US 20170103180A1

a9y United States
12y Patent Application Publication o) Pub. No.: US 2017/0103180 A1

Jiao et al. 43) Pub. Date: Apr. 13, 2017
(54) AUTOMATED DETERMINATION OF USER Related U.S. Application Data
HEALTH PROFILE (63) Continuation-in-part of application No. 14/642,709,
— _ D filed on Mar. 9, 2015, which 1s a continuation-in-part
(71)  Applicant: g;althSEq‘"W Labs, Mountain View, of application No. 14/542,347, filed on Nov. 14, 2014.
(US) Publication Classification
(72) Inventors: Shuo Jiao, Sunnyvale, CA (US); (51) Int. CL.
Munjal Shah, Los Altos, CA (US); GO6F 19/00 (2006.01)
Ryan Hinchey, Mountain View, CA G060 50/00 (2006.01)
(US); Cathy Ye Fan, San Francisco, (52) U.S. CL
CA (US); Ardaman Singh, Union City, CPC ... GO6L 19/3431 (2013.01); GO6Q 50/01
CA (US) (2013.01); GO6F 19/363 (2013.01); GO6F
19/328 (2013.01); GO6F 19/3475 (2013.01)
(37) ABSTRACT
(21)  Appl. No.: 15/273,618 A computer system automates the determination of a health

profile of a user based on a knowledge of the user regarding
health related questions and social network content from an

(22) Filed: Sep. 22, 2016 account of the user.
Heaith and
tisers 11 FiRiness
. v Devices 181
Network 101 &
e I A Rosponse Anatysis
115 3 Device i ied
| - Uiser Interface 110 Data |Device DS
ame _
. 192
i;i D33 103 i I 193 | Scoring
- amitication Layer % | 14
Community § BP”’F::? 4 _______
at3
gip ool Community SN Layer 334 § . .. ¢ Lredh | gonre
121 & s 339 145
- h Qs 1273, 127h LB 17 1-
Lommuunity o { Resp 131\
SN Servite 116 User 1D 121 = Krrowl. | "
Yopic 123 E ° I "1 User Profilel Question
Session lnfo. 125 ;e;;e P 338 ie;;ﬂffg
5 Level 135 § T 1 | Response Logig
| Question Sefection 5, . |
120 Hesponses | | Knowledge Level
127], 3270,
137¢ Health Cor. Heatth G. Rec
: Param,. ? 133
N Value 151 | Qasleh Scar feece U fadnrtality Sonrine
CQuestion 0000 e o8 . Health Scoring i Mortality Scoring
N J param. 113 Q. ig Mortality Cor. | 1408 38
w: 181 Param. ‘{’T Health Qutcome | Mortality Qutcome
Cuestion Library ' Vafue 151k 1425 5 142k
Qs Meaith Param R
’ Heaith i
. pMortalt
12? Question/ Values 143 - Dutcome Healﬁ; Dutcome Outcame S:ﬂre
Reai- Anatysss Sub- ) | Dafinition 155 W 1650
World inf. System 170 M‘;‘*t;’“"’*‘ f:;;m- e 1653 65
175 | | ~—-models 172 ok Health Scoring
/’F L g Questions 130a . Heslith
N - 171 Service
~ 160
S | N 2 — User Health
i o Database
Contro! Population Muortality Scoring ol
Database 180 Oatabase
1500

System 100




Patent Application Publication

Apr. 13,2017 Sheet 1 of 15

Health and
Users 11 Fitness
Devices 191
Meaetwork 3101
——— Resmoree Analyeie
RSSO AUS—— oy : | 164
: e YUser interface 110 ot E.Device DR
| ' : 152 """"""""""""
U’E’T Data 103] Ly Scoring
121 b i Gamification Layer 112 14 ;
Community § ;mff::? ‘: g
- ata 13 -
Ui et 2 : Community 5N Layer 114 Cred, SEOre |
: GD 118 439 |
123 ¥ - 145 | ¥
: 3 (s 127a, 127b L 137 _ .
Community | Geer 10 121 _ Resp 131
2N Service 116 Topic 123 fnm:ﬂ. Yaer Profile Hﬁuestmn
. - avel | \ |
Session info. 125 132 138 | ;Stm:;:
¥ | pvel 135 RESPE}HSE Li}gi.‘: aia
Question Selection _ e 138
120 Besponses | Knowledge Level
& Questions 129 Daterm., 134
1273, 1275,
127 Heaith Cor. Health ﬂ: Heg
Baram. ¥ 133
= : Value 151a Health Scoring hMortatity Scoring
| Question : , B .
param. 113 g g | Mortality Cor. 1403 o d80m
- 183 - Param. Health Gutcome Mortality Outcome
Question Library noso 143 | Value 151b 1423 1424 '
152 B e T Bl R .
Qs Health Param. / | Nl wosdsh T Ty
' . Health E .
12'}' Tusstion/ Values 1492 Butcome Health Qutcome i Mortatity
Reaié Anaiysis Suhk~- | Sefing . 155 Score Gutcome Score
e Maortality Baram sehnition 1653 1650
World Inf. | System 170 Values 149k
175 | | _—models 172 22"  Health Scoring
’ input Batabase
L g Questions 20 Health _
171 Service wm—-abk\/
130
--------------------------- User Heaith
, | Batabase
Control Papuia_‘tmn Mortality Scoring o0
Database 180 Database
1500

US 2017/0103180 Al

#é—_ System 100 __________________j
FiG. 1




Patent Application Publication

Apr. 13, 2017 Sheet 2 of 15

US 2017/0103180 Al

Control Pop.

Question intake interface
Interface 293
210 Questions
208
Questions | Topic true User Response
- Data 241 243
) @ TEE=2% SN, AUV
;?EJ;?E'ZW Guestion intake 209 Fislder
utidear a. S Y _
260 Processed s Response 22t
**************** Quegt;ms CHE O Queng 213, Ui |
| 2514 331 205 Eriend Health Data 226
¥ {HO 253) Sata 339 Location Data 247
Mooe Tatly Time Data 228
Quest £61 Correlation Calibration Health and
(Topic 263 Rodel 230 Fitness Devices
Level .‘ZES{ 22y 225

Question

% Analysis

Sub-System

200




Patent Application Publication Apr. 13,2017 Sheet 3 of 15 US 2017/0103180 A1l

Store Assertions Pertaining To Health 410

Determine Heaith Parameter Value For individuals In Controt Popuiation 420

Health Parameter Value Based On Health {utcome 422

Caost To Provide Care §| Medical Center Visits Prescriptions Sick Bays
 To Individual in Given
' Duration 424 425 426 428

CHP Associstes Value Of Health Parameter To individuals in Control Population Whoe Have
Knowledge Of Assertion 437

Ghtain User’s independent Knowledge Of Assertions 450

Use CHP To Predct Health Outcama 460



Patent Application Publication  Apr. 13, 2017 Sheet 4 of 15 US 2017/0103180 Al

Determine Knowledge Profile Of User 510

Petermine Correlation Between Facels Gf User Knowledge And Those of Control Population
B 520

Determine Health Qutcome Of Individaals In Control Population 530

inout Front Person in Control Population input From Provigder of Person
534 536

Pregict Health Qutcome OF User Based In Part On Correlation And Health Outcomes Of
individuais in Control Popuiation 540




Patent Application Publication Apr. 13,2017 Sheet 5 of 15 US 2017/0103180 A1l

Determine Health Knowiedge Profile For Each OF Multiple Users 610

Determine Correlation Value Between User And Control Groun 620

Compare Facets Of Knowledge Profile 6822

Predict Health Outcome For User 630

Determine Service Benefit For User Based On Correlation Value 640

Select Subset Of Users Which Exceed Provide Health Insurance
Threshold 642 646

Provide Service Or Designation For Determine Level, Premium or Deductible
Selectad User Based At Least In Part On Correlation
H44 Value 648

(3 1 1 .1 A 1 A .1

Customer {Param. 683}t | Cust. DS
int. 688 | 684

bl bl - bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl bl b

Servige
Detarmination
LOgIC 6R&

SYSTem
interface
687

HO Score 588

A A B A B B i A L i & L i .5 & i & L L L L.
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

 Noftification

631




Patent Application Publication Apr. 13,2017 Sheet 6 of 15 US 2017/0103180 A1l

Stare or Generate Questions 702

Health Set Questions 704 Game Other Set Question 706

Determine Correlative Health Parameter For Each GQuestion OF Health Collaction 710

A A4 LA L L ALl AAAATATATATALTATATALTATATALALTALTALALTALTALALTALALASLANL AlTAlTAlTAlTAlTAITALTAITAILIALALTALALALTAL A1 A1 A adaaAa 1T A1 AlTAITATALALIALANL A1 A1 AN A A LA A LA A LA A LA A LA AL AL AL AN A AL A AL AAY

Persons in The Control Popufation That Have Knowledge or Deficit Of The Assertion Of
Question 712

Determine Games Score From Responses Of Determine Health Cutcome Value From
User 730 Questions Of Meaith Set 732

Determine Health Services Based On Heaith Publish Score
Determination Score 240 742

Provide Recommendaztions To Users

FIG. 7A

R R R R R R R R R D R R U D R R B R R g g

L Rules Rm:mrm:nendaticm
791, 793 Engine 780
Heaith and i
Fness .
Devices 770 %  Topical
| Scores
i Recommendation 781 . Retrieval
Device Logic 780 B 787
Data

/{4

Recommendation
T Set 785




Patent Application Publication Apr. 13,2017 Sheet 7 of 15 US 2017/0103180 A1l

Store or Generate Questions 750

Persons inn The Control Population That Have Knowledge or Deficit Of The Assertion Of
Question 760

Health lndica'tcjr Data Exarcise S-tatis'tic Sensor Data Location and Time of
763 Data 764 765 Day Data 766

Provide Trivia Gaming Environment 769




US 2017/0103180 Al

Apr. 13, 2017 Sheet 8 of 15

L)

' '._'.:'.a_'.:'.'. _'.'.'

Patent Application Publication

L el el el el vl sy . y
n"n"u" . "ll o “.__.“JH&H#H#H&H#H&H*H#H#H*H#H H H... 2"
KB L s ¥ -
a ey e e e ey | *
x N T i . ..
F
x ._._“._..H.4H...H.,_.H&H&H&.ﬂtﬂtﬂtﬁtﬂtﬂ#ﬂ&ﬂ&ﬂ# ".,_. " . ”- ”.q t_.n.qu
x L P AL AL NN N A st ERCL A X
x N N NN L) - a wkd
Ll el [ e )
x WA iy e e e e i i . e d R
L N | 3 e
x L N L i . N )
X KW L - . e
x xn N N N L) - =k kR
EER o e e dr ke d ke wkd | 3 ek xR
. e . e . - x u N N L) N )
& dr de e d b ke d ok ek | 3 S ) *
F 4 4 4 4 4 A4 4 4 &4 4 43 4 4 4 4 A A4 4 8 4 4 A4 L N N N P 4 4 4 4 4 A4 4 4 4 4 4.3 4 4 4 4 4 4 4 4 &4 94 . HF&!I e de & dr dr dr dr & dr o dr Jr & dr Jr dr dr L] a = i i R LI
, > ¥ rl [
s L i H,,H,,H,,H,,H.,H.,”.,H.,H,,”,,H*H,,%”,,H,,”,,H,,H,,”*”.,H.,”,,”.,H,,”.,.."H.,”.n.n.n.n.n.,”,,”.n.nm.n A A A I it TR e ey . O e
(A XXX XX XXX AR XA TR AL XA XA A X A R AR x e x e x e x e e w w w o w w e a  aa a aaa a  a a a a a aa a aa aa Ll e —x x x " W e e ey e e i e ki - wCaE ok
AR A A R R R E R R R R RN e o e a a  t dp dr dr e e e e e i | L N N N R e S bl
A xe e e e rerererereereree e e e e AN A AN ) ....q.q....q.q....q.q.q.q.q“.q*#&*#&*#4*454#4*4&4&4*4& Lk axﬁ“ A N N SR N N ) wr
A N A R R R R R R X R XN R X A A X iy dr ey e dp e e dp ey dp e gy W e ey g e iyl e e Wiy iy e e e i e e dp iy e ey e ey x Wt ey e el ey ~
R X R A R AR R AR A R AR R AR AN i i i i i i e e e e e e e e e e el e e e e e e e e e e e e e e e e e e e e e e e ke ke & e A N e x WA A A ke R d e A ek ke ) L)
XX AR R R R E R AR E R R XA e rrrerrrrererere e re e e e B N N e dr dr e e e e e i L0 a0 0 3 2l 0 EWE el ek Py
(A K AR XXX XXX XX x r e e e e rerererrere e e e e e e 3N N e e R L x L N N N N r N (]
xxxxaanan:aanaa:aanaa:“bnaa e e e e e e e e R e Bt R o o Mo Mo PN NN Mo, dp drdr e ey de e e X e e dr e e de ol g e e ke ek de e e N Ll
A X AR A XA AR AR TR AL XA AR AN R X R R N N N e N N R N S N i D DN D EAEDE N N 0 NEAE DN N AL N N L xXx xE L N N [ II-. TN [
A x i W g e drdp e dr e dp e dp e dp e dp e ey dp e eyl i e e e iy e Sl ey i ey e dp iy dp e ey e ey "y L N e el el e -
.r.xxnnanuaauannannannarlu}nnn xR R i i i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e B e b e e ke ke N M . LR NN " ) -
I i i " r xr e e e e e rr e r B NN e A e dr dr e e e e e i x & & i N e AU - "ok a B
(AKX XXX XXX R X L e x e r EE Er E r r r A N N e e e aaE aaa L Al 3 x X EE R N N A -
xxxxan:aa:an:aa:aa:aaﬁnaa " r e e e e e e e R e e e M o o o RN e dr de & de R ek ) i NI M NN M el S * &
A AN EXEE XX XA T TR AR R " R X e i R AN R N A e N N D N S E N e N AL NN e AE AEDE NN 0 N AEDE NN AL A NN L BN x E P R N i -
P e Wy dr ey e dp ey dp ey dp e e gyl dr e eyl e iyl e e e iy dp e e e i e iy SN s e x N m i iy dr R e iy e Dy
AxrEr xR R IR R R R E R AR A RN o X E R R M N NN N NN R N NN MR N M NN M N MR MM N NN M N MM MM ) A N N e x a X xE R L N U ) - xR
XA A AR R AR E R R AR A KRR XRRR xre e e xR e e r e e N N N o e e ar  aa al aa re EE  ala al aaa dr dr e e e e e e R i drdr dr r dp o dr e i de o d o kN
A AT EE XX ER XXX XXX x X = " e rE e e r e e e e r e e e e aa aa a L N A e x X xR EE R T e ek R
L I el a@a:aa:aa:aa:aa P e e e Pt e o e o RN NN Moo, e dr ek dr e i X ERRE N i e dp dr L e e e e dr ek ke )
rxnnannnnnnnnannnnnann.ﬂlcnn E X A N NN N N0 N N NN T N e e T AE D D AL DN N NEAE DN N AL N N L R N > Xx 2 rEnm L) ardr e e e R N )
P i " 3 B e pdr e e dp e e p e ey g e ey g iy g i ey e e e Sl e iyl e e e iy e iy iy e A i e . i dp iy ey e il e iy iy il e e e e ek
AR AR R T AR A AR AR R R R IR AR Y EXRR = " A R MR M N M MR R M M N M M M N MM M N M N MR MR MM MM M NN L SRR XX R ER N N ks N
XA X AR R AR AR R R R EE R R EN R R e R R e T R e e e re e ot i A N N N TN e N N TN A NN N AN B N N AL A AL MM LA Ll aC N AN e x X ER RN i a3 Al e
A A EEE AR LR XTI TR R " x x " xxx e r e e e e e e e N R e A L R T X x x e m N N ek el il P )
AR A A R R AR R E R R E R R "R ] e e e o e e e e e e M e o o o P o U N e ﬁ X xR REn * Jro b dr e dr 0 de e A ke dr ko [ - e kK
A A A E AR XA AR EE R R R RREXRR " " R e e e A AN A AL NN e NN AN N N AN N A NN N AL N NN N L LN N N A L MO W X x A ER N N N N N e i " awx R
N " " Iy ey e e ey ol iy i e e eyl Oy e iy ey e e e e iy iy iy e e iy ke iy Ty ey e i e ) X e . * iy dp e ey e iy iy g i e e e eyl e [0 ey e
nrxnannnnnn:nannn:aan?”annﬁnn i i e e e e e e e e e e el e e e e e e e e e e e Al e e e e e e e e e e e e e e ke & ke N N Xx 2 En dp e e ATl A ek de A ke bk .
R A A A AR R E R R E R R R E R nnaﬁnn”ﬁaanannnanaann dpdrdr e e dp e e dpd e e e e dr e e dp e e W e pdp e e 0 i e e Bde e e e e e i e b i drdr i K i i e o xR RE N e kol al ol a0 o | 3 X X &
rrxuannannannannannanaa& " " x X e e E e r o r e A e A e wad e X xrEE I N e e LA e ke
R A R A R X E R A E R R EE R R "R n r e e e e e e e e e B R o o o M A ik ok e TR R RN Jr e e dr oy ok e e e de e ke ke | 3 S N
A AR A XA A XXX XA AR ARR " X xR R K i w0 D N NN S N e DN D D NN WA DN N AL N N L Ll 2 A XE A RERE S ) i . N
A R R R R A W R R R R AR " r I e dr i pdr e e dp ol e p e ey dp e iy ey p ey e e e e iy iyl e e e iy e iy Ly dr e iyl e X e e dp i e iy e e i e | ek
A i xR i i il i e b e e e e e e e e e e e e e e e e el e e e e e e e e e e e e b e e e R A L R XX 2 EREN * i i R ) ¥ = - e kxR
R R AR R R R E A R E R R AR xR e e ez e e r e e r B R e A e i e w e i X R R Jrdr g e e e a0 | 3 e
A AT ERRERE TR AR XEREXERXRER R " " " e e e e e e e e e e r e A R e N A E T e > X x xmE L] EaC I N ¥ = N
_xxxnaaaaa:aa:aanaa:aalﬁ:aa e n e e e e e e e e e T e e o R o o N RN e de el i e xR Jro b dr dr e ke dw e g | 3 e
XA XA XA EREEREERRR IR AR X " " R R R X e A I NN A e D N R T N e DN N N A A E NN NS D NN AL A NN EC L el W X x xR " EAC Rl I L) " a kxR
o ) " rE xm e e r e e r e e r e e rr A IR N e N e T iy dp eyl i i) X e drdpdp dr ey dp e e ey | 0 el
AXNEN T ER I EARRE AR AR AR ER R x Haanﬁna rreErrerErrerE NN N ......q..q......q..q......q..q......q*%&*...&*....4*......*....:.*.......4....4*.4....4....4 Ea RN AN e xXxx * I e e kAR ke Nk i . N
rnxnnaaaannaaaaanannaav R nauﬁ_v..naaaaan dr dr g e e e deode e dpodp o e e e dp 0 dp e drdp e e M e dpdp dp e e dr i e e B ey e e e e i ey e drdr o e il i e XX mER i dr 0 e e dr e e e i e dr | 3 e
A AN A E X R R EEREE R R XX ERRE R X XN xR 3 e e e r w w o A R e A e x x x; A N N i - ek xw
R A AR R R R R R E R R E R R R R i L ] e e e e e e e e o R R o N N NN NN BN, dd & a dedr i e X xR A e dr e d ol b d ke kg | 3 e
A A ER AR TR R R E AR AR AR x R R ERE LALLM N ETC R AL NN e 2D N AL A NN N A NN N N AL A MM N AL LN NN L L N a2 A x W i e e i Rk a i . R
A R A A A R R R R R R R " " x "N L B By oy ke B b pdp oy e dpdpodp e ey dp g ey i e e ey dp eyl e iy e e e iy e e iy iyl eyl i e 3 3 S S ) | - ek ke
N A R R R ®E xR ] E R E R R R E R A N .._..._......._..._......._..._..........._....%.._.............}...................tl.........}.......q....a}...... T M N M e E n& at e e e W e e de ey oy e d i - e
.xxnnnaaannaaaaanannaanizl}.na "_r " L r e ey e F e e e el dp dr e e e dp e e e dr ol e e e e dp e e e e e e e e e e i e e drdr e e i X x W dr e e el E Ca ke i ar ke | 3 e
(A XXX X E R EEEEEEERIERRE x xR X e e r r r w o A N o e A iy dr ki x N e T LA P )
AR A R R R AR R E R R EE R R R E R R RN ERERERERRRRN e e e o e e e e e e N e o N Mo N MR dr dp dr e e e d e X ] A d b bk de b b ke bk bk | 3 e
.xnnanaanaanananananaa&“nn X ER EE R e e e rr r A T N ....q.q....q.q....q.q.q.q.q“.q.q...&.q...&.q...&.q...tl.q...&*...&.q.qa*...& Ll ko aw L S Nl W i . N
e ) =" |y e ey iy i i iy dp e e ey e iy e ol i e p e dp eyl ey e e iy e i e iy Ty dr Ly e X 3 W dp dr ey dra D e e i e | e
M AR TR R R R R EEEEE R E R AR " " xR z " e & e o e ke e W ke e e i e b e e ey e e e e e e e e e e e e e e e e e e e B ke A N x L N N W i . P ) E
X A R R EE R R E R R E R R R E R "R " R R Ly e e ir e e e ar e i dp dr g e e dp e e e e e e e dpdp 0 e e e e e e e e e e i e i dr dr e e i ki X x i dr e e e dr LR e ek i b | 3 " kN E
A EREREERREREERERRE = " x X e r il e e r r e e r o r e N o N e L ol b x xx ; L Nl A Wl FEEER LA - e w xR x
ol aaaa:aa:aa%:a: " L] e e e e e e e e o i i e o o N i, dy dp dr e e e d e ] X A i e e b e R x X . | 3 S ]
AN A R EREEEERERER " " T xR e AL NN LE NN e AN N AL AL NN N AL e NN N L L NN L AL MM N N RN NN L o EE aE = x x L A el ) EEER x xx i N ) x
o a ERRERERRERERR " x " . Ly e e dp My dp o p e p dp g e ey e i e e 0 e iy m dp p iyl e i i ap e e iy e i e iy Ly dr e iy e " X 3 iy e e e i e e x a x x | e i
o A FRREREERER® " " " R EE R RN M N N M NN N MR ML M N M NN NN MM NN M NN N N N R N NN Ll M N . x A e unauaa%ana"““ i - kxR r
N EERRERERRREAREALER " r EER iy e e r e i e dr e e g e e dp dr ke e e e dpdr e e e i e e Bde dp e e kA e i e i e iy dr e dr i " X x W dr e e dr ) e e de i e B X | 3 e "
o) XRRExXEEERERRRRER x E ] E r e r r r r o A o I A T A Ea s ol >t x L N N N W N e e r i P ) r
e ERRERERRRR " rr "_r R Rl o A M B e e N R o N N R R NN NN, dr dp dr e e e d e ] awa &y dr d ke bk L | 3 " ek kk n
A A RERRERERRTE EE EERR x o N A N N A e B D M L N N AN N IE AL NN N WA DE NN S NN Ll ) x x x L L N x
g xR R R RN "X e B B B e dr ol dp e ey e ey i e e ap ey e ey iy e b iy e e e e iy iy il iy b iy ke iy Ly dr e iy il e o AUl atal | el "
) EEXRER T EARRERTRER ZRRZ RN NN N MM NN i NN N M P MR N M N MR MR BN M NN, MM MM N R MM N .l”.-".l”.ln.-".l”.l”.-n x x x R e e e | P ) r
e TR R ER KRR " "_r xR B BB B e e e ap e e dr o e dr e dp 0 de e e dp e W e dpdr e B el i e e Bde dr e o o i e e xm X x Ll Ll NEN " kK E
) ) x x EE x r e w w o w w N e NN N N N T e 3 x x L B N R T N r
i) R R KR ERRENXEERR e e o e e e e e e e e e e e P o ) | A dr & de A dr kel i e o -k ]
A ARAREXRAR " " EER | R e R A S CE B N0 N AN ST AE NN e N AN D D AE N N N AE DN B B MM N e o B A NN 2 . E N M R N N W N N N xS ) |
iy ) R R R R R " " B Uy dr o S e w oy dp e oy e e e dp iy e iy e g dpr e eyl e il e ity e e el Sy e et e iy X L e T e  x a x a oy [
R XTRRERERRERZTR = " ERTIEERR e e rrrr e N N N N ......q..q.__..a*._..q*}.&.4%&.4...&*....-*......*...5*......*...-.-.4.4.4.__..4 x N N e XA EE M P N W NN - xR
iy aannannaamnna "X L LB B e ar dr dr d R e e i e dr e e e e e dr e e e e e e e dr e e W e e e iy e e e i i i e e e e W a e e i i e
) XX xxmERRx e xEREx x e E e r e r r o A N N a aa NN a a  aa a a a  at a aaE aaE  x x a aa a  aa aa a x e i o i ' oy e 2 L
N ) ERRERERRERERER ERRERERRRRN ] e e o o e e e e e e e e e e P Ay dr e ke i e S e e e e -k
A X R T ITXRERERRRERER l"l«"ﬂannn X kx e e r e r A SNl ....q.q._...q.q._...q.q.q.q4%&4...&4....44...4&...{.4...&*....-.-444...4 w2 N M e WAk i e B g s m Bonaoaaoaan L)
i L. R R R R " X w_m |y e e r dp e e e ey sy oy ey g i e e ey dp eyl iy e il iy e e e 4 iy iy e i ey e iyl i i o) LRl ) P e e e -
) ZX XXX AR XRER ] ] ) R R N M N N N NN M N MR N M e MR N D NP MM D MR N M M R MM NN v = MR MMM = EaEaE N | RN
XA X R R R R R R R E R R R R R R R R R e " N BB r dr e e dr e e drdr o e e dr e e e e dr dp e e e e r e ey e e e e B e e e e ey e iy e e i e e e e e i i i e o Ll k) ey "
(A XXX R XXX R TR R R EERREIRRR xEE Er e r r r r o A N  a a a a  a  a a  aE aal  x x al a aa  a aa a  . x L A i . x
XA E AR R R R R E R R EE R R R ERREEREERRE EEN e e N e e e e e e e e e e e e e P e o e Ll ) -k ]
.xnnannannnnnannnnaanﬁnn EEXAEEERTE e e e e e r r 3l 0 R ....q.q....q.q....q.q.q.q4“&*4&4#4*4&4#5*4&4#4*4&4#4 x 2 L N a2 A L A i
e " " ™ " By S drodr m o owrdr s dp e e dpdp e e dp gy e e e iy dp iy e iy e il iy iy e e ey e iy iy e i ey e e iy il e ) kR Ty
A X AR AR AR A TR R R E R R TR ER = " X ER ERE R R M N AL M M NN R MR M NN MR MM M N MR MM N MR NN MM MM MMM = x MMM NN NN = a4 & & &4 P
XA X AR R AR R ER R EE R R R "_r "_r xR R B BB iy e e e A W dp e dr e e e e dp dr e e e dr e e e dp e e e el i e e e iy e e ey e i e e e e e e i e i LAl vy
A " E R E EE i e r e e e r o A N N o N e  aa a o a  aE aa  x x a aa a E a a a  x e i i x
xxxxaa:aanaa:aa:aa:aa%:aa "_r xR E e e r n NN N &kkkkkkk*k&}.w**k*....q*...&*...&tl......*......*......*......*...a......_......_..._.h_....._..q... e Ll ) e kky "
(A A XA AR A XX XRRRRERRREREER ERNLIEZRER R E o e w ALALIC NN L L AL NN e AN N LA NN N AL NN A AL N AL MM AL M N MDA x N AL MEIC N LN X Pl al | N XX
P " rr x Er B Wy g p ke e dr e e dp ey iy e iy i e e ey iy g e eyl i e e iy iy e e eyl i iy e el ey b iy Sl i) LRl = e eay [
‘A X E AR R R A AT R AR TR AR R ] R E i i e e e e e e e e e el e e e e e e e e e e Al e e e e e e e e e e ke ke & ke ke & R ke &k k4 EaE N | kA X
XA AR AR R ER R EE R R "R RE N TREREN B B BBy e e r w e e dr o e e dp e dr e e e dr e e e e e e e el i e e B e iy e e e e e i e e e ar ok wE  a e LAl e kg w W
(A XXX X R X TR R XXX ERXERRRR " 3 Er o r r r r o A N  aa a  a a  a aE E E aE a  xx al a a  ara  al a  x el - aak .___ r
AR A A R R R E R R R E AR R R E R EE R R x_m e e e e e e e e e e R e e e g o o & & & & & = e ey n
.xnnannnnannnannnnnaan%“an ER T R e e e e e e e e e e iy i i e e A 0 D A AE DML M AL N i e AL DN D AL DN N NEAE NN AL NN L RNl Ll | P ) r
e " rx " B e dr i e 0 e p iy ol ey e i e e e eyl e ey g iy e iy dp e e e Sl e iy il e e iy e iy iy dr ek e i LAl eyl W
A XA AR IR R TR R TR AR E R " " ERER e e re e EEErErE N N N N N N N A N A o aE et o EaE | ) / -
XA X AR R R R E R R R E X R ER e e et et e Al b ol LA e e .
(A XXX XN XXX XN R = xR e e E xR e e e e e e e A e N N N L N A Ll i A | ol x
xxxnaaaaa:aaaaa:aa:aaﬁ:aa:.ﬁlﬂaa e e e o e e e T e e e M e o o e o e drde kR ke d A L) ekl . -
A XA A AR E A AR R R XA TR R R ERE MR AR R xR A e e D N N AT N D AT A NN AT A N N A NN T A MR N A NN A A NN e B L PE N N e L) A a s m aa e ¥ r
N ....Viluaa B iy e dp oy e 0 e ey oy iy e i e e ey e el ey iy iy e e e e iy iy il e ke iy ke dp e ey e o * e e A, el x
A XA AR YA A AR AR IR AR R S Ma.:. ErEEr e ErErr e e e N .....4.;.__..;.4.....;..q.q..q.4%.4*...&.4....4*.......4...%*.......4....4*.4....4....4 E U S XA A, Ll P N-»n
X A AR AR R E R R EE R R R "R " r B ar i e e pdr dr de e dr e iy dr e dp e e e e dp e e e dp e e e dr e e e i e e e e e i Al N A X X A R * LN x
(A X R R X R X R R X R " " e Er e E e e r o N e  aa a  a a  aa  a  E aa aE a al Ll X " E i x
AR XA R R E R R E R R R R R R E R RN ) Iy dr e e dr p e e de e el dr iy e e e e e e e e ol e ey iy e dr e eyl dp byl e e dr e e ke d ke A A A X xxiuaa i n
AR E AR AR AR IE AR AR ARXIREZ X R R rr e r e e rer e r 0 N e Al N L E ol x x X ¥ xE E
i o " B iy iy iy oy e ey ey e i e e eyl e ey g iy iy iy dp e e e dr e iy il e ke iy ke RN T ) x " "
] r.xannaa:aa:aaaaa:aaaatulua: xR R i e e e e e A e e e e el e e e e e e e e e e e A B R e ke E R R ke A A AR AR RS Ll P.H#an E "
J nxnnaaaannaanannnnnaamnna xrerxaerrererrererre e e r r B e e e e Al Ml i e e b e i X XX "
lmr.xaanannaanaanaanaana " x ] 2 e e e r e e xrrr xS .4..........4....4.........4...“.........4...4...4...4...4 L Rl x X X E e
N AR R R R R R E R R E R R "R " r By e ey e e e e ol e ey i e e e e eyl ol e e dp ey e e de e e b dr dp e iy d e ke ke bk Ak d ke & K d ki A LA .
AR A XA R R R AR R R ERRR IR R R X " " xR xr e e rererer e r e 0 e e e e ke k aE E E SUNEAE e x " X R E -___...-I-. r
N ) " x xR " x Iy i ey e 0 e ey ol ey e i e e ey e e ol ey iy iy iy e e e e iy il i e e e iy e e i iy i e ok o " -k e .
NI I I i = A 1lhn.:. e e E e r e rererr e N N N N N N N N .4..........4....4..........4..%..........4....4....4....4....4 = N N ol e X x B o R R r
XA AR R AR R R R EE R R "_x R R e i i e ie e p e e e dp ol e e p i e e e iy e e e e iy e e e e e e e e e i e e e e e e i i i e ko kA L] X " .___I-_I-.-".- e e
J XA XX A R R XX = " R Ry xR e e e e ke e  x X X " E i Ll T
RN AR TR R A E R R AR RN ] R R ey dr e ar d p e dr e e e ol e ey i e e e e e e el e e O ey e e e dr e e de e eyl e ke e e e e e e d e kA o X" AR R B
Ll A A R AR AR XA AR XA A AR AR xR ER R e e e e e rererxr x 30 N e e e Nl o x x aE aEE aEE aE aEa al al x A XA AXEE Ll e A
e :aﬁﬂ:aananaaaaan dp iy dp e ey iy iy iyl ey iy e ey il i e e ey ey iyl iy ey S ey e e e iy il i ey e B ey e B a ) i - -
‘AR R R R AR R R AR R AR X E R AR ERAERTRR Er e e Er e E e e N N N N = o N NN e XN AR E P e
AR A E R AR R E AR R R R "R x " rre e e rrerrerr e B Mt N e e e A o x el O Al e X o - 11-_-_.._
A XA EEXER XXX XXX R ™ X "X x e x o x mr e xn xr x 3 e e e e W Tl e a aa a a aEa al  a X X X E 2 'n B4 -
XA A AR R E R R R RN R " rr Ly i e e e ey e e e ol dr iy ey de e ey e e e iy e dr e eyl dp by sl e e e e e de e e e B d ek d b & xmxu.a .____-""n- .
A AT A XX EARA X TR AR AR R " " Ere e xrxzxxre e e rr e r e N N o A el L e N E aE Ll " x i aE aE EE aE e X X X xR L et
P xR ey e iy iy i e e e iy dp eyl i e e e e dr iy Ly Al i iy e iy b e ey e iy dr e e b ) " Loal n ot o 2
A ) R e 2r xRz xr xre E e e xr 2 N N A N e N N N A el WA __.-.“. u%'.q.
AR A AR AR A TR R R E R R R " xx e =g rerererere e e rer e r e o Al i i i dr dr e e dr e e e e e e i A A R R R ki RM B A
A AR XX AR RER RN ER x e s e e e e e rrr e r e 3N e L e Al el el st el X - L) iy
SR R A A R R R N A R A E R R R RN x -ererererrrererererrrererr A N A AU i e dp e e e e dt e dp e el e b el Ak & ke & ki X i AR
AKX E XA A XA LT A AR AR AR X EA saga e xR xre e e x e x e x o A kN N e o A e A = x ) 4 L ol ul s
A A A R R X X A R R R R MR R R R RN NN i i iy dr iy i e el ey e e iyl e e el dp Ly dr e ey iy Ay il e e ey e e e e RO A Ak ) Ea ol i wl i
‘AR r r A r xR R xR R A R R A E R R A R AN R Y - - R g AR e e e e e e e N N N e e N o A N = el  a a al  al ) X LU N Ty
A AR A R R A X AR AR R X AR R AR X AR ERRERRREE RN dr dr dr e e dr e dr e e dr e e e e e i e &&&&*...&*...aml_..&*...&*...&.q...&*.fa44*...&4...4*... | i ir e i i
PP g g o e gL g gL g e e e e e R TR TR I I  I a L e M P P R ....J........J...q..........q....q o u ....4.__..3.3 P N S ”x ......”...”...H...”...”...“l_-"-l"mll"“
T Ea T
XM M .......4....4....-.-.-_%
i i d ki
Lo R SR R SR o St el el el el

