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Abstract 

This paper describes the details of the irapleDentation of a 

forHard inference system in SNePS and discusses the problems 

encontered during the implementation and the design decisions 

taken to solve those problems. 
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1. Ln t r ox.ucc Lon 

Since the late 501s there has been a large amount of work 

done in · concerning t h e design and iuplementation 0£ sy s t.ems 

capable oi performing deduction. Early work on deduction systems 

focused Dainly in the proof of theorems [Chang and Lee 73; Coelho 

and Pereira 75; Gelernter 63; Hewitt 72; Kowalski 7'J°; 79; Hewell 

et. al. 63; Nilsson 71; 80; Robinson 65; Sussman et. al. 71], 

later on AI researchers found it useful to apply deduction 

methods to l1atural Language Understanding systems, 

Question-Answering systems and Data Base sy s t ems [Bob r ov 6 8; 

Bruce 72; Fikes and Hendrix 70; Green 69; Hendrix 75; 78; 79; 

" ,{ McCar~r 68; UcCar~y and Hayes 69; Rieger 75; Shapiro 76; 78; 79; 

Shapiro ''cr·~y 8'"] l. J. ~\. C. \ x., • 

Several formalisms have been developed to implement 

deductive systems: the nefutation Hethod [Chang and Lee 73; 

Nilsson, 71], Production Systems [Davis and King 771 and Semantic 

Uetwor!~s [Deliyanni and I~m1alski 79; Fikes and Hendrix 78; 

He nd r Lx 75; 78; 79; Schubert et. al. 79; Shapiro 75; 78; 79; 

Shapiro and Mckay 80]. If one has a system capable of performing 

inference there are basicaly two types of inference modes that 

can be implemented: 

1. Backuard Inference or Inference at Question Time: starting 

with the goal that has to be proved the system searches 

for facts or rules that will help prove the desired goal; 

t lie advantage of backwa rd inference is that it permits the 

maintenance of a re~atively small data base of facts and 

rules for use when deducing new facts when they are 
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needed. The disadvantage of backward inference is the need 

to do sosc pr oce s s i nc v: r.cn ever ~ n ew n ew fact is 

requested, i. e. one ha3 to va i t until the .fact is deduced, 

2. Forward Inference or Inference at Knowledge Acquisition 

Tir,,e: wnen SOL"';e n ev fact is added to the sy s t en it tries 

to use it, together \Jith all other stored information to 

infer new facts. Starting with tlle fact that has just been 

added the systen searches for all facts and rules that 

would enable it to deduce new facts. The advantage of 

forward inference is that everything that the system knows 

is explicitly stored. ~h2 disaGvuntage of forward 

inference is the fact that the database will be full of 

information that may never i -,. , oe n e eueu, 

This paper describes the implementation of forward inference 

in the SNePS deduction system [Shapiro 76; 79]. This 

implementation gre11 out of t rie wo rk done £or an independent study 

course taken during the Sprins 'BC semester under the supervision 

of Dr. Stuart Shapiro. 
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2.Goals of the forvara inference implementation 

A SNePS semantic network [Shapiro 76; 791 is a labeled 

directed graph in which nodes represent concepts and arcs 

represent non-conceptual binary relations between concepts. 

The SNePS n e two r k permits the representation of_ deduction 

rules. A deduction rule is represented in the network by a rule 

node. 

Before the work being reported in this paper had started, 

the SNePS deduction system basically only allowed backward 

inference. Backward inference was clone by setting UD a set of .. 
processes, each one with certain duties, that run under the nnrzrr 

a 

multiprocessing sytem [HcKay and Shapiro grq The processes built ~ ~ . 
during the deduction of sone fact are not erase~ after the fact 

is deduced and may be used later on while deducing new facts 

(answering further questions). 

Foruard Inference has been inplemented using the IlULTI 

system and one of the goals kept in mind during the "working out" 

of the implementation details was that the set of processes left 

behind by the system after forward inferencing was done should be 

similar to the set of processes left behind by backward inference 

if it was trying to deduce the same results. This would mean that 

after the set of processes is built it would no longer be 
cv,ttq-- j'/l '·-r.u<>'- -c) 

possible to tell wheth~r~built by forward or backvard inference. 

The processes built in either type of inference should also be 

able to intersect smoothly with each other, i.e. if some process 

built during one kind of inference needs a process that has 

already been built while deducing some fact using the other kind 
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of inference t~1en the syste~ should be able to finJ this process 
.. . t . . ., - .. ana use 1, 1nsteau or creac1ng a n ev one. 

One of the earliest questions raised during this wo rk was 

wnen to do (and when not to do} forward inferencing. It was clear 

that forward inference should only be triggered when the newly 

nsserted node natches a node uhicl1 is in antecedent position of 

some rule, but should it be triggered everytime this situation 

vould happen? Perhaps the best way to analyse this problem is by 

looking at s orae examp Le s , 

Suppose that in the netuork there is the rule represented in 

Figure 1. Roughly we can read this rule as "if El then N2''. In 

Figure 1 
Simple rule 

the typical case both Hl .:ma Il2 contain variables and the rule 

should be interpreted in the following way: "If there is a node 

in the networl~, say A, which is a fully ground instance of the 

node Dl, with h being the substitution that vhen applied to lil 

produces A, tLen we can infer the node resulting from applying 

the substitution h to N2". De vill henceforth refer to this by 

saying that if there is a noae, say A, that matches Hlh then we 

can assert L2.I2. 

With rule Rl and the assertion in the network of some node 
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which r.ra t c h e s l-1112 f o r v a r d inf ere nee should deduce II2b. This 

corresJonds to the uell known "rnodus ponens" rule of inference. 

}1u-c nov , s uppo ae tLat rule rrl I s not asserted in the. n e t.vo rk 

but r a c.ie r ernbe de d wi t h i n s crre other rule. 'l'here are two possible 

case~ for this rule embeding: 

1. Rl is in antecedent position of some other rule (Fig.2a). 

2. Rl is in consequent position of some other rule {Fig.2b). 

{a) Cb) 

Figure 2 
Simple cases of rule embeding 

Suppose that, in the first case, ~e assert a node that 

matches I11Q. Then what? In this case since P..l is not asserted in 

the network 'de can not inf er E2.l2. since we s i mpt y don't know if 

the rule Rl "holds". The first step that we would have to do is 

to prove that rule Rl holds and in that case assert tt3b since the 

antecedent or R2b would then hold. The proof that rule Rlb holds 

would to be done in the f o l Lou i nq uay: a s sune rUb and 

using only sound rules of inference deduce M2h. The SNePS 

inference system is not able to do this (yet), and therefore when 
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position of s o.ae rule wh i cl: L:; in t ur n Lr. antecedent position of 

other rule no forward inferencing is done. 

vo prove t ha t it ho l.d s , nut in t.h i s case l. t· 1· s «u i "-" ).U ~~ 

rule of inference "rao du s poneris " e nao.l e a us to infer Rl h provided 

that M3h holds. What the forward inference system should then do 

is to start working on rule R2h, trying to prove its antecedent, 

i.e. trying to show that an Ln s t ance of I-I3b. exists in the ne tvzo rk 

or that we can deduce it \ti th the existing facts and rules. In 

the case of such a proof b e i nq auc ce s sf ul.I ncdua pon enu enables 

us to inf er Rl.Q. and the ref ore since \Je know rnb· a•Jain by modus 

ponens we can assert I12b_. 

Fron this example it is easy to see the cases ~here forward 

inference should be done: first, forward inference is only 

triggered when some nevly asserted node matches a node in 

antecedent position 0£ sm,1e rule; n e x t., this rule should be 

either asserted or in consequent position of some otl1er rule. The 

forward inference system should then start to uork on the 

embedding rule and again, either the rule is asserted and it will 

try to prove its antecedents or the rule is in consequent 

position of sose other rule and the process recurs. If during 

, this procedure we encounter one rule in antecedent position ot 

soue other rule the whole process stops. 

This line of reasoning can be directly applied to the SHePS 

connectives v-> and&->, the only difference bet~een theu being 
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that for v-> we can infer all the consequents of tl1e rule as soon 

as we can prove one single antecedent whereas for the&-> we need 

to prove all the antecedents of U1e rule before we can inf er the 

consequents. 

But, "what about the ot~er SNePS connectives?" one may ask. 

Hell, Alm-OR and THRESH made no distinction among t.he i r 

arguments. This means that one particular argument may be looked 

at as being an antecedent or as being a consequent depending on 

the case in which the connective is being used. In the case of 

THRESH and AND-OR, if we assert in the network a node which is an 

ARGuraent of one of these connectives, the node matched will be 

looked at as being one antecedent and, depending on the 

parameters of the connective, to use the rule we mai either need 

to find core antecedents or not, in either case all the nodes 

that are not used as antecedents are looked at as being 

consequents. 

The cases in which forward inference will be triggered can 

then be summarized in the following way: "forward inference is 

done when a node is asserted which raatches some node in 

antecedent (ANT or &ANT) or argument {ARG) position of some rule. 

If the rule is asserted it will try to use the rule. If the rule 

is not asserted and is in consequent (CQ) or argument {ARG) 

position of some other rule it will f o Ll ow the CQc or ARGc arc 

, and apply the sarae reasoning." 

The path of arcs to be followed during forward inference is 

represented in Figure 3 where "top?" raeans that an asserted node 

is found. 
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C 

C 
&l\l'-1'11 

C 
l\.RG 

Figure 3 
path of arcs to be follcued during forward inference 

Having determined ;;hen to do forvard inferenrie the next step 

uill be to try to an swe r the follouing questions: "l!hat processes 

should be responsible for forward inference?" and 111'ihat should 

these processes do?". These questions are answered in the next 

section which deals with the inplementation details. 

\ 



Forward Inference in SI1ePS Page 1u 

3. Fon:2nc1 Inference Processes 

~ilc forvard inferencing raechanism is initiated through the 

use of t~e function ADD: (ADD n1 :ns, ••• R.!JS1,) instructs the 
.J.. ·~ •• 

to 

l1Sk a n d '-:o f o rwa r d inferencing with t.ha t. node. As we s av before 

the fir~t step in forward inferencing \Jill be to natch the given 

node ~;a.List the ne tvzo r k and check if any of the matched nodes is 

in antecedent or arguraent position of sorne rule, in which case 

further processing has to be done. 

A new process was created to accomplish this job: the 

process P-IlJFER is given a newly asserted node and its task is to 

match the node against the network and for each of the matched 

nodes and respective bindings check if they are in antecedent (or 

argument) position of some rule(s) and if it is the case set up 

the appropriate set of processes (described later on) to use such 

rule(s). 

