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2312l 1 (RBI-Match)

Input: query graph Gg, partial orders PO
t: (GrBI,Gred) + REWRITERBIQUERYGRAPH(GQ);
2: initialize the bitmap sets in CandidateT'ree
3: while ( there are more chunks to process) do
4 Cryr + CACULATENEXTCHUNKRANGE(my );
5: PINPAGESANDFILLCANDINFO(Crur, —1); /* —1: Current Index on G,.4 */
6
7
8
9

DELEGATEEXTSUBGRAPHLISTING(G ppy, Greds Cour, CT, PC); /¥ ext. listing */
INTSUBGRAPHLISTING(G g1, Greds Cour); /* int. listing */
pool.Syne();

UNPINPAGES(Cur );

10: end

11: Function PINPAGESANDFILLCANDINFO

Input: Ceyr, tgs @ Current Index on G,og

12: foreach ( pid € P(C,,,)) do

13: | | AsyncRead(pid, UPDATECANDIDATES(pid, CT  tiau));

14: end

16: | wait until all invocations of UPDATECANDIDATES executions are finished
16: end

G

o] = "eE RBI 1= WEsia,

flo

AelF 1o £AR vk o), WA, 2713 APl NE A @
BB X @iy oL AR LERE _7::7]§]—§}E},
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 GaEE2 dolE el Aelehx] ¥ HAvF 1 o) Sl wWzkA wiR Ao s 9 e s
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& 4s Fxote] & el mE T3 e dgel o7k ofF AB gay dudEE Bu dAs dHst
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B4 Fi APl S HAolE ZESE FoR o gH

FE AR N T AR Al Yol e Absgel i deld Ao Witew geojnch,
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Apads a9 e oldel Fu Edse] Fu 44 AW Fu oA e FHGow 275
o] it sbgath, aeln, Seas) 4HE J1F Ao uRSe] Fu EdE AdadeE, Fu Eeld

Y Cma oM EAlSHE YA HAES A8e oS TR AR Pgel Aol
3]

-
= T =
& ZEol=d &8 & 7] wiidl, o]E& ¥ EZ Hd(non-tree edge)] HE|Z FrtH oz A},

714 71 el Wl 018 CTwm vehith, & o Anags ey Pel e “Tue 7 FHd da)
A= TR AGH FAg o] A FAgel £ AoAEe AHS olEste] el s

)8 7H F AXdor Y S ET HA(tree edge)o)il zlo] 94 A A Ef RS 1A
Ef 7

7+ (non-tree edge)©]t}.
%= 4olA CTel ZF Ao QEZ EA5teE Al 39 vaes wld Fr A4S XT3 Ao},

Bodwe) CTolA A7 Yol wg FR (P Ex] Aol W] Rm gxel Parent(ud) o At

% 49] ofalel wEw Y2 vl T g PrVadelx Fu gd A Ve ue) v T gy FrVad
ot A7 VEVie 1 P2E a(nE 2Aste] 7§ Aok FH ol I% Be Fu 4R 1% Ve
%3 dlolel AEel 77 &

o118]Z 2 (ExtSubgraphListing)

Input: RBI query graph Gppy, Red query graph G,.4, current chunk range C,,.,
candidate tree CT, current depth dp
: ug, 4 GETCURRENTMAPPINGQUERY VERTEX(dE);
2 if (dp = |Geq) then
: | foreach (pid in CT[ug,]) do
| AsyncRead(pid, EXTVERTEXMAPPING (pid, Ggpy,Creq. CT, ugy ) ):

while ( there are more candidates in CT|ug,] to process) do
CT[ug,]' + GETCURRENTMAPPINGCANDIDATE(CT [ug,, |, meqt);
foreach (pid in CT[ug,]") do

: AsyncRead(pid, UPDATECANDIDATES (pid, CT' ug, ));

10: wait until UPDATECANDIDATES(:);

11: EXTSUBGRAPHLISTING(G pp1. Gred, Cour, CT,dg + 1);

12: | end

1
2
3
4
5: else
6
7
8
9

daE]E 2% 9N AH a#E yage] AR FPEE HHS Uitk dugE 204 STk jm

Az R E f= g WF Fu gFold,

Jol 4 wsle] Ze] 4 §AE Faho] ool A .

