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mDepth-First Search (DFS)
m Breadth-First Search (BFS)

mVertex Search . }

V=1{a,b,c,x,y,2z
- Node Search E={e1,e2,...,yeg}
- Virus Search

m Edge Search
m Mixed Search
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[DS-a] Ec3#R& (FER)

m ARRAY SEARCHING (¥/=)
- AN7A D BeBIA[L:n] (BE, KE3n), B
- BB L xldEEFA[L:n]IcEENSH

A[1] A[2] A[3] A[4] A[5] Ale] A[7] A[8]
I 3|4 | 6| 2

q 7 8
No 4y "
?7 x =57 x=5
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FLoiREm - ZRIRE (bR

m ARRAY SEARCHING (¥/=)
- AN7A D BeBIA[L:n] (BE, KE3n), B
- BB L xldEEFA[L:n]IcEENSH

mAlgorithm 3.a (&%#%:Sequential Search)
Step 0: Set i=1
Step 1: If A[i] = x then output YES, and halt
Step 2: If i =n then output NO, and halt
Step 3: Set i=i+1, and return to Step T

A[1] A[2] A[3] A[4] A[5] Ale] A[7] A[8]
I 3|4 | 6| 2

q 7 8
No 4y "
?7 x =57 x=5
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FLONRR - BIRIFER (R
m IR FRERIZARRAY SEARCHING %0(n) THES
aIEE‘E-

- IEHM  trivial
- B EE 0 ATy T O 0(n) Optimal!l

mAlgorithm 3.a (&%#%:Sequential Search)
Step 0: Set i=1 o
Step 1: If A[i{] =x then output YES, and halt o(1) -
Step 2: If i =n then output NO, and halt o) ¢

Step 3: Set i =i+ 1, and return to Step 1 o) ,
= An B4R L

A[1] A[2] A[3] A[4] A[5] Ale] A[7] A[8]
I 3|4 | 6| 2

q 7 8
o 1
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[DS-b] EE2FI#R%* (FER

m ORDERED ARRAY SEARCHING (¥l7=)
- N7 1 BB L-ERSA[L:n] (BEAE, KEXn), B«
- Al < A[j] iIf i<y
- BB xldEEFA[L:n]IcEENSH

A[1] A[2] A[3] A[4] A[5] Ale] A[7] A[8]
I 2 |3 |56 | 78|49

No 1

x=47x=47x =47
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FLHRER - 20 (BEER)

m ORDERED ARRAY SEARCHING (#l7=E)
- N7 1 BB L-ERSA[L:n] (BEAE, KEXn), B«
- B/ L xlZBESSA[L:n]icEENS D
mAlgorithm 3.b (2%#%:Binary Search)
Step 0: Set i=1, j=n
Step 1: If i>j then output NO, and halt
Step 2: Set m =|=|

Step 3: If A[m] =x then output YES, and halt

Step 4: If A[m] >x then set j=m—-1
otherwise set i =m+ 1, and return to Step 1

A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] A[10]A[11] A[12] A[13] A[14]
2 3 5 T 10 3717119123129 |31 (37|41 |43

Is 277 ) 1t 1
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BP9 RE - 20 =R (BEER

- /T;EE 2/\*97.’.:'-‘7
ORDERED ARRAY SEARCHINGZO(logn) THE<

mAlgorithm 3.b (29#F%:Binary Search)
Step 0: Set i=1, j=n
Step 1: If i > then output NO, and halt
Step 2: Set m = |=|

Step 3: If A[m] =x then output YES, and halt

Step 4: If A[m] >x then set j=m—-1
otherwise set i =m+ 1, and return to Step 1

A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] A[10] A[11] A[12] A[13] A[14]
2 3 5 7 1T [ 13171923129 |31 |37 |41 |43

Is 277 ) 1t 1
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FLHRER - 20 (BEER)

m TIE. 290HBEEIL

ORDERED ARRAY SEARCHING%O(logn) THE<

O zEBEA -
-EHM o trivial
- FFRIETE=E © BMERX AN

mAlgorithm 3.b (%#%:Binary Search)
Step 0: Seti=1, j=n

Step 1: If i >, then output NO, and halt
Step 2: Set m = |

Step 31 If A[m] =x then output YES, and halt

HJ

|

Step 41 If A[m] > x then set j=m—1

A[1] A[2] A[3] A[4] A[5] A[6] A[7] A[8] A[9] A[10] A[11] A[12] A[13] A[14]

otherwise set i =m+ 1, and return to Step 1

2 3 5 7 LT I3[ 17119123129 |31 |37 |41 |43
Is 277 t 1 1
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o o ==, 25
FRFEER - 2048 % (FER)

L 2 /;% /:E* T
t:h(T) — ttixﬁy_éi mAlgorithm 3.b (2%#&%:Binary Search)

Step 0: Set i=1, j=n

Step 1: If i >j then output NO, and halt
Step 2: Set m = ||

Step 3: If A[m] = «x then output YES, and halt

Step 41 If A[m] > x then set j=m—1
otherwise set i=m+1, and return to Step 1

”’
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RRFIER - 2R ()

miREa: 2O EDLDREARITZIEE] (reqular)

m Algorithm 3.b (29#%%:Binary Search
—‘T’\\\’(@W,‘.E\\O)%Liz Stegl]) 0: Set i= 1(] *n'? ' )
Step 1: If i >j then output NO, and halt
Step 2: Set m = ||
Step 3: If A[m] = «x then output YES, and halt

