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Summary :

Hypothesis-hasad reasoning 15 a hasie techniqee for building Al systems hased
on incomplete knowledge. The hypothesis-hased reasoning system derives conclusions
despite the absence of total domain knowledge. [f we give new Knowledge to the
system, beliefs of conclusions should be partially revised on the syslem.

The assumption-based truth maintenance system (ATMS) is @ hypothesis-based
reasoning system whose inputs are a set of propositional Horm elauses and a set of
hypotheses, The ATMS is often uwsed with a problem solver because we need logical
variables to represent domain knowledge.

APRICOT/0, a hypothesis-based forward-reasoning system. consisis of an compiler,
the Rete-based inference engine and the ATMY. The compiler translates first-order
Horm clauses and normal defaults into a BEete-like network. A Hete-like network is
made up af a8 root node, one-input nodes, two-input nodes and terminal nodes.
&1lowing faster hypothesis-based reasoning. the inference engine gives intermediate
justifications to the ATMS at two-input nodes and store the sets of hypotheses
whoere those intermediate data hold, However, the whole of the input knowledege base
has to be recompiied and the beliefs of econclusions have to be revised on the whole
when the input knowledge base is partially modified by the wser. Therefore, an
incremental compiler of the input knowledge basc into the Rele-=like network and an
ineremental inference system where beliefs of conclusions are partially revised

with additional knowledge including variables are required.

This paper presents a incremental hypothesis-based reasoning system which

includes the incremental compiler and the inecremental inference system. The
ineremental compiler iz implemented with 3 sodified ATMS which is called RATMS. The
RATMS can efficiently offer the inference engine the updated parts of the Rete-
like network, Beliefs of previous conclusions ean be partially revised with
additional knowledge including variables. The incremental hypothesis-based
reasoning system has been implemented. and has been applied to 2 logie cireuit
design problem., The expermental result shows that beliefs of solutions are
efficiently revised by additional knowledge Tor datapath design.
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procedure Environments (Lg", P, ET)

begin
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begin
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end
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£ s

return Lj°

end.

Fig. 1 Procedure Environments used in the label computation.
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praocedure Reazon {GH‘ £ T, B, Queuwe, ATMS) :
begin
NewRENY (R, Queue, ATMS) ¢
NewTerminal (T, Queue, ATMS}
for all wiGy do
if wx=0D where B i3 a ground atomic fTormula Lthen
begin
glive {=wxltoa ATMS:
concatenate & to Lhe end of Queus
apd
else
begin
comment x= tassume (B} ),
wlwve 'H_E=¢-B'! te ATMS:
concatenate B to the end of Queue
end.
while Queues is not empty do
begin
let v be the first element on Quewe;
mave ¥ Trom Queue to the root node

v
faor all £ in SBuper of &; do 0
OnelnputNode (g, 7. Queus, ATMS)
end
enid,

(a) Main procedure to reason on the Rete-like network.

praocedure NewRENV (R, Quevne, ATME)
for all £€R dao

1f £ is a one—input node itlien

far all data v in ATMS do
OnelnputNode (e, £, Queue, ATMS)
else
bhegin

comment £ Is a twe—input nede;
let € bBe an eclement of Sab of £,
ITar all belleved data & in WM of " do
TwolnputNode (e, @, Queue, ATMS)

ond.

(b} Procedure on new two—input nodes

__]1__



procedure OpelnpubMNode (8, ¢, Quens, ATMS) :
bhegin
for all » in Nedes of e do
ey in
let & be Datum of #n:
i1f MI(F) = {Th] fhen
if Z# (Af=3%) then
begin
TerminalNode {e, v. Queue, ATMES) .
1L v is believed then

beginp
insert T in WM of g
TwaolnputNode (e, 7, Queus, ATME)
2
engd
end
end.

{e} Procedure on one-input nodes

procedure TwolnputNode {8, v, Queue, ATMS)

begin
far all &° in Super of & do
for all & in Sub of &° idao

1f e£+e” then
Tor all w in WM of &£ do
if w 15 believed then
Degin
Hive IFf, a=2viw) teo ATMS;
if drfswm) is bhelieved then
begin
TerminalNode (&7, vhw, Quens, ATMS)
if irfrwl is believed then
begin
insert (rAwl in WM of «:
TwolnpulNode (g7, vAmwm, Queune, ATMS)
end
RN
end
cnd.

