TADE

Vol.2016-AL-158 No.9

IPSJ SIG Technical Report

SEAVE1—FT 14 VTEIEHMTRIEDIZHD
EHDENIFEICK D
TS 7ICHBITEIRNEE A T ) NLIE

LR — )

BE: ENMIVERTOIM IV a—T 0 VI HIENE T — XX MAOEE 2R HT 208, BREORE
EZF A XA AMNET BMEEEEICE VTR, Bl T — 2 BT S, BEs vy b
T =2 37T THEICE Y A R/NEEARICHIET 5. ARIIERNEREARICE DOV TRy N -2 2
WREFTLZETHEEIANERRMETESZZ 2R, TOEODMRNLFLEEZRET L 2HNE
T5. 797 G=V,E) OR/NEEA%ZRD 5 Prim ¥ Kruskal D7)V T ZLDH L0, £H 55 O(VP)
R 23 5. REFETE, 77 72RO R/NESAROZIFEHIHTH S Z e 2RHAT 2. THAE
HV & AVERED 2 5 ARIZHEL, FRITHESWTHESEZNETE I L TUOBREMELTE
5. 77 70K UTEEMED 7 7 A X D5E - HEIT L0, RSB E E &R
5. FRERMRATIC & D BRETFIED O(VIVIV]) KR CEI{ES 5 Z & &R L, FHREAEIIRIC & 0 BEE TR L g
ULCHo@EsIZEifEd 228 2RU7E. ZHUZLD, ENAABEBRTONMI Y Y a—TF 1 v 7HEICE
3 ZEET A NRIMED 2D DT HEDIRENTE /2.

F—O—RN:ENT T 7, RNEEAR

MST Query on Dynamic Graph with Square-Root-Decomposition for

Optimization for Controlling Distributed Computing

Yamazakt Kazuakr®

Abstract: Distributed computing on mobile entities uses wireless communication for data transportation. Costs and
availability of wireless communication changes affected by surroundings, thus optimal network (corresponds a MST)
also change. Dynamic network can be modeled in dynamic graphs. This paper proposes a method for calculating
Minimum Spanning Tree (MST) on dynamic graphs efficiently. The method is based on square-root-decomposition on
tree nodes and dividing edge set into several sets according vertex dividing. Then, number of edges that candidate for
MST is decreased and we can search edge in shorter time.
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Algorithm 1 MergeEdgeLists

Algorithm 3 SplitEdgeList

Require: es/,es2 are sorted edge list

Ensure: es/, es2 will be empty list, result will be sorted
1: function MErGEEDGELISTS( es1, es2 )
2: i=0,7=0

3 result =[] > [] is a empty list
4 while True do

5: if i =les/| then

6: result.append(es2)

7 break

8 else if j =|es2| then

9: result.append(esl)

10: break

11: end if

12: if w(esI[i]) < w(es2[j]) then
13: result.appned(esl[i])

14: i=i+1

15: else

16: result+.appned(es2[j])
17: j=Jj+1

18: end if

19: end while

20: esl =es2 =[]
21: return result
22: end function

Algorithm 2 MergeClusters

1: procedure MERGECLUSTERS (7, j )

2 inner; = MERGEEDGELISTS (innter;, inner;)

3 inner; = MERGEEDGELISTS (inner;, outer; ;)

4: for all k € {c | c € AllClusters \ {i,j}} do

5: outer;; = MERGEEDGELIsTS (outer;, outer; ;)
6 end for
7: end procedure
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Require: es is soted, /' is a function that f : E — {True, False}
Ensure: each element e € result] will satisfy f(e) = True and each ele-
ment e € result2 will not
1: function SpLiTEDGELIST( es,f")
2 result] =[], result2 =[]
3 for all e € es do
4 if f(e) then
S: resultl.append(e)
6 else
7 result2.append(e)
8 end if
9 end for
10: return (resultl, result2)
11: end function

Algorithm 4 SpliteCluster

1: procedure SpLITCLUSTER ( i,/ )

2: (innery, inner;) = SeutEpGeList (inner;, (de.True &
e is inner edge of cluster 7 ))

