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Abstract  The dynamic matching problem is the problem of maintaining certain matchings in
dynamically changing graphs under a set of update operations that includes inserting and deleting
vertices and edges, and a set of query operations that includes obtaining the matching status of a
vertex or finding the mate of a matched vertex. Convex bipartite graph is a bipartite graph with
the vertex bipartition (X,Y) in which the neighborhood of each x € X forms an interval of Y
where Y is linearly ordered. The existing algorithm for dynamic cardinality matching in convex
bipartite graphs cannot solve dynamic maximum weighted matching. And this paper researches
dynamic maximum weight matching in left weighted convex bipartite graphs. To solve this problem, we
propose a framework that is maintaining the set of vertices participating in the matching in the
update operations, and based on the set, computing the matching information in the query
operations. We define the concept of replaceable set, i. e. , the set of matched vertices reachable
by alternating paths from an unmatched vertex, and prove that the computation for replaceable

sets is sufficient to maintain the matched vertex set. We then define the concept of tight
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subgraph, and prove that computing a replaceable set is equivalent to finding a certain tight
subgraph. Thus, the traditional way of computing matchings via finding alternating paths is
reduced to our approach of computing matchings via finding a subgraph structure. Utilizing the
convexity property of a convex bipartite graph, we further put forward a method to find a tight
subgraph by searching for the maximum or minimum y vertices in the subgraph. The method can
be efficiently implemented in an augmented balanced binary search tree data structure with the
implicit representation of the subgraph. Then we design algorithms that maintain the update
operations in O (log” | V'|) amortized time and the query operations in worst-case linear time,

which achieves the same time bound as the best known solution to the dynamic cardinality

matching problem in the unweighted situation.
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T AIHE T MX BRI & B R IC R y IO v Y
P PO Y AT TS UL, R v €Y
WP Mz k.3 A No ()Y iR Bl X7, W bt i
HHERANED € XKDV EY . F)E,
KAV €X' Ny (2 HTY'. TEEE.

B3 1 ORTAS R TG T AT R AR N R B A
ZHMEZELR.

#it 1. T 0K G=(X.Y;E)f X JUE
HEMX T E 2 € X—MX. % & RAgH MX, 2
g MX A B R (2, MX) =X (G, HHGH G
o B MX R/ NEBECFEL

WL MRAESIEL L ATAIAEAE 2 B MX BBT
AEG=GIXUYH & iy MX F/NESCTIE LM
MR MX [4E—ICR. 4 X' =Rz, MX). X' S X%
SELE M & R B AR M B G R
XX W4 Y '=No (2, X" = Nonn (Y,
Hi GIM T M B S 7. ARG R £ i MX %
HPRLY'CY, i X'CXL | X7 < NG (X |
H No (XY, 51 X7 S X HG 20 2 . ] 3% 05
WYY = No (X", X"=Near (YD, HE | X"| =
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[N (X[ Mol 45 X7=X, 3| L. # X"CX,
GIX"UY"JJ—4 & i MX B8 7K HRBG Fr#
H.H5GR T MX BNEBRTEMPIE.  IEE.
3.3 R FEEL_SEFHKE

TE = B s i T A g A B R
BT S A — Lo R R .

w6, WMX ZENM KR G= (X, Y)H—
DX PCEE X THA 2€ X—X(M), N (2)#
D HE G 2 i MX ESFRGL Y (G 2
Y B —ANiE S X (],

. &M R MX . 2 Y, =
No ()X, =Ngwg (YO B X, 2 M F5 Y, dy T
)ﬁ*ﬁ@ﬁﬂﬂ’ﬂx Iﬁ)ﬁ%{ﬁ\vyiﬂ :N(; (X). TEFHUﬂ
L BAR Y E Y (G) RiESE B Y. Y (G) i
S EM Y, R Y (G) E#ES. WA Y =Y,
XS FEATE € X P RY =Y UNs (2.
AR PE R LB M 2 fEM PAITE T A v €
YL Bl No (O NY # I il MERRY )G Y 1
Y(G) EEZS WY, (75 Y (G Bk Y, =

Y (G Bt 5 BARIE. UEEE.
T AT A R L T A R v b ) DR SR
fif B 3 AL
EX S5 HEmnm oK e=(X[1.2],Y[1,

m D FIHE— X PEPLHE MX ,5E X

a(i ,MX)= | {xEMX:z.e<Y[i]} ]|,

d, i MX)=i—a(i,MX).,ic[1,m],

BG MX)= |{zeMX:25=>Y[j]}],
ds (G-MX)=m—j+1—-BG.MX),jell,ml;

#r d. (k. MX)=0,KANFF & g a-MX BEH,
#r dg (R MX) =0,k k Jy -MX EFT.

