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IEC®IC

I, 7= X OMIEHDOIERLICEY, T—RXICEBENIZBAD T T A NS —(RENEERFEL Lo T
5. T—=RDT T AN —ZIRHET ZPHAE U TERIL[10] 2D 774 N2 — [9] &\Wo Bl iR &
NTW3. LarL, ZTHHOFEMTIE, T84y =2 272012, LIELEXT—-X0FHENE
LAELRDLDND DD 5. 22T, AT —2EMMEHIN TV S,

BT =& EF, FETZ27T—XRCHANEEZET 2703V AATERSINLRED T —XTH
5. BT —RETFTANY =2 RELLRDPOLET - XTEVEREZRO N TELFEE LTHFEH
TWBH, TIANY —DRBEEEVIHEICERMLINTES T, YOXIBREE T LTV XLLZBWTEH
FtER 2 E < ARFE S L2 DIXEDLTIE R,

Z 2T, AT Python DA — 7>V — 254 75 Y ¥ LT Synthetic Data Vault[1] TRt T3,
3 DDERK 7 L3V X 4 (Conditional Tabular GAN([2], Tabular Variational Auto Encoder[2], CopulaGAN([3]) iZ
DWW, MiRE, 7—XFHOEEDRE, HIRE T MBI 2 EERMOEEE G VI X 2H A EFHEE
BT, RS2 687 — 20tz ERILT 5. XS, ZEMICOVT, (1) BT — &5 6 OEMHHEGR K
WREER L7V A7 FHEHERE L, (2)mehnaz 51T K o TIRESI N, WHFEEET VO ARSI DOEHRD ¥
FF—xoEMEE R 278 TH 3 Confidence Score based Model Inversion Attack[7] %, F\W7zBAR Y
A7 %Flid 5. CSMIA 2, A VY FNALDT—XTEHLELETLE, AT —XTHEELLETLVOZR
ZFRUCHEAL, WEREOEZALPIZT2 I 2HNE T 5.

RIFZED > AT LRERKIZK 1.1 1SR F. ZOY A7 AEEIKTIE, CSMIA ZHWTEKT — X Z3HIEi3$ %
7DDFEEZRL TV, ¥3, AVIFATFT—Xty s DEERTI VIV ALIIASIL, BRT—&ty b
D Z1§2. K2, DD ZRHWTHE= 2= 02y T =7 foie & foun ZFEERD. forig & fonn ZH
WTHYIFNANT = RDER xy ZHEET 2. 0T, forig & foynn &y FVIFIAT—=XDLIA—=F%E x; D
AIRERMETHEDIR LT — 22 AT 5. &RiZ, 2hehoNc LT CSMIA 2#/A3 2 28T, x, %
HEES 5.



Original Data Y= forig®) 0.1
m train Classification output F 0.7 0
Do e Mo Neural » M 04 1
1 21 F 1 Network . - 2
‘ repeat possible value
[id 2, 1x; |y |
Synthesizer 0 65 M O
CTT\?:E’?' input 0 65 F 0
CopulaGAN 1 21 M 1
1 21 F 1
4 | 7' = o) O ETRETEY
m train output M 06

Classification

D' o e M 1 » Neural » F 05 0
125 F 1 Network M 04 1
Synthetic Data f F 0.6 1

synth
1.1 AT 2HERX

X2 = forig®)

0 prediction
M

g

Partial Data

CIENEAEA

0 65 0
1 21 1

x’Z = f;ylnth(y’)

0 prediction

m»

F
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2.1 Claire Little 5 D%

% OFFHARNICB VT, EEA I L 7-EBEFAETEDY > 77— & %, Statistics Disclosure Control(SDC)
WCHEOE, 10% KDY > 7Y U ZEETRBLTWS.

Claire 5 [11]11%, BNBHENTWBEY L TFLF—Zh o, BRIZEETH IV I F—X2ERL, &5
T—REWET ST, GRT—XOEMAMLRY R 7 23§ 2 A ZREL TV, £/, ZHiZ
XoT, AT — X L RAKOFERELBERY R 7 2800 7V VY 7EEGZME L. G T — X DIERIC
X, WEARAN—RATERT —ZE2ERT 2 7L X0%2EELZR Sy —ITH 5 Snthpop[17], Xu 5
WX o TIREZI NS CTGAN[2], R4 P72y VI =0 2HOWTERT —XZERL, 277742 —=1Z
X o TF I 41N> —%{R3ET % DataSynthesizer[16] D 3 D% 7z,

4 OOEBHFE T -2 HOTEREIT R MR, Y 7 —20GHEL V27 OBFRIZEIRIN T
D, BT —X B LG E ORI T —RICE o TRZRZZEWRENT. T2, BT 74N —%F
T2, TITANS—FEPRELLTH, VAZ LD SHRICHERAELPKEICHED T2 Z e bh o7z,

2.2 Khan 5DfZE

khan & [12] 1%, &R G T — X ERRED T X — X OBRIRVPEHAMHICE X 28y, G HMHiEE
EREIAE R 2 O 7 fRATRE EE O AHBEBE R 2 A L 72

FEBR121E Synthpop THREX N Z WL Or O EHSE AL, AR ML LT, Kulback-Leibler
Divergence, Confidence Interval Overlap[4] % L 7=.

Z DFER, GHERDER, T —Zty MY, EROBHIEFIERT —XOFHAECEEY52 52
BRUT. F72, RENTFSE ¥ OMEEAICDWT, Kulback-Leibler Divergence (X #HE2395 <, CIO TIXHHEI235%
VWS Z e RERINITRE .
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3.1 Synthetic Data Vault[1]

AHFFETIE, datacebo #ABAFE L7z — 7>V — A TH 3 Synthetic Data Vault 54 75V [1] TR X H
3 300AK7LTY X, CTGAN, TVAE, CopulaGAN %415 33,

3.1.1 CTGAN[2]

CTGAN][2] 1%, Generative Adversarial Network[13] D—RTH H, REROF—224ERKT 3 Xk 5 12&H
INTWB. BED GAN ¥ [AHkIZ, 4Es (Generator) & iAll#s (Discriminator) ¥ FHEN 2 2 DD =2 —F
Lty b= EBHESE, FARCFEESES LT, ¥ET XU LT -2 2EWT 2 7 L2 R
T5.

