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ѿ .  

1.1.  

ԅ ȁ ‗ ̕ 

ָӇ ľ Ŀץ ‗ Ҭ ᵬ ̕ 

ľ Ŀ ץ ᵬҬ ᴪ ̕ 

ӟPython Ȃ 

1.2. ӥ  

׆   ѿ ױֲ ֜ ῒᴰ פ ҕץ ̆ ԅ

Ȃ ᶫԅ ΐ ̆ Ḃױז ᴪ ҩ

ѿ Ȃ ȁ ץ Ữ Ӟ ԅ ҉

̆ ױ ‗ Ȃױ ̆ᴧ ↕ ӄҌ Ȃ

҉ ≠ ‗ Ȃ 

 ᵰ ԅ ӟ ‗ ⱬ̆ Ӟױ Ḥᵰ

₮ ‗ ⱬ ḤȂᵰ ⌠ԅ Ώ ף ΐ Ȃ

̆ ̆ⱴ҉ῒ ‗ ҍӊ ԅ ‗ Ҭ ⌠

Ȃ 

 Ҋ Һ ңҩ Ȃ ѿ̆ ץ ҍ

̆ ≢ ױ ӟ ֓ῤ ץ ֓ῤ ᵥ ꜛ ױ ‗ Ȃ ԋ̆

ԅ python Ȃ ᶫ ̆ ₮ΐᵣ ᶛ ῒᵩ Ҭ ᴪ ⌠

Ạ₮ Ȃ 

1.3. ָӇ  

‰ץ  ӈȂ ҹֲױ ľ Ŀ ҩ ȂᵰӞ

̆ Ҍֽֽ Ȃ ΐ̆ᵖ

Ӟֽֽ ΐ Ȃ 

 ȁ ‗ȁץ Ҭ ₮ ‗ Ȃ ѿ

ҩ ̆ ₮ѿҩ ̂algorithm ̃̆Ώ₮ѿ ‗ ₮

ᴋᵥ ’ ҹ Ȃפ ‗ Ȃ ‗ Ȃ 

ץ ᵬ Ȃ ̆ ױ ⌠ ѿ֓

‗ Ȃ ҩ ₮ԅ ̆ ֓ ‗ ᴆԊ

ֲ Ȃ ң ̆ ױ ץ ӈ ̆

‗ ץ ‗ Ȃ 

ῒ ‗ ̆ľ Ŀ̂computablẽ ҩ Ȃ ‗ ҩ

̆ ױ Ȃ ѿ ӈ :

̆ Ȃ ’Ҋ̆ᵰ ᴪ ⌠ľ Ŀ ҩ ῃ ₮ Ȃ ױ

ҹ ‗ ԍ Ȃ 

̆ ῏ ѿ ̆Ӟ ̂abstraction ̃Ȃ ᶏ ױ ѿץ

№ ῒ ‗ Ȃ ᶛҬ

ױ Ȃ 



ѿҊᵰׂ ᵬ ӗ ֜ ΐȂᵬҹѿҩ ̆ѿҩ ᶏ ̆ҹԅᶏ

⌠ ̆ᵰ ӊ ֜ԑ Ȃᵰ ̆ ῀ ̆ ꜚ ̆ ̆

┤ ̆ⱴ ̆ Ȃ ̆ ױ ץ ̆ᵰ ⌠ ѿ Ȃᵰᶏ

ᶫ ᵰ׆ѿҩᵝ ⌠ ѿҩᵝ ⱳ Ȃ ֓ⱳ Ӟ ҹ

̂interface ̃Ȃ 

ѿ ̆ ḱ Ҍ ȂזҌֽ ᵥ ̆ ғ ױ ҹ

ⱳ Ȃז ԅ ᵥ ᵬ̆ ᵥᴰ ᵝ ̆ ᵥ └

Ȃ ҹ ̆ Ҋ Ȃ 

ᶏױ ṜӞ ѿ Ȃ ֲ Ώ ̆ ᴆ̆҉ ̆ ӏ̆

Ữ ץ ̆ᵖױז ԍ ֓ ΐᵣ ᵥ ѿ Ȃ׆ױז ҉

Ȃ ȁ ȁ ץ ѿ ԍ Ҍ

Ȃ 

ױז ᵬ ΐᵣ ᵥ ᵬ ̆ ᵥ ץ ᵥΏ ף └

֓ⱳ Ȃױז └ ֓ ҹ ῤ Ȃ 

ңҩᶛ ѿ ̔ ֓ ῤ ̆ Ӟ Ạ ̆Ҍ

ῤ ױז̆ ᵥ ᵬ ԅȂץ ᵬҹױ ҍ

֜ ȂῬ ѿҩ ᶛ ĺĺץPython math ҹᶛȂ ױ ԅ

ҩ ̆ ױ ץ Ҋ ̔ 

 

                          

ѿҩ ̂procedural abstraction ̃ ᶛ ̆ Ҍѿױ Ӈ

̆ ױ ҩ₱ ָӇȁ ᵥᶏ Ȃ ̆ ױ ץ Ḥ ҩ₱ ᴪ

ᶫ ױ Ȃ ױ ֲ ԅ ҩ ‗ ̆ ױ Ӈ

ԅȂ Ạ ľ Ŀ Ȃ ױ Ḥ ( ₱ )̆ ᶫָӇ

̂ ץ̃ ṿ ָӇȂ ₱ ԅ̂ 1.1̃Ȃ 

      

                            1.1   

1.4. ָӇ  

 ̂Programming ̃ ҹ Ȃ

ׂ ץ ̆ᵖ ѿ ₮ ‗ Ȃ

Ȃ 

>>>import math 

>>>math.sqrt(16) 

4.0 

>>> 



 Ҍ ̆ᵖ ᵬ №Ȃ

ҹױ ‗ ⇔ ѿҩ Ȃ ̆ ץ ⇔ ҹԅ

№Ȃ 

 ᶭ ף ᵣ ⌠ ѿ ↓ ‗ Ȃ

ᶫѿ ҩ ֓ Ȃҹ ̆ ᶫԅ └

Ȃ 

 └ ᶏ Ȃ ȁ ‗

ף Ȃѿ ᶫ ₃ ̆ ץ ᵬ Ȃ 

 Ҭ̆ ѿ ԋ └ Ȃҹԅᶏ ֓ ף ̆ ױ

̂data types ̃Ȃ ֓ԋ └ ױ ץ ȁ ‗ Ҭ

ῤ Ȃ ֓ ȁ ̂ Ӟ Ạ ̃ Ȃ 

 ᶛ ᶫԅľ Ŀ ѿ Ȃ ѿ Ữ ῤ Ҭ ԋ └

ԅ ̆ ԇԅ ױ Ҭ ᶏ ῖ ӈ̂ ̔23̆ 654 

- 19̃ Ȃ ̆ѿ ᶫԅ ץ ҍ Ȃץ ҹᶛ̆ ⱴȁ

⁞ȁӗ Ȃ ױ ҩ ҍ ֓ ҬȂ 

ױ  ⌠ ҉ ױז ‗ Ȃ ֓ ̆

ᶫ ץ ‗ ̆ᵖ Ҍ≠ԍ ױ ‗ ҩ

Ȃ ױ ѿ֓Ⱳ └ ꜛ ⇔ױ ‗ Ȃ 

1.5. ҹᵥ ӟ  

 ҹԅ , ᶏ ᶏױז ῏ Ҭ

ᵣ ҉ Ҍᴪ ҉ Ȃ ̆ ױ ץ

Ȃ ֓ ױ ̆ ѿ ѿ ̆ ױ Ȃ 

̆ ױ ҹѿ ₱ ץ

Ȃ ̂data abstraction ̃ ҍӊ ᵌȂ ̂abstract data 

typẽ̂ ΏҹADT̃ ̆Ҍ ȁ ᵬ ᵥ ̆ ῏ԍ ᵥ ᵬ

Ȃ ῏ױ ף ӈ Ҍ Ȃ ₮

̆ ױ ԅ ̂encapsulation ̃Ȃ ̆ᶏӊ׆

Ҭ Ȃ ẠḤ ̂in formation hiding ̃Ȃ 

1. 2 ԅ └Ȃ ֜ԑ̆ᶏ

ᵬȂ ҍ ֜ԑ Ȃ ῤ ѿ Ȃ Ҍ῏  

 



                         1. 2  

̆ ҹ ̂data structure ̃̆ ױ ѿ֓

ᶫѿҩ῏ԍ Ȃ ╠ ̆ ң № ץ Ҍ

’Ҋ̆ҹ ӈѿҩ Ȃ ᶫԅѿҩ ԍ

( implementation -independent ̃ Ȃ ҹ ѿҩ Ҍ ̆

Ḃ ᾛ Ҍ ҍ ֜ԑ ╠ Ҋ̆ Ȃ Ḃ

ⱬḠ ‗ ҬȂ 

1.6. ҹᵥ ӟ  

׆ױ Ҭ ӟȂ ֲז׆↕ױ ‗ Ҭ ӟȂ Ҍ ‗

Ҍ ̆ ꜛ ױ Ҋ Ȃ Ҍ ̆ ױ

ץ ₮ ≢ └̆ ץ ᵌ ₮ ̆Ḃ ‗ Ȃ 

Ҍ Ȃ ╠ӊױ ⌠ ľsqrt Ŀ ᶛ ̆ ῃ Ҍ

₱ ̔ ҩ ѿҩᶏ ̕ ῒז

10Ṑ Ȃֲױ ֓ ‗ Ȃ ᶏ ױ ̆ ѿ Ӟ ᴨԍ ѿ Ȃ

ױ ᴪ ҹ̆ ̆ ֽֽ ̆ ῤ Ȃ Ṝ̆ ԍ

ң ‗ ̆ ԍ Ȃ 

’Ҋ̆ ױ ᴪ ⌠ ט ̆Ӟ ץ ῤ ‗

Ȃ ̆ ‗ ȁҌ ‗ ȁ ‗ № Ȃ 

≢ ᴪ Ȃᵬҹ ̆ ԅ ‗ ⱬ̆ ױ

‗ ᵀ Ȃ ̆ѿҩ ‗ Ȃ ⌠ѿҩ ѿ

ҩ ױ ᴋⱵȂ 

1.7. PYTHON ͂  

ױ ӟ Python̆ ₮ ῏ԍ╠ ѿ֓ ᶛȂ ᵰ

Python ᵰ ѿ ԅ ╠ ₮ ̆ ױ ᵰ ľPython Language 

ReferenceĿȁľPython Tutorial Ŀ Ȃ ̆ ױ ᵰ

ѿ֓ Ȃ 

Python ѿ ף ȁ ȁ Ȃ ѿ ↓ ῤ

ᵬ └ Ȃפ ҹPython ѿ ̆ ֜ԑ ᴪ ̆ᵰ ץ

Ȃᵰ ᵰ ľ>>>Ŀ ᵀᵰ ₮ Python Ȃ

:  

ԅ ̆ ₮̂print ̃₱ ̆ ץ Ҋѿҩ Ȃ 

׆ .1.7.1  

ױ  ̆Python Ȃ Python Ạ ‗

Ȃ Python ̆ ῒז ѿ ̆ ױ ӈľ Ŀ̂class̃

̂ ̃ ⱳ ̂ ҹ̃Ȃľ Ŀ ᵌԍ ̆ľ Ŀ ⌠

ҹȂ ҹ ̂objects ̃Ȃ ѿҩ ᶛȂ 

>>> print("Algorithms and Data Structures") 

Algorithms and Data Structures 

>>> 



1.7.1.1.  

ױ  Python Ҭ ױ ӟȂPython ңҩҺ ῤ

῏ ṿ ̆ ץ Ȃ ңҩPythonҬ ᵬint float Ȃ ‰

̆ +̆-̆*̆/ ** ̂ӗ ̃̆ ᶏ ̆ ץ ᶏ ῒ Ȃῒ ѿ֓

̆ % ̆ ̆ // Ȃ ңҩ ̆ῒ ҉

̆ Python Ҭ̆ №̆ ԅ №Ȃ 

ף                      1. 1 (intro_ 1. 1)   

 Python Ҭ ץ bool ̆ ṿ Ṝ Ȃ ԍ ̆

ṿҹTrue Falsĕ ‰ ҹand , or , notȂ

 

    Ӟ ᵬ ᶛ ԍ̂==̃ ̆ ԍ̂>̃ Ȃ ̆῏

ץ ‗ Ȃ 1.1Ҭ ԅ῏ ҍ

̆ ῒ ῒᵬ ԅҽᶛ Ȃ 

>>> True 

True 

>>> False 

False 

>>> False or True 

True 

>>> not (False or True) 

False 

>>> True and True 

True 

1 print(2+3*4)  

2 print((2+3)*4)  

3 print(2**10)  

4 print(6/3)  

5 print(7/3)  

6 print(7//3)  

7 print(7%3)  

8 print(3/6)  

9 print(3//6)  

10 print(3%6)  

11 print(2**100)  



   

ԍ < ԍ  

ԍ > ԍ  

ԍ ԍ <= ԍ ԍ 

ԍ ԍ >= ԍ ԍ 

ԍ ==  

Ҍ  !=  Ҍ  

 and ң ҹ ҹ  

 or  ң ѿҹ ҹ  

 not  Ẋ̆Ẋ  

                        1.1 ῏  

ש                    1. 2 ῗ (intro_1.2) 

 Ҭ Ȃ Python Ҭ̆ ץ Ҋ⅞ ̂_̃ᵬ

ҹ ̆ Ώ ̆ ғ ץ ᴋ Ȃ Ṝ ӈ ̆

ᶏᵰ ⱴ Ȃ 

 Python Ҭ̆ ѿҩ ѿ ԅ ṿ ̆ѿҩ ӊ֟ ԅȂ ṿ

ᶫԅ ҍṿ Ȃ ᴪ ѿҩ ̆ Ҍ Ȃ Ҋ

̔ 

 

 ṿ theSum = 0 ⇔ ԅѿҩ ҹtheSum ̆ ғᶏ 0 

̂ 1. 3̃Ȃѿ ̂ ԋҩᶛ ̃̆ ṿ №ᴪ ṿ ̆

Ȃ ױ ᶛ Ҭ̆ theSumץ ̆

ԅ̂ 1. 4̃ ҉ ᶛ ԅѿҩBool ṿTruĕ Ӈ Ӟ ̂

theSumӞҹҌool ̃Ȃ ̆ Python Ҭ̆ ṿ ԅ̆ Ӈ Ӟᴪ

>>> theSum = 0 

>>> theSum 

0 

>>> theSum = theSum + 1 

>>> theSum 

1 

>>> theSum = True 

>>> theSum 

True 

print(5==10) 

print(10 > 5) 

print((5 >= 1) and (5 <= 10)) 



Ȃ ṿ ̆ Python ῒ ѿҩ ̆ ѿҩץ

ץ Ȃ 

                      

                          1. 3  

                     

                           1. 4 ṿ ԅ  

1.7.1.2  

 ԅ ṿ ңҩ ̆Python ѿ ↓ ῤ Ȃ↓ ̆ ұ ᾝ

̆ ғ ҉ ᵌ̆ᵖ №≢ ѿ֓ Ҭ ≢

Ȃ ῖ ↕ Ȃ 

 ѿҩ↓ ҩ ҩ Python Ҭ Ȃ↓ ̆

ҩ Ȃ ↓ [] Ȃ↓ ̆ ↓ Ҭ Ҍ ѿҩ ̆ ғ

↓ ἝҊץ ѿҩ Ȃ ѿҩᶛ ԅ↓ ҬPython Ȃ 

 

 ⌠ PythonҬ ѿҩ↓ ṿ ̆ ҩ↓ ᴪ Ȃ Ӈҹԅ Ҋ ҩ↓ ץ

̆ ױ ṿᴰ ѿҩ Ȃ 

 ҹ↓ ̆ ץ ѿ ↓Ӟ ץ ᴋᵥPython Ҭ ↓ Ȃ 1. 2

₮ԅ ױ ᵬ ̔ 

   

 [  ]  ↓Ҭ ѿҩᾝ  

 + ↓ 

>>> [1,3,True,6.5] 

[1, 3, True, 6.5] 

>>> myList = [1,3,True,6.5] 

>>> myList 

[1, 3, True, 6.5] 



 *  ↓ 

ῒҬ in  ᾝ ↓Ҭ 

 len  ↓  

℗  [  :  ]  ℗ ᵬ 

                    1. 2  ᴋᵥPython ↓  

⌠↓ ̂ 0׆̃↓ ̆℗ ᵬmyList[1:3] ̆ᴪ Ҋ׆ ҹ1⌠Ҋ ҹ3̂ᵖҌ

3̃ Ȃ 

̆ᵰ ⇔ ѿҩ↓ Ȃ ҩᴋⱵ ץ ᵬ Ȃᶛ Е 

 

ḂῬ ѿᴆ ῏ ᵬ Ԋ̆ ↓Ҭ

Ȃ ҩ ץ Ҋ Ҭ ⌠ᵣ ̔ 

 

ף                       1. 3 (intro_ 1. 3)  

A ҈ᴍ ҹmylist ↓ Ȃ mylist Ҭ ᾝ ̆

ᵣ ԅAҬȂ 

↓ ᶫԅѿ ↓ Ȃ 1. 3 ᶫԅѿҩ ̆῏ԍ ױ ӊ

ᶛ Ҭ ̔ 

   

append alist.append(item)  ↓ ⱴѿҩ  

insert  alist.insert(i,item)  ↓ ҩᵝ ῀ѿҩ  

pop alist.pop()  ↓ ѿ  

pop alist.pop(i)  ↓  i  

sort  alist.sort()  ↓  

reverse  alist.reverse()  ↓  

del  del  alist[i]  − ᵝ ҉ ᾝ  

index  alist.index(item)  ↓ Ҭ ѿҩ ԍ item  

count  alist.count(item)  ↓ Ҭ ṿ ԍ item 

remove alist.remove(item)  − ↓ Ҭ ѿҩṿ ԍ item  

                         1.3 Python↓ Ҭ ᶫ  

>>> myList = [0] * 6 

>>> myList 

[0, 0, 0, 0, 0, 0] 

myList = [1,2,3,4] 

A = [myList]*3  

print(A)  

myList[2]=45 

print(A)  



 

 

ף                     1. 4 ↓ ᶛ(intro_ 1. 4)  

 ᵰ ץ ⌠ѿ֓ ̆ᶛ pop̆ ԅѿҩṿ ғ ḱ ԅ↓ Ȃῒז ̆Ἕreversĕ

ḱ ԅ↓ ṿ̆pop ѿ ̆ᵖӞ ץ ѿҩ ᾝ − Ȃᶏ

֓ ₱ ̆ Ҋ Ӟ 0׆ ȂᵰӞᴪ ⌠ ά.έ ̆ ԍ ҩ ҩ

ȂmyList.append(False)ץ ᵬάᶏ myList append ₱ ѿҩṿFalseέȂ

ᶛ ᵣץ ҩ ץ ₱ Ȃ 

 

myList = [1024, 3, True, 6.5] 

myList.append(False) 

print(myList)  

myList.insert(2,4.5) 

print(myList)  

print(myList.pop())  

print(myList)  

print(myList.pop(1))  

print(myList)  

myList.pop(2) 

print(myList)  

myList.sort()  

print(myList)  

myList.reverse() 

print(myList)  

print(myList.count(6.5))  

print(myList.index(4.5))  

myList.remove(6.5) 

print(myList)  

del myList[0] 

print(myList)  

>>> (54).__add__(21) 

75 

>>> 



҉̆ ױ 54 ҹάaddέ ₱ ̂ PythonҬ ᵬ__add__̃ 21ᵬҹṿ

add̆ ױ 75Ȃ ѿױ Ώ54+21Ȃ ᴪױ ῏ԍ Ȃ 

ѿҩpythonҬ ҍlist ῏ ⱳ rangeȂrange ֟ ԅѿҩ ̆ ҩ

ץ ѿҩ ↓Ȃ ᶏ list ⱳ ̆ ץ range ṿ ҹѿҩ↓ ȂҊ ῏ԍ

̔ 

 

rangeף ԅѿҩ ↓Ȃ ᴪ׆ 0 Ȃ ᵰ ᶫ , ׆ץ

, ץ ѿ֓ Ȃ ѿҩᶛ Ҭ̆range(10) ,  ҩ ׆↓ 0 ⌠ 10 Ҍ

10Ȃ ԋҩᶛ Ҭ̆range(5,10) ׆  5 ⌠ 10 Ҍ 10̆ range(5,10,2) ҍ҉ ᶛ

ᵌ̆ᵖ ңҩ ӊ 2̂Ҍ 10̃ Ȃ  

ұ Ữץ ҩ ҩ ̆ ̆ ῒז Ȃ ױ ̆ ῒז

ҹ Ȃ ұ ṿ ( ᵖҌ̆ץ )ҍ №Ȃ 

>>> range(10) 

range(0, 10) 

>>> list(range(10)) 

[0, 1, 2, 3, 4, 5, 6, 7, 8, 9] 

>>> range(5,10) 

range(5, 10) 

>>> list(range(5,10)) 

[5, 6, 7, 8, 9] 

>>> list(range(5,10,2)) 

[5, 7, 9] 

>>> list(range(10,1,-1)) 

[10, 9, 8, 7, 6, 5, 4, 3, 2] 

>>> 



 

ҹ ұ ↓̆ ץ ӊ╠ ↓ ᵬ Ȃ ̆ ұӞ ѿ ↓

̆ѿ № 1. 4 ̆ᶛ :   

 

֓ Ҭ̆split Ȃsplit ѿҩ ұ ѿҩ №

ᵬҹ℗№ ұ ↓ Ȃ ҉ ᶛ Ҭ̆ĽvĽ № Ȃ № ̆split ᴪ

ꜚ tab ȁ ȁ ᵬҹ№ Ȃ  

 ᶏ   

center  astring.center(w)  ѿҩ ұ̆w ̆ ұ Ҭ 

count  astring.count(item)  ұҬ₮  item  

ljust  astring.ljust(w)  ѿҩ ұ̆w ̆ ұ  

lower  astring.lower()  ѿҩ ұ̆ῃ Ώ 

>>> "David"  

'David'  

>>> myName = "David"  

>>> myName[3] 

'i'  

>>> myName*2 

'DavidDavid'  

>>> len(myName) 

5 

>>> 

>>> myName 

'David'  

>>> myName.upper() 

'DAVID'  

>>> myName.center(10) 

'  David   ' 

>>> myName.find( 'v' ) 

2 

>>> myName.split('v' ) 

['Da', óidô] 

 



rjust  astring.rjust(w)  ѿҩ ұ̆w ̆ ұ  

find  astring.find(item)   item̆ ѿҩ ᵝ  

split  astring.split(schar) №schar ҹ ץ  ̆ ұ№◓̆ ѿҩ

↓  

1. 4  PythonҬ ұ  

ұ ↓ ӊ ≢ ↓ ץ ḱ ұҌ Ȃ ᵬ Ȃ↓  

̆ ұ Ҍ Ȃ ̆ᵰ ץ ṿ ѿҩ↓ Ҭ ᾝ ̆ ԍ ұ

ᵬ Ҍᾛ Ȃ  

 

 

ᾝ tuple ↓ list ᵌ̆Ӟ ↓ ̆ ≢ ̆tuple Ҍ ῒҬ ̆

Ἕ ұȂᾝ Ҍ ḱ Ȃᾝ ҹ ̆ ѿ ↓ṿȂ ̆ᵬҹѿ

ҩ ↓̆ Ӟ ԍ҉ ῏ԍ ↓ ̆ᶛ  ̔ 

>>> myList 

[1, 3, True, 6.5] 

>>> myList[0]=2**10  

>>> myList 

[1024, 3, True, 6.5] 

>>> 

>>> myName 

'David'  

>>> myName[0]='X'  

Traceback (most recent call last): 

  File "<pyshell#84>", line 1, in -toplevel- 

    myName[0]='X'  

TypeError: object doesn't support item assignment 

>>> 



 

ᵖ ̆ ᵰ ᾝ ѿҩᾝ ̆ ҉ ᴪ Ȃ ῏ error Ҭᴪ  

ᵝ Ȃ 

 

0ҩ ҩ ↓ Ȃ Ҍᾛ ₮ ᾝ ̆ ҹ ȁ

ѿ ↓ṿȂ ҹ set() Ȃ , ғ Ȃᶛ ̔  

 

̆ ׅ ѿ֓ҍӊ╠ ῒז ᵌ ᵬ̆ 1. 5 ԅ ֓

ᵬ,  ғӊ ₮ԅ ᵥᶏ ֓ ᵬ ΐᵣᶛ :   

 

 

 

>>> myTuple = (2,True,4.96) 

>>> myTuple 

(2, True, 4.96) 

>>> len(myTuple) 

3 

>>> myTuple[0] 

2 

>>> myTuple * 3 

(2, True, 4.96, 2, True, 4.96, 2, True, 4.96) 

>>> myTuple[0:2] 

(2, True) 

>>> 

>>> myTuple[1]=False 

Traceback (most recent call last): 

  File "<pyshell#137>", line 1, in -toplevel- 

    myTuple[1]=False 

TypeError: object doesn't support item assignment 

>>> 

>>> {3,6,"cat",4.5,False} 

{False, 4.5, 3, 6, 'cat'} 

>>> mySet = {3,6,"cat",4.5,False} 

>>> mySet 

{False, 4.5, 3, 6, 'cat'} 



ԍ῏     in ∞ ѿҩᾝ ԍ ҩ  

ᾝ     len ṿ Ҭᾝ  

|̂ ̃  A |  B ѿҩ ̆ ҩ  A,B  

&̂֜ ̃  A &  B ѿҩ ̆ ҩ  A,B ῍  

ᾝ ̆  A,B ֜  

-  A ï  B ѿҩ ̆ ҩ  A  A ҍ B 

῍ ᾝ ̂A-̂AšB̃̃ 

<=  A <=  B ∞  A Ҭ ᾝ  B Ҭ̆  

ṿ True   False 

                       1. 5  PythonҬ  

 

 

ᶫԅ ̆ ԍ ѿ֓ ᵬ̆ 1.6 ↓ҽԅѿ֓ ₱ ̆ӊ Ӟ

ѿ֓ᶏ ᶛȂ ̆union,  intersection,  issubset difference  ֓₱ ⱳ Ӟ ҉

ԓҬ₮ ף Ȃ  

₱  ᶏ   

union A.union(B) 
ѿҩ ̆ ҩ  A,B Ҭ ᾝ ̆ 

 A,B  

intersection A.intersection(B) 
ѿҩ ̆ ҩ  A,B ῍ ᾝ 

̆  A,B ֜  

difference A.difference(B) 
ѿҩ ̆ ҩ  A  A ҍ B ῍ 

ᾝ ̂A-̂AšB̃̃ 

issubset A.issubset(B) 
∞  A Ҭ ᾝ  B Ҭ̆  

ṿ True   False 

add A.add(item) 
 item ҩᾝ ⱴ⌠  A Ҭ 

>>> mySet 

{False, 4.5, 3, 6, 'cat'} 

>>> len(mySet) 

5 

>>> False in mySet 

True 

>>> "dog" in mySet 

False 

>>> 



remove A.remove(item) 
׆  A Ҭ  item ҩᾝ  

1. 6  PythonҬ ᵬ ₱  

 

>>> mySet 

{False, 4.5, 3, 6, 'cat'} 

>>> yourSet = {99,3,100} 

>>> mySet.union(yourSet) 

{False, 4.5, 3, 100, 6, 'cat', 99} 

>>> mySet | yourSet 

{False, 4.5, 3, 100, 6, 'cat', 99} 

>>> mySet.intersection(yourSet) 

{3} 

>>> mySet & yourSet 

{3} 

>>> mySet.difference(yourSet) 

{False, 4.5, 6, 'cat'} 

>>> mySet - yourSet 

{False, 4.5, 6, 'cat'} 

>>> {3,100}.issubset(yourSet) 

True 

>>> {3,100}<=yourSet 

True 

>>> mySet.add("house") 

>>> mySet 

{False, 4.5, 3, 6, 'house', 'cat'} 

>>> mySet.remove(4.5) 



 

׃ ѿ  Python ῖ̆ ῖ ԑӊ ᾝ ,  

ѿҩ ̂keỹ ѿҩṿ̂valuẽȂ ᾝ ҹ ṿ ̆ѿ ᵬ ̔ṿ̂key̔

valuẽȂ ῖ ̆ ῤ ṿ ↓ ѿ ̆ ӊױ Ȃ ҽҩᶛ

:   

 

ױ ץ ᾝ ṿ̆Ӟ ץ ⱴ ṿ ꜚ ῖȂľ

ṿĿ ѿ ᵬ ׆ ↓Ҭ ᾝ ᵬ Ҍ ̆ Ҍ ↓Ҋ ̆ ╠

Ȃ ⱴ ᾝ Ӟ ᵌ ̆ ↓Ҭ ⱴѿҩ ᾝ ̆ ⱴ ѿҩҊ ̆ ῖ↕

ⱴѿҩ ṿ Ȃ  

 

>>> mySet 

{False, 3, 6, 'house', 'cat'} 

>>> mySet.pop() 

False 

>>> mySet 

{3, 6, 'house', 'cat'} 

>>> mySet.clear() 

>>> mySet 

set() 

>>> 

>>> capitals = {'Iowa': 'DesMoines','Wisconsin':'Madison' } 

>>> capitals 

{'Wisconsin': 'Madison', 'Iowa': 'DesMoines'}  

>>> 

>>> capitals = {'Iowa':'DesMoines','Wisconsin':'Madison'}  

 >>> print(capitals['Iowa'])  

DesMoines 

>>> capitals['Utah']='SaltLakeCity'  

>>> print(capitals) 

{'Wisconsin': 'Madison', 'Utah': 'SaltLakeCity', 'Iowa': 'DesMoines'}  

>>> capitals['California']='Sacramento'  

>>> print(len(capitals)) 

4 

>>> for k in capitals:  

print(capitals[k]," is the capital of ", k)  

('Madison', ' is the capital of ', 'Wisconsin') ('SaltLakeCity', ' is the capital of ', 'Utah') 

('DesMoines', ' is the capital of ', 'Iowa') ('Sacramento', ' is the capital of ', 'California')  



ף 1. 5 ῖ(intro_ 1. 5)  

℗ ̆ ῖ ԍ (key) Ữ ̆ ҉ᶛҬ̆ ѿҩ ⱴ ṿ  

(  ĽUtahĽ:ĽSaltLakeCity Ľ ) ԅ ῖҬ ѿҩᵝ , ԋҩ ⱴ ṿ  

(ĽCalifornia Ľ: ĽSacramentoĽ) ԅ ѿҩᵝ Ȃ῏ԍ ᵝ ҉ ľ ↓

Ŀ ѿ ῏̆ ᴪ Ҭ Ȃ ҉ᶛҬ Ӟױ ԅ length  ₱ ̆ ӊ╠₃

ѿ , ץ  ῖҬ ṿ Ȃ  

ῖ ץ ₱ ᵬȂ  1. 7  1. 8 №≢ ₮ԅ ῖҬ ᶏ ̆

ץ ΐ ᵌⱳ ₱ ̆ӊ ѿ ף ₮ԅ ױ ᵬȂkey̆value item ҈ҩ₱

№≢ ₮ ῖҬ ȁṿȁ ṿ ̆ ᵰ ץ  list  ₱ ױ ⌠  ҹ↓

Ȃget ₱ ң Ҍ Ȃ ѿ ̆  key Ҍ ῖҬ̆ ᴪ None̕ ԋ

̆ⱴ῀ѿҩ ̆  key Ҍ ῖҬ, ѿҩ ṿȂ  

   

[]  mydict[ókeyô]  key ҩ ṿ̆  key Ҍ ̆↕ᴪ  

 

In key in mydict  key ҩ ῖҬ̆ Ӈ  Truĕ Ҍ ̆ 

 False 

del del mydict[ókeyô] ῖҬ  key ҩ ṿ  

1. 7  PythonҬ ῖ  



 

₱  ᶏ   

keys adict.keys() ץ↓  adict Ҭ (key) 

values adict.values() ץ↓  adict Ҭ ṿ(value) 

items adict.items() ץ↓  adi ct  Ҭ ṿ ↓̆ ҩ 

ᾝ ṿ ᾝ  

get adict.get(key)  key ṿ̆  key Ҍ ̆  None 

get adict.get(key,alt)  key ṿ̆  key Ҍ ̆  alt 

1. 8  PythonҬ ῖ ₱  

1.7.2 ῀ҍ ₮  

̆ ̆ ױ ҍ ԑꜚȂ ׂ

ѿҩ ᵬҹѿ ᶫ ῀ Ȃ  Python ,  ᵖ ױ

₱ ץ ‗ ҩ ȂPython ҹ ױ ᶫԅ ѿҩ₱ ̆ ῀ ֓ ̆

ץ ұ ҹ ᶫ ῀ ( ῀ Ṝ ҩľplease input  your dataĿӊ

)Ȃ ҩ₱  input Ȃ  

>>> phoneext={'david':1410,'brad' :1137} 

>>> phoneext 

{'brad': 1137, 'david': 1410} 

>>> phoneext.keys() 

dict_keys(['brad', 'david'])  

>>> list(phoneext.keys()) 

['brad', 'david']  

>>> phoneext.values() 

dict_values([1137, 1410]) 

>>> list(phoneext.values()) 

[1137, 1410] 

>>> phoneext.items() 

dict_items([('brad', 1137), ('david', 1410)]) 

>>> list(phoneext.items()) 

[('brad', 1137), ('david', 1410)] 

>>> phoneext.get("kent") 

>>> phoneext.get("kent","NO ENTRY" ) 

'NO ENTRY'  

>>> 



Python Ҭ  ļĽ ₱ ѿ ұ̆ ҩ ұ ҹ (prompt),  

ҹ ҩ ұѿ ῀ Ḥ ̆ ԍ ῀Ȃҽҩᶛ ,ᵰ ץ :   

 

ӊ ̆ ⌠ԅ ӊ ῀ԅָӇ̆ ᴪ  aName ҩ ҬȂᶏ  input ̆

ױ Ώ₮ ῀ ̆פ ῀ Ữ Ḃץ̆ ѿ

ᵬȂᶛ ̆ Ҋ ң Ҭ̆ ѿ ױז῀ ̆ ԋ  ԍױז ῀

ұ ԅ ̆ ₮ԅ Ȃ  

 

ף 1. 6  input ₱ ̆ ѿҩ ұ(intro_ 1. 6)  

input  ₱ ⌠ ῀ ̆ ṿ ѿҩ ұȂῒ ԅ ⌠ ῀

῀ ‰ ̆ ᵰ ҩ ұ ҹ ѿ ̆

Ȃ Ҋ ֓ Ҭ, ῀ ұ ҹԅ ׆̆ ῀ ץ ѿ

Ȃ  

 

1.7.2.1 ұ ₮  

 ӊ╠ ױ ԅ ԅ print  ₱ ѿ Ḃ Python Ҭ ₮ ̆ ץ

 0 ҩ ҩ ῒ ₮̆ ᵬҹ№ ȂԊ ҉̆ ױ ץ  sep 

ḱ № Ȃ , ѿ ₮ ץ ( >>>) ̆ᶏ  end ץ ѿ Ȃ

Ҋץ ף ԅ ᵥ Ȃ 

aName = input('Please enter your name: ') 

aName = input("Please enter your name ") 

 print("Your name in all capitals is",aName.upper(),  

    "and has length", len(aName)) 

sradius = input("Please enter the radius of the circle ") 

radius = float(sradius) 

diameter = 2 * radius 



 

 Ҭ̆ ₮ ̆Python ᶫԅѿ ף ₮, ҹ

ұȂ ұ ᶫԅѿҩ ̆ῒҬ ᴪḠ ̆ ᵝ ↕

ᾟȂ ᶛ ҩ ̔ 

 

ľis Ŀ ľyears oldĿ,p ῒҬ  name  age ᴪ ṿ Ȃ≠

ұ, ױ Ώ :   

 

 ҩ ᶛ ԅѿ ұ Ȃ% ұ ̆ ҹ ᵬ Ȃ ҉  

ҩ Ҭ̆% ұ̆ ↕ ѿҩ ̆ῒҬ ԅ ұ

ṿȂ Ҭ ҩ ұҬ ᵝ ѿ ̆ ṿ ᵝ

Ҭ̆׆ ⌠ ᶭ ̆ ף ᵝ ᵝ Ȃ  

ױ  ה ңᶷȂ ұ ץ ѿҩ ҩ  

ף ᵝ Ȃ% ̆ ԅᵥ ᴪ ᾟ⌠ ұ ҩᵝ Ȃ

҉ ҩᶛ Ҭ̆%s ԅ ῀ ұ̆  %d ԅ Ȃῒ

 i,  u,f,e,g,c  %Ȃ 1.9 ԅ Ҍ Ȃ 

  

 ₮  

d, i  

u  

f ̆  m.ddddd 

e ̆  m.ddddde+/-xx 

E ̆  m.dddddE+/-xx 

g -4  5 ᶏ %ĕ ↕ᶏ %f 

c  

>>> print( "Hello" ) 

Hello 

>>> print( "Hello" ,"World")  

Hello World  

>>> print( "Hello" ,"World", sep="***")  

Hello***World  

>>> print( "Hello" ,"World", end="***")  

Hello World***  

>>> 

print (aName, "is", age, "years old.")  

print("%s  is %d years old." %  (aName, age)) 



s ұ  str() ҹ ұ  

% ῀ѿҩ% 

1. 9  ұ  

 ԅ ӊ ,ᵰӞ ץ  % ӊ ῀ ḱ Ȃ ḱ ץ ѿ

ᶏ Ȃ ḱ Ӟ ⱴ ̆

Ȃ 1.10 ₮ԅ ֓ ḱ ᶏ Ȃ 

ḱ  ᶛ   

number %20d ṿ  20 ҩ  

- %-20d ṿ  20 ҩ ̆  

+ %+20d ṿ  20 ҩ ̆  

0 %020d ṿ  20 ҩ ̆╠ ľ0Ŀ 

. %20.2f ṿ  20 ҩ ̆ғḠ ңᵝ  

(name) %(name)d ׆ ῖҬ  key ҹ name ṿ  

1. 10  ḷ  

 

 ᵬ ( %) ᶷ ѿҩ ̆ῒҬ ṿ ᴪ ῀ ᶷ ұ̆

ҩ ץ ᾝ ̆Ӟ ץ ῖȂ ҩ ᾝ ̆ Ӈ ṿ ῀ ̆Ӟ

̆ᾝ Ҭ ѿҩᾝ ԍ ұ ѿҩ ᵝ , ׆ ᶭ Ȃ

ҩ ῖ, Ӈ ṿ ױז (key) ῀ ̆ ’Ҋ̆

Ҭ (name)ḱ (key) , ׆ ῀ῒṿȂ  

 

>>> price = 24 

>>> item = "banana"  

>>> print("The %s  costs %d cents"%(item,price))  

The banana costs 24 cents 

>>> print("The %+10s  costs %5.2f cents"%(item,price)) 

The     banana costs 24.00 cents 

>>> print("The %+10s  costs %10.2f cents"%(item,price)) 

The     banana costs      24.00 cents 

>>> itemdict = {"item":"banana", "cost" :24} 

>>> print("The %(item)s  costs %(cost)7.1f cents"%itemdict) 

The banana costs    24.0 cents 

>>> 



 ԅ ᶏ ץ ḱ ұ ̆PythonҬ ұӞ ԅѿҩ ҹ 

format  ₱ ̆ ץ ѿҩ  Formatter ץ̆  ұ Ȃ῏ԍ 

Python ѿ , ץ  Python Library  ΎȂ  

1.7.3   └  

 Ἕ ╠ױ , Ҭ ңҩ └ ̔ ף ȂPython ױ Ҍ

̆ ᵬ ץ ԍ Ȃ  

 ԍ ף ̆Python ᶫԅѿҩ while  for Ȃwhile ץ ᴆҹ

’Ҋѿ ᵣȂᶛ :   

 

 ₮ľHello  worldĿ5 Ȃ ᴆ ᴪ∞ ̆ ∞ ҹ ̆

Һᵣ Ȃ ԍ └ ̆ ױ ץ  Python Ҭ  while  Ȃ  

 while  ѿҩ ף ̆ ױ ᴪ Ҍ Ҭᶏ ⌠Ȃ

’Ҋ,ѿҩ ᴆ ץ └ ף  Ȃᶛ  ̔ 

 

ף  Ҭ̆ Һᵣ ᴆ ’Ҋ ᴪ Ȃ  counter  ṿ

ԍ ԍ 10 ғ  done( )  False( not  False   True)̆ + = Ȃ  

 ’Ҋ Ȃ ѿҩ ף  for ץ   Python 

῍ ᶏ Ȃ ҩ ѿҩ ↓ ̆for ץ  ᾝ Ȃᶛ :   

>>> counter = 1 

>>> while counter <= 5: 

...     print("Hello, world")  

...     counter = counter + 1 

Hello, world 

Hello, world 

Hello, world 

Hello, world 

Hello, world 

while counter <= 10 and not done: 

... 



 

 item ᶭ № ↓ Ҭ ҩṿ[1,3,6,2,5] Ȃ ף ҺᵣȂ ԍᴋᵥ (↓ ȁ

ᾝ ұ)Ȃ  

for  ᵬ ṿף ̆ᶛ :   

 

 ᴪ ₮ⱳ  5 Ȃ₱ ᴪ ѿ ↓ ף ↓(0,1,2,3,4,) ̆ ҩṿ

№ ̆ ῒ ₮Ȃ  

ף  ѿҩ ⱳ ұ ȂҊ ף ұ ҩ

̆ ғ ⱴ⌠↓ Ȃ ѿҩ↓ Ȃ 

 

>>> for item in [1,3,6,2,5]: 

...    print(item) 

... 

1 

3 

6 

2 

5 

>>> for item in range(5): 

...    print(item**2) 

... 

0 

1 

4 

9 

16 

>>> 

wordlist = ['cat','dog','rabbit'] 

letterlist = [ ] 

for aword in wordlist: 

    for aletter in aword: 

        letterlist.append(aletter) 

print(letterlist) 



ף 1. 7 ↓ Ҭ ᾝ  (intro_ 1. 7)   

 ᾛ ₮ ̆ Ҍ ᵬȂ ᶫԅң

̔if  else   if ȂҊ ѿҩ ԋᾝ ᶏ  if - else  ᶛ Ȃ  

 

 ҩᶛ Ҭ̆ n ԍ ԍ Ȃ ̆ ₮ѿҩ ̆ ₮ Ȃ Ҍ ,

↕  else  ̆ Ȃ 

 ̆ҍᴋᵥ └ ѿ ץ ̆ ⌠ ‗ץ Ҋѿҩ Ȃᶛ

̆Ẋ score ѿҩ ̆ №Ȃ 

 

 ҩ ₮ № № Ȃ № ԍ ԍ 90̆ ₮ AȂ

( else )̆Ҋѿҩ∞ ᴪ Ȃ № ԍ ԍ 80̆  80  89 ӊ ̆ ↕ ѿ

ҩ∞ Ȃ ₮ BȂ ױ ץ ⌠ Python ꜛԍ  if   else  ӊ  ̆

ᴋᵥ ᾝ Ȃ  

ѿ ᶏ  elif  ᵬҹ῏ Ȃelse   if  ̆ ԅ Ȃ  

else  ׅ Ȃ ҹ ҉ץ ᴆ Ҍ Ȃ 

if n<0: 

   print("Sorry, value is negative") 

else: 

   print(math.sqrt(n)) 

if  score >= 90: 

   print('A') 

else: 

   if  score >=80: 

      print('B') 

   else: 

      if  score >= 70: 

         print('C') 

      else: 

         if  score >= 60: 

            print('D') 

         else: 

            print('F') 



 

 Python ҬӞ ѿҩ ̆if  Ȃif Ҭ̆ ᴆҹ ̆↕ ᵬȂ

ᴆҹẊֽ̆ Ȃᶛ ,Ҋ ף ᾢ  n ṿ ҹ Ȃ , ↕ῒ

ṿ₱ ḱ ṿȂ ᵥ̆Ҋѿ ף Ȃ 

 

№  

 Ҋ ӟ ᵰ ԅ҉ץῤ Ȃḱ  Activecode 8 ף ̆ᶏ ↓

ҩ ѿ◐ Ȃ  

                              

 

 ↓ Ҭ̆ ѿ ף ᶏ ף ⇔ ↓ Ȃ ҹ↓ Ȃ↓

ץ ᵰ⇔ ԍ ֓ ᴆ ↓ Ȃᶛ ̆ ױ ⇔ ԍ 10 ῃ

↓ ̆ ױ ᶏץ  for  :   

 

if  score >= 90: 

   print('A') 

elif score >=80: 

   print('B') 

elif score >= 70: 

   print('C') 

elif score >= 60: 

   print('D') 

else: 

   print('F') 

if n<0: 

   n = abs(n) 

print(math.sqrt(n)) 

# the answer is: ['c', 'a', 't', 'd', 'o', 'g', 'r', 'b', 'i'] 

>>> sqlist=[]  

>>> for x in range(1,11): 

         sqlist.append(x*x) 

>>> sqlist 

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100] 

>>> 



   ᶏ ↓ , ױ ѿץ :  

 

  for  Ҭ,  x 10 ⌠ 1 ׆(Ҍ  10) ṿȂ  x *  x ṿ ̆

ⱴ⌠  ↓ ҬȂ↓ ҬӞ ᶏץ Ḃץ̆ ֓ ⱴ⌠ ↓

ҬȂᶛ ̔ 

 

 ҩ↓ ԅѿҩֽ ῤץ 10 ⌠ 1  ῃ ↓ ̆ᴋᵥ ף

↓ ץ ↓ Ҭ ѿҩ ↓ Ȃ 

 

№  

 

 Ạ Activecode8 ᵰ ↓ Ȃ ̆ − ᾝ Ȃ 

 

1.7.4  

Ώ ̆ ᴪ₮ ң Ȃ ѿ̆ ̆ Ҭ

ԅѿҩ Ȃᶛ ̆  for  Ҭ Ώῳ ̔ 

 

 ’Ҋ̆Python Ҍ פ ̆ ҹҌ ↕Ȃ ᵰ

ѿ ӟѿ ̆ Ȃ  

>>> sqlist=[x* x for x in range(1,11)] 

>>> sqlist 

[1, 4, 9, 16, 25, 36, 49, 64, 81, 100] 

>>> 

>>> sqlist=[x* x for x in range(1,11) if x%2 != 0] 

>>> sqlist 

[1, 9, 25, 49, 81] 

>>> 

>>>[ch.upper() for ch in 'comprehension' if ch not in 'aeiou'] 

['C', 'M', 'P', 'R', 'H', 'N', 'S', 'N'] 

>>> 

# the answer is: ['c', 'a', 't', 'd', 'o', 'g', 'r', 'a', 'b', 'b', 'i', ôtô]  

>>> for i in range(10) 

SyntaxError: invalid syntax (<pyshell#61>, line 1) 



ѿ ̆ ץ ̆ᵖ ₮ Ȃ ԍ

ԅ Ȃ ̆ ̆ Ȃ ֓  

ҹ ( exceptions)Ȃ  

Ṝ, ∆ ҹ Ȃᵖ ̆ ᶫ

ԅѿ ֓ ̆ ⌠ ֓ ѿ֓ Ȃ ױז ̆

̆ ⇔ץ Ȃ 

̆ ױ ҹ ľ ₮ĿȂ ץ  try  ľ Ŀ ₮ Ȃᶛ ̆

ѿ ף ̆ ῀ ̆  Python ₱ Ҭ ₱ Ȃ ῀ѿҩ

ṿ̆ ṿ ԍ ԍ 0 ̆ ῒ Ȃ ῀ѿҩ ṿ̆ ₱ ѿҩ

ValueError  Ȃ  

 

ױ ץ try ׆  Ҭ print ₱ ҩ Ȃ ̆ ԅľ Ŀԅ

̆ ᴪ ѿ Ȃᶛ :   

 

 try  ֟ ԍ ₱ ̆ ᴪ Ḥ ̆ ᶏ

ṿ ṿȂץ Ḡ ױ ѿҩ Ȃ ̆ Ҍᴪ ,̆ ᴪ ⌠

Ҋѿҩ Ȃ  

>>> anumber = int(input("Please enter an integer ")) 

Please enter an integer -23 

>>> print(math.sqrt(anumber)) 

Traceback (most recent call last): 

  File "<pyshell#102>", line 1, in <module> 

    print(math.sqrt(anumber)) 

ValueError: math domain error 

>>> 

>>> try: 

       print(math.sqrt(anumber)) 

    except: 

       print("Bad Value for square root") 

       print("Using absolute value instead") 

       print(math.sqrt(abs(anumber))) 

Bad Value for square root 

Using absolute value instead 

4.79583152331 

>>> 



 ̆ ץ ᶏ  raise  └ Ȃᶛ ̆ Ҍױ ₱ ̆

῀ṿ̆ ȂҊ ף ԅ ₮ѿҩ RuntimeError   Ȃ

̆ ⅞ ׅ ᴪ ̆ᵖ ⇔ Ȃ 

 

 ԅ҉  RuntimeError , ῒזז Ȃ ץ ᵥ

₮  Python ΎȂ  

1.7.5 ӈ₱  

 ↨ ᶛ ׆ Python ₱ Ҭ ԅ ѿ₱ Ȃ ѿ ’Ҋ̆ ױ ץ ӈ

ѿҩ₱ ᴋᵥ Ȃѿҩ₱ ӈ ѿҩ ̆ѿ ̆ ₱ ҺᵣȂ Ӟ

ץ ѿҩ ṿȂᶛ ̆Ҋ ӈѿҩ ῀ṿ ₱ Ȃ 

 

 ₱ ӈ ₱ square ↓ Ȃ ₱҉ץ Ҭ̆n ѿ

̆ square₱ ῀ѿҩ Ȃ₱ Һᵣ n ̆

ҩṿȂ ױ ץ Python Ҭ square₱ Ȃ square ₱ ᴰ ѿҩ

ṿ̆ ҉ ᶛ Ҭ̆ ױ 3 ҩ ṿᴰ ԅ₱ Ȃ ̆ square ₱ ṿ

ץ ῒז ᵬ ᶏ Ȃ 

ױ  ץ ᶏ ľ Ŀ ױ ₱ Ȃ ̆ᶏ

ԍ ṿȂ newguess= 1/2  *̂oldguess+ N /  oldguess̃ ѿҩṿ n̆ ҉ץ

̆  

>>> if anumber < 0: 

...    raise RuntimeError("You can't use a negative number") 

... else: 

...    print(math.sqrt(anumber)) 

... 

