Ooooooooono AVLOOOO
gubodbootdogud

20110 30

oo






L] [

010 gogobooooboboooooo 5
1.1 I )
1.2 I 8
1.3 I 9
1.4 I 0 10

020 uogoboboogobooboog 17
2.1 I 0 17
2.2 UO0O00O0O0 . .00 s 35
2.3 20000 . oo 35
24 AVL O o e 46
2.5 I 66
2.6 BO . e 70

030 50000000 AVLOOOO 75
3.1 0 75
3.2 50000000 AVLODOOD0 ... ittt 75
3.3 0000 AVLOOOOO000 .. 000t e e e 81
3.4 0000 AVLOOODO .. o0 e e e e e e e e 84
3.5 OO0 . 98

040 o000 A/VLDOODO 101

4.1 OO0O0 . e 101



4.2
4.3
4.4
4.5

050
5.1
5.2
5.3
5.4

060

HEN

gooo

oo A

00 B

oo C

oo D

I
200000AVLOOO0O0 ..o v it et e e
BOOODOO . ..o e e s e e s
0

0000 A/LODODOOODOODOODOO

0

goooooooo

200000000000

AVLOOOOOoOooo

BOOODODOOODO

0000 A/LOOOO0ODODOO0O

117
117
117
131
135

137

141

143

149

157

171

177



110

Jobobbobobobouodddd

1.1 Dooooood

ggoboboooooboooobbooooboboooobbboooobbooon
gooboboooobobbooooobboooobboooooboooobobooon
gogobboooobobbooobbboooobobboooobboooobbboooo
ggoboboooobobboooobobboooboboboooooboooobobooon
goobboooobbtbooobbbdooobobbooooboboooubbboooo
O0000O0Osearching0O0 OO O0OO0OOO0O0DOOOOODOOOODOOOOODOOOO
ggoboboooobobboooobobboooobboboooooboooobobooog
gooboboooobbtbooobobboooobbboooobboooubbbooon
gooobobooobooboopboboddobooboboobooboboboobOoo
ggoboboogobbboooobobbooooboboboooooobooooobbooon
00000000o000o0oo0oOU0 70000000000 bD0OD0ODODO0OO
000000000000000000000000 (900000000000 oon
gogobboooobbboooobbbooobbbooobooboooobbooon
goobboooobbboooobobbdooobobbuoooobboooobbbooon
ggobobooooboboooobobboooboboboooooboooobobooon
gooboboooobobboooobobbooooobbooooboboogobooboo

0000000000 200000binary search treed 00000000 O0O0OODO



010 0000000000000000

000000000000000000000000000000000000000
0 O balanced treed 00 0 000000000000000000000000000O0
AVLO[1]OBO[ROOO0O[7000000[45|0000000000000 AVLOOO
0000000000000000000000000000000000000000
00000O0AVLOODOOOOOOOOO0O000000O00000000000000
0000000000000 00000000000000 [41,44000AVLOO0
000000000000000000000 AVLOOOO0OO0O0O000000000
0000000000000 00000000000000000000000000
000000000000000000 AVLOOODOO000000000000000
0000000000000000000000000000000000000000
23, 25,27,26,36,10) 000 000AVLOOOOOOOOOO0O0O0O0000000O0O0O
000000000000000000000000 AVLOODOO0O000000000
00000 [42)000000000000000000000 AVLOOO0OO0O000
0 [22]000000000000000000 AVLOOOOOOO000AVLOOOO
0000000000000000 150000000000000000 [39)0000
00000000000000 [56|0Web00D0000000 [54 000000000
0000O0D0AVLOODOOO0O0O0O0O0OD0O000000000000000000000
00000000000000000000000000000000AVLOOOOO
0000000000000000000000000
000000000000000000000000 200000 AVLOOOOO
000000000000000000000000000000000000000
O radix-search method 0 0000 000000000200000 AVLOOOOOODO
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0 [24,13]00000000000000000000000000000000000
0000000000000000000000000 [12,140000000[34]00
0000000000000000000000000000000000000000
000000 [37]00000 [18]000000 [33)00000000000000000



1.1 00000000

D00000000000000‘00000’0000000000000000000
0000000000000 000000000000000000000000000
00000000 O(1)00000000000 $00000000000000000
0000000000000 000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000 0000000000000000000 20000000
000000000000000000000000000 [16,35, 550000000
000 470000000

000000000000000000000000000000AVLOOOOO0O
000000000000

l. Oo0ooboo0obooboboobooboboboobooobooo
0ooboooobobboooobobboooobobboooooboooo
0000000000000 00 AVLODDODOOOOOOoOoooooooooo
goboboodoooboooboboooonoo

A

goooouooooobbbbbboooooogoa

l.000000bOoobobooobooboboooo
2.00AVLO0O000000OOODODOO

3.00000 AVLOO 200000000000000000000OODOODOOOO0O
ggooood
4.003.00000000DOO0ODODO0DDLOODUO0ODOODDODODOODODODOODOOD
o

5. 000000Db00O0bOO0bOoU0obOU0bDUobDoobOoobDOobooboo
00000000 AVLOOExtended AVL tree0 0000000000 OOO AVLO

gogobobuoooobobdooooobuoooobboooobobobooon



010 0000000000000000

1.2 OOOOO

0100000000 00b0o0obOobooobooboboobOoobobooobOon
goboboodoobuooooobuoooooboooobobbooooobooboa

0200000 10000000000 D0O0OOO0OODODDO0ODODO0ODODOODbDO0OD
O0000000000O0000o00oooooooooooDoooo cooooooo
gobobooooobuooooobobooooboboooobbboooobbooogobo
gobboodoobbuoooobbuoooobbbooobbbooobbbooobo
gobobdoodooobuoooobbuooooboboooobbboooobLbboooono
ooboobooboboooooooobobooooobobo 200b00oboboOoDOobDOO
000000000 AVLOO0OO0O0O000000oooooogoooooooooo
OO0DOO000O0o0O0obOobobOOooobOo BOobOOoOoO

030000010 2000000000000000000000DOODOOODOO
O000000000000000000000000000 50000000 AVLOO
gobobooooobuoooobobuoooobobboooobbboooobbooooonoo
goboboooobbuoooobbuooooboboooobbboooobbbooon

040000000000000000000COC 200000AVLOO BOOOO
ODoOooooogooDbiloboo200D05s0001000000000000 10,000,000000
OD000000200000 AVLOOODOOOOODODOOOOOOOOOOOOOO
O0000000000000000000000 200000 AVLOODOOOOOOO
000000000000 00D0000 10000000 AVLOD 1200000000
OO0DO0000000O0 S0000000D0O0O0DO0OBOOODOODOOIIOODODOOO
Ooog 10,000,000 0000000000 0O0O0OOO0OODODOOODODOOOODDO
gobobogooboboooobboooobbbooobobbod

Os5000004000000000000000000O0DO0ODODODODODO
gogouobobobodoooooboobuodoooobbobooooobobbboooooobo
O0o0000o0ob0ob0b0o0obUd0o 1 0oboobooboboUoboobDbooobDobo
0000000000000 00000000 AVLODOOO0OOoooooooooo



1.3 000000

gooobobbooboobuoboboeU0bUUobOoO0ObUObObUObDOODbDOODbOD
goooodg
ggobbboooobbboodobbuoooobbooooo

OO0OA 200000000000
OO0 B AVLOOOODOOO

oo C BOOOOooooo

00D 0OD0ODODO AVLOOOOO0OO0OO0OO

1.3 0O0oOooono

000000000000000000000000000000000A0 (halt) OO
gogoobobooooooobooooooobobobbooooooobobboboooooago

O (procedure) 00000000000 0OO (algorithm) 0000000000 [19]0

U0 11. 0000000000 00000000ouooooboobobobbbiod
OOoooboood

0000000000000 0000AM.TuringO0OO0O0O0OO0O0O00OOOO (Turing
Machine; 00 TM) DD OOTMOOODO00D0O00D000O0O0O0OODOOODOOOOO
00000000000 bOb0o0oo0bb00oo0bb000bOb00O0Turing D OOGODODO
O00000000000000 (computable)I0 0000000000 0OOOOOOO
opooo T™™MODOOOOoooT™MOOODOOOODOl1OO0DOoObDOobOOoOooog
O (input tape) 0000000000000 (cel) DOODDOOOOODOODOODOODO
000000000 (tape head) 00 00O OO (finite control) 00000000000
gooobooobooboobooooobobobooooboobooboboboooDoDbobobo
0 0O (next move function) 0000 0000000000000 O0DO0OOOOOOO
ooooboboooboobooobuooboboooboob 1ooboobOoboooo
gogobboooobbboooobbbooobbbooonooboooobbooon
goobboooobbboooobobbooobobbuooobobboooobbboooo
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010 0000000000000000

gooo
goboboooobobboooobbboooobobobooooboboooobbooon
goboboodoobobuoooobbuoooobobbooobbbooobbbooobo
gobobooodooobuoooobbuoooooboboooobbboooobLbboooono
gobbogooobuoooobboooobbboooobbbooobbboooobo
000000000000000000000 (time complexity) 0000000000
gobobooooobuoooobobuoooobobboooobbboooobbooooonoo
0ooobooooboboooobboooooboooobobooooboboooooo
goboboodoobobuoooobbuoooobbbooobbbooobLbbooobo
gl ooooooboobooooboooboobbbbbbo
goboboooobobuoooobbuoooobobboooobbbooobbbooooboo

14 OO0O0O0OOooDoODOO

00000 »0000000000000000000O00O0OOOOO000 f(n)O
000rO00000000 f(n)00D0D0O0ODOD00O0O00O0O0O0OOOODOOOOOOO
000000 g(n)000 f(p) 00000000000 [490000000000000
000 O000o000QOONONwOdONONO®DDDNA0NDOOODODO

()ooo (0ooooo)
00 1.2. 00 ¢g(n) 00000000000 ODOODO

O(g(n)) ={f(n) |000D00DO cO0D0O NOODOO
0000 n>NOOOOO0<L f(n)<cg(n)} O

0000 f(n) €O(g(n) 00D0ODODODODO f(n)=0(g(n)) 00000000000
000000000 »000000000000000000 f(r)0O0O00O0O00O0
g(n)0 ¢c0000D0000000 f(rn)OOg(n)0O0D00 000000000000
0110000

00000000000000000 f(r)00000000

f(n) = 3nlogn + 2n? (1.1)



1.4 0000000000

11

e—
a—

011 f(n) = O(g(n))

00000f(n)=0(R?) 000000f(n)=0®*)0000000f(n)=0(n*)00

0000000000000
O0000000000000020000000000000 fi(n), fo(n)0ODOO

00 ¢, 000000 Ny, N;OOODO gi(n), g2(n) 0000000000000O0

Vn>N; 0000 fi(n) <cgi(n)

(1.2)
Vn>Np 0000 fa(n) < cage(n)

0000 No=max(Ny, No) O00OOVR> Ny, OOOOO

fi(n) + fa(n) < c1g1(n) + c2g2(n)
< cimax(g1(n), g2(n)) + comax(g1(n), g2(n))
= (c1 + c2)max(g1(n), g2(n))
= O(max(g1(n), g2(n)))

gogoooood

Yn> N, D000 fi(n) < 5n?
Vn>N, 0000 fao(n) < 4n'®3logn

0000 No=max(Ny, No) 0000 Von>Ny OODOOO

fi(n) + fa(n) = O(max(nz, n'83log n))
= 0(n?)



010 0000000000000000

gooo
000000000000 (1.2)0000

fi(n) - fa(n) < c1g1(n) - c2g2(n)
= (c1-¢2)(g1(n) - g2(n))
= O(g1(n) - g2(n))

oboobodo
vn>N; 0000 fi(n) <4n®sin’n

2"’L
Yn>N, 0000 foln)<
logn

0000 No=max(Ny, No) 000OVR> Ny OOOO

on 3 il
Al o) =0 (22
=0 (12:;;) ( sin’n < 1)

gooo

(2)o00 (ODODDODO)

000 O(g(n)) 00 f(n) 0000000000000 000f(n)000000000
000000000000000000 (1.1)000f(n)=0(®?) 000 f(n)=0(n3)
00000000 f(n)=0®3)000 f(n)=0(n0*)000000000000000
fln)=0(n* 00 f(r)00DO0D0DO00OO0D00D0D00D000000000000

00 1.3. 00 ¢gn)00000D0O0OOODOOOOOO

olg(n)) ={f(n) |000D0000 ¢c0000O0 NODOOOO
0000 n>NOOOOO0<L f(n)<cg(n)} O

O (1.1)000f(n) =0®*)000000f(n) =o0x?) 00000000000
fn)=0(®?) 00 f(n)000D0D0000D00OO0O0ODOO0O



1.4 0000000000

(3) QOO0 (0oooooo)
00 1.4. 00 ¢(n) 000000000000000

Qg(n)) ={f(n) |DDD0O000 c0000O0 NOOODOD
O000n>NOOOOO0<cg(n) < f(n)} O

0000 f(n) € Qg(n) DOD0DODODODO f(n) =Qg(n)) 00000000000
000000000 n0000000000000D0D0O0OO0 f(n)OOODDDOOOO
gn)0 c00D000O000O000O f(n)OOg(n)0OOO ¢O0O0O (lower bound) 00O
ooooboob 120000

—_—
—

012 f(n)=9Q(g(n))

000000000o0o0o0o0ooo f(n)DDODO0ODO0ODOO0OO

f(n) =5n'8" + 4n1% 4+ 3n3logn (1.3)

00000 f(n)=QRe") 000000 f(n) = Qe 00000000 f(n) =
Qrleem) 00000000000 O000O0
00 Q(g(n) 0000000000 0OO0O0OO0OOO

00 1.5. 00 g(n)00000000O0ODOOOOOO

Qg(n)) ={f(n) |DDDOO000 cOO0O0OD
O000n>NOOOOO0<cg(n) < f(n)} O
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010 0000000000000000

goooog

n? n:00

n® n:00

00000000f(n)=Qx*) 000000000000

(4)wiD (0D0DO0000)

000 Qn) 00f(n) 0000000000000 00O0f(n) 0000000
00000000000000000000 (1.3) 000 f(n) = Q™) 000
f(n) =Qrle=HDOO0D0000 f(n) = Q@000 f(n) =Qxe") 00
0000000000000 f(n)=Q(re" 00 f(n)0000000000000
0000000000000

00 1.6. 00 g(n)00000OD0ODOOOCOOOOOOO

w(g(n)) ={f(n) |D0D000D00 ¢cO0DO0 NOOOOD
0000 n>NOOOOO0<cg(n) < f(n)} O

0(1.3) 000 f(n) =w@er"H) 000000 f(n) =wr's") 000000000
00 f(n) =w®@°e™) 00 f(n) 0000000000000 000

(5)e00 (0000O0o00)
00 1.7. 00 ¢(n)000000000000000

O(g(n)) ={f(n) | 00000 ;0 00000 NOOOOO
0000 n>NOOOO 0<cg(n) < f(n)<cygn)} O

0000 f(n) €O(g(n) 00DDODDODOD f(n)=0O(g(n) 00000000000
000000000 »000000000000000000 f(r)000000O0 g(n)
0¢00000000000000¢g(n)0 000000000000 f(n)00g(n)
0000 ¢ 00000000000 g(n) 0000 0000000000000 1.3
0000



1.4 0000000000
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013 f(n) = O(g(n))

00000000o0ooooooo f(n)O

2n3+2n?2+3 (00O)

fin) = 4n3 + 5n? (0O

goooo

gooo
O000000000000g f(n)O

2n3 +2n?+3 (00)

fn) = 4n* + 5n? (OO

00000gn) 000000000000

ggooboooooo
000000 200000000000000000000 f(n)OODODODOOOO
0000000000000000 f(r)00000000000010000 10°00
obooobobobobooobooboobo 1ia0obon
01.100000000000000000000000 (nOnlog,nOn?)0000
goobboodoobobtboooobbbooobbbuooob bbb bbooo
00 (2"0x![40)00000000000000000O0OOO0OOOOOOOOOO0



16 010 0000000000000000

011 O0OO0oOOoOobooooooo

f(n) n nlogyn n? 2" n!
10 1078 O 3x1078 O 1077 O 1060 4x1073 0O
20 2x107% DO 9x10780 4x10770O 1073 O 77 0
30 3x107% DO 15x10780 9x107"0O 10 8x10¥% 0O
40 4x107%0  21x107%D0 16x1077 O 180  3x103 O
50 5x107% O 28x 10780 25x1077 O 130 104 0O
100 10770  66x107% 0 10750  4x10¥ 0 3x10% O
1000 1070 997 x 1078 O 10730 3x10% DO 102%°1 O

ggooboo
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Jouobobobobobouodd

21 OJO0O0oooooo

0lobooboooooobobooooobbooobobbooooobobbooooo
00000000000000000000 (DO0O0O0O0)0D0O0D0O0ODOUOUOOOO
00000000000000000000000000O0 (DOOoO)0oooooo
0000000000000000000000000000000000000 [53]0

goobbboooobboboodobbuoooobboooooobo

211 00D0OO0ODDOO0OOOO

0000000000000 D00000000 (datatype) DODO0O0OD0OOOOOO
000000000 (Do)00oU0ooOo0ooCcOoUUoOoOUOooDUUOooOOooUOUoOO
000 (int) 0000000 (domain) 0 —maxint ~ maxint 000000000000
0000 (00)000000000000000000000U00DO0OoOoOoDOOoOO
0002000000000000000000000000000000 [46]0

