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Abstract: The aimm of this paper is to propose & modality o disglay in a graphic way by modeling and
design, using techricquee of ahpect oriented prosmaming ofered by Visunl Basic, mrfhing of the sricited
2_'.:|:hx in hreacdth= st ard c‘l-Ep{h-:'lr:-;!.
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Cimephs are streclures very spreading in the branch ol cormguting, clgorithms of graph beang fundarmentals
in this arca

Lot H={a), 53,0 bea firite set, Lot ToX X, wheie X=X 08 dhe cartesian product ofthe set X
weilh dsell 1 calls arentel grupl'-. the ardered par D= (X, T, The elements 5,6 X calls vertices or nades.,
The elements of st T call ares or edges. Arg (n.x)el is denoted by [x.5].
There are fwip starchard mocdes of representation the arented graph: 25 o set of o adjncency list or a5 an
adinceney matrix The representation of the orignted praph Ge (X, T) by ndjsesncy madrid ig using a
balean matrix with noross and ncolumms, clls =ljacency matric, Presumes that vartices are numbgnng
1. 2,3, ...nin o arhitrary way, the matriz A= () with dimension n=mn, in such o wey as to;

4'|. for [i, i]el
o, w5 g1eT

There 1g a digadvantage inograph’s remenizing throogh ' adjacency reiriz that many elerments of
matri are null, thercfore it consumes unnecessary memory. Necessary of memory fof the adjacency
matriz of o graph is Om™) and it is not depending by number of graph's edge. where n is number of
graph's vertes, Although representztion & ae o slacent 15 asympteds ab least identically efficiency ns
well as represcneation by ndjaceney marrix, the simplicicy of adjaccocy mainx it poasible w make 1
preferthle, whenever graphs has a relabive small number of verbices. Mare, if the ma'ph is without cast.
there 15 an addional advantage of swoee for the reprssentation by sbjacaney matnx, Instead of wang of 2
word of memory for cach clement from mammz, adjaceiey matnx uae anly & bic for each clemear,
Anather methad of representsisen of the ariented graphs 15 also ane by list ol sbjacent. Cne graph with n
vertices will have, a ehle adj with |.:~'.| lusts, lr esch verex 1o X, o concatenate simple list '-'"ll[i-.'. which
will memarize all the vertices j for which [1j]=T (the list of sweceszors), or, in other way, pointers ol all
wertices i far which exists acdge {ijel. The List of the vertex i, adj[i], #all be format frem tolaliy af the
acdjzoent vertices af i in G, Uswally, vertices From each st of adjacent are memorized in o arbitrarny arder,
W1 is an onenied graph, the spm of the lenpths of all of the lists of adiacent is | r | , because an asc i the
shispe ad (1,3) 15 represmnted by the apparition ol §oin i) 104G s an wnerientsd graph, the sumoof the
length of all lists of ndpacent is 20 T || becapse if (i) is am edpe, then i appenr in listof adjacent of § and
reverse] IndilTerent of @ graph s or dot onenled; the representation: by lists of adjacent has the property
thai the dimension af the necassury memory is O me X0 =00 X+ The representacion: bee-lists of
adjacent ss very lusty, m' the sense that 1l can be rrercdifieel For 1o Beir many ather varinnts q-fm'phs.
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The storage of the grunh with assiztance of lists of adjacent present the advantape that, generallv {in the
whale), sccupics less space w the detriment of the socess b’ kivewledpe mare difficilt, That s ciisds
aneilser way mere spesdy far to determing i one given edge (1) hielangs of graph, than seeking of § i list
ufudjacent of ad)[i]. disadvantuge whn it con be remedied using @ graph's represenarion by the adjaceney
[HHIR N

