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Abstract

Abstract

The research of machine learning has been developed for more than 60 years, and the
application of artificial intelligence can be seen in all aspects of life. Among them, transfer
learning, as an important scientific research field, can link the source domain with the target
domain, use the knowledge training model of the source domain, and apply it to the
classification of the target domain. In recent years, the transfer learning algorithm based on
domain adaptation has shown good results in the comparison of experiments. Compared with
the traditional transfer algorithm, not only the accuracy has been greatly improved, but also the
time efficiency of the algorithm has been improved. However, at present, most migration
learning algorithms can only adapt to the training data of one source domain and one target
domain, and cannot adapt to the samples of multiple different source domains. In addition, some
transfer learning methods synchronously learn data from the source domain to the target domain
model, and do not quantify the weight of learning knowledge according to the importance. In
practice, the data divided according to one or some characteristics of a data set are often not
uniformly distributed, and the importance of these different distributed data to the final model
is also inconsistent, and the weight of knowledge transfer is therefore not equal. This paper
conducts in-depth research on the transfer learning algorithm based on Boosting algorithm, and
optimizes and improves the mainstream transfer learning Boosting algorithm from the
perspective of multiple source domains and similarity difference transfer learning, and carries
out relevant research work to improve the accuracy of multi-source domain transfer learning
and expand the use scenarios of multi-source domain transfer learning. The research content of
this paper mainly includes the following two aspects:

(1) In order to realize the knowledge learning of multi-source domain transfer in a
supervised scenario, a multi-source decision tree transfer boosting (MtrBoost) method is
proposed. The main idea is to calculate the KL distance to the target domain according to the
source domain space of different distributions, and use the ratio of KL distance to calculate the
learning weight proportion of the source domain samples of different distributions, so as to
optimize the overall gradient function, so that the learning direction is the direction of the fastest
gradient decline. Compared with other traditional transfer learning algorithms, the gradient
descent algorithm can make the model converge faster, and ensure the learning speed while
ensuring the transfer learning effect.

(2) The above multi-source domain transfer learning accuracy is good, but it can only adapt
to multi-source domain transfer learning in supervised scenarios. In order to realize multi-
source domain transfer learning in unsupervised scenarios, an unsupervised multi-source
decision tree transfer boosting (UMtrBoost) method with optimized weights under multi-source
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Abstract

domain distribution is proposed. This method determines the training data for labeling false
labels according to the different distance between each source domain and the target. After
labeling, different learning weights are given to different source domains Different samples are

given different weights to improve the classification accuracy of the decision function.

Keywords: Deep decision tree transfer learning, Multi-source domain transfer learning,

unsupervised learning, KL divergence, Decision tree
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HA—AN R 235120, Zhang 58 APUSE W 7 —Fog BB A, A2 s B A IBCEIEA B
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H(D,,D,)~| P(x,)-P(x,)|l (2.7)
SR (30 G50 A5 1 3E BR8N IE RS L5y 43 BT (Transfer Component Analysis, TCA),
I F R ANRERR RRHAE B eR 2, SRR E AR I 55 A 5 AR A AT A
UV
2.4.2 KM AT BENTTIE
%413 A E 3 M J7%: CDA (Conditional Distribution Adaptation) J&/b i /2& H brisk 5
VAR IR R AR S A B, 2T P (0] x,) 5 P (v x, ) Z I ZAE RIS, A
PR TR AR Bs
H(D,,D,)~|P(y,| x,)-P(»l x,)I (2.8)

AP 25 A A H & NN E T2 5% 2] 71 STL (Stratified Transfer Learning), 1%
TR RN IT R R EAR, AT I e 7 S ik R B A R R A AL Y
JiiE, BEFEERNHIRERE O, AT SIS mos B B 7 2
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O E IR S SRR LA

2.4.3 BEE AR BIER VA

A 434t iGN J77% (Joint Distribution Adaptation) J8I />R 5 H FRiga] 15k
AN ATIE BTG . THRINELES T R S5 G AR &= . ISR
ZITE I A Aok &S H bR 1A .

