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Xl# (Recursion)
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S 20 fib(5)=

)9} fib(3) = CHAl
St

7|2 A3l (base case)
o Ol4 T 4 gl T N

O 7| A M7t " =L

MA= 2HE
Ox2 2Nz
HHHA = 20t

fib(

n)
ﬁbmiﬁqjﬁ

LHE © o1
2 4 2012
01 1A

JIE A2l
(base case)

XM Al (recursive case)
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RENA s BFEe =AY "EOM Al 2= A" F 7HX 2 O|RO{ & LC

( N recursion_template.pseudo

function Rec(n):

if nO|] Z296| ACIHH:

return nOf CHot X Ol of &

smaller_problem = n2 O &2 n'2=2
sub_result = Rec(smaller_problem)

result = sub_resultE 0|23l olfE
return result

7|2 At E 2™ 2ok T4 — == AEHO| Y RecursionError/t 2L CT,
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( N factorial.py

def factorial(n):
if n ==

return 1
return n * factorial(n - 1)

= 00 =2 M7HA| 2= 4Ot 27t (ote), 7|= At A £
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O SHEI FUS S0 5 S0F SBHSLICHAD)
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M
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fact(4) 3 Efola

fact(4)

4 x fact(3)

3 x fact(2)

2 x fact(1)
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( N factorial_iter.py

def factorial iter(n):

result =

for i in range(1, n + 1):
result *= 1

return result
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if n <

return n
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o | 2= A LtEl= B2 80| F=to| E{H L fib(2)= 72 Al

fib(1) fib(1) fib(o) fib(1) fib(0)
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def fib2(n: int):

a, b =0, 1 T 33 OELHE| 28 A7t
for _ in range(n): n THHEQ! 2T HHETOl o TRIE
a, b=>b, a+b 40 105us ins
return a 60 107ms 6ns

80 835 8ns
100 1.30¢ 10ns
120 3.65e+00A 12ns
160 3.83e+06'A 16ns
200 4.02e+124 20ns

DJELIR] =8 AIZF Bl — A7 vs BIE
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Lct e 922 d2ME =X

merge_sort.py

: XZ ACS Y AC =
def merge_sort(A): T I ACHE 20

if len(A) <= 1:
return A
mid = den(A) /7 2 52 ous|= 20| gir}
left = merge sort(A[:mid])
right = merge_sort(A[mid:])
return merge(left, right)
My 7=

TEIL WHHOIH M, B H 0|
e

&/ FEe 4o met e — X9 RV HHE0M Y THo| BN 97| & HeLich
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linear_search.py

[2= Of ChA[ORCt 240l

def linear_search(arr, target):

for i in range(len(arr)):

target = 7 2 ¥ & 03
. . 3 9 1
if arr[i] == target:
return 1 0 1 5 3
return -1

AHO| H|W £0f 2IEA 30 EA
x|oto] 22 niH B

& ol

0(1) 0(n)
7 e th2f /2t bl @

OFX| 240l RUAALE 8

o
A O

e
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N

o(n)
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( N binary_search.py
arr = [1,3,5,7,9,11], target = 7

def binary search(arr, target, left, right):

if left > right: . 5 a . o Il 1
return -1

mid = (left + right) // 2 arr2]=5 < 7 - RLE%
if arr[mid] == target:

return mid 1 3 5 7 a 11

elif arr[mid] < target:
arr[4]=9 > 7 - &

return binary_search(arr, target, mid+1l, right)

w

else:
return binary_search(arr, target, left, mid-1) 1 > = Ll

arr[3]=7 - 24!
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T = T/2) + 1 /& T)= 1

T(n) = T(n/2) +1 (n > 1)

BAIZ 27] nolA Al&sto] vl Exkn/2) 712 FolRA, 2t Pl 13]9]
tho] =Tk oulelt, of kAl A7HshE okt Lt T(1) = ©
T(n) = T/2) + 1
=[T/M) + 1 +1
= [[Tw/8) + 1] + 1J + 1

=T(n/2%) + k
A7 WEL AFE 1E Tl wheby ofd], n/2¢=1o] e &7t A7t Fawc 0 1
ol WgAlo = Eul ( O g n
n/2% =1
e, n = 1,000 % 102
-k =logyn .
n = 1,000,000 o 20%]
#F A7t BFE = Oflog n) n =109 % 302
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pos = low + (x - S[low]) x (high - low) / (S[high] - S[low])

