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Prior distribation of z (uniform)

E 2 Structure of the proposed CAAE network for age progression/regression. The
encoder E maps the input face to a vector z (personality). Concatenating the label |
(age) to z, the new latent vector [z, 1] is fed to the generator G. Both the encoder and
the generator are updated based on the L2 loss between the input and output faces.
The discriminator Dz imposes the uniform distribution on z, and the discriminator Dimg
forces the output face to be photo—realistic and plausible for a given age label.

610 11-15  16~20 21-30 31-40  41-50 51-60  61~70 T1-80

E 3 Comparison to prior works of face aging. The first column shows input faces, and
second column are the best aged faces cited from prior works. The rest columns are
our results from both age progression and regression. The red boxes indicate the
comparable results to the prior works.
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LIk, KREMFTEXULLEEBET T HRFRIS TS EMNERMR. [Coffman et
al., 1980] IFB T Z#4EEEARI0)E NP-hard [, FrLAER Z4EEFE A —akik
)RR, —#EEMRBE NP-hard [Bf. BT LRE, REZEIRHATEERTIE
MEEMERINEIE. [Scheithauer, 1991] B5EIRE T HX =438 0RAAVNE I E
EF O T HIEMEE .

s, HREBOERE TREAFEENERAEE, HINEIIELE ([Lodi et
al.,2002], [Crainic et al., 2009]), 5|5 EEREE ([Faroe et al., 2003]), EFk=
ME&INEX ([Crainic et al., 2008]), BEEEEZ ((Kang et al.,2012]) %. 115
WREIEAE, [Chen et al., 1995] E BT — B ZMRIEFII=4EFE0, 7
EIT— MBS BEFILIRESRKRERINAE. (Martello et al.,2000] 12 T —F9O S E
RELRKB=gERAOMA, FEIHESLRRE 90 MR UARRICERST LAES
B ERkERIE.

=, BB —LNEFRI S IR AV RAV LR B, FIu0 [Kang and
Park, 2003] 12 T —F o T R I AVZEFE 074, [Khanafer et al.,2010], [Gen-
dreau et al., 2004] 5z T —Fh=E EY) G hsRAYZEF8 (0], [Clautiaux et al.,2014]
X —HE RS RAVEREIDRUA T TR .

=]

SR EEFE )M —K T EEFE 0/ (Strippacking problem) 5ARSR HAYE G -T

i

w
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tERdERiA, A—RINFHERDEF, EF M RORIRFEERE RN —EERN
Foh, FENKENRZEREHNEEREN, KEAXLHK (EH@#FHEMRDEF,
FHENEERE, BREKEALFRK), MUBTARNMERBNFTINEE. £
EIREAESNE T FIHRTA R ERESNA, HRENERE T AEREKEEZX,
BluNEREREE XL ((Martello et al., 2003], [Kenmochi et al., 2009]), i BE %
([Steinberg, 1997]), BAIVE % ([Bortfeldt and Mack, 2007], [Bortfeldt, 2006],
[Hopper andTurton, 2001]) .

2.2 DRL ZiZEHEEHALRREAIN RS

BANBFIFNESNUBREE D IIWAR TH+FE, BRXFINRFIHE
ESRBESNARR A EIRFALERYD . HRN— MRS REERREF IR
ERIRIHEBERINE L. [Burke et al., 2013] T—EXTBEEANE EZNZRIC X+
MF-LEEFFINFNBERAEEZHTT1HE. [Nareyek, 2003] £ T —FE
FIFFRRUFINGEREFTBERABEREENRE. Rtz @aicx>IEE
ERBRBEARNEEFNNBRRIEEE ZEHIME ((Remde et al.,2009)). £=4E
£ ([Burke et al.,2003]) FOiEFER L ([Cowling et al., 2000]),

L EFR, F5 2 FHER (sequence—to—sequence) HY— & 5l if 38 52
BMETHREBNXNFHIRAL S (neural combinatorial optimization) 7 16 #9
W, HAiEEN4E (attention mechanism) Xt F- 058 #8142 7 48 18 BY (E 4] 22 B
([Bahdanau et al.,2014]) F1& 55 3 ([Graves et al.,2014]) FE AR FipE
TEERK. [Vinyals et al., 2015] IRt 7 —MHEBRKEENH AN EIRE—
Pointer Net, FHfEABREFINAEREBI LER KFERTEEA (Travelling
Salesman Problem). [Bello et al., 2016] 124+ 7 —MEF et F S BRERMHEH
&1tk (neural combinatorial optimization) #2228, F{E A ILLFESL KR 7 Hk{TREII0)
0B Bie (Knapsack Problem). ESLEMIEZRAIIEMEFIEEM, ANHAFER
AL S AE aR R E B T L ESRIN 50X

Kt

=3

7

<
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3. I =HEARAEiIREAY DRL 5i&

3.1 [EEEY

EREM=gEEags, RESETIMERNEBERINET S, F8/0
WAETHERNE. SRMOERRANE, AXIEHIREEAEN BFET Rt
BB — T ERFENSNET, FHEETNEERE) ., E—LRlEHS
oh, GINEERET, QENSIERNSTIENENTE, TERTOEMRIM
KSHREREREEY, S IMAETHRERERE S/ MBERA.

AR R AR IS AT R TR, AE—RSINSNES, 5
MR EBESENEK (). 5 (W) TS (1), RUEFNSHR— A EERES/ MBS
FBFFENRIET. BIME (x, y, 2) ERE—MIRNETE (eft-bottom-
back) BHIALR, TE (0, 0, 0) BFETHE FEMILT. RETBIGTSRES
W% 1 R, BFULESEATSEY, MaOdEnME AN,

min L-W+L-H4+W-H

(i +uij + by =1 (1)
zi—z;+L 85 <L—1; (3)
Y~y + Weuy; S W — (4)
zi—2zj+H b <H—-h (5)
0<z; <L- (6)
s.t. (0<y; < W —uj (7}
0<z<H-h (8)
li = 8i1li + Siali + Sigw; + iaw; + Sishy + dighi  (9)
W; = Giyw; + Gighy + Giali + bishi + disli + diswi  (10)
hi = 6;1hi + diow; + bishi + 8ial; + disw; + digl;  (11)
Sijy uij,b,;j = {0, l]' (12)
| 9i1,0i2, 0ia, 0ia, bis, Oie € {0,1} (13)

He, 5, =157 E | MIBEE | MIRIED, u, -1 FRE | MIBEE |4
MEBHT, b, -1 FFE | MIRESE | MIRNED. 5, -1 ETGR | NIEHEAR

ij

AEEHE, 5,=1FFWR I EERT, 5,=15TYR i WEHL, 6,=1F7Y
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RiWESRT, 5, =1 ETYRERERL, 6, =1 ETMREEFT.
(10), (11) ERYSERBBEBER T §BO=E0KES

LRFMA T (9),
LRFM
BFENTREMSm.

=
=,

(1), (3), (4), (6) MM EIRBESR,

ZRFMH (6), (7), (8) RIET

BEFUIEMHFEDR, FAEBTHASIZE, HU0 IBM Cplex FREIZKRLL
B, BEXF PRI (FliYRHERTET 6), RETSEANTENIX
S&UE. MBFIEIERR T t2EEfE NP-hard (8@, IERRT 2B IR .

F1 RETZEFSREN
TEZ il ax
L TSRS BFIEE
W EERIT S FBFHEE
H EERIT S BrEE
X, EERIT S MR T EEAY x iR
» EEERT S MENAE T EEEY y 2R
z, EEERT S MR TN AR z iR
s, 0-1 —t¥= BiMIRRERESE ) MR ALIL
u, 0-1 e BiMIRREESE MR TIA
b, 0-1 —t¥=s BiMIRREESE ) MIREIL
5 0-1 —FTE MIBEEEEESL
S, 0-1 Zx%& FiTYREEAREARSAT
Sy 0-1 Zt&e FiMREE2NmES L
S, 0-1 e FiMBRERE2NEEET
S 0-1 &= EiMMREAEREH L
Sy 0-1 =% e FHiNMBRERE2EESA T
3.2 DRL Bi&
HEAREZLS S, HIVBNEBRAT RKEBIHE=HEEFE WA DRL 5i%k., HERKEBE=4

PE e

FAERRRNY, RREEFED S
(1) VRN FEFRINF;
(2) Ve e FHRYIRMALE ;

=2
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(3) M ErE FAEIERRE .

HERRT T —MEAA B AR KRELEFE = LB, LHEENE
KB ERAN—"MImET, BHAEUTBNERZEMNIREBER, FiEFEBn
IMERERES . AEBEHENM, BE— T EBRIMERETEIFIR (least
waste space) A¥0m. BEIERVFELEBUMR. £AXH, FH)ER DRL 5%
R RBVBNILT, FEHRE T WIRINBANIRFZ S, SR RAEREMTAR
FHMERFIU LB RN EZERNA E. FIURRRNERETER DRL BiEkRMIL
YRRV . FEARKRIATT, HITBIC@AIBNILT . EREMBE%
—ANRERNF I T3 EER

3.21 RBLEN

AAREZEFERAT [Vinyals et al.,2015] ¥ [Bello et al.,2016] 12 H RIS 25
518, 7t Vinyals # Bello £ AR AHIZE 7 —F 9 Pointer Net (Ptr—Net) 9
TR EFSKFESILIBIRRE, FIa0, FERBERITEIOMET, “HEFEPEN R4
RN ZINEERE S, RTTREZE, RENRE AT SEBORIRE. XK
£RE5195 [Sutskever et al.,2014] IRENFFIEIFIIREAEREELL, BEERKA
B: 5—, EFFEFIIREF, B—LHOMmNETRNMEREER, B2 Ptr-
Net RE20JERY; B, EFFIEIFFEEF, ERBMERBILEENEISRBMER
MRERTHEHRA—N L TXEAEEE, ME Ptr-Net f, BILIEENLHIRIERE
(1E@) WANFFHH— N RERRL .

R REBRBRE M BIREREINE 1 . NERBMANNTEZERRD
RN KESHE, hEAMEEENIRE. MERSZ TR RNN R, i3
REFMBBRMLE, ERENBNE—LH, BENYRNKESHIERITRAREA
(embedded), #AEBBAELSTM &27t94, FHIREMNMNEL . EREMERNE
[E—%, B LSTM 2fVREMB L ERIRENE, ERBMNENE—LSH, &
RSBV AT PIRE—MEA T —ZRVRAN . WE 1 s, ERENEFNE 32
MR 4, MER (3EM) RIBMEIE 4 TNHE, BEENBBME T (F
42) BN, o, EEB—LHNMUZEFEERT [Bello et al., 2016] 12HAY
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Glimpse #EIREZ & mIBM RAFBMNERVALHER .

a—— Ouipui Layer

J L8 J
Dieeuber

1 HERNEREENE

3.2.2 ETFRERREAFEIRE

AARFPERTRBUFTIHIERINEMNEZEE, WERBATLURTA
s={(l.w.h)} . B, w, h DRFRRE I MIBOKES. REEENETE N
MNFEFRIRE, Fo kFxx. HNEMRKREIR (Surface area, SA) RIFMEE
EHER, 2 SA(ols) RAEREBA N 0, BttiA s NER TXNARER,
REARENL RIE T AR plols), BMMERREYGAA s IIBRT, Bt o AU,
REIZRY B AR A R T 2RV ENT MR EIRR/ NV (0) NRARRIE Mz . (]
£ 0 R-MERELFISE, WIEBIRTARTA:

J@|s)=E SA(o|s)

[Williams, 1992] 12 T —MEEHEMNRLF I FIE, M7 EREBEIIE
SRR ERE ST ERR S @ EAKTIEIERE , EFIEE, ARREIIGEN
B—2, TR TERME (reward). EiEE (baseline value) FIFLUAIBEE S 16
Zfa, RESHNEHANA:

Vo O5)=E,, [(SA(o]s)-b(s))V,log py(o]s)]

Hrh b(s) RFRERNEAE, JURRESHIREIFIEPEENSE. &
2D, MRFABEPIEE M MRIZEDHHIFER 5,,5,,...,5,, , WALBFAZ
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I LUA{ASS :

V,J(0]5)~ ﬁZ[wA(o,. 15)—b(5,))Vlog p,(0,|5,)]

i=1

3.2.3 EHENEHR

FEARRF, BIOERT —MEFCIZER A LR A MEEHREEE, &5,
MFE—IMERARs, BIERABERN—1MEELR, FTEEXAR, EH
b(si) BVAtaE. 2FEE—LMIIZTREF, BIUTAKRERELEE.

b'(s;)=b(s;,)+a(SA(o, | 5,)~b(s,))

HA S4(o, | 5,) DINEIIRHIXISEREIRVE,

3.2.4 MENRESEREER (Beam Search)

FEREBEINIGINER, FAIMRELTTNAIE R D PR T AR E AR L. B2
FERIERER, FIIRARBRMERIFITIERE, BEE—2H, HIMEBESHBHE

BRANSIEIENRL .. BRILZIh, BANRERIEM ERERARERIERIGIEKEE
SIRENNE, BEES—SHARERNNHERESNEIENR, MIEEFEHEasn
A k NEIEEARL .

SLA R, REWEMIGLSRDEN.

Hix1: MERERIGLSER
10 BAS ®RIGHEARES, TERRIGLH, BR2RIGIEHEREFANEFLAS

2:  {%atk Pointer Net #92#1 0

3: fort=1to T do

4: EERIGEE s, Hpie{l,2, B}

5 SF s, BEF p,(|s) EBEREENEL o

6: it8g, = %i[(SA(o, 15)=b(s,)Vlogp,(o, | 5,)]

7: B0 Al;AM(B,gg)

8 XFie{l,2,-, B}, EFEEMD (s,)=b(s,)+a(SA(o,|s)-b(s,))
9:  endfor

10:  IREMEEISE 0
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4. BE5L

ATRIEEERIEIR, BIIEFAEL R SRS 7 #EXR . RIBLINT
BHREMTRRYRHENAE (8, 10f12), XWH AT =45, EREIREI
WITRFREBSEIgAE. 8RR, KNXAT 156 BRIIGHEAM 15 K%
MR, ELISEFR, SRIIGINEREN 128, LSTM NRERTNHE SN
128, Adam BI#DIEZ S iR%E 9 0.001, FEE 5000 £LL 0.96 BILLHIZ= . ML
RERIS EAIRIAEII N [-0.08, 0.08] FEEHER ., /97 BhLEBEIRIEII SR AL,
HRGIRPER L2 ENGENSEHRHITER ., EEMEEENTRES, IR
BR 0.7, ®8XI%A, FH(1E Tesla M40 GPU LilllZ 100 5, &X89)%
BIEIRZ9 79 12 /N, TEIIERNER, ERSERIERGIEN, SRERMEEN 3. &
BFZE@EI TensorFlow KL,

HEXLEMERBELER 2. TE1FNBIRAFIIEXRBER (Average surface
area, ASA) . NERFTTLIEL, AEEAERERENERT, AMRENET DRL Y
FoiEE = ZRMR E LD BT LIRS AL 4.89%, 4.88%, 5.33% HIRERIEF. Lot
BB SN ERKE 7T 8 MIGRNHEIEH 5000 MEAMIBEN SN SR
BN, FitEERTRERREZNERSRMBIFIHEEN 10% £46, Xk
BET DRL A ZMNEREE SHRILBILRER.

&2 TRGETIRBHIASA

MRNE | BSE | BEtEE ﬁ’f‘gﬁig’l’)ﬁ ;ﬁfzgz;?g
8 44.70 43.97 41.82 41.82
10 48.38 47.33 45.03 45.02
12 50.78 49.34 46.71 46.71

5. 4ig

RIMIBE T — R B = RAE 0, FETERN=4<FME0E, RIEHAY
BRI BAR A ER/ MR B MBI MRV FRVRER . BT RAIEMERIRK
ER, LEROIAFEELUR SR, MASBDBERAEENRZEEE. LUKX
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Xzl Pointer Net fEZRMIE T IREEF IRV AN FZI T XTUESE0RRAIMAK

frh . ANETARESLFEREYNEREET TIISMEIE, $ESLNAIEREKIFE

TREREFINEZRENEREZF TEENEANE L. AIARNEZTME

& %B—, BET —XHEN=4EERNN; £, BRERUFIANAEIT I
LFERRAPKREET . EZEMNHRPHSRARREEIINSERINEGE L, F
SR RIER A EFRARANEREE G EIER T,

B

A: ZHERABIONENEENEE
BT KA = A OB AN E LB iE&/ N\ EFE (least surface
area) BiEMNR/NRZE=(9) (least wastespace ) Eix, BiEHNFMALE B T

B]iE2: = HERNENEREX

1. ERIFRTIRES, 8- 1TURNKES

2 R TREBEREET B, HKESD 5
L:W:H:Zmax Loh,w,) )

=R i wi k0 hi
AL W, H(FTLURER

3 WRERISYMRES =1, TR TBRTEES ES=0

4: fort=1tondo

5 MRt =1:

6: HEE—NREREASR

7 BRBANETFH, ARBHRIERN 3 MaJFA=ENAE ES

8 e

9: ERS/NREZEEEINNRES S PEFE— MR, Bl « 1\

10: BRR/NFKEIRERERNRIRN =@ EFEA0

11: ERNYGRZE, Sr-EfaIBA=E (ES1), MmZRiiEis Bz ESmaH (ES2),
EHIAZEES ES < ES U ESI\ES2

12: SRy

13: end for

14: REREBBMFABYRAIVE FIIRER
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Hix3: EEREE
1. ERES ®-URATRES, O X IelIHnESs

20 AR | RIRIAYE MR TR LSA, = 3-(max(1,w,.h)-n)

3 MEWI TR MIRETEZES, = null | B 6, = null

4: forfEF=seES do

5. forff&EoeO do

6:  ITEMRILUBE 0 A s ZEIERER S,

7: WNR 4, <LSA, :

8: BH75, =5.6,=0,L84,= 54,

9: B, R S4,,=LSA,:

100 8N min(length(s)-o(L), width(s)—o(w,),height(s)—o(h)) INF

min(length(s,)—o(li),width(si)—o(w,.),helght( s;)—o(h )) MEER 5,0 B s, 0, .
11: GESRFMRT
12: end for
13: end for
14: RENS T 895,06,

84 RNREZEEX
BRI RTFREES, ERV, R RAIEAIR
I RED R = null
AR IMRFALY = (max (L, w,h)n)
for ff&iel do

TTEYIRIRRREAE 6, AN =8]8, 25 ( 5,6, 181d
LWV, =V -V, R/ NRERRIR

WS LWV, <LV :

EHELY = LWV, i=i

EERFMT
end for
10: REWIG i

a K w2

RANREREEIRE) AR V,

B: XF#E =49 NP-hard [a)@RYiERR

5|3 B.1: AR LAV B =4E3A5(0)#0 9 NP—hard (8]

1ERA

B5%, HANEPFFEN 40 NP-hard 8], 7 SeAILIERS, i)
R ALY — 4EScra R 30 N — 4ERY E BRI
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ST — M EERE, BAVEn MR, BRI ww,w,, EHbE
—w PIERH, BFOSEREBSW . L EFHS MAETFHERNE.

A TSI RN TR A0 N B — AR, B VBRE 0 MR,
B wowysrw,, BEHR (n-max(w,)) . MEEE—NIGR, HEER
W, BEEAW n-max(w), BRI RARENT . WTLEN — R
. WEI—MEBE TS 0+ 1 MR EEERE/ MNOET.

Re—fEt, BBEEENSRERETOE TR, NRE— HERHES
ENREET, WEDSERERULI (W n-max(x,))/ (n-max(w)) =W . TIHEE
HEMSHEIRENSN LS, USSERERISN W, FUFE0S0IRE
BRI

AE, BABIBYSENETER(TIEE. NEENENEIE— MISET
Ties, WRERESBINW - min(w) . MENEHTESNSETIEE, UEERE
SHnw, FUATRIMEERR, MENERSSEHTIE.

FRLL, HNSREA BSOS RT IR ELE ot | MG AIER AL — 4R S S — B
1B, MBAIFEE e T L E— BB tR. BNERIEBEST
LTI PSRRI S35 — M IR, AR E S IR BT El P RAR LA By —
U, B, SREURALE, BIEP=NP,

ST SRR S SRV, Bl AT LA R — SRV LR ST S A RS —

HEE

)Trtr

¢ﬁ§nqmmm@@foﬁwmﬁﬁsu:m@o
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| STRE LRIEZNEZ Paxos, MAEBEZEAN?

PIERA

PIEIRSIEE: Paxos (DX —HMER) (FADHRRKNER, —EHHIIE
MEFTIZTULATN NER . Paxos SMEHMEERNTL, HXEIXAREA?

“X-Paxos” RIIEEEHEELANERSHERE. 2EKEEURIIRISFAEE
TR, KM— P SMBED B A Paxos M7 EAtEE . X-Paxos EAX B
L, sBRIBNAER R AWEIE?

g
il

DR —HEE L (Consensus Algorithm) 2— M7 i E Y ERE D)
, HEEANBER A TESMHEZEWNEA (RL) EIXm—H (8—5); #
MRS HRRFENTAMEGR (BTF). Paxos EREEMN DA —HHEFE,
REANFIEEEN “DHEA—BUENY” AIH=1E (Mike Burrows, inventor of the

Chubby service at Google, says that “there is only one consensus protocol,

S

and that’ s Paxos” ).
*F Paxos HIAERE, EELERESLHNIENTLISE, 55 WIMNIX
BEFEMNELR, AXFABEE T . BSBIEZTLUEIE FXEIE [1,2,3,4],

[

274 Paxos MIBICIRE EE 17 &7, AE— Paxos W SLHFMEELE
Z M ET, BREIENLE, TCRMERN, 2R, Paxos HHARINXEFIM
HERREARS.

FaWA, BAAT Paxos REMEMNFREEELARS; EE2EET
:KAY, MIZAY, Paxos EMiEXRESEHDIL. Google Hi&BE FFIEEE(E Paxos
HitE ((EE S Paxos HWIBE&SEE TR ) ; Facebook iR BAMIEBE Paxos
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897 & ; Apache B Zookeeper, BREMYHFEZIF— I aETAVRESIES,
B BIRAIRTIME =%, aEREEA

£ Github £ 823 EU Y Paxos UM &, star &M BN FXEFIREMN
phxpaxos (EXSEA R R TIFMEXILE ).

ELEE B AW AR EEE AT SR, SRR ERRVIRIIE =7 Paxos &,
FFERY Paxos SR o

X—-Paxos

HNOWRHAREEM— Paxos FIAHE, X-Paxos ETFTIIEEENS T
LHUIEE AlISQL X—-Cluster, 1B X-Paxos #FA&ETF AliSQL X—-Cluster, Paxos
EPHRARGNER, X-Paxos JHAFHRASHEHENSHRRGEHRI—HE @R,

EI BN D AREREENRIT 2, BOMRZRIT T oA —BEhiNE
R, HIBEMZA X-Paxos, X—Paxos /3 AliSQL X-Cluster i8R T D —2
HEEIRE, EFTLIRER FEMERFES B —HUERES.

DHR—BIEEKR, HAZ AISQL X-Cluster FiFEH, REXGHFTXS
SRR —ERIFR R, I Paxos HIBEIRIZ A — DN EALEE, HEEBIEXE
NHEBEZEMERS .

Bign. HARIEIFIE X-Paxos BIAZI£H KV #ERE RocksDB &, HRIRSL
MW7 — o mH KV 51, EFHSEWSHFIE X-Paxos BIAZM SFHERS
th, MRS HIE—BFERS.

Bt IEZ AlISQL X-Cluster, Bt T X—Paxos. Google BYiE X { Paxos
made live ) FE—EIEIRMREF, KERiR: Paxos MIEZICEITISCtH RAVSLHL 2 (8]
BEANISE, EEESLH— Paxos HIBHR, FEFEX Paxos HIEHEEBICH—
i &, (LERELM— SRR Paxos UETR, T ERRMES T, TJUS%EE
MHTNREIEsRFNMREIIL ), RIEASSHELEN Paxos TUELEHEEF—PHRE
ST UEBAAIINNL

aYay
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X EERd, BICUEBI— Paxos BISLHL, ELSLIX A Paxos REWERIR
H7T . EIE—"1FRRY Paxos SEMRMEIRZ £, FEREMN— M RERESE—IE,
BE—PEE S RGRGIEE T RS . XBEATAKID pZHI Paxos
HHIESMDHNEEEREEH, HIURFR Paxos LI (Chubby ), HAIAIE
% Paxos 3£ I (Google B9 MegaStore. Spanner, AWS 9 DynamoDB. S3
%), M X—Paxos IEZ#ITTF AlISQL X-Cluster il 7 Ho] MBS

HKNNEREESREEBRE—N ST LN, SEMATTERVIRIZ Paxos &
fitEe. FBE— T RIERSEBBIIERNEN, EEHE Paxos BiZW FHIE—E.
=9, BalEaXEE. HEIESEEEEN Paxos, ZEFZIAAN, TATHR.

£

X-Paxos FIEARZEIN LB iR, FETDANEE. RSE. EXER. H
SRR 4 NERS

MEE

w48 EE T [a B R ERIEE B AT LR ZE libeasy L. libeasy RIS ESRFNZ
EitIEEREBINNEBARBENIRIT, BITEIIXT libeasy WEESEEHITITE
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B, LABR DI AIFER,

RSS2

RS BERaNEEN Paxos IZTHIENL, 79 Paxos 2t 7 E40R=), EEEIEE
ZOMIEITINEE, 88— Paxos SKUEPBE— 1S5 ZEEXNRNE, WEZEAIZR
HE e EEEIIEX

X-Paxos HIIRSEE—METF C++11 FHLMNSLESLSER., Ea0K
S/ BEREFEFRERE, JXMEELR, —BRFREFMER; miniE
NEHPEENRR, MEENAHEIEIRG ., C++11 LUSRIFMARE 7 =E
¥k (argument forwarding). TJ&EIRS% (variadic templates) F45H%, A
eI — MR LB AREUR I T a8,

BNiX 2 X-Paxos WSLFRAI—17 8IS ERHES RIS

new ThreadTimer (srv_->getThreadTimerService(),srv_, electionTimeout_,
ThreadTimer: :Oneshot,

&Paxos: :checkLeaderTransfer, this, targetId, currentTerm .load(),log_-
>getLastLogIndex()) ;

UE—1712F, 827 ENEMelE, FREERMNRE, EERMSHNE
&, FHRIEERE#AS (Oneshot) BEFERIEMEIW. BITRS BEXFRERL,
BIEENERE P B—RES—EN / BIIHES, SSUM—MERIXENTEREE,

AR

X-Paxos HEIEEET unique proposer A9 multi-paxosi 5L, KSIEip
FOSLE 2R 7 ETF unique proposer B9 multi-paxos, MEEIFF multi-paxos/
basic paxos, HEIKAIIET Paxos RS, AZBoEPREATXMAE .

BEERNEMNESDANABEE, BRXBNEFITUSEEXIEN
[1,24], EEMBIZNEM E, EEREWSHNHIUARSHEENESHEK,
X—Paxos 1 7 RZHIBIFTERITHRERNMERERI ML, FEEFEXSFEAEAI multi-paxos,
EETEMENFE, EZMEHEM= THEEHEBRENRE. T—84, BXXLR
TN R
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HEEIR

ASRRAZE ZRRA—EED, BREETHRIEEERERE, BIHEAE
RERRIZ R, FSLI T —PEOARS MR BSEIR; BIREUIERELIR AT KEY
AR, JUSEEEEMAETESR, MEREHTERED, LIREE SRR EIRAIR
K, X2 X-Paxos EASMRIRERFERIME, T B TIFANINE.

Thaetdes
FEzZMSHR, WEFRNES

1. &R PR =, 7E£451L leader
X-Paxos TE#rAE multi-paxos BIEM £, ZHFELEHFN/ BrSHhaens

=, IFELIRER leadership TREBIEMT < (BEIEE).

2. RIS ERAMNENIEE

SERENERNZERONRY, RENBEESENT R, FEEKER
RREBHRSKOBERT, REFOENGERE, EREMDHIRS: BIFX
EREREFHRIROIHE (A—NMEmNSMBEBATH), TJUTEREER
HUEENERT, BEARIREEAEFRD,

M A multi-paxos FABEHEX LT K, £HIBigHh, SHKEELSLUE
BIEJSEmiEse, MEBERSIFRFEN, FARRFRILERD / RED R —ErEEEI=EN
IR, FRERS . TR F, FEBEUERENT SSlER—XIEIE,
MEAERENTR, —BELTIFE—HTR, EEXKMNRXELEEAED
=, WEERXR.

B HPOET [ENHERTES KNI R, FEFTE/FED RMATEEIEH
ORI TR BTFNAEZSHEESEESIFIIRRR, A HIEA region
SENIME, SREEEDSIEEEN region W, XLFTREBFE Paxos HiEE
RIEHE, STUARAFEENN, mEREIeHhEERBEMNINGE, FINERFEE
fRIE Paxos BIIERM .

X-Paxos MY AL T R SERFINENIEE . BFRIBESEIR, F

=\
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\

FYLBEHSESE, BERED / RETReAREE—HNEE, FHAEREK
R, TLZBDEEAET R, BEFNENRE, BRTLUEES DT REIEEN
B, RAEESNENT REBATBIR, IR ENENT <.

3. TafmeEHt (Proposer/Accepter/Learner B9¥h3ZECE )

FELE AT multi-paxos LI AF, —RKEBNT KREPE ST Proposer/Accepter/
Learner =#I18E, B— T REBIEVET R. ERRELBER THRNHALTEME
T REAEEIEE, BIa:

1. REN=DEIAEZH, FRNTURBZEHA—DTSAVRTN, RRE
(RMIENEATT =, BERERLSHEASHIKITE), IHRIIFTEH =N F
9 Proposer IHag (#1%E254Y ), {RE8 Accepter §1 Learner I&E,

2. HMNABRETLBET NI RYLUEATRE, T8/ B&EIMENBER, ™
MEREENRR (MEASHIKTE, RAXRETRAMREFRER), WRENHE
1=HMYAY Proposer/Accepter Thag, RIREE Learner Thag

SRR EEMNESHH, BINTRABNENES, HINTUFRERS
MEFITNRET =, BITBATHA, XF=TEE

D 0O O &

2INkE FoikEE Fr Rig SDK
HE G ﬁﬁ &

4. Witness SDK
EF T oA hmiE Learmner BEIITNRE, 5Ik T AHES T,
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Learner B&, TJLUHKRM— M HIERITIHE (Withess Node), ENEEEFHTILN
ANFTEMTRE, SEFANEEHRERNNE, XETRESWEIEXONEER,
EFTHEDRE, HOTLNL—MERHRESZNLIM FIMT AR, BERINED,
BB T EHEEFLFINRE

E L FAIE Learner B EBEIREIER T — SDK, EF X4 SDK, RFTILL
HRIRAVAD B CHVSEEERN, 1TEEM, RINTRENRE; S8R ENARITE—1%
BV

FlaNHER SDK 7£ AliISQL X—-Cluster 3TEAIER.

X-Paxos Group

LEADER
READ ONLY

DataflLog
Node

Replication Tool

READ ONLY

Data Sharding
Node

Follower Follower Middleware

Subscribers

BACKUP

KT X-Paxos o] LAFI A Witness SDK RIERSLIM ST ARSI T iiFAvE b
RERNE, ER— 1 RBINES.

(1= MySQL BYHE (binlog ) &0 k=551 .

e TEAE

o BIREEATE Tb, 5 MySQL &£ ki binlog X 4 % M EI K A & R &

(OSS. S3%)
o RPO (Recovery PointObjective) 3 Tb
e SDK A%
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o X-Paxos x#FH SDKITFIEEHE, &hRRARFTEERAILIMM SDK it
Z) OSS mAIxtHE, BPaISLIlR &G

o RPO (Recovery PointObjective) 3 0 Br&ELAZE, Witness SDK £ FifFiR
X7 (DRC). BHASTHERS (X-Driver). R RIERESHEEEX
sk 0, BEESHINABRAERATRINS

HEREMAL
il — B REMEIER T IZ AT

1. Batching & Pipelining

Paxos BT Rtz RE—BMS I AL, ESHEbEEEXEEN, TH
EMNFTF AliISQL X-Cluster XMEMRES A EURREIIR, WMUMEL, ER
HIZH TRSMNEKR, BIMFATEKEENO I —HMENY, ESEE THIMEEE
PR TISITNEE .,

X—Paxos F¥EERMEM T KEMMAERIL, FEEFARINE
AIBICHLR [5,6,7] IBIT & IEAY Batching 0 Pipelining, RITHIIM T —BEBIEMN
E TR S E LMK ERSE L MEMBEEREI, WANIREA T X-Paxos B9
B2 (WEEL T ). BOMHERERRFPEIFENEL,.

Batching 28, BZ1MAEEHMBENBEIHITAIE; Batching JLIBRHIE
REBRETROMIMREE, BASFMH. BRI XK Batching E51E 2B KAIEIR
TR, SHHREKRETS, SmEllT EHFIEKRER,

Pipelining 218 E—NMBERIREERLF, HENEE T —NBEEEIXN T
SN, BEIREHERZEEHME (Pipelining #2), IJUBMMBREFZRB
KIEIR, [EIATTE transmission delay /NF propagationdelay FIBT % ( SER S &ML
R£%), BRU=RTHERE.

S 0TH Batching GBE X/ :M) 0 Pipeling CBEFH . P) T FXET,

REEEEL
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M/R * P =D

HPRAME T, D HMKEELIR (propagation delay, 2989 RTT/2)
X-Paxos ZAELLLIEIE, BERERN, FXNAETRAHELER, BENAYEE
HIFTEANT 2R Batching #1 Pipeling 2%, IXZIBRHISEAELML.

Pipeling B35\, HEFARENELFOR, FH2ESMIH=T, window il
K, MMKTEFRIEZR, X-Paxos LI T —NSIAVELFIEER, aTLANIEKEH
ELUMERRELFORR, LMSMAVELF B EF0E.

Batching & Pipelining ( BRegiontiit )

E‘LHR@U\. WG R 32
oy

Batching & I|I
Pipeling I -
[ |
II [
;F
|I I\
et
ELFFEWRE

2. 2%iE, £RFHI Paxos E

BT Paxos FIAEPREE S, LIMBMAVPLHIZ K2R Paxos T — P
BAMPEL ., T1CEAI EEIRZEIAY github & star &£ Y phxpaxos, &2 Oracle
MySQL Group Replication 5{EFEHY xcom, EPREELIZAISEI. phxpaxos K
TREOXBHKRE, SLAREMNAXNREFREL, BEN 2D XMMEIEENEGIR;
i xcom @—MEFINENREELIN . BLEIERY Paxos LI, ELEFRIIK /R
FA, k. RESEENIHREHRITHT, HASRMBE.