{d} Procedure on two-input nodes
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procedure TerminalNeode ie, v, Queue, ATME} ©
for all » in Modes of £ do
hegin
let & be Datum of #n:
if WM&~ (ID::AM-rA —~B) Lbhen
AL 28 [ (ApAnrAy, g=r) then

begin
thg @, o Anﬂ_:-BH:l ta ATMS;

give
is a new datum then
end of Queue

it BO
concatenate BF to Lhe
end
elss
AremAo~l) then

if MAi&)={ID::A
}ﬂ=t} then

AL F38 (iaphe-nAy
give a0, o Anﬂ=l‘a to ATMS
£lse

hegin
comment M (&) = {ID::Apr-an~assume (B)) ;
if 36 ((AjA-AAY) =7) lthen
glive (Mﬁ.m.hfl]10=ﬂﬂﬁ to ATME;
if B# is a new datum then
concatenate B te the end of Queues

end
end

end.

{e} Procedure on terminal nodes

procedure NMewTerminal (T, Queue, ATMS)
neT do

for all
for all £ in Label of » dao
in WM of & do

for all @
if w is believed then
TerminalNede (e, &, Quene, ATME] .

(f) Procedure on new terminal nodes

Fig. 4 Incremental reasoning algorithm.
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L
datapath_1::
control_hox (X1, N1) Alnverter (X2, N2} ~
register iX3, N3) aregister (X4, N4}
meltiplexer (X5, NG) Amultiplexer (X6, NB] A
comparalor (X7, N7} asubtracter_wi th_ MUM (X8, NB) —
assume (calculator_of GOD (X1, ¥2, X3, ¥4, X5, X6, X7. X81.

NT4+NZHNI+NA+NSINEINTHNE) ) | .

ln=ldatapath“2::
contrel _bax (X1, N1} Adnverber (K2, N2) A
register (X3, N3} Aregisler (X4, N4l A
muitiplexer (X5, NGB} amultiplexer (X6, N&) A
comparator (X7, N7) Asubtracter_ with_CMPL (X8, N&) —
assume (calculator_of GCD {[X1, X2, X3, ¥4, X5, X6. X7, Xa],
MI+NZ+MNI+NA+NE+NG+NT +NE) ).

Ih=idatapath_3::
control_bex {X1, N1) Alnverter (X2, N2} A
register (X3, N3} Aregister (X4, N4} A
mueltiplexer (X5, NS) Amultiplexer (X6, NG A
comparator (X7, NT) Asubtracier (X8, N}~
subtracter (N9, NOQ)—
assume (caleculator_of_GCD ([M1, X2, X3, X4, X5, X6, X7, X8, X2],
Wl iN2ZINI+NA+NEFNESNT=NATNYG) )} .

Dye idatapath 4::
control_bex (X1, N1) ainverter (K2, N2) A
register (X3, N3) Aregister (X4, N4) A
multiplexer (X5, NB) Amultiplexer (X6, MG A
comparator_on_SUH_with_CMPL (XT, NT) —
assume (calculator_of _GCD (X1, X2, X3, x4, X5, X6, X7} .
MIAN2+NI+NATNSNE+NT) 1] .

Dq= idatapath_5&::
control_box (X1, Nl)ainverter (X2, N2} ~
register (X3, N3} Aregister {34, N4} A
multiplexer (X5, NS) Amultiplexer {X& NE) A
comparator on_SUB_with_ MUX (X7, NT)—~
assume (calculater_of GUD [ [X1, X2, X3, X4, X5, ¥X&, N7],
MI+M2Z+NIA+ENALNE+NGHNT L.

Fig. 5 Defaults representing datapath design knowledge.
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Table 1 Evalualion of the incremental hypothesis-based

forward-reasoning svstem.

-Te: Coempiling time on Lhe incremental hypothesis—bascd forward
reasoning system

.Tr: RHeasoning time on the incremental hypolhesis based forward-
reasoning system

Te - Compiling time on SCS

-Tr°: Reasening fime on S5C5.

Case Numbér Number of (Tc (sl |Tr[s) Te [s] [Tr  [s] Ratlo

Number
af tobal|of total
cAaluses defaults|solulions| | l'I'r'.-"!"r
1 44 5 Q 16, 4 1.4 12, G I GB. O A
2 a4 & 0 1.1 0.3 1.1 a7 12
3 44 T 0 1.1 0. 4 1.1 7.1 18
4 44 A 4] 1. 0 0.8 1.0 24, 2 an
i 5] Ex 9 2 1.0 0.5 1.0 29. 3 28 .
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