Ka4yecTBOTO Ha
pa3pabortsaHoTo 10O



31 %
IIPEKPATEHNA

16 %
YCIIEIITHO
3aBbPIIUAU

51 %

CIIOpHU



Cpesarara cebecTroHHOCT

Ha ripoBasernre e 189 %
OT IIPEABHAECHATA

noa 20 % 15.5%
21-50 % 31.5 %
51-100 % 29.6 %
101-200 % 10.2 %
201-400 % 8.8 %
Hag 400 % 4.4 %




= [1poabmKuTenHocT

Cpearara IpoABA>KHTEAHOCT
Ha npoBaseHure € 222 % or
IIPEABHAEHATA

noa 20 % 13.9 %
21-50 % 18.3 %
51-100 % 20.0 %
101-200 % 35.5 %
201-400 % 11.2 %
Hag 400 % 11 %




& PeanusnpaHa pyHKUMOHaANHOCT

CpEeAHOTO H3ITBPAHEHHE IIPH
criopHHuTE IpoekTH € 61 % or
3aAaAHHETO.

noa 25 % 4.6 %
25-49 % 27.2 %
50-74 % 21.8 %
795-99 % 39.1 %
100 % 1.3 %




ToBa e pa3bpano, gye
I1e ce pa3padoTBa

Pa3zpaborka HNucrasupana Bepcus Keaanuve Ha KAMEHTA




< [lo manko OT nofoBMHaTa PbLKOBOAUTENU Ha
NMPOEKTN CMATAT, HE Ka4eCTBOTO Ha NnporpaMmHuUTe

npoaykTu ce nogobpsaea.
3HauuTenHo nose4ve nospeau (failures) 27%
[Nlose4ve nospeau (failures) 21 %
bes npomaHa 11 %
[Mo-manko nospegu (failures) 19 %
3HauuTenHo no-manko nospeau (failures) 22 %




+ [Mon kadecTBo Ha MO xopata pasbupart ase
Hewla:

v’ MNporpamMHMaT npoaykT Tpabsa aa npasu ToBa,
3a KOeTO e npeaHasHa4YeH 1 HULLO OpYyro
(“TpsbBa goa npasu npaBuNHUTE Hewla")

v Npu paspaboTka fa n3sbpLLBa OEUHOCTUTE CU
KOPEKTHO 1 KavyecTBeHo (“Tpsabea na pabdotu
npasunHo").



aHe Ha kadecTtBeHo [10:

& [1enHoCTn No 3a cb3gaBs
v' MnaHupaHe Ha Ka4yecTBOTO

v A3nbnHeHne Ha AeNHOCTUTE No Banuaauua n/mnm
Bepudukauna Ha paspadorsaHoto MO

v NamepBaHe n aHanua Ha pabortata Ha MO 3a
yCTaHOBABaHe Ha JaHHU, NOKa3Ballu CbOTBETHOTO
HMBO Ha Ka4YecTBO




<« ToBa ca cuctemu ¢ noHe 1 MnH. pega n uvawim
BUCOKAa CII0XHOCT:
v PaspabotBart ce ronam 6pon xopa.
v PaspaboTkaTa € B AbNbrr Nnepuos oT BpeMe.

= QCHOBHU Npobnemu

v bespasbopHo gobaBsHe Ha YHKLMOHANTHOCT, KOATO
4YeCTO € HecbleCcTBEHa.

v Jlow n gaxe ‘rnynas’ gusainH.
v HenpasuneH n3bop Ha e3uk 3a nporpamupaHe.
v" HecbcroareneH nogdop Ha TexHonormm 3a paspaboTka.

10



< [lenHocTuUTe 3a nogobpsBaHe Ha Ka4ecTBOTO
Ha pa3paboTkata ca Haco4YeHU KbM
v INpegnassBa oT noABaTa Ha HAKOWU Knacose
npobnemu/nospeu.

v Npemaxsa Bb3MOXHOCTTa OT Bb3HUKBAHE Ha
HAKOW KnacoBe npobnemu/nospean.

v HamanaBa BepoATHOCTTa U npaBu No-TpyaHa
nosasara Ha npobnemu/npodnemu ¢
nsnonssaHoto 0.

11



IIOAOOpABaHE HA Ka4E€CTBOTO

TexHUKN 1 AEITHOCTHU 32 IOAOOpABaHE HA
xayectBoTO Ha IIC (quality assurance)

Baamaanua u Bepudukanmsa

TectBane Ha I'IC

12



& ANTepHaTUBHUAT BLIMNPOC €:
v “KakBu ca xapaKkTepuCcTUKUTe Ha BUCOKOKadecTseHoTto MO ?”

+ 3a neuHMpaHEeTO Ha Te3U XPaKTEPUCTUKM €

HeoOxoQmMmMo ga ce otyutaTr Pa3JjindHN rMmegHu TOHK1 U

O4YakKBaHUA:

v

N N N NN

[NoTpebutenn

Paspabotunyu

PbkoBoauTenu Ha NpoeKkTr

CneunanucTtu no mapkeTuHr Ha O

MeHnoxbpu Ha copTyepHU pupmu

CneunanucTtu no nogapbxka u cenposoxaaHe Ha MO

13



& [lpneTto e ga ce U3nNon3Ee

3 dT NEeT OCHOBHU TTNeaHn
TOYKW, OePUHUPALLM XapaKTePUCTUKUTE 3a
Ka4ecTBO:

v ABCTpaKTHU KpuTepun

v" Motpeburtencko pasdbupaHe

v" MNMpoussoacrteeHo pasbupaxHe

v' TpoayKToBa CbLHOCT

v CTOMHOCTHO-6a3upaHu Kputepun

14



= [1pneTto e aa ce u3nonssart NeT OCHOBHU rMegHu
TOYKK, AedPUHMPALLM XapaKTepUCTUKuTe 3a
Ka4eCTBO:

v ABCTpaKTHU KpuTepun

x pr,ﬂHM 3a OonncaHne XapaktepucTtuku, KOUTo NpaBAT
HOTDGGMTQHMTG A0BOJTHU U WaCTinBu

v" IMotpebutencko pasdbupaxHe

v" MpoussoacrteeHo pasbupaxHe

v" INpoaykroBa CbLLUHOCT

v CTOMHOCTHO-6a3upaHu Kputepun

15



< [lpneTto e ga ce usnonseaT NeT OCHOBHU rMegHn
TOYKW, JePUHUPALLN XapaKTEPUCTUKUTE 3a
Ka4yecTBO:
v ABCTpaKTHU KpuTepun

v" IMotpebutencko pasdbupaxHe
x [lann ce peanusupa ToBa, KOeTo nNoTpedutenure ovakeaT

v" MpoussoacrteeHo pasbupaxHe
v MNpoaykToBa CbLHOCT
v CTOMHOCTHO-6a3upaHu Kputepun

16



& ﬂpmeTo e Aa Ce n3nosra3sart net oCHOBHW rMeagHun
TOYKW, JePUHUPALLN XapaKTEPUCTUKUTE 3a
Ka4ecTBO:

v ABCTpaKTHU KpuTepun
v" MNoTtpebutencko pa3bupaHe

v" MNMpoussoacrteeHo pasbupaxHe
x ﬂanm Ca Cna3eHu onpeneneHnTe npon3soaCcrseHn CtTaH4apTu

v" TpoaykToBa CbLUHOCT
v CTOMHOCTHO-6a3upaHu Kputepun
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& ﬂpmeTo e Aa Ce n3nosra3sart net oCHOBHW rMeagHun
TOYKW, JePUHUPALLN XapaKTEPUCTUKUTE 3a
Ka4ecTBO:

v ABCTpaKTHU KpuTepun
v" MNoTtpebutencko pa3bupaHe
v" MpoussoacTeeHo pa3bupaHe

v" IMpoaykToBa CbLHOCT
x [lanu ca cnaseHn onpegeneHnTe Npou3BOACTBEHU CTaHAapTH
v CTOMHOCTHO-6a3upaHu Kputepun
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& ﬂpmeTo e Aa Ce n3nosra3sart net oCHOBHW rMeagHun
TOYKW, JePUHUPALLN XapaKTEPUCTUKUTE 3a
Ka4ecTBO:

v ABCTpaKTHU KpuTepun

v" Motpeburtencko pasdbupaHe
v" MNMpoussoacrteeHo pasbupaxHe
v' TpoayKToBa CbLHOCT

v CTOMHOCTHO-6a3upaHu Kputepun

x  Onpegenar roToBHOCTTa Ha NoTpebutenute ga nNnaTtaT 3a
paspaboTeHna NpoayKT

19



= (QCHOBHU rpynu cnopeg posmre cu No OTHOLLEeHWe Ha
paspaboTteaHoTo 0O :

v KnueHTun

x Kynysauu (customer) —M3bupat Kakso 1 3aLL0 Aa ce Kynu

x [loTpebutenu (user) — camo n3nonssat Be4e
3akyneHo/ocurypeHo N0

= B Tasu rpyna Bnusat n ‘Hexopa’-notpedbutenu, T.e. gpyro NO unn
anapaTHa 4acT, B3aumogencraallm ¢ paspaboreaHoto 10O

v" Mpoussogutenu (producers)

x [unpekTHO yyacTBalluTe B paspaboTkaTa (gusanHepn,
nporpaMmmncTu, pPbKOBOAUTENU U ApP.)

x Xoparta oT Tpetu pupmu, nognomaraiLm paspaborkara,
nogapwuXKkaTta u cbnposoxagaHeto Ha MO

20



= OcHoBHOTO o4yakBaHe e [10 ga peanusupa
OEUCTBUTENHOCT NOoNe3HuTe PyHKUUU, KOUTO Kassa
4ye peanusupa:
v OyHKUUUTE OTroBapAT Ha HYXXOUTE Ha nokynatenure

v U3gpwxnueocT Ha MO (reliability)

% [1pu MHOrokpatHa ynotpeba w/unu B Abnur nepuos oT Bpeme ce
3anasBsa NonesHocTTa 1 NPaBUHOTO PyHKUMOHUPaHe Ha [10.

= CneynupHM N3MCKBaHMUA Ha KynyBa4u
v' UueHa

21



= CneunduyHn 3ncKkBaHusa Ha notpedurtenure

v ‘snonssaemocT’ (usability)

% CnoXHOCTTa Ha U3MNoNn3BaHeTO MOXeE Aa € Hal-BaXHa
XpaKkTepucTumka 3a MHOro notpedurtenu

v CnoXHOCTTa Ha UHCTanupaHeTo 1 NoaapbXkaTta e apyra
Ba)XHa XapaKTepucTuka 3a MHOro xopa
v ApantusHocTtTa (adaptability)
x BaxHo e KakTo 3a xopaTa-, Taka 1 3a ‘HexopaTa’-notpeburenu

v Bb3MOXHOCTTa 3a B3aumoaencTeme B egHa no-ronama
cuctema (inter-operability)
x OcobeHo BaXxHO 3a rpynarta Ha ‘HexopaTa'-nortpeburenu

22



+ (QCHoOBHaTa oLeHKa e:

v danun paspaboteHoTto O e ToBa, KOETO € NopbYaHo, T.e.
Oanu U3nbnHABa BCUYKM U3UCKBAHUA, 3aN0XeHN
cneundgukaymaTa Ha npoekTa.

v" KonkoTo no-necHo Toea ce Joka3sa, Tonkoea no-
kayecTBeHo e paspaboteHo MO.

@ [lonbNHUTENHO U3NCKBAHE:
v KynyBaunute nak ga ce BbpHart npu Hac.

v [la mora ga noema Apyr NPOEKT crep 3aBbpLUBaAHETO Ha
TEKYLLUS.

23



< CtangapTt 3a kayectBo Ha 10, nedpuHupaly 6
XapaKTepuUCTUKKn 3a Ka4ecTBo:

v OYHKUNOHASTHM:

x rogHocrt (suitability), TouHocT Ha pa3paboTtkarta (accuracy),
cbBMecTumMmocT(interoperability), curypHocT (security)

v' HapexaHocT:

x pabotocnocobHocT (maturity), ycton4umeoct Ha oTkasu (fault
tolerance), Bb3ctaHosumocT (recoverability)

v" \3anon3saeMocCT:

x pasbupaemocTt Ha N0 (understandability), HaywaemocT
(learnability), necHota Ha onepupaHe cbe 10O (operability)

24



< CtaHpapT 3a kadectBo Ha 10, geduHupaly 6
XapaKTepuUCTUKKn 3a Ka4ecTBo:
v EdpeKkTuBHOCT:
X n3MepBa Bpb3Ka ‘PyHKMOHANHOCT-0bp3ogencTeme-pecypcu’
v Bb3MOXHOCT 3a nogapbxkka (maintainability):

X aHanusyemocT, npomeHaemocT (changeability), yctonunsoct
(stability), Bb3mMoXHOCT 3a TecTBaHe Ha npoMmeHuTe (testability)

v" [peHocuMOoCT:

X aganTUBHOCT, UHCTanNMpPyeMocCT, CbOTBETCTBUE MeXaY
UHCTanupaHute sBepcuun (conformance), 3ameHAEMOCT Ha
Bepcuute (replaceability)

25



= CUPRIMDS

v Capability, Usability, Performance, Reliability, Installation,
Maintenance, Documentation, Service

v Mlanon3Ba ce B IBM

= Web-6a3upaHu npmnnoxeHus
v [TbpBUYHU XapaKTEPUCTUKN: N3OPBXKIIMBOCT, N3MNOMN3BAEMOCT U
CUTYpPHOCT

v' BTOpWYHN XapakTepucTukn: 4ocTbnHocCT (availability),
MawabmnpyemocT (scalability), BbAMOXXHOCT 3a nogapbXKka U
BpeMeTO 3a 1U3fim3aHe Ha nasapa

= ExxegHeBHO nanonssaHo 1O

v" OCHOBHUTE KpUTEPUM B TO3WN CIy4an ca KOPEKTHOCTTA U

CbOTBEeTCTBUE CbC 3aaHNETO o6



<= [loBpepaa (failure)
v" HeBBb3MOXXHOCT Ha cucTemMa unm KOMMOHEHT Aa peanuaupart
3alJ10XXeHa GbyHKLl,I/IOHaJ'IHOCT cnope 3agageHn TeEXHNYECKHU
XapaKTePUCTUKN

v OTHacs ce 3a OTKNoHeHWe B noseaeHneTo Ha MO crnpsimo
3ajaHneTo 3a pa3paboTka

= [ledoekT/onyweHune (fault)
v' HenpaBuneH npouec, CTbhka nnu geuHnumMa Ha JaHHU B
KOMMIOTBbPHA nporpama.

v" OTHacs ce KkbM HanuuneTo Ha cneundunyHm ycnosus B MO,
no3BonsBaLlM NPOsIBNEHNETO Ha JadeHa noBpeja.

= [peLka (error)
v' YoBellka OEeNHOCT, BodeLla A0 nory4YyaBaHe Ha HEKOPEKTHM
pesynTtartu.

v" OTHacs ce OO0 OTCbCTBALUM UMW HENPABUITHN YOBELLKU AEeNCTBUS,
BoAeLWn Oo nosieata/3anaraHeTo Ha gedektu B [10.



f - fault

&)

N

Bxon 3a pazpaboTka
Ha [NO

e l"""‘”"’®\
H@/

x - failure

PaspaboTteHo INO

CueHapum 3a na3noaneBaHe
n pesynrtaTtun oT paboTtaTa
Ha Nno



KAauCCTBOTO

= [ledunHmnpaHe

v" OT rmegHa To4ka Ha KIIMEHTUTE € CBbP3aHa C BbHLLUHOTO

nposiernieHme Ha O, T.e. HAaNM4YMETO Ha NoBpeaM.
x OkasBa BNusiHWE BbPXY U3MN0ON3BaeMoCTTa, MPEHOCUMOCTTA,
Bb3MOXHOCTTA 3a UHCTalimpaHe, nogapbXkKkata n T.H.

v" OT rnegHa To4ka Ha Npou3BOAUTENUTE € CBbp3aHa C
BITUSIHUETO Ha BbTPeELUHNTE ocobeHocTn Ha 0O, T.e.
HanMymeTo Ha AedEKTH.

x CBbp3aHa e XxapakTepuUCTUKN KaTo Au3aiH, pa3Mep, CIrOXHOCT
N T.H.



= KOpPEKTHOCTTa MOXe [ja ce n3Mmepna 4Ypes pasfnyHn TEXHUKU
3a cregeHe Ha nospeguTe:
v OnuceaT ce Tuna u CbLLUHOCTTA Ha NposABJIEHNETO
v" MIamepBarT ce 4pe3 aHanus3 Ha bposi, pasnpocTpaHEeHNETO, YecToTaTa
Ha NpodBrieHUNe.
= agpwxnmeocTTa (reliability) npsako 3aBucm OT KOPEKTHOCTTA,
No-TOYHO OT YecToTaTa Ha NPosBreHNE Ha NoBpean
v' [ledmHunpa ce KaTo Bpeme 3a paboTta 6e3 nosiBa Ha NoOBpean Unun KaTo
paboTa npu onpegeneHn BXoaHU JaHHN 6e3 nposiBa Ha noBpeau
= besonacHocTTa Ha 1O (safety) cbLLO 3aBUCK OT KOPEKTHOCTTA

v [lebuHunpa ce kaTo xapakrepuctuka Ha MO, koeTo He Boan A0
NHUUOEHTW NMpu onpeaerieHo HUBO Ha OMacHOCT OT HacTbNuniaTa
nospeaa.

x |/|HLI,VI,EI,eHT'bT € noBpeana B 10O c Texkn nocrnegctBuUA 3a KIMMEeHTAa.



= I3non3BaTt ce TEXHUKN U METOAMN 3a UBMEPBAHETO U
aHanuns Ha gedektnte B paspaboTkaTta Ha [10:

v" HMBO nHAMBUAyanHu aHanma:

x Twun, Bpb3Ka C onpeaeneHn noBpean N MHUMOEHTU, MPUYNHM,
BpeMe 1 NpuyrHM 3a TaxHaTta nosiea B 10 v ap.

v" HMBO Ha rpynoB aHanu3

x VscnenBaT ce pa3npocTpaHeHNeTo 1 rbcToTaTa Ha gedekTuTe B
pa3nuyHuTe asn Ha paspaboTka.

x  3cnenBart ce pa3npoCcTpaHEHMETO U MbCTOoTaTa Ha AedekTnTe B
pasnuyHnTE nogcucTemMm u/mnn KOMNoHeHTn Ha [10.

= Pa3paboTBaT ce cneunarnHu nnaHoBe, CbabpXKaLln
MepKU rno dpasn 1 KOMNOHEHTM 3a noaobpsiBaHe Ha
KOPEKTHOCTTA, T.€. Ha Ka4yecTBOTO Ha [10.



paspaborkara Ha I1O

& CUrypHocTTa B Ka4eCTBOTO Ha paspaboTkaTa Ha 10
(quality assurance - QA):

v' [NedunHupa ce kato ‘OTHOLLIEHNE KbM HaNMM4neTo Ha
nedektn B 1O n TexHUKNTE 3a TAXHOTO
orpaHn4yaBaHe/npemaxBaHe’.

& Tpl/l reHepn4HmM KaTeropmm Ha nposdasJrieHne.

v' [lpeBeHUMsa Ha aedekTuTe Yypes 6rokmpaHe Ha rpeLukuTe
NN TAXHOTO NpemMaxBaHe

v' PepyumpaHe Ha gedektute ypes pasno3HaBaHe Ha
nedeKkTuTe 1 nocrneaBaloTo MM NpeMmaxBaHe

v' OrpaHn4yaBaHe Ha BUSIHUETO Ha noBpeauTe Ypes
npeBeHUMsA N KancynupaHe (orpaHn4yaBaHe Ha
NpoABneHnsaTa)



Bxon 3a paspaboTtka

no

PaspaborteHo
Ha No
-.‘. _
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CueHapum 3a M3nosneaHe
n pesynrtaTtum oT paboTaTta
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Oby4yeHune Ha xoparTa

v" MHOro n3To4YHuUUM Ha rpeLLKn ca pe3ynTaT OT HE3HaHME UMK
Hepa3bupaHe

dopmanHm metoau
v" OcurypsiBaT onpegensiHeTo Ha MecTarta ¢ Now Au3anH n/mnm
peanusauus
3non3BaHeTo Ha cTaHaapTu n 4obpun NpakTUKn npu
pa3paboTkaTta

v" CunHo ce orpaHM4yaBam Bb3MOXXHOCTUTE N MecTaTa 3a BMbKBaHe
(MHXEKTUpaHe) Ha rpelkn B paspadoreaHoTo [10.
3non3BaHe Ha noaxoasLmy n cUrypHu cpeacrtea 3a
pa3paboTka

v' HamansBa ce Bb3MO)XHOCTTa 3a JobaBsAHE Ha rpeLluku oT paboTaTa Ha
nanonasaHoTo 10O npu paspaboTkaTa.



= AHCcheKkuunsa

v' 3a AUPEKTHO OTKPUBAHE M NpemMaxBaHe Ha
nemeKTH

= TecTBaHe

v 3a HabntogeHne Ha NoBpeanTe KaTo Ha4MH 3a
HaMupaHe 1 npeMmaxBaHe Ha gedeKkTuTe

= [Hpyrn metoau

v ToBa ca meToau 3a aHanus Ha 10 cnen
Cb3JaBaHeTO My



= ToBa e cTaTuyeH MeToA 3a aHanu3, 6basunpall, ce Ha:

v" KPpUTNYHO YeTeHe Ha pasnuyHUTe AOKYMEHTU NO
cb3gasaHe Ha 10 (u3uckBaHud, gn3anH, ko4, T.H.).

v' Peanuaunpa ce Ha nocrneaoBaTefiHn U KOOpAWHNPaHU
CECUM OT eKkun OT cneunanHo oby4yeHu cneunanmncTtu,
paboTeLln KoopAUHUPaHO.

v [lebekTute ce onpenenaTt AMPEKTHO Npu NpoBeXJaHuTe
NHCNEKUUmn

v' OTKpUTUTE TPELLKN ce npemMaxBaT 1 ce U3BbpLUBa
NMOBTOPHA MHCMNEKLMS 3a NosiBa Ha HOBW.

v' CTpyKTypaTa M1 CbLLUHOCTTA Ha npoueca CUIHO Bapupar oT
0OMKHOBEHO NpeMuHaBaHe npe3 AOKYMEHTUTE A0
dopmanunanpaHe n aHann3 Ha UHCNEKTUPAHNSA JOKYMEHT.

v" MNpouecbT 3a4bHKUTENHO ce NnaHnpa Kato AenHOCTU U
HaCOKM.



= Kora gedektn TpssbBa ga ce onpenensT 4pes
TecTBaHe ?

= KakBO Oa ce TeCcTBa U KaKbB BUO AedEKTU ce
Hamupat ?

= [1pn KakBO HMBO Ha OTKPUTU AedeKTn aa ce
cnmpa TecTBaHeTo ?



npouecuTe Ha pa3padboTka

= YnpasneHune Ha gedektute (defect handling)

v [JoKymMeHTMpaHe Ha nposiBaTa U Ha4yanHo onucaHue Ha
nedoekta (defect logging)

v' CnepgeHe v onncaHne Ha NposiBeHnaTa Ha gedekra
cnepn Ha4yanHoTo yCTaHOBsIBaHE A0 KPamHOTO
npemaxsaHe (defect tracking)

= JleMHOoCTU No ynpaBneHne Ha gedeKTUTe

v' AHanuna Ha gedektute — gedektn ce obpaboTBaT no
rpynu (BbTPELLHU rPELLKU, rPELLKM Ha noTpebuTens,
apyrn) 3a ga UMa KOHCUCTEHTHOCT NO TUMNOBETE MPELLKU

v MNepunognyHo HabnogeHne n onnucaHme Ha CbCTOSHMETO
Ha BCUYKN YCTAaHOBEHU OedekTu.



M3NCKBAHUA U
cneyndpmnkaumsa
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= BanugaumdaTta e HacoYeHa KbM yCTaHOBABaHE Ha
CbOTBETCTBUETO MexXay dyHKUMoHanHocTTa Ha 10
N O4YaKBAHETO Ha KNMUEeHTUTe

v [poBepsiBa ganu e peanuampaHa yHKLUNOHANHOCTTa

v [lpoBepsBa ganu nma oTKITOHEHWE B NOBEAEHUETO HA
[1O cnpssmo onnucaHoTO B 3aaHMNETO

v" [poBepsiBa Kak noBpeauTe BINASAT BbPXY
Bb3MOXXHOCTTa 3a M3MNon3BaHe Ha 3anoXeHarta
doyHKUMOHANHOCT.



= BanngaunoHHM OeNHOCTU, OTroBapsLLmM 3a
kayecTBOTO Ha 10

v CncteMHo TecTtBaHe (system testing)
v TecTBaHe 3a gonycTtumocT (acceptance testing)

v CTaTUCTUYECKM aHanM3 Ha 13non3BaemMocTTa Ha
3anoxeHaTta PYHKLUNUOHANHOCT

v YcTtaHoBsiBaHe Ha aedekrtoyctonymsocT (fault
tolerance).

v YcTaHoBsAABaHe Ha curypHoctTta Ha 10 (safety
assurance)



= Bepudunkaymara npoBepsaBaT ganu
peanunsaundaTta e u3BbpLleHa no 3agageHuTe
cneumukaumm

v [py HanNnM4yMeTo Ha noBpean ce npoBepsiBaT
NPpUYNHUTE 3a U3MEeHeHUs B noBeaeHneTo Ha MO

v [pwn apyrv Bngose npodremn ce npoBepsiBa 3a
rpeLlKkn n BkapaHn aedekTu.
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OCHOBHM NPUHLUMUNKX Ha
Banuaauna u sepudukaums
Ha NporpamMmHoO ocurypsaBaHe

MeToAu 1 cTpareruu Ha peasu3anusa



= BanupauusaTta n sepudukaumata (V&V) ca pesyntar
OT pa3BUTUE HA OENHOCTUTE MO OCUTYPSIBAHE U
yrnpaBfieHMEe Ha Ka4eCTBOTO Ha pa3paboTBaHUSA
NPOOYKT.
v' Pa3ButneTo Ha cuctemuTe u MeTOoOUTE 3a YyrhnpaBJiEHNE
Ha NnpouecnuTe Ha yrnpaBJieHNe Ha pa3pa60T|<aTa

NnepmoanyHoO BOAAT 4O NPOMSAHA HA OCHOBHATa HacoKa U
3agadun Ha genHoctute no V&V,

v [NosiBaTa Ha HOBW npunoxenua Ha N0 sBoan n oo
HeobxoaMMocCTTa OT paswmpsaBaHe (No-pAaKo
npeneuHUpaHe) Ha Te3n NOHATUS.

v' ToBa BoAW A0 CbllecTByBallaTa HeegHO3HAa4YHOCT B
pas3bupaHeTo 3a Te3n NpoLecH.



= To3n TepMnH Bb3HUKBA B 20 BeK KaTo pesynrtar oT
Pa3BUTUETO Ha TeopusaTa 3a cuctemunte Ha Bertalanffy.

= IHTYynTMBHO pa3dbupaHe

v' T ce CbCTOM OT OTAENHN €NEMEHTU, OPraHN3NpPaHn Mo HAKaKbLB
Ha4ynH B e4HO UANo, Mawm 3agageHa nHtepgenc nomexay cu.

v/ PaboTaTa Ha cuctemaTa cb3gaBa pesynTtaT, KOMTO He MOoXe Ja ce
Mony4n KaTo eflieMeHTapHO CyMupaHe Ha pe3ynTaTtuTe oT paboTaTa
Ha oTOEeNHUTE eNeMeHTH.

v' Bcska cuctema Bnvsie Ha 3aobukansiiaTa s cpefa, Kakto 1 ce
BNUsie OT Ta3u cpeaa — 3aabImkuTtenHo ce geduHupa Bpb3kaTta
MeXxay cuctemara u 3aobukansuiata g cpeaa

x  dopmMmuTe Ha BXOA-n3xon MoraT ga 0baart Har-pasnnyHu (maTtepus,
eHeprus, tHdpopmauus).



= |LlenTta Ha MH)XeHepHWA npoLec e paspaboTkaTa Ha
edeKTUBHU N HAOeXOHN cuctemun (MPoayKTU, YCRyru,
peLleHuns), OTroBapsiLLM Ha onpeaeneHn HyXagu, KouTo
ce neuHmpaTt Ypes 3aJaBaHe Ha MHOXECTBO OT
orpaHnyeHus.

= Knacu4yeckusaTt UMKbN Ha XKUBOT 3a BCsIKa MHXKEHEPHA
CUCTEMA BKIOYBa cregHuTe dasa. gedouHmnpaHe,
An3anH, peann3npaHe, MHTeErpauus, okavyecTeaBaHe u
Npon3BOACTBO.



& (OCHOBHU XapaKTepPUCTUKN

v" TbpceHe Ha eANHUYHO peLleHne, ba3npaHe Ha YHMKaneH
On3anH N OPUEHTUPAHO KbM cneumdunyeH npobnem.

v [loBegeHmneTo Ha cuctemara TpsibBa aa e npeaBnanmMo U
na o6bae NnpeunsHo onucaHo.

v MNogxoabT 3a peanusauma e ‘otrope-Hagony’, 6asupan
Ha pyHOamMeHTanHoTo pa3bupaHe, Ye Bcsika CUCTeEMa
MOXe OJa 6bae onucaHa UsinocTHO Ypes3 onmcaHne Ha
NoBeAEHNETO HA HEMHUTE YacCTun, BPb3KUTE UM U
B3aMMHOTO UM BRNUAHUE.



= (OCHOBHU aTpMOYyTHU:

v

v

[Tpeacka3yemMocCT: BbB BCsKa cUTyaunusti cuctemara
paboTn No NpeackasyemM HauuH.

HapexxgHocT: B 3agageH nepuog oT BpemMe U npu
3agafeHun ycrnosusi Ha paboTa cuctemarta U3nbliHsBa
N3NCKBAHUTE OEUHOCTMN.

[Mpo3payHoCT: CTPYKTypaTa Ha cuctemarta u Ha
npoLecuTe 1 MoXe Aa ce onuLLe eKCnMLUTHO.

YnpaBnsieMocT: cuctemaTa MOXe [a ce ynpasnsBa
ANPEKTHO cnope 3aJafeHnTe NHCTPYKLMN Npu
3aafleHnTe ycroBus Ha pabora.



“‘Cucmema e MHOXXecmeo om pa3s/iu4yHU efieMeHmu, Koumo
3ae0HOo cb30aeam pe3yrimam, Koumo He Mo)e 0a ce noJsiy4u om
camocmosimerniHume efiemeHmu. EnemeHmu (4acmu Ha
cucmemama) moz2am 0a ekrirodeam xopa, anapamypa,
rnpozpamMHo ocuzypsieaHe, cpedcmea, rnosiumuku, OoKymeHmu. Y
8CUYKU me3u efieMeHmu ca HeobxooumMu 3a riosiy4asaHe Ha
Heobxooumume pe3yrimamu. Te3u pe3ynmamu Kriro4eam:
ceolcmea, xapakmepucmuku, gbyHKUuUU, rnogeodeHue, 0etcmeus.
[lonnizama om cucmemama, Kamo UsJio, KOSImo ce riosly4aea
U38BbH I10/71€3HOCMMa Ha 8CEKU om efieMeHmume rnoomaoesiHo,
OCHOBHO c€ oJsiydasa om gpb3Kkama Mexx0y omoeslHume d4acmu,
m.e. om Ha4yuHa Ha cebp38aHemo um.”

INCOSE



< QCHOBHa aunnema

“EnnumuHupaHe Ha odeghekmume
unu
Lloka3saHe, ye HaMa Oegpekmu”



= EnumMuHmnpaHe Ha gedoektute

v' Heobxoanmo e ga ce npemMaxHaT KOJNKOTO € Bb3MOXHO
noBeye aedeKT npu orpaHNYEeHNETO 3a Napu, Bpeme,
pecypcu (anapaTtypa, xopa, T.H.).

v OcHoBeH noaxopa He camo 3a O, HO 1 3a BCUYKHK
NH)XEHEPHU NPOEKTMU - NO3BOSIsABa [a Ce OLEeHU 1 noaobpu
Ka4yeCTBOTO Ha NPOAYyKTa.

= [loka3BaHe, Ye HAMa OedEKTH

v" MHoro Heo6xogMmMo OT MapKeTMHroBa rnegHa To4ka, HO
HenpaBUITHO OT UHXXeHepHa.

v B OOMLINHCTBOTO OT Crny4YyamTe e HEBb3MOXKHA 3a
peanusaumsa — N3KN4YnTeNnHn obemmn ot paboTa ¢ BUCOKa
CITOXXHOCT U HEODXOAUMOCT OT De3KpanHn pecypcu.



+ 3a oueHka Ha npoueca Ha V&V ce nanonssat
crnegHuTe aTpmoyTu:

v KopekTHocT (correctness)

x  AKo BXOOHUTE gaHHW ca BanugHu, MO we paboTn nu KakTo ce
o4vakBsa ?

v" MbnHoTto (completeness)
x  Peanuanpa nu NO BCUYKN N3UCKBAHUS, NOCTaBEHMN 3a HEro ?

v KOHCUCTEHTHOCT (consistency)

x [lo egHakbB Ha4uH 1 pabotun NMNO B MAEHTUYHKU cuTyaummn ?
AHanormnyHoTo N0 oT gageHarta hammnus CbLLO NN MMa TO3N
Ha4yMH Ha paboTa B Te3n cutyauum ?

v' HapexaHocT (reliability)

x  BbB BCUYKU cny4yam Jim cmcremMmata “UMa O4akBaHOTO NoBeEOAEHUE,
Aaxxe n rpun cUiHo npomMmeHeHun ycrioBus ?



+ 3a oueHka Ha npoueca Ha V&V ce nanonssat
crnegHuTe aTpmoyTu:

v" MNonesHocT (usefulness)
x 10 paBa nn Ha noTpeduTenuTe rnosie3Hn ycrnyrm ?

v NanonasaemocT (usability)
x YpgobHa nun e cuctemara 3a ynotpeba ?

v EdekTtuBHocT (efficiency)

x  EdoeKkTMBHO N1 n3nonssa nporpamMHOTO OCUTrypaABaHe pecypcu
KaToO Bpeme, nameT, nepudepund, KOMyHUKaALUOHHN KaHamnn 1

apyrmn ?
v' CnonyunusocrT (effectiveness)

x  OT rnegHa To4YKka Ha BoXeHueTe napu ToBa €aHO ePEKTUBHO
pelleHue nm e ?



= ToBa ca JeENHOCTU, KOUTO TpsibBa Oa ce u3BbpLUBAT
ce npes uenus xunsHeH unkbn Ha 1O 3a ga Nno3BonAT
nedekTuTe ga ce yctaHoBSABAT KOJIKOTO MOXKe Mo-
pPaHo.

= [leMHOCTUTE TPSsIOBa Aa ce nraHupart, JOKYMEHTUpaT
N PBKOBOOAT OT 6e3npucTpacTHa rpyna cneymarnmcTu.

= [lpoBepkaTta Ha otaenHuTe Yyactn Ha 10 He
rapaHTupa 3agb/mKUTENHO KadyecTBOoTO Ha 10 B
ysanocT. LisnoctHaTa npoBepka Ha cucrtemara €
MHOIO CITIOXEH MpoLLec N He BUHArn Moxe ga ce
peanunaupa.



