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Abstract

People rely on data to understand the world and inform their decision-making. However, effective
access to data has become more challenging over time: data has increased in volume and velocity,
as has its variability in truthfulness, utility, and format. Therefore, improving our interfaces to
data has become a pressing issue. One type of interface has lately gained renewed attention, driven
by advances in artificial intelligence: natural language interfaces. As of yet, though, improvements
in natural language processing (NLP) have largely concentrated on English. Thus, we propose a
text-based Dutch question-answering (QA) interface for accessing information on Wikidata (URL:
https://www.wikidata.org/), driven by a Dutch-to-SPARQL BERT-based transformer model. Said
transformer is a type of encoder-decoder model characterised by use of self-attention. In our
application, it is trained to accept sentences in Dutch and to transform these into corresponding
SPARQL queries. By subsequently evaluating the obtained queries at a knowledge base, users can
retrieve answers to their questions. Since our model learns end-to-end, we need to train it using a
dataset consisting of pairs of Dutch questions and SPARQL queries. To this end, we closely follow
the procedure of Cui et al. (2021). Particularly, we create a Dutch machine-translated version of
LC-QuAD 2.0 (Dubey et al. 2019) and apply entity and relation masking on the NL inputs and
SPARQL outputs for increased generality, producing a dataset with 2,648 examples. We then let
the transformer model fine-tune on the training subset of this dataset, using system-level BLEU
score as the performance measure. Our final transformer configuration obtains a test BLEU score of
51.86, which seems to be in line with results found by Cui et al. (2021). Additionally, we conduct
a qualitative analysis of our model’s outputs, focusing especially on situations where the predicted
SPARQL queries are incorrect. Here, we observe that queries involving infrequently-used SPARQL
keywords and queries containing literals prove challenging to the transformer, as sometimes do the
syntax of SPARQL and the general length of queries. Finally, we conclude our paper by proposing
some potential future directions for our Dutch QA system.*

1. Introduction

We live in the era of ‘Big Data’, characterised by the high-volume storage and high-throughput
exchange of information along with variation in kind, truthfulness and value of said information (Jain
2016). Since data plays an integral role in multiple state-of-the-art technologies such as computer
vision and speech recognition, the Big Data era holds significant expectations. Still, realising these
expectations requires us to find ways to effectively process the new influx of data, which is an ongoing
process.

As data is often stored in databases (DBs), many of the challenges surrounding Big Data con-
centrate on the interactions with DBs, which are mainly performed via queries. One of the problems
with such queries is that they are formulated in specific querying languages (QLs) that may be
challenging to learn for non-expert users.

The querying issue can be avoided by providing more accessible end-user interfaces (Uls). Be-
fore the Big Data era, this was often successfully done via graphical (GUIs) or form-based Uls

1. The source code that accompanies this article can be found at https://github.com/some-coder/dutch-kbqga.
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(Androutsopoulos et al. 1995), because the character of the data in the DB remained largely uniform
over time. However, in DBs with continually evolving schemas — characteristic for the Big Data era
— GUIs become untenable, because it is difficult to rapidly adapt them to the schemas.

One concrete class of examples where the DB requires non-GUI end-user interaction is websites
providing semantic web annotations. By design, semantic annotations for web pages have few
constraints to accommodate for the velocity and variety of content on the web (Berners-Lee et al.
2001). But because of this relative modelling freedom, querying is best left to the (rather formal)
query language SPARQL. Arguably, the necessity of SPARQL may hinder the adoption of semantic
web technologies by the general public.

Since GUIs can be ineffective for end-users for interacting with Big Data-era DBs, researchers
have proposed alternative Uls. Perhaps one of the most intuitive ones is the natural language
(NL) interface, in which users ask questions (either by typing or by voice), which are subsequently
interpreted by the DB.

The idea of NL UIs is not new: NL-based DB UIs existed in as early as the 1960s (Androutsopoulos
et al. 1995). However, language-related tasks by computers, notably translation, have historically
proven to be difficult. Nonetheless, Al researchers have recently discovered a type of model that can
effectively map symbol sequences (like words) to other symbol sequences, called the ‘transformer’
(Vaswani et al. 2017). Because of its general design, transformer-based models have improved the
state-of-the-art on multiple natural language processing (NLP) tasks (Tenney et al. 2019). Realising
that associating NL questions to DB queries can be viewed as a type of transformation, DB querying
via NL UIs has attracted renewed attention.

Indeed, since the discovery of transformer models, multiple researchers have proposed NL inter-
faces for DBs, including those for querying various semantic web knowledge bases (see Cui et al.,
2021, p. 1, for some references). One striking issue with these interfaces, however, is that they
are predominantly engineered for the English language (Joshi et al. 2020). For users who have not
mastered English, or prefer to ask their questions in their native language, such NL Uls thus are
limiting. An example of such a language is Dutch. There has been no work that uses a monolingual
Dutch transformer-model to train a NL interface to a DB, although it should be noted that the recent
multilingual approach of Zhou et al. (2021) (see Section 2) includes results for Dutch as well.

