CSCI-1200 Data Structures — Spring 2013
Lecture 11 — Linked Lists, Part II

Announcements
e Exam 2 will be given on Tuesday 3/19 from 8-9:50am and 10-11:50am.

e See the announcements page on the course website for your exam time assignment.

Review from Lecture 10

e Limitations of singly-linked lists

e Doubly-linked lists: Structure, Insert, & Remove

Today’s Lecture

e Our own version of the STL 1ist<T> class, named dslist

e Implementing list iterators

11.1 The dslist Class — Overview
o We will write a templated class called dslist that implements much of the functionality of the std::1ist<T>
container and uses a doubly-linked list as its internal, low-level data structure.
e Three classes are involved: the node class, the iterator class, and the dslist class itself.

e Below is a basic diagram showing how these three classes are related to each other:

dslist<float>

Node<float>* head_: T
Node<float>* tail_:
int size_: 3

(Iist_iterator<float> W
LNode<ﬂoat>* ptr_: | J

float value_: 3.14 float value_: 6.02 float value_: 1.61
Node<float>* next_: Node<float>* next_: Node<float>* next_: NULL
Node<float>* prev_: NULL Node<float>* prev_: Node<float>* prev_:

A A

e For each list object created by a program, we have one instance of the dslist class, and multiple instances of
the Node. For each iterator variable (of type dslist<T>::iterator) that is used in the program, we create an
instance of the 1list_iterator class.

11.2 The Node Class
e It is ok to make all members public because individual nodes are never seen outside the list class.

e Note that the constructors all initialize the pointers to NULL.

template <class T> class Node {
public:
Node( ) : next_(NULL), prev_(NULL) {}
Node( const T& v ) : value_(v), next_(NULL), prev_(NULL) {}
T value_;
Node<T>* next_;
Node<T>* prev_;



11.3 The Iterator Class — Desired Functionality
e Increment and decrement operators (will be operations on pointers).
e Dereferencing to access contents of a node in a list.

e Two comparison operations: operator== and operator!=.

11.4 The Iterator Class — Implementation

(See attached code)

e Separate class

e Stores a pointer to a node in a linked list

e Constructors initialize the pointer — they will be called from the ds1ist<T> class member functions.

— dslist<T> is a friend class to allow access to the pointer for dslist<T> member functions such as erase
and insert.

e operator* dereferences the pointer and gives access to the contents of a node.
e Stepping through the chain of the linked-list is implemented by the increment and decrement operators.

e operator== and operator!= are defined, but no other comparison operators are allowed.

11.5 The dslist Class — Overview
e Manages the actions of the iterator and node classes
e Maintains the head and tail pointers and the size of the list

e Manages the overall structure of the class through member functions

Three member variables: head_, tail_, size_

Typedef for the iterator name

Prototypes for member functions, which are equivalent to the std: :1ist<T> member functions

Some things are missing, most notably const_iterator and reverse_iterator.

11.6 The dslist class — Implementation Details
e Many short functions are in-lined

e Clearly, it must contain the “big 3”: copy constructor, operator=, and destructor. The details of these are
realized through the private copy_list and destroy_list member functions.

11.7 C++4 Template Implementation Detail - Using typename

e The use of typedefs within a templated class, for example the dslist<T>::iterator can confuse the compiler
because it is a template-parameter dependent name and is thus ambigious in some contexts. (Is it a value or is
it a type?)

e If you get a strange error during compilation (where the compiler is clearly confused about seemingly clear
and logical code), you will need to explicitly let the compiler know that it is a type by putting the typename
keyword in front of the type. For example, inside of the operator== function:

typename dslist<T>::iterator 1lft_itr = 1ft.begin();

e Don’t worry, we’ll never test you on where this keyword is needed. Just be prepared to use it when working
on the homework.

