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101 Divide worker nodes into one or more groups
102 Worker nodes from each group randomly sample preset sample data, so

as to obtain target sample data

103 Worker nodes from each group use the target sample data to train one

or more decision tree objects

(57) Abstract: Disclosed are a method and an apparatus for training a model based on a random forest. The method comprises: di-
viding worker nodes into one or more groups (101); worker nodes of each group randomly sampling preset sample data so as to ob-
tain target sample data (102); worker nodes of each group using the target sample data to train one or more decision tree objects
(103). The method of the present invention has the advantage that it is not necessary to completely scan all sample data at one time,
reducing greatly the volume of data to be read, thereby reducing time needed for iterative updating of a model and improving train-
ing efficiency.
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—F AT MR BRB N AT ERE

TARAR IR
A Bt B B G EARATIR, A A A A —FF IR T R4
AR Y| S T i Fe— PR TR GG AR D 5 E

HRHEAR

A EBEM kLR, AMAFEN ST Fa @RS LM 4T3
Z, EANMER ZREM AR REnt, FA T BRI,

B AT, 2%4¢ A& (Random forest) B ikt ATAER D %, xtiX
BHF W FARHATIZN, ARtk IEFFHE.

FALAR M A — AR K 5B (h(xk).k=1,...} 89 54, THESE h(xk)—
#Z 2 JA CART ( Classification And Regression Tree, 42 &jast ) FHixHE
B AR R R, ., x REIAGE, k R LF S e mEZ,
R T B A RKTAR, RITARGWMBETRA L HILZ T,

B T ARSI (9 PUBEA 2| UL 2 LT, BAUREGREALRIR 2 T
ReAL BRI S ARG, B FARR FHAT ) UL A

BB REIFE G2 EH D, Z% 100 BRAFH, FAERFE—K
4o

1. FFARRAURAE,

BB B 3h 100 A~ A & worker, 4> worker A D ¥ HLAUR AR —
MEEREAFEGTES, SHRD—KELZNT D, EEFTFATLAIE,

2. ¥/ worker 22 F S. A CART F i %4k 5 AT,

BN GGR IS, T TREGERIE, —REFTH ARG ERA S
Gini, A F&AAEARZHK Gini #7504,

FEXFFEY, B TEHN worker AR MAF R IE 25 T KT £,
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R, FEiam—RFEALEGEE, BB ERER, BRKS et
ATIRER, AR a9 R EAT I 4K, DR R AR,

Bt FARRZ M Gini B, BFF B FAE, IPREA n MFAE,
H CART #2 =69, W FTA o 964 (2" 1)#, &5 (2" 1)
KIERFZF Gini, BZEH OQ™'-1), i+ LA HFFAR, )%k
REATET R R Z 49T, B AR e 2 R AT A K DI %
HEEK.

AN %
BT ERPFEA, T R IHF LR AR LR A 19 A R

B4 ik LR PR 6 — T R AR 694 D 4 5 i AR A 0
— AT AR AR D 4L

AT Rk LR, KW RGN T — AT AL e AR )|
%hoyik, L5
A THE BRI RSB S A

WA P 8 TR BN B 9B R AR T S ATINUR AR, KRR

AT AR BRI
WENSEF G AT &R PR B ARERFKIBEING — AR Z A%
FATT %

i i, BANEF G THET O ANREANE —ITHhF EAR—
NREAF Z TAEH &

BTk B AN 69 TAE T BT E 69 8F A A8 F AT ALK AR 49,
RAF B AFEEARLIR R 645

FEHEAGET, HEANF—TAET EATE 69 R R IS4
AE A
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— I AR RGBS HFARIBEANS L EHNF =T
K 2=

N R EFFNF
= TR R GG EEREARAE h B AR ARSR
iz, PR AT 6 TAE T ERA PRk B 454 A3 D 4 —
BT %64 5 B L3
EHBEA Y, dEA
R F AT R

IR ECRA PTE B AR ARSIE D A
It o 4

AR BN REM Ly TR O

10

ik, Pk g B~ 20 9 69 TAE 5 R A BT B AR RS IED| 45—
k61 3E-

B FTIE B AT REIE 69 B AR

BB GG AL E ;

BOIE A ARERS, BT B AT G
B PR PR ALE AT T ik B AT & 69 BT HE T
KR HE T G 6 B g e AR A K
R PT iR IR R Z BT 3 R ot e mt TR,
Pk, Pkt AT Bl SR E TR 3%
15 LR B AT by oK) h o K nd, TR PTE R AT & a9 E T T AT
H K| I E,
SRR SRR AT A — 4, RARE
ik i, Brikit B BTk B3 B AR T 4y TR L4
L P A R AT
20 EyERIGREMPEIERE,
12 B 6918

