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OOG’exT HIOCTIDKEHHS — MPOIEC PO3POOKH CHUCTEMH 00'€KTHO-PEISIIIHHOIO
BimoOpaxkenus "NUZP ORM".

[Ipenmer nocmimkeHHs — mnpuHIUIM npoekTyBaHHa OPB, apxitekTypHi
naTepHH, 110 BUKOPUCTOBYIOTHCA TMPHU iX CTBOPEHHI, MeXaHi3Mu B3aemonii Python 3
06azamu panux SQLite3, a TakoX METOIM TECTyBaHHS Ta 3a0e3MeueHHs SKOCTI
IPOrpaMHUX CUCTEM MOAIOHOIO KIacy.

Meta poOOTH — MPOEKTYBaHHSA, PO3pOOKAa Ta TECTyBaHHS JIETKOI CHUCTEMH
o0'ekTHO-pensiiiiHoro Bigoopaxkenus "NUZP_ORM", ontumizoBaHoi At poOOTH 3
cUCTEeMOI0 yrpabiiHHs 0azamu ganux SQLite3, mio peanizye KiI040BUM (DyHKITIOHAT
OPB.

Meroan JOCHIKEHHS: aHali3 ICHYIOUMX pilleHb y Tamy3i 00'€eKTHO-
PENSIIIAHOTO BiJI0OpaKeHHS, 00'€KTHO-OPIEHTOBAHE MPOEKTYBAHHS Ta
IpOrpaMyBaHHs, ITepaTUBHA po3poOKa NPOrpaMHOrO 3a0e3MedyeHHs, MOJYJIbHE
TECTyBaHHS.

AKTyalbHICTh TIPOOJIEMH 3yMOBJIEHa HEOOXITHICTIO CHPOIIEHHS B3ae€MOJIl
pPO3pOOHUKIB 3 pelsiiiHuMH 0a3aMu JaHUX B 00'€KTHO-OPIEHTOBAaHMX MOBAaxX
IpOrpaMyBaHHsS, TakuxX SK Python, Ta TIABUIICHHSAM MPOAYKTHBHOCTI NIISTXOM
abcTparyBaHHs Bia HanucaHHs SQL-3anmuTiB Bpy4yHY, a TaKOX OCBITHBOIO I[IHHICTIO
PO3pOOKH MOAIOHUX CUCTEM JJISl TIIMOOKOT0 pO3yMiHHSA iX (DYHKIIIOHYBaHHS.

VY pe3ynabTaTi BUKOHAHHS pOOOTH PO3pPOOJICHO CUCTEMY 00'€KTHO-PEIAIIIHHOTO
BimoOpaxkenus "NUZP_ORM" mans moBu Python ta CYBJ/I SQLite3. Cuctema namae
GyHKITIOHAT IS JEKJIApaTUBHOTO BHU3HAYCHHS MOJENEH JTaHWUX, aBTOMATHYHOTO
CTBOPEHHSI Ta YIIPABIIHHS CXEMOI0 0a3H JaHUX, BAKOHAHHS OTepaIliii MaHI Ty JIFOBaHHS
nanumu (CRUD) depe3 00'ekTHO-OpieHTOBaHHM 1HTEp(dEic, MATPUMKH OCHOBHUX
turiB 3B's13kiB Mk MonensimMu (ForeignKey, OneToOneField, ManyToManyField) ta
0a30By cucTeMy Mirparliii jis1 yrpaBliHHSI 3MIHAMH B CTPYKTYpi 0a3u nanux. Hopusna

poboTH moJiArae y npakTuuHii peanizaiii gserkoi OPB, agantoBanoi nius SQLite3, mo



JETaNbHO JOKYMEHTYE TIpPOIEC PO3POOKHM Ta MOXKE CIyryBaTh SK OCBITHIM
ITHCTPYMEHTOM, TaK 1 TOTEHI[IHHOIO OCHOBOIO JIJIsI HEBEJTUKHUX MPOESKTIB.

OcHoBHI BUCHOBKHU: po3pobieHa cuctema "NUZP ORM" ycmimHo peanizye
MOCTaBJICH1 3aBJaHHS, JEMOHCTPYIOUYH KIIOYOBI MOXKIIMBOCTI 00'€KTHO-PEISAIIHHOTO
Bi100pakeHHs1. BoHa n03BoJisi€ epexkTuBHO abcTparyBaTucs BiJ npsimoi podotu 3 SQL,
I1BULIYIOYH IIBUAKICTH po3po0KH. Bu3HaueHo 0OMeKeHHs TOTOYHOI BepCii, Takl K
BUKOPHUCTAHHS CTpaTerii "MHUBOTO" 3aBaHTaXEHHS JAHUX Ta MIATPUMKA BUKIIOYHO
SQLite3. OxpeciieHO TUISXHW TOAAIBIIOTO PO3BUTKY, BKIIOUYAIOUN peai3ailiio
"yxkaai0HOTO" 3aBaHTaXKEHHS Ta po3mupeHHs miaTpuMkd iHImX CYB/I.

Pesynbratu poOOTH MOXKYTh OyTH BUKOPUCTaHI B OCBITHBOMY MPOIIEC] ISt
BUBUYEHHS MPUHIUIIIB MOOYI0BU Ta (DYHKIIIOHYBAaHHS CHCTEM 00'€KTHO-PEINAIiTHOTO
BIJIOOpa)KEHHs, a TAKOXK K MPOrpaMHa OCHOBA JUIsl PO3POOKM HEBEIMKHUX JTOAATKIB,
mo BukopuctoBytoTh CYBJI SQLite3 Ta moTpeOyroTh MPOCTOro 1HCTPYMEHTY st
B3aeMO/11 3 0a3010 JaHUX.

KJIFOUOBI CJIOBA: OBF'€KTHO-PEJIAIINHE BIJIOBPAXKEHHS, OPB,
PYTHON, SQLITE3, BA3U JIAHUX, CRUD, MITPALIIl JAHUX, MOJEJII
JHNAHUX, APXITEKTYPA ITPOIT'PAMHOI'O 3ABE3IIEYEHHS, PO3POBKA
I[MTPOTPAMHOI'O 3ABE3ITEYEHHAI.

3MICT
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BCTYII

Y cywyacHOMy CBITI PO3pOOKH MpOrpaMHOTO 3a0e3leueHHs 0a3u JaHuxX
BIJIITPAOTh KJIIOYOBY pOJIb y 30€piraHHi, ynpaBiliHHI Ta OTpUMaHH1 1H(QOpMaMii.
binpmricte 1omaTKiB, BiJl MPOCTUX BEO-CAlTIB IO CKJIAJHUX KOPIOPATUBHUX CHCTEM,
TaK YMd 1HAKIIE B3aEMOJIIOThL 3 0Oa3aMH JaHMX. TpaJauIliiHO Taka B3aeMOis
BIIOYBAEThCS 3a JIOMOMOTOK0 MOBH CTpykTypoBaHux 3amuTiB (SQL). Opjnak,
HE3BaKAIOYHM Ha TOTYXXHICTh Ta THY4KicTh SQL, mpsima poOoTa 3 HUM y KOHTEKCTI
00'€eKTHO-OPIEHTOBAHUX MOB IPOTpaMyBaHHs, TaKuX sik Python, Moxe npu3BoAUTH A0
HU3KU TpyAHouiB. lle BkiItodae HEOOXIAHICTh HANMMCAHHS BEIUKOI KIJIBKOCTI
m1abJIOHHOTO KOAY JUIsl TMEPETBOPEHHS JaHMX MDK O0'€KTHUM NPENICTABICHHSM Y
Iporpami Ta pessiliiiiHuM NpeICTaBICHHAM y 0a31 TaHUX, a TAKOX PU3HKH, MOB'sI3aH1 3
SQL-1H'eKIIMH Ta CKJIAJIHICTIO MIATPUMKH KOAY MPH 3MiHI cCXeMH 0a3u JaHUX.

JI1s moioNlaHHs 1UX BUKJIMKIB Ta CHPOIIEHHS poOOTH 3 0azamMu JaHUX OyJu
po3po0JieH1 TeXHOJorii 00'ekTHO-pesiiHoro BimoOpaxkeHHs (Object-Relational
Mapping, ORM). OPB € nmporpamHuM mapom, 110 BUCTYMA€ MOCEPETHUKOM MiX
00'€eKTHO-OPIEHTOBAHOIO MOJIEIUTIO TIPOTPAMH Ta PETAIiHOI0 0a3010 MaHux. [ '0oBHA
imes OPB mossirae y Tomy, mo0 A03BOJIUTH PO3POOHMKAM IIpaIfoBaTH 3 JaHUMH,
BUKOPHUCTOBYIOYH 3BHYHI 00'€KTHO-OPIEHTOBAH1 KOHIIEMIII1 (KJ1acu, 00'€eKTH, aTpuOyTH,
MeToau), B Toi yac sik OPB aBTOMarnuHO reHepye Ta BUKOHYye BiImoBinHi SQL-
3anuTy "3a jamryHkamu'. Lle 3HaYHO MiJIBHILYE MPOAYKTHUBHICTH PO3POOHUKIB,
MOKpalllye€ YUTA0ENbHICTh Ta MIATPUMYBAHICTh KOJYy, @ TaKOX CIpUA€E Kpariii
CTPYKTYpH3allii 10JaTKIB.

He3Baxatouu Ha icCHyBaHHs 0araTb0X MOTYXHUX Ta nonyisipaux OPB-pimiens
st Python (manpuknan, SQLAlchemy, Django ORM), crBopennst BinacHoi OPB €
I[IHHAM OCBITHIM Ta JOCIITHUIIEKUM 3aBIaHHSIM. BOHO /103BOJIsIE TIIHOOKO 3p03yMiTH
BHYTPIIIIHI MEXaHI3MH POOOTH TaKMX CHCTEM, JOCIIAUTH Pi3HI apXITEKTypHI i IXOIH
Ta TATepHU NpOeKTyBaHHs (30kpema, Active Record Ta Data Mapper), a Takox

BUBYMTH 0CcOOIMBOCTI B3aeMo/ii Python 3 6azamu manux Ha OUIbII HU3BLKOMY PIBHI.



Came 11 MIPKYBaHHS CTajldi OCHOBHOIO MOTHBALIIE€IO I PO3POOKHA TPOEKTY
"NUZP_ORM".

MeTo10 naHOi pobdOTHM € TPOCKTYBaHHs, pO3poOKa Ta TECTYBaHHS JIETKOl
cucTeMu 00'ekTHO-pesiiiiHoro Bimodpaxkenns "NUZP ORM", ontumizoBaHOi aJis
poboTu 3 cucteMoro ynpariiHHa 0azamu ganux SQLite3. [IpoekT cnpsiMmoBaHUid Ha
peanizaiiio KI4oBoro (QgyHkuioHany, BiactuBoro OPB, Bkitouaroun BHU3HAUYCHHS
MoJIeJiel, aBTOMaTUYHE CTBOPEHHS cxeMu 0a3u ganux, BukoHanHs CRUD-oneparrii,
MiTPUMKY 3B'S3KIB MK MOJIEISIMU Ta 6a30BY CHCTEMY Mirparfii.

00'exTOM T0CJIIZKEHHS € TIPOIEC PO3POOKH CUCTEMHU 00'€KTHO-PEIISAIIIHHOTO
BimoOpaxkenus "NUZP ORM". IlpeameroM  JOCJiIKeHHSI €  TPUHIINIH
npoektyBaHHs OPB, apxiTekTypHi mNaTepHH, M0 BUKOPUCTOBYIOTHCS TMpHU iX
CTBOpEHHI, MeXxaHi3MH B3aeMojii Python 3 6a3zamu nmanmx SQLite3, a TakoX METOaH
TECTYBaHHS Ta 3a0€3MeUeHHS SIKOCT1 MPOrPaMHUX CUCTEM MOJIIOHOTO KJIacy.

Y Pozgisi 1 ("Ananiz npeaMeTHoi 00siacTi Ta ICHYHOUMX pimieHs") Oyje
MPOBEIEHO OISl OCHOBHMX KoHuenii OPB, mepeBar Ta He10J1KIB iX BAKOPUCTAHHSI,
a TakoX a”am3 icHytouux nonyisipaux OPB-pimens g1 moBu Python. Posmin 2
("Metononoris po3pooku Ta apxitektypa cuctemu 'WUZP_ _ORM') neransHo onucye
T Ta 3aBJaHHS MPOEKTY, OOTPYHTOBYE BHOIP TEXHOJIOTTYHOTO CTEKY, MPEICTABIISE
apXITEKTYpy po3po0JIeHOT CUCTEMH Ta BUCBITIIIOE TIPOIIeC il po3poOKM Ta TeCTyBaHHS.
Po3ain 3 ("Pesynbratu po3poOku Ta ¢yHKIioHATRHI MokiuBocTi 'NUZP_ORM™)
NPUCBSYCHUN JIEMOHCTpAIll peaaizoBaHOTO (PYHKI[IOHATY, BKIIOYAIOYM BHU3HAYCHHS
MojienieH, yrpaBiiHHsa cxemoro 0a3u nanux, CRUD-omnepariii, miaTpumMKy 3B'3KiB Ta
CUCTEMY MIrpalliil, 3 HaBeJIEHHSIM MPUKIIAJIB KOy Ta 3reHepoBaHux SQL-3anuriB, Ta
aHaI130M e(PeKTUBHOCTI MPOrpaMH Ta ii HanmucaHHs. Y BUCHOBKAaX MiICyMOBYIOTHCS
pe3yJbTaTl BUKOHAHOI POOOTH, OIIIHIOETHCS JOCSATHEHHSI TOCTaBJICHUX IIUICH,
3a3Ha4yaloTbcsl OOMEKEHHS TOTOYHOI peaiizalii Ta OKPECIIOIThCS MOXKIIUBI

HaMpsIMKU JJ1S1 TOJAJIBIIOTO PO3BUTKY MPOECKTY.
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Posnia 1 AHAJITUYHWA OTJISI] JITEPATYPH TA TEOPETAYHI
OCHOBH OF’€KTHO-PEJISILITHOTO BITOBPAKEHHS (OPB)

1.1. IlonsaTTs, npu3HayeHHs 1a nepesaru OPB

O06'exTHO-pensiiiine BimoopaxenHus (Object-Relational Mapping, ORM) — e
TEXHOJIOT1sl MPOTpaMyBaHHS, sIKa Ja€ 3MOTY MEPETBOPIOBATH JaHI MK HECYMICHUMU
CHUCTEMaMHU THUIIIB B 00'€KTHO-OPIEHTOBAHUX MOBax mnporpamyBanHi. [lo cyti, OPB
CTBOpIOE "BIpTyalibHY 00'€KTHY 0a3y maHux", 3 KO PO3POOHUK MOXKE B3a€EMO/IISITH,
BUKOPUCTOBYIOUM O0'€EKTH Ta METOJIM 3aMICTh Oe3nocepenHboro HamucaHHs SQL-
3anutiB. OcHoBHE pu3HadeHHs: OPB nosirae y cripoliiieHH1 B3aeMO/I11 3 pesiliiiHUMU
0a3zaMu JaHuX, a0CTparyBaHHI BiJl OCOOJIMBOCTEW KOHKPETHOI CUCTEMHU YTIPABIIIHHS
0azamu panux (CYBJl) ta iHTerpauii ynpaBiliHHS JaHUMU B O0'€KTHO-OPIEHTOBAHY
napagurMy po3poOKu IPOrpaMHOTO 3a0e3MeYeHHS.

Bukopucrtanuss OPB Hamae Husky cyrreBux nepear. Ilo-mepiie, e
NiABUIIEHHS] MPOAYKTHUBHOCTI PO3POOHUKIB, OCKUIBKY 3HAYHO 3MEHIIIYETHCS 0OCST
m1abJIOHHOTO KOAY, HEOOXITHOTO JUIsi BUKOHAHHS OIepalii CTBOPEHHS, YHTAHHS,
oHoBiieHHa Ta BunaneHHs npanux (CRUD-omepariit). Po3poOHMKHM MOXYTh
30cepeIuTHCs Ha O13HEeC-JIOriIi 3aCTOCYHKY, a HE Ha JeTaIX B3aemojii 3 0a3010
nanux. [lo-npyre, OPB 3a6e3neuye abcTparyBaHHs Bij 023 JaHUX, 1110 TEOPETUYHO
J03BOJISIE JIETIIe 3MiHIOBaTH BUKopucToByBaHy CYBJl 3 MiHIMaJIbHUMH 3MiHAMU B
koAl 3actocyHKy. [lo-tpere, OPB cnpusie minBuineHHIo 0e3nmekM, OCKIJIbKU 0arato
peanizaiiii aBTOMaTUYHO OOPOOJISIIOTH MapaMeTpU3allil0 3aluTiB, IO JOMOMarae
3ano0irtu arakam tuny SQL-iH'exuiid. Hapemri, Bukopuctanus OPB moxpamnye
CYNPOBOKYBAHICTh KOAY: JIOTIKa JOCTYIy J0 JAHUX CTa€ OUIbII YUTAOENIBHOIO,
CTPYKTYPOBaHOIO Ta BIAMOBia€ 0O0'€KTHO-OPIEHTOBAHMM MpPHUHIUIIAM. [ 0JIOBHE
3amanHs OPB — aBromaTu3yBatu B3aemojlif0 3 0a3aMu JaHHX, 3pOOUTH Ti OLIBIIT

THYYKOI0, 0€3MeUHO0I0 Ta €(heKTHUBHOIO.
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1.2. Orasp icuyrouux OPB-pimens Ta iX KJI040Bi XapaKTepUCTUKH

B exocucremi Python icHye nekinbka nommpenux ta noty;xaux OPB-pimiens,
KOXKHE 3 SKUX Mae cBOi ocoOnuBocTi. Cepen HaWBIIOMIIIMX MOKHA BHIUIATH
SQLAIchemy, Django ORM ta Peewee.

SQLAIchemy BaxkaeTbcst OJTHIEIO 3 HAUMIOTYKHIMIKUX Ta HaWTHYukimux OPB-
616miorex nis Python. Bona nagae nBa piBai abctpakiii: SQLAlchemy Core, 110 €
1HCTpyMeHTapieM it pobotu 3 SQL-Bupazamu, Ta SQLAlchemy ORM, sxka peanizye
MOBHOITIHHE 00'€eKTHO-pelsIiiiHe BigoOpaxxeHHs 3a marepHoMm Data Mapper. e
JI03BOJISIE PO3POOHUKAM JETaIbHO KOHTpOoIoBaTH SQL-3anuTH, 110 TeHepYIOThCs, Ta
BOJIHOYAC KOPHUCTYBATHUCS NlepeBaraMu BUCOKOPIBHEBOI 00'€KTHOT abCTpaKIIii.

Django ORM € HEBiJ'€MHOIO YacCTHUHOIO TMOMYJISIPHOTO BeOPPENMBOPKY
Django. Bona peanizye natepn Active Record, ne kitac Mozelni mpecTaiise TabIULIO
B 0a3i TaHUX, a eK3eMIUSIp KiIacy — psAAoK y ikl Tabnuii. Django ORM BizioMa cBo€r0
OPOCTOTOK) BUKOPHUCTAHHS, TICHOK IHTETpall€l0 3 1HIIMMH KOMIIOHEHTaMH
dpeiimBopky Ta migxomom "Bce BrmrodeHo' (batteries-included), mo 3HaYHO
IPUCKOPIOE po3p0OKy BeO3aCTOCYHKIB.

Peewee — 11¢ HeBenuka, BUpa3Ha Ta mpocta y BuBueHHi OPB. Ak 1 Django
ORM, BoHa gacTo BukopuctoBye natepH Active Record. Peewee miarpumye SQLite,
MySQL ta PostgreSQL i € rappumM BUOOPOM J1J151 HEBEJIMKUX Ta CEPEIHIX MPOEKTIB, /1€
He noTpioHa Bes mitk SQLAlchemy a6o iHTerpariis 3 Django.

binburicts cyyacuux OPB HagaioTh cxoxuit HaO1p 6a30BUX (PYHKIIIH, TAKHUX SIK
BU3HAYEHHS MOJIeJeH JTaHuX, aBTOMaTHUYHA TeHepallis cxemu 0a3u manHux, APl mis
BUKOHAHHS 3aIUTIB, YIPABIIHHS 3B'SI3KaMU M1 MOJENSIMU (OJIUH-10-0HOTO, OJIUH-
n0-0araTbox, Oararo-g0-0ararbox), MEXaH13MU TPAH3aKUIA Ta CUCTEMHU MITpalii s
yIpaBIiHHSA 3MIHAMHU B CXeMi 0a3u JaHHX.

ApXITEeKTypHI NaTepHH, 110 Jekarh B 0ocHOBI OPB, nmepeBakHO MOAUIAIOTHCS
Ha Active Record ta Data Mapper. Active Record (sx y Django ORM Ta Peewee)
nependavae, mo 00'exT Moieni "3Hae", Ak 30epertu cede B 0a3y JaHUX Ta 3aBAHTAKUTU

3 Hei. Data Mapper (sik y SQLAlchemy ORM) Bimokpemitoe 00'eKTH B TaM'siTi Bij
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0a3u JaHUX 3a JOMOMOTOI0 CIEHIaIbHOTO Imapy (Marepa), IO BIAMNOBIIAE 3a
nepeHeceHHs1 naHux. lle 3a0esmedye OUIBITY HE3aIEKHICTH MOJENCH BiJl JIOTIKH
30epiraHHsi 1aHux. PO3yMIHHS LMX MIJAXOMAIB T4 MOXJIMBOCTEH ICHYIOUHX PIIIEHb €

BKJIMBUM JIJISI TO3UIIIOHYBAaHHS Ta OIIHKHU BiacHOi po3pooku OPB.

1.3. IIpoGsemaTnka Ta BUKJIMKHU NIpu po3podui OPB

Po3poOka 00'€eKTHO-peNSIIMHOTO BiIOOpaXKEHHS TMOB'SI3aHA 3 HU3KOKO
KOHIIENTYyaJIbHUX Ta TEXHIYHUX BUKIUKIB. OfHI€I0 3 (yHIaMEHTAIBHUX MPOOJeM €
TaK 3BaHa ""HeBiMOBiAHiCTH 00'ekTHO-pessinilinoro imnexancy' (object-relational
impedance mismatch). Bona BuHHKae uYepe3 poO30DKHOCTI MK 00'€KTHO-
OpPIEHTOBAHOIO Ta PEJAIIAHOI0 TapaJurMaMu, 30KpeMa y MUTaHHSIX TPaHyJISpPHOCTI
naHuxX (00'€KTH MOXKYTb MaTH CKJIQJHY CTPYKTYpY, TOMl K PSAKKA TaOJNHIb €
"mmackuMu'"), 1A€HTUYHOCT! (1IEHTHYHICTh OO0'€eKTa B MaMm'siTi MPOTH TEPBUHHHUX
KJIIOYiB y 0a3i JaHUX), CIOcO01B MpeICTaBICHHS 3B's3K1B (HaBIraiis 3a NOCHUIaHHSIMHU
Mix 00'ektamu mpotu omnepauiid JOIN y SQL) Ta BigMiHHOCTEH y cucTeMaxX THUIIB
TaHUX.

[HIIMM Ba)XJIMBHM acTEKTOM € MPOAYKTHBHICTH. AOCTpakiiis, sKy Hamae
OPB, moxe npu3BoauTu 10 reHepauii HeontumanbHux SQL-3anutiB. KinacuuHoro
npo6iemoro € "'mpodsema N+1 3anuty', Koau 1)1 3aBaHTAKCHHS KOJICKITiT 00'€KTIB
Ta MOB'S3aHUX 3 HUMH JaHUX BUKOHYETHCS OJIMH 3aITUT JIsl OCHOBHHX 00'€KTIB, a TIOTIM
N 10maTKOBUX 3amUTIB JJISI 3aBaHTAXXEHHS TOB'SI3aHMX JaHUX I KOXKHOTO 3 N
o0'extiB. EdexTuBHE BuUpilIeHHS Ii€i mpoOJeMH BHUMAarae peaiizaiii MeXaHi3MiB
"xanioHoro" (eager) Ta "nminuBoro" (lazy) 3aBaHTaKeHHS TaHUX.

CxyagHicTh reHepauii 3allUTIB TAKOXK € 3HAYHUM BUKIUKOM. [lepeTBOpeHHs
BHUCOKOPIBHEBUX OO0'€KTHO-OPIEHTOBAHUX 3alUTIB (HAMPUKIIAA, METOIIB (UIbTpallii
a00 copTyBaHHs1) Ha ePeKTUBHUM Ta KOpeKTHUM SQL-Kk0/a, 0cO0JIMBO 3 ypaxyBaHHAM

pizHoMaHITHUX JianekTiB SQL mis piznux CYB/], € HeTpuBiaTbHUM 3aBIaHHSM.
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YnpapiainHs mirpaunisaMm cxeMu 0a3m JaHUX — I1I€ OJTHA KPUTUYIHA 00J1aCTh.
VY mporeci po3poOKu MOEl JaHUX YacTO 3MIHIOIOTHCS: JIOJAIOThCS HOBI ITOJI,
3MIHIOIOTBCS THUIHW ICHYHOYHMX, BUIAISIIOThCA 3actapisii. OPB moBuHHa HamaBatu
HAJIMHUN MeXaH13M JJIs BIJICTEXKEHHS IIUX 3MIH Ta aBTOMAaTUYHOTO 3aCTOCYBaHHS 1X
110 cxeMu 0a3u JaHux 0e3 BTpaTH JaHUX.

OxpiM mnepepaxoBaHoro, po3pooHukn OPB crukaroTbcs 3 HEOOXIIHICTIO
peautizallii eeKTUBHHUX CTpATETii KeIyBaHHs, KOPEKTHOTO YIPaBIiHHS TPaH3aKIIsIMH
TUTsT 3a0€3MeUeHHS UTICHOCTI JaHuX, a TAKOX 13 TUM, 1110 ckiagai OPB MoxyTe MaTn
JIOCUTh BHCOKHH TIOPIr BXOJKEHHS 11 HOBHUX KOPHCTyBadiB. BpaxyBaHHS ITHX
BUKJIMKIB € KIIFOYOBUM JIJIs CTBOPCHHS KUTTE3/IATHOI Ta KOPUCHOI CUCTEMH 00'€KTHO-

PENSIIIAHOTO BiTOOpaKEHHS.
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Posain 2 METOJIOJIOTISI PO3POBKHU TA APXITEKTYPA CUCTEMU
"NUZP_ORM"

2.1. Iliuti T2 3aBAAHHSA MPOEKTY

Po3pobka cucremun 00'ekTHO-pensaniiHoro Bigoopaxenus "NUZP ORM"
Majia Ha MET1 JJOCSTHEHHsI KUIbKOX KJITFOYOBHX IIitel. [lepmr 3a Bce, mPOEKT CiIyryBaB
OCBITHBOIO TIATHOPMOIO JIJIsi TOTIUOJICHOTO BHBYCHHsI mpuHIUMB podotu OPB,
apXITeKTYpHUX TMAaTEpHIB, MO JekaTh B iX OCHOBI (30kpeMma, Active Record Ta
enemMeHTiB Data Mapper), Ta CKJIaJHOIIIB, TIOB'I3aHUX 13 B3a€EMOJIIEI0 MK 00'€KTHO-
OpIEHTOBAHOIO MAPaJAUTMOIO Ta PeNALitHUMEU 0a3aMu TaHUX.

Jpyroro BakJIMBOIO IO OYJI0 CTBOPEHHS JIETKOI Ta MPOCTOi Y BUKOPUCTAHHI1
OPB, cneniansHo ontumizoBanoi Ayt poootu 3 CYBJ] SQLite3. AkueHT poOuBcs Ha
peamnizaiii OCHOBHOTO (DYHKI[IOHATY, HEOOXIAHOTO JJisi O1IBIIOCTI HEBEIMKHUX Ta
CepeqHIX MPOEKTIB, 0€3 HAJIMIIKOBOI CKJIaJHOCTI, MPUTAMaHHOI JEAKUM OUIbIII
noty>xHuM OPB-pimeHHsaMm.

OcHOBHI 3aBTaHHS MPOEKTY BKIIFOYAIIH:

— nocaipkenss icHyrounx OPB ta iX apXiTeKTypHUX pillieHb.

— IlpoexkryBanns BinacHoi apxitekTypu OPB 3 ypaxyBaHHSIM 00paHOTO CTEKY
TEXHOJIOT1i.

— Peanizariist MexaHi3My BU3HaUCHHS Mojenel nanux y Python.

