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Abstract
We present a tool, BLEU+, which implements various extension to BLEU computation to allow for a better understanding of the trans-
lation performance, especially for morphologically complex languages. BLEU+ takes into account both “closeness” in morphological
structure, “closeness” of the root words in the WordNet hierarchy while comparing tokens in the candidate and reference sentence. In
addition to gauging performance at a finer level of granularity, BLEU+ also allows the computation of various upper bound oracle scores:
comparing all tokens considering only the roots allows us to get an upper bound when all errors due to morphological structure are fixed,
while comparing tokens in an error-tolerant way considering minor morpheme edit operations, allows us to get a (more realistic) upper
bound when tokens that differ in morpheme insertions/deletions and substitutions are fixed. We use BLEU+ in the fine-grained evaluation

of the output of our English-to-Turkish statistical MT system.

1. Introduction

Evaluation is one of the most challenging problems in ma-
chine translation. The best way of evaluating an MT sys-
tem is ultimately based on human judgement with which
aspects of translation quality such as adequacy, fidelity and
fluency can be judged. Human evaluation is however slow
and labor intensive. BLEU (Papineni et al., 2002) has been
proposed and used as an automatic way of gauging MT
quality.! BLEU scores output of an MT system by com-
paring each sentence to a set reference translations using
n-gram overlaps of word sequences. If a lot of words in
the candidate occur in the reference, then the candidate is
considered “adequate” while if a lot of n-grams of words
(especially for “large” n) occur in the reference, then the
candidate is considered “fluent”.

While word-to-word comparisons in computing such over-
laps are meaningful for some language pairs, the all-or-
none nature of word comparisons can be particularly harsh
for a morphologically complex target language, when the
translation system generates sequences of morphemes that
make up target words. BLEU - comparing the words —
can flag a word as a mismatch although for example the
corresponding target and reference morpheme sequences
may contain morphemes with very close morphosemantics.
Considering such cases as a complete mismatch also down-
grades the performance of the system even though it gets
most of the morphemes correctly.

In this paper we present a tool, BLEU+, which implements
various extension to BLEU computation to allow for a bet-
ter understanding of the translation performance, especially
for morphologically complex languages.> BLEU+ takes
into account both “closeness” in morphological structure,
“closeness” of the root words in the WordNet hierarchy
while comparing tokens in the candidate and reference sen-
tence. In addition to gauging performance at a finer level of
granularity, BLEU+ also allows the computation of various

"Though BLEU has certainly many problems as described by
Callison-Burch et al. (Callison-Burch et al., 2006).

2This tool can be downloaded from http://ddi.ce.
itu.edu.tr.

upper bound oracle scores: comparing all tokens consider-
ing only the roots allows us to get an upper bound when
all errors due to morphological structure are fixed, while
comparing tokens in an error-tolerant way considering mi-
nor morpheme edit operations, allows us to get a (lower)
upper bound when tokens that differ in morpheme inser-
tions/deletions and substitutions are fixed. We use BLEU+
in the fine-grained evaluation of the output of our English-
to-Turkish statistical MT system (Oflazer and Durgar El-
Kahlout, 2007).

1.1. Turkish

Turkish is an Ural-Altaic language, having highly
agglutinative word structures with productive in-
flectional and derivational processes. It may be
possible to have a single word translation of a sen-
tence in English; e.g. saglamlastirabiliyorlard
(saglam+las+tir+abil+iyor+lar+di  split into  mor-
phemes) would be a translation of They were able
to strengthen it.  Our English-to-Turkish sta-
tistical MT system (Oflazer and Durgar El-Kahlout,
2007) produces a translation as a sequence of root and
suffixes and each root is then concatenated with the
following suffixes in the given order to produce words.
One can appreciate that if all but one morpheme in
the (synthetic) example above was incorrect, the whole
word would be incorrect though the MT system clearly
is doing some things correctly. For example the word
saglam+las+tir+abil+mekte+lar+di. has essentially the
same meaning but would be counted as incorrect. Note that
a morpheme level BLEU score could be used but that may
be overly optimistic and not necessarily be comparable to
word-level BLEU.