YK A % o Rat, T HPTE AT G EAT T BT
HA, PTE M E R4 % a4k AL 4704 P ik 5,
PNAL AT A P ik 4K 5] 6948
5T AACE B FFE R UAT T, RAF IR KAFARAEAT B 69 4 AE15)
BT d A EMFREERAPTAFIES F, RIFRE
25 i s, Pk R HeF IS 64 B Az

AT A AR AR TR
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e RHE T 09 AR K IG HE T 5 04 B A2 & A AR 2 A A Bkt T &
R AR PR AA BT Rt AR A3

AW EHGIENTT T —F R T REMARGBEARNGKE, 0.5

SR ARS, R TR IAET BRI AR E AL,

AAURAFALSE, B T oA 6 TAET B ATE 69 KA+ 3t
ATHAURAE, KA B AREE AR4E

R EAI AR, BT a6 TAET B R TR B AR AR
PN h—RE ARG F

ik, BASEFHIET EOHEARSZANAE—THhT EAR—
N T Bt X

FIT i ALK AR AL S 61,45

W BAFRIRT A, AT EHEANAEY, GHENE - LA
R DR & R S P Y N &

BAEAIS L FAR, BT EENF — AT BRI 0 H A%
ANy R EHFNF ZTART P, AR ER Z TAFT w9 RAZ3EE
J B AR R,

Rk, FTERFAI| AR 46

TEINGTARR, ATEEAASEY, BEASE AT ERA AL
Bl AR AR Sh— AN e AT R

Rk, FTERFAI| AR 46

AE A F T AR, A T AARTE B AR ARSI 69 B AT & 695 A AAME
BY, BT B MAT EAE AR T,

Hep FAE, A TRBATEAE S FTiE B AT & A AT H 7

HERABATFH T, AT RAHFEGEEEZLHMETHEEARR

E
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SR TARS, R T iR AR KR Z S R FORE 3T R R AT 4
M,

Rk H, P E i+ BT ARk 60,45

BT AR, ATETREWAZ GG SR Z5ket, HHEATE
JB AT B 0GRt T BT R 5K 7 69 RE

Ja—1 R, BFPTRRERITE—, RFRE.

Rk H, P E i+ BT ARk 60,45

REBEREEE LT, A TEIEBWAZ &5 KT A S 5 K0T,
TR PTIE B AT &G EAT T BT A - R D 9 EMER4EE, H o, FridARE
TRZSE [ GG AE AL AT A P L B AT B 09ME . AR AT A BT 4K 5] 09 1E;

ERSTHIT LA, BT AR EMELEERAT TR, FRFR
KAFAAELS L 4G 45 AR 6) 2

MERFLEA, ATHTEREMELEERAPTEAFIEG E, RFR
%,

Rikb, Frid R 2 B0t HTAEY 45

FRRGEA, A TBHAF QN FRAIGHF G 04 B AT & e9{aR)
A A B SR

THEITFEAT, A TRRRAPFEAANBET R FARZ I

AW FHG| LIEA TR A

AH i AR TAET ERGR—AREANSE, HENASATFT
VBT ENTE 494 KA F AT AR AR, K5 B AR REIE, 3Rl %
REFAT %, B, BASEF T SACRBRIE 9 RARIE, @
TEZAAR— R TG REIE, KKXERT RIEBEGERE, BV THER
A9 e, HEdm i Y ARA A AR B AT 1] ARG hEE,

Ko E G T AR 6 B, BE T RN AT ESR
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B, RERTFE, KRRV THEEGITES, Bk BEA n ML,
FEFEHPFFGFTRITESTEENGFT X, TEGELRETUNRT REY
02"L-1), BA%E] O(n), BV T I 4AT i ag4£ %, o s VA g% K E
Fratia . BEHINGERE,

W B 35,

B 1 AP F 0 —F IR T AR ARG AR R D 45 77 & 5226 61 69 H IR AAR

¥

B 2 2 K iE Lk 0 —Fr o w4 B

B 3 &AWk L6 69— Hadoop #9420 F SATARR DI 4k 69 A A2
T B

B 4 SZAR® 6 —Fr AR T AR GG AR D) 48 B K245 69 45 M) 1E
.