X-Paxos T2 EFEZELELY, aIEENDX Paxos FeelfERS &R
(EES, FRBMVESEE @AY woker RiE1T, IBIRT CPU BIRM. KT IRSE
MEZ LRSS ERMBLENEE, X-Paxos RT BEHMNMYBITRIN, KEBDERIE
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#HOT LA RIT, FEEBOMNETRRAT AR, JUBMAREE&IEED,
LY Paxos BN XEEIEREN), REoXMEnE=m, EEBY TRGNEZD
X XMHEE.

3. Locality Aware ContentDistribution

ETF unique proposer I EZNFEN— MR EET oSHE—MN
NERLE, SREFEASEDANME, TPRNRENBRE TIEFSSHET R
MRS K, 51k CPU FIHERAVRM; E2E/ 2B, FIBTRED
R ENERBESIERE region ZIERKE / EFR RIS GRE K,

X-Paxos @ EEMREIRD LR —DAA Paxos ML FF, EiRITZHIH
ERE 7RO, X-Paxos AREETIHSBIAZNT K ZERIMNESIEIR (HE
15 ), FRZARERIEHS, BYEERED SR E, REKEREBISGEER; mES
TREENNE, XoBmMEHERH, RIESMFEDRENETHNESHT. BT
X-Paxos XHEFBW S KIREZARFMIMN, WSETLURESC APP F9EE R
FREIR A SR ET XAV IR EHR N E BN .

4, alffEkEE
X—Paxos fIIMBEHIKERS paxos FERKIAE SR X-Paxos SZiFoliEkRAY
HEER, HEBERE Paxos F—1MEEAELR, SHEFAMKLREIFIEN—E0E,
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EMIEEMRAEE LS MY BAINES L, HRIAED IR Paxos FEEB
ENEHTER, FERHEHER ., XSk 2 1.

1. AR B SRR HIBRANTIEE, REESERNRSEMETXIENIIL

2. WENRFEEFCREET WAL (Write Ahead Log) , M1 Paxos thiX &
BHEF—D,. XFEEF a) BIX commit AHBFE sync 2 )X (EIMEEE); b) Wi BER
HTRENFH

540, phxpaxos AEHIHEBRFKEA LevelDB, ENAERGHIREXRE
TUR, ZEMUAL, MHEEERM; [ETRA phxpaxos BY phxsql B = HEERF
binlog, XiRfF Paxos log( 7E¥IZHY phxbinlogsvr &), B0 7 4L, RE&ET
Fhg=s18), MEA X—Paxos 9 AliISQL X—-Cluster i30S T IMEH binlog &1k,
XEE) X-Paxos FIAEER, BPRN—HHEE, BIETEE, g THee.

S UIERIEIGIE
HF—N DB BRI, EfMERERE%. EXERER, —1DH
RN, RETENRICIEREIERMY, BiLETELMACE, FEMREL
T BAINBICHITIE 2 A EA T AEMNRICTIR A F ESRIRIE X-Paxos RIIERME
et
1. Jepsen
o Jepsen 2 RHXIEEAMAN DB EIEEATNIINESR, Jepsen WiFiSE
VoltDB. CockroachDB. Galera. MongoDB. etcd T IIJLFRBERE
MOMIEUERE | R, QRET R ORYIERE,
o X-Paxos 52 7 1 Jepsen BI3T#, ARIETEZE 1T oHNEIEEEEMN
cases
2. TLA+
o TLA+ 2 Paxos Blia A. BIREZ3R1EZE Leslie Lamport 3 F & BEAI—Fp
B HES . TLA+ ERFRIT. BEMNIESHRITFRRES . Amazon
DynamoDB/S3/EBSMicrosoftCosmos DB &RiEid TLA+ AERIISIE &I T

PN
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o X-Paxos BRIEZBIS T TLA+ AVEEIGIE,

3. BNRERS

o BB T —EBNENEERIERS, LB RIESEMHEETS TR
WIERBMFIIRE M, JQIE X-Paxos EEIIMEEE ., (NiT. [BE, MENE
L8R TR EFRFNIEUE—.

4. RERERRSR

o X-Paxos HIE—ERE case BRRE, WFBLHUIHERBNH LR
% case, #=MEFE case FH, #HTHELIFRIE. FIYRE case Ft?

FERETEE T,

S thrFlxdtl

XCOM (MySQL Group Replication)

MySQL GroupReplication & MySQL E /A {& £ Galera 928, 7 MySQL
g S HmE—BEREN— N ES. MySQL Group Replication & Bi K FAHY
2 X th i & CoroSync, X & H Red Hat 7 & 9 & F Totem (The Totem
Single—-Ring Ordering and MembershipProtocol) B #}% FF & 899 75 20— EUME
WE; BT Totem EXASHFEN—LEIRIHEERE, MMySQLb5.7.9 LG, BR
KA7T B EIIETZE Paxos(Mencius)! fFI—E 411 E XCOM .,

XCOM 2 MySQL Group Replication 9%/ 484, #RJ9 Group Communi—
cation Corel, (19T XCOM YRR, XCOM WEBZE— 1 H4E C IBESmFEN
TZOERLAR S C++ SLILAY proxy SEMMIRGR . 48 C RREAPEZR, KEIDIZ
LTS AR . Fik Client(MySQL GroupReplication Plugin) #4718 tep iEZE 6
XCOM KixiEK, Fih XCOM FEMNTHAREZAL

1. BEIZIRE), EHi2RE

o BRIGRTE, TRMESSHK

2. BIEMFEZEIMI—IX TCP ik

o ENFENEESEMITENNAT, K2ESXNEBERERS
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3. XCOM E%ASLH T Batching #1 Pipelining, {EE2EENAEEE, REE
N ESLA =
o BAR R HRE TIX—R @
o X fEE MySQL Group Replication £ Region s HAERAFIEE (I
AliISQL X—Cluster ¥fttillizt)

phxpaxos (phxsql)

phxpaxos 2L AET Paxos MHXAIRIZ ZE, HID MySQL E&EHE
T phxsql B, BEEF MySQL SLIMAISHRXE—H MySQL EEf. phxpaxos
TR AT EMINE, 28580 github £ star &% (1000+) H9 Paxos M3 fE, *F
phxsql BB AXAREBNA, aTAE%E (AISQL X-Cluster FIRMAELS ), Fi)
XEFEES T phxpaxos.

phxpaxos B2EF multi-Paxos SLILAVIRIZE, HIZRE EREE Paxos B4
BiRit, BEXEE Paxos o XU RE&IZEE, XY REZSHIEHITIZA
72X, EItk phxpaxos BIARE AT .

1. B Paxos MR RIASIFRLIE; BI335% Paxos MR, HEREER

2. 35 pipelining, 1E£# Region 5 (SiER) T, JLFEATA

3. 2 EERR, ETF LevelDB MIH F RSN

TEREXTLE

HAIE 2B TRY phxpaxos fEAZRINFA T TITEL (XCOM FIihzH 4,
gJja)iE&% MySQL Group Replication 1 AliISQL X—-Cluster HISTELRIHEER )

A1 BI7E a) Region A 3 TREFE b) 3 P Region E— 1M HRZEFET T,

DA ERNERANHEITIEL .
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Internel Region (RTT:0.07ms)
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B b 285
UHH 250
ﬁ 200
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E-% 100 78 T 8.517
= so 3 67. . “Cosar
® o, s
1000 10000 100000
Axis Title

B X-Paxos M PhxPaxos-HL3C{] M PhxPaxos-1005L {3

Cross 3 Regions (RTT:28ms)

w
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® o o : 1.135
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BEEKN (Byte)

B X-Paxos M PhxPaxos-fL5:{f] ™ PhxPaxos-1005i il

MLEE 2 DX E AT IER

1. X—Paxos fI[E Region 48E=2 phxpaxos 89 100 ELL L

2. # Region 7 & T phxpaxos JL F & @] A, m X-Paxos 1£ 444Byte
(sysbench insert IS BIERAK/N), HEERE 3.5% BT, LFAEMEL,
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HRSARE

R

HAl X-Paxos —HiE& &M E&.

BT X-Paxos HIERAFIEZER =T AliISQL X-Cluster EfEERWNS iz EM.
X—-Paxos fIWERERESTTIEN D IR ALY &b L4,

KK

Paxos RAMARGZNER, BMERIAILE, FARXKT Paxos IXE, Y
BEIH A EERRAGEI, A8 X-Paxos BaRNEMERE, LABIFHIER EH
WIMNIFER, FEREBNREAZENT.

o SR, EHEIF

o EFFHIRLER, TN RERELZMNZHEX Paxos

o T RB—HZ

o £HAY multi-paxos RETE leader L8R HsE—HUsE, spanner FLFRER

B-LEST R HRME—SENAR, BEEBHRIEEAIRE.

&a, TiERX Paxos tHUESBIIREE, T2 ESHY T #EEER X-Paxos

MEZ, EBILIERMEBRERE (@ )& —zju), WD—EZR, EEFES!

] The part-time parliament

] The Chubby lock service forloosely—coupled distributed systems
] Paxos Made Simple

] Paxos Made Live — AnEngineering Perspective

] Everything You Ever Wantedto Know About Message Latency

] Adaptive Batching forReplicated Servers

1 Tuning Paxos forhigh—throughput with batching and pipelining

] The Totem single-ringordering and membership protocol

] Group Replication: AJourney to the Group Communication Core
10] Mencius: Building EfficientReplicated State Machines for WANs
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| EERARAYIBERIERER

B By S

[IEkSiE: CVPR S@HEMKGEAMWIFEFN T WK AF 2 [EEE (BSFIBEFI
BIth<) 208t ETI AN ERRE, 2017CVPR IEIFET 2500 BiEX
®iEE, RERFEAE 800, MEEELHR IDST 1 Al LAB BZRIE]EEZE.

SRARFRNFZHE CVPR 2017 WRANENZ—. KBENEEE iDST #1501
DITEBARY { NSRRI . PSRRIDAEHBIRE ).

(MPRZIER . MARIBIHCER ) BRIUnEmLSHs, BE T —1MEX
TSRS RRR . ZRREBHEBPENEZ MR FEZE ML ERFFK
AIFEK

BORGRAT HRIRGHNAICNFIIREER A . HAERRERPFER
ZRE. ZHs. BEEEFON, BEITHVRERF X (ReconfigurableDeep
Tree structure) R AS I BRVE TR R R — e RIFEAVER . EHZ I,
IZEEMBI LUAAEXIIE attention BEN—MT R, JUUARKBRSERILGIS0MA,

EMRAERIE B 2SR+ L
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Al SSim=Re ISR : ASHER A PR RIEHR TEC

F1E2014 F, MESHELISKMIIERMLE, RAKITLISLINDELE,
EISTSIEE RS, HMEER, RABBEZEZFLEKE. BEFalRE ER
m, MUBINEEEEXRIRE, —EEGERENLAER. BEFETILUEN
RUSAYRERLMSTANFE T, MOl FREL SREMEmAMIE
WmEX, At ENGEEIE—HIE.

WBREE R AYE L £ ERITELABIANCORWIIRSS, MR HIMFEY AR aE
EEm, RESENELX. RERMK. | SRNFRS, SE&RR. KN, BYT—
K, SRFPEEE—M “BleHE" BREH, S&SPEERRVPNNEE. T8
AERIEEASEEEMESRXT, TUINLEBENS R —BEE A IERT.

LRI PRRMEFERANERMENREE, B—PEREERREERRNE
. RinWEGBEEEERIL. ZHNER, MASEFMNEE. SHUNERY
BEREFY, BE. MR, REFSMER. BETERDRTRENE, AE. X
N DR JVIZIEFNRNEZN, ESRIPEILIMAIIMNZIRAES:, B
ERE—HRITS BN LB ARAIHR

BTG N BIF bR RRIBIIER, BERBSNEOERSFEMERm, &%
| NEBZHOBESHEIRIPEUH—PEERR, BTUEXERE, FSIA
ERFIERMRA T — MR EPb MR A B

S
>=H

7

¥

P LR LS e I AR TS

AsymNet ML E Asymnet IREMEMNKERUNE 1 P, SRAFE
ENME (REER) WEISE, ZRMZGABENLG G8E. Xin) KREISZT
BCRIRAR, FHERSRRAR.

NRBERE SIMCRERNEN, BEMIHITIREEN, FIIETNARD
G, RESEIIRIBXE—BIRIEE. AEMXERIGEHITIREE, SERER
ISR RN HIE . X T RYMRE XIS ENITEA 7 5 ) F B EMSAFAE M
& (IFN) FORSREAE LS (VEN) #TEEF S .
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EEEIIRERIEING, KYBRIERIOAEE N IR (ZXTE8) ILEa)RE,
HANVELE T TIHGRERF 4 (Reconfigurable Deep Tree Structure), FIFEZin
2 [BJHIME A AR R R — DA BRI ERVESY . EHIE 0, REAISEMN BIEE

IS ERD -

B 1 Asymnet REMERLELED

ERIFMEMLE (IFN): &% CNN MEZ K@ N EG A EEN 227x227 (E 7
CNN MEHIEREREES —MAENTIE XVEE ), EIUIRELSHEH, B
TIMGIREENEERN, REZHREKR, &% CNN RELEHITESRIEEFS .

XX —Ef, FHF AT EeFE LIS (SPP) AR, & 2 Fimr.
CEBEFEERERE—TMEIRENSFE, NmEBXENKNSBANRKNEX,

mam SPP Max pooling
=== Convolution +RelU 0 Fully-connected +RellU

-

| 5""’|
B2 Asymnet BIEISAEMLS (IFN)

S50

METHSEMLE (VFN): AT EFNEBIUINZ=EFIER, #—LSReRY
SRAVMRE. BT LSTM, FHAJRH THSIFAEMES (VEN), W& 3 Fr. Hepst
WICUEAIAREE T LSTM s B U IEF I IS EIREMRE.
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X
R=
X2
.
p

= " " El
= " " -

3 Asymnet FUSERILE (VFN)

BERSE: BBERRTEARTIELUARER, BHLEEXRTE—H. A5
E—HNEKRT, ERBIRMMETERBITIORNGIE, TeERHEHERIEH
LECESR, ©EMRDAEE BB A— D "o KA, EXMAEEN
ME, ReeRAR—IZIAIAN .

AT EBRBEDNRMIZNNE, FIIRETUTHTEHMANRENR AL
(ReconfigurableDeep Tree structure ) $5ILEe o)L i /9i8 45 0] |H[a) 0, ILFCRILE
HWRAETREERARANEIELIANE . 25T LUAREXIIE attention 182
F—Mi R, JUURRBRSRIBISE,

4 Asymnet BRI
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BMRNBTRRHESEERE—MILRER, SAETFENKMIZNFS
MEBRRYAAELINE, BIRET AR DX T BIRATUHITREE

P(Y|X,0) =) gi(X,v;) ZQin(X=VU]P(yij|X: Wi;)

i
KT attention AL, FHAURLINTEIRMEKE, KX EFHITREE

95 2 93P (y)
>3 9i 2 951iPi (y)

hj =

and
Bos = 951iPi; (y)
Yy 91iPi ()

SR TR AR AR TS

vvi=ay (b —gi)x® (10)
t

v vy = az R (RS — gy (11)

HISLER . AR R SEIRMERNRERSZHT T, HIEERNT

RFT7R. BXIT alexnet, Asymnet 7281 20 U RIBHREIEIR L, HMBELFRS
H—fE.

XS FEAM 2 R4 CS #1RC, TR RC AIMREEIT CS, BARCE
BREMRBENERER/N (RAZESFT). EEENTRLEES (LHEET)
RC =R LEEERTFT AsymNet, BZ2AIKiE AsymNet EEBRITIERITS %
HWEEFIMEE. EN Asymnet J LRI ERIVBIRII = shELW, HESEN
LSRR B 2B TR B E SRR S RIS .
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Category #1  #T] #Q AR AL[I5] DS[8 FT[14] CS[1] RC[23] AsymNel
Outwear 15,144 53581 1,116 3,628 1731 2394 3697 2761  3L80 1258
Dress 14,128 4346 869 2825 2293 2490 2556 2933 3434 49.58
Top 7055 2201 440 1,431 1745 2483 2526 2904 3294 3512
Mini skirt 6571 2021 404 1,314 2335 2483 2747 2950 3130 3248
Hat 653 2010 402 1,306 1582 1398 2019 2587 338l 3512
Sunglass 6133 1B86 377 1,226 1185 746 1135 1183 1226 1216
Bag 5257 1,617 323 1051 2378 2763 1747 2567 2548 36.82
Skirt 4453 1,370 274 B90 1979 2506 2244 2450 2443 41.75
Suit 3906 12001 240 781 18.65 2518 1972 2529 2660 42.08
Shoes 3358 1,033 M6 671 1145 2400 2392 2503 2758 26.95
Shorts 3249 999 199 649 1115 599 1390 1484 1662 13.74
Pants 2738 842 168 547 1757 M54 2577 2949 2836 3213
Breeches 2044 628 125 408 2345 2299 2503 2852 2876 48.28
High shoots 2007 617 123 401 1205 1301 1457 1546 1604 14.94
“Overall  B5677 26352 5266 17,028 1836 2144 2347 2573 2373 36.63
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| IS RER? FSBMR0 SRR

N

BETEMRZETUENRE, MRAEAEES5ET 18% NEREFSME,
Heh, EzBENEERANZOER, BAT—PMLREAIE, mEmEE
ML ERRA BArst 2R BCIXRI IR B FNER, S EReaAs, RITREYWR
PABIRUIEETFER.

RKEMBATEREBIEZUS HE, BRE5EH IDST. WEEERHERNE,
TE—REGPTEEFNUSFER, TR LREERKEN DI EREE L

REFS|1%E

STARK VRP, LULEE A E B IR E0E K BB AVIR LR EEL o
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B E

25

Rfho = KB E AR

BFEEE = il = EiTRE d BHfELL = FHITH = FIRER

B EERR, FREERLIER EEPER 72 ERENER.

EEMCNBZFZIATERE
Nothing at all takes place in the Universe in which some rule of maximum
or minimum does not appear.
—Leonhard Euler
TERMALIE D RIS ARVEIER, EMBEMLCREL BT 7TE+F, N
KEESIRABRER, RPFMAESEANTERREANE, RR—FREEEE
it 2BTE. P8FI . ATERESHIRAEREL,

E)RERE X
VRP ERIBHR, RAH—MIENRIE, SSFALURMIEHER, KR
S—IEFREHITE. XUREEHILTHAR, REENEMZ—.
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cal ZERERI2MK (Vehicle Route Problem,
Nldoms VRP)

VRP Variants VRP Definition
M [ $ASH EE. 6. B8 A%
(e J o [ rew | 2 WUGR SESAESNES

[ mrsp ] BETEBAS
® HEBIF  RCERE, FRERDEE

+ Capaity
=

[cvee )
___Tiﬂ%--—wﬂf?i_m B wxspn #E8S SR 48 21
VAPE { DCVRP |

4+ Time Windows {Ti RO E
e mR ., i B e ER B (e

o Musd sarvice

| MRETVE
— T T T
W] [Feoe - BXFRES

MRZRPAA, PENRIBERLAES, BECREBENGS, BITEETX
NRY VRP KFREND . LLTFE STARK VRP MM EEZFFUARFF R HEI VRP £

BURONS Rz A9l S5 283,

e CVRP: Capacitated VRP, [REIZERIRIR, EE. BEFH. RKIEES

e VRPTW: VRP with Time Windows, $t¥ERFEEKEIANEIIZS | B1E
BILUZESZD

e VRPPD: VRP with Pickup and Delivery, %ME 020, RiZRMNARBIEE

%, EIAENER

e MDVRP: Multi-Depot VRP, EI#MENESNCESTLIRE, 81NEF
EERRENCE

e OVRP: Open VRP, SMIRVFARZE, ERAEEESE, FHEREICE

e VRPB: VRP with backhaul, [EIf2EE, EIMURIERIBF It

e Heterogeneous Fleet: XKL EFL, NHIEESHEBRIEERRES/MIAER

o T +n BIZN: HXATIERASN, TUMBTAEBMRIEX, aHSHITE,
RS
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e Milk Run: E—RESTBIREE

e Skilled VRP: RLEFREHBEMNEMRIRS, EHREINSMNEZFLZAE
Rz —ERIER R R

e Same Route VRP: EL&ITRAME—RKIRRE

e Generalized VRP: EMJT&, BEF location, SJAE—1EE, 1IH

EER

* Split Delivery: ENMEFIFEX (HBE—RBENSTEN), TLHSBERD
BIEIK

e Generalized VRP: EMJT&, BEF location, STAE—1EER, 1
BEK

e VRP with intermediate facilities: $XI#FBERENHR, ERIDENTESR
IR EEEFFEBEIXR

e 2E VRP: Z% VRP, ERTHFECAEANzHA T EiRizh TENGR, F
MERETIERIERZE, FRESFERELANZREN R

N ZEMMEE2IE (Vehicle Route Problem,

VRP)

Two Echelon VRP Split Delivery VRP

—_— — — 1
B — gtk — BE | _
BE ) [ oE e mE

ZIR3

Beat 11;’24 BKS




All&x < 45

RARIER - FESHAIRES

el ZiRIRI2MEI (Vehicle Route Problem,
NlADo®E VRP)
Traditional Algorithms Cutting Edge
o
nasime "f ngzmm\-\.‘l =i
R S --
. s /
Algorithms | K, |'II Data Driven and
o Ch Intelligent
ey L] LA Decision
_'[ aigonihm . \
oo 1 P \
Algwithms Tabw Search / _ \\ /
e
L, e ) -'\-\_ i

EHRATRE VRP BURHRERET AN KRR SRS

2 MLl (Vehicle Route Problem,
VRP)

Exact Algorithm V.S. Heuristic Algorithm

| B

e ) & 1,00 1.00

25t EE 51833 61833 61833 100 100

i HEE Y 0.24 1.89 7.09 B.29 24.54

: P T0] 20 19 18 oah 095
100:dbe: F 164288 167665 16808 102 1.00
HREEE 50.46 572 20,08 o1 058

E@m 24 21 20 068 083

200 Jobs Em 460811 4986.31 4005.61 1.06 1.04
R 3500 2180 41554 ta 012

TEALR 100 _EASJobES, ERREEELT

BAEGENRERSHS AR,
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Metaheuristics
ﬁ-‘opulation
Evolutionary
I algorithm
pul
o A —
0 [ Genetic algorithrrﬂ 3
C \ / : y
4= = = Particle swari o
> I/' Genstic optimization =
™ -\‘programming) = +
5 /: Evolution | (Ant colony optimization|
4'-';' Evolutionary J strategy algorithms
= programming =
m - 3
Differential | Estimation of distributior] = OZ
evolution ) L algorithm /] = 3
(L]
e
| scatter search 3
n_ W] o
simulated ; <
annealing o
rt

e
I\ Tabu search |

lterated local searct,'\

yoieas |edoT

Trajectory (\.r‘ariable neighborhood searc?j iGuided local Searclj

h =

L

Dynamic objective function

EEAD VRP BiXERRNIES, HMNINERL T —BETERKAMER, B
LU FRRYEAE

e Large Neighborhood Search

e Adapative Large Neighborhood Search
e Variable Neighborhood Search

e Metaheuristic Hybrids

e |terated Local Search

e Memetic Algorithm
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e Tabu Search
e Simulated Annealing
e Guided Local Search

e Fast Local Search

ALNS - Adapative Large Neighborhood Search

FERAHRMIGERFEEEERERSH— N BIFIRIEEER TR, FERY
BIEE— 1 ENERGRINERADGE.

LRI EF, RAEMERE, EERRAIAREME, 81 operator AUEAMFIZT
REEFEH, KARITLUESHEEHKISETS, BRMBTERTANMIE T, B2
FELLBISIRAI A S SITEIRYE, MEX TR EELEET.

8 F Hyper heuristics WALNS i @ A TR X —O&, BEFERERT
BANDIT &%, HRIEE—IXERIERESRKBE F—RERS N EFAERME.

o ZEmER42 M %I (Vehicle Route Problem,
M

\VRPY

E:-fﬂloiLﬁa_n

Ex| 'rlrora;'c'm
e Sy {Jir _.P | B
o) N i —

~——

SUEAEXEEEEERER  FENEH. FENRSER FORICRERER
BIE FEESHTIER, FRENLE MG, Exploration5Exploitation 2 [8]
e e

No Free Lunch in Search and Optimization. - Wolpert, Macready (1997)

FIAFHITRAMR
MR £, FHTHRHRNNERBRZ—, MRASFBEEE=ITEMN
FHTHRILE, BRATIRIZFHIREE
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ISLAND
ETF ISLAND B9F 171 B, HTF island ZBLA—EIN SIS REMESZ S
R, RFLRHEEIEINBSFME %A Local Minima.

island 1

i I land X

gy 5 &
— G{ <g> D T
TE o ®

EE Pool NBEEEE— M2 URIEHIIRT, £ island Z [EBERIHEYE solu—
tion pool 9 exploration 1 exploitation, EARRAIMERAZEEIEK intensification F01
diversity A9, BMEHIZERE SSP, I AaE AN TEEL .
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RiBENS UG

ALI-ALGO

PORSCHE

FRREZEZIRAURE

XANAEERINBESRKRENA B —, BISLREM embedding A HEE
Problem, #R#E Reinforcement Learning BIKi&, BHEFRBHIER, LIHREE
BEEFIRIRISIRT, £M@ data—driven,

L 1L 1
11

i . .

v L
vy

-

Qutput Layer

-— LSTM Cell

- Imput Layer
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AP SR ERRIIEFH
HiEWSEL T 28% HITTHIER

AT TEMVRPIIE, EIRETIE3IS%ITIIES

A= 2]

FEREASHETcREE HitE, BBl nIR
ZELLE, HLASLER BRIERST, BEEREXER
BEESE7AE BE#EBEE0ILE
SLRRER & T H28%EC XA A
SESRT ERInE B TTBERT

MTT-03-21 Z2:08

@ L

[B Rt 6:40 TR

piduich
BPHE 13348
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=17 [RIEERRA STARK hA
AL 108 52
IEE 9158 6297

TEBWSSREL 10% BHER

iy R STARK hrA
ZELRE] 22 20
B 3000 & 2600 ~E

5 6 In Best Know Solution

Gehring & Homberger benchmark &% 7 £EEEIRNE ELSREMAIERITFLE
£ (Best Known Solution)

STARK VRP £ 400 Job E#f ¥ 7 4 I BKS, £ 1000 Job £ 7T 2 I
BKS.

Eigap to bks (EHEH) Figap to bks(JEH) HBHIFTE FEHST

400 Job  2.62% 1.45% 4 42
1000 Job  2.78% 6.53% 2 27
&4 4

TS |

HNBEBEI UL NADEOIEARBR I ERR L RANEEYE, X255
TEENETINRZINER. #E. T SHARENS—MRLX, SEA=ZRE
RERDRO S1E 7 AR —E i, ERASRAITEHENARE, BREt
T O ERIEEF L.

STARK VRP MINERSAERIFE. TERE. Bk, fERE. CREKE
MY SLFIREN, MEEAMZHFBRSTERAEBIN. ZBXFNHMBAE], B
PR ERDRA, RFITSR—hEIEARAIEE
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| A5, EEREIR—HE M REIK?

Fir

HEKRSE: SKHNEEERRERTRHERELSE, TERETANRE
IEE BRESTEREANERE. ERRFRERI, FRRATSRERIX,
MNBEAESRTETXAEKRRIEE .

BEXMIEEMEERIITMCEDZ BRI

PMER BB, MRA—MERSEMBIFE, G XEBRER
g7, BREBRMEM, WAANTERY 7T =MER. £—, AMEEINER; $£2,
AFIAREE; =, ASERRSNEE. BS—MEEMRMT Google FIEEXHF
HEBRMEL; AFARNERERT T Facebook FIBRIXHFNEBRN AT, AR
RSHERE, At T Amazon, [EEE. RARXHENEk. L, NXPMEXE
&, ERERNRHEIFIENSEE.

TE3-4 F, HNTLUED, EEERENNRERETRALL, REEEMN
PC fIEREF ML MEIEZEIRE, LS seEE. SaemUl. A, et
MEFRE . SRERENRFREEERLEEAMREZENRZEL R

HIME—TEeRE, AHILUDHM=2E:

F—, UFEKRSE, WIIREERE. SeeFR. F2, BExE, L)
RANAVERERMN. BeeEa. St A. BeenE. $=, Beed(T, tLungees
T, BEEE. SRITECRE.

FMNMATH—LHIERESRRRENARRE, XEREEHHMANIEE. 2015 F
RIRtR, EEHH LOESRENEEER 170 5&, 2 2016 SRR EF+
FT 650 KA, AME 3-4 B8R, ExRmfb, £2017 F, XMEESES LR
F) 2450 B &,

BNBRERF, ZEEXANEREEMENBFRMT o, EAFDRT=
. B, B)LBEENAR, B 1945-1964 FFHAERY; 22, 1965-1980



Allgix < B3

FHER; =, 80/F. 90 FEXMAF. XMEERM, 80F. 90 X FEHEE
ErmiERE, mizeTHEAMZERS, bk, 2016 &, 805 90 FAIAFE
R 2300 5, EHMBAAMEI—ER 2000 5 E—=. 2017 &, FHANERET 2
3000 73, 2018 FX#EZ 3500 J3, £ 2019 F2 4000 F5,

FRLL, ZTiCRBFIEREE, EEREHERENREREMENR, #EREAMR
BZERZELRANERSE, FRZARERITHM,

SRS ZEBEREATRBFNTEZ BAMESIEREFIERER.

YERBAFR, BWANEEBLU TS

F—, AMNEEREIZINENRE—ESBMES, RAWNTAKR, B
ESEREZANA, BEMMEREAIS.

B, ANNREAINEREMIZEWNE@H . BIAMXEAFRSERIE, MERSD
SJLMAE, BEERRLSERE MR AYUESNRENE.

F=, AMNIREBNERERZRR, AT RA—NMES, HNENRE, XES
WREHRE,

B0, ETFNRIERE, XEWERBMERERSIZEEANTRZL, 52
REXEE, RIENARERREHIXREREN. MERELR EREZEEE LT,
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LR E T OERX IR AER.

MIERZIINERE, — M ARRAINEZHA? E00F, tLiBERER, B
RNE, EARMEEEMZHE. XTRFXR, TieEmEiEREZRE, HBrTAH
TEEHFREEENTH, ERTARTEWER, UL, FANECR—MEE,
ZRAVTH, XFAAREBHRIEBIFRIBF RS, FREXFNERE, AFTLL
RETRE, XX, 2, 821K, IF—1"ZE2FHNnR, IREAMBRIES
FOEREFEEX R ASRIRZIFEIFERAIEL, MM kil28 ACZERIRHREMS.

FRUBIA S NERZINER EX S R AR N BELEZE AR EEE. BA
FELIEEEFZEERERIT, EF LEHERNARESESERNVBELSE MR
R ERREEME.

2 BR->T R 1t FETB-> N e

»

A FHEAE H,

fUEEEASEMNERE S [ LAYHREISERK

THSZNEEEESEMNERERMNHEMKLE, FENERZEBE]
i, EHRIMERE, ABSDUTILMRR.: EERMIFRAICIESBHEMX
F; IS EBRNRIEAR RN FRAR—MPERWINENRT; WEEERERE
RIZHENE IRRRIE R ROREREUT AMFRIEN(E action, ELINMRENER, siERER
W, MESERX—IR, FHERIE action URSHER—KRE, HBEIS—MILRE
AN NYRE= ¥ A=A Edu P
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i

/[i%%i.ﬂ%ﬁ] ]—v[ o}

& i‘iiﬁ‘EEHﬁﬁfﬂﬁ%]

\ TS ]‘{QEEEJ/

HERFLDEE

BANMEANZBEIEFHANRZE— PR E RS EEHIENRS X —R,
PREEEBRNRIAR, SIEMRSHREFE, BANZERNENZMTA? IFRERE
ERIBRINEERMAE MBI ESHERS, L, ERENXMANRENTGS
o, HIEMRSENERSERBEE.

IESEREERIRMSIEAFIRAE, BRA—MELHLINENRERTR, NTE
ESDRANMER. BREERFEMBENEEME, RE—10F, LA
W, WEBEL—KTRAELBNINE, EfMN. F—MEREERBFNEERREX
TR, £, ERAMINRR, BIEXLXRENE2ELERR, HAME. BHY
tth, fREAE], NMSEI— MR BEAIEEAIRT.

R H R TR L T e

utterance Lo B -2 @R RIS, EATHY

! |

date: THEZ=
B EHhEY destination: i

l airlines: Eafii

AR T

BRIESER
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ANIEFENESIEFEIRIPLY ie? 259U,

- LR .

« FREEIT AR R FRAE « ASREFIR: FCEMEHEREL

o SEFRIRAREIYFRAFHL o £5. FEMLRER R

« FRARDTECA R OUFR AR L o s FeFEM IR

o« JRCE AR AL o BIER: HEACHE - (JEEERID

o IR AEIERRK o FES: REEEABHETH

o B RACEMERAKL o W AR RTEM R I LG
o B HE « LR

o RELppH

F—, "REXNZHEM. BFE—1EE, LCHBFR, FRE0 (KEMERKL),
B2, FRNAFERSAZSTENEREAAR, HERHR, GHN—ESTFEFE. B
FHeEkRNR, BARELHA—1F, EERRES—HN, VIREZEBERXEGES.

BT, IBSMEXMY. iR, REEXN, CR—EINEF, BIFIIHR.
RPN, RERNFENIME, R, B —KERFRINE, B
OJRERIKEE, HERE. F£=, ESERNEERNE, BABRPHIEIESH, Lt
REAER, ESEREETHREIFEERALANEE. £, ETFTXHER, X
FAINHERZR B SERH keyword R —PIEERNAE, EHEREETF LT,

AIESERX—R, RNEAFIESNEEERBSZA—1M2ROM, LR
ApLERAZ G, HE—EBXNIRERNIERAR, bl CNN #ERE, SVM 532£
K% MECEINAENERA CNN BEREH L, FERNEREEMT 67Xt
e, NRSERAFNENER, SE—E2RBMFTREMNIIR. tbalik, “X
FFRKLIL” 2—ERNEF, "“EREHNAN 2— MR, BERENEBHEX
XA R A SEAR IR A BB R B AN / AL, MRKBEXFEAEN
R, HEVRRREENERBANEERN, BBATEMNEXNRTXR, RT
word embedding, IXSIANTEFINRANENERRMEE,

NIA1RE T, AFPINESIF EEREEMBEAN. BHINEAFILIMEEE
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EERIF SRR A DS ESHBRMERRE? H(EAFMENHEE, BI8
EEMN—LIRE, MTREZE (SARRSAITIEN ), REEFXIFEE
B training &8, BRISERIFHIESEN,

BIMERREBIEHE, EX—R, HINCEHEZA— NIRRT, X6,
MEMEMELCRAENTGE, BOMALEAXMNGE LSTM, £LEE—ZCRF
fRIB2E, EUS T RNEAVIR . BAHLER AIC LIREEHEMSIER NIERLLRER
AEiE iR STVER, BRIXEREANINARR TR IFIEIEIMNI .

