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By (3) BT RS R EdE b H R
485 (4) SN TR ESINT 22 17
BRRG; (5) ZHEIE T 0N FI.
TEX A HRNWEE T — RIN RS

1) %t Haraossi TR UESE R T IFE A
RTEG SRAFLENR , (HE IR Besa g _ b=
A RN S L S s, DI AE SE PRz i #2
P& N BUTGHETRINEAR S e, 2R

A BEIEZ PR

H

BiNE

H®EF FMNA

I R SR G . T vk k)
A, FRATN R BT B B E AR B AR AR
B se B a0 N, BWVIZIEREN AR
VN 2 Ja Bsgni - LLPR B RE PP 53 PR AR A TE 4
PR BT s S A AT, HeT7 R TR
NFET 863 H  “1hi 0] B A%/ AR RGBT
B RBAR S R T2/ RS L 24T
57 FH B PERE YR e 75 T 7 (4 MR T Je

2) Bt 2w Ay &AL B R 8 0 Pregel |
Graphchi, PowerGraph% K #875 >& HI (9 A& i €
PEIRATPATRIRI LU R 5 R0 IE 0T, HiX &
FEEEPITHT AR R Gl i Rk 2200 1)
AL, M AR E FAT A TR R B AT I ik
HEGINEHETEF A5 B R AR5
SE AT HTBEAF LMY )il FRATT i ik o) B S 40
AR BE T 3 A 2 eI 1 A0 E P T T4
PR IE O . 3 H T Bl R fE Y 4 G B
i, A FRAHERALFE RS Graphehi FSEBL Tk
B PEFFATHATIERY, IF bR Y 1 55035 &
BE b ay TG o7 e AR I SE T
863WTH “THila] A%/ AR R G H) B TINS5
RERG" TEZAZARNZ RGN 21T I
DAL TT T FE R T J

3) BEREEZE ARG B RRTIE B R R
P T RE R AESATIS A RUE , I H B 8] 3
SHUR , EAGER AT 55 R4 07 U RARTERL
BT ICRFIE, AT M et 742



g | r SCTSM‘ FRAEAS FERHDES SRR
18 BHSARARILERSREST

TR RS, BISAE. B LIFhZs
FEA7 b F A I R YRR AE 42 U4 ( Straggling
Feature Extraction Processing, & FRSFEP ) [ K
R4 S DR HS SR B . e TR AR A
JIFETREIWIH T 0] S AL RGBT T
I RS RGE” TEZ %A R G0 B |
J7 TRIF S A8 T Je

4) FEXEETRLER & P AE A AEAS B
DRAM 5 PCMI¥) Vs ) 5 %E 17 76 4 £ i %2
5%, LLCZZA7 At i 1 1] PN A7 B B 28 T8 Y
HENTEEIE K, FrUA RS DRAMN 731
35T ARAEA A5 AR OO P A B — B U A7 I T 48
AT IRE RN T ZARER, e 17—
FhiR A NS T il 2R (RN RGN B 22 A7 5 L
il ( Miss penalty-Aware LRU, MALRU ) ,
PETE I AE ZZAF P b R PEARMN A7 i
U I RE 27 A7 et 5 e I RE T8, i T &R
SEAEB VI EVERE . XL THER NI XET
863W H “WF T E RGN MM ISR 1
S HA) N A RIS 010 2 A7 2 0 SRS 77 T F 7 )
FIIFRE .

5) FRMEGEH) 53 A NEAFAE B LI T A7
TEWTES . cache —EMEIFEY . Wik EHAL A
SR, PR 7T ) S AL IR 3 A AR R
ZESKVM,  H brad il b 2 e Uy o) i 75 3%
I EY TS, He/Mbcache —EWETF4Y, [ 52
FRREIR R ERE . orme) TAEA 34 1
863 H T 6] 2 A%/ AR A% R GE BB AT I S RF4
ARERGE” LI T AN 7 7 R
(M T

T A G X —E TR E B 5 RS
G RENLEIBI T EAR TG R % . IR
SEPEFATHATERS . AR HHE AT AL ER R4
FSHNGFE TEGEEIRARLE . AT 04t
AT ARG T T RN R

2 ZEBIZITREEZESAREAR
HEve4r (Data Race) , MFRhiadr it
( Race Condition ) , 809 2> ZEFE ] B 1 1)
TR, HE Yz — 5 EE, 2
PETe ot WY 2 A FR BT RS iR, P EE
SRR . ERENE. AMIJFE T
2 I 1 H R & A 2o SR AR b 1 S SR A
(0 Google ThreadSanitizer, Intel Thread
Checker, FastTracker, LiteRace®F4F ) , {HEIX
e TR MRS UF T IFR N TS F A E
R, AHR BT S YRTE S S AR A I A S
JEEEsom, RIAESE P B AR R A e
EIRINEERTEF PR, S 2R E AR
7 i 74H . #1124 Google ThreadSanitizer
Fa il TR ERE, e TFRF A T4400%
) 55630141 FRAS FI T 1ZE R b ) 55 62821 7K1
TEPW A 0xCB357B0A A T 364, {HJE AT
FEANTE FE X P T ARG A i e] 44 b 58 G S5 E Y
VI E R NG 218 FH 2 AR e P oY IE A 755
(), KEME R, B 09X Flds i) 77 >
2R K B ETIRRGE , A R AR
( benign ) Ta4+54F%

WARNING: Possible data race during write at
T4 (locks held: L136)
Izm test3ll::BuggyWriter() racnchnzk_unittost,r_-c:6301|
#1 test31l::DoBadWrite() racecheck_unittest.cc:6314
#2 test31l::Threadd () rac
$t3 C

OxCB357BO

echeck_unittest.cc:6315

@(s) happened at (OR AFTER) these points
T]. tl k h ld L135)
Izm test31l::GoodWritel () racochock_unittnst.cc:6234

#1 test3ll::DoWritel() racecheck unittest.cc:6305
#2 test3ll::Threadl() racec
#3 ...

F1 Google ThreadSanitizer# 3% 3% 5 4R 4544 &,

heck_unittest.cc:&6306

A7 vilk ok, FATI B B
TEA BT AR S R AR ST A A A [, B
GEEEN PR RN G 2E2m, LBy
ALY 26 umions 1) KR A1 0] e K =M [ S
THEBLZERR, FAHe 7R TR R
HfsEAH AR

RaceDebugger.
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21 ETFEFVIFNEHREZESEREAR

[#2 /)RaceDebugger ARG 4L, ‘ELLEMPETE
G, S A S TE S SRR OG0
TS, W1k S i race b 5C XS 5 42~20
17, 48/ TURTER, MR TR
PR H . Bk, RaceDebuggerf) T4 i
FEUIF

|, FATATLLR A A i e A T S
Feril] T2 ( 2 ThreadSanitizer ) ‘5 H T A £ 5%
4+ ( BIE291 ) Data race candidates ) ;

H K, RaceDebuggerll iX #£ Data race
candidate AN, FH i R TE G SRR A PIA BE
ZAVifE TR (RIE2 S AIS,)

5, lstaccess :_[;_‘p:urfgesn_w_ ‘i

+
S;| 2nd access ]

I| Impact points ||

— . I'-f'.d harmful
Data race . *—\ sn'n[:nc:s| race
candidates Py N race code
7 ggbealams
N gnraces
s
s

2 RaceDebugger 7 4544 42

HE, EAUIEM RIS T AR, 77
) /1) S 3 3R BT A 5 T e A AR S B R

ARG FREH TN A RS

fela BT RO R S SR R4
AR 5 TE SR A SRR ARG B
% 16 R B ARG Fr B TR 7 D pRos B A S
TEAHYRRE, EM T A R R T RO

=

= o

n T,
intu:E inth; RaceDeb T 2
eyl B3 ACLEDUSEEY | intc; Y =1:
.:=17\ =1 “le=1 wey;
~ " Sy = 1; Y=c;

S‘;; & W=Y;>

10 Y =c;

B3 —Af ey T 447, L Fa b, cH AT E,
WY, X, ZhEFT &,

BRESHT: BB H T AR a R
i, e S1/S2A A I ok 0 R ES A LA
S1/S2 k2 4., RaceDebuggerli] b5 H 2k
FETIA RIS AT “c=1" “intc” , [ FX
iR ARET23Z 2 RIS T “W=Y" . Dl
23 it B RO AR 0 52 52 e ARG 5 A 2B
%, RaceDebugger sy il — Bz fb i1 558 4 45t
FHSCH RIS . Ja oA AR (05 B, #2
JF GAIK G BT DL B A e PR T,

