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Our good old PhD student days
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First Research 
Collaboration 

1st 10-track optimal 
solution of the 
Deutch’s Difficult 
Problem!



The Most Significant Collaboration with Jason



Jason was with ISPD right from the start
History of ISPD
• ACM SIGDA Physical Design Workshop: 1987, 1989, 1991, 1993, 1996
• MCNC Layout Synthesis Workshop: 1988, 1990, 1992
• ISPD: 1997-Present

1990 1992 1993 1996

UCLA

1997



FlowMap
ICCAD 1992, TCAD Jan 1994

• FPGA (LUT-based) Technology Mapping
• Allow gate replications
• Novel application of Network Flow 
• Polynomial time optimal algorithm
• Guarantees minimum delay 



Network Flow

Max Flow = Min Cut
Capacity of a Cut = Sum of the 
Capacities of all Forward Cut Edges



The FlowMap Algorithm

t

• Top-Down 
Labeling Phase

• Bottom-Up 
Mapping Phase

Inputs

Outputs

Dynamic Programming!







Edge-Map
ICCAD 1994

• Each edge has an estimated delay value
• Only delay on “visible” edges, i.e. edges 

connecting LUTs, are counted



Edge-Map Algorithm

v

• Top-Down 
Labeling Phase

• Bottom-Up 
Mapping Phase

• Dynamic 
Programming!

Inputs

Outputs



             (a)
Labels are d(e) values. 

                    (b)
Labels are flow capacities.

Is there a B-Cut?

B = 2, 3, 4, 5, 6, 9, 10

B = 5



Finding a Min Cut 

Modelling a net in a flow network

 Cut Size = 3

2

FBB 

• Yang and Wong 
(ICCAD-1994, TCAD)

• Finding a min net cut in a 
circuit based on network 
flow

• Iterative application of the 
min-cut algorithm to get a 
balanced min-net-cut







Simultaneous Area and Delay 
Minimization ICCD 1995

• FPGA K-LUT Technology Mapping 
• K-Bounded Networks

• Delay minimization (FlowMap)
• Area minimization (NP-Complete for K >= 5)
• Area minimization is open for K = 2, 3, 4 

• K-Exact Networks
• FlowMap Algorithm also minimizes area
• Area & delay minimization solved in polynomial 

time
• 2-Bounded Networks

• Remove single-input nodes 🡪 2-exact networks
• Area & delay minimization solved in polynomial 

time
• Solved the open problem of area minimization 

for K=2

2-Exact 
Network



Optimal Clustering for Delay Minimization

DAC 1993

• Gate delay of d(v) for each gate v
• No delay for interconnections within a cluster
• A constant delay D for inter-cluster connection
• A constant area constraint for each cluster
• Gate replications allowed
• Polynomial time optimal algorithm for delay minimization



Clustering with Area and Pin Constraints

TCAD Sept 1997; ED&TC 1995

• Extension of Rajaraman & Wong (DAC 1993)
• Gate delay d(v), inter-cluster delay D, etc.
• Area and Pin constraints
• Optimal for either pin constraint or area constraint
• Perform well experimentally for both pin and area 

constraints

A = 4
P = 6
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The End


