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Abstract 

This paper reviews work towards bu i ld ing an 
expert system for  searching the cancer therapy 
l i t e r a t u r e  on MEDLINE. A modified subset of the 
Medical Subject Headings (MESH) has been stored on 
a micro-computer and accessed via a touch terminal.  
Searches, previously requested of the Oncology 
Information Service at the Univers i ty  of Leeds, 
have been used to test  out the p r inc ip le  of end 
user searching and the resu l ts  compared with the 
searching expert ise of a MEDLARS indexer. 
Original  program development was in PASCAL, but 
a rule-based approach, which is independent of a 
pa r t i cu la r  programming language, has been 
developed fo r  search term and frame select ion 
adopting a 'blackboard' philosophy in t rac ing the 
process of select ion.  Work is progressing on an 
implementation using the expert systems programming 
language PROLOG, which has been found a very 
su i table language for  representing rules and 
provides a ready made ru le in te rp re te r .  I t  is 
suggested that th is  approach is superior in terms 
of re t r ieva l  performance compared with a l te rna t i ve  
approaches to end-user searching which f a i l  to 
exh ib i t  detai led knowledge regarding the subject 
matter of the search. 

I .  Int roduct ion 

The work described in th is  paper is  the outcome 

of an invest igat ion in to  the information sources 

used by doctors and consultants when t reat ing  
patients suf fer ing from cancer ( r e f . 1 4 ) .  Whilst 

the invest igat ion revealed s i g n i f i c a n t  problems in  

the use of pat ient  record systems and the cancer 

reg is t r ies  as potent ia l  sources of useful 

information via a computer system and in addi t ion 

brought to l i g h t  d i f f e r i ng  views on what were 
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regarded as v i t a l  or essential  sources, i t  

revealed a un iversa l l y  high regard fo r  the 

published l i t e r a t u r e .  Although information on 

major improvements in cancer therapy would be 

disseminated rap id ly  through informal channels 

often ahead of pub l ica t ion ,  sadly these advances 

are rare and in most cases treatment resu l ts  are 

measured in terms of a percentage improvement in 

the f i ve  year surv ival  rate.  I t  could be 

suggested, however, that  on- l ine  l i t e r a t u r e  

searches were not being carr ied out as f requent ly  

as perhaps they should, and i t  seemed that  much 

rel iance was being placed on personal r ep r i n t /  

photocopied co l lec t ions of published a r t i c l es  

which were claimed to be invaluable yet would have 

been b u i l t  up in an ad hoc manner, be suspect in 

terms of coverage, have no index, be time-consuming 

to search and d i f f i c u l t  to maintain ( re f .  15). 

This inves t iga t ion  was made in the context of an 

avai lab le search service provided by the Oncology 

Information Service based at the Univers i ty  of 

Leeds, an i n t e rna t i ona l l y  recognised information 

service on cancer. This service having been 

established to provide information to health 

professionals by the production of regular 

updating bu l l e t i ns  and the provis ion of onl ine 

searches. 

An ea r l i e r  invest iga t ion  by the author to 

evaluate the Cancerline database provided an 

opportuni ty to gain experience in the free tex t  

searching of Cancerline and contro l led vocabulary 

searching of Medline on a l l  topics re la t ing  to 

cancer ( re f ,  13). The conclusions of the 

evaluat ion included the recommendation that  i f  a 

high reca l l  was required then both databases should 
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be searched, but i t  was also clear that cer ta in 

searches were more eas i ly  stated on Medline because 

of the sophist icated thesaurus (MESH). On the 

whole searching Medline was easier given knowledge 

of the indexing vocabulary and searching techniques 

with term explosion f a c i l i t i e s  and the powerful 

appl icat ion of sub-headings to qua l i f y  the 

contro l led terms, both of these features having 

no equal on a free tex t  searching system. 

The low number of on- l ine  l i t e r a t u r e  searches 

on the topic of cancer therapy and the a t t rac t i ve  

notion of providing a means for  doctors and 

consultants to perform the i r  own searches were 

coupled to the growth in in terest  in expert 

systems to produce the idea of an easy to use 

searching system embodying the expert ise of a 

human intermediary ( re f .  16 ). This may seem to 

present con f l i c t i ng  design requirements yet an 

ex is t ing  language framework has provided an 

appropriate means fo r  t rans la t ing  user requests in 

a qua l i t a t i ve  way. 

