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A framework for improving software reusability 
within quality constraints 

Guirguis S.I<. 
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.i,,;l. optio<r.s, ,,"uttipl< option. ond k.y •. 11I is f •• 1 .... t ... hlDc .. ,h. p'od u .. " 
reporl '<ld.bili'1. 

E. )0 



~.~1 S.~ .(l " l r IJll U 

1",1,,..,;0. «il,"' I •• pn-desia,,"lod .. III I~"" _.r, Ilo<y ..... b. i.I .... tittly 
.1 ....... 1 Ib,o.," lb. OK . f q......,. f __ .1oa .... " .... Tho .odir~ «po .. 
~Ilrib • • u 1 .... (.10 ... wd ............. 001 .epen .... iI ... rio .... , ... be tlored for 
II ' " .... 101 , ... ,.. ...... 10 '"dor..I'e nlOber oIupt>rU COD be ht, ..... ,i>'dy 
duilnod ud " ........ Til;' l io .. _ .... h,. d .... ,,,,;.gD '0 .be p' Odu«d 'J".'" 
n"tlbll..,.. 

T ••• ~ of ICrtpb fK~iultd , ...... ".0 of .1I d. l. "'.Dip.l.rioo paru of tho 
oofhn .. 'lU ... 10 do. '-' nlto'. r .. i.,u .... ""ble 0" . ia lrJiabu 'b. ~·!.Iboolu.f 
• typka, 5Otlp' ,11011 an .",.IntI,. lut .. lt th .. UGU I' I nd retr~11 p'O«"IIlI. n • 
..... I."" .... n.uly .Jtd '0 "' IC.ouioolJ r ... ... qu .. ies. S .... i!~ •• ,";pu ......... ' 0 
1.".Ute ........ u .. d ........ 1. 

The aboo. d ... , ibed Ktlpu I •• I"' .. p, ... d by .he .,.. .. 10 k< .... " 10 1'0"'" Ih 
Un diU ",uip .... . ... p.K..tU'" .. po. wilt. I uUr opp,ov.1 .a~ h . buiD,cL S • •• 
• oad;"t • ''''p' i. u",.oI., ca .... Ibn ood ...... dID ...... , ,hi. ",o'.'J";'" 0"", ... <1. 
is upte." '0 1 ... ·01 .. ,b . " ... 110 ,,, ta,IJ req.l .. m •• u .p<<iIi,, ' ;oD ~b~ ••. t ..... I •• ~1, 
.. 'pprlWai Un bt .bl>; •• d .. St.ip" ro'h .. ,k." .. Iyin; On ..... n d""Oq,n-.,ioo .. 

• r-oIe(., 
• Key alltibw.<t (~oIDII<:I . ... p"".d. unl"".tlUL .... ) 
• ridd(., 

. ldctI'ir""ion 
TOo 

• 5."~alWiDdo .. ,_diD.l .. 
· [ . ,,« . rd ....... 1'0 .... 

".j" """"".pd.lt 
ro, ... ' .u" "D~' 

Sioll' "1""" 
St. of r ... ;bl, ,upon .. , 

"'l ul' ipl< 01""'" 
5<1ol . <tpo .. ... 

"oy . ,b,l"l O<~ .. eo ... "I ...... 1>1")' d.<lou .. 
· ... hitl ... ' .. d .. lOtI.,lon <,.; .... ,. 

• R«ord kl.cl~"C ......... ... 
- 5i",1< ....... d rd;I;"1 1000II. 
- rd .. uu ooIiti.,,,, .... (browse-lilc •• 0<1_) 

• h.b bunu. 
• Sub-prot ..... 10 • • " .... 

• p ... "' .... " .. ';Ok 
- Rutrio:.ioo. aad .~ I;d .. ;oa 

... 



