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Abstract

In this paperwewill describea graphicaluserinterfacethat canbe usedto convenientlybrowse

through theobjectsof an object-orienteddatabase.The applicationis limited to databaseswhose

objectsshareparent-childrelationships.Further,therelationshipbetweenthe objectsresemblesa

treestructurei.e. eachobjecthasexactly oneparent-excepttherootwhichhasno parent-andzero

or more children. Thecurrentimplementationis limited to databasesthat havebeendeveloped

using ObjectStore,an OODBMS. The softwarewe call the applicationbrowserallows userto

view all the objects in the databasein a hierarchicalstructurealong with their relationships,

attributes,identities, and constraints.But the designprinciple we usedcan be appliedto build a

moregeneralobjectbrowser.Theinterfaceis developedin C++programminglanguagewith Inter

Views [Linton92] graphicalinterfacetoollcit, ObjectStore’s05CCcompilerandits DataManipu

lation LanguageDML [0S92].

1. IntroductionandMotivation

Browserapplicationshaveprovedvery usefulin many differentareas.Someexamplesthat can

be cited immediately are ‘class’ browsersin object-orientedprogramming,the data browserin

00DBMS. If we takea C++ applicationexample,whatthebrowserdoesis to takea setof header

files that togetherconstitutea C++ programand processthem to getall the informationrelatedto

classhierarchies.This information is thenpresentedin a comprehensivemannerwhich makesit

easyto understand.Browsersare also usually interactivei.e. the usercan makethem focus on a

particularpartof theinformation,addinganotherlevel of convenience.

Databasebrowsersareparticularlyuseful.This is becausetheonly way to getinformationfrom

a databaseis by performingquerieson it. A programwhichis angraphical interfaceto performing

querieswould conceivablylet a personchoosefrom a set of generalqueriesby for instance,click

ing a button.Theinterfaceprogramwould completethe query and presentthe results.Presenting

the informationgraphicallywherenecessaryandwith theuseof scrolledwindowsfor largetextual

data,would surelyadd anotherlevel ofconvenience.

Theseideasgaveus motivation for a GraphicalInteractiveBrowserto theexistingSSCLat

tice ConfigurationDatabasein ObjectStore.This databaseis a collection of a large numberof

objectsthat shareparent-childrelationshipsresemblinga treestructuremorepreciselyan acyclic
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graph.

The browserallows convenientviewing of all objectsin the databasegraphically.Beginning

with the root userscanview any particularpartof the hierarchy.Nodesin thehierarchyrepresent

objectsin theDatabase.Attributesandpropertiesof theobjectsareshownin scrolledwindowsthat

displaytext. Sharedattributesusuallyhavemultiview connectingto thesamesubject.Usercanedit

mostof theattributes,identities andconstraintsof an object andmakethesechangesas a transac

tion back to the databasewith authorization.We have alsodevelopedan algorithm to efficiently

display the graphicalhierarchystructurewith considerationof someergonomicfeatures.

There are severalobject browserson the market that is worth mentioning. ObjectStore’s

osbrowseris a text objectbrowser.It canbe usedto traverseany object navigationhierarchybuilt

on ObjectStore.But only onebranchcanbe traversedeachtime. InterViews’ iclass is quitesimilar

to osbrowser. Energizer’sclassbrowserprovidesa graphicaltwo dimensionalinterface.It canbe

usedto browseany programelementsin thecallingtree.Programelementcanbemodified andsent

backto thedatabase.But Energizer’sclassbrowseris notvery flexible to beusedin any objecthier

archy.

Therest of the paperis a discussionof the designand implementationof the browser. The

Appendicescontaininformationrequiredto usethe browser.

The browseris implementedin AT&T cfront 3.0, InterViews 3.lbeta [Linton92], Unidraw

library [Vliss9O] and the Actor Model [Zhouj92] library developedon top of the ObjectStore

[0S92] databasemanagementsystem.