H(D,,D,)~|| P(x,)-P(x,)+P(»| x,)-P(yl x,)I 2.9)

A 2 A1 FE R VLR 18 T IAG AT T A A A 5 0L, DR — R 75
[ B R i, IR 2 S o A T 2 IR -
2.5 FEPG

A E AR EAN A ITR A ST ARG, ER T TR SRR R L, K
I T EETRAEIIER 25 . BT REARRER 2 2] BT 22 SR TR R 1
RS 5 SR DU R 1 ZERE 2 ) 023K SR Al T Bl B G N AR LA A G A G
N7k SR AT BIERT  BRG 0 AT EAE Ry 90X = 3 A B AR i
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H=F P A N IBCE TR £ 2] Boosting J5 ik

E=F TR MU ERNITIHF S Boosting 7374

31 5|8

TR 2 N TR OGRS B AR ISR = R A —SUE LT, MRS HECE H
PIETRIN A o R T ALE H AR SR Eds A 58 & 1 00 AR SO A2 3R BUATR, M
M T FRBRVE H PRI s K scAs . IRk, 8% 5 S 78 & AN SRR o 1 1 R
5z KN B 2 — HEIRR S Zy i, TR W R 52 ST 75 5K o FERX PG T
FE— NI TR B N SRS A e B e 7 LS IS 18] Bt NPT BeAS 28 i A Rl R o3 Al gh,
7 B AR A bR BB bR B AR ISEER A = B S DL R, 1T IR LT A KE AR
AR FESE b, 0T A 1 H0dE e R R — Bl SRR AR R 2t SR I BB A A
AA—E . FH HIX LA [F] 404 AR T A AR 1) B B A — 2, FRIE R AR
WP AT . XS BT 22 ) ARSI B2 1 T B, RIS S BT 2 o) i AR R
Yo JF H DtrBoost 5250 2 IS #% 2 S I OLIE N AEAN IR, 7E 2 TRIREHR S L N AR IR
0 58 73 RAE 55

AL, A AR T — M0 2 U I8AN (7] 70 AT B LA AN BT 7% 2 ) B
ST KL $UEBS (Kullback-Leibler Divergence) &yl 5 H bR it E 25115 H
P BRSSO E, AT 1G5 ARBA ) V43K B R ERORCEE, 9/ 23 A R B ASOR BRUE I B A
PRIEBLE, RIS BO AN [ 1) 2 S A AT DR S 7 1Rl 4R &, DRSSO o [ i)
WA R B 22 BRI T A R IR, fEREN 2T ® . 25, HERRES
HR 5 BRI ERAR B A0 2 S B e B 7 T A o8 AL IR ) B R E, 5 2 I 1 2 D B 1
ATR R 8 LR 0 5%, JF BT LA 7 SRAR B . SRl T i AE 70 2 4s o 4 I s Ik
5 HARSA R AT RE 5L SR B ZRAE A AT B BT .

3.2 fARTAE
3.2.1 BIEBIEBFEIHE

TE A 55 745 1] 22 ¢ B 980T 7% 2% ) 7% DtrBoost, DeepBoost 2 Hi [ 3% T
Rademacher 527 JEPTIW AL 73 R85 8L 10 AL 2 2 1 5. DTrBoost 7EAN RIS AL
P A H BRI 2 SIAN R 2 2% B BB, 0 IR B2 2 AR Wi - Bic BE 22 AL
PLIEE S I U5

MTARPBREES R, el Nlo {h,h, by} R —HARRERE, F, 2V
SR H BRI B B B A R BR B, Fy O H BRI B A R A R R BT BT
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ANE N2 1 R 2 ATS'S