Considering the opportunities that a natural language interface brings to accessing the contents of
databases, our aim is to create a transformer model that is able to map Dutch NL questions to equiv-
alent SPARQL queries for querying Wikidata (Vrandeci¢ and Krotzsch 2014), a well-known database
for semantic data. While closely following the methodology of Cui et al. (2021), we de-emphasise
compositional performance of the system, and instead concentrate more on the development of a
semantic parser for Dutch. To be explicit, our research question is: “Can we develop a Wikidata-
and transformer-based Dutch-to-SPARQL QA system that approximates Cui et al. (2021)’s models
for Hebrew, Kannada, and Mandarin Chinese in performance?’ We will specify what ‘performance’
means in section 3.

This article is structured as follows. In section 2, we discuss QA models closely related to the
one we will be developing, and specify how our system will differ from its predecessors. Then, in
section 3, we tread into details concerning the design of the model, the data that will be supplied to
it, as well as the model’s evaluation. What follows are the results of this study, covered in section 4,
which are subsequently discussed in section 5. Finally, we close with the conclusion in section 6.

2. Related Work

Because the field of question-answering over linked data has gained significant attention in the last
couple of years, providing an exhaustive list of related work would be unrealistic. Instead, we refer
to a set of central papers; these contain excellent pointers for further study. For a recent overview
of the field, see Dimitrakis et al. (2020).
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The source that primarily motivates this article is the work conducted by Cui et al. (2021). In
it, the authors emphasise the need for multilingual QA systems over knowledge bases, because many
state-of-the-art QA systems either work solely on English queries, or they operate on discontinued
knowledge bases (notably Google’s Freebase). Subsequently, Cui et al. specify a method for migrat-
ing knowledge encoded in Freebase to Wikidata, which is currently in operation, and propose and
test a dataset called Compositional Wikidata Questions (CWQ), mapping natural language ques-
tions in four linguistically diverse languages (English, Hebrew, Kannada? and Chinese®). We largely
follow the procedure of Cui et al., as will be shown in the methodology.

It is important to note that besides the work of Cui et al., many related and relevant QA-over-
linked-data systems exist. Perhaps two of the most notable ones are WDAqua-Core 1 by Diefenbach
et al. (2020) and gAnswer by Zou et al. (2014). Similar to the current proposal’s system, these
two models work on multilingual natural-language-to-SPARQL-queries datasets. Different from our
proposed end-to-end approach, however, is that these systems both have a sequence of clearly distinct
processing steps. Specifically, WDAqua-Core 1 steps through four stages: question expansion, query
construction, query ranking, and finally answer decision; gAnswer, instead, has two stages: question
understanding and question evaluation. More systems besides WDAqua-Core 1 and gAnswer can be
found in Dimitrakis et al. (2020), p. 248. Almost without exception, these systems are not trained
end-to-end. Additionally, they remain limited in their multilinguality, often only covering multiple
‘high resource’ languages, such as English, French, German and Spanish.

Recently, Zhou et al. (2021) have propsoed a zero-shot approach to multilingual QA. As in the
experiments below, they use multilingual BERT to train a system that maps NL to SPARQL, using
English as training language only. During inference, they evaluate on test questions automatically
translated from English into one of several languages, including Dutch. The obtain a high F1 score
for Dutch, but it should be noted that they use a predecessor of the dataset that we use for evaluation,
namely LC-QuAD instead of LC-QuAD 2.0. (The latter will be discussed in Section 3.1.1.) The
main difference is that LC-QuAD contains SPARQL queries for DBpedia, whereas we use Wikidata
as knowledge graph.

Lastly, we stress that scholars conduct considerable research on QA systems that are very similar
in character to the one proposed by us, but differ only in one or more key aspects. Following
the classification in Dimitrakis et al. (2020), our proposed system is an open-domain QA system (in
contrast to dialogue systems) that acts on structured data. Many systems deviate from this paradigm
of question-answering. For instance, much work is done on systems that act on unstructured data,
like Wikipedia excerpts. In these related paradigms, researchers are attempting to create non-English
or multilingual QA systems as well. For instance, d’Hoffschmidt et al. (2020) propose FrQuAD, a
document-based QA system for French.

3. Methodology

We divide our overall methodology into three sections. We begin by discussing the dataset used in
this study, followed by the transformer architecture we employed. Lastly, we cover the evaluation of
the transformer on the NL-to-SPARQL querying task for Dutch.

3.1 Data

3.1.1 RAW DATASET

As we aim our system to be an end-to-end NL-to-SPARQL converter, our dataset’s inputs should
consist of natural language questions in Dutch, while our outputs should be SPARQL queries. For
our study, creating such a dataset from scratch would be counterproductive for two reasons: it

2. Kannada is a Dravidic language spoken in the south of India.
3. Although not specified by Cui et al., the authors likely refer to Mandarin Chinese.
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D  Question

212,555 Which spouse of Leonhard-Gymnasium Aachen’s employee’s sibling was influenced by Ludwig von Beethoven?
212,524 Which spouse of Jin Yunying’s female sibling was Pujie’s female sibling’s Chinese sibling?

