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001 S01 ... 

002 LOI ... 
003 SOI ... 
004 S02 ... 

001,003, … 001,··· L 002,··· 

002,··· 003,·•· s 001,003, … 
004,·•· 004, ... 

; ; 

2 

1. 2 

X~ 

(a) Cb) 

2 

·w 
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(a) (b) 
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'B'' …, I 

o 
O 0 

Data__Structure= (D,S) (1-1) 

Complex= (C,R) (1-2) 

cl , c2} ; R = { P} , 

Group= (P ,R) 

P={T,G1, …,G",S11 …S,., l¾m¾2} 

R={R1, 

R1 = { <T,G, >II¾i'¾n, l¾n¾3} 

R2 = { (G; l¾j'¾m, l¾n¾3, l¾m¾2} 

(1-3) 

0 

@ 

@ 
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0-2. 

0300 I 3. 0 

0302 -2. 3 0415 -2. 3 

0634 0632~ 0613 
3.0 

(a) (b) 

6 

0 
@ 
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Data Type, 

0 
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data 

data 

data 

(D,S,P) (1-4) 
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ADT Triplet { 

D =- {el ,e2 ,e3 [ el 
Rl={<el,e2>, <e2,e3>} 

vl, v2, v3) 

DestroyTriplet(8r.T) 

Get(T, i, 8r.e) 

Put(8r.T, i ,e) 

IsAscending(T) 

IsDescending(T) 

Max(T, 8r.e) 

Min(T, 8r.e) 

}ADT Triplet 

data 

1. 3 

• 9 • 



# define TRUE 1 
#define FALSE 0 
#define OK 1 
#define ERROR 0 
# define INFEASIBLE - 1 
#define OVERFLOW - 2 
II 

int 

Elem Type, 

} 

= 

if 
if 

• 10• 



.. 

} 

break; ... 
default: l; 

{ 

} 

break; 

l; 

for 
while 
do { 

}while 

return; 
break; 

...• I 

lll8Jt 

min 
abs 
floor 
ceil 
eof 
eoln 

B, 
I IB, 

• 11• 



typedef ElemType * Triplet; 

Status (Triplet &.T, ElemType vl, ElemType v2, ElemType v3); 

DestroyTriplet (Triplet &.T); 

Get (Triplet T, ElemType &.e); 

Status inti, ElemType e); 

IsAscending 

Status IsDescending (Triplet T) 1 

Max ElemType &.e) 1 

Status Min (Triplet T, ElemType &.e) ; 

(Triplet &.T, ElemType vl, ElemType v2, ElemType v3) { 

T = (ElemType *) malloc (3 * sizeof(ElemType)); 
if (! 
T[O] = vl; T[l] = v2; T[2] = v3; 
return OK; 

} II InitTriplet 
DestroyTriplet (Triplet &.T) { 

free(T) ; T = 
return OK; 

} II DestroyTriplet 
ElemType &.e) { 

if Ci<l II i>3) 
e = T[i-1]; 
return OK; 

} II Get 
Status Put (Triplet &.T, ElemType e) { 

II I¾ 
if (i<l II i>3) return ERROR; 
T[i-1] = e; 
return OK; 

• 12• 



} // Put 
Status IsAscending (Triplet T) { 

return (T[O] < = T[l]) 8,.8,. (T[l] < = T[2]); 
} II IsAscending 

IsDescending { 

return (T[O] > = T[l]) 8,.8,. (T[l]> = T[2]); 
} II IsDescending 
Status Max (Triplet T, ElernType &.e) { 

e = (T[O] > = T[l]) ? ((T[O] > = T[2]) ? T[O] : T[2]) 
: ((T[l] > = T[2])? T[l]: T[2]); 

return OK; 
}II Max 
Status Min (Triplet T, ElemType &.e) { 

e = (T[O] < = T[l]) ? ((T[O] < = T[2]) ? T[O] : T[2]) 
: ((T[l] < = T[2]) ? T[l] : T[2]); 

OK; 
} II Min 

1. 4 

1. 4. 1 

1. 4. 2 

0 
@ 
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a. 
c. 

d. 

1. 4. 3 
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T(n) 

for (i= l; i<=n; ++ i) 
for (j = 1; j<= n; ++ j) { 

c[i][j] = O; 
for (k = 1; k<= n1 + + k) 

c[i][j] + = a[i][k] * b[k][j]; 

T(n) = 0(/(n)) (1-5) 

time complexity), 

(a) {++x; s = O;} 
(b)for(i=l; i<=n; ++i) {++x; s += x;} 
(c) for (j = 1; j~n; ++ j) 

fo:r(k=l;k<=n; ++k) {++x; s += x;} 

CD 

• 15• 



T(n) 

3000 

2000 

1000 

15 20 

7 

for (i=2; i<=n; ++i) 
2; j<= i- 1; + + j) { ++ x; a[i][j] = x; } 

void bubble_ sort(int a[ J, int n) { 

for (i = n - 1, change= TRUE; i~l 8,.8,. change; -- i) { 

change = FALSE; 
for (j = O; j<i; ++ j) 

if (a[j] > a[j + 1]) + 1]; change = TRUE; } 

} II bubble_ sort 

urg (n) =O(n2), 

• 16• 



X 
T(n) 

1. 4. 4 

S(n) = O(f(n)) 0-6.) 
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2. 1 

(A,B,C, …, Z) 

(6,17,28,S0,92,188) 

1 

790631 18 

790632 20 
790633 21 
790634 17 

1 

(a1, …, a;-1 , a;, a1+1 , …,an) (2-1) 

'• 18• 



…, 

{ 
D= { a, I a,EElemSet, i= 1,2, …, n, n~O} 
Rl={ i=2,··•,n 

InitList(8r.L) 

DestroyList(8r.L) 

ListEmpty(L) 

ListLength(L) 

GetElem(L, i, 8,.e) 

LocateElem(L, e, compare()) 

PriorElem(L, cur_ e, 8,.pre_ e) 

NextElem(L, cur_ e, 8r.next_ e) 

i, e) 
+ 

ListDelete(8r.L, i, 8r.e) 

• 19• 



ListTraverse(L, 

} ADT List 

void union(List 8r.La, List Lb) { 

La- len = ListLength(La); Lb_ len = 

for (i = 1; i <= Lb_ len; i + +) { 

GetElem(Lb, 

if (! LocateElem(La, e, equal)) len<D, e) ; 

II 

} // union 

2.1 

LA= (3,5,8,11) 
LB= (2,6,8,9,ll,15,20) 

LC= (2,3,5,6,8,8,9,ll,ll,15,20) 

ab ',' __ c 

(D ++ 

• 20• 



void La, List Lb, { 

InitList(Lc); 

i = j = l;k = O; 

La- len = ListLength(La); Lb_ len = 

while ((i <= La_ len) &.&. (j <= Lb_ len)) {II 
GetElem(La, i, ai); GetElem(Lb, j, bj); 

if (ai <= bj) ++k, ai); ++ i;} 

else {Listinsert(Lc, ++ j; } 

(i <= La_ len) { 
GetElem(La, i++, ai); Listlnsert(Lc, k, ai); 

} 
while (j <= Lb_ len) { 

j + + , bj); ++ k, bj); 

} 
} II MergeList 

2.2 

X 
+ 

2. 2 

WC(a;) = WC(a1) + (i-1) X l (2-2) 

• 21• 



map-

ping), 

b 

b+l 

12 

.. " 

} 
2 

#define LIST_ INIT_SIZE 100 
# define LISTINCREMENT 10 

struct { 
ElemType * elem; 

length; 
int l' istsize• , 

• 22• 



InitLisL { 

L. elem = (ElemType *)malloc(LIST _ !NIT_ 11izeof(ElemType)); 
if (! L. elem) exit(OVERFLOW); 
L. length = O; 
L. lists ize = LIST_ !NIT_ SIZE; 
return OK; 

} II InitLisL Sq 

2.3 

(a1, …, a;-1 , a; , …,a.) 

(a1, …, a, ,b,a;, …,a.) 

8 

234 

6789 

2 

3 

—-4 
5678 

234567 

(a) 

3 

(b) (a) Cb) 

• 23• 



Sq(SqList 8r.L, ElemType e) { 

II Sq(L) + 1 
if (i < 1 11 i > L. length+ 1) return ERROR; II 
if (L. length >= L. { 

newbase = (ElemType *)realloc(L. elem, 
(L. listsize + LISTINCREMENT) * sizeof (ElemType)) 1 

if (! newbase) I 

L. elem = newbase, 
+= LISTI.NCREMENT; 

q = & (L. elem[i - 1]); II 
for (p = & (L. elem[L. length- l]) 1 p >= q, -- p) * (p + 1) = * p; 

* q = e; 

++ L. length; 
return OK; 

} // Listlnsert- Sq 

2. 4 

(a1, …, a;-1 ,a; ,a;+1, …,an) 

(a1, …, a;-1 ,a;+1, …, a.) 

ListDelete_ Sq(SqList &.L, int i, ElemType &.e) { 

II Sq(L) 

• 24• 

if ((i < 1) 11 (i > L. length)) return ERROR; 
p = &. (L. elem[i- 1]); 

e = * Pl 
q = L. elem+ L. length - 1; 
for(++p, p<= q; ++p)*(p-1) = *P; 

II 
II 



--L. length; 
OK; 

} // ListDelete_ Sq 

2.5 

E;, = bP;(n —i+l) (2-3) 
,-1 

Edl i) (2-4) 

Pi = n + I'q; = -; 

1 
n + l ;-i 2 

(2-5) 

(2-6) 

length), length, 

LocateElem_ 

length X Lb. 

int LocateElem_ Sq(SqList L, ElemType e, 
Status (* compare) (ElemType, ElemType)) { 

• 25• 



i=l; 
p = L. elem; II 

(i <= L.length 8,.8,. ! (*compare)(* p++. e)) ++ i; 

if (i <= L. length) return i; 
else return O ; 

} II LocateElem Sq 

2.6 

length+ Lb. 

void MergeList. Sq(SqList La, SqList Lb, { 

pa = La. elem; pb = Lb. elem; 
Lc. listsize = Le. length = La. length+ Lb. length; 
pc = Le. elem = (ElemType *)malloc(Lc. listsize * sizeof(ElemType)); 

pa_ last = La. elem+ La. length- 1; 
pb. last = Lb. elem+ Lb. 1; 

(pa <= pa_ pb <= pb_ last) { 

if(*pa<= *Pb) *pc++=*pa++; 
else * pc + + = * pb + + ; 

(pa<= pa_ *pc++= *pa++; 

while (pb<= pb last) *pc++ = *Pb++; 
// MergeList _ Sq 

2. 7 

1 •I• 

• 26·• 



2. 3 

2. 3.1 

(a1 ,az, …,an) 

(ZHAO, QIAN, SUN, LI, ZHOU, WU, ZHENG, WANG) 

LI 43 

7 QIAN 13 

13 SUN l 
19 WANG NULL 

25 WU 37 

31 ZHAO 7 

37 ZHENG 19 

13 ZHOU 25 

5 

• 27• 



H 

6 

typedef struct LNode { 
ElemType data; 

* next; 
}LNode, * 

7 

(a) 

7 

Cb) 

0 

• 28• 



GetElem_ L(LinkList L, int i, ElemType &e) { 
II 

p = L->next; j = l; 
while (p && j<i) { 

p = p->next; ++ j; 

if (! p II j>i) return ERROR; 
e = p->data; 
return OK; 

} II GetElem_ L 

2. 8' 

- --
(a) (b) 

8 

s-> next= p-> next; p-> next= s; 

9 

.“ 

p-> next= p-> next —> next; 

2. 

Status L(LinkList &.L, i, ElemType e) { 

p = L; j = O; 

while (p &.&. j < {p = p->next; ++j;} 

.. 29• 



if (! p II j > i-1) retutn ERROR; 

s = (sizeof (LNode)) ; 

s->data = e; s->next = p->next1 

p->next = s, 

return OK; 

II 

} II Listlnsert_ L 

2.9 

Status ListDelete_ int i, ElemType &.e) { 

p = L; j = O; 

while j < i —I) { 

p = p->next; ++j; 

} 
if < ! <p->next) 11 j > i —1) ERROR; 

q = p->next; p->next = q—>next; 

e = q->data; free(q); 

return OK; 

} II L 

2.10 

void CreateLisL L(LinkList 8r.L, int n) { 

L = (sizeof (LNode)) ; 

NULL; 

for (i = n; i > O; —i) { 

p = (LinkList) malloc (sizeof (LNocle)); 

• 30• 



p->next = L->next; L->next = p; 

} // CreateL1st L 

2.11 

pc, 

- >data~pb->data, 

void MergeLisL L(LinkList &.La, LinkList &.Lb, { 

pa = La->next; pb = 
Le = pc = La; 

(pa &.&. pb) { 
if pb->data) { 

pc->next = pa;pc = pa;pa = pa->next; 

else {pc ->next = pb; pc = pb; pb = pb->next: } 

pc->next = pa ? pa , pb; 
free(Lb); 

} // MergeList _ L 

2. 12 

# define MAXSIZE l 000 

typedef 

ElemType data; 

• 31• 



}component, SLinkList[MAXSIZE], 

1 1 

ZHAO 2 1 ZHAO 2 

2 QIA~ 3 2 QIAN 3 

3 SUN 4 3 SUN 4 

4 LI 5 4 LI 9 

5 ZHOU 6 5 ZHOU 6 

6 WU 7 6 WU 8 

7 ZHENG 8 7 ZHENG 8 

8 WANG 8 WANG 
90 

1 
9 I SRI 

10 

(a) (b) 

5 

S[O].cur, 

i=S[i]. 

int LocateElem_ SL(SLink:List S, ElemType e) { 

i = S[O]. cur; 
while (i &.&. S[i]. ! = e) i = S[i]. cur; 
return i; 

} // LocateElem_ SL 

2.13 

// 

• 32• 



U 

2. 

void InitSpace_ SL(SLinkList &space) { 
0]. 

II 
for(i = O; i<MAXSIZE-1; ++i) space[i].cur = i+l; 
space[MAXSIZE- 1]. cur = 0; 

} II InitSpace_ SL 

2.14 

SL(SLinkList &space) { 

i = space[ 0]. cur; 
if (space[O]. cur) space[O]. cur = space[i]. cur; 
return i; 

} II Malloc _ SL 

2.15 

void Free_ SL(SLinkList &space, int k) { 

space[k]. cur = space[O]. cur; space[O]. cur = k; 
} II Free_ SL 

2.16 

void difference(SLinkList &space, int &S) { 
- B) LJ (B- A) 

InitSpace_ SL(space); 
S = Malloc_ SL(space); 
r:=S; II 
scanf(m, n); 
for (j = l; j <= m; ++ j) { 

i SL(space) 1 · • 

scanf(space[i]. data); 

• 33• 



space[r]. cur= i; r = i; 
} // for 
space[r]. cur = O; 

= 1; J <= n1 ++ j) { 

p = S; k = space[S] cur; II 
(k != space[r] cur && space[k]. data t= b) 

p = k; k = 
} II while 
if (k == space[r] { 

l. SL(space) 1 
space[i] data = b; 
space[i] cur = space[r] cur; 
space[r] cur = 11 

} II if 
else { 

space[p]. cur = space[k] cur; 
Free SL(space, k); 
if (r =•k) r = p; 

} II else 
} II tor 

} II difference 

2.17 

()(Ill /. n) , 

space CO• II) space(0• 11) 
. 

8 6 

s 2 s 2 

2 {. 3 2 C 4 

3 b 4 3 n 8 

4 e 5 4 ,, 5 

5 g 6 5 g 7 

6 J 7 6 f 9 

7 d 7 d 3 

8 9 8 a 

9 10 9 10 

10 11 10 II 

II II 

(a) Cb> 

11 

U 



(c,b,e,g. f ,d), B= (a:, b, 11, f). 

;:2. 11 
0]. 

2. 3. 2 

linked 

(a) 

12 

<b> 

13 

2.3.3 

~--· 
. (a) 

Cb> 

13 

111 

linked 

II - - - - - - - -
typedef struct Dul.Node { 

ElemType data; 

DuLNode . * prior: . ,:,:: . 



struct Dur.Node * next 1 

}DuLNode, * DuLinkList; 

I prior I element I next I 
(a) 

(b) 

(c) 

14 

cl-> next —> prior = cl - > prior —>next= cl 

--------------@ 

15 16 

Status DuL(DuLinkList &.L, ElemType e) .{ 

II 
if (! (p = GetElemP_ DuL(L, i))) 

return ERROR; II p=NULL, 
if (! (s = return ERROR; 

s->data = e; 

s->prior = p->prior; p->prior->next = s; 

s->next = p; p->prior = s; 

OK; 

} II Listlnsert_ DuL 

2.18 
• 36• 



Status ListDelete_ i, ElemType &e) { 

if (! (p = GetElemP - DuL(L, i))) 
return ERROR; II p = NULL, 

e = p->data, 
p->prior->next = p->next; 
p->next->prior = p->prior1 
free(p); return OK; 

} II DuL 

2.19 

struct LNode { 

ElemType 
struct LNode 

} * Link, * 

data; 

* next; 

typedef struct { 

Link head, tail; 
int len; 

}LinkList; 

Status MakeNode(Link 8,.p, ElemType e); 

void FreeNode(Link 8r. p) 1 

Status &.L) ; 

Status &.L) I 

Status ClearList(LinkList &.L) 1 

Status h, Link s) 1 

Status DelFirst(Link h, Link &,q) ; 

Append (LinkList &.L, Links); 

• 37• 



Remove (LinkList &L, Lirik &q) ; 

InsBefore (LinkList & L, Link 8r.p, Links) ; 

InsAfter (LinkList 8, &p, Link s) ; 

Status SetCurElem (Link &p. ElemType e); 

ElemType GetCurElem (Link p) ; 

Status ListEmpty (LinkList L) ; 

L) ; 

GetHead (LinkList L) ; 

Position GetLast (LinkList L) ; 

Position PriorPos(LinkList L, Link p) ; 

Position NextPos (LinkList L, Link p) ; 

Status LocatePos (LinkList L, int i, Link & p) ; 

Position :..u..: (LinkList L, ElemType e, (*compare) (ElemType, ElemType)); 

Status ListTraverse(LinkList L, (* visit)()) ; 

Status 8,.1, inti, ElemType e) { 

if (! LocatePos (L. i- 1, h)) return ERROR; /I 
if (! ls, eJ) return ERROR; 
InsFirst (h. sl: 
return OK; 

II L.1stlnsert L 
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2.20 

Status MergeLisL L(LinkList &.La, LinkList &.Le 
int (* compare)(ElemType,ElemType)){ 

if (! ERROR; 
ha = GetHead (La); hb = GetHead (Lb); II 
pa= NextPos (La,ha); pb = NextPos (Lb,hb); II 

(pa&.&.pb) { II 
a = GetCurElem (pa); b = GetCurElem (pb); II 
if ((* compare)(a,b) <=O) { II a~b 

Append pa = NextFos (La, ha) ; } 
else { II a>b 

DelFirst (hb,q); Append (Lc,q); 
} II while 
if (pa) Append (Le, pa); 
else Append (Lc,pb); 
FreeNode (ha); FreeNode (hb): 
return OK; 

} II MergeLisL L 

pb = NextFos (Lb,hb); 

2.21 

2.4 

P.(x) = Pix+ P2X2 +…+ p.x• 

p = P1 ,P2, …,p.) 

Q = (qo ,q1 ,q2, …, qm) 

R. (x) = P. (x) + Qm (x) 

R = , ... , Pm-1-1 , …, p.) 
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S(x) = 1 + 3x10 ooo + zx20 ooo 

P.(x) = Pmx'm (2-7) 

O~e> <e2 <… <em= n 

((P1 ,e1), (pz ,e2) ,··• ,(p., ,em)) (2-8) 

{ 

• 40• 

D = {ai I ai E TermSet, i = 1,2, …, m, m?D 

Rl = { <ai-1 ,a,> I ai-1 ,ai ED, = 2, …, n} 

CreatPolyn (8r.P, m) 

DestroyPolyn (8,.p) 

PrintPolyn (P) 

PolynLength(P) 

AddPolyn (8r.Pa, 8r.Pb) 

Pa = Pa+ Pb, 
SubtractPolyn (8r.Pa, 8r.Pb) 



Pa = Pa-Pb, 
MultiplyPolyn (8r.Pa, 8r.Pb) 

Pa = PaX Pb, 
}ADT Polynomial 

(x) =7+3x+9x8 (x) =Bx+ 
22x7 

A 

B 

17 

c 

18 
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Insert, 

LocateElem ElemType e, Position 8,.q, 
int (*compare) (ElemType, ElemType)) 1 

Status Orderinsert (LinkList 8r.L, ElemType e, compare) (ElemType, ElemType)); 

typedef struct { 
coef; 

int expn, 
} term, ElemType; 

typedef LinkList polynomial; 

void CreatFolyn (polynomail &.P, int m), 

void DestroyPolyn (polynomail &.P) ; 

void PrintFolyn (polynomail P) , 

int PolynLength(polynomail P), 

void AddPolyn (polynomail &.Pa, polynomail &.Pb) ; 
Pa= Pa+Pb, 

void SubtractFolyn (polynomail &.Pa, polynomail &.Pb); 
Pa = Pa- Pb, 

void MultiplyPolyn (polynomail &.Pa, polynomail &.Pb) ; 
Pa = PaX Pb, 

II - - - -
, (term a, 

void CreatPolyn (polynomail &.P, { 

• 42• 

; h = GetHead (P) ; 
e. coef = 0. O; e. expn = -1; SetCurElem (h, e); 
for(i=l; i<=m; ++i) { 

} 

scanf (e. coef, e. expn), 
if (! LocateElem (P, e, q, (* cmp)())) { 

if (MakeNode (s,e)) InsFirst (q, s); 
} 



} II CreatFolyn 

2.22 

void AddPolyn (polynomial &.Pa, polynomial &.Pb) { 

ha = GetHead (Pa), hb = GetHead (Pb), II 
qa = NextPos (Pa,ha), qb = NextPos (Pb,hb), II 
while (qa &.&. qb) { II 

a = (qa); b = GetCurElem (qb), II 
S11itch (* cmp(a,b)) { 

case -1, 
ha = qa1 qa = NextFos (Pa, qa) , break, 

case 0, 
sum = a. coef + b. cof'', 
if (sum ! = 0. 0) { 

SetCurElem (qa,sum) ; ha = qa, } 
else { 

qa), FreeNode (qa); } 
DelFirst (hb, qb); FreeNode (qb) 1 qb = NextPos (Pb, hb), 
qa = NextPos (Pa, ha), break, 

case 1: 
qb); InsFirst(ha, qb), 

qb = NextPos (Pb, hb), ha= NextPos(Pa,ha) 1break1 
} II switch 

} II while 
if (! (Pb)) Append (Pa, qb), 
FreeNode (hb): 

} II AddPolyn 

2.23 

M (x) =A(x) X B(x) 

=A(x) X b.x••] . 
,-1 
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3. 

