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>>> odds = [1, 1+2, 2+3, 3+4, 4+5]



>>> odds = [1, 1+2, 2+3, 3+4, 4+5] odds nn



>>> odds = [1, 1+2, 2+3, 3+4, 4+5] odds nn

>>> odds[3] = 33 + 44



o odds - 1, 12, 243, 314, 4e5 oids —{ 13 |5 [77] 5

>>> odds[3] = 33 + 44



s odds = [L, 102, 243, 3w, 455 odés —{ 1|35 |77]9

>>> odds[3] = 33 + 44

>>> odds[1:3] = [11+22, 22+33]



oo odds = [1, 142, 243, 344, 445] odds Hn

>>> odds[3] = 33 + 44

>>> odds[1:3] = [11+22, 22+33]



>>> odds = [1, 1+2, 2+3, 3+4, 4+5]

>>> odds[3] =

>>> odds[1:3]

>>> odds[1:3]

33 + 44

[11+22, 22+33]

[11+28,22+23,23+28]
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>>> odds = [1, 1+2, 2+3, 3+4, 4+5]

>>> odds[3] =

>>> odds[1:3]

>>> odds[1:3]

33 + 44

[11+22, 22+33]

[11+28,22+23,23+28]
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s odds = [1, 142, 243, 344, 445 odds —{ 1 |39 ]4s[si|r7]0

>>> odds[3] = 33 + 44
>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] = [11+28,22+23,23+28]

>>> odds2 = odds



s odds = [1, 142, 243, 3+4, 445] odds —>| 1|39 |45 |51(77] 9
odds?2

>>> odds[3] = 33 + 44
>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] = [11+28,22+23,23+28]

>>> odds2 = odds



s odds = [1, 142, 243, 3+4, 445] odds —| 1|39 |45 [51[77| 9
odds?2

>>> odds[3] = 33 + 44
>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] = [11+28,22+23,23+28]

>>> odds2 = odds

>>> odds2[2] = 5



s odds = [1, 142, 243, 3+4, 445] odds — 1|39 | 5 [51[77| 9
odds?2

>>> odds[3] = 33 + 44
>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] = [11+28,22+23,23+28]

>>> odds2 = odds

>>> odds2[2] = 5



s odds = [1, 142, 243, 3+4, 445] odds — 1|39 | 5 [51[77| 9
odds?2

>>> odds[3] = 33 + 44
>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] [11+28,22+23,23+28]

>>> odds2 = odds

>>> odds2[2] = 5

>>> odds2 = odds|[:]



>>> odds

>>>

>>>

>>>

>>>

>>>

>>>
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odds[3] = 33 + 44 odds? n

odds[1:3] = [11+22, 22+33]

odds[1:3]

[11+28,22+23,23+28]

odds2 = odds

odds2[2] = 5

odds?2
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>>> odds = [1, 1+2, 2+3, 3+4, 4+5] odds n
o> odds[3] = 33 + 44 odds? n

>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] = [11+28,22+23,23+28]

>>> odds2 = odds

>>> odds2[2] = 5

>>> odds2 = odds|[:]

>>> odds2([4] = 7



>>> odds = [1, 1+2, 2+3, 3+4, 4+5] odds n
o> odds[3] = 33 + 44 odds?2 n

>>> odds[1:3] = [11+22, 22+33]

>>> odds[1:3] [11+28,22+23,23+28]

>>> odds2 = odds

>>> odds2[2] = 5

>>> odds2 = odds|[:]

>>> odds2[4] = 7
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s> s = "EEEDE"
>>> s[3] = "&"
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range(5)

e range(m,n)& AT m5EE n-17HAE 7HE 12 U d

range(3,10)
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range(3,11,2)

range(10,3,-1)




e range(nN)2 A 05H n-17HA|E 7H4 12 Jg3sh

range(5)

e range(m,n)& AT m5EE n-17HAE 7HE 12 U d

range(3,10)
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e range(nN)< A 05H n-17HA|E 714 12 W

range(5)

» range(m, )= A<= mFH n-17kA & H 12 1

range(3,10)

e range(m,n, k)<= T mFE n-7kA & 7HE k&

range(3,11,2)

range(10,3,-1)




e range(nN)< A 05H n-17HA|E 714 12 W

range(5)
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range(3,10)

e range(m,n, k)<= T mFE n-7kA & 7HE k&

range(3,11,2)

range(10,3,-1)
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s, t: AIREA X 1n S x7} sOll /2™ True, 2™ False
O X hot in s X7t sOf| @12™ True, A2™M False
1,3, k:2HA S]] SOIlAf 10f] QL= |4
n: A& s[1:7] 1 Of[A] § 7KK A|RA =Z2F (1 =&, 5 H[<l)
s[1:7:k] 1 OlA J TEK] kZHE2 2 |2 A[EA B2 (1 22, § H|2])
len(s) s9| Z0
min(s) SO|A 71EF 212 &I
max(s) SOl|A] 7HEF 2 Bl A
s.1index(x) SOIAM 7t 20| L= x2| QlEA
s.index(x,1) s2f 1 Of| A A|&FSH0] 718 0| L= x&| QIEiA
s.1ndex(x,1,7) s& 10|M J7kX| H[0|A Z7FE 20| LIQ= x2f QIEIA (1 =g, 7 H2)
s.count(x) SOf| A x2f BlE=4
s + t s@t t LIZhs| Z0[7
s * n s& nH Bt=5}0{ LiZls| Z0[7
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for-loop