Step 41 If A[m] > x then set j=m—1
otherwise set i=m+1, and return to Step 1
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SRR - 29HR ()

m AN 2D ZED2D IR EARILIZE (halanced)

BOSEZTHEERHK(T) or h(T) —1

THSE: h(T) m Algorithm 3.b (294 %:Binary Search)
Step 0: Seti=1, j=n
Step 1: If i >j then output NO, and halt
Step 2: Set m = [”’

> n Step 3: If A[m] =x then output YES, and halt
= . Step 4: If A[m] > x then set j=m—1
D DEE E otherwise set i=m+ 1, and return to Step 1

-2 REARTO S Th(T)ICET 58 FRIFMNE
- MHAERFE © h(T) =1
m 3378
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SRR - 29HR ()

miERAD D 2D EE DD R EARILIZE (balanced)
BOSEZTHEERHK(T) or h(T) —1

THSE: h(T) m Algorithm 3.b (294 %:Binary Search)
Step 0: Seti=1, j=n
=FAR - Step 1: If i >j then output NO, and halt
niE E . (Cont- ) Step 2: Set m = |2
= JUREE Step 3: If A[m] =x then output YES, and halt
}Fﬁ'%W‘EXFE Step 4: IE Alm] > x then set j=n‘(¢j—1 . 1
t i ti= 1, t to St
= ')%%WEQF%@{&E otherwise set i =m+1, and return to Step

- BYkRBDL2D R EARIIINE
mT: reai‘h(T) = kN2DRER (RR:r)
- T, T, @ 20RENR
- h(Ty),h(Ty) <k
= T, T, . ¥
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SRR - 2H0ER (FER)

miERED: 2 EDLDIRTE ARIZIZE (balanced)
TORBE: w(T) BHOLSEFZTHOEEE#SR(T) or h(T) -1

THSE: h(T) m Algorithm 3.b (2%4%:Binary Search)
Step 0: Set i=1, j=n
=TFH . Step 1: If i >j then output NO, and halt
niE E (Cont- ) Step 2: Set m = |2
m 20 BFEEOMDEERLY Step 3: If A[m] =x then output YES, and halt
Step 4: If A[m] > x then set j=m—1
- ,Ll(Tl) < .U(Tz) < ,Ll(Tl) +1 otherwise set i =m+1, and return to Step 1

m ERAIE2DAKRT: h(T) = |log, u(T)] + 1 (Ex=e[1-2])
- h(T)) < h(T,) < h(T,) +1
m Case 1: h(T,) = h(T,)
= T3
m Case 2: h(T,) =h(T,) —1

= u(Ty) = u(Tz) —1
- T, BERLDAR = TIdHE
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BP9 RE - 20 =R (BEER

)
wEEC 29RO REARDE T2 log, 1] + 1
TOWRE: u(T)

THSE: h(T) m Algorithm 3.b (2%4%:Binary Search)
Step 0: Seti=1, j=n
=TFH . Step 1t If i > then output NO, and halt
O niE E Step 2: Set m = ||

- . ANIH = Step 3: If A[m] =x then output YES, and halt

T' 27‘7’%;&* Step 4: IEA[m]>xthen setj=n:j—1 . 1

. - otherwise set i =m+1, and return to Step

-T: IEBIE2 DR

-u(T)=n = h(T) = |log,n] +1 (E=e[1-2])

Al1]  A[2] A[3] A[4] A[5] A[6] A[7] A[8]

A[l] A[2] A[3] A[4] A[5] A[6] A[7] A[8]
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BL R &R

2D RER (HEER)

m -

=hia
- _-E),)tct<’(“—_‘g_ %75\7 Step 3: If A[m] =x then output YES, and halt

- No!

Al1]

A[2]

A[3]

Al4]

A[5]

DRI ETHE 20 (logn)

m Algorithm 3.b (2%9#F%:Binary Search)
Step 0: Seti=1, j=n
Step 1: If i>j then output NO, and halt
Step 2: Set m = |2

Step 4: If A[m] > x then set j=m—1

otherwise set i=m+ 1, and return to Step 1

Ale]  A[7]  A[8]

2022

A[l] A[2] A[3] A[4] A[5] A[6] A[7] A[8]

BEEEL7IILT XL (3-1) #ET7LT)X L
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IR - 20HR ()

m £32 . ORDERED ARRAY SEARCHING®
BFET HE Z 1307 <B0(ogn)

m DR
- ORDERED ARRAY SEARCHINGh &H3#E7/L3') XL
22BNV SI5E m Algorithm 3.b (294 %:Binary Search)

Step 0: Seti=1, j=n
Step 1: If i>j then output NO, and halt
Step 2: Set m = |

2

Step 3: If A[lm] =x then output YES, and halt

Step 4: If A[m] > x then set j=m—1
otherwise set i=m+ 1, and return to Step 1

Al1]  A[2] A[3] A[4] A[5] A[6] A[7] A[8]