4,227 Did Rachel Bilson marry a Canadian sibling of a Canadian sibling of Hayden Christensen?

3,553  Did Benjamin Keough’s parent marry Michael Lockwood, Danny Keough, Michael Jackson, and Nicolas Cage?

Table 1: Examples of low-quality English questions in the Compositional Wikidata Questions (CwWQ)
dataset of Cui et al. (2021). Words in italic indicate bracketed (linked) entities in the
dataset.

would be costly (both in terms of time and money), and it would make it more difficult to compare
our system’s performance to that of Cui et al., because the datasets would be incompatible. For
this reason, we decided to adapt Cui et al.’s dataset — Compositional Wikidata Questions (cwQ) —
and add Dutch variants of questions for each question-query pair in said dataset. Unfortunately, we
found that many of the English questions in cwqQ were of low quality, for which we found two — often
related — causes: (1) sentences were phrased in an unnatural manner, and (2) an excessive amount
of sentences dealt with familial relations or entertainment, which could hamper the generality of the
overall system. Some problematic sentences are displayed in Table 1.

Because of the problems with cwQ, we have instead decided to adapt a different dataset for
our task: the Large-scale Complex Question Answering Dataset 2.0 (LC-QuAD 2.0; Dubey et al.,
2019). Although similar in input and output to cwqQ, LC-QuAD 2.0 phrases questions in a more
human-like manner, and covers questions outside the topic of familial relations or entertainment,
such as science, geography, and more. We note that, unlike cwq, LC-QuAD 2.0 provides queries for
each question in both Wikidata and DBPedia; we used queries for the former knowledge base.

3.1.2 PROCESSING OF THE RAW DATASET

In order to obtain a dataset that maps Dutch natural language questions to corresponding SPARQL
queries from the raw LC-QuAD 2.0 dataset, we used the following processing pipeline. For each
LC-QuAD 2.0 question-query pair, we followed these steps:

1. Translate the question from English into Dutch using Google Cloud Translate.*

2. Collect the entities and properties (Q- and P-values respectively, collectively named ‘symbols’
in this article) in the SPARQL query.

3. Find the Dutch label(s) for each of the symbols found in (2) by using the Wikidata querying
f o B
service.

4. Perform entity and property masking on the Dutch question. This means finding, for each
symbol, that label that occurs for it in the Dutch question, and replacing these occurrences by
‘masks’. For example, if the Dutch question is: “Met wie trouwde Stanley Donen in 19487”,
then collected symbols in the associated query may be Q48765, P26, and P580; appropriate
labels may then be ‘Stanley Donen’, ‘trouwde’, and ‘in’ (a Dutch temporal preposition). These
three labels occurring in the question are then replaced by masks. We do this by replacing
unique entities and properties by ascending pseudo-Q- and P-values: Qo,Q1, ..., and Po, P1,....
In our example, we would replace ‘Stanley Donen’ by Qo, ‘trouwde’ by Po, and ‘in’ by P1. This
would result in the masked Dutch question “Met wie Po Qo P1 19487”

4. Information on this Google Cloud service can be found at: https://cloud.google.com/translate/.
5. This service can be found at https://query.wikidata.org/.
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Whom did Stanley Donen marry in 19487

Met wie trouwde Stanley Donen in 1948?

Whom did Stanley Donen marry in 19487

wd:Q48765 p:P26 pq:P580

Step 1. Translate the question from English into
Dutch using Google Cloud Translate.

Step 2. Extract entities and properties from the
SPARQL query. (Note: This figure shows how these
symbols relate to the natural language question, and
not the SPARQL query.)

wd:Q48765 p:P26 pq:P580

Stanley Donen trouwde in (1948)

Stanley Donen trouwde in

Met wie PO Q0 P11948?

Step 3. Find, for each symbol, the Dutch label(s) us-
ing WikiData.

Step 4. Perform entity and property masking on the
question.

select ?obj where {
Q0 PO ?s .
?s PO ?0bj .
?s P1 ?x .

filter(contains(year(?x), '1948"')) .

select var_0 where brack_open
Q0 PO var_1 sep_dot
var_1 PO var_0 sep_dot
var_1 P1 var_2 sep_dot
filter attr_open contains attr_open year attr_open var_2 attr_close ,
'1948" attr_close attr_close sep_dot

brack_close

Step 5. Also perform entity and property masking on
the query.

‘1048 2

Step 7. Add the question-query pair to the processed

set of pairs, forming our dataset.

Figure 1: A visualisation of our processing pipeline.

Step 6. Post-process the masked query.

