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Section1 + Queues and Deques

The Queue ADT

A S0I2 AUS HAN HUlls Aok dit =AHS ottt
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T(queue)

FZ(rear)0llM 22 €1 2Z(front)0llAf 7HL= ADT. first-in first-out(FIFO)= 71& A W Zt2 7h&
WX Hle = 7£lo|Ct.

Source: Miller and Ranum (2013), The Queue Abstract Data Type.
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MK S0{2 22 SF0IM HA L7t M 242 FIZ2E So{2Ct

Back Front

\» Dequeue
Enqueue \‘

219| Back rear, Front= frontof] siEstet.

Source: Vegpuff (2009), Data Queue.
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enqueue (D) —) B - dequeue ()

Z(rear) A (front)

e 5%oz Sojen Y=oz Lhtma e B We ATt I UK LiZic

Adapted from Miller and Ranum (2013), The Queue Abstract Data Type.
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=1l
rf
gl

ALk GLE2 A =23

enqueue (x) eS8 xE FIZ0| =7t
dequeue () *HE Y AE S A
is_empty () True/False |0 A=K HA
size() " X Eet gtol =8 det

Caution &l 70|l dequeue Q= E2{E 0| YCEE MK is_empty () E 2QIIC}

Source: Miller and Ranum (2013), The Queue Abstract Data Type.
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Checkpoint

The Queue ADT

- TN 22 E1 U= 22 242 ofr|elf?

2l FolM BEo| Z=20| vt M2 FARITF?
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Queues and Deques
A Circular Queue
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Python 1ist2| &2 A3}

re

o ols 4 Azt
append (x) O7H(RHE S w2k n7H &2 0(1)
=4))
pop(0) n— 174 o(n)
insert(0,x) n7H o(n)
pop Q) 0 A2 0(1)
O|= HIZHO| O= EAISH FR(X<f, &2, 7IcH)2| S7+ xt=E LIEHAHCH

Source: Miller and Ranum (2013), Implementing a Queue in Python.
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listol|l A $I1Z5 21X]

enqueue dequeue
QIHIA O O(n) A2 0(1)
oleiA n—1 &2t O(1) O(n)

Caution 1istOllA H&QE HHOME F MES 25 O(1)= 2

= giCh

n

Source: Miller and Ranum (2013), Implementing a Queue in Python.
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218 H(circular queue)

B2l OFX|2f 7H CHEE A 2t = 0|0{M AI83H= 7. dequeue () I A4S ACZ LUX| @f1 AZ 2|K|S
7t2|7|= = AR HHRCE

o Ti—

Source: Morin (2013), Section 2.3, ArrayQueue.
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gitel ojn| TEE: L mte
S AR, oF A , HHE =t j n , LIHX| dite=z
o
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FIFO= /7t 2&3h= &XM0|
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enqueue &2}
0(1)
dequeue O(1)
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<0

Eliet 7t5

AH
=]

Source: Morin (2013), Section 2.3, ArrayQueue.
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2| QI AS i QIHAR HHRC)

Aol mHm 2k2 BHEOIM (j+ i) mod m fIXI0l ALt

j m 2] QIE|A | VERICEN
5 8 0 5
5 8 1 6
5 8 2 7
5 8 3 0

LIHZ| 14t0] BiE 25 X off AHAS 0FE CHA| AZFSHA BiCt.

Source: Morin (2013), Section 2.3, ArrayQueue.

DS3600082-140 - Xt27E 14/47



i B2 X|LLE M= ofofHICt

=2l &M [A, B, C, DJ= HiEoIM= A=A 5,6, 7, 001 Liw0] MEEICH

Adapted from Morin (2013), Figure 2.2.
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QIUAT L & M

HHEO| 715 XIX| %1 dequeue TH= HIO| UK QChx1 FPHSD 3

1 def enqueue(self, value):

2 end = (self.j + self.n) % len(self.a)
3 self.alend] = value

4 self.n += 1

5

6 def dequeue(self):

7 value = self.a[self.j]

8 self.j = (self.j + 1) % len(self.a)

9 self.n -= 1

10 return value

11

HAE KF7|X| gfeo= HiE 80| Z2Y M £ HLH2 O(1)0|Ch.

