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CSC 307 Lectue Notes Week 7
Design for Independent, Incremental Testing
Refining Model Design Using the dvaLibrary
A Key Design Patterns for 307 Projects

Designing for independently testable packages.

A.

Team deelopers should design their imitlual packages and classes to be testable independently from other
team members’ packages.

Providing "canned" test data is one aspect of independently testable designs.

1. Suchtest data are used when data-producing packages are not yet implemented by other team members.

2. Thesedata can also be very handy when an implemented package unexpectedly breaks, leaving users of
the package stuck until the broken package is fixed.

Ina Jhva-based implementation, having individualizesd n methods supports independent testing.
1. For corvenience, theseri ns can be in model classes.

2. Duringthe initial phases of delopment, it fine to hae ssme testing done directly in the model classes.
a. Thesaenitial tests are designed to check that an implementation is going in the right direction.
b. The initial tests will golve into the formal tests that are in thest i ng project directory.

A testingmai n method in a model class does the following steps:
1. Constructnodel class(es) to be tested.

2. Construcand compose companion view(s).

3. Constructanned test data.

4. Shav the top-leel view(s).

Independently-testabtiesigns aller incremental development, meaning the implementation can be tested in
successiely refined increments, each with more strenuous and less canned test data.

Java Library packages for model and process data.

Question: How many packages and classesin the standard Java 7 library?

Answer: 209 and 4205, respectively

A. Thekey packages we’'ll ceer in these notes are:

1. java.lang -- the fundamental ¥a language package, with classes such as Object, String, and System.

2. java.util -- the highetlevel Java language package, including the collection classes, date/time classes, and
others.

3. java.io -- file input/output and related processing.

B. Thefunctionality provided in these packages is central to the work you're doing in 309.

C.

Theclasses and interfaces in these packages are summarized in the UML diagramswuhat follo
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E. Packagg ava. uti |
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F. Packagg ava.i o

Interfaces: Serializable

Classes: [ (bj ect < QutputStream  [I—LFilterQutputStream<—| p.i hi stream
void wite(byte) void print(...)
void println(...)

Fi | eQut put Stream

Fi | eQut put Strean(String)

bj ect Qut put St ream

bj ect Qut put St r ean( Qut put Stream)
void witeObject(ject)

| nput St ream < Fi | el nput Stream

int read(byte[]) Fil el nput Stream(String)

oj ect | nput St ream

oj ect | nput Strean( | nput St ream
Obj ect readObj ect ()

File

—| File(String)

bool ean exi sts()

bool ean creat eNewFi | e()
String getPath()

—[ Except i on<d— 1 OExcept i on |<I——| EQFExcepti on |

| Fi | eNot FoundExcepti on |

| nj ect St r eanException |

lll. Usingj ava.io. Fileandjavax.sw ng. JFi | eChooser for platform-independent file access.

A. Usefulgeneral operations of claBs! e include:
1. canRead

canWrite

createNeFile

delete

isDirectory

isFile

mkdir

No ogprwdN

B. Packagg ava. i o provides very classes to read and write file data.
1. To enable a class to be written to and read from a file, the class impleme8gsi #higable interface.
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a. Serializable has no methods, so all you need to do is implement it.
b. Doing so is allows the class data to be "serialized" for sending to a filg orpart/output stream.

For output, the classes dfel eCut put St r eamandObj ect Qut put St r eam
For input, the classes aFé | el nput St r eamandQbj ect | nput St r eam
Theseclasses are used in conjunction with serializable objects.
E.g.,.suppose we ha

public class SoneMdel C ass inplenents Serializable {

arwDn

}

6. To write out such a model object do the following:
nmodel = new SoneMbddel O ass();
/* Put some data in nodel ... */

FileQutputStreamoutFile =
new Fi | eQut put St r ean(
"nmodel . dat");

Chj ect Qut put St ream out Stream =
new Obj ect Qut put Strean{outFil e);

out Stream writ eCbj ect (nodel ) ;

