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automated way of providing to a patient medical advice and diagnosis that is quick. efficient and

25  accurate. Such a medical advice system should be modular to allow expansion for new types of
medical problems or methods of detection.
One way of conducting an interview of a patient includes medical diagnostic scripts. What is
needed is an efficient method of representing the medical knowledge of experts in their specialties in
a script format. The scripts should utilize dynamic structures to quickly and efficiently rcach a
30  diagnosisof the patient.

Summarv of the Invention

Structure-based processing is a method of diagnosing diseases that works by arranging
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a patient. Each question to the patient generates onz ol & sciof - - ined responses, and each response
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50 as to declare a diagnosis.

An additional aspect of the invention includes a computerized medical diagnosis method.
30  comprising: a) defining a spectrum of terms representative of a subjective description for an
aspect of a medical symptom: b) presenting the specirum of terms to a patient during a diagnostic
session: c) selecting a term from among the spectrum of terms: d) repeating a)-c) for other aspects
of the medical symptom: ) encoding the selected terms into a health data code: and f) indexing a

database of diseases with the health data code thereby diagnosing a disease.

)
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An addi tional aspect of the invention includes a conputerized nedi cal
di agnosi s nethod, conprising: a) defining a spectrum of terksh AUG 2004
representative of a subj ective description for an aspect of a nedical
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t he sel ecdoegirisigs: amchﬁm@g mhpagnm&f teunsemesentstoreaéa subjedlvagammmfarrmdaspat
condi tion | ect of . the i cludes a hod, of
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30  symptoms: d} switching from the first mode to a second mode based on the evaluating of the

shared symptoms, wherein a particular disease is selected: e) selecting. in the second mode,
symptoms associated with the particular disease: f) evaluating at ieast one of the selected
symptoms of the particular disease: and g) diagnosing the medical problem of a patient based on

the evaluating of the shared symptoms and the selected symptoms.



plurality of timelines which are each representative of a typi¢al,,course of
a disease in terns of how and when the synptons of the di seé’%g Ngf. ZW y
arise, vary, and subside over tine, automatically 5 asking one or nore
guest i onwo@ismipati ent so as to elicit a synptom i ndi cacTAs01ei902 chi ef
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and tinme  of. a _first si ificant s to n.the ti li.ne for th i sease:
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di agnosi agomaticatibdeealingaosvrs fraomthbpatiens én respoaseps heliwwtiaus. mitpmitically of synpt ons,

t he met ho Iy:Si i . I in j i' i are each
Fopr ocen AT ALkt HERGIAlS e BierRbbidh: Lteflind HEBIRSRER 21 C B2
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di sed8e. cypmlaitelscoredprthe disspredfthofirsysipaificany symatashisevieblighedandestablivhisg thsf 1 euse

of nedi CglaR6E Wil R duBlafve LSE Ekckdls b BRaHnERINRShol agnosi s or management  of
a nedical condition, the nethod conprising 20 providing a plurality of

 di sease obj ecf®addgigpy 2eReg ohbe inyejtiet inclydes  Fehpd ef %%’i‘aﬁb‘l’iéﬂ“af'r"fgtay of synptom

obj ect s; nafichi BhBiiON by'Ghe 3f NBESAE FrlinETCPmSYAR te Methol 8snriBin@diahtrgGul ar
di sease object may_ inc]ude referred weight for one or nore preferred

3 ey l.ude a p . g ;
synpt ons PURRHLY 2A1RFlinss whith arecagfiegienetive obarip! cayPeet 2415t Hat i ve synpt ons,
wher g5 N tiecRbidie bttt ofSy Bt HagBudds 8ves GIneCine udriMical B seledin®i paticalat ved
synptom gbj ects .that are available . for reuse. .25 An additiapal aspect of
Ther i nvellb Per Aquera ot Pt it et hreyR; o
conpri si tigelie pisoltiadd with tbd paglplecdigasehi ch i nteract to determ ne the di agnosis
of a patient. rein e ject.s inc . of . | sease
object. a syrr'?)? %\‘gr%?gﬁﬁl 8?%%] 0218%‘51'?%'% or Q‘(’)Jt?jyg%te aggﬁ%ﬁéegﬁegﬁg5%?”2%[?%&% node
obj ect amdd & tcavtbinted dipgmisis evihanagementcl? tedipr Fordgipm ghe mefthot! hemprisipeNt | on
| nCl 01eS 8RRk GkarQ Bfleatt oRERIEH HRAODGS bEoAIWRLGTAY BRI 2
plurality o j ects. _erelntheOJects_lnch_Jde at l'east” a plurality of
di sease okitsiseandgssigninza weizhy far qaehysymplogy wiyreinre eisicler diseagarniticqitiey diclidat | east

sone of sE@feetH @&%(Hi fdP 6hd QB rdrfed sPNlorh Sl 8n ARAGR! WeidhPBPoRbPREre O] eCt's to
performtheir tasks at the apagrop_rlate time. An additional a?fgect of the

i nvent i offteEBSSYRREmS Whereindhy 25smatiye SITPIE 26 sslgriokiram 2 seheflaiflivey a conputer,
conpri si §ehpaakdbitdts dhapat b@NibifoAelseONs. receiving answers fromthe patient,

35 sing the apswers a&o di apgo.se a dic)%’ed%se sel ecti n% .subset of possible
) di seddes. baselh BAINEN e of e Frenton st onotip GER SYBTA  SERMDRb1/ 04007
conpl ai niystedlebprisingiaprdinf dflobjectSwigeh iheand daympt dindakndsia of pmtierent , and
usi ng the, ans %@ to .di a? Ofe a.di,sease.by askin ues i,ons soci at ed
with the™ 39%\@% ec(s.sf :ncéuclg & Ig%s ong o&la Sdgea%fé 53\7%% A EYM tong ot%ec?. a valuator ogj%cl. a
question object. a node object and a candidates object.
An additional aspect of the invention includes an object based automated diagnostic
30 system comprising a plurality of objects. wherein the objects include at least a plurality of disease
objects and a plurality of sympiom objects. and wherein at least some of the objects perform their
own tasks and call upon other objects to perform their tasks at the appropriate time.
An additional aspect of the invention comprises a method of auwtomated diagnosis

including a computer, comprising asking a patient guestions. receiving answers from the patient,

35  sing the answers 10 diagnose a disease by selecling a subset of possible diseases based on a chief
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the sel ected disease includes the first significant synptom Brie .
Descripticon of the Drawings 5 Figure 1 is a flowhart of one *E‘rrgo%wiremm’of

a diagnostic |oop performed by a structure- based engi ne of a nedical
di agnost iwo ewedénsr eat nent advice system Figure 2 is a fRGGWSAHMPIOf t he Set
Up Di agnostic Loop function shown in Figure 1. Figure 3 is a flowhart of

the Set U t.o ure 2. 10-Figure
4 1is a flcg a:';{‘r?"?dS i f1§ Mﬁg H}SEISBE&?%%F]?Y% seaggpef ﬁ:ﬂe andn"%"(%v\%e in fsgtﬁre 1.
Fi gure 5 dizgnesefaldpwiohby askiog quch enPasséeiaBdrvibitie sRyppnoofi a seleaed cbscasshdawnml n

Figure 1...Eigus %se@s ‘&“‘%ﬁq@%‘ﬁ!@&@ﬂﬁm@t ain Synptom Val ue function
I's

shown in Figure gure art of the Use Question Val uator
(bj ect function shown in Fi gBnes D@scrividncpfithe Deaviingsa f | owchart of the Use

Formul@a Val uatggy is‘%%w&ﬂéﬂ%? b:%n%&&%%cﬁ'o@a BlagHot R Igoc? rﬂeﬁ‘ﬂo eBY0 § sthychiie- 2

flowchart of the Use Loo Val uat or ject Tunctl wn in Figure 5
Fi gur e 1(raped epgife of pgedipal d@&"%ﬂf@“%@tw’éﬁvﬁamsﬁﬁ‘ Terms Val uato. Object

function showgiduh 2 ik SéMRarPos the ﬂ:’t‘USD‘iagJ)oshc.sLd%pffJn&%QﬁJv;n 19%: ¢, Apply Synptom
Val ue function shown in Figure 1. "Figure 12°is a owchart of the Conmpute

Syner gi es f unét&sn’ ésh"l‘)\ﬂﬁ“’f'ﬁnmfg’t!ﬁ get1yp Dzseascﬁzgm!@n ﬁ@""i‘%’caf“’fq'm&?tm of the
Cal cul at &igseS. Synergy function shown in Figure 12. Figure 14 is a flowchart
of the Calculate Onset [OFfset] .Synergy function shown _in Figure 12.

Fi gurl® 15 i s &#redithinehst ol idamyyd e dircieshewi Figyidr gy function
shown in Fi guroereﬂsaﬁﬁvcmrgm& Phék Gtﬁreﬁl Svinpof aletionGhor i@ FlzgrmUut e Onset

[OFfset] Slop Ctl ure 17 is aflowchart of

~ the Conpute Cﬁkgérte é)qé”égﬂ" %‘?' H‘%ﬁ§§%€;ﬁgP%5hWbﬁr Flewssl.  Figure 18 is
a flowchart ofighlke :ﬁaﬂlmhatmrsﬂawmm.agv&amogyctffuﬂa&msﬁdsmsghmgﬂreisn Fi gure

12. Figure 19.is ca f har ate Sipnultaneous_.Synerg

function shown Burg 8134 flg'goﬁv\r,vg v he% Ef EQJ E’Om éb'?i" "I"SWB rb'f'"'%/'ﬁg Cal cul ate

Tinme IProfil e Bgweddse flawmidri dmeﬁemmmvalﬁtgmchcnﬁt goweinZigutes. a f | owchart

of the Updat efﬁm lB%%q{qu{la%%?He%e Eenmn I0!:]1' e gll?atol {ectl ‘fgrl\'lclilﬁn s%T_mnIm m 2

fl owchart of e Review agnoses ction ovvn I'n Igure 23 is
a fl owché&iuredf the Review Di agnostic Goal s functl on shown in Figure 22. 35

Figure 24 1 pigirk WRRRhcih of BE ABDY SyobRUR VERGARISH bk ARICT T on shown i
Figure 1. -5 AUG 2004 WO 01/6 CT/ USO1/ 04907 Figure 25 is a

flowchart of Figwe&yiipdlowriangpde Fameis Hrereisolpetionshopginfdeura - and 26.  Figure
26 igoa flowchigirk mfsambectﬁwp&;@amaﬁnﬁadssfsm&mmnctﬁmgmnm@rgwe 17. Figure

27 is adi agreglrgfmaig aeﬁ(ownﬁl ar}/ th Iéa?cu? te O sre:rp'lcoofg]el?asgneray function shown in
Figure 12,
Figure 15 is a flowchant of the Analyze Onset [Offset) Synergy function shown in
Figure 14,
25 Figure 16 is a flowchart of the Compute Onset [Offset] Slope function shown in Figure 15.
Figure 17 is a flowchart of the Compute Onset [Oftset} Trend function shown in Figure 15.
Figure 18 is a flowchart of the Calculate Sequencing Synergy function shown in Figure 12.
Figure 19 is a flowchart of the Calculate Simultaneous Synergy function shown in
Figure 12,
- 30 Figure 20 is a flowchart of the Calculate Time Profile Synergy function shown in
Figure 12.
Figure 21 is a flowchart of the Update and Record function shown in Figure 1.
Figure 22 is a flowchart of the Review Diagnoses function shown in Figure 1.
Figure 23 is a flowchart of the Review Diagnostic Goals function shown in Figure 22

35 Figure 24 is a flowchart of the Shut Down Diagnostic Loop function shown in Figure 1.



Figure 28 is a diagramof an exenplary generic disease tineline. 5 Figure
29a..is a diagram of one configuration of objects used by an e@®|mtzﬂm
the nmedical diagnostic and treatnment advice system Figure 29b is

di agram owoemiésteénpl ary on-line use of the configurati orCofUseissset s shown
in Figure 29a to develop a diagnosis. Figure 30 is a flowhart of an

|ternative s i tdre of he medi cand
?r eat nment adv?/?:%IE g%rﬁfg u?g‘ g’i Rrgm gﬁ, BRL? °w81’“193‘f"553]% % medi cal
obj ects feat ur Bigwk 26 h@ﬂmwauazfmdb‘ﬁgnmﬁ'reod fundlion shoeatimEipire dWvi ce s%/stﬁm
Figure 32a is f f meI enents aspect of the
megl cal di agnogl I"Lqugra%rrag'g%en?%%gv?g%@s/;‘p"{ h LB gure 32b is a .
fl owchart of aFiswed28 saidizghinredaf eemplare en;'rmgsemhemsympt om el enent- of Figure
32a. Figure 33 d f di seas nes
aspectsgf t he l;‘ll'g%l ng{ 9 %@Jnnf)gﬁing%gn Eﬁ%a%@%%lsg' vd?b ea"sené 0e"mnemlrrﬁjgdﬁre 34 is
a fl owchamedied d'amtﬁéﬂdmtmmswma di sease tinelines aspect of Lhe 20
di cal diagn t g L
G agr am || oot rars aaes inedh TR eBiied TSPl od LRHEFple of 2B R
medi cal dl“d:gﬁﬂ’ffsztg’ﬁ?‘ghﬂf’l’tardéﬁﬂ%nt advi ce (MDATA) system of the present
i nventi on. Jdr€do %%Cﬁdumﬁrpgf H%hiﬂnb@‘%rﬁ;ﬂorﬁ’%&lhls‘aﬂ feS&ff {hptrﬁe(analpr esents
a descri pt| on ﬁ% certain specific enbodi nents of the present I nvention.
Howevt} |  dipgmoshe aakirratmepi AdiEs yHeRmy be embodied in a rruI titude of different

ways as defi neggual i QuSLRE bk &J@@oﬁﬁeﬁicgﬁ)bjekt@fém}e%fqﬁmlcgltdlﬁﬂosné ﬁder ence
is nmade to the drawings wherein |ike pans are designated wth ik

nuner al s TRAMSHFNSEE Y Re detai |l ed description will begin with an overV| ew
) of the SpeCI f i Fgued2a G aMcBart oTlalsQWESH sypto eRERY dspdect HMhOheBAEMafbsiihe
drawi ngs. The overyiew is partitioned into the follow ng sections: 3

Ter ni nol &S TR R IBILER- Medi cal Di agnosi's, Obj ect - based Method. Disease
Cbj ects.  Synpt Giputbjbat a fivathaatodm rﬁﬁmjeeetzclai:@ueaﬁri: QEInEOHe &G MptoMNOdknefldjof Ct _

Li st -basgd ,ne Concepts. Dynamic Rules and Goals, Dynam c Mmentum

Hori zont al > AXT S of | nquiry (HAlI'). Vertical Axis of Inquiry (VAl).

Al ternative Syimptecidos a Dowehas ef dnerepibbdiment Sﬁedisfasﬁﬂuﬂélma'ﬂsﬁglMoﬂin:ﬁ?_ﬂe, t and
Syner 616 PCT/ US01/04407 1. TE e terns
p?/ese%%/edd_a@msgciﬁgﬁs%@?ﬂﬂg%enct%e text to assist in understanding their
meani ngs.  Nofigtffetdelss flevshirnt afjanother pipkodiresst pHa dissaseraianetings gaspecrmvft the he
Meanizgs nidichidddh@bc 4rd reAGE WRAd sysedf. i ent 5 At some point in everyone's
life, there are situations that create a real health problem one that
requi res nedi E¥Preds isaklophdiessmisraungsemronernt onrembedimpnt oftheeampaigrized or

exanpl e, nld@icsl@diagGic and treatment advice ( MDATA ) svstem of the present invention.
Detailed Description

The following detailed description presents a description of certain specific cmbodiments of

[ 28]
w

-) the present invemioq. However. the present invention may be embodied in a multitude of different
ways as defined and covered by the claims. In this description. reference is made to the drawings
wherein like parts are designated with iike numerals throughout.

The detailed description will begin with an overview of the specific embodiments followed

by a description of each of the drawings. The overview is partitioned into the following sections:

30 Terminology, Objeci-based Medical Diagnosis. Object-based Method. Disease Object. Symptom
Object, Valuator Object. Question Object. Node Object. List-based Engine Concepts, Dynamic Rules

and Goals, Dynamic Momentum. Horizontal Axis of [nquiry (HAI). Vertical Axis of inquiry (VAI).

Alternative Symptoms. Disease Timeline. Spectrum of Terms/ PQRST Code. and Synergy.



externally, by slipping on a bar of soap in the shower, being scpatched by
acat, lifting a child in an awkward manner, inhaling sone ai Fbar g6 2004
bacteria, being stung by a nosquito that carries nalaria, or getting into
a traffi weeasigdent. O the problemmay arise internal | PCTRHSIZEE ti ny tube
cl oggi ng 10 up, some organ being overl oaded, sone tissue degenerating with
age. sone anatom c system gettl n YQf one chem cal and not enough
of another, or sone cells decidi hg—@%%—unchecked into a cyst or a
tunor, for i nsthamem®s prtitetequrthusaecmrtxhcltdeeeﬂnsadsslh ip polotsendingstheiamkesdrgs.he
patient, None% les%rnokhﬁn u%ﬁussecgig i?;h h'tmlﬁ')rl; &h f"g”&%ﬂt%d topgu{h%?oé involved in
the case, Such & fiends an PAtIvVes tors and nurses,
t her api st Batiemd phar maci sts Iavvyers and 15 insurance agents rnd HMVOs.

D seasg There e bgj.ng si ck.
A pationt mmy Beom B i Refisne At WIR ARG, ARIER () kARNERPR B

anomal vy, tbausmirescmwmmntwn@mmm@n Thti @e’@tspfoblermmr fde example| bﬁegaysed

| ndi sposi by b L &,mg ¥ 2 bdTBE égl,ym AR, Being Cerstbifelf B St n%glm.lé R&nwor d

di sease. Syo I seases. such as pregnanCy. can actually be joyous news
to the paqwke'mi TRprEHtisHingseme Ricbofiedagieria. bringhuag By 8 masite they °@E§5 malatiye
patient, drloefifEabGSrakRIaQkr. %rr&cgmb@emmhmisé ﬁ.@émauyfbfy%séémtyhase &oxaing e

noti ced by the patient or externally observed nmeasur ed.” These signs of
di seakfe diPs &PMsatreanyRENeotETI9dte SO tisiesd AREFFEtnG a‘eth 8% CHAPPHEPTE SY8FPect .

i ndi cati Oéamngr%hmatcatohaehem;’c'éx ﬂiaaﬁ,eatoatﬂ ananoﬂ\EIOlaI' edme &ng aec.c@rrg pysFRLOom e
use the word svnptom Doct or person with sy E)atl ent,

t ypi cal | yrehselied “‘I’l‘éi’ pst ?ro”rﬁ“E'B'nﬁ’(SHE‘af“iealTH%He'?% “"Wéh"i E‘i"ﬂbpmm' eheany one

of the f QJahé)Wlﬂgrderalbtc&Iﬁd@.M hlrﬁt lot ﬂdre'toanothd@axtsblﬁtmvode@trmhe cB¥REH as the

heal t hcar er. pht hal nol o ) | ci an.

par ared GG Qe AN R EAGPTYT AN Pt GFEREHr T TOTIeHER BRI ¢ st
speciial i Stsprasasiagmoennd BMGsechni ci an. For our purposes. we use the word
doct or ”b' ts nost general sense of someone who is trained and experienced
in at |easSt-some aspect of nedicine, as opposed to the general lay public
t hat has no f Gharakre maaly werds forrhawmengcon@@toi?sometM@ balEsRD0A P hap 616

PCT/ USO1/, sgﬁ%) Zav%ﬁ%%élﬁye afd:&loﬁ eﬁilrnexp Erlo%a[IBgé gé Qﬁmpl&;ﬁﬁ c%ﬁ&)i?rd.kle%&a' ly

exam nes the patient term ne the extent tons and to nake
ot her obgispidert {1B95s indispesitidneiniyanity opalady spreflem.rof BiFkvey s lﬁbthF overd Jiyeasene

aut ot edopedisdaal. sWirak grem‘anéyh&n BEEAG BE jodhiRHAASS Ine patest €M physi cal
exam nat i on is necessaril y 5 secondary, since the patient is always renote

fromtheS¥@Be®or". One partial solutionis to train the patient (or an

associ at e) tOABﬂxE:fdQEaﬁ} pRksseVaAlevtiel ANh@patiBANE cre QN AARS dWed: Bnd ABiradi d Of an
exam nat i ot her artl al. sol uti o ref er tcri]e_rﬁatl ent #o a

ot o otk it et BY bk BEIe sient f einfili ebebRe o metsuted RAE S48 6 Len done

in real - \dﬁédsdaiﬂiﬂdwcwﬂﬂus nathediin-melidine. @Mahigs [c@mplaift. effect. indication. manifestation,

25  presentation, problem, sign, or symptom. We use the word svmptom.
Doctor

A person with symptoms, i.e.. a patient, typically seeks help from someone trained in

medicine. who may be any one of the following: amnendant, clinician, dentist. doctor. expert.

healthcarer, MD. medic. midwife. nurse. ophthalmologist, optician. paramedic, physician,

30 practitioner, professor. provider. psychiatrist, specialist, surgeon. or technician. For our purposes.

we use the word docior in its most generzl sense of someone who is trained and experienced in at

least some aspect of medicine, as opposed to the general lay public that has no formal medical

training.

-
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doctor refers a patient to a specialist, or sends the patient to a |lab for
a special-test or examnation. 10 Laboratory Test Sone synpt LrsSc,ﬁjﬁcm\][]y
be neasured by special chemcal. electronic. or mechani cal deV| ces which
require avop@aség! | y equi pped | aboratory and trai ned | abpdwodtmo®oans. Such
|l abs typically obtain a sanple of the patient's body fluids or tissue,
call ed a specinen. They anal yze the specinen and report the results to the
doct or. AXRBiPYoR nderstanding lab tests is that one nust 15 ask the |ab
what test toO PekAiGidid riealdineathy ddcfor BRI ExaMiNedin® aticAt b Al hdWiieni 415t t eSt
for everythi n% There are ‘ger haps 1500 different lab tests, and the | ab
RIBRIMS o it mpke OthZ pipersyanions tael the; patient; i aefryauleel 19 BRIt nd" Hsct or to
det er m newidhbed medisdl wobld lof Ghtesrksentadishnbsiit Systdm) phibidal exaM@REGHS nedessahily
di agngsis. Wth new nonoc| onal anti t%wdy and $Q| érreraag hal n reactions
(PCR) °t eSE9ndagysiss dhe.pauest |szRyaxs Aty oM o8P 1 QBORAiRb I PRI T Ea iepe
per f or me ghatinit tdﬁempmdcﬁ&t) :@rpeﬂ&nasaf-&hnam‘mmt athmm perEX;ﬁniplilﬁﬁteVMbd abe urine
pregnancy, t est.s. 2’@ tick to det ec& g esterase, a
nitrates >4Y" a&f”hb'r‘fo °t§e ‘?ﬁ Pf/""'t‘cf"a'é ?P‘Bﬁ“t tI‘_°3|“a B C5 'DFi (5’k °f ﬁel r skin
t 0 get a spdetied exanfindtién @ftesh| Digelissdien tdnatin ealhesril -gddwirmnwbaer- fGramard[ﬁé eam ne
i agnost AR &G e S el BT e et e Sl ogi e,
and ny [pebor@dy Test er enced during consul tations vvlth the patient if the
patient has o I serv devi ces
t hat display gognﬁeé n& QQ:azM%g@ ﬂ“:daq eaggggb XP'TP%PH.‘EM%EP Egtm%l%kgr r\?\‘/l%cq'(a) é/atl hese is
the x-rayevi€r Wick reguie llqur%ﬁélmﬂqdippe@mbom anmm@cah wghelci@ET Suglcdals | magi ng

) rmdal it %lc%l)l\pdb&ﬁ'l i Yam| ?e“df':ﬁ paEaPlﬁ %cﬁsﬁﬁ&‘seorq}fssug Qﬁliegaau %ent Orhtﬁm y2e

)

"picture” sone art or t he bod | ab" t akes t he
pi cture He@resimpn h'zﬂfepoat th%‘@?‘d‘émth%%tﬂa*b?-@t‘OWTS‘ai"ﬁ\'PélﬂbF@?sS‘b%enq mithe for

the doct uk. thd ThbaAMA: ¢S R pdrfdfm! ESdMrhS 10 TpubiRCodifBNINGb HbttdYor 34s€ 1sOFpRr ded to
t he doctor. Session In tﬂe automat ed nethod utilized by the present

di agnost PYRERfEE e rhhere 3 Regtape ht00 Aifirent {ab teshe andathe daboyil m*ﬁ?ﬂ“p‘l‘f'é‘héfha‘ the

| nt er net reqlies@ONSo Rl RHpoRAMATBS MheCdbkioNid dIRAMAN WRIB 1ed6 rdyatst @Ad misnhathaces -8
-5 AUG 2004 , WO, 0 /61616 PCT/ US01/ 04907 with the system so that the system
plays th pF'B‘F’B“%? PHE*'Moct or, and no human doctor is involved. One such
consul t ati on Waly nbe neabdiedi antbedgshrmnpot\@mé ickdin r&m.ohhe(mm&rmhedva-ppr oach

used gﬁy I‘n@;%:rsﬂt eseger qllé%grag) ests 2 ge r@rfon‘ne%tby tEe p.n or an a sustlanp 5 abOUt a
heal FObIem s OBt al ned dari ng gession, % ASK e pa i en “(or

someone Eml@s would by vrink erepaatnmemt; a qu@shpsmo dAsk Ienlgacae qamt: iagdnitrytps cal | y
I nvol ves,, 31 a@hﬁ?%n (3 P IR:Gh. Sﬁ&mu@sﬁmck L QN d30a GndiCRcfint og'bl\éhcgg)

backgr oun Ining terns, suggesting approxi netions, aski act ual
quest i onthatzrhgme aistq"ueermgieleh@nmw oad shgsplerel ﬂli'dndllutav‘e"luﬁem?"és;?GMe ("press

| for yes; prefSneiaghQic RRis)availkbld $hat guﬁ&ts &;anogﬁeaﬁa.ﬁkéa{ndnml; UpeRafded Of
t hese el enents. Wien reference is made t
25  referenced during consultations with the patient if 1he panent has one.

Imaging Modality

Some symptoms can be observed by devices that display some pant of the body as an
image. The best known of these is the x-ray. Others are ultrasound, CAT scan, MRI scan and PET
scan. Imaging modalities typically require the presence of the patient to take a “picture™ of some

30  part or all of the body. The imaging lab takes the picture and may have a resident specialist who

interprets the image for the doctor. In any case, the results of the imaging study are forwarded 10
the doctor.
Session

In the automated method utilized by the present diagnostic system. the patienl contacts the

35  system by phone, the Internet or some other communication mechanism. The patient interfaces
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10 actual question, the termquestion text may be used. Val uati on In
addi-tion to questions, health data can be obtained by various cogpmigt2(gsal
al gorithnms such as sorting and searching, conparing and matching,

mat hemat wealisfsis gr aphi cal cal cul ati ons, | ogical infereatasas?l ooki ng up
data in tables and-databases. In the automated nethod, the word 15

val uation may be used for all conputations of health data t hat do not .

i nvol ve Mt sygs. so Bakthesystsm plays thy rele ok the doqqrpad np hurpggedogiar is dypived- age int o
| abel s ugRd sich cohsR@HASHRS. beSalIGB ad&sibieWoorn. Infant. Child, Teenager, Adult,
Senior, and so on. Once the systemobtains the patient's age fromthe

pati ent , Questifhes not need to ask the pati ent whether he or she is a
teenager; thim tﬁﬁﬁtdhﬁtﬂd@ﬁﬁoacil ateerbyatelpyeseduaiam@sdbayuﬁt Qfosﬂb'jﬂﬁ:()hﬁm%oﬂ agnosi s

In real - di ci ne, e e docto ccunul ated t he ne ssary
oal ¢ AT § 0T PRI 5B Enpatsrty by PRBE (6 ST (RaRBecnd APROR BE o

whi ch rTE&laSpahhﬁI quiektidng 0 Gisking iaCkpeastioh Itﬁcallhénvopast B emtnbs (S’I ﬂéﬂimSSsuf:lO as t he
pur pose of treatnent. .For C | ai nt .or  knows

di fferen fntro%uc d’l# a toB| i %th%\ﬁa&ﬁroiynsd gefﬁ'lé EFU)% esh% %ppf a 10 S. asl.m Itpﬁ e

di agnos esc:maAﬁlteetront dnd iguudtiog the am:eashcacmumﬂa&ttweiphae |0‘tpms 5 a;n'yesh eakSti’h dat a
from and ab?ﬁt Tfnﬁ ah gghteralli ﬂgluge%cy%ﬁ; thlg&selﬁ%i[ené h@lhtL.n? 1% ence is nté toqpet

specific 't ferent T agno opefu "the agn05| s. I'n the
aut onét eattuaeqma@nohetemedwag’mmmm usgdst em the sof t ware establishes the
(differegl,@ly diagnosis by conparing the patient's synptons to its

dat abase~of d seases and synptons. Treatnent 30 When the doctor has
establ i shed tnadditieagnguistonsthsalthisiarcan be elrizined by variasp sompytatienal alggtighmisat i ent .

"y As al waygich bh&hgahe smmgvaﬁ,gautg%d thtching URdihedtu@fyy &eph.cgpaatbaat.anlag, first
aid, health care. healing. intervention, nedication, nursin

prescri plogisH nferencan Py ipekits wslatady blst 9nd delgbassspyn ‘haﬁ'd"’f"f‘@‘at’ﬂ@ﬁ't thepgrd 4| of
thesgs tWlﬁtrdﬂﬁ%ﬁ%edﬁ&%ll&SﬂpMBnMgaiﬂt rdgxa thaeddtnot |3\5)Ive9h5'pa5enﬁl-ﬁsﬁ@f34 VO

01/61616 P US01/ 04907 Di sease Man nent di segses ui re
oot wui TP S AT D R B S AT R AR Tan R Juay
even f orcmiﬂeT&aigeemtdum Jehibe tahdTEn o:SuolichtMQstenerobhms e-atparﬁemt s age feah Ithed d| sease

managene nput er t war. e an_obj i onbi nati on
of dot a e Qs e Bep o SRE DR RAGHE S of T o R B L B R, 0

" encaps un@&tnaity. hswm«ahmmgobudaat they are hi dden, so that a user of the object

onl y,sees;. Rl.acesses that can be invoked. Using an object's processes, one
can tcft n’l_a‘rm(lgﬁ%‘g ulate the data w thout having to know the exact |ocation and
format of thdn emt worldyedicivpp plaer thepdentop prs aceymplatsfl theimecesisnelealth daty frepi red, one

can makeg QQ&:E%mQJanénthed@Jcér an@s aURGmbRE whRATeRARR IR Jo@toﬁ RiEndries RN puI ate
each of the copies as needed. This set of processes can then be thought of

as an "ReHeIt parcknepsafor @Sﬁt‘ﬂ’ﬁﬁles"fé‘ie‘“f“é‘ﬁr dSRAYE ¢hird copplaipt dr deglprakiont 2 whet her
t her e argfrébhiial didAoRO AhRwisCielatively short list of possible diagnoses. After the doctor has

} 25  accumulated the necessary health data from and about the patient. the doctor has at the least, a
patient specific differential diagnosis, and hopefully “the” diagnosis. In the amtomated method of
the diagnostic system. the software establishes the (differential) diagnosis by comparing the
patient’s symptoms to its database of diseases and symptoms.

. Treatment

30 When the doctor has established the diagnosis, the doctor can take steps to heal the patient.
As always. there are many words for this such as advice. counseling, first aid. health care. healing.
intervention. medication. nursing. prescription. rehabilitation. surgery. therapy. and treatment. For

all of these, this document may use the word rreatmeny,

35
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copies. |1. OBJECT-BASED MEDI CAL DI AGNOSI S This section describes a new

di agnostic paradi gmthat uses software objects to establish a 1% At 2804
general i zed software environnment for mnedical diagnosis. which is used to
define amtb@igta@sop the progranm ng el enents of nedi cal MiTARIDSOE. The

-obj ects are then used to guide and control the diagnostic process, to
conduct the Eatl ent interview, to performrelated analytical tasks, and to
gener at e Jifaseanazemenly A software object is a fundamental software
structure thatSomabistaes mhseéhutrocdnrig&rm t&ﬁtn{eh&nl,b rapeml&smmamdndﬁt momhs &
conputer program in_such ated
- appl i cat i:"g?%%’ P °r&’§§8tr‘&|“bf ll\’qa%“imsﬁufh GRS t5{5'%t[s)'smr%e\'/“el adéfg‘é'seo ‘ym‘b %&e ’gl’l ent ed
: progr anmomecf OOP) in nmedi cal diagnosis, such as the use of softvvare obj ect s
for the purpose of aut omat.ed ne al. di,agnos e veraII
. method of dynahi@EF ”h%’gréﬁfﬁrf'l AGOPRL combmag?fé?rt%gmo d d?cggsnso[hgmgﬁﬁ%ﬁ

of obj ectig. daandht Han arleeirtl onige ‘tehnapsnta}eectmeanmg dhranthty 4rohtddwps.mt batz usefi Qignosi s
20 et SRt o SAL A% B B Eh OB REL S e WP 0L GlVeaR LAY 2T
trained i N 0D FPEnt rogranmm n gh an capabl'e conpiler. the
progr amrmranubelfane rdssiatahethdaﬂzarmgmtnow répmstémaﬂqnhed topas of thanda t Weergmereons t hat
the obje

suppl | 5 FREcEspg f fe Ll Eied bEran Wefe RpESD GCB S pEBIBAEES 1) cct
usi ngot heet@cbynelupulataeqch oftbe copisa agyeadpdafhie aa obprergeses %n%engﬁﬂwu"bﬁf BPpects as
needed. E3Gh-oRbEGhrHatr & eéﬁshm%wge@d&nm& Wikt @bk 2800 SraRiohy bted. and
destroyed. “I'1I. THE OBJE BASED METHCD In the object-based (OB) nmethod

di scusse@oriSre, software objects are used as active, intelligent alents
)that represent all of tfeoRayeEsstidveblicof piden@gka i n suitably organi zed
roles. It is inportant to note tn this netaphor at all of the disease
obj ect S V\/m ChhigtticrsResibal d etvdiagh@tic ﬁaratﬁﬁn &inn.g&seoﬁkin&ealﬁms t&l’eﬁalﬂlkl‘l mvved to

noni t uestlo nd answers ot he gct

00/ 61816 e AR St e BB B R B ngt it Tt Rkt © BIPF o

di sease amllosylﬁpirmmhpgelbrsemf nfeémle&zennsnsnght bigectyee thal use&p&nrid; apdisi de t he
conput er K endi.ci t patient,

t he- obj ec?""f’ w%%'a%{’to S rOCég‘tf’goﬁ' . elfte gat%"sﬁ %@ﬁfv %{pgﬁir@ ragtc #%ﬁb “gagéagks ndeed
conpl ai namito "ari;chmarnhneuaorpsnsn Agmaftwiragbjedt is-a but!amm@rsoﬂm@ ptewsyite thitecan be
appendectQpy, SEaz g Yo OHa ¥a dﬁ?@@:ﬂ&h‘ﬁh&u‘ progran® BudS L4y 8% PUle posdpid | NSt ead
of shrugging i1tTs sho ers and giving up, the Appendicitis D sease bject
now i2Avokers camplidaied agplisavions oBjiedescrimiar Wil disuse ot tusesnof ghiget oivatrd  Bowel

Qostruct baa@mm}mat(oo@mnqséd.&aﬁ&ﬁao@s LRRYKs thaSleSor SERIrDRSEs 0Nk p@psle BASSES the
patient onto still other disease objects. In effect, a huge nunber of

di agnost f‘%‘ye%t’fﬁ’é}ateé raffd@aba-eﬁ@flédhﬁf"ttfﬂgvebﬂé‘t peihed of B@a@lca*év asstRPI @8 AR obj ect

gets a t dnkpodntsdf Atadidsis MYtht RemPRALbjER, alithad 1bttind B¢ BFecBf intetast 10\Wbm sy ROt OM

pattern. . 10 As an actual patient synptomset is built up. disease objects

j udge t h&A¥¥FYes and judge the likelihood of other diseases. The emergent
Jeffeas is a poifiraitand Bty idwarnbieas divagmm-tnitcanvqm&kmaﬁdrunmémmtobjeczby desi gn

- const ag}lelnXed pgo%srnrjllgrg ul?lggg gnnObp-ecapggl%tco%E)i‘% Me Erg'grargr];ler éc :geaist?e d:R.’TI li;[ar' €

represent the object and the actions that the object can perform. At run time, the program creates

an object, supplies the data that define the object. and then manipulates the object using the object
actions. The program can creale any number of objects as needed. Each object can be
30 independently initialized. manipulated. and destroyed.

1I1. THE OBJECT-BASED METHOD

In the object-based (OB) method discussed here. software objects are used as active,
intellizent agents that represent all of the players and all of the data in suitably organized roles. It
is important to note in this metaphor that all of the disease objects. which are “specialists™ for a

35  single disease. are allowed to monitor the questions and answers of other objects.
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patient. Carefully focused questions are used to elimnate or reduce the

| i kel i hood of diseases, to pronote others into the "real m of SL?pA[g:{gomﬂ

and to expand the search.in a promsing direction, 15 basil &n he dat a

bei ng obwd];&giﬂgrom the patient. Object Overview A sof poausot/oadzect’ s

basi cal | ata structure plus associ ated processes that can do things

wth or for or to the data. An |rrportantto ngro perty of an object_ is that the
(o)

obj ect's dat a Gsarkepeongptridhe BBhMEHOG FelooBjnk (af' disepr Fod SHRRIOM OJIeF/RAF  he

out si de UsflseRing iHaGneaRhIREHens ANIONE YonsRRr. a!E'dreHﬁQheZQpp&hic&EtD@&s@mﬁ:SﬁS t hat
can be i nvoked %o access the data. The object is sai hj de' a, it

d
provi des 'edket peANeRts e obigst lophsyat B Patisrisiay ’I°FF@ thathe %’F'f‘g“t‘ Ff&'fedtfgﬁ'@%% obj ect

from the ,8Rin86d phih 88 fausea NBUY tﬁe%ﬂ&&eﬁﬂhé)ﬁip&ﬁ'écmr@ farl S(Dﬂi’icilsljzl(hﬁﬁdhﬂrcms NOt one
t hat knows everything about nedi¢in "lli‘} E#f t.one t WS bout
gflgnsa? ersc an

"Mal arsi a o beaslef ut vt iReeas Rl shragain §1F8- Bt ‘Ff‘ﬁ?;f" &6% RRE | s

resi dent mfeclfppanvolansher d-Eé'hlséothat 104t lis alﬁrm,ym :m@i)h s:ngl M}&U‘Dbs&m{bm Tigst ot her
than 25 ever%t hi @gk out one nX po tlg ﬁl? tﬁ d |bseec AS §. Next ,
this di s@BEE 35HjePk-2 f?‘éﬁ%&sﬂc"fs diPaSHS eepaé{erlbg? ioes s il ’Sease e t0 access
t he pati @ftct.S Hueehhster bfadiaphebiic te:cpea§zke ghlaerqmlam nerptmanusews-dmsnd etach olggk f or
certain lab tests P% ient to ot ner patients in the sane

househol éﬂaf““"}“}éﬁ"%“a‘%‘ke pa"e'{m%?j@tteectml e Oh OF 6pi demic). In true OOP
fashi I%n the gJ glz%%l?al ?Qi\gﬁcgﬂﬁ%ssrﬂ? Lu.l@%gt&i@k&%&%ﬁ&uﬁi}q V\ﬁrﬁkibgr&kd J‘BE‘J} it

call s™a Synptom st1on Ich uses a 30 Node
Chj ect . i iHaliliond ef ptherediseades.n  ThePemergsntt efeby eertpanvww'éﬂv-mtaedr#dé'é@osw th the

Cormuni gt Qflon \Af]ééﬂh c Qoﬂsm'l@ ;r%g %cqutcbl hdFiok kaglf @] c@Qitseﬁ&dofSlﬂe on. One

)of t he objects. somgsy ere down t'he ~ hierarchy actual pl ays a nessage
on a scr eaent. drarefiflvfRaysed CE}EF@E"{%W#%PG"@!"F@I%Eﬂ%ﬁ‘ié‘“’rﬂbﬂ'&?ﬁ’d ‘éfrd's“’%?é?\é% a

questi on QiR diRkks IRGH FH6aim S ARASIEN mqseraﬂad ik seirchaAs QroafifCdigcthave been
defi ned, each with a well-defined. 35 different, specific disease in mnd.

