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% L. Intreduction and Motivation a ‘The 181 presudential election m South Kovea in 2012, whach was a close election wilh 5%
n - and el vty bave eh 48 verses 48% for the top didases, woed the op prodaciag "
28 emors through protilems with softwase, hardwase and procedures [1.14). 49 total votes) and unclassified balloes (4% of fotal votes). Focusing on the top two candidates
L 50 {Bereafler), we nolord 8 betwers-candidate relative wegmality @ the o o, Canddate 1
% 51 from the mcumbent party wom (he vote counts among the clasufied votes i 161 dutncts (64%)
Lo 52 andwon the unchisified vote counts in 208 districts (83%).
n
5 We consgared vobe ratics in each districts using a relative ratio K. defined in section 1.2,
® 4 Iomitively. if valid ballots have an eqnal chisce of being unclassified by the op-scan connters
“ 55 regandless of candidates, the K-vaboe shoukd be chose 10 1. It turned out however that the K-value
* 56 wan lger than coe m 249 dustscts (99.2%), and (bos canddate | slways obtamned relatively
» 57 higher vobes than candidate I fom proup. This appareat fvor
L 58 linthe i £ this shady s this for
* 55 candidwe | d even in electonal diserices where candidate otes than
. Election C r—— _— 6 candidwe 1 amoeg e classified. One of the srudy prrposes is 1o explais the shoerved didfe
40 in South Kovea has used the op-scan counters for marked paper ballots since 2002 [3,10]. The 51 Etow ool ol et vt v
4 epaean e rp— e geoeps elassified T & We wet e (e wtuddy by Farst, £ the clacuafisd
42 exndidate by e ) (unsered fiast by the op-seanners bem sored L a=d acal enp and vaniamce of e propoed
a3 b v —— — 64 relative ratio K (Section 2). Second. 4 dy ca the 18th ial
W ete. [11]). P for vote countimg. 1 18 65 aed compare the e sty with fwo previous ebections in 2007 and 2002, We then examine
- - ; R _— _— - & K of all distructs, comabruct Eon the sppasent =d
35 proper operatices. 7 amalyze the mupact of the model parametes (K) on wming the election (Section 3) Thud, we do
- —— P— the practical
& process of paper ballet counsing by both op-scan d cousting officials ad
IR Page 3|18
™ awntematic op scan buas (Section 4). We. discwss woace of undetectable masdistnbutions by the
71 opowan counters. and segpes! some bus preyenbon methods (Section 5). Fusally. we conclude
71 with warmings on the op-acan connters in elections
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n 83 the 2012 election, which mdicates 90% of them could be sorted back 1o candsdates by cousting
n 54 officials Also. while misdi inthe b stage 2,
N % PR AP enT TV A — d in this voring system.
n "%

i 2. Theoretical Distributions of the Classified and Unclassified Ballot: o

s 1.1 Voees : elansified verms 98

™ »

” 100

™ Accondimg to the NEC, the ballot sorting 100

™ process stages [11]. In stae 1, the op Gt sovt each 02

80 paper ballot o four categovies: candidates 1, 2 and others, and unclassified which are denoted 108

81 byPL ML QL and U, respectively, where Q1 repeesents votes for the otber candidates outside 104

B2 of the top two. Wihen the op-scan counters operate property. only imvalid ballots ase expected 8o 05

B besent Hewever of il pers work mnproperly, classfied oo 06

7] ol with (Fugeme 7). A the opoacan counters. w07

] e exror-free fox , thew bappen when ey cperate 108

w byap algoritkan as well 109

& I stage 2, the second sorting process is conducted by the counting officials, sorting cut the 10

& unclassified ballots mammally into fiur cmtegories: candidates 1, 2 and others, and invalid, which m

89 e denoted by P2, M2, Q2. and U2, sespectively (Figare 2). These notations will be used in n2

0 later sections. us

9 diffes , s oot all 114

52 umelassified balloes ase invalid. In fact. abown 10% of the unclassified nemed out 12 be imvalid in 1ns

EETEL] Page 5119
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A& : “A Master Plan 1.5 Using Optical Scan Counters: An Analysis of the 2012 Presidential Election Data in South Korea” In Event:
Poster Session: Methods for Studying Comparative Politics (http://www.mpsanet.org/)
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=
ol M2 BRES DEREY P42 HD & 9k
K = Ky/Ke = (P2/M2)/(P1/M1)

nERE0] EQEle] 9F SAE, Z FREFI] o 23] 20) P2, M22 EREQY SEA
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BRE 352 Fopof 5k, o]E Pr(Up)=Pr(Uy) ola} Z 4 olth. F3 & ZHo| 2ERE 747}
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ok

P1 ~ B(P, 1-1), 97]ol|A] B& O|ZEE, &E r = Pr(Up).
P2 ~ B(P, 1)

M1 ~ B(M, 1-r), 97]o|A r = Pr(Uy) = Pr(Up).

M2 ~ B(M, )
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- 16 & PL-B{P. 1), where B represents a binousial distribusion with a probability £ = Pr(L).
= W s P2B@r
= B e Mi-BA L), where o= Pr(UnsipePrUs).
% 18 . MI-BOM1)
v

120 iskoownthatif X ~Bap) E[prz] = 14" - At)de . where 0 < p < L. E vepoeseats
5 114 preposed messure (K) of berween-eandidute relacive inequaliy

121 expectation, nd 7, (£) is the probatality peoesating fmcticn. We s have
» Fi k Ke Ryssd K rabon, wheve Ko o8 ratso of the two

L] = o) "de = eg = 1= 2] n - ®

100 et e Vot cotts (o ralis), camaldeti Lcidadate 2, S e chiss e, Ky i o Elra] = £ ot pt)"de = TT0 wheeq = 1) (2] 1 v 60, then

100 thar from the unclassified, and K is the relstive ratio of the two ratios. Thiss K is  function of the 1 Oas0<q<) TmsEf]= “_‘m = .'. an— o

102 classified and voclassified: . o
124 Also for large X, wesee E[-1] = z[;].-.;.
m KK Ko = (F2MINFLML),
15 Apphyang to the 188 presadential ebection i 2012, we have
14 usmng the potations s Funae I
126 e[-"J:n‘ -u[:d:;rkhvnnnm

