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Objective: Ranking

One operation — multiple algorithms

Algorithm
alg-1
alg-2

alé-n
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Objective: Ranking

One operation — multiple algorithms

Algorithm Algorithm  Metric

alg-1 alg-4 27.0

) alg-2 alg-1 22.5
Metric,  alg-3 = alg-n 155
alg-n alg-13 1.07

Paolo Bientinesi (AICES, RWTH Aachen) Automatic Ranking of Algorithms July 17,2012 2/35
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e Analytic Modeling

e Modeling through Sampling

e Results

e Conclusions
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LU(A)

— Arr, | ATr
Partition A —
(ABL ABR )

where A1y, is0 x 0

While size(Aryr) < size(A) do
jlepaliien AoolAos [ Ao @ block size b?
Arp|Arr

Toilasn ) Aio]Ai11[A12

Az0]A21|A22

where A;1isb x b

Upy = LaolAm
—_ —1 i
Lio := A10Up, @ recursive calls?
A1 :=LU(A1; — L1oUo1)
Continue
Aoo|Ao1]Ao2

Arp|ATr

| A10]A11]A12
AprL|ABR

Azo|A21]A22
endwhile

@ how many levels of recursion?
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multi
distributed threaded

memory
serial
data
parallel
ooc
by blocks
unblocked

blocked
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multi
distributed threaded

memory
serial
sgﬁel “One Algorithm
P to rule them all” ?
(o] e]e]
by blocks

unblocked
blocked

Paolo Bientinesi (AICES, RWTH Aachen) Automatic Ranking of Algorithms July 17,2012



multi
distributed threaded

memory
serial
sgﬁel “One Algorithm
2 to rule them all” ?
2t Not really
by blocks

unblocked
blocked
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Generation of algorithms: Click

*BL | *BR
While size(Lrr) < size(L) do
Repartition

Xoo] 0 | O Lool 0 | O
X 0 L 0

( = )4 X1o[X11] O ,and( = )% Tio|Lii| O
XprL|XBr

. 0
Partition « € {L, X} as <*TL ) where L1, Xrr are 0 x 0

LpL|LBr
Xo0] X21|X22 Lao|L21|L22
Variant 1 Variant 2 Variant 3 Variant 4
= -1 —1 —1
X10 = L10X00 X271 = Ly, Loj Xg1 = Loy Loy Xg1 := L3y Loy
-1
X10 := —Ly; X10 | Xg1 := —Xg1L7;" |X20 = X0 — X21X10 [X20 := X20 — X21X10
1 —
X131 =Ly Senq o= Ll—ll X10 LioLoo X10 = LioLoo
=1l -1
2515 = Loy 251 = o
Continue
Xoo| 0 ] O Lool 0] O

X 0 L 0
< i >(— X10|X11] O g < L )(— Lio|L11] O

X X L L
BLIEBR Xoo|X21]|Xo2 BLIZBR Lag|L21|L22
endwhile

Paolo Bientinesi (AICES, RWTH Aachen) Automatic Ranking of Algorithms July 17,2012



Generation of algorithms: Click

Partition x € {A, B,C} as (*T—LI*T—R> where Agr,Brr,Cpr are0 x 0
*BL | *BR
While size(Crr) < size(C) do
Repartition
CrilCrn Coo|Co1|Co2 Arp|Arn Ago|Ao1|Ao2
(C—Mlm)ﬁ C10]C11|C12 |, <A—BLIE)—> Ajol|A11]A12 |,...
C20]C21|C22 Azo|A21]A22
Variant 1 Variant 16
C10:= C10—A12C20 C10:= C10—A412C20 C11:= C11—-C10Bo1
Cr0:= 2(A11, Boo, C10) C10:= Q2(A11, Boo> C10) Cr1:= Q(A11, B11, C11)
C21:= C21—C20Bo1 C11:= C11—C10Bo1—A12021 | Co1:= Co1—Co0Bo1—401C11
Ca1:= Q(Ag22, Bi1, C21) Ci1:=Q(A11, B11,C11) Co1:= 2(Ago, B11, C10)
C11:= C11—A12C021—-C10Bo1 | C12:= C12—C10Bo2—C11B12 | C12:= C12—C10Bo2— C11B12
Ci11:= Q(A11, B11, C11) C12:= C12—A12C22 C12:= Q(A11, B22, C12)
Cr2:= Q(A11, Baz, C12) Co2:= Co2—A01C12
Continue
CrilCrn Coo|Co1]Co2 Arp|Arn Aogo]Ao1|Ao2
(C_BLITR><_ C10]|C11|Ci2 |, <A_BL|E><— AioA11 A1z |- --
C20|C21]|C22 Az0]A21|A22
endwhile
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Generation of algorithms: CLAK

