
32 :00
. 2

,
_

_
5

9
3

2
9

3
5

!
o

w
n

e
d

2.8 : 8
. s

5
3

3
2

9
5

9
3

.
„m

zm
h

m
a

ca
x_

_
‚m

E
._

o
—

c_
5

2
9

0
9

5
0

5
.

Bernha rd  Puppe

MEMO SEKI-83-02

DEMnÜWe
...!Vm

l9V.
0

A Heur i s t i c  D iagnos t i c s  Sys tem

Frank Puppe,

wi th  an  E f f i c i en t  Con t ro l—St ruc tu re

h
.»

.m
fia

m
m

u
iw

m





Overv iew  on  MED1:
A Heur is t i c  D iagnost ics  Sys tem

wi th  an  Ef f i c ien t  Con t ro l—St ruc tu re
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Abs t rac t :

MED1 i s  a f u l l y  implemented t oo l  f o r  cons t ruc t i ng  d i agnos i s
sys tems  espec ia l l y  i n  t he  med i ca l  a rea .  A mode l  t o  d i agnose
d i seases  p rovok ing  ches t  pa in  has  been  comp le ted .  I t  t r i es
t o  s imu la te  t he  way  phys i c i ans  d i agnose  and  i s  capab le  o f
exp la i n i ng  eve ry  r eason ing  s tep .
From o the r  d i agnos i s  sys tems  us ing  t he  t echn iques  o f  A r t i f i -
c i a l  I n t e l l i gence  f o r  r ep resen ta t i on  o f  heur is t i c  expe r t
know ledge ,  MED1 d i f f e rs  main l y  r ega rd ing  more f l ex i b i l i t y  i n
hypo thes i s  gene ra t i on ,  r eason ing  w i t h  unce r ta i n t y  and  dec i -
d i ng  t he  necess i ty  o f  t echn i ca l  d i agnos t i c  procedures .
The comfo r t ab le  know ledge—acqu i s i t i on  f ac i l i t y  enab les  t he
exper t  f am i l i a r  w i t h  t he  s t r uc tu re  o f  MED1 t o  communica te
h i s  know ledge  t o  t he  sys tem w i t hou t  knowing any th i ng  about
L ISP .

1 .  I n t r oduc t i on

The goa l  o f  t he  MED-p ro jec t  (MED s tands  f o r  Me ta  - Ebenen
D iagnosesys tem o r  Me ta  Leve l  D iagnos t i c s  Sys tem)  i s  t he
deve lopmen t  o f  ‚a med i ca l  d i agnos t i c s  sys tem fo r  a b road
doma in  o f  human  d i seases .  The  sys tem shou ld  p rov ide  ass i s -
t ance  t o  t he  phys i c i an  i n  mak ing  t he  rap id l y  i nc reas ing
med i ca l  know ledge  ava i l ab le  f o r  a pa r t i cu l a r  case  a t  hand ,
avo id i ng  ove r l ook ing  ra re  d iseases  and  m in im iz i ng  d iagnost ic
i n conven iences  and  cos ts .

we have  now f i n i shed  t he  deve lopmen t  o f  a f i r s t  mode l  (MED1)
f o r  d i agnos ing  d iseases  assoc ia ted  wi th  ches t  pa in .  Th i s
pape r  p resen ts  an  ove rv i ew  on  t he  des ign  c r i t e r i a  ( chapte r
2 ) :  t he i r  imp lemen ta t i on  ( chap .  3 and  4 ) ,  and  sys tem-pe r—
fo rmance  ( chap .5 ) .  An examp le  i s  g i ven  i n  t he  append i x .  Fo r
de ta i l ed  desc r i p t i on  see [Pup  83a ] :  [Pup  83b ] .

Because s t ruc ture  and  f unc t i on ing  o f  MED1 a re  no t  spec i f i c
f o r  i t s  doma in ,  i t  can  be  used  as  a t oo l  f o r  const ruc t ing
d iagnos t i c  sys tems  i n  any  doma in ,  wh i ch  was demons t ra ted
by MODIS [Bor 83] i n  the area of  car—engine de fec t s .



