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Storing Elements in a Row
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Section1 - Arrays and Indexed Access

Contiguous Storage
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Adapted from Morin (2013), Section 2.1.
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addr(/) = base + i x sizeZ 0{= Zt0|E |2t £t Hoj| ZH=C}

INEFA 2ol 72|
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base = 1000 —> 3x8=24 —> 1000 + 24 = 1024

i= 09 F££=10000]1, j = 59| F£4= 1000 + 5 x 8 = 10400|ct

Adapted from Morin (2013), Section 1.4.

DS3600082-140 - Xt27E 4/37



re
g
>
rir
2t
ry
S
=
IE
[
&l
ry
1
n

E 0 1 2 3 4 5 05 E: =2 = base + 3 x size
40 || 25 || 13 || B8 7 91 M7t 2 A ZHol|M Ho{xl ZH ==
15E 1 2 3 4 5 6 12E]: & = base + (4 — 1) x size
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Source: Morin (2013), Section 2.1.
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Qut oAl He

1a=["b", "r", "e", "d"]

2 print(al3]) #d

3 print(al[-1]) #d

4 print(al4]) # IndexzError
i List QIE{H|O|A Python list
0<i<n A PN s et
i>n 5185tK| ets IndexError
-n<i<0 S5185HX| 842 20IMRE M g2 et
i< —n 51851K| U= IndexError

Caution H{Z2| F4 A|&at SIHE List AEH0|A9] HA HAL= MZ CHE &O|Ct

Source: Morin (2013), Sections 1.2.2 and 2.1.
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Python 1ist2| Zt0ll= & =7} E0{Ztct

Zko| 37|7} Zofof =4 AH|Ato| MEIsta 2 ZHA| (object) LHA! &% (reference)S EH=C}

a = [7, "dog", [1, 2], 3.5]

! H 1 H A\ H \ ‘ b "E S} IO BE LS

{--dog"} { (1, 2] } {3.5} 24: FEOKCH 2717} C4E

Adapted from Morin (2013), Section 2.1.
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List 2IE{H|O|A Python 1ist, HE

= e 2 of

List Q/E{H|O[A Aol o|Eat Zut get ()= 0 < i< noilA2FHo

Python 1ist Xt230| 5 8dt= ¢t a[i], a.insert(i, x),al[-1]1k
518

HIE oS HZ22|0 5= YA HLE 2t ZHobot & St

= e, e (=]

Python liste S0 XS BOF 2hE X2do| QlEtA

Adapted from Morin (2013), Sections 1.2.2 and 2.1, and Miller and Ranum (2013), Lists.

List Q/E{H[0| A2t Ct=C}
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Checkpoint

Contiguous Storage

base = 2000, size = 80|H
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Section2 « Arrays and Indexed Access

The Backing Array

ArrayStacke| #lA =2} LI HE S 728 H=Ct
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Adapted from Morin (2013), Figure 2.1.
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ArrayStack2 HIES LI HFOE AT}

e ogat of

ADT ZUH HAkDE T 9|0| List QIE{H|O[A
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Source: Morin (2013), Section 1.2 and Chapter 2.
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1 class ArrayStack:

2 def get(self, i):

3 if i < 0 or i >= self.n:
4 raise IndexError

5 return self.al[i]

53 utst gzt
get(2) e al2]
get (4) IndexError e

-

7t

il

o

get 4 40 Eiglo] At § ot 242 grt

Adapted from Morin (2013), Section 2.1.1.
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© 3 =13 =2 =
set2 ¢ 7S UM O] IS SS{ELL
7%
1 class ArrayStack:
2 def set(self, i, x):
3 if i < 0 or i >= self.n:
4 raise IndexError
5 old = self.a[i]
6 self.ali] = x
7 return old
ZEH SE} e =5
[b,r:e,d’_:_] Set(2;i)_>e [b’r,i’d:_,_]

set2 X|Fgt of 7Rk HHR BiE Q| Z0|= =0}

Adapted from Morin (2013), Section 2.1.1.
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Checkpoint