A[l] A[2] A[3] A[4] A[5] A[6] A[7] A[8]
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IR - 20HR ()

1)

m £32. ORDERED ARRAY SEARCHING®
BFET HE Z 1307 <B0(ogn)

O:EBR:
-AlG  FEBEOTILTY) X A TOWEE: 1u(T)
-T I AlG D2 REAR THOET: h(T)

m A(T): ELEEIEK
-T I3EED i (1<i<n)IdlAR D
~u(T) =n

- h(T) =2 log,(u(T)+ 1) =2 log,(n + 1) = Q(logn)
EIEO[1-2]

Al1]  A[2] A[3] A[4] A[5] A[6] A[7] A[8]

A[l] A[2] A[3] A[4] A[5] A[6] A[7] A[8]
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BRER Vs, 2R ()
B= F IR 27
B 0(n) O(nlog, n)
E1T 0(n) O(log, n)
O(n) + 0(n) O(nlog, n) + 0(log, n)
11E] = 0(n) = 0O(nlog, n)
O(n) +nx0(n) | O(nlog,n) +nx 0(log, n)
ng] = 0(n?) = O(nlog, n)

m Algorithm 3.a (@&#F%&:Sequential Search)
Step 0: Set i=1
Step 1: If A[i] = x then output YES, and halt
Step 2: If i =n then output NO, and halt
Step 3: Set i=i+1, and return to Step 1

Al1]  A[2] A[3] A[4] A[5] A[6] A[7] A[8]

m Algorithm 3.b (294 %:Binary Search)
Step 0: Seti=1, j=n
Step 1: If i>j then output NO, and halt
Step 2: Set m = |22
Step 3: If A[m]=x then output YES, and halt

Step 4: If A[m] > x then set j=m—1
otherwise set i=m+ 1, and return to Step 1

A[l] A[2] A[3] A[4] A[5] A[6] A[7] A[8]
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[DS-s] ¥—9#8 (FER)

m AYYv7 (Stack)

- LIFO (Last In First Out)
m Push and pop operations take O(1) time each

Push 7 into S Push 3 into S
sOTals ol [Tes]e [T [1Ta]5]e[7 S

top tq¢ top t| top

Pop from S Pop from S

I456'7_-l I456_-l

top p top p
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[DS-q] =—o#i (#:2)

m FFH1T (Queue)

- FIFO (First In First Out)
m [nsert and delete operations take O(1) time each

[nsert 7 into Q Insert 3 into Q
o 1[a[s]e[ T I4567-J I456'73.J

head tail head t( tail head 1 tail
Delete from Q Delete from Q
Gll- 567 67 3.
hg head tail hg head tail
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3-1 (1) FIEAERTILI) X L

m ) OT7DNFER

- RAETS7EEICEDOIEER

- BRRRERULIBZIERPITITRIZUNTES
m Depth-First-Search (DFS)

- AR

- YIIHOKENZED, B3 Y55 25T A RN
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/%)\‘1%%*%'?% (depth-first search)

m Algorithm 3.1 (DFS) (6 )
- NH:7576 =V,E), f6mr eV < g >N
- ::Bjj ?l:%if(v) (VU € V), :‘ﬂ@%éx (g E) f() 1 | Step 2

Step 0: Set f(v) =0,p(v) =v,VvEV
and set X =0,Y ==FE

Step 3,4

Step 1: Set s=r

Y=Y\ {(s 1)}

(’Step 2: Set f(S) =1 Step 5 '
Step 3,4: If no incident edge of s in v then -

if p(s) =s then output f and X, and halt pO=s |

else set s:=p(s) and return to Step 3 SR

Step 5: Pick an arbitrary edge (s,t) in Y
and set Y=V \ {(s,0)}

Step 6: If f(t) =1 then return to Step 3
Step 7: Set p(t) =5, X=X U{(s,t)}
\— Step 8: Set s:=¢ and return to Step 2
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RSB TBIEER  (depth-first search)
m Algorithm 3.1 (DFS) (6 )
- NA:7576=,E), S8RreV <Tn>"*

- A EH(v) (VweV), WNESEX (S E)
= Step 0: Set f(v) =0,p(v) ==v,VV EV

and set X :==0,Y =EF
=>Step 1: Set s=r
= Step 2: Set f(s) =1

» f(s ) 1 | Step 2

Step 3,4

Y=Y\ {(s 1)}

Step 5
Step 3,4: If no incident edge of s in v then -
if p(s) =s then output / and X, and halt P =5

X=Xu{Gs0) [Ster 7.8

else set s:=p(s) and return to Step 3 si=t

Step 5: Pick an arbitrary edge (s,t) in Y
and set Y=V \ {(s,0)}

Step 6: If f(t) =1 then return to Step 3
Step 7: Set p(t) =5, X=X U{(s,t)}
Step 8: Set s:=t and return to Step 2

X =1 }

Y — { el) 82) 83) 84; 65) 66) 671 88 }
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RSB TLIRE  (denth-first search)
m Algorithm 3.1 (DFS) (6.r )
- NA:7576=,E), S8RreV <Tn>"*

- A EH(v) (VweV), WNESEX (S E)