105 We new focus o valid ballots suky i , which =
106 the opescan counters such s P2 and M2 m Fuguse 2 As long a3 the papes ballot s dessgaed fasly s didate 1% + L dedare 2's,
2 L.
w7 showm m Fi 1. thove valsd ballot at ramdom., regardless = S sl = BIEE.ML) . p[EE] . B
a5 shown w Fupse W s 128 E[K] :i.,Jﬂ ‘.:::I EE-R=eE]- [

108 of candidate. We propose the relative ratio K as & messure of between-candidate relative
129 As Pand M are constagts, we get

1 m——" it = o I O L ey A 1 Ee
10 220 Theoretieal expeetation of K: E[K]=1

ur 17 valid ballots me umclavafied at random. which o fasr the probalbality of candadate 1 or 2's m
3 ] efR) =St

112 valsd vote to be sent £ the unclassified should be the same noted Pr(Us)= Pr(Ung). Let PoPl + ' = e
13 P2and M=MI + M2, where Pand M 0 ooes of the. 133 Therefore E[K] = 1
114 rwo candidases, respectively, Since each valid vote will be either classified or unclasified 134 Neae that E[K] = 1 fox any desriet o s sare ef veters) 1 larpe ik 1o
115 wdependently, we know FL P M1 and M2 all follow banousal destribstions as follows. 135 e the symplotc approsch orm (b hbrorrtical

ctl1 Page 6118
136 vahee el wtematc b of each candidate.
157 and offers a meavaae of bety miequall il 1o the

158 ballots Neghigible difference implies negligble biss. Othernise, oo cas raise 8 resscnsble

139 doull cn the sz
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2.2.2 M7 37|of| o2 AMHE R Ko| HAt

oz E[;}% ojgis Xeb 1HTE 2 A4 e tisiN Y 4 glou

(X+1)
&\l x

Cribari-Neto 5{3]°] xwa theat e 2 e ALY 4 9k
PI ~ B(P, 1), M2 ~ B(M, 0|32, 9| HoJq c}g2 @& 4 gk,
1

X7} 2B3) 2 W, g ] a_i_(a*l_a—kl)f’(a—i-l) 1

1 1 1 1 1
E[ (p1)2]; (P(1—1))? (H P<1—r>*%)’ E[ R~ (MT)Q( +M’%)'
Rrek yeb 77h =Rt 2Ahe theat T
Var(Y)= E[ V?]- B[ Y]?,
Var(YZ) = Var(Y) Var(2) + Var(Y)E[Z]* +
¢l Aol JiSEE KE tisH oiZak 22 2ARE €S
(P+M)r(1—r)+1
PM(r(1—r))? = PM1-—
ok ofL]2t AAFIM 7 $HO| SR (EE AATY R)9 JFE Wt F FHSESY
A2 AL ARSE FoRAH, ol AdAFe] R7t ARSE Kol ZIthgiol Sstor &
ojgich. o JtisEEQ E42 FALFVIE AHote BE Beol A8E & Slth

= 0T o’ Tr

Var(K) =

10 Mo

2.2.3 HoiEEE K| HiAd AX(Lognormal test)

271 FhERES] Fdn 242 ERIolgict. o] HoMs JUSHE Ko HEEEE AEY
ojd BMg Ed olstuat gttt ATHSESO] P4 F4olnz, ZIHFEIO| HYst=rE 7
Esfqict. £ R Kglo] 2O REE TEC } Log(K)3tE Bigez #EE Kgtat oj24 7]

= K9

gol Aolg AT 4 Gt WATY HUSER ko FFS 1, BAE vl o, 2233

log (i) ~ N, 20914 ;== Slog(1+ V), 5, =log(1+ V)oIeh. Pl v7h 345] e

A9 log(1+ V) = VOIRZ, 4= ¥, ¥, = VoIth olg 28siol ATiSES Ko T AZ
dold 227t 223FRES Tt st

AEHoIM ARE (1) AARE 371 1,00087E 100,00087H] 100084 37}, (2) 1 T2
Aol SEEL 0288 0871 014 371, (3) UIEESS 0.0288 015712 0014 Z7RHA| 4
goigich. 91 Al 7R 2702 2% 5.00081] ABARIS Aegstel, 2 MBIl log(K)l
ol Shapiro-Wilk[13]e] 74 ZHE+Ig sigich. 1 A3 4A7e) 3717 10,0009 of, 1
SHat EEG 0.3 oAl mE28o| 0.03 oAl o A|EEgo] 2IMIETE wj2t 7oz i}
Efsit. ol 27lo] WEEjR] ¢S Aol Fisherd] HABBAYEIS Bo £ FuZ 2R5H

o i =)

) :
2 W YT 4% 9ok
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23 : Shapiro-Wilk &7 HA)

TE= F4Eolnh o] ARelM ARIMEL HEo] FFEXE whErth: Ao, A4 AFL o
Aot 7ol og)x|=d|, o] AtollA AREARF WZHe 0.99628, pZf 0.802350|22 FEo| A
TEEE u2ch:s RS 7|1Zs1] offch Thek pghol 0.05 mjTtolbH AlR]4E 95000
#Eo| RIS mErh: AFIMEE 714 & 912 Aotk

— Expected Normal
25

20

No. of obs.

AT P R T
318 416 3.
Ln(goss beta)

&
.
&
o
=4
5

Figure B-3. Test of log normality for Arco gross beta.

Zt&: http://www.gsseser.com/annuals/2003/AppendixB.htm
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M B¢ BEEE pe o 0.0170
SEE0| ZE ¥E0| 1.7%z}= 2Jnjojm,

ST & g,

1T

£RE DERE A

24 51 9 60
TH? 48 1 49
A 99 10 109




AEL A3]E o= 7€

WWW.5a€sayo1.0rg

(22

D QTSRS Kol 24t 2 HE)

140 223 Varianee of K depending on elecroral dismrier size

141 1n general elnsed. form mp:[w’“_]m- x
142 andnesestent a>1, ot asympeotic sesults are avedlabile, Cribasi Meto et al. [3] suggested an
W3 appreximation:

ot ![unln-] = ![;xlr] =(np)™ 4 (':; .il)rrr‘:-;l i foe g X

145 Since PL~B(P, 1r) and M2 ~ B(M, 1), we get

.
ol Eoml S pamr Lt
5 L s
w bl e 43
145 For rwo independent varishles ¥ and 7. we bave
us Vae() = E[YENYT 2
0 Var(YZ) = Var(YVariZ) VarDELZFVast DEYT,
151 whee Vin(¥) o the vmassce of ¥ Applymng the shove o the K, we gl mvpsgilotelly
e 0
n2 Al e