DU 513 2 m B 8n 5 B BRI CR.

SIE 2. X FMIAEG=(X.Y)H X L
HMX 25 ke MX BEHE M GIV TR BT
KL, H V =MX[1,£]JUY[1.£].MX $ end-id ¥
GIHEFE s 45 B S B-MX BB W GV T REEET
K,V =MX[ I MX | —m+k, IMX|TUY[k,
m ], MX $i% start-id JFHHEF.

. E O A TR A B A R S, L
&l SCRI AT ASHIE. HESE.

TS — SRR A BB B AT S SRR B
K EIAEK.

EX 6. ™ oK G= (X, Y) i X ILiC
EMX M y €Y, HAFTE o MX BB i b H

Ykl=y W BRI /N E) kA ap (v MX) %
B AP AE a-MX B b H Y[R <y, U PRI
IR kR ey, (v MXD) BER. R AR #5777 75
B-MX Bk H Y]y, WIFRH e KAy £ N
B Cy s MXD) BB R A7 AE B-MX BBl b H
YAy WFRH A /N ke D By, (v MXD) BERT

FIHE 3 A5 EE 4 45 7 A o R S T L
PR IR K & T, AR A0 23X S0 Wy X DG e 4 11 T 34

J PR R R AR R A A Y U 1k
513 3. % MX NN AR G=(X.Y)h X
PERC &, X T I 2 € X, M a.s <Y.min, 8 {7 7E

2 EMX Mz AR MX 3845l ik 2 H
2 s<Y.min B}, 7E K G+ 2 ., EBERNETE «MX B
B HYLi =26, W) 2 P3G MX 5 #5 AR 3X 2K
BHE A kN a,,, (e MX) B E N & MX
A E R (2. MX)=MX[1, k], Hi, MX #%
end-id J¥ 5 HEJF.

EH. A j=min{i<|Y|.Y[i]=Z.e}. 6%
FENEML 2. s<Y.min. 7EE G+ 2 . MX {5 X It
Fod 7 AE & i MX B3FIE G R B80T E
M SCA Y1, 1Y (G M E Ay 8 6 nl i,
Y(GHRY EM#ELLX N, 4 Y[E]=Y (G').max,
WY (G H=Y[1.k]. FARHE ST E & S, n]
| X(G) | =k, AV2EX(G) s2.e<Y[F]. Bt a-MX
SEE M XA R S — A e MX B EUE H
Y[k =z A AR e MX BEUS  HY[ >
Zoe  WIANAETE 2 19 MX B80T I Iy AR 513 1,
Wz "pEg T MX.

GAETE e MX B3 HY[i]=2.e, 8k ha
(1) a-MX f5e/NEEUS . ARE E SCR 53 2 ASHETER
GIMX[1,kJUY[1.£] )& o 1 MX F/NEHTHE,
Horf MX #% end-id J¥ 50 HE P, G, MR 4 HES 1, 7T
% R(z.MX)=MX[1,k].

P g kM MX sSHET k, H
2 s<Y.min, K G+z 2’ €ER(z, MX) . #H4%
£z 1) MX BECFRELA G 2 i MX B/NEET
L UAREEES 1. 2/ € R(2,.MX) =X (G, Y[1]=
Y(GHHYGISY (G BEHE 6.Y(GH Y I
MESE XA, W Y (GH =Y [1. k], H Y[r]=
Y(G').max. J5 H B IEW 5 2.s<Y.min % & F
FA. TEEE.

X FR %N B-MX e K BB TR A I r
1B GER] 5 5] 3 3 2.

BlIE4. HMX ANZAHAERG= (X, YO)HF X
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PEECEE X TS o€ X, Y x.e=>Y. max, B0 /7 1E
2 EMX RN & & H MX 32T 8 " H
2 .e>Y. max B K G+ W, ERERE BF-MX B
Bk HYL]<a.s, 0 2 af i) MX 5 AR R
s L2 M MX AR E R (2, MX) =MX[ | MX | —
Yl+k, |MX ], Hr 2Ry B, (2.5, MX) BN,
MX #z start-id JEHHEF.

. W

ATWEGE T AR i 20 M B = 43 1 2l 25 DT e
[*) 20 i A R ) g — e G B ) AR A AN B R S
WF T ELAR 1 Bl 2 VG e 5303 A0 456 3l 248 50 0% B ds 45
5 4.