00 2.1. 00000000000

1.0000000000000 (domain) 0000

2. 000000000 (DO)oODUODODO 0

COO0000O0OU0O0O0OU0O0O00O00O0O0 (DODOUOoOO)DLOU0DoODOoDUoOoUoOOO

17
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020 0000000000000

0000000000000000OO0 (component element) 00000 OO (atomic)
0000000000000 0000000D0 (enumeration type) 000000000
0000000000000 00D0000D0DCO00D0D0000D0000 enumOO00O0O

signal 0 000
enum signal {BLUE, YELLOW, RED};

O000000000000O0signal 000 00BLUE, YELLOW, REDOOODO
000000 (abstruct data type) 000 000000000000 000OO0OODOO
0000000000000000000000D00000 (Do)ooOooUoooo
000000000000000 (21.60000)0000000000000000O0OO
0ooobooooboboooobbooooboboooobobooooboboooooo
gobbooodooobuoooobbuoooobobboooobbboooobLbboooobo
000000000000000 (encapsulation) 0000000000000 00O0O0O
goboboooobobuoooobbuoooobobboooubbbooobbboooooboo
goboboodobobuooooboboooobobboooon

212 0OOOOO

00000000000000000 (data structure) 0000000000000
OO0 CODDOO0000O0O0DoO00ooOooooDoo00ooDoooDoooooooooo
goboboodoobobuoooobbuoooobbboooobbbooobLbbooobo
oboobooobobooboooobooboboobuoobobooobooboboboobno 14
goboboooobobuoooobbuoooobbboooobbbooobbboooooboo
ooobooob 11bo0ob0obo0oboobobo0oboooboobobooobooo
000000000000000000000000000 [46)0

g 2.2, 00000000000 DOODOOObOOoOon

l.0booo0boooboooobOoobobOoobooobDoOobobOooboboooDooboo
gobobboooooboboooooo
2.0000000000C0000O00UO0OUOOO (O)oooo O
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213 000000000
000000000 000000000000000000((list)0000

a1,0a2, -+ ,0n

O0n=000000000(Mmulllist) 0000000 ;0400000000000
a1 0e; 0000000 e, U0 00000000 0O0O0O0O0OO0O0OO0O0OO0OO0
0000000000000 00000000((linear list) 0000000000 DOO
ggobobooooboboooobobooon

(1)00D00000
000000000000 (array) 000000000 0000000000 (cell) O
0000000000000000000000000CO00000000 (index) O
0000000000000 ¢;0004[i—1)0000000000000000000
0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
00000000000 00000000000000000000000000 n00
0000000000000000 O(r)000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000

(2000000000

00000000000 000000000000000000000000000
0000000000000 00000000000000000000000000
000000000000000000000000000 COO000000 (structure)

0000COO00000000000000 (member)J000000000 0O (pointer)
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020 0000000000000

gooo
1000000 CELLOD0D0O0O0O00 dataO next 0000000 dataOD0OD0ODO
O0000000000D00 next000O00DO0O0OO0OOODODOODOOODODODODO 20

gobobooooooboooobobooaon

struct CELL {
int data;
struct CELL *next;

};

00000000000000000000000000000000000000
000000000000000000000000000000000000000
00 (linked list) 00 000000000000 (header) 10000100000000
000000000000004¢=1,2,---000000000000:0000000
0000 ((+1)00000000000000000000000000000000
00 e, 0000000000000 ‘NULLO0000000000000000000
0000000000000 210000

data next data next data next

N
[
%
=]

e | | |F7—#1 e | | |T—H2 e |, ... _,

~y S ai az an

021 00000

gogoobobboooobboooobobbobbbooobobboooobbobooo
Obooobooobobooboboobuoobbuoobboooboobobuooboonboobg e
oo booooooobboooooobboooooooo
goboboodoobbuoooobbuoooobbboooobbbooobbbooobo
gobobooooobuoooobobuoooobobooouobobboooobboooooboo
gobobooooboboooobobboooobooog

goobooooboobboooobobboooobobboooobbboooobLboboooa
gobobooooobuoooobobooooboboooobbboooobbooooobo

0O(1)00000000 p0000O00O0OO0OD0ODOOOUD gOOOUODODOODO



21 0DOO0O0O0O00O0O 21

goooo

1 q —> next = p —-> next;

2 P —> next = q;

00000000 220000()00000((M)000O0O0O0O0O0OOO

(a) jt %]\ﬁﬁ data next data next data next
e | ,|F—#1 e | ,|TFT—%#2 e |, .. _,|F—%n
~y H— T
P data next
q— | 7—%#q °
(b) *%]\?(ﬁ data next data next data next
e | | |7—#1 X T—42 e |, ... _,|7—%n
Ny S — T g\
P data {1 next
q— | 7—%4q \—0

022 00OOOOOOO

oo pbboooobbobboooobbboooobbbboooooboobog g
goooo

1 q = p —> next;

2 p —> next = q —> next;

00000 230000()00000(M) 0000000000
000000000000000000000000000000000000000
oooooooo

(3) 000000000000
ggoobodoobouoooouoooboooboubooooooooon

O0000000 initd 20000 elementd next OO OO0 Oelement 00000 a4

Uo000d next 000000000 uoooo

Omnit0000000000 mitd0000D00O0O0O element 0000000000
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020 0000000000000

(a) Tﬁ)\ﬁﬁ data next data next data next
e | | |T—#1 e | ,|T—%x2 e |, |75—#43 e |, ...
N~y H— T
p
2
(b) *ﬁ)\?iﬁ data next data next data next
e | | |T—#1 e T—H2 e |, |75—#43 e |, ...
o~y H—
| 1]
p q

023 00O00oOoOooon

element 00000 00000000000 CO00OOOO0Onext00000 ax 00
0000000000000 0Uelement(k] 0000 @; 0000000 Onextlk] 0O
a;x10000000000000000000Oelement[next/k]]0000 a;41 0000
00000000 @, 00C0NULLODOOOODOD -10000C00DOOODOOODO
00000 (20000000000 00OUoOU0oOOooo

OO0 element 000 kD0 0000000000000 00e; 00000 element O

O0j0000000 e 00000O00O0OODOODO

1 next[j] = next[k];

2 next [k] j;
ooono

0ooo
A C, N, X, W, Z

0000000000 NO XOUOO POOOOOUODOOO 24000000 (a)0O
0000 (b)00000D000000000D0O00O00k=1,;j=6000000

1 next [6] next[1];

2 next[1]

6;

OO0D0O0O00 2400b0O0O0O0OO
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(a) & AHT init
0 1 4 6 7 8
element:| X |N A P |W|C
next : 7 0 8 211
(b) fiATZ
init
k=1 l
j:6 LTok
0 1 4 6 7 8
element:| X |N A P |W|C
next : 7 6 8 0|21
2 1

024 0000ODOOOOOODOO

(4)000000

000000 (doubly-linked list) 0D 0000000000000 20000000
ooooo2000000000000000000000000000ODODDDDODO
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon
ggoboboooobobboooobobboooobboboooooboooobobooog
000001000000 CELLODDOOO0O0O prevd datal next 0O O0O0O0O0O
prevU 00000 O0O0O0O0ODODOO0 next 0o oboooooon

data0ODOOO0OOOOCODOOOOOODOO 30000000DOOODOOOODDOO

ogn

struct CELL {
struct CELL *prev;
int data;

struct CELL *next;
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020 0000000000000

000000000000 heedOOOOODOOODOOODOODOOODO headOODO
O0000C00O00 heedOOOOOOODODOOODODOOODO heaedOOOOOOODODO

1 struct CELL head;

2 head.prev = &head;

3 head.next &head;

ooobo 250000000000 00O000DO00DO0ODODODOODOODOOD
O head DOOOO0OOOODODOOODOOODOOOODOODOO

1 head :
*prev data *next

T

025 0000000000

godoouoobobbbbooooooduuu pbbb0oobbb g OO

gooooooo

1 q —> prev = p;

2 q —> next = p —-> next;
3 p —> next -> prev = q;

4 P —> next = q;

0000 26000000000000000000000000000 (2)0000
0(b)00000000
0000000000000000000000000000000 p0000

1 P —> prev -> next = p —-> next;

2 p —> next -> prev = p —-> prev;

0000 27000000000000000000000000000 (a)0000
0(b)00000000
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25

*prev data *next

Sl O N S B

T -

Lo [
(a) AN d
. *prev data *next
N W
4 4
P 1\\ 2\ )3
REEERN

(b) At d

026 00OOO0OOOOO

*prev data *next

| e [ T |

o°

(a) HilbxRT
1
*prev  data *next T
T [ e[ Te [ s ]| [ e
‘& g
(b) HIBRHE

027 OJ0OOOOOOOO

gogobbooooboboooobboooobbboooobbbooobbbooon
ggoboboooobobooooboboooooo

214 0OO0OO

gobboboooooboboooooooboboooooobobbooooboon
gogobtboodobbtbooobbooobbuoodobboobbuoooobbooobo
0000000000000 0000O(stack) 00000000000 OOOOOOO
gogobboooobbboooobbbooobobbooobooboooobbooon
gogobboooobbtboooobobbdooobobbooobob bbb booon



26

020 0000000000000

0000000000000 LIFO(last-infirst-out, 000 000000)000000O
0000000000000 000000000000COO00D00000oooooo
gogouobobbodooooooobtboooouobbboooooobuobobboUooo
D00 main 0000000000000 00O00000D000000OODOd (recursive
ca) D0 0OD0O0O0O COOO0OO0O0O0OO0OOD0ODOODOUOUODOODOOOOO

N —

— sp
N-2 |DATA(K-2) | top

STALK 2 | DATA2

1 | DATAL

0 | DATAO bottom

028 O0OOOOOOOODOOO

0000000000000 000O0U0o0oO0oU0oo0oUooOoUoooUO 100 (O
0)OOO0D0OO0O0O0OO0OD00O00D0D00000000D00000000D0DO0O0oDO0O00O0
ODO0000000C0CO0OD00O0OO0OOtep@mOODOODOOOOODbottomdO0OO0O0O
OMtop0 000000 0OO0DODOO spO0 0000000000 OO0OO0OPUSHOODODO
O00000000000000000 spO0D00000000000DO0ODOOPOPOO
0000000000000 00O0tep0 000000000 DATAO O DATA(N —2)
OO0o0ob0o0obD 2800b00b00b0bOo0bOoOob spOooboooboong
0000000000000 0O000000000 PUSHOOOOOO spOO0ODO 10O
O (sp000 100)0POPOOODOOO spUO0ODD0 1000000 (spO0O0 —10
0)0OO0OD00D0000000000000000000000000oo0ooooo

gogooouooooobobboooooooouooboooooon

e PUSH(z,sp) : UO0O0OU spOO00O000 2000000
e POP(xx,sp) : 0000 sp00000000000O0OO0ODO0ODO0ODOO %O

goood

PUSHOOOODOUOODODOODODOOOOOO 210000000 (SIZE)O 10000
O0D00000D000D0O0 stackDx DO0000OD00O0DOspO00000DOO0ODOODOODO
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400000000000DOO00OO0ODOO0OO0OOO0ODOODOOOODODObOODOOIODbOO
—-1000000D0000000Db0obDOb0s b0 7T0Db0 spOO0OD0O0OO0 xO0DODO
U0spUOdobbOo0ooobobobooo

oooooo 21 PUSHODOO

#define SIZE 10
int PUSH(int x, int sp)
{
if (sp < SIZE) {
stack [sp] = x;
sp = sp + 1;
return sp;
} else {
puts(”stack_is _FULL!” );
return —1;

O00 POPOOODOOODODOOODDOOODD 22000000000000000
OO0 stackDxx 00000000000 Osp0O0O0O0O0O0OOOoOOooOOooooooos
goo0o0o0ooooOoooooboobOobOobooooboobooboobooogo9nDoo
—-1000000000000000000040 6000 (sp—1)0000000 *x
ggobbhUOsphOooonoobooooonon

oooooo 22 pOPOOODO
int POP(int xx, int sp)
if (sp > 0) {
xx = stack[sp — 1];
sp = sp — 1;
return sp;
} else {

puts(”stack_is EMPTY!” );
return —1;

215 0000

000000000000000000000000 FIFO(first-in-first-out) 00 0 O
000000000000000000O0(quene) 0000000000000 0OOOOO0
goobboooobbtboooobbbooobobbooooboboooubbboooo
goobobbboooooooobboooouobbboooobooobbbooboooobono
guoobobobooooguoooobobobobobooouooobboboooooboboboobooooonon
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020 0000000000000

goooobbodoooouoooboooooboobboooouoobbobooog
O head 00000000000 DOODODOODOO0OO0OODOOtalOO0DODOODODODOO
OooooobO0o10b00oo0bo0ooboob0oooboobobooboooboooo
head-taidl 00000 100000000O0OC0O0DOO0OOOOOO0ODOOOODODOOO
gobbogobobobuoooobboooobbboooobbbooobbboooobo
00000000000000000000000 (Do0o0)UoooOooooUooo
000 tedl OO0O0ODOOOO0OOODOOOODOOOOOODOOOOOOODOOD
O000000000D00000000BheadODODOOO0 tedlDOODOOOOOODO
goobboodoobobuoooobbuoooobbboooobbbooobbbooobo
00000000000 0D0000000000D000 tedl OODOOOODOOODO 10O
000000000000 00000000000D00D0000 headOODOODODOO
00 100000000000000000000O000000000000000 tasl
OO00000000O0OhRead000COODODOODOODOOOOODODODOODDOODO
OO0D0000 headODODO te!l DODODOOD0OODOOODOODODOODOODODODOO
goboboodooobuoooobobuooooboboooobbbooobbboooonoo
O00000000OheadD0O0OD0O teel OO0DDOOOOOODOODOOOODOOODO
0000t ODODODOODOODO headDODOODODOODOODOODOODOODOODOODOO
oooboooboboooboooobooobooboboobobobooboobo 10D o
ODO00000000D00O0D headODOOOO te! OODDOODOOOOOCOODOOCODOO
OOo0oOo0ooobobbooobbooo0o 290b0bU00o0DbObbOO0OoUDbDDbDO 8T
OOobOoO0ooO0oOoOobOoboOooooboboooooobooryooooo

1
tail head

DATAS DATA2

DATA4 DATA3
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029 00O00ODOOOOOOOO



©C oUW N -

— ==
W ~O

QOO 00O Ui WN -

[

21 0DOO0O0O0O00O0O 29

ggoboboooobobboooobobboooobooboog

e ENQUEUE(z, tp, hp) : 0000 tpO0000 hpO000000000000
000000000000 000000 2000000
e DEQUEUE(xz, hp, tp) : 0000 hpOOOOO ¢p 00000000000

O000 Ap000D000D0O0D0O0D0ODOOODOOD0O0O xx00000OO

ENQUEUEODOODOODOODOOODO0OODO0O0D0O0 230000000 (SIZE)D 1000
0000000000000 quenelx 000000000 tp 0000000000 ORp
g0oo000O0o0O0o0OOooOooOooD4o00b00bO0bOobOOo0OOU0ObOU0ObOOobDOooDOooDOoon
ooo0oobollodbD -10o0o0o0obo0oboooobOobboooOos0 8boooOon0
OtpUU0O0ODO0O0O0OOpOOOO0OODOOOOOoonO

000000 23 ENQUEUEOOOO

#define SIZE 10
int ENQUEUE(int x, int tp, int hp)

if ((tp + 1) % SIZE !'= hp) {
queue [tp] = x;
tp = tp + 1;
tp = tp % SIZE;
return tp;

} else {
puts (”queue.is .-FULL!” );
return —1;

OO0 DEQUEUEOODODOOODOOOOODOOD 240000000000000
O0000 quenel«xx 000000000000 OOO0ODOOO0O0O0OOARpODODOO
ooooooooooo3booooboboboboboooboobooboooooDooDoo
OO00o000oDl0000 -100000000000D0D000000D40 7000 hp

0000000 «xx 000000 O0O000OO0O0ODOOOOOOO

Oooooo 24 DEQUEUEOOODO
int DEQUEUE(int *x, int hp, int tp)

if (hp !'= tp) {
*X queue [hp];
hp = hp + 1;
hp = hp % SIZE;
return hp;
} else {
puts (”queue.is EMPTY!” );
return —1;
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020 0000000000000

