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In analog placement,
human designers usually put REGULAR STRUCTURES into 
ROWS and ARRAYS

ANALOG PLACEMENT (1)ANALOG PLACEMENT (1)

Typical analog placement has local regular structures
The regular structures serve high routability and 
suppression of variation on performances
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ANALOG PLACEMENT (2)ANALOG PLACEMENT (2)
• Rectangle Packing Approach

– Devices and blocks are 
regarded as rectangles

– BSG, Sequence-Pair, O-tree, 
B*-tree, TCG-S can generate 
highly compacted placement

BUT, less regularity
• Constraint-Driven Approach

– Symmetry/Cluster constraint
BUT, generation of constraint 

is still manual and time-
consuming

symm-const.

cluster-const.
Automation of analog placement is immature 
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STRUCTURED PLACEMENTSTRUCTURED PLACEMENT
• CONCEPT

– Constraint-less
– Naturally going to a placement with many local 

regular structures such as arrays and rows
• OUR APPROACH

– Formulating topological regularity that is 
extractable from a sequence-pair

– Evaluating the regularity during optimization
– Separating topology optimization and 

physical dimension optimization
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Oblique-Line-Grid: Equivalent Representation of SP

Sequence-PairPlacement

SEQUENCESEQUENCE--PAIR (PAIR (SPSP))
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Representation of Topology of Rectangle Placement [ICCAD’95]
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SINGLESINGLE--SEQUENCE (SEQUENCE (SS))
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263154=S

Representation of ONLY TOPOLOGICAL STRUCTURE of 
Rectangle Placement [ISCAS’04]
(In a sense, S is standard representation of SP)

S is         when −Γ L12345=+Γ
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STRUCTURE IN TERMS OF STRUCTURE IN TERMS OF SPSP
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789456123=S

6734512=S

sequence-pair single-sequencestructure

How to extract subsequences from S (or SP) 
corresponding to arrays or rows?
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DEFINITION: DEFINITION: 
RECTANGULAR EXTRACTABLERECTANGULAR EXTRACTABLE

• Capturing local structure of 
placement as a subsequence 
of S
– X is subsequence of single-

sequence S
– X is rectangular extractable, 

if max(X)-min(X)+1=|X|
• Example

– Single-sequence:
S=(3, 1, 6, 4, 5, 8, 7, 2)

– Rectangular extractable sets: 
(4, 5), (6, 4, 5), (6, 4, 5, 8, 7), (3, 1, 
6, 4, 5, 8, 7, 2)

1

3

2

4 5 7

6 8
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DEFINITION:DEFINITION:
TOPOLOGICAL ROW AND ARRAYTOPOLOGICAL ROW AND ARRAY

• Horizontal Single Row
– subsequence Si=(s1, .., sk, sk+1, …) such that it is 

rectangular extractable and sk+1-sk = 1
• Horizontal Multi-Row

– two or more horizontal single rows which can be 
stacked vertically

• Array
– special multi-row each of which has the same length

Theorem:
Given an SP, all multi-rows and arrays with 
maximal length in the SP can be extracted in 
O(n), where n is the number of blocks
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EXTRACTION ALGORITHM OFEXTRACTION ALGORITHM OF
TOPOLOGICAL ROW AND ARRAYTOPOLOGICAL ROW AND ARRAY

• Divide S into S1/S2/…/Si/…/Sl
such that sk+1-sk=1, sk+1, sk in Si
– S=(1, 2, 7, 8, 9, 5, 6, 3, 4, 10)
– (1,2)/(7, 8, 9)/(5, 6)/(3, 4)/(10)

• Calculate max and min
– {(min(Si), max(Si)} = 

{(1,2),(7,9),(5,6),(3,4),(10,10)}
• Extract vertical stackable pair

Si and Si+1 such that min(Si)-
max(Si+1)=1
– ((7,8,9),(5,6)) and ((5,6),(3,4))

• Concatenate two or more 
stackable pairs with common 
subseqs.
– ((7,8,9),(5,6),(3,4))

3 4
5 6
7 8 9

1021
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EVALUATION OF REGURARITY (1)EVALUATION OF REGURARITY (1)
Evaluate a placement separating topology and 
physical dimension

Cost function is designed by a combination of 
topological structure value and physical dimension 
cost

Topological Structure Value

∑∑
∈∈

•+•=
AaRr

top arV )()( σβσα

R is a set of multi-rows, A is a set of arrays
),max(/),min()( lklkr =σ if r has k x l structure l=(4+2+3)/3

k=3
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EVALUATION OF REGURARITY (2)EVALUATION OF REGURARITY (2)
Physical Dimension Cost