4 WHHNZXITER

USR5 R g Ly SCERC 18 4 s LA
Pty = B B AT DG G [R) 8. B S SCHERC17 3 T
ZEE A G R R AL 8 A RGN 4 B B Bl
25 DU ) AT Ay Bk SO R B S AE 25 4 L il
LT S A ) A1 R A
4.1 BEMZXITEMEIESEN

TOCTFRERE R B T O T S A R (i 2 R
B SR SCER[22 D). %% 220 BN — 53 B G =
(XY HES S={rs:x€ X PR 2.5 W7
G TS AT FRIR N {5150
Lk Y af%0 ok ke AN FESEX ] [shs0 — 1], 1<
Pk FE SRR R NS AR
FEGLX, UY, MR Hh X ={z€ X:x5=s},
Y, =[sissi—1]. 4 P ARG &L HAEET
WRGR W HAZ T A A P REKTE GLX, U
YP]?EEP XP:XL UXR ’YP:YL UYR. ﬂ[ﬁﬁa*ﬁ%‘
HORHCE G.

B P )RR AR S SR 1 R,

Rl ZXHERTRPHNENES

e} s s =Y. max—+

Xp 5P EBR  TEES.

5 PXRE y B ES. Yr IR Y Ye.Ye={y€
Yp:y<<Yp.mid}; % P N [ 55 &, Yp. mid = Yg. min,
Yo=Y, . Yp=Ygr;# P R F35 4. Yp. mid=Yp.min,
Yo=Y, =Yp.

FXp WiB4E FXp= {2€ Xp:x.e>Y.max }.

Gp=G[ (Xp—FXpO UYp JH M X VLR 4 ; MXp XI5
Jg MXLF MXp.

UXp  RILESE.UXp= {2€Xp—FXp—MXp }.

XA PR B R A Bk R — e R 3
AR R B B AN

Yp

MXp

(D $ :MXp 2 F I Gprh B X DERCAE.

(2) b, RAFAE x € MX i3 MX, +o— 2 (5T
K GIMX, UYL, P — 4 X Uit 4, H 2 e
MX', . HAE end-id HiFF T <<z’

I ¢ RTHERTY PRy o AR s MX s By
G sl X ICRcdE. 6, e MX, &0 5 fESh A5 50
BRAE P ORIE 7RISR CR 5. 19518 SO,

411 AT R NERERAE

OO AR AT R B AR G TR A T Y
TP SUR R FRAE PR I 8 A 55 4 o 4R 45
F. 35 5 P BB 25 4 SR AE f 5

(1) XF F 4l By 4 & MX, ., MX;,, MXp, FXp,
UX p BTG — PN I A% 25 48 SRAE 5

(2) —Ji a WRAE GLMX, UYL 15

(3) — il M EAE GLMX;, UY .

il B 2R 5 RAE < B B G 45 4 B R AE T 15 DA
et MX AT R A MX A R ). A28 b 44 i1
TR — A 2 € MX 5. 745 f 3% IR end-id [ 41
HEFP, BI I 5 5 SR B G B R (oey 2uss
xoid) . RIS R s 38 RO Bl B s A A
u.size=|leaves(u) | s LH leaves (u) Fm LA u AR
R A AL Y R S v maxes u.
mins,w. minw 53 5 F R HE A Lleaves (u) H I -5 45
Jr R = G end-id HEF T R 1)« start-id
HEF N /N s weight-id HEP T /N . oA 4
D& BB 25 4 ][] 3R AE

a BERAE AE a R B 35 X — 1> v €
Yo, MY s O SO BT OCHR Yy TH AL FR By
I HES). ARG A By T v
XL Y5 [ ] BT w 3G — A R BB wd
XFF ALY f wed WHIE N O % T 17715 5 i
wd PRMER ¢ COF —/NHE TS IR EA R E R

S 3 2% AR R B 5 S AR (AR b Y
TR X LB d A AR DL s L d (us ) =
D7 oned v w R A PLus o AR M

n€ Plu,v]

w B v AL S o BIFRAR. XTI 8w B L d (u) =
d (usroot) sroot f3R a BEFRHLTT g, X AE X T 5
yiod(y)=d. (i MX;) (d e L5 % 3.3 ). &
AR w BT B d s HAEH mind{d (kyu) ik €
leaves(v) b A T w. B d () fudpn =
min{d (v) :v€ leaves (u) ) L. BT R w i3 —
A EERU, o WIMEA O Fifl o 78 A U R T SE T o d ().
BEANT A w BT B maxy, /IR Leaves (u) i KBk



2396 it "

Hl

i 2016 4F

AL
-

M)y G BRI y. SRS AT ] 35 R AE.
4.2 EXRBE

FE bR AR Y SE b 1 ST SRR SO 454 3
FRANF 48 4F

(1) TE%H B85 w8 4 4 rp A i 7 A b i de K
/N IC R DA RCERT AR G PR AE 5

(2) 15 @ WA @y, (3 MX;) 5y, (s MX)
P VY SeNhEC T (B

(3) 4 AR B, (v MXL) 5 B, (3 MX5)
SR LS IR A R AE.