11
12

}
}

216 O0OOOO

@bt ooboboobooobooboooobooboo
oobobooooobboooooooobboboooooooDbbooooUouog
0 (node) 00O 00 (vertex) D0 000000 VOOOODOOOOO ECV xV OO
0000000000o0o0o0o0oooooo G=(V,E) 0000 (graph) 0000

000 w,v00000FOO0000 ed e=(u,0) 00000000 e 00 (edge)
O0000O(branch) DO0000000D0 e0 w0 v 00000000000uwO w
00 ed000O(end nodes) 00 0000000000000 ODOODOOO (undirected
graph) 00000000000 0000000 (u,v)0 (v,u) 00000000000
00 (directed graph) 000000000 () 00000000000 DO0ODO0OOOOOO
0000000 (u,v) 0000w O00000 000000000000 (u,v) 0 w00
v0000000000O0(arc) 0000000 O0O0O0O0 e=(u,v) D000uw0 v
00000 (adjacent) 000 0000000000000 0O000O0 e00uwO00O v0O
0000 (incident) 00O O

(1) EEEMZ T 7 G =(V,E) (2 EM%ESF7 G=(V,E)
@ el @
V' ={A, B, C} V ={A, B, C}
E' = {ei} E ={ey, e, ez, €2, es}
@) HMEM ST 7 G =(V,E) @ HMEEST77 G=(V,E)
m e e
V' ={A, B, C} V ={A, B, C}

E' ={e1, ez} E ={e1, e, ez, €2, es}

0210 0OOOO

O0O0000b0 21000000000000000DO0«w00000wW00DO0O0O0OO
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0000000 (degree) D00 0deg(u) 000000 (2),(4) 00000 es00000
0000000000000 00000 (self-loop) 0000000000000000
0000000000000000000000 (2)000deg(B)=40000000
0000000 «w000000000000 « 0000 (indegree) 0000w 0000
00000000 « 0000 (outdegree) 000000000 (4)000000 BOODO
0000400000 20000

02100 (2)0000000 ey, € 0 ey, e, 00000 (4) 0000000 e, € O
20000 200000000000000000 (multiple edge) 000000000
00000000 (multigraph) 0000000000 (4) 0000000 ey, €, 000
0000000000000000000000000000 O (simple graph) 0000
000 G=(V,E)00000V/ CcvVO EFCEDDDG =(V,E)000000
0000G 0 GOOOODOO (subgraph) 0000000000000 GO G'00
000G 000000000000 GOOO0OO0O0O000000000000000G’ O
GOo0O00O00O0O0O000O00O0O0O0O0On

V' 2 {u,v € V| (u,v) € E'}

00000 2100000 (1)0D0O0O0 G'D (20000 GUOOOUOODOOOOOO

good
V' ={u,v e V| (u,v) € E'}

00000000 00G 0O FO0O0DD00OO00O0OO (generated) OO OO0OO
0 (induced subgraph by /) 00 000000G 00000 VVOODODODOOOO
0 GUO0000 FOO0O0O0D0O0O0O00000000 2100000 (1)0000 G'O
(20000 GOOUOO0OUOO0OODOOOO

agoo
E' ={e€ E|u,veV'}

000000G 0V 0000000000000 0DDODO (induced subgraph by V')
O00000000G Oo000 FFO0O0OO0OO0OO0OO0O0O0 Gooooo vVvooooooo
02100000 (1)000O0 G0 (2)0000 GUOOODOOODOOOOOO
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020 0000000000000

000 G=(V,E)000D0

P:'Ul,’UQ,"‘,'Uk
OO0 (v, vig1) €E, i=1,2,-,k—10000000v; 00 v, 0000 (path) O
0000000000 vy, vg,---,v, 000000000 (simple path) 000000 P

OO0O(length) DOO0OO (k—1)0000000 POODO OO0 0wO00O0OO0OOO
POOO(cycle) 00000000000 0O0O0OOOOODOOOODOOODO 211000
goo

\ \

b O
G (e

P:ABC,D P:ABC,D
HUMIRER K& 3 HUMIRER K& 3
P:ABC,D,C P:ABC,DC
TR VR RS 4 HUI IR VR RS 4
P:A B,C DA P:A,B,CDA
HUMIPAR K 4 HUMIPARL K& 4
P:A/ABCDA P:A,ABCDA
BT £S5 BTl RS 5

0211 OO0OOO

00000 GUOOO0OO0O0000 2000000000000 G000 (connected)
000000000000000000000000000000 (acyclic) 000
0 (undirected tree) D00 (0 2.120 (a))00000000000000000000
00000 (directed tree) 00000 (O 2120 (b)) 00000 (root) OO OOOO
0000000000000000000000000d (rooted tree) DO O OO (O
2120 (¢))000D0D0O0D ADDOOUDOODOODOOOODOOOODOOOOO OO
00000000000000000000 (uw,v) 0000 w00 (parent) 00000
Ov00(child) DOO00O0000000O0OOO (internal node) 0000000000
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0000000 (external node) 00 0000000000000 OOOODODO (siblings)
00000000000000000000000000000000 (eldest brother)
000000000000 000000000000000000000Od (tree) O
ooobO0obOooOoTo0o00«wO0oo0O0OD0O0ODODOODOOOODOOODOODOODOD
vOv000000000wO vO000 (ancestor) 000 0v 0 w0 OO (descendant)
0000d00o0bO0o0oDO000ObO00b0o0ODO0O0OD0bDOO00TDOO wOOD0DOO
w0D00000000000TOOOO (subtree) 0000000000000 |E|O
000 |V|OOOOO|E| =|V|-100000000000 100000 (leaf) 00
000 TOOD0D0D0DwO00O00000000 w000 (height)OOOOOOOOOODO
O (tree height) 00 0000000000000 00 «000000000000 w0
O0(depth) DO0OO0ODO 2120 (¢)0000O00 BOOOOD 10000 100 TOOO
020000

(@) AT (b) AEAT (c) BATEART (AT)
(P72 L) (P72 L) (P72 L)
0212 000

00 2.3. 00000000000000O0O0OOOOO0O [20]0

1. 00000000000000000000
2. my, ne, ---, npyO0000O00Ty, T, -, T, 00000000000 nDO

ny, ng, -+, np 0000000n00000000OO0O (O 2.13)0 0

00000000000000000000000000A0 (treverse) 0000000
gooomooboooooboooobooooobobobobUo 21400000000
goobboodoobobtboooobbbooobbbuooob bbb bbooo
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020 0000000000000

T T2 Tk

0213 Ty, -7, 0000000 7000

start

7N\

)
AN
@@R@

0214 O0OO0OOO

OO0DO0o0o0oo0ooboOo 300bo0obooonog

e U0 (preorder)

1. 0000b0o00n
ggooooooboboboon
gbobobooboooboon

- W N

uobooboooooboobod
00000000A, B, D, E, F, C, GOOOO
e 00 (inorder)
1. 0000bOo0oogooooo
goobooon
goboboobooooooobod

- L

0000000000000
ooooooooD, B, E, F, A, ¢, GOOOO
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1. 00o0ooo0obooobon
gobobooogooboood
goooooon

= W N

ugoobooooooood
ooooooooD, E, B, F, A, C, GOOOO
e 00 (postorder)
l. O0ooooobooobon
gooooooooooot
goboboooooboboo

= W N

00000000
ooooobD, E, F, B, G, C, A0O0OOO

22 JOOOOoOg

0000000000000 00000D000000D0D0O000D0O0Odsearch-
ingd0 0000000000000 0OOOrecord00O000O0OOOOOO0ODOOOODDO
O00000OkeyDODOODDOODOODODODOODOODOODOOOOUOODOSsearch keyd O
00000000000000000[31]

23 20000

gogobobooooboboooobboooobbboooobbboooobbooon
0000000000000 000000O0DbOO0000DO0O0 2000 binary tree0d 0O

002000000000 [32)0

00 24. 200 7T00000000000DO0000O0OO0OOO

l.TO0O000DO0OO0OOODOODOObOODO
2.00000000100000D000DO0ODOO0ODO 2002000000000
OOooOoooobooong
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02150 2000000000 ()0 (b)0 20000000 7,0 700007,
07,0000000

T, ={A, B,C, D, E, F, G}
T, ={A, B, C, D, E, F, G}

O00000 POOODOO 10 30000000PO0O0ONODODOAOpartially ordered
set00000000000000D00D00O00O0ODOO0O0O 48]0

1. 00D zePOODOD0O0Ox>20000

2. z,ye POOz >y OO0 y>2z 00 x=y 0000

3. z,y,z€e POOx >y 00 y>200 z>20000

4. 000 z,ye POOO0ODz>y 000 y>2 00000000000

OO0O0000Db00 200000000D00DOODOD0OOOODObOOO 2000
OO000000000000C00DOC00000OD totally ordered set0 0D OO0 OO0
40000000 2150 ()0 (b)00O0OD 20000000000000000OOO
gobbooooobuoooobobuooooobboooobbboooobbooogoboo
O0o00000o00obO0o0n”yo I,OODOOOODOOoOoDOoDOoD

T.:B<F<A<(C<(@G
T, : F<B<A<(C<G

000000 (a)0 (b)00002000000000000000000 (a)0 (b)0O

(@) (b)

0215 20000
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0000000000000000000000000000000000000000
OsearchingD0 000000000 OOO 200000 binary search treed 00 0O O
000200000000000000000000000000000000 20
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000 z=ajas---a; 0
y=0biby---p 0000001 <000 x<y00000000000001<:000
O000a; =b(j=1,2,---,i—1)00 a; < b 00002<y00000000000O
000000000000000 [1900000000000000000000000
2000000000000000000000000000 (00000000000
O000000)00000000000000000000000000000000
000000000000000000000000000000000

str:l 3|1 3] 8]0

313]3]\0

0216 00O0O0ODOOODO 20000

0216000000000000003380000000 A0 33300000010
00000000020 0000000000000000 ADDOOOOOOOODOO
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020 0000000000000

OO0 pO0O0ODOO0OOOO0O0ODOODOO OODOO0OO0ODODOOOODOODODODODO
0000 oD0OO000O0O000OOO00O0 pOODOOUODOOOOODOOOD

231 20000000000

O0o0D0ODbO0O0O0 2000000000020000000000000D0DDODDO
ooo0obooboobobolboobbOo 20000000 bOoob200bUOoODbO
goboboooooboboooobobooooooog

I

struct binary {

2 char element[S+1];

3 struct bin_node *left;
4 struct bin_node *right;

5 };

200000 element 0000000000000 O0D0O0OD 20000000 mODO

0 SO00000z00000 a;€Z (0<a;<m, 0<i<S—-1)0000 z00

r=apap - as—1

O0000000 0200000 char O0O0OO0O0O0OODOO3-4000000000
O0000o00b0oo0obobooooDbooooDb10o0oDboOooooDoObOooooo
char00 1000000000 SO \0ODOO0OD0OS+1(=C)000oooooOo 4
00000000 8000000D 100000 (C+8)0UD0DOOO

232 20000000

goboboooobbbooobbboooobbbooooboboooobboood
gobboooobobboooobbboooooo

e (1[0
e [

e (I
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e JO0OUOUOODDODOOO

TOODODODOOOOoOobOoobODOoOooOobOOoobOobDOOobDOoUobOoDbOoobOobDooo
ggoboboooobbboooobbbooobobbuooobobobuoooobbooon
ggoo

e >=" 0 >0000
e ‘<= 0 <O0O0OO
el=" 0 40000
e ‘&& O OOOOOOOO
e’ O 0DOOOOOOOO

e ">’ 0000DOU0DODODOODODODODODODODOODO

g

TO0O00000O0DO0O0O0OO0ODODOO0OO0ODO0O0OD 10000oOOobDOobObOOobOOoDo
ggobobooooboboooobobbooooboboboooooboooobobooon
0oo0oo00ooobDo0ob0oboooobDoooDooboobDoDoobooDToDOoOO
0Obo000o0odDO0oo0obOobO0oobOobO0ob0bOO0oTODOODODOODObOOOD
gogoobooooooogad

goobboooobobboooon

ggoobbooToonobooood
1 a TOOOOOOOOOOOOOOD2000000
b TOOOOODODODOOOODLODOOO4000DOO

2 a 00OOO0OO0ODQOOOOOO <UODUOObODbDOOOOObOO
> goboooooboboooobbbbortoooooog

b DO00O0OODODOOOODO >»000000000000
> gugoooboooooogootbbnbi1oooga

c UO0OUOOoOobbobUood =duubbbuooooobo
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020 0000000000000

-> 3000o0o0d

3 a 0O0OOOOOODOODOOOUODbDDbDOOOO
> gobooboooobooooooboboogaa

b ODUOO040OoOoObOOoOoOooobOOoooooon

-> 001000001 0b0booan

4 TOOOODOODODOOOOOO -> 000

HEN
TOOOD0ODO0O0OO0ODOOO0ODOO0ODOO0ODOOo0OO0ODOO0ODOO0ODOO0ODbOOU0ODOODOODODOODOO

OO00bO00O0o0bOO0obOOoToobO0ob00o0obOooOU0obooobOoooooroobooo

OobOooboobOoboooooobooobooobobobo217y0ooOoOd

¢ @~ o~
// i (=)
@
208N 0O (= @
OB ONO ©

0217 0O0OO

HEN
OOoDboo0ob0Too00ob00oooO0o0booooOoobDobOo0boobDoobDOoboboooo
OO07oo0000ob0b00o0obOoboobooooob0oboboooobooboooDOoboo
Ooobo0obOooOobooobOooobobooboboOooobbo0o 218000bOoDbOobDO
goboboooobobboooobboooobobog
0218(a) 00000000000 O0O0ODOOD (0)00D00DD0OD0ODOOOOO
02190000
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(8) FAME(E L 220 (b) 45 DT HFE L 220 (©) EDTFHIFEAE LI (d) T DT DEET %
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HIER
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0219 0O0OO

0218(b)0 (¢)DU0O0OODUOOODUOOODUUODOODUOOODUOOOUOOOUO
oooobOoobooboobo 22200000
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o HIlER
<
B C

0220 O0DOo0obOOooooboboooo

ggoboboooooboooobboooobbboooobbboooobLbooaoan
gogooboooooood
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000000000000 (00000000000 0o0O0o0oUooooO)0DUoooa
OOoDO0b0oo0oO0ob0Og 2210000

0221 0O00OOOOODOODOOOOO

ob040000000000000DODO0O0DOOOODODOODODODDOODOODbDOn
O0ooo0obobooobooobbuoobobooobboobbooboboo 22200
0000 (000000000000 000000D000000O0 20000000
0000000000000 00D00O000000000 ADODODDOOOODOOODOO
00 (bh)J0O0O0O0 AUODDOOUOOOUODOOUOOOD AUO 100000000
00000BOO0OO0OODO0OD0ODODOODO (¢)000O0O0 BOODODODDODOOOO
000000 BOOOOUOOOOOUOODOOOUDOOOODODO0OOOoOoooodoooa
goboboooobobbooooboboooobooooad

gooboooooboooogn

1 ggoboooooobobooooobooooobobod
a 000D0OO0O0OOO0ODOD -»>0O00D00ODO0O0DOO0O0
b DO000OO0ODOOOOODOO ->00000000D0OO0000OO
goobooooboboooo1oobooan
c ODOOO0OO0OO0OD0OODOOO00O0 > 0O00ooboboOooooooooon
gobboooobboooo1bobbuooaon
d Jodbooooooooon > gbbooooboobbooooobooodg

gogodouobooobbbboooooooorionobobobon
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gogobobooooboboooobboooobbboooobbbooobbbooon
oboobobOobo0o 1g00o 24000b0b00oo00o0obo0obOoboboooboooo
o0ob0o0o0obb0o 21400 3000000b00O0DO200DbD00000000ODO
ggoooooooood

1. 00b0bboooobooon
2. 00000000

. oboboooboooboon

gogobobooooboboooooboo

ggoboboooooboooooo

TOUOOwODOOO
1 a UO0uwOoooog -> 2000000
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2 uwlOOOOOOuwOODOOOOODOODODOOODOODCPusH? OO0

> 1000000d
3 uwdoooooboooooon

4 wOOOOOOwWODOOODOODOODOODOODOODOCpusH’ ODODO

> 1g0goood

5 [0000DOO0O0OO0OOOODODbOc‘pop? OO0
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234 20000000000