2. An End User Interface based on MeSH 

The easiest to use information systems are 

those that employ a menu. These systems constrain 

the dialogue and dr ive the system to a spec i f ic  

goal. The Medical Subject Headings (MESH) used 

in the indexing of Medline have the potent ia l  to 

act as a menu. The major d i f ference between a 

normal menu system and the system based on MeSH 

being the mul t ip le  term select ion and the resu l t ing  

mul t ip le  paths through the hierarchy. In addi t ion 

MeSH needs to undergo some rest ructur ing and 

certa in features need to be incorporated which 

w i l l  help the user to specify the concepts 

involved in cancer therapy. For example, i t  is 

necessary to hide the use of sub-headings so as to 

present a uniform term select ion procedure and to 

better indicate the meaning of a pa r t i cu la r  term 

when i t  refers to a less spec i f ic  set of references 

than i t s  name implies. The grouping of terms also 

needs to be modified so as to f i t  w i th in  the 

res t r i c t i ons  of a normal visual d isplay un i t  by 

being factored in to  frames. To th is  end frames 

have been constructed using par t i cu la r  subsets of 

MeSH terms resu l t ing in a frame hierarchy intended 

to be comprehensive with respect to the major 

concepts involved in cancer therapy ( F i g . l . )  

The use of MeSH overcomes the need to process the 

end-user descr ipt ion in to  the contro l led volcabulary 

which is an important feature of the system, using 

the expert ise of the end-user to t rans late his own 

natural language request, bu i ld ing in explanations 

where necessary. A to ta l  of 41 frames have been 

b u i l t  in to the hierarchy where the terms displayed 

on a par t i cu la r  frame are e i ther  high level terms 

that need expansion, end-terms for  searching 

Medline or terms that would be translated in to  

sub-headings for  the modif icat ion of other terms 

and so on. The user may exhaust the search 

spec i f ica t ion before the hierarchy is fol lowed to 

the lowest frames, which in any case is down a 

maximum of seven levels and usual ly  e i ther  three or 

four levels for  each of the major concepts involved. 

I t  is appreciated that a deeper level of hierarchy 

may present an annoying inter face with too many 

frames, experienced in some menu driven systems, 

however the parameters in f luencing the 

rest ruc tur ing of MeSH have resulted in a shallow 

tree st ructure un l i ke ly  to be c r i t i c i s e d  for  

requi r ing too many select ions and frame displays. 

The f i r s t  frame of the hierarchy indicates the 

concepts which can be speci f ied,  i f  required:-  

(ALL CA~!CERS) 

(CANCER AT A PARTICULAR SITE) 
(CANCER OF A PARTICULAR HISTOLOGIC TYPE) 
(OTHER) 

(THERAPY) 
(DIAGNOSIS) 
(METABOLISM) 
(ETIOLOGY) 
(ANALYSIS) 

A l l  the terms on most subsequent frames have been 

put in to s t r i c t  alphabetic order w i th in  a frame 

with no inversion to col locate,  e.g. MAST CELL 

SARCOMA rather than SARCOMA, MAST CELL:- 

FRAME 33 
(ALL SARCOMA) 

(GENERAL SARCOMA) (LIPOSARCOMA) 
(ANGIOSARCOMA) (LYMPHANGIOSARCOMA) 
(CARCINOSARCOMA) (LYMPHOSARCOMA) 
(CHONDROSARCOMA) (MAST CELL SARCOMA) 
(CYTOSARCOMA PHYLLODES) (MYOSARCOMA) 
(EWING'S SARCOMA) (MYXOSARCOMA) 
(FIBROSARCOMA) (OSTEOGENIC SARCOMA) 
(KAPOSI'S SARCOMA) (RETICULUM CELL SARCOMA) 
(LEIOMYOSARCOMA) (RHABDOMYOSARCOMA) 
(LEUCOSARCOMA) 
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Fig. I. The Frame Hierarchy. 
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Al l  concepts are normalised to terms inc luding 

sub-headings~ e.g. 