11.8 Exercises
1. Write ds1ist<T>: :push_front

2. Write dslist<T>: :erase



_ 1
Tazis |
7|rey x<1>9poN
T peay y<]>9pON
NO ILVINISIId3d / /
‘(1siAonsap p 10A
‘(pI0 % 1SU0D <1 >Islisp)isl Adod p 10A
9 1eA 1ud
{:(77INN)JotRISN U IN 18 4 } Opus Joressn
{ !("peay)ioresay u In1a 1 } Quibag Jorelan
‘(A 1suod 1 ‘4 Joyesay)uasul Jojessy
‘(41 loyelan)asels JorelaN
‘101eI8) <] >JojeIs) ISl jopadAl
{TeneA<-"Je1UIN 18l } Oxoeq 91
{eneA<-"reruJInial  } 1suod (oeq 1 1suod
{7 anea<- peay uinial } Qwioly 91
{ Teanea<-"peayuinias } 1suod (ol 1 1Suod
‘(oeq dod p 10A
‘(A1 1suod  )yoeq ysnd p 10A
‘Owoyy dod p 10A
‘(A1 1Suoo Jwos ysnd p 10A
{ :Ows1”Aonsap<-siyr } (1eafo p 10A
{1INN=="peayuiniais } isuod ()/&dwsa j0oq
{TeziIsuinias } 1suood ()azis w1
‘(pl0 <1 >ISIISP 1SUOD ) =Jorelado Wisi|sp
{ :Ows~Aonsap<-siur } (istisp..
{ ‘(pi1o)st"Adoo<-siys } (pjo < L1>IsliSp 1SU0OD Jisiisp
{} (0) 8z1s *(1INN) 11 ‘(1INN)~ peay : (istisp
201 |gnd
}1slisp ssep

<] sse|o> are|dwa)
"1S1| @yl jo 8zIs 8yl suretau A1 dxa 11 eyl aioN //
NO ILVdv103a SSVT1O 1S 1T //

................................................................. 11
q{
1s1| dyl ul apou 0} 43d // 7nd y<1>9poN
NO ILVIN3IS3Hd3d //
:91eA 1ud
{ndi1=j ndjuiniai
} (4 9<>lo1esdl 1S 1Suod ‘| ®<1>Joyela) 1Sl 1Suod )=iloyesado j00q pualy
{ndi=="ndjuiniai
} (4 <1 >Jo1RUBY 1S 1SUOD ‘| ®<1>l01eId) 1SI| ISUOD )==loyesado j0oq puaLy

plewio}yb iesis aJte siolelado suo 1teduo) //

‘<1 >1SI|SP SSB[D pualy

Ustisp

‘dwayuinial
‘naud<-"nd = "nd
‘(siyn)dwsy <1 >Ioressn
--1911 ‘*Bra ‘jwausiosep-i1sod // }(1 )--lo1esado < >lojelay 1s||

{
SIUl U JIN I3 1
Aeud<-nd = "nd

1911-- ‘*6'8 ‘juausiosp-aid // } ()--1oresado 7 <] >l1oresdn 1s]|
{
‘dway uinial
Txeu<- nd ="nd
{(SIyl)dwa) < | >101e13) 1S
++1911 ‘B9 ‘jwausiouil-isod ;/ }(w1 )++i01esado < | >loyesa) 1s||

{
‘SIyle UIN 1D A
Txeu<- nd = " nd
} )++i01€49dO0 7 < | >I01RIBN 1SI|
slojelado juausIosap B uauULIdU| [/

191 1++ ‘Be ‘jwausiouil-aud /y

{ Tenen<- nduiniai } (OxJoresado |
Jajod 8yl 1e an[eA ayl 01 Ssadde san b Jolelsado Buouslejaiap //

{!siyy uiniai ndpjo="nd
} (P10 %9 <1>J01R481 IS]| 1SUOD )=Joresado % <] >Io1esd) 1s||

{} (1ores01 381,
<1 >Jorela) isi)iorelan 1s||
{} (d)"nd : (d v<L>apoN)Ioresa) S]]
{ (1NN) " ad = ()loressn 1Sy
191 |qnd
} 101181 3181 Ssep
<] sse[o> ajejdway
HOLIvE3L | 1S 17 7/
................................................................. 11

