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ABSTRACT
We present a spoken dialogue system developed for product recommendation, which uses partially observable Markov
decision processes (POMDPs) hierarchically (H-POMDPs).
Aiming at the efficient dialogue system, user utterance log
is utilized and the global POMDP (G-POMDP) is newly introduced to control the entire H-POMDP. We developed the
system as a smartphone application and evaluated it by real
users.
1. INTRODUCTION
Various kinds of spoken dialogue systems have been developed in recent years. A robot with a chat type dialogue ability
and a car navigation system for searching the destination [1]
are the typical examples. Such spoken dialogue systems can
be divided into two types: task-oriented or non task-oriented.
When constructing a task-oriented system, reinforcement
learning such as a POMDP is often used [2][3][4]. However,
a reinforcement learning algorithm for spoken dialogue system generates a large number of states. Inevitably, it takes
amount of time for the computation. Therefore, researchers
have been proposed several methods concerning with the
POMDP’s state [5][6]. Among them, we especially focus on
H-POMDP [7][8][9] which divides the large task into several
subtasks to reduce the number of states and the computational
complexity.
In this paper, we apply H-POMDP to a product recommendation system. Various kinds of products (e.g. foods,
books and electrical appliances) exist in the real world. For
example, we go to a bookstore when we want to read some
novels. However, it is sometimes difficult to decide which
ones to buy because there are too many choices. In this case,
we will ask a clerk about recommended books. This is our
motivation to develop a book recommendation system such
as the clerk using H-POMDP.
H-POMDP divides a large number of POMDP’s states,
actions and observations. However, if observations are divided, the types of user utterance accepted by one of the
divided small POMDPs are limited and this leads to the di-

Fig. 1. Structure of POMDP
alogue inflexibility. To solve this problem, we propose two
functions. The first is utilization of the user utterance log
in which all user utterances are recorded as observations.
The second is the G-POMDP which can understand every
H-POMDP’s observation. They both enable a user to talk
with the system more freely and contribute to develop the
efficient dialogue system.

2. HIERARCHICAL POMDP
An overview of the POMDP is depicted in Figure 1. The
system takes an action a in a state s, gets the reward r, and
transits to the next state s′ . It observes the user utterance o′ ,
and updates the belief state b(s) to the b′ (s) [10]. However, if
the number of the states is increased, it will take a heavy processing time. Therefore, as shown in Figure 2, we construct
POMDP in a hierarchical way called as H-POMDP. The task
is divided into several subtasks, each of which is modeled
by local POMDP, and local policy is optimized by the Point
Based Value Iteration in the local POMDP [11].
The system starts from the POMDP1 locating at the top of
H-POMDP. The POMDP1 updates the belief state, achieves
the POMDP1’s goal state which is synonymous with the subtask’s goal, and transits to the next POMDP2 or POMDP3.
The system continues the transition from POMDP to POMDP
and achieves the most significant POMDP’s goal state which
is synonymous with the task’s goal. In this way, a more complex task can be accomplished by combining subtasks in a

Table 1. List of POMDPs

Fig. 2. Structure of H-POMDP
hierarchical way.
3. SPOKEN DIALOGUE SYSTEM FOR PRODUCT
RECOMMENDATION
3.1. Concept of the product recommendation
We apply the H-POMDP to a spoken dialogue system for
product recommendation. The product means articles such
as books, CDs, and groceries. In this paper, we set a task
of recommending books. As shown in Figure 3, books are
classified into categories such as novels, magazines and textbooks. Furthermore, novels are classified into categories such
as mystery novels and history novels. Additionally, it is often
the case that the popular books depend on the reader’s age.
An user answer to the system’s questions can narrow down
such branching conditions. The system can estimate the user
intention and eventually recommend one book.
3.2. Example of dialogue
An example of the dialogue is shown below.
Sys :
Usr :
Sys :
Usr :
Sys :
Usr :
Sys :
Usr :
Sys :

What kind of book do you want? (POMDP1)
I want to read a novel.
What genre of novel do you want?(POMDP2)
Mystery.
How old are you? (POMDP5)
Twenty two.
I beg your pardon? (POMDP5)
Twenty two.
So, I recommend this book.

3.3. Application of H-POMDP
We apply H-POMDP to this task. First, as described in
POMDP1’s structure shown in Table 1, the states are {“novel”,
“magazine”, “textbook”}, the observations are {“novel”,
“magazine”, “textbook”}, the actions are {“confirm”, “transit
to POMDP2”, “transit to POMDP3”, “transit to POMDP4”}.
The action “confirm” means the system utterance that requests the user utterance. For example, the system asks the
user the type of books, and observes the user utterance “I
want to read a novel”. The POMDP1 updates the belief state
and chooses the action ”transit to the POMDP2”. The system
asks the user the genre of novel as an action in POMDP2.
Thus, applying the tree structure shown in Figure 3 to the
H-POMDP, 10 POMDPs are created as shown in Table 1. If

Fig. 3. Classification of books
the action “recommend a book” is selected in a POMDP at
the bottom depth, the system recommends the user a book
and finishes the task.
4. FLEXIBILITY OF THE USER UTTERANCE
There are problems in the H-POMDP. First, if the user says
“I want to read mystery novel” in the POMDP1, the system
ignores the observation “mystery” because it is not included
in the POMDP1’s observation. Second, once a POMDP transited to a lower POMDP, it can not transit to other POMDP at
the same depth. To solve these problems, we propose the user
utterance log function and the G-POMDP that can control the
entire H-POMDP. They can both improve the user utterance
flexibility and construct the efficient spoken dialogue system.
4.1. User utterance log function
The system maintains all user utterances {o1 , o2 , ..., on }.
In n-th turn of the dialogue, the system checks utterances
{o1 , o2 , ..., on−1 } before it performs the action an . If an
expected user’s response is included in the utterance log, the
system chooses it as the observation on and updates the belief
state without listening the n-th user utterance.
An example of this system is as follow:
Sys :
Usr :
Sys :
Usr :
Sys :

What kind of book do you want? (POMDP1)
I want to read a mystery novel.
How old are you? (POMDP5)
Twenty two.
So, I recommend this book.

