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[Tepiexopevo AlIGAECNC

« 2ZuvapTtnolakeg E¢apTnoeic (Functional
Dependencies FD)

 Kavoveg ZUNTTEPACHOU YIO ZUVAPTNOIOKEG
E¢aptnocic(Inference Rules - IR)
— Ta aglwuarta Armstrong
— ATTOOEIEEIC UE XPNON YVWOTWV KAVOVWV

* Opiopoi ZuvapTnoiokwyv ESaptRoewyv (FD):
— KAelototnTeg F* ka1 X* (Closure)
— looduvapia F*=G* (Equivalence)
— KaAuwn FD (Cover)

— EAaxiotn KaAuywn FD (Minimal Cover)
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2.uvapTtnolakec Ecaptnoeic — 2E
(Functional Dependencies - FD)

e 2TNV TTPOoNyouuevn dl1AAEEN KaAAUWAUE ME ATUTTO
TPOTTO KATTOIEC YVEVIKEC KATEUBUVOEIG OTO
OXEOIOO MO £VOC KOAOU OXECIOKOU OXAMATOG.

e 2€QUTN TNV OIGAECN Ba PEAETIOOUME TNV Evvola
TwV Zuvaptnolakwyv E¢aptnoswyv (Functional
Dependencies, FD)

 Me xpnion Twv FD Ba pytropéooupe va
QTTOTIMAOOUME, OTNV EPXOMEVN DIAAEEN, UE TUTTIKO
TPOTTO TNV XPnoToTNTA (goodness) evOC
OXEOIOKOU OXNMATOC.
— O1 ZuvapTnoiakég E€aptioeic atroteAoUV 1O BACIKO
uttOaBpo oT1o Relational Design Theory 22-3



[Mapadeiyuata FDs

MNapadeiypata ZuvapTnoiakwy ECapTRoewV:

« To SSN 1rpoodiopilel To bvopa Tou Employee.
— SSN —» ENAME

« To PNUMBER mrpoodiopilel To Project Name kai Location
— PNUMBER — {PNAME, PLOCATION}

« To SSN kai To PNumber 1Tpoadiopilel Tov apiBOud wpwv 1Tou gpyadeTal
¢Evac employee og €va project.
— {SSN, PNUMBER} - HOURS

»  Qaivouevikd, To apIoTEPO PEAOG vOC FDs gival KATTOIO TTPWTEUWY
KAEIOI. 2TNV TTPAYMATIKOTNTA, NTTOPEI va gival otTrolodnTroTe/a key ) non-
key yvwpioua/ta, Tr.X.,

— Credits — Status NumberGrade — LetterGrade

— CarModel - Manfacturer {Author, Title} — Publication Date
 Ta FDs opilouv e€apTNOEIG HETAEU YVWPICUATWY, Ol
OTTOIEC TTPOKUTITOUV PNTA ATTO TIC TTPOOIAYPAPEC, KAl Ol

OTTO0iEC 00Nyouv o€ eravaAnyn (redundancy) 6&60pévw\£.2_4



[Mapadeiyuata FDs

 H ouvaprtnolakn ecaptnon ZIP - TOWN oTo
OKOAOUBO oxNua TTPOKAAEI TNV ETTAVAANWN
TTAnpo@opiac (redundancy)

— [1.x., BewpwvTag OTI oI dleubuvoeic oTnyv idia
TTEPIOXN £XOUV TO idI0 TAXUDPOMIKO KWAIKA (ZIp)

SSN Name Town Zip

1234 Joe [ Stony Brook 1179 Redundancy |
4321 Mary | Stony Brook 1179

9454 Tom tony Brook 11790

Kat’ eTTEKTAON, N TTIO TTAVW ETTAVAANWYN 00nyEi o€ aVWUAAIEC
EI00YWYWYV, dlaypa@wyV Kal EVNIHEPWOEWYV VIO AUTO N

ETTAVAANWN OEQOUEVWV TTPETTEI VO EAAXIOTOTTOINOE!
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2uvapTtnolakec Ecaptnoeic FDs

 Mia ZuvapTtnoiakn E€aptnon cival Evac TTEPIOPICTHOG
METACU OUO OHAD WY YVWPICHATWY HIAC BAcNC OEOOUEVWV.
— Kavte TV TTapadoxn OTi OAa Ta yvwpiopaTa piag Baong
atroOnkevovTal o€ €va KaBoAIkO trivaka R(A4, A,,..., A,)

« 'EoTw OTI R=(A4, A,,..., A,) kai 0TI XcR ka1 YCR, 101E N
2uvapTtnoiokn E¢aptnon X — Y, uttodnAwvel OTI Jia
avabeon TINWV OTO OUVOAO X TTPoodlopilel HoVadIKA TO
guvoAo Y.

