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Source: Miller and Ranum (2013), Algorithm Analysis.
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1 def sum_loop(n): 1 def sum_extra(n): 1 def sum_formula(n):
2 total = 0 2 total = 0 2 return n * (n + 1) // 2
3 for i in range(1, n + 1): 3 for i in range(l, n + 1):
4 total = total + i 4 value = i
5 return total 5 total = total + value
6 return total

n = 100| M| &4 2F 555 ftetelct. // 2= Y4 Z0HE |XIBCh

Source: Miller and Ranum (2013), Algorithm Analysis.
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timeit2 2 0{2{ tH MBI}

ret

tHo| B2 HAHCH 0P =E2 Fo| MH 57| Act

1 from timeit import Timer Ic cc

2 from statistics import median

3

4 timer = Timer(lambda: sum_loop(10000)) number=10 '6|;|' :?._—I%O-” ’|O§| _c_:i%

5 times = timer.repeat(repeat=5, number=10)

6 us = median(times) / 10 * 1_000_000 repeat=5 e =288 522 Hi=E

7 print(us) o S|
/ 10 SET AZIQZ 2hit
* 1_000_000 =XE usz

T2 AUE =E £2 LIFL TS B £ 4is7t EICH

Source: Miller and Ranum (2013), Algorithm Analysis.
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SHA SO0 262 0 = 10,0008 9T CHA ¥ AL

£8 573 HH| AMZH(ms) ZEY MZH(ps)
1 2.970 296.990
2 2.824 282.390
3 2.685 268.530
4 3.257 325.670
5 2.863 286.310
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n e, Chel %7t 24
1,000 34535 32.437 0131
10,000 286.310 392160 0133
100,000 3946.950 4062.650 0153

SEY AIZIS 00|22 X2 ghifel 7 CHE F32 SYAUS AHSUCH
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from timeit import Timer

timer = Timer(
"a[500]", setup="a = list(range(10000))"
)

times = timer.repeat(repeat=5, number=1000)

S Y BN TR CRN

2= Sh= ¢ 3 Alzhol| Zgt
setup Z0[10,000¢! =& 44 OfL|L
ZHE a[50012 1,000H 247 of
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Source: Miller and Ranum (2013), Algorithm Analysis.
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1 for n in (0, 1, 10, 1000):

expected

n*@m+1) // 2

expected

2

p(n) == expected

assert sum_loo
assert sum_extra

(n) == expected

assert sum_formula

95
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(n) == expected
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Checkpoint

Timing a Run
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Section2 -« Algorithm Analysis

Counting Operations
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212 37| (input size)= X2|g xhzo| % LIENYE 7|=o|ct
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S29| BE g | #& 2 n=len(a)

2XFHo| Zt 2X} gtol ZXF 4= n = len(text)
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Source: Morin (2013), Sections 1.4 and 1.5.
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def sum_loop(n):
total = 0
for i in range(1l, n + 1):
total = total + i
return total

Source: Miller and Ranum (2013), Algorithm Analysis.
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1 def sum_extra(n):

2 total = 0

3 for i in range(1, n + 1):
4 value = i

5 total = total + value
6 return total

TS x73} 4 oto| e 2
sum_loop 1 n n+1
sum_extra 1 2n 2n+1

n = 40|H CHRI0| 5|9t 99| 2 CHEX|2t & 49| vistghe 2t

Source: Miller and Ranum (2013), Algorithm Analysis.
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A 2% (model of computation)2 OftH HAZ 5t HO = M| HSt of£0|Ct

1 def sum_formula(n):
2 return n * (n + 1) // 2

n+1:18  n(n+1): 18 n(n+1)//2: 18]

o & gk MIX| RRACH 22 UMM sum_loop?| &H& total + i n2|Ch Python2| 2 Fa== XISl0] W2t &= A4 XHM|2] AlZto]
Al 4 QIC}H
262 T ML

Source: Morin (2013), Section 1.4.
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Source: Miller and Ranum (2013), Algorithm Analysis, and Morin (2013), Section 1.4.
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Checkpoint

Counting Operations
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Section 3 « Algorithm Analysis

Loops and Input Size
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ret

tHo| BhE2 214 SiLHE Az2|sict

count = 0
for x in [4, 7, 2, 9, 1]:
count += 1

Il:l_l-g count
1 4 1
2 7 2
5 1 5

@2 37| n = 5014 5¥ YD WSO T(n) = nolct
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for x in a:

count += 1

for y in b:

count += 1

AL = (m = len(a), N = len(b))
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Nested Loop: Check Every Pair