3. 1. 1 

a2' …,a. 

in first 

\ I~ 
I I I 

a, 

(a) (b) 
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ADT Stack { 
D = { ai I ai E ElemSet, i = 1 , 2 , …,n, n~O} 

Rl = { ai> aiED, i=2, …, n} 

InitStack(&.s) 

ClearStack(&.s) 

StackLength(S) 

GetTop(S, &.e) 

Push(&.s, e) 

Pop(&.s, &.e) 

StackTraverse(S,visit()) 

}ADT 

3. 1. 2 
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ST ACK_ INIT _ SIZE ACKINCREMENT 

typedef 
SElemType * base 1 

SElemType * top; 

}SqStack; 

top . 

bue 

B 

2 

II===== ADT 

#define STACK_ INIT_ SIZE 100; 
# define STACKINCREMENT IO ; 

SElemType * base; 
SElemType * top; 

stacksize; 
}SqStack; 

(SqStack 8r.S); 

Status (SqStack 8r.S); 

Status (SqStack 8r.S); 

Status StackEmpty (SqStack S); 
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int StackLength (SqStack S); 

GetTop (SqStack S, SElemType &.e); 

Push (SqStack &.s, SElemType e); 

status Pop (SqStack &.s, SElemType &.e); 

StackTraverse(SqStack S, (*visit)()); 

InitStack (SqStack &.s) { 

S. base = (SElemType *)malloc(STACK_ INIT_ SIZE * sizeof(SElemType)); 

if (! S. base) ; 
S. top = S. base; 
S. stacksize = STACK_ INIT- SIZE; 

return OK; 

} II Ini tStack 

Status GetTop(SqStack S, SElemType &.e) { 

if (S. = = S. base) ERROR; 

e = * (S. 
return OK; 

} II GetTop 

Push 8r.S, SElem.Type e) { 

if (S. top - S. base >= S. stacksize) 
S. base = (SElem.Type *) realloc (S. base, 

(S. stacksize + STACKINCREMENT) * sizeof (SElem.Type)); 

if (! S. 

s. = S. base + S. 
S. stacksize + = STACKINCREMENT; 

*S.top++ = e; 
return OK; 

} II Push 

Pop (SqStack &.s, SElemType &.e) { 

OK; 
if (S. top = = S. base) return ERROR; 

e = * -- S. 
return OK; 

} II Pop 

s data next 

3 
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3. 2 

3.2. 1 

N=(N div d)Xd+N mod d 

(1348)10 = (2504)s, 

N N div 8 N mod 8 

1348 168 4 

168 21 

21 2 5 
2 2 

void conversion () { 

scanf ,N); 

while (N) { 
Push(S, 
N = N/8; 

while (! { 
Pop(S,e); 

e); 

} II conversion 

3.1 
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3.2.2 

[([ ][ 

[([][])] 
1 2 3 4 5 6 7 8 

3.2.3 

#ilr#e(s# * s) 
s = # + +) ; 

while (* s) 
putchar(* S + +) I 
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3. 

void 

ch = getchar() ; 

while (ch ! 
(ch ! = EOF 8,.8,. ch ! ='\n') { 

(ch) { 
Pop(S, c); break; 

case'@': break; 
Push(S, ch); break; 

} 
ch = getchar() ; 

} 

ClearStack(S); 
ch = getchar(); 

DestroyStack(S); 

} II LineEdit 

3.2.4 

3.2 

1 

3 
2 

4 

6 

9 
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; 

do { 

} 

}while 

typedef struct { 
ord; 

PosType seat; 

}SElemType; 

(MazeType maze, PosType end) { 

curpos = start; 

curstep = 1; 
do { 

if (Pass (curpos)) { 
FootFrint (curpos); 
e = (curstep, curpos, 1) ; 

Push (S,e); 
if (curpos ==end) return 
curpos = NextPos (curpos, 1) 1 

curstep ++; 
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} llit 
else { 
if { 

Pop (S,e); 
(e. di== 4 && ! { 

MarkPrint (e. Pop (S,e); 
} II while 
if (e. di<4) { 

e.di++; Push (S, e); 
curpos = NextPos (e. seat e. di) ; 
} II it 

}II if 
} II else 

} while (! ; 
return (FALSE) I 

} II MazePath 

3.2.S 

3.3 

4 + 2 X 3-10/5 

4+2X3 —10/5 = 4 + 6 —10/5 = 10 - 10/5 = 10 - 2 = 8 
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01 =02 

1 

+ * 
/ # 

+ > >>>><>< < < 
<>><>< <>><>< >>><>< 

*/()# 

<<<<< >>>> 

> 
< 

OperandType { 

II 
InitStack (OPTR); Push (OPTR,'#'); 
initStack (OPND); c = 

(c! ='#'11 GetTop(OPTR) ! ='#') { 
if(! In(c, OP)){Push((OPND, c); c = getchar();} 
else 

switch (Precede(GetTop(OPTR), c)) { 
case'<', 

Push(OPTR, c); C = getchar(); 
break; 

case'=', 
Pop(OPTR, x); c = getchar(); 
break; 
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case'>': 
Pop(OPTR, 
Pop(OPND, b); Pop(OPND, 
Push(OPND, b)); 
break; 

} II switch 
} II while 

GetTop(OPND); 
} II EvaluateExpression 

3.4 

0 

* 

23456789 

10 

--
((((( 

########## 

2 

5 

77755 

333333331 

########## Gog7-3-
PUSH(OPND,'3') 
PUSH(OPTR,'*') 
PUSH(OPTR,'(') 
PUSH(OPND,'7') 
PUSH(OPTR,' —') 

PUSH(OPND,'2') 
operate('7','-','2') 

operate('3','*','5') 

(OPND)) 

3.3 

Fact(n) = { 
1 
n• Fact(n -1) 

(3-1) 

I 

Fib(n -1) + Fib(n —2) 

(3-2) 
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Ack(m,n)~F::m-1,1) : 

Ack(m-1,Ack(m,n —1)) 

…, 

~3-3) 

5 

void hanoi char x, chary, char z) 

(x, n, 
II Move to %c\n", ++c, n, x, z); 

{ 123456789 

if (n== 1) 
move(x, 1, z); 

else { 
hanoi(n - 1, x, z, y); 
move(x, n, z); 
hanoi(n- 1, y, x, z); 

} } 

3.5 
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first, 
6 

2 I . 
I m . 

n . . . . 
X i m 

y n 

void first(int s, int t) 1 
void d); 
void .main(){ 

int m, n1 

first (m, n); 
1, ... 

(a) 
int first (int s, 

int i1 

second (i); 
2, ... 

mn 

m int second (int d) { 
int x, y; 

n 

Cb) (c) 

6 

(!) 
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hanoi(3 ,a, b, c) (3-4) 

I I 5I ,2,4, I • 

1.2.4. I 2 I • 6,2.a.c,b 
5 

0.3,a,b,c 

I : ,2.3, I • 6,1.a,b,c 
3 

6,2,a,c.b 
0,3,a,b,c 

2 I 6. 7 | • 6,2,a,c,b 
0.3,a,b,c 

c-

ill 

5. 

7 

0 
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3 1,2,3, 

9 

.... 

.. 

•• 8,1,c,a,b 
6,2,a,c,b 
0,3,a,b,c JJJ 

2 8,9 6,2,a,c,b 
0,3,a,b,c 

------- 

1 6,7 
0,3,a,b,c 

2 1,2,4, 

5 
8,2,b,a,c 
0,3,a,b,c 

3 1,2,3, 

9 

.. 

----- 

6,1,b,c,a 
8,2,b,a,c 
0,3,a,b,c 

---l--

--- 

8. 

2 6,7 
• 

8,2,b,a,c 
0,3,a,b,c 

-- LJA 
3 1,2,3, 

9 

2 8,9 

8,9 

---------· 
• 

8,1,a,b,c 
8,2,b,a,c 
0,3,a,b,c 

8,2,b,a,c 
0,3,a,b,c 

0,3,a,b,c 

---------

8. 

3.4.1 

in first out, 
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(a1 ,a2, 

a1 

... a. . 

a1 ,az, 

{ 

D = {a, I a, EElemSet, i = 1,2, …, n, n~O} 

Rl={<a,-1,a,> I a,-1, a,ED, i=2, …, n} 

InitQueue(8, 

DestroyQueue(8r.Q) 

ClearQueue(8r.Q) 

QueueEmpty(Q) 

QueueLength(Q) 

GetHead(Q, 8r.e) 

EnQueue(8r.Q, e) 

DeQueue(8r.Q, 8r.e) 
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QueueTraverse(Q,visit()) 

. , 

t f 
(a) 

Cb) 

3.4.2 
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(a) 
data next 

Cb) 

I 

Cd) 

10 11 

II===== ADT 

typedef struct QNode { 

struct QNode * next; 
* QueuePtr; 
struct { 

QueuePtr front; I 
QueuePtr rear; 

}LinkQueue; 

(LinkQueue 8r.Q) 

Status DestroyQueue (LinkQueue 8,.Q) 

Status ClearQueue (LinkQueue 8r.Q) 

Status (LinkQueue Q) 

(LinkQueue Q) 

(LinkQueue Q, QElemType &.e) 

EnQueue (LinkQueue 8r.Q, QElemType e) 

DeQueue (LinkQueue 8r.Q, QElemType &.e) 
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Status QueueTraverse(LinkQueue Q, 

----
status InitQueue (LinkQueue 8r.Q) { 

Q. front = Q. {! (QNode)) ; 

Q. front) (OVERFLOW) 1 

Q. front ->next= RULL, 
return OK; 

Status DestroyQueue (LinkQueue 8r.Q) { 

(Q. front) { 

} 

Q. rear = Q. front->next, 
free (Q. 
Q. front = Q. rear; 

return OK, 

EnQueue (LinkQueue 8r.Q, QElemType e) { 

p = (sizeof (QNode)) 1 

if (! p) I 

p->data = e, p->next = NULL; 
Q.rear->next = p; 
Q. rear = p; 
return OK, 

Status DeQueue (LinkQueue 8,.Q, QElemType 8,.e) { 

if Q. rear) return ERROR; 

p = Q. front->next; 

e = p->clata; 
Q.front->next = 
if (Q. rear•• p) Q. rear = Q. front; 
free (p); 

return OK; 
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3. 4. 3 

rear= 0 , 

Q 

Q.rear 

J8 

Q. rear 
• I 

Q. front 

(a) (b) (c) (d) 

12 
(b) (c) J, 

Cd) 

3. 

14 < 
Q. front= Q. rear; 
3. 

front= 13 
Q. rear, front= Q. 
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Q.rear 

Q. 

(c) 

14 

#dtdiae MAXQSIZE 100 
typedef struct { 

* base; 

Q. front 

int front; 
rear; 

}SqQueue; 

Status (SqQueue &o) { 

Q. base = (QElemType *) malloc * (QElemType)) I 
(OVERFLOW); 

Q. front = Q. rear = 0; 
return OK; 

QueueLength (SqQueue Q) { 

return (Q. rear- Q. front+ 

} 
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(SqQueue 8,.Q. QElemType e) { 

if«Q. rear+ l = = Q. ERROR; 

Q. base[Q. rear~= e: 
Q. rear = (Q. rear + 

Status DeQueue (SqQueue 8'.Q. QElemType 8'.e) { 

front == Q. ERROR; 
e = Q. base[Q. 
Q. front = (Q. front+ 

OK; 

3. 5 

void Bank Simulation(int CloseTime) { 

OpenForDay () ; 
(MoreEvent) { 

EventDrived(OccurTime. EventType); 
switch (EventType) { 

: Customer Arrived() ; 
CustomerDeparture() : 

default : Invalid() ; 

}II 
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} II while 
CloseForDay; 

} // Bank- Simulation 

3.6 

tn>ecfef struct { 
in~OccurTime; 
int NType; 

}Event, ElemType; 

typedef LinkList EventList 

struct { 
Time; 

int Duratio.'11 

+ 
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ev; 
Event en; 
LinkQueue q[5]1 
QElemType customer, 

II 

CustomerNum; 

int cmp 1 

void OpenForDay() { 

TotalTime = 01 
InitList (ev) 1 

CustomerNum = 0; 

= 0 1 en. NType = 0; 
en, cmp); 

for(i=l; i<=4; ++i) 
} // OpenForDay 

InitQueue (q[i]); 

void CustomerArrived() { 

+ + CustomerNum; 

t = en. OccurTime + intertime; 
if (t<CloseTime) 

(t, 0), cmp); 
i = Minimum(q); 
EnQueue (q[i], (en. OccurTime, durtime)); 
if (QueueLength (q[ i J) = = 1) 

(en.OccurTime+durtime, i), cmp), 

} II CustomerArrived 

void CustomerDeparture() { 

i = en. NType; DelQueue (q[i], customer); 
TotalTime + = en. OccurTime - customer. ArrivalTime; 

if (! QueueEmpty(q[i])) { 
GetHead (q[ i J , customer) ; 
Orderinsert (ev, (en. OccurTime + curtomer. i), (* cmp)()); 
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} // CustomerDeparture 

void Bank Simulation(int CloseTime) { 
1 

{ 
DelFirst (GetHead (ev). p): en = GetCurElem(pl: 

NType == OJ 
CustomerArrived() ; 

else CustomerDeparture() ; 
} 

Average (float)TotalTime / CustomerNum): 
} // Bank Simulation 

3.7 

, = 0. Duration= 23), 

Time= 23. NType= 

NType = 0), en. Occur-
l"ime - I. 1 

4, 

Duration~:n. 

en. Occur Time= 5, 
< l I .:,J, 

\rri,·alTinw -- -~.Duration= 11), 

curstomer. Arrival Time= 4, 
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Q· 

ev, fint ! 

1 

Q 

- -• 1 
I -......_ , .... ._. " "' 

(II, 

Ul,3) 

4 

(13,5) 
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4. 1 

s ='a1a2 …a.'(n~O) (4- 1) 

string), 

a='BEI', b='JING' 
c='BEIJING', d='BEI JING' 
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x='l23'; 

tsing='TSING' 

string, 

{ 
D= { i= 1,2, ... ,n, n~O} 

R1 = a,> I a, ED, i = 2, …. ,n} 

chars) 

StrCopy (&. T, S) 

(S) 

StrCcmpare (S, T) 

O; = T, O; < T, 
, StrLength (S) 

Sl, S2) 

(&.Sub, S, pos, len) 
- pos + 

T, pos) 
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Replace (&s, T, V) 

Strlnsert (&s, pos, T) 
+ 

StrDelete (&s, pos, len) 
- len + 

DestroyString < &s) 

}AD'l'String 

T, 

(String S, String T, int pos) { 
II 

if (pos > 0) { 

n = m = StrLength(T); i = pos; 
while (i <= n- m + 1) { 

Substring (sub, S, i, m); 
if (StrCompare(sub,T) ! = 0) ++ i ; 
else 1• 

} II while 
} II it 

O; 
} II Index 

II 

4.1 

4.2 
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4. 2.1 

# define MAXSTRLEN 255 
typedef char + 1]; II 

1. T ,Sl ,S2) 

(1) 

MAXSTRLEN, (2) SI [ 0] < MAX -

(3) Sl[O]=MAXSTRLEN, 

Status Concat(SString 8,. T, SString S1, S2) { 

if (S1[0] + S2[0] <"'MAXSTRLEN) { 
T[l.. S1[0]] = S1[1.. Sl[O]]; 
T[S1[0] + 1.. S1[0] + S2[0]] = S2[1.. S2[0]]; 
T[O] = S1[0] + S2[0]; uncut = 

else if (S1[0] < MAXSTRLEN) { 

} 

T[l.. S1[0]] = S1[1.. S1[0]]; 
T[S1[0] + 1.. MAXSTRLEN] = S2[1.. MAXSTRLEN- S1[0]]; 
T[ 0] = MAXSTRLEN; uncut = FALSE; 

else { 
T[ 0 .. MAXSTRLEN] = S1 [ 0 .. MAXSTRLEN]; 

II T[O] = = S1[0] = = MAXSTRLEN 

• 73• 



uncut 

return 
} // 

S1 

T 

Sl 

T 

Sl 

T 

Sl[O 

4.2 

(a) 

(b) 

Sl[O 

(c) 

.. 
------, 

I _______ _J 

MAXSTRLEN 

1 ,S1 

(a) 

(b) 
(c) S1 [ O] = MAXSTRLEN 

2. Sub, S, pos, len) 
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&.sub, S, int pos, int len) { 

- pos + 
if (pos < 1 11 pos > S[O] II len < 0 II len > S[O] - pos + 1) 

return ERROR I 
Sub[l. . len] = S[pos .. pos + len - 1], 
Sub[O] = len1 return OK1 

} II SubString 

4.3 

, 

4. 2. 2 

typedef struct { 
char * ch; 

length; 
}HString, 

StrCopy(&. T, 

pos, 

Status &s, HString T) { 
II + 
if (pos<l II pos > S. length+ 1) return ERROR; II 
if (T. length) { II 

if (! (S. ch = (char *) realloc(S. ch, (S. length+ T. length) * sizeof(char)))) 
exit(OVERFLOW); 

for(i=S.length-1; i>=pos-1; --i) 
S. ch[i + T. length] = S. ch[i]; 

S.ch[pos-1. .pos + T. length- 2] = T.ch[O .. T. length-1]; 
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S. length + ,. T. length, 

} 
return OK1 

}// 

4.4 

II===== ADT 

char * ch1 
int length; 

II - - - - - - - -
(HString 8r.T, char *chars), 

int StrLength (HString S) 1 

StrCompare(HString S, HString T) 
O; 

(HString 8r.S) 1 

Status Concat (HString 8r.T, Sl, HString S2) 1 

(HString s,·int pos, int len); 

II - pos + 

II- - - -
8r.T, char * chars) { 

• 76• 

if (T. ch) 
for (i = 0, c = chars, c, ++ i, ++ c), 
if(! i) {T.ch T. length = 01 } 

{ 

} 

if(! (T.ch = 
(OVERFLOW) 1 

T.ch[O .. i-1] = chars[O .. i-1]; 
T. length = i1 

return OK, 



} II StrAssign 

int StrLength(HString S) { 

S. length1 
} II 

S, HString T) { 

o, 
for (i = 01 i<S. length 8,.8,. i<T. length1 ++ i) 

, if (S. ch[i] ! = T. ch[i]) return S. ch[i] - T. ch[i] 1 
S. length-T. length; 

} I I StrCompare 

Status ClearString(HString 8r.S) { 

if (S. ch) {free(S. ch) 1 S. ch = NULL; } 
S. length = O; 
return OK; 

} II ClearString 

Concat(HString 8r.T, HString Sl, HString S2) { 

if (T. ch) fr-(T. ch) 1 
if(! (T.ch = length + S2. length) * sizeof (char)))) 

(OVERFLOW); 

T. ch[O .. Sl. length-1] = Sl.ch[O .. Sl. length-1]; 
T. length = Sl. length + S2. length; 
T. ch[S1. length .. T. length- l] = S2. ch[O .. S2. length- l]; 

OK; 

} II Concat 

Status SubString(HString &.sub, HString S, , int len) { 

- pos + 
if (pos < 1 II pos > S. length 11 len < 0 11 len > S. length - pos + 1) 

ch) free (Sub. ch); 
if (! len) {Sub. ch = NULL; Sub. length = 01 } 

} 

Sub. ch = (char 
Sub. ch[O .. len- 1] = S. ch[pos - 1.. pos + len- 2]; 
Sub. length = len; 

return OK; 
) II Substring 
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4. 2. 3 

bead 

I II 
(a) 

(b) 

2 

II=,. == == === 
CHUNKSIZE 80 

typedef struct Chunk { 

struct Chunk * next; 

struct { 
head, *tail; 

int 

}LString; 

• 78• 



4.3 

4. 3.1 T, pos) 

int Index(SString S, SString T. int pos) { 

i=pos; j=l; 
(i <= s[o] &.&. j <= T[O]) { 

if (S[i] = = T[j]) { ++ i; ++ j; } 
else { i = i - j + 2 ; j = 1 ; } 

if (j > T[O]) return i- T[O]; 
else return O ; 

} II Index 

4.5 

1 A STRING SEARCHING EXAMPLE CONSISTING OF SIMPLE TEXT' 
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[OJ —D+4, 

, 000000011, 

* 8 (index* 
4. * 

li-3 
ababcabcacbab 

abc 

1,-2 
ababcabcacbab 

I __ .J 
at 

1,-7 
ababcabcacbab 

abcac 
t,-s 

j;-4 
ababcabcacbab 

a 

1,-s 
ababcabcacbab 

a 
t;-1 

1,-11 
ababcabcacbab 

abcac 
t ;-6 

3 

4.3.2 

E. R. H. 

t i=3 
a b a b c a b c a c b a b 
a b c 

+ i , + i=7 
a b a b c a b c a c b a _b 

a b c a c 

j=l ti•ti=ll 
a b a b c a b c a c b a b 

(a) b c a c 

1=2 
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=:= 

P2 …Pm', 

.•. 