3: (inner;, outer;j) = SpLITEDGELIST (inner;, (le.True &
e is inner edge of cluster j ))

4: for all k € {c| c € AllClusters \ {i,j}} do

5: (outer;y, outer;; =  SpLITEDGELIST (outer;y, (de.True <
e is outer edge between clusters 7, k ))

6: end for

7: end procedure
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Algorithm 5 RemoveEdge

Algorithm 6 AddEdge

1: procedure RemMoOvVEEDGE (u,v)
2 if Not MST.hasEdge(u,v) then
3 if cluster(u) = cluster(v) then
4: inner sier(uy-erase(u, v)
S: else
6 OULET clusier(u),cluster(v)-€rase(il, V)
7 end if
8 return
9 end if
10: MST .remove_edge((u, v))
11: if cluster(u) = cluster(v) then
12: assign new cluster for vertices such that connected from v on
MST and belongs to cluteru)
13: SpLiTCLUSTER(cluster(u), cluster(v))
14: end if
15: ¢ = cluster which has lightest head edge
16: MST .add _edge(c[0])
17: c.remove(c[0])
18: MERGECLUSTERS (cluster(u), cluster(v))

19: end procedure
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1: procedure AppEDGE (u,Vv,x)
2: modify w to be w((u,v)) = x

3: e = (p,q) = most heavy edge in u-v path in MST
4: if w(e) < x then

S: if cluster(u) = cluster(v) then

6: inner cpsier(y-insert((u, v))

7. else

8: OULer clysier(u).cluster(v)-insert((u, v))

9: end if

10: return

11: end if

12: MST .remove_edge(e)
13: if cluster(p) = cluster(q) then

14: assign new cluster for vertices such that connected from v on
MST and belongs to cluter)

15: SpLITCLUSTER (cluster(p), cluster(q))

16: end if

17: outer ciuster, cluster, -insert(e)

18: MST .add _edge((u, v))

19: MERGECLUSTERS (clusteru), cluster(v))

20: end procedure
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(3) ®20zELEPEHNS
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(4) 2TEHM u,vEDNNA%ERD B

WIZ, 5 TEELEZHB-FhEzMird s.
MERGEEDGELIsTs (es/, es2) 1% O(les]|+|es2|) Wi CEIET 5.

Proof. MerGeEDGELIsTS D 12 ~ 18 f7H D if Xz & b,
WELS DK% F 2 — BT D result DERBIZFHAT 5.
BRI O(1) KERTDILEL % |es]| + |es2| [01FE4TS 5 DT, EH]
O(les1| + |aes2)) Wil & 72 5.

FHDEAINEIZ R 722 &, MAOEHS% result DFE
RITERST 5. ZOMBIE, EH55D) A DKo L
THEH O(max(les|, laes2|)) R THRITTE 5.

PAE & D, MerceEpceLists 1B HE] O(lesi| + |es2|) IRif
THEEY 5. O

72, BWIANDEZIZO(V]) TH 5728, MERGEEDGE-
Lists (ZMEEI O(V)) KEETH 5.
MEerGeCLUSTERS (i, /) (ZAEHE] OV VIV]) i CEIES 5.

Proof. % 2,347 TI%, MerceEpceLists (2 K D inner; &
outer;; % inner; \ZIiAS 5. o OB, EH O(V))
EITHRITTE S,

B4~ 6170 for TIZBWT, ki, j 2\ 2TDY
FARIZELTIV—=TL, FORNREDMEEIL O(V[V]) TH
5. %207 AXIZDWT MerGeEpGeLists 12 X D outer;;,
& outerj; AT D, 77 AREUT OV]) TH D70,
EH O(1v)) W DMLER 2 O(VIV)) [BIFEFTT 5.

M E& DY, MerceCrusters & O(V|VIV]) Refl CEI/ES
5. ]

SpLITEDGELIST (es, /) t&, Fo-BEEK £ A3 BUR ] C AL T
5751, EBEH o(V) HECEIfEY 5.

