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Professor T. C. Hu

* Introduced combinatorial optimization, and
mathematical programming formulations and
methods, to VLSI Layout

- Many works reflect unique ability to combine
geometric, graph-theoretic, and combinatorial-
algorithmic ideas

* 1961: Gomory-Hu cut tree
* 1973: Adolphson-Hu cut-based linear placement
* 1985: Hu-Moerder hyperedge net model
* 1985: Hu-Shing o~ routing
* Applications of duality: flows and cuts, shadow
price 2 Professor C.-K. Cheng in next talk
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Professor T. C. Hu

COMBINATORIAL
ALGORITHMS

ENLARGED SECOND EDITION
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A Few Examples

* Tentative Assignment / Competitive Pricing
» Optimal Linear Ordering

* Hyperedge Net Model

* The Prim-Dijkstra Tradeoff

* The Discrete Plateau Problem and Finding a Wide
Path
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TACP and Shadow Price 512

* TACP: tentative assignment and competitive pricing

* Application: Fixed-outline floorplanning
* Fixed die, fixed block aspect ratio
# classical “packing” that minimizes whitespace, etc. !!!

« Seeks “perfect” rectilinear floorplanning: zero whitespace
* Irregular block shape
» Overlapping blocks
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TACP and Shadow Price (2)

» Shadow price in linear programming duality
» Primal-dual iterations in global routing
 Local density in global placement
* Global density
min f(v) =W(w) +1-D(v)

* More recent: constraint-oriented local density
min f(v) = W(w) + X;4; - D;(v)

Better cell spreading, better wirelength!

A
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Linear Placement
* Optimal linear ordering (O.L.O.) problem

e n pins in n holes, 1 pin per hole
* Holes in a line, unit distance apart
« Minimize the wirelength

« Gomory and Hu / Adolphson and Hu

e n(n — 1)/2 max flow values between any source / sink
nodes can be obtained with (n — 1) max flow problems,
giving (n — 1) fundamental cuts

e (n — 1) fundamental cuts are lower bound for O.L.O.

The min-cut defines an ordered partition
that is consistent with an optimal vertex
order in the linear placement problem.

A
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Minimum Cuts in Placement

* Recursive min-cut
« [Cheng87]: universal application to VLSI placement
» Capo: top-down, min-cut bisection
* Feng Shui: general purpose mixed-size placer
 Duality between max flows and min cuts

» [Yang96]: flow-based balanced netlist bipartition
« MLPart: multilevel KL-FM/ flat KL-FM / flow-based partitioning

A
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Linear Placements Today

* Single-row placement

 Variable cell width
* Fixed row length with free sites
 Fixed cell ordering

* Multi-row placement
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 Local layout effect-aware
* Reorderable cells
« Support of multi-height cells

—@-

Different horizontal fin-to-fin spacing d # d’
Two fins in T2 have different drive strength

Diffusion
hE|ght
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Diffusion
T1 break T2
== Diffusion
= Fin
= Diffusion Cut
N pC
3 Cell
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Net Modeling

 “Multiterminal Flows in a Hypergraph”, Hu and
Moerder, 1985

 Challenging question:

* How should a hyperedge of a hypergraph be modeled by
graph edges in a graph model of the hypergraph?

 Applications for analytic placement, for exploiting sparse-
matrix codes for layouts

* New hyperedge net model - p pin nodes and one
star node to represent a p-pin hyperedge

=1
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Example Transformation

* Transform netlist hypergraph
* Add one star node for each signal net
« Connect star node to each pin node (via a graph edge)
« Sparse, symmetric + exactly captures true cut cost

« Star model: [BrennerO1], BonnPlace [Brenner08

M2 M3
N1

] | | | Node
M1 M2 M3 M4 -l
' M1 M4

m m Y

M5
M5
Example circuit with 5 modules .
= and 3 nets Equivalent hypergraph model
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The Prim-Dijkstra Tradeoff

* Prim’s Minimum Spanning Tree (MST)
* lteratively add edge ¢; to T, such thatv,e T, v, ¢ T ans minimum
* Minimizes tree wirelength (WL)

* Dijkstra’s Shortest Path Tree (SPT)

