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1. ¥YBoa

1.1. Mpersen uctopuje PyHKIMOHAJHUX NPOTPAMCKHUX je3rKal

AnoHzo Yepy? je TOKOM TpUJieCeTUX rOJJMHA POLIJIOT BEKa peCTaByO JaMb/ia padyH,
dbopMasHU cUCTeM y MaTeMaTU4KOj JIOTHMILM, TOMONyY Kojer ce payyHake NpeJCcTaB/ba
dyHKUMjaMa. Y cBojoj Te3u, Uepy je U3HEO TBPAWY Aa Cy QyHKIUHUje HaJ NMPUPOJHUM
6pojeBMMa M3padyyH/bUBE CaMO aKo ce MOry AgedHHUcATH JaMbAa payyHoM. tberos
yueHuk, CtuBeH Knunu3, je 1936. roguHe nokasao ja je Jiambja-aeprHaOUIHOCT
byHKIMje eKBUBaJIeHTHA peKyp3uBHOCTH y ['esestoBoM* 1 Ep6panoBom® cmuciy®. 3a To
BpeMe, AsiaH TjypuHr’ je pa3Bujao AaHac HAUIMPOKO NMo3HaTy TjypUHroBy MallWHY, a
1937. roavHe [0Ka3ao Ja je U3padyyH/bUBOCT HA TjypUHIOBOj MallMHU €KBUBaJIEHTHA
Jambaa-aedrHabusHocT. OBU pe3yaTaTH Cy JAaJd OTPOMaH JOMNPUHOC pPa3Bojy
padyHapa, a jJlaMb64a padyH ce 4ecTOo cMaTpa NpPpBUM (QYHKIMOHAJIHHWM IpPOrpaMCKUM
jesaukoM. Mojcej lllonpuHken® je 1924. nokazao jga ce PpyHKIMje ca [iBa WM BHILE
apryMeHaTa MOTy 3aMeHUTH €KBUBaJIEHTHHM OQyHKIMjaMa ca jelHUM apTyMEHTOM.
PobepT ®ejc? u Xacken Kapul® cy 1958. rogune, ocnawajyhu ce Ha lllonprHKe0B paj,
npeACcTaBUJIU 3aNUC (f X y) Kao eKBUBaJIEHT 3a ((f X) y) 1 3aMeHy 3a, 10 Taja KopuliheH,
flxy). Tako je Hactao nojam KapujeBa ¢yHKUMja, jeAHA OJ UCTAaKHYTUX CHUHTAKCHUX
0COOMHA JaHAUIKbUX QYHKIMOHATHUX je3UKa.

Ilon MakapTul!l je TOKOM KacHUX NeJAeceTUX FOJWHA PaJu0 Ha pa3BoOjy NPOTPaMCKOT
je3rKa Koju OU CIY>KHO 32 UCTPaAKUBak€ Ha N0JbY BelllTauKe UHTeNUreHIyje. Taj je3auk
je HasBaH LISP, a weroBa CHHTAaKca 3a NpeJCTaB/balbe PYHKIMja je KOHLEeNTyaJHO
CJWMYHa JaMb6Ja padyHy. Pekyp3uja ce uspakaBa ynoTpeboM yCJIOBHUX HM3pa3a, Koje je
MakapTy U3MHUC/IMO, @ KOjU Ce M JJaHAaC KOPUCTE Y MHOTUM IPOTPaMCKUM je3uliMa.
OCHOBHH THUII [1I0/JaTKA HAJ, KOjUM Ce BplIe ollepalyje je JIMCTA, a CaKyll/babe 0TNaJaKa,
TeXHUKa ynpaB/bakba HeKOpUIIheHOM MeMOpHjoM, je joil jenaH MakapTujeB usym. OBu
KOHLEeNTU cy (yHJaMeHTaJHU 3a UMIJIEMEeHTaluj)y QYHKLUOHAJIHUX MPOTPaMCKUX
je3uka.

CpenuHoM 1ie3geceTux roauxa, [lutep Jlenguul? je npeacrasuo ISWIM, ocMulll/beH Kao
yHanpehewe LISP-a. KapakTepully ra CMHTakCHe HOBHHE — Ipesia3ak Ha MHQUKCHU

1 U3Bou U3 ucTtopuje GYHKIMOHAJHUX NPOTPaMCKuX je3nka o 1989. roanHe cy npeysetu u3 [1].
Z Alonzo Church (1903-1995), aMmepu4ku MaTeMaTH4ap U Joru4ap.

3 Stephen Cole Kleene (1909-1994), aMmepu4Ku MaTeMaTH4ap.

4 Kurt Friedrich Gddel (1906-1978), joruuap, MateMaTudap u ¢puiosod.

5 Jacques Herbrand (1908-1931), dpaHLycku MaTeMaTH4ap.

6 To je pyHKIIMja Hag NIPUPOAHUM OpojeBUMA Koja je ,Mu3pauyH/bUBA" Y HHTYUTHUBHOM CMHUCIY.

7 Alan Mathison Turing (1912-1954), eHrsniecku MaTeMaTH4ap, Jiorudap, Kpunrorpad u nHpopMaTuyap.
8 Moisei Isai'evich Sheinfinkel' (1888-1942), pycku Jjoruyap ¥ MaTeMaTH4ap.

9 Robert Feys (1889-1961), 6earujcku soruvap u ¢punosod.

10 Haskell Brooks Curry (1900-1982), aMmepyUyYKy MaTeMaTU4ap U Jioruyap.

11 John McCarthy (1927-2011), amepu4ku uHpopmaTuyap.

12 Peter John Landin (1930-2009), 6puTaHncku ©uHOpMaTHUaAp.



3anuc GyHKUMja, let 1 where u3pasy, Kao U Kopullhemwe yBJadyewma NPpOrpaMcKor Koja
yMecTo cuM60Ji1a KOjU pa3/iBajajy Hapeaoe.

Kenet Ajeepcon!3 je 1962. npeacraBuo APL, Koju je, yIpKOC TOMe IITO HUje YUCTO
byHKIMOHA/MaH, YyTULLA0 Ha pa3Boj FP-a, koju je HampaBuo lloH Bekycl#4. BekycoBo
v3Jlarakbe oBoAoM Jobujamwa TjypuHrose Harpaze 1978. rouHe NOKPEHYJIO je BeJIUKa
UCTpaXKMBakha M yJjarawkwa y (QYHKLMOHA/JIHM CTUJ INporpamupama. Takohe TokoMm
celaMJieceTHx, 10K je bekyc pa3Bujao FPy amepU4koj KoMmnaHuju IBM, passujao ce u ML,
Kao pe3yJITaT HEKOJIMKO pa3/IMYUTHUX NpojekaTa y Besnkoj bputanuju. KacHuje, TokoM
0CaM/leCeTHX, HAallpaBJ/beHa je U ’eroBa HaZorpajwba SML, je3uK KojU ce UCTHUYe CBOjUM
cucteMoM TuIoBa. [lo npBu NyT ce jaBUO CTPOro U CTaTUYKU THUIMU3UPAH je3UK KOjU
JIONyIITa NoJuMopdu3aM, a UCTOBPEMEHO KOPUCTH Y 3aK/bydHBamwe TUIIOBA (€HT. type
inference).

3a BpeMe HacTajawba FP-a u ML-a, [lejuz TapHepl> je pa3Bujao HOBe GyHKIMOHAJHE
jesuke, »kesehu Ja cHMHTakcy QYHKIMOHAJHUX je3WKa YYMHU MPUBJAYHHjOM 3a
nporpamepe (eHr. syntactic sugaring). Tako je 1976. nactao SASL, 1981. KRC, a 1985.
Miranda. TapnoBu (eHr. guards) u KapujeBe QpyHkuuje Kpace cuHTakcy SASL-a. KRC
nonaje 3d-ru3pase, no3HaTe AaHaC Kao Npeno3HaBame JIUCTH (eHTr. list comprehension) u
pasHe Apyre 3anuce 3a Jucte popmata oA-A0 (HIp. [a..b]). Miranda ce vcTude 1o cBojoj
CTPOroj THUNMU3HUPAHOCTU U IO TOME IITO MOJApPKaBa KOPUCHHUYKE KOHKpPETHE U
afncTpakTHe TUIOBe NojaTaka. TapHep je 6MO jefjlaH O I'JIACHOTOBOPHHUKA JEHEr
M3padyHaBamwa U QYHKIMja BUILET Pesia, KOjU CY CBENPUCYTHHU JlaHaC.

KacHux cemaMaeceTMXx M paHUX OCaMJleCeTHUX TOJIMHA, MOjaBUJIO Ce MHOrO HOBUX
dyHKIMOHaNHUX je3uKa. Val (kacHuje u SISAL), Id, FGL, DDN - T3B. dataflow je3uny, kao
v Hope, FEL, Lazy ML, ALFL v ppyru.

Ilo ApmctpoHnr, Pobept Bupauunr u Majk Bunujamc cy 1986. roguHe HanpaBuIu NpBYy
Bep3ujy mnporpamckor jeauka Erlang [9], 3a koMmnanwujy Ericsson. /IBaHaecT rojuHa
kacHuje, 1998. roaune, Erlang noctaje codTBep 0OTBOpeHOT Koja. KapakTepucTrKe oBOT
je3rKa, HaMeweHOor pa3Bojy poOYyCHOr AUCTPUOYUpaHOT cOPTBEpPA, OMUCAO je jeaH Of,
TBOpala, ApMCTPOHT, y CB0joj IoKTOopcKoj Te3u [10]. Heke o/ HajBaXKHUjUX Cy:

e C(Beje npolec

e [Ipouecu cy usosoBanu

e [IpaB/beme ¥ yHUIITABamwe NpolLeca He TPOILUU IIYHO pecypca

e [lopyke cy jenvne jofUpHe TadyKe NIPoLeca, He JieJle pecypce

e [Iponecu nMmajy jesHCTBEeHa UMeHa

e AKO je MO3HATO UMe IIpoLeca, MOXe My ce II0CJAAaTH NopyKa

e [lponecu ce u3BpuIaBajy KOHKYPEHTHO

e [peuke Mopajy 6UTH UJleHTUGUKOBAHE U EHKAICYyJIUpaHe

e Koj ce Memwa y TOKy caMOT U3BpIlIaBama, KaKo Cce CUCTeM He 61 3ayCTaBJ/bao
e [lojanu ce 4yyBajy Tako Jia He 6yAy U3rybJ/beHU y CIy4ajy najja cucTeMa

13 Kenneth Eugene Iverson (1920-2004), kaHaZicku uHpopMaTUyap.
14 John Warner Backus (1924-2007), amepuiku uHopmaTudap.
15 David A. Turner (1946), 6puTaHcky uHoOpMaTHYap.



[IpBa 3BaHu4Ha (1.0) Bep3uja jeauka Haskell o6jaB/mena je 1990. roguHe. OBaj 4uCTO
$YHKIMOHAMHU je3UK OILITe NpHMeHe Kpace MHOre 0J HaBeJleHUX HWHOBauuja -
dyHKIMje BULIer pejia, iekhe U3pauyHaBakbe, CTaTUYHA TUIIM3UPAHOCT ca MO/ PIIKOM 3a
nosauMopdur3saM, KOpUCHUYKU TUIIOBH, NOAyAapakbe 1absoHa (eHr. pattern matching) n
npeno3HaBamwe JIMCTHU.

Maptun Opepcku je ayTop mporpamMmckor jesauka Scala [11], 4yuja je mpBa Bep3uja
ob6jaBbeHa 2004. roauHe. OBO je CTaTUYKU THUIM3UpaAH je3UK OINLITE HaMeHe, ca
CUCTEMOM 3aK/byuMBakha THUIOBA. KapakTepulle ra MHTeponepabUJHOCT ca
NporpaMcKUM je3uKoM Java, WTO oMoryhaBa KOpUCHMLIMMa Ja KOpUCTe Java
6ub/1M0TEKe Y pa3Bojy.

[Iporpamcku je3uk F# (,ed mapn“) [12] je o6jaB/ben 2005. roaune, a 2010. mocTao
copTBep oTBOpeHor koja. /lusajuupao ra je Jlon CajM, ucTpakvBad y KOMIIaHUjU
Microsoft Research. UMnieMeHTalMja je 3aCHOBaHa Ha MporpaMckoM jeauky OCaml, a
je3uk je xomnatubusaH ca octaauM .NET jeaunyma U nojpaH Ha CBUM MacOBHO
KopullheHUM olnepaTUBHUM cucTeMuMa. OBaj je3UK OAJIMKyje CBeJleHa CHUHTAaKCa,
jeiHOCTaBHA MapaJjejn3anyja, NoApliKa 3a aCUHXPOHO NporpaMupame U just-in-time
npeBoheme.

[IpBa Bep3uja nporpamckor je3uka Clojure [13] o6jaBsbeHa je 2007. roguHe. OBaj je3uk
je, mpeMa peyrnmMa ayTopa, Puda Xukuja, yHKIMOHANHYU UjaJIeKT NPOrpaMcKoOr je3ukKa
Lisp, Ha Java niaTdopMu. Pa3Boj jesuka nojpkaBa koMmnaHuja Cognitect, Kao U HerOBU
AKTHUBHU KOPUCHUIH.

[Iporpamcku jesuk Kotlin [14] pa3Bu.ia je komnaHuja JetBrains v 06jaBu/ia HeroBY IPBY
Bep3ujy 2011. roguHe. [oAMHY JlaHa KacHUje, IOCTao je copTBEep OTBOPEHOr KO3, a
2016. je objaB/peHa npBa crabuiHa Bep3uja, 1.0. OBO je cTaTUYKUA TUNIU3WPAH je3UK ca
3aK/byuMBalbeM TUNOBa. OCMUILJbEH je TAaKO /ia Ce OcJiakha Ha Java BUPTYeJIHY MallKHY,
a KacHUje Bep3uje oMoryhuJsie cy IMpeKTHO npeBohewe y JavaScript. Kotlin je jenaH of
HajIonyJIapHUjUX je3uKa 3a pa3Boj alyiMKanyja Ha Android niatdopMu.

Xo3se Banum je nanpaBuo je3uk Elixir [15], o6jaB/ben 2012. roavHe, ca nu/beM Ja oyae
IOTO/IaH 3a MHUcakbe NMoy3AaHor copTBepa KOjU ce JIaKO OJip’KaBa. Jeauk ce 360r Tora
ocnatba Ha Erlang BupTyesHy MmauuHy. [loApKaHO je KOHKYPEHTHO NpOrpaMuUpame
nomohy H30/I0BaHUX MpoIieca KOjU He KOPUCTe IYHO pecypca, JOK CYylepBU30PHU
06e36ebhyjy onopaBak o/ rpeliike BpahawmbeM y MO3HATO, UCIIPABHO CTakbe.

[Iporpamcku jesuk Swift [16] o6jaBsbeH je 2014. u roauHy AaHa kacHuje, 2015. nocTtao
copTBep oTBOpeHOr Kozaa. OBO je MPOrpaMCKH je3WK OMIITe HaMeHe, HalpaBJ/beH ca
IM/beM Jla oMoryhu nucamwe 6e36eHOr copTBepa BUCOKUX NepdopMaHcu. KopucTtu ce
3a pa3Boj copTBepa Ha ONlepaTUBHUM CUCTEeMHUMa KoMIaHUje Apple.

Meby nonynapHuM caBpeMeHUM QYHKLMOHAJHUM je3unuma (npema [17]) cy u Elm,
Racket, Rust, PureScript u ReasonML.



1.2. Tlporpamcku je3uk Wafl

Cama Masnkos je 2002. roguHe, y beorpaay, Ha MaTemMaTu4koM ¢aKyJ/TeTy, Kao CBOj
Maructapcku pag, npegcraBuo Wafl, MoaepaH QyHKIMOHAJHU NPOrPaMCKU je3UK
HaMemeH 3a pa3Boj BeO amiukandja. [Ipema cnenudukanuju [18], Wafl je ctporo
TUIIU3UpaH, BpeJaH, PYHKIMOHAJAaH U 00jeKTHO-OpPUjeHTHCaH NpPOrpaMCKHU je3UK, ca
MMIUIMUTHAM CTapalkbeM O MEMOPHUjU U HEeCTPUKTHOM ceMaHTHUKOM. Ctpory
TUNU3UPAHOCT 06e36ehyje ayToMaTCKO 3aK/byuMBakbe TUIOBA NPUJIMKOM NpeBohema,
6e3 ’UXOBOT EKCIVIMIUTHOT HaBohewa y koay. Onepaiyje Haji MEMOPUjOM Ce U3BO/I€
MMIUIMLUTHO - IpU IpaB/bewy o00OjekaTa, MeMOpHja ce ayTOMaTCKH aJjouupa |
ayToMaTcKyd ocjobaba kaja objekaT mnocTaHe CyBUIIaH. HecTpuKTHa ceMaHTHKa
nozApasyMeBa /ia pefocie/, uU3padyyHaBamba YrJlaBHOM HUje rapaHTOBaH.

[Iporpam Ha je3uky Wafl ce nedunuile jeJHUM U3Pa30M, UHjH je pe3y/ITaT UCTOBPEMEHO
Y pe3yJITaT U3BpllaBama nNporpama. CBU nporpaMu Koju he 6UTH pa3MaTpaHU Y OKBUPY
OBOT pazia AebUHUCAHU CYy Where ©3pa3uMa, Koju Cy 06JIMKa:

<izraz_where> ::= <izraz> [<where_podizraz>]
<where_podizraz> ::= where { <definicija> {<definicija>} }

[Ipu ToMe cy fepuHULIMje 06IMKa:

<definicija> ::= <ime> [<formalni_parametri>] = <telo_definicije>;
<formalni_parametri> ::= (<ime> {,<ime>} )

Y HapeJiHOM IOrJIaBJ/by, 0COOMHE je3MKa he 6UTH peJcTaB/beHe y3 0/ roBapajyhy rpyny
TecTUpaHUXx O¢yHKUMja. TecTHUpamkeM CHHTAKCHUX JiMTepasa 6Ouhe o6yxBaheHu
NOApP>KaHU THUIOBU THUIIOBU NoJiaTaka. TecTupawe MoHallamka PyHKIMja 3a paj ca
KOJIEKIIMjCKUM THUIIOBMUMa - JIUCTaMa, HHU30BMMa M HHUCKaMa KapakTepa -
JieMoHCcTpupahe mUXOBY ynoTpeby. [IpocTH THUNOBU MOJAaTakKa, KA0 U apUTMETHUYKH,
BysnoBy, IorMYKU U onepaTopu nopehema Takohe cy zieo je3auka U TeCTUPAHU Cy.