In this example, we demonstrate how the

English natural language question “Whom did Stanley Donen marry in 194877 with ac-
companying SPARQL query would be processed into a datapoint for our Dutch-to-SPARQL
dataset. See Section 3.1.2 for further details.
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We perform this masking step for two reasons: (1) it keeps our procedure as closely related
to that of Cui et al. as possible, and (2) it avoids that the model has to learn, at least in
principle, all legal symbols in Wikidata, which is an unrealistic goal to achieve.

At this stage, two situations may cause us to skip a question-query pair, and to continue
immediately to the next pair:

(a) When one or more symbols has no label in the Dutch question.

(b) When two or more symbol labels found in the Dutch question overlap with one another.
For instance, in the Dutch question “Is de maand augustus vernoemd naar keizer Augus-
tus?” it may be that symbol labels for ‘augustus’ and ‘Augustus’ match for one another;
this would cause a conflict of this type.

Note, finally, that we use exact matching of labels against question occurrences. Thus, we
require labels to exactly match lexemes in the Dutch question, and do not allow for slight
deviations in spelling. Our reason for this choice is to keep the overall processing pipeline
simple.

5. Perform entity and property masking on the SPARQL query. Specifically, we replace any symbol
of the regular expression form [a-z]+(:) [PQ] [0-9]+ (such as wdt:P31 or wd:Q60) by the

corresponding masks produced in step (4).

6. Make all symbols in the resultant masked query lower-case, and replace special symbols ac-
cording to the following table:

Special symbol(s) Replacement(s)

{7} brack_open, brack_close
() attr_open, attr_close
sep_dot

Variables, e.g. 7ans var_i

Here, the i means that unique variables encountered in the original query are replaced by
var_1,var_2,....

7. Add the question-query pair to the processed set of pairs, forming our dataset.

Figure 1 visualises this process.

Following this procedure, we obtain a dataset with 2,648 question-query pairs. This is around 9%
of the data before entities and properties were replaced by masks (which consists of 30,226 pairs),
illustrating that most Dutch questions do not contain explicit occurrences of labels for one or more
symbols in the associated queries.

3.1.3 PARTITIONING THE DATASET

Subsequently, we split the dataset into three parts: a training, validation (or development) and
testing section. Since LC-QuAD 2.0 already is divided into training and testing sections, we simply
follow this separation, producing a training set of 2,262 points and a testing set of 386 points.
Thereafter, we divide the training set into two subsections: a (proper) training set, and a validation
set. 11.1% of the data is pseudo-randomly uniformly chosen and sent to the validation set, while
the remaining data is put into the training set. As such, we have 2,011 data points in the training
set, 251 points in the validation set, and 386 points in the test set.
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3.2 Model

Because we rely on the transformer architecture introduced by Vaswani et al. (2017), as well as BERT
and its multilingual counterpart, multilingual BERT® (Devlin et al. 2018), we spend some space in the
upcoming sections to briefly outline what these models do. Following this, we give an outline of how
we combine the original transformer and the (pre-trained, multilingual) BERT model to fine-tune a
complete transformer for our NL-to-SPARQL task.

3.2.1 THE TRANSFORMER

In 2017, Vaswani et al. introduced the transformer architecture. The transformer is a so-called
sequence-to-sequence model that, as the name implies, maps sequences of symbols to different se-
quences of symbols. At its introduction, the transformer was novel because it did not rely on
recurrence or convolution—techniques that before were considered important for sequence transfor-
mation. Instead, the transformer relies on attention. More specifically, the model uses multiple,
stacked attention layers (called ‘heads’) that enable it to jointly attend to multiple, distinct parts
of the input representation. Combined with positional encodings—specially chosen values added to
embedding versions of the input sequence’s tokens to encode position—the transformer’s attention
layers can effectively work with sequential data. Further, it is important to note that the trans-
former consists of two parts: an encoder that derives numerical representations for input symbolic
sequences, and a decoder that, from these representations, yields outputs from which another (trans-
former) symbol sequence can be built. For more detailed information on the transformer, we refer
the interested reader to Vaswani et al. (2017).

3.2.2 BERT

BERT (Bi-directional Encoder Representations from Transformers; Devlin et al. 2018) is a language
model that is nearly identical to the encoder part of the original transformer architecture. Arguably,
the main innovation made by BERT is its general applicability across many NLP tasks as a pre-
trained model, requiring few to no changes to the model itself in many cases. This wide applicability
is enabled by the input representation, which allows users to submit one or two sentences in one
sequence, plus the way it has been pre-trained. By adding one or more neural layers at the final
layer of BERT and fine-tuning this complete model, users can achieve remarkable results in multiple
natural language processing tasks. As with the transformer architecture, more detailed information
on BERT can be found in Devlin et al. (2018).

We further note that a multilingual version of BERT (‘multilingual BERT’) has been released since
3 November 2018;” it has been trained on the top-100 most populous Wikipedias, as determined by
their numbers of articles. Dutch is part of this list.

