5 T M B
— TCZ510.17 4%

— TCZ510.27 45
—TC510.375 %k

— TCE510.47 25

— TCH 105 1] @3

-
1
s
.

5+
2

3

6
3

6



TCH10.175

2514

e Rewrite ENQUEUE to detect overflow.

— if (Q[Q.tail] !=null) ..

RFANKT?

— if (Q.tail == Q.head) ... 5 %A 0] {5 2
— ANBEIX 41 BAF 2 id A2 =

o N - IPTEAE

— if (Q.tail%Q.length+1 == Q.head) overflow

— if (Q.head == Q.tail) underflow

— if ((Q.tail+1)%Q.length == Q.head) overflow X} A%} ?

1 2 3 4 5 6 7 8 9 1011 12
315 15/6 9|8 4|17

Q.tail =3 Q.head =7
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e deque_from_tail
— ...x=Q[Q.tail]; Q.tail--; ... X AKX} ?

1 2 3 4 5 6 7 8 9 1011 12
Q3|5 1569|8417

f 1

Q.tail =3  Q.head =7
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stackl stack2
{a)Adda, b, c

stackl stack2

(b) Delete head
from queue

stackl stack2

(c) Delete head
from queue

stackl stack2
(d) Addd

stackl stack2

(e) Delete head
from queue
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e DELETE

p = L.head;

while (p.next !=x) {
p = p.next;

}

R A 2

p = L.head;

while (p!=x && p!=null) {
p = p.next;

}

10

_» NULL

HEAD
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e Support UNION in O(1) time using a suitable list data structure.

sl.head.prev = s2.head;

s2.head.prev = s1.head; sl.head
s =sl.head;

return s;

Xﬂ?ﬁxj‘? s2.head

s.head = sl.head;
sl.tail.next = s2.head;
s.tail = s2.tail;
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Using the first m index locations in the multiple-array representation
Hint: Use the array implementation of a stack.

AN DECEEm+ 1ML E
MR AR MBR AR S m M E, 5 m M B A H#H

COMPACTIFY-LIST: FHZ&RFFEAT

next I?i e IE -
key a0 | o] ]9
prev I
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* Nonrecursive traversal, using a stack

push(root);
while(stack is not empty) {
curr = pop();
print(curr);
if (curr.left 1= null) push(curr.left);
if (curr.right != null) push(curr.right);

}

loop invariant/& {14 ?

Arbitrary rooted tree, using the left-child, right-sibling representation:

Eibinary tree— £ 40 HE
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CLS: (Bk-)(Bk-).....-7E-7E-......
CLSI A AR = F 5 — R IRk + 2 )5 BT I 7E (swhileB AT R 5T

(a) CLSPATtIRwhileZ &, B =Fhsk
— CLS¥F£3 (Line 10): CLS'#ATtXfor. <tiXwhile
— CLSFEZF| T (Line 11): CLS'#ATtXfor. <t¥Xwhile
— CLSBEF] 1 (Line 7): CLS#ATtIXfor
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e (b) E=E(for+while)=E(for)+E(while)=0(t)+E(X,)=O(t+E(X,))

: (c)E[Xt]zirP(Xt:r):iP(thr)sZP(thr)s _



o KBTS
—TCEH11%=
— CSHB5E 5T



0] @l1: dictionary

e dictionarys2fT 4 ? B E R H &AWL E
— Insert

— Search
— Delete

o EAMEEE? IREEES H 2SR ?



]8l1: dictionary ()

 direct-address table & U117 =Ll dictionary ) ?
o EIEMFLESALEL S (IFAE]. ZX(E). SEHELMEREE)

key  satellite data

\ _/

13



]8l1: dictionary ()

e hash table 5 direct-address table ] A J5i [X Al 24 2
o [FIt, 'EHEWBLEAENRILE S ? (TR, =¥ [A). SEELMERD)

- ﬂ
hik;)
hiky)

h[kg:' = h{kj}

hiks)
m—1

14



o PLUNFRATH BT simple uniform hashing



o] #i2. collision

e expected number of items per location

Theorem 5.13 In hashing n items into a hash table of size k, the expected number of items that
hash to any one location is n/k.

16



7] £i2:  collision (4

e expected number of empty locations

Theorem 5.14 In hashing n items into a hash table with k locations, the expected number of

empty locations is k(1 — 11:)”

17



7] £i2:  collision (4

e expected number of collisions

FE(collisions) = n — F(occupied locations) = n — k + F(empty locations)

Theorem 5.15 In hashing n items into a hash table with k locations, the expected number of

collisions is n — k+ k(1 — %)”,

18



o] /3. collision resolution

e chainingsg WA fige thcollision ] ?
e insert. search. delectfJiz4T B [6] 5 A& 2227
o [Klit, EBAEWFLLEE L ? (B[R], ZS[A). SCELMERE)

Y
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(universe of keys)
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7] 13: collision resolution (4

 open addressing 5 chaining I A5 X Al 214 2
o [AlIE, EAEMPEARN BPLER AT (B E). A3 TE) . SEELHERE)

HASH-INSERT(T. k) HASH-SEARCHI(T. k)

1 i =20 1 i =0

2 repeat 2 repeat

3 j = h(k.,i) 3 j = hk.,i)

4 if T[j]==NIL 4 if T[j]==k

5 T[j] =k 5 return j

6 return j 6 i =1+1

7 elsei = i + 1 7 until T[j]==NILori ==m
8 untili ==m 8 return NIL

9 error “hash table overflow™

20



7] 13: collision resolution (4

open addressing '] =R 7 1L AR BB 0l e AT 4 7
— linear probing h(k.i) = (h'(k) + i) mod m
— quadratic probing hk.i) = (h'(k) + cyi + c,i*) mod m
— double hashing hk.i) = (h;(k) + ihy(k)) mod m

CATERCR EAH A A X ?




7] 13: collision resolution (4

e chainingflopen addressing iz 4T B [A] 3= AR+ A4 2
o [Ht, HEERHBIRIEE, REMHANEK?




7] 13: collision resolution (4

o perfect hashing 5 chaining A5 X 7l /24 2
e searchlJiB1TI[E] 22 /D7
o [AlIE, EAEMPLAAN RPLER A7 (B E] . A3 0E) . SEELHERE)

T my ay by jf_’ﬁ
0 » 1 [0]0]10
i 2 my a, by _iﬂ.l_ -
2 > 9 1018 A /| /|60 |72 /| /|75 |/
-_;/ o 1 2 31 4 5 6 7 8B
4 / ms as bs jf‘_ﬁ
5 > 1 (0070
6 / m,a; by Y o _‘1"_ -
11 — 16|23 (88 A A /| /| /| /| /|40 |52|22 VAVAEWY 4
;,;/ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 |

23



R resolution e Xfcollision ] /&7
o TB2 4R LA BE BiBcollision e ?




] Fi4: hash function

o RIS —NIFHIhash function N 1Z B A W LL4s & 2

— Satisfies (approximately) the assumption of simple uniform hashing.
— Depends on all the bits of the key.
— Runs fast.



i /314: hash function ()

o WMRA NIRIRIHEL, ik H Hkey 2 42 5] Kcollision, VRHE
KB NN ?
— universal hashing: to choose the hash function randomly in a way that
is independent of the keys that are actually going to be stored