814
N
30

£

e e

-.l-..-..-..-........}-}*. .... .. . 0 . . 0 . . 0 . . 0 . . .
L L R L L & o N NN LPE L LT L L L | .
¥ o . . . . LE X = XN [ ) dr b g e i MR AN AW MM MM R MR N RN ENEEEEXERERERERERERNERERNEENENEEREEEREEREREREEE R R R R R R R R R R R R R R R F R R R R R E R R RN R R R RN RN ErrEErrERRERER DX &SN NMNNMNIEE XX
ot " o Y ! " Ot Y Lt Y ! H.... ........ ........ ! Hu...#lﬂ.__.v . [ ] ~ L} ........ ........ .....-. .....-. u_.unu.” “__“v u..!H!HHHHHHHHHHHHHHlHHHHHHHHHHHlHHHlHHHlHlHlHHHlHHHlHHHlHHHlHHHlHHHlHHHlHlHlHlHlllllHlHlllHlllllHlllllllll!lHlllllllll!lllll!lllll!lllll!lllll!lllll!lllll!lHlllllHlllllllllllﬂlllﬂlﬂlﬂlﬂl ll!lllll!lllllﬂlllllﬂ | Hﬂ! * .....-. .....-. ........ ........ ........ ........ .....-. .....-. .....-. .....-. .....-. ) HIHH .
L e R L R N N i L L] . . KA X XKEEREXEREXEREXEREXTEXEEEXEREEREXEREEXENXXEERXEREEEIXEEIREXEREXEREXEREREREEFEFFEFFFFFFFFFEFFFFFFFFFEFFRRFEERR TR N IEIE R Y | | | | | LN NANENLENENELNLENREN?> » BN
R N N I o Il.__.l..._..__. XX XX XXNREXNESLREREREXTRERRTSXXIRERLT XX I REREREEERERERERERERERERERERREERERRERRE R RRERRE R R R RERRE R R ERREEE R ERRENERE RN El iy dp o dr e dy e dp i b
I R N L | i 4 dp dr i e XX XEREEXEREEEXEREEEELESSESENXSEYREYX YT AR EREENEEEE RN ERFEAEEREREFEEE FFFEFE FFEFE FFFEEFEF A E R ERE AR R RN E R RN E & & & dr & i & & & & & & N
o ' ' ' ' ' ' I-.._..........._.. E EEXREEXEREXIREEREEREIRESENERERERESRE SR XXX REEEEREREEEREEEERE EERE R R ERE R R R E E R R R R R ERE R R EE ERE R R R E ERE R ERE EE R ERRERERREREN E L by dp ey e e e e e e R
R R N L i i & e . X, A AEX XX XERELXEEXLEAELYEELEEELLESLEESLY I IREIRETRETNEITRE TN EFEEEFrErrFFrrErrrrrErrrrrErrrr rErr rE TR AELARE LN Y TR N T T
oo ' II..:..:..:..:. MR XXX XS XEXEXERERERSYNERRESYRENSLYS ST RERENEEEEREREREEREEEEEERENEESEREEAEEEREEREEREEREREERERRENER RN N IR ERENRERETRTI F N dr dr i dr dr dp dp o dr dr dr
LI R N L L X, AEXXEXEXERXEERERXEREEREEERXEERESERXSEERESEXEEREEESEFEEEEERFEFEE AR FEFEFFEFEEFFEFEFE R FFEFEFEEE R EEEERE N EREREERRERETRETERSREER S RE R X SR F LM NN NN *
i o ' ' ' ' ' ' HHIHIHIHIHIHIHIIIHIHIHIHIHIHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIll ERERERERERRENERERERERENE R ERENRE R - KIS S NSNS E
a0 e A EXER X XXX EE XN XX XEREREXEEETREEERXE TR ERERE ST FEEFFEEFFFEFEFFEFEFFFFEEFFFEFEFFEEFFREE YN 2RI REREEEREETEEE LR EREXE R SXES S LSS AN T * N
¥ o HHHHHHHHHHHHﬁHIHIHHIIIIIHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ERERERERRERERRENRERR®N EERRERERRER®R E B dr o dr e e e e dr b
40 X, A AEXEXEXERELEEXX A Ex XN A AEX XXX ETXEITREENRREEREREECERNEEENEECEEREREN FEEEEFEEEEFEFEEERETRN EEERERERERERER - XK R R N - Pl & o & o & A & o X 4 & & N
4 ' . ' ' ' ' AR XX XNESRENXNEX - A REEREXEEXTEREREREREREEREENEEERERENEERERENERER EREEREENERERREN EERRERERERERERRNEIRFEHRTH I FEFE_MEFEFE _BLOBLOBL L ) | dr dr oy dr dr dp dp o dr e dr
R e X, XXX XX ERXEXEXESXEN x X x X x X EEREREREREEEEERERERN EEEFEEEEFEEFFEFEEFEEFEFEEEE Y RE R N Hlmmmlﬂlﬂ LR L] RN NENENLNENEN > » N
¥ - K HHHHHHHHHHH’H““HHH HlLHH“HHLMH“HIIHIIHIIHIIHII EEREREEREREEREEEEREREEEREERERERERERR E_N L % & & L iy dr dp o dp e dp e dp i e
L O DL B I | e X XXX XEXREREERE XN x X £ X xE A ] £ x X EEREEREEREEREEFEEENF EEFEEFERREFFEFEFrFEFrFFEEErFrEErE FEE AR M FEFE M R BN F & & o i o i & o & & F & BN -
J ' ' ' ' ' ' EEXREEXERXREXEREER X X XK X xR_X x| ERERERERRERERRERERERRERNRR IIIIIIIIIIIIIIII ERERRRENRRHN ] R _FEFEFEBL N L E Ly dr oy dp e e e i i e
R e L X, F A EHH - F lllllll!ll!ll!llﬂlﬂl!l EEEEEREEERETRN EERERENERERRER e x e r o LR Fl & o i o e o i o o i o N -
LI I . LI MR KRN XN XN X XN FEXRERIN | EREREREREEERERERERNERERR | . e RERERRERERERRHR R RERNERERRTH e FEFEFE MBS L | N dr dr dr dr dr dp dp o dr dr i R N
I R L L e B | X, A EXXEXEXEREEREX ¥ x HHHﬁHHﬁHIlgIIIIIIIIIIIIIII31IIIHIIIIIIIIII EERERERERERRERN IIMWM“HII L L] Z RN N > »
LI ' ' LR HHIHIHIHIHH}ITHII x x_R_X KKK RN EEREREREEREEEREREERERERERERN Illlllllllllllll ERRERERERRER.]I Ill L & % E i iy dr dr o dp ey e e b
a0 LI | e £ X XERXEEREREE XX x X £ x X x N EERREEFEFEFEFFEFEEEFENR E K F EEEEFFEFEERFRENF EEERRERENRERTR P xR X NN N FE & & & o dr o dr o O o O & BN -
¥ o . (I ., X EX ER RFEREREREHMEETRES XN X ER R x |r IIIIIIIIIIIIIIIII IIIHIIIIIIIIIIIIIIIIIIIII IIIIIIIIII & & & & L dr o dp iy b e de e e e b
R R o X HHHHHHHHHHHHIIIHHI%HIH F EEREREERENEEREERENRNR KK EEEEEEEERETRN ERXRERERERERREREN KX e e Bl Pl & o & o & A & i X k& N
4 ' . L AR RERXNESRENXNES - | ] e n EREREREREEERERERERNERERR | ERXEREREERERER R RERNERERHRTH e FEFE_FEFEFE L L L F B dr dr o dr dr dp dp o dr dr
a0 o X, AXTEEREREEREX ¥ x X IHIﬂM”HHI L IIIEI EEEFEEEERRN EEEERRERZXRE xR ErEx R xR x 3N MNN] RN NENENLNENEN > » N
i o . ' ' o, X RERENERRERERERETNRHN KR RKN IIH.I F ERERERERERERERRERERERERERINE III‘IIIIIIIIII ERRERERERRERT KKK L L iy dr dp o dr e iy e i b
4 10 LI | ko XXX ETREEEERE XN XXX R R E X N ER R AREEREREEFREEEEREFENEERNRF E K F ] EEFEEEEFENER EEFEEEENRERERETRE -] MR N F & & & o & dr & i o & & o NN -
LI ' ' e EXRERERRRERRESEHRH® HImllIIHHIIIIIIIIIIIIIIIIIIIII‘ IIIIIIIIIIIIIIII ERERRRENRRHN e ER_FEEECBL N NN E L by dpdy dp e e e e i e
a1 LI X, A XX XTRELRELEXEX T - EREXTREITEXREREREREEXTETEEFEREEEEEREER K EEEEEEEERETRN EEEEERRRERN x N e x ol BN Pl i o i o e o i o o i o SN
. - Hd AR K RNERERRERETIRHN | XN R KR ERERERRERERERERERERENE N ] ERERERRERERRERHR R RERNEIRERTH e FE_FE M FEFE L L L | dr dr iy dr dr dp dp o dr dr dr
R N o X A EXEXEEREREERSE X x x N Hllillu.mﬂllﬂ IIIIIIIIIIIIII% IHIIIII E R K EEERERERRERN L] e e 2L N L] RN NAENENLNLENREN?> » N
y 1 - ' o ERERERERERRERERERERTHN e x L Hllﬁllllllllllllll l!llllll R Hllllllllﬁll KR KK K LS L) F L iy dr dp dp dp e e e i i
a0 . e X XXX REXRESEERE RN x | ] x N EERETETFEREREEFEEER | ] EEERENF ErEE EEFEEEERERELTREN P xR X BN N F i o b o dr o b o b o 4 o BN -
oo ERRL R ., ERERERERRERERRERERHRH® XM L ] L IIIIIII{IIIIIIIIIIII II‘IIIII mE R R ERERERERRERERRE R IH L & % & & L dr dr dp dp dp e dp o dp e &
PR T T T B T T T B B X L XXX EXRERRTHE/NR x_x X - L EER R ERXREREERERN KK EEERETRNE E K K EEERERTREHRIE ERX X L & & & » Lk o o o & & & i o o o & AN -
4 ' LI | ' ' ' L ] MR ERERERNERRERRNHR MR RN NN R | | R RERNEREHR eI E R ERR RN R RERNERERRTH I FEFEFEFEFE L L L] o F L dr dr o dr dr dp dp o dr e i
a0l L ] . AN NN EEREREEREREEREERERER X HHHIHHHHHHHH;HIH ‘d}ﬂllﬂﬁllllllll llllllll E R K EEEEEERESXRE HIW&IHIH .-_.-..-_.-_I.Ii.:..-_l.ll..-..-..-. 2 NN NN N »
i o - Rom o . o, o, A EXRERRERRENERERERERTIH e K e K e K L ERRERERERRERN IIHIIIII KR L K L X & & &k o & o & B dr dr by g dr i dr i
AT T et X ol XX e X R R R R L] X e RE R EEERRERERERERERERERERRER E AR ERERERERREENRERRERRERRER L] e m r LN st ) 2 AN MO N N A N A N
o ' ...r.l-... ' X M N IIIIIIIIIIII R X IIIMMWIIIMWUIII L Illllllll E R R ERERERERRRER®N L] EE L Rk & b & ok & o & & BN i i L L L L A
a1, LR | X, i i i A XX XTRELTRELTREXN HII?WWNIHI X Illn““llllllll K Illlllmj_ﬂll EFEEFEEERERRN T e e e BLRL U N R LR N = LN N i & & & & I
. - - [ E AR RERNERERERERERENENERERERERER X | xR e RERERRERERERRHR e RN | R RERNERERRHN e L & & & o o & & & o & & & M N dr dr dr dr iy dp dp dr e
IR R R R R B | i i A X EXEXTRENRRERERERERESRERERRE®R x X X x ;X X E R R EREERERER Illllll E R EEERERERERRN L] E e BB N R R R N = LN N & & o &
i o ' ' i ' ' A HIIIIIIIIIIII“%III L HHIII“IUHII ERRERERERRERN Illlllll L ERRERERERRERTI 4 L X & o & & & o & o i i i o ok
] a0 F o Y £ XXX XERELERESERESXNE x K x N | e }}1!!.!!.!! | ] EEERETNF ErEE EEFEEFEEEFEEFERTRNE - L % o & & o & & & & & & & F & & i NN A & & & B
oo A ] EEXERERRERRERERRRR®NHR L fﬂlll L Ilﬂ ERERERER®R ] Illlllll L ERERERERRRER®RN e x e e R N L & & i E i dr i i & o i e
" LR i i A EE XX LR RERERRE]NR xR L4 " M ERE K ERE EEERERERETRN KK EERRE n K EEEREEREERERN T K L RS L % o & i I-...........-..-. T
ot ' ' ' ] Mo M RN R RENRENRRERRN IR R P | | R R N e RN | R RERNERERRTH e Lk = = = = on s oa omoaom on on BEMS O dr o dr i Nl I & i & N
x " N oo o HHHHHIHIHIH%HIII Hlugllllﬁlllmlllllll Illllllll ] EEEFEEEERERERN x B e e x N & N H}.l.l.l.}.l'.ll..-.ll.l.l. -
X RRE ] ' o KR ERERERRE®RT®ER®RRHE Illﬂlllllllll E R K ERERRERRETR IIIIIII EEREERERERERERERERER KK KRR KR JE_PE L L LN L
F eI 4 1 A F Az XXX XXX XEXNE x I ERERESEERERERR e EEE EEERENFRN I e ERE I EEFEEREREERETRNE £ K n R R R F & dr & i & & F & BN
XX K oo ' i ERERERERREREXRERERRN e ER R IIII%IIII EER R R RERERERERERRERR Illllll L IIIIIIIII&MII e RERERER L i i e dr e e &
X, L L B iy . XX EXEREEEXRET x KK "R IIHIIT“HIII E R KX KK EERETR E K EFEFEEECrEREN e_N EXRE X Pl i o i o e dr & o o i o
- oo ' [ A H AR KR NRERERNERERHRH | | | ] | . | ] W E | R RERNERERRTH ] R KR | dr dr iy dr dr dp dp dr O i i N
x " E IR i ) A EXEXEXERE XXX R EERRETR IIIEIIHII EERERE E AEERRN E R F EREREEEERERERN ] e ER R H.-..-..-..-.”Iltll”.-..-..-..-. x X
T KK KX LR ' ' ' X, i X ERERRERIERNESTHNEIREH®N.I III_IUITII L L R RRER L ERERERERERERERRERERHN ERERERER LN dp dr i i &
| ] L R R A MR ERXEXEEREEXEREREER XN x K | K E R EEERETRNF I EERETRE I EEFEEENENET M | L i & dr & & o i & N
] ko .o o LN -] X RERERERRRERER®SEHR lﬂ}llllllllll&lll ERERERER ] R N kR R IIIIIIIIEII ERERERER L dr o dr i dp dr dp e i
K LR iy A A EXEEEREETRESR KK K ER L EEREERTNE EERAREERRERN E K K ERXREREERERERTNE e K KRR L& i & o & dr B dp i & & N
] o ' . ' [ A EREREREREXERERERERELTEREENRERER | | R KR e RN | R RERNERERRTH ] R KR FE_FE L L i dr dr dr dr o
E LR B x AEEXEREEREREEN x rEn EERR XAREREERERERTX EEERERERTNF IIIIIIIII x K Illllllllﬁlﬂ x xR X 2 L NN LN ] dr & e & M
. " . oo L] 4 KRR RRERERERS L Hlﬂﬁllll L Hll‘llll L ERRERERERIRER.]I KK KRR RN L iy dr dr g X dr i
eI 2 4 10 F £ XXX X XREEERREN x K x I K EE EEEEEFENFRN I EEERINFE e E ERXREREREFREEREENESTRESTRESLENRER F & & & o & dr o dr & O & & NN J
o ] L ) o ' ' ' E EXREEXRXREXERENERRN EREREREX R RN K Illllllmm EREEREERERNN IIIlllIIIHﬂIIIIIIIIIIIIIIIIIIIIIIII L by dr dp o dr e dr dr dp e b
x K s a1 . AL E X XEEREEEREX T E R T REX TR L EEEEERERERETN KK EEERETRE E K EFEFEErEEFEEETERE TN i o i o e 0 ot i o
- ] oo ' ' ] AR XX NERERERNERERRTHR | P | R RERNEREHR | . RN | R RERNERERRTH R RERERERERTHR L i dr dr & e dr fr o dr dr dr &
E LR N oM AEXEXEXEREEREER IIIM“ __IIIHIHHII EEEEERERERNTNF Il‘lllll " E ERERENRERERNR ERERERERRRER®RRE = LN NN & i o & N
" . i o ' ' ' L. ERERELTRERRELXHERNRHN L L R IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII KRR R KRN L g A i i &
| ] EREE R a0 F o £ XXX XXX XN x N e R xR e E r EERREFEFEREFNR I ER R eI ENREEERERRSX | L i & & o & & dr o i & B
x | ] E i ' ' ' A Illﬂﬂllllllﬁlll IIII?IE IIIIIIIIIIIIIII‘III L] ERERERERRRER®N ﬂlllllllll L dr by dr & & I".-......_.......-. E_R
K [ . LR X X XEXRERSTXRR]R - F 4 EXEEREFEEEFEEEEEFERERERN EERETRN K L ERERRENRERTRN ERRERERERRESRI P& o & & & & & i & o &
F ] - o ' . ' L R X RENERERTHREIREFRHN IR K | ] ] ] | EREREREREEEREEREENERR | e EERERERERERERENERERNR MR RERRENRERNERTHRES-SX F L i dr i & i o dr dp e e
I-_HI LI L B o A EXXEXEXERXEREXEN F e X e x . Illlllllllllllllllll EEENERERXRETERERESTRERERRER xxEx X H.....-.}..-..-.I.I.II..}..-......-. x_x
4 " (I L ' L N N o, X RERETXRERERERETRNRHN KK e K e K IIIIIIIIIIIIIII‘IIII KK EREREEREREERRENERERERERN KRR XK KRR L dr i dr dr iy Il.l.l.l.l.i x_’
] - 4 10 o g dp Jdrodr dr - XXX XEXREEERE XN XX K e & FEEEREFEFEFEFEREFEEEN EEERERSLTRERTRINFE EREERERERERERR ] Xz XXX XEXEEXE X F & & & & & B dr & & & N
A ] . LR ' ' vow b g g odp i i x EREREXTREXIRERRERNEHRH HI%III L] II%IIIIIIIIIIIIIIIHIIII EREREERERERRERERERREN R REREXRE XN X L I B i dr i dr o dp i dr e
g_ﬂl oo Vo X i . A AE XX ELTRELRETRESTSEN N E KX A KN | EEEEEFEEENEREEERERERN EEERET EREREIREEERRETRSX - i X F i o i o i i & & i i o i
- ] oo ' L N N NE N H AR KN XRERERNERERHRTH | ] HHHI&HIEHI Hllllllllllllll‘lllll | ERERERERNERER RN | i dr dr dr g o dr o dr dr &
] LR vodp A b dr 0 A A M ERREEREXEERREERSR ¥ Hllumwllll " EREr E E K K EREEFEEEEFEFREEREREREN EERERETR E R F ERERRERERRNR xrx e 2L N 2 LI NN NN »
KX o ' ' L C I B - X R R TR TNERERIRERTI ] K e ERE N "Hllllllll lllllllllllllllllllll EREREERRRERERERTIREHN L F iy dr i oyl i
- a0 LI N N N - XX XERE X XEREEERE RN x N x N EEERENF | FEEEEFFEFEEFEFFENEERNR e EERIN EREIREEEXTRELTRERN AR NN EE i o b o & & & o dr & i & B
XX X R oo ' o ki b g ki A EXRERREXRERERRH®RH®N.H® L] ] L] ERERERER L] IIIIIIIIIIIIIII‘IIII L ERERERERRRERRE o e NN L dr dr i o e dp o dr iy &
XXX LR Vo dr A e 0 X A XXX ERRERERSIHE K x E K K ERERER E K K EEFEEFrFEEFrFEEEERERN EEERTR KK ERRERERERENREREERZT RN e x 3L BN Hl.l.l.l.il.l..l.'l.l.l.l. x_x
- o ' . LI N N N L L i ] MR XTRENERERREREFRHR e | ] | | EREEREREREERERERERNERERR | | R RERNERERTHRSESNN FE P FE A BL L L F N i i i & & & dr dr dr 4
x X K L B Ve b e o i i o x AXTEXEXENREIREXEREETREEEERER F L E K K Illlllllllllllllllllll Illllllﬂlﬂlll xrx x LN 2 B NN N l_u-..-..-......-. X
R, et B P E o R R R e R {IIIﬁllI%ﬂlIIIIIIIIIIIIIIIIIII‘IIII L ERRERERERRERN RN B KR l.l.l.l.l"l. L L L L KK
x_E X 4 1 o A dp e i dr & H X XXX XEEREREERN x K | | . EEETRE EREEFEREREFEREEEEREENEER EEERETNF ErEE | AR XN N F & & & & & & & & & & & HEEM -
E i o ' ' vow b 0 b 0 e ko H%HIIHIIIIIIH e_E_r EIII L ERER X IIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIII o BN NN x N ._...........-.....L-.l.........-......-. x_ =
XXX d oo vode dr A g i 0 b LA F A KX xR E L KK EEFEEFrFEEFEENRRERERERN EEERERHN E K EEEXTRELTRESX eex e x ol BN F A i o i o N R & & & & AN -
- L R LI N N N N ) Ll H AR KR NERERRENREREST - | ] R R R M R RN | . RN | R RERNEIREHMR FE M FE A BL L L | i dr iy dr & o dp dr
x X X LR vodp dy e g e 0 A b L) * LA M N XA EX X XEREERZXNE x_xn L L R E® EEEFEEREERTE HIEIIII ] ERRERRERERR®R xrx w2l N H.-..-..-..-..-.IIIII_.-..-..-..-..-. X
X oo L C S N L] J.II.'II_'I-.' I_II_ & & & & K, ] Hllllllﬂlllﬂ%ﬂll R K Hl?l L Hlllllll EREREERERERERERRER I o L A dr de i o
- 4o vodr dr dp drode A g g B & & I ] ' ] ] & & & - M XX R X XEREREERE XN x N . xR A I EEERENFN I EERER ERE AR RERESERELTRE X NE B R X I N E & & i o & L J & & & & BN -
x X X L I L N R N N L AL = [ ] [} o & & dr = 2 = x XXX ERXRERERRESES®R R HIIILT_III nm ERERERRERRETR L L] ] L ERERERERRRER®RRE e e x ML E & i dr dr iy .I.I.}.}.l.}.i x_ =
K LR rodp dy dp e dp g O g A g dp dp dp o o I.II_ 'IIII. I_II.II Il.'.-..-..-..-. - & o L -] T XEXEEREEEREE T - xR RN K e ER EEEEERER Hlllllll“ L4 llllllllllllll L & g &k * L e L L & & & & N -
o N ' . L L L N R S N N N dr & ] ] ] o & & & 4 = S H AR RERNEIRESRERNEIR?X | P | M R RN | . N ] R ERERERERERNRERNERSESXENRRES ENE NI RE . 8NN & F L i & dr & & & dr & i & N
HI“ﬁ soAd o L T L L] III_II_ III_III_II_I-.-_l.l.ll. Ll i o i A AEXEXEXEEREERER X n X ¥ xrEn EIIHI Ex x EEEREREN IIIIIIIH x EERIRREREEREETREIAE RS ERX X RERRE R & AL NN * = IO N N & & o & BN -
K L L R Vo A dp B de A e b dp 0 dp i dp e o & IIIII III.IIIIII.IIIIII.I.I.I.I. A A ERERENESXRERERIRERHNHN RN L " e K e K e L IIIIIIIIIIIIII!IIIIIIIIIIIIIIIIIIII & & L x_x l.l.l.l..li.l.il.l.l.l.l.i X
£ 4 00 vode dr e b g e O O g e dr o o o dr o dr Ll B & & & oy 7 H H x XXX XEXRERE LR XN = N | e e F ] I | T EAREFFEREEFENEERR ERXEERERERERERERESSEREES RS E X X LN NN L& & & & & & & BN -
L ' ' Vo e dp e A A e b A B bl ki &k II I_.-.lIIIII [ ] I_IIIII-..-..-......-. A ko LA M M N MR N ERERRERENREXENRE XN X xR L e_E_r x | L] e x L] EERERERERERREREREERERRERERERERERRERN L R & & L EE i & dr i &k i e
CIN R R Vo de o e g g 0 A e i o i & [ ] ) [ ] [ ] [} [ ] it & & & " X, F A F r X X KX KK EERETR K EEEFEEEFEEENEENRIANRXTNESTNERENRTNET werex x x 3L NN » P & o & o & o & o dr o & & I
L R ' oo e e B b e A g e O e O o R & O g o F Ll L L] Ll o & & & &y Mo AN X R R NXERRERNERNST | e | M M e e e RERERRERERERRHR ERERERERNERERRTH FE_FE_FE_FEFE B ) L] F N dr dr i dr dr dp i dr i R N
R e R R L R L T I R R L R N ) Il_ I.II-_I I"II_II_I-.II_ I-.I.-..-..-_.-..-_ - X LA N MMM EREREEREREEREERER F A REREERLETRER®R E R Ex E EERERERN lllllllllllll ERERERRERERRER®R xxx x LN * L] 2 I MM NN NN Ny
LR B B R L B L R I I L L L L ) IIIIIIlIII [} IIIII.II & & i & & i LA A A R R XX F " E R L " L IIIIIIIIIIIIIIIIIIIIIIII e x ex B o ok o B dr & dr o dp o dr o o
e R L D R R R L L N S N N A N L A L L ) & & ] | ] Ll ] | ) K & & & & & e AN R EREXEREREXREXER XL x X XN | _IE EEEEEFEEFEREERNERERNR | ] EEREREEREREREENEIRERERESENRELTRE XN L % & & & L] & & & FE ok & & o o & & & & & & & NN -
L R L R R N L L ) * I' I.__I.I.I'IIII Il.[-.l'.l..-..-..-..-. L A M M oA N MR ERE R RN E NN L AER R e xR ERERERERRERERRENRERR®N IIIIIIIIIIIIIIIIIIIIIIIII L .-..-..-..-..-......-_.I.l o ok o B & dr i dp i dp e i o
R R L L L e T L ) % 'Il.! L4 Kt & & & i i A xR RE A ERERE RS EREEEEENREEEREER K EEREEREERERERTRN ERERERENRERESTRER = oa o i X g & L F & o o o o & o & I
dro ' LI I ' Pow e e B O b e O 0 Jr o dr drodr dr o dr dr L] ] L ] n r o & & & i i M N X AN R XERXESRENXNER NN | | £ RERERERNEERERERERER e RERERREREREREREREERERERERERENERERNRTR L] A w e B e el e e e o e e e el
L e L L L L] II_I .rlIIII_IIl_ Il_"I" II_-_l.l.l AN M XM RXAXEREXEERXEEEREEERSERE x xR IHI?III L IIIIIIIIIIIIIHIIIHIHIHIH.._. LEENE A = v x x 3L NN NN N R RN LN AN NN NENNN T » 3N
L LR N L N I I L ) L§ I-_ L] il-_l-_ * K I-. o N KX REENRERT X RN " e x L L ERERERERERERERERERERRN IIIIIIHIIHIIHIHHIIHIIHI L] = r L o o i & o & o B A i o o i & dr o
N R R L L R L L N N N N N N g dr dr dr & L - NER X XERXEREEEXENENE X K x K | EEEEEFEEFEERERNERERNR | ] EEREREEFREREREEFANERERERENERERST e s FAENENE S Rk g K LB & & o & & & o & & & & NN -
| LR B ' ' ' Vo dp dp e e b e b 0 b g i i ) i ik ¥ L IIIII -_II ...IHHHHHHIHIHHHIHIH JE_R_R R ] e ERERERERERENRRERERRN IIIIIIIIIIIIIIIIIIIII..- o x BB L o ik L P i i dp o dp i dp dp e o i
R L L AL LN i & & [ ] i [ ] .PFHKII!HHHHHHHHHHHHHII{}HH L T’ TEEEEEERRERERN 4 EEREREREREEREREANRTESLTR T " o x AL NN B EL LR RN g & i & o & o & & & & i
L L e e e L e R A P & dr ir & & ] F oA N RN KRN TN M | M A KRR RERENRERRRN EREEREREREREREEREENEREERERENERERERE T = L FEFEEE R L L. g L & dr dp dp i dr dr dp o dr i &
L L R R L R L L L N i i LI C N II_ IIIII_ XXX EXRXENEXEER N X R x® x B n xR R EERERERERERERER EAREEREREREREERERREDRERERERRRET - xxx S -.IEI..rH.-..-..-..-..-..-..-..-..-..-..-..-. x_x
L LR R ' ' ' Vo e A e de o dp i e i ap i g o dr ook III%I.II l##ﬂll!ﬂﬂﬂﬂlﬂﬂ#ﬁﬂllﬂﬂ HIII KR EERERERERENRRERERERN EEEFEREREREREREREREREERENRRERSL = o LIENC N X x K X KR | i r = R i i & o o i i
e e L e L L AL A A L A L | &, & & i ] i XXX XEXEXEREEXEXENENE X X - x N EEXTREREREEEERSYENR EMREREREREERETEREREIRESERESLREA = = |F = a o N = s o« w M & & & & & & & & & & & N
L R R R T T U O e e [ ] & & & II-. .-_.-.II BN E N E R EMNENERE NN ] e_m ﬁlll L EREREERRERERRENRERR®N EEERREERRERERENEENRERERENERERRE &8 M X R PR N ~ KN N NN ¥ x
L R R O L R L L N T L L L [ ] [ KX XX XX XXX EXXXN KX - e K EERERERERENEERRERTE EEREAREEFEREREREREREECENRRENRENERERRESX - x F i & o & & & & & & & & & & § 2