ANzt BRE
O|Xl EFM S Zhal O atstH| SHAL SHF |2 2L|C}
8 B gtaf STl B4 B2 HE B — o(log log n)
= wel A7|Z 0|84l ol /X2 28 HEStEZ
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( N interpolation_search.py (1/2)

def interpolation_search(arr, x):

low =
high =

len(arr) - 1

while low <= high and arr[low] <= x <= arr[high]:

if arr[high] == arr[low]:

pos

if arr[low] == x:
return low
else:
break

= low + int((x - arr[low]) * (high - low)
/ (arr[high] - arr[low]))

interpolation_search.py (2/2)

if pos < @ or pos >= len(arr):
break

if arr[pos] == x:
return pos

elif arr[pos] < x:
low = pos + 1

else:
high = pos - 1

return -1

S = [10, 20, 30, 40, 50, 60, 70, 80, 90]
idx = interpolation_search(S, 70)
print(f"70= 2HA {idx}O| UAZLICL.")
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F2ClE EiCF (718 37| 52)

b CEAIOLCE (3, b) — (b, a mod b)E 4t AASID, b7t 00| & Uf7HX| BHESEL|CE Of THAOf A a mod
20| A% =0{sL|LC

gcd (1071, 462)

def gcd(a, b):

if b == 0: gcd(1071, 462) a mod b = 147
print(f"'b7t 00|22 F=. Z[L{Sf+e= {a}")
AR B gcd(462, 147) amod b =21
LG gcd(147, 21) amod b =
return gcd(b, a % b)
gcd(21, 9) b=90 - gd =

o
HT
Ofm
rot

H FEFAOIM b= EEE 0|52 SO LICH 2tA HA| Bh= Sl4= bl 2 7(0f| tiet 210 B|25HH, =[] &
o &= BLCE BoXQl E2= O|ELt O WS L L.

-0 Jiz
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def power(C, n):

result = 1

n = 1,000,0000]

(®)
*
i)
1
>
%]
()
[

for i in range(n):
result =

return result
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§3.5 RECE-AHSHZ

| v @ ASMEANHZ 2Hws X+

@ @I Dybook/algorithm/sources/power dec_con

-html

S2H: 22| 16HZ (2'6) AlMs17|

dt

]
=

el kg
Azt Ho]

M
H'\

(n

CHHl 11 2T Bt -
CHHl 12 2= 2} =

R 13 22 20t =

CHAl 14 2= ED -
CHAl 15 2A=: Dt -

T 16 2= 20t =

LELEREE!

M Al

65,536

A

)

2n43
4095
8192
16384
32768

65536

6/16

CEA NE1]

[Z&] 204 F817] — (202) Ba
[&2] 248 7817] - (204)? Ha

[&£] 206 78171 - (278) ER

HHE B 244

B AL

65,536

HproZ LY2ZIC} HEHT S0 22420}

Std (F)
n—n/2—=n/4— .. - 07X M =22 4 =Ct

A5 (2

half x half 2 M&, 28 xCE ot H

M 27t nHO A logenHL 2 SO0 =L}

T(n) = T(n/2) + 1 - 0(log n)
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( N fast_power.py

def fast power(C, n):

if n ==
return 1

half = fast power(C, n // 2)

if n% 2 == 0:

return half * half
else:

return half * half * C

2M13 A A 1™

fast_power(2, 13)

fast_power(2, 6)

fast_power(2, 3)

fast_power(2, 1)

3
e

fast_power(2, 0) 7|2 Al

DE SHOZ D13 = 8192 £

AL B/ LY.
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AH MY AZHESH: WEO| BojYUZ

oio[Mol time 222 + €1|F2 2d A2t AE S8 A

o0 measure.py £d 21 (C = 2)
def measure time(func, C, n, label):
. 100,000 0.0001872= 0.141415=
start = time.perf_counter()
func(C, n)
elapsed = time.perf_counter() - start 1,000,000 0.002338% 13.442806%

print(f"[{label}] n={n} ZEZl A|Zt: {elapsed:.6f}=")

measure_time(power recursive, 2, 100000, "&£ Y=
=]

=
measure_time(power_iterative, 2, 100000, "HI=EF")

HH ST EQ| X}0|= 0| 20| OtL|Zt H52e

=2 —
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27 n 2ME 27| ?I8i n—1717} o|0] FAE|0f Tt 7S, nEHMY fAS O Y2 E 2o HEs f[X|of & ot 22X E of

2 LICE

& 536 M

( N insertion_sort.py
YUE PO 14 xpa

def insertion_sort(A):

for i in range(1, len(A)): a 2 4 HE 170
key = A[i]
j=i-1 B0 - ce
while j >= 0 and A.[j] > key: aua s 374
A[J + 1] = A[]]
i 11
A[j + 1] = key
L]l

e n—-170F UA GBS 170 719 G=Ch — =X 27| & o B 14 S0|= HIH 2

Ol
ne
|
~
A
k>
K%
i
o



B~
S}

CHA O A while Z=740|

=3, 2
off 7{3l0] E|0f H|@ 132 Bt
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HEICH