The following candidate and reference translations (with
both word-level (W) and lexical-morpheme (L) represen-
tations) exemplify the problem more acutely.
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Candidate (W) iki aile arasindaki husumet ve kavga
uzun yillardir siiriiyordu.

(L)iki aile ara+sh+nda+ki husumet ve kavga
uzun yl+lar+dhr siir+hyor+dh.

Reference (W)iki aile arasinda diigmanlik ve catisma
uzun senelerdir siirmekteydi.

(L) iki aile ara+sh+nda diigmanlik ve ¢catisma

uzun sene+lar+dhr siir+makta-+ydh.

(The hostility and fight between two families
had been lasting for many years.)

In the candidate translation, we have 4 of the last 6 words
not matching the corresponding word in the reference trans-
lation. However, husumet (enmity) is a synonym of the ref-
erence word diismanlik while kavga (fight) is a hyponym of
catisma (confrontation) in the Turkish WordNET (Bilgin et
al., 2004). Also, the roots yi/ (year) and sene are synonyms
in the inflected words yullardir (for years) and senelerdir.>
Finally, the verb of the sentence in the candidate and the
reference look different, but the difference is due to the use
of the two almost synonymous morphemes. For all practi-
cal purposes, the candidate translation sentence renders the
same meaning as the reference sentence but BLEU would
consider as having a significant mismatch.

2. BLEU+

In order to alleviate the shortcoming of strict word-based
matching used by the standard BLEU measure for lan-
guages like Turkish, we formulated and implemented an
extension, BLEU+, that can perform finer-grained lexical
comparison taking into synonymous roots (as in METEOR
(Banerjee and Lavie, 2005)) and synonymous morphemes.
Furthermore BLEU+ can take into consideration hypernym
and hyponym relations between candidate and reference
root words and compute various oracle scores. BLEU+
tool can also generate scores based on the METEOR met-
ric (Banerjee and Lavie, 2005), a recent evaluation met-
ric which incorporates the recall scores into evaluation pro-
cess.

2.1. Matching Root Words

Assuming the candidate and reference translations are
available in a morphemic representation, BLEU+ goes be-
yond the all-or-none nature of the word-to-word match in
the computation of BLEU. Whenever a WordNET ontol-
ogy is available, one can ask for root word matches based
on synonymity. One can also consider hypernyms or hy-
ponyms of a root word and these are not necessarily limited
to the immediately neighboring root words but words that
can be further away. The user may or may not choose to pe-
nalize synonymous matches and can define a detailed match
penalties based on the distance of the matching word from
the candidate word in the WordNET hypernym/hyponym
hierarchy.

3Note also that the lexical morphemes also surface differently
in these words, due to morhophonological processes such as vowel
harmony, etc.

2.2. Matching Morphemes

BLEU+ can also identify matches of (almost) synonymous
morphemes. For instance, in the example above, the lexi-
cal morphemes +hyor and +makta are almost synonymous,
although the resulting surface forms are different. BLEU+
takes a list of such synonymous morphemes (along with
possible contextual restrictions as to when they can be con-
sidered synonymous) and computes (penalized) matches
taking into account such synonymous morphemes.

2.3. Scoring Matches

In the standard BLEU computation, words are compared
with strict string equality comparison. In BLEU+, we de-
fine the similarity of a candidate word w; with a reference
word w;, S(w;, w;) as follows:

S(wi,w;) = Sroot(wi, wj) X Smorph (wis w;)

Here Spoot(w;, w;) measures the similarity of the root
words is based on a slightly more general notion: It eval-
uates to 1 if the roots of the words are the same but if the
roots are synonyms, hypernyms or hyponyms, they are still
considered similar but the score can be set to a value less
than 1 depending on how much we want to discount syn-
onymous and other matches. Syoot(w;,w;) would obvi-
ously be 0 if the root words are not related at all.
Smorph(wi’ w;) measures the similarity of the respective
morphemes in the two words and is the product of the sim-
ilarities of individual bound morphemes in both words. If
two morphemes are the same, then their similarity is 1. If,
however, the morphemes are not same but morphosemanti-
cally close as defined by a set of rules, then the similarity
can be set to a value less than 1.