= Banugauusa

v I3non3Ba ce 3a cpaBHsABaHE Ha cMctemara oT
n3nckBaHmA Ha knneHTute (stakeholders), kouto morar ga
ce NPOMEHAT BbB BPEMETO.

v’ 3a peanusauusta n e HeobxoaMMo Hannyme Ha
doopmarsnHo unn HegopmanHo cneunduympaHe Ha
MHO>ECTBOTO OT >XeflaHUA Ha KIMEeHTUTE 3a
dyHKUMOHaNHOCT Ha pa3paboTBaHoTo 1O npeaun
Ha4yanoTo Ha npoueca.

= Bepudomnkauyms

= TecTBaHe



= Banugauusa

= Bepudomnkauyms

v" /IMa OoTHOLLEHNE KbM NUcaHuTe cneundunkaumum Ha
cucrtemara

v BKkntoyBa KOPEKTHOCTTA Ha BbTPELUHaTa CTPYKTypa Ha
o

v' CBbp3aHa e cbC npouecuTe Ha pa3paboTka OT Lenus
UMKBN Ha »mBoT 3a 10

= TecTBaHe



= Banugauusa

= Bepudomnkauyms

= TecTBaHe

v BkntouyBa HAKou BMAoBe npoBepkn Ha 1O — ToBa ca
CTaTUYHU UM JMHaAMWYHU METOAM 3a OLIeHKa Ha
KOPEKTHOCTTa Ha DYHKLIMOHMPAHE.

v /I3BbpLUBa ce KaTo NOAMHOXECTBO Ha NpoLlecuTe Ha
Banuaauus Unu sepudukaums.
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& OCHOBHU AeUHNLINA
v |EEE-610:

x [Tpouec Ha OLEeHKa Ha cUcTeEMAa UMM KOMMOHEHT Mo
BpeMe Ha pa3paboTka unm B Kpad Ha paspaboTkarta
Oanu oTroBapst Ha crneundnumpaHnTe N3NCKBaHUS.

v ANSI/EIA 632

x [ToTBBbPXOEHME YpPE3 NPOYyYBAHE U HA OCHOBAaTAa Ha
00EeKTUBHU JaHHW, Ye 3aganeHaTa ynotpeba Ha
npoaykta (pa3paboTeH nnun 3akyrneH) nnm
CbBKYMNHOCTTa OT NPOAYKTUN € N3BbPLUEHO B
XernaHaTta cpeja.



& OCHOBHU AeUHNLINA
v |EEE-610:

x [pouec Ha oLeHKa Ha cuctema Unu KOMMOHEHT 3a
onpeaensiHe ganv NpoaykTbT B JadeHaTta dasa Ha

E:%a‘{%?}(?;égéga 5%%%50,%3{?%?51%9&%%” B
v ANSI/EIA 632
(HanucaH, PA3REROMEH, KOOUPAEHIPRY LHEMERYPaH)

06EeKTUBHU AaHHU, 4He cneumcbmu,mpaHMTe N3NCKBaHUA,

no KOM@W@@BM@@Q@H@}@QRH?H@HQPGH nnu
crnobeH, ca N3nbiIHEeHWN.
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= Qpa3sa “dedunHupaHe”
v OnpenenaT ce n3nckBaHuata kbm paspadorsaHoTo [10.
= [leMHocTu 3a peanu3auusa Ha V&V mopena

v' MogenbT e Haco4eH e KbM geuHMpaHe Ha ACHW,
NbJTHU, HENPOTMBOPEYAaLLU CU U3NCKBAHUS.

v' [ledomnHmpar ce npaBunarta 3a U3aMepBaHe Ha
KayeCcTBOTO.

v' Cb3gaBa ce nnaH 3a okadectedaBaHe Ha 0O Ha
OCHoBaTa Ha AedUHUPaHNTE N3NUCKBAHUS.



= Qpasa “[dnzann’

v' Onpepensa ce TexHn4yeckaTa KOHLUENUUs 1 nporpaMmHaTa
apXuTeKTypa 3a peanusaums.

= [leHOCTM 3a peanun3aumda Ha V&V moaena

v' ObBbp3BaHe Ha U3McKkBaHMUATa OT 3aaHUETO C
KOHKPETHU NOACUCTEMMU N KOMMOHEHTH.

v KoHKpeTuanpaHe Ha Ha4YnMHUTE 3a U3MepBaHe Ha
Ka4eCTBOTO.

v" N3bmnpaHe Ha cTpatermmte 3a Bepudumkaums.

v' [ledbrHnpaHe Ha N3NCKBaHMATA 3a KAa4ecTBO 3a
cneapawmTe asun, KOUTo 3aBUCAT OT N3dpaHNsS An3anH.



= (Qpa3sa “‘Peannsaymns’
v' Peanusauusi Ha gu3ariHa B peanHo cucrtema.

= [leiHOCTM 3a peanun3auymda Ha V&V moaena

v' [MpakTnyecka Bepudurkaymsa Ha HUBO KOMMOHEHTU U
noacucTemMu cnopep orpaHU4YeHnUATa U U3UCKBaHUATA,
HanoXeHu oT An3amnHa Ha [10.

v eHepupaHe Ha npeanioXxeHnsa 3a nogobpsiBaHe Ha
pean3naumnsaTa Ha oTaenHu enemeHTn Ha [MO.

v Banw:mpaHe Ha OCHOBHNTE U3NCKBaAHNA Clriope
O6B'bp3BaHeTO UM C KOHKPETHWN noacmncrtemMm n/mnm
KOMIMOHEHTMN.



= Qpa3sa “‘UHTerpunpane”

v' CBbp3BaHe Ha oTAEeNHUTE NOACUCTEMU U KOMIMOHEHTU B
eHOo Ldao.

= [leHOCTM 3a peanun3aumda Ha V&V moaena

v' Bepudukauus Ha nHtepdernica mexay oTaenHuTe
enemMeHTn.

v' Bepudukauus Ha nHtepdenca mexay cucrtemarta u
obKpbXXaBallaTta g cpeaa.

v' BanuanpaHe Ha U3nckBaHUs, KOUTO ca pe3ynTaTt oT
NHTEerpaumnsaTa Ha HAKOJKO noacuctemMm u/vnm
KOMMOHEHTH.

v 3aBbplUBaHe Ha NnaHa 3a okayecTBsBaHe.



= @pa3a “‘OkavecTBsaABaHe”

v MI3BbpLLBaA Ce OLEeHKa Ha Ka4eCTBOTO Ype3 npunaraHe Ha
TecToBe, cneunduLmMpann B cTaHaapTy, 400pK NpakTUKK
UnNn onpeaeneHn oT Bb3NoXUTens.

= [leMHocTu 3a peanu3auusa Ha V&V mopena

v' Banugauusi Ha BepuuunpaHmTe N3ancKBaHus ¢ Lien
NpoBepKa Aanu npaBuUSIHO ca OTpPa3eHn K peannanpaHu
peanHuTe U3NCKBaHUA Ha Bb3NOXUTENS.

v [poBepsBaT ce 3a npaBUHOCT M3bpaHnUTe MeToau 3a
Bepudmkaumsa (aHanms, TecTBaHe, MHCMEKLNS,
NPOTOTUMNHA AEMOHCTPAaLUs U apyrn).



= [leMHocTu 3a peanu3auua Ha V&V mogena B
apyrute dasu Ha XXU3HEHUS LINKBIT
v

v

AN

Banngauna Ha HOBUTE N3UCKBaHUA 3a NPOMAHa 3a
KOHCUCTEHTHOCT CbC CbLUeCTByBaLLLIUTE USNCKBAHNA.

Bannpauus Ha n3anckBaHnS 3a MbNHOTO NPU NpeMaxBaHe
Ha cbllecTByBaLla YHKLMOHANHOCT.

Bepudpukauma Ha peannsauuata Ha HOBUTE NOACUCTEMMU
/NN KOMIMOHEHTW.

BanngauuaTta Ha nHTerpaumaTa.

KpanHa Banngauus Ha HoBaTa Bepcuda OT peanu3auug
Ha U3UCKBAHMATA HA Bb3NOXUTENA.
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TEMATa B AUTEPATypPaATA

= Has To / Must
v ToBa e Hal-BMCOKOTO HMBO 3a4bIMKUTENHOCT 3a AageHaTa
npenopbKa, 3awoTo ONUCaHUAT npouec, npoueanypa unu
noaxon PABOTU CAMO MO TO3U HAYUH.

< Shall

v" B TO31 cny4van uma HAKOSKO Bb3MOXXHMU NOTEHUMaNH
BapuaHTta, HO NpenopbYaHUAT e Hau-xenareneH. MHoro 4ecTto
npenopbkaTa ce OAbJKU U Ha JaHHU, KOUTO HE ca 4acT oT
OnUCcaHueToO.

= Should

v" ToBa e cny4as, korato aBTopbT € eKcrnepT B AageHarta obnact
U NpenopbkaTta oTpassiea onuTa My, Ye NPearioXeHoTo

pelleHne e Han-4obpoTo U Han-NPaBUITHOTO. ”s



= Verification, Validation and Testing of Engineered
Systems, Wiley
v" ISBN 047052751X

= QGuide to software verification and validation

= Verification and Validation in Systems Engineering -
Assessing UML-SysML Design Models.pdf
v naea 5
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MeToau 3a Bepudukauma Ha
nporpamMHoO ocurypsaBaHe



&= TexXHU4YeckKu

v OCHOBHM — ONMMCaHMe Ha U3NCKBaAHUATA, HA Pa3NNYHUTE
NPOeKTU (MOeeH U AeTaureH), koga Ha nporpamara,
PBHKOBO/CTBA 3a NOTpebuTens, 3a MHCTanupaHe

v TIOMOLLIHM — MOAENn Ha ODKPBXKEHNETO, hopManHm
MOJENN Ha NoBedeHne, TECTOBU HAbopK, T.e. ENEMEHTH,
HeobxoaMMK 3a NpoBeXxaaHe Ha BepudukaymaTa.

& OpraHu3aunoHHM

v' PasnuyHuTe BMAOBE NinaHoBe — ynpaBfieHne Ha pucka,
Ha Ka4ecTBOTO, rpaduK Ha AENHOCTUTE U T.H.

v" OnuncaHue Ha npouecuTe 1 npoueaypute 3a
N3BbPLUBAHE Ha OTAENHUTE AENHOCTH.



= OLueHsBaT ce BCUYKN BMOoBe apTedakTn, Cb3gaBaHu
npu paspaboTkata n cbnpoBoxgaHeTto Ha [10.

= Cnopen BuaoBeTe aptedakTn ce Aenn Ha cnegHnTe
OCHOBHW TPVYIN.
v' Bepundumkaums Ha U3anckBaHusTa
v' Bepudmkaumsita Ha NPOEKTHN peLleHns
v' Bepudmkaumsita Ha nporpamMHust Kog
v' Bepundmkaumnsita Ha TeCTOBUTE NiaHOBE
v' Bepundmkaumsi Ha opraHn3aumMoHHN AOKYMEHTU 1 NPOoLECH
v' Bepundmkaumsta Ha UsanocTHOTO pa3paboTtBaHo MO



U3INCKBaAHUA

= Bepudmkaumsa Ha nsMckBaHudaTa — npoBepsgaBa ce 3a
HAKOJIKO pas3fnyHU XapakTePUCTUKN Ha AOKYMEHTA
3a N3NCKBAHUA.

= Han-yecto cnopep ctaHpgaptute |IEEE 830 n IEEE
1233 :

v EQHO3HaYHOCT

v CbrnacyBaHoCT 1 HenpoTtmBope4mBocCT
v [bnHoTta n MnHnmanHocT

v [poBepsemocT u NpocnegmMmocT

v' CuctemMaTtu4yHoCT



IIPOEKTHU pEIICHUA

= Bepudukaymarta Ha NPOEKTHUTE peLLUEeHUNsA OLEeHABA:
v' Bpb3kaTta “DyHKUNOHANMHOCT-N3NCKBaHe”.
v [bNHOTa Ha JOKYMEHTUTE 3a pa3paboTka.

v KOPEKTHOCT 1 HEMPOTMBOPEYMBOCT HA JOKYMEHTUTE 3a
pa3paboTka.

v KOPEeKTHOCT Ha pelleHuaTa

x  OcobeHo BaXkHO 3a CBbP3aHUTE C MUHMMANHO
3a0bIMKUTENHUTE U3NCKBAHUSA KbM pa3paboTkaTta, Hanp.
CUTYPHOCT, HaOEXOHOCT, OTKa30yCTOMYNBOCT N OPYTH.



IIPOTrPaMEH KOA

= Bepudukaumata Ha nporpamHua Kog oueH4aBa:
v' Bpb3kaTta “koa-pyHKLMOHANHOCT-N3NCKBaHE”

v' Cna3BaHeTo Ha CEMaHTUYHUTE U CUHTaKTUYHU
N3NCKBAHMA, T.HaAp. NpaBunia 3a kogmpaxe (coding rules)

v [NpoBepka 3a pa3nnyHn BUAOBE HETOYHOCTU Mpu
peanu3ayusa — LMK, MbTULA, UHALMANM3aLUmm m T.H.



IIPOTrPaMEH KOA

= 3cneaBaHu Tunose AedeKkTu:
v \anona3BaHe Ha gaHHu (data references)
v’ [leknapaTtmBHu rpewkmn (data declaration)
v I34ncnnTenHn rpeLuKku
v’ 'peLLKn npmn cpaBHEHUS
v BxogHo/W3xoaHu rpeLuku

v ['peLuky npun ynpasneHne Ha u3BbpLUBaHe Ha AenCcTBUATa
(control flow)

v IHTEepdEeNCHN rpeLLKn
v Opyru



OPraHMU32aITMOHHHU AOKYMCHTH H IIpOHECH

= Bepudukaumsa Ha opraHM3auUnoHHU OOKYMEHTU U
npouecu
v" Te ce oueHsaBaT crnpaMo 3aJavaTta Ha NPoekTa,
orpaHU4YeHunATa no napm n BpemMe.

v" OueHsBa ce kBanudukauusita Ha nepcoHana u
cTpaTermmTe 3a npekBanudukaums.

v" OueHsiBa ce OpraHn3auMoHHUTE peLLUeHns, BnusaeLm
BbPXY npoueca Ha pa3paboTka.



HAAOCTHO

= BepundumkauudaTa Ha LUANoCTHOTO pa3padoTsaHo 10
OLIEHsIBA:

v CuctemaTta U HeMHUTEe KOMMOHEHTW MoraT Nnn aa

pPaboTAT B CbOTBETHOTO ObKpBXeHUe. OnncaHo B
3aJaHueTo

v Ha ocHoBaTa Ha cueHapun ce npoBepsiBa KOPEKTHOCTTA
M NbfHOTaTa Ha NOBeAEeHNEeTO Ha cucTemaTa u
KOMIMOHEHTUTE W.



TCCTOBUTC ITAAHOBC

= Bepudukaumata Ha TeCTOBUTE NMaHOBE OLIEHABA:

v [MbnHoTaTa Ha nNnaHoBeTe crnope[ oLeHKaTa Ha puUcka 3a
NpoeKkTa

v' N3bpaHuTe MeToaun 3a onpeaensHe Ha gedektute
criopefl odakBaHusATa 3a TunoseTe AedekTu.

v" \3anon3BaHnUTe BTOPUYHM TEXHUYECKM apTedaKTu



= CbllecTByBaT 4 OCHOBHU KaTEropuMm:

v' HedopmanHu (informal)

x PasuntaT n3uano Ha YoBellKkaTa nHTepnpeTaums Ha aptedaktute
N HE N3MoN3BaT MatemMaTnvecku popmanmamm. 3aToBa rm
HapwuyaT n ‘ekcriepmu3su’.

v' CTaTU4HU

x  QueHsiBaT CcTaTUYHUSA gM3anH U peanusaymaTta My, 6e3 oueHka Ha
N3NbNHEHNETO BbPXY KOHKPETHA MalUMHa

v' [IMHaMWYHU

x [NpoBepsiBaT noBegeHNeTo Ha 10O ypes nanbriHeHNe BbPXY
KOHKPETEH KOMMIOTHP.

v' dopmanHu

x 3nons3saTt ce pas3nuyHn matemaTtuyeckm doopmannamm 3a
onpegensiHe Ha gedektute B 10,
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= Bb3HMKHaNM ca kKato Heobxo4MMOCT OT NOAroTOBKa Ha
cneyuanucTuTe no TectesaHe u Hactpouka (debugging) Ha 10

v" Hapuuart rm ‘Yosewwko TectBaHe’ (human testing)
= WSKNOUYNTENHO e(PeKTUBHU NPU HaMUPaHETO U
oTCTpaHaABaHeTOo Ha gedgektu B 10
v TNpuema ce, 4e BbB BCEKU NPOEKT TpsbBa Aa NnpucbCTBAT NOHE eAuH
MEeTOoA OT Ta3u rpyna
v lMpunara ce KbM BCUYKK rpyni apTedakTy 1 3a BCUYKK eTanu
& lmaTt ABe OCHOBHU npeanmcTea
v PaHHOTO OTCTpaHABaHe Ha rpeLlKk1Te HaMmansisa BpeMeTo 3a
pa3paboTka n CTOMHOCTTa Ha NpoeKkTa

v Mima 41MCTO NCMXONOrM4ecKko sHaveHue 3a nporpaMmmucTuTe, BogeLLo 4o
NO-Marko rpeLuku cnpamo paborta camo ¢ TecTeaHe.
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& buaose
v TexHuyecka ekcneptusa (technical rewievs)
v MHcnekuuu Ha kogda (inspections)
v MMpernegu (walktroughs)
v' Ogut (audit)
v Opymm

x OQueHKa Ha apxuTeKkTypaTta vpes cueHapum (scenario based
evaluations)

x CamokoHTpon Ypes YeTteHe (desk-checking)
x PasrnexxgaHe Mexay pasHu (peer reviews)
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@ CbLUHOCT:

v Ha ocHoBaTa Ha hopmanHui MeTogu ce onpeaena KOpeKTHoOCTTa
Ha cb3JaBaHe Ha pasnuyHu aptedakTu, KOUTO ca YacT oT
npoexTa.

v Ha ocHoBaTa Ha wabnoHu, 4pes popmarnHm TEXHUKK, ce
npoBepsABa 3a cneungUYHK rpynn 4edeKkTu.

& QcHoBHa gunema: “Ctporoct Ha aHanusa — Konu4ecTtso
Ha aedekturte”

15



= [lpeaumcTBa:

v OcurypsBa 0o6pa Bb3MOXHOCT 3a aBToOMaTu3auuMsa Ha npoueca 3a
aHanus.

v lunpoko pasnpoctpaHerue, ocobeHo 3a Hsakou Bugose MO u
“3MNon3BaHu e3numM 3a nporpaMmmpaHe u metoam 3a paspaboTka.

< [1poayKTu
v PolySpace Verifier, Coverity Prevent n Klocwork K7
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3nona3BaT ce 3a aHann3 Ha popmanHua mogden Ha
N3ncKkBaHnATa, nosegeHneTo Ha O n Ha
OOKPBXXEHMETO MY.

Moxxe ga ce npunara camo KbM aptedakTv Unm Yactu
OT TSX, KOUTO ca u3paseHn dopManHo UNn 3a KOUTO
MOXe Aa ce cb3gane bopmaneH Moaen.

dopmanHuTe Moaenu He MoraT Aa ce cb3gaBaT
aBTOMaTU3MPAHO, HO TEXHUTE XapakTEePUCTUKN MoraT
[la ce npoBepsBaT aBTOMaTU3NPaHO.

MHoro 0o6pu 3a OTKpMBAHETO Ha CNOXHWN AedeKTH,
KOUTO Me MoraT [ia Ce OTKPUSAT C TeCTBaHe UMK
ekcnepTmaa.



= buBar:

v" Jloruko-anrebpuyHn mogenu (property-based models)

X CbXOEHUA N TAXHOTO U3YuUCIeHne, npegukaTHa noruka u
N34YnCNeHne Ha nspasu B Hea (BKNIOYUTENHO U OT NO-BUCOK
pen), A-u3vmucnenus, moganHu NorMku, BpeMesu Noruku,
penauuoHHa anre6pa anrebpuyHn mogenn Ha ocHoBaTa Ha
abcTpakTHM TMNoBe, T.H.

v' M3nbnHuMmm moaenun (executable models)

X BUPTYanHW MallWHW, KpaHWU aBTOMaTn, CUCTEMW HA OCHOBaTa
Ha MapK1paHy Npexoau, pasLnMpeHn KpanHu asTomaTw,
nepapxmyHn aBTomaTun, B3anMMoaencTBalLly C1 aBToMaTy,
BpeEMEBU aBTOMAaTU, Mpexu Ha [NeTpu, MaluMHKU Ha OCHOBAaTa Ha
abCTpaKTHU CbCTOAHUSA

v MexanHHu mogenm

x Jlornka Ha Xoap (Hoare), auHaMmn4yHn 1 NnporpamMHu NOrnKu,
NporpamMHU KOHTPaKTu



= W3uckBa HannumeTo Ha paboTewo MO (moxe u oTaenHu
4acTu OT Hero).

v' Moxe ga ce uanonseaT 1 NPOTOTMNN - B TO3M Clyyan ce roBopu
3a ‘“MUTaUMOHHA OMHaMMYHA Bepudunkaums'.

= MoraTt ga ce HamepsaT AedekTn, CBbP3aHn camo C
paboTaTa Ha NPOrpamMHOTO OcuUrypsiBaHe, HoO He U C apyru
eTanu oT paspaboTkaTta, Hanp. CbNPoBOXaaHe,
MHCTanaums n T.H.

= W3anckBaT gonbriHUTENHA NOAroToBKa

v' Hamn-4yecTo TOBa ca TectoBu Habopu, cumynauuoHHa cpeaa,
MOHUTOPHOBA cMCTEMaA, CUCTEMA 3a 3anucBaHe Ha pesynraTtuTe.



= OcobeHOo noaxoasilly, noaxoa 3a onpenensHe Ha
HAKOW OT Xapaktepuctukute Ha 1O

v OYHKUMOHANHOCT

x [lpn npoBepka Ha PyHKLUMOHANHOCTTA ce crneasar
nony4yaBaHUTE pe3ynitaTu, BbTPELLUHN CbCTOAHNA, OOMEHSHMU
CbOOLEHUSA, peq Ha U3MbITHEHME Ha OEUHOCTUTE, NO-PALKO U
BpeMeBM 3aBUCMMOCTMN.

v [lpeHocnmocT

% [Npn npoBepKa Ha NPEHOCMMOCTTA Ce crean 3a Te3n efieMeHTH
Ha OYHKUMOHANHUTE U3cneaBaHns, KOUTO Ce BNUSAT OT
cpenaTta Ha pabota Ha [10.



= OcobeHOo noaxoasilly, noaxoa 3a onpenensHe Ha
HAKOW OT Xapaktepuctukute Ha 1O

v [1pon3BOANTENHOCT

x 3anucearT ce U ce oueHsiIBaT BPEMETO 3a U3NbIHEHME Ha
onepauuuTe, Usnoni3saHarta nameT (BCUYKU BNOOBE),
HaTOBapBaHETO HA KOMYHUKALMOHHUTE KaHamnu,
BbTPEKOMMNOHEHTHUTE OOMEHN Ha NHpopmaLua

v HapgexaHocT

x 3anucea ce 6posi 1 BpeMeTO Ha nosiBa Ha gedektute (No
KnacoBse, No pecypcu, No KOMNOHEHTU, NO NOACUCTEMN).

x  ManosneaT ce cueHapuu 3a CUuMyrnmpaHe Ha NPOMEHU B
obKkpbaBallaTa cpefa (Hanp. oTka3 Ha obopyaBaHe).



= buBar:

v" MOHUTOPUHT
x ToBa ca JenHOCTU no crnegeHe pabotarta n 3anmcBaHe Ha
TEKYLLIOTO CbCTOSAHME Ha cUcTeMaTa M noslydaBaHUTe pesynTaTtu.

x Crnep 3aBbplUBaHe Ha 3anncBaHEeTOo ce NpoBexJa oLeHKa Ha
nony4yeHuTe pe3yntaTt OT MOHUTOPUHIa KaTo cpeacTBo 3a
onpeensHe Ha HeNpaBUMHO PYHKLMOHMPaHe.

v' TecTBaHe

X MOHVITOpl/IHI', HO 3a cneuunarnHo na3rpageHn cueHapmm Ha
N3noJsri3BaHe.

x [eHepupaHeTo Ha cLeHapunTe e C LieNn1 Cb3aaBaHe Ha cuTyauuun,
npu kouto MO Moxe Aa uma HenpaBUHO NoBeAeHME.



= (OcHOBHaTa nges e cbyeTaBaHe Ha NnpeauMcTBaTa OT
OCHOBHUTE BMOOBE 3a CMEeTKa Ha orpaHn4yaBaHe Ha
HegocTaTbUUTE UM.

< Haun-4yecTo TOBa € cbyeTaHune Ha AMHaMUYHU C
doopmanHu meToagm:

v" TecTBaHe Ha OCHOBaTa Ha Moaen Ha cuctemara (model-
based testing, model driven testing)

v" MOHUTOPUHI Ha popmanHu ceoncTa (runtime verification,
passive testing)



= [3BbpLuBa Cce 3a4bIMKUTENHO OT rpyna oT cneunanucTu,
KOUTO YeTaT UM BU3yanHo nposepsasar nporpamara
(cnopepn oueHaBaHUTE apTedakTn).
= Y4yacTHUUMUTE umaT ACHO AeduHupanm 3agadum, KOuTto
TpsibBa Qa u3BbpLiaT B nNpoueca Ha pabora.
= QcHoBHaTa (pasa e ‘Cpeularta Ha yqacTHUUUTE’
v ObcwvxaaTt ce pesynratute oT HaMBuayanHarta pabdora kato
Ha4YMH 3a HaMUpaHe Ha gedeKkTuTe n NPodnemMHUTE 30HU.

v" YyacTHUUuTe HAMAT 3a 3aJada ga Habenexart HaYMHuTe 3a
npemMaxeaHe Ha rpeLuKuTe.
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= [lpegumcTBea:
v MHoOro no-eeKkTnBH1 OT CaMOKOHTpOSa, 3aLloTo ce
M3BbPLLBA OT BbHLUHM XOpa, a He OT aBTopa.
v" HamansiBaTt pa3xogure 3a HacTpolika, 3aLloTo
nokanuaupaT MACTOTO Ha gedyeKkTa MHOro TO4HO.

v [obpu ca 3a onpegenaHe Ha NOrMYECKN rpeLLKuTe npu
pa3paboTkaTta unm rpeLlkm B koga.

v OcobeHo nonesHu npu npomeHu Ha cbuiectaysaulo [10.
@ HepocrtaTbuu

v He ca go0bpwu 3a onpeaensiHe Ha rpewkuTe oT eTana Ha
cbOepaHe n aHanu3 Ha U3UCKBaHUATA, T.€. B AuU3alHa oT

BUCOKO HUBO. 25
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[lenHnumna
= ToBa ca npouenypu n TeEXHUKN 3a OTKpMBaAHE Ha OedeKTU B
[1O Ha ocHOBaTa Ha rpyrnoBo n3crieBaHe 4Ype3 YeTeHe.

CbLUHOCT:

v' Kputnyecko nscrnensaHe Ha nporpamHuTe apTedakTu,
LieNALWOo OTKPMBAHETO U OTCTPaHABaHETO Ha JedeKTuTe.

EQHa oT Han-n3non3BaHUTE TEXHUKU 3a Bepumkaumna v

nogobpsiBaHe Ha ka4yecTBOTO Ha [10.
[OnpekTHO onpeaena n kopurnpa gedektute B [10.

MoraT oa ce npunarat 3a MHOIro BUAOBE NPOorpamMHum
apTedakTu.
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CBbLUHOCT:

v' Kputuyecko nscneaBaHe Ha nporpamMHuTe aptedakTy,
LensLwo OTKpMBaAHETO U OTCTPaHABAHETO Ha AedeKkTuTe.

EQoHa oT Han-u3non3BaHUTE TEXHUKU 3a Bepuunkaumng
n nogobpsiBaHe Ha kayecTBOTO Ha [10.

[OnpekTHO onpenena n kopurmpa gedektmute B [10.

MoraT ga ce npunaraT 3a MHOro BUaoBe nporpamHm
apTedrakTu.
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= Peanu3npa ce oT rpyna UHCrekmopu B paMKUTE Ha
napanenHn N KoopauHMpaHu NpoBEpPKMU.

= Peanunanpa ce Ha HAKOJKO nocriegoBaTenHn dasu,
MeXOy KOUTO MMa KoopaMHaLMOHHU CECUMN.

= [ledpeKkTn ce oTKpMBAT KaTo pe3ynraT oT
nHamBMayanHa nHcnekuusa, obobliaBaHe Ha
pe3yntaTtute B CeECMUTE UMK napanesiHa nHcnekuung
Ha egHa u cblua YacTt ot 0.

= [ledpeKkTnTe ce oTCcTpaHsiBaT OT pa3paboTymka un ce
M3BbPLLUBA NOBTOPHA npoepka Ha [10.

= [bnbovynHaTa Ha MHCNEKLUUS MOXe Ja Bapupa
crnopen HyxauTte u Tmna Ha 0.

28



(Fagan inspections)

< EOHa OT Han-paHHUTe cucTeMun e paspaboTeHa oT Fagan
rlpe3 1976 .

AN

AN

AN

AN

v" TnaHnpaHe — KakBo LUEe Ce MHCMNEeKTUpa, KoM Le y4acTBa U KakBa
e My e pongra.

HavanHa cpella — pasnpeaendaT ce UHCMEKTOPUTE NOo 3a4aum u
ce onpenens Kak uwe ce n3sbplisa pabortaTa

Peannsauna — BCEKM MHCMEKTOP NOArOTBA CMUCHK C
noTeHumanHn gedektn n npodbnemHn odnacTtu

NHCcnekumoHHO cbbupaHe — popmMmmnpa ce cnnucbka ¢ gedektTnTe
ype3 o6obLaBaHe U obcbXKaaHe Ha uHOMBMAYyanHUTe
NHCIMEKLNN.

dukcupaHe Ha gedekTute - paspaboTynMKbT OTCTPaHABa
HamMmepeHuTe geeKkTu.

KoHTponHa nposepka — npasu ce Banuaauund Ha 1O cnen
domnkcmpaHeTo Ha gedeKkTure.
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= [lpomeHn B MeToga Ha ParaH

v Pa3nunyHmn TEXHUKM 3a peanu3aumsa Ha MHOMBNOyanHuTe
VHCMNEeKUMN C LieNT1 HaMmansaBaHe Ha hanwmneuTte
CbOOLLEHNS N MHTEeH3ndMLMpPaHe Ha paboTaTa.

v' Pa3nuku B roneMmmHarta Ha rpynurte, 3agadvaTa Ha
MoAepaTtopa U Ha CeCUNHNA PbKOBOAUTEN.

v [IpOMeHU B TEXHUKNTE 3a onpeaensHe aedekTute —
npunaraHe Ha Bce NoBeYye CMCTEMAaTUYHU TEXHUKN U
HamansBaHe Ha ad-hoc AenHoCTuUTe.

v' I3non3BaHe Ha pe3ynraTtuTe Ha MHCNEeKUUUTE KaTo
OCHOBa Ha J00pu nNpakTuku 3a paspabdboTka Ha 10

30



= [1naHupaHe n peanusauung
v' KakBa ca uenta n obekta Ha nHcnekums ?

v KakBo LLe ce nHcnektupa ?
v" Kon e n3BbpLuBa MHcnekumnaTa ?

v' Kon TpsibBa oonbnHUTENHO Aa ce npuBriede, B KakBa pons
N C KakBN OTFOBOPHOCTU ?

v' KakbB LLe e NpoLechT, KakBM TEXHUKM LLE Ce N3Non3BaT U
KaKbB LLIe € KOHTPONbT Ha pe3ynTtaTuTte ?

= Hcnekuna n onpenenaHe Ha gedektTurte
& KopeKuus 1 KOHTPOM Ha pe3ynTtaTuTe.

31



= Mopepatop

v BucokokBanuduumpaH nporpaMmmncT, HO He pa3paboTyunka
Ha nporpamara.

= [lporpamucTt
v' Pa3paboTuymkbT Ha nHcnektupaHoto MO
& CuUcTtemMeH gmnsamHep

< CneunanucT No TeCTBaAHETO

32



(walkthroughs)

= [logoOHO e Ha MHcnekuuuTe, HO nNpoueaypuTe u
TEXHUKUTE 3a OTKpMBaHE Ha AedEeKTU ca pasfUYHN.

@ OOLWK XxapaKkTepucTukm

v MNpoBexnaa ce oT rpyna ot 3-5 pa3paboTtyuka, kato camo
eauH e aBTop Ha nposepsiBaHoTo [10.

v 3aabrkuTenHuTe ponu ca MoaepaTtop, Tectep, NporpamucT
n cekpeTap.

v JonbnHUTENHO y4YacTBaT: MHOrO BUCOKOKBanuduuupax
nporpamMucT; cneuuanucTt no nNporpaMmHu e3uuun; NnporpaMmmcT
M3BbH NPOEKTa; TO3U, KOWUTO LiEe Nnoaabpxa nporpamara;
MOXE U OPYrn NporpamMmucTy OT NPOoeKTa.

v CecuuTte ca no 2-3 yaca 6e3 npekbcBaHe. .



W oughs)

= Peanusauus

v Bcekn OT yqacTHULMTE NpeaBapuUTenHO € Nonyyun u
NPOy4Mn CbOTBETHUA MaTepuan

v' o Bpeme Ha cpelata ce cumynupa pabortaTta Ha
KOMMIOTbpA.

v TecTepbT NpegsapuUTenHo e NpuroTeBun rpyna Tectose,
KOUTO Ce npourpaBat YMCTBEHO. Taka TeCcToBUTe AaHHU
npemuHaeart (walk through) npes norukaTta Ha nporpamara.

v CbCTOSIHMETO Ha JaHHUTE U CUCTEMHUTE pecypcu ce cneau
HenpeKbLCHaTO Ha AbcKa.
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(walkthroughs)

& Uen:
v TNoarotBeHnTe TecToBe He TpAbBa aAa obxBaiiar
nedekTuTe, a camo ga gagaTt OCHOBa 3a BUpTyaliHK
eKcrnepMMeHTHn ¢ nporpamMara.

v"HamepeHute gedektn He ce agpecupart KbM NporpaMmucTa,
d Ce 3alnncBart 3a No-HatTaTblUeH aHaJ1US.
& QTcTpaHsiBaHe U KOHTpON Ha aedektute

v o nogobue Ha nHcnekyunTe 1 To3u nNpouec onpeaens ¢
ronsaMma TOMHOCT MACTOTO, TUMNa U NpUYMHAaTa Ha rpeLuKara.

v [lpoBepkarta cnep nonpaskarta € aHanorm4Ha ¢
UHCNeKuyuure.
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(desk-checking)

@ CBbLIHOCT:

v ABTOPBT Ha NporpamMara npunara TeXHMUKa OT MHCMEKLUUATa
Unu Npernena Bbpxy coOCTBEHUNA CU KoA,.