A = = g
M, AR, ARG, AR, mEEbiEE e,
Thread 1: Thread 2: Thread 1: Thread 2:
ap_gq_pop (smpool);
S;:data-»session=session; piperead (fd, sdata,nwant) ; S;:c—>sbh=sbh;
...... / /cz (conn* )mpool->active
pipewrite (fd, sdata, len); Si;:session=data->session; ap_q_push{mpacl] H 82:c->sbh=sbh;
[*transmissionBT*/ [*apache*/
Thread 1: Thread 2: Thread 1: Thread 2:
Sp:str (share->table name, share=hash search(scpen_table §):w->audio=audio; w=hb list item(list work)
table name); table name, length); /
my _hash_insert( hb_list_add( Sz:hb_thread_init(., w,
sopen_tables, share); Sz:share->count++; list_work,w); HB_LOW PRICRITY)
[*mysql/ /*handbrake*/

B4 IA RN T A5 T~ ARIR

2.2 ZBHi: RIS

FA 13 i RaceDebuggeriT #3434 7 k%
HOEAR SR 2, B3 7T AR LI B
P e R 6 oo <2 a8 = D % D N 225 € A 6 Tiry
GHIIEEICE XA, eSS iRkl

OB M TEF R FBAT R P I E A R i e 3
Bl 4 T ATk Hoapache . mysql.,
transmissionBT }2 handbrake P i K5 Hi ) 208 56 4+
Bl XL TE LA B I AN A A T
FRAE, BI] — 3 g £ DXtk D7 1) o DL R



N SCLS mritRuASsEnRaRiERE
20 g ‘l: §ﬂn MBS AT R AL SR SRR

apache }p 5], T H—d 20t g, HA B2
pushZI| K& BA 51 v J5 AR e 26 R 2h 1) popBe A Ui
], $a)iEie, ap q pushif{ERlap q pop 2 [H]{F
TE— MM 7K & . HEHappens-Before ¢
(ot , FRATATLIARSA, S 5S.ZBIfFEH —
iR, RIS 5S, HISF A AT 5

buf,_pool, chack no_peading iotvaid)

?:Tiuﬁf;;;fé_pm_mm} -:

b’]:‘h;’ead ::_ § . . y

J//processing read requests
buf pool->n_pend read--;

} [*mysql?/
S HLAER LA FRA) RIS

2. ESZH T Ak Hmysqldy B PEEL
#5354+ (benign data race ) il f. 1ZB|FFF AL
i 3e g L, (HZIFARG T IEWRIE Ok fa
F, ORI LR 1 g ifsy S A T i SR AL B
read--$VEZ 0] MIXFPFOLE AR, ZFE1RIR
BEHUT IHEVEEE ,, HARR I ERE A2
FrAE— K BIT, X AR R B IR T

b e th T BRI TR T i
A FE I B AR E U550, RaceDebuggerfi Iif
il 7 EHE S A B 5 BT L2 al
Pk, TR RER B EE
3 EHEZEMIEMESERITHR

PR 2 A [ e Hh OB By T A,
Bl Pagerank &i n] LI I A7 I 11 58 428 I 4%
WP T HE A S . HE R B R 2 i B
o R RSO EREER R NG L Y4
FRER B R AT LA S R VERE” S in]el
BB E A R L E 1 AR R E B 3T AT
PUATERY, JER REPATEIRE M PEREA IR K
ol Y ETEY E AL Z 48 iPregel . Graphchi
PowerGraph%§ JC 70 & F 09 2 1 2 P IR 44T

BRI LU PRAS R BV ISR, (HIX 2 S ERE R
AT AR R Gl Rt 22 A0 )t , iy {1
REFFATPA TR R BAT X Bk, (H2 5N
PE e A A R SRE B T E ST T fE
FAAE )R, FAT i i o B S A T R ik A
SR HIFIRIE 1 AR EVEI AT TR LAY LE 1
P W HTEEAPERER I, Fa A e
AbFE 2 4% Graphehi b SEHL T JR0f E PE A THUA TAR
B, FF bR R R T IR
3.1 EMEMEHITHITRE

— AR Z B 2T, RE R
A ST B Y ) b ST ) A G B 2K
Y, I A B i I e S 3 il 2 A R
TEAHY I VS TR SR A R RN
i 7 P T IS AR R PRUESFFA T B SORTRAE Z 18] A E
TEAAR TS, AR E PERA T Y T i st e A4
Te. O 1RGO TE A T BN Jo ik TR B
IRMAE—ZHIREF TR, FESUT BFRER E
SCPASBR B S5 1. DRIEFTA S i J5 1
Pho 2 fESRKEDRMT ST, XSG 2 HAT
— RS — K51 . AN 12n iR 1

SE B A0 SR 2 ATE ] A7 2% AR ] LA
S, WABFIEAEPITRIERN, AR%
AR E AT R Bl EAFTEIR S 3ES
Sk ATE S R ARV R 2 5 F A7 DA TR Y
[l T LA

EH2. g —ANEIEA, BRI EEAE A
G, MRFIEAETEVEPA TR T vl LUEL,
W 27 FEAEARTEESE TR e B A7
ESETE4, BikARFET LIS .

D=2, 2{1), 1

A M PATARAY 3k 5 Froh 5 Eit A2
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D,=1,1,(1),1
Du: 21 21 (2)3 1
Dn'— " 121 (1)1 1

wrte write

~ -

SN ;/ TN

e v
.

Ik A R PATHA P B B 5p e fs il A2

LISSSP ( single source shortest path ) &
EAB, FAT 3 A A U R 1
SEVE VRO, RS A RIS
Ferp (R PR ARNFRIE, B PIAMRL R
SR FE R o i A B, PP
2 SR M WS S P P T R R R B I AR
U RAZIER) . RSO 2518, W H

B DE external deterministic scheduler
BSE NE with compiler support

-
n
2

—
=]
o

o
h

time (seconds)

D“ .. — =
4 4816 4 B16 4 B 16
threads

(1) PageRank on soc-LiveJournall

4 BEFiHESBROHSEIESITLIERS

FEAZ B T U 2 R 2% A RS
B, ITENHTEERSE, ERESNET
. (HR T AR, 22 i 43 i A B T
IEE PP : 1) SRR ESRIURESE ( Feature
Extraction Processing, 18 F#RFEP ) 0 itH FiE (S
T4 W] REAE T AR IE S BRI it - 1 1+ S
EEIESE; 2) AR IE il e HL

A0 PR R A TR A SIOE R 2
PR P 1 5 P VR A 7 SR IS S0 FRUCEH
Y. TR RA e, HALE R E
FARRE AR [0 A AR BRI A I

A (1) e REIESHE N B0 5
Fegt;  (2) Bk REEMIN3ZHe;  (3) FIH
GFEIE Py SR E PR = oy RSBtk
51, FAIHEGraphchi |l | Pagerank ,
WCCHFRHARE R ToMERE . K DEFR
ETET T, NEFZRIEE AT .

75 R R AR E PEP TR YRR R R T R
GEVERE, Y n] AR FRZEFREE 2 i BB A T )
KERor ST FERY S, Xl 1 R e I+
TP TRIIAT aT i Fe

22 NE with architecture support
E== NE with explicit locking/unlocking

104

time (seconds)

0. —
4 4816 4 816 4 8 16
threads

(2) WCC on soc-Livelournall

EARHWE X AR 6 EigfTm
ek 3 7 EE Y S AR ABUR U . O 1 R e T
L I iR 7 S 1) TR A0 P i A i 25 )
S EALSE . AR, RS FTIE B B B R
P T fE RAESATIS A RGE , I HLRE A I 18] 3)
ASHBOE, AR SRS R4 T AR AR TR
b b, BEAMRFIE R R BEEE A SORAEE BT
RNEER, ISR BERE A R TH R AT L



N SCLS mritRuASsEnRaRiERE
22 g |: §ﬂn L s PP Tt ]

1 i I 2 o B o GRS AR B AT A -

W, T IEE, AR e 7

—MNETIHES A RS, BISAE, EA

0] LI 47 Ak P8 4 S BR B9 FF AE $ B 1R
( Straggling Feature Extraction Processing, &

SFEP ) B R ER S5 R HA8Ga E, mi H.
A T AR I RE AR T s a) o

PRSFEPsIAREE . Mifii, SAERESSATRLARIE AHL

AL ZZ s T B A . TR AN E A

SAEH FEP /M7 i FISFEP TR /0 A1 s

FRif Hik

IR AR A B 4545 1={D), Dy,..., D}, Hhig4~4y

AT G AT — MR TIE

xi(k) | HHE % D, 7R K SRR (I RFE(S

e KN SR R, b Lio={x,(k)

x2(k),..., xa(k)}

LK) | LOOMI T4, A& i (ke 1D BTG (19 BT 2

Lik) | LG9 55 1474

ety LRSS W AN E e, T LU, BoMER

BECE, S xR AR AR

Sha(k) [ H45 LI EE b ANt

L(k)