One disedsed ohedata heingobipingism e patley mmt ched with one disease, -11 - 5 AUG

2004 WO QdyiLil6lebviRecT/ USO1/ 04907 but divide each disease into its ngj or
fi endi citJs . as. t hree di sease objects

phases. Defi ne 1 arly,
pre-RLQ Pain ﬁp‘g\gﬁﬁc?t@?"é 1s (’Qs)mpﬁ d(ﬂa‘é SKEBR RIE] |aﬁ°§'amFJFr°°esﬁf6 paﬁ} n&t 0
Rupt ur e, thaize ﬁ_B))r fo+ cﬁi-ttet,he pﬂstArr :u@b:wneprémag bﬂanoubjer:vSs thttelte dbjte,tsseiatahmew obj ects

patient. om 0 ect S, eac fer ent
speci®i Costh@ﬂBCSAgﬂlcm be dwwedeo @@nq;lthe(dasynﬁqufﬂeﬂ ﬁtS@ldIlesbldto‘#PM éx ones,

S0 thal Lage dodheftd a5t fbr kBffing fE LbrenEalARn ol fom H@Yiect RecfiyPES L Nal

patients can identify and doctors can use to di agnose. ine fever into
usef ul | evel sNowessimeanshiert i nispaPdRST . MRy ers thayspgeTsrRng2betaRsdtsdei ¢ Engi ne

Qoj ect . HMBE& LﬁeKﬁattkn@\vsLdb§$t s@@smla‘ik@)vaEﬂglnnﬂsng&ﬁﬁaEtbt@%\alem chiti-Bdasng Pat ent

No. 5,93 is smart enou to pit these objects against “each
other, i %ea‘ha‘r'aé@‘lcﬂf HerrreGatopst T ‘6 ofiegigfiteye “P‘f'”é‘%la?°"ﬂ'ﬁ'@’"lé'?¥g?‘ﬁ‘§ P pbuilt to

) be Sr’@rt eRAME bt héhihg PorBeDdThnk Bﬁc.rdu&@aas eNMdh@MH&E@GﬂJ&b]seﬁhsd 1050 t hat
nobody mpnopoli zes the di agnosi S ?ﬁﬁ%[]t en ‘H%P nowuvvheln t o stop,
o Know BB & perenty e G 0 I AEeat e i s Shar ey e T Enk o
onl i ne. ask for certain lab tests. and to compare the patient to other patients in the same household or
region (e.g.. to detect infection or epidemic). In true OOP fashion. the disease object does not
actually ask the patient. but it calls a Symptom Object which calls a Question Object. which uses a
30 Node Object. which interfaces with a Patient Object. which interfaces with the Communication
Object which interfaces with the Port Obiject and so on. One of the objects. somewhere down the
hierarchy actually displavs a message on a screen. or speaks a question into a telephone modem. or
sends a question on a fax machine.
Suppose thousands of disease objects have been defined. each with a well-defined.

35  different, specific disease in mind. One disease object is not necessarily matched with one disease,
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The follow ng objects are descri bed as exanples of the kinds qf ?Q}%Z%D%O
be utilized by 15 the system A D sease bject A D sease (bj*ec ) I's a
software object that represents an abnornal health state (illness,
di sease, woiogerstier, cause) which we collectively call aPCTHUSH®4%W7" [t is
used in the nethod to establish the likelihood that the specified disease
exists ipn the current patient. 20 Th bject's.data arge the basi.c
properti glg diypde Ead d(egﬁc"’s%é"smensaﬁ % ?%1535 ers.uﬁ?{: ?"r?leApé’frﬁlfc'e"sfals'asﬁ '.ﬁrﬁg'ﬁeaées‘?smemt he nane
of the d{i3enisare-RLOPaindppdnidicitis,af) mildle@geendicits Sropr RMA pan R uprurd, el (PRt | ent
opul ati gp, a list of.the conpopent. s [o]283 . a List of . tom
popul Ica)trl St-r0 tlur Al nfdlc njg Letqr;gg @Aree ob}eé{sﬁ%}enﬁew sza% nt an(ltl-c T etefW|§1yea
val ues aRd BReIT Gi é’@enosfl'c wel g?'n S, a st of Paf térnaliRie synptom val ues
and t hei othenes wgkitesonditioa of the patiefit. synergi es and their weights, threshold
values to be \sede. RLisl L suIRLOm values, gatahlished.bn bhe patient.
. 30 the diagnostic score for PR cur T en pat1ent. The obje t"'s *4¢t1 ons are
t he nunediddscompizs symmensanid lgss oot ves. seakad ddy byildtaneachyaitee nPefme Cowghi pul ate a
di sease,; su ! s e- | se I orint the
i sonse EPERER s ARFRTER, LR joorBh ik Saor B ) 9PASRE BB Jeups BT ce
for a newseiplevelsn Define pain im_! BRRUG8604 WO 01/ 61616 PGT/ US01/ 04907 | oad
di sease dat aﬁ&%ﬂﬁ%ﬂﬁk&ﬁ%ﬁ%ﬁ@l mbAIRE the Ui Bhsed (LS} &gﬁh@%gs,cm% di sease
in t}q}e %rsegt pg}u gg;i@orelgga_t t he di ehgnost}lm(s: sg:_ore. _V\ﬁléf ]yl sease data
to the 5. HateeNog P, DVYERIS SMTHFNeEn 10;PILAsE PLIEAE JeaBRecdeiy WRerig acal | ed
I qaest e e R o e e e
_ syngt omdB7e AR SYMRRICPPIScH. Souh# MopRAy RongRAlizes s diggapuit t B iy gasstratshiieh t he
~ )val ue ofknsy WREQEBOR Yo Hn8R kihBigit isisddR& 1BV anB Wh&th Gk BbAD Garfenf 96 A, or by
~invoking a question object to ask the patient a question. Perhaps a better
way to presemhe fohewitd SJt0Sdrd Gesade® il exbfipidsSof ahelindie bgjadtd i-be lu@tiiredy sof t war e
robolté, énes'ggé"gt savant that knows everything there is to know about only
one di sease. "dand knows how to sniff it out in a patient. The DOis used to
capture aal | bpBaise Dbjelsnown about a gi ven di sease from an aut hor and ot her
sources, and,t La > di e i i un ti e DO can
al so be usedAt%s%geprggg%ﬁP bg]zseig/esrig\?ﬁer gugal:tt ghdap 3%%&35"&%%%{1 "éf'{m"’slhharggra g‘ ;(:E%?nmn
synpt onkillpass. digéage digerdert cagsshwhicke we Follgétivdlytcali # “difeegge.” It is used in the method

to establish the likelihood that the specified disease exists in the current patient.

20 The object’s data are the basic properties of the disease and its runtime state flags. such as:
¢ the name of the disease,
* its identification code,
» its prevalence in the patient population,
¢ alist of the component symptoms,
) 25 * a list of symptom values and their diagnostic weights,
s alist of alternative symptom vaiues and their weights.
e alist of synergies and their weights,
e threshold values to be used,
e 3 list of symptom values established in the patient, -
30 » the diagnostic score for the current patient.
The object’s actions are the numerous functions and procedures needed by the system to
manipulate a disease, such as processes to:
e pre-test the disease elements,
» print the disease elements for review/editing by the author.

35 ¢ reset the disease for a new patient,



15 exanple, Malaria Falciparum Mlaria Ovale. Malaria Vi' ax. and Malaria
Mal ari ae ‘m ght be combined into a DO Malaria and used to estabk at;goggmiul e
out the basic synptons of malaria before getting into detailg. T can
be used wa@ubgévi de a conplicated disease into snal | ePCHUSHMA4WE. For
exanpl e, is mght be useful to divide Malaria into (I) Malaria in

non-i nmunoconpe Ay @ 1 n i mmunoconpet ant
patients, tong)é‘?) lsfraS'e ﬁ%@t‘?foea%:enﬁ{a&gcaé ?r!yg! r’ra)nl festations of the disease
in these pati aagnosqﬂpe@seasalnt@mmmﬁﬂa},ect A Synptom Cbject (SO is a

sof t war e obj ect ;—E{ﬂ@{iia{m%ﬁ esgnts -a patient health item (sign. synptom
conpl ai nt, presentation. manlfestatlon finding. |laboratory test result

(hone or re-notvéye,diseﬁsdaitartbéucﬁ?@t ations of an i magi ng study) which is
col | egt ively ﬁﬁé l)ieme ‘fli)lseﬁm{e bmlL Fn far§ceU§r§sdls cglletdh%l fgﬁysg’t emftxr%tlgrﬁﬁﬁ{l be

patient health i1n terns system can use di agnosi s. The
obj ect ' s ddgroses ghe curreot pﬁa!sritcfmpﬁlepiéﬂsrers qustierh e Thiy fynetinm 'am!wft ths Yaiwad ne state

flags. S%Qld’ﬁ%f ond &%J}@%p@m $tl}é%tsSW’9E Murn3Avokd bﬁuaWBEJe&i tosééﬁglflsﬂ heval ues
(nuneric, words, E }?ez val 1d synpt om val ues ('NONE. VEDI UM

H GH), vqlwfﬁawom %wu%& ’(’:MRO‘D] wiqulating3formpuis | oF BY nvpkiee @avqﬁﬁ@ t he

actual ( pyjt tRL théPhiikhta qRMRR! P&Raps b Bettdd Svaf W rei tRadideRBikic ojB® iPRjLCt " S
actions are the nunerous functions and procedures needed by the systemto

35 mafi pBeditadly-2igshsofratr robefedn ider -‘ﬁY"d&‘é%‘é‘é%“’stec‘ﬁ“y‘ T%‘“Q@‘T}EFB‘I\G‘!L"G“‘ oY AUG 2004
PCT/ USO1424904¢. amamtvesaw fRgfrsoiphapuhenents, print the syrrpt om el enent s

for review edjti t he aut reset the sy m f or atient,
read/wite pad¥ [ggﬁﬂ%/egrﬂ eiprg 2 Pﬁ'ﬁh’f f"&?wt"i"i'g"‘ibf\‘/ﬁ"’%" ‘}l{;gﬁc i al" ‘\:‘VB fabl i sh

\ t he S%/rrt)icﬂf&é( aldue diaghokdthe auasree:ni pz{&aﬁtlaentil? ;lm]:; TieIm0 tantalBe bsysa@toeaprvsahtue 5
repor i me-base ues (onsettoffs re u area
The SO nfy=H#d' alf“ﬁcgﬂ'é%afe“ 51?"" °°§‘(5?°§' SSFPest L\7\‘/@"?‘&er eoabf)ci)met'ﬁ Eg%ﬂg e?feryt hi ng
abouts one(amslp,emalhmc FaiyipgpéranMallvoanOtale. dddiahl Viehs. abd Makpe Mdlired n‘tlgim:'bel n the
patient, angue m¥v A |90 M%[grl %nd use&?‘o es a%@sh%pﬁx? Jul tcﬁe q%’clggﬁp @o% aarl cht.oret he SOis

as the fun anen uni i ¢ 8l I agnosi s, used to
i nt er f aceettinhéme detdilsal know edge about di sease to actual mani festatl on of

di sease in thg. H3chfBl useénmsl:\ﬁiewael @\%,h,ﬁ.cstb@tj.séaa@.n§s05n941@e/§.séa&@ rgee of the

variable in the "script_ l|angua
example, is might be useful to divide Malaria mto (l) Mailaria in non-immunocompetant patients

20 and (2) Malaria in immunocompetant patients, to capture the different detailed manifestations of
the disease in these patient types.

B. Symptom Object

A Symptom Object (SO) is a software object that represents a patient heaith item (sign,
symptom. complaint, presentation, manifestation, finding. laboratory test result {home or remote),
25  interpretations of an imaging study} which is collectively cailed a “symptom.” It is used in the
system to describe patient health in terms that the LB system can use for diagnosis.
The object’s data are the basic properties of the symptom and its runtime state flags, such
as:
* the name of the symptom,
30 ® the type of svmptom values (numeric. words, graphic),
¢ the valid symptom values (NONE. LOW, MEDIUM. HIGH),
¢ the name of the valuator object used to elicit the values.
e the actual (runtime) values, over time, in the current patient.
The object’s actions are the numerous functions and procedures needed by the system to

35  manipulate a symptom, such as processes to:
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15 met hod. By weighting themthe author establishes values of variables to
|l ook for,- and by summ ng the value weights. the systemfinds the diigp

of interest to the author. The basic use of the SOis to encapsul ate al
that is wuswsi@bout a .given synptom at any point in ROT&SAEPENt ' s
lifetinme. Synptom values are the units that are weighted in assessing the
presence of di sease]-rl in the patient. The SO can al so be used as a syndrone.
to coll ect ée\Péer'Sﬁ”e%“‘g%ﬁ]?'Bﬁ‘Esthat have medi cal significance as a group.
A synpt om obj Qﬁﬁttﬁk&sﬁpuob&&nteh@fdiaetv&u@aﬂdm@bpmesmhmg el enents of any data
itemthat can ri but to di agnosing a patient's disease. In real-world
nedi cal terﬁs’es‘éf"g“iﬁ’ﬂf’%% %rbajnggtpa'?eg known (depending on its context) as a
synptom sign reaemmﬂpanmymp@bﬂaaﬁamjmme PM&8st result. rmanifestation, report.
present ation. ami ng .t er 0 rrptom object is a 25
vari abl e that "glgfﬁe ﬁkeéaglﬁSLghep gm ay° rattthecé' pﬁ'eﬁ%es in a patient. Having
said that, »t mpsnnesgmptmwlueant to understand that a Synptom Object is not
limted to the c,slgn V\hllecla53|c
Synpt ors (e'g""p':’&l"m%!'SlGd g' §Haee}%ggo§'%%#&g%'\? {)Hs éﬂﬂ%aa significant role
in scripts. tﬁ‘aesymwamﬂ@bglaaifasss‘at slosoffwery retst th P Aresythiphatout ot a t hat
somehow cont t S i Wl dsur e.
et T onmeE P B e e B e R e be
used t0o mpcdlfdvainwfl cial internal data structures as necessary. Thus. a

synpt om obj ec n& Hw Q? Ihlé 5@fis LY thd @dddiRent Gt B medkaPliRSH0qE, YR 6 Bhat is
(syndrones, you wll), or to control the exact se uence i n which the

syst em elused 'Psmeféqcf Hiepretical, kpvwierge phoyhveres ﬁh%cf‘@hF’a"'EFF‘a'éQ“rPﬁI‘@Pe%ﬁ "tofiveni ent
)software NovcTeny ainers that performsome corrput atl ons or a tabl e lookup to

obtain a val ue. The Synptom le)} ect is thg hor se” ! ﬁth UG 2004
WO 01/ 61616 Pm'?tbfsafr”o'a%‘rthgé RRRYS fl§ ola g "‘FHF@?"I‘*S'“ thsr F%S('E’{ é'?#“f’)if th8f act

t hat manyms%eptmagw.gtmmﬁrme Qﬁhd)reﬁfaenkhbsnf/.ﬂuea os@at:xbads 10 Saebt fomadditbabase
t hat can be sh lLnternet. A syrrptom

. b scrip
obj ect co“H'@F‘E‘?’?’ fc‘i‘“ %‘é‘a}%frie @T H‘igﬁfsgds seoéﬂ‘ée&esf[(gﬂeal"cul ate a "val ue" that
is used for mmalgin.emefwtlasg)isemﬂﬂapsﬂaseu thyfeik bgsvnaibeut e siripyorobtaay ned by

asking the. g bﬂg ,ezﬂnqgg.me g*%g%mq 93l L%Qﬁe mﬁ,gnha tu%gnm{ad taeasgsg;med in

ot her way¥® acces record
accessi ngpresinee pldiseasntin sher BsponSbe SDotaplabv ib® used s @Sy ndsPrSe- ith °Q'h¢‘§e‘§éﬁé5| on,

by | ogi cal thrﬁﬁgﬁlhm meuﬂ,rgg,nﬁ-,g&% {488l ication formulas, by

mat hemat i tation. uUsing specified formulas. 10 If a synptom val ue
has been est abl wnrem dhieciolehesibenib daja preprpcegsings dlemants b ameditacia™ h&cBPfd  or by

i npl i cati @f)ibud Jaedlﬁ'rlgsﬁwé) 1httd diQde. hlereﬂssl‘(ﬁﬂ mddRal R¥ATR!sPmptom Cjctthie
patient's Dbirt date is nown. the patient's age wil| not havetq be asked

again In "aP‘HhéﬁSEQ"ij&I°“o’r‘%jé?"‘e‘é)><é‘r’rﬁlséi'i“9‘°'§sﬁérﬂ*t §;°“Eﬂ'a“é{ SPptth &8 Bt are as

fol | ows: mﬁﬁé%&@bépbht Mes@ﬁl@thﬁlbhllnd {oyorl Nt prb_é}@mllﬁﬁxhlt&ﬂls K Bovigont bgecsysmat om 15
Cl ass what kind of nFtom S is_(hi stor% sign, custom logic.)
) Docun®nt dﬂ"t?f?“&fé%"ér“i“ﬁ? BEPee 'a&'e&é’f e Me W€ ory of the synptom obj ect

Having said that, it is very important to understand that a Symptom Object is not limited 1o
the classic signs and symptoms of medicine. While classic symptoms (e.2.. pain. tever. headache)
obviously play a significant role in scripts. the Symptom Object is also used to manipuiate other
data that somehow contribute to diagnosis. such as the patient’s habits. culture. environment. and

30  even education. In addition. symptom objects can be used to build artificial internal data structures
as necessary. Thus. a symptom object can be used to define special groups of symptoms
(syndromes. if you will). or 1o control the exact sequence in which the system elicits certain
symptoms from the patient, or simply as convenient software containers that perform some

computations or a table fookup to obtain a valve. The Symptom Object is the “work horse™ of

-1d-



| CD I CD-9CM code for the synptom Keywords search words to find s tom
object in the index Label nane of the synptom object (not theg mlbn@m’f 20
Location where the synptom can be obtained Nane formal nedical name of the
synpt omwoasels16X f set speci al onset/offset attributes PEVESP¥8Te how | ong
.a value is good for, once obtained SNOMVED classification code for indexing

the entire nedic r ncl udi n ns i ses. and
pr ocedur EFPURE, ﬁ'b‘ﬁ‘)'?ﬁﬁs ﬁﬁfcég éttge %gnt%‘aast el ad f\h"g’mm B ar%/'? engl NG gﬁ%glgg

t r endi ng systeinatibist tiat canibdshared bhall chgpgews. |vmtwuemelt y of a synptomwith
time or the eyolution, of t | abel
of the object thﬁ'g?m%c?f’-ﬁm cf’%//s' so%ci%@e RTV t: gl‘e'%gﬁss%ﬁ%je\:ég gagcg'?a? al vg@b{éﬁét?im val ue
of synpt asd Vel dikendiige glemalisedse] Yatued/iamb wlcaNéaane?lmeslmme pitieptapse ok/al ue 35

Val ue Ty e eratlo | 1 f. th jeger. real, text, discrete)
15 ~7 R’ 5&0?88% L\/\%%‘f%@i%%"ﬁé’%%é&%%%‘ C. Val uator Obj ect A Val uat or
bj ect (VO)~ i by BmcsDig thapagerplsjredicalirdratd. r epresents the actions required to
establish the v a@&ggp@ Fan%%f"@én u-.és@oﬁreﬂélk' Eldtiondtn 1fis SREGI. fied tinme. The VO
data are the IfJasc ties rrptomandlts runtine state flags.
such as: % b\Heglsﬂjwesoomﬂwah&aleFlﬁ?ﬁ mb@"erqfa@ythsOn formul a. graph. table),
the type of, V@]Hﬁhéﬂﬁ{?&”o‘?ﬂm&mdﬁpedﬂﬁ%uﬁf aphic), the valid synptom
val ues (NC]\I LOWN MEDIUM H &H), if applicable, the questjon object to
be uded, if Hppymrtemveue hahéeenﬁmféﬁwubx&hﬂd?ea%‘@?ceéf frem themedicgldegd 10 i f

appl i Cabl)ﬁby iRt BPie qtidnall Giot B 2skRRl FRASRMBR, SR e QRkiend BNl Anacd i ons are
t he functions and procedures needed vgqthe systemto nenipul ate a val ue,

such as kroyegbseasient§aze Wil goxhavg o ppgaskedasyist or | print the val uator formul as

) for review edlhtalpﬂﬂ)ebéél &8, aarthhay aspe&éofa%hﬁtbinlmﬁhcié?&s\fﬁiow& in the current
patient, repo. Fw‘? val ue. Qagl ‘F c,use of the VOis as an interface
SYHPED I'En

U..

bet ween the sYWPYEBM'End t hePB at|the, Pa| 'e"b‘f""“’s the symptom

15 Class what kind of symptom this is (history, sign, custom, logic.)
Documentation description and development history of the symptom object
ICD ICD-9CM code for the symptom |
Keywords search words to find symptom object in the index
Label name of the symptom object (not the symptom)

20 Location where the symptom can be obtained
Name formal medical name of the symptom
Onset_Offset special onset/offset attributes
Persistence how long a value is good for, once obtained
SNOMED classification code for indexing the entire medical

) 25 vocabulary, including signs. symptoms. diagnoses. and
| procedures

Synonyms alternate names of the symptom
Trending special trending information such as the changes in severity of a

symptom with time or the evolution of symptoms in a disease

30 process
Valuator label of the object that actually obtains the svinptom values
Value current value of symptom
Value_Date date of last Value
Value_Time time of last Value
35 Value Type operational type of the value (integer. real. text. discrete)
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abstraction. The VO can be used to present dummy patients to the LB system
for .testi'ng. The VO can be used to switch anong | ookup tabl e§;5b d%

gl obal systemcontrol setting. The VO nakes 20 an object out Lof an action.

a comonwidsdsfdie obj ects. so that we cangl obal | y descri lreTaisob/@enitrol t he
actions that take place at some |ower level. D. Onestion Cbject A Question
hj ect (g) is a softvvare obj ect that describes the software el enents
required fa mini -dial og of questions and responses with the
patient. in Oﬁdﬂluatcﬁ QHpica i ViOR isSy Rofptagd Bbjec? Shav adprdentd thei Stiviserequaredk tof t he QO

to sel ect 0 |ate uestion i nvoke the appropriate node
obj ect s fﬁ‘f‘&[ﬁé@‘{)@&?gg/agﬂ’@ 'Sﬁp?‘f‘f&t%afﬁec'?ﬁd Uhd to report back the

patient's resTengedatzerdh: bsicprdpyiies of dfe symtora gt its objlieetstatelilags. sgkes: al i zes in
i nteraction tha is the point in defining a
script wher'e ThEPRULA Va](gat"’ﬁ('ffedlﬁemgﬁs?“"% Oﬁ?'Isck%g) albeit typically a very
short one, -tha&xype;oﬁvdwegmaémuaem,m-grdamcaptucnne speci fic synptom This 30

m ni -script, tﬁe ﬁéenqm vmue m&ﬂé %@DIGW? (ef.p@’bects. each of which

presents a Prea |on a set 0 el ed Buttons to the
patient. amd ibirphiabk, theqtssponmectiorhmﬁftdhe patient. The QO data are those

el enent s reqq'-;pgﬁlcag)?tﬂts atﬁ‘enEM@ﬁHlQ%\ g,dmgpgghn a response froma patient.

such as the | ects used. The object's actions are the
f unctd ons andf rplicablguhegranheerdabie. pydatapase bsueth t 0 nani pul ate a 35 questi on.

such as proceggeg L&ons ajrgthgl iitteford QR4 prol¥R AL hR ARG rE’QIfs{éﬁ%/r% %n}:@ a pre-test

t he question and rode elenents, print the question €l enents

~ revi ewl evhiue] sigp 45PracereEsarit hor ask the question and repo:t the response,
}yspecify the apqglgglthen@m%,al Ianguage text to be used, 5 establish the user
~interface required for the current platform i nvoke a node object to
actual |y a8k Prpghgyabuater fopmulasdfor ’éﬁ&‘?’?d"f%évf'ﬁsﬂb‘ﬁse The QO is anot her

i ntersf ace objeaghiisk the 0slud in uRePMNBpicdthe questioner from the | anguage used
to question the patlent The basic use of the QOis to handle the details
requi red td prPeedifi¥2%e (possibly conpl ex) question to an online patient.
The QO can bahesssit dse of thaV@eis hhien Betizatbeeral :héLQmipemeﬁndoﬁe pdtent daveisdfi on t ext

Caort | bsgtiont mhe VoL SGEAR pREHREY RuGRATRL | B MR Sor kEAGU EVoRT 10

speak t
obj ect tdambe udecsvorswb@@mhelosb(pttmensb emelnbassxsen]upmexﬂsqtlm" ZB@kV@ U‘@M—’fgl e,

wel |54 eun%%ﬂctﬂo%g&tah%@ LA dRalsl gmﬁaglqoml aer:awbbwd;s&s@qm&nml ected by

t he pati he task o to present the required data to
the GU thwcaorfswmakMchmspmh’mselaYefuser friendly manner on the user

di splay.p \gge;mgrb!ﬁgpr opriate amount of tine for a user response, to

p055|bly re user, and to uItlnateI% return the user's response
Node obj ect s AoRussuandObict (QQ) i pipdwpre Phige thaidesqriges taesoftiypre glements eayiredt hey

i nt er f aGe e litNBnini-dialog of questions and responses with the patient. in order to obtain a symptom
25  value. 1t is the task of the QO to select the appropriate question set. to invoke the appropriate node
objects that actualiy question the patient. and io report back the patient’s response. A QO is a type

of valuator object that specializes in interaction with a patient.
The Question Object is the poimt in defining a script where the author actually writes a
script. albeit typically 2 very short one. that is focused on asking about one specific symptom. This
30  mini-script is broken down into separate node objects. each of which presents a Prcamble. a
Question, and a set of labeled Buttons to the patient. and obtains a response from the patient. The
QO data are those elements required to ask a question and obtain a response from a patient. such as

the list of node objects to be used.

The object’s actions are the functions and procedures needed by the system to manipulate a

35  question, such as processes to:
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operating systems user interface. Conputation depends on the platform
used. For- a Wndows 20 operating environnent, the node would dIL'=S|5| AP Gad0is
appropriate wi ndow contai ni ng sub-wi ndows for the Preanbl e and Question
Text. Newboisiéyoul d di splay the requisite nunber of buRGTHNIA4MET di spl ay
the formto the user. When a button is pressed by the user, the node object
returns the. irn EXhd m?m n% oéeegze s ponse. The NO data are those el enents
required to R e Qe fFed uegfl on. obtain a response. 25 and return

t he i ndex nuniirmnheﬁuesﬁmeremsps)fasewemh@tmﬂ\sheaa@moons are the functions and
procedures  ne th di splay a question to the user. such as
processes t°o: ng@ue{gé{%nta"?ﬁéyﬁ&o%g}pgﬁsg’nents, print the node el enents for
revi ew edi t-| nsyedniy thelretud wathml langusgd kespib &y usethe questi on and report the
respopse. T &2 tdeen the script objects and

t he pgtl ent’. EEI s?l"gerﬁgegé%ﬁgq"hﬁm% gﬁmn@ andl e the lowlevel details
required tao "m@lkkﬁnQ@Obeqnmtm@ﬂbfasklmeqmoeaw ToRorUIBeRdsPoBSe:- port an application
to anot her ‘Q%ﬁa&ﬂnﬁé} nﬂﬁﬁ@e%gjeﬁaﬁéda&Eébgmr%yl%tcﬁlggtioﬂ_é?%om&@&up& wdged to

"fake" apatlent Inputs froma test e and witing outputs to a
test reswl quegion ghe m»ren N@w foagig “EPeOfLFb%QOt i 19 brgdigithe ¢padls reagied oPressid
r esponseg,{sf@MBonplt®) &:@Moﬁ[btm omsrm?paﬁénam%d)@ Canl & QBB LRhbe de citRsHn@dt hs of a

second i necessary. he reasons for defining Node Cbjects as well
as - 1o Ao zbmq"emﬂcm 6&’55116'1 Retienudhe REsabe uspbiorchange natppligqgbagedisedy ¢t he
entire sysh@MdaRdpaént ransiated into other |anguages by translating all of
t he Node jects | V. LI ST-BASED ENG NE CONCEPTS I n one enbodi nent of the
i nventi of, tHiedeQbjecBased Engine (LBE) is one enmbodi ment of 5 the

) di agnost| c pl‘/OBIG&‘S(DB]@t nmmodsoﬁl.vbrelosjea upx Ogtréves ﬁxhaﬁﬁuaesseﬁﬁnlsa'édu}qed takes a
set of dise a.collectio di seas el LpLi ons
synpt om ?fgfis'ﬁffl ﬁoefe'gﬂgue(ﬁh"é’s hgﬁatf'ﬂ)tea(':“lif S8 |q %enr§3p°"s° A ec‘?eddb agéthem
agai mst mrsethspacomthpao pesunt thd hgupdtdarnio theGUlyipiadern yataWmer tdemt can
conduct an jnteracti oauestions
posed by‘af:?'ld e ro" Mw ?’Jﬂ B |(ve%pf'¥%g’ﬁ%§% ?&@Pﬁéy&%{%&f@%ﬁeeg by a 10
medi cal poesidy ct-nrmnmmewbprm ultimatelyl retuspribr users respeseedy  have val ues, so that

the system siggl Yphd brerhdG HS RS @Jwom@rsas»pttmar@uyw@%ﬁe@&s% diengl y. For
test purposes. the patient nmay even be represented by nput er program

that is opstatijd ystepatssinterfan eoepupatienydepends op fhe @@i@ﬂ%ﬁ’fﬂg’ aFBfP.W'yd% r espond

t 0 aBnor fRbaisi dnVitdnkeRSthS D wasd ﬁ%ﬁﬁGﬁ[ﬁﬂ)rlk@yvuﬂlbﬁ%&ﬁﬁnln@&lbaﬂﬁdo\k@ fdresponse
del ays. ‘contradictqory answers, requests { repeat i n%&ﬁr %uestl on, and

abnor mal e Breampls 2pd Question, Teks Meynt “’fS'd FPlay thepwptifie bugansandn  t he

syst em h&giidyShd fofim WK uldy. BatheEbitdg itpresid Bf the aselittiaiode objeaeasasiiehat it is
This initial candidate list is nost |ikely assenbl ed

supposed, to di ﬁ%npﬁe
by a mo8t*EUPRAL RSP yzed the patient's Chief Conplaint and sel ected
appr opr | at e dihs dEsdzm dre hosezlemeiad aldied 14 ishitond getailed questibnbybishn edspoonpl ai nt .

,int %ren(l:rg th%flnuae %Drhl?e]:' op tgen}%l‘é)%}\s@t ’Thée E% Sa%ﬁéngme(iﬁenfunétﬂﬁg anﬁh&%&duﬂst h al)'

)} the 1 seAsES T fIhas h a want
t est a rmeeded by the system to display a question to the user. such as processes to:

s pre-test the node elements,
s print the node elements for review/editing by the author,
« display the question and report the response.

30 The NO is another interface. between the script objects and the patient. The basic use of
the NO is 1o handle the low-level details required to “talk™ to a patient. The NO can be used to
port an application to another hardware platform or operating system. The NO can be used to
“fake™ a patient by taking inputs from a test file and writing outputs to a test result file. The NO
can be used to log all questions to. and responses from. the patient, time-stamped to the nearest

hundredths of a second if necessary. One of the reasons for defining Node Objects as well as

L
U
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20 created or edited script. Once it has a list of candi date diseases. the
systens jjob is to process these diseases. typically by ask|#g5qmggtggn§
and accunul ati ng di agnostic scores for each disease until speci fied
syst em gwele1/k1816 eached. This system goal is expressed bgnnhnm&pstem

"M ssion" setting whi ch can specify various goals such as 'run al

di seases'” [um u the first djsea s rul ed in- or untiI
10" ot Queshans QUSRS o the e wteBiat e e ot ottt S Toipong A o )
all di sefasdasodu()bje&ts all synptons have been eval uated". Diagnostic Loop In
one enbodi nent. the system " to process the current
di sease list. Portions g‘f ﬁﬁ-@?uu'. gﬂgf&g@éﬂ%ﬁc been described in
Applicant's UnSoe daaibantcntmmeﬁn&aﬁqrﬂﬁﬁ ListBased Efgiok d.gEd Stdne ehItmipmmn’él sts of

{171

t t wWhi th th
?I ;ﬁ{% gfsthf Hlélgqoe{cgyslcgsgisngfnréghog :c Ft ai_ ri) pl%ﬁrsa%%%aatesse tn a%lgdle{fg a sEiof %s on t hee

m ssi on. predielysystlenipe afidisqaser deseripriers] smpmdsd@hltspse@nchhue@mnmwmms) and
eval uat i op%mgéggegn)gmtam]&tjmgg mf'[;&gt Jpop actually consists of several nested

| oops t ha i nvol Ve recu ston to eval uate subordi nate synptons. Current
Di sease _18 -Thspmm-mmmlw@hwﬁmem PRECUSONERPOE Fialog with dhesiteml pnient .

during g DRI Snd AR byl ihEsyblhS @b OL. bl BaBShS Be rdprds Guddh & 1 ne

whi ch di sease It evaluat &€ next, based on its m ssion. The m ssion
m ght0 bemedisalreser inahish soree or@H syinmemsirewdy thAve Yalves seihaidhe syatem emplysifisey al uat e

the di seas .ty khifesthdRBSLediBGBRSY | OFORREERLPBLs. 1the BhtienEMA) UthSeaNY
random di sease". The default mssion is to evaluate the next di sease as

OF i gi nalFRFesemecing COMPYIE Rrogsams AP dRlfYang Aausnt IpGrdepiprtesShRBSR § RIBhi

) enbodi ME@dpondORRC Ebnbiimal) @BualonsC4HER QB tunElpSRASRey " predsBE eRRNdiveSKEIRN ldysi s tO
determ ne V\:hl ch synptom of the current disease it shoul d_eval uate next.

The mi sSCHRIFICTRNSRES fe9ussts 437 Jeprang £ HResiQpnad SRR te R HAM AP 2 $958° i ghest
wei gist t o t h@osLpedfiOfunton SesSibil. iendysterh SEATETs. wok magaheemgplsamrl:ﬂmmhﬁm on
m ght be.to -evaluate the tomthat wll vance t t he nost
G Seasodisesier B8 Begot s SRR Tl PraiasB PR on DRSS RABR Y A " o
synpt omnddske taf hdshaealxadd rhe phrieai’ séasfeCon@Jmmend sdieget mairbmmeldtsmnsefrmnbodi ment ,

eval uat I({' Qo-2e ?tnp ngmeé: Bﬂéhgft c%ttnglamF Sl%’tqlta‘: '{b?&kn{'gf tiﬁ?ﬁ%&wﬁm"ﬁm Engo & mpt om f or

a speC|f|e IS 1S ne depends
oi | the jesypan wELTBathe diseaps Srfindsid agivet prejettyffe whtretah euthaa waets trtessbpedy def i ned
for fihe SuRLYdhedSeripy"Pt OM may al ready have a valid current value in the
patient's med dical record. For exanple. the patient's gender may al ready be
in the medi c&pceriébay 3 listiof capdidars daeaes.tthroSYSIES Selfb dhicaPTpess thesgriFetsent i nues.

The pat iyghdany'BYy adidze@dMioRaNR sepmlidad dtahﬁosﬁygeaﬁeern)rveawa.s@haé Mg bhe current
session in _the context of a_questi on for some other disease. Again. the

system dbicﬁieﬁér"sieﬁe‘%"%‘yﬁff{ﬂ@ﬁﬁ' vE'flﬁ@fﬂFWc&ﬁ?'t%\P?@f% By e systes Mison setRk d.  (Thi s
f eat ur e wavRicalSspasil¢ vatgbut fiaisRadhi a6 un BINGisea B EorGHAShIIARE firkt dishBe RIro6eRmS Of

25  or “run until 10 minutes have passed”. and so on. The default system mission is 10 “run all
diseases until all symptoms have been evaluated™.
Diagnostic Loop
In one embodiment, the system uses a “diagnostic loop™ to process thc-currem disease list.
Portions of the diagnostic loop have been described in Applicant’s U.S. Patent No. 3.933.060. The
30  diagnostic loop consists of a series of iterations in which the svstem considers its mission in the
light of the latest status of all candidate diseases. Depending on the mission. the system can
perform all kinds of special calculations and evaluations during this loop. The loop actually
consists of several nested loops that may invelve recursion to evaluate subordinate symptoms.