KT — 2 AERICB T 2 RERRER L LT, EbtEE D 7 QM L BERUE T D 2 7 7 3V 1B
EOREMD 2 D232 F 5415 . CTGAN Tld, Mode-Specific Normalization ¥ Training-by-Sampling ¥\ 5
2 00FEZHVTRER 7 — X ERFE OB RN L T 5. Mode-Specific Normalization T, £&E
DEHER T R R OEER SR, BROF Y AMORIEME L TREL, 2HDE— F I8 ICBIEZ FMH
{t.-9° %. Training-by-Sampling T, &4 73V OMNBAEIZIE U T, @AHERICANTT 27 —-% L, £
ANTBEMERT VVES YTV TE20T, 2 TORMDEIHREEEFCHFEIEE N TE 5.

3.1.2 TVAE[Z]

Xu 52 & o TIRES N TVAE2] 1F, BEROT -2 24T 572912 VAE 2IREZEZET L TH 5.
CTGAN ¥ [ARRDRETLIEZ 1TV, @ED VAE L[ U L EEZ21TS.
3.1.3 CopulaGANJ1, 3]

CopulaGAN[1, 3] & CTGAN ¥ Copula[3] ZiH & HE =R T —XERET VL TH 5. Copula ld, LE R
O BES AR RIS AEAROBERERTEKTH D, MELBEOZHRKFEGRERIT 2.



3.2 FHESME

KIEAT— & TR, BT —ZEENT—EZMNRIELTWS 0, KiFFETE, F—x2Bst T, HE
FRECER), MBI (B EMNDM), 7 7 AN OHBIRE (HR) 2 2 2 HBEOfEEE L THV 5.

3.2.1 1HEALL [6]

HHBALL [6] 1&, EARE BNAEBOBROBRES Z2RIEETHZ. 005 1 DEZID, 1ITSEWIZEEK
1 D BEEH AR .

CEMDHEZATIVDEEGLL, BHTIVOLEKOWEEZ n; (ieC) 5 5. $, xi; 2h T3V i
THH5DD5H, jHHORNAKMEL L, BNEAKOVPIIEL X, BNEBOEATIVED i HFHOE
MAEROFIGEE X; £ 55, Zor %, Bl WUAToXTHEIN 2.

Dm0

2 ieC
=
-2
T
ieC j=1

£ 3.2 DFNCHBITF % age(BENEE) & marriage(BHER) = HWT,

n

Xage = 40.8, Xage,Single = 34, Xage,Marital = 47, Xage,Divorced = 42

DL E,
2 _ 2. (}Single - -7‘7)2 +2- (}Maritul - })2 +1- (}Divorced - })2
T @B +@9-+ (25 -3 + (@2 -7 + (65— %7
= 0.066
TH5.

3.2.2 U3 XILDERERE (8]

72 XV OHEEBRBITENZERE LOBEOMX 2 RIEETH 5. 0056 1 OfEZID, 1150WIEEE
HEHPRNE XN BNERO T3V OEZENEN e L L2 &, riTc A0 n REFHERIERL,
D ErSEREINS. AL a— e n T 5, HERE VI,

2
V= X
n-min(r — 1,c—1)

TEFEINS. £ 3.2 OfIZHBI) % marriage(EHNEE) & sex(BNEE) ZHWFHEAZ RS, > 7L
F—RIZBIFB 70 REHRIIZEZIDEIRIX2DRLAES. 2o YV HEEN T2, y* =33,
%D,

33
v \/5-min(3—1,2—1)



#3.1 DornoxEi

sex
Male | Female | total
marriage
Single 2 1
Marital 2
Divorced 1 0 1
total 3 2 5

#£32 IV F—&XD

id | age | height | marriage sex income
0| 43 170 Single Female | > 50K
1| 29 161 Marital | Female | < 50K
2125 179 Single Male < 50K
3] 42 174 Divorced Male > 50K
4 | 65 153 Marital | Female | > 50K

£33 ARV ILT—X D

id | age | height | marriage sex income
0 | 40 175 Single Male < 50K
1 35 155 Single Male > 50K
2 125 171 Marital | Female | < 50K
3| 42 165 Divorced | Female | > 50K
4 | 52 145 Marital | Female | < 50K

3.3 Confidence Interval Overlap[4]

BT —XOBERMEZHS 72912, Karr 512 & o TIRE XL TV % Confidence Interval Overlap (CIO) % fif
H$2. AVIFLF—Z D ERT—& D TEAFHBEL ZRFE T MIBWT, BIRGREOEHEXME
WD 2 EEXE OB GO THEINS. uy,l, & u, b #ZhFh, FVIFALF—R D BT —X
DR B AR OEER MO Ry FRe$3 2 %, CIO i3,

ClO = -
2

1 (min(u,, us) — max(l,, ls) N min(u,, us) — max(l,, I5)
Uo — lu Us — ls
LRED L. EEXEAERIC T 525G, CIO BRAME 1 2L 5. AR TIEEEILNEED CIO fE% 0
95,
BIZIE, 27 —=22O0WT, KI31IRT LIV FAT =&, 5], GRT—XH[3,7] L2515



XM 26N T3, 2Dk E, CIO OfE,

1
CIO = =
2

=05

min(5,7) — max(1, 3) N min(5,7) — max(1,3)
5-1 7-3

TH5.