Prk-t-lPj-k-t-2 …Pi-1 = S;-k-t-2 …S;-1 

(4-2) 

(4-3) 

P1P2 …Pk-I = p (4-4) 

P2 …Pk-] 
S,-k+2 …s, 

~x,G]~fax {k?!il …PH'~'pr~• …P, ,') 

1 

J 

next[j] 

12345678 
abaabcac 

01122312 

(4-5) 
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~i=Z 
acabaabaabcacaabc 

ab 
t ;,,,;z next[Z]= 1 

ti=2 
acabaabaabcacaabc 

a 
next[l]=O 

t ,=3--+ t i=B• 
acabaabaabcacaabc 

abaabc 

t i=S-t i=l4 
acabaabaabcacaabc 

(a b)a ab ca c 

int Index_ KMP(SString S, SString T, int pos) { 

/I 
i = pos; J = l; 
Khile (i <= S[O] 8i,8i, j <= T[O]) { 

if (j = = 0 II S[i] = = T[j]) { ++ i; ++ j; } 
j = next[j]; 

if (j > T[O]) return i- T[O] 1 

else O; 
} II Index_ KMP 

4.6 

next[l] = 0 (4-6) 

1P1•·· 

next[j+ 1]=? 
• 82• 



P1 …pk = P; 
l] =k+ 1, 

next [j + l] 

P1 …Pk # Ip j--k+I …p/ 

(4-8) 

(4-9) 

= P1 = P2• …, P;-1 =Pk-I• 

ne.xt[k] = k', 

'pl …Pk'1 O<k'<k<}) (4-10) 

+ 1] = (4-11) 

=p Pk'• 

ne:rt [j + 1] = 1 (4-12) 

=3, =/:- Ps , 
=I= Pi, = 1, 

(4-12)) , 

void get_ next (SStr ing T, { 

i = 1; next[l] = O;'j = O; 
(i < T[O]) { 

j 123456 78 

ab a C 

next[j] 0 1 1 2 2 3 1 2 

(a b a) 

(a) 

6 

if (j = = 0 11 T[i] = = T[j]) { ++ i; ++ j; next[i] = j; } 
else j = next[j]; 

} II get_ next 

4. 7 

* m), 
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a a 

a a b a a a a ch[ 4]=/=t. ch[ 4], 

.J 1 2 3 4 5 

aaaab 
next[j] 

nextval[j] 
0 1 2 3 4 
0 0 0 0 4 

void nextval (SStr ing T, ]) { 

1 = 11 nextval[I] = O; j = O; 
(i < T[O]) { 

II 
++i; ++j; 
if (T[i] != T[j]) nextval[i] = j, 
else nextval[i] = nextval[j] 1 

} 
else j = nextval[j]; 

} 
} II geL nextval 

4.8 

4.4 

4.4. 1 
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main 0( 
float a,b,max; 
scanf &.a, &.b) 1 

if a>b max= a, 
b1 

}; 

201 

m a i n ( ) { J f I a t a ' b , 
m X .J s C a n f ( " % f % f " a ; , 
, & a , & b ) ; .J I f a > b m 
a X = a ; J e I s e m a X = b ; 
.J } .J 

7 ` 

100 201 8 

101 209 17 

102 226 24 

103 250 17 

104 267 15 

105 282 2 
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4.4.2 

9 

005 Computer Data Structures algorithms 

010 Introduction to Data Structures analysis 

023 Fundamentals of Data Structures computer 

034 The Design and Analysis of Computer Algorithms data 

050 Introduction to Numerical Analysis design 

067 Numerical Analysis fundamentals 

(a) introduction 

numencal 

structures 

9 

034 

034,050,067 

005,034 

005,010,023 

034 

023 

010,050 

050,067 

005,010,023 

(b) 
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MaxBookNum 1000 
#define MaxKeyNum 2500 
# define MaxLineLen 500 
# define MaxWordNum 10 

struct { 
char *item[]; 
int last; 

}WordListType; 
int ElemType; 

key; 
LinkList 

}IdxTermType; 
{ 

IdxTermType item[MaxKeyNum + l]; 
int last• , 

}IdxListType; 

char * buf; 

void (IdxListType & 

void GetLine (FILE f); 

void ExtractKeyWord (ElemType &bno); 

(IdxListType & ElemType bno); 

void (FILE g, idxlist) ; 

void main() { 
if (f = openf ("Bookinfo. txt", "r")) 

= openf ("Bookidx. txt", "w")) { 
InitidxList (idxlist); 

(! feof (f)) { 
GetLine (f) ; 

(BookNo); 
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(idxlist, BookNo) ; 

PutText (g, idxlist); 

} II main 

4.9 

void (int i, HString 8r.wd); 

int Locate (IdxListType idxlist, wd, Boolean 8r.b); 

void InsertNewKey (IdxListType 8r.idxlist, int i, HString wd); 

InsertBook (IdxListType int i, int bno) 1 

InsidxList (IdxListType &.idxlist, { 
for (i = 0; i<wdlist. last; + + i) { 

Getl'lord (i, wd); j = Locate (idxlist, wd, b); 
if (! b) InsertNewKey (idxlist, j, wd); II 
if (! InsertBook return OVERFLOW; II 

return OK; 
} II 

4.10 

void GetWord HStr ing 8r. wd) { 

p= * (wdlist.item +i); 
StrAssign (wd, p); 

} II GetWord 

4.11 

int Locate (IdxListType &idxlist, HString wd, Boolean &b) { 

for (i = idxlist. 

(rn = StrCornpare (idxlist. i tern[ i]. key, wd)) > 0 ; - - i) ; 

if(rn==O) return i; } 
else {b = F: } 

} // Locate 

4.12 
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void InsertNewKey { 
for (j = j>= i; -- j) 

+ 1] = 

StrCopy (idxl 

i]. bnolist) ; 
++ last; 

} II 

4.,,13 

(IdxListType &.idxlist, int i,, 
if (! MakeNode (p, bno)) return ERROR I 
Appand item[i]. bnolist, p) 1 

OK1 

} II InsertBook 

4.14 
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5. 1 

AD'l'Array { 
=O, …,b,-1, i=l,2,··•,n, 

D= {a; 
j, 

{Rl, R2, …, Rn} 

Ri= 
O~j.~b. - 1, 

- 2, 

+ 1…J.ED, i=2, …, n } 

InitArray(&A, n, boundl, •··, boundn) 

DestroyArray(&A) 

Value(A, &e, indexl, •··, indexn) 

Assign(&A, e, indexl, …, indexn) 

} AD'l'Array 

,-1 

• 9.0 • 



—l ,b; …, 

A= (p = 

a1 = ,j) Q¾)¾n - 1 

a; = (a;o ,a,i, …, a;., O~i~m —1 

typedef Elem Type Array2[m][n]; 

typedef Elem Type Arrayl[n]; 

typedef Arrayl Array2[m]; 

I 

II OI:·-aam 

a . 

OOl 01

…-

aam 

a 

__ " m 
A 

ao, 
a,2 

a,.-1., 

__ __ 

i ”-

Il --

I 

nn 

m 

. aal

…

a 

. . . 

-- 

l . l m 

11 Ol aa

…

a 

l-

1 

oo10m -aa

…

4 

-- 

__ " x m 
A , 

-- 

l 

l1-

-“ 

n,:·l aoalm 

a 

(a) (h) 

Amxn =«aooao, - ,) , (a,oa11···a1..-1), …, (am- I .oa,.-1.1 …am-1.n-l)) 
(c) 

1 

5. 2 

1 
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major 
major 2 

LOC(aoo) 

LOC(A\1>)=LOC(ao1) 

aoo 

a10 

001 

a11 
A<o 

I 

ao.n-1 

On,-1, 

A(l)= , 

(a) 

)I -A 

LOC(A\ 11)=LOC(al0) 

2 

aoo 

aio 

011 

Am I 

Gn,-1,0 

anr-1. 

A<2>= ... 

A~o = 

(b) 

LOC(i,j)=LOC(O,O)+(b2 Xi+j)L (5-1) 
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LOC(}1 ,i2, =LOC(O,O, …, O)+(b2 
+···+b. Xi.-1 +j.)L 

·.c,. 

• 

= II 
i=l k=H-1 

n 

LOC(ii, = LOC(O,O,···,O) + I;c;j, 

c.=L,c,_1=b,Xc,, 

(5-2) 

// 
#include end, 

#define MAX_ ARRAY_ DIM 8 

ElemType * base; 

int * bounds; 

}Array; 

InitArray(Array Si.A, int dim, …); 

Status Si.A) 1 

Value(Array A, ElemType 8i.e, …); 
II 

Assign(Array Si.A, ElemType e, .. ,) ; 

// 

Status InitArray(Array Si.A, int dim, …){ 

if (dim< 1 II dim> MAX_ ARRAY_ DIM) return ERROR; 
A. dim= dim; 
A.bounds= (int *)malloc(dim * 
if (!A. bounds,) exit(OVERFLOW); 

elemtotal = 1 ; 
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va_ start(ap, dim); II 
for (i = O; i<dim; ++ i) { 

} 

A. bounds[i] = va_ arg(ap, int); 
if (A. bounds[i]<O) 
elemtotal * = A. bounds[i]; 

va_ end(ap); 
A. base= (ElemType *)malloc(·elemtotal *•sizeof(E°lemType)); 
if (! A. 

1], i = 1, …, dim 
(int * 

if (!A. . 

= l; II L= 1, 
for(i=dim-2; i>=O; --i) 

= A. + 1] * A. l]; 
return OK; 

DestroyArray(Array &A) { 

if (! A. base) ERROR; 
(A. base); A. base= 

if ! (A. bounds) ERROR; 
free(A. bounds), A. bounds= NULL; 
if! r~ ERROR, 
free(A.constants); = NULL; 

OK; 

Locate(Array A, va_ list ap, int &.off) { 

off= O; 
for (i=O; i<A.dim; ++i) { 

ind= va_ arg(ap, 

} 

if (ind<O II ind>= A. bounds[i]) return 
off + = A. constants[i] * ind, 

OK1 

Value(Array A, ElemType &e, ... _) { 

• 94• 

II 

va_ start(ap, e); 
if ap, off))<= 0) return result; 
e = * (A. base+ off); 
return OK; 



Assign(Array 8r.A, ElemType e, …) { 
// 

va_ start(ap, e); 
if ((result=Locate(A, ap, off))<=O) return result; 
* (A. base+ off) = e; 

OK; 

5. 3 

5. 3.1 

a,j = ai; 1 ::(i ,j ::(n 

1) 

k~r: (5-3) 
2 

…, 
n(n+l) —1, 2 
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an a,1 a22 a" a.,1 a ••• 

k= 0 2 
3 n(n-1) 

2 2 

{[ • 
aoo ao1 

0 

. 

(a) (b) 

5.3.2 

' mx.n 

ADT SparseMatrix { 
D= j=l.2, …, n; 

E ElemSet, 
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R={Row, Col} 
Row=; {<a1,;,ai,j+1>[ l<i<m, .. l<j<n-1} 
Col={<ai,;,ai+i,;>I I<i<m-1, l<j<n} 

CreateSMatrix(8r.M) ; 

PrintSMatrix(M); 

CopySMatrix(M, 8r.T); 

AddSMa:trix(M, N, 8r.Q); 

N, 

N, 

TransposeSMatrix(M, 8r.T)1 

,j 

((1, 2, 12) , (1, 3, 9) , (3, 1, - 3) , (3, 6, 14) , (4, 3, 24) , (5, 2, 18) , (6, 1, 15) , (6, 4, 

-7)) 

3 15 
0 12 9 0 0 

12 0 18 
0 0 

9 0 24 
M=I -3 0 0 14 0 

24· 0 0 
T= -7 

0 18 0 0 
14 

15 -7 0 

5 
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1. 

II -- --
# define MAXSIZE 12500 

struct { 
j; 

ElemType e; 
}Triple; 

struct { 
Triple + 1]; 

mu, nu, tu; 

,j) =M(j ,i), l~i~n, 

.J-23163214 .1-11334566 
V 

12 
9 

-3 
14 
24 

18 
15 
-7 

V 

-3 

15 
12 
18 
9 

24 
-7 

14 

a. data b. data 
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M, TSMatrix 8r.T) { 

T.mu= M.nu, T.nu= M.mu, T. tu= M. tu, 
if (T. tu) { 

q= 1, 
for (col= l; col<=M.nu, ++col) 

for (p= l; p<=M.tu; ++p) 
if (M. data[p]. j = = col) { 

OK; 

T. data[q]. i = M. data[p]. j I T. j = M. data[p]. i; 
T. data[q]. e = M. data[p]. e1 ++ q; } 

} II TransposeSMatrix 

5.1 

for (col= 1 ; col<= nu; ++ col) 
for (row==l1 row<=mu, ++ row) 

T[col][row]= M[row][col] 1 

{ cpot[l] = 11 (5_4) 
cpot[col] = cpot[col- 1] + num[col- 1] 2~col~a. nu 

col 

num[col] 

cpot[col] 

1 2 3 4 5 6 7 

2 2 2 0 1 0 

3 5 7 8 8 9 

0 
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M, TSMatrix 8i.T) { 

T. mu= M. nu; T. nu= M. mu; T. tu= M. tu; 
if (T. tu) { 

for (col= 1; col<= M. nu; ++col) num[col] = 0; 

for (t= l; t<=M.tu; ++ jJ; 
cpot[l] = 1; 

for (col= 2; col<= M. nu; ++col) cpot[col] = cpot[col- l] + num[col -1], 
for (p= l; p<=M. ++p) { 

col= M. j; q = cpot[col]; 

T.data[q].i =M.data[p].j; T.data[q].j =M.data[p].i; 

T.data[q].e =M.data[p].e; ++cpot[col]; 

} // for 
} Iii£ 
return OK; 

} II 

5.2 

2. 

typedef { 
Triple data[MAXSIZE + l]; 
int rpos[MAXRC + 1]; 
int mu, nu, tu; 

}RLSMatrix; 

0 
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Q=MXN 

for (i = 1; i<= ml; + + i) 
for(j=l;j<=n2; ++j){ 

= O; 

for (k = 1; k<= nl; + + k) + = M[i][k] * N[k][j]; 

Xn1 

M~[~ 0 0 
-1 0 

0 0 ~] (5-5) 

Q~[—~!I 
e e 

l 1 3 l 2 2 
1 4 5 2 l 1 

2 2 —1 3 1 -2 

3 2 3 2 4 
M. data N. data 

e 

1 2 6 
2 1 -1 
3·2 4 

Q. data 

(5-6) 
k = 1 

data[l.. M. 
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O¾ 

O¾k¾m2, 

row 3 4 

rpos[row] 1 

2-2 

3 5 

data[p]Cp=l,Z, …, M. 
tu), data[p]. j = N. data[q]. data[q], 

data[p]. data[q]. 

data[p]. vXN. data[q]. 

if { 
for (arow = 1; arow<= M. mu; ++ arow) { II 

= O; 

} II for arow 
} II if 

M, N, RLSMatrix 8r.Q) { 
MX N, 

if (M. nu != N. mu) return ERROR; 
Q.mu=M.mu; Q.nu=N.nu; Q.tu=O; II 
if (M. tu* N. != o) { II 

for (arow = 1; arow<= M. mu; ++ arow) { 
ctemp[ J = O; 
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Q. rpos[arow] = Q. tu+ 1; 
if(arow<M. mu)tp = M. rpos[arow + 1] 1 

tp = M. tu + 1 ; } 
for (p = M. rpos[arow]; p<tp; ++ p) { 

brow= M. data[p]. j I 

if (brow < N. mu) t = N. rpos[brow + 1]; 
else N. tu+ l; } 
fqr (q= N. rpos[brow]; q< t; ++ q) { 

ecol= N. data[q]. j; 
ctemp[ccol] += M.data[p].e * N.data[q].e; 

} II for q 

for (ecol= l; ecol<= Q. nu; ++ecol) 
if { 

if (++Q. > ERROR; 
Q. data[Q. tu]= (arow, ecol, ctemp[ccol]) 1 

} II if 
}II for arow 

}II if 
return OK; 

} II MultSMatrix 

5. 3 

O(M. muXN. nu), tuXN. tulN. 
muXN. nu), muXN. nu 

+ M. tu X N. tulN. 

3. 
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M.chead 

6 

OLlfode { 
int .' ,J , ,1-

ElemType e; 

OLNode * right, * down; 
} OLNode; * OLink; 

{ 
OLink * rhead, * chead; 

nu, tu; 
}CrossList; 

CreateSMatrix_ 01 (CrossList 8i.M) { 

if (M) free(M); 

scanf(8i.m, 
M. mu : = m; M. nu : = n; M. tu : 
if (!(M.rhead= (OLink*)malloc((m+ 1) * 
if (! (M. chead = (OLink *)malloc((n + 1) * 

M. rhead [ J = M. chead [ J 
for (scanf (8,. i, i!= O; scanf(8,.i, 

if (!(p= (OLNpde *)malloc(sizeof(OLNode)))) exit(OVERFLOW); 

p->i=i; p->j=j; p->e=e; 
if(M.rhead[i] M. rhead [i]->j>j) {p->right= M. rhead [i];M. rhead [i] = p;} 

else { 
for (q=M.rhead [i]; (q->right) 8,.8,.q->right->j < j; 
p->right = q ->right =p; } 

if (M. chead [j] = = 1fULL II M. chead[j] -> i> i) { p->down = M. chead [j]; M. chead [j] = p;} 

else { 
for (q=M.chead[j]; (q->down) 8,.8,.q->down->i < i; q=q->down); 
p->down=q->down; q->down=p; } II 

} 
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return OK; 

} // OL 

5.4 

max {m,n}, 

+h,j; (h,j (a,1 

+h;i =/=O), -

0), 

+b,1 

! =0, 

=0, 

hl[j], = 

pa=A. rhead[l]; pb=B. rhead[l]; pre=NULL; 

for (j=l; j<=A. nu; ++j) hl[j]=A. chead[j]; 

• 105• 



if (pre= IULL) A. rhead[p->i]=p; 
} 

p->right=pa; pre=p; 

if(! A.chead[p->j]I IA.chead[p->j]->i>p->i) 
{p->down=A. chead[p->j]; A. chead[p->j]=p;} 
else {p---:>do11I1= hl[p->j]->down; hl[p->j]->down= p; } 
hl[p->j]=p; 

pre=pa, 

=O, 

if (pre= BULL) A. 
else 
p=pa, 

if (A. chead[p->j] = p) A. chead[p->j]=hl[p->j]=p->down; 
} 

5. 4 
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D={e,li=l,2, .. •,n; ~o, E GList, 

} 
I e,::: ,e, ED, 2,s;;;i,s;;;n } 

InitGList(8r.L) 1 

CreateGList(&L, S)1 

CopyGList(&T, L) 1 

GListLength(L)1 

GListDepth(L) ; 

GListEmpty(L)1 

GetHeacl(L); 

GetTail(L)1 

InsertFirst_ GL(&L, e); 

DeleteFirst_ GL(&L, &e), 

Traverse_ GL(L, Visit()) 1 
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LS = (a1 ,a2, …, a.) 

Cl¾i¾n) 

Cl) 

(2) B= 

(3) C=(a,(b,c,d)) 

(4) D=(A,B,C) 

(5) 
E=(a,(a,(a, 

A 

GetHead(B) =e, GetTail(B) = () , 

GetHead(D) =A, GetTail(D) = CB,C), 

GetHead((B,C)) =B, GetTail((B,C)) =CC), 

_ 1 -



5. 5 

, a2' …, 

tag=l hp tp 

tag=O I atom 

8 

typedef enum {ATOM, LIST }ElemTag; II ATOM== 0: 
typedef struct GLNode { 

ElemTag tag; 
. union { 
AtomType II 

* hp, * tp;}ptr; 
II 

} ; 
} * GList; 

A=NIL 
B~ 

D 

9 
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typedef enum {ATOM, LIST }ElemTag1 II ATOM== 0: 1: 
GI.Node { 

ElemTag tag; 
on { 

atom; 
struct GI.Node * hp; 

}; 
GLNode * tp; 

1 tag= 1 I hp I tp I I tag=O I atom I tp I 

B 

D 

5.6 
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P(x,y,z) = + 2yz + 15 

P(x,y,z) = ((x10 + -;t-- 3xs ((x4 + 6x3)y4 + 2y)z + 15 

15z0, 

P= z((A, 2), (B, l), (15, 0)) CD 
A=y((C,3) ,(D,2)) 

C=x(0,10),(2,6)) 
D=x((3,5)) 

B=y((E,4),(F,1)) 
E=x((1,4), (6 ,3)) 
F=x((2,0)) 

(5-7) 

I tag= 1 I exp I hp I tp I I tag=O I exp I coef I tp I 

typedef struct MPNode { 
ElemTag tag; 
int exp; 
union { 

float coef; 

0 

• 111• 



MPNode * hp; 
} ; 
struct MPNode 

} * 
* tp; 

II 

12 

5. 7 

and 

• 112• 



5.7. 1 

LS= (a1 ,a2, …, a.) 
,2, 

a;(i=l ,2, 

LS= (a1 ,a2, ·•·,a.) 