: e (YT A1y \—1vT y/—1,
GWAS: b = (XIM;1X) ' XT My,

1]
LLT =M LLT =M IWZT =@
X =L'X X :=L7'X D :=(hrW+(1-h)I)"!
S =xTx QR:=X KKT =D
GGT =58 y:=L 1y X :=2z'Xx
y:=L 1y b:=Q%y X :=KTX
b:=XTy b:=R'b QR:=X
=G b y:=L1y
=G b b:=QTy
b:=R'b
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“O Brother, Where Art Thou?”
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“O Brother, Where Art Thou?”

@ Speed
o No direct execution of the algorithm
@ Possibly no execution at all

@ Accuracy
@ Automation
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“O Brother, Where Art Thou?”

@ Speed
o No direct execution of the algorithm
@ Possibly no execution at all

@ Accuracy
@ Automation

Approach: Performance Modeling

@ Analytic Models @ Sampling

@ Exploit modularity: from kernels to algorithms l
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e Analytic Modeling
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Analytic modeling

@ no execution of code @ models built from knowledge
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Analytic modeling

@ no execution of code @ models built from knowledge

Model (simplified version)

Time = o #flops + Zﬁl #miss,
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Analytic modeling

@ no execution of code @ models built from knowledge

Model (simplified version)

Time = o #flops + Zﬁi #miss,

@ storage scheme @ how the algorithm traverses

@ size of the operands the operands

@ size and number of caches @ size of cache-lines

@ hardware & software @ compilation level
prefetching ° ...
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Feasible?

Paolo Bientinesi (AICES, RWTH Aache Automatic Ranking of Algorithms July 17, 2012 12/35



Roman lakymchuk

‘“‘Execution-less
Performance Modeling”
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Roman lakymchuk

‘“‘Execution-less
Performance Modeling”

Models for specific architecture, BLAS routine, implementation, . ..
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Example: GotoBLAS

— n
d
Rank-k update [ — q
A=A+ 2y” I
GER, BLAS2 = |p Moy
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Example: GotoBLAS

— n
d

Rank-k update — .

A=A+ 2y” i

GER, BLAS2 = . "

L1 misses =
[al + 131+ 17 ) tm—p<d
[ W [ WJF(I I(PMW +77(i)), otherwise

=1
with

n(i) = min (d— 1, VT“L (m;mod d>J N [p‘f‘(midmod d)-D
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Accuracy

GER, GotoBLAS2

9000
8000
7000
6000
5000
4000
3000
2000
1000

0

L1 misses

‘hdeasuréd .
; Modeled Z
Deviation --=-
/ |
1 e
. / ,
L E /
i .
200 250

20

S
Deviation [%]
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Predicting the execution time

LU factorization, unblocked

12 ‘ ‘
e+07 ' Measured e
Modeled °
1.0e+07 | Deviation -=- i
7 8.0e+06 | s
.‘ 7]
5! 6.0e+06 i
= | &
D 4.0e+06 [} o
2.0e+06 | L, ol
i 3 B2 "
8= Ty .
0.0e+00 Lesessss®myl  Rox ek
0 50 100 150 200 250
p=q

15

[\®)
=
Deviation[ %]
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Analytic models

Wishlist
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Analytic models

Wishlist

@ Speed v/ %
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Analytic models

Wishlist
@ Speed v/ %
@ No direct execution of the algorithm v
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Analytic models
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Analytic models

Wishlist
@ Speed v/ %

@ No direct execution of the algorithm v
o Possibly no execution at all v

@ Accuracy v/ = accurate ranking
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Analytic models

Wishlist
@ Speed v/ %

@ No direct execution of the algorithm v
o Possibly no execution at all v

@ Accuracy v/ = accurate ranking

@ Automation %
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e Modeling through Sampling

Elmar Peise
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Modeling through sampling

@ Sample the kernels
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Modeling through sampling