@ HepoctaTtbuu

v MHoro no-HeedekTuBeH

x YoBek TPYAHO OTKpUBa COOCTBEHUTE CU MPELLKU — CTUNBT Ha
MUCIEHE € €UH U CbLL.

x Hama rpynoBua nornea, Nno3sonsaeall, eAHOBPEMEHHO fa ce orneaa
OT BCUYKM CTpaHU eaunH npobnem.

x [Mcuxonornyeckn — HUKOW He 1ucka Aa cu U3TbkBa coOCTBEHUTE
rPELLKN.

v Hama gucumnnuHmnpaly, egpekTt BbpXxy paspabotunyumre.
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(peer reviews)

& CbLYHOCT:

v TexHuka 3a onpegensaHe Ha KpUTepun 3a oLieHKa Ha Ka4yecTBOTO,
NONe3HOCTTa, Bb3MOXHOCTTa 3a pa3pacTBaHe U CbMNpoBOXAaHe,
sicHoTaTa

= Peanuszayuns

v ADMUHUCTPAaTOPBLT Ha npoueca noabupa rpyna nporpamucTu,
KaTO BCEKW NnpeacTaBa Mo HAKONKO cobcTBeHn pabdboTtu.

v Pabotute ce pasrnexaat aHOHUMHO U ClyYanHO pasnpenenexu,

KaTo BCEKU JaBa OLEHKWU No npeaBaputenHo aedmHupaHa
Tabnuua.

v pu cbbupaHeTo Bcekn 3almTaBa U obAcHABaA OLIEHKUTE CU 1
Taka ce cb3fasa o0La cuctemMa 3a oLieHsABaHe U Kputepum 3a

npunaraHeTo wu.
37



& MOHUTOPUHIBT € nogxon oT rpynata Ha guHaMU4YHUTE
TEXHUKMN.

v monitoring, runtime verification, online verification,
passive testing
« KoraTto ce cneam camo Ha NPOM3BOAUTENHOCTTA Ce
Hapuya ‘npogunupare’ (profiling).
<« K3non3saHUTE TEXHUKN 3aBUCA OT:

v OT Tuna 1 npeaHasHa4YeHMeTo Ha 3anucaHaTa UHopmauums.

v OT TuNa Ha nony4YaBaHe Ha MHopMauusaTa 3a crnegeHuTe
LaHHW.

v OT Tuna Ha nony4YaBaHe Ha OUEHbYHU XapaKTepPUCTUKK.
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= BnuaHue Ha Tuna u npeaHa3Ha4YeHneTo Ha
3anucaHarta nHgopmaumsa
v' O0LWwn faHHU N METPUKN, CBBP3aHU C NPOBEPSBAHUTE
XapaKTepucTuku
X napameTpu Ha U3BUKBaHE 1 pesynTtaTtu, 06em n KonmM4ecTso Ha
ONHaMUYHOTO 3aesidHe Ha NnamMmeT, KOJIn4eCcTBO Ha
cbobuieHuaTa n ap.
v [1aHHK, KOUTO MoraT ga cnyxart 3a onpeaensaHe Ha
rpewkn n npobnemMHun cutyaumnmn

X  OUWHaMuU4Ha namMmeT U ykasaTtesn, CUHXPOHU3aLMOHHN
MEXaHU3IMU, CTaTUCTUKaA Ha MPEXOBUTE KOMyHMKaLMMfCQCMM
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& BnuaHue oTT TMNa Ha nony4YaBaHe Ha MHOpMaLUA
3a cnefeHuTe OaHHW.
v' Nony4aBaHe OT U3XOOHUA KO unu nonyvasaHe ot
OBONYHUA KOO

v" 3nona3eaHuTe TEXHUKM OuBar:
X PbyHK
x KomnunaTopHO-acucTupaHu
x C nsnonssaHe Ha OuHapHK TpaHcnauum
X HXeKuna Ha BpeMeBO U3NbiIHEHUE

v CumynaTtopeH MOHUTOPUHT
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= BnuaHue oT TMNa Ha nonyvyaBaHe Ha OLEHBYHU
XapaKTePUCTUKN.

v BbasupaHu Ha cebuTuA
v BbasupaHu Ha cTaTUCTUKK

41



Bbunpocu ?

42



TecTBaHe Ha 10



&~ Hy>|<naTa OT TeCTBaHeE Ce oripenernd oT XelflaHNeTo 3a
noBuLLaBaHe Ha CTOMHOCTTA Ha NpoayKTa, KOMTO ce
npoaasa.

v’ TecTBaHeTO ce u3nonssa 3a nogobpsiBaHe Ha Ka4eCcTBOTO U

HageXaHOCTTa KaTo npoueaypa 3a OTKpUBaHE Ha Hann4yHU
rpewkn B cb3gasaHoTo [10.

v’ [NoBuLIaBaHETO Ha CTOMHOCTTA € 3a CMeTKa Ha noJobpsiBaHe
Ha Ka4yecTBOTO U HaAeXOQHOCTTA.
= TeCTBAHETO e TeXHU4Yecka 3ala4v4a, HO T4 BKJTHOYBaA
Ba>XHW aCleKkTn, cBbp3aHN C UKOHOMWKa N HYHOBELLKA
MCUXOJTI0TUA.



= HenpaBunHo pa3dbunpaHe Ha npegHasHa4YeHNeTo Ha

npoLeca Ha TecTBaHe Ha pa3paboTBaHoTo [10.
v' “TecTBaHETO € Npouec Ha Noka3BaHe OTCHCTBMETO Ha
rpeLKn.”

v “LlenTa Ha TecTBaHeTO e Aa nokaxe, 4ye nporpamaTta
N3NbliHsABa HeobxoanmMmuTe cm YHKLUNU KOPEKTHO.”

v' “TecTBaHeTO € Npouec Ha Cb3gaBaHETOo Ha YOeaeHOoCT,
4ye nporpamaTta npasu TOBa, 3a KOETO e npeaHa3Ha4vyeHa.’

)

TecmeaHemo e npouec Ha U3nbJiIHsieaHe Ha
npozpama ¢ yes1 0oka3zeaHe Ha 2pelwKu 8 Hesl Ha
OCHOB8ama Ha cb30adeHU cyeHapuu.



# “TecTBaHeTO e npoLec Ha noka3BaHe OTCbLCTBUETO Ha
rpeLlKkn.”

v TloHsTnaTa ‘Yenewen Tect nnu ‘HeycnelweH Tect’

= “[lenTa Ha TeCcTBaHETO € Aa nokaxe, 4ye nporpamara
N3NbNHABA HeobXxoanmMuTe cn YHKUMN KOPEKTHO.”

v" HeBb3MOXHOCTTa 3a peanun3mpaHe Ha 3agadaTta
onpeanend 3a,£l,'bﬂ60HeHOCTTa Ha pealinanpaHngd rnpouec.
= “TecTBaHETO € NpouUeC HaA Cb3gaBaHETO Ha
ybeneHocT, Yye nporpamara rnpaBu TOBa, 3a KOETO €
npegHa3sHa4vyeHa.”

v [NloHaTneTo ‘He paboTn NpaBUITHO’

x He camo ToBa, KOETO He NpaBu Mo 3agaHne, a n ToBa, KOETo
npaBu NoBeYe OTKONKOTO TpsiOBa.



= [lo3HaBaHeTO Ha uaeornorusaTa Ha cb3gaBaHe Ha

TecTBaHaTa nporpama

v" TecTBaHeTo TpsibBa Aa ce U3BbpLLBA OT YOBEK, KONTO He
e nucan nporpamaTta, He e 3ano3HaT AeTalrnHo C
nporpamaTa M He e YacT OT rpynaTa, KosiTo e cb3aaBana
nporpamara.

= [NucunnnmHupallo gencreme

v" Hnkomn He ncka ga cbliecTByBa AOKYMEHT, B KOMTO ca
onncaHn HeroBUTe rpeLLKu.



MIKOHOMMYECKU acnl
TecrtrBaHeToO

= He Moxe ga ce onpeaensaT BCUYKU FPELLIKNA.

v" [1paKTU4YecKkn e HEBb3MOXHO [la Ce reHepupaT BCUYKU
Bb3MOXXHW CLEHapUN Aaxke U Ha Marnku nporpamum.

= TecTBaHETO € BpeEMEEMDBK U CKbI1 NMpouecC.

v' Hama dpursnyecko Bpeme 3a n3nbriHEHNE Ha BCUYKU
cueHapuu.

v" B MHOro crny4yam CTOMHOCTTa Ha cumynaumsa Ha cpeaa, B
KOATO Oa Cce NPOosABU HAKOA rpeLlka MoXe ga € MHOro
BUCOKa, T.€. MKOHOMUYECKN HEN3rogHO Oa ce npaBu.

= Hakou rPELUKN Ca No-Ba>XHU, APYIrn Ca no-mMmaJioBa>KHMW.

v" ToBa e Npsiko CBbP3aHO C OCHOBHUTE XapaKTEPUCTUKUN U
3afa4n Ha pa3paboTkara.




#1:. ledbnHMpaHeToO Ha oYaKBaHUA pe3ynTtaT/u3xogHn AaHHU ca
3aOb/mKMTENHa YacT OT TeCcToBa npoueaypa.

#2: INporpamuctnte TpssbBa ga n3dsarear xenaHMeTo ga
TecTBaT COOCTBEHMUTE CU NporpamMu.

#3: 'pynaTta, cb3gana NO He TpsAbBa HMKOra ga oTroBaps 3a
TECTBAHETO HA CODCTBEHUTE CU NMporpamu.

#4. Pe3syntatute OT BCEKU TECT TpAbOBa Aa ce nacnensat
BHUMATENHO M 3a0b100YEHO.

#5: eHepupaHnTe TecToBe TPSAOBA Aa 0bxBalLaT KaKTo
cnyyanTe ¢ HeBanuAaeH UNuU Heo4YakBaH BXoAeH Habop oT
OAaHHW, Taka 1 C BanuaeH n o4akBaH BXoaeH Habop.



#6: [NpoBepkaTa ganu nporpamara rnpasu TOBa, 3a KOETO €
cb3fdajeHa e nonoBuHaTta oT paboTtaTa. [Jpyrata nonoBuHa € 3a
NpoBepKa ganu nporpamara npasu Hella, 3a KOUTO He €
npenHasHa4deHa.

#7. N3baresante 6e3cMmncrieHnTe TECTOBE OCBEH ako nNporpamarta
He e 6be3cMucrieHa.

#8: He nnaHmpanTte TectoBe C Nnpe3yMmnunsaTa, 4e HAMa rpeLuKku.

#9: BepoaTHOCTTa 3a HannM4mne Ha oLLle rpeLlkn B JageHa 4yacTt oT
nporpamarta e nponopumoHarHa Ha bposi Ha HaMepeHUTE BeYe
rpELLKN.

#10: TecTBaHETO € U3KIMIOYNTENHO UHTESNEKTYasrieEH N TBOPYECKM
npovec.



= HesaBucumMo oT roneMmnHaTa u cneyudmkara Ha reHepupaHus
TECTOB HAabOp HEe MOXe [a ce rapaHTupa, Ye C HEero Le ce
OTKPUSAT BCUYKWN FPELLIKN.

&  QOrpaHn4YeHneTo No BPpeEME N CTONHOCT Ha npoLueca €
HaroXwuso NpaBuoTO:

v OT BCUYKM BB3MOXXHM BXOOHM Habopu TpsibBa Aa ce onpenenu Takosa
NOAMHOXECTBO, KOETO Aa NO3BOSIN YCTAHOBABAHETO HA HAN-MHOIO
rPEeLUKM.

& CblUecTBYBaT HAKOMKO pas3findHK CcTpaTeruu:

v" Cny4yaeH noabop Ha NOgMHOXECTBOTO OT TECTOBU JaHHW.

v' MeTopa Ha yepHaTa KyTus

v' MeTopg Ha 6anarta KyTus

v" KombuHmnpaH meton



= MeToa Ha 6anaTa KyTuUa

v OcHOBaH Ha MOKpUTUE Ha forMkaTta Ha nporpamara
x [lokpusaHe Ha onepatop (statement coverage)
x [lokpuBaHe Ha pelueHue (decision coverage)
x [lokpusaHe Ha ycnosue (condition coverage)
x [lokpusaHe ‘pelueHue -ycrnosue’ (decision-condition coverage)
x [NokpueaHe ‘MHOXecTBeHO ycnosue' (multiple-condition coverage)
MeTopg Ha yepHaTa KyTus
v EkBMBanNeHTHO (paBHO3HAYHOTO) pasgensHe
v AHanus Ha rpaHu4yHU CTOMHOCTU

v padpu ‘TpuunnHa-EdexT’
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void foo (int a, int b, int x) {
if (a>1 && b==0) {

x=x/a;

}

if (a==2 || x>1) {
X=X+1;

}



void foo (int a, int b, int x) {
if (a>1 && b==0) {

}

}

if (a==2 || x>1) {

}

x=x/a;

X=X+1;







Ha TECTOB HADOP

1. AKO cneundukauusaTa cbabpKa KOMOMHaUUS oT
BXOAHW YCroBusi Han-gobpe € n3non3BaHeTo Ha
rpadoun TlpunynHa-EdoekT’

2. BwuHaru ga ce nsnonssa aHanusa Ha rpaHUYHUTE
CTOMHOCTU — HE3ABUCUMO Ye Te3n CTOUHOCTU MoraT
aa ce nonydyat u ot rpadute ‘TlpuunHa-Edoekr’.

3. VaeHTuduumpanTe BanuaHUTe n HeBanuaHuTe
PaBHO3HAYHU KflacoBe 3a BXOAHUTE N U3XOOHUTE
AAHHU, N aKo € HeobxoaMMo aa ce AOMbIHU
TecToBuUsi HAbop, cb3aadeH OT NpeaxoAHUTE CTbMN.



4,

5.

Ha TECTOB HADOP

Ha ocHoBaTa Ha ‘oTraTBaHe’ Aa ce NOMNbJIHU
TECTOBUS HADOP C OLLEe TECTOBE.

AHanusnpanky normkaTta Ha nporpamarta ce
reHepupaT gONbJIHUTENHN TECTOBE 3a Cny4yauTe Ha
KOMOMHAaLUNSA OT YCNOBUA, KOUTO He usrnexaat
HEBB3MOXHU N KOUTO He ca bunun cb3gageHu Ha
npeaHnTe etanu (M3nons3BaTt ce BCUYKN 0DXBaT).



MoTpebuten
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TecT

MHTErPALMOHEH
TecT
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= TecTBaHeTO Ha moaynu (unit testing) e Haco4yeHo
KbM MpoBepKa Ha oTAernHuTe briokoBe
(mogcmctemMun, PYHKLUUU U Op.) CAMOCTOSATESTHO.

= (OCHOBHO € OpUEHTUPAHO KbM MPoBepKa No MeToda
Ha bsnaTa KyTus.

= [lpeanmcraa:

v JlecHa KoMOuHaUU4a Ha MeToauTe — erNieMeHTUTeE ca
Marnku rno pasmep 1 CroXHocCT.

v [MapanenHocT Ha obpaboTkaTta Ha OTAENHUTE eNEeMEHTN.

v" JlecHa nokanusaumsa Ha rpeLukaTta npu u3nonssaHe Ha
pe3ynTtaTuTe OT TECTBAHETO.



= ToBa e TeEXHWKa 3a TeCTBaHe Ha MOoAY N, NMPU KOATO
OageHnst moayn ce obBbp3Ba CbC ChbCeOEH/-U
moayn/-n (Beve TecTBaH/-n) N ce TecTBaT 3aedHo.

< [1Ba nogxoaa
v' OTpony-Harope
v' OTrope-Hagony

—
KN ]
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A0CTPAKTHO HUBO

= MoaynHOTO TecTBaHe € MbPBUA eTan oT npoLieca.

v" ToBa € 0cobeHO BAPHO NpK ronemm u/unu CnoLHu
cucTemu.

@ TecTBaHOTO Ha NO-BMCOKO abCTPaKTHO HMUBO ce
ObIMKN Ha pakTa, Ye 3anadvarta Ha 10 e na
TpaHcepupa MHpopmMaunua Mexay enemMeHTuTe
n/wnn pa npeobpasysa Ta3n nHdopmauua ot eaunH
BUA B OPYr.

v ['pewkute Han-4ecTo ca pesynrtaT OT NpeKkbCcBaHe Ha

npeaaBaHeTo Ha MHdopMaLuaTa, HenpaBUHoO
npeobpasyBaHe Unm nosiBaTta Ha LUyM.
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« [lpegHasHaueHue:
v" OTKpuBaHe Ha pasnuuus Mexay nporpamara U BbHLIHUTE
cneundgukauum, 3agasalln noBeaeHNETo Ha nporpamara oT rnegHa
TOYKa Ha noTpedutens.

= Peanusauyus
v" Tpn manku nporpamu ce M3nosi3Ba MeTofa Ha YepHara KyTusi.
v" Tpn no-ronemm nporpamm ce u3non3ear MeToam ot rpynara Ha
B6anata KyTuA (NO CbLLECTBO BCUYKN BE3 NOrM4ecko nokpuTtme).
@ [lpenopbku
v [la ce popasBuBa TECTBAHETO MO NOCOKa Ha CLeHapumuTe C Hall-MHOro
OTKPUTW FPELLIKM.
v CneuunanHo BHUMaHue ga ce o0bpHe Ha HeBanuaHu u/unu
HeoYaKBaHW BXOAHWU AaHHW.

24



# [lpegHasHavyeHue

v 3apgavara My He e Ja npoBepsiBa PYHKLMOHANHOCTTa Ha
cuctemara Karto Lano — Toea e 3agava Ha yHKUMOHaNHUS
TecT.

v CUCTEMHUAT TECT € Haco4eH Aa NpoBepu Kak cucremara
(kaTo UAno) peanusnpa onpeneneHuTe u Lenu.

x  3agbioKuTenHo TpadBaTt MeTpUKK 3a usMepBaHe Ha CTeneHTa
Ha peanu3auuna Ha uenure.

x  3aabuKUTENHO ce N3BbpLLBa KaTo YacT oT geduHpaHaTa
paboTHa cpeaa.

= |[A3BbpLUBa Ce OT BbHLIHA rpyna C ONUT KakTo KaTo
paspaboTyuuun, Taka u Kato notpedutenu.

25



= [‘eHepauua Ha TecToBUTE Habopu

PbroBogcTeo
- g 4 3a
LIEI]III norpebutena

CucmemeH X
v mecm

npomaq-

BBHWHU cneuuduKauuu
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< Bupose:
v" Peanusupanun obpabotku (facility testing)
v TectBaHe no pasmep (volume testing)
v TecTBaHe C eKCTpeMHO HaToBapBaHe (stress testing)
v" TecT 3a usnonssaemoct (usability testing)
v" TecrT 3a curypHocT (security testing)
v" TecT 3a npoussoguTenHocT (performance testing)

v TecT 3a cbXxpaHsAeMOoCT Ha uHopmauuaTa (storage
testing)

v KoHdurypaumoHeH Tect (configuration testing)

27



« Bupose:

v TecT 3a CbBMECTUMOCT
(compatibility/configuration/conversion testing)

v TecTBaHe Ha Bb3MOXHOCT 3a nHcTanupaxe (installability
testing)

v" Test 3a usgpwxnumeoct (reliability testing)

v" TecT 3a Bb3CcTaHOBAEMOCT (recovery testing)

v TecT 3a cuctemHa nogapwbxka (serviceability testing)
v TecTt Ha pokymeHTaumaTta (documentation testing)

v TecT 3a yacT oT npouenypu (procedural testing)

v KoHurypaumoHeH TecT (configuration testing)

28



<« TecTbT 3a npuemMnuBoCT (acceptance testing) e
NpoBepkKa Kak nporpamara peanusupa Hapasnure
CU U3UCKBAHUS.

= Haun-yecTo ce u3BbpLUBA OT KpanHUa notpeduren,
T.€. pa3paboTumymte Hanu-4ecTo He OTroBapAT 3a
opraHusaumnaTa Ha To3u npouec.

e CTparterua sa peanusayums.

v OT OOKyMeHTa C U3UCKBaHUsATa ce npoeepsBaT eaHo Nno
€HO KOe He e peanusupaHo.
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= WHcTtanaumoHHUAT TecT (installation testing) e cneunanenH
TUN TeCTBaHe, 3aL0TO NPU HEro He Ce TbPCAT NPOrpaMHu
rpeLLKku, a ce NpoBepsiBa 3a rpeLukun, pesynrar ot npoueca
Ha UHCTanupaHe Ha nporpamaTa Ha KOHKpeTHa cuctema.

& (OCHOBHMU rpeLuKn:
v' BanugHu onuum npu KOHUrypupaHe Ha cuctemara 3a uHctanawus.
v' 3apgaBaHe Ha BanugHa anapartHa cpega.

v HyxXga oT KOMyHUKauus ¢ apyru nporpamu B npoueca Ha
MHCTanauus.

v [anu ce npexeBbpnat u/unm usnonssaTt Heobxoaumute annose 1
oudnuoTeku.

= Cwb3aaBa ce 1 ce u3nbiHaBa OT paspadoTunyuTe.

30



= ToBa € eQuH OT Hali-BaXKHUTE BbMNPOCK

v 3Hae ce, Ye He MOXe [a ce HaMEepPAT BCUYKN
rpeLuKu.

v He ce 3Hae KakbB MPOLEHT OT rpeLlkuTe e
HaMepeH.

v ima cepmnosHa CTOMHOCT, T.e. CTpyBa napu.

v Cepuno3Hu npobnemu ¢ rpapuumte, Kato Han-
4eCTO Cepuo3HO 3abasa etanuTe.

31
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« MHoro yecrta npakTtuka, 3aLloTo HAKOU BUOOBE
TecTBaHe e He TpsAbBa aga ce opraHusupar u
M3BbLPLUBAT OT paspadboTunyure.

# l3nuckBa ce rpynarta ga e cneuyuanumsmpaHa 3a
Hawuna knac NO, nHave pesynrtature OT TECTBAHETO
LLle ca NpueMInBeu camo 3a onpeaeneHn TecToBe.

= Heobxoaumo e noarotoBka Ha usyepnaternHa
NOKyMEeHTaLusa npeaun aa ce 3anoyHe npoueca.

< |/3nonBa ce 3a AoKa3BaHe Ha KavyecTBO Ha
pa3paborBaHoTo 0.
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Bbunpocu ?
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Banupauua Ha [lporpamMHo
OcurypsaBaHe



= Banupaumata Ha  MporpaMHO  OCUrypsiBaHe €
3abIMKUTENEH ENEMEHT OT JENHOCTUTE U npoueaypute
no nogobpsiBaHe Ha Ka4yecTBOTO HAa Cb3daBaHOTO
NporpamMHO OocuUrypsiBaHe.

v" “Tlpouec Ha oueHsiIBaHe Ha cucTemMa Ui HENHU KOMMOHEHTU B
npoueca Ha pa3paboTka Unu B HENHUSI Kpan 3a ornpegensHe
nanu 3agosoniaBaT crneunduumpaHnTe N3NcKkBaHuS”

v' “Tlpouec Ha cbbupaHe Ha nHdopmaumsa, nokassawla 4ye MO u
acoummpaHuTe NpoaYKTU 3agoBongaBar CUCTEMHUTE
N3NCKBaAHNSI B Kpasl Ha BCEKNM UWKbN OT XMBOTa MYy 3a
pellaBaHe Ha HAKOW Ccepuo3eH npobrieMm, Kakto U [Jda
3agoBongaBaTr  norpebuterncku HY>KOW 7 3agafeHo
n3nosnssaHe.”



&

&

ono6ps=|Ba N3MOJ13BaHETO HAa OTAEJIHUTE TEXHOJIOTUN.

ogobpsiBa busHec-pesyntaTuTe.

ogobpsiBa Bpb3kMUTE MeXxay ‘Bb3noxunrten-
pousBoauten-rorpebuten-3acerHatu’.

ogobpsBa eheKTUBHOCTTA HA U3NOSM3BAHETO.
amansiBa pmcka 3a OTKasn N rpeLLKu.

= [13ucKkBa CTPYKTYPEH Noaxo KbM paspaboTkara.

= [logobpsiBa 0OBBLP3aHOCTTA C peryrnaunmTe B
obnacTTa.



= BanupaumaTta e basnpaHa Ha MeTogonornnTe 3a
yrnpaBJieHne Ha npoueca Ha NPou3BOACTBO.

= CBbp3aHa e c nocrnegoBaTtenHuTe JEUMHOCTU NO
NbTA HA pa3paboTKkaTa.

= 3aObIMKUTENHO OTYUTa cpedaTta, B KOATO Lie
DYHKLMOHMpPA NporpamMHmUS NpoayKT.



Cneundukauns Ha
notpedbutencku OueHsiBaHe Ha
N3MCKBaHUSA npuUrogHocTTa
dyHKUMOHANHA OueHsBaHe Ha
cneyudurkaumns onepauwnoHHOCTTa
Cneundukaums OueHsBaHe Ha
Ha ansaitHa WHCTanaunoHHOCTTa
[lporpameH npoaykKT




= [loka3dBa ynpaBrieHne Ha NPon3BOACTBOTO U
paboTtaTa Ha l10.

« OcurypsiBa cbrnacyBaHoCT.

= TeHepvpa e~ MURITT noBeye

+ [loka3Ba NoTeHuuanHy obaeliu U3ancKkBaHUS.
OT TeCTBaAHe 3d NeMJTNBOCT.

= [13McKkBa CTPYKTYpPEH Noaxo KbM paspaboTkara.



1 XapAyep

[1pn nporpamMHUTE NPOAYKTU MOXe Oa ce Tpacupa
npuyMHaTa 3a nodBaTa Ha rpelukarta Hasag oo
cneundukaumaTa.

KayecTBOTO Ha NporpamMHUTE NPOAYKTU MHOIO NO-Mariko ce
BINuMsie OT cpedaTa 3a NPoM3BOACTBO.

[ onemnHaTa Ha coPTyepHUA NPOAYKT HE € CBbp3aHa CbC
CITOXHOCTTa My.

TecTBaHeTO He No3BoJidBa rapaHTMpaHETO Ha NPaBUITHOTO
doyHKLUMOHUpPaHE.

[TporpamMHUAT NPOAYKT HE € n3ndeckn obekT, T.e. TON He ce
M3HOCBA M He ocTapsaBa PU3NYECKN.



1 XapAyep

= [ledpekTuTe B nporpamMmHUTE NPOAYKTU ca pesynTtar
OT creundgunyHmn BXxogHn Habopu (MmoraT ga ca
CBbp3aHu U c onpeaeneHn MOMeEHTN BbB BPEMETO)

v" MNosiBaBaTt um e 6e3 npeaBapuTenHO NpeaynpeXxaeHune.

& CKOpOCTTa M npocTtoTaTa npu paspabdoTtka Ha 10
MHOIo YeCcTO € Npu4ynHa 3a Bb3HMKBaHe Ha rnoBeYe
OedeKTN, OTKONKOTO AM3anMHa N YyCNoBUATA Ha
NpPoOn3BOACTBO.

v" Manku npoMeHu moraT fa goBegart 4O CEPUO3HU
npobnemun Ha pasnnuyHM MecTa B NPorpamMHust NPoayKT.



1 XapAyep

& Haun-4ecTo NpoOMeHUTE B NporpamMHUTE NPOAYKTU ce
NpaBAT OT XOpa, KOUTO He ca y4YacTBanu B
OPUTrMHaNHUA NPOEKT.

= CodTyepHUTE KOMNOHEHTU He ca Taka aobpe
cTaHAapTU3NpaHU N B3aMO3aMeHsAEeMN, KaKTo €
Npwn XapayepHUTE KOMIMOHEHTMW.



&

V=
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3aBUCMMOCT OT cneumndukaumuaTa Ha U3UCKBaHUATA
[lpeBeHUNA Ha gedeKTUTe

OueHKka Ha BpeMeTo U ycunuara

Bpb3ka ¢ XnsHeHus unksn Ha 10O

[TnaHnpaHe

N300p Ha npouenypuTe 3a peanusauus.
[bnboynHa cnep npomsiHa Ha [10.

He3aBMCMMOCT Ha oueHKaTa OT Npou3BoANTENS.

[ 5bBKABOCT M OTTOBOPHOCT Ha npoueaypara.



= OCHOBHU OENHOCTU

v' CneundumuupaHe Ha 3agadnTe 3a BcsAka OT AeMHOCTUTE B
X3HEHUS UMKBI.

v' OnpepensiHe 1 n3bposiBaHe Ha BaXkHUTe dhakTopu 3a
Ka4eCcTBOTO.

v' OnpepensaHe Ha MeToaMTe M NpoLeaypuTe 3a BCsika
3ajava.

v' OnpepensiHe Ha KPUTEPUUTE 3a NPMEMaHE Ha BCsiKa OT
3agayuTe.

v' OnpepensiHe Ha KpuTepunTe 3a gedrHupaHe u
OOKYMEHTUpaHe Ha pe3ynraTtuTte, No3BonsaBaLlo OLeHKa
Ha CbOTBETCTBMETO UM C U3NCKBAHUATA.



= OCHOBHU OENHOCTU

v' OnpepensiHe Ha BPb3KMUTE MO BXOA U U3X0[ 3a BCsKa
3ajava.

v' OnpepensiHe Ha ponu, pecypcu n OTTOBOPHOCTU 3a BCSKA
3agava.

v" OueHKa Ha pucKkoBeTe U NpeanonoXeHusa 3a nosisarta.
v [1oKyMeHTnpaHe Ha NoTpedUTENCKNTE U3NCKBAHUS.



= TUNMMYHUAT nnaH CbAbpiKa.
v' T1naH 3a ynpaBneHne Ha pucka.
v' [1naH 3a ynpaBneHne Ha KoHurypaummTe.

v" [1naH 3a ocurypsieaHe Ha Ka4yeCcTBOTO

x [1naH 3a Banugaymsa n sepundukaumns
= [1eNHOCTU U KpUTEPUN 3a NPpUEMAHE Ha AENHOCTUTE
* [padumk 1 NnaHnpaHe Ha pecypcuTe
= OnucaHue Ha N3UCKBaHMATA 3a NpoBeXxaaHe

x  M3uckBaHuA 3a dbopmManHmsa aHanma Ha gmsanHa
x OnucaHue Ha U3NCKBaHUS 3a OApYru TEXHUYECKU crieumdmrkaunu.

v" HauyumH 3a onucaHue Ha npobnemute U METOANTE UM 3a
peluaBaHe.

v [pyrn cbnbTCTBALLUW OENHOCTN.,



= Cneundukaummnte Ha coPTyeEPHU NPOOYKTU
BKNKOYBAT:

v BCMYKM BXOOHWN A@HHWN U CUTHanNW.
v Becunykn pesyntatm ot pabotara Ha [10.
v Benykm doyHkumm, kouto MO Tpsabea aa peanunsuvpa.

v BCUYKM N3UCKBAHUS 3@ U3NbIHEHUE Ha PYHKUNUTE,
KOUTO TPsIObBa aa ce cnasBar:

X BUA, XapaKkrtep U Ka4ecTtBO Ha AaHHUTE, HAOEeXXAHOCT, BpeMeBU
orpaHn4YeHnda n apyru.

v' [ledbrHnpaHe Ha BCUYKN BbTPELLHN, BbHLUHN U
notpebutenckn nHtepdemncu 3a o

v" OnuncaHune Kak notpedbutensa we s3ammogenctaa c 10



= Cneundukaummnte Ha coPTyeEPHU NPOOYKTU
BKNKOYBAT:

v Kak Le ce ycTaHOBSIBAT rPeLUKNTE 1 Kak Liie ce
yrnpaensiBar.

v' MakcumanHoTo Bpeme 3a OTroBop.

v" OnuncaHue Ha cpeaaTta 3a pyHKunoHupaHe Ha MO, ako oT
TOBa 3aBucu ansanHuT My (nnatdopmu, OC, B v ap.)

v' Bcuykn ananasoHun, rpaHMYHM CTOMHOCTU, CTOMHOCTM NO
nogpasbupaHe, cneyndnyHn ctonHocTu, kouto MO Lwe
nony4yasa.

v" OnucaHmne Ha BCUYKN N3NCKBaHMA, cneundunkaumm v
XapaKkTepUCTUKK, byHKLNOHMPaHE Ha cucTemaTa 3a
CUTYPHOCT, OTKa30yCTONYMBOCT U CAaMOBBb3CTaHOBSEMOCT.



& OCHOBHW OENHOCTU, CBBbP3aHN C BanugauuaTa:
v [pegBapuTeneH aHanma Ha pucka.

v AHanu3 Ha Bb3MOXXHOCTUTE 3a TpacupaHe
x  [1porpamHu nsmcksaHus — CUCTEMHU U3NCKBaAHNSA
x  [lporpamMHu namckeaHnsa — AHanms Ha pucka

v' OnncaHne Ha xapakTepUCTUKUTE Ha NOTpebuTens

v OueHsaBaHe Ha U3NCKBaAHUATA

v" AHann3 Ha n3nckBaHuATa 3a NoTpebuTenckn nHTepdenc
v' Cb3gaBaHe Ha nnaH 3a CUCTEMHO TECTBAHE

v' Cb3gaBaHe Ha niaH 3a BanugauMoHHO TECTBAHE

v" OnucaHue Ha ABYCMUCNULNTE B JOKYMEHTUTE 3a aHanms
N onucaHue.



= MwuHumanHa doopma Ha Banmgauung:

v
v

v

Hama BbTpellHa HEKOHCUCTEHTHOCT.

Bcuukn nanckBaHus 3a n3nbiHEHNE Ha PYHKUUNTE ca
OMNUCaHU SICHO, NbITHO N NOAPOOHO

N3nckBaHuATa 3a HaaeXagHOCT, CUTYPHOCT U
OTKa30yCTOMYMBOCT Ca KOPEKTHU N MbITHMN.

PasnpeneneHneTo Ha MYHKUMUTE € MbITHO U KOPEKTHO.

N3nckBaHnATa ca noaxoasLin 3a n3dpaHoTo HMBO Ha
PUCK.

M3nckBaHusTa ca onncaHu No Ha4mH, No3BonsABaLl,
n3MepBaHe Ha pe3ynTtaTtute n sepudunumpaHe Ha
LenuTe.



+ OCHOBHW AEMNHOCTU, CBbP3aHn C BanuaauymaTa:

v' [ledmHUpaHe Ha KpUTepun 3a NPMEMITMBOCT NpPW
cneunduumpaHe Ha N3NCKBaHUATA

v" AHanu3 Ha pucka

v' CneunduuympaHe Ha ctaHgapTy U 4oOpu NpakTUKM 3a
pa3paboTka Ha KoanpaHe.

v" N3nckBaHus 3a CUCTEMHA JOKYMEHTaLMA U
OOKYyMeEHTauusaTa 3a paspaboTka

v NanckBaHMA KbM anapaTtHaTa 4acT, KOSATO Lie ce
n3nosi3ea.

v' OnpepensHe Ha NnapamMeTpuTe, KOUTO LLie ce U3MepBar.
v" NanckBaHuA 3a Mogena 1 Tvna Ha gaHHW.



= OCHOBHW AEMNHOCTU, CBbP3aHW ¢ BanuaaumaTa:

v MIanckBaHuA 3a normyeckaTta CTPyKTypa 1 U3non3BaHuTe
anropuTMu.

v' [ledbrHnpaHe Ha KnacoBeTe rpeLlkn, anapmmte un
npenynpegnTenHuTe CbobLLEHNS.

v MIanckBaHWS 3a Ka4eCTBOTO Ha CbMbTCTBALLOTO NPOrpamMHo
ocurypsiBaHe.

v N3anckBaHusi 3a moaena u TexHonormTe 3a peanms3auus
Ha pasfn4yHuTe BUOOBE NHTEPdENCH (BbTPELLHN, BBHLUHM,
C noTpedutens)

v' MeTpukn, MeTogm n MeTOO0sIorMm 3a 3aMepBaHe Ha
CUIYpPHOCTTA

v [pyrn n3nckBaHus, METPUKN U OrpaHNYEeHNs.



= MuHMManHa KonnyecTBo OEUHOCTU, CBbP3aHn C
Banuaaumusa Ha [10:
v [lpoMeHn B aHanu3a Ha pucka

v" AHanu3a Ha TpacupoBkKaTa:
x [1Bynoco4Ha Bpb3ka ‘Cneundunkauusa Ha ansamH — N1ancksaHmns’

v" OueHsiBaHe Ha copTyepHUs An3anH
v" AHanu3 Ha gmM3anHa Ha nHTepdencurte

v [eHepauus Ha Au3arHa Ha TecTBaHeTO (OT HUBO MOoAyI
Harope).