153 whch depends ou not el the probabulty 1 bl aluo candudates” recenved voles counts of e

154 electonal dustict (on electonal distinct size) Thus the vanance of K will be snaller Gon lager

155 electoral districts, which means the observed Koovaos should be closer o its ioe This

age 7119

3. AtE|lEA1: 201243 18CH CHEE3AIA

FHL| A 2}o]

HZ H)nsiEH 180 thAADoA Hojz]=
SHH|(Ke vs K)ol F38H zjo)7} Qlrt. 7]zl

287} ubgsiolct, BE2H0|A Al = THO| EXLijol=

HoA= 18.1%(54.7% vs 36.6%)2] E=235t z}o]

202 K

3.1 E2Het o|&
u2go} njEs
gol4e FEAR
110,0000] EHE &}o], 3.3%2] nj&

0.1%(49.9% vs 49.8%)=2 DjL 2iQfoL} njE=
2 Kc=1.00, Ky=1.49, K=1.49, Log(K)
F51 0.0340]22 o] HAT| Kzt 1.49=

g Holx g,
o EZWAL

prepenty ot E can be spplied 1o

Sous where the op-scam conaters are
156 a5 primary cousting tocs.

223 Lognesmal Trat for K

Woe that K ha knowm i probahitity distribmtion Ta test
bermeen-candidae relutive inequality i the : which i
associatian, a sismlation stody can be used to Bt a p i¢ distribution. Since K is always

petifive, mwe considersd a kgnsemal distribution for the . In other words. it i a testing if an
chrerved Kovalue is not differen from its expecmiion based on a nomal distribaticn for lop(K)
imstead of K. For the - electoral disesice, K, has mens 1 sed vasinsce ), and thns
gt Nl ). where w = —2log(1 + 1) mud £ = logl1 + ¥;). For sumll ¥y, g = —2¥;
and &y = W, sace lagl1 4 Vi) % ¥, Thas can be applied fox the st as long s the lognoral
distrbution 15 a propes §it 1o K.

For the ssmilaten dsa wese peocmied based on squal mie oF heng uaclssified for oo
candidates by thres factors: (1) size of electieal district fram 1,000 5 100,000 by 1000: (2)

camdbate 1's recenved vote sabe Sou 0.2 to 0.5 by 011, (3) rate of the unclasslied groep Gom

002 o 005 by 0.0 Theye were 3,000 for each 2] Wilk [13]
mormabity sest w apgilied 10 leg(). The results indsente lognormabiry of K of the sspe of

electoral district = 10,000, candidate 15 received vote rate = 0.3, and the rate of the unclassified

o = 003, If it ot satisfied, Fisher's e vite

ot duectly.

=0.400|c}. 2.2.2%oj|A 83t
p=—0.0005, ¥=0.034% 23

ZE 7P o o U] o $XJolch(p-value < 10777,

[925 : p-value < 1077)

K7} 1=—0.0005, £ =0.034% 2IXFETE wr2chd, Kol 1.49Y &50]

oTT
0.0000000001%EC} 2ichs ojnjojct, A

237} ozt 22 ofnlgict.

2A3)e HEYHOR ofANL. E 1
FARZE £ Arld), o
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156 17

7 180

158 181

158 18

180 183

51 14 Some Bratizes of the 15% precdential election cetoomes usemad ussiusl when we comparsd
82 188 i between the fwo groups. A i featuze wan differences
163 186 im the two ratios b the two groups (K vs Kei). A pood examy found in electoeal
154 187 destrict Gusi in Gyeongg, which had a tosal of about 110,000 votes with rate of the voclsified
165 188 3 3% While the top rwe eandidates had a very seall difference of 0 1%p from the clasified

189 (89.9% va £9.5%), ey showed & quibe spnsficant &fference of 15 1% (35, 7% va. 36.6%)

1% fom the mclanufied, ve. KO=1.00, KUv=1.49 and K=1.49, equivalent to log(K=0.40. Applyag

192 thus the cbuerved K-value o 1.49 (o og(K) = 0.40) free thes electoral disersct 15 exmemely

- 193 uslikely froos » bopnornal distribution with meas —0.0005 and SD 0,038 (pvalue < 10,
m 154
m

195
m

186
m

w7
ms

198
e

195
177 3 A Case Study: Analysis of the 18% Presidential Election in 2012 .
178 31 Observed differences berween clasrified and unclassified balloes

3.2 2|2 chAlold ATHHSE ol

E 12 ) AdA7oINe § QFERE U 0EREZ Xolg uehdch 3 AATAN 6tk
917l e Kok KB HlmeART, Kghe ol2d Ikl 1o] tH1.02 ¥ 1.04). oS &
o, GHATAN A9l £ FRE BRECIN 27 36.3%, 56.5%, DIRREOIN 217 33.7%, 50.3%
£ SESGH. YAATIME EREAN 247 16.9%, 59.6%, BIRFEOIM 27 17.5%, 59.4%E
=5 L

Hiof] 18t 22 37 AATolN 1ETE 2 KgH(1.35-1.44)F Eoln Qict. 18t oA
9] & 2517 QAT FHSEE(K)2 0.97~2.170|0, FF2 1.480]c}.
E 1. 2002, 2007, 2012clAdollA 37 Aol HEZD

Voting results for three specific districts from three presidential elections in 2002,

2007, 2012
Votes from the classified |Votes from the unclassified
(sorted by counting
(sorted by op-scanners) officials)
candidate 1 | candidate 2 | candidate 1 | candidate 2
Election year and district K=K
v (PP (M) (P,)" (M,)° ol

16 in 2002, district G 36.3% 56.5% 33.7% 50.3% 1.04
17 in 2007, district N 23.1% 47.7% 25.1% 50.7% 1.02
district Y 16.9% 59.6% 17.5% 59.4% 1.04
18" in 2012, district G 40.2% 59.4% 39.9% 43.7% 1.35
district N 46.3% 53.3% 45.0% 36.0% 1.44
district Y 51.9% 47.8% 54.4% 36.6% 1.37

p= (votes for candidate 1/total votes); M= (votes for candidate 2/total votes) from classified
bP,= (candidate 1/total votes); M= (candidate 2/total votes) from unclassified; K, = P, /M,

A}& : “A Master Plan 1.5 Using Optical Scan Counters: An Analysis of the 2012 Presidential Election Data in South Korea” In Event:
Poster Session: Methods for Studying Comparative Politics (http://www.mpsanet.org/)
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Table | shows differences berwesn the rwa groups for the thres specisic dissricrs. The
thre districts in the 16% and 17% elections showed comparable Kz and Ku . and thus the K-
valnes were close to the theoretical expectation 1 (102 and 1.04). For example. district G

shiowed the two candidates earmed (36 3% vi. 36 %) and (33 7% va. 30.3%) Sou the claified

ively. Sinailarty, ¥ shonwed comparable results from the.
classified (16.9% vi. 59.6%) and uoclasified (17.5% va. 39.4%).