[n the practical apphication it iz using the bath metheds of the representation of the wraphs,
depending on the algonthm with that it is working on the graph. For annlysing the knowledge Tram
veriices ol eriented graph. these fom behing ure searchied, There are many methods of ssarching, Among
of these wie remember twa, which we elaborate it scarching breadth first prd seargling depth st
The First {breadih first), it doce begmnemg from 2 certain verex § Gowrée), which we consider i seardhed,
searching ihen all id descondants, that is the vertices™s el § o which O [ij]=T then we scarch alt
descendanits of scasched vertices ot preceding step. Being gaven an graph G— (% T and a Verles suurce i,
searchine in width explores systemutic the sdees of G for “to doscaver” eich verex which in aeccgsible
from 1. The algorithm caleulates the distance (the sralles nimmber of cdges) fram | at 2l ese accessible
vertices [t creatcs an “wadih-tree” with the root 1, which conting 217 These nooessible vertices, Far each
wegles | accessible fam i, the route fran the ree of width from i ot j comesponds of “the shirtesr way™
fram i at j in G, thal 15 & way which containg & fsnber minimal of edges. The algorithen funcliong harh at
ariented, arophs and at wnorented graphs. The searching in width it 15 called such because it i widen
anifoin. the Frontier pmong the vertices which is discover und the vertices which 18 undistovered, oz the
frartier's widih. This means that the algorichm discover afl the vertices thaf ane sitiared at fhe distanes ¥
viz a vis i hefore o discover some vertex at the distomce k=1, For to kiep the progress™s cvidenes, the
searching in withh colors ench vertex in'green. Ohservativns: ench verex will'bi searched Gnly zinple
dute. There are ot sotutionsof & searchinm, hecause the tdir of the decendunts"s Scarching of 4 vesrex
A" nevessryamd i alse ' dipends by thé made in which i was ietmonsed the graph. The searching in
width it 12 donc by the girnstare’s otilfastion wamed Ui, which is implemented in this gase by a vector.
The searchung mowidth it is done beginning from & cerain vertex 1, alter the searching of 2 vertes 1 s
searches il firsl ameng of its descendants unsearched ye
The strategy used &t the searching in depth is, in sccordance with which it is indicated also by name,
soch “prafounder” i rthe araph whencver this marver is possible. In Searéhing in depth, the edmes are
euplorated bégmming Fom the recent vertead i discovered which it his unexplosed edges vt which it
starts from it When all Gdges which starts from i) they were explored, the searching is “refara” oo its
awit frack, Tor explore the edmes which starms Gom the vertev Frams whieh |0 was discavered, Thiz
aperitiom continees wntil there will be discoversd all fie vertiees adcesditte from the inifial solsee veres,
The ertire process is repeated until all the verlices are dizcavered
Here oo it can exisl mech selations of searchite The searching in depth’ it = donc b the siructme's
ulilisaticn aomed stack, which is iniplermented ioplicit in repurrently alicrmative.
Identizally 85 well a5 searching™s ense in width, cach timé when 2 veres s dizcover. far 1o keep the
evidence of progress, the searching in‘depth colars esch wvertex it vellow.
The application his crested 4 class PUNCT.CLS which implemeénts ‘2 paint frarn nlan. The fipction
Fs imsidedi,iv]) Fromo Gt veiifies 17 & point belomps of o circle (the distancs feam point 2f the ciicle’s cenfre
sl Bl ot erqunl with' the Girele’ s tadiis]).
O thic forny wall ke appear nime huttans: the button Vertices (which hv dauble’ clicks o’ the Farm fraces
the graph’s wertices), when 1 finisl o drawing the grph’s vertioes it 19 ssces edges, by the pressare Tirst
af'a button Ares and-then by using the technigue “drag and drop™ i iz tracing the lines which join e
degired vertices i it is likes thee displaying of the ad jncency matriz A, 4 will press on the bitan I¥splay
A adjacency matrix, the button Searching breadt-Tird which displave the graph's verticss searched in
width, the button IMsptay the breadibsfirst search which ssarches inowidth the graph by caloring it
therewith sccording as searching  green, the bution Searching depth-first whach displays the zraphs
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Figurs |

werlices seprched i depth, the buiwen Display the depth-first search which search in degth the greph,
according as the searching colaring it in yellow, the bution Clear form which deletes the graph and the
caleulstion that i1 was done, and the bution Exit which closts the application.

The gearching depth-first is written in next procedune, and the searching breadth-first is similar

Privase Sub cord Adancime Clickl) wemrch i depth the grapk colormg the wertices i yellaw

[vim PawseTime, Starl, Finish, Total Tame et the wellow .-,F.;,-nfﬁ.'r.a.-.!m-.-{.l’.'u'w sraphic ahfoecis

FllC alor — vhYellaw

Far | = 1 To contar For [ =1 Ta My

I¥ 1= Cioadal {I] Ther

PavseTime = | ‘wed eluranlion
Spart — Timer wel R Hime
[az While Timer = Stor o+ PauseTime
TEvenis el fa aifier Froceiaes
Loap
Finish = Tumcr ‘zgf erad fime
Tatal Tinee = Finisk - Seare ‘radcwloie ol fnne

Cirele [V arfurit Jox, Varfur Toey), Varfund er, vbYellaw rmiv e civcke fn pelfow
Fieep Erad [f Pegxt Mexl