Source: Morin (2013), Section 2.3, ArrayQueue.
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CHS &2 21Xl (j+ n) mod m Bl MEle} 715 T MEfoilM RF R Zo0 = nQ = JLESICY,

EH xA g &%

H|O A2 n=20 dequeue 2X|

& 7ts 0<n<m enqueue?t dequeue 7t
HEE n = HiES =2l | enqueue

Source: Morin (2013), Section 2.3, ArrayQueue.
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IS BHPOlIA £ 21T = YIAE A BiEO| Q1A 00fl S0F AME ChA| H&OR BHELL
2% =
1 200] 2mel A B bS BH=C}
2 blil « a[(j+ i) mod M2 nHS AFSIC}
3 a< b,j< 0QZ HHRLCH

m =8, j= 52 MEE QA OCHZ 16710]| FSAFSHH =2| QIHA 32| 2|X| (5 4 3) mod 16 = 80| H|0] DE Y=L

71 O(n)2=2 ST Z0|E F HIE 52| enqueuel| 42 HIE2 O(1)0|Ct

Source: Morin (2013), Section 2.3, ArrayQueue.
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Checkpoint

A Circular Queue

- Z0| 82l HIFHO|N j= 6% m =2| A=A 39| H{F QA= FSIRITI?
- dequeue Fof| j2f n2 2t} OEA| HIFH=7F?

- HIES =3 O BAE =2| &AM 2 JARHOF o= O|f= FARI7?
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Section3 + Queues and Deques

Queue Simulations

= =0 2E XH|E Fota Z2IE 7] AlZES AlLretrt
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o AP o 12
M ZH &} enqueue A AIZE
ySEIPARS; dequeue CHZ| AlZE
SERSE 7 et gls He M2|Z

A E=ME Fol MFSHHE th7] AlZke AR &Mz AlME & QU

Source: Miller and Ranum (2013), Simulation: Printing Tasks.
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o 2H A S Fetot

O b

7| L2 A, B, C, DL} 9 AL FI2 3 HuH 5| CHS oF AFRHOI|7| 2E XIS uiE=StCt.

B e
AAMNHEFZSHOIS enqueue (dequeue())
HollZl 2012 0|F 2 HAS 3 =
K|S HHESt D HEOf| A AFF| 2= 5| dequeue ()

ot HOHEHS OFX[2f 2HE K| B

Caution S&t¢| 20| OILICE. XS HEHD} O[S F47} ZOW LT 2ME 2Lt

Adapted from Miller and Ranum (2013), Simulation: Hot Potato.
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CHA| AZOA I =M THH 2k

INES; A B C,D o=

person = dequeue() B,CD A

enqueue (person) B,C,D A AS CHA| €3
ot H O|SSHH ARt = JOIZ0|10 AF ARIEE SZO 2 ZICL U Ki2|= OF2] HiFSHA| Qb=Ct.

Adapted from Miller and Ranum (2013), Simulation: Hot Potato.
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S E X2 Hol= 7 MENE F=AsIC}
o|s QHZOl| M 12 AN O|S3t AR
0 A B,C,D s
1 B,C,D, A A
2 C,D,A B B
3 D,ABC c
M Y A B,C D 47
3t 0|Sot1 QF AIRIS MEfSH= Al BHEsH D, A, C =02 Ki|7t FeHEICH OFX|at B7HX| Zatst & E &M= D, A, C, BLt.

il

rio

0|52 HE fY 97 7E gl0| 7ol £ Mo EHE 4 rt.