Traceback (most recent call last): 

  File "<stdin>", line 2, in <module> 

RuntimeError: You can't use a negative number 

>>> 

>>> def square(n): 

... return n**2 

... 

>>> square(3) 

9 

>>> square(square(3)) 

81 

>>> 



ѿ newguess Ҋѿ ף oldguess ῀ Ȃ ᶏ ∆ṿҹ

n/2Ȃף 1 Ҭ ѿҩ₱ ̆ ѿҩṿ n̆ Ạ 20 ӊ ṿȂ ̆

ΐᵣ ₱ ӈῤ̆ Ҍ ₱ ҹ ⌠ ᵥ ҩⱳ Ȃ

ף 1 ˽ ᵬҹ ᶏ Ȃ˽ ᴋᵥ Ȃ 

 

№  

 ѿҩ ԅ ױ Ȃᵰ ԅ ̙ ₮̆

῀ѿҩ ̆ ̆ ᴪ ῀ѿ ↓ ̆

֒ῃ Ȃ ̆Ẋ ױ ѿҩ Python ₱ Ȃᵰ ҹ ӄץ ѿ ֒

̙ ױ ҹ̔ľmethinks it  is  a weaselĿ 

 ᵰҌᴪ Ҭ ҩ ̆ ᶏץ Python IDE Ȃ ױ ҩ

Ώѿҩ₱ ̆ ₱ ѿҩ 27 ҩ ұ̆׆ 26 ҩ Ҭ ѿҩ

Ȃ ױ Ώ ѿҩ₱ ̆ ұ ұȂ 

 ҈ҩ₱ ₱ ̆ Ӈ ұҬ₮ ԅ̆

ױ ԅȂ ῃ ₮ ̆ ᴪױ ѿҩῃ ұ.ҹԅ ԍ ᵰ

̆ ҈ҩ₱ ₮⌠ ╠ҹ ֟ ұ̆ ֟ ҩ ұӊ╠

1000 Ҭ֟ ῒ Ҍ ұ Ȃ 

 

 ᵰ ץ ᴨ ̆Ḡ ̆ ḱ ⌠ ╠ҹ ҍ ұ

ұҬ ѿҩ Ȃ ұҬ ̆ ױ ҩ ╠ѿҩ

ұҬҌ ̆ ѿ ᵌľ Ŀ Ȃ 

1.7.6̈ PYTHON ̔ ӈ  

╠ӊױ  ԅ Python ѿ ̆⌠ ╠ҹ ױ ԅ ῤ

└ Ȃᵖ ̆ ѿҩ ᾛ ̂ ‗

ֲ̃ ⇔ ѿҩ ץ ‗ Ȃ 

def squareroot(n): 

root = n/2 #initial guess will be 1/2 of n 

for k in range(20): 

root = (1/2)*(root + (n / root)) 

return root 

>>>squareroot(9) 

3.0 

>>>squareroot(4563) 

67.549981495186216 

>>> 

29 



 ᵟ ױ ᶫѿҩ῏ԍ ָӇ ̂ ̃ Ạ

ָӇ̂ ̃ Ȃ ѿ ̆ѿҩ Ҭ׆ץ

Ӟ ᶫ ֓ ⌠ѿҩ ҬȂ ᵥ ױ ѿ

̆ ױ ᶭ Ạ Ȃ 

1.7.6.1. ᶛ̔FRACTION  

 ѿҩ ᶛ ѿҩᶏ ӈ ѿҩ Fraction

Ȃ ױ Python ᶫ ᶫ ᶏױ Ȃ Ṝ̆ ̆ ⇔ ѿҩľ ᵌĿ

fraction ᴪ Ȃ 

 ѿҩ fraction 3 /  5 ң №Ȃ҉ ̆ ҹ№ ̆ ץ ᴋᵥ ȂҊ ̆

ҹ№ ̆ ץ ᴋᵥ ԍ 0 ̂ fraction № ̃Ȃ ױ ⇔ץ ѿҩ

ᵌᴋᵥ fraction ̆ᵖ ’Ҋ ױ № ѿҩ ℗ ṿȂ 

 Fration  ᶏ Fraction  ᵬἝᴋᵥῒז ṿѿ ̆ ױ

ⱴ̆⁞̆ӗ Ȃ Ӟױ fraction  ᶏ ‰ ľ№ Ŀ ̆ᶛ 3 /  5Ȃ ̆

fraction ץ  ̆ Ҍ ̆ ױ ץ

₮ Ȃ 

 Python Ҭ̆ ױ ᶫѿҩ ѿҩ ̂ ҉ ᵌԍ₱ ӈ̃ ӈѿҩ

Ȃҽ ҩᶛ ̆ 

 

 ҹ ױ ᶫԅ ӈ Ȃ ԍ ѿ ᶫ ₱ Ȃ ₱ Ҭ

ӈԅ ⇔ Ȃ⇔ ѿҩ Fraction  ̆ ױ ᶫң ̆№ № Ȃ

PythonҬ̆ ₱ ᵬ__init__ ̂ңҩҊ⅞ init  ӊ╠ ӊ ̃̆ ף 1.8 

Ȃ 

 

ף                                1.8(intro_1.8)  

 ̆ ↓ ҈ ̂self,top,bottom ̃Ȃself ѿҩ ̆ ץ ᵬ

ҹ Ȃ ѿҩ ̕ ̆ Ҍ ₮ѿҩ

ṿȂ ╠ ̆Fraction ң ̆№ № Ȃ ₱ self.num ӈ

Fraction ѿҩῤ ҹ numᵬҹ Ȃ ̆self.den ⇔ ҹ№ Ȃ

ңҩ ṿ ∆ № ̆ᶏ fraction ṿȂ 

 ҹ⇔ ѿҩ Fraction  ᶛ̆ ױ Ṣꜛ Ȃ ᴪ ᶏ ᴰ ṿ

Ṝ ̂ Ҍᴪױ Ṣꜛ__init__ ̃Ȃᶛ ̆ 

 

class Fraction: 

#the methods go here 

class Fraction: 

def __init__(self,top,bottom): 

self.num = top 

self.den = bottom 

myfraction = Fraction(3,5) 



 ⇔ ѿҩ ̆ ҹmyfraction ף  № 3̉5̂ԓ№ӊ҈̃Ȃ 1. 5 ԅ ҩ

Ȃ 

 

                            1. 5 ѿҩ№ ᶛ 

ױ  Ạ ҊѿᴆԊ ҹȂ ᾢ̆ ױ № ᴪ

ָӇȂ 

 

 fraction ̆myf̆ Ҍ ᵥ ѿ Ȃ ⱳ ұץ ԍ

ұ ץ ῀ ₮Ȃmyf ѿ Ҭ Ữ ̂ ̃Ȃ Ҍ ױ

Ȃ 

ױ  ң ץ ‗ ҩ Ȃѿҩ ӈѿҩ ҹ show ᾛ Fraction  

ᵬҹѿҩ ұ ₮Ȃ ױ ץ ҩ ̆ ף 1.9 Ȃ ⇔╠ӊױ Fraction  

̆ ױ ץ shoŵ ̃ ̆ ̆ ȂҌ ̆ ᵬ

ѿ Ҍ Ȃҹԅᶏ ᵬ̆ ױ Fraction  ᵥ ѿҩ ұȂ

ⱳ ᴋⱵ Ȃ 

 

>>> myf = Fraction(3,5) 

>>> print(myf) 

<__main__.Fraction instance at 0x409b1acc> 

def show(self): 

print(self.num,"/",self.den) 

>>> myf = Fraction(3,5) 

>>> myf.show() 

3 / 5 

>>> print(myf) 

<__main__.Fraction instance at 0x40bce9ac> 

>>> 



ף                                1.9 (intro_1.9)  

 Python Ҭ̆ ѿҩ ‰ ̆ᵖҌѿ ᵬȂῒҬ ѿҩ__str__ ѿ

ҹ ұȂ ױ ⌠ ұȂ ױ Ạ

ҩ ľ Ŀ Ȃ ᴪױ ҩ ╠ѿҩ̆ ӈԅ

ҹȂ 

 ҹẠ⌠ ҩ̆ ױ ӈѿҩ ̆ ҹ__str__ ѿҩ ף 4 Ȃ

ҩ ӈ Ҍ ᴋᵥῒזḤ ̆ ԅ self Ȃ ̆ ᴪ ѿ ῤ

ҹѿҩ ұ̆ ѿҩ ұӊ ᵬҹ ұ῏ Ԋ Ȃ ұ ᴋ

ᵥѿҩ Fraction ҹ ұ Ȃ ҩ₱ ᶏ Ȃ 

 

ף                              1.10(intro_1.10)  

ױ  ҹץ ױ Fraction ῒז Ȃѿ֓ Ȃ ױ

⇔ ңҩ№ ⱴױז ѿ ᶏ ‰ ľ+Ŀ Ȃ ѿ ҉̆ ױ

ⱴңҩ№ ̆↕ᴪ ⌠ Ҋ̔ 

def __str__(self): 

return str(self.num)+"/"+str(self.den) 

>>> myf = Fraction(3,5) 

>>> print(myf) 

3/5 

>>> print("I ate", myf, "of the pizza") 

I ate 3/5 of the pizza 

>>> myf.__str__() 

'3/5' 

>>> str(myf) 

'3/5' 

>>> 



 

 ᵰה ̆ᵰᴪ ⌠ ľ+Ŀ Ȃ 

ױ  ץ ᶫ Fraction Ώ ‗ ҩ Ȃ PythonҬ̆ ҹ

__add__̆ ңҩ Ȃ ѿ̆self ̆ ҩ ̆ ԋ ѿҩ ᵬ Ȃᶛ

̆ 

 

ᴪ Fraction  f1 f2 ⱴ⌠⌠ Ȃ Ώҹץ ‰ ̆f1  + f2Ȃ 

 ң № № ⱴȂ Ḡױזΐ № ᶏ ң№

ῈṐ ᵬҹѿҩ῍ № ̆a /  b + c /  d =ad/ bd + cb̉bd =̂ad + cb̃/  bd ף

1.11 Ȃ ̆₱ ѿҩ № № № Ȃ ױ ץ Ώѿҩ ‰ №

ᶏ ̆№ ⱴ ̆ ױ Ȃ 

 

ף                             1.11(intro_1.11)  

>>> f1 = Fraction(1,4) 

>>> f2 = Fraction(1,2) 

>>> f1+f2 

Traceback (most recent call last): 

File "<pyshell#173>", line 1, in -toplevelf1+ 

f2 

TypeError: unsupported operand type(s) for +: 

'instance' and 'instance' 

>>> 

f1.__add__(f2) 

def __add__(self,otherfraction): 

newnum = self.num*otherfraction.den + self.den*otherfraction.num 

newden = self.den * otherfraction.den 

return Fraction(newnum,newden) 

>>> f1=Fraction(1,4) 

>>> f2=Fraction(1,2) 

>>> f3=f1+f2 

>>> print(f3) 

6/8 

>>> 



 ľ__add__Ŀ ⌠ԅ ױ ̆ᵖ Ҍ Ȃ6/8 ̆ᵖ Ҍ №

Ȃ 3/4ȂҹԅḠ ҹ № ̆ ױ ѿҩ ꜛ₱ ≢ №

Ȃ ҩ₱ ⌠№ № Ὲ ̆ ױ ץ № № ץ Ὲ

̆ ⌠ № Ȃ 

 Ὲ ₃ ̆ ױ 8 ῒẠΐᵣ Ȃ ₃

̔ ԍңҩ m n̆ n m̆ Ӈ n ץ m ᵬҹ n̆ n 

Ҍ Ῥ m̆ Ӈ Ὲ n m n ᵩ Ȃ ₮ѿҩץ ף

ᶛ̂ ꜚ ף 1.12̃Ȃ ҩ Ὲ ԍ№ ’Ȃ ҹ

ױ ץ № ԍ№ ̆ ץ Ȃ 

 

 ₱ № Ȃҹԅᶏ № ҹ № №פ̆ ȁ№ ץ ױ Ὲ

Ȃ ԍ 6/8 ҩ№ ̆ Ὲ 2Ȃ №ױ ҉Ҋ ץ 2 ⌠ԅѿҩľ №

Ŀ̆3/4̂ 6 ̃Ȃ 

 

ף                            1.12(intro_1.12)  

def gcd(m,n): 

while m%n != 0: 

oldm = m 

34 

oldn = n 

m = oldn 

n = oldm%oldn 

return n 

print gcd(20,10) 

def __add__(self,otherfraction): 

newnum = self.num*otherfraction.den + self.den*otherfraction.num 

newden = self.den * otherfraction.den 

common = gcd(newnum,newden) 

return Fraction(newnum//common,newden//common) 

>>> f1=Fraction(1,4) 

>>> f2=Fraction(1,2) 

>>> f3=f1+f2 

>>> print(f3) 

3/4 

>>> 



                

                       1. 6 ѿҩ 2 № ᶛ  

 ԍ№ ̆ 2ҩ ̆ 1.6Ȃ ױ ױ ᶛ₱ Ҭ ѿ

ҩ №ᶏңҩץ ԑ ȂẊ ױ ңҩ№ ≢№ױז̆ f1 f2ֽ̆ f1  ҍ

f2 ѿ ̂f1==f2̃ ҹ ̆ңҩҌ ᶏ № № ̆

ҩ ҬӞҌ Ȃ ҩ ҹ ̂ 1. 7̃Ȃ 

 

                         1.7   



ױ  ץ _eq_ ̂ 1. 7̃ĺĺ ѿ ṿ҉ ̆ Ҍѿ

Ȃ_eq_ ѿ Ҭ ‰ Ȃ_eq_ ңҩ ̆

ױ ṿ҉ ṿ̆ ↕ ẊṿȂ 

 № Ҭ̆ ױ Ῥѿ ңҩ№ ѿ ᴆҊ̆Ῥ ױז № ̂ №̃

_eq_ ̂ ף 1. 13̃ Ȃ ₮ ̆ ῒז ῏ ץ Ȃ ̆

_le_ ∞ץ ľ ԍ ԍĿȂ 

 

ף                               1. 13(intro_1.1 3)  

 ⌠ ̆ № ꜚ ף 2 Ҭ ԅȂ▼Ҋ ῏ ᵬҹ

Ȃ 

№  

 ҹⱴ Python Ҭ ץ̆ ᵥ Ώ ̆ Ώѿ֓ *̆

ץ̆-̆/ > < Ȃ 

1.7.6.2 ̔ ҍ  

 ѿ ױ ׃ ѿҩ Ȃ ѿҩ ѿҩ ⱬ̆

Ἕֲҍֲӊ ԑ , ׆ױ ȂPython ҹ

̆ ᵌԍ ױ Ȃ ֓ ҹ Ȃ 1. 8 ԅῤ python 

ץ ӊױ ԑ῏ ױ ѿҩ ῏ Ȃᶛ ̆↓ ѿҩ

̆ ̆ ױ ↓ ҹ ̆ ҹ ̂ ↓ ֒ ȁ ̃Ȃ ҹ

῏ ̂the list  IS- A sequential  coll ection ̃Ȃ ↓ ׆

↓̆ ᵬ̂ ȁ ȁ ̃Ȃ 

 

                           1. 8 python  

def __eq__(self, other): 

firstnum = self.num * other.den 

secondnum = other.num * self.den 

return firstnum == secondnum 



 ↓ (list) ȁᾝ (tuple) ұ(string) Ȃ Ἕ ѿױ

̆ ѿ Ӟ ⱴ ⱴץ № ̆ ҈ ԅ῍

ᵬ̆ᵖ ̆ ױ ѿҩ ̆ ≢ ԍ ȁ Ҍ Ȃ 

 № ̆ ᾛ Ώף ӊ╠ ץ̆

Ȃ ̆ № ̆ ױ ץ ԅ ῏ ץ

Ȃ 

 ҹԅ ѿ ̆ ױ ѿҩ ̆ Ȃ (logic  

gate) ҩ Ȃ ֓ ף῏ ף ῀ ₮῏ Ȃѿ ̆

ѿ ₮̆ ₮ ṿ ‗ԍ ῀ṿȂҍ (AND gate) ңҩ ῀ ̆ ѿҩ

ץ ף1̂ 0 Ẋ ̃Ȃ ῀ṿ 1̆↕ ₮ 1Ȃ ̆ ῀ṿ ѿҩ 0 

ңҩ 0̆ Ӈ ₮ 0Ȃ (OR gate) Ӟ ңҩ ῀ ̆ ῀ ѿҩ 1 ңҩ

1̆ Ӈ ₮ 1Ȃ ңҩ ῀ 0̆ 0Ȃ (NOT gate) ҍῒ ңҩ Ҍ

ѿҩ ῀ ̆ ₮ṿ↨ ҍ ῀ṿ Ȃ ῀ 0̆ 

 ↕ 1Ȃ ᵌ ̆ ῀ 1̆↕ 0Ȃ 1. 9 ԅ ѿҩ ῖ ף Ȃ ѿҩ ѿ

ҩ ῀ĺĺ ₮ Ȃ 

                

                          1. 9  ҈ ῖ ף  

 ֓Ҍ ̆ ױ ץ ѿ ῀ṿ ΐ ⱳ Ȃ

1. 10 ѿҩ ңҩҍ ȁѿҩ ѿҩ Ȃ ṿ׆ңҩҍ ₮

̆ ₮ Ῥ ῀ Ȃ ױ ѿ ῀ṿ ⌠ ҩ ῀ ̂ ҩҍ ңҩ̃̆

ṿ ⌠ ᴪ ₮Ȃ ᶛ 1. 10Ȃ 

 

                                  1. 10  



 ҹԅ ѿҩ ̆ ױ ᾢ ѿҩ Ȃ ѿҩ

̂ 1. 11̃ Ȃ ̆ ̂LogicGatẽף ,

ѿҩ ѿҩ ₮ Ȃ Ҋѿ ≢ №ҹңҩ ̆ ѿҩ ῀ ңҩ

῀ ȂῬ Ҋ̆ ѿҩ ⱳ Ȃ 

 

1. 11  

ױ     ׆ץ LogicGate ԅȂ ╠ ̆ ѿҩ ѿҩ

ԍ ≢ ₮ Ȃ ̆ ױ ᶏ ѿҩ ҩ Ȃ 

ҩ ѿ ҹ ₮ṿ ⱬȂ ╠ ῀

Ȃҹԅ ₮̆ ԅ ѿ ָӇȂ ѿ

Ȃף 1. 14 ױ ԅѿҩ Ȃ

                                  
ף 1. 14 (intro_1.14)  

̆ ױ Ҍᴪ performGateLogic ₱ ̆ ҹ Ҍױ ҩ ᴪ

ᵬȂ ֓ ᴪ ѿҩ ⱴ῀⌠ Ҭ̆ ѿҩ

Ȃ ױ Ώѿҩᶏ ԅ Ҍ ף Ȃ self ҩ ѿҩ

Ȃᴋᵥ ⱴ῀ performGateLogic ₱ ̆ Ḃᴪ Ṝ ᶏ

Ȃѿ ̆ ץ ᶫ ₮ṿȂ ץ ғҹ ᶏ

ᶫΐᵣⱳ ⱬ Ῥ≠ ף Ȃ 

ױ ԍ ₮ № Ȃҍ ץ ң ₮ ̆ ↕ ѿ

₮ ȂBinaryGate LogicGate ѿҩ ̆ ғᴪ ⱴң ₮ ȂUnaryGateӞ

LogicGate ̆ᵖ ѿҩ ₮ Ȃ Ҭ̆ ֓ Ӟ ҹľ Ŀ̆

class LogicGate: 

    def __init__(self,n): 

        self.label = n 

        self.output = None 

    def getLabel(self): 

        return self.label 

    def getOutput(self): 

        self.output = self.performGateLogic() 

        return self.output 



ץ ױ ҬӞᴪᶏ ѿ Ȃ

 

ף                         1. 15(intro_ 1. 15)

                                   
ף 1. 16(intro_ 1. 16)  

ף 1. 15 ף 1. 16 ԅ ңҩ Ȃ ֓ ԍѿҩ ԍᶏ ₱

__init__ Ȃ ⇔ ѿҩ Binary Gate ᶛ Ṝ̆ ױ ᾢ ∆

׆ LogicGate Ȃ ’Ҋ̆ Ȃӊ ⱴң ῀

̂pinA pinB̃Ȃ ѿҩ ױ ᶏ Ȃ

Ῥ ⌠ ױ № ҉Ȃ 

Python ѿҩ₱ ҹ super̆ ѿҩ ץ ף ₱ Ȃ ѿҩ

ҹ └̆Ӟ ᶏ ̆ ῒ ѿҩ Ҍ ѿҩ Ȃᵖ ‰Ҍױ ҩ׃ Ҭ

Ȃ ҉ױ ᶛ Ҭ̆LogicGate.__init__(self,n) ץ  ҹ

super(UnaryGate,self).__init__(n) Ȃ 

BinaryGate ѿ ⱴ ѿҩ ң׆ ῀ ⌠ṿ ⱬȂ ԍ ֓ṿ ֓

̆ Ḃױ ѿҩ ῀ ᶫ Ȃױ Ӟ UnaryGate

Ҭ̆ Ҍ ѿ Ҭ ѿ ῀ Ȃ 

ױ ԅѿҩᶭ ԍ ῀ ̆ ױ ץ ΐ

ҹ Ȃ ̆ ԍҍ ң ῀ ̆AndGate ᵬҹץ BinaryGate ѿҩ Ȃ

╠ ̆ ѿ ҉ ̂BinaryGatẽ, ̆ ҉

̂LogicGatẽȂ ̆ ҹ AndGate ԅң ῀ ̆ѿ ₮ ѿҩ ̆ ץ

class BinaryGate(LogicGate): 

    def __init__(self,n): 

        LogicGate.__init__(self,n) 

        self.pinA = None 

        self.pinB = None 

    def getPinA(self): 

        return int(input("Enter Pin A input for gate "+ self.getLabel()+"-->")) 

    def getPinB(self): 

        return int(input("Enter Pin B input for gate "+ self.getLabel()+"-->")) 

class UnaryGate(LogicGate): 

    def __init__(self,n): 

        LogicGate.__init__(self,n) 

        self.pin = None 

    def getPin(self): 

        return int(input("Enter Pin input for gate "+ self.getLabel()+"-->")) 



ᶫᴋᵥ Ȃ

 

ף                            1. 17(intro_ 1. 17)                        

AndGate ⱴ ѿ қ ѿ ҹĺĺ ӊ╠ Ȃ ױ

ץ ᶫ performGateLogic Ȃ ԍѿҩҍ ̆ ᾢ ⌠ңҩ ῀ṿ̆ ֽ

ңҩṿ 1 Ṝ 1Ȃף 1.17 ԅ ѿҩ Ȃҹԅ ₮ AndGate

̆ ױ ⇔ץ ᶛ̆ ᶛ ₮ȂҊ ף ѿҩ ҹ g1 AndGate

̆ ̆g1 ѿҩῤ ľG1ĿȂ ױ getOutput ̆ ᾢᴪ

performGateLogic ң ῀ Ȃѿ ṿ ᶫ̆ ₮ ᴪ ₮ Ȃ

                                     
ף  1.18(intro_ 1. 18)  

Ӟ ץ ԍ ȂOrGate Ӟ ץ BinaryGate ѿҩ ̆NotGate 

֞ ᾟ UnaryGate Ȃ ңҩ ᶫ ױ performGateLogic ₱ ̆ ҹ ױ

ҹȂ 

class  AndGate(BinaryGate): 

    def __init__(self,n): 

        BinaryGate.__init__(self,n) 

    def performGateLogic(self): 

        a = self.getPinA() 

        b = self.getPinB() 

        if a==1 and b==1: 

            return 1 

        else: 

            return 0 

>>> g1 = AndGate("G1") 

>>> g1.getOutput( 

Enter Pin A input for gate G1-->1 

Enter Pin B input for gate G1-->0 

0 



Ҋ ̆ ױ ѿҩ֜ԑ ᶛ ₮ ̆ ҩ ᶏ ̔

 

ף                               1.19 

ױ ԅ ᵬ̆ Ҋ Ḃ ⇔ץ ԅȂ

ҩ ̆ ѿҩ ῀ ѿҩ ҹ ῀ṿȂҹԅ ҩ ᵬ̆ ױ

ѿҩ ̆ Ạ ConnectorȂ 

Connector Ҍ ԍ ̆ ῒң №≢ ̂ 1. 10̃ Ȃ ῏

Ҭ № ῏ ̆ ẠľHAS-AĿ̓͂ ̆ ῏ Ȃ ӟѿҊӊ╠

ľIS-AĿ̓͂ ̆Ӟ ῏ ̆ ҍ ᵌ ̆ UnaryGate LogicGateȂ 

 

1. 12 ѿҩ ₮ҍ ѿҩ ῀ 

ԅ Connector ӊ ̆ ױ ľ Ŀ ῤ

ᶛ̆ᵖ Ҍ ԍ Ȃ Ṝ̆№ ľIS-AĿ̓͂ ̂ ῏ ̃ҍľHAS-AĿ

̂ ῏ ̃ № Ȃ 

ף 1.19 ԅѿҩ Connector Ȃ ῤ ңҩ ᶛ̆ ҩ ᶛҬ

ᵬҹ fromgate togate ̆ ṿ׆ѿҩ ₮ľ Ŀ῀ ѿҩ ῀Ȃ

Ṝ̆setNextPin פ № ̂ ף 1.20̃Ȃ ױ ҩ ⱴ⌠ Ҭ̆ץḂ

>>> g2 = OrGate("G2") 

>>> g2.getOutput() 

Enter Pin A input for gate G2-->1 

Enter Pin B input for gate G2-->1 

1 

>>> g2.getOutput() 

Enter Pin A input for gate G2-->0 

Enter Pin B input for gate G2-->0 

0 

>>> g3 = NotGate("G3") 

>>> g3.getOutput() 

Enter Pin input for gate G3-->0 

1 



ѿҩ togate ῀ ᵬҹ Ȃ

 

ף 1.1 9(intro_ 1. 19)  

BianryGate Ҭ̆ ֓ ң ῀ ̆ ѿ Ȃ ң

̆ ױ pinAȂ pinA ῒז ԅ̆ Ḃױ pinBȂ ѿҩ

̆ ѿ ῀ Ȃ 

 

ף 1.20(intro_ 1. 20)  

ױ ңҩ׆ץ ⌠ ῀ ̔ѿ ╠ ׆ ̆ ѿ ѿ҉׆

ҩ ₮ṿҬ Ȃ getPinA getPinB Ӟ ̂ ף 1. 21̃ ̔

῀ ᴋᵥ ̂Nonẽ ̆Ḃҍ ѿ ῀ ̕ ̆ Ḃᴪ

̆ ׆ fromgate ₮ṿӞᴪ Ȃ Ḃ ᶏ ꜚ Ȃ ᵬѿ

⌠ ῀ṿ ҹ ṿ ғ ₮ṿ ҹ Ҭ Ҭ ῀ṿȂ

class Connector: 

    def __init__(self, fgate, tgate): 

        self.fromgate = fgate 

        self.togate = tgate 

        tgate.setNextPin(self) 

    def getFrom(self): 

        return self.fromgate 

    def getTo(self): 

        return self.togate 

def setNextPin(self,source): 

    if self.pinA == None: 

        self.pinA = source 

    else: 

        if self.pinB == None: 

            self.pinB = source 

        else: 

           raise RuntimeError("Error: NO EMPTY PINS") 



ӊ̆ ̆ ⌠ ῀ṿ ⌠ ₮ Ȃ

 

ף                       1.21(intro_ 1. 21)  

Ҋ↓ף ԅ҉ ̔

 

ף 1.22(intro_ 1. 22)  

ңҩҍ ̂g1 g2̃ ₮ ҍ ̂g3̃ ̆ g3 ₮ ҍ ̂g4̃

Ȃ ̆ ₮ṿ ҩ ₮ṿȂᶛ ̔

 

ף 1.23(intro_ 1. 23)  

def getPinA(self): 

    if self.pinA == None: 

        return input("Enter Pin A input for gate " + self.getName()+"-->") 

    else: 

        return self.pinA.getFrom().getOutput() 

>>> g1 = AndGate("G1") 

>>> g2 = AndGate("G2") 

>>> g3 = OrGate("G3") 

>>> g4 = NotGate("G4") 

>>> c1 = Connector(g1,g3) 

>>> c2 = Connector(g2,g3) 

>>> c3 = Connector(g3,g4) 

>>> g4.getOutput() 

Pin A input for gate G1-->0 

Pin B input for gate G1-->1 

Pin A input for gate G2-->1 

Pin B input for gate G2-->1 

0 



ActiveCode 4 ѿҊ

 

ף                          1.24  

№  

1.  ⇔ ѿҩ ңҩ ̆ѿҩ Ạ NorGate ̆ ѿҩ Ạ NandGateȂNandGate ѿҩ

AndGate ₮╠ ѿҩľ Ŀ Not̕ NorGate ѿҩ OrGate ₮╠ ѿҩľ Ŀ

NotȂ 

class LogicGate: 

    def __init__(self,n): 

        self.name = n 

        self.output = None 

    def getName(self): 

        return self.name 

    def getOutput(self): 

        self.output = self.performGateLogic() 

        return self.output 

 class BinaryGate(LogicGate): 

    def __init__(self,n): 

        LogicGate.__init__(self,n) 

        self.pinA = None 

        self.pinB = None 

    def getPinA(self): 

        if self.pinA == None: 

            return int(input("Enter Pin A input for gate "+self.getName()+"-->")) 

        else: 

            return self.pinA.getFrom().getOutput() 

    def getPinB(self): 

        if self.pinB == None: 

            return int(input("Enter Pin B input for gate "+self.getName()+"-->")) 

        else: 

            return self.pinB.getFrom().getOutput() 



2.  ⇔ ѿ ↓ ̆ Ҋ NOT (( A and B) or (C and D)) ҍ NOT( A and B ) and 

NOT (C and D) ᴇȂ Ḡᵰ ⌠ ᴏ ⌠ Ȃ 

 

 ̧ ‗ ̕ 

 ̧ ץ ҹ ΐ ҍ ̕ 

 ̧ ᾛ ̕ 

 ̧ Python ѿ ̆ ԍᶏ ̕ 

 ̧ ↓ ̆ᾝ ұ Pythonῤ ̕ 

 ̧ ῖ ̕ 

 ̧ ᾛ ̕ 

 ̧ ץ ̆Ӟ ץ Ώ ̕ 

 ̧ ץ ҹ ̕ 

 ̧ ѿҩ ҹ╠̆ Ȃ 

῏  

   

   

   

ῖ   

 ұ HAS- A῏  

/ ῏ Ḥ   

  IS- A῏  

↓  ↓   

   

   

 ᴏ  ұ 

  ṿ  

 

 



1.  ҹ ױֲ ѿҩ ̆ ̆ Ȃױז ָӇ῍ ̙

ָӇ ױז № ̙ 

2.  ҹ ѿҩ Ȃ 

3.  ҹҌ ѿҩ Ȃ 

4.  ѿ Ҭ ⌠ ̆ ѿҩ֜ԑ Ȃ 

ӟ 

1.  ѿҩ getNum getDen̆ ץ № № № Ȃ 

2.  ’Ҋ ױ № ѿ Ḡ Ȃ ḱ Fraction  ̆ GCD ץ

№ №Ȃ __add__₱ ҌῬ № ⱳ Ȃ ḱ Ȃ 

3.  ▼Ҋ ף ᵬ(__sub__, __mul__,  __truediv__ )Ȃ 

4.  ▼Ҋ ῏ ᵬ( __gt__, __ge__, __lt__ , __le__, __ne__)Ȃ 

5.  ḱ fraction  ̆ᶏ ץ № № № ̆ ѿҩҌ

̆↕ raise ₮ Ȃ 

6.  № ӈҬ ױ ҹ № № № Ȃᶏ № ѿ֓῏ ᵬ₮

Ȃ ̆ ҩҌ └Ȃ ḱ ̆ᶏ ̆

ᵬ Ȃ 

7.  __radd__ Ȃ __add__ ָӇҌ ָ̙Ӈ Ṝ ⌠̙ __radd__Ȃ 

8.  ҉ ̆Ҍ __iadd__ Ȃ 

9.  __repr__ Ȃ __str__ ָӇҌ ָ̙Ӈ Ṝ ⌠̙ __repr__Ȃ 

10.  ῒז ̂ NAND̆ NOR XOR̃ Ȃ ῀ⱴױ ҬȂᵰ Ạ

̙ 

11.  ⱴ ̆ ҩ Ȃ 

12.  ҉ ѿҩ 8 bit ῃⱴ Ȃ 

13.  Ȃ ̆ ѿҩ ̆ҹ ₮ṿ̆

῀ṿ ̆ Ӟᴪ ⌠ѿ֓≢ ₮ Ȃ ҩ ѿ ̆ ⌠ ⌠ ׆

῀ ṿȂ ḱ ᶏץ̆└ ̆ ѿ ῀ṿ Ȃ 

14.  ѿҩ ѿ◐ Ȃ ңҩ ᵰ Ȃ 

15. ׆  ҉ ѿҩ ̆Ώѿҩ ‗ Ȃ 

  



 

ԋ̈ №  

2.1.  

¥ԅ ҹᵥ №  

¥ ľOĿ  

¥ԅ Python↓ ῖ Ҭ ᵬ ľOĿ  

¥ԅ Python ΐᵣ №  

¥ԅ ᵥ Python  

 

2.2.ָ Ӈ №  

∆ ҍֲז ȂᵰӞ ⌠ԅ

ᵌ̆ ῒ ֓ Ȃѿҩ ₮ ԅ̆ ңҩ Ҍ ‗

̆ѿҩ ᴪᴨԍ ѿҩ ̙ 

ҹԅ ҩ ̆ ױ ᵟ ̆ ף ≢Ȃ ѿ

Ҭ ױ ⌠̆ ‗ № פ Ȃ ѿ ‗ᴋᵥ ᶛ ̆

ѿҩ ῀̆ ֟ Ȃ׆ ѿ ̆ѿҩ

Ȃ ѿ Ҍ Ҍ ֟ Ȃ 

ҹ ѿ ̆ Ҋ ₱ Ȃ ҩ₱ ‗ԅѿҩ ױ ̆

╠ nҩ ȂῒҬ ᶏ ԅѿҩ∆ ṿҹ 0 ⱴ Ȃ ‗ nҩ

̆ ҩ ⱴ⌠ ⱴ Ȃ 

ף 2.1 ╠ nҩ ̂active1 ̃ 

def sum_of_n(n): 

  the_sum =0 

  for i in range(1,n+1): 

     the_sum = the_sum + i 

  return the_sum 

print(sum_of_n(10)) 

 



 Ҋ foo₱ Ȃ ѿ ҉ ̆ᵖ ѿ ᵰᴪ ̆ ҩ₱

ⱳ ҍӊ╠ף 2.1Ҭ ₱ Ȃ Ҍ Ȃ ױ ᶏ

ⱴ ̆ ғ ⱴ Ҭᶏ ԅ ᵩ ṿ Ȃ 

⌠╠ ױ ₮ ̔ ѿҩ ᴪᴨԍ ѿҩ̙ ‗ԍᵰ ‰Ȃ ᵰ῏

̆ Ӈ sum_of_n₱ foo₱ Ȃ ҉̆ ᵰ ῀ ҉ᵰ

ᶛ ̆ ҹ ֓ ӊѿ ꜛᵰ Ώ ΐ  

ף 2.2 ѿ ╠ nҩ ̂active2̃  

 

Ȃ ̆ Ҭ̆ Һױ ῐ Ȃ̂ ױ ᵰ ץ ꜜⱬ

Ώ₮ ΐ ף Ȃ̃ 

№ Һ ׆ ∞ Ȃ ױ № ң ғ

₮ ̆Һ ѿ ץ ≠ Ȃ Ȃ׆ ҩ

̆҉ ңҩ₱ ҉ ̆ ױ ԅѿ ‗ ⱴ Ȃ 

def foo(tom): 

   fred=0 

   for bill in range(1,tom+1): 

      barney = bill 

      fred = fred + barney 

   return fred 

print (foo(10))  

import time 

def sum_of_n_2(n): 

   start = time.time() 

   the_sum = 0 

   for i in range(1,n+1): 

      the_sum = the_sum + i 

   end =time.time() 

return the_sum, end - start = the_sum + i 

 



׆ ҉ ̆ ױ ҩ ָӇ Ȃ ң

Ȃѿ ‗ Ҭ Ữ ῤ Ȃ ‗ Ữ

’ ̆ ̆ ̆ ’Ҋ̆ ױ

Ȃ 

 

ᵬҹ ѿҩ ף ̆ ױ ץ № Ȃ

ҹ ľ Ŀ ľ ĿȂ ױ ץ sum_of_n₱ ѿ

Ạ ‰№ Ȃ ױ ₮ Ȃ PythonҬ̆ ױ ץ

ᶏױ ᵬҹ ‰ ѿҩ₱ Ȃ time ѿҩ time

₱ ̆ ֓ᴋ ץ ҹ ᵝ ╠ Ȃ ң ҩ₱

̆ ң ӊ ̆ ױ ץ ⌠ ⌠ ̂ ’ҹ№ ̃ Ȃ 

ҩ ԅ sum_of_n₱ ╠ ῀ ’Ȃ ҩ₱ ѿҩᾝ

̆ ⱴ ץ̂ ҹ ᵝ̃Ȃ ױ ҩ₱ 5 ̆ 1

⌠ 10,000 ⱴ̆ ױ ⌠ Ҋ̔ 

 

>>>for i in range(5): 

       tǊƛƴǘόά{ǳƳ ƛǎ ҈Ř ǊŜǉǳƛǊŜŘ ҈млΦтŦ ǎŜŎƻƴŘǎέ҈ ǎǳƳψƻŦψƴψнόмллллύύ 

Sum is 50005000 required 0.0018950 seconds 

Sum is 50005000 required 0.0018620 seconds 

Sum is 50005000 required 0.0019171 seconds 

Sum is 50005000 required 0.0019162 seconds 

Sum is 50005000 required 0.0019360 seconds 

>>> 



ױ ҩ ѿ ̆ ף 0.0019 Ȃ Ӈ ױ ⱴ⌠

100,000ᴪ Ӈ ̙ 

̆ ̆ᵖ ѿ ̆ ҹӊ╠ 10Ṑ̆ ѿ ⱴ⌠

1,000,000 ױ ⌠̔ 

’Ҋ̆ Ῥ ҹӊ╠ 10ṐȂ 

Ҋ ̆ ԅѿ ‗ Ҍ Ȃ ҩ₱ ̆sum_of_n_3,≠

ѿҩ В Ὥ ף ⱴ⌠ n Ȃ 

ף ף 2.3  

>>>for i in range(5): 

       tǊƛƴǘόά{ǳƳ ƛǎ ҈Ř ǊŜǉǳƛǊŜŘ ҈млΦтŦ ǎŜŎƻƴŘǎέ҈ ǎǳƳψƻf_n_2(100000)) 

Sum is 5000050000 required 0.0199420 seconds 

Sum is 5000050000 required 0.0180972 seconds 

Sum is 5000050000 required 0.0194821 seconds 

Sum is 5000050000 required 0.0178988 seconds 

Sum is 5000050000 required 0.0188949 seconds 

>>> 

>>>for i in range(5): 

       tǊƛƴǘόά{ǳƳ ƛǎ ҈Ř ǊŜǉǳƛǊŜŘ ҈млΦтŦ ǎŜŎƻƴŘǎέ҈ ǎǳƳψƻŦψƴψнόмллллллύύ 

Sum is 500000500000 required 0.1948988 seconds 

Sum is 500000500000 required 0.1850290 seconds 

Sum is 500000500000 required 0.1809771 seconds 

Sum is 500000500000 required 0.1729250 seconds 

Sum is 500000500000 required 0.1646299 seconds 

>>> 

def sum_of_n_3(n): 

   return (n * (n +1)) / 2 

print (sum_of_n_3(10)) 



ױ sum_of_n_3Ạ ‰ ̆n 5ҩҌ ṿ̂10000,100000,1000000,10000̆

000 100000000̃ ̆ ױ ⌠ Ҋ: 

ԍ ₮ ױ ῏ ңҩ῏ Ȃ ѿ̆ ӊ╠ᴋᵥᶛ Ȃ

ԋ̆Ҍ n ṿ ѿ Ȃ ҉ sum_of_n_3 ₃ӍҌ

Ȃ 

ᵖ ҩ ‰ ԅ Ӈָ̙ױ ҉̆ ױ ץ ⌠ ף ᵌӍẠԅ

ᵬ̆ ҹѿ֓ ̆ Ȃ ̆ ף

ᵌӍᴪ nṿ Ȃ ̆ ѿҩ Ȃ ױ Ҍ ҉

₱ ̆ ᶏ Ҍ ̆ ױ ᴪ ⌠Ҍ Ȃ ̆

sum_of_n_3 Ȃ 

ױ Ȃ ‰ ץ ҕ ̆

ҹ ױ ᶫѿҩ Ȃ ҹ ҩ ᶭ ԍ ȁ ȁ ȁ

Ȃ ̆ ױ ѿҩҌᶭ ᶏ Ȃ ꜛԍ

∞ ᴨⱷ̆ ғ ץ ΐᵣ Ȃ 

2.2.1. ľOĿ  

ױ ᵬҹ ԍΐᵣ ѿҩ ̆

ҩ ᵬ ҹ Ȃ ѿ ᵬѿҩ ᵝ̆ Ӈ

ѿҩ ץ ҹ ‗ѿҩ Ȃ└ ѿҩ ᵝ

ѿҩ ̆ ғ ᶭ ԍ ΐᵣ Ȃ 

ױ ҉ ₃ҩ ̆ ṿ ѿҩ

ᵝȂ sum_of_n₱ Ҭ̆ ṿ 1̂the_sum=0̃ ⱴ҉ n̂ ױ the_sum=the_sum+i

̃Ȃ 

ױ ץ ѿҩ T ₱ ṿ ̆ ҉ᶛҬ T(n) = 1 + nȂ nѿ ľ

Ŀ̆ ץ ҹ ‗ѿҩ ҹ n̆ n+1 ᵬ ̆ ҹ T(n)Ȃ 

╠ѿ ₮ ₱ Ҭ̆ ף Ȃ ץ ҹ ╠ 100000

ԍ ╠ 1000 Ȃ ̆ ѿ

֓Ȃ Ӈ ױ ᵥ Ȃ 

№ ԅ ҹ Ȃ ᵬ ԍ T(n)₱ ̆

Ҍ ֓ Һ ᵝ ᵬ № Ȃ ӊ̆ ̆T(n)₱ Ҭ ѿ №₃Ӎ

Sum is 50005000 required 0.00000095 seconds 

Sum is 5000050000 required 0.00000191 seconds 

Sum is 500000500000 required 0.00000095 seconds 

Sum is 50000005000000 required 0.00000095 seconds 

Sum is 5000000050000000 required 0.00000119 seconds 



ԅῒז № ԍ₱ Ȃ ̆ Һ ᵬ № ₱ Ȃ ₱

n ⱴ ̆T(n)₱ Ҭ №Ȃ ₱ ѿ ҹ ľOĿ

̆ ᵬ O(f(n))Ȃ ᶫԅ Ҭ ᵌṿȂ₱ f(n) ₱ T(n)ҬҺ №

Ȃ 

҉ ᶛ Ҭ̆T(n) = 1 + nȂ n ̆ 1 ԍ Ҍ Ȃ

ױ T(n) ᵌṿ̆ ױ ץ 1̆ ҹ T(n) O(n)Ȃṿ ̆1

T(n) ̆ᵖ n ⱴ⌠ ̆ 1 ⌠ ᵌṿ Ȃ 

ѿҩᶛ ̆Ẋ ҩ ṿ T(n) = 5nа+27n+1005Ȃ n ̆ ҹ

1 2 ̆ 1005ᵌӍ ₱ ⌠Һ ᵬ Ȃᵖ n ̆nа ↕ ⌠ Һ ᵬ Ȃ

҉̆ n ̆ῒᵩң ԍ ԅȂҍ҉ҩᶛ ᵌ̆ n

̆ ױ ץ ῒᵩ ̆ ῏  5nа ף T(n) ᵌṿԅȂ ̆ 5 ᵬ Ӟᴪ

̆Ӟ ץ Ȃ ױ ᴪ ₱ T(n) f(n) = nӑ O(nа)Ȃ 

╠ ₱ ᶛ ᵣ ̆ᵖ ױ ⌠ ‗ԍΐᵣ

Ҍֽֽ Ȃ ԍ ̆ ױ ױ ’№ҹ ’̆ ’

’Ȃ ҩ ᴪᶏ ’ ̆ ’Ȃ ѿҩҌ

ᶏ ҩ ’ ᶃȂҌ ̆ ’Ҋ̆ ’ ԍ׃ ң

’ӊ ̆Ӟ ’Ȃ Ҍ ’ӊ ≢̆Ҍ ֓ ’ Ȃ 

ᵰӊ ӟҬ̆ᵰᴪҌ ⌠ 2.1 ₱ Ȃҹԅ ֓₱ Ҭ ֓

T(n) Һ ᵬ ̆ n ױ Ȃ 

 

f(n) ₱  

1 ₱  

log n ₱  

n ₱  

n log n ₱  

nа ԋ ₱  

nб ҈ ₱  

2^n ₱  

 

2.1 O  



 

 

2.1 O  

2.1 2.1Ҭ ₱ ἝȂ ⌠ n ̆₱ ӊ Ҍ №̆ Һ Ȃ

̆ n ̆ ⌠ ≢̆ Ȃ 

Ῥҽѿҩᶛ ̆Ẋ ױ Ҋ ѿҩ Pythonף ̆Ȃ ҩ Ҍԅָ

Ӈⱳ ̆ᵖ ױ ᵥ ף № Ȃ 

 

a = 5 

b = 6 

c = 10 

for i in range(n): 

 for j in range(n): 

x = i * i 

y = j * j 

z = i * j 

for k in range(n): 

w = a * k + 45 

v = b * b 

d = 33 



2.8 

ױ ̆ᴋⱵ ᵬ №ҹ Ȃ ѿ ף3̆ ҈ҩ ṿ Ȃ ԋ

3nӑ ҹ ̂ף ̃Ҭ ҈ҩ ṿ №≢ ԅnа Ȃ ҈ 2n̆ ң

ҩ ṿ ԅ n Ȃ ѿ ף1̆ ṿ Ȃ ױ ⌠ T(n) = 3+3nа

+2n+1 = 3nа+2n+ 4Ȃ ⌠ ̆ ױ nа Һ ̆ n ̆ῒז Һ

ץ ̆ ץ ҩף O(nа)Ȃ 

 

2.2   O T(n)  

2.2 ľOĿ₱ ҍ╠ ⌠ T(n) Ȃ ∆ T(n)₱ ҈ ₱ ѿ

֓Ȃᵖ ̆ n ̆҈ ₱ ԅ T(n)ȂҌ ̆ n ̆T(n)₱ ԋ

₱ Ȃ 

 

₴  

1. Ώңҩ Python₱ ѿҩ↓ Ҭ ṿȂ₱ ѿ ↓ Ҭ ҩ ҍῒז ᵬ

̆ O(nа).₱ ԋ O(n)Ȃ 

 

 

2.2.2 ᵝ  

ῖ ұ ᵝ Ҍ ₱ ѿҩῖ ᶛ Ȃ ѿҩ ұ

ѿҩ ұ ↓ ̆ Ӈ ңҩ ұԑҹ ᵝ Ȃ ̆έheartέҍέearthέԑҹ ᵝ

̆έpythonέҍέtyphonέӞԑҹ ᵝ Ȃҹԅ ̆ ױ Ҭ ұ ̆

26ҩ Ώ Ȃ ױ Ώѿҩ ңҩ ұ̆ Ẋ̆ף ѿ ᵝ

₱ Ȃ 

1̔  



ᵝ ѿ ѿҩ ұҬ Ҍ ԋҩ ұҬ₮ Ȃ

ѿҩ ľ Ŀѿ ̆ Ӈ ңҩ ұ ԑҹ ᵝ Ȃ ѿҩ

ṿ None ף ̆ᵬҹ Ȃ ̆ ԍ ұҌ ̆ ᾢ ԋҩ ұ ѿҩ

↓ Ȃ ѿҩ ұҬ ѿҩ ץ ↓ Ҭ ̆ ⌠̆ Noneף ץ

Ȃ 

2.9 

 

ҹԅ№ ҩ ̆ ױ ⌠ s1Ҭ nҩ ѿҩ ᴪ ѿҩ ⌠ף s2↓ Ҭ

nҩ Ȃ̂ ’̃↓ Ҭ nҩᵝ ᴪ ѿ s1Ҭ ҩ ̆

Ӈ ׆ 1⌠ n ף Ȃ ╠ӊױ ⌠ ץ ̔ 

def anagram_solution1(s1,s2): 

a_list = list(s2) 

 

pos1 = 0 

still_ok = True 

 

while pos1 <len(s1) and still_ok: 

pos2 = 0 

found = False 

while pos2 <len(a_list) and not found: 

if s1[pos1] == a_list[pos2]: 

found = true 

else: 

pos2 = pos2 + 1 

If found: 

a_list[pos2] = None 

else: 

still_ok = false 

pos1 =pos1 + 1 

 

return still_ok 

ǇǊƛƴǘόŀƴŀƎǊŀƳψǎƻƭǳǘƛƻƴмόΨŀōŎŘΩΣΩŘŎōŀΩύ 



В Ὥ  

 

n ̆nа ԍn Һ №̆ ғ 1/2 ץ Ȃ ̆ ҩ O(n

а)Ȃ 

ף xxx ѿ 

Def anagram_solution2(s1,s2): 

A_list1=list(s1) 

A_list2=list(s2) 

 

A_list1.sort() 

A_list2.sort()      

 

Pos=0 

Matches=True 

 

While pos < len(s1) and matches: 

If  a_list1[pos] == a_list2[pos]: 

Pos=pos + 1 

Else: 

Matches=False 

 

Return matches 

tǊƛƴǘόŀƴŀƎǊŀƳψǎƻƭǳǘƛƻƴнόΨŀōŎŘŜΩΣΩŜŘŎōŀΩύύ 

 