— AnAadn, edv t1[X]=t2[X], rore t1[Y]=t2[Y]
— ETropEvwg gival pia yevikeuon TG £vvoIag TOU KAEIOIOU.
¢ Qa avagepopaoTe oTa FDs w¢ akoAoubwc:
— To X rpoodiopilel cuvaptnoiaka 10 Y
— To Y gival guvapTnOIaKA ECOPTWHEVO aTTO 10 X 22-6



[Mapadeiyuata FDs

 Ta FDs cival £évag MTTAEOV MNXAVIOHOG XOPAKTNPICHOU

TWV TTEPIOPICHWYV avaPopikrc akepaloTnTac (IC) petacu

YVWPICHATWY UIOC O0XEoNG

* [a 1a FDs uttapyxouv o1 akOAOUBEC TTEPITITWOEIC:

Qotdéoo Ta FDs AEN dnAwvovTtal pntd o€ uia Baon, atrAd

XPNOIUOTTOIOUVTAl WG EPYAAEgio yia EKAETTTUVON TOU 2XMATOC KATA
TNV QAaon TnG oxediaonc.

A) IZXYEI yia KAOE otniypgiotutro aong. 1m.X., SSN — Teacher

(yevika oAa 1a FDs pe apiotepd néEAog KEY 1oxuouv NMANTA.)

B) MIMOPEI va loxuvel (oe KAMOIO oTiypiétutro Baong: 1.X., OTO

M0 KATW OTIYMIOTUTTO TUyXavel va 1oxuel To TEXT —- COURSE

C) AEN loyuel o KAMOIO oTiypiotutro Baong: Apkei va Bpeite

Eva avTIrrapadelypa 1r.x., Mo Katw TEACHER -/— COURSE.

TEACH

Teacher

Course

Text

Smith

Data Structures

Bartram

Smith

Data Management

Martin

Hall

Compilers

Hoffman

Brown

Data Structures

Horowitz
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[Mapadeiyuata FDs

Bpeite TTo10 FDs 10XU0ouv 010 aKOAOUBO
oTiypioTutro Baonc (dnA., Troia MIOPEI va
IOXUOUV OTNV aKOAoubn Baon)

A|B|C|D - A->C; YES (Maybe)
Hial dlidldll | csa NO (line 5)
lelelalal 1532 00
Nl a2 b2 laz] o> YES(Maybe)

. AB>D:  NO (line 4)
S)| a3 | b3 | 2| d4
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Kavovec 2upTtrepaopou yia FDs
(Inference Rules, IR)

 Meg Baon éva ouvoAo FDs F kal Toug Kavoveg Tou
Armstrong, ptropoupe va cupTtrepavoule (infer) emmitTrAéov
FDs ta otroia 1o0xuouv O1roTE I0XUEl TO F.

— T1.x., A6 10 FD={SSN — Dno, Dno->Dname} ptropoupue va
OUNTTEPAVOUUE, ME TOUC Kavovec Armstrong, 611 SSN — Dname.

* O1 Kavoveg Zuutrepaocpou (IR) Armstrong :

— IR1 (AvakAaoTik6g, Reflexive): Eav X2 Y 10te X > Y
* T1.X., EGv {ssn,name}2name 101¢ {ssn,name} —» name
« Eival TeTpiypéEVOG Kavovag.

— IR2 (ETraugntik6g, Augmentation): Eav X—Y 1o1e XZ—>YZ
e T1.X., EQGv ssn—>name T101¢ {Ssh,age} —» {name,age}
 *To XZ onuaivel X U Z, emriong Eav X—>Y 1016 XZ->Y

— IR3 (MetaBaTtikog, Transitive) Eav X—Y kai Y—>Z 1016 X—>Z

* T1.X., EQv ssn—>Dno kai Dno—»Dname 161¢ ssn—>Dname
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Kavovec 2upTtrepaopou yia FDs
(Inference Rules, IR)

* O1 kavoveg Armstrong (IR1, IR2, IR3) sival Baoipol
(sound) kai TTARpEIg (complete).