2 .  Des ign  Cr i te r i a

MED1 is  based  on  the  exper ience  w i th  the  AIM (A r t i f i c i a l
I n te l l i gence  i n  Med ic ine )  p rog rams  a l r eady  comp le ted .  An
exce l l en t  rev iew  o f  these  i s  g iven  in  [320  82 ] .  They
( i nc l ud ing  MED1) are  charac te r i zed  by a se t  o f  heur is t i c
r u l es  assoc ia t i ng  f i nd ings  wi th  d iagnoses  w i t hou t  us i ng
a comp l i ca ted .  causa l  mode l .  Our des ign  c r i t e r i a  were se t
up w i th  respec t  to  spec i f i c  de f ic ienc ies  r epo r ted .
One o f  the  ma jor  p rob lems  is  to  f ac i l i t a t e  the  exper t ' s
i n te rac t ion  w i th  the  computer .  To do w i thout  a "knowledge
eng ineer"  requ i res  ( f i r s t  des ign  c r i t e r ium) :

1 .1  a comfor tab le  know ledge -acqu i s i t i on  f ac i l i t y
1 .2  a comprehensive  exp lana t i on  f ac i l i t y

The second  des ign  c r i t e r ium was  to  improve  the  weak  cont ro l
. s t ruc tures  o f  the  known AIM sys tems .  The backward - reason ing

of  MYCIN [Sho 76 ]  resp .  EMYCIN [Me l  79 ]  usua l l y  resu l ts  in
thorough ly  inves t iga t ing  a l l  d isease -hypotheses .  Towards the
o ther  ex t reme CASNET EWKAS 78 ]  resp .  EXPERT [UK 79 ]  ma in ly
re ly  on fo rward—reason ing ,  the reby  comple te ly  reeva lua t ing
the  knowlegde  base  when  process ing  a new f ind ing .  Bo th  pure
s t ra teg ies  a re  inc reas ing ly  i ne f f i c i en t  i n  l a rger  domains .
The s t r i c t  h ie rachy  o f  MDX ECGMS 79 ]  can on ly  be app l ied  to
we l l - s t ruc tured  d iagnos t ic  p rob lems .  INTERNIST1 [MPH 82 ]
examines a l l  o f  the  d iagnoses  exp la in ing  a t  l eas t  one o f  the
symptoms in i t i a l l y  p resented  to  the  sys tem.  P IP  [PGKS 76 ]
sepera tes  between ac t ive ,  semiac t ive  and dormant hypotheses ,
bu t  the  s imp le  t r igger  mechanism ac t iva t ing  hypotheses  i s
not  se lec t i ve  enough .
The consequences o f  a weak cont ro l  s t ruc ture  a re  no t  wrong
d iagnoses .  Ins tead  they  res t r i c t  these  sys tems  to  ra ther
smal l  (EMYCIN and EXPERT) or  spec ia l i zed  (CASNET and MDX)
domains o r  y ie ld  unsa t i s f y i ng  d i agnos t i c  s t y l es  (P IP  and
espec ia l l y  INTERNIST1 ) .  MED1 shou ld  be ab le :

2 .1  to  e f f i c ien t ly  dea l  w i th  a l a rge  knowledge base
2 .2  to  ask ques t ions  in  a reasonab le  o rder
2 3 to  a r r i ve  a t  the  r igh t  d iagnos is  avo id ing  unneccary

ques t ions  and  tes ts

The judgementa l  knowledge o f  expe r t s  ( as  opposed  to  s ta t i s -
t i ca l  da ta )  has  been proven  to  be a sound base o f  reason ing
with  uncer ta in ty .  To support the  expert  in  fo rma l i z ing  h is
knowledge ,  MED1 shou ld  p rov ide  power fu l  ca tegor ica l  and
probab l is t i c  reason ing  concepts  [SP  78 ] .  Tha t  requ i res

3 .1  representa t ion  schemes fo r  s t ruc tur ing  the  way
f rom the  in i t i a l  f ind ings  to  the  f ina l  d iagnos is .

3 .2  avo id ing  impos ing  any  res t r i c t ions  on  the  exper t
when quant i f y ing  h is  knowledge by p rov id ing  reason ing



schemes making no  a -p r io r i  assumpt ions
about  the  independence  o f  r u l es  ( l i ke  MYCIN as
shown i n  [Ada  761 ) .