FRAME 3 

iFEVER THERAPY) - term 
(NURSING) - sub-heading to disease term 

Terms with a common pre-co-ordinat ion e.g. Si te & 

NEOPLASMS are shortened to the s i te  element of the 

term to give a less c lu t tered screen:- 

FRAME 21 

(AS PRIMARY)/ (AS SECONDARY) 
(ALL OTORHINOLARYNGOLOGIC NEOPLASMS) 

(EAR) 
(LARYNGEAL) 
(NOSE) 

(NASOPHARNGEAL) 
(PARANASAL SINUS) 

(PHARYNGEAL) 
(TONSILLAR) 

3. Touch Term Selection 

The advantage of the presentation described in 

Section 2 is that the user need not type but has 

only to indicate a term using some mechanism. 

Indicat ing a term may cause i t  to be part of a 

search spec i f ica t ion or lead on to more detai led 

spec i f i ca t ion .  This overcomes one of the physical 

obstacles to onl ine r e t r i e v a l ,  the problem of 

having to type, which is a s i gn i f i can t  obstacle in 

medicine with such a r ich  vocabulary amply 

demonstrated by the f i r s t  disease term in FRAME 21 

above. Other approaches to the provision of end- 

user searching systems f a i l  to address th is  

par t i cu la r  problem (refs.4,8,10,11,12,19,21,22,24) 

A pimple mechanism for  term select ion based on 

cursor movement was i n i t i a l l y  implemented ( re f .  17) 

but th is  has since been replaced by being able to 

touch the required term to indicate select ion.  

Frames were constructed as straight forward 

tex t  f i l e s  using a f u l l  screen ed i tor  and programs 

were wr i t ten  .i~ PASCAL.w~ich read the tex t  f i l e s  
ana genera~ea Tormattea T11es 
with elements for  stor ing the term, the X-Y 

locat ion of the s ta r t  of the term, the length of 

the term, a select ion ind ica tor  and l i nk ing  

information to a fu r ther  frame i f  necessary. 

The X-Y locat ion of the s ta r t  of the term and the 

length being necessary fo r  subsequent t rans la t ion  

of the X-Y co-ordinate pair  sent by the touch 

terminal when touched by the end user. The use of 

formatted records took the par t i cu la r  micro- 

computer system used in th is  i n i t i a l  development 

to the l im i t s  of i t s  storage capacity and l imi ted 

the extension of the hierarchy to include extra 

frames without f i r s t  carrying out a s ign i f i can t  

exercise in data compression. Nevertheless i t  

enabled a f i r s t  SELECT program to be wr i t ten  which 

exhibi ted the major features of touch-term 

select ion,  and deselect ion, by cursor movement and 

then by straight forward touch. With th is  l imi ted 

but e f fec t ive  demonstration i t  was possible to 

evaluate the potent ia l  of the approach of using a 

spec ia l ly  modified sub-set of MeSH against the 

searching expert ise of a MEDLARS indexer. This was 

carr ied out using genuine searches requested of the 

Oncology Information Service. The resul ts  of th is  

search comparison are presented in Fig.2 and show 

that the idea worked well  enough to encourage 

fu r ther  work on formal is ing the workings of the 

in ter face.  I t  was recognised ear ly in the project 

that  to embed the complete knowledge and experience 

of an indexer in to  the intermediary system would 

not be appropriate as th is  would read i ly  demonstrate 

the law of diminishing returns,  instead the aim of 

the project would be to bui ld  a system that  was 

able to comprehensively tackle a high proport ion 

of searches (say 90%) but which would re fer  the 

searchers to a higher, human, au thor i t y  fo r  the 

small proport ion of more d i f f i c u l t  searches or 

where the user was experiencing d i f f i c u l t y  in using 

the intermediary system. 

4. Problems and l im i ta t i ons  of the or ig ina l  
program development 

The exhaustion of disk space on the micro- 

computer being used (an Apple I I  with two 128K 

byte capacity f loppy disk drives) could eas i ly  

have been overcome by the purchase of a Winchester 

disk dr ive but provided a useful delaying mechanism, 

forc ing a review of  the programming methodology. 

