a2 United States Patent

US007516891B2

(10) Patent No.: US 7,516,891 B2

Chaum 45) Date of Patent: *Apr. 14, 2009
(54) BALLOT INTEGRITY SYSTEMS (58) Field of Classification Search ................. 235/386,
235/51, 486, 487; 705/12; 283/103, 106,
(76) Inventor: David Chaum, 14652 Sutton St., 283/5
Sherman Oaks, CA (US) 91403 See application file for complete search history.
(*) Notice: Subject to any disclaimer, the term of this (56) References Cited
patent is extended or adjusted under 35 US. PATENT DOCUMENTS
U.S.C. 154(b) by 0 days. o
2002/0175514 Al* 11/2002 Warther .........ccccovvnnnenn. 283/5
This patent is subject to a terminal dis- 2004/0024635 Al1*  2/2004 McClure et al. ............... 705/12
claimer. 2006/0226221 Al* 10/2006 Langberg ... 235/386
2007/0023514 Al*  2/2007 Morales .......ccccevervnnns 235/386
(21) Appl. No.: 11/519,709 * cited by examiner
(22) Filed: Sep. 11, 2006 Primary Examiner—Edwyn Labaze
(74) Attorney, Agent, or Firm—Clark & Brody
(65) Prior Publication Data
US 2007/0095909 A1 May 3, 2007 67 ABSTRACT
Related U.S. Application Data Disclosed are voting systems based on paper ballots that
L o provide integrity of the election outcome through the novel
(63)  Continuation-in-part of application No. 10/348,547, use of encrypted votes and other techniques. In some example
filed on Jan. 21, 2003, now Pat. No. 7,210,617. embodiments, holes through layers allow voters to see and
(60) Provisional application No. 60/358,109, filed on Feb. mark symbols on lower layers, carbonless coatings allow
20, 2002, provisional application No. 60/412,749, voters to obtain substantially identical marks on facing sur-
filed on Sep. 23, 2002, provisional application No. faces, self-adhesive stickers are removed from one position
60/716,215, filed on Sep. 12, 2005, provisional appli- and placed by voters hiding vote-revealing indicia on a sec-
cation No. 60/740,007, filed on Nov. 28, 2005, provi- ond position, and scratch-off layers bearing vote-revealing
sional application No. 60/740,131, filed on Nov. 28, indicia are destroyed while being removed to expose coded
2005, provisional application No. 60/758,280, filed on information. Simplified cryptography for realizing these sys-
Jan. 12, 2006, provisional application No. 60/788,412, tems is also presented. Related systems allow those with
filed on Mar. 30, 2006, provisional application No. various disabilities to develop and check voted ballot forms
60/834,760, filed on Jul. 31, 2006. that are substantially indistinguishable from those voted by
other voters. Inclusion of write-in votes is provided for. Also
(51) Int.Cl. provided are inclusion of provisional ballots and spoilt ballots
GO6K 17/00 (2006.01) and integration with registration sign-in.
(52) US.CL ...ooervceee. 235/386; 235/51; 235/487,

705/12

23 Claims, 72 Drawing Sheets

Create split ballot data for

Voter chooses
candidates

21

23

choices made by voter

22

Print split ballot data
on split/splittable
form/forms

‘Randomly" select
part of ballot

24

Retain/destroy first
part of ballot form

Print signature on
and/or post second
part of ballot form

Retain/destroy
second part of
ballot form

Print signature on
and/or post first part
of ballot form




US 7,516,891 B2

Sheet 1 of 72

Apr. 14,2009

U.S. Patent

6 b1
31 B1a
o} bid4
pL b4
o} Bid

ql bi4

el Big

ysng

N JapeN

4
lapeN
N alon 19peN
lapeN ysng alon
alon ysng 1apeN
€ [4 L
(1

19peN | 210D € ‘Ysng

19peN @ 2100 @ ‘Us"d @




U.S. Patent Apr. 14,2009

Sheet 2 of 72

US 7,516,891 B2

Voter chooses
candidates

Create split ballot data for
choices made by voter

./

A

y

o/

23
Fig 2

24

Print split ballot data
on split/splittable
form/forms

"Randomly" select
part of ballot

Retain/destroy first
part of ballot form

25a

A

Print signature on
and/or post second
part of ballot form

26a

25b

26b

Y

Retain/destroy
second part of
ballot form

Print signature on
and/or post first part
of ballot form



US 7,516,891 B2

Sheet 3 of 72

Apr. 14,2009

U.S. Patent

an|eA wopuel \ ve
AQ pajoajes

mm/

ued Buipuiq
-uou ubig

|

r\ ainjeubig \

o¢

elep paaibe

/ /

\Nm

elep uo sa.by |«

A 4

10 Jed pa}oa|as uo
ainyeubis Ajuap

aulwie}eqg

€€
\ aN[eA WOopUel
r/ -Ajlenmnuw

_.m/

» BJEp UO 9aiby




US 7,516,891 B2

Sheet 4 of 72

Apr. 14,2009

U.S. Patent

laAlag asisnu|

19AI9S 88)sNni|

Py == g

]