ԋ̔  

s1 s2 Ҍ ̆ᵖ ҹ ᵝ ѿױ ῃѿ ̆≠ ѿ ̆ ױ ץ

ѿ Ȃ ױ ᾢ׆ a⌠ z ѿҩ ұ ̆ ױ ᵝ ̆ Ӈ

ױ ⌠ңҩ ῃѿ ұȂ ̆ ױ ᾢץ ұ ҹ↓ ̆Ῥ≠ PythonҬῤ

sort ↓ ȂҊ ף ԅ Ȃ 

ѿ ҉ ᵰ ᴪ ҹ ҩ O(n)̆ ѿҩ n

ҩ Ȃ Pythonῤ sort ң ᶏ ȂԊ ҉̆ ױ

Ҭ ⌠ ̆ O(nа) O(nϖn)̆ ץ ԅ ҩ₱ Һ

ᵬȂ ̆ ҩ Ȃ 

 

҈̔ ⱬ  

‗ ҩ ῖ ⱬ Ȃҹԅ ‗ ᵝ ̆ ױ ץ

ѿҩ s1Ҭ ұ ↓ ̆ s2 ↓ ҬȂ ҩ

ѿҩ ӊ Ȃ ױ s1Ҭ ұ ̆ ѿҩ nҩ ̆ ԋ

ҩ n-1 ̆ ҈ҩ↕ n-2 ץ̆ Ȃ ұ n*(n-1)*(n-

2)*...*3*2*1ȂӞ n!Ȃ ֓ ұҬ ѿ֓ ̆ᵖ Ҍ ╠ ⌠̆ ץ

ᴪ֟ n!ҩ ұȂ 

Ԋ ҉ n ̆n! 2ʡ Ȃ s1 20ҩ ̆ ᴪ

20!=2,432,902,008,176,640,000ҩ ұȂ ױ ѿҩ ̆ ᴪ ױ

77,146,816,596 ↓ Ȃ Ҍ ѿҩ Ȃ 

̔  



‗ ᵝ ѿҩ ≠ ԅᴋᵥ ᵝ ă b̆

c Ȃҹ∞ ңҩ ұ ҹ ᵝ ̆ ױ ᾢ ѿҩ ұҬ₮ Ȃ ԍ

῍ 26ҩ ̆ ױ ≠ץ 26ҩ ↓ ̆ ҩ ѿҩ Ȃ ױ

⌠ѿҩ ̆ ҉ⱴѿȂ ̆ ңҩ ↓ ̆↕ ңҩ ұ

ᵝ ȂҊ ԅ ̔ 

ף xxx  

̆ ҩ ѿ֓ ᵬȂ Ҍ ԍ ѿҩ ̆ Ҍ Ȃ╠ңҩ

n Ȃ ҹ ұҬ ῍ 26 ̆ ҈ҩ ңҩ ↓

26 Ȃ ῃױ ⱴ ⌠ T(n)=2n+26̆ Ӟ O(n)Ȃ ̆ ױ ⌠ԅѿҩ

‗ ҩ Ȃ 

 

Def anagram_solution4(s1,s2): 

C1 = [0] * 26 

C2 = [0] * 26 

 

For i in range(len(s1)): 

Pos = ord(s1[i]) - ƻǊŘόΨŀΩύ 

C1[pos] = c1[pos] + 1 

  For i in range(len(s2)): 

Pos = ord(s2[i]) - ƻǊŘόΨŀΩύ 

C2[pos] = c2[pos] + 1 

 

J = 0 

Still_ok = True 

Wile j < 26 and still_ok: 

If c1[j] == c2[j]: 

J = j+1 

Else: 

Still_ok=False 

 

Return still_ok 

 

tǊƛƴǘόŀƴŀƎǊŀƳψǎƻƭǳǘƛƻƴпόΨŀǇǇƭŜΩΣΩǇƭŜŀǇΩύύ 



ҩ ӊ╠̆ ױ ѿ֓῏ԍ Ԋ ̆ ѿҩ ץץ

̆ᵖ ᶏץ ԅ Ữңҩ ↓ ҹףᴇ Ȃ ̆

ҩ ԅ Ȃ 

 

ѿҩ Ȃ ’Ҋᵰ ҬẠ₮ Ȃ ҩᶛ Ҭ̆

Ҍ Ȃᵖ ₃ ҆ ̆ ѿҩ Ȃᵬҹѿҩ

̆ Ạ₮ ̆ ᵰ ΐᵣ ‗ ≠ Ȃ 

₴  

Q-1̔∞ Ҋ↓ף O ≢ 

 

Q-2̔∞ Ҋ↓ף O ≢ 

 

Q-3̔∞ Ҋ↓ף O ≢ 

 



 

2.3 PYTHON  

ᵣԅ ԅ O ץ Ҍ ̆ ѿ ױ

ѿ֓῏ԍ PythonҬ↓ ῖ ᵬ O Ȃ ױ ѿ֓ ᵬ̆ץ

҉ᶏ ҩ ᵬ ᴨ Ȃ ᵰ ֓ Python 

̆ ҹ ױ ӥ Ҋ № ӟῒז ̆ ױ ױ ᶏ ⌠ ᴆȂ

Ҭ̆ Ҍױ ֓ ҹָӇ ̆Ҍ Ҋ Ҭ̆ ױ ⌠

ѿ֓↓ ῖ ץ ױ ᵬ ᵥᶭ ԍ ֓ Ȃ 

2.3.1 ↓  LIST 

↓ ̆Python Ώ ҩ Ȃ ֓ Ҭ ѿҩ

↓ ֟ ȂҹԅẠ₮ ױז̆ ԍֲױ ᶏ ↓

̆ ױז ↓ ᵬ ̆ ץ ᵬ Ȃ Ӟᴪױז̆ ⱬ

֓Ҍ ᵬ Ȃᵖ Ҍ Ҍ Ạѿҩ ̆Ҍ ᵬ ֓

ᵬȂ 

 

№ ⌠ѿҩ ᵝ ңҩ ᵬ̆ ױ ↓ ̆ ᵬ Ȃ

ѿҩ ᵬ Ἕ Ҍᶭ ԍ↓ ̆ Ӈ ҩ ᵬ O(1)Ȃ 

 

ѿҩ ᵬ ᾟѿҩ↓ Ȃ ң ѿҩ ↓ Ȃᵰ ץ

ľappendĿ ᵬ ұ Ȃ ҩľappendĿ ᵬ O(1)Ȃ ̆ұ O(k)̆ k

↓ Ȃԅ ᵰ ̆ ҹ ᵬ ΐ ᶏᵰץ

ⱴ Ȃ 

 

ױ ѿҊ Ҍ ׆ 0⌠ n ↓ Ȃ ᾢ̆ ױ  for ᵣ ұ

ѿҩ↓ ̆ ױ ץ ľappendĿף ұ ᵬȂ Ҋ ̆ ױ ᶏץ ↓ ѿ

ҩ↓ Ȃ ̆Ӟ ̆ ↓ ᵣ ᶏ ľrangeĿ ⱳ ȂҊ ԅ

↓ ף Ȃ 

 



ҹԅ ױ ̆ ױ PythonҬ timeit Ȃ ҩ timeit

ѿҩ Ҭ̆ ᶏ ҍ ᵬ ᵌ └̆ Python

Ȃ 

 

ҹᶏ timeit ̆ᵰ ⇔ ѿҩ Timer ̆ ҩ ңҩ Python Ȃ ѿҩ

ᵰ Python ̕ ԋҩ ᵰ Ȃtimeit

ҩ ѿ Ȃ Ҍⱴ ̆timeit ѿ ҆

Ȃ ̆ ץ ̂ ᵝ̔ ̃Ȃᵖ ̆ ԍ

ѿ ҆ ̆ ᵰ ѿ ̆ ץ ҹ ᵝ ȂᵰӞ ץ timeitҬ ҉ѿҩ

number ̆ ᵰ ץ ȂҊ ױ ѿҩ

1000 ̆№≢ Ȃ 

 

 

҉ Ҭ̆ ױ ₱ ⌠ test1̂ ̃̆test2̂ ̃̆ Ȃ ҩ

ᴪ ᵰ ⌠ № ̆ ץ ױ ⱴ Ȃᵰ from̆import №

̆ᵖ ҩ Python Ȃ ’Ҋ̆from __main__ import test1 

ҩ  __main__ ₱ test1 ⌠ҹ timeit Ҭ

ȂTimeit Ạ ҹץ Ҭ Ҭ ̆ ᵰ ̆

Ẓ ̆ ץ Ҍ ᵰ ֟ Ȃ 

 

҉׆ Ҭ̆ ױ ץ ⌠̆ ҹ 0.30 append ᵬ ԍ

ҹ 6.54 ұ ᵬȂ ҉ Ҭ̆ ױ ԅ⇔ ѿҩ↓ ̂list̃ ң

̔ range ↓ ⇔ ↓ Ȃ ױ ↓ for Ҭ ҩ

append ᵬ ңṐȂ 

 

῏ԍ ҩ ѿҩ ̆҉ ױ ⌠ ̆ ԅ

Ȃᵖ ױ ץ ̆ Ҭ̆ ᵬ ῃ ̆ ץ

ױ ᵬ ӈ Ȃ Ҍ ‰ ұ ᵬ 6.54 ̆ ұ

ᵬ ₱ 6.54 Ȃᵬҹ ӟ̆ᵰ ץ ѿҩ ₱ ̆ ҩ

҉׆ ₮ Ҭ⁞ Ȃ 



 

ױ ԅ ԅ ᵥ ᵬ ΐᵣ ̆ Ӈᵰ ץ 2.2̆ ԅ ↓

ᵬ O Ȃ ᵰ 2.2 ה ̆ ᴪ pop ᵬ ңҩҌ ⌠ Ȃ

pop ᵬ ↓׆ ѿᵝ− ᾝ ҹ Ô1̃̆ ↓ ѿҩᾝ Ҭ ᴋ

ѿҩᵝ ᾝ − ̆ ↕ҹ ÔñȂ Ҍ Python ↓

Ȃ Python Ҭ̆ ↓׆ ѿᵝ− ѿҩᾝ ̆ῒ ѿᵝᾝ ╠ ꜚ

ѿᵝȂᵰ ᵬ ̆ᵖ ᵰה 2.2 ᴪ ᴪ index

ᵬ ҹ Ô1̃Ȃ Python ҹ Ȃ 

 

ҹ ѿ ֓ ᵬ ̆ ױ timeit ѿҩ Ȃ ױ

Ҋңץ pop ᵬ ̆ ѿ ѿҩ ↓ Ҭ׆↓ − ᾝ ̆

ԋ ↕ ׆ ҩ↓ − ᾝ Ȃ ױ ₮ Ҍ ↓ pop ᵬ Ȃ

ױ ⌠ ̆ ↓ ⱴ̆׆↓ − ᾝ pop ᵬ Ḡ ̆ ↓׆

− ᾝ pop ᵬ↕ ⱴ ⱴȂ 

 

Ҋ ף ԅ ң pop ᵬ ≢ ѿҩ Ȃ ᵰ׆ ѿҩᶛ Ҭ

↓׆̆ − pop ᵬ 0.0003 ̆ ↓׆ − ↕ 4.82 Ȃ ԍ

ѿҩ 2 ҆ҩᾝ ↓ ̆ң ᵬ 16000ṐȂ 



 

ԍ ҩף ̆ ױ ṿ Ȃ ѿ  from __main__ import x Ȃ

Ӈ ӈѿҩ₱ ̆ᵖ ׅױ Ҭ ᶏץ ↓ xȂ ᶏ ױ ץ ҩ

pop ᵬ ̆ ғᶏ ױ ⌠ ҩ ᵬ ‰ Ȃ ҹ ᵬ 1000 ̆

ץ ₮ Ҭ ѿ ᵬ̆↓ ѿᵝȂᵖ ԍ ↓ ң ҆ҩ

ᾝ ̆ 1000 ᵬֽ⁞ ԅ 0.05%̆ ̆₃Ӎ Ȃ 

ѿҩ ԅ pop̂0̃ ᵬ pop̂ ̃ ᵬ ̆ᵖ Ҍ ℗ pop̂ 0̃

ҹ Ôñ pop̂̃ ҹ Ô1̃Ȃҹԅ ҩ ̆ ױ Ҍ ↓

Ȃ

 



 

2.3 pop ҍ pop(0) ᵬ  

 

 2.3 ԅ ױ Ȃ ץ ⌠̆ ↓ ̆pop(0) Ӟ

ⱴȂᵖ pop() Ḡ Ҍ ȂҌ₮ ̆  O(n)ҍ O(1) ҹȂ 

ױ ԍ ױ ҉ ῒז Ȃ ױ ̆ ֓

ᶏ ױ ף Ȃ ᶏ ױ ҉ῒזԊ ̆ ҉Ӟ

ѿ Ҍ Ȃ ҹָӇ ױ ҉ ĺĺҹԅ Ḥ ᶏץ ΐ

Ḥ Ȃ 

2.3.2 ῖ  

PythonҬ ԋҩҺ ῖȂ ѿҊ̆ ῖҍ↓ Ҍ ӊ ԍᵰ ѿ

ҩ ̂keỹ ̆ Ҍ ѿҩ Ȃ ӥ ׃ᴪױ ῖ ̆Ҍ

ױ ̆ ῖ ṿ  O(1) Ȃ ῖ ѿҩ

ᵬ ľ ĿȂ ѿҩ ԍ ῖҬӞ  O(1) Ȃῒז ῖ ᵬ

 2.3Ҭ↓₮Ȃ ̆ ↓₮ Ȃ ѿ֓ ’

Ҋ̆ ȁ ṿ ҹ O(n)̆ Ҍ ӊױ ῖ ᴪ ῤ

Ȃ 

 

ᵬ ̂ O ̃ 

└ O(n) 

 O(1) 



ṿ O(1) 

−  O(1) 

̂iñ O(1) 

 O(n) ף

2.2 ῖ ᵬ ̂ O ̃ 

 

ױ ѿҩ ᴪ ↓ ῖ ᵬ Ȃ ѿ Ҭ ױ ᴪ

↓ ᵬ O(n)̆ ҹ ῖ O(1)Ȃ ҩ ̆ ױ ѿҩ ̂rangẽ ↓

̆ ѿҩ ̆ ῒ ↓ ҬȂ ╠ӊױ ̆↓

̆ Ӟ Ȃ 

ױ ѿҩץ ҹ ῖ҉ ҩ Ȃ ᴪױ ѿҩ

ῖҬ ̆ ғ ᶏ ῖ ̆ ӞḠ Ҍ Ȃ 

Ҋ ף ԅ ҩ Ȃ ױ ҉ Ạ ῃ ᵬȂ ≢ֽֽ ԍ 7

̆x ѿҩ↓ ̆ 9 x ѿҩ ῖȂ 

ף  xxx ↓ ῖ ᵬ  

 

2.4 ԅ ױ Ȃ ץ ⌠̆ ῖ ↓ ̆ ԍ 10, 000ҩᾝ

’̆ ῖ ↓ 89.4Ṑ̆ 990, 000ҩᾝ ̆ ῖ 11603Ṑ˻ ץ

⌠̆ ↓ ̆ῒ ᵬ ̆ ԅ ӊ╠῏ԍῒױ

O(n) Ȃҍ ̆ ῖ ᵬ Ḡ Ҍ ̆ ᶏ ῖ Ҍ Ӟ Ȃ

҉̆10,000ҩᾝ ῖ ᵬ ԅ 0.004 ̆ 990,000ҩᾝ ῖ Ӟ ԅ

0.004 Ȃ 

1 import timeit 

2 import random 

3 

4 for i in range(10000,1000001,20000): 

5 t = timeit.Timer("random.randrange(%d) in x"%i, 

6 "from __main__ import random,x") 

7 x = list(range(i)) 

8 lst_time = t.timeit(number=1000) 

9 x = {j:None for j in range(i)} 

10 d_time = t.timeit(number=1000) 

11 print("%d,%10.3f,%10.3f" % (i, lst_time, d_time)) 



 

2.4 ↓ ῖ ᵬ  

 

ҹ Python ѿ ׅ Ҭ ̆ῒ Ȃ῏ԍ Python

Ḥ ץ Python ҉ ⌠Ȃ ԍ №̆Pythonwiki҉ ѿ ῏ԍ

׃ ̆ ץ Time Complexity Wiki҉ ⌠Ȃ 

 

₴  

1. Ҋ ↓ ᵬҬ ѿҩ O(1) ̙ 

A. list.pop(0) 

B. list.pop() 

C. list.append() 

D. list[10] 

E.҉ץῃ  

2̈Ҋ ῖ ᵬҬ ѿҩ O(1) ̙ 

!Φ ΨὼΩ in my_dict 

.Φ ŘŜƭ ƳȅψŘƛŎǘώΨὼΩϐ 

/Φ ƳȅψŘƛŎǘώΨὼΩϐ ҐҐ 10 

5Φ ƳȅψŘƛŎǘώΨὼΩϐ Ґ my_dict[ΨὼΩϐ Ҍ 1 



E.҉ץῃ  

 

2.4  

  № ѿ ҍΐᵣ ῏ ̂ ̃ Ȃ 

  O ץ Һ ҹ № Ȃ 

 

2.5῏  

’ ľOĿ  ⱬ  

 ̂ ̃ ̂ ̃ 

̂ ̃ ̂ ̃  

ԋ ̂ ̃  ’ 

 

2.6  

1. ₮Ҋ ף ̂ O ̃̔ 

2. ₮Ҋ ף ̂ O ̃̔ 

 

 

3. ₮Ҋ ף ̂ O ̃̔ 

 

for i in range(n): 

for j in range(n): 

k = 2 + 2 

for i in range(n): 

k = 2 + 2 

i = n 

while i > 0: 

k = 2 + 2 

i = i // 2 



4. ₮Ҋ ף ̂ O ̃̔ 

 

5. ₮Ҋ ף ̂ O ̃̔ 

 

 

 

2.7 ӟ  

1. ѿҩ ↓ ᵬ O(1)  

2. ѿҩ ῖ ṿ ᵬ O(1)  

3. ѿҩ ↓ ↓ ῖ − ̂del̃  

4. ₮ѿҩ ѿҩ ↓Ҭ k Ônlog(n)̃  

5. ᵰ ╠ ѿ Ҭ ҹ Ôñ ̙  

  

for i in range(n): 

for j in range(n): 

for k in range(n): 

k = 2 + 2 

for i in range(n): 

k = 2 + 2 

for j in range(n): 

k = 2 + 2 

for k in range(n): 

k = 2 + 2 



 

҈̈  

3.1 ӟ  

ǻ ԅ ̔ stackȁ ↓ queueȁ ↓ deque ↓ list̕ 

ǻ Python ↓ ̆ stack/queue/deque ̕ 

ǻ ԅ ᶏ ̕ 

ǻ ԅ ╠ ȁҬ ̕ 

ǻ stack ṿ̕ 

ǻ stack Ҭ ҹ ̕ 

ǻ ↓ queue ̕ 

ǻ ̆ stackȁqueue deque Ҭ ̕ 

ǻ list ҹ ̆̕  

ǻ ↓ Ȃ 

3.2 ָӇ ̙  

ױ   ӟӊ╠̆ᾢ ҩ ᵖ : ̆ ↓̆

↓̆ ↓ Ȃ ⱴ − ѿ Ȃ ⱴѿҩ ̆

ѿҩᵝ ̔ ӊ╠ ҍ ⱴ῀ ӊ ȂἝ ҹ

Ȃ 

  ᵰ ץ ңҩ ̆ Ṝ̆ ױ ң ҹľ Ŀ ľ Ŀ̆ ľ╠Ŀ

ľ Ŀ̆ ľ Ŀ ľ ĿȂῒ Ҍ ̆ ≢ ῒז ᶭ ⱴ

− ̆ ῒ ⱴ − ᵝ Ȃᶛ ̆ ֽᾛ ֽ ѿ ⱴ ̕

ᴪᾛ ң׆ Ȃ 

  ֓ ԅ Ҭ ѿ֓ ₮ Ȃױז₮ Ҭ

‗ Ȃ 

3.3  

3.3.1 ָӇ ̙  

  ѿҩ ̂ ľ ⱴ Ŀ̃ ѿҩ Ȃ ⱴ ѿľ ĿȂ

ѿ ҹľ ĿȂ ѿ ҹľ ĿȂ 

  ľ Ŀ ̆ ҹ Ữ Ҭ ľ Ŀ ҬỮ Ȃ

ⱴ Ӟᴪ ѿҩ Ȃ ↕ Ӟ ҹ LIFO ̆Ӟ ľ ᾢ

₮ĿȂ ԍ Ҭ Ȃ ľ Ŀ̆

ľ ĿȂ 

  Ҭ ᶛȂ₃Ӎ ѿ ̆ᵰ ץ ҉ ѿҩ̆

ᵰ ѿҩֲ ᵰ Ҋ ҩȂ ҉ ѿ ӥ̂ 3.1̃ Ȃ ҉ ѿ

ҩ ӥ ץ Ȃ ⌠ῒזӥ̆ ױ ֓ ҉ ӥȂ 3.2 ѿҩ

Ȃ ѿ֓ Python Ȃ 



3.1̔ ӥ 3.2̔  python  

  ѿҩ ̆ ⱴȁ ȂẊ ᵰ ╠ ѿ ‪

Ȃ ӥѿ ѿ ╠ѿ ҉Ȃ ᵰ ѿҩ Ȃ ᵰ ӥ ̆ ױ

ױ ῃ Ȃ ̆ ҹ ױ ץ ԍ Ȃ ῀

₮ Ȃ 3.3 ԅ Python ⇔ ȁ ’Ȃ

Ȃ 

 

 

 

 

 

 

3.3̔  

⌠ ̆ᵰ ץ ѿ ᵰᶏ ᶛ Ȃᶛ ̆ ҩ

Ȃ ᵰ ̆ ֓ Ҭ̂ ҉ Ҭ̃Ȃᵰ ╠

ľ Ŀ̆ᵰ ѿҩ ľ ĿȂ ᵰ ₯ ̆ᵰ ᴪ ץ

Ȃ 

 

ᵬ ῤ  ṿ 

s.is_empty() [] True 



s.push(4) [4]  

s.push(ΨŘƻƎΩ) [пΣΩŘƻƎΩ]  

s.peek() [пΣΩŘƻƎΩ] ΨŘƻƎΩ 

s.push(True) [пΣΩŘƻƎΩΣ¢ǊǳŜ]  

s.size() [пΣΩŘƻƎΩΣ¢ǊǳŜ] 3 

s.is_empty() [пΣΩŘƻƎΩΣ¢ǊǳŜ] False 

s.push(8.4) [пΣΩŘƻƎΩΣ¢ǊǳŜΣуΦп]  

s.pop() [пΣΩŘƻƎΩΣ¢ǊǳŜ] 8.4 

s.pop() [пΣΩŘƻƎΩ] True 

s.size() [пΣΩŘƻƎΩ] 2 

3.1̔ ᵬ 

3.4  

Ҋץ   ᵬ ӈ Ȃ ̆ ҉ ̆ ѿ

ҩ ̆ ⱴ − ѿ ҹľ ĿȂ פ ᾢ₮ Ȃ ᵬ

Ҋ̔ 

Stack()⇔ ѿҩ Ȃ Ҍ ̆ ѿҩ Ȃ 

Push(item) ⱴ⌠ Ȃ item ғ ṿȂ 

pop()׆ − Ȃ Ҍ , itemȂ ḱ Ȃ 

peek() ̆Ҍ− Ȃ Ҍ Ȃ Ҍ ḱ Ȃ 

isEmpty() ҹ Ȃ Ҍ ̆ ѿҩ ṿȂ 

size() Ȃ Ҍ ̆ ѿҩ Ȃ 

ᶛ ̆ S ѿҩ ̆ Ӈ 3.1 ѿ֓ ᵬ Ȃ Ҭ̆

↓ Ȃ 

 

3.4̈ ↓  

3.4.1̈ ָӇ ↓  

↓̂Queuẽ ѿ ↓ ᾝ ̆ ᾝ ⱴ῀ ↓ ѿ ̆ ѿ Ạά έ

̂rear̃ ̆ ᾝ ↓ ѿ ̆ Ạά έ̂ front̃Ȃ ѿҩᾝ ⱴ῀⌠ ↓ӊ

̆ ׆ ╠ ̆ ⌠ ҹҊѿҩ ₮ ↓ ᾝ Ȃ 



ⱴ῀ ᾝ ԍ ̆ ↓Ả ᾝ ԍ Ȃ ↕ Ṝ Ạ

άᾢ ᾢ₮έ̂ FIFO, first-in first-out̃̆ ṜӞ Ạάᾢ⌠ᾢ ⱵέȂ 

῏ ↓ ᶛ ױ ᴝȂ ױ ̆ ט

̆ ꜛ Ӟױ ̂ ױ ׆ ά ̂Stack̃ έ ₮ ױ ̃Ȃ

ѿҩ ᴝ̆ ↓̆Ҥ ₮ ѿ ȂҌ ץ ↓ Ҭ ̆Ӟ

Ҍ ⌠ ӊ╠ ╠ ↓Ȃ 3.3 ѿҩ Python ↓̔ 

 

 

3.3 ѿҩ Python ↓ 

ҬӞ ῏ԍ ↓ ᶛ Ȃᶛ ̔Ẋ ױ 30

⌠ѿ ҉Ȃ ױ ױז̆ ᴋⱵ ᴪά ῀ ᴝέ̆ ῒҬ

ῒזᴋⱵȂ ᾢ ῀ ᴝ ᴋⱵ Ҋ Ȃ ᵰ ᴋⱵ ᴝ ̆ Ӈᵰ

ᵰ╠ ᴋⱵ Ȃ ױ ᴪ ѿ ҩ ᶛ Ȃ 

ԅ ↓ӊ ̆ ᵬ ᴪᶏ ѿ ↓ ↓ Ҭ └̆ ᴪ

ᶏ ѿ ȁ Ⱶ ‗ Ҋ ᵬȂ ̆ ױ

Ṝ̆ Ṝ ₯ᴪ ҉ Ȃ ԍ ṜӞ ῒ

ᴋⱵȂ ₯Ḥ Ữ ѿҩ ᵌԍ ↓ ‖ ̆ ױ ץ

҉Ȃ 

 

3.4.2. QUEUÊ ↓̃  

↓ Ҋץ ѿ֓ ᵬ ӈȂ ╠ ̆ѿҩ ↓ ѿ ↓

ᾝ ̆ ׆ױ Ạľ Ŀ ѿ ῀ ↓̆Ῥ׆ Ạľ Ŀ ѿ ₮ ↓Ȃ ↓Ḡ

ľᾢ ᾢ₮Ŀ ȂҊ ↓ ѿ֓ ᵬ̔ 

ǻ¥Queue() ⇔ ѿҩ ↓ ̆ ̆ ↓̕ 

ǻenqueue(item) ⱴ⌠ ̆ ṿ̕ 

·dequeue()׆ ̆ ̆ ṿҹ ̕ 

·isEmpty() ҹ ↓̆ ̆ ṿҹ ṿ̕ 

size() ↓Ҭ ҩ ̆ Ȃ 

ҽҩᶛ ̆ ױ q ѿҩ ⇔ ↓̆ 3.2 ↓₮ԅ ↓ ѿ ↓

ᵬ Ȃ ҩ ↓Ҭ ῤ Ӟ ₮ ̆ ץ ₮ ↓ Ȃ4 ⱴ

↓ ᾝ ̆ Ȃ 

↓ ᵬ ↓ῤ  ṿ 

q=Queue() [] Queue  



q.isEmpty() [] True 

q.enqueue(4) [4]  

ǉΦŜƴǉǳŜǳŜόΨŘƻƎΩύ ώΨŘƻƎΩΣпϐ  

q.enqueue(True) ώ¢ǊǳŜΣΨŘƻƎΩΣпϐ  

q.size() ώ¢ǊǳŜΣΨŘƻƎΩΣпϐ 3 

q.isEmpty() ώ¢ǊǳŜΣΨŘƻƎΩΣпϐ False 

q.enqueue(8.4) ώуΦпΣ¢ǊǳŜΣΨŘƻƎΩΣпϐ  

q.dequeue() ώуΦпΣ¢ǊǳŜΣΨŘƻƎΩϐ 4 

q.dequeue() [8.4,True] ļŘƻƎΩ 

q.size() [8.4,True] 2 

3. 2 ↓ ᵬ ᶛ 

 

3.4.3. PYTHON Ҭ QUEUE 

ҹԅ ↓ ҩ ̆⇔ ѿҩ Ȃ Ἕӊ╠ѿ ̆ ױ ≠

↓ ̂List̃ ꜛ ↓ Ȃ 

ױ ‗ ↓ ѿ Ạ ̆ ѿ Ạ ȂҊ ѿ ף ↓ ↓

0 ᵝ Ȃ ᶏ ױ ≠ ↓ insert ⱳ ↓ ⱴ ᾝ Ȃ pop ᵬ↕

ץ ᾝ ̂Ӟ ↓ ѿҩᾝ ̃Ȃ Ӟ enqueue O(n)̆

dequeue O(1)Ȃ 



ף 3 Queue ᵬ 1 Ҭ ױ ѿ ↓ ᵬȂ 

 

ף 3 

1 class Queue: 

2     def __init__(self): 

3         self.items = [] 

4  

5     def isEmpty(self): 

6         return self.items == [] 

7  

8     def enqueue(self, item): 

9         self.items.insert(0,item) 

10  

11     def dequeue(self): 

12         return self.items.pop() 

13  

14     def size(self): 

15         return len(self.items) 

16  

17 q=Queue() 

18  

19 q.enqueue(4) 

20 q.enqueue('dog') 

21 q.enqueue(True) 

22 print(q.size()) 



ҩ ↓ ѿ ᵬ ᴪ₮ Ҋ ̔ 

 

₴  

1. Ẋ ᵰ ԅҊ ѿ ↓ ↓ ᵬ̔ 

 

↓ ▼ҊָӇᾝ ̙ 

ŀύΨƘŜƭƭƻΩΣΨŘƻƎΩ 

ōύΨŘƻƎΩΣо 

ŎύΨƘŜƭƭƻΩΣо 

ŘύΨƘŜƭƭƻΩΣΨŘƻƎΩΣо 

 

3.4.4. ̔  

₮ ↓ ᵬ ѿҩῖ ᶛӞ ₮ѿҩ ⌠ᾢ ᾢ₮̂FIFÕ

Ȃ ᾢ̆ ױ ѿҩ Ạ ᾙ Ȃ ҩ Ҭ̂ 3.4̃ ױ

>>> q.size() 

3 

>>> q.isEmpty() 

False 

>>> q.enqueue(8.4) 

>>> q.dequeue() 

4 

>>> q.dequeue() 

'dog' 

>>> q.size() 

2 

q = Queue() 

q.enqueue('hello') 

q.enqueue('dog') 

q.enqueue(3) 

q.dequeue() 



ѿҩ ץ ᴰ ̆ ѿҩ ┴Ả ᴰ ̆ Ҭ

̆ ▼Ҋѿҩ Ȃ 

 

3. 4 Έֲᴰ  

̆ Ӟױ ᵬ Josephus Ȃ ҩ Ԋ ῏ԍῈᾝ 1ҕ

Flavius Josephus ̆ᴰ ԈҬ̆Josephus ז 39ҩ ѿҩ

Ҭҍ ֲ Ȃ ҳӊ ‗ױז̆ ӞҌ Ȃԍ ױז ѿ

ҩ ̆ῒҬѿҩֲ ҹ ѿᵝ ױז ̆ ⌠ ҂ҩֲ ז Ȃ

ᴰ Ҭ Josephus ԅ ӊ ѿҩ ԍ ֲȂז ₮ԅ ҩ ⌠ ᵝ

Ȃ ѿ┴̆ז ⱴ῀ԅ Ȃ ҩ Ԋ Ҍ Ȃ ֓ ץ

҈ҹ ᵝ ̆ ֓↕ ѿҩ Ҋ ȂᵖҌ ҩ ̆ῒ ѿ

Ȃ 

ױ ᵣ҉ ץ ԍ ̂SimulatioñȂ ױ ῀ѿҩ ↓

ᵬ άnumέȂ ԍ num ̆ ▼Ҋ ֲ Ȃ

ҩֲᴪ Ӈ ᵰ ‗ ԅȂ 

ҹԅ ҩ ̆ ᴪױ ⌠ ↓̂ 3.5̃ȂẊ ᵝԍ ̆

ᴰ ̆ ᴪ ҩ ׆ ₮ ↓ ׆ז ῀ ↓Ȃ ╠ז

ֲ ѿ ᴪῬ ᴰז⌠ Ȃ άnumέ ₮ ῀ ̆ ᴪ

ӄ ↓̆ Ҭ Ȃ ҩ ᴪѿ ⌠ ѿҩ ▼Ҋ̂ ↓

ҹ 1 ̃Ȃ 

 

3. 5 ↓  



ף 3.   

 

ΐᵣ ף 3.ҬȂ ₱ ץ 7ҹ ᴪ SusanȂ 

ץ ⌠ ҩᶛ Ҭ ₮ ᴰ ԍ↓ Ҭֲ ҩ Ȃᵖ Ҍ ̆ ҹ ↓

Ἕ ѿҩ ̆ ⌠ ѿֲ Ṝ ᴪ ⌠ ̆ ⌠⌠ ṿȂ ̆

ױ ⌠↓ ῀ ↓̆↓ Ҭ ѿҩ ᴪ ₮ Ȃ ҩᶛ Ҭ̆Bill

↓ Ҭ ѿҩᾝ ̆ ץ ῀ԅ ↓ ѿҩȂ ҩ ’ᴪ ӟҬ ₮̆

Ȃ 

 

 

 

 

 

 

 

 

3.4.5. ̔ ᴋⱵ  

from pythonds.basic.queue import Queue 

 

def hotPotato(namelist, num): 

    simqueue = Queue() 

    for name in namelist: 

        simqueue.enqueue(name) 

 

    while simqueue.size() > 1: 

        for i in range(num): 

            simqueue.enqueue(simqueue.dequeue()) 

 

        simqueue.dequeue() 

 

    return simqueue.dequeue() 

 

print(hotPotato(["Bill","David","Susan","Jane","Kent","Brad"],7)) 



ѿ ҹ ץ № ╠ ᴋⱵȂ ѿҊ ױ ᴋⱵ

ᴰ ῍֣ ̆ ֓ᴋⱵḂ ῀ѿҩᾢ ᾢ₮ ↓Ȃ Ҭ Ȃ

ᴋⱵ̆ Ҍ ̆ ױ ᴪ ץ ԍ

Ҋѿ Ȃ 

Ҭ Ҋץ ’: ᴋ ѿҩ 10ҩ ,

ѿ Ҭ ֲ 2 ᴋⱵ, ҩ ᴋⱵ ׆ 1⌠ 20 Ҍ Ȃ Ҭ

̆ ץ ̆ № ץ 10 ̕ ץ ̆ᵖ

№ 5 Ȃ ᴪᶏ Ȃ ? 

ױ ץ ҩ Ạ‗ Ȃ ױ ᶏ ף ȁ ᴋⱵ

( 4)Ȃ ֜ ᴋⱵ̆ ῒⱴ῀ҍ ↓Ȃ ѿ

ᴆ ᴋⱵ̆ ᴪ ↓ ▼ᵩ ᴋⱵȂ ῏ױ ҩ

̆ ԍ ҩᴋⱵ ↓ Ȃ 

 

 

3.6 ῏ԍ ᴋⱵ ↓  

ҹԅ ₮ ҩ , ױ ᶏ ľ έ Ȃᶛ ̆ ᴪ 1-20

̆ ҩᴋⱵ 1⌠ 20ӊ ̆ Ӈѿ ᴋⱵ ץ 1

⌠ 20ӊ ̆ 1⌠ 20ӊ ᴋ ₮ Ȃ 

10ҩ ғ ֲ ң ̆ Ӈ 20ҩ ᴋⱵȂ

̆ ᴋ ѿ ̆֟ ѿҩ ᴋⱵ ? ץ ᴋⱵ ҍ ṿȂ 20

ҩᴋⱵ 180 ѿҩ ᴋⱵȂ 

ѿ ױ ץ 1-180ӊ ѿҩ ᴋⱵ Ȃ

180̆ ҹ ԅѿҩ ᴋⱵȂ Ṝ ᴪ ᴋⱵ, ṜӞ

₮ ѿҩᴋⱵ, ’ Ȃ ԅѿ֓ ӊ , ױ

’Ȃ 

 



3.4.6. Һ  

ҊҹҺץ : 

1ȁ⇔ ѿҩ ᴋⱵ ↓Ȃ ҩᴋⱵ ԇѿҩά έȂ ↓ Ȃ 

2ȁ ԍ ѿ ( Ҭ ╠ ̂currentSecond): 

(1) ᴋⱵ ? ̆ ⱴ῀ ↓̆ ╠ ᵬҹῒά έȂ 

(2) ғ ᴋⱵ ↓Ҭ: 

׆1 ↓Ҭ Ҋѿҩ ᴋⱵ ғ ῒ ֜ ; 

׆2 ╠ Ҭ⁞ ά έṿ, ⌠ ᴋⱵ ; 

3 ᴋⱵ ⱴ⌠ѿҩ↓ Ҭ,ץ ԍ ᵬ; 

4 ԍ ᴋⱵ , ₮ Ȃ 

(3) ᵬҬ̆ ԍ ̆ ᵬԅѿ ̕ ԍ ᴋⱵ ,

ԅѿ (▼ᵩ ⁞ 1)Ȃ 

(4) ᴋⱵ ,Ӟ ▼ᵩ ҹ 0 ̆ ῀ Ȃ 

3ȁ ҩ ̆ᶭ ↓ Ҭ ̆ Ȃ 

 

3.4.7 PYTHON  

ױ ҩ , ױ ҹ ╠ ҈ҩ ҕ ̔ (Printer)ȁ

ᴋⱵ(Task) ↓(PrintQueue) ӈѿ֓ Ȃ Printer(ף 2)

ᴋⱵȂ ̆↕ (13τ17 )̆ ץ ╠ᴋⱵ

Ȃ ∆ ₱ ᵝ ∆ Ȃ tick ԍ⁞ ῤ

ᴋⱵ ̆ ѿ ᴋⱵ ҹ (11 )Ȃ 



ף 2 

Task(ף ף(3 ѿҩ ᴋⱵȂ ѿҩᴋⱵ ⇔ ̆ ֟ ѿҩ 1⌠ 20

ӊ ѿҩ ף Ȃ ױ random Ҭ randrange Ȃ 

class Printer: 

    def __init__(self, ppm): 

        self.pagerate = ppm 

        self.currentTask = None 

        self.timeRemaining = 0 

 

    def tick(self): 

        if self.currentTask != None: 

            self.timeRemaining = self.timeRemaining - 1 

            if self.timeRemaining <= 0: 

                self.currentTask = None 

 

    def busy(self): 

        if self.currentTask != None: 

            return True 

        else: 

            return False 

 

    def startNext(self,newtask): 

        self.currentTask = newtask 

        self.timeRemaining = newtask.getPages() * 60/self.pagerate 

 



ҩ ᴋⱵ ӈѿҩ ԍ timestampȂtimestampᴪ ҊᴋⱵ

⇔ ῀ ↓ Ȃ waitTime ԍ ᴋⱵ ╠ ↓Ҭ Ȃ 

ף 3 

Һ₱ simulation(ף 4) ץ ҉ Ȃ printQueue ױ ↓

ѿҩ ᶛȂ ꜛṢױ ᵣ newPrintTask‗ ᴋⱵȂ Ῥױ

ѿ random Ҭ randrange₱ ⌠ѿҩ 1⌠ 180ӊ (32 )̆

ҩ ԊᴆȂ ₱ ױ ҹץ ᵝ Ȃ 

 

>>> import random 

>>> random.randrange(1,21) 

18 

>>> random.randrange(1,21) 

8 

import random 

 

class Task: 

    def __init__(self,time): 

        self.timestamp = time 

        self.pages = random.randrange(1,21) 

 

    def getStamp(self): 

        return self.timestamp 

 

    def getPages(self): 

        return self.pages 

 

    def waitTime(self, currenttime): 

        return currenttime - self.timestamp 

 



 

 

 

ף 4 

ױ ̆ ᴪ Ҍ ̆ ԍ ΐ Ȃ ױ ῏

ױ ̆ ᴪ ָӇ ȂҊל ѿ֓ Ȃ 

 

    averageWait=sum(waitingtimes)/len(waitingtimes) 

    print("Average Wait %6.2f secs %3d tasks remaining."%(averageWait,printQueue.size())) 

 

def newPrintTask(): 

    num = random.randrange(1,181) 

    if num == 180: 

        return True 

    else: 

        return False 

 

for i in range(10): 

    simulation(3600,5) 

from pythonds.basic.queue import Queue 

import random 

def simulation(numSeconds, pagesPerMinute): 

 

    labprinter = Printer(pagesPerMinute) 

    printQueue = Queue() 

    waitingtimes = [] 

 

    for currentSecond in range(numSeconds): 

      if newPrintTask(): 

         task = Task(currentSecond) 

         printQueue.enqueue(task) 

      if (not labprinter.busy()) and (not printQueue.isEmpty()): 

        nexttask = printQueue.dequeue() 

        waitingtimes.append(nexttask.waitTime(currentSecond)) 

        labprinter.startNext(nexttask) 

 

      labprinter.tick() 

 



ᾢ ױ ѿҩ 60№ (3600 ) № ԓ ’Ȃ ғ̆ ױ ԓ

Ȃ ҹ ̆ ץ ᴪ Ҍ Ȃ 

  

10 ӊ ױ ץ ⌠ 122.155 Ȃ ױ ץ ⌠

׆̆ 17.27 ⌠ 239.61 Ȃ ץ ⌠ ’Ҭ ң ᴋⱵ

ῃ ԅȂ 

̆ ױ ⌠ № 10 ̆ Ῥ Ȃ ԅ ̆ ױ

ѿ Ҭ ᴋⱵ Ȃ 

Ҋ̔ 

>>>for i in range(10): 

      simulation(3600,5) 

 

Average Wait 165.38 secs 2 tasks remaining. 

Average Wait  95.07 secs 1 tasks remaining. 

Average Wait  65.05 secs 2 tasks remaining. 

Average Wait  99.74 secs 1 tasks remaining. 

Average Wait  17.27 secs 0 tasks remaining. 

Average Wait 239.61 secs 5 tasks remaining. 

Average Wait  75.11 secs 1 tasks remaining. 

Average Wait  48.33 secs 0 tasks remaining. 

Average Wait  39.31 secs 3 tasks remaining. 

Average Wait 376.05 secs 1 tasks remaining. 

 



 

>>>for i in range(10): 

      simulation(3600,10) 

 

Average Wait   1.29 secs 0 tasks remaining. 

Average Wait   7.00 secs 0 tasks remaining. 

Average Wait  28.96 secs 1 tasks remaining. 

Average Wait  13.55 secs 0 tasks remaining. 

Average Wait  12.67 secs 0 tasks remaining. 

Average Wait   6.46 secs 0 tasks remaining. 

Average Wait  22.33 secs 0 tasks remaining. 

Average Wait  12.39 secs 0 tasks remaining. 

Average Wait   7.27 secs 0 tasks remaining. 

Average Wait  18.17 secs 0 tasks remaining. 

 



ᵰ ץ ףҊץ Ҭ Ȃ 

from pythonds.basic.queue import Queue 

import random 

class Printer: 

    def __init__(self, ppm): 

        self.pagerate = ppm 

        self.currentTask = None 

        self.timeRemaining = 0 

    def tick(self): 

        if self.currentTask != None: 

            self.timeRemaining = self.timeRemaining - 1 

            if self.timeRemaining <= 0: 

                self.currentTask = None 

    def busy(self): 

        if self.currentTask != None: 

            return True 

        else: 

            return False 

    def startNext(self,newtask): 

        self.currentTask = newtask 

        self.timeRemaining = newtask.getPages() * 60/self.pagerate 

class Task: 

    def __init__(self,time): 

        self.timestamp = time 



    

self.pages = random.randrange(1,21) 

    def getStamp(self): 

        return self.timestamp 

 

    def getPages(self): 

        return self.pages 

 

    def waitTime(self, currenttime): 

        return currenttime - self.timestamp 

 

 

def simulation(numSeconds, pagesPerMinute): 

 

    labprinter = Printer(pagesPerMinute) 

    printQueue = Queue() 

    waitingtimes = [] 

 

    for currentSecond in range(numSeconds): 

 

      if newPrintTask(): 

         task = Task(currentSecond) 

         printQueue.enqueue(task) 

 

      if (not labprinter.busy()) and (not printQueue.isEmpty()): 

        nexttask = printQueue.dequeue() 

        waitingtimes.append( nexttask.waitTime(currentSecond)) 

        labprinter.startNext(nexttask) 

 

      labprinter.tick() 

 

    averageWait=sum(waitingtimes)/len(waitingtimes) 

    print("Average Wait %6.2f secs %3d tasks remaining."%(averageWait,printQueue.size())) 



  

 

ף 5 ↓  

 

3.4.8.  

ױ ̆ ᵞ ̆

ץ ᴋⱵȂ ױ ѿҩ ᴋⱵ̆ ᴋⱵ

ԊᴆȂ 

҉ץ № 5 , ׆ 17 ⌠ 376 ( 6№ )Ҍ Ȃ

ⱴ , ⌠ 1 , ֽ 28 Ȃ ץ̆ 5 ̆10

Ҭ 8 1 ׅ ᴋⱵ ↓Ҭ̂ ̃Ȃ 

, ױ ץ ₮ : ᵞ ץ Ҍ ѿҩ Ȃ Ҍױ

ҹ ̆ ῒ ҉Ҋѿ ̆ ױז 6№ ᵌӍ

ԅȂ 

№ ץ ױ ά ......ᴪ έ Ȃ ױ Ạ Ҭ

̆Ḃ ץ ₮ᴋᵥ ҹȂᶛ : 

Ύ ֲ ⱴ̆ ⱴԅ 20ֲᴪ ? 

Έ Ҍ ҉ ᴪ ױז? ? 

ԍ Python ѿ ף̆, ̆ ҩ ᴋⱵ ⁞ ,

ᴪ ? 

֓ ῃ ץ ḱ ҉ץ Ȃ ֓ ‗ԍ

ԍ Ẋ , ᴋⱵ Ȃ 

₴  

1. ᵥḱ ץ ⱴ ’?Ẋ ⱴṐ,ᵰ Ạѿ֓ ȁ

῏ ᵥ ֓ ’ Ẋ Ȃ ᵥ ?ḱ ף ! ̆Ẋ ҩ ᴋⱵ

⁞ ̆Ӟ ḱץ ף Ȃ ̆ ᵥ ? ḱ ף ױ

ץ ѿҩ Ȃ 

def newPrintTask(): 

    num = random.randrange(1,181) 

    if num == 180: 

        return True 

    else: 

        return False 

 

for i in range(10): 

    simulation(3600,5) 



3.5. ↓  

3.5.1. ָӇ ↓   

↓̂deque  double-ended queuẽ ҍ ↓ ᵌ̆Ӟ ѿ ↓ᾝ Ȃῒң

ҹ ̂front̃ ̂rear̃ ̆ᾝ ⌠ ң ӊ╠ ᵝԍ ↓ҬȂҍ ↓Ҍ ̆

↓ ᾝ ⱴ − └Ҍ ӇҤ ̆ᾝ ң׆ץ ῀̆Ӟ ң׆ץ − Ȃ ץ ̆

↓ ↓ ⱳ Ȃ 3.7 ѿҩ  Python 

↓Ȃ ₮̆ ↓ ΐ ↓ ̆ᵖῒҬ Ҍ

Ҥ ά ᾢ₮έ άᾢ ᾢ₮έ ̆ ᶏ ῀ − ᵬ Ȃ 

 

 3. 7 ѿҩ  Python ↓ 

3.5.2.   