Y nporpamckoMm jesuky Wafl, dyHkuuje cy ,rpabaHu mpBor pesaa“, mTo 3Ha4d JAa
apryMeHT WJIU pe3yJTaT u3payyHaBawa QyHKIMje Moxke 6UTU QyHKIUjcKoT Tuna. Kajga
je To ciayyaj, TakBa pyHKIMja Ha3uBa ce QyHKIUjoM BUller peaa. OBa rpyna ¢pyHKIMja
OCHOBHe 6OMO/IMOTEKe MOCeO6HO je AWcKyToBaHa. [loApkaH je paj ca peryJapHUM
u3pasuma 4 pajyi-cucTeMoM.

1.3. Tectupamwe copTBepa

1.3.1. KoHTpoJia KBasuTeTa

Y uuBUJIN3aLMjU KOja Ce TEXHOJIOIIKU pa3BUja CTPaXOBUTOM Op3MHOM, NOTpebe /by Ay 32
HOBUM, 00/bMM, Yy/IECHUjUM aJlaTUMa U UTrpadykKaMa pacTy yToJuko 6pxke. KoHTposa
KBaJIMTETA je, 3060r Tora, CBe BaXKHHUja y CBaK0j 06J1aCTH. YIIPKOC TOME, YECTH CY IPUMepPH
M3 CBeTa TEXHOJIOTHja I/le HOBY NPOM3BOAM OMBAjy NYIITEHU HA TPXKUILTE Y CTaby Koje



3axTeBa OJ1 bUXOBUX KOPUCHUKA Jla UX caMU TecTupajy. CopTBep je, HapaBHO, Hajueuthe
norobheH.

TecTupame je jesjan o4 HaUMHA BplIewkha KOHTpoJie KBasuTeTa copTBepa. [IpeameT oBor
pajZia, TeCcTUpame jeJMHMLA KOJa, je jeJlaH BUJ, TeCTUpamba copTBepa.

1.3.2. OCHOBHHU MOjMOBU

Y HacTaBKy je mperJiefi MojMoBa K/bYYHHUX 3a IOCTaBKy Npo6JieMa U HeroBO pellekbe.
Jlebununnyje kopuitheHe y 0BoM pazy npeysete cy u3 [3] u [4].

['peika (eHTr. error) je /by ICKH NOCTyNaK KOjU JOBOJHU [10 HEXKeJbEHUX pe3yJiTaTa
OZJHOCHO NpPOIMYCT KOjU je Ha4YMHUO IporpamMep NpPUJUKOM MUcawa Kozaa. Ha
npuMep, NOpU HUMIJIEMEHTAUUjU ofApeheHe O6UOIMOTeYKe OJGYHKIUje, HUje
pa3MoTpeH HekH of Moryhux ysiasa, nonyT null BpeJHOCTH;

KBap (eHr. fault) je pe3yiTaT rpelike, MaHa WA HeAOCTaTaK y KOHAaYHOM
NpOU3BOAY, OJHOCHO HACTaJOM IpOorpaMy. YKOJMKO MMa rpeliaka y HeKoOj
byHKIMjH, TO L0OBOAM [0 KBapa Ha pe3yJiTyjyheM nporpamy;

Heycnex (enr. failure) je wmaHudecTanyja OJHOCHO CUMITOM TIpeLIKe,
He3a/l10B0JbaBajyhe noHallawke NporpaMa y3poKoBaHO U3BpLIaBamkbeM KoJia KOjuU
je kBapad. Ilpumepu cy ,nyname” mporpaMa U HU3padyyHaBawe HEUCIPAaBHOT
pesyJsTara;

WUununeHT (eHr. incident) je jefHa MaHudecTalnuja Heycnexa, JJOKYMeHTOBaHa
W3BelITajeM;

M3BelITaj 0 MHIUAEHTY (eHr. incident report) je ckyn nH$oOpMaLyja 0 UHIUIEHTY
KOju ce fiecro. 3BewiTaj 0 TeCTUpamwy je jelaH IpUMep U3BellTaja 0 MHUUJEHTY,
WJIM MHIIMIEHTUMA, aKO UX MMa BUIIIE;

TecT (eHr. test) je cKyn jeJHOT UJIY BUllle TECT-CJy4ajeBa;

TecTtupame (eHr. testing) je YMH U3BpIlIaBamba TECTOBA;

TecT-cny4aj (eHr. test case) je ckyn npeAycioBa, yJasa, J0JaTHUX aKl{ja, u3Jja3a
Y IIOCTYCJIOBA, HACTA0 HAa OCHOBY yCJIOBA TeCTUPama, 3a CBPXy TecTUpamwa. Kazga
ce palu O TeCcTUpawy jeAVWHHIIA KOJA, CBAKW 3alMC MO3MBamwa QyHKILHje 3a
IIpOBEPY TAYHOCTH NIPe/CTaB/ba jeJaH TeCT-CAy4aj;

dyHKIM]ja 32 IPOBepy Ta4HOCTHU (€eHT. assert function, KOJIOKBUjaJIHO caMo assert)
je dpyHKIMja Koja Bpaha MM TauHO MM HeTayHO. KopucTHu ce TOKOM TecTUpama
3a ynopehuBame J001jeHOT ¥ OUEKHBAHOT pe3yJ/ITaTa;

Tectupame jeavHuIla KojAa (eHT. unit testing) je BUJ, TeCTHpakba 3aCHOBAH Ha
TecTUpawy MojeAWHAYHUX LearHa codTBepa. [lowTo je mpegmer oBor paja
TeCcTUpalbe CTaHJapAHe OHUOJMOTEKe U CaMOr MHTepIlpeTaTopa, NojefjhuHayHe
jeAuHUIlEe KOoje ce TECTUPAjy cy NojeAMHaYHe QyHKIMje CTaHAapAHe 6UOIMoTeKe
Y [0jeJMHAYHe CUHTAKCHEe KOHCTPYKIMje IPOrpaMCKOr je3UKa;

Kosiekniyja TecToBa (eHr. test suite) je CKyn TecT-cy4dajeBa Koje ce U3BpIIABAjy
IpU TECTUPAY;
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e Tecrtupamwe 3acHOBaHO Ha cnenudukauuju (eHr. specification-based testing) wiu
dYHKIIMOHA/NIHO TecTUpPabe (eHr. functional testing) je TecTupame paJjy poBepe
Jla 11 copTBep 3a/0BO/baBa QPYHKIHOHAJHE 3axTeBe. Y KOHTEKCTY TeCTUpama
6ubnoTeYKrnX QyHKIM]a, [U/b QYHKLUOHAJIHOT TECTUPAha je IPOBEPUTH Jia ce
cBaka QyHKIMja NOHalla y CK/aajy ca cneuudukauujom. [lpeamer tectupamwa
[IocMaTpa Cce Kao LipHa KyTHja, jep OHOMe KO CIIPOBOJIU TEeCTUPame HUje T03HaTa
berosa UMIIeMeHTanyja. HacynpoT QyHKIMOHAa/IHOM TeCcTUpamwy, NOCTOjU U
TecTHpake 3aCHOBAaHO Ha Koy (eHT. code-based testing), ancTpaxoBaHO 6eJIOM
WY NIPO3UPHOM KYTHJOM, jep Cy AeTabd UMIlJIeMEeHTalyje 103HaTU OHOMe KO
CIpoBOJU TecTUpawe. Kako je Tema pajja TecTUpawme OCHOBHE OHOJIMOTEKE
dyHKIMja nporpaMckor jesauka Wafl, TecTupame je 3aCHOBAaHO UCK/bYYHMBO Ha
cnequdUKaLUjU je3UKa.

M3BpuiaBame TecT-caydajeBa KOpUUIhemeM ajaTa 3a TECTHpPAmbe MOXe JJOBECTH [0
WHIMJleHaTa. Pe3y/TaT U3BpllIaBamka TECTOBA je TEKCTYa/IHU U3BELITAj O TECTUPAY Y
KOjeM ce, Y C/Iy4yajy MHIIM/IeHTa, Hasa3e nuHdopMaldje o ToMme. U3BelTaj caZipkyu Ha3uB
byHKUMje, yJla3He BPEJHOCTH, OYEKHMBAHY H3JIa3HY BPEAHOCT W J0OHUjeHy H3J/Ia3Hy
BpPEJHOCT, aKO OHA MOCTOjH. ¥ CyNPOTHOM, U3BEILTAj CaZP>KU CaMO Ha3uB QYHKLH]je Y3
HaloOMeHY /A je JOLLIOo 10 Heyclexa. HakoH youeHUX UHIIM/eHAaTa, Y3 MPETIOCTaBKY Aa
Cy TECTOBH Ba/baHH, yoOHUYAjeH 3aK/byyaK je /ia je 0IJIO /10 TPellKe Y UMILJIeMeHTalHjU.

1.3.3. 3Hayvaj TecTUpama jeAUHUIA KOJa

Y cBojoj kwu3u Yuct kox“ [5], Pobept MapTunl® je nanucao ciexaehe: ,TecToBu
jelMHUIA KoJa 4YHHe KoJ, (JIeKCMOWJIHUM, JIaKUM 3a OJIp’KaBakbe U IOHOBO
ynoTpe6/bUBHUM. AKO UMaTe TECTOBe, He IJIALIKUTE Ce a MPOMEHUTe KOJ . Y HacTaBKy
TOT TEKCTa, U3peyeHa je jeJlHa CypoBa MCTHUHA MPOTpaMepcKoOr 3aHaTa, a To je Ja 6e3
Jl00por ¥ CBeoOYXBAaTHOT CKyla TeCTOBA YBEK IOCTOjU CTpax of npomeHe. CBaka
poMeHa, 6e3 TeCTOBa KOjH IOKPHUBAjy KO/I, MOXKe JIOBECTH [0 HEOUEKHBAHUX TPo6IeMa.
TecToBU cy Jiek 3a 0Baj cTpaX, a caMMM THM IITO oMoryhaBajy mporpamepuma ja
pedakTopully KoJ, OTBapajy OpojHe MoryhHocTH 3a mno6oJblllakha. HemnpekuaHo
pedakTopucame U ycaBplllaBake K0/ia je YIIPpaBo OHO LITO ra YUHU U OJIp>KaBa , Y4UCTUM".

Po6epT MapTuH je Takohe HaBeo W NeET MOXe/bHUX OCOOUHA jeaHor Tecta. Tpeba
HAllOMEHYTH /la Ce Y HeroBoj KiHU3U TOBOPU O TeCTHpaky MoJipa3dyMeBajyhu pa3Boj
BOoheH TeCTOBUMa, LIITO OB/le HUje C/y4aj, aJld HaBe/leHe CMepHHUILEe Cy A06pe U y ONUITEM
cay4ajy. Ucte cy (yrs1aBHOM) MOUITOBAaHE NMPHU U3Pa/IU OBOT paja:

Bp3 - kako 61 MOrao 4ecTo Jia ce U3BPIlIaBa;

He3aBucaH - HUje 0XKeJ/bHO [1a TECTOBU 3aBMCe jeJHU O APYTUX;
[ToHOBJbUB — KaKO 61 MOTao Jia Ce U3BPIIHK OUJIO Iie U OUJI0 KaJ1a;
MMa jacaH pe3ysTaT — WM IIPOJIa3U UK He NPOoJia3u U

[Iucame TecTa He 3axTeBa NYHO BpEMEHa.

v W

16 Robert Cecil Martin (1952), amepuuku cobTBep UHKEHEP, TO3HAT U Kao ,Yjka bo6“.
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1.4. usb

Hanac,y 2021. roauny, npod. ap Cama MaJsikoB je MEHTOP IPU U3Pay OBOT MacTep paja,
4Hju je [U/b YHanpehemwe TecTupamwa jejuHuLa Koja 3a Wafl. [Ipenj3Huje, npBU 3a/jaTak
je M3paZia MCLpPIHe KOJIeKIHje TeCTOBa 3a IpOBepy MCIPABHOCTU MHTepIpeTaTopa U
MMILJIEMEHTallkje YMTaBe OCHOBHe 6MOJ/IMOTEKe je3UuKa. /Ipyru 3a/jaTak je nobosbliakmbe
nocrojeher cucreMa 3a TecTUpamwe jeAWHHIIA KOJA, Kako OW NpHUKa3 pe3yJTara
TecTUpakba 610 NperjaeJHUju.

Peanuzanuja paJiHUX 3a/laTaka peajiM30BaHa je Kp03 UHTEH3UBHY KOMYyHUKALHjy ca
MEHTOpOM, y3 Kopullhewe [A06UjeHUX ajaTa - UHTeprnpeTraTop je3uka clwafl,
6ubM0TeKY QyHKIIMja 32 U3BplIaBalbe TECTOBA U €KCTEH3Hje 3a pa/Ji ca MIPOrpaMCcKUM
jesukoMm Wafl y TekctyasHoMm eautopy Notepad++, a cBe TO Ha ONEPAaTUBHOM CUCTEMY
Windows 10. TectupaHe cy GYHKIMOHAJHOCTH je3WKa IO IieJIMHAMa, HAKOH 4Yera je
cieauia IucKycuja pesyaTtarTa. [loce6HO je 3aHUMJBUBO TO LUTO je Y HEKUM CJIydyajeBuMa
JleTa/bHO TeCTHUpame HUMaJo 3a Nocjaefuly yHanpebemwe cHHTakce je3uka, Kao M
JedUHULMje U UMILJIEMEHTAalUje HeKUX PYHKIMja U3 OUOJIUOTEKE.

1.5. MoTuBauuja

Passior 3a oabup 6ail oBe TeMe je IMYHA XeJba /1a 3a MacTep paj u3abepeM 06/1acT Koja
je Mame yobuuajeHa. Takobe, xesieo caM J1a UICKOPHUCTUM PEeTKY NPUJIUKY 3a yyelihe y
pa3Bojy U NOAPLILIY pa3Boja jeJHOT IPOTrPaMCKOT je3uKa.

M3paza oBor macrep paZa TpajaJja je, ca AY>KUM NPeKUJUMa, BULIe O FOAWHY JaHa.
KoMyHHKalvja nyTeM eJIeKTPOHCKe MOLITe MOC/AYKHUJIa je Kao eBUJeHIiMja CBera ILITo je
ypabeHO Ha MOJby TecTHpawa Kao M CBHUX M3MeHa HHTeplpeTaTopa U OCHOBHE
6ubsinoTeke mnporpamckor jesuka Wafl. benemke o OTKpUBEHMM Npo6JeMHUMa M
IbUXOBUM pellemhuMa omoryhuse cy fga oBaj pajJ; o6yXBaTh pa3MaTpame YHUTABOT
nporneca TeCcTUpawa, a He caMO JAUCKYCHUJYy Kpajwer pesyiartara. [I[pyruM pedyuma,
JIOKYMEeHTOBam€e U3MeHa je lo6pa npakca y pa3Bojy codpTBepa.

3axBaJjiaH caM Ha HPY)KEHOj INpUJIHLH, CTPII/bEHY U YKA3dHOM IIOBEPEHY.
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2. Tectupame ocHOBHe 6MbOMOTeKe QYHKIUjA TPOTPaMCKOT
jesuka Wafl

2.1. OpraHu3sainyja TecTupama

llesiokynaH mpolec TecTHpamwa NoJe/beH je y IeJiMHe, IpeMa CKynmoBUMa QyHKIHja
OCHOBHe 0OuUOJIMOTEKe Koje cy 6use TectupaHe. Kosekuuja TecToBa, caAp:KaHa y
aupektopujymy testCollection, je CTpyKTypupaHa y CKJaAy ca TUMe, NPU UYEMY
JUPEKTOPUjyMU YHYTap me (core_library, operators u syntax_contstructs) paspBajajy
dajsioBe ca TecToBUMa Ha OHE KOjU Ce THUYY OCHOBHHUX OMOJIMOTEYKUX YHKIHU]a,
ornepaTopa ¥ CHHTAKCHUX KOHCTPYKIH]ja, PEIOM.

Y nupekTtopujymy core_library Hanase ce ciaesnehu ¢pajyioBu ca TecToBUMa, ca HABeJJeHUM
npeJMeTHMa TeCTUPAha:

e array_functions_test.wafl: byHk1je 3a paj, ca HUI30BUMa;

e conditional_expressions_test.wafl: ycJ10BHY U3pasy;

e conversion_functions_test.wafl: yHKIHje 32 KOHBEP3U]jy TUIIOBA;

e debug_functions_test.wafl: pyHKLMje 3a febaropame;

e filesystem_functions_test.wafl: byHkuuje 3a paj ca ¢paji-cucteMoM;
e float_functions_test.wafl: pyHKLMje HaJ, peaJTHUM TUIIOM;

e int_functions_test.wafl: dyHKIIMje HaZl 11eJI060POjHUM TUIIOM;

o list_functions_test.wafl: yHK1H]je 3a paJ| ca TUCTaAMa;

e map_functions_test.wafl: dyHK1Mje 3a paj, ca Manama;

e mime_functions_test.wafl: byHkiuuje 3a pag ca MIME pecypcuma;

e regex functions_test.wafl: pyHKILMje 3a paj ca peryJlapHUM U3pa3uMa;
e str_encode_test.wafl: pyHKIU]je 3a KoApPahe HUCKHY;

e string_functions_test.wafl: pyHK1UHje 3a paj ca HUCKaMa.

JlvupekTopujyMm operators cafpxu:

e arithmetic_operators_test.wafl: apuTMeTH4YKHU ONlepaToOpH;

e boolean_operators_test.wafl: TOTU4KU ONlepaTOpPH;

e comparison_operators_test.wafl: onepaTopu nopehema;

e integer_operators_test.wafl: onepaTopu HaJ, 11eJIOOPOjHUM THUIIOM;
e list operators_test.wafl: onepaTopu HaJ| IKCTaMa.

