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Linked-List Operations

Walking the References

Traversal, Search, Insertion, and Removal
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Section1 + Linked-List Operations

Traversal

headl} tailO| 7I2|7|X| = =E= MSFE U2fZict
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2| (head)2t 22| (tail) 7t 2 712|7|X| 4= 7120 L E0jl= &3 (traversal) 2 FHZ BTt

Zea|= xtg| HaHe 24y

AR E O(1) head?} HIZ 7I2[Z
g=z o(1) tailO| HIZ 7I2|Z
Jted| O(1 + i) head?E nextE M2t
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Source: Morin (2013), Section 3.1.
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1 def size(head):

2 current = head

3 count = 0

4 while current is not None:
5 count += 1

6 current = current.next
7 return count

8

Hh= of ol & SHLHE EEstE= TA| HIE=2 ©(n)oltt

Adapted from Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Hi2 H current HE2 5| count
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&2|(traversal)

headOilM AIZfSH nextE At = W2H7HH = ES SHLH 2E5H= Y. Nones RHLIH STt

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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head?} NoneO|'H 3 =71 A0} A 202 HEC}

empty_head = None
print(size(empty_head)) # 0

1

2

3

4 one = Node(54)

5 print(size(one)) # 1
6

7| 810 AM2[ptt
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headO|M A|ZSIEE S H QIHADNR nextE [Mf2}ZtC}

def node_at(head, i):
current = head
for _ in range(i):

1
2
3
4 current = current.next
5 return current

6

7

8

# Assume 0 <= 4 < n.

i=00[H O|S3IX| 2411, j=n—10|H n— 1 HZEE w2f2tct
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node_at (head, 2)2| 0|3 FH
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CHA| current i2pzt 2l

NES) 54 (head) 0

Hh= 1 26 1

o= 2 93 2

dhet 93 j— 2t o|zo=2 Bt

R D2I7}aE M S0 0|2 IS O(1 4+ )0la, i= n— 102 ©(n)olct

Adapted from Morin (2013), Section 3.1.

DS3600082-140 - Xt27E 9/39



~

Ki

BAEQ| 23 58

!
Bl

B

r~

Ki
kio

FAE =2 Hlu
£ LIEE

IAT} nof| =&

ol

o|ld

current’f None

Ax chact

gt

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Adapted from Morin (2013), Section 1.3.3.
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traversal
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Source: Miller and Ranum (2013), Linked Lists.
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HE=ZU AR| H3ELL H|2
7K Noneg Bt £ 0(n)
Ko ZHE AESE L= Z|CH ©(n)
A X|LtH Ml Zfol 7t &l O(1 + 1)

Z2 =0l2te Y= R0 w2t H|E0| Ch=Ct

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Checkpoint

Traversal
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Section2 -« Linked-List Operations

Search

ZFS OLLpAL} 20{| 0|2 mi7}x| 23|3iC}
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AH= 10| SE0j| QK| Solsts . 2315t 2 50| 243 H| o) $OH BT, Nonedl 0|22 20|
QICtD THEFSHT}

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Adapted from Miller and Ranum (2013), The Sequential Search, Table 1.
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US RCH FA| Hr2sta, Nonelf| O|2H Ay

1 def search(head, target):

2 current = head

3 while current is not None:

4 if current.data == target:
5 return True

6 current = current.next

7 return False

8

Adapted from Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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current?} X|L}7t= K}

traversal ———

current current current current
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head 54 2 9 ’\:/ 77 31 || '

U178 B2 Wl current= FUMPE Ul =25 X122 YEIC)

L

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Checkpoint

Search

7t False

=)

™

=

wi

FAl

(%2}
c
o
2
©
o
[}
o
O
—
R
-
T
el
9}
R~
£
i

tEAE

DS3600082-140




Section 3 + Linked-List Operations

Insert

Xt

AEE BEC 7| 9% XS HhECt
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T
c
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He(insert)2 HIE2 X}2|E = Yat HES 1K= L= LHF0] Mt