— Po3po0Oka cuctemu aBTOMAaTHYHOI TeHepallli cXxeMu 0a3u JaHUuX Ha OCHOBI
BU3HAYEHUX MOJICJICH.

— Immnementanis ¢ynkuioHany s BukoHaHHs CRUD-omepauiii (Create,
Read, Update, Delete).

— 3a0e3neueHHs] MIATPUMKA OCHOBHUX THMIB 3B'S3KIB MIXK MOJIEISIMU
(ForeignKey, OneToOneField, ManyToManyField).

— CtBopeHHss 0a30BO1 CHCTEMH MITpamiii [y yNOpaBlIiHHS 3MiHAMH B
CTPYKTYp1 6a3u JaHUX.

— Po3poOka cucremu TecTyBaHHS HJis 3a0€3MEYECHHS HAAIMHOCTI Ta

KopekTHOCTI podotu OPB.
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3amianoBaHui 00CAT QYHKI[IOHAIBHUX MOMJIMBOCTEH BKIIIOYAB BU3HAUCHHS
MOJIeJiei, aBTOMAaTUYHE CTBOPEHHsI TaOauIlh, BUKOHaHHs 0azoBux CRUD-omnepariii,
HIATPUMKY 3B'S3KIB MDK TaOJUIAMHU 3 KackaJHuMm BupaieHHsMm s ForeignKey, a
Takok 0a30BMIl MexaHI3M Mirpauid Ta ynpaBimiHHA M2M  3B's3kamu  yepes

crieliaxizoBaHuN MEHEKED.

2.2. OOrpyHTYBaHHSI BHOOPY TE€XHOJIOTIYHOI0 CTEKY

Jlnst peanizanii npoekry "NUZP_ORM" 6yno oOpaHo MOBY nporpaMmyBaHHs
Python Ta cucremy ympasminas 6azamu ganmux SQLite3. Lleit BuOip 3ymoBneHuit
KUTbKOMa (paKkTopamm.

Python Oyno oOpaHO 3aBIsSKM HOTO BHCOKOPIBHEBIN MPUPOIl, TUHAMIYHIN
THUII3AIi Ta 6araTUM MOKJIMBOCTSIM METamnporpaMyBaHHs (30KpeMa, BUKOPUCTAHHS
METaKJIACIB Ta JECKPHUIITOPIB), 110 € HAI3BUYANHO KOpUCHUMH TIpu po3podbii OPB.
IIpocTtoTa cunTakcucy Python Ta Benauka KUIBKICTh CTaHAAPTHUX O10J110TEK
JIO3BOJISIIOTH 30cepenuTcs Ha joriii camoi OPB, a He Ha HU3BKOPIBHEBUX JETAJAX
peanizanii. Kpim Toro, Python € momysnspHoi MOBOIO 1Jis1 BeO-po3poOKH Ta aHaAJi3y
nanux, n1e OPB 3HaxoAsTh MMUPOKE 3aCTOCYBAHHS.

SQLite3 Oyno obpano sk miboBy CYBJ] yepe3 ii mpocToTy, BIACYTHICTb
HEOOX1THOCTI y HaJlallITyBaHHI OKPEMOro cepBepa 0a3 JaHuX Ta 30epiranHs Bciei 6a3u
naHux B ogHomy (aitmi. Ile 3nauHO crmporye po3ropranHs Ta BukopuctanHs OPB,
0COOMBO JJISI HEBEIMKUX MPOEKTIB, JIOKAIHPHUX 3aCTOCYHKIB Ta OCBITHIX ITiJICH.
JlerkoBaxknicTh SQLite3 TakoX J03BOJIMIIA 30CEPEAUTHCS Ha KIIOYOBHUX aCMEKTaxX
OPB, He yCKIaJHIOIOYHM CHCTEMY MIATPUMKOIO Oe3miui mianektiB SQL mmsa pi3HHX
CYBJl Ha mnouatrkoBoMy eTami po3poOku. BoOynmoBana minrpumka SQLite3 'y
craHaptHii 010mioTeri Python Takox € mepeBarozo.

2.3. Apxirekrypa cucremu "NUZP_ORM"
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Apxitektypa "NUZP_ORM" po3pobiena 3 MeToro 3a0e3neueHHs
MOJYJBHOCTI Ta pO3UIMPIOBAHOCTI. BoHa cKiajaeThCs 3 KUIBKOX KITFOYOBHX
KOMIIOHEHTIB, 1110 B3aEMOJIIFOTH MIK COOOIO:

1. Hlap BusHauennsi moaeseid (Model Definition Layer):

a. KopucrtyBaui BH3HAaualOTh CBOi MOJENl JaHUX HUIAIXOM
ycnaaKyBaHHs Bij 6azoBoro kiacy ORM.base.BaseModel.

6. KiroyoBy pomnp B aBTOMaTu3amlii IbOrO MPOLECY BIAITPAIOThH
metakjgacu (B "NUZP ORM" me, #iimoBipHo, ModelMeta, Bkazanmii miis
BaseModel). Komu Python o6po0:sie Bu3sHaueHHs Kilacy Mojeli (HampuKiaj,
class User(BaseModel): ...), came meTakiac MepexoIUIIOE MPOIEC CTBOPEHHS
OO KJIACy.

1. Ak came BiIOYyBa€THLCA AaBTOMATH3ALLiS:

1. AmnaJji3 atpudyTiB: MeTakiiac OTpUMYe€ JOCTYII 10 BCi1X aTpUOYTIB,
BU3HAYEHUX BCEpEIMHI Kitacy Mojeni (Hanpukiaa, name = CharField(...), age =
IntegerField(...)) we 0o moeo, ax cam knac mooeni nosnicmio cgpopmosaruil.

2. Inentudikania moais OPB: Bin nepernsgae ui arpubytu Ta
11eHTU(IKy€e Ti, IO € EeK3eMIUIsIpaMu chelianbHux kiacie noais OPB
(CharField, IntegerField, ForeignKey Tomno).

3. 30ip metaganux: /{7151 KO)KHOTO 11€HTHU(HIKOBAHOTO TIOJIST METAKJIIAC
30upae BCro HeO0OXiIHY 1H(OPMAIIifO: iM'sl ITOJIs, HOTO THI, Epe/laHl MapaMeTpH
(manpuxian, max_length, unique, default). Lls indopmaris 36epiraerbest y
BHYTPIIIHIA CTPYKTYpi (YacTo II€ CIOBHUK a0o0 cHeliaJbHUN 00'€KT, 10
MPUKPITUIIOETHCS J10 KJIacy MOJICI, HapuKiaz, sk atpuOyT fields).

4. ABTOMATH4YHE J0JABAHHS CJIY:KO0BHMX eJsieMeHTiB: Merakiac
MOX€ aBTOMATHUYHO JIOAaBaTH JI0 MOJENI CIYy>KOOBlI TMOJs (HaNpUKIAL,
NEepBUHHUN K04 1d, SKIIO BIH HE BHU3HAUYEHHMH SIBHO) Ta T€HEpPyBaTH IM's
Tabnuil 0a3u JaHUX Ha OCHOBI IMEHI Kjacy mojeni (Hampukiaa, kinac User
BiJ0OpaXkaeThCs B TAOJIHIIIO USET).

5. Peectpamnis moaeni: HoBocTBopeHuil kimac Mojeni Moxe OyTH

3apeecTpoBaHuil 'y TriobamsHOMYy peectpi OPB, mo po3Bonse iHIMM
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KOMITOHEHTaM CUCTEMH (HaIpUKIIaa, CHCTEMI MITpailliii) 3HaTH PO BC1 JOCTYIIHI
MOJIEI.

11. TakuMm umHOM, MeTakjac 3BUIbHSE€ KopuctyBaua OPB Bix
HEOOX1THOCTI BpPYYHY pPEECTpPYBATH KOXKHE Tosie abo Moxaenb. KopucryBau
MIPOCTO JIEKJIAPATUBHO OMHICYE CTPYKTYPY MOJIEN1, a MeTakIac "3a namryHkamMu"
BUKOHYE BCIO po0OTY 31 300py METaJaHuX Ta MiATOTOBKHU KJIACy A0 B3a€MOJII 3
OPB.

B. ABTOMAaTHYHO OAAETHCS MO id K MEPBUHHMUMA KITFOY TSI KOKHOT
MOJIeNI, SKIIO BOHO HE BU3HAUYEHE KOPUCTYBAUEM.

2.  Twunm mouais Ta Baainanisi (Field Types and Validation):

a. Cucrema miaTrpumye pizHOMaHITHI TUNH mouiB, Taki sk CharField,
IntegerField, DateTimeField (Buznaueni B ORM/datatypes.py), a Takox
criemiamizoBani  mons  aus 3B's3kiB:  ForeignKey,  OneToOneField,
ManyToManyField (Bu3naueni 8 ORM/fields.py).

6. Jusa moniB mependaveni omiii, Taki Sk null (un moxe mone OyTu
NOpPOKHIM), unique (Y4 TOBUHHI 3HA4YeHHS OyTu yHiKanpHuUMH), default
(3HaueHHs 3a 3aMOBYYBaHHSAM). ba3oBa Bajijailisi MOXK€ BUKOHYBAaTUCA Ha
OCHOBI IMX OMIIiH.

B. [eckpuntopu Python BUKOpHCTOBYIOTHCS IS peamizaiii JOTiKH
noiiB. Konu xopuctyBau 3BepTaeThcs 10 atpudyTa mojeni, mo € nmojiem OPB
(mampukiazn, my instance.name abo my instance.related object), came
JECKPUIITOp KOHTpOJItOE, 110 BimOyBaeThes. Lle mo3Boisisie, Hampukiaji,
peanizyBaTu "nmiHuBe" 3aBaHTakeHHs s noniB ForeignKey (mani 3 6asu
3aBaHTaXXYIOThCS JIMUIIIE NPU NEPIIOMY 3BEPHEHH1) a00 MMOBEPTATH CHellaIbHUMA
MeHekep st noiaiB ManyToManyField (six e Bugno 3 ORM/fields.py, ne
METOJ _get TUTS ManyToManyField IOBEpTAaE
ManyToManyRelatedManager).

3.  Mexani3m 3anuTiB (Query Engine):

a. Bsaemonis 3 6a3010 qaHUX 11 BUOIPKU TaHUX 31HCHIOETHCS Yepe3

00'eKT-MEHeIKep, TOCTYITHUN I KOKHOT Mojeni (Hanpukian, Model.objects).
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6. Pesynmbrarom 3amutiB € o0'ektu QuerySet (kjlac BHU3HAYE€HO B
ORM/query.py), $Ki MATPUMYIOTh JIAHIFO)KKOBI BHUKJIWKH METOMIB JIJIs
noOy10BM CKJIaAHUX 3anuTiB (Hanpukian, filter(), order by(), limit(), offset()).

B. QuerySet € irepabenbHUM Ta NIATPUMYE OTPUMAHHS BCIX
pesyabraris (all()) abo ogHOrO KOHKpeTHOTO 3anucy (get()).

r. IliaTpumyroThbCs pi3HI THUIH MOIIYKOBHX BUpPAa3iB JUIsl (uIbTpauii
(__exact, like, gt, gte, 1t, lIte, in, neq).

4. Ynpasuainns 3B's3kamu (Relationship Management):

a. ForeignKey ta OneToOneField peanizyroTs 3B's3ku "omguH-m0-
6aratbox" Ta "onuH-n0-0aHOTO" BiAnoBiaHO. OneToOneField ycnankoByeThes
Bi1 ForeignKey 3 mpumycoBum oOMexkeHHsIM unique=True.

6. ManyToManyField peanizye 3B's3ku "Gararo-mgo-6aratbox" uepes
ABTOMATUYHO FeHEepOBaHy ab0 KOPUCTYBAILIbKY MPOMIXKHY Tabnuio. JJoctym 1o
MOB'A3aHUX O0O0'€KTIB Ta yOpaBiIiHHS 3B's3kaMu (J0JaBaHHs, BUIAJICHHS,
OUMINICHHS) 3/IIMCHIOETHCS Yepe3 CIEeLiaIbHUI MEHEKEP, SIKUM MOBEPTAETHCS
opu  goctym g0 M2M-nons  Ha  ek3eMIUBIpi  Mozeni  (Hampukiai,
instance.m2m_field.add(related instance)), 1m0, K 3a3HAYCHO  BHIIIE,
peanizyeThCs 3a JOTIOMOTO0 IECKPHUITOPIB.

5. Menemxep mirpaniii (Migration Manager):

a. PeamizoBano 0a30By cucTemMy Mirpailiii, KepoBaHy CKPHUIITOM
ORM/manager.py.

6. IligTpumyroTbcsi KoMaHAW Ui TeHepallli QaitniB mirpamiii Ha
OCHOBI IOTOYHOTO CTaHy Mojenei (generate --app <app folder>),
3aCTOCYBaHHS Mirpamiid mo 0a3u nanux (migrate) Ta Meperjisgy CTaTycy
mirpanii (showmigrations).

B. 3acTocoBaHl Mirpaili BIACTEXKYIOTbCS Yy CHeliadbHIi Ta0auIll
orm_migrations B 0a3i JaHUX.

KirouoBi mosknuBocti Python, 1110 akTUBHO BUKOPUCTOBYIOTHCS B ApXITEKTYPI,
BKIJIIOYAIOTh METAKJACU U1 aBTOMAaTHU3allll BU3HAYEHHS MOJElel (K JeTanbHO
omucaHo Buile). JleCKpUNTOPHU BiIITPAIOTh BAXKIWBY POJib y peanizailii MOBEAIHKH

MOJIIB Ta YMPaBIiHHI JOCTYNOM JI0 aTpUOYTIB EK3eMIUIAPIB MOJIeJICH: BOHU
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J03BOJISIIOTH TIEPEXOIUIIOBAaTH omeparii uyutanHs ( get ) Ta 3amucy (_ set )
3HaueHb mnoJiB. lle BUKOPHCTOBYEThCS JUIsi TakuWxX 3aBllaHb, AK: * Peamizaiis
"miHuBoro" 3aBanTaxeHHs (lazy loading) nnst moniB 3B's13kiB Tuy ForeignKey, konu
MOB'A3aHUM 00'€EKT 3aBaHTAXKYETHCA 3 0a3M JAaHUX JIMIIE TIPU MEePHUIOMY 3BEPHEHHI J0
nosia. * IloBepHeHHs cHewniagi3oBaHUX O0'€KTIB-MEHEIKEPIB ISl TOJIB  THUILY
ManyToManyField npu goctyni 10 HUX Ha €K3eMIUIApPI MOJENI, IO JT03BOJISE Aai
BUKOpucTOBYBaTH MeToau add(), remove() Tomo. * BukoHaHHs Bamigamii JaHUX a0
NEepEeTBOPEHHS THUIIIB M1l Yac MPUCBOEHHS 3HAUCHHS MOI0. * 3a0e3neyeHHs Toro, Mo
3HAUYCHHS TIONIA 30epiraeThCcsd Ta BUTATYETHCS 3 TPABWIHBHOTO MICHS BCEpEIHHI
eK3eMIUIIpa MoeNi (HampHKiIa;, 31 CJIOBHUKA aTpuOyTiB). OKpiM 1bOTO, CTAaHAAPTHI
CTPYKTYpPH JTaHUX Ta 00'€KTHO-OPIEHTOBAHI MPHUHIIMIIA € OCHOBOIO JJIsi TOOYJOBH

MO,ZIy.TII)HO.I' CHCTCMU.

2.4. IIpouec po3po0KHU Ta TECTYBAHHS

[Tpomec po3pobku "NUZP ORM" MokHa yMOBHO TIOJIUTMTH Ha KiJIbKa €TaITiB:

1.  [HocmimkeHHs ta mpoekTyBaHHs: AHami3 icHytounx OPB, Bu3HaueHHs
KITFOUOBUX BUMOT Ta MIPOSKTYBAHHS 3arajibHOI apXiTEKTypH CUCTEMHU.

2. Peamzamis snapa: CtBopeHHS 0a30BUX KIIAciB JJII MOJCICH, IOJIB,
MeXaH13My 3anuTiB Ta renepariii SQL.

3. Po3pobka  miaTpumku  3B's3kiB:  Immutementamisi  ForeignKey,
OneToOneField Ta ManyToManyField.

4. CrBopeHHs cucTeMu Mirpauiid: Po3pobka iHCTpyMEHTIB Juisl TeHepalli Ta
3aCTOCYBaHHSI MiTpalii.

5. TecryBaHHS Ta Hajaro/pPKeHHs: HamucaHHS IOHIT-TECTIB ISl BCIX
KOMITOHEHTIB CHCTEMH, BUIPABIICHHS IOMHUJIOK Ta pe(hakTOpUHT.

6. HoxymentyBanus: CtBopennss README.md ta komeHTapiB y Kozi.

TecTyBaHHS BiJIrpaBajio BaXXJIMBY pOJIb HAa BCiX eramax po3pooku. Jlms
3a0e3nedYeHHs SKOCTI Ta HAJIMHOCTI KOJy BHKOPHUCTOBYBaBCs BOymoBaHuii y Python

Mo1yJh unittest. OcHOBHUI (OKYC TeCTiB OYB CIIPSIMOBAaHUM Ha:
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—  KOPEKTHICTh BU3HAYEHHS MOJIENICH Ta CTBOPECHHS TaOIHIlh y 0a3i JaHuX.

—  IIpaBunsHicTb renepauii SQL-3anuTiB 111 CRUD-onepariid.

—  @OyHKUIOHYBaHHS (UIbTpaLii, COPTYBaHHSA Ta OOMEKEHHS BUOIPKH.

— KopektHy poOoTy BCiXx THUIIB 3B'A3KIB, BKJIIOYAIOYM JIOJaBaHHS,
BUJIAJICHHS Ta BUOIPKY MOB'sI3aHUX 00'€KTIB.

—  PoOoty cucremu mirpaiiiii (reHepailisi Ta 3aCTOCYBaHHS).

JUis OLIHKM IOBHOTH TECTOBOIO IOKPUTTS BHUKOPUCTOBYBAlacs YTUIIITA
coverage. llepenbavyeni koMaHau JUisl 3allyCKy TECTIB Ta TeHepalii 3BITIB MPO
NOKpUTTS (coverage run -m unittest discover ..., coverage report -m, coverage html).
Takox 3ragyerbcsi IHCTPYMEHT interrogate JUisl NepeBIPKA TOKYMEHTOBAHOCTI KOY.
Takuil miaxig 10 TECTyBaHHS JO3BOJWB BUSBUTU Ta BUIIPABUTH 3HAYHY KIJIbKICTb

NOMUJIOK Ha paHHIX CTalifX Ta 3a0e3nmeuyuTd cTabiibHy poOOTYy OCHOBHHMX (DYHKIIIN

"NUZP_ORM".

2.5. Crpec-TecTyBaHHSI Ta TNOPIBHSJIbHUI AaHAJI3 TPOXYKTUBHOCTI

"NUZP_ORM"

JUist OUIHKM TNpOAYKTHBHOCTI po3pobieHoi cucremu "NUZP_ORM" min
HaBaHTAKCHHAM Ta JUIsl TIOPIBHAHHSA i1 €EeKTUBHOCTI 3 €TAJIOHHUM PIllIEHHSAM OYJI0
IPOBEACHO Cepito cTpec-TecTiB. B sikocTi etamonHoi cuctemu Oyino obpano Django
ORM, six ogny 3 Haunony sipHimux ta ontuMizoBanux OPB nms Python.

Metoauka tectyBaHHsA: TecTyBaHHS IMPOBOAMIIOCS Ha OJHAKOBUX Habopax
JaHUX, 3T€HEPOBaHUX 3a gomomororo 6i6mioreku Faker. bBynu crBopeHi nBi mopeni:
StressAuthor (ABtopm) ta StressPost (Iloctn), 31 3B's13k0M "oauH-10-0ararbox" (01uH
aBTOp MOXe€ Matu Oararo mocTiB). TecTw BKJIIOYANIM orepalii MacoBOi BCTaBKH,
OHOBJICHHSI, BUJQJICHHS 3aITUCIB, & TAKO)K BUKOHAHHS IIPOCTUX Ta CKIIAJHININX 3aIUTIiB
Ha BUOIpKYy nanux. Kinbkicth 3anuciB mist TectTiB ckiagaina 1000 aBTopiB Ta mo 5
MOCTIB Ha KOkHOTO aBTopa (3arasiom 5000 moctiB). BuMiproBaBcsi yac BHUKOHAHHS

KOKHOI Oorepartii.
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Pe3yabTaTn TeCTyBaHHA TA NOPiBHAJIBHUN aHAJI3:
Ha ocHOBI mpoBeneHMX TeCTIB (IeTalibHI pe3yiabTaTH Yacy BUKOHAHHS

HaBeieH1 y Tabnui 2.1) MokHa 3p0OUTH HACTYITHI CITIOCTEPEKEHHS:
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Tabmuns 2.1 — IlopiBHsHHS yacy BukoHaHHs omepauiii "NUZP ORM" Tta

Django ORM (B cekyHaax)
KinbkicTb NUZP_OR | Django
Onepanis
3anuciB M (¢) ORM (¢)
Macosa BcraBka
BcraBka ABTOpiB 1000 ~0.0191 ~0.0180
Bcragka [locTiB 5000 ~0.1032 ~0.1377
Macose OHOBJICHHA
OnoBieHHs1 ABTOpPIB (3M1HA IMEHI) 500 ~8.0685 ~0.0536
OHOBIICHHA [ToctiB (3miHa
. . 2500 ~42.2089 ~0.2733
JYUIBHUKA TIEPETJIS/IIB)
Buoipka lanux
[Ipoctuii 3anmuT (OAMH TOCT MO
1 (35000) ~0.0537 ~0.0028
aBTOPY)
CxnaaHuii 3anuT (IMOCTHM aBTOPIB Ha | 3aJ€KUTh BiJl
~0.0768 ~0.0061
"A") JTaHUX
Oinprpamist  (moctu 3 >5000 | 3anexxurb Bix
. ~0.0646 ~0.0001
neperisiaiB) JTAHUX
Macose Bunajienus
Bupanenus AsrtopiB (Ta mos'sizanux | 500 (ta ix
' ~0.0000 ~0.0000
MOCTIB) MOCTH)

[TpumiTka 10 Tabauui:
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—  N/A (Not Available/He 3a¢hixcosano): Tounuit yac ajsi MacoBOTO
BunaieHHs B "NUZP_ORM" y HajjanoMy BUBO1 He OyB OKpeMo 3a(pikcoBaHUM
JUTSL TIPSIMOTO TIOPIBHSIHHSL 3 ONTHUMIi30BaHUM BuaaieHHsAM Django. Tect s
"NUZP_ORM" nepenbauaB iTepaTUBHE BUAAICHHS.

- Django ORM Macose Buoanenus: Django ORM BuKOpuCTOBY€E
ontuMizoBaHi 3anutu DELETE ta xackagHe BujajieHHs Ha PiBHI 0a3u JlaHUX,
TOMY 4Yac BUKOHAHHS A Ii€l onepartlii gy>xe manuii (y BuBoai TecTiB ~0.0000
c).

1. Macosa BcraBka (Bulk Insert):

a. Y omepamisix wMacoBoi BcraBku "NUZP ORM" mnoka3zana
pe3ynbTaTH, 1iaKkoM ciiBcTaBHi 3 Django ORM (Ta6umwirs 2.1). Le cBiguuTh npo
edekTUBHY peanizaiiio Merony insert entries B "NUZP_ORM" mns cuenapiiB
MIOYaTKOBOT'0 HAIMIOBHEHHSI 0a3u JaHUX.

2.  Macogse ononienns (Bulk Update):

a. Y omepauisx macoBoro oHomieHHs Django ORM pemoHcTpye
3HayHO BHILY NpoaAyKTUBHICTH (Tabmuus 2.1). Lle nosicHoeTbea TUM, 11O
Django BukopucToBye crenianizoBanuii meron bulk update, saxuit ontumizye
B3aeMOJIi10 3 6a3010 manux. B "NUZP ORM" oHOoBneHHS B MOTOYHIN peai3ariii
TECTy BimOyBaJOCAd IIIAXOM ITeparii 1Mo 3amucax Ta BUKOHAHHS
1HMBITyaIbHOTO 3aMUTy replace entries Ajisi KOXKHOTO.

3. Bubipka nanux (Querying):

a. Django ORM mnoka3zye 3Ha4HO Kpamly HPOAYKTUBHICTh MpPHU
BUKOHAHHI 3aMuTiB, 0co0auBO ckiaaHux (Tabmuus 2.1). e nmos's3ano 3 TUM,
mo Django ORM renepye Oinbin ontumizoBadi SQL-3anuTu Ta BUKOHYE
MaKCHMaJIbHY KUIbKICTh ornepanii (piabTpallii Ha CTOpOH1 0a3u TaHUX, TOAL SIK Y
tectoBoMy cueHapli g "NUZP_ORM" nesxi onepamii  ¢inabTpamii
BUKOHYBaIUCS Ha cTopoHi Python.

4. Macose Bugancuus (Bulk Delete):

a. Django ORM BuxopuctoBye onrtumizoBani 3anutu DELETE Ta
KacKaJIHE BUJIAJICHHSI, 10 € 3HAYHO ¢()eKTUBHIIINM, HI)K ITepaTUBHE BUIAJICHHS,

peanizoBaHe B TecToBomy ciieHapii st "NUZP_ORM".
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BucHoBku 31 cTpec-TectyBaHHs: [IpoBeneHe cTpec-TecTyBaHHs M0Ka3alo, 110
"NUZP_ORM" neMOHCTpy€ KOHKYPEHTOCIIPOMOXKHY MPOJTYKTUBHICTh MPU OTEPaLlisiX
MacoBOi BCTaBKM JaHuX. OJHAK, y CLIEHApIIX MAacOBOTO OHOBJIEHHS Ta BUKOHAHHS
CKJIaJIHMX 3anuTiB Ha BUOIpKY naHux, "NUZP ORM" cyrTeBo nocrymnaerbcs Django
ORM. OcHoBHOWw mpuunHOIO € BiAcyTHicTH B "NUZP ORM" chemnianizoBaHux
MeToaIB sl MacoBux onepauiil (sk bulk update B Django) Ta BUKOHaHHS YaCTUHU
noriku ¢inpTpanii Ha ctoponi Python 3amicTh neneryBanHs ii 0a3i JaHUX.

Lli pe3ynbTaTé MIAKPECIIOIOTh BAKIUBICTH ONTHUMI3Ali B3aeMosii 3 6a3010
JaHUX JUId Omepaliid, 10 BUKOHYIOTbCS HAJl BEJIMKUMHU oOcsramu naHux. [lns
"NUZP_ORM" noTeHIIHHUMH HaMpsSMKaMU TOKPAIICHHS MPOAYKTHBHOCTI MOTJIA O
CTaTH:

—  peatizallis METOIB JJII MAaCOBOT'O OHOBJICHHS Ta BUJIAJICHHS 3aIKCIB, 1110
TE€HEePYIOTh OJIMH a00 MiHIMAIBHY KIJIbKICTh SQL-3anuTis.

—  Bpockonanennss mexaHizmy reseparii SQL-zanutiB s filter(), o6
3a0€3NeYnTH BUKOHAHHS MAaKCHMaJbHOI KUIBKOCTI YMOB (iibTpalii Ha CTOPOHI
CYBU.

HesBaxxatoun Ha BHUSBJICHI AaCMEeKTH MPOJYKTUBHOCTI, pO3podieHa
"NUZP_ORM" Bukonye cBoi OCHOBHI ()yHKIIIT Ta CIYTy€ HIHHUM 1IHCTPYMEHTOM JUIsI

PO3yMIHHS MIPUHITUIIIB pOOOTH 00'€KTHO-PEIIAIINHNX B1I0OpaKyBayiB.
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Po3nin 3 PE3YJIBTATHU PO3POBKU TA ®YHKIIOHAJIBHI
MOXJIUBOCTI "NUZP_ORM"

Leit po3aist pUCBSYEHU I€TaIbHOMY ONKCY (PYHKIIOHATBHUX MOMXKIMBOCTEN
peayi3oBaHoi cucTeMH 0O0'eKTHO-pessmiiiHoro BigoOpaxenns "NUZP_ORM",
BKJIIOYAIOYM BHM3HAUEHHS MOJIEJIeH, YIpaBliHHSA CXEMOIO0 0a3u JaHWX, BUKOHAHHS
omeparniii ManimymoBaHHs ganuMu (CRUD), miaTpuMKy 3B'SI3KIB MiXK MOJCIISIMH,

CUCTEMY MiTpalliif Ta 1HIII aCIeKTH.

