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Established research traditions (“solid ground”)

DDL — Conversational Differential Diagnosis Loo

integration of all three in the medium of comfortable dialogue
- three emergent properties no component shows alone

“The components are established. The integration value is the contribution — and the moat.”
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0| HE otof] |ZiBict.

3. TIBHs AZHEHO| OFLICE O 0| HE 7} I SHE FIokstm, R[0|E|7t ZESHH, BHO0| FLEICt.
182 AB JHsehD, BISY 4 o, S| ZEJ} gict,

4, 7| JHEX|E Ul @H0M 20t — DSM-5-TR X, 2B E HE 28 2%, 2470 23, QM =5
— 242} M SNE £ZOZ EfY Y,

5. dlEat #HHO| 22| ECt. A (DSM AIO|E 7|E, red-flag 22, 21 HA)2 S /=12 =HO|CH
&

|

.

BY (ot AEMY, AR &M, M A 0JMH|=H) 2 57 X0| 1 7%} 7HSSICY.

6. M= o|0|ME Qtof|M £ FEICE — within-user TS MM &5 2t X209| 20|, F|O| M= HH
FI5t, Cross-product & X &= v2+ ZEW 202 Metr It OtL|2t E& =12 MEFEICE

7. OO|MES| MK M2 RITHst= Z40| ofL|2t eF2 &otF= ZA0|Ch O EH2 SMa27F HAZT
S0 =M, 47 HILE CHA|SHK| gb=Chz BAIA s, 2|10 0] 9/7]| M=o chet 2
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BE1— Lokt Hao| Of LotS 2 THRIch XH HE|Q| B2 0| ER2 HESITE, o sty of2] XHlofl SAlol, E2HAstA| 7|ojg
= Aot

BE) _JMdRE flat scoring CH&l, ZtZH{ZITH JH &5 X|X| 57, 2EX 0|EE E2]S H2 2-4 /19| ot A= IS
SX|3iC}
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=
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Conversational Differential Diagnosis Loop (CDDL) Catcher Technology Company

Figure 1. The CDDL loop — structure of a single conversational turn
next utterance — loop

L 3
\\\‘.
T~ Deliver question in
AT WAL E e~ ———— T natural dialogue
[C1] Utterance —» dimension [C2] Select question that Gate / red-flag
vector (probabilistic) best separates leading pair clearance

I

Key: Contribution 3 (temporal memory) feeds Contribution 2 (question selection) — the three
contributions are not parallel; one is the input of another.

T/ 1. CDDL £E — 8 0f3) £19] 715, 34 SEL 7/0f 3(AIZH /9)0] 7/0f 2(BE MY SOk ZHOJC}: 4] 7/0H LIEH]
Ol 710/ OfL2L, SpLp7} THE S1L49) EIE0)Ct

AL

33 8O —3tE

= L

StLtol CDDL B2 Chzah 20| TI™EICH. AEX &elvt 2F 10| S0{7t &E%{0| 1 0|2l Xtal HE =2
HetEICH JHE HETF A ECH AUE HET} within-user 7| AT R EICH — O] A2 M E= M= QU7
gtEElE M2QI7? J2{H Lhs EE MEI[7F 2| M, 7HE HISSHA| Betsts 78 42 78 2 72
HES UEM. O 2HIL A0 E2t red-flag 20| E SatetCt. ZE20| XA Cthetd| 2 HEE D, THZ ekt
L2 LM SO2LF

ZEX 0l AT AFA: T]0f 3(AIZF 7] 21)0] 7]0f 2(EHZ MEH)off ZOJRICE. M 7|0 LIEIB] &2 A F4A] 7}
OFL[2}, S}LI7F CFHE SFLfSl 2/E/0/CF. T20] 2 =20jA “E87 0] 9/0/3t= BfojH, T210] o/= ZE
SE0/ ofLlef ETIf 7/0721 0f2LF.
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Conversational Differential Diagnosis Loop (CDDL) Catcher Technology Company

NextQuestion(state) = argmax. ExpectedInfoGain(q, state)