3 .  System Arch i tec tu re  and Execut ion  Cyc le

To meet the  second des ign  cr i te r ium,  we chose a meta - leve l
system arch i tec tu re :
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Exp lana t i on :

( 1 )  Con t ro l  Leve l :

The core  o f  MED1 i s  the  agenda ,  a l i s t  o f  a l l  ac t i ve
d iagnoses  ranked  acco rd ing  to  the i r  ra t ings .
Two d i f f e ren t  ra t ings  may be ass igned  to  each d iagnos is :

- an S—rat ing  fo r  sugges t i ng  d isease  hypo theses
- an  E - ra t ing  represent ing  the  r esu l t  of  de ta i l ed  eva lua t i on



The s - ra t i ng  i s  computed by  f o rwa rd—ru les  accumu la t i ng
sugges t i ve  ev idence  thereby  p rov id i ng  much more  se lec t i v i t y
t han  PIP 's  t r igger  mechanism.
Upon eve ry  execu t i on -cyc le  ( see  f i g .  2 )  t he  t op  d i agnos i s  o f
t he  agenda  i s  ac t iva ted  and  fu r ther  exp lo red .  An execu t i on -
cyc le  r esu l t s  i n :

- e l im ina t i on  o f  t he  S - ra t i ng  and computation o f  a new
E- ra t i ng .

- seve ra l  updated  S- ra t i ngs  o f  o the r  d i agnoses  i f  t he
system h i t  upon  sugges t i ve  ev idence .

( 2 )  Diagnos is  Leve l

Once a d iagnos is  ( ac tua l l y  an  agent  hand l i ng  t he  d i agnos i s )
i s  ac t i va ted ,  t he  d i agnos i s  i n  t u rn  ac t iva tes  one  o f  i t s
p rocedu res ,  i n t e rp re tes  t he  p rocedu re ' s  r esu l t  and  hand les
i n te rac t ions  wi th  o the r  d i agnoses .  The Last  t ask  w i l l  be
exp la i ned  i n  more  de ta i l  i n  chap te r  4 .3 .

( 3 )  Procedure  Leve l

A procedure  con ta ins  a r easonab le  pa r t  o f  t he  p roduc t i on
r u l es  o f  one  d i agnos i s .  I t s  ac t iva t ion  Leads t o  a schemat ic
examina t ion  o f  i t s  r u l es  s im i l a r  t o  t he  backward - reason ing
o f  MYCIN. Af te rwards  t he  con t ro l  i s  r e tu rned  t o  t he  d iagno—
s is  l eve l .
S i ze  and  number  o f  p rocedu res  f o r  a d i agnos i s  a re  de te rm ined
by  t he  expe r t  enab l i ng  h im  to  f i nd  a comprom ise  be tween
comp le te  eva lua t i on  o f  an  ac t i va ted  d i agnos i s  a t  t he  one
ex t reme  and  reeva lua t i on  o f  t he  agenda  a f t e r  each  ques t i on
a t  t he  o the r  ( des ign  c r i t e r i a  2 .2  and  2 .3 ) .  we the reby  avo id
ask ing  poss ib l y  unnecca ry  ques t i ons  and  f r equen t l y  j ump ing
f rom one  d iagnos i s  t o  ano the r .

( 4 )  F i nd ing  Leve l

Th i s  bas i c  l eve l  cons i s t s  o f  t he  p r im i t i ve  f i nd ings  which
a re  t he  cond i t i ons  o f  t he  p roduc t i on  ru l es .  F i nd ings  a re
e i t he r  asked  d i r ec t l y  f r om the  use r  o r  de r i ved  f r om o the r
f i nd i ngs  ( e .g . :  shock - i ndex  = hea r t  bea t  f r equency  d i v i ded
by  b l ood  p ressu re ) .



The execut ion -cyc le  has  a l r eady  been  ment ioned .  I t  i s  bes t
i l l u s t r a ted  i n  a scheme:

Ishzvt

/

Ingxfxucfkne

|

: ausgabe.