3.1 BuzHaueHHs MoJeJiel Ta THIIM JAHUX

OcHoBow Oyap-sk0oi OPB € MOXnIuBICTH BH3HAYaTH MOJIEN JAHUX, SIKI
B1IOOpakaTUMyThCSl Ha TaOJuUIll B pensmiiHii 6a31 ganux. Y "NUZP ORM" uei
IPOLIEC € THTYITUBHO 3PO3YMUIKM.

Crnoci6 Bu3HaueHHs mojenei: KopuctyBadi BU3HauarOTh CBOi MOJIEII HIJISTXOM
ycnaakyBaHHs Bijg 0OazoBoro kiacy ORM.base.BaseModel. Koxen kmac, mio
ycnagkoByeThes Bii BaseModel, aBToMaTHYHO pO3TIIsAIa€ThCsl CUCTEMOIO SIK MOJIETIb,
1T K01 OyJie CTBOpEHA BIAMOBIIHA Ta0IHILIS B 0a3i JaHUX.

[TinTpumyBani tunu noni: "NUZP_ORM" miarpumye HaOip 6a30BUX THITIB
noJIiB, skl Bu3Ha4eHi B moysni ORM/datatypes.py. Jlo HuX HamexarTs:

—  CharField: [lns 30epiraHHss TEKCTOBUX pAIKiB. Mae 000B'sI3K0BUI
napameTp max_length ta onionanshi null, unique, default.

—  IntegerField: JIns 36epiranns minux yucesn. Mae oniioHaapH1 TapaMeTpu
null, unique, default.

—  DateTimeField: [lns 30epiranHs nmatu Ta yacy. Mae omIlioHadbHI
napametpu null, unique, default, a Takox auto now (aBTOMAaTHMYHO BCTAHOBIIIOE
MOTOYHHMIM Yac NPH KOXXHOMY OHOBJIEHHI 3amucy) Ta auto now add (aBTomMaTH4HO

BCTAHOBJIIOE TOTOYHHI Yac MpU CTBOPEHHI 3aIMUCY).
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—  Takox ICHYIOTH croemiaiabHi TUnM ToJiB ana 3B's3kiB: ForeignKey,
OneToOneField, ManyToManyField, siki getanpHiIe po3rstHyTi B iapo3aiii 3.4.

Omnuii Ta oOMexxeHHsI MOJIiB: J1J1s1 O17BIIOCTI TUITIB MOJIIB JOCTYITHI TaK1 OTIIIIi:

—  null (bynee 3nauenns): Aximo True, mose moxe matu 3HaueHHs:t NULL B
6a3i nanux. 3a 3amoBuyBaHHsM False.

—  unique (OyneBe 3HaueHHs): SAkiio True, 3HaYEHHS B I[bOMY MOJI1 TOBUHHI
OyTH yHIKaJIbHUMHU B Mexax Ta0muii. 3a 3amoBuyBaHHsM False.

—  default: 3navueHHs 32 3aMOBUYBAaHHSIM JIJIS1 TIOJIS, SIKITIO BOHO HE BKa3aHE
IIPY CTBOPEHHI 3aITUCYy.

ABTomaTnyHuii nepBuHHUW kmo4d: Koxna wmoaens B "NUZP ORM"
aBromaTu4yHo otpumye noje id tuny IntegerField, sike ciyrye mepBUHHHM KitoueM
(PRIMARY KEY AUTOINCREMENT B SQLite). Ile mone momaeTbcsi METaKJIacCoOM
MOJI€JI1, SIKIIIO BOHO HE BU3HAYEHE KOPUCTYBAaYEM SIBHO.

[Ipukiian BU3HaUYCHHS MOJIEII:

from ORM.base import BaseModel
from ORM.datatypes import CharField, IntegerField,

DateTimeField

class Author (BaseModel) :
name = CharField(max length=100, unique=True)

email = CharField(max length=150, null=True)

class Book (BaseModel) :
title = CharField(max length=200)
publication year = IntegerField(null=True)
created at = DateTimeField(auto now add=True)

# Iome mna 3B'sas3ky Oyme momaHo B nimpozmini 3.4

3.2. ABTOMaTH4YHe CTBOPEHHS Ta YNPABJIHHS CXeMOI0 0a3H JaHUX
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[Ticns BusnauenHs wmoxenert "NUZP ORM" OGepe Ha cebe 3aBaaHHs
TPaHCIIALIT IIUX BU3HAYCHB y CTPYKTYpY Tabymib 6a3u qanux SQLite.

Tpancnsiss Mmojenen y Tabyuii:

— iM's TaOmwmii B 6a3l JaHUX aBTOMATHYHO T'€HEPYETHhCS HA OCHOBI IMEHI
KJIacy MOJIeNIl IIJIIXOM MEepPeBEeeHHS MOoT0o B HWKHIM pericTp (Hampukias, kiac Book
crane Tabdnuuero book).

— Koxne morne, BHU3HaueHe B KJacl MOJENi, MEPETBOPIOETHCS HA
BIIMOBIAHUN cTOBMENb y Tabmuii. Tun manux crosmisg B SQLite BU3HAYaeThCs Ha
ocHoBl tuny nosnst OPB (manmpuknan, CharField crae TEXT, IntegerField crae
INTEGER).

— Oobwmexenns mnonie (NOT NULL, UNIQUE, DEFAULT) Takox
TPAHCIIOIOTHCS Y BIAMOBIIHI 0OMexeHHs Ha piBHI SQL.

—  Ileppunnuii wmo4 id aBromaruuyHo cTBOproeThesi sk INTEGER
PRIMARY KEY AUTOINCREMENT.

[Ipuknan 3renepoBanoro SQL st ctBOpeHHs Tadaub (A1 Moened 3 1. 3.1):

Hns monem Author:

CREATE TABLE IF NOT EXISTS author (

id INTEGER PRIMARY KEY AUTOINCREMENT,
name TEXT NOT NULL UNIQUE,

email TEXT

s monem Book:

CREATE TABLE IF NOT EXISTS book (
id INTEGER PRIMARY KEY AUTOINCREMENT,
title TEXT NOT NULL,
publication year INTEGER,
created at DATETIME NOT NULL
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i SQL-3anuTu reHepyroThCsl Ta BUKOHYIOTHCS, HAPUKIIA, IT1]T YacC MPOIIECy

Mirpaiii (quB. mapo3aut 3.5).

3.3. Peanizaunist onepauiit maniny/jroBanus 1anuvu (CRUD)

"NUZP_ORM" nanae APl s BUKOHaHHS OCHOBHMX OIEpalii CTBOPEHHS
(Create), untanns (Read), onosnenns (Update) Ta Bunanenns (Delete) 3ammcis.
CrBopennsi 3anuciB (Create): HoBi 3amucu J10AalOThCS 3a JIOIMTOMOTORO
merony Model.insert entries([...]). Lle#t mMeron mnpuiiMae CHUCOK CIIOBHHKIB a0o0
€K3eMILIAPIB MOJIEIII.
—  IIpuxnax Python:# CTBopeHHs uepe3 CIOBHUKHU
author data = [
{"name": "George Orwell", "email":

"gorwell(lexample.com"},

{"name": "J.R.R. Tolkien"}
]

Author.insert entries (author data)

CTBOpEHHS 4yepe3 eK3eMILIApU

new book = Book(title="The Hobbit",
publication year=1937)

Book.insert entries([new book])

—  Bignosigauit SQL (KoHIIENTyaJIbHO JIJIsl IEPUIOTO aBTOPA):
INSERT INTO author (name, email) VALUES ('George

Orwell"', 'gorwelllexample.com') ;

Uwuranns 3anuciB (Read): Joctyn n0 maHux 3M1MCHIOETHCS Yepe3 MEHEIKED

Model.objects.
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OtpuMaHHS BCiX 3anuciB: Model .objects.all ()
- [Tpuknan Python:
all authors = Author.objects.all()
for author in all authors:

print (author.name)

- Bigmosigamit SQL:
SELECT id, name, email FROM author;

OTpumMaHHS OJHOTO 3aIUCY:
Model .objects.get (**kwargs)
—  Ilpuknan Python:
tolkien = Author.objects.get (name="J.R.R.
Tolkien")
if tolkien:

print (tolkien.email)

—  Bigmosigamit SQL:
SELECT id, name, email FROM author WHERE
name = 'J.R.R. Tolkien' LIMIT 1;

dinbTparlis 3aMuciB:
Model.objects.filter (**kwargs) [linTpumytoTscs pizHi
TUIY NolyKoBuX Bupasis (lookups):  exact,  1like,  gt,
__gte, 1t, 1lte, 1in,  neq.
—  Ilpuknan Python:

recent books =
Book.objects.filter (publication year gt=1950)

orwell books =

Book.objects.filter(title 1like="%Animal Farm%")
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# IpuMmiTka: ana  like morpifHa BinnmoBignHa

peanizanig B ORM/query.py

—  Bignosigauit SQL (nns publication year  gt):

SELECT 1d, title, publication year,
created at FROM book WHERE publication year >
1950;

—  CopryBanns, oOMexkeHHs, 3cyB: order by (), limit (),
offset ()
—  Ilpuknan Python:
# OTpuMaty 5 HATHOBIIIMX KHUI, TPOITYCTUBIIN nepii 2
latest books =
Book.objects.order by ("publication year").offset

(2) .1imit (5)

—  Bigmosigawmit SQL:

SELECT 1id, title, publication year,
created at FROM book ORDER BY publication year
DESC LIMIT 5 OFFSET 2;

—  Irepabenbhicth Ta 3pi3u QuerySet: OO6'extu QuerySet, 110
noBepTatoThes Metogamu all() Ta filter(), € iTepabenbHUMHM Ta MIATPUMYIOTh
3pi3H, M0 JT03BOJISIE OTPUMYBATH JIaHI YACTHHAMH.

Onomnenns 3ammciB (Update): OHOBIEHHS 3amuCciB  BUKOHYETHCS 3a
nomomoror meroxy Model.replace entries(conditions, new_values).

—  IIpuxnag Python:

Author.replace entries(

conditions={"name": "George Orwell"},

new values={"email": "eric.blair@example.com"}
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—  Bigmosigamit SQL:
UPDATE author SET email =

'eric.blair@example.com' WHERE name = 'George

Orwell?';

Bunanenns 3anucis (Delete): BunaneHHs 3anuciB BAKOHYETHCS 32 JIOTIOMOTOFO
merony Model .delete entries (conditions).
—  Ilpuknan Python:
Book.delete entries(conditions={"title": "The

Hobbit"})

—  Bigmosigamit SQL:
DELETE FROM book WHERE title = 'The Hobbit';

3.4. IlinTpumka 3B'I3KiB Mixk MOJeJIAMHU

"NUZP _ORM" miatpumye ocHOBHI Tumu  3B's3kiB:  ForeignKey,
OneToOneField Ta ManyToManyField.

Bu3zHaueHHs 3B'sI13Ki1B:

—  ForeignKey(to model, on delete="CASCADE"): Peanizye 3B's30k
"GaraTo-mo-ogHoro". to model — 1e kjac Mojeni, Ha Ky BKa3ye 3B'A30K.
on_delete="CASCADE" (sx 3a3naueHo B README.md gns ForeignKey) o3Hauae,
10 TIPU BUAAJICHHI 3amucy 3 "OJUH"-CTOPOHHM, MOB'SA3aH1 3anmucu 3 "0arato'"-CToOpoHU
TaKOX OyyTh BUIAJICHI.

—  OneToOneField(to model, on delete="CASCADE"): Peanizye 3B'si30k

"oguH-g0-oqH0TO". @akTHuHO, 11e ForeignKey 3 ooOMexennsm unique=True.
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—  ManyToManyField(to_model, through=None): Peanizye 38'sa30k "Gararo-
no-06aratrox". to_model — 11e k1ac mos'ss3anoi Moaei. ko through ve Bkazano, OPB
aBTOMATHUYHO CTBOPIOE MTPOMIKHY TaOJIUIIIO.

30epiranHs 3B's13KiB y 0a3i JaHUX:

—  ans ForeignKey ta OneToOneField y Ttabnuii mopmeni, mio BU3HAYa€e
3B'SI30K, CTBOPIOETHCS CTOBIIEIID 13 cyikcoM _1d (HampuKIIaI, SKIIO0 MOJIe HA3UBAETHCA
author tuny ForeignKey(Author), To croBnens Oyzae author id), sikuit 30epirae 1D
MOB'SI3aHOTO 3aITUCY.

— Jlna ManyToManyField crBOproeTbcsi oOkpemMa MpOMiXKHA TaOIUIS
(junction table). Im's TaGmuill 3a3BUYali TEHEPYETHCS HA OCHOBI IMEH IOB'SI3aHUX
Mozeneit (Hanmpukias, book author). L Tabnuis Mae qBa CTOBMIN, IO € 30BHINTHIMU
KJIFOYaMH4 JI0 BIJITOBIIHUX MOJIEJIEH.

[Tpuknaa BU3HaYEHHSI MOJEIIEH 31 3B'sI3KaMU:

from ORM.base import BaseModel
from ORM.datatypes import CharField, IntegerField

from ORM.fields import ForeignKey, ManyToManyField

class Author (BaseModel) :

name = CharField(max length=100, unique=True)

class Book (BaseModel) :

title = CharField(max length=200)

# 3B'a30k OaraTo-mO-OIHOTO: OIOHA KHMUI'a Mae OIHOTO
aBTopa (CHpoleHHH)

# Axmo omHa KHMT'a MOXe MaTtu BaraTo aBTOpiB, noTpiben
ManyToManyField TyT,

# abo ForeignKey B mMomesii Author, 4gkKmo aBTOpP MOXe
HanucaTrty Oarato KHUT.

# Ina npwukjany, OPUIIYCTMMO, IO OIHA KHMUIA MAa€ OIOHOTO
TOJIOBHOTO aBTopa (ForeignKey)

# 1 Moxe O6yTm y cniBaBTopcTBi (ManyToManyField).
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main author = ForeignKey (Author, on delete="CASCADE")
# Ijsa crniBaBTOPCTBA:
co authors = ManyToManyField (Author)
3renepoBanuii SQL a1s 3B's3KiB (IOMOBHEHHS 70 Ta0HIb 3 1. 3.2):
Tabmuus book 6yne monudikoBana st main_author:
CREATE TABLE IF NOT EXISTS book (
id INTEGER PRIMARY KEY AUTOINCREMENT,
title TEXT NOT NULL,
main author i1d INTEGER, -- JomaHo nna ForeignKey
FOREIGN KEY (main author id) REFERENCES author (id) ON
DELETE CASCADE
) ;

ABTOMaTUYHO CTBOpEHA MPOMDKHA Tabmui A1t book.co authors Ta Author
(manmpukian, book co authors author a6o momiOHe, 3anexXHO Bij JIOTIKH TeHeparli
imen B ORM/fields.py):

CREATE TABLE IF NOT EXISTS book author ( -- Im'sa
MOXe BlOpis3HATHUCSH

id INTEGER PRIMARY KEY AUTOINCREMENT,

book id INTEGER,

author id INTEGER,

FOREIGN KEY (book id) REFERENCES book(id) ON DELETE
CASCADE,

FOREIGN KEY (author id) REFERENCES author (id) ON
DELETE CASCADE,

UNIQUE (book id, author id) -- 3as3Buyay OOOac€TbCHA OJiA

YHUKHEHHS IOyOJjikaTiB

) ;

Buxopucranss 3B's13KiB:
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—  noctyn a0 nos's3anux 00'ektiB ForeignKey:

book = Book.objects.get(title="1984")
if book and book.main_author: # [Ipunyckatouu, 1o main_author 3aBaHTaXXy€ThCs

print(f"Tonopauit aBTop KHHrH '{book.title}': {book.main author.name}")
3aBanTaxkeHHs1 book.main author 3a3Buuaii € "nmuauBum" (lazy), To0TO 3amuT
70 0a3u JaHWX JJI1 OTPUMaHHS aBTOpa BUKOHYETHCS JIUIIE MPHU MEPIIOMY 3BEpHEHHI
1o book.main_author.

—  VYnpapminaa ManyToManyField: Jloctyn no M2M-1oss Ha ek3eMILIsIpl
MOJICJII TOBEpTae creniajbHuil MeHemkep (sik 3a3HadeHo B ORM/fields.py, 1e
ManyToManyRelatedManager), sxuii Hamae MeTOAM AJisl YOPABIIHHS 3B'A3KAMMU:
add(), remove(), clear(), set(), all(), filter(), get().

# [punycTumMo, y HAC € eK3eMILJIIpu:
book 1984 = Book.objects.get (title="1984")
author orwell = Author.objects.get (name="George Orwell")
author tolkien = Author.objects.get (name="J.R.R.

Tolkien")

# IomaBaHHS CHO1iBaBTOP1iB IO KHUT'U

book 1984.co authors.add(author orwell, author tolkien)
# SQL: INSERT INTO book co authors author (book id,
author id) VALUES (...), (...);

# BumajieHHs crniBaBTOpa

book 1984.co authors.remove (author tolkien)

# SQL: DELETE FROM book co authors author WHERE book id =
AND author id = ...;

# OrTpuManHg BCix crniBaBTOpiB
all coauthors = book 1984.co authors.all()
for co author in all coauthors:

print (co author.name)
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# SQL: SELECT author.* FROM author JOIN
book_co_authors_author ON ... WHERE

book co authors author.book id = ...;

3.5. Cucrema mirpamii 6a3u J1aHux

Cucrema wmirpauidi € BaxiauBolo yactuHoro OPB, ockinbku [103BOJISIE
BIJICTeXKYBaTH 3MIHU B MOJIETISAX JAaHUX Ta 3aCTOCOBYBATH iX IO CXeMHU 0a3u JaHUX
IOCTIJOBHO Ta KOHTPOJIBOBAHO.

[Tpu3HaueHHsT Ta BaXJIMBICTH Mirparii: Mirpaiii BHUpINIYIOTH TpoOiieMy
CUHXpOHI3aIlll CTPyKTypu 0a3u JaHUX 3 BU3HAUEGHHAMH Mojened B kojal. Komu
PO3pPOOHUK JI0/1a€ HOBE TOJIE, 3MIHIOE THI ICHYIOUOTO a00 BHAAJISE€ MOJIENb, CUCTEMA
Mirpailiii renepye iHCTpyKuii (3a3Buuait SQL-kom) st BinoBigqHO1 3MiHN cxemu b/l

Po6ota cucremu mirpariii B "NUZP_ORM":

—  YmopaBiiHHS MiITpaiisiMd 3JIIMCHIOETBCS 3a JIOTIOMOT'OK) CKPHIITA
ORM/manager.py (abo, sk 3azHaueHo B README.md, uepe3 python
manage.py, e manage.py BUKopuctoBye pyHnkiionan 3 ORM/manager.py).

—  Komaungu:

— generate --app <app folder>: Amnamizye Mopeni y BKazaHOMY
nonarky (<app_folder>), mopiBHIO€E iX MOTOYHUH CTaH 31 CTAHOM, 3a(hiKCOBAaHUM
B OCTaHHIN Mirparlii, Ta reHepye HOBHM (haify1 Mirpaiiii, K0 BUSBICHO 3MIHHU.
daiinm mirparii 3a3pudail MicTaTh SQL-KoMaHIU /sl 3aCTOCYBAHHS 3MiH.

—  migrate: 3acTocoBye BCl Ille HE 3aCTOCOBaHI Mirparii 10 06asu
JAHUX.

—  showmigrations: Iloka3ye cmucok ycix Mirpamid Ta ix craryc
(3acTOCOBAHO / HE 3aCTOCOBAHO).

—  Biacrexenns 3actocoBanux mirpariii: "NUZP_ORM" BincTexye,

K1 MIrparii Bxke OyJu 3acTocoBaHi A0 0a3u JaHUX, Yy CHEIiajdbHIA Tadmuil
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orm_migrations (sik 3azHadeHo B README.md). s Tabmuus 3a3Buuait

30epirae iMeHa 3aCTOCOBaHUX (paiiIiB Mirparii.

[Ipuknan: momaBaHHS HOBOTO MMOJS Ta mporec mirparii: [lpumyctumo, mu
oAa€EMO moJie pages count 10 moaen Book:

# models.py (B gKkOMyCb IOIATKY, HAIPMKJIIAI,
'library app')
class Book (BaseModel) :

title = CharField(max length=200)

main author = ForeignKey (Author, on delete="CASCADE")

co authors = ManyToManyField (Author)

publication year = IntegerField(null=True)
pages count = IntegerField(null=True) # Hoee mnojue
created at = DateTimeField(auto now add=True)

1. T'enepauis mirparii:

python manage.py generate --app library app

Le CTBOPUTH HOBUU Gaiin Mirparii (HampuKIaz,
library app/migrations/0002 add pages count to book.sql ab6o momiOuuit). Bwmict

0TO (halimy Mir 6u OyTH TaKUM:

—-- migrations/0002 add pages count to book.sqgl
ALTER TABLE book ADD COLUMN pages count INTEGER;

2. 3acTocyBaHHS MIrpaii:

python manage.py migrate

[ls xomanaa Bukonae SQL 3 daiiny 0002 add pages count to book.sql Ta
OHOBUTH TabnuI0 book B 6a3i maHuX. 3amuc Npo 3aCTOCYBaHHS I11€l Mmirpailii Oynae

JOJaHO J10 TaOJMI orm_migrations.
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3.6. OnTumizanis 3anUTIB Ta YNIPABJIiHHA 3aBAHTAKEHHSAM JTaHUX

EdexTuBHICTh B3aeMO/I1i 3 623010 JaHUX € BaXauBUM actiektom OPB.

Crpareris 3aBaHTaXeHHsI JaHUX 3a 3aMoBuyBaHHsAM: Y "NUZP_ORM", sk 1 B
Oaratbox 1HmUX OPB, nna noB'a3aHux o00'€eKkTIB (HAmpuKiIajg, MPU AOCTYIL MO
book.main_author, nme main _author € ForeignKey) 3a 3amoBuyBaHHSIM
BUKOPUCTOBY€EThCS "nmiauBe" 3aBanTaxkeHHd (lazy loading). Ile o3nauae, mo gani mpo
MOB'SI3aHOTO aBTOPA HE 3aBAHTAXKYIOTHCS Pa30M 13 JaHUMHU MPO KHUTY. 3amuT A0 0asu
JAHUX JJISI OTPUMAaHHS aBTOPa BUKOHYETHCS JIMIIIE B MOMEHT MEPIIOTr0 3BEPHEHHS 10
atpubyra book.main_author. Ile Moxe OyTu epeKTHUBHMM, SKIIO MOB'S3aH1 JaHI
NOTPIOHI HE 3aBXKIW, aje MOXKe NpHu3BecTH 10 mnpoosemu "N+1 zamuty", SKI10
B110YBa€ThCs 1TE€pallisl MO KOJIEKITIi 00'€KTIB 1 /ISl KOKHOTO 3 HUX MOTPIOH1 MOB'sI3aH1
JTaHl.

MosxuBocTi "xanionoro" 3aBanTaxeHHsi (Eager Loading): Ha moment
po3poOku Ta aHanizy kogoBoi 06aszu "NUZP _ORM" cranom Ha TpaBeHb 2025 poky,
30kpema (aitmy ORM/query.py, sSBHUX MeXaHi3MiB 'kamiOHOTO" 3aBaHTaKCHHSI,
ananoriunux select related (ans ForeignKey/OneToOne) aGo prefetch related (s
ManyToMany/3Bopotaux ForeignKey) y Django, He 0yJio peatizoBano. [lotouna
peamizaiis TOKIAIaeThcsl Ha "IMHWBE" 3aBaHTAXCHHS IOB'S3aHUX  OO0'€KTIB.
BnpoBakennst crpareriii ">kamiOHOro" 3aBaHTaKEHHS € MOTCHIIWHUM HAIPSIMKOM
JUIS1 TIOJIATBIITIOTO pO3BUTKY Ta ontuMizaliii OPB. Le no3Bonmiio 6 po3poOHUKaM O1TbIII
THYYKO KepyBaTHU THM, SIK 1 KOJM 3aBaHTaXYyIOTbCA MOB'sI3aHl JaHl, Uil YHUKHEHHS

npo6aemu "N+1 3anuty" Ta NiABUIIEHHS TPOAYKTUBHOCTI Y BIAMIOBIIHUX CLEHAPISAX.

3.7. AnaJi3

3.7.1 Anani3 pe3yJbTaTiB cTpec-TeCTYBAHHS
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Bizyamizamist pesynbrariB crpec-TecTyBaHHS Ha Tpadixky 3.1 HaouHO

nemoHcTpye noseainky "NUZP ORM" nin 3pocTatouuM HaBaHTaKEHHSIM.

Insert N Records Select All N Records Select 1 Filtered Record (from N}
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Pucynok 3.1 — Ctpec TectyBanHs

MacoBa BcraBka ta Bubipka Bcix 3anuci: JliHii, 1m0 BiANIOBIIAIOTH
onepauisiMm "Insert N Records" (BcraBka N 3ammciB) ta "Select All N Records"
(Bubipka Bcix N 3amuciB), MOKa3ylOTh YITKY TEHJACHINIO /O 3pPOCTaHHS Yacy
BUKOHAHHA 31 30UIBIIEHHSIM KUIBKOCTI 3amuciB. Hampukian, BcraBka 100 3amuciB
3aiimae npuonu3Ho 0.004 cexynau, Toai sk ansa 10,000 3amuciB 1eil yac 3pocrae g0
~0.029 cexynau. AnanorigyHo, BHOipKa BciX 3ammciB MacmTadyerbes Big ~0.0015
cexkyuau mist 100 3ammuciB 1o ~0.045 cexynau nis 10,000. e miaTBepmkye odikyBaHy
3aJIe)KHICTh Yacy BUKOHAHHS OMEparliii, 0 MpamTh 3 yCiM HA0OpPOM JTaHUX, Bijl
roro oocsry.

dinpTpoBana Bubipka, OnoBnenns Tta Bumanenns Opnoro 3anmcy: Ha
npotuBary 1pomy, diHii just omepamiii "Select 1 Filtered Record" (Bubipka 1
Bi(inbTpoBanoro 3amnucy), "Update 1 Record" (OnoBnenns 1 3anucy) ta "Delete 1
Record" (Bumanenns 1 3amucy) 3aiuImnaroThbCsl MPAKTHYHO TOPU3OHTAILHHMH Ta
po3TaiioBaHi OJM3bKO a0 oci adcuuc. Yac iX BUKOHAHHS KOJIMBAETHCS B MEXKax
HaJ3BUYANHO MaJINX 3Ha4YeHb, puOau3HO Big 0.001 1o 0.004 cexyHu, HE3aIEKHO BiJT

TOro, 4yu MicTuTh 0a3za manux 100 abo 10,000 ¢ponoBux 3amucis. Lle cBIqUUTH PO
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BUCOKY €(DEeKTUBHICTh IIUILOBUX OIEpallii, sfKa, HMOBIPHO, JOCITAETHCA 32 PAXYHOK
e(EeKTUBHOTO 1HACKCYBaHHS, JI€ MPOJYKTHUBHICTh 3HAYHOIO MIPOI0 HE 3aJICKHUTh Bij
3arajbHOTO PO3MIpY HAOOpY JIaHUX.

Takum uuHOM, TpadiuHe TpeaAcTaBiICHHS €(PEKTHUBHO MIIKPECIIOE XOPOIILY
npoayktuBHicTh "NUZP _ORM" pang MaHinynsuid 3 OKpEMUMH 3alHcaMH  Ta

nepeadadyBaHe MaciITaOyBaHHS JJIsI ONepalliil 3 MacUBaMU JIJaHUX.

3.7.2 Anani3 pe3yJbTaTiB MOKPUTTSH KOIY

Pesynbratu awnanizy nokpurts koxy s "NUZP_ORM" HaBeneni Ha
niarpaMax (3arajibHe TOKPUTTS) Ta (TMOKPUTTA MO MoAyJisix/daiinax), a TakoxK y
1JICYMKOBIH TaOJIHIII.