07| M state £ XI27HX| £ME RE 24 — X+ HE], 7k 22 within-user 7|2}, CHat 4Ef — 0|11, g
SH HZFOICH O &, 00|MEE HE & HZ0f| s O EZ0| 7Hd HEEo| E2tM 4 S oL 2 A
7|tHE[=XIE A &5, 71HEE 3ol E0|= HES MENDITY

=
[

=
—

Hu rir

0/210] & 7}5 8t 0|2 ExpectedinfoGain £ A10/1, 20| HHE 7 AHHE HE ES 4L 242

AILL 0= Of == LfX 8 + QIL). mfefA 2122 BIE IS or0) — EF2lof ofL/af Zf8tolrtf. o/Zlof
LHRES] LLM BAIZIgt A|A E0] O/ HZ 0/l ZA(2HE S0l Lff2t & & X E0/Cf.

ExpectedInfoGain(q, state) =

w1 - DiagnosticSeparation(q, hypothesis board) [71H 2]
+ w2 - TemporalValue(q, user history) [7104 3]
+ ws + DimensionalCoverage(q, dimension vector) [71% 1]
- ws - ConversationalCost(q, dialogue state) [metet mI'dE|]
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Figure 2. Decomposition of the next-question objective into four terms

ExpectedinfoGain(q, state)

: DiagnosticSeparagik- - 4+ » ConversationalCq

Contribution 2 Contribution 3 Contribution 1 comfort penalty
entropy reduction over value conditioned on anti-omission across topic-jump / depth /
hypothesis board within-user history dimension vector sensitivity-earliness

[NextQuestion(state) = argmax. ExpectedinfoGain(q, state)]

TE/ 2, [} FE ZXet+0] Iff 8F 2. 4 BH2 & EH0/50f LISHAl= 2/0f0/1; ConversationalCost = & 2tgt B SE[Z mjZICF —
OffO|HEZ} #ZXE HE/X] XEE.

4.2 21— DiagnosticSeparation
0|Z40] 7p& £hetot 20| vault 71201 2| F2tetct, 7Hd #EE&= Xt EH h € {MDD, PTSD, GAD,
ADHD, ...}l i3t HEL2 X P(h)C EE 28442 O AERT|CH

H(board) = - Xn P(h) - log P(h)

EE q o 7HX|= 3Z0| ASOLi= 7|t A EZT| ZfACt:

DiagnosticSeparation(q) = H(board) - Xa P(a) - H(board | a)

0{7|M P(a)= A2t EHH a E E HEE WM EEE FHE|H, H(board | a)= EH a off CHEH H[O] = Z4 Al
S HEO|JAEZMCE 0|20 EO|22| 7|t HEO|S2 27 M 8%t ZA0|Ck H|o|= Al P(h|a) o< P(a|h) -
P(h)= vault Ol A H&ts| oLt ¥2 BO{2C}: R P(alh), S X EH h ol Al2o| 2 qo| HHa E &
StE.

H
74

4.2.1 M&H vault of|A R sjAi617|

el F20[dE vault oM, 7t12= R E 2t0[Ee{2|= ZF RE0f| thol XX L7} oftL|2t M&X jE —
“O] EtH2 PTSD £ AlAtettt” — S MZEeh AIAAR 7HE2 LLIMO| 2 MaS AL E X2
HetsHH ElChs Z10|Ch O3 = glen, 1 20| SR6tCt HA2 XS0ILh LLM2 “PTSD S AlAE” S
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ol B9 dhekg F2% 4 Ut EX(calibration)2 XS0| OtL|CH P(a|h)= &eko| otL|2t 37| — 0.7 Ch
0.4 — O[T, LLM O] AA|ZtO 2 BHEOLH T 7= $h2tel 2X}2 X & HAI T B & X|L|X| 20} 1| A,
S-S B THEK| @Al g HHOE QUbStrY

et 3 s 2 vl A 2tw|of |, Hel ot e El tch MeX IfEH2 3HA = MHE 2 — 2% = 0.2,
=~ 0.5, 4 = 0.8 — 2 Fe|0|ME[H, 22t ZX E|2Z X| I} H|0| = HH2 =M FFHo|Ct: R 0.73 0|
=
=

ot 20| otL|2t ZHIE =M 2 ER0tCt. of Fef|lo]d2 TEHE vault
SoEH, 2o A5 20| OfL|Ct.