Caapikaj nupekTopujyMma syntax_constructs je ciegehu:

e get_element_test.wafl: IpUCTyIl eJleMeHTUMA KOJIEKIH]j€;

e intentional_error_test.wafl: TeCcT KOju HAMEPHO JOBOJH /10 TPOTPAMCKE TPEILKE;

e intentional_failure_test.wafl: TecT Koju HaMepHo Bpaha norpelad pe3yJjaTaT;

o slice_prefix_test.wafl, slice_segment_test.wafl U slice_suffix_test.waffl:
orepaTopH 3a OiCeliatbe;

e syntax_literals_test.wafl: 3anvcrBambe KOHCTAHTH.
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W3Bopu uHdPopmauuja o Kopuiihewy PYHKIIMOHATHOCTHU je3UKa Cy HeroBa jaBHO
JIOCTYTIHa UHTepHeT npe3eHTauuja Wafl tutorial [6], kao 1 AJOKyMeHTalMja AOCTYIHA U3
KOMaH/iHe JIMHUje caefehrM 103MBOM HHTepPHpeTaTopy:

clwafl -listlib[:<ime_ili_deo_imena_funkcije>] [-verbose]

PesysTaT oBakBe KoMaHJe je mnperses ¢yHKIMja 4yvja UMeHa (WM [le0 MMeHa)
0/ r0Bapajy YHETOM YyJIa3HOM apryMeHTy, a ONLMUOHMU IlapaMeTap Ha Kpajy Aojaje
OpoIIMpeH omuc. Y ciy4dajy mo3vBa 6e3 HaBeJeHOr HMeHa (QYHKIUje, Tpa)keHe
nHpopmanje he 6UTH ucnucaHe 3a cBe (QYHKILMje cTaHAapaHe OubsunoTeke. OBa
GYHKIMOHAMHOCT je OMJla KOpPUCHA NpM carje/aBalkby 0OMMa TeCTHpawka OCHOBHE
6ubMoTeKe U npahewa HanpeTKa y TOKY paja.

PaHuje noMeHyTa 6M6JIMOTEKA 3a TECTUPAKbE CACTOjU ce U3 JiBa ¢pajua, TestRunner.wlib u
Test.wlib, koju 06e36ehyjy npeko noTpedbHe PyHKIUje 3a IPOBEPY TAaYHOCTH pe3yJiTaTa.
Y3 mwux je ucnopydyeH U TestRunner.wafl, CKpMIOT KOjU TNPOJACKOM KpO3 4YHUTaBY
KoJieKIHjy nokpehe TecToBe, ociamajyhu ce Ha MPeTX0AHO MOMEHYTe 6UOIUOTEKE 32
TeCTUpalkbe U TNpPU TOMe TeHepulle TEeKCTyaJHU H3BELITaj O TeCTUpPamy,
waflTestReport.txt.

Y npakcu, u3BpliaBake TeCTOBA oApa3yMeBa ciesehn HU3 Kopaka:

e VYrno3HaBame ca TUMNOBUMA U QYHKIHMjaMa Koje ce TeCTUpPajy, Kpo3 AOCTYIHY
JIUTepaTypy W NOHeKaJ, NHUCalkbeM jeJHOCTAaBHUX INporpama, HU3BpLIaBaHUM

AUPEKTHO Hn3 KOMaHJHE .HI/IHI/Ije MMO3WMBHMa HHTEpIIpeTaTopy:
clwafl -code ”sadrzaj_programa”

e [lucamwe TectoBa y Buay Wafl nporpama, nowmrtyjyhu cBa npaBuJa jesuka U
ocsakbajyhu ce Ha QyHKIIMje 3a MPOBEPY TAUHOCTH pe3yJiTaTa U3 6UbIM0TeKe 3a
TecTUpamwe; CBaku TecT-dajj1 UMa eKCTeH3U]jy .wafl 1 OpraHu30BaH je y ceKliuje
(eHr. section) koje oAroBapajy jeiHOj QyHKIMjU WU jeJTHOM KOpPaKy CJ0XKeHUjer
TecT npoueca

e l3BpuaBamwe TecToBa KopuliheweM ckpunta TestRunner.wafl uiv no3uBoM U3
KOMaH/iHe JINHU]e

e [IIpoyuaBame pesynartata y waflTestReport.txt; y ciy4dajy mojaBe HHLMJI€HATAa,
ypabeHa je AeTasbHa aHasM3a TeCT-C/Ay4yaja, WITO je BOAWJIO [0 pasjallibera
HecriopasymMa OKO kopulnhewa O¢QyHKIMja WJAM [0 yKJIamkawa rpeliaka y
UMIlJIEMEHTAalUjU

TokoM peasiM3zalyje MacTep pajia 6UJI0 je HEKOJIMKO aXKypUparwa uHTepnpeTtaTopa. Kaga
Ce y paZly pa3aMaTpa TPeHyTaK OTKpHUBamba MpobJieMa, moJgpa3yMeBa ce Jja ce TO JAeCUJI0
ca Bep3MjoM HMHTepIpeTaTopa Koja je Taja 6usa KopuuiheHa, a KaZja ce JAUCKYTYjy
pe3yaTaTH (a JIM je HEUITO NMPOMEHEHO KAao pe3yJTaT TeCTUpakba), MUCIU Ce Ha
MOHAIllake Ca MOoCJAe/IlbOM BEP3UjOM HHTEPIpPeTaTopa AOCTYIHOM y TPEHYTKY Kaja je
110 MPOIIeC 3aBpIlEH.

Cneny fUcKycHja KoJleKlMje TeCTOBa, Y K0joj he ykpaTko 6UTHU NpeAcTaB/beHAa OCHOBHA
6ubJsiMOoTEKA je3UKa, Ae0 MO Jeo, peloM Kako je TectupaHa. [locebHo he 6utu
pPa3MOTpPEeHH HEeKH 3Ha4YajHUjU TeCT-CAy4dajeBU, Ka0 U HEUCIIPABHOCTHU Koje Cy yoyeHe U
UCIpaBJ/beHe 3axBasbyjyhu CIPOBeIEHOM TECTUPAKY.
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2.2. CMHTaKCHHU JIMTEpaIn

TecTupamwe 3amucuBamba KOHCTAHTH je Pa3MOTPEHO Ha CaMOM MOYETKY, Ca I[U/beM
yIo3HaBaka ca TUIIOBMMA Io/aTaKa Koje mojpxaBa nporpamcku jesauk Wafl. [loce6Ha
naxkma mnocBeheHa je TecT-ciyyajeBUMa Be3aHMM 3a MpPOBEpaBalbe IOHAIIAMKA
[eJJOOPOjHOr UM peasIHOT THUMA Ha TpaHMUIlAMa oOIcera BPEeJHOCTH Koje ce MOry
peJCTaBUTH Y OKBUPY nocTojehux orpanudema. Cagpxkaj dajuia syntax_literals_test.wafl

je cnepehu:

[

sectionName:

tests: [

wt:
wt:
wt:
wt:
wt:
wt:
wt:

int",

:testEq( @ , 0 ),
:testEq( @ , -0 ),
:testEq( 1, 1),
ctestEq( 9223231299366420480 , 9223231299366420480 ),

:testEq( ©9223231299366420480 , 9223231299366420480 ),

:testEq( ©00000000009223231299366420480 , 9223231299366420480 ),
:testFalse( 9223231299366420480 == -

0000000000000V VV9223231299366420480 ),

wt:
wt:
wt:
wt:

]
It

:testFalse( @ == 1),

:testFalse( -1 ==1 ),
:testFalse( -01 == 1 ),
:testFalse( -00000000000000000000VV00VVVRVRRL == 1 )

sectionName: "float",

tests: [

wt:
wt:
wt:
wt:
wt:
wt:
wt:
wt:
wt:
wt:

]
b

:testEq( 0.0 , 0.0 ),
:testEq( 0.0 , ©.00000 ),
:testEqEps( 0.0
:testFalse( 0.0
:testFalse( 0.0
:testEqEps( 0.0 , -0.0 , ©.000000000000000001 ),
‘testEq( 1.234567 , 1.234567 ),

:testFalse( 1.234567 = -1.234567 ),

:testFalse( 33.0 / 0.33 == 100.0 ),

1testEqEps( 33.0 / ©.33 , 100.0 , 0.0000PPEO0L )

, ©.00001 , 0.0001 ),
== 0.0000000000000000001 ),
== -0.0 ),

sectionName: "string",

tests: [

wt:
wt:
wt:
wt:

]
b

ttestEq( "" , "" ),

:testEq( "aBc" , "aBc" ),
:testFalse( "abc" == "Abc" ),
:testFalse( "abcc" == "abc" )

sectionName: "bool",

tests: [

wt:
wt:
wt:
wt:

]
b

:testEq( false , false ),
:testEq( true , true ),
:testFalse( false == true ),
:testFalse( true == false )

sectionName: "list",

tests: [



wt:
wt:
wt:
wt:
wt:

]
It

15

stest( [1,2,3] == [1,2,3] ),
stest( [1,2,4] != [1,2,3] ),
ctest( [1,2,3] != [1,2,3,4] ),
ctest( [2,3,4] != [1,2,3,4] ),
stest( [2,2,3,4] '= [1,2,3,4] ),

sectionName: "array",

tests: [

wt:
wt:
wt:
wt:
wt:

]
b

ttest( [#1,2,3#] == [#1,2,3#] ),
ttest( [#1,2,4#] != [#1,2,3#] ),
ttest( [#1,2,3#] != [#1,2,3,4#] ),
ttest( [#2,3,4#] != [#1,2,3,4#] ),
ttest( [#2,2,3,4#] != [#1,2,3,4#] )

sectionName: "tuple",

tests: [

wt:
wt:
wt:
wt:

]
b

:test( {#1, 2.0, 'a'#} == {#1, 2.0, 'a'#} ),
ctest( {#1, 2.0, 'a'#} != {#2, 2.0, 'a' #} ),
ctest( {#1, 2.0, 'a'#} != {#1, 2.5, 'a' #} ),
ttest( {#1, 2.0, 'a'#} = {#2, 2.0, 'b' #} )

sectionName: "record",

tests: [

wt:
wt:
wt:
wt:
wt:
wt:
wt:
wt:

]
3]

:test( {a:0, b:1} == {

:test( {a:0, b:1} == {b:1, a:0} ),
:testDiff( {a:0@, b:1} , {a:1, b:1} ),
:testDiff ( {a:0, b:1} , {b:1, a:1} ),
:testDiff( {a:0, b:1} , {a:0, b:0} ),
:testDiff( {a:0, b:1} , {b:0, a:0} ),
:testDiff( {a:0, b:1} , {a:1, b:0} ),
:testDiff( {a:0, b:1} , {b:0, a:1} )

->wt: :reportResults()

where {

wt = library file 'Test.wlib';

}

PaHuje nomeHnyTa nojesna ¢ajaoBa ca TeCTOBUMA y CeKlUje je OBJe NMpUKa3aHa - 3a
IpoBepy 3allMCHBaka KOHCTAHTH CBAKOT THUIIA MTOCTOjHU 10 je[jHa CeKluja, JepUuHUCaHa
pe3epBUCAHOM peyjy sectionName, U3a KOje CJeJH JINCTA TECTOBA, O3Ha4eHa K/by4YHOM
peujy tests. Ha3uBu ceknyja ogrosapajy HasuBMMa THIIOBa:

e int - [1eJIOOPOjHU THII;
® float — peaJIHU 6POjeBH;

® string — HUCKE KapaKTepa;
e bool — bysioB THUL;
e list—JIUCTQ;

® array — HU3;

® tuple—-TOpPKa "

® record— CJIOT.
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[locToju ¥ TN nojaTka map (Mama), ajlu ce He MOXKe 3allMCcaTH Kao JMTepaJ, 1a ce He
jaBJba y 0BOM TecT-dajiy.

Ha camoM kpajy mporpama, y 6JI0Ky where, AedUHUILY ce MMeHa Koja ce KOpUCTe y
nporpaMmy. ¥ oBOM IpuMepy je JepUHUCAHO CaMO JIOKAJHO MMe wt 3a pedepucame
6ub/IMOTEeKe 32 TeCTUPAbE.

bubsauoTteka Test.wlib canpxu cinegehe gebununyje:

® test — IPOBEpA /i JIU je apTyMEHT true, OJJHOCHO [Ia JIY je apryMeHT TauyaH UCKa3s;

® testFalse — IPOBEpA /1A JIU je apTYMEHT false, OZJHOCHO HeTAa4YaH MCKas3;

® testEq - IPOBepa Jia JIM Cy apTyMEHTH jeIHAKH 110 BPEHOCTH;

® testEqEps — IPOBEPA /1A JIM je allCOJyTHA BPeAHOCT pa3JiMKe apryMeHaTa Mamba
0/1 33JlaTe BPEe/IHOCTH;

® testDiff — IpOBepa Jia JIU CYy apryMeHTH Pa3IUdUTH;

® testlLT - pOBepa Jia Ji je MPBU apT'yYMeHT MakbH 0J] APYToT;

® testLE - pOBepa /ia Jiy je MPBU apTYMeHT MakbU UJIH jeJHAK JPyToM;

® testGT - POBepa Jja Ji je MPBU apryMeHT Behu of; Apyror;

® testGE — IPOBepa Jia Ji je IPBU apryMeHT BehU UM jeJHAK JPYTOM.

M3BohemweM TecTupamwa HacTaje usBewtaj waflTestReport.txt, koju ce Hana3u y TekyheMm
JUPEKTOPUjyMy, TA€e je UHTeplpeTaTop Nno3BaH. M3BewmTaj ykbydyje uHGopMaluje o
CIIpOBe/JleHOM TeCTUpaby:

File testCollection\syntax_constructs\syntax_literals_te OK! Pass 8 / 8
Section Int .. i i i e oK! Pass 11 / 11
Section float ...ttt i i i oK'! Pass 10 / 10
Section String .ottt i i ittt e oK! Pass 4 / 4
Section bool ... i i e oK! Pass 4 / 4
Section 1ist .iveiiniiiii it ittt it i oK! Pass 5/ 5
SeCtion array v i i i et i e oK! Pass 5/ 5
Section tuple ...ttt i i it e OK! Pass 4 / 4
SeCtion record ..iiue ittt it i i i oK! Pass 8 / 8

TecTupame 3anucrHBamba KOHCTAHTH je IPOIIOo 6e3 UHIUEHaTa, 0JJHOCHO, CBU TECTOBHU
YCIIEIIHO MpoJiase.

2.3. llpucTtyn 4wiaHOBUMa KOJIeKIYje 10 UHJEKCY

[u/b 0BOT CKymna TecTOBa je 6MO UCMUTATH MOHAIakhe CUHTAKCHUX KOHCTPYKIMja 3a
NpUCTyNamke NojeJUHAaYHUM eJleMeHTUMa HUCKe, JIUCTe, HU3a, TOPKe, ciora u mane. Y
TecT-dajuy get_element_test.wafl, Ha3MBU CceKIlyja 0/IrOBapajy HA3MBUMa THUIIOBA YHje ce
NOHallake TeCcTUpa y Toj ceKuuju. EBo aena tor ¢ajia, npu yemy je ca Tpu tauke (.) y
3alMCy KO/Jla HAa3HAY€EHO /ja Cy HeKe JIMHUje IIpeCcKoYeHe:

(1

sectionName: "array",
tests: [
wt::testEq( [#2,4,6,8,10,12,14,16,18,20,1,3,5,7,9,11#][0] , 2),
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wt::testEq( [#2,4,6,8,10,12,14,16,18,20,1,3,5,7,9,11#][15] , 11),
wt::testEq( [#2,4,6,8,10,12,14,16,18,20,1,3,5,7,9,11#][3+16] , 8),

wt::testEq( [#2,4,6,8,10,12,14,16,18,20,1,3,5,7,9,11#][3-3*16] , 8)

]
sectionName: "tuple",
tests: [

wt::testEq(

{#2,3.0,'a',[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8,'bca',7.7,0, 'afd'#}.1 , 2 ),

wt::testEq(

{#2,3.0,'a',[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8,'bca',7.7,0, 'afd'#}.16 , 'afd' )

It

I3t

b

b

]

sectionName: "string",
tests: [
wt::testEq( 'nikola‘'[@] , 'n' ),

wt::testEq( 'nikola'[5] , 'a' ),
wt::testEq( 'nikola'[-6] , 'n' ),

wt::testEq( 'nikola'[-1] , 'a' ),
wt::testEq( 'nikola'[3+6] , 'o0' ),

wt::testEq( 'nikola'[3-3*6] , 'o' )
]

sectionName: "list",
tests: [
wt::testEq( [1,2,3,4][0] , 1),

wt::testEq( [1,2,3,4][3] , 4 ),
wt::testEq( [1,2,3,4][-1] , 4 ),

wt::testEq( [1,2,3,4][-4] , 1),
wt::testEq( [1,2,3,4][1+4] , 2 ),

wt::testEq( [1,2,3,4][1-3%4] , 2 )
]

sectionName: "record",

tests: [
wt::testEq( {a:1,b:2}%a , 1)
wt::testEq( {a:1,b:2}$b , 2 )

3

]

sectionName: "map",
tests: [
wt::testEq( createMap([# 'namel', 'name2' #],[# 'valuel', 'value2'

#])['namel'] , 'valuel' )

3]

]

3a npucTyname nojeZJuHa4HUM eJleMeHTHMa JIMCTe, HU3a U HUCKe KapaKTepa KOpUCTe
ce yryacrte 3arpazie. Unaekcupamwe Moxe 6uTH HenocpeiHo (oz 0 fo n-1, npu yeMmy je n
6poj esieMeHaTa KoJieKLHje, a 0 je MHAEeKC NPBOT eJieMeHTa) U 00pHYyTO (04 -n A0 -1, npu
yeMy je n 6poj eleMeHaTa KoJIeKLHje, a -1 je UHJeKC noceAwer eaeMenTa). 06a HauMHa
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oA p>KaBajy NpUCTYI 10 MOAYJIy — 32 IPOM3BOJbaH 6poj m u O6poj esleMeHaTa KoJeKLHje
n, UHJEKC eJleMeHTa je m 1o MoAyJy n. CBe KOMOMHaLMje Cy IpOBepeHe 3a 0Ba TPU THUIIA.
[IpeocTtana Tpyu THmNa He MOApPKaBajy OBaKBe CHELUPUYHOCTH, NA Cy HUXOBU TECT-
C/ly4yajeBy Makbe OpOjHHU.