3araJibHE TOKPUTTS:
3a pe3yibTaTaMu TECTYBaHHS, 3arajibHUN PIBEHb MOKPUTTSI KOy ckianae 83% (612 3
740 psiAKiB KOy HOKPUTI TecTamu). Lle 1ocuTh BUCOKUI TOKA3HUK, 1110 CBIAYUTH IIPO
HAJIEKHY SKICTh TECTyBaHHS Ta KOHTPOJb OCHOBHUX (QYHKIIN cuctemu. YacTka

HEMOKPUTHUX PSIKIB CTaHOBUTS Jiwiiie 17% (128 psakiB), 1o iIt0CcTpy€eThes Ha puc. 3.2.
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Overall Code Coverage (Total Valid Lines: 740)

Uncovered (128)

Covered (612)

Pucynok 3.2 — Kpyrosa fgiarpama nokKpurTTs KOy
[TokpuTTs o MOy IAX:

Pucynok 3.3 gemMoHCTpye AeTani30BaHUi PO3MO1T MOKPUTTS IO OCHOBHUX MOAYJISIX:
— ORM/base.py —93%;
— ORM/datatypes.py —97%,;
— ORM/fields.py — 75%;
— ORM/manager.py — 70%;
— ORM/query.py — 87%.
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Code Coverage per Module/File

100 4 97.1%
92.9%

87.3%
80 1 75.2%
69.7%

60

Coverage (%)

40 -

20 A

Module/File

Pucynok 3.3 — I'ictorpama nokpurTs KOy
HaliBuiuii piBeHb MOKPUTTS JIEMOHCTPYIOTh MOAYJI, L0 MICTATH 0a30B1
mexaHi3mMu (ORM/base.py, ORM/datatypes.py), 10 € KPUTHUYHO BaKJIUBUM IS
crabinpHOCTI  (perimBopky. Bonnouac, wmoayni ORM/fields.py Ta oco6nuBo
ORM/manager.py MaroTh HMKYUN piBeHb NOKPUTTA (75% Ta 70% BiAMOBIAHO), 1110
BKa3ye Ha MOTEHIIIITHI 00JIacTi i MOAAIBIIOT0 PO3IMIMPEHHS TECTIB, OCOOIUBO JIs

CKJIQJIHUX T1JIOK JIOTIKM Ta P1IKO BUKOPUCTOBYBAHUX CIICHAPIIB.

3.7.3 AHaJi3 32J1eKHOCTi Yacy BUKOHAHHS BiJl CKJIAIHOCTI 3aNIUTy

Ha Pucynky 3.4 nokazaHo pe3yibTaTH BUMIPIOBaHHS 4Yacy BHUKOHAHHS
pi3HOMaHITHUX 3anuTiB 70 ORM nns tumoBoro Habopy TecroBux ganux (500

crynentiB Ta 20 kypciB). KoxkHa Touka Ha rpadiky BigoOpaxae cepeaHiid dac
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BUKOHAHHSI KOHKPETHOTO CIIEHApil0 3aMuTy, MOYMHAIOYU BiJl MPOCTOr0 BUOOPY IO
yHIKaJIbHOMY 1MEHI JI0 CKJIaJIHMX many-to-many (M2M) onepartiid.

ORM Query Complexity vs. Execution Time

0.0010 4

0.0009 -~

0.0008

0.0007 4

0.0006 -

0.0005

Execution Time (seconds)

0.0004 4

0.0003 4

T T
<¥ &‘? & o } ,\_//‘0 N Fa
7 A 5 & 2
& o B 3 & o A
@ o P ‘G. A5 ¢\ XA
o & & - 3 a2 //
O ¢ &
3 N & 2 & > &
3 & & @ & Ky &
Ky 3 y N
=0 S \@:‘ 24 ¥ & \"-é
& & & &8 ) & &
2 & e 3 &
F < & o &
"2 L0 L &
& o’ &
Mo s A
%3 &
<& Q‘}(
/;o 4 K
N §
&
&

Query Complexity / Description

PucyHnok 3.4 — pe3ysnbTaTi BUMIPIOBaHHS 4aCy BUKOHAHHS PI3HOMAaHITHUX 3alUTiB

KitrouoBi crioctepexxeHHs :

—  TIPOCTI 3alIUTH BUKOHYIOTbCS HAMIIBHU/ILLIE:

—  Omneparii "Get by Unique Name" 1 "Filter: name='exact'"" 1eMOHCTPYIOTh
HaviMeHui yac BukoHa"Hs (~0.0003—-0.0004 c). Ile odikyBaHO, OCKIJIbKU TaKl
3aMMUTH NPALOIOTH IO 1HAEKCOBAaHUX a00 YHIKAIbHUX MOJISIX.

—  BubOipka Benukoro o6csry nanux ("Select All") gemo nosinbHIIIA.

Yac Bukonanus 3anuty "Select All (500 Students)" Bupoctae g0 ~0.001 ¢, 1o
OB’ S13aHO 3 HEOOX1AHICTIO OOPOOKHU yChOTO PE3yIbTaTHOIO HA0OPY.

—  CkunanHi QinbTparii Ta COPTYBaHHS:

3anutu 3 ymoBamu tuny LIKE, nogaTkoBUM COpTyBaHHSM 4i OOMEKEHHIM
KUTIBKOCTI MOBEPHYTHUX 3alMCIB Mal0Th yac BUKOHaHHs B Mexax (0.0006—0.001 c.

[le cBiUUTH PO XOPOIILy ONTUMI3AIlII0 HABITH JJI CKIAAHIIINX 3aIUTIB,
NpPUHANMHI Ha HEBEJTMKOMY 00Cs31 TaHUX.

—  Many-to-Many (M2M) 3anuru:
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Onepariii BUOipkH 1MOB’s13aHUX 00’ €KTIB uepe3 M2M-3B’s13ku
("course.students.all()" Ta "course.students.filter(...)") Takox 3HAXOIATHCS B
niama3oni 0.0007—0.00075 c, 110 CBIIYUTH MPO BIJICYTHICTh 3HAYHUX HAKJIQTHUX
BUTpAT Npu poOOTI 3 TAKUMHU 3B’ SI3KaMHU B paMKaxX MOTOYHOT'O PO3MIPY JaHUX.

BucHoBku:

3asie’KHICTh Yacy BUKOHAHHS B1Jl ckiagHocTi 3anuTy 1 "NUZP_ORM" €
JIOCHUTH Mepe0avyBaHOI0 Ta JTIHIWHOIO HA Mamii BuOipii. HaBiTh ckmamHimm 3anuTu
a60 B3aeMonii M2M He mpHU3BOASTH 1O CYTTEBOTO 3POCTAaHHS Yacy BUKOHAHHA. Lle
KpECTIoe 100py onTuMi3aIliio 6a30BUX omnepallii GpeiMBOPKY i 103BOJISE
OUIKYBaTH CTaOUIbHY TPOIYKTUBHICTD JIJIsl CTAHIAPTHUX CIICHAPIiB BUKOPUCTAHHS.
Opnax, 4J1s1 MOJANBIIOTO aHAJI3y AOLIIFHO BUKOHATH aHAJIOTIYHI TECTH HA O1IBIINX

o0csrax JaHux.

3.8. lonaTKoBi MOKJIMBOCTI Ta YTHJIITH

Oxpim ocHoBHOro ¢yskiionany CRUD Ta ympaBimiHHA —3B'SI3KaMu,
"NUZP_ORM" Moxe HagaBaTH 10AaTKOB1 YTHIIITH.

Cepiagizanis exk3eMIuisipiB Moaeseii: Exzemiuisipu Mojeneil MaroTb METO/T
instance.as_dict(), skuii, IMOBIPHO, MOBEPTAE CIOBHUKOBE MPEJICTABICHHS JTaHHUX
ex3eMIuiapa. Lle xopucHO niis cepiamizaili 00'€KTIB, HaPHUKIAI, MPH IIATOTOBII

Biamosiml s API.

—  Ilpuknan:
book instance = Book.objects.get (id=1)
if book instance:
book data dict = book instance.as dict()
# book data dict MOXe BUTJISAOATH TaK:

# {'id': 1, 'title': '1984', 'main author id': 1, ...}
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PozmmproBanicTs cuctemu: Xoua JeTani MEXaHi3MiB PO3MIMPEHHS HE Oynu
rOoKo po3kpuTi, Oyab-ska OPB moreniiiiHo Moxe OyTu posmupeHa. MokIuBi
HAIPSIMKH:

—  J0JlaBaHHS BJIACHUX THUIIB TOJIB: SIKIIO apxiTeKTypa J03BOJIAE,
KOPUCTYBaul MOIJIM O CTBOPIOBAaTH BJIACHI THUIIM MOJIB 31 CHEIU(DIYHOI JIOTIKOIO
BaJIiailii abo MmepeTBOPEHHS TaHUX.

— Kacromui meroaum menemxkepa abo QuerySet: HamanHs MOXXIJIHMBOCTI
J0J1aBaTH BJIACHI MeToAu 10 MeHekepa Model.objects abo g0 knacy QuerySet mis
peasizallii 4acTo BUKOPUCTOBYBAHHMX a00 CKJIAIHUX 3aITUTIB.

— Cucrema curHamiB/xykiB: BrpoBajpkeHHsS MeXaHI3My CUTHaJB, siKi O
CIIPaIlbOBYBAJIM JI0 a00 MICJs MEeBHUX Olepalliil (Hanmpukiaa, 10 30epekKeHHs, MiCls
BUJIAJICHHS ), TO3BOJISIOUN KOPUCTYBadaM JI0/IaBaTH BIIACHY JIOTIKY.

Ha moTouHnii MOMEHT, OCHOBHA THYYKICTh 3a0€3MeUy€eThCs Yepe3 CTaHIapTHI
MoskmBOCTI1 Python, Taxi sik ycnagkyBanus Big BaseModel Ta Bukopuctanusa HagaHux
TUMiB NoiB. [loganbiiuii po3BUTOK MIT OU BKJIFOYATH OB SIBHI TOUKH PO3IIMPEHHS

JUTSI KOPUCTYBAIIBKOT JIOT1KH.
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BUCHOBKMH

VY xoal BUKOHAHHA JaHOi poOOTH OyJI0 pO3pOOJIEHO CUCTEMY O00'€KTHO-
pemsiiiinoro BinoOpaxkeHHs "NUZP_ORM" nmnga moBu mporpamyBanHs Python 3
mimpoBoro  migTpumkoro  CYBJ[  SQLite3. Cucrema Hamae po3poOHUKaM
IHCTpYMEHTapiid ais abcTparyBaHHs Bij Oe3mocepe/IHbOi B3aeMOJIl 3 0a3010 JaHUX
yepe3 SQL, 103BosIt0UN TIPAIIOBATH 3 TAHUMH B 00'€KTHO-OPIEHTOBAHOMY CTHIII.

OcHOBHI JOCSITHEHHS Ta Kir04oBi ocobmupocti "NUZP ORM":

—  BU3HAYEHHs Mojeneil: PeanizoBaHO IHTYITUBHO 3pO3YMUIMNA MeEXaHI3M
BU3HAYCHHS MOJIeTIeH JaHUX MIJISTXOM yCHaJKyBaHHs Bij 0a3zoBoro kiacy BaseModel,
3 aBTOMAaTHYHUM JI0JaBaHHAM MepBUHHOTO Kitoya id. [liaTpumyroThcst 6a30Bi THUIH
nanux (CharField, IntegerField, DateTimeField) 3 onisimu null, unique, default.

— ABromaTuyHe ympaBliHHS cxemoro: CucremMa 37aTHa aBTOMATUYHO
TPaHCJIIOBATU BU3HAYCHHS Mojienielt y Tabnuii 6a3u nanux SQLite.

—  Onmeparii CRUD: Hamgano noBH#i1 HaOlp onepariiii s MaHITyJIIOBaHHS
JTaHUMU: cTBOpeHHS (insert entries), yutanus (uepe3 Model.objects 3 merogamu all(),
get(), filter() 3 pisHmMum mnomykoBumMu Bupaszamu, order by(), limit(), offset()),
oHoByieHHs (replace entries) Ta BumaneHHs (delete entries).

—  IligTpumka 3B'a3kiB: PeanizoBaHO MIATPUMKY KITIOUYOBUX THIIIB 3B'S3KIB
Mmix wmomensimu: ForeignKey (3 kackagnum BunaneHusim), OneToOneField Ta
ManyToManyField (3 aBToMaTW4HUM CTBOPEHHSIM TIPOMIKHOI ~TaOmMIl Ta
CIeliali30BaHUM MEHEIKEPOM JIJIS YIIPABIIIHHS 3B'SI3KaMH ).

—  Cucrema wmirpariii: Po3po6ieHo 6a30By cucteMy Mirpaiiiii, KepoBaHy
yepe3 ORM/manager.py, 110 A03BOJII€ TEHEPYBATH, 3aCTOCOBYBATH Ta BIJCTEXYBATH
3MiHHU B cxeMmi 6a3u JaHux (generate, migrate, showmigrations).

—  VYmopaBiiHHS 3aBaHTaKEeHHSIM JaHuX: [1oB's13aH1 00'€KTH 3aBaHTaKYIOTHCS
"miuuBo" (lazy loading), o € TumoBor cTpareriero Ayist 6aratbox OPB.

—  JomnatkoBi ytwmitu: HasBuuii meton instance.as dict() mist mpocrtoi

cepiaiizalii eK3eMIUIIPiB MOCICH.
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CHiBBITHOIICHHS JOCSATHEHb 3 IMOYaTKOBUMH HuIAMH: [Ipoekt ycminiHo
JOCSITHYB TIOCTAaBJICHUX Ha movarky (y miaposaim 2.1) mineit. [To-niepiie, BiH ciiyryBaB
IIHHUM OCBITHIM 1HCTPYMEHTOM JUJIsl MOTJIMOJICHOrO0 BUBYEHHS MPUHIUIIB poOOTH
OPB, apxiTeKTypHHX MaTEpHIB Ta BUKIMKIB, TMOB'S3aHUX 3 00'€KTHO-PEISIIHHUM
imnenancom. Ilo-apyre, 6ysio ctBopeHo (pyHKIIOHAIBHY, Jerky OPB, ontuMizoBaHy
st SQLite3, sika peanizye OCHOBHUM HaO1p MOKIMBOCTEN, HEOOXITHUX /IS pO3POOKHU
HEBEJIMKHX Ta CEPEIHIX MPOCKTIB. 3aBIaHHS, TaK1 SIK peai3ailis BU3SHAYCHHS MOJIETICH,
CRUD-onepariiii, miaATPpUMKH 3B'A3KIB Ta CHCTEMH Mirpariiii, 0yJau yCHilIHO BUKOHAHI.

OOmMexxeHHsT MOTOYHOI peanizariii: He3Bakaioun Ha JOCSTHYTI pe3yJbTaTH,
notoyHa Bepcis "NUZP_ORM" mae neBH1 0OMEKEHHS:

—  BiACYTHICTh "kaniOHOro" 3aBaHTaXeHHs: SIK 3a3Ha4eHO y miapo3aim 3.6,
CHCTEMa TOKJIAJAEThCS BUKIIOYHO Ha "JTiHKBE" 3aBaHTAXKCHHS, 110 MOXKE ITPU3BOIUTH
no mnpobnemu "N+1 3amuty" y TeBHHUX CcleHapisX. BiacyTHi MexaHi3Mu THITY
select related a6o prefetch related.

—  IMigrpumka nume SQLite3: OPB po3pobnena cnemiansHo mist SQLite3 1
He miarpumye i1 CYB/, o oOMexye ii 3acTocyBaHHS Y MPOEKTaX, Kl MOTPEOYIOTh
IHIIUX 0a3 JaHUX.

—  bazona cucrema mirparriit: Xoua cucrema mirpaiiiii GyHKIioHaIbHA, BOHA
MOKE€ HE MaTd PO3UIUPEHUX MOXJIMBOCTEH, TaKWX SK aBTOMATUYHE BU3HAUYCHHS
nepeMeHyBaHb TIOJIIB, CKJIQJHI oreparii 31 cXeMorw ad0 MOXKIHBICTH BIJIKaTy
MITpartii.

—  OOmexeni MoxuBOCTI 3anuTiB: PyHkIioHan QuerySet Xo4 1 TOKPUBaE
OCHOBHI OTPeOH, MOKE HE BKITFOUATH O1JIBII CKJIQTHI arperatHi PyHKIIii, TpyITyBaHHS,
mi3anuTy ado CKJIHI JIOT14HI omnepalii 6e3nocepeaabo B API.

—  VYopaBnmiHHS TpaH3akuismu: JleranizoBaHe YIpaBiIiHHSA TpaH3aKIIsSMU
(OKpiM aBTOMaTHYHOT'O KOMITY, 110, HMOBIPHO, B1IOYBAETHCS TICIs OMepaliiii) Moxe
OyTH He peasii3oBaHe ab0 He 3aI0OKyMEHTOBAHE.

—  IlpomgyktuBHicTb: Jlmsg Benmukux oO0cAriB  JaHWX ab0  BHCOKO
HABAaHTAKEHUX CHUCTEM MPOAYKTUBHICTh 3reHepoBaHuX SQL-3anuTiB Ta BHYTPIIIHBO1

noriku OPB Moxe moTpedyBaTH JOAaTKOBOTO aHAJII3y Ta ONTHUMI3aIli.



47

[ToTeHmiitni HANIPSMKH /1711 MaiiOyTHHOT'O PO3BUTKY Ta JOCHiKeHb: Ha 0cHOBI
MOTOYHOTO CTaHy Ta BUSBICHMX OOMEXKEHb MOXXHA BHU3HAYUTHU TaKl HANPSIMKU JJIs
nojaneiioro BaockonaieHus "NUZP ORM":

1. Peamzamis  "xamiOHOro"  3aBaHTa)keHHd:  JlomaBaHHS  METOJIIB
select related Ta prefetch related st omTumizariii 3anuTiB 10 MOB'A3aHUX JAHUX.

2.  Posmmpena miarpumka CYBJl: Ananrariss OPB mnist poOoTu 3 iHIIMMEU
nonynsipaumu CYB/] (Hanpukian, PostgreSQL, MySQL) nuissxom BBEAEHHS LIApy
adctpakii st SQL-mianekTis.

3. BpaockonaneHHs cucteMu Mirpaiiiii: JlogaBanus QyHKIiH aBTOMaTUYIHOTO
BU3HAYEHHS OUTBIN CKJIAJHUX 3MiH CXEMH, MOXKJIMBOCTI BIJIKaTy Mirpailii, a Takox,
MOKJIMBO, TpadiuHoro iHTepdericy abo OUIbII JeTaTbHOTO 3BITYBAaHHS.

4. PosmupenHs wMoxummBocter QuerySet: BrpoBamkeHHS MIATPUMKU
arperataux ¢yukiii (SUM, AVG, COUNT Tomio), aHoTarliii, rpymyBaHHs Ta O1IbII
CKJIQJIHUX YMOB (pLIbTpallii.

5. SBHe ympaBninHsA Tpan3akuisiMu: Hananns API anst siBHOro mouartky,
dikcarii Ta BiIKaTy TpaH3aKIliil.

6. OnTumizauis npoayKTuBHOCTI: [IpodintoBaHHs Ta ONTHMI3aIis TeHeparii
SQL-3anuTiB, a Tak0X BHYTpilIHIX MexaHi3MiB OPB.

7. JlomaBaHHS MATPUMKH aCHHXPOHHHUX omeparliii: [[ns BUKOpUCTaHHS B
acuaxponHux Python-momarkax (Hampukiam, 3 asyncio).

8. IlokpamieHHss CUCTEMH TECTYBaHHS Ta JOKyMeEHTaiii: Po3mmpeHHs
TECTOBOTO TOKPUTTS, OCOOJMBO [JIsi CKJIAQJHMX CIEHApiiB, Ta OUIBIN JeTanbHa
nokyMmeHnrariis API.

3aranom, "NUZP_ORM" € ycnimHUM OpOEKTOM, 110 JEMOHCTPYE PO3YMIHHS
KIIFOUOBUX KOHLEILIH 00'€KTHO-PENALIITHOr0 BII0OOpaXXeHHs Ta Hajlae poO0YYy OCHOBY,

sKa MOKe OyTH po3IIMpeHa Ta BIOCKOHAJIeHa B MaiiOyTHbOMY.
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#ORM/base.py

mwmamn

Defines the core components of the ORM, including the

BaseModel, ModelMeta,

and base database interaction methods like create table,

insert, delete, update.
import os
import sglite3

from ORM.fields import ForeignKey, OneToOneField,

ManyToManyField
from ORM.datatypes import Field

from ORM.query import Manager

DB PATH = "databases/main.sqglite3"

class ModelMeta (type) :
"""Metaclass for ORM models."""

def new (cls, name, bases, attrs):

50
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Metaclass new method.

Collects field definitions from class attributes,

initializes

_fields and many to many dictionaries, and sets the

Manager.

fields = {}

many to many = {}

for attr name, attr value in list(attrs.items()):
if isinstance (attr value, ManyToManyField) :

many to manylattr name] = attr value

if hasattr(attr value, ' set name '):

attr value. set name (None, attr name)

elif isinstance(attr value, Field):

fields[attr name] = attr value
attrs[" fields"] = fields
attrs[" many to many"] = many to many

new class = super (). new (cls, name, bases, attrs)
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return new class

# 5. BaseModel: Create tables, insert data, etc.

class BaseModel (metaclass=ModelMeta) :

mwman

Base class for all ORM models. Provides core ORM

functionality like

database interaction (CRUD), field handling, and instance

representation.
Subclass this to define your application models.
objects = Manager ()

id = None # Initialize id attribute

def init (self, **kwargs):

mwman

Initializes a model instance.



Sets attributes based on provided keyword arguments.
Defaults fields not provided in kwargs to None.
Ensures 'id' 1s 1initialized, defaulting to None.

mwman

# Initialize all defined fields ( fields comes from

metaclass)
for field_name in self._fields:

# Get the value from kwargs if provided, otherwise

default to None
value = kwargs.get(field_name, None)

setattr (self, field name, value)

# Handle 'id' specifically - it might be in kwargs or
should be None initially

self.id = kwargs.get ('id', None)

def repr (self):

"""Return a string representation of the model

instance."""

# Use the instance's ID i1f available, otherwise indicate

it's unsaved

string = ", ".join(f"{k}={valuel!r}" for k,
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value in self. dict .items())

return f"<{self. class name }: {string}>"

def as dict(self):

"""Return a dictionary representation of the model

instance."""

data = {'id': self.id}

# Handle regular fields and FK/020 fields

for field name, field in self. fields.items():

if isinstance(field, (ForeignKey, OneToOneField)):

# For FK/020, store the related object's ID

# Check for the id attribute first (set during loading)
fk id attr = field name + ' id'

fk id = getattr(self, fk id attr, None)

# Check fk id is still None
if fk i1d is None and hasattr(self, field name):
potential related obj = getattr(self, field name)

if isinstance (potential related obj, field.to) and

potential related obj.id is not None:

fk id = potential related obj.id

54



55

data[fk i1d attr] = fk id
else:
# Regular field

data[field name] = getattr(self, field name, None)

# Handle M2M fields

for field name in self. many to many: # Iterate through

field names

# M2M relationships require the instance to have an ID
1f self.id is not None:

try:

# Get the manager instance for this field on this

specific object

# Accessing self.<field name> (e.g., self.courses)

triggers the descriptor's  get

manager = getattr(self, field name)

# Call the manager's all() method, which returns a

QuerySet

related queryset = manager.all ()
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# Extract the IDs from the related instances in the

QuerySet
data[field name] = |

instance.id for instance in related gqueryset 1if

instance.id 1s not None]

except Exception as e:

# Handle potential errors during M2M fetch gracefully
print (

f"Warning: Could not fetch M2M field '{field name}' for
{self}: {e}")

data[field name] = [] # Represent as empty list on error
else:

# If the instance isn't saved, 1t can't have M2M

relations yet

data[field name] = [] # Represent as empty list

return data

@classmethod

def create table(cls):

mwman
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Creates the database table for this model, including

columns for

all defined fields and junction tables for

ManyToManyFields.

Drops the table if it already exists before creating.

mwman

if not os.path.exists('databases'):

os.makedirs ('databases')

table name = cls. name .lower ()

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

fields sgl = ["id INTEGER PRIMARY KEY AUTOINCREMENT NOT
NULL" ]

for field name, field in cls. fields.items():
if isinstance(field, (ForeignKey, OneToOneField)) :

# Store foreign keys as "<field name> id"

column name = field name + " id"
ref table = field.to. name .lower() # get referenced
table

# delete everything if id deleted



fields sqgl.append (

f"{column name} {field.db_type} REFERENCES
{ref table} (id) ON DELETE CASCADE")

else:

fields sqgl.append(f"{field name} {field.get db type()}")
cursor obj.execute (f"DROP TABLE IF EXISTS {table name}")
cursor obj.execute (

f"CREATE TABLE IF NOT EXISTS {table name} ({',

'.Jjoin(fields sql)});")

for field name, field in cls. many to many.items () :

junction table = field.through or

f"{table_name}_{field.to.__name__.lower()}"
cursor obj.execute (f"""

CREATE TABLE IF NOT EXISTS {junction table} (
id INTEGER PRIMARY KEY AUTOINCREMENT NOT NULL,

{table_name}_id INTEGER REFERENCES {table_name}(id) ON
DELETE CASCADE,

{field.to. name .lower ()} id INTEGER REFERENCES
{field.to. name .lower()} (id) ON DELETE CASCADE,

UNIQUE ({table name} id, {field.to. name .lower ()} id)

) ;
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mwman )

connection obj.close()

# TODO: M2M and insert entries are separate functions.

Merge them.
@classmethod
def wvalidate insert input(cls, entries) -> bool:

mwman

Validate the list of entries for insertion.

Returns True i1f entries are dictionaries, False if they

are model instances.

Raises TypeError 1f entries are neither dictionaries nor

model instances.
if not entries:
print ("No entries provided to insert.")

return None, None # Indicate no processing needed

first entry = entries([0]

is dict input = isinstance(first entry, dict)
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is model instance input = isinstance(first entry,

BaseModel)

if not 1s dict input and not is model instance input:
raise TypeError (

"Entries must be a list of dictionaries or BaseModel

instances.")

# Check type consistency

for entry in entries:

if is dict input and not isinstance(entry, dict):
raise TypeError ("All entries must be dictionaries.")

if is model instance input and not isinstance (entry,

BaseModel) :

raise TypeError ("All entries must be BaseModel

instances.")

if is model instance input and not isinstance (entry,
cls):

raise TypeError (

f"All entries must be instances of {cls. name }")

return is _dict input
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@classmethod

def prepare insert sqgl(cls):

"""Prepare SQL query components for insertion."""
field names db = []

field names model = []

for field name, field in cls. fields.items():
field names model.append(field name)

if isinstance(field, (ForeignKey, OneToOneField)) :
field names db.append(field name + " id")

else:

field names db.append(field name)

placeholders = ", ".join(["?" for in field names db])

columns = ", ".join(field names db)

query = f"INSERT INTO {cls. name .lower ()} ({columns})

VALUES ({placeholders})"

return field names model, field names db, query

@classmethod



def extract value for db(cls, entry, model field name,

field, 1is dict input):

"""Extract and process a single value from an entry for

DB insertion."""

value = None

if is dict input:

raw value = entry.get (model field name)

if isinstance(field, (ForeignKey, OneToOneField)) :
if isinstance(raw value, dict):

value = raw value.get('id"')

elif isinstance(raw _value, BaseModel) :

value = getattr (raw value, 'id', None)

else: # Assume 1it's the ID

value = raw value
else:
value = raw value

else: # is model instance input
raw value = getattr(entry, model field name, None)
if isinstance(field, (ForeignKey, OneToOneField)) :

value = getattr (raw value, 'id', None) if raw value else

None
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else:
value = raw_value

return value

@Qclassmethod

def check onetoone constraint(cls, cursor obj,

db field name, model field name, value):
"""Check for OneToOne constraint violation."""

check query = f£"SELECT COUNT (*) FROM
{cls. name .lower ()} WHERE {db_field_name} = 2"

cursor obj.execute (check query, (value,))
if cursor obj.fetchone() [0] > O:
raise ValueError (

f"Duplicate entry detected for {model field name}
(OneToOneField) with id {value}")

@classmethod

def process entries for values(cls, entries,
is dict input, field names model, field names db,

cursor obj):

"""Process all entries to generate the list of value

tuples for executemany."""



values = []

# Keep track of 020 FK values seen within this batch for
each 020 field

seen onetoone values = {

fn: set() for fn, f in cls. fields.items() 1if

isinstance (f, OneToOneField)

# Use enumerate for better error context
for entry index, entry in enumerate (entries):
row = |[]

for model field name, db field name in

zip (field names model, field names db):
field = cls. fields[model field name]
value = cls. extract value for db(

entry, model field name, field, is dict input)

if isinstance(field, OneToOneField) and value 1s not

None:
# 1. Check for duplicates within the current batch first

if value in seen onetoone values[model field name]:
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# Raise ValueError immediately if duplicate found in

batch
raise ValueError (

f"Duplicate entry detected within the batch for OneToOne
field '{model field name}' with value {value} at index

{entry index}"

# Add the value to the set for this batch check

seen onetoone values[model field name].add(value)

# 2. Check against the database (existing check)
try:

cls._check_onetoone_constraint(

cursor obj, db field name, model field name, value)
except ValueError as e:

# Add index context if database check fails

raise ValueError (

f"Error processing entry at index {entry index}: {e}")

from e

row.append (value)

values.append (tuple (row))



return values

@classmethod

def execute insert(cls, connection obj, cursor obj,

query, entries, values list, 1is dict input):
Execute the insert query and handle commit/rollback.