819 215 H20| HHE £ AFE H(board)E SE5H0] 05 El 2149 LYXPI}. HEZTIZ 0.4 H/E 52
2OZ O X5 0.05 8 HBIF B2 ISk /0] IR FFHE FH0|C} — F20|H Tt Eirt

4.3 g 2 — TemporalValue

TemporalValue = &0l M 71& 22 £&20|H, 7|0 30| 7|0 2 off HH{TICH= FFO| oA HACt 2
Si3l Oto|L[0f: 22 B E q2tk, q 7t LR AH d 7F ALEXE 7|0l M Ot A2 SEHO| A=LFof| 2t CHE
7tX|E FHEICE XHad d 2| AlZE MEllE Ml A2 QOtEILE:

« seen(d)—d&
« variance(d) — I AMSS9| MM 2 2L
« trend(d) — 2 M= = AZHE 7| 27| (Tt B7tLt Z4AH 310, SELFESIH 0 2K).
HES ZFE LtElCh: g_state(“X|Z HEHIIR7?”), g_course(“HA T2l 2ALtR, OfL|H X2 QI7IR7?7),
g_onset(“H| AIZHHLIR7?”). J2{H TemporalValue = EE 532t AlZH AEHOf| CHEE OHX|CE:

—

)

TemporalValue(q, history) = match q.type:

q_state - high if seen(d) = 0 (ME2 M= — Hxf MEfREE =)
low if seen(d) large (oo ofzf H g=ol “X[Z?” - 3 EH H])
g course - high if seen(d) = 2 and variance(d) low (8= + oM — trait 2H;
course 7t 2¥H)
high if seen(d) = 2 and trend(d) large (8= + Ml — course AHH|7t
=)
low if seen(d) = 0 (M2 €= 4=9 courseE 23

— ALEX} 2
g _onset - high if seen(d) = 1 and onset DO|&H
low otherwise

0|Zi0|] “710 30| 7|04 2 off HOJZICH” 2of &+A MAH|CE TemporalValue = EE ZF2 KH 9l A|Zt
MENE S C YHOE HOtAM, 22 XHUO0|2HE MER 20|H g_state Z2 =, HtEE|= Z10|™ g_course
ZOoz= HaE FLOL EE MEW7|(E 1) RAS 22X 121, TemporalValue = O A2t ZH=0f| M 22 X]
nEL
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Figure 4. TemporalValue — question type x dimension temporal-state
(the functional substance of “Contribution 3 feeds Contribution 2”)

1.0
q_state 0.30

(“how now?") 0.8
2
2
n
0.6 <
g
g_course | 0.45 [}
(“lifelong / recent?”) E
- 0.4 C
Q
a
£
2

0.2

g_onset |
(“when did it start?") Wit
T T —- 0.0
seen(d)=0 seen(d)=2 seen(d)=2 seen(d)=2
(novel) var low (stable) trend large (rising) var high (noisy)

&l 4. ZE HZHZA/9 TemporalValue — EZ SFES A2IS A/ZHYENS WA} MZL2 HSE q state ZO =, BHE L[ 171 oFE X0/
HZE q_course ZLE FFIF IAHEILL. 0/210] A2t 7]90] B2 MEE Mg & 8= gt +% B)7/L/Z0/C}.

4.3.1 within-user & 42} trait / state / course

variance(d)2t trend(d)E Al AtSHAH within-user & AT XAHRE MM A A E S 2Rl 0F SHCE, [H2FA
MEAE 2 MM kf%t” Ha MEQ 2[F Tt FHE £ CH ERTICE A A E0| Q2™ TemporalValue =
AMSOZ RSB} 3| F EXO HQWCIH seen(d)I M= ZAHOZ WK S HO|CH — REL StLL
trait / course HHE0| 2% f IC} O 7| M BAISH=E A2 A GOl

O| =X0j|= E CHE SH0| QUCt MM 2M, M5 THEI2 N B2 2 2R EIC} oHEH BEE 2 trait(EY)
MEf)LE O] =5, AZH0| E[f% Hat= course(Z o E 7t2|ZICt course /2 FIC