, 1 n+m
Fw n+m gq)( ylzau J(XI’a )) 3.1
i} 3.1)
(41, +B)a,,
j=1
1 m N
F;’Z—Z(D(l_yizataih/ (xl,a/)j+
" = (3.2)

He, o, AEE JE%M%WPE@%@%%&%,@ AR R XG0,
(3.2) 1 B B 3 4y 42 i % Rademacher & 2% BRI IENI AL, Hh A f S NS H.
r =R, (H,,,) RN Rademacher ZA . d(h) Roxh BB IBBAEN RG], B
h € H,, - BETARBANGRN HiRR L, HERE/MEE, 5 F fE e, 7 RIHEEZE .

minG = mlnFt( SNE J) Fst( tlj’ej)
Q ; 1

FESS B, AR (3.4) RN HOREE T AN, (x0a, ) TE
AT RAR B

(3.3)

4 (x) = {M} (3.4)
AR PR
Ht, fi«f+ah(xa). F', F'53RRF,5F e i LITH. SAEFFMhiEM
gk, FERF—MMERKT N THE H PR R
d;, =Ft(a.,.e)

:__zyl J ( yzle( ))+at—l,jA;

(3.5)
=__Zyl j Ss+atletS

=(2¢, —I)S—;+a A
’ m

t-1,7° "t

b, 5o RIEMLRRRE S, D) (1) N ERSBEARUE, & HERBL S B8,
AN EBRBETITH. EMUGEIIT LI |}, | BB N LA R A e5s, 3¢

BHNZ A RAS IR o, AERFUGEAN TR, 2 HIEIS H AR Al BB AR 1AL .
IR IR R AR HON -
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f=X (e, =a.,)h, (3.6)

R R M AR 2 S AR R B F AR D, 7E S ANMEIR I TE R S
Ritk. FIEAZ i 2 BT R i, T LU 1405 B 2 /IR b e 43 A R DL R
A S, AT R A R, I/ A RE AU o MR 2 2R i

3.3 LRI T RERE
3.3.1 @A

1A ZAFIRIT RS S 5, %X = X, U X, U--U X, Jysefil s, b X,
J9 HBRIR I A0, X, 9 p A5 A [ O YRR S 491 2 1] o Y508 B0 2 [0y X, % Y,
Hef1<k<p. BARBISEIRZN X, xY, , Horb, Yk B bR AR IR i K b2
B Y, =Y, =Y ={-L+1} . WREARR S HARRR SR, iCA 0. Wa K X m
BB Y (AR AR L={X <Y} R L, = {x%.q(x")} 0 L ={xq(x))}
Ly ARG E IR 18, L, A AR I 2R 23 )

PRI, (48 58 D B ARC A B BRI 5008 L, AR AFRIC I p RIS 25 500
Ly, L, BSEUT , RATH B AR S — MK g A X B Y, SR 5 (o B
12 M 5 ME

SV SRR B p MR, R p MIERER A FE— AR, 72

TR A R R RIS i, ANTRIVRIE L (R R R P A (RIS Y o SR T S o 1) 0 AR ALURE S5
HA—E, S FBUHEE BN AR RS 7 . B ERIRE LR, #%
FEAH L PR AL L 2 ST AN RIS R R, S v AR DL 2 ST, i/ A DU R e /st
(R ZEIRCEE, AT SR A B s A MRS

3.3.2 LIRS EALE K Boosting IEH 3% X H kiR

AT H —MFR N Multi-source Decision Tree Transfer Boosting (MtrBoost) F%5.i2:,
2B I T T AN [R5 AN [R] 01 25 ST B T 554 Ja i 5 AN T 2 T H A sk S ek B
T

HSETHE KL 55 (Kullback-Leibler Divergence) (3.7), HRFE VIR KL 2527 5E
PRSI AL AR FE o tH SRR S ISt IR BUE A 1R 2, #I0 Jensen Shannon #H& .
Hellinger 550059 R ZTHEEE B G iE AU MR B H A2 — AN Pk 2, #5nT DU R A &
o Aig ol HXPFEE ARG A, KL FEEA B, 8 Lol DU A E
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ANE N2 1 R 2 ATS'S