Ally ~tobltm tblt . ... , octwr •• n be !T.ud buk to . itbor the ~.rnob of layu I 
or tk •• ~"'pe ... IIU Of I.," 1. '''-y .bu,<I;~ I/r. ... (>000 Uf ..... n ... ,ped <lit«lIy 10 lb • 
... ....,. '1'10", n ord .... , "'.i nlll ""b~'t, ;, .110 .... d tb ..... 'b rC>'iewi., .Ii .. ",d " . 01 
",1«01 ...... n~ . o~."' .... I~<r Ibn tb. <I.uij,d .of ........ p ..... Alt .. ,,,"«Iiu •• , . 
"''',. 10 tho " K .d ....... I ~. "Mit . ... tk. ,/lu.ed ,a.1 of II><: IOft>o<t,. 1)'" .... un . h.n 
be .. c.ner.ltd I ....... rtl • • ie . ·1"'. "'00 .... 

l ,.i, io .h, "Iured ,h.ou.h ,ho"1< 01 J<ri,u. ~1 .. ""iIlnlio .... ,. ..... II.be 
ddi.;lian I ...... hy "I'd"i •• 'ho Ii",il.d .<1 of .... ;pu Ill . . . ....... ter* u..1IOft ... r. 
'p""'. Tbl, p'OUU· Un be p .. lo" ... d "., I' i .. " 11>11 . ... "".Itd oof"lw" •• ,..,_ ... .. 
b. '-'medlat.ly ... , .... , ."d, "".a 'be u,,·' 1, •• •• Iuly •• '..,. ..... 

4.7. lhlllbj"ry 

R .. i.bWiry (It) b ddiDed .. Ihd .... k I I I.tr.. ,.., blbiJiry Ibl' tie .p .... ..,U.'" 
/I~ (1 " 0- n .. ....... 'i.· •• by <q ....... (1 ) .. b .... ' (foil!'J Q lb. ",""'"biliry th"b, 
.. 1ooI<.yl" .. ..-iII f.iI.;,. ... ,loa, pr."" (i) 01 Ut. n ,.. ........ b., biled. 

o 
R _ I · I: p(f.wl PJ.) . Pi , I ' , 

t.q .... i. n ( 1) i, •• Iid lor '''''0 ,.. .. .- ... b .... ,iot<. DO ... ~ .. ,"' .. _ 
1"""'" .... Id II • ,i •.• ,ime. A ..... u I .. 1t of r .... biliry ... be " ••• b,: I I _ 1:,;)-
M ..... ia, . feD •• bl< ... 1'1> ..... '_po ... U 'u ..... . 1 Pi eu be i .. dindully .. d .. «d 
t~"''',~ 'p,"o"Utc y.,;/k.tlo.. .u.o, ... _ ..... 1kI"., ,It< owaobu of tedwddul 
, e_pa-... Q .. d •• ed 10 ito ...... , lj.iL l'~ ••• 1 , .. we it •• "' .... "';" "Ii.bairy. 

A111lo .. ~ , ... ... , hll ,atal.1Id .... m.d, ' ..... bI ••• f",.rc <o ... ponuu ""Y f. U 
"' __ , 'pul.1 ...... IA • ••• U u .... do .. th. "~~ • • b.n~ of pI.bobUi'1 er r.a"~ • • f 
.. ,~ ...... pOIO.1OU io I i ..... by P G' Odd Ill. umbo. of p. oud ..... , ia Ibu. <o"PU'~1J II 
tIe ..... t<I b, " ...... , 1M ••• roU II" .... proud", .. n . .... , ••• " ..... m, 'b" , ho .. 
.. isu ... pper bownd '. d ..... ti.1 I'" prob.biliry 01 f.U",. of 01".0.Uy . ddod 
...... pGncou. It it W. .. , lbot r . « p •• A ... noiallbll p. - "'Po .. ber." b ,.~ .... Uy ~ , . 
p<Db.biliry of f.i1ure ...... _ illn .0: 

0' 
Let •• tier",. (9) 10 be I •• <o lio be .... .., .. PI,f .. u fo "'lull"'. (!) and iu up.<l<d 

•. ot- Uo uK .. Iou , .... look .... tw.te syn .... .. ",,101 b. <n.rry"od fro"" J<r ll.b. l ·hi.11 
I;"" by." .. ,;.. (l), 



I .ll 

e. , n, 
• n 

F.II"OIio" Il) h. 11«. app~od '0 ,I>< fi~~ .... ""di ... ObulMd & nol ..... rt 
.o<"i~ .. td ,.di .. ' ..... ,. __ .... , 1It~ p<ob.~i1i.,. of(.i'''f~;' 1 ...... :011'_ .. ~ 
h .. ~ U, ""ploy •• , '_."IhI, , .. Iccl ..... ""'..nww ..... _ .... . 