. „ , -x  \ » ,
Conti/02% ' . Z beat

\
" “  newvahnba. - _

€ + fabia._ ‚' I + “””" °
: dooqmt ’  & F&Lflßfiiou'meß

do It“ I: act .0! (cautious

Fig 2 : execufien— c ge fe . O Jada - sharia»:
Exp lana t i on

The systems s ta r ts  wi th  a se t  o f  su r vey -ques t i ons
eva lua ted  by fo rward  r u l es  t o  i n i t i a te  t he  agenda be fore
en te r i ng  t he  execut ion -cyc le ,  wh ich  i s  d i v i ded  i n to  four
phases :

Phase  1 :  Check  o f  t he  t e rmina t ion  c r i t e r i a  ( t r ue ,  when  one
d iagnos i s  i s  r a ted  much h ighe r  t han  t he  res t . )

Phase 2 :  Act iva t ion  o f  t he  t op—rank ing  d i agnos i s  o r  t echn i -
ca l  i nves t i ga t i on  ( see  l a t e r  exp lana t i on ) .  I f
the re  i s  none ,  t he  sys tem has  t o  t e rmina te  t oo .

Phase 3 :  Exp lo ra t i on  o f  t he  ac t iva ted  d iagnos is .  what  happens
here  wi l l  be  exp la i ned  i n  more  de ta i l  i n  t he  nex t
sec t i on .  The  resu l t s  a re  bu f f e red  i n  a va r i ab le
"newda ta " .

Phase 4 :  I nco rpo ra t i on  o f  t he  data  f rom ' newda ta "  i n  t he
agenda .

Af te r  t e rm ina t i on  t he  system in fo rms  t he  user  about  t he
resu l t s  ( ausgabe ) .



4 .  Spec i f i c  Mechan isms

In th is  sec t ion  we descr ibe  i n  mo re  de ta i l  how  we ach ieve
t he  des ign -c r i t e r i a  ( d .  c . ) .

4 .1 .  St ra tegy  o f  ask ing  ques t ions  (d .c .  2 .2 )

Gene ra l l y  t he  backward  reason ing  o f  t he  procedures  de te r -
m ines  t he  sequence o f  ques t i ons  asked .  when the  sys tem t r i es
to  app l y  a r u l e  t he  cond i t i on  o f  wh i ch  i s  s t i l l  unknown ,
i t  asks  t he  cor respond ing  ques t i on  ( i f  t he  f i nd ing  i s  no t
de r i vab le ) .  Compared t o  t he  phys i c i an  t h i s  s t r a tegy  i s  t oo
much goa l—d i rec ted .  The f o l l ow ing  mechanisms enab le  MED1 t o
cove r  t he  con tex t  o f  t he  symptom i n  ques t i on ,  t oo :

— Ue usua l l y  do  no t  emp loy  yes /no ,  bu t  more  gene ra l
mul t i p l e - cho i ce  ques t i ons .  Mu l t i p l e  answers  a re  a l l owed .

- MED1 posesses  f ac i l i t i e s  t o  bu i l d  a h i e ra r chy  o f  ques -
t i ons .  Fo r  eve ry  ques t i on  t he  expe r t  may f i x  an  "ask f i r s t “ -
cond i t i on  (usua l l y  a ce r t a i n  answer  o f  ano the r  ques t i on )
wh i ch  has  t o  be  me t  be fo re  t h i s  ques t i on  can  be  asked .

- The e pe r t  may spec i f y  answers ( f i nd ings )  wh i ch  t r i gge r
f o l l ow -un  ques t i ons .

Examp le :
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Exp lana t i on :

The system ~eva lua tes  a r u l e  con ta i n i ng  as  cond i t i on  (F71  =
H1) .  The ask f i r s t - cond i t i on  o f  F71  i s  (F7O = U1) .  I f  t he
use r ' s  answer  t o  F7O i s  U1 and  wa ,  t he  sys tem asks  i n  add i -
t i on  t o  F71  t he  ques t i on  F74  as  f o l l ow -up  o f  (F7O = U4) .

Apar t  f r om ask ing  re l a ted  ques t i ons  t oge the r ,  t hese  mecha -
n i sms  g rea t l y  i nc rease  t he  chance  t o  d i scove r  unexpec ted
f i nd i ngs .  These  a re  eva lua ted  by  f o rwa rd  ru l es  sugges t i ng
new hypo theses  as  men t i oned  above  (exp lana t i on  o f  con t ro l
l eve l ) .