Updates instance IDs if inserting model instances one by

one.
try:

if is dict input:

# Use executemany for dictionary inputs (bulk insert)
cursor obj.executemany (query, values list)

print (

f"Successfully inserted {len(values 1list)} entries into

{cls. name }")

else:

# Insert instances one by one to get lastrowid
inserted count = 0

for i, entry instance in enumerate (entries):
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# Get the pre-processed values for this instance
values tuple = values list[i]

cursor obj.execute (query, values tuple)

# Get the last inserted ID and update the instance
last id = cursor obj.lastrowid

entry instance.id = last 1id

inserted count += 1

print (

f"Successfully inserted {inserted count} entries into

{cls. name } and updated instance IDs.")

connection obj.commit ()

except Exception as e:

connection obj.rollback()

# Log or print error

print (f"Error during insert into {cls. name }: {e}")

raise # Re-raise the exception after rollback

@classmethod

def insert entries(cls, entries):
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mwman

Inserts multiple entries (rows) into the model's database

table.

Args:

entries (list): A list of model instances or dictionaries

representing the data to insert.

Returns:

list: The list of inserted entries (as model instances)

with

their assigned IDs updated.

Raises:

TypeError: If the input list contains mixed types or

invalid types.

ValueError: If a dictionary entry is missing required

fields or

1if a unique constraint (like OneToOne) 1s violated.

sglite3.IntegritykError: If a database constraint (e.g.,

unique)

is violated during insertion.
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mwman

is dict input = cls. validate insert input (entries)

if is dict input is None: # Handle case where entries

list is empty
print ("No entries to insert.")

return

if not os.path.exists (DB PATH) :

raise ValueError (f"Database for {cls. name } does not
exist!")

connection obj = None # Initialize to None for finally
block

try:

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")

field names model, field names db, query =

cls. prepare insert sqgl()



# Process entries to get values list (needed for both

dicts and instances)
values list = cls. process entries for values (

entries, 1s dict input, field names model,

field names db, cursor obj

# Pass entries list along with values list to

_execute insert

cls. execute insert(connection obj, cursor obj,

query, entries, values list, is dict input)

except Exception as e:

# Catch potential errors during validation, SQL prep,

processing

if connection obj:

try:

connection obj.rollback()

except Exception as rb e:

# Log rollback error

print (f"Error during rollback: {rb e}")

# Log or print error

or
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print (f"Failed to insert entries into {cls. name }:

{e}™) B
# Re-raise the original exception to signal failure
raise

finally:

if connection obj:

connection obj.close()

@Qclassmethod

def delete entries(cls, conditions=None,

confirm delete all=False):

mwman

Deletes entries from the model's table based on specified

conditions.

Args:

conditions (dict, optional): A dictionary of field-value

pairs
to filter which rows to delete.
Defaults to None (delete all).

confirm delete all (bool, optional): Must be set to True

to allow
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deleting all entries when

conditions 1s None. Defaults to False.

Returns:

int: The number of rows deleted.

Raises:

ValueError: If attempting to delete all entries without

setting
confirm delete all=True.

mwman

if not os.path.exists (DB PATH) :

raise ValueError (f"Database for {cls. name } does not
exist!")

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")

if not conditions:
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if confirm delete all or input (f"Are you sure you want to

delete ALL records from {cls. name }? (yes/no) :

") .lower () == "yes":

query = f"DELETE FROM {cls. name .lower()}"
cursor obj.execute (query)

else:

print ("Deletion cancelled.")

return

else:

where clause = " AND ".join(

[f"{field} = ?" for field in conditions.keys()])

query = f"DELETE FROM {cls. name .lower ()} WHERE

{where clause}™
values = tuple(conditions.values())

cursor obj.execute (query, values)

connection obj.commit ()

print (f"Deleted entries from {cls. name } where

{conditions}")

connection obj.close()

@Qclassmethod



def replace entries(cls, conditions, new values):

mwman

74

Updates entries in the model's table that match the given

conditions

with the new values provided.

Args:

conditions (dict): A dictionary of field-value pairs

filter
which rows to update.

new values (dict): A dictionary of field-value pairs

representing

the new data for the matched rows.

Returns:

int: The number of rows updated.

Raises:

ValueError: If conditions or new values are empty or

invalid.

mwman

if not os.path.exists (DB PATH) :

to
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raise ValueError (f"Database for {cls. name } does not
exist!")

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")
if not conditions:
print (

"Error: You must provide at least one condition to update

specific rows.")

return

if not new values:

print ("Error: No new values provided to update.")
return

set clause =", ".join([f"{field} = ?" for field in

new values.keys() ])
where clause = " AND ".join(
[f"{field} = ?" for field in conditions.keys()])

query = f"UPDATE {cls. name .lower ()} SET {set clause}
WHERE {where clause}"

values = tuple(new values.values()) +

tuple (conditions.values())

try:



cursor obj.execute (query, values)
connection obj.commit ()
# print(

# f"Updated entries in {cls. name } where {conditions}

with {new values}")

except Exception as e:

print (f"Error updating entries: {e}")
raise e

finally:

connection obj.close()
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#ORM/datatypes.py

mwmn

Defines the basic data types (Field, CharField,

IntegerField, DateTimeField)

used for model fields and their corresponding SQL

representation.
class Field:
"""Represents a database field."""

def init (self, db type, null=True, unique=False,

default=None, max length=None) :

mwmamn

Initialize a field.

:param db type: The database type (e.g., TEXT, INTEGER,
DATETIME) .

:param null: If True, the field is nullable. If False,
the field is NOT NULL.

self.db type = db type

self.null = null
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self.unique = unique
self.default = default

self.max length = max length

def get db type(self):

mwman

Returns the SQL data type string for this field,

including constraints

like NOT NULL and UNIQUE based on the field's options.
parts = [self.db type]

1f not self.null:

parts.append ("NOT NULL")

# Ensure UNIQUE is checked independently of NULL

if self.unique: # Changed from potential 'elif' or faulty

logic
parts.append ("UNIQUE")

# Handle default value if applicable (might be in

subclass)
if hasattr(self, 'default') and self.default is not None:

# Ensure proper formatting for SQL DEFAULT clause, e.g.,

strings need quotes
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default val = self.default
if isinstance(default val, str):

default val = f"'{default val}'" # Add quotes for string
defaults

parts.append (f"DEFAULT {default val}")

return " ".join (parts)

class CharField(Field) :

"""Represents a character string field (VARCHAR) 1n the

database."""
db type = 'VARCHAR'
def init (self, null=True, unique=False, default=None,

max length=None) :

mwman

Initialize a character field.

:param null: If True, the field is nullable. If False,
the field is NOT NULL.

:param unique: If True, add a UNIQUE constraint.

mwman
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super (). init ("TEXT", null=null, unique=unique)

self.default = default

self.max length = max length

class IntegerField (Field) :

"""Represents an integer field (INTEGER) in the

database.™""
db type = 'INTEGER'
def init (self, null=True, default=0, unique=False):

mwman

Initialize an integer field.

:param null: If True, the field is nullable. If False,
the field is NOT NULL.

:param default: The default value for the field.
:param unique: If True, add a UNIQUE constraint.

mwman

super (). init ("INTEGER", null=null, unigque=unique)

self.default = default
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class DateTimeField (Field) :

"""Represents a date/time field (DATETIME) in the

database.™""
db type = 'DATETIME'
def init (self, null=True, unique=False,

default=None) :

mwman

Initialize a datetime field.

:param null: If True, the field is nullable. If False,
the field is NOT NULL.

:param unique: If True, add a UNIQUE constraint.

mwman

super (). init ("DATETIME", null=null, unique=uniqgue)

self.default = default

#ORM/fields.py

mwman

Defines relationship fields (ForeignKey, OneToOneField,

ManyToManyField)

and the manager for handling ManyToMany relationships.

mwmmn



import sglite3
from ORM.datatypes import Field

from ORM.query import QuerySet

DB _PATH = "databases/main.sglite3"

# 2. Relationship Field Types

class ManyToManyRelatedManager:

mwman

Manages M2M relationships for a specific instance.

Accessed via a descriptor on the model instance (e.g.,

student.courses) .

mwman

def init (self, instance, field):

mwman

Initialize the manager.
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Args:

instance (BaseModel): The source model instance (e.g., a

Student instance).

field (ManyToManyField): The ManyToManyField descriptor

instance.

mwman

self.instance = instance

self.field = field

self.source_class = instance. class

self.target class = field.to

self.source class name =

self.source class. name .lower ()

self.target class name =

self.target class. name .lower()

self.junction table = field.through or

f"{self.source class name} {self.target class name}"

def check instance saved(self, operation="operate"):

"""Ensure the source instance 1is saved before performing

relationship operations."""

if self.instance.id i1s None:
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raise ValueError (f"Cannot {operation} on M2M relationship

for an unsaved '{self.source class name}' instance.")

def add(self, *target objs):

mwmn

Add one or more target objects to the relationship.
self. check instance saved("add")

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")
try:

for target obj 1n target objs:

if not isinstance(target obj, self.target class):

raise TypeError (f"Can only add

'{self.target class. name }' instances.")

if target obj.id is None:

raise ValueError (f"Cannot add unsaved
'{self.target class name}' instance to M2ZM

relationship.")
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# Use INSERT OR IGNORE to handle potential UNIQUE

constraint violations gracefully
cursor obj.execute (f"""

INSERT OR IGNORE INTO {self.junction table}
({self.source class name} 1id,

{self.target class name} 1id)

VALUES (2, ?)

""", (self.instance.id, target obj.id))
connection obj.commit ()

except sqglite3.IntegrityError as e:

# Handle FK constraint violation if target obj.id doesn't

exlist 1in target table

if "FOREIGN KEY constraint failed" in str(e):
connection obj.rollback()

# Find which object caused the error (simplified check)

offending id = next((obj.id for obj in target objs if

obj.id is not None), 'unknown')

raise ValueError (f"Invalid target ID '{offending id}' for

M2M relationship.") from e
else:
connection obj.rollback()

raise e # Re-raise other IntegrityErrors



except Exception as e:
connection obj.rollback()
raise e

finally:

connection obj.close()

def remove (self, *target objs):

mwman

Remove one or more target objects from the relationship.
self. check instance saved("remove'")
connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")
try:

for target obj 1in target objs:

if not isinstance(target obj, self.target class):

raise TypeError (f"Can only remove

'{self.target class. name }' instances.")

if target obj.id is None:

# Cannot remove relationship if target ID is unknown



print (f"Warning: Cannot remove M2M relationship for

unsaved '{self.target class name}' instance.")

continue

cursor obj.execute (f"""
DELETE FROM {self.junction table}

WHERE {self.source class name} id = ? AND

{self.target class name} id = ?

"mr, (self.instance.id, target obj.id))
connection obj.commit ()

except Exception as e:

connection obj.rollback()

raise e

finally:

connection obj.close()

def clear (self):

"""Remove all relationships for this instance."™"
self. check instance saved("clear")
connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()
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cursor obj.execute ("PRAGMA foreign keys = ON;")
try:

cursor obj.execute (f"""

DELETE FROM {self.junction table}
WHERE {self.source class name} id = ?
"nn o (self.instance.id,))

connection obj.commit ()

except Exception as e:

connection obj.rollback()

raise e

finally:

connection obj.close()

def set(self, target objs):

mwman

Replace the current set of related objects with the

provided ones.
self. check instance saved("set")
self.clear ()

if target objs: # Only add if there are objects to add

88
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self.add(*target objs)

def all (self):

mwman

Retrieve all related target objects as a QuerySet.
self. check instance saved("retrieve")

# Construct a QuerySet for the target model, filtered by
the junction table

target ids query = f"""
SELECT {self.target class name} id

FROM {self.junction table}

WHERE {self.source class name} id = ?
connection obj = sglite3.connect (DB PATH)
cursor obj = connection obj.cursor ()

cursor obj.execute (target ids query, (self.instance.id,))
target ids = [row[0] for row in cursor obj.fetchall()]

connection obj.close()

if not target ids:
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# Return an empty QuerySet if no related objects

return QuerySet (self.target class).filter(id in=[]) #
Filter with empty list

# Use the 'id in' filter on the target model's manager

return

QuerySet (self.target class) .filter (id in=target ids)

def filter(self, **kwargs):
"""Filter the set of related objects."""

return self.all().filter (**kwargs)

def get(self, **kwargs):
"""Get a single related object matching the criteria."""

return self.all().get(**kwargs)

def iter (self):

"""Allow iteration over related objects."""

return iter(self.all())

def  repr (self):
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"""Return a string representation of the manager."""

# Fetch related objects for representation using the

'all' method

related objects = list(self.all()) # Convert QuerySet to

list for repr

return f"<ManyToManyRelatedManager for {self.instance} ->

{self.field.to. name }: {related objects}>"

# 2. Relationship Field Types

class ManyToManyField (Field) :

mwman

Defines a many-to-many relationship between two models.

Requires a junction table to store the associations. This

table can be

automatically generated or specified using the "through’

argument.

mwman



92

def init (self, to, through=None, **kwargs):

mwman

Initializes the ManyToManyField.

Args:

to (class): The model class to which the relationship 1is
established.

through (str, optional): The name of the intermediate

junction table.
If None, a default name is generated.

**kwargs: Additional field options (inherited from Field,

but typically not used).

self.to = to # Target model class

self.through = through # Optional custom junction table
# Store the name this field is assigned to on the model
self.name = None # Will be set by ModelMeta

def  set name (self, owner, name):

"""Called when the field is assigned to a model class

attribute.”"""
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self.name = name # Store the attribute name (e.g.,
'courses')
def get (self, instance, owner):

mwmn

Descriptor  get method. Returns the manager when

accessed on an instance.
mwwwnw
if instance is None:

# Accessed on the class, maybe return a manager that

works across all instances?

# For now, let's return self or raise error, as instance

access 1is primary goal.

return self # Or raise AttributeError ("M2M field can only

be accessed via an instance")

# Check if a manager instance is already cached on the

instance

# Use a private attribute name based on the field name
manager attr = f" {self.name} manager"

if not hasattr(instance, manager attr):

# Create and cache the manager instance
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setattr (instance, manager attr,

ManyToManyRelatedManager (instance, self))

return getattr (instance, manager attr)

class ForeignKey (Field) :
Implements a one-to-many relationship (the "many" side).

In the database, we store the related object's id as an

INTEGER.

mwman

def init (self, to, **kwargs):

mwman

Initializes the ForeignKey field.

Args:
to (class): The model class that this field references.

**kwargs: Additional field options (e.g., null, unique,

default) .

mwman

self.to = to # the target model class
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super (). init ("INTEGER", **kwargs)

class OneToOneField (ForeignKey) :
Implements a one-to-one relationship.
This 1s just a ForeignKey with a UNIQUE constraint.

mwman

def init (self, to, **kwargs):

mwman

Initializes the OneToOneField.

Ensures the relationship is unique by setting

unique=True.

Args:

to (class): The model class that this field references.
**kwargs: Additional field options (e.g., null, default).
'unique' 1s always forced to True.

mwman

kwargs.setdefault ('unique', True)



super () .

init

(to,

**kwargs)

96



#ORM/manager.py

mwmmn

Provides command-line utilities for managing database

migrations,

including generating, applying, and showing migration

status.

import sglite3
import os

import sys
import importlib
import inspect
import argparse

from pathlib import Path

from ORM.base import BaseModel, DB PATH

def find models (project root, models folder='myapp'):

"""Find all model classes in the specified folder that

inherit from BaseModel."™""

models = []
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# Construct the path to the models folder

models path = os.path.join(project root, models folder)

# Check if the folder exists
if not os.path.exists (models path):
print (

f"The folder '{models folder}' does not exist in the

project root.")

return models

# Walk only through the models folder

for root, dirs, files 1in os.walk(models path):

for file in files:

if file.endswith('.py') and not file.startswith(' '):

file path = os.path.join(root, file)

module path = os.path.relpath(file path,

project root) .replace

/', '.'").replace("\\', '".")[:-3]
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print (f"Examining {file path} -> module path:
{module path}")

try:
# Import the module

module = importlib.import module (module path)

# Find model classes in the module

classes found = False

for name, ob]j in inspect.getmembers (module) :

if inspect.isclass (obj):

print (f" Found class: {name}")

if issubclass(obj, BaseModel) and obj != BaseModel:
print (f" --> {name} 1s a model!")
models.append (obj)

classes found = True

if not classes found:

print (f" No model classes found in {file path}")

except (ImportError, ModuleNotFoundError) as e:
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print (f" Error importing {module path}: {e}")
except Exception as e:

print (f" Unexpected error with {module path}: {e}")

return models

def generate migrations (models) :
"""Generate versioned migration files for all models."""
1f not models:

print ("No models provided. Skipping migration

generation.")

return

migrations dir = Path('migrations')

migrations dir.mkdir (exist ok=True)

# Get the next migration number

existing migrations = [f for f in

migrations dir.glob ('???? *.py')]

next number = 1



if existing migrations:
latest = max(existing migrations)

next number = int(latest.name[:4]) + 1

# Enhanced model change detection

from hashlib import sha256

# Create detailed signatures that include field

information
model signatures = {}
for model in models:

# Capture basic model info

model info = f"{model. name }:{model. module }"

# Add regular fields

fields info = []

for field name, field in model. fields.items():
# Get field type

field type = type(field). name

# Get field attributes

101
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attrs = {}

for attr name in ['db type', 'null', 'unique',

'default']:
if hasattr(field, attr name):

attrs[attr name] = getattr(field, attr name)

# For foreign key fields, include target model
if hasattr(field, 'to'):
attrs['to'] = field.to. name
# Create field signature

field signature = f"{field name}:{field type}:{attrs}"”

fields info.append(field signature)

# Add many-to-many fields if present

if hasattr (model, ' many to many'):

for field name, field in model. many to many.items () :
field type = "ManyToManyField"

attrs = {

'to': field.to. name ,



1f field.through:

attrs['through'] = field.through

field signature = f"{field name}:{field type}:{attrs}"

fields info.append(field signature)

# Create complete model signature

model signature =

f"{model info}:{','.Jjoin(sorted(fields info)) }"
model signatures[model. name ] = sha256(

model signature.encode ()) .hexdigest ()

# Load the last migration's signature if it exists
signature file = migrations dir / 'last signature.txt'
if signature file.exists():

with open(signature file, 'r') as f:

last signature = f.read() .strip()

current signature =

sha256 (str (model signatures) .encode()) .hexdigest ()

if last signature == current signature:

103
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print ("No changes detected in models. Skipping migration

generation.™)
return
else:

current signature =

sha256 (str (model signatures) .encode()) .hexdigest ()

# Create a migration file with timestamp and sequential

number

from datetime import datetime

timestamp = datetime.now () .strftime ("$YSmsd THTM")
migration file = migrations dir / \

f"{next number:04d} migration {timestamp}.py"

with open(migration file, 'w') as f:
f.write (f"# Auto-generated migration filel\n\n")

f.write ("def migrate () :\n")

for model in models:
f.write (f" # Create table for {model. name }\n")

f.write (f" from {model. module } import

{model. name }\n")
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f.write (f" {model. name }.create table() \n\n")

# Save the current signature
with open(signature file, 'w') as f:

f.write (current signature)

print (f"Generated migration file: {migration file}")

def create migrations table():

"""Create a table to track applied migrations 1f 1t

doesn't exist."""
# Ensure databases directory exists
if not os.path.exists(os.path.dirname (DB PATH)) :

os.makedirs (os.path.dirname (DB PATH) )

connection = sglite3.connect (DB PATH)
cursor = connection.cursor ()
cursor.execute ("""

CREATE TABLE IF NOT EXISTS orm migrations (

id INTEGER PRIMARY KEY AUTOINCREMENT,
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migration name VARCHAR (255) UNIQUE,

applied at TIMESTAMP DEFAULT CURRENT TIMESTAMP

mwn H)

connection.commit ()
connection.close ()

print ("Migration tracking table ensured.")

def record migration(migration name) :

"""Record that a migration has been applied."""

connection = sglite3.connect (DB PATH)
cursor = connection.cursor ()
try:

cursor.execute (

"INSERT INTO orm migrations (migration name) VALUES (?)",

(migration name, ) )

connection.commit ()

print (f"Recorded migration: {migration name}")
except sglite3.IntegrityError:

# Migration already recorded (unique constraint)
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print (f"Migration {migration name} already recorded.")
except Exception as e:

print (f"Error recording migration {migration name}: {e}")
finally:

connection.close ()

def get applied migrations() :

"""Get a list of migrations that have already been

applied."™"

try:

connection = sglite3.connect (DB PATH)
cursor = connection.cursor ()

cursor.execute ("SELECT migration name FROM orm migrations

ORDER BY id")

applied = [row[0O] for row in cursor.fetchall ()]
connection.close ()

return applied

except sglite3.OperationalError:

# Table doesn't exist yet

return []
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except Exception as e:
print (f"Error retrieving applied migrations: {e}")

return []

def apply migrations (specific migration=None) :

"""Apply all migrations or a specific migration 1in

sequential order."""
# Ensure migrations table exists

create migrations table ()

# Get list of applied migrations
applied migrations = get applied migrations ()

print (f"Already applied migrations: {',
'.join(applied migrations) if applied migrations else

'"None' }n)

migrations dir = Path('migrations')
if not migrations dir.exists():

print ("No migrations directory found. Run 'generate'

first.")

return



# Get all migration files in sorted order

migration files =

sorted(migrations dir.glob('???? *.py'))

if not migration files:
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print ("No migration files found. Run 'generate' first.")

return

sys.path.insert (0, str(migrations dir.parent))

# If applying a specific migration
if specific migration:

migration file = next((f for f in migration files if

f.stem == specific migration), None)

if not migration file:

print (f"Migration '{specific migration}' not found.")
return

# Skip if already applied

if specific migration 1in applied migrations:

print (f"Migration {specific migration} already applied,

skipping.")
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return
try:

print (f"Applying specific migration:

{specific migration}")

migration module =
importlib.import module (f'migrations. {specific migration}

")

migration module.migrate ()

# Record the migration as applied
record migration(specific migration)

print (f"Migration {specific migration} applied

successfully!™)
except Exception as e:

print (f"Error applying migration {specific migration}:

{et™)
raise # Re-raise the exception for test cases

return

# Apply all migrations in sequence
for migration file in migration files:

module name = migration file.stem
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# Skip if already applied
if module name in applied migrations:

print (f"Migration {module name} already applied,

skipping.")

continue

try:
print (f"Applying migration: {module name}")

migration module =

importlib.import module (f'migrations. {module name}")
migration module.migrate ()

# Record the migration as applied

record migration (module name)

print (f"Migration {module name} applied successfully!")
except Exception as e:

print (f"Error applying migration {module name}: {e}")

raise # Re-raise the exception for test cases

def show migrations():
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"""Display migration status - which are applied and which

are pending."""

applied migrations = get applied migrations ()

migrations dir = Path('migrations')
if not migrations dir.exists():
print ("No migrations directory found.")

return

migration files =
sorted(migrations dir.glob('??2?? *.py'))
if not migration files:

print ("No migration files found.")

return

print ("\nMigration status:")
print ("-" * 50)
for migration file in migration files:

name = migration file.stem

status = "[X]" 1f name 1n applied migrations else "|[

print (f"{status} {name}")

]"
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print ("-" * 50)

def main () :

mwmn

Parses command-line arguments and executes the

corresponding

migration command (generate, migrate, showmigrations).
parser = argparse.ArgumentParser (

description='ORM CLI for database management')

parser.add argument ('command', choices=['generate',

'migrate', 'showmigrations'],

help='Command to execute (generate: create migrations,
migrate: apply migrations, showmigrations: list migration

status) ')
parser.add argument ('--app', default='myapp',

help='Specific app folder to search for models (default:

myapp) ')

args = parser.parse args|()



# Get the project root (one level up from the ORM
package)

project root =
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os.path.dirname (os.path.dirname (os.path.abspath( file )
))

if args.command == 'generate':

models = find models (project root, args.app)

if not models:

print (£f"No models found in the '{args.app}' folder.")

return

print (

f"Found {len (models)} model(s) in '{args.app}': {',
'.Join(model. name for model in models) }")

generate migrations (models)

elif args.command == 'migrate':

apply migrations ()

elif args.command == 'showmigrations':

show migrations ()
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if name == ' main '

main ()

#ORM/query.py

mwmamn

Defines the QuerySet and Manager classes responsible for

building

and executing database queries based on model

interactions.

mwman

import sglite3

import re

DB PATH = "databases/main.sqglite3"

REPR_OUTPUT SIZE = 10
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class QuerySet:

mwman

A QuerySet represents a collection of database queries

for a specific model.

It allows you to build and execute SQL queries in a

Pythonic way, with support

for filtering, ordering, limiting, and offsetting

results.

Attributes:

model (class): The model class associated with this

QuerysSet.

where clause (str): The SQL WHERE clause for filtering

results.

parameters (list): The parameters to be used in the WHERE

clause.

order clause (str): The SQL ORDER BY clause for sorting

results.

limit val (int): The maximum number of results to return.
offset val (int): The number of results to skip before
returning.

Methods:
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filter (**conditions): Adds conditions to the WHERE clause

to filter results.

get (**conditions) : Returns a single record matching the

conditions or raises an exception.

order by(*fields): Specifies the order in which results

should be returned.
limit (limit val): Limits the number of results returned.

offset (offset val): Specifies the number of results to
skip.

all(): Executes the query and returns all results.
iter (): Allows iteration over the results.

__getitem (index): Retrieves a specific result or slice

of results.

Example Usage:

# Assuming "User 1is a model class representing a

database table.

# Get all users

users = QuerySet (User) .all()

# Filter users by age and order by name



users = QuerySet (User) .filter (age=25) .order by ("name")

# Get a single user by ID

user = QuerySet (User) .get (id=1)

# Get the first 10 users, skipping the first 5

users = QuerySet(User) .limit (10).offset (5).all()

mwman

def init (self, model, where clause=None,

parameters=None, order clause=None, limit val=None,

offset val=None):

mwman

Initializes a new QuerySet instance.

Args:
model (class): The model class associated with this
QuerysSet.

where clause (str, optional): The SQL WHERE clause for

filtering results.
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parameters (list, optional): The parameters to be used in

the WHERE clause.
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order clause (str, optional): The SQL ORDER BY clause for

sorting results.

limit val (int, optional): The maximum number of results

to return.

offset val (int, optional): The number of results to skip

before returning.

mwman

self.model = model

self.where clause = where clause

self.parameters = parameters if parameters is not None
else []

self.order clause = order clause

self.limit val = limit val

self.offset val = offset val

def fetch for repr(self):

"""Fetch a limited number of results for

representation.”"""

# Fetch one more than the limit to check if there are

more results
gs limited = QuerySet (

model=self.model,
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where clause=self.where clause,
parameters=self.parameters,

order clause=self.order clause,

limit val=REPR OUTPUT SIZE + 1, # Fetch one extra

offset val=self.offset val

# execute now returns instances

return gs limited. execute ()

def repr (self):

"""Return a string representation of the QuerySet,

showing limited results."""

# fetch for repr now returns instances

data = self. fetch for repr()

# Check if there were more results than the limit
has more = len(data) > REPR OUTPUT SIZE

# Slice data to the display limit

data to display = datal[:REPR OUTPUT SIZE]

# Use the  repr  of the model instances
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items repr = ",\n ".join(repr(item) for item in

data to display)

if has more:
return f"<QuerySet [\n {items repr},\n ...\n]>"
else:

return f"<QuerySet [\n {items repr}\n]>"

def Dbuild query(self):

mwman

Builds the SQL query based on the current state of the
QuerysSet.

