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(QJLQHHULQJ�6RIWZDUH

6\VWHPV

:HHN��

'HVLJQ�3DWWHUQV�&RQWLQXHG

7�&��1LFKRODV�*UDKDP

'LDQH�.HOO\
KWWS���ZZZ�FV�TXHHQVX�FD�aHOHF���

%HKDYLRXUDO�3DWWHUQV

] 7KH�SDWWHUQV�ZH�KDYH�VHHQ�VR�IDU�DGGUHVV
VWUXFWXUDO�SUREOHPV�LQ�SURJUDPV

\ $GDSWHU����VWUXFWXUHV�SURJUDPV�WR�DLG�UHXVH

\ )DoDGH����ORFDOL]HV�UHIHUHQFHV�WR�D�VXEV\VWHP��DLGLQJ
PRGLILDELOLW\

] $OVR�LQWHUHVWLQJ�DUH

\ &UHDWLRQDO�SDWWHUQV����KHOS�LQ�REMHFW�FUHDWLRQ

\ %HKDYLRXUDO�SDWWHUQV����KHOS�PDQDJH�UXQWLPH
EHKDYLRXU�RI�SURJUDP

$EVWUDFW�)DFWRU\
>*DPPD HW DO�� SS� �����@

] 0RWLYDWLRQ

\ ,PDJLQH�\RX�KDYH�D�ERRN�RUGHULQJ�V\VWHP�LQ�ZKLFK
\RX�QHHG�WR�PDLQWDLQ�D�OLVW�RI�ERRNV

[ %RRN LV D FODVV FRQWDLQLQJ D WLWOH� DXWKRU� ,6%1� «

[ $ %RRN/LVW LV D OLVW RI ERRNV� LQFOXGLQJ D TXDQWLW\ ! � IRU

HDFK ERRN

\ ,QLWLDOO\��\RX�ZLVK�WR�PDLQWDLQ�D�VLPSOH�9HFWRU

\ +RZHYHU��DIWHU�WKH�V\VWHP�KDV�EHHQ�GHOLYHUHG��\RX
GHFLGH�\RX�ZDQW�D�GDWD�VWUXFWXUH�WKDW�DOVR�SHUPLWV
ERRNV�WR�EH�UHSUHVHQWHG�LQ�VRUWHG�RUGHU

import java.util.Vector;
public class BookListClassAdapter

extends Vector implements BookList {
    public int getNumBooks() {
        return size();
    }

    public Book getBook(int n) {
        return (Book) elementAt(n);
    }

    public void addBook(Book newBook) {
        for (int i=0; i<getNumBooks(); i++) {
            Book b=getBook(i);
            if (b.isSameBook (newBook)) {
                b.setQuantity (b.getQuantity()

+ newBook.getQuantity());
                return;
            }
        }
        add (newBook);
    }
}