The Backing Array

© L B a2t 214 4 n 212t BotS LiEtHE}
+ a.length7} 60|17 n = 42 If get (4) B S|B3IX| B4 OlR = BRI}

+ set(i, x)7h7|& gt BretotH ALSXL A0 O FEItH H7|=7t
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Section 3 - Arrays and Indexed Access

The Cost of Shifting

Tt ZEE|H §I% Rt oIt
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[ofrfefd] | |
N\ add(2,e)

[bfrfefefd] |
add(5,r)

[ofrfefefa]r]
add(5,e)*

'y v vy oy
Lolrfefefafel T T[T 1]
N
Lofrfefefdfele] T [ 1]

7|201T St E = oF 7MY RB|= A, M2 ot EE= O 2 M 22| SARE 7t2|ZIC

Source: Morin (2013), Figure 2.1.
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- RERE

| REZ BHE SARNOF OFE F71X|
Adapted from Morin (2013), Figure 2.1.
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QIZLIE| YR 5% 24

gl=rt

UM 2 M| MRS [b,r,e,d]0l add(2, x)E StH RZFRE FASH=E ZRE CHA 2Ct

st HHE AEQ

NES [b,r,e,d,-,-]

al3] = a[2] [b,r,e,e,—,-1: d7t Al2HE
al4] = a[3] [b,r,e,e,e,-]1: eE CIA| FA}

Adapted from Morin (2013), Section 2.1.1.
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add(5, r)= & 227} eict

i = nO|H &2| &l Ztoj HE2 M7 Nt S2ICt

0 1 2 3 4 5
T |
SEXH b e e d | l
||
iI=5n=5
g21eAhn— =07
21 7+ SHLtof] A 7|2t BhCt
SEZ | b r e e d T

20| FII5HH Rl =7} OFR2| BOt= 0|F0| giCt

Adapted from Morin (2013), Figure 2.1.
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add(i, x)EZCER f7|H

1 7H0] BiL} QICHD BT, Q2% B

ret

Zhu EAfE 5]
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1 class ArrayStack:

2 def add(self, i, x):

3 if i < 0 or i > self.n:

4 raise IndexError

5 # Assume self.n < len(self.a).
6 for j in range(self.n, i, -1):
7 self.a[j] = self.alj - 1]
8 self.ali] =

9 self.n += 1

oHA| st=

ZAH BAt 0 <i<n2t&ESH, j= nO|H Z0f SICt

ols j=n,...i+1=X2 QLEZR 70| SAH n — PHE FZICH
M| H|—-a[1]01|XE M n2 1 s8I0

Adapted from Morin (2013), Section 2.1.1.
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remove (4) = 5I& HAE 2IC}

QIHIA 49| oS THH 5| 1 5lo| FAS 3 7MY QIZOZ S}

0 1 2 3 4 5 6 7
T
sSEM b 15 e e d e r | | a.length= 12, 8ZMIIX| EA|
||
i=4,n=7
weiZt
e UExin-i-1=2)
SEZ b r e e € r [ | |
[ |

ARl 1% IARE| $20F OFF| $7IX| %2 S UR| 4Lt

Adapted from Morin (2013), Figure 2.1.
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st HHE AEQ
NES [b,r,e,d,-,-]
al2] = al3] [b,r,d,d,-,-]: eZt AlZHE

)
L |
[
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1]
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[b,d,d,d,-,-]: dE CIA| SA}

Adapted from Morin (2013), Section 2.1.1.
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remove (i) E ZAEE F7|H

1 class ArrayStack:
2 def remove(self, i):

3 if i < 0 or i >= self.n:

4 raise IndexError

5 removed = self.a[i]

6 for j in range(i, self.n - 1):
7 self.a[j]l = self.alj + 1]
8 self.n -= 1

9 self.a[self.n] = None

10 return removed

£ty 8=

=
Ha 0 < i< n2 =St HHMI| Mo a[i] S removedl| E=Ct
ols j=1i...,n—2&=XN=E 21ZF 710 SAtH n— i — 1712 FZICH
e n= 1=0[1 OpX[2F ZH2 HI2 Tl removedE =2 &L}

