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Aoknon 1 (10 povadeq)

O1 mpoBiBdocic TUTTWV (type promotions) oe povadiaioug kal duadIKOUG
TEAEOTEG  (Operators) e€ival IO TTPOYPOUMOTIOTIKI)  €UKOAI  TTOU  OPWG
empBapuvel Tov digpunvéa (interpreter) Tng Java pe tov UTTOAOYIOUO TWV
KATOAANAWY  PETATPOTTWV TWV TUTTWV Twv TEAEOTAiwWV (operands) TTou
euTTAéKOVTAI O0€ pia Java ék@aon (statement). .x. o€ yia apiBuNTIKA €éKpaon
TTOU XPNOIJOTIOIEI €va OUODIKO TeEAEOTH o1 TUTTOI TwV TEAEOTAiwWY Ba
METATPATTOUV OTOV «eupuTEPOY ("widest") atro Toug duo (BAETTE diagaveleg
MaBruaTog). Av Kavévag aTro Toug dUo Ogv gival EupuUTEPOG ATTO TOV TUTTO int
Kal o1 dUo TeAeoTaiol Ba petaTpatrouv o€ int. O TEAIKOS TUTTOG TOU ApPIOUNTIKOU
TEAEOTN Ba €ival 0 TUTTOG TWV TEAEOTAIWY TOU PETA ATTO OAEG TIG ATTAPAITNTEG
METATPOTTEG. OEWPROTE TNV TTAPAKATW APIOUNTIKA £KQPACN

d=*i) + (f* -b) - (c / s)
OTTOU OI HETARANTEG €XOUV TIGC AKOAOUBEG BNAWOEIC TUTTWV:

double d;
int 1;
float f;
byte b;
char c;
short s;

AwoTe 0€ pIa OeVOPOEIDN AVATTOPACTACT OAEG TIG HETATPOTTEG TWV TUTTWV TWV
TEAEOTWV TTOU EUTTAEKOVTAI OTNV APIOPNTIKA €KYpaon KaBwg Kal Tov TEAIKO TNG
TUTTO. YTrodei¢te kaBapd otnv amdvinon oag TIG povadiaieg Kal duadikEG
TTPoRIBACEIC TUTTWY TTOU ETTITEAOUVTAI OTTO TOV dIEpUNVEA TNG Java.

Auon:

Put another way, if we let T denote the wider of the two types of operands, we
then ask whether or not T is wider than int. If so, both operands and converted
to T, otherwise, they are both converted to int. The resulting type of the
operation is then the type of its operands. In the following figure the red bars
(]) indicate binary numeric promotion while the green bars (|) indicate unary
numeric promotion.
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Aoknon 2 (10 povadeg)

OewpnoTe TNV TTOPAKATW DIETTAPL AVTIKEINEVWY (interface) Java:

interface I {
int f10;
boolean f2(int 1i);

}

MNa k&Be pia amo TI¢ TTapakdTw kAdoeig avrikeipévwy Java atraviioTte NA
aua n OnAwon NG KAdong yivetal ammodektr rj OXI| arro Tov YETAPPAOTH TNG

Java Kai TT010 CUYKEKPIPEVA ATTO TOV EAEYKTH) TUTTWV:

(a)
class C1 implements I {

public int f1() { return 2; }

public boolean f2(int j) { return false; }

Auon: NAI



(B)
class C2 implements I {

public int f1(int i) { return i; }
public boolean f2(int j) { return false; }

Auon: OXI

(v)
class C3 implements I {

public int f1() { return 2; }

Auon: OXI

(9)
class C4 implements I {
public int f1() { return 0; }
public boolean f2(int j) { return false; }
public void foo() { }

Auon: NAI

(€)
abstract class C5 extends C4 implements I {
public int f1(int i) { return i; }
public double foo() { return 2.0 }

Auon: NAI
Aoknon 3 (30 povadec)

2.0G OIVETAl O nAr’]png OPIOPOG JIag KAGong Person kai y€pog Tou opicuou
uiag khdong Fami lyInfo:

class Person {
public String name; //Assume this field is
//unique for every Person
public int birthyear;
public String mother;
public String father;

class FamilyInfo {
//keeps track of people in a family
//The data structure used is an array of Persons
private Person[] Tist;
private int familySize;//# of peoq1e currently
//in this list



//0ther methods not shown here would include
//methods to build a FamilyInfo, methods for
//adding new Persons to it, and methods for
//searching and printing it

//Returns the integer index in our list of the
//Person with the given 'name', or -1 if that
//Person isn't in our 1list
—————————— int find (String name) {

// Details omitted

//Prints the given 'name' and the names of all
//that Person’'s maternal ancestors stored 1in
//this FamilyInfo. That is, prints the mother,
//grandmother, great grandmother, and so on,
//until we have no more information. (After
//all, we only have information on a finite
//number of people)
public ------ printMaternalAncestors (String
name) {
// Details omitted

}

(a) Ti €idog petaBAntAc eivar n "11St"? BaAte o éva kUKAO TNV OwOTH
aTravrnon.

instance variable class variable

AUon: instance variable

(B) H petaBAnmy 11 st dev mpémer (kan dev eival) dnAwpévn cav public.
MNari?

