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Abstrac t 

Inference can be viewed as a search through a space 
of  inferenc e rules .  Backwar d an d forwar d inferenc e 
diffe r  i n th e directio n o f  th e search :  backwar d 
inferenc e searche s fro m goal s t o groun d assertions ; 
forwar d inferenc e searche s fro m groun d assertion s 
t o goals .  Thi s pape r  describe s a n inferenc e pro -
cedure ,  calle d bi-directiona l  inference ,  whic h 
limit s th e numbe r  o f  inferenc e rule s searched . 
Bi-directiona l  inferenc e result s fro m th e inter -
actio n betwee n forwar d an d backwar d inferenc e an d 
loosel y correspond s t o bi-directiona l  search .  We 
sho w throug h a n exampl e that ,  whe n use d through -
ou t  a  sessio n o f  relate d tasks ,  bi-directiona l 
inferenc e set s u p a  conversationa l  contex t  an d 
prune s th e searc h throug h th e spac e o f  inferenc e 
rule s b y ignorin g rule s whic h ar e no t  relevan t  t o 
tha t  context . 1.  Introductio n 

Bi-directional inference (BDI) combines forward 
inferenc e (FI )  an d backwar d inferenc e (BI )  t o limi t 
th e searc h throug h a  spac e o f  inferenc e rule s b y 
establishin g a  contex t  o n th e basi s o f  a n ongoin g 
session .  We us e th e ter m "bi-directiona l  infer -
ence "  becaus e th e resultin g searc h loosel y corre -
spond s t o bi-directiona l  searc h (Kowalsk i  72 ,  Pohl , 
7 1 ) . 

The benefits of BDI become clear during an 
extende d sessio n i n whic h th e use r  ask s question s 
and add s assertion s al l  o f  whic h ar e related .  BD I 
set s u p a  conversationa l  contex t  an d prune s th e 
spac e o f  inferenc e rule s searche d (eithe r  durin g 
BI  o r  FI )  b y ignorin g rule s whic h ar e no t  relevan t 
t o th e context . 

In BDI there are two sets of inference 
frontiers ,  on e growin g fro m th e assertion s adde d 
i n F I  an d th e othe r  growin g durin g B I  fro m th e 
question s asked .  Wheneve r  tw o frontier s mee t  som e 
answer s ar e produced . 
BDI has been implemented in SNIP, the SNePS 
Inferenc e Package .  We presen t  example s o f  BD I  an d 
compar e th e result s obtaine d usin g BD I  wit h th e 
result s obtaine d usin g B I  o r  F I  only .  Althoug h 
SNI P ha s a  muc h riche r  rul e synta x tha n use d i n 
thes e example s (Shapiro ,  79a ,  79b )  the y suffic e t o 
illustrat e BDI . 

Basi c notion s o f  SNI P 

SNI P relie s o n a  declarativ e representatio n o f 

inferenc e rule s (SNeP S semanti c networ k (Shapiro , 
79a) .  Ever y rul e ma y b e use d bot h i n F I  an d BI . 
When a  rul e i s used ,  i t  i s  activated ,  remainin g 
tha t  wa y unti l  explicitl y  de-activate d b y th e user . 
The activate d rule s ar e assemble d int o a n activ e 
connectio n grap h (acg )  (McKa y an d Shapiro ,  81 )  , 
a collectio n o f  tiULT I  processe s (McKa y an d Shapi -
ro ,  80 )  whic h carr y ou t  th e inference .  Th e ac g 
als o store s al l  th e result s generate d b y th e 
activate d rules .  I f  durin g som e deductio n SNI P 
need s som e o f  th e rule s activate d durin g a  previ -
ou s deduction ,  i t  use s thei r  result s directl y 
instea d o f  rederivin g them .  Th e ac g tha t  i s buil t 
fo r  on e quer y o r  assertio n i s no t  discarde d afte r 
th e quer y ha s bee n answere d o r  th e assertio n 
"fully "  understoo d b y makin g al l  possibl e inferen -
ce s fro m it .  Rule s o f  th e networ k remai n active , 
allowin g a  dynami c contex t  t o b e constructed .  Th e 
dynami c contex t  i s  th e collectio n o f  rule s whic h 
hav e bee n activated .  I n addition ,  th e activ e rule s 
ar e mor e prominent :  whe n searchin g fo r  inferenc e 
rule s t o b e used ,  i f  an y previousl y activate d rule s 
ar e appropriat e the n onl y thos e rule s wil l  b e con -
sidere d an d n o othe r  rule s wi l l  b e activated . 
Henc e rule s apparentl y irrelevan t  t o th e curren t 
dynami c contex t  ar e Ignored . 