= MuHMManHa KonnyecTBo OEUHOCTU, CBbP3aHn C
Banuaaumusa Ha [10:

v" AHanu3a Ha TpacupoBkKaTa:
x ‘Kog — Cneundoumkaumsa Ha gusamnH’
x ‘Tect — Kon’
x ‘TecT — Cneyndmkauuma Ha ansamy’
v' AHanun3 Ha amn3anHa Ha uHTepdencuTe B NporpamMHms
KoQ.

v ['eHepauus Ha TECTOBOTO MHOXECTBO (OT HUBO MOAYI
Harope).



+ MeTpuKM Ha ocHoBaTa Ha CTPYKTYPHO NMOKpUTUE:
v" HnBo onepatop

HuBO paskrnoHeHue

Hwueo ycnosue

H1BO MHOroyCnoBHM pa3sKIoOHEHUS

Linknum

[bTUWA

[lOoTOK HA gaHHUTE

X N X X X



# MeTpuKkM Ha ocHoBaTa Ha PYHKLUMOHAIHO
NOKpUTHE:
v' HopmanHo n3nons3saHe

v' Haco4eHo kbM pesynraTturte
x ObxBalaHe Ha BCUYKN Bb3MOXHU pe3yntaTu

v" YCTOMYMBOCT Ha Heo4YakBaHU BXOOHW Bb3OeNCTBUSA

v Haco4yeHO KbM BXOoOAHNUTE OaHHUN N CUTHATIAN
x ObxBalla pas3nM4yHn KOMOMHALIMK Ha BXOOHW JaHHU U CUTHamN.



+ MuHMManHa Konn4yecTBO JENHOCTU, CBbP3aHM ¢ Bannaaums

Ha [10:
v

v
v
v

DN N NN

[TnaHnpaHe Ha TecToBETE.
OnpepgensiHe Ha TecToBM Habopu 3a CTPYKTYPHOTO NOKPUTHE
OnpegensaHe Ha TecToBU HAabopu 3a PYHKUNOHANHO NOKpUTNE

AHanusa Ha TpacupoBKaTa:
x  ‘MopayneH TecT — [InsanH OT HUCKO HUBO'
x  “TecT 3a uHTerpauuns — lnsanMH ot BUCOKO HUBO’
x ‘CucremeH Ttect — MancksaHus’

N3nbrHeHWe Ha TecToBeTe

OueHka Ha pe3ynTaTtuTte 1 NpoBeXa4aHeTo Ha TeCTOBETE.
OnpenensaHe Ha rpeLlukuTe

Cb3gaBaHe Ha OTYET 3a TeCTBAHETO.



& [lonbnHUTENHN OENHOCTN, OKa3BalLlU BRNAHME
BbpXYy BanugauuaTta Ha [10:
v' [pepasrnexagaHe Ha BannaaunoHHUTE MNaHoBe.
v' OueHka Ha aHomanuuTe.

v' peHTndukauma Ha npobnemmte n TpacMpoBKa Ha
OEWHOCTUTE MO OTCTPaHABAHETO UM.

v OueHka Ha ovYakBaHUTe/HanpaBeHUTE NPOMEHM.

v [ToBTOpEHME Ha AENHOCTWN OT NPeaxoaHn eTanm Ha
pa3paboTka.

v' OBHOBsIBAHE HA OOKyMeHTauuaTa.



+ BanugauuoHHaTa npoueanypa 3aBmcu OT ABaTa
OCHOBHM aCleKTa B npoueca Ha Cb3flaBaHE Ha HOBO
NporpamMHO OCUrypABaHe:

v' Bpb3karta ‘nporpama-nasapeH npoaykT
v' CTpaTerusa 3a cb3gaBaHe Ha HOB NPOrpamMeH NpoaykT
= Tpwu BMOa Ha nporpamMmuTe KaTo nasapeH npoaykr:

v" korato O e yacT oT cuctema 1 He MOXe aa
doyHKUMOHMPA CaMOCTOSATENNHO

v/ KoraTto camu rno cede cu ca NpoaykKT
v/ KoraTo ce U3Mnon3BaT 3a Cb3gaBaHe Ha ApYrv NpoayKTu



= CbllecTByBaT 4 OCHOBHM Ha4MHa 3a Cb3[jaBaHe Ha HOB
nporpamMmeH NpoayKT:

v

v

v

Hoe rpodykm - n3usno HoBopa3paboTeHO NporpamMHo
ocurypsiBaHe

KoHobuaypupaHe/llpekoHgbuaypupaHe - 10 Ha ocHOBaTa Ha
KOHdoUrypauma n/mnmn reHepaumns no KoHurypaums ot
CcblUlecTByBaLlM MOA4yN

MoouuyupaHe Ha O - koraTto ce U3nosi3ea NnoaodHO U
cbliectByBaLllo 10O, KoeTo ce NpoMeHs 3a NocTuraHe Ha
HOBUTE N3NCKBaAHUA U 3a KOETO Lsnarta JOKyMeHTauuns e
HanmM4Ha

N3non3zeaHe Ha comoeso 10 - koraTo ce n3nons3sBa
cbllecTByBawo 0O, oTroBapsLLo Ha cneunukaunmnTe Ha
3aflaHNeTo (UNu Ha YacTu OT HEro), HoO AOKyMeHTauudaTa e
HAMa N € MHOro Mariko



= PeanusmpaHu 4pes peBloTa, MHCNEKUUN N Npernean
Ha pas3fiM4yHM OOKYMEHTU, YacT OT npoueca Ha
npon3BoacTeo Ha [10:
v/ 0bxBaT Ha npoueaypaTta no TecTBaHe Ha NpPoAyKTa
v pe3ynTtatm oT BalindauMoOHHOTO TeCTBaHe
v IOKYMEHTa CbC 3annucu Ha aHomanunte, otkputu B 1O
v BepudmKaLumMoHHaTa AOKYMEeHTaums

v' NOKYyMeHTa CbC 3anucurte, onuceallm npobnemmTe npu
paboTa u cbnpoBoxXxaaHe Ha 10

v’ 3anucuTe 3a TpacupyemMocCT Ha NPOMeHUTe



= BanupaauuoHeH npouec
v

v

Peanu3unpa ce Ha ocHoBaTa Ha NbfiHaTa AOKYMEHTauus 3a
pa3paboTtsaHoTo 0.

He 3aBucu oT Banungaymata Ha CUCTEMUTE, KOUTO
cbabpxKaTt/nanonssart HOBOTO [10.

3anouBa ce Hal-4ecTo OT cneundrKaLununTe Ha CUCTEMHUTE
N3NCKBaHUSA

% OcobeHo BaXkHO e npu ‘KpUTUYHK cuctemm (socio-critical, safety-
critical).

v [lokyMmeHTa 3a Ha4yanoTo Ha npoLlieca 3a Banuaauus Tpsbsa aa

CbAbpXKa MUHUMYM CreAHUTE eNeMEHTU. CUCTEMHUTE
crneundmuKaLnoHHN N3NCKBAHWUS; BanngaLnoHeH TECTOB NNaH,
TeCTOBW NpoLeaypu, TECTOB AN3aliH U TECTOBO MHOXECTBO,
crneyndurKkauus Ha KOMMTbpHATa cucTtemMa.



= BanupaauuoHeH npouec

v' CTatnyHaTta n gMHaMnyHa cumyrnauusi Ha BXogHuTe curHanu tpsioesa
Oa ce peanusmpa Taka, 4Ye ga ce Bb3npousBede HopMmanHarta cpefa Ha
pabota Ha [10.

X HOpMasnHu onepauunn, npodaBrieHnd, orpaHN4YeHund

v Tpwn ‘KpUTNYHW' cnctemmn e HeobxoamMmo aa ce cb3gage
npeacTtaBUTENEH TECT, KOUTO Aa OEMOHCTPMpPAa peakLunmTe Ha BCEKU
BXOOEH NapaMeTbp NOOTAENHO, KAKTO N HA KOMDUHaUUNUTE OT Te3n
napamMmeTpm.

v CneumanHo ce nscnensa sepudukaunoHHaTa npoueaypa(-vn) ganu e
obxBaHano scn4ykn pyHkumm Ha [10.

v 3agbmxkntenHo TpsabBa Aa ce cb3aganar yCroBus 3a NpoBepKa Ha
BPEMEBU OrpaHUYEHNSA, OrpaHNYEHNS MO PECYPCU 1 OPYIN.



= Pe3yntatu oT BanMgauuoHHMSA npoLec

v’ BannpatuymoHeH oTyeT

x Onucea cbCTOSHUETO (YcneLwHO/HeyCcneLHo), KaTo nNpu
HeycneLwHo gaBa 0b6siCHEHME Ha OTAENTHUTE NPUYMHN 3a OedEKTM.

x He gaBa npenopbku Kak Aa ce Kopurmpat oTKpuTuTe aedekTu.

v' OTYeT 3a OTKPUTUTE aHOManun

x  3a0bImMKUTENHO ONUcBa BCUYKM aHOManuu, Bb3HUKHaNM B
npoueca Ha Banugaumsa Ha [10.

x 3a BcsiIka aHOManus ce onuceaT criegHUTe JaHHW: onncaHne u
MSACTO Ha NPOSIBNEHUE; OLIEHKA Ha BNUAHMETO; NpUinHa 3a
nosieaTa M CbLUHOCT Ha rpeLluKkaTa; KOrko € KputuieH gedekra 3a
[MO; npenopbku 3a AENCTBIE.

% [1pn Hanu4ne Ha OTKPUTM aHOManuu He MoXe [a 3aBbpLUn
npoueaypaTta no Banuaauus.



3a HOBUTE YacTu BaXaT npasunaTa kaTto 3a HoBo [10.

B cnyyaunTe, npu KOUTO ce NpoMeHs PYHKLMOHAaNnHoCcTTa Ha
cbllecTByBaLoTo 1O ce na3sbpLUBaAT BCUYKM BanngalMoOHHU
OEeNCTBUA 3a gageHaTa nogcucrema/moayrn, NnpoBeaeHn v
OnNncaHn B OKYMeHTauusaTa.

B cny4yanTe Ha npomsiHa Ha 6a3oBuUTe cneundukaunm Ha
cbllecTByBaLoTo 1O ce npunara nbfHa cxema Ha
Banuaauunsa (KaTto 3a U3Lano HOB NPOAYKT).

[IpOMeHNTE Ha KOHUIYpaLNUOHHO HUBO Ha NPOoAYKTa Hau-
4eCTO Ce NpoBepsABaT C Bepndukaumsa Ha MHTerpaumnaTa.



= 3a Jga MOXe [a ce M3rornsBa 3a HYXXOUTe Ha
pa3paboTkaTa cbliecTByBaLloTo 10 Tpsbea aa
OTroBaps He crnegHnTe N3NCKBaAHUSA:

v' PaspaboTkarta TpsibBa ga e buna Ha ocHoBaTa Ha Jobpu
NPaKTUKN N 3anNoXeHUTe METPUKN B NfiaHa 3a Ka4ecTBO
TpabBa Aa ca cbuamepummn ¢ HeobxogmummTe 3a HoBoTo [10.

v ChbllecTByBa AOKYMEHTaLUS 3a UCTOpUSTa Ha paboTa u
n3nonasaHe Ha 10, KosaATo Aa nokassa HagexaHocT Ha [10.

v CblUecTByBa NbiHa U npeumnsHa AoKyMeHTaums 3a
notpeburtens.



= [1pn OTCbCTBME Ha NpOorpaMHUTE KOOOBE:

v' TpsibBa ga ce n3BbPLUM aHanu3 Ha:
x  QyHKUMOHAITHU N MHTepPdENCHN cneyugukaumnm
x  IlokymeHTauus 3a gmsanHa Ha cuctemarta
x TecToBUTE AAHHU

v' AHanua3bT TpsibBa Aa ce CbCpeaoToum cneLmanHo Bbpxy
N3MN0N3BaHMATa Ha NPEKbCBAHUS, PeKypCcumM 1 3a4ensHeTo Ha naMmeT
N OPYrn CUCTEMHN PECYPCM.

x TpsibBa reHepupaHeTo Ha HOBM TECTOBE, NPOBEePsBALLN KOPEKTHOTO
DYHKLUNOHUPaHe B Te3W criyvau.

x Heobxooumu ca TecToBe 3a onpeaensHe Ha KOPeKTHOCTTa Ha

yrnpaBfieHME Ha pecypcuTe 1 3a caMmonpoBepka (Hanp. ynpaBrieHUETo
Ha cTeka).

x  ToBa e 0COBEHO CbLLECTBEHO 3a KPUTUYHN CUCTEMU U B TO3M Clly4am e

NpenopbYNTENHO NPoBEXAaHe Ha BannaaunoHHa npoueaypa KaTto 3a
HoBo [10.



= B TO31 cny4yam He MOXe [a ce pa3dnTa Ha JOKYMEHTUTE
3a paspaboTkaTta Ha ctapoTo 10
v BepuunKaLMOHHNUTE OOKYMEHTN OT eTanuTe Ha pa3paboTka
v NOKyMEeHTauus 3a NporpamMmHusi Koa
v M3NCKBaHMUSATA 3a NporpaMmHus NPOAYKT

= AHanusupa ce MHPopmMaLuaTa OT UCTOPUATA Ha
n3non3saHe
v' OueHsiBa ce npunoxmmocTtrta My 3a HooTo [10

v' CneumanHo BHUMaHue ce obpblia Ha:
X BepcunTe Ha |_|O, TAXHaATa nogdBa N CbWHOCT Ha NPOMEHUTE

X [NOKYMEHTUTE 3a ONMUCaHNEe Ha rpeLuknuTe Npu N3nosisBaHe N Kak
ca Ounun oTCTpaHEHMU



= [lpoBexgaTt ce HOBU BEPUMPUKALIMOHHM N HOBU
TECTOBW MPOBEPKN B CrlyYanTe Ha CbMHEHME B
[JOCTOBEPHOCTTA UIIN Ha OTCbCTBUE Ha pe3ynTaTtu

3a nNpegHu NPOBEPKM.

= |LlanocTtHaTa npoBepka (ctapo + HoBo [10) cnen
TOBa € KaTo npu paspaboTtkata Ha HoBo [10.



& I/Issprusa ce B ABE OCHOBHW HallpaBJ1IEHNA.
v Banupauwms Ha 6a3oBoTo 1O
v' Banugaums Ha KOHUIypaLMOHHUTE OAHHM.

= Banupauusita Ha 6a3oBoTo 1O ce n3BbpLIBa N0 MeETOAUTE 3a
nanonssaHe Ha collecTtByBalo 1O (no egnH oT ABaTa
BapuaHTa).

v' 3a Bcdka noacmctemMa u 3a BCEKM MOAYIT, KOUTO OTFOBaPAT 3a HAKOS
oT pyHKunmnTe Ha HoBoTO [10.

v' 3a Bcsika oTaenHa onepauma Ha 6a3osoTo 10, konTto BogAT o
NpPOMsIHA Ha JaHHUTE 3a KOHJurypupaHe/npekoHdurypumpaxe Ha l10.
= Banupaymarta Ha KOHUrypaumMoHHUTE AaHHM € KaTo 3a HOB
nporpamMeH npoayKT.



= Banupaumata Ha gaHHUTE ce pas3aend Ha aBe
NENHOCTMW:
v’ Banupauymsa Ha CTOMHOCTUTE Ha JaHHUTEe
v BanupauuaTta Ha TEXHUKUTE N MeToauTe 3a
CbXpaHeHUETO, MoandukaumsTa n N3Nosi3BaHETO UM.
# | B gBaTa cny4yasa HacokaTa Ha BanugauusaTta e ga
ce yCTaHOBIW OaJin AaHHNTE CEe U3IMO0J13BaT KOPEKTHO
M ganun Te no3sonasaT Aa ce sb3gaae 1O, koeTo aa
doyHKLUMOHMPA KOPEKTHO.



= HacokaTta e ga ce onpeaenm KOPEKTHOCTTa Ha BCsika AaHHa
BbB BCEKM MOMEHT Ha paboTta Ha [10.

= CbLEeCcTBYBAT pas3nM4Hn dOpMU, KaTO HAKOU ca U3LSANOo
PBbYHW, @ APYIX U3USN0 aBTOMaTU3MPaHM.

v [NpoBepka ganu BXogHUTE CUrHanu ce nogasaTt B NPaBUITHUTE
MecTa.

v [NpoBepka aanvu BXOOAHUTE CUrHanu OoTroBapsaAT Ha KpUTepunTe 3a
Ka4yeCTBO M KOPEKTHOCT.

v [poBepka 3a KOPEKTHOCT Ha peakuumTe, MOPOAEHN OT BXOAHUTE
CuUrHarsrin.
= [lpenopb4YMTENHO € NBbPBO Aa Ce U3BbPLUM Banuagauus B
crneumanHo paspaboTeHa TecToBa cpefa, a cref ToBa B
peanHaTta cpefa Ha U3rnon3BaHe.



VIIPABACHHNEC Ha AAHHUTC

= ToBa e BanngaundaTta Ha TEXHUKUTE N MeToauTe 3a
CbXpPaHEHUETO, MO,D,I/I(*)I/IKaLI,I/IFlTa N N3MNOJ1I3BAHETO UM.

# ToBa ce npwunara BbB BCUYKM B Cnyyaun, He3aB1UCMMO Oanu
nMa aBTOMaTMU3NpaHU cpeacTea 3a ynpasrneHue Ha bl nnu
HAMA.

= [logbopbT HA TEXHUKNTE 3a Banuaauusa 3agb/MKUTENHO
3aBMCU OT TUMA Ha CbXpaHaBaHaTa MHOopPMaLUUA U HEMHOTO
n3nosns3BaHe.

v [lpoBepsiBaT ce caMo TE3UN ENIEMEHTU, KOUTO OKa3BaT BINUSHUE
BbpXy PYHKLUMOHMPAHETO Ha koHkpeTHoTo [10.

v' 3a aBTomMaTtuampaHu cuctemu 3a ynpasrnenue Ha bl Han-yecTo ce
n3nonssat n3nckBaHmaTa Ha ctaHgapTa IEC 880.



= OcobeHOoCTU

v" B TO31 cny4an 4acT OCBEH AeMHOCTUTE No Banugaums
Ha NPOrpamMHOTO OCUrypsBaHe CaMOCTOATENHO ce
npoBexXxgaTt AenHOCTU Mo Banugauna Ha cuctemarTa KaTo
LIS10.

v' 3agbimKNTENHO ce oueHsABa Bpb3kaTa ‘M3nckBaHUSA KbM
namckeaHunatTa — ianckeanmsa kom MO’

v" pwn HAKOW cny4aun Ha pa3paboTka (n3nons3BaHe Ha
yacTtu ot 'O, KoHdurypaumsa/pekoHdpurypaums) Mmoxe
OVPEKTHO Aia Ce U3BBbPLUM Banmaauusa Ha HABO CUCTEMA.



= BanupaumaTa e pe3ynTar OT ycrnewHarta
BalindaunAd Ha crieHnTe eJieMeHTA.
v' OueHaBa ce KaKTo KaTo 4YacT OT cuctema.
v' Banunpgaumsa kaTo 4acT OT TEXHONOIMM4YeH npoLec.
v' Banupaums Ha npon3BeaeHns NpoaykT.



Bbunpocu ?
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Baampaanma u Bepuduxkanma

Ha BIPAA€HHU CUCTEMH



= [lednHnums

v' “ToBa e KOMMITbPHA CUCTEMA, KOATO € Cb3JadeHa KaTo
KOMMOHEHT Ha Mno-ronsiMma CUCTEMAa U € OPUEHTUPAH KbM
paboTta BbpPXy e€auH npouecop. 3agadnute Ha Tasu
CUCTEMA Ca MHOro no-pasfnunyHn OT CUCTEMUTE C 0OLO
npeaHasHa4veHue.”

v “ .. YCTPOMNCTBO, KOETO MMa KOMNIOTbpPHA nornka B VIC u
He MoOXe pna 0O0bae AUPEKTHO nporpamMmupaHo oT
notpebutens. 3axpaHBa ce OT baTepusi UnNn OUPEKTHO
oT mpexaTta. IC ynpaBnsaBa egHa nnu nosede qoyHKUUM
Ha YCTPOUCTBOTO."



= [lednHnums

v' “KomOMHaUua oT anapaTtHa 4acT U nporpama, 3aefHo C
OOMNBbMIHUTENHN MEXaHMYHa WU/unu Apyrm 4actm (ako e
HeobxoaMmo), N3non3BaHu 3a nocTuraHe Ha
onpeneneHa yHKUMOHANHOCT.”

v' “BrpageHnte CcUCTeMM ca KOMIMOHEHTWU, MHTerpupaLiu
anapaTHa n nporpamMHa 4yacT, crneuunanHo paspaboTBaHe
3a CBbP3BaHE 1 peanusaums Ha cneuundunyHa 3agada.”



= OcobeHoCTH

v' Bcska oT oTaenHuTe 4actu (anapaTtHa 1 nporpamHa) He
MOXe CaMOCTOATENHO  Aa ocurypm HY>XHaTa
doyHKUMOHAaNHOCT.

v OCHOBHM OrpaHnyeHus
x  PeaKTUBHU CUCTEMMU
x Han-4ecto ‘KpUTUYHU' CUCTEMU
% ABTOHOMHM CUCTEMMU
x  C BUCOKO HMBO Ha CUTYPHOCT N HaOEXOHOCT

x  MHOro 4ecTto umat siCHO AedPUHUPaAHN OrpaHNUYEHUA NO BPEME.



= OcobeHoCTH

v  AAcCHO peduHMpaHM npoMeHM B pasbupaHudaTa 3a
‘OrpaHNYEeHna’  MeXxay pasfNyHUTE  MPUIIOXKEHUA U

dhamunum.
x  CunmkoHoBu cuctemu (system-on-chip)
x Knacuyeckun cuctemm

x [pyrun
= Banupauusa v Bepndukaumng
v' Bepudukauus Ha pasnnyHuTe etann Ha paspaboTka
v’ Bannpauwusa

X Ha Moaena, Ha KOMyHuKauuuTe, Ha paboTaTta U PyHKLUMOHanHa
Banuaauuns
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<= HuBa B AM3aMHa Ha BrpageHarta cucrema
‘Cucrema’

‘ApxuTekTypa’

‘TlporpameH kog’

‘M3nbNHUM koA’

‘OedpunHnunsa Ha nHTtepdencu’

‘CnHTE3 Ha noBeaeHue’

‘Jlornyeckn cuHTes’

h\

X N X X X



= Hama pasnuka mexagy anapartHa n nporpamMHa 4acT,
T.e. METOAMUTE 3a Banugauus un sepudukaums
oueHaBaT cuMcTemMaTta KaTo Usno.

= He ce pa3srnexagaT KOMyHUKaLWOHHU NPOTOKONU
mexay 6rnokoBeTe, aHanM3 Ha 3aKkbCHEHUETO Ha
pa3npocTpaHeHne Ha CUrHanuTe, U34YNCIIUTENHU
anropuTMum.

= OLueHsIBaT ce NBKaBOCTTa Ha AmM3anHa,
ePeKkTUBHOCTTA U PYHKLUMOHAIHOCTTa MY.



= QueHsaBa ce 0O6BBbP3BAHETO Ha NporpamMHa U anapaTHa
pyHKUMOHANHOCT (Ha HMBO OIIOKOBE).
v Mopgen Ha nameTTa

v" KOMyHMKaLMOHHATa apxMTeKTypa Mexay nporpamMmHa 1 anaparHa
4yacT M TOMNONOrvsi Ha LIMHaTa

v [lporpammpyemmuTe yCTPOMUCTBA, BbPXY KOUTO LLiEe CE NU3MNbIHSABA
nporpamHaTa 4acT

v AnapaTHaTa TEXHOJIOINNA, KOATO CE€ N3MNOJ13Ba 3a peajim3aund Ha
ariapatHnTe 3agaudu.
& OLI,eHKa Ha TPaH3akKUMOHHOCTTA - nopaan otaesieHoCTTa Ha
KOMYHUKaUUA OT USHNCIIEHUE Ce N3NO0J13BaT METOON 3a
CMyIauusi.



= (OCHOBHO ce oLeHsABaT NpobriemnTe, CBbpP3aHu C
OorpaHuU4YeHnsaTa Ha YyCTpoMUCTBaTa, BbpXy KOUTO Le
Ce U3NbNHABAT NporpamMHus Koa 1 orpaHUYeHnaTa,
pes3ynrtaTt OT KOMYHUKaLUWUOHHNA NHTepdenc.

v AnapaTHaTa 4acT y4acTBa B NpoLeca KaTo ‘YepHa
KYyTUS'.

v' KoMmyHuKauusita mexay anapaTtHa U nporpaMmHa 4acT e
He OocHoBaTa Ha ApanBepu.

= OueHsBa ce npobnemMmuTte ot n3dbopa Ha e3ukK 3a
nporpammpaHe.



& QOueHsiBa ce n3bopbT Ha peLlleHne 3a N3MbITHEHNE

Ha NporpamMHus Koa:

v C n3nonseaHeTo Ha OCPB (onepaunoHHa cuctemm 3a
pearHo BpeME) UnNu QUPEKTHO yrnpaBlieHne Ha
arnaparHara 4vacT

v' KomnunatnBeH unm nHtepnpetaTtmBeH BapuaHT.
v' 3aBMCUMOCT OT KOMMIOTbPHAaTa nnaTtdopma.



= PasgenaHeTo Ha yHKUMUTE HaA cucTemMara, pellaBaHu C
anapartHu cpenctea Mexay oTaesiHM Mmoaynu, Hanara
peanusaunsa U oueHKa Ha MHTepdencuTe Mexay Tesu

Mooynu.
v' BpemeBuaT mogen 3a anapaTHaTa 1 3a nporpamHara vacT e
pasnmyeH (0bMKHOBEHO CbOUTUNHO Ba3npaH — UMKINYHO
N3NbIIHABaH) , T.e. TpAbBa npeobpasyBaHe B ABETE NOCOKN.
= (QueHKa Ha OpanBepuTe 3a yrnpasreHne Ha ycTpoucTearta U
Ha MNMpPoOTOKOJ1a Ha WNHAaTa

v OyHKLUMOHaNHa Npo3payHoCT Ha anapaTHaTa YacT CrpsiMo
nporpamMmHaTta

v HageXOHOCT, yCTOMYMBOCT, NponyckaTenHa cnocoOHOCT



= OLeHsIBa KOPEKTHOCTTa Ha Au3anHa Ha ocHoBaTa

Ha CUMYJNaTUBHU TEXHUNKA

v" OueHsBa ce peakuusita Ha cuctemaTa Ha MHOXEeCTBO
BXOOHW CTUMYIN, TEHEpUPaHX OT CMMYfaTopHaTa cpeaa.

v TecToBuTE Habopwu, Cb3gaaeHn 3a NO-BUCOKO
abCTpaKTHO HMBO Ce M3MNON3BaT M 3a NO-HUCKUTE HUBA,
KaTo HenpekbcHaTa ce 400aBAT N HOBW.
< /13non3Ba ce 3a onpegeridaHe Ha HalintdymeTo Ha
,El,ereKTI/I, HO HE MO’Ke [a NpaHTnpa oTCbCTBUETO
M.



= Mo)e Ja ce n3nornsBa KakTo 3a cuctemaTa Kato
LIANI0 M NOOTAENHO 3a anapaTHaTa 1 3a nporpamMHaTa
Yyacr.

= Heobxogummun enemMeHTU 3a oueHKaTa Ha cuctemaTta
v' CmynaumoHeH Moden Ha Au3anHa Ha cucTemara
v' Cumynartop
v' TecToBa cpepa

v' MeTop 3a oLUeHKa Ha KOPEKTHOCTTa Ha pe3ynTaTuTe.

x ToBa e OCHOBHUAT Npobriem nopaan HEBb3MOXHOCT 3a
peanuanpaHe Ha usdyepnaTerieH TeCcT Npu cuMynaumsl.



= Cnoped MeToa 3a OLeHKa Ha KOPeKTHOCTTa Ha

pe3ynratuTe CblUEeCcTBYyBaT ABa BMAa AMHAMUNYHA
BepuduKaLms.

v" Cumynaums Ha normkaTta Ha cuctemaTa

x KayecTBOTO Ce onpeaens Bb30CHOBA Ha NOKPUTME Ha Koaa
(onepaTop, pas3KkiioOHeHWe, MbT, UUKBI, YCITIOBME U T.H.)

v' Cumynauus Ha gedektute

x  KayecTBOTO ce oLeHsiBa Ype3 aHanm3 Ha OTHOLLEHNETO Mexay
OTKPUTU OedOeKkTn U peanHo aedekTn — aedekTnTe ce
cumMmynupar (pasfindHu BUOOBE U MOOESNIN) N CE OLEeHsBAT
pesyntatuTte B c/6e3gedekTHa cnctema.

x 100 % He rapaHTUpaT NbNHO ynpasneHne Ha gedekTuTe, a
camo 100 % oTKpMBaeMOCT 3a CUMyNUPaHNTE YCINOBUSL.



= Ko-cumynaTMBHUSA NOOXO0[ Ce M3Mnor3Ba 3a
OLleHsiIBaHe Ha cucTemaTta crnep pasgensaHeTo Ha
YHKLMOHaANHOCTTa Mexay nporpamHarta u
anapaTHaTa 4acT.

= 3non3BaTt ce cneuunanHo paspaboTeHu
nnaTgopmmn, pasnuyasally ce rno apxmTeKTypHa
Haco4YeHOCT, ePEKTUBHOCT Ha U3MbJIHEHUNETO,
e3nyn 3a onnmcaHme Ha cncremMmarta
v" XOMOreHHu cpeau
v' XeTeporeHHu cpeau
v" [lony-XoMOreHHun cpeam



3a cumynauusaTa Ha anapaTtHa ¥ nporpamMHa 4acT ce
n3nons3sa eaHo obLLo S4P0.

M3non3ea ce abcTpakuus oT BUCOK pef 3a NpeacTaBsiHE Ha
pas3nukaTa Mexay anapaTHu 1 nporpamHm 6rnokoBe

3non3Bea ce 3a
v OUEHKa Ha am3anH OnucaHue HaJ Onucanue HaEJ

v OLeHKa Ha n3noni3BaHe nporpamMmHa 4act anapartHa 4acT

HepocTtatbk @ @
v' Peanusaumsa Ha MHOro
pa3nu4YHN cpeacTBa 3a anapaTHa
N nporpamHa peanm3auund CmmynaTop




= MHOro no-to4Ha pearin3daumd Ha noeegeHMeTo Ha allapatHaTta U

nporpamMHarta 4acr.

v" 13non3Ba ce No-HUCKO HMUBO
Ha abcTpakuma 3a anapaTHaTa
yacrT.

v nporpaMaTa 4acCT Ce OoLeHABa Onucaue HaJ OnucaHme HaJ
nporpamHa yact anapartHa YacT
B U3MNbJIHNM BUA.

& CbLHOCT II II

v MN3MbnHABaT CUHXPOHMU3aLNS
CumynaTop Cumynartop
MeXy ABa 1 noseye

cumMmynaropa.

KomyHvKaunoHeH KoMyHuKaumoHeH
UHTEpdEenc UHTEpPdEec

I I

KOMYHMKBLIMOHHB LHa




= OCcHOBEH npobnewm:

v' EpeKTMBHOCTTA Ha cuMmynaumaTa Ha Bpb3kaTta Mexay
CbOUTUNHO-OPMEHTUPAHATa anaparTHa 4acT U cumynartopa
Ha MHCTPYKUKUN, HEOBXoaMM 3a nporpamHaTta vacT

x Heobxogum e cumynaTtop Ha KOMyHUKaUMOHHWUS KaHan (LmMHaTta) 3a
Bpb3Ka ‘anapaTtHu efieMeHTU-Moaynn 3a U3nNbIHEHNE Ha
nporpamara’ — MoZennpaHe Ha curHanuTe.

= MHoro 6aBHa cumynaums.

v Cmmynau,mma Ha BCUYKUN CUTHAIIN NO WNHaTa CbLLUECTBEHO
HaMalisiBa CKOPOCTTaA.



& CbLUHOCT

v I'Ipm T4AX HAMa CMMyrIaund Ha WmHaTta Ha HACKO HUBO.

x  Peanusnpa ce ypes manbk 6pon pyHKUNK, NnpeaaBaLlu
NHoOpMaLMATa 3a HY)KHOTO BpeMe 6e3 ga cumyrnmpaTt BCUYKM
curHanu.

v" XOMOreHHU OT rmegHa To4Ka Ha U3noJsi3aBaHus
nporpamMmHmna e3nK n XxeteporeHH oT rnegHa To4Ka Ha
CnMynauundTa.

= [1o-HMCKa TOYHOCT OT XetTeporeHHunte cpegun, Ho
CKOPOCTTAa Ha CMMYIlaunNAaTa € Nno-BUCOKa.