AR 6 LR B 6. HAEFR B A A R HIE, TELEEM
&) Ao FLAR 52 36 7 KAt Ak b — 4 ¥ e L8

ZRE 1, T T AT — AR T ARG IR D 4T & K561
G RIAAE, AR A s T R

FHN0L, F AT ERNSR—ARE A5,

FERPIFEROT, AT ETUAANGER G F T8, ToAHE
EEGHENE, LT R EFENERET, o XNEGK, KPiF
Fo A7) 2 H T A A PR

s TS AR E, THEF A (worker) T A% CPU ( Central



10

15

20

25

WO 2017/167097 PCT/CN2017/077704

Processing Unit, F &K ) 69X 4 (Core), s TFiHFAER, THT
BT A ARG FA,

FERPIFEROT, TOAZBHERALIFEORIEE. ARG EFA
&, whl 2 v, FIEY EXNGA-AREASAE (REEXRS), &
MR F I EQE-AREANF —IHETEUAR—AREANF =
IAEH K.

£, HEASMAFTRE TGRS, AF— T A
MG EAREAEER T &, BT B R L G RIIE) %4
R FA

—fE, ZERT AGURGEAVNEE L RE, SENKE 5E%
B3t R 692 F RAELL, Hldm, 416940 B =k F ARG 3 /100,

BAGEN, F—TEY RO EHRAIBGEIEEREL, —A4
B AR B G — ARk AR

AEAABIEAN T BIFHIEIFA T LAY, AT KT,

F Hadoop £ 4+t H AL BF 64 —FF L3645 SATHLAA

Hadoop EE@EFAIAS, —A4H XXM %% (Hadoop Distributed
File System, HDFS), % 4M& 54 Xit A4S, BP MapReduce.

HDFS A —NG B AW e) AR, RS ZHHETF, &6
AR AT £ A8 K4S (large data set) &9 5 AL,

MapReduce 2 — BB ERBFBRESTAZ RS LEDLERENGHE
A, HAAARRIET LU KGR AT N BRIBAS AT, B BFR
B R 09 BB L BT

£ Hadoop W, /M F#4T MapReduce #9438 A & BmA: — &
JobTracker, # — A~ TaskTracker. JobTracker < vA I T i B T4k,
TaskTracker = vA il F#AT 4%,
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#—F M3, £ Hadoop ¥ TaskTracker =] VA48 BT 570 R & 4ot 4L 3
A, BREF ETUEE—ANRE NS (Map) T EF—AKZ AL
% (Reduce) ¥ .%.

FEoA R HF, MapReduce 5T AT FATHEF HH XA, T
YR, RBEHH. RN, RELEUARNLBZFE KA, ot
LA G A A A B EC B REL (map F4) ALY HEL (reduce
F4K ), map R T ARRAES 5 R Z MMES, reduce FET AIEL RS 69
SRS R RIDEAR,

#& Hadoop ¥, #A> MapReduce #91% 47T VAR AT4E4LH —AS Job,
A~ Job X VAL A WAF OB map BBk reduce BB, X @SB A A
WA F Sk T, BP map 4= reduce H 4K,

map HET A — A <key,value>T X 694 A\ (Input ), K/& BAF =
% —/~<key,value>7 X 49 ¥ 18 4y 5 (Output ), Hadoop F5 =T AHENL—A
Jo<key,(list of values)>T; R a9#r A\ (Input ), KRGS value TS HATL
3, HAreduce HE A 03 1 AN4rd (Output ), reduce 3L a94 3 4.2
<key,value>7 X 49

stFotims, H—IAEFETAH Map T8, & ITHF ETAS
Raduce ¥ &..

T 102, SENSEF 65 T ERTAE 64 ARSI F SATHALR
e, RAT B AR RAE,

FEERER Y, EHEAGEY, SRR GFRKIE, BPHERKIEY
A%, TUAMEAMNF— AT ST E 69 AR F i B AR,
RPEE AL AE 89T 4.

WENE — TP EFERGESHEARAREEIS L EHENF T
VP EF, AGRES = TAET R a9 RIBIEAE h B AR RSE.
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ST HEEFAREIE, F TP EHRR—K, BLFL5KINE =
TIAEH BT RRALN, BRI (RAF).

flde, 4ol 2 i, R—FHFAREFEEE — T 5 AL IR, 4af
% TAEH & Bl. B2, B3. B4, BS, 4R AR—TEAE, doRIZMEIE
KT 05, MoyL2Ed o f, RZ, WASREEH -THD
B AT IREMAEIE, 2 AMENT 5 (HITHEFENKE) K.

