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=

A, dlolE Hlela iz 7] FElelHE A5 As da

wodwol W 4 dold A4 PHEe ¥Ed RE AT EZeolnAE olgd G4 dolHE 4Ys: P
of A" 4 k. B8, odgelA Hopel Ao (o FelolH L A3 BEES NAT & Qe 4
)8 2eld A ZelolwAE ol§8 B4 delHE st Wl 488 & At

woagel Mg e U ez, dolH AEE A3, on /1%, wd AP L WD AnE TG 5
271 WEel o5 Gl FEo Fod JF2 v vk, webd, B APel s EYD 9P o
FE AR wgond deld 2 WS Andehs WHS AN & B4 deolw AY PHe A

ueh FAHoE, & 20 mAE uhel 2o, B wve] vitAF o oo wE QR doly A% AYHE 24
zefolulA] 7ol wel 9 wlolE S we dolE® Waste] ARl AFE 4 ol olF gle), B u
of we 7] QR dolE 4f AHEE Q¥ dolE (0ol tal AA FBLAL AW () D F-A o)
3 (2)% Agstel we dolH (DB AR & AT, olF Fal, A7) AR dolH AfAE 2 HolE

Il HAE §X A =& =T (fidelity)e "o|EE A3z oA AFE 4 r}.

gl sle, (24) Abs ZelolHAIE o] &3 JHE (Epsilon, e)o] AAd 5 vk, At dolH
Vi V.5 S, sl ek 1E wkSehs A, @9 ks (e, §)-differentially private shrbal Heoj@d
+ At
7914 1

Plk(Y,)ES]| < ¢- P[k(Y,) ES]|+6

714 S < Range(k) olct.
Al e, Abs ZepolWAlE o] &3 AR 2 Abe Zefo|BAlE flE BAdE
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=
)
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Aok 2 AFGEC 71xs8ke], S110 GAOlA 2 EHel wE s ZEo|MAlE o] &3 4 dloly A A
© 9 dolEel 23 Hao dHolEHE Tl wEt 59 dolE B WEd HelHE 2 4 vk o
714, 471 delg el Sl mE i s A5 dHolEet WEd dHolHE A7 AH¥sls v 2¥
T . vl e, A7) HolE e Fel whE 72 s, A5 ol tei = A SEehAet 71
& A&t WFd dolHel el A eIt 71 B F-A e olaks VIS A8k e A5
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2 oabgo] 9lo], A£E dolg i o]4kA glho] old S ZE RE HolHE x¥E 4 k. whd, ¥5Y

(categorical) Hlo|E (HEE, *1—’?53 (ordinal) T3 W& (norminal) Hlo|E])E o]AHA kS zk:= dHolHE

¥ 4 Jdut (o A v%<9 (heart rates), 4% X & o]¥ (medico-surgical history) 5).

S120 @7 & S130 ©ACNA, 2 2o mE A5 Zo|HAIE o83 A doly A FXE A5E o

B 2 A3 dolgo] dis] AA =ZFEZtAet 71¥ (bounded Laplacian method)S ©]&3fe] RE WFEES -1
il

A 1 W2 HFSH(normalization)d 4= Ach. ¥ whgo] H& 7bget A 42, A7) S120 @A 2 S130 &
AL AA TFZAISt VHE FAld EE wWEAHoz SawE 4 gr),

HkA Q) aiado‘”f@@mamdmnmmmM%%ﬂv}%ﬂﬂﬂﬂogwm%é%%ﬂﬂﬂﬂﬁﬂﬂﬂ
A (illogical drawback)S ©¢F71E &4 oe @HS zZet. oA E =
respiratory rates)ol th3] dubAQl FEZEpA|ot 7IHS A8 AL, V] TFEO] 29 @S ze Aol
P 5 9y, mEba, 2 SN E A gEEAIel Ve &85t 3] A