= [1B€é OCHOBHU CUCTEMU
v' MexaynpoLecHa KOMyHUKaLmns

v/ OOBMBKa Ha LUMHATA
x [lporpamHO abCTpaKTHO HMBO

v Han-yecTto nHtepgpencoT

Mexay obBMBKaTa Ha
LUMHATa 1 cumynartopa Ha
NHCTPYKLUNU € NPOMEHAEM

CumynaTop Ha MHCTPYKUMK

KomaHam

CurHanu

O6BuBKa

Ha WnHaTa

Cumynartop Ha
anaparTHaTa 4acT




P

ISP-UML
(Application)

Hardware
Architecture

o~

association

Y

|

deployment

Verification,
Refactoring

au j nsformation

PIM

PSM

Ptolemy I DPN Interoperability SystemC VHDL
model model model model model
aufomatic generatipn |
Javacode || C++code SystemC | | VHDL

C++ code files

Software/hardware interoperability

N3TOYHUK:

Dynamic and
FormalVerification of
Embedded Systems:A
Comparative

Survey



< Banunpauns Ha mogena

= Banupauyusa Ha peanu3ayuaTta

v' Banupauus Ha Bucoko HMBO Ha peanu3aums: KOMyHUKauma mexay
briokoBeTe
v/ Banuaauusa Ha HUCKO HUBO
x  Banugauumsi Ha N3NbIHEHNETO
x  DyHKUMOHarHa Banugayusd

1 AnapatHa
yacT
5 OyHKUMOHAaNHa
Moaoen Ha anngagyna Ha
oA PaspensHe : ., Bahnaauws
cucTemarta il KOMWHYyKaumaTa &
| Mporpamna Banugauwnsa Ha
- yacT N3NbIMHEHWETO

Banuaauma Ha mogena



= [1pobnemu:

A

dopmanHa Banugaums

IleTannHocT Ha gn3anHa

TOYHOCT Ha BpemMeBaTa OUeHKa

>

[leTannHocT Ha gn3anHa



&

O6Lo onucaHmne Ha moaena
v" Kpawnnu aBtomatu (Finite-State Machines - FSMs)
v' KomyHukmpawm cu kpanHn astomatn (Communicating FSMs)

v basunpanu Ha rpadumum oT cbobuieHnsa (Message Sequence Chart—
Based Models )

CumyrnaunoHHuU mogenu
v' Cumynaumsi Ha KparHn aBTomMaTu
v' Cumynaumsi Ha mogenu, 6asmpaHm Ha rpaduum oT CbLoodLLEHNS

MopaenHo-6a3npaHo TecTBaHe
[lpoBepka Ha moaena

v' [poBepka Ha creundurkaumnaTa
v [NpoBepka Ha npoLeaypHO HUBO



= (OCcHOBEH Npobnem

v' Pasnukarta mexay paspaboTBaHaTa cucrema u
nnatgopmara, BbpXy KOATO e ce UMNNeMeHTnpa
x “MopenbT Ha noBedeHWe npeacTaBnaBa onnucaHue Ha
MEXaHM3bMa Ha NPOMsiIHA Ha CbCTOAHUATA NMPU KOMYHUKaL S
mMexay obekTn.”

v" [pn BrpageHnTe CMCTEMU MMa MHOIO CUIMHA
obBBbpP3aHOCT Mexay nnatdopma mn paspadboTBaHa
cncremMa.

x  Banungauymsa Ha nnatdopmMeHusa moaen

x  Banupauums Ha CUCTEMHUA MOAEST Ha OCHOBaTa Ha pes3ynratuTe
3a nnatdopmMeHna Mmoaern



& OCHOBEH npobrem
v OYHKUNOHANHM N3NCKBaHMS
v N3nckBaHusi 3a BpEMEBU OrpaHNYEeHUs

Censop 1 CeHasop 2

N/
@ @ @
|




< OOLOo onncaHne Ha moaena
v" Kpawnnu aBtomatu (Finite-State Machines - FSMs)
v" KomyHukupawim cu kpanHm astomatn (Communicating FSMs)

v" Bbasunpanu Ha rpadumum oT cbobuieHuns (Message Sequence Chart—
Based Models )

= AR
) 7\

data

idle

ail
?ack lack

idle busy idle @
ldata(5) ?data(X)

' al b1

data Send Receive

ack

b1



< OOLOo onncaHne Ha moaena
v" Kpawnnu aBtomatu (Finite-State Machines - FSMs)
v" KomyHukupawim cu kpanHm astomatn (Communicating FSMs)
v" Bbasunpanu Ha rpadumum oT cbobuieHuns (Message Sequence Chart—

Based Models )

User Interface Resource

request

. M, Chart M,

User Interface Resource User Interface Resource
1 1 1 1 1 1
er transfer| |put request request
no yes
Consumer
| | || || | |
Chart M, Chart M4




= UML-6a3upaHo mogenupaHe

Informal system requirements (in English)

Relatively easy

Generating test spec. in the absence
of a MSC-based sysiem model

Sample scenarios (as MSCs)

Relatively easy, but manual

Hard manual step MSC-based system model (say HMSC)
.ﬁm to automate due to implied scenarioswtomaled
Local FSMs for the processes in the system Test spec. [+

Involves partitioning/scheduling and Automatically

+
some handwritten code creation i Refer back generate tests
| test results
Semi-automatic, may introduce errors !
.' . Apply .
System implementation N tests Test suite




C1 c2

Interfaces

Converter

C1 C2

Interfaces & Converter



Address/Data Bus-requests
signals (N T U

Multipl Arbiter
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/Decoder Control |signals
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Memory 1 Memory 2 Centralized Converter




< O0LWa HeCbBMECTUMOCT

v' TNpunemane/llpenaBaHe Ha curHanuTe B pasrnvyeH pes

x EfAHaKBW curHanu, Ho npedasaTens nmva pasnuyHa
3abIKUTENHa nocrnegoBaTenHoOCT OT NPUeMHUKa

v I3non3BaHe Ha pas3fMyHO MHOXECTBO OT CUIHarnm
v' Pasnuka BbB hopmMaTt Ha JaHHUTE
x  Hanpumep npegaBaHe no butoBe, a NpMemaHe Ha 6a1MToBe

v' OObpKBaHe Ha AaHHUTE
x Haun-4yecTo oaHHWU C agpecu
% [laHHM OT pasnuyHn NakeTu



Sender Receiver

 m—

start
addr
data
stop

4
- [

Sender ->

Sender Receiver
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stop
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] .

Receiver ->

Sender S-Interface Flec:eiver
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> data R
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<
p stop
[ " o -




Sender Receiver
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request
data
ack Sender S-Interface R-Interface Receiver
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. - request
> ’ ready
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= [leHTpanu3npaH KOHBEPTOP Ha CUrHaNu

Receiver
 —

Sender
1

t
reques ready

Converter

?ready

?request
lack



Receiver

OR [10770007]

lpemecmeawy Byghep
pesucmbp (6umoeeme & 6aiim)

Bumoesa nopeduya



& CUHXPOHU3aLUMOHHN Npobnemu

Recelver

walt wait
address address
Sender —
data data
S
Bydhep 3a coxpaHeHue
Ha addr/data koeamo

wait e eduzHam




&3 Co-Proc. \

Communication network J
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@ir&mems (English)

Manual step

Desirable
properties

Design model (State diagrams?)

Manual step

Alternate models?

Sequence diag. Static checking

tools

Dynamic
checking tools




Programmer

Coverage

Testing

Dynamic
checker




Bbunpocu ?

42



Bamunanus u Bepudukanusa Ha
IlporpamMuu mpoeKTH

OcobeHoCTM NpU CCHOBHU apXUTEKTYPHU
cTunoBe



% CbLHOCT:

v' [1aHHUTE KOHTpONMpaT U34ncneHnsaTa

x  CTpyKTypaTa Ha An3anHa ce onpenensa ot HopMarnHoTo
OBMXEHNE Ha JaHHN OT KOMMNOHEHT Ha KOMMNOHEHT

v MopgenbT Ha NoToKa OT AaHHM e 3aaageH UMNIULUTHO

x ToBa e eAUHcTBEHaTa dopMa Ha KOMYHUKaLUS MeXay
KOMMOHEHTUTE

% Bb3MOXHWN BapUaHTMU.

v Kak ce ynpasnsaBa KOHTpOJSia — 3apexxgaHe Unun nsBnundaHe
(push versus pull)

v' CTeneH Ha napanenHa obpaboTka (KOHKYPEHTHMN NPOLLECH)
v Tononorus



= Moaenu Ha noToum OoT JaHHU

NPOU3BOIIEH NMUHEEH LUMKNUYEH
(C orpaHuyeHune)

= Bungose apxmTekTypu
v' [lakeTHa obpaboTka (Batch sequential)
v' TloTtokoBu mpexu (pipes&filters)
v ApXUTEKTYpU CbC 3aTBOPEH LMKbI HA ynpaBneHme



= EnemeHTn
v' KOMMOHEHTU

x WHTepdencoLT nm e BXogHM N N3XOA4HM NopToBe

x N3yncnuteneH moaen - YemeHe om 8xo0eH rnnopm;
M3uucneHue,; 3anuc 8 u3dxo0eH rnopm

v' CBbp3aBalun enemMeHTn (KOHEKTOPW)
x  EOQHONOCOYHU, HAW-4eCTO aCUHXPOHHU N BydepupaHu

x UN3uncnmuteneH mopen - TpaHcriopm om u3xo0eH rnopm 0o
8X00eH rnopm

v Cucrtemm
x [1ponssonHu rpadu
x UN3uncnmnteneH mogen - @yHKUUoHarHa KoMrno3uyus



& CbLUHOCT:
v' Knacunyecka 3agava ‘[Mpoussoauten-fotpeduten’

Request
Consumer | - Producer

~_Reply

.

<~ Announce

|

Subscribe -

T

1
Consumer | —.  Receive

]

Producer

"~ Publish

Unsubscribe -




= PasnunyaBa ce CbLUECTBEHO OT basnpaHUTe Ha U3BNYAHE
(pull-based), Hanpumep Web-npunoxeHusTa.

= EnemeHTH
v" KoMNoHeHTn — npoussoanTen/-u n notpeduten/-u

v KoHekTopwu — kaHanu, pasnpoctpaHuten (broadcaster), TpaHcnopTHa
cuctema, NoBTOPUTENMN, KeLl, MPOKCU

& ACUMETPUYEH KOMYHUKALUMOHEH MOAET

v Tlpon3BoaNTENUTE HE Ca NPUEMHULIN.

v" MoxXe oa uma HEKONMNKO Npon3BOANTENS U BCEKM Aa MMa HSAKOKO
notpebutens (MHOro nose4e, CNPSAMO apXUTEKTypuTe OT BUAa
‘Event-baseq)

= (QOcHoBeHN npobnemu
v CbcTesaHue Ha curHanu (race condition)
v BsanmHa 6nokmnposka (deadlock)



int itemCount = 0;

procedure producer() { procedure consumer () {
while (true) { while (true) {
item = produceltem();
1f (itemCount == 0) {
1f (itemCount == BUFFER SIZE) { sleep():
sleep () ; }

}

item = removeltemFromBuffer () ;
putItemIntoBuffer (item) ; itemCount = itemCount - 1;
itemCount = itemCount + 1;

if (itemCount == BUFFER SIZE - 1) {
1f (itemCount == 1) { wakeup (producer) ;
wakeup (consumer) ; }

} consumeItem (item) ;



+ KOMMNOHEHTUTEe ca He3aBUCUMU Nporpamu
= KoHeKTopuTe ca HAKakBa popma Ha meauns
= Bcsika nporpamMa 3aBbpLuBa HaMbIIHO paboTaTta cu npean aa

3ano4He criegpawarta

Program

mit

3

-
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-
et
e

o
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wnt

Program

-‘.’

Cnmputh’fid‘l"lal Inits

Q
ajk

X

Program

e




= OcobeHOoCTU

v JlnmntnpaH obem Ha npeHocHaTa Meausi, Hamnp. JUCKOBO
NMPOCTPAaHCTBO.

v" BnokoBa cuctema Ha gucneympaHe Ha NPoLECOPHOTO
Bpeme

v' He peanHo-BpeMeBU NPUITOXEHUA, OPUEHTUPAHU KbM
nakeTHa obpaboTka, T.e. n3nonssaHe 3a OU3HecC
NPUIOXEHUS:

x  [INCKpPEeTHN TpaH3aKUuM Ha NpeaBapuTenHoO onpeaeneH Tun
[AaHHW Ha NepUoaVYHN NHTEepBaNu

x Cb3paBaHe Ha nepnognyHn otvyeTn, Bb3 OCHOBA Ha
nepunoanyHoO aktyarnimanpaHe Ha AaHH1 JaHHU



= ToBa ca CMCTEMU 3a NOTOKOBa 0b0paboTKka Ha
NHJopMaLUnATa.
v" [1aHHUTe ce obpaboTBaT MHKPEMEHTAIHO.

v" Bcska cTbnka Ha obpaboTka e peanm3anpana ¢ oTaeneH
KoMnoHeHT (filter), kaTo TaxHaTa pekoMbrnHauma rno3eosisaBa
narpaxgaHeTo Ha doaMunus oT CUCTEMM.

v" N3uckeat e3uk 3a nporpamupaHe n OC.

d-:;uta flow (pipe)

Computation Computation
™ (Program) . (Program)

n:-::mputslltion (filter)
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= BapuaHtu
v duntpuTte Moxe aa ca He3aBUCUMK, 6e3 0OLLI0 CbCTOSAHME U MaMeT.
v OuUNTbPBLT HE 3HAE KOW € Npeaun 1 KO e crnen Hero B NoToka.

v" KopeKkTHOCTTa Ha peaynrtaTta MoXe Aa He 3aBUCK OT peaa, B KOMTO
dounTpuTte ce n3nbriHABaT

= Kboe ?
v Unix pipes
v' lex/yacc-based compiler
x Scanning->parsing->semantic analysis->code generation
v" ObpaboTka Ha n3obpakeHus
v" CurHanHm obpaboTku
v Ayauwo n Bngeo ctpummHr (audio and video streaming)



= (OCHOBEH npobrnem — ‘KakBo kKapa gaHHUTE aa ce
asuxart’?

v 3apexpaaHe (Push): n3TouHukbT rm 3apexaa B cnegBalluns B
noToKa

v" N3BnuyaHe (Pull): npuemHmkbT (data sink) rm nssnuya ot
npeaxonHus
v' KombuHupaHa gopma (Push/Pull): domnTbpbT akTUBHO
N3BM4a JaHHUTE OT NMOTOKa, U3BbLPLUBA U3YUCIIEHMNATA U TU
3apexja B NOTOKa Ha crneasalius.
x  AKO nMa noBeye OT eanH TakbB (PUNTLP € Heobxoanm
MEXaHU3bM 3a CUHXPOHM3aLMS.

v [MacuBHO hopma: HULM HE U3BBLPBA, a € CaMO reHepaTop Ha
OaHHW UNU NpUEKHUK (sink).



= 3apexgaHe (Push) c eguH akTMBeH U3TOYHUK

dataSource filter] filter2 dataSink
push push push ’
write(data) . | F1(data)
. write(data)
AE £2(data)

write(data)

o =




= 3BnuyaHe (Pull) c eanH akTneBeH npnemMHuk

dataSink
pull

data:=read()

filterl filter2 dataSource
pull pull
" data:=read()
data:=read() |
P T
£2(data)
1
P
{ ............................
f1(data)
P




= KombuHupaHa doopma (Push-Pull) ¢ nacnBHn N3TOYHUK K

NMPUEMHUK

dataSink filterl filter2 dataSource
’ pull/push pull '
data:=read() . _
data:=read()
P T
£2(data)
N
PR
{: ---------------------------- L
fl% data)
write(data) P
I ——— :,




= KombuHunpaHa dopma (Push-Pull) ¢ aktmBHmn donntpu n

CUHXPOHMN3aLMOHEH Bydep

dataSource filterl buffering filter2 dataSink
pull/push Pipe pull/push ‘
data:=read() B : B
li:l: ____________________ > f1(data) « data:=read()
i [T
§ fnnnsn write) |
data:=read() Ao w _________________ >
7 ; £2(data)
R >| | fi(data) : T——l
| [ P S
PN Wt write()
v e ——
_ data:=read()
U | e >




= [1pobnemu 3a nscriegBaHe
v' [Mpe3nnon3BaeMocT — doopmaTa Ha JaHHUTE 3a NPEeHOoC
v’ 3ameHaemMocT

v' dopmarneH aHanus, BKIIOYNTENHO onpeaensiHe Ha
B3anmHa b6roknposka (deadlock detection).

v" [NapanenHocT Ha U3NbNHEHNETO Ha UNTpUTE.

v" CMHXpPOHM3aLUMATa Ha NOTOLUTE MOXE [da NPOMEHMU
apxXuTekTypara.

v" Error handling
v' M1360pbT Ha TUMNa Ha gaHHMUTE 3a NOTOoKa.



< [naBHa nporpama + apxutektypa, 6asvpaHa Ha
noanporpamu
v WNepapxmyHa AekoMnosunums
v' [laHHNTe ce NpegaBaT KaTo napamMmeTpu.

v [NaBHaTa nporpamMa ynpasnsiBa nocrneaoBaTeniHoCTTa
oT 06paboTkM npe3 noanporpaMmuTe



Main
program

Routine 1

Routine 2

Routine 3

N T TN

Routine 1.2

Routine 4

Routine 3.1

Routine 3.2
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processes
System
controller
User Fault
Interface handler




= [Be3 HacneaCcTBEHOCT UMa apxuTekTyparta e oT Apyr Bua,.

= OCHOBHUM NpobrieMmun 3a NpoBepKa:
v lNpaBunHo pasgensiHe Ha npobnemnTe Mmexay CBbp3aHUTe areHTu.

v' lNpomsiHaTa Ha UMNNIEMEHTaUMUATa oTpassaBa i Ce Ha KNNeHTuTe ?

x  Ako B ce npomeHu TO TOBa Lle AoBeae nNu Ao NpomMsiHa Ha
N3N0o3nBaLlUTe ro ODEKTU.

x A nsnonsea B n ako C nsnonaea B, To ako npomaHaTta Ha C ce oTpasu
BbpXy B TO gann nma HeoyakBaHa rnpomMsiHa Ha A.

v' PasnpegeneHa yHKLUNOHANMHOCT KaTo pe3ynTaTt OT CINOXHU
OVHAMWYHN BPBb3KN.



= Ta3un apxmTekTypa ce xapakrtepusmpa cbC CTuna Ha
KOMYHUKaLUMA Mexay obekTuTe:
v OnpekTHa aktmBmsaumsa (procedure invocation),
nanpatlaHe Ha cbobuieHne (message) ao broadcast nnu

multicast (00 perncTpmpaHn KOMNOHEHTU), CbONTUS
(events).

v KOMMOHEHTUTE He ca 3aabI/IKUTENHO 0DEKTU.

= Bupose
v' C pasnpocTpaHeHue (broadcast)
v' Cuctemm c npekbeBaHe (interrupt-driven)



| |

Event & Message Handler




Interrupts

L

Interrupt vector

N\

Handler 1 Handler 2 Handler 3 Handler 4




& OCHOBHU npobriemu

v 3aryba Ha KOHTpon

% [1pn reHepmpaHo CbOMUTME KOMMOHEHTBLT HE 3Hae Aanu HAKOW ro
Bb3npuema.

x He 3Hae ganu HAKOW LWe 6bae akTUBU3NpaH.
x He 3Hae kora cBbplUBa paboTtaTa Ha akTUBU3NPaHUSL.

v" KOpeKkTHOCTTa 3aBMUCU OT KOHTEKCTBA, NPu KOWUTO €
Bb3HMKHaNa akTmemaauudara, 1.e. Henpeackasyemu
B3anMMOOENCTBUS.

v O0LWM AaHHN — UMMNIULUTHOTO U eKCnnuyMTHa
aKTMBM3aLUs ce N3non3saTt naparnernHo.



= [lekomMno3nuus Ha UHTEPaKTNBHA CUCTEMaA Ha TPWU
KOMIMOHEHTA.

v
v

v

Model — ocHoBHaTa PyHKLUMOHASTHOCT U JaHHWU

EaoHo nnun noseye ‘Views’' — Busyanusupat MHdopmaumaTa 3a
notpebutens

EouvH nnn noseye ‘Controllers’ — ynpasnsisaTt Bxoga oT
notpebutens.

= (QOCHOBEH npobnem

v

v

v

MexaHn3bM 3a 3almTeHa npomsaHa (change-propagation
mechanism) — ga ce ocurypsisa KOHCUCTEHTHOCT MexXay
noTpebutenckna nHtepdenc n moaena

[lpomsAHaTa Ha Mmodena npen eauH KOHTponep, CBbp3aH ¢ AafeH
narnep (‘view’) Tpabea aBToMaTUYHO A4a OOHOBW OpYruTe U3rneau.

ChblLUecTBYBa N 00BBbP3aHOCT MEXAY KOHTEKCTa Ha KOHTporepa v
n3rneaga — MoxXe ga aoseae A0 peann3npaHeTo UM KaTo eanH
KOMMOHEHT.



—e Change notification
——— o equests, medifications

subject



(Repositories / Data Centred)

+ EQuH ueHTpaneH KOMMOHEHT, CbXpaHsABaLl, LLeHTpanm3npaHo
NaHHUTE N NpeacTaBsil, CbCTOAHMETO Ha cuctemarta, U
MHOXXEeCTBO HE3aBUCUMWN KOMMOHEHTU, paboTeLlin BbpXy
CbXpaHeHsIBaHUTE AaHHMW.

= [lpobnem — Bpb3kaTa MeXay BbHLUIHUTE KOMMOHEHTU U

XpPaHNJTNLLETO.

v’ TpaH3akuyuoHHu B[] (Transactional databases):

x  BXOOQHUAT NOTOK OT TpaH3aKuun yrnpassidBa rnpouecuTte 3a yripasJjidHNe Ha
OJaHHNTE B XpaHUITNLLIETO.

x [lacuBHa nageonorus.

v' ‘YepHa Obcka’ (Blackboard architecture):

x  TeKyllOTO CbCTOSAHME Ha JaHHUTE B XpaHUMNULLIETO ynpaBnsaBsa
npouecure.

x  AKTUBHa naeonorus.



Source 5

Blackoard

(shared data) |

Source 2

owledge
Source 3

Lexer

Parser

Semantor

|

/ [/

BLACKBOARD




= [lpnmepu:
v" 'H(bopMaLMOHHNTE CUCTEMMU
v" HTerpupanu cpeamn 3a paspaboTka
v ['pacdbryHm pepakTopu
v" Cuctemun 3a N
v' Opyrn.
= [Ipobnemu:
v' [ONsiIMO KONWMYECTBO Ha AaHHUTE
v LleHTpanusnpaHo ynpaBrieHne Ha gaHHUTE.
v' Pasnpegenenun gaHHu
v' EBontouus



= [1pobnemu
v' CbCTeMHa opraHm3aums
x  MHoroHmBoBa ‘KnneHT-CopBbp’
x  Bcsko HuBo ekcnopTtupa “API” 3a ropHOTO HMBO

v" Bcsiko HMBO ce siBsiBa eJHOBPEMEHHO
x  Cbpebp — 3a TOPHOTO HMBO
x  KnueHm — 3a gONHOTO HMBO
v" ‘YueTo’ nepapxuyHa cuctema nm e ?
v' Buga:
x  WHTepnpeTtaTmBHa unm
¥  MHoroHuBoBa



Components

Composites of
various elements

Connectors
Usually
procedure
calls



Layer 3

C 31 ‘ ‘ C 32 ‘ ‘ C 33
Layer2

C 21 ‘ ‘ C 22 }ﬂ{ C 23
Layer1

C 11 ‘ C 12 ‘ ‘ C 13




= CtpaTternn 3a ‘error handling’
v" Ima nnu Hama nponaraums Ha rpeLukaTal

v" KonnyecTBo Ha rpeLukuTe Kato Tun n 6pon npu
nponarauna npes HMBaTa

x [1pobnem c 0begnHABaHETO Ha HAKOJIKO rpeLLKN B e4Ha Ha
rOPHOTO HUBO

x [Mpobnemu c KOHTEKCTa Ha rpeLlkuTe npu nponarauus

= Kak npoMsHaTa Ha peanusauusaTa Ha AageHo HUBO ce
OoTpassiBa Ha CBbP3aHUTE C Hero ?

= Kak ce ynpasnsiBa abcTtpakuyuaTta ?
= Kak ce ynpasnsisa 6bp304encTBUETO U CUTYPHOCTTA ?



= [logxoasll 3a NpUNoXeHUsd, YMATO Uen e aa
noaabpXa onpeaeneHn CBOUCTBA HA N3XOOUTE Ha
npoLeca Ha AoCTaTb4yHO ONIM30 00 pedepeEHTHH
CTONHOCTW.

= KOMMNOHEHTU

v" Tpouecu (‘Process’) — mexaHn3amMm 3a MaHunynauma Ha
egHa unu rnoee4e NpoLUeCHU NPOMEHITNBY

v ANropuTbM 3a ynpasreHue — yrnpasnsiBa npowueca Ha
MaHMnynauus Ha NPoLLeCHUTE NPOMEHNBY.



e KOHeKTOpI/I — TOBaA Ca B3aMMOBPB3KUTE B NMNOTOKA HA

OaHHW

v" [1pouecHn NpoOMeHNNBU

x KoHTponupaH npoMeHnuea —npeaHasHaveHa e aa ce
KOHTpONMpa OT cucTemarTa.

x MaHunynupaHu npomMeHnmMBa - CTOMHOCTTa UM MOXe Aa
O6bae npoMmeHeHa OT ynpasfieHUeTo. OT agMUHUCTPaTopa.

x BxogHata npomeHnuea (set point) — ToBa e xenaHara
CTOMHOCT 3a MaHunynMpaHa npoMeHnmBa.

v' CeH3opwu



& Cuctemu c obpaTHa Bpb3Ka

input
variables
controlled
variable
-

Process
Controller

set point changes to
manipulated

variables

sensor for
controlled variable



& CUCTEMUN C OTBOPEH KOHTYP

input
variables
controlled
variable
ﬁ

Controller

set point changes to
manipulated

variables



Questions ?



CucremMu 3a peajqHo BpeMe
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OnepaunoHHa cpena

Anpo
3agayn (tasks)

3agayn 3a obcnyxBaHe Ha npekbeBaHusaTa (ISR-
tasks)



Ynpasngasalla 4yacT

YnpaBnsBaHa vacT

OnepaunoHHa cpena
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= JednHnyna:

v “EOHa KomrnirombpHa cucmema e cucmema 3a peasiHo
gpeMe Ko2amo KopeKmHocmma Ha pe3ynimamume
3aeucu He caMo om Jjioeukama, rnopaou Kossmo ca
roJsly4eHuU, Ho U om MOMeHmMa Ha msxHomo cb30asaHe.”

v KopekmeH u3zxo0 = KopekmeH pe3yrnmam + KopekmHOo
gpeme



[ maBHa 3apgada Ha gucnedvepa Ha OCPB - pa cnegmn 3a
KpanHus cpok (deadline).

Cuctema TpsibBa ga pearmpa cBOEBPEMEHHO U MO
npeackasyemMm HaunH Ha BbHLUHUM CTUMYIK, NOsIBABALLN CE B
HenpeaBnanM MOMEHT.

v’ Ta TpsibBa oa nma npeackasyemMmo noBeaeHne npyu BCUYKM Bb3MOXKHU
CLieHapuu.

v' THa e camo eAvH MOAyNn U cama He MOXe [a rapaHTMpa KOPeKTHOCTTa
Ha usinaTa cuctema.

OCPB He e TpaH3akLunoHHa cuctema.

[ NaBHa 3agadva Ha gucnedepa Ha OCPB:
v [la cnegm 3a kpanHusa cpok (deadline)



External events

A A A Timer ticks

\ \ \
ISR ISR:2 - ISR~
v v v
Task scheduler - Time
management
subsystem
Taski Taskz | —— Taskk

Communication and
synchronization subsystem
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C t1Bbpau BpemeBn orpaHmnyenmns (Hard Real-Time)

v' HecnasBaHeTo Ha KpalHUTe UHTepBanu nma
kaTacTpodaneH pesynrara 3a cuctemara.

Firm Real-Time

v" HecnasBaHETO Ha KpanHUTE NHTepBanu BOAU 00
Henpeackasyema peaykumsi Ha Ka4ecTBOTO

C mekn Bpemesu orpaHmndeHns (Soft Real-Time)

v' KpanHuTe cpokoBe moraT ga ce nponyckart unu morat aa
ce Bb3CcTaHOoBABaAT

v' PepykumsitTa Ha Ka4ecTBOTO € NpuemrnunBa.
Be3 Bpemesun orpaHndenma (Non Real-Time)

v' Hama kpanHun CcpokoBe.



&
&

=
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J1 DAHUYCHHA, BIHUACIIIN

3anagyure B eqHa OCPB
OrpaHnyenuns ot kpanHu cpokoBe (Deadlines)
PecypcHu orpaHn4eHuns

v/ 3a [Oa ce nocTurHe no-B1ucoka HageXaHoCT
3a U3NbMHEeHne Ha 3agadara

v' Heobxoanm e nanuiubk 3a NpaBuItHO YHKLMOHUPAaHE.
[TpnopuUTETHU OrpaHNYeHnsd

v' T, ->T,: 3apauara T, camo cnep kato T, 3asbpLumna
N3MbIIHEHNETO CM.

OTKa30yCTONYMBOCT

v/ 3a ga ce NoCcTUrHe no-BMcoka HaaeXxaHoCT 3a
N3NbIHEHME Ha 3aJayara.

v Heobxogum e n3nuuibK 3a npaBUnHO dyHKLMOHUpPAaHE.



= Cnopepf orpaHndyeHne <= Crnopen MOMEHT Ha

Mo BpEME. dKTNBaUWnA
v' Tebpau (Hard real- v TepunognyHu
time) 3agaun v' AneproanyHu
v' Meku (Soft real-time) v' CrnopagunyHu
3agaum
Initiation Deadline

\\\Eiicuﬁon'TWne ‘t//////
——
| I

h -

Period



Hard Real-Time

Soft Real-Time

Bpeme 3a peakuus
Mpyn BLpXOBO HaTOBapBaHe

YnpaBneHue Ha
NMPOCTPAHCTBOTO

HapexgHocT
U3nnwbk
UHTerputeT Ha paHHUTe

OTKpuBaHe Ha rpeLuKku

TBbPAU rPaHMLN
npeackasyemo

OT cpefaTta

KPUTUYHA
aKTMBEH
KpaTKOBPEMEHEH

dBTOMaTUn4eH

MEKM rpaHuLm
gerpagupaHe

OT KOMMIOTbPA

HE-KPNTUNYHA
Bb3CTaHOBUM
AblroBpemMeHeH

BbHLLHO
yrpaBnsiemMo




= [lepnognyHu
v YnpasnssaHu ot Bpeme (Time-driven).

v XapaKTepucTukuTe ca arnpuopHoO 3aaafeHn

x 3apavata T, ce xapakTepusupa 4pes nepuona cu, Han-nowo Bpeme

3a U3MbJTHEHNE U KpaeH nepuos

= AnepnognyHu
v YnpasnsasaHu oT cbbutusa (Event-driven).

v XapaKTepucTUKUTE He ca arpuopHO 3afadeHu

x 3apavata T, ce xapakTepuaupa 4ypes3 Bpeme 3a rnoriydaBaHe, Bpeme
3a U3MbJIHEHWE, Ha-NOLIO BpeEMe 3a U3MbJIHEHNE N KpaeH nepuoa.

= CnopaandHn — anepuoanyHun, 3a KOuTo ce 3Hae
MWHMMaNHOTO BpeMe 3a nosiBsiBaHe



= MOHONMUTHU

v EQnH o061, koaoB dparMeHT
v Manbk pasmMep 1 npocTa BbTpeLlHa CTPYKTypa
v TpyaoHu 3a NnpoMsiHa 1 HacTponka

< MHorocnoumHu

v' PasgeneHn Ha nogcuctemum — Han-4yecto ce nsnonssa OO
an3aviH

v MNo-pobpa n3onauns ot NOTPEOUTENCKUTE 3aga4m
v' o cnoXkHu, ¢ No-ronaMo Bpeme Ha peakuusi, HO CTabunHu
= PasnpegenexHu

v PasnpepneneHaTta cucrema ce npegcrass KaTo virtual
unicomputer



< (OCHOBHa uUen
v' YnpaBneHne Ha BPpeMEeTO Ha npoLiecopa

= Bb3MOXHU ernneMeHTU 3a yrnpaBJieHUNe.

v Tlpouecu (Processﬁ\

Te ca neku (lightweight) npouecw.
v Huwkn (Threads)

v dunbpu( Fibers)/ MHoro neku enemeHT, ynpaBnsiBaHu oT

NMPUINOXEHUETO.

CbcTO4aT Ce OT:
= Camo kof.

He ce nanonseart B nosevyeto OCPB.

3a kakBo: [lpeaBaputeneH an3anH n
cumyrnauma Ha peanHo-BpeMeBU HULLIKW.




AKTMBHa 3agadva (active)
v" Tga paboTu ¢ npouecopa
[TacnBHa 3agava (passive)

v" CbllecTBYyBa, HO He e n3bpaHa
3a U3MNbJIHEHME

[TpekpaTeHa 3agaya (suspended)

v' Buna e ctapTupaHa, HoO He MOXe
[la ce U3NblHsBa MO HSKaKBa
npU4YnHa

M3mecTeHa 3agavda (preempted)

v' Buna e ctaptupaHa, e
N3MecTeHa Mo HSAKakBa NpUYnHa

[[oTOBa 3agayva (ready)

v" N3yakBa ga 6bae akTuBm3npaHa.

Suspended

Preempted

Active

Ready

Passive



Active -> Passive

v/ 3apavarta 3aBbplLuBa (E€KCANULNTHO UK
nopaau CKpUTO CUCTEMEH NU3BUKBaHE:
‘schedule’, ‘quit’, ap.) Ready

Passive -> Ready

v" CucrtemHo APIl-nssukBaHe
(‘execute’,‘invoke’, op.)

Ready -> Active
v' NO OMCnevYepHo pelleHne Suspended

Active -> Preempted

v/ nosiea Ha gucneynpyemo cbbutume Passive
npeaun Kpas Ha 3ajadvarta

Preempted -> Active
v' N0 ANCNEYEPHO peLLIEHNE

Active -> Suspended (via Preempted)
v" Han-4yecTo Helwo HeobxoamMmo e 3aeTo.

Suspended -> Preempted

v' Cnep ocBoboOXaaBaHe Ha HY)XeH pecypc Unm
nogo0bHo.

Preempted



® Omammka (FIFO)

FIFO queue Executed
Requests ‘ — requests

Resource



# [ukamgHo 3aemane Ha 1rporrecopa (Round-robin —

Simple)




* TerAoBHO 0a3MPAHO IIUKAMYHO 3a€MaHE Ha

riporrecopa (Round-robin — Weighted)




& |lpmopurerHa ACIIEUEpU3AIUA

v' Ilpuopurernu onamku (Priotity queues)
v' Ilpuopurusupanu onamku (Prioritized queues)

v Cmecena AMCITUTIAMHA Ha Aucieunpane (cyclic priority
scheme)

v AMHAMUYHA AUCITHIIAWHA HA AVICTIEIHPAHE



FIFO

Executed
"U(B) FIFO requests
% —> » R >
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FIFO




Executed
requests

Prioritized queue

Request.s / / / / / |
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= Non-preemptive (relative) discipline
v" Advantages
=« No conflicts on resources
= Simpler kernel structure
v" Disadvantages
« Less reaction time.

= Preemptive (relative) discipline

v" Advantages
«  Predictability
= Simpler kernel structure

v" Disadvantages
« More complicated kernel structure.
« Possible conflicts on resources.



Timer tick Timer tick  IRQ by event Timer tick

Fity

B A Ichl 5 B 5 B0 © WAl  synchoronous
M 2~ Icl ° W © W O NI A] Asynchronous
Bl A~ Icl © B © WMoNENAMIAl Mixed

B Timer subsystem

I Task scheduler
l ISR



& T8 e caMOCTOATENEH CUCTEMEH ODEKT.

& [1Be OCHOBHWN (PYHKLUU:

v HacoBHuk 3a peanHo spemeReal-time clock
X I'Iepmo,u,vqua dKTnBauund OT MMNYJiCeEH reHepartop.

x ToyHocT - TakToB reHepaTop (Mexay 10° HaHOCEKyHaU
00 MUNUCEKYHON).

x CTpyKTypa (CMCTEMEH YaCcOBHUM, Bposiunsa cek., MUH., u.,
OHW, Meceumn, roanHn)

x Bposiy Ha abcontoTHOTO Bpeme (48 + 64 6BuTOB BpOSsY,
ynpaensiBaH OT CUCTEMHUA TaKTOB reHepaTop)

v" VIamepBaHe Ha MHTepBanun — MHTEPBAliHN U KaneH4apHU
doyHKUMN.



= CbLHOCT:

v Peanusunpa ce npu anapaTtHO NpekbcBaHe.
v Ynpasngasa ce [Jucnedep Ha cboutnaTta (Event Manager)

v [ncneyep Ha cbOUTUATa ce CbCTOoM OT OYHKLUMM 3a ynpaBreHne
Ha cbbutusa (Event Handlers)

v' OyHKUMUTE 3a ynpasneHne Ha cbbuTus ce akTuBM3upart ot
dyHKUMN 3a ynpaBreHne Ha npekbeBaHuaTa(lnterrupt Service
Routines - ISR)

& Peanusauusa:

v' CurHanuampat ce egHa unu noseve 3agayn 3a CnyyusrioTo ce
usnu

v PasnpocTpaHeHune (Broadcasting) Ha cbobLueHne egHa nnm
noBeye 3agauu



& (OCHOBHU npobrnemu:

v" CMHXpPOHM3aLMSA — N3NCKBA 3a 3aJa4nTe U HULLIKUTE Aa
ce rapaHTupa:

X KOPEKTHO U3MbIIHEHNE Ha KPUTUYEH KOO
X rapaHTuUpaHe Ha OOCTbN A0 pecypc no onpeaeneH pea
X cuUrHanusauus rnpu HacTbnuIo cebuTme

v' KoMyHuMKauusa — ga ce peanuampa BUCOKO N HUCKO HUBO
Ha MeXaynpoLiecHa KOMyHUKaL .