Local Compactness Cost

Local Uniformity Cost

)())((max))((max)( ,
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,, ji
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ri,j is a horizontal multi-row

ri,j is a horizontal multi-row

1 2 3

local compactness cost

∑∑
∈∈

+•++•=
Rr

unicmp
Aa

unicmpphy rCrCaCaCrC ))()(('))()((')( βα

w1 w2 w3
local uniformity cost = 

max(w1,w2,w3)-min(w1,w2,w3)

R is a set of multi-rows, A is a set of arrays
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OPTIMIZTION:OPTIMIZTION:
DUAL SIMULATED ANNEALINGDUAL SIMULATED ANNEALING

Temperature Cooling
Iteration for Topological Optimization

Objective: Etop(P)
Move:
•HalfExchange(SP)

Iteration for Physical Optimization
Objective: Ephy(P)
Move: 
•FullExchange(SP)
•HalfExchangeKeepingStructure(SP)
•RotateBlock(b)
•FlipBlock(b)

Optimization Framework (Input: Initial SP)

Optimizing topological and physical objectives separately 
and alternately at step of each temperature

different 
objectives 
and 
different 
moves
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OBJECTIVES IN DUALOBJECTIVES IN DUAL--SASA

))((
)()(
SVg
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top

top =

))(()()( SPCgPFPE phyphy •=

))5.0log(exp(1.00.1)(
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)1.1,0.1[)( ∈xg

Ex.
xm is average of {x}

Note: Meaning of g is to be likely to degrade F(P) by 10% to obtain 
better Vtop or less Cphy

F(P): primary objective such as chip area or wire length

P: placement
S: single-sequence
SP: sequence-pair

For topological optimization

For physical optimization
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MOVE IN DUALMOVE IN DUAL--SASA
• For Topological Optimization

– HalfExchange(SP): pair-interchange of blocks on either 
sequence of SP

• For Physical Optimization
– FullExchange(SP): pair-interchange of blocks on both 

sequences of SP
– HalfExchangeKeepingStructure(SP): pair-interchange 

of subseqs on either sequence of SP, where
the subseqs correspond to multi-rows or arrays that 
are rectangular extractable

– RoateBlock(b)
– FlipBlock(b)
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EXPERIMENTS: EXPERIMENTS: 
AREA V.S. STRUCTURE (1)AREA V.S. STRUCTURE (1)

Numerical Data and Results

normal: normal placement
struct: our structured placement
str-cover: structure coverage ratio that is number of blocks 
composing topological arrays or rows by total number of blocks

F(P) = chip area
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EXPERIMENTS: EXPERIMENTS: 
AREA V.S. STRUCTURE (2)AREA V.S. STRUCTURE (2)
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On average
area ratios(normal/struct) is 1.003
•str-cover of normal is 7.9%
•str-cover of struct is 73.5%
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EXPERIMENTS: EXPERIMENTS: 
AREA V.S. STRUCTURE (3)AREA V.S. STRUCTURE (3)

data A: normal data A: struct
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EXPERIMENTS: EXPERIMENTS: 
AREA*WIRE LENGTH V.S. STRUCTURE (1)AREA*WIRE LENGTH V.S. STRUCTURE (1)
F(P) = chip area*wlre length
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EXPERIMENTS: EXPERIMENTS: 
AREA*WIRE LENGTH V.S. STRUCTURE (2)AREA*WIRE LENGTH V.S. STRUCTURE (2)
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On average,
•area*wire-len ratio 
(normal/struct) is 0.978
•str-cover of normal is 9.6%
•str-cover of struct is 73.5%
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EXPERIMENTS: EXPERIMENTS: 
AREA*WIRE LENGTH V.S. STRUCTURE (3)AREA*WIRE LENGTH V.S. STRUCTURE (3)

data B: normal data B: struct
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CONCLUSIONCONCLUSION
• New Concept for Analog Placement: structured 

placement that makes use of the regularity of 
topological structure as a key criterion
– Constraint-less
– Naturally going to a placement with many local regular 

structures such as arrays and rows
• Our Structured Placement:

– Extraction and evaluation of topological regular 
structure such as arrays and rows

– Dual simulated annealing optimizes topology and 
physical dimension separately

• Future Works: 
– Extraction and evaluation of symmetry structure and

hierarchical regular structure
– Further practical extension
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