Current Disease
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A

eval uating different diseases.) Many synptons are eval uated by running a
Question object, i.e.. asking the patient one or nore questi onsta ByAipE s
may use a Logic object to evaluate a value, .this neans that the system
parses aweoisess a | ogic fornula- such as "if patient hesSIEsoeeom val ue A
and has synptom value B, then the value of this synptomis C'. To eval uate
this synptom_ tile 25 systemwould (recursiyvely val uate synptons A and B
andt o st dbermtedmer S g Aatestc B e A B BURET o 't he
syst em eghiabditesdaasshouldeaiuat i, diz3ed ah Uemissibn. UPhd atisdn mighe be ®Cevadateafe al |

candi dat ¢ di seases,. Dependj ng.on th escription of each disease, .scoring
can cons?'¥ese ‘3% ‘g‘? fighest s5efgi ﬂg ef’ﬂ'ém?/\ﬁf g’ﬁ?‘“%‘g (3 '(gﬁ%f‘l ‘ﬁag’" SRS REN cur r ent
synpt om at&bvaiate @hy fahdoaedisehsaV.OThe@efdht wdslomiy 1o evpleqe sk ney distagvasweigillys based
on the val ues i;n @tthﬁr: synptons. or on the timng of synptons. Scoring
can al so®TRE UG "VEHaIT shing probabilities of diagnosis. which typically
depend oCurieleSvenwiost ence of several synptom val ues. sonetines in a defined
time order. Fi Q:?elt%]n)/bodi %ﬁOBAcQ%eHaPSLé{.ﬂ%ﬁ d‘i—‘s\l%h"!%'n'égs {6 $6PE5S dQimifleSeases
agai nst vari ous resnol s, pendi ng on e systemgoals. a di sease may
be pl aceehithsvmptamsyi¢ieicatrent disaaspoit shobld seaduatenektt IThe mipsion might betegpysluate a 3 5

di sease de g&dad&& lifled DeighiPRe bdoR FERIETIMPAGIRS. ATmdrGRpAR 2

Speci f | e‘ﬁ_@%ﬁp‘%s T o agd ke Ui 01%1616 TU5TAUG 2004 PCT U”Sgll 04907 may
be pllaceuissim righhedt ‘gyalencthnympion thas néthedyance thackors ¢f themoss digragesi- sThencr easi ng
nor e 1 apjeflLy misBoRis iRk IheSRASFmAER ifRe sypondiat sildcui¥r igERQoal is to add
the synptom weights to all applicable di'sease scores. Continuation 5 In
one enbddvsgfraludioner t he system has updated the scores of all diseases, it

~ )determnes [pWhd embAithdnt U aIBMing QNSinfei Behsish orS@iabl@hing GN¢ AT 6fSthe Agai N.

the system s goals can specify . different _actiops.for {he system such as
"stop WERPIEROrSCBredied dats apktimyhe rgpent ﬁ'&p%&’ﬂéﬁ’sfsﬁé"e PETABLI"E MREs been
rul eg i nof s@fiptors biPohe ype e tzWalueor btgeat Hdfed fov ehenPmproini kekymiragiapses- or
stop W?reapy el‘é mwgétces HQ%VI\?} |en| I%ES;)etde s -rrrtg ] aQ?fcoarg! tF gg,alm Iles.tl;[eo I‘ Lrli?suntl | all
synpt ome " oFY af¥® U LESIEE" HAVR gEdl BVaruated AT “Byitam ¢ BiT"ed and

Goal s | nestaemayriaddyntenid thet talichl stordBds ebickEngye rhe sysepsdtaaiys it gnddegirgesed so t hat
the rul imts. | s, it ] o] LeSei anged at
Fun ¢ g e i elsY Bl e Aaed W BRK I i e BT B 0R vl e " OCE

whi ch t [vé aapetipre fislseme etheri diseass| efmaind thasysiee dbieins 18 sppplomxalvplfiem e the top
of the an"?egxp&gi&ncreéo?cpRm%tupﬂeoiﬁyékﬁﬂnhggéﬁeg%tﬁe Lhe qngmnhmﬁeepa&@ssto@ be

considered, 1t can use any one of a nu rul es such as "Sel ect the
di sease eralupting diffgreptlisegspst Many exmmgrsarestialyged P wiawae ¢ Qyest'en phiect debe

di agnosgeling eShimERDnd &%Jmaﬁes:%)ﬁﬂpﬁﬁﬁ’fﬁom hdy 8¢ NEbeidbtFRaBaSaluadAfllche hi ghest
current diagnostic score, 20 has the highest current change in diagnostic

score, thismeans that the system parses and runs a logic formula. such as 1tr patient has svimptom value
A and has symptom value B, then the value of this symptom is C”. To evaluate this symptom. the

25  system would (recursively) evaluate symptoms A and B and then establish C. if appropriate.

Scoring

In one embodiment. after the system establishes a new svmptom value, it updates the
scores of all candidate diseases. Depending on the description of each disease. scoring can consist
of simply adding the weight corresponding to the new current symptom value, or it can involve
30 adding special synergy weights based on the values of other symptoms. or on the timing of
symptoms. Scoring can also include establishing probabilities of diagnosis, which typically
depend on the existence of several symptom values. sometimes in a defined time order. Finally.
scoring includes evaluating the scores of diseases against various thresholds. Depending on the

system goals. a disease may be placed into a special category based on its score. For example, a

1
tn

discase may be deemed “ruled in” when its score reaches or exceeds a specified threshold. or it
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has the fewest unresolved synptons, is next in some order specified by the
author." 'Simlarly, when the system sel ects the next synptom V\%t$| lﬁIlE 7004
di sease, it can choose it based on various dynam c nodes or 0

vari abl ewo d@kiéibe patient him herself can set certain lpoumgswosseondi ti ons
on the consultation. Several exanples include: a patient who has only 20
mnutes to talk atie vant o exclude a certain d| sease ny
e ena: nady bEEses Be RaberAldtee il BBRERr Heok 2 € el Pk b W3 o
30 B. Di agyeradidense skhrasanrhmdelfaultcsymnegdabch wreid ;hetshﬂptﬁlﬂl\@@hﬁsblaﬂ apphvabit um' i s
t he ratedof change of the diagnostic score of a candidate disease. It
provi des “& ﬁeeszﬁ%reﬁ?e of how fast a given disease is accunul ating diagnostic
wei ght s, ﬁmmged to other conpeting candi date di seases. The systemtracks

t he sgcore 35 and n for candi ' .yse this
nf or it Fon ¢ CERERGETAG S0 ot pes R LB YRRTRER-E o
PCT/ USOthQﬂ&onnmdd:y th:losndr.rmgmate sethef newescores. v Agdipuke Syyemisggpalaesmbpesifvni | | add
extra we e t itive
F sedbaoki e spidty TEARE b e hop THLE U W RLR Tho 3P S MR i g
synpt onsdiagrdsis kpg beanguled inl or top whgn ti¢ sysiom hanibe ﬂveyws@\e(ymneseg or “Semuenci ng
Syner ay & %len%m ﬂ.aQ eI@éE\fP‘r Qdefaﬁlt?&a! Esh@nln%nm‘lQ%tghsatgﬁﬁ%@‘&ses'ﬂavé racks
for each disease t at est agnos score, the last change in the
scor & abrdn evaliasdie of the disease with the largest nomentum during the
current ,itergihLask Riedds dlu@gnostic loop. Since the name of the disease
with the hi gh‘e‘ﬁ'_rn)ﬁm‘m_s“'avallable at all tinmes to the LB engine, it
can be used t!8 oBuFBRPdiRRAt dieddiideter Enpipolseen); it desjgpedgodhat dheghist iRet her any
ygoal s ﬁrﬁ;d%&ldhth?ngb?gome diemosmabpaiaﬁ&e? ahﬁNﬁmbeﬂﬂs‘Fs&aﬁﬁk&d}sl 3 eidamespcrfemmes thﬁ
LB nethod wt e t fee al ong a i agnosti c pat
in a manfié °°‘H1""3f’ Fbﬁ'gﬁf/aﬁi’ff%ﬁe‘bvekﬁ ‘ﬁ'&f’%ﬂa 's responses. For
exanp e. the Ffoasiaﬁfpleaatdhﬁeﬁmhd cﬁa@mnb oRp Imhag(hé hyetesli salgnost inext dseds kol d, t he
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* is next in some order specified by the author.”

Similariy, when the system selects the next symptom with a disease. it can choose it based
on various dynamic modes or control variables.
) 25 The patient him/herself can set certain boundary conditions on the consultation. Several
examples include:
e a patient who has only 20 minutes to talk
* a patient who wants only 1o exclude a centain disease {"e.z.. my friend had a headache like
mine, and he was diagnosed with brain tumor™)
30

B. Diagnostic Momentum

In one embodiment, the “diagnostic momentum™ is the rate of change of the diagnostic
score of a candidate disease. It provides a measure of how fasl a given disease is accumulating
diagnostic weights, compared to other competing candidate diseases. The system tracks the score

35  and the momentum for all candidate diseases and can use this information to change the diagnostic
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symptom. The terminology derives from the Disease/Symptom Matrix (DSM) melaphor in which
a table is formed by arranging the candidate diseases as side-by-side columns (hence “vertical™)
and the component symptoms as rows {hence “horizontal™). See the DSM figure. In database
terminology, fields are arranged along the vertical, and records arranged along the horizontal. The
30  Horizontal Axis of Inquiry (HAI) strategy is a diagnostic mode that focuses on quickly eliminating
inapplicable diseases from a large list of candidates. HAI is typically used early in a diagnostic
session, when the system has numerous candidate diseases and selects focus symptoms based more
on how many diseases contain the symptom than on how effective the symptom will be in

identifying one disease.
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lists to find symptoms shared by many diseases. It selects such a shared symptom and evaluates it.

typically by asking a question, or by evaluating a formula or a logic structure. Then it updates
every disease with the new vaiue of the symptom. and adds the appropriate weights to each disease
score,

30 in the HAJ strategy. the system can sort the candidate diseases by the number of shared
symptoms to prepare for an efficient subsequent elimination process. For example. by establishing
the gender of the patient. the system can eliminate all zender-specific disease. The HAI strategy
permits the system to partition the candidate diseases into wseful classes so that it can focus on

promising classes first. For example. it might partition diseases into the following categories:
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means that the patient’s entire consultation on a given disease can uitimately be conducted using

the world expert on the disease. This gives the LB method the ability to shift from the broad.

generalizing viewpoint (where it accepts all alternative symptoms) to the narrow. specific

30 viewpoint, where the world expert’s questions phrasing may help to distinguish among close
diseases.

The HAIJ and VAl strategies are part of the central processes for symptom selection of the

system. specifically the LB Diagnostic Loop. The decision which one of these (or some other)

strategies or modes to select can be programmed to depend on any number of variables. For

35 example. it may be specified by the process that calls the LB engine: it may be switched based on
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Alternative Symptoms

In one embodiment, the Ahernative Symptom feature of the LB method lets a disease

30 author specify a set of symptoms that are alternative to a specified symptom for the purpose of
diagnosis. The invention lets an author specify alternative symptoms that can take the place of the
author’s preferred or specified symptom, perhaps with a different weight. The feature is designed

to solve the problem that different authors may prefer different ways of asking a patient about the

same symptom, yet we do not want the patient t0 have to answer questions about the same

35  symptom over and over.
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when thi § gN-BLE GIAIRH Y Bas YTRLATWAR, UREL. 1 cAidiRS! O, ol 4R ablehhe, the

system o er 'al ] ow of t he use ternative synptons. |f
t he syst apestignsi by a Werldadlase speaialisy dn thphdiseaser nildrefeatunsdnimins hoyshusan [dgetefiseki ng

the val u%nt%te@‘?zepﬁhgnk qﬁ] the%rl)s?{acrgtgrﬂﬁlr dsks BB cﬁx@ﬁﬁm lh&lhﬁte%l‘lyﬁle %f:ne?any

alternative synptomin it The effect Is that, if 2004
04142/ 20@3er11tna33= ¢fabe @t 88'?”8%58‘?’"%!?@8"'9&?@ qmeewseeftﬂwslemmgbvdmwpw US 04

FEB 2003 aBeHo?@;peaﬁéq@hfos@M ce.eﬁm &%f]&gth@lﬂw&he% foYsomk H@arré}atﬁldéﬂy syt om 52,
S3, or $4, the stem w | atient twin, but wll acceEt t he

al t erlfat |“VFem%‘y YottrEanAds tefes %tepsg I‘?P""’ulst ""E Aeetas gsks SHAN More, dgtaifer] quisgns |

al t er nat io¥fer @YEPREOSPHRGR, sedil RBretdeRiisS Wik RATIHAW dyhromb.URd 68 o PEiREe ﬁ,;a:rpt om Si,
it wll proceed to ask the questi ons usoci ated with Sy

Al t er nat i9YEHy Rt Wtk repan APPSR fEless PR ORI the PR B rfi-‘i"%]gdg’ﬁ'f“ “he
)patl ent aﬁ\d‘:rmraﬁnmréssork&e author to getup synptons toget her that have t he

sanme i npact Oﬁ]h IG& di sease. ng Al ter t ive .om eaé sets t he
aut hor cont r of "Bl YRS USATS gt“ifstt VNN ;%ﬁf"bfﬁ *Hétai! a"s.wer., on the
quantis z aiiations fe-ayipms onBded Ry tha ayiginhlediedasedscripDwstiar. o td kimplyeacetpt Ghe
quant | zst | etionj anqu tlt'?e lémtall’be syl to@ist%lgf nLI tot pg mepﬁger d i ﬁgansnor e
%€ 15 bEd" ¢ of  a

preci se detai such as to drstingui sh W T am 1 di'sease. In
one enbodpnhteman whdean sifiwt @sietoy pituermdestatitiog o acceptle “tymnahingtalptiongy al  t housand

synptom scri pf ﬁ,ftﬂE Bng. whh h&%ﬁﬁbr'of‘ﬂﬁ&%&qgﬁbﬁ Fidse s lﬁ%ﬁ{p%cnr@ﬂgfoﬁgéf of
aut hors. Many o hése synptom mag be the sane, or be acceptably simlar
ap

vari at i ofhs diseasegiby atsbcrteaan =Wff specify Prapchagyy sunptonsy ihich te, 2utliee WeYss @M woul d

| oad 73! | sGafd oA YebifydixEBAS Snptdny, tvhaeh 8RUaHSr RirietdiNAinNg dhbiRgR of figred &r €NQI NE
m ght. enanom sone of these sim|ar Moms. se.ors | tunes. Th effect woul d

be to asRrehivdeyprPmEHet § Ayl Ayhest 1Bl HikaHpPam Frdreaes BedeheTs whi ch
woul d bepiepatd biCipasitiedanslpamsi lvhidhQhe auehidel gRreas be @ikkd dme @atieBut NAAL trhe t he
21 ot nat P Sibe SREYRERE Bttt SR BT BRSTHOTHE Sotc i 1P e B8 Piim A
benefit eimpdia tadnjtmtcarbasmlassmahamhamer@uﬁy higpd mmeatxp:emt»e sgnploms mnig t he
) élbjt 2(@ tl, XS%' nsqum% sm: q%ﬁhemttge"; th ¥| O;Os&m ect i'“?}n'ﬁ k@@dtﬁe qng‘g{slsyl ggn be
"wed" I aﬂtmeveesmnpghm'e ﬁlthus phgyagﬁphg jareofpeeifi qﬂewmptoms to some author, who is
responsible for maintaining their currency.
Each of the authors may be linked by a data communications network such as the Internet.
When a new symptom object is created by Author A. a copy of the new symplom object is
30 instantly “sent” to the authors of the diseases in which his symptom is also used. e.g.. Author B.
This then would be an alternative symptom for Author B. Author B then assigns a weight for the
disease he is authoring when this new alternative sympiom is used in a question.
At run time, the system can either allow or disallow the use of alternative symptoms. If
the system is in the alternative symptom mode. and the system is seeking the value of specified

35  symptom Si. it may accept the value of any aliernative symptom in its place. The effect is that, if



di sease a pt can rouse previously witten and debugged objects by a few
stops, which may include, fmexanple, renam ng one or nore of the objects
and assign alternative weights. This offset reuses capabili tyﬁpgrﬂfgbs%ﬁ er
coding, testing and rel ease of new disease scripts 2§ F. D sea% 7

enbodi nent of the invention, tile. D sease Tinelinc may be a chart or graph

that dcurams how each synptom of the disease manifests itself over I n
a typical patient. The tineline is a characteristic' pattern" of th

di sease that can be used as a reference for conparisons of the pati 'S
.actual synmptomtines chart. 30 This aspect of the invention relates pun
nmedi cal know edge about a disease; it i6. independent of any one pa nt
W, aspect is "theoretical , Incontract to a t, i ch
relates to to "actual" synptom val ues as exper f‘éﬁuﬁrﬁgl th ov

tP 200 HE 2 FHeFIn¥®T €7 f or  a "8t PE%occur r encefREANYS (d mlgpt‘ se as

"a base reference. It can be scaled to lit a oven patient /D 01/ 07
At design_ tine ut of a d| ea gj;;,l,ﬂp he typical urse
of the dlmhf'ﬁg‘f’gﬂfgﬁ% Ml%?s %oms Eﬁn&cally ris
(onset), mmmlwmmm% 'Fﬂ?’émg‘ﬁ %&FI ne sthrtsilth
t he Fi rstmﬁlmmm%#mdm&‘&? timngs
based on %smumﬁm&mmm.hat the FSS nay be differen] thjt he
patient's Ch'ﬂmwwm@mwﬁ bZfSpaflenGamt t chaft t
records the t&%of t e appear an iPﬁF G Sy SRt ap, ani ot
aspects JFYPHE corrpo ReR In| aut hor _mi ght bnl yjllhoose
three ti nit=poirrores, ng'ﬁﬁt ean "hOr e poi nts tan ‘

) added. Ampmmgmmym%wwyms’mﬁww he di skas 0 At
run tint Souybdwefficess ste Mertiogivahot ing npdtirepricis detailsimchatte fighgoisiippendi i t | Ay
be usqg agwed ceEvaidabe asthscase to wal k through a sinple diagnosig. ime
that the aut @&WMWM%WWI ows: {The st
symptomis_often (though nat. al NPLEXL By i nptomji s tj.
origin fdJfe AR Mﬂ?’em a %ﬁ h CCUr S 8‘:&% ﬁg At hopr ne
typical | y= &% e PF G SEPEpbIX Kl Ypristions Bfn p| | c paip t cone
Not i CeablSammars; the sz peldtlosByil comstidnte Gipcases, hb%"“&'a'rf’f #% painto
M gr atl§ NQngine mightenchumestsimeloOtoer siadier akpami severhl timbye Tieisiotropld bearadk so on. | At
time, WNaR paicl @k keP bu-Rad i ndy kifRuntvasd S wollCbeSitMiadinuid woliesoabl y asks t he
chi el C Ul chiacide bk Gfts wd Mueldlde Nocr b Gl it sel et
script t s . nearest 1n tine atient with app [
cal | ing tffe mmm&% ﬁ'@'%'h"ﬁe 'ah? c urse,  be at a t age
al ong the di detmeft of popplyepibused syRen rving Supmion Gy E% t waitls u she
or hemawmhtmmmwwmmwwm say our pJEent
presents mﬁlﬂmalmmww SR uee eintiofimas te Imehoréfiraéw conpl ai nt .
system (igRestd GREAER ,s,ss,r*mhsmf or abdiom pai n
of our ent ever] E fdp 8 agg}%gmg“&k whi cp i ates

}a patlentaﬁt%wg % everl ho be ced arP%)ng thefti I ne

The di seé’?@"'&‘ﬁ?'@ﬂ
Dissase Thmajjne

In cne eabodimert of the invention, the Disease Timeling may be a chart or graph that
deacyibes how each symptom of the disease manifests itself over time in a typical patient. The
timeline is & characterisdc “pattern”™ of the disease that can be used as a referenice for comparizons
of the paticnt’s schusl syteptom time chart.

30 This aspect of the invention refates to pure medical kuowledge sbout a diseasc; it is
independent of any onc paticnt. This aspect is “theorctical”, in contrast to @ Symptom Time Chart, i
which relates to the *achial™ symptom valucs ns experienced by a patient over time.

The timeline is for & generic ocvwrence of the distase, 1o serve as a base reference. It can
be scaled to fit a given patient, |

-
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required to match the patient, and can "place" or "match" the patient to
that point in time in the appendicitis script Sooner or later, the LB
systemw || |let the appendicitis script ask anot her synptom '[b@ IG 12004

will ask the patient about earlier nausea or anorexia, and - if the patient
confirms - wll add 30 weight to the score of appendicitis. At sone point,
the rising score will trigger the systemto switch to VA node, and ask
about several nore synptons fromthe appendicitis script. This may idly
pile on nore weight, and the appendicitis diagnosis would then excee
threshold and would be ruled in. If not, the systemw || know what
synpt ons shoul d appear next, and let the patient know. 5 AUG 2004
04/.02/ 2003 11: 33 FAX 619 887 8687 KMD8 S EQP / D1t
| PEAWS 0 4 FEB 2003 The chart, graph or firyrrceDrr ne dgas_é'ryﬁ%&?%%ove may SO
be referred to as a predeterm ned tenplate of synptom characteristi One
or mor? of Ehe eﬁb.eghrmg,hedumma.mobrmume\m f&mﬁr.%%ﬁr erlztlc hat
ari se (enac i,de C e we
t enpl at e. Q'm’ rraé'f ! onaFm\Rfe‘”f's'\Qch&r’ %’(’:fgg"fyo'"? g’gﬁsf“’ 5" ne parti [l ar
di sease. Fur 'hEP%FQ“W“P“BFW@F@}éWW‘W%@F%ﬁﬁr'&@:!‘@ﬂ"ﬂ%s mat chiillhe
predet er m ndsed @l satt of tho Fiin Nog teete BIS rhaln de diffitrab thinsthe ghtienSsydhielt ONs 0CC in a
speci fi eds sesppr@ace over tinme, still nore additional weight is added to
.core for the part] ea it .c bes n_t hat when oa
synpt om condj t | %’ﬁes“%?&é&m gﬁ%‘tﬁ%‘"sg%?e d’mfd&%” il cﬁ afPPal Sease may idly
reach the dr’mﬁr&ﬂﬁrﬁﬂm%ewtwnmms '“ﬁ‘l“é’g‘fﬁj’g%mfﬂﬁo A dis

~ needs time ey chabeohreriize piimchif éach Gmponosb.omtr, and in@e podidgerbeolisd. wai t s M

jease pr ocew&hgm&s’w L,hﬁ,)ﬁ,,&gn be of the diagnosis; on th her
band, ong wants,f |"§ as..ro w{s‘%mp | bl e Lo begi n
appropri ate treat ment or uaIﬂT as C’P'oc *ne clo S
rel ated to TPl 'Pé'f'r'bé"‘t‘i?" 'rﬁ'f@"d‘f?’@f’ I"‘&‘i‘?‘ﬂ'“t"?fé“’o‘t"??@r“’cl ock it
related to W#d@sw@h&e%ﬁmmgtwﬂgmmmm}@mmm. The u my
fo 15 D dgmpasn is idRigielor 16d tR@lne. mm&mcwﬂomd&mﬁhehﬁ&u’f% W6 i ch
IS nore occa%g_nﬁgu ngfag% gakh Jnc%n WinhadeNpt | VE di sis
See Fi gure %’H an e?.e? au15 sqree‘pit of user |nter ace for
speci fyr Rg THE B Mg ELW‘C"@I'% WP to estalfiilish
the First Sthgnificant Syrrptom The user may for exarrpl e, elide sy
bars al ong t he AtneBme whes a palicnt atis @@ bydterd, lihe isyistend PrefErabBAKS ivhet e iieOM hi St O "The
20 c?rer VWCidhsine b, q&m&nﬂh&bﬁmﬂm’ 'uwmmm.ﬁml G M&ES EEG n
synpt om occyr, r ten.evaluated by e s m
The aut horc%'ab%ggfso use 'f%"mg&m?%m#mrgre in f],, PO AFRPT S 2 patte f
syt om? mBhTeAra Epé‘B'I'VLPP"F’fP"'&ﬁssR? BY‘PPg‘“‘ TheshecPr B IPE er ent | atiil
di seases bas‘bﬂm@mb#fe?mymmpéﬁwwwmeﬂmsaljslim@eehmloeawne enmbodi of

t he i nvent isevarity ss thechiiplaintode i s a conprehensi ve net hod for

)0 The system (in HAl mode) then searches all candidate scripts for abdominal pain of our
patient’s severity. It finds the appendicitis script, which indicates where a patient with that
25  severity should be placed along the time line. The disease object can now compute the time offset
required to match the patient, and can “place™ or “match” the patient to thet point in time in the

appendicitis script.
Sooner or later, the LB system will let the appendrcntu script ask another symptom. The
script will ask the patient about earlier nausea or anorexia, and - if the patient coafirms - will add
30 weight to the score of appendicitis. At some point, the rising score will trigger the system to
swilch 1o VA] mode, and to ask about scveral more symptoms from the appendicitis script, This
may rapidly pile on more weight, and the appendicitis diagnosis would then exceed threshold and
would be nuled in, If not, the system will know what symptoms should appear next, and Izt the

patient know.
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capturing and a coding a patient's verbal description of a synptom It is
particularly suitable for highly subjective rynptomthat ere bard to
gquantify, such as the patient's overall health, he characterization of a
particul ar pain, or the expression of a nental state or ennth$5.A§Ee mﬁy 30
w=bm | anes relates to the Vocabul ary of D agnosis " This vf 0 ez
ability of the LB nethod to |l et an expert author was the exact voca
she or be has devel oped over years of experience in questioning the
pattent In amreal world, certain words used by ﬁ&%ﬂﬁ?&ilﬁﬁ[ﬁfiﬁﬁﬁfe
-ar I I ndi cat or of specific dlsease In t I

?ﬁ/&/g% I1d33 an 8d7 B%B %?a SéAHtD glél ect front

ment e Ietngte

S f rd
are then assom ated with a predeterm ned di agnosﬁwsﬁg FE:B 2(%9
663T> at4nR: nP REDcealilEBdead AUG P00
01/ 61616 PCT/ u&%@@‘f’%&“‘m g‘%“" %S‘I;‘ dto tfac
changes i nteaphienl sypeiop sypoteistios. Qopor oy é'g masses lschargesi b
functi on, wmmmmwmwwm ppsyy thepeedeseapiieds o o Y pg

is a
subj ecti vewﬂmg@m,gmfma.aammmﬁﬁﬁelwhdMmehl ghl yjus |,
yet practjcall e SireldieiBneh Rughitf bl € befoTitle ¥srtEsRdaul  det i | he
PORST Code |s a. co re %E?I ve rﬁf’ for f afePBlaent ' s
descri pti off™gr™ u5|ng he aln co e tor.diagnosis injth B
net hod, anwot st dagtep Bepl - brdym S TSR Trea
Pai N Managbseme of s pafnibjdismn yuy Magu#em*mmﬂﬂf‘h'é“t%“a Motic me t he
PQRST Codedupmgedbe used to encode subjective synptom descriptionsg :
capt ur gggChanges gisdbe SétdiRiOB T @aGCEATTT 00 BS hund) el lobger @eredityin e diseisanges pv 1 me.
)Not only mem@ﬂ&m%ﬁ&mme&mwﬁof el efrerl® 10
but the poSsi bl e uses t.he code 1. n nedi cal automation are manif pl he
PQRST Code -ed

to‘”ﬁa'ﬁ ﬁu‘ | atl ng nedi c know n an apt
way. The basi cTheanssr yetaliyhas g “deelp’ % 15la &‘ G}g?ghffo capt bir

patient's mmcmmmﬁ%m The PRI
may t hem M%&@Moﬂmy&ﬁﬂm&h&ﬁg&dwhs&@p@wmw ar eas 'S0
wher e GRAWVYEredutil beld fine = tedive ail p6sPQRST Code feature i ncl udes pi cki !
from a word - sp C%‘ﬁwﬁﬁl %QOQ,MM ak BeRecREal Yzi nglt
signi ficance o e C aep&élhl W ;g%; ight to
di agnosi s. %ﬂﬁm%ﬁ% G m’%% ectra that @ show ho
parti cul ar =smpicide sypmiors hgy plopadbe tipp s pa jndfcpie nd t heh
second mvamwmmwmemmevmmm%ecause '
mani f est edyeldprefrPBalorBuubpBGREnThe PORST Code feature includes net
for: 20 des Q,Lﬂg.guﬁ%?@e @W&&h@u%ﬁﬂm&hﬁ%%%&hese asEe
the patient, nc RiG ASRE aipidfll € PORBT de,
usi ng t-he 'P'%‘%' -B“e I'n gno |cggetrfl ot'her chﬁf&exkg At the G obajmsevel ,
for all aut™fs and all scrl pt. we define sone 20 aspects of pain. h as
25 Qual#t y& Sefpesipet Tama A BRSZLeeeS| 70 Synmetry, Tining. Localizabil
)M gration aspests. mmme@mmw't hesmpepson @ched iy d spect
CONSsi St'S Odsptinpil erdddinyDputibsrs GaRNREYod tE € Gmisyen, Iniapartisuitds stitdbled@scr i be t
aspect of BRlNEAL oEHGNRAEwe S Qi bk QfheRade sbhaintuedng wdescr i bed
cheracierization of a particular-pain, er the expression of a mental sute or emotion. The key
30  invenfion here relates to the *“Vooabulary of Disgoosis.” Thit refers to the ability of the LB
method ¢o Jet an cxpert author use the txact vocabulary whe or be has developed over years of
expericoce in questioning the patient. Ta the real world, certain words used by patients to deseribe
pwin &rc ¢lassic indicaters of specific djscase. In th= LB world, this is irplermented by letting the
patient select from a pick list of words that are then assovisted with & predetermined diagnostic
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terms of " pinprick. knifing. tearing, fullness, tightness, pressure.” The
Severity ‘of pain would be rated by the patient on a scal e of %t 1& Wor d
spectra are, of course. different for different 30 aspects ofe= sﬂ&@p 8%
Non- pai naﬁ;;mgags m ght rank sone aspect |ike "Age'" alpgigiso/eperic scale
such as 3 2. 23-65. and 66 and over. Another spectrum m ght use words
such as NONE. LOW MEDIUM HI GH to characterize an aspect. O. a word
spect r umweighght TieOPGR Cak rasy yosebid Tac chanzases ofEpbeakh it 84h ShithioRs
PULSI NG, POUNDI QE]d:é}léhshQstdeﬁl nes
di agnostl“basiﬁ%%s?l?lmHg\ér\é\/E?é:gb @E’J?%‘Ng% gﬂg%{lsr ﬁ%&k At run tine a given -29 5
AUG 2004 WO ©4if 66 56biRaTY @s@mtr@ewmhesvpé%m drisi diagapicalpy igh %15“8’ ‘pretk i st
from which th 1hi€ Mthe PQRES C6REs Edinfrehdnkioen t he
list. and “[chcaﬁ’épea’éa?n%gdén?quggg‘g%ng}gt&gﬂa%l agnos?l c wejght to the score.

The P@Sﬁe&pdénrk@adm epgyentyidessiptipnobpain. a7d f%"p‘ﬁ!“%“’ﬁﬁé‘“\‘i%gﬁfl'aawls 8¥"'%i agnosi s

t hat t lhe)f_B Iﬂam% gdevel &p&q,uﬂ,\ﬂ% sN&%%dece PFRBED1BK) CReatrient PainNManagemetts €
severa

spéctrum synptons to bui | at _suymmari zes
t he st at enbPistreaMertpzesteny lpaﬁl&‘!'a@est@aﬁé’ “PfﬁyoaRsﬁ%ﬁTﬂ’ia%gc'g‘ e BN be stored
in the paki:&nte m&&ﬁhesérﬁiﬁgﬁsd 1d Bi¥edre Elﬁﬁeelsai eympisie .desEHptions, andmotriabre exanpl e
where a synptom’obj ect specialized fo

spectra The
script cahaness|averdimen Nopepsmardisd Q" 'Ff'%? SREOPRaIELC "Obeldé o?%ﬂgﬂ%ﬁlhe script
can tjgen ,anad podoid es &fww@ssm imtdic deronativn arcttnan‘ié‘qld el PessT §rdeviedighteds f or

signi 1 cant Syptom changes over, (Le,  Ule SELRL 820 A% AhGecrAuPORST

code to OB S HOwEegecn ag ooe- vol u and oth

properti egy iiks ﬁ,qu,gme b patithtr anectthe de;aimomfrsgm bealth eperientre TReRRRSTIGpdDf  t he

- Ypatient's s s, trended. n PRRTwadL a¥n-sRGRd ra can

be asked "&‘E’%trgﬁée 'ﬂ)"éﬁic’rflﬁ]eﬂ YRR cPa"'r‘ﬁS 9‘and IFB a[{%g)ségrre consul tation. The
reenter fkey)Ciihe @QRET Coderiehngomeludes aickippwhrds frerme wordrfaecHis atlye PORHESEE) and t he
re- reenter func 'On f NSfUhd Blah @ afPlsidethis S8 MRve Rk@P el dlfe USEd in
conces ‘[H’ TREP H%@Haﬁé}a‘?&t o-eval Gat emt helsevol fltl on o the .di sease
process wagmkemlh&atdre@gaqwosds i shelspasiit Wairdojshovalivea pagiculagaspest of PaR s e ¢ he
wor d speGl L d 0ahocdvEr @b, %ﬂ@%eﬁ 'Hgéttﬁéjsectﬁa(‘ebalua‘i@@@ﬁd' biRsi extrd ypizRab |oye 7tol 1
adj ectives that are carefully selected. For exanple. if a patient's
epi gastr |dc&lgp?alsheC@ﬁseeaftaPtﬁ?ﬁ)edmleéﬂ?cﬁﬁﬁh%ﬂf be localized (localizability) noves
(mi gration) e ®okBe chbibhure QMBS nipupds @At (1 ocation) and now is easy to
| ocalize (localizabilit ‘iﬂﬁ t he atl ent has appendicitis. 20 The di agnostic
syst et can toF?SEfdﬁ'“Eefﬂ’ae% pgetsipf 'Eh cal statistics on the "vocabul ary" that
IS used in di agﬂﬁﬁg&eseﬂtectdfragmsﬁameﬁn system can use the vocabulary as a

“digitized nedi CI ne" ine-tune scrip eir actions. The follow ng

is an exanp! e®¥P ‘Pﬁjﬂéfecﬁg'aethfﬁé’fpeftfgsc s [cﬁagﬁﬁgt {)JJr}e of a discharge. instead
of a pain- ehesiddrhd mm%dsmd&gmmmorbmms‘tls of a partial thickness tear
in the very i QRAkSsomk bo hBecdtH BRM sk aS EVET €
vom ting. Hengé1 IOi;"’tI i i%I\/\ﬁ'ea% hogvgérnme‘:‘m‘?Fﬁ f ood a{n ti m&*e §angil vgm ting

) food asi t thaln@Lﬁi:verny |uaca(une SirguSymrogtey T=m a!‘@PWW"s’ﬂ‘"WH‘H?W Febnpar ed
with a pg QRfihdd & H'&?{ WhOoHG & aNeVE WakdR@Bmindnl¥ fied oMt from
t he begi n%léhng’geﬂmafhhmﬁ?rore céryrrp 5unr1n bui Iot around PQRST encaodi of vomt
cont ent s pafidnts te] deseritie tbﬁhespa'a@if 22BN Fof example. the Quality of pain might be described in

terms of * pinprick. knifing. tearing, fullness, tightness. pressure.” The Severity of pain would be

rated by the patient on 2 scale of 0 to 10. Word spectra are, of course. different for differem
30  aspects of a symptom. Non-pain symptoms might rank some aspect like “Age™ along a numeric
scale such as 0-7. 8-22. 23-65. and 66 and over. Another spectrum might use words such as
NONE. LOW. MEDIUM. HIGH 1o characterize an aspect. Or, a word spectrum might consist of a
vocabulary of descriptor words such as PULSING, POUNDING, HAMMERING, TAPPING. The

script author defines diagnostic weights for each word of a spectrum. At run time. a given



bl ood and add the appropriate synergy weight to the Mall ory-Wiss disorder.
30 H Synergy In one enmbodi ment of the invention. and in the copt a¥G PiN4
aut omat ed nedi cal diagnosis. synergy" means adding extra diagnostic weight
to a di swesméisié a synptom occurs in the patient in a SEOUBEEY nanner.
intensity, anatom c | ocation, frequency. sequence. conbination with other

synptons, or simlar pattern . The, . C | - YvolPr an
aut omat esaeca?’adﬁ%a‘?i““’ asgpicklie fm@ l%@%&q%@ 68‘2%%125%& %@6‘% %@:90 system
to take frot e Hecmd tie sjfsim sldsmpt emesiated dirgpatii erightyd hewsdreas a hol i stic pattern

that can be ﬁi@ﬂQRﬁ?d etq%n%% Xutﬂgljsw?pw%wc%h oPhiadhotlt HEARE for the

pur pose of d Si'S synerg ave t meani ng of "conbi ned
ef f ect . "hald ddvelﬁ;mdswe@mmﬁmnnge &@mm an ts:pemeal WaddPQCFB‘néFmP‘ﬁTBaE?t on

di ag rgOSI i % QﬁRE?Céod ﬂ.%:t suﬁm%y {410 Ehgq}g'ﬁe of RESHA dF Iarbgmenpmasgﬂlf@igm “Bf Thi

|nteract| patient in some well-defined manner
wthr espéctantbe storqup tmmlgmn@dlgﬁagcgrd @m)ﬁglylategesquéﬁ@es anathegy
conbi nat h%n: %g; I?l@l’%%ua%d FEANGhr S Sl m;)nbes&ﬂﬁéd’ Tikh@rapﬁ%ﬂﬁfc@chtgoncept

i mpl erre sin’s medi cal fact that the diagnostic significance of
a conburm&mn»dofor differsniotireesiTd. Ruh EFéﬂ'!PéFa"tIFP&ﬁ“‘t'}‘?é thej chpniers I8 SPESVHT each of
the s ym&%@nd Bsig b %lio@ﬁs' fan SIgr;Ichal'n:lO gnﬁmaﬁaes WH ded TR hpr a8 Wt agnostic

met hod e synergy concept significantTy enhances the capabilities of the
net htdd. AQRSAsade 1o pRMAME sgwslw@%ehﬁ?ﬂ%tm“&faf%‘@'iﬂs e ehsPeRsiesbe used to
detect and agrQutly ligingttRNSaRE EMQNERNOthe SNERY Bfthé ,sm.&.he spa,hb,ems wende@por t ed

synptons. In fact, syner gy allows the LB engine to adj ust the
very di dgﬁ%ﬂ“cmfw’d’ “f"f%é‘fef"aa‘f’f' B¢ as“%‘{/‘ér"ifrlg%'g'ﬁ%g‘@ “W’Sﬁi"f ‘L%‘f‘fﬂeent 15

7 The synebg)itdiidy.eMhd Renté T {@&b:ﬂﬁcohimﬁatnﬁgw thd sae.e [iseRe pocedd) aad theman nedi cal

expert by providi for non-linear wei n S enental |y
addi ng JFrater fREfgHt ’dt%“%fg"ﬁ%rﬁ” ?%Pefﬁrﬁ’éﬁ"&a?‘? %H{%}g’cﬁ“nw'ﬁlh %e%gﬁ;eal th

statgs. ahyy bieRnaidihé ﬂgimb:eofdheaiy;anspx@;esamdmbguhdyua_m:sal ly guiding the
di agnosti ¢ pro%gfu%}oh }?:Bpéﬁgr%.?s%“{ﬁt Wi sCh&r@'lﬁ‘JnSare Hﬁe'a&lgﬁ@{&berﬁéé t he

synpt om obj e&fe ecomes a shart process that does 20 not
j ust st apetray riptypivatisal u:eisl adjgtives iat are aprefodly ﬁdtrcmddy’namaeiplmt’e!l P At

| nter nal SRSl .&gtmp%wﬁ Dfinc? SIRLRALTRNE 0V vel LiiEralidh) td Ve Rl ent

whi ch gehéra agnostic Information in it own rig Inthe
cont ext l@#erqeidtaal (ﬂpcetrﬁobdndme‘ms epdy 19 keealipg lognlizghibil fhe PWﬁHBaaPPFw=%r d

Sy%l’ gy hasf hea%oﬁﬁrsg@im EunQBile@%Bypuﬂﬁs@a%e@ﬂ:al@faﬂstﬁ:@ﬂ@ih@e%cmli'ﬁtth:ﬁ’n or
action". Again refers to measuring 25 the special. . additional inpact

of sevemseéyn%wﬂ%s oFhecdjagnestinPERm AR Usehs YRgRRyRRSEsH "digtized, ediGiA® Pi e or in
SOME. Pr gRekdnb &FipBAANMEE Sctiorshe syner gy concept inplenents in software the

real -world nedical fact tha ostic significange of a syndrone is
nuch great er TPhigfovha 'Sﬁ‘ﬁﬁqpﬁeﬁﬁggg‘tgg&l f"ﬁ ‘%ﬁﬁﬁ%rﬁ'é‘ﬁ'ﬁe 2934&1%8 i r‘leyfsol ation.
As det aigk et;a.hatmé MallbryeW eiksysy hd’idhd/toduﬁl; oSy ﬁz&l’zgylutky:m teat hﬁhsyﬂgmggnoconcept
signi ficant nhances t t hat . “gm al h&almagondi tions

I h
) and %Dh ela?peatr%% &0phagus, Etcf‘g?]d?bv SRS vommnu ?—lence a patient who is voniting

time “t” and vomiting food with blood in it one hour later has Mallory-Weiss syndrome. compared
with a patient with a gastric ulcer, who would have blood in the vomit from the beginning.
Therefore. a symptom built around PQRST encoding of vomit contents will detect the addition of

blood and add the appropriate svnergy weight to the Mallory-Weiss disorder.