Besides F-INFER another process was created, the process 

UIPLY. I:iPLY is a process which is responsible for a given rule: 

it receives instances of the consequents of the rule and 

determines what to do with them. IMPLY receives nessages of the 

kind "tte consequents of the rule you are working on hold with 

binding 12". Upon receiving such a me s aaqe Ir1PLY looks at each 

consequent of the rule in turn. If the consequent is a rule it 

means that such a rule holds with binding .Q., in which case HlPLY 

sets up the appropriate structure of processes to use the rule; 

if the consequent is not a rule it means that the node resulting 

from the application of the binding b to the consequent can be 
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deduced and that is exactly what H1PLY do e s in this case: asserts 

Lie instance of t he consequent in the network and sets up a nevz 

F-EJFER process to do further f o rwe r d inference on such a node. 



Forward Inference in SUePS Page 12 

t1.r101.1 it 2.11 --:;1t.1r}~s 

In -thL, se c t i.o n an hypot he t.Lca I examp l e of i:ou f o rwa rd 

inference '.,or,:s 'Jill be fully developed. 

SUj_\X..iG'2 t.n a t; the rule: r epr e ae nt.ed in Figure 4 exists in the 

networl:. SuJpose also that the user uses the function ADD to 

Pigure 4 
rule existing in the network 

build a n orl e IT2 ;11'1icl1 is a. fully ground n ode ma t ch i.nq I12.Q. T!1e 

function ADi) creates an F-IlJFB~ process to uork on the node N2. 

This process does a match in the ne two rk and f Lnds H2, wh i ch is 

in antecedent position of rule R2, and this is enough for the 

system to try to do some forward inferencing. Process F-INFER 

builds tuo processes: an HIPLY process which uill be responsible 

for rule n2 a~d a GO-UPil process that checks if the rule n2 is 

'asserted and if not crawls uµ on CQc or ARGc arcs (if such arcs 

of the next higher u~ rule. ':'he process 

GO-UPil 

In this 

is scheduled. Figure 5 shows the processes built so far. 
,1i.>;;.-·"-/f-'i.,~~t. .. <ci·- --i--1..,.. 

Fi:JL.~re and in t.ke-f.. . ....,1·t1lt:mir..1--:iw~·· Figures a sol id a r ow going 

from process A to process B means that A reports (sends messages) 
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to process B {SOLletiLles said that Bis the "boss" of A); a dashed 

a r r cvz going f r ora process A to process B me an s that process A. 

creates process B. If process A also schedules process B, the 

a r r ow head \lill be solid. 'rhe job of the F-HJFER process is now 

H1PLY P2 
CQ : ( R3 R4 II7 ) 
RULE:R2 
DlIDG:b 

' ' GO-UPI1 P3 
-4---- ---- ---- --- - - ltmDE: 1!2 

' F-ItTFER Pl 
CQ:R2 
mmG:b 

Figure 5 
Complete set of processes phase l 

'\ 

completed, it stops execution and the scheduler· initiates the 

process GO-UPI1. 7his process crawls up on the CQc arc leading to 

rule Rl. Its being able to do this raeans that the rule R2 is not 

~ssertea in the network and therefore before we can use it ve 

have to prove that the rule holds ui th binding 12., i.e. first vie 

have to be able to use rule Rl.b.. 'I'Le job of GO-UPil, in this 

case, is to create an II1PLY process that uill be responsible for 

rule Rl and which will be reporting (sending messages) to a 

data-colletor (ANS-CATCH process) which, in turn, reports to the 

process P2 (Fig.6). Furthermore process P3 creates another 

GO-UPil process which will check whether or not rule Rl is 

asserted and schedules this process. The set of processes built 

up to this point is shown in Figure 6. Since process P3 has 

completed its job it stops execution and the scheduler initiates 

the process P6. Since the rule Rl is asserted in the network the 

process P6 creates the structure necessary to use the rule, i.e. 
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r,r-,. ( n") l.~l._,_. ri-7) ·-';-.!. l ... ...) , r ..,_ 

Il'"I:PI ... Y P2 P- II1FI~~ Pl 

RULE: It2 
J 

BlJDG:b 

GO-rJ:?Il P3 
------t>l)[\.7.Z\: () 

l:/1L)C:1J ', ~l~)G:() ______ _, ' 1,.._;.;....;...;;....,...:c..----.-- .... 

I ' 
I 
I 
I 
I 
I ,, 

', II1PLY 
,,. er_,.{P')) 
" '--"~ • J.~L.. 

RULE:Rl 
DlIDG: b 

PS 

GO-UPil 

31-JDG: 0 
co.ru ';r.;. •• ;.;..:. 

Figure 6 
Complete set of processes - phase 2 

the processes ANS-CATCH (P7} and USE (P8) and schedules PB for 

executian. The set of processes built up to this point is shown 

IIIPLY P2 F-INPETI Pl 
CQ : ( R3 R4 ;17 } 
IlULS: P..2 
Bl1DG:b 

(l10DE: N2 

CQ: =-?..2 
Bl1IJG: b 

t...11 S-CA 'I'CH P4 GO-UPil 
DA?A: (} 
iISG:() 

HIPLY P5 
CQ: ( R2 
RULE:Rl 
BNDG:b 

GC-UPI1 P6 AI1S-CATCII P7 
DATA: () 

,----;>,,er,.(} 
"""U\..J • ______ __,, ' '---....:...-------- 

' , USE P8 ', ~c~~~)~ .. ~(1-~=2~)--__.-=-~ 

ElTlJG: b 

RULE:Rl 
BUDG:b 

Figure 7 
Complete set of processes - Phase 3 

in Figure 7. Process PG stops execution and process PB is 



initiated. This process will, in turn, initiate aorae other 

~?rocesses who se j o i n t task is to cl-:eck i£ t.h e r e is any node in 

the network that matches Dlh (the antecedent of Rl). If such. is 

the pcncnc pe ru.i ts us to inf er tl1at consequent of 

Fl.id_ holds. Let us suppose that there ex i s t s in the ne tvo rk a node 

s a t i s f y i.nq such a condition, say lU. The processes that USE 

initiates will finC this node and will report such a node to the 

AiTS-Cl'2CH above the USE (P8). ANS-CATCH compares the an swe r 

received with the data stored in its DATA: register (containing a 

record of all the messages received so far) and if a similar 

sessage has not been received before, as is the case, since no 

nessages at all were received, it reports the message to its 

bosses, in t n i s case I!lPLY (PS). l:hen II1PLY get.s the message 

stating something like "the rule that you are interested in (Rl) 

holds and an instance of its antecedent was found with binding 

h"~ IMPLY looks at the consequent of Rl and since it is a rule 

(R2) it sets up the structure of processes necessary to use the 

rule, wh i ch , as we have already seen before, is a USE process 

\,hich reports to an Al'iS-CATCI1. 'l'l1e job of the IHPLY process i3 

now done, it schedules the newly created USE process and stops 

execution. The structure of the processes built so far is 

represented in Figure 8. The scheduler now initiates process PIO 

(USE) which, as before, will set up some structure of processes 

to use the rule R2, i.e. find an instance of U2h. In this case, 

hovev e r , since an instance of the antecedent of P..2 was the node 

ul1ose assertion in the n e two r k triggered the forward inference 

process, part of t~e structure to use the rule is already there. 

'I'h i s piece of structure vre s built by the F-H!FBI!. (Pl) wh i ch wa s 
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F-IiTFBR Pl 
CO: ( R3 IUl r:7) I no» ,., .. '•_; .j., ,.__ ~. ~'; ... 

B11DC: b 

Ll IPl ,; 1..1..._ L1 ..1. 

Di'.~:f,: ( ) 
IifiG:() 

rl/\'P.,.,l • () ,L.., &. .0. ..a.LA• . - - - --c. ,.,0G. ( ). l ,1.,.J - • ' ~-_..;.~----,....-- 
' ' 

RULE .ru 

CQ::21 
1\.11 S-Cl~ ':L1CI! P7 ' ' '• CQ : ( R3 R·l 

RULE:R2 
BliDG: b 

ii7) 
GO-UI>Il I-'6 USE PlO 

E~!1DG:iJ •.IC'(' () ,!..;.;.,.) J: 

U!:3E 
co . ( D'l) ':r-- • ... ;..;. 

RULE:Rl 
E~l1D(;: b 

Figure 8 
Corap l.e t e set of ~,rocesse:s - pnas e '1 

foreseeing the possibility that later on suet set of processes 

would be needed. This set of processes is linked to the processes 

pr oce a se s is that the sy s t em doesn't need to look a t the ne two rk 

there is a node ' .. wn i c n na t ch e s ii2.b., because in '1.-. l:Hl.S 

case it k;;o,,1s that is a node in SUCil a situation. The 

execution of these processes results in P9 receiving a message 

s t a t i nq t.l.a t H2 is a node that matches II2b.. 'l'his me s s aqe is 

propagated through the chain of processes u~til it reaches P2. P2 

gets a Lcssa]e stating that the rule it is interested in (R2) 

'· ho Lc.s a.nd that an instance of its a n t.ec e cie nt; w i t h binding Q wa s 

found, t~crefore by modus ponens it can assert the consequents of 

the rule w i t;h binding l2_. :!hat I£1PLY does is looking at each 

CO!l SCCjllC:r1 t of turn: both consequents R3 and n4 are rules 

and therefore these rules hold with binding h. P2 creates an 



L'.PLY process that uill be responsible icr each of these rules 

anJ since the rules hold it also creates the structure to use the 

rules, i.e. USE processes Pl4 and Pl? and schedules these 

processes for exec ut i on (Fig. 9); the con soque nt; II7 is not a rule, 

HlPLY Pl2 
CQ: ( r14) 
I:ULE::R3 
Bi::DG: b 

HlPLY Pl5 

' 
CQ: (rl6) 
RULE:R4 

,,,'i/ "'"DG ' .1 Dli' : D 

Pl6 

U:3E 

Pl3 
I 
I AIJS-CA'l'CI1 

Di\'l'A: (} 

I 
I I 
I I 
I I 

: ,' BUDG: b 
1/ ..... .,, .... , ., 

DA1\\: () 
,Jil IISG: (} 
I 

DN.i'l\: (} 
nsc. () 

CQ: (II4) I l 
Pl7 

f{ULE: R3 
BNDG:b 

\ I I1SG: (} 
ft '\ 
\ '~, IMPLY / 
\ '' .,..,, ..... ( T)'') DL!. 
' ' \...\_! • .i.,,,.) ......... 