DEPTH (LS)= 1 
DEPTH(LS) =O 
DEPTH(LS)=l+Max{DEPTH(a;)} n~l 

1.;;;.;;. 

• 113• 



L) { 

if (! L) return 1; 

if (L->tag = = ATOM) O; 

for (max= 0, pp= L; pp; pp= pp->ptr. tp) { 

dep = GListDepth(pp - > 

if (dep > max) max = dep; 

} II GListDepth 

5.5 

((),(e),(a,(b,c,d))) -----
D 

xI = ((e), (a(b,c,d))) 
x2= ((a, (b,c,d))) 
x3= (a, (b,c,d)) 
x4=((b,c,d)) 

(c,d) 
~x7=(d) 

13 

DEPTH(D) = l +Max {DEPTH(A) ,DEPTH(B) ,DEPTH(C)} 

DEPTH(A) = l; 

DEPTH(B) = l +Max {DEPTH(e)} = l +O= l; 

DEPTH(C) = 1 +Max {DEPTH(a) ,DEPTH((b,c,d))} = 2 

DEPTH(a) = 0 

• 114• 



DEPTH((b,c,d)) = 1 +Max {DEPTH(a) ,DEPTH(b) ,DEPTH(c)} 

= l+O=l 

{1,1,2 

S.7.2 

COPY(GetHead(LS)->GetHead(NEWLS)) 

COPY(GetTail(LS) —>GetTail(NEWLS)) 

Status GList L) { 

if (! L) T = NULL; 
else { 

if (! (T = (GList)malloc(sizeof(GLNode)))) exit(OVERFLOW); 
T->tag = L->tag; 
if (L->tag == ATOM) T->atom = L->atom; 
else {CopyGList(T->ptr. hp, L->ptr. hp); 

hp 
CopyGList(T->ptr. tp, L->ptr. tp); 

tp 
} II else 

} II else 
return OK, 

} II eopyGList 

5.6 

5.7.3 

• 115• 



(1) (2) S= (a1, 

1,2, 

(i = 1, 
2, …, n) 

…, 

(1) 

S1 , Sz , 1,2, 

…, 

hstr, 

8r.L, SString S) { 

"()" 
if(StrCompare(S,emp)) L=NULL; 

• 116• 

else { 
if (! (L = (GList) malloc (sizeof (GLNode)))) exit (OVERFLOW); 
if (StrLength(S) == 1) {L->tag = ATOM; L->atom = S; } 
else { 

L->tag = LIST; p = L; 
SubString(sub, S, 2, StrLength(S) - 2); 
do { 

sever(sub, hsub); 
CreateGList(p->ptr. hp, hsub); q = p; 
if (! StrEmpty(sub)) { 

if (! (p = (GLNode *) malloc (sizeof (GLNode)))) 
(OVERFLOW); 

p->tag = LIST; q->ptr. = p; 
} IIH 



}while (! 

}else 
} II else 
return OK; 

} II CreateGList 

5.7 

8r.str, SString 8r.hstr) { 

n = 1 i = 0; k = 0; II 
do { 
++ i; 

str, i, 1); 

if (ch== 1(1) ++k; 
else if (ch== 1)1) --k; 

}while (i<n 8,.8,. (ch! =','II k! = 0)); 
if (i<n) 

1 , i - 1) ; i + 1 , n - i) } 
else 1 } 

} II sever 

5.8 
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6. 1 

T2 , ... , 

@ 

{B,E, 
F,K,L}, {C,G}, <a) 

2 

3 

4 

(b) 

1 

Tn = {E,K ,L}, T12 = 

ADT Tree { 

{H) 

,D2, 
n D. = Ill, ED,, 

{<root,x1>, .. 
H2, Ill, 

• 118• 



InitTree(8'.T); 

Destroy'I'ree(&. T) ; 

CreateTree(&.T, det imtion): 

ClearTree(&.Tl: 

TreeErnpty(T) : 

TreeDepth, ::'): 

Root(T,: 

Value(T. cur eJ: 

Assign(T. cur_ e. value);_ 

Parent(T. cur e); 

LeftChild(T. cur e): 

RightSibling(T. cur_ e); 

InsertChild(&.T. &.p. i. c); 

1 <(; 1. 

DeleteChild(&.T. &,p, i); 

1<(; 

TraverseTree(T. Visit()); 

• 119• 



}ADT Tree 

1 

(a) 

(A(B(E(K,L) ,F) ,C(G) ,D(H(M) ,I,J))) 

(b) 

Alllll/11111 
Btlllllltl 

EfllllA 

FY/Ill.I 
CY/IIIIIJ 

GVIIIIJ 
DVll/1111 

HVIIIII 
Mrzz.21 

It/11111 

(c) 

2 

1 

1 < 

1 

6. 
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(root, F), 

T,, …, = (r, 

J..:.F = { < root , r, > I i = l , 2, …. m ,1r1 

6. 

6. 2. 1 

T 

ADT BinaryTree { 

= 

{ -'. root :, = [ D, , D, : • 

<.root.x_·_._, c H. 

H= • X, > • H . H, : ; 

(4 l (D , IH : (D,.; 

InitBiTree(&.Tl, 

DestroyBiTree(&.T); 

definition); 
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ClearBiTree(8i.T); 

BiTreeEmpty(T); 

BiTreeDepth(T) I 

Root(T); 

Value(T, el; 

Assign(T, &.e, value); 

Parent(T, e) 1 

LeftChild(T, el; 

RightChild(T. e) ; 

LeftSibling(T, e); 

RightSibling(T, e) 1 

InsertChild(T, p. LR. c); 

DeleteChild(T, p, LR); 

• 122• 



PreOrderTraverse(T, Vis 

·rt 

InOrderTraverse(T. Visit()); 

-• H_ 

PostOrderTraverse(T, Visit()); 

LevelOrderTraverse(T, Visit()); 

IX_ --~J 

}AD'l'BinaryTree 

:~ 

(a) (h) (c) Id> Id 

(r) 

6. 

6.2.2 

.1~j<i. 

• 123• 



k 

=~2'I = 2'-1 
,~ I , -I 

• 
llo = Tl2 + 

II = 11« + II, (6-1) 

+211~o 

II = 111 + 211! + 1 (6-2) 

JI,, = 112 + 1 

~!iJ 

, 1, i I < 2k 

= 1. 

HILD< i) 

I 

; 
• 124• 



(a) 

(c) (d) 

< 

1, 

i(2j-! ~i<21 —1). 

2i, 

+ 3 = 2 (i + l) + 

LCHILD (i) LCHILD (i+ 1) 
RCHILD (i) RCHILD Ci+ 1) 

(a) 

(b) 

5 
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6.2.3 

1. 

- - - -
# define MAX TREE SIZE 100 
typedef TREE SIZE] 1 

ht; 

// 

6 1 < b 

• 

6. 

I 1 J 2 J :1 J I J s J 6 J 7 J 8 J 9 J Io J 11 J 1 z I 
(al 

I I " I I) I I) II I ti I 7 I 
(I,) 

6 
J.. 

(i. 

2. 

7 

7 < 

• 126• 

PARENT 

LCHILD RCHILD 
(a) 

(b) 

d~ 
(c) 

parent I rchild !child 

(al _; 

-: 

t/ 6 



- - - -
typedef struct Bi TNode { 

TElemType data; 
struct BiTNode * !child, * rchild: 

}BiTNode, * BiTree; 

Status CreateBiTree(BiTree 8'.T); 

Status PreOrdcrTraversc(BiTrce T. Status L I (Tl". I emType t! I I : 

Status InOrderTraverse(BiTree T, Status (* Vis1tHTElemType e)): 

PostOrderTraverse(Bi Tree T. Status (-x V 1s 1 t l (n: 1 cm'J'ype e)) : 

Status LevelOrderTraverse(BiTree T. Status (.. Visit) C TE1P.mType e) l: 

(a) 

<b> 
8 

(c) 
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(T ,e), 

6. 3 

6.3. 1 

binary 

• 128• 



Status PreOrderTraverse(BiTree (* Visit)(TElemType e)) { 

II PrintElement(TElemType e) { 

printf(e) : 

// return OK; 

// 
PreOrderTraverse(T. PrintElement), 

if (T) { 

if (Visit(T->data)) 

if (PreOrderTraverse(T-> lchild. Visit)) 

- > return OK; 

return ERROR, 

}else return OK; 

} // PreOrderTraverse 

6. 1 

a+b * (c-d)-elf 

-+a* b —cd/ef C 6-3) 

a+b-*c-d —e/f < 6-4) 

< 6-5) 

,[ 
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1 

(b) 

Ill 

10 

6. * 

Status InOrderTraverse(Bi Tree T, (.- Visit)(TElemType e)) { 

InitStack(Sl; Push(S, T); 
while (! StackEmpty(S)) { 

(GetTop(S, p) 8,.8,. p) Push(S, p->lchild); 
Pop(S, p); 
if (! StackEmpty(S)) { 

Pop(S, p); if (!Visit(p->data)) return ERROR: 
Push(S, p->rchild): 

} // if 
} // While 

• 130• 



return OK; 
} II InOrderTraverse 

6.2 

Status InOrderTraverse(BiTree T. Status (* Visit)(TElemType e)) { 

p = T; 
while (p II !StackEmpty(S)) { 

if (p) {Push(S, p) I p = p->lchild; } 

Pop(S, p), if (!Visit(p->data)) ERROR; 
p = p->rchild; 

} II else 
} II While 
return OK; 

} II InbrderTraverse 

6.3 

ABC<1><1>DE<1>G<1><1>F<1><1><1> 

Status 8r.T) { 

scanf(&.ch); 
if (ch .. ..,'') T = 
else { 

if (! (T = (BiTNode exit(OVERFLOW), 
T - >data = ch; 
CreateBiTree(T->lchild) 1 

CreateBiTree(T->rchild) 1 

OK; 
} II CreateBi'l'ree 

6.4 

• 131• 

!



6.3.2 

* 

I !child I I data I RT:,g I rchild 

LTag= \ 
r o 
1 

RTag= {O 
1 

Bina-
ry 11 

0 

• 132• 



(a) 

thrt 

(b) 

11 

1:: 

()(II)• 

enum PointerTag'. Link, Thread', Thread = = 1 : 

typedef struct BiThrNode { 

TElemType 

BiThrNode * lchild. * rchild; 

u:1• 



PointerTag LTag. RTag, 

}Bi'l'.hrNode, 

InOrderTraverse Thr(B1ThrTree T. Status (* Visit)(TElemType e)) { 

;/ 

p = T->lchild, II 
while (p ! = T) { T 

while (p->LTag== Link) p = p->lchild1 
if (!Visit(p->data)) return ERROR; 
while (p - > RTag = = = T) { 

p = p->rchild, Visit(p->data), 

p = p->rchild: 

return OK, 
} // InOrderTraverse _ Thr 

6.5 

Status lnOrderThreading(BiThrTree 8i. Thrt. BiThrTree T) { 

if, !(Thrt = 1 

Thrt->LTag = Link: = Thread; 
Thrt ->rchild = Thrt, 
if (!T) Thrt ->lchild = Thrt, 
else { 

= T: rre = Thrt, 
InThreadrng(T) : 
pre-__ :-rchild = Thrt: = Thread: 
Thrt - > rchild = pre: 

return OK1 
} ;/ lnOrderThreadrng 

6.6 

• 13,-1• 



void InThreading(BiThrTree p) { 
if (p) { 

InThreading(p->lchild) 1 . 
if(! p->lchild) {p->LTag = Thread, p->lchild = pre, } 
if (! pre ->rchild) {pre ->RTag = Thread; pre ->rchild = p; } 
pre = Pl 
InThreading(p->rchild) 1 

} 
} I I InThreading 

6.7 

6.4 

6. 4.1 

1. 

II - - - -
# define MAX_ TREE_ SIZE 100 

PTNode { I 
TElemType data; 

}PTNode; 

struct { I 
P'l'Node nodes[MAX- TREE_ SIZE] 1 

int r,n; 
}PTree; 

2. 

• 135• 

1 
z 
3 

" 5 
6 
7 
8 
9 



data child! child2 

data childl 

childd J 

… I childd 

CTNode { 
int child1 
struct CTNode * next; 

} * ChildPtr; 
{ 

data1 
ChildPtr firstchild1 

}CTBox1 
typedef struct { 

C'l'Box 
int n, r, 

}CTree, 

3. 

II - - - -
lltruClt CSNode { 

struct CSNode * firstchild, * nextsibling1 
} CSNode, * CSTree 1 
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14 

6.4.2 

<b) 

15 

< : 

16 

• 137 



'c). 

17 

1. 
T2, (root,LB, 

= { Tu , T12 , ... , T1m1 
{ T2, T3, ···, 

2. 
= (root, LB, 

F={T1, T2 , ... , 

{T2, T3, 

6.4.3 
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ABCDE 

BDCEA 

1. 

2. 

ABCDEFGHIJ 

BCDAFEHJIG 

6. 5 

= { y I Y E S A 

,S2, 

• 139• 



<x,yE 

• S2 , …, s •• 

,S2, …, S,, 

(i = 1.2. 
.. maxnumber 

s, us, u … LJS,,=S SiCS(i=l,2,•••,n) 

Initial(i<.S, n, x, , x2 • 

Find(S, x); 

Merge(~S • i, j) I 
s, 

} M1'1'MFSet ; 

T2, …, 
,2, 

1,2, …,n), 

b) 
= { 2, 8, 

• 140• 



`` 
's 

(a) (b) (c) 

18 
<al S,=ll,3,6,9}; (bl St=l2,8,IO}, <c> S:,=S,USt 

II- - - - -
typedef PTree KFSet; 

s, int. i) { 

if (i<l II i>S.n) -1, II 
for (j = i; S.nodes[j].parent>O, j = S.nodes[j].parent); 

j; 

} II find_ mfset 

6.8 

merge_ { 
II s. 

if <i<l /I i>S. n 11 j<l II j>S. n) ERROR; 
S. nodes[i]. parent= j; 

OK; 
111fset 

6.9 

,S2, = { i} < i = 1 , 2 , …, n), 

19(b) 
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void mix_ S, inti, int j) { 

II S. 

if (i<l II i>S. n II j<l II j>S. n) 
ERROR; 

if (S. nodes[i]. nodes[j]. parent) { 

II 
S. nodes[j]. parent+= S. nodes[i]. parent; 
S. nodes[i]. parent= j; 

}else { 
S. nodes[i]. parent+= S. nodes[j]. 
S. nodes[j]. parent= i; 

SIO sno Sio 

sn u un s 

53 

3520 
u lSi 

UG)_0 
s 

s 

return OK, 
} II mix_ mfset 

(bl 

19 
(a) (b) 

6.10 

R = {(1,2),(3,4),(5,6),(7,8),(1,3),(5,7),(1,5), .. ,} 

nodes[i]. 

0 
:. 

(n-

.. 142 •. 



-s 
12345679n 

i-
123456789n 

ii-

MIXMIXMIXMIX 

12345679n 

20 

0···G 

(a) (b) 

21 

int fix_ mfset(MFSet &.s, { 

if (i<l II i>S. n) -1; II 
for (j = i; S. nodes[j]. parent>01 j = S.nodes[j].parent); 
for(k=i;k!=j;k=t) { 

t = S. nodes[k]. parent; S. nodes[k]. j; 

return j; 
} II fix_ mfset 

6.11 

6. 

=A(x,x), 

• 143• 



6. 6 

6. 6. I 

6, 2, 

,, u.•,, i • 
• 

(a) WP[. =7 X 2+5 x2+2x2+4 X2=36 
(b) \VPI.=7X3+3X3+2X1+4X2=46 
(c) WPL=7XI+5x2+2X3+4X3=35 

(a) (I,) (c) 

22 

if (a<60J b= "bad"; 
elae if (a<70) b= "pass", 

else if (a<80) b = "general"; 
else if (a<90) b ="good"; 

= "excellent"; 

• 11-1• 



0-59 60-69 70-79 80~89 90—100 

0.05 o. 15 0.40 0.30 o. 10 

500 

` 

(a) Cb> 

(c) 

23 

, { T!. T~, …· 
T,, 

• l lS• 



5: 70 4@ 

( 

CCDA', 

, 000100101011001, (c) (d) 

6.6.2 

,-1 

BOO) 

C(UO) 
D(111) 

,=! 

• 146• 



typedef struct { 

unsigned int weight; 
unsigned int parent, lchild, rchild; 

} HTNode, * HuffmanTree; I 
typedef char * * HuffmanCode; 

void HuffmanCoding(HuffmanTree &.HT, HuffmanCode &.He, w, int n) { 

II 
if (n< = 1) return; 

m = 2 * n - l; 
HT = (HuffmanTree)malloc((m+ 1) * sizeof(HTNode)); II 
for(p=HT, i=l; i<=n; ++i, ++p, ++w) *P = { *W, 0, O, 0 }; 
for(; i<=m; ++i, ++p) *P = { O, O, O, 0 }; 
for(i=n+l; i<=m; ++i) { 

. i -
Select(HT, i - 1, sl, s2); 

} 

HT[sl]. parent = i; HT[s2]. parent = i; 

HT[i].lchild = sl; HT[i].rchild = s21 
HT[sl]. weight + HT[s2]. 

II- -
HC = (HuffmanCode)malloc((n + 1) * sizeof(char *)) ; 
cd = (char *)malloc(n * sizeof(char)) 1 

cd[n - 1] = "\O" 1 
for (i= l; i<=n; ++ i) { 

start = n-1; 
for (c = i, f = HT[i]. parent; f! = O; c = f, f = HT[f]. parent) 

if (HT[f]. lchild•• c) cd[ - - = "o", 
else cd[ -- start] = "1"; 

HC[i] = (char *)malloc((n- * sizeof(char)) 1 
strcpy(HC[i], &cd[start]); 

} 
free(cd); 

} II HuffanCoding 

6.12 
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HC = + 1) *)) I 
p = m; cdlen = 0, 
for(i=l, i<=m; ++i) o, 

(p) { 
if (HT[p]. weight== 0) { 

HT[p]. weight = 11 
if (HT[p]. !child ! = 0) {p = HT[p]. lchild1 cd[cdlen ++] = "O"; } 
else if (HT[p]. rchild = = 0) { 

HC[p] = (char + 1) 

cd[cdlen] = "\O"; strcpy(HC[p], cd), 

(HT[p]. 
HT[p]. weight = 2; 
if (HT[p]. rchild ! = 0) {p = HT(p]. rchild1 cd[cdlen + + J = "I", } 

II HT(pJ. = 
HT[p]. weight = 0 1 p = HT[p]. 

}}/ else 
} II While 

6.13 

05. o. 29. 
o. 07 .o. 08,0. 14,0. 23,0. 03,0. 11, 

,n=S, 

26 

• 148• 



HT 
weight parent !child rchild 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

5 
29 
7 () 

8 
14 () 

23 () 

3 
11 

123 

HT 
parent k-hikl rchikl 

56789101112131415 

5 9 
29 u () 

7 10 
8 10 
14 12 () 

23 13 
3 9 

11 11 
8 II 1 7 
15 12 3 4 
19 13 8 9 
29 14 5 10 
42 15 6 11 
58 15 2 12 
100 13 14 

(a) (b) 

HC 
1 

2 

3 

4 27 

5 (a) 

6 <b) 

7 

8 
(c) 

6. 7 

A={l.2,3}. 
p(A) = { { 1 • 2, 3} , { 1 • 2}• { 1. 3 } • { 1 } • { 2. 3} • { 2 1 • { 3 } • 

• 119• 



28 

PowerSet int n) { 

PowerSet(l, n); 
if 

PowerSet(i + 1 , n) 1 

PowerSet(i + 1, n); 

} II PowerSet 

6.14 

6. 

GetPowerSet(int i, List A, List &.B) { 

if O>ListLength(A)) Output(B), 
i, x); 

} 

k+ 1, x); 

k + 1, x); 

} II GetPowerSet 

k = ListLength(B) ; 

GetFowerSet(i + 1, A, B); 

GetFowerSet(i + 1, A, B); 

6.15 
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29 

6. 

void int n) { 

if II 
else j<=n; ++j) { 

if Trial(i + 1 , n) ; 

0 

• 151• 



} 
} // Trial 

6.16 

b1 

(a) (b) (c) 

(a) n=2; (b) n=3; 

n;e,I 
(6-7) 

b1, ···,b.··· 

• 152• 



= 
=~ 

k=O 

z+ + ••. 
00 ,, 

,,=0 i=O 

00 

p=O 

(z) = B(z) .:...... 1 

- +1=0 

B(z) 
2z 

B(z) = 1-/1--=Tz 
2z 

l 00 1 

k 

00 1 
B(z) (- l)H2",H 

k-1 k 

= 1 + z + 2z2 + 5z3 + 

b. 

(n + 1) ! 

(6-8.) 

(6-9) 

(6-10) 

(6-11) 

•·153• 



(6-12) 

n+ 

ABCDEFG 
CBEDAFG 

(a) (b) (c) (d) 

31 

(a) 
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I \ i \ 
1 1 1 1 1 
1 2 1 2 1 2 1 1 
1 Z 3 1 z 1 2 2 2 
1 2 3 1 3 1 2 3 2 
1. 3 3 2 3 3 

1 3 z 3 

&5&° 

(a) (b) (c) (d) (e) 

1 
n+l 

"6. 4. 