Auon: It's used within the class to represent the family, but there are other
ways to represent a family, and we might want to change our choice later; that
would be impossible if other software had access to the representation. Also,
allowing access to the representation is not good security-wise.

(y) Eivar oamapaitnto 1o pélog  dedopévwv  (instance  variable)
familySize? Av OXI dikaioAoyAaTe To yiaTi.

Auon: OXI yiaTi o1 TTivoKeg otnv Java eival emiong avTikeipeva kail dlabETel
Wi peTaBANTA Sedopévwy TuTTou TNt pe dvopa length mou egummperei Tov
idlo okomé pe v Fami 1ySize



(5) H péBodog 1nd mpémer va dnhwBei oav otatikf (Static) f ox? Moid
gival T0 KATOAANAOTEPO avayvwplioTIKO Odikalwpatog Tpoofacng (visibility
modifier) yia Tnv pédodo Find (dnA T Tpémer va ypdwouue oTnV apxn NG
onAwong TnG uebddou otnyv Béon Twv ————-— )?

AbUon: OXI private

(¢) Moidg eivar_ o T0TTOG €§6dou  (return type) Tng péBodou
printMaternalAncestors (dnA 1 Tpémel va ypdyouus oTnv apxn
NG dNAwong TG ueBbddou oTtnv Béon TwWy —————~— )?

Auon: void

(€) Ag uttoBEoouUE OTI £XOUpE dnuioupynoel éva oTiypidTuTTo (instantiated) Tng
uetaBAnTy "myFami ly" tomou Fami lyInfo kai amoBnkedoel oe authv
TNV TTAPOKATW TTANPOQYOpPIa (XPNOIMOTTOIWVTAG KATAAANAEG PEBOGDOUG TTOU YIa
AOyoug gukoAiag dev divouue o€ auTrv TNV doknon):

1. O BaoiAng yevvnBnke 1o 1964, kal o1 yoveig Tou gival o MixdAng kai n

Eiprivn.
2. H Eiprivn yevvABnke 10 1938 Kai o1 yoveig TnG €ival o MNwpyog Kai n
Mavayiwra.

Aev €xoupe TrepaITépw TTANpogopia yia tov MixdAn, Tov MNwpyo kai Tnv
Mavayiwra.

AwoTe €va 6|0’(ypc_xupa TTou artreikoviCel TV KatdoTtaon (state) Tou
QVTIKEINEVOU myFam'l'Iy METG aTTO TNV KOTAXWPENON TNG TApaTTavW

TTANPoOQopIac.

Auon:

BaoiAng | 1964 | MixaAng | Eiprivn Person Methods

Eipnvn | 1938 |MNwpyog | MavayiwTa | Person Methods

| 2 (familySize)

(n) ZupTrAnpWwoTe To CWwUa TNG YeBddou printMaternalAncestors.
MTTOpEITE VA XPNOIYJOTTIOINCETE YIA QUTO TOV OKOTTO Mia BondnTik péBodo
find n omoia yia Adyoug sukohiag BewproTe oTi éxel UAOTTOINBET. H péB0dAS
oag PTTOPEl va TepuaTiCel 6Tav Bpiokel TO Gvoua £vOG TTPOYOVOU yia TOV OTT0i0
Oev UTTAPXEI OXETIKI TTANpO®opia oTnV AioTa.




Auon:

while (true) {
System.out.println(name);
int index = find(name);
if (index == -1) return; // or break
, name = list[index].mother;

(8) Av n petaBAnty myFamily mepiéxer k Tmpéowma kai kaAéooupe T
printMate r:na'l Ancestors,moidg gival o PEYIOTOG apIBPOG EKTEAECEWY
NG pébodou find?

Auon: k +1

() To Baoikdé mpPOPBANpa TNG kKAGoong Person Ttou cag 666nke oOTnv
aoknon e€ival n Bewpnon Povadikwy OVOUATWY yia TNV TAUuToTToinon TwVv
TTPOOWTIWYV. EKYETAAEUTEITE TOV UNXAVIOPO ava@OPAG TWV AVTIKEIMEVWY OTNV
Java woTe va avatrapacTeioeTe KAAUTEPA TN OXEON KANPOVOMPIKOTNTAG UETAEU
QUOIKWV TTPOCWTIWV XPNOIYOTIOIWVTAG TRV MOovadiKh) TOug TautdTnTa OQV
avTikeEigeva. T.X. TO avTiKeEigevo pe To Ovopa «BaciAng» avagépetal O0To
QVTIKEINEVO  PE TO Ovopa «MixdAng» péow TNG METAPANTAG dedouévwv
father kai oo avrikeipyevo pe To dvoua «Eiprivny  péow TN pETABANTAS
dedopévwv mother. MNwg mpémel va Tpomotoin®ei n dRAwaon TS KAGOONC
Person oupowva pe TNV TTapatravw avatrapdotaon?

Auon:

class Person {
public String name;
public int birthyvear;
public Person mother;
public Person father;

(k) H kAadoon FamilyInfo eivai mAéov amapaitntn? Av OXI mrpoteivere
uia véa péBodo printMaternalAncestors ektimwong Twv ovoudTwy
TWV TTPOYOVWYV €VOG TTPOCWTTOU. Z€ TTola KAAoON TTPETTEl va dNAWBEI, TTOIES Ol
TTOPAPETPOI TNG KAl O TUTTOG £6OO0U TNG KAl TTOIA €ival N KAIvOUPYIa UAOTTOINGT
™NG?