Returns:

str: The constructed SQL query.

mwman

# Ensure SELECT * selects all necessary columns,

including foreign key IDs

# SELECT * should be fine as FKs are stored as * id

columns.

query = f"SELECT * FROM {self.model. name .lower()}"
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if self.where clause:

query += " WHERE " + self.where clause

if self.order clause:

query += " ORDER BY " + self.order clause
if self.limit val is not None:

query += f" LIMIT {self.limit val}"

if self.offset val is not None:

if (query. contains ("LIMIT")):

query += f" OFFSET {self.offset val}"
else:

query += f" LIMIT -1 OFFSET {self.offset val}"

return query

def execute(self):

mwman

Executes the constructed SQL query and returns the

results
as a list of model instances.
query = self. build query()

connection obj = sglite3.connect (DB PATH)
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connection obj.execute ("PRAGMA foreign keys = ON;")
# Set row factory to create dictionaries directly
connection obj.row factory = sglite3.Row

cursor obj = connection obj.cursor ()

cursor obj.execute (query, tuple(self.parameters))

# Fetch rows as dictionaries

results as dicts = [dict(row) for row in

cursor obj.fetchall ()]

connection obj.close()

# Convert dictionaries to model instances
instances = []

for row dict in results as dicts:

instance = self.model (**row dict)

for column name, value in row dict.items() :

# Directly set the attribute on the instance.

# This handles 'id', regular fields, and 'fieldname id'

columns.
setattr (instance, column name, value)

instances.append (instance)
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return instances

def sanitize field name (self, field name):

mwmn

Sanitizes a field name to ensure it is a valid SQL

identifier.

Raises ValueError if the field name is invalid.

if not re.match(r"*[a-zA-Z ][a-zA-Z0-9 ]*S", field name):
raise ValueError (f"Invalid field name: {field name}")

return field_name

def filter(self, **conditions):

mwman

Adds conditions to the WHERE clause to filter the

results.

Supports lookup operators like  exact,  1like,  gt,

etc.

Args:
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**conditions: Keyword arguments representing field

lookups and values.

Returns:

QuerySet: A new QuerySet instance with the combined

filter conditions.

Example:

.filter (name 1like='John%', age gt=21)
— WHERE name LIKE 'John%' AND age > 21
clauses = []

params = []

# Parse conditions and build SQL clauses
for key, value in conditions.items () :
# Split field and lookup operator

parts = key.split ( ', 1)

1

field = parts[0]

lookup = parts[l] if len(parts) > 1 else

'exact'
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try:

field = self.sanitize field name (field)
except ValueError as e:

raise ValueError (

f"Invalid field name in condition: {key}") from e

# Handle different lookup types
1if lookup == 'exact':
clause = f"{field} = 2"
elif lookup == 'like':
clause = f"{field} LIKE 2"
elif lookup == 'gt':
clause = f"{field} > 2"
elif lookup == 'gte':
clause = f"{field} >= 2"
elif lookup == 'lt':
clause = f"{field} < 2"
elif lookup == 'lte':
clause = f"{field} <= 2"

elif lookup == 'in':
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placeholders = ', '.join(['?'] * len(value))
clause = f"{field} IN ({placeholders})"

params.extend (value)

elif lookup == 'neq':
clause = f"{field} != 2"
else:

raise ValueError (f"Invalid lookup operator: {lookup}")

# Add value to params (unless handled by IN clause)
if lookup != 'in':

params.append (value)

clauses.append (clause)

# Combine with existing WHERE clause

new where = " AND ".join(clauses)

if self.where clause:

new where = f" ({self.where clause}) AND ({new where})"

# Combine parameters
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new params = self.parameters + params

return QuerySet (
model=self.model,

where clause=new where,
parameters=new_params,

order clause=self.order clause,
limit val=self.limit val,

offset val=self.offset val

def get(self, **conditions):

mwman

Returns a single model instance matching the specified

conditions.

Args:

**conditions: Keyword arguments representing the field

names and values to filter by.

Returns:
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BaseModel: A model instance representing the matching

record.

Raises:

Exception: If no matching record is found or if multiple

records are found.

# Limit to 2 to detect multiple objects
gs = self.filter(**conditions).limit (2)
# execute now returns instances
results = gs. execute()

if len(results) == 0:

raise Exception(f"{self.model. name }.DoesNotExist: No

matching record found for {conditions}.")
elif len(results) > 1:
raise Exception (

f"{self.model. name }.MultipleObjectsReturned: More

than one record found for {conditions}.")
# Return the single instance

return results[0]

def order by (self, *fields):
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mwman

Specifies the order in which results should be returned.

Args:

*fields: Field names to order by. Prefix a field with "-"

to sort 1n descending order.

Returns:

QuerySet: A new QuerySet instance with the specified

order.

order clause = []

for field in fields:

1if field.startswith("-"):

order clause.append (f"{field[1l:]} DESC")
else:

order clause.append (f"{field} ASC")

return QuerySet (self.model, self.where clause,
self.parameters, ", ".join(order clause), self.limit val,

self.offset val)

def limit (self, limit val):
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mwman

Limits the number of results returned.

Args:

limit val (int): The maximum number of results to return.

Returns:

QuerySet: A new QuerySet instance with the specified
limit.

mwman

return QuerySet (self.model, self.where clause,
self.parameters, self.order clause, limit val,

self.offset val)

def offset(self, offset val):

mwman

Specifies the number of results to skip before returning.

Args:

offset val (int): The number of results to skip.
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Returns:

QuerySet: A new QuerySet instance with the specified

offset.

mwman

return QuerySet (self.model, self.where clause,
self.parameters, self.order clause, self.limit val,

offset val)

def all (self):

mwman

Executes the query and returns all results as a list of

model Instances.
mwwmn
# execute now returns instances

return self. execute()

def iter (self) :

mwman

Allows iteration over the results (model instances).

mwman

# execute now returns instances

return iter(self. execute())



def  getitem (self, index):

mwman
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Retrieves a specific result (model instance) or slice of

results (list of instances).

mwman

if isinstance(index, slice):

offset = index.start if index.start is not None else 0

limit val = index.stop - offset if index.stop is not None

else None

# Create a new QuerySet for the slice

gs = QuerySet(self.model, self.where clause,
self.parameters, self.order clause, limit val,
# execute returns instances

return gs. execute()

elif isinstance (index, 1int):

# Create a new QuerySet for the single item
gs = QuerySet(self.model, self.where clause,
self.parameters, self.order clause, 1, index)
# execute returns a list of instances

result = gs. execute()

offset)
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if result:

# Return the single instance

return result[0]

raise IndexError ("Index out of range")
else:

raise TypeError ("Invalid argument type.")

class Manager:

mwman

Provides the entry point for accessing QuerySet methods

on a model class.

Acts as a descriptor to associate the Manager with a

specific model.

Delegates attribute access to a new QuerySet instance for

the model.

mwman

def get (self, instance, owner):

"""Descriptor  get method. Returns the Manager

instance itself."""
self.model = owner

return self



def  getattr (self, attr):

"""Delegates attribute access to a new QuerySet for the

associated model."""

return getattr (QuerySet (self.model), attr)

def getitem (self, index):
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"""Allows slicing/indexing directly on the manager (e.g.,

Model.objects[0]) ."™"

return QuerySet (self.model) [index]

def iter (self) :

"""Allows iterating directly on the manager (e.g., for

user 1n User.objects)."""

return QuerySet(self.model). iter ()

#tests/run_tests.py

import unittest

nw

if _name == main

LL I
.
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loader = unittest.TestLoader ()

suite = loader.discover (start dir=".",

pattern="test*.py")
runner = unittest.TextTestRunner (verbosity=2)

runner.run (suite)

#tests/test_stress.py

from ORM.fields import ForeignKey

from ORM.datatypes import CharField, IntegerField
from ORM.base import BaseModel, DB PATH

from faker import Faker

import unittest
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import time
import random

import os

import sys

sys.path.append(os.path.dirname (os.path.dirname (os.path.a

bspath( file ))))

# Initialize Faker

fake = Faker ()

# Define some models for stress testing

class StressAuthor (BaseModel) :
name = CharField(max length=255)

email = CharField (unique=True)

class StressPost (BaseModel) :
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title = CharField(max length=255)

content = CharField() # Assuming CharField can be large
like TEXT
author = ForeignKey (to=StressAuthor)

views = IntegerField(default=0)

class TestORMStress (unittest.TestCase):
NUM_AUTHORS = 1000

NUM POSTS PER AUTHOR = 5 # Creates NUM AUTHORS *
NUM POSTS PER AUTHOR posts

@classmethod

def setUpClass(cls):

"""Set up database and tables before tests."""
if not os.path.exists('databases'):

os.makedirs ('databases')

# Drop tables if they exist to ensure a clean slate,

# create table() in the ORM might already do this.
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# If not, manual drop might be needed or ensure

create table handles it.

# For simplicity, relying on create table's potential

DROP IF EXISTS logic.
StressAuthor.create table()

StressPost.create table()

@classmethod

def tearDownClass (cls):

"""Clean up the database after tests."""
if os.path.exists (DB PATH) :
os.remove (DB PATH)

if os.path.exists('databases') and not

os.listdir ('databases'):

os.rmdir ('databases')

def test bulk insert performance (self):

"""Test performance of inserting a large number of

records."""
authors data = []
for 1n range(self.NUM AUTHORS) :

authors data.append ({
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"name": fake.name (),
"email": fake.unique.email ()
})

start time = time.time ()

StressAuthor.insert entries (authors data)
end time = time.time ()
print (

f"\nInserted {self.NUM AUTHORS} authors in {end time -

start time:.4f} seconds.")

# Retrieve inserted authors to get their IDs for posts

# Assuming insert entries doesn't update IDs on the input

dicts,

# and we need to fetch them. If it updates model

instances, that's better.

# For this example, let's assume we can fetch them or

insert entries handles 1it.

# If insert entries updates instances, it's better to

create instances first.

# Let's try with instances for posts to get IDs easily
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inserted authors = StressAuthor.objects.all() # Fetch all

authors

self.assertEqual (len(inserted authors), self.NUM AUTHORS)

posts data = []

for author instance in inserted authors:
for 1n range(self.NUM POSTS PER AUTHOR) :
posts data.append(StressPost (
title=fake.sentence (nb words=6),
content=fake.text (max nb chars=1000),
author=author instance, # Pass the instance
views=random.randint (0, 10000)

))

start time posts = time.time ()
StressPost.insert entries (posts data)
end time posts = time.time ()

total posts = self.NUM AUTHORS *
self.NUM POSTS PER AUTHOR

print (
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f"Inserted {total posts} posts in {end time posts -

start_time_posts:.4f} seconds.")

# Verification

self.assertEqual (len (StressAuthor.objects.all()),
self.NUM AUTHORS)

self.assertEqual (len(StressPost.objects.all()),
total posts)

# Example of a simple query

start query time = time.time ()

# Fetch posts by a random author

if inserted authors:

random author = random.choice (inserted authors)

# Ensure random author.id is populated correctly by your

ORM after fetch or insert

if random author.id:

authors posts = StressPost.objects.filter
author id=random author.id) .all()

# print (f"Found {len (authors posts)} posts for author ID

{random author.id}")

# Should be NUM POSTS PER AUTHOR if IDs are correct
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self.assertGreaterEqual (len (authors posts), 0)
else:
print (

"Warning: random author.id is not populated, skipping a

query test.")

end query time = time.time ()
print (

f"Sample query took {end query time -

start_query_time:.4f} seconds.")

def test bulk update performance (self) :

"""Test performance of updating a large number of

records."""

authors = StressAuthor.objects.all ()
1f not authors:

self.skipTest (

"No authors found to update. Run insert test first or add

setup here.")

updated data authors = []

# Prepare instances for update
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authors to process count = len(authors) // 2
# Ensure at least one if possible
if authors to process count == 0 and len(authors) > O:

authors to process count = 1

if authors to process count ==

self.skipTest ("Not enough authors to update.")

for author in authors[:authors to process count]:
author.name = fake.name() + " (Updated)"

updated data authors.append (author)

start time = time.time ()

for author instance in updated data authors:
conditions = {'id': author instance.id}

new values = {'name': author instance.name}
StressAuthor.replace entries(conditions, new values)
end time = time.time ()

# The replace entries method in your ORM prints its own

messages.

print (
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f"Processed {len(updated data authors)} author updates in

{end time - start time:.4f} seconds.")

# Verify an update

if updated data authors:

updated author check = StressAuthor.objects.get (
id=updated data authors[0].id)

self.assertTrue (" (Updated)" in updated author check.name)

posts = StressPost.objects.all()
if not posts:
self.skipTest (

"No posts found to update. Run insert test first or add

setup here.")

updated data posts = []

posts to process count = len(posts) // 2

# Ensure at least one if possible

if posts to process count == 0 and len(posts) > 0:

posts to process count = 1
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if posts to process count ==

self.skipTest ("Not enough posts to update.")

for post in posts[:posts to process count]:
post.views += 100

updated data posts.append(post)

start time posts = time.time ()

for post instance in updated data posts:
conditions = {'id': post instance.id}

new values = {'views': post instance.views}
StressPost.replace entries(conditions, new values)
end time posts = time.time ()

print (

f"Processed {len(updated data posts)} post updates
(views) in {end time posts - start time posts:.4f}

seconds.")

if updated data posts:
updated post check = StressPost.objects.get(

id=updated data posts[0].1d)
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self.assertEqual (updated post check.views,

updated data posts[0].views)

def test complex queries performance (self):
"""Test performance of more complex queries."""
# Ensure data exists

if not StressAuthor.objects.all() or not

StressPost.objects.all():
self.skipTest (

"No data found for complex queries. Run insert test

first.")

start time = time.time ()

# Example: Get all posts from authors whose names start

with 'A' (case-insensitive)

# This depends on your ORM's filter capabilities (e.qg.,

startswith,  icontains)

# For simplicity, fetching all and filtering in Python if

ORM 1s basic:

authors with A = [author for author in

StressAuthor.objects.all (

) 1f author.name.lower () .startswith('a')]
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author ids with A = [author.id for author in

authors with A]

if author ids with A:

# Assuming your ORM supports an °~ in  lookup or similar

for filter

# posts from authors with A =
StressPost.objects.filter (author id
) .all()

in=author ids with A

# If not, you might need to iterate or fetch all and
filter

all posts = StressPost.objects.all()
posts from authors with A = [

post for post in all posts if post.author id in

author ids with A]
print (

f"Fetched {len(posts from authors with A)} posts from

authors whose names start with 'A'.")
else:

print ("No authors found with names starting with 'A' for

complex query test.")

end time = time.time ()
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print (

f"Complex query (authors with 'A', then their posts) took

{end time - start time:.4f} seconds.")

# Example: Posts with more than 5000 views
start time views = time.time ()
# Assuming your ORM supports gt or similar for filter

# high view posts =
StressPost.objects.filter (views gt=5000).all()

# If not, fetch all and filter:
all posts for views = StressPost.objects.all ()
high view posts = [

post for post in all posts for views 1f post.views >

5000]
end time views = time.time ()
print (

f"Fetched {len(high view posts)} posts with >5000 views

in {end time views - start time views:.4f} seconds.")

self.assertGreaterEqual (len (high view posts), 0)

def test bulk delete performance (self):
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"""Test performance of deleting a large number of

records."""
initial authors = StressAuthor.objects.all()
if not initial authors:

self.skipTest ("No authors found to delete. Run insert

test first.")

num authors to delete = len(initial authors) // 2

if num authors to delete == 0 and len(initial authors) >
0:

num authors to delete = 1 # Delete at least one if
present

if num authors to delete == O0:

self.skipTest (

"Not enough authors to perform delete test (less than

1) .n)

authors to delete instances =

initial authors[:num authors to delete]
authors to delete ids = [

author.id for author in authors to delete instances]
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if not authors to delete ids:

self.skipTest ("No author IDs selected for deletion.")

# Manually delete posts of these authors first.
# Your ORM's delete entries enables foreign key checks.

# If StressPost.author ForeignKey doesn't have ON DELETE
CASCADE,

# deleting an author with posts will fail.
print (

f"\nDeleting posts for {len(authors to delete ids)}

authors before deleting authors...")
for author id in authors to delete ids:

StressPost.delete entries(conditions={'author id':

author id})

print (f"Finished deleting posts for selected authors.")

start time = time.time ()
for author id in authors to delete ids:
StressAuthor.delete entries(conditions={'id': author id})

end time = time.time ()
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# delete entries prints its own messages, this is a

summary.
print (

f"Attempted to delete {len(authors_to_delete_ids)}

authors individually in {end time - start time:.4f}
seconds.")

remaining authors count = len(StressAuthor.objects.all())
expected remaining authors = len/(

initial authors) - len(authors to delete ids)

self.assertEqual (remaining authors count,

expected remaining authors)

if name == ' main '

unittest.main ()

#tests/testBasic.py

import sys
import os
import unittest

import sglite3
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from unittest.mock import patch, MagicMock # Add mock

sys.path.append (os.path.dirname (os.path.dirname (os.path.a

bspath( file ))))

from ORM import base, datatypes

from ORM.fields import ForeignKey # Add ForeignKey

DB PATH = "databases/main.sglite3"

# Add a simple related model for FK tests
class Department (base.BaseModel) :

name = datatypes.CharField()

class Student (base.BaseModel) :

name = datatypes.CharField(unique=True) # Add unique

constraint for testing errors

degree = datatypes.CharField(null=False) # Add NOT NULL

constraint for testing errors

department = ForeignKey (to=Department, null=True) # Add
FK for testing
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class TestCreateTable (unittest.TestCase) :

mwman

A test case class to verify the creation and schema of

the 'student' table in the SQLite database.

This class contains methods to test the following:

1. Whether the 'student' table exists in the database

after creation.

2. Whether the schema of the 'student' table matches the

expected schema, including column names and data types.

3. Whether the table is correctly populated with initial

data entries.

The "setUpClass method is used to initialize the
database and create the 'student' table before any tests

are run.

The "tearDownClass method is used to clean up the

database after all tests have been executed.

Methods:

- ‘test table exists : Verifies that the 'student' table

exists 1n the database.



- ‘test table schema : Verifies that the schema of the

'student' table matches the expected schema.

- 'test populate schema : Verifies that the table is
correctly populated with the expected initial data

entries.
@Qclassmethod
def setUpClass(cls):

"""Set up the database and create the table once before

all tests.”™""

if not os.path.exists('databases'):

os.makedirs ('databases')

# Create tables for all models used in this test file
Department.create table ()

Student.create table()

def setUp(self):

"""Insert fresh data and reset sequence before each

test . mwriw
# Delete from all tables used
Student.delete entries({}, confirm delete all=True)

Department.delete entries({}, confirm delete all=True)

155
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connection = sqglite3.connect (DB PATH)
cursor = connection.cursor ()
try:

# Reset sequences for all tables

cursor.execute ("DELETE FROM sglite sequence WHERE name IN

(Student. name .lower (), Department. name .lower()))
connection.commit ()

except sglite3.OperationalError as e:

print (f"Info: Could not reset sequences - {e}")
connection.rollback ()

finally:

connection.close ()

# Insert base data
self.deptl = Department (name="Science")

Department.insert entries([self.deptl])

self.studentl = Student (name="Yehor Boiar",

degree="Computer Science", department=self.deptl)
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self.student?2 = Student (name="Anastasia Martison",

degree="Computer Science", department=self.deptl)

Student.insert entries([self.studentl, self.student2]) #

Insert instances

def test table exists(self):
"""Test i1f the table was created in the database."""
connection = sglite3.connect (DB PATH)

cursor = connection.cursor ()

# Check 1f the table exists

cursor.execute ("SELECT name FROM sglite master WHERE
type='table' AND name='student';")

table exists = cursor.fetchone()

self.assertIsNotNone (table exists, "Table 'student' was

not created."m)

connection.close ()

def test table schema (self):

"""Test if the table schema matches the expected

schema."""
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connection = sglite3.connect (DB PATH)

cursor = connection.cursor ()

# Check the schema of the table
cursor.execute ("PRAGMA table info(student);")

columns = cursor.fetchall ()

# Expected schema

expected columns = [

(0, 'id', '"INTEGER', 1, None, 1), # Primary key
(1, '"name', 'TEXT', 0O, None, 0),

(2, 'degree', 'TEXT', 1, None, 0),

(3, 'department id', 'INTEGER', 0, None, O0)

self.assertEqual (columns, expected columns, "Table schema

does not match expected schema.")

connection.close ()

def test populate schema (self):

# This test now verifies the data inserted by setUp
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connection = sglite3.connect (DB PATH)
cursor = connection.cursor ()

cursor.execute ("SELECT id, name, degree FROM student

ORDER BY id") # Order by ID for consistency
students = cursor.fetchall()

# Adjust expected IDs if delete/insert changes auto-

increment behavior across tests

# Assuming fresh inserts start from 1 each time due to

delete entries in setUp

expected entries = [(1, 'Yehor Boiar', 'Computer

Science'), (2, 'Anastasia Martison', 'Computer Science')]

self.assertEqual (students, expected entries, "Data

inserted in setUp does not match expected.")

connection.close ()

def test slicing(self):
# Fetch instances
student(0 = Student.objects[0]

students slice = Student.objects[:2]

# Assert instance attributes for single slice item

self.assertIsInstance (student0, Student)
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self.assertEqual (student0.1d, 1)
self.assertEqual (studentO.name, 'Yehor Boiar')

self.assertEqual (student0.degree, 'Computer Science')

# Assert instance attributes for slice range
self.assertEqual (len (students slice), 2)
self.assertIsInstance (students slice[0], Student)
self.assertIsInstance (students slice[l], Student)
self.assertEqual (students slice[0].id, 1)
self.assertEqual (students slice[l].id, 2)
self.assertEqual (students slice[0] .name, 'Yehor Boiar')

self.assertEqual (students slice[l].name, 'Anastasia

Martison')

def test iter(self):
# Expected instances (or check attributes)
expected students = [self.studentl, self.student2]

fetched students = list (Student.objects. iter ()) #

Collect iterator results
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self.assertEqual (len (fetched students),

len (expected students))

# Sort by ID for consistent comparison if order isn't

guaranteed by default iteration
fetched students.sort (key=lambda s: s.id)

expected students.sort (key=lambda s: s.id)

for i, fetched in enumerate (fetched students):
self.assertIsInstance (fetched, Student)

self.assertEqual (fetched.id, expected students([i].i1d)
self.assertEqual (fetched.name, expected students[i].name)

self.assertEqual (fetched.degree,

expected_students[i].degree)

def test all(self):
# Expected instances
expected students = [self.studentl, self.student2]

all students = Student.objects.all()

self.assertEqual (len(all students),

len (expected students))
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# Sort by ID for consistent comparison if order isn't

guaranteed
all students.sort (key=lambda s: s.id)

expected students.sort (key=lambda s: s.id)

for i, fetched in enumerate(all students):
self.assertIsInstance (fetched, Student)

self.assertEqual (fetched.id, expected students[i].id)
self.assertEqual (fetched.name, expected students[i].name)

self.assertEqual (fetched.degree,

expected students[i].degree)

def test filter(self):
# Expected instance(s)
expected student = self.studentl

result = Student.objects.filter (name="Yehor Boiar").all ()

self.assertEqual (len(result), 1, "Filter should return

one result")
self.assertIsInstance(result[0], Student)

self.assertEqual (result[0].id, expected student.id)



163

self.assertEqual (result[0] .name, expected student.name)

self.assertEqual (result[0] .degree,

expected student.degree)

def test get (self):
# Expected instance
expected student = self.student2

result = Student.objects.get (1d=2)

self.assertIsInstance(result, Student)
self.assertEqual (result.id, expected student.id)
self.assertEqual (result.name, expected student.name)

self.assertEqual (result.degree, expected student.degree)

def test get no match(self):
with self.assertRaises (Exception) as context:
Student.objects.get (id=999) # No such ID

self.assertIn("DoesNotExist", str(context.exception))

def test get multiple results(self):

with self.assertRaises (Exception) as context:



Student.objects.get (degree="Computer Science")

students have this degree

self.assertIn("MultipleObjectsReturned",

str (context.exception))

def test order by (self):
# Expected instances in specific order

expected students ordered = [self.student2,

self.studentl] # Ordered by -id

result = Student.objects.order by ("-id") .all()

self.assertEqual (len (result), 2)
self.assertIsInstance(result[0], Student)
self.assertIsInstance(result[l], Student)

self.assertEqual (result[0].1id,
expected students ordered[0].id)

self.assertEqual (result[1l].1id,
expected students ordered[1l].id)

self.assertEqual (result[0] .name,

expected students ordered[0] .name)

self.assertEqual (result[1l] .name,

expected students ordered[l].name)
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# Multiple
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def test limit (self):
# Expected instance
expected student = self.studentl

result = Student.objects.limit(l).all() # Should get

student with id 1 by default ordering

self.assertEqual (len (result), 1)
self.assertIsInstance(result[0], Student)
self.assertEqual (result[0].id, expected student.id)

self.assertEqual (result[0] .name, expected student.name)

def test offset(self):
# Expected instance
expected student = self.student2

result = Student.objects.offset(1l).all() # Skip student
1, get student 2

self.assertEqual (len (result), 1)
self.assertIsInstance(result[0], Student)
self.assertEqual (result[0].id, expected student.id)

self.assertEqual (result[0] .name, expected student.name)
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def test chained operations (self):
# Expected instance
expected student = self.studentl

# Filter, Order by -id (student2, studentl), limit 1
(student?2), offset 1 (studentl)

result = Student.objects.filter (degree="Computer

Science") .order by ("-id") .limit (1) .offset (1) .all()

self.assertEqual (len (result), 1)
self.assertIsInstance(result[0], Student)
self.assertEqual (result[0].id, expected student.id)

self.assertEqual (result[0] .name, expected student.name)

def test complex filter (self):
# Expected instance

expected student = self.studentl

result = Student.objects.filter (degree="Computer
Science", name like="Y%").all()

self.assertEqual (len (result), 1)
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self.assertIsInstance (result[0], Student)
self.assertEqual (result[0].1id, expected student.id)
self.assertEqual (result[0] .name, expected student.name)
def test limit zero(self):

result = Student.objects.limit (0).all ()

self.assertEqual (result, [1])

def test large offset(self):

result = Student.objects.offset (100).all ()
self.assertEqual (result, [])

def test sgl injection safety(self):

mwman

Test that SQL injection attempts are safely handled.
# Attempt to inject SQL via a field value

results = Student.objects.filter (name exact=""'; DROP

TABLE student; --").all/{()

self.assertEqual (len(results), 0) # Ensure no results are

returned

# Attempt to inject SQL via a field name
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with self.assertRaises (ValueError) :

Student.objects.filter (**{"invalid field; DROP TABLE

student; --": "value"}).all /()

# Attempt to use an invalid lookup operator
with self.assertRaises (ValuekError):

Student.objects.filter (name invalid lookup="value").all/(

)
def test insert model instances(self):

"""Test inserting data using BaseModel instances and ID

update . mwn

Student.delete entries({}, confirm delete all=True)

studentl = Student (name="Instance Userl",

degree="Physics")

student?2 = Student (name="Instance User2",

degree="Chemistry")

self.assertIsNone (studentl.id) # ID should be None before

insert

self.assertIsNone (student2.1id)

Student.insert entries([studentl, student2])



169

# Verify IDs were updated on instances

self.

self.

self.

self.

assertIsNotNone (studentl.id)

assertIsNotNone (student2.id)

assertIsInstance(studentl.id, int)

assertlIsInstance(student2.id, int)

# Verify insertion in DB by fetching instances

fetchedl = Student.objects.get (id=studentl.id)

fetched? = Student.objects.get (id=student2.1id)

self.

self.

self.

self.

self.

self.

assertIsInstance (fetchedl, Student)

assertIsInstance (fetched?2, Student)

assertEqual (fetchedl .name, "Instance Userl")

assertEqual (fetched?2.name, "Instance User2")

assertEqual (fetchedl.degree, "Physics")

assertEqual (fetched?2.degree, "Chemistry")

def test insert mixed types raises error (self):

"""Test that inserting a mix of dicts and instances

raises TypeError."""
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# setUp inserted data, delete it for this specific test

scenario

Student.delete entries({}, confirm delete all=True) #

Clean slate

student instance = Student (name="Test Instance",

degree="Biology")

student dict = {"name": "Test Dict", "degree": "Geology"}

with self.assertRaisesRegex (TypeError, "All entries must

be dictionaries."):

# The error message depends on which type is first in the

list
# If dict is first, it expects all dicts.

Student.insert entries([student dict, student instance])

with self.assertRaisesRegex (TypeError, "All entries must

be BaseModel instances."):
# If instance is first, it expects all instances.