E &8, ¥ I AV BAES A2 sAld delE 2% Theds HAiske

&mﬁﬁrﬂmz

I~
T
w ol mE AA SEEE ZPEel 9ol g Wes 29 99 W

7314 2
_1x=4q
X) = e b
qu( ) Cq - 2b
o714, E» v of A8 7hs g d SN z}7} 9 AR
_ AQ _, Lo et ua
= rma—sy GTttz(T )
6 = 0,1 (lower bound) = —1, u(upper bound) =1, AQ = 2 o o] W™ - Ak, olwl. A9 AA 7
(upper bound) B 8kl A7l gt (lower bound)2 AAlefol whe} vpFatr WAdd 5= vk, thA] waf, & 2
of Ag Jbsd o d=a, F7A GBIt el A8 49 FA @& (upper bound) % 391 AA @&
(lower bound)< 27t n % -n (94714 nd 1R 2 AAF)E A4E = Aok, a8a, JAE (&) @2
A& ol v 7] HA A dleole el HFE (accuracy) #hol ¥ gk o]l QAR o HAAE F
stk 7] QA ke ARshE Pl deiAe o) F s Ay d,

S130 ©AA, 2 Wy wE 2T ZEoHAE o]&gt A dlolE A A= AA HEIAIL V1H
(bounded Laplacian method)e] Zl€¥ WF3d dolge] tia] Fr1x o=z F-x7] o]it3} (post-processing
discretization) 7|M<S A8 4 Qlr}. O]g T, 7] A dlelE A A= Y] AA EEEAS 71
o] ol&] W (perturbed) HOE|S TEZ O

24
uoh FAMOR, A A& ks ol YR HelHE WAV A8 A eZeAe Ee HAeHe 3
9, Folzl Aol sl FA el A F Ak, W, Be R Goo WrEe 4F HEF 2 gn
% oY B3 2ol WY dHolgd F AUk,

webd, ¥ oagel we F4 dole A4 FA: A sZebAet /1ol 488 WFF dolgel mis F714
9 F-Ag o5 AEe Agatel, AP HolHS o WHAD & Uct,

ol 9 FAK A o=, AA FEAIe 7IHel HEH HFY dolg (o = 29 Intermediate data)ol
& wWZFo] #X  (Bernoulli distrubition) 7]¥He] AH&E 4 Q. olE &, uzE ulolH

oo 2o FoE 5 vk old, e U 4 WMo J AN (cardinality) ZH
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i
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]

g

Aol the] A7) DA FA dole e A% (accuracy
ﬂ@?l% A=, 47 dF % 75 % o)A Fe M
10" WA 10" WSl EgE e shpel g b & Al o &
we} ohFe o 44" F vk, oAl Ta, A7) «AE Oe]wﬂ,gi Amaa, 47 9% ge X % o3l
#fom AAdd 4 9la, A7) X g B dHelEe] 54 wet AEE we 948 W g =

=
ox
N,
B
il

WA, 2 odge gk AlE#Held HIFTES 93, eICU Collaborative Research Database®] Ho]JE7}
EErt. Hoy FAF R, A, s ZEtolMAl dag]Foe] Foxl dY HeolHE aRA R wdEEA
AFE Hrtelr] fal, 7 dlolE Aleld] fAMES ST uf WFY dolHd disiAe T 71Hel, 9453
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dolele] e B AT SAOSE) 7o
oWl otge wALA B

