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Mathematical Methods of Offline Automatic Tuning

REWT Supafl

We discuss mathematical methods of offline automatic tuning. First, con-
cepts of automatic tuning are reformulated for application to offline automatic
tuning. As general discussion of offline automatic tuning, the execution condi-
tions related tuning are classified into static or dynamic conditions, observable
or non-observable conditions, controllable and non-controllable conditions, and
features and non-features. Constant adaptability and functional adaptability
are introduced. Next, six methods of functional adaptability are discussed
by introducing tuning parameter control function and cost estimate function.
Some methods of formulation of offline automatic tuning problem as optimiza-
tion problem are exemplified. Based on those formulations, we discuss possible
situations where offline automatic tuning is preferred than online automatic
tuning. Next, formulations of practical execution costs are discussed, and es-

timation methods based on Bayesian statistics are introduced. Optimal offline
automatic tuning is then formulated as a sequential sampling problem, if the
objective function is a weighted sum of trial execution costs and practical ex-
ecution costs, and no features are used. The mathematical optimal solution
(known) is explained, and a practical approximate solution, called one-step ap-
proximation, is proposed. The one-step approximation is evaluated through
simulations, where the trial execution costs and the practical execution costs
are balanced.
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KRB B M
LWV 2 DDOMBEICEITES. O L ERfMEREO I A M

Cllope) = / / / (Eopts 2,1, 4)pe @)y (5)pu () dodyd

L%, TTT &topt, 2, y,u) — E(topt, x,y,u) < 0 WCIEET B &, BREM top &ITLUH
fopt DR FDFEL

c(topt, T, Yy, u) — c(topt, T, Yy, u) = c(topt, T, Yy, u) — ¢(topt, T, Yy, u)
F&(topt, T, Y, w) — E(topt, T, Y, u) + E(topt, T, Y, u) — c(topt, T, Y, u)
< c(topt, T, Yy, u) — E(topt, T, Y, ) + E(topt, T, Yy, u) — c(topt, T, Y, u)
DEIICEKBTES. T5xDE, ¢ H—HRIC c DXWVIALITHNUE, KWVWFa—=2F8T
AZNEIREND T EMRFEENS.
95312, A MEEEBESIRLTF 2 —= 2 785 A ZHIEBEED ERE NS T RE

EZ%B (C2P2) . TORAIEHENMRD A ~ OWIFHEDE L%

o) = / / &(E(@, ), 2, y)pe (@)py (y)dady

EEFEL, TNERNCTZ 1T ZRD%B. TORER

(1) TJRAMZHEET S é(t,z,y) ZEDKIICLTRD B M

(2) HEEIAL C@F) BENCT R e T ZEDXSICLTRET BH

LWV 2 DOMMIC/HETES. C2P0 O (2) XHMERFOMBETH - 7h, C2P2 D (2) I&
FEfiniOME L 5%, &L C2P0 DRGEE tope M T ICETNTVB A5, EiRFO T
A NE C2P0 LA LS. U lope BT ICEFENZ VRS, C2P0 ICHRTESIC
C(t) — Clopt) EIFBAMNKEV. 285, ¢ WREYNCEHESINDD, T ORI YN ]

Vol.2010-HPC-125 No.3
2010/6/17

KEINTWBTzHIZ, C2P0 Kb C2P2 DIFS NI WEEREHT VWS T LIEHD 5 5.
4.3 Bayes fitlic k2R MESHE

xiZ, C2P0 BXU C2P2 OF M (1), d%bb, TXNEHEET S ét,x,y) &
DX I ITHERKT 2D E, Bayes HialOBHAZ O FIEEIRET 5.