2. BasicDesignIssues

browseris mainly composedof two classes:BrowserandNode.Browserprovidesa window

view andfunctionsfor objectnodemanipulation.Nodeis a graphicalrepresentationfor theobject

nodeto be browsed.Thedesignis inspiredby thepunidrawandschem[Vliss9 1] prototypespro

vided with the InterViews 3.1 distribution.

ClassBrowseris a subclassof Unidraw’s Editor [Linton92], a baseclassfor top-levelwindows

in an application. Browserprovides a completeuserinterfacefor editing a component’ssubject

[Linton92]. It unitesone or moreviewerswith commandsand tools that actupon thecomponents

and its subcomponents.ClassNode is a subclassof Unidraw’s GraphicComps,a baseclass for
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graphicalcomponentsubjects.Nodeprovides a graphical representationand manipulationto the

actualobjectto be browsed.ClassActorprovides an objectmodel for theentity to be browsed.For

detailedinformationon Actor library, the readershould refer to [Zhouj92}.

The on-going coding is done in the subdirectory zhouj/iv-examples/examp1es/

browser, new on machinepoplar. ssc.gov 143.202.76.23.

2.1.ClassBrowser

ClassBrowser is derivedfrom Unidraw’s Editor, the baseclass for top-levelwindows in an

application. Browser provides a completeuser interfacefor browsing a componentsubject. It

unitesoneor more viewerswith Unidraw’s commandsand tools thatact uponthecomponentand

its subcomponents.

Browserprovidesa listof tools suchasSelecta node,Expanda nodeinto its children,Unexpand

a subtreeto its root, Displayall propertiesofa selectednodein a list oftext editors,Move andMag

nify, etc. Browser also hastwo pulldown menusfor file selectionand graphical editing suchas

redo, undo,andcreatemultiview.

Typically theBrowseris initialized with one actor, whichis theroot of the whole hierarchyto

be browsed.A selectedactorwill be highlightedwith eight handlersaroundit. The viewing area

of theBrowsercanbe zoomedandscrolledin two dimensions.

Classdefinition of Browseris shownbelow:

persistent<db> Actor *ssc = 0;

class Browser : public Editor
public:

BrowserGraphicComp* = nil;
virtual -Browser U;

virtual Component* GetComponentfl; I/get Component in the browser
virtual Viewer* Getviewerint = 0; I/get GraphicView in the browser
virtual KeyMap* GetKeyMapfl;
virtual Tool* GetCurTool I/get current engaged tool
virtual Selectiou* GetSelection U;
void Showldentitieschar**, int;
void ShowAttributeschar**, int;
void ShowConstraints char**, int
void ShowRelationschar**, int;

virtual void SetCompcnentComponent*
virtual void setviewerViewer*, jut 0;
virtual void SetKeyMapKeyMap*;
virtual void Setselection Selection*

private:
Interactor* Interior
void Initviewer
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void InitStatevars

Interactor* Commands ; //build a command for menu
Interactor* ToolsQ; //build a tool for selection

void Includeclass Command*, class PulldownMenu*;

void Include Tool*, class Box*
Interactor* AddScrollerInteractor*;

PulldownMenu* FileMenuQ;
PulldownMenu* EditMenul;

void CreateDataDisplay
Graphiccomp* comp;
KeyMap* keymap;
class Controlstate* curCtrl;
Viewer* viewer;
Selection* selection;
Colorvar* color;

DataBrowser* idntsBrw;
Datasrowser* attrsBrw; -
DataBrowser* cnstsBrw;
DataBrowser* rlatsBrw;
Interactor* IdntsDisplayfl;
Interactor* AttrsDisplayfl;
Interactor* CnstsDisplayfl;
Interactor* RlatsDisplay C;
Interactor* Dataflisplay

DataEditor* idntsEdt;
DataEditor* attrsEdt;
DataEditor* cnstsEdt;
DataEditor* _rlatsEdt;

};

2.2.ClassNode

ClassNode is currently derivedfrom Unidraw’s GraphicComps,thebaseclassfor graphical

componentsubjects.Nodeprovides a graphicalrepresentationfor the actualpersistentobject in

ObjectStoreto be browsed.Thereare severalways to makea graphicalcompositionin Unidraw.