Student.insert entries([student instance, student dict])

def test insert wrong instance type raises error (self):

"""Test that inserting instances of a different model

raises TypeError."""
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# Define another simple model for testing purposes
class Course (base.BaseModel) :

title = datatypes.CharField()

# Ensure Course table exists if it doesn't (idempotent)

Course.create table()

# setUp inserted Student data, delete it for this

specific test scenario

Student.delete entries({}, confirm delete all=True) #

Clean slate for Student table
wrong instance = Course (title="Introduction to Testing")

student instance = Student (name="Correct Student",

degree="Testing")

with self.assertRaisesRegex (TypeError, f"All entries must

be instances of {Student. name }"):

Student.insert entries([student instance,

wrong instance])

# Clean up the Course table (optional, but good practice)
if os.path.exists (DB PATH) :

connection = sglite3.connect (DB PATH)
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cursor = connection.cursor ()
cursor.execute ("DROP TABLE IF EXISTS course")
connection.commit ()

connection.close ()

def test init unexpected kwargs (self):
"""Test initializing with unexpected keyword arguments"""

# Capture stdout/stderr to check for warning? Or Jjust

ensure 1t doesn't crash.

# For now, Jjust ensure it runs and the unexpected kwarg

1s i1gnored.

student = Student (name="Test", degree="Test Degree",

non existent field="ignore me")
self.assertEqual (student.name, "Test")

self.assertFalse (hasattr (student, "non existent field"))

def test init missing fields(self):

"""Test initializing with missing fields defaults them to

None mwwww
# Student has 'name', 'degree', 'department'

student = Student (name="Only Name") # Missing degree (NOT
NULL) and department (NULL)
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self.assertEqual (student.name, "Only Name")
# Check that attributes exist and are None initially
self.assertTrue (hasattr (student, 'degree'))

self.assertIsNone (getattr (student, 'degree', 'Attribute

missing')) # Default to None
self.assertTrue (hasattr (student, 'department'))

self.assertIsNone (getattr (student, 'department',

'"Attribute missing')) # Default to None

def test as dict fk none(self):
"""Test as dict when a ForeignKey field is None"""

student no dept = Student (name="No Dept", degree="Some

Degree", department=None)

Student.insert entries([student no dept])
student dict = student no dept.as dict()
expected = {

'id': student no dept.id,

'name': "No Dept",

'degree': "Some Degree",

'department id': None # Expect department id to be None
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self.assertDictEqual (student dict, expected)

def test insert empty list(self):
"""Test insert entries with an empty list"""
# Should execute without error and print "No entries..."

# We can't easily capture print output in unittest

without extra libraries/setup

# So we just check it doesn't raise an error.
try:

Student.insert entries([])

except Exception as e:

self.fail (f"insert entries([]) raised an exception: {e}")

def test insert invalid type list(self):

"""Test insert entries with list of invalid types (line

172) .H""

with self.assertRaisesRegex (TypeError, "Entries must be a

list of dictionaries or BaseModel instances"):

Student.insert entries([1, 2, 3])

def test insert constraint violation unique (self):
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"""Test insert entries violating UNIQUE constraint (line

220) .H""
# self.studentl (Yehor Boiar) already exists from setUp

student duplicate = Student (name="Yehor Boiar",

degree="Another Degree")

# This should raise an IntegrityError during

_execute insert

with self.assertRaises (sglite3.IntegrityError):

Student.insert entries([student duplicate])

def test insert constraint violation not null (self):

"""Test insert entries violating NOT NULL constraint

(line 220)."""

student null degree = Student (name="Null Degree Test",

degree=None) # degree is NOT NULL

# This should raise an IntegrityError during

_execute insert

with self.assertRaises(sglite3.IntegrityError):

Student.insert entries([student null degree])

@patch('sglite3.connect"')

def test insert connection error (self, mock connect):
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"""Test insert entries with a connection error (lines

246-248)."""
# Configure the mock connection to raise an error

mock_connect.side_effect =

sglite3.0OperationalError ("Cannot connect")

student new = Student (name="Connect Fail", degree="Test")
with self.assertRaises (sglite3.OperationalError) :
Student.insert entries ([student new])

# Verify rollback wasn't attempted (since connection

failed) - tricky without more mocks

def test replace no conditions (self):

"""Test replace entries with no conditions (lines 288-

289) .H""

# Should run without error and print "Error: You must

provide...'
try:
Student.replace entries({}, {"degree": "Updated Degree"})
except Exception as e:

self.fail (f"replace entries with no conditions raised an

exception: {e}")
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def test replace no values(self):
"""Test replace entries with no new values (line 292)."""

# Should run without error and print "Error: No new

"

values...
try:
Student.replace entries({"id": self.studentl.id}, {})
except Exception as e:

self.fail (f"replace entries with no values raised an

exception: {e}")

def test replace basic(self):

"""Test basic functionality of replace entries (covers

finally block lines 363-364)."""
student id = self.studentl.id

Student.replace entries ({"id": student id}, {"degree":

"Updated CS"})
updated student = Student.objects.get (id=student id)

self.assertEqual (updated student.degree, "Updated CS")

def test replace constraint violation(self):



"""Test replace entries violating a constraint (lines

354, 359-361, 404-405)."""

# Try updating studentl's name to student2's name

(violates UNIQUE)

studentl id = self.studentl.id

student2 name = self.student2.name

with self.assertRaises(sglite3.IntegrityError):

Student.replace entries ({"id": studentl id}, {"name":

student2 name})

@classmethod

def tearDownClass (cls):

"""Clean up the database after tests."""
if os.path.exists (DB _PATH) :
os.remove (DB PATH)

if os.path.exists('databases'):

os.rmdir ('databases"')
if name == ' main_ ':

unittest.main ()

#tests/testConnections.py

from ORM.fields import ManyToManyRelatedManager
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import sys

import os

import unittest

import sglite3

from unittest.mock import patch
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sys.path.append(os.path.dirname (os.path.dirname (os.path.a

bspath( file ))))

from ORM import base, datatypes, fields

DB PATH = "databases/main.sglite3"

class Customers (base.BaseModel) :

name = datatypes.CharField (unique=True)
age = datatypes.IntegerField()

class ContactInfo (base.BaseModel):
phone = datatypes.CharField()

city = datatypes.CharField()

customer = base.OneToOneField (Customers)



class Orders (base.BaseModel) :
item = datatypes.CharField()

customer = base.ForeignKey (to=Customers)

class Author (base.BaseModel) :

name = datatypes.CharField()

class Book (base.BaseModel) :
title = datatypes.CharField()

authors = base.ManyToManyField (to=Author)

class TestOneToManyRelationship (unittest.TestCase) :

@classmethod

def setUpClass(cls):

# Create tables
Customers.create table()
Orders.create table()

# Insert a customer

Customers.insert entries([{"name": "Yehor", "age":

180

18}11)



customer = Customers.objects.get (name="Yehor")
# Insert multiple orders for the customer

Orders.insert entries ([

{"item": "iteml", "customer": customer.id},
{"item": "item2", "customer": customer.id},
{"item": "item3", "customer": customer.id},
{"item": "item4", "customer": customer.id}

1)

def test customer orders(self):
# Fetch the customer

customer = Customers.objects.get (id=1)

# Fetch all orders for the customer

orders =

Orders.objects.filter (customer id=customer.id)

# Assert that the customer has 4 orders
self.assertEqual (len (orders), 4)

self.assertEqual (orders[0].item, "iteml")

.all()
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self.assertEqual (orders[l].item, "item2")
self.assertEqual (orders[2].item, "item3")

self.assertEqual (orders[3].item, "item4d")

def test as dict foreign key(self):

"""Test as dict() for a model with a ForeignKey."""
# Fetch the customer and one of their orders
customer = Customers.objects.get (name="Yehor")

order =

Orders.objects.filter (customer id=customer.id).all() [0]

# Get dict representation of the order

order dict = order.as dict()

# Expected dict for the order
expected order dict = {

'id': order.id,

'item': order.item, # e.g., "iteml"

'customer id': customer.id # Should contain the related

customer's ID
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self.assertDictEqual (order dict, expected order dict)

# Test as _dict on the customer (which has no outgoing

FK/020 in this test)

customer dict = customer.as dict ()
expected customer dict = {

'id': customer.id,

'name': "Yehor",

'age': 18

self.assertDictEqual (customer dict,

expected customer dict)

@classmethod

def tearDownClass(cls):

"""Clean up the database after tests."""
if os.path.exists (DB PATH) :
os.remove (DB PATH)

if os.path.exists('databases'):

os.rmdir ('databases')
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class

TestOneToOneRelationshipEdgeCases (unittest.TestCase) :
def setUp(self):

# Ensure tables exist before deleting entries
Customers.create table()

ContactInfo.create table()

# Skip confirmation prompt in tests

Customers.delete entries({}, confirm delete all=True)

ContactInfo.delete entries({}, confirm delete all=True)

# Reset sequences

connection = sglite3.connect (DB PATH)
cursor = connection.cursor /()
try:

cursor.execute ("DELETE FROM sglite sequence WHERE name IN

(Customers. name .lower(),

ContactlInfo. name .lower()))

connection.commit ()
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except sglite3.OperationalError as e:

print (f"Info: Could not reset sequences - {e}l")
connection.rollback()

finally:

connection.close ()

# Insert test data

self.custl = Customers (name="Yehor", age=18)
self.cust2 = Customers (name="Alice", age=25)
self.cust3 = Customers (name="Bob", age=30)

Customers.insert entries([self.custl, self.cust2z,

self.cust3])

# Use instances for FK assignment

self.contactl = ContactInfo (phone="123-456-7890",

city="New York", customer=self.custl)

self.contact?2 = ContactInfo (phone="987-654-3210",

city="Los Angeles", customer=self.cust?)

ContactInfo.insert entries([self.contactl,

self.contact?2])
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def test multiple customers with contact info(self):
# Fetch all customers and their contact info

yehor = self.custl

alice = self.cust?2

bob = self.cust3

yehor contact =

ContactInfo.objects.get (customer id=yehor.id)

alice contact =

ContactInfo.objects.get (customer id=alice.id)

# Assert contact info matches
self.assertEqual (yehor contact.phone, "123-456-7890")

self.assertEqual (alice contact.city, "Los Angeles")

# Bob has no contact info

with self.assertRaises (Exception) :

ContactInfo.objects.get (customer id=bob["1d"])

def test customer without contact info(self):
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# Fetch Bob, who has no contact info

bob = self.cust3

# Attempt to fetch contact info for Bob
with self.assertRaises (Exception) :

ContactInfo.objects.get (customer id=bob["1d"])

def test contact info without customer (self) :
# Attempt to insert contact info without a valid customer

with self.assertRaises (Exception): # Replace with the

specific exception your ORM raises

ContactInfo.insert entries([{"phone": "555-555-5555",
"city": "Chicago", "customer": 999}]) # Invalid customer
ID

def test duplicate contact info for customer (self):
# Fetch Yehor

yehor = self.custl

# Attempt to insert another contact info for Yehor

with self.assertRaises (Exception): # Replace with the

specific exception your ORM raises



ContactInfo.insert entries([{"phone": "111-222-3333",

"city": "San Francisco", "customer": yehor["id"]}])

def test updating contact info(self):
# Fetch Yehor and his contact info
yehor = self.custl

yehor contact =

ContactInfo.objects.get (customer id=yehor.id)

# Update Yehor's contact info

ContactInfo.replace entries ({"id": yehor contact.id},

{"phone": "999-999-9999", "city": "Boston"})

# Fetch updated contact info

updated contact =

ContactInfo.objects.get (customer id=yehor.id)

self.assertEqual (updated contact.phone, "999-999-9999")

self.assertEqual (updated contact.city, "Boston")

def

test deleting customer cascades to contact info(self):

# Fetch Alice and her contact info
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alice = self.cust?

alice contact =

ContactInfo.objects.get (customer id=alice.id)

# Delete Alice
Customers.delete entries({'id':alice.id})

# fix : passing a dictionnary

# Ensure Alice's contact info is also deleted

with self.assertRaises (Exception): # Replace with the

specific exception your ORM raises

ContactInfo.objects.get (id=alice contact.id)

def test as dict one to one(self):

"""Test as dict() for models involved in a OneToOne

relationship."""

# Use instances from setUp
yehor = self.custl

alice = self.cust?

bob = self.cust3 # Bob has no contact info
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# Fetch contact info for Yehor

yehor contact =

ContactInfo.objects.get (customer id=yehor.id)

# Get dict representation of Yehor's contact info
contact dict = yehor contact.as dict()

expected contact dict = {

'id': yehor contact.id,

'phone': "123-456-7890",

'city': "New York",

'customer id': yehor.id # Should contain the related

customer's ID

self.assertDictEqual (contact dict, expected contact dict)

# Get dict representation of Yehor (Customer)

# Customer model itself doesn't define the 020 field

pointing *to* ContactInfo
# So its dict should only contain its own fields.
yehor dict = yehor.as dict()

expected yehor dict = {
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'id': yehor.id,
'name': "Yehor",

'age': 18

self.assertDictEqual (yehor dict, expected yehor dict)

# Get dict representation of Bob (no related ContactInfo)
bob dict = bob.as dict()

expected bob dict = {

'id': bob.id,

'name': "Bob",

'age': 30

self.assertDictEqual (bob dict, expected bob dict)

def test as dict unsaved one to one (self):

"""Test as dict() on unsaved instances with FK/020

fields."""
# Unsaved ContactInfo (customer id should be None)

unsaved contact = ContactInfo (phone="111-000",

city="Nowhere")



contact dict = unsaved contact.as dict()
expected contact dict = {

'id': None,

'phone': "111-000",

'city': "Nowhere",

'customer id': None # FK/020 ID should be None if

instance/relation not set

192

self.assertDictEqual (contact dict, expected contact dict)

# Unsaved ContactInfo with unsaved Customer assigned
unsaved customer = Customers (name="Temp", age=1)

unsaved contact with rel = ContactInfo(phone="222-000",

city="Somewhere", customer=unsaved customer)

contact dict rel = unsaved contact with rel.as dict()
expected contact dict rel = {

'id': None,

'phone': "222-000",

'city': "Somewhere",

'customer id': None # Related customer has no ID yet
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self.assertDictEqual (contact dict rel,

expected_contact_dict_rel)

def test insert onetoone violation in batch(self):

"""Test 020 violation check within

_process entries for values (line 210)."""

# Try inserting two ContactInfo entries for self.cust3 in

the same batch
contact batch = |

ContactInfo (phone="111", city="CityA",

customer=self.cust3),

ContactInfo (phone="222", city="CityB",

customer=self.cust3) # Duplicate customer FK

with self.assertRaisesRegex (ValueError, "Duplicate entry
detected within the batch for OneToOne field 'customer'

with value 3 at index 1"):

ContactInfo.insert entries (contact batch)

@classmethod
def tearDownClass (cls) :
"""Clean up the database after tests."""

if os.path.exists (DB PATH) :



os.remove (DB PATH)
if os.path.exists('databases'):

os.rmdir ('databases')

# Add test for M2M as dict error

class TestMZMAsDictError (unittest.TestCase) :
@classmethod

def setUpClass(cls):

if not os.path.exists('databases'):
os.makedirs ('databases')
Author.create table ()

Book.create table()

def setUp(self):

Author.delete entries({}, confirm delete all=True)
Book.delete entries({}, confirm delete all=True)

# Clear junction table

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

try: cursor obj.execute ("DELETE FROM book author")
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except sglite3.OperationalError: pass

try: cursor obj.execute ("DELETE FROM sglite sequence
WHERE name IN ('author', 'book')")

except sglite3.OperationalError: pass
connection obj.commit ()

connection obj.close()

@patch ('ORM. fields.ManyToManyRelatedManager.all')

def test as dict m2m error(self, mock mZm all):
"""Test as dict M2M error handling (lines 108-111)."""
# Setup data

author = Author (name="Test Author")

Author.insert entries([author])

book = Book(title="Test Book")

Book.insert entries([book])

book.authors.add(author) # Add relationship

# Configure mock to raise error when .all() is called

within as dict

mock mZ2m all.side effect = Exception("Simulated MZM fetch

error")
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# Call as dict and check output

book dict = book.as dict()

# Expect 'authors' to be an empty list due to error

handling

expected dict = {
'id': book.id,
'title': "Test Book",

'authors': [] # Should default to empty list on error

self.assertDictEqual (book dict, expected dict)

# Optionally check if the warning was printed (requires

more setup)

@classmethod

def tearDownClass (cls):

if os.path.exists (DB _PATH) :
os.remove (DB PATH)

if os.path.exists('databases'):

try: os.rmdir ('databases')
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except OSError: pass

class TestFieldFeatures (unittest.TestCase) :

"""Tests for basic Field class features like default

mman

values.
@classmethod

def setUpClass(cls):

# Define a simple model for testing field defaults
class DefaultModel (base.BaseModel) :

name = datatypes.CharField(default="DefaultName")
value = datatypes.IntegerField(default=100)

nullable int = datatypes.IntegerField (null=True,
default=None) # Test None default

cls.DefaultModel = DefaultModel

# No table creation needed as we only test instance

initialization

def test field default init (self):

"""Test Field init default handling (line 37 1in

base .py) . wrww
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# BaseModel. 1init does NOT apply defaults from Field

definition
# It defaults to None if kwarg is missing.
instance = self.DefaultModel ()

self.assertIsNone (instance.name, "CharField default

should not be applied by init ")

self.assertIsNone (instance.value, "IntegerField default

should not be applied by init ")

self.assertIsNone (instance.nullable int,

"IntegerField(default=None) should be None")

# Test providing values overrides the None default from

init

instance override =
self.DefaultModel (name="SpecificName", value=50,

nullable int=5)
self.assertEqual (instance override.name, "SpecificName")
self.assertEqual (instance override.value, 50)

self.assertEqual (instance override.nullable int, 5)

def test charfield init (self):

"""Test CharField  init (line 68 in datatypes.py) ."""
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# Primarily testing instantiation works and attributes

are stored

field = datatypes.CharField(max length=10, unique=True,
default="test", null=False)

self.assertEqual (field.max length, 10)
self.assertTrue(field.unique)
self.assertEqual (field.default, "test")
self.assertFalse(field.null)
self.assertEqual (field.db type, "TEXT")

# Note: max length validation isn't typically done on

assignment in simple ORMs

# It's usually a database constraint.

def test integerfield init(self):

"""Test IntegerField  init (line 87 1in

datatypes.py)."""

instance = datatypes.IntegerField(default=0, null=False,

unique=True)

self.assertEqual (instance.default, 0)
self.assertFalse(instance.null)
self.assertTrue (instance.unique)

self.assertEqual (instance.db type, "INTEGER")
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# No specific validation on assignment is implemented in

the Field base class

class TestForeignKeyFeatures (unittest.TestCase) :
"""Tests specific ForeignKey features."™"
@classmethod

def setUpClass(cls):

class Country(base.BaseModel) :

name = datatypes.CharField (unique=True)
# Removed 'cities' CharField - reverse relations aren't
automatic

class City (base.BaseModel) :
name = datatypes.CharField()
# ForeignKey definition

country = fields.ForeignKey (to=Country, null=False) #

Make it non-nullable for testing

cls.Country = Country
cls.City = City

if not os.path.exists('databases'):
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os.makedirs ('databases')
cls.Country.create table()

cls.City.create table()

def setUp(self):
# Clear tables before each test

self.City.delete entries({}, confirm delete all=True) #

Delete dependent table first

self.Country.delete entries({}, confirm delete all=True)

connection = sglite3.connect (DB PATH)
cursor = connection.cursor ()
try:

cursor.execute ("DELETE FROM sglite sequence WHERE name IN

?) ",

(self.Country. name .lower(),

self.City. name .lower()))
connection.commit ()

except sglite3.OperationalError: pass # Ignore if

sequence table doesn't exist

finally: connection.close ()
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# Insert a country instance

self.countryl = self.Country(name="Testland")
self.Country.insert entries([self.countryl]) # ID gets
updated

def test foreignkey reverse access not implemented(self):

"""Test that reverse ForeignKey access 1is not

automatically created.”""
cityl = self.City(name="Capital", country=self.countryl)

self.City.insert entries([cityl])

# Accessing 'city set' (or similar) should fail as it's

not defined
self.assertFalse (hasattr(self.countryl, 'city set'))

self.assertFalse (hasattr(self.countryl, 'cities')) #

Check original name too
with self.assertRaises (AttributeError) :

= self.countryl.city set # Or whatever default name

might be expected

# To get related cities, query the City model directly
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related cities gs =

self.City.objects.filter (country id=self.countryl.id)
related cities = list(related cities gs)
self.assertEqual (len(related cities), 1)

self.assertEqual (related cities[0] .name, "Capital")

@classmethod

def tearDownClass (cls):

if os.path.exists (DB PATH) :
os.remove (DB PATH)

if os.path.exists('databases'):
try: os.rmdir ('databases')

except OSError: pass

class TestManyToManyFieldFeatures (unittest.TestCase) :
"""Tests specific ManyToManyField features.”"""
@classmethod

def setUpClass(cls):

class Tag (base.BaseModel) :
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name = datatypes.CharField (unique=True)

# No automatic reverse relation 'posts'

class Post (base.BaseModel) :
title = datatypes.CharField()

tags = fields.ManyToManyField (to=Tag) # Use
fields.ManyToManyField

cls.Tag = Tag

cls.Post = Post

if not os.path.exists('databases'):
os.makedirs ('databases')
cls.Tag.create table()

cls.Post.create table() # This should also create the

jJunction table

def setUp(self):
# Determine Jjunction table name dynamically
m2m field = self.Post. many to many['tags']

self.junction table = mZ2m field.through or

f"{self.Post. name .lower()} {self.Tag. name .lower ()

}"
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# Clear tables and junction table
connection obj = sglite3.connect (DB PATH)
cursor obj = connection obj.cursor ()

try: cursor obj.execute (f"DELETE FROM

{self.junction table}")

except sglite3.OperationalError: pass # Ignore if table

doesn't exist yet

connection obj.commit () # Commit deletion before deleting

main tables

self.Post.delete entries({}, confirm delete all=True) #

Delete Post first if Tag has FKs to it (it doesn't here)

self.Tag.delete entries({}, confirm delete all=True)

try:

cursor obj.execute ("DELETE FROM sglite sequence WHERE

name IN (2, 2, ?2);",

(self.Tag. name .lower(), self.Post. name .lower(),

self.junction table)) # Include junction table if it has

own sequence

connection obj.commit ()
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except sglite3.OperationalError: pass # Ignore if

sequence table doesn't exist

finally: connection obj.close()

# Insert base data

self.tagl self.Tag (name="Tech")

self.tag? self.Tag (name="News")
self.Tag.insert entries([self.tagl, self.tag2Z])
self.postl = self.Post(title="Post 1")

self.Post.insert entries([self.postl])

def test manytomanyfield init no related name (self):

"""Test ManyToManyField  init doesn't store

related name."""

# The implementation in fields.py doesn't accept/store

related name

m2m_ field = fields.ManyToManyField(self.Tag) # No

related name arg

self.assertFalse (hasattr (m2m field, 'related name'))

def test manytomany get manager (self) :

"""Test ManyToManyField  get returns manager."""
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manager = self.postl.tags
self.assertlIsInstance (manager, ManyToManyRelatedManager)

# Check manager attributes based on fields.py

implementation
self.assertIs(manager.instance, self.postl)

self.assertIsInstance (manager.field,

fields.ManyToManyField)
self.assertIs (manager.source class, self.Post)
self.assertlIs (manager.target class, self.Tag)

self.assertEqual (manager.junction table,

self.junction table)

def test manytomany direct assignment possible (self) :

"""Test that direct assignment to M2M field replaces the

manager (not recommended) ."""

# The descriptor doesn't define set , so assignment

replaces the manager
original manager = self.postl.tags
self.postl.tags = [self.tagl] # Assign a list

self.assertNotIsInstance (self.postl.tags,

ManyToManyRelatedManager)

self.assertEqual (self.postl.tags, [self.tagl])
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# Restore manager for subsequent tests if needed (though

setUp handles it)

setattr (self.postl, ' tags manager', original manager)

def test manytomany reverse access not implemented(self):

"""Test accessing reverse MZ2M relationship is not

automatic."""
self.postl.tags.add(self.tagl)
post2 = self.Post(title="Post 2")
self.Post.insert entries([post2])

post2.tags.add(self.tagl)

# Accessing tagl.posts should fail
self.assertFalse (hasattr(self.tagl, 'posts'))
with self.assertRaises (AttributeError):

= self.tagl.posts

# To get related posts, query the Post model and filter

via the junction table

# This requires a more complex query or a helper method

not shown in the base ORM



# Simplest is to iterate through posts and check their
tags

related posts = []

for post in self.Post.objects.all():

if self.tagl.id in [tag.id for tag in post.tags.all()]:

related posts.append (post)

self.assertEqual (len(related posts), 2)
post titles = {p.title for p 1in related posts}

self.assertEqual (post titles, {"Post 1", "Post 2"})

def test m2m manager add invalid type (self):

"""Test ManyToManyRelatedManager add() type validation
(line 193 in fields.py)."""

