woO 2007/143264 A2 |10 0 00O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 December 2007 (13.12.2007)

fﬂﬁ A0 0000

(10) International Publication Number

WO 2007/143264 A2

(51) International Patent Classification:
GOG6F 17/27 (2006.01)

(21) International Application Number:
PCT/US2007/065572

30 March 2007 (30.03.2007)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
11/420,995 30 May 2006 (30.05.2006) US

(71) Applicant (for all designated States except US): MO-
TOROLA, INC. [US/US]; 1303 East Algonquin Road,
Schaumburg, Illinois 60196 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): THOMPSON,
William, K. [US/US]; 550 Sheridan Square Apartment
5A, Evanston, Illinois 60202 (US). DAVIS, Paul, C.
[US/US]; 3922 N. Tripp Avenue, #2, Chicago, Illinois
60641 (US).

(74) Agents: LAMB, James, A. et al.; 1303 East Algonquin
Road, Schaumburg, Illinois 60196 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: HIERARCHICAL STATE MACHINE GENERATION FOR INTERACTION MANAGEMENT USING GOAL SPEC-

IFICATIONS

502 START

CREATE SET OF STATES
504 "L CORRESPONDING TO COMPLETION
STATES OF DATA MODEL

¥

ADD INITIAL PSEUDO-STATE AND
FINAL STATE

506 |

ADD TRANSITION FROM INITIAL
PSEUDO-STATE TO EMPTY STATE

v

510 ~— ADD TRANSITIONS BETWEEN EACH
STATE AND ITS SUBSET STATES

v
REMOVE OTHER OUTGOING
512 ) TRANSITIONS FROM STATES THAT
SATISFY A GOAL

508 T

¥
ADD TRANSITIONS FROM STATES
THAT SATISFY A GOAL TO THE
FINAL STATE

514 |

NON-ATOMIC
FIELDS?

YES

518‘7

CREATE HEM FOR NON-ATOMIC
FIELDS

A

(57) Abstract: A Statechart (300, 400) is generated automatically from
a set of goals (200) for completion of a data model (100, 102). A set
of states (304-312, 404-420) is generated corresponding to completion
states of the data model, an initial pseudo-state (302) and a final state
(312). Transitions are generated from the initial pseudo-state (302) to an
empty state (304) of the set of states and between each state and its subset
states. Outgoing transitions are generated from any state that satisfies
at least one goal of the set of goals and a transition is generated from
that state to the final state 312). The resulting Statechart may be used to
¥ manage an interactive dialog to complete a data model (100, 102) having
a set of data fields.
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HIERARCHICAL STATE MACHINE GENERATION FOR INTERACTION

MANAGEMENT USING GOAL SPECIFICATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to co-pending U.S. patent applications with
docket numbers CMLO0O3561HI titled “Statechart Generation Using Frames” and
CMLO03562HI titled “Frame Goals for Dialog System” that are filed even date with

this application.

BACKGROUND

[0002] Finite State Machines (FSMs) have frequently been used as a technique for
specifying dialog flows. FSMs consist of a set of system states along with a set of
labeled transitions (arcs between states) which define how to move from one state to
another. In recent years, it has become increasingly popular in certain areas to use
extensions to FSMs known as Harel Statecharts (Statecharts), or Hierarchical State
Machines (HSMs). This is primarily due to their inclusion in the UML 2.0 standard,
although they have also found uses in other areas, such as the design of human-
computer interaction control logic. Statecharts are similar in many respects to FSMs,
but they are augmented with a variety of additional constructs, including hierarchical
states, guard conditions, actions on transitions, parallel states and broadcast
communication. These generalizations, while not mathematically increasing the
expressive power of Statecharts with respect to FSMs, can greatly reduce the
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representational complexity of a given state machine specification when compared
with a behaviorally equivalent FSM. Statecharts are therefore better suited than
FSMs for modeling complex reactive systems, of which user interfaces are prime
examples. Despite these advantages over FSMs, it remains the case that designing a
Statechart for specifying a dialog flow can be a very complex task, especially at the
very initial stages of dialog design. The dialog designer must still determine the
relevant set of states and transitions, which actions must be executed, and in what
order. Anything that can help automate this process, especially at the initial stages,
would make this process less difficult and error prone.