5. A}o PUC"TION$ ,,/'(I) 1l[.$ l1LTS 

f o'Io""'" .. a b.io( ro~1t;. of apI"';"" Ib, Ir ...... ork d ... ribod .. _.10 (j •• 

.... ""dia, TIt ...... II,dia .... ~e, •• h ..... I. <0'" (j., dint ... , .ppl.ulioa 
d.",.in. "' ...... ,_rd ...... . 

Wit ..... , IaJ of , ..... Ii.,. OIl, ,~. ( .... , .ppt.< ..... will b<d ..... ~ ....... 
<I ... iI< 10 ill ........ '" oIo~ w ••• bolll.d II .. po-opo .. d fr ............ r.. I .......... III.t (" .. 
oppllu.i ... , .... ,"n u, ,I>< _ ,1 ... ion '0 o"din. Ih. "1:I<llOd tor ........ d""OffD'~1 
1" ... _10. 

rrollltli ,<f .. llioo: A ....... h .<q.ira ' " per 10,,,, ...... q.'''.'';'' ... 1, ... 
_ I«1t .. "" OD ""''''...,..OI ... d •• d >of ...... p.'''&c .. a • .,. _ , 010 ........ od 
...... ,"'&1 .~..,..... T, ..... , . .. m." b< .b •• 10' .m,; ••• _, I. ptrlo ...... '''',,,,,, 
bul .. is .. 001 " .... ,. tM .... , .in • • 110" ofth •••• ~, III .... d ,... ... d. PI'be" •• qul •• 
........ ..... 1 ...... I ... the ,np", d ... ,. I>t ""'oUl' • • d [10,151 . ..... oIyoiol <" .. bia.d In', 
DU ...... , boo"' •• ud do" 'YPfJ of dll. !$ "'" '!_Y' pouihl., nd if ... iI,bl. ,h .... r. 
tft .. '.n .... f. o,," 1 'OD,ider.bl. hurd •• wi, ~ roclOd '0 dof ..... , ,b. dOl. 'yp .... d 
Ihi. b'.dI'GI .. bom ... Tbi, .... t .~q .... , do .. 'h" .... be nl ....... lytJIP.<I.~«d ID ,h. 
us •• 1. ,on.» .... ,,,,ir.1 p.'oe- n' ... .,..1M , .... .., ... "'. P'Ol"'''''''''' dfort ,0 bo: 
" .... Oft •• , dot. III'~ ..... ~.f.rm.lio' , ... 1 .......... pie,.." '0 """", fr_ 
q.,....; .... " ........ '.',,"Ur ... bi •• d .............. nibble f ....... .. f., "P'" .. . 
....... iIi .... tI"i ... , pxkole. I. h. bt-t, d .. idod ' o .. a. , .. ~ . ,o'tw .... 1 ...... 001"1 .he 
' ............ k d .... lhod .. ,Ii ... 

5.1. Duic. pw .......... ... .. 

n. ",.1. obj ."i...,. 0 ' 010. 1,,1_ d"icn '0 b .... III.d If •• " ...... iord o. 
roUo"'., 

l. AJ dl lo '1I'''''>IIial '''' '' .0" .. i'''I<. p. obl ... lor. ,;. .. 1I.Hr, IN iI HllGbJectod .. 
,b. iII,erDoi " , .;", '_'''n . I ,h q_hO ... i,. due', Abo 41 •• d";'. ".111 floI(,u 1M 
r..,.w", ..... of be;", .... ..,. ... I ...... bIt .. d "O<I lfoob" .... cllq It IpcodtIt:_ 
... <dJ. n ..... 10 oily '<"q.i<od .. 'pee;" bb d ... ~~ I ......... fIed __ .... 



the 00(",,,, ... "."' .. b It co ...... II,. ',\II'(I,ri.ol. I .... .,. Oulr pl.", lUI un'ott 
'''Iuir. tIoo __ ... ,.pply Ik.ir ........ uprt'<'d h:'I'~" 