Auon: OXI Kaivoupyia péBodog public void
printMaternalAncestors() oty kAdoon Person pe 1o akéAoubo
owa:

If (this.mother != null) {
System.out.printin(this.mother.name);
this.mother.printMaternalAncestors();
return;}



Aoknon 4 (10 povadec)

OewpnoTe TIG TTapakdTw KAdoeIg Kal peBOdouUg Java:

public class C1{
public void methodl() throws
Exceptionl,Exception2{
try{

System.out.printin(“ml_1");

//some code here that will randomly throw
//Exceptionl, 2, or 3
System.out.printlin(“ml_2");
}catch(Exception3 e3){
System.out.printin(“ml_3");

}
System.out.printin(“ml_4");

pub1}c void method2() throws Exceptionl{
try
methodl();
System.out.printin(“m2_1");
}catch(Exception2 e2){
}System.out.print1n(“m2_2”);
System.out.printin(“m2_3");
} public void method3(){
try{
method2();
System.out.printin(“m3_1");
}catch(Exceptionl el){
System.out.printin(“m3_2");

System.out.prinltn(“m3_3");
public class Tester{
public static void main(.){

Cl c = new C1(Q);
c.method3();

}
Ti Ba emoTpagei oTnv £€€0060 TOU TTPOYPANPATOS OTIG TTAPAKATW TTEPITITWOEIG:
(a) MpokuTrTel n Exception3

(B) MpokuTrtel n Exception2
(y) MpokuTtrtel n Exception1



Auon:

(a) MpokuTrTel n Exception3

m1_1

m1_3

m1 4

m2_1

m2_3

m3_1

m3_3

(B) MpokuTrTel n Exception2

m1_1

m2_2

m2_3

m3_1

m3_3

(y) MpokuTrtel n Exception1

m1_1

m3_2

m3_3

Aoknon 5 (40 povadec)

OewpnaoTe evav aQaIpeTIKO TUTTO dedopévwy (ADT) AKOAOLO LOMEAE LKTEC
(RankedSequence). Autdg o ADT avatrapioTd pia akoAouBia avTIKEINEVWV VIO
KaBéva atro Ta otroia cuoXeTiCoupe éva OeikTn (rank) €UQAVIOAS TOU OTNV
akoAoubia (Eva avTIKEIEVO UTTOPEI va ep@aviCeTal TTOANEG QOPEG OAV OTOIXEIO
TNG akoAouBiag). To avTikeiyevo oTnv KEQAAA TNG akoAouBiag €xel dgiktn 0 Kal
auTtd oTnVv oupd NG K-1, 6TTOU K €Ival 0 OUVOAIKOG apIBUOG TWV AVTIKEIUEVWV
TNG akoAouBiag. ZnuEIWwOoTE OTI N ApiBuNOoN TWV AVTIKEIMEVWY TNG akoAouBiag

gival ouvexng dnA dev UTTAPXOUV TPUTTEG OTNV apiBunon. H dieragn xpriong
Tou ADT AKOAOULO LO(MEAE LKTEC TTEPIAAUBAVEL TIC TTAPAKATW AEITOUPYiEG



(operations) (n peTaBANTA O XPNOIYOTTOIEITAI yIA va dNAWOCEI £€va AVTIKEINEVO
EVW N METABANTA I" yia va dnAwaoel T B€on Tou oTnv akoAouBia):

« 1nit() o&nuioupysi pia ddeia akohouBia atro SeikTeC.

« I1seEmpty() emotpégel True av o ADT Sev Tepiéxel dedopéva Kal
False omnv avriBetn Tepimtwon.

« length() emoTpéger évav aképaio peyahiTepo n ico Tou undevog o
OTT0i0G dNAWVEI TOV apIBPO TWV OToIXEIWV TTou TTEPIEXEI 0 ADT.

« position0f (o) emoTpépel évav aképaio TTou dnAwvel TNV Béon
TOU TTPWTOU OTIYMIOTUTTOU TOU O TTOU BPICKOUME KATA TNV avalntnon
Twv oToixeiwv Tou ADT akoAouBwvrtag pia TTpokaBopiouévn oeipd
d1aragng Tou ADT (dnAadr atro Tnv apxn Tng akoAoubiag).

- elementAtRang(r) cmoTpépel TO QVTIKEIUEVO TTOU BPIOKETAI OTNV
' otn B€on Twv oToIXEiWV TToU TTEPIEXEI 0 ADT.

« insertAtRang(o,r) sicdye 1o avrikeiyevo O otnv Béon I Twv
oTtoixeiwv Tou ADT akoAouBwvTag Ta TTapaKAaTw Prpara:

1. Anuioupyoupue eva VEO OTOIXEIO PE TUTTO CUPPBATO PE QUTOV TTOU EXEI
onAwBei o ADT (T1.x. akoAouBia akepaiwv, CUPNBOAOCEIPWY, KATT.).