auonoo

(00

L~

N

[ ]

qoananot”
M0

C_]

abpug

=
E=]
==
| —|

[ARENN & BEN]

v B

lajund
ainjeubig

19AJag 831snu|

I S

[

I

L~

YIOM}aN

uoljels Bunop N Wwio4




U.S. Patent

Apr. 14,2009 Sheet S of 72

Cross Name Off
Roster

Review Voted
Ballot

Print Mark-up
Ballot

Coin Toss Event

Mark Ballot

Provide
Authentication

Scan Ballot

Scan Barcode

Print Vote
Summary

Form Tally

Fig. 5

US 7,516,891 B2




US 7,516,891 B2

Sheet 6 of 72

Apr. 14,2009

U.S. Patent

S

e et e - O
NommonmmmmmmmNwmommovwmmmomvoommm¢ o
et ee ot s sttt erene st oA et oe s sersaer st anraeeseenennr s . B
b

D R N R R R e L R R R S P I Y 4esersersesscans

NOUOOMOMNDDIOMMNONNONDIIONONOTODIONOOTOOMWOD® T

2065679937653289032048932084003534

N 0.0 0 1 00 R A O A0 OO 0200 OG0 AR
U000 O ) 0 O 0G0 6 0 YR R e
¢0669.66€£.99€2860¢€20¥86€208Y00€CEGEY

essesevevne

NOWLWWVOMOATOOMNMOUVNONODIONODNOTOINODNODODITOOOWOL® T

NO D OVONMNOODAOOMNMOINONDDONONOTODONOODTOOMWO®MX

Fig 6b

NommONQQmNmmmNwmomNo¢wmmmowvoommmv
C05S9/66€.95€2860€20V86€C08P00ESE P

Fig 6¢ Fig 6e

Fig 6a






U.S. Patent Apr. 14,2009 Sheet 8 of 72 US 7,516,891 B2

- Q000900000000

-~
®

1 Dianne Feinstein; 2 Barbara Boxer; 3 Mike Thompson; 4 Wally Herger;

5 Douglas Ose; 65 7 John T. Doolittle; 8 Robert T. Matsui; 9 Lynn C. Woolsey;
10 George Miller; 11 Nancy Pelosi; 42 Barbara Lee; 13 Ellen O. Tauscher;

14; 15 Richard W. Pombo; 16 Tom Lantos; 17 Fortney Pete Stark;

18 Anna G. Eshoo; 19 Mike Honda; 20 Zoe Lofgren; 21 Sam Farr;

22 Gary A. Condit; 23 George P. Radanovich; 245 25 Calvin M. Dooley;

26 William M. Thomas; 27 Lois Capps; 28 Elton Gallegly; 29 Brad Sherman,;
30 Howard P. "Buck” McKeon; 31 Howard L. Berman; 32; 33 Adam Schiff;
34 David Dreier; 35 Henry A. Waxman; 36 Xavier Becerra; 37 Hilda A. Solis;
38 Lucille Roybal-Allard; 39 Grace Flores Napolitano; 40; 41 Maxine Waters;
42; 43 Jane Harman; 44 Juanita Millender-McDonald; 45 Stephen Horn;

46 Edward R. Royce; 47; 48 Jerry Lewis; 49 Gary G. Miller; 50 Joe Baca;
51 Ken Calvert; 52 Mary Whitaker Bono; 53; 54 Dana Rohrabacher;

55 Loretta Sanchez; 56 Christopher Cox; 57 Darrell Issa; 58 Susan A. Davis;
59 Bob Filner; 605 61 Randy "Duke" Cunningham; 62 Duncan Hunter;

63 Dianne Feinstein; 64 Barbara Boxer; 65 Mike Thompson; 66 Wally Herger;
67 Douglas Ose; 68 John T. Doolittle; 69 Robert T. Matsui; 70 Lynn C. Woolsey;
71; 72 George Miller; 73 Nancy Pelosi; 74 Barbara Lee; 75 Ellen O. Tauscher;
76 Richard W. Pombo; 77 Tom Lantos; 78; 79 Fortney Pete Stark;

