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Laboration 3
Drawing program

Introduction

The purpose of the exercise is that you will learn how window-oriented programs can be written and how
objectsinteractto solveacomplicatedproblem.Youwill getanoccasionto usedesignpatternsandto docu-
ment your solution using UML diagrams.

Preparations

Put your files in a separate directory and make sure that it can be read only by those in your lab group. If
you want the teaching assistants to be able to read your files, give read permissions to the AFS group
oopk_e00:assistenter.

Load the course module before starting work:

module load oopk_e00

Copy the make file from the course directory:

cp $OOPKHOME/Makefile .

You need to edit this file before compilng.

In thisexercise,youwill usethegraphicspackageGrain.It is documentedin amanualpagethatis printed
in thecoursematerial.You canalsoview themanualpageon-lineby typing "man grain". If youusethe
Makefile from the course directory, your code will be linked with the Grain library.

Look atthedeisgnpattersCompositeochObserver,whicharebothrelevantfor thisprogrammingexercise.
You should draw UML diagrams that describe your program. Therefore, review the lecture notes about
UML and the UML Quick reference that can be found in the course material.

The problem

You areto write asimpledraingprogram.Whentheprogramis started,awindowis to bedisplayedonthe
screenin which theusercandrawsimplegeometricobjectslike rectanglesandellipses.For theimplemen-
tation, you have touse the graphics package Grain. Your program should have the following properties:

• One should be able to create objects of different types and arbitrary size by using the mouse.
Theprograminitially only needsto beableto createrectanglesandellipses,but it shouldbeeasyto
add new types of objects, e.g., general polygons, with minimal changes to the program code.  The
user determines what to draw by selecting an appropriate drawing tool.

• It should be possible to move the objects around on the drawing surface using the mouse.
Each object has a position on the drawing surface. The user should be able to drag objects around
the drawing surface by pressing the right mouse button when the marker is at an object’s position.

• Scrolling of the drawing surface should be possible.
The user should be able to decide what part of the drawing surface that is visible in the window by
dragging the drawing surface (the mouse button is pressed down then the marker is over the back-
ground,i.e.,notatanobject). Theeffectis approximatelythesameasif draggingall objectsatonce.
However,thescrollingshouldonlyaffecttheviewthatiscurrentlyselected(seebelowaboutmutiple
views).

• Grouping of objects should be possible.
It shouldbepossibleto selectanumberof objectsandto createagroupof theseobjects.Thegroup
shouldbehavelike it wasasingleobject.If, for example,theuserdragssomeobjectin thegroup,all
of the objects in the group should move together. A group may contain other groups, and it should
be possible to ungroup objects that are grouped together.

• It should be possible to delete objects.
It sohuld be possible to delete one or several objects. If a group (see above) has been selected, all
objects in the group should be deleted.

• An object may be visible in several views (windows) at the same time.
If adrawingis large,nowindowcanshowall of thedrawingatonce.Manydraingprogramsthere-
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fore allows for creating severalviewsof the drawing. Each view is shown in its own window. All
views show the same objects, but they can be scrolled individually. This gives the user the oppor-
tunity of viewingpartsof thedrawingthatarefar apartat thesametime.All changesof thedrawing
surface should immediately be visible in all views that are affected (where the area of change is vi-
sible).Forexample,if theuserdragsanobject,thisshouldbeshownin all viewsin whichtheobject
is visible. If the user deltes an object, it should immediately disappear from all views. However, if
theusermerelyscrollsaview, nootherviewsshouldbeaffectedby thisoperation.Theusershould
beableto havearbitrarymanyviewsopenatthesametime.It shouldbepossibleto closeviews,and
when the last views is closed, the program should terminate.

It shouldthusbepossibleto usethemouseto moveobject,scroll views,andto selectobjectsfor grouping
anddetetion.Apartfrom theseconstraints,youcanmaketheuserinterfaceassimpleaspossible.You may,
for example, let the user select the drawing tool or operation using key presses (e.g., r=draw rectangles,
g=group, s=split, etc.)

For the operations group, split, and delete, the user must be able to select several objects before the opera-
tion is committed as follows. The program should keep a list (or similar)s of seelcted objects.s may be
empty. The objects ins are marked on screen for example by drawing them using extra thick lines. If the
user clicks the objectx while holding down theShift key when no drawing tool is selected,x should be
addedtos. If theobjectis alreadyin thelist, it shouldberemoved(toggleselect).If Shiftwasnotpressed,
s should be flushed beforex is added (so thatx becomes the sole marked element). If the user clicks the
background,s should also be flushed (deselect). The operationgroup should create a group of all objects
in s. Theoperationspilt shouldsplit thefirst levelof all groupsin s andignoreotherobjects.Theoperation
delete should remove all objects ins.

Draw UML diagrams to document the classes and their relations and interaction. You may draw the dia-
grams by hand, but they should be readable and follow the UML syntax. There should be both class dia-
gramsandinteractiondiagramsshowinghowthedrawingprogram,thegeometricalobjects,andtheviews
interactwhentheuserdragsanobject,deletesanobject,andcreatesagroup.Thediagramsshouldexplain
how the contents of the windows is updated.

Hints

Do not try to completeall of theexerciseatonce.Startwith somesimpletestprogramto accuaintyourself
with the Grain package. Especially make sure that you understand when and how events are reported by
Grain and when you may draw in a window.

Thencontinuewith asimplifiedversionof thedrawingprogram,for example,withoutmultipleviewsand
withoutgroups.Think abouttheinterfacesof theclasses(rectangle,ellipse,etc.)usedby themainprogram,
and how to represent the drawing tools.

Then add grouping. How can you make a group behave like a single geometrical object, say a rectangle?
See the design pattern Composite.

Add therestof thefunctionality.Spendsometimethinkingaboutwhichobjectsareresponsiblefor whatin
theprogram,especially,whatobjectsareresposiblefor deletingwhatotherobjects,andaboutwhereto pla-
ceinformation(objectpositions,thedrawingsurface’spositionrelativeto theview, thelist of selectedob-
jects, the list of all objects, the list of views, etc.)  Check that memory management is ssatisfactory.

You can simplify debugging by defining a simple file format for a drawing. This saves the work of redra-
wing whateveris neededto makeabugappeareachtimeyourestarttheprogram.File handlingcapabilities
are, however, not required to pass the examination.