Gallery A Gallery B

Person 1

Person 2

Person 1

Person 2

Person 3

Person M

N x M comparisons
10,000 x 10,000 = 100 million!

ot AtEe nE 2 H|wdsks AHYE mPo Chsl HHEstE 2 Bl W= mntHo|cth

Source: UBC DSCI 221 (n.d.), Nested Loop: Check Every Pair.
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1 count = O

2 for i in range(n):

3 for j in range(n):
4 count += 1

([
([
([
NN

4x4=16%
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Q% M7t range (i) 0|H RE E2| Z0|7}

1 count = O

2 for i in range(n):

3 for j in range(i):
4 count += 1

Source: Miller and Ranum (2013), Algorithm Analysis.
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a = [2, 4, 6]
b=1[1, 3, 5, 7]
count = 0
for x in a:

for y in b:

count += 1

print(count) # 12

N o o s w N e

HN=59 37| =N S=9[ 37| Otz Sxto| AldH B4
m=1len(a) =3 n=1len(b) =4 T(m,n) =mn=12
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ghs e AL n=>5
range(0, n, 2) [n/2] 33
HFZ range(n), 2t% range (3) 3n 152
HFZ range(n), 2t% range (i) n(n—1)/2 102

QP (7t 442K, nQlX|, HHZ QA

]

Adapted from Miller and Ranum (2013), Algorithm Analysis.
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Checkpoint

Loops and Input Size
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Section4 .+ Algorithm Analysis
Python Operations

Z2 225 U= Python 2EO| A A[ZHS H| W Bl
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1 def build_append(n): 1 def build_concat(n):
2 a=[] 2 a =[]
3 for i in range(n): 3 for i in range(n):
4 a.append (i) 4 a =a + [i]
5 return a 5 return a

append= 7|E SE2 HIEL a + [i]= BHEOICH M 552

Source: Miller and Ranum (2013), Algorithm Analysis.
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n append +

1,000 36.367 1114133
4,000 178.933 20615.433
16,000 742.000 326253.900

o}

o S (us)S AHERUCE nO| 4817t 2 T append= F 4HHO| M 5H, += 2f 1640l A T9HHZ SRAUCE.

=
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1 end = Timer("a.append(a.pop())",
2 setup="a = list(range(n))", globals={"n": 10000})
3 front = Timer("a.append(a.pop(0))",
4 setup="a = list(range(n))", globals={"n": 100003})

5 end_times = end.repeat(repeat=5, number=1000)
6 front_times = front.repeat(repeat=5, number=1000)

2t S A Mol S5 MZ 2HE1 popt append $F W IF ZHBICE

£ ZH™EC| A0l= pop () I pop(0) SHLHEO|CH

Source: Miller and Ranum (2013), Algorithm Analysis.
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n Z0IM 2H|- 5+ A0IM AH[- 57
1,000 0.062 0123

10,000 0.043 28.049
100,000 0.049 305.687

AH-FT7E o F201M 1,000 HABt0] 5F32| SYL(1us)S AHSRICE

=3 eVt 220 oM ASH= Zo| Azttt S5 Zojof| wat IAH| SACE
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pop()
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List size, milliens of items
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Source: Miller and Ranum (2013), Lists, Figure 3.
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Z2 20| S0 A=X] =elsict

£9| glAet dicte] 7|0l Z2 HrE LD Y=o -
n = 10000

values = list(range(n))

keys = dict.fromkeys(range(n))

list_timer = Timer("-1 in a", globals={"a": values})
dict_timer = Timer("-1 in a", globals={"a": keys})
list_times = list_timer.repeat(repeat=5, number=100)
dict_times = dict_timer.repeat(repeat=5, number=100)

i
mjo
nt
rr
n

rr

N o o s w N e

£ A2 2% FalseS PIESIH S50 dictE M= AlZH2 ZFH0IA F St

Source: Miller and Ranum (2013), Algorithm Analysis.
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n list dict

1,000 7.563 0.029
10,000 89.548 0.030
100,000 983.916 0.033
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a Dictionary

Time 1o complete contains operation, seconds
-

400 600
Collection size, thousands of items
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Source: Miller and Ranum (2013), Dictionaries, Figure 4.
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Checkpoint

Python Operations
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How Do We Describe Growth Without
Fixing a Machine?

Next Lecture: Asymptotic Notation
- 0| AHH mf g7t 50lLlE B7tE
- Big-OZ LtEt= &fst
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