', RULE:R2 
.. 13t1IJG: b 

'1 b 
RlJLB: R4 

P2 

,,,,. F-IIJFER Pl 8 
- - - ,.\ r,~1~n--D-,.,,-.'"",.=11.....,..,(·l----..,, 

-. ~.1..:v L •. r, :t. _ 

GO-UPI1 A~JS-Cl'/.;:CI! P4 

Ir1PLY 

CQ:R2 
B1-1DG:b 

Dh.TA: (R3 H4 117 (b)) 
l!SG: ( ) 

co , ( rt2) 
:lULE:Til 
Ll1IJ(; • !J 

P9 
Drr,, cn3 T>A "7{b)) .:-L:..ii.: h hh L 

l1SG: () 

GO-UPI1 PG 
C(2: ni 
DI-JDG: b 

AliS-CA'I'CH P7 
Dli'l1li: (1~2 (b)) 
!l~JG:(} 

USE Pl CJ 
CQ : ( R3 R4 f i 7 ) 
RULE:R2 
BUDG:b 

U-SE pg 
co. ( p ')) .... . """"~ 

\tJODB:U2 
F-I11FER Pl 

RULE:Rl 
BNDG:b 

"· 
Figure 9 

Complete set of processes - phase 5 

tLerefore an instance of r1712. is asserted the net~ork, suppose 

it results in the assertion of node NlG, an F-IlJFER process (Pl8} 

is created to do further forward inference on the node rao. 'l'he 
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,·\·:­ ·...;._;_ it stops execution and the 

s.clredu l e r 1:iicl:s un one of t ue processes Pl!,, Pl 7 or Pl8 for 

procecurc is repeated: USE (Pl4) creates the set of Jrocesses to 

use ru.12 the execution of these processes results in doing a 

ne two r k to ch eel; if there is any node nat.ch i.nq rBu. 

If that is the case messages are propagated to the Ir>UT V 
i. .l.L JJ l, process 

Pl2 \Ihicl! '.iill assert in the n e t.vo r k an Ln s t ance of node H4b and 

create &:·1 r-EJPER to vro r k on such a node. And the sane holds for 

the ta3\ of process Pl7. 

I:1 t:.10 n ex t; section and I n appe nd.i x 2 are presented further 

examp.l e s of use of f o rwa rd inference. 
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5 • ~\i)~) i :1C{ rules to 

e~a8ple prese~ted section ah ow e d the 

:JatcheQ the antecedent cf ~ooe rcle. In this section is presented 

t l.e c o se of ., ~ "\ ~. - rcic ~nu non-ruie noaes ana 

in tte network. In this case not only the rule shoulct be asserted 

in the ne two rk but it should al so be used to de r i ve riev facts. 

In this case the function ADD does not initiate an F-INFER 

:?rocess that ma t ch es the n ev Ly asserted ( rule) node against the 

nc t wo r k , 'I'h e r ea s on f o r t n i c is t ha t , as s a i d before i11 ncc t i on 

2, we don't allo'.? inference on rules wh i c.: have. other rules in ., · 

an t.ec e den t; po s i t i or. , Ln e t e ad , the f unc t i o n hDD creates an IffPLY 

process that will be respo~sible for the ne~ rule and a GO-UPI1 

process that, Hhen s ch edu.l e d , uill c r e a t e an USE process to use 

Figure 10 
Network representation of "Socrates is a man" 

u~ctt using t he £unction l\.DD ve add to t i.e n e two r k the r u l e that 

11/,ll uen arc rao r t e L" (Fig.11). As '.Jc sa Lu, the function ADD 

c r e a t e s an IrlPLY process responsible for r u.l e Id and a GO-UPil 
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Figure 11 
l;ct .. .or k bur 1 t so far 

pr oc ess to vzo r I; on such a rule. GO-UPil is initiated and since r1'1 

is asG2rted it creates an USE process to use the rule (Fig.12}. 

HIPLY P61 
C(): ( II3) 
RULE: ne 

PG2 

DHDG: { Vl/Vl) 

BlE)G: vi /vi 
' ' USE la 

CQ: (H3) 
RULE: iI4 
BNDG: ( Vl/Vl} 

Figure 12 
Structure of processes - phase 1 

At this point process P62 stops execution and process P64 (USE) 

is initiated. The USE process creates the set of processes that 

use t~e rule, such set of processes is represented in Figure 13 

(for a description of these processes refer to A~pendix l}. 

' Proce~s ~G~ schedules PGS for execution and halts. The scheduler 

initiates ?rocess P68 vhich does a Datch in the network to see if 

about tl:is f ac t , wh i ch in turn Lnf o rras process PGS 

(vn i c.: is now 1mrm: ed CEElJT-R because it is receiving messages -- 
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C(J: (I!3} 
PGS 

C:C)-U?Ii 

UJB 
C(2: ( l-13) 
RULI~: :>.', 
Bl1DG: ( Vl/Vl) 

f-'G7 

,, ,, 
\ \ , \ 
I 

tf ' , 
I 
I 

r:-1nr•. tvi /vr) .._J,1,.-.J·.J. \.: 'J ..:- 

D.\'I'A: () 

PG8 

Fi,~n .. re 13 
Structure of )roc2sses 

refer to Appendix 1) and so on. Tne message finally reaches P61 

process vhich tries to Jo furt~er tor~ard infere~ce with sucli a 

noJe ([15), which is not possible since there are no rules in the 



P71 
CQ: ( i i3) 
RlJLS:11/1 

] 
, ... ~'""'('. (··1/\'~) wo.·li-10. V ./ .J .. 

GO-UPI1 P62 
C(1: I-1( 
DNDG: ( Vl/Vl) 

USE PG( 
CQ: (II3) 

CI-1 Etl'J?- r~ P6 5 

RULE:Il/~ 
CO:(Ii3) 
7,prn. ("':i} i. ~.:. ~ 1. • _;, .L_., 

""\T1n,-• • ( ,,,, /' 71) ,L,1,. :,_,, •..J • " ..L \; Bl!DG: ( Vl/Vl) 

TOI?Tl-JF tsr : ~ •; 
C(J:I12 

II1E'Eit 

n 'T•"'.1G • ( ~ n /v: ) .._J J.. ,.t J • • •. t ..:.. ....... 

FigL1r0 15 
Structure of processes - last phase 

inference is done is r cpr e s ent ed .i n Fiqure 15. 
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. ~ . 
1:LlS 

Gr2.nt Propos.:11 Stuart Shapiro to r-r ~ ~ .,,_ ~ . ;...- ...... in 

par t Lc u I a r 0L1uin9 u i thin L-ie cur rent C-'.i:1 ta base. The r e su l t 

of the ~atch yelds assertions and patterns ~hich are 

possible rule structures. ~ssertions arc iLrrJediately sent 

to INFER's boss as instances of the original structure. 

Possible rule structures are investig&ted further. Each 

new IlIFEE process is to be co n s t ruc t ed a. check is first 

II··JFER vr i t h 2 TOl)IIII~' as its i)OSS (see be Low for a 

is creuted. If an alrea~y existi~g 

:recess trying to create t~e 

is 2ddcd to the bosses r.::'OPIIfF 

recorded. 

2. TOl)I:tJF ac t s us da t a collector for I111;'\EI-t p r oce s s e s , 'i'Ol?IiJP 

receives Gessages from processes created below it and 

r ece i v ed that ha s not been pr opa.ja t ed 2r2v .i o us l y TOPIEF 

sends the me3sage to all its bo3ses. 

".) .., . 



or-entailnent so that a given set of consequents 

(2ventually cont.:;;.ininq all of the consequcnt:3) can iJe 

in~;tc::ntiated i:i 2 particular lJin~lin9 b , For e acl: antecedent 

&r:te:ceCler1t i11 t he b i nd i nq b , If a suitable IlTFEP.. pr oco s s 

21 ready exists, a n ew one L.: uo t created. { see above) '.;:he 

cnmI'l: chanqe s its n arne to CHE11T-R to receive answe.r s , Hhen 

-:,n Il:1FER process reports an ansve r consisting of a 

p~rticular antecedent and a particular binding and neaning 

tliat an Ln s t ance of such antecedent ·..1itl~ s uch u binding was 

-= ·· ",- -' ti, - --·, ~- "" ,-. ~ .L, •. na t t he c::: ~--1- o _·,:: ~ o·n c: ec;ue 11i- --~ 1· .,..... ·\11-11· ch +-l1P L r ..... n .. ~ .,1. H .. ;, 1 .L J. ;.;! Li f".; ~) a.Jc~ ·-:.; ·;,;'. _ •. w i:= w '._': - :.i 1,,.. - . 1 v • ... '- - 

interested no Ld s in such is 

s e n t; to t he CI-1EI~'J.1-11.' s boss. 

'~ . cr:.::,El!'I' is the i.r oce s a ,. and-entail@cnt {&->}. 

I-::: wo r k s s i.n i La r Ly to CIIEll'l1 but it tries to establish all 

the antecede~ts of the and-cnt~ilQent in a particular 

~Ji1·1\.~ing. 

5. e:I.,~!DOR is t.he L;roce.:::;s that ir:1ple:1ents the auc.+o r 

ccnnective 

connective is that any argunent can be either antecedent or 

consequent. CIL\i!DOR tries to create or find E,IFER processes 

for all its a r quraen t s , CHI,11DOR changes its n ar.ie to 

CrZ.lIDOR-R to r ece i ve ansve r s , Wien the answe r s are returned 
.... 

cr-LI1DOR-R maintains counts of the answe r s Lndez e d on the 

bLwings in t he r e su.l t , Those a r quncrrt s for vrh i ch an swe r s 

are supplied ~r2 considereJ antecedents and the rcnaining 

the consequents. If j antecedents are ever derived for a 
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of the AtID-OR e x ce pt; t hc j antecedents derived) hold with 

connective. It vro rk s v e r:' similarly to CHAlDOR. 

7. USE the process USE tries to deduce a set of consequents 

using a given rule with a given binding. It creates a 

C!-1-proce;:;;s ( CfIEl,J'l1, CI1&El·JT, CI1}\l1D0Il or CI-I'I1III!.ESII, de pend.i nq 

on the connective of tlic rule) t.h a t; ·.1ill '.rnri~ on the rule • 

=-· • 
.,. ... 
.L I.. 

is gi vcn a n evIy asserted n ode and its task is to natch the 

node agc1L1st che ne tx.o r ': and r o r each of t l.c r.c t ch ed 

tbey are in 

is the ca3e set up the appropriate set of vrocesses to use 

the rule ( s ) . 