00 2.1. 0000»n00020000000000000000000000(logn)
gooo

gb.200000000000000D00O00D00D00D00O0@OobOobooboobOob
gogoooooooboobobbbboboobotboodiddddooombobooog
OO0000d00@oo0ooo0oodoo0oo0oooD0o0o0O Do0ooD +1oo
O00000000000000D0oO0oo0000DoDoDoOo0oDoOO00oDoOOoOoO0oDo
oooboobobooooboboonbO0O0ObOObOObDOODODOODbDDODDO 1O
000 O(r)0000000000000000D00D000 nO00O0D00000000O
(=0000)0000000000XI0000000000000DO0O0OO0ODOO0O0OO
0Cr)U0000000O00O0O00O0O0O0O0O0UO0O0OODO0O0OOOOUOOOOOOO
00000000000 (n—1)000000000000O00O0DO0O0OO0ODOOOOO
oooboo0obOooboobooboobOoboobDooboobU0«sOOo0obOo0oDbOd
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O000000000000D0D0000 ‘RIVO000D0O0O0O0O0O0OO0 enum subO0O0O
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0100000 S+1(=C)000000000 400000 1200000000 40
000080000000 100000 C+200000000

1 enum sub {RO, LT, RT};

2 enum diff {EVEN, LEFT, RIGHT};

3

4 // AVL_tree 0O OO ODO
5 struct avl {

6 char element[S+1];
7 enum sub sub_tree;
8 enum diff diff;

9 struct avl *left;

10 struct avl *right;
11 struct avl *parent;

12 };
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goooono
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good
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#include <stdio.h>

#include <stdlib .h>

#include <time.h>

#define M xxx // M
#define N xxx // O
#define S xxx // O

int main(void)

{

FILE xfile;

; // 0000
int n, s; // 0000
char c¢; // 00

if((file = fopen(”xxx”, "w”)) = NULL) {
printf(”can’t.open_file\n”);
exit (1);
}
srand (time (NULL) ) ;
for (n = 0; n < N; n++) {
for (s = 0; s < S; s++) {
c =rand() %M+ ’0’;
putc(c, file);
fclose (file );

return ;

}
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*1 CPU Intel Core 2 Duo 2.4GHz, Memory 2GB, OS Mac OS X 10.5.2, GCC 4.0.1
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041 20000000000 AVLOODOOO (n=10,0000,000)

oo \S 10 20 50 100
time 25.00 26.14 32.34 43.08
. memory 181.20 276.57 562.67 1039.51
binary tree
depth 29.30 29.87 29.47 29.13
compare | 1,103,373,285 1,109,017,665 1,105,470,641 1,101,540,112
time 23.39 26.07 31.25 38.07
memory 295.64 391.01 677.11 1153.95
depth 21.69 21.71 21.70 21.69
AVL tree
compare 878,915,647 878,986,886 879,202,647 879,453,238
single 2,331,313 2,333,705 2,333,606 2,333,100
double 2,322,557 2,324,774 2,324,524 2,324,749
time 12.91 14.34 19.28 26.60
memory 489.76 594.21 906.98 1428.19
depth 15.15 15.16 15.21 15.18
ext AVL compare 197,289,980 197,331,781 197,797,854 197,561,008
single 663,034 662,918 662,962 663,148
double 569,203 569,946 569,442 569,672
label 926,702 931,211 931,489 930,105
n = 10,000,000
45 1500
binary(MB) ——
AVL(MB) meneme
ext AVL(ME) mummmm
a0 k binary(sec) - S
AVLl(sec) —-—¢—
ext AvL(sec) - -x - 1200
35 ___,,—~""/
8 a0l " 900 .
E = 8
L @
& @
15) 600
300

50
digit:S

041 SOO00O0OO0O0DOOOOOOOOOOOOO
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2 struct ext_avl {
3 char element [S+4]; // 00000000

*2 CPU Intel Xeon 2.33GHz, Memory 8GB, OS Red Hat Enterprise Linux 5.5, GCC 4.1.2
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4 struct ext_avl xleft;

5 struct ext_avl xright;

6 struct ext_avl xfront;

7 struct ext_avl xback;

8 struct ext_avl xcenter;

9 struct ext_avl xparent;

10 };
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e e e
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typedef struct {
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struct STnode {
entry b[k+1]; // kO O BO
int m; // 00000
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// 00000000000
struct ext_avl {
char element [S+4]; // 000o0oooo
struct ext_avl xleft ;
struct ext_avl xright;
struct ext_avl xfront;

struct ext_avl xback;
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8 struct ext_avl xparent;
9 ki

0 // 0000000

11 struct ext_avl xcenter;
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gobobooooobuoooobobooooboboooobbboooobbooooobo
ooob0o0obobooobooboobooboboooboobobooobobboo 200
OO0OoboO0o0oboobobobooboobobobobooob s20000b

odo0oog 5.2 oOooooadad
// 0000000

struct ext_avl {
char element [6]; // 0000000
struct ext_avl xleft;
struct ext_avl xright;
struct ext_avl xfront;
struct ext_avl xback;

struct ext_avl xcenter;
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struct ext_avl xparent;
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1
n(S + 28) = 1.0101n(log n + 28) (5.1)

2
n(S + 28) + 10000

OO0O0OO0lgOOODOOOOOO
0000000 AVLOOODODOODOOO0O0OOOO0OO0O00o0oooo 400000

1
n(2 + 28) = n(logn + 24.303) — d (5.2)
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0O (.1)00 (5.2) 0 n=10°d =5 x 10° — 111,110 = 388,800 0 0 0000 O

0 (5.1)00
1.0101 x 10°(log 10° + 28) = 3.17891 (MB) (5.3)

ooooo (5.2)00

10°(log 10° + 24.303) — 388,890 = 2.42368 (MB) (5.4)

0000005300005.4000000.7552340MBO00O0ODO (5.3)0000000
00000 23.7576% 0000

1000 10000000000

0000000000 1000 1000000000000000000000000n
OD0n=1000000000 AVLOOOD1000000000000000 1.010%
00 3200000

0 (5.1)00 (5.2) 0 n=10% d=288,888,888,800 00000000 (5.1)00

1.0101 x 10" (log 10'? + 28) = 357.477 (GB) (5.5)
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100000

n(S +28) + n(S + 28) = 1.00148n(logyg n + 28) (5.9)

ggoo
0000000 AVLOOODODDODODOOODODOOOO00000000 400000

148
100000

n(S +24) — d + n(2 4 28) = n(logys n + 24.0444) — d (5.10)
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1.00148 x 26°(log,g 26° + 28) = 374.475 (MB) (5.11)

00oo0 (510000

26° (logy 26° + 24.0444) — 47,050, 250 = 284.23 (MB) (5.12)
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0000000000200 1000000000000000000000000n
OD0n=2600000000 AVLOODO260000000000000 0.148% O
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00000000000

84000 randomarray 00 0000000000 OCO0ODOOO NOOOODOO SO
000002000 000000000000main 000000000000 OOODO O
ddnoooOonooooooooooooooon
000000SO000000000mmsert 000000000000 makeleafO 00O
ogooa
00000O0SO00D00D000dO0Osearch 00000000 DOO0O
D00000SO00000000Odelete 00000000000 delete_case 00 0O O
goooooooo
O00000printbinary 00000000000
/% kKRR KRR KK o oK oK SR K KKK KKK K K R K oK oK oK SR KKK KK R K KK

* *

* binary_search_tree *

* procedure Create, Search, *

* Delete & Print *

* *

sk K o ok KKK K K Sk KK KK oK KK K R K KK K KKK K K K KK K KK KKK Kk ok ok ok /

#include <stdio.h>

#include <time.h>

#include <string.h>

#include <stdlib .h>

#define N xxx // 0000

#define S xxx // 000000
#define D xxx // garbaged 0000
enum answer {YES, NO}; // 00

// binay_tree0 00000

struct binary {

char element [S+1]; // 0000 SsS000

struct binary xleft; // 00o0oo0o0ooooooao

struct binary x*right; // 000000000000

};
struct binary sxheader = NULL; // 00000000
void random_array (void);

int menu(void);
void Insert (void);

149
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31 wvoid Search(void);

32 wvoid Delete(void);

33 void Print(void);

34 enum answer insert (char x);

35 struct binary sxmake_leaf(char x);

36 enum answer search (char x);

37 enum answer delete (char =x);

38 struct binary xdelete_case (struct binary x);
39 wvoid print_binary (struct binary =x);

40

AT skokoskoskokoror ok ok ok ok sk ok kKK R KK KK R K K R SRR K KR KRR KSR KRR KK KRR KRRk %
42 * matnl 0 *
43 «+ 0 T0o0o0o0o0o0obo0obgoooocbobooboooboboboog =
A4 sk koo ok skok ok Rk sk koK K kKK KR R KKK K SRR K KKK R KSR KR KRRk Rk R ok kok ok % /)
45 int main(void)

46 {

47 int bt; // 0000
48

49 random_array ();

50

51 while (1) {

52 bt = menu();

53 switch (bt) {

54 case 'I7: // 00

55 Insert ();

56 putchar (’\n’);

57 break;

58 case 'F’: // 00

59 Search ();

60 putchar (’\n’);

61 break;

62 case 'D’: // 00

63 Delete ();

64 putchar (’\n’);

65 break;

66 case 'P’: // 00

67 Print ();

68 putchar (’\n’);

69 break;

70 case 'E’: // 00

71 exit (0);

72 break;

73 default:

74 puts (”input ,_again!\n”);

75 }

76 }

7

78 return O;

™}

80

BL /% sokoskokok ok skookok ok skokok Kk ok koK K sk ok ok KK K KR KK KKK KR KKK R OK K OR R ROR KRR ROk ok
82 *+ OO0 OD0ODNODDOOOOOTOR20000000 *
83 Kok ok ok ok KKK KKK R oK K SR SR K KKK KK K R R K K SR SR KK KRR KRR KKK K KRR R R R Rk %/
84 void random_array (void)

85 {

86 int n, s; // 0000
87 char str[S+1]; // 000 SO
88

89 srand (time (NULL) );



90
91
92
93
94

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148

151

for (n = 0; n < N; nt++) {
for (s = 0; s < S; s++)
str[s] = (rand() % 10) + ’0’;
str[s] = "\0’;

insert (str);

}

return;

}

kKK R o ok ok ok ok kKKK K K R R oK K R R KKK K K K K R R K R R R KKK R KRR R Rk Rk ok
* oooboODoooooan *
+ D O0oooboooobboboooobnb *
ok Rk kK R R R R R R R R R KKK R R R R R R R R R KKK R R R Rk R Rk Rk Rk kR %/
int menu(void)

{

int ch; // 000000000

char gar[D]; // garbage

puts ("MENU\n\tI...insert\n\tF...search\n\tD... delete\n\tP ... print\n\tE
...end” );

ch = getchar ();

gets (gar);

return ch;

}

Sk K K KKK KKK K K R o o o oK o o ok 3 3 K KK KK KK KKK K R oK o o o oK o o o K K K K

* 0oooooUoooUooo(oouUooUoooooaog)

ko ok ok kKK R R R o o o R R kKK K R R R R R R R R R KK K R R R R Rk Rk Rk Rk %/
void Insert (void)

{

int c; // 000
int s; // 00
char str [D]; // 0 0 0 DO
enum answer a; // 00 or not
int len; // 0000
do {

printf (”input._number(%dwords).\n”, S);

gets (str);

len = strlen(str);

} while (len != S);

a = insert(str);

if (a NO)
puts ("ALREADY_EXIST.” ) ;

return ;

}

ko R o ok o kR kKKK K K R o o o R R KKK K K R R R R R R R KKK R R R R R R Rk ok
* grogoooao
ok ok ok ok kR kKR KK K R R K R R R KKK K K K R R o S R R K KKK R R R R KRR KRR R R R %/
void Search(void)

{
int len; // 0000
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149 char str [D]; // 000

150 enum answer a; // 00 or not

151

152 do {

153 printf (”input_number(%dwords).\n”, S);

154 gets (str);

155 len = strlen(str);

156 } while (len != S);

157

158 a = search (str);

159

160 if (a YES)

161 puts ("FIND.” );

162 else

163 puts ("NOT_EXIST.” );

164

165 return;

166}

167

LB8  /d skok ko kokokook sk ok ok ok ok ok ok ok o 3 3 KK K KKK KKK K oK R R ok ok K ok ok ok o R R R KKK KRR K
169 * goobooooobboood *
TTO sk koo ok ook ook ok ok ok o o o ok ok ok ok ok kK K R R R kR R KRR K R R KRRk Rk Rk k% /
171 void Delete (void)

172 {

173 char str [D]; // 00 0 DO

174 int len; // 0000

175 enum answer a; // 00 or not

176

177 do {

178 printf(”input_number(%dwords).\n”, S);

179 gets(str);

180 len = strlen (str);

181 } while (len != S);

182

183 a = delete(str);

184

185 if (a = NO)

186 puts ("NOT_EXIST.” );

187

188 return;

189 }

190

LOL /s ok ok ook s skookok ko o o o ok ok ok ok ok ok Kk o o ok ok R kKKK K R R KRR R R R R R R R
192 * O7r70ooo0ooobooobooobao *
193 ok ok kR KK KK R o ok Sk R R KKK K K K R R oK R R R R KK K R R R KRR R KKK R R R R Rk %/
194 void Print(void)

195 {

196 extern struct binary =xheader;

197

198 print_binary (header);

199

200 return;

201}

202

203 [ koo ko kR KKK KKk R R ok oK ok ok o o K K K KK KK KKK K R R R R K ok ok ok R R KRR R R Rk
204 * 000 s¢er00TOODO0ODO0ODDO (DODOODODOOOO) *
205 + 0000000 str0000 *
206 + 000D DO0D0D0D0O0ODO0O0C‘YES’D0DO0DODODOODOO NO” =«
207 «+ 0000 *
208 Kok ok ok ok KKK KKK K K R o oK oK oK oK KKK KK K K R R oK K K oK KKK KK K K R R K KKK KKK R R R Rk ok %/
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enum answer insert (char xstr)

{

}

int s = 0; // 00
struct binary =xxq; // 000000
extern struct binary xheader;

q = &(header);
while (xq != NULL) {
if (str[s] < (xq) —> element[s]) {

qa = &((xq) —> left);
S 0;

else if (str[s] > (xq) —> element[s]) {

a = &((xq) —> right);
s = 0;
}
else {
if (s =S -1)
return NO;
else
S++;
}

}

xq = make_leaf(str);

return YES;

/* Sk >k 3k sk sk sk >k sk sk sk sk >k sk sk sk sk >k sk sk sk sk 3k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk >k sk sk sk sk sk sk sk sk sk kok sk

{

*
*
*

gooooogao
ooobD0bOOstr00 0O
OO0O0o0oO0O0o0Do0oDo0O0000leaf0n0non

ok ok ok kKK K R o o R R R kKKK R K R R o ok o o R KKK K K K o ok R R KKK K K
struct binary s*make_leaf(char *str)

S

*

struct binary xleaf;

if ((leaf = malloc(sizeof(struct binary))) == NULL)
printf (”out.of _memory!!\n”);
exit (1);

}

strcpy (leaf —> element, str);
leaf —> left = NULL;
leaf —> right = NULL;

return leaf;

K 3k ok K oK oK ok K oK oK ok K oK oK ok K oK ok ok K oK ok ok K K ok kK oK oK ok K oK oK kK 3K ok K K K koK oK ok koK Kk
ooooooooooo((ooooooooao)
oooobogstrdnon
oooobOooOoooooooOof‘vyeS’00DODODOO
O ‘NO’'0DO00Od

sk % ok % ok ok K ok %k ok K ok ok ok ok K ok ok 3k ok sk ok ok ok ok K ok ok sk K ok ok K K ok ok K Kk Kk R K ok

enum answer search (char xstr)

{

// 00o0ooooo

{

* X X X X
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269  int s = O0; // 00

270 struct binary x*p; // 0o0o0o0ooao

271 extern struct binary xheader;

272

273 p = header;

274

275 while (p != NULL) {

276 if (strs] < p —> element[s]) {

277 p=p —> left;

278 s = 0;

279

280 else if (str{s] > p —> element[s]) {

281 p = p —> right;

282 s = 0;

283 }

284 else {

285 if (s=8S-1) {

286 return YES;

287 }

288 else

289 S++;

290 }

291 }

292

293 return NO;

204}

295

206/ kokoskokok sk ok sk ok ok Kk ok Kok Kk ok KK K oK KK K K ok KK K K K KK K K KK R KKK R K KRR Ok Kk
297 «+ 000000 oDoOOooUoo(ooooooooao) *
298 + JO0O0O0o0ooooobstr0ogn *
299 + 000000000 0OD0OC‘YyES’0000O0O0ODODOOO0O ‘NO’O *
300 « 000 *
301 Kok ok ok ok KKK KKK K R oK K SR K KKK KKK K K R K K SR SR KKK KKK R R K SRR KKK R R R Rk %/
302 enum answer delete(char xstr)

303 {

304 int s = 0; // 0o0o0o0ao

305 struct binary x*p; // 0o0ooooao

306 struct binary *xq; // 00o0Q00aoQ

307 extern struct binary xheader;

308

309 q = &(header);