>

He wge

s

crel 7+ Aol wE Fu Aol 7

qaeE 20 HHL AysAn ol Bk WA 1WA ZelH F2 AW FoA dedAE WP Fx

ol
o

Ye g sbdet. ons FolH Mes} vime] poe oby tad selXE ek ok npAY fR= FHIIX

g A2 F, e wow st Adstn g Mol Fu sox AomtE sty delx



[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

omn

Pidg =3 gt #o]x W& pidE AFESlA tlxzdl AFE Aol piddl tha) ¥E7] 1/05 &

H%7] 1/07} &238 &7 29 &< ExtVertexMappinge] 2 3E T}, ExtVertexMapping<
d gxg Ao EREEH RO IE = 2SS sy,

grop Y sh vl ghe whA FEg el ohyetE F 6olA F 120 AW WEES

2] 2 wuge Mg ogsee A vsa sl A@ dold el 4
3 Fu AR PFORVE nEE BY(E D), BE Urd ol WHS ARl zusi
Jmefel =eg fsz delqERE Qg diE 4nE do Fu EdE guos
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¢t118]< 3 (UpdateCandidates)

Input: Page id pid, candidate tree data structure CT', current node #.,,,

1: foreach ((v, N(v)) € pid) do

2 foreach (u € N(v)) do

3 if (teyrr = -1) then

4 PC « PCU( (pid of u),u) if u ¢ MEM;n; /% update pivot candidate PC
*/

5 if (tcurr = -2) then

6 | NEXTPC + NEXTPC U( (pid of u),u);

T: (‘lS(’

8 foreach (u; € child(t.,,)) do

9: | CT ;] CT[uw;]U( (pid of u),u);

10: end

1 end

u; € child(u

dr
o
T
o)
o
i
o
>,
rot
i)

Do e 9

W gt be) BE A4 4

"ok 2Ea, A1 = dark 8§
o
o

o= A Yo vl FTr HIS

i

weol HeA AEAel 7FxX]7] (pruning) IAS AEFedvr. A2 34 A A (pivot
vertex)d 71@S o] &3k 7FxA7], AAH 2(degree) S ©]-&3F 7} A 7], CTe HIEZ 7HAe] 93 71A] X
717y e S

WwFR} AMks E8 (T HER 4 ARE W + 2

a4 vel W 3R A% TME vl 24 AF vl 3 A vl A P2E a@)e] wgFe Y

Y omz qeoe wEUg ma YU gy gusa, g A9 Aol o9

o714,

CT[uj] . CT[ui] nnvE(Ujr\Uic) H(M[U’]) 7]_ %q_ Lq_‘—‘q_}q

webA, CTE 784S wf Egf 3PS wet 7340 vt ofyel 7)o 22 3dhd wg dAiS Fal HEY

R
s add 5 Jduk. olHd HAgE S8l aa Ao A g vEs 22 7 U
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[0135]
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[0141]

[0142]

[0143]
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w3, H o dkgoa A 2 Fw 3E ExtVertexMapping o2tk sl o]sl, ]S 42 FxsEto], A 2 F
L A=

Input: Page id pid, RBI query graph G ppy, Red query graph G, .4, candidate tree data
structure C'T', last node tj,
1: Pin page pid;
2: foreach (data vertex v in page pid) do
3 Sy + BUILDINMEMMATCHINGORDER(CT, t,4);
4 | Mltigst] < v;
5: RECEXTVERTEXMAPPING(G g1, Gred. Sar. CT,2);
6 M [tiast) +-INVALID;
7: end
8

: Unpin page pid;

AduE]E 4oA AuslsE A 2 ZW 3 ExtVertexMappingS 9% A B 123 = ExternalSubraphListing &
nEFoA 73 v FR A wEeta, gad #olA pidel fE AFH Neer) vjgPEE FERES BF
2= gF5s Y3t

FaFF 49M = 5 = vpek Zeol, o)A ofelyrt pidql YA oA} HEHe] REHYS wf Al 2
3 =

2 et 94 Y doldel &3 doly Ad 3 Tl 3n A7 WA £ AR &

HoaolAE olsh o], fax B Y WA WMARES Wl #AS 4T g dob A A9 KFE G5
s AR dolg PSS wiAg). o] wf Zzte] ol f& A o] Apale] g tj~3 Fo]A
= ol AAd wiFEE=E 3}, =, 3 ExternalSubgraphlistingolAd 1WA = Aol vy T8 3
g CTlwl= (F.V) = (RLV) e (PuV)z mug Fodo mogud, A 2 29 dheoas Yy VEV ¢
MEEE oY ARagmy g olsh ol vole 1#zel gAel tate], Veao] 4ol W Sud
_1':,], Vblacklvivory x(—)];g% quﬂ?‘S]—T;]—'