2.4. Computing Oracle Scores

Since translation into Turkish involves getting both the
word sequence right and then getting the morpheme se-
quence in each word right, it may be helpful if we could
factor out the contributions of the errors in each of these
processes, as solutions to these individual problems require
vastly different mechanisms.

If we compute BLEU scores only considering the roots, that
would give us a high(er) oracle BLEU score which indi-
cates the maximum score we would get if we got the mor-
phemes and their order perfectly correct for each word. In
this case, the similarity measure above is taken as

S(wi,w;) = Sroot (Wi, w;)

Another oracle score that we can compute is based on iden-
tifying words whose roots are similar as defined above but
the morphological structure of the words are different. If
the morpheme sequences differ by a small amount, that is,
one morpheme sequence can be obtained from the other, by
a small number of morpheme insertions, deletions or substi-
tutions, then it may be worthwhile to identify some of these
cases and attempt to correct them (akin to spelling correc-
tion but at the morpheme level). This oracle score gives
us the maximum BLEU score that we can obtain if we can
identify and “fix” all words whose roots are similar but the
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morpheme structures differ by a small number of edit oper-
ations (usually 1 or 2). In fact, we have already benefitted
from knowing this oracle score and have implemented var-
ious techniques to do “word-repair” (Oflazer, 2008).

2.5. Comparison Logs

BLEU+ also produces a fully annotated XML file that
shows how the sentences match and indicates words that
are assumed to match due to synonym, hyponym or hy-
pernym relationships, morpheme synonymity or close syn-
oymity and also indicates words whose morphology can be
repaired to match the reference word. This file can then be
mined in various ways for a detailed analysis of any errors.
Figure 1 shows an example sentence annotation from a log
file.

3. BLEU+ GUI

BLEU+ provides a graphical user interface through which
various options can be set. Figure 2 shows the main screen
of BLEU+ where the candidate and reference sentence files
can be selected and the evaluation results can be seen.
Figure 3 shows the main parameter options for BLEU+.
Here one can opt to consider or not to consider punctuation
tokens in the BLEU computation, set the maximum number
of n-grams to use, select how to perform token comparisons
and also opt to computer METEOR scores. The Surface
Form Match corresponds to the standard BLEU word com-
parison. BLEU+ (Only Root Match) will match only the
roots of the tokens (and hence will compute the first ora-
cle score above), while BLEU+ (Fine Grained Match) will
compare at the morpheme level and use WordNet informa-
tion if such a database is available.

Figure 4 shows the parameter settings for root match-
ing using a WordNet database. Here one can select
the WordNet file to use, and set any penalties for syn-
onym/hypernym/hyponym matching.

Figure 5 shows the parameter settings for matching mor-
phemes or combinations of morphemes. We provide one
entry for each pair of morphemes or morpheme combina-
tions that we consider to be semantically close and provide
penalty figures for each pair.

Finally Figure 6 shows settings for oracle computations for
morphological close word matches. Here we can select the
morpheme edit distance to use when matching words whose
roots match but morpheme sequences are close.

4. Using BLEU+

We used BLEU+ to evaluate in detail, the 649 sentence test
set from English-Turkish SMT system. To exploit morphol-
ogy, we used the morphemic representation of sentences in
the evaluation. The basic BLEU score based on the stan-
dard definition of BLEU is 27.64 (54.90/31.90/21.9/15.90).
Table 1 shows the BLEU+ scores when synonymous mor-
pheme pairs and and WordNet relations included in the
evaluation. We also provide oracle scores for root matching
and 1 and 2 morpheme correction matches.