7. To read the object back in:

FilelnputStreaminFile =
new Fi | el nput St reanm( " nodel . dat");

hj ect I nput Stream i nStream =
new Qbj ect | nput Strean(inFile);

nodel = (SomeMbddel Cl ass)
i NSt ream readObj ect () ;

C. javax.swing.JFileChooser provides a platform-independent Ul for file selection; particularly useful methods:
1. shavOpenDialog
2. shavSareDialog
3. getSelectedFile
4. setSelectedFile

IV. Review of "canned" model data for initial testing.

A. For initial testing of a model/vie design, it is ery useful to hae ample model data, that are displayed in
corresponding views.
1. Inthe beginning, these data can be entirely "canned", i.e., defined as constants in the model classes.

2. Agood place to get concrete example data values is from the requirements.

B. Themodel data can be dedred to the viev using the same methods that will ultimately produce the real
data.
1. For example, if an iterator method is used to access model data, the body of the method can produce the
canned data.
2. If collection-alued data are returned by the model, canned data can be generated by temporary testing
methods

C. Examplesof the preceding ta forms of canned data generation are illustrated in the Calendhicdde
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from the Week 3 notes.

1. The iterator methods in thébnt hl yAgenda model class deler a fixed month of data to the
Mont hl yAgendaDi spl ay view class.

2. InthelLi st s model class, there isgener at eSanpl eLi st () method that generates a sample data
value that appears in the requirements; this piece of data is returnedshys. vi ewAppoi nt -
ment Li st () to theAppoi nt nent sLi st Di spl ay view class.

V. View data collection and validation.

A. Whenthe user enters data in a GUI, awieass collects it in na form.

B. For example, thget Text method extracts the string data fromdEext Fi el d.

C. Onceraw data are collected there:

1. Corverted by the model, from theirwaview form into whateer form the model needs, e.g., a string-to-
numeric comersion.

2. Validated by the model, based on preconditions to a model processing method.
3. Processely the model as appropriate.

VI. Using exception handling in a model/design, to perform data validation.

A. Thereare a number of ways to perform input data validation in a modeldgsign.

B.

C.

D.

In general, most if not all of the validation should be done by the model.
1. Injargon terms, we & a 'smart model and stupid view".

2. Whatthis means is that the wiedoes not kner anything "smart" about the data, in terms of its structure,
or whether it5 €mantically valid.

3. Theview is in chage of displaying data in the Ul, and managing thenebased interactions with the
user.

4. Themodel is in chage of storing the data, and managing all of the content-based access and manipulation

of the data, including validation.

Ina design that includes formally-specified of methods, a useful way to handle data validation isceith e
tion handling

Thisstyle of design is discussed in the nexiesa points of the notes.

VII. Quick review of exception handling concepts.

A.
B.

Normally, when a method is entered via a call, it exits by returning to the caller.

In a language with an exception handling mechanism, there is an "abnormal" way for a method to exit -- by

throwing (a.k.a., raising) an exception.

1. Raisingan exception allows a method to exit in a manner separate from its normal return-to-caller mode.

2. Whenan exception is thrown in a method, control does not return directly to the batleather some
other actve method that catches (a.k.a., handles) the exception.

3. Thecatch can be in the immediate callart it is not limited to be.

4. Thecatch does hee © be prformed by a currently aggé method; i.e., a method that directly or indi-
rectly called the method in which the exception occurred.

Different programming languages provide different stylesxoémion handling, and details differ widely
between languages.

1. Atthe design leel, we use an abstract graphical notation to depict exception handling.
2. Atthe implementation, we will use standardaleotation for exception handling.
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VIIl. Design diagram notation for exception handling.

A. In our high-level function diagram notation, exception handling is shown with labeled arrows leading into
and out from a method.

B. Figurel is an &cerpt from the 309 handout on the graphical modeling notation which illustratescte e
tion diagramming format.
1. Inthe FigureMet hodX calls three submethodd , X2, and X3.
2. Met hodX2 andMet hodX2 return in the normal way.
3. Met hodX1 can return in the normal walut also thrav an exception that is caught byet hodX.