0 

• 155• 



7. 1 

{ 

R= {VR} 

VR= {<v,w>I 
} 

CreateGraph(&.G, V. VR) I 

DestroyGraph(&.G)1 

u)1 

GetVex(G, v) 1 

PutVex(&.G, v, value) 1 

• 156• 



FirstAdjVex(G, v); 

NextAdjVex(G, v, w); 

InsertVex(8'.G, v); 

DeleteVex(8'.G, v); 

InsertArc(&.G, v, w); 

DeleteArc(&.G, v, w); 

DFSTraverse(G, Visit()); 

BFSTraverse(G, Visit()); 

}ADT Graph 

(Initial node-) , 

(Terminal node) , 

(a) Cb> 

I 
I 

l(a) 

G1 = <V1, {A1}) 

\ 

V1 ={v1,Vz,V3,V4} 

A1 = { (v1 ,v2 >, (v1 ,V3 >, (V3 , V4 >, (V4, 

• 157• 



1 
G2=(Y2{E2}) 

E2={ ,V4) , (Vs , V4) , (V3 , Vs) } 

2 2 

graph), 

(V, (V', { E'}) , ~~ 
".) 

a ( 

: 
@ 

@ 

(b) 

2 
(a) Cb) 

(V, {E}), v') EE, 

cent), 

, 

OD(v); 
1, = ID(v1) +OD(v1) 

TD(v; 

e= —~TD(v;) 2 

• 158• 



, 

,v;,i) EE, 

, V,,j >EE,

EV,v, 

7. 
Component) , 

Gs 
B 

S) n 
(a) 

3 

(b) 

,v; E 

7. 

G) 

5 c;, 

• 159• 



7. 2 

(a) 

(b) 

7 

1 

(a) Cb) 

• 160• 



7. 2.1 

II - - - -
INT_ MAX 

# define MAX_ VERTEX_ NUM 20 
typedef enum UDG, UDN) GraphKind; II 

ArcCell { 

VRType adj I II 

InfoType * info I 
}ArcCell, ix[MAX _ VERTEX_ NUM] [MAX_ VERTEX_ NUM] ; 

struct { 
VertexType vexs[MAX_ VERTEX_ NUM] 1 

AdjMatrix arcs; 
arcnum; 

GraphKind kind; 
}MGraph1 

1 0 1 0 

Gl.am~f j j ]• G2,m, ~t : i ; i 
8 

TD(v) =~A[i][j](n _ VERTEX_ NUM) 
j=O 

A[i][j] = { 
00 

,v,) E VR 
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(a) 

00 5 (X) 7 (X) (X) 

(X)(X) 4 === 
8 ===,= 9 

= = 5 = = -6 

5 = 00 

3 00 

9 

0000 1 00 

(b) 

n), 

CreateGraph(MGraph 8r.G) { 

scanf(8r.G. kind); 
switch (G. kind) { 

case DG, return CreateDG(G); 
case DN, 
case UDG: return CreateUDG(G) ; 
case UDN, return CreateUD~(G); 

: return ERROR; 

} II CreateGraph 

7.1 

Status CreateUDN(MGraph 8r.G) { 

scanf(8r.G. vexnum, 8r.G. arcnum, 8r.Inclnfo); II 
for(i=O; i<G.vexnum; ++i) scanf(8r.G.vexs[i]); 
fur (i = 0; i<G. vexnum; ++ i) 

for (j = 0; j<G. vexnum; ++ j) G, arcs[i][j] = {INFINITY, NULL}; I/, {adj, info} 

for (k=O; k<G.arcnum; ++k) { 
scanf(8r.vl, 8r.v2, 
i = LocateVex(G, vl); j = v2); 
G. arcs[i][j]. adj = w; -
if (Incinfo) Input(* G. arcs[i][j]. info); 
G. arcs[j][i] = G. arcs[i][j]; 

return OK1 
} // CreateUDN 

7.2 
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ADJ 

7.2.2 

List) 

data I firstarc I 

# define MAX_ VERTEX_ NUM 20 
struct ArcNode { 

adjvex; 
ArcNode * nextarc ; 

InfoType * info; 
}ArcNode1 

VNode { 
VertexType data; 

ArcNode• 
}VNode, VERTEX - NUM] 1 

struct { 
AdJList vertices; 
int vexnum, arcnum 1 

}ALGraph1 
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v, 

10 
(a) (b) (c) 

3 

7.2.3 

I tailvex I headvex I blink I tlink I info ] I data I firstin I firstout 
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(a) 

Cb) 

11 

II - - - -
# define MAX_ VERTEX_ NUM 20 

typedef struct ArcBox { 

int tailvex, headvex; 

struct ArcBox * hlink, 

InfoType * info; 
}ArcBox; 

typedef struct VexNode { 

VertexType data; 

ArcBox * firstin, * firstout; 
}VexNode; 

typedef struct { 

VexNode xlist[MAX_ VERTEX_ NUM]; 

int vexnum, arcnum; 
}OLGraph; 

Status CreateDG(OLGraph 8r.G) { 

kind= 
scanf(8r.G. vexnum, 8r.G. arcnum, 8r.Inclnfo); 

for (i=O; i<G.vexnum; ++i) { 

scanf(&.G. xlist[i]. data); 

II 

G. xlist[i]. firstin = NULL; G. xlist[i]. firstout = NULL; 

for (k = 0; k<G. arcnum; + + k) { 
scanf(&.vl, &.v2); 

i = LocateVex(G, vl); j = LocateVex(G, v2); 

p = (ArcBox•) malloc (sizeof (ArcBox)); 

= {i, j, G.xlist[j].firstin, G.xlist[i].firstout, NULL} 

I I { tail vex, headvex, hl ink, 

G. xlist[j]. firstin = G. xlist[i]. firstout = p; 

• 165• 



if (Inclnfo) Input(* p-> info); 

} // CreateDG 

7.3 

7.2.4 

I mark I ivex I ilink I jvex I jlink I info I 

I data I firstedge , I 

II - - - -
~define MAX_ VERTEX_ NUM 20 
typedef emnu {unvisited, visited} Visitif1 

EBox { 
Visitlf mark; 
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12 

ivex, jvex; 
struct EBox * il ink, * j 1 ink;/ 
InfoType * info; 

}EBox; 
typedef struct VexBox { 

VertexType data; 
EBox * f irstedge; 

}VexBox; 
struct { 

VexBox VERTEX_ NUM] ; 
int vexnum, edgenum; 

}AMI.Graph; 

0 •• n- l ] , 

7. 3.1 

First 
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(b) (c) 

13 

V1 - - Vg - V5 - V3 - V5 - V7 

.. n-1], 

0 
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II- -
Boolean 

(* VisitFunc)(int v); 

void DFSTraverse(Graph G, Status (* Visit)(int v)) { 

VisitFunc = Visit; 
for (v=O; v<G.vexnum, ++v) visited[v] = FALSE, 
for (v=O; v<G.vexnum; ++v) 

if (!visited[v]) DFS(G, v), 

7.4 

void DFS(Graph G, int v) { 

= TRUE; VisitFunc(v); 
for (w=FirstAdjVex(G, v)1 w>=O; w=NextAdjVex(G, v, w)) 

if DFS(G, w); 

7.5 

7.3.2 

First 

V3, o 

V4 - Vs --+ V6 - V7 --+ Vs 
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void BFSTraverse(Graph G, (* { 

for (v=O; v<G.vexnum; ++v) visited[v] = FALSE; 
InitQueue(Q); 
for (v = O; v<G. vexnum; ++ v) 

if { // 

= TRUE; Visit(v); 
EnQueue(Q, v); II 
while (! QueueEmpty(Q)) { 

DeQueue(Q, u); 
for w>=O; w=NextAdjVex(G,u,w)) 

if (! Visitecl[w]) { II 
Visitecl[w] = Visit(w); 
EnQueue(Q,W); 

l II it 
} II while 

} II it 
} II BFSTraverse 

7. 6 

7.4 

7.4. 1 

ALMJBFC DE GKHI 
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void G, CSTree &.T) { 

II 
T = NULL; 

for (v=O; v<G.vexnum; ++v) 

visited[v] = FALSE; 

for (v=O; v<G.vexnum; ++v) 

15 

(b) 

(c) 

15 
(a) G, 

(b) G, 

(c) 

if (!visited[v]) { • 
p = (CSTree) malloc 

* p = { GetVex(G,v), NULL, 

if (!T) T = p; 

else q->nextsibling = p; 

q = p; II 
DFSTree(G, v, p); 
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} II 

7.7 

void DFSTree(Graph G, int v, CSTree & T) { 

= firs+~ ~":RUE, 
for (w=FisrtAdjVex(G, v); w>=O; w=NextAdjVex(G, v, w)) 

if (!visited[w]) { 
p = (CSTree) malloc (sizeof (CSNode)); 
* p = { GetVex(G,w), NULL, NULL } ; 

{ II 
T->lchild = p; first = FALSE; 

} II it 
else { II 

q->nextsibling = p; 
} II else 
q = p; 
DFSTree(G, w, q); 

} II if 
} II DFSTree 

7.8 

7.4.2 

7. 3. 

[ vexnum -
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Vi, Vz}, 

G, = (V, {A,}), ,V; 

7.4.3 

(Minimum Cost Spanning Tree) 

v'), 

v'), 

(uo EV), TE= 
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closedge[i- l]. lowcost= Min{ cost(u, vi) (l) I uE U} 

(a) 

@ 

@ 
`3 

@ 

@ 

(c) 

Cd) (e) 

16 

(f) 

i 
1 2 3 4 5 u v-u k 

closedge 
adjvex v, V1 Vt {vi} { V2 1V3, 2 
lowcost 6 1 5 V4 ,V5 ,Vs} 
a. djvex V3 V1 v,. V:, { V1 ,V3) {v2 ,v,, 5 

lowcost 5 5 6 4 v, ,v,} 
adjvex v, V3 {v1 ,v,, {v2 ,v,, 

3 
lowcost 5 2 6 v.} Vs} 
adjv~x V3' V,i { v, ,v,' {v, ,V5} 1 

lowcost 5 6 VG ,v,} 
adjvex V2 I 1V1 ,V:i, 

h·d 4 
lowcost 3 V6,V-1-,V2} 
adjvex v, ,v, ,v, 

{} 
lowcost V4, V2, V5} 

17 

, Vo) = (1 , 

(]) 
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1 J. low cost, 

4 

(INT_MAX), 

void MiniSpanTree_ PRIM(MGraph G, VertexType u) { 

II VertexType adjvex, 
II VRType 

II }closedge[MAX_ VERTEX- NUM] 1 
k = (G, u), 

= 01 j<G. vexnum, ++ j) 
if (j! ".'k) closedge[j] = { u, G.arcs[k][j].adj}; II {adjvex, 

closedge[k]. lowcost = 0, {u} 

for (i = 1; i<G. vexnum; ++ i) { 
k = minimum(closedge); 

= 
II MIN{ . lowcost I lowcost>O, v, EV- U } 

adjvex, G. vexs[k]) 1 
closedge[k]. lowcost = 01 
for (j'" 01 j<G. vexnum1 ++ j) 

if (G. arcs[k][j]. adj < closedge[j]. lowcost) 

closedge[j] = { G. vexs[k], G. arcs[k][j]. adj } 1 

} II MiniSpanTree 

7. 9 

{(v1,V3), 

(V3 , v6) , (V5 , V4) , (V3 , V2) t (V2 t Vs) 

9, 
v ]. 

{E}), 
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@ 
@h@ 

@ 

@ @ 
(a) 

` @§ 
@h@e 

@@ 

(c) 

Cd) (e) 

18 

V4) 

7.4.4 
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19 20 

20 

low(v) = Min~visited[ v], low[ w], visited[k] 
(v,w)EEdge, 
(v,k)EEdge, 

w]?:visited[ v], 

w ]?:visited[ v J, 
v 
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[ =++count 

low[ 

void FindArticul(ALGraph G) { 

l; = l; 
for (i = 1; i<G. vexnum; ++ i) = o, 
p = G. vertices[O]. v = p->adjvex, 
DFSArticul(G, v) 1 

if (count< G. vexnum) { 
(0, G.vertices[O].data), 

while (p->nextarc) { 
p = p->nextarc, v = p->adjvex, 
if (visited[v] == 0) DFSArticul(g, v), 

} II while 
} II it 

) II FindArticul 
7.10 

void G, int vO) { 

visited[vO] = min = ++ count; II 
for (p = G. vO]. firstarc; p; p = p->nextarc) { 

w = p->adjvex; II 
if (visited[w] == 0) { II 

DFSArticul(G, w) 1 

if (low[w] < min) min = 
if (low[w] >= visited[vO]) printf(vO, vO]. 

}else if < min) min = visited[w] 1 

II 
} II for 
low[vO] = min; 

} II DFSArticul 
7.11 

0 1 2 3 4 5 6 7 8 9 10 11 12 

G. vertices[i]. data A BCDEFGHI JKLM 

visited[i] 1 5 12 10 11 13. 8 6 9 4 7 2 3 

low[i] 1 1 1 5 10 1 5 5 8 2 5 1 1 

13 9 8 7 6 12 3 5 2 1 4 11 10 
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[J] = Min {rvisited[J] 
visited[L]} = 

7. 5 

acycline graph); 

«a+ b) * (b * (c+d)) + (c+d) * 
e) * ((c+d) * e) 21 

* 
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7. 5.1 

Sort)? 

Order) , 

(a) (b) 

Order) , 
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(Activity On Vertex Network), 

C1 

C2 

c3 

c. 

Cs 

c6 

C1 

Cs 

Cs 

C10 

Cu 

C12 

26' 

C1 

C1,C2 

C1 

C3 ,c. 

Cu 

Cs,C3 

c3 ,c, 

cg 

C9 

C, ,C10 ,C, 

(C1 ,C2 ,C3 ,C4 ,Cs ,C1 ,C9 ,C10 ,Cu ,C6 ,C12 ,Cs) 

(Cg ,C10 ,Cn ,C6 ,C1 ,C12 ,C4 ,C2 ,Cs ,Cs ,C1 ,Cs) 

• 181• 



V6• (VG• 

'll6 -vi -v,1 -v,, -vz 

@ 

@@ 
(a) (b) (c) (d) (e) (£} 

28 

(al 

Status TopologicalSort(ALGraph G) { 

FindlnDegree(G, indegree); 0 .. vernum - 1 J 
InitStack(S); 
for (i = 0; i<G. vexnum; + + i) 

if (I indegree[ i]) Push(S, i) ; 
count = O; 

(! StackEmpty(S)) { 
Pop(S. i); printfc verticesl i l -data) ; ++ count, 
for (p - G. ucrl 1- f p; p = p - ,,,-nextarc) { 

k -

if ll < 

} // for 
rndcyree1 k I J J Push(S, k); 

} ;/ while 
if (count<G, vexnum) return ERROR; 
else return OK; 

} :/ Topolog, Sort 

7.12 
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12, 

7.5.2 

On 

,Vz ,V:i, 

(i) , 

• 183• 



e(i) = U?(j) 

l(i) = vl(k)-dut(<j,k >)

= +dut(<i,j >)}

(i,j > ET, j = 1,2, …, n-1 

vl (i) = Min{ v/, (j) - dut (< i ,j>)}

< i ,j > ES, i=n-2, …,o 

(7-1) 

(7-2) 

(7-3) 

=l(s), 

=O(O¾i¾n-1); 

+dut ((j, k >) >ve[k], 
ve[k] =ve[j]+dut((j ,k >);
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Status TopologicalOrder(ALGraph G, Stack 8r.T) { 

II 

FindinDegree(G, indegree); .. vernum- 1] 

1 count = 01 ve[O .. G. = o, 
while (! { 

Pop(S, j) I Push(T, j) I ++ II 
for (p = G. vertices[j]. Pl p = p->nextarc) { 

k = p->adjvex, 
if (-- indegree[k] = = 0) Push(S, k) 1 
if (ve[j] + * (p->info) > ve[k]) ve[k] = ve[j] + * (p->info); 

}II for 

} II while 
if (count<G. vexnum) ERROR, 
else OK; 

} II TopologicalOrder 

7. 13 

Status CriticalPath((ALGraph G) { 
II 
if(! TopologicalOrder(G, T)) return ERROR; 
vl[O .. G. vexnum- 1] = ve[G. vexnum- 1] 1 

(! StackEmpty(T)) 
for (Pop(T, j), p=G.vertices[j].firstarc; p, p=p->nextarc) { 

k=p->adjvex, * (p->info); ·II dut<j,k> 
if vl[j] = 

> II tor 
for(j=O, j<G.vexnum, ++j) 

for (p=G.vertices[j]; .firstarc,p, p=p->nextarc) { 
k = p->adjvex, * (p->info) I 
ee=ve[j]1 el=vl[k]-dut, 
tag = (ee = = el) ?'*·: ,, ; 
printf (j, k, dut, ee, el, tag) 1 

} II CriticalPath 

7.14 
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(b) 

30 
(a) 

a1 

az 
as 
a, 
a, 
as 
a, 
as 

e-00332266 vi_042678 ve_032668 

VJ 

V3 

v, 
V5 

V& 

I-l0442567 
-10110301 
e I 

31 

,a, ,a1 ,as 

(V1 , V2 , V5 , V7 , V2 , Vs , Vs , 

,V39 

V4 

7. 6 
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7. 6.1 

35 
, V4 , V3) , 

60, 
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Vo Vi 
Vz (vo,vz) 10 

'V:: (v .. ,V, ,V:,) 50 
v, (Vo ,v,) 30 
v, (Vo 60 

'-.-/ 

D[j] = Min{D[i] I v; E V} 

D[j] = M_in{D[i] I v; EV - S} 

V; 

D[i]=arcs[Locate Vex(G,v)[i] v,EV 

D[j] = Min{D[i] EV —S} 

s = s u {j} 

D[j] + a:rcs[j][k] < D[k] 
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D[k] = D[j] 

void ShortestFath_ G, PathMatrix 8,.p, 8r.D) { 

II 
for (v= 01 v<G.vexnum; ++v) { 

final[v] = D[v] = G.arcs[vO][v]; 

for(w=O; w<G.vexnum; ++w) P[v][w] = 

if (D[v] < INFINITY) {P[v][vO] = TRUE; P[v][v] = TRUE1 } 

} II tor 
D[ vO] = O, final[ vO] = TRUE; 

for (i = 1; i<G. vexnum, { 

min = INFINITY; 

for (w=O, w<G.vexnum; ++w) 

if (!final[w]) II 
if (D[w]<min) {v = w; min = D[w], } II 

final[v] = TRUE; 

for (w=O; w<G.vexnum; ++w) 

if (!final[w] 8,.8,. (min+G.arcs[v][w]<D[w])) { wEV- S 

D[w] = min + 

P[w] = P[v], P[w][w] = TRUE; I/ P[w] = P[v] + [w] 

} II if 

} II for 

} II ShortestPath_ DIJ 

7. 15 

= 10 = 30 

= = 5 = = 
00 = = 50 = 
= 00 = = = 
= = 20 = 
= = = = = 

100 

= 
= 
10 

60 
CX) 
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i=l i=2 i=3 i=4 z· =o 
00 00 00 . 00 00 

V1 

10 
V2 

(Vo,Vz) 
( 60 50 

V3 
(Vo, V4 ,V3) 

30 30 
v, 

100 100 90 60 
Vs 

(vo ,vs) (vo ,vs) (vo ,v. ,vs) (Vo , v, , V3 , Vs) 

V; Vz v, V3 Vs 

s {vo,vd { Vo ,vz ,v.} { Vo ,v2 ,v, ,v,} {Vo, 

7.6.2 

<v; 
(V; ,Vo, 

…, 
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o<-ll ,D(O) ,om' …, D(k), …, o<n-1) 

o<-u [i][j]=G. arcs[i][j] 
o<k) [i][j]=Min{D(k-1) [i][j] ,nck-l) [i][k]+o<k-1) [k][j]} O~k~n-1 

o<k) ncn-1) 

void ShortestPath_ FLOYD(MGraph G, PathMatrix 8r.P[], DistancMatrix 8r.D) { 

for (v=O; v<G.vexnum; ++v) 
for (w= O; w<G.vexnum; ++ w) { 

D[v][w] = G.arcs[v][w]; 
for (u= O; u<G. vexnum; ++ u) P[v][w][u] = 
if (D[ v][w] < INFINITY) { 

P[v][w][v] = TRUE1 P[v][w][w] = TRUE; 
}// if 

} // for 
for (u= O; u<G. vexnum; ++ u) 

for (v = O; v<G. vexnum; ++ v) 
for (w = O; w<G. vexnum; ++ w) 

if (D[v][u] + D[u][w] < D[v][w]) 
D[v][w] = D[v][u]+D[u][w]; 
for (i = O; i<G. vexnum; ++ i) 

P[v][w][i] = P[v][u][i] 11 P[u][w][i]1 
} // if 

} I/ ShortestPath_ FLOYD 

7.16 

-- 1120 4000 063 -- 

(a) 
(b) 

36 
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o(-1) D(O) om om 
D , , 

'1 I 2 (I : ... 1 2 1 2 

4 11 4 11 4 6 4 6 

1 6 2 6 2 6 2 5 2 

2 3 , I 3 7 3 7 

p t ,, P'' pm 
p 

1 2 1 2 1 2 1 2 

AB AC AB AC AB ABC AB ABC 

1 BA BC BA BC BA BC BCA BC 

2 CA CA CAB CA CAB CA CAB 
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8. 

I Cb) 
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(a) 

(b) 

1 

25 000 39 000 
0 10 000 31 000 59 000 9 9 . 

(a) 

10 000 15 000 

31 000 8 000 

59 000 41 000 

(b) 

av 

(c) 

• 194• 



8.2 

3. 