3.2.3 BERT-BASED TRANSFORMER MODEL

Since BERT is strongly related to the transformer architecture, an intuitive idea is to incorporate
BERT back into the transformer architecture to obtain a ‘BERT-based’ transformer model that has
been pre-trained. Fine-tuning this transformer would then lead to a full transformer model that can
be used in sequence-to-sequence NLP tasks. Although we can use BERT as an encoder without much
further adaptation to the transformer, using BERT at the decoder-side is more involved, because
the decoder is not simply an inversely-layered encoder. We instead build on the approach of Tran
et al. (2021, p. 6) and make the following two changes: (1) to convert the attention sub-layers in the
decoder from bi-directional to leftward-only, we use a masking mechanism as suggested in Vaswani
et al. (2017), and (2) to take into account the additional cross-attention sub-layer (connecting this

6. Other names for this model are ‘mBERT’ or ‘ML-BERT’.
7. According to the information provided in the README.md of https://github.com/google-research/bert—the
repository of the BERT model.
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decoder layer to a corresponding encoder layer), we initialise the cross-attention weights randomly
from a U(—+/1/nin, /1 /i) distribution, where ny, € NT is the number of features of a single
input entry to said cross-attention.

For our Dutch-to-SPARQL model, we start with the pre-trained base and cased version of multi-
lingual BERT. Architecturally, this means that the transformer’s encoder and decoder BERT models
both consist of A = 12 self-attention heads, H = 768 entries per hidden layer, and L = 12 of such
layers, and that distinctions are made between upper- and lowercase letters in the symbols on the
input and output.

Regarding our implementation, we have adapted the codebase provided by Tran et al. (2021)
to obtain an implementation for our Dutch-to-SPARQL model. As such, we use weight tying on the
input- and output embeddings (p. 6) as well as beam search (instead of greedy search) on selection
of output tokens, with a beam size of k = 10. Besides this, we limit the NL input length to 64 tokens
and the SPARQL output length to 128 tokens.

3.3 Training and Evaluation
3.3.1 TRAINING

Recall from Section 3.2.3 that our model design begins with an en- and decoder that have both
already been pre-trained, albeit separately. ‘Training’ in our methodology, then, actually means
that we fine-tune the transformer, departing from a parameterisation that is likely better than a
random initialisation of weights. We still call the fine-tuning operation ‘training’, because the model
in its entirety is re-parameterised to function well on the specific task of Dutch-to-SPARQL translation.

In order to train our BERT-based transformer model, we used the Adam optimiser (Kingma and
Ba 2014) with a default learning rate of 1-107°, and with 8; = 9-107%, B = 9.99 - 107!, and
e=1-106.

Adam attempts to minimise the label-smoothed cross-entropy loss. The label-smoothing in this
loss serves to reduce the model’s certainty in its token predictions, thereby reducing its propensity to
overfit to training samples. This label-smoothed cross-entropy loss, then, is defined as follows. Let
B € N* be the number of samples per batch, Loy € NT be the maximum output sequence length in
tokens, and V. € Nt be the output vocabulary size. Then, let X € RE>*Lou:xVour he the decoder’s
output, used to compute predicted tokens per sequence, and let Y € {0, 1}B*LoutxVout he embedded,
ground-truth token sequences. Note here that each vector Y3 ;. is one-hot coded over the output
vocabulary (where 1 < b < B and 1 < i < Lyyut). With these symbols defined, the label-smoothed
cross-entropy loss, denoted by L1scr(X,Y), is given by

B L
1 out X i
Liscp(X,Y) = —5——— > ) LabelSmooth (Y.;.:) - 1n<vb> (1)
out b=1 i=1 Zj:l Xb,i,j

where ¢ € [0,1] is the so-called label smoothing scalar that ‘smoothes out’ or ‘redistributes’ the
probability in the one-hot vectors Y3 ;. as follows:

1-¢ if Yy =1,

LabelSmooth ¢(Y; ;) = {6/ (Vo — 1) if YZ” 41 (2)
ou 16,7 )

for all j € [1, Vout]. 3)

In all our experiments, we set ¢ equal to 0.1.

Further, we add a weight decay (Lo regularisation term) scaled by 1-1072 to the optimiser,
where we apply the decay to all transformer parameters except the biases and layer normalisation
weights (Ba et al. 2016). Besides this, we set the default batch size to 32 samples, and make the
training stage consist of 200 epochs.
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# Hyper-parameter Change (default — alternative)
1 _ _

2 DBatch size 32 =8

3 Batch size 32 — 16

4  Learning rate 1-107° —=5-107°

5 Learning rate 1-107® —=2-107°

6  Learning rate 1-107®> = 3-107°

7  BERT model Multilingual BERT — BERT

Table 2: The experimental conditions tested in this study in order to find the appropriate hyper-
parameters for our transformer. Experimental condition #1 is the base condition against
which all other conditions are compared.

