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[ lonck nognocrniegoBaTefibHOCTEN
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[Tonck nognocnenoBaTernbHOCTEN
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[Tonck nognocnenoBaTernbHOCTEN
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CXO0XeCTb BPEMEHHbIX PAOOB

EBKIMI0Ba METPUKA JlnHamuueckasi TpaHcpopMalus

IMIKaJIbI BPCMCHH
(DTW, Dynamic Time Warping)

time
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Dynamic Time Warping

Q Q Q O d = cost + min(a, b, c)

cost = |x - Y|
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Dynamic Time Warping
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Dynamic Time Warping
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Dynamic Time Warping

EBKIIM0Ba METPUKA JluHamuueckas TpaHchopMaius
IIKaJIbl BPEMEHH

time time
paccTosiHue = 4 paccTosHHuE = 3
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[TlocnepoBaTtenbHbin anroput™ UCR-DTW

( bsf = min(bsf, dist) )

[Ib_keogh_ec 2 bsf]

[Ib_keogh 2 bsf]

' }
[uHaue]
Q—»( dist = DTW(Tjj, Q) )

Ib_keogh_ec = LB_KeoghEC(Tjj, Q) )

Y
BbIOpaTb creayoLyro
noanocnenoBarenbHOCTb Tijj

-

®

[vHaue]
[wHaue]
( Ib_keogh = LB_Keogh(Tij, Q)

[Ib_kim = bsf]

[nasel Ib_kim = LB_Kim(Tjj, Q) )
[noanocnepnoBaTtenbHoCTU
3aKOH4YUNUCH]

OneHku 715t oTOpachiBaHUSA
3aBEJIOMO HETIOXOXKHUX
MIOAIOCIIEI0BATEIIbLHOCTEN

Rakthanmanon T., et al. Searching and Mining Trillions of Time Series Subsequences under
Dynamic Time Warping // The 18th ACM SIGKDD Conference on Knowledge Discovery
and Data Mining, Beijing, China, 12-16 August, 2012. ACM, 2012. P. 262—-270.
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Conpoueccop Intel Xeon Phi

2 Native mode

— HE3aBHCHMOC
HCIIOJIHEHHUE Ha
compolieccope

0 Offload mode

— HUCIIOJIHCHHUC HA

Corj Core Coi‘ Cori‘ .
e pOLIECCOPE, BBITPY3KA
. 4 B s T MHTECHCUBHBIX
. \I'—:' —e>—s :°ﬂ . BEIUUCJICHUHN HA
gg::“cj :I : == = I: %ﬁ—mm.&: corponeccop
e W O Symmetric mode
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[lapannenbHbin anroputm ana CPU
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Bpems BbINOHEHUS, C

Pe3ynbraTtbl 9KCNEPUMEHTOB,

napannenbHbin anroputm ana CPU
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Jannsie: random walk, 10° Touek
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Pe3ynbraTtbl 9KCNEPUMEHTOB,
native mode

Bpems BbINOHEHUS, C

Tanusie: random walk, 10° Touek

I I I

1600 - LBKIm O(1)
a0 I Y 4 | LB_Keogh O(n)
oo b S | LB_KeoghEC O(n)
DTW O(n?)
1000 bt |
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800 e R 7 <N SR — - —~
B mamATh Phi: =300 ¢
600 I A gr g SRR —
400 g <R SR —
200 i A Serial —A— |
Parallel, CPU ==Qm==
l l Native, Xeon Phi ==
0 |
500 2000 4000 6000 10000
[nuHa 3anpoca
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HauBHbIV anroputm anga Xeon Phi

Intel Xeon Phi

1-a a
\/ \ Y X i v A
(UCR-DTW]UCR-DTW UCR-DTW (UCR-DTW ] {UCR-DTW )(UCR-DTW) (UCR-DTW ] (UCR-DTW)(UCR-DTW
' / / : / ; / % 4 R / v v
11 : 1 . 2 ] 1 . 1l : 11 11
JCPUL D qoPUL . el {mE P A E S Rl S R
core core core core . core . core core
TT - TT o . T TT . TT . 2 TT TT
reSO reS1 'R reSN_1 I’eSO reS1 " reSpH|_N_2 reSpH|_N_1
min res; min res;
result
18
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Pe3ynbraTtbl 9KCNEPUMEHTOB,
HaMBHbIN anropuTMm

Bpems BbinonHeHus, ¢

Hannsie: random walk, 10° Toue

I I 3 I | * K |

1600 _-L ............ ..... N R S R 4 LB_Kim O(1)

ol LB _Keogh  O(n)
1. LB_KeoghEC O(n)

1200 ---------------------- 5 """"" 1 DTW O(n?)