(ICU) 4 = AEES

1 Z&8HAT. =4, 25 ZEo|HAIZF dHolH HES §-849
7] 98, vhEst AR glo] 7]Wkgk APACHE #H4 WHE4E ALg3le] Fokxpal
3= Agwrt A2 BaEgdrt. deolg AMEddE =9 (intubated), 7]

e ol

(ventilation), 21 (dialysis), 9= el (medication status, ©]w], cardinality=27} &&= < ULS),
, &% (motor), o] el (verbal status, o], cardinality=67} A&"E = &) 59 HWFF deo|gr}
skEl 4= Q). 'S, A7) dlolE M Eo= &AW AAEE (urine output), %, &5, YEF (sodium), 4
e
T,

o ¥, pH, AVEAYE (hematocrit), AotEld, &7, Ak §be, 02 o4&, 83 A&, I &
FH 2 Fi02 gk 59 53 delHrE 3 ¢ vk 4] doly AlEe] lo], Z7]ell= 148,5327
A () 7F UAJAAT, ASEE AAG T T 4,740 9] FAH(AFE 3,5979, & 717 1,143%) 9] dlo|y 7}
EEAT. AIE G55 fEd o2 22 V1A S WRo]l E8FHAT: oA A8 EF (Decision tree),
K-Nearest Neighbor, *|¢0 # €] ™Al (Support Vector Machine), X8 3|7 #24] (Logistic Regression),
Naive Bayes, ¥%H *¥z2]A~E (random Forest). Fo1% dlo]EH & 80 tf 209 H|&Z HAH EQ (train) o=
Ux k. BE o5 ou) wx HF WA (five-fold cross-validation manner)S AM&3he] 3t glom,
olg f&l Fol¥ ZRaY AdojE A8t Scikit-learn #holEE g7} AFEEH AT

[BA SEAL g9 AFS 9% FA dHolg (Synthetic data for validation of bounded Laplacian
function)]

Boabgo] whEw | -13} 1 Alo]e] AAI kA Byt g AA gEZEhalel 7¥e] He" = k. W
A7F il 71Ee] gEEAIeh VY dxdoez, Ay AA eEEAeh 7 | 2

© o & W oA

HE -lellA b4 JelE 7hE
T AT
% 3a WA = 3ewm Wl whE AA SEEIRE e Ae s el adzeld. Bo Ao R, =
3a -1 A 1 WiflR qlejA o ARE A% dolEe] snEaRE YERd wRielal,  3be A# 0 W
A9 WR AgEe] -1 WA 1 W AarshE delHor Add 59 deolHe saRafs JEd =
Wolal, & 3cw= & 3boll oA o]itshrt A g ofF e on AW A5y deolHe siEas e
W mwolrt. 7] el AlEl 9o, £=0.1, §=0 1 eEeRAL ZIHe] A& ik gt
% 3aw Fastd, 71E SEEAQh Il mE F8 g A B el s EAISA o wel H
of AXF == A 2L ¢ At Hop AR, MFY dolE ek oA olits} VS HAES] 9]
al, & AlEEelAAA f-2l= 0014 9 Afele] 100719 WE AeES AT ol ~1elA 179 WelR At}
of W ORB FE gleel wAsglth. v, A gkt
2l

o
=
o
)
oL
do
=
o

A5,

_T__
W,ow wEy dolels, A2 vl ghat fARbAl, Aol Folzl deleldl EAsA

vk, = 3bS Fas) ,

RS G0 g Adok. wEA, = 3cE FastH, F7HEQ S-AHE ojitsrt 4849 A9, EE WHFH do

E7F 44 dloly B9 el EAlske Aol 2AgEE g1 4 vk

[HA] dolE& A28t AZ (Validation using real-world data)l

B AZ%S e, 8= elCU Collaborative Research Database® #&3}th. 3k, G438 Holg e H A

H XMSE) S WY dlolE o QEF H]|& (misclassification rates)S AF&3sle] A dolg <} wdd o
O

4oz, 3 )
73 doleEe] YUE @ L doly w JE] AZ vehd 1ol
% 4aF Aue, A% delHe g 7 BAom s eltle A%d wlolHel NSEF thde A S
k. g Eol, plish BRHE AT e ANE el FAAT, Aukst TEFE FUATE ol 7
= Ag A 5 v