D, il v ODIRANCH R B EIMANTINEN 3%, X Bk, ax
~ DHfHiE

c(t,z,y) = /c(t,x,y,u)pu(u)du

LBV EE, OIX OO

c(t,z,y,u) = e(t,z,y) + u, U ~ py (1)
ThobENnsLd%. L DREFRZ2ZDEMAKNICT 27203 T, LT TAY
TR,

O X M OHARHE ¢ OFRTEHZ Bayes FNAHRIDMOET p(e) £LH5HT. &5 i mH
DATIA VAT, Fa—ZVTNRITAR ¢, FENZEM o, BIENE5EM v O
L TBIhbN, TR ¢ 218295, LahOEELUCHT 2 {REXD,

p(ci | ti, zi,Yi,C) = pulei — Cilti, i, i)
MIEND. ThZRDIRLIT LT

ple|t,z,y,e) = [[ple | ti,mi, i) = [ [ pule: — @ity 20, 5:)

MMFEH5N 5. Bayes DN S
ple|t,z,y,0)p(t,z,y | c)p(c) =p(e, t,x,y,¢) =p(Cc|e,t,z y)p(ct z,y)
k5%, TTTplet,z,y) ld clCXBBRVERTHD, £/ pt,z,y|c) & clidXD
BWENTET S, CDOEZE,
p(letxy) < p@)plc|t,z,y,c)
ME5NS (Bayes DRI . 0 p(c | e,t, o, y) IR MEREE ¢ OHBIMETHD,
EDX5Im e hEOHREE>EEH LWL EVS T &R BRI DERNTIRLTNS.
cn&b, IR NOHRFE ¢ © Bayes WHITHIEE LTI A HMEERE

Htymyy) = / &t )p(E | .t @ y)de
MESND. IXANOHHE C M
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o) = [[[ cttsimel etz ipap, odvae

TERESNZDT, TNERNCTBEINCF a—2VF8F AZOER § ZP9ET BN
XTH5.

FALORERFEELRN & LTV 5. BELOMENRMOL G, BILloMEZET IV
fbL, &b Bayes Hial TEHT 2 & NWRETH 5.

4.4 RBEEERFTE

T ZiE ERED Bayes €7 /UICHEDE, C2P0 Z{REL T, EEEHEICDOW TR 5. 7272
L, DUNOim CIEHETTRE ST A 2 o, BHATHE NS A X2 g dfbn Ty, iz, H
Hi0A p(é) & TIELW CARGET % (FEETEIOFEE C OHFAIMICHE D BAFT T
TiMiid 5 L Z2RMT %) . X7z, HWBEEIZ XA Mk 3EMbe L, BRI

Z = Zci + KO (Lopt)

ZMET2EDET S, TTT o i BORMITIAL, k IZEE,  C(lope) FFRED
TR N OWRETH B, Fie, FRFHHIZEREEEEN, « MEORTFICHBNTEDRE
RGeS e LB, METRITER TS50 (BIEE, FRRICRETZ) Zka
5.

COEELRHOIAXN (VRY) Z ZimwMbd 2872 RD 5 IEIE, BERGETHRE
EDEADT EDTHZBERY Y TV TOMBICEEINS. 7o 213K 2) TIEE
6 FEICBWT T ORENILD LiF5h, FCANRRERDRENTNS. LUR TIEZ OB
Y.

Fa—ZVFIRT ARARANTE B3RS d L35, 5 5 #IREEO T 2 b OMkHE
e bdhH NI (6r,...,8) =¢ &T 5.

O A MEEBIBICIZHERIOT pe) NEABNTWVS. FMIITH Uizk 51, Bayes #E
VST LT, daintn LidlT ¢ LB ¢ NS FENT p(e| e, t) DFEND. Bl
AEOHD 5 2HP%E T £d%. §/4bb cel THH, HEMORITTHIE N2 EH
EPNITAXT T ICAS TS, TDEE, ¢ OFBRIVMOED 2 2z A L5, BKZ
A={pc]|ect)|cel,teRMHEhDES} LEINER. FITH t DFER clck
DS NI IEHIEFE M p(C | e, t) IHEENTED, A DEMDOHZHEE N IZTOF
BORICHIGLTWS. T7bb A ZOL DRI LIE, RIT5 & FORREOM (A
LONHNEZDRMER) 0 EDBRT LITHIGLTVS. &8, ik 2) Tl A %24
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RS L E LTS,