WL IE B AT TG Do WHTEOL T, 1B 52 ) RBOY I A KL BR 2 R 40 70
AitEoL, ARSIk £ KL BB A 2 IS H PR AR R

KL(L,IIL) =3 L,(x)In id ((3 (3.7)

Forb L, (x) RS L REA, L (x) R ERRIRBEA . 4Bl L, L, L,

p

] F AR R0 KL B85 N KL, , KL, KL, » 2JFHRARR (3.8) TN Rf2: ST

o 3\ (3.8) AILUMRHEIX p AMEIE KL RS K/ 7 Bk N A, I 5L

Haoy,0, 0,

B oo+, +to,=1 BLH,

[T/, (1+e ™)/ (1re™)
a)j = P - KL, —KL
Zi:l,i<_i£p(1+e ! )(1+e d/)

B, 1SjSp, o F0RE jARINESIE. H = (b, b, hy) RN ARREKE

(3.8)

BMES . O, 25 k MR IR, O, 2 HARE LRk e 2

w(%m ( ylZ j

_l_

Q;k =

i=w(k)+1 m, (3.9)
N
d.(or+7),
j=1
RS
ta:;zl//( yzz xl’b j
L (3.10)
Y.(or+7),;
Jj=1

of, oy AR L, ERISSOISE , m, IR ZRAE b 55 & AR LIS H
w(k) =t my ot m_ K8 kAR AL O B T B M x ARSI, B
i€ (Lo n e ntmy e nmy e my by X BRI te (L, T RIERINZRIIK
B by (xh) RAES YA MO BE, b BRI ZH, 0I5 Bk BN . BT 5
(8. o R A MBGE. y IR, 5 DuBoost — 8, X HEFHRARE. X
(3.9« 310)% =4 R TEMJE ) Rademacher AL, 7 =R, (H ) 3erh /(1) 2

FHBO b B B2 SR, oy y RSEL
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H=F P A N IBCE TR £ 2] Boosting J5 ik

FEAR R 7RIS B ARSI R R8s, IR H b a AR B 2 Rdt ok s B
p w(k)+my
0323 (1 n Tkt |+

k=1 “My imy(k)+1

1 n T
ZZW( yzzrtht Xis t j (311)

t=1

N

2 (on+7).,

J=1

X GaD , IS HERRER R R B0 7 S AR, TSR T H AR
B . IS OLN B AR A AR R T AN IR, SR IR A A R R AR
X8 B A SO TR I — € REUE, SURECFE O T R RE (615 &R
5 HEREREA 1o 5T 25 F I 1 42 KL 2R RS20 Al 3 7 ACE . Bk AT A
1320 H bR R 25

(3.12)

mmG mm

" . (zuaﬂ,) Q'(zl/aﬂ,)
312 1, 5 MBI, Q) O Al e R RS H briddi

RORHAE p, 7718 B AERRRAGEAEE T, AR N BRIk 0 5 H AR
PR ZEAE . [FIRE, PRI AS R A0 AR A E A2 A W . @ &I, BB
TN TR, XFER] DL Bk N A s Ol
P aElireA, MG (3D BT, R A ERSET LB (3.13)
THEAAR.
d;, =0, (Tt—lJ"u/)
==Y S () (1= g (%)

k=1 ka, w(k)+l

——Zyu W (1=vig (%)) +7.,Y)

w(k)+my, 313
I TN G

2mk i=w(k)+1

__Zyl j Nta(l)vtta +Tt—1,j]/tw

dk vdk ta vtm w

:;( 1) m +(2Kt,j_l)g+rt—l,j7t
Ko, g g (b)), OFRTEu FIERASRBE, Y =or +y RENLE
T, 2 HARREAGG TR, " ARV REAGG TR, N (1) Fom H iR