Adapted from Miller and Ranum (2013), Simulation: Hot Potato.
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D2IE 2 7] A2t AlMET}

[ Sy

Lab Computers

— ytask task fask fask  fask %#

printing tasks in print queue

ZAFE 7 2HE A2 FOIA 7|Ch2| 0 ZRIE = AF RULE H2[ett,

o=

Source: Miller and Ranum (2013), Simulation: Printing Tasks.
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M 7Hx|

F

jolll
ol

of ol

k

N

ol Al

EH Ha}

joir

2 X&sl enqueue
74 HIX| LUACHH dequeuedto] AIEf

=13
=]

IH

Z2IE 7} H|RA=7t

Source: Miller and Ranum (2013), Simulation: Printing Tasks.
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X{a|st =

oF X9l CH| AlZtE Wit
ate] ko] C7] MZHE H2| AISt AJZH0lA ¢ AJ2hS  Zho]ct.

Wy = Sk — dk, w

1N
w,
Nk;k

a. X A2t

2t Sk M2| AIZFA[ZE N: XMe2[gh & 5
Caution 5 ppm ZZIHZ Z+2 A|22[0|MS 102 HlotH W
IRls S A2 = HEo|Ch N2 XM2|oh ZHot 22

CH7|= 17.27%8E{ 376.05X7X| 20X RE
2 Zte] & B =2Ct

Adapted from Miller and Ranum (2013), Simulation: Printing Tasks.

- XEAE

27147



Checkpoint

Queue Simulations
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Section4 + Queues and Deques

The Deque ADT

& BOIA 2L

mo
OHL

9 = o] i
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fjo
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o)
o

Hl(deque)

& B0lIM 2t 1 W & A= ADT. HAOICE FZ0|Lt FIZ 7H20| AF8E 28 1ECL HXJH|%st
dequeue ()= El0| OfL|2} FO| AFX| AHALO|C

Source: Miller and Ranum (2013), The Deque Abstract Data Type.
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ol

HI2 & BOf|A 2k

mjo
N

a1 tHCk

rlo

F12t ARI7} 1t FIZ SE0H|M ZHSSICL

rear front
add to rear

S ———
"dog” 4 “cat” True

add to front

[ —

remove from rear items

L2 U EMOIME CHS A LH0] 0= & M=X] HASH{OF T}

Source: Miller and Ranum (2013), Deques.

remove from frant
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cilo] U] 7HX] B i

Fa ) #2 X CtE 0|2 = k=an)}
add_front (x) add_first(x) AZ X =7t
remove_front () remove_first() I b ARl = Btet
add_rear (x) add_last (x) kS X 37t
remove_rear () remove_last() EES Zf AH| = Bigt

Source: Miller and Ranum (2013), The Deque Abstract Data Type.
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A

%7t

Al
ol
n

Au
ol
I

Bir

of

ki
uk
A

)
[N}

gir

oH

i
uF
11

U,
[N}

W_ﬁ
oH

Source: Morin (2013), Section 1.2.1, Deque Interface.
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£ £%
1 SxtEol X2 K2l Sof Frt

AZ I FIZ0M St ATF[OH Bl w ST

s
=M STt oF SXL o5t g 9| 20|t

HQ

Source: Miller and Ranum (2013), Palindrome Checker.
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¥ £ H|lu 2 71201 et

Add "radar” to the rear

rear front
add to rear
r a d a r
items
rear front
T a d a r
remove from rear items remove from front

r '
Remove from front and rear

radar®| & & r2 AHSHH CHS H|w CHY2 a®t alh.

Source: Miller and Ranum (2013), Palindrome Checker.
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Checkpoint

The Deque ADT

- 1t dequeues 2tZt B2 SESH=T?

- SO A2 DHS of F7tet A

rir
2
[T
me
2
Rl
=(l.>=|-
=)
Ot
rr
d
By

- 3|2 AAIA & 2 Ado] Ret 0|R=E FAHUI?
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Section5 -« Queues and Deques
HSIHC

Python deque
(AEHSIT}

Python2| &l APIZ A 2|X|2} H| 20| 2t%| ME

37147
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list= & & H| 20| Ci=C}

9t A Hgtot g
cezz A2t o(1) A2t o(1) A
olz 2 o(n) o(n) CEPU=R Rk

QF B2 X3 AFERICHH 1ist2Ct deque?t MElSICt.