* lteratively add edge ¢; to T, such thatv,;e T, v, & T ans
minimum (where |; is $ource-to-sink pathlength of v;)

* Minimizes source-to-sink pathlengths (PLs)

* Prim-Dijkstra Tradeoff (Alpert, Hu, Huang, Kahng, 1993)
- “PD1” tradeoff: iteratively add e; to T that minimiz
« ¢=0-> Prim's MST
« ¢ =1 -> Dijkstra’s SPT // c enables balancing of tree WL, source-sink PLs
- “PD2” tradeoff: iteratively add e; to T that minimizes (I + d;)"p
p =« =2 Prim’s MST;
 p=1-> Dijkstra’s SPT

X
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Prim-Dijkstra Construction

Prim’s Minimum Spanning Tree (MST)
Minimizes wirelength

But large pathlengths
to nodes 3,4,5

Prim-Dijkstra (PD) tradeoff

(5)
E— (&)

Dijkstra’s Shortest Path Tree (SPT) O

Minimizes source-sink pathlengths (3)
But large tree (5)

wirslength! (4) Directly trades off the

Prim, Dijkstra constructions
(3
(2

Al
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PD Tradeoff: 25 Years of Impact
* Widely used

 |In EDA for timing estimation, buffer tree construction and
global routing

* |n flood control, biomedical, military, wireless sensor
networks, etc.

» Simple and fast — O(n log n)
* Alpert et al., DACO6: PD is practically ‘free’

* Yesterday: “PD Revisited”
* lterative repair of spanning tree
» Detour-aware Steinerization
« Better WL, PL tradeoff

=1
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A Few Examples

* Tentative Assignment / Competitive Pricing
» Optimal Linear Ordering

* Hyperedge Net Model

* The Prim-Dijkstra Tradeoff

* The Discrete Plateau Problem and Finding a Wide
Path
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Connection Finding

 Basic element of any routing approach
e a-f3 routing (Hu and Shing, 1985)

* Find connections given edge and vertex costs
« Comprehend existence of “turn” at vertex

 Provide unified elements for
 Dijkstra’s algorithm
« Best-first (A*) search

A
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Proc. Nat. Acad. Sci., October 1992

Floating an Answer to Bubble Riddle.

m Science: Rescarch team comes up with a solution o a
150-year-old brain teaser. The findings could have practical
applications and-lead to a new branch of math.

By NORA ZAMICHOW
TIMES STAFF WRITLR

{ Lo create 2
what

If you take a wire, bend
loop. and stick it in scapy water,
shape bubbles will you create?

This question has tormented mathematl-
cians for 150 years.

A team of three rescarchers has come up
with a solution, one it believes may cven
have some practical applications for solv
ing problems with robots and computer
chip design. In fact, the scientists belicve,
their work may pave the way 10 & New

* Discrete version of
Plateau’s minimum-
surface problem

» Solved using duality of
cuts and flow

Al

branch of mathematics
eLry

In devising a solution, the three added
thickness and weight lo the cquation,
removing the problem from the ideal realm
of mathematics and putting it into the
everyday world, in which objects have
dimensions.

“Just as the subject of prcbability u-'eu
from a gambler's question and the subj
of geometry started from part tfl
flooded land in the Nile River va
:gut 30 the question of minimum aur‘.rn
with thickness and waght may
new branch of mathematics,’

a professor of computer science an
neering at UC San Dicgo
Hu's quest for
published in today's issuc 0
Proceedings of the National Aca
Science, began in 1963 '.f you ask Hu
he Kx., battled this problem, he'll give yo
( as-there answer
L nds of questions should be
answered,” Hu sald. “The Plateau pu n
was dealing with the ideal, but everylhing
nas thickness and weight. So we solve -"u.
kind of problem.”
Other mathematicians
efforts, saying the finding
similar as well as more compli
lems down the road.
“This is quite significan!
practical solution of a fundamenta
that's typical of many other problems d
Please sce BUBBLE, B2

UCSD Prof. T

ik
Bubble puzzle: Platcau Problem researchers are (from Ief!)

Gabriel Robins, Andrew Kahng and T.C. Hu.