Step 0: Set f(w) =0,p(v) ==v,VVEV
and set X =0,Y =E

» f(s ) 1 | Step 2

Step 3,4
Step 1: Set s=r
Step 2: Set f(s) =1

Y=Y\ {(s 1)}

Step 5
= Step 3,4: If no incident edge of s in ¥ then vepé
if p(s) =s then output f and X, and halt PO= e 1.8
else set s:=p(s) and return to Step 3 =t

Step 5: Pick an arbitrary edge (s,t) in Y
and set Y=V \ {(s,0)}

Step 6: If f(t) =1 then return to Step 3
Step 7: Set p(t) =5, X=X U{(s,t)}
Step 8: Set s:=t and return to Step 2

X ={eq,e3, 6566638}

V=1 }
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IRSIBERIRE  (depth-first search)
m EIE (Theoren3. 1) - DFSOBFREIETEZILO0(n + m)
O :EBA n=|v|,m=|E|

m Algorithm 3.1 (DFS)
- NH:7576=,E),%6mreV
- A EE () (VweV), LNEEX (S E)

Step 0 Set f(v) =0,p(v) : alrydeZeEt]G(: y—p OOFM )
Step 1: Set s:=r 0(1)/ =R nlel
rStep 2: St f(s) =1 | 0"~  FRvEINHL
Step 3,4+ If no incident edge of s in ¥ then 0(1)/ =2 degs (v) +1HE
if p(s) =s then output f and X, and halt AETO(m)E
else set s:=p(s) and return to Step 3 A :0(n)
Step 5: Pick an arbitrary edge (s,0) in v 1N\ 15
and set V=Y \{(s,6)} 0(1)
Step 6: If f(®) =1 then return to Step 3 0) v+ =amE
Step 7: Set p(t) =5, X :=XU{(s,t)} 0(1)
\—Step 8: Set s:=t and return to Step 2 0(1) |
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/%§1§%T$% (depth-first search)

m E 3 (Theorem3.2) - DFSOE AT, (= GIXDIEAR

O :EBA
- EED2AINLELE
m FEDBEv e V(T)IIEE mre T, TiEfd
- p(W)EREBLBAICEEE (.., p(p(V), p(W), v) I (r, v)-B&

- Yu,v €V(Tp), rz#2BT 5w, v)-74—7 = (u,v)-B
- |E(Tp)| =[V(Tp)] —1
m B> ARBEEZREEZ,veV(I) \{r}zEanr35TILT K
m Vv eV(Ty)\{r} (v,p(v)) € E(Tp)
VT AR wAKDOMEEO1-2] =

: DFSA
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i‘gz‘%:cl:: '|i¥'] ZHE (connectivity)

m T JS57GHERETHS o
DESHOYITRTO gvliLTf(v) =18HATS

0 FIED BT ST THED T RBEM THETES
O EEBA

- DFSTHIETES

- DFSOBEEtHEEIIO(n+m) =

v 7 27GELERLILT, IEEE K

€g

T = G'[X']

2022 MEEEr7ILT XL (3-1) #E7LT) XL 29



R TERZ (DFS) DI R

Tm

n IEEREWNIIRE, EEPIERLIEHRALT
- EEBICK S IIAESFEING
m 7 o 7BEICEDCEDIER DT, NIEBEDIEF

- BilER (pre-order)
m ZMDHEDOEREWE
- RICE DAL BRI
- 1% B8R (post-order)
m RIZDHEDEWIIE
- ARICR YR A S BRI E 1B SR IR
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e /,
AINBRF - 1ZNBFF (pre- and post-order numbering)
m Algorithm 3.3 (pre-post-order)
- NH:7576=,E),8RreV = S
- RNk (v), BIEREK (v) ..,
Step 0: Set vw eV, k(v) =k'(v) = 0,p(v) =v lz{i\“
and set Y:=E,i:=j:=1 L ATy —
Step 1: Set s=r fgfi
Step 2: Set k(s)=i,i=i+1 Y=Y\ (5.0}
Step 3,4: If no incident edge of s in ¥ then 05 i
set k'(s)=j,j=j+1, and e T _f S

if p(s) =s then output & and k', and halt S |sten 7.8
else set s:=p(s) and return to Step 3

Step 5: Pick an arbitrary edge (s,t) inY
and set Y=V \ {(s,0)}

Step 6: If k(t) #0 then return to Step 3
Step 7 Set p(t) =s
Step 8: Set s=1t and return to Step 2

m I (Theorem 3.4): Algorithm3.3nEFEEHEEILO(n + m)

2022 MBS Y 7L T XL (3-1) H#ET7ILT) XA 31



ﬁﬁ"ﬁﬂi &%JII,EF% (pre- and post-order numbering)

m B AT

m Algorithm 3.3 (pre-post-order)
- NA:7576=(V,E),¥8Erev
- WA EINER (), EIERFK (V)
Step 0: Set vw eV, k(@) =k'(v) = 0,p(v) = v
and set V==E,i=j=1
Step 1: Set s:=r
Step 2: Set k(s)=ii=i+1
Step 3,4: If no incident edge of s in Y then
set k'(s)=j,j=j+1, and
if p(s) =s then output « and &', and halt
else set s:=p(s) and return to Step 3