It receives 1~·.2.ssages stating that ce r t a i,n c on aeque nt.s of 

the rule hole] in a given binding and de t e rn.Ln e s wh e t; to do 

vith them: if the consequent is a rule it sets up the 

processes necessary to use the rule; if the consequent is 

not 2. r ul e it as se r t s Ln t iie ne tvo rk t he node resul tins 

f r om app l y i n-, the b i.n d i nq to the c on s eque n t , 



Pa.9e .:ill 

inference! ·Jl1icb Lnv o Lve s several or: t lic connectives av a i Lab l e in 

options ~v~il~0le to tl1c users of the 1ilter2nce ~ysten regarding 

Co,,:..;L\2r the network represented in Fi sure lG. The network 

Figure 16 
Network be:ore forvarC inierence 

contains t v.o rules: "Every :::ar.,,,1al vh i cli J. i v e z in F2. t e r is either 
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(: C') ~. ~:.._) • r r; 

to output tl:e inferences cione Ly t.he sys t.er: in a. natural English 

( VIrn.B VERB-) 

* ( ,-,-u'?";j""\ ..... r,..,.., ~:_;- i ~.;.:' l1 ;_..,L 

* 
* 
* 
* CQ (DUILD I:Ill l 
* 

(DUILD * CLT,SS DOLPE 111} ) ) ) ) 
IP vi IJIVEf) I-~~! ~}l'~T~R P.1.r:iD 

Vl IS t, r1!:.I1I1t.~L 
TIIEl-J EI!TIIEl~ Vl IS ?. DOLPlILI 

vi IS Z'>- ittii\LE 
(D. TI?'D'·D· ) i..J ,L;,.;,.. LJi 

3 3 2 9 Il~JECS 

' ( (•rt T'l 1, - ~ M ( •.·• •• , ! 1" 1" '.· ·, T T - ~ (.'" • ~: \0!..J.:. ... ri-\.\.....b ,;_ ·,..;-- -"-J., .. .1 i:.\11_; y:l 

·}: 

* {GUILD 7':.r.P:'1(,"l *'.' 
;_.:,•.._j..,J.i.;,.·.. .... 

* 
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V2 LIVES IN WATER IF !~JD DULY IF 

1150 IISECS 

* ( SUEFl,CB ( BUILD ~\.GB:I'I' L10BY-DIC.: 
fl(!f]Y-LJ I ex IlAS FL I I?PE:l~S 
(PTJ;;:)-·:n .. ) LJ ._ .. ), ~ ......... 

':Tr1DD 
" ..... :.1.\.i-' HAS OBJEC'I' FLIPPERS) ) 

"* ( .. r..ru-.·'.:r'· ,:.·.-.cf.' { r,DD ,.,,.,.,--,,.,,... 1'0-·'Y-Dir'T! rT. !' C!S n,,n;i,"--! ) ) 
_ ... ,,,.,. ,l,..J .£.l.1 ,.__ i.d:-1lLi.).i...J.:,:'I. .a.l .iJ '-,pi.._ -.L .. JL.\.0 .l...1.;,-hu'L-i..J.J 

nonY-DICK HAS FLIPPETIS 

rlOBY-DICI( LIVES I:1 TU\'l'ER 

I.·lOJY-:-.>ICIC LI\TES Ii1 l:i\TER l\.tlD 
i'lOB·t-DICI( IS A I-IA£.Ir12\L 

BI?I~;:~R IlODY-DICE IS h. HHALE OR 
UOBY-DICI< IS Z; DOLPHIN 

SI:TC= 
IiGDY-DICI( IS A HHI:i.LB 

t:1E I~II',f~TI. 
i-lOBY-:)ICI-: IS 110'.L.' 11 D()!JPI-1Ill 

tlCJD Y - DI CIC IS t. i'Ii:lf·II li'>-L .Z\l.JD 
!lCiLrI-DICI( IJIVES I:-J Tll\'l1EI~ ll:tiD 
DODY-DICK IS NO~ A DOLPUIN 
( DlJI·ll1J:D) 
10 2 L14 il!1BCS 

* (LISP) 

l\f t e r f o rwa r d Ln t o r e nco is cor.ip.l e t.ed t lie ne two r l: h a s t h r e e 

more nodes: "Hoby-Dicl: i:; a mar.uua L'' (IU2), "Eoby-DicJ: lives in 

wa t e r " (ill3) 7.'."1,' ";'Oi)F-'f"ll' <'1: 1' '~n n o t '- - -J..-. ..... • J. ... ..:. AJ ·- ~. - ... '- 2.. dolphin" (Il15) • Such a 

ne tvro r ': is presented in figure 17. 
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Figure 17 
Net\:ork after :Eon;c1rrJ inference 

The secon6 run, presented ne~t, traces the execution of all 

t.ne processes anL1 do e s riot use t.l;e l:.T1-I grc.r.1D1ur 0er1erator. 

? (SNEPS) 
Si''fEPS 
* {DEFI1JE I·'IE!-lBER I·iEI-iBER-1 CL2\.SS CLl\SS-1 l1GEtJ'l1 l\.GE11~e- 

VERB VERB- OBJECT ODJEC~-) * 
( ,.,..,.,.,..,ER .. v,,- nR l} i..1.l:.,.l'lb ' -" l'lwi·1l-Sr:. ~- 

( CLI',SS CLASS-1) 
( .. \G E:11T AG EIT'l'-) 
( VBP..B ':/ERB-) 
( (;-BJECS: OBJBCr~1-} 
(DEFINED} 
3 5 [lSGCS 

* (DESCRIBE ( ~·1 ~,- -D wU .LJ.J· 

* * 



CQ (;2UILD I11?1 l 
* 
* 

( 
·---~l"'? -r ~ 
DU 11.J.J 

( r=r . . \ __ l_ - 

(.C'tp,n {Vl (•>t:'> (re,)))} • J \IL ~J.... 11> ',i ,::,; • .;...., ..L - _ 
( .. C'''B- PD (V' ( .,, ... D ("')}})} ,.1.;wJ:.L .U.i.\. .J.. • \/ i ...... .. ..i.. 

(!'_':> er~' cs (TPT--·· "·\} :..-., ~uI1 ... J w·,rul.L.:·~, 
( : SVl.R ( Vl ( : VT,R ( T) } } ) 
(mmBER (Vl ( :VA.R (T}})})} 

(::t.:;. { l}} 
(LL: (1)))) 

',,.,a,,-, (LIVEC' I>t)} l .... ;_, .1. ...:...J ...) - ; 

( : G \7 AR ( Vl ( : V l,r~ ( '1 ) ) ) ) 
( - --··,q-,·, c, .. 1 c ·,:,· ·.. c ,.,> ) ) > > ,: .. : ... J;...,,..j l './ : .f s .':d.\. ..:. 

{: ~:Vl,R (Vl ( .vzn ('I')))) 
(llE:iDBR (Vl (:VT\I': (':::')))))) 
tvi ( :VAR ('11))))) 

(r,·u·,·u _,-, ') 
i.J .i. ! .... :...i iJ 

1253 : f;~LCS 

* cn·,r,,,,-,,1":,P. 
U.:...i:._, -L-:...Ll.~\.:_, (BUILD rx t t » 

£ l 'o." lJ 

·rr:rRESII 1 
( (BUILD AGirnT *Y 

* 
* 
* 
* 
* 
* 
( i.7 (,' ... 

( r-rn 1.d ... J ( n'"' rncr c·,11··, "'T·'P) ) .. .I .... ) V J.J J. L .a. ..!. u '.. 

( \jT~rill ( LIVES IN) ) 
( • (~Fl'1P (V') ( • 'J7". I' ( t;"l) ) ) ) -~~ ........ , ~ • J..l..;.., ... 

( :\ r• r.P"' ( V2 ( • u ,. :o ( ",) ) ) ) ) ... \\.1~-~ .l • ,, !.1!.\,, .J. 

(rPJPr~ (PL-IPD~~c)) _. __ , ,_,........... ...t .. .J-" .. > ( rI7 
( ,,, -.,, ,-,.,. ( H" C) ) 

. .i...J .l"~J . .l''.HJ 

(:SVAR (V2 (:VAR (T)))) 
,, (:,GS1!'.i.' (V2 ( :VZ:R (?)))))) 

{A\'B (V2 ( :VAR {'11)}}) 
(rlT7'.,'r:'<"'7' c~))) .l..r.:..L ... .!..11o.,:·. ..L 

{ DUI ll.1:::D) 

·.~_,yr D'"I'") } } ) ) .a..-:..._,,LJ.;.. ... :. rJ . 
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57 llSECS 

1: ( 1-. f;., 0r"'r, I~~-.~ ( 7l TT IT D- ':"Ir·, r"' ,..-., 
U.....11..J.._. ...... l~·~ ~l...J LJ s.-.,__;;.._l.:., ..o. 

(1'11 (O"JC',~r,1 (.t'":'T TD,Yr.,1,c·), 
a..1.1. .J0 ...._~--. LJ.1...J.-.o.J.;..,.:_.> I 

(DUI1l.JED) 
7 5 f..1GECS 

:LOSY-DICI: \TLF~S II.t\3 00J8Crl' FI .. IPI>~~~l::$)) 
('lEL~~ ( Ill~S)) (_.\GEi'ir~;; (liOBY-DICI~))) 

***** Pr.OCESS P6 0 
I1AI1E.: F-I:·:F~R 
CL IJJ:(: lJIL 
I70DE: I-ll 2 

** l-1ETT - I:I?LY Il) - 1?61 ~!:-:: 

?I"?.OCES[1 : PG~ ***** 

i.iODI::: .n z 
***'':* 

CLI~rr-:: PG 1 
C(1: ~~G 
I111DC.~: ( (vi , I:C~l~Y-DICI:)) 

** I~ITIATE - USE ID - P67 INITIA?ED BY - P65 

"LE;Ti'\7I~-!G" Pl10CESS : PG 5 **~':** 

CLLE:: PG l 
CQ: r:6 
DlTDG: ( ('il,Ilf)DY-DICI()) 

*-;':-J:i-:* "s-r:iJ~l l~lZ I I JC; ri ***** 
~-17'·.1""1".'l. r"nr, ..• ,:u ..... ..J. UL.1LJ 

snoc : ( (Vl r•r·,nv-,~T(·:·)) 'J·-1.., .. ~~-., .... ,..,,I ..... _ .. 