PR/ 43 0] LA — bt B0 A 401 4 023 A X L
FE AR I B0 e HLI ] 52 R i

B AR S AR IR TE MX S TR
W2 x.ey' M5 F I weight-id HEF T /N TR M
e, B 34 s =minw{zs € MX, . x.e<y' ). &
MX B o AR $88 maxe ., 5 T0 ) 1 3 7 #42 P (root
D FHorp LR x ey IR KM FAT 80 T
PEAR R T A w B AETE w B ST 0 HAE
weight-id fEF T v.minw<z, H 7 =v. minw, H $
Tow HIEE Ry + oo, 2 L BT RN « TR h
z' . FTE weight-id HEFE T 2>, WK 1 2. 75 W),
H N sk Dy %42 PLL,roor ], HLRVE B ZE 1 4>l 2
TIRFAITT A wew WAL AL v Fo.minw=
2o LA o AR SRR SRR 2 B R AR
P 3l minwo A]E AL BT AE MX L 6 33k
weight-id #E 7 N /DT R AR, = 28 I MR
SR SRS 3 R MX L ES P INA—
AN o TR ) R A] AR 40 Jk maxe & 2 IINA B I
T T 58 S AR A 5 2 v v e B R A - A
FRAE U@ e )+ A5 A4S 77 op BT o8 IO 1) il B8 3 ml A
By [E] P AT R

a AW LT o MR SLBAE TR G, P AR y
TSy 1 ey, (3 MX5) BB b HERAE B &=
Apost (y/ SMX5). gas y/>YP~maX? MY HT « B H S A
FE 2 I B BOS U ' <Y p.max. 78 o i AR R
maxy, [ T [6] F 6 57 #8742 P(root,y') % T g4z v 4
AR ws T weo B Y Z R B R b
% PLy sroot], HEIE BN 1 A0 2 T i 4000075 5
w: u AT S v B o.dunt v.d+ u. parent.o=0.
A ALK AL T R U S R/ o P ANFETE = 9B
BORGEN L R o AR S R AL S X 1Y
a-M /BB k BI85 s B Leawves (o) H i
d (y) =00 /N 7710 fye . VAR J5 86 1 €

Moo By, B A X T AR R AT o E R oo
N o B PA T S R R L oot d
doin =0 M T 1 o (BB 2T 5D, M
B3]y 2Z )5 s BIVA] 38 ok AR ALY J7 55K fi# y 7E Y
(P E B R B BME. &R 2 19 oM /N R EL
Sk BB D AR S BT AR RS
3. ap, (¥ MX) BB T ROK fif. W) R, 7E B
L B, (v S MXE)F B, (v S MX ) BB ]
DL RLSK i

a PR MX L hin A 2 25 BB o M4 1 #AE
5 ERIHEERL. @ 2.e B AT 6 B 0
My o Y d W1, 8RS AR R T R Py,
root ], 0 F RS TIOR8 wo oty w A SH
o W o.d P81 (A I T I AR R A T R R
i SR AN 5 BT 7R, B A 7757 50T T A9 4K
AT d BRIWIE B 2.0 MRS 2 A5 AL R
R Y SRR d SR A AN TR o AR Y
VER DT MAR S 8 hF o R E2 2 W #
MX AR g A B 2 B e 7 oA A =7 )
W RN 2.6 Fil 2’ BA 715 5 B AR AT 05 1% T B (8
B 7RI AE B R 1 B R RS J6 48R A [R) B AT
SHL.

B 5 o B R

BIEE 5. ik U R P AR B A 1
ki 2 24 )3k Olog | V).

E AL A I AE A X I A RS 2 i R
BRI 2 2 15 MR 4 B B 0 Y s A 3
YR W AT 5 P B A g B IR 5 2 B L i T A
PRI 1) 52 2% BE RS2 7E o LA B B A R i 2 i
5 1 R 0 0 T 2 3 T MR s
FAT B 3 U TR e AN T B R
o G N QR oE GOl B A T

AT F SR BT T SR
A = 4 P 30 A5 VL A BOIR 45 1 25 1 T HL Rt R
A 245 480 o DL B % B0 25 S Hp () S AR SR R — 150
B 5% 30 25 VG i 9.
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5 HEIEE X

By 285 VG C 5k 1R BT 5 T B 1) = ST SR AR R
P S5 4 AR 1T VA0 A G BH R S ) o TS
(1) 2y 285 SR 454 L oAt SR 454 ) SRR i 5 sh A8 2
WA R R R ATE A ik Sk s .