EdllCalar = vhRed raverie in red for fill anlor of the grapfies oljects
Ercl Sub
Frivate Sub Form_ DSBECTick(} ‘et the pedrd ad e veriians malriy

Dim hislsed Az Boplean
i andleClick s che form (o o drow @ mew vertex) sof tear cemtre of verlex jaircle) a poini wiich s
situated tnside of the varer feircle) that exisf afrdady, I (5 nos draw atfer verter foiecly)
hilsllsed = False
Farl=1To MY
If Warluri( ]} [s_msile{ X1, ¥ |1 Then blzlged = True FEnd 11 Mo
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war fhe comeisisa il W disiares befrees o fwn pertices fenplesy have ta b ErEateT fhan s equal e
s SEMEE P radtar (255500 atReraie 3 iv nol dva wed siler veknes fetielel
Farl =1 TaNr¥

P Sqrig¥arfurs(Dl.ex < XT3+ (Varfusiflex - X 10+ (Warfuriley - Y13 7 (Varfuric Dy S S R
P50 Tleen blsllsed = True Erd 18 Nexr
[Fblstised Then Exin Suh Gnd If

Ml = Mpy = ] e amniier v feieela)

Warturi{ W er = [5i] e phe Bl ogual weeh £I0

Warfur[MNry ex = X1 el

Varfum{MeV Ly = %) ref

Fillatar = vbRed wbraw i A sorcen e Aecle thet correspanding of the wertionr o
e red vendar

Frllfipde = O Ciecle (Varfuri{NeV es, VarfurifMey ey, Vasfurii~ e, vhRed
Front ™ " NV Eid Seh
Privare Sub Form_MouseDown( Button As Integer, Shift Ag Integer, X As Single, y A= Single)
it a5 verify if o click o the form St 10 denote a point) for fo deaw the s Loind of Wa v, pespw oiive
peirt i situted inside af the vevfex icircll fram tore wiick 12 degwed amdl mow ar it is sutside of any
ey
B S s se thie st poed {-'_,rH!t' ars Wiieh 5 dreved, $he veeter 'y conren ARECTE y cembor) PESRECTIve
XK1=X¥l=v
[iny bizlin As Busilean
JiElr = Fulze
For | = 1 To Nev If Varfuri )by, inside(d L, ¥ 13 Then. . Priei % i incidet,

Mot BY Then Starty = | Else Starty = 0 Erd {f

Bizln = True

Frad IF
Mexl
If Mot bisln Then Pripi ¥ s onersicle
End IF
End Suls
Private Sub Form MouzcllpiButten As Integer. ShikAs Intoger, X As Single. ¥ As Single)
W is v i e mauiea ix avise i on the e fi calls g Lipnd fir de demage phe secong Frafsd) fon i
draw the finad peens of e arr, Fresneclive paind (8 sifaeled faside af the verlex felrole) Fom those whinh i
el s i s 3 EF autsale ol sy et
Wi s s, st e final poing af the are which is drawed, the werter s center [eirele s cenler) rrsmeative i
05 A6l dee snifable dlemen) fom the sdiacency matin A equwd o )
[f Bution = 1 Then For 1=1 Ta MrY I Varfuri(l s _ingide X, v) Then

1¥Not bY Then FndV = [ Else EndV = 0 End I Ead 1f Mot
Erdd If : Frivd "The ciroles are ' Siw Vo Endi
IF{Starty «== 0] And {End¥ == 0] Then

Line [V arfund Surv) .o, Yarfuars{ Seare Vo= anluni] iy ex, Varfuri{ EndY Ley)

ArStanV, EndVi= | Slurv =0 Endy = 0 IEnd If End Suhk

Thie resules for the greph from Figise 2 {with nunsher of vertices 100] are;
-far zearchimg hreadrh-firar 1, 2,3, 4.5, 6. 7, 8. 4, 10 for searchimg depth-Nirst 1,2, 5.6, 3, 7. B 4810
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The results for the graph fram Fipuie
“for searching breadihsfirst |, 2, 34,

5

3 [with pumber of vertices (1) are:

6,7, B, 9, 10; for searching deptlr-first 1.2, 5, 8,9, 10,6,7, 3 4.
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'E: n:sul::_ Fmghiﬁ?:_'l fram Frgure 4 (with nember of verrices T} are;
-lor searching breadeh-first 1, 2,3, 6, 4, 3, 7. far i
s fig A, 5, searching depth-first 1,2.4,5.3. 6, 7.
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