# The add method checks isinstance(target obj,

self.target class)

with self.assertRaisesRegex (TypeError, f"Can only add

'{self.Tag. name }' instances."):

self.postl.tags.add("not a tag instance")

@Qclassmethod
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def tearDownClass (cls):

if os.path.exists (DB PATH) :
os.remove (DB PATH)

if os.path.exists('databases'):
try: os.rmdir ('databases')

except OSError: pass

if name == ' main '

unittest.main ()

#tests/testDatatypes.py

import unittest
import sys

import os

# Add the project root to the Python path

sys.path.append(os.path.dirname (os.path.dirname (os.path.a
bspath( file ))))

from ORM.datatypes import Field, CharField, IntegerField,

DateTimeField



211

class TestFieldTypes (unittest.TestCase) :

def test field get db type(self):

"""Test the get db type method of the base Field

ClaSS."""
# Default (null=True, unique=False)
field default = Field("TEXT")

self.assertEqual (field default.get db type(), "TEXT")

# Not Null (null=False, unique=False)
field not null = Field("INTEGER", null=False)

self.assertEqual (field not null.get db type(), "INTEGER
NOT NULL")

# Unique and Null (null=True, unique=True)
field unique null = Field("REAL", unique=True)

self.assertEqual (field unique null.get db type (), "REAL
UNIQUE™)

# Unique and Not Null (null=False, unique=True)

field unique not null = Field("BLOB", null=False,

unique=True)
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self.assertEqual (field unique not null.get db type(),
"BLOB NOT NULL UNIQUE") # This line fails

def test char field(self):

"""Test CharField initialization and db type."""
# Default (null=True)

char default = CharField()
self.assertEqual (char default.db type, "TEXT")
self.assertTrue (char default.null)

self.assertEqual (char default.get db type(), "TEXT")

# Not Null (null=False)

char not null = CharField(null=False)
self.assertEqual (char not null.db type, "TEXT")
self.assertFalse(char not null.null)

self.assertEqual (char not null.get db type(), "TEXT NOT
NULL")

def test integer field(self):

"""Test IntegerField initialization and db_ type including

default."""
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# Default (null=True, default=0)

int default = IntegerField()
self.assertEqual (int default.db type, "INTEGER")
self.assertTrue(int_default.null)
self.assertEqual (int default.default, 0)

# Check get db type includes default

self.assertEqual (int default.get db type (), "INTEGER
DEFAULT 0")

# Not Null with different default

int not null default 5 = IntegerField(null=False,
default=b5)

self.assertEqual (int not null default 5.db type,
"INTEGER")

self.assertFalse(int not null default 5.null)
self.assertEqual (int not null default 5.default, 5)

self.assertEqual (int not null default 5.get db type(),
"INTEGER NOT NULL DEFAULT 5")

# Nullable without explicit default (should still have
default=0 from init)

int nullable = IntegerField(null=True)
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self.assertEqual (int nullable.get db type(), "INTEGER
DEFAULT 0")

# Nullable with None default (should not add DEFAULT

clause)

# Note: The current implementation correctly omits

DEFAULT when the value is None.
int none default = IntegerField(null=True, default=None)
self.assertEqual (int none default.default, None)

# Assert that no DEFAULT clause is added when default is

None

self.assertEqual (int none default.get db type(),
"INTEGER") # Changed expected value

def test datetime field(self):

"""Test DateTimeField initialization and db type."""
# Default (null=True)

dt default = DateTimeField()
self.assertEqual (dt default.db type, "DATETIME")
self.assertTrue (dt default.null)

self.assertEqual (dt default.get db type(), "DATETIME")
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# Not Null (null=False)
dt not null = DateTimeField(null=False)
self.assertEqual (dt not null.db type, "DATETIME")

self.assertFalse(dt not null.null)

self.assertEqual (dt not null.get db type(), "DATETIME NOT
NULL")
if name == ' main ':

unittest.main ()
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#tests/testM2M.py

import unittest
import sglite3
import sys

import os

sys.path.append(os.path.dirname (os.path.dirname (os.path.a
bspath( file ))))

from ORM import base, datatypes

# Import QuerySet to check return types if needed

from ORM.query import QuerySet

DB PATH = "databases/main.sqglite3"

class Author (base.BaseModel) :

name = datatypes.CharField()

class Book (base.BaseModel) :

title = datatypes.CharField()
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authors = base.ManyToManyField (to=Author)

class CustomBook (base.BaseModel) :
title = datatypes.CharField()

authors = base.ManyToManyField (Author,

through="customjunction")

class TestManyToManyRelationships (unittest.TestCase) :
@classmethod

def setUpClass(cls):

# Create tables only once

if not os.path.exists('databases'):

os.makedirs ('databases')

Author.create table ()

Book.create table()

CustomBook.create table() # Ensure custom junction table

is created

def setUp(self):
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"""Clean up tables and insert fresh base data using

instances before each test.™""

connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()

cursor obj.execute ("PRAGMA foreign keys = ON;")

# Clear junction tables first

try: cursor obj.execute ("DELETE FROM book author")

except sglite3.OperationalError: pass # Ignore if table

doesn't exist yet
try: cursor obj.execute ("DELETE FROM customjunction")

except sglite3.OperationalError: pass # Ignore if table

doesn't exist yet

# Clear main tables

cursor obj.execute ("DELETE FROM author")
cursor obj.execute ("DELETE FROM book™")
cursor obj.execute ("DELETE FROM custombook")
# Reset sequences

try:

cursor obj.execute ("DELETE FROM sglite sequence WHERE

name IN ('author', 'book', 'custombook')")

except sglite3.OperationalError: pass # Ignore if

sequence table doesn't exist
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connection obj.commit ()

connection obj.close()

# Reinsert base data using instances (IDs will be

updated)

self.rowling = Author (name="J.K. Rowling")
self.orwell = Author (name="George Orwell")
self.christie = Author (name="Agatha Christie")

Author.insert entries([self.rowling, self.orwell,

self.christie])

self.harry potter = Book(title="Harry Potter")
self.nineteen eighty four = Book(title="1984")

Book.insert entries([self.harry potter,

self.nineteen eighty four])

def test add mZ2m relationship(self):

"""Test adding authors to a book using instance

manager."""
# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter
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# Add J.K. Rowling to Harry Potter using the instance

manager

harry potter.authors.add(rowling)

# Retrieve authors for Harry Potter (should return Author

instances via QuerySet)

harry authors gs = harry potter.authors.all()
self.assertIsInstance (harry authors gs, QuerySet)

harry authors = list (harry authors gs) # Execute QuerySet
self.assertEqual (len (harry authors), 1)
self.assertIsInstance (harry authors[0], Author)
self.assertEqual (harry authors[0].name, "J.K. Rowling")

self.assertEqual (harry authors[0].id, rowling.id)

def test remove mZm relationship (self):

"""Test removing an author from a book using instance

manager."""
# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter
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# Add and then remove J.K. Rowling from Harry Potter
harry potter.authors.add(rowling)

harry potter.authors.remove (rowling)

# Retrieve authors for Harry Potter
harry authors = list (harry potter.authors.all())

self.assertEqual (len (harry authors), 0)

def test mZ2m relationship uniqueness(self):

"""Test that the same relationship cannot be added twice

mwrewn

vlia manager.
# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter

# Add J.K. Rowling to Harry Potter twice (second add

should be ignored)
harry potter.authors.add(rowling)

harry potter.authors.add(rowling) # Should be ignored due
to INSERT OR IGNORE
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# Retrieve authors for Harry Potter
harry authors = list (harry potter.authors.all())

self.assertEqual (len (harry authors), 1) # Should only

have one entry

def test m2m cascade delete source (self):

"""Test MZM relationships are deleted when source 1is

deleted."™""

# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter
harry potter.authors.add(rowling)

hp id = harry potter.id # Store ID before deleting

# Delete source record (Book instance)

Book.delete entries({'id': hp id}) # Pass condition dict

# Verify relationships are gone from junction table
connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()
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cursor obj.execute ("SELECT * FROM book author WHERE
book id = ?", (hp id,))

self.assertEqual (len(cursor obj.fetchall()), O0)

connection obj.close()

def test m2m cascade delete target (self):

"""Test M2M relationships are deleted when target is

deleted."""

# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter
harry potter.authors.add(rowling)

rowling id = rowling.id # Store ID before deleting

# Delete target record (Author instance)

Author.delete entries({'id': rowling id}) # Pass

condition dict

# Verify relationships are gone from junction table
connection obj = sglite3.connect (DB PATH)

cursor obj = connection obj.cursor ()
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cursor obj.execute ("SELECT * FROM book author WHERE

author id = ?", (rowling id,))
self.assertEqual (len (cursor obj.fetchall()), O0)

connection obj.close()

# Also verify trying to access via manager reflects the

deletion

# Re-fetch harry potter as the original instance might be

stale 1f caching were involved

harry potter refetched =
Book.objects.get (id=harry potter.id)

remaining authors =

list(harry_potter_refetched.authors.all())

self.assertEqual (len(remaining authors), 0)

def test mZ2m custom junction table(self):

"""Test M2M relationships with custom junction table

mwrirmn

using manager.
# Use instance from setUp
rowling = self.rowling

# Create CustomBook instance
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custom book inst = CustomBook (title="Custom Book")

CustomBook.insert entries([custom book inst]) # Insert

and update ID

# Add relationship using instance manager

custom book inst.authors.add(rowling)

# Verify relationship exists in custom table
connection obj = sglite3.connect (DB PATH)
cursor obj = connection obj.cursor ()

cursor obj.execute ("SELECT * FROM customjunction WHERE
custombook id = ? AND author id = ?",

(custom book inst.id, rowling.id))
self.assertEqual (len(cursor obj.fetchall()), 1)

connection obj.close()

# Verify retrieval via manager's all()

authors = list (custom book inst.authors.all())
self.assertEqual (len (authors), 1)
self.assertEqual (authors[0].1id, rowling.id)

self.assertEqual (authors[0] .name, rowling.name)
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def test mZ2m invalid relationship(self):

"""Test adding relationship with non-existent target ID

mwrwmn

using manager.
# Create an Author instance but don't save it (no ID)
unsaved author = Author (name="Unsaved Author")

harry potter = self.harry potter # Use instance from

setUp

# Adding unsaved instance should raise ValueError

with self.assertRaisesRegex (ValueError, "Cannot add

unsaved 'author' instance"):

harry potter.authors.add(unsaved author)

# Create an Author instance with a fake ID that doesn't

exist in DB
invalid author = Author (1d=999, name="Invalid Author")

# Adding instance with non-existent ID should raise

ValueError (due to FK constraint)

with self.assertRaisesRegex (ValueError, "Invalid target

ID") :

harry potter.authors.add(invalid author)
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def test remove nonexistent relationship (self):

"""Test removing a relationship that doesn't exist using

manager . mwwmmn
# Use instances from setUp
rowling = self.rowling

harry potter = self.harry potter

# Should complete without errors
harry potter.authors.remove (rowling)
harry authors = list (harry potter.authors.all())

self.assertEqual (len (harry authors), 0)

def test m2m multiple operations (self):

"""Test complex add/remove sequences using manager."""
# Use instances from setUp

rowling = self.rowling

orwell = self.orwell

harry potter = self.harry potter



228

# Add two authors (can add multiple at once)
harry potter.authors.add(rowling, orwell)
authors = list (harry potter.authors.all())
self.assertEqual (len (authors), 2)

author ids = {a.id for a in authors}
self.assertIn(rowling.1id, author ids)

self.assertIn(orwell.id, author ids)

# Remove one author

harry potter.authors.remove (rowling)
authors = list (harry potter.authors.all())
self.assertEqual (len (authors), 1)
self.assertEqual (authors[0].id, orwell.id)

self.assertEqual (authors[0] .name, "George Orwell")

def test empty relationships (self):

"""Test retrieving relationships when none exist using

manager."""
# Use instance from setUp
harry potter = self.harry potter

authors gs = harry potter.authors.all()
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self.assertIsInstance (authors gs, QuerySet)
authors = list (authors gs)

self.assertEqual (len (authors), 0)

def test as dict with mZm(self):

"""Test the as dict() method includes M2M

relationships."""

# Use instances from setUp
rowling = self.rowling

orwell = self.orwell

harry potter = self.harry potter

nineteen eighty four = self.nineteen eighty four

# Add authors to Harry Potter

harry potter.authors.add(rowling)

# Get dict representation of Harry Potter

hp dict = harry potter.as dict()

# Expected dict for Harry Potter

expected hp dict = {
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'id': harry potter.id,

'title': "Harry Potter",
'authors': [rowling.id] # Should contain list of related
IDs

self.assertDictEqual (hp dict, expected hp dict)

# Add another author to Harry Potter

harry potter.authors.add(orwell)

hp dict updated = harry potter.as dict()

# Order of IDs might not be guaranteed, so compare sets
self.assertEqual (hp dict updated['id'], harry potter.id)

self.assertEqual (hp dict updated['title'], "Harry
Potter")

self.assertIsInstance (hp dict updated['authors'], 1list)

self.assertSetEqual (set (hp dict updated['authors']),

{rowling.1id, orwell.id})

# Get dict representation of 1984 (no authors added yet)
nef dict = nineteen eighty four.as dict()

expected nef dict = {
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'ld': nineteen eighty four.id,
'title': "1984",

'authors': [] # Should be an empty list

self.assertDictEqual (nef dict, expected nef dict)

def test as dict unsaved instance (self):

"""Test as dict() on an unsaved instance with M2ZM

fields . mwww
unsaved book = Book (title="Unsaved Book")

book dict = unsaved book.as dict ()

expected dict = {

'id': None,

'title': "Unsaved Book",
'authors': [] # M2M should be empty list for unsaved
instances

self.assertDictEqual (book dict, expected dict)

@Qclassmethod
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def tearDownClass (cls):

"""Clean up the database file after all tests."""
if os.path.exists (DB PATH) :

os.remove (DB PATH)

# Attempt to remove directory if empty

if os.path.exists('databases'):

try:

os.rmdir ('databases"')

except OSError:

pass # Ignore if not empty

if name == ' main '

unittest.main ()

#tests/testMigrationHist.py

import unittest
import os
import shutil

from pathlib import Path
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class TestMigrationHistory(unittest.TestCase) :

def setUp(self):

"""Set up temporary migrations directory and database."™"
self.migrations dir = Path("migrations")

if self.migrations dir.exists():
shutil.rmtree(self.migrations dir)

self.migrations dir.mkdir ()

# Create a migration file

migration file = self.migrations dir /

"0001 initial migration.py"

with open(migration file, "w") as f:
f.write("""

from ORM.base import BaseModel

from ORM.datatypes import CharField

class TestModel (BaseModel) :

name = CharField()
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def migrate() :

TestModel.create table()

mwn H)

def test migration tracking(self):

"""Test that migrations are properly tracked once

applied . mwman

from ORM.manager import apply migrations,

get applied migrations

# Apply the migration

apply migrations ()

# Check that migration is recorded as applied
applied = get applied migrations ()
self.assertIn("0001 initial migration", applied,

"Migration should be recorded in tracking table")

# Reapplying migrations should not error and should skip

already applied ones

apply migrations() # This should run without errors



# Verify table exists in database
import sglite3
connection = sglite3.connect ("databases/main.sglite3")

cursor = connection.cursor ()

# Check the model table was created
cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name="'testmodel';")
table exists = cursor.fetchone()
self.assertIsNotNone (

table exists, "The model table should be created.")

# Check the migrations table was created
cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name='orm migrations';")
migrations table exists = cursor.fetchone ()
self.assertIsNotNone (migrations table exists,

"The migrations tracking table should be created.")
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# Check the migration is recorded in the table

cursor.execute ("SELECT migration name FROM

orm migrations;")

recorded migrations = cursor.fetchall ()
self.assertEqual (len(recorded migrations), 1,
"One migration should be recorded")

self.assertEqual (recorded migrations[0] [0],

"0001 initial migration",

"The correct migration name should be recorded")

connection.close ()

def tearDown (self):

"""Clean up the migrations directory and database."""
if self.migrations dir.exists():
shutil.rmtree(self.migrations dir)

if os.path.exists ("databases/main.sglite3"):
os.remove ("databases/main.sglite3")

if os.path.exists ("databases"):

os.rmdir ("databases")
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if name == " main ":

unittest.main ()

#tests/testMigrations.py

import unittest

import os

import shutil

from pathlib import Path

from ORM.manager import find models, generate migrations,

apply migrations
from ORM.base import BaseModel

from ORM.datatypes import CharField

# Temporary test directory for models

TEST APP DIR = "test app"

class TestModelDiscovery(unittest.TestCase) :

mwman
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Test case for discovering models in a specified

directory.

This test case creates a temporary directory with a test

model

and verifies that the model is correctly discovered by

the find models function.

@classmethod

def setUpClass(cls):

"""Set up a temporary app directory with test models."""
if not os.path.exists(TEST APP DIR):

os.makedirs (TEST APP DIR)

# Create a test model file

with open(os.path.join (TEST APP DIR, "test model.py"),

"w") as f:
f.write (H mww
from ORM.base import BaseModel

from ORM.datatypes import CharField

class TestModel (BaseModel) :

name = CharField()



mwn H)

def test find models (self):

"""Test that find models correctly identifies models

inheriting from BaseModel."""
project root = os.getcwd()

models = find models (project root,

models folder=TEST APP DIR)

self.assertEqual (

len (models), 1, "find models should discover one model.

self.assertEqual (models[0]. name , "TestModel",

"The discovered model should be 'TestModel'.")

@classmethod

def tearDownClass(cls):

"""Clean up the temporary app directory."""
if os.path.exists (TEST APP DIR):

shutil.rmtree (TEST APP DIR)

class TestMigrationGeneration (unittest.TestCase):
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mwman

TestMigrationGeneration is a test suite for verifying the

behavior of the migration generation system.

It ensures that migrations are generated correctly based

on model changes, handles edge cases, and validates

expected outcomes.

Test cases included:
1. "test generate migrations :

Verifies that migrations are generated correctly for new

models and that no duplicate migrations
are created when models remain unchanged.
2. "test field modification :

Ensures that modifying field attributes (e.qg.,

nullability) generates a new migration.
3. "test removing field :

Tests that removing a field from a model generates a new

migration.
4. "test multiple models :

Verifies that migrations can handle multiple models and

that changes to one model generate a new migration.

5. "test consecutive changes :
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Tests the behavior of consecutive changes to the same

model, ensuring each change generates a new migration.
6. test empty models list :

Ensures that no migrations are generated when the models

list is empty.
7. "“test unchanged migration signature :

Verifies that non-model-changing updates (e.g., comments)

do not trigger a new migration.

Each test case sets up a controlled environment,
generates migrations, and verifies the expected migration

files

and their contents.

mwman

def setUp(self):

"""Set up a temporary migrations directory."""
self.migrations dir = Path("migrations")

if self.migrations dir.exists():
shutil.rmtree(self.migrations dir)

self.migrations dir.mkdir ()
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def test generate migrations (self):

"""Test that generate migrations creates a valid

migration file."""
class TestModel (BaseModel) :

name = CharField()

# First migration should be generated

generate migrations ([TestModel])

# Find the generated migration file (should have format

like 0001 migration *.py)

migration files =

list (self.migrations dir.glob ("??2?? *.py"))

self.assertEqual (len(migration files), 1,

"One migration file should be created")

migration file = migration files[0]

self.assertTrue (migration file.exists(),

"Migration file should be created.")

with open(migration file, "r") as f:
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content = f.read()

self.assertIn("def migrate():", content,

"Migration file should contain a migrate function.")
self.assertIn("TestModel.create table()", content,

"Migration file should include table creation for

TestModel.")

# Capture the files before the second generation attempt

files before = set(self.migrations dir.glob("*.py"))

# Running again with the same model should NOT generate a

new migration

generate migrations ([TestModel])

# Verify no new migrations were created
files after = set(self.migrations dir.glob("*.py"))
self.assertEqual (files before, files after,

"No new migration should be generated when models haven't

changed")

# Now, modify the model



class TestModel (BaseModel) :
name = CharField()

description = CharField() # Added field

# This should generate a new migration

generate migrations ([TestModel])

# There should now be two migration files

migration files =

list (self.migrations dir.glob ("??2?? *.py"))

self.assertEqual (len(migration files), 2,

"A second migration should be created when models

change")

def test field modification(self):

"""Test that changing field attributes generates a new

mwn

migration.
class TestModel (BaseModel) :

name = CharField(null=False)

# Generate initial migration
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generate migrations ([TestModel])

initial migrations =

list (self.migrations dir.glob("???? *.py"))

self.assertEqual (len(initial migrations), 1)

# Modify field attribute
class TestModel (BaseModel) :

name = CharField(null=True) # Changed null attribute

# Generate another migration

generate migrations ([TestModel])

# Should have a new migration

updated migrations =

list (self.migrations dir.glob("???? *.py"))

self.assertEqual (len (updated migrations), 2,

"Changing field attributes should create a new

migration")

def test removing field(self):

"""Test that removing a field generates a new

mwn

migration.
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class TestModel (BaseModel) :
name = CharField()

age = CharField()

# Generate initial migration

generate migrations ([TestModel])

# Remove a field
class TestModel (BaseModel) :

name = CharField() # age field removed

# Generate another migration

generate migrations ([TestModel])

# Should have a new migration
migrations = list(self.migrations dir.glob ("??2?? *.py"))

self.assertEqual (len (migrations), 2,

"Removing a field should create a new migration")

def test multiple models(self):



"""Test handling multiple models at once."""
class FirstModel (BaseModel) :

title = CharField()

class SecondModel (BaseModel) :

name = CharField()

# Generate migration with two models

generate migrations ([FirstModel, SecondModel])

# Check that one migration file is created

migration files =

list (self.migrations dir.glob("???? *.py"))

self.assertEqual (len (migration files), 1)

# Check both models are in the migration

with open(migration files[O0], "r") as f:
content = f.read()
self.assertIn("FirstModel.create table ()", content)

self.assertIn("SecondModel.create table()", content)
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# Change only one model
class FirstModel (BaseModel) :
title = CharField()

content = CharField() # Added field

class SecondModel (BaseModel) :

name = CharField() # Unchanged

# Generate a new migration

generate migrations ([FirstModel, SecondModel])

# Should have a new migration

migration files =

list (self.migrations dir.glob("???? *.py"))

self.assertEqual (len(migration files), 2,

"Changing one model should create a new migration")

def test consecutive changes (self):

"""Test multiple consecutive changes to the same

model . mwrwwn

class TestModel (BaseModel) :
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name = CharField()

# Initial migration

generate migrations ([TestModel])

# First change - add a field
class TestModel (BaseModel) :
name = CharField()

description = CharField()

generate migrations ([TestModel])

# Second change - add another field
class TestModel (BaseModel) :

name = CharField()

description = CharField()

created at = CharField()

generate migrations ([TestModel])
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# Third change - remove a field
class TestModel (BaseModel) :
name = CharField()

created at = CharField() # description removed

generate migrations ([TestModel])

# Should have four migrations total

migration files =

list (self.migrations dir.glob ("??2?? *.py"))

self.assertEqual (len(migration files), 4,

"Each model change should create a new migration")

def test empty models list (self):
"""Test behavior with an empty models list."""
# Generate with empty list

generate migrations([])

# Should not create any migrations

migration files =

list (self.migrations dir.glob("???? *.py"))
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self.assertEqual (len(migration files), O,

"No migrations should be created for empty models list")

def test unchanged migration signature (self) :

"""Test that adding a non-model changing comment doesn't

trigger a migration."""

# Define a model with a comment
class TestModel (BaseModel) :
name = CharField()

# This is a comment that doesn't affect the model

# Generate initial migration

generate migrations ([TestModel])

# Update the comment only
class TestModel (BaseModel) :
name = CharField()

# This is a different comment that still doesn't affect

the model

# This shouldn't generate a new migration
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generate migrations ([TestModel])

# Should still have only one migration

migration files =

list (self.migrations dir.glob("???? *.py"))

self.assertEqual (len(migration files), 1,

"Comments and whitespace shouldn't trigger new

migrations")

def tearDown (self) :
"""Clean up the migrations directory."""
if self.migrations dir.exists():

shutil.rmtree(self.migrations dir)

class TestMigrationApplication (unittest.TestCase):

mwman

TestMigrationApplication is a test suite for verifying

the behavior of a database migration system.

It ensures that migrations are applied correctly, handles

edge cases, and validates expected outcomes.
Test cases included:

1. "test apply migrations :
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Verifies that migrations are applied successfully and the

corresponding database tables are created.
2. "test empty migrations directory :

Tests the behavior when the migrations directory is

empty, ensuring no errors occur.
3. 'test failed migration :

Ensures that failed migrations are handled gracefully and

are not recorded in the database.
4. "test duplicate application :

Confirms that applying migrations multiple times does not

result in duplicate entries or errors.
5. "test out of order migrations :

Tests that migrations are applied in the correct

numerical order, even 1f the files are out of order.
6. test migration with dependencies :

Verifies that migrations with dependencies on previous

migrations are applied correctly.
7. "test non existent migrations dir :

Ensures that the system handles the absence of a

migrations directory gracefully.
8. "test apply specific migration :

Tests the ability to apply a specific migration by name

without affecting other migrations.
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FEach test case sets up a controlled environment, applies
migrations, and verifies the expected database state or

behavior.

mwman

def setUp(self):

"""Set up a temporary migrations directory and

database."""

self.migrations dir = Path("migrations")
if self.migrations dir.exists():
shutil.rmtree(self.migrations dir)

self.migrations dir.mkdir ()

# Create a migration file

migration file = self.migrations dir /

"0001 initial migration.py"

with open(migration file, "w") as f:
f.write ("""

from ORM.base import BaseModel

from ORM.datatypes import CharField

class TestModel (BaseModel) :



name = CharField()

def migrate() :

TestModel.create table()

mwman )

def test apply migrations (self):

"""Test that apply migrations successfully applies

mwriewn

migrations.

apply migrations()

# Verify that the table was created

import sglite3

connection = sglite3.connect ("databases/main.sqglite3")
cursor = connection.cursor()

cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name='testmodel';")
table exists = cursor.fetchone()

self.assertIsNotNone (

table exists, "The 'testmodel' table should be created.
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connection.close ()

def test empty migrations directory(self):

"""Test behavior when migrations directory is empty."""
# Remove any migration files

for file in self.migrations dir.glob("*.py"):

os.remove (file)

# Apply migrations with empty directory

apply migrations ()

# This should not error and should simply report no

migrations to apply

# We just verify that the function returns without error

def test failed migration(self):
"""Test handling of a failed migration."""
# Create a migration file with an error

bad migration = self.migrations dir /

"0002 bad migration.py"

with open(bad migration, "w") as f:
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f.write (H mwn
def migrate() :
# This will raise a NameError

undefined variable + 1

mwn H)

# Apply migrations
with self.assertRaises (Exception) :

apply migrations ()

# Check that no record of the bad migration exists
import sglite3

connection = sglite3.connect ("databases/main.sglite3")
cursor = connection.cursor()

cursor.execute ("SELECT migration name FROM

orm migrations;")

recorded migrations = [row[0] for row in

cursor.fetchall () ]

self.assertNotIn("0002 bad migration",

recorded migrations,

"Failed migrations should not be recorded")
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connection.close ()

def test duplicate application(self):

"""Test that applying migrations multiple times 1is

Safe. wiivw
# First application

apply migrations ()

# Second application should skip already applied

migrations

apply migrations ()

# Third application still shouldn't error

apply migrations ()

# Check that the migration is only recorded once
import sglite3

connection = sglite3.connect ("databases/main.sglite3")
cursor = connection.cursor()

cursor.execute (
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"SELECT migration name, COUNT (*) FROM orm migrations
GROUP BY migration name;")

counts = cursor.fetchall ()
for migration, count in counts:
self.assertEqual (

count, 1, f"Migration {migration} should only be recorded

once")

connection.close ()

def test out of order migrations (self):
"""Test behavior with out-of-order migration files."""
# Create migrations out of numerical order

third migration = self.migrations dir /

"0003 third migration.py"

with open(third migration, "w") as f:
f.write("""

from ORM.base import BaseModel

from ORM.datatypes import CharField

class ThirdModel (BaseModel) :

content = CharField()
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def migrate() :

ThirdModel.create table()

mwn H)

# Apply migrations - they should be applied in numerical

order

apply migrations ()

# Verify tables exist in expected order
import sglite3
connection = sglite3.connect ("databases/main.sqglite3")

cursor = connection.cursor ()

# Check all tables were created
cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name="'testmodel"';")
self.assertIsNotNone (

cursor.fetchone (), "First migration table should be

created")
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cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name="'thirdmodel';")
self.assertIsNotNone (

cursor.fetchone (), "Third migration table should be

created")

# Check order in which migrations were applied
cursor.execute (

"SELECT migration name FROM orm migrations ORDER BY id;")
migration order = [row[0] for row in cursor.fetchall ()]

self.assertEqual (migration order[0],

"0001 initial migration",
"First migration should be applied first")

self.assertEqual (migration order[1l],

"0003 third migration",

"Third migration should be applied next")

connection.close ()

def test migration with dependencies (self):
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"""Test migrations that depend on previous migrations."""
# Create a migration that depends on a previous migration

second migration = self.migrations dir /

"0002 dependent migration.py"

with open(second migration, "w") as f:
f.write ("""

from ORM.base import BaseModel

from ORM.datatypes import CharField

class TestModel (BaseModel) :
# This model is defined in the first migration

# We're adding a method that depends on the table

exlsting

pass

def migrate() :

# This migration only works if TestModel table already

exlsts
import sglite3
connection = sglite3.connect ("databases/main.sqglite3")

cursor = connection.cursor ()



cursor.execute ("ALTER TABLE testmodel ADD COLUMN

description TEXT;")
connection.commit ()

connection.close ()

mwn H)

# Apply migrations

apply migrations ()

# Check that the column was added

import sglite3

connection = sglite3.connect ("databases/main.sglite3")
cursor = connection.cursor ()

cursor.execute ("PRAGMA table info(testmodel);")
columns = [row[l] for row in cursor.fetchall ()]
self.assertIn("description", columns,

"The dependent migration should add a column")

connection.close ()

def test non existent migrations dir(self):
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mwrwwn

exist.
# Remove migrations directory

shutil.rmtree(self.migrations dir)

# Apply migrations should handle this gracefully
apply migrations ()

# We just verify that no exception is raised

def test apply specific migration(self):
"""Test applying a specific migration by name."""
# Create a second migration

second migration = self.migrations dir /

"0002 second migration.py"
with open(second migration, "w") as f:
f.write ("""

from ORM.base import BaseModel

from ORM.datatypes import CharField

class SecondModel (BaseModel) :

title = CharField()
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def migrate() :

SecondModel.create table()

mwn H)

# Apply only the second migration directly

apply migrations (specific migration="0002 second migratio

I-l")

# Verify only the second model table exists
import sglite3
connection = sglite3.connect ("databases/main.sqglite3")

cursor = connection.cursor ()

cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name="'secondmodel';")
self.assertIsNotNone (

cursor.fetchone (), "Second model table should be

created")



cursor.execute (

"SELECT name FROM sglite master WHERE type='table' AND

name="'testmodel"';")
self.assertIsNone (cursor.fetchone(),

"First model table should not be created")

# Check that only the specific migration is recorded

cursor.execute ("SELECT migration name FROM

orm migrations;")

recorded migrations = [row[0] for row in

cursor.fetchall ()]
self.assertEqual (len(recorded migrations), 1,
"Only one migration should be recorded")

self.assertEqual (recorded migrations([O0],

"0002 second migration",

"The specific migration should be recorded")

connection.close ()

def tearDown (self) :

"""Clean up the migrations directory and database."""

if self.migrations dir.exists():
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shutil.rmtree(self.migrations dir)

if os.path.exists ("databases/main.sglite3"):

os.remove ("databases/main.sglite3")
if os.path.exists ("databases"):

os.rmdir ("databases")

if name == " main ":

unittest.main ()
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