80 Anna G. Eshoo; 81 Mike Honda; 82 Zoe Lofgren; 83 Sam Farr;

84 Gary A. Condit; 85; 86 George P. Radanovich; 87 Calvin M. Dooley;

88 William M. Thomas; 89 Lois Capps; 90 Elton Gallegly; 91 Brad Sherman;
92 Howard P. "Buck" McKeon; 93 Howard L. Berman; 94; 95 Adam Schiff;
96 David Dreier; 97 Henry A. Waxman; 98 Xavier Becerra; 99 Hilda A. Solis;
100 Lucille Roybal-Allard; 101 Grace Flores Napolitano; 102 Maxine Waters;
103; 104 Jane Harman; 105 Juanita Millender-McDonald; 106 Stephen Horn;
107 Edward R. Royce; 108 Jerry Lewis; 109 Gary G. Miller; 110 Joe Baca;
1115 112 Ken Calvert; 113 Mary Whitaker Bono; 114 Dana Rohrabacher;
115 Loretta Sanchez; 1163 117 Christopher Cox; 118 Darrell Issa;

119 Yeson "A"; 120 No on "A"; 121 Noon "B"; 122 Yes on "B"



U.S. Patent Apr. 14,2009 Sheet 9 of 72 US 7,516,891 B2

Governor 7; Lieutenant Governor 14; Secretary of State 19; State Controller 24;
State Treasurer 28; Attorney General 35; Insurance Commissioner 42;

Board of Equalization - District 5 48; U.S. Senate $2; U.S. Congress - District 7 60;
State Senate - District 2 71; State Assembly - District 22 78; Supreme Court 85;
Appellate Court - District 3 90; Appellate Court - District 3 - Division 1 95;
Superintendent of Public Instruction 105

gl o~ Il ololol o lodol>laly Tl lolnl [ Z >R

1 Dianne Feinstein; 2 Barbara Boxer; 3 Mike Thompson; 4 Wally Herger;

5 Douglas Ose; 65 7 John T. Doolittle; 8 Robert T. Matsui; 9 Lynn C. Woolsey;
10 George Miller; 11 Nancy Pelosi; 12 Barbara Lee; 13 Ellen O. Tauscher;
14; 15 Richard W. Pombo; 16 Tom Lantos; 17 Fortney Pete Stark;

18 Anna G. Eshoo; 19 Mike Honda; 20 Zoe Lofgren; 21 Sam Farr;

22 Gary A. Condit; 23 George P. Radanovich; 243 28 Calvin M. Dooley;

26 William M. Thomas; 27 Lois Capps; 28 Elton Gallegly; 29 Brad Sherman;
30 Howard P. "Buck" McKeon; 31 Howard L. Berman; 32; 33 Adam Schiff;
34 David Dreier; 35 Henry A. Waxman; 36 Xavier Becerra; 37 Hilda A. Solis;
38 Lucille Roybal-Allard; 39 Grace Flores Napolitano; 40; 41 Maxine Waters;
42; 43 Jane Harman; 44 Juanita Millender-McDonald; 45 Stephen Horn;

46 Edward R. Royce; 47; 48 Jerry Lewis; 49 Gary G. Miller; 50 Joe Baca;
51 Ken Calvert; 52 Mary Whitaker Bono; 53; 54 Dana Rohrabacher;

55 Loretta Sanchez; 56 Christopher Cox; 87 Darrell Issa; 58 Susan A. Davis;
59 Bob Filner; 60; 61 Randy "Duke" Cunningham; 62 Duncan Hunter;

63 Dianne Feinstein; 64 Barbara Boxer; 65 Mike Thompson; 66 Wally Herger;
67 Douglas Ose; 68 John T. Doolittle; 69 Robert T. Matsui; 70 Lynn C. Woolsey;
7135 72 George Miller; 73 Nancy Pelosi; 74 Barbara Lee; 75 Ellen O. Tauscher;
76 Richard W. Pombo; 77 Tom Lantos; 78; 79 Fortney Pete Stark;

80 Anna G. Eshoo; 81 Mike Honda; 82 Zoe Lofgren; 83 Sam Farr;

84 Gary A. Condit; 855 86 George P. Radanovich; 87 Calvin M. Dooley;

88 William M. Thomas; 89 Lois Capps; 90 Elton Gallegly; 91 Brad Sherman;
92 Howard P. "Buck" McKeon; 93 Howard L. Berman; 94; 95 Adam Schiff;
96 David Dreier; 97 Henry A. Waxman; 98 Xavier Becerra; 99 Hilda A. Solis;
100 Lucille Roybal-Allard; 101 Grace Flores Napolitano; 102 Maxine Waters;
103; 104 Jane Harman; 105 Juanita Millender-McDonald; 106 Stephen Horn

Fig. 9



US 7,516,891 B2

Sheet 10 of 72

Apr. 14,2009

U.S. Patent

"8 PUB Y, JO 8UO JSBB] JE Aq PafRaASI 8q [lim JOB) SIY) UBY) ‘PALLIOY A(Jo8.L10D JouU SI 8]0 PaJRIOI BY) |
uoleI0l PapiuiILIoo 8y) snid 810/ S,48J0A 8y} 8G O] PBYSIIGRISE 8q PINOM