C. Thisnotation is used in the example diagrams thatvollo

IX. An example of data collection, exception handling, and related Model-View communication.

A. Figure?2 illustrates the use ofxeeption handling to validate user input data, in a Calendar Sthed-
ul eEvent dialog.
B. Thefigure shows the model meth&thedul e. schedul eEvent throwing anSchedul eEvent Pr e-
condVi ol ati on exception to the companion wie method OKSchedul eEvent Butt onLi s-
t ener. acti onPerf or ned.
C. Theexception is thrown when one or more input errors is detected, based on the processing done the the
schedul eEvent method.

D. What follows is the code folOKSchedul eEvent Butt onLi st ener. acti onPerforned() and
friends, corresponding to the design shown in Figure 2.
public class OKSchedul eEvent ButtonLi stener inplenments ActionListener {

/**
* Construct this with the given Schedul e nodel and parent dial og view.
* Access to the nodel is for calling its schedul eEvent nethod. Access to
* the parent viewis for gathering data to be sent to schedul eEvent.
>/
publ i ¢ OKSchedul eEvent But t onLi st ener ( Schedul e schedul e,
Schedul eEvent Di al og di al og) {
this.schedul e = schedul e;
this.dialog = dialog;
}

/**
* Respond to a press of the OK button by calling Schedul eEvent with a new
* Event. The Event data are gathered fromthe JText Fields and JConboBox

Excep
MethodX
MethodX1 [ MethodX2 J [ MethodX3 J
Excep

Figure I Event diagramming notation.
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Schedul eEvent
PrecondVi ol ati on.
cl ear

val i dat el nput s

Schedul eEvent
PrecondVi ol ati on.
anyErrors

AV )

Schedul eEvent
PrecondVi ol ati on.
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—
— Cal endar DB.
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ﬁScheduI eEvent

PreconVi ol ati on.
set NoAct i veCal endar Err or

¢ e JU U U

User Cal endar . add

|
J

Figure 2 User input data collection and validation for schedulingvante

* in the parent dial og.

*/

public void actionPerforned(ActionEvent e) {

try {

schedul e. schedul eEvent (
new cal t ool . schedul e. Event (
dial og.getTitle(),
di al og. get StartDate(),
di al og. get EndDat e(),
di al og. get Cat egory(),
di al og. get Locat i on()

)
}

Title as a string
Start date as a Date
Start date as a Date
Category as a Category
Location as a string

catch (Schedul eEvent PrecondViol ation errors) {
di al og. di spl ayErrors(errors);

}
}

/** The conpani on nodel */
protected Schedul e schedul e;
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/** The parent view */
prot ect ed Schedul eEvent Di al og di al og;

}

E. Hereis the code for companion model method that potentially throws the exception.

public class Schedul e extends Mdel {

/**

* Schedul eEvent adds the given Event to the given CalendarDB, if an event
* of the sane start date and title is not already schedul ed.

pre: Detailsin next week's notes

post: Detailsin next week's notes
/
public void schedul eEvent (Event event)
t hr ows Schedul eEvent PrecondVi ol ati on {

* % % Xk

/*
* Clear out the error fields in precond violation exception object.
>/

schedul eEvent PrecondVi ol ati on. cl ear();

/*
* Throw a precond violation if the validly check fails on the start or
* end date.
>/
if (validatelnputs(event).anyErrors()) {
t hr ow schedul eEvent PrecondVi ol ati on;
}

/*
* Throw a precond violation if an event of the sane start date and
* title is already schedul ed.
>/
if (alreadySchedul ed(event)) {
schedul eEvent PrecondVi ol ati on. set Al readySchedul edError();
t hrow schedul eEvent PrecondVi ol ati on;

}

/*
* Throw a precond violation if there is no currently active cal endar.
* Note that this condition will not be violated when interacting
* through the view, since the 'Schedule Event’ nenu itemis disabled
* whenever the there is no active cal endar.
>/
if (calDB.getCurrentCalendar() == null) {
schedul eEvent PrecondVi ol ati on. set NoActi veCal endar Error () ;
t hr ow schedul eEvent PrecondVi ol ati on;

}

/*

* |f preconditions are nmet, add the given event to the currently
* active cal endar.

