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SENOZ YWHE £ UL B =20Aes LLSVRAE 018560 HUES JHZNM 20 SEHO=Z
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JAZUA B (cicuit)E e 2HE[13, 1412 UM =508 Ao 20 22 2 A7 SHO
HIZS we =20H QAXVREH URoe Fmoic, B HIXS 22 24 % 58X FXEAE Aot =
QA (Graph form)s &3, ®IIBE, Asls, gy ETEE OIS ENE 2AM S A O O 2
s So| 2HES F4XO2 HHsH =zs s 2 TUHAM 3SHSE SIF + US FAHEAM, Sol AW
Jlol Retst 202 LM AUCH13]. =2 eipoihs & ZOI HUSH AS AXE & JAHZ SBUME 1 o
S 4oz J2HE F2(web-as-a-graph)E Atgst 2 SRIE AKS0 L AL WAW, SREX
O] R0 SO M o nxsE 95 2R Al 0 ST B MOIES L2oAS W, g & MOIEN
Tt 202, 0|28 s D0 AEED o 2 S8 BHOXSS =X 0 HA 2MER0 oA
= s YAOR fIE ==0l(scalability)= ojciof 2 B2 HEE =+ UEs HOX A4 BHE S0t=
ZEOH Me B2WD SEJ O 4 ACh oys FTE B IbSSl. Sol, AlA S O dAMsl A3
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2 58s +# Ch [O8 2]= sla3g E8E
ZHOIX OICH 140742 HIOIXIQH 332002 &
2 0I20R U= U =2 gHOoIX oict. I ¢t
2 AFJE0 dAHAJUE =& = 2FEgeL
(Strongly Connected Conponents0idt SCC)E O0IFA
Lt EQREES TEOZ ENoIHN O, EdRXE

oh MY 0 S O D E N e A

MSWH CAl S0 EHO| 2= RE0ISE =8
2 [ SASD, 2250l SHUS LAHRAS
S 018510 ¥ HEXA 2B SBMHOZN S8
oz sz oas & 0k [J2 1]2 & HHEES
Cet QWD RER EHE oM, R 12 Y @
OlXIS MOl HOIKIZA 04 SAER2 YAt EXs
6,7 8 HEY AL USIZE JINC2M =21
ARQICH BHXIDE 3, 4, 9, 102 A S 4o &80l
HE SCCREE 0121 U MEH 2 SCCE &0t
Of 0 OHIA 28S BASNY QE 2HS 58X
2 gust 2 U0 2 =R0AE HHS 2z
e WOIXIE 20AH SCCE 0I83I0 RE &2
SNO2 HOHHE LDRAES RAISHACH

8 1. 3 El=9 JdiE P,

oret =2° F4E t3ss Z0. MMMz
SHol cist B2 ¥ HEI|8(notation)Oll CHAH Ji=8tCH.
H3ZBUNAE JI2=0(haive) =S EM 2NRBES &
78 E#(formal representation)dt=% ot1, M4Z0l
Ne & a9 =#ol 2HZ0 Jigtst uelsE H
A, HMS5ZE A
2 MeEUAE 2

%
€ o

a3 s 9o, A2

22 %= AL

Je

JHEE GV, g et 8 o, Ve BE(Vertex)E9
ZE0|1, £ & 2H(Edge)ES TEOIL 2HEE v, w
sy e O, FIVEY =A% (v, w) 22 HEE = U
O, v Ol =20l w 2 Ji= 2tH0|0H =N A
Bt HEQIO HSOZ O|R0E FL AABICHrwvialct
D EHESC [O8 1]10A tee X2 JHKEE 2%
MABH HEER2 2158 QUL [4] 2 =20A OR=
et E=s FE AIASHA @2 P29 YEIAHREE
CEIIZ 8ttt F=(Path/= JcHZ G ool 222 H
v, wi UsSU, 8 v M w 2 0l2= 2dEY
=NBOICH p: v —ow 2 & & UL =2 Circuits)2
ZZ20AMN COAl E=2st Fdocz sS0t= F=0(C0 o
E E0, vl w2 Jt= 220K TAl v 2 S0

w
HARO0ICHp : v »w =), B =20iA=s g8z
(RIHOIK= a0l A M2uE ORIl 20 =
&S “circuits” Olet= 802 HE S [3] 2ZER
2A(Strongly Connected Components)e 2. BE 20l
221 EZNote ¢eNZo maximal subgraph Ol
ChI17] =, GOt &4 Z & o, JcHE G ol 4
= 2129y, w It N2 B2(Pati)dt EME Mo : v
—w, p w—v) SCC et 8t [183] '
o, [0 1]9 32 3 >4~ 10 ..~ 9
25— 12 - 11 801 SCC It U, =& FX9
SCC M3 1 XMt diLiel =80l 8 =& AX L, ¢
BIMOo2E= FMXel SCC ME8 Scc Uil 3 — 4 — 10
- 3¥3-9—-10—3 M8 B2 =80 ENE

&= ACH

FEs JAZUAN =22 2HSle SEFHA &1
©Z BACKTRACK g1zI&[1
B0IH, 2& =&#2 &

=2
e ZE JFEWNA =SS MG 2HE
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3.1 BACKTRACK

BACKTRACK =gt&4 ¢g|E2(14] 2E &&=
) A% DE BEZ2 JNFECT £HES YHNols 9
£ HEBIACH =82 Fed I 2HIF He 22
SE-E8(22 8= U2 d=2E Sd UAN ZMele
2)eidl, 2E HAEE JECE HMEIH 018 IIE =
UCH E&t RE =& O F= X8 F2 ol=0 20l
StC}.

