PRIVACY PRESERVING DATA PUBLISHING - GR

Digital security and privacy

Georgios Spathoulas
Msc in "Informatics and computational bio-medicine”

University of Thessaly



DATA FORMAT

TNV BOGCIKY pop@n Tou PPPDP 0 €k6OTNG TOU THIVOKA EXEL EVOV
TiVaKO TNG HOPPNG:

D(Explicit Identifier, Quasi Identifier, Sensitive Attributes,
Non-Sensitive Attributes), dtou :

- Explicit Identifier To cUvoAo Twv TESiWY, OTIWG OVOUQ 1] AplBUOG
KOWVWVIKIG 00@AALONG TTOU TTEPLEXOUV TIANPOWOPIES LECW TWV
OTIOIWYV PTIOPEL VO aVOYVWPLOTE! TO ATOUO TTIOU OXETICETAL E TNV
EYYPOPT) TOU TTivaKa

- Quasi Identifier (QID) To 0UVOAO TwV TIESIWY TIOU EVOEXOHEVWE
UTTOPEL VO OTTOKAAUWOUV TO ATOHO TIOU OXETICETal e Ta Sedouéva

- Sensitive Attributes Ta media Tou TeplEoLY evaiobnTa
TPOOoWTIIKA edouéva, OTIWG aobevela, LoBog 1 avarmnpia

- Kol Non-Sensitive Attributes OAa o utdAotta edial Tou dev
OXETICOVTOL E TIC TIOPATIOVW KOTNYOpPIES



ATOTPOIH LINKING ATTACKS

Mo va amotpamouy TBavd linking attacks, o ekd66TNG exdibel éva
QVWYUHOTIOINUEVO TTHIVAKO!

T (QID', Sensitive Attributes, Non-Sensitive Attributes)

- QID’ TPOKEITOL YIO Pi0 OVWVULOTIOINHUEVN LOPWPT TOU apxIKoU
QID ToU TTAPAYETOL EKTEAWVTAG EPYAGIEC AVWVUHOTIOONG 0T
media Tou QID oToV OapxIKO Ttivaka D

- Ol Epyaieg QUTEG EXOUV WG OTOXO VO OTIOKPUWOULV HEPOC TNG
TANPOWOPING, WOTE APKETEG EYYPAWES VO UnV €ivat duvaTod va
SloxwpPLoTOVY HETASY TOUG

- YUVETIWCE €4V KATTOI0G OUVOEDED e pia eyypapr) TOU TTivaka,
OUVOEETAL ETTIONG KAl PE OAEG TIG AANEG EYYPOPES TTOU EXOUV {B1EG
TIWEG oTo QID



EXAMPLES

(a) Patient table

(b) External table

Job Sex Age | Disease Name Job Sex Age
Engineer Male 35 Hepatitis Alice Writer Female | 30
Engineer Male 38 | Hepatitis Bob Engineer Male 35

Lawyer Male 38 HIV Cathy Writer Female | 30
Writer Female | 30 Flu Doug Lawyer Male 38
Writer Female | 30 HIV Emily Dancer Female | 30
Dancer | Female | 30 HIV Fred | Engineer Male 38
Dancer Female | 30 HIV Gladys Dancer Female | 30
Henry Lawyer Male 39
Irene Dancer Female 32
(c) 3-anonymous patient table (d) 4-anonymous external table
Job Sex Age Disease Name Job Sex Age
Professional Male [35-40) | Hepatitis Alice Artist Female | [30-35)
Professional Male [35-40) | Hepatitis Bob Professional Male [35-40)
Professional Male [35-40) HIV Cathy Artist Female | [30-35)

Artist Female | [30-35) Flu Doug Professional Male [35-40)

Artist Female | [30-35) HIV Emily Artist Female | [30-35)

Artist Female | [30-35) HIV Fred Professional Male [35-40)

Artist Female | [30-35) HIV Gladys Artist Female | [30-35)

Henry Professional Male [35-40)
Irene Artist Female | [30-35)

NapadelypyoTa embEcewy




EXAMPLE

- YTTOTIBETAL OTI VO VOOOKOUEIO TIPOKEITAL VO SNUOCIOTION Ol TO
apyeio Twv 0oBeviv Tou Table (a) g éva EpEUVNTIKO KEVTPO