810/ pajejol 8Y) UBY) ‘PaYSIiqeISe 8q O] Yjog aiem g, PUe Y, 8SeD Aq Payslqe)ss si jeym J
1S)|nsay

YIys pajuiid ay) 0] sSpuodsa.ios 'SHWWO0D Yjog pue 8j0A payiys 8y} Aq Aj108.4100
HIYS PajiuLIoD ay) jey) saysiiqejs3y pauILLIB}aP SI 8]0A PaJRIOJ U] Jey) SaysIqe)ST

3JOA PaIYS — 9)0A pajejol =
[<uiys> ~ <uonejol> papILIWoI] Jeyl moys

a ‘yus 910N POYIYS
3]OA pajejol 9]OA pa)je}o.l
:g 9se) Iy ased

'BJOA $,18]0A 8} 0] SPUOdSa.LI00 BJOA PAYIYS pue Yiys pajuld ey} usamjaq diysuone|al 8yj Jey} saysijqejsy
:1930A Aq 1aded jo uonosadsul

wIys (830A pajelol =) (930A payiys =)
e, . uoljelol + ajoA UIYS + Sj0A ipajuld
0Ol .m_ E | (D ‘uonejou) e (@ ‘wus) ISUBWIWMWOY) |eljiu]



U.S. Patent Apr. 14,2009

Determine

gsecret values
1111

Commit to
secret values

1112
Y

! Voting )
1113

A

Publish
released ballot
parts
1114

A 4

Prove tally
consistent with
released ballot

parts

1115

Fig. 11a

Sheet 11 of 72 US 7,516,891 B2
Voting
1113 v
Allow voting
by each Voter

1151

Accept votes
from Voter

1152

A

Provide ballot to
Voter for review

1153

1156

Random
choice

A 4 y

Release "A" part
of ballot

Release "B" part
of ballot

Fig. 11b



US 7,516,891 B2

Sheet 12 of 72

Apr. 14,2009

U.S. Patent

Zl "bid ooz — V 1221
mNN—A\aNF _~¢ccl
= - {  { _
/mNN—
(ueos) indur Jasn
8910y)D indino uesn
LECH
geel 7\ \ A
VRN XA
/ N ’ A 4
/ ~<
;] T —— »

SOJOA SMOUY

B Alle1 axep

sjoo.d Spied
101IeQ ﬁ SHWWOD
3 AlleL $1504
elel clel LicH




U.S. Patent Apr. 14,2009 Sheet 13 of 72 US 7,516,891 B2

100122230916131027072009

................................................................................................

ABCDEFGHIJKLMNOPQRSTUVWXYZ -
1220012202201121022001011101
5125985814330279860474616723

Fig. 13a

Q3HCXYZEGRMIGELO

................................................................................................

OFHJXNDU3VCAQSGTISMKRBPLYWZE
ABCDEFGHIJKLMNOPQRSTUVWXYZ -

ONOUISRKYZSJEMFXVDBHC3ATPWGL

Fig. 13b



US 7,516,891 B2

Sheet 14 of 72

Apr. 14,2009

U.S. Patent

\ 1510174 B 0) 4 / X0} 48 /
noyo8yD | » S390I0U0 OB |= > ui %o8y)n
e (R&) 4% /
api "Bid
covi
9lAIS B - 9lliIg »
q| dwaj D qj dws)
H SIkiS B \ LOv 1
qg| dwa| v
GOVl 140174 "
INox28yD S8210U0 de ul X908y
90¥ 1 covi //
epl "Bid



US 7,516,891 B2

Sheet 15 of 72

Apr. 14,2009

U.S. Patent

PaJuN0d P02 Hlep
‘PBIOA BP0D HO8YD

_egs1

10]|eQ UO BP0D %28YyD
‘POIOA BPOJ ¥o8YD

_~ £¢Slt

10]|2g U0 8p0D BN
‘9|A1s pue (| pesy

|~ ¢ES1L

LES T~

9|A1s pue (j Ino puas

(ojur10jleq 199)
:alMosy)
'uUOISSOS ysl|geisd

- ELG1

10/|2Q UO 8p02 BIIM
‘DOJOA BPOD NIep
‘9p09 B9AI9SaY
‘9p09 peay

| zzst

1251 ~_

8p02 Jull4/welbold
‘ap02 9jA1Ig/q| areal)

A

(ojul 10j1eq puasg)
ai buipnjou Jojfeq wio4
‘gl dojana(g
‘obue. o]A1s aAI1908Y
‘UoISSas ysigeis

_z161

A

LEGL~

abue. a|A1s puag
‘UOISSaS Ysiigeisy

agi "big 261 "Bi4

egl "big



US 7,516,891 B2

Sheet 16 of 72

Apr. 14,2009

U.S. Patent

LO9L 291 .m_u_
polL ‘bid AN
108L €09 _I g ._
///Nmm: — //No,n:
109l qol "bi4
L -
89\