QoD : Original Data
: Synthetic Data

\

1 2 3 4 5 6 7

3.1 fEHEXEOH

3.4 Targeted Correct Attribution Probability[5]

Taub 512 & o THRE X7 Targeted Correct Attribution Probability(TCAP) &, &7 — XL &
WILT = ZDENPENZ TR T 2000 X7 23l 270 OFETH 5. TCAP DEHIZB VT, HOH
WBERT —RIZT7 72 RATERIREL, BHERE W D85, 1 D% target B8, D % target %
THIT 270D key BRE T 2. A VI F LT =R ART —RIIBT % key R L target B R Tt h
Ky T, K, T, £ 5%, 2D %, TCAP 251 H T 27201, BRTFT—ZDF{FLa—F jiZoWwT, La—FKj
HBHOo K OMEDLEEFELLa—FDI5, target ZHHM L a—F jr—HIT2dv00EGa2HE LT L. Zh
%, Within Equivalece Class Attribution Probability (WEAP) & FEIXH,

WEAP, ; = Pr(Ts,j|Ks,j)
Pr[T =T,;,K =K ]
T PAK=K,]
= (K, Tsi) | Tsi = Ty, Kyi = Ky, j, 1 € [n]}]

CERIND.

WEAP D% By LT, TCAP %3tE 3 3L a— R&5ED 5. AW TIZ WEAP Offix 1 ¥ L7z, O %
D, WEAP,; =1 CTH3 X5 REMKL a—F jIcOWT TCAP DR EHF 2. 5T 24U Y F 17— 2D
La—F jizowT, TCAP %.

TCAP, ;= Pr(T, jIK; j)o
Z;’:1[To,i = T.Y,j7 Ko,i = Kx,j]

Z?:][Ko,i = s,j]
_PrT=T,;K =K,
- PriK = K]

95,



WEAP; = L SHIET 24 ) O F AL a— RAFELRWES, SRHF 0 L4270 TCAP IZER S h 7z
W, TCAP E 1 IZIAEWIEEBRY A7 03E L, 0 ISGEWIEERIRY A 7K.

R3207—2Ly P 2HVWTEI3Z DEIRERT &ty ok d 5 K, =
{marriage, sex}, T, = {income} & L7zt X, AW T —XIZBEWVWT key ZHOMERIX id = 0,1 29
(Single, Male), id = 3 %% (Divorced, Female), id = 2,4 73 (Marital, Female) £ 72D, 3 XX —V{FET 5. 22
T, id = 0,1 12D\ TIE target ZR DA Z 2N RT3 725 WEAP,, = 0.5 TH 5. id = 2,3,4 1IZOWTIE
target ZHDER—BICEZ > TWB 72, WEAP=1%7%%. WEAP=1Y7%%La—F®D key ZEIT—
FTH5LA—RE2FVIFNT—&X DE32) PHIRELTE, id=1,40%4T5. 2D5b, target ZHH»—
B35 a—FRid=1THbDT, TCAP DfHIZ 0.5 £725.

3.5 Confidence Score based Model Inversion Attack([7]

Mehnaz &2 & - TH#RZE X7z Confidence Score based Model Inversion Attack(CSMIA) 1%, 22855 A4
EFALDOHNED S¥ETF — X DBEBUHREZIT 7LV XL TH 5. WEEZ, ERNEFAVANZITS
EMNTE, DHEERE R I RADFBHRICT 7L RATE230L 5 5. DHEFLOEEICHVWET —&
B XL XX,y T B 2L, x FEHBAEE, yZERNER (2S5 RASRL) THB. ZDk E, HBED
X2 xg,y WRIT ZTEMERLTED, 2Ly > 74 TREME x IOV THEREZTS.

CSMIA TiE, EF VM LIELWEMHETAN ZITR o 7HE, FEDORY, EhEWEEETELY
TRRERZRETEWIEZICHOE, BUHEHRT 2. £F, XBH I T4 TBEICOVTAEERER
ETHELZATHOT =X EEHRL, ET VIR LUTANEZETT . flziE, x 2 Marital TH 5 ¥ X,
ZZ 5 5 {EI1E Married & Single @ 2 D TH H, WEF I EZE €T MR LT, (Married, xs, . .., X)) &
(Single, xa, ..., xq) Z ARSI L, W Smarriea & Jsingle Z1825. ZL T, UTFD 3 5 —RZDONWT, V> T 47
B EZ RS 5.

D) Inmtarriea =Y 722 Jsingte ¥, D U LIX, Imarriea Y 222 Jsingle =y DEE, yIZOWTIELWHAZL
T AN EHEREE T 5. BIZA0E, Srarried =Y D2 Psingle £y THIUL £ = Married KT .

(2) Pmarriea =Y 2> Jsingle =y D E &
y DA ETERDEN T ZHERRE L T 5.

(3) Imarriea £Y 22 Jsingle £y D E &
y DA EIERIEN T ZHERRE L T 5.



E4E

KA

41 EERB®

SDV 54 77 VTHRMEXNZ 3 2057 NV XL DOFRAE LAY R 7 % HIEHE S 2 72912, Hh4
7ETHiifEAR 2 - W THEER 21T 5.

42 {ERHT—A
AT, Adult F—&t v b [14] ZHVW. £4.112 Adult F— Xty N OWEEZRT.

£4.1 Adult 7—&+t vy O

% T=REA4T | ATIUE B2
age i:E 7 - F fin
workclass B 7 e/ A
fnlwgt e - EA (Final Weight D)
education B 16 HBE L~
marital.status B 7 FEIEOIREE
occupation B 14 €S
relationship B 6 KR
race B 5 PN
sex =R 2 PR
capital.gain T - BERLE
capital.loss L - BEPERLK
hours.per.week e - 1 D 55 B
native.country B 41 &
income 21 2 IRA (< 50K, > 50K)




4.3 B R
4.3.1 ST

T—=Xty PRI ICHESHEZRD, FVIFLT—RXeERT —X e OMTE LTI VEDHIA
MERDELRD Iz, 72720, BUELRUCBEI L T, FElE 16 [ic 8L CEHE L. BEDHEHICIE Mean
Abusolute Error(MAE) %\ 3.

4.3.2 +1EBEITE

72Xty MAOFREEDOHICOWTHEEZFREL, AV FIALT RGN T — & £ DT MAE %X
Bz 7B, T2ty PNICEENZREENZBDREL TWS o, HEEsEEDF— 2RIt
THBIEREZ B L T 5. RAVZREICHBIMRE, ERZH & BRIZ BB L, BRIEREIC 2 5 X L0
BGRECE Wz,

4.3.3 CIO

FVIFUF—X L BRT— X OHELES CIO ZHWTIET 2. e P27 4 v ZREREFEHL, KERKGR
Buzxtd 2 CIO oEANEIEEH T 5. iIHZEENICIX age, workclass, education, hours.per.week, race %
fER L, HIZEE income &5 5.

