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[1] Complete Graph
CHS cycle J2fEZ 52 0|2 2 ITf?

@ C; No

(b) C; Yes
o ¢ Ne
(d) Cy Ye S

[2] Hypercube

CHS hypercube 2T 52 WH O QIT?
(@ Q, Yes

(b) Q WNo

[3] Adjacency List
CHS QIFE[AEO gt JaiTE D2[AR.

Y | AEE

fuin

a b,c,e
b a

o a,d,e

o

c,e

e a,c,d

[4] Adjacency Matrix
& a,b,c,d of et 21 SHO| CtS 1t &

JejTE O2|A| 2. a

fjo

i

=
=

o o

N O N O
= o N
N O RO
— N RN

[5] Isomorphic Graphs
Ct2 JTE2 S¥QI7}? (isomorphic) Ng

SID: Name:

%

[6] Strongly Connected Component
CtE JefZ= ZEY J2jmelof? No

=

[7] Euler Graphs
CHS 32§ 0| A Euler cycle O|Lt Euler Path 7} =X

SH=7}?
t=7t yeg

%

[8] Hamiltonian Graphs
CHS 32| A Hamilton Cycle O ZxHst=7t?

N_O -
[9] Euler’s Formula
CtS J2iZ0of Euler 34 r=e—v+2 EXM8Y 3

A 7F? ALHH HESHA| 2.

M q - )&_ "g "[' 2
[10] Graph Coloring
CHS J2fZ Q| chromatic number % £ FSHA|I2.
3

X
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E2|9| root 2| 2|'¥2 1 = FPHTlCt.
E2|9| root 2| depth = 0 22 7pHsiCt,
perfect O|ZIE2| = leaf L ES0|

D5 Z2 Mol & Ct XY T

complete 0|l E2|2t11 7HHBICE,

[11] perfect O Eg
(a) perfect E2[2| 2{|'H0| 4 K| JS M A =ES

2 9l YT ¢
2¥ -\ =18

(b) perfect E2|2| 2{|#0| 8 7t X| U= M leaf node S
2 H I JA=7

27 =128

[12] full O|Z! Eg|
(a) ==50| =97 Y1 max 0| 5 2! full O]
3|2 3Lt 12|A|2.

(b) =E=0| F 9 71l A1 max {|'&0| 4 2| full 0|
EZ|E 5tLt O2|AIR.

[13] Tree Traversal

LIS 5 o|%l E2|of| i35t

(a) M9l =2| (pre-order) Z1tE
abdg hecf i

(b) 5| 3] (in-order) Z1E ZtZt MA|2,
gdhb eafi c / gdhb eaci f

(c) %l 3| (post-order) ZTHE Zt2t MA|Q,

ghde bifc a

Az MA2.

SID:

Name:

[14] C}2 expression 2 0| X! E2|2 L}EIYAIL.
(a) *)/)4’2)+)*’2)4’_:2)3

(b) 3:2)*:2)/\)5:3)':8)4:/"

%

[15] Finite State Machine
ctg 2gle M=(1,0,S,f,g,s,) = LIEI= A
E{f Cto|o{ O &40|Ct,

a/o b/1
b/1
b/0

cteg

SHA|2.
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@YEINsEE T o, L}

by Iz & 0 §0,11 F ABCIHK
(o) MEf FE S f As,c}

(d) £7| el s, &

(e)CISdHI gt [ 2 EHY

HEl|l HO| E|O|S S F5HAI2.

ok

4 g JE0IRUE

f g
input a b a b
A A B 0 |
B A (o2 0 |
Cc C A | 0

[16] Finite State Automata
Ct2 azle A=(I1,S,f,A,s,) 2 LIEILE AEj
Clojo{a240|Ct,

(exrlzdg I {a L}
(b) MEf EE S {A.B,c}
Q484 A {1
(d) CI24ef g [ 71 S0 A= HEf MO| H|o|=
2 7oA 2.
a b
(! II o)
f
input a b
A B A
B A c
c A B

[17] Hamilton Cycle
CtE JZI0f|A 2t A of| M AlZfSt= Hamilton Cycle
2 MU,

[18] Shortest Path

LE aOflM ARSI LE 2 0| ELtE BES X201
ZEECIUAER LEFEC2 HOAR. O U=
2 ALY 2} tHAIE XHA[S| EA|SED o 7(0f |
AABL XA AR U2 MAL.