The programming techniques adopted using PASCAL 

were t yp i ca l ,  using stacks to establ ish which 

frames were to be v is i ted  and a trace of the frames 

v i s i t ed  to al low backtracking to take place, the 
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TITLE OF SEARCH 

I. Mixed Salivary Gland Neoplasms 
of the Tongue. 

2. Treatment of Superficial Bladder 
Cancer. 

3. Surgery of Pulmonary Lymphoma. 

l 

i4. Recurrence of Cervix Neoplasms 
af ter  Hysterectomy. 

5. Adrenal CortexNeoplasms in 
Childhood - Genetic Features. 

6. Psychological l l l -E f fec ts  of 
Cerebral I r rad iat ion in Young 
Children(12) 

SEARCH STATEMENTS ON MEDLINE M: MEDLARS INDEXER 
I :  INTERMEDIARY SYSTEM 

M: TONGUE NEOPLASMS AND MIXED SALIVARY 
GLAND TUMOR 

RESULT 

SAME 
I : 
M: SUBS APPLY TH ,OH ,DT ,~!U ,PC ,RT ,SU.,RH 

BLADDER ~ EOPLASMS 
I: " t SAME 

~: EXP LYMPHttMA/SU AND EXP LUNG ~IEOPLASMS/SU Reduced RECALL 

I :  EXP LYMPHOMA/SU AND EXP LUNG ~TEOPLASMS/SIJ 
AND NEOPLASMS, MULTIPLE PRIMARY 

M: EXP CERVIX NEOPLASMS/SU AND EXP HYSTERECTOMY 
AND ~IEOPLASM RECJRRENCE, LOCAL 

I :  EXP CFRV~X NEOPLASMS/SU AND NEOPLASM RECURRENCE, 
LOCAL 

M: I .  ADRENAL CORTEX NEOPLASMS/FG 
2. 1 AND INFANT, NEWBORN OR 1 AND INFANT OR 

1A~!D CHILD, PRESCHOOL OR 1 AND CHILD 

I:  ADRENAL CORTEX NEOPLASMS/FG 

by I :  

M: More PRECISE 
No surgery terms 
on I :  

M: More PREClSE 
No child terms 
on I:  

M: Less RECALL 
M: More PRECISE 

A d i f f i c u l t  
search for both 
to specify. 

M: I .  EXP BRAIN NEOPLASMS/RT 
2. PSYCHOLOGY OR EXP RADIOTHERAPY/PX OR 

EXP RRAIN NEOPLASMS/PX 
3. 1 AND 2 
4. 3 AND INFANT, NE~VBDRN OR 3 AND INFANT OR 

3 A~ID CHILD, PRESCHOOL OR 3 AND CHILD 

I:  I .  EXP BRAI~! NEOPLASMS/SC OR FXP BRAIN ~IEOPLASM%/CO 
OR MENI~!GEAL NEOPLASMS/SC OR MENINGEAL NEOPLASMS/CO 

2. EXP BRAIN NEOPLASMS/RT OR EXP BRAIN NEOPLASmS/PC OR 
MENINGEAL NEOPLASMS/RT OR MENINGFAL NEOPLASMS/PC 

3. EXP LEUKEMIA/RT OR EXP LEUKEMIA/PC OR 
EXP LYMPHOMA/PC 

4. 1 AND 2 AND 3 

Fig 2. Comparison of Search Statement Generation 

sw i t ch ing  of  boolean f l ags  held aga ins t  each term 

on the fo rmat ted  record  f o r  the frame to  i n d i c a t e  

s e l e c t i o n  and d e s e l e c t i o n  and to  ac t  as the memory 

o f  s e l e c t i o n s .  U n f o r t u n a t e l y  these mechanisms 

r e s u l t e d  in  a complex s i t u a t i o n  in  terms o f  

f u r t h e r  program development.  In p a r t i c u l a r  the 

need to  be ab le  to  i n c o r p o r a t e  the 'knowledge'  to  

t r a n s l a t e  the s e l e c t i o n s  i n t o  v a l i d  search 

statements a l though i t  had been poss ib le  to  rev iew 

the s e l e c t i o n s  manual ly  and determine the 

a p p r o p r i a t e  search statements (see Fig.  2) .  