— Baoipol (Sound): AnAadn cival opBoi yia Kabe
OTIYUIOTUTTO €10000U (OEiTE aTTodEICEIC 0pOOTNTAC
oTO [BIBAIO)

— MARpeig (Complete): Me faoel autoug
utTopoupe va ocuvayoupe OAOY2 Touc aAAoug
KAVOVEC TTOU PTTOPEI va ouvaxBouv.

e 2TNV ETTOMEVN OIAPAVEIA OEIXVOUUE MEPIKOUC
aAAouc¢ Kavovec IR, ToucC oTToioug UTTOPOUME

Va CUVAYOUME aTro Ta aciwpara Armstrong
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Kavovec 2upTtrepaopou yia FDs
(Inference Rules, IR)

Kavoveg rou Zuvayovtal atro Ta ASiwpata Armstrong
* IR4 Aidotraon (Decomposition):
EavX > YZ101e X > YK X > Z

m.x., Eav ssn—>{name, age} 107¢ ssn—>name Kal Ssnh — age
[ooooxn: Movo 1o Oeéi uéAo¢ diaarraral Oxi TO apICTELO

1m.X., Edv {ssn,name}—>age AEN 2HMAINEI 611 name—age
* IR5 'Evwon (Union), [AvTiOeTO TNG didoTTaOoNG]:

Eav X > Yka X > Z, 101« X > YZ

1m.X., Eav ssn->name Kai ssn->age 107¢ ssn->{name,age}
Mpoodoxn: X -> A ka1 Y -> B AEN SHMAINEI (ue Bdoer uévo 1o IR5) 61 XY->AB

 IR6 Weudopsetdpaon (Pseudotransitivity):

Eav X > Y KA WY > Z, TOTe WX > Z

m.x., Eav isbn—title kai {author, title}—pubdate 107¢
{author, isbn}—pubdate
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Kavovec 2uutrepacpou (IR) yia FDs
(AtToocicelc IR4-IR6)

O1 kavoveg ouptrepacpou IR1-IR3 atrodeikvuovTal Ue
MOaONnuaTIKEG atTodEigeIg (OciTE BIBAIO) evw o1 Kavoveg IR4-
IR6 kai GAAeC aokoeig pe TN XpRon Twv IR1-IR3.

A1odeign IR4 (Aidotraon): Eav X>YZ =X > YA X > Z
1) X—>YZ (6edopévo)
2) YZ-Y (IR1:avakAaoTikn, T0 YZ2Y), avrioToixa kai YZ—Z amd YZ2Z
3) XY (IR3:petdBaon 1-2), avriotoixa pe (2) YZ—>Z kai (3) Exoupe X—Z

A1odeign IRS (Evwon): (X > YAX > 2Z)|=X—> YZ

1) XY (5edopevo) A1rédeiln IR6 (Weudopetdfaon):

2) X—Z (dedopévo) Xo>YAWY S Z|=WX>2Z

3) XX XY (IRZ:emadgnon 1 pe X) 1)  X-Y (5edopévo)

4) X—XY (atmrAotroinon 3, XX = X) 2)  WY—Z (6edopEvo)

5) XY—YZ (IR2:emmauénon 2 pe Y) 3) WX-WY (IR2:emavgnon 1 pe W)
6) X—YZ (IR3: yetéBaon 4-5) 4) WX—Z (IR3: peraaon 2-3)
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Opliopoi 2uvapTnoiokwy E¢aptnocwyv
(KAgloTOoTNTEG F* KOI X™)

* F*: KAsiotéTnTa ZuvoAou FD F: To ouvoAo OAwv Twv
ouUVvapTNOIaKWY ECAPTNOEWYV TTOU TTpoadiopileTal atro 10 F
(ME ETTAVOANTITIKA £QAPMOYH TwWV Kavovwy IR1-IR6)

— T1.X., Eav F={A—>B, B—>C} 1617¢ F*={A—>B, B—»C, A—>C}

o X*: KAsiototnTta N'vwpioparog X: To ouvoAo OAwV Twv

YVWPIOHATWY TTOU ECAPTWVTAI CUVAPTNOIOKA aTTo TO X
— T1.X., EQVv F={A—>B, B—>C} 101¢ A*={A,B,C}, B*={B,C} ka1 C*={C}

« X* gival xpnoiuo eav

AAyo6pi18uog YroAoyiopou Tou X*: BEAOULIE VT BPOULE KOTG

1) X*:=X Step-by-Step Execution:

1) A+ 1={A 600 pia FD X—Y avikel
2) repeat 3; old_A{\+ }:={A} o€ katrolo F* (11.X., BPEg
3) old_X*:=X* 4-5)Ac A*, so A*:={A,B} edav 10 A—>C cival oTo F*
4) foreach FD Y->ZinFdo 4-5)BcA*, soA"={AB,C}C € A*, apa &ival!
5) if YoX* then X*:=X*uZ 6) NowA™==old_A" so quit. Eqv 1o X* Trepiéxel OAa Ta
6) until (old_X* == X*) yvwpiopaTa Piag oxEong

TOTE TO X gival Candidaie3
Kev.