310 P = *q;

311

312 while (xq != NULL) {

313 P = *q;

314 if (str[s] < (%xq) —> element[s]) {

315 q = &((xq) —> left);

316 s = 0;

317 }

318 else if (str[s] > (xq) —> element[s]) {

319 q = &((xq) —> right);

320 s = 0;

321 }

322 else {

323 if (s=8S-1) {

324 xq = delete_case(p);

325 return YES;

326

327 else

328 S++;
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}
}

return NO;

sk % ok % ok o ok ok ok 3k ok ok ok ok ok ok Kk ok K K ok ok ok ok sk ok ok ok ok ok ok sk K ok ok ok Kok Kok kX

o(ooooooao

O
O
O
O
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]
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oo
goobooboao

OoooO
OoooO
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OoooO
Oooo
OoooO
=00

ok ok o ok kK K K koK R R kK R R kK R kK K R Rk Rk ok R Rk Ok Rk R Rk Rk K
ruct binary xdelete_case (struct binary =xr)

struct binary x*p; // 0000
struct binary =xxq; // 0000

// 00000000 ooO0oNULLODOO

if ((r —> left = NULL) && (r —> right = NULL)) {
free(r);
return NULL;

}

// 0o0o0o0o0oo0oooooOoNULLODOOO
else if (r —> left = NULL) {

q = &(r —> right);

p =71 —> right;
strecpy (r —> element, p —> element);
xq = delete_case(p);
return r;

}

// 00Q0000o0o000OO0NULLODOOO
else if (r —> right = NULL) {
q = &(r —> left);
p r —> left;
strepy (r —> element, p —> element );
xq = delete_case(p);
return r;

}

// 00o000ooooooooood
else {
q = &(r —> right);
p =1 —> right;
while (p —> left != NULL) {
q = &(p —> left);
p =p —> left;
}
strcpy (r —> element, p —> element );
xq = delete_case(p);
return r;

}
}

ok ok sk ok kR koK sk sk sk sk R sk R sk R kR sk ok sk sk R K R K R KR Kok sk ok R KRR SRR R SRR kR Rk K
* goooooboooouoooooboooooaaao *
S I I I Y e 0 B R B B A B N e N W R N Ay N R N *
ks ok ok ok ok sk ok ok K ok 3k ok sk oK ok ok 3k ok 3k k3K 3k ok ok K 3K 3 oK sk o ok 5k 3k K 3k 5k K ok ok K K kK ok Kk % */

* X X X ¥ X ¥
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389 wvoid print_binary (struct binary x*p)

390

391  if (p != NULL) {

392 print_binary (p —> left);

393 printf ("%s\n” , p —> element);
394 print_binary (p —> right);
395}

396

397 return;

398}
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AVLO OOOOodad

96000 randomarray 0 0000000000000 0ODOOO NOODODODO SO
OO0DO0D0DAVLOODODOOO0ODO0D0DOmain00000000000000OO0O
yobooobobboooobobooon
O00000SO000D000000Insert 000000000000 makeleaf0000O
O000000OOthinkdnsert 0000000000 O0DOOOO
O00000SO000Doo0ddOoOsearch00000O0OOOODO
000000SO00000000Odelete0000000000O00O think-deleteOO0ODO
gogoboboooooood
O00000printavlDO0O0D0O0O0DOOODO

/* 3k >k 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk >k sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk ok

* *
* AVLI_tree *
* procedure Create, Search, *
* Delete & Print *
* *
* *

sk 3k 3k 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk sk skosk sk sk sk sk sk ok sk ok sk /

#include <stdio.h>
#include <time.h>
#include <string.h>
#include <stdlib .h>

#define N xxx // 0000

#define S xxx // 000000

#define D xxx // garbageO OO OO
enum sub {RO, LT, RT}; // 0000000

enum diff {EVEN, LEFT, RIGHT}; // 00000000000
enum answer {YES, NO}; // 00

// AVL_treeD 00000
struct avl {
char element [S+1];
enum sub sub_tree;
enum diff diff;

struct avl xleft; // 0000
struct avl xright; // 0000
struct avl xparent; // 0000

[y

// 0000 sooao
// enum sub 0O O

// enum diff

157
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31 struct avl sxheader = NULL; // 00o00o0o0oan
32 struct avl *xparent_node; // 00000ooao
33 enum sub current_node; // 00o0o0o0oooooao

34

35 wvoid random_array (void);

36 int menu(void);

37 wvoid Insert (void);

38 wvoid Search(void);

39 wvoid Delete(void);

40 wvoid Print (void);

41 enum answer insert (char x);

42 struct avl xmake_leaf(char x);

43 void think_insert (enum sub, struct avl *);

44 void think_delete (enum sub, struct avl x*);

45 struct avl xrebuilt (struct avl x, struct avl x);

46 struct avl xsingle_rotation (struct avl x, struct avl x*);
47 struct avl xdouble_rotation (struct avl x, struct avl x, struct avl x);
48 enum answer search (char x);

49 enum answer delete(char x);

50 struct avl xdelete_case(struct avl x);

51 wvoid print-avl(struct avl =x);

52

B3 [k kkokskok ok sk ok ok ok ok koK Ok kKR Ok KoK K KK Sk KOk Ok KoK K K K Sk KK KK K KR R KKK R Rk Kk
54 * maind O *
55 « 0 TOOODDODDODDODODOOODODODDODDODOOOOODODDDOOO *
56 ok ok ok ok ok KKK KKK R K K oK K KKK KK KK R K K K K KKK KKK R K SRR KKK R R R Rk ok %/
57 int main(void)

58 |

59 int bt; // 0000

60

61 random_array ();

62

63 while (1) {

64 bt = menu();

65 switch (bt) {

66 case ’'17: // 00

67 Insert ();

68 putchar (’\n’);

69 break;

70 case 'F’: // 00

71 Search ();

72 putchar (’\n’);

73 break;

74 case 'D’: // 00O

75 Delete ();

76 putchar (’\n’);

77 break;

78 case 'P’: // 00

79 Print ();

80 putchar (’\n’);

81 break;

82 case 'E’: // 00

83 exit (0);

84 break;

85 default:

86 puts (”input ,_again!\n”);

87 }

88 }

89
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90 return O0;

91 }

92

O3 /s koo ok skokok ok sk ok ok Ok sk koK K sk KK K KoK K KR kKK K KKK R SR KR R SRR R ROk kK

94 + 0000 NOOOODODODODOTOAVLOOODOOOOO *

95 ok ok ok ok ok KKK KKK K K K K SR SR KKK KKK K R K K K SR KKK KRR KRR KKK KRR R R R Rk %/

96 void random_array (void)

97 {

98 int n, s; // 0000

99 char str[S+1]; // 000 SO

100 enum answer a; // 00 or not

101

102 srand (time (NULL) ) ;

103

104 for (n = 0; n < N; n++) {

105 for (s = 0; s < S; s++)

106 str[s] = (rand() % 10) + ’07;

107 str[s] = ’\07;

108

109 a = insert (str);

110

111 if (a = YES)

112 think_insert (current_node, parent_node);

13}

114

115 return;

116}

117

TL8 /% stk skookok sk ok ok ok ok ok ok ok oK K ok ok ok oK K 3 oK KKK K K KKK K KK R K KRR KRR R KRR KK X

119 * gooboooobobn *

120 + D0 ooooDboo0oooobobbood *

121 ok sk skok sk ok ok sk ok ok sk ok ok sk ok ok s ok ok K ok sk K sk sk K sk sk K sk sk Kk sk Kk sk Rk sk R koK Rk sk ok sk Rk ok %/

122  int menu(void)

123 {

124 int ch; // 000000000

125 char gar[D]; // garbage

126

127 puts ("MENU\n\tI ... insert\n\tF ... search\n\tD... delete\n\tP ... print\n\tE
...end”);

128 ch = getchar ();

129 gets (gar);

130

131 return ch;

132}

133

134 /s stokokosk sk ok ok ok ok ok ok ok KKK K K R oK oK oK K KKK KKK K K R oK K SR KKK K KRR R KRR Rk ok

135 * goooooooooo(Uooobooobobooo) *

136 ok ok ok ok ok kKKK KKK K K SR SR SR KKK KR K KK R K K K SR KKK KRR KRR R KRR Rk kR Rk x /

137 void Insert (void)

138 {

139 int c; // 000

140 int s; // 00

141 char str [D]; // 0 0 0 DC

142 enum answer a; // 00 or not

143 int len; // 0000

144

145  do {

146 printf(”input_number(%dwords).\n”, S);

147 gets (str);
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148 len = strlen(str);

149 } while (len != S);

150

151 a = insert (str);

152

153 if (a = YES)

154 think_insert (current_node, parent_node);
155 else

156 puts ("ALREADY_EXIST.” );

157

158 return ;

159 }

160

162 * groooooao *
163 koo ok ok ok ok ok ok ok ok ok koK KKK K K o oK Sk ok K KK KKK K K R R K KRR K KKK R KRRk Rk %/
164 wvoid Search(void)

165 {

166 int len; // 00 O

167 char str [D]; // 00O

168 enum answer a; // 00 or not

169

170 do {

171 printf (”input._number(%dwords).\n”, S);

172 gets (str);

173 len = strlen (str);

174 } while (len != S);

175

176 a = search(str);

177

178 if (a YES)

179 puts ("FIND.” );

180 else

181 puts ("NOT_EXIST.” ) ;

182

183 return;

184}

185

186 /h sk ko kkokok ok ok ok ok ok ok o ok ok 3k 3k K KK K K KKK KoK R R ok ok ok ok ok ok ok R KRR KK KRR %
187 * goobooooobboood *
L88 sk skt sk wkrk ok ok ok ok ok ok ok ok ok K KK KKK KK KKK K K oK oK ok oK o ok ok R K KR KK KRR Rk ok %/
189 void Delete (void)

190 {

191 char str [D]; // 00 0 DO

192 int len; // 0000

193 enum answer a; // 00 or not

194

195  do {

196 printf(”input_number(%dwords).\n”, S);

197 gets (str);

198 len = strlen (str);

199 } while (len != S);

200

201 a = delete(str);

202

203 if (a = YES)

204 think_delete (current_node, parent_node);

205 else

206 puts ("NOT_EXIST.” );

207
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208 return;

209 }

210

QL1 /s skt ookt s okook ok sk ok ok sk ok ok sk ok ok sk ok o sk ok ok sk ok ok sk sk ok sk kR S kR R kR SR KoK SRRk SRR K SRR R Rk 3K
212 * 0700 00000O0O0OO0ODOOO0OO *
213 Kk sk sk sk %k sk sk ok 5k ok sk ok ok sk ok %k ok ok ok ok ok %k %k ok %k ok %k %k %k %k %k K K K 5k K K 5K K K K K K K K K K K K K K K K kK */
214 void Print(void)

215 {

216 extern struct avl xheader;

217

218 print_avl (header);

219

220 return;

221 }

222

223 /x skokok skokok s oskok sk ok koK koK R sk ok R K ok R K KR K SRR K KRR SRR R KRR K KRR KRR KRR Rk K
224 * OO00Ostr00TOOO0OO0OOO(DOOOOOOOO) *
225 *+ 00 O00o0oostrggdog *
226 + 00 O00D0DD0ODO0ODO0OO0OD‘YyES’0000DODOOO0ODO ‘NO” =
227 « O 0O 00 *
228 sk ok ok ok R kR KR sk ok sk ok s ok R oK R R R KR sk ok Sk ok ok R sk R kR Kok sk ok Sk ok R K R KRRk SRRk Rk ok ok ok ok /
229 enum answer insert (char xstr)

230 {

231 int s = 0; // 00

232 struct avl sxq; // 000000

233 extern enum sub current_node;

234 extern struct avl xheader;

235 extern struct avl xparent_node;

236

237 current_node = RO;
238 q = &(header);

239 parent_node = xq;

240

241 while (xq != NULL) {

242 parent_node = xq;

243

244 if (str[s] < (xq) —> element[s]) {
245 current_node = LT;
246 q = &((xq) —> left);
247 s = 0;

248

249 else if (str[s] > (xq) —> element[s]) {
250 current_node = RT;
251 q = &((xq) —> right);
252 s = 0;

253 }

254 else {

255 if (s =S -1)

256 return NO;

257 else

258 s++;

259 }

260 }

261

262 xq = make_leaf(str);

263

264 return YES;

265 }

266
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268 * gobooogao *
269 «* 000000 str000gn *
270 + 00 000D0DD0ODO00O0OD0DDOIleafO00O0O *
271 koK R ok KK KK K KK K K KK KK K KK K R K KK K K K KK R K KK R KR R ROR KRR kR Rk % /)
272 struct avl xmake_leaf(char *str)

273 {

974  struct avl xleaf; // 00000000

275 extern enum sub current_node;

276 extern struct avl xparent_node;

277

278

279 if ((leaf = malloc(sizeof(struct avl))) = NULL) {

280 printf(”out_of_memory!!\n”);

281 exit (1);

282}

283

284 strcpy (leaf —> element, str);

285 leaf —> sub_tree = current_node;

286 leaf —> diff = EVEN;
287 leaf —> left = NULL;

288 leaf —> right = NULL;

289 leaf —> parent = parent_node;

290

291 return leaf;

292}

293

204/ sk ok ok ok ok R kR R K KRR KK SRR R K KK KRR R ORROK R OR R RR ROk K
295 «+ 0000000000000 ooo((0Dobooooooo *
296 « (0 0)) *
297 + 0 0D0DO0D0D0D0OO0DO0DD0DOD0DO0O0?000 sub0DODOODO *
298 * U0 O00o00o0«wb0onoo *
299 kKK ok KK KK K KK K K K KK KK K KK K K K KK KK K KK K K K KR K KK KRR R KRRk ok k% /)
300 void think_insert (enum sub sub, struct avl xu)

301 {

302 // 00o0oo0o0oooooooan

303 if (u = NULL)

304 return;

305 else

306 switch (sub) {

307 //0oo0oo0o0oooooao

308 case LT:

309 if (u—> diff =— RIGHT) {

310 u —> diff = EVEN;

311 return;

312 }

313 else if (u —> diff = LEFT)

314 rebuilt (u, u = left);

315 else {

316 u —> diff = LEFT;

317 think_insert (u —> sub_tree, u —> parent);

318 }

319 break;

320

321 // 000000000000

322 case RT:

323 if (u—> diff = LEFT) {

324 u —> diff = EVEN;

325 return;

326

327 else if (u —> diff = RIGHT)
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}
/%

* ¥ X ¥

k

rebuilt (u, u —> right);
else {
u —> diff = RIGHT;
think_insert (u —> sub_tree, u —> parent);

}

break;

}

return;

sk % ok % ok %k ok ok ok 3k ok ok ok kK ok ok 3k ok sk ok ok ok K ok ok sk K ok ok K K ok ok ok Kok ok ok Kok ok
DD[II:II:II]DDDDDDDDDD(DDDDDDDDD
(0))
000000000000 o0o0o0?000 swbd0O00O0O0O
OO0O00000 «0000

3k >k 3k sk sk skosk skosk sk sk >k sk skosk sk sk sk sk sk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk skosk sk sk sk sk sk sk sk sk sk sk sk kok

¥ ¥ ¥ X ¥ X

void think_delete (enum sub sub, struct avl xu)

{

struct avl *p; // 00000000

// 00o0o0o0oooooooao
if (u = NULL)
return;
else
switch (sub) {
/J/ 0oo0ooooooooao
case LT:
if (u —> diff = EVEN) {
u —> diff = RIGHT;
return;

else if (u —> diff = RIGHT) {
p = rebuilt (u, u —> right);
if (p — diff = EVEN)
think_delete (p —> sub_tree, p —> parent);
¥

else {
u —> diff = EVEN;
think_delete (u —> sub_tree, u —> parent);

}
break;

// 00o0O0o0oooooao
case RT:
if (u — diff = EVEN) {
u —> diff = LEFT;
return;

else if (u —> diff = LEFT) {
p = rebuilt (u, u —> left);
if (p —> diff = EVEN)
think_delete (p —> sub_tree, p —> parent);

else {
u —> diff = EVEN;
think_delete (u —> sub_tree, u —> parent);

}
break;
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388

389 return;

390}

391

B2 sk ko sk ko Kk ok koK K K KKK K K KK KK K KK K K K KK KK KKK R KK KR R KR KRR KR Kk
393 « OJO00OO0DO0OO0OO0DO0DODODOUODOoOoOO(oCooooooooo) =
394 « DO O0DO0DO00d020000000«000000000000 *
395 S I I I I A o A Ay M W B B A M A Wy A W IR M AR WA *
396 ok Rk ok KR KK R KK K K KK KK KKK KK KKK K KKK KR KK R SR KRR KRR Rk ok k% /)
397 struct avl xrebuilt(struct avl xu, struct avl =v)