for (HE> in AJEA):
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for-loop

for X 1n s:
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pp.222~224

470X while +20 2 23N g4

&3} of g}
FILECIS ElO|H
code : 5-1.py
1| from time import sleep
2| def countdown(n):
3 while n > 0:
4 print(n)
5 sleep(l)
6 h=n-1
7 print("Launch!™)

58 1z Ydalesttt. o] $4-2 for
AHgate] 0. 8% Wrjzee BZe A AR Ba) T Bae A9 Ju)z)

N Oy i AW N

code :

= =
T—I-,-:-a

5-2.py

from time import sleep
def countdown(n):
for i in range(n, ,
print(i)
sleep(1)
print("Launch!™)

):




Xii4: 4efo| 3t (A2 gna|E)

code : 5-3.py
1| def sigma(n):
2 sum = 0
3 while n > O:
4 n, sum = n-1, n+sum
5 return sum
T2t 4ol B
code : 5-5.py
1| def sumrange(m,n):
2 sum = 0
3 while m <= n:
4 sum = sum + m
5 m=m+1
6 return sum

vi B W N =

S U AW N

code : 5-4.py
def sigma(n):
sum = 0
for
return sum
code : 5-6.py

def sumrange(m,n):
sum = 0
for

return sum




Hesd

code :

5-7.py

def fac(n):
ans = 1
while n > 0:

vi AW N

return ans

n, ans = n-1, ans*n

HEXF (@TPT Y12lE)

code :

5-9.py

def power(b,n):
prod = 1
while n > O:
prod = b * prod
n=n-1

S UV AW N -

return prod

code :

5-8.py

def fac(n):
ans = 1
for

vi B W N =

return ans

code :

5-10.py

def power(b,n):
prod = 1
for

return prod

O V1 AW N
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T FHetsm o

Structural Induction

1 . Hl 2|AE [12 2|AE O|C},
(1) Basis | | | =
x7F o|o] HA0|11 xs7f &e|o| 2|AEOQ|H,

2Lt X :: Xs E B|JAEO|C}.
Induction 07| A | AE MM JAXIZ2 constructor 21 ST}
(head), xs2 £0|2|AE(tail)2t D ST

(2)

P>

(3) 11 2|0 CrE 2|AE= SR,



7|1=

. Hl 2[AE [ 2|AE O|C}.
Basis L

(1)

X7t &lo|o| YA0|11 xs7t lo|o| B|AEOQ|H,

Fet X :: Xs I 2|AEO0|LC}.
Induction 0{7|M, : : = 2|AE MM HAXIZ constructor 2t ST}
ME& A (head), xs2 20[E|AE((tail)2f 12 ST}

(2)

]



7|1=

. Hl 2[AE [ 2|AE O|C}.
Basis L

(1)

X7t &lo|o| YA0|11 xs7t lo|o| B|AEOQ|H,

Fet X :: Xs I 2|AEO0|LC}.
Induction 0{7|M, : : = 2|AE MM HAXIZ constructor 2t ST}
ME& A (head), xs2 20[E|AE((tail)2f 12 ST}

(2)
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(2)

7|1=

Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

X7t olo| /40|11 xs7f &2l E|AEO|H,
X :: Xs & B|AEO0|C}.

L]

IAE MM oJAIXI2 constructor 2}

(head), xs= Z0|2|AE(tail)ct

nk-is

L

nksl;

L

F

Ct.
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Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

X7t olo| /40|11 xs7f &2l E|AEO|H,
X :: Xs & B|AEO0|C}.

L]

IAE MM oJAIXI2 constructor 2}

(head), xs= Z0|2|AE(tail)ct

nk-is

L

nksl;

L

F

Ct.
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(2)

7|1=

Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

X7t olo| /40|11 xs7f &2l E|AEO|H,
X :: Xs & B|AEO0|C}.

IAE MM oJAIXI2 constructor 2}

(head), xs= Z0|2|AE(tail)ct

nk-is

L

nksl;

L

F

Ct.
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7|1=

Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

X7t olo| /40|11 xs7f &2l E|AEO|H,
X :: Xs & B|AEO0|C}.