5. Conclusions

In this paper, we present a fine-grained extension to the in-
dustry standard BLEU MT evaluation metric, and a tool

Table 1: BLEU+ scores

Matching BLEU+  N-gram precisions
Default BLEU 27.64 54.90/31.90/21.9/15.90
Syn. Morphemes 27.79 55.20/32.00/22.00/16.00
WordNet 27.94 55.67/32.20/22.10/16.10
Combined 28.10  56.00/32.50/22.20/16.20
Root (oracle) 33.12 66.80/38.50/26.00/18.90
Morp. Corr. d=1 (ora.) 3240  62.90/37.70/25.70/18.90
Morp. Corr. d=2 (ora.) 33.03 66.00/38.50/26.00/18.90

that implements it. This tool BLEU+ provides various fine-
grained analyses of candidate translation by taking into ac-
count synonymous roots, and morphemes, and can com-
pute oracle scores to show upper bound performance. It is
especially helpful in providing a detailed understanding of
translation performance into morphologically complex lan-
guages like Turkish, Hungarian, or Finnish especially when
translation output is generated as a sequence of morphemes.
Currently we are conducting some tests to show the corre-
lation of our BLEU+ scores with human evaluation scores.
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<SENTENCE id="2">

<FRAGMENTATION>5/5=1,00 </FRAGMENTATION>

<CANDIDATE>

(radyo) / tv yaym+ch+lhk+sh+locative+accusative (yasakla+yan) bir (tiirk) vatandas+sh
taraf+sh+ablative kullan+hl+yan yasal hiikiim-+lar+nhn (kaldir+hl+ma+sh) anadil+dhr (.)
</CANDIDATE>

<REFERENCE1>

(tlirk) vatandag+lar+sh+nhn televizyon ve (radyo) yayin+ch+lhk+sh+locative anadil+lar
+sh-+accusative kullan+ma-+larh+accusative (yasakla+yan) hukuki diizenle+ma-+lar var i
+sa (kaldir+hl+ma-+sh) (.)

</REFERENCE1>

<Nn="1">

<FULLMATCH c="1">radyo </FULLMATCH>

<NOMATCH>/ </NOMATCH>

<NOMATCH> tv </NOMATCH>

<REPAIRED_MATCH d="1" original="yayin+ch+lhk+sh+locative+accusative” >
yaym-+ch+lhk+sh+locative </REPAIRED MATCH>

<FULLMATCH c="1"> yasakla+yan </FULLMATCH>
<NOMATCH> bir </NOMATCH>

<FULLMATCH c="1"> tirk </FULLMATCH>

<REPAIRED.MATCH d="2" original="vatandasg+sh"> vatandas+lar+sh+nhn
</REPAIRED_MATCH>

<NOMATCH>> taraf+sh+ablative </NOMATCH>

<NOMATCH> kullan+hl+yan </NOMATCH>

<NOMATCH> yasal </NOMATCH>

<NOMATCH> hiikiim+lar+nhn </NOMATCH>

<FULLMATCH c="1"> kaldir+hl+ma+sh </FULLMATCH>

<NOMATCH> anadil+dhr < /NOMATCH>

<FULLMATCH c="1">.</FULLMATCH>

</N>
</SENTENCE>
Figure 1: BLEU+ Log File
I ZIElx

Parameter Profile Iku-test j

Candidate Translations File IE:\Documenls and SettingskulariciadisDesktophBLEUPIus \decoded_oov_repairedandn

Reference Translations File(s] |C:\Dacuments and 5 ettings\kullaniciadisDesktoph BLEUPIus words-test b E
)
1 reference(s)
m BLEU Score ID,2S?8
m BLEU Precisions 1/2/3/4 IZ 5448 |°/= 287 %1815 %1218

METEDR S5core INHA
Time Elapsed IDD 0005

iﬁ%l Parameters... ‘ e Statistics Ht_l} Help H@ About

‘ E Evaluate!

Figure 2: BLEU+ Evaluation Window
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| BLEU+Parameters =10/ x|
Settings Profile: Iko'test =] -

General \kFioot Matching\Feasible Suffix Pairs\Dracle Score

Punctuation

Punctuation marks can be omitted or can be recognized as separate tokens just like any ather word. By setting the check box below,
punctuation marks will be treated as any other word.