Proof. #3~917D for XIZ&L D, eldes DETDOER
WELTLV=7F5%. KellDWT, fle) DIz &> T
resultl, result? D\NTNDORBIZESET LU Z2 T 5. il
FIREBADB—EEDBINIEL 00) KETH v, HEiE
% les| MIEITT 5.

les| = O(|V]) T& 5 7=, SeurEpceList & O(V]) KT
#iEd 5.

SpurCLusTeR (i, j) (& EHIRREGHE & O(V|VIV]) KT
g 5.

Proof. Fil&7 7 A ZIZB9 5 5MBEE, THAR ST
THAEY 7 A X DERZBINFIRLTHE L ZETEK
RIS CEMET A L DHRETE 5. o T, WHIZFIHT S
SeutEpGeList (ZMEE! O(\V|) RefE CEIMES 5.

% 2,347 Tl%, SputEpceList 12 & D inner; % 2 [AILER
T5. I OWERIX, EE Oo(V) KFTEITTE 5.

B4~ 647D for XIZBWT, ki, j2BRW\Wze2TO
7 AXIZELUTLV—=TL, ZOREOEEIL O(VV]) T
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Hb. 825 AXIZOWT SpurEpceList 2 ET75 5. 2
5 2 RZEUE O(VT) T B 1=8b, HH1 O(V]) W DILFE %
O(VIV]) H1FE4TT 5.

M EXbY, SeurCruster & O(V|V|V]) FEfE CEI/E 9
5. m]

6.1.1 LDHIkR
HlkR 2 ) remove(u,v) % JLEES 5 B RemoveEbpGe D
FRIZBEE R LZBIEFUTOEDOTH 5.

(1) MSTHH2U%ELIPEDEFARD

(2) uviZ2OVWT, BTE77AZ%2ZTNTNHFARS

(3) HWIAN»S (u,v) ZHIERT 2

(4) MST H»5 (u,v) ZHIERT 2

(5) MSTH»ol%—AKEY R\ 7 LT, v&EiED
DR 7 AR u LELUWIEHSZSEL, RS T
AREEET S

(6) SpLITCLUSTER

(7) VAPNDREHEIZHZAPREFBEWTEHNESGZRD S

(8) MSTIZEMAS

(9) HYASDOEIHERZHIRT 5

MERGECLUSTERS % 47T 5

MST 76l % — AWM BR\W=2 57 ETHRMEZT
THRZFZET HEEL, v 2 OREERRRE 2T 2L
THRHEHTE 5.

DEIEIZDONTIE, BRICFHREEZR U, BIEONK
H IR0 5 £ DIF SpurCLusTER DHEFTE MERGECLUS-
TERS DFEFTTH Y, TNTIEHREFFHEE OV VIV]) K
MThs. #oT, HIERT TV OUBIZ 2 B EEIRHEE]
BRI o(VVIV) B Th 5.

6.1.2 IDEM

EBINY Y % add(u,v, x) % L9 5 %0 AppEpce D
TN BE LR B3 EDON, HIbRZ TV IZHNBRP o726 D
IEATOHIETH 5.

(1) w((u,v) DIEP x &2 E5IZwEEET S
(2) MST E® u-v S A ECTIHROBEWVIEMEZHET

wZZEET LML, & uv T D w((u,v) Oz 2
WRFEHLF TR L T o) B THEITTE 5. MST
LD uv NAERD DL, ETRERUKZ LS O(V) B
BITHEITTE D, uv RAPECEOAREIIRKT V] -1
THO, 2IhoHEDBEBVHMAZHETEEITIEZHERICK
DOV REITHEITTES. o T, RIZEIFZHEEITN
ThE o(V) R TEITTE 3.

SPLITCLUSTER & MERGECLUSTERS DFEIFIZEM 7 T D
WIIZEEENTEY, TS DOFEITITHRB R 1015,
fE-T, BINZ TV IZhh B EAFHIFEEE IR Y
L RIBRIZ OV VIV KifET T 5.