- YIOTIBETAL OTI TO EPEUVNTIKO KEVTPO EXEL TTPOOPOON KAl O€ Evay
GANo Tiivaka Table (b) kot yvwpilet OTL yia kdB GvBp WO Yo ToV
omoio UTIAPXEL eyypapr) oTo Table (b), udpyel eyypapn Kol 0To
Table (a)

- EvwvovTag Ta duo tables ota kolva media Job, Sex, kal Age
UTTOPEL KAVEIG va GUVOETEL TO OVOUO KATIOIOU [E TNV aoBEveLd TOU

- Mo mapadetypa o Doug, male, lawyer kol 38 €Twy, avayvwpileTal
w¢ aoBevng HIV amd to gid = Lawyer, Male, 38



K-ANONYMITY

Mo Vv mpooTaoia amd To record linkage péow QID, xpnolyoTmoloUpe
TNV évvola k-anonymity:

k-anonymity

ylo KABE eyypar) TOU THivaka UTIAPXOUV ETITIAEOV k-1 EYYPOPES UE TOV
{610 ouvbuaouo TIHWY oTa gid Tedia

- Me dAAO AOYLa TO EAGXIOTO peyebog evog QID group eivat k

- Evog Trivakag TTou IKAVOTIOLEL TO TTapaTIAVW KPITAPLO AEYETAL
k-anonymous

- Ye évav k-anonymous Ttivaka, kdBe eyypapn eival pn
dlaxwpiotpn amo TouAdxioTov k - 1 GAAEG EyYPOWES, OE OXEDN LE
10 QID

- YUVETIWGE N BavoTNTa Vo cuvoeBel To BUpa pe pia eyypawn eival
HEow Tou QID eival To oAU 1/k



MAPAAEITMA

- To Table (c) beixvel évav 3-anonymous TivaKa YEVIKEUOVTOG TO
QID = Job, Sex, Age Tou Table (a) xpnatpomoiwvTag Ta SEVEpa TNG
eEMOUEVNG laAVELDG

- MopoTtnpouue 6V SlawopeTikA group Bacel Tou QID:

- Professional, Male, [35-40)
- and Artist, Female, [30-35)

- ApoU KABE group TEPIEXEL TOUAGXIOTOV 3 EYYPOPES, O THVOKOG
elvat 3-anonymous
- Edv ouvbeBolv To Table (b) pe to Table (c) péow Tou QID, K&Oe

EYYPOPN TOU b ouvOEETAL e Kapia 1) Ue TOUAAXIOTOV 3 EYYPAPES
Tou C



AENTPA

Job Sex Age
ANY ANY [30-40)
Professional Artist  Male Female  [30-35) [35-40)
Engineer Lawyer Dancer Writer [30-33) [33-35)

Taxonomy trees



ATTRIBUTE LINKAGE

- Ye pia attribute linkage emiBeon, o emTiBéuevog umopei va unv
EVTOTIOEL TNV EYYPOPT) TOU OTOXOU OAAG VO CUUTIEPAIVEL TNV TIUN
Twy Tediwv Sensitive Attributes Tou mivaka T, Baol{opevog 0T
OET TWV TIUWYV aUTWY TwV TTES{WY TTOU TTPOKUTITOUV OTIO TIG
eyypawes Tou QID group 0TO OTIOI0 AVAKEL

- Y€ TIOAEG TIEPITITWOELG Wi TIPR oTa Sensitive Attributes eivail
Kupiopxn O€ éva group, OKOUO KOl OV IKOVOTIOIEITOL TO KPITHPLO
Tou k-anonymity

- T100 VOl QVTILETWTIIOOUHE QUTEC TIC ETIIOEDEIG TTpooTIABOUHE VA
EAOTTWOOUHE TNV CUOXETION TWV TIHWY 0To QID pE Ta Sensitive
Attributes



MAPAAEITMA ATTRIBUTE LINKAGE

- Ao T0 Table (a), 0 emTIB£pEVOG PTTIOPE! VO CUTIEPAVEL OTI OAEG
ol yuvaikec dancers etwv 30 mdoxouv amd HIV