3.3.2 EXPERIMENTS

We conduct two distinct sets of experiments in this study. The base experiments directly serve
to answer our research question, whereas the additional experiments consider in more detail what
the effect is of varying the transformer’s en- and decoder on performance on the Dutch-to-SPARQL
translation task.

Base experiments. In order to discover what hyper-parameters are appropriate for our trans-
former, we vary the batch size, learning rate and type of pre-trained en- and decoder BERT model.
We begin by considering a base hyper-parameterisation: a batch size of 32, a learning rate of 1-107,
and a multilingual BERT model. This base hyper-parameterisation corresponds to condition #1 in
Table 2. We then measure the validation corpus-level BLEU score after training for 200 epochs.
Following this measurement, in six conditions, we change the value of a single hyper-parameter and
re-measure the validation BLEU score. These value-changes correspond to conditions #2 up until
#7 in Table 2. For instance, in two of these conditions we change the value of the batch size hyper-
parameter, namely from its base value of 32 to sizes of 8 and 16 (conditions #2 and #3 in Table 2,
respectively). Subsequently, for each hyper-parameter, we determine which setting produced the
highest validation corpus-level BLEU score—the default value or one of its alternatives—and use
that value for our final transformer configuration. Lastly, we train this final transformer configura-
tion for 200 epochs and evaluate it by computing its BLEU score on the test split of our dataset.

Note that our procedure is not a complete grid search over the three hyper-parameters. The grid-
search approach is to be preferred, because it takes into account potential interactions between hyper-
parameter value-changes. However, we do not opt for said approach because of its computational
demands.

Additional experiments. Given the final transformer configuration from the base experiments, we
conduct six additional experiments by varying the en- and decoder of the transformer; in a sense,
this is an expansion of the variation in the ‘BERT model’ hyper-parameter of the base-experiments.
The six experiments correspond to six encoder-decoder combinations. In these, we involve two new
encoders and two new decoders, different from the base experiments’ multilingual BERT:

#  Encoder Decoder #  Encoder Decoder
1 BERTje Multilingual BERT 4 BERTje XLM-ROBERTa
2 Multilingual BERT SPBERT 5 XLM-ROBERT  SPBERT
3 BERTje SPBERT 6 XLM-ROBERTa XLM-ROBERTa

Here, BERTje (de Vries et al. 2019) and SPBERT (Tran et al. 2021) act as a novel encoder and decoder
that have been pre-trained specifically on Dutch texts and SPARQL query logs, respectively; XLM-
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#  Hyper-parameter Change (old — new) BLEU
1 - - 51.72
2 Batch size 32 =8 52.54
3 DBatch size 32 — 16 52.00
4  Learning rate 1-107° —=5-107° 49.54
5 Learning rate 1-107%—=2-107° 52.59
6  Learning rate 1-107° =+ 3-107° 49.96
7  BERT model Multilingual BERT — BERT  50.32

Table 3: Final validation BLEU scores for each condition from the base experiments. For each exper-
imental condition listed in Table 2, the corpus-level BLEU score of the trained system after
200 epochs is shown.

ROBERTa (Conneau et al. 2019) serves as both an encoder and a decoder, much like multilingual
BERT in the base experiments. All these models follow the original BERT’s base-and-cased design, as
explained in Section 3.2.3.

Once again, we record the final training epoch’s validation corpus-level BLEU score to determine
the relative effectiveness of the resultant transformer configuration.

3.3.3 EVALUATION

We evaluate transformer configurations using the corpus-level Bi-Lingual Evaluation Understudy
(BLEU) measure (Papineni et al. 2002)—a standard within sequence-to-sequence tasks. Note that
BLEU scores are often reported as a value within [0, 100] instead of one within [0, 1], achieved by
scaling the original fraction by 100. We follow this custom.

4. Results

The results section is divided into three parts, which form two subsections. In the first part, we
(1) present the base experiments’ corpus-level BLEU scores per each experimental condition, and (11)
conclude which transformer configuration is the ‘best’ in the greedy sense. Second, we list, per each
encoder-decoder combination from the additional experiments, what its final corpus-level validation
stage BLEU score is given the greedy transformer configuration. Collectively, we call these first two
parts the ‘quantitative’ subsection of the results. Then, third and last, we move on to a qualitative
inspection of predicted queries made by the greedily-selected ‘best’ transformer, where we investigate
what the model does well and where it fails, and how.

4.1 Quantitative results
4.1.1 BASE EXPERIMENTS

The quantitative results are shown in Table 3. We observe that decreasing the batch size from 32
to either 16 or 8 appears to slightly improve the BLEU score of the system, although the change is
very minimal. For the learning rate, we see that slightly raising the rate—from 1-107° to 2-107°—
appears to raise the transformer’s BLEU score lightly; strongly decreasing the rate (to 5-107%) or
raising the rate above 2 - 107° causes the system’s performance to drop by around 2 BLEU. Finally,
If we replace the multilingual base-and-cased BERT model by the English-only base-and-cased BERT
model, validation set performance slightly decreases as well.
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#  Encoder Decoder BLEU
1 BERTje Multilingual BERT 52.31
2 Multilingual BERT SPBERT 52.60
3 BERTje SPBERT 54.75
4 BERTJE XLM-ROBERTa 0.0
5 XLM-ROBERTa SPBERT 54.29
6 XLM-ROBERTa XLM-ROBERTa 18.20

Table 4: Final validation BLEU scores for each of the six additional experimental configurations, in
which we change the selection of encoder and decoder. As is the case in Table 3, scores are
corpus-level BLEU scores after training for 200 epochs, and evaluating on the validation set.