%232: acbdez / abdez

ESEN 012

oM 0
Hu
£

[19] Minimum Spanning Tree

£ & ME E2|E Bortivka $12|F0E #OA|2,
Floil = 2Z S AFE3HY 2 THAIS AHAIS| EAISHD
07]0] ZRHE MA|L.

[20] Minimum Spanning Tree

XA AME EB|E Kruskal $12|[ZEO0Z AH0A|2.
ol Ql= 332 AFRSH0] 2t THA|E XHM|S| EAISHD
of7[0 Z1HE MA|2.
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[21] Minimum Spanning Tree

XA MZE EZE Prim €12|ESOE OA 2,

Fofl Q= 322 AHESH0] ZF HHAIE XHMIS| EAISHD
of7|0 Z1E MA|2.,

= k=1
[= =1
AE235H0] 2t tHA|9] stack LHES XHM|S| EEA|SHD Of 7|
Ofl Traversal Z1tQ! A% E2|E EAISIA|L.

[23] Breadth First Search

BFS 212|E2 AH85I0 E a Of| M A|&St=
Graph Traversal 22tE FoIA|2. Flo A= 122 S
AH86t0] 2t ttA| 2| stack LHE S XHA|S| EAISH 07|
0l Traversal Zat2l AE EB|E EA[SIA|L.

[24] Binary Search Tree

SID:

Name:

CHS 22l2 binary search tree 0|1 a,b,c,...E5 =&
0| £0]|1 key gf0| OFL|C}, . EE AfX|e mf
successor 2 0| &3tCt1 7Y BiCt,

(b) 212 XM == jCiA =
HASIA2.

In
(wp
i
1z
é
rot
M
il
i

[25] D Latch

D Latch 2| clock input 2 D input 0| Ct52t Z& h
EHIYEES J2|A|2.
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[26] Dual Graph

CHS 322 dual graph & F5HA2.

>

[27] Homeomorphism
CE J2la 2S5l T E O2[A| 2.

&
&




[18] Shortest Path




[19] MST Bor(vka's Alogrithm

[20] MST Kruskal's Alogrithm

D123 445710 OD23 4457 10 OO®@ 3 X457 10
5 5




T



JIee] 1oe] 1
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[1] Wheel Graph
C}S wheel 22T E2 0|2 J2jZQI7}?

@ W, Yes
(b) We Neg
© W; YNes
(M Wi Nes

[2] Complete Bipartite Graph
CH2 2t% 0|2 J2fES2 WM J2jmeldf?

(a) K2,3 \(es

) Ky ps
(0 Kis; No
@ Ky Ao

[3] Adjacency Matrix

XH™ a,b,c,d ol CHet QI ol Cr2at 242 o Jajz

£ J2|A|2. a

SID: Name:

=== O
O O r
=
O O r

[4] Incidence Matrix

HH™ a,b,c,d,e Off CHot 2t HHO| LSt &

TE J2|A2.

O = O = O
_ o = OO
SO R = O
O R O O F
_o O O -
S OO = -

[5] Isomorphic Graphs
Cte 22T 52 S¥2I7f? (isomorphic)

No

[6] Weakly Connected Component
Ctg Jeio= of At JaZell?  Yyes

[7] Eulerian Graphs
CtS 220l A Euler cycle O|L}t Euler Path 7} x4

st=71? Yes

A 4 p—4

[8] Hamiltonian Graphs
CHS 20| A Hamilton Cycle O] Zx{st=7t?

No

[9] Euler’s Formula
CtE 22 Z0f| Euler 34 r=e-v+2 E M8 £ U=
71? QUCHH M ESHA|2.

L. 1o

[10] Graph Coloring
CHS T2 Q| chromatic number % £ FSHAI2.