5r

_l!

L
o
:
&

IS
[ v“-’n
AN
;/5\\
1NN
.w‘u.
Wt A
TLAHANY

output (softmax) ()"4000:' [?.‘aOOOJ (.ﬁ' OOO} [.V'MOOO} Quz?O{DJ

I ; S S -
E ] | £
I' E; L E\
Bi-LSTM — backward --- i
L S L Y
= i B E?
Bi-LSTM — forward O O le) Ol
@} Lclg (o) L?

nonlinear projection .Ex. :OOO} &r-:OO@ (x. OOO} @[.IOD@ {xr.zOOO)

input :— l(-tw. :‘100} [-t-r .TOO] @-.JO@I (-t- .JIOO} [chrr 200
i | _ f;I i b i

T

context windows

LU LRI ANITEIESEREANEEMEE T LI XER, +42LT
X? HMNE—EIF, BRR “IERREEAFE?, NREER “IROIRSSKE
E34E", mERFR "8 B? AXENER—EREREENZ LBNXS,
FrLAREREBIEM A IRANE, M ENXEXRN, FAUAFIBXIERE T — il
R, FLETXHIBRT, XTENMEXNERERLX, LEMRAN - DHID KRR,
XA T msmEeilE, XTSEMEREYMARTE.
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RIANBINEESIER .

IHESIEE: S RIEESIEMANXFRELANE NRRUR LT, RIRERE
T ABENENE. ZNMERIVEEDRILE. B—, BFESERNNE. £, R
SME. B=, IBESEFIRMERIERIEE.

HNEE—ERINENF. BRIREEENM, BEIT—RKNEZE, XN
N RELEERAFNSERINEE, ZEMEEMRE, EXKERKKTH
EFNE, BRMERF RIRBRVEIRIRETE, RLEMERE—180 889
&, Mg THEZE, BREER “BXREF" . XPOIHEY S ZIEM AP IRAIE
REFIEFEHERZENIZABFEREM, XFLETZE, EA XM D
RABNEEEIERRT . MEMEMNtE. &, VEHMTURRESM—MEKER
£i5<, ABIBXEZM list AR, XNMHERFEER, “HWEHE A, V18K
LEMAFRNEZD, MEENETHE - EE, ZERFR “REWXL”, X
MHENBEERE—MESEXT .

RE, WEXE, HRLEEDHRFENMER:

E—NEE, BUZRIWERE, EAFPNERERATE, BAAFPEERS, &
DR IRRIATE, UEBEERERE, S—MEREISEHLNER (Lkit.
B, 18%); BT XEERZE, FZMBREEKRRS, BREREEMEE.
WE. Xt BLEEFEE—RINSE,

HL, BHIANINE, SEIEDE LEERNANINE, —RREBEREME—
MREREVSHE, SIRGARBANITDH Alexa, tBREEMRE—MERAINTE, £
M ERAISHEMUIS S .

HNEXMNEREXR, EXAEEEM T —LEFENER.

$B—, HANRIHT—E@EM Task Flow MXINERIAES . NIAIRT, WHEES

DTN, ERIXNEREMRTE—ME, HNRITINESEBICE N INE
ESRTEBRIAL R, IMESRASXOFENEFRITHNRER.. MhEEmEiE

S RAFE R EREBILEINES I EMWSEESMS S, PBEZEWSHIUFAMR
RNES, TH2ENERN5IZ
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B, HFBT Task Flow FIHE, FHANEXESIZE LRI ZEEH LN
YAERIPHFIREINE . EANINESPEREFY, —K2RFPENEESS5—
TEE, BZEHTNRREERBFENER, SEXINEERET . BFH14E
PTIHERENESR, MBIRXMHNELE— M AR, 2ESERSEZN
NERT, MREFERE, BIIENSILERER, NAHSERFTENLH, O
LUEEXE,

F=, BRI T EEROFAENSZE, #RZ9 Open Dialog, BEE—"
IESEMS I EMN— P XESIE, HAFRENESERSIZRETANNNE, BB
BIFRAC BRI, FRERFEEESIERA Grammar. EFIE#IAE
SHE—MHEDRE, FEEEXMEIENGIERE, XF, —MEXRNANIIES ]
LASERL T o

NLUS| % DM+3 |28
>| Normalize ‘ | DM Executor | > gﬁfg
I JSGF Interpreter ‘ | DM XML Parser |
T M [
=l = (s ]

DESIZE: HLAMYLSEXNETES, HMUNEHE task BI3iE, ©BHEE MBI
R, BIEOESIZEXIR, BRESENTETRERENEE, BAEFMREE
MBI EREB LA IR Z BRI, RUBMNEXSE FTHASRE—R.
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BIRSIEE: EPIRIXR, IR THEHIREIZE,

F—FET <KV>HHPIXSIE, CrEBLMILWSHES, NTAZES
e? ENElF, ERRNZRT, NRNBFTRERA N, AR AMBFABS
MBAIBFEA—H, FONBTXMEIZE, TUEEFVENRF . BEX—
BENBEERRZLRZIRN . ATHRESRAEM, HMXRITTET seq2seq
RIERECEIRS %, XMAEMHIR, BEBIIFMAYRFIRAYELE B — AT @R
FEEFEZENREE ., SAXREYRSIELE—MIERIRBEER.

AR BEF TR REELAR WAE S /EI A

NI TESEMSIZE. WNESIZE. PIRSIEBMEESTRAGM, AT BN —
ERFFA, HMIMZHERAREFE. AXEFEL, —RRERESMEHFNR
T, AIMIREEET SMNSHFRS, XEFME, BRIRENREMEB AR
BRANAHITTET .
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BETELESE ( SIFkEE) TR SR & ( STEKRE)
i EhEE B IEFERL 3 HEnES
HL&E m; ------
EFIRERLR
NUI BEFmS 8 EERRAL R BERS EEGR EEER MREE
FSDK RS

NUI services ML, BEEEHTE

BIS—IENE, XFNBEAREFarNEEEELBLRZNNET . £tk
EAE. B, M. NEAD, WINREERMAENERE, HIIMEFKER
AR TAFERIRIIAEREDSINEARE, BIBIEFX NREEL FIITE
B TWIERERN, BERREXTEZEREX—1MRE, WIIRTFECRN. Sh
2209,

EINEEL, tEamRGIE. SAn. R, REERERRENE R, BFEY,
EELMHENES, EFENEFIXRIASRIRA, WEELMIEFRKIBIYE
#l. EAREHR THNNERE, RHNEMHSEEIRELZHFE. BAr-mhHRESX
PEEBXNERFIIE, SHFESMAIHE, (REEBTIE, UBEIANESR
PIEEESER. WESIE, MEERBNEHNERT, Exm LB, X
EEAIPEBIFE X

BTYXF—MWEREYE, BOEEEXFNFaFmE®R, iLafFEkERF
RECHRAMNERE, MUERMNEECFRERDFRENFE, XM FasREERL
AUBBARS =M= LRRS R, in LREFERIXRE. VAD. h EARER T TEN
YESE, RSmAVEENERA—L,

EEFKHFXRERE., —KE2EEREN, LRAZE. B, 5/FE. =R
A BegintB., BO—EMBEMUTTUNAE, tinREEERIFN— 1R,

EFR—PIEREFEaREEND, EBECERNMIENRZNZ O8N, HilE
XA EET ZFHHEXTE T —EARGRAEREREN . HIIGIRR. BT,
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B, =8, 7XENEHZE, S— 1MLV SHREANNE, SASEREF
KT, BEREARNET. RFEFARUSHSPRHEN—LEHRMTLL, BEBAKI
DRSS 5 F R IERZ ERNRE

iR o i
L Ex w7 | [ wm
- @ | em
L e | scatpn
| m | wem
L i | wnm
o
U %=

HEHEREFAERE 1N, HERMEBRETGES, XiPseN3k(]
TIESER, ARYLIEFIBECHN R, XEEE. BIXR5IZE. [%51%, gLUte
CRENHIELE K, URSHESFRIANEIEES, 81 TTS FElNENFF.

BrEXIERZRBEESIEEE

TE 3-4 F, EANINEWEL, WiZ@IRESEISTRENHE, XFEMNHL
RETUREZINNARNEERK . XPEENREHRIEZIRBIARISE. [
i, B—AEEIMVAANEREMELENAFREAZEREEESH, FANER
m: B, MERERBEEMNREEZLRZIR, ARUWREHEEESREN
@, PR MEBRBERMNZIE, BR. E. Sh. #HREFS. £, BHIE
DIEIUSIEREYF, FRLAFAIERFKEATIE?

HNEEBNENER, BIUHRN, HRECLEIMERER. %, BE
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k. REHEMATHELHANES LHRZEEHAN, GFREEFA LZEEH
RHMRI, B, FERA, LREHEARMIT I Alexa, XD FERI—
PFLL, BB RMFARENNERRIMEY RAE., ERIFSKNIMEET i
Alexa £%5 8000 M XHMEES, EBRRZWHAVARE B, RAREETFFR
A EFFRANXL skill iRBRIFANTFNFERFIRE N .

BERRAFLRAISETERYF, FEE[AIFEREEBIRET . RLANGTIE
XMEEGHE—#C, BIREB=IMEN,

MRE, F=MEXNZE LT IL MR,

$—, ATERESERNNHMERLESH, NtSENENTHREXRR,
EEFE—1APPIEZ T, NEHEFRLRAE, BEMENRTF2IFEER,
FRLA, IESIEMSIERITEB B

F, WMEEEEFaK. WTEXERACHMSTRER, 8 IS5 EB
CEREE, BIIFaKtBREGE, iLFa LT AEHNSEHENERNRE
WIERFFRISIE;

F=, FEEYEITNAKR, REFESXMFUERRN, F8E5INFEEH;

B, FERWAKING, BEBILFREENNDEFRESHIURAKIEEIFAIZ
5eeEN.

KT X B SHEIBE _/ CoTc musmanng

AR LN A
it _ i TR N
REGEFHHE BZ AR T

PR
LAl

&

v

il [t fuis: HE+FE Wk, EL
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RXLREEBME], FANRZAB=ER, ETXNCARIFEEBENT R
EIF B ARIBENARREBRFRIEN . XFEFRERFER, TIEEX B A
Fix2 C BF, JLBEEZIAFPNE.

[SEeS

e, D& TN THAMNERENNEARN/LREEFS .

F—, BEAPAKREASL. XNMERERRES, BEHNEIE, REHAMS
EURBRPA%R, BLURRENSN, REBERTAFNGEA, wONFRT AR
R, BISAPRRA%, MErmEARFPERZONE.

F£, BEFRIIRERITAIAHEES. A ERRT, WEREER &K
ERMENREN, T miIRE EHRNERNEEXMPAMHEERERFER—,
BEIRFRITOINMREE, SESXEREMRERE, EZ2BINESISHA,
IEXMAREERERRE.

B=, TEESERNBHBEMET Bt ESERENREMEIEEME,
BEBLLRIF YT .

FMM, ITEUNBRFEFIEN . MEREFANIFEIFEFEZN—x, HEE
AFFBEBIN BT AT S) . MAENXIINERBEER LR E A RIS
BATER, BFZEXTEHRENH, MUUEARREBIEEX (RUFD) 58D
TiEHR, ENBRFIES—, BEFRIEK, BENSFERITTEE.

BRHEITEHEANR ., ZEBREMIAZIEFAR, SR DRSSP EICEHE
IEEFR D AR, EEESHIERIRS.
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AXREFR (L, WEBERARER) 2017 F£5 A 18 THERHERAKX
= LRYEIAEIE,
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| s FEER Al i g, ANtk “Img” ?
PRI
7B6H, WMEAILZRLRELAF SE N EASEEZmREREER X1,
KB R X1 HESE—RK P XANIZRES AliGenie. AliGenie £iFES=IR, ©AE

BIMETNERBEESES, BRULISERERZ. E5WY. FNRME. Mo
2. EMERBEEE, TREFHANZERRRE.

[ EDELSPIa TS

2017E=HBEHE

KIEFBR X1 7 AliGenie tJHEEEMMZ RN TIEIMEI A, NATH
EEEBRZASFNEZ R, BAESHIE. ANREFKK,
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H%

—RBEAES IR (NLP) RIEXKIE X ( —FhETANE RIS RE R B & 8E0) 5
DERFMLNA ) HERHIEZEINS KDD2017 R, AR RERIERER
B, AERESLENMMZONBHRE—XADRMEBERE £, REBRXE
[ BRZIngdg, BDZIIRA) | #E M4SEELAYES e i) & ERSRIBELIMERAT wikiga EUEEEFN
IBM B9 insuranceqa #BERH T 2-4%, EBaINAEEKE,

{REE RHFRER
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RRUERBBRIEECEATERELN=FREEZTRIMERE, AKRFKRN
EXRIEY, BAXERR “IEAE" IWE.

8 X RAEBHYE N
BRIESX—WAXKBIESESR, BEHEKNIEFA—I [ IRERLEIE |
HREREF, BRIESXAEH—ERS (token) IMFEHHEMANAERES, R
WEEERTATENMEERNHEREIE, RMAZER#TH—SNITELE,
1B X R BRI ET IR XS F7HTHEKRD, LMETH SRR
MM AEFREESNESER. BEXRBEMEERESIE (Natural Language

Processing, NLP) T{EfY [ —£ [, RTBRAZERE 7 EEENBIVR .
BRI ARBEHNEEEESEBHNEYE, EESIMRE (FS) EA—
TRI7AYESENEYE{E, W Bag—of-Words (BOW). TF-IDF %. BE2XEHZBIKRT

PR SRFEZEANEXCKEKM, B BELUSRENIRER LT IREERHITERY
Wi, T/LE, REFIZAR ZHINAT NLP d@ls, HERZSEiEwH LG
TR, ERRETT, REMEMNEETEHMEER (1B XRWE) EBEERRITE.

SE=PabrA: Rt
LHal, WHAEBNXAME N REBEESIEB/THENL (Recurrent Neural
Network, RNN) LAREFREEZIZE (Convolution Neural Network, CNN ),

A = |AH HAI—»

6 © &

BEEERSEN BN IZHFIEIRRERERET X, BT ERRIEIGN
HERILE, EAFENESNERERET, B8 1HZ, BERLNMXERRT S0
2RV, BEEE E—MZIARE [ IR | B EIREAKE, RNN RERE
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BEMNRUAEXAHIEN LT XURFES. B2, RNN /Y [ ZHEBFR | - BEER
TEBEREREE - HAGSHELBREYIZ, HmtbRH T EEERN A
Qﬂ%o

B—TIZNFANE N mIEEEAE CNN &AL, E4H) CNN ZIRBER TR
ESREIHEN. Bia%FR, RESFEBZVGEN BEISCAL RS . CNN fIREY
EHRIFET AR B HLZESLENFINEL . SXAHEABNE, BEREE
BEREM— 4R, MAENA CNN REBEETRINESHN [ B3 | 15
it BSEGEERUNE, XAMEFNETKBBETLUHEELA—M [ S
0| 58, BMESE NLP $UisiiY N—gram 1B51EE, XAF—NMEINERS Y, B8
FERMEXBREBSANILMERX. AL, CNN #8 [ BEER | EELEHH
EIHFTUANATXAHES, BTRIEXAPH N-gram %1E. BE, SEKER
RERZE, XAEFEFHLETXRMAEBTESEH—MRKAEE. mCNN R
BENEESCEINMEEIRFR R TR, FELt, CNN 1EXRB A LETE—EN
ERPE o
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Conv-RNN
XS
Max-Pooling
C
Filtering
n ) 3 Ty Ty
b
hysi
Bi-RNN
I
hisi
V1 V2 Vs b Us Word
embedding

IEHS, BIESEIERAN R THENEERE—R KDD X&, Hi#
IR T — MR AIE X WS E % conv—RNN (21E 2 Firx ). ZIRBEESE TE
IR REE SEIRMRE BRI, #H1T T H—PRIXREXRIBIIL. conv—-RNN
FAMRREET RNN RENSRERKEER LT SUKRAVRAZEES, EFAT CNN &AL
hERNSEARES, BUENE SN AEERESHNFEEETMBLARE
INEISESNN

E5h, £ conv—RNN BIEAH £, FAERE T —MITAIE EEA)1Z (answer

selection) EEILA K XA 2 (sentence classification) &8, I 7T T KIUEFTIE
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HAIRBLAIER, Ff] D BUIEI T BRERIE R XA D L MBI —HATEEIES, 55
Al FAYERFT AR T T I ELIGIIE .

BREE

é o n @*

T

a GESD

Pooling layer
i

Convolution layer

i- | Bm-mm | i__ ™ EJ\. W |

b
| Ay

W R
E’ ;.-.f-o Q.E 5
£3 8 3 = 3 g £
o e X ] 2
2 3 g8 24
3 H
question A, answer

BRI B SZHRILLERXNAI— NLP R, RRIAAE NLP RR&EE IR
FIEHASEM A A E BRI — M. 7 conv—-RNN B X mIEEAEMZ , FilH
—SIRE T IR B LEREY , o, EIZIEES, WAIESINT —H [ RUEH
= | MBILAK attention 757, BLAA—Z4ZF question—answer ILEERIER .
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Model MAP MER

Word Cnt [51] 0.4591 0.4924
Wet Word Cnt [51] 0.5099  0.5132
LCLR [51] 0.5993  0.6086
Key-Value Memory Network [23] 0.7069  0.7265
DocChat+(2) [49] 0.7008 0.7222
Paragraph-Vec [5]]‘ 0.5110 0.5160
CNN [51] 0.6190 0.6281
Paragraph-Vec-Cnt [51] 0.5976  0.6058
CNN-Cnt [51] 0.6520 0.6652
CubeCNN [6] 0.7090 0.7234
NASM + Cnt [20] 0.689 0.707
LD.C [48] 0.7058 0.7226
CNNr [35] 0.6951  0.7107
TARNN-Occam(context) [43] 0.7341 0.7418
PairwiseRank+SentLevel [33] 0.701 0.718
AP-CNN [34] 0.6886  0.6957
ABCNN [52] 0.6914  0.7127
conv— RNN 0.7427 0.7504
Model dev testl test2
IR model [17] 527 551 50.8
QA-LSTM with attention [41] 684 68.1  62.2
CNN with GESD [4] 654 653 61.0
Attentive LSTM [40] 68.9 69.0 64.8
IARNN-Occam [43] 69.1 639 651
IARNN-Gate [43] 70.0 70.1 628
AP-BILSTM [34] 684 71.7 664
conv — RNN 71.7 714  68.3

A% T IR TR WIKIQA BUEELIR IBM &1HI InsuranceQA #iEE
FASEXT EL AT H AR R 5\l R AN state—of—the—art /5%, UWIEIZERA9E UM,
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HRERaTA, £ WIKIQA #IE5E L, conv—-RNN T i state—of-the—art /5
i%, FHEE MAP (mean average precision) #1 MRR (mean reciprocal rank)
MEIR EYEUE TR AMIEF . 1E InsuranceQA #iE&E E, conv—RNN 1 dev 1
test2 FMUIHEE EHES TRARET, 1NE test1 ERZEF AP-BILSTM.

MG

Pooling layer

f
Convolution layer hISI

— Bi-RNN layer —

£ conv—-RNN R9EL £, HMNDHE—LRE T - A D REE (E 4
FimR). ATWIBZREAIEINM, HANEM T W RERRY 5 MRER D LEUES:
Movie Review (MR); Stanford Sentiment Treebank—1 (SST-1); Stanford
Sentiment Treebank-2 (SST-2); Subj; IMDB, HXTEb 458 87 %0, conv—RNN
A 4 MRS LI T B state—of-the—art 1%,

NNY-AUOD
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Model

MR SST-1 SST-2 Subj IMDB
Sent-Parser [3] 79.5 - - - -
NBSVM [46] 79.4 - - 932 9132
MNB [46] 79.0 - - 93.6  86.59
G-Dropout[47] 79.0 - - 934 91.2
F-Dropout [47] 79.1 - - 93.6 91.1
Drop-Bi [42] - - - - 91.98
NB-SVM Trigram [19] - - - - 91.87
Paragraph-Vec [14] - 48.7 87.7 - 92.58
RAE [37] 777 432 324 - -
MV-RNN [36] 790 444 829 - -
RNTN [38] - 45.7 85.4 - -
DCNN [26] - 485  86.8 - -
CNN-non-static [10] 815 480 872 934 -
CNN-multichannel [10]  81.1 474 881 93.2 -
SA-LSTM [2] - - - - 92.76
WkA + 25% flexible [13] 80.02 46.11 84.29 92.68 90.16
filters (FF)
Fully Connected [27] 81.59 - - - -
Layer Combination
Tree-CRF [28] i g2 - - - -
Tree-LSTM [39] - 50.6  86.9 - -
Multi-Task [16] - 496 879 941 91.3
CCAE [7] 77.8 - - - -
conv — RNN 81.99 51.67 8891 94.13 90.39

SEe

IEXRIBIXAZME NLP TIERIEM, BEZHRINLP AR —EKENERE
[ #R30 | e, FANEEMERUNRE FRNEEES. ZRANELOEEST
—EMRARE, FEESBEEX—ARKD, DG RIRME HARRSZIIA

TEEEFm.
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| FEES! FEEGEANZERZORARBERT

M ZoKi BRBE  GRERAE

PIEKSE: IX 20 25, BEMRBHEERR[GALETE T — 12T,
MRA—MERDEMFEX N ITRANE, “EE XMEFEEAIT . XA
FERUTIMER: F—, AME@RNEE; $=, AMARNEE; =, AME
BRUEE; S, AMREEE.

“EE ABEAREN, EREN ‘KRE” U TBIE. EANKE (Hu-
man—-Computer Interaction) 1, ANBIIENRBEVESBANEXES, XLES
BFIEE. XA, Bf. MESEhl—MESSHSMES, NBSBTRESERRE
BARPEXRIRES. &R N ‘B WARETHER.

‘TH” MEHDAREMBA. B8 RIFNEE. WAXR, XABRES
SN TEREMERERREANREANZ—, BXEE LFRH 7SIk,
AR ALREFNBRES? WA BRIRIDG LB ENERMAR—IER
%7 A E IR FitE S A RIIMAREIRAE? EEREZAI S IR
SHEET? HEEEE, FHiIM 2014 FOF AT ERERNHER B TIREML
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#, HRBRRELSAMENBETEREER (SHfIREEESREBEIWAIPTENE,
HXIETEFS ENTFHBRRNENE, URFXIEZIME R EFH=/NE
%) MISMIRE (20 YunOS FHl. REER. BEMNAESE) L.

RBFPIE B EAREREXNER B A ERSSEMEIFE T RANNE. B55E
ENAEENAERBERMEZIS; BT RFEANBERESIER. T0S. 8
BEIRAINEEEFZORAR; RENENECENSEMNEREFm; &EeE
MEBE, BXEIVBTRAE !

1. BEEXNEZEAESS

HAVRYEREENHER BIESRINE 1 Fiin. HA, 1B RGN A EIES IR
oNERR, LLINERLIHS TRFAXARN, RALANARS., BAESER
IHEEEEEPIOER, " YHBAESEREREENESE. RIEEMRH
RAFPBANER, BEREFINER, KEHEH (End-to—End) WA EBIE
R, [BIEFPIRNRSEEEZHERIIGMEEN, FUANFHERESERIRN
NRIEESEAFRAMENXIER ., £E 2 imiVESeenERX B0 IhseEiRF, 8
SRESIERINNEEIEZ S, SRenIBARTMIDIERIES, SEEIRARSEAHAHIZE
5. EXIMREE, HIRMET SaaS F&. PaaS F&H BotFramework =
75=0, E Bot Framework AR T EFIEREENIERIF A .

HERES

3k
wie - g - Ny
/ LFx
L -
\ Sk i m/
o - - - e

E1 EeeiEEER

1]
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2. BEEER EZO AR

ZO4E

R BENIE R B PRV O IIRERIRANE 2 Fivs, AHMDIFEMANBERENERRE SR
BERIMIBAESER. Breind. 88

BERIRFIXNEEE MM OER

B2 HEEXHEREFIZOINEEELR

2.1 E#lnnﬂﬁ

BAESEMEATERER Al-Hard [87 7, 22 BRIERENIEREAZOE

A, NEBEWENES, TE@IRINTEY S POk,

( )]«IIIIZIE'] M ( )lnDE’J X@ (

) BS E,Jie 1

®1 ETERB

U: EBBEROES
A: LEIERRS
U: BXR

U: BRIRIREATUIE
A: FIIRFIEN
U: N RIS 7 ihin R RRAE

PREJELR O] RS,

SN IERBAIERPNR T X

iE: USRI (user), AIBEEEIK (agent). FE,
BANBRESERESENORRL EESOEET,
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211 BRESERENERTR
BREBSEBINENER-TEE =M 7,
(1) PRiEXZER (Distributional semantics)
(2) 1EBRE X E = (Frame semantics)
(3) BENULIE X FE < (Model-theoretic semantics)

TEEEINERES, BAESER R RKANZ framesemantics RRAI—H
TRz, BIRREIE (domain). EE (intent) FlEME (slots) RRTREXER, N

3 B

domain

intent

slots

3 domain ongology ==&

EEN T EiRRY domain ontology 4515, BANELRENE 4 Fimx.

uterance + context

l

EES%E

¥

e ——

ETETXHEEHRF

!

B4 BRAESEERZEE
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21.2 SESZE

BEERDERE—MNADE, TESHEFAUNSE EFEHNEFIN
AEMEFREFIMNAIE, WWCNNEL LSTM ¥, RCNN B C-LSTM © &
FastTextl" &, &% CNN. LSTM. RCNN. C-LSTM U2 BIAHEBIELR,
N7 14 D AEEIRE EHTIIE, F4 DAAIENNITE bETii, KA
Micro F1{EREEER OF: WARINIEINEF, BmEMENBAREE word
embedding, EBRMERSER), ERWNE S i, He Yoon Kim 1£ 2014 FiE
EHIETF CNNE D LB ENRETF

jlll

LSTM CLSTM

E 5 PIMIREIRS SRR

4L word vector HIIAAT CNN 5 Z58R, ER LW T £BHE ZHIE
TiEM SVM okes. U —LREFREFINER, HP— M REDOHSLE
ERHRARTFSRREITHEG . LT “NERENEK XaiE, BEAIR
Eo LR EXERES singer. =IB7KA song, HBEEEEIE singer #1 song XHEFRIFS
RTMANZIMERE, BERRBER L, BoLUEFSIREHTT embedding, A€
embedding 59 vector #1E 2 wordvector FiH 1702, el LAEEA multi—hot
RI75 = HHEER word vector [FE. SHIRTHMFSRTREREAI CNN ENE 6
Ffrme
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word vector symbol vector
®
®
x
» R
B e
&
st
i
KER
input vector Convolutional MaxPooling SoftMax

B 6 £HAERNHSERME/EA CNN 52EMELEE

ZERMERE, £ 14 1M AEN 4 HFNAEIESE L, WHRIERIERI F1 8 (1
E 7 Fir), NPEILIES, GET. BIE. ERFaaXrZHaa s BHNM
g, RIEFHIFERE.

EHAETE 8 SHARFHERFE

_é'i‘,&% @-@*@’8‘1&&&@-@@6@@?%&@‘
\1-:

E7 % CNN o hRTEMEFSRIBIEIRILL

FELLUA AWM ANERMI CNN F, £E 1B OO0V (Out-Of-Vocabulary) (8]
M, —RERTEER—MEROE (LB aEsE SRR ERF9E)
RERFTBH OOV, XIFHAVIREEABIF . EFHAIILIF, 5|7 FastText
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8 3&i)ll%Zx word vector, 333 OOV, BJLIFE subword @EITEER], BIUbH#ER
7 OO0V mJa)ga,

RN FE, BT AN FFRHI word vector BIzhZSIIZRFN dropout Z b,
BT ZRER T HUEILR (data augmentation), MREBEAIETT.

2.1.3 BB

BB LR A— P FFIfREEE, JULFARIHITFEINE, 1B
SILALAE A BALAIT FFIfRE, WE 8 s ALLE AR TFIRERN RS, X
MilFREE departure. destination 1 time = MFRTIRE; B Rx—NMFinE
IRESAERIAE); | R— MFIRERSIERINE, O RAIHFRERESE.,

—-—----m
. ' I !

e e o a1 e e

B8 FIltREnl

BUHHENGE SEETANNGZE EFERGITRENG X, KB
CRFE, UREFREFIEEMAG L, 2014 F, £ ARTIS #IEE £, RNNI
BEPNWRBIT T CRF, tfF, R-CRF " LSTMI'2 Bi-RNN!'3/ Bi-LSTM~-
CRFU S MG RIRTER SR

ERMHBIX/MES S, HIIRATUE 9 HIMELEND, ZEMEELU TR,

(1) WAE

FEBAER, HMNMT=2HITME. © RATHHIERS (word vector) FIFFS
Z7~ (symbol vector) ®EMNAN, BEMATHHERN LT XFIEHNHFSH
MEEIRFREES; QKRBT /I LTNED (local context window ), F&ECORAI
BNRFFHREEEAN—DIESMERSR, MRS EB SIS IFIFEIE4E
BIVERS; Q@FFT FastText B i#1T word embedding 953, TLABERE OOV
(Out—-0Of-Vocabulary ) #9/a)gt
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' O i

' So37 = Sogs :

CRFs ! =t o '
g by o g .

: Eohia ',-"?: !

' e O :

[} A g [}
softmax ( T gk ) ) )
pockword L5TM ... —< -)v< )_< y< Yo—o
4
nonlinear projection ( ) ( ) ( } ( )
context window
word vector + symbol vector i q
2 18 L Tl 20|

9 [BEMEREREE

(2)Bi-LSTM 2

EHERYREVR, KA Bi-LSTM HTIFAEFS, BIReHBiE ESURHE, tRREHHIE
T ICRHIE,

(3) |HE

E@H L EEUPEEAME, thil Bi-LSTM+Softmax. Bi-LSTM+CRF %,
Bi-LSTM+Softmax SIEEMHMEER L EEM T — Mo Lia, SRR EER
EEE&M, Bi-LSTM+CRF L BRGS0 FEENEREIERERMNER.

2.1.4 EEHRF

ER1H, RNERT—MOIF, IRFELTX, ZEHE ‘“BXR BE
El, ATRAXDEM, EREFHNRIT T EEHFER, HREE 10 Fix.
X FRF&A utterance, —7AHESEH BD EMBUEEXH EREFHHHE; 55—
AHE, BEREEYNEE, AEREBEXNSEMEBMHME, XA ERBERHEH
BfE—REN— LR 9288, LHIEZAD utterance @Miz4E EXHIEE, &2
BRESEBDENEE ., MRRBHRE EXEE, BPATTLUERNEERERE LS
RIENRERERDE; IREE/EHLBDENER, BATLUEENMERIZBHE
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EDENEEEHFAL.

utterance+context

BETETX
PaES it

bete
|
e

10 EF ETFXHNEERZEHE

ZETX
DAL

2.2 HeEeaE

EEARNISHREPE=MRBNEEES, —2RFREME QA-Pairs, —[6)—
%, ZREVEWUIFNRERE, #TEFIIREENEE; =2HNIFEEIRIX
A, FETEFINEERNEE . ANXESNBHIEREER S B TE, tbnF)
FRIIEIRR AR S ENMNAIE)E .

EFRIEIERA DAL, BRIETXETIERE R FAIEIESE SQqUAD, BAEMHER
T3 EARMEIL, b0 match—-LSTM U8l BiDAF (61, DCN ') FastQA '81%&, X
ik e et T BRUAVIBRAIESR, NE 11 Fis, EEH 42 D Word Embedder,
X [A) FRAN XA P AY1E 1T embedding; @ Encoder, X7 (0)@RF0X 44117 4mED,
A& X RNN/LSTM/BILSTM; @ Interaction Layer (32 EZ), 7EQIEFNNALZ (8]
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FREETRE, X2EAMARNHRR, ERDERRAIIENNS (attention); @

=
Answer Layer (BXE), MNEERISVEIERMNE.

stat=57 ---+ end=57

— |nformation flow \/

- -+ Optional '4 Answer Layer |

f

Interaction-Layer |

I

| Encoder (e.g. RNN) ; 22 Encoder (e.g., RNN) |
f f
| Word-Embedder t | Word-Embedder
f f
_=2 N e = o s T o™ =77 B PN @ I By
=B 2ES*20ES x=0Ff PP BPEF S8R0
= g o c c = ',_'_-f oe -
g gv© 5 5 g =
E E 9 2 v
=

E 11 EERARAEAELS

HAEBEMLI S, 2% BiDAF U0 KB, LR FM T REMML.
(1) BREANSHULE
HBEUARINERT, FERET LB R XEEIAAA . BEMN
HHERSRENXEEY, WAMIEMXENERENS, BXERFENRES
HER—EMIBEAZIMET, FRIBET)IZAEIR .
(2) REHIE L
FARNBFRE IR AEZR, MIWRH=PHFIIHENER, TES
YRR E AL FER, FEM—LEHXIEREL, EERANR TREITERNIER
T, ReJggiRft& EFutEse, AIanaJLAEHIREL RIS bi-Istm 4514,
(3) SMERENRE
LRIX LA ER 2 AEHERY end—to—end 1REL, HFUUAYS MM T RBRIERIE,
ZERTUISHEMNE, FEFERHREFIRUSERRIUIITRHEG, KIEER

EMaitiRETER.

i
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2.3 EeeWx

HEE open domain IR A BRIZIEEFAFRIEEE T RE 2 —KE
&, BRIEMIHENG L. —EETRREER, b [19-20], HEARRE
EFRERSIZEBI BRI REEER; Z87T Seq2Seq FIEMIUEE, #H
BN A0SR [21-22], EMEEEWNE 12 Fis.

<EOS5>

—> =
—p <

e

= —>
e — <
B e

A B C <EQS5>

12 Seq2Seq HEEIpILELE

REERNNREERETRANENES, oix, LREREXESR, IRt
58; MRREE—TEREE LLMRZINEXNIER, BEEEENENSRY, KEORME
EERE, ERERENNSRBTRBEN S NHTEREN, BRAZERENE
PRH; TR SRR RREMNEARE, BLURIEEIE—HMEM SR,

ERANINBIKRS |, SERRENMEMERSBNRE, BET —MHE
B AliMe Chat 3, EARZUNE 13 Fix. EERARRERN QA FIREHH T
RIEERES; REFRATEENN Seq2Seq BRIIMEEEZHTHFE, NEFE—
REMNSDBERNERE, WENRLRERDE, SUFAEMRELERER. HH
wIERIM Seq2Seq IRELEGUE 14 Fi. EFI%E, TE2MTOTUK. 0
15 Ffizw, FFA 600 NMaAiEE, M TieER (IR). %A% (Generation). #&
R + EHF (Rerank) RIGR + BHEF + £ (IR+Rerank+Generation ) 9fH 7574
HIZLR, TTLIBREIERER 0.19 T, IR+Rerank+Generation 875 &R &IT .