4 .2  Reasoning w i th  Uncer ta in ty  (d .  c .  3 .2 )

Our mode l  fo r  reason ing  w i th  uncer ta in ty  i s  a mod i f i ed
ve rs i on  of  the  mode l  i n t roduced  by  MYCIN .  The  ma in  fea tu res
of  our  mode l  are  (1 .  and 2 .  s im i l i a r  to  MYCIN) :

1 .  Pos i t i ve  and nega t i ve  ev idence  i s  eva lua ted  by d i f f e ren t
ru les .

2 .  The co r re l a t i on  be tween  f i nd ings  and conc lus i ons  ( e .g .
d iagnoses )  i s  exp ressed  i n  ru les  based  on es t imat ions  o f
exper ts .  The  ru les  spec i f y  how many po in ts  ( represent ing
d iagnos t i c  impo r tance )  the  f i nd i ngs  or  comb ina t i ons  of
f i nd i ngs  cont r ibu te  to  the  d i sease  accoun ts .  The h igher
i ts  score ,  the  h igher  the  p robab i l i t y  of  the  d iagnos i s .

3 .  For  in te rpre t ing  the  score  o f  a d isease  account :  the  ex -
per t  spec i f i es  an eva lua t i on  scheme to  ca l cu la te  the  to -
ta l  p robab i l i t y  ( ra t ing )  o f  the  conc lus i on .

The l a s t  f ea tu re  dese rves  a t ten t ion .  A l l  o ther  d iagnos i s
sys tems  fo l l ow ing  the  approach  o f  MYCIN use a s t r i c t
combin ing  scheme,  e .g . :  »

Let  P = the  comb ined  ev idence -va lue  o f  a conc lus i on
P1  = the  o ld  ev idence -va lue
P2  = the  ev idence -va lue  o f  a new ru le

MYCIN ca l cu la tes  the  combined ev idence -va lue  by a f o rmu la :
P = P1 + ( 1  - P1)  * P2 i f  P2 >=  20  x
P = P1 i f  P2 < 20  x

CASNET uses  a d i f f e ren t  f o rmu la :
P = max imum (P1 :  P2 )

A s t r i c t  comb in ing  scheme i s  on ly  cor rec t  i f  ce r ta in
assumpt ions  ho ld  about  the  re la t ions  o f  seve ra l  ru les
be long ing  to  one  conc lus i on ,  e .g .  comple te  independence
(MYCIN) o r  dependence  (CASNET) .
To avo id  such assumpt ions  MED1 t rans forms  the  score  o f  a
d i sease  account  in to  one  o f  severa l  ( cur ren t ly  seven)
probab i l i t y  c lasses  ( ra t ings )  f rom "exc luded "  to  "conf i rmed"
Th is  eva lua t ion  scheme may be spec i f i c  to  each conc lus ion .

Bes ides ,  we th ink  th is  mode l  f ac i l i t a tes  the  d i f f i cu l t
t ask  o f  quan t i f y i ng  med i ca l  know ledge  by d iv id ing  i t  i n to
two s teps  ( the  exper t  can  spec i fy  some score  fo r  each
i nd iv idua l  ru le  and  the  eva lua t ion  scheme sepera te ly ) .



4 .3  S t ruc tur ing  the  Knowledge-Base (d .c .  2 .1  and 3 .1 )

Usua l l y  the  d iagnos t ic ian  does no t  re la te  f i nd i ngs  d i rec t ly
to  spec i f i c  d iagnoses .  I ns tead  he f i rs t  recogn izes  pa tho -
phys io log ic  s ta tes  connec t ing  the  f i nd i ngs  wi th  the  spec i f i c
d iagnoses  by causa l  or  h ie ra rch ica l  r e l a t i ons .