1000 _ _______________________ _________ _| CuaxpoHu3anus
TOJIBKO IIPU

BX01¢e/BbIXOJIE B
offload-cexrmro

1010 SRR N — R n /S —

600 - f o S /S R

Serial - \m—
Parallel, CPU ==Qm== ]
Native, Xeon Phi =={l=
Naive, CPU+Xeon Phi 0=0.25 =={Tfm= |
Naive, CPU+Xeon Phi 0=0.5 === je==
Na'l'lve, CPU+Xeon Phi a=0.75 —||ZI—

500 2000 4000 6000 10000
[lnnHa 3anpoca
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[TapannenbHbi anropntm ans Xeon Phi

CPU

Intel Xeon Phi

. [ucR-DTW* |: [UCR-DTW* | [UCR-DTW" | ARG TR TS
: : 5 : offload ] : :
= e | | B (DTW | [DTW| [DTW]| | [DTW
: S R TS A S N |
I 1 Il : | : |1 [l Ll 11
derul i oJderu |l i Jepul 4 cPu | S0 B B o O B i
| core 7 : Tjcore [T i T|coe [T T | core [ | core | P core | P | core |
T 8 T TT T T 8 g T g T
| ' v v
resy - reSpy|_N-2 reSpui N-1

7l

min res;

WTM Eml i
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BekTopusauud: go

double DTW(a: array [l..m], b: array [l..m], r: int) {

cost := array [1l..m]
cost prev := array [1l..m]
for i := 1 tom
cost[i1i] = infinity
cost prev[i] = infinity
cost prev[l] = dist(all], b[1l])
for j := max (2, i-r) to min(m, i+r)
cost prev[j] := cost prev[j-1] + dist(al[l], b[J])
for i := 2 tom
for j := max(1l, i-r) to min(m, i+r)
c := d(alil]l, blJ])
cost[J] := ¢ + min(cost[j-1], cost prev[Jj-1], cost prev[]])

swap (cost, cost prev)

return cost prev[m]

}
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BekTopusauusa: nocne

double DTW(a: array [l..m], b: array [l..m], r: int) {
cost := array [1l..m]
cost prev := array [1l..m]
for i :=1 tom
cost[i] = infinity
cost prev[i] = infinity
cost prev[l] = dist(al[l], b[1l])
for j := max (2, i1i-r) to min(m, i+r)
cost prev[]] := cost prev[j-1] + dist(al[l], b[J])
for 1 := 2 tom
for j := max(1l, i-r) to min(m, i+r)

cost[j] = min(cost prev[j-1], cost prev([j])

for j := max(l, i-r) to min(m, i+r)
c := dist(a[i], b[]])
cost[j] := ¢ + min(cost[j-1], cost[]j])

swap (cost, cost prev)

return cost prev[m]
}
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OKCrNepuMeHTb

0 Anmaparsas miatdopma

— Ilporueccop
* Intel Xeon X5680
* 6 smep no 3.33 GHz
* 0.371 Tdnomnc
— Componeccop
* Intel Xeon Phi SE10X
* 61 sapomno 1.1 GHz
* 1.076 Tdnomnc

Q JlaHHEbIE

— CunreTnueckue
* random walk, 10° Touex maHHBIX

— Peannublie
« DKI, 2-107 Touek maHubIX (22 yac. mpH yactore auckperusanuu 250 ')
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3KCI'Iep|/I MEHTbIl. CUHTETUY. OaHHbIE

Jannsre: random walk, 10° Touex

e s -------------------------------------- —
1400 — ----------------------- A AU —
1200 — ---------------------- --------- -
1000 — ----------------------- --------- -
wb S

ool ) S S

BpeMﬂ BbIMOJIHEHNA, C

400 ;
Serial =—\—
Parallel, CPU ===

Native, Xeon Phi =fll=— —

Naive, CPU+Xeon Phi = j

l Advanced, CPU+Xeon Phi _l._

500 2000 4000 6000 10000

[nunHa 3anpoca
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akecnepumeHTbl: QKI

Bpems BbinosniHeHus, ¢

21.10.2014
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HManusie: DK, 2-107 Touek

T A T 7 TParallel, CPU —0— |
Naive, CPU+Xeon Phi === ==
: Advanced, CPU+Xeon Phi =@
| |

1000 1500 2000

[lnvHa 3anpoca
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OKCNePUMEHTLI: yTunnsauus Phi

21.10.2014

Ytunusauusa, %
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OKCNEPUMEHTbI: ANMMHa ovepeaun

Tanusie: random walk, 10° Touek

800 }
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500 |-

400 |-
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OKCNEPUMEHTbI: BEKTOPU3aL s

Jannsie: random walk, 10° Touex
600 — ! ! !

