g

SER SN Ao =i ]

/

PUSAN NATIONAL UNIVERSITY

Stacks

Last In, First Out

Operations, Expressions, and Function Calls

DS3600082-140
tEax
20263 2817

Ci|O|E{ALO| AHAA
yongkyung.oh@pusan.ac.kr



Section1 -« Stacks

The Stack ADT
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Source: Miller and Ranum (2013), The Stack Abstract Data Type.
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Source: Miller and Ranum (2013), Stacks.
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Adapted from Miller and Ranum (2013), The Stack Abstract Data Type.
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Hit U} ureigt
push(x) X, Bretgt o2
pop() T 2| 2k giet
peek () W 2| 2k diet
is_empty ) True/False {2t
size() H4 dist

Caution &l ABH0||lM pop ()2t peek ()2 SZE 20| AUEE MX is_empty O =

Source: Miller and Ranum (2013), The Stack Abstract Data Type.
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push®} popO| M ¢|E HHELCE

o4t SEM BE=T

push(C) ™ =B C7h M B 2]

pop () Mel=C CE ttetstil B7HEH 9|
peek ) o =B BE Htetstn i 9= a2

LIFO &M= 2t Z3F7t OfL|2t push®t popl| & =AME H{EICt

Source: Miller and Ranum (2013), The Stack Abstract Data Type.
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Source: Miller and Ranum (2013), Stacks.
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Source: Miller and Ranum (2013), Basic Data Structures and Recursion.

DS3600082-140



Checkpoint

The Stack ADT

LIFOOI| M CrZ0i| 74 242 o8 A Fot=7t

pop ()2t peek ) 2 AEHS OfFA| Ct=A| HHLETL
Bl ABHOIM =& ZAS M= Fol{of ot= A2 FARITE
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Section2 . Stacks

A Stack in Python

T S 0= 20| F=X[7t Python 71¥1 HIES HHELE
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2 21X pushe} H|E popz} H|
REXE append (x), &2t ©(1) pop (), &2 O(1)
s insert(0,x), ©(n) pop (0), O(n)

= 7He Zte [|IFO ZIHE XS At H|2S Ch2ct

Source: Miller and Ranum (2013), Implementing a Stack in Python.
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Python 1ist2| 2 ME ArrayStack}t Z+2 JZCt

1 class Stack:

2 def __init__(self):

3 self._items = []

4 def push(self, item):

5 self._items.append(item)
6 def pop(self):

7 return self._items.pop()
8 def peek(self):

9 return self._items[-1]

10 def is_empty(self):

11 return not self._items
12 def size(self):

13 return len(self._items)

14

push® pop0| &2 LEZ 28 AIBSIEZ LIFOZt EICt

Source: Miller and Ranum (2013), Listing stackcode1.
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Python listi= SH H{E0|22 YT H|E0| ILH= HEEICt

EHat BEsl=¢ H|I&
push 20l M &2t o(1)
pop = 2k A Azt o(1)
peek Opx|at oA Mz o(1)

Caution MgE0| LojLt= o H2| pushe O(n)Y 5= ACH

Source: Morin (2013), Section 2.1.2.
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Python 731

push(self, item)
pop(self)
peek(self)
is_empty(self)
size(self)

self._items.insert(0, item)
return self._items.pop(0)
return self._items[0]
return not self._ items
return len(self._items)

Source: Miller and Ranum (2013), Listing stackcode2.

DS3600082-140 - Xt27E

15/46



SLList2 & AEHZ OIS 4~ QILC}

MHe|(head)E ™ ¢I2 FH oF &ola} oF AH|2F ALSEICH

A AL SLListOllM sh= & H|E
push(x) M E=ES H2| ol 32 e(1)
pop () H2|E LIS B8 &4 o(1)
peek () Ha|2o| 2t 8471 O(1)

Source: Morin (2013), Section 3.1.
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Ll gl g gl [ g x]]
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Source: Morin (2013), Figure 3.1.
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Checkpoint

A Stack in Python
-+ Python list2| REZ 22 M 9|2 F= NIEH2 FAUTt
+ 21 o IHE LIFO 53 XKl R IS 2RI

SLList2 2H= ARMOf|M =27t HRDIA| 42 TE2 FAATE
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Section3 - Stacks

Parentheses and Postfix
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23S ZAl(balanced parentheses)= 0= 22} BH= 2571 =M0]| A ®X|o{F=X]| Etelstict

Source: Kuperberg (2015), p. 203.
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Source: Miller and Ranum (2013), Simple Balanced Parentheses.
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(O O)E wWapzt 2t

E7HK] AAS ©f A=H0| HIO] J2B= &7} Sh=Ct

Adapted from Miller and Ranum (2013), Simple Balanced Parentheses.
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Source: Miller and Ranum (2013), Balanced Symbols.
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22U HASHE ZECL 22 SRNX 22{HHH o= 229 He

1 def par_checker(text):

2 stack = []

3 for symbol in text:

4 if symbol == "(":

5 stack.append (symbol)
6 elif symbol == ")":

7 if not stack:

8 return False
9 stack.pop()

10 return not stack

11

ARO|M B 22 E PHLE U S CF 812 7 o= 227t HoH Mttt

Adapted from Miller and Ranum (2013), Simple Balanced Parentheses.
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Z2| 2 (postfix expression)

UGS F D|HLMX; A0 M= HEL| A2 52| E7|4(infix expression)O|LCt.