& (OcHOBeH npobnem: ‘CbcrtesaHne Ha curHanwu'.

&= (OCHOBHU MEeXaHU3MMW:

v' CrbutumHu dnarose (Event flags) — pasnpoctpansisar
cbouTusaTa

v' Cemadhopn — CUHXpPOHN3aLUNA U U3KNKYBaHe
v" MyTtekcn (Mutex) — ynpaerneHme Ha gocTbna Ao pecypc

v' 3abpaHa Ha npekbcBaHusaTa (Interrupt disabling) -
ynpasrieHme Ha gocTbna Ao pecypc

v' TlpomeHnueu Ha cbeToaHneTo (Conditional variables) -
ynpasrieHne Ha JocTbra 40 pecypce



= CbLHOCT

v' bbnesa npomeHNuBa, AOCTbMNHA OT BCUYKM NpoLIEeCH
/HULLIKK, KOUTO TpsAbBa Aa ce
cuUrHannanpaT/CUHXpPoHN3npar.

v" lanona3BaHa 3a curHanusauusa ‘e uH-KbM-MHOrO’.

= Onepayuu:
v’ set flag, read flag, reset flag, read _and reset flag

= [1lpobnemu:

v' O0OLa naMeT UM CUCTEMHU PECYPCU, AOCTbMHU OT
BCUYKM.

v" Kon HauvanHo nHmnumanuamnpa gpnara npm ‘eguH-KbMm-
MHOro’ ?

v' CbcTe3aHue Ha curHanu



int counter;
ProcessIDqueue[ |;

up()
{

counter++;
if ( counter > 0 ) return;

get first processID from ProcessIDqueue and wakeup the process.
return;

/

down()
{
counter--;
if ( counter >= 0 ) return;
put in ProcessIDqueue ID of calling process.
sleep the process();

/



= bpogau: -1, 0, 1.
v' HayarnHo cbcTosiHUE:
x counter =0
v" CUrHanM3npHO CbCTOSHUE:
x |f counter = 1 . BKNto4eH
x |f counter = 0 : He e BKIMHOYEH N HUKOWN HEe YaKa 3a Hero
x |f counter = -1 : He e BKIIOYEH N HSIKOW YaKa 3a HEero
v Onepauuu:.
x down() — signal()
¥ up() — wait()



= EpHOCNOTHMU:
v counter=1{1,0, -1, .., -n}, n -> makc. bpou Ha Yakawume
v' Ha4anHa ctounHocT: counter = 1

= MHOrocnoTHu

v counter={K, O, -1, .., -n}, K-> 6pou Ha criomoseme, N -
> Makc. bpou Ha Yakawume

v’ HayanHa ctounHocT: counter = 1
=  Onepauunu:

v down() — lock()
v up() — unlock()



& CbLHOCT
v' HEKOHKYpeHTEH O0CTbIN A0 pecypcuTe.

v' OcHoBHaTa 3aga4a e ga U3KJo4M CbCTe3aHUETO Ha
curHanuTe.

= Bupose:
v 3abpaHa Ha npekbcBaHusaTa (Interrupt disabling)
v" NHcTpykuum ot Bnaa ‘Read Modify Write’
v PecypcHu cemadhopum
v' MyTtekcn (Mutex)
v" Monutopu (Monitors)



< EAuH-KbM-eOuH : n3nons3eaT ce ABOUYHUN cemadopu

signal (

m

s

m

walit (S)

V

Point of synchronization



® EAWH-KBbM-MHOroO

v MI3yakBaLumMTe NpoLecu He ce curHanmsnpaT eqHOBPEMEHHO,
T.e. He e MHOro noneseH Ha4YMH 3a cMrHann3ayus

Process A
»Wait( S1) Process B
Signal( S1)
Signal( S2) ——=Wait(S2) Process B2
Signal( Sn) ;
»Wait( Sn)  Process Bn




% MHoro-kbmMm-eauH

Process Ai

signal( S1)

signal( S2) —

Process An

wait_any( S1, Sz, .., Sn)

signal( Sn)

Process B




& Hebnokutawla curHanusaumg

v' HoBa cemadbopHa onepauus:

x int test _and_reset()— Bpblua TeKyLlaTta CTOOUHOCT U ro
nHnumnanumaumpa c 0.

= KV3nbneHune Ha CUHXPOHN3AUNOHHUTE CXEMMU
v' CuUrHanmsauyma 3a cboutume
v [1Bynoco4Ha CUHXPOHMaaLus
v PecypcHa CUHXpOHM3aLMs



= Ypes cbOUTUNHU doriarose

Process B

Jj ﬂ

Busy wait

-



= Ypes curHanHu cemadopu

A

B

I

signal (S) y N\

wait (S)

Y

s

Point of synchronization



Hand-shaking

o

o

signal (S1) ¢ . T ¢ Wait(S1)

—

wait (S2) ~__ signal (S2)

N T

Point of synchronization

Symmetrical Rendezvous

signal (S1)

wait (Sz)

=

S|gnal (S2)

Walt (S1)

Point of synchronization



A —> [eS 4— B

lock (res) + + lock (res)

unlock (res)+ resource + unlock (res)




& ACI/IHXpOHHa KOMYHUKaLUUNA.
v" OcHoBeH npobnem: ‘ponssoguten-notpeduten’

(‘Producer-Consumer’).

A —» buffer—» B

A B

lock (res) — Elock (res)

~buffer |
unlock (resg E unlock (res)




& CI/lHXpOHHa KOMYHUKaLU WA
v [logobpeH BapuaHT Ha ‘[lpon3BoauTen-notpeduTten’.

Full

A —» buffer —» B

-

Empty
A B

wait (empty) ;

signal (full)

wait (full

% signal (empty)




= ACI/IHXpOHHa KOMYHUKaunAd ¢ MHOITrono3numnoHeH

(MHOrocrioTeH) oydep
v' PaboTtaTa c 6ydepa ce ynpasnsiBa C peCypceH
cemadop.
v" CbCTOAHMETO Ce curHanunaupa ¢ ABa ABOUYHM
cemadopa:
% ‘not-full’
x not-empty’

not-empty

A — | pyffer |

not-full



= [locnepgoBaTeneH OOCTbn

A lock(S4) ... unlock(Sq) ... lock(S2) ... unlock(S.) ... lock(S,) ...

L

% L %

critical region

-+ - -

>

-+

B lock(Sq) ... unlocki{S4) ... locki{S:) ... unlocki{S:) ... locki{S,)...

= BrioxeHu KPUTUYHHWN CEKUNIN

lock(S1) ... lock({S:) ... locki{S,) ... unlock(S,) ...

+* L

unlock(S,) ... unlocki{Sy)




= Twn 'EQUH-KbM-eanH’

3agadnte A and B ce HyxpgadaT ot pecypcute R, 1 R..

A: ... lock (R,).". lock (R,) .. unlock (R,) ..unlock (R,)
B: ... lock (R,) ... lock (R,) .. unlock (R,).. unlock (R,)

Ako P(B) > P(A) n B npekbcHa A B MapKkupaHus cbC * * ° MOMEHT,
3agadnTe LWe ce bnokupat 3aBuHaru: A yaka R,, B yaka R,



= TpaHcuTMBHa DIIOKMPOBKAa

3agadnte A, B, C nanonsear pecypcuteR,, R,, R..
A: ... lock (R,).*. lock (R,) .. unlock (R,) .. unlock (R,)
B: ... lock (R,) .*. lock (Rs) .. unlock (R;) .. unlock (R,)
C: ...lock (R;) .*. lock (R,) .. unlock (R,) .. unlock (R;)

P(C) > P(B) > P(A), B npexkbcea A, C npekbceBa B.
BnokupoBkarta e nocTosHHa, 3awoTo A yaka R,, B yaka R;, C
Yyaka R,.



= OrpaHunyeHa (Bounded) nHeepcus

v P(A) < P(C), pecypcuT e R, C yaka A ga HanycHe KpuTu4HaTa cu
Cekuus 1 Taka cnarta npuoputeTa.

normal Job A
execution locks R

Job A
leaves R

Job A
is resumed

.

priority inversion

A
B
\ A
C L
A

Attempt to lock R.
Job C is blocked

Job C is resumed.
It locks R and starts

to work



& HeorpaHunyeHa MHBepPCUS
v P(A)< P(B) < P, AuC uckat R, Ho B npekscBa A.

normal Job A Job A Job A
execution locks R IS resumed

.

A I .
_ _critical region_

B
- ——————— —p
priority inversion
\ A A
C /
Z_ ~
Attempt to lock R. Job C is resumed.
Job C is blocked It locks R and starts

to work



= (OCHOBHW peLLEHNS
v [lepmnoanyHmn 3agayu
v' CnopagunyHu 3agaym
v' PaswunpeH aHanus

= [lucnedympaHe Ha nepuogndHu3agadn

v" Rate-monotonic scheduling (RMS)

v Earliest-deadline first (EDF)
= [lncne4ynpaHe Ha crnopagunyHu 3agadu

v" RMS (aperiodic-servers).
v" Dual-priority scheduling



= Bknwoysa:
v

v
v
v
v

v

BrnnaHue ot OC

Brninaxne ot ISR

[Tpouenypu 3a cTapTupaHe Ha 3agayun
[Tpouenypu 3a 3aBbpLUBaHE Ha 3a4auym

B3anmMooTHOLIEHUA MexXay 3a4ayum (M34akBaHe Ha
KPUTUYHU CEKLIUN)

Hpyrv



Bbnpocu ?



The Defects



= There are really three types of defects:

v" A failure is visible to the end user of a program.

x Example: the program is supposed to print a one and instead prints
a zero.

v" A fault is the underlying state of the program at runtime that
leads to a failure.

x Example: the program might display the incorrect output because
the wrong value is stored in a variable.

v An error is the actual incorrect fragment of code that the
programmer wrote.
x This is what must be changed to fix the problem.

= A failure implies at least one fault, and a fault implies
at least one error, but the reverse Is not true.



= Most writing on programming errors distinguishes between two basic
types of errors:

v Syntax errors involve the precise definition of how valid programs are
formed.

v" Semantic errors can be broken down into:
x Runtime errors cause the program to crash or abort in some way.

x Logic errors cause a program to run to completion, but produce the
incorrect output or result.

= Arguably, another class of errors exists:
v"Linker errors: the compiler cannot produce a binary

x They can occur when an external variable or function name has a typo,
or if there is a problem with how the compiler is installed, or for various
other reasons that are outside the scope of this book.

x These errors are language- and system-specific, and (like syntax
errors) result in an error being reported to the user.



= Examples: the divide by 0 defect

v" In some languages, certain defect always cause a
runtime error (using an incorrect array index is one
example), but in others, they usually result in silent logic
errors.

int compute average (int array[], int count) {
int j, total = 0;
for (j = 0; J < count; j++) {
total += arrayl[jl):

}

return total / count;



= Many articles attempt to classify defects into types

v" In fact, there have been roughly as many classifications
as articles.

= The Donald Knuth categorization (in book "The
Errors of TeX")

v He grouped the changes into 15 categories: 9 for defects
and 6 for enhancements; each assigned a letter of the
alphabet for reference.



<= Algorithmic Anomalies

v" The code correctly follows the intent of the programmer, but the
intent was wrong.

= Blunders

v “Thinking the right thing, but writing it wrong.“: the algorithm was
correct, but the code did not implement it correctly.

< Data Disasters

v Data was incorrectly modified in some way such that the result did
not reflect the programmer's intent.

= Forgetfulness

v A simple error of omission; leaving out some code so that the
program did not do all that it was supposed to do.



= Language Lossage

v" Errors related to misunderstanding or not considering the specific
features of the syntax, such as the precedence of operators.

<= Mismatches

v" Calling a subroutine with incorrect parameters in a way that the
compiler won't report an error.

< Robustness

v Crashing on bad input data, reporting uninformative error messages,
and the like.

& SUrprises
v Unforeseen interaction between different sections of the program.
= Typographic Trivia

v Simple errors when typing in the program.



<= This classification has 4 main groups because some of
Knuth’s categories are merged and other are ignored.
v" It ignore the enhancement categories.
v" It doesn't use Knuth's categories ‘Mismatches’, ‘Robustness’, and
‘Language Lossage’.

x In the real world, mismatches do occur, but usually only in large
programs, especially when calling functions written by someone
else.

x Knuth gave Robustness its own category because TeX is
written specifically to process input and produce output, as a
compiler would, so handling incorrect input and producing good
error messages for the user is important.

x Many times there are no defects that would fall under Language
Lossage, although in the real world, these can be common.



= The categories are:
v A-Algorithm
v D-Data
v" F—Forgotten
v B-Blunder

= Categories are broken into subcategories

v The subcategories are identified with the notation
C.subcategory, where C is the initial of one of the main
categories (A, D, F, or B) and subcategory is a
descriptive name.



= A—Algorithm = ‘Algorithmic Anomalies’ + ‘Surprises’

v" The distinction between the two is somewhat difficult
anyway and seems to be primarily related to the distance
In the code between the error and the fault, or the fault
and the failure.

= Subcategories:
v A.off-by-one
v Allogic
v A.validation
v A.performance



< |t occurs when the code performs a calculation or
iIncludes an expression that is one away from what it
should have been, which results in:
v" the code processing the wrong number of pieces of data, or
v" returning a value that is incorrect, or
v" taking a branch in the code at the wrong time.



= Examples

v The fencepost error:

x |t occurs when the number of elements is miscounted
because of neglecting to account for the final element

v The wrong comparison operator, confounding < and <= or >
and >=.

// The following code, which tries to check if someone is old enough
// to vote in the United States (you must be 18 or older to vote)

if (ages > 18) {

J/ QK to wvote!



= An A.logic error occurs if the programmer has
designed a logically incorrect way to achieve the
desired result.

= |n many cases, the error involves the incorrect
calculation of a value based on some data.
v" Often, this is caused by a bad assumption about the data
In question.
= Examples:
v" A loop termination condition that never changes.

v" Break out of a loop at an incorrect time, or neglect to
break out at the proper time.



= Many blocks of code that need to be debugged are functions
that take parameters passed from other code.

v Often, the function documentation restricts the range of values
allowed for certain parameters.

= The compiler usually does not check such restrictions
(depending on how they are specified), and the question
becomes whether checking the validity of arguments should
be part of the function's algorithm

v Whether parameters should be checked for validity within the
function or if it is the caller's responsibility to ensure that parameters
are valid before calling the function. If the function is supposed to
check this, not having this code is a defect in the algorithm.



= Example:

my function((void *)0x12345)

void my function(char * my string) {
if (my string == NULL) {
return;
}
if (strlen(my string) == 0) {

return;



= Performance problems occur when a program performs its

task properly, but uses far more resources than it needs.
v Often, the resource is time, but it could also be memory, disk space,
network packets, or any other limited resource.

= Because different programmers can solve the same problem
with different algorithms and one of them is likely faster than
the other, the question of when inferior performance
becomes a bug is highly subjective.

v" If the code is 10% larger than it could be, that is often not an issue,
unless memory use is critically important.

v On the other hand, a program that is 100 times slower than
necessary is generally considered to have a performance problem,
no matter what the situation.



< |t = ‘Data Disasters’

v" This category refers more specifically to cases where the
code reads or writes incorrect data, or accesses the
wrong storage location.

= Subcategories:

v' D.index

v D.limit

v" D.number

v" D.memory



< |t occurs when an invalid index is used when
walking through an array or other data structure

= Many languages use zero-based arrays; that is, the
valid indices for an array of size n go from 0to n-1.

v" This leads to a common indexing error when looping
through such an array, starting at 7 instead of 0.

v Similarly, on the other end, going past the end of the
array — ending at ninstead n-1

for (1 = 0; 1 <= n; 1++) for (1 = 1; 1 <n-1; i++)

// code that processes arrayl[i] // code that processes arrayl[i]




< A D.limit error involves failing to process data correctly at the
limits: the first or last element of the data set (or possibly, the
first few or last few elements).
v An index error often leads to a limit error.
v It may cause the code to crash accessing past the end of the data -
iIf the indexing is too expansive.
< A D.limit error occurs when the code makes assumptions
that are true except on the first or last element.

= A D.limit error cases where the code works incorrectly on
certain inputs near the beginning or end of the range of valid
inputs
v" That is which tend to slightly misprocess all inputs, these are cases

where the code works fine on most inputs, but completely fails on a
small subset near the limit.



<= The D.number class of data errors relates to how numbers
are stored on a computer.

v D.number errors are usually not specific to a particular language, but
rather to how a particular processor stores numbers (and because
different machines use the same processor, the same type of error
can occur in many languages on many machines).

< The most basic of these is an overflow, which is when a
program attempts to store a number in an area of memory
that is not large enough.

v One form of an overflow error is an assignment between variables of
different sizes

v Another form of overflow can happen with types of the same size:
data produce larger than the maximum number that can be stored or
possibly a signed/unsigned error.



= D.memory errors can cause some of the hardest-to-find bugs
In the real world

= The D.memory error involves mismanaging memory.

v One way to cause this error is to attempt to access memory that is
not accessible to the program, by improperly manipulating an array
index or pointer .

v Another way to cause this error is to allocate memory after it is freed.

v" Instead of freeing memory too soon, programs can forget to free it,
which causes a memory leak.

x  Code with memory leaks often works for a long time and then
fails unexpectedly when new memory cannot be allocated.

x  This is an unpredictable situation based on the hardware being
used, what other applications are running, and other hard-to-
predict factors.



= D.memory errors can cause some of the hardest-to-find bugs
In the real world

= The D.memory error involves mismanaging memory.

v A final way to mismanage memory is to use the same variable for
two different reasons in different sections of code, but later discover
that the logical scope of the two areas overlaps.

% This error can occur when code is cut-and-pasted into the
middle of a larger section of code that uses the same variable. It
can also happen when programmers reuse the same variable
name for different functions on the theory that it saves memory.



= F—-Forgotten = Forgetfulness

v" This category generalized to include all control flow
errors that occur because the statements in the program
are not executed in the order that the programmer
iIntended.

x Many errors are caused by the programmer wanting the
computer to "Do what | mean, not what | say."

= Subcategories:
v" F.init
v F.missing
v" F.location



= One of the most common types of instructions to leave out
are ones that initialize variables.

v Many variables are not initialized when they are defined, and many
languages do not assign a default value in this case, which results in
the variable containing whatever value happens to be in the memory
location the variable is stored at.

v An uninitialized variable becomes a defect when it is actually used in
code that expects it to be initialized.

x Usually, this error happens because certain paths through the
code avoid the initialization, although in some cases, the
variable is never initialized.

x  The more unusual the uninitialized path is, the less likely such a
defect will be found early.



= Qther statements besides initialization can be left
out

v The case of missing initialization is just so common that it
deserves its own subcategory. F.missing is the general
case.

= Programmers can neglect to type in a statement, or
accidentally delete it while moving code around,
cleaning up comments, and so on.

v" Finding these types of bugs can be tricky unless a
comment makes it obvious



= The F.location refers to code that is in the wrong
sequence within the program.

v" One example is initializing a variable inside a loop rather
than outside it.

v The sequence of instructions does not match the
intended order of operations.

x Often, two instructions are swapped.

v" Instructions can be placed in the wrong block of code,
particularly if blocks are nested several layers deep.



= B-Blunder = * Blunders’ + ‘Typographic Trivia’

v" This category exists because Knuth wrote his code on
paper and then typed it, so he made occasional
transcription errors in the process.

v Because many programmers type code directly into the
computer, they would never encounter that problem.

= Subcategories:
v" B.variable
v B.expression
v B.language



= An easy and common mistake is using the wrong
variable name:

v One source of B.variable errors is cutting-and-pasting
similar code.

v Anywhere a variable is used, it's possible to use the
wrong one - on the left or right side of an assignment, as
an argument to a function, as a return value from a
function, and so on.

x One situation that arises is switching two variables in the

parameters to a function, which passes unnoticed by the
compiler as long as they are the same type.



= The B.expression is a more general form of the
B.variable.

v A variable on its own is an "expression," but the case of
just using the wrong variable name is so common that it
was separated.

v" B.expression covers other cases in which expressions
are incorrect not because of the algorithm being wrong,
but because of a momentary cramp in the programmer's
brain.



= Examples:

v The most basic of these errors is when the code uses the
wrong operator

v Given that expressions can be arbitrarily complex, there
IS an arbitrary opportunity to make mistakes.

x One place that bad expressions may appear is in an if
statement

v The logical "and" and "or" operators are common areas
where the wrong operator is used in an expression,
usually by using and instead of or or vice versa.



< Some languages have syntax features that can lead
to improper expressions.
v" This is what Knuth calls Language Lossage.

v For example, expressions that depend on the
precedence of operators can be interpreted in a non-
intuitive way.



< |t is often not necessary to follow all the steps.

v At any point, the reason for the bug may suddenly pop into your
mind, even if you are not directly considering the code that contains

the defect.

v But, if that doesn't happen along the way, hopefully by the time you
finish the final step, the bug will have revealed itself.
= The steps are as follows:
1. Split the code into sections with goals.
2. ldentify the meaning of each variable.
3. Look for known "gotchas."
4. Choose inputs for walkthroughs.
5. Walk through each section.



= The first step to understanding the code is to split it
Into sections and identify the goals of each section.

= A section is a snippet of code that accomplishes a
specific task.

= The "goal" of a section of code is the set of changes
that the code is intended to make to the data
structures used by the program.



= Most functions:

v" begin with introductory code to handle special cases,
deal with errors, and so on,

v and end with code that cleans up and possibly returns
values to the calling function.

v" In between these is the code that implements the main
algorithm.
< |t is useful to note where the introductory code ends
and where the cleanup code begins. Mark the area
between those as the location of the main algorithm.



= The most basic step is to locate the main part of the
algorithm.

v" The main algorithm is the part that you would talk about if you
were telling someone what the code did.

v Tricky input-specific bugs might hide in the main algorithm: this
is the part that actually corresponds to the mathematical
algorithm that the code implements.

= The introductory and cleanup code can still harbor bugs
and need to be checked as carefully as any other piece of
code.

v" However, it is true that the introductory and cleanup code
usually execute on any input, so they're tested all the time.



= |f the main algorithm consists of more than just a few
lines of code, it needs to be split into smaller
sections.

v" Again, consider how you would describe the algorithm to
someone else

x Each part of that description is probably one section.
v" If you would describe an algorithm as "first read in the

data, then organize it by key, then output it," you would try
to separate the code into those three sections.



= Example:

int find largest hash(string s[]) {

if (s.length == 0) {

throw new InvalidParameterException():

HashCalculator hb = new HashCalculator():
int largesthash = hb.hash(s[0]);

int newhash;

for (int § = 1; j < s.length; j++) {

newhash = hb.hash(s[j1);

if (newhash > largesthash) {

largesthash = newhash;

hb.flush () :

return largesthash:;



< After you split the code into sections, identify the
goals of each section.

v" At the end of the section, what variables should be
modified and how?

v" What invariant conditions should be true?
v How should the data structures be set up?



= When you have finished mentally dividing the code
iInto sections with goals, check that each goal is well
contained.

v Code that starts working on the next goal before it logically
finishes a previous one can be prone to bugs.
= For if statements, try to state the goal of the if
condition itself

v "The if() block will execute if the user has not been
validated yet."



< |f a section of code is a loop, you need to determine
the overall goal of the loop.

v" However, you should also try to determine the goal of
the loop after one iteration.

= Some languages allow assert statements, which
are logical expressions that cause the program to
halt if they are false.

v The gaps between sections are often a good place to
put assert statements that verify if the goal of a section
was properly achieved



= Comments are an important part of determining the
goal of a piece of code.
v They represent the only chance a programmer has to
communicate his or her ideas in plain language.
= Many programmers write comments as hints for
when they come back to look at the code.

v In many cases, long comments indicate areas that the
original programmer felt were tricky, unclear, or in some
other way unlikely to be obvious upon later viewing.

v The presence of such comments usually indicates the
location of the key parts of the algorithm.



= QOften, comments can also help identify useful sections within
the code, because many times, a multiline explanatory
comment precedes a block of code worth grouping into one
section, and the comment tries to explain the goal of the
code.

= Some comments are done by rote, in the apparent belief that
mundane operations need a comment.

v These types of comments are unlikely to highlight buggy areas. On
the other hand, a simple comment like the following, which is
obviously wrong, is a sign that significant changes might have been
made to the code since it was originally written

= However, it is important not to let comments mislead you.



= After you identify the goal of each section, look at the
variables used in the code and identify the "meaning"
of each one.

v" The meaning of a variable refers to what value,

conceptually, it is supposed to contain.
= Five steps:

v Variable Names

v" Look at the Usage of Each Variable

v" Restricted Variables

v" Invariant Conditions

v" Track Changes to Restricted Variables



< Variable names, like comments, can be both useful and
misleading.

= Unlike sections of code, all variables have names, which
can usually be counted on to provide some hint of the
variable's meaning.

v A variable's name is like a miniature comment from the
programmer that appears every place the variable is used.

v As with comments, however, you have to make sure that the
variable really is used the way the name indicates.

v Furthermore, some variables, even important ones, have
single-letter or other uninformative names



< Variable names, like comments, can be both useful and
misleading.

= Unlike sections of code, all variables have names, which
can usually be counted on to provide some hint of the
variable's meaning.

float average balance; // good
string name; // OK, but name of what?

int ki // unclear; could be anything



= Unlike comments, a compiler or interpreter does not
completely ignore variable names, because a variable
name refers to a specific piece of storage.

v But the compiler or interpreter doesn't care about the actual
name - naming a variable a, total, or wxyz won't affect how
the compiler treats it.

v' What matters is that a variable is properly declared, defined,
and used throughout the program.
= |f a variable has an unclear name or a name that does
not match its real meaning, you should try to come up
with a new name, or at least a verbal definition of the
meaning.



< For each variable used in the function or block of
code, see where it is used.

v" The first step is to distinguish where the variable is used
In an expression - and therefore does not change - from
where it is modified to hold a new value.

x This is not always obvious; some variables, especially

data structures, can be modified inside of the functions
they are passed to as arguments.

v' Some languages have ways to indicate that a variable
will not be changed inside a function (such as the const
qualifier in C and C++), but these are not always used.



= After you determine where a variable is modified,
you can start to understand how the variable is
used.

v" Is it constant for the entire length of the function? Is it
constant in one section of code?

v' Is it used only in one part of the code, or everywhere?

v' If it is used in more than one part, is it merely being
reused to save declaring an extra variable (loop counters
are often used this way), or does its value at the end of
one section remain important at the start of the next
section?



= When looking at loops, think about the state of each variable
at the end of the loop. Separate the variables into:
v" those that were invariant during the loop

v" those that were used only during the loop (such as variables used to
hold temporary values), and

v" those that will be used after the loop code with an expectation about
their value (based on what happened during the loop).

<= A loop counter can fall into either of those last two
categories:
v" it is only used to control the loop;

v' it is used after the loop is done to help determine what happened in
the loop (in particular, if it terminated early).



= Because the return value of a function is important, note
whether a variable is used temporarily inside a function, or if
it is actually going to be part of the data returned to the caller
of the function.

= Make sure that all variables are initialized before they are
used (some compilers and interpreters warn you if this is not

the case).

v" Many variables are not given an initial value when they are defined,
so it is important that those variables are assigned a value, in all
possible code paths, before they are used in an expression.



<= Restricted variables can only hold a particular
subset of the values that they would normally be
allowed to hold based on their type.
v" Consider this part of the variable's meaning.

= Some languages allow such variables to have their
restrictions explicitly stated, but often, programmers
don't take advantage of this even where it is
available.

v" There is often a tradeoff between strict type-checking
and ease of programming.



= |deally, any restricted variable would be identified as
such - at least in a comment when it is defined,
possibly in the name of the variable itself.
v" Restricted variables are often used in ways that cause

errors if the variable ever contains a value outside of its
Intended set.

v' It is important to determine if and how a variable is
restricted.



= An array index is a form of restricted variable because the
proper values are defined by the size of the array.

= Some languages check array access at runtime and
generate an error; other languages silently access whatever
memory the index winds up indicating.
v The runtime error is preferable because it makes it apparent that
something is wrong, but both errors can occur for the same reasons.
= Unfortunately, the size of an array can itself be dynamic and
difficult to determine at a given point in the code.

Furthermore, an array can be indexed using a complicated
expression.



<= |nvariant conditions are a more general form of a
restricted variable.

v' It is an expression, involving one or more variables, that
IS supposed to be true at any point during the execution
of the program, except for brief moments when related
variables are being updated.

v" It is usually a convention established by the programmer
based on how he or she wants to manage the data
structures used by the program.



= When considering a variable that is a nontrivial data
structure, try to think of any invariant conditions that
will be true if the data structure is in a consistent

state.

v" Make sure that all the relevant parts of the data structure
are initialized if needed.

v" When the data structure is changed, ensure that the
invariant conditions are still satisfied.

if ((list head != NULL) && (list head->»next != NULL))

(list head->next->»previous == list head)



= You need to note invariant conditions where they exist
because they constitute an implicit goal before and after
every block of code in the program.

v Because goals are a theoretical idea that the compiler or interpreter
is not actively concerned about, invariant conditions are also good
candidates for including in assert statements for languages that
support them.

= The previous statement about invariant conditions being true
"except for brief moments when related variables are being
updated" is important.

v For multithreaded programs, take care that those "brief moments"
are synchronized, so that another thread won't find the variables in a
state where the invariant condition is false.



Variables

& Some variables’ restrictions are usually logical rather than
enforced by the compiler or interpreter.

v" It is important to check modifications to the variable to make sure
that the value remains properly restricted.

= Modification of restricted variables can be checked with an
inductive process.

v' That is, before a variable is modified, if you assume that the current

value is properly restricted, it is possible to prove that the value after
modification is properly restricted.

v" If you can show that the variable is initialized with a proper value,
and that every modification keeps the variable properly restricted as
long as it is properly restricted beforehand, you prove that the
variable is always properly restricted.



< |f you have split the code into sections with goals and
identified the real meaning of each variable, and nothing has
jumped out as being incorrect, you can proceed to choosing
inputs and walking through the code.

<= First, however, you can quickly scan the code for a few
"gotchas" without getting into the nitty-gritty details.
= Loop Counters
= Same Expression on Left- and Right-Hand Side of Assignment
= (Check Paired Operations
= Function Calls
= Return Values
= (Code That Is Similar to an Existing Error



= Loop counters are often used to index into arrays. In
languages that have zero-based arrays, notice if the check to
exit a loop uses <= in the comparison, as opposed to <.
v" The comparison with <= might be correct but it is suspicious.

= Be aware of code that modifies the loop counter within the
loop.

v This is usually done for a reason and (hopefully) is accompanied by
a comment, but it makes it more difficult for you to think through
what really happens during execution of the loop - especially if the
modification is only done in certain cases (depending on the
contents of the data being looped through).

v If a continue statement is added somewhere within the loop’s loop,
it would skip the code that modifies the loop counters.



ssignmen

= The same variable or expression sometimes appears on the
left- and right-hand side of assignment statements that are
near each other.

v This can happen when the variable's value is used to calculate the
value of another variable, and then the first variable is marked as
empty, deleted, invalid, and so on.

v Typically, there is a step where the variable is used, and a step
where the variable is modified.



= Many operations that do something in a program have a
corresponding "undo" operation, which must be properly
paired.

v" One common example is memory allocation, especially temporary
memory allocated by a function.

x All the temporary memory that a function allocates needs to be
freed before the function exits, no matter under what condition it
exits.

= Some languages do not have explicit memory allocation and
deallocation, but certain other operations still must be paired
up: acquiring and releasing locks, adding to and subtracting
from reference counts, ...



<= Function calls can be difficult to walk through
because the code inside the function is not right in
front of you.

v" In the best case, you have the code for the function
available, but usually, you have to trust the
documentation.

= A properly written function modifies only the variables
that it is supposed to modify.

v" A call to the function can be treated like a single
assignment statement, although it's one that can modify
multiple variables and do more complicated modifications
of arrays and structures.



= When you look at code that calls a function, the main
thing to check is that the parameters are passed
correctly.

v Most compilers and interpreters catch an argument of the
wrong type being passed, but not the wrong argument of the

correct type.
= One way to pass the wrong argument is when it is an
iIndex into an array. Because every element of the array
has the same type, you can pass the right type, wrong
argument just by botching the index.

v Because the index is likely to be of a common type this is not
difficult to do.



= Although many functions manipulate structures that
are passed in to them, for many others, the return
value is what it's all about - the only permanent
result of the function's execution.

v' Therefore, all the careful code that has been written and
walked through will be for nothing if the function returns
an incorrect value.

= The most basic mistake is simply returning the
wrong variable.



= Some functions have multiple return statements.

v" Returning from a function at the point where the result
has been found is often easier than having to check if
there is still more work to do.

v" It might be cleaner to have the return statement at each
point where the return_value was set, instead of using
the flag_variable to avoid the remaining code.

v" If you have multiple return statements, make sure that
every path through the code hits one.

= Make sure the data being returned is still valid.

v Do not return a pointer to storage that has already been
freed !



Error

< |If you find a particular error that looks like it could be
repeated somewhere else in the code, search for
other locations where the error might have been
made.

< |f you discover that the code calls a function with the
arguments in the incorrect order, you must check
other places where the function is called.

< |f a boundary error is discovered in the access to an
array, check other places where the array is
accessed.



rror

= Defects do repeat themselves. This can be:
v" because code is duplicated, or

v" because the original programmer tended to make the
same mistake, or

v' because of a misunderstanding about how the code
worked - where the programmer was trying to
consistently do the right thing, but wound up consistently
doing the wrong thing.



< |f you tried the preceding steps and still don't know what
the bug is, you probably need to walk through the code

by hand.

v" In a perfect world, you would prove to yourself that every
section accomplishes its goal, that every variable sticks to its
meaning, and that the proper value is returned or displayed,
leaving no doubt that the function is correct for all inputs.

= |n a sense, walking through the code is less than ideal.

v" It introduces an element of uncertainty because no matter
how many inputs you try, the bug might not be exposed by
any of them.



< Still, in many cases, the only way to unearth a
defect is to walk through the code.
v" To do this, you need to select inputs to the code.

v" Except for short standalone programs that are hard-
coded to calculate a given value (or set of values), all
sections of code - be they a program, a function, or just a
piece within a larger section of code - behave differently
based on what input they receive.



<= |n cases where you try to track down a bug that has been
reported by someone else, that person might have provided
specific inputs that cause the problem to occur.
v This is then your first candidate for a walkthrough.

v" You need to choose your own series of inputs to figure out a hard-to-
reproduce or insufficiently documented bug, to check new code
before releasing it, or in cases where the reported inputs are too
complicated to use.

v Walking through code is time consuming; you cannot walk through
code with all possible inputs.
x  Hopefully, you can walk through with a small sample that is

nonetheless representative enough of all possible inputs to expose all
possible bugs.



= When you design inputs for code, remember that you are not
limited to choosing only inputs to the outer function or the
entire standalone program.

v' It is often easier to break the code into smaller groups and walk
through them first.

v" After you are confident that these smaller groups handle various
inputs correctly, you can move back and walk through larger
sections of code without having to revisit the details of the sections
you already checked.



= The easiest way to break up code is when your functions are
layered, one on top of another.

v' Start with the lowest-level function, the one that does not make any
calls to code that you are checking.

v Then, move up the chain, checking each outer function in turn.

= You can do the same within a single function that you have
split into logical sections.
v" Pick a section that you want to check and then figure out the inputs
for it.

x In this case, the "inputs" consist of values for all variables that are used
within the section of code you are walking through.

v You should know which variables are relevant if you have
determined the meaning of each variable.



