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On an Optimal Word Searching in Spoken Language Parsing
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We have been investigating the basic architecture of a spoken language system generally used for
dialogue speech understanding. In particular, our main interest is in the use of predictive information
about the utterance goals and plans, which is partly inferred by a formal planning system.

We discussed in this paper how to handle sub-sentence alternatives and structural ambiguities
for generating the minimal network and for one-pass searching. We used the augmented- active
chart parsing for the network generation, which uses a bookkeeping method known as a well-formed
substring table. The architecture proposed here can reduce search spaces by using dynamically
varying constraints, as well as grammatical constraints.
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Initialization of One-Pass algorithm:

Chart — Make_chart_system(Start_symbol);
for each outgoing lexical edge LEk, at initial vertex do
w1 +— Lexicaliitem(LEy,);
for each frames j of wy,, do
D(j, k,1) — Initial_cumulative_score(j, k, 1);
B(j,k,1) < 0; /* Backpointers */

Frame-synchronous Process :

for input speech frame i =1 to N do
for each vertex v € SubNetwork do
for each outgoing lexical edge LEy,, do
wk,» +— Lexical_item(L Ex .);
(AZs(k, v), AZe(k,v)) «— Activezone(LEx,y);
for j = AZ,(k,v) to AZ.(k,v) do
if start_frame?(j, wk,v)
then /* between-unit transition rule */
k' «— {incoming lexical edges at v};
Di(4, k,v) — mazy {D(L(K',v), k', v)};
Bi(j, k,v) —i-1;
else  /* within-unit transition rule */

j* —argmaz{D(j — 1,k,v); D{j — 2,k,v); };

D.‘(j., k, 2') - D(j‘. k, v) + d('v]v k, v);
Bi(j, k, l') hand B(j.v k- '-');
{end of loop}
if active_edge?(LEk,v)
and AZ.(k,v) = L(k,v) then
Edge — Create_passive_edge(L Ex,,, Chart);
Add_item_to.agenda( Edge,Agenda);
{end of loop}
k — {incoming lexical edges at v};
U(i,v) — argmazi{Di(L(k,v), k,v)}; [*unit*/
V(i,v) « start vertex of U(i,v); /[*vertex*/
F(i,v) — Bi(L(U(i,v), ), Ui, v), v); [*frame*/
SubNetwork — Update_chart(Chart);
{end of loop}
for all 5,k,v do
D(4,k,v) — Di(5, k,v); B, k,v) — Bi(5,k,v);
{end of loop}

Traceback Process:
Solutions — Trace.back(Chart,U,V, F);
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Initialization of Chart:

Clear_agenda(Agenda);
for each rule S = ayaz...an do
Edge — [S = .ay03...00,0,0,{}];
Add_item_to.agenda(Edge,Agenda);
{end of loop}

TCZT By P RDES A 42HlIcX > THBT
%,

edge = [Dotted-rule,i, j, {n,m,1,...}]
TTTC, i,j BERNEN start vertex. end vertex T
H2c. ¥len {nm,l,..} BFAEFF 4 TTHEIHBD
Ty PRHMLTY Y72 RBBDOFEA Y EDY X+ ¥
#3

Main Procedure for Updating Chart:

while not Agenda = null do
Edge «— Get.item_from_agenda(Agenda);
case EdgeSourceType of
Prediction : /* for predicted edge */
if not Subsuming?{ Edge,Chart) then
Add_item_to_chart( Edge,Chart);
Prediction_and_completion( Edge);

Completion :
EqualEdge
« Search_EqualParentEdge (Edge,Chart);
if EqualEdge = nil then
Add_item_to_chart( Edge,Chart);
Prediction_and_completion{ Edge);
clse
Append_pointer_list( Edge, Equal Edge);

* for completed edge *
3

Insertion : /* for inserted lexical edge */
Add.item_to_chart(Edge,Chart);
Prediction_and_completion( Edge);

{end of casc}
{end of while}

Fr— M, 2o P27 P2 v XhbLR/IRL. 20
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Procedure Prediction_and_completion(Edge):

case FEdge of
[A= a-BB,ij{op,..}]: /* for active edge */

/* prediction step */

for each rule B = v1...y» do
Edge — [B = n...vn, 5,5, {}}i
Add._item_to._agenda( Edge,Agenda);

/¥ completion step */

for each [B = ¥+, j,k, {m,n,...}] on Chart do
I — Create_new.vertex(Chart);
Edge — [A= aB - 8,1,1,{k}};
Add_item_to_agenda( Edge,Agenda);

[B= a-i,j,{o,p,...}] + /* for passive edge */
/* completion step */
for each [A = B - B, k,i,{m,n,..}] on Chart do
| — Create_new_vertex(Chart);
Edge — [A= BB -,k {j}];
Add.item_to_agenda( Fdge,Agenda);
{end of case}

Y. FA—toF = v 7BLUTOFREC X 5,

Procedure Search_EqualParentEdge (Edge,Chart):

case Edge of
[A= a-BC,i,j,{o,p,...}] : [* for active edge */
if ExistOnChart? ([A = @8- BC,1,k, {q,r,...}] ) then
return ([A = 8- BC,i,k, {q,7,...}] );
else return(nil);
[B = a-,i,5,{0,p,...}] : /* for passive edge */
if ExistOnChart? ([B = f-,1,k,{q,7,...}] ) then
return ([B = B-,1,k,{q.7,...}] );
else return(nil);

{end of case}
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(1): [NP = .AN,4,4,{}]
(2): [A — .“a0i”,4,4,{}] ... predicted from (1).

(4): NP->N

(3): [A — .“akai”,4,4,{}] ... predicted from (1).
(4): [NP— .N,4.4,{}]

(5): [N — “hana",4,4,{}] ... predicted from (4).
(6): [N — .“hako”,4,4,{}] ... predicted from (4).

(1)~ (6) ¥TOR7 v 71X, WHDF v — HEvikic
FOBTUEELFRRTH Y, COBENT4ODIER
Ty URTHENR D,

14): NP->A N.

11): A->"akai".

) (6): (15):

Chart data structure for the sub-sentence alternatives.

Corresponding sub-network structure

Fig.3 #+— b7 — & 1¥ilh & WWeH
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(7): [A — “@o0i”. ,4,5,{}] ... proposed from OP.
(8): [NP — A.N, 4,6, {5)]

.. combining (7) with (1).
(9): [N — .“hana”,6,6,{}] ... predicted from (8).
(10): [N — .“hako",6,6,{)}] ... predicted from (8).
(11): [A — “akai”. ,4,7,{}] ... proposed from OP.
(12): Modifying (8)

to [NP — A.N,4,6,{5,7}]} from (11).
(13): [N — “hana”.,6,8,{}] ... proposed from OP.
(14): [NP — AN.,4,9,{8}]

.. combining (13) with (8).
(15): [N — “hako”. ,4,10,{}] ... proposed from OP.
(16): Modifying (14)



to [NP — AN.,4,9,{8,10}] from (15).
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