S9IAIS GIMXIS & IIARE Fl0f A= A0Jc. A+Bx C= ABC x +2 LIERAH Sl ANBIOR Azt
4+ ok

Source: Miller and Ranum (2013), Infix, Prefix, and Postfix Expressions.
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Source: Miller and Ranum (2013), Infix-to-Postfix Conversion.
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A x B+ C x D2| #&t

HMXH= Z2E X127t 2 winx] 2E40A] 7| CH2ICH

A-B+C-D

DQ\

AB-CD-+
Ax B+ CxDItAB x CD x +EHRCH

Source: Miller and Ranum (2013), Figure 9.
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Source: Miller and Ranum (2013), Postfix Evaluation.
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Left to Right Evaluation ———

4 5 6 o
h push pop twice
push pis and do math
n pop twice
and do math
(s) (5]

) ()

OFX|2f A4k 5| ABH0|| 34 SHLEH E=CF

Source: Miller and Ranum (2013), Evaluating Postfix Expressions.
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Source: Miller and Ranum (2013), Evaluating Postfix Expressions.
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Adapted from Miller and Ranum (2013), Simple Balanced Parentheses and Infix, Prefix, and Postfix Expressions.
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Checkpoint

Parentheses and Postfix
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Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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g4 58 of viol Bast 4y del. X, Ko U,
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Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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A 2B M SEAH Q=20|H 9
main A|Z} push [main]

O 2 push [main,

g\ =& push [main, f, g]

g() diet pop [main,

£0) et pop [main]

Adapted from Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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1 def to_str(n, base):

2 convert_string = "0123456789ABCDEF"

3 if n < base:

4 return convert_string[n]

5 else:

6 return to_str(n // base, base) + convert_string[n % base]
7
8
9

print(to_str(10, 2)) # 1010

n < baseZ} 7|X Al0|12, MF| TE2 R n // baseZ AXIE EQICH

Source: Miller and Ranum (2013), Converting an Integer to a String in Any Base.
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to_str(10,2)7} Cf A2 QIRKE RHAIS CHA| 2}

to_str(1,2)2] izt

to_str(2, 2) n =2 base = 2
to_str(2 // 2, 2) + convert_string[2 7 2]

to_str(5, 2) n =5 base = 2
to_str(5 // 2, 2) + convert_string[5 % 2]

to_str(10, 2) n = 10 base = 2
to_str(10 // 2, 2) + convert_string[10 % 2]

to_str(1,2)7} "1"S Breet 0= n0[ 10, 5, 2¢1 =& Zaf| 0] o} U, etk g 2{ol| eIt

Adapted from Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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to_str(10,2) 10 2 0

to_str(5,2) 2 1

to_str(2,2) 2 2 0

to_str(1,2) 1 2 AS (I Ak, 1
ket

2t o T|o| X[ HAS W2 MESIDRZ M7 SEO0| M2 40X eh=Ct

B

Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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Hrstsl= =& ukst E2XHE CIS A4t
to_str(1,2) nqn SESOUCE ME
to_str(2,2) "io" SESHOEYoE MY
to_str(5,2) "101" SESHIRoZ ME
to_str(10,2) "1010" %|E diet

Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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LIHX| 2X}E push®t F| AEH0] & mi7tX] popdl 0|0 E2ICt
1 def to_str(n, base):
2 r_stack = Stack()
3 convert_string = "0123456789ABCDEF"
4 while n > 0 or r_stack.is_empty():
5 if n < base:
6 r_stack.push(convert_string[n])
7 else:
8 r_stack.push(convert_string[n 7% basel)
9 n =n // base
10 res = ""
11 while not r_stack.is_empty():
12 res = res + str(r_stack.pop())
13 return res

M2 =& AR0], O] T2 Yot IEJH Z2 LIFO =ME BHELE
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10%!sx 2332| 2% HEI| = LIFO =AM S £Ct

22 Lz LHHX|= AlME A2} HITHEZ 2{0{0F Sho}

233/2=16 rem=1
M6/ 2=58 rem=20
58/2=29 rem=0
29//2=14 rem=1
14//2=7 rem=0
TH2=3 rem=1

3i2=1 rem=1

push remainders
siapurews) dod

1/2=0 rem=1

LHHXIE A2 pushdti A 1S E popstH 111010017t lCt

Source: Miller and Ranum (2013), Decimal-to-Binary Conversion.
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Source: Miller and Ranum (2013), Stack Frames: Implementing Recursion.
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Checkpoint

The Call Stack
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What Changes When the Oldest Item
Leaves First?

Next Lecture: Queues and Deques
+ FIFO2t enqueue, dequeue
- P FetdE A

« 7| £#ME Ar8sh= AlE2[old
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