• 195• 



tag [ type [ link 

av4 
value 

av8 

tag= { 
0 

1 

0 '"'•~{ I 
2 

(a) 

av2 

(b) 

space 
tag= {o 

1 

8. 
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2 
5 

av 

3 9 , (( 
7 

01 8 1 

5 
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8.3 

tag 

8. 3.1 

head Hink j tag j size l rlink 

space 

foot uplink \ tag \ 
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typedef struct lfORD { I/ WORD: 
union { I/ 

WORD * llink; 
WORD * uplink; 

}; 

tag; 
size; 

WORD * rlink; 
OtherType other 1 

}WORD, head, foot, * Space; II * Space, 

#define FootLoc(p) p+p->size-1 

8.3.2 
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pav 

Space AllocBoundTag (Space &pav, int n) { 

II 

for (p=pav, p l!,.l!,.p->size<n &&p->rlink! =pav1 

p = p->rlink) I 
if (!p II p->size < n) return NULL1 
else { II 

• 200• 

f = FootLoc(p), 
pav = p->rlink; II 
if(p->size-n<= e) { 

if (pav = = p) pav = NULL1 

pav->llink = p->llink1 p->llink->rlink = pav; 

} IIH 
= f->tag = 11 

} llif 
else { 



f->tag = 1; 
p —>size - = n; 
f = FootLoc(p) ; 
f->tag = 0; f->uplink = p; 
p = f+l; 
p->tag = l;. p->size = n; 

p; 
} II else 

} II AllocBoundTag 

8. 1 

8.3.3 

p-1; 

tag=O; 

= O; FootLoc(p) ->uplink = p; FootLoc(p) ->tag = O; 
if(! pav) pav = p->llink = p->rlink = p; 
else{ q = pav->llink; 

p->rlink = pav; p->llink = q; 
q->rlink = pav->llink = p; 
pav = p; 

n = p->s1.ze; 
s = (p-1) ->uplink; 
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s ->size + = n; 
f = p+n-1; f->uplink = s; f->tag = O; 

t = p+ p->size; 
p->tag = O; II 
q = t->llink; II 
p->llink = q; q->rlink = p; II 
ql = t->rlink; II 
p->rlink = ql; ql —>Hink = p; II 
p->size + = t ->size; 
FootLoc(t) ->uplink = p; 

20 000 

(b) 

Cc) 

(d) 

7 

n = p->size; 
s = (p-1) ->uplink; 
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t = p+p->size; 
s ->size + = n 
q = t->llink; ql = 
q->rlink = ql; = q; 
FootLoc(t) ->uplink = s; 

llq!=ql 

8.4.1 

#define m 16 

• 203• 



WORD_ b * llink1 
tag1 

int kval; 
WORD_ b * rlink; 
OtherType 

}WORD_ b, head1 
struct Headllode { 

WORD- b * first 1 
}FreeList[m + l] 1 

II WORD: 

llink I rlink I} /wada-

(a) 

2°IA 

z"'I A 
(c) Cd) 

8.4.2 

<n:::;;;zk-1 -1, 
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P 

+ 

WORD_ b * AllocBuddy (FreeList &avail, int n) { 
II avail[O .. 

fo11 (k = 0; k< = m 8,.8,. (avail[k]. nodesize<n + 1 II !avail[k]. 
++ k) I 

if (k>m) return NULL; 
else { 

pa = avail[k]. first; 
pre = pa->llink; sue = pa->rlink; 
if (pa= = sue) avail[k]. first = NULL; 

pre ->rlink = sue; sue ->Hink = pre; avail[k]. sue, 

for (i = 11 avail[k- i]. nodesize> = n + 1; ++ i) { 
pi= pa+2k-i1 pi->rlink = pi; pi->llink = pi; 

= O; pi->kval = k- i1 avail[k- i].first = pi; 
} 
pa->tag = 11 pa->kval = - i) I 

return pa; 
} II AllocBuddy 

8.4.3 

8.2 

21 

MOD 2H1=0, 
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, 

2"'-1 

buddy(p,k) = { p+2• MOD 2H1=0) 
p-2• MOD 2H1 =2•) 

023), 

8. 5. 

1 

p = NULL; 

q=p; 
free(p); 

• 206• 



9 
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(GL 

t = NULL; p = GL; finished = FALSE; 
while (! finished) { 

while (p->mark = = 0) { 
p->mark = l; 
MarkHead(p) I 

} 
q = p->p. 
if (q &.&. q->mark = = 0) MarkTail(p); 
else BackTrack(finished), 

} 

void MarkList(GList GL) { 
= = = 0), 

NULL; p = GL; finished = FALSE; II 
• 209• 



t=ND.. I a 

a 

(a) (b) (c) 

a 

b 

a a e 

b 

(d) (e) (f) 

k 

<1> 
(i) 

(! finished) { 
(p->mark==O) { 

p->mark = 11 
II 
q = p->p.hp, II 
if (q && q->mark== 0) { 

if 0) q->mrak = 11 II ATOM, 
else{p->p.hp = t, p->tag = 01 t = Pl p = q,} 

} 
} 
q = p->p. tp; II 
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if (q &.&. q->mark== 0) {p->p. tp = t; t = p; p = q; } 
else { II 

(t &.&. t->tag = = 1) { II LIST, 
q = t; t = q->p. q->p.tp = p; p = q; 

if (! t) finished = TRUE, 
else { 

q = q->p.hp1 q->p.hp = Pl p = q; p->tag = 1J 
} 

} // MarkList 

8.3 

c1N+c2M, 

+4/3c2. 

3c1 
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8. 

free 

12-6-10-8 ABCD 

12 

18 

28 

(b) 

000 123 

y - y 

'/,///,1 // 1// 1//'l//, 
1//. 'l/ 

'' '' / 

/ 
I 

j 

free (c) (d) 

12 

28, 
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12 

free 
(a) 

ge 

13 

• 213• 



Search 
Search 

(Primary Key) 

•·214• 



179325 85 86 88 100 92 90 45 586 
179326 78 75 90 80 95 88 37 543 
179327 82 80 78 98 84 96 40 558 

; 

1 

typedef float 
typedef 

KeyType; 
Key'l'ype; 

char * Key'l'ype; 

{ 
KeyType key; 

}SElemType; 

//-
:j:j: define EQ(a, b) ((a) = = (b)) 
:j:j: define LT(a, b) ((a) < (b)) 
:j:j: define LQ(a, b) ((a) < = (b)) 

II-
#define EQ(a, b) (!strcmp((a), (b))) 
# define LT(a, b) (b)) < 0) 
#define LQ(a, b) (strcmp((a), (b)) <= 0) 

• 215• 



9. 1 

{ 

Create(&.ST, n) ; 

Destroy(&.ST); 

Search(ST, key); 

Traverse(ST, Visit()) 1 

9.1.1 

struct { 
elem; 

length; 
}SSTable; 

int Search_ Seq(SSTable ST, KeyType key) { 

• 216• 



ST. elem[O]. key = key, II 
for (i =ST.length, !EQ(ST. elem[i]. key,key) 1 - - i) 1 

return i, 
} II Search_ Seq 

9.1 

length~l 

Search 

" 
ASL=~P;C; 

i=l 
(9-1) 

P, 1; 
i=l 

C, 

length, 
ASL= nP1 + (n-DP2 +… +2P,,_1 +Pn (9-2) 

P1 = 1/n 

" 
ASLss = b P;C; 

i=l 
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ASLss 2 
(9-3) 

= 

P;=l/(2n), 

=— (n+l) (9-4) 

9. 1. 2 

0 
ST. elem[i]. key,,;;;ST. key i=l,2, …, n-1 
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(05,13,19,21,37,56,64,75,80,88,92) 

11, 

05 13 19 21 37 56 64 75 80 88 92 

elem[mid]. 
elem[mid]. key>key, 

05 13 19 21 37 56 64 75 80 88 92 

elem[mid]. elem[mid]. key<key, 

4, elem[mid]. 

05 13 19 21 37 56 64 75 80 88 92 

05 13 19 21 37 56 64 75 80 88 92 

ST. elem[mid]. 

ST. elem[mid]. 

ST. elem[mid]. 
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int Search_ Bin (SSTable ST, KeyType key) { 

low = 11 high = ST. length; 
while (low<= high) { 

mid = (low + high) / 21 
if (EQ (key, ST.elem[mid].key)) return mid; 
else if (LT (key , ST. elem mid . key)) high = mid - 1; [] 
else low = mid + 1 1 

r• O; 
} // Search_ Bin 

9.2 

2 

0 

• 220• 



3 

log2 (n+ 1)), 

. 
i=l 

h 

z; 
n j=I 

n+l (n + 1) - 1 <D 
n 

(9-5) 

(9-6) 

elem[F u-I ]. 

elem[F.-1]. key, 
ST. elem[F. elem[F.-1 + elem 
[F. 

n• h h-1 h-2 0 

(1) ASL,. = b P;C; 
i-1 i=I j-1 i-0 i=O i=O 

1 1 =—[h• 2• 
”“ 
1 n+l =—[(n + l)(iogz(n+ + 1] =—logz(n+ 1) -1 
n n 

@ F1=l, F;=F; +F;-2'i;,,,,2 
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elem[i]. 
key-ST. elem[!]. key' (h—1+1), elem[h]. key-ST. elem[!]. key 

9. 1. 3 

=O. 1 ,Pz =O. 2 ,p3 =0. l ,p4 =O. =O. 

= 0. 1 X 2 + 0. 2 X 3 + 0. 1 X 1 + 0. 4 X 2 + 0. 2 X 3 = 2. 3 

= O. 1 X 3 + 0. 2 X 2 + 0. 1 X 3 + 0. 4 X 1 + O. 2 X 2 = 1. 8 

PH=~ (9-7) 

h; 
…, n), 

Optimal Search 

(r1 …, rh) (9-8) 

r1. key< rh. key 

W1, (9-9) 

(l) 
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Optimal Search 

AP,= I± cg-10) 

min {AP;}), …, r,+1 , ···, 

, 

) -1 

(9-11) 

=O, 

(9-12) 

~Pi= I I 
I (9-13) 

void 8r.T,ElemType int low, 

.. == 
i = low; min = abs(sw[high]- sw[low]); dw = sw[high] + sw[low-1]; 

for (j =low+ 1; j<= high; 
if (abs(dw- sw[j] - sw[j -1]) < min) { 

i = j; min= abs(dw-sw[j]-sw[j-1]); 

T = (BiTree)malloc(sizeof(BiTNode)); 

T->data = 
if (i = = low) T -> lchild = NULL; 
else R, sw, low, i- 1); 

if (i = = high) T - > rchild = NULL; 
else SecondOpti.mal(T->rchild, R, sw, i + 1, high); 

} / / 

9.3 

A B C D E F G H I 
1 1 2 5 3 4 4 3 5 

• 223• 



1 2 3 4 5 6 7 8 9 
key; A B C D E F G H I 
wj 1 1 2 5 3 4 4 3 5 

SW, 1 2 4 9 12 16 20 23 28 
AP; 27 25 22 15 7 8 15 23 

t1P; 11 9 6 1 9 8 1 7 

t::.P; 3 1 2 

bi.P; 

(a) 

(b) 

4 

A B C D E 
1 30 2 29 3 
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BiTree SOSTree; 
Status CreateSOSTree(SOSTree 8r.T, SSTable ST) { 

if (ST.length== 0) T = NULL; 
else { 

FindSW(sw, ST); 
SecondOpiamal(T, ST. elem, sw, 1, ST. length); 

return OK; 
} II 

9.4 

9. 1. 4 

,R2, …, ,Rs, …, R,s), 

6 

38, 

22<key<48, 

elem[lO]. key= key=29 
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Lw (9-14) 

s)+ 1 (9-15) 

(9-16) 

9. 

{ 

InitDSTable(&.DT); 

DestroyDSTable(&.DT) ; 

SearchDSTable(DT, key); 
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InsertDSTable(8r.DT, e) ; 

DeleteDSTable(8r.D'1', key) 1 

TraverseDSTable(DT, Visit()); 

}ADT DynamicSearchTable 

9.2.1 

1. 

Sort Tree) 

(a) (b) 

7 

9. 5 
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BiTree SearchBST(BiTree T ,KeyType key) { 

if((!T) 11 EQ(key,T->data.key)) return(T); 
else if LT(key,T->data. key) return(SearchBST(T->lchild,key)); 

else return(SearchBST(T->rchild,key)); 
} II SearchBST 

9. S(a) 

2. 

5(b), 

Status SearchBST(BiTree T,KeyType key, f ,BiTree &p) { 

if(! T) {p = f; return FALSE;} 
else ifEQ(key,T->data.key) {p=T; return TRUE;} 

LT(key,T->data.key) return SearchBST(T->lchild,key,T,p); 
else SearchBST(T->rchild,key,T,p); 

} II SearchBST 

9.S(b) 

Status InsertBST(BiTree &T, ElemType e) { 

if (!SearchBST (T, e.key, NULL, p) { 
s = (sizeof (BiTNode)) ; 
s.->data = e; s->lchild = s->rchild = NULL; 
if (!p) T = S; 

else if LT(e.key, p->data.key) p->lchild = s; 
else p->rchild = s; 

TRUE; 

• 228• 



} 
else. return FALSE, 

} // Insert BST 

9.6 

^ 
@ ~A 

(a) Cb) (c) (d) 

I I I 

p<D 

0 

• 229• 



9(b) 

p 

9 
p, 

` 
(a) 

s 

(c) 

9 

` 

(d) 

Status DeleteBST (BiTree &.T, KeyType key) { 

if (! T) return FALSE; 

else { 

if (EQ (key, T - >data. key)) { (T)}; 
else if (LT (key, T->data.key)) return DeleteBST (T->lchild, key); 
else return DeleteBST (T->rchild, key); 

} 
} II 

9.7 

Delete (BiTree &.p) { 

if { 
q = p; p = p->lchild; free(q); 

• 230• 



else if (! p - > lchild) { 
q = p; p = p->rchilc/; free(q); 

} 
else { 

q = p; s = p->lchild; 

} 

(s ->rchild) {q = s; s = s ->rchild} 
p->data = s->data; 
if (q != p) q->rchild = s ->lchild; 
else q - > lchild = s - > lchild; 
deletes; 

return TRUE; 
} II Delete 

9.8 

3. 

II 

+ 2 + 2 + 3 + 3 + 3] = 14/6 6 

ASL{b) = 21/6 

93 

53 

(a) {b) 93 

10 
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n+l 

P(n,i) =—[l + i * (P(i) + l) + (n —i —l)(P(n-i-1)+1)] (9-17) 

P(n) 
n i-0 

=l+~I;[iP(i)+(n —i-l)P(n-i —l)J 
n 

n-1 

P(n) = 
n i=I 

n ;:?= 2 

n----1 
n z 

~jP(j)= -[P(n)-1] 
2 j=O 

n-1 n-2 

~jP (j) = (n - l)P(n 
j=O j=O 

n2 .. (n -1)2 —[P(n)-1]= (n-l)P(n-1)+ [P(n-1)-1] 
2 2 

1 2 1 
n n2 

• 232• 

P(n)= -1 

= —l 

1 
P(n)~2(1 +-;;)Inn 

(9-18) 

(9-19) 

(9-20) 



5%)Cll, 

4. 
Binary 

(a) 

(b) 

11 
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¢@ 
(a) (b) 

(e) 

Ch) 

12 

12(£) —Ch)), 

• 234• 



(a) 

(b) 

(c) 

(d) 

13 
(a) (bl (c) (d) 

CD 
• 235• 



@ 

@ 

2. 

10 

typedef { 
ElemType 

bf; 
struct BSTNode * lchild, * rchild; 

} BSTNode, * BSTree; 

void R_ Rotate (BSTree &p) { 

le = p->lchild; 
p->lchild = lc->rchild; 
lc->rchild = p; p = le; 

} II R- Rotate 

void L_ Rotate (BSTree 8,.p) { 

II 

II 

9.9 

re = p->rchild; 
p->rchild = re ->lchild1 
re ->lehild = p; p = re; 

} II L- Rotate 

• 236• 
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II 
II 

9.10 



+ 1 
# defi- EH O 
#defi- RH -1 

(BSTree 8r.T, ElemType e, Boolean &.taller) { 

if (!T) 
T = (sizeof(BSTNode)); T->data = e; 
T->lchild = T->rchild T->bf = EH; taller = TRUE; 

} 
else { 

if (EQ(e.key, T->data.key)) 
{ taller = FALSE; return O; } 

if (LT(e.key, T->data.key)) { 
if (!InsertAVL (T->lchild, e, taller)) returnO; 
if (taller) 

switch (T->bf){ 
LH, 

LeftBalance (T); taller = 
case EH: 

T->bf = LH; = TRUE; 
case RH, 

T->bf = EH; = FALSE; break; 
} II switch (T->bf) 

} II it 
else { 

if (!InsertAVL (T->rchild, e, taller)) return O; 
if (taller) 

(T->bf){ . 
case LH: 

T->bf = EH; taller = FALSE; 
case EH, 

T->bf = RH; = TRUE; break; 
RH, 

RightBalance (T); taller = FALSE; 
} II (T->bf) 

} II else 
} II else 
return l; 

} II InsertA VL 

9.11 
void LeftBalance (BSTree 8,. T) { 

le = T->lchild; II 
(le ->bf) { 

case LH, 
T->bf = lc->bf = EH; 
R_ Rotate(T) I 

case RH: ,. 
rd = lc->rchild; II 
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switch (rd->bf) { 
case LR: T->bf = RH; le ->bf = EH; break; 
case EH: T->bf = lc->bf = EH; break; 
case RH: T->bf = EH; le ->bf = LR; break; 

} II switch (rd->bf) 
rd->bf = EH; 
L_ Rotate (T -> lchild) ; 
R_ (T); 

} II switch (le ->bf) 
} II LeftBalance 

9.12 

5. 

2, 

=Fh+2 —1, 2 

<ph+2 

1. 

9.2.2 

1. 

K1 ,A1 ,K2 ,A2, 

0 
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K(i=l, …, …, n-l);A;(i=O, .. 
…,n) ,A. 

14 

a 

#define m 3 
typedef struct BTNode { 

keynum, 
struct BTNode * 
KeyType key[ m + 1] ; 
struct BTNode * ptr[ m + 1 J 1 

II s. 
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Record * recptr[ m + 1 J , 
} BTNode, * BTree; 
typedef struct { 

BTNode * pt; 
int i; 

}Result, 

II 

II 1 .. 
II 1, 
II 

Result SearchBTree(BTree T, KeyType K) { 

o, 

p=T, q=NULL, found=FALSE; i=O; 
(p && !found) { 

i = Search(p, K); 
II p->key[i]<= K<p->key[i + l] 

if Ci>O && p->key[i] = = K) found= TRUE; 
else {q = p; p = p->ptr[i]; } 

if (found) return (p,i,1); 
else return (q, i,O); 

} II SearchBTree 

9.13 

2. 

15(g)), 
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` 
. 

F 

N=O 
C3;> 

« 
(b) 

(d) 

N, 

15 
(b) N=l; (c) N=2, (d) N=3; (e) N=4; (f) N=5; (g) N=7 

( 
N+l + 1 (9-21) 

( N+l 

3. 
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• 242• 

(a) 

(b) 

(c) 

(e) 

16 



(f) 

<1> 

Ch) 

(i) 

(j) 

16 
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(K1 ,A1), …, (Km,Am) 

K;<K+1 l~i<m 

(K1,A1), (9-22) 

* 
(9-23) 

InsertBTree (BTree 8r. T, KeyType K, BTree q, int i) { 
+ 

x = K; ap = NULL; finished = FALSE; 
(q 8r. 8r. ! finished) { 

i, x, ap), + 1] 
if (q->keynum < m) finished= TRUE, 
else { 

split(q, s, ap) 1 x = q->key[s]; 
->key[s + 1.. m], q ->ptr[s .. ->recptr[s + 1.. ap 

q= q->parent, 
if (q) i = Search(q, x); 

} II else 
} II while 
if (! finished) II ap 

NewRoot(T, q, x, ap) 1 T, 
return OK1 

} II 

9.14 

16 

12, 
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(a) 

(b) 

(c) 

Cd) 

17 
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4. 

18 

@ 

• 246• 



9.2.3 

Search 

(9-24) 

{ {ZHAO}, 

{ { { 

19 
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ch(O •• num-1), ch 

# define MAXKEYLEN 16 
struct { 

char ch[MAXKEYLEN]; 

}KeysType; 
typedef enum { LEAF, BRANCH } 
typedef struct DLTNode { 

char symbol ; 

NodeKind; 

struct DLTNode * next; 
NodeKind kind; 
union { 

Record * infoptr; 
struct DLTNode * first; 

}DLTNode, * DLTree; 

Record * SearchDLTree (DLTree T, KeysType K) { 

p=T->first; i=O; 
while (p &.&. i < K. num) { 

(p &.&. p->symbol!= K. ch[i]) p = p->next, 
if(p&.&.i<K.num-1) p=p->first; 
++ i; 
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} 
if (!p)then return NULL, 
else return p -> infoptr, 

} II Search DLTree 

9.15 

2 
h 
2 

21 

11 $ABCDEFGH IJKLMNOPQRSTUVWXYZ 

21 

<D 
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struct TrieNode { 
NodeKind kind1 
union { 

struct {KeysType K; Record * } u, 
struct {TrieNode * ptr[27]; int num, } bh1 

} ; 
}TrieNode, * TrieTree; 

Record * SearchTrie (TrieTree T, KeysType K) { 

for(p=T,i=O; 
p&.&.p->kind==BRANCH&.&.i<K.num; II 
p = p->bh. ptr[ord(K. ch[i])], + + i ) ; II ord© 

if (p &&. p->kind== LEAF 8,.8,. p->lf.K== K) p->lf. infoptr; 
else return NULL1 

} II SearchTrie 

9.16 

9. 

0 

• 250• 



9. 