In generaltherearethreelevels to choosefrom whendefining a newcomponent.Themain trade

off betweenthe levelsis easeof specificationversusefficiency.

* Level 1 Easiest/leastefficient: Derive from GraphicComps/GraphicViews anddefine the

component’sappearanceby composingother GraphicCompsubclassesLineComp, Rect

Comp,etc.. You canforegoderiving from GraphicViewsaltogetherif you don’t needa spe

cial view semanticse.g., for directmanipulation:simply specify a classid that makesthe

correspondingCOMPONENT_VIEWofyourGraphicCompssubclassa GRAPHIC_VIEWS.

For example,you might deriveInverterCompfrom GraphicComps.The constructorsimply

insertsa PolygonComp,a CircleComp,etc.There’sno needto redefineRead.Write, etc.,since
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GraphicCompsalreadyknowshow to dealwith its children. This approachis relatively inef

ficient becauseeachgraphicalelementis a full blown graphicalcomponent,completewith a

subjectand a view.

* Level 2 Harder/moreefficient: Derive from OraphicComp/GraphicView and definethe

component’sappearancein terms of predefinedstructuredgraphics objects, much like

LineCompandEllipseCompareimplemented.You’ll probablyusea Pictureand insertother

predefinedgraphicsinto it. Forexample,a GraphicComp-basedInverterCompwould contain

a Picturewith SF_Polygon,SF_Ellipse,etc. objectsin it. You’ll haveto do a bit more work

than you would at LEVEL 1, becauseyou mustderivea GraphicViewsubclassanddefineits

Updateoperation.However,you gainefficiency becauseeachgraphicelementdoesn’trequire

both a subjectand a view.

* Level 3 Hardest/mostefficient: Derive from GraphicComp/GraphicViewand define the

component’sappearancein terms of a customstructuregraphicsobject. For example, you

might derivean Inverteroraphicfrom Graphicand usethat as the graphicin yourGraphic

Comp-basedInverterComp.You’re essentiallydefining the component’sappearanceusing

immediate-modei.e, Paintergraphics.You gainthemostefficiencysinceyou no longerded

icatememoryto structuredgraphicsobjects,but you’re alsoworking thehardest.

For convenientandfast prototyping,we selectedthe first approach.Classdefinition ofNodeis

shownbelow:

class Node : public GraphicComps

puMic:
NodeBrowser*, reference<Actor>, Node* = nil, float x00, float y00;
virtual -NodeQ;

void Movetofloat, float;
vjctual void InterpretComjnand*; I/execute a command
virtual void UninterpretCommand*; //undo a command

void ExpandQ;
void UnExpand
void Displaychar**, char**, char**, char**; //display properties of a mode

char* Name C return name;
Node* Parent return parent;

float Width { return width;
float TreeWidthQ { return treewidtfi;
void Treewidthfloat w;
float Height { return height;
void Center float x, float y { xc = x; yc = y;
void Levelint 1 { myLevel = 1;
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mt Level return rayLevel;

static Node* root; //class variable always pointing to the root of the hierarchy

private:
char *name; //mode name for displaying

reference<Actor> myActor; //pointer to Actor in the Objectstore

Node* parent;
float xc, yc; //upper-middle point of the node rectangle for position

float height, width, treeWidth;

Browsert browser;
mt nofChild, myLevel;
Node** children; //array of pointers to children
LineComp** lineComp; //array of pointers to connections

boolean RasSpaoeU;
void ReArranqeQ; // rearrange children.

static mt depth; //class variable for level counting in recursive program

2.3.TreeDisplayingAlgorithm

Sincebrowserdisplaysa treestructure,we hadto devisean algorithmto displaytheexpanding

branchesof the treewithin the availableview space/viewwindow. We havedevelopedtwo algo

rithmsthat candynamicallyallocatespaceto theexpandingbranchesofthe treestructureanddeal

locatespacewhena subtreeis unexpandeddeleted.Thealgorithm is discussedbelow.