4.4 1) R HE
441 TCAP

BEBT NIV X LATERLIZART — &XI2OWT TCAP OfEizEH L, BRY X2 23 5.
F A2 IZB AT — X T TCAP HEH D 7= DI WL 8% " T . key ZHO% % 3~ 5L L, key £
¢ target ZE DM EE 96 # D IZOWT TCAP HZHEH L 7.

K42 FHEREHT7T) O

ZH ‘ workclass ‘ relationship ‘ race ‘ marital.status ‘ sex ‘ income
nrave| 1 | 6 | 5] 7 2] 2

4.42 CSMIA

FVIFNTF =R TCEGUIEMEETET L, AV FAT—REACVTER L ZART — X TEE L
BB T T TR L, CSMIA Z5EATL, AR E T LVORE L WROREORRZHE S 5.

WESTRD T NI, income D 2 HDEHEITS =2 —F0Fxy F U= (NN) A =TV —2AF74 75
U PyTorch[15] TH2E L7=. NN i& 3 B0 AE CHRE A, HIEEOEIELEEICIE ReLU %L, HED
TEMEEREE0IC IS sigmoid BIECE AWz, St 712 ) X 20E Adam 28 L, 22812 0.005 2 LTW3. %
7z, HEERRDOZER % marital.status ¥ L, 72D H 7 I V{EDH, Married-civ-spouse, Married-spouse-absent,



Married-AF-spouse % Married, Divorced, Never-married, Separated, Widowed % Single & L TE & T 2 {H
R L.



ES5E

HREER

51 REIER
51.1 BRI

SEE S
51 XEBMD S 7 IV EHRERDEIFEEE (MAE) #”7F. 22T, CTGAN OfETY— LT
W3,

mmm CTGAN
= TVAE
W= CopulaGAN

workclass
education

capital.gain
hours.per.week

5.1 ik

HEEETE
52 IZRE S OHEFEE 2 ¥ stz (MAE) 2R3, 22T, CTGAN OfETY—FLTW3.

ClO

S52ICKENT — X THEHIM L-HARBRED LR TROMZRT. R 5.2 12817 % Overlap 1%, 1 DDZE
B oRH L ERFEBICET 5 CIO DETH 5. K51 XHBMT—KX e A ) IF LT —R e ORTIHEL
72 CIO OfER%Z/RT. 728, CIO 25 E T 272DIHEH Lz X7 4 v ZEIFD Fl-score ZRHIT/RL T
W35,



0.04

0.03

0.03

0.02

IAE

0.02

M,

0.01
0.01

0.00!

=

0+ mmm CTGAN

m TVAE

5 - WmEm CopulaGAN

0

5

0

5

0

5

F1

corr_ratio

5.1

cramerV

52 “HIHBRGE

CIO fEDFEHAW G &

B/IME

HOL(E

>IN

corr_coef

Tl

PR 22

Ty
CTGAN
TVAE
CopulaGAN

#£52

0.66
0.64
0.65
0.69

0.00
0.00
0.00

0.62
0.00
0.41

0.92
0.91
0.88

0.56
0.16
0.40

BEMIRICB T 2 IR FREED CIO

0.31
0.27
0.36

orig_lower | orig_upper | CTGAN lower | CTGAN_upper | TVAE. lower | TVAE. upper | CopulaGAN lower | CopulaGAN.upper | CTGAN Overlap | TVAE.Overlap | CopulaGAN_ Overlap
Intercept 5.856 6.809 4696 5.607 2495 3730 4.166 4929 0.000 0.000 0.000
workelass(T.Local-gov) 0447 0777 0339 0751 2387 3.501 0.998 1337 0.829 0.000 0.000
workelass(T.Private) 0380 0655 0293 0594 2077 3172 0.848 1116 0.747 0.000 0.000
workelass(T.Self-emp-inc) ~0305 0.061 -0.348 0.087 0382 1593 0221 0589 0921 0.000 0.000
workelass(T.Self-emp-not-inc) | 0.713 1.039 0454 0.796 2614 3.725 0.940 1244 0.249 0.000 0316
workelass(T.State-gov) 0.607 0978 0546 0935 2532 3.751 1395 1743 0.864 0.000 0.000
workelass(T.Without-pay) ~0320 3.938 2171 3.996 ~155720.310 | 155765.088 0527 2255 0.692 0500 0.703
education(T.11th) ~0.556 0.175 0320 1390 1.485 2570 0.146 0815 0.000 0.000 0.042
education(T.12th) -1026 | -0.130 ~0.764 0361 ~2.448 0.746 -0.665 0036 0.636 0.640 0.680
education(T. Ist-4th) -0.010 1714 ~0.471 0.606 0.158 1585 0.098 1156 0.465 0914 0.807
education(T.5th-6th) -0.173 0932 -0.695 0368 0382 1.109 0055 0984 0499 0627 0.869
education(T.7th-8th) ~0.040 0.790 -0.340 0442 1.005 1.647 ~0.020 0491 0.598 0.000 0.807
education(T.9th) ~0.123 0.843 0047 1011 0.802 2293 ~0.031 0540 0825 0035 0.796
education(T.Assoc-acdm) 2107 | -1506 -1.653 ~0.964 - - -1.755 -1.272 0228 - 0.464
education(T.Assoc-voc) 2028 | 1441 -2.254 ~1573 —62471.400 | 62515.005 ~1.783 ~1.368 0.721 0500 0.704
education(T.Bachelors) 2713 | 2165 ~2.680 2048 ~0.982 ~0.628 2231 ~1.840 0877 0.000 0.145
education(T.Doctorate) 3777 | -3.076 —3.451 ~2.673 ~2.096 ~1618 -3.562 -3.068 0.509 0.000 0839
education(T.HS-grad) -1369 | -0823 -1321 -0.688 0259 0615 -0.767 -0374 0.849 0.000 0.000
education(TMasters) -3.069 | -2.500 -3.229 -2.565 -1.998 ~1.567 -2.240 -1.812 0823 0.000 0.000
education(T.Preschool) ~0.531 3497 -0.907 3115 24382939 | 24426347 -0920 0842 0.906 0500 0.560
education(T.Prof-school) -3886 | -3226 —4.189 ~3.464 ~2.541 ~1.959 -3.808 -3.303 0611 0.000 0.883
education(T.Some-college) | -1.756 | 1206 —1.321 ~0.665 0.082 0442 ~1.108 -0.716 0.192 0.000 0.000
race(T.Asian-Pac-Tslander) ~0.791 ~0.045 -0.717 ~0.150 - - ~1158 ~0.564 0.880 - 0343
race(T.Black) -0277 0434 -0.012 0554 0359 0754 ~0.139 0.469 0.707 0.149 0874
race(T.Other) ~0.647 0390 0.000 0.767 0.158 2539 ~0.202 0520 0443 0.160 0.696
race(T.White) -089%6 | -0.215 ~1.103 -0572 ~0.296 -0.018 ~1235 ~0.670 0.543 0.206 0365
age ~0.049 | -0.044 -0.020 -0.015 ~0.041 -0.036 -0.027 -0.022 0.000 0.000 0.000
hours_per_week ~0.043 | -0038 -0.036 ~0.031 ~0.066 -0.059 ~0.041 -0.036 0.000 0.000 0.581