3.  Backwar d Inferenc e 

We present an example of BI, explaining very 
briefl y ho w acg' s work .  A  complet e explanatio n ca n 
be foun d i n (McKa y an d Shapiro ,  8 1 ) . 

Suppose that SNIP is being used as a database 
retrieva l  syste m fo r  som e compan y intereste d i n 
recruitin g compute r  scienc e (CS )  majors .  Th e 
recruitin g policie s o f  th e compan y ar e store d a s 
rule s i n th e databas e (Line s 1-4 ,  Fig .  1 ) .  Th e 

V(x,y) |  Pl«inli>9-to-»Uit(x )  4  CS-«joc-.t(y,x )  - > (SaoifnftctW . 
viM.yl l  Tta|>-<clicx>l(i l  i  CS-«joc-«t(y,« l  - > Goocl-i«<Mjnct(y) l 
V(zl (  aaad-Fn*FKt(z l  - > Scnt-Uutitun-tod l  1 
V(z) [  <Soo6-ftofCtU )  i  Cradu>elng(x )  - > larit̂ f(x-intcrriai(x )  ] 
lep-Ktnoi(HIT ) 
lop-«t»ol(aci l 
CS-Mjor-*t(Dan.SDM n 
CS.ajac->t(T«d,a(J ) 
C5-aBjac-«t(«ina,Mx n 
C5-tBjac-«t(Jatn,oa N 

Figure 1 
Initia l  databas e 

company's database also contains a list of top 
school s an d a  lis t  o f  th e C S major s a t  differen t 
school s (Line s 5-10 ,  Fig .  1 ) . 
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Ever y yea r  th e compan y update s It s databas e wit h 
th e name s o f  al l  student s graduatin g i n C S an d al l 
th e school s tha t  th e compan y wi l l  visi t  durin g tha t 
yea r  (Fig .  2 ) .  Th e compan y the n use s SNI P t o fin d 
ou t 

nmliq-eo-nut (SDBn 
Plaming-to-rtmi t  (Ot n 

andi(tlii9(Jotnl 

Figur e 2 
Informatio n updatin g th e databas e 

which CS majors should be invited for interviews, 
whic h one s shoul d b e sen t  th e company' s l i terature , 
etc . 

We now consider the acg describing the reason-
in g o f  SNI P whe n i t  i s  aslce d wh o shoul d b e invite d 
fo r  a n interview . 

An acg is represented as rectangles and 
circles .  Eac h rectangl e represent s a  rul e 
instanc e ( a deductio n rul e togethe r  wit h a  sub -
stitutio n fo r  th e variable s i n th e r u l e ) ;  th e 
antecedent s appea r  t o th e lef t  o f  th e doubl e lin e 
and th e consequent s t o th e right .  Circle s (calle d 
goa l  nodes )  represen t  goal s t o b e proved .  Rul e 
Instance s an d goa l  node s ar e connecte d b y directe d 
edges .  Substitution s flo w throug h th e edges .  Rul e 
instance s an d goa l  node s ca n b e viewe d a s producer s 
of  formula s sen t  ou t  o n th e edge s leavin g the m an d 
as consumer s o f  formula s comin g i n o n th e edge s 
pointin g t o them .  Som e edge s hav e switche s (repre -
sente d b y squar e brackets )  whic h hav e th e effec t 
of  renamin g th e variable s i n th e substitution s 
flowin g throug h them .  Fo r  eas e o f  reference ,  rul e 
instance s hav e label s o f  th e for m A n (wher e n  i s 
an integer) .  Thos e label s ar e use d fo r  notation -
a l  convenienc e onl y an d hav e n o relatio n wi t h th e 
way acg' s work . 
Initially, a request is created which contains 
th e atomi c formul a bein g sought .  Th e rul e instanc e 
labele d A l  i n Figur e 3  represent s th e reques t  t o 1 tortt«-£oc-ljitKTi«»(»liD)  I I 
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ly/. .  .y / 