5.1 insert(x)EBIHIEE

ST ERAE R UE = S E R B AT S P
HhF A B B 5 Tl R A N Y A R A 2L B4 41 1R
Gp=G [(Xp—=FXp) UY, JH IR X PR, FA]
TS SCAHXT 715 58 P Al B e 4.

EX 7. B MXp k= i E R s PO
NFE Gy =G [(Xp,—FXp) UY, W X ILH
EAETE 2€ Xp H x.e<Yp.max, ¥ x ANEEMET
MX,p, B MX,+ 2 A5 G;ZG[(XP—FXP +2U
Yr i X VEECEE . R E G o i MX ] 35 e 4k
N TR A P g R 4E ik RS (2. P). 40K
FARWE N &id RS (2, PY)N RS (2).

SV ERS(x,P) . MX' =MX,+x—2"H
TEGL—A X Vit e, IR HEIR At T7E GL vk
Aedp fe it X DT RCLE 0 7 k.

Wi 2. B MXp o = SOHRERM R PO
MFE G, =G [(X,—FXp)UY, [t X DEi
EAETE ¢ X, H x.e<Yp.max, & MXp=
MXp+x B Go=G[(Xp,—FX,+x)UY, JH X L
Bl 4, 0 MX5 o8 GL et X Vet 8 s 0. 4 ra ohy
RS (x, P) Ux Wik weight-id 74 7 T 19 e/ ot
F MX+a—ra N GLI A X VUi,

. HERE 1 R AT E. UEEE.

OB ERAE B T D7 SO SR R A i
T BRSO B AR R TR B AR T A A Y K
HEAT SRR HLBE A B A AT s I AR AE R
T L A B AR T S A R A5 R I B LI
HEATAG 3. #E insert () WHRAE P, 8 SUTH B msg H
—AHIEH (X MXT ,MX L FXT L, UX ) il
FUP G 3 25 A A H P X SRR S ETmMA R «
T MXT F MX 23 50 37 I AR Bk i MX 4
G x T LFX R UX T 2 le . Tocd oo &R
ME FTRE A =5 FIFF 5 A R,

5.1.1 MFimdmA

R 1 RAE— DM A dnsert (o) R
PR SIMAR T o AR 2.5 S 67 2 AR L
73 A P(RAVLE Xpsa.s=2.5=Yp. min).

A &e>Yp.max. o J& T FXp 5. BMLTE o B

W) MXL ez 357 (5 i s MXp = MX ) 5 %7
FEAE S DU ] AR 46 L AF ke i W) Bk 4k RS (2, P). i
T AE 2 7715 5o 2 4 0 B R A 2, B 2 0 4 o
FIZWETE Gy +x Wit X VCE4E. b AR
W KR G 1 il B A BT LB R 1 msg TH B
WRAH s 47 P A ST 10 W msg A S 80m A& 3.

E% 1. InsertXinLeaf(2).

WA BN« T,

it - msg W B,

1. Xp<Xp+a, msg. Xt <2

2. IF (z.e>Yp.max) THEN

3. FXp<FXp+2, msg.FXt <2

4. ELSEIF (A a,, (i.e, MX};)) THEN

5. MX,<MX}+2, msg.MX " <2

6. ELSE

7. d<MX;[ap, (d.es MX5) e

8. RS(#,P)<~{x€EMX}:x.e<d}

9. re<minw{xrERS(z,PYUz}

10.  MX,<MX)+i—ra, UXp<UXp+rx

1. msg.MX* <2, msg. MX™ <msg.UX " <ra

12. RETURN msg

PAF 5@ B E T 5005 1 0 e af .

TEIHE 2. Bk InsertXinLeaf(2)1E X it &
R H G I R T B R AR 2 B ) A 2
9 OClog | V| ) - it ]

EH. AR P LY, =i MX, =
MX . BEHIMA 2 ZH MX, 2 FE Gy =GL(X, —
FXp UY, It X IEicdE  BEM A = ZJ5
MX, 7B G, =G[(X, —FX, +2)UY, I i
o X DCECAE. MRS HE 3,58 i« (2.6 MX ) I
SR T R W 2 R AR MX . AORRRIE T
W AT 5 3 MXG [y, (e MX ) 3 B o8 7] 5 e 46
RS (z,P)(MX} ¥ f& end-id J7 51 HE 7). P AR 4 4
i 2, N e weight-id J7 51 HE 7 T 1 dc /N e R B
A SR A et X VC 4.