398 |

399 struct avl *p; // 00o00Do0ooao
400

401 // 0000020000000

402 if (u —> diff = LEFT) {

403 //0o0o0oooao

404 if ((v —> diff = EVEN) || (v —> diff = LEFT))

405 p = single_rotation (u, v);

406 //0o0oo0ooao

407 else

408 p = double_rotation(u, v, v. —> right);

409 }

410

411 else {

412 // 0000020000000

413 // 0000000

414 if ((v —> diff = EVEN) || (v —> diff = RIGHT))

415 p = single_rotation (u, v);

416 // 0000000

417 else

418 p = double_rotation(u, v, v —> left);

419 1}

420

421 return p;

422}

423

A24 [ skokskokokokot ok K Kk ok ok oK K KKK KKK KK R K K SR SR KKK KRR K KRR KKK KKK KRR R KRR K
425 * Oooaoad *
426 x D0 000020000000 «0000000O0900003 *
427 «+ 0000 o0oo0oo0oobooododnppbdnd *
428 koK K ok ok KK K K K KKK R ok KK K K K KK K K K KKK 3 K KK K K K KK K KK R K KRR Rk Rk Rk %/

429 struct avl xsingle_rotation (struct avl xu, struct avl xv)
430 {

431 if (u —> diff = LEFT) {

432 // 000000000 0O0o0Oao
433 u —> left = v —> right;

434 v —> right = u;

435 switch (u —> sub_tree) {

436 case LT:

437 u —> parent —> left = v;
438 break;

439 case RT:

440 u —> parent —> right = v;
441 break;

442 default :

443 header = v;

444 }

445 // 00000ooouooooao
446 if (u —> left != NULL)

447 u —> left —> parent = u;
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v —> parent = u —> parent;
u —> parent = v;
// 00oo0o0ooooooooooo
if (v —> diff = LEFT) {

v —> diff = EVEN;

u —> diff = EVEN;
}
else {
v —> diff = RIGHT;
u —> diff = LEFT;
}
// 0oo0o0oo0ooooooooooooooOoao

v —> sub_tree = u —> sub_tree;
u —> sub_tree = RTj;
if (u — left != NULL)

u —> left —>sub_tree = LT}

}
else {
// 00o000ooooooo0ao
u —> right = v —> left;
v —> left = u;
switch (u —> sub_tree) {
case LT:
u —> parent —> left = v;
break;
case RT:
u —> parent —> right = v;
break;
default :
header = v;
// 00o000ooooooo0ao
if (u —> right != NULL)
u —> right —> parent = u;
v —> parent = u —> parent;
u —> parent = v;
// 0o0oooooooooooooOoao
if (v — diff = RIGHT) {
v —> diff = ;
u —> diff = EVEN;
}
else {
v —> diff = LEFT;
u —> diff = RIGHT;
}
// 000000000000 ooooooo
v —> sub_tree = u —> sub_tree;
u —> sub_tree = LT;
if (u —> right != NULL)
u —> right —> sub_tree = RT;
}

return v;

/* sk sk ok % ok 3k ok ok ok 3k ok 3k ok ok oK ok %k ok oK 3k ok ok ok sk ok 3k ok 3k ok ok ok ok 3k K ok ok K K K K ok K ok K

ooono
uoao gbo020000000«0000000000000
oobwdbDOnoO

* ¥ ¥ ¥
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+ D000 O0D0DO0O0CO0OO0CO0OO0OOOoD0ODO0ODbDpon0OnO

*

ks ok ok ok ok ok ok ok koK sk Kk ok ok ok K ok oK sk K ok %k ok 3k K ok koK K K ok ok ok ok ok ok ok ok ok Kk ok K ok Kok % */

struct avl xdouble_rotation (struct avl x*u,

if (u—> diff = LEFT) {

// 00000oooooooao
v —> right = w —> left;
u —> left = w —> right;
w —> left = v;
w —> right = u;
switch (u —> sub_tree) {
case LT:
u —> parent —> left = w;
break;
case RT:
u —> parent —> right = w;
break;
default :

header = w;
}
// 000000000 o0oo0oao
w —> parent u —> parent;
v —> parent w;
u —> parent W
if (v —> right != NULL)
v —> right —> parent
if (u — left != NULL)
u —> left —> parent = u;
// 00o000oo0oooooooooo
if (w — diff = LEFT) {

v,

v —> diff = ;
u —> diff = RIGHT;
else if (w —> diff = RIGHT) {
v —> diff = LEFT;
u —> diff = EVEN;
}
else {
v —> diff = EVEN;
u —> diff = EVEN;
w —> diff = EVEN;
// 0do0oo0o0oooooooooooooOoao
w —> sub_tree = u —> sub_tree;

u —> sub_tree = RT;
if (v — right != NULL)

v —> right —> sub_tree = RT;
if (u — left != NULL)

u —> left —> sub_tree = LT;
}
else {
// 0o0ooooooooooao
u —> right = w —> left;
v —> left = w —> right;
w —> left = u;
w —> right = v;
switch (u —> sub_tree) {
case LT:
u —> parent —> left = w;
break;

struct avl xv,

struct avl xw)
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569 case RT:

570 u —> parent —> right = w;

571 break;

572 default:

573 header = w;

574

575 // 0oooooooooooao

576 w —> parent = u —> parent;

577 v —> parent = w;

578 u —> parent = w;

579 if (u —> right != NULL)

580 u —> right —> parent = u;

581 if (v — left != NULL)

582 v —> left —> parent = v;

583 // 00o000oooooouooooo

584 if (w —> diff = LEFT) {

585 u —> diff = EVEN;

586 v —> diff = RIGHT;

587

588 else if (w —> diff — RIGHT) {

589 v —> diff = EVEN;

590 u —> diff = LEFT;

591 }

592 else {

593 u —> diff = EVEN;

594 v —> diff = EVEN;

595 }

596 w —> diff = EVEN;

597 // 00000000 ooouoooooood

598 w —> sub_tree = u —> sub_tree;

599 u —> sub_tree = LT;

600 if (u —> right != NULL)

601 u —> right —> sub_tree = RT;

602 if (v — left != NULL)

603 v —> left —> sub_tree = LT;

604 }

605

606 return w;

607 }

608

B0 /s skokokoskok ok skook ok sk ok ok sk ok ok sk ok koK K K R KK KK SR KK KK K KRR KRR KRRk Rk K
610 «+ 0OO0O0O0oO0UoooUooo(ooooooooao) *
611 * 00 O00oo0oostrddog *
612 + 00000000000 UOO0OOC‘YES’ODODDODOOODOO *
613 * 0 ‘NO’0O 0O 0O 0O *
614 ok kR ok ok ok R ok K R KK R KK R KK R KK KK K KK K KK K KK KK R KK R KRRk Rk kR K/
615 enum answer search (char *str)

616 {

617 int s = 0; // 00

618 struct avl *p; // 000000

619 extern struct avl xheader;

620

621 p = header;

622

623 while (p != NULL) {

624 if (str[s] < p —> element[s]) {

625 p=p —> left;

626 s = 0;

627

628 else if (str[s] > p —> element[s]) {
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629 p = p —> right;

630 s = 0;

631 }

632 else {

633 if (s=8S-1) {

634 return YES;

635 }

636 else

637 s—++;

638 }

639 }

640

641 return NO;

642}

643

BA4 [k skoskskokokok otk KKK ok oK oK K KKK KK KK R K K SR SR KKK KR K K KR R K KKK KKK KRR KRR K
645 «+ JO0O0O0o0o0oo0oooo(ooooooooo) *
646 * DO 000000000 str00dnOn *
647 *» 00000000000 C‘YES’000D0O0O0O0O0ODO ‘NO’O *
648 x 000 *
649 ok R ok kK KK KKK K K KK KK K KK K K K KK K K SRR KK KK R OK OK R ORRR Ok Rk Rk %/
650 enum answer delete(char xstr)

651 {

652 int s = 0; // 0000ao

653 struct avl *p; // 00o0o0ooao

654 struct avl xxq; // 000000

655 extern struct avl xheader;

656

657 q = &(header);

658 P = *q;

659

660  while (xq != NULL) {

661 P = *q;

662 if (str[s] < (x¥q) —> element[s]) {

663 q = &((xq) —> left);

664 s = 0;

665

666 else if (str[s] > (xq) —> element[s]) {

667 q = &((xq) —> right);

668 s = 0;

669 }

670 else {

671 if (s=8S-1) {

672 xq = delete_case(p);

673 return YES;

674 }

675 else

676 s++;

677 }

678 }

679

680 return NO;

681 }

682

683/ skt ko sk skok ok ok sk ok K K ok sk ok K K K KK KK KK K KK SR KR K KK K KKK R OR KKK KRR R
684 «+ 000000000000 ooooooo(ooooooo *
685 + 0 O0ODO) *
686 * D0 00000000 booobooroogoao *
687 N I I e I I o 1 O B O O R W A M R W A *
688 «+ OO0 O0D0ODOOOO0O00ONULLODDOO *
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S

{

}

Sk kook sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk skosk sk sk skosk sk sk sk sk kR sk sk sk sk sk ok sk ok sk ok */

truct avl xdelete_case (struct avl xr)

struct avl *p; // 00000 oao
struct avl =xxq; // 0000
extern struct avl xparent_node;

extern enum sub current_node;

// 00000000000 NULLODOO
if ((r —> left = NULL) && (r —> right = NULL)) {

current_node = r —> sub_tree;
parent_node = r —> parent;
free(r);

return NULL;
}

// 00000000000 NULLODOO
else if (r —> left = NULL) {
q &(r —> right);
P r —> right;
strepy (r —> element, p —> element );
xq = delete_case(p);
return r;

}

// 000000000 00ONULLODOO
else if (r —> right = NULL) {

q = &(r —> left);

p=r1r—> left;

strcpy (r —> element, p —> element );
xq = delete_case(p);

return r;

}
// 00000000 uoooooooo
else {
q = &(r —> right);
p =1 —> right;
while (p —> left != NULL) {
q = &(p —> left);
p =p —> left;
}
strecpy (r —> element, p —> element);
xq = delete_case(p);
return r;
}
SRR KRR KK K o oK oK K K KKK KKK R K o K oK K KKK KRR KK R KKK KKK KRR R K
* oodoooboboooooobobboooooobooao *
*» D O0O0o0bboOo0ooobboouo4gpbobbonodg *

ks ok ok ok ok ok ok K ok ok sk K ok ok sk ok sk ok ok ok ok K ok oK sk K ok ok 3k K ok ok ok ok ok Kk ok K ok Kk % */

void print_avl(struct avl x*p)

if (p != NULL) {
print_avl(p —> left);
printf ("%s\n”, p —> element);
print_avl(p —> right);

}



170 OO0 B AvLOOOOOOOO

749 return;
750 }
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*
*

#include <stdio.h>
#include <stdlib .h>
#include <string.h>
#include <time.h>

#define
#define
#define
#define

/* sk 3k 3k 3k ok 3k sk ok sk sk sk ok sk sk sk sk sk sk sk ok sk sk sk sk 3k ok sk ok ok sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok %k ok */
typedef struct STnodex link;

XXX
XXX
XXX
XXX

// 00000

typedef struct {
char key[S+1];

union {

link next;
char element [S+1];

}ref;
}entry;

// 00000

struct STnode {

entry b[I];

int m;

s

/* sk ok sk ok ok sk %k ok ok ok sk ok ok ok sk ok ok ok sk sk ok ok sk sk ok ok ok sk sk ok ok ok sk ok ok ok sk %k ok ok sk ok kK ok ok */

static
static

link head;
int H;
unsigned long int SAME = 0;

procedure Create & Print
ok ok ok ok ok ok KKK KKK K K K R K K SR SR SR KKK KRR KRR KKK KRR KRR Rk k /

NN

// 00

// 00oooooo
// 00

// 10 0 BO
// 0O0ooao

// 00oooooao

// 00
// 0000

Ooood
Oooodg

O00o00O0ODOoOO00bOO0oO0OoooOooooooooBOO
goobooood

O

O

171



172 00 C BOOOOOOOO

36 unsigned long int COMPARE = 0; // 00Q0ao
37 unsigned long int ELEMENTS = 0; // 0ooooooao
38

39 wvoid STinit(void);

40 link NEW(void);

41 wvoid read_-temp(void);

42 void STinit(void);

43 wvoid STinsert(char x);

44 link insertR(link, char x, int);

45 int less(char *, char x*);

46 link split (link);

47 wvoid b_tree(link, int);

48

49 /¥ skksokskosoksoksokoksokkok Matnl O skokokskoksokoskoskokskokkokokk % /
50 int main(void)

51

52 extern unsigned long int SAME;

53 extern unsigned long int COMPARE;

54 extern unsigned long int ELEMENTS;

55 extern link head;

56 extern int H;

57 clock_t before;

58 double elapsed;

59

60 before = clock ();

61 STinit ();

62 read_temp ();

63 elapsed = clock () — before;

64 printf (?%.3f_seconds\n” , elapsed /CLOCKS_PER_SEC);
65 b_tree (head, H);

66 printf(”element_are_%ld.\n” , ELEMENTS);

67 printf(”?same_characters_are _%ld.\n”, SAME);

68 printf(”compare_times_are_%ld .\n” , COMPARE) ;

69

70 return 0;

71}

72

T3 [k ok ok koK Kk ok koK R Ok KKK KK KKK KK KK KR SR KK R R R KRR Rk ok
74 * goooboogod *
75 ok Rk kR K KK KKK KK KKK K KR K KK R K KKK R KKK R ROR kR ok Rk Rk %/
76 void STinit(void)

77

78 extern link head;

79

80 head = NEW();

81 H= 0;

82

83 return;

84 1}

85

BO /% kokosk kot ok ook skok ok Kk ok koK K K K KoK K KK KKK KK K KRR OK K OK R OR KRR R Rk ok
87 * goooood *
88 koK Rk kR K KK KKK K KKK KR K SRR R KK KKK R SR KK R ROR KRR ok Rk Rk %/
89 link NEW(void)

90 {

91 int i; // 0000
92 link x; // 00o0o00oooo0ag
93

94 x = malloc(sizeof x*x);

95 for (i =0; i < 1I; i++4)
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}
/%

ES
k

memset (x —> b[i].key, 07, S+1);
X —> m = 0;

return x;

sk sk sk sk sk sk ok ok ok sk sk ok sk sk kR ok sk sk sk sk sk sk sk ok ok sk sk sk ok kKRR ok sk kKR KRR Rk Rk
tempU 0O 00000 DODODODO *
stk sk sk ok sk sk ok s ok ok K ok sk K sk sk ok sk ok ok sk ok ok ok ok ok ok Kk sk R koK Rk ok R koK Rk ok ok ok /

void read_temp (void)

{

FILE xfile;
int n, s; // 0000
char str[S+1]; // 00080

if ((file = fopen(”xxx”, ”"r”)) = NULL) {
puts(”can’t_open.file”);

exit (1);
}
for (n = 0; n < N; nt++) {
for (s = 0; s < S; s++)
str[s] = getc(file);
str[s] = "\0’;
STinsert (str);
}
return;
}
SRR KRR K K K R oK K SR KK KKK K K K R oK K SR K KKK KR KR KK KK KRR R R R
* goobooooad *
ok ok ok ok ok KKK KKK K R oK oK SR KKK KKK K K K R K K SR KKK K KRR KRR KRRk ok ok ok /
void STinsert (char *str)
{
link t; // 000000
link u; // 0000000

}

/* 3k >k 3K 3k Sk sk >k 3k sk sk sk >k 3k sk Sk sk >k sk sk sk sk 3k 3k skosk sk Rk sk sk sk >k 3k sk sk sk >k sk sk sk >k 3k sk sk sk sk 3k sk sk sk >k 3k sk sk sk sk ok sk sk sk kok

*

extern link head;
u = insertR (head, str, H);

// 0000000
if (u = NULL)

return;
// 000ao
t = NEW();
t —>m= 2;

memcpy(t —> b[0].key, head —> b[0].key, S+1);
t —> bJ[0].ref.next = head;

memcpy (t —> b[1l].key, u —> b[0].key, S+1);

t —> b[1l].ref.next = u;

head = t;
H++

return;

gooobboooobooboboNvLLODODOUOGUODQOoODDbOooobobobOoo
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156 Kok ok ok oK KKK KKK KK K R oK oK SR SR KKK KKK K K R oK K K K K KK KK KK K R o oK oK oK SR KKK KR KRR KRRk ko kK /
157 link insertR (link h, char *str, int H)

158 {

159 extern unsigned long int SAME;

160 int i, j; // 0000

161 int s; // 00 lessO0 00O
162 entry x; // 00

163 link t; // 000

164 link u; // 00000000000
165

166 // 00z00000000DO0OO0OO

167 memcpy (x.key, str, S+1);

168 memcpy (x.ref.element, str, S+1);

169

170 // 00o0ao

171 if (H=— 0)