Fl32, sFF5%—THEF .5 A2, A3 IREB ARSI, LTI L
2% - T4% 5 Bl. B2. B3. B4. B5.

4w 3 F7~, f& Hadoop ¥, —A4-4149 Map %42 Raduce 7 & &
By A ASE, B4 Map RGBS RSIE, ALK E
Raduce 7 .& .

BPAE Map P 5%, T AE S map R H AL, vAK Map 7 549
KRB YE 4% %) Reduce F .5 F .

Map 7 BRI GGFE AL IR B 42T, B — AN A ARAE A A
H AL 25 map HEK, map R AT A REMBEAENAT .

Map .5 9 49 map HE G4 E 2% MapReduce FERXLEE, REH
% %] Reduce ¥ . & ¥ 49 reduce FH4K.

IR 103, @EAaF e AT ER A BTiE B AR ARSI A
R G AR FBEIT R

FEHEAKIE, BFOFE—ANBELATEL., —AREANBHAZEL. —A
DRATE,

st FRANAARZ)E 6 B AR RBAE AH — 3B K6, —MRh —4is
A, FFaiE—aFAS R, —ARZUABHIEL. Ao EFE (X
ARaR5) ).

— A B AR KB 69 T4 T R R
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AR R KR (KB EA [k |FE (e PRA IR (SR (5271
A BRLL R FO|E [F R O|E pELE
Eg b A 1T R O|E 1T [F |RPRARE
8 b |BEA F R E R EOEO|E£

4 BREL R F | R O|FO|E PELE
* -t GO S I S S S TS
Edf A %A F R FEO[FE R |EORaE
Wi BR[O |ROF R O[F R O|E PR
H leB (& 2 FEOEOFE IR O|FOELE
HRE e |8k 2 = I B |7 B |
B e |BER T R O|IE WHHR [ ek
@ |[l2E (mE N o N € S N R S
& o (8% = 2 = |z | |= P
Bk pha T N P N s o B P N [ E R S

Hb, BHIZEOIEKRE. A@mBLE. BBAE. F&. k. KA. A

Ji& . AR,

AR (3 %) A b EAH B RSRR S, DIk,
5 B—AAEt TR R R — AT K

~
[
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EEREIF, EHEANEY, GEANS - TAET 5K PTE B ARk
ABIEN G — Ak F 2t 2

4ol 3 Fror, 48 Hadoop ¥, #& Map 7 51526930 FF RSB AL
& % Raduce 7.5 %, W Raduce 7 53 vA R R L0 K 698 K438 (BP B 47
FERHARE ) DI 4 5 5 m.

BN GR IR, EHE—AET T 24T X — BT 5 2. %K
E—itA2, HE|EAT T R B AR T 2 — g KA A A B AR
aaEd Ak, PR ERERSRGLER, MRT EB T 56y T %
BRE PR F AR, R FEA D GRS BT AT AL

W GAF B 69 e FA — A ZIHE, VBT LA LA E I
M, BRIV 4idF24e T

(1) MHERFAGRT &, HERBAFNAHFRUEGEST

(2), BEHAREEERARABAEE TFRES ARG ENE
SRR RET T Bk T E

(3). EREGEBEZRE Y, 4378 —AFH RO AHE, €45
B2 e, BHRATHRMEZ AT TFH 5, P E0R L R

av LR EFTH AR ARBIEARE TR — /oK

b, R R b B T R AR

o HATELE S A9 BE R BIE B0 T AN 09 1E

d. RS EG R E K TIRE 6948,

AW FAGIE T ER S R—AREANSE, dENSATH T
VBN S AT R 09 ARSIE T AT AR AR, 3RAF B AR ARSIE, Rl %
REA S, B, FAEF 6 T SR IR RKIE, W
TE B — R ZEOFEARAESE, KRKERT RIEGERE, RV THEE
GRS, dt R ARR e AR EATRT 1) . R G ARE,

11
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BRI —AFRBF, FI 103 T @iEe T FHR:

THI S11, LATE B AR AR 0 B IAS B A MR, A
I ik & HAE B a9 B 6 E

FEZIERF, BT & E— R H E G EABME, BE AR
BWAE, BP LA,

flde, R 1 FARBGE A A, 85, BTHEFE.

FERPIFEROT, ALY BHAE L, AALETEN (RE)
kot HARaES A, RE ik,

FE—ATHF, SEMFLHSETH 5%k (FFEH AASE) BT,
T EZ R AT & EST T R 6 E, SR ERATE—L, RARE.