T 4bE sk, HFY dolEd o, A%, 3], FA AHl= 0 e 10]3l 7]3] 45 (chance level )
0.50]t}. =2 014 47b%], 1ol ®9l& 044 574, 283 EHE 094 6744 B9 E 71 & k. o2t

R, ES ek A2 AF eRFEO Aot 4SS FAT & A,

e7F S7kskd A&g HolE B WFY volHM = ad gre] o g
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= 2, R o izt g2 717 g Ed ko] BF ASEE velbd g zolth. k& 59
o, T4 FAF2 B9 (centralized model)e] 452 341 (dashed lines) o & EA| AT},

AL ghol e dlolE ES AEel ] A, L elCU deolE A= AYES o
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[€)
diele A4 42 (600)= dlole Hle]2 (610) R ZEAA (62008 £33 + ATt
ojwf, wlolE wlo|2 (610)= it HlolHRWF ofue; &3t 9 dlolH A4 el wel 44w daE
(s AL 3 wleld, A2 ¢4 dolg, A &4 "oy §)& L 5 vk oo, ZTRAM (6200= &
7] dlolEl o]~ (610)9F dZAH ] F=dt A HolH Y WHe Fds=s AA4E & v

Fhqos, ¥ agel wE PFE Zoade, ARG AFsel, A FES T4 deolw 44 Pue A

7
17171 fske] HFH d57bs Z1FviAlCd A= = A

Aed 28 AFE/ ZEaAS o] o Zzadow THYE Ay MHES APA7]7] Yte], A
7l HAFE Y Z2ZAHACPUZE 7] AFEY FA <dEdo]~E Bl 48 & A& C, G+, JAVA, 7]A0] 59
AFH dole Z=sld F=(Code) & EFE o+ Ut )23 Z=e 7] HHES A5t BT 7sES
Aok g4 53 dHEE 71542A ZE=(Functional Code)E XEEE 4= 9la1, 7] 71TES A7 HFHY =
AT 2] AR APA7|ed das A8 dx 3™ Aol Z=E 23T ¢ Uk, Hgh, olejg =
TE A7 7IsES A7) AFES ZEAATE AGA7IEd 2ad 7 ARy wtort 4] AFHY Ui
T 9w ol X (F4& WHA)olA FxEojof st=Xe g wEe Fxdd Z=E ¥ 2IE F
ATk, T3, A7) AFE Z2AAMTF A7) 71T ES A7 5k 94 [Remote)ol U= AW EE thE 7
FHU AH 53 g4le] a3 A5, Z=E 7] AFHY §4A EES ol&std dAd e ofue tE
AFEY AW T3 oJEA FAlEor st=A, T4 Al oWE FEU HTjolE FEAS ok Al Foll ek F
A3 258 9 238 Ao

o 2l GAES st=dol2 Ay FEHAY, =9l
o3 Hre AZEY HER FHIAY, EE o5 AT i FdE F vk, AZEY BRES
RAM(Random  Access  Memory), ROM(Read  Only  Memory), EPROM(Erasable  Programmable  ROM),
EEPROM(Electrically Erasable Programmable ROM), Z@|A] wXg|(Flash Memory), 3l= tlxz, &g
tl~=, (D-ROM, Hv & o] Fate 7| EoklA 2 4uzl o9 e FAFH dA57bs 715 ujA ol

7Y 5=

o T

o, AP =W FEE sho] ¥ wdo Mo AusgAN, B wge] i sleRere] 4 s)%
A 2wyl 1 1% Abgelt BEH 54S wAsA ¥uA the pAHe Fez A" S Joks
g olald # As Aok, agER, ool 7ed HAdES BT WA dAH Ao, AgHH o]
ohdl Roz olsfsjobet g}

Fso Hy

400 : FHd dold A A
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- Random Forest
Logistic Regression
K Nearest Neighbor
Kernel SVM
Naive Bayes
- Decision Tree
Logistic Regression(original)
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Kernel SVM(original)
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