Y U3BellTajy HAKOH TeCTUpama NHllle /ja CBe [poJia3u 6e3 npobsema:

File testCollection\syntax_constructs\get_element_test.w OK! Pass 6 / 6
Section array .. i i et e oK! Pass 16 / 16
Section tuple ...t i i i e oK! Pass 16 / 16
Section string ...ttt i i i i it i e OK! Pass 12 / 12
Section 1ist ..ottt i i i i e oK! Pass 4 / 4
Section record ...t i i i oK! Pass 2/ 2
LYY o o = o e oK! Pass 1/ 1

aJld je NPUJIMKOM TeCTHpamwa OWI0 HenpHjaTHUX H3HeHabhewa. [IpBa mpoBepa
npucrtyna tTopuu ca 20 eneMeHaTa JjoBeJia je 0 IpellKe IPY U3BpIlIaBamy nporpama.
WcnocTtaBuiio ce 1a Bep3Uja UHTepIpeTaTOpa Koja je Taza KopulllheHa HUje noJp>kaBaJjia
paj ca TopkaMma Koje uMajy Bulle of; 15 enemenara. Mctu npobJieM jaBHO ce U KOJ
IpHUCTYyIa NojeJUHAYHUM eJleMeHTHUMa CJI0Ta, IPU YeMy je YTBpheHO /ia je orpaHUYee
MaKCUMaJIHOT 6poja 4jaHoBa 6uJio 16.

3axBasbyjyhu pesysTaThMa OBOT TeCTHpPama, UMILIEMEHTAlMja WUHTEpPIpeTaTopa je
yHanpebeHa, Tako /ja, Haue/JHO, MOJp>KaBa HeEOrpaHU4YEeH Opoj ejeMeHaTa y OKBUPY
pa3sMaTpaHUX THUIOBA. Y mpakcu je, MehyTtum, npuMmeheHO 3HayajHO yclopaBambe
ayToMaTCKe IIPOBepe TUIIOBA 32 TOPKE U CJIOTOBE Ca BEJIMKUM 6p0ojeM eJleMeHaTa.

TecTupame npucTyna ejeMeHTUMa KOJIEKLMje 10 UHJEKCY JOBPLIEHO je TeCTUpamheM
orepaTopa 3a o/iceliame, KOju pajie ca CEeKBEHI|aMa, Tj. Ca HU30BUMa, JINCTaMa U HUCKaMa.
[Ipu wuxoBoM Kopulithewy, ymecTto [indeks], HaBoau ce [donja_granica:gornja_granical,
mTo Bpaha ,cerMeHT" WM caMo jeJlHA rpaHulia - [donja_granica:], mto faje ,cydukc”
Wiu [:gornja_granica], mto paaje ,npedukc’. OBuM omepaTopu Kao u3Jsa3 Bpahajy
oAroBapajyhu sieo cekBeHIle, 06yxBaheH yJla3HUM apryMeHTOM, OJHOCHO apTyMeHTHMa.
Tu Tect-cny4yajeBu cy y odajnoBuma slice_segment_test.wafl, slice_prefix_testwafl wn
slice_suffix_test.wafl, Koju MOKpHBAjy MO3UBe ca 06e HaBeJleHe TPaHMIIE UJIU CaMO jeTHUM.
brxoBo TecTupamwe npoJiasu 6e3 npobdJiema.

2.4. HaMepHO HeyCllellIHU TECTOBU

Kosuko roja mojaBa Heycmexa IMpU TeCcTHpawy OWJa HeNpHjaTHA, OTKPUBaHbe
HeJl0CTaTaka M NpaBJ/beH€ M3BELITaja 0 BbUMa je BaXKHa PYHKIHMOHAJHOCT ajaTa 3a
TecTupawe. HeocnnopHo je, Takobe, J1a je jako KOprCHa poBepa Ja Jiu HELITO He Pajiy,
OZHOCHO /ia JI¥ je HelLUTO U Jja/be HeJ03BO/beHO MOHalllakbe HAaKOH oZipeheHux u3MeHa,
KaJia ce pa3MaTpa copTBep KOju TPIH cTajHe IpoMeHe. TecT-cjydyajeBU KOju He Tpeba
Jla npohy npoBepaBajy UCIPAaBHOCT MOHAlllaka ajaTa 3a TECTUPakbe U UHTEepIpeTaTopa
y cay4ajy rpeuike. Takohe, yKo/IMKO cy JlaHMpaHe U3MEHE KOje UX 00yxXBaTajy, Npyxajy
NOTIIOPY Ja/beM pa3Bojy. TecT-ciyyaj ca TOPKOM OJ iBaZleceT eJieMeHaTa je HEKO BpeMe
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610 U3/BojeH y noceb6aH ¢ajs, a KaJla je UHTepnpeTaTop U3MEHEH, HAllUCaH je HOBU
TECT-CJIy4yaj ca CBPXOM MOCTH3akha Heycllexa IPU TECTHPADY.

Cagpkaj ¢ajna intentional_error_test.wafl je:

{
sectionName: "array",
tests: [
wt::testEq( [#2,4,6,8,10#][0] , 13),
wt::testEq( [#2,4,6,8,10#][0] , 2)
]
3 q
sectionName: "tuple",
tests: [
wt::testEq(
{#2,3.0,'a",[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8,'bca',7.7,0, 'afd"',7#}.2 , 3 ),
wt::testEq(

{#2,3.0,'a',[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8, 'bca',7.7,0, 'afd',7,3.8, 'fail',0#}.1 , 2 )
]
|

->wt: :reportResults()

where {
wt = library file 'Test.wlib';
}

A u3BpiuaBamwe HaM faje ciefehu ucnuc y u3BelTajy:

File testCollection\syntax_constructs\intentional_error_ FAIL! Program error!

OBO je o4YeKHMBaH pe3yJITaT, jep NIpU UHTepHpeTUPamy NPBOT TEeCT-CJAy4aja U3 JApyre
cekuyje Jgosasu A0 nopehemwa esnemeHaTa JBa pas/MydTa TUNA (peajHOT U
11eJI00pOjHOr), ITO HUje J03BOJbeHO. [IpucyTaH je U TecT-cjy4aj KOjU je HalKUCaH TaKo
Jla He NIpoJia3y, OJHOCHO /1a BpaTH HeTavyaH pe3y/aTaT (IIPBU TECT U3 MIPBe CeKIlvje), alu
rpelika NpU HM3BpLIABalky IporpamMa TO INpPUKpUBA. AKO ce TeCT-Cly4ajeBh KOju
NpOy3pOKyjy OBaj Hpo6JieM He U3BpIle, HIP. aKo Cy I0J, KOMEHTapoM, Kao y
intentional_failure_test.wafl:

[{
sectionName: "array",
tests: [
wt::testEq( [#2,4,6,8,10#][0] , 13),
wt::testEq( [#2,4,6,8,10#][0] , 2)
1
3o

sectionName: "tuple",
tests: [
//wt::testEq(
{#2,3.1,'a",[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8, 'bca',7.7,0, 'afd',7#}.2 , 1.3 ),
//wt::testEq(
{#2,3.0,'a',[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8, 'bca',7.7,0, 'afd',7,3.8, 'fail',0#}.1 , 2 )
1
]

->wt: :reportResults()

where {
wt = library file 'Test.wlib';
}



20

OH/Ia Ce pe3yJITaT HeYCIelIHOT TeCTUPaba BUAU Y U3BELITA]y y ciefeheM 06/UKY:

File ...\intentional_failure_test.wafl ................. FAIL! Pass 1/ 2
SeCtion array tiiiii ittt i i i e FAIL! Pass 1 / 2
* FAIL: wt::testEq( [#2,4,6,8,10#][0] , 13)
==> 2 =13
OK: wt::testEq( [#2,4,6,8,10#][0] , 2)
Section tuple ...ttt it i e oK! Pass © / ©

OBuM mpuMepuMa je onucaHa ¢opma ajioBa ca TeCTOBUMAa U U3TJe[ U3BeLITaja O
TeCTUpamy, y pa3JIM4YMTUM OKOJIHOCTHUMA, 11a he 0 ToMe O6UTHU Makbe pedu y la/beM paay.

2.5. Jlucte U HU30BU

HcnuTtaHo je 28 ¢yHKuMja 3a paj ca Jucrtama, kpo3 128 TecT-ciaydajeBa. Behuna
TecTUpaHux QYHKIMja 3a pajJi ca HU30BMMa NOJpXKaHA je TeK y KacHUjuM ¢aszama
TecTUpawa. OHe cy UMIIJIEMEHTHUPAHe 10 y30py Ha nocTtojehe GyHKIMje Be3aHe 3a JIUCTE.
Ycnepn Tora je paj ca HU30BUMa MCIIMTAH 0 Y30py Ha TeCTUpPakbe Be3aHO 3a JIUCTE, Y3
ynoTpeby HU30Ba y oArosapajyhuM TecT-cay4yajeBUMa. Y HacTaBKy he OUTH pa3MaTpaHu
IIPBEHCTBEHO TeCT-CJy4ajeBU Yy KOjUMa Ce jaBJbajy JIUCTe jep Cy YIpPaBO OHU JOBeJU 10
OTKpHUBaka OpPOjHUX MPOMYCTa.

dyHKIHMja count IPUXBATA JIMCTY U JIOTUUKU NpPeJUKAT, a pe3yJiTaT je 6poj eieMeHaTa
JIUCTE 3a Koje je 3aJlaTW NpeAuKaT TadaH. [I[puMeheHa je Hemoc/seJHOCT MOHallAHkA
dyHKIIMje KaJa je yJla3Ha JIMCTA Mpa3Ha:

® 103UB count([], \x:x>@) Bpahao je BpeaHocT 0, ITO je 0OUEeKUBAHO, jep Mpa3Ha
JINCTa HEMA eJIEMEHATa, 1a HU OHHUX eJieMeHaTa Koju cy Behu oz Hy1a;

® TO03UB count([], \x:x=x) HHje Bpahao pesysTaT, Beh je AOBOJUO [0 TpelIKe y
M3BpIIaBaBy

dyHKUMja append KOPUCTM Ce€ 3a HaJlOBe3WBakbe J[iBe JIKMCTe. [IpUJIMKOM HeHOor
TeCcTHpawa, NpUMeNeHo je /la ce He MOHAIlla UCIIPABHO 3a yJla3He BPEeJHOCTH 0/ KOjUX je
jeHa pa3Ha JIMCTA, Koja ce y mporpaMckoM je3uky Wafl o3Ha4yaBa ca [] uiu nil. [lo3uBu
append(nil, [1,2]), append([1,2], nil) ¥ append([],[]) YHyTap TeCTOBa AOBOAHWUJHU Cy OO
rpelke.

dyHKIMja intRange CIYKHU 3a MpaBJ/belb€ JIMCTE 1eJIMX OpojeBa, TakBe Jja CaJp>KU CBe
YJIaHOBE I10J1y-3aTBOPEHOr MHTepBaJia 3aJaTor yJa3HUM BpeJHocTMMa. Ha mpumep,
pe3yJTaT MO3UBa intRange(0,5) je [0,1,2,3,4]. TecT-cay4ajeBU ca Henmpa3sHUM JIMCTaMa
HUCYy 3aHUMJ/bUBHU (jep TH TeCTOBU IMpoJiase), aju mnopehewe pedysraTa mnosuBa
intRange(5,5) €a Mpa3HOM JIUCTOM Bpahaso je BpegHOCT false. OBaj mpobGJieM je y
MehyBpeMeHy OTKJIOH€EH U 0Baj TECT Ca/ia MPoJiasHu.

dyHKIM]ja empty, KOja IpOBepaBa /Ja Jiv je JIUCTA Mpa3Ha, HUje ce UCIPaBHO MOHallaaa
Ka/la je lbeH apTyMeHT Npa3Ha iucTta. Takobhe, dyHKIHja length, KOja 3a AaTy JIMCTy Bpaha
HEeHY JY>KUHY, OZJHOCHO 6pOj esieMeHaTa JIMCTe, Bpahasa je rpeuiky npujinKoM NpuMeHe
Ha npasHy JucTy. Huje 6uio Mmoryhe HU NpoBepUTH Jia JiM NIpa3Ha JIMCTA UMa BUILE OJ,
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HyJla eJleMeHaTa, KopuitheweM PyHKIMje longerThan, HUTH U3BOjUTH NOJJIUCTY Ipa3He
JIUCTe, KopullheweM QyHKLUje subList. [loKylIaj copTUpama npasHe JUCTe, PYHKIIUjOM
sort, JOBOJIMO je [0 rpelike. HeKu o TOMeHYTHUX TeCT-Cay4yajeBa Cy:

wt::test( empty([]) ),

wt::testEq( [].length() , 9),

wt::test( [].longerThan(@) ),
wt::testEq( sort([]1) , [1)

BaxkHO je HamOMeHYTH [Jla Cy CBe HaBejeHe QyHKIUje A06pO M UCIPABHO pajuiie y
IporpamMuMa, a y TeCTOBMMA je J0JIa3WJ0 0 rpelike 360r mpo6JeMa ca MpPOBEPOM
TUnoBa. Ha mpuMep, mo3uB empty([]) je AOBOAWO [0 TpelIKe, IITO je OTKPHUBEHO
TeCcTOBUMA. Y Mmporpamy, TakBa ynoTpeba ¢pyHKiiMje HeMa CMUC/Ia, Beh ce jaB/ba M03WB
HOMYT empty(t1([1])), ¥ KOjeM NpPH HHTEPHpeTHpamy He J0Jla3u [0 mpobJyema ca
npeno3HaBalkbeM THUIIOBA. 3a CBe HaBeZleHe Mpo6JeMe ca MpPa3HUM JIMCTaMa je
3ajeTHUYKO Jla Cy TO TECT-C/y4dajeBH KOJ KOjUX NMPU UHTEpPIpeTUpPaby He MOXKe Jia Ce
YCTaHOBH THI eJieMeHaTa JIUCTe.

@yHKIMja newArrayFn, KOja IPaBX HU3 W YHjU CYy apTyMeHTH BeJIMUMHA HU3a Koju he 6UTH
HamnpaB/beH U QYHKIMja YUjoM he MpUMEHOM Ha MHJEKC ejeMeHaTa OUTU A00UjeHHU
CaMH eJIEMEHTHU HHU34d, TeCTHUPaAHa je CﬂeAEhI/IM TeCT-CJIy‘{ajeBI/IMa:

wt::testEq( newArrayFn(0,\x:x+2) , [##] ),

wt::testEq( newArrayFn(3,\x:x+2) , [#2,3,4#] ),

wt::testEq( newArrayFn(18,\x:x*e) , [#0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0#] ),
wt::testEq( newArrayFn(5,\x:x*3) , [#0,3,6,9,12#] )

OHa ce moHamajJa MPABUJIHO, ajJu ynotpeba OYHKIUje newArrayFn_par, KoOja je
MMIJIEMEHTHPAHA ca [[U/beM IapaJsiesin3aliyje u3padyHaBamba U OpKer Jo6Hjamkba UCTOT
pe3yJ/ITaTa Kao U newArrayFn, IOBOJIMJIA je 10 TPOTpaMcCKe TpellKe.

[Ipo6s1eM nmpeno3HaBawa TUIIOBA peELIEH je YBoheweM IpaBuJa Ja ce oJpa3yMeBaHO
KOPUCTe JIMCTe LeJuX OpojeBa, KaZjla HUje Moryhe 3ak/by4MTH THUIl eJleMeHaTa JIMCTe.
MUMnieMeHTauuja QyHKLIUje newArrayFn_par je yHanpebeHa. TuMe cy OTKJIOH€HU CBU
ONMCaHU NpobJieMH U y nociaeAwoj Bep3uju Wafl uHTepnperaTopa HaBeJleHU TeCT-
CJly4yajeBHM IpoJiase.