IAE MM oJAIXI2 constructor 2}

(head), xs= Z0|2|AE(tail)ct

nk-is

L

nksl;

L

F

Ct.
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Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

x7t ¢12|9| fIA0|11 xs7t olo| B|AEO|H,
X :: Xs &k B|AEO|C}.

|AE MM HAAXIE constructor 2t

(head), xs= Z0|2|AE(tail)ct

nk-is

L
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L
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Ct.
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7|1=

Basis

HE
Induction

4l 2[AE []2 2|AE 0L,

x7t ¢12|9| fIA0|11 xs7t olo| B|AEO|H,

X :: Xs Lk 2|AEO0|C}.
O0{7|A, : : & 2|AE MM AAMXIZ constructor 2t11
x= ME8A(head), xs2 E0[2|AE(tail)2tD SiC

St

L

F

Ct.
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Basis

et
Induction

Hl 2| AE []2 2|AE O|LC},

x7} glojo

| YIA0|1 xs7t Q2|2 B|AEO|H,

X :: Xs kE g|AEO0|C},

| AE MM oJAKIEZ2 constructor 2t ST}
(head), xs2 £0|2|AE(tail)2t D ST}



7=

. d4l 2|AE [ ]2 2|AE O|LCt.
Basis

(1)

x7F o|o] HA0|11 xs7f &e|o| 2|AEOQ|H,
=115, X :: xs &k 2|AEO0|Ct,
Induction 017| M 2| AE AN o{AIXIZ constructor 210 SHCY
x= ME2l4(head), xs2 S0|2|AE(tail)2t 0 S}

(2)



(1)

(2)

7|1=
. 4] 2|AE []2 2|AE 0L},
Basis
x7t ¢12|9| fIA0|11 xs7t olo| B|AEO|H,
=11%; X :: xs &k 2|AEO0|Ct,
Induction 0{7|M, : : = 2|AE MM AALKXIZ constructor 2t SHCL,
MERA(head), xs2 Z0|2[AE((tail)2t! ST

]
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(2)

7|1=

Basis

HE
Induction

[3,

4l 2[AE []2 2|AE 0L,

x7t ¢12|9| fIA0|11 xs7t olo| B|AEO|H,
X :: Xs &k B|AEO|C}.

L Z|AE MM oJAIXIZ2 constructor 2F11 ST}
Xx= ME{4(head), xs2 =0|2|AE(tail)2t? ST

5. 4, 2] /”\



7=

. Hl 2|AE []2 2|AE 0|,
Basis ]

(1)

x7F 9|9 140|101 xs7} 9|o| B|AEO|H.
=11%; X :: xs &k 2|AEO0|Ct,
Induction 0{7|M, : : = 2|AE MM AALKXIZ constructor 2t SHCL,
x= MEH2A(head), xs2 S0|2[AE(tail)2t 2 SiCY,

(2)

[3, 5, 4, 2] /N



(1)

(2)

7|1=

Basis
xZ7t &e|o| {lA0|11 xs7t &le|e| E|AEQ|H,
=1 X :: xs E 2|AEO0|C}.
Induction 0{7|M, : : £ 2|AE MM AAMXIZ constructor Et11 ST},
x= MEH2A(head), xs= 20|2|AE(tail)2t 2 STt
/N
5 4 :: 2 :: [] )

[3, 5, 4, 2] /N



(1)

(2)

7=

Basis

HE
Induction

[3,

4l 2[AE []2 2|AE 0L,

X7t olo| /40|11 xs7f &2l E|AEO|H,
X :: Xs & B|AEO0|C}.

O0{7|A, : : = E|AE MM HAMXIE constructor 2f11 LT
ME2I4 (head), xs= =0|2|AE(tail)2t2 StC}.
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(2)

(1)

(2)

7=
Basis

e

Induction

7=

Basis

e
Induction

4l 2[AE []2 2|AE 0L,

x7F o|o] HA0|11 xs7f &e|o| 2|AEOQ|H,
X :: xs E 2|AEO|LC}.

 Z|AE MM oJAIXI2 constructor 2F10 SHCF.
MEJA(head), xs2 E0|2|AE(tail)2t 2 STt

H| 2| AE []2 2|AE O|Ct,

x7} lo|o| YA0|1 xs7t &lolo| B|AEO|H,
[x] + xs E 2|AEO0|C,
20|2|AE (tail)2t 12 SHCL.

[ I—

X= ME2I2 (head), xs=



7|=

(1) 2l 2[AE []= 2|2E O|C}

Basis

2Lt x7} @lo|o| 4A0|1 xs7}t &lo|9| B|AEO|H,
2 = x| + xs E 2|AEO|C}
() Induction [X]

x= ME22(head), xs2 F0|2|AE(tail)2t 2 St}



7=

(1) 2l 2[AE []= 2|2E O|C}

Basis

2Lt x7} o|o| gl40|1 xs7t |9l B|AEO|H,
2 - x| + xs E B|AEO|C}.
() Induction [X] | o

x= ME2lA(head), xs= E0|2|AE(tail)2t 2 ST

[2] +E



7=

3l 2|AE []2 2|AE O|C}.

(1)

Basis

et x7} ele| Ha0|1 xs7t gele| 2| AE0|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

x= MEHA(head), xs= 20|2|AE(tail)2t 2 S

2] + [

[2]
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3l 2|AE []2 2|AE O|C}.