FuelF 49l A 2 BY FFE Y
1/0s} v s s oM S ol

womrol A, oY Y23 /08 AMNMoR aqstu, 2w I A4kt /0% A%HoE FH
stel evlel® @ 4+ Q) €
ol

geom, ® e o% An 2dx elad oldel Fr EY (18 x7seit A oy qn 2ex
DaRe Adet 49 daneE 52 Fxsl urh A Aua
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2F12]< 5 (DelegateExtSubgraphListing)

Input: RBI query graph Gpp, Red query graph G..q4, current chunk range C,;,
candidate tree CT', pivot candidate PC

1: while ( there are more candidates in PC to process) do

2: PC’ + GETCURRENTMAPPING CANDIDATE(PC, piyot);

3: | foreach (pid in PC") do

4: | AsyncRead (pid, UPDATECANDIDATES(pid, CT, —2));

5: wait until UPDATECANDIDATES(-);

6: foreach (u; € G,.q) do

7: initialize the bitmap sets in CandidateT ree
BUILDCANDIDATETREESTRUCTURE(CT, G, eq.u;);  /* Set CT structure with
BFS, which root node is wu; */

8: dp + 1;

9: CT[w] + PC;

10: CT(wi]eurr + PC";

11: foreach ( uj € child(u;)) do

12: [ CT[u;] + NEXTPC;

13: end

14: EXTSUBGRAPHLISTING(G ppt. Gred: Cour, CT,dpp + 1);

16: end

16: end

B oo A &4 DelegateBxtSubgraphListing = RBI Zo] Ze]= Grer | &1 e Grea &) vz i

F9o] 2y HolA] MF Cewr Er Fx D wj@ Tw Qo] o}y AAH YA we Fw Eg T g

T ouY §E AHe ey Aed 1 4d 4 PC 2 e vy,

3+ DelegateExtSubgraphListinge WF-doz Tw AHH X3 pC F ARE tA272RE 9o vWEgd 2=
AL wEEE B AAHE 1~ 16). WA, F8 AF A PC F AW dre 7o 2xd gy A

G PCe mEG(Z 2) o W Wy Wxy P ars Meved oz zopq qum A, o oo

Cloll %3 oy FAS pid € PC’ “011 s Oz 9718 23 (£ 3~ 4) o] 1

d = P
% UpdateCandidates® Tl2Z 9715 #4 og =3 I 4=z A3t a8 ZE .F
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el
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o fr= AR B vwele] ur el <kl wlolE Aol EEEs AT 4 vt
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gk o] o] &3+ 42 NonRedVertexMatching 45 A9 3it),
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[0152]

[0153]
[0154]

[0155]

[0156]

[0157]

[0158]
[0159]

SS=50ol 10-1878844

2312]% 6 (IntSubgraphListing)

Input: current chunk range Ceur

/* Step 1. Generate matching order of G,.q x/
1: go «GENISLMATCHORDER(G,¢q);
/* Step 2. Start matching */

: foreach (v in all data vertices in C,;) do
Mqgo[l]] +v;

if (deg(v) < deg(go(1])) then continue;
RECINTSUBGRAPHLISTING(Cir, g0, 2);
Mgo[1]] +-INVALID;

end

I T T )

8: Function RECINTSUBGRAPHLISTING
Input: current chunk range C,,., query matching order go, depth dyx7

9: if (d = |G,.4|) then

10: NONREDVERTEXMATCHING(go);

11: return;

12: end

13: Ueur +— l,l(J[r.lj’NT]:

14: Ucon + n(ugu) F":qo[l diNT — ll

ts: | foreach (vin ),y (N(M[u]))) do

16: if (v is visited) then continue;

17: if (deg(v) < deg(wpr)) then continue;

18: if (v.pid € P(Ceur)) then continue;

19: if (M [tz violates partial order PO) then continue;
20: M [ttcur] + v;

21: RECINTSUBGRAPHLISTING(Cyr, qo, dinT + 1);
22: M ugyr] + INVALID;

23: end

24: end

delF GoIM B & g sk Pol, 4, GenlSlatchOrder #5°8 F3) 49 e g9l Y A4S
Jath R A4S QY HAEE o184 B AH, 1 485 elel dzel AAE AR R A0S oha
SA7FB AR, T AART WEA] Ao} sul, R FAelAE A B AE wed,

Tt} 0%, ReclntSubgraphListing 3HFellAE ez v Ao wet Vedo] wjghS AQAH oz FAg}, =
= R A9 vjFo] =5 NonRedVertexMatching 55 Ea)] Veed o} v H AHe] A7 FPrEESS o] 43}