4

E2|9| root 2| 2I'®2 1 2 7P SIC}.
Ea|9| root 2| depth = 0 22 7Pdsict,
perfect O|ZIE2|= leaf = EE0|

DS Z2 ol AL CFxi{IE
complete O|Z! E2|2}11 7P EICE,

[11] complete O|Zl E2|
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(@) leaf node E2 2{|# 3 O|L} 4 0f] L1 2{|'H 4 0] Y
= leaf node £2| Z# 7t 6 2! complete 0|Zl EE|E
2N 2.

(b) &l 5 ofl Y= leaf node S| 24 47} 14 7HO|H
2|2 4 0f| = 2IH9| leaf node S0| EXHE 4= U= 712

[12] Tree Traversal
(a) M2l =2| (pre-order) ZItE M A2,

abfl mghe dino jpek g

(b) 3%l 2] (in-order) Z1t

Ifmb ghac niod jpek /&J\qk e

(c) &2l =< (post-order) 2=

Imfg hbcn oipj dgke a

[13] CI2 expression 2| A1t ZtE Al MstA| 2.
(a) *s/’432’+’*:2’4:"2:3
(b) 3:23*321/\15:33':834:/:';'

2L

[14] Finite State Machine
[t e 714 M=(I,0,S,f,g,s,) ZtCtSatZ
O| Ho|EICt.

I={a,b|

0=(0,1]

S=[sy5,)

f:SXI=>S

g:SXI->0

SID:

Name:
f g
input a b a b
Sy So Sy 0 1
S, S, S, 0

(a) E HMO| E|O|=2 HEH CIO|0{ - 2 HE2l5HA|
2,
/o

1©

b/\

(b) Mealy machine 917} Moore machine 917}?

T’\eaba Mechine

[15] Finite State Automata
Qs A QEDOEF A=(1,S,f,A,s,) °l 7&K
27t CHEaF 2Lt

I={a,b]
52{50,51,52}
A:{Sz}

f
input a b
So So 51
51 Sy Sy
Sy So Sy

0.

(a) Ct=2l ME Ol HO|S S HEl Cto[o{ 2= tH
BHSHAI2.

yes

£ 28EEMN? yes

(b) 22

(c) ¥

bbbb = $+E8E[=71?
ababababb
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[16] Euler Cycle

K, OM A 0lX A|ZSH= Euler Cycle 2 MA|2.

A

C D

ABCDEA CEBDA

[17] Shortest Path

LE a0 AZSHH LE 7 0[N EL= E2F £|AQ1
FEECIIAER ANZFOE HOoA|2, Fof /U
JZE AMESHY] 2 THAIE XHM[S| At o 7|0f |

Ih

A AB S MU

[18] Minimum Spanning Tree

X4 ME E2|E Boruvka €12|EQE AOAQ,
o A= 33 E AHESHH 2t THAIE KEMIS| EA|SHD
of7[0 Z1E MA| 2,

[19] Minimum Spanning Tree
XA AMZE E2|E Kruskal 12|ZE02 A0A|2.

Name:

XHM|S] EASHT

S M85 2 HAE
M

[20] Minimum Spanning Tree
-'F|01| A= _'E'O )\P%OPOEI Z} FJ |E 7(HHIOI EAlofﬂ

N —oOo=2
O7]0fl 2OHE M A2,

[21] Depth First Search
DFS Z12|EE AFE310{ L& a 0| A AI’“&E

Graph Traversal 23tE FoHA|2. o A= JES
AHE5H0] 2t A2 stack LHE S AHM|S| EA|SHD 07|
Ofl Traversal Z2tQl A% EB|E BAISHA| 2.

[22] Breadth First Search

BFS €12|5S AH25I0 ' E a 0| M A|Z}St=
Graph Traversal 22tE FoHA|2. Flof (= 22 S
A8 SHH 2 THAIQ| queue LHE S XHAM|S| EAISH O

710l Traversal 211! ME EZ|E HEAISHA|L.
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[23] Binary Search Tree

CtS 322 binary search tree 0|1 a,b,c,...& £E
0|£0| 1 key 2t0| OfL|C},

(a) =S a o HARE Potae. §
(b) =Ea o FYUXE FStAR.C
() =Eb o MYXIE T2, T
(d) =Eb o FUXE FSHA2. (L
(e) =E c o MUKE FBtAI2. A
() =E c o TAXE FBHA2. Lo
(g) == d o HMUXE oI L.
(h) == d 9 TAXE TSI ~

[24] Binary Search Tree
key values 1,9, 2, 3, 7, 5, 4, 6, 8 2| &2 2 insert
o2 MM El binary search tree & J2|A| 2.