SRR x AU, N (i) s 3 b ANIRIBREA x OB, v\ v o)At H bR AR 38
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k ANPRIRAEARTE 5 ¢ VRIEAR S 1) 1 AL A 2
FETFEBRE 4, 5, PR SRR B B FR 5 —d)”, BRI RS 7328 8, 1k
PR

ntmy+etm,

b, = arghmin ; [—djw (xl.)—hj (xl.,bj)]2 (3.14)

Bt FEL T UGEIRUR , BREE A BB H = (koo by} RN <e<T
ZJ5 TS E BRI I S AR I R T RO AR Y, T Q) TE u, U7 1 L 1S
VD S A R R A L IR FE A/ — B

dl =0 (71,0 10:)

1 X ! ta
= _;;yihj (xi)W (l_yigt—l (xi))+rt—l,j7/t

1 ta ta ;. ta ta (315)
— S (RN e

ta

a V a
= (2« —1)j+r Y

t,j t-1,j"t

Hp, On RAE p, J7 IR BRI REREE, Y =or +y RN RO & Al

B, 25 DuBoost —3, N, (i) Fom BRI MFEA x, (OBCE, v 2 B brisiEA

FEER ¢ UOEARN I IE MO E . BRGRAGS RE Y, 0643 H BRIsosf B2 A8 5 K B AR i

A by B ISR, AT AFREN S H bR 2k e 5 O, B0 E e AL A 7 0 o
TR B EAE I G by X by BB BEAT BERT . FEACH) BB o7 2] A E e e

UOEARACE B A R B 2138 by, XG0 A AR, e % 2138 BIBE R A
A, BEH AT,

T, =Tt N, (3.16)

n, /& DtrBoost H#2 P, o &M 5. RS s G B, MATA

FIREAAUE AT BT, S8 A 305 DurBoost — 2, 340 H A5 AH [F] 73 A AR A AL,
PRl AN R S A R AR . H AR AR E A KR .

, N
14 (1 - yizjzlfz,jhj (xi))

N (i)«

(3.17)

vt+1

1<i<n
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H=F P A N IBCE TR £ 2] Boosting J5 ik

RIS A R BB 2 30

] dk ¢ (;Tuh/(xi)]r(x[)
(l) < Nt (1)5 ’

Ndk

t+1

p (3.18)
n+1£i£n+2mk
k=1

—045*log(1+21nz:zlmk /T<1/2))

Hijt, s=c C () BT SRS, RS T T2,
B 5 S 55 R 7 RIS S R A it

N
T=>(t;, =7, ), (3.19)

RARBEH 1 T/ 2 WOER IR 73 FREBLE, FET /2 IR AT, ik AN
I3 S AR A e B N BOE . 5 H ARSI T AL, ERAEIR K
REPE L PRS2 S AR R OB BT 1] o DAL, S 7/ 2 URGEARE 90 SR AR ) LA sy R 5
eR K L I HER PR . 2 PR AU (VA 2 ST HE R A 3-1 P, AEIX BRI 2
MNREGEREOL AT 4 MERERE, REBHHE N 3. =MIBHEANBIRERA, ZE
5 IR RN AR IAEA, AN KNSR E RN BRHKIENUR, ARSI
TR TR E R AL, PR IR R o SR PRI AR . 5 R — 32k ARSE IR,
H BRI R 7 S AORE AU I N 2 (64570 SR A8 OB B B IR R 080, BRI R 2 )
AT I 2 S FERTIZAEA S FAG DL I (170 Fe8% o B, PR 1R 7 SRR R
FRIBUER, S A5G TR 5% i o 588 8 PO I (B PR T 0 SR IR IO I LA B 58, T 22
MR R 1 A AR G DR B 2 . BT I PR A BB NS, 73 MtrBoost 57
] U g vy H AR 2> FRUERE