172 for (j = 0; j <h-—>m; j++) {

173 s = less(x.key, h —> b[j].key);

174 if (s = 1) // x.key < h—>b[j]. key
175 break;

176 else if (s = 0) // x.key > h—>b[j]. key
177 ;

178 else { //0o0000Q0o
179 SAMEA-+;

180 return NULL;

181 }

182 }

183

184 // 0000

185 else {

186 for (j = 0; j <h-—>m; j++) {

187 // 00o0o0oGooao

188 if (less(x.key, h —> b[j].key) = 2) {

189 SAMEA-+;

190 return NULL;

191 }

192 // 000000

193 else if ((j + 1 = h —>m) || less(x.key, h —> b[j+1].key) = 1) {
194 t = h —> b[j++].ref.next;

195 u = insertR(t, str, H—1);

196 if (u = NULL)

197 return NULL;

198 memcpy (x.key, u —> b[0].key, S+1);

199 x.ref.next = u;

200 break;

201

202 // 0000000

203 else

204 :

205 }

206 }

207

208 S/ 000000

209 for (i = (h—>m)++; 1 > j; i—)

210 h —> b[i] = h —> b[i-1];

211 h —> b[j] = x;

212

213 if (h—>m < I)

214 return NULL;

215

else



216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
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234
235
236
237
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239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
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}

return split (h);

/* >k 3k 3k ok ok >k ok 3k ok ok sk ok 3k 3k ok sk ok ok 3kook ok ok 3k 3k ok ok sk ok ok skook ok ok sk skookok ok ok koskok ok ok kk ok

* regionl < region2 *
ok sk ok ok sk ok ok o ok sk K ok sk ok sk sk ok sk sk ok sk ok ok sk ok ok 3k ok sk Kk sk Kk sk ok sk sk sk ok ok sk ok ok k- ok //

int less (char *regionl, char *region2)

{

}

extern unsigned long int COMPARE;
int i; // 0000

for (i = 0; 1 < S; i++) {
COOMPAREA+;
if (regionl[i] < region2[i])
return 1;
else if (regionl[i] > region2[i])
return 0;

}

// 0000
return 2;

/* 3k >k 3K 3k sk >k 3k 3k Sk sk >k 3k sk sk sk >k 3k sk Sk sk 3k sk sk sk kR sk ok ok koskosk sk okokoskok ok okkoskokokkkk

* Ooo0ooaoao *
sk ok ok sk R ok R kR sk ok sk ok R sk R K R sk ok sk ok s ok R R R K R Kok Sk ok Rk KRR RSk ok sk ok ok ok sk /)

link split(link h)

}

int j;

//
link t; //

J
h—>m=1
t —>m=1

return ¢t

/* sk ok ok % ok sk ok sk K ok ok ok sk oK ok ok K oKk Kk K ok R Kk Kok R ok ok Kok Rk Rk Rk Kok kR ok kok %

* goooonb *
Sk ok ok s ok ok K ok ok K sk ok K sk ok K sk sk ok Sk ok ok S K ok K K ok K K sk KKk KKk koK R skok ok ok 5k /)

void b_tree(link p, int H)

{

extern unsigned long int ELEMENTS;
int i; // 0000

if (H!= 0)
for (i = 0; i < p—=>m; i++4)
b_tree(p —> b[i].ref.next, H—1);

else
for (i = 0; i < p—>m; i++) {
ELEMENTS4+;
// printf("%s\n”, p —> b[i]. ref.element);

return;
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OO D

Ooo0AvVLODODOooOooon

123000 randomarray 0 000 000000000000 OO NOODoOOOOo S
0000000000 AVLODDOODDOO0000Omain00000000000O00O
00D 000000000000 000000000009 000 random_array O 00O
00000000o0oooooooO NOOOOODO SO0O0OO00O00000 AVLOOOO
000000 Omam 0000000000000 O0OO OO0 OO0 booo o
gogobooooooo
000000SO00000000O0Insert 000000000000 makeleaf0 000
OO000C0O0O0O0OthinkODDODOODOOODOOOODOOO
O00000SO000000000search0000000OCOODO
000000SO00D00000000O0delete/deletegronp0 00000000000

O00000OextavlDOODOOOODOOOO

ok ok ok ok ok KoK KoK K K oK K K oK K oK K oK KR KK R KK KoK KoK K oKk
* *
* ext_AVL_tree *
* procedure Create, Search, *
* Delete & Print *
* *
st ok ok oKk oK K KK KoK K K oK K oK K K oK R R KK KR KoK KoK Kk ok Kk ok ook ok /
#include <stdio.h>
#include <time.h>
#include <string.h>
#include <stdlib .h>
#define N xxx // 0000
#define M xxx // 00
#define S xxx // 000000
#define D xxx // 000
enum diff {EVEN, LEFT, RIGHT}; // 00000000000
enum flag {LA, NU}; // 00000LA,000D00DONU
enum sub {RO, LT, RT, FT, BT, CT}; // 0 0OO0OO0O00OO

// ext_AVL_tree0 00000
struct ext_avl {

char element [S+1];

enum flag flag;

enum sub sub_tree;

enum diff diff;

struct ext_avl xleft ;

// 00000 ooooosSooo
// enum flag 0O 0O
// enum sub O O

// enum diff 0O 0O
// 00000000000
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29 struct ext_avl xright; // 00000oooooao
30 struct ext_avl xfront; // 00000000000
31 struct ext_avl xback; // 00o0o0o0oooooao
32 struct ext_avl xcenter; // 00000000000
33 struct ext_avl xparent; // 00o0o0oooo
34}

35

36 struct ext_avl xheader = NULL; // 00o0o0ooon

37

38 int even_odd(void);

39 wvoid random_array (char, char);

40 int menu(void);

41 void Insert (char, char);

42 void Search(void);

void Delete (void);
void Print (void);
struct ext_avl xinsert (char x, char ,char);

struct ext_avl xmake_leaf(char %, enum sub, struct ext_avl

void think (enum sub, struct ext_avl =x);

void rebuilt (struct ext_avl %, struct ext_avl *);
void single_rotation (struct ext_avl %, struct ext_avl
void double_rotation (struct ext_avl %, struct ext_avl

)5
void search (char x, int);
struct ext_avl xdelete(char x, int);
struct ext_avl xdelete_group (struct ext_avl x);
void ext_avl(struct ext_avl x);

*);

)

/* sk >k 3k sk sk skosk sk sk sk sk >k sk skosk sk sk sk sk sk sk sk sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk >k sk sk sk sk >k sk sk sk sk >k sk sk sk sk

* mainl O

* O00Oe, b0O0O0OCOTOOOOCOOOOOOODOOOO

«+ D O0o0ooooooganb

Sk Kook sk sk 3k 3k sk Sk sk >k sk sk sk sk >k 3k skosk sk >k sk sk sk sk >k sk sk sk sk 3k sk sk sk sk 3k sk sk sk sk 3k sk sk sk sk 3k sk sk sk sk ok sk sk sk kok

int main(void)

{

char a, b; // MOOO0O000
int m; //MDDDDDDDDDD
int bt; // oooan
m = even_odd ();
if (m— 0) {
a=(M-1) / 2) + ’0";
b= M/ 2) + ’0;
} else {
a=(M-1) / 2) + ’0’;
b= (M-1) / 2) + ’0;
}
random_array (a, b);
while (1) {
bt = menu();
switch (bt) {
case 'I’: // 00

Insert (a, b);
putchar (’\n’);
break;

*);

struct
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89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
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111
112
113
114
115
116
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118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
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case 'F’: // 00
Search ();
putchar (’\n’);
break;

case 'D’: // 00
Delete ();
putchar (’\n’);
break;

case 'P’: // 00
Print ();
putchar (’\n’);
break;

case 'E’: // 00
exit (0);
break;

default:
puts (7 input ,.again!\n”);

}

}

return 0;

}

Sk kK KKK KKK R oK R oK o o ok o o K K KKK KK KKK K R R R ok oK ok ok ok kR KRR Rk
* 0o0oo0Do0oDo0oo0 MOODODODODOOOOOODOD *
+ D0 OooooDboo0ooooeo0ob0bbOO0OO0I0b0DOoD *
ok ok ok ok ok KKK KK KK K R o K oK K SR KK KKK K K K R oK K oK K KKK KR R R R KKK KRR R R Rk %/

int even_odd(void)

{

return M % 2);

}

/* sk ok ok % ok sk ok ok ok 3k ok ok ok koK ok ok ok ok sk Kok R ok sk Kk Kk kK ok Rk kR ok Kok Rk ok Kok k ok ok Kok kX
*» D00 O0D0DDO0ONODODOODODOOOTOAVL+OODODOOOAO *
+ 000000, bODODOO *

kKoK ok KK K K K KKK R oK KK K K K KKK K KKK K KK K K K KR K KK R KK KRR Kk Rk K /)
void random_array (char a, char b)
int n, s;
char str[S+1];
struct ext_avl xleaf;

NI\

OooOo
0o
oo
O
O

srand (time (NULL) ) ;

0; s < S; s++)

0; n < N; nt++4) {
] rand () % 10) + ’07;

leaf = insert(str, a, b);

if (leaf != NULL)
think (leaf —> sub_tree, leaf —> parent);

}

return

}

/* sk ok ok ok sk ok ok ok sk ok ok K ok ok ok ok Kk ok ok K Kk K ok ok Kk Kok R ok ok Kok R ok ok Kok Kok ok kok Kok kR ok %
* oooooooooao

)
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00D 0000 AVLOOOOOOO0OO

147
148
149
150
151
152
153
154

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

+ DO0Ooo0OooDoooocooboobooaob

*

sk ok ok R sk R sk o sk ok sk ok sk sk sk R sk R ok R sk ok sk ok sk sk sk sk R sk R kR koK sk ok sk sk ok Rk ROk Rk ok sk k k /)

int menu(void)

{
int ch;
char gar[D];

puts ("MENU\n\ tI ...
...end” );
ch = getchar ();

gets (gar);

insert\n\tF ...

return ch;

}

// 000000000
// garbage

search\n\tD ... delete\n\tP ... print\n\tE

/* sk ok ok ok sk K ok ok K K ok K ok K ok ok Kk K oKk Kok K ok R Kk Kok Rk ok Kok R ok k Kok Rk ok Kok k ok kkok %

* ooooooooooo(oood
+ D0 OD0OD0ae, bODODODO

Ooooooao)

sk koK sk sk 3k sk sk sk sk >k sk sk sk sk 3k sk sk sk sk sk sk sk sk sk sk skosk sk >k sk sk sk sk >k sk sk sk sk sk sk sk sk >k 3k sk sk sk sk ko sk ok */

void Insert (char a, char b)

{

int c; //
int s; //
char str [D]; //
int len; //
struct ext_avl xleaf;
do {

printf (”input.number(%dwords).\n”

gets(str);

len = strlen(str);

} while (len != S);
leaf = insert(str, a, b);

if (leaf != NULL)

think (leaf —> sub_tree,
else

puts ("ALREADY_EXIST.” );

return ;

}

ooodg
oood
oo [

, S);

leaf —> parent);

/* sk 3k 3k sk sk skosk sk sk sk sk >k sk sk sk sk sk sk sk sk sk >k sk sk sk sk sk sk sk sk sk sk sk sk sk koskosk sk sk okoskoskosk ok okoskoskokokokk ok

* O07T0000D00 (0DDODOO0O0DO

oooooao)

sk koK sk sk 3k sk sk sk sk >k sk sk sk sk 3k sk sk sk sk sk skosk sk >k sk skosk sk >k sk sk sk sk >k sk sk sk >k sk sk sk sk sk 3k sk sk sk sk k sk sk ok */

void Search (void)
{

int len;

char str [D];

printf(”input.group.or._.number.\n” );
gets (str);
len = strlen(str);
if (len <= S)
search (str,
else
puts (?wrong.size!”);

len);

return;

AN
|
(|
|
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241
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243
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249
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}

/* 3k >k 3k sk sk sk o>k 3k sk sk sk sk 3k sk sk sk >k 3k sk sk sk >k sk sk sk sk sk sk sk sk sk koskosk sk sk oRoskosk sk kokoskoskokokokkokkokkk ok

*DDDDDDDDDDDDD(DDDDDDD[II:IDI]I:I)*
sk ok ok ok R kR kR sk ok sk ok sk ok R sk R R R R R sk ok sk ok s ok R sk R R R kR koK sk ok ok KK R R kR sk ok sk ok ok x /

void Delete (void)

{

}

char str [D]; // 000
int len; // 0000
struct ext_avl xp;
puts (”input.delete_number.” );
gets (str);
len = strlen(str);
if (len > S)
puts (”wrong._size!”);

p = delete(str, len);
if (p != NULL)

p —> flag = LA;
else

puts ("NOT_EXIST (group _or _number )!” );

return;

ok ok sk ok kR koK sk sk sk sk R sk R sk ok sk ok sk ok s sk R Sk R K R Kok sk ok sk ok ok R KRR R KRSk oK kKRR Rk Rk K

* O 7r70oo0oooboooboboobao
koK K ok KK KK K KKK S K KK K K K KKK K KK K K K KKK K KKK K KK K K KK K Ok Kok K K
void Print (void)
ext_avl(header);
return;
}
JE Rk kK Kk K K K K KKK K SR K KKK K K SRR K KK K K SRR K SRR R ROR SRRk Ok Rk
* OO0O0Ostr00TOODO0OO0OOO(DOOOOOOOO) *
+ 0D0O0DDOD0D0Ostr0000ae, 0000 *
+ DO0o0oooDbobooooobobbooooobobbooono *
+ 0 O00O00ONULLODOODO *
kKK ok KK K K K KKK K KK K K K KKK K K KK K K K KKK K K KK R K KK R K KRR R KRR K K
struct ext_avl xinsert (char *xstr, char a, char b)
{
int s = 0; // 00O
enum sub sub; // 0Do0ooo0ooooooo?
struct ext_avl xp; // 00o0o0o0ooo0aQ
struct ext_avl =xq; // 0 0Q00G0aQg
char swap[S+1]; // 000000
sub = RO;
q = &(header);
p = *q;

while (xq != NULL) {
P = *q;

Sk kxxkx 00 O O skkxxsk ok /
if (str[s] < (xq) —> element[s]) {
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266 sub = LT;

267 q = &((xq) —> left);

268

269

270 else if (str[s] > (xq) —> element[s]) {

271 sub = RT;

272 q = &((xq) —> right);

273

274

275 Jk kxxxx 10 O O skkxks *x/

276 else {

277 s++;

278 if (str[s] = ’\0’) {

279 // 00000000

280 if ((xq) —> flag = LA) {

281 (xq) —> flag = NU;

282 return NULL;

283 }

284 // 00000000 ooooao

285 else

286 return NULL;

287 }

288

289 else {

290 Jx owkkxx 00 0 10 0 0O skxxx x/

291 if (str[s] = (xq) —> element[s]) {

292 S++;

293 if (str[s] = ’\0’) {

294 // 00000000

205 if ((xq) —> flag = LA) {

296 (xq) —> flag = NU;

297 return NULL;

298

299 // 0000000000000

300 else

301 return NULL;

302 }

303

304 else {

305 // center_noded O

306 if ((xq) —> center != NULL)

307 q = &((*q) —> center );

308

309 // center_nodel O

310 else {

311 (xq) —> flag = LA;

312 P = *q;

313 sub = CT;

314 (xq) —> center = make_leaf((xq) —> element, sub, p);

315 q = &((*xq) —> center);

316 }

317 }

318 }

319 else {

320 // 000000000000

321 if ((((xq) —> element[s] = a) || ((*xq) —> element[s] = b))
|| (xq) —> center != NULL)

322 if (str[s] < (xq) —> element[s]) {

323 sub = FT;

324 q = &((xq) —> front);




325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
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343
344
345
346
347
348
349
350
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359
360
361
362
363
364
365
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367
368
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370
371
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374
375
376
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383
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else {
sub = BT}
qa = &((xq) —> back);
}
else {
// 0o0ooooooooooao
if ((str[s] = a) || (str[s] = b)) {

strcpy (swap, (xq) —> element );
strcpy ((*q) —> element, str);
strepy (str, swap);
if (str[s] < (xq) —> element[s]) {
sub = FT;
q = &((xq) —> front);

else {
sub = BT}
qa = &((xq) —> back);

// 0oooooooooooao
else {
if (((xq) —> element[s]) > b) {

if (abs(b — str[s]) >= abs(b — ((*xq) —> element[s]))) {

if (str[s] < (xq) —> element[s])
sub = FT;
= &((xq) —> front);

else {
sub = BT;
q = &((xq) —> back);
}
}
else {

strepy (swap, (xq) —> element);
strepy ((*xq) —> element, str);
strepy (str, swap);
if (str[s] < (xq) —> element[s])
sub = FT;
q = &((xq) —> front);

else {
sub = BT}
q = &((*q) —> back);
}
}

else {

{

{

if (abs(a — str[s]) >= abs(a — ((x*q)

if (str[s] < (xq) —> element[s])
sub = FT;
q = &((xq) —> front);

else {
sub = BT}
q = &((xq) —> back);