Opliopoi 2uvapTnoiokwy E¢aptnocwyv
(KAgloTOoTNTEG F* KOI X™)

Mapadeiypa YroAoyiouou Tou X*
F={SSN — Ename,
Pnumber —» {Pname, Plocation}
{Ssn, Pnumber} - Hours }

1) {Ssn}*={Ssn, Ename}
2) {Pnumber}* = {Pnumber, Pname, Plocation}

3) {Ssn, Pnumber}* = {Ssn, Pnumber, Ename,
Pname, Plocation, Hours}

= To {Ssn, Pnumber} cival candidate key! .



Opliopoi 2uvapTnoiokwy E¢aptnocwyv
(looduvapia 2uvoAou FDs F*=G™)

KaAuyn FDs (Cover): ‘'Eva cuvoAo FD F, kaAuTrtel €va
aAAo ouvolo G eav G € F*

EvaAAakTIKA, TO F kaAUTITEI TO G €QV: F*
— Kd&B¢ FD ToU G ptTopei va cuutrepaBei atrd 1o F. @
— T1.X., {SSN}*={SSN, NumGrade, LetterGrade}

To FD SSN—LetterGrade kaAutrtetal atrdé 1o SSN—all

looduvapia FDs (Equivalence): Auo cuvoAa FDs F kal G
gival icoduvaua gav To F+=G*

EvaAAakTiKd, Ta F kKal G gival iIcoduvaua eqAv:
— KAOE FD 1ou F ptropei va ocuptrepadei armmd 1o G kal

— KAOE FD tou G ptropei va ocupTtrepadei ammd 10 F
2UVETTWCG, Ta F kKal G gival icoduvapa Qv:

— To F kaAuTrtel To G kal To G kaAutrrel 10 F.
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[Mapadeiypa KaAuywng

20¢ OiveTtal To OUVOAO ZuvapTnoiakwy ESaptioewy F.
Bpeite eav ta AB —» E kai D— C kaAurrrovrar amro 1o F

X X*

F:A—> D

AB—> C A {A, D, E}

Do E AB {A, BJ C: D, E}

AC—-> B (ETropévwg AB eivail KA€Ii)
KaAuTtrretar o AB — Eamo 10 F; D {D, E}
NAI, emreidn 1o E € {AB}". AC {A, B,C, D, E}
KaAutrretal o D— € atmd 10 F; =>AB. AC ’A ’6 e
OXl, erreidr) o C ¢ D*. B ’ KAglold

2uurmrépaocua: To X* uac emTPETTEI va BPICKOUMPE €AV N
ouvapTNOoIakn ecaptnon TNG popPnc X — Y KoAUTITETAI
a1rd 10 ouvoAo FDs F.
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Opliopoi 2uvapTnoiokwy E¢aptnocwyv
(ATTAG MNMapadseiypa looduvauiag)

ATtrodeigte o011 Ta oUvoAa FDs F ka1 G gival icoduvapua

F={ SSN — Ename, Pnumber — {Pname, Plocation}, {Ssn, Pnumber} — Hours }

G={ SSN —» Ename, Pnumber — {Pname, Plocation}, {Ssn, Pnumber} —
Ename,Pname, Plocation, Hours }

lNpérmrel va amrodeiouus TIC aKOAOUOBEC OUO TTEPITITWOEIS:
a) Kabe FD rou G kaAurrreral amro 1o F (dnA., G* € FY)
Ta mpwrta duo FDs twv ouvoAwy eival Ta idia. ['a 1o Tpito FD

uttoAoyiloupe 10 {Ssn, Pnumber}+ (ot1o F) 1o otroio €ival {Ssn,
Pnumber, Ename, Pname, Plocation, Hours}

To {Ssn, Pnumber}+ (Tou F) kaAUTTTEI TOV TPITO KAVOVA TOU G
ePOOOV TTEPIEXEI OAA TA yYVWpiouaTta oTo OeCi Tou PEAOG (ONA., Ename,
Pname, Plocation, Hours)

B) Kabs FD rou F kaAurrreral amro o G (6nA., FF € G*)
AvTioToixa ue 10 (a) Bpiokoupe OTI O TPITOC Kavovag Tou F kaAuTtrTeTal
atro 10 {Ssn, Pnumber}* tou G.

E@doov 10 G kKaAuTtrtel To F Kal avrioTpo@a, Ta FDs givail |0060V0(p(?.2'17