5.1.2 TCAP

key ZH%E 3~ 5 Lz EOLMEBICOWT, TCAP HEEH L7-. & 53 IC&EME T & D TCAP
EOEARFEEZRT.

#53 KEWT—XIZBIT 5 TCAP HOEARN G &
S key ZH % | MEEE | F/ME | BRRME | FIME | EHERE

3 60 0.000 1.000 | 0.602 0.363

CTGAN 4 30 0.301 0.977 0.762 0.152

5 6 0.694 0.939 0.798 0.108

3 60 0.340 0.995 0.810 0.149

TVAE 4 30 0.682 | 0970 | 0.855 0.089

5 6 0.800 | 0.958 0.890 0.071

3 60 0.000 1.000 0.666 0.350

CopulaGAN 4 30 0462 | 0970 | 0.779 0.136

5 6 0.622 0.926 0.786 0.118

keys target TCAP_CTGAN | TCAP_TVAE | TCAP_CopulaGAN

relationship + race + marital.status workclass 0.800 0.835 0.697
workclass + race + marital.status relationship 0.471 0.578 0.750
workclass + relationship + marital.status race 0.579 0.783 0.667
workclass + relationship + race marital.status 0.901 0.928 0.925
relationship + race + sex workclass 0.714 0.865 0.905
workclass + race + sex relationship 0.000 0.622 1.000
workclass + relationship + sex race 0.250 0.832 0.636
workclass + relationship + race sex 0.822 0.964 0.952
relationship + race + income workclass 0.625 0.640 0.600
workclass + race + income relationship 0.889 0.422 1.000
workclass + relationship + income race 0.697 0.826 0.889
workclass + relationship + race income 0.960 0.937 0.923
relationship + marital.status + sex workclass 0.500 0.853 0.727
workclass + marital.status + sex relationship 0.000 0.743 0.000
workclass + relationship + sex marital.status 0.724 0.938 0.846
workclass + relationship + marital.status sex 0.558 0.956 0.658
relationship + marital.status + income workclass 0.700 0.856 0.643
workclass + marital.status + income relationship 0.375 0.782 0.550
workclass + relationship + income marital.status 0.522 0.980 0.667
workclass + relationship + marital.status income 0.926 0.966 0.930
relationship + sex + income workclass 0.000 0.656 0.000
workclass + sex + income relationship 1.000 0.696 0.500
workclass + relationship + income sex 0.983 0.965 1.000
workclass + relationship + sex income 0.974 0.934 0.900
race + marital.status + sex workclass 0.875 0.802 0.897
workclass + marital.status + sex race 1.000 0.797 0.735
workclass + race + sex marital.status 0.471 0.634 1.000
workclass + race + marital.status sex 0.625 0.856 0.684
race + marital.status + income workclass 0.667 0.543 0.917
workclass + marital.status + income race 0.833 0.881 0.962
workclass + race + income marital.status 0.727 0.795 0.824




workclass + race + marital.status
race + sex + income
workclass + sex + income
workclass + race + income
workclass + race + sex
marital.status + sex + income
workclass + sex + income
workclass + marital.status + income
workclass + marital.status + sex
race + marital.status + sex
relationship + marital.status + sex
relationship + race + sex
relationship + race + marital.status
race + marital.status + income
relationship + marital.status + income
relationship + race + income
relationship + race + marital.status
race + sex + income
relationship + sex + income
relationship + race + income
relationship + race + sex
marital.status + sex + income
relationship + sex + income
relationship + marital.status + income
relationship + marital.status + sex
marital.status + sex + income
race + sex + income
race + marital.status + income
race + marital.status + sex
relationship + race + marital.status + sex
workclass + race + marital.status + sex
workclass + relationship + marital.status + sex
workclass + relationship + race + sex
workclass + relationship + race + marital.status
relationship + race + marital.status + income
workclass + race + marital.status + income
workclass + relationship + marital.status + income
workclass + relationship + race + income
workclass + relationship + race + marital.status
relationship + race + sex + income
workclass + race + sex + income
workclass + relationship + sex + income
workclass + relationship + race + income
workclass + relationship + race + sex
relationship + marital.status + sex + income
workclass + marital.status + sex + income
workclass + relationship + sex + income
workclass + relationship + marital.status + income
workclass + relationship + marital.status + sex
race + marital.status + sex + income
workclass + marital.status + sex + income
workclass + race + sex + income
workclass + race + marital.status + income
workclass + race + marital.status + sex
race + marital.status + sex + income
relationship + marital.status + sex + income
relationship + race + sex + income

income
workclass
race
sex
income
workclass
marital.status
sex
income
relationship
race
marital.status
sex
relationship
race
marital.status
income
relationship
race
sex
income
relationship
marital.status
sex
income
race
marital.status
sex
income
workclass
relationship
race
marital.status
sex
workclass
relationship
race
marital.status
income
workclass
relationship
race
sex
income
workclass
relationship
marital.status
sex
income
workclass
race
marital.status
sex
income
relationship
race
marital.status