30 H. Svneroy
In one embodiment of the invention. and in the context of automated mediczl diagnosis.
“synergy” means adding extra diagnostic weight 10 a disease if a symptom occurs in the patient in
a specified manner. intensity. anatomic location. frequency. sequence. combination with other

svmptoms. or similar pattern. The synergy concept provides a way for an automated diagnostic



AV

detected by suitable questioning or conputation, and assi gned di agnostic
wei ghts i'n advance, then conbined |ogically and mat henati cak.l %, ABAdyl4used
to score candi date diseases, which are 35 used to rank candidate di seases.
whi ch arwofgmid y -31. ~ 5 AVG 2004 WO 01161616 PCT/ UBOTUSNNFNFGsed t o

sel ect those diseases that the patient nost |ikely has. The system

di agnostic net Eagds i ncl ude a novel fand. nton-o?vi ous Wway to,conpyre . a vy

medi cal GYSEGBE S MGRFRURT e REPHEH o A RPHRR AT 2519 Bt FALTRGY @an” Géscri be in
advance eggEhdrarhdntalls paie the eanking bl dtlieasa dir thepnpopldiedrbect s in a pati ent which
tend to be | ess obyious anhd re. difficult 5.t0,det r hods. In
certain enbod He¥PS BPER RN BLERE SN E L B blr'r’ﬁ?jfceziﬁc?itl rgéﬁgé?gou@%t em
syner gy i aiSpepeaidaionatempdcest ddgh@isf iha fichibataspmpom ds epgtiegrshanpogort i ne.  of
patiept- _specific synptons an at.ient-driyel Il f

Byt S ey PYTAROERE P P ol e Rl Bl RAE Ficl B
non- | i neasatondd ghatel agliof sedieagm Gepsndyycomhpatenemited! causatigudnd sp ¢1- e ki f er ences

in heg?t e%&%&?kﬁé&fﬂb?ﬁvﬁ*&ﬂlsgﬂw& ﬁif iii{:il%ct BLAHD@SESsticlsi iﬁc_artay ofd | owi ng

t he dgnents o e sc_rl_,‘g)qtq authors to be I nplenmented in
"an aut omedngidnatiem n& sympBymreis gyuch grdatepshan ke si@ikiqapdend aaeh ahthe FYRAQME @
dynam callsIo% adj ust the very diagnostic process itself after every response

fromthe patient. Recall that the LB nethod defines a '-synptom " as any
pati édt dat a Fareedropiatappld tafthebB diagnesynonsthed. thp dynereyr@nceg) piggjficanihe

mechani spgHsehle Papabilifes oBiEBicod deQustahehdightify Alkdidhin ofiRE LBAR&@ W cail5 t he
i npact of synptons are available and used to handl e synergies. At script

Writing béwed toAsteRicing agrepnt ey tee RieseRes ofsygeray; 1y s PAET GREROTELYIREMS ke any

: ) ot her syppt offergl hildiemauBhagind BldgRditicallP adjide irgVery dinostia yrocsy st afigr of onset

and offset. the aythor defines a synptomand a question that wll elicit
the i nf oPYPBtFBANAITPEAIRIYom t he patient or indirectly from other data
such 1as t he vRleUgnergf ineinhi@r appyoRipta@sEhe chinicivel protésiref a ineenloi:denlgixpet bywhet her

intile Horizontal Axis of .Inquiry or.in the 20 rtical j quiry.
el ects STHEPERE PBORrTRuE e Hayr! Repnadaifig el fol

associ at &d fiseidéfferentes ib lperiant Gradth fseres.Lbyefingfutidgeth Biagedsiioehd: hratlytawirly not i ng
is that it. .di nses. dj L A0 B e WEi ghts” to the patient's
synpt ons SAREE @ﬁ@%ﬂﬁ%g}*@ﬁ?ﬁ%ﬁéﬂ? i'i%'l(’:‘%urru ated by a set of candidate

di seases to desier yheiay. Wit ympidinebigsieof $ir LByactindtbeeadies Agert piogest (atfiees The
basi G, ve| 253 sOmbiSd vafied Bl thal carpefbih JBARic RIABRACHIREI APREDEENAI 2
syrrpt"(())mh ésf_uﬁé'erht he s§/ner”y éoﬁpgept n cgrtal n eﬁe odinents. there are

two addi thesyitombshaved @ver ey B° pieet Mithaepapestesiildiagnesic WRTBRIIED i 1 st |
for eachghpdinyi dual synmptom the system can di agnose based on whether it is

MOESNERFICRCES - W . sl R

the normal dictionary meaning of “combined operation or action™. Again. it refers to measuring

25  the special. additional impact of several symptoms or symptom changes being present at the same
time or in some prescribed sequence. The synergy concept implements in software the reai-worid
medical fact that the diagnostic significance of a syndrome is much greater than the significance of
its component symptoms in isolation.

As detailed later for every individual synergy type. the synergy concept significantly

30  enhances the LB method, so that special health conditions and their changes in a patient can be:

e detected by suitable questioning or computation. and
¢ assigned diagnostic weights in advance. then

e combined logically and mathematically. and

» used 10 score candidate diseases, which are

35 s used to rank candidate diseases. which are finally
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synptons are present. the system can di agnose based on their presence as a
conbi nation. their 30 sequence and extent of overlap in tine. a@acﬁ tAle 2004
relationship to (and change in) the anatomc systens of the patient. In
ot her worvie0l/alélése synergistic weights are of tile funtEhfesmass0vei ghti ng.
They specify in detail the considerations for which tile LB nmethod call
add extra di agnqsti ights t isease. Ihis idea is referred to as
"syner gy wel glglfelgﬁogse%g\qﬁosg%sfase-s %aﬁhg' p?"eeaﬁsné%sf Is'petbhhea‘r"f act that nore detailed
know edge abolbe sysenodiagmoste: Bythptsondudgfa aoyrhtand mon-ciaivubevay 3o Somsee at 0
refine andofacus tie 4 AgI0SkRY, Rl G818 3 HGHR0R4a, RETLASRL/ 04007
The followng table lists several type ex rrp'lI es of synergy {fat “can be
i npl ementspdific Tikadth cenditivp$ @ efie@s in@fpatmuwhieh) tendto bexdsabbvedus vt morhdiffiailt. n be
ext ended ' at t r Wi cureing. in a
pat | ot . "Gl SBE Gldoal | Zhil Shiiffen o T FraeMATR AE oBEEH el £ T
that ... sysBympyerayPnase seiphnamiestatieas insthaanaami systéres. loasri wnenefl ghtieniig
concept) SFRLOM.LEY Bl ST AR S SREHIkisCortthpEnd PR TEYERMEYRR out of
10) Ti me- _a_s'eéﬁg%}ner g_ys%%gﬁﬁ vari es, ﬁ’c'yc'r'l_oes'rf.gl'l"%u'i"_sat es.yﬁég_gf;résv};bges.
repeats @Bt handnsesenigpro e grpriding feranostiimear svaightiag op diagioses bypewttinediyr at e
Onset/ O b afle e GitHEACes iR hatR alY B AL Mine ShE RARDAIRNG LD iR . PG ihEMe VY
Onset /O fset” Synmmetrysynptom A starts, and stops in a simlar nanner First
Si gnilfi cawdicp dtdemets Abie seript Juhs IS pplemenieh dyat romard HRSEasY PRt om
(FSS) Si ghtwisINEOY eiede 16 Warch 35 B FRAGEAN aBuS MR PNYisBlbostid prdcess disetfb¥ibr R
Sequenci ngsynptons A and B occur in a specified sequence Overlap Synergythe
~_length of VR FROPREP™IRARASEGHE A and B occur together Integral Synergythe
Jarea under thRecaIUfMEhOLB rhétiod RIAVED k symipkd t dsngy bliRniSREieht YatQdan aff@at i ent ' s

pain over_time 5 The fol]low ng sections relate to describing anpd I ghting
speci f i c8gREF gipe Eg’ﬁ%é'?f’ ‘g%%‘F arims “é‘ﬁg’éd{‘en'eﬁf“§‘h8$‘°tsﬂéc"i eﬁ?)léﬂ‘gia r."'“}IAE Synpt om
Pr esafic ethbymacigy symprpiscie {aiebRRoeussy PeagYe Ha8LE Aadgi aridhagmno sithes wei ght

to a cangirdate diseage if a. giv sen esign tinme, the
CINE SVNErSie_ an

ns,rrptomtls pr } At
g hd'y |¥|. H f 1 1Ehd
aut hor can adSrgn A" WP G 1E88=d° SYMptom T o1t e oMo predent . F6F “exanpl e,
i f the pwtigldnhe. faassyanenplof orgethand pfivey tlef authen dgmeka peeran artdhequdstier dee
ENPHY.SEW!I%Xi Bes ﬁﬁ%a@&lcn m tthtI aRtdr & 'regtﬁ%mcltye \ﬁﬁpgucﬁgs fe M4 l'e
he  di ¢ A
expedition. the disease I'A may get points- At run tine, the system
det er mi nefgthef sympemsy Apup Himg.ghedvBeenging. vhatherje the Horizontal Axis of Inquiry or in the
20  Vertical Axis of inquiry. selects symptoms. evaluates them. and - if applicable - adds the
associated weight to them.
One feature of the LB method that bears noting. is that it diagnoses disease by assigning
“weights” to the patient’s symptoms and then uses the weight accumulated by a set of candidate
diseases to determine which disease(s) the patient most likely has. The basic weight assigned is for
) 25  the mere presence or absence of a symptom. Now. under the synergy concept i certain
embodiments. there are two additional ways to analyze more detailed aspects of symptoms. First,
for each individual sympiom. the system can diagnose based on whether it is “first” for a given

disease, and on the manner in which the symptom starts. varies. and stops. Second. when several

symptoms are present. the system can diagnose based on their presence as a combination. their
30  sequence and extent of overlap in time. and their relationship to (and change in) the anatomic
systems of the patient. In other words. these synergistic weights are “refinements™ of the
fundamental weighting. They specify in detail the considerations for which the LB method can
add extra diagnostic weights to a disease. This idea is referred 10 as “svnergy weighting™; it
reflects the fact that more detailed knowledge about one or more symptoms of a patient can be

35 used to refine and focus the diagnosis.
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patient and assigns a weight to all diseases for which the synptom has been
pre--defined wwth a weight. 15 Know ng the presence of synptons. even
without a value or time reference, can help to select candidat &iso8es
for subse@uwesisigli agnosis. Thus. a different set of canBFBHEMAO#OIEecases can
_be selected initially for a pati ent corrpl ai ning of COUGH than for a patient
conplaining o CKPAI N / / 7 Synpt om
Level Synergy;l§ e RS h% SR yeeé%m eso}%%g‘ggﬁgcbymggﬁé'ﬁﬁ%gaggﬁ on a

| evel of ¢ )eerp’eQifbmsfbnéthmwathpﬁtdnént‘;tendtd daey spreidlipatern aflope erumdvor
defines several level.s far a synptom and weights for significant |evels,
such as: SY"PREERERE"T '“"t‘)"%“’b‘m nts; SEVERITY = 1 10 points: 10 SEVERITY = 9
250 poi fits; SvﬁEﬁfﬂp-EY_ 10TESSnpray adds. welght roLadigenseal it détectssthat.em det €r ni nes:
(1) if thn Sy-Aptoms—presenrt—anra—{Zr—at—what—tevel—and— T —s0,3) adds
t he corfespondi ng wei ght| to the di sease score. 15 The author can define

synpt om bR VR TN apatiaRpdsQphpame (IBSKsitveigiting Eoiespt) s - obvi oysly very
usef ul itn_describij ng disikrases mmre npr pt om

pat t er ng Symetonriexel Based @%PWWR@“%‘Z%’ @ﬁgﬁgys Eiﬁﬁ;t_ge aE! |)i ty lof the LB
et hod {§iAlEHSi8sndrEe NsyRibtomMA Witie€: Ryddes. falsa. edtdediodsaspeaser tinme [in the

pati ent and tao asslg gnestic—welght—to onl eeted-diseasds 20

based t hOredRifserHEPsay |r153’WFﬁ°E‘,‘l‘i°‘s Wﬁﬁ"f"ﬁfﬁf"i‘/g’ﬁlgesd Ver tine has great
di agnos{OksebbTRE Tres@NCE. | thhAIX Bidhdn ASs qmaiomgarvefpect:f_mvaﬂhe concept of

using ward spectra w-th a-series—of graded— ecti-ves—has—at-so—bgen

i nt r odug OasevQffset pyRmeH e V%P‘B‘gmspef‘@?ftagﬁ“%’i? "t %S‘ém ;'fgﬂag"nf i ndi cate varlyi ng

. degr ees [Pist SiEABEaM | Nt eNSgatight habheSamy AES G Yefing for thedlsedes t he generfal
)ablllty to use various gspects of a synptomtine series to aid in. or

refine Sy'ER‘%[bFfé s. 25 |As described earlier, the synptom and val yat or

obj ect s gmmeo@rogramrecbammhasfaumtﬁedmgsnptdmm AdnpuasdR.(or ask t he patient

for) various.iime-based sti-es—SHeh %Heq;éf.:“et. stope—trend.

cur vat uf SUYFBER. etc. At slymﬁmf'”‘a"d\%ﬁécﬁ"'é'ass e requi res_a tine-based
stati st [ OvérRp sﬁ.egyven Syr’ﬂﬁbﬁgth ofttinethaysnntpmms@bqné@toccunmktég its valluat or

obj ect to-—conputethen ch FHES 2 synptom
val ues { HUREL3MeBY wei ghttﬁeijaraanl(ﬂ’dgrctg? é‘gvel c'fufe?Jr 5‘%{1‘5!)’5 Riﬂﬁmh";/}ﬁﬁ?%%&\?gﬁ es. 30
Using this synergy type nah@tsymbwn’llmal uat or obj ect becomes a snart

pr ocess -+hat—dees—het—just—storesynptom vatues—but—ttat cam perform
dynam c. intelligent, internal analysis of how the synptom behaved over
time n the pﬁtiﬁémvm \akstichs rejet &y desasibingged weichiing sRESSE POCIEHPBFRETBI in its

own righf. . Eﬂ%négfﬁﬁﬁvgygmor can distinguish or differentiate anong
candi dat & Ol seases based on when 35 a synptom occurs in the patient- or on

how t he synptbm v&vinptomRresence Symengh t he patient. The

Symptom presence synergy assigns basic diagnostic weight to a candidate disease if a

given symptom is present. At design time. the author can assign a weight to a symptom if it is
) 10  present. For example, if the patient has a smoking history of ten pack-years. the disease
EMPHYSEMA may get 50 points; if the patient recently went on a jungle expedition. the disease
MALARIA may get 50 points. At run time, the system determines if the symptom is present in the
patient and assigns a weight to all diseases for which the symptom has been pre-defined with a
weight.
15 Knowing the presence of symptoms, even without a value or time reference. can help to
select candidate diseases for subsequent diagnosis. Thus. a different set of candidate diseases can

be selected initially for a patient complaining of COUGH than for a patient complaining of

BACKPAIN.



aut hor can use the actual synptomtine variations to assign extra

di agnosti'c weights to a disease. -34 5 AUG 2004 WD 01/61616 ﬁCﬂ'/A!ﬁQ]Z\;@gQO?
One of the key features of the LB nethod is that it can use the tine n
synpt onsweenékie and change to hel p di agnose the pati eneCT/O$084%0Ut per f or s
many ot her automated di agnostic nethods. 4. Onset/ O fset Anal ysis Synergy
5 In one enbodi nent of the invention, onset/offset anal ysis synergy adds
extra di agnoskic SympiamLevelSyngeeNease if a given synptom exhibits onset
and/ or of f setSvinpron I8W e Sinkrige astifdidgnostibi@eithtpased of a leves efta spipkodfpfesat inof a
synpt om can, conye reat di agnostic informtion. The follown escription
is for oh&8FManal §& ‘é’%é’}"ga‘?“"édﬁ?‘ﬁf %’Fmggg%lsr i?oﬁtal OnPEph I es e%’(’)tsg?rf set

anal ysi ssignyfit@dit@ovels Aucht®si gn tinme, the script author specifies for each

di seaie: 10 .}:@L # gi ven sygg{t)iorr_i s onset is to be synergy weighted,
(2) the onset zhlat can be fé’ %Ircr'i:;_to sel ect added synergy weight, (3)
t he synergy Wi s to be added é’pendi ng on the onset type. At run tine,

in the phase *where the systemis adding synergy wei ghts to candi date
di seases. the system 15 (1) detects that a given synptomis onset is to be
synergy weighted, (2) obtains the actual onset type for the synptom (3)

conpgy es the sagERpty onset type t@obbims:pre-defined type. (4) selects the
onset syner gypwergRt=tigat correspepslmsto the actual type, (5) adds the

sel ect ed onset synergy weight to the disease score. 20 Two exanples of this

synergy are as follows: 1) the sinusgidal relationship of seyerity of pain

in colic. 2) Afwums WFF’@FI“rP@'e"’é’f‘%fr(t”'gfheﬁﬂ‘é‘{‘%fsé’"’éﬂ‘b?'ﬂé?) %Wﬁ”d%gﬂﬁr f set

Sl ope Syinel @y alidd teterrespbacigiRibin wtheldieast ®vent i on, onset/ of f set sl ope
synergy adds_extra di agnastic weight to a disease if a diven tom

) begi 1 and 1 0eenpe SRR PR P 0P R AOTeP eI o T g

descr i ptdbeitusiyvsveforsefonis déscsiyinedigyses @ors pretibedy indem e ofi tixin semptap phtices. t 0 t he

manner in whi.ch a Sy t &ends. or its offset. At design tine, the script
aut hor speci f1 es ;éﬁ’—ggé’g—n‘i-@a' €3 “Sase: (1) that a given synptom s onset is to
be synergy waimgBased Symeigytih the ahidint ofgheob mephod sharlatyzastre manise i whigh for

sel ectl r&gmﬁ:@:ﬁtvﬁrye@%w)ﬁp}éﬁ &D:i);?:iefngm{d?t% askiBf e AR DL LAELI B SselebtedGisagid e d

lil .
dependi ng on e magni tude e onsef sl ope. AELI\ run time. in the phase
wher®® t hesedyhereem The wendinrridymemgipmieriefinver wier kastpititaostigseifiedss: the -
system dnl)exSlEHEE! Said BAL thhed! TIRNcoREPPOMENE OIS Bhecird Whth abRrisydTedrgied Wei ght ed.
(2) obtains the actual onset slo

ns. ( e for the s tom 35 (3). conpares the
act ual - GiEies s 5o R IESHEEL A e SERHH ot Pira) idicaie virying
degrees of symptom intensity. This svnergy type includes the general ability to use various aspects
of a symptom time series to aid in. or refine a. diagnosis.

25 As described earlier. the symptom and valuator objects can be programmed with functions
that compute (or ask the patient for) various time-based statistics such as onset, offset. slope. trend.
curvature. area. etc. At run time, when a script requires a time-based statistic for a given symptom.
the sympiom object invokes its valuator object to compute them. Such computed values then
become separate symptom values that can be weighted and scored like any other symptom values.

30 Using this synergy type. the symptom/valuator object becomes a smart process that does not just
store symptom values. but that can perform dynamic. intelligent. internal analysis of how the
symptom behaved over time in the patient. which generates useful diagnostic information in its
own right,

The script author can distinguish or differentiate among candidate diseases based on when

a symptom occurs in the patient. or on how the symptom varies over time in the patient. The

)
n

author can use the actual symptom time variations to assign extra diagnostic weights to a disease.
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-35 5 AUG 2004 WD 01/61616 PCT/ US01/ 04907 (4) selects the onset synergy

wei ght that corresponds to the actual slope. (5) adds the ?e?eg gd set
synergy weight to the disease score. The nature of the onse an o; set)
of a synpbensiemn convey great diagnostic information. PCRUSIEND] e, a
headache that starts suddenly and is very severe has nore chance of being a

sub- 5 arachnoi d_hepor.r hage .t.h a severe .headache. t hat cones on _gradually.
I n vascul ar &éﬂf@egﬁéﬁ'ﬁ °§“ﬁ3‘g’c’5?'b°|%éﬁ é’ftﬁ‘fcé? Bt Hme 6}‘eﬁ"(‘cjj'ﬁ“spé?mSo‘?““fc)‘lai nis
very sudii@thankh @l hélf diakrivee fheqragenaf Tais|durperf@ing tahy gthsremasmdred dimwosias ti me
will be nearly vertical. The sudden onset of vomting and diarrhea in Staph
food pd'"8¥Fng contrasts to other causes of gastroenteritis and food
poi soni ng. 64. OnsehiDisatantivansvneyyer gy 10 I n one enbodi nent of the
invention, the onset .(or affset) .trend’ - et her the
syrrp{}om cur v&" g1 ?“ﬁ’ﬁ "M ?tr?gthﬁo’%%n?"éo s?%oé’g%x a@“r‘%ﬁ%ﬁ@n%@ggéi J’%n ?sYV?i sing (or
f al | i ng)weight @ a diseass fagiven srepranr exhibitaonsetred/satfand vpedbemensi. de PRte. Thi s
is referred to “li exno =1 R i.Ngtile Liption is
for onse°t4lr T ?egﬁrbuaég/fsﬁer(’ 53?‘9’59‘2"‘."#%‘%“‘%&%%‘ S{ar%%%a%‘g‘%":“g?“t oT?h%ﬂ%'ﬁﬁer in
whi ch a deseriprion s fenaiser amplysis synetglf 8 similarsiessriptipe gpriiss Piofiwe! analyes ®ETBYBr speci fi es
for eaCh dl S%@é&gfﬁn(lﬂ’ll tﬁet}@ﬁptgut%r\éﬁ&iﬁygpéagmi&a&nset' S curve trend iS to be
synergy wei ght ed,” 2) the onset trend threshold(s) to be used for
sel et i ng t h&)#prregivep symptemis onseyiglo belgenesay wsieied-wei ght s to be added
dependi ng on 4B ohdeffbs Bfa: 420 Be S Rlscitdt QR syhbref Whgiltl MB, 1N the phase where
the systemis adding synergy weights to candidate 20 diseases, the system
(1) detects ﬂiﬁle5&‘“@\?‘@%“@%“8@%“‘8%%&°“t"i'eé%‘?EF‘P@e'to be synergy wei ght ed.
© ) (2) obtains hheuwdghsah :&n?ﬁke WheBdhd Ssielnhe BYRP byterey (WRighBsoispandisad he act ual
onset trend to the pre-defined trend threshold(s). (4) selects the onset
syner gy Hasghte 5™ corresponds to the actual trend. 25 (5) adds the
sel get ed onsat daaaarfy ghei FhiprotrGs dnkeeisde Bapsaryse@hed, The shape of the onset
(and offset) rve of a tom.can _convey diagnostic information. In one
enbodi ment , fz‘lig Iﬂpségﬁ%gl‘?f%’@g?g?}é%ﬁ'ﬁ5%?[%’"‘%nge- Kutta curve-fitting
al gori t hm t o(3i) ckewtaief the aduied ofsetpepead the predefinghdes. consi derati on. O her
al gorithnms a i . i fset Symmetry Synergy
30 I'n one en{i"gﬁ?e%rrg%}e og?ei)%;ﬂ%{.%; ﬁé\}gﬁﬁag%%%ﬁg%{o/%?%{‘%eym*retry syner gy
assi gns ext r &) addi thg slested onsgidyptrey Weight inghahissese seofrd of f set curves (or sl ope
if thge relat ‘_F\Q@é\la‘r?lei Sf this @ﬁﬁfgx afYf asFolBWY-EN uRKHRIoRIA] @?ﬁhj)xmli? ofledimipdr symmet ry
characteristics. At design tife, the script author specities for each
di sease Paip Icoticy 3t they syiering” somphusrtie 39882t and of fsets are to be wei ghted

for symetrys 35fLdolResiBR YElsr S that define various symetry

rel ationshi ps. - : .
pln one embodiment of the invention. onset/offset slope synergy adds extra diagnostic

weight to a disease if a given symptom begins and rises to a maximum in a defined manner. The
) 25  following description is for onser synergy: a similtar description applies to the manner in which a

symptom ends. or its affser.

At design time, the script author specifies for each disease:

(1) that a given symptom’s onset is to be synergy weighted,

(2) the onset slope threshold(s) 10 be used for selecting the synergy weight,

30 (3) the syneray weights to be added depending on the magnitude of the onset slope.

At run time. in the phase where the system is adding synergy weights to candidate
diseases. the system:

(1) detects that a given symptom’s onset is to be synergy weighted.

(2) obains the actual onset slope for the symptom,

35 (3) compares the actual onset slope to the pre-defined slope threshold(s).
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WO 01/61616 AUG 2004 PCT/USQO /04907 (3) the synergy weights to be added
for a given symmetry relationship. At run tine. in the phase whér8Ubh2004
systemis addi ng synergy weights to candidate diseases, the system (1)
detect s tWwatoiaiégs ven synptont's onset/of fset synmmetry i BCT/AUSGI@4®yner gy

wei ghted, 5 (2) obtains the actual onset and offset slopes and trends for

the synmptom ( onverts the actyal slopes .and trends into pre-defined
symetry para i%&?sgle(’?fftsg%ef%’c"feéglﬁfﬁ%mg? fV"Wﬁté*?'éé’P?/\ei ght that
corresponds t as)ddds taeseteated clattaynefdy weiztils ticlddemeicort ed wei ght to the di sease

score. Onset d offs S try is.inportant in maki several dj agnoses.
. For exanpl e. \?ﬁ’éﬂ“ﬁm 0%3 %’éfq}?ag‘ﬂto}%ﬁegsofgs i "s??‘B’ﬁ%g?ﬁQ?*g%%%‘ég"’]’ﬂPa- t he
ureter (the ekanipd:, & bendabé thagstdriacudderdnand it Oery bsvere hhatere chancd Hcbera tai setnt :

experignces the sudden onset of very severe (an ol.i ck pain. I.n
- a0 1%on, il heRR oRR S e SneEh uSCtR ot BBl 50 S

f r equent | ymylicgrdippetarcsomn the ouseichE paiy isagryistdder; ghatis.obe sidpe ofd lingtploBing kévietiyant
Synpt om (Jiﬁ@ tim¥ WA 9%/ Eé% VB e TRIBAGLTERE PlvohfiGe LY %Qrtrige‘% " sIa};rr. 3dod
significant synptom Synergy assigns extra di agnostic werght to a
di sease iHoispiring qoawrdsts it otker FESs whgasteatentis| and foodpoipomei bl e FS...; for the

di sease. Thig Syn@n%&ﬁ&&?&tﬁvi ﬂg script author's real-world experience
as to which synpto ) g 1 first ones noticed by a patient. At
scri ptdi ng ti mén ong egibadimens o the jipyentignt thiopnset ersafiset) Hreadeef| aajymiptogt refsfs 19y npt ons

that a pafie@Bline SehpndbivedPlhhiGiind dolint bs 1in@R e R8RAMEAL &S, RindRbOAinNik B each
synptom For exanple. for Appendicitis: _Anorexia 50 Nausea 30 " Epigastric
- Pain 10 Z8sEft RigRT ey M“’qﬁlnﬁﬂéeﬁ%iﬂéfﬂ‘e- rEWo'F f%efteﬁéaas!\'lau@ear %ﬁ%“et“!"?é first
)synpt om she fgMbwing dederipiieR forloR@r tr&M SHRABYW dithil A Akc3RioR LAMROS AL RL LS tO the
di agnosi s of Appendicitis (and simlarly add sone weight to all other
di seases “HfAE SEPRP RUYGOBE P!t heir FSS tables). The key is that we use the
i nf origat i on t hadesighempaticiaBhbr spafiedfob RRE kdate: Synptom first to advance those
di agnoses t hah pat ch the lJoat_.i ent, We al ready added points to the di sease
for just 30 HAVAHREYASEHSTLPBHS SHIG T '9de SPeenvieght for it being
first. That' s(2)the omeaxrehdiyresiioldc3 beyaddorgylectByg tibisyastoly arRBLIS Synergv | n one
enbodi ment of [ i i eous er ssi gns_extra di agnostic
weight to a gzﬁgf%'gptéga%@ggs?ggﬁéb {’e%g"d(’)"ri‘ oﬁg'?éem'éc?gﬁtfes‘m%y%ﬁ‘f%rrs are present
in the patienft pwpetime igithecphatej where 88 gysler gel addi®y synerlgy A@EhB00O4candidate
20 diseases, the system:
(1) detects that a given symptoms onset trend is to be synergy weighted.
{2} obtains the actual onset trend for the symptom.
(3) compares the actual onset trend to the pre-defined trend threshold(s),
{4) seiects the onset synergy weight that corresponds to the actual trend.
) 25 (5) adds the selected onset synergy weight to the disease score.
The shape of the onset (and offset) curve of a symptom can convey diagnostic information.
In one embodiment, the diagnostic system uses a Runge-Kutta curve-fitting algorithm 1o identifv

the type of curve under consideration. Other algorithms are used in other embodiments.

7. Onset/Offset Symmetrv Svnerov

30 In one embodiment of the invention. onset/offset svmmetry svnersy assigns extra
diagnostic weight if the onset and offset curves (or slope if the relationship is linear) of 2 given
symptom exhibit defined symmetry characteristics. |

At design time, the script author speciﬁeé for each disease:
(1) that a given symptom’s onset and offsets are to be weighted for symmetry,

35 (2) the parameters that define various symmetry relationships.
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WO 01/61616 PCT/ US01/ 04907 At design tine, for each disease, the scri pt

aut hor can define any nunber of special synptom conbinati Onie? an
associ at ed di agnostic weight that should be added to the se score |f
t he conbwuadiieodiei s present. The di sease author nmay useP@I/Gsmtwg%Zhart to
appreciate the sinultaneous, sequential and overl apping synergies. 5 At

run tinme, for each di seas the tem (1 rac e synptons actually
present in thé&) ﬁ'&tsy‘egfﬁ"weg; ! g@ﬁl ‘Ffe@sg“f':;” féatlff ?rll’f Fed synptom

combi nation i stpiesAAL in m«ahm iwhers Qhe sysin &diﬁﬁmg henegysediptat edcandidght to t he
score of the disease. Sinultaneous Synergy can be used very effectively by
a script 45%% e s @ascri be a di sease 10 in terns of syndrone, and to
characteri ze hg\detvc&nhﬂugws«y@d.mﬁmnmbmek buinetry & t¢ bessytkirgyewesghted] 0.

Sequenm ng Sy enbod t, of th e t| on equenci ng syner gy
assi gns extranzg %‘ﬁ%‘gf’i’%"a{/\%’feﬁﬁ'{d({?gs'a?p%sé’H gﬂ’a?%ér%} e §°é1§|f two or nore of
its synptons &heonyeresipricainiopésandadndeinto pradeingdmyombincparaniegers, 15 sequence. At
design tine, di seas iz;ne any nunber of
speci al syrrpE n%l%cgq%esﬁrg'elgws "Ftr‘%'?hg ggﬁag{m |aéc'ﬁi£%é}ugle&c\7\‘el ghts to be added
to the di seasea)sdxi@tlesclécter-‘helghpathedntasesmreb| ts the synptons in the specified
order. At runOMepEld off&{ syﬁ'ﬁrft gluﬁ ﬁtm Fnla? ?%%érﬁ aur?oQ (Hureg%;ﬁplu’h%ﬁs an
absolute start tine ever v racks r’retoms actual ly
preselifit ipatieph kaspakideeytstone AR p@eqseelpsthq flrewnythambhcypﬂr@eﬂlsﬁéﬁ idegyuleriee i s
present. b‘aﬂAer)dﬁit: ﬁﬁtfghgﬁﬁerl\éﬁ% m@"sucfdmaoﬁéfrgﬁlg'g%@e?arﬂrcmwpa‘nn ih Besidyne- def i ned
time order. I appropriate. adds the Sequence weight to the score of
the di seaden ‘*‘25‘0‘51P355€§/@¥°I‘E5p‘ﬁi’4‘i5" e Reip YRt Siie e dPRRER (s BT thvent i on.
Yover | appiche &ynergy assigns extra diagnostic weight to a candidate disease
if two or nore of its syrrptoms are present in the patient at the sane tine
for a specifded JHhdy pptomg 3SEYn tine. for each disease, the
aut has can defnldaeerawmuunrﬂM{e nﬁifemﬁﬁem’statgnﬂmenkmxonsysptﬂmrgwﬁimatmns an

overlap threshol d- and,a di.agnostigc e .adde

di sease SRBIES Yeighh i adisepe ﬁﬁ%%‘ﬁ?‘ﬁ&pggﬁé‘ﬁ’s eﬂ %1;5’ S l:g)t |f°r§g'gl éjsreasﬁ’t | east
t he speciThisedeifei refisdithélscriptiambor’s3al-Aorld expetierness 1é whlcleswimomsmasebe thehe
system tracks, .the s tons actually present in the patient, -38 ~ - 5
e 5004 Tgseh IR ES B SRRH Dso 04907

At scripting time, a disease script author creates a special list of symptoms that a patient

20  might notice first, and associates a weight with each symptom. For example. for Appendicitis:
Anorexia 50
Nausea 30
Epigastric Pain 10
25 At run time, if the patient reports that Nausea was the first symptom she or he noticed. the
system will add 30 diagnostic points to the diagnosis of Appendicitis (and similarly add some
weight to all other diseases that show Nausea in their FSS tables).
The key is that we use the information that the patient has a specific symptom first to
advance those diagnoses that match the patient. We already added points to the disease for just
30  having this symptom: now we add extra weight for it being first. That’s the meaning of FSS
synergy.

9, Simultaneous Svnergv

In one embodiment of the invention. simultaneous synersy assigns extra diagnostic weight
to a candidate disease if two or more of its symptoms are present in the patient over a given time

35  period.
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(2) detects if any author-defined overl apping synptons are present, (3)
conputes for how |l ong the synptons overlapped in tinme, (4) ChFCESAUG Tilod
actual overlap neets or exceeds the specified overlap threshold (5) if
appl i cablwpg ofglés t he specified overlap weight to the scereEUSin4bE di sease.
5 12. Integral (Area) Synergy In one enbodiment of the invention, integral
synergy assigns extra di agnostl c weight for the ot al unt of a,synptom
over a speci fi“bﬁeslgi“rfﬁnepé‘f"l B3eh ’A"t"sedé'?l BriPtauther c4nnds ’H‘Euf”%?“% fyrigecial
di agnost ispmpéth GMmi‘:z@knst Jsaweamwntasgbfzzaﬁd ﬁ)ﬁﬁi’ﬁfsﬁdﬂv&ubﬁtlba’i spauld aeniddkuam theport ed
over a time interyal ryn tinme, the sys ém%tra k?..%: ms;chart of
- the synpfBmssPadhe iozybmewwas"& e Pispti 206" TYE B SRV °(*‘?’P"’°“
i nt egr at @ sinliRareyRDieqitnGdl andevedphMESMerkled ti N points, and (3) if
appropriate. adds_an area\ﬁs nergey wei ght to the disease score. The anmount
of a sSynpt om OVETUPF ¥ e é%asfﬁ or HEPi on regar di ng bi ol ogi cal and cheni cal
body functi ong)adtis thefamipicadactumivipedsent innhefpatient. have di agnostic val ue. An
exanple is th nmount of ain a patient sufe etyween two points in
Sy The'i nt GYFIPR O Eryprastaf SRepf o rfiatel by ST 4T, A7)
recogni ze t ho(seadpaﬂmb enbcatddhaighcamhelsemedfithe diseasn st rong anal gesi cs. for
exarrple ition.to d|a 03| | for
b nanagemesi ot S Stk AR S ven| el B AT i L GG A DE SRS 1
do noe, indems bfsyndrivesresl w elarasrirdedi viagous syndmiiegcanitibgesthediseasy.  DESCRI PTI ONS
OF THE DRAW NGS The software described by the followng drawngs is
executed on a structure-based engine of 20 a nedi cal diagnostic and
treat nent advitce SgsvencinsSlergsys described in Applicant's U S. Patent No.

