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TaskTask--Specific ProcessorSpecific Processor

Input: Input: 
Vectors VVectors V11, V, V22, … , … VVkk

Query: Query: 
Which set of Which set of tt vectors vectors 
maximizes maximizes f(Vf(Vaa, , VVbb, , ……)?)?

Architecture: Architecture: 
Parallel Parallel PEsPEs on FPGA on FPGA 
coprocessor
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Problem: Input BandwidthProblem: Input Bandwidth

Assume ~128 Assume ~128 PEsPEs
×× 3 X inputs per PE3 X inputs per PE

== 384 values per cycle384 values per cycle
×× 4 bits per value4 bits per value

== 1536 bits per cycle1536 bits per cycle

WideWide--word solution: word solution: INFEASIBLEINFEASIBLE
400400--ported RAM?ported RAM?
Data fetched faster than Data fetched faster than 

host can load it 
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Distribution NetworkDistribution Network

XX memory: memory: kk data values supply        data values supply        PEsPEs..
kk = = 9 9 ⇒⇒ 84 84 PEsPEs,, 252 252 PEsPEs XX inputs,inputs, 2828×× reusereuse
kk = = 1010 ⇒⇒120 120 PEsPEs,, 360 360 PEsPEs XX inputs,inputs, 3636×× reusereuse

Generates all sizeGenerates all size--3 subsets of 3 subsets of kk data valuesdata values
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Vector Data MemoryVector Data Memory
Steiner systemSteiner system S(vS(v, k, t), k, t)

DivideDivide vv objects into subsets of sizeobjects into subsets of size kk, , so that so that 
every sizeevery size--tt subset is in just onesubset is in just one sizesize--kk subset.subset.

tt == 3 (triplets),3 (triplets), kk == X memories,X memories, vv == total genestotal genes
Host selects vector sets {Host selects vector sets {mm11, , mm22,…},…} via RAM contentvia RAM content

~100 vectors per X memory
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Memory and Data DistributionMemory and Data Distribution

TwoTwo--level data reuselevel data reuse
Temporal reuse by Temporal reuse by 

Vector Select RamVector Select Ram
Spatial reuse by Spatial reuse by 

Distribution Network

Reloaded 10Reloaded 1055--101066 timestimes
Whole VDM duplicatedWhole VDM duplicated

Double bufferingDouble buffering
Separates reload, readingSeparates reload, readingDistribution Network

kk

…Vector data memory (VDM)

DivideDivide vv objects into objects into 
subsets of sizesubsets of size k k ……

…… so that every sizeso that every size--33 subsetsubset
is inis in just onejust one sizesize--kk subsetsubset
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Conditions for SuccessConditions for Success



Resource BalancingResource Balancing

(multipliers per chip(multipliers per chip**) / (multipliers per CIR)) / (multipliers per CIR) == # CIR# CIR

(vector length) (vector length) ×× (DPS cycle time)(DPS cycle time)

(DPS time) (DPS time) // (CIR time)(CIR time)

(DPS (DPS // CIR) CIR) ×× ((## CIR)CIR)

maxmaxmm ≤≤ ((## DPS)DPS)

/ (# DPS)/ (# DPS) == combinatoriccombinatoric
efficiencyefficiency

min[ (DPS time) / (DPS/CIR),  CIR time ]min[ (DPS time) / (DPS/CIR),  CIR time ] == vector timevector time

(# DPS (# DPS ×× combinatoriccombinatoric efficiency) / (vector time) efficiency) / (vector time) 

== DPS timeDPS time

== DPS DPS // CIRCIR

== ## DPSDPS

== # X memories# X memories

== result rateresult rate

m
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m
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**Assumed to be limiting resource
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