Thebrowseressentiallydisplaysa treestructure,i.e., thedatabaseto which this browserforms

an interfacehasobjectsthat sharea hierarchicalparen4child relationship.

TheProblem:

In this program,thetreeexpandsand takesshapeat run time. In fact theExpansionof thetree

is interactiveandcontrolledby theuser,i.e. theuserexplicitly Expandscertainbranchesof thetree

structurehe/shewishes to examine.Also userscan Unexpandbranchesof the tree that they no

longerwish to examine.

Oneof thedesignrequirementsfrom theperspectiveofergonomicsis that thenodes/objectsin

the treebe displayedrelativelyclosetogether.When theobjectsareclosetogether,it offersto the

vieweraperspectiveofthe relationshipbetweenthe objects.Anotherdesirablefeatureis the ability

to distinguishbetweendifferent levelsofthe tree andidentify objectsof thesamelevel in thetree.

Owing to the limited sizeof theviewing areaandlargedatabasesize,all theobjectsor thewhole

treecannotusually be displayedat one time, i.e., we are bound to experiencea conflict in space
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allocationwhenseveralbranchestry to Expand.We needto resolvethe conflict and allocatespace

as andwhenrequiredamongthebranchesof the tree.By spaceherewe meanhorizontalspaceor

breadth.This is wherethe conflict occurs.This is becauseall nodesof the tree of a given level,

occurat exactlythe sameheightorvertical distancefrom the root. If a certainbranchdid not con

tain sufficient vertical spaceto expandfully, the problem would be faced by all branchesthat

expandto the samelevel, i.e., sucha problemwould be global to the tree and not of a natureof

conflict amongvariousbranchesof thetree. Sucha problemwould haveto be solvedby limiting

thenumberof levelsof the tree that canbe viewed at one time or increasingtheview areain the

heightdimension.Weare notconcernedwith sucha problemin this tool asit doesnotoccurin our

specificcase.

The PossibleApproaches:

We could implementa solutionfor theprecedingproblemof spaceallocationin two ways.We

could follow a StaticSpaceAllocation methodor a DynamicSpaceAllocation method.

The StaticSpaceAllocationMethod:

In this method,one wouldallocateall theavailablespaceto the root nodeanddivide it equally

amongits children.Whenthesechildrenexpand,thenewnodeswould bespreadoutevenlyamong

theavailablespaceof its parentand so on. In this way, the leaf nodesget the smallestallocation

and the nodesat thetop areallocatedmorespace,with the rootgetting themaximum space.This

approachhastwo importantdrawbacks.

The first drawbackis that sinceat any level the availablespaceis divided equally amongthe

children,at the higherlevelswhenthereis morespace,eachchild will be allocateda largerspace.

Sinceeachnodeis positionedat the centerof its allocation,eachnodewould be positionedsuch

that they are quite far from eachother. This doesnot allow the userto view all the children of a

nodeat onetime. This is not desirablefrom an ergonomicdesignperspective.

The secondmajor drawback:Static allocation inherentlyhas the advantagethat we need less

computationat run time. But for this to be realizedwe should not have any conflicts or insuffi

ciencyofallocatedspaceoncewehavemadea staticallocation.Given thesizeof theview window

andthedatabasewe are dealingwith, this is not oftenthecaseandstatically-allocatedspaceis not

sufficient for severalor all of thebranchesof the treefor theirexpansionup to the leaflevel. When
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this conflict occurs,we areforcedto performRearrangementof the treestructure.This forces some

less expandedbranchesto squeezein order to accumulatemore spacefor the heavily expanded

branches,therebylosing the staticallocationadvantage.

Theprecedinglisted drawbacksleadus to theconclusionthat a dynamicapproachis the better

alternativein oursituation.