Deque ↓(Deque) Ҋѿ֓ץ ᵬ ӈȂ ╠ ̆ ↓

ѿ ↓ ᾝ ̆ᾝ ׆ץ ῀ȁ− ȂҊ ↓ ѿ֓ ᵬȂ  

¥ Deque() ⇔ ѿҩ ↓̆ ̆ ṿҹ Deque Ȃ  

¥ addFront(item)  ῀ѿҩᾝ ̆ ҹ ῀ᾝ ̆ ṿȂ 

¥ addRear(item) ῀ѿҩᾝ ̆ ҹ ῀ᾝ ̆ ṿ 

¥ removeFront()  ѿҩᾝ ̆ ̆ ṿҹ ᾝ Ȃ ↓ᴪ Ȃ  

¥ removeRear() ѿҩᾝ ̆ ̆ ṿҹ ᾝ Ȃ ↓ᴪ Ȃ  

¥ isEmpty()  ∞ ↓ ҹ ̆ ̆ ṿȂ  

¥ size()  ↓Ҭ ҩ ̆ ̆ ṿҹ ṿȂ  

Ҋ ҽᶛ ȂẊ d ⇔ ѿҩ ↓̆Ҋ ₮ԅ ῒ ѿ ↓ ᵬ Ȃ

ᾝ ᶷȂ ԍ ↓ң ῀ȁ− ̆ ⱴ

Ӱ̆ ץ ┴῏ ȁ Ȃ  

↓ ᵬ ↓ῤ  ṿ 

d=Deque() [] Deque  

d.isEmpty() [] True 

d.addRear(4) [4]  

ŘΦŀŘŘwŜŀǊόΨŘƻƎΩύ ώΨŘƻƎΩΣпϐ  

ŘΦŀŘŘCǊƻƴǘόΨŎŀǘΩύ ώΨŘƻƎΩΣпΣ ΨŎŀǘΩϐ  



d.addFront(True) ώΨŘƻƎΩΣпΣ ΨŎŀǘΩΣ¢ǊǳŜϐ  

d.size() ώΨŘƻƎΩΣпΣ ΨŎŀǘΩΣ¢ǊǳŜϐ 4 

d.isEmpty() ώΨŘƻƎΩΣпΣ ΨŎŀǘΩΣ¢ǊǳŜϐ  False 

d.addRear(8.4) ώуΦпΣΨŘƻƎΩΣпΣ ΨŎŀǘΩΣ¢ǊǳŜϐ  

d.removeRear() ώΨŘƻƎΩΣпΣ ΨŎŀǘΩΣ¢ǊǳŜϐ 8.4 

d.removeFront() ώΨŘƻƎΩΣпΣ ΨŎŀǘΩϐ True 

 3. 3 ↓ ᵬ 

 

3.5.3 PYTHON Ҭ ↓ DEQUE 

 Ἕ ױ ӊ╠ Ҭ Ạ ѿ ̆ ױ ѿҩ DequeȂῬ

ѿ ̆ ױ ץ PythonҬ↓ ᶫ ѿ Deque Ȃ ױ

Dequê ף 1)Ẋ ↓ 0 ᵝ Ȃ 

 

 

ף  3. 

removeFrontҬ ױ pop − ↓ Ҭ ѿҩᾝ Ȃ removeRear Ҭ ױ

pop(0) − ↓ Ҭ ѿҩᾝ Ȃ ̆ ױ addRear Ҭ insert ̂ 12 ̃ ҹ

append ↓ ⱴ ᾝ Ȃ 

ף 2 ᵬ 1 Ҭ Deque ѿ ↓ ᵬȂ 

class Deque: 

    def __init__(self): 

        self.items = [] 

    def isEmpty(self): 

        return self.items == [] 

    def addFront(self, item): 

        self.items.append(item) 

    def addRear(self, item): 

        self.items.insert(0,item) 

    def removeFront(self): 

        return self.items.pop() 

    def removeRear(self): 

        return self.items.pop(0) 

    def size(self): 

        return len(self.items) 



 

 

ף  3. Deque ᶛ 

 ᵰ ץ ₮ ҍ ↓ ף ᵌ ȂᵰӞ ץ ⌠ Ҭ׆

ⱴ − O(1)̆ ׆ ⱴ − O(n)Ȃ 

3.5.4 ľ Ŀ∞  

ѿҩ ↓ ‗ ῖ ľ Ŀ Ȃ

ѿ ̆ ̔radarȁtoot madamȂ ױ Ώѿҩ ῀ ұ ҹ

Ȃ 

ҩ ‗ ѿҩ ↓ Ữ ҩ ұȂ ױ ҩ ұ ҩ

ⱴ⌠ ↓ Ȃ ҩ ↓ Ἕѿҩ ↓̆ᵖ ױ ≠ץ

↓ң Ȃ ↓ Ữ ѿҩ ̆ Ữ ѿҩ Ȃ̂

3.8̃  

class Deque:  

 def __init__(self): 

   self.items = []  

 def isEmpty(self):  

  return self.items == []  

 def addFront(self, item):  

  self.items.append(item)  

 def addRear(self, item):  

  self.items.insert(0,item)  

 def removeFront(self):  

  return self.items.pop()  

 def removeRear(self): 

  return self.items.pop(0)  

 def size(self):  

  return len(self.items)  

d=Deque()  

print(d.isEmpty())  

d.addRear(4)  

d.addRear('dog')  

d.addFront('cat')  

d.addFront(True)  

print(d.size())  

print(d.isEmpty())  

d.addRear(8.4)  

print(d.removeRear())  

print(d.removeFront()) 



 

 3.8 ↓ 

ҹ ױ ₮ң ̆ ץ ױ ץ ױ ̆ ▼

Ҋ ↓ Ȃ ױ ױ ̆ ұ Ӈ

̆ Ӈ ▼Ҋѿҩ ̆ ‗ԍ ұ Ẽ ȂҌ ’̆ ҩ

ұ ѿҩ Ȃ ∞ ₱ ₱ palchecker̂ ף 3̃ҬȂ 

 

 

ף 3 ↓ ∞ ₱ (palchecker) 

from pythonds.basic.deque import Deque 

def palchecker(aString): 

    chardeque = Deque() 

    for ch in aString: 

        chardeque.addRear(ch) 

    stillEqual = True 

    while chardeque.size() > 1 and stillEqual: 

        first = chardeque.removeFront() 

        last = chardeque.removeRear() 

        if first != last: 

            stillEqual = False 

    return stillEqual 

print(palchecker("lsdkjfskf")) 

print(palchecker("radar")) 



3.6 ↓ LIST 

ҩ Ҭ̆ ᶏױ ԅ Python ↓ Ȃ↓ ѿҩⱳ

̆ ҹ ᶫԅ ᵬȂ ̆ ῤ

list ↓ Ȃ ֓ ’Ҋ̆ ↓ Ȃ 

↓ ѿ֓ᾝ ̆ ҩᾝ ѿҩҍῒ ᾝ Ҍ ᵝ Ȃ ΐᵣ ̆ ױ

↓ ҹѿҩ ↓ Ȃ ױ ץ ҹ↓ ѿ ȁ ԋ ȁ ҈ ŀŀӞ ץ

⌠↓ ̂ ѿ ̃ ↓ ̂ ѿ ̃Ȃҹ ̆ Ẋױ ↓ Ҍ

Ȃ 

ᶛ ̆ 54̆ 26̆ 93̆ 17̆ 77̆ 31 ѿҩ ↓ Ȃ

̆ ױ Ώ῀ԅױ № ṿ ↓ ̂ѿ ̃Ȃ ̆Python ᴪ

↓ ҹ[ 54,26,93,17,77,31 ]Ȃ 

 

3.6.1. ↓ UNORDEREDLIST 

҉ ̆ ↓ ѿҩ ҩᾝ ̆ ῒҬ ҩᾝ ѿҩҌ

ԍῒ ᾝ ᵝ Ȃѿ֓ ↓ ҊȂ 

* list() ⇔ ѿҩ ↓ Ȃ Ҍ ̆ ѿҩ ↓ Ȃ 

*add(item) ⱴ⌠↓ ̆ ṿȂẊ ᾝ Ҍ ↓ ҬȂ 

* remove(item) ׆↓ Ҭ− ᾝ Ȃ ѿҩ ̆ ᴪḱ ↓ Ȃ Ẋ ᾝ 

↓ ҬȂ 

*search(item) ↓ Ҭ ᾝ Ȃ ѿҩ ̆ ѿҩ ṿȂ 

* isEmpty() ∞ ↓ ҹ ȂҌ ̆ ѿҩ ṿȂ 

*size() ↓ ᾝ ȂҌ ̆ ѿҩ Ȃ 

*append(item) ↓ ⱴѿҩ ᾝ Ȃ ѿҩ ̆ ṿȂ 

Ẋ Ҍ ↓ ҬȂ 

* index(item) ᾝ ↓ Ҭ ᵝ Ȃ ѿҩ ̆ ᵝ ṿȂ 

Ẋ ᾝ ↓ ҬȂ 

* insert(pos,item) ᵝ ⱴѿҩ ᾝ Ȃ ңҩ ̆ ṿȂ 

Ẋ ᾝ ↓ Ҭ Ҍ ̆ ғ↓ ᶫ Ȃ 

*pop() ׆↓ ѿҩᾝ Ȃ Ҍ ̆ ѿҩᾝ ȂẊ 

↓ ѿҩᾝ Ȃ 

*pop(pos) ׆ ᵝ ↓ ᾝ Ȃ ѿҩᵝ ̆  

ѿҩᾝ ȂẊ ᾝ ↓ ҬȂ 

 



3.6.2. ↓  

 ҹԅ ↓ ̆ ױ ѿҩ Ȃ ѿҊ̆ ױ Ḡᾝ ᵝ Ȃ

̆ ױ ᶏ ῤ ᵝ Ҭ ᾝ Ȃᶛ ̆ 3.9Ҭ Ȃ

֓ṿ Ȃ ױ ץ ҩ Ḡ ѿ֓ Ḥ ̆ Ҋѿҩ ᵝ ̂

3.10̃ ̆ Ӈ ҩ ᵝ ץ Ҋץ ѿҩ׆ ⌠Ҋѿҩ Ȃ 

 

3.9 Ҍ ῒ ᵝ  

 

3.10 ᶏ ᵝ  

̆ ↓ ѿ ᵝ ₮Ȃѿ ױ ѿ ָӇ̆ ѿ

ץ ױ ԋ ָӇ̆ץ Ȃ׆ ѿ ҹ Ȃ ̆

ѿ ױ Ҋѿҩ Ȃ 

3.6.2.1. ̔ NODE 

 Ȃ ҩ ң Ḥ Ȃ ᾢ̆ ↓

ᾝ Ȃ ױ ҹ ľ Ŀ̂data field̃ Ȃ ̆ ҩ Ḡ ⌠Ҋѿҩ

Ȃף 1 ԅ Python Ȃ ѿҩ έфоέ̂ 3.11̃ Ȃ ₮̆ ױ

ץ ף 3.12 ѿҩ Ȃ ḱ ̔

⌠Ҋѿ Ȃ 



 

 

ף  3. 

ץױ  ⇔ ԅ Ȃ 

 

ף  3. 

 Python ṿ None ӊ Ҭ ᵬ Ȃ None 

Ҋѿҩ Ȃ Ҭ̆ѿҩ Ҋѿ ∆ ṿ NoneȂ ҹ ҹ

ľ Ŀ̂grounding̃ ̆ ױ Ҭ ᶏ ‰ ľ Ŀ ѿҩṿҹ None 

Ȃ None ᵬҹᵰ ∆ Ҋѿҩ ѿҩ Һ Ȃ 

 

 

3.11 Ҋѿҩ  

 

class Node: 

    def __init__(self,initdata): 

        self.data = initdata 

        self.next = None 

    def getData(self): 

        return self.data 

    def getNext(self): 

        return self.next 

    def setData(self,newdata): 

        self.data = newdata 

    def setNext(self,newnext): 

        self.next = newnext 

>>> temp = Node(93) 

>>> temp.getData() 

93 



3.12 ѿҩῖ  

 

3.6.2.2. ̔ ↓ UNORDERED LIST 

╠ӊױ  ⌠ ̆ ↓ ѿҩ ̆ ѿҩ ⌠Ҋѿ

ҩ Ȃ ױ ѿҩ ᵝ ̂ ѿ ̃̆ ӊ ҩᾝ ץ Ҋץ

⌠Ҋѿҩ Ȃҹ ҩ ̆UnorderedList Ḡ ѿҩ ѿ Ȃף 2

ԅ Ȃ ҩ UnorderedList Ḡ ↓ ѿҩ Ȃ 

 

ף 3.  

 

 ∆ ױ ѿҩ↓ ̆ῒҬ ᴋᵥᾝ Ȃ 3.13 ̆ ֓ ṿ ԅѿҩ

Ȃ ױ ӈ ⌠ ̆ ττNone ᴪῬ ↓ Ҍ

ᴋᵥқ Ȃ ̆ 3.14 ̆ӊ╠ ₮ ᶛ↓ ѿҩ Ȃ↓

↓ ѿ ѿ Ȃץ ̆ ѿҩ ⌠Ҋѿҩ ̂ ῤ ̃Ȃ

ѿ ̆↓ Ҍ ᴋᵥ Ȃ ӊף ̆ Ữ ѿҩ

Ȃ 

 

3. 13 ѿҩ ↓  

 

3. 14 ѿҩ  

 

 is_emptŷ ∞ ҹ ̃ ֽֽ ԅ↓ NoneȂῒ ץ ṿ

̆ Ҭ ̆self.head==None TrueȂ ҹ ҹ ̆ ץ

ҹ ҍ ѿҩḠ ѿ Ȃ ҩ ԅᶏ None Ȃ

PythonҬ̆None ҍᴋᵥץ Ȃ ңҩ ѿҩ ᵣ̆ Ӈױז Ȃ ױ

Ҭ ⌠ ѿ Ȃ 

class UnorderedList: 

    def __init__(self): 

        self.head = None 

>>> mylist = UnorderedList() 



ף

3.  

 Ӈ̆ ױ ᵥ ᾝ ῀ ̙ ױ ⱴ̂add̃ Ȃ ӊ╠̆ ױ ‗

ױ ᾝ ѿ №Ȃ ҹ ҩ↓ ̆ ᾝ ↓ Ҭ

ԍῒזᾝ ΐᵣᵝ Ҍ Ȃ ᾝ ץ ᴋᵥ Ȃ ԍ ̆ ᾝ

ᵝ Ȃ 

 ⌠ ҹ ױ ᶫԅѿҩ῀ ̆ ↓ ̆ ῒז ѿҩ

̆ Ҋѿҩ ⌠ Ȃ ⱴ ̆ ↓

Ȃ ̆ ױ ᵬҹ↓ ѿҩ ̆ ⌠ ҩ

ѿҩ ̆ ױ ᴪ Ȃ 

6 Ҭ ↓ ⱴ ҩ Ȃ 

 

 ̆ ԍ 31 ⱴ⌠↓ Ҭ ѿ ̆ Ӈ ѿҩ ̆ ҹӊ

ѿ ⱴ ╠ Ȃ ̆ ԍ 54 ⱴ῀ ᾝ ̆ ҹ Ҭ ѿҩ

ṿȂ 

 add ף 4 Ȃ↓ Ҭ ҩᾝ ԍѿҩ Ȃ ԋ ⇔ ԅѿҩ

῀ ᾝ ᵬҹ Ȃ ױ ҩ ҍ ῀ᾝ

ᵬȂ 3.15 ңҩ Ȃ ѿҩ ף̂ 4 3 ̃ ῀ ҹ

↓ Ȃ ԍ↓ Ҭ ῒז № ҩ ԅ̆ ױ ץ ↓

head ҩ Ȃף 4 ѿ ̆ ԅ↓ Ȃ 

 ҉ ңҩ № Ȃ 3 4 ṕ ᴪ ᵥ ̙

ᾢױ ҩ↓ ̆ Ӈ 3.16 Ȃ ԍ ῤ ѿ

̆ ᴪҡ ғ Ῥ Ȃ 

 

ף  3.  

def isEmpty(self): 

    return self.head == None 

>>> mylist.add(31) 

>>> mylist.add(77) 

>>> mylist.add(17) 

>>> mylist.add(93) 

>>> mylist.add(26) 

>>> mylist.add(54) 

def add(self,item): 

    temp = Node(item) 

    temp.setNext(self.head) 

    self.head = temp 



 

3.15̔ ѿҩң Ҭ ⱴѿҩ  

 

3.16̔ ңҩ  

 Ҋ ױ ĺĺ ᾝ ҩ ̂sizẽ ȁ ̂search̃ ̂removẽ ̆ῃ

ԍѿҩ Ạ ̂traversal̃ ᵬ Ȃ ѿҩ Ȃҹԅ

Ạ⌠ ѿ ̆ ױ ᶏץ ѿҩ ̆ ↓ ѿҩ Ȃ ױ ѿҩ

̆ ױ ľᶷ ꜚĿ̂traversing̃ ⌠Ҋѿҩ ̆ ꜚ⌠Ҋѿҩ Ȃ 

 ҹԅ ľsize ᾝ ҩ Ŀ ̆ ױ ̆ ғ ₮ ҩ Ȃף 5

↓ Ҭ ҩ Python ף Ȃ ױ ҩ ҹľ ╠Ŀ̂current̃ ̆ ԋ Ҭ

∆ ̆ ↓ Ȃ ∆ ױ ᴋᵥ ̆ ץ ∆ṿ ҹ 0Ȃ ⌠

Έ ҉ ԅ Ȃ ҩ ⌠↓ ̂Nonẽ ̆ ױ current 

ꜚ⌠Ҋѿҩ ̆ 6 Ȃ ╠ ̆ None ᵬ Ȃ

current ꜚ⌠ԅѿҩ ̆ ױ ⱴ 1(count)Ȃ ̆ ױ ԅ

ṿȂ 3.17 ԅ ѿҩ Ȃ 

 

ף  3.  

def size(self): 

    current = self.head 

    count = 0 

    while current != None: 

        count = count + 1 

        current = current.getNext() 

    return count 



 

 3.17 ↓ ׆ ⌠  

 ѿҩ Ҭ ѿҩ ṿ ѿ ⌠ Ȃ ױ ѿҩ Ҭ

̆ ∞ᴪױ Ữ ױ ᾝ Ȃ ҩᶛ Ҭ̆ ױ

ҩ↓ ȂԊ ҉̆ ױ ᵬ ⌠ԅ↓ ̆ ױ ᾝ

↓ Ҭ Ҍ Ȃ ̆ ױ ⌠ԅ ҩᾝ ̆ Ӈ ԅȂ 

ף  6 ԅ (search) ѿ Ȃ size ѿ ̆ ↓ ∆ ̂ 2

̃Ȃ ױ ᶏ ѿҩ Ạ found ױ ⌠ԅ ױ ᾝ Ȃ ⌠

ױ ⌠ ҩᾝ ̆found ҹẊ(False)̂ 3 ̃Ȃ 4 Ҭ

ԅ҉ ң ’Ȃ ᵩҊ ғ ױ ⌠ᾝ ̆ Ḃױ Ҋѿ

ҩ Ȃ 5 Ҭ ᴆ ∞ currentӊҬȂ ̆ Ӈ found

ҹ (True)Ȃ 

 

ף  3.  

 

ץ ( search) άмтέҹᶛȂ 

 

 ԍ 17 ↓ Ҭ̆ ⌠ ҩ 17 Ȃ found ᴪ ҹ

(True)̆ ᴆ Truĕ ҉ Ȃ ҩ 3.18Ȃ 

def search(self,item): 

    current = self.head 

    found = False 

    while current != None and not found: 

        if current.getData() == item: 

            found = True 

        else: 

            current = current.getNext() 

    return found 

>>> mylist.search(17) 

True 



 

3.18̔ ⱳ ⌠ ṿľ17Ŀ 

 ľ (remove)Ŀ ҩ ңҩ Ȃ ᾢ ױ ҩ↓ ̆ ױ

ᾝ Ȃ ⌠ԅ ҩᾝ ̂Ẋ ̃̆ Ȃ ѿ (search) № Ȃ ױ

ᶏ ѿҩ ̆ ̆ ̆ ⌠ ⌠ ᾝ ҹ Ȃ

ԍ Ẋױ ᾝ ѿ ̆ Ӈ ᴪ ⌠↓ ╠ Ȃ ̆ץ ױ

Ῥᶏ ѿҩ foundȂ 

 foundҹ (True) ̆current ᴪ ԅ ᾝ ѿҩ Ȃᵖ ױ ᵥ ̙

ѿҩ ̆ ѿ֓ ף ᾝ ׆̆ ᾢ ᾝ Ҍ ↓ ҬԅȂ

ҩ ̆ ҍ Ҍ Ȃ ҩ ᾝ ᴪ

Ȃ 

 ҹԅ ᾝ ̆ ױ ḱ ╠ѿҩ ̆ᶏ current 

ȂҌ ̆ Ҭ Ⱳ ׆ ╠ ꜚȂ ҹ current ԍѿҩ ױ

ᵬḱ ̆ ױ current ̆ ╠ѿҩ ḱ

ᵬȂ 

 ‗ ҩ ̆ ᶏ ңҩ ȂcurrentҌ ׅ̆ ╠ ⌠

ᵝ Ȃ ⱴ῀ ĺĺ ױ ľ╠ѿҩĿ̂previous̃ ĺĺ Ҭ ԍ currentѿ

ҩ Ȃ ̆ currentẢ − ̆previous Ả Ҭ ḱ Ȃ 

ף  7 ԅ (remove) Ȃ ԋ ҈ ңҩ ԅ∆ ṿȂ ⌠

current ῒז ľ Ŀ ᶛѿ ↓׆̆ Ȃ ̆ ױ previous

current ╠ѿҩ Ȃ ̆previous ∆ṿ ҹ Nonĕ ҹ ӊ╠ ̂ 3.19̃ Ȃ

found ᴪῬ ԍ └ Ȃ 

 Έ⌠ ҂ ױ №ԅỮ Ҭ ᾝ ױ ᾝ Ȃ ̆found

ᴪ (True)Ȃ ױ ⌠ᾝ ̆previous current ꜚѿҩ Ȃ ̆

ңҩ ᵬ ῏ ̆ ᾢ previous ꜚѿҩ ̆⌠ current ᵝ ̆ current

ꜚȂ ѿ ҹάѿ ꜚέ̂ inch-worming̃ ̆ ҹ previousᾢ ҉ current̆

current ╠ ꜚȂ 3.20 ԅ previous current ↓ Ҋ 17

ꜚ Ȃ 

 

def remove(self,item): 

    current = self.head 

    previous = None 

    found = False 

while not found: 

  if current.getData() == item: 



 

ף  3.  

 

 

 

3.19̔ң previous current ∆ṿ 

 

3.20̔previous current ↓ ꜚ 

 (remove) ᵬҬ ѿ ̆ ױ ׆ Ҭ ҩ Ȃ 3.21 ԅѿ

ҩ ꜚ Ȃ ѿ ≢ Ȃ ҩᾝ ↓ Ҭ

ѿҩ̆ Ӈ currentᴪ ѿҩ Ȃ Ӟ previous ᴪ NoneȂ ╠ӊױ

            found = True 

        else: 

            previous = current 

            current = current.getNext() 

 

    if previous == None: 

        self.head = current.getNext() 

    else: 

        previous.setNext(current.getNext()) 



⌠̆previous ҩ Ȃ ’Ҋ̆ ꜚ Ҍ previous̆

̂ 3.22̃ Ȃ 

 

3.21̔ ↓ Ҭ ѿҩ  

 

3.22̔ ↓ ѿҩ  

ף  7 12 ױ ץ ױ ’ ҉ ’Ȃ previous

ꜚ̆ Ӈ found ҹ ̆previousׅ NoneȂ ’Ҋ̂ 13 ̃̆

head ̆ current ҩ ̆ ԍ׆↓ Ҭ ѿҩ Ȃ

previousҌ None ̆ ѿ Ҭ Ȃ previous ᴪ ױ

⌠ ╠ѿҩ Ȃ 15 ԅ previous setNext Ȃ

⌠ ң ’Ҭ̆ ꜚ ԅ current ѿҩ Ȃ ⌠ ױֲ̆

֟ ̆҉ ң ’ ԍ ѿҩ Ȃ ҩ

ץ Ȃ 

 ᵰ ץ ף 1Ҭ ↓ Ȃ 

 ▼Ҋ ĺĺ ⱴ̂append̃ ̆ ῀̂insert̃ ̆ ̂index̃ ̆ ₮̂pop̃, ᵬҹᵰ

ӟȂ ᵟᴋᵥѿҩ ᵬҬ ↓ ῒזᵝ ң ’Ȃ ̆ ῀ȁ

ȁ ₮ ױ ↓ Ҭ ᵝ Ȃ Ẋױ ↓ Ҭᵝ ׆ 0 Ȃ 

₴  

1. ↓ append Ȃ ₮ᵰ Ȃ 

2. ҉ѿҩ Ҭ̆ᵰ ₮ѿҩ ҹ Ôñ Ȃᵖ ᵰ ľ Ŀ

ⱴѿҩ ̆ᵰ ₮Ώץ ҹ Ô1̃ Ȃ ᵰ ҹ Ô1̃Ȃ

˻ ᵰ ’̆ ḱ add Ȃ 

 

 

 

 

 

 



 

3.6.3 ̔ ↓  

ɺ

( ) 17 26 31 54 77 93ɺ 17

ɺ 93 ɺ 

ɺ

ɺ ɺ 

OrderedList() ɺ ɺ 

add(item):

ɺ ɺ 

remove(item): ɺ ɺ

ɺ 

search(item) ɺ 

isEmpty() ɺ 

size() ɺ ɺ 

index(item) ɺ

ɺ ɺ 

pop() ɺ ɺ

ɺ 

pop(pos) pos ɺ

ɺ ɺ 

3.6.4. ↓  

ɺ

(54 17 26 31 77 93) 3.23 ɺ

ɺ 

 

 

3.23  



OrderedList , ɺ None

ɺ 8  

8 

, ,isEmpty size

ɺ remove ,

ɺ search add ɺ 

None ɺ

ɺ 

, 3.24 45 17

17 ɺ 26

31 54ɺ ɺ 54 

ɺ False

ɺ 

 

3.24 

class OrderedList: 

   def __init__(self): 

   self.head = None 

 



9 ɺ stop False 4

ɺ stop False

5 stop True 9- 10

ɺ ɺ 

9 

addɺ add

ɺ ɺ ɺ

ɺ 

17 26 54 77 93 31 add 26

54 ɺ 17 ɺ

ɺ

ɺ 54 ɺ 

 

3.25  

def search(self, item): 

   current = self.head 

   found = False 

   stop = False 

   while current != None and not found and not stop: 

if current.get_data() == item: 

            found = True 

else: 

            if current.get_data() > item: 

               stop = True 

            else: 

               current = current.get_next() 

return found 

 



       

10 

previous

ɺ 10 add ɺ 2 - 3 current

previousɺ current 9- 10 previous current

ɺ 5 current ɺ

ɺ

3.25 ɺ

ɺ previous None 13 ɺ 

OrderedList ActiveCode 1 ɺ ɺ

ɺ 

3.6.5. №  

 

ɺ n

isEmpty O 1 Noneɺ size

n ɺ size

O n ɺ add O 1

ɺ searchɹremove add ɺ

O(n)

ɺ 

def add(self, item): 

   current = self.head 

   previous = None 

   stop = False 

   while current != None and not stop: 

         if current.get_data() > item: 

            stop = True 

         else: 

            previous = current 

            current = current.get_next() 

   temp = Node(item) 

 

   if previous == None: 

         temp.set_next(self.head) 

         self.head = temp 

   else: 

         temp.set_next(current) 

         previous.set_next(temp) 

 



Python list Python list

ɺ Python ɺ 

3.7.  

ɺ 

Stack LIFO ɺ 

Stack push pop isEmptyɺ 

Queue FIFO ɺ 

Queue enqueue,dequeue isEmptyɺ 

ɺ 

Stacks ɺ 

Stacks ɺ 

Queue ɺ 

ɺ 

Deque ɺ 

Deque addFront, addRear, removeFront, removeRear isEmptyɺ 

List ɺ 

ɺ 

ɺ 

3.8.̓͂ ̂ ̔ᶭ ῖ ↓̃  

 

  ↓ 

ᾢ ᾢ₮̂FIFÕ  ῃ   

Ҭ  ᾢ₮̂LIFÕ   

  ↓  

 ↓  

ᴨᾢ  ╠  ↓ 

   

3.4 



3.9.  

1 ɺ ɺ 

a) 17 

b) 45 

c) 96 

2  

a) (A+B)*(C+D)*(E+F) 

b) A+((B+C)*(D+E)) 

c) A*B*C*D+E+F 

3 ɺ 

4 ɺ  

ɺ 

5 ɺ  

ɺ 

a) 2 3 * 4 + 

b) 1 2 + 3 + 4 + 5 +  

c) 1 2 3 4 5 * + * + 

6 Queue ɺ 

O  

7 add  

 

8 remove ɺ 

9 remove ɺ 

3.10.  

1 ɺ 

2 ɺ 

3 ɺ

ɺ 

4 ɺ 



5 Queue list Queue list ɺ 

6 Queue ɺ  

7 enqueue dequeue O(1)ɺ

enqueue dequeue O 1 dequeue O n ɺ 

8. ɺ ɺ

 

a  

b  

C ɹ  

d  

ɺ 

9  

ɺ 

10 ɺ 10 

ɺ Queue ɺ

ɺ ɺ

ɺ 534

4 667 7ɺ

0 9 ɺ

ɺ ɺ 

11 HTML ɺ HTML 

opening tag <tag> closing tag </tag>

web ɺ HTML  

ɺ HTML

ɺ 

<html> 

  <head> 

    <title> 

      Example 

    </title>  

  </head> 

  <body> 

    <h1>Hello, world</h1> 

  </body> 

</html> 

.  

 



12. Listing 2.15 ɺ I PREFER PI

ɺ 

13. length ɺ

ɺ length

ɺ 

14. remove ɺ 

15. ɺ  

16. __str__ ɺ  

17. __str__ Python ɺ 

18. (append, index, pop, insert)ɺ 

19. ɺ start stop start

stop stop ɺ 

20. OrderedList ɺ 

21. ɺ

ɺ 

22. ɺ 

23. ɺ 

24. ɺ 

25. Python list list ɺ 

26. Python list ɹ

ɹ ɺ 

27. singly linked list

ɺ doubly linked list ɺ

next

back ɺ ɺ Python

ɺ 

28. ɺ 

 

 

  



 

4. RECURSION 

4.1  

ԅ ֓ ῒ  

ᴪ ᵥ Ώ  

҈ ↕ 

ԅ iteratioñ̂ף ѿ  

 

ԅ Ҭ ᵥ  

4.2 ָӇ  

  ѿ ‗ ̆ ѿҩ № ҹ ̆ ⌠ ⌠

ץ ‗Ȃ ҹԅ ⌠№ ̆ Ҭ ῀ѿҩ ₱ Ȃ

ӌѿ ̆ ָӇ ≢ ̆ᵖ ̆≠ ױ Ώ₮ ҹ ‗

̆ ғ Ҍ ̆ ֓ ΐ Ȃ 

4.2.1 ↓  

ѿҩ׆ᾢױ   ױ ̆ ҩ Ҍ Ӟ ץ ‗ȂẊ ᵰ ѿ

ҩ ↓ ̂ᶛ [1,3,5,7,9]̃ ף̆ 4.1 ѿҩ ₱ף ̂for ̃

Ȃ ҩ₱ ѿҩ ľ ⱴ Ŀ ̂theSum̃ ↓ ⱴ ̆Ӟ

׆ 0 ̆ᶭ ⱴ҉↓ Ҭ ҩ Ȃ 

ף ף 4.1  

 

  ̆Ẋ Ҍױ ᶏ while for ̆ Ӈᵰᴪ ᵥ ↓ Ҭ

̙ ᵰ ҩ ̆ Ӈᵰ ᾢ ⌠ Ӟ ̔ ӈ̆ⱴ ѿҩ ңҩ ĺĺңҩ

ĺĺ ₱ Ȃҹԅ ↓ ӈҹ ңҩ ̆ ױ ≠ץ ῃ

↓ ̆ ἝҊ ̔ 

   ((((1+3)+5)+7)+9) 

Ӟױ   ׆ץ ѿҩ ⱴ῀ ̔ 

def list_sum(num_list): 

the_sum = 0 

for i in num_list: 
the_sum = the_sum + i 

return the_sum 

print(list_sum([1,3,5,7,9])) 



   (1+(3+(5+(7+9)))) 

ױ   ⌠ ῤ Ҭ ̂7+9̃ ̆ Ҍ ᴋᵥ ‗ ȂԊ

҉̆ ױ ץ Ҋѿץ ↓ ⱴ Ȃ 

      Ӈ ױ ҩ ҹ Pythonף ̙ ᾢ ׆ױ Python↓

ҩ Ȃ ԍ ↓ ↓ Ҭ ѿҩᾝ ̂numList[0]̃ ▼Ҋ ᾝ

̂numList(1:)̃ ӊ ̆ ץ Ҋץ ̔ 

listSum(numList)=first(numList)+listSum(rest(numList)) 

ҩ Ҭ̆first ף ↓ Ҭ ѿҩᾝ ̆ rest ף ↓ Ҭ ԅ ѿҩᾝ ץ

ῒז ᾝ Ȃ Python Ҭ ף 4.2 ₮ Ȃ 

ף 4.2  

 

ҩף Ҭ̆ ѿ֓῏ Ȃ ᾢ̆ ԋ Ҭ̆ ױ ҩ↓ Ҭ ѿ

ҩᾝ Ȃ ҩ ῏ ̆ ҹ ₱ ᴆȂ ѿҩ ҹ 1 ↓ ̆

ҩ↓ Ҭ ̆ῒ ̆ ԓ Ҭ̆₱ ԅ ˻ ױ ѿҩ

ҹľ Ŀ Ȃ ₱ ѿ ₱ Ȃ 

    4.1 ԅ ↓ [1,3,5,7,9] ѿ ↓ Ȃᵰ ץ ѿ ↓

Ạѿ Ȃ ‗ѿҩ ̆

⌠ Ȃ 

def list_sum(num_list): 
if len(num_list) == 1: 

return num_list[0] 
else: 

return num_list[0] + list_sum(num_list[1:]) 

print(list_sum([1,3,5,7,9])) 



 

4.1̔ ↓ Ҭ  

     

⌠ ױ ץ ‗ ̆ ױ ҩ ⌠

‗ ∆ ₮ Ȃ 4.2 ԅ↓ ѿ ↓ ӊ ̆ ↓

⌠ ̆ ױ ⌠ԅ ҩ Ȃ 

 



 

4.2̔ ↓ ₱  

 

4.2.2 ҈  

   Ἕ ̂l.Asimoṽ ľ ֲ҈ Ŀѿ ̆ Ӟ ҈ ̔ 

 ̧ ҩ ᴆ 

 ̧ ᴆ  

 ̧  

ױ ⱴ ԅ ѿ ̆ ױ ľ ↓ Ŀ ҩ Ҭᵣ

Ȃ ᾢ̆ ᴆ ѿ ץ ᵬ ’Ȃ ᴆ ѿҩ

⌠ ץ ‗ Ȃ ↓ Ҭ̆ ᴆ ѿҩ ҹ 1 ↓ Ȃ 

ҹԅ ԋ ̆ ױ ̆ᶏӊ ᴆ Ȃ

Ҭᶏ ѿ֓ ԅȂ ’Ҋ̆ ף֓ ױ ץ ԅȂ

↓ Ҭ̆ ѿҩ↓ ̆ ץ ױ Ғ ԍ ↓ ҉Ҋⱳ

Ȃ ԍ ᴆ ҹ 1 ↓ ̆ Ӈ ᴆ

↓ Ȃ ױ ף 2 ԓ Ҭ ץ ⌠ΐᵣ Ạ ̔ ↓ ⁞ 1̆Ῥ

ҩ ↓ Ȃ 

ѿ ̆ έ ľ ӈȂ ԍ ∆

ҩ Ȃᵬҹѿҩ∆ ̆ᵰ ⌠ԅ ₱ ᴨ ԅ ̆ ҹᵰ ץ ѿҩ

Ҍ № ҹ ̆ ‗ ֓ №≢Ώѿ֓ ₱ ԅȂ ױ

Ṝ Ἕ ױ ῀ԅ ҬԅȂ ױ ѿҩ ѿҩ₱ ‗̆ᵖ ҩ₱



‗ !ᵖ ҉ ῃҌ ̆ ≠ ᴨ №

ҹ ‗ Ȃ 

ҩ ▼ᵩ № ױ ץ ⌠ ῏ԍ ᶛ ̆ ҩᶛ Ҭ ױ ῏

ᵥ ҈ ‗ Ȃ 

 

₴̔  

Q-15 listsum ↓ [2,4,6,8,10] ̙ 

A)6 B)5 C)4 D)3 

Q-16 Ẋ ᵰ Ώѿҩ῏ԍ ҩ ӗ Ȃfact(n) return n*n-1*n-нΧ 

0˻=1̆ ָӇ ᴪ ᴆ̙ 

a)n==0 

b)n==1 

c)n>=0 

d)n<=1 

 

4.2.3. ᴋ └ ұ  

Ẋ ᵰ ѿҩ ҹԋ └⌠ Έ └ӊ ᴋ └ ұ Ȃᶛ ̆ 10 

ҹ └ ұάмлέ̆ ԋ └ ұľмлмлέȂ ץ ‗ ҩ

̆ έ Ŀ Ҭ ̆ᵖ ‗ ᴨ Ȃ 

Ҋ ױ ץ └ 769ҹᶛ ѿҩΐᵣ ȂẊ ױ ѿҩ ↓ ╠ 10ҩ

̆ ŎƻƴǾ{ǘǊƛƴƎҐάлмнопрстуфέȂ ұҬ ̆ ԍ 10

ұȂᶛ ̆ 9̆ Ӈ ұ convString[9] "9"Ȃ ױ ץ 769 ҈ҩ

7ȁ6 9̆ ұȂ ԍ 10 ҩҌ

ᴆȂ 

ᵝ ӊ ҩ 3 ҩ №̔ 

1̃ № ҹѿ ұ ҩ Ȃ 

2̃ ↓Ҭ ҩ ұȂ 

3̃ ֓ ҩ ұ ̆ Ȃ 

 

Ҋѿ ‗ ᵥ ̆ᶏῒ ᴆ Ȃ ױ ῏ԍ

̆ Ӈ ױ ѿҊָӇ ᴪ ѿҩ № Ȃ ⁞ Ȃ

⁞ ץ ̆ᵖ ױ Ҍ ⁞ Ȃ ᵩ ԅ ѿҩױ

Ȃ ױ ץ ᵝ ᴪ ָӇȂ 

ץ 769 10̆ ױ ⌠ 76 ᵩ 9Ȃ ԅ ңҩױ Ȃ 

ᾢ̆ᵩ ѿҩ ԍ ᵝ ̆ ̆ ץ ѿҩ Ȃ 



ԋ̆ ױ ⌠ԅѿҩ ԍ∆ "76"̆ ױ ľ ⌠ ԍ ᵝ ҩ

Ŀ ᴆ Ȃ ױ ᴋⱵ Ῥ 76 ҹ ұ Ȃ ױ Ῥѿ ᶏ

ᵩ ̆ №≢ ⌠ 7 6. 

̆ ױ ҹ 7 ҹ ұ ̆ ҹ  

ᴆľn<basĕ ōŀǎŜҐмлέ̆ ױ ץ Ȃ ↨ױ ѿ ↓ ᵬ 4.3  

Ȃ ̆ ױ ᵟ ᶷ ᵩ ҬȂ 

 

4.3̔ └ ҹ 10 ⌠ ұ 

 

ף 4.3 ԅ ᵝ 2 ⌠ 16 ӊ ҉ Python ף Ȃ 

ף 4.3 ⌠ ұ 

 

̆ ױ 3 ᵝ basĕ n ԍ base ױ ᴪ Ȃ ױ ⌠

ᴆ ̆ ᴪẢױ ғֽֽ׆ convertString ↓Ҭ ұȂ 6 ̆

ױ ԋȁ҈ ҉̆ ̆Ạ⌠ԅ ⁞

ң Ȃ 

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 print(to_str(1453, 16)) 



Ῥױ ҩ , ױ 10 ҹ 2 └ ұȂόάмлмлέύȂ 

 

4.4̔ 10 ҹ ұ 2 └  

 

4.4 ԅ ױ ⌠ԅ ̆ᵖ ᵌӍ ԅȂ ̆ ҹ ױ

6 ᾢᶏ ̆ ⱴԅ ұ ᵩ Ȃ ױ convertString 

toStr ̆ ұ ᴪ ˻ᵖ Ῥ ᵬ̆ ױ

⌠ԅ Ȃ ᶏᵰ ױ ╠ѿ Ҭ Ȃ 

₴̔  

Ώѿҩ₱ ̆ ѿҩ ұᵬҹ ̆ ѿҩ ұȂ 

Ώѿҩ₱ ̆ ѿҩ ұᵬҹ ̆ ұ ѿҩ ̆↕ Truĕ ↕

FalseȂ ѿҩ ұ ╠ Ώ ̆ Ӈ ѿҩ Ȃᶛ :radar ѿҩ Ȃѿ

֓ᴨ Ӟ ץ ,ᵖ ᵰ ╠− Ȃᶛ ΥƳŀŘŀƳ ƛΩƳ ŀŘŀƳ ѿ

ҩ Ȃῒז : 

ǻ kayak 

ǻ aibohphobia 

ǻ Live not on evil 

ǻ Reviled did I live, said I, as evil I did deliver 

ǻ Dƻ ƘŀƴƎ ŀ ǎŀƭŀƳƛΤ LΩƳ ŀ ƭŀǎŀƎƴŀ ƘƻƎΦ 

ǻ Able was I ere I saw Elba 

ǻ Kanakanak ̂ ⱴ ѿҩ ̃ 

ǻ Wassamassaŵ ז ѿҩ ̃ 

 

4.3 ̔  

 



 

 

ף 4.4 

ױ ѿҊ̆ Ҍ ҉ ľǘƻ{ǘǊόύέ ҩ ѿ ₮

⌠ ̆ ḱ ץ̆ ᵌԍ ᾢ ̆ ֓ ῀ѿҩ Ҭ ₮

̆ᴪ ᵥ ̙ḱ ף Ҋ ̔ 

҉ѿ Ҭ̆ ױ toStr() ̆ ԍ ѿҩ ῀ԅ

Ҭ̆ ⌠҉ѿҩᶛ Ҭ ױ ױ toStr() ҩ₱ ̆ ᴪ 4.5 

Ȃ ױ Ҭ ᾝ ₮ ̆ Ῥ ױז ѿ ₮ ⌠ԅ ̔

ľ1010Ŀ 

 

4.5 └ Ҭ  

import Stack # As previously defined 

r_stack = Stack() 
def to_str(n, base): 

convert_string = "0123456789ABCDEF" 

while n > 0: 
if n < base: 

r_stack.push(convert_string[n]) 
else: 

r_stack.push(convert_string[n % base]) 
n = n // base 

res = "" 
while not r_stack.is_empty(): 

res = res + str(r_stack.pop()) 
return res 

print(to_str(1453, 16)) 



 

╠ ᶛ ᶏ ױ ԅ Python ᵥ ₱ Ȃ Python Ҭ̆ ѿҩ₱

̆ ᴪ№ ѿҩ ₱ Ҭ ֓ Ȃ ₱ ̆ ⌠ԅѿҩ

ṿ ̆ ҩṿᴪ ₱ Ȃ 4.6 4.4 Ҭ ⌠

ṿ ̔ 

 

4.6  toStr(10,2)  

 

̆ toStr(2//2,2) ̆ᴪ Ҋѿҩ ṿάмέ̆ ҩ ṿ ᴪ ԍ

toStr(2//2,2)+convertString[2%2] Ҭ ף toStr(2//2,2)̆ ᶏ ҹĿмέҌŎƻƴǾŜǊǘ{ǘǊƛƴƎώн҈нϐ̆ ᴪ

̆ ұάмлέᴪ Ȃ ѿ ҉̆Python ױḱ

̂Listing4̃ Ҭ ᶏ Ҍ ̆ ҩᶛ Ҭ̆ᵰ ץ ҹ ṿ ԅף Listing4 Ҭ ⱴ

ᵬ Ȃ Ӟ ₱ ᶏ ԅᵬ ̆ ᶏ ѿױ ѿ ₱ ̆

ᴪ ₱ Ҭ ֟ ѿҩ ᵬ Ȃ̂ᵬ ̔ Ҭ ̃ 

 

4.4.  



╠ѿ Ҭ̆ ױ ӟԅѿ֓ ‗ ̆ ̆ Ṝ ѿҩ

̆ ₱ ̆ ԅֲױ Ȃ

ѿ Ҭ̆ ױ ₃ҩ ₮ ᶛ Ȃ ᵰ ⌠ ֓ ̆ᵰ ᴪ

׆̆ ꜛᵰ Ȃ 

4.5:  

ױ ᵬ ΐ Python ᵬ ̆ῒ ҹ turtleȂ ᵬ

Python ̆ ғ ᵬ ̆ΐᵣ Ӟ Ȃᵰ ⇔ץ ѿ ̆ ץ ╠

ȁ ȁ ȁ ѿ ↓ ᵬȂᵰӞ ץ └ ҊȂ

Ҋ Ṝ̆ ꜚ̆ ᴪ ҉ Ҋ ̆Ӟ ԅȂҹԅ

ᴇṿ̆ᵰ ץ ̂Ӟ ̃ ̆Ӟ ץ └ Ȃ 

Ҋ ױ ѿҩ ᶛ ̆ ѿ֓ ᵬ Ȃ ױ ᴪ

ѿҩ ף̆ 4.5Ḃ ҩ ף Ȃ ױ ῀ԅ turtle ̆ ⇔ױ ѿ

Ȃ ѿ ⇔ ̆ Ӟױ ⇔ ԅѿҩ ᵬ Ȃ Ҋ ױ

drawSpiral() ҩ₱ Ȃ ҩ ₱ ᴆ ̔ ױ ̂Ӟ ₱

Ҭ lineLen ̃⁞ ⌠ 0 ԍ 0Ȃ ԍ 0 ̆ Ḃױ פ ╠ lineLenҩ

ᵝ̆ 90 ̆ ̆Ῥ drawSpiral()₱ ̆ᵖ ᴰ῀ѿҩ ԍ lineLen 

ṿᵬҹ Ȃ ף ̆ ױ ԅ myWin.exitonclick() ₱ ̆ ѿҩḂ≠

̆ Ӌ ԍ ̆ ⌠ᵰ ₯ ̆ ᴪ ̆ ₮Ȃ 

ᵬ Ҭᵰ ῤ ̆ ԅ ֓̆ᵰ ₮ѿ֓ ֦

ԅȂҊѿҩ Ҭ ױ № Ȃ№ ̂fractal̃ ԍ Ҭ ѿҩ№ ̆ ғ

ᵌȂ№ ӈ ̆ ᵰ ᵥ ̆ᵰ ⌠ ѿҩ Ҭ

Ȃ Ҭ̆№ ᶛ ȁ ȁ ̆ Ḃ Ӟ ץ №

ѿ Ȃ Ҭ ֓ № ̆ᶏ ױ ҹꜚ └ᵬ₮

Ȃ ױ Ҋѿҩᶛ ѿ № Ȃ 

import turtle  

 

myTurtle = turtle.Turtle() 

myWin = turtle.Screen() 

 

def drawSpiral(myTurtle, lineLen): 

if lineLen > 0: 

myTurtle.forward(lineLen) 

myTurtle.right(90) 

drawSpiral(myTurtle,lineLen-5) 

 

drawSpiral(myTurtle,100) 

myWin.exitonclick() 

 



ҹԅ ᵥ ѿ № ̆ ᵥ № ѿ Ȃѿ

ᵟ ҉ױ № ֓ ᵥ ᵌ қ ̆ ѿ

̆ ױ ץ ̆ ѿҩ № ҍ Ȃ≠ ̆ ױ

ץ ӈҹѿҩ № ̆ Ῥ ῀ ̆ ῒ ԍ ̆

ץ ҹѿ ֓Ҍ № Ȃ 

ױ ҉ ҩ ҹ Python ף ̆ Ҋ Ȃ ᵰה ̆ ԓ

҂ ̆ ԓ 20 ̆ ҉ѿ Ҭ

⌠ № ̕ ҂ Ҭ̆ ԅ ԋ ̆ ѿ 40 

Ȃ 40 ᾢ 20 ̆ Ῥ 20 

Ȃ ̆ ױ ̆ ױ tree Ṝ̆branchLen ᴪ ⁞ ѿ֓

̆ ҹԅ Ḡ ₮ № ᴪ Ȃ ԋ if ̆ ҩ

ᴆ ̆ ԍѿ ̆ ᴪ Ȃ 

ף 4.6 ҩ№ ᶛ ף ̆ ᵰ ף ̆╠ץ ᵰ ѿҊ ᵥ

ה̆ ѿҊ ֓ ̆ ᴪ ѿҩ ̕ ᴪ ̆ң

̙ ᴪᾢ Ῥ ̙ 

̆ ҉ ѿҩ№ ᵥ ѿ ץ̆ ᵥѿ

⌠ № ̙ᵰ ץ 4.7 Ҭ ⌠ ֓Ȃ ᵰ ̆ ⌠ ҩ №ӊ╠̆

ҩ ѿ ᵥ ̙ᵰ ץ 4.8Ҭ ⌠ ҩ №Ȃ ̆

Ḃᴪ №̆ Ҍ № Ṝ ѿ ̆ Ἕ

ӊ╠ ̆ ⌠ ӊ╠̆ᾢ ₮ № ҩ №̆ Ῥ

№Ȃ 

 

def tree(branchLen,t): 

     if branchLen > 5: 

         t.forward(branchLen) 

         t.right(20) 

         tree(branchLen-15,t) 

         t.left(40) 

         tree(branchLen-10,t) 

         t.right(20) 

         t.backward(branchLen) 

 



  

4.7                  4.8  

                     

 

 

 



 

4.6  

ҩ ᵰ ѿҩ ̆ ᵰӞ Ҍ ̆ ҹ

Ҍ Ἕ ҩ Ȃ ӟ ᴪ ᵰ ᶫѿ֓ ̆ ᴪᵰ

ѿ֓ ᶏᵰ ҉ Ȃ 

import turtle  

 

def tree(branchLen,t): 

if branchLen > 5: 

t.forward(branchLen) 

t.right(20) 

tree(branchLen-15,t) 

t.left(40) 

tree(branchLen-15,t) 

t.right(20) 

t.backward(branchLen) 

 

def main(): 

t = turtle.Turtle() 

myWin = turtle.Screen() 

t.left(90) 

t.up() 

t.backward(100) 

t.down() 

t.color("green") 

tree(75,t) 

myWin.exitonclick() 

 

main() 

 



 

₴  

Ҋ ѿҩ ḱ ᵰ ̔ 

1. ḱ ̆ ̆ Ӟ  

2. ḱ ̆ Ṝ̆ᶏ Ἕ  

3. ḱ Ṝ ̆ᶏ ẁ ץ ѿ ῤ  

̆ᶛ 15 ⌠ 45 ӊ ̆ ₃ ̆Ạ ᵰ  

4. ḱ ̆ ⁞ץ ѿҩ ̆ Ҍ ѿҩ ṿ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.1. ҈  

ѿ ᵌ № ҈ ̆ ҈ ̆ ѿҩ҈

Ȃ ѿҩ ҈ ׆̔ ҩ ҈ ̆

Ҭ ᵬ҈ Ҭᵝ ̆ № ԅ ҩ ҈ ̕╧ ҩ ҈ Ҭ Ҭ ҩ̆

ῒᵩ҈ҩ ҉ ҈ ҉ץ ᵬȂ ᵰ ₮ ѿ ↓ ҈ ӊ ̆ᵰ ҌẢץ

֓ ԍ ҈ҩ ҉ ҈ Ȃ ᵰ ̆ᵰ ֓ Ȃ ̆

ᵰ Ҋ ӊ╠ ҈ ԅ̆ ҉ ѿҩ ˻ 



 

4.9  

ױ ץ ҩ ̆ Ӈ ᴆ ָӇ ̙ ױ ץ ₮̆

ᴆ ץ ᴋ ҹ ױ ⅞№҈ ̆ ױ ₃ ז̆ ץ

₃ Ȃ Ṝ̆ ҩ⅞№ ҹ ᵌ ̆ ױ ѿ Ṝ̆ ᵌ

⁞ 1̆ ⌠ ⁞⌠ 0ҹ ̆ ṜḂẢ Ȃף 4.7Ḃ ₮ ҈ ף

Ȃ 



 

4.7  

ҩ ԅ╠ ̆Sierpinski ₱ Ạ ѿᴆԊ ҈ ̆

҈ҩ ̆ ѿ ҹԅ⅞№҈ҩ Ҭ ҈ Ҭ ѿҩȂ ̆ Ῥױ

ѿ ᶏ Python ᵬ Ȃᵰ ץ Python ӊ ῀ help(ľturtleĿ) ҩ

Ҭ ץ ᶏ ⱳ ₱ Ȃ 

import turtle  

 

def drawTriangle(points,color,myTurtle): 

myTurtle.fillcolor(color) 

myTurtle.up() 

myTurtle.goto(points[0][0],points[0][1]) 

myTurtle.down() 

myTurtle.begin_fill() 

myTurtle.goto(points[1][0],points[1][1]) 

myTurtle.goto(points[2][0],points[2][1]) 

myTurtle.goto(points[0][0],points[0][1]) 

myTurtle.end_fill() 

 

def getMid(p1,p2): 

return ( (p1[0]+p2[0]) / 2, (p1[1] + p2[1]) / 2) 

 

def sierpinski(points,degree,myTurtle): 

colormap = ['blue','red','green','white','yellow', \  

'violet','orange'] 

drawTriangle(points,colormap[degree],myTurtle) 

if degree > 0: 

sierpinski([points[0], \  

getMid(points[0], points[1]), \  

getMid(points[0], points[2])], \  

degree-1, myTurtle) 

sierpinski([points[1], \  

getMid(points[0], points[1]), \  

getMid(points[1], points[2])], \  

degree-1, myTurtle) 

sierpinski([points[2], \  

getMid(points[2], points[1]), \  

getMid(points[0], points[2])], \  

degree-1, myTurtle) 

def main(): 

myTurtle = turtle.Turtle() 

myWin = turtle.Screen() 

myPoints = [[-100,-50],[0,100],[100,-50]] 

sierpinski(myPoints,3,myTurtle) 

myWin.exitonclick() 

main() 

 



ה ף ҈ Ӈ ̙ ℗  

‗ԍ ᵥ ̆ Ẋױ ҩ ᾢ Ҋ̆Ῥ҉̆Ῥ Ҋ̆ ҹ Sierpinski 

₱ ԅ ̆ ץ ⌠ ⅞№ ҈ ̆ ׆ Ҋ ҈ №◓̆

№◓ ̆ Ҭ ҈ ᾟ▼Ҋ ҈ ̆ ҉ ҈ ̆ ῒ№

◓⌠ Ṝ̆ Ҭ ̆ ▼Ҋ ҈ ᾟ ̆ ̆ ⌠ Ҋ ҈ ̆

⅞№⌠ ̆ Ῥ ᾟ Ȃ 

Ṝ̆ ₱ ꜛ Ȃ 4 ԅ ױ Sierpinski ₱

ᾢ Ҋ ҈ ̆ Ҭ ҹ ₱ ᵬ̆

ᾟ ᵬ̆ 4.10 ̆№◓₮ ҈ ȂSierpinski ѿ ѿ

ҩ ᵌ ̆ѿ Ҭ Ҋ ᵬ ̆ ᴪ Ҭ ̆ ץ̆

ŀŀ 

 

4.10  Sierpinski  

 

Sierpinski ₱ ҉ᶭ ԍ getMid ₱ ̆getMid ңҩ ᵬҹңҩ ̆

ңҩ Ҭ Ȃ ף̆ 4.7Ҭ ѿҩ₱ ԍ ҈ ᾟ ̆ ᶏ ԅ

Python ᵬ Ҭ begin_fill end_fill ᵬȂ 

 

4.5.   