—
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o(r) = max o(r)

Yes:r
No: (Answer)

B 13 AliMe Chat iiii2E

FHEL ¥ <EOS> #* , R¥

Sorry (I) have been busy Hey »  that's OK
Decoding the word “;§ ¥ 85"
14 T FEIH Seq2Seq ML=
IR + Rerank + Generation (T =0.19)
0562 - |
~= 0.60 !
ef 058 - |
Z 056 - |
H /
< 052 |
& i | Rerank
% 50 Generation R |
2 048 - l |
0.46 ]
QEEINBEBBRNBBBEIRVIVERS/RAQT2RREY
AR OO0 000000000CS0000S000TSoS
Confidence Score (T)

& 15 IR. Generation. Rerank. IR+Rerank+Generation 3{E3Itt
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IRBIE R/ NE R e, ~MAIGNE] 16 Fim. EIE/NER, $HXZEIAY IR
TREIYF0 AliMe Chat 1222, FIBZ% EmMEM T A/B Test, HBERANE 17 . WA
AETREFERE 2 136 £50UE, Hrh 1089 2XA IR EREE, B 1047 XA
AliMe Chat [E1%, AliMe Chat Top1 ZZAVERZE (accuracy) & 60.36%, iEin
#FF IR (9 40.86%.

{R5F
hi <<
¥, By, BEIE, 5H4ELEE
1, BERNERIE?
>> Hi, dear, this is AliMe, May I help you?
RIS
how old are you <<
RA S WAV ¢>7 S ving AN
>> 18! 18! I'm always 18!
RAERE
you’re so young <<
WA . INEREIN
>> Yeah. I'm still young
Q) | BiTE /& Hold to Talk (-

16 AliMe Chat 7EfgE/NE £ ERIIIR )

Model | Ntotu.l Nunsuitable Nneutral Nsuitable Ptap1

IR 1089 644 384 61 40.86%
Hybrid 1047 415 504 128 60.36%

17 BE/NEH IR 75755 AliMe Chat /5% A/BTest 53R
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2.4 IHEERE

INEEERBESERNSOUENRTERUR LT, KEEZNHEAIK
&, FIRET—ERBUAHRIEE,

TERE—NERAENF .

U: BBV, BRIT—KNER
A FBIEWRIARTEILR?

U: BRESF

A: PIRREITUTKEE,

U: BBEA

A BIAR -, BREBWL?
U: HEWT

SHERXBED MM, B—MEk, BESRMNERE, EAFPNEREES
B, BIEMUNER (RRib. B, I1E)%); EZMEMSIEKRRS, BEE
ZAMIAE. WE. T, BLFRE—RIIILER.

ERIIANIE, SEMEHELELAIANITE, —REBZREME MR
Y&, BIMERANEMMISEAS ., Wi, FMRET —EXNEEERAR, NE 18 AT
™, XEWMEEERAREEU=Z MR,

H—, ®RIFT—EM@M Task Flow FIMEHIAES . ZWIAESEBICENY
IHESRERBIERALR, XMISRMELUTEFRITARIEZEE, WNEHEAES
HRAVYFERCREBILINES I ZFWSEELNS T, PBZEWSHITUFLKEAE
155, THEENERN51ZE.

=, HTET Task Flow FIHEI, FHAEESIZE SRS ZEEH LN
IR FETAIREINLE . EANINESPEMESRT, —XERFPEMERBI—
TEE, BEZERTHRIREERRAFENEE, SEXANEERET . BT 4
PTINEREINESR, MEIRX MINELE— M ARE, BEFEIRSIEZN
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MERT, IREFERS, BNENSILERER, RAHIINEAFTENLIH, of
LUEEYNE,

F=, RITTHEEBFRERSE, 2 OpenDialog, BEE—MESE
RS ER— I IIES|E, BRFREMESIEMRS IZRETMNINE, septbalritiR
RIEHELE, FRERFEEIESIERL Grammar, EF HEEIAESHR—TR
IEUE, FEERENEIEAGIERE, X5, —PEFHANIRERT LT T

NLU3| & DM+5 |8

| . Action
&NLG

A 4

> | Normalize ‘ | DM Executor

| JSGF Interpreter ‘ | DM XML Parser |

T .Y Y
[3s6r ] 7 =7

E18 XNEEIRIERE

3. WEEEEREIERE m

3.1 BERS—IERE

2015 £ 7 B, MEEEKEL THCHNERRSHE - WENE, —MESKES
FESWAFNRS. 88, URESHEMZONESEENERE "R, BEBTE
S SEEINEREURNEE, HREZRSTUWEXNTE SRR, &
2016 FAIW “+—" HjlE), PIR/NEEAERRSEIARE 643 H, HAEEMAE
X2 95%, BERSAEENRSE (SRS E-SRSE+ EXATLRSE + 8
ERSE ) HEEIXE) 95%, AATI “+—" HERSNETEN . WENEEE
RSMEERNWSHINEEMRLIS, BRWLSINEE. XiE. ©FE. R, A&,
¥5%, EHirtIsESa Lazada, PayTM. AE %,

BEMENENRY, BEERSENEAAIEETSERR R IVEESZ NI
EAFIBATER), T BRMNEERE. HNEETEWMENEESTNER, =&
EEEZSMIKFNEI . BUFE, BNNERENE 19 Fimr.
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[wmnves | [mmmwias] [ mumess | [ amex |
[~ ]

EJED R | | |
(mz || xm | | oae [90d] [y || s |[me || en | | sema || zwes
[ W | | N | | FhE |

E19 /NERIK

3.2 BReed®

Tk 3~4 F, HMTLIEER, EREERMNIREAETRAZMN, RESEMN
PC fIEREFNEMEIE ZAVERERE, tLAIEREEME. SaeBl. s A, Bt
MEFRE . BERBNRERBIETNTEANREZENZESH .

HNHRNERENEREFaNSMRERENERXERES, BAlfE YunOS F
. REEE. BERMAEFRE LEEXRENA. (NEXEEES, BREIY
IEREO USSR, EER. RIXS%E, JLUHTRE), &L TEY.

4. BESBRE

BENFH, EGENEEEAERERE. BR. SRS/ EMNIMRRNnS,
MNAESEINERE LT RAENREM=R, MR T —EBANTENGIE. 88X &
HRS . BEAMFEARNRAGKR, FESERSNERE LEE T KRR
Fi, BERIENT,

(1) BRESEMRA®E, 183 CNN/Bi-LSTM-CRF £REZIER, 5H
R SERTIRES. ZRER wordembedding., EF ETFTXHEEHFESES
%, METHMUFIREFIREENMSINBERESIERES .

(2) BEemE A HE, RIHAVENSIREIEMRN BT T/ NEFR+.

(3) BMEEHIR M, 1IBHET AliMe Chat 88!, Bi& TIEZRBEFNEEEAIIT
=, KKIES T RBIEE.
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(4) FHEEESE, RBITTET Task Flow FIXNEEIAMES, B ESEBEFTHE
SIENE, FEELIUTESAIFEMREIFNEMERT carry—over HEZYIIEE,
R B AEMNBANTRE, RIBERMEEEAH—FSIEESEEER,

ANIKFFIRF AR .
F—, BFAPRRN%S. BEFERRARRAE, BEFmBEABFERZO
(NI

F, RESESERNSEEMIET R,

B=, RNKRENEFEIERFED

B0, TSNS 36

Hh, TEHIEAN, BEIRERRATFESE.

HEIRIA TE R AL ESS A TEREMER, 155 NBAENARI MR T ER
FHVZEEIRIFE R, BEEMARBEETEMHCEIUSERISREBEGHEE
KRINE, TEHESESRAE (MAEEEN/NE), BEATLSERANTRRE,
REBRENER BRI K RIEBFSE R RIET

[EEEER - EERSFUEIBEEMESIER. AVIXNE. FHREFIEEE
EEFEREIAAN! ZIREHNTFERESHEMFARMALR (NLP). BAES
AOE XIBAE, FELRKMENERANMNEREFEE (E/NE, [ENE. =/NE),
RS FETSWMRl /AR, HERAOBFEERNRT.

1. BAAESERE EMRANIHRT;

2. NSRBI S EF IR AR ;

3. FMRENEFE B0 SR B AR AR ;

4. S AT EREE RIS AR BRI~ M A ;

IMRRBEFNFAN—RONEANIZENIARE, HZIDIIAZA]!

BEESR: jian.sun@alibaba-inc.com( Fik )
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W

3k

https://en.wikipedia.org/wiki/Natural_language_understanding.

Percy Liang, Natural Language Understanding:Foundations and State—of-the—

Art,ICML, 2015.

Yoon Kim, Neural Networks for Sentence Classification, EMNLP, 2014.

[4] Suman Ravuri, and Andreas Stolcke, Recurrent Neural Network and LSTM
Modelsfor Lexical Utterance Classification, InterSpecch, 2015.

[56] Siwei Lai, Liheng Xu, Kang Liu, and Jun Zhao, Recurrent ConvolutionalNeural
Networks for Text Classification, AAAI, 2015.

[6] Chunting Zhou, Chonglin Sun, Zhiyuan Liu, and Francis C.M. Lau, A C-LSTMNeu—
ral Network for Text Classification, arXiv, 2015.

[7] Armand Joulin, Edouard Grave, Piotr Bojanowski, and Tomas Mikolov, Bag
ofTricks for Efficient Text Classification, EACL, 2017.

[8] Piotr Bojanowski,Edouard Grave, Armand Joulin and Tomas Mikolov, Enriching—
Word Vectors withSubword Information, TACL, 2017.

[9] C. Raymond, and G.Riccardi, Generative and discriminative algorithms for spoken
languageunderstanding, Interspeech, 2007.

[10] Kaisheng Yao,Geoffrey Zweig, Mei-Yuh Hwang, Yangyang Shi, and Dong Yu,
Recurrent neural networksfor language understanding, InterSpeech, 2013.

[11] Kaisheng Yao,Baolin Peng, Geoffrey Zweig, Dong Yu, Xiaolong Li, and Feng Gao,
Recurrent conditionalrandom field for language understanding, ICASSP, 2014.

[12] Kaisheng Yao,Baolin Peng, Yu Zhang, Dong Yu, Geoffrey Zweig, and Yangyang
Shi, Spokenlanguage understanding using long short-term memory neural
networks, 2014 IEEESpoken Language Technology Workshop (SLT), 2014.

[13] Gr é goire Mesnil,Yann Dauphin, Kaisheng Yao, Yoshua Bengio, Li Deng, Dilek
Hakkani—Tur, XiaodongHe, Larry Heck, Gokhan Tur, Dong Yu, and Geoffrey
Zweig, Using Recurrent NeuralNetworks for Slot Filling in Spoken Language
Understanding, TASLP, 2015

[14] Guillaume Lample,Miguel Ballesteros, Sandeep Subramanian, Kazuya Kawakami,
and Chris Dyer,Neural architectures for named entity recognition, NAACL, 2016.

[15] Shuohang Wang, and Jing Jiang, Machine comprehension using match-Istm
andanswer pointer, ICLR, 2017.

[16] Minjoon Seo, Aniruddha Kembhavi, Ali Farhadi, and Hananneh Hajishirzi,Bidirec—
tional attention flow for machine comprehension, ICLR, 2017.

[17] Caiming Xiong, Victor Zhong, and Richard Socher, Dynamic coattention networks—
for question answering, ICLR, 2017.

[18] Dirk Weissenborn, Georg Wiese, and Laura Seiffe, Making Neural QA as Simple
asPossible but not Simpler, arXiv, 2017.

[19] Zongcheng Ji,Zhengdong Lu, and Hang Li, An information retrieval approach to
short textconversation, arXiv, 2014.

[20] Zhao Yan, NanDuan, Jun—-Wei Bao, Peng Chen, Ming Zhou, Zhoujun Li, and
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Jianshe Zhou, Docchat:An information retrieval approach for chatbot engines using
unstructureddocuments, ACL, 2016.

[21] Dzmitry Bahdanau,Kyunghyun Cho, and Yoshua Bengio, Neural machine transla—
tion by jointly learningto align and translate, ICLR, 2015.

[22] Oriol Vinyals, andQuoc V. Le., A neural conversational model, ICML Deep Learn—
ing Workshop, 2015.

[23] Minghui Qiu,Feng-Lin Li, Siyu Wang, et al., AliMe Chat: A Sequence to Sequence
and Rerankbased Chatbot Engine, ACL, 2017.
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| REZIEZR, Z6ZEANE? | WRNERIERER

[WEKE: ARNELEEBRT “VRFAXEREZEREBHAHNRER" £
W, SFHAATE, MTHE 10 oHAANEIEEE, EFENREFTS . KEUE.
BB SRR S E IR -

MARBNRERE, BEXEEHEBER,

HRE=
WENEZMECEHELENEREERS . SWUURESIENZORIEEAN
REFm, BEFN+—HE, WENERBAREERSEXE 6437, HPERERE

IRIIKE 95%, B AT W+—HREIRS MBI £, FENEFERREIERAD
T2HE VENRE, NEIETRRIVANRE I ERET &MINE X REER.

B8, WENEBEEFREMRR, USEENEA—RIEHEERED, X
B EESEIEmAIEELENERE, HE—SRARSIER.

EEERAT, RELNRERACE, BEEREMRE, flg, FEALH
TR, N ERESAESRIFOENEMZ EHITRER ., MANEEFTETX
H—EEE TR

5818 H, WEBBEREKRM T 2017 MF Q4 W 2017 WE2FAIIl 4
RE. VIRER, WEEEER 2017 WERIUIAT 1582.73 27T ART, FIEEIE
K 56%; ZFERFF N 578.71 2T ART. Q4 EEWAF 385.79 127T, ELE
181K 60%; IFEEEBASIHENTAYSF]FEEIEK 38% = 104.4 2T AR .

Q: WEEE 2017 UFWANEZDIE?

A: 1582.73 I AK™

HhGEREMNHT. B, TR —LEEWELER, WRMENMECRE
RE—NOEY, B22IFELRBNTRE, @, BTELHSFERNOKELE, A
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TIRIGETEFSRITAE TN, MAIREEBERICRIR. WREERB A TR
RA9E, BEEVSEIREOUXARETPRITRIRER, FAOTHEFPEE, 5

B EREIAEL

REFIIAFREBRESCEQPIZNA, EH R EEEE IR0
Itt, REFIRANSINESRDEZERENETRE—FAB T KIRIES, B
MNEAEEREFIEELIETR, REVFGIEEEFAEENLIFSETS.

R kRO N ARt =
BBAN SR RIBE R (S B AR F MG ML BB B H RIE?

R/ NERIRZZMNFERIT =

BAERERRZMNBEET R, HINESIRY 11 FEH, #SEREMNA
FIHESNMUETE . LE, HENZEIRIZERFH BRI EEMRIE
FRYEDMN, A—HERNEER . BN B XA PIRGDTRERICRE ., MiEIIH28 1%
BNz, WUV ERMNHETREE, SAPRERNFSZRS, 258

RHIRZEHE R
2016 FEEWN+—HEE R Z N
RERT(EN A

2016 & 11 B 11 H 00:00:00-2016 & 11 B 17 H 23:59:59 HB[8/F XA RAY
B, #AREIETET .
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(1) MREFMMRHDANRBSRE, B “ERERE” REEMN 15 X/F,
Rer=BaARE .

(2) MREFMRHANFH, B ‘ZRERE KTEMN 30 XGE, ER=H
ENHEIAMLER

HIRIE): B+ —SERVRI AR RS B EiIAUER?

ENENEREN SR

[ENER—HEHRBRTHIBRNEREER. AREEENXE LW, FE
SWRAXREINEFRE2HTHORAGF S TREWL, Fa0 “5RiE 5c AIXREL
ARIREAARR?Y MXLEEEACEFETHRANEBREERR, BEEEE
BN, SJLAL S FB R P RIS RER X AHTE NSRS, FE
RS AARIEREMSLAELE,

HBXITIERR

ETF IR EBIZRINZRFIE

REFNBERESHIES A E TR HIRIEREE, —REEREXEH
FATSLRFNE RN, MR EERUAEIRELE, FERREIEEM Dd{TaE.
FEHRLUTILNIIE:

o LRGN IRBUARPIERAISEAR, XISLIARHITH .

o SCURGEE . 1IN SRAYSEAR SRR E I A SERH T L ECFNHEE

o BMETE: MIHEPRINSHARISEINSEE XIFRIEME, M eRIAMRES.

o MR EANRESRIELAFIEMER I SERNERENEE,

B, BERNANNEGEZSFRHITIERR, SAETEEMTBRENER
iF, BREEERRRE, BN ZZRGETS, BRAREFEZDIBRZNME
s NLP AR, WapBsLifiRsl. IBHERE. sakill. AXER—%, ms1
WHEBOJRES INIRE, BISRBIMRERHYT K.
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EF End-to—end HIHZEITE

EFR, —EERENAFEIRE AR FIRMEAARER T T,
RN T ETF End-to—end 75iEMIEEEL, EFARNEIEET LURA—LREEN
SRS . BN BE—RHEERRMREIES.

e Facebook #J bAb| H#EIRRY B & #iEEE [V

bAbl #HIEERHATHENBE TERELRNENNE, HHNEMIN
B, EXRNBFAZERNERNSTHIFE—CHIHEE, NMSHERSR, FER
NEFIEAD (FL1) KEE & LR,

HIREEEX 20 MEMESANTEN, 83 Supporting Fact. Yes/No Ques—
tion. Counting. Time Reasoning. Position Reasoning. Path Finding &%, #{

EEMGEER LN, (XE 1000 MIZREFEF 1000 MUK HEGRK, 8MES

150 Mal.

Task 1: Single Supporting Fact

Task 2: Two Supporting Facts

‘Where was the apple before the kitchen? A:office

Mary went to the bathroom. John is in the playground.

John moved to the hallway. John picked up the football.

Mary travelled to the office. Bob went to the kitchen.

Where is Mary? A:office ‘Where is the football? A:playground
Task 3: Three Supporting Facts Task 4: Two Argument Relations

John picked up the apple. The office is north of the bedroom.

John went to the office, The bedroom is north of the bathroom.

John went to the kitchen. The kitchen is west of the garden.

John dropped the apple. What is north of the bedroom? A: office

What is the bedroom north of? A: bathroom

Task 5: Three Argument Relations
Mary gave the cake to Fred.
Fred gave the cake to Bill.
JefT was given the milk by Bill,
Who gave the cake to Fred? A: Mary
Who did Fred give the cake to? A: Bill

Task 6: Yes/No Questions
John moved to the playground.
Daniel went to the bathroom.
John went back to the hallway.
Is John in the playground? A:no
Is Daniel in the bathroom? A:yes

Task 7: Counting
Daniel picked up the football.
Daniel dropped the football.
Daniel got the milk.
Daniel took the apple.
How many objects is Daniel holding? A: two

Task 8: Lists/Sets
Daniel picks up the football.
Daniel drops the newspaper.
Daniel picks up the milk.
John took the apple.
What is Daniel holding? milk, foothall

Task 9: Simple Negation
Sandra travelled to the office.
Fred is no longer in the office.
Is Fred in the office? A:no
Is Sandra in the office? A:yes

Task 10: Indefinite Knowledge
John is either in the classroom or the playground.
Sandra is in the garden.
Is John in the classroom? A:maybe
Is John in the office? A:no
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e Microsoft 8 MCTest RS @

MCTest #iEERTRIZIAZEMR, MESLAIEN)LEZYEM. LH—RK 150-
300 HAMNENE, FXNHMEATHITIED), ERFE/LMRZERFIEHIERDN
BR., HIRENMIEER/), 579 160 & 500 Hrif,

James the Turtle was always getting in trouble.
Sometimes he'd reach into the freezer and empty out
all the food. Other times he'd sled on the deck and get
a splinter. His aunt Jane tried as hard as she could to
keep him out of trouble, but he was sneaky and got
into lots of trouble behind her back.

One day, James thought he would go into town and
see what kind of trouble he could get into. He went to
the grocery store and pulled all the pudding off the
shelves and ate two jars. Then he walked to the fast
food restaurant and ordered 15 bags of fries. He did-
n't pay, and instead headed home.

His aunt was waiting for him in his room. She told
James that she loved him, but he would have to start
acting like a well-behaved turtle.

After about a month, and after getting into lots of
trouble, James finally made up his mind to be a better
turtle.

1) What is the name of the trouble making turtle?
A) Fries

B) Pudding

C) James

D) Jane

2) What did James pull off of the shelves in the gro-
cery store?

A) pudding

B) fries

C) food

D) splinters

3) Where did James go after he went to the grocery
store?

A) his deck

B) his freezer

C) a fast food restaurant

D) his room

4) What did James do after he ordered the fries?
A) went to the grocery store

B) went home without paying

C) ate them

D) made up his mind to be a better turtle
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e DeepMind #9 CNN\DailyMail SefiZEZSEESE @

ZERERB FENFELE, EHammEME, FIEALIRE. SE—
RFEM—109, EETHRNEDEAME, ZREEHTUNHRMESSER, X
PELAEGAZREXREIMIAY, ZHIEBENHIESEI LR K, CNNIBLRE,
DailyMail B 22 57,

Original Version Anonymised Version

Context
The BBC producer allegedly struck by Jeremy the ent381 producer allegedly struck by ent2/2 will
Clarkson will not press charges against the “Top not press charges against the “ ent/53 ™ host , his
Gear” host, his lawyer said Friday. Clarkson, who  lawyer said friday . enr212 , who hosted one of the
hosted one of the most-watched television shows most - watched television shows in the world , was
in the world, was dropped by the BBC Wednesday  dropped by the ent38] wednesday after an internal
after an internal investigation by the British broad-  investigation by the ent]80 broadcaster found he
caster found he had subjected producer Oisin Tymon had subjected producer ent/93 “ to an unprovoked
“to an unprovoked physical and verbal attack.” ...  physical and verbal attack . " ...

ry
Producer X will not press charges against Jeremy  producer X will not press charges against ens212 ,
Clarkson, his lawyer says. his lawyer says .

Answer
Oisin Tymon ent]93

e Facebook §J CBT e Bz #iEEE ¥

ZHIEEt EMESLH)LEIEY, BEMRIAREM, EFRE24HE 21 19
¥, 8120 D ETENUNBHENDF, BE 21 MO FHASSARME, ERee
iz fRepr s

51 3 me. Coopper cppoaed 0 Birk
“Well, Mass Maxwell. | think it omly fair 1o tell you that you may have rouble 2 mia | ol ooceres s that; % :m"p."f.x; cbjection o you., but he ia set

with those boys when they do come. Farewamned & fotesrmed, you know, Mr, against fessls tsschers , and whes & Cropper a4 set thacs ls cothing on edciS can
Cropper was, opposed 1o our hismg you. Mok, of couse. that he had any Seadi s .
4 Sr sayn female teschers oa n°i kesp order
el et 10 yank, ek g i Sk wguitcit Sumale tnachuces, el ik i Be ‘m stareed in with @ spite st pou on gessesl prisciples , and the boys Anow
Cropper 18 set e is nothing on canh can chaspe him. He says female it .
teachers cas’l keep ander. He 's staried in with & spite 8l you oo gemeral 3 Thay knew ba DL Back them op s smcrst | S mstesr whar thay do , JUEE to preve
pranciphes, and the berys know it They know Tl hack them up in secret, ne :‘: Splaions. . o ad "
n rupper in iy sed wii - md k% in Bard v eorner him .

ittt what Shey dia, st o prove his opshions. Cropper iv sty amd slippery, and 7 °* Are iba .,.,,}. Big ¥ —
it & hand io comer him.* ¥ quesied Eveter asxiously .

B
& - g 18 Thirtsas and fourtssn and Big for thalr sgs .
o the boyx by T e ity 1l Tou cu m's wiip ‘sm — thei is ihe roshle .

12 A man might , bt shey ‘d teist pou arcesd their fingers
"Yes. Tharboen amd fourbeen and bag for their age. You can't whap ‘afii —~ ihal b 13 You “11 hawe your hands full . I ‘= afrald .
the truubile. /4 man might, but they'd rwist you around their fingers. You'll bave 19 But saybe hey 1L bakave all sighs after ail . *¢
your hands fill, Fm afeahl Bt inaybe they 8 behave all riyghe sfter all * el esindl iovaend it b S bt psolios. no e

1% Bhe could mot Believe thet Fr. Cropper would carry his prejedices ints &
Mr Haster privsely bad no hope ther ihey would, bet Esther hoped for ihe personal applisstise .
e, St coniid et bebicve: that Mir. Croppi-would: cary ik prudices i & 17 ¥his comrictiss was stranyibesed whas he svertock har walking from schoal tha

saws day and drove bar hosa |
18 Be was & big , Besdecms mes with & very ssevs , polite seanes .

persomal spplication. This convicikon wes srengtheniad when he overiook her

walking from schuod the hest day aod drve her home. He was a big, Randsomne 19 Be anked Lzterestadiy abowt her school and her work . boped whw wEE geLEisg gn
man with 2 very suave, polite manner. il axked imeressedly shout her schaal wall , and said be had vwo yeusy rascals af his cwn 8o send sodm .

and ler work, hoped she ws goning on well, and said bt had wo vesmg I8 Bachir falr rellswsd .

rascals of his own to send soon, Esiber fell mlioved. She thoughi thail My, | §: She thonght that R, Bad mraggmrated ssitess & little .

Hanter had cxsgpernicd masiers s lidle. C: mamner, Crepgee, Enthes, swerse, {ingers, misssr, shjestiss, opiniss. right, spive.

a1 Baxver
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o il SMIIE TARAIP e R EIESE P
XE—HXEES, 1 CBT £, Xh#iEESRIERSSHFIELIER S
MERNBA RS ETERS, BIRERK, HE 87 Fk.

1111 ARM 18 18 # & ( #% 6 )
0N LR Rt ¥, 8088 SR D 8BS
1§ 88 W48 ) i &, = 500 i
I EER Tl i MR8 LA 26.5% , B
111 #hiFARE 7% 38.3% ,

111 M 128 318 iR, BF M R W9 7 25 SHc BBE TIE Ml , WEeE M0 bR .
I I e WS . 129 #HEE MO LA % 78.1 ., BE mT 118 ;72 ,

I 2 8 ( $/RE B ) Bll , 20135 B 1995%F A ME BH AW B8 7 0 — =
I — % B, BN BE e M ME S 2 AN e "N,

IIL A A (B8R " X, X MR X M H BN RE KN U 0 BE Es

10 11 &4 WEs B b Heh B W HE ®0 BEE 08 5 B 8§k
1L 1 ARG "B "X, AZ M A & A 5% BE BN 38

Hil , EE SRE BT E 20135 ) BF — X B8 L,
BN £f 8% FF 09 %8 .,

B S%F LA 29.68% , H 1997F LR &9 B K BE
1996%F LiR M @& X &

E
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e Stanford #9 SQUAD T KZREIEE ©

SQUAD RHMBERATMAIRNTERERMESE. AANERBAAERBASN
FRinE. ABEZELUWkKi XERE, BE7ARS. BA. BUESHARNIRS.
HIEEE S 500 ZRXE (£ 1000 X EFMNIER, RIEHESHZ), BE
500 ZRXERM T 2 HENNERE, BXEREHITIERE, & 10 BNEE (B0
EEE 5 ML LERYERR ),

BYOBRFEH 3 UINEERTINE, BEPE—UINEIERZROMNEE, &
MAREE RAFEEE—MUREENRD. WE ZUREENSREESN Human
Predict, B8 —. =fUREEMZBEZRF Ground Truth, LUEIXIEZ 4 Ground
Truth SKEEEIREIRE . BESMiREERECINESKIED), FE2XWERXPINE.



Tesla was offered the task of completely redesigning the Edison
Company's direct current generators. In 1885, he said that he
could redesign Edison's inefficient mator and generatars, making
an improvement in bath service and economy. According to
Tesla, Edison remarked, “There's fifty thousand dellas in it for
you—if you can do it":54-57 :64 This has been noted as an odd
statement from an Edison whose company was stingy with pay
and who did not have that sort of cash on hand, After months of
work, Tesla fulfilied the task and inquired about payment. Edison,
saying that he was only joking, replied, “Tesla, you don't
understand our American humor.":é4 Instead, Edison offered a
US$10 a week ralse over Tesla's USS$18 per week salary; Tesla
refused the offer and immediately resigned
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How much did Edison offer Tesla to redesign a motor
and generators?

Ground Truth Answers: fifty thousand dollars filfty
thousandidollars ffty thousand dollars

What did Edison offer Tesla after completing the
project?

Ground Truth Answers: $10 a week raise a US$10a
week raise a US$10 a week raise over Tesla's US$18
per week salary

how long did Tesla spend redesigning the motor and
generators?
Ground Truth Answers: months months months

!
How much did Tesia say Edison offered him to redesign
his motor and generators?
Ground Truth Answers: fifty thousand dollars fifty
thousand dollars fifty thousand dollars

ZEIBE—SELES I RFARMEFLEXTE, T SQUAD iJ Leadeboard £A~
Wi FHERIE B —RIBRIFT benchmark, & 1EBRI (2017 6 B), RIFNAIE
BEIREEBIY 84 W F1 B, B5—IEMNRE, Standford EiELIZEIEER, EF%
%t Lexical S TR A RMIE T Baseline (%FE Word/POS/Dependency..), {E
NESREEREFNLEREN, BEIfHREHET ATIFU Acc (FE1R, HEEE(0)

AR,

Rank Model EM F1
1 r-net (ensemble) 76.922 B4.006
Microsoft Research Asia
http: /aka.ms/met
2 MEMEN (ensemble) 75.37 82.658
Eigen Technology & Zhejiang University
3 ReasoNet (ensemble) 75.034 B2.552
MSR Redmaond
4 r-net (single model) 74.614 82.458
Microsoft Research Asia
http:/aka.ms/met
Mnemonic Reader (ensemble) 73.754 81.863

5

NUDT & Fudan University

https:/arxiv.org/abs/1705.02798
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JUFPABES SQUAD RIRELERS] LA 92U AI4EH
(1) Embedding B: SRXFNERAPANEICHRET AR ERT.
(2) Encoding E: F RNN XRXFEREHI TR, FIEEMAES L TNE

Zm /3

XA

=
TN O

il

(3) Interaction B: AFHEIROBAEREXZBIIRZERE, FHHRE T EE
XASBH query—aware FIRXER .

(4) Answer B: &F query—aware RN RS EFIUNEZFF GRS .

stort=57 ---+ end=57

——= Information flow \/

==+ Optional 4 Answer Layer

I

Interaction-Layer |

i

Encoder (e.g., RNN) i 5 Encoder (e.g., RNN) ]
f 2 t

—

Word-Embedder |~ | Word-Embedder |
—BLUESTD25T L™ =T 88588858387
O=E " 5§52 £°0% X=lgog Pogop L

= - o E&=£ T c o2
@ 20U = 5 £ T
E E 5 o] o O
£ = =
™ 4

E78, SQUAD MUERSMBELLZAINTIES ., ERABHIREE R, HESEE
K. HEREES. MANORBESS, RNBERITFELNLSTR, RAE
REBDHEL GRS, BREBHAFEENLR, RYER—MEY, BEEIIBE
EREIS SQUAD LeaderBoard LiEAIEESRIE— L EIRAIN A

JI230
EHTF SQUAD KN EEiFEHEEY
e Match—LSTM with AnswerPointer [/
Match—-LSTMwith Answer Pointer {2228 E% F SQUAD LeaderBoard f9
BE, (EEIRE T RS match—Istm 1 pointer—network HIL2SRIEIESR, FEith
WEREXTIERES . EFHIBoundary Model BT RIUNERFIAFIERUE,
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WA AE/ N TIRRERMZT(E), FEENTUNIZSE TEK.
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Pointer Layer

:
el wdetsd

g Veldd g

& ] o) o] -

S 0
Why why  did Tesla ?
[l',l Sequence Model {b) Boundary Model

REFEOE=18:

(1) BB LSTM 2357 question 1 passage #17 encoding;

(2) A match-LSTM I question #1 passage # 1T match, XE¥ question
L premise, &

passage H1# hypothesis, FiR/#EHRY word—by-word attention 15 %l atten—
tion @M=, ZAEXT question FIRESEFITINN, FEEIR passage BIfREH i
THE, BRI FNEE, AERAZILSTM;

(3) M pointer net M passage #1%E# tokens fE & X, ©3F Sequence
Model 1 Boundary Model, Ef Sequence Model 27E passage LR A ELE
89 word ¥E answer; BoundaryModel REEE passage fUiCiaf B0 1L &

ELERY words {EA answer,

e Bidirectional AttentionFlow ©

BIDAF 18 &l 55 K #1945 &= 2 7E interaction ESIANT WEEFEDNE, HE
Query2Context 1 Context2Query BT =ET], FEFIFEIIITE query—aware
AR R
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Start End Query2Context

[
"

\\ —

Output Layer

i
: D- .

-D.
{M.l.

e

It

=
FESS]
5

S | . Context2Query
o s —— FRHRHE]
o W 1 o w|ow |iHEEEET,
et " E' ;' g e S
Wt | = = = o [::I I__:l B hT
S| @ o R T
X, X X
= : e

RV TLANRIRE R :

(1) Character Embedding Layer 3 char—CNN & word BRETE [E E 4 EHY
ME=38);

(2) Word Embedding Layer {& A (pre-trained) word embedding % word
BRE 2 E E4EE RV A E25(8);

(3) Contextual Embedding Layer $5_EERIZIAYFE word vector HHz, G
A LSTM FhiffT context embedding;

(4) Attention Flow Layer % passage embedding #01 question embedding
%5 &, 1F F Context—to—query Attention #1 Query—to—contextAttention 15 £l
word—by—word attention;

(5) Modeling Layer % £ —E#9%i £ {8 bi-directional RNN B9#I N, 185
Modeling £558 M;

(6) Output Layer A M 5 2£18% passage BNiCtaf &2, ARFEAMBAN
bi—directional LSTM 8% M2, B{#H M2 5215 % passage F9p IE L EERN
answer,

e FastQAExt ™
FastQAExt R AN RAETFERARERIIMELED, TiH AL embedding
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EBIINT BB RAGIHFLE:

(1) XEHRESELIE @S, 2—1 binary £HiE.

