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1. HyKnow
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[ Structured Database

Please find me a cheap Italian Domain: Restaurant
restaurant located in the Entry 0: ......
center of the city. Entry 1: .....

8 Belief State: ——— Entry m:
restaurant-pricerange: cheap name: Pizza Hut
restaurant-food: Italian area: center
restaurant-area: center food: Italian

pricerange: cheap

food in the city center. May |

%Z help you with anything else?

Pizza Hut serves cheap Italian}

food in this restaurant?

Belief State:
restaurant-pricerange: cheap
restaurant-food: Italian
restaurant-area. center
restaurant-ruk: Pizza Hut
favorite

i What is the customers’ favorite

The Super Supreme pizza at
Pizza Hut is very popular with

% the customers.

phone: 01223323737
postcode: cb21ab
address: 64 Hills Road

[ Unstructured Document Base ]

Restaurant: Pizza Hut

e s e 1
| Pizza Hut recently :

it .

| introduces vegetarian |
3 |

| pizzas. Welcome to try! |

%)

uper Supreme is my
favorite pizza at Pizza
ut. It’s so delicious,

ighly recommended!

S

we formulate a task of modeling TOD grounded on both structured and
unstructured knowledge.

In turns involving structured knowledge,

the system needs to track the user goals as triples and use them to perform
database queries

in turns involving unstructured knowledge,

the system manages a document base to retrieve relevant references
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This model extends the belief state to handle TODs grounded on hybrid knowledge, and further uses the extended belief
state to perform both database query and document retrieval
We consider two implementations of our system, with different schemes of extended belief state decoding.

HyKnow is the first end-to-end model to jointly optimize dialog modeling grounded on the two kinds of knowledge.
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1. Extended Belief Tracking
- define an extended belief state B,

- Structured knowledge:

B, = Origianl By

- Unstructured knowledge
1) additional slot ruk (requires unstructured knowledge)
- Original state + additional triple = DSV}
2) topic of U;

- As a word sequence T;

What is the customers’ favorite
food in this restaurant?

81

Belief State:
restaurant-pricerange: cheap
restaurant-food: Italian
restaurant-area. center
restaurant-ruk: Pizza Hut
favorite

The Super Supreme pizza at
Pizza Hut is very popular with
the customers.

"

[

Unstructured Document Base ]

Restaurant: Pizza Hut

I et 1
|

Pizza Hut recently :

| introduces vegetarian |
| : / |
| pizzas. Welcome to try!,

—_———

%)

uper Supreme is my
favorite pizza at Pizza
ut. It's so delicious,

ighly recommended!
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1. Extended Belief Tracking

" e mmmm o ‘L Decoder !

« decode the current extended belief state B, Belief State t;

| Decoder : et e [

dialog context C} - | BeliefState | | peiersae |

, : _ Decodi L i
previous extended belief state h_,’; Ot SR et A
(a) Single Decoder (b) Multiple Decoders

- Single Decoder

. generate the whole Et

(
_ . hfe: esoding. LBt -
B, = Seq28eq® (C /) = el
- Multiple Decoder | |
: generate DSV, and T, separately : i '
DSV, = Seq2Seq ") (Cy[nB:; ), i E
T, = Seq2Seq (Cy/nB1;), Ce | o i
B = [DS Vt,Tt]. i Extended Belief :
X Tracking ;

R S R U U i
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2. Hybrid Knowledge Operations
we conduct both DB query and document retrieval to get the query result mt and the relevant document
In the operation of DB query, we simply match the original triples in Bet with the DB entries
In the operation of document retrieval,

1) extract the topic of each document as its retrieval index

2) match the domain, entity and extracted topic of each document, and select the best-matched one

[ Unstructured Document Base ]
i What is the customers’ favorite Restaurant: Pizza Hut

food in this restaurant? F et i 1
- : Pizza Hut recently :
Belief State: | introduces vegetarian |
restaurant-pricerange: cheap | pizzas. Welcome to try/:

restaurant-food.: Italian I e
restaurant-area. center | | T 7T .
restaurant-ruk: Pizza Hut IR e D LN i 1
favorite | Super Supreme is my
: favorite pizza at Pizza
| Hut. It's so delicious,

: highly recommended!