1. R.qui.-.d , ......... n .. II,. or ., ... " •• rlIy. , ""n', Ito. d' ..... ...,. •• d <dl,l., 
.ulnys, .... ""' .... din' ' . II .. quu, io." .... d ..... \p • ..., I''''' iIo "'p I. TIt" p • ., .h • 
• If ..... rtqllired Mo n • .,<., .. 1, bot ,.dio.u. phI«.. Alo., Ie ", .... loaY< ,~ •• du .... , . of 
...... 2 >til' ' .... " ... b ...... rd l.'.o uy .1t"~li.ooo. ",od. i. 1t",, 1. 

1. R",!"itod •• iot<l .. d. ",.h'q • ., I .... '.ndH.I ••• io., 'YPco of d ... , .,poti.1Iy f. r 
._bi .... IllIIyti •• 1 •• !!.pI • • .,.ion •• "., .. n" f • • \I.,., . ... ' ••• b '\Ipropri.o .. dl'" 
...... 1_.'000 ... Tb .... d .... 'YJH: .... n ...... "' .. , " ..... 1 b. u u _plUh.d ie . . .... Uy 
witho., I.' ..... ' ....... 'io •. 

4. h ....... ' ooL. ,t IDo- .h ..... Ie 'J1I,huiu d ... filla ....... ,. Uhl., " ... y-.pc<lr .. 
... b •• " or dIll ••• ", ..... ...wtoly It .... alify .co" .... ...., .. n. .... ,MIl ..... pot .... ' 0 
ulU ... u' .... lluIUI. 'pkl fi •• ti .. lid ,i"" ... dotttoDol'lC.bn. 

So AUo .. I~ ....... I .. ",Ur dtti, .. ud p. O<I .. ~. '"petit of u.1Jwd 01 .11 ;. l odl-
doc .. ..... , ............ II .. dun Ib, efforl ... uUy ..... toted wit. prtdui" rqIWlt r..-
ri .. <I, 10' . ... 11;0. d" It'b.r..". 

III •••• 1, I ......... W " j .. II •• " I • .,ul< a. ;', .. nled ooyiro.m.o. for 
q .... tlo ... I .. d.1o ar •• ;';", IDd .... i, .... i • • • ..: .. ",,& ' . om ,b. d.,i,II pb ... of. 
q ......... " .... fo.", to I~' •• ,.01 ,, "h ... Io •• r ... Iyud data ..... u.iIy , .. d~bl. 
'ormlt. 

II I, ... rt~ nOlu.llb.t Ih< . b ... nq.i ..... onu.u ' ..... 011, .,pl;'.bL. I • • wid, 
, 1001 01 In forot .. IO D , ,"<m. olbor ,bu ,hi • • ,«m, .Iampl<.. Tbit 'UI hi .• ~_ la~_ 

.... of du,"" lb. d .. ~a •• 01 Implo""nlllion pb ..... Thil W~. , .. lIlled i .......... " 
10 cou,InI" ... po.ll,ory. ' .. uub'. ,.f" ••••• omp."'''u, I I .1'0 ";mullled , h •• cod I. 
id ... li', wllicb UmPOMnU Ir< 10 b •• utOID,ti .IUy ,." ... t.d and .. bl'b or. DOL Tb. 
,.,. 01 tbe .... ,Iud, ilIuOlrll" Ihit po"'t. 

5.1: 5,,, ... d .. ". 'PprG"~ 

D .. ~. ofQtlr n: l oftw., •• , ...... is ... nio.ocI .. 'olio .. ., 

l q,. .. tionnlir. build ... p ph ... 
II. "' UI . .. , ,;. ........ ioo of d.ta ","aipul.,;". '.'"YO' •• 
nt . ..... ".if .ad tabu,"ti .. pbOl', .. hi.b CUI;.1t of tw o ,u,,"ph ... , 

10.1 a...." ... t ... o 
m.2 A'I'I;',II ... f ... Iyoil prococlurtt with ropOtl ,nor.'Oo<> ,.,ill,' .. 

• 001 • .,IOmlli<.U'.)'IIth .... ed dory.o .... tlu. 