A DBV EDDEE \ BRAL L E, ThIRT ¢ OHENMIZ pr(0) £T5. COk
¥, A MEEEE G MESBNZNE, THERNCTS § B GHiT A F OBk TR
15) Fa—m IS8T RROM Lo (N) £755. BN N THLT, TO Tope (V) ZIER
Uiz b 2 0Jia A F ORIEEE g(\) £T%. Thbb

mM=/0mmmm@@
Tha. Fie, NTHLUT, H j BRI Z - ORIFHEIE

¢i(A) = /Ejpx(éj)déj
LEATHET AT ENTES.
FEI N L ARKRDEI A ¢ ISH LT,
It
Xp =Y a0h+g0h
i=1
B U ) EEITE t ORE GUTIHED , ¢ 13 t 12835 i [mET T TOERAL
Thd. ¥z, AT t OBICBI 2 HROITH 5. X3 T ¢ 1S9 2 HINR
B Z OMFHETH S.

HEOM A DNEZENTVE LTS, COLE, HEBIZEESDHSDBITHI ¢ 1Tx
LT X} RSB ENTES, TOBMIC infy X} BHA B t DEET B T EAVGE
BHTZ% (Snell’s envelope) . TANZ topr £ T 5. L tope M2 GHTZ LAE) ThHN
3, ShLERTTZET, FHICBOT lop(N) ZEIRT 20ODRETHS. U top B
2ETRFNUE, RITEMEEL, ROBITTRZORMOER t, BF 2 —=2 78T AR
BT 20WRETH 5.

DLEDRBRY > 7)) G OfRERTH . LrL, t & UTHIREDRITIZE LTt
BT 5T ENRETHD, Rkl chyuhE D HRAIOFFETRD S LIZTERN. T
DRI EINFHENEIC X D BERINICRBIT 52 2 L &6 T& % Uk 2) Tl 6.4 HCHIAE
NTV3) . THEEITIEED n LT L0 S filZz#E T Wb IXETEEEIKIC L 2ERXE
21T, BITEE n DY 0o IGADMRZEZ S T LIHE LTS, Ko T, ®IFH—
FRINCEREIOFRETRDZ T EMNTEZRICIZ R > TOREL.

BRI, Sk 2) Tam LN TV AMOERILIIRD LS XL DTHS. 7TETE, 3
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A b INEE OSBRI OEREICTT 585G CBXREIED MatonhTwns. 8 HidArI1
YHEF 2 —= 7Y T % multi-armed bandit problem ICAE TSN TS, 9 &
T BN T2 multi-armed bandit problem T, A A=)V 7ESHTEE
26 TH 5. TR MRIC K 2ERE>, FEhEa X MHIC X S ESBICBIL TlEER
CH5MNTWRL.

5. DVARTy Tl

51 BEFE

HIEICIE, C2P0 ZREL, HHESNZFHME » BXUBH SN2 FHE vy B E0OEE
IZDWT, A MRS X2 ERMKIC I B g2 iz /R Uz, 7272 Uit S0 il
HEOFETROENBIBICE> TRV, T T, MERELFEBEIEES 2 5 TERER
T5. CHZTVRTY TEBEERZ LICT 3.

T VAT TEPTE, Xp OERZZOEEMESH, BITHIE LTREN 0 £ 1
DEDDIHEEZSD. TEDE, t=(), (1), (2),...,(d) Dd+1#EOZEEZS. Tnb
ICH LT Xp ZEEL, ThERNITS t BRI 5.

COLE, |t =11cd% Xp OtERE, AV I VAFFa—=v 7Y TRESH
RO LNCBI BHAR L IZERUCTH S, B, T4 VHBF 12— 7B
FEHE kD, AVITA VAT -2 T TR ORKERE k- 1 ICBEE#b > T
BZHTHB.