2. 2UVOEOUPE TO KAIVOUPYIO OTOIXEIO PE TA UTTOAOITTA  OTOIXEID TOU
ADT, €101 WOTE TO KAIVOUPYIO OTOIXEIO va KATAAQUBAvVEI TNV I’ OTN
Béon kai Ta uTréAoITTa va kataAauBavouy Ti¢ Béoeic r+1, r+2,
KATT. OoUPQWVa QUOIKA HE TNV apXIKG Trpokabopiopévn oeipd
d1atagng Tou ADT (dnAadn atro Tnv apxn Tng akoAoubiag).

3. Ofétoupe TO avTiKEiyevo O oTn  B€on TOu OTOIXEiOU TTOU
OnNMIoUPYNOOAUE KAl TOTTOBETHOAUE OTNV aKoAouBia.

« DeleteAtRang(r) oagaipsi r oto oToixeio Tou ADT Kai
aTTOKOBIOTA TNV OEIPA TWV UTTOAOITTWY OTOIXEIWV (OUCIOOTIKG EKTEAEI TIG
avTioTPOPEG EVIOAEG TTOU XpnoldoTrololvTal otnv 1nsertAtRang).

- ReplaceAtRang(r, o) avrikaBiotd 1o aToixeio oTnv Béon I Ue TO
QVTIKEIMEVO O XWPIG VA ETTNPEACETAI N OEIPA TWV UTTOAOITTWV OTOIXEIWV
Tou ADT.

« Output() ypdagpe Ta dedopéva Tou ADT oTo Bioko, &ite oav
QVTIKEIMEVA TNG XPNOIMOTTOIOUMEVNG YAWOOAG TTPOYPAUMPATIOHOU (TT.X.
xpnolgotroiwvtag  Tnv. Java  Object serialization
interface), cite gav ASCIl cupBolooeipéc (TT.X. XPNOILOTTOIWVTAG
v Java Object toString() method).

(a) Anuioupynote pia dietragr avTikeipévwy (interface) Java yia tnv
avarrapdotaon Tou ADT AKOAOULO LoMEAELKTEC. Talivouciote o€
KaTtnyopieg Tig Trapatravw Asiroupyieg Tou ADT (Accessors, Transformers,
KATT.) Kal dNAWOTE Pe TNV HopPr] oXOAiwv Java (Katd TTpoTiunon oxoAiwv
Javadoc) TI¢ pre, post kal invariant ouvbrkeg Tou TIPETTEl VA
IKQvVOTTOIoUVTal aTTo KABE AgiToupyia. AwaoTe yia KABE pia armmd auTég Tnv
uttoypa®r (signature), 10 avayvwpioTIKO dikaliwuaTtog TTpdoaong
(visibility modifier) kaBwg kai TIg egaipETelg (exceptions) TTOU PTTOPOUV va
onuioupyolv o1  TTAPABIACEIC  TwV  TTPONYOUHUEVWY  OUVONKWV.



Auon:

package SoftwareInterfaces;

* This is the interface of the ADT ranked sequence.

<p> A ranked sequence is a sequence of elements, each of which
has an associated integer <em>rank</em>. The rank 1is the

* offset of the element from the beginning of the sequence. The

head (i.e., first) element of the sequence has rank 0, the
next element has rank 1, and so forth. Each element is a Java

* object; primitive data must be wrapped with instances of the

appropriate wrapper classes (e.g., <code>Integer</code>).

* Interface Invariant:

for 0 <= r < Tength(), elementAtRank(r) == element at rank r
of the sequence)

* @author XXXXXXXXXXX
* @version 28 June 2001

e
w

pubTic interface RankedSequence

/:': *
* Insert a new element at the given rank into the sequence S
(Transformer).

@param o the object to be inserted

* @param r the rank at which to insert the obJect o

* @throws BoundaryviolationException (e.g., if precondition
* not satisfied)

* <dt><b>Preconditon:</b>

<dd><code>S</code> 1is a valid instance of RanckedSequence

and <dd><code>0 <= r <= length()</code>

* <dt><b>Postcondition:</b>

<dd>object <code>o</code> added as element of S at rank

<code>r</code>. Ranks of all s elements (if any) with old

* <code>ranks >= <code>r</code> are increased by one.

*/
public void insertAtRank(Object o, int r) ) )
throws BoundaryviolationException;

/-.': %

* Delete the element at the given rank from the sequence S
* (Transformer).

* @param r the rank at which to delete the ob ect

f @throws BoundaryviolationException (e.g. precondition

not satisfied)
<dt><b>Preconditon:</b>
<dd><code>S</code> 1is a valid instance of RanckedSequence
* and <dd><code> 0 <= r < Tength()</code>
<dt><b>Postcondition:</b>
<dd>element of S at rank <code>r</code> is removed.
* Ranks of all s elements (if any) with old <code>ranks >
* r</code> are decreased by one.
pubTlic void deleteAtRank(int r) throws
/ BoundaryviolationException;

Replace the element at the given rank in the sequence S
(Transformer).