3.3.3 skt

NS UEA CHE ) MtrBoost S IUL S, DtrBoost FLyE &N HLF I F) T2 &
SJHEZR, T MtrBoost Bk & — N2 YR IE RS 2 S AR

EE 13T, 02T, |00 (78, )= O (704, ) IS (1 2)| X2, (2% — (@, exp(—(1-
o)/ m)— (2w, =1 In|.
5 DtrBoost i —5, AR E T, =T /2, 5 =exp(-0.5*log(1+2In X m /T")),

NTITEE R A e 1 REIE R, A &5 N

Q\:/ (Tt—l,j > 'u_/ ) - Qz; (Tt—l,_/ 4 'u./' )
, N R

. ,
Q»i - Qt::
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hyEH,
7 Iy — P
t A /// t A "l
A A 1
;] !
© /. L Af°
/ ]
A & A o
8 A O A EH
I
‘
t=3 A t=4 A +‘\\\—
A <& A R
& & |
= e
g \
=7 |
s A » Bl
el g A [-] = =
\
h3EH3 h,EHy
Bl 3-1  Z YRR B E 7% 5 ST HE 4L
RIER (3.13). (3.15) ATABERILL R A,
w(k)+my ,
Qw Qm |Z z yzhj(xi)‘// (l_yigt—l(xi))
2mk1w(k)+1

(3.20)

——Z%, Y (1-y.g.(x))]
=32 -1) 222 1)

n n

fR¥E DtrBoost HiLMIFI1H 1, X T Vi ,3T,,t > T, ,v* <exp(-(1-8)a) , HH o & —A

FE (¢ > T)) YOS/ H - iR 2] T 3.

QLZ—Q;; :%|Zp:(2’fzﬁ _1) a)kV,dk _(2;([‘;—1) Vfa |
= " " (3.21)
1, (-=(1-d)a) ta A
<E|kzl:(2 dk _ )a)kexp . o _(2,(_[71__1)\/7'



B8 LY AT PR IR 2 5] Boosting J7i:
BTV =X 1/ A+ Yy <n, B /n . o, FBUE TG A[0,1], c% &~ i

N N

BUE ISR [0,1/ 2] o 7E AR L (26 — 1) a0, exp(—(1 = 8)ar) / m WS, FTLAZ AYRIRR AL

JRITEE, (2% 1) o, exp(=(1-8)a) / m BIEL. BH
PEAFIIE
3.3.4 DeRIGANE J% BE S AT

NI AL MtrBoost S35 I VLR A 24 FE 43 4T

Q! — Q! | Ik, MtrBoost HiZ sk

% 1 MirBoost [ EL: ik
W BARRNGEL, , SIIIE L, L,y oL, » IIREFKEM -

Wt H=@ , N‘(I)=...=N“(n)=N"(n+)=...=N"(n+m+-+m,)=1/
(n+ml+--~+mp)o
IR

Stepl: fort — 1 to M do
Step 1.1: RHEX (3.13) WHERME A", , IEINGE LINGR0 KB .
Step 1.2: for 4, in H do
Step 1.2.1: MRHER (3.15) TH5 Hbrldih)E 4
Step 1.3: i&#% HARIBH L i KIM 50 2888 g = argmax | a'¢ | j e pm
Step 1.4: BT HARIEEE B K0 REWE 7, =7, +n,u, .
Step 1.5: for i — 1 to n do
Step 1.5.1: MRAE (3.17) FEFREA HARIFE AR E .
Step 1.6: for i < n+1 to m+---+m, do
Step 1.6.1: #R#E (3.18) HHAANTRIFEANE.
Step 2: it I ZRUF BRI A SR R EL (3.19),

LRI RE T LA AR 3, 55— S50 A2 Step 1 AR 43 R AR S A 2Rt 72,
Al o FIEI TR A BEC N T, (n) o 58 —ANHR 40 J2 Step 2 Ak (¥ 55 R 550110 56 i i A,
AR VLR A AR AN T, (n) « TESR— M INZR R SUAT B 43 2588 DI SR 5
FEARBE FEH A NEDE, 23540 T Step 1.1 & Step 1.3, Step 1.4 & Step 1.6, X
ARG R RN T, (n), T, (n) - W BARIBINZEE L FIFEALCE R n, IS
G Ly, Ly, Ly, WEEARBCH 5 my,my--m . INHRIREH M, pREEEH
HANN .