1 itop-achoolli l  1  CS-m]ar-«t(y,z l  1 1 Oaat-feofetly )  1 
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/  1  nannui9-ca-vlut(i l  1  CS-iiajac-u(y,z )  1  1  Gaod-pn'P*ct(y l  1 
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(ISDMC/'i.am/'yl ,  laa/M.ttO/y} ,  Wn/i.Mmv'y) .  loaJVM,Joln̂ y| ) 

Figur e 3 
ac g fo r  backwar d inferenc e 

deduce all Instances of the atomic formula Invite-
for- interview(who) .  Th e nex t  ste p i s t o creat e a 
goa l  nod e fo r  th e atomi c fomiula .  A  goa l  nod e 
(Gl )  i s  adde d belo w th e instanc e bein g sought .  On e 
of  th e job s o f  th e goa l  nod e i s t o natc h it s atomi c 
formul a agains t  th e networ k t o fin d al l  formula s 
whic h unif y wit h it .  I f  ther e ar e groun d instance s 

th e goa l  nod e produce s the n Immediately .  Fo r  ever y 
matchin g formul a i n consequen t  posit io n o f  som e 
rule ,  a  ne w rul e instanc e i s adde d t o th e acg .  Th e 
othe r  Jo b o f  th e goa l  nod e I s t o remembe r  al l  sub -
stitution s i t  receive s (thes e substitut ion s ar e 
represente d enclose d i n curl y bracket s nex t  t o th e 
goa l  n o d e ) .  Whe n a  goa l  nod e receive s a  ne w sub -
sti tut ion ,  i t  send s i t  t o al l  rul e instance s t o 
whic h i t  points .  I n thi s case ,  G l  can' t  fin d an y 
groun d instance s o f  Invite-for- interview(who )  bu t 
th e rul e V(x )  [Good-prospect(x )  &  Graduating(x )  -< • 
Invlte-for-interview(x) ]  ma y b e use d t o der iv e suc h 
instances .  Rul e instanc e A 2 i s thu s create d b y G l 
(Fig .  3 ) .  Notic e tha t  th e var iabl e 'x '  i n A 2 
shoul d b e boun d t o 'who '  i n A l  whe n a n answe r  i s 
produce d b y A 2 .  Fo r  thi s reaso n a  switc h ([x/who] ) 
i s  inserte d i n th e l in k betwee n A 2 an d G l  an d ha s 
th e effec t  o f  translatin g betwee n variabl e con -
texts .  Switche s ar e compute d b y th e networ k 
matchin g functio n (Shapiro ,  77 )  whic h wa s use d b y 
Gl .  Fo r  detai l s o f  ho w thi s I s don e se e (McKa y an d 
Shapiro ,  8 1 ) . 
Goal nodes G2 and G3 are created for the ante-
cedent s o f  A2 .  G 2 find s tw o rule s whic h ca n pro -
duc e instance s o f  Good-prospect(x )  an d create s th e 
correspondin g rul e instance s (A 3 an d A 4 ,  Fig .  3 ) . 
G3 find s thre e groun d Instance s o f  Graduat ing(x) , 
namel y Graduat ing(Ted) ,  Graduatin g (Don )  an d 
Graduat ing(John) .  Th e substitution s ( T e d / x ) , 
{Don/x }  an d (John/x )  ar e store d b y G 3 an d sen t  t o 
it s consume r  (A2) . 
Goal nodes are created for the antecedents of 
A3 an d A4 .  G 4 find s tw o to p school s (MI T an d C M U ) , 
and send s th e substitution s t o A3 .  G 5 find s th e 
CS major s a t  differen t  schools .  Informin g bot h 
A3 an d A 4 .  A 3 deduce s tha t  bot h Te d an d Ann a ar e 
goo d prospects .  A 4 deduce s tha t  bot h Do n an d Te d 
ar e goo d prospect s afte r  receivin g fro m 0 6 th e 
informatio n tha t  SUNY an d CMU wi l l  b e visi ted . 
The Information about good prospects flows 
throug h th e ac g reachin g A 2 whic h deduce s tha t  bot h 
Ted an d Do n (goo d prospect s wh o ar e graduating ) 
shoul d b e invite d fo r  interview s an d th e answe r  i s 
finall y produce d b y A l . 
Notice that BI tries to get each answer in all 
possibl e ways ,  an d s o th e sam e answe r  ca n b e pro -
duce d severa l  times .  I n thi s particula r  cas e th e 
answe r  Good-prospect(Ted )  wa s produce d twice ,  b y 
rul e instance s A 3 an d A 4 . 