Recall our initial
implementation of a
BookList



$EVWUDFW�)DFWRU\

] $GGLQJ�VRUWLQJ�IXQFWLRQDOLW\�WR�WKH�%RRN/LVW�FODVV

\ 2SWLRQ����0RGLI\�%RRN/LVW�VR�WKDW�HYHU\�WLPH�D�ERRN
LV�HQWHUHG��WKH�9HFWRU�LV�VRUWHG

[ 3URV

� /RFDOL]HV FKDQJH WR %RRN/LVW FODVV LWVHOI

[ &RQV

� 6RXUFH WR %RRN/LVW PD\ QRW EH DYDLODEOH

� %RRN/LVW PD\ EH XVHG LQ RWKHU SURJUDPV� RWKHU VXEV\VWHPV RI

VDPH SURJUDP� VR WKDW FKDQJH LQ FODVV IXQFWLRQDOLW\ FRXOG KDYH

ZLGHU LPSDFW WKDQ SODQQHG

� 'DQJHU RI YHUVLRQ SUROLIHUDWLRQ� ZKHUH GLIIHUHQW YHUVLRQV RI

%RRN/LVW ZLWK GLIIHUHQW IXQFWLRQDOLW\ DSSHDU LQ GLIIHUHQW

SURJUDPV �� LQFUHDVHV SUREOHPV ZLWK PDLQWHQDQFH

$EVWUDFW�)DFWRU\

] 2SWLRQ���

\ &UHDWH�D�%RRN/LVW�LQWHUIDFH�ZLWK�WKH�UHTXLUHG
IXQFWLRQDOLW\�RI�PDLQWDLQLQJ�D�OLVW�RI�ERRNV

\ &UHDWH�DQ�DEVWUDFW�IDFWRU\�FODVV�WKDW�FUHDWHV�DQ
LQVWDQFH�RI�WKH�FRUUHFW�NLQG�RI�%RRN/LVW

%RRN/LVW�YDULDQWV

] %RRN/LVW�LQWHUIDFH
VSHFLILHV�WKH�UHTXLUHG
RSHUDWLRQV�IRU�D�OLVW�RI
ERRNV

] 9HFWRU%RRN/LVW�LV�WKH
VLPSOH�YHFWRU
LPSOHPHQWDWLRQ

] 6RUWLQJ9HFWRU%RRN/LVW
DGGV�VRUWLQJ�IXQFWLRQDOLW\

] $9/7UHH%RRN/LVW�SURYLGHV
IDVWHU�ORRNXSV��VRUWLQJV

3UREOHPV�ZLWK�&KDQJLQJ

,PSOHPHQWDWLRQV

] Problem: If we change from the
VectorBookList to
SortingVectorBookList
implementation, need to ensure
that wherever we create a book list,
we replace “new
VectorBookList() ” with “new
SortingVectorBookList() ”

] This could be a large change
\ What if source to classes creating

book lists is not available?



$EVWUDFW�)DFWRU\
$EVWUDFW�)DFWRU\

] :KHQHYHU�D�FOLHQW�REMHFW
ZLVKHV�WR�FUHDWH�DQ�LQVWDQFH
RI�D�%RRN/LVW��LW�FDOOV�WKH
FUHDWH%RRN/LVW���PHWKRG�RI
WKH�%RRN/LVW)DFWRU\

] 7KLV�LV�DQ�REMHFW�WKDW�UHWXUQV
D�YDOXH�RI�W\SH�%RRN/LVW

] 7KH�%RRN/LVW)DFWRU\�LV
VSHFLDOL]HG�WR�D�IDFWRU\
FDSDEOH�RI�UHWXUQLQJ�WKH
FRUUHFW�NLQG�RI�%RRN/LVW

] +HUH��D�9HFWRU%RRN/LVW)DFWRU\
FUHDWHV�LQVWDQFHV�RI
9HFWRU%RRN/LVW

%RRN/LVW)DFWRU\

public interface BookListFactory {
    public BookList createBookList ();
}

class VectorBookListFactory
        implements BookListFactory {
    public BookList createBookList () {
        return new VectorBookList ();
    }
}

class Client {
   …
   BookListFactory blf;
   …
   BookList b = blf.createBookList();
}

BookListFactory.java

VectorBookListFactory.java

Client.java

([WHQGLQJ�WR�0XOWLSOH�)DFWRULHV



([WHQGLQJ�WR�0XOWLSOH�)DFWRULHV

The client is provided with an object of type
BookList. This object may be either a
VectorBookList or a SortingVectorBookList,
depending on which factory was used.