HHE T3 5 AEBIE 1 p g — 20 A B VR nl S
T AR A R L 1 AR 45 R R R B ] A % R S
PR AE S R o B B4R AT AE X B T
RIRBESI. 7 MAR 2 1 2.s€ {as: X—x) . W =
SCVFEEAR I S5 44 23 e A= A8 Ak, 77 AR B B I L T
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R A R Y T A B 1 S8R AR - A I ] A
HREE. UEEE.
5.1.2 HEZSFImA =

FE U L RN o TS R B 25 8 B Ak
LA N R AT B A A
FOEIHT R B AR AT IR BB EF R B
TP RBRAR SR 2 flR THEX ML AE P orp
A & 95 5 & RS R

Eix 2. InsertXinR2P(msg).

WA msg HE

it msg TH A

1. 2<-msg. X"

2. IF (z.e>Yp.max) THEN

3. FXp<FXp+2x

4. ELSE IF (nsg.UX " =7 | msg.UX " €MX}) THEN

P 5 S R A T A K msg BB H R Y S AR
ELSE IF ( 3a,,_ (i.e.MX})) THEN
MX < MX) -+

. ELSE
9. o' <~MX[ay, (Z.es MX}p) e

al

~N O

10.  xy<mins{x€ MX} : z.e<d}

1. B<MXy[B, (x1.ss MX3) Ls

12, RS(i.P)<{z€MX,:.xs=>8}U
{(2€EMX}: z.e<<d}

13.  rr<minw{x€RS(z,PYUz}

14, HUFAHCHINE G S msg

15. RETURN msg

AT BRARIE T30 2 1 1E A

EE3. XMNTMNAEEZF R BT AP HIEHR,
B InsertXinR2P (msg) 1E 719 55 P 497 T 9534
AL ) R OClog | V| ) B3R fil.

. RS P o, MX, =MX, UMX;.
CAHIA 2 ZHf MXp &K G =GL(X,—FXp) U
Yo W X DCECAE BLEI A & 2 )5 MX » /&
FHEG,=G[(X,—FXp+2)UY, I i it X It
fok. 5w s Bl & 2oe>Yp.max, 2 J& T
FXp 85 47 2.e<Yp. max, G HFHE I T P 45
I EAE S R W SR R BORT B AR I B A
BEORIFE. 28 1 Mg & msg . UX " =2, KR8] 2 &
e ) MX ., HE weight-id F31 F .2 /NF R 1 2
AT R AR i B /NG . ATHIEPR A 2 AR T A
HOANRESY ) DT, AR AT S N BR S T IC RE , H
AT RE A 1) B /N T ER LR G 1Y BT AE P A
R A 8.5 R AR 2 Ao

msg UX" € MX}, (4 MX, A& A)RWTE R
TR B2 =msg UX T HLUATHERD 2 1) 5 4t
RAE P RS R A om Py S o AT AR
x5 R A AT,

£ F R A AR AN R L B msg. UX T = A
HH msg. UX " F# 28 8msg. UX " & MX',. Rif — Fh
T A P PAAAE ay (2., MXT) AT HfE ) 26 2R
FEAE 2 € FX A S G [MX, UYL v, HAE 2
Mz Z [ AL — AR B B ARG 51 3 3, 2 Al
B MX G, Hl it a,,, (.. MX) 0] # & ] 2 4
K. FHIEE P P ap,, (2.6, MX ) 115 DL R
W £ P ORI IREL, R msg UX T = A, B]
TAER SPRHE UG, W AE P R fEAE o' € FX,
IMAEIE G [MX, UYL I, HAE 2 fl 2 Z [ AF1E
— R A AR T B 3L A o MX B S A
Y(i]l=x.e, 501527 &, S W& P b AT
ap,, (x.e, MX5) o £ Pl B4 7 DL RC. J5 — B o0
i 73 BT 2611

B, e MX) ) Ji 76 7 22 17 3 7 7
TE P o 5 3G T VG 4 A AT 3G T AR S 51 3 3,
it MX e, (F.e. MX ) AT K = £ GLMX; U
Yo I gl Bl IR IR s J/NIT R o0
HATH#EH 2. s<<Yp.mid. 51 4, B B, (x1.5,
MX5) BURLSRA# o 18 GLMX 5 UY ), T i ) 4.
B &, ATHEAD, 78 MXL AN AETE 2 (i 2/ s =87 H.
x> VEWE o 8 GIMX, UY b iy nl % e 4
5 iyME, T2 2 £ P Pyl B4 RS (o) 1]
. RPEHER 2. N RS (2) Uz H B i weight-id
J 5 HE T 1 dic /0 oG 2B RT SR i 1 T B G
L X DRRCAE. T i R TR R A A B A S
A AER 4,

MRS 5, AR5k 2 B — 20 IR AR T S
Tl Bh AR B % LAY B 5 AL AR X B ) 52 2% BE T 512
B ST AE A 2 B0 A S AE B & TS Y
BASEAEATAE O (og |V D B IRB R F 58 M. UEEE.