>/

cal DB. get Current Cal endar (). add(event);
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}

F. Here is the code for the ScheduleEventPrecondViolation

package cal t ool . schedul €;

i mport caltool.PrecondViol ation;
import java.util.*;

/****

*

Cl ass Schedul eEvent PrecondVi ol ati on defines and exception containing error
conditions for the Schedul e. schedul eEvent nethod. It contains a |list of

the specific error nessages that nay be output in response to a precondition
havi ng been violated by a call th schedul eEvent.

I I

/
public class Schedul eEvent PrecondVi ol ati on ext ends Exception
i mpl enents PrecondVi ol ation {

/**
* Construct this by initializing the error nessage list to an enpty list,
* jnitializing the nunErrors count to 0, and initializing |ocal copies of
* the error nessage text for each of the possible errors from
* Schedul e. schedul eEvent .
>/

publ i ¢ Schedul eEvent PrecondVi ol ati on() {

errors = new ArraylList();

al readySchedul edMessage = new Stri ng(
"An event of the given start date and title is already scheduled.");

inval i dStartDat eMessage = new String(

"Invalid start date.");
i nval i dEndDat eMessage = new Stri ng(

"Invalid end date.");
noActi veCal endar Message = new Stri ng(

"There is no active calendar in the Cal endar Tool workspace.");

nunkrrors = 0O;

}

[ *o*

* | npl emented i nterface nethods.
>/

/**
* Return the error |ist.
>/
public String[] getErrors() {
return (String[]) errors.toArray(new String[1]);
}

/**
* Clear all error nessages.
*/
public void clear() {
errors = new ArraylList();
nunErrors = 0;
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/**
* Return true if any errors have been set.
*/
publ i c bool ean anyErrors() {
return (nunkrrors > 0);

}

/**

* Return the nunber of errors.

*/

public int nunberOfErrors() {
return nunErrors;

}

[ *o*

* Error-setting nethods
*/

/**
* Set the already schedul ed error nessage.
*/
public void setAl readySchedul edError () ({
errors. add(al readySchedul edMessage) ;
NUEr r or s++;

}

/**
* Set the invalid start date error message.
*/
public void setlnvalidStartDateError() ({
errors. add(i nval i dSt art Dat eMessage) ;
NUErr or s++;

}

/**
* Set the invalid end date error nessage.
*/
public void setlnvalidEndDat eError() {
errors. add(i nval i dEndDat eMessage) ;
NUEr r or s++;

}

/**
* Set the no active cal endar error message.
*/
public void setNoActiveCal endarError() ({
errors. add(noActi veCal endar Message) ;
NUErr or s++;

[ *o*

* Data fields
*/

/** List of current error nessages */
protected ArraylList errors;

/** Error message count */
protected int nunErrors;
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/** Error message for event of sane date,title already schedul ed */
protected String al readySchedul edMessage;

/** Error message for invalid start date */
protected String invalidStartDat eMessage;

/** Error message for invalid end date */
protected String invali dEndDat eMessage;

/** Error message for no currently active cal endar in the workspace */
protected String noActiveCal endar Message;

G. Finally, here is the code for the general interface that all precondition violation exceptions must implement:

package cal t ool ;

/****

*

* |Interface PrecondViol ation defines the methods that all precondition
* violation exceptions nust inplenent.

*
>/
public interface PrecondViol ation {

/**

* Return the concrete error list for precondition violation. Each
* position in the list corresponds to violation of a particular

* precondition clause.

>/

public String[] getErrors();

* %

/* Clear out all of the error nessages in this.