    ӊ╠ Ҭ ױ ԅѿ֓ ꜛ Ȃ ҩ №

ױ ѿ֓ ף ‗ ᵖ Ȃ ѿҩץᴪױ ᵌ

‗ᵖ Ҍ ᵬҹ Ȃ  

4.5.1. ῤ   



    ῤ ¥ ԍ1883 Ȃז ⌠ѿҩ῏ԍ ᴰ

̆ ԊҬ ѿ ֜ ἷᶳױ ‗Ȃ ̆ἷᶳױ ⌠҈ ̆64ҩ

ῒҬѿ ҉, ҩ ῒҊ ѿ Ȃἷᶳױ ᴋⱵ 64ҩ ѿ׆ ҉ ⌠ ѿ ҉̆

ᵖ ң └,ѿ ѿױז ꜚѿҩ ,ѿ Ҍ ӊ҉Ȃἷᶳױ

ץ ᵬ̆ ꜚѿҩ Ȃ ᴰ Ҭ̆ ᵬ ӊ ᴪ , ҕ ↕ Ҍ Ȃ  

    ᴰ ̆ᵖӞҌ ҹҕ ⌠ Ȃ ᵬ

264Ϻ1=18,446,774,073,709,551,615 ꜚȂ ꜚѿ ↕ 584,942,417,335 ! ҉

ᴪ Ȃ  

    4.11 ԅ ׆ ѿ ⌠ ҈ Ҭ ѿҩ Ȃ ױ ⌠, ↕,

҉ ׆ ⌠ Ḡץ ҉ Ȃ ᵰӊ╠ ‗ ҩ ̆

ץ ѿҊȂҌ ̆ѿ ӥ   Ȃץ

4.11:   

ױ     ᵥ ‗ ҩ ̙ ױ ᵥ ῃ ‗ ѿ ̙ ’ ָӇ̙

׆ױ ῀ ȂẊ ᵰ ѿҩԓҩ ̆ ѿ ҉Ȃ ᵰ

ᵥ ҩ ѿ׆ ⌠ԋ , ץ ԓҩ ꜚ⌠҈ ,

ҩ ԋ׆ ꜚ⌠҈ Ȃᵖ ᵰҌ ᵥ ꜚ ҩ ̙ Ẋ

ᵰ ᵥ ҈ҩ ⌠҈ ̕ ᵰ ץ ҩ ꜚ⌠ԋ ̆ Ῥ ᵝ

ԍ҈ ҈ҩ ⌠ῒ҉Ȃᵖ ᵰҌ ᵥ ꜚ ҈ҩ ӇⱲ ̙

ᾢ ңҩ ꜚ⌠ԋ ,Ῥ ҈ҩ ꜚ⌠҈ , ңҩ

ꜚ⌠҈ ᴪ ᵥ ̙ᵖ ᵰ ҩӞҌᴪ̆ ᵥ ̙ ᵰ ҩ ⌠҈

№ ץ ̆ᵌӍ ѿ №Ȃ 

    Ҋ ῏ԍ Ҭ ׆̆ ⌠ ̔  

1ȁ ⁞ѿ ꜚ⌠Ҭ  

2ȁ ▼Ҋ ꜚ⌠  

3ȁ ⁞ѿ Ҭ׆ ̆ ꜚ⌠   



ѿױ     Ḡ ↕̆ ױ ҉ץ ҈ , ᴋ

Ȃ҉ ѿ ’ ≢Ȃ ῤ ѿҩ

’̆ ’Ҋ̆ ױ ҩ ꜚ⌠ Ȃ ץ ѿҩ ’

ױ ’Ȃ ̆҉ ץ ⁞ 1ȁ3 Ҭ ᶏ ’ Ȃ  

ץ     ף ҍ Ȃ ῏ ԍңҩҌ ᶏ ̆№

≢ ҈ ԓ Ȃ ҈ Ҭ̆ ױ ҉ ԅ Ҋ ῃ ꜚ⌠Ҭ ̆Ҋѿ

ꜚ⌠ ̆ӊ ԓ ̆ ױ ᵝԍҬ ꜚ⌠

҉ Ȃ ҹ0 ҹ ’̆ ’Ҋ ̆₱ ץ Ȃ ᵟ

’ ӊ ԍmoveTower moveDisk ᾢ‗ ᴆȂ  

Ҋ moveDisk₱ , Ạ Ԋ ₮ѿҩ ѿ׆ ꜚ⌠ ѿ

Ȃ ᵰ ῀  moveTower ̆ ‗ ῤ Ȃ  

Ҋץ ҹ҈ҩ ’ ѿҩ ‗ Ȃ 

    moveTower moveDisk ף ̆ᵰ ᴪ ҹָӇ ױ ѿҩ ץ

ѿҩ ѿҩ ҉ Ȃ ѿҩ : ᵰ ꜚ,ᵰ ץ

҈ҩ №≢ ҈ ȂPython ᶫԅ , ױ ԅȂ  

4.6.   

    Ҭ, ױ ѿҩ῏ԍ ֲ ꜚ ̔ ᵥ ₮ ̙ ᵰ ѿҩ

Roomba ֲ̆ᵰ ᴪ ᵰ ԅȂ ױ Ạ ꜛ

₮ Ȃ ץ ⌠ Ҭ ḱ ῀ ֲ

ԊȂ ḱ ԅѿҩ ᶏץ ⌠₮ Ȃ ױ Ҭ̆ Ẋױ ױ

῀ Ҭ ̆ ⌠₮ Ȃ 4.12 ᵥ ₮ Ȃ  

def moveTower(height,fromPole, toPole, withPole): 

    if height >= 1: 

        moveTower(height-1,fromPole,withPole,toPole) 

        moveDisk(fromPole,toPole) 

        moveTower(height-1,withPole,toPole,fromPole) 

def moveDisk(fp,tp): 

    print("moving disk from",fp,"to",tp)  

moveTower(3,"A","B","C") 

def moveTower(height,fromPole, toPole, withPole): 

    if height >= 1: 

        moveTower(height-1,fromPole,withPole,toPole) 

        moveDisk(fromPole,toPole) 

        moveTower(height-1,withPole,toPole,fromPole) 

def moveDisk(fp,tp): 

    print("moving disk from",fp,"to",tp)  



    ҹԅ , Ẋױ ҩ № Ȃ Ӈ Ӈ Ҍ

Ȃ Ҭ №, ⌠ Ҍ Ȃ ѿҩ

ץ ⌠ ₮ ,Ҋ ΐᵣ :  

 

4.12  

 ̧  ∆ ᵝ ѿ ץ̆ ҹ Ȃ  

 ̧  Ҍ ’Ҋ↕ ̆ῒ Ȃ  

 ̧  Ҍ ’Ҋ↕ ̆ῒ Ȃ  

 ̧  ȁ ȁ Ҍ қ׆↕̆ Ȃ  

 ̧  ҩ Ҍ₮̆↕ Ҭ̆ץ Ȃ 

ᵖׅ ₃ ȂẊ ױ ѿ ̆ Ҋѿ Ӟ

Ȃᵖ ױ , Ҋѿ ȂҌ ̆ ⌠ Ȃ

῀ Ȃ ױ , ѿҩ ᵟ Ȃ ױ ѿ ץ

Ҋ̆ ‰ױ ҩ ╠ ҉ ԅ ̆ ױ ┴ Ҋѿ

ҩ Ȃ ף Ҭ ױ ⌠ ѿ ҍ ḂȂ  

ԍ ױ ⌠ ’Ȃ ╠ ₃ Ҭ̆ ԅ₃ ’Ȃ

Ҭ̆ ’ :  

1ȁ ⌠Ȱ ȱ̆ Ȃ 

2ȁ ̆ҹ ᾧ ῀ Ҍ ᵝ Ȃ 

3ȁ ⌠ᵝԍ ̆ ⌠ ₮ Ȃ 

4ȁ ҩ ҉ Ȃ 



    ҹԅ ̆ ױ ѿ Ȃҹԅᶏӊ ҹ ױ ,ꜚ

└ ̆ ױ ץ ⌠ ꜚ Ȃ ᶫץҊ₃ ᶫ ױ Ώ

ᶏ ̔      

 ̧ __init__ ץ ̆∆ ῤ ̆ ⌠ ∆ ᵝ Ȃ 

 ̧ draw_maze ץ ҉ └ Ȃ 

 ̧ update_position ץ ῤ Ҭ ᵝ Ȃ 

 ̧ is_exit ץ∞ ╠ᵝ ҹ₮ Ȃ  

    ᵬ ᶏץ̷̵ Ḃ ᴋѿ Ȃ 

ױ ѿҊ ҹsearchFrom ף Ȃף Ҋ Ȃ ₱ ҈ҩ ̔ѿҩ

ȁ ȁ ↓Ȃ ԍ Ҭ ѿ ҉ ̆ ѿ №

Ȃ 

 

def searchFrom(maze, startRow, startColumn): 

    maze.updatePosition(startRow, startColumn) 

   #  Check for base cases: 

   #  1. We have run into an obstacle, return false 

   if maze[startRow][startColumn] == OBSTACLE : 

        return False 

    #  2. We have found a square that has already been explored 

    if maze[startRow][startColumn] == TRIED: 

return False  

# 3. Success, an outside edge not occupied by an obstacle 

if maze.isExit(startRow,startColumn): 

    maze.updatePosition(startRow, startColumn, PART_OF_PATH) 

    return True 

maze.updatePosition(startRow, startColumn, TRIED) 

# Otherwise, use logical short circuiting to try each 

# direction in turn (if needed) 

found = searchFrom(maze, startRow-1, startColumn) or \  

        searchFrom(maze, startRow+1, startColumn) or \  

        searchFrom(maze, startRow, startColumn-1) or \  

        searchFrom(maze, startRow, startColumn+1) 

if found: 

    maze.updatePosition(startRow, startColumn, PART_OF_PATH) 

else: 

    maze.updatePosition(startRow, startColumn, DEAD_END) 

return found 



    Ҭ ץ ף⌠ Ạ ѿᴆԊ updatePosition̂ ԋ ̃Ȃ ѿ ҹԅ

̆ ̆ Ҭ ꜚ ץ ⌠Ȃ Ҋ ԅ ’ ╠҈ ̔

 ( ԓ )̙ ⌠ ( ῇ )̙ ⌠ԅ₮ ( ѿ )? 

֓ ’ ѿ ̆ Ȃ  

    ᵰᴪ , Ҭ searchFromȂ ᵀ ֓ ̆ ҹ

ױ Ȃ searchFrom ѿ truĕ↕ ҈ҩҌ Ȃ ץ ҹ ̂

╠ ̇1̆ ╠↓ ̃╠ ѿ ̂ ̃ ₮ ѿҩ Ȃ ӊ ↕

Ȃ ̆↕ , қȂ ῃ ҩ

falsĕ ↕ Ȃ ̆ Ҍ Ȃ 

ף Ҋ Ȃ__init__ ѿҩ ᴆ ᵬҹῒ ѿ Ȃ ᴆ ᶏ ȰϹȱ

ᵬҹ ₮ , Ȱ3ȱ ᵝ ᴆȂҊ ҹѿҩ ᶛ

Ȃ 

 

4.13  

ῤ ↕ ҹ ↓ ↓ Ȃ maze_list ᶛ ѿ Ӟ ↓ Ȃ ԋ

↓ Ҭ ѿҩᵝ ҉ ѿ ᾟȂ ᴆ ῤ Ҋ:  

[ ['+','+','+','+',...,'+','+','+','+','+','+','+'], 

['+',' ',' ',' ',...,' ',' ',' ','+',' ',' ',' '],  

['+',' ','+',' ',...,'+','+',' ','+',' ','+','+'], 

['+',' ','+',' ',...,' ',' ',' ','+',' ','+','+'], 

['+','+','+',' ',...,'+','+',' ','+',' ',' ','+'], 

['+',' ',' ',' ',...,'+','+',' ',' ',' ',' ','+'], 

['+','+','+','+',...,'+','+','+','+','+',' ','+'], 

['+',' ',' ',' ',...,'+','+',' ',' ','+',' ','+'], 

['+',' ','+','+',...,' ',' ','+',' ',' ',' ','+'], 

['+',' ',' ',' ',...,' ',' ','+',' ','+','+','+'], 

['+','+','+','+',...,'+','+','+',' ','+','+','+']] 

     update_position ̆ Ҋ ̆ ῤ Ȃ ȰȢȱȰ - ȱ 

ῤ Ӌ ץ ᵝ ҍ Ȃ ̆ ᶏ ңҩ ꜛ move_turtle

drop_bread_crumbץ ҉ Ȃ 



,is_exit ╠ᵝ ₮ Ȃ ⌠ 0 ȁ0↓ȁ ₮ ᴆȂ  

 

 

  

class Maze: 

    def __init__(self,mazeFileName): 

        rowsInMaze = 0 

        columnsInMaze = 0 

        self.mazelist = [] 

        mazeFile = open(mazeFileName,'r') 

        rowsInMaze = 0 

        for line in mazeFile: 

            rowList = [] 

col = 0 

for ch in line[:-1]: 

    rowList.append(ch) 

    if ch == 'S': 

        self.startRow = rowsInMaze 

        self.startCol = col 

    col = col + 1 

rowsInMaze = rowsInMaze + 1 

self.mazelist.append(rowList) 

columnsInMaze = len(rowList) 

self.rowsInMaze = rowsInMaze 

self.columnsInMaze = columnsInMaze 

self.xTranslate = -columnsInMaze/2 

self.yTranslate = rowsInMaze/2 

self.t = Turtle(shape='turtle') 

setup(width=600,height=600) 

setworldcoordinates(-(columnsInMaze-1)/2-.5, 

                    -(rowsInMaze-1)/2-.5, 

                    (columnsInMaze-1)/2+.5, 

                    (rowsInMaze-1)/2+.5) 

 

 

def drawMaze(self): 

    for y in range(self.rowsInMaze): 



 

 

for x in range(self.columnsInMaze): 

            if self.mazelist[y][x] == OBSTACLE: 

                self.drawCenteredBox(x+self.xTranslate,-y+self.yTranslate,'tan')  

self.t.color('black','blue') 

def drawCenteredBox(self,x,y,color): 

    tracer(0) 

    self.t.up() 

    self.t.goto(x-.5,y-.5) 

    self.t.color('black',color) 

    self.t.setheading(90) 

    self.t.down() 

    self.t.begin_fill() 

    for i in range(4): 

        self.t.forward(1) 

        self.t.right(90) 

    self.t.end_fill() 

    update() 



 

 

 

    tracer(1) 

def moveTurtle(self,x,y): 

    self.t.up() 

    self.t.setheading(self.t.towards(x+self.xTranslate,-y+self.yTranslate)) 

    self.t.goto(x+self.xTranslate,-y+self.yTranslate) 

def dropBreadcrumb(self,color): 

    self.t.dot(color) 

def updatePosition(self,row,col,val=None): 

    if val: 

        self.mazelist[row][col] = val 

    self.moveTurtle(col,row) 

    if val == PART_OF_PATH: 

        color = 'green' 

    elif val == OBSTACLE: 

        color = 'red' 

    elif val == TRIED: 

        color = 'black' 

    elif val == DEAD_END: 



    Ȃ ᶏ Ҋץ ᴆmaze2.txtȂ 

 

ᶛҬ₮ ҍ ᵝ № Ȃ 

 

 

        color = 'red' 

    else: 

        color = None 

    if color: 

        self.dropBreadcrumb(color) 

  

def isExit(self,row,col): 

     return (row == 0 or 

             row == self.rowsInMaze-1 or 

             col == 0 or 

             col == self.columnsInMaze-1 ) 

def __getitem__(self,idx): 

     return self.mazelist[idx] 



 

 

 

 

 

# Completed maze program 

# Takes maze2.txt as input 

import turtle  

PART_OF_PATH = 'O' 

TRIED = '.' 

OBSTACLE = '+' 

DEAD_END = '-' 

 

class Maze: 

   def __init__(self, maze_file_name): 

      rows_in_maze = 0 

      columns_in_maze = 0 

      self.maze_list = [] 

      maze_file = open(maze_file_name,'r') 

      rows_in_maze = 0 

      for line in maze_file: 

         row_list = [] 

         col = 0 



 

 

 

 

         for ch in line[: -1]: 

            row_list.append(ch) 

            if ch == 'S': 

               self.start_row = rows_in_maze 

               self.start_col = col 

            col = col + 1 

         rows_in_maze = rows_in_maze + 1 

         self.maze_list.append(row_list) 

         columns_in_maze = len(row_list) 

      self.rows_in_maze = rows_in_maze 

      self.columns_in_maze = columns_in_maze 

      self.x_translate = - columns_in_maze / 2 

      self.y_translate = rows_in_maze / 2 

      self.t = turtle.Turtle() 

      self.t.shape('turtle') 

      self.wn = turtle.Screen() 

      self.wn.setworldcoordinates(- (columns_in_maze - 1) / 2 - .5, 

             - (rows_in_maze - 1) / 2 - .5, 

             (columns_in_maze - 1) / 2 + .5, 

             (rows_in_maze - 1) / 2 + .5) 

   def draw_maze(self): 

      self.t.speed(10) 

      for y in range(self.rows_in_maze): 

         for x in range(self.columns_in_maze): 

            if self.maze_list[y][x] == OBSTACLE: 

               self.draw_centered_box(x + self.x_translate, 

                  - y + self.y_translate, 'orange') 

      self.t.color('black') 

      self.t.fillcolor('blue') 

   def draw_centered_box(self, x, y, color): 

      self.t.up() 

      self.t.goto(x - .5, y - .5) 

      self.t.color(color) 

      self.t.fillcolor(color) 

      self.t.setheading(90) 

      self.t.down() 

      self.t.begin_fill() 



 

 

 

 

 

      elif val == TRIED: 

         color = 'black' 

      elif val == DEAD_END: 

         color = 'red' 

      else: 

         color = None 

      if color: 

         self.drop_bread_crumb(color) 

   def is_exit(self, row, col): 

      return (row == 0 or 

            row == self.rows_in_maze - 1 or 

            col == 0 or 

            col == self.columns_in_maze - 1) 

   def __getitem__(self,idx): 

      return self.maze_list[idx] 

def search_from(maze, start_row, start_column): 

   # try each of four directions from this point until we find a 

way out. # base Case return values:# 1. We have run into an obstacle, return false 



 

 

 

  

1.ḱ ,ᶏ searchFrom Ҍ Ȃ Ȃᵰ ҹ

ָӇ ҹҌ ̙ ѿҊ ̙  

4.7ꜚ ⅞    

Ҭ̆ ҹᶏѿ֓ ⌠ ᴨ Ώ̕ᶛ ̆ ⌠ң

̆ ⌠ ѿ ̆ ⌠ ֓ ᴆ Ȃ ‗

֓ Ȃ ӥ ӊѿ ҹᵰ ₃ҩҌ Ȃꜚ ⅞ ᴨ

‗ ӊѿȂ   

maze.update_position(start_row, start_column) if maze[start_row][start_column] == OBSTACLE :  

return False # 2. We have found a square that has already been explored 

   if maze[start_row][start_column] == TRIED      or\ maze[start_row][start_column] == 

DEAD_END: 

      return False 

   # 3. We have found an outside edge not occupied by an obstacle 

   if maze.is_exit(start_row,start_column): 

      maze.update_position(start_row, start_column, PART_OF_PATH) 

      return True 

   maze.update_position(start_row, start_column, TRIED) 

   # Otherwise, use logical short circuiting to try each direction 

   # in turn (if needed) 

   found = search_from(maze, start_row-1, start_column) or \  

         search_from(maze, start_row+1, start_column) or \  

         search_from(maze, start_row, start_column-1) or \  

         search_from(maze, start_row, start_column+1) 

   if found: 

      maze.update_position(start_row, start_column, PART_OF_PATH) 

   else: 

      maze.update_position(start_row, start_column, DEAD_END) 

return found  

my_maze = Maze('maze2.txt') 

my_maze.draw_maze() 

my_maze.update_position(my_maze.start_row, my_maze.start_col) 

search_from(my_maze, my_maze.start_row, my_maze.start_col) 



ᴨ ѿҩῖ ᶛ ȂẊ ᵰ ѿ ꜚ └

Ȃᵰ Ὲ ѿ ֜ ᶫ Ḃץ ᵬ ⱴ ȂẊ ѿ

ҩ ԅ1 ᾝ ӯ37 № Ȃᵰ ̙ Έ

̔ңҩ25 №̆ѿҩ10 №̆҈ҩ1 №Ȃ ױ Ӈ ⌠Έҩ ҩ ̙ ᾢ ױ

ᶏ ṿҬ ̂25 №̃̆ ғ ᶏ ̆ Ῥᶏױ Ҋѿҩ ᶏ

ṿ ̆Ӟ ᶏ Ȃ ҹ ̆ ҹ ױ

‗ѿҩ Ȃ   

ᶏױ ̆ ᵬ ̆ᵖẊ ᵰ Ὲ ‗ Lower Elbonia ̂

̔ Ҭ қ ῍֟Һӈ ̃Ӟ ꜚ ̆ ҩ ԅ  1̆5̆10

25 № ̆ 21 № Ȃ ’Ҋ̆ Ҍ ⌠63 №

ᴨ ԅȂ ԅ21 ṿ №̆ ׅ Έҩ ̆ ᴨ ҈ҩ21

№ Ȃ   

ױ ѿҩ ױ ⌠ ᴨ Ȃ ѿ ῏ԍ ̆ᵰ

⌠ ױ ᶏ ‗ Ȃ ᾢ ױ ᴆȂ ױ

ᴇṿ ѿ ᴇṿѿ ̆ Ӈ ̆ ѿҩ Ȃ 

ᴇṿҌ ̆ ױ ₃ Ȃ ױ ѿҩ 1 №ⱴ҉ ᴇṿ⁞ 1 №

ṿ̆ ѿҩ 5 №ⱴ҉ ᴇṿ⁞ 5 №

ṿ̆ ѿҩ 10 №ⱴ҉ ᴇṿ⁞ 10 № ṿ̆ Ȃ ̆ץ

ץ Ҋ ̔  

ὲόάὅέὭὲίάὭὲ

ừ
Ừ

ứ
ρ ὲόάὅέὭὲίέὶὭὫὭὲὥὰὥάέόὲὸρ

ρ ὲόάὅέὭὲίέὶὭὫὭὲὥὰὥάέόὲὸυ

 ρ ὲόάὅέὭὲίέὶὭὫὭὲὥὰὥάέόὲὸρπ

 ρ ὲόάὅέὭὲίέὶὭὫὭὲὥὰὥάέόὲὸςυ

  

    

↓ 7Ҭ ԅ ↨ױ Ȃ 3 ̆ ױ ᴆ̕Ӟ ̆ ᾫ

ԍ ױ ҩ ṿȂ ױ ԍ ̆ Ӈ ױ ҩ

ԍ ױ Ҍ ṿ Ȃ 6 ԅ ױ ᶏ ѿҩ ṿ

↓ ץ̆ ꜛ ױ ₮ ╠ ᴇṿ ↓ Ȃ ṿ̆ ⁞

ԅ ױ Ȃ 7 ԅ Ȃ ̆ ѿ ̆ ױ ⱴ1̆

ҹ ᶏױ ԅѿ Ȃ ⱴ1 ԍ̔ ᴆ ̆ ױ Ạѿ

Ȃ 

҉ץ ᵞ ԅȂԊ ҉̆ 67716925 ₮ 4

63 № ᴨ ˻ҹԅ ױ Ҭ ̆  4.3̆ ↓₮ԅ ҹױ

ԅ ⌠ᾫ 26 № ᴨ 377 ₱ Ҭ ѿ №Ȃ   

def recMC(coinValueList,change):  

minCoins = change 

if change in coinValueList: 

     return 1 

else: 

    for i in [c for c in coinValueList if c <= change]: 

numCoins = 1 + recMC(coinValueList,change-i) 

if numCoins < minCoins: 

   minCoins = numCoins 

return minCoins 

print(recMC([1,5,10,25],63) 



Ҭ ѿҩ ѿ recMC₱ Ȃ ҉ ԅ ױ

Ȃ ҉ ↕ ԅ ᶏױ Ȃ ̆ ױ ץ ⌠ Ҭᴋᵥ

ȂҺ Ạԅױ Ȃᶛ ̆ ̆ ᴪ ҹ

15 № ᴨ ҈ Ȃ ѿ 52 ₱ Ȃ ױ ԅ

ⱬ Ȃ 

 

4.3 Listing7  

⁞ ױ ᵬ ῏ ԍ ᵟѿ֓₮ ̆ ᾧ ױ

Ȃѿҩ ‗ ױ ⌠ Ữ ѿҩ ҬȂ

ױ ѿҩ ṿӊ╠̆ ᾢץ ҩ Ȃ Ҭ ԅ ҩ

̆ ױ ׆ץ Ҭ ҩṿ Ҍ Ȃ 1 ԅ ԅ

Ȃ 

 

 

1 (lst_change2) 

def recDC(coinValueList,change,knownResults): 

   minCoins = change 

   if change in coinValueList: 

      knownResults[change] = 1 

      return 1 

   elif knownResults[change] > 0: 

      return knownResults[change] 

   else: 

       for i in [c for c in coinValueList if c <= change]: 

         numCoins = 1 + recDC(coinValueList, change-i, 

                              knownResults) 

         if numCoins < minCoins: 

            minCoins = numCoins 

            knownResults[change] = minCoins 

   return minCoins 

print(recDC([1,5,10,25],63,[0]*64)) 



̆ Έ ױ ⱴԅѿҩ Ҭ ԅҹ ҩ

ṿȂ ̆ ױ ҩ ṿ Ữ ҬȂᶏ ҩ

⁞ ԅ ױ ⌠ԅᶏ 4 63 № ̆ 221 ₱ ˻  

1 ̆ᵖ Ἕ ₯ ѿ Ȃ ̆ ױ

knowResults↓ ᴪױ ̆ Ҭ Ҍ ȂԊ ҉̆ ױ ╠ Ҍ ꜚ

⅞̆ ױ ᶏ ԅѿ Ạñ₱ ṿ ò̆ ѿ ҹñ ò ԅ

Ȃ 

ꜚ ⅞ᴪ ‗ Ȃꜚ ⅞ ‗ №ҹ1׆

ᴨ ̆ ⱴ҉ ̆ ⌠ ױ Ȃ Ḡ ԅ ѿ Ҭ̆

ױ ԅᾫ ᴋᵥ ṿ ṿȂ 

ױ ױ ᵥ 11 № ᶏ Ȃ 4.4↓₮ԅ

Ȃ 1׆ᾢױ № Ȃ ѿ ‗ ѿҩ ̂1 №̃ȂҊѿ ԅҹ1 №

2 № Ȃ ̆ ѿ ңҩ1 № Ȃ 5 ̆Ԋ

ԅȂ ױ ң ’̆ԓҩ1 № ѿҩ5 № Ȃ ױ ᵥ‗ ҩ Ạ

̙ ױ ץ ⌠̆ҹ4 № ҩ̆Ῥⱴѿҩ1 № ԅ5 №̆

ԍ ԓҩ Ȃ ױ ץ 0ҩ ⱴ҉ѿҩ5 № ԍ5 №̆ ѿҩ Ȃ

ԍ1 5 ̆ ױ 1 Ữ ↓ ҬȂ ⌠ԅ ̆ 11 №ԅȂ 5 ԅ ױ

҈ ’̔   

1̈ѿҩ1 №ⱴ҉ҹ 11-1=10 № ṿ̂1̃  

2̈ѿҩ5 №ⱴ҉ҹ 11-5=6 № ṿ̂2̃  

3̈ѿҩ10 №ⱴ҉ҹ 11-10=1 № ṿ̂1̃  

    ’1 3 ₮ԅҹ11 № ṿ 2ҩ Ȃ  

 

4.4  

 

4.5 11 3  

   ↓ 8 ѿҩҹ ‗ ꜚ ⅞ ȂdpMakeChnge ҈ҩ ̔ѿҩ

ṿ ↓ ȁ ױ ᾫ ṿȁѿҩ № ᴨ ↓ Ȃ ₱

̆minCoinsᴪ ⌠0׆ ᾫ ṿ ѿҩ ṿ ᴨ Ȃ  



    

̆dpMakeChangeҌ ѿҩ ₱ ̆ ᶏ ױ ᶏ ԅ ‗ ҩ Ȃ

⌠ ̆ᵰ Ώѿҩץ ‗ ̆ᵖ Ҍ ‗ Ȃ

ҩ₱ №ῤ Ạ ̆ ׆ 4 Ȃ ҩ Ҭ̆ ױ ᶏ

ṿ ҹcentsҬ ṿᾫ ȂἝ ױ ҉ ҽ 11№ ᾫ ᶛ ̆

ױ № ᴨ Ҋ Ḡ minCoins↓ ҬȂ 

ױ ₮ ṿ҉Ạ ̆ᵖ Ҍ ꜛ ױ

ᾫ ̆ ҹ ױ ᶏױ Ȃ ױ ץ dpMakeChange

ױ ᶏ ̆ ҹminCoinsױ ѿ ⱴ ѿҩ ץ

ԅȂ ױ ԅ ѿҩ ⱴ ̆ ץ ⁞ ҩ ṿ ⌠ ᴨ ↓

Ҭӊ╠ ѿ Ȃ ױ ѿץ ṕ ↓ ⌠ ⌠↓ Ȃ   

2 ԅ ԅ dpMakeChnge ̆ ᶏ ̆ ѿ

ҩprintCoins ⱳ ̆ ↓ ̆ ₮ ҩᶏ ṿȂ ԅ ҩ ץ

‗ ױ Lower Elbonia Ȃmain ╠ң ԅ ̆ ғ⇔ ԅ ᶏ

ṿ ↓ Ȃ Ҋ ң ⇔ ԅ ױ Ữ ↓ ȂcoinUsed ѿҩ ױ

↓ ̆coinCount ҹ Ҭ ᵝ ṿȂ   

ױ ₮ ṿ coinUsed ↓Ȃ ѿ ₱ ̆ ׆ױ ↓ 63ᵝ

₮21Ȃ ױ ⌠63-21=42 ↓ 42 Ȃ ױ ѿ Ữԅ21Ȃ

̆↓ 21 Ӟ ԅ21̆ ױ ⌠ԅ҈ҩ21№ Ȃ 

  

def dpMakeChange(coinValueList,change,minCoins): 

   for cents in range(change+1): 

      coinCount = cents 

      for j in [ c for c in coinValueList if c <= cents]: 

         if minCoins[cents-j] + 1 < coinCount: 

            coinCount = minCoins[cents-j] + 1 

      minCoins[cents] = coinCount 

   return minCoins[change] 

def dpMakeChange(coinValueList,change,minCoins,coinsUsed): 

   for cents in range(change+1): 

      coinCount = cents 

      newCoin = 1 

      for j in [c for c in coinValueList if c <= cents]: 

            if minCoins[cents-j] + 1 < coinCount: 

               coinCount = minCoins[cents-j]+1 

               newCoin = j 

      minCoins[cents] = coinCount 

      coinsUsed[cents] = newCoin 

   return minCoins[change] 



 

2 (lst_dpremember)  

4.8    

ױ ԅ₃ ᶛ Ȃ ֓ ᵰ ԅ₃ Ҍ ץ ‗ ̆

ѿ ‗ Ȃ Ҋῤץ ̔  

ǻ  ΐ ᴆȂ  

ǻ  ⁞ ̆ ̆ ᴆ Ȃ  

ǻ  ̂ ̃Ȃ  

ǻ  ֓ ’Ҋ̆ ףץ ף Ȃ  

ǻ  ‗ Ȃ  

ǻ  Ҍ ̆ Ṝ ᴪ Ȃ  

4.9῏    

 

 ᴆ ̂ ̃ 

ꜚ ⅞   

  

4.10   

1. ҹ ѿҩ ȂẊ ҈ҩ Ȃ  

def printCoins(coinUsed,change): 

coin = change 

    while coin > 0: 

       thisCoin = coinsUsed[coin] 

       print(thisCoin) 

       coin = coin - thisCoin 

def main(): 

    amnt = 63 

    clist = [1,5,10,21,25] 

    coinsUsed = [0]*(amnt+1) 

    coinCount = [0]*(amnt+1) 

    print("Making change for",amnt,"requires") 

    print(dpMakeChange(clist,amnt,coinCount,coinsUsed),"coins") 

    print("They are:") 

    printCoins(coinsUsed,amnt) 

    print("The used list is as follows:") 

    print(coinsUsed) 

main() 



2. ҉ ↕̆ ѿҩ ҈ Ȃ  

3. ꜚ ⅞ ̆ ₮ҹ33 № Ȃ ԅ ṿץ

̆Ẋ ᵰ ṿҹ8 № Ȃ  

4.11    

ᴆ  

ѿҩ ₱ Ҭ̆Ҍᴪ ѿ ᴆ ѿҩ№ Ȃ  

  

ѿ ̆ ᶏץ ᶏ ⱴ ḂȂ  

  

₮ Ȃ  

  

ѿ ף№ ῀ѿҩtry-except Ȃ  

Ҍ   

ѿ Ҍ ץ Ȃᾝ ᵬ Ҍ ℗ ᵬᴪ Ȃ  

  

ѿҩ₱ ҌẢ ̆ ⌠ ᴆȂ ̆ѿҩ ₮

Ȃ  

  

ѿ ḱץ Ȃ Ȃ↓ ῖ̂ Ҋѿ ̃

̕ ұ ᾝ Ҍ Ȃ  

raise  

ᶏ  raise ѿҩ Ȃ 

  

₱ Ȃ 

  

₱ Ȃ Ӟ Ҍץ ðð₱ f ץ ğg h̆ h

fȂ 

ӈ  

ѿҩ ӈ ӈȂҹԅ ᵬ ̆ ӈ Ҍ ᴆ̆ᶏ Ҍ

ԍ ӈȂ ӈ ץ ᶫѿ ᴨ Ȃ 

ᾝ   

ѿҩ ᴋᵥ ᾝ ↓ ̆Ἕѿҩ↓ ̆ᵖ Ҍ Ȃᾝ ץ ԍᴋ

ᵥѿҩ Ҍ ’̆ ῖҬ keŷ Ҋѿ ̃Ȃ 



ᾝ ṿ  

ᶏ ѿҩ ṿ ץ ᾝ Ҭ ᾝ ṿȂ ṿ ̆ Ҍ ̆

ԍңҩᾝ ӊ ṿ ֜ № Ȃ 

ӟ   

1. Ώѿҩ ₱ ѿҩ ӗȂ 

2. Ώѿҩ ₱ ѿҩ↓ Ȃ  

3. ḱ ̆ᶏ Ҋץ ᶫ Ҭ ѿ ₃ :   

ǻ  ץ ̆ ₱ branchLen ᶏ ̆ Ӟ Ȃ  

ǻ  ץ ̆ ₱ branchLen ׆ ᶏ Ṝ̆ᶏ

Ἕ Ȃ  

ǻ  ẁ ѿ ῤ ̆ 15~45 ӊ ̆ ѿҊ Ȃ  

ǻ  ₱ branchLen ץ ̆ᶏӊҌ ѿ Ḡ ṿ̆ ѿ ῤ

Ȃ  

ᵰ ԅ҉ץ ⱳ ̆ᵰ ᴪ ѿ Ȃ   

4. ₮ ѿ └№ Ȃ ̔ ‗ ѿ Ῥ ≠ ҈ Ȃ   

5. Ώѿҩ ₱ ↓Ȃ ₱ ≠ ף ̆

ᵥ̙   

6.  ѿ ‗ ̆≠ ҈ҩ Ȃ   

7.  ᶏ ̆ Ώ ₮ ᴿ Ȃ   

8.  ᶏ ̆ Ώ ₮ Ȃ   

9.  Ώѿҩ Ҋץ‗ ̔ᵰ ңҩ ̆ѿҩ4ⱴב ѿҩ3ⱴב ̆ңҩ

҉ ̆ ѿҩ ץ Ҭⱴ Ȃ ᵥẠ 4ⱴב Ҭ ⌠2ⱴב

̙   

10. ҉ ̆ᶏ ᵰ ‗ ҩ ̆ Ҭ ▼ Ȃ   

11. Ώѿҩ ̆ Ҋץ‗ ̔҈ҩᴰ ҈ҩ ֲ ⌠ ̆ ѿ ̆

ץ ңҩֲ̆ ҩֲ Ȃ ̆ ҉ ֲ ֲ ᴰ ֲ

̆ᴰ Ȃ ₮ ᶏ ҩֲ ῃ ⌠ ѿ Ȃ   

12.  ̆ ‗ Ạ ꜚ Ȃ ̔ᵰ ץ ̆

ץ ҹ Ȃ  

13. Pascal҈ ѿҩ ҈ ̆ ֓ ץ Ҋ ѿ ֜ ↓̔ 

ὥ
ὲȦ

ὶȦὲ ὶȦ
 

ҩ ѿҩԋ Ȃ ץ ⱴ Pascal҈ ̆

҉ѿ ⱴ ȂPascal҈ ҽᶛ Ҋ̔  

        1  



      1   1  

    1   2   1  

  1   3   3   1  

1   4   6   4   1  

Ώѿҩ ₮Pascal҈ Ȃ ѿҩ ӈ҈ Ȃ   

14.  Ẋ ᵰ ѿҩ ѿҩ ẽ̆ ῀ԅѿҩ Ȃᵰ ҉ ѿҩ

ץ ẽ₮ ̆ ҩ W ̆ᵖᵰ ѿᴆ ᴇṿ

Ȃ ꜚ ⅞Ώѿҩ₱ ̆ ꜛᵰ ᴇṿ Ȃᵰ ≠ץ Ҋ ᶛ Ώ

̔Ẋ ᵰ ץ ҹ20̆ᵰ Ҋ5ᴆ ̔  

    item     weight      value  

      1        2           3  

      2        3           4  

      3        4           8  

      4        5           8  

      5        9          10   

15. ҩ Ạ ̆ Ҭ ⌠ԅ ᵬ ȂẊ ᵰ

ñalgorithmòҹñalligatoròȂ ԍ ѿҩ ̆ᵰ ҈ ׆̔ └ѿҩ ⌠

̆ ׆̕№5 − ѿҩ ̆ 20№̕ ῀ѿҩ ̆ 20№Ȃ

ѿҩ ҹ ѿҩ № ץ Ώ ᶏ ̆ ᵌ ᶫ Ȃᶏ

ꜚ ⅞ ̆Ώѿ ⌠ᴋᵥңҩ ӊ Ȃ  

  



 

5. ҍ    

5.1.   

ǻ  ԅ ԋ№ Ȃ  

ǻ  ԅ ȁῳ ȁ ȁ ȁ ῀ Ȃ  

ǻ  ԅ ↓ Ȃ 

ǻ  ԅ ̔ MapȂ 

ǻ  ↓ MapȂ   

5.2.    

ױ ᴪ ױ ⱬ ҉̆ ױ Ҭ ₮ Ȃ

Ҭ, ױ ӟ Ȃ ױ ӊ ӟȂ ѿ֓

Ҭ ⌠ѿҩ Ȃ ᴪ ₮ True FalseȂ

ᴪ ₮ ᵝ Ȃ ױ ̆ ῏ № Ȃ 

PythonҬ, ѿҩ ∞≢ ↓ ҬȂ ᶏױ in ҩ Ȃ 

 

ױ Ώ₮ ҩף ̆ᵖҹԅ ҩ ѿҩ ȂԊ ,

Ҍ ѿҩ Ȃ ױ ῐ ֓ ᵬ ץ ԑױ

ᴨⱷӊ№Ȃ 

5.2.1.   

Ữ Ҭ ̆ Ữ ѿҩ↓ Ҭ̆ ױ ̆ ױ ѿҩ ῏

Ȃ ѿҩ Ữ ѿҩҍῒז ᵝ Ȃ Python↓ ̆ ֓ ᵝ

ҩ ṿȂ ԍ ֓ ṿ ѿ ̆ ᶭץ Ȃױ ѿ ֟ ԅ

ѿҩ ̆ Ȃ 

1 ԅ ᵬ Ȃ׆↓ Ҭ ѿ ̆ ױ ∆ ѿ׆ ⌠Ҋ

ѿ ̆ ⌠ ױ Ȃ ױ ԅ ̆ ױ

ᴪ ױ Ҍ Ȃ 

 

5.1  

>>> 15 in [3,5,2,4,1] 

False 

>>> 3 in [3,5,2,4,1] 

True 

>>> 



ҩPython CodeLens 1 Ȃ₱ ҹѿҩ↓ ѿҩ ױ

̆ ғ ѿҩ ṿ̆∞ Ȃ found∆ ҹFalsĕ ױ

ױ ↓ Ҭ̆ ҹTrueȂ   

 

CodeLens  1) 

5.2.1.1. №   

№ ̆ ױ ѿҩ ᾝ Ȃ ѿҊ̆ҹԅ ‗ ѿ ̆ ױ

ѿ֓ Ȃ ԍ ̆ Ȃ

ױ ̆Ӟ Ȃ ̆ Ῥᵬѿҩױ Ȃ ↓ ᵥҌ Ḡ

Ȃ ⌠↓ ҬȂ ̆ ױ ᴋ ᵝ ̆

↓ ѿҩᵝ ̆ ױ ⌠ Ȃ   

Ҍ ↓ ῤ̆ ѿ Ⱳ ѿҩ Ȃ nҩ

̆ Ӈ n Ҍ ↓ Ȃ ↓ ’Ҋ̆

№ Ҍ Ӈ Ȃ ᾙ ҈ Ҍ ’ Ȃ ’ ױ

ױ ѿ ᵝ (↓ )Ȃ ֽֽױ ѿ Ȃ ’ ⌠ ѿ

̂ n ̃̆ ױ Ȃ  

’ Ӈ ̙ ’Ҋ̆ ױ ᴪ ↓ Ҭ ̆ ̆ ױ

n/2 Ȃ ̆ n ̆Ҍ ָӇ, ױ ᵌҬ ῏ ԅ̆

ץ O(n)Ȃ 1 ԅ҉ץ ֓ Ȃ   

Case Best Case Worst Case Average Case 

item is present 1 ὲ ὲ

ς
 

item is not present ὲ ὲ ὲ 

5.1  

ױ ᾢẊ ױ Ӱ ῀ ̆ ̆ ӊ Ḃ ῏ Ȃ

֓ ’Ҋ̆ ̆ ᴪ ָӇ̙ ױ ױ

̙   

Ẋ ↓ ѿҩ ׆) ⌠ )Ȃ ױ ↓ ̆

nҩᵝ Ҭ ᴋ ᵝ ᴪ ѿ╠ץ Ȃ ᶭױ

def sequentialSearch(alist, item): 

pos = 0 

    found = False 

    while pos < len(alist) and not found: 

       if alist[pos] == item: 

          found = True 

       else: 

          pos = pos + 1 

    return found 

testlist = [1, 2, 32, 8, 17, 19, 42, 13, 0] 

print(sequentialSearch(testlist, 3)) 

print(sequentialSearch(testlist, 13)) 



Ȃ ̆ Ҍ ↓ ̆ ᴪ ѿҩ ᴨלȂ 2 ԅ 50 ҩ

Ȃ ̆ ⌠54ӊ╠ѿ ᵬ Ȃ ̆ ѿ ҉̆ ױ ԅѿ֓

қ Ȃ ҹ ҩ↓ ̆ ץ 54ӊ╠ Ҍ⌠̆ Ӈ 54 ӞҌ

ᴆȂ ’Ҋ̆ ⌠Ȃ 

ץ ┴Ả ȂCodeLens 2 ԅ Ȃ   

 

 

5.2  

 

CodeLens 2  

2 ԅ҉ץ ֓ Ȃ ̆ ױ ץ Ҍ ↓ ̆

ѿҩ Ȃ ѿҊ̆ n/2 ̆ ױ ↓ ҬȂ 

item is present 1 ὲ ὲ

ς
 

item is not present ρ ὲ ὲ

ς
 

5.2  

  

1̔Ẋ ᵰ Ạ↓ [15, 18, 2, 19, 18, 0, 8, 14, 19, 14] ѿҩ ̆ҹԅ ⌠18̆ᵰ

Ạ ̙  

a) 5                  b) 10                  c) 4                  d) 2   

def orderedSequentialSearch(alist, item): 

pos = 0 

found = False 

stop = False 

    while pos < len(alist) and not found and not stop: 

       if alist[pos] == item: 

          found = True 

       else: 

          if alist[pos] > item: 

             stop = True 

          else: 

             pos = pos + 1 

    return found 

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,] 

print(orderedSequentialSearch(testlist, 3)) 

print(orderedSequentialSearch(testlist, 13)) 



2̔Ẋ ᵰ Ạ ↓ [3, 5, 6, 8, 11, 12, 14, 15, 17, 18] ѿҩ ̆ҹԅ ⌠13̆ᵰ

Ạ ̙   

a) 10                 b) 5                   c) 7                  d) 6   

5.2.2.ԋ№    

ѿ֓̆ ױ ץ ≠ ᴨלȂ Ҭ̆

ױ ѿ ̆ ѿҩ Ҍ ױ ̆ n-1 Ȃԋ№

Ҭ׆ ̆ Ҍ ↓ Ȃ ҍ ↨ױ ⌠ ̆↕

Ȃ Ҍ ̆ ױ ≠ץ ↓ ѿ ▼ᵩ Ȃ Ҭ

̆ ױ ץ ↓ Ҭ ѿ ῃ Ҭ ׆ץ Ҋ Ҭ ԅȂ ҹ

↓ Ҭ̆ ѿ ѿ Ȃ  

Ҋ ̆ ױ ץ ѿ Ҭ ҩ Ȃ׆Ҭ ̆ ᵬ ȂῬ

ѿ ̆ ױ Ӈ ⌠ԅ ̆ Ӈ׆Ҭ №◓↓ ̆ ѿ № ױ

Ȃ 3 ԅ ᵥ ⌠ṿҹ54 Ȃ CodeLens 3Ҭ ԅ₮ Ȃ 

 

5.3  

 

CodeLens  3  

ױ № ӊ╠̆ ױ ԅ ⌠ ҩ № ӊ ѿҩ ᶛ Ȃ№

ӊ ױ ѿҩ № ̆ ѿ֓ ‗ ֓ ̆ ҩ

⌠ Ȃ ױ ѿҩ↓ ԋ№ ̆ ױ ᾢ Ҭ Ȃ Ҭ

def binarySearch(alist, item): 

   first = 0 

   last = len(alist) ς 1 

   found = False 

   while first <= last and not found: 

       midpoint = ( first + last)//2 

       if alist[midpoint] == item: 

          found = True 

       else: 

          if item < alist[midpoint]: 

             last = midpoint -1  

          else: 

             first = midpoint +1 

return found 

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,] 

print(orderedSequentialSearch(testlist, 3)) 

print(orderedSequentialSearch(testlist, 13)) 



̆ ױ ץ ↓ № ԋ№ ̆ ̆ ̆ ױ ץ

№ ԋ№ Ȃ ̆ ѿҩ ↓ ԋ№ ȂCodeLen 4 

ԅ Ȃ   

 

CodeLens 4 4  

5.2.2.1.  ԋ№ №    

ҹԅ№ ԋ№ ̆ ױ ѿҩ׆ Ҭ ȁ ѿ Ȃ

ҩ↓ ̙ ױ n ̆  n/2 

ѿ ӊ Ȃ ԋ ӊ ̆ ᴪ n/4̆ n/8̆n/16̆ Ȃ ױ №◓

↓ ̙ ױ 3Ҭ ⌠ԅ Ȃ       

 №◓  

1 
ἶ
  

2 
ἶ
  

3 
ἶ
  

ŀŀ ŀŀ 

I  
ἶ

ἱ  

 3̔ԋ№ №  

◓№ױ ̆ ױ ԍѿҩ ѿ ↓ ̆ Ҍ ױ

ѿ ̆ ӊ̆ ױ ԅ Ȃ n/2^i=1 ⌠Ȃ i=loĝñȂ

῏ԍ↓ Ҭ Ȃ ̆ԋ№ O(log(n))Ȃ   

def binarySearch(alist, item): 

    if  len(alist) == 0 : 

        return  False  

    else: 

        midpoint = len(alist)//2 

        if  alist[midpoint] == item: 

            return True 

        else: 

            if  item < alist[midpoint]: 

               return binarySearch (alist[:midpoint],item) 

            else: 

               return binarySearch (alist[midpoint+1:],item) 

testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,] 

print(binarySearch(testlist, 3)) 

print(binarySearch(testlist, 13)) 