<= |f the program has any state data that it keeps from one
execution of the code to the next, think of possible values for

that as well.

v" In object-oriented languages, the function that you look at might be a
method on a class - in this case, the current state of the class
member variables (the ones that are used in the function) is logically

part of the inputs to that function.
= |t should go without saying that when you select a test input,
you need to know what your test output is supposed to be.

v Otherwise, it makes it difficult to decipher whether the program
works correctly.



= The steps are:
v" Code Coverage
v' Empty Input
v" Trivial Input
v" Already Solved Input
v" Error Input
v Loops
v" Random Numbers



= When designing inputs with the code in front of you, you
have an advantage over others who are doing "black box"
testing on the code - who can execute only the code and
cannot see the source.

v The advantage is that you can tailor your inputs to ensure that they
exercise all the code.

<= |t might be tempting to think that any reasonably large or
diverse group of inputs will naturally cover all the code.

v" In fact, code that is executed on every input is more likely to be
correct than code that runs rarely - errors in the common code are

more likely to have been found during initial development and
debugging.



< You cannot assume that all the code has been covered by
your tests; instead, choose inputs that ensure it will be.

= One aspect of code that you must keep in mind is the
"Implied else," that is, everything that is done if an if() is true,
IS not done if the if() is false.

v The most obvious case of an "implied else" is where no else body
exists at all.

<= |n terms of choosing inputs, you have to cover the "implied
else" also.



= Empty input is a situation where there is no data to work on.
v" Example: a program to sort an array is passed an array with zero
elements; or a program to operate on strings is given an empty
string.
= Typically, a program will handle this in one of two ways:
v" by explicitly checking for it at the beginning
v by handling the empty case as part of the main algorithm
= Whichever way the code handles the empty case, you need
to determine what an appropriate empty input would be, and
walk through the code with that input.



< Trivial input is the next step up from empty input:

v A possible list of items turns out to have only one item, so the work
to be done is trivial or nonexistent.

= As with empty input, trivial input might be handled by
performing a special check at the beginning, often combined
with a check for the empty case.
= Again, neither way is "right" or "wrong."
v" The goal is just to make sure the code works correctly when you
walk through it with a trivial input.

v Especially in cases where the trivial case is handled by the main
algorithm, walking through the code - even if it manages to handle
the trivial case correctly - can make you aware of a situation in which
it would handle a nontrivial case incorrectly.



= Already solved input is for functions that are supposed
to modify data in place.

v It refers to a situation in which nothing needs to be modified.

= The already solved input exercises the code that
determines if something needs to be done, without
(hopefully) executing the code that actually does
something.

= Unlike the empty and trivial inputs, it is usually
iImpossible (or not worth the trouble) for the code to
determine with an initial check whether the input is
already solved.



= When designing input for the already solved case, one
qguestion is how long the input needs to be.

v" In general, using an input of between three and five "items" (where
an item is one element in an array, one character in a string, and so
on) is a good tradeoff between being short enough to feasibly walk
through the code as it processes the entire input, and long enough to
encounter any bugs that are dependent on the fact that a certain
number of items are present in the input.

= Pay attention to cases where the code seems to be doing too

much in processing the already solved case.

v Moving data items around unnecessarily, even if they all wind up
back in their original places, is certainly a performance issue, and
might indicate a defect that will appear in some not already solved
cases.



<= Error input is input that is just plain wrong.

= With error input, in addition to making sure that the
function handles it without crashing, a walkthrough
should verity that it behaves in the correct way.

= |n many cases, an actual error input should be
handled differently from, say, an empty input, by
returning a specific error value or throwing an
exception.



= |n other situations, where a function is nested within
other code that is part of the same module, an error
input might be considered an error on the part of the
calling function, and by design should not be
handled.

v Of course, some functions do not have any input that
could be considered a real error.

v" In most cases, it should be possible to come up with an
error input and walk through it.



= Some functions use a randomly generated number in
their computations.

v These functions typically use a random-number package
written by someone else, either part of the language, the
operating system, or a separate library.

= The main thing to worry about with random numbers is
to check the exact range that the random number
returns.

v" Some numbers return a value that is between 0 and a
specified number; others, between 0 and 1.

v In some cases, the top range of the random number is just
less than the specified number, so they will never be equal.



< The value returned by the random-number generator is
another input to the code, even if it appears suddenly in the
middle.

v As such, you have to pick values for the random-number generator to
return during your walkthrough.

= |t's best to first pick those that are at the lower and upper
limits; in the case just shown, those would be 0 and a number
just below 1.

v" Picking other inputs usually depends on what is done next with the
random number.

v" If the code does one of three things based on the result of the random
number, pick three values to correspond to the three choices - it's
likely that the values 0 and "just below 1" already covered two of the
choices.



= For random numbers that are used in a calculation as
opposed to an explicit choice, picking a third choice that is
halfway between the lower and upper limits is usually

adequate.



< |t can be difficult, especially after reading through lots of code,
to avoid simply sliding over statements that look reasonable.

= The computer devotes its full attention to each statement as it

IS being executed, and you need to do the same.

v You have to force yourself to focus on what is actually in the code, not
what is supposed to be there or what you think is there - no matter if:

x a statement seems obvious,
x g constant definition looks trivial,
X an expression seems correct at first glance.

= The steps are:
v" Track Variables
v" Code Layout
v Loops



= When walking through code, you need to keep track of what
value is in every variable, unless you have determined that a
variable is no longer important to the function (and even then,
you might discover that such a determination was false).

= Two ways to keep track of variables:

v Say to yourself, as you begin to look at each statement - this can work
well for simple cases.

v Write down all the variables on a piece of paper - this way is better if
there are many variables, or the statements contain complicated
expressions where parsing would require too much brainpower for
you to simultaneously remember what values were stored in every
variable.



= Keep in mind that for every variable, every statement in the
program either modifies the variable or does not modify the
variable.

v" The computer never loses track and forgets to modify a variable if
instructed to do so - writing it all down on paper helps prevent you
from losing track.

x |t also helps you realize which variables change during the section and
which ones remain constant.

< |f you discover that the inputs you have selected make it too
difficult to keep track of all the variables you can go back and
change your inputs.

v Keep in mind, however, that certain bugs might appear only with large
enough inputs.



= The layout of the code in most languages is intended as a hint
to a person who is reading the code

v" It usually is not used by the compiler or interpreter when determining
how to execute a program.

= Unless a language specifically requires it, indentation and the
placement of curly braces should not be used to infer the
semantics of code
v You have to check that the actual semantics are correct.

<« On the other hand, in some languages, layout issues, such as
indentation or which column a character appears in, are
significant, and can cause the opposite sort of confusion,
where you miss the significance of indentation.



= |mproperly terminated comments can also obscure the true

nature of code.

v" If you are debugging code and you have narrowed the problem down
to a small section of code, but you simply cannot determine where the
bug is, some languages allow you to remove the comments to check
whether the defect is related to a statement unexpectedly being
commented out.

= Be careful when reading complicated arithmetic expressions,
especially those that do not use parentheses to make the
order of evaluation explicit.

v"If you are not sure how an expression will be parsed, you can add
parentheses yourself in a way that you feel is correct, and then see if
this changes the program's behavior.



= Loops can be especially tricky to walk through because you
cannot usually simulate every iteration of a loop.
v With code that proceeds linearly without loops, it is often easy to spot
defects by examining each line in turn.

=  With any loop, pay attention to where the loop exits and where

It exits to.

v" Normally, a loop exits at the end when the termination condition
becomes false, but loops can also exit because of break statements
in the middle, or return statements from inside a function.

x Tthe exit condition of a loop is only implicitly tested at the end of a loop.
v If aloop has a break statement and where it will jump to.

v" Some languages have a way to specify code that is always executed
when the loop ends.



< When the loop is done, it is important in those cases to be
aware of what state a particular language will leave a loop
counter in.

v"In particular, will it be set to the value it had during the last iteration, or
one more than that?
= When you have a loop that needs to iterate many times, you
have to choose certain iterations of the loop to walk through.
v A good choice to begin with is to walk through the first iteration, the
second iteration, the second-to-last iteration, and the last iteration.
= |n cases where the result of an iteration depends on what
happened in the previous iteration, you can often use an
inductive process to prove to yourself that the loop is correct.

v Assume the loop worked correctly on the previous iteration, and then
see if this implies that it will work correctly on this one.



Questions?



V&V and UML Models



= The quality of the model itself is one singularly
important factor that influences the value of a model:

v

If the abstraction is incorrect, then obviously the reality
eventually created out of that abstraction is likely to be
Incorrect.

An incorrect abstraction will also not reflect or represent
the reality truthfully.

It is of iImmense importance in eventually driving quality
benefits.



= Modeling is limited by the following caveats:

v
v

v

A model, by its very nature, is an abstraction of the reality.

Unless a model is dynamic, it does not provide the correct sense of
timing.

A model may be created for a specific situation or to handle a
particular problem.

A model is a singular representation of possible multiple elements in
reality.

The user of the model should be aware of the notations and
language used to express the model.

Modeling casually, or at random, without due care and consideration
for the nature of the models themselves, usually results in confusion
in projects and can reduce productivity.

Models must change with the changing reality.
Processes play a significant role in steering modeling activities.



< |t is not the only aspect of quality in a project.

v" It exists within the context of other quality dimensions or levels, and
these influence each other as well as model quality.

= Levels of quality:

v

SN N X X X

Data quality —
Code quality —
Model quality —
Architecture quality ~/
Process quality —
Management quality-
Quality environment.

The accuracy and reliability of the data, resulting in

The correctness of the programs and their

The correctness and completeness of the software

The quality of the system in terms of its ability to

The activities, tasks, roles and deliverables employed

Planning, budgeting and monitoring, as well as the

All aspects of creating and maintaining the quality
of a project, including all of the above aspects of
quality.




= The aforementioned quality levels play a significant role in
enhancing the overall quality of the output of a software
project.
v Most literature on quality, focuses on code and data quality.

v Even when modeling appears in the discussion of quality, it is with the
aim of creating good-quality software (data and algorithms).

v" In software projects without substantial modeling, code remains the
primary output of the developers.
= |n projects, code emerges from the developer’s brain - directly.

v The history of software development indicates has had disastrous
effect on software projects.



= Modeling is used not only to create the software solution but
also to understand the problem.
v As a result, modeling occurs in the problem, solution and background
(architectural) spaces.
= The modeling output in such software projects transcends both
data and code and results in a suite of visual models or
diagrams.

v" While these models go on to improve the quality of the code produced,
it is not just their influence on the implemented code that interests us
but also their own quality - that is, the quality of the models
themselves.

= Model quality is all about V&V of the models themselves.

v The result is not only improved model quality, but also improved
communication among project team members and among projects.



< UML is not a methodology, but rather a common

and standard set of notations and diagrams.
v These are used by processes in varying ways to create
the required models in the problem, solution and
background modeling spaces.

= Large range of projects
v" New development projects
v" Integration projects
v Package implementation
v Qutsourcing projects
v Data warehousing and conversion projects
v Educational projects



< UML has four main purposes:
v" Visualization
v" Specification
v Construction
v" Documentation



= Visualization

v" UML notations and diagrams provide an excellent industry standard
mechanism to represent pictorially the requirements, solution and
architecture.

v" UML’s ability to show business processes and software elements
visually, spanning the entire life cycle of software development,
provides the basis for extensive modeling in software development.

v" Its class representations, can bring the reality (real customers,
accounts and transactions in a typical banking system) close to the
people working in the solution space.

v This quality of visualization is enhanced not only by the use of UML
as a standard, but also because of the large number of CASE tools
supporting these visual diagramming techniques.



= Specification
v Together with visual representations, UML facilitates the
specification of some of its artifacts.
v UML specifications help enhance the quality of modeling:
x they enable additional descriptions of the visual models

x they enable members of a project team to decide which
areas of a particular diagram or element they want to
specify

x they allow them (through CASE tools) to make the
specifications available to all stakeholders.

x The specifications can be made available in various
formats: a company’s intranet Web page, a set of Word
documents or a report.



= (Construction

v" UML can also be used for software construction, as it is
possible to generate code from UML visual
representations.

= A piece of software that is constructed based on
formal UML-based modeling is likely to fare much
better during its own V&V.

v" Classes and class diagrams, together with their
specifications (e.g., accessibility options, relationships,
multiplicities), ensure that the code generated through
these models is correctly produced and is inherently
superior to hand-crafted code (i.e., code without models).



= Documentation

v With the help of UML, additional and detailed
documentation can be provided to enhance the
aforementioned specifications and visual representations.

% Documentation has become paramount - not only the type
that accompanies the code, but also the type that goes with
models, prototypes and other such artifacts.

v In UML, diagrams have corresponding documentation,
which may be separate from the formal specifications and
which goes a long way toward explaining the intricacies of

visual models.
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eling spaces
agrams
= These diagrams have a set of underlying rules that specify

how to create them.

v The rigor of these rules is encapsulated in what is known as the
OMG’s “meta-model”.

x The meta-model also helps to provide rules for cross-diagram
dependencies.

v The importance of the meta-model is that it renders the UML elastic
x |t can be stretched or shrunk, depending on the needs of the project.

% The elasticity of UML, the extent and depth to which the UML diagrams
are applied in creating models are crucial to the success of projects
using UML.

v Not all diagrams apply to all situations.
v Not all diagrams are relevant to a particular role within a project.



= The problem space will need the UML diagrams that
help the modeler understand the problem without
going into technological detail.

v" As a nontechnical description of what is happening with
the user or the business

= The UML diagrams that help express what is
expected of the system, rather than how the system
will be implemented, are of interest here.



= Use case diagrams

v Provide the overall view and scope of functionality.

x  The use cases within these diagrams contain the behavioral (or
functional) description of the system.

< Activity diagrams
v Provide a pictorial representation of the flow anywhere in MOPS.

x |In MOPS, these diagrams work more or less like flowcharts, depicting
the flow within the use cases or even showing the dependencies
among various use cases.

= Seguence and State machine diagrams

v Occasionally used to help us understand the dynamicity and
behavior of the problem better.



= (Class diagrams
v" Provide the structure of the domain model.

x |n the problem space, these diagrams represent business domain entities
(such as Account and Customer in a banking domain), not the details of
their implementation in a programming language.

= |nteraction overview diagrams

v These provide an overview of the flow and/or dependencies between
other diagrams.

= Package diagrams

v Can be used in the problem space to organize and scope the
requirements.
x Domain experts, who have a fairly good understanding not only of the

current problem but also of the overall domain in which the problem exists,
help provide a good understanding of the likely packages in the system.



<= The solution space is primarily involved in the description of
how the solution will be implemented.

v" This solution model requires extra knowledge and information about
the facilities provided by the programming languages, corresponding
databases, middleware, Web application solutions and a number of
other technical areas.

= MOSS contains a solution-level design expressed by:
v" technical or lower-level class diagrams,
v" technical sequence diagrams,

v' detailed state machine diagrams representing events and
transitions,

v" designs of individual classes and corresponding advance class
diagrams.



= Because MOSS is a technical description of how to solve
the problem, the UML diagrams within MOSS are also
technical in nature.

v

Furthermore, even the diagrams drawn in MOPS are embellished in
the solution space with additional technical details based on the
programming languages and databases.

< The primary diagrams used in MOSS are the class diagrams
together with their lowermost details, including:

v

AN NN

AN

attributes,
types of attributes,
their initial values,

signatures of the class operations (including their parameters and
return values) and

SO Oon.



Class diagrams can be followed by diagrams like the
sequence diagrams together with their detailed signatures,
message types, return protocols and so on.

Modelers may also use the communication diagrams for the
same purpose as sequence diagrams.

Occasionally state machine diagrams can be used to provide
the dynamic aspect of the life cycle of a complex or very
important object.

Recently introduced timing diagrams show state changes to
multiple objects at the same time.

Composite structure diagrams depict the run-time structure
of components and objects.



= MOBS incorporates two major aspects of software
development that are not covered by MOPS or MOSS:
v" Management
v" Architecture

= MOBS is an architectural model in the background space
that influences models in both problem and solution spaces
through constraints.

= Of the two major aspects of work in the background space,
management work relates primarily to planning.

v Planning deals mainly with the entire project and does not
necessarily form part of the problem or solution space.

v" Management work in the background space includes issues from
both problem and solution spaces but is not part of either of them.



Several aspects of planning are handled in the background by
the project manager.

These include planning the project:
v" resourcing the project’s hardware, software, staff and other facilities;
v budgeting and performing cost-benefit analysis;
v" tracking the project as it progresses through various iterations; and
v" providing checkpoints for various quality-related activities.

Background space activities are related to management work.

v" UML is not a management modeling language.

v" UML does not provide direct notations and diagrams to document
project plans and resources.

The project planning aspect is best to deal with the process
techniques as well as process tools.



<= Architectural work deals with a large amount of technical
background work.
v This work includes consideration of patterns, reuse, platforms, Web

application servers, middieware applications, operational
requirements and so on.

= Background space also includes issues such as reuse of
programs and system designs, as well as system and
enterprise architecture.

v" Work in this space requires knowledge of the development as well as
the operational environment of the organization, availability of
reusable architecture and designs, and how they might fit together in
MOPS and MOSS.



< The UML diagrams of interest in the background space are
the ones that help us create a good system architecture that
strives to achieve all the good things of object orientation.

v Reusability, patterns and middleware need to be expressed correctly
in MOBS, and UML provides the means to do so.

= Users should expect

v alarge amount of strategic technical work in the background space
that will consider the architecture of the current solution

v" the existing architecture of the organization’s technical environment
v" the operational requirements of the system
v" the needs of the system in terms of its stress, volume and bandwidth.



<= |tis necessary to relate the solution-level classes closely to
the component diagrams drawn in the background space.

v These component diagrams contain the .EXEs and .DLLs and are
closely associated with the solution level class diagrams, providing the
final steps in the system development exercise before the user runs
the application.

v" When run-time components are modeled, they result in composite
structure diagrams, which may also be used in the background space
to specify and discuss the architecture of a component or a class.

= (QOperational issues are being expressed properly using UML

diagrams in the background space.

v" UML provides help and support in modeling the operational
environment (or deployment environment) of the system by means of
deployment diagrams.



= A combination of component and deployment diagrams can
provide a basis for discussions between the architects and
designers of the system concerning where and how the
components will reside and execute.

v Using the extension mechanisms of UML, one can develop diagrams
that help express Web application architectures

= These background UML diagrams also have a positive effect
on architecting quality by providing standard means of
mapping designs to existing and proven architectures.



UML Diagrams MOPS MOSS MOBS
Use case SR %k ¥
Activity stofokok ok koK *
Class ok sk skokskskok ok
Sequence kokskok skokskskok *
Interaction overview Aoksdk ok ok
Communication * sk *
Object * *kokskkok SR
State machine sHokok Hokokak K
Composite structure * sokskskok sk sk ok
Component * koksk skokskskok
Deployment SR Rk BRRTR
Package ok sk %k sk sk ok
Timing * kokk *kk




= The major part of V&V deals with the visual aspects of
the model.

v" This can lead not only to detection of errors in the model -
quality checks that ensure validation of the model.

v" Appropriate quality assurance and process-related
activities aimed at the prevention of errors.
< For V&V of a software artifact, there are three levels
of checks: syntax, semantics and aesthetics.

v" The words “syntax,” “semantics” and “aesthetics” are
chosen to reflect the techniques or means of accomplishing
the V&V of the models.
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= Syntax, semantics and aesthetics have close parallels to the
quality approach, who created a framework with three axes
for quality assessment:
v' Language
v" Domain
v" Pragmatics

« These quality assessment are translated axes into:
v' Syntactic quality
v' Semantic quality
v Pragmatic quality
= New axis providing the theoretical background on which the
current quality checks are built.



< V&V of software models:

v" All quality models should be syntactically correct, thereby
adhering to the rules of the UML (as a modeling
language) they are meant to follow.

v" All quality models should represent their intended
semantic meanings and should do so consistently.

v" All quality models should have good aesthetics,
demonstrating the creativity and farsightedness of their
modelers.

x  This means that software models should be symmetric,
complete and pleasing in what they represent.



<« All languages have a syntax.

= Two major characteristics of UML differentiate it
from the other languages:

v" UML is a visual language, which means that it has a
substantial amount of notation and many diagram
specifications.

v" UML is a modeling language, which means that it is not
intended primarily to be compiled and used in production
of code (as programming languages are).

% Although the trend toward support for both “action

semantics” in UML 2.0 and in MDA will likely involve the
use of UML in this context in the future.



= |ncorrect syntax affects the quality of visualization and
specification.
v"Incorrect syntax at the diagram level percolates down to the
construction level, causing errors in creating the software code.
= |n UML-based models, when we apply syntax checks, we
ensure that each of the diagrams that make up the model
has been created in conformance with the standards and
‘good practice’ guidelines.

v The notations used, the diagram extensions annotated and the
corresponding explanations on the diagrams all follow the syntax
standard of the modeling language.

= (CASE tools are helpful to ensure that syntax errors are kept
to a minimum.



= Permissible variations on these diagrams in complying with
the meta-model can become a project-specific part of the
syntax checks.

= Syntactic correctness greatly enhances the readability of
diagrams, especially when these diagrams have to be read
by different groups in different organizations in several

countries
v This is a typical software outsourcing scenario.



= A model, although syntactically correct, would fail to achieve
the all-important semantic correctness.

v The semantic aspect of model quality ensures not only that the
diagrams produced are correct, but also that they faithfully represent
the underlying reality represented in the domain.

= Once again, models in general are not executable

v" Itis not possible to verify and validate their purpose by simply
“executing” them, as one would the final software product (the
executable).

v" Alternative evaluation techniques need to be used.

x  The traditional and well-known quality techniques of walkthroughs and
inspections are extremely valuable.



= Very simply: aesthetics implies style.
v Although the code (or, for that matter, any other deliverable) may be

accurate (syntactically) and meaningful (semantically), difference still
arises due to its style.

v The style of modeling has a bearing on the models’ readability,
comprehensibility and so on.

= The aesthetic size consideration is studied in terms of the
granularity of the UML models and requires a good metrics
program within the organization to enable it to improve the
aesthetics of the model.

v A model offer a high level of customer satisfaction, primarily to the
members of the design team but also in their discussions with the
business endusers.



= The V&V checks of syntax, semantics and aesthetics:

v" Walkthroughs - may be performed individually, and help weed out
syntax errors (more than semantic errors).

v" Inspections - are more rigorous than walkthroughs, are usually carried
out by another person or party, and can identify both syntax and
semantic errors.

v Reviews - increase in formality and focus on working in a group to
identify errors.

x  The syntax checks are less important during reviews, but the semantics
and aesthetics start becoming important.
v Audits - formal and possibly external to the project and even the
organization.

x  They are not very helpful at the syntax level, but they are extremely
valuable in carrying out aesthetic checks of the entire model.



= The three levels as follows:

v The individual elements, or “things” that make up the
diagrams (a “ground-level view” of the model).

v" The UML diagrams and the validity of their syntax,
semantics and aesthetics (a “standing view” of the
model).

v A combination of interdependent diagrams called a
“model” (a “bird’s-eye view” of the model).
< |t is not necessary to apply all types of checks to all
of the artifacts, diagrams and models produced.



= The three levels as follows:

Aesthetics Models
(bird’s-eye view)
Semantics Diagrams
(standing view)
Syntax Artifacts

(ground-level view) (specifications)



= We must to expand our V&V effort to levels beyond just one
diagram.

= |n syntax checks, we are looking at the ground-level view of
the models.
v This includes the artifacts and elements of UML, as well as their
specifications and documentation.
= When we check the syntax of UML elements, we focus
primarily on the correctness of representation as mandated
by UML.

v Therefore, during syntax checks the semantics, or the meaning
behind the notations and diagrams, are not the focus of checking.



L orrectnes

(syntax ¢

hecks)

= Syntax checks:

v In a use case diagram, basic syntax checks apply to the artifacts or
elements that make up the diagram, such as the actors and the use

cases.

v In a class diagram, basic syntax checks apply to a class first and
whatever is represented within the class.

<= This syntax check for an element or artifact is followed by a
check of the validity of the diagram itself.

v" Instead of focusing on one element at this level, we inspect the
entire diagram and ensure that it is syntactically correct.

= |f these syntax checks for the elements and the diagrams
that comprise them are conducted correctly, they ensure the
correctness of the UML diagrams.




= Example: a class diagram that contains Car as a
class.

v The syntax check of the correctness of this artifact would
be something like this:

x Is the Car class represented correctly by attributes and
operations?

x Do the attributes have correct types and do the operations have
correct signatures?

x |s the Car class properly divided into three compartments?
x |s the Car class compilable ?
= This syntax check will apply in the solution space.



((semanncs checks)

= This check focuses not on the correctness of representation
but on the completeness of the meaning behind the notation.
v' Example: “Does the Car class as named in this model actually
represent a car or does it represent a garbage bin?”

= Semantic checks are best performed from a
standing-level view of the UML models.

v" The meaning of one element of UML depends on many
other elements and on the context in which it is used.

v" We move away from the ground-level check of the
correctness of representation and focus on the purpose
of representation.



(Semanncs checks)

= Semantic checks become more intense at the diagram level
rather than just at an element level.
v" Itis not just one element on the diagram but rather the entire diagram
that becomes visible and important.
= Semantic checks also deal with consistency between
diagrams, which includes dependencies between elements.
v Will need a detailed diagram-level semantic check.
v This check will also include many crossdiagram dependency checks
that extend the semantic check to more than one diagram.
= Semantic checks apply to each of the UML diagrams intensely,
as well as to the entire model.



((semann hecks)

« The ‘Car’ Example:

v' Semantic checks also deal with consistency between diagrams,
which includes dependencies between Door and Engine and
between Wheel and Steering.

v" While a class Door may have been correctly represented
(syntactically correct) and may mean a Door (semantically correct),
the dependencies between Door and car, or between door and
driver (or even between door and burglar), will need a detailed
diagram-level semantic check.

v" Semantic checks also focus on whether this class is given a unique
and coherent set of attributes and responsibilities to handle or
whether it is made to handle more responsibilities than just Car.

x Do the Driver-related operations also appear in Car?



(aestheucs checks)

= The aesthetic checks of diagrams and models add a different
dimension to the quality assurance activities.

= They deal not with correctness or completeness but rather
with the overall consistency and symmetry of the UML
diagrams and models.
v Not just one diagram, but many diagrams, their interrelationships,
and their look and feel
= They also require some knowledge and understanding of the
process being followed in the creation of the models and the
software.

v The process ensures that the they are applied to the entire model
rather than to one element or diagram.



oymmetry
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(aesthetics checks)

= Aesthetic checks look at the entire model (MOPS,
MOSS, MOBS or any other) to determine whether or
not it is symmetric and in balance.

v' If a class diagram in a model has too many classes,
aesthetic checks will ensure redistribution of classes.

= A good understanding of the aesthetic checks
results in diagrams and models that do not look
ugly, irrespective of their correctness.
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= The ‘Car Example:

v The aesthetic checks of the Car class involve checking
the dependency of Car on other classes and their
relationships with persistent and graphical user interface
(GUI) class cross-functional dependencies.

x This requires cross-checks between various UML

diagrams that contain the Car as well as checks of their
consistency.

v" Aesthetic checks focus on whether the Car has too many
or too few attributes and responsibilities.



= Together, the quality checks ensure that the artifacts
we produce in UML, the diagrams that represent
what should be happening in the system, and the
models that contain diagrams and their detailed
corresponding documentation are all correct,
complete and consistent.



Questions?



V&V and UML Models

Strengths & Weaknesses of UML
diagrams



= UML has an expansive suite of diagrams that can help
modeling in projects of varying types and sizes.

= (Characteristics of the UML diagrams are divided into two
groups:
v"Intrinsic characteristics

% They exhibit irrespective of the type or size of the project in which they
are used.

x They are both strengths and weaknesses of UML diagrams.

v' Extrinsic characteristics

x  They become important when these diagrams are applied in creating
practical models.

x  Are dependent not only on the modeling spaces in which the diagrams
are used, but also on the type of project in which they are applied.

x  They are derived from the particular objectives of the project in which the
diagrams are used.



= Strengths

v" Intrinsic strengths of the diagram represented by the
reason for having that diagram in UML.

v" The strength of the diagram remains the same
irrespective of the modeling space, roles of people, and
type and size of the project.

= \Weaknesses

v" Intrinsic weaknesses of the diagram that are due
primarily to the lack of modeling capabilities of that
diagram, irrespective of the modeling space, roles of
people, and type and size of the project.



= (Objectives
v Extrinsic usage or purposes of the diagram when applied in a
particular modeling space.
v The objectives can also change, depending on the project size and
type.

% Objectives help narrow the focus of the UML diagrams in application,
thereby capitalizing on their practical value in the context of a project.

= Traps
v Problems faced by practitioners when they start using the UML
diagrams in projects.
x They also vary, depending on the project characteristics.
v The traps in using the diagrams usually become apparent after the
modelers have tried them out in projects.

% Upfront knowledge of these traps is very helpful in focusing the project
team’s effort to improve the quality of these diagrams.



Intrinsic

Extrinsic

Strengths

Strengths represent the
intrinsic (inherent)
positive characteristics
of the diagrams
irrespective of where
they are used.

Weaknesses

Weaknesses represent the
intrinsic (inherent)
negative characteristics
of the diagram
irrespective of where
they are used.

Objectives

Represent the purpose of the
diagram in practical
modeling in the modeling
spaces.

Traps

Represent the problems/
traps encountered in usage
of the diagram in the
modeling spaces.




< UML in the problem space is used to communicate events in
the business arena.

v Therefore, in creating MOPS, we consider only those elements and
diagrams of UML that are helpful in understanding the business and
functional requirements of the project.

v"In the problem space, the purpose of UML is to enable understanding
and documentation of requirements.
= The analysis outlines a checklist-based strategy that can be
used for V&V of the UML diagrams in MOPS.

v Diagrams: use case, activity, class, sequence, package and
interaction overview diagrams.

v" V&V includes syntax, semantics and Aesthetic checks of diagrams.



Problem Space



< |t is important to note that the diagrams are
iIndependent of implementation considerations.

= All technological issues dealing with how to
implement a solution are deferred until the solution
space is modeled.

v" Example: Potential classes are identifying as entities in
MOPS, whereas these classes are converted to
language-specific implementation classes in MOSS.



= Use case diagrams

v Used as a primary means of interacting with users and
understanding the problem.

v" Greater importance is the specification of the use cases
themselves, which describes the interactions between the
user and the system.

<<business>>
AddsClientsDetails

'A10-Account Executive' 'A20-Client'
<<business>>
ChangesClientsDetails



<= Activity diagrams

v Used primarily to understand,
In further detail, the flow in
the use case.

Accountant Account Executive Underwriter

v" They can also be drawn
to visualize the overall flow
of the system.

Details
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= Package diagrams
v In MOPS, used as a “grouping
mechanism” for the entire
project, resulting in a
well-organized project
(project management).

g<business> <kbusiness$
Policy Packdge |Marketing
Package
<kbusiness}> <kbusiness3
Settlementg Claims
Package Package
1]

businessp>
lient Packqge

A

<administrative>$

Syptem Administratjon

Package




= Class diagrams

v In MOPS, used to mod
relationships (classes

v These class diagrams
models” or “business ¢

<<Entity>>
Person

-Name
-Surmame
-DateOfBirth
-Phone

+createPerson ()
+addName ()
+addDateOBirth ()
+changePersan ()
+calculateAge ()
+getPersonDetails ()

T

Employee

-EmployeelD
-DateJoined
-TaxFileNo

Client

-ClientlD
-ValueOfClient
-YearsInBusiness
-Retiree

+Represents

Organization

JA

ClientOrganization

+createClient ()
+changeClient ()




= Sequence diagrams

v In MOPS, used to document
complex and/or important
scenarios that represent
Interactions within a use case,
interactions among business
objects or interactions
described directly by business
users (messages that become
methods in a class).

A

: Account Executive aPolicy:

aClient: Client

Policy-Homelnsurance|
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< |nteraction overview diagrams
v Used to model the flow

cases, with those sequel I
an element (reference) ¢ '”Sﬁ'jep joybetalls
v" They can also show us I EnquirySequencef =
sending and receiving a
distribute the workload t« HomePolicy
ref - _ret

HomelnsurancePolicy LifelnsurancePolicy




<= State machine diagrams

v" May optionally be used in MOPS to model the complex
and/or important transitions undergone by a business

object.
v These transitions are the life cycle ol
described by the business users.

v They are useful to model the life cycl
mentioned above in the interaction o

Z~ 2\
paysPremiumlinsurance

Policy Holder

Claimant

y .



<= |n addition, there are other important considerations in
enhancing the quality of the model in the problem space.

v" These considerations are primarily those of aesthetics at the
highest level of the model, as well as the semantic meanings of
various cross-diagram dependencies.

= (Cross-diagram dependencies are:

v' Completeness, correctness and consistency of diagrams.
Dependencies of the various diagrams on each other
Completeness of documentation outside the diagrams.
lterative dependency on other models.

Third-party documentations

DN N NN



=~ Have you considered an activity diagram for every use case?
v" This is not mandatory.

v" Itis highly advisable
% Activity diagrams show pictorially what is happening within a use case.

< |f an activity diagram is drawn for a use case, for every step
within the text or flow of the use case, is there a
corresponding activity within the activity diagram?
v This check will influence (and update) both the activity diagram and
the use case documentation.
= Some of these checks will happen as suggested by the
process for software development. Other checks will have to
be carried out outside of the process.
v The quality techniques can be applied to these checks.



<= |t is normal and acceptable for multiple use cases to influence
class diagrams.

v" It is important to consider additional classes that may not have
appeared by simply analyzing the use cases.

= (Going back and forth between use case descriptions and
classes on a class diagram should be encouraged.

v" While use case diagrams and their descriptions provide the starting
point for class identification, the reverse should also be carefully
considered.

<= |t is worthwhile ensuring that every class can be traced to the
descriptions of use cases and that

v" If there is no trace, there is a good reason for this lack of correlation
between a class and at least one use case.



= This is one of the important cross-diagram dependencies Iin
UML diagrams - sequences diagrams provide a pictorial
representation of an example of a use case.

v Therefore, by going through the sequence diagram, it is possible to
prepare a list of potential classes.

v Sequence diagrams are more precise than use case descriptions.

= They are also related closely to the class diagrams by the UML
CASE tools.

v" A new object on a sequence diagram = A new class in a class
diagram if that class does not exist.

v" A new message on a sequence diagram = A new method in a class
on a class diagram if that method does not exist.

v" The message signatures = The method parameters on a class in a
class diagram.



Interaction Overvie
Sequence 1agram and

< |nteraction overview diagrams provide an overview of
the flow between sequences and use cases.
v They reference the sequence diagrams and use cases in
the use case diagrams.
= Ensure that the elements shown on the interaction
overview diagrams have corresponding elements
and/or diagrams in MOPS.




Quality of Documentation

Associated with MOPS

= Some documentation may not fit within the UML
specifications and documentation in the problem space:
v" business policies and procedures;
v" mathematical formulas;
v government regulations.
= Business rules that may not fall within the purview of a
single use case or class will also remain outside UML
documentation.

= These additional types of documentation should be tied
together and verified for correctness and completeness.



< |t is worthwhile to consider the entire MOPS from a bird’s-eye
viewpoint.
v' After completing all the checks on the UML elements and diagrams
and crosschecking the dependencies among the diagrams.

v Itis essential to take a step back, after a reasonable amount of

modeling is done, to consider the aesthetic quality of the entire
MOPS.

= |t is important to perform this check at the highest level
v" Itis not the check of a specific element or diagram in the model.
v" ltis not likely to be as obvious as the other checks.