(2) EF “BAPRENRERXHROEI, WXEMAEIEZINEKR" AR
B, R T —1 weighted £,

end =57 5
start= 57 z =
o
e g
<
o100 — 09— ]
- [ - [ — ~ = mn o—
G=E-"—"E§_g"§a§1£ xz-iaﬁmﬂ—ﬂ‘gmgﬁsﬁnﬁzrg%
= 2 g £ i € o o
£ E = 2 5§ 5
3 o =
3

2 MRITRHERIS INE S FAREUZFIRM 7 /B0ANR, G INIREE ISR
&, Bk E, FastQAExt AT =PERDEM:

(1) Embedding &: word #1 char #fh embedding, B#E EiART 2 #5eit
FHEERBINGE

(2) Encoding B: iICRRXFE 2 ER T

(3) Answer &: HEOEXN2ET, B query—aware JR X FR MO 2 R =
HEBAFD RN E - EE RS RV ERER,

e r—net 10

r—net 2 BBHIfE SQUAD LeaderBoard EHFRAGHIRE, r—net R 2fF

AT W interaction EZ24,
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P(Begin) P(End)

Answer Prediction

Question & Passage Encoding

Word

Question Passage

r-net BLAF =8B ER :

1) Encoding &: &M word #1 char ## Embedding {fE#IN .

) Question—Passage Matching B : SaSisiE R ol Bz EER.

) Passage Self-Matching B: AEBIEEXASPZEZ BIIXERER.

) Answer £ %7 match-Istm & pointer network A9/2 B RN =AY
FafnERNE, FHERIERTR LA attention—pooling SRERY pointer network #9

DI

(

(2
(3
(4

ArSSizm= FRIBEE S 5CRE

B EIRNMETLIESR, ESE SQUAD HURERWISRFIIEMRICEEF AR

STHEIERAIEK, HRANERMEE—ERKEN wiki AEFEHTINRIEZ, 7AMm
MENENLFERUSHRSZELREER. ERNEER (USHETOFR
EREZ) ISEXEEXERFREENEE, Eit SQUAD HURER EAXE
AR BE Rz AT AL E A 7 =0
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R RIER AN ARISR S HRTD, BFERAIAEIN, FAELL
NIV EH T T IRERFISL

o PXEEEAILE

AT EERAERRAFENWSER, RE-—TeRENISHIEEZL AT D
A9, AMATIRERIRAR S, RIEIVSHEIREEZ, SEGATREIREHITE
BFA. MERAFNPXEEERANRS, TJLIBIHERFEFH N REEEF X
RS, MFEINERBTRIETECRAENLETNER, HeEBUS—EMl%
WR .

o ARSI

HEHREREIRTT, EIERATLSTRB AN AEEIAEAN . BEMNX
HEAESRENNEED, MA/IMIRMMENERRENE, BXLSENRES
HEE—REMEMAZINES, FRIBRETIZAINER

o IREIHIEIL

FARMRFIRE—RRERAEZY, MIWFHIPHTIIMENER, TEE
RSB EREREL R, [EM—LEXEREL, FERENR T ET=ENIER
T, REJeSRt& EFmltEse. AlanayLABAIREL FRYIEM bi-Istm 4514,

o ZIRERIRE S

LRIX LRAERZAENEH] end—to—end f&RE, HIUMAYET =M AR IMERIE,
PERATUSHRMNE, SEEERREZIRLSERRIATHE, KEE-ERE

EFTE R EFE R

==
I*_‘lélzI

MR HIEERE S T BAES AR — A NES . 1Bk, SERIER
MEIREUR T ZBEARSS, TTEHEES SQUAD #IEEMNREEIETIRIENARES,
XURBRIAREAARFIEREER. DHKIR, WTRR wiki EEYFNREESER
SEEBIFRIER, B TEReIKIR T EERA AN .

FAFRNBEM TR LR SBESBREFEEXRNNE, WENEEZEX
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HEFRREMETN=E, £8E REMIGELEHTRREMINE, AREES
MESLME =T, AP RBRERE ZIN RS IR RO TR E NENAVERERSS .

SE

(1]

=9

!

=

R

Weston et al. 2015. Towards Al-Complete Question Answering: A Set ofPrerequi—
site Toy Tasks

Richardson et al. 2013. MCTest: A Challenge Dataset for theOpen—DomainMa—
chine Comprehension of Text

Hermann et al. 2015. Teaching Machines to Read and Comprehend

Hill et al. 2015. The Goldilocks Principle: Reading Children's Books withExplicit
Memory Representations

http://hfl.iflytek.com/chinese-rc/

Rajpurkar et al. 2016. SQUAD: 100,000+ Questions for Machine Comprehensionof
Text

Wang et al. 2016. Machine Comprehension Using Match—-LSTM and Answer
Pointer

Seo et al. 2016. Bidirectional Attention Flow for Machine Comprehension
Weissenborn et al. 2017. Making Neural QA as Simple as Possible but notSimpler

[10] Wang et al. 2017. Gated Self-Matching Networks for Reading Comprehensionand

Question Answering
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| FIEEEERAFEH CTR &z 0&EE MLR

(QESSEYEISENEIIN

— BEARE=

CTR (Click—= Through-Rate) Bl =HiBId R, SEEM SEBANIANE, 1§
METS(BRTES/XFI&/X@BES/HSET &/ &%) WREHE
BE, Bz SMEERERHBRUT SNRIE., REFRME (Click-Through
Rate Prediction) REBMERMA (/& #EF. #EF ) NOEX0@M, B5F
Google. Facebook Zll 5 E IIHX el —EHITERFESR N R

CTR MUAREBMITE SHNXREART, MHERTEREZNA S &
BN [EWEN CTR bR, HIGHSESEBHUSETE PR RILAIH
E—— WIS IMEEIERINE, R ESHE T,

—. CTR FaFZIA R iHE

21 &% CTR UEERARE

WREFH CTR FfERR AR XEMEE LR(logistic regression, 1ZiEH%
B3 )+ ATHMETRE. LR FEAT Logit THLEGREEMRETEI 0~1 X(8], BT
REHEMRS CTR IEE. LR XMEERIUREZFHTHE, LB EZFIIGHER
REE, BXMEENARE, BASRMEENFIRENER, HFESIAKENM
TAMRR A DRI EHE AR FHE 2 B R B & skiEEih e 8 A E & R S 88,
EEEEADFNEZRR, IBERABRIT.

B9, BRIFBE—LNRAENIFLMERERITRIR LR, HRITREEHE
BSRENR, BXUEBHR SR/ OEFE—LARR. Ll Kernel 5%, FASH
EXSMAZEI; thal Tree based /5i%, XM2H Facebook HIATE 2014 F&
SRR, BRAAT LR EEHEAESDR, BREMEMASIIHEITANNC
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12, BRZYET M; &8 FM (factorization machine) {88!, geEmHFIZMEMEH
RE, FTRBEATINASBEERMEIR, B FM EE R S5 EN R TR
X, MERFEA 2 I FM REEUSFHEZ BNEMR R TIRKA R, IREMRENEIE
LM GRENESRE, BEX SXFNAME T RFEREIE, EEEEME.
BEET MRIREBER I FIRATERRSD, THEEMEIRIIiERK L%, XEH
AU AR R IAIR K

BRAHEKR T , dMERIH EEMAIUREEPIZIE L BAHr HaYIE&El?

2.2 MEEBEEHE MLR &ix

2011-2012 FHi[8), [WELBRATHRER (EREH) /KT ERAIMNEL
MERAYERR, GIFTEIRE T MLR(mixed logistic regression, ;R &2 (8 Hr (0]
13) &%, slWT M EME CTR MtEZHN2H A%k, MLR BiEEIFIBIR LI
TEERRRTEFIFHEZENIFEMXR, ETFHERMAETE RN, 18
EEF ARSI IE EIYE 7 KIEET .

MLR STLABMENS LR I—1 B2, BXAOoMAaziNER, B R&M
MRk BETERIFEE D EE, BRI

ST Te

m m eHi'® 1
fl@) =3 m@) - m@) =
i=1 i=1
XEMBSHS R m I URFibFERUNIUES SN, Zm=18
MLR BB AZBRY LR, m BRI SEE DR, BRRESEHMIER m &
MBI, BENARIIGHEABEIBK, RISEiRN A m FERELRIEREH
ITIERE. BN, EEMNNZSRS, m—RIEEHR 12, TEHF MR EEB 40 kR
oI LASEEMI S B EE RIS DK E
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MREE

MLR EiZxE&a T T ENAMERGREEZ =, & CTRME. B&
AICE AR N7 E :

1) WmEIRAVIFELMEES . MEEIRBIZREETERAIFAIMRN, 857X
BNATHERIT, XS MLR BETLinEintbSemilds, £AREmRPER
N FRAFEE.

2) Bt : MLR B2 &S5 N7 L1 0 L2,1 SB40EN, STLMEERE)IZEkR
MREEERSIRRE, BENZIFELTUUMEREETF . S, XBWEEIIN
KRR T EXRAIPEEL, BAEHSIENMNEX (DXEES).

NsHE

2.3 MLR ExERiHE

RN ENAYT, MEESBEEEDRNE—SRKRET MLR 8iZ1ZME
Tt TEQAE:

1) 55K, EFWER%N, RIFMRETEYS SEEUSERIIRE
FHIELE . BlaNFsEER SIRIEERAIsEIR . Ll user FE=ERS . Ll ad 45
IENEMNE . BEMKXEFEANRNARR: FRIABEGERESE, B—3XRA
BN EERMUNRE, PINSERARERRESZTRMN &, SE%NEHMT

HEERYE NEEEINRESTE, KHEES.
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g = (21,22), z1€ R", 2,6 R?, € Rt

f@:0) =) mi(z1) -mi(wa) «——— Sk R/EN

j=1
_ i exp(p; * x1) . 1
J=1 Z:n:l exp(p * x1)| (1 + exp(—w; * z2)
X1: RKEKSH X2: HESH
PRE 2 AIHG X 4 HR5E 2 [ A AT T

2) BMERE . XM T —MRFH5IERR CTR FfbE A bias £
E, MNE. RFEMNF. LRNAPHNTME bias FRAIER, RKIET 4% 9
RPM #2Ft38R .

T = (z1,22), &€ RM, z, € R®, e RN
f(z:0) = (Z (1) -’rjj(:;:l)) ()
Jj=1
B (i exp(p;ey) 1 ) 1
i=1

— > iy exp(pir) i exp(—w;z,) 1+ exp(—w,)

¥" Position bias

HEL2EI PSSR, nHERRTFEER
¥v" Sample bias

pcfimobile LIIHF A, HErFERATFEER

3) RELEK. MIRXFESLREBEEMEEAKSIINE, XBEREMTF
wide&deep learning., FEEIMISLEKELH, —L58 feature BeE M REMELHED
FIRSREAINENM . FIINEBNNESES: URITRIGERSTEEEE—ZRE,
EREL (A TFESRY FBCtr) REXEIE “RAMERIER D FHEARPE, XIFLEE
B FREEFAEAIR
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ctr = f(x;0)
. = (Z mi(xy) - '-"-'J(:L'l)) - 1)(x2)

=1
= fi-

2 / ‘\xl ! 1 + exp(—wzs)

FBCHr ID 451 =3 1
1 + exp(—w |log(f2))

~ - (h)"
Consmose = i+ (FBOH)"

xa = log(f2) = log(FBCtr)

CTR

3t iind

4) B4, LHIEBE, MLR BUULERERIETT pretrain, ARBIEEHTS
FE2HIMiE, 23k EHIRIET . RIS &) &z, LA R W aHT
EHE N, WHENRE., ERAIALIRMAT, EBE)IETHR RPM EBEIAE T
3%

r = (331,152), T = Rdl,:fjg c Rdg,iﬂ = R(I1+r.’.g
Step 1: 4L TS

f(z;6,) = Zi’fj(i'l) nj(xe) ZEH 55/ 1E N

g=1
N f: exp(p; * 1) 1
B =1 Z:L exp(p; * x1)| |1 + exp(—w; * 29

Step 2: LA O R WMETES % () 5 B ALUIS

fa:6,) = Z% -mi(x) [0, maeien b,
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2.4 KMESHIUEH
MLR EiZEBNE T WRNERE, GIUZRE, BL2RSH, TIORER,
FEFHMRIT T —ESMIRY, USHFRENSIGH 7%, TERREREE,
TIRESHI parameter server BB XS], EERAFRETHENEE—1MDHR
T = LEEZE T worker # server MMAEE, MARHE server BIRFIE T AEB
., XEENEEERSFASI TSN CPU MINE, NMRIERAWTENER
MAE,

Server, | ||| Server, Server, ||| [ Server, | [ Server, | | Server, |
il’ull(weigh[} ?Push(grad}
Worker, Worker, Worker, { ‘\?\!ﬂrker1 | [ Wﬂi‘kﬁl‘z | ‘ Workernl |
SR N
- Dal.n.
A) Distributed Topology B) model-parallelism and data-parallelism

ok, ERMEL T SR PEIRNERLEE, NIRRT T common
feature A9 trick, TTUAKIBEEMEFEATRE. IMRERIIZ, AIINTETRE, BT
&R, KRR TBRPE—RZASEBIZR SR, M—RXZAXTAEA
AORERESHEHE (k. M3, FEXRLBINGASEITH) BRI, @i common
feature 548, HAWXLEHFEARTEEZME XAANESEL, HREABIER
5I5HXE; mIIGEBFXEDFAEBRIFETE IR, EXEFLNAE common
feature trick E1SFKAIAIE 1/3 B IRBFEIRE T 12 EA9I0E.
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Ul Al Ul Al

Ul A2 A2

Ul A3 A3
»

=. MLR 7=fUE434341 55 M FAIIA

M 2013 Fig, MLR B ZEMEBERIEEFAZ 1 BUNERG = (BEN
BEEEEED & BFEE. MBS BEEREE) WANRIEN A=
i, THEENEBEMNEEERD Sihs, FBEARELIFTHRT WS EMEXRR
i, E2H=THI CTR 1 RPM 133%15 20% LA ERYRT. HEAUWAIT .

3.1 EF MLR 9@ & CTR FiftEx

EF MLR BZMIEEMF 6, EBEMNER & CTR EXRAT XM
BRE D FHE +MLR Bi9528 ., Bk, HNZBE—X SRIAKIEEE, ©
=8Bz /R . AP ERS 4T (BFE userid. profile 582, BREEE¥A L
HIPSEAT/ORHE CRIES / WSEITIE I / [555 / 268 LAY id TSRS ). [ SEBD AL
(83% adid. campainid. [ SXRAIERER id. KB id %), HRIDHE (LFE
B, UE. RREM%), XLEFAEZELERNZNES, H#EE21CER. AR
HIBHIEEEIRS MLR 8%, FENATEMWSR. pretraint B2k, %
MRESSRRIY, IHRENHIERENESETINSHE, LHIER, BT ES
B LR+ SFAE TR, XM EENSIFNNH, REBEES, ELRESFH
CIpeS =202

3.2 EF MLR B9%EM@I % Learning to Match &ix
Match EE2ER SHHN—1MEENRT, ez O EsERETRFRHIADR
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. PRITHEEERBUBFIREKEN 558, £4%8 Match BIZE S X
FANEMNTE. hEIRESE, BIENT BIERE, ENEBEEQ SR%
th, FMNALTETFT MLR 89 learning to match &iXESR, EEEKiE, BERHS
EEFAFNITARERFIARMMELRIXE, NTEESEXMERRIE S5,
EfiE, BEF MLR BIZMIELMRED, KNTURS S ARRFHER. RS
RRARIERT, FAEEBUSHAFINRIHEENRNAS, FEERNIFEAKX
1238,

M. Sk

SRR, PIERBIBEAR AR EECIFH MLR AL, 7EfEE5EI
SHACEME FMNATRTIFBFINR, 2IMEREIESENE, RAEEST
T, B8 7 NEEENIINANEB8mINEE.

SARERBIS TIFERENNS, BERKAPEEE AN, tLiniERR. IED
AN SERE. BAMLRLE LR F, BRMEMERB&EMELEESE; £,
AHMER Pre—train HEZZNHMM KRB RHES; £=, BRHRLENDTE
HEEEBEULESIFENEUE, IIRBERNNSE ZFSE; &F, BRI MLR
BIERVMREE BT R —LE5EE L,

XF MLR EiEMNFARAM T, SFREBE. HUEE. KIEHTESWEE
MEZE, BHAME arxiv ERISRFTXE (https://arxiv.org/abs/1704.05194) {77
WEE (. 16X h AT EEMEER LS-PLM: Large Scale Piecewise Linear Model
kB MLR &% ),
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| FTEENE—F 2500 {2:XER, &8 251235

S mE mE

R &N 28 81%E (Neural Machine Translation, NMT) #2848 2013 &£E%
AREREIRLE, AARRERRE, BRIERLEMMZRT, BNREEZETLL
REATEIRAIKE,

PIEEEHFIBAE 2016 & 10 BiREXFIEEEH A NMT &EE, 2016 F 11 8
B NMT REpi RN AR E BB IH R TIMEFENFRFH IS 7 A8
AUpkSR, ERFERER 7 KIBERT.

- FEIES—— 2017l EEm

FEEmsERSREem: 250007%/ 8 AT e\ =21510+ dbssis
om0 12N EXARL Y
o iﬁﬂ! ¥ i@%ﬁ AlExpress n..r{;%
. - $ e [ ] =] LAZADA PR
2500 g T LT SAefos T esion

EiZEmAliExpressE RIS 02 + Ememy

2500 KR , MBHAgoogleRIB2SLER mizzizaiivabacome30%ae

e ans RRESHIIEE , CMVEIHEAEE100%
Frmas REREEAE SRR AT BRI

&£ 2 Annaba com

B2, BF NMT RENELEZ, BEREMRENEEBEAZIIFIE—MRNY
LW RRREMITE, FEit NMT REEEFERKAVIIIZEES, a0, £ 3000
FRWISGHIRESR R GPU * E—RFEEI% 20 KUL L, AREEE— 0L T A
&RE,

EF ERE@, 2017 F2 B FFiE, FREEFFIFIE = Large Scale
Learning EBHEIAE(E, EEFASIFSMIVIIGH NMT RE, #FF 2017 F3
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B T E— TR DI NMT &5,

IE R

£2017 F 4 BomREBREFEFRENEIMES, 2 NMT REXKIES
TINEIRE, EREIZETEM 20 RE4E1EET 4 X, AIMEBERERFEATE S
RS ITEIRA

A E-REET B SO
. I I I
pllipES=d

e EHEF maAlafT wmafllsft msillieR

E—. FRREELA, 5 100 FillgEk S sginikLy
£ 4 58 GPU ® £, ILUAZ! 3 5L ERYIZEINNEEE, £ 8 5k GPU +1, TJLL
XE 5 ELLERUENEEL, £ 16 3K GPU L&, TJLUXE) 9 FLL ERIMETNERLL,
BIIARETRIN GPU <41, WSNERE IR SR EIRTT
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BIng R s 2l

—_—

=2}l (Mudel Averags]

i

12 3 4 5 B T B D 101112 4% 1415 36 17 18 19 20 21 23 33 14 15 26 PF 26 19 30 3% 3D 33 34 35 36 37 I8 30 4D 41 47 43 A4 45

B &3 2000 HillgrsE £, FIA 21 4 R#TO ARG ST

4B R ICEInE

35

3 L
25 |
7 |
1.5
1 F
05
]

24la

Baseline mAllReduce SGD m Downpour SGD m Model Average m BMUF

B=: SMHHhIUREAIINERR L

BRTEFMANSHRALY, HEEARSHTHEMBZHMOHBALNA L, BE
FIET AEREAINNERER, 8% Downpour SGD. AllReduce SGD LAKRERT
BMUF(Blockwise Model-Update Filtering, —#%+%F Model Average 75 &R920#H
%) KEEHI Model Average i
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SSAE

XF2NBROHBAHERITIC

e data parallel #IEF17

ETF data parallel 9@ SGD &%, BIMfERAZA worker HIREA4™ batch AIit
B2, BB GPU (worker) L FEZEMEIEIAR., Tensorflow AT PS
ERT U EZBATSIILE X, WENREL SGD EE8XRERIMDHN=1"LE, &
55, NBHUIRS B HICEELSH pull BIAM, ERFMIVERSEITE AR mini-
batch W E, &REBEBITELNEE push FI2HRSES . SRS EFZWEFR
B workers BB E, BHE—GEERRISH,

Ritb, £ pstEZET, EF SGD EERDIEEE transfer data = 2 * num_
of_gpus * size_of_whole_model, @BIXHEEFIA/NFI— mini-batch 1+ERT[E
AOREfE, RIMERLNAEENBERT, HTF PCle B RES (~10GB/s), TTLIIkE
IR 2 EROnELL, BRENFBTERT, TEBERNA 1:1, mEENEHAIE
Z, MERETRINE, RMEBERERE.

o, BENKEEL SCD BiEMEZRM, TENEFRSRENEF, HiH
R THEXAISSRER.

e hybrid parallel [E&F17

REFHTI LIBT RS HNFERE, FASHIRRYE, BOSHinE
52, WlFSRHITINER. —RERT, ERTHERERIIZE, EXFHRIRIIK
REEN, REFHTILRIEIEITIEES, Ra2BNItEBEL, HMNXERZA
hybrid parallels LL AlexNet Zf3kiR, ] LUEREIER S AL ERE EFIGIREMRER
7, MTIXIFEANERD 29 5 o it EIEELL .

SEERITEBRERIIE, XV RYE, MERENTEREIRS, B8R
HUEFF1T, AUk hybrid parallel BB E2: £ workers FEREIEHITHNAITE
HIE, MRAF " worker (kD= workers) itE2EEE, LIASREMNTE
BiEtt, BEREMNEERRPERE—MURR/NRY feature map FEBE(E.

BITX NMT gIER AN R T profiling, KIMNEHEZ IS IISHAIMEE
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AKX, iItES=HHEYE, AMETEBENTN S, SESEZEEIEBR feature map B
X, FHREEHEHE hybrid parallel B350,

o DS RAE—LRER

EFLUENDT, HMWDERAREHTTH-PHIRR. A TERXEERNRE
SHES LT B, B1%ET Model average. BMUF. downpour 9% A
L. Model average (MA) AiERFERENEIEF T, ERITESHME. — B
SEYUBEIRELIKRET, MXEZLZHERTLLLL step EZE epoch HEAIRK
BHl, —RERT, BEFHE/LFIUREAT, NMRELEITEMELL; —.
batch size RIA/NETLAFIEEH] baseline (RIF—2, EF#HIEFHITHEL SCD, BE
NTRIFHEBELEMELLIEX batch size, SHIBERK.

B2, MA A, BMUF BIEUREFREEFHA downpour 731, SHESHY
ERFER, TENSHRE, SWURENRSERERANENG, 1TEIERILAE
EHAERERSILELLANRES . TXENENEMARIVEENBNERET.

ETF Model Average FFiEHI9HRINGEH R

o DRI

Model Average 75i%, BIE worker =l &ABAVIER, £4 GPU (8]
BIIEE (a7 ) ASRESKEE MERAIYE, FFLAUE LRI EAERE .

ETF Tensorflow A9 Model Average &1+ FE%/9 graph 18250525 run a5 .

1. 8%, BFB D worker TEESBMNHERNHTRKE, FIUFEEED
worker 73 3#17449% forward—backward FE&l, X—#2HFERE LEFRALE
AUBTRE R, WEHIFRE, 81 worker EMIZEBMIAY op F1 variable,

2. HIR, EE ps LHIP—DEEEN, H9E Reduce Average B9FE,
X—#HrNFERE LEHAREENELEERT.

3. AfE, BEME broadcast WFE, X—HoHFEE LEFBESNZERE
o (XEBHRHTFZEW, EEFIREELSEPI broadcast {k#fiX K, ps B variable 1
0 variable 2 #&BRZF worker 1 1 worker 2 9 variable 1 # variable 2 37k
FEHR)
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4. TR ERKIR ARG, HNIFZEEI client B3 Model Average BIHNH
AR RFEZBIES session run BIRFRIEES N FERKENT TR FXE,
TEMNFEFTESLE run, MET —ERHEREFREX run FEHFEMNES
A9 E BPT]52hE Model Average BINLH .

LI £, SJUARE worker TR PRE FEIRIEE, Efh worker 47 join 1K
o HIBTTHY, B worker 2IRIBEIPIVUKER A RIRENERK

e - e

Formard g o ke e 00 edece g cesca s o
wlgrach A a8 by g C
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o BSREE

LIS MRS SENEF baseline 2H—HBER T, NSHELKF
STLIMEE], FENESSUAEENREEEN, MRERRRAR 1.5, B
S, HEM, MA BIEFEXITEZ worker FIBEEUISE, EHESFIEE M)LK
FEARITHE RIS ERIRAGE R RRAT 1/num_of_gpus, KAHEE T SFRAIMNIE.
Ritb, MA shEIAR#EIIZR learning rate (Ir) RiZEE AR baseline Ir B9 num_of

gpus &,

o STl

=w=single cardea: 120

= sl e 1 H) brmd )

el sverage{beAB)
el mrage (e 200

] e rige{2e 320, e d 0

t 2 3 45 B 7 B 0 W M LI 8 M X M M I M M 2 33 B M X 2% F OB MW 0 I I 3 W w37

Hrh bs F7x batch size, Ir &% learning rate, #EALFREIIZRATE], AR
TKEEERES.

& BMUF 5i£3%) Model Average 75 i 1728

o HEMEIA

EEREIA Model Average BiEEM+. FU+. /\* EHRKETRSAINNR
tE, EAREAITT RAERES, FEREVIZZADET Ir #HTEEE, 28Mm Ir fIK/N—
EE—NEEAVEE, FAAELRAVER, EEVISHMNES, XM naive MA &
WFMEELENERME .

BMUF (Blockwise Model-Update Filtering) & Model average (naive MA)
N—MEE, EE2NXFISSINTEENHEE. MA BEZENTEESXEL
Bf, #BETE workers LAVRENESINFOFLY, E9 “block gradients”, AFEHS
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RS E LML BE2%L, M BMUF BY “block gradients” MIFEILbEMZ E, N7
SH—THLEE, BHLEBEINES block momentum rate,
BRESINT .

v is the learning rate.
€ is the momentum rate.

¢ is the block learning rate.
1 is the block momentum rate.

MA: — > mini—batch A& EIEY REEEA T AT 9.

1 ym(1 =) @

; 1 :
50, = ﬁqug(‘)m(l tenten+oten ) N I-e

BMUF: —> mini—batch AIGEIEN &ER IR AT :

50, = L1 —a™T)

¢ - be_HI)g(i)
N 1- €p b

N(1-n) 1—k

g A +n+n+..) ~

MAFTTUEL, MA FEA mini-batch RISRRAE average MEE#HR4E/NHIR
KHIN 22 1, MNRBREF baseline —HMEME, WHEEEAK Ir, M BMUF 18
b baseline BIZRREkEE 9

¢
N(1—n)

o FBSAVEE

EXMIARTLUIES BMUF JIE T EHSHEE, BMUF REEM2HE
1, —=& block learning rate (blr), LHB&—&8A 1.0, FIMAEEZ—H, —=2
block momentum rate (bmr), STLAUBITIEEE bmr 3 1-1/N, MAMRE Ir A%, S8I95%
HAEF0 baseline =, t5h, SINTHEMBER, RTTLIEAS Nesterov 731%, AL
BT SERI AR BV E T CAIRIA LR, B Tillgk, MimHEH—L IR 7 YEL,
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o SIGLER
w—rscivial_bimrd).75_bled_ied
—rria_ird
—celine b 1
3 2 3 4 5 & 7 8 % DULRDUBKITBEIY DN RBBMUMLEITHAESIWNDLNR
TEBAITREREIIGNSHIEEZ, BEBMTETRIIEEIREENSM (REE

AUfER, WEIHIZRIZTN baseline EEEEER ), ILITRREENEFRE. o
UEE MA 1 BMUF ERHLIO& LS LARISESERIINEEL, BMUF ROMUEET, &
LUBIZ AT bmr ATIE learning rate (Ir) S LURIFES BB A baseline —
2%, FAIrB— M RAEHAVCE, TEEEE GPU IS LREIER. BMUF /Y
WREEKR Ir AR A7 RIS R EBENAIL,

HTF Downpour SGD 5iEHISHRRIIER R

o HEMIA

1 MA #91811+251, Downpour SGD RIRITHEEEBSA, BEHE5S 9 graph 14
ENDH run WEBD . EXEFETEMNZ, Downpour SGD AiE2—# ASGD
HEEsHIgGAE, BHIE Apply gradients BRI EEZ S worker Z[8)EEH.

TEEARNE Downpour BIZEKTRZ.

1.4 ps E£AY model weights f12IE4 worker L.

2. 8> worker B KA model, TEKMBEISEF, NMEEITALE model

HITSHEN, FEBBERNZEISZ—AH variable PR
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3. HAME worker RIREI—EREH G, BAMFHENRIREERL apply £ ps
#9 model %4k,

XMARESLI E, FEES worker EBREF—H variable FRIFMEBER
HIRE, FETMERREEX optimizer #1TE XN, FTEARITEFEEE AdaDelta it
HEVET apply 218 SRR E_EZ BISE R MNEARREAT variable &, AR apply
EISE=E G

HXEERFE—NERXTRIEERER, EAE AdaDelta FISIlH, SLhrt
apply £ model ERIEBZBHEF delta EMNEPD, FUERM EBOEFEFX
L delta EHEEH X, ELIET, TFEEHFHH optimizer, LFZEIZEA apply
gradients BifgHY model weights tHiEEITT 1S H IEHEAIZER .

Downpour SGD &7 k—LHABIESE, XEFHMELE push gradients
pull weights BIE)F8E 2L, FAIFRZ 9 step. BFh, & push # pull #9 step iIT K,

SEHXHENREET KR, NRBITEREERIVEE apply £ weights _ERT]
eI NAN fUIER, EUCHEEX RIRBEM clipping #BE, FRLANSRIIBE#HTT
clipping 89 norm BEREE— 1 EIMIBSE .

o BSRVEE

BT ASGD HkME LM, SEIFASHEEREXFEL SGD BEAE, mME
Downpour SGD BUEBSERLERZ ., AT INRIIGEHNRE, BB epoch Y
EETE), AR T ELREHAT weak scaling B9/, BIE worker #MERE
KHY batch size.

BENHTE, RAEN batch size RETEIEREIR, BHIEENEH
EBIFINRRE, X2FEPF/N batch size 8L, FHAIFFHIBEAVSRR A K EIE
T, REENEZBEITINAK learning rate, B9, EEERHET, B4 worker it&
RIRIDEEEBE T RERL /0 stale BY gradients, iXLE gradients BIRT=AY A @ FHA—
ERift, Bk, BHRESRE.
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HEFAIAXX L RIRMBEIHLT clip, BPARTTAEHI NAN B9155R, FIF
MNEFEZBRBERFIEER clipping norm &, B2 clipping norm Eifi/)\, SEERHR
HIFSRVEIR, BEMNZIYRMEARLF, ©5 learning rate BNEASE—37 trade off,
&=a, BT push 0 pull BY step [BIfREAEIIAR, EATKE step 2SHITANER
FRE, WMRILETERR/NT clipping norm 3T 2B EHITEIE, IIAXIEERE
AN EEIT B H RN RIS E IR RE R . LI PHEIIRIMIX step B
HIRETE 20 LALLRIEE,

= EATIA, BAESMEXRBIRZ, EE push 1 pull Y step EIfRFEE, AR
KB batch size FiEZHEN learning rate, EHIFZEEN clipping norm HIA /N,
FEFIMRILEIRK.

o SLIGLER

Hrh bs &7 batch size, Ir ®7= learning rate, norm B RiREEEM clipping
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s K1E, fetch /9 downpour # push 1 pull FYEIfRE, BRI REFR=E,
EAFREIZRATE .