Given these results, we greedily selected the best hyper-parameter values according to Table 3—a
batch size of 8, a learning rate of 2 - 10~°, and using multilingual BERT for the encoder and decoder
of the transformer. This transformer was then trained similarly as the other hyper-parametrised
models (final validation BLEU score: 49.57), and was subsequently tested on the test partition of our
Dutch-to-SPARQL dataset. The BLEU score on this test set was 51.86.

4.1.2 ADDITIONAL EXPERIMENTS

Table 4 displays the validation corpus-level BLEU scores we obtained for each transformer configura-
tion. Two observations can be made here. First, it appears that the transformers produce validation
BLEU scores that are greater than the final validation BLEU score obtained by the original greedily-
selected model configuration from the main experiments, apart from configurations 4 and 6. Second,
configurations 4 and 6 produce markedly lower validation BLEU scores than any of the original or
extra experimental settings.

4.2 Qualitative results

In addition to collecting the quantitative results, presented above, we have inspected predictions
made on the test partition by our greedily-selected ‘best’ transformer model from the base experi-
ments. Here, we found some patterns that are of interest in explaining the obtained BLEU score:

1. When the ground-truth query uses a COUNT statement to count the number of bound variables,
our transformer instead chooses to use SELECT DISTINCT. As a result, it obtains the same
answer as the ground truth query, but it does something different with it: it reports the
answers as-is instead of counting them. The inverse also happens occasionally: the prediction
is a COUNT query, while the ground-truth query is one involving the DISTINCT statement.

2. Some queries involve matching primitive values. For instance, multiple queries try to obtain
locations by providing coordinates, requiring models to formulate statements of the form

?v wdt:PP625 7w FILTER(CONTAINS(?w, ’lat.long’))

where lat and long are the latitude and longitude of a location on earth in degrees. What
we notice is that, while the ground-truth sequence correctly separates tokens in such queries,
our model incorrectly joins multiple of these tokens together. For example, it may predict
"var_2,138" instead of "var_2", ",", "138". Understandably, this hurts the BLEU score,
from unigrams to 4-grams.

3. The model sometimes swaps entities or properties across statements, or, when within a state-
ment, the statement’s head- and tail entities. This seems more likely to happen when the
expected query is relatively long.

93



4. Although this occurs more sporadically, it sometimes happens that the model predicts a se-
mantically identical SPARQL query to the ground-truth query, but where it names the variables
differently. For example, the following two queries are semantically identical, but not literally
identical:

SELECT ?vl1 WHERE { 7vi P1 Q1 }
versus
SELECT ?v2 WHERE { ?v2 P1 Q1 }

This strongly impacts the BLEU score as well, as n-grams, for all n € [1,4], are affected.

5. Overall, we notice that longer queries have a higher probability of mismatching with the
ground-truth query. The inverse applies to relatively short queries.

5. Discussion

5.1 Comparison to Cui et al.

In the introduction, we posed ourselves the question whether it is possible to create a transformer-
based model that is capable of reaching or surpassing the performance of the non-English models
in Cui et al.. In that paper, BLEU scores on the test set were 66.0 for Hebrew, 45.6 for Kannada,
and 58.6 for (Mandarin) Chinese.® If we compare those scores to the final BLEU value of our tested
transformer (51.86), then it appears that our model surpasses the Kannada model of Cui et al., but
remains inferior in performance to the Hebrew and Mandarin Chinese models.

We propose two reasons for the difference in BLEU score, as compared to Cui et al.. First, note
that a direct comparison between Cui et al.’s results and that of our model is not fully valid, as we
use different datasets. In particular, keep in mind that Cui et al.’s dataset has more than twice the
amount of data points for training and validation: 4,354 versus 2,011 for training and 585 versus
251 for validation, and around 50% more data points for testing (571 such points versus 386 in our
dataset). Especially for deep learning systems, even when they have been pre-trained, more data
generally results in better performance.

Second, recall that we chose not to use Cui et al.’s cwQ dataset in part because the problem
domain was limited: it mainly dealt with familial relations and entertainment. We avoided this by
constructing our own dataset based on LC-QuAD 2.0, a dataset that covers more general topics.
However, because of its greater generality, it may be that our BLEU score is harmed in the process,
because the model needs to learn a more general mapping from natural language to SPARQL.