TheDesignofthe "Rearrange"Algorithm:

Our dynamic approach algorithm allocatesspaceto expandingbranchesdynamically and

"Rearranges"thetreeeachtime a changehas beenmadeto positionsand allocationsof nodesin

the tree.This dynamicalgorithm always maintainsa tight tree in the processof expandingand

unexpanding.

Definition: A tight tree is a treefor which thereis no spaceleft betweenanyadjacentleavesor

theirprojectionon the lowest level of thetree.Figure 1 gives an example.

Figure 1: A tight treeleft anda non-tighttreeright

Thealgorithm is recursive.The algorithm is alsovery efficient in theuseof displayspace.It

allocatesjustsufficient spaceso thatall nodesareclearlyvisible without clutteringorintersection

while making surethat spaceis not wastedbetweennodesa tight tree.

The algorithm is also easily modifiablewith respectto certainfeaturessuch as gap between

nodesand heightbetweendifferent levelsof the tree.

Finally, featuresof InterViews softwarehavehelpedus to maintain the graphic functionality,

evenwhenthe pictureis zoomedin or zoomedout severaltimes.

The Data Structures:

Themain Data Structuresof the algorithm arethe dataassociatedwith eachnode.Theyare:

/

SI
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1 xc, yc co-ordinatesof the top centerof the nodeshowingwherethe nodeis placedin the

coordinatespace.

2 An integervaluemyLevel which is obtainedfrom thedatabase.Forleaf nodesnyLevel

will be ‘0’. Fornon-leafnodesit indicatesthenumberof levelsof thenodefrom the leafnodes

in its subtree.This valueis presentin thedatabaseandis Tetnevedby theprogramfrom there.

3 An integervaluenOfChild whichshows thenumberof childrena nodehas.

4 If rnyLevelmembervariableofa nodeis greaterthan0, i.e., thenodehaschildren:pointers

are allocateddynamically to all child nodeobjectsand line graphicobjectsconnecting

thenodebetweenchildrenandparent.

5 Name of eachnodeand pointersto graphic objects,i.e., the rectangularbox rect and

text graphictext representingthenameof the node.

6 A float valuetreewidth which holds thewidth of thesubtreerepresentedby eachnode.

If a nodeis a leafnode,treeWidthrepresentsthewidth of the rectangularbox representing

thenode. If a nodehaschildren thetreewidth of thatnoderepresentsthesum of thetree-

Widthsof all its children.

TheAlgorithm:

Having discussedthe importantdatastructures,we will now be able to discusstheAlgorithm

itself including a listing of thepseudocode. -

Thetwo importantoperationsof the tool browser which requiregraphic manipulationsare:

1 TheExpandoperationand 2 TheUnExpandoperation.

TheExpandoperationwhenperformedon a Nodeobjectcausesthefollowing:

If the node haschildren,Expand1 obtainsthenumberof childrenand theft namesfrom the

databaseand 2 createsnodesfor the child objectsand displaysthe nodes.If thenodedoesnot

havechildren,issuea "bell". Thefollowing is pseudocodeof the function.

Node;;Expand t
if nOfChild 0/7 node already Expanded.

OR mytevel 0 7/ leaf node
return;

do transaction /7 transaction with database.
get nOfCl-iild;// retreive child information.
get names of each child;

7/create child nodes to represent the child objects;
fori=0; i<nOfChild; i++ children[i] = new Node. . .; //with relevant parameters.
set treewidth of each child node;

float totalwidth = sum of treeWidth of children + nOfChild _l*NODE GAP;
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TreewidthtotalWidth; //update the treewidth of this and all Parents im heirarchy.

if Hasspacetotalwidth// is required space available?
ReArrangefl;// then Redraw this node. Add children.

else
root->ReArrange ;//else redraw from root. i.e. Create space.

Update canvas to reflect changes.
// end of Zxpand

TheUnExpandoperation,whenperformedon a node,causesthe following. If a node haschil

dren,1 removechildrenand lines to themfrom graphicview, 2 deletethechild objectsand the

lines from memory,3 freememory,4 updatetreeWidth of thenodeandall parentsin hierar

chy and 5 redrawthe tree from root. If the nodedoesnot havechildren, issuea "bell". Thefol

lowing is pseudocodeof the function.