One major  problem was the lack  o f  a meaningful  

r e p r e s e n t a t i o n  of  the progress o f  the search,  a 

s tack of  frame numbers does not  convey how f a r  a 

search has progressed and f a i l s  to  i n d i c a t e  the 

reason f o r  the need to  v i s i t  t h a t  f rame, a more 

e x p l a n a t o r y  mechanism was requ i red .  A second 

problem was in the choice o f  memory regard ing  

which frames had been se lec ted  and which r e l i e d  

on an i n d i c a t o r  on the fo rma t ted  record f o r  a 

p a r t i c u l a r  frame. I t  was in tended t h a t  the same 

frames could be used f o r  s p e c i f y i n g  both p r imary  

and secondary s i t es  o f  cancer by i nc l ud i ng  a 

q u a l i f y i n g  term a t  the head o f  the frame (see 

FRAME 21).  To rep resen t  the search using the 

mechanism descr ibed which r e f e r r e d  to  both p r imary  

and secondary cancers would have necess i ta ted  a 

d u p l i c a t e  se t  o f  frames or  an amendment to  the 

fo rmat ted  records which would have increased the 

comp lex i t y  o f  the system. The programs prov ided a 

good demonst ra t ion  but  were unsu i t ab l e  f o r  f u r t h e r  

e x t e n s i o n ,  in  p a r t i c u l a r  t he re  was no formal  method 
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for  representing the knowledge of the indexer 

other than in the choice of terms for  select ion 

and a t rans la t ion to recognised terms, sub- 

headings or term/sub-heading combinations. 

Developments in expert systems were being 

reviewed and i t  was seen that a rule-based 

approach could provide the answer to both the 

problem of meaningful representation and the 

handling of a 'memory'. 

5. A Rule-based Approach 

There is extensive l i t e ra tu re  on the use of 

production rules in the construction of expert 

systems ( r e f . l ,  3, 5, 18 ) and i t  was the 

concept of a blackboard (ref .  6, 20 ) to be 

consulted by the various elements of an expert 

system that led to the eventual adoption of a 

rule-based approach for  this par t i cu la r  appl icat ion.  

" I f . .Then" rules were wr i t ten without regard 

to the eventual implementation language and went 

through several forms of syntax modif icat ion un t i l  

the test ing and actions required in the system 

seemed to be e f f i c i e n t l y  represented. The control 

of  rule execution re l ies  on a ' ru le-context '  which 

defines the ordered rule set which determines the 

progress of the dialogue at that par t i cu la r  stage. 

There are four main types of context, one concerned 

with the select ion of frames, one with processing 

the results of term select ion,  one with generating 

va l id  search statements and one with handling the 

in teract ion with MEDLINE although these can be 

extended as required. 

5.1. The Blackboard 

The central feature of the system is the 

'blackboard' (Fig. 3) which is divided into 

sections or boards which are consulted and updated 

by rules. This is equivalent to the pat ient  

database in MYCIN and acts as a record of data 

captured during the course of the dialogue with 

the end user. There may be a requirement for  

addi t ional  boards in the fur ther  extension of the 

system. The role of the blackboard is i l l u s t r a ted  

by a trace of the contents of the d i f f e ren t  boards 

when the system is accepting user selections to 

specify a search on "Primary Cancer of the Liver 

(Hepatoma) spreading to the heart, treated with 

Methotrexate" - a contrived subject. The trace 

takes the system to the point at which the 

statement generator context would be entered, 

which would be expected to generate the fo l lowing 

statements: 

SUBS APPLY DT 

I.  LIVER NEOPLASMS 
2. HEART NEOPLASMS/SC 
3. HEPATOMA 
4. 1 AND 2 AND 3 

SUBS CANCEL 

5. METHOTREXATE 
6. 4 AND 5 

or some equivalent. 

5.2. The Rules 

The syntax and workings of the rules are best 

seen by example. The f i r s t  rules are concerned 

with frame select ion context, i . e .  MASTERSELECT 

context: 

RULE No. 

I .  IF "START" ON CONTROL-BOARD 

THEN ERASE "START" FROM CONTROL-BOARD 
CLEAN SITE-BOARD 
CLEAN TYPE-BOARD 
CLEAN THERAPY-BOARD 
DISPLAY FRAME 2 
CONTEXT FRAME 2 

(Note: IF "term" - tests the contents of a 

par t i cu la r  board 

DISPLAY is a procedure which presents a 

frame of terms to a user. 