In MED1 these  concepts  a re  represented  as  in te rmed ia te
d iagnoses  whi le  the i r  r e l a t i ons  are  expressed  in  d iagnos i s
to  d iagnos is  r u l es .  F l ex i b i l i t y  r esu l t s  f rom the  d i f f e ren t
types  o f  ru les :  fo rward  o r  backward -ac t iva t ion ,  add ing
po in t s  to  the  S -  o r  E -score .
Examp le :  To bU iLd  up a h ie ra rchy  MED1 p rov ides  two mecha-
n isms:  the  paren t  d iagnos i s  may t rans fe r  an a rb i t ra ry  amount
of  po in t s  to  the  S -  o r  E—score o f  i t s  ch i l d ren .  A r esu l t i ng
h igh  S- ra t ing  on ly  in i t i a tes  exp lo ra t i on :  whereas  an  in -
creased  E -score  add i t i ona l l y  r ep resen ts  some be l i e f  in  the
ch i ld -d iagnos is .

But the re  i s  one impor tan t  d i f f e rence  to  the  o rd inary
f ind ing - to -d iagnos is  ru les :  MEDi exp lo res  d iagnoses  in
severa l  s teps  (p rocedures ) .  The E - ra t ing  o f  a d i agnos i s  may
change dur ing  a sess ion .  There fo re  the  cond i t i on  of  a
d iagnos is - to -d iagnos is  ru le  can  be t rue  o r  f a lse  depend ing
on the  t ime  when the  r u l e  i s  checked .  we have  addressed  th is
prob lem by making sure  tha t  conc lus ions  can  on ly  be drawn
f rom the  E - ra t ing  o f  a d iagnos is  when the  score  i s  un l i ke ly
to  change cons ide rab l y ;  i . e .  when a spec ia l  score  represen-
t ing  the  degree  o f  d iagnos t ic  comple teness  has  surpassed  a
t h resho ld .  Va ry  ra re l y  major  changes happen even a f te r -
wards ,  mak ing  the  conc lus i on  wrong .  Cur ren t ly  MED1 has  no
thru th  ma in tenance  system to  cor rec t  p remature  conc lus ions
but  on ly  p r in ts  a warn ing  to  the  user .

4 .4  Techn i ca l  I nves t i ga t i ons  (d .  c .  2 .3 )

Techn ica l  inves t iga t ions  ( tech .  inves t . )  a re  power fu l  d ia -
gnos t ic  means bu t  o f ten  expens ive ‚  r i sky  o r  inconven ien t .
The i r  use  requ i res  spec ia l  jus t i f i ca t ion .  MED1 r e f l ec t s  th is
by t rea t ing  them as  independent  en t i t i es  and incorpora t ing
them in  the  agenda ,  where they  a re  ranked  accord ing  to  a
score  represent ing  s t reng th  of  ind ica t ion .  Only _upon
reach ing  the  top  pos i t ion  they  a re  p roposed  by the  sys tem.

when i t  i s  des i rab le  o r  necessary  to  make a tech .  inves t .
( l abora to ry  tes t :  x - ray  e tc )  to  c la r i f y  a d iagnos t ic  pro—
blem‚  the  suspec ted  d iagnos is  ind ica tes  (ac t i va tes )  i t  by
t rans fe r r ing  a ce r ta in  amount o f  po in ts  ( represent ing
s t rength  o f  ind ica t ion )  on  an  account  o f  th is  tech .  inves t .
Other  ru les  score  the  invo lved  r i sks  and cos ts .  Add i t iona l -
l y ,  the re  i s  a check on cont ra ind ica t ions .  The resu l t ing
ba lance  o f  the  account  de te rmines  the  pos i t ion  o f  the  tech .



i n ves t .  i n  t he  agenda .

The goa l  and  e f fec t  o f  t h i s  comp lex  mechanism i s  t o
de lay  t ech .  i n ves t .  un t i l  no  o the r  d i agnos t i c  opt ions
a re  Lef t  wh i l e  t he  p rob lem i s  s t i l l  un reso l ved .  Howeve r ,  i t s
f u l l  power  wou ld  resu l t  f r om the  i n t r oduc t i on  o f  the rapeut ic
op t i ons  i n  t he  agenda  t o  compete  wi th  t ech .  i n ves t .