([WHQGLQJ�WR�0XOWLSOH�)DFWRULHV

The client sees an object of type
BookListFactory, so does not need to know
whether it is using a VectorBookListFactory
or a SortingVectorBookListFactory

*HQHUDO�)RUP�RI�$EVWUDFW

)DFWRU\ 5HODWLQJ�WR�4XDOLW\�$WWULEXWHV

] 0RGLILDELOLW\

\ ,QFUHDVHG�WKURXJK�XVH�RI�LQGLUHFWLRQ�LQ�FUHDWLRQ
SURFHVV

\ &UHDWRU�GRHV�QRW�QHHG�WR�NQRZ�H[DFWO\�ZKDW�W\SH�RI
REMHFW�LV�EHLQJ�FUHDWHG



7KH�)O\ZHLJKW�3DWWHUQ
>*DPPD HW DO�� SS �������@

] 6RPHWLPHV�REMHFWV�WRR�H[SHQVLYH�IRU
DSSOLFDWLRQV�ZKHUH�ODUJH�QXPEHUV�RI�REMHFWV
UHTXLUHG

] )O\ZHLJKW�REMHFWV�SURYLGH�FKHDSHU�REMHFW
PHFKDQLVP

] ,OOXVWUDWHV�DEVWUDFW�IDFWRU\�SDWWHUQ

)O\ZHLJKW

] ,Q�D�WH[W�HGLWRU��ZLVK�WR
UHSUHVHQW�D�VHW�RI�URZV��DQG
ZLWKLQ�HDFK�URZ�D�VHW�RI
FROXPQV

] (DFK�URZ�LQ�WXUQ�FRQWDLQV�D
VHW�RI�FKDUDFWHUV

] /RJLFDOO\��HDFK�FKDUDFWHU�LV
DQ�REMHFW

] +RZHYHU��D�GRFXPHQW�RI
WHQV�RI�WKRXVDQGV�RI
FKDUDFWHUV�ZRXOG�UHTXLUH
WHQV�RI�WKRXVDQGV�RI�REMHFWV

a p p a r e n t

)O\ZHLJKW

] ,QVWHDG��FUHDWH�RQH�REMHFW
SHU�FKDUDFWHU

] (DFK�RI�WKHVH�LV�FDOOHG�D
IO\ZHLJKW�REMHFW

] )O\ZHLJKW�REMHFWV�FDQ
FRQWDLQ�RQO\�GDWD�VKDUHG
DPRQJVW�DOO�LQVWDQFHV�RI
REMHFWV

\ (�J�� FKDUDFWHU QDPH� EXW QRW

SRVLWLRQ� IRQW

] ([WULQVLF�VWDWH�PXVW�EH
SDVVHG�DV�D�SDUDPHWHU�WR
RSHUDWLRQV�RQ�IO\ZHLJKW

a p p a r e n t

a b c d e f g h i k l m

n o p q r s t u v w x y z

)O\ZHLJKW�,PSOHPHQWDWLRQ



5HODWLRQ�WR�4XDOLW\�$WWULEXWHV

] 3HUIRUPDQFH

\ 6\VWHPV�ZLWK�WHQV�KXQGUHGV�RI�WKRXVDQGV�RU�PRUH�RI
REMHFWV�FDQ�EH�SURKLELWLYHO\�H[SHQVLYH�LQ�PHPRU\�XVH

\ )O\ZHLJKW�REMHFWV�UHGXFH�WKLV�H[SHQVH

] 0RGLILDELOLW\

\ (QFDSVXODWLRQ�RI�V\VWHP�IXQFWLRQDOLW\�QR�ORQJHU�DV
FOHDU

\ 6HSDUDWLRQ�RI�LQWULQVLF�H[WULQVLF�VWDWH�LQWR�GLIIHUHQW
REMHFWV

7KH�,WHUDWRU�3DWWHUQ
>*DPPD HW DO� SS �������@

] 0DQ\�VWUXFWXUHV�UHTXLUH�VXSSRUW�IRU�LWHUDWLQJ
RYHU�DOO�HOHPHQWV�RI�WKH�VWUXFWXUH

] )RU�H[DPSOH��LWHUDWLQJ�RYHU�FRQWHQWV�RI�D�YHFWRU�

for (int i=0; i<v.size(); i++) {

   …

   Object o = v.elementAt(i);