2.6. dyHKIHMje BULIET peja

Y okBUpy TecTUpamwa QYHKIM]ja 32 paj ca IUCTaMa U HU30BKMMa TeCTUpaHe cy QyHKIHje
BUILeT pejia. bux kapakTepuilie TO LITO je jeJlaH 0/, apryMeHaTa QyHKIMja MU JOTUYKH
npeaukart. [Iporpamcku jesauk Wafl nogp:kaBa npuMeHy 0BUX QYHKIIMja HA CEKBEHIIE, C
THM Jla Y OKBUPY OBOT pa/ia HYje IPOBEPEHO MOHAllawke Y paAy ca HUCKaMa. [Ipumepu y
HaCTaBKy OJIHOCe Ce Ha paj ca JIMCTaMa.

dyHKIM]ja map MpUMeYje 1aTy yHapHY QYHKIMjy Ha CBe eJleMEHTe CEKBeHIle, NpaBehu
HOBY cekBeHIy. [locToju u pyHKIM]ja map_par, KOja paiu UCK/bYYHBO ca JIUCTaMa U 4Hje je
u3padyyHaBame Napajeju30BaHo, /v Jaje UCTU pe3yaTaT. KopuutheHe cy ucre yiasHe
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BPeJJHOCTH y TeCTHpamwy OBe JiBe QyHKIHje KaKo OU ce MpoBepuJia 0Ba eKBUBaJIeHIHja.
Heku of TecT-ciy4ajeBa cy:
wt::testEq( (1..5).map(\x: x*2) , [2,4,6,8,10] ),

wt::testEq( [[1,2,3],[1,2],[1]].map(tl) , [[2,3],[2],[]1] ),
wt::testEq( [[],[1,[1].map(tl) , [[1,[1,[11)

CDyHKque foldl MU foldr, Ka0O U IHBHUMa €KBUBAJIEHTHE leftAggregate U rightAggregate,
npuMenyjy AaTy O6WHapHY (YHKIMjy Ha CBe ejieMeHTe cekBeHle. [I[py ToMme, foldl
noJipasyMeBa JIeBYy aCOLMjaTUBHOCT, a foldr JECHY aCOLMjaTUBHOCT IIPU padyyHamYy.
Cnenehu TecT-ciy4yajeBU UIYCTPYjy pa3JivuKe:

wt::testEq( leftAggregate(["ovo","je","test"], \x,y:x+y, ""), "ovojetest"),

wt::testEq( rightAggregate(["ovo","je","test"], \x,y:x+y, ""), "ovojetest"),

wt::testEq( (1..5).leftAggregate(\r,x: x:r, [0]), [5,4,3,2,1,0] ),
wt::testEq( (1..5).rightAggregate(\x,r: x:r, [0]), [1,2,3,4,5,0] )

dyHKIMja filter NpPaBA HOBY CEKBEHIy, NPHMEHOM JaTOr JIOTUYKOI MpeAuKaTa
(ycsioBa), Ha faTy cekBeHly. EnleMeHTH KOju He 3a/10B0JbaBajy YCJOB Ce He Hajlase y
HOBOj cekBeHIIU. Heku of TecT-cy4dajeBa 3a 0By QyHKIIUjy Cy:

wt::testEq( filter([1,2,3],\x:x%3=0) , [3] ),

wt::testEq( filter([1,2,3],\x:x=x) , [1,2,3] ),
wt::testEq( filter([],\x:x>0), []

dyHKLHUje exists U forall MPOBepPaBajy Aa JiM y AaTOj CEKBEHLU NOCTOjU eJIeMeHT KOju
3a/l0B0J/baBa JaTH yCJI0B, OJHOCHO /ia JIU CBU eJIeMeHTH JlaTe CeKBeHLle 33a/10B0/baBajy
JaTtu yciaoB. Heku of TecT-ciydajeBa KOjuMa ce poBepaBa NIOHAlllake OBUX QYHKILHja

cy:

wt::testFalse( [1,2,3].forall(\x:x>2) ),
wt::test( [].forall(\x:x>2) ),

wt::testEq( filter([1,2,3],\x:x%3=0) , [3] ),
wt::testEq( filter([],\x:x=x), [] )

dyHKIMja filterMap KOMOMHYyje MOHallakbe QyHKLHja filter U map. [I[pBO ce Ha garty
CEeKBeHIy IpUMemyje filter ca JATUM JIOTUYKUM NIpeJUKATOM, a IOTOM Ce Ha 100UujeHy
CEKBEHIy IpUMemYje map ca JaTOM YHapHOM PyHKIUjoM. Ciienehu TecT-ciydaj HacTao je
Ha OCHOBY /IBa HaBe/leHa TeCT-Cy4aja 3a QyHKIUje map U filter:

wt::testEq( [#[1,2,3],[1,2],[1]#].FfilterMap(\x: length(x)<3, \x: t1(x)) , [#[2], []1#] )

dyHKIMja zipWith NpaBU HOBY CeKBeHLly NPUMEHOM JaTe OWHapHe ¢yHKIUje Ha
eJieMeHTe /iBe JilaTe ceKkBeHlle. TecT-cay4dajeBy UIYCTPYjy NOHALIabe:

wt::testEq( zipwWith([1,2,3],[4,5,6],\x,y:x*y) , [4,10,18] ),

wt::testEq( zipWith([1,2,3],[4,5],\x,y:x*y) , [4,10] ),

wt::testEq( zipWith([],[4,5,6],\x,y:x*y) , [] ),

wt::testEq( zipWith([1,[1,\x,y:x*y) , [1)

[Tocneawu TecT-cay4aj 3a yHKILUjY zipWith Bpahao je rpemiky 360r paHHje TOMEHYTOT
npo6JieMa npeno3HaBamka TUNOBA. CBe ocTasle pyHKIMje OHAIIAJle Cy Ce y CKJIaJy ca
O4YeKMBalkbMMa TOKOM TeCTUpama.
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2.7. Hucke

Y okBUpY OBe 1leJINHE, KpOo3 274 TecT-cjy4aja, TECTUPAHO je MoHalamwe 27 GyHKIMja 3a
paj ca HMCKaMa, Kao U IpoBepa IPUCTyNla NOjeJMHAYHUM KapaKTepuMa WU
NOJAHHUCKaMa NMPeKO HWHUXOBUX MO3ULMja. YOUEHO je MpoO6eMaTUYHO NMOHAllake KOJ,
Beher 6poja pyHKIIMja U TO Ka/ia je jelaH o1 apryMeHaTa lpa3Ha HUCKa.

dyHKLMje Kao IITO Cy strPos, strlLastPos M strNextlLastPos (M HbHMMa €KBUBaJIeHTHE
dyHkuuje ca "I" Ha Kpajy Ha3MBa, Koje He IpaBe pa3/IMKy M3MeDhy MajuX U BeJUKHX
CJIOBA) CJIy:Ke Jia Ce y aTOj HUCKHY NTpoHahe no3uLMja AaTOr KapaKTepa UM Apyre HUCKE.
TokoM TecTupama, oBe QyHKIMje NOHAlIale Cy Ce Kao Ja ce Npa3Ha HUCKa Hasla3u Ha
Kpajy 61JI0 Koje HenpasHe HUCKe. Ha mpuMep, pe3y/iTaT MO3UBA strlastPos("ovo je test",
"y je 11.

dyHKIHMja strRTrim, KOja U3 laTe HUCKe u36allyje cBe pa3Make ca JiecHe cTpaHe Bpahasa
je rpellKy 3a yJIa3Hy HUCKY KOja je pa3Ha WUJIU Cy CBU lbeHU KapaKTepH pa3Maly.

@DyHKIUje strReplaceAll U strReplaceAlll, KOje Yy AAaTOj HUCKM CBAKO I0OjaB/bUBaHe HEKeE
JlaTe HUCKe KapaKTepa 3aMemyjy AaToM JpyroM HUCKOM. [IpuMeheHo je Beoma 4yJHO
MOoHallake 0BUX QYHKIMja KaJia je TpakeHa HMCKA 3a 3aMeHy mpasHa. [lo3uBu nonyT
strReplaceAll("ovo je test", "","e") IOKpeTaJIU Cy IIPOLEC KOje Tpaje HEOYEeKHUBAHO AYyro
Y Y3MMa IIyHO MPOLeCOPCKUX pecypca. Mcxo v yKyIIHO BpeMe U3padyHaBakba 0CTalIu Cy
HENO3HAaTH, jep je HajAy»u MOKyllaj NPpeKUHYT nocje jeAHOT MUHYTa. [lo3uB dyHKIH]je
strSplit, KOja JileJIM AATy HUCKY KopucTehu faTu cemapaTop, MONYT strSplit(“test","")
Y3POKOBAO je UCTU MPOOIeM.

Heku o TecT-ciy4yajeBa KOju cy yKa3asu Ha IpobJieMe cy:

wt::testEq( strLastPos("ovo je test", "") , 11 ),
wt::testEq( strRTrim(" "y, "),
wt::testEq( strReplaceAll("ovo je test", "", "e") , "eoeveoe ejeee eteeesete" ),

wt::testEq( strSplit("test", "") , ['t','e',"'s"','t"'] )

HakoH oBuX pe3ysaTaTa, ycjaeAuse Cy NONpaBKe HUMIJIEMeHTaluje OUOJIHOTEKe.
MMmnuieMeHTanuja QyHKIMja Koje Tpake MO3HUIMjy AAaTOr KapakKTepa je yHampebheHa,
npo6JieM ca PYHKLUjOM strRTrimj€ YKJIOHEH, @ strReplaceAll, strReplaceAlll M strSplit caZa
Bpahajy TauHe pe3yJ/TaTe y 33/0B0/baBajyhuM BpeMeHCKMM OKBUPHMA.
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2.8. Perysapnu uspasu

/JlBaHaecT QyHKIMja 3a paj, ca peryJjapHUM HM3pasuMa TeCTHpAHO je kpo3 147 Tect-
cy4dajesa.

[Iporpamcku jeauk Wafl KOpucTH CHHTAKCy 3allMCMBaba HUCKU je3uKa C++. To 3Ha4u Aa
ce IpyU HaBohewy NojeIMHUX KapaKTepa Y OKBUPY HUCKe MOpa yIIOTPeOUTH T3B. escape
KapakTep, Kako 64 ce CIpe4yuJio NOCe6HO TyMadewe TUX KapakTepa. Y NporpaMcKoM
jesuky C++, escape kapaktep je "\". /lakse, aa 6u ce 3anrcajia HUCKa Koja ce TyMa4yu Kao
“\" 0L CTpaHe MHTepIpeTaTopa, NOoTpebHO je yHeTH "\\". Takobhe, NIpu npeTpaKuBamby
HUCKe 10 1abJioHy \w+, NO03UB oOJroBapajyhe J¢yHkIUje He MoXe Ja Oyje
regexMatch("test", "\w+"), Beh Mopa OUTHU regexMatch("test", "\\w+").

DyHKIUje regexPosAll M regexPosAlll Bpahajy JIMCTy CBUX IMO3HIMja OJ, KOjUX NMOYUHbE
HHUCKa Mpeno3HaTa JaTUM IabJI0HOM. YoTpeba nmpa3He HUCKE Kao apTyMeHTa OBUX
dyHKIMja “3a3uBaJia je CAMYHO MOHAllake KAao W KoJ, HeKuX QyHKIMja 3a paj ca
HMCKaMa, Irie ocJje Ayro BpeMeHa v IIyHO 3ay3eTUX pecypca HeMa HUKaKBUX pe3yJiTaTa.
Ha npumep, N03UB regexPosAll('abc',' ") JOBOAHO je A0 TOT nMpobjema.

MHoro 3aHUMJbHBU]jE 0J] TOTa, J00UjeH je ciaenehu pe3yaTaT 3a jefaH N03UB QyHKIMje
regexPosAllI:

* FAIL: wt::testEq( regexPosAllI('aBc@9 AbcCes8','[A-Z]') , [0,1,2,6,7,8] )
==> [e, 1, 2, 7, 8] = [0, 1, 2, 6, 7, 8]

OBa ¢yHKIHMja 6U Tpebaso Aa 3aHEMapu pas3JjUKy HM3MeDy Majior U BeJMKOI CJIOBA.
[[1a6JsioH [A-Z] y TOM c/y4ajy Tpeba Aa Npoy3poKyje Mperno3HaBambe CBUX CJI0BA Y OKBUPY
JlaTe HUCKe “aBc@9 AbCe8”, KOja ce HaJsa3e Ha nosuuujama 0, 1, 2, 6, 7 u 8, mehytum
dyHKIIMja He Tpeno3Haje cjoBo ,A“ 1 Bpaha HeTayaH pe3yJiTarT.

Jlasba aHa/1M3a Jl0BeJIa je 10 3aK/by4Ka Jja Ipo6sieM notude us C++ 6UGIMOTEKe <regex>,
y oKBUPY npeBoguona Microsoft Visual Studio 2017. UmMnieMeHTanuja GyHKIHja 3a paj,
ca peryJlapHMM u3pa3uma jeauka Wafl ce ocsiamba Ha OBy 6U6JIHOTEKY.

Jla/be mpoydyaBame OBOT Mpo6GJeMa J0BeJso je 10 3aK/bydyKa Jia je mpobJieM y camoj
o6ubsauotenuu MSV(C!7, yuja ce dyHKIMja HeENOCpeJHO KOPUCTH Yy MMILJIEMEHTaLUju
regexPosAllI, Kao M OCTa/IMX QYHKIIUja 3a paJ ca peryJapHUM u3pasuma.

Ykazasa ce notpeba 3a AoJ4aTHUM QYHKIMjaMa, regexSearchAll U regexSearchAlll, KOje Cy
JloJlaTe y OCHOBHY 6ub/roTeKy jesuka Wafl u Takohe cy obyxBaheHe TecTOBUMa.

CBU omucaHu NMpPo6JEMHU Cy YKJIOHEHH, a OHU AUPEKTHO Y3POKOBAHU OHOJIMOTEKOM
Microsoft Visual Studio 2017 cy HecTanu yBoheweM 6ubaunoteke Microsoft Visual Studio
2019 y ynotpeby. I[lpumeheHo je nga je yciej oBe MNpomMeHe pe3yaTyjyhu Kof
uHTepnpertartopa clwafl u 0 40% crnopuju Ha onepaTUBHOM cuctemy Windows.

17 UMnieMeHTaLMja cTaHAapAHe 6MOJIMOTEKe TPOTPaMCKOT je3uka C++, JOCTyIIHA Ha
https://github.com/microsoft/STL, Kojy oAp:kaBa KoMnaHuja Microsoft.
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2.9. Pap ca pajn-cucrtemom

[Toctynak TecTupama paja ca ¢pajyi-cucTeMoM je cneniMdpuyaH, jep ce HeKe o) GyHKILHja
THU4y noctojehux ¢ajsoBa U AMpPEKTOPUjyMa, Tj. IPOBEPABA]jy [ia JIM OHU [1I0CTOj€E, MEHAjy
ux Wiam 6puuly. To y mpakcy 3Ha4M Jja ce HeKe oJi pyHKIIMja Koje ce TeCTUpajy Mopajy u
YIOTPEOUTHU 3a NpUIPEMYy CTPYKType Koja he 6uTu kopuiiheHa 3a TecTHpamwe. Y
CYyIIPOTHOM, YCIIeIIHO TeCTUpame OM MojApasyMeBasio U3MeHY CTamwa (aja-cucTeMa o/,
CTpaHe KOPHUCHHUKA Ipe TeCTUpama, Tj. Aa KOPUCHUK 00e36eaU Ja nocTtoju ¢paja uiu
JUPEKTOPUjyM KojeM Tpeba NMPUCTYNUTHU MU ra obpucaTu. To HUje NpPUXBAT/bUBO
pellere 3a TeCTUPame Koje ce jaKo 4eCTo II0HaBJba.

Jlakoha kopuiihema je, fakie, o6e36eheHa HaylITPO jeAHOT O MET NPUHIMIIA HCAKA
TeCTOBa jeIMHMIIA KOJia O KOjUMa je 6UJI0 peud Ha MoYeTKy norjassba. CeKiiyje y o0BoM
dajny ca TecToBUMa MpeJCTaB/bajy KOpaKe MpaB/belha W YKJakama NpPUBpeMeHe
CTpyKType daji-cucteMa. Heycnex y jenHoj o cekuiyja he BepoBaTHO MpoOy3pOKOBaTH
Heycliexe U y HapeZJHUM. YU TaB npoliec u3rJjeza 0Bako:

e [poBepaBa ce Jla He nocToju $ajJi ca HaBeJJeHUM UMEHOM

e HampaBu ce $ajs ca TUM UMEHOM

e [pOBepaBa Ce Jla ca/ia IOCTOjU TaKo Ha3BaH ¢aj

® 4MTa Ce U3 Hera U Nullle ce y kbera

e Opulie ce

e [pOBepaBa Ce Jla He MIOCToje JUPEKTOPUjYMH KOoju Tpeba Jja OyAy HanpaB/beHU
® [paBU Ce JUPEKTOPHUjYM Ca HABEJIEHUM UMEHOM U y lheMY JIBa IUPEKTOPHUjyMa
e [IpoBepaBa Ce a CBU TU JUPEKTOPHUjYMHU Cajia IOCTOje

e [poBepaBa ce Jia je CTPYKTypa daja-cucTeMa OHAKBA KaKBa ce 04eKyje

e Opully ce HAaNPaB/beHU JUPEKTOPUjYMH

[1aBHM H3a30B je OUO reHepucame CAy4ajHUX Ha3uBa 3a NpuBpeMeHe ¢ajioBe U
JIUPEKTOPUjyMe, KaKo He 61 JouLI0 A0 npobJieMa ycaes MOryhux 3a0CTaux npejMeTa
NPEeTXOJHUX TecTUpawa. TuMe ce Takohe cTBapa MOryhHOCT mapasesu3alnuje
TeCTHpama, jep y TPEHYTKy M3BpllaBalba BUIle TeCTOBA He Jl0J1a3d JI0 KOJIU3Hje
M3a3BaHe yIoTpebOM M eHTUYHUX Ha3uBa $ajsoBa U JUpPeKTOpUjyMa. 3a OBY CBPXY, y
NPBOOUTHO] UMIIJIEMEHTALUjH, YIIOTpPeO/beHa je QyHKILHja fileNewTempName. OHA MpaBU
HOBU, HACYMUYHO UMEHOBaHHU, puBpeMeHU dajn y aupextopujymy Templé u Bpaha
HeroBY allCoOJYTHY NyTamwy Kao pe3y/Tar. [IpaB/bere MMeHa NpUBpPEMEHUX YHHUJIALA
daj-cuctema 6uo je ypaheHo Ha ciaefehu HauuH:

t = fileNewTempName();

tempFile = t.subStr(t.strLastPos('\\')+1, 5) + '.txt';
tempDir = 'testDir' + t.subStr(t.strLastPos('\\')+1, 5);

18 Ha onepaTuBHOM cucteMy Windows, oBJie ce CMellTajy CBM NpUBpeMeHH $ajoBu. ATNICOIyTHA NyTakkba
Jl0 OBOT JUPEKTOPHjyMa Ha MOM padyHapy, NpuMepa paju je C: \Users\Nikola
Ninkov\AppData\Local\Temp. Ha onepaTuBHOM cucteMy Linux, dyHkuHja fileNewTempName ce MmoHala
WJIeHTUYHO, C TUM Jla Ce TpUBpeMeHH $ajs1 cMelITa y AUPEKTOPHUjYM HaMekeH 3a TO, IUITO je 06UYHO

/tmp.
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W3 ancosyTHe nyTame ce U3/Baja uMe ¢ajJa, a 3aTUM Ce yKJamwa nocrojeha ekcreHsuja
(-wafl) v fofaje ekcTeH3Uja 3a TEKCTYaHU daja (.txt).