[0003] Statecharts are known in the art, and have been used with dialog systems
and as starting points for software generation. However, these statecharts have not
been developed automatically from higher-level descriptions or using goal
specifications. A Statechart may be represented in graphical form, in a statechart
diagram, or by a textual language, such as the State Chart eXtensible Markup
Language (SCXML), that specifies user interaction control logic. It may also be
represented directly in code. Our invention covers all of these possibilities.

[0004] Feature models have been used to generate deterministic Statecharts.
However, features models are quite different from goals specified over a data model,
and are more like domain models rather than compact descriptions of desired states of
affairs.

[0005] Declarative constructs (other than goals) have been used to generate simple

state machines, but not for the generation of Statecharts.
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45 BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The novel features believed characteristic of the invention are set forth in
the appended claims. The invention itself, however, as well as the preferred mode of
use, and further objects and advantages thereof, will best be understood by reference
to the following detailed description of an illustrative embodiment when read in

50 conjunction with the accompanying drawing(s), wherein:

[0007] FIG. 1 is a diagram of an exemplary data structure of a data model.

[0008] FIG. 2 is a diagram of exemplary goals relating to the completion of a data
model, consistent with certain embodiments of the invention.

[0009] FIG. 3 is an exemplary Statechart, consistent with certain embodiments of

55 the invention.

[0010] FIG. 4 is an exemplary embedded Statechart, consistent with certain
embodiments of the invention.

[0011] FIG. 5 is a flow chart of a method for Statechart generation, consistent

with certain embodiments of the invention.
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DETAILED DESCRIPTION

[0012] While this invention is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail one or more
specific embodiments, with the understanding that the present disclosure is to be
considered as exemplary of the principles of the invention and not intended to limit
the invention to the specific embodiments shown and described. In the description
below, like reference numerals are used to describe the same, similar or corresponding
parts in the several views of the drawings.

[0013] During the initial stages of the design of a Statechart for an application,
such as a dialog application, it is helpful to generate at least part of a Statechart from
an a priori representation of the application tasks and goals for which the dialog is
being designed. In one embodiment of the invention, a Statechart is generated
automatically from a set of goals, specified over a (possibly nested) data structure
representing the information that the interaction manager must acquire in a dialog
with a user. This data structure is referred to as the ‘data model’.

[0014] An exemplary data model is shown in FIG. 1. In this example, the data
model comprises a top-level phonebook structure 100 that contains a nested
phonebook entry structure 102. Each phonebook includes an entry field (entry), and a
command field (cmd), which can take on values such as ‘lookup’, ‘add’, or ‘delete’.
An entry is a nested structure that includes a first name field (fname), last name field
(Iname) and a telephone number field (number). Exemplary goals specified over this
data model are shown in FIG. 2. The first goal (G1) applies to the top-level

phonebook structure, and specifies that the command field (cmd) and the entry field
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(entry) in the phonebook structure have both been filled by a legal value or
combination of legal values. The second goal (G2) is specified over the embedded
phonebook entry structure, and specifies that both the first and last name fields have
been filled, or that the telephone number field has been filled. In general, we represent
goals as Boolean expressions over fields. In this example, goals are represented in
Disjunctive Normal Form, i.e., disjunctions of conjunctions of predicates over fields.
[0015] A Statechart can be generated from the data model. The resulting
Statechart contains a set of states, cach representing a state of completion of the
associated data model. The term ‘completion’ is taken to include full completion (all
fields filled) and partial completion (some fields filled) as well as no completion (no
field filled). The Statechart corresponding to the top-level ‘phonebook’ data structure
is shown in FIG. 3 and the Statechart for the embedded ‘entry’ data structure is
shown in FIG. 4. On completion, the generation technique produces a single
Statechart for a given data model and includes the embedded Statechart. The
Statecharts in FIG. 3 and FIG. 4 are composed into a single Statechart and the
Statechart in FIG. 4 is nested inside the {entry} state 306 in FIG. 3. Referring to
FIG. 3, the phonebook Statechart 300 includes an initial pseudo-state 302, a state 304
corresponding to the empty set, states 306 and 308 for which a single field of the data
model is filled, a state 310 for which both fields of the data model are filled and a
final state 312. Each transition in the Statechart, denoted by an arrow connecting two
states, represents a change in the state of the associated data model. Referring to FIG.
4, the entry Statechart 400 includes an initial pseudo-state 402, a state 404
corresponding to the empty set, states 406, 408 and 410 for which a single field of the