Step 5: Pick an arbitrary edge (s,t) inY
and set Y =Y\ {(s, t)}

Step 6: If k() # 0 then return to Step 3
Step 7: Set p(t) =s
Step 8: Set s=t and return to Step 2

Z

ZINEFK':c zxy ba

Step 0,1

o k() =1 | Step 2
i=i+1
:;\:
step 3,4 K(s) =
rwes No j=j+1
No
vy ((s0) | <O =5
Step 5 Yes
Yes @0 Step 6
t) =
PO =S ltep 7,8

2022 ey 7ILTY XL (3-1) HFET7ILTY L
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- :*kk OKyO lech
_I/\//\ﬁ'd)%iﬁ P

m PEEE(in-order)
- aoperator b : JEHEF (operator) Z#E HE T (operand) DEHICE L
a EEIEREHEEICT A0 IR B E
BT & 285% (pre-order) (R—5> REgi%k)

m
- operatorab ! ERFERER FORNICES
m % EiE(post-order) GER—F > FaLi&)

- aboperator ! JERFERER FNIZICES

o “IEEENLLLEZAN2DAEKIR
- SHEF: r*]

- %Fi/ﬁkﬁt

> REBAERT AT E > (a —((b+¢) x d))

v BOSEF,HEFNIE o
o B 2 (12 B O SRR A ) v BI&E: —a X +bcd

s BIEFAEREGEE (BE) OB EICES) v 1RE&: abc+d x —
. cluma;ry: PEEQEBOHREFNILRVETFEERY) v B B:a—-b+cxd
V BB - ZBRAREATRE CEREIEFZHRE m e EE

v 2RRIZ—EICETS m a—(b+c)xd
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(((a—b)+c)><d (a—(b+c))><d ((a—b)+(c><d)) a—((b+c)><d) a—(b+(c><d))

X+ —abcd X —a + bed +—ab xcd —a X +bcd —a+bxcd
ab—c+d X abc + —d X ab —cd X + abc +d X — abcd X+ —
«O)) (00) g%g 00) 000
000 ()0 00) ((O))
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719 5> (Catalan number) (B F 1F)

= () =(-(") &=
- A BN E RIS RDMREK Q@
- B0 ZIEEE DR DL ®C

-nEENDRASAREIET7OAT T 5> DA
-nXNMBFLEOHTABO T =ZAREREBDOBE
- nFEDFEIND IE L\ IER B DFAEL

] ®
(O0) a 6 B
[ o A A A b | ¢ n @
0) (0154 — ® ©

TTATAEA
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FEIELEFEZRER(DFS) D EIRE

m X9y DF|FE
- LIFO (Last In First Qut) i ﬁ
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FIEAEHTER(RYVIFIA) '
m Algorithm 3.2 (stack)
- NH:7576=(V,E),¥8Erev < e >
- EAEB () (Ve V), LANEEX (SE) o] o
Step 0@ Set f(v):=0,vveV,and set X =0,V :==E e
Step 1: Set s=r $= hunGsie) | Sten 2
Step 2: Set f(S) =1 Step 4
f) Step 3: For all edge (s,v) €y, es
Push(S, (s,v)) and set Y =Y\ {(s,v)} (1) = Pop(S) | Sten 5
Step 4: If S=¢ then output 7 and X, and halt o) == sten ¢
ESTGD hi Set (u,t) == Pop(S) X:=Xu{'(2,t)_} Step 7.8
Step 6: If F(t) =1 then return to Step 4 it
Step 70 Set X =X u{(yt)}

- Step 8: Set s:=1t and return to Step 2

2022 MBS Y 7L T XL (3-1) H#ET7ILT) XA 37



“7e
IR

1B FEEZ(Z9 Y78 A)

m DFS(stack) #FZ&pA

m Algorithm 3.2 (stack)

- NATS76 = (V,E), ¥8mrev
- EhHE
Step 0:
Step 1:
Step 2:
Step 3:

Step 4:
Step 5:
Step 6:
Step 7:
Step 8:

2022

B (v) (Vv eV), BNESEX (SE)

Set f(v)==0,vveV,and set X =0,V =E
Set s==r

— ve =(s,v)EY
SEt f(S) =1 S := Push(S,e) | Step 3
For all edge (s,v) €Y, Y=Y\ {e}

Push(S, (s,v)) and set Y =Y\ {(s,v)}
If S=0¢ then output s and X, and halt
Set (u,t) = Pop(S)
If f(t)=1 then return to Step 4

Set X =X U {(w 1)}

X =XU{(ut)}
Set s:=+t and return to Step 2 st

Step 7,8

ey 7L o (3-1) 4

ERE7ILT)Z I
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EIELEER(RIVIFA)

m DFS(stack) #FZ&pA

e']'." €3
oy O
a~,~~ . 64 c 65 y 86 VA
67\\\ 88
X e € X _j0:0O
— €Y f@) = {1: @)

m Algorithm 3.2 (stack)
- NB:7576 = (V,E),¥8bErev
- A EH (v) (VweV),BNESEX (SE)
Step 0: Set f(v):=0,vveV,and set X =@,V =E
Step 1: Set s:=r

e; = (a,b)
e, = (a,c)
e; = (a,x)