(1) Procedure circuit enumeration ;

(2)  begin

3) procedure BACKTRACK( integer value v, logical result f);
4) begin

(%) logical g

(6) f = false;

@) place v on point stack;

(€3] mark(v) = true;

()] place v on marked 'stack;

(10) for w € A(v) do

(n if w < s then delete w from A(v)
(12) else if w = s then

13) begin

(14) output circuit from s to v given by point stack;
(15) f = true;

(16) end

a7 else if — mark(w) then

(18) begin

19 BACKTRACK(w, 8)

(20) f=fVvg

(21) end

(22) if f= true then

(23) begin

(24) while top of marked stack # v do
(25) begin

(26) u = top of marked stack;
27 delete u from marked stack;
(28) mark(u) = false;

(29) end;

(30) delete v from marked stack;
[€29)] mark(v) :=false;

(31) end;

(32) delete v from point stack;

(33) end;
(34) integer n;
(35) for i := 1 until v do mark(i) = false;
(36) for s := | until v do
37 begin
(38) b:BACKTRACK(s, flag);
39) while marked stack not empty do
(40) begin
“1) w=top of marked stack
42) mark(u):=false;
43) delete u from marked stack;
(44) end;
45) end;
(46) end;
oF
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26l U2 25 A0 MASHH SXNA S8t
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visited[v] := true;
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FOR each vertex w adjacent from v

d)
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10F

e

CZM

IF visitlw] = false THEN

BEGIN

2k

UAbete,

BEGIN

O 220{HHE0l 2 =D
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ol

put w on stack;
OneVertex(w);

END
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comment Cutting Repetition Circuit Algo.

comment Enumerating Circuit Path Algo.

END
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END

temp = Pop();
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visited[temp] := false;

(200 END
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SchotA =L,
JZE QFERIAERZ TEEGHH HES J=It V

M, 2t JHa=dF £ O, =8I C I ¢ W, =2E
2T E M50 I W-1£]) 29 Al2i0l Zell,
2t HEWA =0 2HE morc I V-2 Alztol
2el o2, XIWIEeldc + 1) s883cg 20
Ch.

(1) procedure CutNode_init()

(2). BEGIN

(3) FORi:=1tov

(4) BEGIN

(5) IF(AdjacencyList[il.next # null THEN

(6) si= i

D END

(8)

9) put s on stack;

10) CutNode(s, s);

(11) Pop();

(12) AdjacencyList[il.next := null;

(13) AdjacencyListlilkey := null,

(14) END

(15) PROCEDURE CutNode(int v, int s)

(16) BEGIN

a7 visited[v] := true;

(18) FOR each vertex w adjacent from v

(19) BEGIN

(20) IF w ¥ s THEN

(21) BEGIN

(22) IF visited[w) = true THEN

(23) continue;

(24) put w on stack;

(25) CutNode(w, s);

(26) END

27 ELSE

(28) BEGIN

(29) comment Enumerating Cycle Path

(30 END

3 END

(32) temp = Pop();

(33) visited{templ := jalse;

(34) END

2 12|lE 3. CutNode =gtEM 22|
4, SCC E O|E8t =&8&M A NS
NSINX =S 2nelss LotEUTH 2 =8

SMSS FOE0 YN, IHE FEHOE 2V
BACKTRACK =& &M 2 Ne|S0HAME[14] 28 HE
N 288 SMS02H ZA BF 402 2852 3
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8t A2 OHE SCC 20l S22
ZLh
(1) INTEGER i

(2) PROCEDURE FindingSCC(Node v, ref bool f)
(3 BEGIN

(4) Node w, bool g := fulse, f := false;
) LOWLINKQ@) =v ={=i+ 1
(6) put v on stack;
7 FOR w in the adjacency list of v DO
(8) BEGIN
9 IF w is not yet numbered THEN
(10) BEGIN
1) FindingSCC(w, ref g);
(12) LOWLINK(v) := min(LOWLINK(v), LOWLINK(w));
(13) f=flg
(14) IF f = true THEN
(15) BEGIN
(16) delete edge(v, w);
an IF v has adjacent edge THEN
(18) BEGIN
19 f = false;
(20) END
(21 END
(22) ELSE IF w < v THEN
(23) BEGIN
24) IF w is on the stack THEN
(25) LOWLINK(v) = min(LOWLINK(v), w);
(26) END
@2n ELSE IF SCC(w) = true THEN
(28) delete edge(v, w);
29 END
(30) END
30 IF (LOWLINK(v) = v) THEN
(32) BEGIN comment v is. the root of a component;
(33) WHILE w on top of stack satisfies w = v DO
(34) BEGIN
(35) pop w from stack;
(36) SCCw) := true;
37 END
(38) f = true;
(39 IF v has adjacent edge THEN
(40) root(v) = true;
(41) END
(42) END
20eE 4. BE SCC HE g1ElE