(1)

Basis

et x7} ele| Ha0|1 xs7t gele| 2| AE0|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

x= MEHA(head), xs= 20|2|AE(tail)2t 2 S

(4] + [2] + E



A
1= 4l B|AE []2 BJAE o|ct

(1)

Basis
+ x7F 9|9 140|711 xs7} 9|o| B|AEO|H.
L
(2) :'LI“_ [x] + xs E2|AEO0|C.
Induction

Xx= ME& LA (head), xs2 Z20|E2|AE(tail)2t 0 SHCT.

(4] + [2] + E

[4, 2]
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3l 2|AE []2 2|AE O|C}.

(1)

Basis

o x7F &o|o| /0|1 xs7t &le|o| 2|AEO|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

x= MEHA(head), xs= 20|2|AE(tail)2t 2 S

51+ [4] + [2] + L]



7=

3l 2|AE []2 2|AE O|C}.

(1)

Basis

o x7F &o|o| /0|1 xs7t &le|o| 2|AEO|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

x= MEHA(head), xs= 20|2|AE(tail)2t 2 S

51+ [4] + [2] + L]

[5, 4, 2]



yAES
| H| 2| AE [T 2|AE O|LC}.

(1)

Basis

" x7t @lolo| §A0|1 xs7t @Jo|o| B|AEO|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

Xx= ME& LA (head), xs2 Z20|E2|AE(tail)2t 0 SHCT.

(31 + 5] + 4] + [2] + L]



7|
| H| 2| AE [T 2|AE O|LC}.

(1)

Basis

" x7t @lolo| §A0|1 xs7t @Jo|o| B|AEO|H,
2 = x| + xs E 2|AEO|C}
(2) Induction [x]

Xx= ME& LA (head), xs2 Z20|E2|AE(tail)2t 0 SHCT.

(31 + 5] + 4] + [2] + L]

[3, 5, 4, 2]
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def selection_sort(xs):
it xs 1= []:

smallest = min(xs)

Xs.remove(smal lest)

return [smallest] + selection_sort(xs)
else:

return |[]
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code :

5-11.py

def selection_sort(xs):
1t xs 1= []:
smallest = min(xs)
Xs.remove(smallest)
return [smallest] + selection_sort(xs)
else:
return []

selection_sort([3,5,4,2])
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code :

5-11.py

def selection_sort(xs):
if xs !'= []:
smallest = min(xs)
Xs.remove(smallest)

return [smallest] + selection_sort(xs)
else:

return []

selection_sort([3,5,4,2])
=> selection_sort([3,5,4])
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code :

5-11.py

def selection_sort(xs):
if xs 1= []:
smallest = min(xs)
Xs.remove(smal lest)
return [smallest] + selection_sort(xs)
else:
return []

selection_sort([3,5,4,2])
=> [2] + selection_sort([3,5,4])
= [2] + selection_sort([5,4])
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code :

5-11.py

def selection_sort(xs):
1t xs 1= []:
smallest = min(xs)
Xs.remove(smal lest)
return [smallest] + selection_sort(xs)
else:
return []

selection_sort([3,5,4,2])
=> [2] + selection_sort([3,5,4])
=> [2] + [3] + selection_sort([5,4])
= [2] + [3] + selection_sort([5])
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code :

5-11.py

def selection_sort(xs):
1T xs = []:
smallest = min(xs)
Xs.remove(smal lest)
return [smallest] + selection_sort(xs)
else:
return []

selection_sort([3,5,4,2])
=> [2] + selection_sort([3,5,4])
=> [2] + [3] + selection_sort([5,4])
=> [2] + [3] + [4] + selection_sort([5])
= [2] + [3] + [4] + selection_sort([])
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code

: 5-11.py

def selection_sort(xs):
1t xs = []:
smallest = min(xs)
Xs.remove(smal lest)

return [smallest] + selection_sort(xs)
else:

return []

selection_sort([3,5,4,2])
=> [2] + selection_sort([3,5,4])

=> [2] + [3] + selection_sort([5,4])

=> [2] + [3] + [4] + selection_sort([5])

=> [2] + [3] + [4] + [5] + selection_sort([])
=> [2] + [3] + [4] + [5] +
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code

: 5-11.py

def selection_sort(xs):
1t xs = []:
smallest = min(xs)
Xs.remove(smal lest)

return [smallest] + selection_sort(xs)
else:

return []

selection_sort([3,5,4,2])
=> [2] + selection_sort([3,5,4])

=> [2] + [3] + selection_sort([5,4])

=> [2] + [3] + [4] + selection_sort([5])