SRYRTHS2 state

ZEol HAo|CH — &2tM(MDD)Q! A2 Pt (K5 LET0H)Q A2 RE, BY(ADHD)! A2 2R H,
AA S (HSEO) 2 A =] E rétr i 1= i R B 8 A Hatto2E 23 ZTAY o gls F0|Ct
OO|ME = ot MMM RE AS Z2HStE ofX| gb=Ch BT E S2|7| f[s TEHS FXotCt 220] 124
EF=ZRSIA0O|IMEEE %!E 20|t
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Figure 9. Within-user multi-session time series — the same accumulation separates trait, state and course

Trait signal State signal Course signal
(stable - lifelong) (volatile = situational/noise) (monotonic - diagnostic axis)

1.0

0.8 b b
. \-v_f—‘_q
2 0.6 - - -
[
k=l
v
]
£ 047 1 |
[

0.2 A 1 T

00 T T T T T T T T T

2 4 6 8 2 4 6 8 2 4 6 8
Session # Session # Session #

T2/ 9. within-user CIE M8 A|AZ. S L8H =10/ OFFX 9l trajt 1.2, HEo}= state A2, FFEZ2 course A2 S 22/3H0f —
T2/ course HZE O/ EHY MM B0z &= &EH &0/

829/ Z4Z: q_course EF0 A 7/, T XF20] L} 2 MH0A HEX 2! trait / state 27 = F2/oF=A]
210I3IC}. ZAfS}E, TemporalValue X 0] 2t Z10/Cf.

4.4 2 3 — DimensionalCoverage

DimensionalCoverage = +2fS 2=Ct. O} CtEX| 42 A1 S HEE| = EE0l| 24etot:

rr

DimensionalCoverage(q, dimension vector) = ¥ {d € g7t ZAE2|= A} untouched(d)
gate weight(d)

untouched(d) = XH& d of OF& M7t g{OH 1, OFL|H 0;
- gate_weight(d)=d 7t DSM #|0| E Xt&l — E2}R0t =&, =F &}, 4F — 0|H 2 gho|ct.
NS 526k TUTH CHE st TA7E eF B3] 7| miZ0]Ct.
21 O] HETL &g Jut Bt BT IS gX[ot & mf, 0™ X AH ZE| FO{X|= EHATt
Z0{ZICt o] &2 vault 2| Z40[ Ho| girt — Xt S =1t A[0| E xtal S2Ha 2 BLQDHH, = Cf DSM 0f| A
20 2 452 AHE|X| HAOICH Md B2 Al ZE X0 &4 - 8 - 2/ & otz EREU[=I1?
O™ E XHA0| StLtete 5o M, O M2 2| X[of Znhet Z40|Lt,

4.5 ¢4 — ConversationalCost

ConversationalCost & tfX|= &0|Ct — “Hotst CHal” 7t gt40ff A0 S0{7t= Xt2|C}. of|o| HE T}
HEO|S0t £OM™ F| X7t =IC} ConversationalCost 74 1242 8t7| 2|dl wiZ=Ct,

ConversationalCost(q, dialogue state) =
c1 - topic jump(qg, last q) (A F=H=EREQ H2| — S HiZE|)
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+ c2 - depth overrun(q, current topic) (st F=Ho| LR Q2 HE — oHEHE H'2E|)
+ cs - sensitivity(q) - earliness (CHSF xgto| TIZt HE — H'2E[= FHtof| Z2])
+ sensitivity(q)= 22E UHT EHlEf — EZt0et Xts| HE0i|M =L

« earliness=1/3M & HS Cl{fzt A

4.5.1 1ZT EjOQ} SHA of |
E|

vault = oM Z2E UZ T IS XLIX[ RE22 B2 v
Tel|lOIE{ 7} HEoICt. CHEE QFF ThA 7t oLt QICEH red-flag, A3,

LK =0t — o Zo| M 2FEICL Al Ol 2E2 B2 UHE” 2t
EE” Ol2tn 2ROIX| g0t At At BHEHO] D StLt, of A

20| HEE|IE 30, th2tM HHol H2|= 2o 2=5 Bf=Ct

1 M3 DHE|CH Al 2=I0] 1 XHEY O E MESHD,
F'_|- |:||. ZZ2o| o2t EH—|=A| -Io”
oFgh #0|Ck “O| A2 red-flag
0| ConversationalCost 7t red-flag