I conmast. the voting owscomes from the 1 5% election comesponding to the thee specific
diswriets showed the I vaboes larger thag 1 (1.35-1.44). From all 251 electoral disteicts of the
15% electicn the relative miio (K) overal] rnped froen .97 1o 2 17 with mean 1 48 (see Table

5 B B 8 ¥ B BB BB

AL}

154 1.2 Observed differences between three recent presidential elections

age 9119 Page 10119

3.3 HIay
RUSES KE B/t SYH02 sl pE HA7C] HESHEE O Zoleh, ole] oot
o, o] 7oL 18th thde] BE AATO] et HIAWSES Kol M= chEgk,

3.3.1 18cf cHid 2517 A7 +of| chgh H3/dei=sRs

K=Ku/KCIB2, A Ky=P2/M22} Kc=P1/M1 Ao]o] A4S HESIFLE K& xZ, K& y=9
Sof 2517 70 AIES Jeld 13 33 2L, cblold BORE A7t HIAYSEE
K@ o,

I} AT K] B2, 393, QEAVIERRS 2% 148, 147, 145]02 HEEe g
4 9EHaT 3). WA Kl AL 150ITh ojg 4402 EHE chgat o] 2eR) £ 4
oJc}. (=56l

P2/M2=1.5*(P1/M1) (1

-~
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D3l 3, MY K=15 (MyeF2y. R*=0.98)

National Model: K=1.5 (Linear Regression with R?=0.98)

Observed versus Expected values of K

'(! - -
W -
L o -
g _ -
B
:"E'
§ ©
[%]
=
2 T o
% = (Ohserved
S o - = Expected
o
o -
T T I T T [ 1
0 2 4 B 8 10 12
P1/M1 (from classified votes)
distribution of K distribution of log(K)
= 8 = —
O _ - .
uwy [ —
o g 8 T
= § = .
£ d = I
el ' - ;
[+H] (1]
I 8 k [ i
o _|
o i o i
o - - o -
I T T T T T 1 T T T T 1
10 12 14 16 1.8 20 22 0.0 0.2 0.4 0.6 0.8
K log(K)

212 : “A Master Plan 1.5 Using Optical Scan Counters: An Analysis of the 2012 Presidential Election Data in South Korea” In Event:
Poster Session: Methods for Studying Comparative Politics (http://www.mpsanet.org/)
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201 22 [ Figure 3 here]
W02 ur The mean, media and 1gined pe of the 251 K-values were 145,
208 338 147,204 145 respectively, indicuting the K symmetric (Figure 3). Thms the estimate of Kt s
4 29 1% s equation. the sational model 15 sumplified as follows.
205 30 F2OMI= 15° (PLAMI). [
206 m
207 2
208 ™
S 4
0 238
11 236
1 37
13 238
14 EE)
28 280
6 a1
nr
B 33 A National Model 242
s K has been developed for i districts, which couat votes

200 independently at different locaticns. We are alio isterssted in a natioeal relative ratio Kyt over all
221 electoral dismrices is the 18% election.

22 331 Naromal K value for all 221 Eleesoral Divrrices of the 158 Elecrion
m Sance K=K Ke, we firet myvesisgated the relstondup bebaeen KU=P2MT md KesPLMI W

14 Fagure 3 sbows K (y-ana) versss Ko (x-anm) for all 251 distructs, wheve (e slope usdicates the w

2y patwnal relative ratio, K (see Appendix Table Al for Se relative ratios).

(2476 : M2 cigt Mele] BAQl o557)

39 304 € & %o AIFRY P2/M2=1.5*(P1/M1)2 ZBALRY)7E 98%c] BT Hz=2
49o] &t 3 of BYS A8SY BREOINo SEXOR nlBREINY SEX|S A
o sk &% 4 9lck. 2] olo] ot Aasle] FANFH(2017.4.19; hitp://nec.gokr)

theat 2t

Besi) e JJER Qste] pjEs XelE BEAQ YL o] Mt Siont o] 28 2@
242 AT S A4 Aled i AME BW Ldze] B ATNd@ue)e njEEee
50 X2 HdZo] mre AR 2% FHM MU} 188 T &A LjERtea) ol
w320] EE0l DlE2ER Nelgt vigo] Ydnct of rie 2 onjd

% A%l 0124 A7EAS W 20 ol FWol4 eoch ool Xixlshe Elgo] HAGIA%)] WA

(20.5%) Hrct 1.98) =2,

A hHOIA W43AKes, MeC, sB9) 2FEA 2o w38 o] EESS 20tk
= 33.7%, 30t = 33.1%91 HHH 50thollAe 62.5%, 60t OJAflME 72.3%=2 LR} 50th o]
¥ dRzolq W28 Suxe] EES] EYTHE AMIS HAT & 9, o2 Bo kY2
of EEAP} o Wo| njEE NelHlsle Zolehs AV njERE EEXOIY u3d Fuxjel 4