@ Sample the kernels

@ Build polynomial models
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Modeling through sampling

@ Sample the kernels
@ Build polynomial models

@ Create a database
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Modeling through sampling

@ Sample the kernels
@ Build polynomial models
@ Create a database

@ Algorithm execution = querying
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Sampling

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)
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Sampling

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)

intractable

blind sampling = curse of dimensionality =
pling Y= low accuracy
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Sampling

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)

intractable

blind sampling = curse of dimensionality =
pling Y= low accuracy

Solution:
@ Understand the kernels
@ Integrate knowledge into the modeling and models
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Understanding the kernels

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)
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Understanding the kernels

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)

@ Not all arguments affect performance!
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Understanding the kernels
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Understanding the kernels

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)

@ Not all arguments affect performance!
@ Polynomial models, piecewise defined
@ Discrete cases, multiple models

@ Fluctuations = need for stochastic quantities
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Understanding the kernels

dtrsm(side, uplo, transA, diag, m, n, alpha, A, 1dA, B, 1dB)

Not all arguments affect performance!

Polynomial models, piecewise defined

Discrete cases, multiple models

Fluctuations = need for stochastic quantities

Accuracy: not for performance, for ranking!
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Size arguments

.108
. e GotoBLAS2

3 : |
8
(6)
S 2 .
()
S
|_

1 |

0 el | | |

0 256 512 768 1,024

n
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Size arguments

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

-108
e GotoBLAS2
—— LS model
3 [
)
O
S 2]
(]
E
-
1 [
0 | | |
0 256 512 768 1,024
n
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= Piecewise Polynomials

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

107
2
e GotoBLAS2

0
3
O h
"~ i
o
—
—
[0} o i B,
) s oy “,
[e} % 5
(%) . i
a DR
< L

1| " |

| | | |
0 256 512 768 1,024
n
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Flags

1108
GotoBLAS2
eside = L,uplo =1L

30 || eside =L,uplo=1
o eside = R,uplo =1L
o eside =R,uplo =T
>
o 2 ]
(]
E
|_

1 [ |

0

| | |
0 256 512 768 1,024

n

Paolo Bientinesi (AICES, RWTH Aachen) Automatic Ranking of Algorithms July 17, 2012 22/35



Independent models

dtrsm(L, L, N, N, m, n, , 2500, B, 2500)

107
1 . GotoBLAS2
eside = L,uplo =1L

o

(] . : :
) eside =L,uplo =T
.E. 0.5 || eside =R,uplo =L
5 . eside = R,uplo = U
5 . ) ‘?u;uu,;.

= O :"""‘_‘,5...xx:l:ﬂi::::::::":ﬁf“““"""'l d |

8 lunumuiu,.

=

2

Ra) —05 [ |
<

| | | |
0 256 512 768 1,024

n
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Variability = statistical info

DGEMM

-10°
_ e GotoBLAS?2
: | [eMKL

15 g . o ATLAS
) i
s 1 ]
|
£
'_

0.5 N

0

| | | | |
0 200 400 600 800 1,000
experiments
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Building the models

@ Two tools

e Sampler
e Modeler
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Building the models

@ Two tools @ Two modeling strategies
e Sampler e Expansion
o Modeler o Adaptive refinement
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Model Expansion
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Model Expansion
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Model Expansion

completed
region
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Model Expansion
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Model Expansion

completed
region
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024

768

256

Paolo Bientinesi (AICES, RWTH Aachen)

256

512 768

m
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1,024

20%

15%

10%

5%

0%
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024 20%
0 15%
10%
g 512
5%
256
0%
0 —
0 256 512 768 1,024

m
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)
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10%
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256
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024 20%
- 15%
10%
g 512
5%
256
0%
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0 256 512 768 1,024

m
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024 20%

768 1 50/0
10%
4 512
5%
256
0%
0 —
0 256 512 768 1,024

m
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024 20%

10%
& 512
5%
256
0%
0 R R R R,
0 256 512 768 1,024

m
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Adaptive Refinement

dtrsm(L, L, N, N, m, n, .5, L, 2500, B, 2500)

1,024 20%
68 15%
10%
s 512
5%
256
0%
0 S S
0 256 512 768 1,024

m
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From algorithm to prediction

TriInv_1(’L’,300,4,300,100)