- Dancer, Female, 30 - HIV with 100% confidence

- XpPNOWOTIOIWVTOG OUTO TO oupuTEpacpa oto Table (b), Bpiokoupe
OTL N Emily mdioxet amo HIV pe 100% confidence, utd Tnv
MpoUTO0ean OTI UTIGPXEL pia eyypawn yia authyv oto Table (a)



(-DIVERSITY

- H apyn Tou £-diversity XpnOIUOTIOIE(TOL VIO TNV ATIOWUYH TOU
attribute linkage

- Amtautel k&Be qid group va TEPIEXEL TOUAAXIOTOV £ SI0POPETIKEG
TIUEC OTO sensitive attributes

- To povTéAo (-diversity auTOPATWS IKavoTIolEl Kal To k-anonymity,
pe k = £, apoU k&Be qid group TEPLEXEL TOUAGXIOTOV £ EYYPAPES

- KAmoleg TIWEG oTa sensitive attributes eival GUXVOTEPES ATIO TIG
GAANEG O€ €val group, ETIITPETIOVTOG ETGL OTOV ETITIBEUEVO VO
UTIOBEDEL e HEYAAO TTOOOOTO ETIITUXIOG OTL pia eyypapn Tou
TOIPLACEL UE UTO TO Eroup EXEL KA TNV ETIIKPATOUOA TIUN OTA
sensitive attributes

- Tl aUTO TOV AOYO TIpOTEIVETAL pio IoXUPOTEPN €vvola TO entropy
(-diversity



ENTROPY /-DIVERSITY

Evag mivakag eival entropy ¢-diverse av yla kdBe gid group :

—> " P(qid, s)log(P(qid, s)) > log(¢) (1)

- Omou S eival sensitive attribute, kot P(qid, s) €ival To T0600TO
TWV EYYPOYWYV TOU qid group TOU €XOUV Hiot GUYKEKPIUEVN TIUT S

- To aploTEPO PEPOG TNG aviowong, ovouddleTal entropy Tou
sensitive attribute, Kot éxel HEYOAUTEPECS TIUEG Yia TTESIO TWV
OTIO{WV Ol TIUEG Efval OPOIOUOPWPA KATAVEUNUEVES

- OmoTE pia peyoAUTEPN OPLAKY) TIUT £ onpaivel PikpoTEPN

BeBaIOTNTA TOU ETUTIBEUEVOU YIO TNV ETTAOYH HiOG TIHAG YIO TO
Bupa



MAPAAEITMA ENTROPY /-DIVERSITY

- T To Table (c)
- Mo to pwTo group Professional, Male, [35 -40) ,
—2log? — 1log] = log(1.9)
- KOl ylo To 6eVTEPO group Artist, Female, [30-35)
—2log? — 1log; = log(1.8)
- OmoTE 0 TivaKkag IKavoToel To entropy (-diversity pe £ < 1.8



METPQONTAZ INFORMATION LOSS

ILoss €ival eva metric yla Tnv peTpnon Tou information loss oTav
YEVIKOTIOIOUWE [iat TIUN O€ piat YEVIKOTEPN

EGv yia éva edio A, pia €181KN TIUT) V YEVIKOTIOIEITAL GE pia TIO YEVIKY
TIUN Vg, TOTE TO information loss uTtoAoy{CeTal WG O TAPAKATW AOYOG

ILoss(vg) = [Vl =1 (2)

To |Vg| €ivarl To MANBOG TWV TIPHWG TIOU YEVIKOTIOIOUVTAL OE Vg Kal |Dal
eival To MARBOC OAWY TWY dUVATWY TIHWY Tou Ttediou A



METPQONTAZ TO INFORMATION LOSS

Ma va uttohoytoBel To information loss yia pia yypawn Ta losses
Twv mediwv ¢ mpoaBéTovTal (TBavwg e TNV Xpnaon Bapwy w)

ILoss(r) = > w; x ILoss(vg) (3)

Mo va utoAoyloTel To information loss yla 0Ao Tov Tivaka Ta losses
TWYV EYYPOPWY TOU TIPOCTIBevTal

ILoss(T) = ) _ ILoss(r) (4)

rem