)5 935. 060. Ong osdadliiRRtiof BE ifemtioh. QG&UE’&%QQ%@Q 2SSk Beraldied 3 Jdighk idbased
engi ne. but other enbodinents may be inplemented, Referring now to Figure

1, one enbBdidsiedipest favelPagaGf e SY’BB?)'“Sp%S‘F piegrAt inghe BRient RBJEPEH Ui agnosti ¢
and 14 eal.hRpte. advi ce (MDATA) system that may include a List-Based Engine

(system). 25 will he described in terns of its functlons
Note that tre¥tdrast "RePLer-hdifeast Rpbrahaty "&m{;? %‘ea“ W&Wi Petifle

di agnOStdyﬁxpﬁ:Elm@lIen&E Wikt &scﬁgasédemﬂh&ut heizheitd bd addidd 1c0fhe thensé seenfilen. Each
function_i.s f@rth describ associ ated fi gure. Wien the system

starts, PAeRENpS e symgoms g ?ﬁé?ec' it ?rqfl ne data preparation program has
prepared a suithabing. tatabdsesofhenystncal di agnostic data in the form of

di segse and )gﬁ%ag%‘esfgga,gg)m %”Q‘"m%ewﬁu respectlvely and has assi gned

di agnostic specitic synptomv es for each di sease, and to
speci al corrbl(ﬁaltai:k;nly sympomeririeprewsht is thepatsnt val ues (called "synergies").

When a pati eng)dgt\égglfgp‘yauﬁ,gpmeggg&eg%q;ﬁgg\s,sﬁl a a data conmuni cations. networKk
such as the Internet) presents a nedical conplaint to the MDATA systemto

be di agnosed.(4)dpgrmings sxhethgrither sympipas pre pigwat 'aF"IE Pesrdefipgd tmglogdfant  di sease

obj ects fromgytis, ?@ba@aa&smqe@a&embmso b et AUR dReas89 - 5 AUG 2004 WO
01/61616 PCT/ USOf 04907 candi date di sease list. The systemthen uses the

'_) di agiostic | oop to devel op a diagnostic profile of the candi date disease

list. 11.  Overlapping Svnergy
In one embodiment of the invention. overlapping svnergy assigns extra diagnostic weight

to a candidate disease it two or more of its symptoms are present in the patient at the same time for
a specified amount of time,

30 Al design time. for each disease. the author can define anv number of special overlap
symptom combinations. an overlap threshold. and a diagnostic weight that should be added to the
disease score if the symptom combinations overlapped in time for at leasi the specified threshold

time.
At run time. for each disease, the svstem:

35 (1) tracks the symptoms actuaily present in the patient,



I nsi de the diagnostic |oop. the systemselects a current disease and
synptom to pursue. Then the system obtains the value of the gy%'rp‘& \;’6{}?5
the current patient. calculates the weights 5 associated w tlh h ,
and updatvegoeisiersscores of all affected candi date di seageEI/usior/ksthe wei ghts.
The updated scores are then used to re rank the diseases and to sel ect the
di sease and %Wtom etl giug in the next iteration. In this manner.
as the |oop co Rekdf g ayHoppefingd oYHiaPPIE SUTRIRISAS 8™ a di agnosti ¢

profil e of them:amdmdﬁtoemdllsmhe@nfpmstobmammmemtc patient. The | oop can be
interrupted at hethen cu tlc file exam ned
in order to adi 4?1”5}% ]'{S)Fh}léhefﬁmgy%?é%"ﬁ%?mex eéeésslﬁa dﬁe§9¥er %%hrets'géaol oop, or to
term nat e the (5pibpppliceblegiss thespecifiéd dvbdapeveithob thelsere df depliseae.di agnosti
report5 IS prepﬁred t hat rizes the actions taken and the results
conput®ed. The “di ad—ﬁ@%@'—@%’% begins at state 102. where prior
processi ng i s lassueewdingnihdvie ivwntdn, intdgead symergh pssizncoxrp dagrestid weight ler cur r ent
pati ent eter Sfunction
150, e Do drBRAEL bl e o 3E1Ba Like BRIT A€ aBi e, o Mbibeliher ost T
| oop.  15diganostinwsighifacths amrpuntdfe syymole thabcRpuient B35 rengrigslaver a sremiptegralhAtneeded,
creates repiefle ARy Eac e Gl ch@6r RELynpl VAR €32 Qb the kdtdit i al

val ues based on the current options. [imits. and di agnostic. Fgoals. The
syst el alsyBPrierestles (ig- | ipegratesf thgj YaRwEs cyryrdtbepyeen fWp Hwe yrods. 23d t kB ifniti al

candi dat %p&%atgb@ggpﬁb&yné}@w,m[mtt&J,gé%fséogm 120. the system sel ects one
di sease fromthe |ist of candi date di seases: This di sease becones the

_ current focus WF aBeunbof 3 symplom;qyer ypesgiys dnfergiatioRpeering bigjeairabindichenicp! pe
) eval uat ethodMamiridgs 2a réaBridntlRhicdhOR tdrd Ghavd diR:n6yis VAR, 36| RehSe RAR: MmbiRtadmM from

the list of synptons sQciated with the current disease. This synptom
becomes (RE LEPPUES FIEEY FEYARY B OEHE Bl (IS0BEET MR SRR BFIPS T Moui ng

to funsct isgmexﬂékﬁomztthﬂlysycsgrmmmabamaﬁtemattchebaaemfnemtstrmgrrpilms forlekenpiat | ent by
?r;.lt L:glatellrgg%P tion 10 %{ah?{)is% r%ﬁsps'l g)?\%%?g:(la qtg alls( Ee IPSE(; l(;?ll:e 935 ml'lt:ts.a\I nr?eélltaloglg.%ua% tdetﬂf grences.

i nvol vi nghast MIemsyhtmedﬂpaﬂahnmeQr dd\npwdvgllfb'@eﬁlms asoncdirii@arcbtipemdy@tcem updat es
25 all candidate diseaseg R DNQ%FCHIE \ tomw th the new synptom
val ue obtai negpj &ﬁtwagéstl%ab UolVhRE Bidwings it L0Cotdd BAa R %wre Jag'ed%y&rte%m updat es
all working lists and records wth néw values- scores, and di agnoses.

Movi i§ t @ Medisetdiagpostigand ‘Fﬁ@e@%‘t*@rﬁyﬁ@w'@w ‘%EPF@bWr'bQP@wf@fU% RateriiNegnosi s to
deci de Whaiheso. aRRAL Rebodih&k BF i208ruBiirel i@ d Ain@GN ASThE Gisl AR dngink ERIKIkiRH.
Proceeding to a decision state 172, the systemtests whether the

di agnost i€RPPEBEIS BaxX kS IBRIEPDEH nated e.-.. by user direct ion. | t not. the
30 system rmvaneI-rﬁ.gi;unrotlr.gme 1260 bBodanGI rardidgh@iielbbOpdrtioati @6/ Gedical he

syst em noyes funct re th st.em saves_a ri ate val ues
conput edsrasticerd st pedce s AT st fp S Ses 2 BRRBPEF PR AT T Lot ur es
and abj el be depuiiitred 6h feows df e ndgcagmst:h:cfuhamps mmﬁmnwangmaatdwsé ah;e bl 82. the
SYSt oM L RbR PoVi B Ol 1 L AO0RSH 10T SSUb L RETBLLLAR. MOMG0 Fi our e
will be dﬁesdnmdueldlsﬂﬁuﬂdtspmdwmammmméﬁgmhe conput er resour ces and sets up
the data -40 200 : P ] tur ded for
t he di agnosti lg/l} I(1)_(§p 10 E%ﬁ?ﬁ?%é%&@%%g%ﬁﬁ;ﬁﬁ?n%ﬁ?;h?%&%é%g {giéﬁ%grﬂ?sﬁl |y
adapt i ve prepaed gssuigaiei datshase of medigalndizanostindet db itheefompef duensaresdosy oy uct ur es
to pr39pa'6§f|eéte,o DAY HEERS r@ﬂ)ectilvay afhd !%pla?s?g‘hecp@é St m@qh%rgpcc:ﬁchgxﬁlpgﬁe paration

includes t'he creation of various objects. Each object
values for each disease. and to special combinations or sequences of svmplom values (called

U

"svnergies”). When a patient {who may access the system via a data communications network
such as the internet) presents a medical complaint to the MDATA system to be diagnosed. the

system first retrieves all of the relevant disease objects from its database and assembles them into a



an initialization function that allows the the object to initialize itself

as needed. 5 Function 110 begins with entry state 202, where a=chidiG 2004

conpl aint and a diagnostic node have been est abl i shed by prior processing.

The chi e{y d:,ﬁ 8Nt Will be used in state 212 to retri gegusesmory at ed

di seases. e d| agnostic node will be used throughout function i 10 to

control detail processing. Mwing to state 204, function 110 initializes

the HAI / endidpro diseaslisai Theeysiemhempseshe diagnogticdpen th devsior piiaeposinpielisd e

desired far,lifiks 4REEL AL on of the diagnostic loop. In HAl node, the 10

systemw I'l consider all of the candi date di seases to select the next focus
. synptom in \insidaiheaiagnasiic loans shecsybtom |seleqis CyT digsaes A SYMRIPM LY BRFhs of the

current fpoURe dkiSfddRins ¥RWARE of e HinHidin &P he dubate fphifeRr, 2iELtiddithe atipmes the
Al ternative Synmptom node to either permt_ or_inhibift al(sernatl € syrrptom

- val uafi opssocipadevitli Bgt wier AR ymdetey Pi‘atsF‘V%‘ ofy b eGrier e 58S PAY Mt hi s

oper at i OQehts.t R shadeNQdtek Qreltmn.sedl ib réhahe maangeu;es awmkam ﬂardese@e raAd t t ed.
the systemw | later 15 accept al teF native val
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where the system saves appropriate values computed in the diagnostic loop and destroys ail
temporary data structures and objects required for the diagnostic loop. Continuing at state 182. the
system returns a report of the diagnostic results.

Referring now to Figure 2. the Set-up Diagnostic Loop function 110 previously shown in

35  Figure | will be described. Function 110 acquires the computer resources and sets up the data
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detailed processing as sorting. searching. and selecting subsets of diseases and symptoms are
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35  candidates for diagnosis. Function 120 selects one of these candidate diseases to become the current
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130 noves to st
30  decision state 418, the current diagnostic mode is otherwise. function 120 moves to a decision state

422, At deciston state 422, if the diagnostic mode is to select the candidate disease using some other
criterion such as time profile matching or direct patient input. function 120 moves to state 424. which
uses some other criterion in a similar manner to select the disease and then moves to state 432. But if,
at decision state 422, there are no more criteria 10 be used, function 120 moves to state 426, applies

35  thedefault rule that may simply select the next eligible candidate disease and then moves to state 432,
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. sel ect tdratilienwitheqioces; that Bhed frasien 128rin 4s RBVEond & S Figueilsi on  state 530. A

deci si on st aRefe@a@ nowfto tHigure B HRNPickd CagdR0 Stk oM ORlsGbN U3 (G ek klat aSsynpt ons
are to be sel cted at. random function 130 rmées to statﬁ15 | ects the

next Ssy PRSP 8t 7 SHTEBHTPTF BivTaeHia beomp e IExt GrrEabOgus YRR Y bf?%ﬂf" d then
nmoves t GiefeCihtlfydteflerdntnds it . lisf byrmftomsif tHe @ Griehit fous Aiseds€and Bbks varld@s critdile 1S not

to sel ect rand to function ves to state | ects the
next el FTBFInt) BRI i PRPET: PiERea i 8 S5t S BB Y FOFRnd ¢ hon
NDVeES t gherdidondistic mb&tvethaﬂefueasﬁ&ys&mair@at&mcffonf \umat da e 230evedih urmmmberdE cur r ent
focus s alterpative.s rocess t hat
cal l ed %ngcstulmognsaw?ﬁ%m"o % ?yfngp §°r “PiEhe elv(%l’l]'e Tif(f’l pyyl'—t)eeg"u‘(r’)be # b SFEHT i ng now
t o RAitgudBedse, ot heyrfiiabraltlwt Bysngptio spetiallylidentifiac by e adtid, ommswlptoavaitiuaigbs t he
current focus syr =R ' 3, SPSEL v urred or
exi st ed d'zza’ o n"Z':Y%m? meor{e ltlarl]%tlﬁ(gsqégpéptﬁ&g%%e.m \?\Ap‘i’"iq ée"(é"z:lé}'{sjl?:yr B’E"g%afé\%%?hl S poi nt
in the Highgemusanakity heyerpdistabrs. @y@tfmim:é’r%@lselm@d smmm methis mposu g Y npt om and
)ITUS'[ no‘é\‘sg&te ankyr]#pt(?rﬁs% aYﬁnggeeMde&mas a'c(!;Flalgleit Juﬁﬁr pati ent Synpt om
val ues can be si ‘2 ., patient |sasrm talled (g
patient has &"‘SE‘PWé?a'?e‘"“zwﬁhé'kS'FEI’&V'CSS%R‘I“PFQ3 cmegt 9?1’951'5336%13&'@5"@ ftehe sinpl e

NUMQEr S Y 1hs m%%usﬂ{oup&@l% HLEHRLES syn Y ﬁ§ a Qe FREASMplomTBhé NES
(see, for exanple. Figure 28). 30 Function 140 rmust now sél ect ei ther the

cur r ent PEYRY AT Groreghernasive symptogseiginy yereyeesifi C%Mdhftwgﬁr TopePPM 998 %% 5| ue in
the pat kédddted adingSpe 6f thing rﬁlém.chlrmetmemwnemn 6 AGAEEE nbdeBARInRI AM tS the
use of  alterna {) ﬁ'n“ %NFE P g’e current focus synptom has an

al ter naF‘?‘\f&’“é‘?‘ﬁ% o Fpetead 34 E chgck s °”B°é“e‘ﬁe@VéY'B%‘E“éH*‘Pﬂ@P#‘PHEC%"Ue of that
al t er natiisase: tB:;tﬂiﬁ)IeOiEﬂ yasbuae@hlﬂtedmal& cubteitt faight. fligot hﬁdfuoﬁ\lﬁﬂ wandes @state The tine
sav%i b 6th|"§h %ya su{z‘igllngon shorlé;f l| ) tﬂﬂ,? basu% reason for the uge of
altérnative syr O/ XY SRS %'%T’Gg B Ale g 7el'j§fﬁf‘6'4 87 How t he
val ue |tf:saeﬂéc:snossvabt5a4 thet iscke [rash ds ebgible Rensgmitnotinnti 89 mgveemlclacat:etkmd can use
many diddf erent nethods such as review ng the patient's nedical record.
asking t e on-line patient direct questions, drawi ng | ogical inferences
from ot her shsepsicomag a8 jeegins the aeiupl prigchennip sxmpitons riEhe diagndstix agia khat i g mul as,

using spae| Qleh Yhe%ﬁ%(:@ﬂoﬂ QS dpBdk QP :mp‘P&’cﬁn@ ohmvrggmﬁb.ﬁ sB&hibeRles BET f orm

sel f exam nati ons. hese different evadluation'téec ues are descri bed
) her &5 cofmwesiz; whish ycawe &'W‘&F‘hh!t @Ferpal (PERCEBE O FYAERl BRreT40HEYP Y R h t he

entry stabRinRAL sondEhPromh LHEhAN e Al WAl BeaSPreandn SYNTLOMr 2RAYSePEEN
sel ected by prior processing. Mving to a decision state 604.  function 140

first ct -2 (iseeptran 'daw'fé%éwamaée%va%nwglsawa%féaav'ss%waﬁs Riaer- i i ng this
SEeSSi ONfocRBYMARPE rdlincd 6 Ra9 | J1kn HuSRASE of 2B m ST Paclse 8L dlh@s Alch/bmat i ve

SYTPUOM oot 15 STt S0 o QSR SHIRShPAE SN L AndBh VD el MR
30  the disease has symptoms that must be evaiuated before other symptoms of that disease. Such
symptoms serve to quickly eliminate a disease that does not meet basic criteria. H the disease has
such initializing symptoms, function 130 moves 1o a decision state 510. At decision state 310, if all
of the initial symptoms have been evaluated. function 130 moves to a decision state 316. But if. at

decision state 510. there are any unevaluated initial svmptoms. function 130 moves 1o state 512,

35  selectsthe next initial symptom as focus symptom and moves to return state 514. Moving to decision
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10 140 noves to state 606 to return that val ue: otherw se, function 140

moves to a decision state 608. At decision state 608, functi qn awglmggs

whet her the current synptom already has a value in the patient's nedical

record- Wwommeisié uncti on 140 noves to state 606 to ret uPETAUBUI4%E| ue:

ot herwi se, function 140 noves to a deci sion state 609. At decision state

609. if the rrent s om has Lnaj B4.0 permts

Chei r usamerfial PoseitbRRaTes Hage PHEET Blbite TR O AR ciuliRR:

funct i on wkikhx, fobsties li&)n@edm(staslﬂs Selecqthd ymBHLA, w:;&tthedemssd:mossm atighidid). if the

current s tom CGEPLA | t f glt; ford WL UNCt i on
. 140 ski pg}é’%l’?ﬁtélp%\%/ea o ?i’to'ﬁ Hhc s'g%%ﬁerﬁgﬂﬂﬁl\é%ﬁ%{ggﬁ%%g anteﬂgt time t

f rom st atapgettiveight, ftmom B0 rstvas ® HOBision staeridh.s At degirami st 32A0fupgiipe d3Q o

deci sion st at it sbREwAADCHIE Ul doRiBinBidAESSS Of

eval Ug.tl ngorf'ﬁ'gdag%%’rm Sq‘%%raépﬁlg%l&gbé%[? er mpﬁi;yn dpaﬁgo &T uat gr type of the

current ssaageomif the cvmn dagmwmoqeyghcates that @Iawéexmmmatﬂr tonbe copsigessdi on 140

moves tog dfn&%t;;@nm@?s% E&eg% LRSS nlons AR R be@nfiRttdiSAbetiolibEh 1S

descri be ure hen noves 't0 state 606. But if. at decision

state 61210V6tsrﬁest39'a‘3|2éat or type is a mathematical formula. function 140 noves

to function 630,fRkn Qe ﬂ@t |'fﬂﬂre |.h§syfncﬁdmueﬁleﬁM@Bﬂeh@t@l)ﬂeﬁlalﬁt&l&?ﬁp& and
t hen noves to state 606. i f deci sion state , the valuator type is

a tabPe fuserionp30 meise tostie 5;35 Py gateiRfelingtign 4 Hfselesomsygptym that sgelpted o thhe val ue

in a tab})r@v|6ﬂﬂ§Cth:}9¢%de1ﬂ?orEhﬁlﬁ&e§)> retmtémnamﬁsecmbn sGile3LE HeRGs noBUt i f .
at decision state 612. the sy tomv lue is basedagél anal cpectrum

of t er meelatqdSHRRIPBfuRcHEn PHJE%"ET'BSF’ffr?C?l Bhdssisien tye ffdl?erﬁ“%/'ﬁ'é gp’&?‘f rum of
Jterns anabaﬁhéca&ednaabhabmsaewakue:,snderwdthazbreleﬁ;.ed@cs&muhedmwbnﬁmgm&s9, Then
" function 149 noves .to state g y i daé on stat 4@thhe
val uat or Sf1§>% “ES‘ﬁ{!'eB‘E‘h%f"Pf%' atis eﬁ%‘hs“% a!ﬂ?é?a © °r¥§s ‘%F"b“f’i 1% Tat ¢l ng
(Fi gus e 28} decfsionaxbte 616, tBé)mME)ndtmselsmtheesteaEﬁn;ﬁrﬁlﬂ ﬂtnonanlm)k@es thateciskinuat or and
obtalnava e I n_a.si ate 606
to returi°t h%b c’%erre %'?I'fm WF %Oémrﬁgenglhb?t Eg&ls ucgp oglg kn?%#gs]lﬁgwgm '%{&?soatr%) Zt}ecal lin__
_process sekakd htnv@kedfunﬁmn@h&mw@ﬂ@ staterf 3@ fstleqts the eexf symetomow rapdan Gemliegure 1.
Ref erring, Qv Re Lyl 1t arrdhﬁ‘en%..sst:b &mn}@tyﬁuo Buf m%ecgram 62 s30MleCh 1S
part of a question” valuator object. wl descri bed. A question val uator
obj ect otleat Al 1o selseh randamy BYTERLT functiopg 30 ﬂwes 1gsjate S§4- priccHiPeOe §liglepat i ent
one 8f NRrdtiesht the BsrentldiseBR sfnlRontl iR &ld tRRASovesito KRS 1R 6140TARIeS 110de - 46 5
AUG 2004 WO 01/61616 PCT/ US01/ 04907 objects that are rogramred by the
script af¢PHior 1307eues s Avreeat @c'iﬁnslf'PP‘?’ﬁ@“‘f)%ﬂﬁ"éﬁf“"F YRS ! ﬁ%t%?’d bePPsTguage,

usi ng apRaRMled AfntridnN 4. rnwkttm:ncnd:ehmaﬂhgms expl anati ons, questl ons. and

response choices. The ons elected b h t .Is enc d as a
synpt om val uetSTang fop;t Eet @'i”ﬁ' évT’&oT&éf“e g“ﬁ?f"@r’?(gfw“fcﬁﬁca[hfa%ﬁ 20. 5
Funct i oncuerefl flxegsyiptoni. teh eﬁﬁﬁli‘sbbsshp&tlﬁc M;hamarred biisedistrsend ihooushedi sease.
synptom _and ects ‘have.be bl ish essi ng

J)and ate H'VE anﬂge %eﬁcr{gfdu%‘g%h'%wm Eﬁhﬁéj ar’r(')‘%pcég - \s/\t/%"ﬁ'?('as’sS f\'/c(t)ns ?ﬁeé‘p‘%%gl i ne
pati ent dyepoiot il must norldeterniiog itstvalme giysapt ome ain tlscmﬂmt paventt Syrfiyem myjueso st at e
706. fungtion gb g ; NAde, 0P 86H Sy snbkigt  Of
nodes | i s S'mﬁ%gj"h pta{'én?'\é%?m%é)ﬁ)gg&og@%b ' m‘R OV ﬁgart olLast ate 708- functi-on
620 di sph:ayrs') vaiv;esn@mesm&e-umhm@hymqudwmm@h%phom@r digeagaitpelineguest i on,
to the pald gPlampR\Wif%k kP @ decision state 710. if there is no response

a

within
_aO Function 140 must now select either the current symptom or one of its alternatives, and then

obtain its value in the patient at specific times. If the current diagnostic mode permits the use of
alternative svmptoms. and the current focus symptom has an alternative symptom that has already
been evaiuated. then the value of that alternative symptom is used at once, without further evaluation.

The time saved by this evaluation shortcut is the basic reason for the use of alternative symptoms.
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prescribed time. function 620 noves to return state 712 and returns a
signal that the question object has tinmed out. But if, at decision state
710, function 620 obtains a response fromthe patient, the fungthpg pwMes
to a decw@ameatate 714. At decision state 714. functi earRR6idderer m nes
whet her the response is a final synptomvalue or a signal to activate

anot her node. |f the response activates 15 another node. function 620 noves

back to stat eHeyghe valie b isbieired dappnds et nimproTOIeng qualvared andisrd useemponse

states Wdfhradt dlithdee k@htas RIARing MeSfatibrr R editN el f BGhe ME ohiihS paRMtUGRGE IS tO
generate a dialog. with the patient that culmnates in a synptom val ue

bei ng ge ﬁé?sﬂ?’@d’a&f“%?gd‘iaé'“ffi"&ces Vipm RthesymaRR; Véﬁ“%us"?t%'@"‘?fl%}/a“f' matser! i ent ' s

r esponse forfuls, Uﬁﬂdkﬁccxaﬁly PRpdréNodkdPrabiey 8&n hﬂrlrﬁttlﬁtﬁﬁnezﬂ-ﬁerﬁﬁf#séifeéxblﬁlﬁﬁloﬁshe val ue
obtalnedfromthe ti.ent. 20 Referring now to gure 8a. the Fornul a

val uator Tf‘ifﬁﬁ‘ffF’S'ﬁ tww?fﬁ"ef%re%fftb%*ferfam%'ﬁfwaaa VRlFeRAPSHO b ect . wil |l be

descri bed. A Funedesliao u@ma&.mnhm;reeﬁtetsozmubﬁs chh@n Ybdfiseale a8d ?Hﬁiﬁnom at
sone ti odi nent

eval yatin Lve ornmu n t he obj ect-bas

cach 1 or e 2ot el put Peckipec v Redhg Seihtel b BE | Rn et kand ¢ her o
are as rranngth«ﬂmfa‘ceafpahtevilmerwaslamcauﬁbm:ieaﬂunrmm:e@ks&;nl p&rﬁaisuaw&‘syxﬁ& aﬁ&raﬁeat;dner e are
formul as, s,g\n acc %Il’ea bl ect fa q{atﬁds to”.eva uatea? 4 can call 25 the
appropri 8te"f o e a val ua (B"P'p B S pr e exdipreres 47 CYBFF\feW“e HE¥5ol ut e
dat e 18uc moamvaacaﬂb@ﬁ to réturriliBat Yalian btberavive. a;g\euqnnth/zeawestoatdeaﬂmtdtatoer Atine t.
.FunCt I Ondﬁgéo 9[%19%8? mﬂ&f né r%c% \\%et?l r 198 curre! &S tcur lirearcli has a vaﬁue !ﬂ%ﬁase

synpt o valuat or ob avé been Sel ected” i or“ processi ng.

Funct i onPf@SIOS n@mczémbltdatléso tiimgtignokdfmanest o stagA04im reaumal‘uauealfmmh'cmesynpt om

Movi ng t LEEL hSent DV Oked 30
) Movi ng t%mts‘{égtq%d @9"2 j“?ar?%{ﬁ?%n ég%%?egtﬁée?\gm? tQIE(?B‘p 'Fﬁl um e ePerrl ng now
to Fi gur@‘e%"veﬁﬁ’eptﬂxse@fiﬁ’@ oigle prermdls Walr uset function hd® mowes 8)10dEC\MW($hl€é\7@l| uates a

gi veps f O(Ktr@r'vlv@e mman MR¥nci&o QBa%f«n§Mmﬁomtvd@J.y&%t£e06 16 QFREE.ﬂnﬁx s%ﬁl% om val ue
at time t. The formula is given to function as a set tably

encoded '&?’bé‘l" SETRIARLS alsTERtyHBMEh s valus thep rﬁ*ﬁ‘ct'wdf‘%ﬂq*mi@ﬂwswwmn@ﬁd mtenat i cs

such as t&E hltehﬁﬁtelelue S QIR o statd 410 QNEHIR bl shate 6Bb-FRRAAse GRS i%ovgsr’to
pr obabi | | g 6§t,at| stics- Function 810 perforns the required operations

and ret Uffi '°‘E‘|‘r”ée onputed -47 ~- 5 AUG 2004 WO 01/ 61616 PCT/ US01/ 04907

val ue. One spaecieasmrsun nmmesso ag,ueaﬁeepreeemf&vmﬁmn ar @E}eﬁl&&\ldpt&fi wvhe

for m’bl a Jefermmm Ith luat rrg thé har;['enésgl pro n?fet(ae valu be eval u 14 t ;0 whi ch
case function 810 "ite ?eupts FHE"VEPEAL "ol YEEIY P e Sﬁe‘i“éﬁﬁ'ﬂn synpt om
to be evVvahctiot B, mcazmdtotfhenorc@ntto akaemesibve cé\nalaname paiead whidke isf desaribédan This i s
a pot er]:tl L@%%%d Ih H&%g %@tal%%@bc %?i’f a§<i.)e g%;lp %nneGIe vaﬂ:a#o?tr\]'pg léa malﬁxggilczt m can

itself in vet eeva uation o ent hi s
desi gn, femplasfupation td0enayks ta dweea 656 foravadisinatks fngnmycssywptuDMMprmﬂs can be

speci 111 Ghenovd 13 Gkt 86, 24Ok AAGoRYA H13! B JRES IE PG NG i 10 Dedi ns

with the entry state 820, where t formul a an ts arguments are
Movifig 140 gevs i fBmgion ¢4R a0 Ipgrypiberalus treva'?ln@iﬁseubedyi Higyre %)sandshaposmsm e with

the gi vefed0dl HRRabdecisbRstROSP. HaSRront VMR isbhdel orpﬁgﬂklﬁ‘t £o¥aNriaie the
formula. in others. it will _encounter an argunent f isitself a

synpt om¥H" 4P moves i Saetion §5¢,t0 Rerform the sEctrumR) feags f’“@"&'s gecobidinhvalyeat e 824,
i f an al’\@l;tiﬂ&fﬂescnb&ﬂhl Figa® of umhth@hctioy &ouRdve DR siafe 06t FiRdhyBit & d¥BViESa4O t he

Execute 6??&? zﬂuator IJ q'%gmg (lflt tgttxl pg nsuc 4:12 disease time profile maiching (Figure 28). function
36 140 moves to state 660 to invoke that valuator and obtain a value in a similar manner. Then function
140 moves 1o state 606 to return the current symptom and its value at some time t to the calling
process that invoked function 140. in effect to function 150 of Figure 1.
Referring now to Figure 7. the Question Valuator function 620, which is part of a question
valuator object. will be described. A question valuator object obtains a symptom value at time t by

35  asking an on-line patient one or more questions. To ask the questions. it uses one or more node
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otherw se it noves to state 832- At function 140, the argunment synptomis
eval uated by calling the appropriate synptom object (Figure 6)g /}Uh@”s !
function 810 noves back to state 822 to continue evaluati ng.&th% orrﬁ,llné.
At st at eyPhdignction 8 10 continues to evaluate the pefradbinsti| the
final 15 val ue has been conmputed- Myving to state 834. the final value is
returned. Referring nowto Figure 9. the Lookup Val uator function 640,

whi ch i s opis¢ts ﬂmﬁrearernﬁeﬂz@ﬁnedba%am&au%jtee?mmw'we“b'é thg @atisnt ip &ne nAteFab ok up

val uat or Iﬂbllaegtus:&pfﬂﬂ ﬁa%e inRfRicivoab. denmont, efPararitk, qestiSné Al e difoRkd. Ng it up
in a table“of chart. is often the case that the val ue o %/ngtomls
. known t dhe W@OQV§‘E'E‘1‘ﬁd|bH(¥P°rPéE'{“F'9°“°ﬁé‘?dh?éﬂéy‘PP‘E}%"élaﬁﬁ‘dd'f‘Wé’i‘e%'GWt’Eﬁ fi which a

chart or Jipbdrgund@s sbs.epared. One 20 sinple exanple is a tine-based
tenperature chart that can be used to retrieve the value of fever at tine

. t. Al fernati vBIngtionféa egins Vi £ Bl 0% 2Berg the quEent ogps UaiFu BRI PhE"based on

a chart. gSdidaoBjects rﬁ%&f&d é@ﬁbl&ﬁa’dbﬁbxrbrgfbeésglﬁmeeﬁawf:n tﬁdieﬁlgacﬁdiﬂlﬁét&ﬁ epnder a
di sease tineline bet iven %E&ce h or match ase tinmelines.
Funct i on B4 <8 HSO; ’tel‘?a‘é"ﬁ'tt? t2if & yaluegprine HRicm "é“’é‘ifrf%t 28 B sel ect ed

for eval ved if@deion 620 rdifieves) Gorh @ dafabdse oOfbdle objees, S)Saﬂ)dfﬁlmidsS!sﬂeﬁ)kad ciffeni N A
d |.ook dat t.abl Mo t
A R o e o o e

functio Onarﬁl4i0queﬁ'fbfl.etb nhmnamwMommEncgu dexisid, stateh 81 0SjFelxie is mookspdiet mthidad uat or

function_650- e S that depe t he nt' s

subj ecti B’escdtéesd (‘:'F“ ¥ ih'l'%’ﬁ" o "ﬁvesqo <t é"g%;r%% g]méan FUnctl ¢ spnnglg?g H’cgﬁesgtgnvée%

~ patient' basginlefl est |Bue1fM§ml$qntswmr? 1B ffurtigry 636t abmirata respened from tthe patian dlsi aI ty
encoded f [ r e system

~like anyhg'%iﬁg r togegtmu%&cl%ﬁ’h (% Etlpgﬁ‘ g%%etcﬂ%n V#g&il‘qoﬂnﬁ?iﬂﬂeﬁ d?&@i&%g%%{?rﬁ%t or words

t o the presropsstis a Fipal symmiem paieq @ms'.s;'ellteestwewen@fhermmee If\the desporspigFtidsiesodes t he

sel eg} ed, WBkASal. Hkich d20k&Res daal tolsamr ﬁ)tsumadrepéweeéqéeqwofaqms&n&mﬁ of the

figure show that the spectrumof descriptor terns is prepared 35 and
wei ght s HeRenssS@ieyWBhia diferen@oden Qvertiune, e sHieqt f s Seapence 15 i2e9FTats 2 digdgon

process Qi Mﬁm&d{fﬂa{&m.nﬁﬁ.A/Qy%{om}éﬂnébén r&@@ﬁsmx?@"ﬂ Wshkh/ Aé&&?onobl ect.
These data are typically prepared an“m%&red in a S@se th i s accessed

during off 7 Hethe m*zf@ﬁfdswse Bt ehe B Ay oLt 6 Feipe e, SR on 650
begi ns asbufitedtrem MaP&iensvher e t he function presents the spectrum of terms to
t ae tient sone manper that t,0.sel ect
descfl ptive t@?ﬁ?’é""f"(%‘r”‘fl'ﬁem%l % fsoﬁl‘ﬂv?g"gs}?rf ] 'Tb@h i alnoorfag obt a| ns
and pr oc»ai;smsotgdme ublebmsc)rnbezelﬂeﬁmeda bgluattdnebjp‘atcmemes tebyelvagf 4 gymptaredi si on
state 1014 C e SV, function
550 movenrt gy R B ARASClhe Horrhlh®, RURP LBERER Lo eol BRIORR 1o
state 1ibgddef inrcdifforantdGuls velpaierebiettoand tharears as menyrriffarent fpyoule valatarhe

synpt om ekgfme%nﬁaﬁ LR R tnflGR, ARVNIRS otj@fHarnCed$ bRl fualdd0Brmufilcaslafit € 1018.
_function EL)SO collects and saves thé terns collected for tine 10t into a

) sui t &bl ehewrgertigeformulayalyaior desipriverample i 1 eanyert anvbpiurgat sukpaPeenbeo,

functi ony 6&Q iROGAIER ybdiéar sohRidiG el | ected from the patient and returns them

as the value to the darocess that cal|ed function_650.
Function 630 begins with entry state 802. where current focus disease. symptom. and

valuator objects have been selected by prior processing. Function 630 now evaluates the formula to
obtain a value for the symptom. Moving to function 810, the formula calculator object is invoked.
30 Movingto state 812, function 630 returns the computed value.

Referring now to Figure 8b. the Execute Formula Valuator function 810, which evaluates a
given formula that may use other svmptom values to compute a svmptom value at time t. The
formula is given to function 810 as a set of suitably encoded operations and operands in some
formalized system of mathematics such as arithmetic. geometry. trigonometry. algebra. calculus.

35  probability. or statistics. Function 810 performs the required operations and returns the computed
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Referring now to Figure 11, the Apply Synptom Val ue function 150: which
recei ves '‘a synptom val ue that has just been elicited or corrpultaeéﬁ AYG 2004
applies it and its effects to various candidate diseases, wll be

descri begyg dirsp© enbodi ment. using a central system fpwirnj,gbmgo]ﬁo | oops

15 through the candi date disease |list and applies to each disease D the
effects of the new value. For each disease D. it retrieves the appropriate
di agnost ivelusagng lapesial ubpRGeseiag ¢apreocaYp Mhenan| operandaf theifarpiufa is {fislf giymeptog onput es

t he appl ifaalliche8dNE b ¥valied Nih SwhidNGsRh&Rn 3N intl uRfdvAcdien aReahed by the
di sease author, such as mandat oryscore changes. di sease status changes due

to rul e- PPRENG SHRIGM & bryergluated,and dhen rgminupsghe, Fraligtione! be, formauly o This ithanges of

SYnpt ons plbhhilyREcRrsie ploBs, 3ificedhd &3hRalon ¥£a SHPRIEF itdelF inveéle Bt BAluagbnseaSES. |INn
an alternative. object-based enbodi nent. each di sease object has a built-in

met hod t H*&’fmm&r@elésevégs"wéw deSigpEBY FTISRIFOS Dested PR sing AV PR OPIECT: hat

net hod t gan'bBPedifist by @ 86t AkiLEMI @vaNRt@GherlticedeNe New synpt om val ue. Each
i i fects of. the. new value to its

di sease obje ogramed to apply the
own dat a, mhu%’ﬁ“@f‘ﬁb‘f g??n"b‘s"“ﬂhée RERdt *ﬁég%f“’ei’fﬁr‘l“’a FmHe g I HRVBSIEE S peci fi c
updat i Ngksokih eszovm@ﬁ stal@\82Y, @He. fortmilagd évbmﬁtemm:rds Ipossibletwin tieaiven brachaal
pr ocessi t akes a odi nent._ t i agnosti c wei ght
Phanges. Bonptes By Mifcomplbiel eyl ani (uaieg i bUl e B e BIBEY "Bl o o
not aglded ntsem’atsheptdmalganaﬂtneedss@barealuuad i Moviid 12 dadidioncsaanc§2d aif en ghpgease
changes hal}él% Eunﬁer evzcl)lann ﬁjmcg'on 8 movésstgqﬁei %n?‘tg Sb:% !ulgd@g& fu:1gt|olil1nf4ﬁon (see
Fi gure ZT? T necessary réeven FEnges PR sco
al t er nat etheewissinpoGstoseitgiies At ﬁundwsyﬂe lfglas_mmmtejnimt B e%umﬂ bﬂ r:dh!gsigs near
t he begi 0, f [ ng
)corrput atilﬂ’ }o sfvmtp@ éébi%ggﬁ‘%erephkﬂ' Ic')r\r/fnﬁ&]t hﬂ) +'w298$° q‘r)n:s)f%[3"|ngr:)1'g ‘i%@‘?'g&echang es
and i ncr%’nhﬂmgﬁlg fymokedt pate §32. fmclinadd 0 contipuse tosevalpatg te fpraule oot dhstfingldvanci ng
of al4 d\'/aﬁ.‘é‘ﬁa%%&n%&%ﬁe% %va«wsa&imgmﬁsﬁ,uupﬁmmctI on 150 begins with
entry state 1102, where a new synptom val ue has been conputed and nust be
appl i ed to alRefegigdiyvae Eisyres shselookepaYalyptas fungtiep e)rhieints PbOT hilpoku st at e
1104 fuﬁﬁ:hdopébjecﬁ&.ilﬁpdb&&hﬁeuatﬁeﬁao@uﬂ \Qa%totr BEjtct REMARS IRSvaRMEE Yimdirpease Din
the candi date djsease |ist. decision -49 -5 AUG 2004 WO
01161616YPEYP Sy peibipsn 8 f“a{eér "i‘i‘@rG“ ‘5 °f‘e"d|’°s°é§§%“ e Wleeof A SmARTE's kpamnew
Synpt oMo the BGleinGritiirddol). aeg;a,grﬁe& sins QA& Qo x@in vhich ¥ a&nbﬂtablawdﬁﬁdp&k@ rongtate 1
122 for angther l|terat|lg,)n 0 8 But if,edat dem%oag ; te 1106.
di sedse PIOREPHES e aé'ifr'?“éﬂ?fa“g?ﬁﬁ O A PR ¢ dh TRy b vay §fdevEt it e 1108
t o procass i tAlteAfatigdafiectichORD chuld @bd ﬂﬂisﬁﬁﬂcom;ﬁfaflére\bwd oh mahart. Bechviei ght s
Lﬁ‘*r"rgnz %;oun%@%ﬁ?ﬁ cunéncest Fn@%’lf’sér'eacun ra‘%ﬂsem R,‘%%{ng rbeg een‘}’a? %,583}’n§'ég:§eogb]t Qgt S
for D fonatdhargélﬁeawwbls&sl ng. Proceeding to state 1110. if the diagnostic
wei ghting fog Jcn&,eqyséomkvmwspdmdasnﬁm? sanpmtanﬁlw@'sagmémweemﬂm' changes
_in synptom val Ues over a time interval uncti on conput es ef f ect
) of tHe dYeringasstate Wy thesympiom ig ipekadap dheiprarprafiddolin medimtisusitsasraph. chast. | at er
updat i NGy dﬁsbv@w;awsﬂng R stnavgt ﬁn&n%ﬁ@kﬁ.ﬁmfﬂmh&% tﬂc]-a'gcessttnﬁ chipact of
t he new syrrptom val ue on disease D is conputed, 10 as further described in
conj unctPHenffth Figure 12. Moving to decision state 1122. function | SO

checks iHefekdi@mBwab Fidipé €0,GRN bl of ITeRRSBTuatdd rlRLdN 30 sRieN is Jskd ®P-
function 1 50 noves to state 1124. increments the Ioogedll ndex D and nobves

back t o KPR $AEPeg aurthr patispist HBIFctve drssHR vl b fgsribesp. Fusgtion 650

30  convertsa patient's subjective description of a symptom at time t into a speciallv encoded token that is
returned by the function and processed by the system like any other value. Function 650 provides a
list of key descriptor words to the patient. iets the patient select one or more words, and encodes the
selected words into a token that is returned.