2Hetgl S HEY, 78 E0A FH AFE
gAWM LN MASEG0 ZEE
HEO= LOWLINKE [HD

I-l?(-lol
222 16, 28¢ =24,
11 SCCs HMteldle
8t SCCE Jteldles

rootJt &L},

1681 &2 SCCE #

2HS0JCH E8E 28H
2

2
ZHEOICH 0 & 2d2 Hel

g
)

1,201 2l =8 20| 222 4
2

£ ZMol=0 o2
&

Hetth, Olgt ZEHSS AHGHI M Z2AIHY ¢
=2 BXBE MEOIUALL. MASE F SO0IQLA
SCC & 248 & [E SCC Nl Z&&i= 2040l Ot
2 AL AMSHH €. 2E ZZAME OIS SCC
9 FE YA =0 SEEE B8 TE 2A4dg &
B oA HRES2E O(E)OICE

(1) PROCEDURE CircuitDetectionUsingSCC_init()

2) BEGIN

(3) visited[] := false, possibility(] := false, stack[] := false
o] FORi=1tov

5) BEGIN
(6) IF rootli] = true THEN
@) BEGIN
8) root := AdjacencyList[i];
9) CircuitDetectionUsingSCC(root);
(§10)] END
S an END
12) END
(13) PROCEDURE CircuitDetectionUsingSCC(Node v)
(14) BEGIN
(15) visited[v] = true;
(16) put v on stack;
an FOR each vertex w adjacent from v
(18) BEGIN
(19) IF w # root THEN
20 BEGIN
(21) IF visitedlw] = true THEN
(22) BEGIN
(23) IF possibilitylw] = false THEN
(24) BEGIN
(25) continue;
(26) END
27 comment Enumerating Circuit Path;
(28) continue;
(29) END
(30) CircuitDetectionUsingSCC(w);
(31) END
(32) ELSE
(33) BEGIN
(34) //Enumerating Circuit Path;
(35) continue;
(36) END
37 END
(38) visited[v] := false;
(39) possibility [pop()] := false;
(40) END

AWMEH, 1MRH 1280X= (2
nels 418 o8 AZE 2 scec 2 el 0 2
2t DT eHUlA root @ METHES root[1E 0l
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SCC w@gM ANREES SHs= BR0I0L 840
SEEHW 0 U SCC 2 282 SN2 AXG=0 ¥
2OHRE JITSE visitedllUE, QHTS H2E =
g A0 I ZF2E MBI 17THEH QAFIAE
SHUE 2MS ARSI, 19800 M2 228
Ol root & RCIY =BS YAS 200|022 33~36H
Of AEICt DO oot O X LCHY 010 W8 F
HOX GRS ALD(R1Y) 01X 225X LS M2
FHOIY CHAl 0 HVO2RE MASES ARSHI0
B). OIXIOR root® 2K LD, Ot 0|0 WSs H
e T 2B 0| DIXNUOZ =N =2 2
B0l OHX  OIRE  AHOFBICH23).  A=Ol
possibility[JB14:0l 2= HEBES =8548 (true)0l UAS
2 NS S Y FHHO| 0]0) =20 ARSI =80}
5S40 20X, 010 Y2& A U2 LS O
Al =82 2dotA A=l SR8 22 o IJts4S0l
gl= HEO Ct. 39101 2o

HJ=Ug Zdss 2
2

possibility[ 1227t falseJt SC}

MBICH HEEg2 w2sn =
EME OIXD AN HHLBA O 2 &8s
40! AR 22 S=2=8IIs4S Hgoazm 2
£ FEE JIECR ¢ae 245X bz ==
0l 2 =82 &8 % YA a¢
5.4 ¥

2 ==20AM HAISt 2021201 HUS & HEIX =
MA S8FUX| =I5l ANA= A 2 HEYo
8 FEI QS T =F6ite=E 42 9 o
OIXI 2toll 213 @43 EXSCs 24010 = =3 &
HOIXI QHiIA 2E HOIXEN2 25 YA yCtH
JHE STE AWOIX PESD L & ULt gz
HE0HH, 2SO GIF US M, G oo Y= 2o
S BE VOUA VNS Zes G o U= 2= H
0l 2td EXsts A2 SF MWD (complete graph)
ct BtCh [3] Z=2 OIS & AEIXP HO SFIHPT
o JINE STAS PEZE 08 H0CH SEIMTNA

HEQ W4 o W Y M, 28O Wi E(n—n;W
k=1 \RTRJ:

OICE. OJIM k= 0 =829 WM, = kIt 2

012 EFE 2012 0IR0&A Z

MA =&E 2% ZE =22 MH+E ¢ 5 UL
H 1 2FDHZ0HAN 8= & &8l

BACKTRACK &1zI&1} 22

Number of -
vertice 3| 4| 5 6 7 8 9
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