CONTEXT changes the rule set to be consulted 

when term select ion has been 

completed. 

other procedures are sel f -explanatory) .  

2. IF "SITE-TO-SPECIFY" ON SITE-BOARD 

THEN ERASE "SITE-TO-SPECIFY FROM SITE- 

DISPLAY FRAME15 BOARD 
CONTEXT FRAME15 

3. IF "PRIMARY & term-to-expand & EXPAND ON 
SITE-BOARD 

THEN ERASE term-to-expand FROM SITE-BOARD 
DISPLAY next-frame 
SELECT (AS PRIMARY) 
CONTEXT next-frame 
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(Note: term-to-expand acts as a var iable in normal 

programming and provides a general, 

repeatable rule feature, keeping the 

overal l  number of rules to a reasonable 

number. 

SELECT acts on the screen by select ing 

one of the displayed terms indicated by 

inver t ing  the display.  This is  done 

p r io r  to entering the new context of 

rules) 

The MASTERSELECT context  has nine ru les  which are 

able to exhaust the complete frame h ierarchy.  

The fo l l ow ing  i l l u s t r a t e s  t yp ica l  ru les in  the 

user se lec t ion  context  e.g.  

FRAME24A context 

Rule No. 

I .  IF (CARCINOID TUMOR) 

THEN DESELECT (CARCINOID TUMOR) 

WRITE (CARClNOID TUMOR) TO TYPE-BOARD 

(Note: .IF (term) refers to whether a term has 

been selected by a user. 

DESELECT prevents repeated execution of 

a rule when the con t ro l l i ng  mechanism 

dictates that rules which f i r e  are 

retested, th is  mechanism depends on 

the presence of general rules which 

refer  to variables which may be 

matched more than once.) 

CONTROL-BOARD SITE-BOARD TYPE-BOARD THERAPY-BOARD 

"START" 

"SITE-TO-SPECIFY" "TYPE-TO-SPECIFY . . . .  THERAPY-TO-SPECIFY" 

"PRIMARY" 
"SECONDARY" 

"SECONDARY" 
"PRIMARY DIGESTIVE SYSTEM 
EXPAND FRAMEI7" 

"SECONDARY" 
"LIVER NEOPLASMS" 

"LIVER NEOPLASMS" 
"SECONDARY THORACIC FRAME22" 

"LIVER NEOPLASMS" 
"HEART NEOPLASMS/SC" 

"GLANDULAR EPITHELIAL EXPAND 
FRAME28" 

. . . .  HEPATOMA . . . .  

. . . .  "CHEMOTHERAPY EXPAND FRAME4" 
"DRUG THERAPY" 

,, ,, "DRUG THERAPY" 
"PARTICULAR DRUG EXPAND FRAMEI5" 

" " "DRUG THERAPY" 
"ANTIMETABOLITES EXPAND FRAME9" 

"LIVER NEOPLASMS" "HEPATOMA . . . .  DRUG THERAPY" 
"HEART NEOPLASMS/SC . . . .  METHOTREXATE" 

Fiq. 3, The Blackboard. 
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6. IF term-to-expand 

THEN WRITE term-to-expand & "EXPAND" & 

next-frame to TYPE-BOARD 

DESELECT term-to-expand 

7. IF TRUE 

THEN CONTEXT MASTERSELECT 

(Note: TRUE ensures the rule w i l l  always f i r e  

and is the las t  rule of any context.) 

This frame is exhausted by seven rules but displays 

some 15 concepts. 

The system can be seen to be data rather than 

goal driven, taking data from both boards and 

frames as appropriate. The rule-based approach 

seems to provide a f l ex i b l e  and powerful means of 

programming the interact ion without the e x p l i c i t  

l ink ing of individual rules found elsewhere, 

although i t  is expected that e x p l i c i t  l ink ing may 

be necessary in interact ing with MEDLINE, the 

boards w i l l  be used to make program construction 

modular and independent. 

5.3. Implementation in PROLOG 

There is considerable in terest  in the use of 

PROLOG for programming expert systems (ref .  2 ). 