0;1 Vblack’vlvory E uH_,g ?l—E}—

ot A e duEls 78 FEete], oF AH g x gy g CI7F B YA ”V] Bl
o] &= 59 ZW FFE 53 FHo ZW FFZHE B A= RecExtVertexMapping 45 A9ttt

2312l 7 (RecExtVertexMapping)

t: Function RECEXTVERTEXMAPPING

Input: matching order Sy, candidate tree data structure CT', depth d
2 tour < SM [(i;:

3 Ugon + n(tewr) NSyl :d —1];

4 foreach (v in M,cpn (N(M[t]))) do
5 if (ISJOINABLE(fcyr, v, CT)) then

6: M [teur] +— v;

T if (d = |Gred|) then NONREDVERTEXMATCHING(M);

8 (d! = |Gred|) then RECEXTVERTEXMAPPING(S)y, CT. d + 1);
9 .U[tm,., + INVALID;

10: end
11: end
12: end

13: Function ISJOINABLE
Input: Current mapping node t.,., data vertex v, candidate tree data structure CT

14: if (v is already matched) then return false;

16: if (Deg(v) < Deg(ts,,)) then return false; /* P1l. degree */
16: if (v € CT[teur]) then return false; /* P2. candidate vertex set */
17: if ((JPO(t" < tour) s.t. v < M[t']) or (SPO(t' > teyr) s.t. v > M[t])) then

18: | return false: /* P3. partial order */
19: if (teur # tpivor and v, tsy, makes violation with pivot vertex) then

20: I return false; /* P4. Pivot Vertex */
21: return true;

22: end

AduglE 7oA B 4 9= vkel o], RecExtVertexMapping $F ol wid &=A1¢} CTO A Aeo] 7]wk
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sfo] )% An cexel e FAA.

RecExtVertexMapping®] B A4, I AHe wjA& WF HBE a8 g A~"3} npz7ER 12 NonRedVertexMatching
St E o] &gk,

Iz
o

IsJoinable = CT9 HARE 7|We 2 R AAES & o E715s & 9517] gt =059 A4 2
7HA] AR A7 E G gh),

w7bsdt S vsky] Sl @A v Mol FrbHos widd dHoly ejze) A vrb ol wiE of i,
Crell 8t o%-, F2 =AME o7l 45 2 A8 Ao /gt -5k ool thal AAI.

o714 ZHAA7I= AR AE vladt 7 A17]7F Qv

ola, wueF 8& Fxael, [ 44 % B AW P FrE A,
&32]%F 8 (NonRedVertexMatching)
Input: a red graph matching sequence gseq
1: C «
2: for (i + 1 to |V(QRr)|) do
/* from topology-data node mapping to query-data node mapping */
M'[gseqli]] + M[t];
4: end
5: RECNONREDVERTEXMATCHING (1. M");
6: Function RECNONREDVERTEXMATCHING
Input: depth i, mapping M’
7: if (# >the number of non-red vertices) then
/* full mapping =/
8: report M';
a: return;
10: u; + i-th non-red query vertex;
11 if (_u. isa i!'m'y query vertex) then
/* an ivory query vertex has more than two neighborhoods */
12: N «— N(u;):
13: foreach (data vertex v in Myuen (N(M'[u]))) do
14: if (v is already matched) then continue;
15: if (M'[u;] = v violates partial order PO) then continue;
16: NoNREDVERTEXMATCHING(i + 1, M”);
17 end
18: else if (u; is a black query vertex) then
/* a black query vertex has only one red query vertex as a
neighborhood */
19: n +— the first element in N{u;);
20: foreach (data vertex v in .‘\"f.-\f"["]]) do
21: if (v is already matched) then continue;
22: if (M'[ui] = v violates partial order PO) then continue;
23: NONREDVERTEXMATCHING(i + 1, M");
24: end
26: end
26: end
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[0175]

[0176]

[0177]

[0178]

[0179]

[0180]
[0181]

[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]
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adEe Wy el B4 shush Ut 9ne 44 shtbE weA Edsor Bk webd,

agssh % A e dEeEdel wi.
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[0194]

[0195]

[0196]

[0197]
[0198]
[0199]

[0200]

[0201]

[0202]

[0203]

[0204]
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[0206]

[0207]
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[0209]
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[0213]

[0214]
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| Wikitalk | cit-Patents | web-Google | LiveJournal | Twitter | Orkut | UK
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3.20GHz CPU(Z 6 Ho))E 71X )
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2 v #eE2A g g zoAY Fa AT vlEste] duiy 8 Aol FUEIIEAE YEdE AR
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olgl, & 64 Hxste, E W] MB Ix gxgy e Ay o wEt Yeld s W3 E At
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