L L wodr dr dr o b A drodr oo i i ] & & & i o H MON R RN XX XEE X ENEX -] - M ERERERERERERERERERERNEREHMN | RERERREREREREREREENRERERERERENFRERRTHR X E X F i & dr & & & dr o i & &
H R L R L L T D L L Ill.-.._.. II_I-.II"IlIl.III_ o A M XEXERXEEXEEERXE N x X x X X X E X K A REREREREENREREERRERNR E EEREREREREEREREINRXTETREER XN xR X Erd ® B L AL N RN N ¥
LR N R wodp i dr g dp dp e A e 0 dp i i X * B o U A II_'I-. L A X MR N XN E_N L L TREEERERERERREERERERERN EREERERERERERERENERERERERERERERERERENR © RN KX X L iy dr dp dp dp & & B
4 r o aoFrr o vk dr & O Jdrodr Jr & oa o dr dr dr 4 & B or ] i ML A NN KRR XN E XXX E x I x X EERRENEREEREENERERR RERERREENREREEREEERERESYENELTRE Y XX R o EE R KX EE & & & o & & & & & & & & N

L R R B R woip b b brodp dr e bor b o brodr i ir = L =rr IIIIII.IIl"' H‘FH.HHHHHHHHHHHHH XXX RER xR X L EREREERRERERRERERRH®EH®N EREERREREREREERERERERERENERERERENFRERER RN X KX FAE I i & i o dr & dr & o & i

D L L P L T s i - =r L4 WA R EREREEE R mx A AT XX R EEEREITELREEERRESRN REIERERERERREEREREELRETRELE XN X RS YEN L] i L & o & o o & & & & & & &

LI R R R R B B wodr dr Jr o Jr A Jpodp k. O b O dr EE o & o1 oo ' - MR M NN N XN KN N KR P X R XK ERERERNE EREETREREREREREERERERERERERER EERRERERERERERENENEREERERENREERERENE 8 KE KX FE N R KX - F i i dr dr g i i o & &

# Fkraorrraora rodp dk dr dr dp b dpodr mor e b dp ok dr kb b N i * r r II-.II.IEI"II_ HﬁHHHHHHHHHHHHH AEXXEEXEEEAREEIENEEREREEENEEREREENEEFEREENRERERE RN R R REREE R R R REE RN REER AN ERERE XN N A XXX X lll I & o & ok & & & o & & & &

LI B R R L L N N N N N N T L) s ror 'I-_I-.-_.' . N KRR KRN NN TR XIEXLRTRERERELITREEREEEREREEREREEREREEREE R EEE R E R E R R R E R E RN R ERERENENRERENERE RS R X XX KN R RETRES L o & i o dr & dr & i
L T R R LI L L N N N N N N N N N N B N R ' o Hd AR XEXEXEREEXEXEEREETEEEEE XL AEREETRERSAESTRE SR E S FEER AR AN AR AR R ERE AT E AR EEREE RSN R L XXX EXEEXERENXEESNENENXX FE i & & o & & & & & & & & NN -
LI R R B R kb dphe b on kb d b d e b ddrir R IIII - .{IHHHHHHHHHHHHHHIIIIHHHIHIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..IIIIIIHHHHHHHIHH FAE & dr i & & & & & o & & ]
4 r 1 rrroar rd &k & drod b dr o or A dr g dr s s b dr kA 4 EEMXEXXERXXLEEXLEIXEEXLEEERELEIEXLEEEYEITREITELX Y TREEERETTREEERERERERNREEERRERNREEERERE R R R R R E R R R R R R X XA XX X X XXX XXX XXX F & o & o & o & o & & o I
L L L R N N N R N N S N I oA o A A N R N N N XN NN KEERESEEERERELXRESYTRESXESITEREREREEREERENrERERENEESEENEEEEREEEE R ERE R R R AR R RN E R RN RENTRENENENRERENRERESES RSN T RN F i & i & i o i o dr & dr RN
a2+ 0 r o or o LI N N T T I T EEEXXEXT XXX EREEEXEEEREET £ XXX XXX EETEREEERTETREERETETEER TR R AR TERE R ER T EER AR TR R AR Y £ XN RN RYENENERE R EN X EiE & ok &k & & & & & & & N
L AL R R R R R Jr b e Jr e b de drodr B dr b e a o b om Mmoo . PN NN N KN NN e A XXX ERERERREREREREENERERERE I EEEEEE N EEEEEREE R R E R R EEE RN ENEENERENRRERER: FNKERERES XX RELRESYTX XXX FAE & & & & & & & & i
4 rFrrororrraor 0 KR &y ks sk J AN ERERENEREXEEREEX " r s XA AR R R AR AR R R R R R A R R R R R AR R RN E R RN AN ST RN N E & & & o & & & & & & & & N
LR R R R R O R L R R N D N R CoA M oM M M oM M MM M MR NN EXE o« BEEXEERXREREREREREREREREREREESXREREREREENREREREREENREREREREEREREREREREERREREREREENRRERERERENENR SRS ENREYESERREE ERE N O i o dr & dr o i i & & MM
i I o i W Y Y .
l.n ST a.il.j.l.j..r .r.;..r.;..r.;..r.;.?#.r.;..r.;.? .r.:..r .T.;..r e e o a _rnHH.HJHH.HHHHHHHHHHHHHHHHHHHHHHHH“K.- -..ﬁHﬂHﬂHﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂ . Iﬂl Hlﬂlﬂlﬂlﬂlﬂ Hlﬂ s HlHIHlHlIIHlHlHIHlHlIIHlHlHIHlHlIIHlHlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂ! _nlHIHHHHHHHHHﬂﬂlﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬂ lﬂl j.l.j.l.”l.”l.”l.”l.”l.”l.”l.”l.”l.”i HHHH

-
20
N\
N
=,
&
834



US 2017/0103180 Al

Apr. 13, 2017 Sheet 9 of 15

Patent Application Publication

4
Al
H

2 OO D DTy
o EEE L Nl o
» " A 0 R A 0 0 U 0 A o
N el . L T A
A gl T B
A R L
Y R R R
% EEEE R R Ll N
X T
N ™ BRI Rk L P
A R EEE EEERRE XA A XA R AR EREERERRRE XX TR AN A A A
X ® " N
X » rerEE e I
N 'y EEER R R L L
X - R EEEEE o A
X N P N} » L L
[ e ML -_"-. S EEE R KRR R R AR KRR R A A A
n% A R E R R TR R R R R R L
ol el ; R R R R LR R R R L
x r P S ) EEERERREREFERERREERERERERER A
X A R R R R R R R L
o, * W EEEEEERERE <RRERERRRE o
! Pl N A e ) R R R R R R R L
X WA iy T e T " EEEREEEREERERRE I
. A [ .i44#44}.4&}.&#4#4!44444?4!!. roa .1....-........1..-..-..-..-_.-..-..-..-_.-..-..-..-_.' .-..-_I.-..-_ e e llllllllr.llll e Illllﬂﬂﬂlﬂ!ﬂ#ﬂ#ﬂ!ﬁ#!#!ﬂ!
K, L N L S I e B AN xn R e
T P N A A AR ol s a3 " RO xR A
! L T e i ol ™ . i
T N N A N T A e el » I
o Lt A Al sl el el i ot al el sl a0 G P a0y L
o P N A e N ol et sl el . R
x .4..........q..........4....4&............&.........&....4......&.4% AN} RORE R R R K
P L A e e s e o W ER xR
! L el sl et oy WA RN e
X .4.__...q.......u..h_....u_.._.+.4..................&....4.......4.4....4ﬂ.4.4+.4.- P N
A A e e e st el el ol al ol ol s 20l 2l Pl N} w L
T L el e s M e M = xx i
L P e o L L, M L a2 e R R i
L A R o A e ol s i W N ERER X I
o e s el s A PN " iy
' R N I e e N A NN ERER I
N A e e e ol el ol al el el sl e EE R R i
L N ol e W e s e R R R X x A
L N I T S o o A AL AL A ) N
L A N A e aa a N a aa aaC I
L R R o o L L B AL o . Al . o e
N N T T S e o o o el N LA e el I EERE R XXX AT N AR
A N R N R e e ol ol Ll e e 2l sl ol * ww i . R R A A K oW
O I T e N ol el e o, N A A R el Tt L T 0 F
L T T o o o T N e e e T T ey . 0
L B N N ML NN LM, A AE I N L M Al M AECAERC A 3 RN Al JEN A TR AL AL LAl 3 ;R AN e
xR W e e e e -.._k.r.r.rr.r#._,-.qr.uk..1u..._1k.rktkkkk#kkkkk*kk&k&kk&%&#..4_......&.....__.4......&...*.4....4.___...4._l..q....q.a....q.q.__r.___....f... - o e AR MMt al x xR o e
P T T I Sl o, LR o s N st T e e . P L N ) ) "o xR X
L T T I I o T e ol o oo ol el E o L R L U e A e T T Y O
TE L N T N R o N W B o N s L s Ty iy T " U iy T - I
o e e e T T e e e e e o T T T e e e e s . ...........q................q.-_.......a....._”-..q.___.-. . L P g g e P M 26, B e
O N A AR Al e o sl T T T r Pl a0l ._."l-_"-_.qi.__.__n "R A
N B N e e R Sl a WTTa . R Ly R XN A
e NI L Y . T T e R R R EVE I I
e e T T e T T e T T T T T T T T ' P N N e e EERERERZ XA A A KA AR A A A
e T e e P A . . e N L A e o L » "R R LRI
X X R o L A TR TR T T EREERRERR O A A ol A o
! N N R N R R N R N R N N e R s e sl ' ' ar e R R KRR FE A Al
L T T T I T T T T T O T o o el el o e gl v e ooy gy gl g l p g gy O M R E R R R R % FXRE A o
P N N T N R I T T R T T T ol o . . A A R R R R A
.-_.-..-.............._......._..r.t.__ & A & . ..1.__ & 2" & R & . & R .Tn - .r.__ & . .r.__ & R ..1.._ ..1.._ .r.._ .r.rt.._ .r.r.r.r.v.r.r.r... L ....n % F . L] 1.._......._......._......._......._..rk###l.#l.##k##}.#&k##kk#k#.. L . . a .._......-_l.-..............-......._..-. llllllllllllﬂlﬂlﬂ - F i FHP!P!FHF!P!FHFHPHFHP
A A I T T T T T T T T T o o I o o BT L I ol o P S Sy S S Sy S R de W R R R R A A o
A AN R R R N N N N N o N sl al sl el . N N R R R A i A A A A A A A
NN a0 e e e e e e e e e T e e e e T e e e e e e e e LT P A i ; i A
WA e T T S R S e e al a  y g e  p eg ge  a aT e Py R R R R R FYE I o e
' NI A AT e e e e o D e e e e e ) EER R R XX XA K NN LA
' N I T T T T T T T T T T T o o o S ol ot v g g g g pg v g g oy g g gl R R X R A A
W e T aa e a e a a a a n e e e e T e T e e T T e o T T e T R R KR A FE A O i
L T T T T R T I T T T I T I T T T T T T T e g g e oy gy gy g R R o X FO A
L N I T T T T T T T T T T o o o T ol o o o o T s . L XN e e R e
W R R R R R R R R T N A o N N N e A e o el sl o sl EEER KR XXRR "R AR A AR A A A A A
& dr b ¥ ¥ & 2 & kA 2 & kA 2 & 4k 2 s &2 2 a2 s s a2 s s sk ks s sk s s Ak s h s S iia xrdh ik i i i i ik ik ik drododrodr o odr o & & & EERERERERERERER ] MO XM N N M N N N AN N N M
N NN R N R R R R R R R N R N R I T T ol o o o e o o o o o L el el EREERRRERR X ol o
N R N N N R N N N O N N T R I R o S e o S e S e S o T S Sl S S e e e T e e i ERERERER X i g
F o T T T e e e e T e e e e e e o e T Vo T e T T e T T L x I N
e T T T T o S e e T e e e e e e e T e e e e e o ' I ) ERERERERE ) Ol FO O
[ T S S S S S S S S e A e R B I T o i T T I o o S S e S e e e i Tl ERERER o
2 b ma s a sk m bk ah aom mh koa kh kb kb j homod ko de o dodrododeodode o deode o dpodrodedr o dpodr dpodrodr ok P N = . X X XA
' T S R e T T T N T T I S S S e e e S e Al A T e e e e e & . EERE )
B &4 & & &8 &8 & & &8 &8 &8 & & & & b & 5 r b & b b brodchoa ook dodoodrdrdr drodrdrdrdrdrodrodrdrodpodrdrodr ok [ LI ) | £ KX K
N R T R I N I I I R R D I RO T R R R I O O B R I O O O I e e R e e B e i e e & & L N - - ar | J |
m & b a h a2k a b a b ad ahras ki &k s s ks orkh kbbb irh s s 5 5 5 8 58 85 rF " o= [ I L A B R R R R R R R E ] | | X RER
' momm bk kA k Ak kA Ak a b omod b odedodrdr de ko droam drdpod o de dr b dp dr g d A F e - m Y Ca] h& . lllll xR XK
4 & & & & & b & & b & b s oarr s krh kb E Ak . Nl ikl . a e e e mm = - r LI N N r T T T ."- ‘- |
T A R T T T T o e e e e S S e e T e o T T T T Fig | S i i Pl iy e i R ERE RN
i o dr i b br & b b s b b b s b s b s s h s s h s s S s s s s kAo s s A bh s KA S oAb S s r (X n [ . F ] e R K
i, i & dr dr 4 b b F b b s b b s s s s s b s s s h o b SN s s oW ddr i ddrdoa o ' I E J . - - . . - . EEFE | 4
R e N e Rt N A . - - & "
P " I S S S T T e S I I T O e et .r.._.r.r.;..-...;..._.q.l..r-....l......;..-...;.............;..-...;................rl o = =
-"- 1 1- -IL‘I r- -
.. P x
» e e e e T e “xxla PR )
l.-.l.-.l.}.l.....l.........r._..r”.r”.r.;.........rl.rb..r....r.r....._ .ri.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.-...—....r.....-...r.__.r.-...........-...r.r.r........-...........-.......__i. e e T
W e e e U W e e o e e e T e e e e e e e T W T e b T e
L I T T T I oy g g g S
e o P e e
L I e i A I I S T B T g
N L N o I I I o e o L I T o e g T A
A R e e a a RCR a a a a a a a ata  a a al a  T e e e et
P N N I I I I I I A PR A T T T e R
L O o o o L T L A P Al sty .
' L T T A s W
L I ol o o R o AL a3
N L I I T o N o N A A Ao A 1
A R A e e e e e e e sl R s 2 L
N I I I T N sl e e R PR,
L I T R L a ara al p a Y
e el e e e a a aa a a a  al a a al a M a W s 1
L I T L A A o o Sl A sl
L N . N e atar a a a ara a L
T T T Tt T a Tt TR ST e o - T e i "" m e e -_-..
* - a . Mt ' ' e P, ) u -
-, - - wr N
[3 L L . g wr oo o owowrowrowowr . II_I-.II_ %llllllllllllll T i II"
. L UL A A ol el el e