@param r the rank at which to replace the object

* @param o the replacement object

* @throws BoundaryviolationException (e.g., if precondition
* not satisfied)

* <dt><b>Preconditon:</b>

<dd><code>S</code> 1is a valid instance of RanckedSequence
and <dd><code>0 <= r < length()</code>

* <dt><b>Postcondition:</b>

* <dd>element of S at rank <code>r</code> is replaced by

o

* object <code>o</code>.



public void replaceAtRank(int r, Object o) ) ]
throws BoundaryviolationException;
/:': %

* Retrieve the element at the given rank from the sequence S
* (Accessor).

* @param r the rank whose value 1is to be returned

* @throws BoundaryviolationException (e.g., if precondition
not satisfied)

<dt><b>Preconditon:</b>

* <dd><code>S</code> is a valid instance of RanckedSequence
* and <dd><code>0 <= r < length()</code>

* @return the element at rank <code>r</code>

public Object elementAtRank(int r) _ _ _
throws BoundaryviolationException;
/-.': k3

* Determine the Tength of the sequence S (Accessor).

* @return the number of elements in S.

* @throws BoundaryviolationException (e.g., if precondition
* not satisfied)

<dt><b>Preconditon:</b>

* <dd><code>S</code> 1is a valid instance of RanckedSequence
* <dt><b>Postcondition:</b>

* <dd><code>0 <= Tength()</code>

-.':/
public int Tength(Q);
/:.:: k3

* Determine whether the sequence S is empty (Accessor).

* @return true if S contains no elements; otherwise false.
* <dt><b>Preconditon:</b>

* <dd><code>S</code> is a valid instance of RanckedSequence
<dt><b>Postcondition:</b>

* None

:':/
public boolean isempty();

* Get a string representation of a sequence S (Accessor).

* @return a string ss from a sequence s

* <dt><b>Preconditon:</b>

* <dd><code>s </code> is valid instances of RanckedSequence
* <dt><b>Postcondition:</b>

* <dd> ss is the sequence s expressed in the format:

* <code> for 0 <= r < size(), Sequence[r]: elementAtRank(r)
* </code>

o

pubTlic String tostring(Q;

} //End of interface RankedSequence

ZNMEIWOTE OTI Ol KATOOKEUAOTEG avTiKEIUEVWY (constructors) Tou ADT dev

eEMavifovral oTnv avrtioTtoixn OIETTA@r Java TTou avatrapioTa TNV aQaIpETIKA

TOUG CUNTTEPIPOPA.
(B) O ADT AKOAOULOLOXMEAELKTEC avatropioTd Mia Un  QUOIKA
TTEPIOPIOUEVN OOoWN. Agv UTTAPXEI EVVOIOAOYIKA Kavéva OpIo OTO HEyEBOG
TTOU PTTOPEI va €xel Jia akoAouBia. Katd cuveETela pia uhotroinon tou ADT
XpnoigotrolwvTag Java KAAooe€ig Ba TTPETTEl va eTTEKTEIVEI TO PEYEBOG TNG
akoAoubiag 600 KABe @opd arraITeiTal Ao TNV €@apuoyn. lNpoTeiveTe
TOUAAYXIOTOV 2 UAOTTOIROEIG YIa TRV dIETTa® avTiKElévwy (interface) Java
AKOAOUVO LOUEAE LKTEC (TTOU dnuIoUPYRoaTE OTO €pWTNUA (a)) ol
OTTOiEG UTTOOTNPICOUV AUTAV TNV €UEAIia OTO PEYEBOG TwV AKOAOUBIWV.
YAoTroInoTe TTAAPWG I OTTO TIG TTPOTEIVOUEVES Java KAAOOEIG.



Auon:

We provide three separate implementations of the RankedSequence ADT:

1.

ArrayRankedSeq, which implements the sequence by a dynamically
allocated array of objects. This implementation behaves much like the
built-in Vector class. Whenever the array used to represent the
sequence overflows, it allocates a larger one and copies the previous
array into it.

DoubleLinkRankedSeq, which implements the sequence by a doubly
linked list.

VectorRankedSeq, which implements the sequence as an adapter of
the Vector class from the Java API. An adapter is an abstraction (e.g.,
a class) that adapts one abstraction to behave like another. It
translates the operations on the interface of one interface into the
appropriate operations on a second abstraction. VectorRankedSeq is a
class that implements the RankedSequence interface, that is, its
instances are instances of the ranked sequence abstraction. However,
these operations are implemented directly in terms of similar
operations on an instance of the built-in Vector class in the Java API.
Thus VectorRankedSeq adapts a Vector to be a RankedSequence.

package SoftwareInterfaces;

/J.J.
ww

* A class that provides a dynamic, array-based implementation of

the ranked sequence abstract data type.
<p> This implementation uses an array to store the sequence of_
elements. The rank of an element in the sequence is 1its index 1in

* the array. If the insertion of a new element overflows the

* all

ocated size of the array, a new larger array is allocated to

* store the sequence.
* @authqr H. XXXXXXXXX
f/@vers1on 28 June 2001

public class ArrayRankedSeq implements RankedSequence

/-.':

o
w
o
=

Implementation Invariant: 0 <= seqlLength <= theSeq.length &&
0 <= capacityIncr & (for 0 <= r < seqLength,
theSeq[r] == element at rank r of the sequence)

-.':/

private int seqLength; // number of elements in the sequence
private Object[] theSeq; // array to store the sequence elements
private int capacityIncr;// amount to increment the array size