0.908
0.000
0.000
0.828
0.804
0.000
1.000
0.746
0.895
0.500
0.000
0.000
0.550
0.800
0.800
0.940
0.983
0.000
0.000
0.500
0.968
0.000
0.000
1.000
0.949
1.000
0.000
0.800
0.982
0.728
0.301
0.692
0.891
0.685
0.717
0.707
0.683
0.935
0.953
0.688
0.547
0.800
0.929
0.958
0.667
0.752
0.627
0.863
0.931
0.750
0.819
0.600
0.729
0.908
0.692
0.842
0.923

0.928
0.802
0.875
0.882
0.762
0.340
0.829
0.907
0.885
0.491
0.730
0.995
0.815
0.821
0.893
0.926
0.971
0.756
0.896
0.867
0.967
0.813
0.883
0.701
0.974
0.935
0.614
0.521
0.962
0.825
0.772
0.784
0.905
0.938
0.792
0.779
0.830
0.969
0.958
0.718
0.712
0.854
0.967
0.938
0.833
0.844
0.970
0.957
0.966
0.682
0.835
0.726
0.862
0.926
0.848
0.781
0.920

0.927
0.000
1.000
0.840
0.750
0.000
1.000
0.643
0.902
0.000
0.909
0.000
0.700
0.429
0.857
0.941
0.963
0.000
0.000
0.500
0.975
0.000
0.000
0.846
0.971
0.909
0.000
0.524
0.966
0.769
0.609
0.694
0.843
0.823
0.681
0.657
0.772
0.925
0.930
0.786
0.647
0.791
0.944
0.918
0.615
0.462
0.722
0.858
0.921
0.846
0.816
0.868
0.664
0.916
0.500
0.778
0.970



relationship + race + marital.status + income
relationship + race + marital.status + sex
relationship + race + marital.status + sex + income

workclass + race + marital.status + sex + income
workclass + relationship + marital.status + sex + income

workclass + relationship + race + sex + income
workclass + relationship + race + marital.status + income

workclass + relationship + race + marital.status + sex

sex
income
workclass
relationship
race
marital.status
sex
income

0.581
0.977
0.694
0.710
0.713
0.910
0.820
0.939

% 5.4: ZHOMAE L TCAP i

5.1.3 CSMIA

FEEBHEHA L7 NN ORBEREER 5.5 1ORT. BB, 67T — X THY¥E LB EEETLADOT A T —
R, AVIFAT—XEFELUTER LT AT —REFRHLTWS. 7 —XTHEE L NN L
T, CSMIA ZEfT LR EE 5.6 ITRT. 22T, CSMIA IZBWTIX, VI FILEFILDEEF—XIZ

0.791
0.969
0.800
0.863
0.820
0.957
0.943
0.958

OWTHERR % L 7=, M ¥ L T Precision, Recall, f1-Score, Accuracy % F\ 7=,

# 5.5 NNIZ X2 HZEROMAIEE

2¥ 5 —% | y(income) | Precision | Recall | fl-Score | Accuracy
. < 50K 0.875 0.928 0.900
FUY T 0.846
>50K 0.731 0.597 0.657
< 50K 0.851 0.932 0.890
CTGAN 0.826
>50K 0.711 0.506 0.591
< 50K 0.848 0.915 0.880
TVAE 0.813
>50K 0.662 0.502 0.571
< 50K 0.875 0.895 0.885
CopulaGAN 0.825
>50K 0.658 0.612 0.634
# 5.6 CSMIA I & % @ EHEERSE
B A sensitive Attribute | Precision | Recall | fl1-Score | Accuracy
Married 0.684 0.420 0.520
Original )
Single 0.605 0.821 0.628
Married 0.374 0.553 0.446
CTGAN
Single 0.259 0.144 0.185
Married 0.645 0.458 0.536
TVAE
Single 0.605 0.768 0.677
Married 0.694 0.410 0.515
CopulaGAN )
Single 0.605 0.833 0.701

0.679
0.965
0.684
0.622
0.761
0.866
0.859
0.926



52 E%&
5.2.1 49%p/tEE3EFE

51 T, BERBIIBOT, RIEENNXL R o TEB DX CTGAN 28 4 D, TVAE 25 4 0,
CopulaGAN 73 6 D ¥ 72 5 7z. income % sex & WV o 7z 2 HZERTIX CopulaGAN DFRADHHFICRKE 2o T
W3, %72, CTGAN IZBW TR DIEEIVNZWERTIE, 773V OEID R VERNZ <, CopulaGAN I8
WTROEENVNIOVERTIE, 273V OBBZVEBDZ V. —F, &b H 73 VEHZ W native.country
IZBWTIE TVAE DSREDNR /NS K, A7 3V HBHEREICOWTD, —HLLBAREOMHEHAIRNE D
IEZLNS.

X 5.2 OB & AHBIRBUC DWW T, CTGAN 2B 234708, MO EMERICHENTKE W, —/C, Cramer
DHBAFREICOWTIE, CTGAN DIZBIT 28AED RS /NELKoTED, H 73V EKHEOHEBEZREEL T
W3, £z, HERETIX CopulaGAN, HHEILETIX TVAE O ENR D /NE L BoTWVWE. 2O kb,
B DB 2 51, CTGAN % CopulaGAN ¥ W57z GAN 2RX—2 ¥ LEERANTIED 72V EROA
BUC#E L TH D, TVAE TREMEZBDOERICHEL TW5.

7272 L, Jex OHEBDMED/NE L, BREOED/NS WD, KRELREIRLALL.

5.2.2 CIO

CTGAN IZB\W\T, Wl K, FIHEICOVT, o 2 DOEME L HNTHWEZRLTWS. K
MEZBE L TEWTHAOEREICBWTS 0.00 Z/RLTWS A, K52 DEEMARICEIT S Overlap DfE%E
H2 Y, CIO OffA 0.00 ¥ i 2 Z8O%A, CTGAN Tl 4 1, TVAE Tl 16 1, CopulaGAN Ti& 9 il
72D, CTGAN DN DEBAITIEZ L DEHBICBVT, AV I F LT — X EHEEMEIL{ERELTEL T,
BLUEDMR .