Yi(k)

£ 5

4.1 FEPHIHRS iR

FhAZ E s A s LLERTERXIZTT. 1
FRUGERA, FMNMFIER T EREL R A

x,(k)=F,(L'(k—1))

Hp R4 TN S E . He/MEA]

FIxi() ] LR A
xi(k)=G (Y, (k=1),... Y (k-1))
Y (k—1)= A;;m sand h=1,2,....t
4, = Ace(4), , S, (k1)
S,, (k=1) = Extra(L, (k1))

UL L(k=1)=L(k-1)

H g AihO=n ( 65 2 {6 ) , JF H 1=1,
2, -+, mo BREExtra()pi HRIEHCTSELil(k-1)
(AR b S B E A . Acc(): H RS EE TN R L iX st
A SRS, WG RS R JE i
XK ESBRUGE R IO, X FES RRENL (15
a] o figel oy R e v ZAME ( Accumulative ) J&
PEFIAE A (Independence ) JEME, {4 R
IEGfPE . Horba] R R A v o S o i 2
ol LIE T e 0 e i FAE S5 4 R . mi
ST R R A i S 0 B AR S RS Y, w]
DI T 20 Bl A 7

ER Mo k2 Ja, SFEPHY HAKIAT
SRR T . B4, SFEPHYLI(k-1)5 Siak %) 4 ik
KA FEER TR 51 A TeErE b, i
] 43 i oy Y ST o i Ik 2 A AT 55 T AR
X AR, BlExtra(), HACFETE
FEELil(k-DHH9(E, Ho - EELilk-DEY T A
TERUGERIFII 145 & TR M HF
ISR T FAESS e e, LAEERE
N BRI B R, RgmEd ik
R SRR RE A I 2 YRR IE A i . 3X
¥, SFEPHY O] 43 o vl LI 2) i A {ESERT |
VEATALER . [Ee2fy T SFEPRYATHG I . SFEP
HaT DA PATTERR R |, HhEr
B FAEPE L TSR

Gi()
ACC()
Virtual Master

T Extra()
- Virtual Worker

Exitra()
Virtual Worker

E6 SFEP#)#LiTH X AR

SRiT, X FARLEAE G BEAYAFAE, FFAESE
WA (0 46 N BB Lik- 1) n] BE M AL & /0 A0
HA R R IR € Y . e, 7E5E
B, AT S5 B R N R LB B BE AT A P
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0. BAASRIE, AL e, h—
MY DAL E AT ARSI . Hr b &)
SR TR R EEEER 5
4.2 SFEPHIIRAISITH S R M

T 224428 0 40 B SR A B AR 58 3R
FEITESATHS P2 A RIS . FEPPI i A B Y 2 4
HETEIFARHRMEE . 2200, FEPAKT
BLE AR W Y b B e EIR S, JFH
HELEPIFEIE AR Z MR IE A 5C R A0Sk v] g R
AN, REEAR AR Rt BB A2 A . e, A
AR R B T3S AR R 25
ERAR . FETHESE, SAE] LLJE A H
NSRS ao Sl ik A el SN N =R 2 B €t
BRI e 5L R SFEPLL 8 S EM 1891t
oA . IXFE, SAEAMLREFER 73
B BeR o R A P S BT ES TR
IXBEIE A BTG I A 1 s AR

7 AESFEPARAG H AT, Pl
M. SR, XEE R R AEE TR &
REYRYE . RIS 20 Wi R R n Hok
TEWC AR R AR Z 18] g4 b . B 44 19
B, A TR ERAETERE, R IE o) 5 A 1l L
Bmax (o)W A

T fori] )
B (0) = (F)
o

H v Torigin(o) & A AT 43¢ iF o) W 43 fid 350 43
BEAT R 40 H1 43 A B Ak B O SR AOE — 58 P i 64 B
(8], T o A& BRABPAN Heih 45 SRAB P i 0 5 2
[\, F3FHY

?—;rig:'n( a) >

B (0 "
I, —AMEEon] LB E AR E BREEE, HoHSh
e P IEEN) — NS TARE D R,
54— S A o b I SR, T
BCH B 4% B 35 7 %1143 S Bmax(0) > A/ by

Br. B SAETT EIT A )E R LAE BEREB(L 55
B2 R i by TAE SRR, G RERIT
Foix s, FEM iz e, —2 AR 11
HOTHELL HABBY . BlIm, K BIFEPs 2 AE
A LUGE L. IR AR BLIX LEFEPs
B TAESEFE T REALAG N EL . DIk, SAEW %)
SIS PSR R A B 25 AR BERR A ) A% 13
R AR AR 2 I, B & 50
% T SE AT Y B3 50 A1 7 O SR B 7 B A
Rezlalgbe, it LR SRR (0] A3 .

5 RUANTFMETHRERNBANETF
BBRAS

bifi & 2 A% AL FRES TR K e, DLBCK
R R R R R AW, it
BHLRG KA E . SrERe . IRDFENFR TR
LR Sl k. (HA:, LIDRAM ARFE
PSRN FROREIBR S |2 89 TR R REFE
By . B B AY AR 5 R 7 i ( Non-Volatile
Memory ) PR €L A7 & KEEFENIRA N
AR B NN 1T. BAANVM 5DRAM A7 ik
BV fFIFRE | BARAO FRASRERE, (HRRAmE .
5 I A 7 5 RERE A SR Al HINVMAE A
AT, HAflNAELE G2 HNVM
FIDRAM Y RS0 S N 17

CL AT B¢ W25 710 iy b 20 R 1R
2 B N (S B S S Eorr e Xy 7 o ST e
SAYNAFIRSE . A T IRE SN FEGFRER,
FAWE T —FNR S WA T RIS
Z% A+ 35 % ML # ( Miss penalty-Aware LRU,
MALRU ) . iZAHLl I U5 ) P A7 0 e 2E 0
CEATHLIX 53 oy 1o o) E 22 A7 HORD ARG A 22 A7 HL 7%
2R, BT RAER J7 iR AR BN 2 22 7 b
OB S B S RS G, iS5
THE B SEARN L R X ) i+ SRR Y
THERIEAC IR, TE7T BB 5
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24 g |: §ﬂn L s PP Tt ]

B AL DX Ta) A B IR SE 22 A7 e . %L 55 )
TR IE AT AEZZAF P 2 10), ATy
PEin T RE AP H b AR, PRI A i R 2
Al i o SR e S I R T4
5.1 MALRUZTFM RGHIIESE

WA LRU B AT BRI E— &
i, BOZE A7 ik < I 04 N A7 U7 o) s 28 TF 34—
S, PR ARG I AR R TR 5 ) R SRS LRU
P A YO ZBIeT . ARim, TERTRY
IRGWNAEREE T, th FDRAM 5 PCMIT i n) i
GELEAE GRS 255, LLCZEAEAS iy i 1 n)
VA A7 B B 0B 465 64 D B B Ok, AP AL 4
DRAM 7 I8 T ISR 6 AH R HL 3 e — i U
A RETFRY . XA, SRt gt T &R e
ZoANRE S8 A1 ORI TR B W AE IR RRE T,
o BN LLCZE A7 A fiiy v I £ 15 77 I 428 T X —
AR G INNGAF AR R 2 T

FTTT T Cache Line
| - v [ tag [ data block
| I
________ I
Last Level :
Cache 3
4 ! Miss Penalty

Y |

I

--++)+--4 LRU Policy
w5
I
|
i

Replacement

Priori

B7 MALRUZ HF4 R iE R E

Hybrid
Memory

AV A MALRUTE B 22 fE B, 4
TR E R E 2N EFEIS, R
LLCH RIS REZE A7 B . i X FhJ7 i, SEbr
S TR TG KT i I RE 2B A AL A P 1Y
Sebr i 2], BT I AR ZE A7 L dir rp R
FEE AR A PN A7 w2 B B B 2 A7 B 00 55 55 B E T
B, PRI RGN Ui A ERE -

E 70 SN T Z AR ESLE . &

e, AT KA IRIC SR AF PR AR A A 5 o
SE, LLCZEAFH IR —Dii e bR iz . HIK,
A5 ANV ) b P B e B E 2 A7 M it 400 A ) 2
AFYNG WA FR P 181 7 A s ) Je B4 I
RHEZAFI5YE ( Cache Pollution ) £ & 5| % ZfF
Hjif% ( Cache Thrashing ) , FFRRFIERE.