{} Cnd'pjo) nd : (pjo % 1suod

‘ISI|Sp Sse|o < Sse|o> are|dwal
papsau S| SSe [0 SIYy} JO U0 llele|d8p plemio}, VvV //

1
naud y<]>9pON
{TIXaU 4<1>9pON
anjen |

NO ILVINIS3Idd3d //

{ (NN) " A8ud “(7TNN) IX8U ‘(A) BN[eA : (A ®1L }SU0D  )apoN
{ (nN)A8ad “(NN) " 1xaU : ()apoN
101 |gnd
} apoN ssejo
<1 Sse[o> arejdwa)
SSYT10 3IAON //
................................................................. /1

*Je|ndJi1o Jou S| 1S1| dyl pue apou peay Auunp ou S1 didyl //

ing ‘paxyut|-Agnop st 1s1| Bulkjiepun ayyL ‘sse |2 isi| [en}oe ayl //
pue ‘sse |0 Jolelall ue ‘SSe|D 9pPON B :pauljop aJe sasse [d aleledas [/
991yl 'SJOJeJd11 1SUOD 8yl lou Ing ‘Joleuall ayl Buipnoul /g

‘sse |0 Jauleluod 1s1| o1Jouab e jo uolleuaua |dul patjrjdulsy //

Ty 1S 1ISp 8u | jep#

YIS ISP Japul i#

05:20:TO
ETIT/E0



} (A 1suod

} Ipus#

} 011 Aonsap:i<1>ISIISp p 10A

<] ssejo> arejdwal

} (plo % 1suo0o <1>IslIsphsl| Adoa::< 1 >1sIISp p 10A
<] ssejo> arejdwal

1 ‘)1 Joyelau)uasuL i< ] SISI|SP JoleId): i< | SIS!|sp aweuadAy

<] sse|o> aje|dwsa)

} (111 JoreIBN)BSkIS: <] >1SI[SP JOYeldl::< ] >1S|ISp aweuadfy
< Sse[o> arejdwal

Ustisp

{{@B1==yPiuiniau } (161 9<1>1s1ISp ‘Y| ®<L>ISlISp)=itoresado [0oq

<] ssejo> aye|dwsa)

‘annuinial
{
S+ 161
ST 11
‘asfej uInio (03B, =i T YL) 41
}(Opuay =iy 8 | 1ym
{Ouibaqg 161 = 117161 JoresaN:i< ] >1sl|Sp aweuadiy
{Qwbaqy| = Y| Joyesdl:i<] >1SIISp sweuadA)
‘aseyuinia (OdzIsba =j ()azISY)) } 1
} 161 <1 >ISIISP ‘Y| < L>ISl|Sp)==I0relado |0oq
<] sse|o> arejdwal

} Qwoyy dod::<]>1sISp p 10A
<1 sse[o> are|dwal

} Oxoeq dod::i<1>1siISp p 10A
<1 sse[o> are|dwa)

{

} (A1 1suoo )iuody ysnd:i<>ISIISp P 10A
<1 sse[o> are|dwa)

{

}(n®1 1suod Moeq ysnd:i<>ISI|Sp p 10A
<] sse[o> ajejdway

{

Sl UIn sl
‘(plo)isi|— Adoa<-siyy t
‘Orsi” Aonsaep<-siyy
} (s =i plow®) 41
} (P10 ®<1>1sISp 1su0d ) =J0rel8do::< | >ISIISP ¥<1>ISIISP
<] sse|o> arejdwal
NO ILVINIATTAAN | SSYTO 1S 11 //
Il

05:20:TO
ETIT/E0



	The dslist Class — Overview
	The Node Class
	The Iterator Class — Desired Functionality
	The Iterator Class — Implementation
	The dslist Class — Overview
	The dslist class — Implementation Details
	C++ Template Implementation Detail - Using typename
	Exercises