3% 5.2 T, TVAE @ workclass(T.Without-pay), education(T.Assoc-voc), education(T.Preschool) IZB\WT, 13
EXHEOENIEFITLS RoTWVnSE. O E, AUV IYFAT—XOEEXEZETUEL, CIO OERRD
BIHOMED 1 £722729, FRELTRCION 05 2BA2H0D, A VI FATF—Kee2JHLULTL
BRWE WS BENRET S, ZOMBEICHHLT 27-9121%, EEXEOROLLEHWTEAFII T2y
WEZOLND.

%72, TVAE IZBWT, £ 52 D education(T.Assoc-acdm), race(T.Asian-Pac-Islander) ¥ \N - 7=2ZH8T, &
TAYDPEFERET, INSDEHCO VT CIO PEHRTERWEEYRHE. ZDLIWH YTV IR h T
IV DERRER b2t d, CIOZ TNT2—RHTHdrEZLNS.

CIO T, ®mAMHE, HHRE, FHEICBVWTRD BWEZRLZ CTGAN A VY F LT —2%5HEd L <
T ETWS. —/T, TVAEIZ, #5.1 OKFITRT 510, FHECBVTEL EWEEZRLTED,
BHERAS NSV e, FVIFAT—X% 5 T GAYMTETWARW. £, CIO T, FEXME»IER
WWHEENGEITRT 0S5 EOEEZRLTLES 2 2B RBICANTIEST 2 Z L EETH 5.



5.2.3 TCAP

CTGAN t CopulaGAN Tldf/IME, &AM, THEEFLRZIZR SRV, FIETIE, key ZEOED 3,4
DD L %21%, CopulaGAN @ TCAP fEins CTGAN kD b &<, key ZEOEH 5 21k 5 &, CTGAN DfH
2 CopulaGAN D%z LE%. %72, & 5.3 ® TVAE DITOKRFITRT & 512, TVAE TIZFHE L R/MEIR
BWT, D2 DGR L T, EWEEZRL. TVAE 1B} %3 TCAP Of/Mi% 5 2 72 ZH O,
key Z%73 race, marital.status, sex, income 2UF, relationship, race, marital.status, sex, income T, target
ERBII VI ND workclass TH 5.

FIHNCR S &, TVAE 23d Y A7 05 <, key ZROED D70 RHZIE CopulaGAN D) 2 7 HiEi < 7%
2rEZHND.

5.2.4 CSMIA

NN OFEETIE, CTGAN D IEERIZE W THOD G L R TEWEEZ/RL, CTGAN & CopulaGAN
D—EIFEICBNTA VO F VI F— R THEEH L NN & D S EWER L 2o 72,

L2 L, CSMIA OREIZEWTIX, CTGAN TH L #iEEME R LTED, CopulaGAN TlZA VY Y
FLED S EVIERETHIRICHKIIL T 5.



+=o
iha o

AW T, SDV 74 75 ) THRHEIN 2 3 2DREAT—X BT LT Y XL TH S CTGAN, TVAE,
CopulaGAN 2D\ T, F— X5 ACHB DA, CIO X TCAP ¥\ o 7-iHiifsiE 2 HWTER T — X DA
ML VR 2 ERINCEHE L7z, 72, EEBEAEWAE T VDAL BHE T — X OEMEHERZ1T S
CSMIA ZHW, BT — X T¥E LEMWMEEEFCBWT, CRPTBHHEGRY R 7035 2 Dh % ER
WX DEHSLIZL T

Z OFER, HBEER T, CTGAN 234 7 2V A VEKE OMHEBEFRFFICHE L TE D, CopulaGAN TI3E{H
ZRE OHBERIFICHE L TW2 Z e 9otz £z, CIO ZHWiHEiTlX, TVAE IZBWTE L < EWE
ERL, AVIFATF—ReDFEBEMRNZ 2355 h o /2. TCAP IZBWTIX, key A 3,4 oD &,
CTGAN TIK <, key ZHDS 5 DD ¥ & CopulaGAN TIRWEY 72 o 72. X 512, TVAE TREfhd =2 DEMK
78 L LT, TCAP OIS key ZROENCED 5T 0.8 L EDEZ/RL, VARAIZDENT D0 h o T,
CSMIA % HW/zFHliCl, CTGAN IZBWTEMEHEE Y X 7 05 KIBICIRTE 2 2 & 2 EBRINIR L 2.

L2L, CIO OFtHICBWT, —ADT7—XICBI 2 EHEXE ORI MK E L RoTLE - GEI,
CIOfEAESHTLE S RY, ARAMOEEL LTOMENRD 2 EZ N, SHROVIEHREYL Lz,
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FEx A

SRICED CEIANFEMICE TS Kinect &
OpenPose D% AZX[EBEHE A RIFERE

A1 FCHIC

ANOH&EF ORI ER T HRERBE DN D X FHYE2 5 THOEIGFTE 2 225, JURHELR L OEH
WBWT, FAMRBIE 22T LT, IMFEFEH IR TWS. SEICH S  BIUHEE - BAGKIITEICE, &
FEloHRT 27 7 TNTANAL ZAREDREDN— R 2 7 2 RNICES T2 HIE (1], FEDOI LTy b
BE{5A 72 2% TR S8BT 2 751 2] PHIS A TWS. LA L, FEDN—FY = 72V 5 HikiX
HRGBEAR O, STy MEGEEFW 2 HETIRIRECER MR ONILOMEEZTRT VY
WO IEN D 2. MA T, BHICEREINIZHILD X FHUGEEL AW 21X, HEfPISEB D AR - T
W3 ZePESINDD, MEFETERICEMTORTIZOVTLrFHES N TWRL 5 7.