V' Use Punctuation

Sequence Lengths

Original BLEL method uzes up to 4-gram matches in order to evaluate longer unitz. Y'ou can change the maximum sequence length below,

Max. H-gram |4 &

Matching Schemes

‘wihile standart BLEL! implementation makes uze of suface matchings, different matching schemes can be zelected for BLEU+.

BLEU+ tacl can alzo calculate METEQOR score for MT evaluation. Check this option if you want to get METEOR score.
Flease note that stemming and synonym matching strategies of METEOR method are re-defined az BLE U+ root schemes.

[~ Calculate METEDR Score

METEDR Parameters |

|¢ oK ‘ ‘}( Cancel ‘

Figure 3: BLEU+ parameters

machine translation. In Proceedings of the 40th Annual
Meeting of the Association for Computational Linguis-
tics (ACL’02), pages 311-318, Philadelphia, July. Asso-
ciation for Computational Linguistics.

1497



Br

Settings Profile: kortest j

General | Root Matching . Feasible Suffix Pairz . Oracle Score

Synonyms & Hypernyms

By using an external Word MET, BLEL+ can match different root words if they are synonyms or hppernpms of each other. Please set the che
box below to let BLEL+ tool manage synonyms and hypernyms.

Usze Synonyms & Hypernyms
Flease choose aWord MET file. & detailed information for the file format is given in the documentation.

WordNET File D:%My Documents\ResearchhBLEUPIUsAE alk aMET txt EI

Y'ou can zpecify a penalty value for synonymous root matchings.

Synonym Penalty 1.00 2

3, Testfor spnonym matching. ..

“r'ou can specify penalty values for different levels of hypermym root matchings.
Level 1 Hypermnym Penalty |0.30
Level 2 Hypernym Penalty |0.80
Level 3 Hypernym Penalty |0.70

< [l el

3, Test for hypernpm matching...

‘J Ok ‘ |>< LCancel ‘

Figure 4: Root Matching Parameters

By

Settings Profile;  |ko-test

General . Root Matching | Feasible Suffis Pairs . Oracle Score

Feasible Morpheme Pairs

For some languages [like Turkish). different suffises may be used with exactly same or very similar semantics. Y'ou can define a list for
such morphemes as well a3 weight coefficients to penalize the morpho-semantic discrepancies. Additionally, you can constraint the

application of morpheme feasibility check by denoting applicable POS list. In thiz case. the lookup for POS information of words requires
the '»ord MET uzage.

Ma * || Active || Morpheme 1 || Morpheme 2 | Penalty |~||POS Constraints |+ E
1 v +makta +hyor 0495
2 v +ma +yhz 03
3 v +dhr+lar +ar+dhrg 0,95
5 v +dh +mhs 07
1

*: denotes the beginning of the word
@ ¢ > » + = 2, GRS % : denotes the end of the word

Suffix Matching Failures

While a full surface form match contribution i counted as 1, pow can determine a different value for the cases where the root words
match [full/synonwmdhypernpm) however suffis matching fails.

Only Boot Match Contribution  [1.00 2

vy oK ‘ ‘ 2% Cancel

Figure 5: Morpheme Matching Parameters
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Settings Profile: kortest

General . Root Matching . Feasible Suffix Pairzs | Oracle Scaore

Oracle Score

Some of the n-gram mizmatches are caused by wrong morpheme selection or improper ordering of morphemes during tranzlation. By
zetting the check box below, you can make BELEU+ calculate Oracle scores by repairing this sort of mismatches.
Pleaze note that thiz option can repair mismatches provided that they have a matching [full/synonymhypernym] root in common.

FReplace Candidate Words With References

By denating a morphemne bazed distahce threshold, you can limit the repair function for Oracle score calculation. This
distance metric iz simply morpheme bazed Levenshtein distance.

Suffix Bazed Distance Threshold : |1 2

If you define a threshold value above, repairing mechanism will not work for some of the candidate n-grams for which

no reference n-grams have a distance below threshold. BLEL+ toal can save the closest reference n-grams for thiz
kind of mismatchs.

Log for clozest reference n-grams

v i] ‘ ‘ > Cancel

Figure 6: Oracle Score Parameters
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