Z& X O =, ConversationalCost =

oL HIEHS IR =L,

B1£10] OFLIL}. red-flag 322, BIZIE} Op2a] &0pe, B2
B ZICH — T210f L3 Af= ConversationalCost 7f 2 A/EIC) BISE[S HoteH LSt E =0 712

z5

= X — =L

H3. 4l g — e, vault 2 EY, HE U=,

gt kst vault 2| =N

DiagnosticSeparation  +(HE0|5) L= P(alh); M&H - 3 A & MHEE (v1 ME,
He| o)

TemporalValue +(HE0|5) within-user AtI'E A AH|E (JUOH — 2AHH)

DimensionalCoverage +(HE0|5) 719 918 — DSM Ol 2 xt@l S} A|0|E
Z#83

ConversationalCost - (Horet HLE|) I IZte BT (Al 1 KL+ F2l|0|E]; red-flag
= Ql7to] 1H)
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5. 7k5Xl, e ol A&k, O2| 0 oA E2jjo]A

1 7= X w1 w2 ws wa — “ARHOCHCE2CP  CH27)

K= 1F d=7t oLt %Hff T HO| AEfOtTt Ct=0ts BE2 oM, OA
St

FIO

f

ok
rr

Tl 4447

M

i

)

rlo

1. o2 JHEX| HEZO|| 9f=Ct. red-flag ZX|2H H[O|E HE2 7HE 0| & E0{7X| b=L}; OAUS
argmax ¢12| £ 27|CL 7tS X & oA FEotE, M2 SEI0|X| =Lt

2. 7t&X|= R0l M E T2t0|E{CE O X722 X2tk EfZEl 3=FO|Ct. T|O|E{ 7t 40| H
OO|METL — “O| 7HEX| R0l M EHEO| & FefULY” — M|QFsta, R2|0|E{ 7t HESHH HTES
S}, O| A2 X7t Z=HO| OtL|Lt, 7tEX| 2| tHet XA| 7t HE CHAOICH: v2 7HS X7t vl FHS XIS
M =Z 57F4=Xl= hold-out HIO|E{ 2 AMFEIC.

—

At

(==}
(7t2= EZ 2t0|E3E] + A0|E ZHE + Azt
H

=
2. red-flag 271 — Z2|H argmax & ZAUT 7|2 27| [eR]
3. 0|33 AHO|E Xt2I0| o™ — s AHO|E HES LA ME [2H]
J 2o, 2 g € Qo cHel:
score(q) = wi-DiagnosticSeparation(q) + wz-TemporalValue(q)

+ ws-DimensionalCoverage(q) — wa-ConversationalCost(q)
NextQuestion = argmax score(q)
5. Z2 Z: max score(q) < 6 0| BEx =7 (FH0|S 1Z)

2 BHA|9F 3 BHAIZF HHOICE — ZFES K| HRZ, 222, 4 BHA|7F F2f|0|ME| = £20[Ct. 5 BHAl= T A2 0
SILIZ Chist 20| E 0| & ST Xp7| ZFAIZICE: B #H[0| A& THEE 8 HOf|, SIS Sto[gt #|0|A =

CHEF 18 E0| S=EICt
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Figure 12. Full per-turn computation of the CDDL loop

— 1. Generate candidate question set Q

- crisis

2. Red-flag scan? branch

- force gate

3. Unmet gate dimension? question

loop

4. score(q) = wi'DiagSep + wz-TempVal
+ w3'DimCov — wa'ConvCost
NextQuestion = argmax score(q)

- end loop
(info-gain
exhausted)

Steps 2-3 = constitution (outside weights, unconditional). Step 4 = curated. Step 5 = self-adjusting length.

5/ 12. B EIS] SEIB A 2 A9 3 EAS BIEIOJCH — FE B BIZ, SR, 4 A= OIS I SHBALL 5 EAYs
NS R 7A0/L
5.3 oA Chi=t Ejlo] &

CtE2el e Edfo|A= FXE Sut5h= ¢ A2 5 Of|A|BICH O] A2 O|A|0|H, HEE 2= X2 HALIL
=
=

OfL|CH Ul o] HHEZ oA H2EE5H=X|E 2 =L

H 4. CDDL 0f|A| E3|0]A — MDD-PTSD Z'g ().