States 1004 and 1006 of the ﬁgurershow that the spectrum of descriptor terms is prepared.

35  and weights are assigned to the various terms in an off-line preparation process of the symptom
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if, at decision state 1122, all candi date di seases have been processed
function 150 noves to state 1 126 and returns to the calling, pr. ofgs 200 ks
Referring now to Figure 12, the Conpute Synergies function 111 (used in
Fig. 1 Iwbonsitaeh conb stes the synergistic weight, i|iPCHRH§1/0407a gi ven
synptom val ue, will be described. Synergy here ref ers to speci al
predefined qualities of s tons as well tine- tlons s and

i nteract |"B’ﬁ‘é1 Thers g2 a‘efqpé%éggfre%@%apgﬁgred%f Sﬁaba?ettpa“ aé:?/eésed &g p L|""E:)ant

di agnostldg,F,q.ggaact Whereas the use of diagnostic weights for si npl e
synptom va first-order ef use f t gistic
20 values is i‘g’éé’Bﬁ‘H" S'F%f@f"ce"‘ﬁ‘%‘tff“"cg(’" ﬁidr: i 'l?l he- ?uﬁh?nfge(&tg{]at hel ps
to diff eprEdntsaedper@rii ef g 1o tie phtaI0OSOR nannmbrdimsﬂ!!pwgm mhes toshlect VBAPA syst em
from other autonated di agnosti ¢ Ak BVl he maj or
synergy C§FEEVEFENSRENR Igt %“#"eﬁ“ars‘)é‘?"r%gnmsf“"gg"é‘?%‘f%’9"’#@%@6%"‘yepes‘th‘:ﬂ can al |l
be anal yz&ettddiby the padent. axnowmnmenecasmsmwlhef@her Fapreats of dhe symatom atsdebs wit h
O b e BlsFrt il FoGn el B UaRYTRE BHNAL IR AIRAPERA, CULITE asmmand st
now be aBpF& syner ic symp for a given di sease. Mving to a
deci si on IGMafmctloﬁzwpre;ﬁmcth pmss.thizﬁﬂtaem‘el@fmemelpmis keEm GPREEYM APSWESe has
any synpt O\%Bs b?t;r}l.% stk D YRRV &r o191 & lﬁﬁ:%tlon l650 EPbcts andl MV thABmb cdiRBled BF SthNS at

state 1208 erw se. function noves to state 1208 andlnltlallzesa
| oop 18 hat infsraceigableagdeahatea bswteregysavwf Mewiae patatet] 0. fipsrion 63 caengdesthe

Conti nui {}gmfctoll teG%h%He%Que%Ia%& Rerukfsibm as biid QQE& IQﬁle E;)&é%pthﬂ bﬁlﬂﬂ AsctioRsonext

synergy | t di sease and reviews its ty pend |{/19§ Fhe t pe of 30
synergy i. fuﬁ‘th'B&“‘I*lE’O“&Uﬁﬂ&t the APRlY Sé’?'ﬁ@f“gxﬁl'ffsf“'l‘%‘P‘l‘b Whicp rqcgx aype of
) synergy i yriptont VAISd thatl K8 iufsi Eeaﬁlt:he%maf @dmpuledRRd agphesli 10isEres d Oarfoumctl on
1220 to corrpute t he FSS Sy ynergy k’?f{}{}l s further dESCﬂJ bed onj unction
mong 57y .

Wi th Fi geardidaigdiseppeayvil brrflepqriged gol uging 2 coptral YSEm fonepon 13 I f. at
deci $5 ONthedugh Me daddidate diftaseSivtARS zga]éhésycpﬁc‘l disefda Hake efiecrFrhisatw vayn éougaych functi on

1 120 nmoves tq function 1230 t.o com Mset of O fs ray, Wwhich
5135 Tuienen DuucErFIsSd mRBife ARERaE uheRe eontye s RS SHARREY . N 00
noves t owelghts, Somputsstthd appliBR . synctdy weightdGaRiOes aVDotbir/ &G4 GrafdaEd bEohe 04907

if, at decision st r . NeTo f
AR R ?smap&a%.},&fas RIGEL Sead YIS e&ﬁne tﬁgeslgiq Egngvrﬂg ‘%"éner -

whi ch i sarfdghdngereqigsiae hdpdid valve qupmfexmwmae e Fq"gmse'tarealwesmewmﬁ Bncti on
1120 gDvg@ ageem sion state 1272. If, at decision state 1210, the synergy
type'is Ml t aneous Synergy, function 11.20 noves to function 1250 to
conpute the Spmalatemasise sbisyhasedsmbaingd) ea5h igeasq pbigekhas @ butlirip metiod fhat

conj unct 0.\ f ), Hhpldh&aité: and AERLEUBE Ed19 tharkdedidd @%&S"y'te@cldﬁﬁiss bigett it at e
1272. If at decision state 1210, the synerg me | Profi] e Synergy.

f unct i onthg nepogympipERalug-oEach disgass ‘l?ﬁc‘l'%’ﬁg’f“ﬁmﬁ%ﬁﬁé%em? Tf&“‘ﬁ’ e BFOPUF R Syner gy,
wWhi ch i sid biwh [iet, GRISK Kintpiflesi Me Gawiliug & ic@@inhitily dEthhl-E;&anE)updﬁhﬂg‘lruieunCtl on
1120 _noves to decjsion sta on state 1210, the synergy

) typeXs EBW%’PH&'P“%’W?@W&?“%?TH‘&?‘F% piT%'"ﬂ’SEégfa?o state 1270 to conpute
- the synergy. T&tﬁﬁ!ﬂ)ﬂﬂ:&iﬂ)ﬂhﬁcnﬂ.ﬂaﬂth&cﬁﬂgﬂeﬂc wvagls bawees bratputeharagesshiyf threnewany ot her

synpt om C?ﬁbl nat l%ggvfég'gtt 1'-% not ag ed i%é%e(ﬁag¥dslrc scorgs unnY\%lr gll Pa%dﬁé?é%k&&d inlike

manner a% Tdhcl'fd roug erany one synergy synptom has
been conghahges havk et doopuidd &ﬂ&llm%s tap bd @pdagid dn ummﬂeee fepee SdhdThigkecks

\é\?gt Qe;_ Z%eges\%ae,%% é)rev?q chean§e\£ rhegcgrkse ﬁ:ll%gs Q(e%ﬁé%_vmdém %%ghtg.gﬂlpgyixé?ﬂﬂi effed noves to

30 of diseases near the beginning of the candidate ist from influencing and distorting computations for
diseases further down the list. Computing score changes and incrementing scores is a two-pass
process to insure correct advancing of all diseases scores as a single generation.

Function 150 begins with entry state 1102. where a new symptom value has been computed
and must be applied to all candidate diseases that use this symptom. Moving to state 1104. function

35 150 initiatesa loop that processes every disease D in the candidate disease list. Moving 1o a decision
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increnents the index that selects the next synergy and then Se%lﬁ?clﬁ
state 1210 to initiate 15 another iteration of the |oop. But f 200
deci sion state 1272, there are no nore synergies to conpute. function 1
120 novewotwssBtéat e 1276 and returns to the calling proBERESOLRERN2rri ng now
to Figure 13. the Calculate First Significant Synptom (FSS) function 1220
(Floure dad i if aifteee Aopﬁsgthem?ﬁﬁﬁsﬁﬂ A9 50 bl MELEDTLIES, Ao 2 01 Ven
act ual syrrp omva on S I'rst sighlTicant syrrp om of a given
di sease 4 decipwouigrre b‘l’a(erdn@ketrltaat@hnagﬂrabpp cButef, givkecision 20¢ t1Ghidisdiss Daives The
meani ng &Lthetﬁr&ﬁ{}syé}ngml ftl}lc gﬂ‘fso?%%%tté)&lz 11%8 'th Ar&@gsnlatA?gtaﬂe lh(%nlgngl%ﬁqu bed in

. conj unction he ‘eari i est synptomin I Sease process.
Funct i orrettiges. fipagihe s*erﬂhts fable fur disease Bt e didgRstionreeahtspecifirs\ionthd vaduehe{shebeen
conput ed, Lok o Aoy ARROMN ARG, UBE 2040 opRAS DELS extra

- di agnos?ﬁu{-:r \/t\/s@?"d’t assocﬂg’tﬂge w?if “sgﬂ)re]d' It om b %lgn r[ﬁ%el tIg:ryp(r?%ctteg%lggn| ficant
Synpt om of t Reocerdingas aate Vb tﬁ@et@aepswwtrshtwa ftstﬂ&t@rrir?,@mpt% dépgndstdnon 1220
tests whghbat, lman&&avaﬁnéig REIRGoh IR0L va.easmﬁmmwar mc&;nq B Edrfaiitls iy TPt OB,
If not. function 1220 returns at once at state . otherw se function
1220 ro\ediect phthachanges. agtiinyess carespanding weightepng ﬁ%’éﬁé'sff’\'/\h@f FRsptingh Adysingiagiio synpt om
i's identy do‘n‘?gte 8pnefeids unStion Pl W khé infpRdbf tRYTERsPRp0h vAIEOnTiNARRD ifllcnRARe S

tinmeline. not, function 1220 returns at once at state 1306. ot herw se
f unchli oS fuder desrribed incgriwnctipnowvithbigure Jg. Moxipg to degigion sigis I 2o furevoo! Pet r i eves

t he di agRasdif GereRicGhtre ap&a‘alte‘dasedea‘tabe .srb@ssg.ﬂ wegb ﬁﬁmwmrﬁmey@lst&& fio4, the
di sease .and m)éhﬁio to st functi o 1@%0 saves the

di agnostTEMRET G {ooP gEY “'fd "'%"f%l aé“ ‘féﬁ% 13@163‘ f’é‘?ﬁ’i‘°ﬂ§' e(S""PﬁH P-1880 (Figure
) 12) . Refintrdecigiom e o m’Falguhﬁdalsfldisehi&ehﬁabéﬂd|pﬁic&sﬁ1&nﬁéuob @66 motds 1Syer gy

functi 0'112162 ‘((i' d 'r%um ure 12) will be described. Function 1230

anal yzes 1 ffch W of a gi ven synptom exhibit special onset
(or 16ffset) Bffanﬂagtua’ruosf’ugmsut tha CoinpreSymerdics fuhction ¢ 0flhsedimce. did whiklis add
extra 0 01/61616
CT! Uso TAs0 32 Al s drd e SRR v o2 LU RS ey Brt L

val ue haeferpte epeciatnigsigfined afabiriesqf S}slymmsGﬂm'%imdt!mhbastdmfemqndnpsmwemwns etrieve
the ext bgofli SGRAR LinpwhRi it 85 ﬂweatsﬁx;l.ﬁednan.amﬁfc'.mbacpnwmw Ll set

val ues of the givéen synptom ving to a decision state 1404, #nction 1230
tests Glmnoﬁérwet% fﬂF‘%nE§§“ﬂ%§a"6ﬁ Setfirtrprdsesfiec ibd yepfdimerhasediuetsistic | t

i dendi f LAGes i segbntBided YdRL @ MarRinktR 2P Fin@iune SRR GLIBE 100NB&EmiRE cOhfsRt val ue.
If the given s t om does not use onset/offset anal ysis. function 1230

moves t B2gn0ses aid dstigsuishestieMDATA syster from ophst auiqmated disgppicsysaniie Najedhat | t noves
to f uncbni@ﬂtew tIGEnaJOQ\E\ nfetgﬂﬁtpbscme shéuln: GRre aﬁ‘ehﬁan@ poSble@incliy iR harym@r gy of the

new syrrE ?l ue. ffana%/ g}g EES descri bed at Figure 15) and then noves to
a deci eiagﬁy’sg Wy Asimileg mpanngras owh Bsre, | st ate 1414, function 1230 checks
\INPet her If& t sflf:ma;umlm bpgemem&hmgs:ai? 2bashehangegdnpryh \ns 8is beén dafnfp&ed t vallzi(s5
59, unct,i Junction " \ tate
Yar ronct iR oE PR sl b RB kS THPFRLb SR i ea and
syner gy I’Wurghon 1180 asswlg:ﬂedh( glsendesa(sqf habag satptbingrhiziénvbby synddeies.hid n@onpl et i on

of f .unC Qﬂn :1'% %miaéﬁfelzf_gg o;]hgg\g €. ﬂ%\{lgl? 1 F”g n%k@stlg sljtéjﬁosaanq m:ﬁt yrns to the

calllng unction ure eferring now to Figure gm?unctlon
1410, wePRthataresésyesevsntshieereyn Qé‘tnecafnﬂhmlwézsmal Qeegnupfe aba decrs-on state 1210.

function 1120 obtains the next synergy i of the disease and reviews its type. Depending on the type of

30 svamergyvi. function 1120 computes the svnergy as follows:
If the tvpe of synergy i is First Significant Synergy. function 1120 moves to function 1220 to
compute the FSS Synergy. which is further described in conjunction with Figure 13. Then function
1120 moves to a decision state 1272. If. at decision state 1210. the synergy type is Onset or Offset
Synergy. function 1120 moves 1o function 1230 to compute the Onset or Offset Synergy. which is

35  further described in conjunction with Figure 14. Then function 1120 moves to decision state 1272.
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15 given synptom and determ nes their characteristics with respect to tine,
w |l be described. Function 1410 includes a portion 1410a tiQ ?rxﬂjg%ﬂgn
onset or offset synergy and a portion 141 b to anal yze ry synergy
Funct i onwiflish@141€9i ns with entry state 1502. where the newusgmpMm val ues
are given. Myving to a decision state 1504, if the given val ues are not

related t set or set, the f ret (9 N gnal at
e, s+ on Toacteesgae 230 i yps g FisOnn el sty D20 v i) OO0

anal yze amnnasaﬁpuﬂ:rthaﬁeﬁmtln§§5meg:g)~hanct fmﬂme@sctr(betamctemursnmlsjrtmuee 138508 At
decision _stafe 15 r.e ar u d set.
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SCri

further In Figure . Moving to function 1520'. the di agnostic
wei gHe ofingnded to shomhat rhe@ maYtbh@ataoorbqtaﬁ@;é%fm%h"tfﬁen%'rm SPIEYRTRI YUER i t h

respect ,Qulibd@mpiefif N thMer adBnckibiishi PRmS@Mardoped in Figure 17. Myving to
a decision state 1524. if there are both onse% and of fset val t he
q B
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) syner gy andidWheEaads ateOnasd @B@glasfm?ﬁoceﬁkt e iz ton 111BM@bYedid sthd 1 O74rveeterins  at

state 1528. At state 1526 e function $0|‘Setl on #?méLObmg YLes le

di agnost FErmERY e g 'thﬁ‘eseg SR SHEER/28F RS 'YS | ng' to state
1528.15f uasditieDkeralidd 6F lh6350[;i eHuuif nsdecidioh histe CZA2| thﬂgarkmnotorecnnemé%@o ¢oFipgtar € 14) .
-52 WO 0}/ 616“3, . g » fr%TéH§Qa1r{: 04909»:7 Referring now to Figure 16,
functi on 819, °5?f°%a THREI BGROSERC Wei ght of onset and of f set
sl opes for a Eq&rptlg)rm w anui'e 13. theCdlesleﬂ: Fioe §ignifiaang Spiemem (553 fnctiog 12 synpt om
onset. ( 1?51% 12 \wllsllerge cﬂ{u dd%ﬁgﬁésl%hé?ﬁn ?‘.ﬂgldbl@%ntegﬁfasé{mtaaum Q)tntpﬂﬁﬁ vdie510" ) .
Functi on E‘O T ent ry state wher e new synptom val ues are
gi ven. wa)mgmttis fastfs:anﬂtanwmatgm@f a gijen diseesp i AFFSF P 104 SPBCHALRABITYIRMT Y 5 ¢t he
gi VeRyoNgal 4ifdfse. Oﬁie ﬁ'ﬁsmr}é%k qﬁstklsmﬁ&m%ﬁgm" i@ Alubikatddvdnd dQEsHed 1AQ6hjdnbtion
conjunction wt I gure ng to a decision state 1606, if no valid
sl ope vva?“’t‘E‘EUF%“BW’F‘E?W{"P@W"2‘3685""?"@??6‘[5? -on 1510 returns at state 1614;
otherwi se it pRMRS 11D Redeaitb iy stleatier. LAGB 2 Miv VARG IS tn ectnai.ed %Q8, if the
onset sl ope does not reach or exceed the ogset sl ope thresh function

D530, 1 ot R IRACEEn TEDgmust BT SavE ther TR CIeEHP T YN ORESrn M ab M6 610,
At st at esyldpidh bé‘:dmﬁé Fien Sikhifidant S}rﬁﬂtﬁNGSthé heeaam yhving o adsdisimethtd (308.he onset

_ I | f th t th
' ) ZI ggg \e/afu(%gt o ¢ 0 Wg'\;“ h"&?g,%%”}% %Egi%gzﬂemf 125 3 bi PrsI I]l.h"ah Slyll'ijl nI%L y?l’ otl n e

Gné®i on S to function
1410 (Fi @inttdn 1&)0 retitef £ pridenysO B 06.otHervgserfenclign 12R0 m@tf@soma d5BOn st il 80§ conput es

he di f
tsyr6rp i IO?ng n V%s ﬁthfc?.%\\ls\rﬁﬁl%r Ehe gbvel? Kom {sléeglgi)led%gg F\?\{‘Sltl %i%uﬁlﬁéaitﬁgv%p)é)rlﬁ gﬁ@%ﬁ‘r@ogr ae nds

in a pat diesate’shimslingti Efgmg&ltm@n Q’anfm@ame%l stafei1806. P@Eftfé‘ﬁ 1gHon &0 medeswei ght ed
by this to state 1310. At state 1310, function 1220 retrieves the diagnostic weight specified for the given

30  symptom value for the disease and moves to state 1312. At state 1312, function 1220 saves the
diagnostic weight. moves to state 1306 and returns to function 1120 (Figure 12).

Referring now to Figure 14. the Calculate Onset [Offset] Synergy function 1230 (used i

Figure 12) will be described. Function 1230 analyvzes if and how the values of a given symptom

exhibit special onset (or offset) characteristics that have medical significance and thus add extra

35  diagnostic weightto the disease.
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15 function. This description is for synptomonset trend (1520); a simlar
descripticon applies for synptomoffset trend (1520 ). Funct 'i_o$ égégz@egl ns
with entry state 1702. where new synptom val ues are given. n

functi owddieist he trend with respect to tine of the (CI&ISOLMHEEt val ue is
conputed; as further described in conjunction with Figure 26. Miving to a
deci sion state 170 f .no d tr s 20 retu by function 2600.
function 152 ur}pg?%&ﬁglb%ﬁ"ss“f"éte@ %ﬁqg@t \ﬁ‘g?‘was“é“’l"f" nasdbe T "taéetl dion state
1708. Aisysig6rh Sridmlfi: fsrtcabremjls%&&r retribvettieexpadigdnodtic ern:elhuasohasd;wtﬂsawat dneetonset
trend thr tion 152 returns at._sta 1 unction
1520 mod¥s°® ‘?%t Va{ &'?fb'c" AT Qmat gltoll?igo ﬁcﬁst':“%t %’%O ﬁg)"cp r%@gsét he

wei ght a&sthgrﬂednsbase tsaeomseve et dralypiglandheberanidens Agsals: gl'tenfsmptd"ataétre agmal ysis in
t he iseaeglxeal onsep& E'Ii VI ng to state 1714, function 1520 returns to the

- callér f‘ﬁnc ron A0 |gure 15). 25 Referring now to Figure 18, the

. Cal cul atfgheSgvpneymymortyare ng) psef cansrt/oifrndigde fupFiayu 230 M@es towfate] 14 o grtwre r i bed.
Funct i o, 124 @ BRGH, Mﬁmge{mgve RSl Qﬂzll@&“ﬂﬁﬂ. &i5H | NBE rRBAIENGR.QT Syrpt om
val ues occur he ent eln | agnosed Tor a gl ven di sease so.

f unct i osyne2A0f themew emom Maiue emmlazed(aaghssybtrdcat $emeer gy aWeihghm\as i at ed

W th thal; sgo?fg&i)qhmsmpae@ oﬁegeqmﬁefnﬂaﬁnﬁameakg whlher itk Hebusdrab¥ing - 30
Function 1 egins wth entry state . Where a di sease and a synptom
val U@ ahassbanged any psettor pisejialuen If g tlﬁé"nfsmqveﬁo fupsrianid! Qboorpthgarised? on st at e
1804. fynehi@n A&ﬁ%&@ﬂn%b wﬁw;ﬁﬁﬁm?mewem S8ASRY Bitleh Rl anslefch BRAs AL, % y sequence

syner gy wei ghting at all unction 1240 noves to state
ot her wi Weightos ssagned (78 deseribsa arcighre |31 Af the sqmpletion afifuncigp 1 4lPbyfunciang30 ¢ unct i on

© ) 1240 re&sweemsatefmmndteh@nsdame&amgmﬁﬁtsxai(hgsaérmtOm values that are
involved in the sequence s nerg n@utatlon 35 Mv ﬁ‘g& 0 state_ 1808.

functi on 12453f8'6'ﬁp%1°r“é‘§ fers ’(5r ﬂ’é‘ ?éd n‘é%"ﬂb‘f"agﬁﬂ’?é’ﬁﬁe{/ exlveegiay -53 -
5 AUG 2810k sy%ﬂﬂﬁﬁ%n&%rkﬁ?ﬂe&&&@@uﬂ REREEGme, Nvill Meﬂ:aibtcembnchm t he

t hor' I, t Mo t d 810, if
? Ee g;t f4ehlf"° d?y%lée@% lﬁ’%ﬁ%‘g&%ﬁ?’@ﬁ' °§Vkpegs’5’gr"ﬁ6"de§"l'°§t1l‘Sncf&b a"f%ﬁeo rmi/es to
state wﬁﬂjetmiyhegw se the function returns at state 1814. At state 1812.
function 124;Q.n§:%5 ‘é&imﬁ 0%n %51%3991?%&’ Y\%L‘rghl% ?easii% Gl aque\ya;ehlu{]ne synptom

ti me sequence from Iven ease and saves the 5 wei ght
wi t h anyootgier dagwraﬁmmﬂghf the given prdueg pre @t ldlasé&s@<ﬂtlv00$fﬂ¢g thedunstiont e 1814.

f un% i Ox]atu;lrgégno Jaét' Hl;lﬂisath 1s'iotn§laf'\eql)b@ Bﬁhg%gwngl%njllma‘ Eérg% ?orﬂi&) I4l(Eef erri ng

now to Figure the Calculate Sinultaneous Synergy function 1250 (Figure
12)  wi tmanaé:ee %%?‘Pbeﬁﬁse‘ TURME AN OYSE 5pa éqﬁe@kgtamﬂeﬂsheﬁﬁ dgpisionestajer i5@8. if

aut hor - :ﬂ&ésr@ﬁ&@ﬁks;@fa;eﬁmmammU@LIUQﬁcuoﬁ)mUHoegtﬁﬁun&daelﬁarmoﬂ\meeer over the
sane tinme period in t he patient being diagnosed for a given 10 disease. If

so, furkcfseision 1ats 532 ﬁtfweg 'PFPetheﬁtas%es'cﬁ ‘afgﬁng‘PES'mlfgﬁ\fm%@ga‘EF‘af'@d with

t hat spesyealm SRl |Df:om;51teﬁ’1hls RO i cridd e PRbreaisd Medse td fub@ich hexd. hist of
act i agnosti c .of the dis Functi on 1250 be'gl ns wth entry
ARPE T o

) sta 3e 1982, 5"6\H8‘F%‘ ge'tfg*écé 4 BRahRes PAIPRE ACSEHE T AR PC % gi ven to
t he funwinpaed. ad\ﬁmhdﬁgestrﬁbeademnSImmaﬁ@hed&:&m stafeU BT ifolerd 260wt @Bt Whet her

so. funerEninioh0 TuhEe: Fondl s SRR TRnal (LS 8P 2h Cnce
return fgecaitel 51@)‘ 1dlagnédtic genglltef th@ﬂﬁpe of symptamonifsdi2610 raspder tb ome & compined, fxe
further described in Figure 16. Moving to function 1520°. the diagnostic weight of the trend. i.e.. the
30  changeofslopeof symbtom offset with respect to time is computed. as further described in Figure 17.
Moving 10 a decision state 1524. if there are both onset and offset values in the symptom. function
1410 can perform portion 1410b to analvze symmetry ‘synergy and proceeds to state 1526: otherwise

function 1410 returns at state 1528. At state 1526. the function portion 1410b computes the

diagnostic weight of the symptom onset/offset svnmetry. Moving 1o state 1528, function 1410

98]
h

returns to the cafling function 1230 (Figure 14).
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di sease object all synptom values that are involved in the sinultaneous
synergy conputation. Myving to a decision state 1908. if the _paéi %'2%04
synptom set at time t matches the author's pre- defined synpt dth eﬁ

functi onwd3dbéiérwoves to state 1910: ot herw se the functP@HUIRYEINs at state
1912. At state 1910. function 1250 retrieves the diagnostic weight

e ght 1 abl 6 KefrrragRes Firer Sy ooy T8 T CaPhiles SR Sbar Bhapab S
gi ven di s@affe sldfeyiong syintptarh, at-lébe]xﬁi&i:bwf Jhtstiesgmt{bﬂsdorrsmmpmgnied15ltﬂi: acal | er
Tl | e R M arT S DRt { Ruh ek SR Ehin R S o810 0
Fu Nct i onwikzGwehnpis vathatakeaiveb. hlempag to@rfenchiani 25@0 thiealgpowitharespost tetined afen
Sef‘%; gg.h%}naeégﬁ;ol;ffcg vélyd }é@ J wﬁmﬁ&t Lcli &d(gl n@t.ﬁ&.th%#?d% \rlllt g uag
spgf:) i fi cMoﬁlugthardedaﬁn mg 16065 e'a@efahd ﬂ@emaefrqtli"eedcw fg'icye'a%fé’ot fupasps R0 |1 f  the
gi ven syn mf H‘st%‘igfi glﬂerkwﬂ*eflﬂn%v&%% E'ism}{‘é:&b:ébﬁ eﬂ?&h&@ﬂa&&@ld@@&f:ﬁé onkdies t hat

correspon sease tIine pro defined by the author. function 1260
retri evedopt dessamnt mcfdvragn@dtﬂ!ecowlsm theashald. t frectio U6 Hbretugs st st 8- wi t h t he

zy mpt qut}lﬁemétsc%ﬁ)guul 3 I%W'gov@gféasstzftet 1419 LA Grale] 1810 @fneiinl 1488 reglica@nRshiigne Wei ght s

I sease unction begins with entré state 2002, where a
di seHls eamdznad wyhrsnentsions value & “lelgﬁ‘é" gymptom agf Jaxes it for feeamalysi it fiseRp v ng to a

deci si 0rbbﬁt:tamvﬁ%‘l:mefmwwnarbnls’-u@Qez&rﬁs%&n&ﬂmﬁmm@ﬁepb)sease aut hor  defi ned
any synptom time profil evvmghtsa so. function 1@1?tm%esto

state 2006, &ﬁ@f“ﬁﬂ%‘é“’ Figured JF’P?&"%‘(S"QJr\@é:h&?’“R“éePﬂFr‘i"%?“éP'eweZ o state
) 2006. f ynsbj AR AR50 weh@ves shrh@om AR béldeseBar Tabjpeet withovHidna saywgt om t i ne

profile that is_involved in the cq tation. on state
2008. i foegiprorends ing pAiRRt Qﬁcﬁfngm%ﬁ BE- BT ’Ng 7’%}?@6‘7&5‘3?}‘&& tgssyrrpt om
ti merspr Ghdcliéh. MRRi€ BESriftiae iafok hptipuehe bhsaedent i(NROP aaimilae desktipiot apmbies 60 noves
to state 2010ﬁ_ ot hg{lg%@e the function returns at state 2012. At state
2010. f GHERPBAISEHED feves the diagnostic weight associated with the
time prundien f 320rbeginewigh erany saiesidts evhere wew giopiars balees areciveny MovinReo a wei ght
W th any, %@gkog th! SHend' G119 s ecés)ifo tﬁ.{@oﬂmyene#b@&a@m iMoyhfiekdt & fakiRte 2012.

function Peturns to ler flnction 1120 (Figure 12). Referring
now to Risguibed iR donjunkiéonlyithaftisnradfl Weviog @ ¥ derigion gete 18%- ffregakietrf Wi 1 | be

desciyl begymbyr b'y%ncﬁcgw 2%56 Fhclidat1 920G hiQRlie O f4: othb1Risel it ABORIS & GeclsRRR2d 00 has
j ust reconput éd gnostl c vve‘]fghts of all candi da elf(éjesease based on

sone nevWQﬁaIA]éeq"%?“ SEE'PIE'e' 708t thgyenset&E ngh onsqeiTFRAG BT S HEW 2P | ows each
candi dat.gudi £8886 710 trRkAsrDRisTR2b mon&rteai&aatlaio diaguroBt b dustiepls2based 10

on the new val ue._ Function 60udé‘a§ gdla_g? ﬁtlcgo t“__ score and
status oftivsThe weighiartened b enserdrend yalue and s3ve i of Aaier ARRIYSIR R 1EK)

di agnostobdﬁc:r ﬁaahhglgstaieﬁ7ttthfuactioatHst»cusﬁse@:heamsﬂmcomel4m(F.-.umrI@} di seases to
_reach a diagnostjc decision point Lian pr S gci sion.
) Func®i on 168""?‘?’1"@% "ﬁ‘?’é‘bgfg&e ﬁhg’e & Hgtﬁ f%““:&“s a§ ﬁ.ﬁ&i% ﬁﬁ o?‘ot(lgﬁﬁdtteﬂef

i terati owill b desdiidedli Bgﬂmtlizdx) dhedkp whéthen 6 tspeoific. 1B Mobdefinsissequictds of ptmpiemst at e
2102, where new have hbe S Al etion P24 26U Eak

di seasesPHECHL Xvﬁ"ge é’ﬁ?ren aba ﬁosegﬁpg%bvnl(ﬂsggecgp?t A as e I?éuncte‘:eon 160
initial |exmd‘c8agnbnmpynetgy \ptrlgittesgcm@cwﬂdths@aw’ syYmmre seaueids antsaveditslerase | i st
inturn, as disease 3. Mwving to a decision state

30 Function 1240 begins with entry state 1802, where a disease and a symptom value at some
time t is given to the function. Moving to a decision state 1804. function 1240 tests whether the
disease author defined any sequence synergy weighting at all. If so. function 1240 moves to state
1806, otherwise it returns at once at return state 1814. At state 1806, function 1240 retrieves from
the disease object all symptom values that are involved in the sequence synergy computation.

35  Moving to state 1808, function 1240 compares the time sequence of symptom values actually
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2 1 06. if disease D does not use the current synptom then it cannot have
been affected by the | atest weight changes. so function 160 skr‘_pg RAUE Pet
of the loop and noves to a decision state 2118. But if, at decision state
2106, di se@au6iBiédoes use the current synptom then funcRCLUHSRAPITOVES t O
state 20 2108. At state 2108, function 160 suns all of the diagnostic
wei ght s t S Th| s,k ncl udes the bhasj.¢c wei ght
of the s?/]q to%%% '%gegn\é\h %WRISQF} r Secﬁ%“ﬁ%‘:r'fg rentar ""\A?é'f“aﬁ‘i“sd%‘“a'aase‘%F E{JBI’WE
vari ous sb}memglystxmm@mmsencmwlwgthteutmfatfmcﬂd_nlwlo fnaves td oane 1850; aiempist es t he
di agnostltg NERNEA Qf se ch [ ly the
- sum corrput% at sr}t a{Hé ZT%léqgghlﬁs“Qwr%%n i’l-immétilragqt er%?:%%géhﬁen%gé’fm |wz§bgﬁngst| c
progr ess asendiated yithitheesyenpton g segipncecion efntmqueﬂsﬁtascinwergftt tatde 8% wessabk and
used ig anQLHGn SANbHEachA WYRIURR SN s8Rl méﬁ@ 9
conpar ed toé oth lterﬁwcan date %l}sseaseésm Nt??/%n g §° IRE £1lg%¥$ﬁﬁéf‘?)on 160
updat es t"H'emﬂlOa'gﬁ%@tﬁ’@“%b'rzé(l’eﬁufﬂ?bease D by addl ng to it the nmonmentum
conputed in Strakfinghdf 1o MpWe8 thelCatduBleSikihfieons YAGEY ﬂﬁ'cuég@zsro‘?wmﬁ\é‘@ﬂ)a“d

adj usts the diagnostic status of disease D. Function ares 't he new
di agnost {6l be dpseribed: unctioni25%ehests vherheria segifichauthendsfised St-'th%ftsyrsl’tgnathlueSSO

stat us ChRages aSkCAamaSinleWr b i isshddfe peribdlin 1R paikth bcm@ﬁla&lla&'a%rr!!gonwﬂe
di agnostlc rank of di.sease D so that it will receive nore or |ess attention

in th€ ndbseaset K radimstiongeoq wisieyss His sgr disgneshie peighBerparedthdhan sreciabsenad

functi on sikiffanepshayision Sdnt QAES it VARSI abtizal biserdfR widdhibamafkelsp. record the
actions and dFm Si ogﬁg taken with regB ect to di sease D. Moving to decision
]

state 2118, if 1R APeSHR eng RS virsadiseise andg %@P‘ﬁi"d’é@gé'e‘ﬂmef unction
) 160 novesinmiea isgigdnao 2eAdndtitin. CHlovilCloandEikisn sthe ]‘b(ﬁOﬁhn&ti&ﬁi@Z()ODtheiﬂéthe moves 35

back to state ch .starts another .iter i f. at decision

otate 21 0BEpRE R aRD R Bntcts SRS b S 8L P siton L0 s pests tB1 ) 04907

di sed$§es 1906. 3berpisoit @8s®Ba; onfem ctunostatd B02.nirvas 1606, fihaloe | B 2driaadrdnethelr NS t o

t he call is function,170 e 1. Referring now

to Figur gfs%aiw%]ﬁcg all?eel'lg1 E‘lw%d%?sﬁg'g‘e%m “Jﬁ@'fd O\ lhi?ﬁmﬂa"eﬁ‘?gs Po'E PRI Bynost i ¢

| oop (Fi Q*Iﬂvlﬂ}"l() a\ﬁﬁqlﬁl'ortﬁ@m@@&rtf the @atieAt's syinpromritiray tite t fmarcbési ton adh's ptehe syst em

has | USt glEalAfofl ki, niedod DB ARLR HUCRIE Sunbh il Ml 3RSk e §E1,0Nt s and

scores. and function now revi ews the candi di seases to if

anot her 1t &Rt {%h %Pc"mé"%ﬁ wH s tthec dipgrepici weight awcdmd wigh thief sudulagmst ic

SesSiPN sydhidnSseOfforh thdliivén J?s’éé/sesbﬁﬂﬂtafaﬁmsthgwgﬁﬁt “Q:ﬂ aN&h&%ﬁaﬂ&elmé h entry

state 220’%{ where al |l candi date_di seases have just been updated. Myving to

a deci si giPs# 5?8'52?64“""?'%‘8??%9'17@“?‘@09%“'&%0&? safferdunctien HsfEguwrm and
score 1l@e)of each candi date disease. |If any one di sease has advanced -

significantly naug h to cted as_the next current disease, function
170 noves to %{}l ' t"é’"’s@r %F?F aleglps Jimsps %f"'lr;‘r'f)a%‘eféé fupgyion; I3p0 (Rigyre
di sease, 12amdll behtesnnbem@hmm nzmcua_mss»sem@ufetpmm teig didenbbed fdBlatgiveh dis@be deci si on

.. Stategs 22 ea as..mde . S ress toward a di agnosis.
) f unc? : onp%fﬁgﬁ%d\c/)aesg lc’% etpem@ig:é’“fegﬁ% 8‘p'"§h%"a F g"é’é’fai WS OSrgRE f S . and
t hen novsush ﬁl@tlﬁeun@tt:bgn“f@@t_‘ma SlﬁdﬁcbﬁthQfB&ﬂ)dlfeeatnlﬁnmrofher dlicagi@stiheC Yoal s and

S | M e SNOA Glhhdin bULEGCR ACRELL DA A FRELUNCL] P MOLNELIILE, 33, A the

conpl eti on of tlon unct (o] vances Star 12 ®and
checks t#segwdinmeprofifpdefiged bt athr. tfimetidnd 8¢P rhtaigves @qmﬂegtwsdo@reﬂghmamnlan

adj our Nngtor Akochited With HLFAISHREh OB ofiI0bnd AR B e §ili G Fact R Lh R0 RS LA TOde Or
par agel el S iomse.