BER—ATBF, BEMELHSEIN Y S 5K (FFEA ZAREA
vA gk ) B, R BMAT B4 A T IR MR SEE, Lo,
AE AR F SR GG AL AT B AT BAME. AL AT H K 7] 1A

BT R A E M F E E B AT £ R 4 4 A7 ( Principal Component
Analysis , PCA ) , RAF R KAFARMEAT SOG4 A6 =, A EHEF4E E R L
AR 2, RFME,

T B S12, HRBPTEAE A AT B AT e A ATH A

BEARFEIRE, TABRAE AT B AZ &G ATIUT HEF, 47T 2
BIFHT, AR E LA 3T T A A TR

THIS13, RAHFE 6 BHAT e AR A

R FFK Gini, VAR T RFA T EG0FATE, HEREKRAN S
a9 £ A M A4L, Gini F85RA K.

BEEFERAE, TAERBHG (R IEH T B 6 2 AT & e R
SARAN BT &,

BXEREHFRENGHEFBHEAREGMEFI A [ =al, a2

12
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al3...... an), R4, FTAR|GH AFTH (BETR) A a~a, £TH (5
HFE) A ayg~a, £F, i=1, 2, o, n-l,

R R A Bt F St B R A 2K Gini.

R k Aok, HARERTH | ROBEN p, MARIEHK Gini
ELA:

Gini = Zk:pi(l—p,-) = 1—Zk:l9,-2
i=1 i=1

Yo REE KA DRI Dy A2 D, B3, MAEZFHT, KEDY

D, D, I
Gini(D) = —-Gini(D,) + —=Gini(D
()IDI ( )IDI (D,)

2 1

F B S14, BB R B HATA 2 FARE 69T s AT Ak
7,

A RASH Gini A FHIEE LG TH T, ERISH Gini ¢9EMK,
MREBTENDRGT AT HAFRAK, Bk, REFGRIRFIER] 532
1EFFH 8 S 509 AL RAB K Gini RN 89 X 4.

AW RS A AR A B, BT EHMEFG T AR
b, RERATHFHR, KRBV THRLEGTEE, BEHA nAME, @&
HEEHHF T N ESE LT X, TG LRATOUMNG LY
0Q"'-1), MAK3] O(n), RV T VAT ag4e3%, s VA 6k R E
FrE. RSV,

FEWNGA, Tk Eas, AT REME, SF LML A —
ZI LA, B ATBRBARAR BiZ4 &k, AWikZE05FR%H
BRGS0 TRF], B ARIEAR T 35 F 566, K5 RET R A LA
IAF RA B B AT, Lk, RABBARARALE Z40 %, HLUFH F AL

13
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8 A B FARAE TAM], B A S IR — R R A D 3 A P

nHy .

ARE 4, FHT AP IH G R T AR GAEAR )| 45 E 5610
G LEHAER, BAKTT VA @36 de T AR

SR AR 401, B TR AT X9 R —ARE Ao,

REAUKAFAEE 402, A T oA P 69 TAE ST E 694 RSB
FAATRAURAE, AT B AR ASE;

RFADN AR 403, BT &N AF 6 TAET B R AL B ARAE
ARFIN Gh— AR S A R FA £

EARPFQG—ANERG T, EATAFHIED ROE-AREZNE
— I EAR—AREANE T

FIT i FAALSRARAE S 401 T A €L36 40 T F A3k

W BAFRIRT A, AT EHEANAEY, GHENE - LA
R DR & R S P Y N &

BAEAIS L FAR, BT EENF — AT BRI 0 H A%
ANy R EHFNF ZTART P, AR ER Z TAFT w9 RAZ3EE
J B AR R,

BEARPHFG—AEPI P, Pk T 4488 403 T 8364 F-F
AR

TEINGTARR, ATEEAASEY, BEASE AT ERA AL
Bl AR AR Sh— AN e AT R

BEARPHFG—AEPI P, Pk T 4488 403 T 8364 F-F
AR

AE A F T AR, A T AARTE B AR ARSI 69 B AT & 695 A AAME
BY, B ATE B MAT AR E

14
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Hp TR, R THRBATEAE AT B AT & a9 A3 ATHE A

HERABATFH T, AT RAHFEGEEEZLHMETHEEARR
3K

SR TS, B T AR AT IR R BAT AT S A ST R S BT
M,

EARPFG—/AEHRG T, FEREHEFEETACE TR

BT AR, ATETREWAZ GG SR Z5ket, HHEATE
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