   …

 }

7KH�,WHUDWRU�3DWWHUQ
>*DPPD HW DO� SS �������@

] 0DQ\�VWUXFWXUHV�UHTXLUH�VXSSRUW�IRU�LWHUDWLQJ
RYHU�DOO�HOHPHQWV�RI�WKH�VWUXFWXUH

] )RU�H[DPSOH��LWHUDWLQJ�RYHU�FRQWHQWV�RI�D�YHFWRU�

for (int i=0; i<v.size(); i++) {

   …

   Object o = v.elementAt(i);

   …

 }

Move to next
element in list

Current element

First element

Last element

7KH�,WHUDWRU�3DWWHUQ

] ,WHUDWLRQ�DOORZV�D�SURJUDP�WR�VXFFHVVLYHO\�YLVLW
HDFK�HOHPHQW�LQ�D�FRQWDLQHU�FODVV

\ ,�H� RYHU DQ\ FODVV WKDW FRQWDLQV D FROOHFWLRQ RI HOHPHQWV

] /LVW��9HFWRU���7UHH��+DVK�7DEOH��*UDSK��«



,WHUDWRUV�LQ�-DYD

] $Q�HQXPHUDWLRQ�SURYLGHV�LWHUDWLRQ�IXQFWLRQDOLW\
WKDW�DEVWUDFWV�WKH�XQGHUO\LQJ�FRQWDLQHU�W\SH

public interface Enumeration {

// Returns true as long as there are more
// elements to visit
boolean hasMoreElements();

// Returns next element to visit
Object nextElement();

}

] (DFK�HOHPHQW�ZLOO�EH�UHWXUQHG�E\�QH[W(OHPHQW

H[DFWO\�RQFH

] 2UGHU�RI�YLVLWDWLRQ�QRW�VSHFLILHG

,WHUDWRUV�LQ�-DYD

] ,Q�9HFWRU�

// Returns all elements in the Vector

public Enumeration elements();

] ,Q�+DVKWDEOH�

// Returns all elements in the Hashtable.
// That is, returns all values that have been
// entered into the hashtable via put

public Enumeration elements();

([DPSOH��8VLQJ�DQ�,WHUDWRU

ZLWK�D�9HFWRU

8VLQJ�DQ�,WHUDWRU�ZLWK�D

9HFWRU

] &OLHQW�FUHDWHV�DQ�LWHUDWRU
E\�FDOOLQJ�WKH�9HFWRU¶V
HOHPHQWV�PHWKRG

\ 9HFWRU DFWV OLNH DQ LWHUDWRU

IDFWRU\

] &OLHQW�WKHQ�DFFHVVHV
HOHPHQWV�RI�9HFWRU�YLD
(QXPHUDWLRQ¶V�PHWKRGV

for (Enumeration e = v.elements(); e.hasMoreElements();) {
   Object o = e.nextElement();
   …
}



*HQHUDO�)RUP�RI�,WHUDWRU

Abstract representation
of container

Concrete representation
of container - e.g. Vector

Concrete iterator for specific container class - e.g.
iterator for Vector is different from iterator for hashtable

Enumeration
interface

5HODWLRQ�WR�4XDOLW\�$WWULEXWHV

] 0RGLILDELOLW\

\ 6HSDUDWHV�LWHUDWLRQ�EHKDYLRXU�IURP�VSHFLILFV�RI
FRQWDLQHU�FODVV

\ 7KHUHIRUH�FDQ�FKDQJH�FRQWDLQHU�FODVV�ZLWKRXW
LPSDFWLQJ�FRGH�WKDW�LWHUDWHV�RYHU�LW

] 3HUIRUPDQFH

\ 0D\�EH�VRPH�PLQRU�SHUIRUPDQFH�SHQDOW\�WKURXJK
LQGLUHFWLRQ�LQ�LWHUDWRU