HSEgo] Y £5Y FEAMEL o B e 24 gorts A2 2 4 9

2 T

e
dlo

¥ U3 ARigel £ Surje] SE0l DEEEIN olls AL TR AT SUshy Liehd,

ok, “1) oj2Al5e] B ATl njEREs BLHCIE 447t Beh. 2) oj245o] |
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W 3222 AXsHs Hgo] £] 2ol Ys] BEREN o Hol SEsICis Holck,
9] ool QI JUSeA SeNT, weF JYo 13 3] WIDYHY EFEINY SEA

o2 DEREINY SEX|Z 3T 4 Y= BH] Aol BA UL 4 gt Huslel o

B2 DYNoR EUSH i 2L ol

P2/M2=a*QIQ1H]|&+b

AN hS 52 HFALS HGE PIMI o] =AU7HIS Yo W 33E

02 Qo FFsAe Yob Helt g3t ‘o S| Gl AEZUS Yol

W79 ABZUES vlgoR MUY T PYM=a"=AATHS(E0H] ol)+b

o cheat 2o oEtie Bue] AREe 0027(27%)0) B, Ydsl 20012 23

2] $IFBE 051300t Tk, ol o] Bl a7t 09 BEo| 51.3%0] Feche onjolct,

o]

o] W42 gt Zo| Zelgirts A Muolh. Anlgle S yEH(b)o] 15343k 0.021)2
2REQIcts 29, SpehA QI THIS I Agio] PYM2E 152 1gslo] ks Zolck.
Z 4 14 uAP} 28 Suale] H DERECN 158 SESHL ke ol koI7et
Bt
29 33

ZHES AT

Che At Al 0.165
244+ (R-sq) 0.027
2HE 2HAe -0,034
BZ eaf 0.895
rd 4 18,000
it
AR A AHE BE F & e il
=gl 1 0,358 0,358 0,447 0513
ey 16 12.808 0.801
A 17 13,166

A HF 25 t BAHF P-Zt SH2| 950  AF%| 95% ©H2l 95.0% AF2l 95.0%
Y EH 1.534 0.600 2557 0.021 0.262 2,805 0.262 2,805
X1 2,001 2994 0.663 0.513 -4 345 B.347 -4 345 B.347

AN 7432 9lgt DB +

A
o
H

NEA 258 SES 0238 SHE (P2/M2)/(P1/M1) | 201243 60A| oA
813 (P2) * A SERK) | olpeig
NS HET 86,412 93,598 2,243 1,631 149 0.162
BA 27 95,025 58,837 2,530 1,040 151 0.191
7| ZEA| 77,673 91,361 2,738 2,294 140 0.156
77| ZFA| 83,057 70,336 3319 1,894 148 0.123
7| opz 160,389 152,755 5,932 3,834 147 0.112
7| AAT 61,075 70,710 1763 1,329 154 0.138
77| 937 46,948 54,826 1,745 1,323 154 0.126
77| Yoj3 114,382 137,157 3127 2,707 1.39 0.141
7| Bebn 156,328 137,280 4,209 3,014 1.23 0.119
7| 447 58,582 71,075 3,719 3,221 140 0.145

2 HEA 79,489 40,122 2,994 941 1.61 0.156
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7o 147 10,904 5,229 997 431 m 0.208
T YRA 99,485 71,028 2,947 1,380 152 0.185
7 AEA| 26,514 13,053 1,054 295 1.76 0.245
749l A2 27,619 16,323 918 304 176 0213
- s 7,675 4434 369 137 156 0.279
oY Ay 11,151 5,300 382 147 124 0.297
et Aokt 2,479 20,136 236 1,275 1.50 0.380

1) MERAlE get <o S0l 83 Zolt. ey RIS &4 A2 7okt 22 719 © 2ol glg & loH, W RS Wbkl: Zsigich

2) 60| ol QlHlg2 20124 AYPE FRISEYT 7RIt

B2, 9 RS HFOZ PYM=a"PIMI+D'S 2oHA the] Iat ek 187 HAT
o Yoigols AALIE 08760 DL Aotk ¢ AR MY ASES Ke 1.468(p2
0.000)°]c}.

Qo

24
=

o

27 FAHY

oF A 0.936
A 0.876
S F¥AL 0868
HZ 23k 0,320
pas 18

At A

AFE Aww AMe®g  FHl ROSHF
2|7 1 11576 11576 113147 0,000
ey 16 1637 0.102
Gl 17 13213

A  BF LA tFAR  P-Er  Sf% 95% 4P| 95% S9 95.0% 49 95.0%
H 0.010 0.194 0.050 0.961 -0.401 0420  -0.401 0.420
1 1,468 0138 10637 0,000 1175 1,760 1175 1,760

3.3.2 MIACHE Ego| JHE Ao O|x|= <4gF

24 (12 HIFRYo] Tohe AN EREAN w7t SEES Wol Fexlo] Augol 14 Fri}
7t 28 S Ho] Hjg] DjRFHOAM LS vlgR © @2 SEHE olgtid, o 9E2 EAl ¥
oh. AEZu] AIYHSEL] DX P RN

OBE &llasty] ¢slf, L=P1/M1, P2/M2=K*(P1/M1)°]2} &}H, K>1, L>0oJc}. I2H
P2/M2=K*Lo|x, wiztA] P1=L*M1, P2=K*L*M20o|ct. Zhaeh =98 9Jal], 1 THR7} A7 ofA of
Pl At 3elEgith. 1M FRAE 24 Ao Hle) WS SEE sigirid, ok Wkl
(P1+P2)>(M1+M2)dS XotH, w2 19 SEAP7L o)7]= R thgat Zth

(L-1)*M1+(K*L-1)*M2>0 (2)

2R E] oai 1 FHAPL ol §US 2L theat i v
L<1(&, PIKM1 szzmojqs= 28 zmzph o7)O]H,  (K*L-1)*M2>(1-L)*M20]t}. w2y M2>00|B &,
(KL-D>(1-D)*(M1/M2)olch. BEAlS 7k ol7] 9lall, x=M1/M22} &, x= 24 Fuzje] o]

rlo

rlo
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EFEM2)0] theF £REMNQ BlE&E XeTh 290, A (2), & ¥ FEAPL o7 2AS
xek K2 A2Jsta] L>(1+x)/(Kex)2k & 4 Qlth. o] 7o thsiM & o zefstd thZat 2t}

1 SHAO] F2]= xoF Ko w2t ZAHrL. KE d4(K=15)2 T2 x§ We2 Fof K T
£ SAsiEAt 2 $Hztel ERBEOMS SRV} nEFEOMS SEEC 30=2(Z, 180 thio
A MI>M20|E2), x9] 2|AZEe 10]cH(x>1).