Adapted from Morin (2013), Section 2.1.1.
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Adapted from Morin (2013), Figure 2.1.
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ArrayStack ¢4t H|2

e
ArrayStacke| ¢4t H|Z

L5 Q| 2F =5 HH = H|2S ™ get (i) 2} set (i,x)= ©(1)0|11
add(i,x) 2 remove (i)& O(1 + n— /)ECh

ofAL Rl ea HIE
add (0, x), remove(0) FIZ He e o(n)
add(n, x), remove(n-1) RS O(1)

MRS n — PN, AFIE n — i — 1748 8210t +12 84 01S0| gO|E S HISo|CY,

Adapted from Morin (2013), Theorem 2.1.
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Source: Morin (2013), Section 2.1.
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e fIXI0] 2 0| F A

n = 80IIM AlZeH addE Ml H A& M3t

= S7l= 2 b/ ES X
add(8,x) RS 0 0
add(4,y) al4]...a[8 5 5
add(0,z) e 10 15
2 addE Ml H M3sHE M f[X(of 2t 0|F HIE2 00iM 107HK| H2tEICk

Source: Morin (2013), Section 2.1.
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Checkpoint

The Cost of Shifting

add(0, x)%tadd(n, x)2| H|E0|Z2|= 0]

remove (i) 70 2l 2FO| EX| G| St2H 0= #AS OffH =M= FAH0F 5t=7F
n = 8% M add (4,x) 7t &7|= HaE= H IRt

Arrays and Indexed Access
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Section4 - Arrays and Indexed Access

What Arrays Are Good For
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Adapted from Morin (2013), Theorem 2.1.
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ArrayStackQ = AEHZ OtSH

Al (stack)2| pusht pop= HIE S| 20l CHSAIZICH

AEH AM ArrayStack ¢t 27l= dx H|&
push (x) add(n, x) 0 O(1)
pop () remove (n-1) 0 O(1)
%2 M= push add(0, x) n e(n)
A4S M= pop remove (0) n—1 e(n)

LHE BHEO| 7t ~(a. length) S HH = H|IES |10 M

Zlolch

BiE2l Z0lM &1 JHLHH push@t pop ZF BAE &7IX| 2b=Ct

Adapted from Morin (2013), Section 2.1.3.
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Python 1ist gt H|E

Python 1ist H{E HHO|2 2 HLt0| ZIE2|= 91X|7} HIES HeiCt

Python list ArrayStack 27l= i H|&
ali] get (i) 0 o(1)
ali] = x set(i, x) 0 o(1)
a.append (x) add(n, x) 0 o(1)
a.pop(O) remove (n-1) 0 o(1)
a.insert(i, x) add(i, x) n—i Oo(n)
a.pop(i) remove (i) n—i—1 Oo(n)

!

append’t A5 &7|X| 4= A2 LHE BiEo]| I 70| S miCt. E2| O(n)2 ™ oS ZIEE 1o 2[2fo|Ct.

Adapted from Miller and Ranum (2013), Lists, Table 2, and Morin (2013), Theorem 2.1.
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#2 o(n)k &8 AZI2 CHE &= ULt

1 def shift_loop(a, i, n):

2 for j in range(n, i, -1):
3 aljl = alj - 1]
4 def shift_slice(a, i, n):
5 ali + 1:n + 1] = a[i:n]
n Rl £alojA

SYUZO|Ct S2f0|A CHRY2 QIE{Z2[E Qtoj| A

£ oy oe

i

2 g F7IX|T 4 SILEE &7|= HI80| Ch=Ct

Adapted from Morin (2013), Section 2.2.
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add(n, x)

add (0, x)

off Xk 77194 &7
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ch2|

| 2IXIZ ¢ Zof|M B

Adapted from Morin (2013), Chapter 2.
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Checkpoint

What Arrays Are Goo
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Why Does Position Decide the Cost?

Next Lecture: Dynamic Arrays
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