Function 1260 begins with entry state 2002. where a disease and a symptom value at time t is
given to the function. Moving to a decision state 2004, function 1260 tests whether the disease author
defined any symptom time profile weights at all. if sb. function 1260 moves to state 2006, otherwise
it returns at once at return state 2012, At state 2006. function 1260 retrieves from the disease object

the symptom time profile that is involved in the computation. Moving 10 a decision state 2008. if the

(V3 ]
L]
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options used in the diagnostic |oop 100. State 2212 al so processes _actions
requests triggered by the action plateau feature. which all (iwss M dilgkase
object to request premature termnation of the loop in 20 favor of
per f or m wp os@reeé ot her action such as is sonetinmes requPERUSHIWAEr gency
cases. Moving to state 2214. function 170 sets internal flags to either
continue or termnate th di_ agnasti Q unction
170 retu [pﬁtéemtséyn[-:;ﬁommgj? lie m Wﬁge eautgc{r d.cP l@dtlme pr%l" fggf{.n];c?oé &%g%ogé Stn?l%_e 1
Referri ngomowhtrmsEmguﬁnm:uaﬁzretnlmseat&mcml@oaﬂts:taanwlm fun@t@nfi@ﬁﬂ:teﬁrmeszlﬂqo as
used in the osti.c | Q8 nd Ll HnCt i on

- 2210. al F'ag'g’ﬁtcf' w&%’?t 5 lg%%vs'%ﬂg%:g'?%@%ﬁ& %%Hadd%gsseg F%%gnlan %r?gs ﬁave j ust
been updakibt. withrvaby tother dcmlbwéighns ofule givrowiseasei Mavingeo staindP Pafuacyfind@ébes t o
see it g D-goals or limts have been reached. The
di agn%stfec"”%s;}% é:rgnﬁ]elrpgxﬁ&lcc))ﬁé%?ﬁk& 12gnot her iteration of the diagnostic |oop
100. and in fEnfUtlng)anQ@lﬁlgﬂte e ttheer HpdaesandyiReedie funsrion M (FigupeePavillobe i s in
fact r eqPésEr?bgd OrPn@IdtW e%ﬁp Lo FhRLRGH ﬁ@)n t@%n&ﬁg 'ld%ﬁ I\MJ s ﬁm: FeYon%uﬁ:Tthezsoz
where al [ candidate di seases have | ust béen updated. Moving to a
deci si ondiggnastis weighuof 3l randidatediseases bared pgpme aeem?*aé?réhecwg@&éoégs SYBPIR

di agnoseg;,cidn4BE hdwiliow Leabh ERYiBRe difdass IALIR orShl i rehRhial difEnbs0ORep. BE&I Nat i ON
flag. But 1f, at decision state 2304. there are nore candi date d| eases,

f unct!? onomsherenpialve: tFyncaion 460 updatss the sagnastipymomentumpcscore; B Ut ead30p | f

the di agnRagikEdi@aR] anil holifledaHd RvieRd ReiliiatRtid R, INhieladi Spasrss dnElor( or out).
function 2210 nobves to _a deci.sion sta?e 230 other ves to a

S
deci si onMetegisgaseriq grachyg diggnostic degisianpoint, fusehion 1 g‘? P’°§q35eéf %ﬁ@i"“ We%ases have
)i ndeed be@nhdw}epdesumcé;amamutsaase|fstmcanmeau&amonmve.Snlfoa.csdoﬁte 2324 to set the

-56 ~- 5 AUG 2004 1/ 61616 PCT/ 4907 | o erm nat i
ot hervi e T urdpRSR VAL SURE i AR M ey Bt Bt SiBihed 530S ot o
231015 i antliisge didcasgsyba tseahegoatnt sysptom. Mutisg 1o aet A1 (4. Bpaion fé0duitidizsedmes in (or

out), f ufd S?trolc%)sg facg égef%n N ﬁ:% c d19|dgle digeeage 1‘%! ?Hm'g é@%&as%%lfmov%ong A @4 iﬁtrata.noves to

a deci si ecisron s s eC| i seases
have i nd2i@d. ibdiseasedoeginot pse(tgrcuaent yympfogm thed @Pﬁllﬁ@l@verhsve@fetﬂed '@ttalt Best324 to

set the wégrlxaszn 85 mnagjt'li!mljpg@grest(%m@ro\%]aﬁﬁ niou&qswa,s%l&leﬁme@m deci si on
state 2314. ecli sion state qteostlc pislimtedto

some gi v@niectlsrwqtm%'@ﬁ \Bisease Puvet 158 the czmsymfp@b afﬁ'cu%biﬁguﬂwﬁ‘*%‘f'a% 2316:

ot hepgM S8kt APRME S1080fuAiER F40SIuRE a1p bh € didehoskB welthts A8ded Ty e elval@ptod 316, i f
the specified tinme interval has el apsed, function 2210 noves fo. %t ate 2324

to set tYeRofhis eludes pratbpdnveien gt ‘hBPH'é‘I‘W ke 3l ol eSe- S5 FOHEVE

deci si Onadatdtv@ned3Rdhs syﬁ&rgjﬂﬁﬁmﬁhQMo%tngto&ta?e&lﬂn fiinktichQ 60 Etm;ﬂteagé\@;s;tmmcl oop is

limted to sone lve er of stions nction 2210 npv

deci si on’“°'§‘f“&'t"b° &%r'ﬁf%eeeni PARE &SRRy ! E? %‘Y’bcoﬂfgﬂ'f‘.}mﬁgg (?Zal rérlgon state

2320, i fmbrhﬁm&p»emefinceﬁ.emulrdmﬁoso& proqques:hdecbmhskmwé fbrabenclmine;desuénu Hcsi on 2210

moves  to_stat 324 to set the tern o S&hd-uncti on
) 2210‘5rmv5é§edt33 § eat"ba' ‘%‘E’f OPIRE Y ﬁ' a'%%"ﬁ? St({}u%\sgﬁ] gnd%’%‘f@ % gregnho :“:'r)]ternal

flag t o capdidrd disgases. h@vmaagmzlll@. firgtgm léﬁubdmbfsdtﬁgwoﬂetswwfs}tsatseD2326 At

state 23; ;nofo‘i‘ﬂﬁéda n%ﬁa%%?.ﬁédﬁn&ﬂeﬁ@ internal flag to termnate the

di agnostlc Foop noves to state 2326 and returns to function 170 (Figure
22). Referri d\@omnp sige R igufuaciipn 160 devstand adhsterihefiaggagissiaws ploigasdhct i on 180

(Figure Igi.)nctﬁ)fn lB'ﬂ@omﬁ*e?ﬂ@qg& 'dﬁﬂlllogt%ct;rg% Whibis 208008368 (R GholdéMhat Qﬁna@nt ry to
function 180 i'agnostic Foop i's being
30 status chanoes such as ruling disease D "in' or 'out’. or changing the diagnostic rank of disease D so

that it will receive more or less attention in the next iteration of the diagnostic loop. Moving to state
2116, function 160 updates various working lists and databases to record the actions and decisions
taken with respect to disease D. Moving 10 decision state 2118, if there are more candidate diseases
to be processed. function 160 moves to state 2120 which increments the loop index D and then moves

35 back to state 2106 which starts another iteration. But if. at decision state 21718, there are no more
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term nated, and function 180 now perforns the actions that are part of an
orderly termnation and 20 shut-down of the |oop. Function E},S pggmwmth
entry state 2402. Moving to state 2404. function 180 generatks

requi redwb@ageaseti c reports. Myving to state 2406. fundtd'rwsumo'saves new y
generated di sease and synptom data. Movi ng to state 2408. function 180

saves the. diagnostic |0 at ter i on, hl es the system
o Cont § Qe et 1 vesth o P aadepiis e 4 SeigFids B5 68 1 p
sane 25 'isthatien'1.70 MRigungl.t 0 state 2410, functl on 180 rel eases al | corrput er

and system re rces th ed to nosti c 0
Noving to st aRBunE et o cetrerer et Gafar 20 S35 ples BPets
Ref er r i nipop @Rigiire lelyLHeeieﬁﬁbed‘. hvet the epey rblfmtuomwo%é)@ystdn-ahasgmpmaed athe sl ope
) g:\ g][ \(,E\QI \Slgalm %atf gﬁeaéeﬁtw'g's av %l :gn(c)) l}c “I’[g I]W and sc%re d\%\goc &ﬂbt\le/ocarj.nl IJegn%msrle\Ql 35 8!5 an
(v2-vl)/ tanBidate dn}easeWren: if dnoth2r ntetatupsof\ﬂ@d mmpssc en it rmeder.oalfidipzgnosdstssiord, and
when ti wi Il raise overflow conditions in digital
conput erégaps% ?{Lgiect{e%forﬁécheges an auxiliary result flag that is suitably
coded t o i nf ofunetiond 7¢ hedinsrwithoentrty stats/220gewhent alp papdidetergliseaseschame dustebberiur i ng
the cal Chﬂd@&{s %ov.@w&&ec azé{égz&e%aanwev.a@tﬁydl%eﬁ@m%ég.aum WhRt&. t he

argunent s t are assumed avai l able to the
f unctl® onof wﬁnﬂgdatedlss@atléa@emdrsqamf pdypresdimyifisanilyernugh Wde selseieigethy 1. - 57

5 AUG 2004, cumz%ﬁé%ﬁug’momu B4A%20% RCREME BledoSticBn i Gd AP Ror 3ot € 2506,

if no value v is given, function 2500 noves to State 2508. At state
2508. fuﬁ’fe@?e@q'rd Eem’émeevémrne'ef'eéan%ww%’é% By if; a4 fhycisignatate 3804, 89 @6 digease  and

Jreturns gk nald MEdhl foBb& 1R diadablis. fuhetiod ] 70186 S0 Qe D0 6Y 8 sA BRGiiaghdifr € IS a
value v 1, function 2600 noves to state 2510 and retrieves data val ue v2.

Movi ng t'B°‘5 R EA-An Hrew fayss 1o fppotion; 2219y oF ‘&P&Er‘iﬂe"{})z'el"?fgih?/éﬁ"“°ﬁ‘tFrk9?‘F 8 2500
novess t omsrtsa&nach%ﬁﬂherﬁessﬁﬁea .ntcbe,umsmwh Fikag23. At tHadbmption oN@Andtidh tROV2" and
then returns ate 2526. Sﬁj at deci.sion state there is a

val ue v2'"¥gh ° ansesd Sk 'F&‘Tsé" 5%1'6 BnRoEEBUbe ’Eﬁ%‘ THASENt (v2 -
v 1) [ (erisatibi. )d;onﬁomltmmhagm‘emmmﬂlechasmomt‘s:ttmcﬁa@&hsmoue‘ortph}enmesoﬂt of
state 25 ed s fl owser - it unction 2500 s to
State seRor iR RapuBled o S0% 200N blAllses sliCkh e FRRIRS D, g
at st at eactiGGPageav Bettire| \fhlchatlow,b@oi' diseape objeptitere@Bsi@rematyes teramsnation ocﬂ ihe iaepin

over 44 owavof,wb%rfb.qnmz%é@@mﬁ@x&% E\Bhg@Eognea§ggreq]u9ecﬁngm§re&§v%£§ Masiklo S! ope to

the sl ope conputed’in state Moving to state unction 2500 sets
t he resufate $314gfupgsion A& e wterab Npgs) to FithgsominNd o1 Isgninge dreatimeng®o dpopf unct i on

2500 retMBﬁl‘ﬁ?t&Bﬁe'E'ﬂﬁwlﬁctlorﬁll?@%r%qgthu@gr LoRich i i WRGE dfd £ 3PBRure Fi gure 26 or
151 0. Figure 16) that call Referring now to Fi gure 26, the Trend

function 260@efweﬁ~\fdwwfe? tﬂr?eC‘FFbﬁaa'bF"dt Hpde funglign 240 g5 wppdriddiect to

time. Wididenbi@c Qeﬁ@*duee_@) Vo bsesaauseed N eh&ionBR. il BRJIEE BlebaSolchiiRe
possj bl e 15 val yes: CONSTANT. and | NCREASI NG depend| ng on

) whet fler "ﬂ%é°5§f'81a}é“‘-’ﬁ%'ﬁ4tﬁtﬁemupéa% andghe functioy wuy prgrey gy fhe cardidale disgpses
greater t Eb%nfdld’bel dsdg@caﬁca‘eﬁsmm«vm dttlimlits have p&hméaclféd mesmﬁtuc\sﬁ:@h is pdi@d vari ous
val ues i

qja thert ng t 1“““@ H chn %rgage ees%h' ]QITE'[ Cally .
undef i nddf BPPFrAFEHen \}'§|’d a’F’EﬁRf SRl BRS" THACEP ot 't A1 ““EORBUTEF S PHETf uncti on
uses an imwxod is mrfgctne@mﬂoraﬂhaglei hat is suitably coded to informthe caller
about such SE'unc 10n 7'ﬁ8ngflmgsl ilPen rgcs?aVen;"%g e\g'legeuglll l utlart]eedlge%scg Ha\.e Jus?tl.)leen

30  updated. Moving to a decision state 2304, if there are no more candidate diseascs 1o be diagnosed.

function 2210 moves to state 2324 to set the loop termination flaz. But if. at decision state 2304,

there are more candidate diseases. function 2210 moves to a d;cision state 2306. At decision state

2306, if the diagnostic goal is to rule some given number n of diseases in {or out). function 2210

moves to a decision state 2308: otherwise it moves to a decision state 2310, At deciston state 2308 if

35  at least n diseases have indeed been ruled in (or out), function 2210 moves 10 state 2324 to set the




20 The Trend function 2600 begins with entry state 2602. where the
argunents't 1. t2. G v 1. v2, and v3 are assuned to be avdilRAlH; 12874 he
function. Mouving to state 2604, function 2600 exam nes datd value v 1.
Advanci nyoes/éslgleci si on state 2606. if no value v 1 ingfmI@ml/Mﬂuncti on 2600
noves to state 2608. sets the result flag to indicate "no val ue v 1" and

returns at return state 264 ut, 2606 eis a
val ue v LOPEREEB "%‘S Frsle)guélgt' ozisot'féveﬂﬁgicbm"sf% f&r?\e‘vécs's'o ale gue Q 25

unction
Movi ng t & the diegnbsic@nalss &t @le2Gh2in spdcifed disedsesan & dug. fynation, 22fwma\tes ona 2600
noves to,state ets the ul ag tqg.indjic no e, y2" and
Creturns SFREP3 a?%ﬁ"%&zf&e@“fe 0 ".ovesetg e%f’%'%%atéf' Fét ‘é%‘% Em{. ﬁtate\%l ":a% val ue Q
f unct i onsp26ifi8) dissaseshave ingéedtbes n261L4 ingndout)e funtten @3 100mdvas waskare2394810 sbthe ng to a
deci sLon : C ool | ion 2600 noves to state
- 2620, k O%EGh'gnar"égu foé‘{r‘g{g&p{t"}c{)&ﬁo}r‘:?]gg’f’ lée%t%dg&%w{j%% and returns at state
2644. But i f,Atgleciglencstatd 234, Sif the dia@@$B: loop irdineitef tp samy aivergtimednterfvalnfordtion 2600
30 mjves"‘tl@ M&Q&ﬁ ﬁecis%gttafeg..@lﬁzﬁﬁl Eh%gs 135)1865%:1 sta%tl Y\ d%éggn stﬁtpe Sl ope
fromp0|nt poi nt IS conp ed as (v2-v 1)/ . Movi ng
deci si on"%‘ﬁ&f @e SErpified vme inkReval b@&!apseéffu@%e't%ﬁlp rﬁg"’ﬁ}ﬁé‘ﬁe@ﬁ DBGE ‘h‘aIOSIBd an

over f| OWefrhihdtion ﬁ%ngthér\wﬁg functfdﬁ&‘ﬂd BhVeLOULETBY S1ie 553839\?-3&15%@&@& _’9@8 State
2626. function 00 sets the result flg)gtomlcate “infinite slope |"

and ft uthpgiagiestisfoop ds 1omgted to spme siven numpbernl gresticp, functigng2 Ymaves forpedesigan| t  di d

not over §ihi©28203@hdriRE ltinNes2B QR MBLES Al BecBXAGHIL3RONE the QPecdRO RumKeFbgur € 25) .
At function 2500 t he sI pe. frg oint -58 WO 01/61616 -5 AUG 2004
PCT/ USO 19455t g07hase Pef"ﬁ&EHt 3“10& %'Berteé&’ sfe @349 19 Y the dpop srmingion g t o a

Ydeci Si ONothdrakefundidh 22 10fmdvEio kaRE5D2. Ot s T302. Gihcti dBR00 sertsadnsadnama@werf | ow

error condi.t funct 600 nmoves to st 2632, at 632. function
2600 st BTV WP LEETEH BRI R CITR e T A Hok e Pt ns at

st at & 26idemalBlak 10 fe;miajte tluediagnumc lpbpdng maR &30 statet D526 oritrkturnel todfuimibn oX0er f | ow,
functi on 2609 noves to a decision state.2634 and conpares slope 1 5 to

sl ope o Flpy nd predefined conparison ranges. If, at decision state 2634,
slope 1 is grl?e&tréwnphmFlgmeéﬁxshQShufMmimogﬁmﬁommgnt&Q(Eit-até)@l% i f

sl ope | h I u i . f slope
T8 equifert e Rot 17y @Rscibed UGk Bl 0 RRLIRISE bt fop B vy o0,
functi oriemﬂ'@% @éf@cmqﬂé 8p paw lperfarmethel 2¢tigng thati accragt of apl ewdebaisivrigption andd, and

t henygoVgg-do@n SRl 160p2642. At state 2638, function 2600 sets the resul t
trend to indicate a constant trend, and then noves to state 2642. At state
10 2640, fundtean FEdeeinserih eptpestaied(?.c Mpyingig sipls 24 Hefupction ! 8eereftesdisi ng
trend. aBghirth@sLnBRN ports) m&mgao &&42406 Phctioh 3§08savld hdvly lgbfdd QReadOHd Sets the
resul t flaﬁtom%catea ﬂg llibl I\/Eln to state 2644, function
2600 retHPAE™OHR Morpatostite 148 “’5}5‘8‘ I3 savesdBq Fipenpetig dpop oSHIR T EERIPAUAY f unct i on
1520 ( Fi»gtmlenab]ez)he siadnefolcbiftué the Fog) atracfuidié.ting by irdspxdisy mma&p&swhe wiay Of

shov%n 9 tt 16" gvnrcl) ! aCEeuﬁl?qﬂncn()lb} rgg'atsclesvﬁ computmaﬁ%agﬁlﬁs‘?gm%éleahglfarrl ving

) at a“di agfi6st 18 SHES NOW be describes

i mpl emerdiadaied to tieadjagelostit loop 100h ®oding osar2it 12l fusdioa i #3etorheto siete 382 cd Al ps anong
the diseases. synptoms and weights. In one enbodiment, a disease-synptom
matrix iS used where a plurality of diseases are |listed in the colums and
a plurality Gefermgacweth Bgurp2des Hons finctingdo) thatichreputas s, stoppef tpavalieal

exenpl aryy, r&?ﬁ%qm wil §eecﬁ$§c$ib§&/ L 9§Be%¥‘£r{ dnfle 40 modal GndBL HATGIHE Qb ST S

synptons In the rows nar
30 valuesvi and v2 is {v2-v1)/(12-t1). When t1=12. this value is arithmetically undefined. and when tl

approaches t2. it will raise overfilow conditions in digital computers. This function uses an auxiliary
result flag that is suitably coded to inform the caller about any special problems encountered during
the calculation.

Function 2500 begins with entry state 2502, where the arguments tl. t2. v1. and v2 are

35  assumedto be availableto the function. Moving to state 2504, function 2500 examines data value vi.
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) input

20 and at 2742. Several exenplary diseases are shown at the col ums marked
as 2704 (common migraine). 2706 (classic migraine). 2708 (clUst s 7004
headache), and 2710 (subarachnoi d henorrhage). For each di séase. thére i

a col um W@ﬂl!ﬁélﬁdi ng an "actual" value (columms 2714. 2FIQUS}P4987 and
2720) or an "alternative" value (colums 2715, 2717, 2719. 2721). As
descri bed o ed
2730, QoL onme 3 defRaRe B0 HnC BT it dhvek TR B0h Roled o BhEROTIAL 32 are
asked of ##e2398tfunshen 25p%setythegesuloflag toindigeate arpeduwlf#ndtrnmsymmromeai-é asked
of the paghenk deckiohatd®sdelfher G vRRE {1, iiliRh 2606 FRLAM bt ﬁnamﬁ.&e@amer the
- actual column or the altérnative colum for each appT| cabl e di sease as
assi gned wrevhMavivgipp desfsion staig 23 li2cifipavalug VL ie gyen. fupgion 2300manesdo stge 33/dpt om

" Nausef?2” sefcShed&hile ’ﬂ?éitobé/dnéatl@n@%tﬂl% £Ha theR rmmﬂs zMstu'& 353 HuPifhR dé’cﬂsuanasﬁ‘aftélal
- synptom and has a value of 35 as determ ned % the answer of the patient.

However . 45h@ thefript iHe3® funguersddmovestogeieRpldantspmphies theiepasnt (v - v U&t er

Headache p daenmg 108 deEiKiBRdrY 55 1 8. AR R0 PRAe 1536 rafled B EHoW Error €6hdfidn,
det er m ned t he answer of the patient. Therefore. while in HAl node. sone

di seases R'M“i"P" A0 BoyE iU SPPtio v resylt flagtoindisgte i piesione S endgmumptisiaten ay o

al t er nat i 2686 SpT Rt QMBcisi® skatd 1528 theMNduR Bid@BEoveTow SRk 2900 foldiestmebieria i s
reached. the r’rgde S svmtg d fromHAl node (2730) 35 to VAl node (2740)

by the® 5220 &t eyt slege tafhsilongcomputey in f’—‘F‘Bﬁ?‘Phé’P"E‘él"fﬁ‘a‘? otaleetior iPOsy st em
-59 . 5 Abiih2 0dh NDIRdIEIOHEmRGIPISMN A A0 GRS Binkichi 2360 Riri e re@itt he

synpt ons ocu i sea sed hi ng .t he iteria. In one
enbodi men[':'pe ?'ﬁ@fag }j’éﬁ%@?“""@@ﬁ%‘fgh{g’ergf’f 5&@%‘85’83)‘ T'%&gé‘ (classic mgraine
Jin this exarrpReoerra;gaow e Riguel 26Cihé @ckndiﬁmah@\mocmvhewanpul%@nheeyeadrpf tyreet he

criteria 8%& mtﬂq’e Bgz?tott!?t?e Iv L dtesl?:%ed AQarr%pugeld here t etl ntg)s%lhcs th %g Ors%ble
reached asse a parficu dla nostrc nomentumis achi eve BO

pr obabi | |VtﬂyesoDEGR§g$iU§i- §ON§T5N£@IW éN@BII;ZASjNGt ﬁﬁ@endme ron wﬂythastlhe sbpesfmm ch
nodes. Thg USELLARYs [EaHES I 9 cus
di sease ?ombe (%?II it eds,q oréqél{’}gongﬁﬁégmgrpﬁeﬁg%gltﬁéﬁﬁy og&dn;sgl ‘only the

actual S9mprienryaipesof t1hE. ind ¢ sorenusegiese sapes mav\pe aa'ﬂ"@'ilmlv uigde fiesd opaisght s (not

shown) , %%\@&)nﬁﬂf)ns\‘@mgﬁﬂ %om%Mat?ﬁ%eqnncﬁym&gdneﬁ\lh?& Ces@FAROLNs fRtbl he
di seases in the area nmarked he exenpl ary di agnostic scores for each

di sease Eefedipinfamuthespsiabot suclpspediat sepdisiaer eacoppyereg dugpgipecajcylatio®ach di sease.

whi chosuns 10Tﬁmeraeﬁd¢a$nﬁwbe§in§aﬁmtryﬁaemr\aﬁremrar@a@msdlée@s&,vﬂ s shown
for a disease _having a_ total

in row 275d2 A dl%? rr?é be d?cl ar ed

score t A TSt ESEIILS becay % 1HUF e Moy RF Bt ¢0 fyrctien é%&\awm% t he
syst em didagnoeed. Waeanpnat toemec.a:Sn :haymog iChcRGfie @1 [l g@lelll MR1ion 260D mavesGor e of
480. Referri gur icts a formof screen

di spl ay tc’tf’fatI2 E&ﬁefeg"l’ge rﬁ%"th l° '"gfdt’ ﬁ'&é’aﬁe Yef ““e‘r"‘“ggﬁb’f%’sﬂﬁ‘w‘m‘ h’é‘ '? i"he or der
i N whi chdé¢chsep siae 26Q6l there e@@almfedfumton 2680 pates erstaze 26N d refrievdstiao ngusen?bodi nent
) Ehat oy e RrelinleARlaL Col SRL 4 P BRE RN RN ch IED QORI AN E.ARL T et S

i nents uSe other te€
i nf or mat regH! fag emindipate ‘pavilent’ andmetgrhsat stalawésBmtef at|derigion 5@ 26 . gurees d). the

SYSt em USfi 2. HAlRIRD mRNSEE bk B18 Y FreBbuet BurPhRLD mﬁnp@%'d@a;mfsqq I sease
tineline as a value. The val uator obje hen bui.l'ds a tine e of the

pat i ent ' 3018yififR vale v3 icivpsafestion 360 moyqs psigle 2P sets theresylt Bapsip y"dsrtl@r ed in a

dat abasevan@nd" addauRXitsRe D6 A0 RIS F dbRioH Rt b 820erd]s3880E%:. FNafonMBEL N t he
patient (Figure 20). |n _another %oart of the diagnostic [oop, the pat ient's
di sedle moxesto execute function 2500 (Figure 25)

At function 2500. the slope from point | 10 point 2 is computed as (v2-v1)/(12-t}). Moving
to a decision state 2624, if the result of executing function 2500 raised an overflow error condition.
function 2600 moves to state 2626. At state 2626. function 2600 sets the result flag to indicate
"infinite siope 1" and returns at state 2644. But if. at decision state 2624, the result did not overflow.

33 function 2600 moves to execute function 25007 (Figure 25). At function 25007 the siope from poini
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tinmeline profile can be used, by well-known pattern matching techniques, to
filter the candidate disease list and thus reduce it to the if,o%t AUGK ety
candi dat e di seases (Figure 3). In another part of the diagnostic |oop. the
pati ent' svaligaéise tineline can be used to identify the HGTAE0VENi i cant
Symptom (Figure 13). In another part of the diagnostic |oop. the patient's
di sease tjneli NG 3 Y1t ches
the. pati GHE PPne SR QB VP E-BE 1Flng £ lon B2 o e B QP . e
timel i nes250¢° haseéﬁmo\erﬂmnomndjwumwbéﬁ% mrouchiicaate HS2.sdtstatf 266 hfighciihat e
di seases ! A2 RALD L CH AL 2628 NElGRk GedliciaRe -

- Figure Zﬁﬁ%ﬁéﬂeagghh%tggggﬁeqﬁg‘?Q% tzsa@?%%pt%%h%nset antd cfu?atil on agai nst
time for %@therqsulfdrén@merﬂwﬁmm%qﬂrmmﬁmd%%nném\eﬁﬁwmimmm%ﬂom in
hours and, rsl#%?% fuGi REPJeEJf{neJéBm%MQ& rangt®. HD & decistbh SHIRI30 Fopk 134 pRPBGRR earlier

- are placed han synptons that occur |ater. As an exanpl e.
four synloged: f("ﬂh@‘? 260D mova BAR263601 (lepe § el sloRs e furFtigR 26Q00RYFS e adr ant
Pai N)  ar &SRO sfofe §RRES wlslRBe £ iR 80D Fdles &%ﬂt&%@aﬁ AtRab i 84) Alnbreys
typically g(g;pear In the disease Appendicitis. Qher di seases
cour se, el igirespi e pasindigaiga depragsingitraad, mdﬂtern»ewﬁﬂ%w?@‘* f“%"&ﬁ%?%rrs The
chart shqug.ibd JeBEsedBe2dsui HaHd 1 @S £cohRR BEHdGhd ihen hRE ©atatey6 e Gl BSte W t h
Anorexia (loss 35 _of ap ‘;zetlte which is therefore pI aced at the yery |eft

of the ti2ht0- fupstion 2649 s R"’E‘!‘.‘é’eﬁ‘?‘i"g’i"ﬂfaﬁf‘" inprgpsing gendy 4 theg goves QEISEHL ~ WO
01/ 61616 APGhtcWSEr] fRdRHA 2ool seear&ae@r:mgaﬁnmfmetmnp@t-dsantMo@mem hawnesd,t er the

onset of Anore pati ent pendi Xperience
Nausea, VSS9 bgl’fe %‘f*°€‘p§'ﬁ%n a@g e rﬁ"? r{ég éﬁtY’\% Ff’éhr'l" fﬁ%ﬂ Lf%l}é IQF'("F’? ne
)2814) Aput 2.5 hours into the disease, a patient wll typically

experience Epigast r| hal di sconf ort onmac r o that
symptom i s Shggfa |(11g| Figure 6% SIng-. nce%tualwa}bofts ow:ngtll}e use or}égtuzﬁggd’spltgmgw e time 5
scal 5 Sisympam IwgighRligaifaing 2( paliagnashc sche \milghtv He glperibegu akithopghothe adtal abdonen)

i s shown, eﬁa%%ggd.ﬁabaﬁhk4amws§maftﬂee;enaw.a.§i g.%@éﬁe ShsALd:Ssylnpbiie 2818).

Assum ng at t tient previously indlca resence of the
synpt ons aidwighis. n onkigmbedimenkp ﬁg%tt-»intptqnuhwl\ igpegd Rhary ﬂapfﬁ ty phisegiesgihiost i ¢
system off&afig tﬁebb@mﬁs\ﬁp@a ﬂﬁraﬁf?@ir rEIalE@sMﬁm’Q%'hﬁwm thd Rfvs PR p@ﬁ'&x[ e\@%ﬂv‘ses a

nouse to nove the npt om ocks ft and right until they are in

poSi t i onhfaﬁléﬁheﬁ"FFa?ec‘%(t“E@mm%ﬁzf’WeSbe%ﬁ%@d"“#h‘ép‘ﬂf‘b‘&%"l‘ﬁ "H‘n*él’r%seV%S can be
st r etyghegdndost B URKvelad eteitifiabodiseadto rel BHEN hiiBy cdl@ﬁl{saﬁhrkeﬁhﬁflmhﬁmﬁﬁbd ent _
submits the selections by.clickin on aq?gubmlﬁt9 (18 %’(5‘”3' a‘wf t, n 2820.
Ref er r i ng#eiiPt BOF(TemERe) 3 offsﬁ'é‘&ft readpislipaT 0 SYBRGREBRON HEOEMERr ¢ NDATA
system ®ed daga digadandherd @Sa aiunobpemﬂdmgéremt:eﬂ mlﬂgct‘oaﬂm‘ls ag:,4 ]27!6. 2718 9nd

col l ecti sof tware abjects that I a patl ent.

In this 2#’1983“?5%“%&)& J{;?F {8%1{"3"5 %Ugr ?ﬂg |ﬁ'to b éc({ S

surr oundi:cmgultahem belgihsin (HAG viodeaih Itlmhréhmmer.bv) Qms::bnssqﬁltmmpprmmgmes and

) f unCt"k ong in l('n gngrll-. 06?73- arg%kgg g? m): gstE:ﬁ{ yl{%@:‘;%%sgg gctglgfg W ﬂfﬁlh@ tsﬂﬁﬂ?mt.snﬁe dat a.

, Program; "out §1 de object ar to access nenber data by
usi ng anasspd efghe mtﬂu@d'atyp fcb}l”lesvp'elevlw syppiprrismdcehin effber the apspad eelumr rabet ed

enbodi me Chte aﬁpJ BREAYS efen’a Fﬁfc%tﬁ@(g%qg as@@gedrb? q‘le%ﬁlmvrtws 'pQ‘ncu@afr aidata Fagnd

processes t has severa enefits obj ect-oriented enbodi nent
guar ant ee‘samphea paiam tNaves2't ip defisf étf“f’sﬂ“@a’t?{ Coa'atoa Migraimg ke 2. “2evA dat a

Struct ur @sndm Hdlhad d VRS of 1590 BEEMERA bPThe bhSetUT Rl itical abGevely MatlnfplomOf t he
surrounding diagnostic environnent. Second. each object of a system can

accunfil afNrugesp als efingd by yhaetmqugf Sblfitﬁr khiagache to be an “alternative” symptom and has a

value of -20 as determined by the answer of the patient. Therefore. while in HAl mode. some
diseases will have acwual svmptoms elicited and some diseases will have alternative symptoms
elicited.

Afier one of several possible criteria is reached. the mode is switched from HAI mode (2730)

35  to VAI mode (2740} by the system, such as shown at 2734. From that point forward. the system



. treated &$

own processing history and that of its neighboring objects. It can!__
therefore assess its current status. conpare itself to otherrdbjidiit g3jand
acquire an awareness that it can use to make intelligent decisions. Third,
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3¢  symptoms that appear earlier are placed more to the left than symptoms that occur later. As an
example, four symptoms {Anorexia, Nausea, Epigastric Pain. and Right-Lower-Quadrant Pain) are
shown to depict the chronological sequence in which they typically appear in the disease
Appendicitis. Other diseases may. of course, also exhibit this same time line or time profile of
symptoms. The chart shows (line 2812) that classic Appendicitis typically begins with Anorexia (loss

35  of appetite), which is therefore placed at the very left of the tisne line. to mark the origin or start of the
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30  program to compute a diagnosis. In the embodiment described in Figures 29a and 29b. diseases and
symptoms are designed as objects that can behave as intelligent actors that organize themselves at
various logical levels. cooperate competitively for diagnosis. and ultimately sort themselves into a
differential diagnosis. For the purpose of illustration. a software object is represented as a simple
circle that is assumed to encapsulate all of the object's data. and several rectangles that represent

35  object functions that belong to the object but can be accessed by the outside world. Seen as such, a
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30  object that selects the next symptom.

In general. each object performs its own tasks and cails upon other objects to perform their
tasks at the appropriate time. Gver time, the sequence of operations creates a natural task hierarchy,
from higher to lower levels of detail. using as many or as few levels as is required to perform the
main task. At the same time. the hierarchy represents logical interpretationsand meanings at different

35  levels. Thus, at the lowest level. a patient is answering a single question: at the middle level, this is

-67-
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i ncl3fdi rhgahécqrq ypcu@pnq‘ hf'eq q-lacnosuc event. e.g.. a situation requiring |mmed|ate treatment.

Referring now to Figure 30, a process 3000 describes how alternative S}mptoms are
established in an off-line preparation mode and later used to diaghose a patient in an on-line mode.
The off-line and on-line modes are shown here as if they occur in sequence: but in practice they are
typically separated by additional preparation steps such as testing. approval, auditing. and final

35  integrationinto a production database.
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30  objectsto process. process 3000 moves back to state 3030: otherwise it moves to the end state 3046.

Referring now to Figure 31, a process 3100 describes how symptom objects can be re-used
as alternative symptoms in a disease object. The Alternative Symptoms feature allows the diagnostic
system to substitute specified symptom values for others in order to bypass time-consuming
evaluation of a given symptom when acceptablie alternative symptom values are already available.

35  The feature accommodatesthe individual preferences of medical authors. simplifiesthe processing of
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30 objects for disease elements or objects will now be described by on-line process 3230. The off-linc
portion (process 3200) was previously described in conjunction with Figure 32a. Process 3230
illustrates one embodiment of the HAI and VAI concepts along with the use of specified symptom

elements.

Process 3230 begins at an enter state 3232 in the HAI mode previously described. Process

(8}
Wy

3230 advances to state 3234 where a selected symptom element is evaluated. such as performed by
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specified symptom elements available. as determined at decision state 3250. When decision state

3250 determines there are no further specified sympiom elements available. process 3230 advances

to state 3254 to check the diagnostic score for each of the remaining disease that are currently

being evaluated. Process 3230 then moves back to decision state 3238 to determine if the VAl

30  mode should be established anv other disease element or if further processing should continue in
HAI mode, as previously described.