// when expanded

private boolean debugon; // debugging option

private static final int DEFAULT_INITIAL_CAPACITY = 2;
pr1vate stat1c f1na1 int DEFAULT_CAPACITY_INCREMENT = O;
private static final double CAPACITY_MULTIPLIER = 2.0;

o

* Constructs an empty sequence (with the default initial

* capacity and incrementing policy).
* <dt><b>Postcondition:</b> ] o ]
* <dd>constructs an empty sequence with initial capacity

<code>DEFAULT_INITIAL_CAPACITY</code> and an incrementing
policy such that the size is doubled on each expansion



public ArrayRankedseq()
{ this(DEFAULT_INITIAL_CAPACITY, DEFAULT_CAPACITY_INCREMENT); }

Constructs_an empty sequence with the given initial capacity
(and default incrementing policy).

@param initialCapacity the number of (empty) slots 1in the
sequence initially

<dt><b>Preconditon:</b>

<dd><code>initialCapacity >= 0</code>

* <dt><b>Postcondition:</b>

* <dd>constructs an empty sequence with initial capacity
<code>initialCapacity</code> and an incrementing policy such
/ that the size 1is doubled on each expansion

ublic ArrayRankedseq(int initialCapacity)
this(initialCapacity,DEFAULT_CAPACITY_INCREMENT); }
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* Cconstructs an empty sequence with the given initial capacity

* and increment.

@param initialcCapacity the number of (empty) slots 1in the

sequence initially

@param capacityIncrement capacityIncrement if positive, the

number of slots to add when the capacity needs to be

increased; if zero, double the capacity.

<dt><b>Preconditon:</b>

<dd><code>initialCapacity >= 0 & & capacityIncrement >=

0</code>

* <dt><b>Postcondition:</b>

<dd>constructs an empty sequence with initial capacity
<code>initialcapacity</code> and capacity increment

*/ <code>capacityIncrement</code>

public ArrayRankedsSeq(int initialCapacity,int capacityIncrement)

{ if (initialcapacity >= 0 && capacityIncrement >= 0)

theSeq = new Object[initialCapacity];

capacityIncr = capacityIncrement;

segLength = 0;

debugon = false;}
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Insert a new element at the given rank into the sequence.

@param r the rank at which to insert the object

* @param e the object to be inserted

@throws BoundaryVviolationException (e.g., if precondition

not satisfied)

<dt><b>Preconditon:</b>

<dd><code>0 <= r <= theSeq.Tlength</code>
<dt><b>Postcondition:</b>

<dd>object <code>e</code> added as element at rank
<code>r</code>. Ranks of all elements (if any) with old ranks
>= <code>r</code> are increased by one.

pubTlic void insertAtRank(int r, Object o)
throws BoundaryviolationException
{ if (0 <= r & r < theSeq.length) {
addslot(r);
theSeq[r] = o;
seqLength++;}
else throw new BoundaryviolationException
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* Delete the element at the given rank from the sequence.



* @param r the rank at which to delete the object
@throws BoundaryviolationException (e.g., if precondition
not satisfied)
<dt><b>Preconditon:</b>
<dd> <code> 0 <= r < theSeq.length</code>
<dt><b>Postcondition:</b>
* <dd>element at rank <code>r</code> is removed.
* Ranks of all elements (if any) with old ranks >
f/ <code>r</code> are decreased by one.
pubTlic void deleteAtRank(int r)
throws BoundaryviolationException

{ if (0 <= r & r < theseq.length) { //thus the element exists
removeSlot(r);
seqLength--; }
else throw new BoundaryviolationException
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* Replace the element at the given rank in the sequence.
@param r the rank at which to replace the object

@param e the replacement object

* @throws BoundaryviolationException (e.g., if precondition
not satisfied)

<dt><b>Preconditon:</b>

<dd><code>0 <= r < theSeq.Tlength</code>

* <dt><b>Postcondition:</b>

* <dd>eTement at rank <code>r</code> is replaced by object
* <code>e</code>.

public void replaceAtRank(int r, Object o)
throws BoundaryviolationException
{ if (0 <= r & r < theSeq.length) { //thus the element exists
theSeq[r] = o;
else throw new BoundaryviolationException
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* Retrieve the element at the given rank from the sequence.
* @param r the rank whose value 1is to be returned
* @throws BoundaryviolationException (e.g., if precondition

not satisfied)

<dt><b>Preconditon:</b>

<dd><code>0 <= r < theSeq.length</code>

* @return the element at rank <code>r</code>

o
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public oObject elementAtRank(int r)
throws BoundaryviolationException
{ if (0 <= r & r < theseq.length) { //thus the element exists
return theseq[r]; }
else throw new BoundaryviolationException
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* Determine the Tength of the sequence.

* @return the number of elements in the sequence.
public int Tength()
{ return theSeq.length; }
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* Determine whether the sequence is empty.
* @return true if the sequence contains no elements;
* otherwise false.
-.':/

pubTlic boolean isEmpty()

{ return (theSeq.length == 0); }

N



* Release the unused capacity of the sequence.