AMZEFFRCTH-TE, AT VAF - T e AV IAVHNF 12—V T
BRERBVDDS. TNIATIAVHETF 22— 7 TiE 12005 05 R
DMEET AT & THS. THUTKRLT, A2 TA4 VAT 2 —= 2 7 TIEFHEAMED U
BORED—RE LTHEALNTHED, EFEIHICKDEDSZ T LIFEV. D, 5%
RO IX MTEBZMATE AV IA VHIF 2 —= 2 T TIFBREILED S R0, i
WUT, ATIAVHEF 2 —= 7 TRIAANOEEH D T BORITOIRA N 1T
L, VWORMTERDEZDEWV S WIS KE R EREZ 5.

5.2 F i 5F 1@

DIFTR, #RBLET VAT Yy RIS E 24754 VY EIMF a—=V T DTFHERCDON
T, Y2al—ya &b PiiiHlizir>. 2T Ty al—ya vy Rz MWK
MINEHBNF 2 —= > FREZIRETFE TR T LKL, HENRABIF 2 —= > JHE
RN DTIF RN & &RT.
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V3al—yav AT - JEOBEZLL O XS TH 5. BRI d = 20
U, BB OEDO I A MIRHE ¢ =1 +4/19 + 1es, TOH j [MIH OB TEHIE
NBZAANE ¢i+oe; ELTE. TTTo?=72=10"2 L L, e BXU e & N(0,1) IC
WORBTHB. T, AVIAVHBF 2a—= Y FOTHEY LA, a+ i LWV
ETNUE LTz, B0 3 BORITRBIBET IV EHET 272010 T 2 LR
2R, 4 [ HUBEORITICOW TIRETE TR Z TE L.

2.5
o SRR
20 Y L R=K/) =174 S
n ]
*
_rl<_ 1.5 . : .
mn v "
1.0 | | [ |
* .
0.5
0.0
0 2 N 10
HITEISK

1 AT7IAVHBF -2V FOMT (d=20, 0% =72 =10"2%, k=10

Fig.1 A sample of offline automatic tuning

B 11c, IBRFHEICKBFTSA VHET 2 —= VT OMERT. B0 3 FidS %
LTHBH, %0 7 HTHIFUVERFZML, H3h 10 BOGRITHE TR T L. C
DEE, TR MMNOBEREEABEEN .

xR 2 FEEHHER (d=20,02=72=10"2, 20 HODOT)
Table 2 Experimental results
ko OTREEE CHMGIAL HSRA FHSER xk
102 10.0 10.9 0.0139 13.9
108 19.4 19.2 0 0

RS, k& 10 BT 100 ISHRELT, HHIF2a—=2 DY IaL—ar% 20 [l
DIRUTAERZR 2 1RT. TTTAREE, HIFa—=JIckom@eE2 b0k
BRI Lope DR MRNDFEIG tope DEDAXTGE ¢ — 1 THB. £ =10
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Lz Eicid, FEEITRESD 10 MB x5 T, FERITI XA 109, FET AN
0.0139 TH-o7z. HIBEDMIX 10.9 + 10° x 0.0139 = 24.8 THo/z. idfTaA ML E
BROEOAALMIEFHEME L TNB T NS, FIFREAHETF 2 —= Vv hPER I N %
Z6N5%. Fiz, k=10 & Lz & ST EIRATIREN 19.4 L2 Txo 70, 20 [N
TTIaX MhOEREEDEIN. s BHIUBEBICHE S 2R IZ R bz &
EZbNs.

6. B I

6.1 ¥ & &

AT, A T75AVAITF 2 —= 2 T OBIMFEICDNTELR LT,

EZLHESEIINETAYIA VHEF 22—V JICDWVWTHIR L TE D, Shlidt 754
VHEIF 2T EHBICANT, BIF a—ZV T OREBESICOWTHEE L. £
A VHEF 2 —Z U B TIRERMIC B BR80T U CGRITROIITETE S
ZZTEWEETHZM, FNRSEM & BINRSEME, BIIT E 2 50 LB T S IR0gEit,
HIHEIC & 2 560E L T 2 I aatt, FHE & IR &0 S A CIATSM 2 00 - ey
L7z, TNHICHIELT, ERREG & BBHGEIGNE 2 5N b.