ױ ѿҩ № Ҭ ⱴ Ȃ ҉ Ҭ̆   

binarySearch(alist[:midpoint],item)  ᶏ ԅ℗ ᵬ ⇔ №↓ ̆ ᴰ ⌠Ҋѿҩ

̂ №Ӟѿ ̃Ȃ ҉ױ Ạ № Ẋ ℗ ᵬ Ȃ ̆ ױ

Python ℗ ᵬ ҉ O(k)Ȃ ԋ№ ᶏ ℗ Ҍᴪ Ҥ Ȃ

ץ ↓ ṿ Ȃ ҩ Ἕץ ױ 3Ҭ

Ȃ ױ ҩ ᵬ ᵬ ӟȂ 

ᶏԋ№ ̆ṿ ̆ ԍ nṿ̆ ⱴ

Ҍṿ ȂԊ ҉̆ ױ ѿ ᵬ ⌠ ᴨל

Ȃ ױ ץ ѿ ̆ Ҍ Ӈ Ȃ ̆ ԍ ↓ ̆

ѿ Ӟ ѿ׆̆ Ӟ Ȃ   

  

Q-40̔Ẋ ᵰ Ҋץ ↓ [3,5,6,8,11,12,14,15,17,18]̆ ԋ№ Ȃҹ

ԅ ⌠ 8̆Ҋ↓ ԅ ̙  

a) 11,5,6,8  

b) 12,6,11,8 

c) 3,5,6,8  

d) 18,12,6,8   

Q-41̔Ẋ ᵰ Ҋץ ↓ [3,5,6,8,11,12,14,15,17,18]̆ ԋ№ Ȃҹ

ԅ ⌠ 16̆Ҋ↓ ԅ ̙ 

a) 11,14,17  

b) 18,17,15  

c) 14,17,15  

d) 12,17,15    

 

5.2.3. ↓  

ӊ╠ Ҭ̆ ≠ױ Ữ ѿҩ Ҭ ӊ ᵝ ῏ ̆ ԅ

Ȃᶛ ̆ ѿҩ↓ ѿҩ ̆ Ӈ ױ ≠ץ ԋ№ ̆

└ ≢҉Ȃ ѿ Ҭ̆ ױ ѿ ѿ

̆ ԍ ҹO(1)Ȃ ҩ ҹ ↓Ȃ 

ҹԅ ѿ ̆ ױ ѿ ̆ ױ ῏ԍ ѿ

֓ᵝ ₮ Ḥ Ȃ ᵝ ҉̆ Ӈ ױ ≠ץ ῏

⌠ ҩᵝ ҉ Ȃ ̆ ’ Ҍᴪ Ӈ Ȃ 

↓ ѿ ̆ῒҬ ҩ Ữץ

Ȃ ↓ ѿҩᵝ Ạ ̆ ѿҩ ̆ 0׆ץ Ȃᶛ ̆

ѿҩ ҹ0̆Ҋѿҩ ҹ1̆ῬҊѿҩ ҹ2̆ ץ Ȃ ∆ ᴆҊ̆ ↓ Ҭ

ᴋᵥ ̆ ҩ Ȃ ױ ≠ץ ↓ ѿҩ ↓ ̆ ѿҩᾝ ∆

ҹNoneȂ 4 ԅѿҩ m=11 ↓ ̆ ӊ̆ ҩ ↓ Ҭ mҩ ̆ ױ ᶭ

ҹ0⌠10Ȃ 



 

4̔ 11ҩ ↓  

ҩ ҍ ↓ Ҭ Ữ ӊ Ạ ↓₱ Ȃ ↓₱ ץ ᴋ ѿҩ

Ữ⌠ Ҭ ѿҩ׃ԍ ῤ ̆ 0ҍm-1ӊ ȂẊ ױ ѿ↓

54ȁ26ȁ93ȁ17ȁ77ȁ31Ȃ ױ ѿҩ ↓₱ ̆ ҹñ ᵩò̆ Ữ

ҍ ↓ ̆ ᵩ ᵬҹ ҩ ↓ṿ(h(item)= item%11)Ȃ 4 ₮ԅ҉

ᶛ Ҭ ↓ṿȂṿ ̆ҹԅḠ ↓ṿ ↓ ῤ̆

ҩ ᵩ ⌠ ↓ṿ ԍ ↓₱ ҬȂ 

 ↓ṿ 

54 10 

26 4 

93 5 

17 6 

77 0 

31 9 

4 ̔≠ ᵩ ↓₱  

ѿ ₮ԅ ↓ṿ̆ ױ ץ ѿҩ ῀⌠ ↓ Ҭ└ ᵝ Ҭ̆ 5 Ȃ

ױ ץ ⌠ 11ҩ Ҭ 6ҩ Ȃѿ ̆ ױ ᶛ Ạ Ȃ

ҩᶛ Ҭ̆
ҩ

↓
Ȃ ҩᶛ Ҭ̆  

 

5̔ ῀ԅ6ҩ ↓  

ױ ѿҩ ̆ ױ ᶏ ↓₱ ⌠ ҩ

ҩ Ҭ Ȃ ҩ ҹÔ1̃̆ ҹ

₮ ↓ṿ ⌠ ↓ ᵝ ѿ Ȃ ↓₱

ᵝ ҉̆ ױ ⌠ԅѿҩ ҹ Ȃ 



ᵖ ᵰ ₮ԅ ҩ ̆ ֽ ѿҩ ↓ Ҭ Ҍ

’Ҋ ᵬȂᶛ ̆ ױ ↓ Ҭ ῀ѿҩ 44̆ ↓ṿҹ0

̂44 % 11 = 0̃Ȃᵖ ԍ77Ӟ ↓ṿ0̆ Ӟ ӊ֟ Ȃ ᵩ ↓

₱ ̆ңҩ ҩ Ữ ѿҩ ҬȂ ’ ҹ‖ Ȃ ̆‖ ↓

₮ ԅ Ȃ ױ ֓ Ȃ 

5.2.3.1. ↓₱  

ԍѿ ̆ ѿҩ ↓₱ ץ ѿҩ ⌠Ҍ Ҭ̆ Ӈ

↓₱ Ạ ↓₱ Ȃ Ҍ ̆ ױ ѿҩ

↓₱ ̂ᵰ ץ ӟ ῏ ↓₱ ̃Ȃᵖ ̆ ᴋ ѿ

̆ Ӈ ѿ ѿҩ ↓₱ Ȃ ̆ ױ Ҍ

ѿҩ ↓₱ ̆Ҍ ↓₱ ѿ ץ Ҭ ᴨ Ȃ 

ѿ ↓₱ ↓ ̆ ⌠

↓ Ȃ ѿ Ḡ ԅ ѿҩ ѿҩҌ Ȃ ҩ ԍ

̆ᵖ Ȃᶛ ̆ Ữ 9ᵝ

ᴪ ῃ ̆ ҩ Ҍ 10ַҩ ̆ ױ Ḡ 25ҩ ̆ ױ ᴪ

Ữ Ȃ 

ױ ⇔ ѿҩ ‖ ⌠ ̆ Ḃ̆ ғ № ⌠

↓ Ҭ ↓₱ Ȃ ₃ ᵩ ̆ ױ ῒҬ₃ҩȂ 

⇔ ↓₱ ̔ ᾢ № ̂ ѿҩ

Ҍ ̃Ȃ ֓ ⱴ̆Ῥ ᵩ ⌠ῒ ↓ṿȂᶛ ̆ ױ ѿұ 436-

555-4601̆ ױ ңҩѿץ ҩ № 5 ̂43,64,55,46,01̃Ȃ ⱴ ⌠Ȃ

Ẋױ ↓ 11ҩ ̆ ױ ᵩȂ ҹ̆ ץ 436-555-4601

1ҬȂ ѿҩ ѿҩ Ҋѿҩ Ῥ ⱴ Ȃ ҉ ᶛ

Ҭ̆ ױ ⌠̆ ᵩ ⌠  Ϸ Ȃ 

 ѿҩ⇔ ↓₱ ṿ Ạ Ҭ Ȃ ױ ᾢ ̆

ѿ №Ȃᶛ 44̆ ױ ᾢ Ȃ ₮Ҭ ңᵝ 93̆ Ῥ ᵩ ̆

⌠ 5 ԅ ֓ ᵩ Ҭ Ҭ ⌠ Ȃᵰ ᵰ ױ

ᵥ ⌠ Ȃ 

 ᵩ  Ҭ  

54 10 3 

26 4 7 

93 5 9 

17 6 8 

77 0 4 

31 9 6 

5̔ ᵩ Ҭ  



Ӟױ ҹץ ̆ᶛ ұ⇔ ↓ ̆ôcatô ץ Ạѿҩ ASCII

ṿȂ 

   

 

 

ױ ץ ҈ҩ ṿⱴ ̆ ᵩ ⌠ѿҩ ↓ṿ̂ 6̃Ȃ 1 ԅѿҩ

↓₱ ̆ ֟ ѿҩ ұ ѿҩ ̆ ѿҩ0⌠ -1 ↓ṿȂ 

 

6̔ ASCII ṿ ↓ѿҩ ұ 

1 

̆ ױ ↓₱ ↓ṿ Ṝ̆ ṕ ᴪ ⌠ ↓

ṿȂҹԅ ѿ ’̆ ױ ץ ᵝ ᵬҹ Ȃ 7 ԅѿ ≠

Ȃ ױ ѿ ↓₱ ᵬ ӟȂ 

>>> ord('c')  

99 

>>> ord('a')  

97 

>>> ord('t')  

116 

def hash(astring, tablesize):  

    sum = 0  

    for pos in range(len(astring)):  

        sum = sum + ord(astring[pos])  

    return sum%tablesize  



 

7̔ ѿҩ ұ ↓ṿ 

 ᵰױ ץ ₮ῒז ѿ֓ ↓ṿȂᵖ Ԋ ↓₱

ץ ҹ Ữ Һ №Ȃ ↓₱ ԍ ̆

̆ Ҍ ԋ№ ̆ ԅ ↓

ӈȂ 

5.2.3.2.‖ ‗  

ױ ⌠‖ Ȃ ңҩ ↓⌠ ̆ ױ ѿ ԋ

ҩ ⌠ ↓ Ȃ ҩ Ạ‖ ‗Ȃ ╠ױ ⌠ ̆ ↓₱ ̆

‖ Ҍᴪ₮ Ȃᵖ ̆ ѿ Ҍ ̆‖ ‗ ҹ ↓ ѿ

№Ȃ 

 ѿ ‗‖ ↓ ѿҩ ҩ ‖ Ȃѿ

׆ ‖ ᵝ Ҋ ̆ ⌠ ױ ⌠ ѿҩ Ȃ ⌠

ױ ⌠ ѿҩ ̂ ̃ ҩ ↓ Ȃ ‖ ‗ Ạ ̆

↓ Ҭ Ҋѿҩ Ȃ ѿҩ ̆ ױ

Ạ Ȃ 

8 ԅ ᵩ ↓₱ ѿҩ ̂ 54 ȁ 

26 ȁ93 ȁ17 ȁ77 ȁ31 ȁ44 ȁ55 ȁ20 ̃Ȃ҉ 4 ԅ ↓ṿȂ 5

ԅ ↓ Ҭ Ữ Ȃ ױ 44 ⌠ 0 Ṝ̆‖ ₮ ԅȂ

̆ ѿҩױ ѿҩ ̆ ⌠ ױ ⌠ѿҩ ᵝ Ȃ ̆ ױ ⌠ԅ 1Ȃ 

    ̆55 0̆ᵖ ⌠ 2̆ ҹ Ҋ ѿҩ Ȃ

ѿҩ 20̆ ⌠ 9Ȃᵖ ԍ 9 ̆ԍ ױ ̆ ᾢױ

ԅ 10,0,1, 2̆ ױ ⌠ԅ 3Ȃ 

 

8̔≠ ‗‖  

 ѿ ≠ױ ѿҩ ↓ ̆ ױ ≠

ȂẊ ױ 93̆ᾢ ῒ ↓ṿ ⌠5̆ 5̆ 93̆ ץ

ױ Ȃ ױ 20 ̙ ↓ṿ 9̆ᵖ 9 31Ȃ Ҍױ

Ẋ̆ ҹ ױ ‖ Ȃ ױ ׆̆ 10 ̆ ⌠

ױ ⌠ 20 ⌠ѿҩ Ȃ 



    ѿҩ ֟ Ҭ ̔ל ᴪ Ҭ Ȃ ԍ ѿ ↓

ṿ֟ ԅ ‖ ̆ ѿ ↓ ᴪ ᾟȂ ᴪ ῀ ֟

̆ Ἕ ╠ӊױ ⌠ ̆ 20ⱴ῀ ↓ Ҭѿ Ȃ ѿ ṿⱴ῀⌠ ↓ Ҭ 0

⌠ ⌠ Ȃ Ҭ 9 Ȃ 

 

9̔ѿ 0  

ѿ ‗ Ҭ ̆ ҌῬױ ѿҩѿҩ ̆

ѿ֓ ̆ ⱴ № ₮ ‖ ̆ ⁞ Ҭ ₮ Ȃ

10 ԅ ᵥ ñ+3ò ‗‖ Ȃñ+3òѿ ѿҩ‖ ₮ ̆

ױ ңҩ Ҋѿҩ Ȃ 

 

10̔ ñ+3ò‗‖  

 ‖ ҹ ᵬῬ ↓ȂῬ ↓₱

newhashvalue=rehash(oldhashvalue) ̆ ԍ ̆ ΐᵣ

rehash(pos)= (pos+1)%sizeoftable Ȃ ԍñ+3ò Ῥ ↓̆ ΐᵣ

rehash(pos)=(pos+3)%sizeoftable Ȃ

rehash(pos)=(pos+skip)%sizeoftable Ȃ ѿ ̆ ҩ Ḡ

Ȃ ↕̆ ֓ ᴪ ȂҹԅḠ ѿ ̆ ױ

̆ Ӟ ױ ᶛ 11ҩ Ȃ 

ѿ Ạԋ Ȃ Ҍױ ‖ Ҭ ҩ ̆

ᶏ ѿҩῬ ↓₱ ᶏ ᴪᶭ ⱴ1,3,5,7,9̆ץ Ȃ ҹ

hҩ̆ ӇῬ ↓ ҹ h+1̆h+4̆h+9̆h+16ҩ̆ץ Ȃ ӊ̆ԋ

ᶏ ѿҩ ῃ ↓ᵬҹ ṿȂ 11 ԅ ױ ᶛ ԋ

ᾟ Ȃ 

 

11̔≠ ԋ ‗‖  

ѿҩ ‗‖ ף ᾛ ѿҩ ᾟѿұ Ҍ ѿҩ ̂ ᵬ ̃Ȃ

ᾛ ҩ ↓ Ҭ ѿҩᵝ ҉Ȃ ‖ ̆ ᵝԍ ҬȂ

ѿҩ Ҭ ῀ ̆ Ӟ ӊ ⱴȂ 12 ԅ

῀ ↓ Ȃ 



 

12̔ ‗‖  

 

Q-17 ̔ ԍѿҩ 13ҩ ↓ ̆27 130 ᴪ ῀ ₃ҩ Ҭ̙ 

ã1, 10 

b̃13, 0 

c̃1, 0 

d̃2, 3 

Q-18 ̔Ẋ ᵰ Ҋ↓11ҩ ῀ ↓ Ҭ̆ ѿҩ ԅ ῀

ӊ ↓ ’̙113 , 117 , 97 , 100 , 114 , 108 , 116 , 105 , 99 

a) 100, __, 113, 114, 105, 116, 117, 97, 108, 99 

b) 99, 100, __, 113, 114, 116, 117, 105, 97, 108 

c) 100, 113, 117, 97, 14, 108, 116, 105, 99, __, __ 

d) 117, 114, 108, 116, 105, 99, __, 97, 100, 113 

5.2.3.3.  

 ῖ PythonҬ ӊѿȂ ῖ ѿҩ Ữץ - ῏ Ȃ

῏ ṿ Ȃ ױ ҩ ᵬ Ȃ 

 ӈ Ҋ̔ ѿҩץ ҍѿҩ ṿӊ ῏ ᵬҹ Ȃ

Ҭ Ḡץ̆ ṿӊ ѿѿ ῏ Ȃ Ҋץ ῏ ᵬ̔ 

 ̧ Map() ֟ ѿҩ ̆ ѿҩ Ȃ 

 ̧ Put(key,val) Ҭ ⱴѿҩ - ṿ Ȃ ̆ Ӈ

ṿ ҹ Ȃ 

 ̧ get(key) ѿҩ key ṿ̆ ῏ ̆ Ҍ ̆ None Ȃ 

 ̧ del ׆ Ҭ− ѿҩ - ṿ ̆ ҹ del map[key] 

 ̧ len() Ҭ Ữ - ṿ ҩ  



 ̧ in key in map̆  True ↕  False 

ῖ ѿҩ ԍ ̆ ױ ⌠ҍῒ῏ ṿȂҹԅᶏ

ץ ̆ ױ ѿ Ȃ ױ ᶏץ ѿҩ ↓ ᶏ ԋ

№ ̆ᵖ ᶏ ↓ Ȃ ӊ╠ ̆ ѿҩ ↓ Ҭ

Ô1̃ ≢Ȃ 

2Ҭ ױ ңҩ↓ ⇔ ѿҩ ↓ ̂HashTable class̃

ȂῒҬѿҩ ҹslotŝ ̃̆ Ữ ̆ ѿҩ ↓ ᵬdată Ữ ṿȂ

ױ ѿҩ ̆ data↓ Ҭ ᵝ Ḡ ṿȂᶭ ӊ╠ ̆ ױ

ᵬѿҩ ↓ Ȃ ⌠ ↓ ∆ ҹ11Ȃ ↓ ᴋ

̆ᵖ ῒ ҹѿҩ ӈ ̆ ᶏ ‗‖

ᵬ Ȃ 

 

2 

 ↓₱ ᵩ Ȃ ‖ ‗ ñ+1ò ȂῒҬput₱

̂ 3̃Ẋ ѿ ⌠ѿҩ ῀ ̆ self.slotsҬ Ȃ

ԍ Ẋ ̆ ₮ ∆ ↓ṿ̆ Ҍҹ ̆ Ῥ ↓

̂rehash̃₱ ⌠ ⌠ ᵝ Ȃ ѿҩ ̆ Ӈ ῒ ṿ

ҹ ╠ ṿȂ 

 

class HashTable:  

    def __init__(self):  

        self.size = 11  

        self.slots = [None] * self.size  

        self.data = [None] * self.size  



3 

ᵌ ̆get₱ ̂ 4̃Ӟ ᾢ ∆ ↓ṿȂ Ҍ Ҭ̆Ῥ ↓

̂reshash̃₱ ᴪ ѿҊҩ Ữ ᵝ Ȃ ⌠ 15 Ḡԅ ױ Ῥ

def put(self,key,data):  

  hashvalue = self.hashfunction(key,len(self.slots))  

if self.slots[hashvalue] == None:  

    self.slots[hashvalue] = key  

    self.data[hashvalue] = data  

  else:  

    if self.slots[hashvalue] == key:  

      self.data[hashvalue] = data  #replace  

    else:  

      nextslot = self.rehash(hashvalue,len(self.slots))  

      while self.slots[nextslot] != None and \  

self.slots[nextslot] != key:  

        nextslot = self.rehash(nextslot,len(self.slots))  

if self.slots[nextslot] == None:  

        self.slots[nextslot]=key  

        self.data[nextslot]=data  

      else:  

        self.data[nextslot] = data #replace  

def hashfunction(self,key,size):  

     return key%size  

def rehash(self,oldhash,size):  

    return (oldhash+1)%size  



⌠ ̆Ḡ ԅ ᵬҌᴪ ῀ Ȃ ’ ԅ̆ Ӈ ױ

̆ ҩ ѿ Ҍ Ȃ 

    ↓ ̂HashTable class̃ ѿ֓ ᵬ ᶫԅ ῖ ⱳ Ȃ ױ ԅ

__getitem__ __setitem__ᾛ ᶏ ľ[] Ŀ ῖ Ȃ ѿ ѿҩ ↓ ̆

ױ ᵬ Ȃ ױ ▼Ҋ ᵬ ӟȂ 

 

 

 

Ҋ № ԅ ↓ ̂HashTable class̃ ᵬȂ ᾢ ױ ѿҩ ↓ Ḡ

ѿ֓ ұ ṿ Ȃ 

 

 

  Ҋ ױ ḱ ѿ֓ Ȃ 20 ṿ ԅȂ 

 

ף  4.4  

Ҋ № ԅ ↓ ̂HashTable class̃ ᵬȂ ᾢ ױ ѿҩ ↓ Ḡ

ѿ֓ ұ ṿ Ȃ 

 

 

 

def get (self,key): 

startslot = self.hashfunction(key,len(self.slots)) 

 

data = None 

stop = False 

found = False 

position = startslot 

while self.slots[position] != None and not found and not stop: 

    if self.slots[position] == key: 

        found = True 

        data = self.data[position] 

    else: 

        position = self.rehash(position,len(self.slots)) 

        if position = startslot: 

            stop = True 

return data 

 

def __getitem__(self,key): 

return self.get(key) 

 

def __setitem__(self,key,data): 

    self.put(key,data) 

 

>>> H = Hashtable() 

>>>H[54] = άcatέ 

>>>H[26] = άdogέ 

>>>H[93] = άlionέ 



 

 

 

 

 

 

 

 

 

    Ҋ ױ ḱ ѿ֓ Ȃ 20 ṿ ԅȂ 

 

 

 

 

 

 

 

 

 

5.2.3.4. ↓ №  

╠ױ ⌠ ̆ ’Ҋ̆ ↓ ᶫѿҩ ҹÔ 1̃̆

Ȃ ̆ ԍ ↓‖ ̆ ᵬ Ӈ Ȃ ↓ №

₮ԅ ̆ᵖ ׅױ ₮ѿ֓ ԅ ĺĺ ᵀ ҹԅ ѿҩ

Ȃ 

 № ↓ ᶏ ’ Ȃ׆ ҉ ̆ ̆ Ӈ

‖ ᵞ̆ ᾟ ױ ԍ ᵝ ҉Ȃ ̆

ҩ ↓ ԍ ̆ ᴪ ‖ Ȃ‖ ‗Ӟᴪ

̆ ᵬ ⌠ѿҩ Ȃ ‗‖ ̆ ‖

҉ᴪ Ữ Ȃ 

ᾢ╠ѿ ̆ ױ ᴪ ѿҩ ⱳ ѿҩҌ ⱳ Ȃ ԍѿҩ≠ ҍ

ⱳ ̆ ᵬ  ρ ̆ ѿҩ Ҍ ⱳ ᶛ

ᵬ ᴪ ⌠ ρ Ȃ ᶏױ ̆ ⱳᶛ

ρ ̆ ’Ҋ̆ ᴪ ʇ Ȃ 

 

>>>H[20]  

ΨchickenΩ 

>>>H[17] 

ΨtigerΩ 

>>>H[20] = ΨduckΩ 

>>>H[20] 

ΨduckΩ 

>>>H.data 

[77,44,55,20,26,93,17,None,None,31,54] 

>>>H.data 

[ΨbirdΩ,ΩgoatΩ,ΩpigΩ,ΩduckΩ,ΩdogΩ,ΩlionΩ,ΩtigerΩ,None,None,ΩcowΩ,ΩcatΩ] 

>> print(H[99]) 

None 

 



5.3.  

5.3.1.ῳ  

ῳ ѿҩ↓ Ȃ ң ̆ ғ֜ Ȃ

↓ ѿ ̆ ѿҩ ԅ ᵝ Ȃ ᵣ҉ ̆↓ ѿҩ ᴪ

ῒ ᵝ ľῳ ĿȂ 

ױ Ȃ ↓ n ̆ ѿ n- 1 Ȃ ̆ѿ ↓

Ҭ ̂ ↕ ӈ ̃ Ҭ ѿҩ̆ ᴪ ↓ ѿ

̆ ⌠ Ȃ 

5.1  ῳ ̔ ѿ  

  

 ԋ ̆ ᵝȂ ▼n- 1ҩ ̆ n- 2ҩ

Ȃ ԍ ѿ ᴪᶏҊѿҩ ᵝ̆ n- 1Ȃ n- 1

ӊ ̆ ѿ ᵝ̆ Ҍ Ῥ ῒז Ȃף 1 ῳ

₱ Ȃ ץ ↓ ҹ ̆ ֜ ↓ ḱ ̆ Ȃ 

    ֜ ᵬ̆ Ӟ ľ֜ ̂swap̃ Ŀ̆PythonҬ ֜ ᵬҍῒז

Ҍ Ȃ ̆֜ ↓ Ҭ ң ѿҩ ᵝ ̂ѿҩ ⱴ Ữ ̃Ȃ҉ץ ף

֜ץ ↓ Ҭ i j Ȃ ᵝ ̆ῒҬѿҩṿ ᴪ Ȃ 



    
ᵖ Python ̆ ľץ ṿĿȂ ľa,b=b,aĿ ץ ңҩ ṿ

̂ 2̃Ȃ ṿ ץ ѿ ֜ ᵬȂ 

ף 1Ҭ5- 7 ֜ i i+1 ԅ╠ ҈ ף ̆ῒ Ӟױ ץ ṿ ֜

Ȃ 

 

 

 

 

 

  

 

 

 

5.2  Python Ҭ ңҩṿ ֜  

 

 

 

 

 

Ҋ ף ԅ ῳ ₱ Ȃ 

 

 

 

 

 

 

 

 

 

def bubbleSort(alist): 

for passnum in range(len(alist)-1,0,-1): 

    for I in range(passnum): 

        if alist[i]>alist[i+1]: 

            temp = alist[i] 

            alist[i] = alist[i+1] 

            alist[i+1] = temp 

alist = [54,26,93,17,77,31,44,55,20] 

bubbleSort(alist) 

print(alist) 



 

ף 5.1  ῳ (lst_bubble)  

   Ҋ ױ № ῳ Ȃ ⌠̆Ҍ ∆ ↓ Ҭ ᵥ ↓̆ ѿҩ ҹn

↓ n- 1 Ȃ 1 ԅ Ȃ -n⌠1׆ 1

̆ 1/2(n
2
- n)Ȃ ҹO(n

2
)Ȃ ’Ҋ̆ ↓ ̆ Ҍ

֜ ̕ᵖ ’Ҋ̆ ѿ ѿ ֜ ̆ Ҋ ̆ ֜ױ ᵬ

ѿ Ȃ 

                             

1 n- 1 

2 n- 2 

3 n- 3 

ŀ ŀ 

n- 1 1 

5.1  ῳ  

 

  ҹῳ ᵝ ⌠ӊ╠Ҍ ֜ ̆ ץ ҹ ᵞ

Ȃ ֓ľ Ŀ ֜ ᵬ ԅ Ȃᵖ ̆ ԍῳ ҩ

№̆ Ạѿ֓ץ ẠҌ⌠ ԊȂ ῒ ҩ Ҭ ֜ ̆ ױ

↓ Ȃ ῳ ̆ᶏῒ ↓ ’Ҋ ╠ Ȃ

̆ ѿҩ↓ ₃ ̆ῳ ᴨ̔ל ץ ↓

┴ Ȃף 2 ῳ Ȃ ᵬľ ῳ ĿȂ 

 

 

 

 

 

 

 

 

 

 

ף 5.2  ῳ (lst_shortbubble)  

 

def shortBubbleSort(alist): 

exchanges = True 

passnum = len(alist)-1 

while passnum > 0 and exchanges: 

exchanges = False 

for i in range(passnum): 

if alist[i]>alist[i+1]: 

    exchange = True 

    temp = alist[i] 

    alist = alist[i+1] 

    alist[i+1] = temp 

passnum = passnum-1 



̋̈ ↓ [19, 1, 9, 7, 3, 10, 13, 15, 8, 12] ̆ Ҋ ҩ↓ ῳ ҈

ӊ ↓ ̙ 

a) [1, 9, 19, 7, 3, 10, 13, 15, 8, 12]  

b) [1, 3, 7, 9, 10, 8, 12, 13, 15, 19]  

c) [1, 7, 3, 9, 10, 13, 8, 12, 15, 19]  

d) [1, 9, 19, 7, 3, 10, 13, 15, 8, 12]  

5.3.2.  

ԅῳ ̆ ѿ ↓ ֜ ѿ ̆ ѿ

⌠ ̆ ̆Ῥ ⌠ ᵝ Ȃ ῳ ѿ ̆ ѿ ̆

ᵝ̆ ԋ ᶏ ᵝȂ ҩ ̆ѿ῍ n- 1 nҩ

̆ ҹ ѿҩ n- 1 ӊ ᵝȂ 

    3 ԅ ҩ Ȃ ѿ ̆ Ҭ̆ ⌠ ᵝ Ȃ

ѿ ԅ93̆ ԋ ԅ77̆ ҈ ԅ55̆ ץ Ȃף 1 ԅ

₱ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

ף 5.3  ̂lst_selectionsortcode ̃ 

 ᵰ ₮ ԅ̆ ῳ Ạԅ ̆ O(n2)̆ᵖ

̆ ԍ⁞ ԅ֜ ̆ ף ‰ Ҭ ȂԊ ҉̆ ҉ ↓ ̆

ῳ ԅ20 ֜ ̆ ԅ8 Ȃ 

 

̋̈ ↓ [11, 7, 12, 14, 19, 1, 6, 18, 8, 20] ̆ Ҋ ҩ↓ ҈

ӊ ↓ ̙ 

a) [7, 11, 12, 1, 6, 14, 8, 18, 1 9, 20]  

b) [7, 11, 12, 14, 19, 1, 6, 18, 8, 20]  

c) [11, 7, 12, 14, 1, 6, 8, 18, 19, 20]  

d) [11, 7, 12, 14, 8, 1, 6, 18, 19, 20]  

 

5.3.3. ῀  

  ῀ ׅ O(n
2
)̆ᵖῒ ᵬ Ҍ Ȃ Ḡ ѿҩᵝ ╠

̆ ѿҩ ľ ῀Ŀ⌠╠ ̆ ⱴѿ Ȃ 4

ԅ ῀ Ȃ ף ԅ ѿ Ȃ 

def selectionSort(alist): 

for fillslot in range(len(alist)-1,0,-1): 

positionOfMax=0 

for location in range(1,fillslot+1): 

if alist[location]>alist[positionOfMax]: 

positionOfMax = location 

temp = alist[fillslot] 

alist[fillslot] = alist[positionOfMax] 

alist[positionOfMax] = temp 

     

alist = [54,26,93,17,77,31,44,55,20] 

selectionSort(alist) 

print(alist) 



 

5.4  ῀ ̂insertionSort ̃ 

  

ױ ҹ ѿҩ ↓ Ȃ ѿҩ 1׆̂ ⌠n- 1̃̆

ҩ ᴪ Ҭ Ȃ ̆ ױ ӊ╠ ↓ Ҭ ҩ

⌠ Ȃ ԍ ╠ ̆ ╠ ԅ ̆

ץ ῀ ╠ Ȃ 

 

  5.4 ԅ ԓ Ȃ ⌠ ╠ᵝ ̆ Ҭ ԅ

ľ17̆ 26̆ 54̆ 77̆ 93Ŀԓҩ Ȃ ױ 31 ῀ ҬȂ ѿ ̆31 93 ̆93 ⌠

31 Ȃ ̆77 54Ӟ ᵝȂ ⌠26 ̆ ꜚ Ả ̆31 ῀⌠ Ȃ ױ ԅ

ѿҩ 6ҩ Ȃ 



    

                    5.5  ῀ ̔ ԓ  

 

 ῀ ף̂ 5.4̃ Ҭ̆ nҩ ׅ n- 1 ̂n- 1 ̃Ȃ ԍ

ҩ ῀⌠ӊ╠ Ҭ̆ ף ᵬ ׆ ѿҩᵝ ’ ̆ ᵩҊn- 1

ҩᵝ Ȃ 8 ᵬ̆ ҩ ⌠ ѿҩᵝ ̆ ₮ ╠ᵝ ץ

῀Ȃ ̆ Ҍ ╠ңҩ ľ֜ Ŀ Ȃ 

    ῀ ׅ -n⌠1׆ 1 ӊ ̆ ҹO(n
2
)Ȃᵖ

̆ ’Ҋ̆ ѿҩ ѿ ̆ ↓ ’Ȃ 

 

῏ԍľ Ŀҍľ֜ Ŀ ᵬ Ӟ Ȃ ’Ҋ̆ľ Ŀ ҹľ֜ Ŀ

1/3̆ ҹ ѿ ṿ ᵬȂ ‰ Ҭ̆ ῀ Ȃ 

 

 

 

 

 

 

 

 

 

ף 5.4 ῀ ̂lst_insertion ̃ 

 

def insertionSort(alist): 

for index in range(1,len(alist)): 

 

currentvalue = alist[index] 

position = index 

 

while position>0 and alist[position-1]>currentvalue: 

alist[position]=alist[position-1] 

position = position-1 

 

alist[position]=currentvalue 

alist = [54,26,93,17,77,31,44,55,20] 



 1. ↓ [15, 5, 4, 18, 12, 19, 14, 10, 8, 20] ̆ Ҋ ҩ↓ ῀ ҈

ӊ ↓ ̙ 

a)  [4, 5, 12, 15, 14, 10, 8, 18, 19, 20] 

b)  [15, 5, 4, 10, 12, 8, 14, 18, 19, 20] 

c)  [4, 5, 15, 18, 12, 19, 14, 10, 8, 20] 

d)  [15, 5, 4, 18, 12, 19, 14, 8, 10, 20] 

 

5.3.4.  

    Ạñ ò̆ ץ ῀ ҹ ̆ ↓ ⅞№ҹѿ

֓ ↓ ̆Ῥ ѿҩ ↓ ῀ ׆̆ ῀ Ȃ⅞№ ↓

῏ Ȃ ױ Ҍ ↓ № ᾝ ↓̆ ѿҩ⅞№↓

ñiò̆ ҩi ‰ ̆ ⅞№ Ȃ ҹi ᾝ ₮ ↓

Ȃ 

6̆ ѿҩ Ӝҩᾝ ↓ Ȃ 3ҹץױ ⅞№̆ ᴪ№ҹ҈ҩ ↓ ̆

ѿҩ ץ ῀ Ȃ ҈ ῀ ӊ ̆ ױ ⌠ԅ 7 ↓ Ȃ ҩ

↓ ῃ ̆ᵖ ̆ ױ ↓ ӊ ̆↓ Ҭ ҩᾝ ⱴ

ᵝ Ȃ 

      

     5. 3ҹץ 6  

      

           5. 7 ҩ ↓ ’ 

 



8ҹ ױ ԅ 1ҹץ ῀ ̆ ‰ ῀ Ȃ ⌠̆

╠ ↓ ӊ ̆ ⁞ױ ԅ ↓ ꜚ Ȃ ҩᶛ Ҭ̆

ֽױ Ῥ ꜚ ץ Ȃ 

           

     5. 1ҹץ 8 ῀  

 

ӊ╠ ױ ⌠ ̆ ⅞№ ӊ Ȃף 1Ҭ ₱ ᶏ ԅ

ѿ Ҍ Ȃ ҩᶛ Ҭ̆ ׆ױ 2ҩᾝ ↓ ̕Ҋѿ 4ҩᾝ

↓Ȃ ̆ ҩ ↓ ῀ Ȃ 9 ԅ ױ ᶛ Ҭ ҩ ѿ ↓

̂ ’̃Ȃ 



    Ҋ ₱ ᴪ Ҍץ₮ № ↓ ̆ ѿ ҹ

1Ȃ 

ף  5. 1   

ӌѿ ̆ᵰ ᴪ Ҍᴪ ῀ ̆ ҹ ѿ ԅѿ

῀ ȂᵖԊ ҉̆ ѿ Ҍ ꜚ̆ ҹ ҉ ̆

ҩ↓ ӊ╠ ↓ ῀ Ҭ ԅ № Ȃ ̆ ҩ ᶏ ҩ↓ ҍ

ԍ Ȃ ᶏ Ȃ 

№ ₮ ӥ ̆ ԍ ̆ ױ ץ

ԍO(n)׃ O(n2)ӊ Ȃ ᶏ ֓ ̆ ҹO(n2)Ȃ

̆ 2k-1̂1,3,5,7,15,31ץ ̃ҹ ̆ ץ ⌠

O(n3/2)Ȃ 

 

def shellSort(alist): 

 sublistcount = len(alist)//2 

 while sublistcount > 0: 

 

 for startposition in range(sublistcount): 

  gapInsertionSort(alist,startposition,sublistcount) 

 

 print("After increments of size",sublistcount, 

       "The list is",alist) 

 

 sublistcount = sublistcount // 2 

 

def gapInsertionSort(alist,start,gap): 

for i in range(start+gap,len(alist),gap): 

 

  currentvalue = alist[i] 

  position = i 

 

  while position>=gap and alist[position-gap]>currentvalue: 

  alist[position]=alist[position-gap] 

  position = position-gap 

 

  alist[position]=currentvalue 

 

alist = [54,26,93,17,77,31,44,55,20] 

shellSort(alist) 

print(alist) 

 



 1. ↓ ̔[5, 16, 20, 12, 3, 8, 9, 17, 19, 7]̆Ҋ ҩ ԅ3ץҹ ֜

↓ ’̙ 

a)  [5, 3, 8, 7, 16, 19, 9, 17, 20, 12] 

b)  [3, 7, 5, 8, 9, 12, 19, 16, 20, 17] 

c)  [3, 5, 7, 8, 9, 12, 16, 17, 19, 20] 

d)  [5, 16, 20, 3, 8, 12, 9, 17, 20, 7] 

 

5.3.5.  

 

ױ     ⱬ ⌠ № ӊ Ȃ ױ ѿ

Ȃ ѿ ̆ ѿҩ↓ № ң Ȃ ↓

ѿҩᾝ ̆ Ӈ ӈ̆ ԅ̂ ’̃Ȃ ↓ ᾝ ѿ

ҩ̆ ױ ↓ №̆ №≢ ңҩ № Ȃѿ ңҩ № ԅ̆ Ӈ

Ạ ᵬ̆ ԅȂ ѿҩ ̔ ңҩ ԅ ↓

ѿ ѿҩ ѿ ̆ ↓ Ȃ 10 ԅ ױ ᵬҹᶛ ↓ ᵥ

№̆ 11↕ ԅ ֓ ↓ Ȃ 

ף 1Ҭ ₱ ԍ ᴆ Ȃ ↓ ԍ ԍ

ѿ̆ Ӈ ױ ԅѿҩ ↓ Ҍ Ạᴋᵥ ԅȂ Ҍ ̆ ↓

ԍѿ̆ Ӈ ױ Python ℗ ᵬ ң № Ȃ ⌠ ѿ ̔↓

Ҍ Ẽ ҩ Ȃᵖ ῏ ̆ ҹ ≢ӞҌᴪ ѿȂ 

ѿ ₱ ң ̂8- 9 ̃̆ Ẋ ױ ԅȂ ▼ᵩ

№ ₱ ̂11- 31 ̃ ңҩ ↓ ѿҩ ↓ Ȃ ᵬ

ңҩ ↓ Ҭ ᾝ ѿѿ ↓ Ȃ 

₱ ⱴԅѿҩ ̂ ԋ ̃ ӊ╠ ↓ ῤ

Ȃ Ӟ ѿ ̂32 ̃ Ȃ ԅ₱ ױ ᶛ↓

Ȃ ԅ 44,55 20 ↓ №̆44 № ԅ ѿҩ↓ 55 20

№ ԅ ԋҩȂ ױ ץ ⌠ № ᵥ ֟ ѿҩ ѿ֓ ↓

↓ Ȃ 

ҹԅ№ ̆ ױ ңҩҌ Ȃ ѿ ̆↓ №̆ ױ

̂ ԋ№ Ҭ̃ ̆ ױ logn ҹn ↓ №Ȃ ԋҩ

Ȃ ҩ↓ Ҭ ᾝ ↓ Ҭ̆ ץ ᵬ ѿҩ

ҹn ↓ n ᵬȂ № ̆ № logn ᵬ №

n ᵬ ᵬ ҹnlognȂ ѿ O(nlogn) Ȃ 

̆℗ ᵬ ԍѿҩ ҹK ℗ K ̆ҹԅḠ ҹ

O(nlogn)̆ ױ ℗ ᵬ̆ ̆ ױ Ṝᴰ῀↓

ԅȂץ ױ ҩ ᵬҹѿҩ ӟȂ 

⌠ №↓ ₱ №₮ ңҩ

№Ȃ ↓ ̆ ѿҩ ̆ ᶏ

₮ Ȃ 

 



1. Ҋ ↓ [21, 1, 26, 45, 29, 28, 2, 9,16, 49, 39, 27, 43, 34, 46, 40]

ҩ ԅ ҈ ̙ 

a) [16, 49, 39, 27, 43, 34, 46, 40]  

b) [21,1]  

c) [21, 1, 26, 45]  

d) [21]  

 2. Ҋ ↓ [21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43, 34, 46, 40]

ҩ ԅ ᾢ ңҩ↓ ̙ 

a) [21, 1] [26, 45]  

b) [[1, 2, 9, 21, 26, 28, 29, 45] [16, 27, 34, 39, 40, 43, 46, 49]  

c) [2 1] [1]  

d) [9] [16]  

 

5.3.6.  

 

    ԅ ѿ № ӊ ᴨ̆לᵖ Ҍ ᶏ

Ữ Ȃ ӊ ̆ ױ ↓ Ҍ№ ң ̆ Ṝ̆ ױ ץ

⌠̆ ᵬ⁞ ԅȂ 

ᾢ ѿҩҬṿȂ Ҍ ҩ ṿ̆ ױ ᴪ

↓ ѿ ȂҬṿ ᵬ ԍ ꜛ № ҩ↓ ȂҬṿ ↓ ᵝ ̆

ױ ӊҹ№◓ ̆ ↓ ңҩ № №≢ ₱ Ȃ 

12 ԅ54 ᵬҹ ױ ѿҩҬṿȂ ԍ ױ ᾙᶛ ԅ̆ ױ

54 31 ᵝ Ȃ ̆№ Ȃ ⌠№◓ ᵝ ғ ꜚ

⌠↓ Ҭ ᵝ ̂ Ҭṿ ̆ ̃ 

№ ңҩᵝ ττ ױ ױ ττ ↓ ѿ

ѿ Ȃ№ ԍҬṿ ѿ ⌠ ѿ ̆ ⌠№◓

Ȃ 13 ԅ ҩ ̆ ױ 54 ⌠ԅ ᵝ Ȃ 

ױ ̔ Ҍױ ꜚ ⌠ ԅѿҩ Ҭṿ Ȃ ױ

ꜚ ⌠ ױ ⌠ѿҩ Ҭṿ Ȃ ҩ Ṝ ױ ⌠ԅңҩ

ԍ №◓ ᵝ ᾝ Ȃ ױ ᶛ Ҭ̆ 93 20Ȃ ױ ֜ץ ңҩ

ᾝ ̆ ҩ ԅȂ 

Ṝ̆ Ảױ ̆ ᵝ №◓ ᵝ Ȃ

Ҭṿ ץ №◓ ῤ ԑ ᵝ ᵝ ҉ԅȂ 

̆ ҩ№◓ ᾝ Ҭṿ ̆ ҩ ԅȂ ҩ↓ ץ №◓

№ ң ץ ңҩ № №≢ ԅȂ 

ף 1Ҭ ₱ Ҭ̆ ԅ ₱ ̆quickSortHelper Ȃ

quickSortHelper ҍ׆ ’ Ȃ ↓ ԍ ԍ1̆ Ӈ



Ȃ ↓ ̆ Ӈ↓ ץ №◓ Ȃ№ ₱

╠ Ȃ 

№ ₱ ̆ ѿҩ ҹn ↓ ̆ № ↓ Ҭ ̆ Ӈ

ᴪ logn № Ȃҹԅ ⌠№◓ ̆nҩ Ҭ ѿҩ Ҭṿ Ȃ Ӈ̆

nlognȂ ̆ Ҍ Ἕ ῤ Ȃ 

Ҍ ̆ ’Ҋ̆№◓ Ҍ Ҭ ̆ ץ Ẓ Ẓ ̆ Ҋѿҩ Ҍ

№ Ȃ ’Ҋ̆ ѿҩ ҹn ↓ ̆№ ԅ ѿҩ ҹ0 ↓

ѿҩ ҹn- 1 ↓ Ȃ ̆ ѿҩ ҹn- 1 ↓ ̆№ ԅ ѿҩ ҹ0 ↓

ѿҩ ҹn- 2 ↓ ץ̆ Ȃ ̆ ҉ץ ̆ ԅ

ҹÔ n^2̃ Ȃ 

╠ӊױ ⌠ ̆ Ҍ ҬṿȂ ≢ ̆ ױ ץ ᶏ ѿ ҹ

ά҈ έ ̆ ᵞҌ №◓ Ȃҹԅ Ҭṿ̆ ױ ↓ Ҭ ѿ

ҩȁҬ ѿҩץ ѿҩ҈ҩᾝ Ȃ ױ ᶛ Ҭ̆ ≢№ױ 54,77 20Ȃ Ҭ

ṿ̂ ױ ᶛ Ҭ 54̃ ̆ ғᶏ ᵬҹҬṿ̂ ̆ ױ ∆ᶏ Ҭṿ ̃Ȃ

ԍ ↓ ѿ Ҍ ԍ ԍ↓ Ҭ ᵝ ̆҈ҩṿ Ҭ ṿ ᴪ ѿҩ Ҭṿ

Ȃ ∆ ↓ ѿ ̆ ῒ Ȃ ױ Ҭṿ

Ҋᵬҹѿҩ ӟȂ 

 

 1. ↓ [14, 17, 13, 15, 19, 10, 3, 16, 9,12] Ȃᶭ ₮ ̆Ҋ

ҩ ҉ ↓ ̆ 2 № ↓ ῤ ̔ 

a) [9, 3, 10, 13, 12]  

b) [9, 3, 10, 13, 12, 14]  

c) [9, 3, 10, 13, 12, 14, 17, 16, 15, 19]  

d) [9, 3, 10, 13,12, 14, 19, 16, 15, 17]  

 2. ↓ [1, 20, 11, 5, 2, 9, 16, 14, 13,19] Ȃᶏ ά҈ έ̆ Ҋ ҩ

҉ ↓ ̆ ⌠ 1ҩάҬṿέ̔  

a) 1   b) 9   c) 16   d) 19  

 3. Ҋ ֓ ̆ ᶏ ’Ҋ̆ Ḡ O(nlog n)  

a)   

b)   

c)   

d)  ῀  

 

5.4.  

 

ǻ  ҉ ̆ῒ ҹO(n)̕ 

ǻ ҉ ԋ№ ̆ ’Ҋ̆ ҹO(log n) ̕ 



ǻ ↓ ץ ̕ 

ǻ ῳ ȁ ῀ O(n
2
) ̕ 

ǻ ῀ ҉ ԅ ̆ ̆ῒ

ץ O(n) O(n
2
)ӊ ̕ 

ǻ O(nlog n) ̆ᵖ Ữ ̕ 

ǻ O(nlog n), ᵖ №◓ Ẓ ↓ Ҭ ̆ ’Ҋᴪ

⌠O(n^2)Ȃ Ҍ Ữ Ȃ 

 

5.5  ῏  

 

ԋ№  ῳ   

 ‖  ‖ ‗ 

  ↓₱  

↓  ↓  ῀  

   

҈    

Ҭ  №  

↓₱  Ҭṿ ԋ  

 Ῥ ↓  

  ῳ  

 №   

 

5.6.  

1. ᶏ Ҭ ₮ ↓ Ὲ , ’Ҋ ̆ ↓ Ҭ

ҍ ӊ ҹ̔ 

 ̧ 10%  

 ̧  25% 

 ̧  50%  

 ̧  75%  

 ̧  90%  

 ̧  99%  

ָӇ ’Ҋ̆ᵰ ҹ ↓ ԅ̙ Ȃ 

2. ᶏ ұҬ ᵝ ᵬҹ ̆ḱ ↓₱ Ȃ 

ᶏױ .3 ѿҩ ұҬ ᵝ ᵬҹ ↓₱ Ȃ ѿҩ ⱴ

Ȃ ֓₱ Ẓ ᵥҌ ̙ 

4. ↓₱ Ȃᶏ ѿҩ ↓ ̂ ̆ ֲŀŀ̃̆ ↓₱

↓ṿȂ 



5. ֟ ѿҩ ↓ ̆ ↓ Ҋ↓ :  

 ̧ ῳ  

 ̧  

 ̧ ῀  

 ̧ ( )  

 ̧  

 ̧ (Ҭṿ )  

6. Ҋ ↓ ̔[1,2,3,4,5,6,7,8,9,10] ̆ ↓ Ҋ↓ :  

 ̧ ῳ  

 ̧  

 ̧ ῀  

 ̧ ̂ ̃ 

 ̧  

 ̧ (Ҭṿ )  

7. Ҋ ↓ ̔[10,9,8,7,6,5,4,3,2,1] ̆ ↓ Ҋ↓ :  

 ̧ ῳ  

 ̧  

 ̧ ῀  

 ̧ ( )  

 ̧  

 ̧ (Ҭṿ )  

8. Ҋ ↓ ̔['P','Y','T','H','O','N'] ̆ ↓ Ҋ↓

:  

 ̧ ῳ  

 ̧  

 ̧ ῀  

 ̧ ̂ ̃ 

 ̧  

 ̧ (Ҭṿ )  

9. ҹ Ҭ Ҭṿ ѿ֓ Ȃᶛ ̆ Ҭ Ȃ ғ

ᶏ ѿ֓ Ȃ ָӇ ᴆҊ̆ᵰ ᴨ

ⱷ̙ 

 

5.7. ӟ  

 

1. ѿҩ ̆ ↓ Ҭ ԋ№ ≢Ȃᶏ Ҭ ₮ ԋ

№ ̂ Ȃ̃ף ѿҩ ȁ ↓ Ȃ ҩ₱ Ạѿҩ ‰

№ Ȃᵰ ָӇ̙ᵰ ѿҊ ̙ 



2. ԋ№ ̆ ᾧ ℗ ᵬȂ ̆ ↓ ᴰ ԅ↓ ̆

ץ ᵝ ↓ Ҭ ṿȂ ѿҩ ֟ ↓ ҍ ᴆҬ

℗ ᵬ ԋ№ Ȃ 

3. ҹ ↓ ADT Map len ̂__len__̃Ȃ 

4. ҹ ↓ ADT Map in ̂__contains__̃Ȃ 

5. ᵰ ᵥ׆ѿҩᶏ ‗‖ ↓ Ҭ− ̙ ᶏ

̙ ’ ָӇ̙ Hashtable del Ȃ 

6. ↓ MapҬ̆ ↓ ҹ101Ȃ ↓ ̆ Ȃ

put ̆ᶏ ⌠ ѿ ṿ ̂ᵰ ‗ץ ѿṿ ԍᵰ ҍ

ᵀ̃̆ ↓ ᴪ ꜚ Ȃ 

7. ԋ ᵬҹῬ ↓ Ȃ 

8. ᶏ ѿҩ ̆֟ ѿҩ500ҩ ↓ Ȃᶏ Ҭ ѿ֓ ‰

№ Ȃ ױ ҉ Ȃ 

9. ᶏ ṿ ῳ Ȃ 

10. ῳ ץ ḱ ҹ ңҩ ῳ Ȃ ѿ ᵬ ҉ῳ ̆ ԋ ᵬ Ҋῳ Ȃ

֜ ѿ ⌠Ҍ ᵬȂ ָӇ ’Ҋ

Ȃ 

11. ᶏ ṿ Ȃ 

12. ᶏ Ҍ ѿҩ↓ ҉̆ ѿҩ ‰№ Ȃ 

13. Ҍᶏ ℗ ᵬ ₱ Ȃ 

14. ѿ ̂ ӊҹľ№ └Ŀ̃ ↓ Ҭᶏ ῀ Ȃҹָ

Ӈ ӈ ̙ ҹ ↓ Ȃᶏ Ҍ № └

№ Ȃ 

15. ľ҈ Ŀ̆ Ҭ Ҭṿ ̆ ѿҩ ң Ȃ 

  



 

6.  