500 [ S, S -
1 — .
300 [ S ———

200 -

Bpems BbinosniHeHus, ¢

100 [ SR SS——— —

" With vectorization of DTW +
Without vectorization of DTW =il
| |

0 Ll i i
500 2000 4000 6000 10000
[lnuHa 3anpoca
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OKCMEPUMEHTBI: CpaBHEHUE
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Sart D., et al. Accelerating Dynamic Time Warping Subsequence Search with GPUs and FPGAs // The
10th IEEE International Conference on Data Mining, Sydney, NSW, Australia, 13-17 December, 2010.
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GPU: NVIDIA Tesla C1060, 77.76 GFLOPS ~ Hanmsie: random walk -

- FPGA: Xilinx Virtex 5 LX-330, 65 GFLOPS ~ Jlnmna 3anpoca: 1024
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JI;mMHa BpEMEHHOT0 psiaia

IEEE, 2010. P. 1001-1006.
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3aktoyeHume

0 HoBbIM napauiebHbIM aJITOPUTM ITOMCKA
MTOXO0KUX MOAIOCIEI0BATEIILHOCTEN BPEMEHHOTO Psijia
s corporeccopos Intel Xeon Phi.

0 DKCOEPUMEHTHI: BBICOKas 3(P(HEKTUBHOCTH AArOpPUTMA IIpH
OOJIBILION JJIMHE 3aIpoca.

0 bymymme uccienoBanus: KIacTepHas CUCTEMA C y3JaMHU Ha
0aze comnponeccopon Intel Xeon Phi.

0 Cmacu00 3a BHUMAHUE
— Bonpocs1?

— Muxawn JleonugoBud L{piMOnep
mzym@susu.ru
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Peak FP Performance

BCS: 4 bullx s6010 boards
Board: 4 Intel Xeon X7550
(Nehalem-EX), 64 GB

GFLOPS

, —BCS

1 == |INtel Xeon Phi

0,5 I I I I I I I I I 1
1/16 1/8 1/4 1/2 1 2 4 8 16 32 64

Operational Intensity in FLOPS/byte

Cramer T., et al. OpenMP Programming on Intel Xeon Phi Coprocessors: An Early Performance
Comparison // Many-core Applications Research Community Symposium, Aachen, Germany,
29-30 November, 2012. RWTH Aachen University, 2012. P. 38-44.
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[lapannenbHbin anroputm ana CPU

21.10.2014

Open file

Read data
in buf_1

[ buf_1 and buf_2

Exchange

[EOF]

)\ else
N

UCR-DTW

Read data ‘ (UCR-DTW]... [UCR-DTW]

in buf_2

\ Y

T

result = min_dist(result,
resq, ..., resCPU_THREADS) )

else

[buf_2
is empty]

Close file

Output
result

Bonblwne [1aHHble B HALMOHANbHOM 3KOHOMUKE
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HauBHbIV anroputm anga Xeon Phi

21.10.2014

Host

Intel Xeon Phi

Exchange
buf_1 and buf_2

Read data
in buf_1

Receive buf_1
[0:ALPHA*BUF_SIZE]

Send buf_1 \
[0:ALPHA*BUF_SIZE] J

( Receive phi_result

7 7
(ucr-DTW) - (UCR-DTW)

(]

phi_result = min_dist
(res1, ..., respHI_THREADS)

)

<"> (Ucr-DTW ) -- (UCR-DTW )

result = min_dist(result,

phi_result, resq, ..., resCPU_THREADS) J

else

Send phi_result

Bonblwne [1aHHble B HALMOHANbHOM 3KOHOMUKE
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[TapannenbHbI anropntM ansg Xeon Phi

Host

Intel Xeon Phi

Open file

Read data
in buf_1

Exchange
buf_1 and buf_2

UCR-DTW* data

in buf_2

candidates 2
MIN_NUM_CAND]

Receive
candidates

candidates

Receive

(ucr-DTW- )... (UCR-DTW* ) phi. result

I .
else [no candidates

and other threads
are completed]

]
result = min_dist(result,
phi_result, resq, ..., feSCPU_THREADS)

else

¥ ¥
(Cotw ) (Cbtw )
¥ ¥

¥

phi_result = min_dist
(res1, ..., respHI_THREADS)

)

Send phi_result

else

[index <
num_elements]

| Ib_kim = LB_Kim |

—(

else

)

[Ib_kim < bsf]

Ib_keogh = LB_Keogh

else

[Ib_keogh < bsf]

-

Ib_keogh_ec = LB_KeoghEC

else

[Ib_keogh_ec < bsf]
[num_cand >

MAX_NUM_CAND] else

add index
in candidates

e

dist = DTW

[ bsf = min(bsf, dist) ]

]
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