Z 2T, AWZETIE, EEABERRICY 71X A4 5 THRIET 2HEE% 55D, Kinect[5] £ OpenPose[3] I
FHT 5. Kinect & OpenPose IZDWT, I NE CHRFHCHKAIT Z 220, LOREDORHEETH#IITZ 20 %0
LT R BHME 5. AMZFEOMENGEA O L R Z R A1 IRT.
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A2 i
A.2.1 OpenPose

OpenPose[3] 1%, Zhe HIC Xk > TR EINI A —F VY —RTH 5. BHIEHBEZEHEIAL Y 7L XA L
WCEBABD 2D ZRMERITORBEE ET N TH 5. ZEHEE (Human Pose Estimation) Tl%, ADIEER,
B, i, F B, B EEHEHL, ADBEDLIREREEZE-> TWb0EHET 5. OpenPose 1XIFEE X > 47z
CORRIERR R R E B3, HIRD X T DA TERBAOHENTE, 25 MEMHETE 2. K A2 ITHEERRD
Zay MilERT. 2AEERFICRIETE 2R 80—HT, ANEOEINIHES #HEERE O LIS 2Tl
VAN

A.2  OpenPose DZEEHEER

A.2.2 3d-pose-baseline

3d-pose-baseline[4] {%, Julieta 512 & » TR ENA—T >V —ZATHH, OpenPose DHHIE AL L,
REEZHOE S 2REFEETNTDH 5. 2 ZOTEGERENE D & 3 RITOLEEHET 5.

AT TIE, OpenPose & 3d-pose-baseline % W THATI S & 3 RITOBEMEET — X 2 BT T 5.
A.3 12 3d-pose-baseline D1 /1% 3D Fu v + L7flzRT.

A.2.3 Kinect

Kinect[5] & Microsoft fiZ & - TR I N/2F — AMFTNA X TH 5. RGB H X7 e HEELVY, <4
7 xMMA, ZBAMESLEHRMERMT 2. ZBMETHHINZMEHOBUI—ANY72D 25 ATH D, Fi5
BHPFOR—- B TE S, HANZENT 2L HS, KT 6 NETRFERICHAIT 5.

A TIE, Kinect for Windows v2[5] % FIWCTHIYSR ¥ ZEVEHR OIS 1T o 72. X A.4 12 Kinect THUS L
72 EBIERD 3D T u v MilERT.



A3 3d-pose-baseline ® 3 RKITCEHAHEE

X A4 Kinect k% 3D A7t ¥F—XDH|

A2.4 IHTFEIIOLLE

2 A1 IZARFETH W2 EBHEE Y — L Kinect, OpenPose, 3d-pose-baseline D FEHE R F

G RGN

723, AW TIE OpenPose & 3d-pose-baseline ZfHAEHOE TEHBD 3 RTEME UGS 57280, ZD 2
Y —)L% F T OpenPose MR 222 ¥ 5.

£ A1 V=L ORERELLEL
V=) o R F JEEE
F 7 —Hif§:
1920x1080 S
, I IR, Y7 KA LR (3d) T R T
Kinect V7 AR A L TOHERDATHE. o .
512 x 424 . . T RandomForest ( & % #fEiifi
KT 6 NETrREIRHICEHATHE
FPS:30
1 NH7=b 25 B
BAHATE L 2D 7 — & N= Rz 7ARE
OpenPose 25 R 2 NB O AR Ay el BE 2D ZKHHEE VR
2 B oD HERRAS A NVDEHAT &R0
! A 3D 7 — &
PIEMLEEERR 3D 7~ 3D ZBEE VIR

3d-pose-baseline

16 B

OpenPose D172 & REZHEE T 2




A.2.5 DTW pEg#

DTW (Dynamic Time Warping) FEBfE [7] 1%, 2 DDRRIIFT —XEOFELED 1 2 TH 3. KRIlFT—X&
ST DODTWIE, S DET—XFIHNLT, T OFR/PNEHORZIES, Z000HMOBRHTEDS. Z0
7e®, KRIDOREINEIZ > TWRD AR TATOZD LTHHELUELZE5R 5.

A5 DRERYIFT—% S =(0,2,1), T =(1,3,0,1) Ol EE 2 k. £ A2 DR TH dist(S,T) KD 3.
2T, ifT A (i>0,j>0) OEZE dist[i, j]1F

distli, j] =cost(S[i — 11, T[j - 1])
+ min(distli — 1, j1,distli — 1, j — 1], dist[i, j — 1])
3%, cost BIIE 2 DD T — X RO RDZEBMTH 2. ZOHITIET —XAED 1 RITDOETDH %23,

ZRTEDYE Zlx, vy UMD L3 —2 Y v FIEEMZHWTED 2. ZOL %, RDBMERYS, T
@ DTW RN, dist[3,4]=3 TH 5.

3
2
1
0

A5 BRRIIF—%S & T Ol

K A2 BT disiS, T) DBl

1 oo | 2 4 3 3
2 oo | 2 2 4 5
0 00 1 4 4 5
- 0| 0| 0| 00| 00
S
- 1 3 0 1
T

A2.6 FITHRZE

=IF5 [8] 1, Kinect Z FHWTHER LA T — 20 0RBELZERL, BLOFEHDED SR DG %
L7, %7, #EROEHVIHICFRHEZHEL, 99.86% OHEERZER L 7.

RES [9] 1, HFEDI ATy MESRS] GEL Z A1 3% CNN 2L, EMOHERITR-7-. K A6
RS &I, WA KEDPRERETHE L LT, FROMELITR 7. ZORME, FiniiEs 5.83
meh, BIFEmEE RE < L2 HaEE2RL 7.
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A3 EAR
A3.1 BARENFE

AR TIE, HS [1] OFEIHED, BAGFNEZITR 5. HFIETIE, Kinect & OpenPose % FWTHUS L
7B 3 XoTEEE 2 2 2 HHIE L, —H 0 olRYIT— 40 DTW iz & U TEAGERZ1T 5. il
FIREIUTD 4 X7 v TH L.
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T A B C D E F G | FRR(%)
HfE
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FAR(%) 56 | 28| 194|139 |00 | 139 | 83 -
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