6.1.  

ɔ  ῒᶏ ̕ 

ɔ  ԍ  ADT Map̕ 

ɔ  ↓ ̕ 

ɔ  ̕ 

ɔ  ץ ̕ 

ɔ  ᴨᾢ ↓̕ 

6.2. ᶛ  

ױ ԅἝ ↓ ̆ Ӟ ԅѿ ԅ ̆ ױ ῏

ѿ ττ ̂Treẽ Ȃ ҩ Ҭ ̆ ᵬ

̆ ̆ Ȃ ᵌ ̆Ӟ ȁ

̆ ױ Ҍ ӊ ԍ Ҭ ↕ Ȃ 

ױ ӟ ӊ╠̆ ᾢױ ₃ҩ ᶛ Ȃ ѿҩᶛ Ҭ № Ȃ

6.1 ѿҩꜚ № ᶛ Ȃ׆ ҩ ᶛ Ҭ̆ ױ ץ ₮ ₃ҩ Ȃ ҩᶛ

ѿҩ № ̆ № № ⱴ ѿ № ⱴ ΐ

ᵣȂ ҩᶛ Ҭ̆ ҉ ά έ̆ Ҋ ѿ ̂҉ ̃ ά έ̆ ά έ Ȃᵖ ̆

ױ №⌠ ̆ ᵣׅ ꜚ Ȃ 

 

6. 1 ѿ֓ꜚ №  

⌠ᵰ ׆ץ ѿ ⌠ Ȃ  ѿ

ױ ץ ѿҩ ̆ Ҋ Ȃ ױ ץ  ά ҩꜚ

ꜚ ꜚ ̙έ̆ ά ꜚ έ ױ ꜚ Ҋ ̆

ά ҩ ꜚ Ӳꜚ ̙έ̆ άҌ Ӳꜚ έ ױ ԅ̂Ҍ ֽ ԍ

ҩ ᶛ ᴪ ’̃Ȃ ⌠ױ Ӳꜚ ѿ Ṝ ױ ά ҩ Ӳꜚ

ꜚ ꜚ ̙έȂ ױ ץ ѿ Ҋ ̆ ⌠ ̆Ӟ ױ

ԅȂ 



ԋҩ ѿҩ ̂nodẽ ̂childreñ ѿҩ ῃ

Ȃ ά έ ңҩ ά έ ά έ̆ ľ έҬӞ ѿҩά έ̆  ᵖ ά έҬ ά

έ ῃҌ ғ ԑ Ȃ ױ ץ Ҍ ά έ ’Ҋ ά έ

Ȃ 

҈ҩ ҩ ̂leaf̃ Ҍ Ȃ ѿ ꜚ ̆ ױ ׆ץ

̂root̃ ѿ ⌠ ̆ ῒזꜚ № ̆ ᶛ ԍ

̆ ױ ץ  ꜚ  Ҧ ꜚ  Ҧ Ӳꜚ  Ҧ ꜚ  Ҧ  Ҧ  Ҧ  

⌠ Ȃ 

ѿҩ ᶛ ᵰ ᴪ ⌠ ᴆ Ȃ ѿҩ ᴆ Ҭ̆ №

ᴆ ԅѿ Ȃ 6.2 ԅѿ № Unix ᴆ № ’Ȃ 

 

6. 2 ѿ № Unix ᴆ № ’ 

ҩ ᴆ Ӟ ἝȂᵰ ׆ץ ₮ ѿ ⌠ᴋ № Ȃ

ᴪ ҩ № ̂ ᴆ̃ ῒז№ ≢ Ȃ ѿҩ ̆

ᵰ ץ Ҋ №̂ Ạ  subtreẽ ꜚ⌠ ѿᵝ Ҍ Ҋ ’̆

№ ‗ Ȃᶛ ̆ ױ ץ /etc ׆ Ҋ ꜚ⌠ usr/Ҋ Ȃ Ạ

ᴪ httpd etc/httpd/׆ /usr/etc/httpd̆ᵖ httpd ῤ ῒ ῤ Ҍᴪ

Ȃ 

ѿҩ ᶛ ѿҩ ȂҊ ѿҩ≠ ̂HTML̃ Ώ Ȃ

6.3 ҍ Ҭ Ȃ 

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en"> 

<head> 

<meta http-equiv="Content-Type" content="text/html; charset=utf-8" /> 

<title>simple</title> 

</head> 

<body> 

<h1>A simple web page</h1> 

<ul> 

<li>List item one</li> 

<li>List item two</li> 

</ul> 

<h2><a href="http://www.cs.luther.edu">Luther CS </a><h2> 

</body> 

</html> 

ף 6. 1 



 

6. 3 ҍ ᾝ  

҉ HTML ף ԅ ѿ № Ȃ ױ ѿ  

ѿ Ȃף ѿҩ <html> ѿҩ </html>Ȃ ѿ Ҭ ῒז

Ӟ Ȃ ѿҊᵰ ᴪ ѿ  Ȃ 

 

6.3. ӈ  

ױ ₃ҩ ᶛ ԅ̆ ױ ӈ ץ Ȃ 

̂Nodẽ  

̂Nodẽ №Ȃ ץ ῒזҒ ̆ ױ ӊҹά ̂keỹ έȂ ѿҩ

Ḥ ̆ ױ ӊҹά ̂payload̃ έȂ Ḥ Ҍ

῏̆ᵖ ԍ ῏ Ȃ 

̂Edgẽ  

̂Edgẽ Ӟ ѿҩ №Ȃ ңҩ ̆ ӊױ Ȃ ҩ

̂ ԅ ̃ ғ ѿ ҍῒז ῀ ̂ ̃̆ ҩ

₮ ׆̂ ῒז ̃Ȃ 

̂Root̃  

Ҭ ѿѿҩ ῀ Ȃ 6.2Ҭ̆ľ/Ŀ Ȃ 

̂Path̃  

↓Ȃᶛ ̔ꜚ  Ҧ ꜚ  Ҧ Ӳꜚ  Ҧ 

ꜚ  Ҧ  Ҧ  Ҧ  ѿ Ȃ 

̂Childreñ  

ѿҩ ῀ ѿҩ ̆ ױ ╠ ̆ ѿҩ

Ȃ 6.2Ҭ̆ log/, spool/, yp/ var/ Ȃ 

̂Parent̃  

ѿҩ ₮ Ȃ 6.2Ҭ̆ var/ log/, spool/, yp/

Ȃ 

ᾞ ̂Sibling̃  

ѿҩ ԑҹᾞ ̆ ᴆ Ҭ etc/ usr/ ᾞ Ȃ 



̂Subtreẽ  

ѿҩ ҩ ף Ȃ 

̂Leaf Nodẽ  

ҹ ҹ Ȃᶛ 6.1Ҭ άֲ έ ά έ Ȃ 

̂Level̃  

ѿҩ ׆ ⌠ Ҭ Ȃᶛ ̆ 6.1Ҭά έ ҹ

5Ȃ ӈ ҹ 0Ȃ 

̂Height̃  

ԍ ṿȂ 6.2Ҭ ҹ 2Ȃ 

ױ ӈ ԅ̆ ץ ӈ ԅȂ ױ ң ӈ̆ѿ

⌠ ̆ ѿ ҹ ӈ ≠ ӈȂ 

ӈѿ̔ ̆ Ҋץ ̔ 

 ̧ ѿҩ ̕ 

 ̧ ԅ ѿҩ n̆ ѿ ҍ ѿҩ p ̆p n ̕ 

 ̧ ץ ѿ ׆ ⌠ ҩ ̕ 

 ̧ ҩ ҩ ңҩ ̆ ױ ҹԋ ̕ 

6.4 ԅѿҩ ӈѿ ̆ ₮ԅ ̕ 

 

6. 4  

ӈԋ̔ ҩ ҹ ѿҩ ҩ ҩ ̆ῒҬ ҩ Ӟ

ӈȂ ҩ ῒ ӊ Ȃ 6.5 ԅ ӈ Ȃ

ӈ̆ ױ 6.5Ҭ 4ҩ ̆ ҹ ҩ҈ ף

Ȃ Ӟ ̆ᵖ ױ Ҍ ̆ ῀ ԅ Ȃ 



 

6. 5 ӈ 

6.4. ↓  

↓ ̆ ױ Python ↓ Ώ҉ ӈ ⱳ Ȃ  

Ώ ↓ ѿ ↓ ҍ ױ ῒז ֓Ҍ ̆ᵖ Ạ  ̆ ҹ

ҹ ױ ᶫѿҩ ȁ ץ Ȃ ↓ ̆ ױ Ữ ṿᵬ

ҹ↓ ѿҩᾝ Ȃ↓ ԋҩᾝ ѿҩ ῒ ↓ ̆ ҈ҩᾝ ῒ

ѿҩ↓ Ȃҹԅ ҩ Ữ ̆ ױ ѿҩᶛ Ȃ 6.6 ₮ѿҩ ץ

↓ Ȃ 

 

6. 6 ѿҩ  

 

ף 6. 2 

       [] ] 

     ] 

myTree = ['a', root 

      ['b' ,  #left subtree 

      ['d', [], []],  

      ['e', [], []] ],  

      ['c',  #right subtree 

   ['f', [], []],  



̆ ױ ᶏץ ‰ ↓ Ȃ myTree[0]̆

myTree[1]̆ myTree[2]Ȃ ף 6.3 ԅ ᵥ ↓ ⇔ Ȃѿ ̆ ױ ץ

ȁ Ȃ ↓ ѿҩ ҍ ̕ ҩ

˻ ΐ ѿҩ ṿ ңҩ ↓ Ȃ ↓ ѿҩᴨ ⌠

Ȃ Ҍֽֽ ѿҩԋ ’Ҋ̆ ѿҩ ѿҩ↓ Ȃ 

ױ ᶫѿ֓ⱳ ̆ ֓ⱳ ᶏ ױ Ἕ ѿ ᶏ ↓ Ȃ ̆ Ҍᴪױ ӈѿ

ҩԋ Ȃ ױ Ώ ⱳ ꜛ ױ ᵬ ‰↓ ᶏӊ ᵌԍ Ȃ 

BinaryTreeⱳ ѿҩ ңҩ ↓ ↓ Ȃ ⱴ⌠

̆ ױ ῀ѿҩ ↓ ⌠ ↓ ԋҩᵝ Ȃ ױ ̆ ↓ Ҭ ᾝ

ԋҩᵝ ̆ ױ ̆ ῀ Ҭᵬҹῒ Ȃף 6.5 ԅ ῀

Pythonף Ȃ 

 

̆ ῀ѿҩ ╠̆ ױ ᾢ ԍ ╠ ↓ ̂ ̃Ȃ

̆ ױ ⱴ ̆ ᵬҹ Ȃ ᶏ ױ

῀⌠ Ҭ ᴋᵥᵝ ȂinsertRight ף ᵌԍ insertLeft̆ ף 6.6ҬȂ 

 

 

 

ף 6. 3 ᶏ  
ף 6. 4 

ף 6. 5 

ף 6. 6 

myTree = ['a', ['b', ['d',[],[]], ['e',[],[]] ], ['c', ['f',[],[]], []] ]  

print(myTree) 

print('left subtree = ', myTree[1]) 

print('root = ', myTree[0]) 

print('right subtree = ', myTree[2]) 
def BinaryTree(r): 

    return [r, [], []]  

def insertLeft(root,newBranch): 

    t = root.pop(1) 

    if len(t) > 1: 

        root.insert(1,[newBranch,t,[]]) 

    else: 

        root.insert(1,[newBranch, [], []]) 

    return root 

def insertRight(root,newBranch): 

    t = root.pop(2) 

    if len(t) > 1: 

        root.insert(2,[newBranch,[],t]) 

    else: 

        root.insert(2,[newBranch,[],[]]) 

    return root 



 

ҹԅ ⱳ ̂ ף 6.7̃̆ ױ Ώ₃ҩ ԍ ṿ ⱳ ץ̆

ⱳ Ȃ 

ף  6.8 ӟԅ ↨ױ Ώ ⱳ Ȃᵰ ѿҊ̆ῒҬѿҩ ӟ ᵰ ף₮

6.8Ҭ Ȃ 

ף 6. 7 

def getRootVal(root): 

    return root[0] 

def setRootVal(root,newVal): 

    root[0] = newVal 

def getLeftChild(root): 

    return root[1] 

def getRightChild(root): 

    return root[2] 

def BinaryTree(r): 

    return [r, [], []]  

def insertLeft(root,newBranch): 

    t = root.pop(1) 

    if len(t) > 1: 

        root.insert(1,[newBranch,t,[]]) 

    else: 

        root.insert(1,[newBranch, [], []]) 

    return root 

def insertRight(root,newBranch): 

    t = root.pop(2) 

    if len(t) > 1: 

        root.insert(2,[newBranch,[],t]) 

else: 

        root.insert(2,[newBranch, [], []]) 

    return root 



 

 

 

 

 

 

 

 

def getRootVal(root): 

    return root[0] 

def setRootVal(root,newVal): 

    root[0] = newVal 

def getLeftChild(root): 

    return root[1] 

def getRightChild(root): 

    return root[2] 

r = BinaryTree(3) 

insertLeft(r,4) 

insertLeft(r,5) 

insertRight(r,6) 

insertRight(r,7) 

l = getLeftChild(r) 

print(l) 

setRootVal(l,9) 

print(r) 

insertLeft(l,11) 

print(r) 

print(getRightChild(getRightChild(r))) 

ף 6. 8 ԍ ⱳ Python  (bin_tree) 



1. Ҋף ̆ ῤ ҹ 

a) ['a', ['b', [], []], ['c', [], ['d', [], []]]] 

b) ['a', ['c', [], ['d', ['e', [], []], []]], ['b', [], []]] 

c) ['a', ['b', [], []], ['c', [], ['d', ['e', [], []], []]]] 

d) ['a', ['b', [], ['d', ['e', [], []], []]], ['c', [], []]] 

2. Ώѿҩ buildTree₱ ̆ ҉ ↓ ᵬ₱ ̆ 6.10

 

6. 7 

6.5.  

ױ ԋ ᶏ Ȃ ’Ҋ̆ ױ ӈΐ ṿ̆ץ

Ȃ ԍ ҍ ̆ ױ ᶏ

ῒᵩ №Ȃ 

ᶏ ̆ ױ ҹ ᴪ ᵌԍ 6.8 Ȃ 

ף 6. 9 

x = BinaryTree('a') 

insertLeft(x,'b') 

insertRight(x,'c') 

insertRight(getRightChild(x),'d') 

insertLeft(getRightChild(getRightChild(x)),'e') 



 

6. 8 ѿҩᶏ  

ױ ᶏ ף 6.10 ᶏ ӈȂ ᵟ

left right ῒז BinaryTree Ȃᶛ ̆ ױ ῀ѿҩ ⌠

Ҭ ̆ ⇔ױ ԅ ѿҩ BinaryTree ᶛ̆ ḱ ԅ self.leftChildᶏӊ Ȃ 

ף⌠ 6.10Ҭ̆ ₱ ⌠ѿ֓ Ữ ҬȂ Ἕᵰ ץ ↓ ҬỮ

ᴋᵥѿ ᵰ ̆ ץ ᴋᵥѿ Ȃ ╠ ᶛ Ҭ̆ ױ Ữ

ᵬҹ ṿȂᶏ ̆ 6.8Ҭ̆ ⇔ױ ԅԋ Έҩ ᶛȂ 

Ҋ ױ ѿҊ ⱳ Ȃҹԅ ⱴ ̆ ױ ⇔ ѿҩ ԋ

̆ left ҩ ȂinsertLeft ף ף 6.11 Ȃ 

ף 6. 10 

ף 6. 11 

class BinaryTree: 

    def __init__(self,rootObj): 

        self.key = rootObj 

        self.leftChild = None 

        self.rightChild = None 

def insertLeft(self,newNode): 

    if self.leftChild == None: 

        self.leftChild = BinaryTree(newNode) 

    else: 

        t = BinaryTree(newNode) 

        t.leftChild = self.leftChild 

        self.leftChild = t 



ױ ң ’ ῀Ȃ ѿ ’ ̆ Ȃ

̆ ⱴ⌠ Ҭ Ȃ ԋ ’ ̆ ╠ Ȃ ԋ ’

Ҋ̆ ױ ῀ѿҩ Ȃ ԋ ’ ף 6.11 4 else

Ȃ 

insertRight ף ѿҩ ’Ȃ ̆ ױ

῀ ӊ Ȃ ῀ ף ף 6.12 Ȃ 

ҹԅ ԋ ӈ̆ ױ Ώ₃ҩ ԍ ṿ ̂ ף

6.13̃  

 

 

 

 

ף 6.13 

ף 6. 12 

def insertRight(self,newNode): 

    if self.rightChild == None: 

        self.rightChild = BinaryTree(newNode) 

    else: 

        t = BinaryTree(newNode) 

        t.rightChild = self.rightChild 

        self.rightChild = t 

def getRightChild(self): 

    return self.rightChild 

def getLeftChild(self): 

    return self.leftChild 

def setRootVal(self,obj): 

    self.key = obj 

def getRootVal(self): 

    return self.key 



ױ ԅ ⇔ ᵬԋ ̆ Ῥױ ѿ Ȃ ױ

ѿҩ ץ̆ aҹ ̆ ⱴ B Cᵬҹ Ȃף 6.14⇔ ԅ ̆ Ữѿ

֓ṿ key̆ left̆rightҬȂ ̆ BinaryTree Ҍ ᶛȂ 

ױ ӈҬ ̆ ᶏ ױ ѿҩԋ ᴋᵥ ԋ Ȃ 

 

 

3. Ώѿҩ buildTree₱ ̆ᶏ ̆ 6.9 ԋ  

ף 6. 13 ӟᶏ ̂bintreẽ  

class BinaryTree: 

    def __init__(self,rootObj): 

        self.key = rootObj 

        self.leftChild = None 

        self.rightChild = None 

 

def insertLeft(self,newNode): 

        if self.leftChild == None: 

            self.leftChild = BinaryTree(newNode) 

        else: 

            t = BinaryTree(newNode) 

            t.leftChild = self.leftChild 

            self.leftChild = t 

    def insertRight(self,newNode): 

        if self.rightChild == None: 

            self.rightChild = BinaryTree(newNode) 

        else: 

            t = BinaryTree(newNode) 

            t.rightChild = self.rightChild 

            self.rightChild = t 

    def getRightChild(self): 

        return self.rightChild 

    def getLeftChild(self): 

        return self.leftChild 

    def setRootVal(self,obj): 

        self.key = obj 

    def getRootVal(self): 

        return self.key 

r = BinaryTree('a') 

print(r.getRootVal()) 

print(r.getLeftChild()) 

r.insertLeft('b') 

print(r.getLeftChild()) 

print(r.getLeftChild().getRootVal()) 

r.insertRight('c') 

print(r.getRightChild()) 

print(r.getRightChild().getRootVal()) 

r.getRightChild().setRootVal('hello') 

print(r.getRightChild().getRootVal()) 



 

6. 9 

6.6   

ԅ (Tree) ӊ ̆ ױ ѿҩᶛ ̆ ᵰ Ӈ ≠ (Tree) ‗

ѿ֓ Ȃ ҩ ̆ ױ ῏ ѿ֓ Ȃ ץ ᶛ

ҕ Ҭ Ȃ  

 

 6.10  

 6.10 ԅѿҩ Ȃ ѿҩ ҹѿҩ (Tree) , ᶏ ױ

≠ Ҭ ҩ №ɺ  

 

6.11 ((7+3)*(5- 2)  



 6.11 (7+3)*(5- 2) ɺ

, ɺ

, ɺ

ɺ

ɺ 10,  3ɺ

ɺ

 6.12 ɺ  

 

 6.12 ((7+3)* (5ʩ2))  

ɺ  

 

 

  

(string) ɺ

ɺ ,

ɺ , ɺ

(leaf node) (children)ɺ

ɺ  

 '(' , (node) ɺ  

 ['+',' - ','/','*']  ɺ

(node) ɺ  

(parent)ɺ  

 ')' (parent)ɺ  

 Python , ɺ (3+(4*5))

ɺ ['(', '3', '+', '(', '4', '*', '5' ,')',')'] ɺ

ɺ  6.13 

ɺ  



 

 



 

 

 

 

 

 

 

 

 6.13  

 6.13   

a. ɺ  

b. '(' 1 ,   

ɺ 

c. '3' ɺ  3  3   

ɺ  

d. '+' ɺ  2,  +   

ɺ  



e. ')' ɺ  1   

ɺ 

f. '4' ɺ  3  4   

ɺ  

g. '*' ɺ  2  *   

, ɺ  

h. '5' ɺ  3  5   

ɺ  

i. ')' ɺ  4 '*' ɺ 

j. ')' ɺ  4 '+' ,   

ɺ 

, ɺ

 getLeftChild  getRightChild,

ɺ ɺ

ɺ           



(Stack) (BinaryTree) ,  

Python ɺ ɺ

  

 

 6.15  

from pythonds.basic.stack import Stack 

from pythonds.trees.binaryTree import BinaryTree 

def buildParseTree(fpexp): 

    fplist = fpexp.split() 

    pStack = Stack() 

    eTree = BinaryTree('') 

pStack.push(eTree) 

currentTree = eTree 

    for i in fplist: 

        if i == '(': 

            currentTree.insertLeft('') 

            pStack.push(currentTree) 

            currentTree = currentTree.getLeftChild() 

        elif i not in ['+', '-', '*', '/', ')']:  

            currentTree.setRootVal(int(i)) 

            parent = pStack.pop() 

        currentTree = parent 

     elif i in ['+', '-', '*', '/']:  

            currentTree.setRootVal(i) 

            currentTree.insertRight('') 

            pStack.push(currentTree) 

        currentTree = currentTree.getRightChild() 

elif i == ')': 

        currentTree = pStack.pop() 

        else: 

            raise ValueError 

    return eTree 

pt = buildParseTree("( ( 10 + 5 ) * 3 )") 

pt.postorder()  #defined and explained in the next section 



 if 11,15,19,24 ɺ

 BinaryTree  Stack ɺ

 else ,  ValueError 

ɺ  

, ,

ɺ , ɺ  6.11 

(  6.12)ɺ

ɺ  

ɺ ɺ

ɺ evaluate

ɺ evaluate

ɹ ɺ ɺ  

ɺ  6.12  10  3ɺ

30ɺ  

evaluate  Listing1 ɺ ɹ

ɺ None, ɺ

 7 ɺ , ,

ɺ 

- (dictionary)ɺ

 Python (operator module) ɺ

ɺ ɺ

, (   

1,  2)ɺ operator.add(2,2)ɺ

 

 6.16  

 6.13 evaluate ɺ

evaluate parseTree ɺ

ɺ  9 ɺ

def evaluate(parseTree): 

    opers = {'+':operator.add, '-':operator.sub, '*':operator.mul, '/':operator.truediv} 

 

    leftC = parseTree.getLeftChild() 

    rightC = parseTree.getRightChild() 

 

    if leftC and rightC: 

        fn = opers[parseTree.getRootVal()] 

        return fn(evaluate(leftC),evaluate(rightC)) 

    else: 

        return parseTree.getRootVal() 



'+'ɺ operator.addɺ Python ɺ 

Python ɺ evaluate

ɺ , ɺ evaluate

ɺ ɹ , ɺ

ɺ 3ɺ  

operator.add ɺ

ɺ , ɺ

 

ɺ ,

 4  5ɺ  operator.mul(4,5) ɺ

 operator.add(3,20)

ɺ (3+(4*5)) 23ɺ  

6.7   

ɺ

 3 ɺ ,

ɺ (traversal)ɺ

(preorder) (inorder) (postorder)ɺ

ɺ  

(preorder)

ɺ  

(inorder)

ɺ  

(postorder)

ɺ 

ɺ ɺ

ɺ

, ɺ  6.14 ɺ

ɺ  

 

 6.14  

ɺ ɺ ( )

ɺ preorder ,

preorder  1.1ɺ  1.1 , ɺ  1.1 

 1.2 ɺ



 1.2.1  1.2.2 ɺ  1.2 , ɺ

( ) ɺ  

ɺ  6.17  

Python ɺ 

 6.17 

ɺ

ɺ None ɺ

 

 6.17  

preorder  6.18 ɺ

ɺ , tree self ɺ

ɺ preorder ɺ 

 

 6.18  

ɺ

ɺ ɺ

ɺ

ɺ  

 6.19 ,  print 

ɺ 

 

 6.19  

def preorder(tree): 

    if tree: 

        print(tree.getRootVal()) 

        preorder(tree.getLeftChild()) 

        preorder(tree.getRightChild()) 

def preorder(self): 

    print(self.key) 

    if self.leftChild: 

        self.leftChild.preorder() 

    if self.rightChild: 

        self.rightChild.preorder() 

def postorder(tree): 

    if tree != None: 

        postorder(tree.getLeftChild()) 

        postorder(tree.getRightChild()) 

        print(tree.getRootVal()) 



ɺ  6.15 

ɺ

ɺ  6.18  

6.20 ɺ

 

 6.20  

 6.20  6.19  6.19 

 6.20  ɺ  6  7 ɺ

 9 ɺ  

ɺ

ɺ  6.21 ɺ

print ɺ  

 

 6.21  

ɺ

ɺ

ɺ  6.22 ɺ 

def postordereval(tree): 

    opers = {'+':operator.add, '-':operator.sub, '*':operator.mul, '/':operator.truediv} 

    res1 = None 

    res2 = None 

if tree: 

res1 = postordereval(tree.getLeftChild()) 

        res2 = postordereval(tree.getRightChild()) 

        if res1 and res2: 

            return opers[tree.getRootVal()](res1,res2) 

        else: 

            return tree.getRootVal() 

def inorder(tree): 

  if tree != None: 

      inorder(tree.getLeftChild()) 

      print(tree.getRootVal()) 

      inorder(tree.getRightChild()) 



 

 6.22  

 printexp ɺ

 printexp ɺ  

6.8  BINARY HEAP   

(FIFO) (Queue)ɺ

(Priority Queue)ɺ (Dequeue)

ɺ , :

, ɺ (Enqueue)

ɺ , ɺ  

ɺ

O(n) O(nlogn)ɺ

ɺ (Binary Heap) ɺ

 O(logn).ɺ 

ɺ : key (min heap)  key 

(max heap) ɺ ɺ

ɺ  

 

6.8.1ԋ ᵬ  

 

 BinaryHeap():  

 insert(k):  

 findMin(): ,  

 delMin(): ,  

 isEmpty():  

 size():  

 buildHeap(list):  key   

def printexp(tree): 

  sVal = "" 

  if tree: 

      sVal = '(' + printexp(tree.getLeftChild()) 

      sVal = sVal + str(tree.getRootVal()) 

      sVal = sVal + printexp(tree.getRightChild())+')' 

  return sVal 



 6.23 ɺ

ɺ ɺ  

 

 6.23  

 

6.8.2ԋ  

  6.8.2.1ԋ  

 ҹԅᶏ ᵬ ̆ ױ ≠ ԋ ᵬ ҹ ѿ ᵬȂ

̆ҹԅᶏ ᵬ Ḡ ҉̆ Ḡ ԋ ľ ĿȂ ԋ

Ȃ ױ Ҭ̆ ױ ľ ῃԋ Ŀ

ᵌ ľ ĿȂ ῃԋ ̆ ҩῤ ңҩ ̆ ѿҩ ᶛ Ȃ 6.15

ѿҩ ῃԋ Ȃ  

 

 

 6.15  

 

    ῃ ѿҩ ױ ҩ↓ ῃ Ҍ ᶏ ̆

↓ Ȃ ҹ ԍ ῃ ̆ ↓ Ҭ ᵝ ҹ p̆ Ӈῒ ᵝ ҹ 2p̆ ᵌ ̆ῒ

ᵝ ҹ 2p+1Ȃ ױ ᴋ ̆ ץ ≠ python Ȃ

from pythonds.trees.binheap import BinHeap 

bh = BinHeap() 

bh.insert(5) 

bh.insert(7) 

bh.insert(3) 

bh.insert(11) 

print(bh.delMin()) 

print(bh.delMin()) 

print(bh.delMin()) 

print(bh.delMin()) 



↓ Ҭ ᵝ ҹ n̆ Ӈ ᵝ n//2Ȃ 6.16 ѿҩ ῃ ↓ ̆

ᵝ 2p 2p+1 ҍῒ ῏ Ȃ ῃ ↓ ҩ ̆

ױ ᶏ ѿҩ ῃ Ȃ Ӟ ԅԋ Ȃ 

 

  6.8.2.2  

ױ    Ữ ᶭ ԍ Ȃ ̆ Ҭᴋ ѿҩ x̆

ῒ pҬ key ԍ ԍ xҬ keyȂ 6.16Ӟ ₮ԅѿҩΐ ῃ Ȃ 

 

 

 6.16  

 

  6.8.2.3 ԋ ᵬ  

Ҋ ױ ≠ ₱ ԋ Ȃ ҹ ץ ѿҩ↓ Ḡ ̆ ₱

ֽֽ ∆ ѿҩ↓ ѿҩ currentSize ╠ Ȃף 6.24 ԋ

pythonף ȂῒҬ Ҋ ҹ 0 ⌠̆ᵖҹԅ ף ץ ⌠ ӗ

ׅ̆Ḡ Ȃ 

ף  6.24 

Ҋ ױ insert̂ keỹ Ȃ ↓ Ҭ ⱴ Ӟ

ⱴ⌠↓ Ȃ Ạ Ḡ ԅ ῃ ̆ᵖ Ḡ ȂҌ ̆ ױ

ץ ⱴ῀ Ȃ ⱴ῀

̆ ץ ҍ ԑ ᵝ Ȃ 6.17 ѿ ↓֜ ᵬ ᶏ ⱴ῀ ľ҉ Ŀ⌠

ᵝ Ȃ 

 

class BinHeap: 

    def __init__(self): 

 



 

 

 

 6.17  

 

ױ     ѿҩ ά҉ έ ̆ Ḡױ ԅ ҍ ץ ῒזᾞ ӊ Ȃ

̆ ̆ ױ ׅ ҉֜ ⌠ ѿҩ ȂԊ ҉̆ ױ Ҍ ֜

̆ ⌠⌠ Ȃף 6.25 ά҉ έ ̆ ѿҩ ά҉ έ⌠ῒ ᵝ Ḡ

Ȃ ᵣ ԅ ױ heapListҬ ⌠ ᾝ 0 Ȃ Ạ :

╠ Ҋ ץ 2̆ ױ ₮ᴋᵥ Ȃ 

 



6.17̆ ױ ₮Ώץ insert̂ keỹ ף Ȃinsert̂ keỹ ѿ №

percUp₱ ̂ ף 6.26̃ Ȃ ⱴ ̆ percUp ץ ⌠ ᵝ

҉Ȃ 

 

ӈԅ insert̂ keỹ ̆ ױ delMin̂̃ Ȃ Ҭ

̆ ⌠ Ȃ ᵥ

Ȃ ױ ң№ץ Ȃ ᾢ̆ ѿҩ ף Ȃ ѿҩ ԅ

Ȃ ̆ Ȃ ⌠ ԋ : άҊ έ Ȃ

6.18 ѿ ↓֜ ᵬ ᶏ άҊ έ⌠ ᵝ Ȃ 

 

6.25 

 

6.26 

 

def percUp(self,i): 

    while i // 2 > 0: 

      if self.heapList[i] < self.heapList[i // 2]: 

         tmp = self.heapList[i // 2] 

         self.heapList[i // 2] = self.heapList[i] 

         self.heapList[i] = tmp 

      i = i // 2 

 

def insert(self,k): 

self.heapList.append(k) 

self.currentSize = self.currentSize + 1 

self.percUp(self.currentSize)  

 

 



 

 

 

 

 6.18  

 



    ҹԅ ̆ ױ ֜ Ȃ ֜ ̆ ױ

Ҍ ֜ ̆ ⌠ ңҩ Ȃף 6.27 Ҋ

percDown minChild ף Ȃ 

6.27 

 

6.28 

ף 6.28 delMin̂̃ ᵬ ף Ȃ ץ ⌠ № ѿҩ ꜛ₱ ̆

percDownȂ 

    self.heapList[1] = self.heapList[self.currentSize] 

    self.currentSize = self.currentSize -1 

def percDown(self,i): 

    while (i * 2) <= self.currentSize: 

        mc = self.minChild(i) 

        if self.heapList[i] > self.heapList[mc]: 

            tmp = self.heapList[i] 

            self.heapList[i] = self.heapList[mc] 

            self.heapList[mc] = tmp 

        i = mc 

 

def minChild(self,i): 

    if i * 2 + 1 > self.currentSize: 

        return i * 2 

    else: 

        if self.heapList[i*2] < self.heapList[i*2+1]: 

            return i * 2 

        else: 

            return i * 2 + 1 

 

 

def delMin(self): 

retval = self.heapList[1] 

self.heapList.pop() 

    self.percDown(1) 

 



῏ԋ ѿ №Ḃ ⌠ ׆ ѿҩά έȂ ױ ̔ insert

̂keỹ ̆ Ҭ ҩ ῀⌠ ҬȂ ԍѿҩ ↓ ̆ ױ ץ ԋ№

⌠ ᵝ ῀Ҋѿҩ key̆ ᵬ O(logn). ῀ѿҩ ⌠↓ Ҭ ↓

ῒז ꜚҹ ₮ᵝ ̆ ᵬ O(n). insert̂ keỹ ᴇף

O(nlogn)Ȃῒ ̆ ױ ҩ↓ ̆ ᴇף └ ÔñȂף 6.29

ᵬף Ȃ 

 6.29 

 

 6.19 [9,6,5,2,3]  

    6.19 buildHeap̂ list̃ ∆ [ 9, 6, 5, 2, 3]Ҭ ꜚ⌠ ᵝ Ạ

֜ ᵬȂ ׆ױ Ҭ ̆ ⌠ ̆ᵖ percDown Ḡ ԅ

άҊ έȂ ҹ ῃ ̆ᴋᵥ Ҭ ̆ Ȃ ̆ i=1 ̆

׆ױ Ҋ ̆ ֜ ᵬȂ ץ ⌠̆ 6.19 ң ̆ ᾢ ׆9

ᵝ ҉ ̆ ⌠Ҋѿ ӊ ̆percDown ѿ ̆Ḡ Ҋ ⌠Ҍ

Ҋ ҹ ̆ Ҋ ⌠ ᵝ Ȃ ԅ ԋ ֜ ̔9 3 ֜ Ȃ ԍ 9 ⌠ԅ

̆Ḃ ѿ ֜ ԅȂ ѿҊ 6.19 ѿ ↓֜ ↓

Ȃ 

 

def buildHeap(self,alist): 

    i = len(alist) // 2 

    self.currentSize = len(alist) 

    self.heapList = [0] + alist[:] 

    while (i > 0): 

        self.percDown(i) 

        i = i -1 

 

i = 2  [0, 9, 5, 6, 2, 3] 

i = 1  [0, 9, 2, 6, 5, 3] 

i = 0  [0, 2, 3, 6, 5, 9] 

 



ꜚ ף 6.30 ῃԋ Ȃ 

 

def insert(self,k): 

       self.heapList.append(k) 

       self.currentSize = self.currentSize + 1 

       self.percUp(self.currentSize) 

def percDown(self,i): 

       while (i * 2) <= self.currentSize: 

           mc = self.minChild(i) 

           if self.heapList[i] > self.heapList[mc]: 

              tmp = self.heapList[i] 

              self.heapList[i] = self.heapList[mc] 

              self.heapList[mc] = tmp 

           i = mc 

 

    def minChild(self,i): 

       if i * 2 + 1 > self.currentSize: 

           return i * 2 

       else: 

           if self.heapList[i*2] < self.heapList[i*2+1]: 

               return i * 2 

           else: 

               return i * 2 + 1 

def delMin(self): 

       retval = self.heapList[1] 

       self.heapList[1] = self.heapList[self.currentSize] 

       self.currentSize = self.currentSize - 1 

       self.heapList.pop() 

       self.percDown(1) 

       return retval 

 

class BinHeap: 

    def __init__(self): 

        self.heapList = [0] 

        self.currentSize = 0 

def percUp(self,i): 

        while i // 2 > 0: 

          if self.heapList[i] < self.heapList[i // 2]: 

             tmp = self.heapList[i // 2] 

             self.heapList[i // 2] = self.heapList[i] 

             self.heapList[i] = tmp 

          i = i // 2 

 



6.30 completeheap  

 

̔ O(n) ᴇҊף ԋ ̆ ғῒ ₮ԅ ӥ

Ȃᵖ ̆ O(n) ᴇף ῏ ᵟ logn ԍ Ȃ ԍ buildHeap

Ҭ ᵬ ̆ logn Ȃ 

   

ױ     ҹ O(n) ’Ҋ׆↓ ̆ Ӈ ױ Ạѿҩץ

ӟ̔ ѿҩ ↓ ҹ O(nlogn) Ȃ 

 

6.9ԋ  

ױ    ⌠ ѿҩ Ҭ ⌠ ṿ ң Ҍ Ȃ ѿҊ ֓ ᵥ ADT 

MAP Ȃ ң ױ ADT MAP ↓ ԋ№ ↓ Ȃ ҩ №̆ ױ

ӟԋ ᵬҹ׆ ṿ ѿ ̆ Ҭ ױ Ҭ ᵝ Ҍ

ῐ ̆ᵖ ױ ԋ ᶫ ῐ Ȃ 

 

6.9.1 ᵬ  

ױ   ӊ╠̆ ױ ѿҊ ADT  MAP ᶫ Ȃ ᴪױ ̆

Python ῖ ᵌȂ 

def buildHeap(self,alist): 

       i = len(alist) // 2 

       self.currentSize = len(alist) 

       self.heapList = [0] + alist[:] 

       while (i > 0): 

           self.percDown(i) 

           i = i - 1 

bh = BinHeap() 

bh.buildHeap([9,5,6,2,3]) 

 

print(bh.delMin()) 

print(bh.delMin()) 

print(bh.delMin()) 

print(bh.delMin()) 

print(bh.delMin()) 



 ̧ Map() ѿҩ mapȂ 

 ̧ put(key,val) map Ҭ ⱴԅѿҩ ṿ Ȃ ҩ ҩ map Ҭԅ̆           

Ӈ ף Ȃ 

 ̧ get(key) ᶫѿҩ ̆ mapҬḠ ̆ ↕ NoneȂ. 

 ̧ del del map[key] ׆ mapҬ− ṿ Ȃ 

 ̧ len() mapҬḠ ṿ Ȃ 

 ̧ in mapҬ ∞ ̆ mapҬ̆ True 
 

6.9.2  

ѿҩԋ ̆ Ҭ ṿ Key ԍ ̆ Ҭ ṿ Key ԍ ̆

ױ ҹ BST Ȃ ҉ ̆ ױ Map ̆BST ױ ѿ

Ȃ 6.20 ԅԋ ѿ ̆ ᴋᵥ῏ ṿȂ ̔ ԍ

ҩ Ȃ ṿ ԍ ṿ ̆ ṿ ԍ Ȃ  

 

 6.20  Python  

 

ᵰ ָӇ ԋ ԅ̆ ױ ԋ ᵥ Ȃ ױ ῀

70̆ 31̆ 93̆ 94̆ 14̆ 23̆ 73 ̆ 1 ף ԅ Ȃ ҹ70 ῀⌠

ѿҩ ̆ ԅ Ȃ Ҋ ̆31 ԍ70̆ 70 Ȃ Ҋ ̆93 ԍ70̆ 70 

Ȃ ױ ңҩ ᾟ̆ ץ Ҋ ̆ ᴪ 31 93 Ȃ

ԍ94 ԍ70 93̆ ץ ҹ93 Ȃ ̆14 ԍ70 31̆ ҹ31 Ȃ23Ӟ ԍ

31̆ 31 ҬȂ ̆ ԍ14̆ ҹ14 Ȃ 

ԋ ̆ ױ ᶏ ̆ ᵌԍѿҩ ױ

Ȃᵖ ̆ ҹ ױ ⇔ ᶏ ѿҩ ԋ ̆ ץ ױ ᶏ ңҩ ̔ 

ѿҩ ױ ҹBinarySearchTreĕ ԋҩ ױ ӊҹTreeNodeȂBinarySearchTree ѿҩ

TreeNode ԋ Ȃ ’Ҋ̆ Ҭ ӈѿҩ₱ Ḃץ ̆

̆ ҉ ̆ ̆ BinarySearchTreeҬ̆ ӈҹѿ

ҩ Ȃ ױ − ṿ ’Ҋ̆ ױ ≢ ꜚȂ

BinarySearchTree ץ ѿ֓ῒז ף ף 6.31 ̔ 

 



 6. 31 

TreeNode ᶫԅ ꜛ₱ ̆ᶏBinarySearchTree Ạ⌠ȂTreeNode

ץ̆ ֓ ꜛ₱ ף ף 6.32 Ȃ ᵰ Ҭ ⌠ ̆҉ ֓ ꜛ₱ ̆ ץ

ᵝ ≢ ԍᵥ ̂ ץ̆̃ ԍᵥ ̂

̃ȂTreeNode Ӟ ҹ ҩ Ȃ ױ del ᵬ ̆ᵰ

⌠ҹָӇ Ȃ  

class BinarySearchTree̔ 

def __init__(self)̔  

self.root = None 

self.size = 0 

def length(self)̔  

return self.size 

def __len__(self)̔  

return self.size 

def __iter__(self)̔  

return self.root.__iter__()  

 



TreeNode ѿҩ ̆ ᶏױ ԅPythonҬ ̆ ף 6.32 Ȃ

ױ Ҍ ’Ҋ⇔ ѿҩTreeNodĕ ױ ⇔ ѿҩ TreeNode ѿ

ҩ ѿҩ Ȃ ̆ ױ ץ ᵬҹױ Ȃῒᵩ Ṝ ױ ᴪ

⇔ ѿҩ -ṿ TreeNodĕ Ҍᴰ῀ᴋᵥ Ȃ ’Ҋ̆ ᶏױ ṿȂ  

 

 6. 32 

ױ ԅBinarySearchTreeshell TreeNodĕ Ώputױ ⇔ץ ԋ Ȃput

ѿҩBinarySearchTree Ȃ Ȃ ̆put ⇔ ѿҩ

TreeNode ᵬҹ ̆ᵬҹ Ȃ ѿҩ ⌠ᵝ̆ ױ

̆ ̆ ꜛⱳ _put Ҋ↓ ̔  

class TreeNode̔  

def __init__(self, key,val,left=None,right=None,parent=None)̔ 

self.key = key 

self.payload = val 

self.leftChild = left 

self.rightChild = right 

self.parent = parent 

def hasLeftChild(self)̔  

return self.leftChild 

def hasRightChild(self)̔  

return self.rightChild 

def isLeftChild(self)̔  

return self.parent and self.parent.leftChild == self 

    def isRightChild(self)̔  

return self.parent and self.parent.rightChild == self 

    def isRoot(self)̔  

return not self.parent 

    def isLeaf(self)̔  

return not (self.rightChild or self.leftChild) 

    def hasAnyChildren(self)̔  

return self.rightChild or self.leftChild 

    def hasBothChildren(self)̔  

return self.rightChild and self.leftChild 

 

 

    def replaceNodeData(self,key,value,lc,rc)̔ 

self.key = key 

self.payload = value 

self.leftChild = lc 

self.rightChild = rc 

if self.hasLeftChild()̔  

self.leftChild.parent = self 

if self.hasRightChild()̔  

self.rightChild.parent = self  

 



׆    ̆ ṿ̆ ṿ ԍ ╠ Ȃ    ̆

ṿ ԍ ╠ ̆ Ȃ  

   ̂ ̃ ̆ ױ ᵝ Ҭ ᵝ Ȃ  

   ⱴѿҩ ̆ ҉ѿ ῀ ᵝ ⇔ ѿҩ TreeNodeȂ  

ף  6.33 ̆ Ҭ ῀ Pythonף Ȃ_put₱ ҉ ΏȂ ̆

ѿҩ ῀ ̆CurrentNodeᵬҹ ᴰ Ȃ ῀ ṿ Ҍ ױ

῀ ѿҩ Ȃ ҹ Ҭ̆ ԍ ṿ ⇔ ѿҩҍ ΐ ṿ

ᵬҹΐ ṿ Ȃ Ạ ṿ Ҭ

Ҍᴪ ⌠Ȃ ṿ ῀ key value valueȂ ױ ḱ

ҩbugᵬҹ ӟ Ȃ 

put ӈ̆ ױ ץ [ ]ᵬҹ ᵬ ̆ ⱴ __setitem__

put Ȃ ᶏ ױ Ώ Ƴȅ½¢ƛǇǘǊŜŜώϥǇƭȅƳƻǳǘƘΩϐ Ґ ррппсѿ python ̆ ҉ Ἕ

Python ῖȂ 
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 6. 34 

6.21 ԅ ԍ ῀ ⌠ѿҩԋ Ȃ Ҋ ԅ ҩ ῀ Ҭ

⌠ Ȃ  

def put(self,key,val)̔  

if self.root̔ 

self._put(key,val,self.root) 

else̔  

self.root = TreeNode(key,val) 

self.size = self.size + 1 

def _put(self,key,val,currentNode)̔  

if key < currentNode.key̔  

if currentNode.hasLeftChild()̔  

self._put(key,val,currentNode.leftChild) 

else̔  

currentNode.leftChild = TreeNode(key,val,parent=currentNode) 

else̔  

if currentNode.hasRightChild()̔  

self._put(key,val,currentNode.rightChild) 

else̔  

currentNode.rightChild = TreeNode(key,val,parent=currentNode) 

 
def __setitem__(self,k,v)̔  

self.put(k,v) 
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4.  Ҋ ҩ ԅ ῀ ṿ5̆30̆ 2̆40̆ 25̆ 4 ԋ ̙ 

ã  

 

b̃  

 



c̃   

ѿ ̆ Ҋ ᴋⱵ ṿ Ȃget put ̆ ҹ

̆ ⌠ ⌠ѿҩ Ȃ ѿҩ ̆ Ữ

ṿ Ȃ  

def get(self,key)̔  

if self.root̔ 

res = self._get(key,self.root) 

if res̔  

return res.payload 

else̔  

return None 

else̔  

return None 

 

def _get(self,key,currentNode)̔  

if not currentNode̔  

return None 

elif currentNode.key == key̔  

return currentNode 

elif key < currentNode.key̔  

return self._get(key,currentNode.leftChild) 

else̔  

return self._get(key,currentNode.rightChild) 

 

def __getitem__(self,key)̔  

return self.get(key) 
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ף 6.35 ԅף get̆ _get __getitem__Ȃ_get ף ̆ᶏ _put Ҭ

Ȃ ̆ᶏ _get ѿҩTreeNode get̆ ᶏ _get ҹѿҩ  

ꜛ ̆ ԍῒז BinarySearchTree ≠ TreeNodeҬ ԅ ҹץ ῒז

Ȃ 

__getitem__ ̆ ױ Ώץ Python ̆ᶏ ױ Ἕ ױ ῖѿ

̆ Ԋ ҉ ױ ѿҩԋ ̆ᶛ Z = ƳȅȊƛǇǘǊŜŜ ώ ϥŦŀǊƎƻΩϐȂ ᵰ ץ ⌠̆

__getitem__ getȂ 

get₱ ̆ ױ __ҹBinarySearchTreeΏ__containsץ ׆ ᶏ ᵬ inȂ

__contains__ᴪ get̆ get ṿ Ṝ Truĕ get None FalseȂ

__contains__ ף  6 ̔ 

 6.36 

__contains__ ԅ ᵬ in̆ ᾛ ԅ Ώױ ̔  

 6.37 

̆ ױ ῏ ԋ Ҭ ΐ ̆− ѿҩ̂ ↓ 7̃Ȃ ᴋⱵ

⌠ − Ȃ ѿҩ҉ץ ̆ ᶏױ _get ⌠ −

TreeNode; ѿҩ ̆ ױ ̆ᵖ ׅױ ץ Ḡ

− Ȃ ң҉ץ ’Ҋ̆ ṿ̆del ᵬ ᴪ Ȃ  

def __contains__(self,key)̔  

if self._get(key,self.root)̔  

return True 

else̔  

return False 

 

 

if 'Northfield' in myZipTree̔  

print("oom ya ya") 

 

 

def delete(self,key)̔  

if self.size > 1̔  

nodeToRemove = self._get(key,self.root) 



ף  6.38 

ѿ ױ − ̆ ҈ ’̆ ױ ̔ 

1. − ̂ ҈̃. 