Huje 6110 HeyclelIHMX TeCTOBA IPU TECTUPAlby Ca OBAKBOM MMIIJIEMEHTALU)jOM, AU y
H0j UMa 036U/bHUX IponycTa. HauMe, y nporpamckoM jeauky Wafl He nocToje riiobaiHe
IpOMeH/bHMBe. Y HaBeJeHOM IpUMepy KOJQ, tempFile M tempDir HMMajy CEeMaHTHUKY
dyHKIHja, caMUMM THUM Ce M3padyHaBajy CBaKM NyT KaJia ce NojaBe y TeCcT nporpamy. To
3HauM Jla ce U t Takohe U3payyHaBa MOHOBO, Aajyhu HOBO MMe NpPHU CBAaKOM IO3UBY.
Takobe, oBako Jj061jeHa UM€EHA tempFile U tempDir HUCY 06aBe3HO HemocTojeha.

N3MemeHO pellerme KOPUCTH eKCIUIMLMTHO 3aJaTa MMeHa NpUBpeMeHUX ¢ajioBa U
JupeKkTopujyMa. HeMHTyHMTHBHA CUHTAKCA je IPOMemeHa TaKo Jja tempFile U tempDir OYAY
npeJCTaB/beHU Kao PYHKIHje 6e3 apryMeHaTa, Kako ce ¥ IOHalIajy:

tempFile() = 'Ullerly d3spicdble file name2021.txt';

tempDir() = 'Utt3rly desplcabl3 _dlrectory name2021';

subDirl() = 'Utt3rly_desplcabl3_dlrectory_name2021\\subDirl';
subDir2() = 'Utt3rly _desplcabl3_dilrectory_name2021\\subDir2';

filel() = 'Utt3rly_desplcabl3_dilrectory_name2021\\subDirl\\filel.txt";
file2() 'Utt3rly_desplcabl3_directory name2021\\subDirl\\file2.txt';

Takobe, pyHKIH]ja fileNewTempName Cajia ce MO3MWBA CaMO je/JHOM 3a BpeMe IIeJIOT TecCTa,
KaKo 64 ce MPOBEPHUJIO J]a JIM 3aUCTa TPaBU NpUBpeMeHHU dajJr:
{

sectionName: “fileNewTempName™,
tests: [
wt::test( regexPos(fileNewTempName(), ‘wafltmpfile’) >= 0 )

}

OBako M3MeHEeHU TECTOBU NPOLLIU Cy 6e3 HHIUJEeHaTa Ha ONepaTHUBHOM CUCTEMY
Windows, anu Ha omepaTHBHOM cucteMy Linux, koju jeauk Wafl Takohe mojp>kaBa,
TEeCTOBU HUCY MpoJsa3uid. [lpenusHuje, pesysTaTu nosuBa ¢QyHKIUja HUCY OWIHU
WJEeHTUYHU OYEeKMBAHUM pe3yJTaTUMa y TeCT-ClAy4dajeBUMa, a CBe ollepaluyje Hap,
cucteMoM (ajsioBa Cy pajuiie UCOPABHO. Y3POK HeOUYEKUBAHUX pe3yJiTaTa Cy OUIU
cermapaTopy y MMeHMMa IpUBpeMeHUX PajioBa U JUPEKTOPHjyMa, KOjU Cy 3aBUCHU OJ,
miatpopme. Kako 6u ce usbersa 3aBUCHOCT Of miaTGopMe U UCTU TECTOBU MOTIJIH
HEOMeTaHO /la ce W3BpIllaBajy Ha 00a onepaTHBHA CHCTeMa, HEONXOJHO je 6u0 Hahu
HAaYUH 3a OYUTaBale CTawkba OKPYXKewa y KojeM ce mporpaM usspuasa. OBo je
omoryheHo yBohemweM HOBe QyHKIIUje sysEnvDetails Y OCHOBHY 6UOIMOTEKY je3nka Wadfl,
KOja Kao pe3y/aTaT Bpaha kapaKTepHUCTHUKe U3BPLIHOT OKpYyKewa. KO y kojeM ce 3azajy
MMeHa NpUuBpeMeHUx $ajioBa U AUPEKTOPHjyMa Y KOHAYHOj UMILJIEMEHTALUjU U3TJe/ia
OBaKo:

tempFile() = 'Ullerly_d3spic4dble_file_name2021.txt"';

tempDir() = 'Utt3rly desplcabl3 dlrectory name2021';
subDirl() = 'Utt3rly_desplcabl3_dlrectory_name2021' + sep() + 'subDirl';
subDir2() = 'Utt3rly desplcabl3 directory name2021' + sep() + 'subDir2';

filel() = 'Utt3rly desplcabl3 dilrectory name2021' + sep() + 'subDirl' + sep() +
'filel.txt';
file2() = 'Utt3rly desplcabl3 dilrectory name2021' + sep() + 'subDirl' + sep() +
'file2.txt';



27

sep() = sysEnvDetails()$dirSep;

OBako mapaMeTpu30BaHa MMeHa Cy He3aBUCHa oJ miatdopMe. [IpumeheHo je u ga
Ha3uBH (ajyioBa 6e3 cenapaTopa HUCY OUJIM TpobeMaTUYHHU. TUMe Cy CBU IPOOJIEMU Y
TeCTHUpay OBe rpyne GyHKIUja pelleHH.

2.10. KoHBep3uja Tunosa

YoueHo je HEKOJIMKO pob6JeMa Npu pajy ca pyHKIMjaMa 3a KOHBEP3Ujy TUIIOBA.

[IpaB/beme Npa3HOTr HU3A O/ Mpa3He JIMCTe, PYHKIUjOM asArray, KAO IPABJ/beHE MIPa3He
JIUCTE O] Mpa3HOT HU3a, QYHKIMjOM asList HUje 6u0 Moryhe, oAHOCHO ciefiehu TecT-
c/ly4ajeBU JJOBOJUJIM CY 10 NPOrpaMcKe IpeLIKe:

wt::testEq( [].asArray() , [##] ),
wt::testEq( [##].asList() , [] )

[IpusvkoM npebalBamba JIMCTE HUCKU Y HUCKY, jaBUJIa Ce Tpellika NpPU HW3BpIlaBakby
TeCcT-cay4Yaja

wt::testEq( ['a','b","'c"'].asString() , "[\'a\', \'b\', \'c\']" )

pe3yJsiTar je 6u0 '[a, b, c]',aHe '['a', 'b', 'c']'./lesnyje 6e3a3yieHO, a1 IPU OBOM
ryOUTKY 3HaKa HaBOJa 3alpaBo Ao0Ja3u [0 TyOMTKa MHbopMaliMja — He 3Ha ce Ja je
HOBOHACTaJ/Ia HUCKA 3aIKC JIMCTE HUCKH, MOIITO a, b ¥ ¢ MOTY 6UTH GUJIO IITA.

[IpusinKoM npaB/berha HUCKE 0/] CJIOra, yOUeHO je HecTajarbe 3HaKa HaBo/la U MpOMeHa
cenapaTopa cjora. Tect-ciy4aj

wt::testEq( {# 64, 6.40000, 'qqq' #}.asString(), '{# 64, 6.4, \'qqq\' #}' )

NpUjaB/bUBa0 je TpelIKy, jep je pe3yaTaT OUO '{ a:64; b:6.4; c:qqq }', YMECTO
O4YEKUBAHOT '{ a:64; b:6.4; c:'qqq" }'.

Jla/’boM aHa/1M30M yTBphEHO je J1a je 103BO/beHO KOMOUHOBaWe cenapaTtopa (, Uiu ;) u
3HaKa Jjofiesie (: UM =) Y OKBUPY UCTOT CJIOTQ, A je HEeLITO MONyT { a=6, b:7; c=9 }
yCIeLIHO MPOoJIa3nJio IpeBoheme.

[Ipu pagy ca HUCKaMa, PyHKIMja asString je U3MEHEHA TAKO Jla UyBa HAaBOJHUKE TJie je
TO MOTPeOHO, KaKO He OU J01LJIO 10 TYOMTKAa MHPOpMaIiMja, a IpU pajly ca CJIOTOBUMa,
yBeK KOPUCTU CelapaTop , M 3HAK JoJeJsie =. 3a 3allMCUBame CJI0r0Ba, YBEJAEHO je
NpaBUJIO Ja NMPBU YNOTpebG/beHU cenapaTop U MpBU ynoTpeb/beHU CUMOOJ Jojesie
JleGUHHUIIY CHHTAKCy Ha HUBOY TOT CJIOTa, KaKo OU ce MOCTUTrJIa yCKIaheHOCT y 3alucy,
6e3 yMamema 6poja JoCTYMHUX CTU/I0BA MHCaba.
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2.11. ®yHkuwMje 3a paj ca 1eJIOOPOjHUM TUIIOM

Tectupane cy naBe ¢yHKIMje 3a paj ca LeJUM OpojeBUMa U OTKPHUBEHO je JIOIIe
noHauawe QYHKIH]je random, KOja CJAYKH 3a U360p cy4yajHUX OpojeBa.

dyHKIMja y3MMa je[JHY 11eJ100pOjHY y/aa3Hy BpeJHOCT A ¥ Tpeba Jja BpaTH HACYMUYHO
n3abpaH 6poj o 0 1o A-1, ako je A>2,ay cynpoTtHoM 0. [Ipu mo3uBuUMa random(@) M random( -
9) Jl0J1a3uJIO je [0 HeAedUHMUCAHOT MOHAllaka, IPU YeMy Ce HUje A06Hja0 HUKaKaB
pes3yJiTar.

[loHalawe je HcOpaB/beHO y HApeAHO] BeP3WjU HUHTEPHpeTaTopa, MpPOUIMpEeHEeM
JeduHunuje GyHKIU]je, TaKo Ja caesehu TecT-ciayvajeBy Bpahajy TadyHe BpeJHOCTH:

wt::testEq( random(®) , © ),
wt::testEq( random(-0) , @ )

2.12. ®yHK1Mje 3a paj ca peaJJHUM TUIIOM

Tectupano je 17 pyHkuuja, kpo3 91 Tect-cayya;j.

HcnuTtaHo je moHauawe QYHKIMja 3a 3a0KpyI/bUBakhe KaJla je apryMeHT BPeAHOCT
6/1MCKa HYJIU:

wt::testEq( round(0.00000), 0 ),
wt::testEq( round(-0.00000), 0 ),
wt::testEq( round(0.000001), 0 ),
wt::testEq( round(-0.000001), 0 ),
wt::testEq( ceil(0.00000), 0 ),
wt::testEq( ceil(-0.00000), 0 ),
wt::testEq( ceil(@.000001), 1 ),
wt::testEq( ceil(-0.000001), 0 ),
wt::testEq( floor(0.00000), 0 ),
wt::testEq( floor(-0.00000), 0 ),
wt::testEq( floor(0.000001), 0 ),
wt::testEq( floor(-0.000001), -1 )

[IpoBepeHO je U MoHallalkhe TPUTOHOMETPHUjCKUX QYHKIIMja 3a HEKe KapaKTepUCTUYHE
BpPeJHOCTU:

wt::testEqEps( sin(0.9) , 0.0 , eps ),

wt::testEqEps( cos(0.9) , 1.0 , eps ),

wt::test( abs(1l.0+cos(pi)) < eps ),
wt::test( abs(tan(pi/4.0)-1.0) < eps )

... Ipy 4eMy je HUKe y dajiy AeduHUCaHO:

eps = 0.0000000001;
pi = 3.1415926535;

CBM TeCTOBM IpoJia3e U HUIITA Be3aHO 3a MOHalllake caMuX QyHKIHja He 3aBpebhyje
noceGHy AUCKYycHjy, MehyTuM, lo/laBabe Hau3rJe[, 6e3a3/ieHor KOMeHTapa y je/ilaH of
HaBeJIeHUX TeCT-CJy4dajeBa:

wt::test( abs(l.0+cos(pi)) < eps ) //cos(pi)=-1
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JIOBOZIU J10 TyIliamha LIeJIOT TecTa:

File testCollection\float_functions.wafl ............... FAIL! Program error!

CucteMoM eJlMMMHAaLMje, 3aK/bYYEHO je Jia [0 rpellKe J0Ja3u 360T 3aTBOpeHe 3arpaze
y KOMeHTapy. /leTa/bHUje obOjallmerme je Ja ce NPUJIWKOM IpeTHpoLecupama TecT
nporpaMa NnpenosHa U KOMeHTap Kao Jleo Nno3uBa QyHKIMje, a Y3POK je HeJJoCTaTaK y
peryjapHuM H3pa3uMMa KOjUMa Ce BpLIM aHalu3a Koja. Y Ja/beM pajy HUje OGUIIO
HaBohewa KOMeHTapa Iocje nos3uBa QyHKILHja 3a TeCTUpawe, Kako 60U ce u3berJso
MCII0/baBakbe OBOT NP06JieMa, KOjU HUje pellleH 3aK/bY4YHO ca NOoCc/aejlbOoM OUOIU0oTeKe
3a TeCTHUpame.

2.13. Oneparopu

Y okBUpYy OBe 1leJIMHE, Kpo3 Bule o7 500 TecT-cay4yajeBa, TECTUPAHO je 27 onepaTopa
nporpamckor jesuka Wafl. BehvHa omnepaTopa Moxe ce KOPUCTUTH U Y OOJHUKY
(1)yHKLU/Ije, HIIP. operator+(argl, arg2) je eKBUBAJIEHTHO argl + arg2 U OBa OCOGHHA je
npoBepeHa. TecTupamwe je 06yXBaTUJIO0 U HeKe ,[paHUYHE" TeCT-Cjy4dajeBe, 0OJJHOCHO
VUCIIMTUBaWke IOHAalllakha NpPU pasy ca BpeAHOCTHMA Koje MOTY OTKPUTHU MaHe V
MMIlJIEMEHTALUjU U 3aXTeBajy 0CEOHY NAXKHbY.

OnepaTop <<, KOjH JIaTH 1ieo 6poj moMepa yjaeBo 6UT-M0-6UT, UCIIUTAH je Y Cay4ajy Kajaa
O0BO IIOMepambe JOBOJHU J10 ,McClaJamka“ OUTOBa U3BaH rpaHulia 64-6UTHOT Olicera:
wt::testEq( 65535<<47 , 9223231299366420480 ),
wt::testEq( -65535<<47 , -9223231299366420480),
wt::testEq( 65535<<48 , -281474976710656 ),
wt::testEq( -65535<<48 , 281474976710656 ),

wt::testEq( 65535<<49 , -562949953421312 ),
wt::testEq( -65535<<49 , 562949953421312 )

OnepaTop ++, KOju Ha/ioBe3yje JIBe JIUCTe, TECTUPAH je y pajly ca MPpa3HUM JIUCTaMa:

wt::testEq( [1,2]++[] , [1,2] ),
wt::testEq( []++[1,2] , [1,2] ),
wt::testEq( []++[] , []1 )

OnepaTopH = U ==, KOjU Cy €EKBUBaJIEHTHHU Yy NporpaMckoM jeauky Wafl, Tectupanu cy Haj,
CBUM THUIIOBHUMA je3UKa.

OnepaTop yHapHe Heraluje, -, TeCTUPaH je 3a yJ1a3Hy BpeaHocT 0:
wt::testEqEps( -(0.0) , 0.0 , 0.0000000001 )

YHpKoc yJ10)keHOM TPYAy, HUCY OTKPUBEHE HENIPAaBUJIHOCTH y 0BOj LeJINHHU.
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2.14. Marme

YHpOFpaMCKOMje3HKyVWUTHeHOCTMeCHHTaKCHHHHTepaHHTHHamamHaceCBaKaMaHa
MOpa HallpaBUTH NO3UBOM d)yHKL[I/Ije createMap:

{
sectionName: "JoinValueSets",
tests: [
wt::testEq( JoinValueSets(ml,m2) , ml2 ),
wt::testEq( JoinValueSets(m2,ml1) , m21 ),
wt::testEq( JoinValueSets(ml,e) , ml ),
wt::testEq( JoinValueSets(e,ml1) , ml ),
wt::testEq( JoinValueSets(e,e) , e )
]
¥
ml = createMap([#'a','b"#],[#'1",'2'#]);
m2 = createMap([#'c"', 'd"#],[#'3','4"'#]);

g = createMap([##], [##]);

['lo6asiHe MpoMeH/bHBE TaKohe He OCTOje, KAao LITO je paHUje IOMEHYTO, TAKO Jia ce P
CBAKOM TeCTYy IpaBe OHe Malle Koje Cy HaBeJleHe Kao apryMeHT pyHKIMje. CBaKH TeCT-
c/1y4aj U3 MPUKa3aHoT Ko/ia Y3POKYje MpaBJ/bebe TPHU Marlle.

Tokom TeCTHUpPAkad, OTKPHUBEHO je Aa Cl)yHKLU/Ije JoinValueSets, RemoveFromValueSet H
UpdateValueSet HE pajJe KaKo Tpe6a, OJJHOCHO HHXOBO MO3UWBake He JOBOJAU 10 OUJIO
KaKBOT pe3yJ/iTaTa, HUTH [IpUjaBe IrpelikKe.

[TonpaBKaMa MHTEPNPETATOPA, OTKJIOWHEHH Cy NpobJsieMHu U cBUX 13 dyHKIMja 3a paj ca
MaraMa ce MmoHalla IpaBUJIHO Y MOC/e/[H0j BEP3UjH.

2.15. Ocrane ¢pyHKIHje

Ha camoM kpajy nporieca TecTUpamwa, UCIUTaHe Cy IpeocTasie rpymne yHkKIiuja.

TecTupamwe ycl0BHUX M3pasa if M switch 3aCHOBAHO je Ha NpHMepy Kopulihewa
YCI0BHUX U3pasa, npey3eToM ca Beb-cTtpaHuuel® Wafl Tutorial. PyHKLMja repeatUntil
Takobe je KCIUTaHa Y OKBUPY UCTOT TecTa. Hucy youeHe HeMpaBUIIHOCTH.