The Super Supreme pizza at s o
Pizza Hut is very popular with L =

N v

thelcisiomers [
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3. Knowledge-Grounded Response Generation

we use the belief state encoder and the document encoder > hZt_ hl:,
we use the response decoder to generate the system response

h3: = Encoder® (By),

enc

h?: = Encoder¥ (D),

enc

R, = Seq2Seq(r)(Ct|h§t hD:

enc) Yenc) mt)f

___________________________________

( ; N 1
hEt_l : I Belief State 1 ' | Belief State . hB‘
enc | Decoding Encoder || enc
v/ T |
I [}
| }
1 \ 1
| s, 1
: *~ Knowledge |
: Operations Document d
: Encoder |
]
I [}
I ]
C : Context Response : R
t | Encoder Decoder ! 't
I I
: Extended Belief Knowledge-Grounded |
3 Tracking Response Generation )

PR I e s e IR g s e - === -
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(Inform + Success) * 0.5 + BLEU

A

Model Pretrained LM Inform Success BLEU METEOR ROUGE-L Combined @
UniConv none 71.5 61.8 18.5 37.8 40.5 85.7
LABES-S2S none 76.5 65.3 17.8 36.8 39.9 88.7
UniConv + BDA - 72.0 62.6 16.9 35.7 38.9 84.2
E2E TOD LABES-S2S + BDA - 77.1 66.2 15.7 33.8 37.8 87.4
Models HyKnow (Single) none 81.9 68.3 19.0 38.5 40.9 924.1
- w/o Joint Optim none 78.5 65.7 18.3 36.9 39.6 90.4 (-3.7)
HyKnow (Multiple) none 79.1 67.6 18.7 38.1 41.0 92.1
- w/o Joint Optim none Wl 65.4 18.0 36.6 39.5 89.6 (-2.5)
SimpleTOD GPT-2 81.7 67.9 14.5 34.2 37.0 89.3
SimpleTOD + BDA - 83.3 68.6 14.8 33.6 36.5 90.8

Table 1: End-to-end evaluation results on modified MultiwOZ 2.1. “+” denotes the combination of Beyond
Domain APIs (BDA) with E2E TOD models. Best results among light-weight systems (i.e. above internal dividing
line) are marked in bold. Evaluation metrics are described and marked in bold in Sec. 6.1.
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Model Pretrained LM  Joint Goal
TRADE none 429
UniConv none 45.5
LABES-S2S none 46.0
TRADE + BDA - 43.8
UniConv + BDA - 46.5
LABES-S2S + BDA - 46.8
HyKnow (Single) none 48.0

- w/o Joint Optim none 46.2 (-1.8)
HyKnow (Multiple) none 47.6

- w/o Joint Optim none 45.6 (-2.0)
TripPy BERT 50.4
SimpleTOD GPT-2 48.4
TripPy + BDA - 51.2
SimpleTOD + BDA - 49.8

Table 3: Original turns’ belief tracking results on mod-
ified MuliwWOZ 2.1. “+” denotes the combination of
BDA with DST/E2E models. The best result among
light-weight systems (i.e. above internal dividing line)

1s marked in bold. The evaluation metric is described
and marked in bold in Sec. 6.3.

Model Type MRR @5 R@1
TF-IDF standard IR 68.7 54.1
BM25 standard IR 69.2 52.5
BDA classification  80.6 69.8
HyKnow (Single)  topic match 81.7 80.2

- w/o Joint Optim  topic match 80.1 (-1.6) 77.8 (-2.4)
HyKnow (Multiple) topic match 81.1 79.5

- w/o Joint Optim  topic match 79.7 (-1.4) 77.4 (-2.1)

Table 4: Newly inserted turns’ document retrieval re-
sults on modified MultiwOZ 2.1. Best results are

marked in bold. Evaluation metrics are described and
marked in bold in Sec. 6.3.
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Pros Cons

Structured knowledge(DB)% 2F OfL|2} unstructured « Document retrieval& 2|5t
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