Source: Downey (2021), Double-ended Queue.
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collections.deque?| | HA

Python AI8sl= 2 ADT St
appendleft (x) 1% HZof| F=7t
popleft() 2% A0 A ALK
append (x) QEZ 2ol =7t
pop() REZ FIZR0A] AbH|
9o/ 5 T2 92F 28 YHOZ IRNIT, collections dequed 7B IS TiE 2% 28 YEoz &rf

Source: Python Standard Library (n.d.), collections.deque documentation.
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E deque= 735IH

appendE EZ0| 211 popleftE SAZ0|A THHCE
1 from collections import deque
2

3 q = deque()

4 q.append("A")

5 q.append("B")

6 first = q.popleft()

7
8
9

print(first, list(q)) # 4 ['B']

FOIME REZO| 21 2IZ0|M THUH FIFOZt Tt

Source: Python Standard Library (n.d.), collections.deque documentation.
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Falay Alzt ArE off
appendleft, popleft Oo(1) s e
append, pop O(1) F|Z L= AEM

Source: Python Standard Library (n.d.), collections.deque documentation.
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AL X0 f2} 1ist2t dequeE TIEL}

st At S MEd ol

22 FIHAH| deque & E0(1)

OIHAZ Xt M2 list list e "2 O(1), deque
7h2l O(n)

STE YA 218ho)| w2} s QIX| EH HIZE 115

Caution dequeE ZE Z|AE AHMO| HIE FXE sjASHH oF EICH

Source: Python Standard Library (n.d.), collections.deque documentation.
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rir
ret

2% &8 0(1) MR =

o

otc

2| (head)2} 22| (tail) S 7% 015 HE 7 Z= ¥ 2 L 50f| HIZ FH2E £ ULk

head tail

0| 222 dlg Foidt= ot WHO|H, Python deque= LS 13t A2GI0] &F 2 ALt O(1)2 M3t

Source: Downey (2021), Deque objects and linked representation.
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2 IS olel |2 2t SXo & B2 X2|st, 7F20 A2 IR E & 348 |20t

j=om=s [afblcldfeft]eln] | [ ]|

\ remove(2)
j=vn=7 [ Jafv]d|efffe[n] | | | |
\\ add(4,x)
j=tn=8 | [a]|bfd]e[x]f]g]n] [ | |
add(3,y)
j=0m=9 |a]bldfy[elx[f]g[n] [ [ |
add(4,z)
j=11,n=10 [b|d|y|z]|e|x]|f]|g[n a
20403,y ¥ A BROR F712, ada (4, )0 PO VBT 12 Z0ek ada(a ) remova ()= List Blo F7= sl

min{i, n — i}7{ O[S}C}.

Source: Morin (2013), Figure 2.3.
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M ADTE gt tHof| Fe[otH

ADT 274 91%] AR $1%] &4

A o 9| o 9 LIFO

7 Sk Az FIFO

o o2 oz Gito] 2%

R R M Zto| ZREIC Ol SIKIS OfE AN MEX|0|A ABICE,

Source: Morin (2013), Section 1.2.1.
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Checkpoint

Python deque

+ list.pop(0) CHAl deque.popleft )& M= 0|R= RAQITf?
+ dequeZ AEHW JE ZH2F oA e & U=

- olElA HMZo| HMY m dequeELt 1ist7t LI2 O|R= 2AQIT}?
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PN =

How Can a Key Find Its Place Without
Searching?

Next Lecture: Hash Tables and Chaining
- 7|12 fIXI= HHE SHAl 24
PR

o

- Hold

Ct

x=
o= [=]

o

HieH
odu

rr
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