FRMNAEZT LB P BRAR 500k 3 il
W TE P oin A & TR & 1930 28 B Ak,

B3, InsertXinlL2P (msg).

FA msg T4 B

Wit :msg B
F<msg. X"

IF (x.e>Yp.max) THEN

w DN

FXp<FXp+zx



1144 M ARSE . ARG 0 P S S AUE VE S 2399

4. ELSEIF (msgUX*=2z|msg.UXTE€MX}; ) THEN
5 P A5 AP AEA SR L B msg BB 5 LY R
6. ELSE IF (38, (&.s.» MX%)) THEN
7. MXp<MX,+z
8. ELSE

9 B'<MX,[ B, (G.ss MXp) ]s //AEE G

10.  x;<maxe{x€MX,:x.s=>p"})

11, d<MX,[(z,.e.MX}) e //TEE G5

12, ay<mins{x€ MX}: z.e<d’}

13.  IF (a,.s<<f) THEN

14. B'<MX,[B,, (x5, MX}) Js / /1 G,

15.  RS(&.Py~{x€MX;:xs=>p} U

{2€MX} : x.e<d}

16.  ra<minw{x&RS(z,P)Uz}

17, FHHXHIES S msg

18. RETURN msg

PATF 2 BRARAIE T893 M IE R .

EE4 XNTHAEZTLINWAP WL,
Bk InsertXinL2P (msg) TE77 & P 4e 3 T 1§ 3F
AR ) 2 2% Bl O (log | V| S bR B .

. BR X TR A R AR LB 3 5
FETF RN AMEE 2 BB F AR &
%3 R A AR A TR GIMX, U
Y, IR AEAE B, (2.5 MXG) (G55 10 15) AR HE 51 3 4,
EH{xeMX,:as=p ) 2 ETFE GIMX, UY) ]
T AT A I P end id HEF FRORM T E
21 APIEB 2y .e=>Y e mid, HF B GIMX, UY, ]
WIRAFAE 21 1Y a-MX S/N BN, AR 5 B 4,58
o a/:MX;[aPOS‘ (x1.e s MX: ) e BPRT#f 5€ 1 fE T
GLMX, UY, I al e (v € MX): voe=
oV EEAWA 2 T E GIMX, UY, T A
#ede. AL LA L startid HF)F T E/ADBITE o
(1 2. s<<B"s BIAEAE— 25 N & H K 1) 58 4 8 ml 3k /s
FB Wy TS AR wos BB B, BT SR A &
P il e RS (). 5 R 2] P it 52k
o, BB Al B AR R e R AR S 4. AR S BE 5,
TERE 3 b 45— 20 W 48 A 1 n] Bk T i B 4R 5 X
FIR)RF 235 K A o 30 (] 52 2% B 52 B T A M 8 %
TR A ER T AT 8 P by insers () #24E
[y B 1) 42 7 B D9 O (log | V| ) e SR Bk . iF B
5.1.3 B

6 Jy—A> insert (x)SEIERW LB, Ze BB
BRI & To 5 Y DY oG 2045 8. TR Bl 3 A4S 5 HE
ARER SR e (R 1Y 8, 1 s SR 2 8 T A

(5 B4 . BRI IR AR AT AE 4 4> o TR 6 L35
PR ME— T 5 P A — A & TR 2
N x.s=3F#Yp.min=1, P 97 g1 43 24 I 25 5B (1 0t
THEL FRFE T2 AE R RF A«
WA o RITTEAR HAFEAE 210 1 ap,  BBOW B
o B R AR LR A X PERCSE MX . T —
BN REP AT B 2, 2207 P
RIMA 20 s T Py sl P RFEAAFAE 21e B @, R
BRSO 2 1) X DA MX.

x,=(1,3,3,7) Y,={1,2,3,4}
1'21(2,1,2,3 ) P MX;,:{IZ,IX}%{I?,I‘}
;Sigj,}’%;; MX,P:{IHIJ"(IHIG}
2 =(5,3,35) UXp=tag}—izom,)
2,=(6,3,4,10)
L R

Y, ={1.2} Y, =(3,4)

MX ={x,,2,} MX={zx )~ {x,x5)

FX,={z} UX={x;)