FRATIEZE AT Hh R E D e A P (R HE 2% 17 B
(Y IE), A TEX — Ak DX 8] 2 P A G R
FAFH AT AR, AT EIX—HiR, &
fTALLCEAF TN —AS R i Hoc, #EidiE
T R 7 iR TR B U R4 T R IR TR
) R R G AR B 2 £ B ol (e e I e ity ok 248
ViEEREROSRTE, JRERRIE M LIXH) . MALRU
R RNE AN 8T s

MRU

(LR EAES (D]

LRU )

E8 MALRU/EALAR

5.2 BIEERREMAIFHIE

TEFAR B, Sl S22 A d R i U (7
T SR & H T R 280 o 57 1) Bp ), FRATTRT LA
FILLCZ A AR A6 B . XS iHE R
A5 PO A U T B E T2 U7 A I 2k % A2 00 L
PRI X SO 2 e i R R Ok B X )y
oy 2 VA I A

KRR R i KRR 22k, & — R
Y ENG AR, . ETERMR AL PRSI 7
FH A% G B 0 FE R A5 RIS 4 s S I 52
[ 5 e & i T el 1 | S S 2] = <L N
WA Z R ) ZE R . XY AR R
TR 325 S b D A7 R T 4 B B s i 67 9 1



AR TINELN | g | 25
Wt BRI —
ST R AEE 0 R0 B, LA i T (] ] [
TV (I RERIPEARIAE , SR AE B E bRt LI s s
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fibi A W12 "5 OB 5 T LATO R A O B 3147
THEARRY

EAR—4en 2, HajEEdma i 250
KM RO IEAELE R, 2R TR
TERERYSE0A . [AIG, R4 AL BR R EARE g 77 A
BB SOl G &, 551 % N AE LS
(EA

PRI, FRATIEE Hh DL A A O i RS A
AL R St PathGraph, 48 40 1K I L& 12 K
HUO BT R, — O T AAE Al LR
PR KRB NVOTF RS, B s 3 7 B R =R
WA SRR B, S — I AR
PEAe, b T HA AR T M)A B
4.1 PathGraphZ&#iiiA

KA A FE Ol ARV OB .
REACZE . NAFIBFER S, mFRATit 7
TripleGraph, & 7E U/ NEUE 09 2 it 2 18] . 39
WL 13 5 AL B AN e B e A PR A AT . R
AIF

EG, R Dy B AT R gy . TEE
e, T T AR ) g e e 0 R R A 7 S HR Y
A AR i i kAR i TH R AR AY . XA
B FRAFFRFEE ) — SRR 2 0. BT,
a] DL I 2028 b Dy iR T X, DUBMCE Ir f
] R AR . AR i 7 AR b TO0 ) ML 6t T A
HOFTBCID, AEASAH SR T s B IDART, AT
REAT T 50 3 BIFE ] — X 8] . — HZ3 TR 4
BCIDJ , s 7y i K1) 73 B A0 S br st A ik
2 MR TG A 1D DX T) 1) 73 B2 . At AE 11530 AY
AR, SCICRE KA TH AT ] — Bl E AH 2
e, LIHEhIm e B RS

KAt 7

PO PR 2R 0 R4 A i A A R Y 1]
AR RGN B R E S B ) ORI

ESBTIACE | B T Sl sk e = RO IS L S
{UPEARAA IR, AR TR BRI
o R, X TORBUEERGEL I, R T AR
FE 55 I o) Wgi B 0 7 AT 6 DL
TR . AHAHT FAZIUBERY 1AL, P s oY A7 il 25
[EJAIREL R

At ¥ — R A A 46 T i -
BRI, AR R I B — A THE T s B 1D 5
BEATAEGE SRS A7 i 3X 28 To0 a5 By S 1K 1Y) 4B 4%
F, SRR A CEERE ST T
ASID, HAdH, (530 LATH oA i AR
. (x, yl, y2, ..., yi, yitl, ..., yn, )
hFFEdlyl, y2, ..., yi, yitl, ..., ynj&i
JFAIGE), HIAyEE RN, Whlyi+l- yif
fH. HeAh, AWFE I AS B J7 i — A
TS IDBY Ay HEA TR i At . AE— N 1T G
e DR K AT AL, e 7hkER
BB, W — DY R A5 10 B dR S AR B AL A
W), i EELEAH AP IDHAR AL AE], DLskIX.
S ANEIID .,

HF R b B R, AU R EE AR

FIPTA . e, ARRGAHE TP EIEGE,
— R AT, S ) F B A

KT ET

AR R F T 0 U (o) R BT 2 LA 0 %
g ihey . FE-FEEENRITERE, &
WISy, ERATEE TS Eo., YE
T T swl BT, P S AL T ERAE: &
Ho, EHOVENE; R)E, THEREE LA
SLBEIME . MvEET G, WEE, ER kTN E
AT SR TS T O, R,
THEurE, FHERES Huh . S2PR ETEIR 2
PR, IO B MR Fh e 6 AR 100 A () (B
ey o ATAAET S v b B BRT AR v ] fE 520 21 A
v i LLBGRE AT A, AR E 7 2 thid
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(OUE SR BN T E R, R RSN S
AT HOTR (nE4L (a) FiR) .

FE R o LLAEAE S A —Fhit 75, duik
A S RET R, RGN TR R
FHREARIRE) 4 (4.1 (b) Fia) o xXfp
TR 7 R I B 2 R AR BUE I AT I R 0 15
B, RIEEHNZ&N A S09E. BlmE41 (b)
v, vIEER2, v3, L, vilIEL, SRS IAY
B XA FRFEIRE R A AR Al

M P 5 4

L 5
ED/Z%\:} BT T

b: Gather#:1F
4.1 vARE4EFy s bt AR

et &, AU edurit Rk
A FHR A Scatteria H M GathersZ 5. HLAAHD,
Scatteri B L — T 2L AO{E, SR L 2 5 4k
T MR . Gatheriz B MFRH—ANT00 25 08 ELFERIT
RO A 1) {150 BT 1% T i R

[i§) X-Streamfly £ 2 0 AL U7 o) 101 o5 040
I, AR A R s A, AR
TFEy e, R ERAEAEELEYS . Bk
Hb,  Gatherllil J7 (9 D\ 2 A~ 22 v X332 N U
Scatter M i J5 B 15 Z 5 43 BLUS N B 2 AN h X

R 3E 5 AMY ek T B AR R LI T RE 3%
(e TE), i HsR T REAEVO R .

ILAh, PathGraphf) i+ E AR H TR EL «
Scatter/Gatherfjy Bz ; [H]2F B BL ( Sync) . AT
W T RGGEATTEAET) bk T REERHR
FTIEE
4.2 PathGraphWI&HR T B

T B A7 RE SR SERE ) A
AR, It HEEIRORIEIE S RIS, BT
A A AR R G0+ oy Y . 7E4% pathgraph
e A o A RE A R e i ferp, E AR
A SR R 3 YT RGEAE X P T, BT
VR T 3X W 7 TR T

e E R4 I -

534 pathgraphf E K- AP 2R, H—
FEE T A B )5y, R R E R4
J5i & 5 LI pathgraph ) K1) 4 Rl —2L, X H
SRR AT ) R . ) B A E TR
He Z 18] i) 51 334 i LS R 43 B 22 1) ) 28 St
(85 f/Mb. FETIXP AR, LS frpathgraph
AT HEARRY ., il —A L, SRIGIRIR D)% 15 8
(AT T ) L 4 BRI F

HBE1. BT pathgraphftt) i+ B AR, 5 4
a SR HLARTE s IR ek, RIS & — AR E 1Y
IXAN I PR B d R AP B A T, IF HER
B SAES.

R . RIS B s A TR, AR
KIS SUTEOL [T (s WA NS Pl O S TN £ 1)
Rami,

W3, BT, 2. BE&4ihRE
MLARE . B R A s B A BCRA A . AR
FRASNEAEE o AU AR S Y
NEH.