[25] Master Slave D Flip Flop

rising edge D FF 2| clock & D input 0| CtS3t Z&
o £ oS J2|A2.

c B
D L

[26] Line Graph

CtE 322l line graph & FSHAI2.

[27] Homeomorphism
CiE O 25 J2TE O2|A 2.




[18] Shortest Path

4

o0
(D—




[19] MST Bor(vka's Alogrithm

[20] MST Kruskal's Alogrithm
M1 1334455710 OW®O133 4455710 OO@®3 3 4455710

OOO@ 3 X 4557 10 OOO@X XX 5 7 10 OOOOBOX XXOX X




[19] MST Bor(vka's Alogrithm

[20] MST Kruskal's Alogrithm
M1 1334455710 OW®O133 4455710 OO@®3 3 4455710

OOO@ 3 X 4557 10 OOO@X XX 5 7 10 OOOOBOX XXOX X




[21] DFS




[22] BFS
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[1] Wheel Graph

C+2 wheel J2f Z £ 9 Chromatic number (24 &
2)E MAL.

@ WwW; 3

(b) 4

(© 3

@ w, 4

[2] Complete Bipartite Graph
CHE 2F 0|2 e =

W
w;
Wy

| e

=35 Chromatic number (24
g)7t2Q A BN,
(@ Ky ) ‘9.2 s
b) Ki; 3 Yes
(© Kijs 2 7133
(d) Ky 2 yes

[3] Adjacency Matrix
CtE def Zo| o1 HE S F5IAI2.

Abcde a b c
a 0| o0l
b o1 11|
C ol O1 O
Al ol | O
e Il 1o\ 0 e q
[4] Incidence Matrix
Cts de=o ZE #HE FotA 2.
A l11100000 a b
L|l100),000
c | 010101110
A[0DDD I |D |
e L001000D | |

e d

[5] Isomorphic Graphs
CtE i Z 52 S8 7F? (isomorphic) Ny

=21= O

qQ

[6] Strongly Connected Component
BEE LATLE I U 12 2

SID: Name:

<>

[7] Eulerian Graphs
Ct= J2H Z ol M Euler cycle O| Lt Euler Path 7t &
X st=2F? Neo

" L <4 | <4

[8] Hamiltonian Graphs
Ch& J2§ =0l M Hamilton Cycle O] X 5t=7}?

yes

R

[9] Euler’s Formula
CtS 2 =0 Euler 24 r=e-vi2 E X E
= 7F? UCHH HESHA| 2.

- 10O

(e]]
AX

Sk A
o1

i

[10] Graph Coloring
CtE 24 Z 9| chromatic number
2.

x 5 T5IA

l7L.

i

EZ 9 root o Y2 1 2 718t}
Eg 9 root 9 depth & 0 22 3 ¢iC}.
perfect O| R Eg| = leaf == 0|

B g2 o] A o e H
complete O|F Eg|2}1 7Y ict.
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[11] complete O| X Eg| £ g

(a) leaf node 7} & 3 2} 2| 4 0 A= complete

Ol EB|9 ZRE E HATL input | a b a b
So So Sy 0
s, s, S, 1 1

(a) &Ef HO| HIO| =S B TIO|O{ IR 2 = HEt
StA| 2.

/o b/ o

(b) %2 6 0ff U= leaf node S2| 4 47t 24 70| ?0 o,

W2 50| = ZE7H2| leaf node S0| EME + U

= 7t? o
7
[12] Tree Traversal (b) Mealy machine 2! 7+ Moore machine 2! 7}?
(a) @2 =3| (pre-order) ZUE M A2,
abej kfgc dhlm ino ‘
(b) 2 =3| (in-order) ZIE M A 2. M‘EM merchine
jekb fgac Ihmd nio [15] Finite State Automata
(c) £9| £3| (post-order) ZIHE MA 2. Che J82 A=(1,S,f,A,s) SUEHEY
jkef gbcl mhne, ida Ej Ctojof 14olCt.
CtS SIA| 2.
(a)ma# J& & I {o’ 1t
(b) JEH &8t S fSo, S1, Sat
(C) L2 ME A 1<, },
(d) E+°“EH B4 f JHE0f U= e #MO| H|
o8 SIA 2.
1 0 1