< The aesthetics of the MOPS should be checked at the end of
initial, major and final iterations.



Solution Space



< UML diagrams in the solution space include:
v" advanced class diagrams;
v" advanced sequence diagrams;
v" corresponding communication diagrams;
v" object diagrams;
v advanced state machine diagrams;
v" timing diagrams.
= The evaluation of each of these diagrams need
detailed V&V checks of their syntactic correctness,
semantic completeness and consistency and
aesthetic quality.



= (Class diagrams (advanced)
v" The most important diagrams in the solution space.

v They embellish the business class diagrams to make
them implementable.

x Being closest.to the code, they can also be used in code

d%eature of some CASE tools.

—r

generatior

<<§ig :in?ﬁ' <<Table>>
Claim_Table
1 - ClaimMumber : Integer = 00 :
- DateOfClaim : Date = Todays_Date uglmmhhm!aer
: -DateOfClaim
- ClaimAmount : Currency By i
0.1 - DateOfEvent : Date P
<<Boundary>> - ClaimStatus : Integer ClaimNumber | _ClaimSmatus
ClaimForm - ClaimType : Integer -ClalmType
PO - Claiminstance : Integer -Pc?licyldenﬁfier
-PolicylD + createClaim( ) -Clientldentifier
. + setClaimDtls( ) -Claiminstance
+displayForm( ) 1 0.1 | +getChimDtis() -
+clearFormi ) + getClaimStatus() +createClaimRecord( )
+storeClaimDetaiks( ) - +readClaimRecord( )
+updateClaimRecord( )
+deleteClaimRecord| )




= Sequence diagrams (advanced)

v Support and augment the classes created in the solution
space by adding to and cross-checking operations in a
class diagram that are used in implementing messages

and their sequences.

A O

:A21-InternetClient :Policy-Homelnsurance
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= GCommunication diagrams
v" Provide information similar to that of sequence diagrams.

v These diagrams are favored by many system designers,
who have used the OO modeling (especially Booch-based

ate

designers). = g
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= Object diagrams

v" Provide a snapshot of how various objects will be linked
with each other at run-time and at particular points in time.

v Object diagrams are also helpful in analyzing multiplicities

shown on class

diagrams.

bClaim_1:Claim [

bClaim_2Claim
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firstClaim
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= State machine diagrams (advanced)

v Show the state changes of an object, thereby depicting
the object’s life cycle.

v They are extremely relevant in modeling real-time

systems.

Current

paysPremiuminstalliment

PolicyHolder



= Timing diagrams

v" Depict the state changes of one or more objects, thereby
also facilitating comparison between state changes to
different objects.

{5 mins}



= The modeling effort in the solution space builds on
the models already created in the problem space.

v Analysis of MOPS is an ideal starting point for creating
and verifying the quality of MOSS.

= Three main analysis
v Analysis of Use Cases in the Solution Space
v" Analysis of Class Diagrams in the Solution Space
v Analyzing Activity Diagrams in the Solution Space



( r [
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Solution Spac
= The use case diagrams, and their corresponding use cases,
are analyzed to ensure that they are supported by the
solution
v “Are we building the product right?”
v The process for this analysis is described as the business analysis
Process Component.
<= This analysis reveals implementation-level information for a

class such as attribute types and operation signatures.

v The focus, in stepping through the use cases in the solution space,
is to ensure that the implemented solution is able to handle the
functionalities specified in the use cases, an exercise embedded the
V&V process.

>15




= Example

This claims processing use case diagram deals with all aspects of a
client making a claim, tracking it through, and its eventual settlement

CollectsClaimInformation

A20-Client

10-AcgountExecutive

NegotiatesClaim

»

ABB—G{WLInsuranc‘éﬂqgulatorySysiem

.
-

<<financial=>
_ FinalizesClaim
There is a legal requirement o pmvideh
information to the Government Insurance
Regulatory System on claims being
negotiated, especially claims related
to worker's compensation or motor

vehicle injuries.




sis of Class Diagrams
the Solution Space
= The class diagrams are extended in MOSS with the

aim of converting them into implementable entities.

v" MOPS creates class diagrams to document business
entities, their attributes and their behaviors.

v The actors, use case documentation and even notes
attached to the use case diagrams are analyzed to get a
complete picture of the classes required and additional
information on the classes already discovered to
facilitate their implementation.




the So]lutlomSpace

<= This qualification and definition of classes and class

diagrams in the solution space will result in the following:

v" Additional attributes and operations inside the classes enabling
implementation and execution of the classes.

v Additional information about the attributes and operations (such as
attribute types, their initial values, and operation signatures) that are
necessary for the implementation of a class.

v" Creation of GUI and database classes that will enable display and
storage of information.

v Refinement of classes by capitalizing on the concepts of quality and
reuse promulgated by object orientation.



= The activity diagrams drawn in the problem space are further
analyzed by system designers to ensure that the activities
documented in MOPS have corresponding implementation-
level constructs in the solution classes.



= Example

A20-Client

The precondition to this
activity diagram (use case)

CheckPolicyDetails

‘A10-AccountExecutive’ System
PresentsClaimDetails J_
I R . )
N e
[ ReceivesClaimDetails J
b v |
InitiatesClaimDetailsEntry
¥
[
v

is that the Client has Inquired
and Collected all information
related to the Claim earlier.

N

the physical presentation
of the Claim details by the
Client, possibly using a
form and additional
documents (e.g., a copy of
driver's license for

vehicle claims.

This activity comprises B

[ PresentsBlankClaimForm

1 4

[ PresentAdditionalDetails

~

EntersClaimDetails )

{omoroms

Claim

v |
( ValidateClaimForm ]

A

[Insufficient/IncorrectDetails]

\

StoreDetails

This Claim object will

eventually decompose into
many objects, e.g., Claim_Form,
Claim itself as an

<<entity>> object, and
corresponding Database
objects for the Claim.




<<Entity>>
Policy

-<<identifier>> Policyldentifier: Integer = 00
-Amountinsured : Currency = 00

-StartDate : Date = 01/07/1984

-FinishDate : Date = 00/00/0000
-PremiumAmount : Currency = 5000
-<<flag>>Status : Byte =0

+getAmountinsured (Policyldentifier : Policy) : Boolean

+setStartDate (Policyldentifier : Integer, StartDate : Date) : Boolean
+setFinishDate( ) : Boolean

+calcPremium (Policyldentifier : Integer, PremiumAmount : Boolean) : Boolean
+getPolicy (Policyldentifier : Policy, p : Policy) : Boolean

+<<database>> storePolicy (p : Policy) : Boolean

+getinterestRate( )

+checkRenewalOrNew( )

<=Enfity==
Policy

-Policyldentifier
-Amountinsured
-StartDate
-FinishDate
-PremiumAmount
-RiskCategory
-RiskDescription

+getAmountinsured( )
+setStartDate( )
+setFinishDate( )
+calcPremium( )

roo Y




= Type of syntax checks

v

v
v
v
v

Class: Names, Stereotypes, Type

Attributes: Types, Initial Values, Visibility, Stereotypes
Operations: Signatures, Visibility, Stereotypes
Exception Class

Error Handling



= Type of semantic checks

v

N N N N N N U N N NN

Meaning of Class Name
Meaning of Attribute Name
Attribute Types and Initial Values
Meanings of the Operations

Pre- and Postconditions of Operations
Signature of the Operation
Stereotypes of Operations
Scope of Operations
Overloading of Operations
Overriding Operations
Overriding Variables
Encapsulation



= Type of semantic checks

v

N N N N N N U N N NN

Meaning of Class Name
Meaning of Attribute Name
Attribute Types and Initial Values
Meanings of the Operations

Pre- and Postconditions of Operations
Signature of the Operation
Stereotypes of Operations
Scope of Operations
Overloading of Operations
Overriding Operations
Overriding Variables
Encapsulation



the Desmgn Level |

<= Although in the solution space one would expect two to three
times the number of attributes per class in the problem

space, It is still important to maintain a manageable list of
attributes within a class.

= Unless absolutely necessary due to programming language
needs, classes with large numbers of attributes should be
refactored in order to improve their quality and readability.
= Type of checks:
v" Number of Operations

v Load on Operations
v" Load on the Class



<= After checking the quality of a class the analyzing the quality
of advanced class diagrams made up of solution-level
classes.

= Some classes had been discovered in the problem space, on
their own they are unimplementable.

v Additional classes that facilitate the implementation of these in the
solution space are need to be discovered.



<<Entity>>
Claim

<<Entity>>
Policy

-ClaimNumber : Integer = 00
-DateOfClaim : Date = Todays_Date
-ClaimAmount : Currency
-DateOfEvent : Date

-ClaimStatus : Integer

-ClaimType : Integer
-Claimlnstance : Integer

0.1

<<Boundary>>
ClaimForm

+createClaim( )
+setClaimDtls( )
+getClaimDtls( )
+getClaimStatus( )

-ClaimNumber
-PolicylD

+displayForm()
+clearForm( )
+storeClaimDetails( )

<<utility>>
DateTime

<<Entity>>
Claim

-ClaimNumber : Integer = 00
-DateOfClaim : Date = Todays_Date
-ClaimAmount : Currency
-DateOfEvent : Date

-ClaimStatus : Integer

-ClaimType : Integer
-ClaimInstance : Integer

ClaimNumber

<<Table>>
Claim_Table

+createClaim( )
+setClaimDtls( )

1 0.1 | +getClaimDtls()

+getClaimStatus( )

¢

-ClaimNumber
-DateOfClaim
-ClaimAmount
-DateOfEvent
-ClaimStatus
-ClaimType
-Policyldentifier
-Clientldentifier
-Claimlnstance

+createClaimRecord( )
+readClaimRecord( )
+updateClaimRecord( )
+deleteClaimRecord( )

<<Table>>
ClaimType

Utility classes derived from VBA Ver 6.0 Il‘

-ClaimType
-ClaimTypeDescription
-DateCreated
-CreatedByEmployee

+createClaimType( )
+changeClaimType( )
+deleteClaimType( )
+getClaimType( )




)

= (Class Names and Relationship Names
= Relationships

= Multiplicities

= Stereotypes

= (Correct Representation of Roles on the Class
Diagram

<= Association of Classes with Language Libraries
= Package-Level Visibility for Classes in Packages



§
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Dlagrams in MOSS
The Meaning of the Entire Class Diagram from the
Implementation Viewpoint

The Meanings of the Relationships on a Class Diagram
Directions of Association

Check for Collection Classes

Roles for Classes

Business Rules Behind Multiplicities

Check for Association Classes

Check for Overloading of a Specialized Class

Check for Encapsulation

Check for Reuse

Language Constructs for Implied Meaning




<<actors>

‘A10-AccountExecutive’

SubmitsClaim ()

<<aclors=
A20-Client

<<actors=

<<Entity>>
aClaim:Claim

MOPS

submitClaimDetails( )

<<Boundary==> <<Entity>>
A10-AccountExecutive aForm:ClaimForm : Claim e ——
<<Table>> <<Table >>
: Claim_Table : ClaimType
startClaim( )
displayForm( )
submitClaim( )
createClaim( )
getClaimType( )
validateClaim( )
createClaimRecord( )
» beepSuccess( )

MOSS




= Correctness of Objects on Sequence Diagram

< Correctness of Actors on Sequence Diagram

= Correct Sequence of Operations

<= Object-to-Object Interaction

= Message Types Shown in Sequence Diagram

= Return Protocols

= Syntax of Message Signatures and Return Values
= Syntax for Multiple Messages

= Check for Multiple Objects on Sequence Diagram



= Purpose or Meaning Behind Sequence Diagram
= Meaning of Focus of Control

= Check for Creation and Destruction of Objects
= Use of Patterns

= Alternative Flows



necks for Sequence
Diagrams
= Ensure that Interactions Are Cohesive

v" If the diagram deals with more than one subject area, it is
highly advisable to split it into two or more.

= Number of Objects and Messages

v Up to 20 messages may be acceptable in a complex
sequence diagram, although 12 to 15 are preferred in the
solution space.

< Check for Notes and Annotations



1Ud (hecl (

“ommunication Diagrams
Check the correctness of all objects and messages on the

communication diagram.

v Objects should be represented by object names, followed by class
names

Ensure that all messages are correctly numbered.

If actors are shown on the communication diagram, check
their correctness

Check that the numbered message sequence is syntactically
correct.

Check object-to-object interaction, especially the creation of
one object by another, as well as its destruction afterward.

J [




yyntax Checks 1or

communication Diagrams
Check the message types appearing on the communication
diagram.

Check the correctness of the return protocols and ensure
that they match the operations specified in the classes.

Check the syntax of the message signatures and return
values.

Check the syntax for multiple messages.
v Multiple or iterative messages are shown by a * before the message.

Check for representation of multiple objects.
v It will be a tiled object.



Ol

4

Communication Diagrams
= (Check the purpose or meaning behind the communication
diagram.

v" If this diagram is drawn independently of the sequence diagram, its
purpose is likely to be more technical.

= Ensure that the communication diagram represents a

cohesive sequence that would
v' Example: Manage the storage or retrieval of data in a database.

= The semantic meaning behind each message in a
communication diagram corresponds to the meaning of each
operation of a class on the class diagram.

v Check if a return protocol is implied or if it needs to be shown
explicitly.
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C lagrams
= Check if the communication diagram depicts creation and

destruction of objects.
v Ensure that the objects are created at the right time and place.

< |f the communication diagram based on a pattern check the
pattern on which it is based to ensure that it is used correctly.

< Communication diagrams are unable to show if-then-else
scenarios properly.

v Check if there are alternative flows in a sequence and create
separate communication diagrams for them.




Aesthetic Checks tor
Communication Diagrams
If an object is overloaded, its work can be distributed among

other objects or a new object (and its corresponding class) can
be introduced.

Ensure that the communication diagram shows a cohesive set
of interactions between collaborating objects.
v" If the diagram attempts to deal with more than one subject area, it is
highly advisable to split it into two or more.
Ensure that the communication diagram has sufficient notes
and other annotations to explain its technical aspects.

Ensure that the communication diagram has neither too many
nor too few objects (similar to sequence diagrams).




yntax Checks 1or Obje¢
Diagrams
Check the correctness of representation of objects.
Object relationships are shown by links, which are straight

lines between objects.

v" Links can be stereotyped, but more often than not, a link indicating a
direct relationship between two objects is sufficient to express the
relationship.

Check that only one object is represented in a rectangle.
Attributes or operations cannot be shown in object diagrams.

Object diagrams do not have multiplicities shown as numbers.

v This is because multiplicities of class diagrams are converted into
actual numbers of objects shown on the object diagram itself.

Check if notes were provided for additional explanation of the
diagram.



Quallty or st

diagram

= While state machine diagrams drawn in the solution space are
detailed and technical, they are helpful for classes that come
from the problem space.

<= State machine diagrams for pure implementation classes (like

lists and arrays) may not be very helpful even in the solution
space.

= However, states for database tables and rows can add quality
to models in the solution space.

i i i ] - i e i i i



& Example " Submitted )

<<GUI>>
Entered

<<database>>
Stored

1
verifyClaimDetails

Validated

entry/ ~Policy.CheckPolicyDetails
exit’ "Policy.UpdatePolicyDetails
do/ CheckClaimDetails
do/ CheckClientDetails

Rejected

[ Insufficient Details ] / Ask More Detailﬂ\ [ ClaimCriteriaNotMet ]

entry/ informClient
[ exit/ storelnDatabase

[ ClaimCriteriaSatisfied |

Accepted
m
N

Closed W
exit/ databaseUpdated J >©




Machine Dlagrams in MOSS

Check for correct representation (notation) of states on
the diagram.

Check for the correctness of transitions between states.

Check that the events that start the transitions are
correctly specified on the diagram.

Check that the guard conditions that start the transitions
are correctly represented within [ ] brackets.

Check if there are entry conditions to the state and, if so,
that they are correctly represented.



Checks 1tor State

Machine Dlagams in MOSS

Check for exit conditions out of the state.

Are there ongoing actions to be performed while the
object is in a particular state?

If so, it should be represented by a ‘Do/” within the
specifications of the state.

Are there activity states on the diagram and, if so, are
they correctly represented?

Check for existence of start and stop states on the
diagram.

v" Are there action states on the diagram and, if so, are they
correctly represented?




= Check the meaning behind the state machine diagram.

v Is it simply the state of an object, or is it the state of the system
that is being shown?

= Check if there are messages going to other objects in the
system.

v This should be shown only if absolutely necessary. Otherwise,
notes should be used to represent such messages.

= Check if messages are being received from other objects.

= Check if the diagram needs to show nested states.

v" In the solution space, it may be necessary to show nesting between
complex states.



Machme Dlagrams 1 MOSS

= (Check if historical states are shown on the diagram and
whether they are meaningful.

= Check the meanings behind parallel states on the
diagram, if shown.

= State machine diagrams should map with objects. These
objects may be representative of a class within a class
diagram.

v Check the mapping between objects on a state machine
diagram and with classes on a class diagram.




Machme Dlagrams in MOSS

= The number of states on a diagram, and their
complexity, should be understandable.
= State machines with more than 10 states may not be

elegant, and more than one state machine diagram may
have to be created.

= For large, complex and nested states, additional state
machine diagrams should be considered.

= Adding notes to explain the states and transitions will
enhance the readability of these diagrams.



< One important aspect of quality in UML-based projects is the
conversion of the model into its corresponding software.

v" This is a crucial aspect of quality assurance, because a good
conversion or a good implementation depends on a good model and a
good process.

= |n any implementation it is also important to consider how the
models are converted into code.

v" Quality control or testing would appear in the final stages of a software
life cycle.

v Good quality assurance will ensure that this conversion is process
based and has been prototyped properly.



= Models are by necessity incomplete.

v" If they comprised the actual implementation, there would be no need
for modeling.
v Because of this necessary incompleteness, a certain amount of skill is

needed in converting the models into their implementation.
= (Good quality assurance will ensure that this conversion is
process based and has been prototyped properly.
= There are checks and balances at the end of each step within

the conversion of the models into their corresponding
implementation before a full release is produced.



= (Class and Sequence Diagrams

v Operations in the class diagram have a direct mapping with the
messages shown on the sequence diagram.

v" Semantic and aesthetic checks ensure that the dependencies between
the two diagrams have been checked for message-operation
correlation.

v Objects of sequence diagrams should belong to classes on class
diagrams.

x  An object without a corresponding class should be investigated for its
meaning and for its existence, for that matter.



= Activity and Sequence Diagrams
v" Typically, a thread running through one suite of activities within an
activity diagram can be represented by one sequence diagram.

x |t is advantageous to check for relationships between activity diagrams
and sequence diagrams.

v The semantic meaning behind a thread through an activity diagram
and the corresponding sequence diagram should be established.
v One activity diagram may relate to many sequence diagrams.

% This should be checked to ensure that aesthetically they are all properly
related and that it is possible to track these diagrams easily.



= (Class to State Machine Diagrams

v" A class on a class diagram is related to the life cycle of its
corresponding object on a state machine.

v" It should be possible to establish the link between the class and a
corresponding state machine.

= Sequence to Communication Diagrams.
v These two diagrams are merely views of each other.
x  For an aesthetically elegant solution, both diagrams may not be required.

v The need for the diagrams will depend on the interests and needs of
the modelers.



= State Machine to Timing Diagrams

v Timing diagrams have the potential not only to show the states, but
also to enable their comparison between multiple objects.

x These objects may have corresponding state machine diagrams that
show the state changes and transitions in great detail.

v Together, the two diagrams provide a complete and comparative
picture of objects, states and transitions.

v" The semantic meanings behind the objects on the two diagrams
should be very easy to establish - merely by checking the names of the
objects.

x  The aesthetic check can include checking for the number of objects

shown on the timing diagram and any additional notes to clarify the cross-
diagram dependency.



MOBS



= The UML diagrams in background modeling space include:

v
v

v

package diagrams that help organize the information architecture;

class diagrams that deal with persistence (storage and retrieval of
data);

robustness diagrams that introduce control classes to ensure
robustness of architecture;

component diagrams including architectural diagrams for Web design
or Web application servers;

composite structure diagrams that show run-time decomposition of
components or objects;

the deployment diagram, which represents the deployment of
hardware and its mapping with the components.



= Package diagrams
v" They are an extension to the package diagram drawn in MOPS.

v In this architectural space, they include packages for implementation
including packages representing databases and GUIs.

I
<<Application>>

PremiumManagementApplication

<<d;;§3ds>> <<depends>>
|

<<Component System>>
Component Premium
[ ] P ]

<<Facade>> <<Facade>>




<= (Class Persistence diagrams

v They extend and enrich the class diagrams drawn in the other two
modeling spaces to ensure database modeling and implementation.

v" They consider database mapping, active classes, granularity and

reuse and related issues.

Address

-AddressType
-StreetNo
-StreetName
-Suburb
-Postcode

+addAddress ()
+changeAddress ()

employedI;

Client

OrganizationalClient

-ClientID
-ClientStatus
-YearsIinBusiness

-ClientiD
-ABN-BusinessNo
-Dateincorporated
-Annual Tumover

+addClient ()
+changeClient ()

ClientRep

+addClient ()
+changeClient ()
+validateOrgClient ()

i

PersonalClient

-ClientlD
-DateNominated

+createClientRep ()
+changeClientRep ()
+getClientRepDtls ()
+assignClientRep ()

-Retiree

+addClient ()
+changeClient ()
+validatePersonalClient ()
+addAdditionalDetails ()




= Robustness diagrams

v" They add value to the class diagrams drawn in the background space
by separating the entity classes from the boundary classes and from
one another, ensuring robustness and flexibility of designs.

v" The robustness is ensured by inserting control classes at the right

place within the class diagrams.

O

Client

/ (from Use Case View)

: : : i : validateClientDetails ()

Policy Form Policy Control

Policy-Home Insurance

basiclnte malValidation ()
approvePolicyCover ()



= Component diagrams

v" They are drawn in the background space as a major architectural
constituent of the system.

v These are the physical implementation diagrams in UML, depicting
where and how the classes designed thus far are to be implemented.

Account Tax
—




= (Composite structure diagrams
v" They model the run-time decomposition of a component or an object.

o PlienttoPoIicy
. i
icv * Poli Ownen\fhlp
aPolicy : Policy P1 | Cc1 aClient : Client
P2 e
LJ 1
|
|
|
Required Interfaces
PolicytoClaim |=====-
|
\V :
______ El

Claimsinfo ¥

—cn

aClaim : Claim

This aClaim object brings
this structure into play




= Deployment diagrams

v The only hardware specific diagrams in UML.

v" The are drawn in the background
space to outline the physical
deployment of the system,
including its nodes and processors.

Insurance

Database Server

1, Suburbah B
Client Machi

InsuranceClient.exe

InsuranceClient.exe



<= The brief initial requirements in MOPS provide information
that helps identify and evaluate packages.

v ltis these packages that are refined and embellished in this
background space by the creation of layers and corresponding
architectural prototypes resulting in overall fitness of a package in
the system.

= The application layers emerge from the functional
descriptions of the system attempted in the problem space.

v" Layers are conceptual in nature and deal with the architecture of the
system.

v" Layers are quite different from the classes with the same names.



< it is discovered that the business processes do not remain
contained within one package.
v As a result of the influence of the problem space on the background

space.

v Businesses modeled on processes (rather than departments) are
unlikely to be compartmentalized in packages.

x Some business processes transcend many packages.
= Keeping this in mind is helpful as we create packages,
because although packages represent subsystems, these
subsystems will have dependencies on each other.

v The business process aspect of good-quality architecture must be
kept in mind in arriving at the application- versus infrastructure-
based divisions of the system



= Modeling in the background space may reveal major which
will influence the models representing the problem domain
(the influence of MOPS on the background architecture).

v Examples: limited bandwidth or unavailability of a content
management system.

< |t is essential to consider influence from MOSS on the
background architecture, or solution space models, on the
architecture of the system.

v" From a solution/implementation perspective, each of the business
packages will need at least three slices of technical infrastructure to
carry out its responsibilities.



<= (@Qetting the overall architecture of the system right is one of
the most significant steps toward achieving quality.

< The architectural work also influences iterative and
incremental project planning.

v The development project plan can contain iterations that facilitate
creation of software artifacts inside these packages, whereas the
incremental aspect of the project plan would include development of
newer packages.



= Example

«— Infrastructure slicing

Client

Policy

Functional slicing

Claims

Marketing

User
interface

Business
rules

Database



= Example:

- on
P seﬂtaﬁ <<presentation>>
\aye' GUI Package
<<business>> <<business>> <<business>>
Policy Package Marketing Client Package
5 Package
ne
Bus\ﬂ
\aye' ] ]
<<business>> <<business>>
Settlements Claims
Package Package
MOPS 0913 <<data=> -=:<administ'ra!tive>_>
of Database System Administration
\ay Package Package




= Example:

MOBS

1

<<Application>>
PremiumManagementApplication

<<Application>>
ClientManagementApplication

<<depends>> <<de >> <<depends>>

|
<<Component System>>

<<Component System>>

Component Premium Component Client
<<Facade>> <<Facade>> <<Facade>>

Applications would use component systems. They, in turn, are made up of components that

are imported through their respective facades

|
<<Component System>>
Clc-mponent Premium
<<Facade>>
Inquiries
= = |___Transaction=Internal:: Transaction |
[ | [ |
Apends:-:- </Zdepends>>
V%
Paolicy Internals Transacfion




axX Checks 10or Package
Diagrams in MOBS
Packages created as organizational units should be

represented with a tabbed rectangle.

The notation for a package, the stereotype of a package and,
optionally, the relationship between packages should be
checked for syntactic correctness.

The relationship between packages, if shown, should be the
dependency relationship (also optionally with a stereotype).

Stereotypes on packages should use the correct stereotype
notations.

Crxrintnaxr Tk«
yvyntax Che




Dlagrms in MOBS

Investigate the use cases and activity diagrams within each of the
packages.

v Verifying the use cases within the context of the packages is part of the
background space semantic checks for package diagrams.

v' Semantic checks of packages can thus be helpful in refactoring of packages
into additional smaller yet cohesive packages.
Check the meanings behind nonfunctional packages like GUI, Database
and Administration.

v The focus should be on the documentation of these packages, as well as on
the class and sequence diagrams underneath these technological
packages.

Check for dependencies between the packages

v These dependencies can provide valuable input to the project manager in
terms of scheduling the iterative and incremental development project plan.




Dlagrams in MOBS
= Ensure that if packages are shown, they correspond to layers

(or stereotyped as such) and they are the correct layers.

v" The GUI package is correctly stereotyped as «presentation» -
alternatively, «boundary» or « interface» would also do.

v The entity packages are stereotyped as «business», although «entity»
would also be acceptable.
= (Check for the extent to which the package diagrams represent
the slices or tiles discussed earlier.

v Do package diagrams include system integration (i.e., one system
talking to another) models ?

v" If so, are those integration aspects mentioned on the package
diagrams (through a note)?
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Dlagrams in MOBS
Should the XXX application be a separate application?

Does the YYY application genuinely depend on the component AAA and
the component BBB ?

What sort of interdependency there is between the component CCC and the
component DDD ?

What does the ABC package do?

Is XYZ a genuine framework or is it a high-level pattern that will need a fair
amount of implementation-level detail?

|s the stereotyping of each of these packages correct?
Are the components reusable?
Are the application packages worth stereotyping as applications?

Is BCD the only package inside EFD that deals with the actual transaction
of inquiry or are other packages needed? Are other classes needed as
well?



Dnagrms in MOBS -

Check the representation of implementation constructs (e.g.,
mapping database storage tables to classes) in the class
diagram here.

Check the access keys and IDs represented in the classes
that represent the tables. These would be the primary and
foreign keys, and their correctness needs to be verified.

Consider the representation of access keys and IDs from the
point of view of language of implementation.

Check for the way data are searched and sorted from an
architectural viewpoint, and check how they are stored and
accessed through the keys, indexes and definitions of
classes in MOBS.



q

Dlagrams in MOBS
Check the storage by keys and the values of the position of

the record in the database.

Check the syntactic correctness of inheritance when classes
are reused from the programming language or third-party
libraries.

Check additional language representations.
Check multiplicities between the relationships of the classes.

Check link or association classes for their relationship with
the association line

v" Association classes are not directly connected to other classes but
rather to their association line.



Dlagrams MOBS
Check that what is being stored in the databases is correctly

represented in the class diagrams.

Check for unique responsibilities for classes.
v Some classes should not be stored in the same table.

Cross-check persistence representation with multiplicities
shown on the class diagram.

Revisit the keys and IDs, checking them for balance in terms
of speed versus volume.

Cross-check with direction of associations.
v" This will determine the direction of access.

Check for possibilities and correctness of semantic reuse,
which will imply reuse of business classes/objects/packages.
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Dlgras in MOBS

= Syntax checks for the robustness diagram will follow the
syntax checks for a class diagram in the background space.
v" However, the focus here is on the controller class, whose stereotype
«control» should appear in the diagram.
= The icon for the controller stereotype should be visible on the
diagram.
v" It is necessary to check the syntax of the controller class, its
stereotype and its multiplicity, as well as its list of operations.
<= |n the robustness diagram, displaying of all correct stereotypes
- «boundary», «control» and «entity» - is mandatory.



Dlgrams in MOBS

= Syntax checks for component diagrams focus on correctness
of physical implementation of the system.

v The first things to check is the correct representation of a component
on the diagram - this involves using correct notation for the
Component.

= The next check therefore would be the representation of the
interfaces on the diagram.

v' Components realize interfaces.

v" Check the names of the components as well as the names of their
interfaces.

<= |f you there are components within components, then it is
necessary to show the external package or another
component to which an embedded component might belong.

Checks Tor Compc



Dlgrams in MOBS

= (Qccasionally components may have additional values or
constraints shown on the component diagrams and may have
their responsibilities documented.

v" In that case, check for the correctness of this additional
documentation.

<= |n checking the name of the component, check if there is a
suffix to the name that represents either a language class, a
database table or a linked library.

v" If the suffix is nonstandard or relatively unknown, make sure that it is
syntactically correct or that it represents a physical entity like a
document, program or file, because there is only one notation
representing various types of implementations.

Checks Tor Compc
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Diagrams in
= Components are usually be stereotyped.

v Check the syntax of the stereotypes.

= Components can realize the interfaces.
v Check the relationship arrow, which is primarily a dotted line with an
open arrowhead that indicates dependency.
= (Components can also depend on the interfaces of other
components.
v Check the relationship arrow, which is primarily a dotted line with an
open arrowhead that indicates dependency.

= Dependency can be stereotyped again in various ways.




= An important syntactic check is to ensure that the component,
which is mapped to many classes, is physically implementable.

v More often than not, this requires not only programming knowledge
and effort, which is language specific, but also creating the actual
executable and running it in the given environment.

<= Linking, building and executing a particular component are
crucial syntax checks that ensure that the component is
syntactically correct.



= Checking the semantics of the components in MOBS
Is far more involved and requires a good
understanding of the technological or solution
domain.

= Knowledge of languages and databases is important
In deciding whether or not a component has been
correctly modeled semantically.



Componem Dlagrams in MOBS

= (Check that the component correctly represents the class or
collection of classes that is meant to represent.

v" It is important to create a component showing the relationship between
the component and the classes (through its specifications) and to
make sure that the component provides the right number of well-
defined interfaces that it realizes.

< |t is important to check whether a component has sufficient
interfaces, the extent to which these interfaces overlap each
other and how the component realizes these interfaces.

v" Ideally, interfaces should not overlap.

v One quality of a good component is that it is easily replaceable.

v"If a component has more than four or five interfaces and if they are
used right through the system, then replacing one component by
another will be far more involved.
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Component Diagrams in MOBS
= Use of third-party components is quite common and is

encouraged.

v" The semantic meaning of each third-party component used in the project
should be clarified.

v Check the meanings of any external components used on your diagram.

x This involves checking the interfaces and their definitions, and the
specifications of the components that realize these definitions, as provided
by the vendor of the components.

= Third-party components need not be only database-related
technical components.

v They can also be business components, as would be tendered by, say,
the MDA architecture.

v Understanding the business functionality of the components is extremely
important in creating a semantically complete component diagram.




Componem Dlagrams in MOBS

= Another major semantic check involves the number of classes
belonging to or implemented by a component.

v" Mapping a class or a suite of classes to a component is an important
semantic activity that needs focused verification.

= (Check that a class created in either MOPS or MOSS is not
floating around in those models without being realized in the
background space.

= |ncreasing access to a legacy application in order to retrieve
data is done through a legacy “wrapper” which is an interface of
a component, and the entire backend code is treated as a
component itself.

v This should be checked to ensure that the legacy application is able to
realize the interfaces that it provides.
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< (Check to see if the technical architectural issues are satisfied
by a prototyped component.

= |f a prototype is created, then it is important to trace the
results of the prototype to the operational requirements.

< (Creation of components goes hand in hand with their ability to
be reused.

v" It is important to check that components have sufficient and crisply
defined interfaces that enable them to be reused in the next project
and beyond.
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Component Diagrams in MOBS

= The need to check all possible scenarios where the
component or parts of it to be produced are likely to be
reused, and to provide corresponding interfaces for these
reusable components, are crucial quality criteria.

< Security architecture and security components also provide
an interesting syntax and semantic challenge to quality.

v" Components that relate to security should be checked for syntactic
correctness, which involves their ability to integrate with the
application that is being produced and to function correctly.

v The functional bit of the security component will be the part of
semantic checks.

|
|
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<= (Check for representation of object or components at run-time.
= Check for correct representation of the port symbol.

= (Check for the Interface representation - a required and
realized interface.

= Check for accuracy of the direction arrow.
= (Check for correctness of notes notation.
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Structure Diagrams

= The semantic check for the composite structure

diagram deals with checking whether it faithfully
represents a run-time scenario.

v" It may be necessary to trace the meaning of this diagram
back to other diagrams in the other two modeling spaces.

<= |ndividual components and their meanings should
also be checked for correct representation;

v" However, that can be expected to follow the semantic
checks for object diagrams and communication diagrams.



= Package and Component Diagrams

v" When components are shown within packages, there is a
dependency between the two diagrams.

x Semantic checks relating to the meaning of the packages and
the components within them, as well as aesthetic checks
focusing on the number of components within a package,
should be performed here.

v" Although technically there is no limitation on the number
of components on a package, the size of the package
must be kept in mind.

x |If a package is made up of a large number of components (e.g.,
20 components in a typical Java or C++ implementation), then
further layering of packages must be considered.



= Class and Component Diagrams

v" Components realize classes. There is a certain mapping
between classes and components.
x This is not shown visually in most CASE tools.

v" Components to class mapping must be investigated at
both semantic and aesthetic levels in V&V in MOBS.

x A component can realize 7 to 10 «entity» classes.
v' Stereotypes of classes can appear in a component.

v Separate components realizing the user interfaces and
the databases must be considered to enhance the
quality of the architecture.



= Composite Structure and Object/Communication Diagrams

v The run-time components shown on communication diagrams are
also run-time objects for all practical purposes (although in theory
objects and run-time components are different).

v In composite structures, dependencies between run-time
components are shown, as against the messages in component
diagrams.

v" Composite structure diagrams show interfaces, which are not shown
on communication diagrams.

v A cross-diagram check between communication/object diagrams
and the corresponding composite structure diagrams should be
considered valuable in improving the semantic and aesthetic quality
of MOBS.



= Component and Deployment Diagrams

v" Components eventually execute on processors
represented in the deployment diagrams.

v' It is important to investigate, again at the semantic and
aesthetic levels, the number of components executing on
a processor.
x  This can lead to interesting discussions about the load and
distribution of components at run-time.
v" |t also leads to enhancement of security and connectivity
in the architecture



Questions?