Node: :UnExpand
if nOfChild0 ring_belle; return; }// cannot UnExpand.
for mt i=O; i<nOfChild; i++
children[i]->UnExpandfl;// Recursive call to children.
delete children[i];
delete lineCompli];

TreeWidthwidth;//Recursive function to update all nodes in parent heirarchy.
roct->ReArrangefl;//redraw the whole tree form root.
Update canvas to reflect changes;

/end of UnExpand.

The ReMrangealgorithmhasbeenusedin Expandand UnExpandroutines.Thefollowing is

pseudocodeanddescriptionof this algorithm.

Node: :ReArrange
if nOfChild==0 return;// all nodes are arranged by their parent node.

delete old lines connecting node to child nodes; 7/ delete linecomp.
allocate memory for creating lines; 7/new lines are drawn to locations of children
lineComp = new Linecomp*[nOfChildl;

float y = yc - height*4; 7/ y is for child nodes. yc and height of current node.
float x; /7 will hold xc for child nodes.
x = xc - treeWidth/2;// points to left end of span of node.
for mt i=0; i<nofChild; itt

x + childreni3->TreeWidth/2; //x points to center of span of ith child.
lineComp[i] = new Linexc, yc-height, x, y;

// new line from bottom center of node to top center of child.
children[i]->Hovetox, y;//move child[i] to x, y.
children[i]->Centerx, y;//set xc, yc of child[iJ to new position.
children[i]->ReArrangefl;//Recursive call to update position of this subtree.
x = children[iJ->Treewidthfl/2; /7 to point to end of span of ith child.
if i < nOfChild-l// if i is not last child.

x ÷= NODE GAP;// to create a small gap between nodes.

// end of ReArrange

3. Future Researchand Conclusion

Therearefour areasin which weplanto continuethis research.They are listed as follows:

1 Build a moregeneralobjectbrowserthat is ableto browseranyobjectsboundwith certain
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configurationusing Meta ObjectProtocolMOP [OStran92}.

2 Useof Pin classof Unidraw for semanticconnectionbetweennodesto supportdataflow

modeling.Whena nodeis moved,theconnectionwill be maintainedby stretchingshrinking

andmovingas necessary,all connectinglines thatbelongto thenode.Theconnectioncanalso

representinternallya relationshipsuchasa-part-of.

3 Support single-subject-multiple-viewparadigm. Changesmade to an object will be

reflectedto its subjectand all its viewsin differentwindowsat the sametime.

4 Incorporatingediting capabilitiesin browserto supportconfigurationmanipulation.

First is theuseof Pin classof Unidraw. Pin classis derivedfrom classConnector.Pins can be

usedin connectingparentsto children in the tree. This connectionwould be at a semanticlevel

besidesbeing representedas a line connection.Such semanticconnectivity ensuresthat even

thoughthe treemaybe manipulatedby the useror nodesmovedarbitrarily from eachother, the

parentchild connectinglines will changeas necessaryto representthe relationshipor connection.

Without theuseof Pin class,aswe aredoing now, whennodeschangepositionwe needto deter

minea newlocation,createnewconnectinglines to representtherelationshipsanddeleteold lines.

Thefacility of multiple viewshasprovedusefulin graphicapplications,especiallyin CAD etc.

With this facility, usercancreatea secondor third view of browseratan arbitrarystageduring run

time. The additional viewswill be initiated with thecurrentgraphicstateof browser. Additional

viewshavethe samefunctionality astheoriginal andprovideall operations.

Multiple views cantypically be usedto zoomin on a partof the figure or manipulatea part of

the figure. All changesmadeto theadditionalviewsarereflectedin theoriginal andall otherviews.