——baseineleard)_tenserflow
——downpow_irs_normS_bs_160_fenchd
—Onpour_Irs_norm3_bs_160_fetchll
e ey pour_F1_norm5_bs_160_fetchd
—gowmpour_F1_norm1_bs160_ferch2d

9 1 2 3 &4 5 5 7 B % W 11 17 13 M4 5 15 17 18 1% 20 I

HTF Ring-allReduce SGD 5izf8HmilgEm =R

o HEMIA

EXERE, B2 SGD &EiEEIRIEREFE pull 240F push BEX KBS,
XEERI— push + pull BRI FENRSGFRKIR, FMNTF—IX allreduce 21E, &
SEMHETF 2 * nGPUs * model_size, & GPU TM#MI1E2%, allreduce A&
EEZRIERERRI .

e Ring—allReduce op

Allreduce R e BEEBERAAMMALT IE, EFHAMNTIEZZ—58 Ring
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Multiagent Bidirectionally-Coordinated Nets
for Learning to Play StarCraft Combat Games

Peng Peng!, Quan Yuan', Ying Wen®, Yaodong Yang®, Zhenkun Tang', Haitso Long', Jun Wang'
T Alibaba Group, 'University College London

Abstract

Real-world anificial intelligence (Al) applications often require multiple agents
to work in a collaborative effort, Efficient learning for intra-agent communication
and coordination is an indispensable step towards general Al In this paper, we take
StarCrafi combat game as the test scenario, where the task is to coordinate multiple
ansnts ag o team tn dafaat their sapmise T maintsin o gealahls ver affantive
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CLOSE HiF&i%, FEtaes8E, RERPAFRE

EXZEGHREEFRUEZNER, RMHARSSIETNE I EREEE
IS EITE. HIF——SERFEREEMTIRE XS HE R BS54
REHELUXDIFTNER; £FHEHIFRRER. ETXFNEER, 18XEE
TSR K EHIFE A% Cascade model in a Large—scale OperationalEcom-

Hp

=

merce Search application (CLOES),
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CLOES £ZXRAT—MEFMMEMN cascade learning 771%, BHIFHD HZ
RItE; BHFRNRM CPUMTESFEANKER, —E2ZHFRE, FR
o BRTEEMESHE, BEEERETRFNERAR, RIEBFAERNELT—D
query f[EEBRETEIRFIRTEINISRIEBRIREIZER . &fa CLOES BEETEBHZHRMN
1okt RIET Z BN E5TEE,

T tRE SWRRIHEF

(Query-Dependent Trade Off Between Effectiveness and Efficiency)

ENEEZNHP NS EAFEZFE— I HIFE RN, BAKNER
A IERZ cascade learning, BIE—IKIEFIRD LS MBI ER (stage),
M EIEAER N EFNFAERTE—XEmES. BITE(IEER learning to rank &

E, FHFEEN— P ZoEEHE, AT I EmfIRER,.

xr = [0}, 212 43h
g=[0,1,0,0]
ke

— 1 for(a) =[]
False pq.;n:,l |)
Drop C? f{:2 (:I:) o II{l},-Tr{Z}]

Pq,x.2 2

Troe [ Accept

B, BFNC—1TEmRx(RFA—DKEBE ) £ Query q T, BEBIIHE
j > stage AYIEERT9, HAHPRTR sigmoid BE. BBA— 1B mEREERATIHER
BEBIIPA stage AR ZIR

p(y =1|q, X) = Pgx = H};l Pgx,j
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BAIBIIRAMIAEITT EIUEGHAR, AR log IARFRTRIRKEE, LR
MAIRRREOTLRT I L_1. L1 XEREHFR &R

N
Lw) ==Y~ yilog@) + (1 -y log(1 —po)| + alwll,
SR TFT AR, BBV I, 430l lwl|, RN, — A8
MEBE, 5 TAERBA LA S ) illcondition [
i FASRR AR, RATRT AR, MR R ARXIEIS, BIERIIEEER
S5 A Rt ) L Bk RATTAT R CPU (A IHE TR stage T OIEABINFEL
Fl: t(w) = E}-zu E[Count;] * tj;4. Erl:'iE[Cm"f'""*rj] = E?:i qu,rf,passjﬁﬂ__“ﬁ)f' stage i3t

FAIRE R EIE, povipass, = [Tfo1 P R H Gl x AEHEANSE j 4 stage FIBEE, ¢RFE
5§ 4 stage LMY feature #EAT— VOIS A R EER . ARA TR B — 8109 loss Ly, LBRT %
BEHEF AR, T AR

La(w) = =1(w) + a|lwl|; + ft(w)

LR, RATHE I R A A 5 5K BRK, R SR, (BHEIP 4 R R
HEFGREE, BRATHEA. 2

FP{FIE{REE (Multiple Factors of User Experience)

SN EREEA DIAMER, o] L EREEES 2R, BRIMAEFE 2 KA
A3 ERIER. —RXFRLE query (45502 hot query), TEETE latency RS
EES; —ERL query (—REKE query) F, REILBAFERER D, BBA
FTERRIX 2 DNalRR, Bl IH—EREN T 2 MNITR. B query FAY latency ABERB
100 (REZH, ~—E=Z 100) ms; REIEAFIEREAEE/NTF 200, BPATR
B2, FHISBEERZEM SVM AY loss AZ2:
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N
W = arg ial'z §i+L(w) st Countyp =N—§
i=1

LR A PR B BN Y query THY latency /hTF 100ms(N HI{H) A8 R, loss
9 0; KF 100ms Bf, loss &y Clatency-100) AILRFEMFH: (5145 RaA ML HR1T0 260 2
ey, AATEE, AT R EAREE. ENT REMHE, RIOMERA T — O blf %
modified logistic loss 3BT SVM loss, 7] ELIESH, % loss A1l hinge loss B2 JLF—8(f1, %54
VB — AN K By e

1
g'(z,N) = ];ln (1 +exp (y(N —2)))

Gk, WMNBETHAM2MEHZE, SAM BRI S R TFmE.
Ly(w) = =1(w) + a]lw]]s + fr(w)

N N
+6 z g (Cauntqi_;-, N,) +e Z g'(T, Latencyqi_;-)

i=1 i=1
HopN, R SR R S R P E b A R (Bl 2000, TIERAFHEMERK latency (FiN
100ms). i B ANMELy, BRAIBEEEAEA BA SRR T A B AR HE P A5 0, SCREEILAS
PR &R, o FIE

iz FaYZ B4R (Importance Factors of E-commerce Search)

ARG NEERRE HARAK: RIMKEOANRAS R, REEEH
R ER. A nRRIERE ERFAEMEZ)—HEE, dTRbFARE KT R
TRA, BARMNE/EET— CTR £54: ZERMNEM/IEHHNAZHK GMV B 2
AEEM. AERIAARARE. FAANHOEFALZRET ARMORE. EAEN, RN
Kok A R AT log (M), SdrMmREE, TREFREROLBRELE, 870 HEIE:

N
I(w) = - [Z{_l}': log(p;) + (1 —y;) log(1 — p;) [ wgt;

u * log(price) if x; & ipEA
1 if xg RAFEAR
2 b, e, RAARAMBERES, wEX, rREERMEmEEX. REAEHEE
SR R AR R . - PR

e+ u=log(price) if x; AREHE
wygt;
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B SELZIIIE

ATRAERENA A, RIOIFERE TSR E—RMH EMAE8HE, ¥IEME 2016 £ 10
Hig. BMNEEERNEEFE 2 5. ISR M AUC UIEMREHEE. M HRAERES 1

{8 A SR A — HER: 2, (R A ARART M — Uy 3, &R R{EMM 2-stage Hik: 4,
CLOES #®ik, Hp=1: 5, CLOES ®i&, Hp=10. LRLERIMTR. NEFRATLLFHHE
AEMMENERELERSEEN, REITEERESMN: & EEHMN 2-stage HiEEEE
B R T SR A L, R A 1 A 30%, (B4 AUC tHEE(RE] 0.76. FRATET N LAREIE
£ - Fi# Jy ik 3—2-stage approach, f/ T CLOES, 7E/L P48 F#YHHJLIHEE T, AUC #EM 0.76

HITE 080, EJLFAMFM AUC F, it SLMEREMN 30%itt— 5 FREF] 18%. FIZE 5

Train set AUC | Test Set AUC | Cost
Single stage with all features 0.88 0.87 1

Single stage with simple features 0.73 0.72 0.07
Online 2-stage approach 0.78 0.76 0.30
CLOES(B = 1) 0.81 0.80 0.29
CLOES(B = 10) 0.80 0.77 0.18

7 BTG

EBELRIIETEERNRRE, HIEW 11 BIYWEXRHRITT L&, UUEIRRES]
ZHiHEED. EEERENSIZE CPU RARURFIIER latency TLUITE!: oJ
LIEEI CPU FERAZEM 32% TEEI 18%; mMFIMIEE latency M 33ms T [EE!
24ms, EHFE 2 ZHMEDHIRRSIEN 2 MNEE ., FEIENE, AsSIZEENKE
TENERT, & EAHIFERR, 818 CTR I GMV 28 LFHY.
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CPU Utilization

— cluster B

32%

19:10 19:15 19:20 19:25 19:30 19:35 19:40 19:45 19:50

Proxy/Search Latency

33ms

- cluster B

19:10  19:15 19:20 19:25 19:30 19:35 19:40 19:45 950 .
=, Py

ZmT CLOES, X 11 55X, 5IZEMAFREESEBIREET 70%, CPU
AIBERRIFR T 29 45%, BRAVFIILEIRTET L 30%, [EIf CLOES ABH K
A9 GMV BT T1E 1%. FEEEME IR E T8 L &RVFAE (B SLrTR1ER
RNN #51E%5), R CTRIEFHE 10%-20%, BT E. GMV FEiFtHEX
1BEEF (FBIRRIEEEF15E A/B Test).

24 4

TR i |

RENTHEBRREEANREAD, ERAFNREXNBFIAKRE. IER
AL SFERSERASRIIEXEENER. ARRKEEERSUELBAFRYERIR
WHAFERR, HAREMHEEMR. EEHERP MEBEKRIAIFER.
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| KDD €30z U EiE MR AFHE

BRI

FIEKIETR: E@N=FF, AERFKBNE LA, FHIERITHEE 5-8 Hif.
XARBEN .

HH, kEMEEEEERARAMKNIEX (BERx-T SH8 OCPC &858

%) SEFEHIREZIE SRS KDD (Knowledge Discovery and Data
Mining) B .

ZIEXES OCPC Eeefdn, SIFrttigh T —MWEMNMA L, Bt &£
NERUCAEBOREYE, BRGREGIENT SHITHIFE AR B KR
BRAPARIFAKENEXERNIMNEZNSRIaM, FHEE THENKES X, &
BRFNAMUT FSEIRMAN, FEBWMAFAFEIRBRENAN=—AB1R.

REE: 5 SREFREERENREXSFITE

ETEEENER SRET, | SEFERR AR SUIRERENT
fft, EXRZENENREXSINE, FLE, TSEEEH—SHENERNRNT
mERELAAIRFR,

RpABERAENRE, H—, TSER—EENENANHELSTHRE
BASHEFIARRT; B, ERNSEAMWT SlaE (eCPM) AUHFHHIE TIE
KRR, TEEEREMNARAR. BRAE. RXMFERNEE, ~F)
T HEEESHRIITIFEZER

H5lEsR: RRESHIHEENESZ S8%

B (ZFFA) A "PESKELTHH EEREHRGHKFAEL
FERR, HIEXHAARRETEZNEERin CPC B SHRIZMN LI,
BT E=E CPC B SATHEMNEZNG SR, HI SRENNHKBEEFTEEEZE
=, IRNAZRMEAREORE (ROI). 2AE (GMV), ¥R (CVR), R
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FEAPRENRER (CTR), URBEFaWmE (FXEIRE RPM) &,

BIE—ENE, B E AdWords B9 ECPC B =i iRIEB PR ERIFE
[TEERM. M, BRTHELE, ECPC TZEEMHECESITEEESEEMNIE
R (ASFEER GMV %),

AR OCPC BeeiRinBiZLIMEhAZESEMN

ICNRBBIEENFERAFER, ARENKT SEFNENFHRT, St
Br&EsmAmERNeEBRALZAENELNE. RENENEN £, BEMET
PR, EEREURFERENERESER, BRI = EmNE S,
EF I, 3R T —MEHY Optimized cost per click (OCPC) 8RN &%

OCPC BE8RNMEENE T AT DI T SEIRKNOFG, HRE
TN FEFEESSEETURFERENE L. XL, ZEXERSHETEM
IEEIRKURFEESIBRIMARRR, BImBRNGE. REE. BLES,

IMER T ROI LURREREEAT SEMMRALIFK, 1EFE CGMV IEAFEE
TSR, FETRET SEHNIEFENEILIE.

MO EE

ROI (1RZEIHRE) RILEE

BreRNBZDH 7T SERBEIRENFRMG, BIROILAOR. Hep, EX
RB¥MHc, BRAuU, [TELa, BBATEAPM SHFE LRI aE
E7p(clu, a)e MF—MFER Stk a, EXHIMERZERMN . FHLt, RXR[E
AUHRZE GMV 79, H—EENT SEAB—RXRETEN, BARRRERIEE RO
WARAF(1):

g p(clu,ba) * Vg o
a

BRI R ERVERB IR BRI IR AN HREE GMV BRLLEIRREMIS, #Hm, T Ha Xt
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FARABFHREN ROIMIAT (2), BIFHEMERFRULBNIRIURIR[ENS,
HopRRE M BRE—RIENNREE.

Vg * 2u Ny - p(clu, a) _ Ey[p(clu,a)] - vq
ba - 2y Nu ba

23 (2) 1BAT ROl FI—ERETEIAFHEMLER SE_ulp(clu,a)]$ ZEAIZMX
&, Eit, RFZRNEENT SRIRERUENHEFIIRERUERELE, AL
ML ERIE ROI A TREE, SRR (3) Fis:

roig =

Ba ¢ _Blelua) (3)

ba = Eulp(clu,a)]

M, ZEEZNRHHREZ: WTHRAERTSHIRE, BAESNKEL
[TEERGMERE; MTEAETRNRE, RESNAMDOESRRE LI
X, HTFENMNLEEE, ZEERETEEBICESE, FRIE SERENAR
dEsE R, FLUSHENN ERMTRNAT (4).

plclu, a)
I(B) = bar(mrah Eloten @] <
o plclu, a)
G BlpleliB] =
b, Pl a) .. (4)

Ey[p(clu, a)]
p(elu a) plelwa)
Eulp(clu, a)]” Eulp(clu, a)] ~

u(bg) =

ba 'm.i.ﬂ(1+ ra,

SZEEIRMUCEE
EEE L TRASCERMAEN TS SEREESRENREURESH
ROIl, B2, URTEAFNAEENSSERER eCPM HF, AREKEMFE



ZAREHE < 159

WEMEERERIIR. B, ZEERET —1E eCPM HIFENH T, WEETE
IMRMAENMEEE L. BRI AEEIAT (5).

%
max
¥ f(by)
s.t. k =argmax pctr; *b; (5)

1

I(b7) < b; <u(b;),i=1,---,n

Hrh n 2I&i%& SRIE, potr @FftimEE (FBIIEBEEERARNE EH
RANBEZEREEIE MLR 3X5F), f() REEN T RAIESKUNGEIER, H#
BPAmNHIFINAN (6), Hp, F—PERRETLULLDIEH GMV; E-1
BRREARE UL 2B E GMV M Sia .

fi(by) = petry * pcory * vy,

(6)
f2(by) = petry * peory * v + a * petry * by

MA (5) i, WINBLEEBE SEIFRKBNTERHTEM, F18
ECPM #HiEi#l (2123 (5)) TRMNT &, HESHETRRE () NEEEXR. 1Z
AR EZE KR 1 EEZ U KDD 2017 IEANE R : Han Zhu, Jungi Jin,
Chang Tan, Fei Pan, Yifan Zeng, Han Li, Kun Gai. Optimized cost per click in
Taobao display advertising. ACM SIGKDD 2017.

IZOCALIB AR TSI 7 SRR HFEAT SEREETAVARME. —HHE, (Rt
[T EHINAREBRAMN eCPM /Y pctr*b fEHFF, TSE@TFNTRRENE, [
IER eCPM HEFHHIRIETY T SEEMIENRENENAZEIN; B—HH, |
SFEATUBTRITARA () REMNEENFEEEEIET.

IWNEIIE: EEARHISCIaFNE ESEFRIAR
OCPC BreEMEIAE B LR IULIN ML £ SLREF R P EEUS T Z AN
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RIEFt. BRI EBEELGRUE 1 Fim. HA, TFNMEGRAH RPM (TEFXE
PER), GPM (FIXEH GMV), CTR (I &EREE), CVR (XK ILE), PPC
(BREmTHHEE),

HERBEERN SHFA L, RPEENZICIIRLA OCPC BiEEXE
ERBIOMRIEFBE DL, LWEREKE, OCPC EZHERATEHR TIXEIMR
8 (GPM) FIR AR F L EE (CVR),

®1 PR EREENKIE RIS

RPM | GPM [ CTR | CVR | PPC
% Improved | 5.6% | 14.1% | -1.9% | 14.9% | 9.5%

OCPC iR &EFMEHBEN TIHEARIRET, BILEERE, HY
RIFFTEDELAIZR 2,

xR2 BRI EZ EEFIMERRIEFALLS)

RPM | GPM | CTR | CVR
% Improved | 6.6% 8.9% | -1.3% | 5.2%

FE— B LEF ISR ORI, OCPC 15 67% W SEHIE &
itHl (Campaign) BT XEIAIZER (GPM) I &R EERE (ROI) EERE
’F, R 3. 7B 24% M St ETHREHNEMNREBNERIK (Quantity
and quality exchange), HEEX2: XX EEXHFRIETESHNRE, HIKERK
FYROI Tk, (B2, HTFHBERREEES T FIY ROI EKiE, XL EEAM
HRUEERBRIS T IR .

*®3 BmlE& PRI SEMRALLS)

% Campaigns
GPM and ROI are improved 67%
Quantity and quality exchange 24%
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BT RER SHR, HEEATEERNIRE RN Banner I SHtBARER
TERAIMZEMELER, k4. NBmAEBIAEDHT, &5OEIERBE 17%
F9ZEE (5 62% NNEE) RENER GPM # ROI K15 7RI, 27% MIZEE
(5 21% HINYEE ) 8 GPM RIS TIEF, B8 30% AIER (&5 12% AINIEE)
EREREMENRENER (S8MI SOEM, HEUIRBIRIE TR,

&4 Banner &% EEFIRRRRIEF LG

RPM | GPM | CTR | CVR
% Improved | 3.6% | 15.7% | -0.6% | 19%

&5 Banner/ && LEFIRR S EMILELS]

% Category | % PV
GPM and ROI are improved 17% 62%
GPM is improved 27% 21%
Quantity and quality exchange 30% 12%

IE3EE, FET—RLL LN ESC0ERKE, OCPC BiEAEKINE RS
R TIRENPEIERNRES, ARSH SEURTFET TEFU@AIBRK. B
ZHRNBEDITUREZT S F OCPC MRIILIRIBFZS R .

ZIMEA T EERT SE2h= HEE T 2ENAHES TIRRIRIET, &
mERABRF 67% B &E ROI (I HIREEIRE) fl GMV (BmXZ58) BITRE
TIEF, 28 24% R SEERERIEAT ROIF1E, BRI 28RS TRt .

ZH S B R BRI CMV 2T 8.9%, CVR (R ¥EHER) 27 5.2%,
RPM (I &FXEIMULE ) #8F 6.6% . Banner CPC 155, 62% mEAIE R MK
ZE GMV 1 ROI @ T IR1GIE T, 21% HImE CMV RIGERETH, 5 12% HRE
PR ERIET IR, ZIRBREMRE GMV 87 15.7%, CVRIEF 19%,
RPM 27+ 3.6%
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T—ZRAANTIEREE

Rk, [IBEEBEERAFNGSHERSREFPZO0MNE, TS HRAEHEN
E, RIFEBENRELNEITFHERS . BUFENEBRMBHENITE SER
W, BRABRNEWFNEREZNBFARR. AL, ZENBHE—SREETRE
F3, BUFIESAONATEREE, ERESGFISEREFNEN, AFA
R T REHEFNE ZFIRABRRL R

IR HERE . https://arxiv.org/abs/1703.02091



ZARENHE < 163

PUEE Al HEAREUSEASEK:
&R mESGIERINt R LCR

PIEFRA

HEl, MEEEKE T BAESHERARSHRITHRSE: E2KINKAIANR
FEREINTE KBP2017 F, HRRNSRAIIINFERTSE; TP B AEIZEMNZ
Wr K2 (Chinese Grammatical Error Diagnosis, LAFE# CGED) =4 level &

EEFEHE, OEIMEEtSENAsTE—E.

W

. | i 5 f |1 '| || A
ML “-'/Ll-'.'A
iDST BRIESAHEERFERNZRIT

B REBNENREETE, BEEXEEEERFUHBNREZIHE, %E
RSEEERMFEESRMK. BR. ARAREE. tREEE, IFZAET
IDST BAAES IR, tIMEGRRIFHERES (HEE. £/ WR. &
R IRITE) MBRAESLESK; BUNERARL, W KeNa/FE, 6l
EESHUNE; TUEKA, 7R, TURSFE—RIHBERESHRA.

tEEZ=pEARDIE. I REQED TSR NLP TEEZRIZEI B E5H
KRAJAINLP F&. ZFaXFHEEXES (FTE. €/, ¥R, BR. KTF)
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HEXZIX 600 {2XHBEMESLHIEF K. FAMEEFE (M, b= ) F1EE (5
, TOFEE), EBHHE 10 FLULEBERESHEBRRER, 30% U EBELEFH (11
CMU, 1B%#], EMERIR, B4, tX%E). BNSXEERERESRATEHRRN
1SEERS.
AR KBP tt 2 H BA = 73 Zhang Qiong, Zhao HuaSha, Yang Yi ; 2017
CGED tbZEBFIANENZMI;, BIRRR, HRE.

PR B EEF AR R MNITERIRSE—

eng/nw/ENG_NW_001278_20130705_F000121U0.xmi

2013-07-05T722:56:53
7] to set up emergency committee on MERS-CoV

0 25 to set up emergency committee on MERS-CoV [0, July 5 (2070 -
The ST (1050 is to convene an emergency committee next week on the
deadly [ 71" respiratory syndrome coronavirus (MERS-CoV), [ 2] assistant director-
general for health security and environment [T said Friday. |77 told a press
conference that there was currently no emergency or pandemic, but many things about the
disease remained unknown such as the animal reservoir. *| do want to stress that there are a lot
of things that we do not know. For example, one of the key pieces of missing information is that
are there many people who have mild infections or asymptomatic infections that we are
missing,” said the senior health 7"}, adding that such infermation would be vital for the
understanding of the transmission and epidemiology of the disease. He said that the absence
of that kind of information made it very hard to peer into the whole picture and make
predictions. He also listed three possibilities of the disease's future development: simply fading
away, the ongoing pattern continuing for some period of time or more cases or outbreaks
appearing. [ told reporters that based on the current situation and gaps in knowledge,
[5) decided to convene an International Health Regulations ([T ) next
week. “The reason why we will do this is that recognizing what we see and what we don't see.
We really want be in a position to be ready for any possibility, and we want countries to be in
positions to be ready for any possible directions that the virus can take,” explained the
assistant director-general. "If in the future we do see some kind of explosions, or if there is
some big outbreak, or we think that the situation has really changed, we will already have a
group of emergency committee experts who are really up to speed, so that we don't have to go
through a steep learning curve,” [ said, "we just want to make sure that we can move as
quickly as possible if we need to move in the future in any major directions.” [} furthered
that to convene an IHR emergency [T .. would allow the [[")] Director-General and the
health [T to receive input from an external group of experts who would provide formal

AL Eh, KBP 2 8 NIST (National Institute of Standards and Tech—
nology, XEERIMESRANRE) I5S. EEEBIBMINES, FTEESH
MBERABERVIEEE XA PSR, URLRZEINER, XRMWFERS T2
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Bk 20 £2XTMRHES, 81 IBM Research, BBN, Stanford Univ, CMU Univ,
UIUC Univ, Columbia Univ, B,

XIUUIFEK Al BiEE 2% —REXXER, WE— MIEHERNGEL
AFISSARZ BIRRAENRE, W “eMIMEREZERREXR". “eimeedlF
H&EFB XHFE—MDSRRIK R,

BENE, MEMBZTUMEINNE ETFXWER. b, XEHIWT
Apple, BT Jobs, BEILAFERIHIXA Jobs 8RR FFMET, MARIE. Bt
, NXELEIMT Microsoft, BBA Apple BB RERFERNT], MA2—MKE,

‘B, WMMWET —NMBEEXFIFTRAREZ EHEBES, BEEIBEFIR
FENFIMERE . XNTAEWSEEHE, FMNNERBE, XHER, #7885
37, %R,

XX MWIFH, IDST HARAET I RAVRE LS MBI A HITIERE
HMEMREE=ATERR. BLEZERTUENRIZEENE (NEEFH) FM
FRIREVERRS ; EDR, 1Z580] LA AR I 48R S LURIEBIZ SRV ERT; &,
X H post regularization FYFNEARIFEREE RN —EME

XIF KBP2017 BBk 4R, SIZ&RT: ‘“RERFEBEEHNETHOZNEECERN
HFRAR, ALERENSHEREBRIAIREGE FIRGTERSNER, HIIERER
RFIRIT I TRRNAFE IR, TR, tLENABRENEEHMBFES
AlilE TIESERBRAFRAMREIE .

b EE BB B IEFE S IXAFAYE BB AR I Z AR AR SC ik S5 5k, HENFILE
SHHNFRENFIRE . BIEZNEEHEES AllE AR Al KR, 7
M—FHARIZRGRITIE BRI F AR Btt, JLULESHFRE. AR
R[EFFR, FHEAREIREXMEX,
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FIEEEFHNIEEZKXE CGED £XEE

NLPTEA

NLP-TEA shared task: CGED

B—1HEE, FXIEIAEIR B 512 B K 2 (Chinese Grammatical Error
Diagnosis, LATFE# CGED) B IJCNLP B/, SECEEMNE. LLENESS2.
FIRXINEABARTIEN, BFHPXNERBR, IEERAEFXSERSHN
IBAEIR. ENAYET —EINERASHFXENFEE, FESRERATERE
EZEMRBIEEANETIE N EIR.

RNy .
runl 172 (724117 06439 DGES 0796 0738 04K 04791 05657  OSIBN 02347 O2N69 02752 00426

AL I NLP nun? Y L} OGS LATH] LA 074 Qs 0451 0A00E 0314 03284 QUMY A2 03
nm3 0308 (Thai] QLTS s 05714 06523 05513 s 03756 04621 [ F1H) LA 02 [ F L)

runl L (1151178 04T T 02176 DM 04T DS 108 0T 03T 02T oI 0077

BU i (A ELLEEE v ] AT L] 0254 T [LECTH [ Liro) LELT) [ B41E ] 0TS O2KIE onss a7
runk 01893 (NI LT sy 034 04713 D4t asmn 017es 27 0T 029N aoms sz

v L1440 (18841078) 04T 04N 03%M 00N O4del N 0124 0202 e GlE  noEM oo
rund L3154 (VIITH) 0539 ONM  OASZE  0S5Z) Q4TI 051 Q2057 02976 O OUN) G0eEs G0es)

Mroua Ml L{TRITR 11 0AZEL [} Lpil] (BT 0z ALisiries 04207 oo f031i3 oo ik
L H LOTITH) GarEl 06281 1 LT 0489 (AL .50 04398 L0 oaie 0081 029

nm| (LS13 (T LN TH) 05T 08 07160 0SS0 OAZIN 04219 42T 04AZIE QITIE M2 OISl 012

YNUAIPCE und LTIH3 (R |73 GENEL AAIT  OTHEN  0705) OO GOEM QAT 0AIET D43 BIDN LIl oz
il DM (TEBITER 0531 AN OS4E  DENZ 0 pame 0 nist  0ITIE  DOYEl OoeW Ooals

SENIPLLER SN

RIBEAZSATRIER, STEAEMRBHRI 3 D level RIIEBRELLUIRAMEN
[E56—, IREL 2017 CGED L EMIWE. ENARFMRM, BARKR, HRFBEIE
REFIPSIALTHENEZINR, BNES T EMRFIEDZRIS TIFMRE.

SPNE, PXAERZEHISMEET, PXOESHRFE. EESH; AEH
Mr—EIEREE BRI, SRAIKBRANINRER (LLN—9EE58IR. ™
MEERTLUEE. EXEREMIE). LT, EEERINISGEIEIFEBIR,
RiBILINGEIEFRIR A ERSIREMERY o

EHFEESNBIED HUFEE. £iF (Redundant). i (Missing). &
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i3 (Selection) A FEIR (Word Order). RE&MEERITEHARAZEIES A 3 D
level: detection level(1IR31TFHiRBEI= ). identification level (1R3IEIZ T F

HIEAEIRZEEY ) F position level (IRBIEIRAIA EFINT AL ZEEY )

Table 1: Typical Error Examples.

Error Type Original Sentence Cormect Sentence

Mimissing word) T[T PR E PR R A0 {7 .

Rredundant word) i HRH AR TR L. FUTHH SR IER LB
Stword selection) 05 E4bay A thFE EE A A th 3

Wiword order) Ui 25 AT H £ 0 NS B A T EUri TN 2 A S S M -

EERE RIS AOPORRIEIRSSEY

tean, “HEERGIR—DRTEALD. BERF. =KB 7T, BIES" X9E, &
£ 31 Level, Al FZBMIEL ‘. =X®7T™ FREIRA8EED (EMAENZ
= ‘BT =X"),

RIBEEESAFNER, SPEERERN 3 1 level RIEHERELUIRANE
[E58—, IRKEX 2017 CGED LEEMBE., IBEHEREFIFSINLTHENEE
MR, ENEETERFIESE.

AT £, IDST BEBATE bilstm-crf IRELRIEM F, FE T HE. A, K
FaEERHME, BT language model F R ERIEIIR embedding ZI#E M4,
&5 RNN &1 LAREM . RFEEHE, TeiRaERMEREIR, tban “—k
47 3T —RET; BERAILERKEINEEEIR, b “SRRKERFESE, MA
Wz FRSREF B ‘@A 1 “MmE “FEft. ok, WIETItEERN 3 NARE
level, Rit T ARIETFHEMLZA snapshot emsembles ik

BPRT: “RERFEBEESEKMEITHZAECEHTRER, ATEEEX
FEARESHIERAGERENE, EXUEEMEXIERIATE 5-10 FHIBEH,
HMNEERRRAETWIRSAEF IR, EaTRRE" .

BAFINA, BARAESHIERIIBATEENIFEEEN—K, MESEEMSH
KMZIM. BAEENEISHREAAT, WNNEEBSERET ., BABRAMNILES
EEER], BXEURBEBN, “EANLP SARIKEEATEEERIEE EVAKE
RXETR".
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S{a LB AR R A B ERIEHISF?
HEHNRRKINE ICCV IE X FE

PIEFRA

FIEHKSEE: ICCV, WENMFTBENMARRAE=AME RN —. FRTENNR
BIE RSN —, HIEXERARTIH BN A& AR R BFIK
Fo MEBEESFNAZ LEZRICXANE, NEAFZEXZME IDST 5%
FIHEENAGIEX Z—, BinEHalRmREERARETERIAER,

BEEREm: TENARIBAESHERES

EER, BEREFIRANRERRE , AMIFEEEETENIL (Vision) f
BfAES L (Language) FI-MBEXT R SZ AU BX S 2 SRt Ti 5T, LU —LEd
RERIFEREAES, K0 “5 - 1B XEKGEA (Visual-SemanticEmbed-
ding)”. ZESFEREGRETIRFEL— M EEKENOE, #MHRAZR—ME
E(EH, X, BEZZTEFPEEERTUSSMEGINETNLR. eR%.
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METE XEX S RN — P AN AR 2 BSRIRE L (Image Captioning): X7
FEERMAN—KER , B EFHRESLEN—TE , LUEGASHEAR, ERE
BHET , BEZRERT—HERET | 2B EULUREZR LESE R, BahER—R
AN | MERmIERMER. Bbn, MiEXEEHRAETLUNAT “BiRE
@& (Cross—mediaRetrieval)” : HAFEREEERSIERBAN—EBREAMEXZF (10
EETNRAEARTAIRILIE" . “N2INEMEEW C T A T8 &), BiEX
F - BGBREDH , \EmEGEIEEFHRISEXNEREGRESHF.

ZAINARE: RERABREREQDRRERE

DUERIMTEE MER B BR N TS AR RBE LIS Q) F AT, HEM RBEXTE
GAUERMARKRREE, AMAESLFNAS, AMIEFEEZNES (FEGEEX

&

) ENMBUIEHRAVELR . B 1 AR, FOAMUEREET T4, ERAMEA
AshR, BENME, Bx, WExE.

E1 WETTERE
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WMAEGL: “A girl is playing a guitar.”

HAMRHEAIT X, “a young girl sitting on a benchis playing a quitar with a
black and white dog nearby.”

AT EMXANBIFR, HANRE—NMER: F—LNEGPHRE - LEEHXIE,
FREESHEAMEEEAEIXE,; FLRXLREESR— M IFEKNESHE
HHENEF, E 2 .

“a young girl in
*‘a young girl in blue shirt’ hlwe shirt is plaving
*‘a black and white dog’ - a black guitar with
»‘q black euitar’ a black and white
- dog nearby.”

B2 FAIRRHAEL

Ak, FHAVMENGNTEIE LRERNERN N E S BN FHRATE, B
IZF O FPNSMER BB IRATE. AT, UENNTEXNBRKERAG EBE
FKABERHEMEZER (40 LSTM(Long short—term memory) #&2!) kR RED,
FOBERY LSTM ERIE — M4 (Chain structure); 88— P87t —1 813,
XLEBEIEHIIAFHR—5, EENE— T REIGZENRIEEIRE, RE—1H
REETHENEER, EERTERRENTF. B, ENLSTMEERESR
TENMTF, BERF—DEFLINE, WEFR.

v
W
y
y

a cat sat on the { mat

CNN'

.........

How to map phrases (e.g., ‘a cat’)?

3 AR
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IEXEIFGE: REEXR{RI LSTM =8

ANEE—MZES. BIXHKHLSTM & 8 (Hierarchical Multimodal
LSTM). ZAZIUBENTF. 9FPRE. BiEEG. REGTINEEXEE
B ANIEX=EG, AEEmMNFIE “9F - B&” &k “QiE - BREE" ErIxn
KR, XFE—kK, HWERT—IPEARERNENZE, ZZEEE T RSN
AOAIE, M LA EGSEG X TEIFMIIE AR, NEFR.

‘a cat sat on the mat.’

1 parsing

Sentence

.

region proposals-,
Noun
Phrase

B4 AEREHSESRRENE

AXFENEIFMAETIRE T — P RXWH LSTM 22, RT aX N2 aIEs)
BB, MHFHRXNEIE, FETHRWAEHRERFIXE, Z&EE LAY E
%, 159, BE&XE. SBHTEGERA (Joint embedding), HHBIHELEE D]
LIFRADIZEMNFERIEENXR (RFRIEXR ). HEANSBELINTEMRR
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+«—— forward
......... backward

\. 1 X

. 3 ‘
(c0o--0) [00-0) [co-0) (© o‘-‘-‘-o]
sat on the mat

5 RSREN

e — MEEHN OB RSN —MREEY, BFRMENE
B, BUETFHONROCESEHTRES R,

TEIR - {ER8IESE ERILER

_ Image Annotation Image Search

R@1 R@10 Med r R@1 R@10 Med r

SDT-RNN 9.6 41.1 16 8.9 41.1 16
DeFrag 14.2 51.3 10 10.2 44.2 14
SC-NLM 14.8 50.9 10 11.8 46.3 13
DeepVS 222 61.4 4.8 15.2 50.5 9.2
NIC 17.0 56.0 7 17.0 57.0 7
m-RNN-vgg 354 73.7 3 22.8 63.1 &

DeepSP 35.7 74.4 N/A 251 66.5 N/A
Ours 38.1 76.5 3 27.2 68.8 4

6 7 Flickr30K #iE5& _ERISIEL
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_ Image Annotation Image Search

R@1 R@10 Med r R@1 R@10 Med r
Random 0.1 1.1 631 0.1 1.0 500
DeepVS 36.4 80.9 3 28.1 76.1 8
m-RNN 41.0 83.5 2 29.0 77.0 3
DeepSP 40.7 85.3 N/A 8.5 83.2 N/A
Ours 43.9 87.8 2 36.1 86.7 3

E7 7EMS-COCO $iEtE LRRItL
S WA EEAD R FFEIESE EEBRS T RIFAVER
FEGRXE - FEEHIES LRINILL

HARHRT — M HERENEGXE - Z15#IEE MS-COCO-region, H
ATHRET —LEEMYE, AEXLEARMEIEZEEY TR,

_ Region Annotation

R@1 R@5 R@10 Med r

Random 0.02 0.12 0.24 1133
DeepVS 7.2 18.1 26.8 64
m-RNN 8.1 20.6 28.2 56
Ours 10.8 22.6 30.7 42

B8 7 MS-COCO-region #iEE _ERIRTEL

TERFNZEZNTIMER, JWUFANAEIEEEREmAE
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: - : . (1) @ cow standing in the grass with a tag in its ear
(1) a white and gray cat with a striped tail  (2) a cow with a black face

(2) a white and gray cat (3) a cow staring into the camera
(3) a cat with an intent look (4) a close up of a black andwhite cow

sk, BT UAF I HEGR X EFZIENINN AR, T

“Tivo people sitting on rocking

; i “An empty room containing a plant
chairs on the deck.

and a painting on the wall.”