data model is filled, states 412, 414 and 416 for which two fields of the data model
5
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are filled, state 418 for which all ficlds are filled, and a final state 420. In FIG. 4, the
letter ‘1’ is used to denote the last name field (Iname), the letter ‘f” is used to denote
the first name field (fname), the letter ‘n’ is used to denote the number field (number).

[0016] Goal information is used by the Statechart generator for two purposes.
First, the Statechart uses the goal information in order to determine when a Statechart
is completed - if the associated data structure satisfies a goal specification, the
Statechart state representing this goal state will automatically transition to a
designated final state in the Statechart. Referring to FIG. 3, when state 310 is
entered, the goal GI is satisfied and the Statechart transitions to the final state 312.
Similarly, referring to FIG. 4, when state 412, state 414 or state 410 is entered, the
goal G2 is satisfied and the Statechart transitions to the final state 420. Second, when
the system has initiative in an ongoing dialog, the goal information will be used to
generate appropriate transitions to a state where the system presents to the user the
next topic of discussion. Referring to FIG. 3, when state 308 is reached the system
can prompt the user to specify a phonebook entry, since this is what is required to
reach the goal G1. Similarly, referring to FIG. 4, when state 406 is reached, the
system will prompt the user to specify a last name or a phone number, since this is
what is required to reach the goal G2.

[0017] FIG. 5 is a flow chart of a method for generating a Statechart from a set of
goals specified over a data model, consistent with certain embodiments of the
invention. Referring to FIG. §, the process begins start block 502 when a set of goals
(in Disjunctive Normal Form) is specified over a data model which has » fields,
where each field f; is associated with a constraint store C; that contains the current set

of possible legal values for the field f..
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[0018] In one embodiment, the general procedure for using the data model plus
goals to generate a Statechart is as follows. A data model can be viewed as a tree
structure, with each nested structure being a node of this tree. For each node #; of a
data model tree, all the ficld names of #; are collected into a sct F;. For the data model
shown in FIG. 1, this yields two sets, F; and F,, corresponding to the top-level
structure and the single nested structure (F; = {cmd, entry}, and F, = {fname, Iname,
number}). For each F; a set of states for a Statechart S; is created. At the end of the
process, the generated Statecharts will be linked together in a single Statechart by
embedding all non-root level Statecharts inside of higher-level states. For example,
400 will be embedded in the entry state 306 in 300. This procedure therefore takes
advantage of the hierarchical structure permitted by Statecharts.

[0019] For the rest of this procedure, the generation of a Statechart from a single
node of the data model tree is described. This procedure is repeated for each node of
the data model tree, and the generated Statecharts are linked together afterwards as
described above.

[0020] At block 504 of FIG. 5, we take the set F of fields (at a given node in the
data model) and generate the power set of F, denoted by: PowerSet(F). This set
contains all of the subsets of F, and is of cardinality 2", where n is the cardinality of F.
Each of these subsets represents a state of completion of the associated data model —
every member of the subset represents a field in the data model that is satisfied, or
filled by legal value. For each of the members of the PowerSet(F), a state of a
Statechart labeled by this subset is generated. These form the core states of the
Statechart associated with the node in the data model. For example, states 304, 306,

308 and 310 are generated in FIG. 3. At block 506, an initial pseudo-state (302 in
7
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FIG. 3, for example) is added together with a final state (312 in FIG. 3, for example)
for a total of 2" + 2 states.

