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Definitions

ABig Datét occupies one or more data centers
AlIn exascalgerms, oneexabytes

AMachine Learning HPC on Big Data
AIn exascalderms, ExaFlops orExaBytes

ABDML! Big Data Machine Learning

ABDML challenge is energy

AEnergy folExaFlops
A Accelerators (faster for less energy)

AEnergy for movingxaBytes
A Accelerators that minimize data movements
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Processofentric Energy Point of View

Energy per Compute Operation
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Is this applicable to Big Data Machine Learning?
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The Energy Challenge
IS In Data Movement

ABDML for health caretOB persons 1TByte =10?2  FTY

ASparse subsel% personsl% data
A Only10'8 (EXABytes)

APrecision Medicine:;-Bimensional correlations
A Intractable:nRcompare operations, fE90M, R=1000

AdLight low-dimensionality correlation:
An=10M, R=, compared data items ark00bits
A Local data access (HMC DRAM)pJbit
A Near neighbor data access0 pJbit

=gy A At 100MWatt (100,000,00Q)/sec) per data center,
4 Just accessing the data will tak®,000years
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What can we do?

AAlgorithmic decomposition
Ainto sequences of twalimensional correlations

AProblem decomposition
Alnto smaller populations (that fit in accelerators)
Alnto converging relaxations

AGoals:
AMinimize communications
A Stream: use each networked item only once
AAccelerate accessnd-processPIM
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Power Target for
Accelerated BDMHPC Dat&enters
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Outline

ASparse matrix multiplication accelerators
A Associative processor (AP)
A Associative processor using resistive memory
AGP+SIMD
AGP+SIMD using resistive memory

ACompression foBpMv faster, lower energy
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Associative Processor to replace SIMD and LLC

A AP basedPIM

T Minimize CPLSIMD data movement

A During sequential execution:
I AP servesas LLC

A During parallel execution:
I AP serves aSIMD

Associative Processor
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CMOS AP Architecture
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Calculatin®®

G wis the8-bit vector)

Associative Processing Array
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Calculatin | | & wis the8-bit vector)

Compare ta0 I T @Truth Table
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Calculatin®®

Write H
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Calculatin | | & wis the8-bit vector)

Compare ta1 I T @Truth Table
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Calculatin®®

Write 0

gl

Ll

G wis the8-bit vector)

01
3F
11
89

00
OE

4B
02
5B
01
2D
FF
11

I T @Truth Table

N WN PO

255

Ho
0

p.000
1.585
2.000

7.988
7.994

AICRI-CI
°f i cotns dhirsilule ==
o Elnmputa(i Illger‘\(: ('ﬁD 1

~~

M

Technion

Israel Institute of
Technology

15



Calculatin | | & wis the8-bit vector)

Compare ta?2 I T @Truth Table
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Calculatin®®

Write 1
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Calculatin | | & wis the8-bit vector)

Compare to FF I T @Truth Table
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Calculatin®®

G wis the8-bit vector)
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Assoclativérithmetic

AFixed point:
Ad bit addition: 0 (&)
Ad bit mult/div: 0 &
ARegardless of number of PUs/data elements

AFloating point:
AIEEBSP multiply,400cycles
AFused Multiply Accumulate (FNt4&,000cycles
ARegardless of number of PUs/data elements
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AP Performance and Power

Performance Gflopg

Power EfficiencyGflopgw)
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SpMM on AP
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Five approaches researched:
A Fully Associative (AP)

A Multiplication by CPU, rest by AP
(AP+MULT)

A Accumulation by CPU, rest by AP
(AP+ACC)

A FMA by CPU, pair matching by AP
(AP+MULT+ACC)

A All by CPU (CPU)

22



Comparing the Five Approaches

Billion Cycles

Billion Cycles

Technion
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B Accumulation
B NMultiplication
M Pair Matching

B Accumulation
B Multiplication
M Pair Matching



SpMM AP Performance
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Resistive Content AddressabMemory (CAM)
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A Compare

A

A
A

A

A Write

A
A

TheMatch/Word line
precharged.

Key seton Bit and~Bit.

If all bits in a row match the
key, theMatch/Word line
remains.

If at least one bit is
mismatched, the
Match/Word line discharges
through an'Y  memristor.

Stepl: w asserted on BL
Step2: @  asserted on ~BL
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Resistive AP
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GRSIMD

Shared Memory
Array
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Example: Vector Addition
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ABit serial arithmetic
Ad bit addition is3& =0 (& ) cycles

A& bit multiplication / division i®) (& 2) cycles
A Does not depend on data set size!
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Memory Architecture

SIMD-Only
Shared memory memory cells
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Example: ExecutirigpMM Storage Format

ANxM Multiplier matrix A
AMxL multiplicand matrix B

AStored in the Coordinate List (COO) format

ANonzero elements stored along with their row and
column indices)

PU Val R(;\'N d)l Unallocated

AICRI-CI
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Example: Executiri§pMM Broadcast

AMatch the rowelements of B with the appropriate
columnelements of Al\(amely, matcto. with 6 ).

Al,l 1, _Bl,Z “ A1,1 1 B, |By2 B-]‘L

Az |4, rBZ, B, Ays |4y, Box |Bos |Boa | . By,
PU Val Row Col T1 Unallocated
1 drl 1] 1
2 6rl 1] 2
3 8r| 2] 1
4 Orl 2] 2
5 Or| 212|110
6 O6r| 2110 n. \
7 el 1] 265 9 |10[11]12]
8 O6r| 21| 2 (0 .

: o~ .

AICRI-CI Technion 33
\ ® § Israel Institute of

5o/ omputational meeligence. (inteD Technology



Example: ExecutirigpMM Multiply

AMultiply pairs of matched elements
AFloating point multiplication2500cycles

PU Val Row Col T1 T2 Unallocated

1 orl 1|1

2 orl 1| 2

3 ol 2112

4 Ol 2] 2
" « | 0g

5 Srl1|1(on|°F, :
. « | O0R

6 Opr| 2 1|0 ; 6ﬁ .
« | O

7 Sn| 12| §. .
- « | O0R

8 Opr| 2 2 |0 j Oﬁ
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Example: Executiri§pMM Reduce

AAdd the singleton products together
APipelined reduction tree32 cycles

Val Row Col T1

5| 1

N | P | N | P ININ|F
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SpMMon GPSIMD

A ComputationComplexity: O(N log N)
ACompare with sequenti@pMM O(N+)
AGRSIMD can fi8BM elements

AUseful when larger problems can be decomposed
Into 8M-size sulproblems
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1,000UoFFP matrices

Exec. cycles vs. nonzero elements
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SpMMPerformance and Powéifficiency (GSIMD, AP, GPU)

Performance (GFLOPSs)

A Power Efficiency:

Perf. vs. nonzero elements

le+03 T F
%  GP-SIMD, GFLOPs
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+
AP 3 ‘0%
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18 - had (o]
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0.0056
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Number of nonzero elements

A NVidi®@ K0/ GTX60 0.1-0.5 GFLOR®/
A AMD Opteron, InteKEONO.03GFLOPS/W
A GRSIMD 0.1-100GFLOR®/

[Pedram. 2013. PhD dissertation, University of Texas.]
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Power consumption (Watt)

Power efficiency (GFLOPs/W)
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StandardlD Memristor Memory Array

bit_line

Column Circuit
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