K 6 insert(x) LA

KA s 2 oz s 2 HRIR LI M P 1Y X DETT
s Hop o E s LA FXLEES AR 2=
4>Y, max=2, FAREE % 3.0 P W E o It
FCRLE. XF T s Bk 1T AE R 2B s s A «
By, (s e MXG) = 380 AT B 4 4 RS (s
R)={x};HT x1.w=7>x;.w=5,81M re=x; s R
UG B R 3G TS s WO UX R 5 A Ak T3
B2 P AT E A o5 BT msg UX T =2=2x;,
12 P 1 sl P SRR REIG ) IEIC . s IMA UXp 5

Bon(2, 5 MXo)=1 Y pmid=3 o (250, MX})=1
1 2

3 4

K7 g PP s A

THEAEARIMA 2o it FE K 6 58 P MR 1Y
i BB TP 7 Sk 4 S e M AR R AR G AR Ak
L. B MR 2o EALEI R 5 RAEH L 1. 78
R 5 S s 5. 4k 8 S 2. 76 P s s
A xo. W4 « MR 0, (5.5, MX) =4, 7547
MBS AT B e 4R R R 3 s T/ 2 TH S o (B HE
H2HE 10 ME DA B, (s, MX) =1, 45
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HAf W 4E RS (x5, P) = {x1 s2 523524 ) » Fo £
weight-id FEF /MY o TS 2, . 80T 2 16 P 1Y
X DCRLAE B4 .

6 HEEXESWEXRMHE

TEYES U X VT e S 9 L il L, 2h A A
AP R I SCERC17 5 [23 ] eb i J7 i SR . FRAIT 2 T 3¢
ik [ 23 I+ 43 B VL E X [A] (disjoint matching interval)
7k TR IR O (k) I [R] 5 2% FE T 5K il 20 245 A 1h) $5
P o e<<min{ | X |, | Y| }. £54 58 F A i B
B RATE 1 LU B

EIE S, MR T4 A B KR AUE 3h 35
VG i 1] A8 ] £ O (log® |V | ) - e i i) 2 2% J& T 2k 47
SRR A B () 5 2% TR AR VTG, 7E B
W OCk) B[R] 52 2% BE T A 7] 55 © DT 15 450 A9 AH D E
L <min{ | X|,|Y]}.

. MRS B 2~4, Bk A — A AR AR AT
HE T8 By B2 G %o IO ) AR 5 A A R BRSBTS
B WO AE R SR IIA & AR X B ) A %
JESEL A & TS A S EL log |V KIMA
TR R S B BRAE L IR FE OClog® [V )
S ) 52 2% T SR . A 2l 2 # 4E W] 35 AT AE A
[F) IS 1] 52 2% B kA7 4 4. HEEE.

B X AN A A P ) e R R R 8 A L e ] A
SCHRC178E3 T — Rk 7E O (log? |V ) - i ]
SR BT AR R R A B R R B ) B R R A
) T A 2 75 0 VE I A 3 8 D 0 00 A4 7 4 I i
0 8 1 1 S IR ) 8] 42 2% 2 o O(min{klog” | X | +
log| X1, [ X [log| X| 1), HH e<<min{|X|,|Y ]}, 8L
FHH O] X | log® | X| ) - #i B 1) 52 2% e . 7 ) 45
AN 5 Y e KAAE 3l 25 D8 E 8] 8 2 /i — 1R
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Background

Matching in bipartite graphs forms a classical area of
combinatorial optimization and of graph theory. In convex
bipartite graphs (CBGs) . matching problems are equivalent
to several classic scheduling problems. Dynamic matching in
CBGs also belongs to the field of dynamic graph problems,
which study the properties of graphs in the context of vertices
or edges being changing.

To the best of our knowledge, in the area of dynamic
matching in CBGs, only maximum cardinality matching problem
was studied previously. Our project hence focuses on the
problems in weighted situations, i. e. , dynamic maximum
weight matching (DMWM) in weighted CBGs. Matching
problems in weighted situations are different from and more
difficult than the problem in the corresponding unweighted

situation. In our previous work, the authors gave a solution

for the DMWM problem in the left weighted CBGs. They

designed an algorithm that maintains the update operations of
changing vertices or edges in O (log® | V| ) amortized time,
In this work, the authors improve the solution for DMWM
in the left weighted CBGs. They propose an approach that
reduces traditionally computing matchings via alternating
paths to computing matchings via finding a certain subgraph
structure. Then they extend a two-dimensional balanced
binary search tree data structure and use it to compute the

subgraph structure efficiently, based on which an algorithm

Vi

is designed to maintain the update operations in O (log®
amortized time. Our future works include DMWM problems
in general weighted CBGs and to find more efficient solution
for maintaining the query operations.
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Foundation of China (Nos. 61472279,61332008,91318301).