Referring now 1o Figure 33, a process 3300 summarizes the major steps of a fully automated

method that uses the novel concept of disease timeline matching to diagnose a patient’s medical

condition. A disease timeline is a data structure that records the symptoms of a specific disease in

35  chronological order and describes the key symptom characteristics such as onset, duration.
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havi Nng édinphaird YrioftaPaisebyidking giteions. Moving to state 3308. the program receives answers

from the patient. Advancing to state 3310. the program uses the responses to identify one or more
diseases that correspond to the chief complaint. Moving 10 state 3312, the program correlates the
25 chief complaintto a timeline for all identified diseases.
Continuing at state 3314, the program asks the patient questions to determine the patient's
FSS time parameters and locates this on the disease timeline. Moving to state 33 16. the program adds
a pre-determined incremental diagnostic weight to the diagnostic score of all identified diseases if the
patient's FSS matches the disease FSS. Proceeding to state 3318. the program establishes a diagnosis
30  for one or more of the identified diseases when its cumulative diagnostic score reaches or exceeds a
threshold. The process 3300 ends at state 3320.
Referring now to Figure 34, a fully automated process 3400 that diagnoses a patient's
medical condition using symptom magnitude patterns, which idemify the changes in magnitudes of
each symptoms of a specific disease in chronological order. will be described. A magnitude

35  pattemn is. in effect. a disease timeline with magnitudes of the symptoms. creating a disease profile.
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di agnost i g vv_etﬁhtnamgattsilamarb% ﬁg p.agrlameeﬁébﬁm ;ﬁﬁlrﬁ@rﬁofdd}ﬁ'@tlﬁﬁﬁﬁ&dness?ﬁﬁfoﬁ{s .
associ ate th the selected di = and e) systemati.c oternmining if a
G agnoat WP Resipiet M et 41 e RGN SSREF PR P SGASEREE o cor e
af t er apphticartib it Batafase di @yrivyedng MbgnkbdedarteHisctoRichpdo)flenthi the @iienthBikakd) t he

di agnastic weight | s fynction of a value spending to the alternative,
syrrp?@m §f°°ﬁsﬁ}é&§§'é étcf%wf H%i m 4, wherein evaluating the alternative synptom
conpri ses deReemnpiokjgurhas, mbhek diagrinef syngoibodimerd of tha MDETAodteaf35aNi an 3.

ddi ti . = . | ‘ . diti
21 gl SRRRLA PGSR S0l ht ORIt B30, B3 o0 1 0"
)corrpri si g2l ageretpvaikdlARY). & vide s aetiverk AW ALdbet Intamnet] ordngkea sewanp gidzblelbf e t o t he

patient; yaRfhd@REGhhilkafidn, t hrough e) until a termnation conditions is
reached for the additional di sease. 35 B. The nethod of C aim 3,

addi t'Ponal | y ‘®onpereadimgnetha MOATH Rperams e dirbaspemay iepdeom 2 grompel Wnarei n use

of alter Bsgi R ST AFcohec®EbTalilAM 3506 and a gateway 3504 to the netw -rk 3502
Receiredl ei t (6196878687>at 4=232P81(i:allenS xi drime] -71 [-- H 2004

09/ 02/ 2008 Sy R LpBTeRdE MRNERPSERMEFE gty tsect eidnay DUTiFserver | PEA US
04 FEB 2618 thabutilikbenetvimbihia@rfat hishwirennd, sofdlale $3310nahd MDADAREN &L BsaPR Yi Ng a
di agnostic weight of the select e(g,. S H%t om. to t he di agnostic score of the
sel ect ed™df %hégg%as?ffy"lpf?g‘ WETRUR T i/eﬁ% FRRfd28Y® not have an alternative
synpom t hat Traselveds3seradyitained 1o a user computer 3516, for example, by use of a modem or
by use of a network interface card. A user 3514 at computer 3516 may utilize a browser 3520 to
remotely access the MDATA prégrams using a keyboard and/or pointing device and a visual display.
such as monitor 3518. Alternatively, the browser 3520 is not utilized when the MDATA programs
are executed in a local mode on computer 3516. A video camera 3522 may be optionally connected
) 25  tothe computer 3516 to provide visual input. such as visual symptoms.
Various other devices may be used to communicate with the MDATA servers 3508/3510. If
the servers are equipped with voice recognition or DTMF hardware, the user can communicate with
the MDATA program by use of a telephone 3524. A telecommunicationsembodiment. e.g.. using a
telephone, is described in Applicant’s U.S. patent entitied “Computerized Medical Diagrostic and
30 Treatment Advice System.” U.S. Patent No. 5,660.176. Other connection devices for communicating
with the MDATA servers 3508/3510 include a portable personal computer 3526 with 2 modem or
wireless connection interface. a cable interface device 3528 connected to a visual dispiay 3530. or a
satellite dish 3532 connected to a satellite receiver 3534 and a television 3536. Other ways of

allowing communication between the user 3514 and the automated diagnostic system 3508/3510 are

35 envisioned.
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10. The method of Caim9, wherein She diagnostic weight is a function of a
value 5 Correspondi ng to the selected synptom 11. The nonied of C him 10,
additionally conprising evaluating he selected synptom so as to determ ne
the val UWOSV6¥He synptom 12. The nethod of Chaos 3, aBHFUSYMANNy a

conprising disabling an alternative synptom node wherein the of altemative

synptoms is not permt ted. 10+4. Cmnggd of Caim 3, addltl-oaa};]_] 700%

conpri sing applying a diagnostic Werg the sel ected synptomto the

di agnosti c mgpLirRblotiREsekidfalistedfiRRS Nk | fnoamseﬁmh\te\been%wm&mrmwe&rnot 14.
A system for a automated nedi cal diagnosis of e Fatl ent, \r/varl si W neans

Tor pr o Hiiegieamolopsal dafigsha Sy FPRAYFYIo ZHonshe SyiF SfIGRTSH: ;| 15
s fsez ihRhion W Bt :aé}earlemﬁnﬁanﬁ\eemw&.bﬂhhom&s drivenclibis Bar SyVRE Qbdvaad mai ns
for app! yi ng the retrieved alternative weight to a di agnostlc score so as

: aut dRrRgselisted 904 agnose a medical vow. 13.. A conputerised medically

dl agnostic nﬂts Bedid be ppéciafddbg a ski)led 1edhRbIbdisty Mk yroaesgebmg: AegbreeRSythe el icit

responses fr t he respaqns: 0 establishing a curr nt synpt om
o oot BB IHTEY b PEE TS UM RGO Be bR R PR e
di sease togatherGred siigfeinitidoig. odmad¥avlabiynakigrabledy ik ﬁbrb@sm ganwﬁrlaenagur rent

syrrpt om est.abl.ished and any prior sy d, he
R R S e R A R N S e B T L e
scare fand eacxheddinﬂera:sweli knowini apbratdeesystemnys arb asymmmfamnumes Mawhosh. a t he
addi ng U?n erf ﬂs ar OHIEFO nt:r]:ﬂosr énl;]eca@-pl- IBSA% ?’asca SEQ'aS%ndF

det er mi ne lt"‘ﬁer t ot al scor'ey or a particular dII sedse reaches or
peaces are tmdwe§h®ﬂaﬂd programning lehguizes for whidh agmosimenercig corpigrsree hoesedief i ned in
Claim1l M ning synergistic weights i nclude 30 establishing a
synergi g"tﬁ’égﬂgér?g“’%%‘%%? The nethod defined in Caim16, wherein the
syndégi sti c Whikphewhoyesdersaeddsscaiption hag shpwn. descebedommd peintod opfhedodaeenzbf a one
of the ﬁateﬁ@;harémq,ewmmppﬁé 10 Jahsusrmgd;ﬁh@ﬁtg e wu@e.@aoaa&ﬁwm?rel n the
synergi stic synptomis based on an onset slope or an offset slope of a one
of the esissHespsisuRstiwlionspngrhansesin thoform ey afehg syt Hesraedmey beimede 6,

wher ei Np} iese SNMARthSIA, GitFNRpAM dmRRS AN GPha ventibPSet trend an of f set
trend of a one of the established synptonms Ricd der n (619637107) 1412! 03
2242PM pil stein Nd Tinel -7Z ~- 5 AUG 2004 PCT/ US01/ 04907 DA102/ 2003 11: 34
FAX 619 687 8687 KNOB SAN DI EGO 20. The nethod defined in Cotten 15,
wherein a sel ected set of established synptons occuring is a specified
sequence over titre tench an COS diagnostic weight to the disease 2). The
met hod defined in Caim15 wherein nme at nore of the established synptons



havi ng onset or *M4 ebwUWeba matching a predefined tenplate of synptom
characteristics S lends an cocoa diagnostic weight to the di ease. 22 The
nmet hod defined in Caim15, wherein a selected art of establlshed syngt
occurring R specified seqgjencc over tinme and having onset or
characteristics matching a predefined "lgo of Synpton1character|st|cs
| ends an canes di agnostic weight to the disease. 23. The nethod defi
Claim 15, additionally conprising repeating a).d) for a 10 differe
rinvm L 24 A conprised diagnostic method, conprising the steps of

- repetitively asking establishing over tinme to elicit responses from
at, the responses establishing tinme varying qab|
SMIREBN OB BUs ENGed Wi ORis h0oRedli Sease; % Q&;Sﬁ@ nmor

.syner ngtIC wei ghts bayed on the synptoms est “'T’e ; |
whet her I?QTWI ghts for the disease reach or pans a 20 hr f
So as is cl see a diagnosis. 25. The method defined in Caim?2 rein

vnnkt Wb syner istic weights. ?ﬁg{ y‘igfﬁ a synergistic sy 26.
The net hod de meﬁ I &q‘él '5??33?‘“ menﬁ‘p ]Pg F, tons red w
gﬁf ca

a patient nedical *FE&EsP HWS""Z'VM eri z

agn03|
conpri $i ng ) ooelfwdisess eeplomfbion Bvins P FIEER 4 of a subjective
description for Wwﬁmﬁncwﬂwmtl ng t ctrum
of toms to a pat Wﬁmmu&)ﬁmwtlng a from
anong the spect r um of Jonbrdin BOLIcRhREr aspe ‘the
.. medi cal syrrpt enco | et ested peal th- ; ;
yand 1) i ndexi PP Qg‘g(ﬁg &‘f@ S vm'fﬁ’%"ﬁm ﬁh’g dat a code
di agods8i ng a Q!!P's'ease 28. A owmYow =d nedi cal di agnosis net hod, sSi ng.

35 u) defini my a Spdetsfmmmatbdmedisalyiirsnotof Lratient; esmicities: of a subj ectiv

description for mﬁﬁ@%ﬂmmmﬁm&hﬂyﬂpbmmm rrem 61168
39; #2Pk1Pnt  dTi Mpppricving dn weight Tor the et Bigtork; ad 5 AUG 2004 04/ 02/ 2

FAX 613 687 8887 KNCE @WW’J@%%WW score 30 33 1o

[F] automatically disguose » medical condition.
3, . Amcthod of sutormted medical diagnosis of s patient, the method comprising:
g) selecting o diseare spplicable to the pativot;
b) melecting s symptom assovisted with the selected discase;
¢) mﬁnﬂydmainins.fuﬂuhmddim.if&cuw:ymmm
20 an altcmative synoptem that has elready been evaluated;
d) :pplymgadupnmwdghtofﬂuﬂtamuwmﬁmMadnpoeﬁcwm
mommdwmuuwamuﬁ
¢} sutomatically determining if a diagnosis of fhe disease has been reached based
R ou the diagnostic score afier application of the weight.
) 25 4, The method of Clabm 3, mmwcmnammdam
vorresponding to the sliemative symptom
5. The method of Claim 4, wherein evaluating the alternative symplom somprises
determining the value of the symptom.
6. The method of Cleim 3, addinomllyownpnmngmpmngb)thmushe)mnla
30  terminstion condition is reached for the releoted disease,
7. The method of Claim 6, farther comprising:
determining if theze is an additional disease spplicsble to the patient; and
repeating a) through €) until a termination condition is seached for the additional
discasc.
35 8. The methad of Claim 3, additionally comprising enabling an sliecmative syraptom
mode wherein nae of altemative symptoms is permitted.
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| PEA/US 0 4 FEB 2" ni b) de g diagnostic weight; for each tam of
spectrum 0) presenting the enemas Or- erns to a patient during a
session; d) selects a termfrom anong the spectrum of trans ...36)

4,0
di agnosi s

A5 2004

corresponding the selected termto it weight; 5 f) applying the melg
corresponding to the selected toxin to a diagnostic wore an as to di agnose

a nedial condition g) Mng the acts a) - d) for other aspects of

medi cal synptom so as to select other it and h) encoding the sel ect
terms into a cock. 10 29. The ne hod defined in Caim28, additional
-l r stag: repeating the acts a) - c¢c) at " predeterm' nd Iater tinme,

anal yzing a change of the code over line, and or
| psedgoamechiecal syeptam Over uensy 0885 A et hog? n@ cal
Tdi agnoesi s of aphis the nethod conpri sing: g i c

syrrptom el ement the that nedical synptom el enent *VIVB an act =1,

wei ght for a #i nemlmma.mmmmmyﬁﬁm t for
dine c prgyidia Wmmmdemmmd medi ¢
e having on act rbalttdsde Second di sease; 20 app

actual wefgRt Tor Si t L cal RotidnQr Qvitde’ St d
scene and gi c¥al tgfﬂﬁﬁwgaﬁﬂge o a secon&ﬂﬂgnostlc score, W
first &di W@WMSSOU ated with the fast disease and

di agnostic sciire i metsd oistimidadiitipaibt popmigiog fptiepiog e wlsdd o8 occur
di agnost i g afe feinig mbyatd¥ it gyimgn. act ual synpt om wei ghts for the se
di sease to thﬁ_ smmbmﬁmw&mmmimned in

wherein th Sy e ¢ pemte@b| | Shes the presence eta
) synpt om ?% !fB"'EB' 0 --' d L.I’l a|m30 derst s

el ement? est abPr shE% PR & T aicar tom 30 . The me
def i ned mwmwmmwmemaetmﬁw 5 t he.

medi cal spuwekdns cl enent may be different |ine the alternative s

wei ght for tha fopknBdistiied fympigired epadat coBisinghe matt ed defi
G ai m 30, wham t he 36 Rk thsti fb Yo itg b SaRApmswgkel at ed to

medi call synpt om %@M&W%HQMM4M 2:39: 42 PM

4 ~( ) 5 AUGZ mesns for spplying the retrieved altamative weight to a diagnostic score 30 85 to,
snometically diagnose a medical condidion.

She

15.. A cemputerized medical diagnostic method, coagrising:
a) repetitively ssking questions 10 clicit responscs from a patient, the responscs
20 cotablishing a current symptom, the established current symptom contributing a weight to
at least one disease;
.Y memmmﬁﬁcwﬁgbﬁb@m&emﬁtm
established and any prics symptots extablished; -
t) adding the eatablished symptom weight and the synergistic weight(s) to a total
) 25 score Sor cach disease in which the current symptom applies, wherein the adding is
paformed in uniscn for the spplicable discases; and
d) determining whther the wial score for & particular disease reaches or passes 2
threshold 50 a8 10 dectare a diagaoviz.

16. The miethod defined in Claim 15, whercin detenmining synergistio weights includes
30  esablishing » synergistic eymplom.
17.  The method defined in Claim 16, wherein the synergistic symplom is based on &
typeufmmutumnﬁ'suofamofmecmbmm.
13,  The method defined in Claim 16, wherein the synergistic symptom it based on s
ouset slope or an offsct alope of a one of the established symptoms,
35 19. - The method defined in Chaim 16, wherein the syncrgistio symptom is based on an
onpet trend or an offset trend of 2 one of the estublished symptoms.
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04/ 02/ 2009 11: 35 FAX 819 687 8687 KNOB SAN DI EGO PCT/ US01/ 04907 |PEA/US O
4 FEB 2003 35. The nethod defined in Caim30, wharin the drat synptom

el enent |s associated wi emor nore cfsrrcd quati mand the dF”ﬁ”ﬁ\UgSZ[][]!f
associated with one or nore alternattve questions 36. A coat eriee

oalic method of a patient, the maned conpr4in: S a) providing to a conpuser
a list of diseases. cash disease associated with a bat of rpgftnlK her
the following two feature: b) automatkslly selecting a one of the s ons
to be a focus synptom based on a predetermned criteria; and 10 c)
-evaluating the focus synptomto establish the focus syrrptorn t he

established synptoma weight to di seases hay m
Obasbzl@osl 0ldaGud NG9 teivossheat ur eivs chy esedvvmaLt i cawmg ﬁ be
a fecus symptomfromthe list of’ syrrptom~as 'wr't’ one
of -t he di seases a%on&tlcal the e S s¥[%50mto establ [ s

focus synpt om0t h [ﬂ‘ff 5 S 9ht t o jat st

t he sel ecb&dﬂimﬂdwwmmﬁm“ﬂé‘y gM¥cand 1) sel gcti y
repeating b) epd %Wxsmﬁwemﬁmm for aj dijmpse
reach or RASS & aﬁhg"gg &Lm ofliyRas itacklsics/ .  The jet
define d i mu@ el atom S ggsom ated with one or!

quest i dn. eads gy diEost) dP(?E?‘Pructures 39, The r’iet hod defined in m
36, wherein tRe pAeedetdsfopdinCamils ahaeip sspieed eqraf establislig REPRETR 0 0 o |t h

Synpt ons  bedurking 8 ChpsiSeioapence 39 tiFived baving et et ehapacterisih mERE36.  whed el of
the di seapabifiesbplsicbfimhbmsarerscs & of endiigiosn wigt w ik diwdd. ed, and t he
sel ectively repeal NguweOdRks A RmMs| Daitkhatid BeupReing rdpbliing BR® f¥RL hod d@f i m

Ydain 39 1E)9Qe[en t he condition corrprl ses a preselected percentage
res

di seast 41. T rreth def i IS a|m39 wh'a'mthé c j tion
conprises a dfagnd W"g ac %‘%’é‘t % ts foe g diseas A2.
The net hod doped WF%I%M@%W ‘Pﬁ’é"‘m * E8thM°ses a ar
response by ymoa@dﬂtmmmmmm%a:ﬁwmmg t he nedi :
probl em of a pagstidiseasd; he net hod conprisingg. a) providing to ajco ter a
list ofy diseases, e dli GEARGyddGiktD Freighuaed af ®flsyiptiadd edovlisBd | i st of
synpt ons; RKe‘lw\A_\V _’t01 W t41 22.42PMa nS 4linm 7

wmmﬁgeﬂbbﬂedsymptmwghhmdmpﬂhwgbbfmhdimﬂ i
= | |

detenmining whether the accurnulated weights for the divense rcach or pass »
20 threshold o as 10 declare a dlagnosiy.
25.  The wethod defined in Claim 24, MmgmsthMmm .
establishing a synergistic sympom. N ;
26.  ‘The meihod defined in Claim 24, wherein the time varying symptors are stored in
_ a patient medical record.
: ) 235 27. A computezized medical diagnosis method, comprising:

%) defining a spectrum of terms representative of a subjective deseription for

an aspeet of a medioal sympiom;
) peesenting the spectrun of terma to & patient during & diagnosis scsvion;
0) selecting a term from among the spectrata of terms;

30 (4] repeating 2)-) for other aspects of the medical syraptom; "
¢}  encoding the selected termns into & health data code; and e
)  indexing a databasc of discases with the health data code thereby
diagnosing a discase.
28. A compmierized medical diagnosis method, comprising:
35 a) defining a spectrum of torms representative of u subjoctive description far
an aspect of a medical synaptom;
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IH 5 AUG 2004 04/02/2003 11:35 FAX 619 887 8687 KHOO SAN DI EGO PffMS 01 /
04 907 IPEA/US FEB ?ftfl b) selecting, in a Crnodt, a mca-of duoaaea
havi ng shared eynptonus fromthe ||int of diseases; c) eval ufat HnjUuet20)éast
ant oftlte abed ayntiptonsi d) aw nbaag an the that node tea aeond mode
based on the evaluating of this 5 shared synptons. wh rema particul ar
di sease is sekcte d e) selecting, in the socead node, rynrrptom ass
with the particular disease; f) o aluatiag at hut amof the rel sy
of tImparticular dnm= ua and g) di aS\Wodng 't he nedi cal problem of a
.Used on the evaluating of the abued synptons and the sel ected ayn

.44, ‘The nmethod defined is C aim 43, wherein tt'fe‘(;'F SWZXJ (lf:()%?

at ed

[ bibBhobsS 115 FaAXEDISCReON t heygalRthag odt be a
defined in Claim44, wherein the c iteria is temah r est

by-a race. 46. The nethod dclined in (aim44, V\/nereln the criterjfa i ased
on a diagnostic ®b SGMMWWMMWWe absurd synpt gmu.
The nmethod det| aagy i nMWw/&a&wmﬁh&dﬁﬁimmmmdaased on |
dl sgnostic nom my Jmmmmrme shared aynpi mrs. §43.
met hod deflnedln Ga%fm\ggg# teria is based as a pjob ity
of diypnsia. 20 P9 ;’ ausonate dll”%QOSI S WOQ a Cj

i sing. 3 asking ap&tlcéﬂ" (QTemORER, [ NG answer s € pati ej

the mac ns tommwwmn bk di seases based on a chie
25 dot a fart sigsifi cpmingthyreeodkefibe igzcidh wediel greomfoagnosi ng
by acting que%gmﬁ&wl ated with the synptoms of a sekctad '
wherein the sel ec GRACENIAccdeSErhbitESwdcNe first sl puficant synp

)gl rnt rrelt PI;odt dtey nte gzt“h'%dﬁ'@ 0 t; Qﬁmchdt}‘comd)l aimis ditl
mto an 0 ayt o icili i agnosi ngi a
condi ti on by ﬁgg Gpeatine 'E‘UT}C?QGW| u i eyrrptonga tge met%bd
actia-g at plural #ﬂwoiMﬁ%eﬂvM we each rnpresentative of a i cal
cousa of a di seaffiguings WHRESs Qingdsote retich pritontciretsay npl or ns of t hej di :
typically tuige NakodofsAediRablBgieda ubit, o mehit oFmbERE i Cal |y abki
or tmgc questi O”MQMMQM%%%MW
Taving so actual symptom weight for & first-disease and an altemative symeptom weight for
a second iseast;

providing » second medical symplom element, the sccond medical symptom

clenent having sn actual symptom weight for the sccond dizcase;

20 applying the sctual weight for e fist medical symptom element to 2 first
diagnostic score and the alternative weight to 2 second disgnostic score, wherein the first N
disgnostio ecore is associated with the first disease and the second disgnostic seore is ’
associated with the scrond disease; and

_ mmmwwmmﬂmwmwmmmmemd
) 25 ' diseane to the second diagnostic score.
) 31,  The maethod defined in Cluim 30, whn'mthcﬁm:ympunneluwnesnhlmha
the presence of a nedical synzptom,
32.  The method defined in Claim 30, wherein the first symptom element establishes
the value of a medical symplom.

30 33.. The method defined in Claim 30, wherein the sctual symptom weipht for the !
second medical aympiom element may bo differest than the ahietnative symptom weight for the :
first medicsl symptom element. '

34.  The method defined in Claim 30, wherein the second medical symptorh cloment is i
elated to the first medical symptom elenent. ) ‘
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i ndicatiive. of a chief toM Receivditora (O WN) 94=239: 42PM_Eaft ward
TMe) ?6 /ML j.1 x0044 04/02/2003 11: 38 FAX 619 687 8007 KNOB SAN DI EGO
PENU~ ii 4 4y69~3 automatically receiving answers fromthe, p ‘é\t hﬁ@tzdﬂq
response to the questions automatically identifying a di sEa

corresponding to the chief conplaint correlating the chief conplaint to a
tineline for the disease autonmatically asking one or nore questiosn
elicit the presence and tinme of a first significant synptomon the
tinmeline for the disease; adding an increnental weight to a cumul ati

.score for the disease if the first significant synptomis establis and
establ i shing the diagnosis when the cunul ati Vi’ﬁc/ﬁbe ceﬁzs
p r S d 10 od defi i)]/m c e
499% t"%o{r?p 2?&41%% %%es a s@%p?gpﬁﬁagﬁd a sevefPENlﬂSr() YhEEBy270039m The
rret hod defined in daimb51, wherein each disease is associ ated th
dunl h= 54. A BRt has miodlinatmeClio 30, iyrcaite Sricwivwe clmmsisPwgied on di t use
of a predlﬁggmm&mm@fmeWEMuMdmonpr| | n
generating a Iur aI ity of tinelines which we each representativejof
typical s 'sease via a ter Iom magni t udes
ti me and auto%tl Wﬁ‘h% R es e based on |; p rn
of synptom 20 nagnmﬂdes"mﬂ&t‘é w"é'“pﬁaﬁ‘%‘h BEERSi il af t ne
tinmeline assoeymphel With the particular disease. 53. The net hodjdef din
Hai m 54, therein &ﬁﬁhwﬂiﬁﬁesaf&ﬁuassoci ated with and tine: and
met hod defined | Ny §%1 ﬂ% syioRPI BE o 15dud Wimpdddi basdddnl Cal | y{as 25
)questlons of té alent 'TZd errethod defined in C ai m 56, addtl ly
conprising cr I ne of " na e icativ ne
pati en® based at Qn%m the doots Py s’ff"%{’% m@ﬁ‘ﬂxkﬁ‘et{%r%@ﬁ% aut o t| y
di agnosi ng a mmawmw braes dyresinblished tineline of s ons,
the method conpri sidegndtnegeifenati ng s pl uraI ity of t| mel i nes whi ¢h each
representative of gRuuolbfliERkeiRq dicobihe siipoiis Bbceheesympan fpudlivar act e i s
[ of

pattern of sypp Lﬁ;&ﬁ&m,%éelm“@;%mtlcal | y asking qugsti
a patient, wherein the gie g? [ B fob bynithh, the SFIRGLITS ; regei
answer ¥ i ndi cat i vg H"f’ura | gf&m%%’ tudes . fdom t ho
synmmmd
f Mm})mﬂe}wd}mﬂe)mﬁlummﬂﬂudwdﬂmfwn

disease peach or pass a threshold 30 a8 to declarc a diagnosis.
20 7. mwﬂnd&e&ndhmﬁn%,mmmmbauodauwhhmw
more questions, formulad, o logic strtctures.
38, Tbemdhoddeﬁnedmclam%,whm&mmedmtm:mclMa

prevaleace of the symptome in the discases.
39,  ‘The method defined In Claim 36, wherein one of the diseases is sclocted when 8

'_). 25 conditiom is satisfied, and wherein the selectively repeating continues with d) and €).
40.  The method defined in Claisa 39, wherein the condition comprises u preselected
percentage of 1 diseass thyeshold.
4l.  'The method defined in Claim 39, wherein the condition couyprises a disgnostic
suomentum of the sccumulsted weights for 2 disesse.
30 42.  The mwthod defined in Claim 39, whereln the candition comprises 8 particular ._
response by the: puticat. ;
43. Acompiﬂa’izcdnrﬂmdfﬂd‘mgnosingﬁmmedicﬂpmbhnufapuﬁmt,the
method comprising:
1) prwi&ﬁngmammtwaﬁstqfdiums.wobdimbehgmwhmdﬁma
35 st of mympioms;
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| PEA/US 0.4 FEB 20C automatically selecting a particul ar di S@ageAggagg[p,n a
pattern of synmptom nagntutes associated with the patient being simlar to
the tinmeline associated with the -- disease 59. The nethod defined is
Claim58, additionally conprising creating it tinmeline of 5synptom

magni t udes indicative of the patient based an answers to the questio 60.
A conputerized diagnostic systemwag a predicted tineline of synpto t he-
-a con device, a database, in data oonm w eadon with the conputerize
-device, having a plurality 10of tinelines which u G at of
Aod/ydo6R )1 BAUK SAs @7 Aei Seasmuod kA ohiso cbmm@%gﬂ %g gm

magni tudes over tinme, and to:lt diagnosis progrb ént EBe’¥dnpulilli zed
device, the pro configured a ticaldy tabu one or nore questions fof

patient so as to o) polsrtng i s Syt mefeoy mrtisgh ofdiscares hyving mrodryppeng from Bty | gi nt,

15aut onat i cal tikofdneags;ve answers fromthe patient in response to tjhe
automati cal |y i denf jvinbarify sfibeft G SneGidid Higdaizdi Ng to the Chief conplfain

correl ate the chigf GORRbaLRlskiflod wletl nbdlSioblobbobiiuihy@fud 1 ol 1 Je2 B the
sdeddw dlto+ "e _a m‘%‘%ﬂﬁ‘( as cone.%ﬂcg?re gitatione to elicit {th
prosenck and SRS } | HHIFASEERT synptomon the tinmelide fJMthe
i dentified di seas® 'ﬂ%ﬁ&ﬁ%‘*—%mm“{ GRS ErHE scare {f orfilihe

di sease if the fi fsduluatiiger kit fue ofsie sclcasimpmipton of the padioulspdifersied,  and
) disgnosing the medical problem of  paticnt bused ca the evatuating of the
ghared sympioms and the selected symptoms.
10 43.  The method defined in Claim 43, wherein the soritohing ccours when = exiteris is
mect basod on the evaliating of the shared symptoms.
45.  Tho mefhiod defined in Claim 44, whercin the critesia is based on an extemnal
request by & uacr. ]
46.  The method defined in Claim 44, wherein the criteria is based oo a disgnostic
15 score from the evaluating of the shared symptoms,
47,  The method deBued in Claim 44, wherein the criteria is besed on 3 disgnostic

momestum from the evaluafing of the shared sympioms.
43.  The method defined in Claim 44, wherein the criteris is based oa & probability of

20 49. A method of sntomaticd diagnosis including s computer, comprising:
saking a prtient questions;
receiving answers from the patient,
using the answess t gelect & subset of possible discases based on 3 chief
complaint;
) 25 determining a firat significant symptom of the patient; and

disgnowing & disease by asking questions masociated with the syomptoms of a
selected disoase, wherein the selected diceass inclndea the first significant symptom.
50. The method defimed i Claim 49, wherein the chicf complaint is diffsvent than the
30 51. A method of sutcrmatically diagnosing 2 medical condition by vee of & predicted {
timeline of symptoms, the method comprising:
geoorating a plurality of tirnelines which ara each representative of & typicsl couse
of & disease m ttymy of how end when the symptoms of the diseage typically arise, vary,
and subside over time;
EE] sutomatically axking one or more questions of a paticnt so as to elicit 2 symptom
indicative of a chief complaint; !
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25establish the ding esis womthe cwoaative score exceeds a predeter th'e
Aul d, 6] The system defined in Caim&60, wherein the thief conplaint
includes a synptom and a severity 6os' the sy> opbm 62. The, npoq ,gjeﬁjg\ped in
d ai m 60, wherein each disease is associated with one 30tineline 63

system for aniosnatl eally diagansing a nedical condition by use of a

predicted tinvli ¢ of synptons, the system oanprising ass he generat a
plurality of timelines which are each reprencntattve of a typical co e of
a disease in terns of how and when the synptons of the disease typic y
-35site, 'wary, and subside ova tinme; Reeef dfrsatc8196178517>9411132 PMpa
-$MkdThne] iH 5 AUG 2004 04/0212003 11: 36 FAX 619 687 8687 KMD8 SAN 80
PET6AIS0LAQBIQY d1PBM ssbr O Q Fhiod SIndde € f O auuﬁ% mor e
questi‘on of a patient so as to elicit a synpt o Qi 4vi@ib 1"f :
compl ai nt nmeans for automatically receiving answers fromthe patijent
response to the Sutprostigsfyeceiviggnena o themgticnt inpspamss s awegi8Pondi ng t o it h i ef
conpl aint; rmeans WM&“MWMW@M to a tinelijne t he
di seasae; neans fQr guk NW&W ome questions tq el t

t he presence and tlne hee Sl t i timgli or

t he di sease; for F@'%éﬁ“?(‘gﬁ m@%ﬁ*?‘é‘ a currul"%tlve Esigg?e foR t

di seaseS i f t hamifpgt pppies e te gprinefEaedisens ot om ti | est abl i shed mand f

establ i shed t he distigsosieromint reighhte scemisia pdopdor ghesfseesecl e Brils

pr edet er m nedxibkaee.sdwmhumm systens defined in Caim63, whgrei - he
chief conplaint i pabksgSmdgoRPHite ditkhnie Sob Qlobeliays frilkeriniial Syt §m | 5.
)The system de%gﬁq in CI aim 63. wherein each disease is asSom at ¢d N one
tinmeline. ut e | U h er Ie progra yde
enbodi ¥d  t hef®in m&%ﬁﬁh%ﬂgg%@ww ond| tiop b se of
a predi ct &4 pesmre sy npt ons, So conput er readabl e code conpri

i nstructi ons fBr 279 oxthepd dofined inrCiant §ly wieeinteichdiesn dsasapiinted lyith puee g c h

represent ahagke of a typical course of " disease a characteristig p of

synpt om magni wdeiﬁé&%hdou@-nym BRI bohdioh by BEIr@Gbiag a pardic
di seasg QTS'SQ“? ? Rgf m nmagni tudes associated with ajpa
bei ng SI miar a?éﬁé_’t ?%m!muhhghhgc each representative of a )
typkalmuofadmmnmpumofcympmnﬂsmmduom
thne; snd
autoxntically selecting a particular disease based on 2 paticmn of symptom
20 magnitudes aysocisted with = paticat being similsr to the timeline associsted with
the particular discase.
85,  The method defined in Claim 54, wherein each disesse is sssociated with one
56. The method defined in Claim 54, additionslly comprixing automatically asking
) 25  guextions of the peticnt.
§7. The method defined in Claim 56, acklitionally comprising creaiing & timeline of
sympiorn magnitudes indiestive of the patient based on answers 1o the questions.
58. A method of autornatically diagnoging » medical condition by use of a predicted
timeline of symptoms, the maethod conprising :
30 mm:phnmynfmlinuwhchmaehmmoftmulcm
of » dizease vis a characteristic patiem of syrmpiom magnitades over time;
automatically ssking questions of a petient, wherein the questions relaie to patient
symptomas; !
roceiving snswers indicative of o plunality of symplom mapuitudes from the
35 patient; and
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particul ar di sease 25 67. The conputer usable nmedi umof Caim66. whavin
each disease is associated with one tineline 68. The conputer usabl e
medi um of Chan 66. additionally conprising instructions for= 5u@ﬁﬁmﬁM%ale
aski ng questions of the patient 69. The conputer usable nediumof (Cairn
68, additionally conprising instructions for 30 cresting a tineline of
synpt om nmagni t udes indicative of the potent based on answers to the.

nmet hod of reuse of medical script objects used in the automated di ag S
or - managenentof a nedical condition. the method con lain . providin
-plurality of disease objects, each disease object associ ated mﬁth a
‘plurakity of synptom objects; and R ethntNONN UG
2Qk)¥é2,/468d4 02462003613 $a73s6sFAX 61EkoS &G 08687 KNOB SA ?%T%%

| PEA/US 0 4 FEB 7001 assigning a weight for eac 8

particul ar di sease wears object may include a preferred merght for or
more preferred synabmsisibmefetng B partisyla istagrobersd jof) [ PIRO P SYPRtem,

alternative S)pinesaded ekihd paieatdbibgsmBate *emWW&MGeI ect d f a
set of archiv ﬁun@hgnrobjects that are avarlable for nrm5 71. The hod
defined in G %E 9 q%ty bt a\Ghetthe BEW NAME f a
synpt om obj ect thg% tﬁo | n d in Cai mla66 neijn t 'set
of archi vEIwsPmyrBH? ?fge Wt Abase. 73. The netlho

defined in C #m @&’Wm“t Fﬁ’g’”ét‘t‘é%?fﬁ@"“rﬁe““act of { 1I

archi ved syepbapisap] ects stored in the dat abase via a gl obal congut :
network 74. The ngidapskrceabdasped i s China 66, wherein each synptomlobj has
)underl ying obj ec;wﬂduqmmmmmﬁ mﬁ, obj ect b

aut onmat ed dra 0S |c stem.co Lalel deY, ﬁLHQ WHi c
interat} to ﬂgﬂﬁgg#ﬁ ‘? trent&' erernthe objtect

I hcl udes at ect, a sank tom obj ectl,

val uat or object, a*ﬁﬁ%%!?ﬂﬂﬁ?“&ﬂﬂ@%?‘“%PWH%&FWH% PREMHREET L andi ddt e
.object. 76. Twe systemof Claim 71, wherein the objects include § pl lity
. of disease objects amdnﬁmlbuncahd&mﬁfqﬂgoﬁmfemﬂ:mbymemmm The |sy of
a" 71, addrtrona SeiaRgi ne obJect to coordrnate t Re ,

ot her objects 78." An eg H stem cénp ‘ng a
plurality of objects, "gnﬁﬁéﬁegﬁat o) Jects |n§€u e -at east a{pl ~of

di sease objects S&ﬁ’“ﬂ"’pl urality of system Obj ects, and wherein at

score of the objects Promsslinidmisp fuesgompnandiog oths ciic SoPPI P on ot her |
correlate the chicf complaint to & one of the plurelity of timelines for the

20 identified discanc,
sutomatically ask one or more questions to elicit the preeence and time of 2 i

fivet significant symptom on the timeline for the identified discase,
334 an increxmental weight to 1 comulative score for the diseasc if the first

significant symptom is established, and i
25 eotablish the diagnosis whea the cumsalative score exceeds & prodetonined i
threshold.
61.  The system defined in Claitn 60, wherein the chief complaint includes a symptom
and a yeverity for the sympiom,

62,  The method defined in Claim 60, wherein each disease is associsted with one
30 timelioe, ’
63. A system for automatically disgnosing & medical copdition by usc of a peedicted
timeline of symptoma, the system comprising:
mezany for generting a plurality of timelines which are each representative of a
typical course of a disease in terma of how and when the symptoms of the dizease typically
35 urise, vary, and subside over time;
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: i
meane for automatically asking one or moce questions of 1 petient 60 as to elicita
symptom indjeative of 1 chief complxint;
mﬁamﬁdlyrwdvhgmﬁwthcpnﬁmtinmspomewm
guestions; .
5 mfornﬂmaﬁullyidmﬁfyhglimcumupmdwmthsdﬂefomplmm;
rmexns for correlating the chicf complaint to & tirmeline for the discase;
means for avtomatically asking ene or more questions to elicit the presence and
tiroe of a first significant symptont on fhe imeline for the discase;

) nmfuadﬁngmhwmmﬂwdﬂnwwmﬂlﬁwmfmtbzdimcifﬁe
10 first significant symploca is establisbod; and
mhmﬂh&gh&mkwhm&cmnﬁwmmeds:
predetermined threshold. '
64.  The system defined in Claim 63, wherein the chief complaint includes 3 symptom
and a severity for the symptom.
15 65. Themtmd&ﬁnedinChimﬁS.Mﬂchdimiiuswiawdwﬁmm

66, Aewmnnbhwﬁmhmmm&bkmmmmdiod
wmwwamﬁwmmwmo{.mumma
mmmmumdcwiﬁnzwmh

20 WgaﬂwmofﬁmlemeﬁuﬁaWMl CORrse
ofndisnscﬁaadmmiﬂicplmdmmmagnmdesmﬁm;md }

ammﬁnnyulecﬁnga.pnrﬁmnndisnsc‘hsedma'pnuﬂn of symptom -
mgﬁuﬁuumﬁmdwiﬂasmﬁmmﬁnilnwhﬁmﬂineumwm&e

" 25 7.  The cosputer usable medium of Claim 66, wherein cach discase is associatod with
one tmeline.

68. mcmmuubhmdinmnfmaimﬁ,addiﬁmnﬂyeompﬁsing msmwnms for
antoxomtically ssking questions of the patient.
69. mmmﬁkmﬁmofm&,sddiﬂmﬂlymmimmﬁqu
30 ﬂuﬁngaﬁm&liuofsymphnmgﬁmdeshdiwﬁwof&epnﬁembasedmwmahﬁe
questions,
70. A method of reuse of medicsl geript objects nsed in the wutomated disgnosis or
management of 3 medical condition, the method comprising:
providing a pluratity of disease objects, each discase chject associated with a
35 plurality of symptom objeots; and

- ———
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Mtwmfamhmhmm:mwwoﬁmm
h:h&lweﬁuﬂwdshﬁmwmmmmmdmmmﬂn
famwmdmnﬁwmmmmedmﬁwmmmmmm
2 set of srchived symptom oljocts that are available for reuso.

71. Themhoddeﬁnedmmnmﬁ,addmmﬂlywmgmﬁngmmglmm
for a symptom object that is reused.

72. . The method defined in Claitm 66, wherein the ¢et of archived symptom objects is
stored in 3 database.

73.  The method defined in Claim 68, additionally comprising accessing the sct of
Mmoﬁmmﬂh&&ﬁmmaﬂo&lwm :

74. mnmhoddnﬁudndmn“,wlmmmhsymptmobjmtmm
obyjects used to estublish the sympton:.

75. Anobjectbaaedmmuddimmmcompﬁshgnphmlﬁyofohim
which interact to determine the diagnosis of » patient, wherein the objects includes at least one of:
adinseobject,aqmomobngunmnuobjmaqmsﬁmobjmuamdcobjwtmdg
candidates object.

76. ‘l‘hﬁsystemofth:im?t,whuwhﬁwobjwhhclude;pmmyofdiaeueohjwu
and n plurality of symptom objects,

™ ThchofClﬁm?l.adﬂiWywiﬁnzmmgimohjmmeﬂw
other objects,

78.  An object based antomated disgnostic systém cowprising & plucality of objecty,

wheeein the ohjects inchude st least a plurality of discase objects and @ plerality of symptom .

muanWuuﬁmmmMmmwmm
objects to perform their taeks at 2y sppropriste time.
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