33 4ol Hor[Zol(x ol RAME), $A (1)9 HFEYP(x K=1.5)2 DIERE7} 5ol
28 1§ 3EapL o) 7t54E woMl " mEREE 2}54%%7]01] osiA HAPstEZ, K
e YHERZIY AHEEE ARES] Gl Aotk K 2A7E 18 SRAPE AA0A o]7]: Ao
Fe T2 1§ TEAPTL BREOA 2= AYY o Joisk Aot

18tH thAollAf, x= oF 35¢em, LoF 0.99%eB2, 1H FHA7} RREOJA 28 FHj B
A SESIARIRE Dj2FROAM § ol SESI HAoA ol Zott. o K=1.52 dFHel u}
£ 2t Zojn, 18t thAINe] 152k A7 Ave BRI 2jnjojct,

33 4. OEEET (14)/(Kn)o| 27

1.000
0.980
0.960

0.940

{(1+x)/ (K+x)

0.9300

0.880

0.860

0.840 : : : : : : : : :
0.0% 50% 100% 15.0% QO_OJTE_%’L;D% 30.0% 350% 400% 45.0%

% YR Figure 4'Z BBl Blol, P1, M1 A%2 £3, K=1.59 1 M2o] T2 022L{=2.5M2/(25M2MI+P2}E x3, (140)/(k)F ¥
O 2o] JxE 13 Z0UGx YRe| I3} T & 92). DlERS0] TR met (1+x)/(K+x)& YoRlnR, 18 FEAP} o 715/do] &oll.
[%27)

23 43 AmEW, EREAN 18 FEAPE 2% 713 HAACIE(L=098) DIEREZ} 5%
o} WA, K=150]22 HZHoRE 18 FHAP} HAANNE o)A Hef.



AEL A3]E o= 7€

WWW.§a€5ay011.01g

(22 : 18ty HATHSER)

ne 248 Theoaly trivial f ddate | winnmg via thy i is a8 follows: If

ur 249 L1 (ie P1<MI), then (K*L-1)*M2 > (1-L)*M1. Since M2-0, we have

us 250 (K*L-1)5 (1.1)* (MIMD). To simplify this insqualiry, we set 7=M1AM2, where x is  rasio of
b2 ) 31 rwo voles e (1) amd thee {3
20 252 (2) which us the candidate 1’5 winneng condition. becomes a function of x and K such that

m 255 L {1+x)(K+x). This is the intecesting case 10 be discnssed further
0 254 Candidate 1's wising Sepends oa two varisbles, X acd K. even K =1, We fir K= 1.5

m 255 and examine the effect of the model parameser (K=1.5), varying the values of x. Since the votes

4 256 for candidme 2 from the lasger than b . M1-M2 frons the 15%
s 257 elction), e munsmem vane of x 33 1 (x21)
16 258 A Faguee 4, candsdate 1's e st of e

w 250 mclasabed hallots goms up Susce the unclavafied are (o be promated by the op-wan commters,

e 332 Impact of the national model parameter (K) on winning an election 260 the model pmanzeter K valee 1 hsked 0 the op scammen s cperation. The mgpact of the model
ns A medel (1) avpns move votes o candidate | than candsdate 7 m the umelacsfed 261 parameter (K) oo casdidate 1" winsing would be maximized whes candsdase 1 Jost in the
240 proporticually to the classified regandless of whe wins in the classified. we face a critical 262 clasasfied ballon

241 question: what is the impact of the model parameter on the dlection outcome? 263 In the 15% election, x was ohserved chose 10 35 and L=0 99, which indicases candsdare |
M2 To amswer the question, we Jet L=PFL'M] and P2M2I=K*(P1/M1), where K 21 and L ~0. 264 could wmn the election Wiih bess votes from the clasafied (ar least 99% of candudaie 7) but mone
243 Then P2M2=K*L. and thus PI=L*M1 and P2=K*L*M2 For simplificarion without loss of 265 wotes from the unclavafied This could be achueced by vettmg K=1 3 and thus ehacidates the
M4 proeabiy, we take candsdate 13 prosprctve of wimmg e dlechon. I candudate | gets mose 266 1.5 1 the 15* lecta

M5 votes than candedate 2. of clearly moeans that (F1+F2) ~ (M1+M2). and thas we set o candudate 7 | Figure 4 here]

M6 1's wisseng condition a follows:

7 (L1 ML+ L-1y"M24. [x]

4, Al&2fo]A

41 ALi2| 1 @ 9| x| 92 J|AIH Wz}

AZBYoA 24E KE AYE & S, A 7|AH B2k (g > 0)7F 2ARITH, 2.2.2%04
=25 Aol ot 1 SEAj) s P2 ~ B(P, r+p)2 T 2| & 9lom, 24 THA
tiesisE M2 ~ B(M, N2 H2[d & Qlth o7lolq njBRE& 1} 7)AH W} g7F QeI A
AHQl nR28Lo AA MEZATR 72 3.7%% Aolch watM 1+5/re 7 AATOIM et K
A o 1.500F gttt o] AFol|Al= r=0.03, 5=0.01452} £ A[EHo|d 3tgct.

42 AlLfzle 2 ¢ TelHel 2%
theat 2ol Apgeh (1) 1

1 29 SHAE AQG umz] SEat] gt REE RAIYE T
2 AtHAA x4 0.37%). (2) njEFHS] HE(R)Z Al7o] e} chExR 2h2 fFolch(H
o2 EREMERE=96:4). (3) DERES 10%7t FRER2)CIHAZAHoE BE AL
5%). (4) nEFHEON Z|EF $HEO SF EF FAY 4 9l UWE ATHOIEFEY] 1.3%). (5)
BEER7IO] 2oliM nEFER AR 27 B4Es AU A4 w2t HELidd] 28] 375t
A AgRdc (6) £REE X 279 FaE 52 NEH] ol gel=lz] et
(g38]

ERE0] RaEY OE FHAO B} Aole B, MERY Qs LR FE & UEA]

o tHﬁﬂf\i“ =19 27t Qlg & Slth. FAs] AEfldE 7Hs/dE R4St Slch

-

[ % wERE Reld SBAC 85 24902 X Epohy, Epd SEAE Al 89102 BE AE. |
S, gat ‘o 2W'S W BRES YASh Wyl Folut 4Zolglom, wepd 44
of £87] 30I4 3% 71 Aolgls PEE 52 Arl2 Yolslx] 2% Y A3tor k.
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NEZutet FASHY ARttt ol fl8 A & FES(EREIERELRER), THAE SE
F, A4 FR F UERES HES A& M RFEAE oleRo] mEt Y 4+ Slth
10008] HH=ARgst] RE Ad77e] A JHEZutet fARE Ao A28 E23I9ict. A TAH
Ae ZWR71Pt 7H3e REAS ERote WS Foldl 270 gH3o] Alg2old jith. 2R H|=2
7Ol Al (@)t IR E (b)E 12| AR 8o w2t A 8ste] thZat 2ol EREEE St
a) 7 ZEAS REEE 7t THAO| RREQ; DERER FRYCL
b) 7MIFEA FRECW ¥ U 2% THAO] FREe DjgRER EREUCH