. o Ve =(s,v) €Y
gstep 2 Set f(s) =1 5‘6:: Pussfli(s,ee) Step 3

Step 3: For all edge (s,v) €Y, Y=Y\ {e}

Push(S, (s,v)) and set Y =Y\ {(s,v)}
Step 4: If S =@ then output f and X, and halt
Step 5: Set (u,t) = Pop(S)
Step 6: If f(t) =1 then return to Step 4

Step 7: Set X =X U {(ut)}

X =XU{(ut)}

Step 8: Set s:=t and return to Step 2 st

Step 7,8

2022 saerEEr 7L XL (3-1) 4

ERE7ILT)Z I
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EXEEER(RTyIRIA)

€g = (yr X)

m DFS(stack) 1ZE&4H! o = @n) e
e, = (b,c) €3 = (é):yg)

e = \q,

m Algorithm 3.2 (stack)
- NB:7576 = (V,E),¥8bErev
- A EH (v) (VweV),BNESEX (SE)
Step 0: Set f(v):=0,vveV,and set X =@,V =E
Step 1: Set s:=r

N . o ve=(s,v) €Y
EteD 2: SEt f(S) =1 56:: Pussfli(s,ee) Step 3
step 31 For all edge (s,v) €y, Yi=Y\{e}

Push(S, (s,v)) and set Y =Y\ {(s,v)}
C)Step 4: If S=¢ then output £ and X, and halt
Step 5: Set (u,t) i=Pop(S)
Step 6: If f(t) =1 then return to Step 4
Step 7: Set X =X u{(ut)}

- X =XU{(ut)}
Step 8: Set s:=t and return to Step 2 o S
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FEEEER (R IFIR)

m 7E I (Theoren 3.3) :DFS(stack) DEFREIETE Z130(n + m)

O i BA

n=|V[,m=|E|

m Algorithm 3.2 (stack)
- Nh:J576 =V, E),¥6mreV

-

Step 0:

2022

Br(w) (VvweV), AnEEX (S E)

Set f(v) =0,vveV,and set X =@,y =EF 0n+m)  =,,mF
: Set s==17r 0(1) _
> Set f(s) =1 0(1) % gf\féﬂkxib
. For all edge (s,v) €Y, O(deg;(v)) é%ﬁ’(\\O(m)

Push(S, (s,v)) and set Y =Y\ {(s,v)}

. If $=¢ then output £ and X, and halt OQ) HE7A:0() ~— ZHx1E

: Set (u,t) = Pop(S) 0(1) =
= 1=
: If f(t) =1 then return to Step 4 o(1) [ mrm
: Set X =X u{(yt)} 0) | =,
: Set s:=t and return to Step 2 o] ™ mE
BEBBIE L 7ILTY XL (3-1) BETILTNX L 4|



3-1 (2) WBEAFEETILIII L

m ) OT7DNFER

- RME T S7BEICREDIEER

- R RIBRNIBZIERPITITROIZEUNTES
m Breadth-First-Search (BFS)

- TR

- KO SIBICIR R
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4151%%*%?% (breadth-first search)

m Algorithm 3.4 (BFS)

- NH:7526=(V,E), ¥ 6Brev

- BAEES (v) (VweV)

Step 0: Set f(v)=0,VveV

Step 1: Set f(r) =1

Step 2: Set N ={t|(s,t) €E,f(s) =1, f(t) = 0}
EStep 2.1 If N=¢ then output f, and halt

Step 3: Set f(t)=1 ,vveN and return to Step 2

fr)=1

Step 1

(s,t) €E,
fls)=1,
f()=0

v
N = {t

} Step 2

2022 ey 7ILTY XL (3-1) HFET7ILTY L
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4151%%*%?% (breadth-first search)

m Algorithm 3.4 (BFS)

- NH:7526=(V,E), ¥ 6Brev

- BAEES (v) (VweV)

Step 0: Set f(v)=0,VveV
= Step 1: Set f(r) =1

Step 2: Set N ={t|(s,t) €E,f(s) =1, f(t) = 0}

Step 2.1: If N=¢ then output f, and halt

Step 3: Set f(t)=1 ,vveN and return to Step 2

fr)=1

Step 1

(s,t) €E,
fls)=1,
f()=0

v
N = {t

)

Step 2

2022 ey 7ILTY XL (3-1) HFET7ILTY L
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4151%%*%?% (breadth-first search)

m Algorithm 3.4 (BFS)
- NH:7526=(V,E), ¥ 6Brev
- BAEES (v) (VweV)
Step 0: Set f(v)=0,VveV
Step 1: Set f(r) =1
Step 2: Set N ={t|(s,t) €E,f(s) =1, f(t) = 0}
= Step 2.1: If N=¢ then output f, and halt
Step 3: Set f(t)=1 ,vveN and return to Step 2

fr)=1

Step 1

(s,t) €E,
fls)=1,
f()=0

v
N = {t

)

Step 2

1: N={b,c,x}
2: N={y}
3: N={z}
4 N =()
m Step 2
- TEHEVDOAEZEIL?
- RRDETEEIL?