Scientists float
a new solution to
puzzl?’n g bubble

By SCOTT LAFEE,

A UCSD scientist
\.uu,h. to a l:(l-

J(ltl — g ¢

Repor
the Nat
SCr! h\\

of ”‘t‘ ."rwrrmrg: u’

Sciences, the team de-

ematically defining not

ns of a soap bubble within

but 1lw the bubble's surface weight

k thc:r s a lot of power in the idea,” said
\ndre\\ ahng of the University of California Los
Angeles.

T.C. Hu, a professor of comp uter science at the
See Bubble on Page B-8

‘ibune | NELVIN CEPED.
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Towards Robust (Wide) Path Finding
* Robust path finding problem

« Source-destination routing with prescribed width

« Seek minimum-cost path that has robustness (width) = d
« E.g., a mobile agent with finite width
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Network Flow Approach

» Discretize routing environment B
Ol O
* A minimum cut in flow network gg/g PO
 Contain all vertices and edges on a robust path ofcofoocoo
« Correspond to a maximum flow by duality
olooqQp oo
» Return a robust path ofo oloNe
O 0 0 O
o] |@ 0 O O
O|O0 O O O O
L orescribed-
.......... SEEHI o
""" A R ER : ] [ I B ’ \ s \
SESSSEE LIRSS R RS £ weighted |
RS IR R ER R ARy /::regiong;‘mjshz
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Applications Today

* Relevant to many difficult problems
» Bus routing, bus feedthrough determination, etc.

* |C package routing
» Per-net PI/SI requirement
* Need traces of various width
* Wide path finding (with multiple commodities) can be useful

E“_lal“
. N
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Conclusion
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Professor Hu’s 96 Ph.D. Descendants

T. C. Hu <
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W. T. Torres

K-C. Tan

D. Adolphson

B. N. Tien

F. Ruskey

M.-T. Shing

Y. S. Kuo

K. E. Moerder

A. B. Kahng

P. A. Tucker

4’{ G. Thomas
A. Zaki
~ ([ G.Robins
D.R. van Baronaigien L. Hagen
Y. Koda K.D. Boese
G. Pruesse C.J. Alpert
P.Evans — S. Muddu
K. Wong C-W.A. Tsao
J. Sawada D.J. Huang
S. Chow K. Masuko
M. Weston I. Markov
A. Williams B. Liu
— B. Bultena S. Mantik
A. Erickson Y. Chen
A. Mamakani S. Reda
— L V. Irvine Q. Wang
X. Xu
AJ J. Chen P. Gupta
| M.R. Kindl P. Sharma
_ M.M. Cordeiro S. Muddu
C. H. Park
AJ S-J. Su R. O. Topaloglu
Vbl K. Samadi
g C-C. Jung K. Jeong
< S. Kang
T. Chan
S. Nath
J. Li
g W. Chan

> A. Smith

M. Alexander

T. Zhang
L. Bolotnyy

C. Taylor
K. Chawla
R. Layer

N. Brunelle
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R. Cochran
N. Abdullah
K. Nepal
K. Dev
X. Zhan
S. Hashemi

_ R. Azimi

J. Lee

L. Cheng

R. Ghaida

A. A. Kagalwalla
L. Lai
M. Gottscho

S. Wang

Y. Badr

A.B
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S. Adya
A Ramani
G. Viamontes
K-H. Chang
S. Krishnaswamy
S. Plaza
J. Roy
D. Papa
D. Lee
M. Kim
J. Hu
H. J. Garcia
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Thank you, Professor Hu.
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Hypergraph Model - Useful Qualities
« Hypergraph net model

« Sparse and symmetric
* Enables exact representation of net cut cost

» Challenges

« Large memory footprint for rewriting netlist - need
sophisticated memory pool management and containers

» Current systems make this feasible!

 Star net-model - separately realized in other works

« E.g.: Defined in [Brenner01] and used in BonnPlace
[Brenner(08]

A
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Minimum-cut Bipartitioning

« Show: Max-flow min-cut theorem can find a
minimum-cut bipartitioning of a hypergraph

* Algorithm
« Construct a tree - flow-equivalent to a given hypergraph
« Similar to the Gomory-Hu cut-tree

A
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