23 5. Algaold HakALE(2 2)

Candidate 1
Candidate 2
Others
Invalid

Cand idate Candldale @
1 2

Total Vote Total Vote
Candidate 1 Candidate 2

212 : “A Master Plan 1.5 Using Optical Scan Counters: An Analysis of the 2012 Presidential Election Data in South Korea” In Event:
Poster Session: Methods for Studying Comparative Politics (http://www.mpsanet.org/)
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m 4 4.2 Scenario 3 mtentional sysematic namspulation
w = Assumgtions reaired for scenario? include: (1) The vose case for the other candidates
m 26 exoept for candidanes | a0 2 i very small and segligsble (0.37% of the total voses: (2) The

m T peveentage of the umclaafied (R) w mall, varvmg over dustnct (mabonally, the claafied v

s 208 usclassafied is overall 96:4); (3) The pevcentage of wvahid votes (R2) i 10% of the uaclassafied
e %9 (naticmally and fixed for all 251 districts); (4) The vote rate for the other candidates i the

m 300 is also very small and pegligible (1.3% of ths i (5) Comection of the.
e 301 firve misdiswdbution is properly doae by the couating officials following fiir nales set up by the
m 302 NEC; (§) Corvection of the second misdistribmtion is not done by the counting ofScials

0 03 Thas twe stage Tallet g process i Figae 1 I the st
# 304 stage. vurtual ballots close 1o the actual P

m 3% required heve s total oumber of votes (chassified + unclassfied « wvalid vote) recenved vote
m 306 land2, i L the total votes. The
T 307 vatusd ball ot o 1000 trials, the best will be
15 308 kept wiach s the closest t0 the actual election data over all dastnicts. [n the second stage. the oy
5 508 sout out the virtual ballor the g i

W 310 (Appendix B). Conditioeal Bernoulli (3) and psaltsnomsal (b) distributions are wed with pre-
A 41 Seemario 1: pmeanons] systemane bas 311 assigoed probabilities for this classification as follows:

e A potenial (0), which cam exp model (1), 52 ) 1f'a virrual hallon s fior candidate J. it will be sent io either candidate f or nnelassified, for
290 was setup wsing the Otons in subsection 2.2 2: P2 = B{P. ), whereas M2 ~ BOML 1), Here 3 =12 eq caher

251 asd P are fived, 5o thar the overall unclassification rave is 3.7% as in the real elocticn daea. Inis 4 b} IFa vartual balke i am myvahd vobe, of will be sl b9 candsdates 1, 7 ov emclavufind,

M2 seqmmed 1+ P be sppmommately 1.3 bo obtams Ko witkn e rape of the oues obierved = vach 515 [Figure 5 here]

%1 dutnct We vet =003 and f=0.0145 for thus systematic bias wenano. 316 43 Rewln

cee 1319 ape 14119

4.3, Algefold Zat

AH B2 VR AL 19 32, AR Kol o2 ABHPl e o, tEsE
of vgo] 7 HAPE AR Zuleh ek ek o ALleS AESH: olgt rrgrt gL
3 ele] QFol FALFAS WSk WA SEAPE WAZ HA o] T 2 S SE
fcte 201, 7P Wil WIS & NESI Fofe 100 chiel ZE A2 25k 2
st QEl(E 2), IEFES Hlgo] AATo] wet WA ka1 Fule] oy BYE FYLst
A Steh.Gx AR ABZTINE 7 AP B 2IRFREE 1E)
ool Mlel, S WA ABEolde A4 AMEAWS HIH SAY FME HoZHE 2). AT
lo] 97789 Aopt glonz, NBdeld ZuE AET W 51 AAT 2o SEAuCH:
£22 gmEgit. BE WA7E MY 2w ABdeld Fwt AA FEZNE Mgk 7@

982 < 4 glon, uely WIDPW 2 Ft L2 oA AES 2HY 4 9k

gopl) Boldt oMt @ 4 9k o] Bl Aws 5% Sol2zelN WA 517 AA
97% AA79 ZuE A2 st ol Akele 27t 18T) hold BSHERI7E of
A ASEe 2solen] AU 4Bstn ok ojnlolet,

™

clr

i

R

g1
ZA
S|
=
>

af 44

B 2. 2A| JHEZAet Algold Zdt

Results: Actual vs. Simulated Votes

Votes from the Votes from the
251 Total Total classified unclassified
districts  |number of |unclassifie | candidate | candidate | candidate | candidate |Invalid
combined |votes d votes 1 2 1 2 votes
Actual 29,827,252| 1,111,165 14,782,150 13,828239| 586,632|  397,505| 112,360
Simulated 1 | 29,827,252| 1,229,495 14,683,046| 13,797,770) 685,822  427,442| 112,570
Simulated 2 | 29,827,252| 1,080,700 14,787,440| 13,857,352 594,739)  370,907| 111,117

A2 : “A Master Plan 1.5 Using Optical Scan Counters: An Analysis of the 2012 Presidential Election Data in South Korea” In Event:
Poster Session: Methods for Studying Comparative Politics (http://www.mpsanet.org/)



A2S A3)E o= 979 Q—Saesayon Issue

WWW.S2€5ay0n.0rg ...,UJ” A “ o | O H ﬁ‘“‘ J=ﬂ C

(2 : AlZ2lold 23]
£} Thie first ssmularson g 8 oy 3 providing K
BIR vl dors oot match the ditnct level . "
% datrrfm o that level wonld be cautied
320 in the calibration of the op-sean nnd the bias would p the el The
321 semmulanon eeales hased on the systenane mackene i model do Ble suppent plausbilary = the
337 15 electaon (Tabile 2), mundy becane usclaafied rates vary among devtncts and sxlulat 2 oo
25 umafonm but wmdaes ional b i fvon of camdidate |
a4 In compariscn. the second simulation shows the sinuslated votes are fairly close 1o the actual

s de (Table 2). Consids between large and small

3% electoral dissricss, we evalo " s for each of 251 electon] dissvicts in received

HIT wote sales (%) sty than secevved vole counts {see Appends Table C1 fir all 251 destricts) The
318 cousparable revalts over all dustiscts mply that the sanalation reavonabily reflects the actual votes.
329 and thes can explain a way of model implementation. The simulation reslts hamned ou that 97%
330 of 231 electorn] dustricts showed very £ood predicted vote 1ates wihis 3% of margn of

531 sceeplance {Appeadix Table C7) This sdicates the propoued seemano T can describe  plaussbile
551 way by which the op-scan coumters may have been operated m the 15 presidential election.