IR,

R
e
W

e w

" .
h e
o

- m m = om m om o= om kom o= o= o= o= .. P m m m m m = = = == R T T T L. |

. - - . (I
» dr i iy de A de b dp o droa b ki L) by dr dr i dr i e
N () .-... ...-..-_“. : 1” . ” 1” . ” 1” . ” 1” . 1” ' 1” . ” r .1........-..-..-..-.......1......_............._1......_?“.-...r“....................._........ ( At e N
i T L) L P N I T T e e N ) L )
ol s ' Rom v 0w o e ke e e e e e e e i e Eal
"I HFHF X. " > i.. ...-.lh. P 1...1...1.....-.l..a.l..-.l...1....-.........l.....l..-..l.i11.1.-...;...1.......1..-..1..-.1.-. .l.T.__ l..-.l..-.l..-.l..rl.
= i g o L] L <l ror o Rk Rl b d b ko d e o e o b A N r
J i o . I A s A R s P M e SN S R N Tt T
o i ' e T U A N A e NN N &k ok i ir A
1.“JHJHHHHIHIIHI > i.. ...-_i.._q.1.1...1... L 1..1.-..-.lll....l...1”.rb..r....rb..r|.r..rH.r...........r.;..r.;..r....r .. l..-..i.-.l..-.l. b
1.HJH?HHHHHHIIII ot ol ...-_.-_.__..1...1...1...1...1...1...1......-..-_.-..-..-......_1 P i e it i P .-..._..-..-..-_.-..-_
P e T u L] * T T T T T T T R e e e e e e e e e e WP
[ A A XXX R E N l.-.-_.-_.-_.-._-... . . . . . s e e P . ..-__-.__ LU 1..._.-..- Ll L ] o
L e o e N N N O R O N N ) O ) A k
S S R L) L ) i L
B L I I I R e e e 3 D ata e e e R
LBl kA a0 3L AC 3C Lk 0 0 3E A L R RN L) L) EE R XX X KKK N AN KK
dp oy ey e e dp e e e pdp e e ey dp bl e e e o e o R LSO M r MR CREORE NN Mo AN N MM
T e N e N A R O N N O M M LR ) L] E R X XX XEXNNNELNN
W dp i dp p e dp e e e dp e dp e e e e o e i e i e ip e o R R L ] i R RO A AN A M A M A
e e e o e L) L) i i
dp d dp ey ey 0 e e ey dp e ey e e e o e e e e de d e e ke o R R k& L N ir R RN A AN A W A M
B e o A e A N A N N N O e LR ) L) i
B dr dp dp e dpodp dp o dpodpdrodpodp e e ey e e e e iy e e ddr e e e L0 N N3 i MORCRERE N N M oA N N MK
e N N O O N L) L) R TR RO AW A MW A M M
E N N N M U e L BN i R R AN N A M A M A
I e o e  a a  a a  a  aE ENE N EaC M ) ER R REE R R R N N N N KA
& e i Ay ey g e e dp dp dpodp dr gy o dp dr o dp dp e dp e dp e dp e de e dr e dy e e L N NN R RO A A M A AW A M
r Ml ip dp dp e dp e ey e dp dr dp dp dp e dp dp o dp e i e e e e e i il dp i e L MO M) e
dp o dp Uy ap e dr o dp dp e drodp o dp dp e Uy dp dr dpodp o dp e e dp e dpoddr e e e dr e e P B NN ) i
+ i e iy dp dp dp e ey dp o dp dr dp dr dp e dp dp o Jdp e e e iy e dp e e e iy e e o L 3 MO ) - R R AR A AN AN
L N N ko L e a3l L) MOREPE R K R K MK K K NN X
Pl i dp e ey e e ey e dp 0 dpdp dp dp dpdp e e dp oy e e e dr e e e e e L S M) - ERREE R XX RN NN
ey dp p de dp dp e de e g dr dp de dp de dede dp e dp o dpodp dpodp o dpodp drodp drodp o dpodp e dp e iyl iy e R L) E R R XK X N NN KX XXX
. i e e e ey ey 0 e e e e dp p e e e ey iy iy e e e e e L e A A N ERXEREX XXX EXDXERENTXR
dp o dp ap e dp de e e de de e e e de dede de dpodr oMo dp dp dp o dro b o dp dpo b oo N X e dr dp e ol e O W L )
« iy e iy ey dp e de e dr dp dp dr dp dr dp de dp dp dp e dp e dr dp dr e dr o dp dp e dp o iy O e N N i EE R AR TR N AR
dr dp dp dr dr o dr dr g A e A A e B de b B de b dr e b O dp A 4o dr dr 4 0 & 4 g dr i op dp dp i op o dr o L L L B L L
L e iy e e ey b de dp b de dr dp e de dp dr dp Op dp o dr o dp dp e o dp e drodrodp e E O N N M M) L) i i
dr dp dr dr dp dp dp Jp o dr b dr dr dr o dr e b dr e b dr b b e b b e Jr b b b b b o b N dp e dp dr odp & dr o & & o o & & & & L L ] FEFEFEFE R OF O & o & & o & & M & &
r il iy ey e dr e dp dp dr dp dr dp dr dr dp Jp dr dr dp dp dr dp dr dp drdp dp o dp e e C 3 O N R N M M) L ) EERXXERXEEENETEARNEREREN
dr dr dr dp Jrodr o dr A A b e e de b B b O M b e O U 0 B e e e 0 r b dr 0 O 0o dr O dp drodp dr dr i o A & o o o o F & & & & & & & & FEFE R IR XX & & X & N & 8 & &5 ¥
w b dp dp dp dr dp dp U b A e b O e b O b b Jp b b O Op b dp Op Bp dp O dp dp O dp dp U dp e dp dp dp o e o o & & & & & & & & & & g & & & ERXNEXXE XXX ENENXENENEEX
o i dr i b e dr g A e dr M e dr de b B b b B A B B de B dr de e B de b de o dp dr o dp 0 dp dp 0 dp dp dp e dp de e o O O dp o O & O O & O O & L] ERERERENKERSXEXN X NN NNNNNWNNN NN
rodb o dp dp dp e e B O b e e O B b e O dr b b b U M O b Jp o Jr A b o dr O dp o dr o Jr Jr o dp dp e dr o o o o o o & o & o F o o & & &K i & EERERRX XX XXX XN NN NN XNENNEEN
dp dp dp dr dp g b b o dr b b e b b b b b b b b b bk S b M b b dr b b S b b dp dp dp o dp oy dp o dp dp o dr dr dp o dr dp dr dr i dr dr o & Bk R R FEFEFEFEIEFE O BB O O & O & & o & X o & & M X X
c ol dp o A i dp b b A e b 0 b b de b b M b b 0 b b 0 e b O b b 0 O 0o dr A drodp dp dp dp dp dp o by o & o o & dr o 4 o & & & & & i & & L N N G N
o dr dr dr dp dr dr o dr A b e e Jr b b b e kb b b kb b b U e 0 b b e O O b dr dr o Jp b B dp Jdp dp e dp dp dp o o dp dr o dr i o o & & & & & FEFE R IER N XX XX XN NN XMNMNHENEMNN NN N
r ki o dr i dr b b dp b b b U b S b bk b b S e b 0 b b de b b 0 O b o dp o dr dr o dp O dr o dp dp dp dp dr & & dr dr & dr dr dr dr & & & & & e o R g R IR XXX XX XXX N NNNNN NN NN NNN
E N I I O I D I DR DA R R R R RN RS N I I U e E L
- “l.“l.”l.”l.”l.”}.”}.”}.“# .r.r .r.... .r.r .r.r .r.r .T.r " e " e " el " e " & » el " el .r.r " el » e " & » el " e .r.r .T.r .r.r .r.r .T.... .r.... .r.... .T.... E#H#H#H#H}.H}.H}.H}. .Tl.”l.Hl.H}.”l.Hl.”l.”}.Hl.Hl.”l.Hl.Hl.”}.”l.”l.”b.“l.”l“l“l”l”i“l”l L] l"H"H“HHH“HHHHH”HHHHu.””unHHHH”R”HHE”HHH”H”HHHHE”HHH
r o & i dr dr i dr dr A 0 O b B O bk e b 0 e b O B B O de B O de B dr dr o dr O dr o dp dp e dp b Jr e dp i dp o e b O b dp dp o i o o O O o b R R L] E A A A o g
o & dr dr dr dr b odr o b b bk b b b bk k Ak h ko k Ak E b kk kb ok S S S b b b dr g b b A g b b 0k drodr dr dp dp dr dr & dr o & & & & & FEOE M A O & o & & M A N A N N M AN NN KN NN N
- l..-....}.l..-.l.}.....-................}....}...........rb .r.._ .r.._ .r.T.r.._ * & .r.._ * & .r.._ * & .r.._ * & .r.._ * & .r.._ * & .r.._ * & .r.._ .r.._ .r.._ .r.T.r.._ .r.v.r.v.r.r....r.....v....r..........................}..- ......_..._............_......._...._..............._.... “ ....H._...r}....}....}....}....}.l.}.l....l.l.l..-.}..-..-..-..-..-.b .-..._ r.-..-..-_.-. HHH..nHHHHHHHR..nHxHHHHHHHHHH!H!HHHHH!HHHHHHHHHHHHHHH
" .-.l.}.l.}.}.}.}....}.}.}.b....}.}....}.b....#....rtb .r.__ * & . & . i * & .r.__ . & * i . & . i * & . & . i * & . & . i * i .r.__ .r.__ .r.__ .r.__ .r.__ .r.r.r.._ .r.r.....r.r.r.....r.....r.....r.............__ .............r......_..................._......._..........r.._ .r.__.........._..l....}.b.}....}.}.}.}.k}.}.}.l.}.l.}.l..-.l.}.}.b .._.._........_ .-..-.l.-..-_.-. HlH.xHHHHHHHx..ﬂHu.”HHx!H!!Hx!H!Hﬂv.!un!!ﬂ!!!!x!!!xnv.ﬂx!
L R N N I N Lk RN o D i i i
ey e e ey dp Uy A g dp de e e ko h k k k k k koM ok k k k k k kA de de de e de dp Uy e e dp dp dp dpdp w p e e dp e e dp ey i e el i dp de i i i i i i
Pl e iy e e e e ey e b b de bk Bk de h Bk k k kR kM k de de de e e e el dp dp dp e e e B dr e de e e dy e Uy B de e dp de de i i ROk R Rk o Nk am A A A M M MK K A KX
Ca e N N N N A O UL N e el AL A i i i i
s o dr o dp dp Jrodr b o b b b dr b bk s s s o bk kb bk kb E bk S h bk S h b S S g b b d g b dr dr b b o dr B 0 dr drodr O dp o dr o A o dr dr e o & &R MR XX NN NN NN A E o A i
L I I I I I I N N N NN i e i e e e
L L L L L L R R R R N N I N R I N I N N I I R N N I I N I N N N P R N L S R L e S L L L L L L L L L L B ) F B N N N A
dr dp dp dr by b Nk b &k b b b s ks sk s s ks s s s s dk s ks s s ks s kb A N SN hh i i dra ik ik i o drodr ipodrodr ik odr o A AN NN NN NN N NMN N NN N NN NN NN
. dr & dr dr b dr b b r o Jr o dr e b ek b o2 b o2 b kb bk h bk h bk h sk bh S hdhd i d s bk bk Ao dodd i dodrodr ki b o k& kR MR E R EE N TN N NN NN NN NN NN NN NN
J d Jroip drodrdp dp dp de de dr Jr e b B bk or o m om b b b & & m m m m m a b &k bk bk kb &k Ak Jdod ok drodrdrdr dr dr de hodr o oar drdrodp e g Jrodr dr dr ir dp dp e dp X OF & & IIHHHRIHI L i
DN L ML L N N R N N N N N N R R R N N N R N N I R I R N R I I N N N N N N N S N S N L L L S L L L R e XX R XX N Mo M AN NN N N KN N NN
Jdp Jrodr b drodp dp o be e e b b b b b b r non hoak akoaa T e e T T o A I T e e e P o N ) IHIHHHIL“HHHHHHHHHHHHHHH
. drodp dp dr Jr o dp dr o dr A dr o dr dr b e b b b & on b b b b b oa koA ERCNC N NN N N N N N N N e S B N o S S S S L L L L L L L L L E A A M NN AN XN NN TR
& & & b &k ik k i r r rh ks s A s r ks s s s aoa s & & & 2 & & b & & b & & b & b bhh s som brdii i i ks ok & RN R X NN NN N NN NNENENYENE NN
rodp de dp O dr b o dp dr b dr o Jr b b b b e b b B b b b b b b kb b kb b kA bbbk kb khdd e dd b b b b b h bbb b g 0 b b 0 e dr e e b b &k & FERERERXE X X . A XXX ERXEERXEEXN XX
J d dr dr de drodr Jp de dr de br Jr O B b b m mom am b 4 b m ks h a ks b a b om hm b b &k k ok omd h d kb hhorodondddoddroh drodr dp dp d droic h & & & & ERERERERRX X XX NENEXXEEREEER
L N N N N N N i N N R R R N R R R R I R R I I R R R R R I I N R N N S N N N S S S N L L L L L L L e e RS R XX A ER X XEXEEEREEENEEER
b b Jrod b drodp b do de o de b b b b A b mon noma s s s kb aah ha s s s om h bk h kA b oad b d o hoahoaddddpddd i d b i dox itk & & &k . EXXXXXEXRERERRERERR
v e drdp O b dr O O 0 o dr b U U O b b e b b & b b b b b b b bk b b b & bk b & b bk k Ak ko ok S o b b oo dodrododrdr ok ko b oJode doodrodrodp O dpo drodr o dp o A R N o [ X EXXITXEXAAXTXEXAERERRR
& b & b by b b b ko h ks s s s ks ks s s sk s s s s s ks ks sk ks s A s kh N i ook i i ik ki i ir o xR ERENENENRENEFENERENEFREENEREN
s dr dp dp O dp b o dp b b o de Jp b dr b b b b brm o b b b b b kb b kb kbbb b s b b d bh bk bl b ddodrdod i drdr b b dpr M b Sy dp i & e & & & R EEXREITEREEEREREFEEFEER
Jodr Jrodr Jp b e U Ur O 0 0r or e o b bk b b = b bk &k & b b ko w on b b b & b a b b & & b k Jodooa Jrodrododeodrodrode deode de dr JpoJdpoJdrodrodp o Jpodp o Jpodp dp dp b o i R RERRKERERERERR
W B dp dpodp Or 0 O Or b b Jr e b O b b b oa & oa b b b b 0k b b ook b b & bk bk bk S o JoJro b b o dr o drodoodr droJr Jr o dr o Jdrodp & & Jp Jdp o Jpr Jrodp dp Jr dp dp dp dp o O Or J o e R REERENEFRER | J
b b rd il b oo b Jo de de b d b b ok b dr b i B b b bhom b oA A b b b Ak h b b Sk dddaddodrddpdodpondrdrdrdrd oo d ir dririririr ¥ & & EERERERRN ] ]
S A e dp g Ak ke dp de de de de ko dp de dr de dr ko m oa m e ke de b e de e de e de de e de dp o dp dp dp dp b dp e e dp p dp dp e e e il ey EEREETRE |
S T T I e e O I I I O I T O N N A e N I N T T o O R i TR R i e O . N WY |, 4
R I I T T R . x
L e B dp dp e b bk U dp dp dr A Uy O de de dp o dp dp o de dp o dp drom b e de de dp o de Jp o de m U O A dp de Jp Op drodp dp o dp dp e b b de e dp dp o f dp dr b B A x

A e e e e e e e e e e e e e e e T e e e T R e e e e e e i e W e e e ek ke
e e e U U U U e e e .._.h._...r... e e e e e U e U U e e e e U e e e e e ..1“..-.__ LA M AL A L .4._..H - ._.._-_H.__.
B N R g e sl sl
o r & - - r
N 3 I e o P e iy g i e

l.l.l.l.l.l.l I.I LN

B o I ol o T o o o ol ol el R R g g g g e L
e e e e e e ....._.H L N .._..._.“.__. LTy T T e .._.._..H.___ ) o T "a
T T e T T i T i e e e i i i ey e i i i ey e e e i i e g
T A o g ¥ s
T T T T i T e e e i i i e e e i iy e e T T i A T .
B e T a o e g e g e ol N A Ml iy o
B I o e e S
B e e g e iy .
R T T A A T
A T e i e o e i i e e T i o it i e
T T Ui e U U e U A e
B o e e i e S o
SR N T N N e n
B N N g ]
e A A M)
B N A A e e lil-
Mo mrnnaa e e e e et e e e e e
P N
AT T T A A T T T T T
r PN N N eSO
L Al A Al aly
PN A M N N el
A AT T e e
R PN
e T e e
r &+
» ”.q . Al
T,
-
)
B
»

Ll
SRS

RN

353



US 2017/0103180 Al

Apr. 13,2017 Sheet 10 of 15

Patent Application Publication

T ,pprpprpprpprpp..pprpprprrpprpprpprpprpprpprpprppl-w"w“l"r-l» e T AT %
o u gl o i i i i e i i i O O T T T
) " n L 0 A e
W R A A T L L AL el et el et et s e e e el )
PO N M P s, 0 O i O T i T Ty i i -
L A A A A ol e e i i i ey i i -
Ol e e O o 0T T T T iy i i [
at R T P e L '
N R el el L L Al Al AL Al At AL MLl N an
:
A g 9 O i i T i e Ty e iR e -
L M A A AR ) Ll e i i e e i i i i e -
L M A A e ) EER R TR R TR A L I L Tt e el m e ay o
M ALt I gl i e e i e i e e A T "
P N M B I R T T I R v o Tay oo L L8
L A A A A ] R R R N I R L A R el e et et et e
O M L gy M R L T T e I L A
Wi A R T I o I e e e e A
LR s el el A W e EE R R R EE R ERE R R K I I I IR I o ot ot a0
L I M s I IR T P e L T I I I I I ety
L P A e e e - E R R R EEEEEE R N i T e e o N L L A
L I N Ll e el et et e e s [} W R N I I LN et st et el el st e e el el w3
L I I A O B L N T O I I e e L M M il
I A A e A L AR ] I T T o Sl el e a1
L A A e e B A A O EEER X L L I o O N AL e et a0
L I e I O I L L T I S T o e
L L e e e o I A N T L et e a0
LR N e Rl M A A A Rt I I el el sl sl el al Y
O I T T F o I I o el i
L T N N A A A A A Attt I T I e e o A L L g i 1
LN I I I e e a N I N A  a  aa  Ma aaa a T T T T ar e e e aa T TTTaTar TEE IE
L T S i e L i A A B M A I I I I I o S
A i i o el i Ty iy e T A L T A ol
N L L A el el st et et el ol s A I I e el el Y
Ui i i i T e e i i i i i iy Ui U T T T Y T T F o I I o A A el P
L I I A A A e I I o o e e o e o L L g i g
P N T I AL o el el el e e e e s e W o T T T Ty e i a a T T T i T
T i i e e e e i i i i iy e dr At i T I I I oy,
e L I I e o o o el e e e e A A L I I N ol
"R P A I ol e o el sl el e e el 3l I I e el el oy
2 L I I T e R g Py P P F o I I o M al
EYa e T I I o S o e e e ML A ) I o o I e ey o e L L g i 1
O P N I I I N R e e e e e s L Il AL L aa a al at al a  a a a al
X L I I R S A I I I I e g Y
2R L T I I R e e B L L L A N A L I e et N Al
xR L N T e L A el oy I I e el el sl o ey
i L I I I I T T I 0 I e o e N M o L I I I i I e g
xR T I R e e g e e e e el S S o L R I I o a1
A A R I I N R R e N e e e s e el oo T T T Ty i i i i i T T i e R
2 L I I I Il o O e I I i e  aar a  ) I I I I I g L L L L A
2R N T I T I R ol o o o I I o o N a arar aa aa aN L I I et et s Al
x xR N R T Tt T e L e st el el st sl o A A I I e A el e et ettt el el sl sl el ol y
2x L T I i e g L Lt o N oy F o I I i M P
R e e e S S T o T I o i e e e L L ML N Aty I o o A A A A
0 L R I  a  a aa a a a a a at a  E ar a a  a a al al at at a aat a ar a aa al a M Pl A e a e a a a aa a al a at a a a alaaL al?
e L I I S S T I I T T T T ol il e o A L ] I I o it I gy s
2R N O L S e b b e i - I I a  a aaa a a aaa a a a at a a a al aal
X » B N T N N N R N o e e e s s el sl oty [} N e et et el el el el et el s el el sl sl sl 0l Y
2 » B I T R o S o Sl e e g g S - L I N et M il
AR S e e e Py iy M Pl o e e i i i e e e i A R
A I A T T N N N il e e e el s e s e e ) L A e e e e e e e M M a0
x e I I T o T T T T T T T T Tl e L a3 T i S L A S Lo i
X N I I I T N I T T T T oo I o e al al a  aal  a aa a a a a a a a a N A C E C a i L e e e s e
& b & & o & & & & & & & & & N h oJrodrodrdrodrdrodrir o
O AL e aa e e a  a e a r.,_.Htk*H.,_.H._,.H*H...H.qH.qH...H.._.H.qH..qH.._.H...H...HlH...H...H..qH.4H...H.4H.qH.__.”.qH.4H...H.4H.4H...H.4H.._”...“.._H4”...”.._“r”+”¢" " .._.H.4H...H.4H.qH.__.”..qH.4”...”.4H..H#H&H;H..H&H;H...H&H.-Hﬁf .___H.
B e e W e e e e e e e o e e e e e e a a  aa ee LA A L N A Al Al Ll AL L A -
B A e e U a  a e e e e e o e e e o aa aa ae a a aa a ea AL L e Al At A Al A Ml an
e e e e e e e e e W e e e o e e e e e e e A I A A e At ) -
a e e e e e aa ar ar ar e T T ar o o i T i T i Ty e i i T Ll sl e s s -
I T T T I T T T T T T T T T T T T T T T T T T T el e e g T M Ty iy e i i U T T "
P N R T T T T T T T T T T T T T T T T T o ol o o o g e e e o ML ] L L N M e e e L8
R R N R R R R N RN A N e ol ol e N a a a aa a a a a aa LAl el al al al al el el et et ot ] }
P R I T T T T T T T T T T T T T T T T T T T T T Tl e e L o S M M il
T T T T T T T T T T T T T T T T L T T T o ol el el e e e e e o e N I o N A i i i e A A T T At O A AT
R R R R N N N L A et Ll sl L el el el et e e e W -
D S e e e L R L L e e S "
I T T T T T T T o o o o o ol ot o ol o it O o o oy i i L N N aaa ara at aaaa ey L8
e S P o S S S T S S S T S S S O S S Sl S e S e e R T Sl o S T e o o a B e e o e A e N M M M N '3
e S R I i I  aa e P N N et S ol
I T T T T T T T T T T T e e el el e o oy o e S I L L i [ e e i i e e i x
P N N N N I T T T T T N o e e e M LA el e el s e s W Lol
e S T I T T T T T T S ol I i i Y T A 'y ur
T T T T T T T T T T T T T ol o o o e g g e e e e e S o AL Ay L e .
R N N N R N N TR N o N o ol o at i a a a atal akkal s al ey O L L L et et el el el el el sl el ol ur
R I N I I I T T T Tt T T T I T T T o e e S s ) e o e e a w
I R N N N T T T T T I N N N S S o o B e el } I e e ur
N R N T T I N N A o o L e A M ar i T T T e i T x
N T T T T T T T T T T T T O T o St O O o o ity S N e N ur
O N I T T T T T T T o R R R g g g R g g L L B o I A a aa a  p .
Wy a M e kb bk kb omoa doa ok kA oammamdadomoam momd dd k E a e dr dr dr e dr dr dr e e dr de e e de dp o dp drdr dr dr dp dp e i a0 B e e e e e e e e W e e e e e ar
e et e e e e T e T e e e e e e e e B e e e e .
N N N RN AN AN A N R N N A N N N N e L a; oo i Vi Ty L "
F h b bk k& k bk bk M hoaowr bbbk kb omh k ok koA Sk oAk o1 dodr o dodeodeod drodpode dede dp de dpodr o dp o dpdp e dp o dr o dpode dp i dp [ dr dr dp dr dp o dr dp dr dp dy g e e dp i
P I T o R T R T T o I T T T T T T T T ot o e T o o o o el 'y i e e iy Ay e e b i i ey e P
N N NN RN NN O N R R O N N N N N e ol ot a pe e a p ot o aaalal alal y I L e e L alala aay ur
L I T Tl e e a a ey a a a  a Ly P I ey e -
L N N T N N N T T N T LT T T ol o T I o o o ool o o A o o I Pl x
L N A N N T T N O o I N A e e s oo T T T T e B i Lo
L T T I A e e I I A A o L  a a R I I e W i e i x
O T S I ol vl e e e e e e g e e ag aa oa oa o g » e e e e A X
I I T T T e I o ol e e . e e T T ....q&......&....._.-.-_._. T
L T I I o e  al eal ol e e e g e e e e e Sl ol S T I e e "R e e e e i e e e
N A N I N N A I g o N o et sl sl el e el e s s n) oo T T T T ar T arar e e i i e T LA AN
i T I T gy g N o ar o e o ar a i Pl
B I I N a a  p aa  a  a  a  IE E  a a a a  aa aa t  ad a a a a a pta a a ey o e .
x xR N R e T N s o el e ottt sl sl al sl el el el ol sl e N A A el aE Al W T T T T e e
2x B T T R R R e e gy A S a al o, o P I el iy R U EJT ar e -
R I I o o o Il e a E a e  a  AL L AEL p p a a e W I N e rﬁr*ktkr >
A 3 "o T T T e e e i i i e T T Ty i i T T T i i i T T i e Ui T ...........................&.._.t.-...tt#:*#k“nﬂ Pl
2 B I T o o o R R a o e Lt M M N Sy e e e a a a a T g ™ T T Pl
2R N T T T T ol e e e e o L L N AN e ) S P o 2 o L e P N
X L I T e o M M A e N NN at N A BTN > .q.......r.rk%.r
x L I I T L o e I I I T L O e N M Ml F I I T ol e e o Ty ey u s .
i i e e e e i e i R e i i i e e e e e e i i e iy Y R P o AL e e e e e e
xn“uﬂ L B I B L A e N sl e AR A e e e a > o L Nl At 3
o B I I I L I e e S L o P » P I I i S g vy g .ﬁuir!.__*ttttt -
A T O i T i T i i e iy i e A e T e i Xk e e P X ik k .
2 x L A L A Al A e A M » I I I I e I .w...#...r.rt.r.r“.r
2 L I I i e A P A F T I e gy iRl ol
L T e R A e A A A e e e T I o S S I I e e el el g g gy e
x R R e A A Rl o et A sl W I M o T T e e i e T Ty ar e o T T e ae
X L I T L g A e e a a a a ar ar ae ae o  a a a ae V Var Vae a Va a  N N
i W A T i e T E R T I o ol I e o g g S bl el
o L R A L aaC a a alar a aCa a () oo e o e e e g T e e o oo T T e o e e e e T e T
A L I g e L I T T o R i iyl Sl
oI I N o o o o o & o o I I S R T T o
n% .___H._._”.___”. “.4“ “ hq._._”._qH._..H._q”.___”._..H._._H._q”._._H._qH._._”._..H._qH._q”._..“._q”._qH._..H._._H._1H.__.H.___.__.._._._q._...___ " .wt...t...t...t.f.—....r Pt e PE NN .rk.rh&......k...n.........n....q...t...t....r...t.qt x
2T AN ) W A e X k& ok R
. . [ [ ] P B o o & R o
N ._...4.4._...”...“. .” ._._”.4“._..“._._”.._”...“._._”4”4”...-..tw&r*u...u.qu.._u...u..ﬂtu...u.._ ._._“._..._._._._.__..___ - " A .Hka...HkﬂH#ﬂHfﬂkﬂt -
W 2 .._.44.4....4.___....._.4...4.___...."...7 oo ___..4.___._._._._.4...4._._._..”~._..4._._ [} u Ht...tn.r....rnt N N A A A
x .___.4.___4.__.4.___._...4&...._1”.._ N N AL Calr) W R e e
” . .___“.4”.4”...“&”*;.. " e .1rn.4”.4“...”.___”.4“ - Hkn.rntnkn ..tn#nrﬂtnk#rﬂtnknrﬂtnknr Hk.
e R . . .
’ i i L L T e e el el e S
x L A PR N N BTt i e ke ke h R
ol e F N P e W e e W ) LR & dr dr e F o e S A Sl Sy SalrS
L Pl B R Pl P e A
.HVKnunnna e " T a Tt g e : N
o u.-_unnnann at . .“k.___.q.__..q.___....r#....q.___ S S : e o el e o
.. . .
ol Ll e P ol ) i b oo
A Xz L aa a a aaaaat e I N NN
. N e M P M M M M Mo M e e k.r...tkthr...tktkt...tktkt“ *
[ 4 W & S F O I N R I S N e o
A nnnna"n .4H.__.H.4H.___“._..H._._H._._”._._H.4H._._”.__.H.4H4”4“4”4“...H4Htu...u.-n.._”...u.._u o "tk*rtrtktuu Yaa ™ .HrH*r#kkk*r#kkk*rﬂkk*r -
x xR A W e e e e e e el [} Xk Th R N Nttt
A L I N ey o a T e  e  ae e e e e T T T N T e o B W
A R L N A A A A P ol N L ol
’ T A i i o i Pl iy i igte Mg ta e Mty i i e
.”xn :HHH__."-" ._...4.4.__.H.4”.4“.__.TH;H...H&H;H...H&H;H;H&H&H... T e e
O o At N N Y O I e ey gy oy
. I N N N A e o ot o A e T T
""H gl | N N W “*”*”*”l-”.'-H.'-”.'-”.'-H.'-“.'-”-'-H.'-”.'-”.'-H.'-”.'-”.'-”.'-”.'-”.'-H.'-”.'-”.'-H*”*H*H*”*H*H*”*”*H*H.TH*” l.l.r.l l.ll b a2 b a h oa hoa .rll & & &2 & & &2 & & oy a2 a2 & a2 & & a & & & &2 & 2 & &2 & &2 & 2 & & & & &k sk dra a2k sk = ko
o AT i T e e i e e e e e T ey
. R I o I N e e
o F ]
. B A A A R R N S R B
L I T T L T o I oo oa e o o
x T e e e e e
x WA i i e e e i i ey e e e ey e e
L A e e o N R B
x A i i i e Ui i i e i ey ey e w e a
L T T o I e e o e
x AT T T T T e T i T T ey e e
L T T o IO R
x L T I el g e
T A e e T T o o o T T T T T T T e
o A i T T T Ty A e e i e iy e e e e
ol A i A N N N N N R
x x N A I e A A A A e ot e el et
x i i e e i T e e e e e e e e Tar
a% T T I I I el o I ol ol al e e N R
L T N e e g o A
xx x L T T T T I I T L R
x L T T a a  a  a a a al a a l al al aie a a
X x L A I o
5 i i i e e e e Yy ar a
x L T T I e i
L A N I e o ol e il
x L L T T I e T e
Y L T R I I A el el el el el e Ve
x LN I I o e
n L T S O I A Al o ey e
x L A I It A e a a a aa
x L A S N N o e o s e el
X Wi i T T Ty e e i e ey e e i i i i T T ey
& F ] ¥ .
x" T e e e R T P e a et e e a aT
L T T S o IO O AN
x e e i W i e e e e e e e
x L T I I I T I i R
d .
n”n .._.._HJH...”...”...H...”.._.”...”...H...H...H...H...H...H....._.._.H...H&H#H#H&H#H&H&H#H&H&H#H& ...H...”...H...H-“.”.“.T“.n.-“n“.u LRI
. L T I T o Tt an wraa e
" L A A A A A At A N e A e e A e e aa T
v w e o T e e L e e e e e T T
) o o e e e e T A N A NN RN R
o A I I I e e . e e T e e e T e e e T e e e
x L N L e L aral a  a e T e
xx L T I I o o e v g T T e e T
= o d d dr e b w o dp dp e dr dp de e e dp e e dp e e dp e e T . e
X T e e e o et e e e e e e e T al e
X L I T T I o vy i e g e
x L A S
xx L I T T I T e o iy g
x T o e e el
X x L A N I L e
x L L T S g
o L A I I I A
x L A N S e A a a sttty
X WA i T T Ty e A N i i T e i i T i
x L A A A I
x x WA i i T T T S i i T Y g T i T T T T
x L T I I L L o vy g i -
] Y
T T e T T e
o S e e e a e  a aa  aeae aa T ae T
x N N A I U L R L R R R R L
x L T T T T I e R o P I R I I B R
n‘. T e A R i T e ey e i i e ey e e e
o [
a”ﬁ.. arpaCasale e e e e e e e e e e L e T L
x x W e e o o e e e
w x i i e e e e i i i e e e e e e A .
x o AT i T e e Ui O e ey e e i i i ey ey e i
x n A I N N R e e o
x x L T T I o e g L e
i " L A R RN L P
x X x I I N N NN s i R R
* . L]
a" nxan"a -_4.4”.4”...”....”.4”.__“&H;H#”&H;”}.”&Hﬂ.4”.._.H&H#”&H}.H}.”&H}.H}.H&H}.H}.Hk ........................-.-..-..-.1.-.-“ e tat o "ata W
amn P L LI AU T o aa “ag
i L T L el Sl Ty
x " T T T T T e Ui i i T T T i i T T i T T xla A
" * B T I iy 2Ty i
x e Tl W e U e i i i iy ey a - A
N x L e N A A e e e el el .,_ -
* " L I N e e v g ra ata
AN L A A A A X =
X, X FEE R .4....4...4..........4...4.4._H44........_......_..4..,._......4.__..4.'4.._.41.4........4................................................. P
b e L A M L I e e RN
RN AR L A S L P A o i aa alatala e
* P L I I o o T T e g sTaTa
r.“-m."nr.a L A L e -
Y Ty e W T T i e i i T i ahaa
AR L T N B o L L o
A N I N A
[
e e F I R R e
N L R R I T e o e
N LALLM AL A Xl Ml at At o e e
AR Wi iy i 2"a"a" s wata"a"aa
xun“nnn" ._._H.___H#H....”.._.H..qH....”._qH._qH._..H.___H._._”.__...q._q.r -..r.”.l..,lu._..”. - “._.“.“. ettt
N o LT JLACIE I
X Wi T I
2 Pl ) Ll n T T e e T e e
X A i T - D R
A i wo ataa s AT
Y o Ny N
gl g e o N Caals
x xR Ll e et el 3 Al ] 273"
* 2 i i T T a
% e e i aTy"a
”r. __.“n"n .'4.q._...__.4#...*”..”4”4“44.._”4“...“4”4“. “.H..“.
A A T T e
) A L o LA -
A e ; St 2K a M My
o xR S dr p o W M U A B Bl A M A Bl A Al A M M A EE A s . Ty . P e T T
Nl i Y o W) P N N RN EEE N N E O Y Y O T S N N O N R R R T T T E R E T E Y TR E N
o E [ R T il I T e S e . L N T AT, o e R T T R e T T T S
X xR K R e e AP N I AT B e N -
x o U T T T T T T i rata ATy ;
L X E NN, 3T e e v
y "R L et e I N e A N Clatata T
Ao i e e e e
a3 xR R TR T e e D
X wae ar i A A T I T ATy
x xR A L W e xata"aa
E "R LA e Ty
X o B NN wrata"a"a
N o RN ATy
x rx W m A & F a g aa ha
A i AT
L ol ot
A "R ATy e
KRR K wata"aa
AR 2Ty
Nk A
o Tata"aa
e AT et
A x_ R a X & & & =
. RN ANttt
P x xR ettt
ey 2R At
L e et
al M AR o atalh e e e
K X et
2 = R a s a m A a ..
o Fi P R N N e
ad Fo 2k & b m s ama kW gy da s s s s md s s a s s s s aaaa
%X F R T S S S e L T e R |
2! X M 2 2 2 2 2 2 2 B 4k am m s al aa ke m s s s s s sk omoaoa
A A xr X XK E I I RO I R T R I N I I T R R R I R R IR T D I I R R DA R R R B R R R R RN N I DR I R R R DR I DL T T R B DA N RN R R R R R IR R R I
! P N NN NN
A A T X XREE E I T R I I I R I I R R I R R R R R R I B I I R I I R I I B B I IR R I R R R R R IR R R R R R I I I I I R I I B I I R T R R I I I I T R R R R R R B L I R R R R |
! i i W a2 a m 2 a a2 a am a2 a s s a s a2 a s s a2 s a2 aaa a'ha s s aam s s s aaaaaaaaaaaabbbahaeasaasaa
A A M X ¥ EENE I ] .'-I.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.r b & & b & .rl.'r.rl.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.II.'-..' I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I.Il.rl.r I‘I.rl.r I.Il.rl.r I.Il.rlh