*

pui)l ic void clear();

/**

* Return true if one or nore error nessages has been set.
*

pui)l i ¢ boolean anyErrors();

/**

* Return the nunber of error nessages.
>/
public int nunberOErrors();

X. A note on model-view communication via direct data reference versus dynamic method computation.
A. Considetthe Calendar Tool vie for an individual scheduled item versus a monthlyweéitems.
1. Inthe case of a single item wigthe display shows data that are persistently stored within the model data.
2. Inthe case of a monthly wie some of the data are persistently stored, but the other parts of the data, in
particular the month/day layout, are dynamically computed.

B. Theseare examples of a data persistence design pattern we’'ll discuss further in upcoming lectures.
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XI. A key design patten for use in 307 projects -- Obsarer/Observable

A. Usefulwhen multiple views change, based on changing model, e.g.,
1. CalTool: daily, weekly, monthly views
2. Testtool: question dialogs, question DB, tests

B. In Jara, this pattern is defined with th@bservable class and th©bserver interface, which are summarized
as follows:

interface Observer {
public void update(
Gbservabl e o,
oj ect arg)

}

cl ass Observabl e {
voi d addObserver (Cbserver 0)
voi d set Changed()
bool ean hasChanged()
voi d notifyQbservers()
voi d notifyQbservers(Cbject arg)

C. Atthe top leel of the design, the MVR/i ew class implement&bser ver and the MVPMbdel class
extendsCbser vabl e:
public class View inplenents Qbserver {

}

public class Mdel extends Ohservable inplenments Serializable {

}

D. Heres an éample of typical use in the Calendavol, where avbnt hl yAgenda view obsenes aUser -
Cal endar, so hat the agenda display will be automatically updates wieetiee calendar changes.

public class UserCal endar extends Mdel {

public void add(Schedul edlitemitem {

itens. add(iten);
set Changed() ;

public class OKSchedul eEVent Butt onLi stener inplements ActionListener {

public void actionPerforned() {

try {
schedul e. schedul eEvent (

new cal t ool . schedul e. Event (

)
)
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schedul e. noti fyCbservers();

public class Mnthl yAgenda extends Vi ew {

}

publ i ¢ Mont hl yAgenda(cal t ool . vi ew. Vi ew vi ew, User Cal endar user Cal endar) {

user Cal endar . addCbser ver (thi s)
}

public void update(Cbservable o, Chject arg) {

/* CGet items for this nonth from Mnthyl yAgenda nodel and update display */

E. Thekey aspects of this example are the following:

1.

Obserable classesxéendj ava. uti| . Observabl e. This extension can be direct, or in theample
above, indirect vianvp. Model .

Obserer classes implementava. util . Qoserver. This implementation can be direct, or in the
example abwe, indirect viamvp. Vi ew.

Theconstructor of an observer class callklObser ver on all the model classes it wants to observe.

In obsenable model classes, all mutating methods@afler vabl e. set Changed when thg perform

a mutation.

a. Amutating method is apthat changes the state of the data in its class.

b. Inthe abwe example, its theUser Cal endar . add method, which adds an item to a calendar.

c. Examplesof other mutating methods are those that delete or modify items from the calendar
User Cal ender . del et e andUser Cal ender . change.

. Incompanion vies classes, thact i onPer f or med method that calls a mutating model method subse-

quently callsObser vabl e. noti f yObser ver s, when the mutating methods succeeds.

a. Thisseparation of calls teet Changed andnot i f yCbser ver s enforces a clean separation of
model/viev duties.

b. The model callset Changed in all of its mutating methods, but nodt i f yCbser vers.

c. Theview callsnot i f yObser ver s after a successful call to a mutating model method.

d. Bynot callingnot i f yObser ver s, the model maintains its independence from its views, and other
classes that are observing it.

e. Bynot callingset Changed, the viev maintains its independence from the model classes that kno
when and when not to signify changes in the state of model data.

In observing viev classes, th&bser vabl e. updat e method is imoked via not i f yQbser vers;

when irvoked, updat e calls appropriate model methods to query the model state and access model data.
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