[ (1) two people H (2) rocking chairs ]

(2) a plant |[ (3) wall |

(3) the deck (4) a painting

l (4) two people sitting on rocking chairs ‘ ‘ (5) a plant and a painting I
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tea=F>

| BRI hESRESSIE|E: xNN

A1

PIERHKSIE: ANNBTE App PRIIREFI51ZE——xNN, xNN @B
T ERERE DD ENL, BRTREFIERNimEAI—FRFE . xNN /Y
BEIEFE T A (xqueeze) ESIEE ESLH TR 50 SHVESELL, FEEBMEWRN
BRI App FAMREZBREFIFE EMTTEE. xNN BT E ML EIEM
EBSRNERINREMNN, WRAIME T %ahim DL AINLEL 4,

REE T ERE SRR

3k, REFS (DL) EEZIRG) . 155115, BAESHIEEEZ MRS
TR HRE., DL BESALUTES SR, BB KRIEISR—MN S iEZHMFEIS
MEIRNEA. BEIXME “HAER", BalmIEHIE + =inil TR FR—
MEIR. AMXREZNARR, XMRILELRELRZIE.
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EFEEDHN “AAR” &, ATRINFE B F, MAESEEREALE
HTIEFERSZFEATHEEGRGIRE, o 2RISR RIRBEREEEEA
REQBNAXRE, ATHIERIRITEENER, EPERENETEHN T EHRR
E—RTEE/VEREDRBNERNEE ZENT DLRE, FERBARHISK
PR ERR K EAR BN ERRE &, EXTRFPARRLREE —EXHAY, til—ERT=iR
AR FHRIRFIRL T “18" o
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B—hH, DL E=mUEREEESM L, BIEREEITEED, AREIE
i, RE. RAMWRIPFHBEDLSBFAETHRMARS . EIt, MEISSRINAER
%, DLREFIBEIRHNRHBETIUNEER—MRITE.

A Hk

&, FEEFNAIRSMENREAMEEESEMRANKRE, Bahis DL IEEE
1SEskEET T, FBEITIZMNXTE. FRMBREELSHEH T ZRERMERF LN
DL #E2R Core ML #l Tensorflow Lite, XTI AMIRHEB NI DL FURE. 1B
&, TENFXAEXFNER App kiR, NAFE—LTIRINESET ZBEE
EER B EKBERN,

1NEBEX: XTE App BEHIZZREHE, EEFEMAIWSHIAXTRE
BEZHIRF . RSN EBRMMENAR . WTERR, £% Core ML R
e S L MR AN ER A EEN . RIS TERENRF SRS
Bt ARERSM L, TENBIR DL U IHMEIRE, iR AIREBIEE
EETITS

2. BRI EK™: T=E App EMTREZMISINEE, REBTRIFEEK,
—PIMRABENHLTEREEENRETE FEEMAITIEE. MAMEBENT TR
R TERE, DL REMAXNB@XEMAFNGR. BERIREELEEN
AR, BEAR DT DL NALASERMS, XUAHFIRMEEL KN\
HE+T. #EMAORIRE/VFEATERN. BT, Bain DL 5/EA54) SDK

TERIReES.

AXB#R

XfFE xNN 2 E R App MREHF&8I%HIE DL RS E, METIET
T HRARBR,

1. BRE, BUSYHWREEER L, TRIEEXEEIIRIE AR/ MRELRT .

2. IN5|%E . Brfii SDK RUREHIR .
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3. Rk BHEESCEMEZENMMK, ZE1RT DL ITEAREE.

4. 1BRA: ARIESKONEBER, LIEHERN CPU MIAFMEEERIAY
GPUEAERMHFES . MUSIFEZHAI CNN. DNN 948, tBxHF RNN. LSTM
FREAIES

5. %R TEBEMISREFSERF—FEEZTIREMIEEFEITEE
G, EABEMNEEEREE RIB DR R ERIER FERERET R = imiRE
R EimR B RVAEIRTNERE

FERFE—R
xNN 79 DL R B2 M T NEGEEIHE . BRIETHNRIthEX—2%
HIER7I R . xNN MEHFREEFIEERamEBoHM .

= (FEES) k) i (ErEaa)
me || E || e i
xqueeze ETIFR

xqueeze-caffe xqueeze-tf

xOueeze-keras

EiEE:
Rt EEDOR

FrRE&EL xqueeze TEENZL, ZIFZMIIIGIESR, WSoTLlER
xqueeze [E4&. KB CHI DL REL, BEIRI KB/, ETREZEMIRAMETY
WRA. EfEENERRIBERG SR, JLUBT App REGNENIRE T RV ED
E3 i,

EEBERIA, xNN BT EEREMSIRIMTUNEETD . xNN R AEREITE
REM BRI TEE TR, #iERIT. B2 LIRE—uhX88H. xNN EBg—1
jsapi IRt T B RN HS ARG —i@id DL BEMahA T RFI H5, BEBSLIl



Mm% < 179

TEMMEN, NMEEFin A KRAIER FmEix + ZERIEIER.

xNN (ZfI=) core ML

WEBIRAR xqueeze FSz
ey - XiF FfF
CNN 57 o
Slan il SSD FHF
LSTM -2 52
Depthwise CNN 5253 2=
YIIEHELR Caffe, Tensorflow, Keras Caffe, Keras
BREHESR FEECaffe/fiE =
HEEIEEGT 35 FXHF
STREE FIRE iPhone >65/SE

FESBHET xNN fB9EEIE M, 1 xqueeze BRIELEHIEM £, xNN B2 #&ZFiE
IR BB ERIES B . xNN X 7 FERINEERZEEY, BEEHE CNN/
DNN. SSD B#r&@illfl LSTM. xNN HIEBEMESRRREFHRS Caffe, WS TLUATEARML
ISR T EEEBMIRIETEHEN Caffe 18R, LURRIFMEER . MAILELGEN
FABTETVIRELEE /N BIR, 1£ Tensorflow #1 Keras & _LillGRMREIHEE R IRE
AR B3t TIE4E, AR XNN TR EZE 2B ahin. ~ETF core ML,
xNN g _EX2 #2271 iI0S ERIFEIEL.

xqueeze EBE 5

xNN-xqueeze FIEE E 5 M2 T E Z (a) Fis, BIEHEITER (neuron
pruning). = 51 4% (synapse pruning). £ 4k (quantization). K 48 45 #9 2% ¥
(network transform). BIi& K Huffman %3 (adaptive Huffman). £ 5 N,
Hehgi =480 FEERMY, mMiER xqueeze ITMEINEFELEBSH1T finetune,
BEEEBENTIRRFEUEEZYZBNEE. ERESUTE RN NEAYE LS
E. BINAREAMISRBMERINR Y, mBIMENHRAIIEDINE, EERSh
AFNENRE o
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neuron pruning

xNN-xqueeze (ZfTS) Deep Compression

synapse pruning

Neuron Pruning b2 FatE
quantization pea Fiuning = b
i Quantization iz 3 e
Network Transform 3 FEE
EiERHuffman
network transform Entropy Coding R+ Huffman
adaptive Huffrnan
(a) xNN-xqueeze flow (b) xNN-xqueeze vs “Deep Compression™

TE 4Tt A9 2 B2 75 22 DeepCompression B9 E R £, xqueeze H—£H T
neuronpruning ¥ network transform 89863, E, neuron pruning BEEIZ X
BiiE “AEE” PHETNS X MAINNES S, 81 neuron pruning 1 synapse
pruning N&ES, EREBEFEYELL Z BIA K B IFIFE. xqueeze BEH
network transform——7E &RV E N EEHITIAAIBEST, networktransform fi
REAWEBANWLE, ZHEHTNANS, SEEERENERTBaitti#EiTZE (layer)
HESS5ERER. I, xqueeze B BIEMNMEEA Huffman 8, BIUEF

HIZEANSEEL Z [E4ELL .

WTERR, WFWSoREE, F/ xqueeze TEHEBEHESLIN 45.5 FME
45, EEEEEABEIRKRT, EEREBHEHTRA 60%,

Compression Ratio
50.0

40.0
30.0 28.1
20.0

10.0

1.0

0.0

original Deep Compression XNN-xqueeze
(Aacc=0%) (Bacc=-0.33%) (Aacc=-0.31%)
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xNN & HgE

xNN BIMBEMUABIRTIKE, MBS xqueeze TRERES, EHEIEM
BESHITEERL RN, RERRANNILALENEZSE,

WTNEMR, TEEAE, xqueeze MIEREEMERER TR, B2 7 ME
AR ——BMEE R XS TENE .. BN, xNN EESESLI T RIzEER,
AERM2EEITEYD, B2BXETENE, RTEFE, BHRE. iz
BIEZIZZINT, 1E xqueeze HI network transform MER, SXTMLEHITZEIEBAIN
%, SEBIESNEHITER LEMNESSER, K IHTENIREESIHOE
TEEEHIER . BFe KIE network transform AY%EE, BEARFHES ELHAIIF.

RAMTRLL
mEs
EEs

iR
HeR

L EANEON _d e EN

FREEGE

ERECE, NN BIEREBES T NZNAE, B ZSEERTTAIMRE.
XNN ERITHRXKEHERIR, BROFRE TIHOFERNFTE, BEBHh
EEEIENIEERIZETT cache as R, RAEEME, MEROITERIIYBEE
IS FIT SRR EREE R —F—FILRABFEMA.

£LA SqueezeNet AEMMAIW S5 EEE E, xNN £ Qualcomm 820 CPU
EREBEIL 29.4 FPS RIBIAFNMZEE, AR A10 CPU (iPhone 7) ERIMGIZIY
X% 52.6 FPS, tt CPU 5 GPU # M1 Core ML IFEE IR,

W53
XATE App BEEERK T xNN. EXfEN “ARH—1” A0, 90% L LAY
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Android #1i0S #ZLERERER xNN RERBIEN MO E, BRAFEEF “AR 3R
&7 FERNINEE. xNN AR EERET "t XE—XTE XFESRE.
BB ENREZEENNETE. ZRENEHTRATHERBENRRET, RY
2E45%] 100KB LA N Android F& £, £I088 xNN A9 SDK 818 ={X 200KB H
X, ARBEFENBMEE, BrEBRAENE 100 £ KB,

xNN ££f5, EEBMFIIEREESIR T RN, —KikZahin DL MNAE
EET xNN ZskFFAS, FERKALD B PR LRAE R ER.

BREHAFNESR!

RRT ERBN AR EN DL SATHRIE, HE—ERFRFERN DL 51545
48R DL RE, KN IRERTF TURRIASMNFBHINAHR—EIZAR
MER App. &/ ENARTE—BNERER. IRANRENNE—BHKBERK
EHSMENERTIEER. B, BLfE. HURIERAIRARE!
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| (MABNEFEISZE, BAS—FIHSEL?

PIERA

EKSIE: SKRILYBAT, HIBRRT— PR XHENERE-E, —D
REJREIEfERIE. SRERBXNEMALRE: WIRVRFEINE, HIREBENS

—¥, WEREENGE M, EFEEBHEEH.
B=RNE

EBMBREBRTATNERFRAEEEE RIS EFHRMAR T IL+HFE. 2%
XLHFHIREREBHENTH, BRMODMRTSRMANSHENESEE, X
WREBMERITEEETHNZINEET BLHEM . £BFBSH, tHEAFNE
P ERYE L, BESHIMARNETRIEESEENAEITHHITEREZ.

%

pian, BEAI=ZREARMURFIIAR, FREEMEUBPIRET =86
AR THE . MU TEEEESNRSBEETHZEREAR NS, £iX
LERFAIRET, BHAHRE T BT R FES P e ERIERNISHEE X,

HAERSTEERIRENT ) LAV Ea M ERIAI T O LT . RS
o WM& T ISRE R ZURHESTUNEE, FEYUBMIESITE
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WE, BIXEFIOMEDTERE, FNEENAREFS MRS XML
RAEEREREERE, MENTS M aFREaMERIItEIFEEHE.

ATIHEEENEIE, AT T KEBLFIELAVEESL, XLLIORA
HNOBDET AR EIRSIEEE Lo RIERTAVERE .

AXHEESRBE:

1. B AL ERIERTIE M T TR BIRIRRIRTT S

2. HNAR T —MERESE, TJUEXRBTEHEZRIEM ERETHRSM
WFEE, FHEUTLIS @R 2D 2 Fi RN .

3. A B SERREUEIRIE T Bef JRIRRIR TS Z5T A an i ER HERTAY B 3%

BREAREGMENS

BRITHASMEEGRNERMSE, BHETHNKTEESEMMERIEE I,
X RESEXFNEETIWHEANBE. HlN, BEMNSEE)LRIEERNBWSLR
fo; ME 2% 3 FfE, S8LELLEMNNE, BBIN2WLESHIRRMES .
HBEETABEEGNERNENIRMURGFESTETIL, EEMBITIHIINZ L
AEBEREENIR. £AXH, FNIBESKEIEET, ETFRENEETH
HERTER) LRYE AP ER
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RERIOTLA, — M EFRERNERERE— SEREDAXMERT
. EItH1ESRMPNERN EIRERTOERS BT LM, HeEs (13
IBHHR): 0-6 B (HLEL): 6-1 8 2-3 % (FEILAR): 3-7 % (D)LE). FF)
FRBETNLBLNARNEREE, NRBTL RN %T TR
FRESENER, RTLKIBREELE.

SRS %

NT R~ HFOESNE, BAFRT UL BB
g%, SERSMERITRIETUNEERR, BONEESR2RIELHIN
B MITIOTUER, WERIEHRRINES, KRR mEmnasRa

2. TERSBEANBHEREITENET.

S8 TUNEREL, MZFEBNERIUNMESHESTELZER. thal
IRHD MR ERNESMERIBERERSN, XRBBEHETEBEM I T, HER
B[ENZFELT RN EBNERIIRZFL, BHMNFENBNTNERTISEIXLERF
B REXLEMERoMI LSRR ZFREaE, FETLULBIESENITE
EHHEIC. AMBEEEREROTHRIYESHARS M HIHERESHEBMNER
EAERY, WULEPFIENMX LD T HAIBRD RAIKE, RUBIRITHE
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QS EIERARRIX )

DIEHE@E X fFARA, HRMNTUBIRETUREB#HESH, HMNBET—
BHRNBEEMIGET . WERERERNEEBP(y = kIX)NBESH, HEST
MNRERE, BRLFES—MERDHEP (v = kIX'). BTXBEINDEE, BT
RBeM#iTrRE, BAFERZIRNDMmIEITYS, FRhXH TS

3ol

P(y =k|lX) =P (v =k +A|X) )
Hrf A RZRIDH- LB S EHR BHNNEE, FBMESBNSIEZEF/L
M, 1€ Algorithm 1 XA ERRI G IEEHIT TIFAN B,
REHN2URFEBRENS S, IRBMOHEERSBMENEGNERERERE
9, BE2iR.
argmax, P'(y = k|X") = argmax, P;(y = k|X)
XAEANEEA IR T LIS XA DR e —ie

_ _ Byly=klx) = pely=xlx)
Py 7 = KIXT) = I Py Gr=ilx) x Prly=ilx1) (2)

2hTE P (y = i|X) X P'(y = i|X)BFHHAHEHTIA— b, MRS
AT ERBNESNETRE, BSOS RRBIUEERTEMRE . Bl
SIERENPHRANIRY, EROESNRERESREBSONTRE. LH0E
BATRERN, BEBERBEETE AN TR,

FHIETEE
EHEEHRT, MERNEEEREBHEENRARETN: BR. K&, WE. 1
MIFMSE . BAMERRIEIED AT ILEE:

1. KBNS

TEENEBRRTEFESHELHED, Hh—RXEBRKRER. EFEEEN
RE; KHEHEZTRE 4185 D, REFEENRRESIEBRAMNFER,
Eie EDTLUERB M ID (FAEIE, BEXSSHEIEREEIT TR, REahkDd



SENFASBFRLERL. AT
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H, BERRmIINAI—REBMMtFEEFENRAE.

2. EKERBMHE
HEZXE THIE @ —LEEY: flIEmiImE BT EER IBM. New

Balance £Ek R, mmIIRIEMHTLUR “S” S A I

ERXFMER, BIARERIERIMAARAYEEX

HEMREERE

AmEBEMEMMNESHHE, BINEBZT I PRERIZEB RS EARINTEAN .

Algorithm 1 A dynamic merging process
Require: X, sets {Sy} as Null, k=1...K

1:

2:
KH

o

[ )

12:
13:
14:

15:

g = = |

if {Sk} is not null then
for each distribution P in §, do
Disaggregate P into months: Pi(y = k| X) =

ﬂy.i;llﬁ where |T'| is the number of months in life

stage k
Move P, by months: P2 (y = k|X) = Pi(y =
k/X) and for Pi(y = k|X) where t < 4, fill in its
value by (0.0001 to avolid numerical issues.
Aggregate P, in to P of life stages: Py =
kX)) = ZlTl P;(y = k| X), where |T| is the number
of months Df life stage k. And for Py = K|X),
we also need to add additional probabilities between
Pir|(y = K|X) and P, 5(y = K|X).
Add P into Sy based on the life stage with
the highest probability.
end for
end if
if X is not empty then
Generate Poow(y = k| X), where k=1,..., K
Add P,.., into Sk where k = argmazPrew(y =
T
1| X')
end if
for each S, do
merge all the distributions in S5; to gener-
ate a new Ply = kX)) by Ply = kX)) =

Ply=k| X x Ply=k|X 4
T fyP{ylzi?;))E?)’ (ylﬂ_:; Sol and add up merge times of
each original distributions as the new merge times
for Ply = k| X).

end for
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16: Find the distribution P with the largest merge times
and record the life stage k, with the largest proba-
bility.

17: if the distribution P’ with the second largest merge
times takes up more than 60% of the largest merge
times, then

18: Conclude that this family may have a second
child and the life stage k;, is one from P’ with the
highest probability

19: end if

20: for each Si, do

21: restore P;(y = k|X) to the distribution before
diplaced if it is not merged with any other distribu-
tion

22: end for

return k; and k2, where k; and k2 exist.

3. AmEMHE
BRTERBRMR, HNEFERAISHBIEIENBNHE.

4. AN
BREAREAFATERNXEE, UsERYNZFIFIRE, fla 3%
EEMRR". “SRINY” F, HMNSEN—LEENXEEFENBNHE,

5. i mARRHIE

BeiraSs T FENGER, HhUREaRFRERSEEGMEREXNER
FHANBE TR 200 NMFEEREBRAEXRAIXEER), XRAITIEXGIEFFEABNEAEN
NIEEL,

6. BT FRIHIE

HEREEAFRBULERNEREERRNZ Y, —MBEE 6 MARIBWER
AN 1 ERIWLRRIE MERERY. EILARE R GRTABRITAREAIRHME,
AT RORENNGIHERIE, B(MERTRP&EIE— BB TAMEERAB
AOMASLAT AR NSFLE .



nE¥Esy < 189

HELIE
ATIEREN RIS AR EEE, HIIFIAEEH taobao.com KIHIREINT %
HXK (M 2016 9 BEI2017 2 B ). E—FE-HIIBELRE TiIZEEN
M EEE ) LEB N ERIND o

Figure 1: The distribution of children’s age in the train-

ing set
2500000
Ezoouuoo
E 1500000
©
& 1000000
o
g
& £ £ 5l ©
N S T
[ =
G_D; © o D;' :,'
S o ™ = =
e o _ -
[=] |
. (=]
life_stage

Figure2: The distrbution ofchidren’sage 1 the testnig

set
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BSIEMNE, MENENER, B)LSFNKK, MUESMERNSHRIE
iHEmAa®s. Ld, HII5EER 2016 F 9 BHREIEHTIUN. SEINED
MRS T = BRESMERIITIRIEA (2) EE—E. MEZEMEERE
A 10 B X TEBMBRNRREIL. MXNECSUE T — B 8B HIENY
#8518 (FIF 2016 F 11 BAVHESIRSEINERMERAELS) fE. BN, FIAS
RFHSEIRFRNESIC/E AN BRASLINAVER . Il ISXTRRA LIRS IETR AL
1C12hiE. BENEIRXM 7T AN ERRIE— B A EIE R TR .

®2, 3, 4ET=TN2016 F£9 BHEI 2017 F£ 2 BMHHILKRER. BEER
AI2ER 2016 F 9 BM{FHkRiam, FRLARME ZHERE—1HFAY. IR 2 MK
3 FifETHY, ETHERENIABHT .

®2, 3, 4ET=TN2016 F£9 BHEI 2017 F£ 2 BMHHILKRER. BEER
MEE 2016 F 9 B EARIER, FILIMIFSEZMNERE—HFM. EFR2 M
RIMETH, ETHERENHLIEILFLELICZ T EF 10%. R4 BT TAE
BHRLLERER. 5 1MB (2016 F£ 9 BHABBELRERT) +8 2 M ASH
BN ATERERSBHT LICILHE (B 15%) , R 3 NBHhEieiZs
ELEANSRE R ATUNRY R (R8I 10% ). SSRIE R AERBEE LB T
i2i27iE. 5ARH, HEMEREE I MBI ERT LICILE %, RRIERSE
21.76%, MERI 2 PBHhRUELICIZEEEHMAE, SRCRABE -1%.

XERNREETEEENTAREE—FPRIEFMIRFEURIZ JTHIM
—MREFENREETHEIENR D, MADARERESEMN. 2AE, XWTE
A—MBERETHYETSHRBNEY, TICIZHENNERESPETRE, AEDT
MELDETLBEREEEEITHFENA N PEINECXFI ALY AIR L
WER R

i
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L ife stages uszer_ count m atch inference recall accuracy ‘
Fregnancy B4 434 53,642 63,995 63.53% B3.B2%
0 to B 186,732 142,518 174,457 76.32% B1.60%
m onths
& to 12 164,780 122,708 154,458 T4.47T% TO.44%
= onths
1te 3 781,756 595,802 687,604 76.21% B6.65%
years
3 to 7 770,488 701,833 907,872 91.10% 77.33%
TERTE
O verall 1,988,190 1,616,602 1,988,150 B1.31% B1.31%

Table 1: Statistics of mference for testing setsofSeptem —
ber, 2016

| L ife stages user count m atch m ference racall sccuracy
Fregnancy 13,157 3,990 6,721 30.33% 59.37T%
0 to B 96,645 73,090 113,734 75.63% 64.26%
m onths
6 to 12 197,431 116,184 136,047 53.85% 35.40%
m onths
1 to 3 768,917 435,080 556,462 63.09% 37.17%
v ears
3to 7 334,417 839,320 1,147,803 94.90% 73.14%
v ears
0 verall 1,960,567 1,517,664 1,960,567 T7.41% TT.41%

Table 2: Statistics of mference for testing sets of Febru—
arv 2017 by D ynam ic M erging A pproach
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| L ife stages user_ count | m atch nference recall accuracy
Fregnancy 13,157 4874 11815 39.03% 41.25%
0 to 6 m onth 06,645 65611 15414 73.12% 42.46%
6 to 12 month 197,431 61809 903359 34.21% 68.40%
1 to 3 year 768,917 j5B210 435947 5l.41% 82.17T%
3 to T year 884,417 714690 1055640 892.99% 67.70%
0 verall 1,960,567 1205194 1748275 68.94% 68.94%

Table 3: Statistics of mference for testing sets of Febru-
arv 2017 by M em orvless A pproach

Table 4: The accuracy and recall rate of the dvnam ic
m ergng approach

M enths A cocuracy A ccuraey R eecall R ecall D ifference D ifference
DN & M A DN A A = =
Accuracy recall
Septem ber B1.31% B1.31% B1.31 B1.31% 0% 0%
0 ctober 65.40% 78.B5% 65.40% T0.02% -9.45% -0.66%
N ovem ber 66.82% 70.26% 66.82% B2.77T% -3 .44% 4.05%
D ecem ber TO0.05% 76.29% 70.05% T0.80% —5.24% -0.75%
January T6.51% 61.98% 76.51% 54.75% 14.53% 21.76%

February 77.41% 68.94% TT.41% 61.47% B.53% 15.84%

DM A :Dvnam ic M erging A pproach
M A :M em orvless A pproach

LR KEE, XTEMERNECEENBKMZANERE T HRRERE
FREREPMTEERE. XTDENBI—TMEET, WTEGT—PEIR
T AT T ROB M FIEEMEIE. X—_aJ LKL H 2016 £11 B 121,
2017 /91 B2 BHMERIRE. 11 BHOPEIRIECER T RNBHHHE
AMEIE. =& SREEIEMAVESIC RO RER D IEIRAVEEIE, (BRFIAISCIRRADAE
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£, IERMEDEFARETRICIZE .

Zie

EARIEX S, HMNET MR ERICIFTRID ZARET R KANEZ
1T LRVE BN ER . FANFEN B TIHFAETLIE, UREZNAT . HINEHT
TIHEI A TIERX &R .

MFBHBTHYIEFENRD, ZHEEHXNREE, KMETHEEETHH
EHRIRAIBD, 1z A BB IRAT %, AR LS, HITLURTEBAY
MBFIRUBTIUNR BT, SESBERIVRESRUEIRZS R (F1a0—HH
2 A BT INR LRI E s ERM B St — Ml 2R = IR B A TN E b 4 s
PRER ). LS, ZAEaPERAVTIA ST LA EL B ARt = (AN RS ) M

HIBA: ST EMNEF SR WE—RAT—EIERER
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MIEEXIEN R EIFES?
VAP ER FNES 8 RIS SEFRIZ = S

PIEFRA

PESKSIE. EEk, BBE "X HER "X RENEN, FAFMIUL TS
DB ZIFAS R T ZXKE. X —RIFE, NeRit T —MR—L
YA FE—IERES. EXENESTHOBARRRATHHEL, BRT KIS
RFIBEATRA—FRIOE, SBISANER T HIE / REFT. QT REE
£ RS TASESEE, MERERTHMIF. ETEAER AP #EER
NBFIEFRDHAEE, BEERERMAFHEANE.

d\

i)

KICXHILIE TR BRI AT AEEIE LT, BRET, BIEX—R
THES—RINEERIMREER ISR TR KRYIETH, B1E FTRL, Sparse-LR, LR
MART, Itt5h, ERBSHEFTEEEI 11 IERME T RGN E IRAIZZ 5 KB AL F R I]
HTEHEXRAINABNME.
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HRE=

DNEZNAYIENER, SNFENYEEMLSHEHR. 20Mms, BN
Twitter BXHIE 5 125 Tweets, [IEEEHXE 5000 H M2, 1BMESIRV
NEXZESKE 12 5E /7, (UXFE 2016 XN 11 BRHFET 10.512F%FKX 2.
N KAIFIEE EENEF INEFHIREF A RIFENEE XA, Hlun, (P2
EERSIRESIAEIT2HER, BIZEE, TB-TP RAIGHIEE. Fit, NX
BEaepll| At RFUEEIENY R I FER T REIRN— M EXEE.

ERGIENE

MPIJob Status

100% -

80%

60%

Rate
40%

B raied

. Unknown

. Success

20%

I 3 10 20 60 160 400 1000 3000 8000
Num berofhstances Logarihm )

E 1 EREFERS MPIHESKRS

BEl, WREEBF—LRAHAMNS BN IEIES, 20 Hadoop, Spark,
GraphLab #0 GraphX., @A CiITUZFNSEFZIEEHTH, BEiIRELFE
ARRITHERSERESFEAMENNEFIE L, BARMS, Hadoop 1 Spark
SBINE R T L EEFEREIEER (H, Map, Reduce 1 Join %), BEERX
S ERERARPNIIENZE S SRVIEIRE,

GraphLab/GraphX £ZE AT EFHMItE, HFAEATEBHRINEN
FFIEE, MPI BAEBIFEBNSHRITE, BHRZFEVH. FIEE
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worker IRKAVBER T, MPIAIZITRRINERS KKK, WE 1w, Eitb, afag
T EEMERE S FE XSS I E RN A— I FERR

BRSAYER RN U I

EEMSHNEE (E7F - BiErr ), Xhick “ItEEE, HERR, 82X, TAH
NFEW; Kmrs, HEAWE. BzE, FAOELTFES, &My, HBEEXZ
=, FEHEMNNERRSES, "] REANKESMAHERS, CHEERITE
BE; M “MS” BDEBAMEDHBAMAE R, BEIME 687 2 E. "R BIE
REB ARSI BERARBAIERSBIMUEE, 85— FI5EE “—
©PX” BI8ED, 20E 2 B

i BRHY = t +‘!'

KUNPENG
R EEENEES i (Kun) fi&(Peng)

EHZHHE , THZHE , BlZel BAMRSTNIIRE  BORS U HITE

B2 SRESHOBRSSaLZ SIFTIE

ARG

EEMERIEUFHTE T BB T LARINEE:

1. BARNEENRE, EEEEXAITFNE EEERMRH

2. Backup Instancefor Straggler Management

3. 3FERLEAERAEEMELE, 8i&F BSP/SSP/ASP
4. BRRIFRRERIE

%I

RIS RMEIS BRI R IE XN KRR N TEIRE, &IEEHR, E&%8
RENJZFZIGEEEN LSLSCMAMN A, 8FEARRT LR, FTRL, MART,
FM, HashMF, DSSM, DNN, LDA.
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ERMSAYZRS
2ARZEN
End-userg
¥
| Cloud Services
Executo h
e | Parser  |—e Optimizer —» Monitori::g ML-Bridge
ML developer,
Server Nodes PS-Core
m,_. e Parameter Parameter || Parameter || ]
'!‘ Weights Commands | | Coordinator
y channel channel || Node
Worker Nodes
Data & Datad | _ Data & <
Workload Workload i Workload
= J
streaming data l checkpoint Tda‘ta
Distributed File System

E 3 SRESHIZRHY

ERSAVZRIDUNE 3 A, BRIV EMEEEEFRARBHNAMES B Apasra
SF&_ k@, #%E Robust Failover. Backup Instance, LIK DGA for Scheduling
&Synchronization F45M . E 3 AVZIMEREIELL T TLERS

Server nodes: XREUS 17

Worker nodes: XTIGEIEMS BHITE

Coordinator: #=HEEAEMRRIE, WDEKL, &K, RIEE

ML Bridge: {ERMAR IR TIERXIEURH TR IE

PS—Core: USRS 2:4H 1 (servers/workers/coordinator)

Fuxi: miZPRENSETINE, BEITHITEE
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AR

—-data synchronization

syne xxSrcData to xxDestTable;

fea_engineering -i xxDestTable -o feature_engineering_result;

--prepare training data

create table if not exists demo_batch_mput (labels string kvs
string);

wsert overwrite table demo_batch mput select labels kvs

from feature_engineering_result where xxCondition;

--KunPeng training

ps_train -1 demo_batch_input -o demo_batch_result -a xxAlgo -1
xxTenmination;

--deployment

run prediction and evaluation

copy demo_batch_result to xxSystem:;

--other workflow

AB Testing

B4 RSP NES

RISRENER, WEBAFMSEIEEER. AFRSEERAH2NTHA
RS, BB ENEE. BMNIEETESE.
1. BIRTALIE, EEMEAESIER
EEEIERRN [ B
CIERRISEX, ps_train—idemo_batch_input—odemo_batch_ resutt —a xxAlgo —t

LS BERES

1T AIB U
ME 4 hoJLIEY, BMREMNBARMSHIERN, EATRED "WLRin
FRRMEEEREXMIMURIBETIE,

2
3
4. xxTermination;
5
6
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FRENR

ParameterVector mServerParam. mServerGrad;
DataVector mWorkerParam, mWorkerGrad:
il shared_prr=SubDaraser= mSubDataseiPu:
I core code
Bool Tterate()
{
mServerGrad Reser(0):
I hew many steps before an all-worker sync
for (it 1 =01 < mConfnSync: ++i)
i
// determine if need o pull parameter from server
if {0 == 1% mConf nPull)
{
mWorkerParam = mServerParam:
mWorkerGrad. Reset(0):
H
DatasetCal("CalenlateGrad”. *mSubDataseiPir.
CaleNDAmayHelper( ) AddNDAmay(imWorkerPara
m}. AddNDArray(mWorkerGrad)):

/ determine if need to push grad from server
if (0==1% mConf.nPush}
!
mWorkerGrad. Reduce To(mServerGrad,
"UpdateParam”,
CaleNDAmrayHelper() AddND Amay{mServerGrad
L AddND ArrayimServerParam) );
i end if
4/ end for
SvaocBarrvier(): / do synchromzarion
/! other codes
14 end Trerate()

5 SRS RENA

EERSZRANT E BN IE A AEMStRIFEERE., CBEEXMIBENAE
OB T APl @, Worker.PullFrom(Server), Fk&REZX—ITEEAI
RN OTIBREEY M server i pull Bl worker i, B4, SyncBarrier(), XFARERE

7

—{TEEAVCRBEI T 2Rk server iniB R EE
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SCIREER

5 Spark #1 MPI B9tb%:

250 L]
Hspark "MPI ¥ KunPeng 216 Sspark ®WMPD " KunPeng
200 Dataset{feature size, sample size) E2-] Da f rp———

i

- 1M 0
r 55 H i 152 “r-.:_
cnpbkkElE Teorpkid:
*@ ;ﬁ\ {ﬁ' '@ '\ & '\ f ﬁ ]
LIS SIS

& &

Training Time (min)

(a) Training time (b) Per-worker memory cost
E 6 R85 Spark F1 MPI il ZRH 8 5 RTZEFEXT L
6 BT EENAEEIREL (D1-D7), &85 Spark 1 MPI fNiZ 58]/
8% (LR) IZEHE R ATEBREXTEL. a0 D1(460K,20M) IE1ZEHEEB ST 46 Bt

fiE, 2000 BHFEAR, WHRTTLLER, Spark fl MPI Y LR IR AEEBARRIIE R T (D7)
SHEE, mMERMSAY LR BT IRFIIZRARI0

Kunpeng—-MART 5 XGBoost b

Dataset Description #Features | =Sample number (million) | KunPeng-MART | XGBoost

Rec CTR Items recommendation for sale 78 84 162G 176G
Search CTR Search results ranking 592 1,000 1,775G 1,810G
Ads CVR1 Search ads ranking 698 2067 3,711G 5.912G
Ads CVR2 Search ads ranking 698 10,245 22,157G N/A

7 Kunpeng-MART 5 XGBoost RTFEEFEITLLER

7 BT ETFEEMSSCIAY MultipleAdditive Regression Trees (MART) 5
FRA XGBoost UM ABEHIFEE LRI ELLE R, NPT UEL, ETFTERESH
MART REERBRERENET XGBoost. It5h, FHiIE Ads CVR2 #iE L&
187 10 X XGBoost, BEX—mINEEIER. B 8 B 7 ETERISA MART
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XGBoost EHEEHIEE _FizfTITERIXTEL, Eehth o] LB HEFEEMSAY MART 12k
FElE 4 F XGBoost,

250 1 ®WKunPeng-MART ™ XGBoost

200 -

150

Time per Iteration (sec)
L

wn
f=]
!