* <dt><b>Postcondition:</b>

* <dd>frees any unused capacity, making the capacity equal to
* the sequence length.

pu 11c void trimToLength()

{ if (seqLength < thesSeq.length)

) { theSeq = copyArraySegment(theSeq,0,seqLength); }
/¥ . .
* Enab]es debugging option.
<dt><b>Postcondition:</b>

* <dd>internal debugging option turned on

*/
b
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w

ublic void enablebebug()

publ
{ debugon = true; }
/%

* D1sab1es debugging option.
* <dt><b>Postcondition:</b>
*/<dd>1nterna1 debugging option turned off
public void disablebDebug()
{ debugon = false; }
/

Interna1 method that adds a new "empty" array slot at the
given rank.
@param r the rank at which to add a new slot
<dt><b>Preconditon:</b
<dd><code>0 <= r <= seqlLength</code>
<dt><b>Postcondition:</b>
<dd>array elements with old indexes in range
* <code>[r..seqLength)</code> moved one index higher. A new
* array slot opened at index <code>r</code>. More capacity is
* allocated if current array full
private void addslot(int rank)
if (0 <= rank && rank <= seqLength) {
if (seqLength < theSeq.length)
{ for (int i = seqLength ; i > rank; i--)
{ theseq[i] theseq[i-1]; }
theSeq[rank] null;

else // seqLength == theSeq.Tlength
{ Object[] temp = new Object[determineNewCapacity()];
int i;
for (i = seqLength ; i > rank; i--)
{ temp[i] = theSeq[i-1]; }
for (i-- ; 1 >=0; i--)
{ temp[i] = theSeq[i]; }
theSeq = temp;

Internal method that determines the desired new size of the
array when increasing it is necessary.

@return the number of slots needed in the increased size

array <dt><b>>Postcondition:</b>

<dd>return is <code>capacityIncr</code> if it is positiv;
otherwise it is the current capacity multiplied by

* the factor <code>CAPACITY_MULTIPLIER</code>.

:':/



private int determineNewCapacity()
int incr = Math.max(0,capacityIncr);
if (capacityIncr == 0)
{ incr = (int) ((doub1e) theSeq. length
(CAPACITY_MULTIPLIER - 1.0));
incr = Math.max(1,incr);

}
return (theSeq.length + incr);

N

Intﬁrna1 method that removes the array slot at the given

rank.

@param r the rank at which to remove the slot

<dt><b>Preconditon:</b>

<dd><code>0 <= r < Tength()</code>

<dt><b>Postcondition:</b>

<dd>array elements with old indexes in range
<code>[r+1..seqLength)</code> are moved one index Tower.

private void removeSlot(int rank)

{if (0 <= rank && rank < seqgLength) {// thus at least one exists
for (int i = rank ; i < segLength-1; i++)
{ theSeq[1] = theSeq[i+1]; }
theSeq[seqLength-1] = null;}

Internal method that creates a copy of a segment of an array.
@param oldArr the array of objects to copy from

@param beg the beginning (i.e., smallest) index of the array
segment to copy

@param len the length of the segment to copy
<dt><b>Preconditon:</b>

* <dd> <code>0 <= beg < oldArr.length && 0 <= Ten && </code>

* <code>beg + len <= oldArr.length</code>
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@return the new array of size <code>len</code> containing
* references to elements <code>[beg..beg+len)</code> of
* <code>oldArr</code>
pr1vate ObJect[] copyArraySegment(Object[] oldArr,int beg,int Ten)
{ f (0 <= beg && beg < oldArr.length &&
0 <= Ten && beg + len <= oldArr.length) {
Object[] newArr = new Object[len];
int j = beg;
for (int i = 0; i < len; i++)
{ newArr[i] = oldArr[j];
J++;

return newArr;}

* Debugging method that displays internal information from the

* instance on the standard output.

oo
w
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public void DEBUG_showSequence(String msg)

{ System.out.println("*** BEGIN sequence display: " + msg);
System.out.printin("Length = " + seqLength + ", " +
"Capacity = " + theSeq.length + ", " +
"Increment = " + capacityIncr );

for (int i = 0; i < seqLength; i++)
{ System.out.printin(i + "\t" +
) (theseq[i] == null ? "NULL" : theSeq[i].toString()));

System.out.println("*** END sequence display:

+ msg);



package SoftwareInterfaces;

import java.util.*;
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A class that adapts the <code>java.util.vector</code> class to
* implement the ranked sequence abstract data type.

* @aut hc_> r XXXXXXXXXXXX
* @version 28 June 2001
public class VvectorRankedSeq implements RankedSequence

/* Implementation Invariant:(for 0 <= r < theSeq.size(),

* theSeq.elementAtRank(r) == element at rank r of the sequence)
private Vector theSeq; // the vector to store the sequence
private boolean debugOn; // debugging option

* Constructs an empty sequence (with the default initial

* capacity and incrementing policy).

* <dt><b>Postcondition:</b> ] o ]

* <dd> constructs an empty sequence with initial capacity ]

¥ <code>DEFAULT_INITIAL_CAPACITY</code> and an incrementing

* policy such that the size is doubled on each expansion

*/

ublic vectorRankedseq()

P
{ theSeq = new Vvector();
/JJ

Constructs an empty sequence with the given initial capacity

(and default incrementing policy).