Al HIE St= ¢
X2 &7 O(1+ i) =3
HE 1X|7| (1) EEE

Source: Morin (2013), Section 3.1.
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previouse= @8

x2[e| ¢ L E, currentE §l LEE J12|7|= &3] HaCl

previous current

head

Step 2

ENESEl

temp

1EHAIO A A l== 310] current(54)E 7t2I717| 8t1, 2EHA0A] previous(26)2| next7t M ==& 7t2|7|A| BICH
Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists
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12| F2uf 2RES F=

previousZ} 26, current?} 545 72|12 ulf 313 Atojojl ECt

previous = node_at(items.head, i - 1) # 1 <=4<n
current = previous.next

new_node = Node(31)

new_node.next = current

previous.next = new_node

items.n += 1

N o o s w N e

26 — 54 H B2 26 — 31 — 547} €L

node_atO= X2|E &= o ©(1 + i), @322 1Xl= o ©(1)0] ELCt
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head —-{93|—{—-|1?H—n-|??|—|—r-|31|

e —

EE !

temp

headS X M EZ HHPH 7|E R =

Caution M =E=2| nextE HX HZ%t F| headE F7ICH

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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93 17 - 77 — 31 20] 262 L& I M .=EO|IM 7|E H ES

e

X 7t2|Zict

new_node = Node (26) e ’Q*U_" 17 [F—{77 [F—{31 [+

new_node.next = items.head
items.head = new_node Step 2
if items.tail is None:

items.tail = new_node
items.n += 1

N oo s w N e

29| temp= TE=2| new_nodelt. Step 10| S| &, Step 27} MM Z0|Ct.

8l S20 M= head?t taill| ZF M EE Jt2|ZICt

Adapted from Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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Checkpoint

Insert
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Section4 - Linked-List Operations
Removal and Its Cost

M 58} |2 == AL =2 ol=r}

I=4e}

ALCAHI EE D
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previous®} currentE M| FZIC}

fteuiuus

Step arrent

0 neas AFHEF BT LTG0
H
previous current

1 head “'. “'. (o3 [F—{7 [ [+ [F—|I

previous current
2 nead —»{54 |4 “,‘ “,I 7 {7 [ G
previous current
3 head'—.—.." [26 [ “I, “l, 7 [ I

previouse YA =EO| A2, currents AARY L EE Jt2|7ICH

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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AFE EE By

previous®} currentE M| F7|H X2 S F=Ct

previous = None

current = items.head

while current is not None and current.data != item:
previous = current
current = current.next

if current is None:
raise ValueError (item) # empty list or item absent

® NG s W N e

current”| NoneO|H Bl SE0[HLt Zf0| i1, previous?t NoneO|H X LEE X|2Ct

Adapted from Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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MHl(remove)= X2 E2| o EJt O CHSE 7127 Al $tct

previous current

head — 54 2 93 |- 17 77 31 I

previous.next’} current.nextS J12|7|H £ 172 SEO|M Of 0|4 =S 4= giCt

| HAE F7IX| @0 HZ StLgh HRECE

Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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HNLECEE XIS M

previous —b|||

current

head

i previous k- Al
724 = & LEIUS previous.next
HeE = head

Caution previous’} None?! ARE WMEZ XZ|SIX| fOH X LE

iy
i
=
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Source: Miller and Ranum (2013), Implementing an Unordered List: Linked Lists.
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M L CE X|2H head

s2ct

AL CJ QOOR previous.next L2l headE HHELC}

1 removed = items.head # Assume nonempty.
2 items.head = removed.next

3 items.n -= 1

4 if items.head is None:

5 items.tail = None

6

AT} SHLIFCHH head?t tailO| B7H| NoneO| EICH

DS3600082-140 - Xt27E 35/39



7[20Lt 2] LEE X2E

o LEJH X2 B0 ChEE 712|714  5t, BOIUCHH tailk SH2ICtH

1

1 # Assume previous and current are known.
2 previous.next = current.next

3 if current is items.tail:

4 items.tail = previous

5 items.n -= 1

6

HE HY IHl= L AIZHOIX|2, previousE &

£ 231 Ao o(n)olct
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Source: Morin (2013), Sections 3.1 and 3.1.2.
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Checkpoint
Removal and Its Cost

- previous® current= 212t 0| LEE 7I2(7 (=7t
« M LES X2 U T2 N2[8H0F St A2 FARUTE

B =ES X| 2= HIE&S 2F5k= HAls FReUt
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Which Cost Dominates, Finding or Fixing?

Next Lecture: Doubly Linked Lists
. Qe AT MEIE
- 2OoIM AHIE 6(1)2 PtEE B
- LES0|0] &1 A2 e MY AH HIE
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