Even if the user has spoken the both words “mystery” and
“novel” in POMDP1, an information “mystery” is not ignored
but recorded in the utterance log, and used in POMDP2. The
question “ask the genre” in POMDP2 is omitted and then the
number of dialogues is reduced.
4.2. Global POMDP
To transit to a higher or lower POMDP more freely, we construct the special POMDP called G-POMDP to control the entire H-POMDP. The random variables of the G-POMDP are
as follows:

s ∈ Sg : {“POMDP1”, “POMDP2”, ... ,“POMDP10”}
a ∈ Ag : { “Confirm”, “Transit to POMDP1”, ... , “Transit to
POMDP10”}
o ∈ Og : {“Novel”, “Magazine”, ... , “University”}
The Sg includes every POMDP in H-POMDP, and the Og includes all observations in H-POMDP. A G-POMDP’s policy
(global policy) is learned from these random variables.
A global policy selects an action (ag ) at each system’s
turn, and a local policy of H-POMDP also selects an action
(ah ). Therefore, these actions need to be compared to select
more optimal one. To estimate the value of actions, we set the
evaluation functions as below.
the value of ag : w ∗ k(n, ag )
the value of ah : (1 − w) ∗ k(n, ah )
w is a weight to adjust which policy needs to be focused
(0 < w < 1). When policy selects the action a at the present
POMDPn, the evaluated value k(n, a) is given as shown in
Table 2. In Table 2, the actions ag and ah are both aligned
at the first row. Recommending a book in a POMDP at the
bottom depth gets value 10. Transiting to the one lower level
POMDP gets value 5. Transiting to other POMDP in the same
level or two lower level POMDP gets value 1. Confirming
gets value -1, and other actions gets value -10. Comparing
these two evaluation functions for ag and ah , the action which
gives a larger value is selected.
An example of this system is shown below.
Sys :
Usr :
Sys :
Usr :
Sys :

What kind of book do you want? (POMDP1)
I want to read a mystery.
How old are you? (POMDP5)
Twenty two.
So, I recommend this book.

In first turn of the above dialogue, w = 0.7, n = 1, ag is
transition to the POMDP5 (k(1, ag ) = 1) and ah is confirmation (k(1, ah ) = −1). The value of ag (0.7) is larger than the
value of ah (-0.3), and then ag is selected. Therefore, even
if the user does not utter the POMDP1’s observation “novel”,
the system can transit to the lower POMDP.

Current
POMDP n
POMDP1
POMDP2
:
POMDP9
POMDP10

Table 2. Evaluated values to each policy
Action a
Transit to POMDP1 POM.2 ... POM.5 ... POM.10
-10
5
...
1
...
1
-10
-10
...
5
...
1
:
:
:
:
:
:
-10
-10
...
-10
...
1
-10
-10
...
-10
...
-10

5. EVALUATION OF SYSTEMS
5.1. Details of experiments
We implemented the proposed spoken dialogue systems as
smartphone applications and evaluated it by 13 real users. The
implemented systems are following four types:
Sys1:H-POMDP
Sys2:H-POMDP + user utterance log
Sys3:H-POMDP + G-POMDP(w = 0.3)
Sys4:H-POMDP + G-POMDP(w = 0.7)
For comparison, the following three evaluations were carried out: task achievement rate TA, averaged number of answers in a dialogue AD, and system performance SP. SP is
defined as follows:
TA
SP = AD

Confirm
-1
-1
:
-1
-1

Recommend
-10
-10
:
10
10

Table 3. Evaluation results of systems
Sys1 Sys2 Sys3 Sys4
TA 0.85 0.92 0.85 0.96
AD 3.73 3.27 3.85 3.15
SP 0.23 0.28 0.22 0.30

vague desire clean through dialogue, and recommend a product the user really wants. We showed the user utterance log
and the G-POMDP can deal with the various observations and
improve the system performance.
However, we have additional tasks to indicate the effectiveness of our method. First, clarifying differences between
our proposed system and hidden information state model
which uses partition of user state[5]. Second, comparing the
computing cost between the H-POMDP and normal POMDP.
We plan to conduct these experiment as a future work.
Besides, we plan to set a large number of POMDPs in parallel, and optimize the transitions from POMDP to POMDP
by the book data [12].

Experimental conditions are described below.
1. The user answers the system’s question.
2. The user choses words described in Fig. 3
(“I want to read novel”, “English book”)
3. If the system could not recommend a book
within 5 answers in a dialogue, the task failed.
5.2. Results of experiments
Experimental results are shown in Table 3. It indicates that the
Sys4 performs well because the G-POMDP includes many
kinds of observations, and it can deal with various user utterances. For example, some user firstly say “I want to go
travel” or “I want to study English”, but it does not include the
POMDP1’s observations such as “magazine” or “textbook”.
Therefore, the Sys4 can only observe the utterances such as
“travel” or “English”.
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