9.3.1 

=key, 
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BEUING TIANJIN HEBEi SHANXI SHANGHAI SHANDONG HENAN SICHUAN key 

/1 (key) 02 20 08 19 19 19 08 19 

09 04 17 28 28 26 22 03 
fs(key) 04 26 02 13 23 17 16 16 

= f(key2), 

7 ! = 1. 288899 X 

CD 
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9.3.2 

1. 

H(key) key+b 

01-1 
02 03 26 27 100 
2 3 

25 

25 26 27 

3000 2000 5000 1050 

H(key) =key+(-1948), 

01 02 03 22 

1949 1950 1951 1970 

15000 

• 253• 



2. 

222777775 342616535 524389153 333333334 111111111 888888888 

9 @ 
@ 

6271284895 
.. 

4780235619 

@ 
(J) 

@ 

3. 

4. 
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A 

I 

J 
IO 

Pl 

P2 

Ql 

Q2 

Q3 

ABC···ZO 1 2···9 
01 02 03 32 60 61 62 71 

(a) 

0100 

1100 

1200 

1160 

2061 

2062 

2161 

2162 

2163 

0 010000 

1 210000 

1 440000 

1 370400 

4 310541 

4 314704 

4 734741 

4741304 

4 745651 

(b) 

010 

210 

440 

370 

310 

314 

734 

741 

745 

5. 

5864 
4220 

+) 04 
10088 

H(key) = 0088 
(a) 

5864 
0224 

+) 04 
6092 

H(key) = 6092 
(b) 

H(key) = key MOD p, p~m 

(MOD), 
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il, templ, 

28 35 63 77 105 

7 14 0 14 0 

keyl = 26c(x) = + c(x) 

[H(keyl) —H(key2)] MOD q 

MOD MOD p} MOD q 

= {26c(x) MOD p+c(y) MOD MOD p —c(x) MOD p} MOD q 

= MOD q+c(y) MOD MOD q—c(x) MOD q} MOD q 

MOD (t * q)) MOD q= (x MOD q) MOD q) 

3)c(x) MOD 3+c(y) MOD 3)c(y) MOD 3—c(x) MOD 

3} MOD 3 

=O MOD 3 

6. 

(key) = random 

(key), 

9.3.3 

3. 
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i = 1, 2, …, k, 

1. 
H, = (H(key)+d.) MODm i= 1,z, ... ,k (k<m —1) (9-25) 

d, 
(1) d,=1,2,3, …, m-1, (2) 

(3) 

60, 

H(key) =key MOD 11), 

5, 

0 1 2 3 4 5 6 7 8 9 10 
I I I I 160111!291 I I 

(a) 

I 60 111 I zg I 381 

Cb) 

I 38 I 60 111 I zg I 
(c) 

I 38 I I 60 111 I 29 I 
(d) 

25 
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2. 
H, = RH,(key) i = 1,2, …, k (9-26) 

RH; 

3. 

Chain ChainHash[m]; 

=key MOD 26 

PL 01 

3 

67 

101112 

4. 

HashTable[O .. .. v] 
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9.3.4 

II- -
{ 997, . . . } 1 

atruct { 
ElemType * elem; 

}HashTable1 

# define SUCCESS 1 
UNSUCCESS 0 

- 1 

II 

(HashTable H, KeyType K, int 8,.p, int &.c) { 

II 
p = Hash(K) , 
while(H. elem[p]. key != NULLKEY &.&. 

!EQ(K, H. elem[p].key)) 
collision(p, ++ c) 1 

if EQ(K, H. elem[p]. key) 
return SUCCESS I 

else return UNSUCCESS I elem[p]. key = = NULLKEY), 
II 

} II SearchHash 

9.17 

Status InsertHash (HashTable l!i.H, e) { 

C = 01 
if(SearchHash (H, e. key, p, c)) 

return DUPLICATE 1 
if (c < hashsize[H. sizeindex]/2) { 
H. elem[p] = ,e, ++ H.count1 return OK1 
} 

else ,return UNSUCCESS1} 
} II InsertHash 

9.18 
• 259• 



=key MOD 
elem[O .. 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
\ 14 \ 01 \ 6s \ 27 \ 55 \ 19 \ zo \ 84 \ 79 \ 23 \ 11 \ 10 I I I 

elem[O• 15] 
MOD 13, 

a. elem[6]. key#-84, MOD 16=7, elem 

elem[7]. key#-84, = (6+2) MOD 16= 
8,a. elem[8]. key=84, 

dem 
[12]. key#-38, MOD 16=13, 

ASL(12) 6 + 2• 4 + 3 + 4) = 1. 75 12 

ASL(12) 6 + 2 + 3• 3 + 4 + 9) = 2. 5 12 

a= 

• 260• 



[l][Z] 

Sn1 :::::::: (9-27) 

1 Snr::::::::: -a) 
a 

Snc~l+ " 2 

(9-28) 

(9-29) 

1 1 
(1 —a)2) 

Unr~ 1 
1 —a 

Unc::::::: 

(9-30) 

(9-31) 

(9-32) 

q; 

m 

n n—1 P2= —· 
m m —1 

m m-l m—i+l 

n 
q1=l —— m 

n n-l . 
n n-1 n—i+2 n—i+I q;=-. —-… (1-) m m—1 m-i+2 m-i+I 

• 261• 



. 
m m-l m—n+l q. m—~+1) 

Pn+I =O 1 
m m-n+l 

q, = PH -p, (9-33) 

U,. =~q.C. - p.)i 

=l +P1 + P2 +… +P .. + l)p.,.,-1 

m +1 

:::::::: 

l —a 

S. =~p;C, =~p,U, 

1 
n 

n-1 n-1 

s. =_!_~u =— n , 
i=O n , =0 1 1 

m 
a dx :::::::- -lnO —a) n ol-x a 

HCkey) = L + g(key[l]) + g(key[L]) (9-34) 

F> = l::i .g(NJ= 13, H<FUNCTION> =8+ 15+ 
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10. 

log2 (n+D-1, 

{R1 ,R2, …, R.} 

{K1 ,K2, 

(10-1) 

,P2, 

{Rpl ,Rp2 , ... ,Rp. } 

(10-2) 

(10-3) 

=Ki O~i~n, 
l~j~n, 

0 
@ 

• 263• 



(j=l,2,•··,n-1), 

# define MAXSIZE 20 

typedef int KeyType 1 

typedef 

KeyType key, 

InfoType otherinf0>1 

}RedType, 

RedType r[MAXSIZE+ 1]1 

int length, 

}SqList, 

II 

0 
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10. 2.1 

Insertion 

R(49) ,R(38) ,R(65) ,R(97) ,R(76) ,R(13) ,R(27) ,R(49), … (10-4) 

{R(38) ,R(49) ,R(65) ,R(97)} (10-5) 

{R(38) ,R(49) ,R(65) ,R(76) ,R(97)} 00-6) 

. i]; 

void { 

for(i=2; i<=L.length; ++i) 
if (LT(L. r[i]. key, L. { II"<", 

L. r[O] = L. r[i] 1 
L.r[i] = L.r[i-1], 
for (j = i-21 LT(L. r[O]. key, L. r[j]. key) 1 -- j) 

L. + 1] = L.r[jJ, 
L. r[jllt 1] = L. r[O] 1 

} II InsertSort 

10.1 

1 

(D 

@ r[l,. 
0 

• 265• 



(49) 38 65 97 76 13 27 
i=2, (38) (3r8 -i9) 65 97 76 13 27 49 • i=31 (65) (38 49 65) 97 76 13 27 

+ i=41 (97) (38 49 65 9•7) 7' 6. 13 27 
i=51 (76) (38 49 65 76 97) 13 27 
i=61 (13) (13 49 65 76 97 21 
i=71 (27) (13 27 38 49 76 97) 4,9 

..L i=81 (49) (13 27 49 49 65 76 97) 

1 

r[i]. 

key<L. r[l]. key, r[l.. 

i=2 

i=2 

10.2.2 

1. 
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Insertion Sort), 

void 8'.L) { 

for (i = 21 i<= L. length1 ++ i) { 
L. r[O] = L. r[i] 1 
low = 1 1 high = i - 1 1 

(low<= high) { .. 
m = (low+ high) /2; 
if (LT(L. r[O]. high = m- l; 
else low = m + 1 ; 

} II while 
for(j=i-1; j>=high+l; --j) L.r[j+l] = L.r[j]; 
L. r[high + 1] = L. r[O]; 

} II£or 
} II 

10.2 

2. 

r[i]. key<d[l]. key, 

3. 
, 

# define SIZE 100 

RcdType, re 1 
next, 

}SLNode1 
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SI.Node r[SIZE]; 

int length; 

}SLinkListType; 

49 

II 

38 65 97 76 13 

i=l, (49) 

i=2: (49) (38) 

i=3: (49 65) (38) 

i=4, (49 65 97) (38) 

i=5: (49 65 76 97) (38) 

i=6: (49 65 76 97) (13 38) 

i=7, (49 65 76 97) (13 27 38) 

i=B, 76 97 13 27 38) 

2 

r 
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1 2 3 4 5 6 7 8 

MAXINT 49 38 65 97 76 13 27 

—| 1 

MAXINT 49 38 65 97 76 13 
i=2 

2 1 

MAXINT 49 38 65 97 76 13 
i=3 

2 3 1 

MAXINT 49 38 65 97 76 13 
i=4 

2 3 1 4 

MAXINT 49 38 65 97 76 13 
i=S 

2 3 1 5 4 

MAXINT 49 38 65 97 76 1a I 21 
i=6 I , 

6 3 1 5 4 2 1-1 

I MAXINT 49 38 65 97 76 13 21 \ 49 
i=7 I 

6 3 1 5 4 7 2 1-

I MAXINT 49 38 65 97 76 13 27 
i=8 I 

6 8 1 5 4 7 2 3 

3 

r[p], 

void Arrange (SLinkListType &.SL) { 

p = SL. r[O]. next, II 
• 269• 



for (i = l; i<SL. length; ++ i) { 

} 

while (p<i) p = SL. r[p]. next, 
q = SL. r[p]. next; 
if (p!= i) { 

SL.r[p]----SL.r[i]; 
SL. r[i]. next = Pl 

p = q, 

} II Arrange 

II SL. r[l. . i -

II 

II 

10.3 

• 270• 

i=l 

p=6 

i=2 
p=7 

i=3 

p= (2)' 
7 

i=4 

p= (1)' 

6 

i=5 

p=B 

i=6 

p= (3)' 

7 

i=7 
p=(5), 
8 

1 2 3 4 5 6 7 8 

maxmt 49 38 65 97 76 13 21 I s2 
(a) 

6 8 1 5 4 7 2 I 3 

maxmt 13 38 65 97 76 49 27 52 
Cb) 

6 (6) 1 5 4 8 2 3 

maxmt 13 27 65 97 76 49 38 52 
Cc) 

6 (6) (7) 5 4 8 1 ; 

maxmt 13 27 38 97 76 49 65 52 
Cd) 

6 (6) (7) (7) 4 8 5 3 

maxint I 13 27 38 49 76 I 97 I 65 I 52 
(e) 

6 1(6) (7) (7) (6) 4 I o I 5 I 3 

maxmt I 13 27 38 49 52 I 97 I 65 I 76 
(£) 

6 1<6) (7) (7) (6) s I 4 

maxint 13 27 38 49 52 65 97 76 
(g) 

6 (6) (7) (7) (6) (8) (7) 4 

maxmt 13 27 38 49 52 I 65 I 76 I ,1 

6 (6) (7) (7) (6) <s> I <7) I <s> I o 
(h) 



10.2.3 

(Diminishing Increment Sort) , 

L. r[i]. key< max{L. key} (10-7) 
1.;;j<i 

,R6}, {R2 ,Rio}, 

5 

{R1, Rs, 
{R3, 

49 38 65 97 76 13 27 49 55 04 

49 13 

38 27 
.J 

65 49 

97 55 

76 04 

13 27 49 55 04 49 38 65 97 76 

13 ~5 3I 8 7I 6 I 

27 04 65 

~9 4~ 9I 7 

13 04 49 38 27 49 55 65 97 76 
04 13 27 38 49 49 55 65 76 97 
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void Shelllnsert (SqList 8i.L, int dk) { 

II 1. 
II 2. 
for (i= dk+ l; i<= L. length; ++ i) 

if (LT(L. r[i].key, L. r[i-dk].key)) { 
L. r[O] = L. r[i] 1 
for(j=i-dk; j>O 8i.8i.LT(L.r[O].key, L.r[j].key), j-=dk) 

L. r[j + dk] = L. r[j]; 
L. r[j + dk] = L. r[O] 1 

} II Shelllnsert 

10.4 

void ShellSort (SqList 8i.L, dlta[], int t) { 
.. 

for (k = O; k<t; ++ k) 
Shellinsert(L, dlta[k]); 

} // 

10.5 

= 

(log2 

0 
dlta[k]=2<-'+1 

…40,13,4,1 dlta[kJ=-½-(3• O~k~ 
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r[l]. key>L. r[2]. key), 

L. 

4. 

38 

49 

65 
13 
27 

76 

38 

49 

13 
27 
49 
65 

38 

13 
27 
49 

49 

13 

27 

49 

13 

27 
38 

6 

i-n 

r[s],L. r[s+l], .. ·,L. r[t]}, 
(pivot), 
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{L. r[s], …, r[s],L. r[s+l],···,L. 

{ L. r[i + 1] , L. r[i + 2] , …, L. 

high, 

int Partition { 
.. 

pivotkey = L. r[low]. key; 
(low<high) { 

while (low<high &,&, L. r[high]. key>= pivotkey) - - high; 
L.r[low]+----+L.r[high]; 
while (low<high &.&. L. r[low]. key<= pivotkey) ++low; 
L. r[low]+----+L. r[high]; 

return low; 
} // 

6 

(SqList 8r.L, int high) { 
.. 

L. r[O] = L. r[low]; 
pivotkey = L. r[low]. key; 
while (low<high) { 

(low<high 8,.8,. L. r[high]. key>= pivotkey) -- high; 
L. r[low] = L. r[high]; 

(low<high 8,.8,. L. r[low]. key<= pivotkey) ++ low; 
L. r[high] = L. r[low]; 

. } 
L. r[low] = L. r[O]; 

low; 
} II 

10. 6(b) 
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pivotkey 

49 38 65 97 76 13 27 

27 38 65 97 76 13 " j 
27 38 97 76 13 65 

} j 
27 38 13 97 76 65 

1.t . 
27 38 13 76 97 65 

. t t. 
I l t J 

27 38 13 49 76 97 65 

(a) 

{49 38 65 97 76 13 27 

{27 38 13} 49 {76 97 65 49) 
{13) 27 {38} 

65} 76 {97) 

` {65} 

{13 27 38 49 49 65 76 97) 

(b) 

7 

void &.L, int low, { 

r[low .. 

if (low < high) { 

pivotloc = Partition(L, low, high); r[low .. 

QSort(L, low, 

QSort(L, pivotloc + 1, high); 

} // 

10.7 
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void { 

1, L. length), 

} II 

10.8 

(n) =knlnn, 

r[l.. 

1, 7 

r[l.. r[k+l.. (L, 1 , k -

= 
k=I 

= en+ —~T,..g(i) (10-8) 

n+ 1 2n-1 
C 

b 2c) (n + l)ln(n + 1) n~2 (10-9) 

s+t 
L. r s]. r[t]. . key, 
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7, 

Selection Sort). 

10.4. I 

r[l.. 

void SelectSort (SqList 8'.L) { 

for(i=l; i<L.length; ++i) { 
j = SelectMinKe'j(L, i); 
if j) L. r[i]+---+L. r[j]; 

} // SelectSort 

.. 

10.9 
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10.4.2 

Selection Sort), Sort), 

• 278• 



l+ 1, 

9 

10.4.3 

• 279• 



,k2, 

k;~ 

k; ~k2, 

k, 

(i = 1,2,···, 

,k2, 

(a) 

10 

{96,83,27,38,11,09} 
{12,36,24,85,47,30,53,91} 

11 

11 

{49,38,65,97,76,13,27, 
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@ (b) 

@ Cc) @ Cd) 

Cb) 

(d) 

27 

(t) (\) .... <t) 
<d) S~ 

• 281• 



typedef SqList HeapType 1 

void (HeapType s, int m) { 
r[s .. 

.. 
re = H. r[s]1 
for(j=2*S1 j<=m1 j*=2) { 

if (j<m 8,.8,. LT(H. r[j]. key,H. r[j + 1]. key)) + + j I II 
if (l LT(rc. key,H. r[j]. key)) break; II 
H. r[s] = H. r[j]1 s = j, 

H. r[s] = re, 
} II HeapAdjust 

void HeapSort (HeapType &.H) { 

for(i=H.length/2; i>01 --i) 

HeapAdjust (H, i, H. length) 1 

for (i = H. length1 i> l 1 -- i) { 

H. r[l]---+H. r[i] 1 

I, i-1), 

} 
} II HeapSort 

10.10 

r[l .. H. 

.. 

r[l .. 

10.11 

h-1 h-1 
2(h-i)=~2; • (h-i)=~zn-; • j~(2n)~j/2i~4n 

,=h-1 i=h-l i-l j=I 
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2(llog2 

10. 

10. 

(49) (38) (65) (97) (76) (13) (27) 

IT 11 
(38 49) (65 97) (13 76) (27) 

(38 49 65 97) (13 27 76) 

I I I 
(13 27 38 49 65 76 97) 

void Merge (RcdType SR[] , RcdType &. TR[] , int i, { 
1.. . n] 

for(j-=m+l,k=i1 i<=m&.&.j<=n1 ++k) { 
if (LQ(SR[i]. key,SR[j]. key)) TR[k] = SR[i ++] 1 
else TR[k] = SR[j + +]; 

if (i<= m) TR[k .. n] = SR[i. . m], 
if (j<=n) TR[k .. n] = SR[j .. .. 

} II Merge 

10.12 

0 
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void MSort (RcdType SR[] , RcdType 8,. TRl [] , int s, 
.. .. 

if (s = = t) TRl[s] = SR[s]; 
else { 

m = /2; .. .. + 1.. 
MSort (SR, TR2, s, m); .. .. m] 
MSort (SR, TR2, m+l, t); + 1.. + 1.. t] 
Merge (TR2, TRl, s, m, .. + 1.. .. t] 

} II MSort 

void &.L) { 

r, L. r, 1, L. length); 

} II MergeSort 

10. 13 

10.14 

10. 

10.6. I 

42<43<…<4A< • 2< • 
• 284• 



{R1 ,R2, (10-10) 

(Ko,K1, …, 

(K?, < (K~,K;, 

,Kl' …, Kd-2), 

(Most Significant Digit 

Signifif::arit Digit 

<D Cao ,a1• …, 
• 285• 



10. 6. 2 

,Kl 
,K1 

K; 

10. 

KEY 8 
# define RADIX 10 

SPACE 10000 

NtJM_ OF_ KEY] 1 

InfoType otheri tems 1 

next; 
}SLCell; 

SI.Cell r[MAX_ SPACE] 1 

int keynum, 
recnum1 

typedef int ArrType[RADIX] I 
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]] 99 etfc 8,:
g 

]] 77 ]] 66 [[ ef ]] 22 [[ ef ]] 11 [[ ef ]] e 

]] 99 [[ ef 

]] 55 

$53 

]] 22 

]] 11 

OJoJ 

(e) 
e[O] e[l] e[2] e[3] e[4] e[5] e[6] e[7] e(8] e[9] 

f[O] f[3] f[4] f[6] f[7] f[8] 
(f) 

14 

10. 

O(d(n+rd)), 

O(rd), 
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void (SLCell &.r, ArrType 8,.f, ArrType &.e) { 
... 

II f[O .. RADIX- .. RADIX-
for (j = O; j<Radix; ++ j) = O; 
for (p = r[O]. next; p; p = r[p]. next) { 

j = ord(r[p]. II .. RADIX- l], 
if (!f[j]) f[j] = p; 
else p; 
e[j] = p; 

} II Distribute 

10. 15 

void Collect (SLCell &.r, ArrType f, ArrType e) { 
.. 

II e[O .. RADIX-
for(j=O; j=succ(j)); 
r[O]. next = t = ; II r[O]. 
while (j<RADIX) { 

for (j = succ(j); j<RADIX - 1 &.&. ! j = succ(j)) ; 
if (f[j]) {r[t]. next = f[j]; t = e[j]; } 

r[t].next = O; 
} II Collect 

II 

10. 16 

void 8,.1) { 

II 

for (i = O; i<L. ++i) L.r[i].next = i+l; 
L. r[L. recnum]. next = O; 
for (i=O; i<L.keynum; ++ i) { 

i, f, e); 
Collect(L. r, i, f, e) ; 

} II RadixSort 

10. 17 

10. 7 
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;I C 

O(n2) O(n2) 0(1) 

O(nlogn) O<logn) 

O(nlogn) O(nlogn) 0(1) 

O(nlogn) O(nlogn) O(n) 

O(d(n+rd)) O(d(n+rd)) O(rd) 

15 
adr(l : : =i, : = 

: = 
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r(l• 8) I R(49) R(65) R(38) R(27) R(97) R03) R(76) 

adr(l : 8) I 1 2 3 4 5 6 7 8 

(a) 

adr(l : 8) I 6 4 3 1 8 2 7 5 

(b) 

r(l I 8) R03) R(27) R(38) R(49) R(97) R(65) R(76) 

adr(l• 8) I 1 2 3 4 8 6 7 5 

(c) 

15 

= k#i, 

adr[1]=6, 

adr[6]=2, 

4]=1, 

void Rearrange (SqList &.L, { 
II 

for (i=11 i<L.length1 ++i) 
! = i) { 

J = i; L. r[O] = L. r[i] 1 
(adr[j] ! = i) { = 

k :;: adr[j] I L. r[j] = L. r[k] I 
adr[j] = j, j = k1 

L.r[j] = L.r[O], = JI 

} II Rearrange 

10.18 

(l) 
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(n2), 
O(nlogn), 

16 

#-Kz #-K3 #-Ki, 
(2)K1<K3<K2; (3) K3<K1 

<Kz; (4) K2<K1 <K3; (5) K2<K3<K1; (6) K3<K2<K1, 
(1) {R1 ,Rz ,R3}; (2) {R1 ,R3 ,Rz}; (3) {R3, 

(4) {R2 ,R1, (S){R2, 

16 

• 291• 



Lester (Merge 
(n!)l= 

O(nlogn), 

0 
@ 

n 1 2 3~4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

7 1 3 5 7 10 13 16 19 22 26 29 33 37 41 45 49 53 

F(n) 1 3 5 7 10 13 16 19 22 26 30 34 38 42 46 50 54 

B(n) 1 3 5 8 11 14 17 21 25 29 33 37 41 45 49 54 59 

M(n) 1 3 5 9 11 14 17 25 27 30 33 38 41 45 49 65 67 

• 292• 



11. 1 

1. 

