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Automatic Evaluation of 

Automatic Speech Recognition

ASR output

transcription

UNIQUE

ASR output is compared to a 

unique reference transcription.
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Automatic Evaluation of Dialogue Output 

Turing test

Dialogue output is compared to 

one or more reference answers,

… but references are neither unique nor exact!

?

reference

output (answer)

source (question)



Updated: 23/08/2019 Pg 5

Automatic Evaluation of Machine 

Translation

MT

reference

（参考译文）

output 

（机器译文）

MT output is compared to one or more 

reference translations.

… but references are neither unique nor exact!

K. Papineni et al., “BLEU: a method for automatic evaluation of 

machine translation”, in the 40th ACL, Philadelphia, PA, USA, Jul 

2002, pp. 311-318

BLEU

source

(原文）

HT



Faithfulness

Expressiveness

Elegance
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Dialogue Analysis Machine Translation

Pragmatic

Discourse

Semantic

Syntactic

Lexical

What Do Humans Evaluate?

“译事三难：信、达、雅。求
其信，已大难矣！顾信矣，不
达，虽译，犹不译也，则达尚
焉。” - 严复



Adequacy: Compare output （机器译文）with source （原
文）and reference （参考译文）

Fluency: Mostly only look at the output （机器译文）
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Human Adequacy – Fluency MT 

Scores

* J.S. White, T. O’Cornell and F. O’Nava, “The ARPA MT evaluation methodologies: evolution, lessons 

and future approaches”, in Proc. of the Assoc. for Mach. Translation in the Amer., Oct 1994, pp. 193-205
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Adequacy – Fluency 

ADEQUACY
How much of the source information is preserved?

How relevant the answer is to the question? 

FLUENCY
How smooth a sentence is?

P(T|S) ≈ P(S|T) P(T)

Dialogue Analysis:

Machine Translation:

P(A|Q) ≈ P(Q|A) P(A)
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Adequacy
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Fluency

1) Rafael E. Banchs, Luis Fernando D‘Haro, Haizhou Li  (2015) "Adequacy - Fluency 

Metrics: Evaluating MT in the Continuous Space Model Framework", IEEE/ACM 

Transactions on Audio, Speech and Language Processing, Vol.23, No.3, pp.472-482

2) Workshop on Asian Translation (WAT) http://orchid.kuee.kyoto-

u.ac.jp/WAT/WAT2019/index.html

source

（原文）

output

（机器译文）

reference

（参考译文） Act humanly
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AM: Adequacy-oriented Metric

Compare sentences in a semantic space

Monolingual AM (mAM): compare output vs. reference

Cross-language AM (xAM): compare output vs. source

MT

Reference

（参考译文）

Output

（机器译文）

Source

（原文）

xAM mAM

信

达



Latent Semantic Indexing by SVD
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By Cmglee - Own work, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=67853297

T
MM×N = UM×M  SM×N  VN×N

Term-Document 

Matrix
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Latent Semantic Indexing (mAM)

UM×M  MM×N = DM×N

T

UK×M  MM×N = DK×N

T

Documents projected into word space

Documents projected into reduced word space

* Deerwester, S., Dumais, S.T., Furnas, G.W., Landauer, T.K. and Harshman, R. (1990), Indexing by latent semantic 

analysis, Journal  of the American Society for Information Science, 41, pp.391-407

<UK×M toM×1 , UK×M trM×1>
T T

Translation output (to) and translation reference 

(tr) compared in reduced vector space 

u11...u1k ...um1

u21...u2k ...um2

um1...umk ...umm…

UK×M = ...

...

...

T T
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Cross-Language LSI (xAM)

* Dumais S.T., Letsche T.A., Littman M.L. and Landauer T.K. (1997), Automatic Cross-Language 

Retrieval Using Latent Semantic Indexing, in AAAI-97 Spring Symposium Series: Cross-Language Text 

and Speech Retrieval, pp. 18-24

Translation output (to) and translation input (ti)

compared in cross-language vector space 

MMs×N

MMt×N

X(Ms+Mt)×N =

SVD: X = U S V T

Term-document matrix

in source language

Term-document matrix

in target language

Multilingual

term-document matrix

<UK×(Ms+Mt) , UK×(Ms+Mt) >
TT 0Ms×1

toMt×1

tiMs×1

0Mt×1
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FM: Fluency-oriented Metric

Measures the quality （雅）of the target language with a 

language model

MT

reference

output

input

n-gram LM
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AM-FM Combined Score

Both components can be combined into a single metric 

according to different criteria

• Weighted Harmonic Mean: 

• Weighted Mean:

• Weighted L2-norm:

H-AM-FM  = 
AM ∙ FM

a AM + (1–a) FM

M-AM-FM  =  (1–a) AM + a FM

N-AM-FM  =     (1–a) AM2 + a FM2
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WMT-2007 Dataset*

Fourteen tasks: 

five European languages (EN, ES, DE, FR, CZ) and 

two different domains (News and EPPS).

Systems outputs available from 14 teams that had 

participated in the evaluation. In total, 86 system outputs.

Overall 172,315 individual sentence translations, from 

which a total of 10,754 were rated for both adequacy and 

fluency by human judges.

* Callison-Burch C., Fordyce C., Koehn P., Monz C. and Schroeder J. (2007), (Meta-) evaluation of 

machine translation, in Proceedings of Statistical Machine Translation Workshop, pp. 136-158
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mAM-FM and Adequacy

reference

output

source
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mAM-FM and Fluency

reference

output

source



Updated: 23/08/2019 Pg 20

xAM-FM and Adequacy

reference

output

source
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xAM-FM and Fluency

reference

output

source
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Comparative Evaluation Results

All coefficients (except those marked with ‘*’) are significant with p<0.01
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Human Adequacy-Fluency Scores
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Machine Adequacy-Fluency Scores
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DSTC6 Dataset



Reference

A Sample Dialogue
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Dialogue Context 

User Input

System Response 

User: Hello!

System: How can I help you?

User: I’m planning to travel to Kyoto.

System: I recommend you to visit Kinkajuji.

ReferenceReference 1: You may visit some temples.

Reference 2: Do you need local transport?



Adequacy
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reference

（参考答案）

system 

response

（机器答案）

user input

（用户问题）

Fluency

* Luis Fernando D‘Haro, Rafael E. Banchs, Chiori Hori, Haizhou Li，(2019) 

Automatic evaluation of end-to-end dialog systems with adequacy-fluency, 

Computer Speech and Language,Vol.55,pp.200-215

Act humanly



AM-FM vs Others
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AM-FM overall score

AM-FM= α × 𝑨𝑴+ 𝟏 − α × 𝑭𝑴

30
α



Qualitative Examples
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Conclusion
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Thank you!
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WMT-2007 Translation Task Details

Task Domain Source Target Systems Sentences

T1 News CZ EN 3 727

T2 News EN CZ 2 806

T3 EPPS EN FR 7 577

T4 News EN FR 8 561

T5 EPPS EN DE 6 924

T6 News EN DE 6 892

T7 EPPS EN ES 6 703

T8 News EN ES 7 832

T9 EPPS FR EN 7 624

T10 News FR EN 7 740

T11 EPPS DE EN 7 949

T12 News DE EN 5 939

T13 EPPS ES EN 8 812

T14 News ES EN 7 668