Patent Application Publication  Apr. 13, 2017 Sheet 11 of 15  US 2017/0103180 A1l

- Question
Library 931

 {(Hparam.V -
. 933) Memaory 806

Heaith
Seore
instruct
41

Processor 804

Correlative
Health _
Parameter 805

Computer System
500




Patent Application Publication  Apr. 13, 2017 Sheet 12 of 15  US 2017/0103180 Al

Reai-
Waorld int.
1070

Name Compare
1850

& Mortality utput

User Name Database 1848
103603

Mortality Determination Logic 1046

Tribute Markers/

Kevwords 1032 Ssentiment 1035

~ Content Analysis System 1820

~Analysis Bules 1022

image Analysis | Text Analysis Sentiment
1030 1040 Analysis 10348

Real-World User
Data 1011

3 party Interfaces
1630

fdortality

% Information ?

Systent
1000

FliG. 10



Patent Application Publication Apr. 13,2017 Sheet 13 of 15 US 2017/0103180 Al

User Categorization Param.
1124

T

User Categorizationds)
1102

Liser Name Database
1184

User Attributes
1106

Sociai Network Content Analvsis Component 1108

-SN Anaiysis Rules 1110

User
image 1112 Text 1114 Affiliation{s)
1116
Socizl Network Content
13103

Sacial Network Connectors
1118

Litestyle —J
Determination Syﬁtem
HG. 11

13100



Patent Application Publication  Apr. 13, 2017 Sheet 14 of 15  US 2017/0103180 A1l

Obtain Social Network Content For A User

1210

Aftiliation Analysis

1226

1230




Patent Application Publication Apr. 13,2017 Sheet 15 0f 15 US 2017/0103180 Al

Knowledge : :
aaternﬁiﬂatign ..........................................................................................................
i 1318 Knowiedge Corr. |
- R— Detorm. 1336 |

User Health
Services
1340

Lifestyia

Categq{)fizaiigﬁ ........................ AR AR AR ICICIIIINN
1320 Lifestyle |
HE— Detern, 1334 ]

- Prog, Seiect,
1342
--Brog, Pricing
1344

User Health

_ Health Profile |
Model 1330 ealth Profile

1332

{Jser Biciogical
tnput 1307

Health
Determination
System 1300

FlG. 13



US 2017/0103180 Al

AUTOMATED DETERMINATION OF USER
HEALTH PROFILE

RELATED APPLICATIONS

[0001] This application 1s a continuation-in-part of U.S.
patent application Ser. No. 14/642,709, filed Mar. 9, 2015;
which 1s a continuation-in-part of U.S. patent application
Ser. No. 14/542,347, filed Nov. 14, 2014:; the atoremen-
tioned priority applications being hereby by incorporated by
reference in their respective entirety for all purposes.

TECHNICAL FIELD

[0002] Examples described herein relate to a system and
method for providing a health determination service based
on user knowledge and activity.

BACKGROUND

[0003] Online services exist which provide interactive
gaming and social environments for users. These services
generally exist for amusement only.

[0004] There also exists a questionnaire, termed the
Patient Activation Measure (“PAM”), provided by Insignia
Health under license from the State of Oregon, which
includes a static set of questions that are knowledge-based
and deemed correlative to health.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 1illustrates a system for predicting a physi-
ological or mental health of a user based on the user’s
knowledge level of health, according to one or more
embodiments.

[0006] FIG. 2 illustrates an analysis system, according to
an embodiment.

[0007] FIG. 3 illustrates an example of a data structure that
can be developed to link a question with a health outcome
and a topic, according to one or more embodiments.
[0008] FIG. 4 illustrates an example method for predicting
a health outcome of a user based 1n part on whether a user
has i1ndependent knowledge of an assertion relating to
health.

[0009] FIG. 5 1llustrates an example method for predicting
a health outcome of a user based on a knowledge profile of
a user.

[0010] FIG. 6A 1llustrates an example method for provid-
ing a health related service to a user based on a knowledge-
predicted health outcome for a user.

[0011] FIG. 6B illustrates a health service sub-system 680,
according to an embodiment.

[0012] FIG. 7A 1illustrates an example method for provid-
ing a game-based environment in which user responses
ecnable prediction of health outcomes for individual users.
[0013] FIG. 7B illustrates a knowledge-based recommen-
dation engine, according to one or more embodiments.
[0014] FIG. 7C illustrates an example method for choos-
ing questions to provide to a user based on data retrieved
from an activity monitoring device.

[0015] FIG. 8A through 8H illustrate example interfaces
for use with one or more embodiments described herein.
[0016] FIG. 9 1s a block diagram that illustrates a com-
puter system upon which embodiments described herein
may be implemented.

[0017] FIG. 10 illustrates a real-world mortality informa-
tion system, according to an embodiment.

Apr. 13,2017

[0018] FIG. 11 illustrates a system to categorize a life style
of a user, according to an embodiment.

[0019] FIG. 12 1llustrates an automated method for utiliz-
ing information about a user, according to an embodiment.

[0020] FIG. 13 illustrates a health determination system
for determining health-based products and services, accord-
ing to an embodiment.

DETAILED DESCRIPTION

[0021] Some embodiments include a system and method
for predicting a health outcome of a user based on a
determination of knowledge the user possesses regarding
issues of physiological or mental health.

[0022] Stll further, in some embodiments, a system and
method 1s provided for providing a health service benefit to
a user based on their predicted health, as determined from
the user’s knowledge of human health.

[0023] In one embodiment, a collection of assertions are
stored 1n which each assertion pertains to human health. For
cach individual 1n a control population of persons, a value of
a predetermined health parameter 1s determined which 1s
indicative of that person’s health. For each assertion of the
collection, a correlative health parameter 1s determined
which 1s 1ndicative of an association between those indi-
viduals in the control population that have independent
knowledge of the assertion and the value of the predeter-
mined health parameter for persons of the control popula-
tion. The collection of assertions can be stored by associat-
ing each assertion with the determined correlative health
parameter for that assertion. An interface 1s provided for a
user to indicate the user’s independent knowledge of each
assertion 1n at least a subset of assertions from the collection.
A health outcome 1s predicted for the user based at least in
part on the correlative health parameter of individual asser-
tions 1n the subset of assertions.

[0024] In st1ll another embodiment, a health outcome of a
user 1s predicted based on a knowledge profile determination
of the user. In one embodiment, a knowledge profile is
determined for the user which retlects the user’s independent
knowledge of individual assertions 1n a collection of asser-
tions. A correlation 1s determined as between a set of facets
of the user’s knowledge profile and a corresponding set of
facets of multiple individual person’s knowledge profile.
The knowledge profile can be determined for at least a set of
assertions from the collection of assertions. A health out-
come 1s determined for each of the multiple 1individual
persons. The health outcome of the user can then be pre-
dicted based 1n part on the correlation and the health
outcome of each of the multiple individuals.

[0025] In still another embodiment, a knowledge profile 1s
determined for the user to reflect the user’s independent
knowledge of individual assertions 1n a collection of asser-
tions. Each assertion 1n the collection can be non-specific to
the user or to any person of the population, but otherwise
known to be correlative to human health. A determination 1s
made as to a first correlation value as between the knowl-
edge profile of the user and a knowledge profile of a control
group of persons for whom one or more health outcomes are
known. A first health outcome 1s predicted for the user based
on the first correlation value. A health service benefit 1s
provided to the user based at least in part on the predicted
health outcome.

[0026] Stll further, according to another embodiment, a
human health knowledge profile 1s determined for each user
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in a group of users, the human health knowledge profile
reflecting that user’s independent knowledge about asser-
tions 1 a collection of assertions. Each assertion in the
collection of assertions may pertain to human health and 1s
non-specific as to any user or to any person of the popula-
tion. At least a first correlation value 1s determined as
between a facet of the knowledge profile of individual users
in the group of users and a corresponding facet of the
knowledge profile of a control group of persons for whom
one or more health outcomes are known. A subset of one or
more users 1s selected based on the first correlation value of
cach user of the subset exceeding a threshold designation. A
service or designation 1s provided for a set value to the one
or more users of the subset, and not to other users of the
group. The service or designation may be associated with a
true per-user cost that 1s not equal to the set value, but which
1s variable and set to increases over time when individual
users 1n the subset suller negative health consequences as a
result of a naturally progressing medical condition. Still
turther, some embodiments include a system and method for
providing a health service or benefit to a user. By way of
examples a health service or benefit can include health
insurance (including primary or supplemental), life insur-
ance, enrollment 1n a facility to receive medical attention,
medical publications, as well as discounts or augmented
services thereol. In one embodiment, a collection of ques-
tions are stored, where each question 1s based on a docu-
mented assertion pertaining to human health. Each question
in a first subset may be associated with a correlative health
parameter that 1s based at least in part on (1) persons in a
control population of that have independent knowledge of an
assertion that i1s a basis of that question, and (11) a value of
a predetermined health parameter for each person 1n the
control population the value of the predetermined health
parameter for each person being indicative of that person’s
health. Additionally, the second subset of the questions 1s
associated with a null (1.e. non-existent) or neutral (1.e., not
indicative of health) correlative health parameter. A corre-
sponding set ol questions 1s displayed to the user from the
collection for response for each user 1n the set of users. A
response score 1s determined for each user 1n the set of users
based on a correctness of their respective reply to each
question 1n the corresponding set of questions. A health
parameter value 1s determined for at least a health outcome
based at least in part on the correlative health parameter of
at least some questions 1n the corresponding set of questions.

[0027] Stll further, some embodiments include a system
and method for providing health recommendations to a user.
In an embodiment, a plurality of questions are provided to
the user. The plurality of questions can include multiple
questions for each of multiple health-related topics, so that
individual questions are each associated with one or more of
the multiple topics. A score 1s determined for the user in
answering each question 1n the plurality of questions. The
score can include topical scores for one or more of the
multiple topics. Based on the topical score of at least a first
topic, a set ol recommendations can be identified for the
user. The set of recommendations may 1nclude an action that
the user can perform to improve the user’s mental or
physiological health relating to the topic.

[0028] According to some embodiments, contextual data
1s determined from user activity, and more specifically, from
health related activity recorded by a user device. The user
device can correspond to, for example, a mobile device that
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the user can carry on their person (e.g., mobile device 1n arm
holster), or by a wearable electronic device. By way of
example, a wearable electronic device can include comput-
erized devices that record movement, location, and/or a
user’s biometric output (e.g., temperature or heart beat).
Wearable electronic devices can have a variety of form
factors, such as, for example, a bracelet, watch, arm band,
glassware, hat, or garment. Depending on design or imple-
mentation, such devices can operate independently or in
communication with another computing device (e.g., via
Bluetooth or wireless connection to another mobile com-
puting device).

[0029] As used herein, an activity monitoring device
includes any electronic device which the user can carry, such
as a mobile computing device or wearable electronic device,
which tracks and records user activity in the context of
health. The recorded activity can include data relating to
user exercise, as well as data relating to everyday activities
such as sleeping, walking, eating, or working (e.g., sitting at
desk). According to some embodiments, data generated by
one or more activity monitoring devices 1s retrieved, and
questions displayed to the user are based on this retrieved
data.

[0030] While examples such as described are imple-
mented on computer systems, empirical data has been
derived to show health outcome prediction can be correlated
to user’s knowledge. For example, examples have deter-
mined that positive health outcome determinations made
from evaluating user’s answers directly correlate to fewer
hospital stays.

System Overview

[0031] FIG. 1 illustrates a system for predicting a physi-
ological or mental health of a user based on the user’s
knowledge level of health, according to one or more
embodiments. A system 100 as shown by an example of FIG.
1 can be implemented using a combination of servers, or
other computers which combine to provide a network ser-
vice for client computers operated by a user base. While an
example of FIG. 1 1illustrates the system 100 being imple-
mented as a combination of logical components, alternative
implementations can readily provide for functionality
described to be integrated or discrete. Moreover, speciiic
combinations of functionality and processes described can
alternatively be performed as sub-combinations or alterna-
tive combinations. Likewise, an example of FIG. 1 1illus-
trates use ol multiple data stores, which can logically and/or
physically be implemented as a combined or integrated data
structure (e.g., database), or alternatively, in distributed
fashion such as shown.

[0032] Among other implementations, system 100 can be
accessible to users 11 over a network 101, such as the World
Wide Web, to mobile computing devices (e.g., feature
phones, tablets, etc.), personal computers (e.g., desktop
computers, laptops, etc.) and other user operated computing
devices for purpose of interactively engaging individual
users to determine their knowledge level on various health
topics, and further for predicting the individual user’s physi-
ological or mental health based on their knowledge level of
health. Among other advantages, an example of FIG. 1
ecnables facets of physiological or mental health to be
determined for a person, without need for obtaining user
specific medical mformation or biological samples. For
example, 1n one mmplementation, a user’s health can be
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predicted without use of any user-specific medical question.
In a variation, a user’s health can be predicted based only on
inputs ol gender and age. In another variation, data collected
through activity monitoring devices can be used, alone or in
combination with other inputs, to predict a user’s health.

[0033] As described 1n greater detail, system 100 gener-
ates fact-based questions on various topics of health for
purpose o (1) obtaining responses {rom users, (11) correlating,
some of those responses to physiological or mental health
determinations, and/or (111) correlating some of those
responses to predict a mortality outcome or underwriting,
class. One of the underlying assumptions of system 100 is
that the living habits and behaviors of people generally tends
to have a measurable impact on their physiological or mental
health, particularly when the assumption 1s applied to a
statistically significant sample of people (e.g., hundreds or
thousands of persons). Under a statistically significant
sample, embodiments described herein have recognized that
a correlation can be made as between the knowledge or
awareness ol imdividuals and their relative health outcome.
More generally, embodiments recognize that health-con-
scious 1ndividuals are generally more knowledgeable about
health and also more healthy as compared to less healthy
people (e.g., individuals who sufler from obesity, heart
disease, etc.). In fact, embodiments recognize that healthy
individuals are significantly more conscientious of main-
taining healthy living habits and activities, and with this
mindset, such individuals are far more knowledgeable about
health than the rest of the population.

[0034] With this recognition, embodiments described
herein provide a system for gauging how conscientious a
given user 1s with respect to health, based on the user’s
awareness of information that 1s specific and health driven
embodiments further recognize that such. Such information,
which 1n many cases may qualily as trivia, nevertheless
provides a mechanism for delineating those individuals in
the population who are 1n fact conscientious about healthy
living habits. Furthermore, embodiments described herein
programmatically correlate knowledge of health to physi-
ologic health of mndividuals amongst a statistically signifi-
cant sample size of users. Additionally and/or alternatively,
other embodiments described herein programmatically cor-
relate knowledge of health to a mortality probability for
individuals amongst a statistically significant sample size of
users. This knowledge can be used for a variety of purposes,
such as pricing life msurance (or premiums).

[0035] In order to gauge knowledge, an embodiment of
FIG. 1 maintains a library of fact-based assertions on various
subjects of human health, such as nutrition, exercise, medi-
cine, etc. In an example of FIG. 1, the assertions are
presented to users 1 the form of questions, for which
responses can provide answers that are either correct or
incorrect, and further enable evaluation of knowledge based
on whether correct or incorrect answers were given by the
users. While examples provide for assertions to be presented
to users in the form of questions for purpose of validating
theirr knowledge, other embodiments may use alternative
forms of interaction 1n order to gauge the user’s awareness
or knowledge of a particular assertion. For example, the user
may be provided a statement that 1s presented as an answer,
and the interaction required of the user can be for the user
to generate a question that yields the particular answer. In
this reverse format, the user’s ability to generate the ques-
tion, combined with a statement as the presented answer,
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serves as a mechamsm for determining whether the user has
independent knowledge of the underlying assertion from
which the statement was originally presented.

[0036] Stll further, as described 1n greater detail, some
embodiments utilize a collection of assertions, of which only
some have been determined to correlate to physiological
health, mental health, mortality rate or underwriting class.
The user may have no knowledge of which questions
correlate to health and/or mortality rate, or that only some
questions have direct correlation to health and/or mortality
rate while others are being provided for alternative purposes
(e.g. amusement). In some cases, the user may even have no
knowledge that some of the assertions for which the user 1s
responding to have any correlation to do with their actual
physiological health, mental health, mortality rate or under-
writing class. Among other benefits, the use of many ques-
tions, 1n combination with questions that have been deter-
mined to correlate to physiological health, mental health,
mortality rate or underwriting class preclude some individu-
als from ‘gaming’ the questions 1n a manner that masks their
true knowledge level and awareness.

[0037] Inmore detail, system 100 includes a user interface
110, question selection logic 120, response logic 130, health
scoring logic 140a, and mortality scoring logic 1405. The
question selection 120 can receive or access questions 127
from a question library 1352, and the user interface 110 can
present content based on the selected questions 127 to
individual users 1 any one of a variety of computing
environments that stimulate the individual to provide pur-
poseful responses that reflect the user’s understanding and
knowledge for a topic of the question. The questions 127 can
vary 1n their purpose. In one example, question library 152
includes (1) a first set of questions 127a which have been
correlated to physiological or mental health, (11) a second set
ol questions 127b which have not been correlated to physi-
ological or mental health, and (111) a third set of questions
127¢ which have been correlated with mortality rate, but
which may serve the alternative purpose of providing trivia,
factual information, and/or entertainment. Additionally, the
questions of library 152 can be assigned to topics and
sub-topics. Still further, the questions of the library 152 can
be associated with a difliculty score, based on, for example,
a correction rate amongst a control group of persons who
answered the question.

[0038] When the user 1nitiates a session, the user interface
110 may record a user ID 121 and session information 125.
In implementation, the user iterface 110 can authenticate
the user, and provide credentials 139 for a user profile store
138 1n order to obtain profile data 137. The profile data 137
can 1dentily, for example, any one or more of (1) the topic
that the user was previously being questioned on, (11) a topic
the user 1s interested 1n, (111) 1dentifiers to questions that the
user as previously answered, and/or (1v) a determined
knowledge level 135 of the user. With the profile data 137,
the user interface 110 can identily parameters or other
information for facilitating question selections for the user.
In one example, the user interface 110 can use the profile
information 137 to specily one or more topical parameters
123 and/or the knowledge level 135 of the user. In turn, the
question selection 120 can select questions 127 based on
parameters 113, which can be based on, for example, topic
parameter 123, knowledge level 135, or user interest and/or
preferences.
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[0039] The profile data 137 can also include user-specific
game data 119 (e.g., user’s personalizations for gaming,
historical performance on games, current game play state,
etc.). Additionally, the profile data 137 can include the user’s
community or social network data 117 (user’s personaliza-
tions for community or social network application, social
network content, etc.). The user-specific game data 119 and
community or social network data 117 can, for example, be
loaded through the respective functional layers of the user
interface 110 when the user imitiates a session with a service
of system 100.

[0040] In addition to using profile data 137 to create
parameters 113, system 100 can also use device data 193,
which can include 1ndicators of a user’s overall health and
fitness levels, generated by activity monitoring devices 191
for parameters 113, alone or 1n combination with profile data
137. Activity monitoring devices 191 include electronic
devices (e.g., wearable electronic devices) that can be worn
or held by users 11 1n order to track data related to the users’
activity levels and health parameters.

[0041] An activity monitoring device 191 can include
resources such as Global Positioning System (GPS), motion
sensors, and/or sensors (e.g., heartbeat monitor) to record
and track user activity, as well as biometric information of
the user 1n performing such activity. Additionally, the activ-
ity monitoring device 191 can include sensors such as an
accelerometer or accelerometer set, a gyroscope, a magne-
tometer, an ambient light sensor, heart rate sensor, tempera-
ture sensor and/or other sensors to measure facets of the
user’s body in performing an activity. The activity monitor-
ing device 191 records activity data 193, which can include
statistics like pace, distance, elevation, route history, heart-
beat, body temperature and/or other information relating to
the user activity. The activity data 193 can include both (1)
raw or measured data and (11) derived or computed data
based on measured or raw data and/or user input. Additional
examples of device data 193 include heart rate and heart rate
trends, steps, distance traveled, floors climbed, calories
burned (e.g., derived from distance, pace, and user weight/
gender), active minutes, sleep quality, blood sugar, and
cholesterol levels, among others.

[0042] In some aspects, activity monitoring devices 191
can store their data 1in a device database 192, which can be
managed by a computing platform (e.g., APPLE HEALTH-
KIT, manufactured by APPLE INC.). Such computing plat-
forms can allow for designated mobile applications to read
and write data to the device database 192 based on a set of
permissions. For example, the permissions allow a user to
choose which applications have access to device data 193 1n
order to protect privacy and prevent unauthorized access to
potentially sensitive information. In some implementations,
system 100 may only use device data 193 if a user has
specifically opted-in and given permission for the data to be
accessed by the system.

[0043] The user iterface 110 can be used to record
responses 129 from individual users. In one implementation,
cach question 127 can be commumnicated to the user interface
using a sequence in which the answer to the question 1s also
packaged and presented to the user. Some conditional logic
may also be provided with the question 127, so that, for
example, 11 the user response 1s correct, the user 1s 1nstantly
notified and the next question 1s presented to the user.
However, the conditional logic may render an alternative
content in response to mcorrect user response, specifically a
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panel or other information 1tem which provides information
regarding the actual answer to the question presented. In this
way, the user 1s made more knowledgeable.

[0044] The responses 129 can correspond to input that
identifies, for example, the user’s answer to a particular
question. The responses 129 can 1dentily the answer of the
user, the question that was answered, and an 1dentifier of the
user. In some 1mplementations, each question 127 can
turther be associated with one or more subject matter topics.
Response logic 130 can process the responses 129 from the
various users. In one implementation, an 1nitial determina-
tion of response logic 130 1s whether the question 1dentified
with response 129 i1s pre-associated with a physiological
health, mental health, mortality rate or underwriting class
correlation, or whether no such pre-association physiologi-
cal health, mental health, mortality rate or underwriting class
correlation exists for the question. In one implementation,
the response logic 130 records a corresponding response
entry 131 for each response, regardless of whether the
question of the response has pre-association with physi-
ological health, mental health, mortality rate or underwriting
class. The response entry 131 can reflect whether the answer
to the question 1s correct, as well as the true answer. In some
implementations, the response entry 131 further links the
question answered to topical designations for the question,
as well as calibration or difliculty scoring.

[0045] Scoring logic 144 can process the answer of
response entry 131 to determine a score value 145 to
associate with the particular record entry. The score value
145 can be based 1n part on the difliculty level of the
question, which 1n some implementations, 1s provided as a
calibration coeflicient that 1s pre-associated with the ques-
tion. Thus, the mathematical process to tabulate scoring can
include factors such as the number of questions the user
correctly answered, the number of questions the user incor-
rectly answered, the dificulty parameter associated with
cach question, and/or secondary considerations such as the
time 1t took for the user to provide the response and/or
whether the user correctly answered the question on the first
try. The score value 145 can be stored with the response data
store 118.

[0046] Additionally, scoring logic 144 can also tally one or
more aggregate or overall scores for the user based on a
historical record of responses. For example, the response
data store 118 can maintain one or more aggregate or
ongoing subject matter topical scores (e.g., weight-lifting),
as well as an overall score for the user. As described with
other examples, scoring logic 144 can be used to develop
comparative scoring as between users, based on their overall
knowledge, session performance, and/or topical subject mat-
ter knowledge.

[0047] The response logic 130 can optionally include a
knowledge level determination component 134. The knowl-
edge level determination component 134 can determine
from the response 129 the knowledge level 135 of the user.
Alternatively, the knowledge determination component 134
can determine the knowledge level of the user from the
difliculty parameter associated with the question and/or with
the score output, as provided by the scoring component 144.
The knowledge level determination component 134 can
determine an overall knowledge level or a topic-speciiic
knowledge level 135. The determined knowledge level(s)
135 can be stored as part of the user profile 138, so that the
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knowledge level of the user 1s communicated to the ques-
tions selection logic 120 when the user initiates a session
with system 100.