4.  Forwar d Inferenc e 

In this section we discuss the results obtained 
i f  th e compan y choose s t o us e F I .  We wi l l  assum e 
tha t  th e informatio n represente d i n Figur e I  i s 
store d i n th e databas e an d tha t  F I  i s  don e wi t h th e 
informatio n represente d i n Figur e 2 . 
Doing FI with Planning-to-visit(SUNY) generates 
th e ac g o f  Fig .  4 :  rul e instanc e A l  i s  create d 
alon g wit h goa l  node s fo r  It s antecedent s (G l  an d 
G 2 ) .  G l  i s  immediatel y satisf ied ,  an d G 2 find s 
CS-major-at(Don ,  S U N Y ) ,  sendin g t o A l  th e subst i -
tutio n {Don/y} .  Notic e tha t  G 2 i s performin g som e 
amount  o f  BI ,  reflectin g a  characterist i c o f  SNI P 
i n whic h B I  an d F I  ar e closel y interconnected .  A l 
deduce s Good-prospect(Don) ,  creatin g rul e instance s 
A2 an d A 3 t o d o furthe r  FI .  A 2 deduce s it s conse -
quen t  bu t  A 3 doesn' t  sinc e Graduat ing(Don )  i s no t 
i n th e databas e yet . 
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Good-pco>P*̂ 'Î °'̂ > 1 '  Send-litecBtuxe-to(Don ) 
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Figure 4 
ac g fo r  forwar d Inferenc e 

After entering all the information of Figure 2, 
SNI P ha s deduce d (ac g no t  shovra )  tha t  Don ,  Te d an d 
Anna shoul d b e sen t  l i teratur e an d tha t  Do n an d Te d 
shoul d b e invite d fo r  interviews .  I n othe r  words , 
al l  possibl e inference s wer e made ,  eve n i f  th e use r 
was onl y intereste d i n som e o f  them .  F I  doe s no t 
tak e th e user' s interest s int o accoun t  fi l l in g th e 
databas e wit h assert ion s whic h ma y neve r  b e used . 

5.  Bi-direct iona l  Inferenc e 

In this section, we introduce BDI and show that 
i t  establishe s conversat iona l  contexts ,  focusin g 
snip' s inference s wi th i n thos e context s an d thereb y 
limitin g th e spac e o f  rule s searched .  BD I  result s 
fro m th e interactio n o f  F I  an d B I  an d ca n b e 
obtaine d eithe r  b y doin g B I  followin g F I  o r  b y 
doin g F I  followin g BI .  We conside r  eac h o f  thes e 
case s i n turn . 