[13] EH& expression o 23} gtik HAMNSIA 2.
(a) +!/!8:43*:23+32’2 I 0 0

(b) 2)2!*>2!/\!2:23+32’23/3_3_ l 3

input e 0 ® 1

[14] Finite State Machine
Fet AEl 714 M=(1,0,S,f,g,s,) ZtEtE2|| So S\ So
#0| ot
={a,b]
0=(0,1] S+ Se S|
52[50,51}
f:SXI=>S
g:SXI=>0

[16] Euler Cycle
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|:|I_|.

3t 7

—

z 2 ZLt= Euler path Lt Euler cycle 2
MA 2.

N

cabc ebde zdfz

[17] Shortest Path

LEa0AM A|ZSt LE 20| BLI=HES
AN FEECIYAES YNEF2E F2A 2.
Flofl A= OB S A2 2 THAH E XHM|5| EA
St 07|10 2| AFEQ} [ FE S MA2.
ZA2EE: 16

F2E 2 2 abez

|

[18] Minimum Spanning Tree

Z A MZE EZ|E Borlivka @112 ELE ROA 2.
Flol AgA= OB S A2 2 THAH E XHM|5| BEA
S O{7|0f ALE MA2.

—

[19] Minimum Spanning Tree

F A AME EEE Kruskal X112 S92 F2A 2.
Flol AgA= I8 S AHESIH ZF THA E XHM|5| BEA
st 017|01| F—FE MA 2.

SID: Name:

[20] Minimum Spanning Tree

E A ME ERE Prim Q2| EOR O,
SO U= OB S AMESIH 2 HHA E XtMI5| B A
St 7|0 HLfE MA 2.

[21] Depth First Search

DFS 212|582 MESIH E aO|M A[EStE
Graph Traversal ZIE FotN 2. FHof UEsE O
2 A83810] Zt A 9| stack L &S XHM 5] AAI 5t
1 0{ 7|0 Traversal Z2}Q ME EE|E HA|5HA

[22] Breadth First Search

BES Y1252 AM2510{ L E a 0| M A|Zr5t=
Graph Traversal ZIE FotN 2. FHol U= O
2 AME3810{ Zt BHA Q| queue LH E 2 XM 8] JJ\I 5t
1 7|0 Traversal Z2}Ql M EE|E HA|SHA|

[23] Binary Search Tree
Ct= 12 2 binary search tree 0| 1 a,b,c,...
Z 0| §0| 1 key 2+0| OFL| L},

=k
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(a) tE e MAUXE 5. b
() ioS e 2] $URE 28A2. A

(©) == j o HYUXE 154 2. cf L[ LT LT
(d) =S j o TAXE T5HA 2. 1‘ o ML 1

(e) == no MAXE AFHAI2. L
() =C n o SYUXIE TotAl 2. b Q | | |
(g) =S b o MYURIE TFHAI2. N
(h) == b9l EYXIE L3HA 2. €

[26] Line Graph
Ct& d2f =9 line graph & F8HA| 2.

< &

[27] Homeomorphism
Ot J8 2t =380l J =8 d2[A 2.

[24] Binary Search Tree
key values 1, 4, 2,3,7,5,6,9, 82 &2 insert
8o 2 MM El binary search tree & 12| Al 2.

[25] Master Slave D Flip Flop

rising edge D FF 2| clock 2} D input 0| CtS 2 Z
S &3 g s A 2.




[18] Shortest Path




[19] MST Bor(vka's Alogrithm

[20] MST Kruskal's Alogrithm
M23 456789 1011 WX 456789 1011 O@OX@s 6 7 89 10 11
4

OO X@EX X8 9 10 1 OO X@EOX X®X 10 n O X@OX X®X @ X
4 8
(b) (d)




[21] DFS

cbh ced cef




[22] BFS

bc cde de