=> [2] + [3] + [4] + [5] + selection_sort([])
=> [2] + [3] + [4] + [5] + []




code : 5-11.py

1| def selection_sort(xs):
2 if xs 1= []:
3 smallest = min(xs)
XH :'ll 4 Xs.remove(smallest)
5 return [smallest] + selection_sort(xs)
6 else:
7 return []
code : 5-13.py
1| def selection_sort(xs):
2 def loop(xs,ss):
3 if xs = []:
4 smallest = min(xs)
ZEEI XH-'H 5 Xs.remove(smallest)
6 return loop(xs,ss+[smallest])
7 else:
8 return ss
9 return loop(xs,[])




code : 5-13.py

def selection_sort(xs):
def loop(xs,ss):
if xs 1= []:
smallest = min(xs)
ZEEI IH :H Xs.remove(smallest)
return loop(xs,ss+[smallest])
else:

return ss

O 00 N OO 1 A W N

return loop(xs,[])

selection_sort([3,5,4,2])




code : 5-13.py

def selection_sort(xs):
def loop(xs,ss):
if xs 1= []:
smallest = min(xs)
ZEEI IH :'LI Xs.remove(smallest)
return loop(xs,ss+[smallest])
else:

return ss

O 00 N OO 1 A W N =

return loop(xs,[])

selection_sort([3,5,4,2])
=> 100p([3959492] 3 ::l)

=>




code : 5-13.py

def selection_sort(xs):
def loop(xs,ss):
1t xs 1= []:
smallest = min(xs)
EEI IH :H Xs.remove(smallest)
return loop(xs,ss+[smallest])
else:

return Sss

O 0 N O U1l A W N -

return loop(xs, []1)

selection_sort([3,5,4,2])
=> IOOPC[3,5,4,2] 9 :])

=>
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code :

5-13.py

def selection_sort(xs):
def loop(xs,ss):

1f xs

1= []:

smallest = min(xs)

Xs.remove(smallest)

return loop(xs,ss+[smallest])

else:

return Sss

return loop(xs,[])

=> Loop(

=> loop(

selection_sort([3,5,4,2])

3,5,4,21,L1)

3,5,4], [1+[2]) == loop(C[3,5,4],121)
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code :

5-13.py

def selection_sort(xs):
def loop(xs,ss):
1t xs 1= []:

smallest = min(xs)

Xs.remove(smallest)

return loop(xs,ss+[smallest])

else:
return ss
return loop(xs,[])

selection_sort(
=> --OOPC :3,5,4,2] ’

3,5,4,21)

1D

=> --OOPC :3,5a4:|,[:|+|:2:|) = 100[9([3,5,4],[2])
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):

1f Xxs

1= []:

smallest = min(xs)

Xs.remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> lLoop(
=> loop(

=> loop(

selection_sort([3,5,4,2])

3,5,4,21,[1D
:3a5a4:| 9 [:l"’l:z:l) = 100[9([3,5,4] ’ [2])

5,4],[2]1+[3]) == loop(C[5,41,[2,31)
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):

1f Xxs

1= []:

smallest = min(xs)

XS .remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> lLoop(
=> loop(

=> loop(

selection_sort([3,5,4,2])

3,5,4,21,[1D
:3,5a4],[]+[2]> = 100p([3,5,4],[2])

:534]:[2]+[3]) = 100p([5,4],[2,3])
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):

1f Xxs

1= []:

smallest = min(xs)

XS .remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> loop(
=> loop(
=> loop(
=> loop(

5,4]1,[2,31)

selection_sort([3,5,4,2])
' 3,5,4,21,[1D
 3,5,41,[1+[2]) == loop([3,5,4]1,[2])
5,4],[2]1+[3]) == loop(
51,[2,3]1+[4]) == loopC

5],02,3,41)
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):
1t xs 1= []:
smallest = min(xs)

XS .remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> loop(
=> loop(
=> loop(
=> loop(

:5,4] b [233:

5],02,3,4

)
)

selection_sort([3,5,4,2])
 3,5,4,21,[1D
 3,5,4]1,[1+[2]) == loop([3,5,4],[2])
5,4],[2]1+[3]) == loop(
51,[2,3]1+[4]) == loop(
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):

1f Xxs

1= []:

smallest = min(xs)

XS .remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> lLoop(
=> loop(
=> loop(
=> loop(

=> loop(

selection_sort([3,5,4,2])

3,5,4,21,LD

 3,5,4],[1+[2]) == loop([3,5,4],[2])
5,4]1,[2]+[3]) == loop([5,4],[2,31)
5],02,3]+[4]) == loop([5],[2,3,4])
1,02,3,4]1+[51) == loopCL],[2,3,4,5])
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code :

5-13.py

def selection_sort(xs):

def loop(xs,ss):

1f Xxs

= []:

smallest = min(xs)

XS .remove(smallest)

return loop(xs,ss+[smallest])

else:

return ss

return loop(xs,[])

=> lLoop(
=> loop(
=> loop(
=> loop(

=> loop(

selection_sort([3,5,4,2])

3,5,4,21,LD

 3,5,4],[1+[2]) == loop([3,5,4],[2])
5,4]1,[2]+[3]) == loop([5,4],[2,31)
5],02,3]+[4]) == loop([5],[2,3,4])
1,02,3,4]+[5]) == loop(L],[2,3,4,5])
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code :