5.1 . Backwar d Inferenc e Followin g Forwar d 
Inferenc e 

Suppos e tha t  th e use r  say s " I  a m plannin g t o 
visi t  SUNY,  wh o shal l  I  invit e fo r  a n interview?" . 
I n thi s context ,  b y askin g 'Invite-for-lntervie w 
(who)? '  th e use r  want s t o conside r  onl y th e C S 
major s fro m SUNY.  U e sho w ho w F I  ca n b e use d t o 
se t  u p th e 'SUN Y context '  whic h i s the n use d t o 
answe r  th e user' s query .  I n a  pur e B I  system , 
findin g th e C S major s fro m SUNY wh o shoul d b e Invi -
te d fo r  a n intervie w require s findin g th e inter -
sectio n betwee n al l  C S major s fro m SUNY an d a l l 
person s wh o shoul d b e invite d fo r  a n intervie w 
(or ,  i n som e sys tems ,  generatin g al l  o f  on e an d 
testin g eac h t o se e i f  i t  satisfie s th e o t h e r ) . 

The user begins by doing a small amount of FI 
wi t h P lannlng- to-v is i t (SUNY) .  Th e amoun t  o f 
inferenc e ca n b e define d b y th e numbe r  o f  networ k 
patter n matche s performed .  Le t  u s assume ,  fo r  th e 
sak e o f  argument ,  tha t  b y "smal l  amoun t  o f  F I "  w e 
mean tha t  F I  i s  onl y allowe d tw o networ k matches . 
Th e firs t  matc h f ind s th e rul e V(x,y) [Planning-to -
v i3 i t (x )  &  CS-major-at(y,x )  *  Good-prospect (x ) ] , 
settin g u p th e rul e instanc e A l  (Fig .  5 )  an d th e 
secon d matc h i s use d b y G 2 t o loo k fo r  instance s o f 
u 

I  ln»ite-fac-mt«tvl€w(»ho )  11 

({Don/xhol l 

li/«t» l 

Goo<J-pco«pect(x )  I  Gcadu»tinq(i l  I I  Invite-for-lnt»rvie»(x )  I 
(iTsViLiDorv/iKIJotm/il l 

ly/x l 

Planunq-to-%asit(SUOT l  1  CS-im]oc-at(y,SUNi n M Good-prospec t  (y )  I 
@ @ llDon/yl) 

Figure 5 
ac g fo r  bi-direct iona l  inferenc e 

CS-major -a t (y ,SUNY) ,  findin g CS-maJor-at (Don,SUNY) . 
Thi s i s enoug h t o deduc e Good-prospect(Don )  bu t 
nothin g ca n b e don e wit h thi s becaus e findin g 
unactlvate d rule s require s a  match .  Therefore ,  th e 
inferenc e stops ,  leavin g behin d th e act iv e rul e 
instanc e A l  (Fig .  5 ) . 
If the user now asks the question 'Invlte-
for- interview(who)? '  rul e instance s (A 2 an d 
A3)  an d goa l  node s (G3 ,  G 4 an d G5 )  ar e create d 
(Fig .  5 )  a s discusse d i n sectio n 3 .  Here ,  however , 
goa l  nod e G 4 find s tha t  ther e I s a n activ e rul e 
tha t  ca n produc e instance s o f  Good-prospect(x) , 
namel y A l .  Instea d o f  doin g a  networ k patter n 
matc h t o fin d addit iona l  ru les ,  i t  use s rul e 
Instanc e A l  limnediately .  Th e substitutio n {Don/y } 
flow s throug h th e ac g producin g th e answe r  Invlte -
for- interv iew(Don) .  I n thi s cas e th e C S major s 
fro m othe r  school s wer e no t  eve n considere d sinc e 
SNI P ha d se t  u p th e "SUN Y context" . 
Suppose that CS-major-at(Don,SUNY) were not in 
th e networ k an d thu s rul e instanc e A l  coul d no t 
produc e an y answe r  eve n thoug h instance s o f  Invite -
for- interview(who )  coul d hav e bee n derive d fo r 
CS major s o f  othe r  schools .  Followin g th e quer y 
' lnvite-for- interview(who)?' ,  SNI P woul d retur n a n 
" I  don' t  know "  answer .  Th is ,  a t  firs t  glance , 
seems t o b e wrong .  However ,  takin g int o accoun t 
tha t  th e use r  onl y want s t o conside r  th e C S major s 
fro m SUNY thi s make s perfec t  sense ,  showin g a 
featur e o f  BD I  i n whic h derivabl e instance s whic h 
ar e Irrelevan t  t o th e contex t  ar e effectivel y 
ignore d b y SNIP . 5.2 . Forwar d Inferenc e Followin g Backwar d 