2.  − ̂ ̃. 

3.  − ̂ ԓ̃. 

ѿ ’ ̂ ף 6.39̃ Ȃ ╠ ̆ ױ Ạ −

ꜚ ῒ Ȃ ᶛ ף ̔ 

 6.39 

 

 

if nodeToRemove̔  

self.remove(nodeToRemove) 

self.size = self.size - 1 

else̔  

raise KeyError('Error, key not in tree') 

elif self.size == 1 and self.root.key == key̔ 

self.root = None 

self.size = self.size - 1 

else̔  

raise KeyError('Error, key not in tree') 

 

def __delitem__(self,key)̔  

self.delete(key) 

if currentNode.isLeaf()̔  

if currentNode == currentNode.parent.leftChild̔  

currentNode.parent.leftChild = None 

else̔  

currentNode.parent.rightChild = None 

 

 



 

 6.22 16  

ԋ ’ ̂ ף 6.40̃ Ȃ ѿҩ ѿҩ ̆ ױ ץ

ףץ ῒ ᵝ Ȃ ’Ҋ̆ף Ҋ Ȃᵰ ף ̆ ᴪ ⌠ Έ ’

Ȃ ԍ ѿҩ ’ ̆ ױ ╠ ’Ҋ̆ Ạ

Ȃ‗ Ҋ̔  

1. ╠ ̆ ױ ╠ ╠

̆ ⌠ ╠ Ȃ  

2. ╠ ѿҩ ̆ ױ ╠ ╠

̆ ⌠ ╠ Ȃ  

3. ╠ ̆ Ȃ ’Ҋ̆ ױ ̆ ̆

̆ replaceNodeData Ȃ  

else̔  # this node has one child 

if currentNode.hasLeftChild()̔  

if currentNode.isLeftChild()̔  

currentNode.leftChild.parent = currentNode.parent 

currentNode.parent.leftChild = currentNode.leftChild 

elif currentNode.isRightChild()̔  

currentNode.leftChild.parent = currentNode.parent 
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 6.23 25  

҈ ’ ’̂ ף 6.41̃ Ȃ ѿҩ ңҩ ̆ Ҍױ

ῒҬѿҩᵬҹ ᵝ ̆ ѿҩ ̆ ף ѿҩ ⅞− ̆

ױ ҩ ̆ Ḡ ȁ ץ ԋ ῏ Ȃ Ҭ

ԋ Ȃ ױ ҩ ҹ ᴋ ̆ ױ ѿ ᴋ ̆ ᴋ Ḡ ѿҩ҉ץ

currentNode.parent.rightChild = currentNode.leftChild 

else̔  

currentNode.replaceNodeData(currentNode.leftChild.key, 

                             currentNode.leftChild.payload, 

                             currentNode.leftChild.leftChild, 

                             currentNode.leftChild.rightChild) 

else̔  

if currentNode.isLeftChild()̔  

currentNode.rightChild.parent = currentNode.parent 

currentNode.parent.leftChild = currentNode.rightChild 

elif currentNode.isRightChild()̔  

currentNode.rightChild.parent = currentNode.parent 

currentNode.parent.rightChild = currentNode.rightChild 

else̔  

currentNode.replaceNodeData(currentNode.rightChild.key, 

                             currentNode.rightChild.payload, 

                             currentNode.rightChild.leftChild, 

                             currentNode.rightChild.rightChild) 



̆ ץ ױ ᵥ ң ’ Ȃѿ ᴋ ꜚ̆ ױ −

Ȃ 

 

 6.24 5  

҈ ף’ Ҋ Ȃ ̆ ױ ꜛ  findSuccessor findMin ⌠ ᴋ

Ȃ ꜚ ᴋ ̆ ≠ױ spliceOutȂ ױ spliceOut ꜛ ױ ⌠ №

◓ ̆Ạ₮ Ȃ Ӟױ ץ − ̆ᵖ ױ ᴪ ῏

Ȃ  
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⌠ ᴋ ף ̂ ף 6.42̃ ̆ᵰ ץ ⌠ѿҩTreeNode Ȃ ҩף ≠ ԋ

Ҭ ̆ ׆ ⌠ ₮ Ҭ Ȃ ᴋ ҈ ’ ̔  

1. ̆ Ӈ ᴋ Ҭ Ȃ  

2. ̆ ῒ ̆ Ӈ ᴋ Ȃ  

3. ῒ ̆ ̆ Ӈ ᴋ ῒ ᴋ

̆Ҍ ҩ Ȃ  

ԋ׆ Ҭ− ̆ ѿ ’ ѿ ױ ȂᵖfindSuccessor

ӟҬ ῒז Ȃ 

elif currentNode.hasBothChildren()̔   #interior 

succ = currentNode.findSuccessor() 

succ.spliceOut() 

currentNode.key = succ.key 

currentNode.payload = succ.payload 

 

 



findMin ⌠ѿҩ Ҭ Ȃ Ḥ̆ ṿ ᴋᵥԋ Ҭ

Ȃ findMin ̆ ⌠ ⌠ Ȃ  

ױ ԋ ѿҩ ȂẊ ױ ҉

ṿȂ ױ ῖ Ạ Ԋ̆ҹָӇҌ Ӟ ? ױ ᵥᶏ Ҭ ԋ

̆ ̆Ώѿҩ ף ѿ ᵬ̆ ҹ ף ̆ѿҩ ף ѿҩ

Ȃ  

Python ᶫԅѿҩ ₱ yield̆ ᶏ ⇔ ѿҩ ף Ȃyield return ᵌ̆ Ӟ

ѿҩṿ ȂyieldӞ ᵟ₱ ╠ ḂҊץ̆ ₱ ̆ ׆

╠ Ȃ⇔ ף ₱ ҹ Ȃ  

ԋ Ҭ ף ף ף 6.43 Ȃה ҩף ̔ӌѿ ̆ᵰ ᴪ ҹף

Ȃᵖ ᵟ̆__iter__ Ώfor x in ᵬ ̆ף ץ ! ҹ

TreeNode ̆_iter__ TreeNode Ҭ ӈȂ 

def findSuccessor(self)̔ 

succ = None 

if self.hasRightChild()̔ 

succ = self.rightChild.findMin() 

else̔  

if self.parent̔  

if self.isLeftChild()̔ 

succ = self.parent 



 

else̔  

self.parent.rightChild = None 

succ = self.parent.findSuccessor() 

self.parent.rightChild = self 

return succ 

 

def findMin(self)̔ 

current = self 

while current.hasLeftChild()̔ 

current = current.leftChild 

return current 

 

def spliceOut(self)̔ 

if self.isLeaf()̔ 

if self.isLeftChild()̔ 

self.parent.leftChild = None 

else̔  

self.parent.rightChild = None 

elif self.hasAnyChildren()̔ 

if self.hasLeftChild()̔ 

if self.isLeftChild()̔       

self.parent.leftChild = self.leftChild 

else̔  

self.parent.rightChild = self.leftChild 

self.leftChild.parent = self.parent 

else̔  

if self.isLeftChild()̔  

self.parent.leftChild = self.rightChild 

 



 

 6.42 

┴̆ᵰ Ҋ BinarySearchTreeTreeNode ף ̔ 

def __iter__(self)̔ 

if self̔  

if self.hasLeftChild()̔ 

for elem in self.leftChiLd̔  

yield elem 

yield self.key 

if self.hasRightChild()̔ 

for elem in self.rightChild̔  

yield elem 

 

else̔  

self.parent.rightChild = self.rightChild 

self.rightChild.parent = self.parent 

def __iter__(self)  

if self  

if self.hasLeftChild()  

for elem in self.leftChiLd  

yield elem  

yield self.key 

if self.hasRightChild()  

for elem in self.rightChild  

yield elem  

class TreeNode̔  

def __init__(self,key,val,left=None,right=None,parent=None)̔ 

self.key = key 

self.payload = val 

self.leftChild = left 

self.rightChild = right 

self.parent = parent 

 

def hasLeftChild(self)̔  

return self.leftChild 

 

def hasRightChild(self)̔  

return self.rightChild 

 



 

def hasRightChild(self)̔  

return self.rightChild 

 

def isLeftChild(self)̔  

return self.parent and self.parent.leftChild == self 

 

def isRightChild(self)̔  

return self.parent and self.parent.rightChild == self 

 

def isRoot(self)̔  

return not self.parent 

 

def isLeaf(self)̔  

return not (self.rightChild or self.leftChild) 

 

def hasAnyChildren(self)̔  

return self.rightChild or self.leftChild 

 

def hasBothChildren(self)̔  

return self.rightChild and self.leftChild 

 

def replaceNodeData(self,key,value,lc,rc)̔ 

self.key = key 

self.payload = value 

self.leftChild = lc 

self.rightChild = rc 

if self.hasLeftChild()̔  

self.leftChild.parent = self 

if self.hasRightChild()̔  

self.rightChild.parent = self 

 

 



 

class BinarySearchTree̔ 

def __init__(self)̔  

self.root = None 

self.size = 0 

 

def length(self)̔  

return self.size 

 

def __len__(self)̔  

return self.size 

 

def put(self,key,val)̔  

if self.root̔ 

self._put(key,val,self.root) 

else̔  

self.root = TreeNode(key,val) 

self.size = self.size + 1 

def _put(self,key,val,currentNode)̔  

if key < currentNode.key̔  

if currentNode.hasLeftChild()̔  

self._put(key,val,currentNode.leftChild) 

else̔  

currentNode.leftChild = TreeNode(key,val,parent=currentNode) 

else̔  

if currentNode.hasRightChild()̔  

self._put(key,val,currentNode.rightChild) 

else̔  

currentNode.rightChild = TreeNode(key,val,parent=currentNode) 

 



 

def __setitem__(self,k,v)̔  

self.put(k,v) 

 

def get(self,key)̔  

if self.root̔ 

res = self._get(key,self.root) 

if res̔  

return res.payload 

else̔  

return None 

else̔  

return None 

 

def _get(self,key,currentNode)̔  

if not currentNode̔  

return None 

elif currentNode.key == key̔  

return currentNode 

elif key < currentNode.key̔  

return self._get(key,currentNode.leftChild) 

else̔  

return self._get(key,currentNode.rightChild) 

def __getitem__(self,key)̔  

return self.get(key) 

 

def __contains__(self,key)̔  

if self._get(key,self.root)̔  

return True 

else̔  

return False 

 



     

def delete(self,key)̔  

if self.size > 1̔  

nodeToRemove = self._get(key,self.root) 

if nodeToRemove̔  

               self.remove(nodeToRemove) 

               self.size = self.size - 1 

else̔  

               raise KeyError('Error, key not in tree') 

elif self.size == 1 and self.root.key == key̔ 

            self.root = None 

            self.size = self.size - 1 

else̔  

            raise KeyError('Error, key not in tree') 

def __delitem__(self,key)̔  

self.delete(key) 

 

def spliceOut(self)̔  

if self.isLeaf()̔  

if self.isLeftChild()̔  

self.parent.leftChild = None 

else̔  

self.parent.rightChild = None 

elif self.hasAnyChildren()̔  

if self.hasLeftChild()̔  

if self.isLeftChild()̔  

self.parent.leftChild = self.leftChild 

                else̔  

self.parent.rightChild = self.leftChild 

self.leftChild.parent = self.parent 

 



     

                else̔  

self.parent.rightChild = self.leftChild 

self.leftChild.parent = self.parent 

else̔  

if self.isLeftChild()̔  

self.parent.leftChild = self.rightChild 

else̔  

self.parent.rightChild = self.rightChild 

self.rightChild.parent = self.parent 

 

def findSuccessor(self)̔  

succ = None 

if self.hasRightChild()̔  

succ = self.rightChild.findMin() 

else̔  

if self.parent̔  

if self.isLeftChild()̔  

succ = self.parent 

else̔  

self.parent.rightChild = None 

                    succ = self.parent.findSuccessor() 

                    self.parent.rightChild = self 

return succ 

 

def findMin(self)̔  

current = self 

while current.hasLeftChild()̔  

current = current.leftChild 

return current 

 



 

def remove(self,currentNode)̔  

if currentNode.isLeaf()̔   #leaf 

if currentNode == currentNode.parent.leftChild̔  

currentNode.parent.leftChild = None 

else̔  

currentNode.parent.rightChild = None 

elif currentNode.hasBothChildren()̔   #interior 

succ = currentNode.findSuccessor() 

         succ.spliceOut() 

         currentNode.key = succ.key 

           currentNode.payload = succ.payload 

else̔   # this node has one child 

        if currentNode.hasLeftChild()̔  

if currentNode.isLeftChild()̔  

                   currentNode.leftChild.parent = currentNode.parent 

                     currentNode.parent.leftChild = currentNode.leftChild 

elif currentNode.isRightChild()̔  

              currentNode.leftChild.parent = currentNode.parent 

                 currentNode.parent.rightChild = currentNode.leftChild 

              else̔  

                 currentNode.replaceNodeData(currentNode.leftChild.key, 

                                    currentNode.leftChild.payload, 

                                    currentNode.leftChild.leftChild, 

                                    currentNode.leftChild.rightChild) 

else̔  

if currentNode.isLeftChild()̔  

         currentNode.rightChild.parent = currentNode.parent 

                 currentNode.parent.leftChild = currentNode.rightChild 

             elif currentNode.isRightChild()̔  

                 currentNode.rightChild.parent = currentNode.parent                
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                 currentNode.parent.rightChild = currentNode.rightChild 

             else̔  

                 currentNode.replaceNodeData(currentNode.rightChild.key, 

                                    currentNode.rightChild.payload, 

                                    currentNode.rightChild.leftChild, 

                                    currentNode.rightChild.rightChild) 

 

mytree = BinarySearchTree() 

mytree[3]="red" 

mytree[4]="blue" 

mytree[6]="yellow" 

mytree[2]="at" 

 

print(mytree[6]) 

print(mytree[2]) 
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6.10.2  AVL  

 AVL 

ɺ  

 ɺ 

ɺ

ɺ ɺ

ɺ

ɺ   

1. ɺ. 

2. ɺ

ɺ 



 AVL  BinarySearchTree ɺ  _put 

updateBalance ɺ 6.44 ɺ  7  13  updateBalance 

 _put ɺ 

 

6.44 

_put  updateBalance ɺ

ɺ   16  ɺ 

  

ɺ  ɺ 

 updateBalance ɺ 

 AVL 

ɺ  AVL   

rotation) ɼ 

ɺ  6.28 ɺ

-  2ɺ A ɺ 

return 

if node.parent != None: 

if node.isLeftChild(): 

node.parent.balanceFactor += 1 

elif node.isRightChild(): 

node.parent.balanceFactor -= 1 

if node.parent.balanceFactor != 0: 

self.updateBalance(node.parent) 

def _put(self,key,val,currentNode): 

if key < currentNode.key: 

if currentNode.hasLeftChild(): 

self._put(key,val,currentNode.leftChild) 

else: 

currentNode.leftChild =TreeNode(key,val,parent=currentNode) 

self.updateBalance(currentNode.leftChild) 

else: 

if currentNode.hasRightChild(): 

self._put(key,val,currentNode.rightChild) 

else: 

currentNode.rightChild =TreeNode(key,val,parent=currentNode) 

self.updateBalance(currentNode.rightChild) 

def updateBalance(self,node): 

if node.balanceFactor > 1 or node.balanceFactor < -1: 

self.rebalance(node) 

return 
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 E ɺ 

 

 6.29  



ɺ 6.45

ɺ  2 ɺ

ɺ ɺ

ɺ 

ɺ  newroot

ɺ ɺ

ɺ

 10- 13  ɺ ɺ

6.28ɺrotateRight 

 rotateLeft  rotateRight ɺ 

6.45 

 16- 17 ɺ ɺ

 ɺ 

 ɺ 

def rotateLeft(self,rotRoot): 

newRoot = rotRoot.rightChild 

rotRoot.rightChild = newRoot.leftChild 

if newRoot.leftChild != None: 

newRoot.leftChild.parent = rotRoot 

newRoot.parent = rotRoot.parent 

if rotRoot.isRoot(): 

self.root = newRoot 

else: 

if rotRoot.isLeftChild(): 

rotRoot.parent.leftChild = newRoot 

else: 

rotRoot.parent.rightChild = newRoot 

newRoot.leftChild = rotRoot 

rotRoot.parent = newRoot 

rotRoot.balanceFactor  =  rotRoot.balanceFactor  +  1  - 

min(newRoot.balanceFactor, 0) 

newRoot.balanceFactor  =  newRoot.balanceFactor  +  1  + 

max(rotRoot.balanceFactor, 0) 
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ɺ  newBal(B)ɺ 
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ɺ B rotRoot  D

newRoot  16  

rotRoot.balanceFactor  =  rotRoot.balanceFactor  +  1  -   min(0,newRoot.balanceFactor) 
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ɺ 
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 put  put ɺ
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ɺ O(1)

 put  O(log 2(n)) ɺ 

 AVL ɺ

ɺ 

 

6.11  ADT MAP  

 Map ɺ

ɺ  Map 

 key 6.1 ɺ 

ᵬ ↓

 

 ԋ  AVL  

 

put  O(n)   O(1)  O(n) O(log2n) 

 

get O(log2n)  O(1)   O(n) 

 

O(log2n) 

 

in O(log2n) O(1)   O(n) O(log2n) 

 

del  O(n) O(1)   O(n) O(log2n) 

 

6.1  Map  

elif node.balanceFactor > 0: 

if node.leftChild.balanceFactor < 0: 

self.rotateLeft(node.leftChild) 

self.rotateRight(node) 

else: 

self.rotateRight(node) 

def rebalance(self,node): 

if node.balanceFactor < 0: 

if node.rightChild.balanceFactor > 0: 

self.rotateRight(node.rightChild) 

self.rotateLeft(node) 

else: 

self.rotateLeft(node) 

 

 



6.12  

ɺ ɺ 

 

ɔ   

ɔ   ADT map 

ɔ  AVL  ADT map 

ɔ   

ɔ   

6.13  

AVL  ԋ   ԋ  

ԋ   ῃԋ  

   

Ҭ     

ADT map   

   

╠  ᴨᾢ ↓  

 ᾞ    

     

6.14  

1.  

 

2. (4*8)/6ʛ3 ɺ 

3. [1,2,3,4,5,6,7,8,9,10]ɺ ɺ 

4. [10,9,8,7,6,5,4,3,2,1]ɺ ɺ 

>>> setRootVal(r,9) 

>>> insertLeft(r,11) 

[9, [11, [5, [4, [], []], []], []], [7, [], [6, [], []]]] 

>>> r = BinaryTree(3) 

>>> insertLeft(r,4) 

[3, [4, [], []], []]  

>>> insertLeft(r,5) 

[3, [5, [4, [], []], []], []]  

>>> insertRight(r,6) 

[3, [5, [4, [], []], []], [6, [], []]]  

>>> insertRight(r,7) 

[3, [5, [4, [], []], []], [7, [], [6, [], []]]]  



5. ɺ  

ɺ 

6.  buildHeap 

ɺ 

7.  key 68,88,61,89,94,50,4,76,66  82

ɺ 

8. ɺ  

ɺ 

9. [1,2,3,4,5,6,7,8,9,10]

ɺ 

10.  [10,9,8,7,6,5,4,3,2,1]  

ɺ 

11. ɺ 

method  preorder function

 

 

 

 

 

    12.  

 

 

13. ɺ 



 

 

14.  D ɺ 

 

 

6.15  

1.  buildParseTree ɺ 

2.  buildParseTree  evaluate  and                    

 or not  ɺ ɺ 

3.  findSuccessor ɺ 



4. ɺ

ɺ parent 

 ɺ 

5. ɺ  

key value

ɺ 

6. ɺ  n ɺ

 n ɺ 

7.  printexp ɺ 

8.  buildHeap  O(nlogn) ɺ 

9. 

ɺ 

10. ɺ 

11.  BinaryHeap  PriorityQueueɺ  PriorityQueue 

 enqueueɹ  dequeue ɺ 

 

  



 

7.  

7.1.  

¥ ᶏ  

¥  

¥ԅ ᵥ ԍ ‗Ҍ  

ѿ ױ ӟ Ȃ ѿ҉ױ ӟ ̆Ԋ ҉ᵰ ץ ҹ ѿ

Ȃ ץ ҕ ҉ Ԋ ̆ ̆ ̆

̆ ᵰ ᵝ ḱ Ȃ ױ ѿ ⌠ѿ ױ ԅ

ҩ ̆ ױ ᶏץ ‰ ‗ѿ֓ Ȃ 

ֲ ̆ ԅ Ҍ ӊ ῏ Ԋ ̆

ⱬȂᵖ ̆ Ӟױ ץ ᵬѿҩ Ȃ ױ Ạ Ṝ̆ ץ ҹ Ạѿױ

֓ Ԋ Ȃ ᵰ ̆ᵰ ᴪ ץ ⌠ѿҩ ⌠ ѿҩ ȁ

Ȃ 

ᵬҹ ӟ ̆ᵰ ḱ ᵝ ӟ Ȃ ѿҩ

ᾢḱᶭ ῏ Ȃ 7.1 ԅ ᵝ ῒ Ȃ 

 

7.2. ӈ  

ԅ ѿ֓ᶛ ̆

ױ ץ ӈѿҩ Ȃ ױ ̆ ױ ԅѿ֓ ̔ 

  Vertex 

̂Ӟ ά  ƴƻŘŜέ̃ №Ȃ ΐ άƪŜȅέȂ Ӟ ץ ⱴ Ḥ

άǇlŀȅƭƻŀŘέȂ 

  Edge 

̂Ӟ ά  ŀǊŎέ̃ ѿҩ №Ȃ ѿ ңҩ ̆↕ ң ΐ

Ȃ ץ ̆Ӟ ץ Ȃ ѿҩ Ҭ ̆ ױ ҩ ά  

ŘƛǊŜŎǘŜŘ ƎǊŀǇƘκŘƛƎǊŀǇƘέȂ҉ ᾢḱᶭ ѿҩ ̆ ҹᵰ ᾢḱ ֓

ӟῒז Ȃ 

  Weight 

 7.1 ᵝᾢḱᶭ ῏  



ҹԅ ѿҩ׆ ⌠ ѿҩ άףᴇέ̆ ץ Ȃᶛ ̆ѿҩ ңҩ

Ҭ̆ңҩ ӊ ᵬҹץ Ȃ 

ԅ ֓ ӈ̆ ױ ץ ӈѿҩ Ȃ ץ  G=(V,E) Ȃ ԍ  Ğ V

̆E Ȃ ҩ ѿҩᾝ (v, w)̆w, vŗVȂ ױ ץ ᾝ Ҭⱴ῀ ҈ҩ

Ȃ ѿҩ s e v ̆e Ṓ E ғ v Ṓ VȂ 

 7.2 ԅ ѿҩ Ȃ ҩ ץ 6ҩ ̔ 

V={V0, V1, V2, V3, V4, V5} 

9 ̔ 

E={(v0,v1,5),(v1,v2,4),(v2,v3,9),(v3,v4,7),(v4,v0,1),(v0,v5,2),(v5,v4,8),(v3,v5,3),(v5,v2,1)} 

 

 7.2 ᶛ  

 7.2Ҭ ԅῒזңҩ ̔ 

  Path 

Ҭ ̆ ᶭ ↓Ȃ ױ ӈҹ tҐόǿмΣ ǿнΣΧΣ wn)̆ ῒҬ ԍ

 1<=i<=n-1, (wi, wi+1) ŗ EȂ ҹ ̆ ԍ n-1Ȃ ҹ

ӊ Ȃ  2Ҭ׆ V3⌠ V1 ѿ ↓(v3,v4,v0,v1)̆ ῒ ҹ

{(v3,v4,7),(v4,v0,1),(v0,v1,5)}Ȃ 

 

  Cycle 

Ȃᶛ ̆  2 (V5,V2,V3,V5) ѿҩ Ȃ

ҹά  ŀŎȅŎƭƛŎ ƎǊŀǇƘέ̆ ҹά  directed acyclic graph  5!DέȂ Ҋ

ᴪױ ̆ ץ  DAG ̆ ױ ץ ‗ѿ֓ Ȃ 

7.3.  

̂ADT̃ Ҋ ӈ̔ 

Graph()̔ ⇔ ѿҩ  

addVertex(vert)̔ ѿҩ  Vertex ⱴ῀ Ҭ 



addEdge(fromVert, toVert)̔ ⱴѿ  

addEdge(fromVert, toVert, weight)̔ ⱴѿ  

getVertex(vertKey)̔ Ҭ ҹ vertKey  

getVertices()̔ Ҭ ↓  

in̔  vert in graph ̆ ҬȂ ↕ Truĕ ↕

False 

₃ ץ  Python ̂ADT̃ ̆ Ҍ Ҭⱴץ Ȃ

ңҩ ̆  adjacency  matrix   adjacency  listȂ ױ ң

Ҍ ̆ ᵬҹ Python Ȃ 

7.4.  

ӊѿ ԋ Ȃ Ҭ̆ ↓ ף Ҭ

Ȃ v⌠ wӊ ̆↕ ṿỮ v ̆w↓Ȃ ңҩ

̆ ױ ױ Ȃ 7.3 ԅ 7.2Ҭ ̆ ѿ ṿף ԅ׆  v⌠

w Ȃ 

 

 7.3  

ᴨ ̆ ԍ ₮ ӊ Ȃ ̆ Ӟױ

⌠ № № ̆ ’ ױ ά έ Ȃ Ҍ ѿҩỮ

ȂԊ ҉̆  Python ᵰ Ҍ ῒ └ 3 Ȃ 

̆ ѿҩ Ȃᵖ ױ ⌠

̙ ᾟ ̙ ҹ Ҭ ҩ ѿ ѿ↓̆ |V| 2Ȃ

ѿҩᾟ ҩ ҍῒזᴋᵥ Ȃ ⌠ץ Ȃ

ױ Ȃ 

7.5.  

ѿҩ ᶏ  adjacency listȂ ҩ Ҭ̆ ױ ѿ

ҩ Һ↓ ̂master list̃ ̆Һ↓ Ҭ ҩ ̆Ῥ῏ ѿҩҍ

↓ Ȃ ̆ ᶏױ ῖ Ҍ ↓ ̆ ῖҬ ̂keỹ

̆ ṿ̂valuẽ ↕ Ḡץ Ȃ 7. 4 ԅ 7.2Ҭ Ȃ 



 

 7.4 ↓  

ᴨ ᾛ ױ ѿҩ Ȃ ᶏ ױ ⌠ ҩ

ҍῒז Ȃ 

7.6.  

PythonҬᶏ ῖ ᶏ Ȃ ױ ̆ ױ

⇔ץ ңҩ ̆Graph  Vertex̂ ѿ ԋ̃ȂGraphḠ ԅ Һ ̆Vertex

↕ ԅ Ҭ Ḥ Ȃ ѿҩ Vertexᶏ ѿҩ ῖ ҍ ῏

̆ ҩ ῖ ᵬ connectionTô self. connectionTõ ȂҊ ↓ ₮ԅ Vertex ף

Ȃ ₱ ̂__init___̃ ∆ ԅ̂ѿ ҹ ұ ̃id  connectionTo ῖȂ

addNeighbor ⱴ׆ѿҩ ⌠ ѿҩ ȂgetConnections ץ ץ

connectionTo ῖҬ ᶛ Ҭ ȂgetWeight ץ ѿҩ

ҍ ӊ Ȃ 

Listing1̔  

class  Vertex :      

    def  __init__ ( self ,key):          

        self . id = key         

        self . connectedTo = {}       

    def  addNeighbor ( self ,nbr,weight =0):          

    self . connectedTo[nbr] = weight       

def  __str__ ( self ):         

return  str ( self . id) + ' connectedTo: '  + str ([x . id for  x in  self . connec

tedTo])      

def  getConnections ( self ):          

    return  self . connectedTo . keys()       

def  getId ( self ):          

    return  self . id       

def  getWeight ( self ,nbr):          

    return  self . connectedTo[nbr]  

ף                              7.1 



Ҋ  Graph ̆ ԅѿҩ ⌠ ῖȂ 7.4 Ҭ ҩ ῖ

ף ̆Graph Ӟ ᶫԅ Ҭ ⱴ ѿҩ ҍ ѿҩ Ȃ

getVertices ץ Ҭ Ȃ ױ ץ __iter__ Ҭ

Ȃ ң ᾛ ᵰ Ҭ Ȃ 

Listing2: 

class  Graph :      

def  __init__ ( self ):          

    self . vertList = {}          

    self . numVertices = 0       

def  addVertex ( self ,key):          

    self . numVertices = self . numVertices + 1          

    newVertex = Vertex(key)          

    self . vertList[key] = newVertex          

    return  newVertex       

def  getVertex ( self ,n):          

    if  n in  self . vertList:              

        return  self . vertList[n]          

    else :              

        return  None       

def  __contains__ ( self ,n):          

    return  n in  self . vertList       

def  addEdge ( self ,f,t,cost =0):          

    if  f not  in  self . vertList:              

        nv = self . addVertex(f)          

    if  t not  in  self . vertList:              

        nv = self . addVertex(t)          

        self . vertList[f] . addNeighbor( self . vertList[t], cost)       

def  getVertices ( self ):          

    return  self . vertList . keys()       

def  __iter__ ( self ):          

    return  iter ( self . vertList . values())  

ף                             7.2 

↨↨ ӈ  Graph  Vertex ̆ ױ Ҋ  Phythonף ץ 7.2

Ȃ ᾢ̆ ⇔ױ Έҩ ῒ5̆ ⌠ 0 ׆ ױ  Vertex ῖȂ  5 ⌠ 0 ׆⌠

ѿҩ key ױ ⇔ ԅѿҩ Vertex ᶛȂ Ҋ ̆ ױ ⱴ ӊ Ȃ

̆ ѿҩ Ữ ԅ Ȃᵰ ҩ

ľ Ŀ↓ ₮ ҍ  7.2 ѿ Ȃ 

 

Listing3: 

>>> g = Graph()  

>>> for  i in  range ( 6):  

...     g. addVertex(i)  

>>> g. vertList  



{0: <adjGraph.Vertex instance at 0x41e18>,   

1: <adjGraph.Vertex instance at 0x7f2b0>,   

2: <adjGraph.Vertex instance at 0x7f288>,   

3: <adjGraph.Vertex instance at 0x7f350>,   

4: <adjGraph.Vertex instance at 0x7f 328>,   

5: <adjGraph.Vertex instance at 0x7f300>}  

>>> g. addEdge( 0, 1, 5)  

>>> g. addEdge( 0, 5, 2)  

>>> g. addEdge( 1, 2, 4)  

>>> g. addEdge( 2, 3, 9)  

>>> g. addEdge( 3, 4, 7)  

>>> g. addEdge( 3, 5, 3)  

>>> g. addEdge( 4, 0, 1)  

>>> g. addEdge( 5, 4, 8)  

>>> g. addEdge( 5, 2, 1)  

>>> for  v in  g:  

...      for  w in  v . getConnections():  

...         print ( "( %s , %s )"  % (v . getId(), w . getId()))  

...  ( 0 , 5 ) ( 0 , 1 ) ( 1 , 2 ) ( 2 , 3 ) ( 3 , 4 ) ( 3 , 5 ) ( 4 , 0 ) ( 5 ,

 4 ) ( 5 , 2 )  

ף                                   7.3 

7.7.  WORD LADDER  

ױ Ҋ ҩ ᵬľ Ŀ ץ ױ ӟȂ ̆ ľ FOOLĿ

ľ SAGEĿȂ Ҭ̆ᵰ ѿץ ѿҩ Ȃ ѿ

ᵰ ѿҩ ѿҩ ̆ ғҌᾛ ѿҩҌ Ȃ  1878 

ȇ ҼҜ Ȉ ᵬ Lewis Carroll ₮ ȂҊ ↓ ₮ԅ ҉ ᶛ

ѿ Ȃ 

 

Ȃ ᵰ ץ ̆ ᵰ ᶏ ѿ

ҩ Ȃ ῤ Ҭ̆ ױ ῐ ᵥ ׆₮ ⌠

Ȃ 

ѿ ̆ ױ ѿҩ ‗ ҩ Ȃ ױ Ҋ̔ 

FOOL 

POOL 

POLL 

POLE 

PALE 

SALE 

SAGE 



ǻ  ץ ₮ ӊ ῏ ̕ 

ǻ  ≠ ᵬ ᴨᾢ ̂BFS̃ ⌠ѿ ׆ ⌠ Ȃ 

7.7.1.  WORD LADDER  

ױ ѿҩ ‗ ᵥ Ȃ ױ ңҩֽ ѿҩ

ӊ ѿ Ȃ ױ ⇔ץ ѿҩ ̆ Ӈᴋѿ׆ѿҩ ⌠ ѿҩ

ҩ ѿҩ Ȃ 7.5 ԅѿҩ ѿ֓ ̆ ץ ׆‗

ľ FOOLĿ ľSAGEĿ Ȃṿ ̆ ̆ ғ Ȃ 

 

 7.5 ѿҩ  

 

ױ ץ ₃ Ҍ ⇔ ױ ‗ Ȃ ᾢẊױ ױ ѿҩ ↓

,ῒҬ ѿ Ȃᵬҹ ױ ѿ ̆ ױ ↓ҹץ ҩ Ҭ⇔ ѿҩ

Ȃ ҹ ֓ ̆ ױ ץ ↓ Ҭ ҩ ҍ ῒז Ȃ ױ

Ṝ̆ ױ ⌠ Ҍ Ȃ ңҩ ѿҩ Ҍ ̆ ױ ץ Ҭ⇔

ѿ ױ Ȃ ԍ ̆ ᵬ ̕ᵖ Ẋ ױ ѿҩ 5110 ҩ

↓ Ȃ , ↓ Ҭ ҩ ҍ ῒז ѿҩ O(n
2
) Ȃ 5110 ҩ ̆n

2

2600 ҆ Ȃ 

ױ ץ ᶏ Ҋ ᴨ ȂẊ ױ , ҩ ѿҩ ҩ

̆ ғ ҉ ғֽ ѿҩ ļ _Ľ( ) ף Ȃᶛ ̆ 7. 6, ױ

ᴪ ѿҩ ҉ľ pop_Ŀ̆ ױ ױ ↓ Ҭ ҩ ̆ ῒҍ ҩ ̆ᶏ ľ_Ŀ 

ᵬҹѿҩ , ӇľpopeĿ ľ popsĿ ҍľ pop_ĿȂ ױ ⌠ѿҩ ,

ױ Ȃѿ ױ ̆ Ḃױ ̆ ѿҩ

ԑ Ȃ 



 

 7.6 ̔ ѿҩ Ҍ  

     Python Ҭ̆ ױ ץ ᶏ ѿҩ ῖ ↨↨ױ Ȃ ↨↨ױ ⌠ ҉

ױ ῖҬᵬҹ key̆ ṿ value ↓ Ȃѿ ⇔ױ ԅ ῖ ױ

ץ Ȃ ץױ Ҭҹ ѿҩ ⇔ ѿҩ ̆ ѿҩ ṿ↓ ᴋ ңҩ

ӊ ѿ Ȃף 7.4 ԅ  Python ף Ȃ 

 

from pythonds.graphs import Graph 

def buildGraph(wordFile): 

d = {} 

g = Graph() 

wfile = open(wordFile,'r') 

# create buckets of words that differ by one letter 

for line in wfile: 

word = line[:-1] 

for i in range(len(word)): 

bucket = word[:i] + '_' + word[i+1:] 

if bucket in d: 

d[bucket].append(word) 

else: 

d[bucket] = [word] 

# add vertices and edges for words in the same bucket 

for bucket in d.keys(): 

for word1 in d[bucket]: 

for word2 in d[bucket]: 

if word1 != word2: 

g.addEdge(word1,word2) 

return g 



ף                           7.4 

ױ ѿҩ Ҭ ,ᵰ ҩ ᵥ? ҹױ ҩ

‰  4 ҩ ↓  5110 ҩ Ӈ Ȃ ױ ᶏ ѿҩ Ữ̆

ᴪ῍ 5110*5110=26112100ҩ Ȃ buildGraph ₱ ₮  53286 ̆

ץ 0.20% ᾟԅ! ̆ ҩ Ȃ 

 

7.7.2.  ᴨᾢ (BFS) 

ԅ ӊ ̆ ױ ⱬ ↓ ̆ ױ

⌠ ѿ ᵬ ᴨᾢ (BFS) Ȃ BFS ӊѿ̆

̆ Ӟ ӊױ ӟ ѿ ↓ῒ Ȃ 

ѿҩ  G ѿҩ  s̆ ᴨᾢ (BFS) Ҭ ⌠ GҬ

s Ȃῒ ⌠  k+1 ӊ╠̆BFSᴪ ⌠ῃ

ҹ k Ȃ ѿҩ ᴨᾢ ̂BFS̃ ̆ ѿ s ҹ ץ

̆ѿ ѿ ̆ ̆ ᴨᾢ (BFS) ⱴ ╠̆ᴪḠ

ⱴ ԅ ҬȂ 

ҹԅ ѿ ѿ ̆  BFS Ҭ̆ᴪ ѿҩ ҹ ȁ

Ȃ ѿҩ ∆ ҹ ̆ ӊ ̆ ף Ȃ

ѿҩ ѿ ̆ ̆ ᴨᾢ (BFS) ῃ ѿҩ ̆

Ȃ ѿ ѿҩ ԅ ̆ ̕ ѿ ̆ ѿҩ

ҹԅ ̆ ῒ Ȃ 

Ҋ ף 7.5 Ҭ ᴨᾢ ᶏ ╠ ₮ Ȃ ̆

ᶏ ԅѿҩ ↓ ‗ Ҋѿ ѿҩ ̆ ӊױ ᴪ ѿ ᵬ Ӈ Ȃ 

̆ ᴨᾢ ̂ BFS̃  ᶏ  Vertex ̆ ҩ Ҭ

҈ҩ ᶛ ̔ ̆ ̆ ғ ҈ ᶛ ṿץ

Ȃ № ף  pythonds ף Ҭ ̆ᵖ ױ Ҍᵬ ̆ ҹ ױ

╠ӊױ ԅȂ 

ᴨᾢ ̂BFS̃ ׆   s ̆  s ҹ ף̆

ԅ̆ ңҩ ĺĺ ̆ ԍ  s ∆ ҹԅ 0  NoneȂ ̆

ᴪ ⱴ῀⌠ѿҩ ↓Ҭ̆Ҋѿ Ḃ Ȃ ҩ ̂ף ̃

↓ ̆ Ҭ ѿҩ ̆Ḃᴪ ҩ ̆

̆ ҩ ̆Ӟ ᴪ Ҋ ᵬ̔ 

1ȁ  nbr̆ ҹ ̕ 

2ȁ nbr ҹ ╠  currentVert ̕ 

3ȁ nbr ҹ ╠ ⱴѿ̕ 

4ȁ nbr ⱴ῀ ̆ ѿ ᵬᶏ ⌠ nbr ╠ ↓ Ҭ ̆

Ҋѿ ᵬȂ 

                                      



 

ף                            7.5 

ᵬҹѿҩᶛ ̆ ױ  bfs ₱ ᵥ ҍ 7.5 ᴨᾢ

Ȃ ᾢ ׆ױ  fool ̆ ҍῒ ⱴ⌠ Ҭ̆ ֓  

poolȁfoil ȁfou l  cool̆ ֓ ᵬҹ ⱴ⌠ Ȃ 7.7 ѿ ᵬ ̆

↓ Ȃ 

 

7.7 BFS ѿ  

bfs ₱ Ҋѿ ᵝԍ  pool ׆ ↓Ҭ ̆ ғ ῒ ѿ Ҭ

ᵬȂ ̆  bfs ₱  cool ̆ᴪ ҹԅ ̆ ף

ԅ̆ ғ ׆ ⌠ cool ӊ ѿ ̆cool ԍ ↓Ҭ Ҋѿ

from pythonds.graphs import Graph, Vertex 

from pythonds.basic import Queue 

def bfs(g,start): 

start.setDistance(0) 

start.setPred(None) 

vertQueue = Queue() 

vertQueue.enqueue(start) 

while (vertQueue.size() > 0): 

currentVert = vertQueue.dequeue() 

for nbr in currentVert.getConnections(): 

if (nbr.getColor() == 'white'): 

nbr.setColor('gray') 

nbr.setDistance(currentVert.getDistance() + 1) 

nbr.setPred(currentVert) 

vertQueue.enqueue(nbr) 

currentVert.setColor('black') 



Ȃ  pool ̆ ѿ ⱴ῀ ↓  poll Ȃ ѿ ӊ ̆ ↓

7.8 Ȃ 

 

7.8  BFS ԋ  

 

↓Ҭ Ҋѿҩ  foil ̆  foil ѿ ⱴ῀ Ҭ  fail ̕ ↓Ҭ Ҋ

ңҩ  cool  poll ӊ ̆ ⱴ῀ ↓Ȃ 7.9 ԋ

̆ ↓ Ȃ 

 

 7.9 ѿ ӊ  



 

7.10 ᴨᾢ (BFS)  

 

ꜚ ҩ Ḃԍץ̆ ҩ ̆ 7.10 7.7 Ҭ

⌠  BFS Ȃᵖ  BFS ԍ Ҍֽױ ‗ԅ

ױ ₮ ҩ fool ᵥ ⌠ sage ̆ Ҭ Ḃ ‗ԅ ≢ Ȃ

ױ BFS ᴋ ׆ץ ѿҩ ₮ ̆ ⌠ ׆̆ ׆⌠ ҩ

⌠ fool Ȃ Ҋ ₱ ף 7.6 ԅ ᵥ ₮ ҩ

Ȃ  
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7.7.3. ᴨᾢ ̂BFS̃ №  

ױ ῀ ῒ ӊ╠̆ᾢ № ѿҊ BFS Ȃ ᾢ ױ

⌠̆ while ̆ |V| Ҭ ҩ ѿ ̂Ӟ ׆ץ ѿҩ

ⱴ῀ ↓ӊ╠ ₮ ̃̆  while  Ô Ṽ Ȃ

̆ ԍ  while Ҭ  for ̆ῒ ԍ |E| Ҭ ѿ ᴪ ѿ

Ȃ ҹ ҩ ᴪ ₮ ѿ ̆ ԍ׆  u ⌠  v ̆  u₮

def traverse(y): 

x = y 

while (x.getPred()): 

print(x.getId()) 

x = x.getPred() 

print(x.getId()) 

traverse(g.getVertex('sage')) 



Ṝ ױ ᴪ ̆ ץ ѿ ̆ ҩ  Ô Ẽ Ȃ ңҩ

ⱴ ̆Ӟ  Ô V+Ẽ Ȃ 

̆  BFS ҩ Ҭ ѿ №̆ ⌠ ׆ ⌠ ѿ

№Ȃ ’ ׆ ⌠ ѿ ̆ ’Ҋ

 Ô Ṽ Ȃ ’Ҋ ԍ|V| ̆ᵖ ׅױ  Ô Ṽ ᵬҹῒ Ȃ 

̆ ԍ ҩ ̆ ױ ̆ ױ buildGraph ₱

№ ᵬҹ ӟ֜ Ȃ 

7.8.  

ױ ԋҩ ѿ ῖ ľ ĿȂ

҉ֽ ľ Ŀ ҩ ᵬȂ ⌠ѿ ץ ̆ ғ ҩ

ѿ ↓Ȃѿҩ ↓ ҹѿ ľ ĿȂ ץ ̆

ԅ ȁ ȁ Ȃ  8¦8 ҉̆ ╠ ľ

Ŀ ҉ 1.035*10^35 Ӈ Ȃ ̆ Ҭ ’ ԅȂ ѿҩ

Ӈ Ӈ ̆ ң Ȃ 

ֲ ԅ Ҍ ‗ ̆ ᶭ Ḃԍ

Ώ ӊѿȂҊ ̆ ױ ң ‗ ҩ ̔ 

ǻ  ҉ ҹѿҩ  

ǻ  ѿҩ ҹ̂ ¦↓ -  1̃ ̆ ҉ ҩ ѿ  

 

7.8.1.  

ҹԅ ҹ ̆ ױ ⌠ Ҋңҩ : ҩ ̕

ꜚ ץ ѿ Ȃ 7.10 ԅ ץ ῒ Ҭ Ȃ 

 

7.10 12 ҩ ҉ ץ ҍӊ  

 



ױ ≠ץ ף 7.6 Ҭ  Python ₱ ѿҩ n*n Ȃ knightGraph 

₱ Ȃ ҩ ҉ knightGraph ₱  genLegalMoves ꜛ₱ ⇔ ѿҩ

╠ ҩ ҉ ꜚ ↓ Ȃ ꜚ ҹ ҉ Ȃ ѿҩ ꜛ₱  

posToNodeId ҉ᵝ ↓Ḥ ѿҩ ̆ ᵌԍ  7.10

Ȃ 

 

ף 7.6  ѿҩ n*n  

genLegalMoves ₱ ף̂ 7.7̃ ╠ ᵝ ῇҩ ȂlegalCoord 

ꜛ₱ Ḡᴋᵥҩ Ҍᴪ ₮ ̂ᴪ  IndexError ̃Ȃ 

from pythonds.graphs import Graph 

 

def knightGraph(bdSize): 

ktGraph = Graph() 

for row in range(bdSize): 

for col in range(bdSize): 

nodeId = posToNodeId(row,col,bdSize) 

newPositions = genLegalMoves(row,col,bdSize) 

for e in newPositions: 

nid = posToNodeId(e[0],e[1],bdSize) 

ktGraph.addEdge(nodeId,nid) 

return ktGraph 

 

def posToNodeId(row, column, board_size): 

return (row * board_size) + column 

 



ף

7.7 genLegalMoves ₱    

7.11 ԅ 8*8 ҉ ꜚ ̆ Ҭ 336 Ȃ ⌠

Ҭ Ȃ ѿ ̆ ױ ץ ⌠ ҩ Ȃ ңҩ

̆↕  4096 ̆ ҹ 336 ̆ ҩ 8.2% ᾟȂ 

 

def genLegalMoves(x,y,bdSize): 

newMoves = [] 

moveOffsets = [(-1,-2),(-1,2),(-2,-1),(-2,1),( 1,-2),( 1,2),( 2,-1),( 2,1)] 

for i in moveOffsets: 

newX = x + i[0] 

newY = y + i[1] 

if legalCoord(newX,bdSize) and \  legalCoord(newY,bdSize): 

newMoves.append((newX,newY)) 

return newMoves 

 

def legalCoord(x,bdSize): 

if x >= 0 and x < bdSize: 

return True 

else: 

return False 



 

7.11  8¦8 ҉  

 

7.8.2.  

ױ ԍ ‗  Depth First Search (DFS) ĺĺ ᴨᾢ Ȃ

╠  BFŜ ᴨᾢ ̃ ѿ ѿ ̆  DFS ↕

ѿ Ȃ ѿ ױ ׃ ңҩ ᴨᾢ (DFS) Ȃ ѿҩ DFS ױ

ԍ ‗ ̆ῒ ҩ ѿ Ȃ ѿҩ DFS ҹѿ ̆ᵖ ᾛ

Ȃ ԋ ᵬҹῒ Ȃ 

ᴨᾢ ԍ ѿ 63 Ȃ ᴪױ ⌠ DFS ⌠ѿ

̂ ᴋᵥ ꜚ ̃ ̆ ᴪ ⌠ Ȃ 

₱  knightTour ҩᴰ ̔ n ̆ ╠ ̕ path ̆ ҩ ╠

↓ ̕ u ̆ ױ ̕ limit ̆ └Ȃ ₱ ᶏ ̔  knightTour  

̆ ᾢ ̔  path  64 ҩ ̆₱  knightTour  True 

⌠ѿ ̕  path Ҍ ̆ ױ ѿҩ ץ ҹ Ȃ 

DFS ᶏ ľ Ŀ Ҭ ֓ ԅȂ ҹ ̆

ҹ Ȃ ╠ ῃ ғ ⌠ ῃ  64 ҩ ̆ ױ

⌠ԅѿ ̆ ױ Ȃ └  knightTour  False ꜚ̂

ᴆ̃Ȃ  BFS ױ  queuê ↓̃ ̆  DFS ԍ ᶏױ ԅ



̆Ӟ ᶏ ԅ Stack̂ ̃ ױ └Ȃ ׆ױ knightTour ₱  False

̂ line11 ̃̆ ᶭױ  while  nbrList  Ҭ Ҋѿҩ Ȃ 

 

ף                                7.8 

ױ ѿҩ ᶛȂᵰ ץ Ҋ Ȃ ҩᶛ

Ҭ Ẋױ  getConnections ̂ line6 ̃ ↓ Ȃ ׆ױ  knightTour 

(0,path,A,6) Ȃ 

knightTour ׆  7.12  A Ȃҍ A  B D̆  B ҉  D ╠̆

dfs  B Ҋѿ ̂  7.13̃Ȃ B knightTour Ȃҍ B 

 C  D̆ knightTour ᾢ ץ  C Ȃ ̆ Ἕᵰ 7.14 ⌠ ̆

 C ̆ ѿ Ȃ ̆ ױ  C ҹ ̂ ̃Ȃ  

knightTour  False Ȃ ׆ ⌠ׅ ̆ BȂ ↓

Ҭ Ҋѿҩ D̆ ₱ knightTour ץ  D Ȃ׆  D ̆ 

knightTour ץ ̆ ⌠ Ῥױ ⌠  Ĉ 7.17̆ 7.18̆ 7.19̃Ȃ

̆ ⌠ױ C  n<limit  ∞ Ẋ̆ ץ ױ ױ ԅ

Ȃ ױ ץ True ױ ⱳ ⌠ԅ ѿҩ Ȃ ױ

ҩ↓ ̆path  [A,B,D,E,F,C]  ̆ ױ Ȃ̂ ҉

Hamilton ̃ 

from pythonds.graphs import Graph, Vertex 

def knightTour(n,path,u,limit): 

u.setColor('gray') 

path.append(u) 

if n < limit: 

nbrList = list(u.getConnections()) 

i = 0 

done = False 

while i < len(nbrList) and not done: 

if nbrList[i].getColor() == 'white': 

done = knightTour(n+1, path, nbrList[i], limit) 

i = i + 1 

if not done: # prepare to backtrack 

path.pop() 

u.setColor('white') 

else: 

done = True 

return done 



 

׆ 7.12 A  

 

7.13 B 

 

7.14 C ѿ  

 

7.15 ⌠ B 

 

7.16 D 
























