Rec CTR Search CTR Ads CVR1 Ads CVR2

8 Kunpeng—MART 5 XGBoost |4 XI L 455

Worker # &3 & ERIZ2NMSLIE

8 70
7 60 -
6 50
15 -
24 52{1
1 10
0 0
25 50 100 200 25 50 100 200
Worker Mumber ‘Worker Number
(a) Speedup (b) Memory usage

9 Worker #2588 AR 2 Worker BFERXR

9 B7x7T Worker #1258 £ 1M&E & 8 Worker WiFERNXE., TiZLE
h, BAVERANEETEREABLR LR &%, FTL8 70121, HALE 18012
N MFTILIEH, 25 D worker FegillZrXLbziiE, MABARE worker BNigZ%, &
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FNRREFE, IR ERRFERSER

SEeS

ANFHRENS R FIRGE—IERES, HERANS BT EENMBEEM K
88, ENEERPRIFNAENEL. ELRNEEARBEEIST, CrERAIL
FHIE, FIZEATIRZ28. BT, BREEFSEETR, BERIFNEIME. RIEMH.
TRERMEERSIM. Wi, cHEMEMBURSIRDRPRELTEXRKE. §
@, fE2015 5 “W11” s, RESRSE ELUH “BE" HF (LR &EIX) #E15 UV
CTRIEHT 21%, GMV E#H7T 10%.,

B, BTN GBDT+DNN BiEN AR ERZ NIFMLL S F,
ZEE LUk, HEBEEMNBERT, BEHBLEEM 91% BN 98%, XS
TIVFRRBPETI. toh, 7R85 ESCIAY Deep Structured Semantic Model
(DSSM) &8, EEzIKNAFEHIEER, BEHER, 1688 &, 1BWEEER
£l s,

SRR, BBISRS LA 10+ PRRBESER ZNAT 120+ N mH,
RET—FEEIEESHRREARAIUEIE X,

FIA: 19 ERA TSR & IER

15&. BR, /0, MR, FEE, Fr, BHE, EW, /5, K4,
TR, &

£
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AEHE

| RE | ARG, EiE Al ERHUERRAIR ISR

w8k

[HEKRSIE: EH, 2RRAZIRARSERERZET, WECEHIERAR
FmBRREEERMAR (B%k) (FARBREEHREARREREHR. BERATA
EHEFRERRE, BENETWEERIEERARINRAREEm, — P 228
REEF, BI—PEARMESHAAREE, DURELZ EN—EEBNVA. &fF
BARIHEEZ I FOA T E R AT SRR 88 IR h A CE A — LI FNHAE .

TEHEET BRI EHASTHE.

MRARRMAEECEMFELLERXE, RIETESMERTIIECEKXE “h
}OXME, ‘R PHEP—MESEHEER. HEXHEERMEAMIERS . &
AN EIENMSEZ=1"TESEE—E, TYUCHIERLERER.
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IRANERH

#HE

—— WA

-

REREBFE, Google WHIEERK, BREMMBEEASHILILRE—, L
Google search, Google map ENFS. BRKESE Facebook, EEZMZEHI
TR, ROHITEIE. XGREUE. SiERMNERIITEEE. B2, YFIE
Ki, EIRRIXEHIER(IEE . HMEIGRIRAIERE . EAFESHNEXL L
HIERETE—iT,

BESERNT2CHEEUbI SRR, EHIEEUIE. FRERZE, EEE
MR EABE R HCXLEUETIE, FEEIEG. SaetiBiX s iERARL k.

Business Ecosystem of Alibaba

Alibaba’s Mission: To Make It Easy To Do Business Anywhere

DATA-DRIVEN : DATA-DRIVEN
CAINIAC B EBER

G TETE

=Y Astaba Clouwd
=

R FRHA
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XEEMN—IMESKHRE., RRERNER, XEHMINW—NTEFMEIESR.
tEIMEEN, MEBBEARENMNIECEHE EN— 1801, BLHEEX
5. XMEMBENER. AES5BHWSEXN, GE8EM. Xia. RUBESE,
FgESRXEEXN, NBELE, FEGREERT, OBRZEE.

NEECEHEFAZMNEBIRMAAR? F—PREENNF, ZBIE— IR
KEVRBHILED ( =E£=t ). (Z4E=H) IR MR, SZEXNERITE, il
MBEHEFHENER, ESBREEEIENLMRER. BBANRKIRRMIER
—RABR (Z£=t) B9mee, BRoEEEN EEEESHN. EmNEAE
[~ MEHESMNE. CHEEETR, REZEIIENNE, HWSEIFNAER
MEURARERFERIE .

TEHEANEBE-THERSHIRKAER, BATEEHANEEZR, HiI1—E2
MHIBHTIFRINE., (FAMFTERSE. MFR, NRRNEIERNEEL, HXIH
& “learntrash fromtrash”. FILAMUEAS—EEMISIEFET%.

| HEE

raR
RARIFR TERES Ry SN il

APPSR TR

BB (AT BT i

—— —— ]

AN madeR BARS SEHACOEYD SENS0N Foraphtiiz LRl

' ES/QEBSHI  MMOAME | GRDPE | BSHE  RASR  DARE

BERE—TRBE, B THERTESMSHNEE, WNEEREEE, 8
EHIR, LITHIESFS. EXEHEREIENESE—RZE, BT REIXM
FHERRVEE . EIIREIEAEE, AMEXEFL M CRIRIVERE . GIKSIRIIAVES
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TIFE, BEITHNRE, SERENFILSFE.

EEEREZ L, HNSERER, XEEBAETWSANAIRE, WEEbAI
MBRERN, BRERELRENTS, ARHIMNEKERIESRE., FAFKIIAIE
ERIFEZ, REHMNEITLIEIERDERRRIESIM T EER, EHUENEK
FEEFEALT —ITEEEE. RINEE—LERIFAISIE, tEAIET Graph £9
—L8%, XNNREEEEES, a8EZEC L, HEHEE. mHEER, i)
LA TRV EIE R B R R IEBMAYEUE.

£ LRIXELHIERN L, 28— 1TNAR, BRNSHRE —ErmEER
HRIEEINEBERETER. AL, BENEIET AL ERNERE EXEUEHITE
PERI— PR

SHRMNETEBT2NEIEZE, HNBMIASICEIETE. FRART, g
BESHEL2UHLENAENERER, XEHERASEEEIFEA, WER
ABEAEE . BBATKM W HITEIEZ [ERIRNERIVE?

RAREE
“HETTEE BTN -

" cocmomm _““"—Mi T T
SWEEN
jZIE

£7 Mitsati \_-.:5'.'-!_'-1;-5:'.'.;._

TEEXEHRNETFEAIEMIBITEN— N EARGE, ARITLUER, BN
RARKRERE R, LICHIEZEHER, BEI—ENRZ2IFERTEZINDE (&
word2ve, node2vec, TFIDF, [H—1{t%) L IBIFMEE, ZERETEI—L b iih
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SHBHE Level (KHIRGEAFNSHER, WENKBEUE, XAREIVE,
APP BINESESE ). MRTEXLHAIRZE, HiFTEEFEEHI.

XEREIATS i ERE A AD AP ERAIIE

o REFIRIRE

o JRELMHIRR

o HotHERY

o EfEE

sk, AE—LETHNAEERD, MEttiiiRREERNKSERARAt
73 XLEZMMBRRERD, EULAFEERIMRFITTHR. SSEMMEETEIRFE
BRI LR, Bt EERREERTE—1BXAA. TH, ETRF
AT IBRMENEIEZE, NMEM N EIENRZE~ .

1. EEEIRERIEF=
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. fttb. BEFlink, FHEBNAEMNEEEAMELINTERS, FERINE
FIEEEXS Flink FISUHEBEIIREFFIRILX

RIA—& 9 Blink BB LTRE, ThEeftRe U tamtes Flink 11X, fian.

Flink ZRIFH4%, AU RESIFRAEREERS, LT REIE{TE Hadoop
YARN E

Failover 22U, 1L T Task/TaskManager LK JobManager & #4H
4 Fail 97 =402

IEHFFSLI 7B 2 Checkpoint 892244, (%18 Flink 89 Checkpoint/Recov-
ery BEXIERF, AABBE T
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IBHEFLI T Async Operator, BIESE A, 1L 1/0 BERTET SAYMEE
KIEFEF+
IRH T KE Table API 923g1t, URRFIMAE SQL EENG—SMAE
Blink EfI2 EERYER
- -]
Porsche {Alibaba Online Ma Learning Platform) |

Table API 5aL

i
DataStream API DataSet API :
|

Blink SEEITE5IZEEEBENERIETHE Hadoop 5£EF ERY, Blink 1+8/E

LARIEECHIFRE YARN BISIHERR, ETEETEEFSTHERSITAK
EHDFS £, UBEmBITIRE, EitaTABEEFHEN Blink 1TEF &R T LUIRIFH
leverage B EAY Hadoop 4735,

£ API 2, Blink 12t 7 &84V DataStream/DataSet API, AP LI BE
it APl ERESEHENF K. L7, Blink ERIZET Table API/SQL XM &EHIE
= API, STLUEEI LB S AR AR UBMAARHITHR, XX FESERRNW
SEANEFEEEMET, MBAT SQL E Flink ZRINHEZIEFEEERN, Blink X7
Flink 4557 EE R RIIRE .

sk, &F Blink, FHMERET—ER&NZREFIFES Porsche, HARIZA
RRMT-EFEFESNEEBENG, BHEEIARRBEEZEMERINEFS
A2, Bk, Porsche B2 leverage 7 Blink FYSERTIHERE S, FEEET Blink £
SERFEEA B F I MHAINE .
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Hel Blink EAEEEEEFRREITHE—FiE, XFTHEEBESFEZL
AWSSse, BlaN. R, #iF, #E, BlReE, KEEFIE TR TAAxR:

o IZTHYRHIERH EL#BIT 3000 &

o RRRVEFEEEMEREEY 1500 &

o BUSHFHHOXAIEHE

* RAMEFESELHBIT 5000 Mk, B3 10TB FHJ State, 122k TPS

Blink £ X FEEEN 11 W T h5epk T 55 —IXKIEFRIPkSL, BRMES
EXMEREXRREET, MURILETEE. XEEmENEFLER, BNET
Blink AYEZH128% S F & Porsche BT BEBRIFAME P IBmIT AN F S,
P TAFFEFRIIERIR, KIBRA T 11 B mpls it s.

plan. W11 HXRBEREBENE R, HEREIFDIR, TERIREE, WREH
FESISEXLEmR L, SSFAPXFRRERXIS, REAERE, RIFIIITH
MEIET LU ELZ I FaRRVNEIX R, FRBARREHTENGENS
fc. ELLTUEL, BETFLNHENTEEANRFIFaELEEFIIREIEEDSES,
FrEEEXME.

Blink £ EERIZEZEH)

SChY A/B Test

AIB Test BTl 2B LI EIRES IR ITTRIR, FEHEAEELRRNEE
RE, BHENIRENR, AB Test HURBIEMGERZASUN T EFx=, Blink
ESNE& EBEXLNEE BT AEE, AEHIF. I8, &it, RERESURIHS
IREN OLAP RGH, iILEIEXHEEZE ARTULII BRI ELRER, MMEE

BERERITREY, BELAREDR.
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Onlne Logs

SR -
g
RS-

AmE RS MEiRE

HENERSIZERAFEEERINSEEEND, EENERITELIEMNERSY
EREARN TEM®, BENERELFEINIEESEMN MySQL £EfH, RN
HIBLIBREZTEMN MySQL BHIERL 2 RS | ZEEH HBase 7 (211
Google #35MTUMENE BigTable 1), fAREHTEILSEELEINRSIVE, &
BRI RS | ZPIRERIRS .

BEFEENERERSIEZEABRORAMHITINERENR, FEIfE LIRS
E—ETUMIEERREFMNE, FWETF Blink WA—T8RE, RCitEttE
HEALER—ERFBERBEEM.

—
S g “meme
s |&

Porsche - E&iNEFZIFE
EENEEZIFEFIAT Blink 32 ARISERTIHERES], BEWLATAIXTBE R
BRITAIBHTANISEREARINEGSS, FELIE SIS SLRTE L
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SHEARVERMERFSE, SSMMHERMIES, FEREWN TEM:

Cnfine Logs

HOFS

Online
Learning

Blink £:RZ844

YARN [Resource Management)

Submit Sob
Launch AM s st M Launchi TR 1

b

YARN App Master

Blink Runtime

Rescurce Manager

Checkpeint Incrementally

HDF5 (Persistent Storage)

Apache Rink Alibaba Blink

M Blink B2 EIHELAE S, Blink EREBERARL EF Flink 28 5IFEBU
HIFRBRAY, SREED N Flink HE=RERIZOER, Blink fEIXLAEZR. NI
O EREUHEBREIRA X, RIERE M,

BEERPET BE, flu. KRERE, KEFMH, s4ni=. Debug TH,
MANBEES, Blink B3 RIFEMNECERARESMUSHRHATENFR, &5
Blink BB Flink HZ=EMAZFAETHIRIRT, KRB REFNEEER
BHHRF K.

XAPEIRIT, FZRIFFRBARNF BB B FEEES FROFEHITT
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i, EEHNBTLFIFREXZYEE, SRFIRAR, BB LURIER-E
EEESHFERETSEEHNMLML, F2RHTIMEATERER,

Blink B92R3k

Hal Blink EEEMIEEEREAKRIEIR, mAMEEBE—LIITE5(Z,
ETRBEAVEHENAE Blink RARE LRRA, FEFEREALXEMETNEGE,
RFERVTENARE, NAZS L, —AESRET Ot8ME, FHEERAS SR —
LTSRS, S—<FNERSNMELINTELS; Z—AEBERBINER
NRAB=MEE=RE@/IRHERIINLINTERES, iLE2T B thEtsEE=
ZEfE BB B AR .

22, Blink LT BEZEBRINIFFE, FEHEEEXIPEFANE, BIEFE
WD E AT LB B KB AZFE URSRF ARG IR EFFEIH—RITE
FEMEB LK.

SHAZRARRIR

[EEEXLTTERNRREELIE, 252 RNECEH—AXLITTESIZN
WEIE, ASREESHNTE. FHEOFAE, THEBSIERFIANYT, 55
E=/DEEk 2-3 X, BHEFLE 2-3 AU L. EREFILLANTETIEICEL, BRiE
A RS IEES, R AFTHHRE, 2% Hadoop, Spark, Storm, Flink &7
IRAREIERAEM .

R BHEF T LIBIE E W

https://campus.alibaba.com/traineePositionList.htm

ERIEFHERANT LTI B BB R,
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FUEIRSIE: SHEAN 11 BIXRFT TICR—fTRINEER 25.6 5E / 7.
SCRTEURALIRIE(E 4.72 25 | . EMEREFIBIE 100% HVEURERLE, RITERAK
TBINATIR. 5K, HMEEFNERTERAREWEL

- 2017 BRI STEER

201_7'_111112:! v
A | 1S

W A1 RWIRAL TR, BEIRY OIS ETEBR—Z:

SUERIBD 11 SER—ERE, RBLX LESTHFTRAFRES—IERBA
TZFERY—NHANSZEIREFER, BEITRIR—S0T6.

BIBERFIINNEN, EaiiEnEtELSKAEFSAEERNSEIBA

ATHINEEIX 25.6 HE / #
SCREURAMBIEE 4.72 25 | B
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MAE AL ERIRES P RN EENERASIEQA LR (RIEE W SHISCITEUE.
RAXEEZOES), AERNSHELEEEEZHEHEE1.81Z2/7#! 18
KT, 1 RHERTFLABAR 11 SHIEN, KANITEN.

T B BIRIE T #UE I TR ST 75K«

BT HIEN S MESEENERAMOEREE, HESERERLARR
MTEGRTIH B, AMEBETEHIEE —HEZERWSER. SFEN 11 AR
BhEIRE 1AL EEERIENER.

BSRETRSE (2017 F) BESF (2016 F) HEHIEIEEALLR.

2016 F: TRNEE 12 FE /1, SEELIRIEE 9300 5 /¥

2017 . XfTpRINIE(E 25.6 HE /1, CRNHIRGIEEE 4.72 2% /%, 1Y
EEEERAMEATRDHIEGEIEE1.812/8

ESEN 1 REEEFFNBRT, KAREMEILITEIREF MR, M5B 1
BFLHMFZBAZTRAR, AL ERBERERFERREZ, PRI,
EXNERRTTRIRERR, SEIHUIRAIBSKEIR . BKEUE. £ hold (EEIEHIER
BE, RENEEERTERANEETH,

it ENRnSR

HIERAR T mEPEMTHELESS, RTBEEUES, HErhiystivigEs
RSTEARZ M EEDR. 8FSF (ATERUANET—F) W11 JRIEKF
SCETEUE . HRABRNEESIRLITHE, URERRTSES/ N _NSHERET
m, BaENECEERAREESIER.

BEIEE VSRR RIIA, EIBRIAL, BELILIEIEEEE 4000 5 /s,
BRULEBICRHELRIFIZERS, SLEEESEHIRE PB K35,

EX B 2RI HIERI A INE] T HIRE R =R Y SoeER, EitEE
kL, SXMTBRE. 01RE, KEIBHLGE, thal. SERW 11 85X, W+
—RARFE—FICRARSRET R BT BLIERA R K EV RN
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EEURA/LFEXNEEERENZDE, EEHNRITERIES ZikE, £
R LR R R EFa LHRR T FEMNENE . HNBIMATIRESHIIEIEE

BRI, TEIERENHIERESEE:

#%y 2017 M- EHRXA

WSHIBRIFEIEESZ, 23EIHENTE (DRC S5%E4HT logagent) SLHT
PREUEEHIE, FERBHEZI DataHub (—F PubSub BIRSS ).

SCATIH &SI Flink /Bl EITIT [7iX Lot S HUE S TLATANE, HEERY
ETL 4B EIEEARE R E7RZ Datahub, FrERINLS SRS K E N LT AR
HITZHENRE, (LRENMIERES B HIEERE X REEIERE+ (Hbase.
Mysal), FBIIAFEEIERSE M (One Service ) SYMRHSLETEUREIRSS o

RIA—F, HOETESIZMTENHAEM T REIE, KM TItEEN. 7
RIEERIETT .

£2017 &, FMNEXLMITERY EHITT2EAIFER, M Storm T %2
Blink, FEEFKARE EHITTIFESHIMN, EHEELEENDREST 2 &L
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£, FROCERHERES 5 BLL:

AR EE

LT EI R S~EKREN state, LIFIEFMHEE HBase, MESFHEE
RocksDB o, Atthfzi#im 7WEFH, EBARIESERE, TLABEMAIEIIE
EFLT (IE key RIPEETLURFEMZR AT, B SN ~)

it checkpoint (1RER / #2& ) #1 compaction (&3 )

state KA EARE, SHREX, MREBIXEMEE checkpoint A1,
SRS ENENIEEKR; FTLETEUBRITIRS, BEMK rocksdb VB E,
EFRIEE checkpoint EF R, TTLAKIEEEMNEERIHEES,

5 Sink

i€ sink ALEERIFE R, TTLIEKRIREIRS CPU MR, IJLAKIEREM TPS,

MRATLAMN

BRTSIZEENMK, HETEBHIERET Blink AR TECHREGEHG
(BRIFA B ARESZ HESERBIIZEMHII ). ZEHRE TERSITHER
AITHEE, IEHRFMERFSBEMSRMN T — json X, XEFERFEAE json XHH
BESHCRES], SCAREEN, KEFETHR M, EEFREBE—AERED
RF: ZEIBEBRETRTHEEN 10 A/ B, WERAAFCEILTIFERES 0.5
AB, TEHERDESFRGKABZIFER, BITIEI—AEAHERT TR EEE.

BB FIABRRINGEE, SRETERTRTERLKFS [FR ]

ZFaBI RN “FBRR” FRERLIES, THES—1TRE, EHTE
MAVEIRRITAS, AEMRTHIEEE. REXFITEFIRE, (FAIZERASLIIT
BSSHIERA, BAELIIHEN 11 HERSEEEN [ FARFAa | PIREAITIAE
BAEIR—T ISR

—. KINEEEFH
EEANR S AL FIH R BN FEMRNES/NTRNENITE, ZRE2BEMD
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ESHTTERN, REEHREXEESHTETH, FERERSHITHA, BOKN
21EH 50% UL, EITtSEEItEZE, B8 CPU,

—. i5EEE

X FF#E7E RocksDB Y Keyvalue, FfiJRit+ T — " FFEZE589 encoding #1
%, BRUE state RS —FIA L, XMUKBEBRPRENLE . cpu. HEE.

=. =ttaeHiF

HEFRLHIEEENN—NMAE, top BHEFIFREF PriorityQueue (E55BA
5ll) 0 blink 5h#fHI MapState feature (SPENASEEFE), Kigp FoLIREL,
HEERS 10 (BEH.

M. HtEEHINSERE

LERK HBase #l Datahub B, MNREBLHIE—FRICRIAEEENE,

SRARBIFAINEL . FABHBILITEARR LB ICRERARITLE (timer TH88),
LIt EEHAHES (mini-batch sink), FETTLURIE S ETE KT RIEE
8, ESASTEUNEN, EEETRSIHES.

HURRIE
SIFRIMEHRNF (BX 24 /N\IINEMTIRSS ), HFEMEBHFER, HRFHER
HIVEIARS, BRI RIDREIEMDIER, TERENLIAHEAERIRARIEZRE.

T : DataHub
o, e

P ]
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MEIRRE. HIERL . HRTE. HUETME. HUERS, BRMKRABERT
A9, 1BIZTE Oneservice PHINSECE, REBSLIMEIRIIIR, (RISEIERS A &R,

FEREAHREESEN 11 REREARITERAMERE —HIIAMET
BIFTE AR ERETUE M REM. MR ARZIEE.

BERTENRAIREERNEEYE, BEETHEFEVSHETHRIESST
BRI B

1. F&1%, RS, Stream Processing as a service

2.1 B X EHI% —, Apache Beam, Flink f9 Table API, LK 5% Stream
SQL #B2IEEHM project

3. SLBTERRE, B MRAAVREF ISRk Smit Ehli@Er-4 X1E

4. EBEHE—, XTMEERANEY, ARTINESEFENEN—F, B8
H—ENME, TNBENA—EESASIEBNEEIXREIN.
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PIERIIRESERIRE: BRTHhRI=EE,
(RPN EEEREHZ

[EKRSE. EEIENREZEZER, MEBHFaENITERN “Kie” 18
AT RARMIHLITE—ICE . EEENERRMENPET, RATUREEIALL
B, ATEsERLESRA. BB RANTEES., EITEIGEMER LTI &
SHEBEREFES L, MREEDARTESRTHRIEZEE, 2H3INE
EEEHEXY, k. #XR. 6. BE. SECESFS MIREESAMER
EERE, KXW, ATEAREMFRIPANRR, RIFBEENEE, IR
ENEHEIES I ZERARETEREL. BFY. EVREN., THREFESHRAENR,
I RIFHIE G

P BN ElEiE A

MEEBASERR T BENHRME, XEEENERYUERBETEE. X
JE. 1688, AliExpress £ 1 his, ENRERE. TUizE. REBIZE. B&HEE.
EZRNE. MRBESHBes5HS, IEREEXF—TMRANERE. Tt
SRR, BAREFHEHEWYARK, TIERIUENTEL (BRITHNS
—HERERNEL) , URSHIMNIEREZBIRERRK, BEXHFEEEX, HE
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AmANREE RS E R miVERIX—EitE, RIEMENIE. ETU, HFEE
LR RERF—HGm, WA EHIIIEMNE— M REEERIEN, RETH~MA
ZETILES

FEMREELER. ETmR. EmE. IERE. IEDERD, FIA
SLARRA . SERFEEFIEN DR, BEXEKTHWMER. Bl BxITIIFES
9 KRE—RAR, BE2THIZRAN=7TH, FTEXRIIFIRK.,

fErNREEZE A ARNARI NLP 1EXEEIREZISFRA, TIEENE
REERSAR, REMNEBESTHEIAE. BmALREE ZHNBTER. 7l
wSW. FainE. SRE. mEEizESF% 0. SIS, EBHIREEEN

BEE, B ranBisExlcElEm, BMNTIETHENERIEM, MAL
HEESEEEBRNRESE. HITE. ERMURETSAIERSIE.

\\I

SINSBEIEEEEHIES |2

FAIRIT T —EREZRSLIMANRR AR . thoh: FNMRERESEAR, K& 1AM
(RME. ETF0a). EEANNREE (GINhBAEERE . MRENE ). NSFITE
TREVEERIN N R GT— IR

REBARGR, HIHCHEEDS . ENUMSMNEE; A—0EHEE; MRRI
R NSRS HIan

1. EMUMSMEE, 0RQEN, BT L FMOEREFLAINRER, FEIF)
REMEE (LANEXIE. EFE. BREESE), K30, F, HRPHEE
EFRNFEELE THAEZSAXENER", EESIEHEN Wb hZX
&, BEMIMS Fih” BAX, BHERZXE FUEFNeR, UkSwPhHem

2. F—HUEE, ESPMERMALRES, HNTFEXNEmInD. B, B
AmRk. IREEPHI@E. MR, oFEMER, M—XERE. thilRizs
PRV E Nike MEBMSE BT MIEE Nake, WITEFFZ, LAEAET AT
A, B PEENREERE—EHN, #HEN—H. GOABENEmEES—E
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HImEmm, HIEESIZEFABRRRIER.

o ] o

hasTag sellBrand hasTag

W= e e e R s

type 5 :
Iteml Consistent [tems Inconsistent Items § WP ttem2

3.AIRAIIEIE, —HHEENENSBRERBNMEN, fluNBd—HtE
EBIHMNeMRYIBEEZINE RECHRIER, BIEEEWIR D BRI RIPLE
HEF, BREELEXONELE. TEREFRFEMNNONIRS. N TIRSEERE WA
1, FRARIERES KREEREEFNE R T AR .

ToHE . B E < 0.59/100 g (EIHR) 21 100 mL (&)

FoEh: $< 5mg /100 g 8% 100 mL

AT LUBECHEREUERR (L “TofE” ‘TR SRS, AMEEMEEIEETR
THIR, @B AB test 3ilE, RFNRRERIIHSWHIRAIEE 7 IHZEEWIRR

S | 2B ERARESR

3 .— ll

AT

[RitE

Ay [ ontology |
HEIRLESR = based
data
b e ACCESS
(ODBA)
SRRENS LIS
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B5%, HESIZIEBRMESEITIE NN (semantic parsing) ¥ HBER
AR (logical form). & XBITRA T EEHERMEAFSEERTHAR: BRE
SR13 6%, iBiES . NER. Entity Linking, #4195 L E = (distributed
representation), GAFMIDHRRTIH—LHE N NBERIAI .

EoHRARTEBRABEREXNIES, HMNEFEIRRTIIBREE
(predicate) IR/EZ [BIBRETAYICIRA . FefIEIBIEHMENIE, BITIIZHNIT symbolico—
peration, &Ll neural programmer FIF attention #HIEFESISAVRIE, BIIEE
REOERIBERIE, RERESITNDEZSEBERIENEATRINEERER,
BIEZERAAERANENE, TEREN TER.

Bidirectional RNN

Attention

HX, BERAASMABENSERFEEMEKRE, BERAATRITIRES
BREUTIANEREY. BERAXIBIANBRES, FITEFVISEIIANER. RIX
BENHEANREIEHIE. MRKRTNEKR, NiZZTFT R, seBIEEHENEINFHN

SEAFIXR, BEBSFZMEEIES AR, 2 Datalog. OWL £, BIIXLLiE

REBEMNEERRETIERN, BU AR, HIES|IZEERHERTREN
BIERR,

DA ETUFAISENMEER ). ‘i ENER”,”
FZiERIATUER )9

b

]]II
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vx: B (X)n (Vv y: BXGE (y, 7=ib)) (x, (v z: B A (RE , 2)))

bEl=EsAEIEN

vi,x: ($c: BFrEm (x,c)mnBF e (1, ¢)

ook, HIES|EEAFIMRER ML, HINETF embedding #MEIREE
TEERIIBIMEESIEEEEENMAN embedding, &ET Trans R&FIAVSAE,
EEEA. fHSR. BR. SSRNXAEIR (WFS ). BRFHE, BTHXEN
FRUFIRNE

[ EANREIE RIS =FERIER, AN T EANANREIEEEAITRESR
172, ENSIIAFRESZFIEEMRIEREINES, SINTRISHBAESLE. A
VRTINSIEHEERR A, ENEEEHTE. Bl MRIEEHSRHEZNFER.

BXRINREERAIR, HERIMAFA], WBERRKES (LEE):

lantu.zw@alibaba—inc.com

sk (fe2: WE) B, WEEEMREIERANMGSIRA. Bl FHnKE
MRF, AHENTFIRRETIARS . BERFTINKSNBEHFREAESLIEN
AR =EE,
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eSS hEE

ELFIENN 11 iR
PB RAME S RES “i5H"

anie

FIEKSE: 2017 XIEN 11, XSEE325F5 /¥, TIEE256 7/,
HIEEAEIEE 4200 BX /B, BXRFH TICR. MEEEHEMREEE, X
11 HAig), X ERBaRSE[IT TR 5CGB FEIENH, IEAMRXY 4D A RIBRASR
5eELH .

1B, BEBAKXME A THRURBEMERESEHSE TSMER, KBRS
B, AMESREEDRF WS, B RIREERK 20 2R, DRYIES
3.4PB. EFAEREGD KL natvie AVIRIET SIX 57 /2, registry MEH RS
PRI 99.5% L. &K, FIEHKEBENEEMBEOEUHSRIIAETRNE, HEK
MFERIBIEN D REREERIRAZ .
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IEIEAYIRE S

MEEMEWSIRIFIEK, 2015 FRABRFHINRHERKRT, REN
FRRIAEFIRITS, RIKRWETRES, MEFRERERHIEFTERENIG
N, XHRSB[IANMERERBK, ZRAREZEERSHET &, I BENEK
MiamFtEp AR, Lo, KERBAR IDC NEFIRBERER T EANINET
5, SRS

B, REWSEDERL, KEMNBREEEI, BIMRSETRERREE
A, RETAENERTE, MERRIE; RECEOAXHE, NERRE, KWANE
NIGER—IB, WERIE.

TRBEANFEET P2P 5K, BEH P2P SAFHHEE, SR TRE
ERIMIRS, EBRERNGECEXLERFINEMIDE AT ZAZIFIAVHAE.
FRUAGE T 88X 1N mm .

aan =l

WX LER, BRERTZIET LB

1. BRNMREITIRAEIR, £ Host Z[B)4H P2P I, ERENI4RSEEET,
T IDC Z BN T T R IR

2. MEH D REE, FERIELEDRSRERN T, R—ERSETHIREX
KAVREN o

3. REE T HINEHRE T L.

4. FERA AT Eal, RITOBMESIFIT R,

5. Host LRIME 1O, KL 10 ] LA H, LAB XTIV SSiERSEIN o
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BB

dfget client

SRR

BREBAEGD =ZE. $—E =2 Config Service, fith & 2 At B Y Cluster
Manager, Cluster Manager X EI2FBRY Host, Host ft2%&in, dfget #2281
wget BI— 1 EFimiz~F .

Config Service =& Cluster Manager BB, ZEPisET SIH. RFHEC
EEELRARSES ., B8R, RERESER Host, B&IEAI—A Cluster
Manager RUitEIEFIZR, FERHEIFMEFIXMHFIER,  Host SEEHRE B bRIERY
Cluster Manager,

Cluster Manager EE2fIIREGTHE .

1. LK) CON B NAHR T # X4 E R — B F o R EUE;

2. 191& P2P MEHIAEE peer Z [BIEEIEEN D REIE,

Host EFiFRE dfget, dfget ANEILIR wget IEERML, FEDIREBIEXET
0 P2P H=%,

R EEREAI T LAA StarAgent SR N & dfget 155, 1E—HSEREIT FEX
, ARMZET AV R TN EMERIRS:E, MUERERIEESN. Ik
TERIRI, BHAE Java SDK, alLLUHREN S “PUSH” 2I—HRS 2 L.
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TEHXTEERT RN RixEIER dfget, FEE—1MXHEHRENRZER

=E.
Data Source
EEEEEERER
B O} et/ /. com/xyz.tar

EEEEEEER
EEEEEEEE
Cluster EEEEEENE
Manager . . . B . . . .

A opap
EEEEEEEE ErEEEEEE
EEEEERERER EEEEEEER
EEEEEEEN EEE EEEN
dfget http://abc.com/xyz.tar diget http://abec.com/xyz.tar

I P2P HRZEREE

P Host #1 CM 2ER— P2P W4, B CM SEBEAMERHESF, U
R2E, MREIR T, XHIRKBEDH, CMZEHETEXLES R, BNER
TEHMID FIRMES Host (1T 8, Host FEE—19DRE, BENSREMHERES peer
T, aLtsEHE, ERIFRBR Host 288 F#sT.

AT EHAIHERRK T & RRVBIRICRAE metadata B, MNRKRASE T T
&, BIXHIT dfget a5, RUTREHE,

THERE, BSEIT MDS, LURRTHBIXAR A E57E— Y. B
81T HTTP cache kIZEHI CM imX XHEHRIEFITR, CM imS2A BB E CER
BEMEREN, BREEBHNTESIERANRS .
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ENEREREXMMANG R, FTERNEXHEESE CMin, BEFHE
&, R5I3XHE. WSMARY cache XHEHF.
ERE—IRELRE, FHTT U, EROTE.

n RRER w17

8

836

200 300 600 1000 1200 3000 5000 6000 7000

B3 AN P2P Tl R XILEE

X HEEFimE, Y ME THITK,

AR R BRI 200MB (R : FJk bit/s )

Host i Bk bit/s &

CMim: 2 BiR55ESE (24 1% 64G, K+ FIK bit/s)

MIXA BT LAE H )

1. BREXEEZ RSN, TERIMKIREEM, M dfget aTLASIZE] 7000
B PRI Z I

2. fBEEHE T 1200 EFHLUIGEHIRBEIET, EAIERKITIET .
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MEHBRFECERIRE

2015 W11 f7, B TEXEAET 1275/ B, P&kE4TB. SHIER
BERBEHNTEHIE, awget, curl, scp, ftp F%, BEBEZ/NIRXMD K
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