1 

Record 
600 

Block 2(b) 

0 

• 293· • 



(a) 

2 

(b) 

' Tua= t. + n• 
t. 

2. 
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Tua=t,.,k 
time) , 

3 

time), 

400~3 

11. 2 

Rl~RlO, 
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Rl RZ R3 R4 

Rl'R2' 
I I 

Rl" 

Rl" 

RS R6 R7 RB 

R3'R4' 
I I 

RZ" 

R9 RlO 

R3" 
I 
R2" 

" 

(11-1) 

10Xtrs+5DOXtro+4XlO 

X 100+ 100=300, 

Rl R2 R3 R4 RS R6 R7 RB R9 RlO 

Rl' R2' 

• 296• 



s = 

11. 3 

= -1) (n 01-3) 

k—l 

of Loser), 

ls[O .. 4], 
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ls[O] la[O] 

6 

Cb) 

4 

11. 

typedef 

KeyType key; 

}ExNode, + 1] 1 

void K_ Merge (LoserTree &.ls, &.b) { 

for (i = O; i<k; ++ i) input(b[i]. key), 

; 
while (b[ls[O]]. key ! = MAXKEY) { 

q = ls[O]; II 
output (q); 

input (b[q]. key,q); 
Adjust(ls, q) ; 

} II while 
output (1s[O]) 1 

} II K_ Merge 

11.1 
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void Adjust (LoserTree &ls, { 

t = (s+k)/2; II 
{ 

if key > b[ls[ t]]. key) II 

ls[O] = s1 
} II Adjust 

11. 2 

void &ls) { 

b[k]. key = MINKEY, 
ls[i]=k1 

for (i=k-11 i>=01 - -i) Adjust(ls, i)1 ... 

} II CreateLoserTree 

11.3 

11. 4 

l, 

RUNl, 29,38,39,46,49,51 

RUN2,1,14,15,30,48,61 

• 299• 



RUN3:3, 4,13,27,52,63 

RUN4: 24,33,46,58,76,89 

RUN1: 29,38,39,46,49,51,61 

RUN2: 1, 3, 14, 15 ,27 ,30,48,52,63 ,89 

RUN3:4,13,24,33,46,58,76 

FO WA FI 

51,49,39,46,38,29,14,61,15,30,l,48,52,3, 

63,27,4,•" 

51,49,39,46,38,29 14,61,15,30,1,48,52,3,63,27,4, ... 

29 51,49,39,46,38 14 ,61.15 ,30, 1,48 ,52 ,3 ,63,27 ,4, ... 

29 51,49,39,46,38,14 61, 15,30, 1.48 ,52 ,3 ,63,27 ,4,••· 

29,38 51,49,39.46, ,14 61,15,30,1,48,52,3,63,27,4, ... 

29,38 51,49,39,46,61,14 15,30,1,48,52,3,63,27,4,••· 

29,38,39 51.49, ,46,61,14 15,30,1,48,52,3,63,27,4, ... 

29,38,39 51,49,15,46,61,14 30,1,48,52,3,63,27,4, ... 

29,38,39,46 51,49,15, ,61,14 30,1,48,52,3,63,27,4, ... 

29,38,39,46 51,49,15,30,61,14 1,48, 52 ,3, 63 ,27 ,4, ... 

29,38,39,46,49 51. ,15,30,61,14 1, 48, 52, 3, 63, 27, 4, .•• 

29,38,39,46,49 51,1.15,30,61,14 48,52,3,63,27,4,··· 

29,38,39,46,49,51 ,1,15,30,61,14 48,52,3,63,27,4, ... 

29,38,39,46,49,51 48,1.15,30,61. 14 52,3,63,27,4,··· 

29,38,39,46,49,51,61 48,1,15,30, ,14 52,3,63,27,4,·•· 
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FO WA I FI 

29,38,39,46,49,51,61 48,1,15,30,52,14 13,63,27,4, .. , 

•- 48.1,15.30,52, H : 3.63.27,4,··· 

29,38.39,46,4-9.51,61. * ,1 -18, ,15,30,52,14 3.63,27,4,··· 

29,38,39,46,49,51,61, * ,1 48,3,15,30,52,14 63,27,4,··· 

5 

11. 

struct { 
RcdType rec; 
KeyType key; 

}RcdNode, WorkArea[w]; 

void Replace_ Selection (LoserTree &ls, WorkArea &wa, FILE * fi, FILE * fo) { 

II 
Loser. (ls, wa); . 

re = rmax = l; · II 
II 

(re<= rmax) { I/ "re= rmax + 
get_ run (ls, wa), 

SY! RedType), 1, fo), 
re = wa[ls[O]]. mum, 

} II Replace_ Selection 

11. 4 

void get_ run (LoserTree &.ls, WorkArea 8r.wa) { 

(wa[ls[O]].rnum == re) { 
q = ls[OJ, II 
min:illlax = wa[ qJ . key; 

• 301• 



(8r.wa[q]. rec, sizeof(RcdType) ,1,fo); 

if (feof(fi)) {wa[q].rnum = rmax+ l; wa[q].key = MAXKEY} 

else { /; 
fread (&.wa[q].rec, sizeof(RcdType), 1, fi); 
wa[q].key = wa[q]. rec.key; 
if (wa[ qJ. key < minimax) { 

rmax = re + l ; wa[ qJ . mum = rmax; 

else wa[q]. rnum = rc1 

Select- MiniMax (ls, wa, q) ; 
} II while 

}II run 

11. S 

void (LoserTree &:.ls, WorkArea wa, int q) { 

for (t= (w+ q)/2, p= ls[t]; t>01 t= t/2, p= ls[t]) 
if (wa[p]. . rnum II wa[p J. mum = = wa[ qJ. mum &:. &:. wa[p J. key< wa[ qJ . key) 

II 
ls[O] = q; 

} II Select_ MiniMax 

11. 6 

void Construct- Loser (LoserTree &ls, WorkArea &wa) { 

for(i=O; i<w; ++i) 
wa[i]. rnum = wa[i]. key = ls[i] = 0; 

for (i = W - 1 ; i>= 0 ; - - i) { 
fr~(&.wa[i].rec, sizeof(Rcd'l'ype), 1, fi); 
wa[i]. key = wa[i]. rec. key; 
wa[i].rnum = l; 
Select_ MiniMax (ls, wa, i)'; 

} II Construct- Loser 

11. 7 

rec, 
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(a) (b> (c) 

Cd> Ce) Cf) 

<1> (i) 

(j) <kl (l) 

6 
(h) 
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·: . : . 
... ,:· .. 

7 

11. 5 

9,30,12,18,3, 

(9+30+12+18+3+17+2+6+24) X2X2=484 
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MOD 

MOD 
MOD 

(m-1) MOD 
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12. 1 

1501 78 90 104 95 87 83 40 577 

1502 64 88 90 74 90 98 41 545 

1503 90 101 85 89 76 87 42 570 

1504 85 73 90 91 85 77 35 536 

1505 75 75 81 78 67 80 37 493 

. 

1 
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void MergeFile (FILE * f, FILE * g, FILE * h) { 

fread (&.fr, sizeof(RcdType), 1, f) 1 

fread (8,.gr, sizeof(RcdType), 1, g); 

while (!feof(f) 11 !feof(g)) { 

switch { 

case fr. key<gr. key; 

(&.fr, sizeof(RcdType), 1, h); 

if (!feof(f)) fread (&.fr, sizeof(RcdType), 1, f); break; 

case gr. code==·o·&.&. fr. key== gr. key: 

if (!feof(f)) fread (&.fr, sizeof(RcdType), 1, f); 

if (!feof(g)) fread (&.gr, sizeof(RcdType), 1, g); break; 

case gr. code=='I'&.&. fr. key>gr. key, 

fwrite (P(gr), sizeof(RcdType), 1, h); 

if (!feof(g)) fread (&.gr, sizeof(RcdType), 1, g); break; 

case gr. code==·u·&.8r. fr. key== gr. key, 

(Q(fr,gr), sizeof(RcdType), 1, h); 

if (! feof(f)) fread (&.fr, sizeof(RcdType), 1, f) ; 

if (!feof(g)) fread (&.gr, sizeof(RcdType), 1, g); break; 

; 

} // switch 

}while 

} II MergeFile 

12.1 

• 

0 
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(n'+D/2, 

1 4 101 15 

1 1 7 119 041, 

2 , 123 -' 31 

3 1 10 125 11 ; 

5 
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103 

104 

105 

108 

109 

110 
112 

29 . 
05 . 
02 . 
38 . 
31 . . . 
43 . . 
17 . . 
48 . . 

1 

2 

3 

02 104 

05 103 

17 110 

29 101 

31 108 

38 105 

43 109 

48 112 

29 101 
05 103 

02 104 

38 105 

31 108 

43 109 

17 110 

48 112 

(a) (b) 

6 

(c) 

"9.2. 17 1 

38 2 

46 3 

7 
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12. 4 
12. 4.1 

Sequential Access 
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' 
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Ts 
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(c) 
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Rso Reo R10 Rso 
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, 
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'R100 
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/ 
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: 
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T3 

(d) 

10 
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x2 - (n + l)x + n(n + 1) 
ds . 2 ] 

n+l 
dx 

12.4.2 

Storage Access 

Interval), 
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I 
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=key MOD 

T=a(te+ti) 

2 I 

n a=-bm 

0 063 18' r /\ 
1 589 sos 008 

2 

^ 3 269 164 

^ 4 109 620 

^ 5 278 215 810 

6 930 083 3M 

^ 

330 
^ 

110 I 355 
^ 

. 

a=0.5 a-0.8 

14 

• 318• 



12.6 

12.6.1 
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08 

09 
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1353 
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400~449 
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01 
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356 10 
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408 01 

370 05 

364 09 

15 

02 03 
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06 08 
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07 

08 

^ 09 
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01 4 
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04 4 

(c) 

02 7 

03 3 

01 5 

01 4 

(e) 

• 320• 



350~399 
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tree) 121 
sort tree) 227 
search tree) 227 
probing) 257 

list) 103,164 

238 

246 

249 

of 3-tuples) 97 
(generalized lists) 107 

search) 169 

120 

118 
158 

70 
On Vertex network) 181 
On Edge network) 183 

6 
58 

59 

59 
linked list) 35 
(double-ended queue) 60 

120 
linked tree) 248 

traversal) 128,139 
notation) 129 

tree) 120 
graph) (undigraph) 157 

collection) 206 
strategy) 196 
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search) 

editing) 

(have fixed size records) 

(have variable size records) 
(have only one key) 

(with more then one key) 

addressing) 

pointer) 
node) 

tag method) 
tree) 

(minimum) 

forest) 

space list) 

(Average Search Length) 

binary tree) 
factor) 

rotation) 
method) 

merge) 

sort) 

insertion sort) 
segments) 

sorting) 

density) 

compaction) 

structure) 

(sequential) 

(linked) 

(First In First Out) 
traversal) 

(preorder) 

(Last In First Out) 

traversal) 

(postorder) 

...... 

225 
263 

84 

306 
306 
306 
306 
306 
257 

27 
28 

157 
198 

159,170 
173 
160 
194 
217 
233 
233 
234 
254 
296 
283 
292 
295 

263,293 

78 
212 

6 

6 

6 
58 

128,139 

138 
44 

128 
138 
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notation) 

(directed graph) 

acycline graph) 

tree) 

segment) 

system) 

point) 
paths) 

key) 
key) 

Searh Table) 

probing) 

by address) 
time) 

time) 

time) 
merge) 

file) 

complexity) 

time complexity) 

string) 

string) 1 

binary tree) 

graph) 

(adjacent) 

matrix) 

lists) 

(inverse) 

multilists) 

graph) 

(strongly) 
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203 
158 
176 
183 
214 

214 
214 
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252,256 

258 
257 

264,289 

294 
295 
295 
297 

319 

15 
15 

6 

70 
70 

71 
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158 
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161 
163 
164 
166 
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(biconnected) 
component) 

search) 

at the 

tree) 
method) 
(quicksort) 

Onter Record Gap) 

(Inter Block Gap) 

Data Type) 
data type) 

data type) 
data type) 

data type) 

linked lists) 

probing) 
binary trees) 

linked lists) 

linked lists) 

predecessor) 

successor) 
allocate) 

sort) 
order) 

sort) 
of loser) 

176 

159 
218 
254 
255 
255 

145,220 
271 

273 
293 
293 
293 

17 
7 

8 
8 

8 
9 

18 
27 

257 
132 
132 

27 
156 

120,158 
158 
158 
157 
157 
19 
19 

253 
180 
180 

264,267 
297 

307,308 
214 
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6,120 

120 

120 

27 

32 

44 

44 

44 
118 

of tree) 152 
of tree) 138 

table) 251 
function) 251 

path length) 144 
notation) 129 

code) 146 

196 

214 
search) 216 

295 
file) 308 
method) 255 

sort) 277 
(simple) 277 
(tree) 278 

295 

+ 
event simulation) 65 

matrices) 95 
function) 54 

118 
sort) 272 

sequential search) 225 
sequential file) 311 

ISAM (Indexed Sequential Access Method) 313 
VSAM (Virtual Storage Access Method) 316 

file) 311 
file) 319 
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(Depth-First Search) 
number method) 

sort) 

interval) 
range) 

run) 

list) 

radix sort) 
linked list) 
queue) 

relations) 
classes) 

time) 

tree) 

spanning tree) 
path) 

(Most Significant Digit first) 

(Least Significant Digit first) 
merge tree) 
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search) 

matrix) 
graph) 
factor) 

sort) 
(straight) 
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(table) 

file) 

113,120 

167 
256 

263 
75,279 

279 
284,286 

316 

316 
317 

305 

27 

258 

286 

35 

63 

139 
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295 

121 
144 

173 

186 
197 

197 

285 

285 
304 

221 

221 
96 

158 

260 

265 

265 

266 

267 
267 
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element) 4 

item) 4,18 

object) 4 

relation) 8 

structure) 5 

structure) 6 

structure) 6 

type) 7 
90 

analysis method) 254 

search tree) 247 

count) 15 

144,159 

graph) 158 

sort) 278 

selection sort) 299 

binary tree) 124 . 
13 

linked lists using array) 32 

matching) 79 

Search Table) 214,216 

method) 263 

sort) 271 
294 

tree) 144 

codes) 146 
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Bubble_ sort (a[], n) 

AddPolyn (&.Pa, &.Pb) 
CreateLisL L (&.L, n) 
CreatPolyn (&.P, m) 
difference (&.space, &.S) 

Free_ SL (&.space, k) 
GetElem-L (L, i, &.e) 
lnitList- Sq (&.L) 
InitSpace_ SL (&.s~ace) 
ListDelete_ Sq (&.L, i, &.e) 
ListDelete_L (&.L, i, &.e) 

Pa+Pb 43 
30 
42 

33 
33 
29 
23 
33 
24 

30 
ListDelete_ DuL (&.L, i, &.e) 37 
ListlnserL~(&.L, i, e) 24 
ListlnserL L (L, i, e) 29,38 
ListlnserL DuL (&.L, i, e) 36 
LocateElem!.Sq (L, e, (*compare)) 

II 25 
(S, e) 32 

Malloc- SL (&space) 33 
MergeList (La, Lb, &Le) 21 
MergeLisL Sq (La, Lb, &Le) 26 
MergeList- L (&La, &Lb, &Le) 31,39 
union (&La, Lb) 20 

Bank_ Simulation (CloseTime) 68 
Conversion O 48 
DeQueue (&.Q, &.e) . 62 
DeQueue (&.Q, &.e) 
DestroyQueue (&.Q) 

65 
62 
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EnQueue (&.Q, e) 
EnQueue (&.Q, e) 
EvaluateExpression() 
GetTop (S, 
Hanoi (n, x, y, z) 
InitQueue (&.Q) 
InitQueue (&.Q) 
InitStack C &.S) 
LineEdit() 
MazePath (maze, start, end) 
Push (&.s, e) 
Pop (&.s, &.e) 
QueueLength (Q) 

ClearString (&.S) 
Concat (&. T, SI, S2) 
Concat (&. T, SI, S2) 
geL next (T, 
geL nextval (T,. &.nextval[]) 
Index (S, T, pos) 
Index-KMP (S,T,pos) 
StrAssign (&. T, * chars) 
StrCompare (S, T) 
InsldxList(&.idxlist, bno) 
Strlnsert (&.s, pos, T) 
StrLength (S) 

62 
65 

53 

47 

55 

62 

64 

47 
50 
51 

47 
47 

64 

77 
73 

77 
83 

84 
72,79 

82 

76 

77 

88 

75 

77 
SubString (&.Sub, S, pos, !en) 

II 75 
SubString (&.Sub, S, pos, !en) 

CopyGList (&. T, L) 
CreateGList (&.L, S) 

77 

115 

116 
CreateSMatrix_ OL (&.M) 104 
FastTransposeSMatrix (M, &. T) 100 
GListDepth (L) 114 
MultSMatrix (M, N, &_Q) 
Sever (&str, &hstr) 
TransposeSMatrix (M, & T) 
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117 
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CreateBiTree (&. T) 
find_ mfset (S, i) 

11 

< &s, D· 143 

GetPowerSet (i,A,&B) 150 

HuffmanCoding (&HT, &He, * w, n)· 147 

InOrderTraverse (T, { * Visit)) 

InOrderTraverse_ Thr (T, (* Visit)) 

InOrderThreading (&. Thrt, T) 

InThreading (p) 

merge_ mfset < &.s, i, j) US; 

mix_ mfset (&.s, i, j) US; 
PreOrderTraverse (T, (* Visit)) 
PowerSet (i, n) 

Trial C i, n) 

130,131 

134 

134 

135 

141 

142 

129 

150 

151 

BFSTraverse (G, (*Visit)) 170 

CreateGraph (&G) 162 

CreateUDN (&G) 162 

CreateDG (&G) 165 

Critica!Path (G) 1"85 

DFS (G, v) 169 

DFSArticul (G, vO) 178 

DFSForest (G, &T) . 171 

DFSTraverse (G, (*Visit)) , 169 

DFSTree (G, v, &T) 

FindArticul (G) 178 

MiniSpanTree_ PRIM (G, u) 175 

ShortestPath-DU (G, vO, &P, &D) 
189 

ShortestPath- FLOYD (G, &P[], &D) 
191 

Topologica!Order (G, & T) 185 

Topologica!Sort (G) 182 

AllocBoundTag (&pav, n) 

AllocBuddy (&avail, n) 

MarkList (GL) 

222 
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CreateSOSTree (&. T, ST) 
DeleteBST (& T, key) 

lnsertAVL (& T, e, &taller} 

InsertBST (& T , e) 

225 

230 

228 
InsertBTree (&. T. K, q, i) 

lnsertHash (&.H, e) 

LeftBalance (& T) 
L Rotate (&p) 

(&. p) 

Search_ Bin (ST, key) 

244 

II OK, 259 

237 
. 

236 

236 

220 

SearchBST < T, key, f, &.p) 
228 

240 

248 

259 
216 

SearchBTree (T, K) 

SearchDL Tree (T, K) 
SearchHash (H, K,, &.p, &.c) 
Search_ Seq (ST, key) 

SearchTrie (~, K) 250 

SecondOptimal (&. T, R[], high) .. 

Arrange (& SL) 

BlnsertSort (&.L> 
Collect (&.r, i, £, e) 

223 

269 

267 
.. 

.. 288 
Distribute i, &.f, &.e> ... 

288 
HeapAdjust (&.H, s, m) r[s •• r[s]. 

.. 
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282 

HeapSort (&.H) 282 

InsertSort (&.L) 265 
Merge (SR[] , &. m, n) .. 

II TR[i .. n] 283 

MergeSort (&.L) 284 
Msort C SRtJ, &. TRI[], s, t) .. .. t] 284 

Partition (&.L, low, high) r[low .. 

Qsort (&L, low, high) 
QuickSort (&L) 
RadixSort (&L) 

Rearrange (&.L, adr[J) 

SelectSort (&.L) 
Shelllnsert (&.L, dk) 

274 
r[low .. 

II 

275 
276 

288 
II 

290 
277 

272 

ShellSort (&.L, .. 272 

Adjust < &.ls, s) 299 
Construct_ Loser (&.ls, &.wa) 

302 
CreateLoserTree (&.Is) 

299 

get- run (&. Is, &. wa) 301 

K- Merge < &.Is, &.b) 298 

Replace_ Selection (&. ls, &. wa, * fi, * fo) 
301 

Select- MiniMax (&.ls, wa, q) 
II 302 

MergeFile (* f, * g, * h) 310 
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