[0021] In the worst case, the procedure described above for generating Statechart
states from a data model produces a Statechart exponentially larger than the data
model from which it is generated. There are two ways in which this exponential
blow-up can be mitigated. First, by hierarchically structuring the data model, as
shown in FIG. 1, the fields are partitioned into smaller sets which are independent of
cach other. This partitioning will reduce the resulting set of states from 2" to p(2™P),
where p is the number of partitions. Second, it is also possible to partition the fields
in a single node of the data model into non-overlapping subsets. This is the case if the
dialog designer decides that the fields in the data structure do not interact with each
other in the course of a dialog. For example, if each field represents a choice in a
menu, where each choice excludes all others, we can partition F into n subsets, one for
cach field. Then the union of the power set of each partition P; of F can be taken as
the set of labels for the Statechart associated with F. In the menu example described
above, this would produce a set of states of size n + 1 (one for each field, plus the
empty state), rather than 2". In general, the same reduction in state space size is
achieved as with the partitioning due to hierarchical decomposition of the data model.

[0022] Next, the transitions, between the states previously generated, are
generated. At block 508 a transition is added from the initial state to the state s
labeled with the empty set. At block 510, a transition is created from states s, to s, for
cach pair of states s; to s, for which s; is labeled with a subset of the label of 5,. At

block 512, all outgoing transitions are removed from any state s that satisfies a goal g.
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In FIG. 4, for example, the transitions shown with the broken lines are removed,
leaving only transitions shown by solid lines.

[0023] At block 514, transitions to the final state are added from any state s that
satisfies a goal g. In FIG. 4, for example, states 410, 412, 414 and 418 satisfy goal
G2, so transitions are added from these states to the final state 420. At decision block
516, a check is made to determine if the Statechart contains any non-atomic fields,
containing an embedded node in the data model tree. If a field f is non-atomic, as
depicted by the positive branch from decision block 516, an embedded Statechart for
the field is generated according to the above. For example, the ‘entry’ field in the
phonebook data model 100 is non-atomic, so the Statechart 400 shown in FIG. 4 is
generated as an embedded Statechart. This process continues recursively until, as
depicted by the negative branch from decision block 516, embedded Statecharts have
been generated for all of the non-atomic fields and the process terminates at block
520.

[0024] The resulting Statechart represents directly the progress towards satisfying
the goals specified over the data model. During the execution of the Statechart, a goal
atom referring to field 7 is satisfied if the constraint store C associated with f
constrains the value of fto a single legitimate value.

[0025] Constraint stores may be used, rather than referring to fields directly, to
facilitate the use of field constraints that restrict their possible values, without
necessarily satisfying the associated goals. For example, if an automatic speech
recognition engine returns three possible n-best values for the same field, these can be
placed in the field’s constraint store as a disjunction of possible values, only one of

which will prove to be the correct one. Another use for constraint stores is for
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handling ambiguity. For example, if a phone book lookup for a first name of “Steve”
results in multiple possible last names (e.g., “Nowlan” and “Albrecht”), these possible
last name values will be stored as a disjunction of possible names in the last name
constraint store. Yet another possible use for constraint stores is the use of negated
values. A negated value in a constraint store can indicate a value which the associated
field cannot acquire. Such a value could be removed from an active grammar in order
to improve automatic speech recognition (the constraint store then contains a “skip-
list”).

[0026] The automatically generated Statechart can be iteratively modified by the
designer, which is a much easier task that starting a new Statechart from scratch.

[0027] The present invention, as described in embodiments herein, may be
implemented using a programmed processor executing programming instructions that
are broadly described above in flow chart form that can be stored on any suitable
storage medium. However, those skilled in the art will appreciate that the processes
described above can be implemented in any number of variations and in many
suitable programming languages without departing from the present invention. For
example, the order of certain operations carried out can often be varied, additional
operations can be added or operations can be deleted without departing from the
invention. Error trapping can be added and/or enhanced and variations can be made
in user interface and information presentation without departing from the present
invention. Such variations are contemplated and considered equivalent.