[locneawa Bep3dja UHTepIipeTaTopa oMoryhaBa kopuiihemwe nojesuHux GyHKIHja 3a
JlebaroBambe: debugon, debug0ff, debugIsOn U debugState, IOMONY KOjUX Ce MOXe YK/bYYUTHU
WA UCK/BYYUTU JiebaroBambe U NPOBEPUTH Jia JIM je JlebaroBame YK/by4eHO HJIU
uck/bydeHo. CBe ¢pyHKIMje Bpahajy HeU3MeeH apTyMeHT, I'ie OH IOCTOju. Y CKJIaay ca
THUMe, TeCTUPAHO je ’bUX0BO NIOHALlake U YCTAaHOBJ/bEHO Jla HEMa HUKAaKBUX IIpo6JsieMa.

19

http://poincare.matf.bg.ac.rs/~smalkov/wafl/tutorial/tut 02.Program%20Structure 11
.Conditional%2@Expressions.html
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WcnpaBHO noHamamwe QyHKIMja 3a KOJUpalke HUCKM KapakTepa je yTBpheHO HaKOH
MaJsie 3a0yHe Y3pOKOBameM NpPHKasa jeJHOT OJ CleliujaJIHUX KapaKTepa y KOMaH/HOj
JuHUju. Haume, kapakTtep uuju je ASCII xon 127, koju npeactaB/ba Delete koMaHAy U
HeMa MpU/PYy»KeH CUMOOJI ce 3aIpaBo UCNIUCYje Y KOMaH/IHOj IMHUjU:

>clwafl -code "asChar(127)"

[WAFL 2.0]
[a]

OBO mNoHaLIalke HUje MOTPElIHO, ajJH je Y3POKOBaJ0 ONIIMPHY aHAJU3y pPasHUX
KO/IMpaha HUCKU NPUJIMKOM OBOT TeCTHUpaba.

Tectupamwe PyHKIMja 3a Kopulllhewe U NpUnpeMy objekaTa 3a ciaame Ha Beby (MIME)
HUje OTKPUJIO NpobiieMe.

2.16. Ilpersieq pe3yJsTaTa TeCTUpPambha

Y Tabenu 1 cy npukKasaHU pe3y/TaTU TeCTUpama. 3a CBe HaBeJeHe rpyne QyHKIH]a,
TecTHpaHe cy cBe nocrojehe ¢pyHKIHje U3 Te rpymne, ocuM 3a HUCKe. PyHKIUje Koje pajie
ca KoJIeKLlMjaMa HHUCy TeCTHpaHe HaJi HUCKaMa (TecTHpaHe Cy HaJ JiMCTaMa H
Hu3oBHUMa). DyHKIM]je BULIET peJla TECTUPAHE CY Y OKBUPY TecTUpama pyHKIMja 3a paj,
ca JIUCTaMa U HU30BUMa. T TecT-cjydajeBH Cy U3/|BOjeHU y Tabesu y ocebaH pej, aiu
He YYeCTBYjy Y YKYITHUM BpeJHOCTUMA Kao noce6Ha rpyna (jep cy Beh ypauyHaTH).

6poj 6poj npoce4yaH  6poj
byHKIHja TecToBa  TeCTOBa no
(omepaTopa) byHKIMjU
CUHTAKCHU JIMTepaIr 8 52 6.5
NPUCTYI YJaHOBUMA KOJIEKIHje 9 45 5
JIUCTe 28 128 4.6
HU30BU 21 89 4.2
dyHKIHje BULLET pefia 17 77 4.5
HUCKe 27 274 10.1
peryjaapHu u3pasu 12 147 12.2
paz ca dpaji-cuctemoM 12 88 7.3
KOHBep3Hja TUII0Ba 9 96 10.6
paj ca 1eJI06POjHUM THIIOM 2 10 5
paj, ca peaJlJHUM THUIIOM 17 92 5.4
ornepaTopu 27 530 19.6
Mmare 13 45 3.4
0CTaJo 17 57 3.3
YKYIIHO 202 1653 8.2

Ta6esa 1: [Ipersies1 pe3y/aTaTa TeCTHpamba 1o rpynaMma QyHkKIuja
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3. IlpexacraB/bame M3BelITaja 0 06aB/bEHOM TECTHUPAY Y
dbopmarty HTML

3.1. TekcTya/IHU U3BeILITAj O KOMILJIETHOM TE€CTUPAY

N3Bohewe TecTHpamwa, OJHOCHO W3BpIIaBawke CBUX TeCT-CAy4yajeBa OINUCAHUX Y
IPeTX0LHOM IIOIJIaB/by IOJpa3yMeBa U IpaB/beibe U3BellTaja 0 TeCTUpawy. To je
paHuje MoMeHYTHU TeKcTyaaHu ¢ajn waflTestReport.txt, KOju je ayTOMaTCKX HanpaBJ/beH
O/l CTpaHe MHTepNpeTaTopa U YMjU Ce U3rJeJ BUJAU Ha CavLu 1. Y KOHauYHO] Bep3ujU
KOJIeKIMje TeCTOBa, OBAaj M3BellTaj MUMa YKynHo 236 JIMHHUja TeKCTa W CafpXKHu
MHpopMalnuje o CTPyKTypu ¢aji-cucTeMa Koju je obyxBaheH TecTHpamweM (Ha3uBe
JUpeKkTopujymMa U ¢ajjioBa U HUXOBE pesJlaTUBHE NyTake), Ha3uBe IMOjeJMHAYHUX
Ceklyja yHyTap TecT-¢ajjoBa ca pe3y/JTaTOM TeCTUpakba U NM0CeOHO U3/ BOjeHe TeCT-
c/ly4ajeBe KOjU HUCY yCIeLTHO NPOLINA TeCTUpamwe. Ha caMmoM noyeTKy npoueca nucamwa
TEeCTOBa, Ka/la je BUXOB 6poOj 6MO Masiv M KaJia Cy OUJIM caZipXKaHU y CBera HeKOJIMKO
dajsioBa, 6p30 NpoHaNaXKewe O6UTHUX UHOPMalUja y TEKCTyaJHOM M3BeELITajy OUJIO je
moryhe. I[loBehaweM o6vMa TecTHpama, Npersef pesyjaraTa OBUM IyTeM IOCTao je
HeepUKacaH.

waflTestReport txt - Notepad - oox

Eile Edit Format View Help
Section bitwiseComplement
Section bitwiseConjunction
Section bitwiseDisjunction

Pass 8 / 8 ~
Pass 14 / 14
Pass 16 / 16

File testCollection\operators\list_operators_test.wafl . OK! Pass 5/ 5
Section createlistInRange .............cevvnnninnnnns Pass 18 / 1@
Section listContructionOperator B Pass 8/ 8
Section head ...........eeiiiiiiiiiiiiieeaaaiaaaaan Pass 3 / 3
Section tail .....oiiiiiii i i Pass 3 / 3
Section @ppend ...........iiiiiiiiiiiiiii e Pass 4 / 4

Directory testCollection\syntax_constructs

File ...\get_element_test.wafl .............ccouveiinnn. OK! Pass 6 / 6

Section array Pass 22 / 22
Pass 16 / 16
Pass 18 / 18
Pass 14 / 14
Pass 2 / 2
Pass 1 /1

Section tuple ...
Section string
Section list ..
Section record
Section map ...

File ...\intentional_ ] FAIL! Program error!
File ...\intentional_failure_test.wafl ....... .. FAIL! Pass @ / 2
SECEION BPFEY . .viiintueren e iiiieeiiineeeaannananns FAIL! Pass 1/ 2
+ FAIL: wt::testEq( [#2,4,6,8,10#][@] , 13)
==> 2 =13
0K: wt::testEq( [#2,4,6,8,1e#][e] , 2)

Section tuple FAIL! Pass 1/ 2

+ FAIL: wt::testEq( {#2 1,3,4.8,'b",[4,5],6,5.5,3,8, 'bca’,7.7,
==> 3.1 =1.3
oK: wt::testEq( {#2,3.e,'a',[1,2,3],3,4.0,'b",[4,5],6,5.5,3,8, 'bca’,7.7,
File ...\slice_prefix_test.wafl oK! pass 3/ 3
Section string .. .. OK! Pass 4 / 4
Section list .... .. DK Pass 4 / 4
Section array ... . .. OK! Pass 4 / 4
File ...\slice_segment_test.wafl .. DK pPass 3/ 3
Section string ..ot oKl Pass 7 /7
Section 1ist ...uuiiiiiinnnnieiiiianaioransnaaiasanans oK! Pass 7/ 7
Section array .......oiieiin.n . .. OK! Pass 7 /7
File ...\slice_suffix_test.wafl oK ! Pass 3/ 3
Section string .. 0oK! Pass 4 / 4
Section list .... oK! Pass 4/ 4
Section array ........ .. OK! Pass 4 / 4
File ...\syntax_literals_test.wafl ............... ... ... [+[4] Pass 8/ 8
Section int .. . . . oK! Pass 11 / 11
Section fleat . .. 0Kl Pass 11 / 11
Section string oK! Pass 4 / 4
Section bool .. oK! Pass 4 / 4
Section list .. oKl Pass 5/ 5
Section array . .. OK! Pass 5/ 5
Section tuple oK! Pass 4 / 4
section record oK! pass 8 / g
-
< >
Ln 236, Col 76 100%  Unix (LF) UTF-8

Cnuka 1: UsBemtaj waflTestReport.txt TprKasaH y Npo30py TEKCTYAJTHOT eAUTOpa
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Ca fpyre cTpaHe, y KOMaH/HOj JIMHUjU U3 Koje je yliyheH MO3UB UHTepIpeTaTopy Aa
U3BPLIY TECTUPaHe UCIUCYje Ce CaXKeT U3BelITaj O TeCTUpaky, NpUKa3aH Ha CIAULHU 2.
OH nmoka3yje MpoJIa3HOCT TECTOBA MO CEKLHjaMa, 3a CBaKU TecT (ajs ca TeCTOBMMA U
ONHKC CTPYKTYpEe KOJIEKIlMje TeCTOBa, aJhu HeMa MHdopMalyja 0 NMojeJHHaYHHUM TeCT-
c/y4ajeBHMMa KOjUu Cy OMJIM HeyCHEelHH.

[e+] CAWindows\System32\cmd.exe

C:\Users\Nikola Ninkov\OneDrive\Documents\WAFL\test>clwafl -libdir:../lib testRunner.wafl
[WAFL 2.0]
Wafl Test Runner, v2.e, (c) 2019,2021, smalkov
Processing all wafl programs in folder 'testCollection’.
Report saved in [waflTestReport.txt]
Processing directory testCollection
Processing directory testCollection\core_library
File ...\array_functions_test.wafl ............. ... oK! Pass 21 / 21
File ...\conditional expressions_test.wafl .......... oK! Pass 2/ 2
File ...\conversion_functions_test.wafl ............. oK! Pass 9 / 9
File ...\debug_ functions_test.wafl .................. oK! Pass 1/ 1
File ...\filesystem functions_test.wafl ............. oK! Pass 11 / 11
File ...\fleoat functions_test.wafl .................. oK! Pass 17 / 17
File ...\int_functions_test.wafl ........c00vvuuiiannn oK! Pass 2 / 2
File ...\list functions test.wafl ................... oK ! Pass 28 / 28
File ...\map_functions_test.wafl .................... oK! Pass 13 / 13
File ...\mime_functions test.wafl ................... oK! Pass 2 [/ 2
File ...\regex_functions_test.wafl .................. oK! Pass 12 / 12
File ...\string functions test.wafl ................. oK! Pass 27 / 27
File ...\str_encode_test.wafl ............cociiin.en oK! Pass 4 / 4
Processing directory testCollection\operators
File ...\arithmetic_operators_test.wafl ............. oK! Pass 5/ 5
File ...\boolean_operators test.wafl ................ oK! Pass 3/ 3
File ...\comparison_operators_test.wafl ............. oK! pPass 7/ 7
File ...\integer_operators test.wafl ................ oK! Pass 7/ 7
File ...\list_operators test.wafl ................... oK! Pass 5/ 5
Processing directory testCollection\syntax constructs
File ...\get_element_test.wafl ...................... oK! Pass 6/ 6
File ...\intentional error_test.wafl ................ FAIL! Program error!
File ...\intentional failure test.wafl .............. FAIL! Pass 1 /[ 2
File ...\slice_prefix test.wafl ........c0ivuvvunrannn OK! Pass 3/ 3
File ...\slice segment test.wafl .................... oK! Pass 3/ 3
File ...\slice_suffix test.wafl ..................... oK! Pass 3/ 3

Cnvka 2: U3BewTaj 0 KOMIJIETHOM TECTUPamy PpUKa3aH Y KOMaHAHOj IUHUjU
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3.2. M3BelwTaj o nojeJUHAYHOM TeCTUPAKY

Moryhe je noKpeHyTH TeCTHpak€ MojeIMHAYHOT TeCT (ajyia, KOjUM ce 100Hjajy CAMYHU
M3BeIlTaju Kao MPU CBEOOYXBAaTHOM TeCTHpawy. [IpUIMKOM NojeAMHAYHOT TEeCTUPaha,
MMa CMHUCJa KOPUCTUTH OMNLUjY detailed KaKO OU ce 06uJe JeTa/bHe HHOpMaLuje y
npo3opy KoMaHJHe JuHMje. Ha caunuy 3 mpukasaHe cy o6e Bep3uje M3BellTaja o
[0jeJUHAYHOM TeCTHUPaly Y KOMaH/AHOj JIMHU]H.

[&4] CAWindows\System32\cmd.exe
[WAFL 2.0]

wWafl Test Runner, v2.e, (c¢) 2019,2021 smalkov
Processing single test program: testCollection\core_library\array_functions_test.wafl
Report saved in [waflTestReport.txt]

File ...\array_functions_test.wafl ......... ..o oK! Pass 21 / 21

C:\Users\Nikola Ninkov\OneDrive\Documents\WAFL\test>clwafl -libdir:../lib testRunner.wafl testcollection\core_library\array functions_test.wafl
-detailed
[WAFL 2.0]

wWafl Test Runner, v2.e, (c¢) 2019,2021 smalkov
Processing single test program: testCollection\core_library\array_functions_test.wafl
Report saved in [waflTestReport.txt]

File ...\array_functions_test.wafl ......... ..o oK! Pass 21 / 21

Detailed report:

File ...\array_functions_test.wafl oK! Pass 21 / 21
Section foldl ........covuunnn .. OK! Pass 5/ 5
Section foldr .uuviieiiiinneinannnnrsasnnnsaasnnnnans oK! Pass 5/ 5
SEaslE] [EEHELT 660005569000550500055090005569000500 oK! Pass 5/ 5
Section NEWArTayFM «uvuereerneneenrnessansasnsannans oK! Pass 4 / 4
Section NEWArrayFN par ....eeaeseessacssansasssansans ok! Pass 4 / 4
Section SUb ...ttt e e oK! Pass 7/ 7
Section leftAggregate ........cvveuivnerrnnnnannnnnans oK! Pass 5/ 5
section rightAggregate ....ooviviiiininiiiininnnnnns oK! Pass 5/ 5
Section count ..iuiuriiiiiniiiaraiii i oK! Pass 4 [/ 4
SECEHITN EUEY] c-sc0c002500000250000522000505209500300 oK Pass 2/ 2
SECHLEN @SS -n00000-500000590006055000005000000000 ok ! Pass 3/ 3
Section forall ...iuiiiieiiiiinneeiannnnesnnnnnanans oK! Pass 4 [/ 4
Section filter ..viuieiiiiiniiiinnneisssnnnsaasnnnnans oK! Pass 4 / 4
SETELEN WD 00022000002260000276000023690002309060300 oK! Pass 5/ 5
Section fIlEerMap ..c..ceec.cceeencceceennceceonnceceanes oK! Pass 4 / 4
SaeiElen LENFHD 25000002500000250000025000002200000300 oK! Pass 2 / 2
Section Sort ...t e e oK! Pass 6/ 6
SETEEN SEPEE] 20000002260000220000022000002209000300 oK! Pass 6 / 6
SEEIEM ATIED 5000005500000250000025000002500000500 oK! Pass 4 [/ 4
Section groupBy .. oK! Pass 2 [ 2
Section mapIdx . oK ! Pass 3/ 3

Civka 3: U3BewTaj 0 NojeAMHAYHOM TECTUpPay NPUKa3aH Y KOMaHAHOj JIMHU)U
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3.3. U3Bewrtaj test.html

Hujenan of nocrojehnx TekcTyaJlHUX U3BellTaja He NpeACTaB/ba JOOPO pellewme 3a
npo6JsieM NpeJCcTaB/batba pe3yJ/TaTa, ycjeJ 4dera ce jaB/ba IoTpeba 3a Apyradyujum
IPHUKa30M CBUX HEONX0AHUX HHOopMaLHja. Pelieme je nsBewraj y popmary HTML, koju
je moTmyH, npujaTHor usraefa2’ u nomohy kojer ce Op30 CTHXe [0 KJ/byYHHX
MHpopManyja.

U3BewTaj test.html HacTaje 06pazoM TekcTyanaHor ¢ajaa waflTestReport.txt. [Iporpam
parser.wafl, yuja uMminieMeHTanuja he 6UTH pa3MaTpaHa y HAaCcTaBKy, apcupa JHUHUje
TeKCTa U Ha OCHOBY muX npaBu HTML dajn. IlpuaukoMm TecTHUpamka OCHOBHE
6ubJIM0TEKE, IPBO Ce U3BpLe CBY TECT-CAy4ajeBy, a OH/la I03UBOM

>clwafl parser.wafl

M3 KOMaH/IHe JIMHU]je HacTaje test.html. Y KOMaH/IHOj IMHU]U Ce UCTHCYje 06aBEUITEHE
Jla je ¢ajs1 ycreniHo HanpaBJbeH.