WA A RE SRR AT E 31 T
W SR NI MR R, M Dy i
() s RS UR AU S AUE FNEP (B4 P 1%



A3 PA KD e

2016580310 / (R5B22H0 / 20168£098

&1 43

H, PhRHEH ) B A5UER—4 25
Yo FEnlf), HERERET ARG A
PR E AR, AN SRS, B %
A N T 5y

N SR NS

FR 1 ) e 5 TS T B A R
Fm & B K, FrbLxig 2 o i R g nrERe
L, T AE R T N E R 4 g
BRI ZE S o g — 3 T D) 3o e £ 0 2 R
Tk #-Xpathgraphif)pagerank Bk, SRETY
YT SR 7T . He— . F& T pagerankil)
TSR AL, EGEHTRECREUR AR, Bt
SR B rank{l B, AN IEIZ A

FETT RO , XHEIG A R 1 ) SR Y
i), HL T RN A T RE (i
FryEml, G BB R R, ARE L
[ A, N S EGE I 2E .
5 BT REEREINGPURTEITE RS
M1 R BSP ] R R ] 2 5 T RS K
(Ie)i, Frog RGHE TSP ey, Seul 7k
TFGPUN ST R 50 . Frog R4 EA4EH) %
WES R WNEHRTLIEY, Frog®hs %
FOhTF M Middleware)Z iR SEH e F 1 HE, 4L
FEVOAS FEPA TR, BRI, B
FHRLH, SR P TREHORLE AR FR R

H‘u.
Wil
M
fiy

E5.1 FrogZ 4kt

5.1 HIEXIS KB

S PITI R, RGN GRIIE BT A
0 —F0rk, BNJeiEE IR ELE R, H
A, PREEECE — 2 BOR T B 2L R
WAL 75, B GRIE A A A i S v 22 4T
T AN 2 A R — B 2 9 B . ARt T AE
GPUY i ] B E B TR IR K, RGP A A
P R AELE T X AN W b, B el PR E
GPU |- [v] — B Z1) 5 3 1) 01 o 60 5 AT 308 S B
1. M EECE L, WTUAE— SR L
PLIX AN ), {H ARG Y B 3 B R o R
AYAT, FEiE wnAOR H GPU T R 5 0% [ 51

Frog 2 4¢ I H 7 —Fh e B0 R TR A 5
SRR R 43RG . IZERER AR AR
PG5 2 o E e NS S HOE T 28,
g1, 2. . MANEEHA A S 28 (H
i, 1<=M<N) |, iZZEdEE A B E
A RISE T FFAE S, PSS 1-MAN B He SR
FETOLSL A AR, RERS IR 3 AN S 4 e Hh 0T A AL
HE80% 247 ; F5RIARH LM+, M2, «oeee .
NANEAEH A 2, %2R p A
WHIA DT RL S, IRE G AR
(R SREME , ARG 5 — 2B R B A A B, AN
FFeesh, X155 2B AR B NG AN S L T6
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ik, REMRA—IH, mEs.2%E—
O E T AEAE R ]

(a) Graph with three colored vertices
VI1,V2, V3,

V:[ Vz Vg Vq Vs VB V? VE

Pl o x| x| x| x|-|-]x
P, - x| =] x| ox
P, - S x| x| x

(c) Confliction table with all vertices
processed.

52 REPITSERLE
Bl — Sk, SRR R 2

Vi Vi Vi Vo Vs Vg Vo Vg

Pol- [ x| x| x|x
P,
P, - x| x

(b) Confliction table with vertices
V1, V3and V2 processed.

(d) Final hybrid coloring results using only
three colors/partitions.

@52 A fé-ﬁ-af*ﬂﬁ&%i] Sl

LA, RTCE PRUE SR SR R Y
Bl —5d, wiIgik PRiE =5 A T4 R IE
P ElE — B e R A A S AR R I
=, P ANIZREAT 550 ] — & ) 3 AN ]
AT, SEOLREERN SR EE SR,
MNP AR A —EA A L, FER AP fE
e, RSB, -k, sk =
T R ORIE B R R — 2k
TEFrog RGEH, R it — BB fifp phe
B wp g (), (ERE A i — B R b 4
— BT HAT S AT 53R, iR T0T
— B RY B) SARAY S e EE R RS OR . AR
T, — E AR, DA ZBPRAUE AT R A BT kR
A ZEF I 2 8dE, XAEGPURIHE RS H
FEARAESCBLAY , PR A i T AR A T B St 2
T F et 77 2Ok ¢ oot #4E 3 Ge i i35 10
B, XAEGPU LAY IFEREARICHY o ThiRt T4 —

FEARE, TERET A BEA TSI, AR RETH T
HBASHE B W] B B R A T S S B R R, X0
AL S5 I TR R KPR

TR R —EUEE T IEaE 2 |, Frog®
G IS AT e P AT 5.3 Frog e b
PUATHIRE . BRI B, RS E g A
TNASFEARY, fTESPHdTd e, oaliE
N ERRF PR Color-step, K53 A 52X NASF-
HimPep b . &A% R Color-step, 732 Hh
i AR A 2R . Frog REEIFNAS
Color-stepl-] A P2, 43 ) S P-stepFlI S-step., H
Hr, P-step MR ETEX —FFE, B AT AL
[ LIgEIFE T (Parallel) $04T7, WA IEAL %L
PEp R — BB )8, X T S-stepifi &, WL
R X — AP S R A S FE = AR TR A
He, AR IRN, FEIXER 4L
Pl HEGPUIBT ( Sequential ) 447
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AT DI 1

AT 2

'
i | B

AT LIRS

T —5}

SO *

|

Lo .
O EEsbEf O RBAEFRI ¥ GPUZH
B 5.3 Frog & 4 tATiAAZ
B A SR 51 3% - £ &
i 201348 0 4
B' e R BTy @) AR
0 uwen Wu, Yongluan Zhou, Pingpeng Yuan, Ling Liu, ) )
Jin. Scalable SPARQL Querying using Path Partitioning. Email: wonder232627@gmail.com
ICDE 20135, Seoul, Korea, April 13-17, 2015.
»  Xuanhua Shi, Junling Liang, Sheng Di, Bingsheng . -
He, Hai Jin, Lu Lu, Zhixiang Wang, Xuan Luo, and £ &
Jianlong Zhong. Optimization of Asynchronous 20142850 =
Graph Processing on GPU with Hybrid Coloring R F . 4 A A A
Model. PPoPP'l5. poster, Bay Area, California, Email: longhao@hust.edu.cn
USA, February, 2015.
»  Pingpeng Yuan, Wenya Zhang, Changfeng Xie, Ling
](;m, Hal.Jm,AK;,suEgCLee: Ej:st Iter:twseC 2;311? :la; 3'1 Hﬂg
omputation: ath Centric Approach. : " . O e N
- . T HALF [ & E
New Orleans, USA, Nov.16-21, 2014, e *fﬁ&k%f”ﬁ'%%iﬁ&
»  Buwen Wu, Yongluan Zhou, Pingpeng Yuan, Hai Jin, ; i@ ERAEE, B
Ling Liu. SemStore: A Semantic-Preserving ‘S\ ) Ry Xt 3.
Distributed RDF Triple Store. CIKM 2014, Shanghai, ! Email: ppyuan(@hust.edu.cn
China, Nov.3-7, 2014.
»  Fangxu Li, Pingpeng Yuan and Hai Jin. Interval- z fﬁﬁ
Index: a Scalable and Fast Approach for - 201448 571 -
Reachability Queries in Large Graphs. KSEM 2015, B t: GPUR 412
Chongqing, China, Oct.28-30, 2015. .
Email: luoxuan(@hust.edu.cn
R AEWL
200948 1+ 1= = P AR F i A IR AR
CE R RS & S =, | HRFE&: #itih KRBT
LA “ FHstAri
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{8 FCloudsim3E IR E F £ 4EQoSHY
RIFFAEEX

( FFiX#8 http://blog.csdn.net/hanchaogi/article/details/36199299 )

1. Cloudsim{& & & %03

CloudSimJg—K A1t EGHANE, HHRK
FIOIE 28 IR 7R K 2 ) A 52 58 =5 il Gridbusiil H T
200943, B —ANeREDE, v EWindowsHl
Linux &%5 F#5F-&iE17, CloudSimffh &L+
B YA ZR, WEER

core simulation engine

1 Cloudsim 1k % 2544

Cloudsim{fj B2 bz 180 ML o ER
Fime B A BB Ry, AR RL. NE. &
BIGFTERED, IZ2H T EI BB
WERFSE, T A O KA B R e

Cloudsimiz: )2 PRS2, %21 t—
SURRMY SR, QL. L ERML, B PR
WEHZERS, DI AR ARG S . Y X st
i, ZeW I N ST DITEIZIZ T 4 & PR
GrA . NHBCE . 0T RS REEROR
FFHATCloudsim =7 58z ¥ A Robustiil] it .