5-13.py

def selection_sort(xs):
def loop(xs,ss):
it xs I= []:
smallest = min(xs)
Xs.remove(smallest)

return loop(xs,ss+[smallest])

else:
return ss
return loop(xs,[])

code

: 5-14.py

def selection_sort(xs):
def loop(xs,ss):
1t xs 1= []:
smallest =/min(xs)
Xs.removeAsmallest)

ss.append(smallest)

return loop(xs,ss)
else:
return ss
return Toop(xs,[])




code : 5-14.py

1| def selection_sort(xs):
2 def loop(xs,ss):
3 if xs 1=1]:
4 smallgst = min(xs)
2| X 5 xs . rempve(smallest)
6 ss.appénd(smallest)
7 return {loop(xs,ss)
8 else:
9 return §s
10 return loop(xs,[])
code : 5-15.py
1| def selection_sort(xs):
2 ss = []
while 3 while xs 1= []:
= 4 smallest = min(xs)
= 5 Xs.remove(smallest)
6 ss.append(smallest)
/ return ss




code : 5-14.py

1| def selection_sort(xs):
2 def loop(xs,ss):
;
4 smallest = min(xs)
2| X 5 xs . remove(smallest)
6 ss.append(smallest)
7 return loop(xs,ss)
8 else:
9 return ss
10 return loop(xs,[])
code : 5-15.py
1| def selection_sort(xs):
2 ss = []
while 3
= 4 smallest = min(xs)
= 5 Xs.remove(smallest)
6 ss.append(smallest)
/ return ss




code : 5-14.py

1| def selection_sort(xs):
2 def loop(xs,ss):
3 1if xs 1= []:
4 smallest = min(xs)
2| X 5 xs . remove(smallest)
6 ss.append(smallest)
7 return loop(xs,ss)
8 else:
9 return ss
10 return loop(xs,[])
code : 5-15.py
1| def selection_sort(xs):
2 ss = []
while 3 while xs 1= []:
= 4 smallest = min(xs)
= 5 xs.remove(smallest)
6 ss.append(smallest)
/ return ss




code : 5-14.py

1| def selection_sort(xs):
2 def loop(xs,ss):
3 1if xs 1= []:
4 smallest = min(xs)
2| X 5 xs . remove(smallest)
6 ss.append(smallest)
7 return loop(xs,ss)
8 else:
5
10 return loop(xs,[])
code : 5-15.py
1| def selection_sort(xs):
2 ss = []
while 3 while xs 1= []:
= 4 smallest = min(xs)
= 5 Xs.remove(smallest)
6 ss.append(smallest)
7
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code : 5-16.py

def 1nsertion_sort(xs):
1T xs = []:
return i1nsert(xs[0],insertion_sort(xs[1l:]))
else:
return []




Ui B W N =

code :

5-16.py

def insertion_sort(xs):
it xs = []:
return insert(xs[0],1nsertion_sort(xs[1l:]))
else:
return []

insertionsort([3,5,4,2])
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code

: 5-16.py

def insertion_sort(xs):

it xs = []:

return insert(xs[0],1nsertion_sort(xs[1l:]))
else:

return []

insertionsort([3,5,4,2])
insertionsort([5,4,2])
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code

: 5-16.py

def 1nsertion_sort(xs):
if xs !'= []:
return insert(xs[0],insertion_sort(xs[1l:]))
else:
return []

insertionsort([3,5,4,2])
=> 1nsert(3,1insertionsort([5,4,2]))
=> 1nsert(3, 1nsertionsort([4,2])))
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code :

5-16.py

def insertion_sort(xs):
1if xs 1= []:
return 1nsert(xs[0],insertion_sort(xs[1l:]))
else:
return []

insertionsort([3,5,4,2])
=> 1nsert(3,1insertionsort([5,4,2]))
=> 1nsert(3,1insert(5,1nsertionsort([4,2])))

=> 1nsert(3,i1nsert(5, insertionsort([2]))))




vi B W N =

code : 5-16.py

def insertion_sort(xs):

1T xs = []:

return 1nsert(xs[0],1nsertion_sort(xs[1l:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1nsert(5,1nsert(4,insertionsort([2]))))
insert(3,1insert(5,insert(4, insertionsort([])))))
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code : 5-16.py

def insertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1nsert(5,1nsert(4,insertionsort([2]))))
insert(3,insert(5,insert(4,insert(2,insertionsort([])))))
insert(3,1insert(5,1nsert(4,1nsert(2,| 1))))
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code : 5-16.py

def insertion_sort(xs):

1T xs = []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1nsert(5,1nsert(4,insertionsort([2]))))
insert(3,insert(5,insert(4,insert(2,insertionsort([])))))
insert(3,1insert(5,1insert(4,insert(Z,[1))))
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code : 5-16.py

def 1nsertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1insert(4, )))




vi B W N =

code : 5-16.py

def insertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[21)))
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code : 5-16.py

def 1nsertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[2])))

insert(3,insert(5, ))
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code : 5-16.py

def insertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[2])))
insert(3,1nsert(5,[2,41))
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code : 5-16.py

def 1nsertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[2])))
insert(3,1nsert(5,[2,4]))

insert(3, )
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code : 5-16.py

def 1nsertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[2])))
insert(3,1nsert(5,[2,4]))

insert(3,[2,4,5])
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code : 5-16.py

def 1nsertion_sort(xs):