Ha noyeTKy HanpaBJ/beHOT M3BellITaja HAaBOJe Ce N0AALU O Bep3Uju UHTepIIpeTaTopa
KOjOM je U3BPLIEHO TEeCTUPaE, a CJIe[U IPUKa3 pe3ysTaTa, 10 AUPEKTOpUjyMUMa. 3a
CBaKH O/l bbUX MIOCTOjU jeaH popmyJiap (eHTr. fieldset), y unjeM 3ar/iaBJ/by ce Hajla3u
peslaTHBHA NyTawa AupeKkTopujyMa. PopMyJiap caZpKu M0 jefjlaH CKJIONHBH (EHT.
collapsible) onespak ceklyja 3a CBaku ¢ajJi ca TeCTOBMMA YHyTap AUPEKTOpHUjyMa.
3arJiaBJ/be 0/ieJbKa je 000jeHO Y 3eJIeHO aKO Cy CBU TeCT-CJ1y4ajeBU NPOLLINA UJIN Y
LIPBEHO, Yy cynipoTHOM. Ha 3ar/iaB/by je nprkasaH 6poj yCHIEelHUX U yKyTaH 6poj
TecToBa ojroBapajyher ¢ajsia ca TectoBuMa. KiinkoM Ha 3ar/iaB/be 0/ieJ/bKa, OH ce
»packjana“, yuMe ce OTKPUBAjy pe3yJITaTU TeCTHPaka Mo CeKI[KjaMa 3a o/iroBapajyhu
TecT-pajs1. Y 0BOM NpUKa3y, UICTAKHYTH Cy CBU TECT-CJ1y4ajeBU KOjU HUCY MPOULIU U 3a
CBaKy CeKLUjy je HaBeJleH Opoj yCIellHUX U yKyNaH 6poj TecT-ciay4dajeBa. Ofesbak ce
MOKe ,,CKJIONUTU", KINKOM Ha 3arJiaB/be, YuMe ce Bpaha y NnpBOOMTHHU NPHUKa3s.

Ha civkama 4 v 5 npukasaH je u3rjej u3BewTaja testhtml y mnpo3opy UHTEpPHET
npeTpakuBayva.

20 [TlpuMe6a KPUTUYKHM HACTPOjeHUX YMTAJIAlA [a je 0BO CyGjeKTUBHA KaTeropHja ce yBaXkasa.
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[ WAFL Test Results x +

(@] (@ File | Cy/Users/Nikola%20Ninkov/OneDrive/Documents/...

WAFL System Library Unit Testing Results

Wafl Command Line Interpreter
Wafl Project 0.6.3 (21061)
RELEASE Build, MSVC 64 bit (19.29.30037.0)
Optional components: Par.Eval., HTTP Client, Ext.Stack

—testCollection\core_library

array_functions_test.wafl : 79 /79

conditional_expressions_test.wafl : 13 /13

Section ifAndswitch .. ... ... ... 9/9

Section repeatUntil .. ... ... ... ..ot oinnnnnnnnnnnn 4 / 4

conversion_functions_test.wafl : 96 / 96

debug_functions_test.wafl : 13 /13

filesystem_functions_test.wafl ;: 88 / 88

float_functions_test.wafl : 91 /91

int_functions_test.wafl : 10 /10

Section abs .. ... ... i aieeeaaeaaaan 4 / 4

Section random ... ... ... m e 6/6

list_functions_test.wafl : 120/ 120

map_functions_test.wafl : 45 /45

mime_functions_test.wafl : 18 /18

regex_functions_test.wafl : 147 / 147

string_functions_test.wafl : 274 / 274

str_encode_test.wafl : 13/13

—testCollection\operators

arithmetic_operators_test.wafl : 104 / 104

boolean_operators_test.wafl ;: 22 / 22

Cnuka 4: [loyeTak U3BellTaja ca UH$oOpMalMjaMa 0 Bep3Uju UHTepIpeTaTopa
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str_encode_test.wafl : 13/13 +

—testCollection\operators

arithmetic_operators_test.wafl : 104 / 104 +
boolean_operators_test.wafl : 22 / 22 +
comparison_operators_test.wafl ;: 268 / 268 +
integer_operators_test.wafl : 108 / 108 +

list_operators_test.wafl : 28/ 28 =

Section createLiStINRANGE . ... ..cuveecccccaannnnnnnn 10 / 10
Section listContructionOperator ..................... 8/ 8
Section head ........ ... .. ittt it aaaann 3/3
Section tall ..ot e e 3/3
Section append ... ... ... 4 / 4

—testCollection\syntax_constructs

get_element testwafl : 73 /73 +

intentional_error_test.wafl

program error! Check the test file for common errors.

intentional_failure_test.wafl : 2 /4 =

SECETON AFTAY - - - eveemea e emaeeeesmeeanaaaaeennnns 1/2

* FAIL: wt::testeEq( [#2,4,6,8,10#]1[0] , 13)

==> 2 = 13

OK: wt::testeq( [#2,4,6,8,10#][0] , 2)

Section tuple ... ... ...t 1/2

3 FA%L: wt::testeq( {#2,3.1,'a",[1,2,3]1,3,4.0,'b",[4,5]1,6,5.5,3,8,"'bca’,7.7,0, 'afd",7#}.2 ,
1.3

==> 3.1 =1.3

OK: wt::testeq( {#2,3.0,'a',[1,2,3],3,4.0,'b’

[4,51,6,5.5,3,8, bca',7.7,0, 'afd’ ,7,3.8, 'fail’,0¢}.1 , 2 )

slice_prefix_test.wafl : 12/12 +
slice_segment_test.wafl : 21/ 21 +
slice_suffix_test.wafl : 12 /12 +
syntax_literals_test.wafl : 52 / 52 +

Cinuka 5: [Iprkas HeyCHEeUIHUX TECT-CAy4ajeBa y OKBUPY CKJIONUBUX eJieMeHaTa
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3.4. UmmiemenTtanuja HTML-u3BemTaja

3.4.1. Usrsen usselTaja

U3pasu htmlHead U script feduHUcanu cy kao HTML ma60Hu. Y okBUpy waboHa, HTML o3Hake
ce He HaBOJle Ka0 HUCKe KapakTepa. 360r Tora HUje HeOnxoJHO Kopuinhewe BeJHKOr 6poja
escape KapaKTepa, IITO 3HaTHO oJlaKIllaBa paJ. OnmTu 061K oBako AedrHUCcaHe QyHKIYje je:

nazivFunkcije = html template
// telo funkcije
<H>;

Y teny ¢yHkuuje, cBe HTML o3Hake ce HaBOJe Yy HEU3MEHEHOM 00JIMKY, @ IPOrPaMCKH KOJ, ce
MO3Ke YyTHe3JUTH KopUlIhemheM CleljdjaJHe O3HaKe <# #>.

@dyHKIHja htmlHead CaZp’KU 03HAKY <head>, @ YHYTap e je 03HaKa <style>, Y OKBUPY Koje je
ONMCaH U3rJie[ CBUX rpadUUKUX esleMeHaTa KOoju ce MOr'y BUJETH y pe3yJTyjyheM U3BelITajy.
[Ipuka3 Bep3uje WHTepHpeTaTopa YNOTPeOG/HEHOT 3a TeCTHUpame je Takohe Jleo QyHKIHje
htmlHead:

<h2><#
version_info[strPos(version_info, "]")+3:]
.strReplaceAll('\n", "\n<br/>")

#></h2>

[Ipu ToMe, version_info ce jo6Hja Kao U3BeLlITaj 0 Bep3Uuju nporpama clwafl, a uspayyHasa ce Kao
pe3ynaTaT PyHKUUje cmdExecute, KOja U3BpLIABA AATy KOMaHAY:

version_info = cmdExecute("clwafl -version -verbose");

OyHKIMja script caipKU O3HAKYy <script>, yHyTap Koje je HaBeJeH JavaScript Kop Koju
omoryhaBa QYHKIMOHHCame CKJIONUBUX IpadUUKUX ejleMeHaTa KOjU ce KOpPHUCTe 3a MpHKas
pesyJiTaTra TeCTUpawa 1o ¢pajsioBruma.

[lomenyTuM fBeMa QyHKLHjaMa 06yxBaheHa je $popMa, a 3a IPUKYIL/bakbe caJpKaja 04roBOpPHA
je dyHK1Mja generateHtmlBody, YHjU je yJla3HU apryMeHT caZp:Kaj TEKCTYaJHOT U3BellTaja Koju
he 6uTH 06pabheH, npeTX0AHO NPOYHUTAH QYHKIHjOM fileRead.
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3.4.2. Cajgprkaj usBellTaja

OyHKIMja fileWrite KOPUCTHU ce 3a ynuc y daj.:

fileWrite('test.html', createHtml( 'waflTestReport.txt')).sink("Saved to 'test.html'")

dyHkuMja createHtml ocjalba ce Ha MPETXOJHO ONMCcaHe u3pase htmlHead U script, Kao U Ha
byHKIU]y generateHtm1Body Koja BpLIYX 06pajly mpouyrTaHor dajJia:

generateHtmlBody(fileContents) =
fileContents
->splitByWord( 'Directory")
->map(parseDirectory)
->strJoin('");

Besinka HMCKAa MpPOYMTaHA U3 TEKCTyaJHOr ¢ajsa JeJu Ce Yy JIUCTY HUCKH, TAKO LITO Ce pey
Directory KOpuCTH Kao cernapaTop IPH pas/Bajakby HUCKU KapaKTepa:

splitByWord(text, word) =
text
->strSplit(word)
->t1()
->map(\x # word: word+x);

Tako pa3/iBojeHU CerMeHTH TeKcTa 06pahyjy ce mojeIMHAYHO:

parseDirectory(fileContents) =
if regexPos(fileContents, '~File .+') >= 0

then
fileContents
->splitByWord('File ")
->map(parseSegment)
->mergeParsedFileSegments(getDirectoryName(fileContents))
else

huxoBa o6paza nojpasyMeBa Jia ce Mmojiejie Ha Marbe leJIMHe, mpeMa $ajjoBUMa Ha Koje ce
oaHoce. CBaku ce o6pabhyje mojeJuHAYHO:

parseSegment(segment) =
if isSuccessfulTest(segment)
then parseSuccessful(segment)
else if isErrorTest(segment)
then parseError(segment)
else parseFailed(segment);

Y TekcTy ce nmpoBepasa Ja JiM je y faToM ajiy ca TecToBUMa npoHaheHa rpeika NpUauKoM
TECTHpPama, yIoTPpeOboM peryapHUX U3pasa:

isSuccessfulTest(segment) =
I (regexPos(segment, '~File.*?0K') == -1);

isErrorTest(segment) =
I (regexPos(segment, '~File.*error') == -1);

Y 3aBUCHOCTH 0] MCX0/ia TeCTHpamwa 3a pasMaTpaHu tect-¢paji, y HTML koz ce nofaje onemak
ceklyja, oAroBapajyher usrsiea OomvMcaHor y <style> O3HalM W MOHAllama JAedUHUCAHOT y
<script> O3HalM:



40

e AKO CBU TeCTOBH IIpoJia3se:

parseSuccessful(segment) =
buttonHtmlSuccessful(segment.strSplit('\n"')) +
divHtml(segment.strSplit('\n').t1().strJoin('\n"));
buttonHtmlSuccessful(lines) = html template
<button class="collapsibleButton2"><# extractFileNameAndTestScore(lines)
#></button>
<H>;

e AKO MMa TeCTOBa KOjUu He MpoJia3e, ajiv je J06UjeH pe3yJTar:

parseFailed(segment) =
buttonHtmlFailed(segment.strSplit('\n')) +
divHtml(segment.strSplit('\n').tl().strJoin('\n"));

buttonHtmlFailed(lines) = html template
<button class="collapsibleButton"><# extractFileNameAndTestScore(lines)
#></button>

<H#>;

e AKo Huje 106UjeH pe3y/TaT yc/e[ porpaMcKe rpeuike:

parseError(segment) = html template
<button class="collapsibleButton"><# getFileName(segment) #>
&#10060</button>
<div class="collapsibleButtonText">
<p>Program error! Check the test file for common errors.</p>
</div>
<H#>;

3a cBe TecT-daj0Be UHje je TeCTUparbe U3BPILIEHO NpHUKa3yje ce 6poj yCHeulHUX U YKyIaH 6poj
TEeCTOBa, a TO Ce U3 JIMHMja TeKCTa U3/Baja Ha caejehn HaYuH:

extractFileNameAndTestScore(lines) =
getFileName(lines.hd()) + ' : ' + getTestScore(lines.tl());

getFileName(line) =
line
->regexSearch("(File )(.*?(?=( \.*(FAIL|OK!))))")
->hd()
->trimFileName();

trimFileName(line) =
line[strLastPos(line, "\\') + 1:];

getTestScore(lines) =
lines
->filter(lineHasScore)
->map(extractTestScore)
->leftAggregate(addTestScores, '0 / 0');

lineHasScore(line) =
regexPos(line, "[0-9]+ \/ [0-9]+%$") >= 0;

extractTestScore(line) =
line
->regexSearch("[0-9]+ \/ [0-9]+%$")
->hd();
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addTestScores(sl, s2) =
(sl.strSplit('/")[@].asInt() + s2.strSplit('/"')[@].asInt()).asString()
+ "/
+ (sl.strSplit('/')[1].asInt() + s2.strSplit('/')[1].asInt()).asString();

Y HacTaBKy ce BpLIM Jasba N10JleJ1a TEKCTA KOju ce obpabyje (Ha c/iMyaH HauYMH Kao paHuje), 0BOT
MyTa [0 NoJaLKMa 0 TeCTUpaby ojeJMHAaYHUX CeKLIUja y OKBUPY ¢ajJia ca TeCTOBUMA:

divHtml(text) =
text

->splitByWord('Section")
->map(addHtmlToSection)
->map(trimTrailingBRTag)
->strJoin('\n")
->nestIntoHtml()
->trimLeadingBRTag();

3a cBaKy CeKLMjy ce U3 TEKCTa U3/iBaja IpBU peJ UHGOpMaLHja, KOjU Cap»KU FbeH Ha3MB U 0JJHOC
YCIEeLIHUX W U3BPIIEHUX TeCTOBA, a 3aTUM U OCTATaK, Y KojeM ce HaJja3e IoJaLu 0 TeCTOBUMA
KOjU HUCY TIPOILLJIU:

addHtmlToSection(section) =
addHtmlToFirstLine(section.strSplit('\n").hd()) +
addHtmlToRemainingLines(section.strSplit('\n').t1());

addHtmlToFirstLine(line) =
html template
<b><br><# sectionName(line) + sectionSuccessRatio(line) #></b><br>
<H#>;

sectionName(line) =
regexSearch(line, "(”~\s*Section )(.*?(?=(FAIL|OK!)))").hd();

sectionSuccessRatio(line) =
regexSearch(line, "\\d+\\s/\\s\\d+").hd();

addHtmlToRemainingLines(lines) =
lines
->map(addHtmlToTestResultLine)
->strJoin('\n');

addHtmlToTestResultLine(line) =
if regexPos(line, "FAIL:") >= 0
then
html template
<font color="red"><# line #></font><br>
<#>
else
html template
<# line #><br>
<H>;

HakoH Tora ce yKJIaI-bajy CYBHIIIHE O3HAKeE 3a IIpeJjla3aK 'y HOBU pen:

trimTrailingBRTag(section) =
section[:strLastPos(section, "<br>")];

Jo6ujen HTML kop pmojaje ce kao caapkaj paHUje HAMpaB/beHUX CKJIOMUBUX PopMH, y3
yKJIamawe CYBULUIHUX 03HAKa 3a NpeJia3ak y HOBU peJ| Ha I0YeTKY:
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nestIntoHtml(sections) = html template

<div class="collapsibleButtonText"><p><# sections #></p></div>
<H>;
trimLeadingBRTag(text) =

strReplace(text, "<br>", "", 1);

Ha kpajy, fo6ujeHe popmMe ce cnajajy v rpynuily npemMa AUPeKTOpUjyMUMa:

mergeParsedFileSegments(listOfParsedFileSegments, directoryName) = html template
<fieldset><legend><# directoryName #></legend><#
mergeParsedSegments(listOfParsedFileSegments) #></fieldset>
<H>;
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4. 3ak/byyak

Moxxe ce 3aK/bY4YUTH Ja je nporpaMcku jesuk Wafl 3HayajHO yHanpebheH kao pe3ysaTar
CIIPOBeJIEHOI TeCTUpamwa. VMMmieMeHTanuja MHOTMX NocTojehnXx (yHKIMja OCHOBHE
6u0bJIMOTEKE je MONpaB/beHa U YBeieHe Cy HOBe QYHKIIMje 3a KOjrMa ce yKa3aJjia moTpeoba.
[logcucrteM 3a TecTupamwe je yHanpeheH MoryhHoumhy fga 3a KOpHCHMKA HallpaBH
M3BeLITaj 0 TeCTUpamy KOjU je y CKJIaJly ca NoTpebamMa pa3BOjHOT Ipoleca.

[lo6osbimiaka cy curypHo moryha y BuAy JoJiaBama joul TecToBa. llojeinHe rpymne
byHKIMja WMMajy OrpoMaH IMOTeHLMjaJl 3a eKClIlepUMeHTHCawke Cca pa3HUM
KOMOMHalMjaMa yJa3HUX apryMeHaTa, HIIp. OHe Koje ce TH4Yy pajZia ca peryJapHUM
uspasuma. Heke ¢yHKuuje U3 cTaHAapAHe OUOJHMOTEKe HUCY Ce Hallllle y Mpouecy
TecTUpawa. Kaza wuxoBa MMIIEMeHTalMja OyJie KOMILJIETHA, [JOINyHa KOJIeKLuje
TeCcToBa HOBUM TeCT-CJy4ajeBUMa OU CUTYpHO JONpHHesa yHanpehemwy KBaiuTeTa
nporpaMckor jesuka Wafl. [loctoje u HeKH po6eMU OTKPUBEHHU y TOKY TeCTHpama
KOjU HUCY pelLIeHHU.

[IpaB/bewe wu3BewiTaja y ¢opmary HTML 6u ™Morso ja 6yje yHanpeheHo
ayToMaTH3alMjoM, Tj. Jla Ce MPU CBAKOM TeCTUpaky Mo3uBa parser.wafl U npaBu
M3BeEIlTaj, 0/IMax JOCTYyNaH KOPUCHUKY. JIpyra oniuja 3a mocTU3ame CIUYHOT ePeKTa je
IpaB/bebe CKPHUIITA, KOjU OU IOKpPeTao TeCTHpake U MOTOM MOKpeTao o6paay
M3BeIlTaja, KAKO OM KOPUCHUKY YIITE/e0 AParoieHo BpeMe.
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