Ct i Br=0| A il Bl w7t =

2t

O

Rl

HlW = 142+...+(n—1) = n(h—1)/2
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find_fake_coin.py

def find_fake_coin(coins, start=0):

n = len(coins)

if n ==
return start

mid = n // 2

groupl = coins[:mid]

group2 = coins[mid:2*mid]

remainder = coins[2*mid: ]

if sum(groupl) == sum(group2):
return start + 2 * mid

elif sum(groupl) < sum(group2):
return find_fake_coin(groupl, start)

else:

return find_fake_coin(group2, start + mid)

coins

index
print(f'

run.py

[1,1,1,1,0.9,1,1,1,1]
find fake coin(coins)

IR ST fIA:

T(n/2) + 1
0

{index}")
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£ 2H9|2/38 HEL|C

( N find_fake_coin3.py

def find_fake_coin(coins, left, right, weight_func):
if left == right:
return left
size = (right - left + 1) // 3
gls, gle = left, left + size - 1
g2s, g2e = gle + 1, gle + size
g3s, g3e = g2e + 1, right
= weight_func(coins[gls:gle+1l], coins[g2s:g2e+1])

if w == 0: SEE

=

return find_fake_coin(coins, g3s, g3e, weight_ func)
elif w < O: T(n) = T(n/3) + 1
return find_fake_coin(coins, gls, gle, weight_func)
else:
2E L HCt ah=hl WE LT

return find_fake_coin(coins, g2s, g2e, weight_func)
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( N quick_select.py (1/2) [ N quick_select.py (2/2)

def quick_select(arr, k):
if k <= len(small):
pivot = arr[len(arr) // 2] return quick select(small, k)
small, mid, big =[], [], []
for x in arr: elif k <= len(small) + len(mid):
if x < pivot: return pivot
small.append(x)
elif x > pivot: else:
big.append(x) return quick_select(big,

else: k - len(small) - len(mid))
mid.append(x)

( N run.py

nums = [10, 4, 5, 8, 6, 11, 26]
print(f"3HRM| 22 Z=: {quick_select(nums, 3)}")
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<[> §3.7 Coding Test

Coding Test 3.1 — H 2 X 7]

gAY 2 Fh= 7207 5o i O 92 s&e I EHOo|

MHn

M 8 AHELUCE 27] N > 3¢ 3% B2 A S MEL L

A o EHS 382510 & 9712] 22 EF2= Lhelt 3x3 A4} 7|2 QEBIAIRQ: 9
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<[> §3.7 Coding Test

Coding Test 3.1 — FA| &4

make_star.py

def make_star(n):

if n ==
return ["*"]
prev = make_star(n // 3)
result = []
for i in range(3):
for line in prev:
if i ==
result.append(line + " ' * (n // 3) + line)
else:
result.append(line * 3)
return result

int(input("37|E YEHSIAI2: "))
line in make_star(N):
print(line)

7|2 At
n == 1O|D|_:| I:EH

T A

()
=

T gy
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Lt}

=8 27| n - n/3:
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<[> §3.7 Coding Test

Coding Test 3.2 — At 2 27|

S N/ S| AlEhE S2tof &LICH of #of 1ZF 2= 272 @ & & ASLICH BLHZ|HK| 227t B= 822 +5 M &g+2 7ot
Q.

ety M2

o XN B ATE 22t B 171K

@ F UM ACHS 227t H: 271X (1+1 ££ 2)
® kB9 227t Y = k—1)BNHAM 17 + (k—2)F0f| A 27t

ways(k) = ways(k-1) + ways(k-2)

AEM U(7|2 A) 57 = B2l £ 5
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<[> §3.7 Coding Test

Coding Test 3.2 — FH| &2

( N ways.py

def ways(n):
if n ==
return 1
if n < 0:
return 0
return ways(n - 1) + ways(n - 2)

&

rk

. " O ELEX| =Eut Z=ts| 22 HHA LI et
N = int(input("AlEt 7H+=E YHSIHMR: ")) 22 T K|4 A|ZHO|OH, BEE(SE = O 2 0| K| O] M)
print(ways(N)) OS2 oMol E = A&LICH

Fo| n0| Zg HANME 5 2 50| ZLLLILE fib Wit 22 28

L}, o(2") » 0(n)
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<[> §3.7 Coding Test

Coding Test 3.3 — Of|1{X| EHefF 22

X2 A XM 225 12 S S0{0fF SLICH M| 7HX| % S otLE € & AR 4 X2 HHX| 22= 1-LC 22 UK S
TORA K.
X-1 X + 2 X+3
TAEr 7S Li+0l2 012 X/T32E L0202

L N min_energy.py
olg4s .
def min_energy(x): 2 EotAl2: 12
if x ==
return 0

energy = min_energy(x - 1)

if x % 2 == 0:

energy = min(energy, min_energy(x // 2))
if x % 3 == o: 12->4->2->1
energy = min(energy, min_energy(x // 3)) (+3, #2, +2 .. 32])
return energy + 1
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