EH) [ Table 2 here]

24 ()9 AIBYY 2L W} UL okt PHols ol ZPt g 4 gk of =2
g HE YEE o 4 gtk TeF 2 &
el B8 18 FUmOP HE Sel Y0 2099, 412 RE} S L5 Hawm
/IS #g ol REES GEER AE ol 1 4% HSAeLE, W] sEojq o $u
Ajo] el 9IRS YehalE TS ;E% % 9k,

o] =2 ABAolS 53l WY F o 3% BAL YRRV Sl W HRY HEZ
a7h, mejHol] gk A WAt 29IY eakse) gt o| ofujeh, AR 23 Z203
of ofef welsie AePdol WA rhe Zolch MBS Sof ofzizt HRol oAl

LYY el EOHs Zabt Ugenz, YAEEs2 AR ol AAZUE MRt 5 F

n

o WhEoln WA W3S AX AMEC] FALE/IE AT HAA oL Fofot T oIk,
5.2 Aol Z2734 ElojE Yol of2ig YStERI|o| AR HELE
227l A2Y Z2IRS At FL £oIH olFAE Lol ohinz, Fuel o] Wris

U2 g TRsAol B FREEVIS AMSEl R Hdls 2ot AN AEZA

Ve AR 98 BARRIIS AL ALY ZUA RS BASH Brteop g
52712 AH8F olFols AW 74 Wil & o MY 4 Yk o] £Rol Ak Ay
SES K2 FEAR ATH 2258 Fobg 4 gch Web kglol 10 Al gtk SaE} §

BApER F55A] A DERER ZejSolzitts
ZAZsgljo} 3lct,

P

2 omsty, o2ty AAZME £ o A



Az A3E o= d+4
WWW.5a€sayo1.0rg

(28 : #4nel £2)

Saesayon Issue

M0 calibranon peobleen (seemanc 1) Note that there could be muleple ways for spplymg medel (1)

M1 o the voles , and s wmlation msay b mot umique. The proposed

M2 lat g il the umpact of the model

243 onthe election winner. 1f valid veses for candiduare 2 were sest 1o candsdae | or vice versa, the

344 mmpact of the model (1) upto

B5  more sasly detectable, Shiflmg invabd votes, which dhould be few, would costitute 3 unall

16 hedgng o

" ‘The most importat finding froa the sinvalations is that the op-5040 COURSNS Can generate
‘$erions pai st age b g P algoeithen, than by

M9 J 2 bias oe rasnd ioes. Since

350 the smmulanon took place i the sOTHRg Process by the op-scan comnters, e proposed simmlation

351 deupn can be mbevpreded o 2 wammg for paraly o

352 cowmters m ebectioms with post ebect Gom

w £2 b ifications by op

54 Mast electora] frand or manipulaeions have been conducted koeally [£.9] We elam i this
BE ey I g the op-wcam counters

196 As programmsng the op-scan cousbers can be dome behmd soenes, s process is islikely 1o be
357 found or detecied by the ebiction observers, Whose task is 1o ensare fair votes cousting by all

358 means, In spite of the benefits of using op-scan coussens. a thorough evaluation on whethes o

s hese opsean ook peseatisl rigged vete
80 comntmp
81 Saletiom fon detectimy electson famd have been imppeted by audting 2 well caated

361 paper trail agamst e electrone vevults [14] or suditing a random sauspile of the ballot boxes

Page 16119

363

065

367

[1.04,15] Vesr sbmlation smdies cam serve proorss monuonng. qualiey mprovement framd
detervece, and bolstenng public contidence [14]. Senous enmcrs can g0 undetected if results are
st andised effectively [1.7.14,15)

Statsstcal metiesds can be e effectse o audstig n detection of betw e anddate
selative mequality when the op-scan cousters e used. We proposed a measure, the relative atio

K. 10 detect between-candidate relative inequality. 1f the K-vahue is not chose 1o its expectation |

fox wmy distriet size, it may

cpesean v wnribaed v Aranes and s the become

daputable. demandiny fathen The 1250 K cam be used for both

targeted and extensive post-thectonl auditing sccording 1o bow localized or widespread cbotried
deviations are from a fair ebectoral model. In the 2012 election e 251 Kevalues were around 1.5

emch larger than their expecied value of | across sation. Posensial canses of this remarkable

I b muther o ———— mkncran et
relmed bias. The theee specific eleciornl districrs, of which the K-values close 1o 1 imthe 188 and

17® eiectices beeamse mmch larper than | in the 15% rleetion, seem 10 spport the former rather

tham the Lattes
The Kovase can b Jectaral & for bocal. regicaal. or
eational analysis. We also proposed a d model 3 her thas Jocal

cmlsers. Applvng berh methods, we are able to detect berween.£andane relarve imequalsty i
election 2t local. reposal o natiomal levels.
We provide the post-election data aad sismlation codes as soppleneatal materials

(Appendices A 10 D) to promaote public interest in edection voles counting system. %o have more
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385 extentive data analysis from fellow researchers, and ultimately to reach higher Jevel of public

386 wwareness of imvahuable fair snd securate votes covsting

388 6 Concluvions

- The strength of this study is being able 1o demonstrate a potential serious loophole is
390 wsing the op  which cam be error-fr free. The proposed
3 mneawme of bety | K) made] over all elecioenl
2 At could consnbute (o wecmg '3 fiur votes r

393 wpeoming worldwide elections, where the op-scam costers are o be tsed an (he prismary man
39 tooks for votes counting. Funare development of the measine inchode flarther theoretical

95 and more 10 take iz80 account other potential sources of

£

bias or msdistribution of votes by the op

-1
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