- 0(n+m)EZFERTERVEDFSLY BN A
> BFSoOEFRIETEEIXO(n + m)

2022 ey 7ILTY XL (3-1) HFET7ILTY L
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BIEEER(FBITIIRIA)

m Algorithm 3.5 (queue)
- NH:7526=(V,E), ¥ 6Brev
- HAEH(v) (VweV), WNESEX (S E)
Step 0: Set f(v)=0,vveV,and set X =0,V =E
Step 1: Set s=r
f> Step 2: Set f(s) =1
Step 3: For all edge (s,v) €,
Insert(Q, (S,v)) and set Y=Y\ {(s,v)}
Step 4: If Q =@ then output f and X, and halt
ES’[GD hi Set (u,t) := Delete(Q)
Step 6: If f(t) =1 then return to Step 4
Step 70 Set X =X u{(yt)}
— Step 8: Set s:=t and return to Step 2

T >

> (5) =1
¥

Step 2

Ve =(s,v)EY
Q = Insert(Q,e)
Y= v\ {e}

Step 3

@ Step 4
Yes

No

(u,t) = Delete(Q

) [Step 5

‘@ Step 6

Yes No

X=XU{(ut)}

si=t

Step 7,8

2022 ey 7ILTY XL (3-1) HFET7ILTY L
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BRI IE R (FHB1T2F

m BFS(queue) #EZEHA

m Algorithm 3.5 (queue)
- NB:7576 = (V,E),¥8bErev

- EhHE
Step 0:
Step 1:
Step 2:
Step 3:

Step 4:
Step 5:
Step 6:
Step 7:
Step 8:

2022

B (v) (Vv eV), BNESEX (SE)

Set f(v)==0,vveV,and set X =0,V =E
Set s =1
Set f(s)==1
For all edge (s,v) €Y,

Insert(Q, (s,v)) and set Y =Y\ {(s,v)}
If Q=0 then output /7 and X, and halt
Set (u,t) = Delete(Q)
If f(t)=1 then return to Step 4
Set X =X U{(w )}
Set s:=t and return to Step 2

ve=(s,v) EY
Q = Insert(Q,e) |Step 3
Y=Y\ {e}

X=X U{(u, t)} Step 7,8

s=1

g Yy 7IL3) XL (3-1) \ET7IILIYY T A
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rljﬂi'f"ﬁ“"% KR (

FTHITHF A

m BFS(queue) #

x =5

eq,.-* es3
it e
S . 2
> S o O
a .. c y Z
e7 ~~~~~ 88

e; = (a,x)

e, = (a,c)

(o e; = (a,b)
f@) = {1: o

m Algorithm 3.5 (queue)
- NB:7576 = (V,E),¥8bErev
- A EH (v) (VweV),BNESEX (SE)

Step 0:
Step 1:

gStep 2:
Step 3:
Step 4:
Step 5:
Step 6:

Step 7:
Step 8:

2022

Set f(v)==0,vveV,and set X =0,V =E
Set s =1
Set f(s)==1
For all edge (s,v) €Y,

Insert(Q, (s,v)) and set Y =Y\ {(s,v)}
If Q=0 then output /7 and X, and halt
Set (u,t) = Delete(Q)
If f(t)=1 then return to Step 4
Set X =X U{(w )}
Set s:=t and return to Step 2

ve=(s,v) EY
Q = Insert(Q,e) |Step 3
Y=Y\ {e}

X=X U{(u, t)} Step 7,8
s=1

g Yy 7IL3) XL (3-1) \ET7IILIYY T A
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BRI IER (FBITIR F

m BFS(queue) #EZEHA

m Algorithm 3.5 (queue)
- NB:7576=(V,E),%Brev
- A EH (v) (VweV),BNESEX (SE)
Step 0: Set f(v):=0,vveV,and set X =@,V =E
Step 1: Set s:=r

Step 2: Set f(s)=1 Qvf:

(s,v) €Y
Insert(Q,e) |Step 3

Step 3: For all edge (s,v) €Y, Y=Y\ (e}

Insert(Q, (s,v)) and set Y =Y\ {(s,v)}
> Step 4: If ¢ =@ then output f and X, and halt

Step 5: Set (u,t) = Delete(Q)

Step 6: If f(t) =1 then return to Step 4

Step 7: Set X =Xu{(ut)} | =xoeo)

Step 8: Set s:=1t and return to Step 2

s=1

2022 saerEEr 7L XL (3-1) 4

ERE7ILT)Z I

g = (y,Z)
€g = (y,x)
€5 = (y,C)
€3 = (b,y)
e, = (b, c)
e; = (a,x)
€4 = (a,C)
€1 = (a,b)
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1B S R (BT IR A)

m 7E I (Theoren 3.5) tBFS(queve) DEFREIZTE Z130(n + m)

O i BA

n=|V[,m=|E|

m Algorithm 3.5 (queue)
- NH:7576 =V, E), ¥ 8Br eV
- A EH(v) (VweV), WNEEX (S E)

Step 0:
Step 1:
f> Step 2:

Set fw)=0,vveV,and set X:=0,Y:=E O(n+m) _ =,nmE

Set s=r 0(1)

