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Why Reduce Power?

0.10.1

11

1010

100100

1,0001,000

10,00010,000

’’7171 ’’7474 ’’7878 ’’8585 ’’9292 ’’0000 ’’0404 ’’0808

PowerPower
(Watts)(Watts)

40044004
80088008

80808080
80858085

80868086
286286

386386

486486

PentiumPentium®®

processorsprocessors

Power Too HighPower Too High

Hot PlateHot Plate
Nuclear ReactorNuclear Reactor

Rocket NozzleRocket Nozzle

Sun’s SurfaceSun’s Surface

Source: Intel



2

3

Why Reduce Power?

Longer Battery Life

Cheaper Packaging

Improve Reliability
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Reducing FPGA Power

Two ways of reducing FPGA power consumption
Optimize the FPGA

use shorter wires segments
bigger clusters

Optimize the FPGA CAD Flow
hide high-activity wires within LUTs or clusters
reduce the routing length of high-activity wires
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Goals of this Research:

Answer two basic questions:
1. Where do we expect the 

biggest power savings?
2. Are these savings cumulative?

Use this information to design
better FPGAs, CAD Tools
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What’s an FPGA CAD Flow?

User Circuit FPGA
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Experimental Framework
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Technology Mapping
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Technology Mapping
Operation: Transforms a netlist of gates into a 

netlist of lookup tables (Cutmap)

Goal: Minimize energy (power*delay)
Delay → optimize circuit depth
Power → 2 ways:

hide high-activity nets in LUTs
minimize unnecessary node duplication
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Technology Mapping Results

2.010.32397052441EMap

-2.1

0.330

Activity

-7.6-9.7-5.2% Diff

2.18107462576CutMap

Energy 
(nJ)ConnectionsLUTs

For Emap, most of the savings come from minimizing 
unnecessary node duplication.
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Clustering
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Clustering

Operation: Transforms a netlist of LUTs into 
a netlist of clusters (T-VPack)
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Clustering Cost Functions

Seed Attraction Function
T-Vpack: most timing-critical LUT

P-T-Vpack:  LUT with highest activity pins

Second Attraction Function

T-Vpack:

P-T-Vpack:
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Clustering Results
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12.6% energy reduction
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Clustering Results

38%

36% 26%

Wires Inside LUTs
Wires Inside Clusters
Global Wires

• Clustering savings are greater than 
tech. map savings since clusters 
are bigger than LUTs

• Savings are obtained by hiding 
high activity wires within clusters
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Placement
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Placement

Operation: Places clusters to physical 
locations on the FPGA (T-VPlace)
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Placer Cost Functions

Original Algorithm:

Power-Aware Algorithm:
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Placement Results
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Routing

Routing
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Routing

Operation: Connect logic blocks using 
routing fabric (VPR Router)

a

b
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Router Cost Functions

Original Cost Function:

Power-Aware Cost Function:
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Routing Results
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Combined Results
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Combined Results

2.122.111.902.01Energy (nJ)
-2.7-3.0-12.6-7.6% Diff

powerbaselinebaselinebaselineRouting

baselinepowerbaselinebaselinePlacement

baselinebaselinepowerbaselineClustering

baselinebaselinebaselinepowerTech. Map

Energy savings are mostly cumulative!

1.681.731.751.791.901.951.961.791.831.852.052.18Energy (nJ)

-22.6-20.6-19.5-17.6-12.6-10.2-9.95-17.9-15.9-14.8-5.720.00% Diff

powerbaselinepowerbaselinepowerbaselinepowerpowerbaselinepowerpowerbaselineRouting

powerpowerbaselinebaselinepowerpowerbaselinepowerpowerbaselinepowerbaselinePlacement

powerpowerpowerpowerbaselinebaselinebaselinepowerpowerpowerbaselinebaselineClustering

powerpowerpowerpowerpowerpowerpowerbaselinebaselinebaselinebaselinebaselineTech. Map

Ideal savings = -25.8%
Actual savings = -22.6%
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Combined Results (overlap)

Overlap(a,b) = Individual(a) + Individual(b) - Combined(a,b)

2.61Clusterer

-0.330.39Placer

-0.100.040.27Router

PlacerClustererTech. MapperOverlap (%)
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Validation

Do our results mean anything?

We tested our clustering algorithm using:
An Altera Stratix (0.13 um) chip
Industrial Place and Route tools (Quartus)

Altera’s Quartus University Interface Program (QUIP):
Allowed us to integrate our cluster algorithm with Quartus
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Validation (setup)

34

Validation (setup)



18

35

9 volts * 0.43 Amps = 3.9 W
Stratix 1S40
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Validation (clustering results)

12.5 %Average
-5.6 %1918222241240tseng
22.2 %2127222243249spla
11.8 %3034222252256seq
20.1 %115144222337366s38584
4.1 %9498222316320s38417
18.5 %2227222244249s298
27.6 %2129222243251pdc
13.8 %2529222247251misex3
16.7 %3036222252258frisc
17.4 %1923222241245ex1010
16.7 %1518222237240ex5p
10.0 %4550222267272elliptic
10.0 %1820222240242diffeq
6.7 %1415222236237apex4
-2.7 %3837222260259alu4

Power-AwareNon-Power-
AwarePower-AwareNon-Power-

Aware

% 
ImprovementDynamic CurrentStatic CurrentTotal CurrentCircuit
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Contributions

Technology mapping and clustering are most 
suited to power minimization
(7.6% and 12.6% energy reduction respectively)

Energy reductions are mostly cumulative 
[only 3.2% overlap (22.6% instead of 25.8%)]

Reduced overall energy by 22.6%