5.2 Performance on the dataset

Besides the comparison with Cui et al., it may be worthwile to consider what may inhibit greater
performance of the transformer on our dataset, considered apart from performances of other authors’
models. The qualitative results from Section 4.2 suggest that multiple factors may be at play in
preventing better BLEU scores. One may be ambiguity: variable namings (point 4) and ordering of
statements in a SELECT block can be changed without losing semantic accuracy. Given that there is
such variability in LC-QuAD 2.0 queries, ambiguity can be realistically attributed a role in lowered
BLEU scores. Another factor may be (relatively) rare constructs, such as the use of DISTINCT and
FILTER commands (point 1). If not enough examples of such queries exist in the dataset—and
our dataset is relatively small—then it is probable that the model makes incomplete or incorrect
predictions when these terms are required in the ground-truth queries.

8. We work with the random test split of that paper, see p. 9. Cui et al. also provide performances on specially-
designed splits, called Maximum Compositional Divergence (McD) splits. Since we use an essentially random
partitioning scheme however, we do not work with said divergence splits in this article.
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Although it is not applicable to our experiments, it is important to realise that the transformer
cannot rely on masking when it is used ‘in production’. We expect the effect on predicted queries
to be limited because the masking is designed to make predictions robust to variation in nouns
and verbs—roughly, the natural language counterparts to Q- and P-values. However, we have not
investigated this topic.

5.3 Findings from the additional experiments

During the second part of the Results (Section 4.1.2), we made two observations. First, except for
configurations 4 and 6, the additional experiments’ transformers produce validation BLEU scores that
appear to surpass the final validation BLEU found when training the final, greedily-selected ‘best’
transformer. Second, configurations 4 and 6 yield notably lower validation BLEU scores than the
other transformer settings.

The first observation may be explained by the fact that all settings except configurations 4 and
6 replace their encoder or decoder (or both) by language models that are arguably better suited to
the task of translating Dutch questions into corresponding SPARQL queries, in two distinct senses:
(1) The language model that replaces the original multilingual BERT is pre-trained specifically for
the natural- or query language at said side of the transformer. For example, the SPBERT decoder
is pre-trained on SPARQL query logs, which may be beneficial in decoding to SPARQL query output
sentences. (11) The pre-trained model attained better results on the pre-training tasks, in comparison
to the original multilingual BERT model. XLM-ROBERTa, for instance, sees two-digit percentage gains
when applied on tasks such as XNLI, MLQA, and others (Conneau et al. 2019). As such, said model
may be more promising for downstream tasks as well.

Observation two—that the extra experimental configurations 4 and 6 appear to obtain lower
validation corpus-level BLEU scores than the other settings—is perhaps less easily understood. The
pattern shared between the two configurations is that they both use XLM-ROBERTa as the decoder
language model—something that does not apply to any other experimental setting. Thus, there
may be a problem between XLM-ROBERTa and the to-be-predicted queries, such as the tokeniser of
the former not having certain crucial symbols in its vocabulary for formulating SPARQL expressions.
Still, the difference in BLEU is arguably too great for this to be the (only) reason.

6. Conclusion

Our research question that we have sought to answer is: “Can we develop a Wikidata- and transformer-
based Dutch-to-SPARQL QA system that approximates Cui et al.’s models for Hebrew, Kannada, and
Mandarin Chinese in performance?” By incorporating a multilingual BERT model in the encoder
and decoder components of the original transformer architecture of Vaswani et al. (2017), and by
training and validating this model on a specially designed Dutch-to-SPARQL dataset derived from
LC-QuAD 2.0 (Dubey et al. 2019), we proposed exactly such a system. Our quantitative analysis
suggested that, although the base experiments’ finally-selected transformer model does not surpass
Cui et al.’s Hebrew and Mandarin Chinese model, we do improve over the Kannada model. As
such, we may regard our system as having partially confirmed the research question. However, as we
have noted in the results, a direct comparison between Cui et al. and our results is not completely
possible, as we use different datasets; as such, a comparison of BLEU scores may be misleading.

The qualitative analysis of our transformer suggests multiple points where our study may be
problematic: query ambiguity and, simply, a deficiency of data likely have reduced our BLEU score,
and do not make our system ready-for-use in any actual application domains; further investigation
into this model’s functioning will be needed to get to such a point.

This article may be an interesting starting point for future research. As we have also hinted at in
the discussion section of our results, it may be fruitful to improve on the Dutch-to-SPARQL dataset
that we have built for this study, overcoming the ambiguities we noted in the qualitative analysis,
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and expanding on its size so that it can be competitive with cwq or LC-QuAD 2.0. Moreover, it
may be worthwhile to explore how variations in the encoder-decoder combination—explored in the
additional experiments—interact with changes in the base experiments’ hyper-parameters; it may
be that further improvements in testing partition BLEU may be obtained in this way.

All in all, we hope that this work helps to raise awareness of and interest in the importance of
linguistic diversity in our natural language processing models, thereby getting closer to developing
information systems that are accessible to all.
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