- Lrr 0 >
Partition L —
( Lpr|Lsr

where L1, is0 x 0
While size(Lryr) < size(L) do

Repartition
L 0 Loo 0 0
(LTL — >—> T10lL11| O
BEIZBR Lag|L21|L22

where L;;isb x b
Lo := TRMM(LH)7 Loo)
Lyg := TRSM(—LllLlo)
Ly = trinv(Lll)

Continue

Loo| O 0
(iTL LO ><— Lio|L11] O
BLIZBER Loo|La21|La22

endwhile
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From algorithm to prediction

TriInv_1(’L’,300,4,300,100)

cartition L o (fli LZR> dtrmm(100, 0, 1, 300, 300)
Where Lo 18015 0 dtrsm(100, 0, -1, 300, 300)
While size(Lpr) < size(L) do triinv_l(’L’, 100, 300, 1)
popanitien Loo| 0] 0 dtrmm(100, 100, 1, 300, 300)
(LBL LBR>_> L L022> dtrsm(100, 100, -1, 300, 300)

where Li1isb x b

.. )T s
oo = TRM(Lrg Lo0) triinv_1(’L°>, 100, 300, 1)

Lo := TRSM(—L11 L10) dtrmm(100, 200, 1, 300, 300)
CL“ i= trinv(la) dtrsm(100, 200, -1, 300, 300)

ontinue

Lrol 0 Loo| 0 | O triinv_1(C’L°>, 100, 300, 1)
(L T )(— Lio|Li1] O

BL|“BR Loo|La1|L22
endwhile
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e Results

Paolo Bientinesi (AICES, RWTH Aachen)

Automatic Ranking of Algorithms

@ Trilnv: efficiency

@ Trilnv: block size tuning
@ Sylvester Equation

e GWAS
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0.8
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variant 1
variant 2
variant 3
variant 4
Measurements
—— Prediction

0.8 -
5 06|
c
.9
e
504

0.2

0O 256

Paolo Bientinesi (AICES, RWTH Aachen)

| |
512 768

Automatic Ranking of Algorithms

|
1,024

July 17, 2012

29/35



Efficiency

v

.

variant 1
variant 2
variant 3
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Measurements
—— Prediction
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Efficiency

.

e variant 1

e variant 2
variant 3
variant 4
Measurements
Prediction:

— median

standard dev.

0%12 '61‘10
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Tuning: block size

X g= ="

1 .
evariant 1
evariant 2
0.8 R | |evariant 3
R R evariant 4
> 06[. - e S | | - Measurements
5 . e
9 .
o 04| .
02 |
0 | | | |
0 64 128 192 256

blocksize
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Tuning: block size

variant 1
variant 2
variant 3
variant 4

4| - Measurements

Prediction:

— median
standard dev.

Efficiency

0.2/ |

| | |
0 64 128 192 256
blocksize
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Sylvester equation — 16 variants

0.2

=
=

efficiency
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Sylvester equation — 16 variants

Efficiency

Variant | predicted measured
Var-1 27.03% 24.04%
Var-2 22.52% 21.07%
Var-5 15.51% 18.82%
Var-6 13.72% 18.51%

Var-16 1.79% 2.21%
Var-3 1.52% 1.52%
Var-4 1.50% 1.45%
Var-8 1.49% 1.37%

Var-10 1.43% 1.53%
Var-15 1.43% 1.52%
Var-9 1.40% 1.48%

Var-14 1.34% 1.33%
Var-12 1.29% 1.43%

Var-7 1.06% 1.16%
Var-11 1.04% 1.07%
Var-13 1.01% 1.01%
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time [s]

e Cholesky
e QR
e EV decomp.
Measurements
— Prediction
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Modeling through sampling
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Modeling through sampling

Wishlist

@ Speed v

@ No direct execution of the algorithm v
@ Possibly no execution at all %

@ Accuracy v/ = accurate ranking

@ Automation v/
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e Conclusions
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Conclusions
Ranking of algorithms

@ Request: no direct execution

@ Solutions:

o Analytic models
o Models through samples

@ Accuracy in the models vs. accuracy in the ranking
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Conclusions

Ranking of algorithms
@ Request: no direct execution

@ Solutions:

o Analytic models
o Models through samples

@ Accuracy in the models vs. accuracy in the ranking

What's next? ... we just started!
@ Extrapolation, MPI, sparse computations, ...
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