KiZ, BIF 2 —= T OBIEIGICOWT, Fa—Z 78T X ZEIfHEKE a2
MEEEED 2 DD NiEZERL, TNZFNICOWTHFEHEICK DHMPATNE S LitlT
FERC K OHEE S NBEEEEZT, 6 B0 OBBIGEISDOH D TERLE. Thbb, B
FENT K0 BEIESHHAAE NS COPL, C1PO, C1P2 &, ifTHEIC K v HEEE NS
COP2, C2P0, C2P2 TH %

o, ATIAVHHF 2 — 2 JCBIZEITAX N EHEIX SO 2 DO HBIREE
DHAEGDREHICONTER Uz, TNEDOHEEANGERIHEDE, KV I4 VHEIF 12—
ZVTTREL) ATIAVHMF 2 THRE L IR BRN, ATITA Y AT A
BAHIF 2 —=> 7B 25K DNTER LTz,

T 5, IERFMEBEIC OWTIERIA, COP2, C2P0, C2P2 I %3 A s OHEE
FECDOW TR LTz, TT T, COP2 ICEMN RO o Tz, RiC, C2P0 ZEICEELT
Bayes firHic &% 3 A MMEEBIEOME 2w Cle. KT, A MERIC X2 &R ki
BT Bayes fihic & 2 R iratm (UHD Z#N Lz, 722 L 2 hudEraEamicidsl
TR,

Z T T, MWERMEARPEIMTIEE LT, TYRTy TEMERE L. BEFHICOL

Vol.2010-HPC-125 No.3
2010/6/17

T, Y2al—va X3Pz, BITaA M EFEMTA FOELDEAEL
MICE/MEENT VAT L ZTER LUT-.

6.2 SEOFAE

ARETIEA T A Y HEF 12— T DET IV EHIIT OV TR LTz, BHEDHEIF 12—
ZVTHENOIEEDZ I NA T S A VAT 2~V T TH BN, ORI E LR
WIEDWTIRBRZX X TH S ENEL, SHROMTHEIEZ . DUN, Ak L ERERER
DH5HHERYNET B.

o VAT TIDFEY S 2 L— 3 I K Bl
o C2P0 & C2P2 D DfiFHH
HlE S N A RHE o, BINE N2 R E v OBEIIR
o HTD IS OEIE TV & fggix b THEDBHF
o MY A XD IND Tz DFFRE T7) & et 2 Y 1 RPuE Fik D BAF
o ITIAY  FUTAVIREATT 2 —= T OENL LB TIHEORF
o HEOHETF 2 —= > FRIEADH

TTE, HE NS RHEE LB NS REZ IS BEEE TV L BERFEZ MG %
TEMBANCEETHS.

TNSITIAT, BHEDOA T 54 Y HETF o —= 2 7 Eiffi e B adgbaic el 5 25561
THIRZREIT 52 LARDOENDG. T, B ES b2 AT LELTIIREL, B
BF 2 —= 2 T ORI TH T ENRETH 5.

B ARTEERZ VDWW TWE T HEIF 2 — = 2 J%E (http://atrg. jp)
DHFEE FITIEH N2 LET

ARFEDO—HIE JST CREST [ULP-HPC: X727 / a Y€ 7 )L - fglfkic X %
BHEENNA T A= VAV a—T ¢ 7], FEAMGEE T<IVF a7 @58
ZiEm LT A F o — = Rl ) OXEEZI TVET.

2 £ X W

1) Suda, R.: A Bayesian Method for Online Code Selection: Toward Efficient and
Robust Methods of Automatic Tuning, Proc. iWAPT 2007, pp.23-31 (2007).

2) Cailori, R. and Dalang, R.C.: Sequential Stochastic Optimization, John Wiley and
Sons, Inc. (1996).

(© 2010 Information Processing Society of Japan