We haveplans to incorporateediting capabilitiesin thebrowser.Editing will let theusersadd

newNodesobjectsto thedatabaseandalsodefineparentchild relationshipsbetweennodes.Edit

ing facilities canalsobe usedto specify properties,attributesandconstraintsof an object.
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Appendices

4. User Guide for Using the Browser

The following is a UserGuidefor using the InteractiveGraphicalBrowset

4.l.ExecutingtheProgram

The executable is called "browser". It is located in the directory -zhouj/researchlos/

browser.new/SIJN4on "poplar". There is public accessto the executablejust type zhouj /

research/os/browser. new/SUN4/browser.

Commandline optionsareshownin Table 1 below:
Table 1: Commandline optionsfor browser

option example

-database<databasename> browser-database/zhouj/sscdefault: /zhouj/ssc

-db <databasename> browser-db /zhouj/sscdefault:/zhouj/ssc

-display <target> browser-db /zhoujlleb-display telperion:O.O

-bg browser-gb yellow

-fg browser-fg gray

4.2.Whereto Find theSource

Theprogramconsistsof severalfiles. The*.cc sourcefiles arelocatedin zhouj/ research/

os/browser,new directory.The*.h headerfiles arein the include subdirectory.TheMakefile

andexecutablearein 3UN4 subdirectory,seeFigure 2 below:

=zhouj/research/
os/browser.new

header files J object files, Makefile
and executable

Figure2: Directory structure of codefor browser.

4.3. InterfaceDescription

Figure 3 is a "snapshot"of thegraphicaluserinterfaceduring execution.Acrossthe top of the

window are CommandMenusand Tools to manipulatethe GraphicView area.The Menu Com

mandsandTools areexplainedin detail below.

Along the right side of the window are scrollable string browsers to view the Identities,
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Figure 3: Userinterfacefor the hieraichicalbrowser.

underneath



Attributes, Constraintsand Relationships[Zhouj92] of objectsbeing viewed.

4.4.ProgramBehavior

Objectsof thedatabasearereferredto as nodeswithin theprogram.TheFile Menu New option

canbe usedto opena databasefile for viewing with this browser.Oncethe file is opened,the root

object is broughtup on the screen.This object can be expandedto view its children using the

ExpandTool which is presentamongthe tools in the top right handside of thebrowser.Unexpand

can be usedon an expandedobjectto removeits children from thescreenin situationswherethe

screenmight have becomeclutteredwith many objects. Display Tool on an objectdisplays the

Identities,Attributes, etc.in Sthngbrowsersto the right of theview area.Doubleclicking thehigh

lighted item in a string browserwill move the selecteditem to the editorbelow for editing. The

resultof a editing will be endedby a carriagereturn andbe reflectedin the string browserabove.

Eachof theMenuoptionsandCommandtools areexplainedin detail below.

Theviewing areaof thebrowsercanbe zoomedandscrolledusing theFannerin the lower-right

cornerof theuserinterfaceasshownin Figure3 or usethemouseas follows:

Amouse.middle..buttona handicon will appearfor ‘drag’ scrolling in two dimensions.

A mouse-right-button an arrow icon will appearfor continuousscrolling speedsensitive.

4.5. Menus

Thebrowserhas two PulldownMenuson the top left handsideof theapplicationwindow.

Thefirst PulldownMenuis FileMenuandthesecondis Edit Menu.File Menu: This Puildown

Menuoffers five operations.Optionsin themenualso havekey bindings.Theoperationsprovided

by FileMenu are:

New key AN: Hold controlkey anduppercaseN key at thesametime Opensa newDataFile

for browsingusing this package.

Open key AO: Opensa previously-viewedfile whosestatehasbeensaved.Openbrings up a

file-chooserdialog listing the files in the currentdirectory.

SaveAS: To savea file beingviewed.Savealsobringsup file-chooserdialog to specifythename

of a newfile or selectan existing file.

Print AP: Option to print a file.

Quit AQ: Quits the application.
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Edit Menu: Edit performstheoperationsto a selectedobjector a selectedarea.Theoperations

providedby Edit are:

Undokey U: Performsseverallayersof Undo.

RedoR: To repeatan operation.

