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LCA BB R E &%
B/ 1/ B& RIEEET: TEERE
{&1g5% b33 O(nlogn) ~ O(logn) | O(nlogn)
FERSE | &% | O ~O(ozn) O(n)
Link Cut Tree j% b3, O(nlogn) ~ O(logn) O(n)
RMQ + ST % Lk O(nlogn) ~ O(1) O(nlogn)
Tarjan LCA Bk O(n +qa(g+n,n)) | O(n+q)
Tarjan LCA(Z3) B O(n+q) O(n+q)
RERMQ | &2 O(n) ~ O(1) O(n)

Hepn AR BREED ¢ A, EREERESHE
B O(Th) ~ O(Ty) RFFAIE O(Th), BXifia sk O(Ty).

U EERESITINE RAM REIT#HT.

Ma(m,n) = min{i > 1: A;(lm/n]) > logn}, FEL BRI ERBHR.
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Tarjan &k LCA &%
LCA(u)
I MAKE-SET(u)
2  FIND-SET(u).ancestor = u
3 foreachchild v of u in T
- LCA(v)
5 UNION(u,v)
6 FIND-SET(u).ancestor = u
7 u.color = BLACK
8 for each node v such that {u,v} € P
9 if v.color == BLACK
10 print “The least common ancestor of”’
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query(fail)

First iteration to v, when u is white
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Iteration to u, v is black
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EBBILTEE:

m MR v AAEWM v ARG, BLRE v BEELE
LCA(u, v)(FE LCA) ARMTFTHEEEEHAT — 1B
B’ (AAENRENEAZETERY).

m LCA(u,v) IBEHITH (BA v & LCA(u,v) BFH), E
EASEMXEEH BTEENIITERRRIEZEBR

KFT (FEHFIRKABHH ancestor) BIRER/NMT A, Wt
= LCA.
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BEASREDH
= SEEREEAN O +q).

n FEEFESHFUT:

Lo EEXEE BRELEARNES, HREa9%
BEHEE, §iTEE O(n);, §RAEBEENEEFHA—X
FIND-SET, SR Olalg +n,n)). H_ERH
O(n+ qa(qg+n,n)).

H TR Tarjan H—Eie AR THEEERITERT
BITRA Qn + ga(g +n,n)). ZTFFERBTSHRE
Tarjan B4k LCA &%,

MEtE O(n + qalg +n,n)) BXEIERML.

[2IRobert Endre Tarjan. A class of algorithms which require nonlinear time to
maintain disjoint sets.
Journal of Computer and System Sciences, 18(2):110-127, 1979
BYE 55: 221180115 BARAE 2022 FitERRH
Tarjan B4 LCA BARHL Mokt




HESIA Hokegit ot ]

00000 900000000 [e]e]e}

— P B 2 MR B8

Gabow #01 Tarjan $2H T — S5 IE R THIHEE LD YiHE
&H UnioN HESH (REXKIFFE &, REXKRIES H) B
£ RAM EATRUE n Xk MAKE-SET, ¢ & FIND-SET 0 UNION

BRIERAERBERLNME O(n + ¢) ERE.

BlHarold N. Gabow and Robert Endre Tarjan. A linear-time algorithm for a special
case of disjoint set union.
Journal of Computer and System Sciences, 30(2):209-221, 1985
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BT UnioN ZF22 1, ATLUBEEERIT UNIoN(u,v) ITTEZ
B, MATAEE—I “aFR Y. Eik— S 08, RETHIL
TRMIRE:

m UNION-TREE(u): 18 v 1 w.p §HEIE—NERHRP, FiE
[F3R v.p FIEERRMRRTIZE AFEBRHRRT.
(BN ESESHIT—IX UNION-TREE #1E, BARIRM
7).

» FIND-TREE(u): B v FIEEEBRAIART.

Bl UNioN(u, v) DT n — 1, BEIME—NFRE, BEREIEITE.
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FTEZHE

FEFRIHITOR, ERAEHAERYUE FIND-TREE, 7E3REVIR
ZB{ERESER o HFEEHIT FIND-TREE.