\moo_‘

Nomv\

Sm:/ egl "bi4

|

N

//voo_‘

- \
209l
€09 _\



U.S. Patent Apr. 14,2009 Sheet 17 of 72 US 7,516,891 B2

1703a\ 1704ay 1702 A704b 705 1703b
B N Il el [
N[ O
./
\ - - -,
Fig. 17 1701J
1802

1801

Fig. 18



U.S. Patent Apr. 14,2009 Sheet 18 of 72 US 7,516,891 B2

©
S
>
-
' g v
Q Z£965961.S o
- & | \v6sirzess0 a O)
8 N ’\\\é E
Q S
2 3
S ~—1—fvs98.9¢508 /‘_
@ pPEY986.9.8 |
N .n
& o
] 2 =
a
N
[ ] |
L.

\1 901

1902}
Fig. 19a




US 7,516,891 B2

Sheet 19 of 72

Apr. 14,2009

U.S. Patent

801049

Juawdinb3 aoe|d-buljjod 129410




US 7,516,891 B2

Sheet 20 of 72

Apr. 14,2009

U.S. Patent

' N e ~
aoe|d 1910A Aq
Buijjod 104 1day aq o1
jley siyi jleysiyl
1310A Aq 2oe|d
1doy 2q 03 puljjod 10y
| HBY StHL jleysiyl
. J 4
1910A Aq aoe|d
1day aq o1 Huijjod 104
ey syl ey siylL
aoe|d 1210A Aq
Buijjod 10y 1day aq o1
jey syl jey syl

pLZ "Big

ape "bij

( A

’

1210A Aq 1910A Aq
1day 2q o3 1day 2q 01
| jley syl jey syl
aoe|d aoe|d
buijjod uoy| i |Buljjod a0y
HeYSIHL | HeUSIYL
€0 _.N\
coLc loLe
\ [
\m ™ 4
2oe|d 2oe|d g
Buijjod 104 Huijjod 104
jley syl ] _4ed SiylL
1210A Aq 1210A Aq
1day 2q 01 1day 2q o1
jley siyg jley syl

oLZ "6bi1d4

eLe "6ij



US 7,516,891 B2

Sheet 21 of 72

Apr. 14,2009

U.S. Patent

qze "bid

eze "big




US 7,516,891 B2

Sheet 22 of 72

Apr. 14,2009

U.S. Patent

%N\
U,

NN/
/

ﬁ

7/

\&

N

Fig. 23a

SN
2N

Fig. 23b

7/ B A
NIV AN

Q 7
N \\\

Fig. 23c



U.S. Patent Apr. 14,2009 Sheet 23 of 72 US 7,516,891 B2

Fig 24a

ri,,-eav,-,,- r;,,-eavi,,- I'UQV;J

riljeavi,j ri,j@vi,j rileVi'j

ri,j$vi,j ri,jQVi,j ri,j@vi,j

Fig 24b Fig 24d

5ij®Vij{Sij®Vij|Sij®Vij Sij Sij Sij
5ij®Vij| Sij®Vij|Si®Vij Sij | Sij | Sij
SijBVij[Sij®Vijl Sij®Vi Sij | Sij | Sij

Fig 24c Fig 24e

Tij®Sij| Iij®Si; [ Fij®Si; Sij Sij Sij

ri,jgsi,j ri,jesi,j ri,jesi,j Si,j Si,j Si,j

ij®5ij) i j®Si; | 1ij®Si; Sij | Sij | Sij




U.S. Patent Apr. 14,2009 Sheet 24 of 72 US 7,516,891 B2

Fig 25a

1 0 0
1 0 1
0 1 0

Fig 25b Fig 25c

Sij®Vij|  Sij Sij Sij |Sij®Vij|5ij®Vij

Si,jGBV.',j Si,,' Si,jGBVi,j Si,j Si,j®Vi,,' Si,j

Sij [Sij®Vij| Sij Sij®Vij| Sij |[Sij®Vij




US 7,516,891 B2

Sheet 25 of 72

Apr. 14,2009

U.S. Patent

29 "bid

Y Y MY Y

— M e

1l

Jooioubouin

il

U

T~€£092

00000 ]

HUUD o0z

L

a9z "bidg

oooooooooooooo

~~1092

1 egz "6

H_ ) ./NO@N




US 7,516,891 B2

Sheet 26 of 72

Apr. 14,2009

U.S. Patent

age "bid

LL8c

0L8¢

0.2 "bBid
%
7
7, ¥

q.Lc

"B14

egZ "bij

elLe

"B14



US 7,516,891 B2

Sheet 27 of 72

Apr. 14,2009

U.S. Patent

o262 "bi1a

oLec

N
N

M

AR NN
DARNANTTN
%7\//&%/
DANMININNERN

NNWZONNZN

DINNAN
/

% /\%

//

NANNN

/%/7W////
N ///4//
NZNNZNNZ0N
NG NRaN

/
NN

AN

aeZ "bid

SNENONEINN
TIRITTIER
NZ WA
DRNORNATIN

%%wéf\%¢x7%

A R
/%/ 9%%///?