{

—> element[s]))) {
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384 else {

385 strepy (swap, (xq) —> element );

386 strepy ((*xq) —> element, str);

387 strepy (str, swap);

388 if (str[s] < (xq) —> element[s]) {

389 sub = FT;

390 q = &((xq) —> front);

391

392 else {

393 sub = BT,

394 q = &((xq) —> back);

395

396 }

397 }

398 }

399 }

400 }

401 }

402 }

403}

404 xq = make_leaf(str, sub, p);

405

406 return xq;

407}

408

A0/ sk ok ok ok ok o kK K KKK KR K R R ok ok ok o ok ok o ok K K K K K KK KKK K R R ok ok ok o o o o
410 ooooooano

411 r0 000000000000 2000 subO
412 ood-ogoad

ooad

*
* t
*

413 * ooooooano
*
t

OooOoo
OooOo
OooOoo

*

*
S *
0 *
0 *
*

*Oogo
*Ooogo
*Ooogoo

*

414 sk sk sk sk 5k sk sk sk ok ok sk sk sk sk sk sk sk sk ok sk sk sk sk ok sk sk sk sk sk sk 3k sk ok sk sk ok sk ok ok ok ok ok
415 s
416 {
417 struct ext_avl xleaf; // 00o00oo0on
418

419 if ((leaf = malloc(sizeof(struct ext_avl))) = NULL) {
420 printf(”out_of_memory!!\n”);

421 exit (1);

422 }

423

424 strcpy (leaf —> element, str);

425 leaf —> flag = NU;

426 leaf —> sub_tree = sub;

427 leaf —> diff = EVEN;

428 leaf —> left = NULL;

429 leaf —> right = NULL;

430 leaf —> front = NULL;

R /

ruct ext_avl smake_leaf(char *str, enum sub sub, struct ext_avl xr)

* *

*

*

*

431 leaf —> back = NULL;

432 leaf —> center = NULL;

433 leaf —> parent = r;

434

435 return leaf;

436  }

437

A38 [k skokokoskok ok sk ok ok sk ok ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk sk ok sk ok ok s ok ok ok
439 * oooooooooo(oooobobooboo)

440 *+ 000000000000 DODDODO0?000swb0D0DODODO
441 + D O0O0O00D0«w0D000

QA2 sk skokok ok ok koK R ok kK R K KK R K KK K KKK R K kK K KK K KRR R Rk R Rk ok ok /
443 void think (enum sub sub, struct ext_avl x*u)

* ¥ X ¥
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}

/* sk sk ok %k ok 3k ok ok ok 3k ok 3k ok ok 3k ok ok K ok 3k oK 3k oK ok ok K ok ok K ok ok ok ok Kk R Kk Kok Rk ok kok Kok ok k k%
I o o o o 0 A R W R W A W
x DO0OO0D00020000000«000000000000
koK ok ok ok ok ok K ok ok ok sk K ok sk ok 3k ok sk ok koK ok K ok oK sk K ok ok K K ok ok ok ok ok Kk koK ok Kk ok % */

*

// sub0 00000000 0OD0DDDODODOOODOOODOO
if (sub = FT || sub = BT || sub == CT)
return;

// 00000 oooooooao
if (u = NULL)
return;
else
switch (sub) {
// 00o0O0o0oooooao
case LT:
if (u —> diff = RIGHT) {
u —> diff = EVEN;
return;

else if (u — diff = LEFT)
rebuilt (u, u —> left);

else {
u —> diff = LEFT;
think (u —> sub_tree, u —> parent);

}
break;

// 00o0o0ooooooo
case RT:
if (u —> diff = LEFT) {
u —> diff = EVEN;
return;

else if (u —> diff = RIGHT)
rebuilt (u, u —> right);

else {
w —> diff = RIGHT;
think (u —> sub_tree, u —> parent);

}
break;

}

return;

void rebuilt (struct ext_avl xu, struct ext_avl *v)

{

// 0o0o0o0oo20000000
if (u—> diff = LEFT) {
// 0000000
if (v —> diff =— LEFT)
single_rotation (u, v);
//O00o00o0o0on
else
double_rotation (u, v, v —> right);

}

else {
// 00o0Q0o20000000
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504 // 00o0oo0oooao

505 if (v — diff = RIGHT)

506 single_rotation (u, v);

507 // 0000000

508 else

509 double_rotation (u, v, v —> left);

510 }

511

512 return;

513 }

514

BLE /o skoskoskorok ok skookokok o sk okokok ok ok ko Ok sk koK Ok sk kR R koK ok R KRR R Rk oKk Rk KOk ok k
516 * Oooaoad *
517 +*» 0000002000000 0«w0000000w0w0O000O *
518 Sk ok ok kR KR R KR KoK S KoK S K oK K K oK K K oK K K oK R K oK R K ok Rk ok Rk kR kKRR sk Rk ok Rk k /)
519 void single_rotation (struct ext_avl *u, struct ext_avl =v)
520 {

521 if (u—> diff = LEFT) {

522 // 00o00o0oooooo0oao

523 u —> left = v —> right;

524 v —> right = u;

525 switch (u —> sub_tree) {

526 case LT:

527 u —> parent —> left = v;

528 break;

529 case RT:

530 u —> parent —> right = v;

531 break;

532 case FT:

533 u —> parent —> front = v;

534 break;

535 case BT:

536 u —> parent —> back = v;

537 break;

538 case CT:

539 u —> parent —> center = v;

540 break;

541 default :

542 header = v;

543 }

544 // 00000oooooooao

545 if (u —> left != NULL)

546 u —> left —> parent = u;

547 v —> parent = u —> parent;

548 u —> parent = v;

549 // 00oo00ooooooooood

550 v —> diff = EVEN;

551 u —> diff = EVEN;

552 // 0o0o0o0oo0oo0ooooooooooooOoao
553 v —> sub_tree = u —> sub_tree;

554 u —> sub_tree = RT;

555 if (u — left != NULL)

556 u —> left —>sub_tree = LT}

557 }

558

559 else {

560 // 00o0o0o0ooouooooao

561 u —> right = v —> left;

562 v —> left = u;

563 switch (u —> sub_tree) {

564

case LT:



565
566
567
568
569
570
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573
574
575
576
577
578
579
580
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582
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584
585
586
587
588
589
590
591
592
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595
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597
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599
600
601
602
603
604
605

606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
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}

/* sk ok ok % ok 3k ok ok ok 3k ok 3k ok ok oK ok K ok ok 3k K ok ok 3k ok 3k ok K ok ok ok koK sk ok ok K K ok K ok K ok K
Ooooad
x DO0O0o0o0o0z200 00000 «000000000000

ES

}

u —> parent
break;

case RT:
u —> parent
break;

case FT:
u —> parent
break;

case BT:
u —> parent
break;

case CT:
u —> parent
break;

default:
header = v;

// 00o0oo00oooooooao

—> left = v;

—> right = v;

—> front = v;

—> back = v;

—> center = v;

if (u — right != NULL)
u —> right —> parent = u;

v —> parent
u —> parent

// 000000000000 0000

u —> parent;
V3

v —> diff = EVEN;
u —> diff = EVEN;

// 00000000000 uUoooooooo
v —> sub_tree = u —> sub_tree;

u —> sub_tree

= LT;

if (u —> right != NULL)

u —> right —> sub_tree = RT;

return;

*+ 0 00wd0O0O0O0O

Sk kook sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk sk sk skok sk sk sk sk sk sk sk sk sk skosk sk sk sk sk skosk sk sk sk sk sk ok sk ok sk

*
*
*
*

*/

void double_rotation (struct ext_avl xu, struct ext_avl x*v,

{

ext_avl xw)

if (u—> diff = LEFT) {

// 00o0o0o0oooooooao

v —> right = w —> left;

u —> left =w

w —> left = v;

—> right;

w —> right = u;
switch (u —> sub_tree) {

case LT:
u —> parent
break;

case RT:
u —> parent
break;

case FT:
u —> parent
break;

case BT:
u —> parent

—> left = w;

—> right = w;
—> front = w;
—> back = w;

struct
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625 break;

626 case CT:

627 u —> parent —> center = w;
628 break;

629 default:

630 header = w;

631 }

632 // 0000000000000
633 w —> parent = u —> parent;
634 v —> parent = w;

635 u —> parent = w;

636 if (v —> right != NULL)

637 v —> right —> parent = v;
638 if (u —> left != NULL)

639 u —> left —> parent = u;
640 // 00o0oo00ooooooooood
641 if (w —> diff = LEFT) {

642 v —> diff = EVEN;

643 u —> diff = RIGHT;

644

645 else if (w —> diff = RIGHT) {
646 v —> diff = LEFT;

647 u —> diff = EVEN;

648 }

649 else {

650 v —> diff = EVEN;

651 u —> diff = EVEN;

652 }

653 w —> diff = EVEN;

654 // 00000000000 ooouooooao
655 w —> sub_tree = u —> sub_tree;
656 u —> sub_tree = RT;

657 if (v = right != NULL)

658 v —> right —> sub_tree = RT;
659 if (u — left != NULL)

660 u —> left —> sub_tree = LT;
661 }

662

663 else {

664 // 00o0oo0o0ooooooooaQ
665 u —> right = w —> left;

666 v —> left = w —> right;

667 w —> left = u;

668 w —> right = v;

669 switch (u —> sub_tree) {

670 case LT:

671 u —> parent —> left = w;
672 break;

673 case RT:

674 u —> parent —> right = w;
675 break;

676 case FT:

677 u —> parent —> front = w;
678 break;

679 case BT:

680 u —> parent —> back = w;
681 break;

682 case CT:

683 u —> parent —> center = w;
684 break;

685 default:
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686 header = w;

687

688 // 00000ooooooo0ao

689 w —> parent = u —> parent;

690 v —> parent = w;

691 u —> parent = w;

692 if (u —> right != NULL)

693 u —> right —> parent = u;

694 if (v — left != NULL)

695 v —> left —> parent = v;

696 // 000000000000 0000

697 if (w —> diff = LEFT) {

698 u —> diff = EVEN;

699 v —> diff = RIGHT;

700

701 else if (w —> diff = RIGHT) {

702 v —> diff = EVEN;

703 u —> diff = LEFT;

704 }

705 else {

706 u —> diff = EVEN;

707 v —> diff = EVEN;

708 }

709 w —> diff = EVEN;

710 // 0000000000000 O0DO0Do0DoDO0o0

711 w —> sub_tree = u —> sub_tree;

712 u —> sub_tree = LT;

713 if (u — right != NULL)

714 u —> right —> sub_tree = RT;

715 if (v — left != NULL)

716 v —> left —> sub_tree = LT;

717 }

718

719 return;

720 }

721

T22 [ koo ok skokok ok ok okok Kk sk ok ok R sk ok ok R sk koK R sk koK R kR ROk R R KR Rk ok
723 + 000000000000 U0DO0ODO0DUDODO0OO0O(0DDODODODOO *
724 « 00 00g) *
725 « DO 000000 oboDoboooo0ooboooadddstrd *
726 *+ 000000 Ilen0DODOO *
727 ok ko sk ok ok sk ok ok S ok ok s Sk ok S Sk ok S Sk ok K oK oK K K oK K K oK K K ok K K oK Rk oK Rk oK ok K Rk kR sk /
728 wvoid search(char xstr, int len)

729 {

730 int s = 0; // 00O

731 struct ext_avl xp; // 000000

732 extern struct ext_avl xheader;

733

734 p = header;

735

736 while (p != NULL) {

737

738 /% xxxxx 00 00 00 0O DO sxxxx x/

739 // 0oo0oo0oo0o0ooooooooooooOoao

740 if (str[s] < p —> element[s])

741 p=p—> left;

742

743 // 00000000 oooooooooo

744 else if (str[s] > p —> element[s])

745 p = p —> right;
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746

747 // 0o0oo0ooooooDooOoOoOo0OaO

748 else {

749 if (s = len — 1) {

750 ext_avl(p —> front);

751 if (p — flag = NU)

752 printf ("%s\n”, p —> element);

753 ext_avl(p —> center);

754 ext_avl(p —> back);

755 return;

756

757 else {

758 JF wkxkxx 10 O O 0O skkerx %/

759 s+-+;

760 // 0o0o0o0o0o0oo0oDoOOoOoOoOoDOoOoOoOoOO0OO

761 if (str[s] < p —> element[s])

762 p =p — front;

763

764 // 00000000000 oooooodd

765 else if (str[s] > p —> element[s])

766 p = p —> back;

767

768 // 00000000 oooooooao

769 else {

770 if (s = len — 1) {

771 if (p —> flag NU)

772 printf ("%s\n”, p —> element);

773 ext_avl(p —> center);

774 return;

775 }

776 else {

T if (p — center != NULL)

778 p = p —> center;

779 S++;

780 }

781 }

782 }

783 }

784 }

785 puts ("NOT_EXIST!” );

786

787 return;

788}

789

TOO /o soskskorok ook skok ok ook skokok ok sk ok ok Ok sk ok ok Kk sk oKk K KKK R KKK R OKKOKR R ROR R R ROk Rk
791 «x 000000000000 oooooooo(oooooo *
792+ 0 00O) *
793 + OD0DODODOOCOD0ODOstr00000O00OD0O!lenDDODD *
794 «+ 00000000000 b0obo0bUdOxqe 00000 noogad *
795 *+ OO OD0ONULLOOODO *
796 Kok ok ok ok KKK KKK K K R oK K SR SR KKK KKK K K R K K K SR KK KK R KK R R KK SRR KRR R R Rk %/
797 struct ext_avl xdelete(char *str, int len)

798 {

799 int s = 0; // 00000

800 struct ext_avl x*xq; // 00o000ao

801 extern struct ext_avl xheader;

802

803 q = &header;

804

805 while (xq != NULL) {
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Jx kkkxx 00 O 0O 0O skxxk x/
if (str[s] < (xq) —> element[s])
q = &((xq) —> left);

else if (str[s] > (xq) —> element[s])
q = &((xq) —> right);

else {
if (s = len — 1) {
// 00000000
if (len < S) {
(xq) —> front = delete_group ((xq) —> front);
(xq) —> center = delete_group ((*q) —> center);
(xq) —> back = delete_group ((*xq) —> back);
return xq;
}
// 00o0ooao
else
return xq;

else {
J# kkxxx 10 0 O O sskkk x/
s++;
if (str[s] < (xq) —> element[s])
q = &((xq) —> front );

else if (str[s] > (x¥q) —> element[s])
q = &((xq) —> back);

s — len —
Oooooao
(len < S)

1) {
00
{
t

(xq) —> center = delete_group ((*xq) —> center);

return xq;

// 000000
else
return xq;
}

else {
if ((xq) —> center != NULL)
q = &((xq) —> center);
s++;

return NULL;

}

/* >k ok >k ok >k ok ok sk ok ok sk ok ok sk ok sk ok skook skook sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok skok skok skok kok kok sk
* oooooooooooao *
+ Jogoooobobobooooooboo 0000 *
* 0O0O00NULLOOOO *
ko 3kookook sk >k 3k 3kook ok ok 3k 3k ok ok ok ok 3k 3k ok ok ok 3k sk ok ok ok ok Sk ok ok ok ok ckoskok ok ok kkokok ok ki kkok o ok
struct ext_avl xdelete_group (struct ext_avl xr)
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866 {

867 struct ext_avl xxq; // 0o0oooao

868

869 q = &r;

870

871 if (xq != NULL) {

872 (xq) —> left = delete_group ((*xq) —> left);

873 (xq) —> front = delete_group ((*xq) —> front);

874 (xq) —> center = delete_group ((*xq) —> center);

875 (xq) —> back = delete_group ((*xq) —> back);

876 (xq) —> right = delete_group ((xq) —> right);

877 free(r);

878}

879

880 return NULL;

881 }

882

883 [ sk kxR ok ok ok oK oK K K KK o ok ok R R KK KK R R R R R KRR KRR R R
884 * ooobboooobobboboooooboao *
885 * gobobooooobboogobbbao *
886 «+ D00 O0O0D0DDODO0ODO0O0oo0oo0oboDbO0oO0podono *
88Tk skskskkk kK K K o ok ok K K KKK K K K o oK ok K K KKK R KR R KRR KRR KRR R %/
888 void ext_avl(struct ext_avl x*p)

889

890 if (p != NULL) {

891 ext_avl(p — left);

892 ext_avl(p —> front);

893 if (p — flag NU)

894 printf (?%s\n”, p —> element);

895 ext_avl(p —> center);

896 ext_avl(p —> back);

897 ext_avl(p —> right);

898}

899

900 return;

901 }