The a v a i l a b i l i t y  of a version of PROLOG running on 

a CP/M based micro-computer ( ref .  9 ) has 

provided a means of invest igat ing the implementation 

of the rule base in PROLOG with encouraging resul ts.  

The predicate in PROLOG provides a straightforward 

way of implementing blackboards 

e.g. Add (therapy-board ("DRUG-THERAPY")) 

writes "DRUG-THERAPY" to the therapy board 

Delete (therapy-board ("DRUG-THERAPY")) 

cleans "DRUG-THERAPY" from therapy-board 

Testing the contents of boards is achieved by 

stat ing the predicate in a clause 

e.g. therapy-board(x) 

where i f  anything has been wr i t ten to the board the 

clause w i l l  evaluate to TRUE and the variable x w i l l  

be instant iated to the value on the board. Specif ic 

testing of terms is s im i l a r l y  achieved 

e.g. therapy-board ("DRUG-TO-SPECIFY") 

which evaluates to true i f  that term is on the 

THERAPY-BOARD. 

The coding of the rules described in section 5.2 

is achieved in a d i rect  way:- 

e.g. Rule 1 in the MASTERSELECT Context 

master-select() i f  control-hoard ("START") & 

Delete((control-board("START"))) 

& clean(site-board) 

clean(type-board 

& clean(therapy-board) 

& display(frame2) & select()  

context(frame2) 

& master-select() 

as each predicate is evaluated to TRUE the next is 

tested unt i l  eventual ly ta i l -end recursion causes 

fur ther  rules from the same context to be tested. 

I f  one of the predicates FAILS - backtracking 

occurs and a l ternat ive  matching predicates are 

tested. Predicates may cause s ide-ef fects to occur 

when being evaluated which is the way input and 

output is achieved e.g. d isplay()  and select ( )  

these predicates always evaluate to TRUE. There 

are no rule numbers so rule 2 in the mASTERSELECT 

context is represent~H by:.. 

master-select() i f  si te-board(x "SITE-TO-SPECIFY" 

Y) 
& Delete(site-board(x "SITE-TO-SPECIFY" 

y)) 
& display(framel5) & select( )  

& context(framel5) 

& master-select() 

I f  the control board does not contain "START" 

(deleted a f te r  rule 1 has f i red)  then the f i r s t  

rule in MASTERSELECT w i l l  f a i l  and the second rule 

w i l l  be tested and so on in respect of the contents 

of blackboards and select ions. The fol lowing 

i l l us t ra tes  the rules applied a f te r  selection from 

frame 15 in the FRAME15 context:-  

framel5() i f  selected(z) & Not(processed(z)) 

& z EQ "PRIMARY SITE" 

& Add((processed(z))) 

& Add((site-board(O "PRIMARY" 0)))  

& framel5() 

framel5() i f  selected(z) & Not(processed(z)) 

& z EQ "SECONDARY SITE" 

& Add((processed(z))) 

& Add((site-board(O "SECONDARY" 0)))  

& framel5() 
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6. Conclusion. 

Work on programming the expert intermediary 

system is continuing in between normal teaching 

commitments, nevertheless what has been achieved 

suggests that the approach is va l id  and of fers an 

extremely powerful f a c i l i t y  fo r  the eventual use 

by the cancer treatment spec ia l is ts  d i r ec t l y .  

The true test  may eventual ly  measure the success 

or otherwise of the indexing e f f o r t  in generating 

and updating MEDLINE. The a b i l i t y  to incorporate 

feedback, again wi th a minimum of user typ ing,  

has yet to be invest igated although the ou t l i ne  

design of a number of potent ia l  f a c i l i t i e s  has 

been completed. These f a c i l i t i e s  include the 

l im i t a t i on  by journal t i t l e  using a l i s t  of the 

"top-ten" cancer therapy journals complemented by 

the re t r ieva l  resul ts  fo r  each journal .  

I t  remains to be seen whether work in th is  

area w i l l  resu l t  in more searches being performed. 

From reactions sought so fa r  i t  would appear that 

th is  may be l i k e l y .  I f  the system is to be used 

on a regular basis then the qua l i t y  of re t r ieva l  

is  a l l  important and hence the need for  an expert 

intermediary system. 
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