Y e CloudsimfR LAY BE AR ThiE , W&
AEAL THFE REE FINC B e A TR, SERi =R
HERARBY I LW

CloudSim4# & T GridSimFf: 32 5 2= 11 5 49 W
A%, CloudSimAY 2 i T X IR IEAY . H
B CloudSim HAT AN MRF DI HE -

S, 1RBUERMLRSIEE, U P T EAEE
HOL AT BT R R ST AY L Pl 69 R AL
MR 555

5, e AR 55 2 B AL RAZ O, BT
e o) A2 () 2 o) 5 UG

TECloudSimpR U AT LA FEEAZOZE, W

ﬁ lﬁﬁ’ 7N
S — _— -
Cloudlet £ LT B T T
DataCenter 5 SRENSC, BAMARENHZENES. SRELUNELNEY, 0
L B R R
DataCenterfroker 5 HraummTe, chgni. sunrnEY
Hoat 3 RETHEMSC YRTAAHENNSEIR TSNS EEE,

SN, Af. WY
WENSE, RAT Host, SNEREFIE How TN, MEENNS

— P T

MProvisioner 2 ERERPCNENFERNNRE
VMMABocutionPulicy B SRHLRE BB, il Host LIVE { AR AR E NN
VMChiraceerisies 81 SGENITEE

MScheduler =

BEFHRANS, FERTES, SREZFRD

#1 Cloudsim £ &4 .4 %

2. Cloudsim T{E{&5Y

TEREAR G, FHRRE NI R AL B2
FALH R ECEER 2 ( VmAllocationPolicy )
5ei, CloudsimfE FEHLZFIELRIBLZ LB 15k
s ) A ) e S SR

WEGOLE, R B ASE P B 55 X
L, A mA H P User={Userl, User2, ...,
Userm}, n/ME%Task={tl, 2, ..., tn}, n
ULFEFEVM={VMI1, VM2, ..VMn}, LIEpt
%4t Datacenter={ Datacenter], Datacenter2,
...Datacenterp}, Cloudsimf) T{EFEFSUNE 27

H.ip, CIS ( Cloud Information Service ) %
FP SR ) 518 8 20k 551241635, Datacenter
Broker #5%4L)SaaSH2 it Fi {RAH, H4EQoS MIF K by
R T IERIR 55 B4 4 BRERE . VmScheduler 523
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ZOIMIMIZDIBEOQE

TGS, LR LAY 20 5 i 2 0R
W, 47 T G il S 2 fE Ve Ak P 28 0 3t R
VmAllocationPolicy X #& i JLLHL WS #4025 U8 B o
W, % ANE TR R AL ACAs L.

Users Tasks Virtual Machin: [Datacenter
Datacenter 1
: 1/-|Il~></m
Imen) N>
. r Host
== T g N
: = 1 "
. - il Datacenter P
r— Iz L} !
(e SSYER S
= : >< RS A\
: - b 1™
@ v (1 Host

—

[”‘ II‘ o] [

E2 Cloudsim#y T4 R

3. LMEF L AQoSHRRIAEE %

T AU, e L el — SR
O, RGO EIECPU, WA,
IR AT S B O T IRAE B, P iia]
VLA PSR OB R DR A T 5 FLASLL

TEfF R BCIRS P PR L&A
PR a5 T

(1) WrtitkCloudsimfl, fRAGHITF

Int num_user= 1 ; /€ X H P

Calendar calendar=Calendar.getInstance();

boolean trace flag=false;

CloudSim.init(num _ user, calendar,
trace_flag); //#)5L.CloudSimfy

(2) R C(Datacenter), fRASUN FR:

DataCenter datacenter()=createDatacenter
("Datacenter 0");

(3) OB Broker),  FAESLT FITR:

DatacenterBroker broker=createBroker();

Int brokerld=broker.get id();

(4) BUEEHEABL, ARSI TR

vmlist=new VirtualMachineList(); //BIZERELIF L1

Vmvm=new Vm(vmid, brokerld, mips,

PesNumber, ram, bw, size,

vmm, new CloudletSchedulerTimeShared());
/BT
vmlist.add(vm); /I REFPLE ) 2
broker.submitVMList(vmlist);//$2 42 KE LA L) #
(5) BIREAES, RIS TFPIR.
cloudletList=new CloudletList();/£1f A T4 51 %
Cloudlet cloudlet=new Cloudlet(id,
file size, output_size);
cloudlet.setUserlD(brokerld);

length,

broker.submitCloudletList(cloudletList);//[u]
RIS AE S5 3%

(6) PATHIRIERL,
W, ARSI FRR

broker. bindCloudletsToVms();

(7) s AR, RS TR

CloudSim.startSimulation();

(8) FTENMAEAER, RS PR

List<Cloudlet> newList = broker.get Cloudlet
ReceivedList();

CloudSim.stopSimulation();

printCloudletList(newList)'

: ARSI AP LAY Hi DatacenterBroker
3"&"-[”EI{Jb1ndC10udletsT0Vms()@§§[9§ﬂLo IZ PR AR
PEA ] B R SR SLBUE SR . 12 (=)
XU R R E b, SRt T PR L — R
VENE IS 73 BE ) B0% - T — o LR 58 R ) g
RS (1 RN R 7 S NN S ) = ’fT LT 24k
QoSHy IR M EH L, MUERT =EF
Cloudlet?s, 7ERHIINNIT HQoSHI KA EME, L
PFIET R . QoSTK . MBS . RIGTE
T IR 53 BC pR EO PR X SE B AR A, e 2B OR
W&, ok 56 AR 55 B MR AUALEY LS . 53 A KON
Jy, FETIRAREZR, FFANT S48 € FE4EQoSHY
HARRIE . BB SC, Wt Ek i A 2 1Ak
A ZESH N Bz R

SEIAT 55 B REAUALAY
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( 22BH http://lidawn.github.io/parallel-io-basic/ )

1 HTVOH A

ASCRIFFATVO, T EREMPLIOM—A4MH
AL, FEHPCHIIR, CPUE E 5 % o 1% 1)
2 FHEARVO MR — AN ERAVHH. V05 Al
5, HPCHY, SPRE S 7E R AT 0 5 3l i)
PUAT, WNEWEGESEL, Eicheckpoint™, 515
Vil BoRsA W R T . th TR
BEAEAMNE (52 SCHERS) . S35
5 He TR Pk A

2 ATXHRZESXHRE

1P R IRITION Ik R4k . T4
A AT SR PR, e
BOEERANPR , (HGE N T EY S H B2 T
A, PIEZ I ML ERE . PTiE I T I/OM
Sl AT 00 AN IR I A s MG
SLHY P FEEE RS B A0k T s e SR b (B0E RS
k) Hd R,

. ® ® ® O
- B OB B OB

Memary Memaory Memory Memaory

High speed [ |
bwork

| }
wmogon  [W0S]  [IGSSeN] - - -
sernvice

odes
WO channels }

— e
osT OsT OsT

AT RORE CEIT R RS,
ZAEET S B ALON O — N R S
— B EEER ST BT AU, s R R AT Y
FE LB F| AR, (RN 2 82 AT
AEAETT SIS R . Lustred H B 7099
TR SE, — PRIy Lustre 5 & th —4~o0
iR %5 4% (MDS) 243 R A7 i iRk 55 2%
(0SS) Wk, —AOSSI R —A el # 24 %t
SAAEEHPR (OST) |, AT LIE#OSSE—4
Py A, OST/RHERRAEIZ T & EImiE:
H—AOSSHH —ANOST, j#if—4MDS 1%
ANOSSHILEH , Lustren] LK —A4N K SCHHFR 5 ik
2N 3 H 43 A 84S 9 OST | (RoundRobin
77 RR), MMAFEPH TSR HE, /B
AIA X BCH AR 0 SHEMDS . R 5 S
P S S MD Sl IR SO 5 2, 2R
Ja B2 5 OSTHEZI T S R4

2 S R — AN SO BRI, XA
oy MsHe, S AAEANOST F(IRRF ),

===

OSTO osT OST2 OST3

- File ———
2

el 3 e i — AN SRR AR, XSS
PR LR TRV, SRR R
RER BBV SCHFAURE T, ARRIGAIE, RIS,
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PR 2L S EAE , RIRZ S
PERGE, REA KRN, HE 7 REEIES
Py P B0 1 56 F AL ATV OPEREA R
HHh

Lustref§ 3R 40 AN, IF HELX A
Vi Ay NEVE AL SO f& Lustrefit) 8 224F
P, W B Z% stripe countFllstripe size,
stripe count:2 X REL, B, AR E LA
OST I, iyt & ibistripe count/N T 55T OSTHY AL
H. Lustren] LL3ZFFLTAOST, {H stripe count
HeRM160. stripe sizeff A5 K/, Lustre®RiA