?·.lT'f 
lL! .. .LI 



i):"":0 *'"k 
.o. ·v'\ ... .l 

*·k*** ":·J -~:-;_._'\'../I l iG 0 
U[)E 

?G7 

(' ,r' • 1::, / 
rm 1:: I>~ 
:JI1DG: ( (1/1,-~Ct_\ ... ::..'-:JICI:)) 
ILSG: I-JIL 

1;-r:-1;;r ,:, c: 0 • ....... vv;~u ... ; Dr O 
.1: V U ***** 

CL I :-1I'~: PG G 
CQ: 
l~tlT: 

( Il5) 
( ;·'.? r 'l ) . ;.,,.. ;. -~ .: .. 

TOT: 2 
3:t1DG: ( ("\Tl,l·'lC)BY-DICI:)) 
Di\.TA: lJIL 
r--'ic,r." • '·"'T..- .1.·J.U\ . .! • ~.; ..... L 

** NE;! - Lif.CI: ID - P7 l * '" 

** ItJ.l''E E! ID - ?71 - P68 

***** 11LE[\VI1IG11 ****1< 
l.Jl\.iIE: CII & I~!~r_2- IZ 
CLil!f~: P(iG 
C<]: ( Il5) 

rJ..10?: 2 
}31-JD<:;: ( ('Jl,I_(.J:3Y-DICl~)) 
j)i-'/~l!..: 1-JIL 
I1SG: r u.i (l~l2 ((Vl,IiOLY-DIC:·~))))) 

1:*-i:** '!),-> r\r_,.,.., n ("" • 
Ji: .;,1.\,.,,l\,.,.a.J .... )~ • P68 ,:**** 

CLiliZ: PG6 
CQ: ( II5) 
.f\1'1T: ( I-i2 1-ll) 
TO':': 2 
B1'-1DG: ( {Vl, :I0£'3Y-DICI~)) 

n.qc.- {('11 (7'~., cc~r ··,,·-,·,· ~, •..... ))))) .. -- !1-1. -.:...L..:... vJ..,:.:.;._,;l.:.:.-:...1.1..l ... z , 

**i:~'r* 'Qi-: 01-• r1 :: ~ • 
..I.. - -. .._., V J...J J.I t...,, • PG8 ***** 1'1IiI--IE: CElUEr:~=-~_,-l: 

CLI17:-:: PG'S 
CQ: 015) 
~~-r1 (•'') ,;,,) i":.. ... j J_: ,1,4.;_ .... -~ 

TOT: 2 
DlIDG: 



:age ,:,1 

D.l\.'I'l~: 
IISG: lIIL 

(' t ~ ) ,-:.l 

P71 
lJt111s: r:1r·s:~ 
CLI1'1I=:: l?7G 
CCJ: Il2 
1Jlj)C;: { ('Jl,:Ic):J·1-r,:c::·:)) 
!lE:G: I:IL 

.. "! -:-or , 
i. ~ ,;_:., '· ,· LJ - P72 

'","';" -:·,·:"-:­ 
i, ·; i: ~ ,' 

****-:.'-: 
T"r-jPt-;"I''.: 
.J.. .:..JJ.. ..:-. 1.:.. -.. 

CL I l'II: : P7 G 
C\"): I:2 
I~l1DC;: ( {l:.JJ_,:::c):?Y-DICI·:)) 
IlSC-i: ~IIL 

*~'t*** 

CIJI1.fl(: 117 2 
C(1: : :c; 
BlJ:C)C:: ( ( \72, i IC·I)Y-IJ I:~~-.:) ) 

** ~-~7i-j .... ,.....1,. 

*-;,:-..';j:-;.·; ·273 
1JZ\.i.1I:: co-urn 
CLI11I<: ?72 
CQ: :!8 
3l!D(;: ( (\./:~, :~Ot\Y-fJI(:l-:)) 

P76 ****"'!.: 
Il/.llE: CO-U?Il 
CI.JI1·;:.:: ?75 
C(}: i:Si 
ll~JTJC: ( (\I:·:,I.~f)I.5Y-l)IC:r:)) 

** -: ":" .. -~-:- . 
t,~~· •• 

ti L ::~1\.\TI1.1C; it •:: '"}: -i: * -:: 



-- .. :i- -- 

CLIIJK: P75 
CQ: r.:9 

PF~OCSSE3 

CL I :1:-:: 1?7 7 
C~--~: (Ii~;) 

l~l11}f}: ( (\-;-:,~IC)DY-DICIC)) 
IISG: ~JIL 

** r·r:,;·.-: 
J.\iL,~ J - 

*t-:*-J.:i: 11I_JEZ\.\]Il1G11 

i'll\IlE: U :--.~ L 
CL I!1I:: P7 7 
co. ~- (-H>) l. l (; 

RULE: ~1') 
Dl'IDG: ( {"1/2,'.IOBY-DICI:)) 
I'ISG: EIL 

**'7:** 11 T;i ;:-,, ~--. T_:: T ~ '.(" n 
,1,..J '-" .J.. -·~ .... ·-'- .. ·l ,..) 

CLilE(: PT/ 
'l'IIRESII: l 
TO?: 2 
CO: (I18 Il7) 
At1'l1: ( I-I fl l 17) 
BlJDG: ( {'/2,:iODY-iJICK)) 
DA?A: LIL 
IIS(J: IJIL 

** ~L'OPL.1F ID - P81 ~: * 

IIJE'ETI ID - DP') ** .J., 'l..,a,.,.. 

** ID - }:182 - P79 

** lEl'T - 'I'OPI1JF ID - pg,1 ** 
** HEt'T - HlFER ID - ?85 id 

** INITIATED BY - P79 

-1:**;'r* '' LI~i\'w;-Il.JG ,: 
CI-I'l-:1Il~BSI-I-R 

Pl<OCESS : 1'7 9 
~-r 7\ r 1? • 
.i..-lL :..L J..i...J • 

CLIIEZ: 7277 

CQ: (II8 I'.7) 
i\J~ri-·: (ilf~. il7 
I11JDG: 
Dl\.Tl\.: I-IIL 
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-l: **-!:* 

cr.r.i«. ? 21 
cc;: ::r 
7":,LUG: ( ( '/2, LGL~Y-D :Cc::) ) 

** l:E~i - GO-UPIJ. II) - PL7 .•:-;: 

I0 - P87 INITIATED BY - P82 

k~".A;~-A "LBAVIUG" Pr:OCESS : PB2 ***-~* 
!Ji\I·lE: I:iFER 
CI,Il"E-:: ?f~l 
co: 118 
DtJDC}: { (-;12, iiODY-DICI-:)) 
IlE)C~: nrr. 
1:*7-:i:* PI~OCBSS : PBS 

Ii! I Til\'::ED J3Y 

PilC.JCESS : ?FS *.;.."*** 

CQ: ~17 
mmc: ( (V2,IIODY-DIC::)) 

P.-2C)CESS : Pf;4 ***** 
CLI~·.fI:: ?7 9 
CQ: I':.? 

IlfjG: ( C:7 {I:11 ( (V2,::0BY-DICK))))) 
H'l'l~: P83 

#·. }. ;.,, ;., .:. 11LZi\.\'IllG11 J?~~OCES3 : PS 4 
112\: :s: ~1CJI> I11F 
CL L '=:: ··;:-,7 :J 



':·: ·J: ·}: -:'.· ,·: 

Dl\'i.1l\: l"IIL 
• ,.--, -, ( { . • -· ( • • - 1 ( ( T ,r, • • ,- .. ,. '' ··, ... ~ - • ) ) ) ) ) L-1,· .. >t.1: i - / .;. ~l - ·j /~ I L·.;.:.)i.-., .l -!_; .i.. \.,.;.·~ 

SI~1c:-~ 
( 217 (Cl:-") I-; c:rj_j ( PI.1 I Pf>Ij I~S) ) 

( VT!, r~:, ( IL\S) } 
(:.':'\'i.l: (V2 (:Vl.n ('::)) (:V.i\L (HC.YJY-DICI:)))} 
(I\.Cl~t:'.: (V2 ( :Vl',R {T)) ( :Vl;,L (rIOJY-DICK))))) 

f.•;'T;" -,-~~ll""")C"-t 
~, .:._i J.. l.:. r .:.,:.,iii, 

CL II-II::: I'7 7 
r.L1IIRESII: l 

CQ: (lW l.7) 
'J\ "_Ttp. ( T,-: :, I·:-,) L_.l,; ... • -.1. •. ) ..... ; 

BID)G: ( (\j·2,_.tOI':.Y-JJIC:r-:)) 
D;~r,,,~. • ( ( { (V') ::·,c'V-r'TC''.)) J.l..1. 1. ~ .... ,_ .. \..) ..... J~ ~..)- ..... 

I1SG: HIL 
I\.'.' 7 ) _l n,.. r r; ) ) .::..! ..l.;J .J 

***** 11 ElJ'i' EI\.I L'JG 11 P77 
11!iil2: Al:S-CT .. ~2Cli 
cr.n:x , P75 
BOSSES: { I?7 5) 
Di\Tll.: I1II., 
use, (({''lf: (("2 1'iQPV-i'IC"))))) J.... . • ""J. '·' ;.' ... , .!. .._J .... .,_) .l. \. 

** EJiri'INl.'E - IIiPLY ID - P75 I?:I'.:'Il\?ED BY - P77 

nLEl~'JI1JG 11 
i-JA!-IE: Ai~S-Ct~TCI! 
CL I I-II(: 1)7 5 

Pi:OCESS : P77 

BOSSES: ( I'7 5) 
r,rn,,. cc····(("''') ,.,~.,·.,.r ·,·,···n·,·)))) U.&.\.J.J.i.. !·.;.. 1~;, li·L.11.::.\...J..:.JJ.-~l\..~l ... 

f.1SG: I-IIL 

P75 
IJT:.I1E: II:I?I.,Y 
CL IlJl(: P711 
CQ: (IIG) 
RULE: E9 



P2.ge E11 

-Li~?.'l]G·. ( tvz r:u'~T\\.7-~Tc·:---)) ~ - - .._, ·v ~4 I l.:. ,..) .J.. ;....., .A..--•~ 
LSG: ( ( (Il8 ( (V2,:;GDY-DICK)}))) 

** !.JE\.7 - F-II·TI?t:rr I1) - P88 *~~ 

- P75 

**:':-J,* l?f:OCESS : P7 5 J;;..;:** 

11 -: iS: I: 1I'L -y­ 
CL I t}I::: P74 
CQ: (118) 
RULE: I·19 
...... "D"' < (T'~) ··o~·, 1"T'~")) 1J1·.;1 '. .. J: V-,rl· 01,-u.l;,.\.,,;.\, 

I:lSG: t-JIL 

**--A·~'.:* "El-1'i1ERII1G11 PROCESS P74 

CLilE:: P72 -, o ,., .. n .-, ( n7 ')) b' i..J0l:..i::J: L .:-4 

DA '2:'A: IJIL 
,:r-r. ( ( ("c, ( (~''> ·,r,,~v ''"fC""))))) 4·,n.)\..j • i.i.f..) J .-.. ... I _l,._..l.:.. . .:..1.-J._ J:1,. 