/%




U.S. Patent Apr. 14,2009 Sheet 28 of 72 US 7,516,891 B2

7. 3010
3010—"__

..... DN \M\&\gw
THANT IS SN N
_____ S NZZNNGANNZZNN
INNNPANAN ©
CRNERRNINER R NR S E
ANUTN N SN AR AN m
MINNZZN\NZZR N/ZBN
N AN \\//5/\\ \/// \:\
N USSR AN NN N "
&§\‘. NN ‘r\/\\ | m
WNNZZNNGZN \t://@ .....
MNAZZANZZNNZZ0 Nl
RS RN L
 NENTHN VAT AN AR Sy
Felil N e o
) (K
— < N N\\‘\\\‘w\\ N N
_g\\\\\\\\&\ YDNN Q\\\_
\ ‘ 7\
\\\J%\\ ///\\\

NAN
NN
\N7NZ
§§N§‘

N\

/4
a7
=

N
\\N\

7

2NN
000

N

7
74 g

7/




US 7,516,891 B2

Sheet 29 of 72

Apr. 14, 2009

U.S. Patent

apg 614

w8 amOOQO.P BAI]09]0.14

M

:m: m—-__mmrc_ m>D

:m: mwm.:.WD:w

BAISaY0D/ONISBYPY

:<: Qﬁmhuwﬂzw

..<: m_.‘__QNFC_ ®>D

WY AN MWMAA AV AW

.V, ¥eoodo] aAnosj0.d

A A WY Y Y i sy

eLe "bij

.g. }800d0] 8ARo8sj0Id

.g,, buibewj akg

«&. SNISBYOD/OAISSYPY

alelisqns

«V, DAISaYoD/aAIseYypyY

V., Buibew| aAQ

.V, 1800d0] aA09j0.d

Ao~y W LW ey ) WY I Yy




US 7,516,891 B2

Sheet 30 of 72

Apr. 14,2009

U.S. Patent




U.S. Patent Apr. 14,2009 Sheet 31 of 72 US 7,516,891 B2

3300\\\ \\___/%\‘3301
>

Fig. 33a 3302
3311
3300
\\\ (::::>\\3314

3313
3312

Fig. 33b
<::::ii5;3321
332i___—////”'_”
3300 \Zi:::>(::::>\\
\\\ 3323

3322
Fig. 33c 9




US 7,516,891 B2

Sheet 32 of 72

Apr. 14,2009

U.S. Patent

_ 1d19oal

I
_
| Ppasesjal Aoy
!
1 )

(s)safen

_
|
" (s)ieheT

[
|
I
SOA f
I
19Ag) — |
S9S00Y2 18)0A _
[ \_pive |
y § _
ELve
SHWWoD \r

$s19he| yum
soaibe 10)0A

pajuLd
ejep paleys

L e —

_
_
™ JO UOIBJIIBA _
|

pajulid siaheq

Live

L )

S9)JOA

$8]edIpul J8J0A

%




U.S. Patent Apr. 14,2009 Sheet 33 of 72 US 7,516,891 B2

Axyz == Xyz
General Election General Election
Ballot number: E Ballot number:
9365-4549 % 93L5-4549

Future President
Past President

. _John Adams
James Monroe
_ P Thomas Jefferson

John Quincy Adams

James Madison

A

George Washington
Andrew Jackson

Fig. 35a

A
Xyz

General Election

7 Xyz
General Election
Ballot number:

93b5-4545

Ballot number:

93L5-4549

Future President
Past President

John Adams
Thomas Jefferson

James Madison
James Monroe
John Quincy Adams

George Washington
Andrew Jackson

(B T R O H0 WA R e D0 O XN

Fig. 35b Fig. 35¢




US 7,516,891 B2

Sheet 34 of 72

Apr. 14,2009

U.S. Patent

Ballot number: 9 3 El 5 - Ll 5 4 cl
xyz General Election

IR NIARANAANAIAI AN
WAANNAYAIAIHTHNN AU
WAAWAAWAAMVWWAN AW
AWAAWA/AMTARNAVAWANWY
MWAWAANAMAWAVAAY
NATHINTTINTINTTINANIE
AAAAIITTTNN SN NN NN L
WAWAWAAWAUAAMWALN
WAZWWWAAAVAVAWI IR
HHNITTHITTINENNTEANNHTIRRAR
INHHNANNI N NI,
MMM ANAANAAY
AHIANSAINNAWALIANAIY
ANAANNITEIRNINNTTHIENG T
NUINITNAHH AN AAW AN
HAAPNANANY AN NVIIAARY
VIWARMMANNININWAAAA
AN NN RN
VAWMAYAMAAANAAAAAMURIN
AV AN AN
ANV
HHINANINNNHTTHININ R
ANHAWWAWUAVAAY AN
ANAWNAANANHIAMAVANYY
HHINARANNNITHTTANAALY
AN N INENINEINNEN LT
AAAAMVAMAAAAAMUAAAIAK
IANWINARIIMWWAYH AW
TN TN HUEN AT
NHHANENMNAINAIAVIA
\HHHEINASTITIMARYAYAN AN
ANMINIMANWMNANININA
AAAVTHANENTTITN AN A
HINTMNANWINIARNINNAMALA
NATTINNINN AN AN
ANATHINHINANIN N NN
IR RN IR
WYAMAAMIARANAANAARMNY
AMWWIAMAYANWA AN AN
INNNNNIANTHN N N
AN AW HAMAYAR
NN AW AAAAAAMY
AVAMWWAAAMNMYAWAWNAAYY
\HHININAAANNEEER AN N
WM HNIHINN NN

.
% =
@
2
-
- @
3y
- ™
S 4
-
4\
‘Ba
-
=
Q
S
()]
Q
[ ™
o
Q
e
=
-
=
L.

John Adams

James Madison

Thomas Jefferson
George Washington

> <

James Monroe

John Quincy Adams

Andrew Jackson

Fig. 36a



US 7,516,891 B2

Sheet 35 of 72

Apr. 14,2009

U.S. Patent

454

93L5-
xyz General Election

Ballot number

IAVALAAINANANAWIA AN
WAANUINNIITIINN T NN N
WAMAAMBAAMAAN AANN
AIAVIWAZZAMMVARWA WA
MWAWAAANAMAAAWAINY
NAHINIRISNNI N AN T
AANHITANWANAN I
AWAW/AWA AN AARWALA
WANWNAMWAAAAUAWIIAIAANW
HINIITTHIN AN AN EANAA
VNI RENHINAAN I TR
AAVHTAVHRMAARANAAY
MMM AAAAIINANY
WAANANI LA LN 11
MINUANN NS M MARNY AN
HAAANNAWNWANWILINIINANAAY
VANAMAMANIY AR AN
M NN IHINANIN A
MAMAVAVAAWAAAAARMIANN
MAYAWHAL AN
INNINTRIRNHTININ TN AN AW
HHINNAINNUEN TN A
MHHAWAWAWUAVUIARTANAWN
MYAWNANIAHTTIANWWAWY
HHHRAARRNSNIIN NN HININNANIY
MUANNANINAINNNEN N
WMAAMAAANIM/ANWAAAN
NN ANINWAAV I AWAAYW
HHHIANNMIRIN AN
NUHAAININMNIANNIINNIN
\HTINAHHTNSARNWNNAYANIN 104
AAUNINNANNIAINIAINEWA
ARV AAMIAVAA
IINIMAWTIVIAMUIAAMNANA
NAIHINAINANTNANIAAW
MAUINITENANIN NN
ININWAWALNMANIIN I AN
WYARAMAIIARAAAA MY
MWARAAMWANAANIIIY
INNNANAAN AN NG
PWAAIINEN A AN ARMWWAA
AAAIAWANHAN AR
AVAMWMANWAAMYAWNANYS
\HINNARANN AT AIANIIN
WHNNHIMNNINIHINNN ANIANY

Future President

James Madison

James Monroe

John Quincy Adams

Andrew Jackson

Fig. 36b

9365-4549

xyz General Election

Ballot number

INIANIMANANANINNAANH
WANWALAIAIIINN U R AIAN
WAV ANAAR AR ANWA/
WAVVA/ARWATWAANWALY
AWMIMWAAAAARANAAAAWAIAY
NAINIIINHINNHIBIAAIN
AN N NIN A1
WAWIAVAIAMWALAAMWIWALIAY
AWAWMUWAAVANVII A
HININRTTT NN NV HINAA
NN INEMAANIEA LI
ANHIHNAMIINARWAANAAAWNY
AR ARG
WANNINITTHINUNNITETEIN
ANV N AN
HIAPAVNARANANY I NI ARAAY
YAAAMAVMAAMANWINAVWA
AN INAN NN O
VAMALAAAAWAANAATIAN
WAV NMAWAVAN
IINAINININIEAS P AN
TN NN N
AHAMAWVANAAIANANAN
AWANWNAAANITH AW
HHINNARNNYLURHTTINT AN AN
VIR NN NIANIN L
WAARMMAANAAAWAANAAAWN
INVAAN NN AN
WHTTINGIN IING N TN
RHINANIN AN AN AVIHIAAN
VI HHTNASWWAVAV A
WINIANANNNIAIN NI AN
MWAVIHANIN TN AN
HINNNNIINM N NANANA
AAHUNNIAANIN AW AUAW
AN INITNANIN NINANALLT
INIANA NN N ARA
WAZMAAAVAMARAARAAARIY
AWIAVAMNWAAN AN
INVWAAANIIINI I I I IV
AWAAHAAANANIARWWAN
AAMMAWHMUMAARANI
AVANMWAMMWAIAWAWN AN
VHINPANARNIIN NN I
RN N NS A N