1t xs !'= []:

return insert(xs[0],1nsertion_sort(xs[1:]))
else:

return []

insertionsort([3,5,4,2])

insert(3,1insertionsort([5,4,2]))
insert(3,1nsert(5,1nsertionsort([4,2])))
insert(3,1insert(5,1nsert(4,1nsertionsort([2]))))
insert(3,1insert(5,1insert(4,insert(2,insertionsort([]1)))))
insert(3,1insert(5,1nsert(4,1nsert(2,[1))))
insert(3,1nsert(5,1nsert(4,[2])))
insert(3,1nsert(5,[2,4]))

insert(3,[2,4,5])




o X <= h

o X > h

ss[0]

1nsert(x,ss)

A X2 HUE B|AE ss0| M 9|0 7|97

X * kY
_ P
1nsert1 ¥ .
h tail

L

S5

X [+ | h tail
h |+ X

Ss == []

X
insertl
[]

[x]



insert €12|S

M 2AE sso| A QX0 MY gorw,

' X <= ss[0]0]|H, xE ss2| 20| E0{A 2|E ST}
[T o x > ss[0]O|H, HHZE xE ss[1:]12 A <LIX|o
71Y¥En, 3 20| ss[0]2 20iM 2|EIStC}.







=>

1nsert(9,[])







=>

insert(1,[2,4,5,7,8])







=>

insert(o6,[2,4,5,7,8])




insert(o6,[2,4,5,7,8])
=> [2] + 1insert(6,[4,5,7,8])
=> [2] +




insert(o6,[2,4,5,7,8])
=> [2] + 1insert(6,[4,5,7,8])
=> [2] + [4] + 1insert(6,[5,7,8])
=> [2] + [4] +




insert(o6,[2,4,5,7,8])

[2] + 1nsert(6,[4,5,7,8])

[2] + [4] + 1insert(6,[5,7,8])

[2] + [4] + [5] + insert(6,[7,8])
[2]1 + [4] + [5] +




insert(o6,[2,4,5,7,8])

[2] + 1nsert(6,[4,5,7,8])

[2] + [4] + 1insert(6,[5,7,8])

[2] + [4] + [5] + insert(6,[7,8])
(2] + [4] + [5] + [6] + [7,8]
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insert : Xi3 &4 HA

o|A| &arg]Fol| 7|3 Y= insert AF TE v M| I =0 9o T3 31A}

0 N O LV AW N

code

: 5-17.py

def insert(x,ss):
if ss 1= []:
if x <= ss[0]:
pass # Write your code here.
else:
pass # Write your code here.
else:
return [x]

insert(1,[2,4,5,7,8])
insert(6,[2,4,5,7,8])
insert(9,[1)
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(A 5.2) ollA g A &5 insert= 2] A7} obUt. append MAES

g-g3lo] w7 F4E The Mol Z=o] Do) 9AE

O 00 N OO 1 A W N =

-
N = O

(-
W

.

code :

5-18.py

def insert(x,ss):
def loop(ss,left):
if ss 1= []:
if x <= ss[0]:

pass # Write your code here.

else:
pass # Write your code here.

else:
left.append(x)
return left
return loop(ss,[])

insert(1,[2,4,5,7,8])
insert(6,[2,4,5,7,8])
insert(9,[1)
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code :

<5 5.3) oA ZASE mEl A S FA131Y, insert 2] while 3 A

5-19.py

def insert(x,ss):

left = []
while ss = []:
if x <= ss[0]:

pass # Write your code here.

else:
pass # Write your code here.

lTeft.append(x)
return left
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insertion_sort : e|XHH &t HE

insert & YA EE ) oA v N UAE AH &5 insertion_sort7} 2}
iy
code : 5-20.py

1| def insertion_sort(xs):

2 1if xs = []:

3 return insert(xs[0],insertion_sort(xs[1l:]))
4 else:

5 return []

a2 o] A7 T me A ohTh e M) T= o ko] melAF T

code : 5-21.py

def insertion_sort(xs):
def loop(xs,ss):
if xs 1= []:
pass # Write your code here.
else:
pass # Write your code here.

~N Oy U B W N

return loop(xs,[])

insertion_sort(3,5,4,2])



insertion_sort :while &IX A

(Al 5.5) oA A3 mE| Al 455 Za1s)e], insertion_sort <-2] while

FI WS T Wt =0 shao] HAJsEA}

code : 5-22.py

def insertion_sort(xs) :
ss = []
while xs !'= []:

XS, ss = None, None # Write your expressions here.

vi S W N =

return SS

insertion_sort: for X HA

o|H o= insertion_sort &5 for FILZ TS WU F=of Ub3=0] 2HAJ3}A}

code : 5-23.py

def insertion_sort(xs):
ss = []
pass # Write your for-loop here.