** Il1ITIA'l'E: - SHI'.i.'C!l ID - P72 
. 

Il1 I r1, Il\ 'l'ED nv ~, .... - P7 ,1 

!?J::OCESS : P7 '1 

CL IlII~: P7 2 

I-lSG: i.JIL 

1:**** PI!OCE[lS : P7 2 *··):it** 

1I1\I1E: Sl"fI1~CCtl 
er, r:11~: P7 0 
C(2: I12 

,,r.,·· ( ( ('·',., ( {V'' ··r-··v ,...·-c··))))) 1.:.,:.Jt,: _ 1.1.u _ .il1th . ...iD .... -ul .t:-... 

* * INITIA'l'E - 'i.'OP Ii1F ID - P7 0 I1JI'l'IA'i1ED BY - P7 2 

"L:SAVD1G" PROCESS: P72 
11ld·1E: Sl.fI TCI1 
CL II1K: P7 CJ 
CiJ: I12 
,·,,.;nr.'.. ( (,1-1 'iQDV-"T"'~)) .i-).;..;L./\.J. , l..1. l..)..£. u ..... i_.._ ... 

*i:*~'<* 
'l' 1' /'.!''.•.;'I. 
.!. ,l;; .1,.i,. ,d...., • 'I10I?Il1P 
CLIIJI::: PGL 
C(2: Z-I.2 

D/i~l\.: un. 
USG: ( (112 {Im ( (Vl,IIOuY-DICI-:))))) 
Ii'::'R: PG9 



Appendix 2: fully cleveloped ex amp.l e Page 42 

*** ... '-:-1-: 11LEl~VII!G11 Pl~OCESS : P7 G 
IJi\IlE: 1:'0I?IlJF 
CI.,IiJI:: J?GU 
CQ: II2 

use. :JII. 
l·ITR: PGS 

Dil'I'l\: ( (I:8 ( (Vl,JJOBY-IHCl:)))) 

***'"* II EN'.L1ERIHG It PROCESS: P68 ***** 
CLii1I(: P66 
CQ: (lIS) 
AN'l1: ( f.12 1'11) 
TOT: 2 
BNDG: ((Vl,UOBY-DICK)) 
DATA: ((((Vl,EOBY-DICK)) (ill) l HILD)) 
use ( ("2 (r:ri ( (~rl- r.·.: .. ~Pv_0~C-K'))))) L!0 : {.., ~ "' .. ,.> V t .a. ... V .... ll. ,,._JJ. 

SIHCE 
( I-12 ( C~D~JECrl1 ( 111\.'J_1ER) ) 

(VZR3 (LIVES LJ)) 
( :SV1\~ {Vl ( :VAR ('i'}) 
(AGEN'l' (Vl ( :VAR ('11)) 

(Ill (CLASS (IIUUlAL)) 
( :SVAR (Vl ( :VAR (T}} ( :Vl~L (IICDY-DICK}))) 
um;rnEI! (Vl ( :VAR (T)) ( :VAL (:IOBY-DICIO)))) 

HE IliPER 
( i:15 
(: SV,\R (Vl 
( l1RG 
(Il4 

( -,-,,... (M)} ( ~/·I uronv nrc~·}))} ! \, l"l..L). .:.. ! Ll .I i:!-i.!J.J..-.Li H. 

(CLT, en (not .,-..q-,1)) Ll.:>.:> LJ .L1J:'h.L, 

(:SVAR (Vl (:VAR ('l')} (:VAL {IlOBY-DICK)))) 
{rmrmEn (Vl { :VAR ('I')) ( :Vl1L (llOBY-DICK))))) 

( f.I3 ( CLASS (HHALB) ) 
(:SVliR {Vl (:VAR (T)) (:VI,.L (d03Y-DICK)))) 
(IlEHBBR (Vl ( :Vl.R (T)) ( :V-l\L (ilODY-DICK}}))}) 

(,,r.v (1)) LJ.i."'"l.L,. 

(nrn Cl)>> 

** IHITIA'I'E - Ai1S-CATCII ID - PG6 INITIA'l1ED BY - P68 

**,':** nLBl;.\7IlJG '' PF:OCESS : P6 8 ***** tll\1-IL: en & Ll.JT- n 
CL II1I:: PG G 
CQ: ( I15) 
"nrr. ( •.1'• '-·1) ii~·-· i•..::... l..J; 

TOT: 2 
T .. srnc . c , vi nonv -" r cr.) > ..... ,,1 • ' ... fi.J. .:...)..., :.J J.\. 

DA'l'i,: ( ( ( (Vl,IlOBY-DICiq) 
£.l!:;G: lJIL 

NIL O)) 

11mJTEHHJG11 PROCESS: P66 ****-/,,· 
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,:, .-, '"'~ r o • ( ·P' l) LVu..__ . .;_,1...J. U 

ID - P6 l I1JI'J:Il~/l.,E1) T"_'\l' - 
,L, ... P65 

*"}:j:·):* 11LEli..VI1JG0 PG6 ***** 
CL I l'-1IZ: :P61 
BOSSE~~: (P61) 
DJ\'T'7\ • f ( vr:. ( (vi : iocv-nrcm ) ) ) " ... - ... ~- \ .... _, .. , ... ;.o..J ....- '..a. ~ '-64\o 

11SG: I1IL 

n Ell'i1ERII,JG n 
1':l:JIB: IIIPLY 
CLilE'.: HIL 
Cr,. ,- . - ) ;d : i l~ 

rnocnss : PS l ***** 

** 1rz;-r - US8 ID - ·,-)c~ 1 * * . .., ... 
** !iE';T - IflPLY ID - D('') ** ,._..,,., 

***** "LEAVING" I)ROCESS : P6 l **":** 
lI.?l,:lE: IL.PLY 
CLL;I:: P89 
C(). (i:i::) :;:. . ... ... ...,,, 

***** 11 E1JTERI1JC;" ***** 
r,Ji\llE~: GO-UPil 
CL IIJI{: I>86 
CQ: ED 
BUDG: ( (V2,EOBY-DIC:)) 

* * I~1I 'I'IATB - Si II ?CI: I:> - P8G I!JITii\'l1ED BY - PE7 

11LEAVHJG11 

Hl.:rn: GO-UPI1 
CL I~1I·:: 1)8 G 

PF~OCESS : ?87 ***** 

CQ: iW 
B,--(' ( ('.T'?. iJQD°' .. '-r.·;·•,·r''·") ) )i.:·lLl..:;: '-·-t•- W- ..J-'-"·-"- 

***** 
Ni\IlE : S1II TCH 

P.!10CESS : P86 ·***** 
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CLHJ::: P l 
CQ: :rn 
BHDt:• ( (·q··, r n·.,.v_,-..-c··:')) 

.. --i '-1• -"-•I•·--~-'- Ul .... ~ 
rise { ( (' '-', ( ("2 11n,,.v_n-.-r·v))))} - u. ., . .1.,, \,/ , ......,.1.., ... ...J,.;_-....,""" 

, .... (') .- - 1-'uu 

CLilJI·~: :f?Cl 
CQ: f.18 
BNDG: { (\'2,li0~1Y-DICI:)) 
llSG: 1JIL 

****~!: "8IJ~_1EFtI1JC; 11 ***** tlliI;lE: 1l10?II,·lF 
CLI:rn:: P79 
CQ: Z--13 
BOSSES: (P79) 
Dl''l. Tl\.: n IL 

***** "I.1l~l\ .. \.TI1-"!G n ***** :tJA1'1E: 'J~t:=~,\I:JF 
CLHH:: P7 £; 
CQ: !'ID 
DOSS ES: ( 1'7 9) 
DATA: ( (I:? ( ('!2, IIODY-DIC:'.) ) ) } 

IITR: P8C: 

CLINI:: P77 

TOT: G 
CQ: (II8 L7) 
ANT: (IH~ ff/} 
Bi'JDG: ( (\/2,:IOBY-DICI-~)) 
DA'I'A: ((((V2,r10DY-DIC:)) (117) l NIL 0)) 
nsc. ((:W (lI8 ((V2,ZIOBY-DIC:::}}))) 

***** *'':*** 

CLINK: P77 
':
1EIRESI1: l 
TOT: 0 
(' ... • ( " n ·,· ·.'7 } -\J. l.l.<.) 
l\1.Jm• ("O -,7) J. ... .;.- ..L • .l..:. "-• ;. i 

BNDG: ( (V2,ii'.):W-:JICK)) 
DATA: ( ( ( ('n,7\CDY-DIC:)} 
I-IS<.~: !JIL 

( . ('• - ·7) 
"~ (J i J. L. nrr, J) ) 

***** ***j:;': 
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CLE1K: I:IL 
i'JODE: fil3 

PC2 P88 

ID - P71 n00 •. :vu 

11LEl\.VIl·jG II 
fll\.I"lC: F-Il1FER 

*i~*** 

NODE: 

PROCESS: P91 ***** 11 S1TT.CRI11G" 
t1l\.I IE: U El E 
CLI11I':: I.,9fJ 

11SG: l-!IL 

** LiIS.'IA'I'3 - CI1A2IDC1: ID - PS3 INI'I'Il.'J.'ED DY - P91 

11 LJ.:";Z.VIIIG 11 PI'..tJC:ss : P91 ***** 

Cr (''I'''.") \.,2: 1.1..; LL) 

l1SG: l-1IL 

****'" "LiJT BRii'lG" Pl:OCESS : P82 ***** 
tlliI--lE: IlTPER 
CL In~: PGl 
C(J: i!G 
r~1TT)(~ • ( ( 1J"j I i-1rv.-\P.'l-T";I rr~) ) _ ... ,~-- \ ,;- ~.:. -- ..,, -·" 
T '..., ., ( ( '"1-. 0. TT ( ( ~ ,..., ·,' ~, ..., .• r C·, -1 , .. t· ) } ) ) ..1.·~...;.,l:;! i • ~ ;.,.\_.w _ v~1.:.:.L··i-1l.-j_,J -!\. 