PIlI .. J, HQt><otioOalir. b.ild_ .. pM, is •• _·ftieodly .... rll ..... td '0 
I.""oel" lb. M,.. ,. th. q.ttli ..... ir. u tria, their Illrib., .. ud, if .,plie.bI •• Ib.ir 
OJ ... I ... d .-.ibJ ...... en.. Th .... , ;hu ... 01 a. "fry &I, b< .;,~ ....... of th .... 
d ... , ;bed io ubi. (Ill). 
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A.fo.din, I. III, r~q"i"lIIea.. lpa'ifocadol , I~f I)'lIe!II p,.cIlttU • 
Otoulionoaire Docriplian rue (QD~1 and • ~I . f Poui\>lt AIUW" F""~Q (pM.) for 
CUI1'" of ,lDll., .... ltipl. and h yopdllm rw ... n.. .bo>-. iii .. u e lb .... ,~ It ""ild . 
QtI .. tiena~in I:ntriu FiI. lQ£f) .0 bold u Ut< .. <t .uti .ad ,,,",.m"o d. l~ .n.,., 
proudur .. 10 ... i, tb. u,td dllO Iyptt. Tho ro .. Ho" , .. IIOltlWoI<OO pr ..... is Id.pli •• in 
'bo ..... 11111 .a, .hon ... mid . to , b. q" .. rioan.ir. d""' ;prio" rd. or. ""PI .. d 
dirudy 10 'h' dllO 00.,., proud", ... 

In q""' ionn.i" ... Iy .... p«i li •• ,;oo, qu.ri ..... .. or.d ...... tn .10" .. Ind 
,b'n .... d i. 'be ',I> .. I.,io. p, o< ...... Tb.~.r< ''' 'good .... ' delin," .. p.;ou (QQDT) 
for <a'r .. "i •• ·.1 ond lor .. " ia .. b .. I.,;n, •• d. queryd .... ipriu is IIorod OJ . .. t or 
'ondi,"'., fon:nfll io , ... Uonol .IC.bn .. d ...... '" Inl ...... :'ur OJ ,0<1 .. (QQDC) b ... 
d"pb)od in .. , .. f .1 100'''' 1' rorm. Th •• ao lyrla, 'au"" .. til .. uu Ibe quory 
d .. <oipelclol ,I>on .kn '0 lorm .. i",i. llpOO .,.hi,b , .. reb <I," .. Or' lor",.d In 
.ddi • ..,. UI .ucom •• iuUy .yn'b ...... d uhrr.1 1>01""C' d ........ oul;"o . riD.Uy. 
tob~l .. td fOf "' . "0 pto<l~ .. d <ootoIDin, .U Of p'rl of Ih, .boy, Infor .... 'o .... ,,It<ld 
by,ho_t. 

Fic..... (3) '''!No,nul Ill. au'o ... linay .... ".,td 0' "p<Ifi'ory token 
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6. CONCLUSION 

n ••• potU . 1 soltw~ •• d,."dGpm(,,, produe.;.;cy.ocI.h fiu' p.odud • • ' .... U 
'1uolicy hn., bUD i ...... ia".ed ift . hi. piper. Se .... k.,. w ..... n ... iaS .b. rw. upeetJ 
Un bM ....... ;ud. 

Rely"" Oft ~ , .po.; • ....,. 01 lhorou,hly <h .. ked ...... b .. ooftwl •• <""'POll ... U. 
hd I prolo .. nd .!flO' "n nilut; .. , .h.lOltwa ....... Iop .... ' lit. 'f<i •. n ••• " eop ' of 
... ;", .,,;pu , ... t1y ... ~itat<d '" pic! soltw.r. prolorypi .. , ............ , .ppronl "' .. 
:tlw.),! b .. " obuia'" wilhi .. a <o",icI" ably. hor' Ii",,.. 