Inferenc e 

Suppos e tha t  th e databas e containe d th e infor -
mat io n o f  Figur e 1  an d th e use r  aske d wh o shoul d b e 
Invite d fo r  a n interview .  SNI P bui ld s a n ac g a s 
show n i n Figur e 3 ,  excep t  tha t  goa l  node s G 3 an d 
G6 hav e n o store d data .  Th e ac g produce s n o 
answer s sinc e th e informatio n i n th e databas e i s 
insuff ic ient .  I f  th e use r  no w doe s F I  wit h an y 
of  th e proposit ion s o f  Figur e 2 ,  th e wait in g goa l 
node s ar e found .  Wheneve r  a  ne w assert io n i s pro -
duce d fo r  F I .  an d a  goa l  nod e alread y exist s tha t 
want s i t ,  n o networ k matc h i s don e t o fin d addi -
tiona l  relevan t  rules .  Fo r  example ,  i f  Graduatin g 
(Ted )  i s entered ,  SNI P tell s th e use r  t o invit e 
Ted fo r  a n interview ,  an d Ignore s tha t  Send -
l l terature-to(Ted )  coul d als o hav e bee n derived , 
sinc e presumabl y th e use r  wa s no t  Intereste d i n 
thi s latte r  proposit ion .  Aga in ,  BD I  take s int o 
accoun t  th e conversationa l  context ,  ignorin g th e 
rule s irrelevan t  t o th e act iv e context . 6.  Conclusion s 

We presented an overview of BDI, pointing out 
th e tw o characterist ic s require d b y a  syste m t o 
make th e BD I  behavio r  possible : 

1. Every rule may be used both in FI and BI. 
2 .  Ther e i s a  dist inct io n betwee n rule s whic h 

hav e bee n activate d an d rule s whic h haven't . 

Relying on these two characteristics, when SNIP 
( a syste m whic h use s BDI )  searche s fo r  rule s t o b e 
used ,  i t  look s fo r  activate d rule s firs t  an d jus t 
i n cas e o f  failin g t o fin d an y activate d rule , 
non-activate d rule s ar e considered .  I n addit ion , 
as a  matte r  o f  eff iciency ,  activate d rule s remem -
be r  a l l  th e result s produced ,  no t  solvin g th e sam e 
proble m twice .  Th e resultin g inferenc e loosel y 
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correspond s t o a  bi-directiona l  search .  We sa y 
'loosel y corresponds '  becaus e no t  onl y may ther e 
be severa l  bi-directiona l  searche s goin g o n i n 
paralle l  (on e fo r  eac h questio n asked )  whic h ca n 
intersec t  eac h other ,  bu t  also  ther e ar e tw o level s 
of  search ,  th e firs t  throug h th e activate d rules , 
and th e second ,  whic h i s trie d onl y afte r  failur e 
of  th e first ,  throug h th e non-activate d rules . 
The example presented, although very small and 
simplistic ,  show s tha t  BDI  effectivel y prune s th e 
searc h throug h th e spac e o f  inferenc e rule s b y 
focusin g th e system' s attentio n toward s th e 
interest s o f  th e user . 
In BDI, some of the disadvantages of pure FI 
and pur e B I  d o no t  exist .  On e o f  th e disadvanta -
ges o f  pur e F I  i s  tha t  i t  may fil l  th e databas e 
wit h derive d proposition s whic h may neve r  b e used . 
We showe d tha t  BDI  ignore s som e derivation s whic h 
do no t  interes t  th e user .  On e o f  th e disadvanta -
ges o f  B I  i s  tha t  al l  apparentl y relevan t  rule s 
ar e Cried ,  regardles s o f  th e actua l  data .  We 
showed cha t  BDI  Ignore s inactiv e rule s i n favo r 
of  rule s activate d b y previou s (forwar d o r  back -
ward )  deduction . 
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