4 .5  D i f f e ren t i a l  D iagnos i s  and  Mu l t i p l e  Diseases

High  ra t i ngs  o f  more  t han  one  d i agnos i s  can  be  due  t o
mu l t i p l e  d i seases  o r  r e f l ec t  t he  s im i l a r i t y  o f  seve ra l
compe t i ng  d i sease—hypo theses .  INTERNIST1 so l ves  t he  l a t t e r
p rob lem by  de f i n i ng  p rob lem a reas  cons i s t i ng  o f  d iagnoses
exp la i n i ng  t he  same f i nd ings  (o f  wh i ch  on l y  one  may  be
t rue ) .  P IP  p rov ides  f o r  each  d i agnos i s  a l i s t  o f  d i f f e ren—
t i a l  d i agnoses .  Our app roach  i s  somewhat s im i l i a r  t o  PIP :  we
use  d iagnos i s - t o—d iagnos i s  r u l es  t o  i nc rease  t he  d i f f e rence
be tween  compe t i ng  d i agnoses .  Howeve r ,  i f  upon  t e rmina t ion
t he re  i s  mo re  t han  one  p robab le  hypo thes i s ;  MED1 l e t s  t he
use r  i n t e rp re t  t he  resu l t .

4 .6  Terminat ion Cr i t e r i a

MED1 t e rm ina tes  i f

- one  d iagnos i s  i s  con f i rmed .  _ o r
— one  d iagnos i s  i s  ve ry  p robab le  and  no  o the r  d i agnos i s

appears t o  be l i ke l y  ( i n  both cases the user has the
op t i on  t o  have  MED1 con t i nue  i t s  d i agnos t i c  cou rse ) .  o r

- t he  agenda  i s  emp ty  (no  p rom is i ng  d i agnos t i c  op t i ons
a re  l e f t ) .  '

These  c r i t e r i a  a re  adequate  f o r  ou r  doma in  ( ches t -pa in ) :
where  mu l t i p l e  d i seases  a re  ra re .  Ex tens ion  o f  t he  doma in
requ i res  more  soph is t i ca ted  te rmina t ion  c r i t e r i a  ( e .g .
INTERNIST1 ) .  However  subs tan t i a l  imp rovemen t  can  on l y  r esu l t
f r om a deepe r  causa l  unde rs tand ing  and  i nco rpa ra t i on  o f
the rapeut ic  Opt ions .



4 .7  Exp lana t i on  Fac i l i t y  ( d .  c .  1 .2 )

The exp lana t i on  f ac i l i t y  i l l u s t r a tes  and  exp la i ns  eve ry
reason ing -s tep  t aken  by  MED1, the reby  re f l ec t ing  i t s  a r ch i -
t ec tu re .
The ma in  exp lana to r y  opt ions  a re :

- Sta te  o f  agenda
- Exp lana t i on  o f  bo th  E -  and  S - ra t i ngs  o f  each d iagnos is

i n  t e rms  o f  a l l  r u l es  eva lua ted  as  " t r ue "
- Steps  o f  reason ing  f r om the  cu r ren t  ques t i on  t o  t he  hypo -

thes is  unde r  i nves t i ga t i on

In add i t i on ,  t he  use r  can  ask  ques t i ons  concern ing  t he
unde r l y i ng  med i ca l  knowledge:

- The mean ing  o f  a f ind ing ,  i n  t e rms  o f  a l l  r u l es  drawing
conc lus i ons  f rom t h i s  f i nd ing

' -  The p ro f i l e  o f  a d i agnos i s ,  i . e .  a l l  t he  f ind ings  con t r i bu -
t i ng  va r i ous  amoun ts  o f  ev i dence  (po in t s )  t o  t h i s  d i agnos i s

- The i nd i ca t i on -mechan i sm o f  t echn i ca l  i nves t i ga t i ons

4 .8  Know ledge -Acqu i s i t i on  Fac i l i t y  ( d .  c .  1 .1 )