IPSJ SIG Technical Report

®1 BEFERCREFEOEGRRHILE (5 X L7 —2)

ER:S RFFAIFH5 E ST (S [sec]
Prim @7 )L 3Y) XL O(IE|log [V]) = O(1V log|V]) 32.71
Kruskal ® 7 )L 3V X2 | O(E|log|El) = OV log V) 787.31
Enhanced Kruskal O(E)) = O(IVP) 60.41
RETK O(VINIVD = O(V1™) 6.57

6.2 TEMERHEREER

REFLEOFHG D728, BFETFILELIREFIEEZ C++ TF
U, ETRMEZGT 2EBRE21T 72, EBRARIX, 1024
HSD I 7/ U Vv R LTS 7EE % 1024 [H47 5
JEEZ 20 AR DKL, EfTRMEENT2EOTH S.

FER X Windows 7 121 >~ A b —)L L7z VMWare | THj
fE9 % Ubuntu 15.04 ECHEML /. &0 I L8370y
5 3 v Z MR BY Y — )L Rime [8] 2 W T HB)F1T
U, FEfriefzFH L 7=,

FEEERAR IR, BPICEREBEBEO-OICHERD
AUz, 0T IDED, BRLEZEDEMHLTY
5. BFEFEONRD @BICEEL 7201 Prim D7V I
VALTHBH, REFIEIEPrim DTV TY XLDH S
fE eIz B E L 72,

Prim @ 7))L 3V X2 & Kruskal D 7L 3V XL DFHEE
NRELWIZH Db S TETRICKREREDRH ZN, Z
I Prim O 7L TV X AIZE W TESEEMAF & F 2 — 12
push ENRVUNR LN THB. —FH, Kruskal D7 )L
TV ALIFETOIIZDWTEET 5.

REFIELEBRIZY — FEALY A N %S Enhanced
memawﬁiézﬁﬁ%zawﬂykbvmﬂ=32
FOEEBGFTE 208, EBIZ 10 fFRELR->Tw»
5. L»nL, TVIVXLEERLDEHTHDIZEHHD
ST EBMBOAENIMEREZINZF->TWELEHEZ, +0
IR TH 5.

HLERARAT B OGH R ECOERBROMER, REFEILWB
MIZBWTHGFERFEI VRN THE 525, ZhiZ
k0, EAMUEE OS2 —TF 1 v IITBWT,
UFD LS BENFRETE 5.

(1) WETOENHEEN KD T2 Z 212X 2BERFMO

JIRSS

(2) B 2 A2 ICBT %5 — R EE% O TSN &
B AL RE ] i

7. LIV

7.1 fE

KIFETIELL RO Z & 21> 7.

(1) FOUBRENEMREBEIIEXZHELSRaI Y a—
T4 VI HIED 72D DBEEIZDWTHRN, BEITA R
BRMEDOEHZE R

(2) ENAIEREOEIAEEZ 77 7EFE I T VIZEN
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(3) mERIXY NT—=I0T T 7128125 MST IZxt)nd
52 %ERUNIZET, 77 7EERO MST DZ(LD
RN TH B Z IZERL, 9 7EFE ST & EH
WAL 5 FEERFEL 72

(4) RBEFEOHMGEN 217\, BFFIETDH S Prim D
T IV X L% Kruskal D 7L T Y XA X 0 #ERIC
HETHBHZLERLZ

(5) BEFIECBMEFTEZERL, FHEMERTOERNC
S VRETEPRETIEID 5~ 120 5FREEETH
52 %mRU7T=

WMo T, ENANMEBIZE BNV Y a—T 1 > I
FzBWT, BEICLVBET I M ER/MET 2FE
ARTIENTELLERS, ZhUt kD, MEORRE
A BN PR TE 5.

72 BE
AEDRLEL LTUTOEALDH .

(1) 7570l -2 2T, AkoKAL
MNTELHEANDIGHLYHTE S

(2) FEHHEEIZOWTOARDH LD, 7IARY YV
7 DEACE DI UBET — AT O 2470720

(3) HEEETOEBRE S VELT—ADATH 727
b, VERENEAT Iy — A2 FRLERTSIETE
D E R AT 2 AT VT
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