Vi AW N =

return ss
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mid = len(xs) // 2

mid

1

len(xs)-1

1

Xs[:mid] xs[mid: ]
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mid = len(xs) // 2

0 mid len(xs)-1

l l l

XS

Xs[:mid] xs[mid: ]

mid =7 // 2 =3 mid =8 // 2 = 4

0 1 2@4 5 6 0 1 2 3@5 6 7
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SEERE

Merge Sort

code : 5-24.py

def merge_sort(xs):
1T len(xs) > 1:
mid = len(xs) // 2
return merge(merge_sort(xs[:mi1d]),merge_sort(xs[mid:]))
else:
return xs
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Merge

AEH 2|2E lefte} rightE FE3= AH &< merges] vHE

Tefte} right &0l Har) FHAS RS =
left != [] and right != []

not (left == []) and not (right == [])

not (left == [] or right == [])
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code :

5-25.py

def merge(left, right):
1t not (left == [] or right == []):
1T left[0] <= right[0]:
return [left[0]] + merge(left[1l:],right)
else:
return [right[0]] + merge(left,right[1:])
else:
return left + right




pp.242~243

merge : W2|X{ T4 HH

2] AHE merge= AL A F7} ot} append M|AEE &85t A A &
FE U W Z=of gt3=0] gHAJ31AL

code : 5-26.py

1| def merge(left,right):
2 def loop(left,right,ss):
3 if not (left == [] or right = []):
4 if Teft[0] <= right[0]:
5 pass # Write your code here.
6
7 else:
8 pass # Write your code here.
9
10 else:
11 return ss + left + right
12 return loop(left,right,[])




merge :while £ HH

(A5 5.8) ollA 243 mef A7 8 arste], merge 2] while FZ WS
The Wt =0 Bt5Ro] 2hd3iAL,
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code :

5-27.py

def merge(left,right):

ss = []
while not (left == [] or right
if Teft[0] <= right[0]:
pass # Write your code

else:
pass # Write your code

return ss + left + right

== []):

here.

here.
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o pivot2 7|ECE &2 A= 2FE 2|AE Teft
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S5 71 Jen(xs) <= 1 - XBE HQrtgleb=z O 2|E s},

code : 5-28.py

def quicksort(xs):
1t len(xs) > 1:
pivot = xs[0]
(Teft, right) = partition(pivot,xs[1l:])
return quicksort(left) + [pivot] + quicksort(right)
else:
return Xs
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code :

5-29.py

def partition(pivot,xs):
if xs 1= []:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[2,1,9,47])
=>
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[2,1,9,4])
= left, right = partition(5,[1,9,41)
=>




O 0 N O Uit h W N =

=
-

code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[72,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,41])
=>
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[Z2,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,4])
=> left, right = partition(5,[4])
=>




code : 5-29.py

1| def partition(pivot,xs):
2 it xs = []:
3 left, right = partition(pivot,xs[1:])
4 1t xs[0] <= pivot:
5 left.append(xs[0])
6 else:
7 right.append(xs[0])
8 return left, right
9 else:
v’ 10 return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[2,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,4])
=> left, right = partition(5,[4])
=> left, right = partition(5,[])
=>
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code :

5-29.py

def partition(pivot,xs):
1if xs = []:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[Z2,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,4])
=> left, right = partition(5,[4])
=> left, right =
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code :

5-29.py

def partition(pivot,xs):
1if xs = []:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[7,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,4])
=> left, right =
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[72,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right =
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[2,1,9,4])
=> left, right =
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code :

5-29.py

def partition(pivot,xs):
if xs !'=[]:
left, right = partition(pivot,xs[1:])
it xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right =
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code

: 5-29.py

def partition(pivot,xs):

if xs = []:
left, right = partition(pivot,xs[1:])
1t xs[0] <= pivot:
left.append(xs[0])
else:
right.append(xs[0])
return left, right
else:
return [], []

partition(5,[7,2,1,9,4])
=> left, right = partition(5,[2,1,9,4])
=> left, right = partition(5,[1,9,4])
=> left, right = partition(5,[9,4])
=> left, right = partition(5,[4])
=> left, right = partition(5,[])
=> []1, []
=> [4], L[]
=> [4], [9]
= [4,1], [9]
=> [4,1,2], [9]
=> [4,1,2], [9,7]
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partition: Me|XjH &4 HA

91¢] partition §4E melAFI7} opith, the M=o Bko] Wzhe AU
welAH G2 WA,

code : 5-30.py

1| def partition(pivot,xs):

2 def loop(xs,left,right):

3 if xs 1= []:

4 pass # Write your code here.
5

6

7

8

9 else:
10 return left, right
11 return loop(xs, [],[])
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code : 5-31.py

def partition(pivot,xs):
left, right = [], []
while xs != []:
pass # Write your code here.
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return left, right
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partition §4 for £X & Alald W4 o WRaA e 5 k. for £
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code : 5-32.py

def partition(pivot,xs):
left, right = [], []
for x in xs:
pass # Write your code here.
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return left, right

o)A partition F+E A2 Y, quicksort 5 HAES & 4= 3o}, 2 25

Sh=A] gels BAt
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