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OVERVIEW

Goal: Recognize idioms in a functional array language




OVERVIEW

Goal: Recognize idioms in a functional array language

List of ingredients:
m Equality saturation
m The build and ifold operators




LET'S ACCELERATE!

Many hardware/software accelerators to speed up specific

patterns in programs
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SUPPORT ALL THE PLATFORMS!




IDIOM RECOGNITION IS EASY... RIGHT?

The idiom:
a-A-B+p3-C—gemm(a, A, B, 3, C)

An exact match:1-X-Y+0-Z— gemm(1, X, Y, 0, Z)




IDIOM RECOGNITION IS EASY... RIGHT?

The idiom:
a-A-B+p3-C—gemm(a, A, B, 3, C)

An exact match:1-X-Y+o0-Z— gemm(1, X, Y, 0, Z)
No match:

mX-Y

m2-X-Y

m2-X-Y+Z

mX-Y+2-Z

mY+2-Z
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STATE OF THE ART

A flexible pattern:
[a-]A-B[+[5-]C]
Limitations:
m Enumerate all variants
m Encode in idiom description language
m How to rewrite?




THE DREAM

What if a machine could discover that

X-Y=1-X-Y+0-0=gemm(1, X, Y, 0, 0)?




THE DREAM

What if a machine could discover that
X-Y=1-X-Y+0-0=gemm(1, X, Y, 0, 0)?

Principle:
m Specify standard idiom, e.g.,
a-A-B+3-C— gemm(o, A, B, 3, C)
m Use language semantics to make patterns match
=A—1-AandA—A+o0




BRUTE FORCE

-X-Y

7
~

X-Y+o0

XY




BRUTE FORCE

1-1-X-Y
1-X-Y+o0
X-Y+o0 X-Y+0+o0




BRUTE FORCE
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ELEGANT ALTERNATIVE: EQUALITY SATURATION

e-Graph for X - Y




ELEGANT ALTERNATIVE: EQUALITY SATURATION

ApplyA—1-A




ELEGANT ALTERNATIVE: EQUALITY SATURATION

ApplyA—A+o0




ELEGANT ALTERNATIVE: EQUALITY SATURATION

ApplyA —1-A

?@...




PUTTING THE PIECES TOGETHER (NAIVELY)

Idiom Recognition

Saturate
build
T h '
A.B Lower map (... ) 0 grap Extract
e
Math map-reduce e-Graph

dgemm(...)

Optimized



PUTTING THE PIECES TOGETHER (NAIVELY)

Need two components to recognize idioms:
1. Description of language semantics

2. Description of idioms




LANGUAGE SEMANTICS RULES (map-reduce)

map f (map g xs)=map (g o f) xs

reduce f z (map g xs) =reduce (Ax. dacc. g (f x) acc) z xs
zip (map f) (map g) =map (At. tuple (f (fst t)) (g (snd t)))
map f (join xs) = join (map (map f) xs)

split N (map f xs)=map (map f) (split N xs)

slide N (map f xs)=map (map f) (slide N xs)

join (split N xs) = xs
zip (join xs ys) (join zs ws) = join (zip xs zs) (zip ys ws)



OUR APPROACH

Math

Lower

map (...)

map-reduce

Lower

Idiom Recognition

To graph
build(...)ﬁ'

build-ifold

Saturate
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Optimized



INTRODUCING build-ifold

build N f=[fo|fa1[..[f (N-1)]

(2o |a: [ ... [ana DIil=ay

tuple a b=(a, b)
fst (a, b)=a
snd (a, b)=b

ifold o init f =1init
ifold (N + 1) init f=f N (ifold N init f)




LANGUAGE SEMANTICS RULES: build-ifold

Simplification Expansion

(build N f)[i]l —-f i f i — (build N f)[i]
fst (tuple a b) =a a— fst (tuple a b)
snd (tuple a b) =b b —snd (tuple a b)
(Ax. e) y—([y/x]e) e—(\x. e)y




IDIOM REWRITE RULE: gemm

build N (1.
build K (Aj.
ifold M @ (\acc. \k.
alpha = A[il[k] * B[k][j] + acc)
+ beta * C[1][j]))
— gemm(alpha, A, B, beta, C)




EVALUATION

Saturate

D!
Lower To graph Extract

aimm —— build (...) ——
ea

Benchmark build-ifold e-Graph Optimized Data

Run Coverage:

dgemm(...) 97%
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SOLUTIONS OVER TIME

e-Nodes

2.5

1.5

-10%

1x do

1x gemv,1 x dot

¢ 2 x dot

2 x gemm

1x gemm,1 x dot

Saturation steps
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SATURATION SPEED
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DE BRUIJN INDICES

Named De Bruijn
AX. X A Po
Ay. y A Po
AX. Ay. X A A Pps
AX.o Ay. Yy A A Poe
AXoe AY. AZo X A A A p2



LANGUAGE SEMANTICS RULES: build-ifold

(build N f)[i]l —>f 1
fst (tuple a b) —a
snd (tuple a b) —=b
(A e) y—(ly/pele) L

f i— (build N f)[1i]
a— fst (tuple a b)
b — snd (tuple a b)
e>(Net)y



IDIOM REWRITE RULE: gemm

build N (X
build K (\
ifold M o (A X
alpha = A[p3][p1] * Blps1[p2] + po)
+ beta * Clpi]lpol))
— gemm(alphal%, Al%, Bl“%, betal?, C|?)



ARITHMETIC RULES

X+ 0—>X X—=1 * X
X* 1 —->X X—>X* 1

1 * X—X X *VyYy—=Vy * X
X—X + 0



IDIOMS

ifold N @ (A A Alp.] * B[ps] + po)
— dot(Al?, Bl?)
build N (A
ifold M @ (XA X
alpha * A[p,]1[pi] * Blp:i]l + po)
+ beta * C[pol)
— gemv(alphal3, Al3, BJ3, betal, C|)

build N (X
build K ()
ifold M @ (A A
alpha * A[p;1[ps] * Blp1llp2] + po)
+ beta =* C[p1][po]))
— gemm(alphal“, Al%4, Bl%, betal?, CJ?)




BENCHMARK RESULTS

Benchmark Suite Steps Time(s) e-Nodes
mm custom 5 6 4,096
doitgen polybench 3 1 1181
mvt polybench 3 1 1397
bicg polybench 3 1 1397
atax polybench 7 52 14058
blurid polybench 3 6 5110
jacobid polybench 3 8 6491
stencil2d custom 3 23 15251
slim-2mm  custom 7 130 24439
2mm polybench 9 2038 111123



BENCHMARK RESULTS

Benchmark dot gemv gemm Coverage

1mmm 0 o 1 97%
doitgen 0 1 0 99%
mvt 0 2 0 61%
bicg 0 2 0 59%
atax 1 1 0 64%
blurid o] 1 o] 1%
jacobid 0 1 0 49%
stencil2d o] 1 0 55%
slim-2mm o] o) 2 100%
2mm 2 o} 0 4L4%
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