is Q{nlogn + p) [10]. Since Guo et al.
use a contour modification technique {idea also used in this
paper), we just wonder whether a better complexity than
O{nlogn) can be obtained for the tree evaluation prob-
lem (as p can be O{n) in the worst case). Nevertheless,
our algorithm has an advantage which makes it extremely
useful: it can be extended to address also device-level ana-
log placement problems with saymmetry constraints [1] (see
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Section 4) without affecting its complexity. However, due
to lack of space, this extension will be published elsewhere.

Section 2 will present the novel placement algorithm us-
ing the segment tree data structure, while Section 3 will
discuss an illustrative example. Finally, Section 4 will give
an overview of the experimental results and Section 5 will
present the basic conclusions of this research.

2 Placement using a segmeht tree

The evaluation algorithm described below — which is ex-
ecuted in each inner-loop iteration of the simulated an-
nealing — assumes that the given placement encoding is a
binary tree; but due to the natural correspondence [7], it
can operate with minor modifications if the encoding is
an ordered tree [4]. A binary tree which nodes represent
rectangular blocks impases the following vertical and hor-
izontal positioning constraints: (a) each block in the left
binary subtree is above its root block; (b) if two blocks
are overlapping along their y- axis projection, the block
visited first in a preorder traversal (visit the root, traverse
the left subtree, traverse the right subtree} is to the left of
the block visited the second (see Fig. 2).

Let By,..., B, be rectangular blocks to be placed on
a chip area, each block B; having the width w; and the
height h;, and having (z;,1;) as coordinates of its left-
bottom corner. First, the y- coordinates are computed
during a preorder traversal of the binary tree:
initialize y; =0; )
for each node B; (visited in a preorder traversal)

if node By is the closest ancestor of B; (if any)

such that B; is in the left subtree of B,
then y; = max{y:, y + hi};
end_for

The algorithm above computes the block coordinates y;
since in the preorder traversal the nodes corresponding to
the blocks below are visited before the nodes corresponding
to the blocks above (see the vertical positioning constraints
(a)). As the traversal of the tree is performed in linear
time, and finding the closest ancestor of block B; takes
constant time (providing a stack is used in order to push
the nodes reached when the traversal advances to the left),
the computation of y;’s is done in O(n) time.

The subtle part of the algorithm computing the block
abscissae is the use of a segment tree, a data structure
mainly employed in computational geometry, originally in-
troduced by Bentley [2}, designed to handle operations
with intervals whose extremes belong to a fixed set of co-
ordinates.

The (complete) segment tree is, basically, a rooted bi-
nary tree, where each node v has attached an interval
v.I = [¢,d] with integer bounds. If d — ¢ > 1, then node v
has a left and a right descendant — denoted below as v.left
and v.right — having associated the intervals [c, | £¢})

and, respectively, [[c—‘._',lij,d] . The intervals attached to
the nodes are called standard, while those pertaining to
the leaves and having the length equal to 1 are named
elementary. The complete segment tree is balanced; the
depth of the complete segment tree is [log,(d—¢)] [10]. A
complete segment tree is shown in Fig. 1{e-g).

First, the y- coordinates of the blocks are normalized

by replacing each of them by its rank in their bottom-up
order: the algorithm operates with intervals [ay, b;] rather
than [y;,3: + h;] , where a;,b; are the indices of y; and
9 + h; in the set S of interval extremes. In this way, the
size of the segment tree will be kept minimal. Without
loss of generality, the y- coordinates can hence be consid-
ered integers in the range [0,2n — 1] . The scheme of the
algorithm computing the block abscissae is given below:
initialize =x;=20;
sort the set of numberas S = {y;}U{y: + ki) ,
eliminating the duplicates;
let m be the number of elements of set S;
SegmTreeNode v9 = CreateNode ([0,m —1},0);
for each block B; (visited in a preorder traversal)

let g; be the index of ¢, and

let b; be the index of w; + h; in set §;

InsertInterval {(vo,[a:, bi]);

Update RightContour (vo, [a:, b]);
end _for

After the coordinate normalization, the segment tree
is recursively built by the procedure InsertInterval.
CreateNode is the constructor of a new node v in the seg-
ment tree, the two parameters being the interval ».J and
a value v.x used for the computation of the abscissae =;.
The roots of the left and right subtrees of v are denoted
vleft and, respectively, v.right.

The procedure InsertInterval is inserting the normal-
ized interval of [y;, y; + h;] — the spanning of block B; along
the y axis — into the segment tree, decomposing it intc
standard intervals. At the same time, the abscissa z; of
the left-bottom corner of block B; is computed by taking
the maximum over all the abscissae v.x of the standard
intervals v in the decomposition.
procedure Insertinterval (v,[a,b]}

if v.1 C [a,b] then z; = max{z;,v.x};

else let v.J =[c,d] and mid = |=£4};

if vieft == Null then
vleft = CreateNode ([c,mi .0
v.right = CreateNode ([mid,d],0);

if v.z > max{vleft.z,v.right.z}

then vleft.z = v.right.z = v.x;
if a < mid then InsertIntervel(uleft {a,b]};
if mid < b then InsertInterval(v.right,[a,b])
end_procedure

Subsequently, the procedure UpdateRightContour sets
the values of all the nodes corresponding to these standard
intervals to z; + w; — the abscissa of B;’s right border.
procedure UpdateRightContour (v,[a,b])

if v.1 C [a,b} then v.x = z; + w;;
else let v.J =[c,d] and mid = |<4|;
if a < mid then UpdateRightContour(v.left,[a,b]);
if mid < b then UpdateRightContour(v.right,[a,b]);
v.r = max{vleft.z, v.right.z};
end_procedure