[0028] While the invention has been described in conjunction with specific
embodiments, it is evident that many alternatives, modifications, permutations and

variations will become apparent to those of ordinary skill in the art in light of the

10
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foregoing description. Accordingly, it is intended that the present invention embrace
all such alternatives, modifications and variations as fall within the scope of the
appended claims.

What 1s claimed is:

11
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What is claimed is:
230 1. A Statechart for use in managing interactive completion of a data model
comprising a set of data fields, the Statechart comprising:
a set of states corresponding to completion states of the data model;
an initial pseudo-state;
a final state;
235 a transition from the initial pseudo-state to an empty state of the set of states;
incoming transitions to cach state of the set states from any of its subset states
that do not satisfy any goal of a set of goals; and
outgoing transitions to the final state from any state of the set of states that
satisfies at least one goal of the set of goals.
240
2. A Statechart in accordance with claim 1, further comprising an embedded Statechart

for each non-atomic state in the Statechart.

3. A Statechart in accordance with claim 2, further comprising an embedded Statechart

for each non-atomic state in the Statechart or embedded Statechart.

4. A Statechart in accordance with claim 1, wherein the set of goals relate to

completion states of the data model.

12
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5. A method for execution of a Statechart structured in accordance with claim 1 to
manage interactive completion of the data model by a user, the method comprising
repeating, until the final state of the Statechart is reached, the elements:

transitioning to the state of the Statechart that corresponds to a current
completion state of the data model;

identifying a set of fields that produce outgoing transitions from the state that
corresponds to the current completion state of the data model;

presenting at least one field of the set of fields to the user; and

filling a field of the set of fields if an input value from the user satisfies

constraints on the field.

6. A method in accordance with claim 5, wherein the input value from the user satisfies

constraints on the field if a constraint store associated with the field constrains the value

of the field to a single legitimate value.

7. A method in accordance with claim 6, wherein the constraint store comprises a

plurality of possible values.

8. A method in accordance with claim 6, wherein the constraint store comprises a

plurality of prohibited values.

9. A method in accordance with claim 6, wherein the constraint store is updated

dependent upon the values of fields already filled.

13
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10. A computer readable medium containing a program of instructions that, when
executed on a processor, generate a Statechart from a set of goals, the program
instructions comprising;:

a plurality of instructions for generating a set of states corresponding to
completion states of a data model comprising a set of data fields;

a plurality of instructions for generating an initial pseudo-state and a final state;

a plurality of instructions for generating a transition from the initial pseudo-state
to an empty state of the set of states;

a plurality of instructions for generating transitions between each state of the set
states and its subset states;

a plurality of instructions for removing outgoing transitions from any state of
the set of states that satisfies at least one goal of the set of goals;

a plurality of instructions for generating transitions to the final state from any
state of the set of states that satisfies at least one goal of the set of goals, and

a plurality of instructions for storing a representation of the Statechart.

14
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11. A system for automatic Statechart generation from a set of goals, the system
comprising:
a processor means for:
generating a set of states corresponding to completion states of a data
5 model comprising a set of data fields;
generating an initial pseudo-state and a final state;
generating a transition from the initial pseudo-state to an empty state of
the set of states;
generating transitions between each state of the set states and its subset
10 states;
removing outgoing transitions from any state of the set of states that
satisfies at least one goal of the set of goals; and
generating transitions to the final state from any state of the set of states
that satisfies at least one goal of the set of goals, and

15 a memory means for storing a representation of the Statechart.

12. A system in accordance with claim 11, wherein the processing means is operable to
repeat the elements:
generating an embedded Statechart for any non-atomic state in the set of states;

and
5 adding the states of the embedded Statechart to the set of states,

until Statecharts have been generated for all non-atomic states in the set of states.

15
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