PAT Step 1.1 BIRIBT IR I N O+ 20, m,) » XFASNZE BALINGER M Ik,
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Pt PLEAZ D BRI TRl B 2R BN O(M (n+ 2L my)) « AT Step 1.2 PBEIN 732K 8840 H A
FAEE, R ] 2 288 AR UCBU AN 8, /3 2888 80H N YIS N <o A
TN BITINGRIER M U BAT Step 1.2.1 IR 0 2 A% FZVEE A 0 (nM),0(nM?) |
Step 1.3 Abi$F HAREBEEE ORI 72 K88, 7 B I 1505 Mh EEE AL, fE5hZ il
SRS M UG, LIRS TR S AR BV R [0 (M), 0 (M) ]« FFEAT,, () I9ESF 1A 52 4% BE S/
?'SIO(M(n+Z,’j:l mk)+(n+1)M) , Hﬂ‘l‘ﬂﬁ%ﬁfﬁjﬂﬁ?’ﬂO(M(n+ZLl mk)+(n+1)M2) o

YR Step 1.4 ST H ARIsb 55K/ KA BRI [ AR O(1) » U AAHE &
HNGRIEAR M IR, AT Step 1.4 BRI R E A E N O(M) . Step 1.5 FHT H hxisk
FEARDUE, HAREREARS HOAE I n . B — USRS 5 2LE DI RS 70 6 8%, HAR
WHHAREEME, BUEVEED[L,M], FrlA3AT Step 1.5 SEHT H brisobt: AL [ I 5]
SRFERMERN O(nM ), BRAEHN O(nM?) o 14T Step 1.6 HHE, FERRIEACH th 2
BN RES, R RBVIGE LSRR IE R R 2 R 73R8 H A [
A, TUAEL V6L PR D [1, M ] SERTIRAE AL R ] () AR P M O (M ZY m, ) »
BRMENO(M> T, m,) o BB AAREREASE DT R EREAKHE, T, (n) RAMEN
O((n+DM+M T m )~O(MZl m) T,(n) KMEHNOM+nM> +M> 3] m, )~
0(M22,1;1 mk) o

B TR 2y RASHOH AN E 5 B AT SR R SR B B PR N 1) 52 2 P Y B

O()<T(n)<O(M/2) o &5 L, B4 18 5 2 B B AME A OM (n+X), m, )+

[

MmﬂWMMMMhOWZQ@,N@E%E%KﬁﬁmM@+ﬁymﬁw+u
M>+M*3 m +M/2)~OM* %! m). HT n<<m, JTLL DrBoost 5% i [A] 5 4%
FE 35t /NME N O(M (n+m)+Mm +1+nM + M) =0Q(m+n+1)M) =~ O(mM) , ¥ KAH N
O(n+m)M +(n+1)M> +M’m+M /2)=O0(n+m+1/2)M +O((n+m+1/2)M +(n+m+1)M?)

~O(mM?) Fe v M IEARINZRIRBL,  m IR ZRFE A I ECH . MuBoost 51k 5
DtrBoost SLIZAHEL, I 1A R % i/ ME . S KAEIIFER— 4. Easy TLSLILHIN A1 R
RN O(Cr’), Jerhr CONREAR T RMZANEH . n NINZFHEARIEH . MtrBoost 5125

24



PLEAB AR SRR TS, AW RSB —FEHNE.
BERREE4A, BiH: https://d. book118. com/40807313710
6006041



https://d.book118.com/408073137106006041
https://d.book118.com/408073137106006041