The decomposition of the root segment into standard
intervals, as well as the procedures InsertInterval and
UpdateRightContour, are done in G(logn) time each. In-
deed, since the interval associated to the root of the seg-
ment tree is [0, m — 1] C [0, n], the height of the segment
tree is upper-bounded by [log,(n)]. Consequently, the
overall complexity of the algorithm is O(nlogn) .
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Figure 1: The segment tree after each iteration

Figure 2: Illustrative example: (a) binary tree represen-
tation, and (b) corresponding block placement

3 Ilustrative example

Consider the binary tree representation in Fig. 2(a) for
seven rectangular blocks having the widths and heights in-
dicated: A(6x3), B(2x1), C(4x2), D(1x2), E(5x2), F(2x6),
G(3x3). In the preorder traversal the nodes of the tree are
visited in the order A,...,G.

The computation of the y-coordinates yields successively
ya=0,yp=va+tha=3, yc=ys+hs =4 yp =
Yo+he =6, ye =yp+hp =8, yr =ya+tha =3, yo =
yr + hr = 9 . Note that the closest ancestor of node F
such that F lies in its left subtree is node A.

All the block abscissae are initially zero. After sort-

ing and eliminating the duplicates, the set § = {y;} U
{y: + h;} = {0,3,4,6,8,9,10,12} has m = 8 elements.
Due to the normalization, the root node vy of the seg-
ment tree has attached the interval [0,7]. The interval
[ya,va + hal = [0,3] of the first node visited in the pre-
order traversal is normalized to [a,b] = [0,1] {since the
indices of the elements 0 and 3 in set S are 0 and, re-
spectively, 1). Since v.] = [0,7] and mid = 3, two
new nodes 1; and v are created having attached the in-
tervals [0,3] and [3,7). InsertInterval(vi,[0,1]) is then
recursively called and two new nodes vy and vy — hav-
ing the intervals [0,1] and [1,3] — are created (Fig. 1(a)).
The execution of fnsertInterval(vs, [0,1]) computes £4 =
max{vs.x, 24} = 0 since vs.7 = [0,1] . Afterwards,
Update RightContour will visit once again the same nodes
in the segment tree in order to update the z-values of the
nodes with standard intervals. In this case, the only node
is v3: therefore, v3.2 = 24 + w4 = 6 . Note that the seg-
ment tree in Fig. 1(a) describes exactly the contour of the
right border after the placement of block A.

Figures 1{a-g) display the segment tree after each it-
eration, the blocks A,...,G being successively placed in
the preorder traversal after the insertion of their normal-
ized y-spanning intervals [a;, B5] in the segment tree. The
nodes corresponding to the standard segments are repre-
sented as double circles. The abscissae of the blocks are
Ta=xzp =g =Zp =z = 0, Tr = zg = 5, and the
final value of vg.x (i.e., 8) is the width of the chip. The
final placement is shown in Fig. 2(b).
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Design Nr. Absolute Seq.-pairs B*-trees
cells | Time | Area || Time | Area | Time | Area
n50 50 5.2 30.8 2.3 283 1.5 27.2
Ipf2_h25b 52 7.5 42.8 2.4 39.9 1.9 38.4
deservo_cmfb 66 178 | 620 4.0 60.8 2.9 60.4
modbias_2pdg 87 25.2 | 609 100 | 56.9 6.7 579
div_by_2o0r4 116 37.7 | 55.1 147 | 514 11.0 | 48.9
Table 1: Placement results (Time [min] , Area [10% x um?])
4 ExPerlmental results Figure 3: Placement of the n50 test block

A placement tool using alternative exploration algorithms
has been implemented. The tool can operate both with
different topological representations (sequence-pairs and
trees) and different code evaluation algorithms. In addi-
tion, for the purpose of comparative evaluation, a com-
plementary placement algorithm based on the traditional
absolute representation [6] has been embedded in the tool
as well. The tool uses the simulated annealing algorithm as
the combinatorial optimization engine. In order to ensure
a correct comparative evaluation, the annealing schedule is
identical for all the algorithms. The evaluation of a place-
ment configuration is based on a cost function defined as
a weighted sum, typical terms being the chip area and the
total (estimated) wire length. For convenience, the result
table displays only the area rather than an abstract cost.

Table 1 displays the results of our experiments carried
out on a SUN Blade 100 workstation. The test hench-
marks are several analog blocks, components of a digital
spread spectrum transceiver. Since most of these analog
magcroblocks have symmetry requirements, the algorithm
using sequence-pairs — which is basically similar to [11] — as
well ag our novel algorithm using segment trees were actu-
ally modified to handle symmetry constraints [1]. Figure 3
displays the placement solution obtained by our algorithm
for one of our test blocks.

The experiments show that using topological representa-
tions is.clearly better both in terms of computational effort
and layout area than using the more traditional absolute
representation. The running times obtained when using
binary tree representations, with the evaluation algorithm
employing the segment tree data structure are slightly
better than the times obtained when using sequence-
pairs (although in terms of placement quality, both algo-
rithms prove to be effective). This may seem weird since
the complexity of the sequence-pair algorithm is better
(O(nloglogn)). The explanation results from difference
in size of the solution spaces, the number of trees being
significantly smaller than the number of sequence-pairs [7].

5 Conclusions
This paper has presented a novel block placement tech-

nique operating on the set of binary tree representations of
the layout. The efficiency of the new exploration approach

is due to a data structure called segment tree, which is
mainly used in computational geometry. A placement tool
for analog layout, based on this novel technique, proved
very effective while processing several industrial designs.
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