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I. Introduction

fixed-outline
chip-area 

outline

Importance of fixed-outline floorplanning
(1) Kahng (ISPD 2000): a floorplan with pure area 

minimization may be useless since it may be fail to fill into 
the given region

(2)  Adya and Markov (ICCD 2001): floorplanning with  the 
fixed-outline constraint is considered much more difficult 
than the outline-free floorplanning.
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Fixed-outline floorplanning
(1) Give a set of modules and an actual chip outline
(2) Determine the geometrical relations of modules to 

place them into the outline so that wirelength is 
minimized

(3) Change the shapes of modules to further optimize 
the result   
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I. Introduction
The methodology used in floorplanning can be classified 
into two types as follows:
(1)  Representation based approach
(2) Analytical mathematical approach
Analytical based approach has the following advantages 
comparing to representation based approach:
(1) Modules are not compacted to the bottom-left side.
(2) It is more easy to deal with the pre-placed constraint.  



I. Introduction
Although our method looks similar to the method 
proposed by Luo et al.[19], they are different in the 
properties listed as follows:
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II. Problem Formulation
(i) Input:

1.A fixed die whose width and height are Wf and Hf
2.A set of modules M = {m1, m2,…,mn} and a netlist
3.For each mi, its width and height are wi and hi. Its aspect 
ratio (i.e., wi /hi) is bounded in the range [Li,Ui] under a fixed 
area Ai.

Li  < wi /hi < Ui

mi

wi /hi

m2

m3

m1

M = { m1, m2, m3 }

Hf

Wf

(ii) Output:
The set of modules are placed in the outline with no modules 
overlap and the total wirelength is minimized.
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III. Global Distribution

Input: Netlist, Outline,
Aspect ratio constraint

Global Distribution Stage

Local Legalization Stage

Two stages of UFO 
(1) Global distribution stage 
(2) Local legalization stage



Purpose: uniformly distribute modules over a fixed-outline 
such that the total wirelength can be minimized with slight 
overlap between modules
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III. Global Distribution
Attractor-Repeller (AR) Model by Luo et. al.: piecewise 
function Fij for two circles Ci and Cj:
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• cij: connectivity of two circles Ci
and Cj

• Dij = (Xi - Xj)2 + (Yi – Yj)2

• tij = σ(ri + rj)2, σ > 0

, ε >0•Tij = cij + ε
tij
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0 < Dij < Tij
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(a) K = 100

(b) K = 103

(c) K = 105

(d) K = 107

Deficiencies of Attractor-Repeller (AR) Model:
(1) Repeller force is weak. 
(2) Results depend on the user specified parameters.

(b)(a)

(c) (d)
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III. Global Distribution

(1) Consists of two equations which represent two circles 
overlap (pij > 0) and separate (pij < 0). 

(2) Uses dij instead of Dij .
(3) Gives a large push force (proportional to the size of two 

modules) while they overlap. 
(4) Gives a stable push force if two circles separate.

fij (Xi, Xj, Yi, Yj) = 
cij dij + sij

pij
dij

, pij ≥ 0

cij dij +
pij
dij

, pij < 0

• sij:  Ai X Aj

• dij =   (Xi - Xj)2 + (Yi – Yj)2

• pij:  (ri + rj) – dij

Pull-Push (PP) Model:



III. Global Distribution

fij (Xi, Xj, Yi, Yj) = 
cij dij + sij

pij
dij

, pij ≥ 0

cij dij +
pij
dij

, pij < 0

Pull-Push (PP) Model:
• sij:  Ai X Aj

• dij =   (xi - xj)2 + (yi – yj)2

• pij:  (ri + rj) – dij ,j



III. Global Distribution
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Mathematical formulation:
(1) Minimize the summation of function fij for each pair of 

circles Ci and Cj
(2) Constrain all circles that are placed in the outline. 
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IV Flow in Local Legalization

Build Constraint Graphs

Quadratic Optimization
Programming for 

Legalization

Aspect Ratios 
Constraint 
Satisfied? 

Input: Netlist, Outline,
Aspect ratio constraint

Global Distribution Stage

Local Legalization Stage

H
ierarchical Flow

YES

NO
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IV. Local Legalization 
Purpose: determine the shapes of modules so that no 
modules overlap.

Since we have obtained a good result, we hope to slight 
move for the results of global distribution stage.



IV. Local Legalization 
(i) Constraint Graphs Construction

Apply Delaunay Triangulation (DT) method to find 
neighboring modules mi and mj
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IV. Local Legalization 
(i) Constraint Graphs Construction

Determine the geometrical relation of  mi and mj
depending on whether the two modules overlap:
1.  overlap: based on the shape of the overlapped 
rectangle Rij

o

2. non-overlap: based on the shape of rectangle between 
the centers of two modules Rij
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IV. Local Legalization 

Some modules do not have geometric relations in the  
constructed constraint graphs:

It is not necessary to add geometric relations for all modules since 
there exist a low probability for modules in a far distance to overlap
(for example: m2 and m3) . 
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Add  additional geometric relations for modules corresponding to
nodes in neighboring triangles and without any relation (for 
example: m2 and m1)
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IV. Local Legalization 
(ii) Quadratic Optimization Programming for 

Legalization (QOPL)

min { (W – Wf) 2 + (H – Hf)2 } 

xi + wi ≤ xj ,   ∀ (ni, nj) ∈ Ch
yi + hi ≤ yj ,    ∀ (ni, nj) ∈ Cv

xs ≥ 0,              ∀ ns ∈ Ns
h

xe + we ≤ W,    ∀ ne ∈ Ne
h

ys ≥ 0,              ∀ ns ∈ Ns
v

ye + he ≤ H,      ∀ ne ∈ Ne
h

s.t.,

Ns
h (Ns

v ): set of nodes with zero in-
degree in the horizontal 
(vertical) constraint graph

Ne
h (Ne

v ): set of nodes with zero 
out-degree in the horizontal 
(vertical) constraint graph
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(b) (c)

III III

(a) Initial floorplan of n50.                  (b) Hierarchical flow of n50.

(iii) Hierarchical Flow
WHY ? aspect ratios aren’t considered in the previous stages.  
How? divide a region into subregions and redo global distribution 

on the subregions in which the violating modules exist.
Advantage: wirelength can be further reduced without changing 

the topology relations of modules in other subregions. 

III IV III IV

IV. Local Legalization 
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V. Experimental Results
Use optimization function of Matlab library implement on a 1.6 
GHz SUN Blade-2500 workstation with 4GB memory. 

Experimental Conditions:
(1) dead  space:  0%. 
(2) aspect  ratio:  1 : 1
(3) I/O pads are scaled to boundaries of a chip. 

Table 1: Wirelength and runtime comparisons (zero dead space, aspect ratio: 1:1).  



V. Experimental Results

Table 2: Wirelength comparisons on the outlines with different aspect ratios.

Experimental Conditions:
(1) dead  space:  0%. 
(2) aspect  ratios:  1 : 1 ;  2 : 1 ;  3 : 1 ;  4 : 1
(3) I/O pads are scaled to boundaries of a chip. 



V. Experimental Results

Fixed-outline with zero dead space in   (a)  n300  ( aspect ratio = 1:1 )  
(b)  n200  ( aspect ratio = 2:1 )
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VI. Conclusion
We have proposed two convex optimization 
algorithms for fixed-outline floorplanning, named UFO. 
UFO can handle fixed-outline floorplanning with zero-
dead space. 
Experimental results have shown that UFO outperforms 
than other floorplaners.
Feature work:

(a) UFO for large scale design
(b) UFO considering the pre-placed constraint
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