[0048] For those selected questions which are identified as
having a pre-associated physiological health, mental health,
mortality rate or underwriting class correlation, the response
logic 130 can provide a corresponding health question
record 133 which identifies, for example, the question, the
answer provided, and/or whether the question was answered
correctly. The health question record 133 can also specily a
topic or topics of the question.

[0049] According to some embodiments, the question
identified with the health question record 133 can be asso-
ciated with a health parameter value 151a and/or mortality
parameter value 1515, As described by other examples, the
health parameter value 151a can be determined as part of a
correlative model that 1s developed using a control popula-
tion 1n order to provide a quantified correlation to physi-
ological or mental health. The mortality parameter value
15156 can be determined as part of a correlative model that
1s developed using a control population 1n order to provide
a quantified correlation to a mortality probability of an
individual. A health scoring database 150aq can maintain a
collection of health parameter values 151a for individual
questions. Additionally and/or alternatively, a mortality
scoring database 1505 can maintain a collection of mortality
parameter values 1515 for individual questions In one
implementation, the health parameter values 151a reflect a
predefined health outcome. In another implementation, the
mortality parameter values 1515 similarly reflects a pre-
defined mortality outcome. Multiple health outcomes can be
considered, and each question of health question record 133
can be associated with a particular health outcome. By way
ol examples, the possible health outcomes that have quan-
tifiable correlations to the health parameter values 151a
include (1) health care cost for an individual 1n a given time
period, (1) number of medical facility visits by an individual
in a given time period, (111) number of prescriptions that the
person takes in a given time period, and/or (1v) number of
sick days that the person took. Other examples of health
outcomes 1nclude propensity for cancer (including cancer of
different types), heart disease, diabetes, hypertension or
other afllictions. The health outcomes can thus be numerical
and continuous 1n nature (e.g., health care cost) or categori-
cal (e.g., number of medical visits, prescriptions, sick days).
In some embodiments, the mortality outcomes may be based
in whole or in part on the health outcomes.

[0050] Accordingly, in one implementation, the health
scoring component 140q utilizes health outcome logic 142a
to generate a health outcome score 1654 that 1s specific to a
particular health outcome definition 1535. The health out-
come logic 142a can be implemented as a formula or model,
and can take into account parameters that include the health
parameter value 151a determined from an answered ques-
tion, the number of questions answered, the time of mvolve-
ment, etc. In one implementation, the health parameter
values 151a that can be combined or tabulated and/or can be
determined from identiiying the health questions 141 and
responses 143 of the user. Based on the question and
response the health correlative parameters 151a are
retrieved.

[0051] Additionally or alternatively, the mortality scoring
component 1405 utilizes mortality outcome logic 14256 to
generate a mortality outcome score 1655, The mortality
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outcome logic 1425 can be implemented as a formula or
model, and can take into account parameters that include the
mortality parameter value 15156 determined from an
answered question, the number of questions answered, the
time of mnvolvement, etc. In one implementation, the mor-
tality parameter values 1515 can be combined or tabulated
and/or can be determined from 1dentifying the health ques-
tions 141 and responses 143 of the user. Based on the
question and response the mortality correlative parameters
15156 are retrieved. In an embodiment, the health scoring
component 140q uses the health correlation parameter 151a,
as well as the question 141 and response 143 to predict the
health outcome 165a of the user. In determining the health
outcome, the health scoring component 140a can use a
model or formula to determine the health output score 165a.
For example, the health scoring component 140a can map
the user’s mput to a health score output which 1s then
predictive for the user. The model used by the scoring
component 140a to predict the health outcome score 165a of
the user can be the same model which determines the
correlation of questions to the particular health outcome

definition. Examples of such models 1s provided with FIG.
2

[0052] Additionally, the mortality scoring component
1405 uses the mortality correlation parameter 1515, as well
as the question 141 and response 143 to predict the mortality
outcome 1655 of the user. In determining the mortality
outcome, the mortality scoring component 1405 can use a
model or formula to determine the mortality output score
165b6. For example, the mortality scoring component 1405
can map the user’s mput to a mortality score output which
1s then predictive for the user. The health outcome score
165a and/or the mortality outcome score 1655 can be
generated and stored as part of the user health data store 160.
Additionally, the health outcome score 165a can be specific
to a particular health outcome, and the type of value 1t
reflects can be specific to the health outcome type. For
example, one 1mplementation provides that for a health
outcome that reflects health care cost for the individual, the
health outcome score 165a can be a numeric indication of a
specific cost or range of costs for the individual. The health
outcome score 1654 for the number of medical facility visits,
on the other hand, can be reflected by a category or level
(e.g., 1 to 5 depending on amount).

[0053] In one implementation, the user health data store
160 1s maintained logically or physically separate from the
question response data store 118 in order to preclude 1ts
viewability to users of the system 100. Each user can include
a profile of health outcome scores with the user health data
store 160, with individual user profiles 141 which include
scores for multiple different health outcomes. In some
variations, a combined score or category may also be given
to mdividual users as part of their health profile.

[0054] As described with other embodiments, the health
outcome score(s) 165a and/or mortality outcome scores
16556 of the user can be made available for health services,
such as health insurance services. For example, the pre-
mium, deductible or scope of coverage provided as part of
a health insurance package for a user can be determined
from the health outcome score(s) 165a and/or mortality
outcome score 16556. As another feature, health outcome
score(s) 165a and/or mortality outcome score(s) 1655 of the
user can be used to determine i the user should receive a
discount for health insurance, or alternatively receive an
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added benefit from health related services that are provided
(or are to be provided) to the user.

[0055] According to one embodiment, a health service 190
sub-system can utilize the health outcome scores 165qa
and/or mortality outcome scores 1655 provided 1n the user
health database 160 to determine designations, qualifications
or service level, in connection with a health-related service.
Examples of health related services 190 include health
insurance, life insurance, health service plans, memberships
in health related facilities (e.g., health spas, medical oflice),
informational services (e.g., magazine or journal subscrip-
tions, electronic news). The benefit that can be provided to
the user includes the service itself, or alternatively a desig-
nation of health for use with such a service. For example, the
user’s predicted level of health can be determined by the
health outcome score(s) 165a, and this can result in an
overall health outcome determination (e.g., a ranking or
classification), which in turn can be used to receive a
discount for health related services (e.g., discount on health
or life msurance premium, expanded coverage, etc.). An
example of health service sub-system 1s provided with an

example of FIG. 6B.

[0056] In some implementations, the user interface 110 of
system 100 can include various layers or functional com-
ponents for enhancing the interactivity level of the user. In
one implementation, the user interface 110 1includes a gami-
fication layer 112 and a community social network layer 114.
The gamification layer 112 includes logic, data, and content
(collectively “game data 103”) for implementing a competi-
tive environment for which the individual 1s to supply
answers for questions 127. The game data 103 can be
generated a gaming engine 115, which can further person-
alize the gaming environment for the specific user. For
example, the user i1dentifier 121 can be used by a gaming
engine 115 to generate user-specific game data 103. The
game data 103 can, for example, include a competitive
environment that 1s based on the knowledge level of the user
and/or topical interests of the user. An implementation that
utilizes a gamification layer 112 1s described with FIG. 7A.
The gamification layer 112 can determine awards or creden-
tials (e.g., skill level badges) for the user based on their
performance. By way of example, the questions 127 pre-
sented through the user interface 110 can be associated with
a score value that accounts for difliculty (which may be
determined from a calibration process, as detailed below),
response time, handicaps (e.g., the age of the user), eftc.

[0057] The commumnity social network layer 114 can oper-
ate using community data 117, which can be generated from
a community/social network service 116. The community/
social network service 116 can, for example, provide user-
specific community (or social network) data based on the
user 1dentifier 121. The community data 117 can provide
content (€.g., user’s health interest or knowledge specialties)

that 1s provided as part of the commumty social network
layer 114.

[0058] The health parameter value 151a and mortality
parameter value 1515 represent a correlative and quantified
measure as between human health and knowledge of a
particular assertion. The granularity of the health parameter
value 151q and/or mortality parameter value 1515 1s applied
to a question as answered from an individual, but the
determination of the value can be based on a correlative
model applied to a control population of users. The control
population of users include those individuals who, for
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example, voluntarily provide real-world information about
themselves, and more specifically, actual health outcomes in
a recent duration of time. The control population of user may
also include those individuals who are deemed to be
deceased at a particular point in time. Activities of those
individuals can be evaluated retroactively to determine
whether a mortality correlation exists (as well as the degree
of correlation) with respect to activities. By way of example,
the activities can include participation 1n health quizzes and
tutorials. The source for data 1in the mortality control group
can 1nclude online social media sites, and obituary services.

[0059] In more detail, system 100 can include a question
analysis sub-system 170 that includes functionality for
determining correlations between knowledge of individual
questions and actual health outcomes and/or mortality out-
comes. The sub-system 170 can implement and develop one
or more correlative models 172, which can analyze 1nput
questions 171 for the purpose of determining correlations to
health outcomes and/or mortality outcomes. In particular,
the correlative models can be implemented for purpose of
determining health parameter values 149a and/or mortality
parameter values 1495 that statistically reflect a correlation
as between knowledge of individuals in the control popu-
lation (shown with the control population database 180) for
particular question and the respective health and/or mortality
outcomes for those individuals who answered the question
(either correctly or incorrectly, depending on implementa-
tion). The health correlative values 151a and/or the mortality
correlative values 1515 can be specific to individual ques-
tions or cluster of questions. In one implementation, differ-
ent correlative models 172 can be used for different types of
health outcomes. Different correlative models may compare
a predicted value with actual (or real-world) data provided
for individuals (shown as real-world information 175). The
real-world information 175 may also include actual (e.g.,
real-world) data from social media sites and/or obituaries.
An example of question analysis sub-system 1s described in
more detail with an example of FIG. 2.

[0060] In addition, the control population database 180
may include a population of individuals that make up a
control group that can be used to compare a true health
outcome and/or mortality outcome to expected outcomes.
The expected outcomes can be a function of the health
parameter values 149q and/or the mortality parameter values
1496 that determines correlations between knowledge of
individual questions and actual health outcomes and/or
mortality outcomes. In an embodiment, the control group
may be dynamic, such that individuals can be added to the
control population database 180 continuously over time
through voluntary opt-in features or invitation. Additionally
and/or alternatively, the control population database 180
may store individuals who have been added, including
individuals who have been added 1n the past (e.g., months,
years, or decades ago). Accordingly, some individuals who
are included 1n the control population database 180 for a
long period of time may have, since being added, become
deceased. These deceased individuals can provide real-
world information 175 about actual mortality outcomes. An
example of providing real-world mortality information to
the system 100 1s described 1n more detail with an example
of FIG. 10. As more individuals are added to the control
population database 180, the correlation(s) for health and/or
mortality may be made more valid or certain. While numer-
ous examples provide for use of health and/or mortality
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correlative scores, other embodiments can also generate
recommendations to users based on their overall knowledge
level, as determined by, for example, the user’s score, or
topic-specific scores. A response analysis 164 can retrieve
scores 145 from the response database 118, for example, and
generate recommendations, content or other output based on
the user scores. An example of response analysis 164 1s
illustrated with FIG. 7B, and accompanying examples
thereof.

[0061] As an addition or alternative, the community social
network layer 114 can provide forums such as message
boards, ask an expert, or topical walls for shared information
and experiences. In one implementation, credentials that the
user earns through the gamification layer 112 are carried
onto the social environment of the community social net-
work layer 114. For example, an ‘expert level’ user may
have credence when responding to questions of others, even
to a point where the user can request payment or other
consideration for providing answers or mnformation to other
users.

[0062] FIG. 2 illustrates an analysis system, according to
an embodiment. In particular, FIG. 2 1llustrates an analysis
system 200 for analyzing questions (or other forms of
assertions) for purpose of determining whether knowledge
of the underlying assertions by subjects can be correlated to
physiological or mental health of the subjects. According to
some embodiments, individual questions, or alternatively
groups ol questions, can be correlated to a quantifiable
metric that statistically relates a subject’s knowledge (or
lack of knowledge) for an underlying assertion to a likel:-
hood of a particular health outcome. The system 200 can be
implemented as, for example, a sub-system of a physiologi-
cal/mental predictive system 100, such as shown with an
example of FIG. 1.

[0063] In more detail, system 200 includes a question
intake interface 210, a fielder 220, a calibration component
230, and a correlative model implementation component
250. A question interface can receive questions 209 through,
for example, a manual interface (e.g., experts generate
questions based on health assertions). The questions 209 can
be manually associated with one or more topics relating to
human health, such as topics relating to nutrition or exercise,
or specific medical conditions. The granularity of the topics
211 can be determined by implementation. A question store

215 can be used to store a question 209 for processing as the
question 1s calibrated and/or correlated to human health.

[0064] The fielder 220 includes functionality to distribute
the questions 209 to a control population of users through a
population interface 222. For example, the fielder 220 can
1ssue questions using the user mterface 110 of an example
system of FIG. 1. For example, with further reference to an
example of FIG. 1, questions 209 can be issued through
gameplay of user interface 110, and responses from various
users can be recorded. Some users, however, can be desig-
nated as belonging to the control group. These users can
correspond to individuals for which data corresponding to
ground truth data exists. For example, many users can be
given an opportunity to volunteer real-world health infor-
mation. Such users can be asked questions such as “how
many doctor visits did you have last year” or “how many
sick days did you have last year.” Still turther, some infor-
mation like the user’s health msurance cost can be obtained
from a source such as the insurance companies. Accordingly,
in one example such as shown by FIG. 1, members of the

Apr. 13,2017

control group can supply responses 213 to questions 209,
presented through a game. At a separate time, either before
or after the questions 209 1s presented to the subject, the
subject can also be given the choice to provide actual data,
shown as true user data 241. The true user data 241 can
represent an actual health outcome of a subject providing the
response 213. The true user data 241 can include informa-
tion manually supplied by the subject, as well as information
provided by, for example, an insurance carrier of the subject.
Each response 213 from one of the subjects of the control
population (e.g., those users of system 100 who opt-in to

provide information) can be linked to the question and to the
identifier 205 of the subject. Additionally, the true user data

241 can be linked to the user i1dentifier 205 of the subject
providing the response.

[0065] In addition, true user data 241 can be supplemented
or replaced with information gathered by activity monitoring
devices 225 1n order to create more accurate control data.
Activity monitoring devices 225 can provide health data 226
from sensors, such as heart rate and heart rate trends,
calories burned, active minutes, sleep quality, blood sugar,
or cholesterol levels. Location data 227 can also be provided
and 1ncludes where a user i1s located based on GPS data,
which can be used in conjunction with other databases to
determine, for example, 11 a user i1s 1n a restaurant, grocery
store, etc. Furthermore, time data 228 can be used to track
a user’s schedule. In addition, a user can also choose
questions to send to a friend through their activity monitor-
ing devices 225 as friend data 229.

[0066] In some embodiments, some or all of these data
gathered from activity monitoring devices 2235 can be used
by fielder 220 to choose which questions 209 are presented
to a user. For example, if health data 226 shows that a user
has high blood pressure, questions relating to how to lower
blood pressure can be chosen. If the user 1s shown to have
poor sleep quality, questions about tips to get better sleep
can be chosen. If the user has just finished a workout,
questions about post-workout recovery can be chosen. If a
user 1s determined to be a new runner, questions about basic
running knowledge can be chosen, whereas 1f a user 1s an
advanced runner, more advanced questions can be chosen
instead.

[0067] Location data 227 and time data 228 can also be
used by fielder 220 to interpret a user’s schedule and choose
appropriate schedule-related questions. For example, 11 the
data show that a user commutes via a long subway ride every
weekday, questions about exercise 1deas for long commuters
can be shown. I1 a user 1s detected 1n a restaurant, questions
regarding healthy food choices can be shown, and 11 a user
1S 1n a grocery store, questions about vegetables, organic
food, and nutrition can be shown.

[0068] The calibration component 230 can analyze the
questions 209 under process to determine a difliculty level
2635 of the question. For example, the calibration component
230 can query 231 the intake store 215 for a tally of the
number of responses which were correct and incorrect. The
percentage of individuals who correctly answer a question
can provide a basis for determining a dithculty level of the
question. The difliculty level 265 can be stored with the
question for subsequent use.

[0069] The correlation model 250 operates to determine a
correlation between knowledge by a subject for an under-
lying assertion of a question and the subject’s health. In one
implementation, the correlation model 250 implements one
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or multiple models for purpose of determining different
parametric values that statistically correlate to diflerent
health outcome definitions (e.g., amount of healthcare or
healthcare cost an individual requires, the number of medi-
cal facility visits, propensity for heart disease, cancer, hyper-
tension or diabetes, etc.). The correlation model 250 can
receive, as model mput 255, (1) a question 1dentifier 261, (11)
identification of a set of individuals 1n the control group who
answered the question 209, including identification of the
answer each person provided to the question 209, and (i11)
true user data 241 for each person in the set of mdividuals
that answered the question. The particular model selected
compares an expected result to a true result by (1) assigning
the person to an expected result, corresponding to a particu-
lar health parameter value, based on their answer to a
question, then (11) using the true user data 241 to compare a

true health outcome (reflecting real-world data of the indi-
vidual supplying the answer) to the expected result.

[0070] The expected result can initially start as a hypo-
thetical or neutral value, indicating a likelihood that a given
person has or does not have a particular health outcome
based on the answer the person provided to the question. The
expected result can further include different values depend-
ing on whether the user provided a correct answer or
incorrect answer, as well as which incorrect answer the user
provided. The mitial correlation can correspond to a coet-
ficient (e.g., a value between O and 1) that i1s set by, for
example, an expectation as to whether the underlying asser-
tion of the question 1s information that 1s indicative of
health-conscious behavior (e.g., rubbing one’s eyes can
make a person susceptible to common cold) or information
that 1s indicative of poor health-conscious behavior (e.g.,
specific nutritional information about a donut). From the
initial value, the correlation can become positive, negative
or made neutral based on the expected/actual comparison for
persons in the set. As more individuals are added to the set,
the correlation can be made more valid or certain. The
determined correlation from the correlation model 250 can
be 1dentified as correlative health parameter 251. The cor-
relative health parameter 251 can be specific to a particular
health outcome 2353. The correlative health parameter 251
can, for example, correspond to a parametric value, such as
a weight or coeflicient, which can be aggregated, modeled
and/or combined with other parametric values to make a
health outcome determination.

[0071] The particular model 255 implemented by corre-
lation model 250 can depend on the nature of the health
outcome that the assertion 1s to apply to. For a health
outcome definition 1 which the health parameter value 1s
continuous (e.g., monetary cost for health care 1n a given
pertod, weight or body mass 1ndex), a linear regression
model can be used. Some health outcome definitions can
utilize health parameter values which are tiered or categori-
cal. For example, the number of medical facility visits can
be defined 1nto tiered values, such as: O=no medical facility
visits, 1=1-2 medical facility visits 1n a year, 2=3-5 medical
tacility visits 1n a year, or 4=5 or more medical facility visits
in a year. Similar tiered values can be used for health
outcomes such as sick days. For such health outcomes, an
ordinal logistic regression model can be used. In varnations,
a multinomial or polynomial model can be used for tiered
categories, particularly those health outcomes which define
tiers which are not naturally ordered. Each question can be
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assigned to a particular health outcome, so that the health
parameter value 1s specific to the determination of the health
outcome.

[0072] Numerous other machine-learning models can be
used 1n both developing correlative health parameters, and
determining health outcomes based on correlative health
parameters. By way of example, such machine-learning
models can include random forest, neural network and/or
gradient boosting models.

[0073] In some embodiments, the determination of the
health parameter values 251 can be tuned to reflect deter-
minations that are for use with a model 1n which no
user-specific information 1s known. In one implementation,
the control population can be associated with classification
parameters, such as age group (e.g., over 50, under 50),
gender, weight, race, geographic location or setting, and/or
presence of certain medical conditions such as diabetes. An
individual question can be associated with multiple correla-
tive health parameter values 251, including health parameter
values that reflect the general control population, as well as
a health parameter value that 1s specific to a class or
sub-class (e.g., females over 50).

[0074] According to some embodiments, a combination of
question and correlative health values 251 can map to one of
multiple possible health outcomes. Thus, in one 1mplemen-
tation, a question can have a correlative health value as 1t
applies to a single health outcome.

[0075] Other implementations provide for the determina-
tion of health parameter values 251 which are correlative to
health of a user based on a model in which a classification
(e.g., gender or age) or set of classifications (e.g., gender and
age) are known about the person answering the question.
Depending on implementation, the classifications of users
can include (1) unknown users, for which no information 1s
known, (11) users for which some basic health-relevant
characteristic 1s known, such as age, gender, or combination
thereof, (111) users for which multiple relevant facets of
health 1s known, such as their weight and/or height, as well
as, as gender and age. One implementation provides for the
determination of correlative health parameters 251 which
are determined specific for different classifications of the
user, based on applying models as described to segments of
the control population which have the relevant classification.
Thus, 1n some variations, the correlative health parameter
values 251 can be made specific to specific classes of
persons, so that the evaluation of health for the user 1s made
in reference to the user’s class. For example, 1n some
embodiments, the questions can be fielded for individuals
who categorize themselves by gender, age, weight, and/or
presence of certain medical conditions such as diabetes.

[0076] System 200 can be implemented on a control group
that 1s dynamic, meamng individuals can be added to the
control group continuously over time. As mentioned, a
larger control group can provide more valid results. In an
interactive gaming environment, such as described with an
example of FIG. 1, additional persons can be added to the
control group continuously through invitation or opt-in
features. For example, the user-interface 110 can prompt
individuals to volunteer for questions that reflect actual
medically relevant information. This mechanism can pro-
vide a way to expand the control group with the addition of
users for whom true user data 241 can be provided. The
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control group can also be managed based on criteria, such as
gender and age, so that 1t accurately reflects a desired
population segment.

[0077] With the determination of the health parameter
values 251, the questions can be deemed processed, 1n which
case the questions can be included 1n a library or collection
ol questions and marked as being correlative to health. In
one implementation, a library build process 260 links pro-
cessed questions 259 with the question 1dentifier 261, topical
identifier, the difliculty level 265 and the correlative health
parameter 251 (or multiple values). The difliculty level 265
can be used to determine which individuals receive the
question based on user level.

[0078] While an example of FIG. 2 provides for process-
ing of questions which are deemed correlative to health, a
fielding and calibration process can be used to determine
dificulty of all questions, including those questions which
have no determined correlation to health. For example, any
question can be associated with the topic 211 and fielded to
the control population as described, and further evaluated for
dificulty level 265 based on, for example, the percentage of
individuals of the control group who correctly answered the
question.

[0079] FIG. 3 illustrates an example of a data structure that
can be developed to link a question with a health outcome
and a topic, according to one or more embodiments. While
an example of FIG. 3 illustrates the data structure 300 as
being logically integrated, variations can provide for dis-
tributed data structures which associate or link parameters as
described. With reference to an example of FIG. 1, the data
structure 300 of an example of FIG. 3 can, for example, be
provided with the question library 152, and include infor-
mation provided with the health scoring database 150a.

[0080] In more detail, data structure 300 associates 1ndi-
vidual questions by question 1dentifier 301 to one of multiple
possible correlative health parameters 303, and one or more
topics 305. Other information or parameters that can be
conveyed with the data structure 300 include a difficulty
level, which can be determined, for example, through an
output of the calibration component 230 (see FIG. 2). For a
given implementation, the correlative health parameter can
relate to a particular health outcome. Multiple health out-
comes can be defined for a future time interval, including
health care cost, medical facility wvisits, sick days, and
number of prescriptions. Other examples of health outcomes
include blood sugar level, weight or body fat (e.g., BMI),
cholesterol level, depression or anxiety disorder, and/or
longevity. In one embodiment, each question associated to
only one health outcome, and 1s further assigned a correla-
tive health parameter value that reflects a correlative mea-
sure between knowledge of the underlying assertion and a
corresponding health outcome. In one implementation, a
system of FIG. 2 determines health parameter values for
cach defined health outcome, and the health parameter value
selected for a question 1s that which has the strongest
correlation. If no correlative health determination has been
made for a question, then the health parameter values for
such questions can be shown as null.

[0081] As further shown by an example of FIG. 3, each
question can be linked with multiple topics based on, for
example, manual input. The determined difliculty can also
be expressed as a parameter, such as a number between O
and 1. The difliculty level can be independent of the topic
assignment for the question-thus, meaning the difhiculty
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level of a question can be provided as being the same
regardless of the assigned topic being considered.

Methodology

[0082] FIG. 4 1llustrates an example method for predicting
a health outcome of a user based 1n part on whether a user
has independent knowledge of an assertion relating to
health. FIG. 5 illustrates an example method for predicting
a health outcome of a user based on a knowledge profile of
a user. In describing example methods of FIG. 4 and FIG. 5,
reference may be made to elements of FI1G. 1, FIG. 2 or FIG.
3 for purpose of illustrating a suitable component for per-
forming a step or sub-step being described.

[0083] With reference to an example of FIG. 4, a collec-
tion of assertions relating to human health can be stored and
processed for use with a population of users (410). In one
implementation, the assertions can be formatted as questions
for which the answer from the user indicates whether the
user has knowledge of the assertion (412).

[0084] For the control population, a health parameter
value 1s determined for individuals of the control population
(420). The health parameter value can reference actual or
real-world data which serves as an indicator of physiological
or mental health of a user. In one implementation, the
determination of the health parameter value can be based on
mput of a user. For example, 1n an interactive gaming
environment of FIG. 1, some users can opt-in to provide
requested health-specific input, such as the number of sick
days taken 1n the prior month or year. In some embodiments,
the health parameter value 1s based on a defined health
outcome (422), or combinations of health outcomes. By way
of example, the health outcome can correspond to an esti-
mated health care cost for an individual (424), a number of
medical center visits for an individual 1n a given duration of
time (425), a number of prescriptions for the individual in
the given time frame (426), and a number of sick days an
individual incurred 1n the given duration of time (428).
[0085] For each assertion, a correlative health parameter 1s
determined (430). Generally, the correlative health param-

eter corresponds to a parametric measure that quantifiably
links knowledge of an assertion to human health. The health
parameter value 151a (FIG. 1), 251 (FIG. 2), as described
with other examples, provides an example based on use of
a control group (432).

[0086] The establishment of questions with associated
correlative health parameters can be done through imple-
mentation of a model, with ground truth data provided by
select users from a larger user base of respondents. Once the
correlative health parameters are established for individual
questions, the questions can be fielded to the user base. The
responses from the user can be used to determine the user’s
independent knowledge level of a particular assertion (440).
[0087] The correlative health parameters for the individual
questions answered by the user can be determined and
modeled into a value for a particular health outcome (450).
For each user, the correlative health parameters of the
answered questions pertaining to a particular health outcome
can serve as inputs i order to determine a predicted health
outcome for the user (460). Multiple health outcomes can be
determined 1n this manner.

[0088] With reference to FIG. 5, a knowledge profile of a

user can be determined, relating to a particular health
outcome (510). The knowledge profile can reflect answers to
individual questions, or answers to clusters or groups of
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questions. The knowledge profile can be determined based
on a selected definition. In one implementation, the knowl-
edge profile 1s specific to a question, and reflects whether a
user correctly answer the question. In a variation, the
knowledge profile 1s specific to a question, and retlects
which question the user answered. Still further, the knowl-
edge profile can retlect the user’s answers 1n aggregate form,
such as 1n a cluster of questions (e.g., 3 to 10 questions),
reflecting facets such as the number of questions the user
correctly answered 1n the cluster, or the number of answers
provided which were deemed more wrong than others.

[0089] A facet of the knowledge profile can be compared
to corresponding facets of knowledge profiles from indi-
viduals of a control group (520). In one implementation, the
user’s answer to a particular set of questions can be indi-
vidually compared to an answer to the same set of questions
from one or multiple persons of the control group. In
variations, the user’s answer to a cluster of questions can be
compared to answers provided by a subset of the control
group for the same cluster of questions, with the comparison
being made for the cluster of questions as a whole. Still
turther, the user’s answers can be compared to answers
provided by a subset of the control group which provided the
same exact answers for the cluster of questions.