PR E TRV EISEREMRKE O+ q), BEERE
1A O(n+q).
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—= Root of the block(not in it)

Block with size less than b
(A forest)

F—IMREK/N <b, B—1HK ZHRPOE—RAEHEER T
H—NERR FRENNRERRESFEALRE MIE
XAMRAVIR. EBRAERF.
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n MR- A v BEHITIE UNION-TREE(u) T, FRER
wich). BRICHE AR ERT, B4 FIND-TREE 1, E
FHHRSE v RERRBRICHIHES.

= XA ATRETELR A, AT RER AR .

s F2 FinD-TREE(u) 9 AT, IFFHIT:
Se P& FIND-IN-BLOCK.
EXx#F, BREEiF FIND-ACROSS-BLOCK.
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RAEM

m FIND-IN-BLocK(u): ZERAEN v RIEFRICHIEE. £k
KE, IRERAIR.

 TERR 'R RPEZ V-1 PRER

MEEXFRE p(i,j) =0/1 KR i 2B j KK,

B 8#841 48 amRic ks m(i) = 0/1;

MELEEIAN v
MR AN ZHEHRRT p,m,u, HF p BEA
200-Dlleeb] firgR. # RAM FK w = O(logn), A
b = O(logn/loglogn) BI.
FEHZERER table = (p,m,u) FZEH O(n), EREE A
O(1), \Ti FinDp-IN-BLock Bt O(1).

m Gabow #0 Tarjan ZEJEXLAHT O(n) #i& table B %.

HYE $8: 221180115 BRKE 2022 RiTEHIRRH
Tarjan B4 LCA BARHL Mkt



HESIA Hokegit ot ]

00000 0O00000e00 [e]e]e}
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m & FIND-IN-BLocK (u) IRE u BIRAIIR, FEHITHRIE LR
FIND-Across-BLock(z), HEf = 2 u BIBRAJER.

s EETMROMZBEZIL o FEE F O(n/b) MER.

FIND-ACROsS-BLOCK(z) iRIZEMT:
1T 2 + oFIND(2).
1T y « FIND-IN-BLoCK(z). WIR y 5 = B, MEE y;
ENHLIT aUNION(y, x), 3 = < oFIND(z).
Hi o FEEARREAREREEZ: ZEEGH THHRM
RZBEASBREIRCHIE S

n HEEREHR
O((q + O(n/b))a(q + O(n/b), O(n/b)) + O(n/b)), HE
b= Q(loglogn) KA O(n).
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BHRESHREE

m Un1ON-TREE(u) 2 O(1) #y, RE

» FESRESE O(n) B
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&it

n ZESHRAEL b = Q(loglogn) F b= O(logn/loglogn), ATLA
7 O(n +q) BE, O(n) ZENFER RAM R FHE MG
FEMHAERE RS FHEE.

m 7 Tarjan B%k LCA )@ {E R RS x ATRMEHLE
O(n + q) BFiE, O(n + q) Zid].

= REFREHALA, EEFERNE
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FENET Tarjan Bk LCA EERHEEMKHE X
m Tarjan B%k LCA EE R —HREE3E
O(n+qa(qg+n,n)), TEIEHEE O(n+q) NBLEX
SEE AR RUA AR 2.

m Gabow #A Tarjan 12 T —#F|H RAM REVAYFFYE, HFIH
AHITEELECHNHAEENFENEE, BEA O(n +q),
ZEA O(n) BIE X, N AZ Tarjan Bk LCA L, RIS EIA
&, FEEAH O(n+q) WEE BF—TEIEME.
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Robert Endre Tarjan. A class of algorithms which require
nonlinear time to maintain disjoint sets.
Journal of Computer and System Sciences, 18(2):110-127,
1979

Harold N. Gabow and Robert Endre Tarjan. A linear-time
algorithm for a special case of disjoint set union.
Journal of Computer and System Sciences, 30(2):209-221,
1985

HYE $8: 221180115 BRKE 2022 RiTEHIRRH
Tarjan B4 LCA BARHL Mkt



HESIA Bk ne

00000 000000000 ooe

A

HYE $8: 221180115 BRKE 2022 RiTEHIRRH
Tarjan B4 LCA BARHL Mkt



	算法引入
	算法改进
	总结