** IlH':i:'IA'l.'E - TOPEJF ID - P81 INI':'Il\TED BY - P82 

***** 11LBAVUJG11 PROCI:;SS : P82 ***** 

CLL.JK: J?81 
CQ: rm 
c. .. rrv: ( ('~" 7'Q""V DIC'-·')) J..).L'oLJ'\.:J: "J L. I 1.t n .... - J.~ 

nsc. 1JI:L 

***** 

CLI:JI:: P79 

PQPPf.'C'• (D7'1) ~ a.Ju _ _..._..• - -' 

DI1'l1l\: ( (liD ( ('12,llODY-;JICI:)))) 
IlSG: ((1:8 (1!13 ((V2,:'.0I3Y-DICI:))))) 
fiTR: POO 



lL\.l IE: r;c :1 Ii! F' 
CL I:E(: ?7 9 
Ci): II8 
L~OGSES: ( 1)7 S:) 

; ,rnn. "')0 ,-.; 
'".i.J.l.,. L \,.J..._ 

P71 
l'Jl-\IlE: IllPER 
CLI1'11~: P7 0 

*,;'*** 

i(:t: II1ITIATB - ~,:OPE1F Ir. - "27C LJI'l1IATED BY - :>71 

~':**~''* PI~OCBJ~ : P7 l 
fJii1iE: IIJFER 
CI.iI111~: P7 0 
cci: r.12 
i:HJDG: ( (Vl, tiGT"lY-DIC:) ) 
f-iSC3: iJIL 

P7G 
lJT1IlE: ror mr 
CLI!<I1~: P68 
C(}: f.12 
Ij0SBES: ( PG C~) 
Dl,'I'A: ((IIC ((Vl,:lGDY-DIC:)))) 
,·pr, ( (·,,·!_") (''.1-:, ( (,.n. ·,r·,··,·iy_~.,..,~,.·))))) f ._. .. _1 · ... 1 ! \ .. _., 4, ._ _. _ ... > .. .- I ... ._ """ .J 1..J .L \..., __ ... 
~1rnr). nr.n 
... - ..!.. .1.\.. ... "J _... 

"LEi\\/I:_:(.;n 
1·12\.IlE: r~eOP IIIF' 
CLII1K: PG D 
C(}: I12 
BOSSES: (PG:J) 
"'·"'~· • ( (''''" ( (~ . .r-1 t·".··0"-''l-C''')))) ;.....,J.:....s..Ll• l'..i.V i - I ,l..~ .... ).L LJ .i. ... 

lIS(}: NIL 
P69 

**•'r** PllOCEf~S 

ct.r.n., P9G 
nrn. 1 
IiI1:~: l 
70T: 2 
C(}: (I-'li1 i13) 
r ,-,n ('', ,,-, \ 
1 \.1.· • .i. : .:..-.1. 'i l. ... ) / 

BUDG: { (Vl,iiOi:!.l-DICK)) 

IiSG: NIL 

*~"' lTEtl - 'I'OPE.:F ID - P95 ·b': 

***•':-}.• 

*:"'*** 
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* ·,r lJEiI - IlJFEit ID - P9 G * * 

PROCESS: p93- ***** 
l1Z\Z.lE: CI!l\lJDOTI-J:l 
CLim:: P9D 
run: 1 
IlA}(: 1 
'110?: 2 
CQ: (il4 Il3) 
:"':t:rrf\. (1"-~/ ::-:-!) i.l. ..... ~ • ... ..... .; J. ... ...) 

BHDG: ( (Vl,IIOBY-I)ICI:)) 
Dl'J. T z.,_: ~--JI L, 
I·ISG: iJIL 

***** PJ.~OCESB : P9G 
l-Jl"'d·lE: IIJf'ER 
CL II-JI:: P9 5 
C(J: l~( 
n;;-.-,..-,. ( c,,, ':n·,-)'1 r'I• , ... ,.) ) 
U.L.'1.~Uia -.,-1.,;..;.v;_;J...-.1.. ... :J_\..,,.,.'- 

IISG: II II_. 

~~* iJEr'T - St!I7CtI II) - PlGO ** 
*-;: HEE - GO-U?Il ID - PlOl -;'* 

** INITIATE - GO-UPil ID - PH.il EiITIA~f.tED BY - 

"L~i\."..JII.JG n 
1Ji\.t1E: Ii-JI'Eit 
CLLE:: P95 
CQ: I l.<': 

Pl:OCES3 : P96 -1:**** 

,..,,,~.~ ( (·;1 ,,~-,,· l"'IC'"") ) DL·-Ll.J\.J: \ ..:.. I .i. lVi) 'J. - J ~.i.:~ 

-/;,. *1-. .. -, n u :C1T7ERI1-l(;" Pl~OCESS : P9 9 ***** 

("'1(\. ':•_'!"') 
'-":~ • L 1.-.J nnoo o ( ('vT1 !t('T"'")~_nTrV)) "'·"-'"1• ..... , .. J. . ...J.:.J.L u_.....,_ ... 
1-iSG: IJIL 

*'*;'t**i: "L f.~i ~\'I ~-1 c;" 

C(): r:3 
I~l!DG: ( (i:Jl,I10BY-I)ICI;:)) 



srucc 
( I-13 (';IHT,L S) ) 

(Vl (:Vi;l;. (T}) (:Vt.L (lIC0Y-DIC.r:)))) 
ClBilBER (Vl (:\?,E:. (':..')) (:Vl,.L (;10:...;Y-:.::.irc:)))}) 

t-JE Il"Tl:E.R 

* ·:k·l: ·k * 

CL I l !I< : ? S" 3 
CQ: i ~J 
BO~JSI:t:: (11~~:3) 
Di\.S:.i\: l'.IL 
nsc , ((;:3 UI1CJ ((Vl,IlGirI-YC:Cl'.))))) 

***-I:* "LC2\VI1:G" PI-:OCESS : Tj('-, 0 ;:.: _,. \.) *-!:-!:** 
Nl\ILC: TCPII1F 
CL Im:: P93 
co Li3 
DC)38ES: ( P9 3) 
DI:i.TZ-1.: ( u:1u ( (VJ.,::mW-DICI::)))) 
I:1SG: t·1II., 

... ~.-· - :,..~:; .:.; -!: .~. 1: : .. ) . 

CLIL1l'~: l?JG 
;.1111: l 

l\.lr.L': ( i 1( I-I3) 

( • r 7 t: 1- ( ' 'r, D V - n -e- <' ,, ) ) ) ) • \i .CJ. J .i. .' • .J.U .L. 1...1 ~l '-'.t.\.. · 

(llRG (t.14 (CLl\SS (DO~I'IIIl!)) 
( :SVh.R (Vl ( :Vl~R (T)) ( :V,\L (i10BY-DICK)))) 
UIErIIH~H tvi ( :VC:;. {'I')) ( :VliL (IlODY-DICI:)))})) 

(l lA:: ( U) ) 
(IlL1 (Cl))) 

,) r·,-:, 
.... _;,,-> 

tJtli IE: C:III:J·JD0.8.- F1. 
CL II.JI":: 1)9 C 
l'1IlJ: l 

'J:O'}: 2 

- P93 



( - .... ) jl..) l 1:I:. G) ) 

pr,n 
- _,. ,rJ 

DZ\ Tli: 11IL 
use ( ( (''l"') ( , .. , ,.,,._,,., 'C"·.-c··))))) 1.;.o·: .1. ,J.r:... V.!..1.,·.i.V.L..1L-.uJ. .:.:" • 

"LT:~l1\TILJG11 Pl"!OCESS : P9 0 

CLINK: P92 
uossns. (TJ('"} LJ i..) a.:) J • .:.a .. ). .L J~ 

DATA: ( ('..::lC2 ( (Vl,ilCBY-l:lICI:}))) 
!,1SG: l!II, 

***** ***** 
!Jl\.!-IE: Il.lPIJY 
CLI11t:: t.!II, 
CQ : ( I 14 I13 ) 
RULB: ns 
DUDG: { (vi ,I:CDY-DICin) 
''~("' { ( ((('1 t'''.> c· c~T1 C·j.--.;-,V •,- "'P) \))) L.h.>u: - .! • .'..1-:J.:. V ,i .. l.}~)..L-;...1ll.. ... : .. / 

** 11EfJ - Z\.11S-Ci\.TCI-1 ID - :11D3 *1• 
** l-1El1 - E'-II1?3R ID - Pl:;~~.;-::--.•, 

***** Pl:OCI".;f:S : P9 2 
l"-JliilE: IZIPL-f 
CLIIJK: l!IL 
CQ: (II4: r13) 
RULE: I15 
BHDG: ( (Vl, I~o;:W-DICI:) ) 
USG: lJIL 

-J:**** PROC23S PlGl ***** 
tlAI:IE: cc-ur n 
CL I i1I\ : Pl C 0 
C(1: I·14 
•.:,·,·D· r: ( ,,~, ,,,.,n,.r ,·,re·')) .b J.:.: t ...;;J : \ \i J.. t J. i '..) L.) .1.. - LJ-. .t\. 

*i: l~E~7 - IL·tI>L:t ID - PlU0 7:"f: 

** l.JI::1-: - GO-GPI1 ID - :?107 *1< 
** INI7IA~3 - GO-UPI1 ID - ?107 IUITIATED BY - PlOl 
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****1: 
11LE.l\VIIJG11 

lJArlE: GO-uPil 
rr.ocnss : PlfJl 

CQ: ill:: 
DNDC: ( (\11,'.lOBY-DICi{)) 

PI~OCE.SS : Pl 04 

CL I 11I~: l-1 II, 
iIODS: .u 5 
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** INITI~?E - INFER ID - P9G INITIATED BY - Pl04 

***** 11LBli.VI1lG" 
NA.iIE: F-Il1FER 
CLINK: NIL 
NODE: Vi15 

PROCSSS: 

***** n Br-.JTERII'JG" PI~OCESS : Pl D7 
i:~l\.l IE: c;cj-(J !) Il 
CLIHK: Pl LG 
CQ: I:5 
B!:DG: ( rvi , rJOBY-DICI'.) ) 

***** nIJLl~VIl'-1G11 

l·Jl\J1E: CC)-Ul)Il 
CLit:I:: P1UG 

PROCESS: Pl07 

CQ: ~:s 
mmc: ( (Vl 'IIOBY-DICI,:) ) 

***** 
T i·1 r' i-., 1:-' 
..L .1. ... LI.I..-., 

er. rr..rr:: 1)0 s 
CQ: Il( 
BHDG: {(Vl,IlOBY-DICE)) 
nsc. { ("1 ~ "1TT { (''1 ,.,,-,-," '"'ICr-}))} -....J...... 1.L.! .. •.: .._; ..1..LI ,/ _._ 1.:..'.t}.:._..:.:.. -1.J i\. 