[0090] A health outcome can be determined for individu-
als of the control group (530). As mentioned with other
examples, the health outcome can be defined as a healthy
living style characteristic that 1s indicative of human health.
The health outcome that 1s determined for a person of the
control group can reflect real-world information about that
person (532). In one implementation, individuals of the
control group can volunteer their personal health outcome
information (334). For example, the information can be
provided 1n exchange for some benefit to the person of the
control group. In other examples, personal health outcome
information for persons in the control group can be deter-
mined using data from activity monitoring devices. In varia-
tions, the health outcomes information for persons of the
control group can be determined from sources such as health
care or 1nsurance providers (536).

[0091] The health outcome of a user can be predicted
based 1n part on a correlation between the health outcomes
of individuals 1n the control population and the compared
tacets of the knowledge profile between the user and persons
of the control group (540). Thus for example, a user’s
answer to individual questions can be compared to the
answers provided for the same questions by those members
of the control group. As an addition or alternative, a user’s
answers to a cluster of questions can be compared to answers
provided to the same cluster of questions for individuals of
the control group, with, for example, the comparison being
based on matching the user with a subset of persons of the
control group based on a percentage of correct or incorrect
answers provided.

Health Service Methodology and Sub-System

[0092] FIG. 6A 1llustrates an example method for provid-
ing a health related service to a user based on a knowledge-
predicted health outcome for a user. In describing example
method of FIG. 6A, reference may be made to elements of
FIG. 1, FIG. 2 or FIG. 3 for purpose of illustrating a suitable
component for performing a step or sub-step being

described.
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[0093] With reference to FIG. 6A, a health knowledge
profile 1s determined from each of multiple users (610) with
regard to assertions relating to health (e.g., physiological or
mental health). As mentioned with other examples, the
health knowledge profile can reflect individual answers to
questions, those questions which were answered correctly or
incorrectly, specific answers provided to specific questions
(e.g., such as incorrect answers), and/or percentages of
questions answered from a defined cluster of questions.

[0094] Additionally, as mentioned with other examples, a
value of a health correlation parameter can be determined as
between the user and a subset of persons 1n the control group
(620). With reference to an example of FIG. 1, the health
value parameter 151a can, for example, be determined by
the health scoring component 140q. In determining the
health correlation parameter, a given facet of the users’
knowledge profile can be compared to that of relevant
persons in the control group (622). By way of example, the
comparison can be on a question by question basis, or
alternatively, on a cluster basis (e.g., compare set of 5
answers, etc.). Actual health outcomes can be known for
members of the control group, and the i1dentified correlative
health parameters can be based 1n part on the known health
parameters of mdividuals in the control group. The correla-
tive health parameter can thus be pre-determined for the
control group, and based on real-world information about
members of the control group.

[0095] Based on the correlation values, a health outcome
determination 1s provided for the user (630). As shown with
an example of FI1G. 3, the correlation values can be specific
to pre-determined health outcomes. Further with reference
to an example of FIG. 1, given a set of health parameter
values 151a for a particular health outcome, the health
scoring component 140a can make a health outcome deter-
mination. The determination of the health outcome can be in
the form of a score, so that 1t gives a relative measure of the
particular health outcome as compared to other individuals
in the general population. The health outcome determination
can correspond to a health outcome score 165a, or alterna-
tively, to a combination of health outcome scores. For
example, multiple health outcome scores can be determined
for the user, and the scores can be combined to form an
aggregate health outcome determination.

[0096] Based on the health outcome determination, a
health service benefit can be provided to the user (640). The
service or designation can be one made for a set value,
wherein the service or designation 1s associated with a true
per-user cost that 1s not equal to the set value, but which 1s
variable and set to increases over time when 1ndividual users
in the subset sutler negative health consequences as a result
ol a naturally progressing medical condition.

[0097] The health service benefit can correspond to a
variety of direct and indirect service related benefits. In one
implementation, those users with a health outcome determi-
nation that exceeds a particular threshold can receive a
designation (642). The designation can correspond to a
service or credential provided to only select users of, for
example, a network service provided with system 100 (644).
For example, those users which receive a health outcome
determination that places them within the top 10 percentile
of all users may receive a certification, which 1n turn enables
them to recerving discounts with their healthcare provider,
health msurance, or related health service activities (e.g.,
discount with nutrition store, athletic gym membership, life




US 2017/0103180 Al

isurance, etc.). Alternatively, the designation can entitle the
subset of users to receive a service, such as primary health
insurance, supplemental accidental insurance, life insurance,
or other membership service (whether health related or not).

[0098] In vanations, the health outcome determination
provides a basis for predicting a user’s health, and this basis
can 1n turn be used to determine health related services for
the user (646). For example, health insurance, life insurance,
and/or accidental health insurance can be provided to the
user with scope and cost determined by the health outcome
determination. For example, the cost of the premium or
deductible to the individual user can be based on the health
outcome determination (648). By way of example, an 1nsur-
ance service can be provided to users of system 100, and
those users with better health outcome determinations can be
provided discounts to their premiums or deductibles, or
alternatively given greater scope of coverage as compared to
counterparts users who have lesser health outcome determi-
nations.

[0099] FIG. 6B 1llustrates a health service sub-system 680,

according to an embodiment. A health service sub-system
680 can be implemented with or as part of, for example,
system 100. In variations, the health service sub-system 680
can be provided as a separate system which interfaces with
the system 100. Additionally, the health service sub-system
680 provides an example of a system on which an example
of FIG. 6 can be implemented.

[0100] With reference to FIG. 6B, a health service sub-
system 680 includes a system interface 682, a customer data
store 684, and service determination logic 686. The health
service sub-system 680 can also include a service customer
interface 688, such as a web page or application page, which
a service customer accesses to provide mput for defining the
health service oflered, as well specific logic or parameters
for the service determination logic 686. The service cus-
tomer mput 685 can, for example, include text data defini-
tion of the service offered (e.g., terms of health or life
insurance), as well a supplemental content for viewing by

users of system 100. This input can be stored in the service
data store 684.

[0101] In some variations, the service customer mput 683
can further mnput parameters 683 and other logic (e.g., rules)
for the service determination logic 686. The parameters 683
and rules can, for example, including definition of the
qualifications needed for users to (1) receive the service, (11)
receive a particular facet or tier of the service, and/or (111)
receive the service or tier according to a particular price
structure. For example, the service can include tiers of
benefits, or multi-tiered cost structure, and each tier can be
provided to users based on qualifications, such as one or
more of (1) a threshold health outcome score or set of scores,
(1) a threshold combination of health outcome score, and/or
(111) other health outcome determination.

[0102] The system interface 682 can interface with the
user health database 680 in order to determine the health
outcome scores 689 of a given user or user-base. In a
variation, the system interface 682 can communicate with a
push or trigger component on the system 100 which 1n turn
retrieves and pushes specified health outcome scores to the
system 1nterface 682. In some embodiments, end-users are
precluded from handling health outcome data. The output of
health determination logic 686 can correspond to a notifi-
cation 691, which can specily the results of the health
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determination logic 686. These results can be communicated
to either the user or to a provider of the health service
benefit.

Game Play

[0103] Numerous embodiments described use of game
play and logic as a mechanism to increase use response and
participation. More user response and participation can have
numerous benefits, including (1) increasing the size of the
control group, by finding more qualified volunteers who are
willing to provide real-world health information for purpose
of developing health correlations to questions, (1) more
predictive correlations based on larger statistical sample,
and (111) data points from users, enabling better prediction of
individual user health. Additionally, the use of game logic
provides a mechamism to hide health correlative questions
from public 1inspection, thereby precluding users from “gam-
ing”” the questions (e.g., studying) for purpose of receiving
a good health score.

[0104] FIG. 7A illustrates an example method for provid-
ing a game-based environment in which user responses
enable prediction of health outcomes for individual users. In
describing an example method of FIG. 7A, reference may be
made to elements of FIG. 1, FIG. 2 or FIG. 3 for purpose of
illustrating a suitable component for performing a step or
sub-step being described.

[0105] With reference to an example of FIG. 7A, a set of
questions can be stored, were at least some of the questions
are based on assertions that are core relative to health (702).
For example, questions can be stored in the question library
152, after being processed using a system such as described
with an example of FI1G. 2. The stored questions can include
both (1) health correlative questions, which are used in
determining a health outcome score or determination for the
user (704); and (11) non-health correlative questions. While
the latter questions may pertain to health, those questions
have either not been determined to be correlative or health,
or those questions have little relevance to awareness for
health, and thus correlative to actual human health (706). As
mentioned with other examples, a gaming environment can
be mmplemented 1 which the questions are provided as
trivia, so that users receive entertainment benefit from
participating 1n answering questions.

[0106] Stll further, as described with other examples, the
health correlative questions can be processed to determine a
health correlative parameter (710). For example, question
analysis subsystem 200 can be used to determine a health
correlative parameter 151a for a given question. Still further,
as described with other examples, the health correlative
parameter can be based on persons 1n the control population
who have knowledge (or knowledge deficit thereof) of an
assertion underlying the particular question (712).

[0107] In order to encourage participation and develop-
ment of accurate health outcome scores and determinations,
a gaming environment can be established in which users are
asked questions 1n a competitive or semi-competitive con-
text (720). An example of a gaming environment 1s shown
with environments depicted through interfaces of FIG. 8A
through 8H.

[0108] The user responses to trivia questions are recorded,
with those responses 1including both scores related to health
correlative questions (730) and scores related to all ques-
tions (or alternatively to non-health correlative scores)

(732). As described with an example of FIG. 6, the health
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correlative questions can be scored for purpose of determin-
ing health services to the user (740). This score may be
hidden or unknown to the user, and determine independently
of the overall gaming score.

[0109] Conversely, the overall gaming score can be pub-
lished 1n a social or gaming environment, to provide the user
with credentials in the community of the service provided
through system 100 (742). For example, the user can use the
latter gaming score to achieve credentials that give the user
authority on message board discussions, and question and
answer forums of the community platform.

[0110] In some variations, the gaming score can also
provide a mechanism to provide health base recommenda-
tions to the user (744). For example, the user’s knowledge
base can be evaluated based on topical subjects, and the
user’s deficiency or strengths respect to specific topics of
health can be used to infer physiological or mental 1nfor-
mation about the user.

[0111] FIG. 7B illustrates a knowledge-based recommen-

dation engine, according to one or more embodiments. With
retference to FIG. 1 and FIG. 7B, for example, the response
analysis component 164 can include recommendation
engine 780. The recommendation engine 780 can use infor-
mation about the user’s knowledge in order to generate
recommendations 785, which can include content that com-
municates to the user specific actions, lifestyle choices, or
areas ol growth (for knowledge or lifestyle), for purpose of
growth.

[0112] In one implementation, the recommendations 783
can be based on the determinations of the user’s strength or
weakness with regards to specific topics of health. The
recommendation engine 780 can include processes 782
which retrieve the user’s topical scores 781, and then
correlate the topical scores with recommendation logic 790.
The recommendation logic 790 can include rules 791, 793
for selecting recommendations for the user based on difler-
ent topical scores and criteria. For example, the recommen-
dation logic 790 can include rules for suggesting recom-
mendations to users for specific topics when the user’s score
for the topic 1s below a threshold. By way of example, a
topic can be defined for cardiac health, and anytime a user’s
topical score for cardiac health 1s below a threshold, a set of
recommendations 785 for immproving the user’s cardiac
health can be generated and communicated to the user.
Likewise, 11 the user’s knowledge 1s strong in a particular
topic, that can also be interpreted as interest, and the
recommendation logic 790 can utilize the score to suggest
recommendations that are of an advanced level. For
example, 11 the user scores high 1n the topic of weight lifting,
then the recommendation provided to the user can include
specific techniques or recommendations based on questions
that have the highest difliculty level (as determined from, for
example, a calibration component 230 of FIG. 2).

[0113] In some implementations, activity monitoring
devices 770 can provide device data 774, which can include
indicators of a user’s overall health and fitness levels, to the
recommendation logic 790. These devices can include GPS
receivers to record statistics like pace, distance, elevation,
route history and workout summaries. In addition, they can
include sensors such as accelerometers, a gyroscope, a
compass, an ambient light sensor, heart rate sensor, among
other features capable of tracking and recording health and
fitness parameters. Examples of device data 774 include
heart rate and heart rate trends, steps, distance traveled,
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floors climbed, calories burned, active minutes, sleep qual-
ity, blood sugar, and cholesterol levels, among others. Rec-
ommendation logic 790 can then use device 774, alone or 1n
combination with rules 791,793 and topical scores 781, 1n
order to create the recommendation set 783. For example, 1f
topical scores 781 show that a user has poor knowledge of
cholesterol but device data 774 indicates that the user’s
cholesterol levels are satisfactory, recommendation logic
790 may choose not to recommend cholesterol-related ques-
tions.

[0114] In a vanation, the set of recommendations 785
generated for any one topic can be associated linked with
questions or sub-topics of questions. A recommendation
filter 792 can filter the recommendations 785, so as to weed
out those recommendations the user likely knows based on
their correctly answered questions.

[0115] Sull further, the recommendation logic 790 can
include combination rules, which select recommendations
785 for the user based on criterion provided by the user’s
topical score 1n two or more topics. The combination rules
can 1dentily subject matter relevancy between topics, so that
the user’s knowledge of one topic will benefit another or
vice versa. In one implementation, when the user’s topical
score of one topic exceeds a threshold, and the topical score
ol another topic 1s below a threshold, then the recommen-
dation may be provided that assumes user activity or interest
in one topic to assist the user’s knowledge or lifestyle with
regards to the second topic. For example, the user may have
scored high in the topic of weight-lifting, but scored low 1n
nutrition or sleep. The recommendation provided to the user
may 1dentify the recommended hours for the user to sleep n
order to add muscle mass.

[0116] By way of another example, 11 the user 1s strong on
a subject such as weight training, but poor 1n nutrition, then
the recommendation engine can suggest (1) that the user
develop his knowledge on nutrition, (11) identity nutritional
information related to training 1n order to provide recom-
mendations. Recommendations can include, for example,
what the user should eat when training, how such nutritional
intake can aflect performance 1n training, recommendations
for the user to confirm with a nutritionist, and expected
results that can be achieved through proper diet and weight
training. Such an example illustrates recommendations that
can be made based on the user being strong 1n his or her
knowledge base for one topic and weak 1n another topic. In
such scenarios, the relationship between the two topics can
be determined 1n order to generate programmatically actions
and subtopics of learming which may be of interest or benefit
to the user.

[0117] Smmilar recommendations can be determined and
linked to user’s topical scores based on different threshold
determinations. In one implementation, if the user scores
low on two topics related by subject matter, the user’s
recommendation may be selected on the assumption that the

user sullers from health consequences related to a physi-
ological or mental problem related to the topics.

[0118] Sull further, analysis of the topical determinations
can also be used to infer characteristics about the respon-
dents, without any mathematical correlation being made to
the control population. For example, an individual who
scores poorly 1 both nutrition and exercise can be inferred
to be obese, potentially diabetic, and/or sufler from other
health related i1ssues such as depression. Based on such
analysis, the recommendation engine can suggest areas of
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growth for the user’s knowledge. The recommendation
engine 780 can also provide recommended actions, such as
publishing a diet to the user for weight loss, suggesting the
user visits a psychiatrist (on a sound assumption that the user
1s depressed), suggesting the user sees a nutritiomist and/or
personal trainer (on the side assumption that the user 1s
overwelght), or recommend that the user have his blood
sugar checked for diabetes and or high cholesterol. Such
actions can follow when the user scores poorly on knowl-
edge 1n topics that have synergy or relation to one another
when considered for physiological or mental health.

[0119] FIG. 7C illustrates an example method for choos-
ing questions to provide to a user based on data retrieved
from activity monitoring devices. In describing an example
method of FIG. 7A, reference may be made to elements of
FIG. 1, FIG. 2 or FIG. 3 for purpose of 1llustrating a suitable

component for performing a step or sub-step being
described.

[0120] With reference to an example of FIG. 7A, a set of
questions can be stored, were at least some of the questions
are based on assertions that are core relative to health (750).
For example, questions can be stored in the question library
152, after being processed using a system such as described
with an example of FIG. 2. The stored questions can include
both (1) health correlative questions, which are used in
determining a health outcome score or determination for the
user (752); and (1) non-health correlative questions. While
the latter questions may pertain to health, those questions
have either not been determined to be correlative for health,
or those questions have little relevance to awareness for
health, and thus correlative to actual human health (754). As
mentioned with other examples, a gaming environment can
be implemented 1 which the questions are provided as
trivia, so that users receive entertainment benefit from
participating 1n answering questions.

[0121] Stll further, as described with other examples, the
health correlative questions can be processed to determine a
health correlative parameter (755). For example, question
analysis subsystem 200 can be used to determine a health
correlative parameter 151q for a given question. Still further,
as described with other examples, the health correlative
parameter can be based on persons in the control population
who have knowledge (or knowledge deficit thereof) of an
assertion underlying the particular question (760).

[0122] In some aspects, in order to contextually choose
questions, question selection 120 can retrieve data generated
by activity monitoring devices 191 (762). This can include
direct indicators of health such as heart rate, blood sugar, and
cholesterol levels (763) as well as information regarding
exercise such as steps taken per day, calornies burned, and
average activity levels (764). These devices typically
include sensors such as accelerometers, a gyroscope, com-
pass, GPS, and a light sensor, among others, that can be used
to calculate certain health parameters like quality of sleep
and distance traveled per day (765). In addition, GPS and
clock data can be combined with other health and fitness
data 1n order to determine a user’s schedule and where the
user 1s located (766).

[0123] After retrieving the activity monitoring device
data, question selection 120 can choose questions taking into
account the data (768). For example, 11 health data shows
that a user has high blood pressure, questions relating to how
to lower blood pressure can be chosen. If the user 1s shown
to have poor sleep quality, questions about tips to get better

Apr. 13,2017

sleep can be chosen. It the user has just finished a workout,
questions about post-workout recovery can be chosen. If a
user 1s determined to be a new runner, questions about basic
running knowledge can be chosen, whereas if a user 1s an
advanced runner, more advanced questions can be chosen
instead.

[0124] Location data and time data can also be used to
interpret a user’s schedule and choose appropriate schedule-
related questions. For example, 11 the data show that a user
commutes via a long subway ride every weekday, questions
about exercise 1deas for long commuters can be shown. If a
user 1s detected 1n a restaurant, questions regarding healthy
food choices can be shown, and 11 a user 1s 1n a grocery store,
questions about vegetables, organic food, and nutrition can
be shown.

[0125] In order to encourage participation and develop-
ment of accurate health outcome scores and determinations,
a gaming environment can be established 1n which users are
asked questions 1n a competitive or semi-competitive con-
text (720). An example of a gaming environment 1s shown
with environments depicted through interfaces of FIG. 8A
through 8H.

Example Interfaces

[0126] FIG. 8A through 8H illustrate example interfaces
for use with one or more embodiments described herein.
Interfaces such as described with FIGS. 8 A through 8H can
be 1mplemented using, for example, a system such as
described with an example of FIG. 1. Accordingly, reference
may be made to elements of FIG. 1 for purpose of 1llustrat-
ing suitable components for implementing an interface as

described.

[0127] In FIG. 8A, in mterface 800 provides a topical
selection 804 for a user (e.g., nutrition). The interface 800
can be displayed with information from the user’s profile
138, such as their game score 802 (e.g., provided as game
data 119 of the user’s profile, 1n an example of FIG. 1) and
badges or certifications 805.

[0128] The panel 810 of FIG. 8B illustrates a question
812, in the form of trivia. A set of answers 814 can be
provided to the user, from which the user can make selection
of 1n order to aflect his or her score.

[0129] FIG. 8C 1llustrates a panel 820 that provides feed-
back 825 to the user as to the correctness of the answer, as
well as supplemental information regarding the correct
answer and/or assertion underlying the question. In FIG. 8D,
once the user provides the answer, the user can be provided
an additional panel 830, displaying the underlying assertion
832 behind the question. Other information, such as the
percentage of individuals who answer the question correctly
can be displayed to the user. This feature 834 can also reflect
the dificulty level of the question.

[0130] FIG. 8E illustrates a panel 840 on which a menu of
options 1s provided. The user can select from the menu of
options. As shown, the functionality provided includes gam-
ing (e.g., leader board) and community interaction (e.g.,
discussions), in a gaming and social environment such as
described with an example of FIG. 1. Additionally, the menu
of options can include a health report feature 842 that can
display, for example, recommendations as determined from
an example of FIG. 7.

[0131] FIG. 8F illustrates a panel 850 that provides a
gaming summary for the user, displaying the user’s overall
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score 852, as well as badges are honors marking 854
achievements 1n the number of questions the user answered
etc.

[0132] FIG. 8G 1illustrates a panel 860 on which a lead-
erboard 862 1s provided. The leaderboard can be topic
specific and/or categorized by user level.

[0133] FIG. 8H illustrates the panel 870 for enabling
social 1interaction, gaming and knowledge base forums
through a system such as described with an example of FIG.
1. Among other social interaction functions, one or more
knowledge base “twins” can be identified to the user. The
twins can correspond to an individual who closely shares
one or more of (1) knowledge profile about health, or certain
topics of health with the user, and/or (11) similar or same
health outcome values or determinations. As an addition or
variation, the twin can also include similar demographic
profile, such as having the same gender, age and/or race.
Identity twins can be shown to each other as a mechanism
for building social interaction and shared experiences, par-
ticularly as to distributing health-based knowledge, infor-
mation and services.

Computer System

[0134] One or more embodiments described herein pro-
vide that methods, techniques and actions performed by a
computing device are performed programmatically, or as a
computer-implemented method. Programmatically means
through the use of code, or computer-executable instruc-
tions. A programmatically performed step may or may not be
automatic.

[0135] One or more embodiments described herein may be
implemented using programmatic modules or components.
A programmatic module or component may include a pro-
gram, a subroutine, a portion of a program, or a software or
a hardware component capable of performing one or more
stated tasks or functions. As used herein, a module or
component can exist on a hardware component 1indepen-
dently of other modules or components. Alternatively, a
module or component can be a shared element or process of
other modules, programs or machines.

[0136] Furthermore, one or more embodiments described
herein may be implemented through instructions that are
executable by one or more processors. These instructions
may be carried on a computer-readable medium. Machines
shown or described with figures below provide examples of
processing resources and computer-readable mediums on
which instructions for implementing embodiments of the
invention can be carried and/or executed. In particular, the
numerous machines shown with embodiments of the inven-
tion 1clude processor(s) and various forms of memory for
holding data and instructions. Examples of computer-read-
able mediums include permanent memory storage devices,
such as hard drives on personal computers or servers. Other
examples of computer storage mediums include portable
storage units, such as CD or DVD units, flash or solid state
memory (such as carried on many cell phones and consumer
clectronic devices) and magnetic memory. Computers, ter-
minals, network enabled devices (e.g., mobile devices such
as cell phones) are all examples of machines and devices that
utilize processors, memory, and 1nstructions stored on com-
puter-readable mediums. Additionally, embodiments may be
implemented in the form of computer-programs, or a com-
puter usable carrier medium capable of carrying such a
program.
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[0137] FIG. 9 1s a block diagram that illustrates a com-
puter system upon which embodiments described herein
may be implemented. For example, 1n the context of FIG. 1,
FIG. 2, FIG. 6B and FIG. 7B, a network service or system
can be implemented using one or more computer systems
such as described by FIG. 9. Still further, methods such as
described with FIG. 4, FIG. 5, FIG. 6A and FIG. 7A can be
implemented using a computer system such as described
with an example of FIG. 9.

[0138] In an embodiment, computer system 900 includes
processor 904, memory 906 (including non-transitory
memory), storage device, and communication interface 918.
Computer system 900 includes at least one processor 904 for
processing information. Computer system 900 also includes
a memory 906, such as a random access memory (RAM) or
other dynamic storage device, for storing information and
instructions to be executed by processor 904. The memory
906 also may be used for storing temporary variables or
other intermediate mnformation during execution of instruc-
tions to be executed by processor 904. Computer system 900
may also include a read only memory (ROM) or other static
storage device for storing static information and instructions
for processor 904. The communication interface 918 may
enable the computer system 900 to communicate with one or

more networks through use of the network link 920 (wireless
or wireline).

[0139] In one implementation, memory 906 may store
instructions for 1mplementing functionality such as
described with example systems or sub-systems of FIG. 1,
FIG. 2, FIG. 6B or FIG. 7B, or implemented through
example methods such as described with FIG. 4, FIG. 5,
FIG. 6A or FIG. 7A. Likewise, the processor 904 may
execute the 1nstructions in providing functionality as

described with example systems or sub-systems of FIG. 1,
FIG. 2, FIG. 6B or FIG. 7B, or performing operations as

described with example methods of FIG. 4, FIG. 5, FIG. 6 A
or FIG. TA.

[0140] Embodiments described herein are related to the
use of computer system 900 for implementing functionality
as described herein. The memory 906, for example, can store
a question library 931 (see, e.g., also question library 152 of
FIG. 1), including values for health correlative parameters
933 (see e.g., also health correlative parameters 151a of
FIG. 1) of the some questions. The memory 906 can also
store instructions 941 for determiming a health score, in
order to determine one or more correlative health parameters
for a user, 1n connection with the user’s participation of
responding to questions in an interactive community or
game environment. According to one embodiment, function-
ality such as described herein can be performed by computer
system 900 1n response to processor 904 executing one or
more sequences of one or more instructions contained 1n the
memory 906. Such instructions may be read into memory
906 from another machine-readable medium, such as
through a non-transitory storage device. Execution of the
sequences ol instructions contained in memory 906 causes
processor 904 to perform the process steps described herein.
In alternative embodiments, hard-wired circuitry may be
used 1n place of or 1n combination with software 1nstructions
to implement embodiments described herein. Thus, embodi-
ments described are not limited to any specific combination
of hardware circuitry and software.
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Mortality System Overview

[0141] FIG. 10 illustrates a real-world mortality informa-
tion system, according to an embodiment. In particular, FIG.
10 illustrates a real-world mortality information system
1000 for extracting real-world data about mortality out-
comes for the purpose of determining whether knowledge of
underlying assertions can be correlated to mortality rate.
According to some embodiments, individual questions, or
alternatively groups ol questions, can be correlated to a
quantifiable metric that statistically relates a user’s knowl-
edge (or lack of knowledge) for an underlying assertion to
a likelihood of a mortality outcome. Some embodiments of
the system 1000 can be implemented as a sub-system of a
health/mortality predictive system 100, such as shown with
an example of FIG. 1. Determinations such as described
with various examples may include determining health,
mental health, mortality, morbidity, or underwriting class for
health/life 1nsurance.

[0142] In more detail, system 1000 includes one or more
third party interfaces 1010 that can indicate whether an
individual has passed away. The third party interfaces 1010,
for example, can include interfaces to social media sites
(e.g.., FACEBOOK, TWITTER, LINKEDIN, INSTA-
GRAM, etc.) and/or obituary services, which can provide
information about individuals of a user base, including
whether users are deceased. Social media sites may, for
example, carry content marking the death of a user. Such
content may include photographs and/or text posted by
friends and family. The social media accounts of users may
be accessed by their content. As described with numerous
examples, 1n subsequent months and years, the accounts of
users with such sites may be accessed to determine (or verily
determination made through a separate source) those users
who have deceased. In some variations, the social media
accounts of iriends, family members, and/or employers for
individual users may also be utilized to determine (or verity)
when a user 1s deceased.

[0143] The system 1000 can include a content analysis
system 1020 that includes functionality for receiving real-
world user data 1011 from third party intertaces 1010. The
third-party interfaces 1010 may include social media sites
and/or obituaries services. The real-world user data 1011 can
include social network content and/or obituary content.
[0144] In one implementation, the content analysis system
1020 utilizes analysis rules 1022 to generate a determination
of a real-world mortality outcome (e.g., whether the user 1s
deceased, living, and/or unknown) for an individual. The
analysis rules 1022 can be implemented as a formula or
model, and can 1mage analysis 1030 and/or text analysis
logic 1040.

[0145] In some embodiments, the image analysis 1030
and/or text analysis logic 1040 data can operate on respec-
tive image and text content to 1dentity hints, clues or explicit
evidence of a user’s mortality outcome. For example, text
analysis logic 1040 may parse text content from a social
network account to 1dentify tribute markers and/or keywords
1032. Likewise, image analysis 1030 can recognize text in
images in order to 1dentily tribute markers/keywords 1032.
Thus, the tribute markers/keywords 1032 may be markers
identified through 1image and/or word recognition. By way
of example, tribute markers may include “we will miss you,”
“rest 1n peace,” “our condolences,” “sorry for your loss,” “in
a better place,” “everything happens for a reason,” “will be
in our thoughts and prayers,” etc. Markers through image
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recognition can also be extracted from photographs, such as
photographs of grave markers or tombstones.