@param initialcCapacity the number of (empty) slots 1in the

sequence initially

<dt><b>Preconditon:</b>

<dd><code>initialCapacity >= 0</code>

<dt><b>Postcondition:</b>

<dd>constructs an empty sequence with initial capacity
<code>initialCapacity</code> and an incrementing policy
such that the size is doubled on each expansion

pub11c VectorRankedseq(int 1n1t1a1Capac1ty)

{ 1if (initialcapacity >= 0

) theSeq = new Vector(1n1t1a1Capac1ty) }

/JJ
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Constructs an empty sequence with the given initial capacity
and increment.

@param initialcCapacity the number of (empty) slots 1in the

sequence initially

@param capacityIncrement capacityIncrement if positive, the

number of slots to add when the capacity needs to be

increased; if zero, double the capacity.

<dt><b>Preconditon:</b>

<dd><code>initialCapacity >= 0 & & capacityIncrement >=

0</code>

<dt><b>Postcondition:</b>

<dd>constructs an empty sequence with initial capacity
<code>initialcCapacity</code> and capacity increment
<code>capacityIncrement</code>
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public VectorRankedseq(int initialCapacity,int capacityIncrement)
{ if (initialCapacity >= 0 && capacityIncrement >= 0)
theSeq = new Vector(initialCapacity, capacityIncrement); }



* Insert a new element at the given rank into the sequence.
* @param r the rank at which to insert the object

* @param e the object to be inserted

@throws BoundaryViolationException (e.g., if precondition
not satisfied)

* <dt><b>Preconditon:</b>

* <dd><code>0 <= r <= theSeq.size()</code>
<dt><b>Postcondition:</b>

* <dd>object <code>e</code> added as element at rank

* <code>r</code>. Ranks of all elements (if any) with old
* ranks >= <code>r</code>are increased by one.

pubTlic void insertAtRank(int r, Object o)
throw new BoundaryViolationException
{ if (0 <= r && r <= theSeq.size()) {
theSeq.insertElementAt(o,r); }
else throw new BoundaryviolationException

* Delete the element at the given rank from the sequence.
* @param r the rank at which to delete the object
* @throws BoundaryviolationException (e.g., if precondition
not satisfied)
<dt><b>Preconditon:</b>
* <dd> <code> 0 <= r < theSeq.size()</code>
* <dt><b>Postcondition:</b>
* <dd>eTement at rank <code>r</code> is removed.
* Ranks of all elements (if any) with old ranks >
* <code>r</code> are decreased by one.
pubTlic void deleteAtRank(int r)
throw new BoundaryViolationException
{ if (0 <= r & r < theSeq.size()) {// thus the element exists
theSeq.removeElementAt(r);}
else throw new BoundaryviolationException

* Replace the element at the given rank in the sequence.

@param r the rank at which to replace the object

@param e the replacement object

* @throws BoundaryviolationException (e.g., if precondition
not satisfied)

<dt><b>Preconditon:</b>

* <dd><code>0 <= r < theSeq.size()</code>

* <dt><b>Postcondition:</b>

* <dd>eTement at rank <code>r</code> is replaced by object
* <code>e</code>.
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public void replaceAtRank(int r, Object o)
throw new BoundaryViolationException
{ if (0 <= r && r < theSeq.size()) {// thus the element exists
theSeq.setElementAt(o,r);
else throw new BoundaryviolationException

* Retrieve the element at the given rank from the sequence.
* @param r the rank whose value 1is to be returned

* @throws BoundaryviolationException (e.g., if precondition
* not satisfied)

* <dt><b>Preconditon:</b>

* <dd><code>0 <= r < theSeq.size()</code>



* @return the element at rank <code>r</code>

public Object elementAtRank(int r)
throw new BoundaryViolationException
{ if (0 <= r & r < theSeq.size()){ // thus the element exists
return theSeq.elementAt(r);}
else throw new BoundaryviolationException

* Determine the length of the sequence.
* @return the number of elements in the sequence.

pubTlic int Tength(Q)
{ return theSeq.size(); }
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* Determine whether the sequence is empty.

* @return true if the sequence contains no elements;
* otherwise false.
:':/

pubTlic boolean isEmpty()
{ return theSeq.isempty(; }
/
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* Release the unused capacity of the sequence.

* <dt><b>Postcondition:</b>

* <dd>frees any unused capacity, making the capacity equal to
*/ the sequence Tength.

pubTlic void trimToLength()
{ theSeq.trimToSize(); }
/
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* Enables debugging option.

* <dt><b>Postcondition:</b>
i/<dd>interna1 debugging option turned on
public void enablebDebug()

{ debugOn = true;
/
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Disables debugging option.
* <dt><b>Postcondition:</b>
i/<dd>interna1 debugging option turned off
public void disablebebug()

{ debugon = false;
/

* Debugging method that displays internal information from the

o

* instance on the standard output.

public void DEBUG_showSequence(String msg)

{ System.out.println("*** BEGIN sequence display: " + msg);
System.out.printin("Length = " + theSeq.size() + ", " +
"Capacity = " + theSeq.capacity());

for (int i = 0; i < theSeq.size(); i++)
{ System.out.printin(i + "\t" + theSeq.elementAt(i)); }

System.out.println("*** END sequence display: + msg);