[Ystripe count/E1, stripe sizes&1MiB.,

OSTO OSsT1 0OSsT2 OST3
‘ | ) \ ‘ [ 1 | | I ) \ ‘ I | \
Stripes 0.4 Stripe 1 Stripe 2 Stripe 3

| | | | L]
| Stnpe 1 | Strpe 1 | Stripe 2 | Strpe 3 l Stripe 4 |

Oftset OMIB 1 MiB 2 M8 Ima amig 5MiB

4
PO P1 P2 P3

i

[— ) o— e — |
]
—
OSTO osT1 0OsT2 OST3
E5

el it SR ] S A R 5 3R
(IS J 7R iy i — AN BRI 6] B 00 3R AT

VO, MBI THLS — AN A 7EPYA~OST |
S, stripe sizef&IMIB, FANHFES — i
ESH R

+ PO K JIF 4 600,000 bytef ic 5%, A2 4
offset /10, iR TEOSTO |

+ P1E K ¥ 471,800,000 byteft) id s, #4h
offset>} 600,000, ici 5% 43 4ii /£ OSTO, OSTIHI
OST2 |

+ P25 K JF 241,200,000 byteft) id sk, #4h
offset>42,400,000, iR AMFEOST2HIOST3 |

+ P35 K JF 241,400,000 byteft) id sk, #1h
offset>43,600,000, iR AMFEOSTIHIOSTO |

PEFE0-35 [ i SR Bk Lustre H 3 73 A EAN ]
(OST L., OSTOR|I 232K EH PO, PIFIP3HYEL
i, OST2[] i 22 Wi ok B P1IA P21y %L 45
OST3[H|HHENCK A P2RIP3AY £ . PUASOSTIH]
AP, SXFEVOB LIS | — AN OSTHE
WO BER DU . (HSERR b, 1O A s A DA
FWRE . B CXFET RE, hTidRImK
JE AN A stripe sizef) BEfE , T 5 offsetit A 5
stripefl i1 F 0055, HUOE “ai” BRE, 424
VERR ) 5 6] — AN OSTHY ] — Bt , Lustre
SEiZPEAR I w0 BRE, WX —
g R — RS, BT R,
A MPRTEG TR, I AT,

El 6 E S H I TIVOFEZ LA LAY R

PO P1 P2 P3a

it
Sadd

Offset OMB 1MB 2MB 3MB 4MB SMB

E6
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if lock==true
return error
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— acceptor::release() => fif B &1, Wlnlvar
BRI, 3R1El[ok, f]
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OpenNF: Enabling Innovation
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TinMan: Eliminating Confidential Mobile Data

Exposure with Security Oriented Offloading
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“ TinMan: Eliminating Confidential Mobile
Data Exposure with Security Oriented Offloading”
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SSL Offloading: Session Injection
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Conservative or Liberal?
Personalized Differential Privacy
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Pingmesh: A Large-Scale System for Data Center
Network Latency Measurement and Analysis

R EE

“Pingmesh: A Large-Scale System for Data
Center Network Latency Measurement and
Analysis” & % FAE T B AL 25 T 2% [ Br 23 1
SIGCOMM2015H) —f§ 3CHE . 1% 2 T 20154F
S H1TSTEREUS T HEIF . 1% EEMRAER
PR A b kg 2, feg Bl B R UL
IR S5EFZ B ZEAEIR |, D fige— R T
P T 7 PR o e 3R 1 Eh I 4% 3
SE fLIE BRI oL I 25 Y IR 55 s i A 2 54K
WA 2%t

TEM 45 iz 72 BN BT, o 28l ey D s
EAGIHRE— AN EF 2T, —
R GERE (IR S5 a2 18 ) 15t 45
il B e AR M . BT R 2 B0 I s A i)
Mz ey, R aken, JUH
FEAEAE O X PR MUY Rgeh, X T AE
AR EEE WAL T, O R 2%
o) FEUHTS R AE P B BB, fi AR B JE R
Bl AR B Bt S DS 0 A s B 2 15 e 1Y
2551 R I P E S AHRE

B BRI, X SCESE T I AE R
FRUBL(Y 190 28 v pRH AR T R HR 55 22 8] ) ) 2%
REIRI) R 40 ( Pingmesh ) ., B 1R T — 4~ 40HY
AR O ek . AL SRR Y« intra-
DC networkfll inter-DC network., 1% £ 4t ] H
inter-server.Z [H] A% [ 26 ZiE IR 1F Sy 9 2 i i) i
o HAE TR aECREIER, XMk 5

thr Z [B) R EEATHE IR I & X R K BT RS . A T
R TR, ZREAMN =R
( Top-of-Rack switch, intra-datacenter Hlinter-
datacenter ) , XFEEANIENERIR 5545 O AE R 1T
M, ARG AR HCEEAS J2 89 IR 55 4 2 1) B B 4E
R AR O IR S5 A R 2 P
HZmiE, wapiigs).

DCcz

Intra-DC
s

DC1

BT 3% P W25 R A

E2J# 7R T Pingmesh R BEIHESE . %A
44L& = A~ 4r . Pingmesh agent, Pingmesh
controller Fldata storage and analysis. TE&—MR
5o b #REK 45 Pingmesh agent, iX%EPingmesh
agent Hl — 4~ Pingmesh controlleriff 17 % il .
Pingmesh controllerZx AN ™ A i BLI i [ 45 4E
Rk 5523513, Pingmesh agentl]{{ 31| Pingmesh
controllerf) B J& i i &) #(1) Tep/Hetp B il 4 7
0 2% SiE 3R A ) 5 i B R % ) Sk R LA .



i | SCLS ErtREASSRERIEAERE

62 T gu

BHSARARILERSREST

Pingmesh £ Z¢ Wit £E 1Y 9 4% 2E 3R 4 o] DL b b
J R 28 5 R A B E IR AR AL I B R, A
ARG EABIBRIMA A HR: (1) Pus
HOAHUIT A IR 552 Z (8] B P25 RE IR Afs s (2)
[ 42 il Pingmesh R G R K R 55 252 [H] [ 4%
LERIF T P=H ) JFES . Pingmesh controller i i 7y
JZIE0 F7i%, [HEfPingmesh agent (Y [%£% 4E iR
7 v TR o, N AT A ] 7 TR
ARG UG MR IS T UL EPIAS H bR, FF
HORFE 7S T SERIBTT.

Data Storage and Analysis
(DSA)

Pingmesh Controller

==
generator

Visuali-
zation

[}
vip
Pingmesh Agent A

\Servers

Pingmesh Tc::;: nt‘lps Pingmesh | | |
agent L P 9 agent Cosmos
Store

: [vi|
.

F2 Pingmesh % 4% 4

TESEER RSy, 1% SCENA T Pingmesh agent
2R G5 i REVESMT RS CIEBRTR ), ik
G e AEAL T H12500 65 HoAtAR 55 8524 T R 4 4E 3R
WRrp, SFHCPURIRA0.26%, NAFTFH
/NTF45MB, E4JE 7R T Pingmesh 2 4t il 15 11
I % 4E 31 .
centers; (b) Inter-pod latency at high percentile; (c)

(a)Inter-pod latency of two data

Intra-pod and inter-pod latency comparison.; (d)

Latency comparison with and without payload.

CPU utilization (%)

]
1012 11112 1212 1312 1412 1512

(a) CPU usage

Memory usage (MB)

15 ¢

10
1012 1112 1212 1312 1an2 12

(b) Memory usage
E3 Pingmesh agent 7744

——————————— , i
s -
a8 rl{a_a awe |
% {4 Dol —— [ 1 .‘r DEl ——
8 o [ be2 — g o otz —
J’ 0994 b
B | ooz $ f
2 }( 4 I|
1 ase
100 000 0000 100000 100 1000 10000 100000 1e+D06 1o

ATT (usec)

% o8 I 1 iritar- T 1t DE1 wie pa
] 1 . : /] DE1 wf payio
S sl ¢ . 9 as ¢ pant

R

28
F)
F
[
o

HHHHHH )

{usec)

(b)

+007

RTT (usec) RTT (usec)

B4 S35 P P LR AT

(EARERA R, KRS — A4
LRSS I R B AR D S, FFAESE
PRERSE i N . VBT IR R G T
WY, (HCRAE CARSC B 40125 &+ 7 i 42
TUb e 1B O W2 R AR ) T

e ey e
201448485+ 4
R e HEP ST

Email: wxjiang(@hust.edu.cn

-..5
-



H3 PPN LD I | 3552 | oo

==
2016EE3800H 22236 /20166E098 | —

& B 75 T

*B

M20104F AN LR E R 45 ik ik, W
), PSR SR, MREERE. Bfiod . A%
i WERRL . RE . UEDRIRE, AW
ZH A ORI . NEYHEFEI—Z], &
M—EIAA ML TR ST mE A
GRWENR, —HRRE. HRR, R
Hi 2% H VU AE T AR R TR T e, BARE
B, ACHEME2ER TRESIHHAE,
P, MEZIEE , A A B o) 3802 75 5 ik
, ‘oS RERPIE. “AEE" . B
JEH e s B NN, R HRETRY
SURBN Pz, X7 AE LS Bl
IS 20 AR 20
BEHENE

NS, % IKE A CREFEE A TAF
o i) B i s b Az 1) — B i R ) B — 1R
RFET ANUAEB ), B4 253, ik
RIRHEAZ Bl ER BE ). IR A R
Be B it — > BAZ R (D EA TR
EEE IR 1 ey BH 22 BH RS e 4 1 AR AR
I EFIBAE, — VIR IR Ty R
By FEE N SEHOIE BF 042 (1 Yuanyuan ZhouZg
% G IFABSTRACTH ) —A)iG & 46 F—K i
BfTa); b AR BRI 27 I iR S PPT 238
A LA R R G S e ik
i1, XREFREAHAE?