[0146] In some variations, the social networking content
of relatives, friends or employers may also be analyzed to
confirm or weight a determination of mortality outcome. For
example, links to the social networking page of a given user
may be analyzed to determine an account of a spouse or
close relative. The social networking account of the relative
can then be analyzed for markers that indicate the loss of a
loved one. The markers may be specific to the relationship
between the relative and the person for whom the mortality
determination 1s being made.

[0147] A sentiment analysis component 1034 can also
analyze social network content associated with a user
account to determine an overall sentiment 1035 for the
social network content 1n a given time frame. The sentiment
analysis component 1034 may utilize an output of 1mage
analysis 1030 and/or text analysis 1040 (e.g., tribute mark-
ers’keywords 1032). As an alternative or addition, the sen-
timent analysis component 1034 may process social network
content directly from the user’s account. An output of the
sentiment analysis component 1034 may include a sentiment
1035. The sentiment 1035 may represent one of multiple
possible sentiment values, such as (1) sad or not sad, (11) sad,
happy, neutral or (111) sad, happy, angry, neutral.

[0148] Mortality determination logic 1046 may receive
input from 1020, and determine a mortality output 1049. The
mortality output 1049 can i1dentify a user (e.g., by name, by
moniker, hashed 1dentifier, etc.) and associate the user with
a mortality determination. The mortality determination can
correspond to, for example, one of alive, deceased,
unknown. In variations, the mortality determination can also
be associated with a confidence score, which indicates a
certainty of the determination. For example, 1t the confi-
dence score 1s above a threshold, the mortality determination
may indicate that the user i1s deceased. However, it the
confidence score 1s below the threshold, the mortality deter-
mination may indicate that the user 1s likely deceased, or
alternatively, unknown as to alive or deceased.

[0149] According to examples, the mortality determina-
tion logic 1046 employs programmatic methodologies in
order to make the mortality determination for given indi-
vidual automatically, and without mput from a human. In
some examples, system 1000 operates 1n an anonymized
manner, so that imnput and output from system 1000 is not
accessible to humans. For example, real-world user data
1011 may be encrypted, and the association between user
and mortality determination may be in the form of a pro-
tected tuple a data set. The programmatic methodologies can
include, for example neural network or random forest algo-
rithms, which can associate weights and confidence values
to markers/keywords 1032. In some examples, the mortality
determination logic 1046 also obtains contextual data relat-
ing to markers/keywords 1032. The contextual data can for
example, identily relative placement of keywords 1n a phrase
(e.g., words towards the beginning of a sentence versus in
the middle of a paragraph), placement ol markers/tributes

1032 in captions of images, prominence of markers/tributes
1032 eftc.

[0150] Additionally, 1n some examples, sentiment 1035
can be used to weight markers/keywords 1032 for or against
a particular determination. For example, the marker/tribute
1032 for a particular user may include a keyword that 1s
strongly associated with a mortality determination of
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deceased, but the particular marker may be devalued (e.g.,
associated with a low confidence score) because a sentiment
1035 of posts and comments related to the text indicate a
relatively happy mood.

[0151] In some examples, when the mortality determina-
tion logic 1046 determines that an individual 1s deceased, the
name of the deceased individual can be generated and sent
to a name comparison component 1050, which compares the
deceased’s name to names within a user name database
1060. The user name database 1060 may, for example,
include names of individuals within a user population, or
alternatively, within a control population of the user base.
The name of the deceased individual may be included as
real-world imformation 1070 that 1s output once a match to
a name 1n the user name database 1060 has been established.
The real-world information 1070 can be compared to
expected mortality outcomes 1n a physiological health, men-
tal health, mortality, morbidity, and/or underwriting predic-
tive system 100 (such as shown with an example of FIG. 1),
where the comparison between actual mortality outcomes
and expected mortality outcomes within the control group
can be 1ncluded 1in determining how knowledge of underly-
ing assertions 1s correlated with mortality rate.

[0152] In some vanations, the content analysis system
1020 may receive user names within the user name database
1060 and then analyze social network content from third
party iterfaces 1010 for social network accounts associated
with those user names. For example, the content analysis
system 1020 can receive a user name from the user name
database 1060 through the name compare system 1030. The
third party iterfaces 1010 can be searched with each
received user name to verily whether the individual associ-
ated with each user name 1s deceased. This can be done on
a continuous basis.

[0153] According to some examples, when individuals 1n
the user name database 1060 are determined to be deceased,
they can be added to the control group for determiming
correlative mortality parameter values. In some examples,
the individuals are added to the control group if certain
conditions are satisfied, such as age (e.g., only individuals
above 50 are added to the control group), cause of death
(e.g., accidental or non-natural cause of death 1s not con-

sidered).

[0154] In some variations, one or more additional verifi-
cation processes can be performed to verily an alternate
determination that an individual of a control group (or
candidate thereol) 1s deceased. For example, system 100
may 1dentily past and current users who have deceased from
a given source, such as third-party obituary services. In such
examples, a separate verification process (or set of pro-
cesses) can be implemented to verily a past or current user
that 1s determined to be deceased through the alternate
source. In some examples, a programmatic process may be
implemented to confirm or otherwise verity that an indi-
vidual 1s deceased.

[0155] In one implementation, the programmatic verifica-
tion process may include analyzing content of the social
networking page of the users who have been 1dentified as
deceased through an alternative or independent source. For
such users, the verification process can include scanning
content of social networking accounts of users who have
been 1dentified as deceased 1n order to confirm the user 1s
deceased. As described with other examples, the analysis
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can include parsing text and analyzing images for markers
that are typical for deceased persons.

[0156] In some variations, social networking accounts of
family members for such users can be identified program-
matically, through, for example, links provided on a user’s
social networking page. The accounts of the family members
may also be analyzed to further verity the determination that
the original user 1s deceased. For example, the social net-
working page of a spouse can be analyzed for markers that
indicate a loss of the individual’s spouse. The markers may
be specific to the relationship between the family member
and the original user who 1s thought to be deceased.

Lifestyle Categorization Determinations

[0157] FIG. 11 illustrates a system to categorize a life style
of a user, according to an embodiment. In some examples,
a lifestyle determination system 1100 extracts and analyzes
social media content about a user 1n order to determine one
or more lifestyle categorizations of the user. The system
1100 may be implemented through one or more computers,
such as described with, for example, FIG. 9. For example,
the system 1100 may be immplemented through use of a
server, or set of servers, which programmatically interface
with social networking sites 1n order to determine lifestyle
categorization, as described with examples provided below.
[0158] According to some embodiments, individual ques-
tions, or alternatively groups or series of questions, can be
correlated to a quantifiable metric that statistically relates a
user’s knowledge (or alternatively lack of knowledge) of an
underlying assertion to one or more characteristics of the
user. The one or more characteristics of the user may be
related to the user’s physiological health, mental health,
mortality rate, morbidity rate, and/or underwriting class can
be associated with one or more related attributes that can be
verified through social media content. Some embodiments
of the lifestyle determination system 1100, for example, can
be implemented as a sub-system of a system 100, such as
shown 1 FIG. 1.

[0159] In an example of FIG. 11, the system 1100 may
include a user categorization system 1102 and a social
network content analysis (“SNCA”) component 1108. The
SNCA component 1108 analyzes social network content of
individual users to determine characteristics or traits of the
user, from text and/or 1image content, as well as metadata and
afhiliations or social connections.

[0160] The SNCA component 1108 may utilize program-
matic interfaces to social networking services, in order to
retrieve content from a specific user’s account. In more
detaill, SNCA component 1108 may include functionality
(“social network connectors 1118”) for retrieving or other-
wise obtaining social network content of a user from a
particular source. The social network connectors 1118 can,
for example, iterface with specific user accounts on social
media sites such as FACEBOOK, TWITTER, LINKEDIN,
INSTAGRAM, etc., to retrieve text and 1mages from the
user’s account. In some variations, the SNCA component
1108 may utilize social networks connectors 1118 to retrieve
social network content from accounts which are linked to the
user, for individuals whom are identified as the spouse,
sibling, parent, child, close friend or co-worker.

[0161] In some implementations, the social network con-
tent of a user can be analyzed to determine a set of attributes
1106 from which a lifestyle categorization may be inferred.
The SNCA component 1108 may include an image analysis
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component 1112, a text analysis component 1114, and an
afhiliation analysis component 116. The SNCA component
1108 may use the image analysis logic 1112 to perform
image analysis of objects, text or persons, i order to
determine markers of a particular lifestyle category. For
example, the image analysis logic 1112 may be analyzed to
determine whether the user participates 1n sporting events,
attends barbecues, or 1s a smoker. The text analysis logic
1114 may parse captions, comments, or postings of the user
to determine events or activities which the user participated
in, as well as hobbies or interests of the user. In some
implementations, the text analysis logic 1114 may access a
list or library of keywords 1n order to determine whether the
keywords exist 1 the social network content of a given user.
As an addition or variation, the text analysis logic 1114 may
identily contextual data about textual content, including
placement of individual words relative to, for example, a
beginning of an entry or to other words. Still further, in some
variations, the text analysis logic 1114 may perform senti-
ment analysis on mndividual posts or entries to determine a
user’s sentiment about a particular event or caption.

[0162] The athliation logic 1116 can i1dentily social con-

nections of the user, and process content or known infor-
mation about the connections in order to determine interests,
activities, events or other information about a user. The
relevance of identified athliations may be based on assump-
tions. In some examples, afliliations may be used as a form
of verification. For example, an assumption may exist that
vegans and smokers tend to have spouses who are also
vegans or smokers. The SNCA component 1108 may thus
identily such connections using the afhliation logic 1116,
and then process the social network content of such con-
nections using the image analysis logic 1112 and the text
analysis logic 1114.

[0163] In some embodiments, the image analysis logic
1112, the text analysis logic 1114, and/or the afliliation logic
1116 data can be analyzed for respective attributes 1106 of
a predefined lifestyle category. The attributes 1106 can be
determined from social network content 1101 through 1image
and textual analysis. Additionally and/or alternatively, con-
tent can be associated with connections of the user 1n a
particular social network forum. As output, the SNCA
component 1108 may determine one or multiple attributes
1106, each of which may relate to a lifestyle category.

[0164] Insome vanations, the user’s commentary or activ-
ity can also be detected and analyzed. For example, the users
“likes” or comments can be detected, and a subject of the
activity may be extracted from the content and analyzed for
text and 1mage content.

[0165] The SNCA component 1108 may determine indi-
vidual attributes 1106 along with a score which indicates a
confidence that the attribute 1s that of the user. For example,
the SNCA component 1108 may determine as an attribute,
that the user 1s a turkey eater by analyzing Thanksgiving
pictures from the user’s social network account. The deter-
mination that the user 1s a turkey eater can be relevant to
whether the user 1s a vegan. The attribute 1106 for Thanks-
grving turkey eater can be provided a score that measures a
confidence related to one or more of the following: (1) the
content analyzed 1n fact showed a turkey as part of a
Thanksgiving feast (e.g., image of cooked turkey), (11) the
user participated 1n that particular Thanksgiving feast (e.g.,
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“lovely dinner at our in-laws™), and/or (111) the user ate
turkey on that event (e.g., text content “Turkey was deli-
cious!™).

[0166] As another example, the SNCA component 1108
may 1dentily attributes 1106 which have strong associations
with a particular lifestyle category. For example, the aflili-
ation logic 1116 may identily the presence of a link to a cigar
club, which would provide strong indication that the person
smokes cigars. At least one of the attributes 1106 which 1s
output by the SNCA component 1108 may identily as cigar
smoker.

[0167] Similarly, the image analysis logic 1112 may be
trained to detect cigarettes (e.g., orange tips and smoke) in
the user’s 1mages, and then perform 1mage recognition to
identify the user’s face 1n relation to the cigarette. In such an
example, the SNCA component 1108 may output an attri-
bute 1106 of cigarette smoker. A confidence score may
reflect a certainty to which a cigarette was detected in the
social content of the user, as well as a certainty that the user
was the one smoking the cigarette.

[0168] As another example, the SNCA component 1108
may be triggered to retrieve content from a spouse of a user
in order to determine second order attributes 1107, which
may be probative of a particular lifestyle categorization. For
example, an assumption may be implemented by the user
categorization system 1102, such as an assumption that
vegans have spouses that are also vegans. Still further, the
SNCA component 1108 may analyze athliations to identily
groups or organizations which the user may support. For
example, the user categorization system 1102 may also
implement the assumption that an SPCA supporter 1s more
likely to be a vegan.

[0169] In some embodiments, the attributes 1106 which
are determined for the user can include both positive and
negative attributes, where positive attributes correlate posi-
tively with the categorization and negative attributes
inversely correlate with the categorization. For example, 1f
the user 1s categorized as “vegan,” an athimity for barbecue
(e.g., the user hosts a barbecue, as determined from text and
image content) would be a negative attribute that would
cause the system 1100 to determine the categorization may
not be accurate for the user.

[0170] Stll further, the social network content 1101 of
users can be analyzed for markers and/or keywords that
correlate to attributes 1106. Additionally, connections and
afhiliations, such as of related persons (e.g., spouse, sibling,
chuld, parent, close iriend, employer, supported organiza-
tion) can be idenftified for relevance. In some examples,
social network content from such connections may be
retrieved and analyzed for probative attributes 1106. For
example, a user categorized as “vegan” may have a spouse
identified through FACEBOOK. In that case, the system
1100 can search for the spouse’s name and, 1f there 1s a
match, better correlate the user with the “vegan” category
(e.g., by weighting the category more heavily).

[0171] The user categorization system 1102 may imple-
ment one or more rules or models (e.g., neural network,
random forest) to determine one or more lifestyle categories
for a user, based at least in part on the attributes 1106
determined from processing the user’s social networking
content. By way of example, the lifestyle categories can
include (1) whether the user 1s a vegetarian, (1) whether the
user 1s a smoker, (11) whether the user 1s a cigar smoker, (1v)
whether the user sits a lot during the workday (e.g., based on
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images from work), (v) whether the user participates 1n
athletic events, (v1) whether the user prepares his own food
or eats out. In variations, more refined categorizations may
be utilized, such as dietary habits (e.g., Mediterranean,
vegan, vegetarian, pescatarian, raw food, paleo, etc.), exer-
cise habits (e.g., athlete), and/or demographic imnformation
(c.g., wealth, class status, education level, age, gender,
geographic location, families and living arrangements, etc).
Each lifestyle category 1111 can include a category defini-
tion.

[0172] In some examples, the category definitions may
include a set of attributes which individually carry a different
weight relative to other attributes 1n regards to determining,
whether a particular lifestyle category 1s applicable to a user
based on their social network content. According to some
examples, the category definitions for individual categories
include (1) one or more attributes which necessarily indicate
the user has a particular lifestyle category (e.g., content
showing the user eating meat means he 1s not a vegan, and
non-vegan lifestyle category), (11) one or more attributes
which strongly indicate the user 1s of a particular lifestyle
category (e.g., a single picture of the user near a cigarette 1s
a strong indicator, but not conclusive that the user 1s a
smoker), and/or (111) one or more attributes which moder-
ately indicative of a lifestyle category (e.g., a user posting
about runs 1s moderately 1indicative of an athletic lifestyle).
The user categorization system 1102 may implement a
model or scoring algorithm to determine, from attributes
1106, which of multiple possible lifestyle categories the user
belongs 1n.

[0173] As an addition or variation, the user categorization
system 1102 may determine one or more user parameters
that correlate to the determined lifestyle categorization 1124.
In some examples, the user categorization system 1102 can
assoclate a user categorization score associated with the
lifestyle categorizations 1124 of the user. The user catego-
rization score may be a percentage or weight correlated with
the likelihood of the user falling within the categorization. In
variations, the user categorization score may reflect a mag-
nitude by which a person can be viewed as having a
particular lifestyle (e.g., light smoker versus heavy smoker;
pure vegan or vegan with exceptions, etc.).

[0174] In some implementations, the lifestyle categoriza-
tions 1124 can be used to configure implementation and/or
use of system 100 for a given user. For example, the lifestyle
categorizations 1124 can be stored with a user profile, and
the lifestyle categorizations 1124 can be used to determine
which questions to ask the user. Alternatively, the lifestyle
categorizations 1124 can be used to weight the health
outcome score 165a and/or mortality outcome parameter
1656 determined from the system 100.

[0175] As an addition or variation, the lifestyle categori-
zations 1124 can be utilized as mput in determining, for
example, a person’s eligibility or pricing for a product or
service that can be valued on, for example, the user’s
well-being and/or longevity. By way of example, the life-
style categorizations 1124 can be used to reduce the pre-
mium or deductible a person pays for health or life insur-
ance. Still further, the lifestyle categorizations 1124 may be
used to determine an individual’s eligibility for a product or
service.

[0176] In some variations, the lifestyle categorizations
1124 1s used in combination with one or more other inputs
in order to determine eligibility or pricing for products or
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services such as health and life insurance. For example, the
lifestyle categorizations 1124 may be used in combination
with outputs of system 100 i1n order to determine pricing
and/or eligibility for msurance products.

[0177] In some examples, the lifestyle categorizations
1124 can be predictive without input from the user. The
categorizations 1124 can be associated with characteristics
of the user that can be quantifiable such that the character-
istics (and, accordingly, categorizations) can be verifiable
from independent sources, such as subsequent input from
the user or from determinations of system 100 (e.g., after
user answers sullicient questions to develop profile). In some
examples, the lifestyle categorizations 1124 can be verified
by independent sources, and then used to train one or more
models of the user categorization system 1102.

[0178] In some embodiments, the lifestyle categorizations
1124 can be used to verily or refine categorizations of a user
based on the user’s knowledge of assertions, as determined
from answering questions selected from the system 100. For
example, the system 100 can generate fact-based questions
on various topics of health for the purposes of (1) obtaining
responses from users, and (11) correlating all or some of
those responses to physiological health, mental health, mor-
tality rate, morbidity rate, and/or underwriting class (for
health or life insurance) predictions. Accordingly, a user
may make an assertion related to (e.g., answer) one or more
fact based questions, and from the user’s assertions, the
user’s independent knowledge of the assertion can be deter-
mined. From this, the user categorization system 1102 can
make predictions about the user’s attributes and, accord-
ingly, categorize the user on that basis. In some embodi-
ments, correlating responses to category predictions may be
done through a correlative model or formula that 1s devel-
oped using a control population, such that the user’s 1nde-
pendent knowledge can be compared to the control popu-
lation’s independent knowledge.

[0179] FIG. 12 1illustrates an automated method for utiliz-
ing information about a user. A method such as described
with an example of FIG. 12 may be implemented using, for
example, a system such as described with an example of
FIG. 1 or FIG. 11. Accordingly, reference may be made to
clements of other examples for purpose of illustrating a
suitable component for performing a step or sub-step being

described.

[0180] With reference to FIG. 12, the system 1100 may
obtain social network content for one or more users of a user
base (1210). The user base may correspond to, for example,
users of system 100, who may answer questions and have
their knowledge evaluated to correlate their knowledge with
health and mortality outcomes. Accordingly, the social net-
work content may be determined using, for example, social
network connectors 1118, which automatically retrieve con-
tent for imdividual users, or for a group of users in bulk.

[0181] SNCA component 1108 may analyze the social
network content to determine one or more attributes for each
user (1220). The text analysis logic 1114 of the SNCA
component 1108 can include text analysis, which analyzes
keywords, placement of keywords, and contextual data of
key words and other text on a user’s social networking page
(1222). The key words can be filtered or correlated to a set
of attributes, which are predetermined to a definition of a
lifestyle category.

[0182] As an addition or alternative, the SNCA component
1108 may include the 1image analysis logic 1112, which can
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execute to recognize predetermined objects which are
deemed markers of a particular lifestyle category (1224). For
example, the system 1100 may use the image analysis logic
1112 to recognize the tips of lit cigarettes, in order to
determine an attribute for the lifestyle category of a smoker.
Similarly, the system 1100 may use the 1mage analysis logic
1112 to recognize cooked meat, such as a turkey or burger,
in order to determine an attribute for non-vegan.

[0183] Still further, the afliliation logic 1116 may 1dentily
afhiliations, such as in the form of social connections with
other users or associations (1226). Some afhliations to
associations, for example, may be 1dentified as an attribute
which are relevant to a particular lifestyle (e.g., SPCA, for
vegan). The afhliation logic 1116 may also identily social
network content of other users to obtain and analyze.

[0184] In determining the attributes, the system 1100 may
also determine an associated confidence score, which can
relate to the confidence of the determination (1228). As an
addition or alternative, the confidence score can measure the
likely link between the user and the determined attribute. For
example, a weak link (e.g., picture of turkey without the user
at the table) may be indicated by a lower score than a strong
link (e.g., user at table with turkey)

[0185] According to some examples, the system 1100 may
determine a lifestyle category for the user based at least 1n
part on the determined attributes (1230). The system 1100
may employ, for example, the user categorization system
1102, which can implement one or more models, rules or
other logic to predict the a lifestyle category for the user. The
predicted lifestyle category may be associated with a con-
fidence score, indicating the certainty of the determination.

[0186] FIG. 13 illustrates a health determination system
for determining health-based products and services, accord-
ing to one or more embodiments. According to some
examples, a health determination system 1300 includes one
or more health determination components which individu-
ally or collectively predict a health-related aspect of the user.
The health-related aspect may correspond to, for example, a
characterization (e.g., quantitative or qualitative) of the
user’s overall health. As an addition or variation, the deter-
mined health-related aspect may be predictive of a relative
health of the user, based on a demographic parameter such
as age and race of the user. Still further, the determined
health-related aspect may be predictive of longevity, mor-
tality or morbidity.

[0187] According to one implementation, a knowledge
determination component 1310 provides an output that
correlates a user’s knowledge of health-related assertions to
a health or mortality outcome. In some examples, the
knowledge determination component 1310 may be imple-
mented using a system such as described with FIG. 1, and an
output of the knowledge determination component 1310
may correspond to a knowledge correlative determination
1336. The knowledge correlative determination 1336 may
represent a value that correlates a knowledge of the user
about a health topic to a predictive health outcome. In
particular, the knowledge correlative determination 1336
may correspond to a score or parametric value that for
example, 1s predictive of one or more of a health outcome of
the user, a health state of the user, and/or a mortality of the
user. The knowledge correlative determination 1336 may be
provided as input to the user health services 1340, to select
one or more health products or services.
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[0188] A lifestyle categorization component 1320 may be
implemented to programmatically determine a lifestyle cat-
cgory of a user (shown as “lifestyle determination 1334”).
According to some examples, the lifestyle categorization
component 1320 may receive social network content 1312
from one or more social network sites 1308. As described
with an example of FIG. 11, the lifestyle categorization
component 1320 may analyze text and image content, as
well as athiliations of a given user’s social network content,
in order to make one or more lifestyle determinations 1334.
The lifestyle determinations 1334 may identily categories,
such as a dietary lifestyle (e.g., vegan) or a smoker lifestyle.
Examples of specific lifestyle determinations 1334 include a
classification of weightlifter, endurance athlete, a dieter, a
person who practices preventative care, a triathlete or a
person who has a low glycemic diet.

[0189] As described with other examples, the lifestyle
determinations may be determined as confidence scores,
using, for example, random forest or neural network algo-
rithms. The algorithms may be trained ofl of users self
reported habits, and compared to results determined from
analyzing posts of individual users.

[0190] A user health model 1330 may predict a health
profile of a user based on mput that includes one or more of
(1) knowledge correlation determination 1336 of the knowl-
edge determination component 1310, and/or (11) lifestyle
determinations 1334 as determined from the lifestyle cat-
cgorization component 1320. As an addition or alternative,
the health determination system 1300 may utilize user
biological input 1302, which can include information such
as hip-to-waist ratio, triglyceride levels of the user, the user
weilght, body mass index (“BMI”) or other information. As
another addition or variation, the user health model 1330
may use social network content 1312 as mnput. The user
health model 1330 may implement any one or more algo-
rithms, to determine health profiles 1332 for individual
users. In some examples, the health profiles 1332 may
include classifications of the user’s overall health or mor-
tality. The classifications may be quantitative. Additionally,
the classifications may be provided with a confidence score,
indicating, for example, a probability that the classification
for the user 1s accurate.

[0191] The user health services 1340 may include func-
tionality to select a health service or product for the user. The
health service or product may be of a type in which a price
or other material aspect 1s dependent on a health of the user.
The user health services 1340 may use 1iputs, corresponding
to, for example, one or more of the health profile 1332,
lifestyle determinations 1334, and/or the knowledge correla-
tive determinations 1336. The user health services 1340 may
include functionality 1342 to select a health service or
product for the user. The health service or product may be of
a type 1n which a price or other material aspect 1s dependent
on a health of the user. Based on one or more of the inputs,
the user health services 1340 may determine if a user may
quality for a health product or service, which includes
various forms of life and health mnsurance. As an alternative
or variation, the user health services 1340 may include
functionality 1344 for determine a pricing for the product or
service. The pricing may correspond to, for example, a price
for a premium or deductible (e.g., or discount for same).

[0192] According to some examples, the user health ser-
vices 1340 may determine a premium or deductible for a
health or life mnsurance based on a predicted life expectancy
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of the user. In vanations, the user health services 1340 may
determine the premium or life expectancy based on infor-
mation about the user and a class or sub-class of the user.
The information about the user may be determined by one or
more of (1) a knowledge correlative determination 1336 of
the user, (11) the biological input 1302 provided by the user.
Thus, the user health services 1340 may utilize both personal
information and information about a class or sub-class of the
user.

What 1s claimed 1s:

1. An automated method for determining a health of a
user, the method comprising:

determining, for a user, a value that correlates a knowl-

edge of the user about a health topic to a predictive
health outcome:;

analyzing social network content of the user for one or

more health-related markers; and

determining a health profile of the user based on the value

and the one or more health related markers.

2. The method of claim 1, turther comprising;:

selecting a health insurance product or service for the user

based on the health profile.

3. The method of claim 2, wherein the health product or
service includes at least one of a health insurance product or
a life 1insurance product.

4. The method of claim 2, further comprising determining
a premium or deductible for the health insurance product or
life msurance product based on the health profile.

5. The method of claim 1, further comprising;:

obtaining a biological mput of the user; and

wherein determining the health profile of the user 1s based

at least in part on the biological mnput.

6. The method of claim 1, wheremn analyzing social
network content of the user for one or more health-related
markers includes determining a lifestyle category of the user.

7. The method of claim 6, wherein the lifestyle category
includes determining a dietary category of the user.

8. The method of claim 6, wherein the lifestyle category
includes determining that the user 1s a smoker.

9. The method of claim 1, wherein analyzing social
network content of the user includes performing at least one
of 1mage analysis and text analysis.
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10. A computer system comprising:
a memory to store instructions;
one or more processors to execute the instructions to:

determine, for a user, a value that correlates knowledge

of the user about a health topic to a predictive health
outcome;

analyze social network content of the user for one or
more health-related markers; and

determine a health profile of the user based on the value
and the one or more health related markers.

11. The computer system of claim 10, wherein the one or
more processors execute the mstructions to select a health
product or service for the user based on the health profile.

12. The computer system of claim 11, wherein the health
product or service includes at least one of a health msurance
product or a life msurance product.

13. The computer system of claim 11, wherein the one or
more processors execute the instructions to determine a
premium or deductible for the health isurance product or
life isurance product based on the health profile.

14. The computer system of claim 10, wherein the one or
more processors execute the mstructions to:

obtain a biological mput of the user; and

wherein determiming the health profile of the user 1s based
at least in part on the biological input.

15. The computer system of claim 10, wherein the one or
more processors analyze the social network content of the
user for one or more health-related markers by determining
a lifestyle category of the user.

16. The computer system of claim 15, wherein the life-
style category 1includes determining a dietary category of the
user.

17. The computer system of claim 15, wherein the life-
style category includes determiming that the user 1s a smoker.

18. The computer system of claim 10, wherein the one or
more processors analyze the social network content of the
user by performing at least one of 1mage analysis and text
analysis.
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