Past President

John Adams

Thomas Jefferson
George Washington

<

1 R D O R O M M




US 7,516,891 B2

Sheet 36 of 72

Apr. 14,2009

U.S. Patent

qLg “big

YOSYORP MEIPUF

)-— uosyoer malpuy (C:: UESIONOF SBUIOYL -
SWEpRY Asuink UYeFE uosisysf sewoy] @ -

0 ey otoer S Suspyuor > =
i -

90JUO\ sswel CA) uepbuiysem obieem -

E ueS|PER] SOWBPE uojBuiysepp abioac) ﬁ -
h uosipe\ sewer (: -
|

esg "bid

uoSoBL Malpuy - -
ol PUv uosIayar sewoy| -
swepy Aouind uyop swepy uyor -
soJuop sewer - -
uojbuiysepp 861099 v mm

uosIpe|\ Sawer -




US 7,516,891 B2

Sheet 37 of 72

Apr. 14,2009

U.S. Patent

pLg "bBid

el I e a D DI
- C C

E SRLUOHH SdWERP U SRRy Ber U
J

Ir

UCSYOBP MOIPUY

D
C C

UESISUOF SBUWeYL
SWERY AouinG uyerE

uelBujysei ebieos)

nUU

VOS|PRR SOWE

f\f\vﬂ




US 7,516,891 B2

Tes e
. .- I e.
o e 15t oo
. .. ...
o el ol tee
. ' .u. .- .. .o
Hitt b T el H
. v se. oo Y e
: H8) P ot % W2 H
. 0. .- ... Lot Lo .-
. o o ) o ot el
.- O voe PSS ... ie.
. T ot B .o L3N e It
Py cos .- .- .- ... .- .-
el B s PN el Tes el Yoo
.- . P ... .- e
Ehe e st .t oo e o o
oy .o v e ve. e
Pa o 1 - o ol n "

.- .- o e .s:

e L PN P P
.- oee .- .. -
.. .. Lo T
es e ot I3 HH
‘. ‘et .. . .. aa. .- e
o H £34 e e B e It
. . ™ en- .- Y ‘e ‘e
e e . b Yoo . 124 o
<e- ve- e e .-
ol . ote % ot ol .l W
.- . .- . .- v .-
% it it el oee et Tee ‘e

..99‘9_ °

Sheet 38 of 72

Apr. 14,2009

U.S. Patent

ogg B4

qage "bid

egg "big

L 0 D R D D D DR

[ 0 D U D X E O G R R

@)
0
O::

§

oo oocoooOOOOOOS®S®
RRTRI T o

'--"'-----L

_u:m_._lmn_m_uﬁﬁ_w.

:

w5 bhGh=59Eb
V

oO

2: Q) 0

SaEEgaD @ugus qo G
HEHRENE I @ om.“."

c® & 6 6 068 & -0 [ ] ‘e @ & 6 00 & il
.......... ...... .......... ......
.-
e 0: .0 .0 .- -8B ®: 60 0. -0
o 6 .0 -0 0 -0 ‘e c0 0 0 0

LhSh=-59ELE =& mmm_u:m_._lmn_m_u_w




U.S. Patent Apr. 14,2009 Sheet 39 of 72 US 7,516,891 B2

aVa Ve Ve VaVavaYaVe Ve Ve Ve WaVea a"avavYaVe Ve Vel

1]
. Washint =z James Madison (o7
i George Washington
9 9 2 James Monroe Lt
= John Adams . -
< John Quincy Adams (o}
= Thomas Jefferson s
<= Andrew Jackson L.
/W\N\MNVW\M -n
. £ James Madison o
. George Washington Peed JM - I m (o2 ]
@W™ GW WY.5 James Monroe
4™ John Adams JM - JM r -
IR JA -y John Quincy Adams (o))
(X) Thomas Jefferson - ,Jen Jah Heed
T T =22) Andrew Jackson F 18
Ad T AJ
/\/\/\/\NW\/\/\;\W\/\/\W\/\E 8
JM
,(: @W N m ™
JM
JA ™ @F o))
r J@A W (1=
T ’
D L
O
JM m
C @W -/ .
N\ JM u—t o))
JA —3 O Jmm
J TJ ) A I N L