U. ilyiloc diu ",nip"'''li ... ".....,. nd "PO" ' ....... li ... proHdu ....... 
.. ,,, ... till' it ."10' .... ' ... ilb .be u,,' ;o 'ori .. e, ... u'l.d iao 100.10 .. dud .. , lbe « q .. ir.d 
de..lopl7lul lime ... d ... bud", lb . . ..... U .. orkin, tuirona,eaL T~. u .... d.ta 'DIr)' 
...... 0. hi" I"en .... d 1o. quU}' .o, .... ri.n lad " PO" COD .... 'io ... 10 query ... d <.po« 
forn'U"''' only 10m. Dlilebioc p"".'O. I •• enl .. t1I lor •• lI"io,;",''''II ••• e"U o ..... 
lb • • • ry $1m. p."er .... I."" .... uporL n •• bo • • d .. «i ... d app.o .. b .. "uir" Ib_ 
lilt. 10 ,., '<q ... inled wilb • lim it.d Itl 0( .. , .... d •• ;, ... 'ht u ..... ed ia tbre. 
differul "'Y" 00 tb. olio., b.ad Ibi •• pp.o •• b , .. b.uD,i.Uy . edu .... 10. p<ot'.mmiol 
<fl'O.1 IOd t ..... 

To 'om. '''.al, tb. abo •• duc,ib.d lunclio".1 <ornponen .. It. 01 ."mpor.bl. 
, ... Ind <omplu"y, ... . p. 10. tb. MSL 'ppli(ltion. n. d..,.lop"''''' tim. 01 ... h FC 
it thcrdo<c .pp,u<bin~ 10 ... ,,\: • .-at". 01 (n \:i .... by (T- t .;IO) ... ber. Ii iI tb. 
d..,.lop",.aC Ii",. of Fe;. A •• 'ou~h "Ii"", ... il no be eoo.Juded I.om lObi. (X) 11011 
tb. d.vdopmut tim. h .. b .. o «du«d 10 .oo\:. b.tw .. " 17.9-48.49% wilb . ....... ,. 
of 31.73" .. i .•.• boul on. tbird 01 tb. "Q,,;,ed d .... op .... nt lim. io .... ,it,l .y".m. 
duiao. 1I0 .... or, lb. u.<1 "Ii"" .. io d.pend ... 1 .n •• <h individuol . ~st.", .«o.d"" 10 
;U ... ture. 

11 iI .... d.nt tbot m.iotain.bility bo. beu p .. «i .. d 00 • lim,ted D .. mb .. 01 
eompon.oto '"Ih .. tboo impJ''''<Dlia, • I .. U 'y"om f<om .. raleh. AI,o, modiliellio, .. 
Ire I.n.rotly ,edueed , ..... tbey or •• ppUod 10' •• ry li",ilOa"l 01 ... ip .... ,.,be. ,Iou 
lb ... , ... , <od •. 

Perla'mu.e of tb. roOI! p.odu<1 h .. b ...... lo .. d 10 lb. '''''e' o' . .. tom.ri ... in 
the ..... e1op" ..... p''''' .... II i, <on,'"ded Ibot Ibe .oolinuou, •• roo.m.nU m.d. 10 tb. 
r.po.itory ,ompoa.aU .. ould Iu d to d ...... i .. , tb. prob.bility 01 I.~n'. Pf wilb ..... 
propOl'iou! 10 (110 2). 

Alt of tb •• bov. m.nlio"ed iI ..... or. al ... y •• imio& .1 redudns lb. '''''. 
<oo.u .... d Ib •• u,boul tb •• ol!w ... d •• elopmtD' Uf",y<l. odd obloill II .. ely .uul to OJ 

po"ible Irolll .b. p<oposed ,.(two",y.to", with < ... on.bl. q ... Uty. 

0 ... of lb. poillu .. bi<~ ,tem.'. 100 mlui"ll0 Ibio <oD'ul i. wblt', .... pted 10 
be • I ... ",.i .. qui .......... ' .p .. ifk~lin. 11 .. DOlitN Ibll Ibio .... y be ...... u l .... nIb. 
l ... eI of ,,,,,I. pe., ...... or runction!. and .ould b. IIOd .. llood by softwar. d ••• rop"'" 
!Jo ....... , 0" th.l .... l of 'y,'o"" Ibi. ntetlt. ITHI dul . 1 ....... 10 ud r •• "" i .. ord .. 
I. i ... o].o Ih. ul,i" ...... <,." I~" """ I<K'. 
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