- ALEX} 23t (2]H) Al = HE MeiZ X|ufst g MYE AR
“QF OtF FaPN PR anRE L) MDD .34 /PTSD .26/ DimensionalCoverage — “OIR AT EUX| gCtn
XHe.” GAD .22 / ADHD .18 CHEEo| XHlo| ot=| O|F % StAls — I MR Chelte,
EFst HEQAIRY”
3 “«z=Z ZHAo| RAHIII} HQE uj MDD .40/ PTSD .30/ DiagnosticSeparation — “1 220l 5 H7| Ltg,
e GAD .15/ ADHD .14 22 3lm| A2 =0t OfL|H £ 7| m|gt uf
Aot Qe 23 X|&LtR?”
6 “x|20tR. J2|1 £X|8| X|Z2ato| MDD .45/ PTSD .36/ TemporalValue — g2 = “g o2t sty — Hf
OfL|2t Z HAmy Jt2tetot ARAK.”  GAD.12/ADHD .08 7|2 Mz; o|H course 7t %'%é:ﬁl-fﬂ, OfL|H A3tHH
Z238H RICHZUCHRLER?”
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AR st (oled) AN S B HE M x|HyE 8 ECEE]
§  “SitiyTht=ul, S O/EIIXSl  MDD.44/PTSD 40/ OIS (H)— Eatentia  <ofnt A olop|S S|
ZAZ2 AN, GAD .08 / ADHD .08 AO|ET} OFZl £t ot & — OFZ| BLIX| g2 =70 EF

ALZ10] AALIR?”

11 (E2t20t =ES AlASHE LHE; MDD .43 / PTSD .43 — HEO|S B — max — (REIL B2 7MY E,
red-flag 98) sSHo|gtZ2mY HEE  score(q)7t 60 B2 M| O AHZI Bk ohLY Z=H])

Aot A= =2

O] E|O|AT} E32 JhAISHSICE 0= BHY St CH$}E B 1 J1X| =Lt DimensionalCoverage 7} L3S
@1, DiagnosticSeparation 0| &0t U= ZE S HItE2 5tH, M= 7t gH=E|X} TemporalValue 7F
course ZO = et 2|10, A|O|E 2]|0|0{7} RXA XV E FHESHH, WEO|S BRI 37 HE0| 79
MESHK| RY | FOE BUHCH HE = StLte| M2 S2|5HK| gb=C; OH2 M2 AT, SHto[et
HIS

—
At oL 2 S A EITE — 2 240] EHES| FEloh Z0|C},

=

Figure 5. Live hypothesis board — posteriors evolving toward an MDD-PTSD
comorbid profile rather than collapsing to a single category

1.0

0.8 +

0.6 s MDD

s PTSD
GAD
ADHD

0.4

competing pair stays
live = drives g-selection

0.2

Posterior P(h) on hypothesis board

0.0
0 2 4 6 8 10 12

Conversational turn

25/ 5. 20/ MeH0] ZF MO} Q= I HE, NE LTS FIY HIFE SSHS LJA MDD-PTSD SH0/2H Z2ZI1E £O2
RIBHBILE; FEISH= WO MOp 2= W2 BE MEY2 0/1L},
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6. ¢, Eeoid, 2|0 7o ME Tz}

6.1 X}7p=H st

|

>

o] MIelkl= ol&

X7t Z2F — OlO|METH ALEXL GIO|E{ 2 X}7| 7B K| E Hi e A — 2 ZIE S0 M SX[ECH. M| 71X
O| ROIMLC}. E2|ZE: MatEl AFEXZ0| TEH J|&E XM E 7|2 ICt. ground truth 2x: X7|E 1
FHKSO| M2E S0IYAH &M S2{E - UL M JH: SH|SHK| Rot= 20l T3l MUK = /K], 2=
ZIEE Al = locked-algorithm & %l9| X[HHE o0, CDDL 2 24 S E4Stct.
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Figure 11. Three emergent properties of the integrated loop
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Figure 3. Simulated entropy reduction — adaptive selection vs. baselines
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