** NEH - GO-UPI1 ID - PlU9 ** 

***** 

***** 

***i-:* 

***-f:* 

** INITI~TE - GO-UPI1 ID - Pl09 INITIATED BY - P96 

"L8AVI1!G11 Pl10CESS : P96 
NAHE: IIIFEP. 
CLHJK: P9 5 
CQ: I:4 
BNDG: { (Vl, iIO:W-DICK) ) 
1"1SG: IJIL 

1:Ji\!12: G(-1-Ul)Il 
CL IlJI(: l?l GE 
CQ: m e 
Bl.JDG: lJ IL 

** 1JEi1 - .i\L-!S-Ci\TCI-I ID - PllG -1:* 
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** NE':'l - II1PLY ID - Plll ** 
** HE\! - GO-UPil ID - Pll2 ** 
** IlH':i.'Il'...'J~E - GO-UPil ID - Pll2 IlH'I'IATED BY - Pl09 

***** "LEl:.VIi!G 11 PR()CESS : Pl 09 ***** 
1-ll\I-lE: GO-Ul)Il 
CLIHK: Pl08 
CQ: Ill4 
BlJDG: NIL 

**"l<:** "EUTERING" PROCESS: Pl12 ***** 
llAIIE: GO-UPI1 
CLilJK: Plll 
CQ: I115 
BNDG: NIL 

*i: m::u - A.HS-CATCH ID - Pll3 ** 
*~" NEH - USE ID - Pll.:1 ** 
** IlIITINI'E - USE ID - Pl14 IUI'l'IAT~D BY - Pll2. 

*-!d,** "LEI\.VING" 
:1/:.rm: GO-UPI1 
CLilJK: Plll 
CQ: ni s 
Bt1DG: NIL 

PROCESS: Pll2 ***** 

*-1:*** II ElJTERING II 
U~p ,_,.__. 

P:ZWCESS : Pll.:1 ***** 
;_.;)\JIB: 
CLEH:: Pll3 
CQ: (l114) 
RULE: m s 
Bl1DG: NIL 
Z.1SG: l-1IL 

** HEi'l - CHANDOR ID - Pll5 ** 
** IHITIA'l'E - CHAHDOR ID - Pll5 INITL\TBD DY - Pll4 

***** "LEAVING" 
!.Jl\ilE : USE 
CLIHK: Pl13 
CQ: (H14) 
RULE: r--:15 
BNDG: raL 
HSG: 1JIL 

PROCESS: Pll4 ***** 

**7(** u EiJTERii'!G" PROCESS: PllS *i:*** 

Pll3 

Ill1i:: C 
TO'i': 1 
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CQ: (I114) 
'"r.1 ('11 ') t\U L ! 1· L.!, 

Di'JDG: IJII, 
Dl\' .. L1l\: HIL 
IlSG: NIL 
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** INITIATE - AI~S-CATCH ID - Pll3 INITIATED BY - PllS 

"LI~i\.'lI:IG" 
rm.HE: CHAHDO.R 
cr.mx. Pl13 
iUN: 0 
til\i{: 0 
'l'OT: 1 
CQ: (I-Il4) 
7·-1:r•71• ( m 4) ••• J... 11 - 

BHDG: NIL 
DATA: NIL 
I'1SG: NIL 

**~"'** "EiJ:1 Ef(I11G n 
!,1lll-IE: Al1S-Cli'I'CI1 
CLI1:HZ: Plll 
BOSSES: (Plll) 
DP.TA: NIL 
USG: ( ( (TllG IJII,))) 

PROCESS: Pll5 ***** 

PROCESS: Pll3 ***** 

** INITIA'I'E - HfPLY ID - Plll INITIATED BY - Pll3 

"LEll-'lI ~"lG" 

CLINK: Plll 
BOSSES: (Plll) 
DL'\TA: ( (TllG l1IL}) 
f·1SG: NIL 

***** 
NAHE: HlPLY 
CLINK: PllD 
CQ: 0114) 
RULE: Hl5 
BNDG: NIL 
BSG: ({(TllG IiIL)}) 

***~':* "LI:AVIIIG11 

I1liI.1E: II,lPLY 
CLINK: PllO 
CQ: (r-114) 
RULE: m s 
BlJDG: NIL 
nsc. NIL 

PROCBSS: Pll3 ***** 

PROCESS: Plll ***** 

PROCESS: Plll ***** 

(II12 (CLT,.SS {HAI11!AL)) (I:;::;:mi::R (i'103Y-DIC[))) 
(iil3 (OD,:r:::cr.2 (HATER)) (VI:Iill (LIVES IiJ)) (AGEHT (HOBY-DIC~:))) 
(iH5 (T,nc (1:14 (CLl\SS (DOLPEIU)) (HEi:IDI:R (!10DY-DICK)))} 
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( Illi.X ( 0) ) 
( i1Il1 ( !"j} } ) 

{iJUrlPCD) 
9705 ns.ccs 

-;, (LISP) 
~,:l-iD f31JI~I?S 

In FigLlres 18 and 19 ure presented the processes left behind 

by the system after f o rv.a r d inference is cornp.l e t ed , In both 

Figures the word 'I10BY-DICI:' has been abbreviated to 'Il-D'. 

Hopefully this would not cause confusion to the reader. 
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] 
f' Pl)(' • ( • '_ 1D/Vl ) ._.; .... "'· .._J • - L " ...i.. 

LlPLY 

C·- (';..., ··~, (,) : .i. ..... ) l..i."-;.: 

1·,,-l;--,-, • ( ·1-n/Vl) LJ ... l.J\.:J. .. ...:. J.J ,, 

I'.iI:J:l 
t:A:-:: l 

PCl 
CQ: (rI5) 
l~tJLB: f.IG 
DlJDG: (Il-D/Vl) 

GO-UPI1 
CQ: 1·16 
BNDG: ( ::-i'/Vl) 

USE ::<7 
co , ( n C: ) '- ,__ . .. ... __ : 

RULE: IlG 
'rll-1'"'l~ • ( · -, 1''1) DJ.U1. i.;.-~/ ·J·_ .. 

l\l1.S-CZ-:i.7C1I l1G 6 
DLTZ.: (c:5 (::-D/Vl)) 

('!") •( T .s: -->.. • .. .. _. 

•, 7 rP· ( ( . ', "' I ) Li.d.l.£1: :, _ _L ;. !.,,_, 

, .. -./''l)) \~.:.-LJ-'-.; 

l ~ • 
• ;. ... ,.!.. 

( ;,-·D/Vl) ) 

PG~ 

: ( I1-D/Vl) 

c> l 1 (j) 
J.. -..t..-.. 

Figure 

'I'OPEJF 1'95 'l'OPHJP P98 
C0::13 
n,.,.-.,;-.,. (~·1n(~·'-D/'{1l)) .i..,,£ l. .J.. L..-. • '-.;. ;..) 1. 4 • \I 

INFER P99 
cc1: Li3 
''~D~ • {" "/''l) "-'L•· \J. ;..-.u V 

P7G 

r;O-IJ? Il 

p 'T'D('. ( ;, '- "/'Tl) J;...JJ .... v •.... _,, ...,_ 

( r~Oil P7 •1) 
i\.I"I s-cxccn 

I:' rpr ,.., ,I, ..... l..J J. Pl05 

TIULB:115 - .. -~ .. { ' . ~;- ., ) bLJLi(J: !!-0 v s. 

fD1(i7 ,L .,_ .. ~ 

Set of processes 
1 (' .... 
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r',~, • ( :· , ,:, \ 
'-':.-. • i.i.UJ 

ItUI,.~;: :19 In,,;,-,_, • ': 1 ? • .1,,,1,_,,;_;_..,., ...... ..1 

~-Ti'f~r.,r1 
J.. .J.. ... ~ .L ~ .. .!. \. 

1) r, n 
..&,. t' u. 

GO-UI1Il 
., "·- r,, ,. • ( , ' O ( " P/, r0 ) ) L.l:::,._,_t'.\.e 1.i.\.; .. ,.-.1.,.,1 -;,; L~ 

P79 USE 
CQ: (Il8) !~L1Ii RBS I-I: l 
RULE :1.·19 ('(,. {''7 ''"') ...... }.,.; • J,,'.;,. ,..:.(> 

~-: ,r,. ( , , 7 r • r,} 
.: ~i. -\- • J, .l ..... 'li Bl1DG: (II---D/V2) 
"'F'n {'' ~;~;''') L;,;.;LJ;..1: ·;.·.;.-~ · ~ 
·,-.-·- ri·, ( • ·7 ( ·, ~;•r'>)) 
.i..,' ~:.. ~ l-1. : ~-i ~ - i) ~ - 

Pfl 
CQ: Il~ 
DL?A:{Hll{ll-D/V2)) 

T:'ir-1!:' D 
..L •• j .L ,:_t _l, 

_ .. )r; ,..-, 
.... t ~ .. 

J::l)G: Ci-D/V2) 
C(}:ll8 

st:I'I'CH PID'B 
('::.'C P:35) 

DlJDG: ( I :-D/"/:·:) 

E:.~!DG: (Il-D V2) 

GC!-UPI1 Pf:!7 
P1 1 :' J. ~- ,.;.. , 

Di\'.:.1Z,: { ) 

Ii)T)T V ,I..~ .... .1 . .1 ~ U1 11 
.i.. ..t.. .J.. ..:.. 

('{) • ( . '1 ,, ) 
....... ').-~ • .i. .i....:.. ---~ 
RUI-1D: .u s 

co :ras 
l3IEJG: ( ) 

Pll3 
Di:aT.Z\.: ( 

PJ.15 USE Pll1: CI1l"1.i1DO R- R 

~ULE: I:15 
CQ: (Ill-1) 
:..nr:,. {"111.) 
.;. ~-· J.. • I. 4 - 

t'""yrr}('• () J_..._ .... 1. 

f'igur2 19 
Set of proccsccs {con~J.) 