REEE R E S, R BRI
B AP A AR A B A . 20 NGB G IR TR
Ho; A NMREHRETOE; 20 NEHHNE
Loy ; 2 NimEHmEE L. HIEAH

x

B, KPRZE . HEEAS . LA &R D
SERLAE ) CARSEATE, R C C 2B N0
WHUET AR

UERFE VR — AN R, mBLER RS R
BRIFEE, NG IREAE s T FR{H AR G 02
S, BTLL, MRRRIX A S T PN 2 A i
Ho M4, R E IR L BRI T
JRERERIAR AT, Al “ER¥2NodelS” |
“LRLLVMZEIRREAT]" | “21REMRFES
C+" , Ila BB —n =A%, X “—
ANHPGEEIE" | e & I AT i .

RIS . A NIRRT . A AR
MR, AIGRBHKREY, BEdE, 54
TG, BB REARIE, &R A O
R Bl E Sk, MAR AR B PE A%
ZHEANER, HLEZ—mniK, R
W RARIFO
LA KB

KR, Bl EE, NXAMER L
MR de . UFRA 0y, WA, A8
FERIASKPE A SR B A A E TGy &
I E RO AT A7 RATTLRERE F AT
27 B RAT Y IHERIE T 5 ROk I, 1
FEO R R A 2 oK -

X LA T AW R ] 22 uEmH - ) A\ RE i )
(1, FAEEME], MAARENEN, FdinTLl
Fflt. Aiegs R, R AR TEXA
SRR T RS, mXe R &
T mEMICIZ., WERMT AR, BTk
FHRE B T BEMZ i DB 4, I8k



s‘ L s BEAREASRERRDESENE

64 :32: JJIL -é?IN- BESAEHEAEE RS ERE

Z0 B PSR 5 D ks e B . SR AT RIRAE
T, U AR AR . IRIR . LNATE
FEOVIRR S AR R, AR EH
ML, BEF 2T FAP; BRI
ZAEARIEN , — DI AR AIR9ER  BR
BRI, PR R B R AR S K S i
O ARG, BRI, TeRLH B 5
NE RS MG, T A AT AR TR
7 ORI EENAZA, AR
AOCRBUR RETFHLX G SR FNG IR i s 3.
DB NI R TeSR ST, AR R
EFWIWIRE NG DT s F 2 %5 T AR 9 /MZ=F
FHHIE, HHRIREYNZ —4) T 2 BB
% AT T2 RESKREBWARAHFFEE
BitE, XA ST —EEIC.

MVEBE, =+PRAEm, =+ % )EwN
RN BrLl, MWBLER, BT —HEZHFRL
N, WEIFUEH . RSWFRES K, SN
ARG . AEREE . SURE s Sk, F—
2SN REFIG, INHW S E G —h)
i B OVEIE. REE A QAR S
BABE R b, REMIMELEE i B 5
XHEATHE, SRHEEDS" [ KT E L
RHEERE, AP A i 7 (B

TR, B A AR A MNRERI S .
&g

AT AL, WRE T, B2
AR LB —Te—, AT, FrEL, FA 1
HAH5T, difs—K, BEdE, BRI

;B
e 201144+

- BER G e AT

\*/ E-mail: longzh@hust.edu.cn

2
A RFH AR, ERGHLETR EE T Hhf,
EEEg: ERER, RHHILT &, RELfE
hAR—REE? TR, CHREARTHFAHLHE
g, ——i, &R S iE— E6EF.
( RAr
http://weibo.com/shaygeven?is search=0&visible=0&i
s ori=1&is_tag=0&profile ftype=1&page=1#feedtop )

MIEE T, RV A F B AL, ML F A
e, MieXAFHE SR T —F T, KA
AEF AR AL, SRTEAS kR
¥, BARBIRFERRARY, FiERERS
ARmEENTL., BRE, ROALHITEAL
BALATHET, EFRBFEARHT, BA
— S B T £ 46 6 98 AR AR AGE A ik IR — B
E—AAN, LEFENERAILAESHRMGA
o, L, REET FRINK, FREANAM L
ik, BERBE, FAMFRE TR LB TES
SHEROH, BHOFTAFELAREARL, B
A& gl f TIEEARA), B A THAEELA
@, Rl EMERELAREFROREET,
KA B HM & ARG B EE,
(#1.&4
http://photo.weibo.com/2672790252/wbphotos/large/m
id/3847286654265368/pid/9f4f8aecjwlesjbvjgt2rj20f0
0qo43c)

FAAALR, 12 RRAHEAAFLEFT
( ] & http://weibo.com/u/2411611230 )

AE P —LFE, 2w, RAL
T AT AR AR R A B |
( #k4% http://user.qzone.qq.com/759909855 )

FMFATHE, RAZHTIREG T3] K0 4
AR, RIS L IR H A E, RAME T TR
fo R RR AP LR, K RAAG R L5 E, EABA
BERCE

#) & 4% (http://user.qzone.qq.com/532328694)

M—AE LA, A—FRBEME, F—H 1
ey,
Z 3 (http://user.qzone.qq.com/1063894981)




	外封
	内封
	第二十二期（第2稿）-01
	第二十二期（第2稿）-02
	第二十二期（第2稿）-03
	第二十二期（第2稿）-04
	第二十二期（第2稿）-05
	第二十二期（第2稿）-06
	第二十二期（第2稿）-07
	第二十二期（第2稿）-08
	第二十二期（第2稿）-09
	第二十二期（第2稿）-10
	第二十二期（第2稿）-11
	第二十二期（第2稿）-12
	第二十二期（第2稿）-13
	第二十二期（第2稿）-14
	第二十二期（第2稿）-15
	第二十二期（第2稿）-16
	第二十二期（第2稿）-17
	第二十二期（第2稿）-18
	第二十二期（第2稿）-19
	第二十二期（第2稿）-20
	第二十二期（第2稿）-21
	第二十二期（第2稿）-22
	第二十二期（第2稿）-23
	第二十二期（第2稿）-24
	第二十二期（第2稿）-25
	第二十二期（第2稿）-26
	第二十二期（第2稿）-27
	第二十二期（第2稿）-28
	第二十二期（第2稿）-29
	第二十二期（第2稿）-30
	第二十二期（第2稿）-31
	第二十二期（第2稿）-32
	第二十二期（第2稿）-33
	第二十二期（第2稿）-34
	第二十二期（第2稿）-35
	第二十二期（第2稿）-36
	第二十二期（第2稿）-37
	第二十二期（第2稿）-38
	第二十二期（第2稿）-39
	第二十二期（第2稿）-40
	第二十二期（第2稿）-41
	第二十二期（第2稿）-42
	第二十二期（第2稿）-43
	第二十二期（第2稿）-44
	第二十二期（第2稿）-45
	第二十二期（第2稿）-46
	第二十二期（第2稿）-47
	第二十二期（第2稿）-48
	第二十二期（第2稿）-49
	第二十二期（第2稿）-50
	第二十二期（第2稿）-51
	第二十二期（第2稿）-52
	第二十二期（第2稿）-53
	第二十二期（第2稿）-54
	第二十二期（第2稿）-55
	第二十二期（第2稿）-56
	第二十二期（第2稿）-57
	第二十二期（第2稿）-58
	第二十二期（第2稿）-59
	第二十二期（第2稿）-60
	第二十二期（第2稿）-61
	第二十二期（第2稿）-62
	第二十二期（第2稿）-63
	第二十二期（第2稿）-64