The know ledge -acqu i s i t i on  requ i res  t he  exper t  t o  be  f am i l i a r
w i t h  t he  s t r uc tu re  o f  MED1‚ bu t  no t  w i t h  L ISP .  To fac i l i t a t e
the  expe r t ' s  wo rk ,  we l l  s t ruc tured  and  readab le  l i s t i ngs  o f
t he  know ledge  base a re  p r i n ted  by  t he  computer .  I f  you
v i sua l i ze  t he  know ledge -base  as  a ne two rk ,  t he  expe r t  f i r s t
spec i f i es  t he  nodes  (ques t i ons ;  i n t e rmed ia te  s ta tes ,  t echn i -
ca l  i nves t i ga t i ons  and  d iagnoses  and  i t s  p rocedu res )  gu ided
by  t he  compu te r .  Then he  es tab l i shes  t he  l i nks  ( t he  va r i ous
k inds  o f  r u l es )  by  us ing  sho r thands  t o  r e fe r  t o  t he  nodes .
Because syn tax -checks  and  proper  upda t i ng  a re  done  by  t he
compu te r ,  t h i s  pa r t  i s  l i t t l e  t ime -consum ing .  A spec ia l
serv ice  i s  t he  poss ib i l i t y  t o  change  t he  know ledge  base
du r i ng  a sess ion  enab l i ng  t he  co r rec t i on  o f  f au l t s  imme-
d ia te l y  a f t e r  de tec t i ng  t hem.  Th i s  w i l l  be  demons t ra ted  i n
t he  examp le .  .

1O



5 .  Per fo rmance

MED1 i s  f u l l y  imp lemen ted  i n  I n te r l i sp  and  runs  on  a
Siemens  computer  unde r  t he  ope ra t i ng  sys tem BS  2000 .  Cu r -
r en t l y  t he  med i ca l  know lege  base  enab les  MED1 t o  d i agnose
d iseases  p rovok ing  ches t  pa in .  A l l  o f  t he  abou t  20  d i agnoses
have  been  ° t es ted  w i t h  s imu la ted  pa t i en t ' s  r eco rds  y i e l d i ng
sa t is fy ing  r esu l t s  w i t h  respec t  t o  f i nd ing  t he  r i gh t  d i agno -
s i s  and  d i agnos t i c  s t y l e .  We have  no  psycho log i ca l  p rob lems
wi th  t he  response  t ime  even  when  i n te rpre t ing  t he  L ISP-code .

A second mode l  f o r  d i agnos ing  ca r -eng ine  de fec t s  has  been
imp lemen ted  us ing  MED1 as  t oo l .  The expe r i ence  w i t h  MODIS
has  shown tha t  even  a doub led  know ledge  base doesn ' t
subs tan t i a l l y  Leng then  t he  response  t ime .
The s to rage  requ i remen ts  f o r  MED1 a re  abou t  300  K by tes  f o r
t he  gene ra l  sys tem ( i nc l ud ing  t he  know ledge—acqu i s i t i on
fac i l i t y )  and  300  K by tes  ( ches t  pa in  mode l )  o r  600  K bytes

- (ca r  eng ine  mode l )  f o r  t he  know ledge  base ;  r espec t i ve l y .

6 .  Conc lus ions

MED1 in t roduces  seve ra l  i nnova t i ons  ove r  o the r  A IM sys tems :

- I t s  power fu l  me ta - l eve l  con t ro l  s t r uc tu re  can  dea l  w i t h
l a rge  know ledge  bases  and  secu res  a r easonab le  d iagnost ic
s t y l e .

- MED1's  mechan i sms  f o r  r eason ing  w i t h  unce r ta i n t y  avo id
any  a -p r i o r i  assump t i ons  and  f ac i l i t a t e  t he  d i f f i cu l t
t ask  o f  quan t i f y i ng  med i ca l  know ledge  by  d i v i d i ng  i t
i n t o  two  s teps .

- MED1 has  a spec ia l  mechanism f o r  i nd i ca t i ng  t echn i ca l
i nves t i ga t i ons ,  t r ea t i ng  t hem as  i ndependan t  en t i t i e s .

I t  a l so  demons t ra tes  t he  need  o f  add i t i ona l  mechan isms  l i ke
a t r u th—ma in tenance  system and  t he  i nco rpo ra t i on  o f  t he ra—
peu t i c  op t i ons  be fo re  mak ing  t he  f i na l  d i agnos i s .
L i ke  t he  o the r  f i r s t  gene ra t i on  AIM sys tems  MED1 l a cks
adequa te  rep resen ta t i on  o f  causa l i t y ‚ t ime  and  ana tomy .  Fu r -
t he r  imp rovemen ts  requ i re  p rog ress  i n  t hese  a reas  and  w i l l
cha rac te r i ze  t he  second  gene ra t i on .
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