DeleteAD: Deletesa selectedobjectfrom view area.

Duplicated: Duplicatesa selectedobject.

4,6. Tools

TheTool paletteon the top left-handside of thescreenoffers tools which providethefunction

ality of thebrowser.For convenience,all the tools havea correspondingkey with which theycan

be selected.Eachtool is describedin detail below.

Selects: Click on Selecttool orjust type the s key SelectTool lets theuserchangethecurrent

selectionby a singlemouseclick uponany object. Multiple objectscan be selectedby drawing a

box that completely includesthe objects. Selectiondeterminesthe object on which consequent

operationsmay be performed.

Expande: Expandoperationon an object on thescreenbrings up its childrenfrom the Data

Baseif it is not theleafnodein thehierarchy.To performExpandon an object,selectExpandfrom

thetoolpalette.Click on theobjectyou wish to expand.Thiswill resultin thechildrenofthis object

being broughtup on screenif this is not theleafobject.

UnExpandu: UnExpandon a noderemovesthechildrenof thatnodeandtheirchildren recur

sively until the endfrom view. This may be usedto clearup theview areaorwhenobjectsareno

longerneeded.

Display d: PerformingDisplay on an object on the screenbrings up severalpropertiesof the

object from the Data Field for viewing. The propertiesshown are: Identities,Attributes, Con

straints,and Relationships.Eachis shown in a separateString browser.The use of this string

browseris explainedbelow.

Move m: Move lets an object on the screenbe movedaround.This tool is not as muchof use

to the userasit is to the programwhich usesthis to rearrangeobjectson the screenwhenit gets

cluttered.

Magnify z: Magnify zoomson an areaselectedby boxing thearea.
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Connect C: This tool allows separateobjectsin view to be connectedin a dataflow manner.

This may be usedto indicatea relationshipbetweendifferentobjectsthat arebeingbuilt.

Line I: This andthenext two tools in thepaletteRectangler andEllipse o, canbeusedto cre

ate objectson thescreen.

4.7.PropertvBrowsers

Thereare four siring browsersthat displaydifferentpropertiesof the objects.Theyare placed

vertically along the right side of the application window. The four browsersdisplay Identities,

Attributes, Constraintsand Relationships,respectively.All thestring browsersare scrollable.At

the bottomof eachstringbrowseris a string editor.Stringeditorcanbe usedby double-clickingon

a string. This will placethestringin theeditorandwill updatethestring attheend of editing.Key

bindingsexist for all thefunctionsof thestring browser.Theyare:

g Go to the first string.

G Goto thelaststring.

a selectall.

DEL/BS unselectall.

p selectpreviousstring.

n selectnext siring.

<selecttopmost-visiblestring.

> selectbottommostvisible sthng

j scroll down onestring.

k scroll up onestring.

SPACEscroll downone screenfull.

b scroll up one screenfull.

d scroll down one-halfscreenfull.

u scroll up one-halfscreenfull.

Amousemiddje..buttona handicon will appearfor scrollingvertically.

Amouse..right..buttona arrowicon will appearfor continuousscrolling speedsensitive.

4.8.Editors

Associatedwith eachstring browseris a string Editor at the bottom. This canbe usedto edit
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propertiesof the object on which "Display" tool is used.After eachedit operation,the value is

updatedby the browserwhich containsthesthng.The key bindings for theEditor are asfollows.

Key Operation

Afi CharacterLeft

AF CharacterRight

AA BeginningOfText

AE EndOfText

AM Move the selectiononecharacterposition to the left, or right, or to the beginningor endof

text.

AH, DEL Erasethetext of currentselection.If atblank, deletepreviouscharacter.

AD Deletethe text of currentselection.If at blankdeletenextcharacter.

AU Selectall.

A W SelectWord.Selectthe entire text, or extendthe selectionto the left by onewholeword.

Thesecommandsenablecommonediting operationsto beperformedwithoutusing themouse.

Forexample,to replacethepreviouswordin the text, do a SeleetWord,DEL and type thenewtext.
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