Set f(s)=1 0(1) %,‘g\U@L:X#L
: For all edge (s,v) €Y, O(deg, (1)) v ﬁ%*?l[jﬁ Q

Insert(Q, (s,v)) and set Y =Y\ {(s,v)} 2ETOo(m)

: If Q=0 then output f and X, and halt 01) HA:0M) ~— Hr1E
: Set (u,t) := Delete(Q) 0(1) -
: If f(t) =1 then return to Step 4 () mRm + 1
: Set X=X U {(yt)} o(1) - -
: Set s:=t and return to Step 2 o1 | =A< mlel

m DFS(stack) tstEEIIR L (RIVIDRDHYIZIFEITI)

2022
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B8 LIFE = (BFS) oIS F

RGN LR BT THIEE

m
- man 5D EEEdis (a, v)
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2] %ﬁ‘? NILAT (graph-distance)

m Algorithm 3.6 (graph-distance)

- NH:7526=(V,E), ¥ 8Brev
- BAHEEA(v) (Vv eV)

Step 0: Set A(v) =0, Yv eV and i =0

Step 1: Set A(r) =0

Step 2: Set N ={t|(s,t) € E,A(s) = i, A(t) = oo}
Step 2.1: If N=¢ then output 1 and halt

Step 3: Set i=i+1, and set A(t) =i,Vv EN,

and return to Step 2

2022 ey 7ILTY XL (3-1) HFET7ILTY L

A(r):=0

Step 1

v
N = {t

A(t) =

} Step 2

(s,t) €E,
i=i+1

A(s) =i,
Vvt EN,A(L) =i

Step 3




2] %ﬁ‘? NILAT (graph-distance)

m Algorithm 3.6 (graph-distance)
- NH:7526=(V,E), ¥ 8Brev teo 0
- BAHEEA(v) (Vv eV)
= Step 0: Set A(v) =oo,vv eV and i =0 M= 0 ] Step 1
= Step 1: Set A(r) =0 A {t %355} Step 2
Step 2: Set N ={t|(s,t) € E,A(s) = i, A(t) = o} A = oo
Step 2.1: If N=¢ then output 4 and halt — o
= Step 3: Set i=i+1, and set A(t) =i,Vv € N, No  Yes
and return to Step 2 vemame: |
Step a b ¢ x y z
0. (initial) | @ o o oo o o
1. (start) 0 ® o o o o
3. (update) 1 1 1 o o
3. (update) 2 o
3. (update) 3
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2] %ﬁ‘? NILAT (graph-distance)

m Algorithm 3.6 (graph-distance)
- NH:7576=V,E), ¥ 6Brev
- BAHEEA(v) (Vv eV)
Step 0: Set A(v) =0, Yv eV and i =0
Step 1: Set A(r) =0
Step 2: Set N ={t|(s,t) € E,A(s) = i, A(t) = o}

A(r):=0
v

Step 1

(s,t) €E,
A(s) =i,
A(t) = o0

} Step 2

Step 2.1: If N=¢ then output 4 and halt — o
Step 3: Set i=i+1, and set A(t) =i, Vv €N, No  Yes
and return to Step 2 vewome [
: Step a b ¢ x y z
- 0.(initial) | @ oo oo o o o
O 1. (start) 0 o o o o ©©
y Z 3. (update) 1 1 1 o oo
A(v) 3. (update) 2
3. (update) 3
m FIE (Theorem 3.6): Algorithm3. 6OEFREIETEZIL0(n + m)
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EEBEZ NILAT T (graph-distance)
m T (Theorem 3.7): A(v) = disg(r,v), YV EV
O EEA (Algorithm 3.6)

» A(v) =0 = dis;(r,v) =
m (r,v)-BOEFEETEEHIE. (r,v)- L
- BRINLD R CERRKINILD RyH B
- Step 2Ty e Ne7eY),Step 3TYICBRINILAMFIISNEIITTFRE
m (r,v)-BIIFEELETdis;(r,v) =
» A(v) <
- Claim 11 2(w) = dis; (1, v)
m KIkD(r,v)BHFIE

1 0 1 k—1 k
O—0O===== O—0O (r,v)-B8
T v1 vk_l vk =7

- Claim 21 A(w) = dis; (1, v)
m FEEfdis, (r,v) BT 5 ENIEME
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PEEES NILAF T (graph-distance)
m T (Theorem 3.7): A(v) = disg(r,v), Vv EV
o &EBA (cont.) (Algorithm 3.6)

- Claim 21 A(w) = dis; (1, v)

m BEEdis; (r,v) ICEAT 5 EFENIEMNE

m HEAERFE: dis;(r,v) =0
- v=r
- Ar) =0 = A(r) =0 =dis;(r,7)

m JFANERPE
- BAENRE AW) =disg(r,v) if dis;(r,v) <d
- dis;(r,v) = dDIHE

m =0 v)BICEWTvICBEYT 5 Ax

O—O------ O—O B&E(r, v
X %

- dis;(r,x)=d—-1 = Ax)=d -1 (BIEDIRE)
m A(v)>d (Claim 1)
B i=d—10Y%E J(v) =0 =2 AW)Ed = (d - 1) + LB EINS
~A(w) =d =disg(r,v)
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