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Abstract

Translating multi-word expressions (MWEs)
and idioms requires a deep understanding of the
cultural nuances of both the source and target
languages. This challenge is further amplified
by the one-to-many nature of idiomatic trans-
lations, where a single source idiom can have
multiple target-language equivalents depending
on cultural references and contextual variations.
Traditional static knowledge graphs (KGs) and
prompt-based approaches struggle to capture
these complex relationships, often leading to
suboptimal translations. To address this, we
propose an IdiomCE, an adaptive graph neural
network (GNN) based methodology that learns
intricate mappings between idiomatic expres-
sions, effectively generalizing to both seen and
unseen nodes during training. Our proposed
method enhances translation quality even in
resource-constrained settings, facilitating im-
proved idiomatic translation in smaller models.
We evaluate our approach on multiple idiomatic
translation datasets using reference-less met-
rics, demonstrating significant improvements
in translating idioms from English to various
Indian languages.

1 Introduction

In linguistic terms, idiom is a multi-word expression
(MWE) whose meaning cannot be derived from the
literal meanings of its individual parts. Idioms have
key properties such as noncompositionality, fixed-
ness, and cultural specificity (Nunberg et al., 1994).
They are integral to everyday language, enhancing
expressiveness and communicative vividness. They
often originate from diverse cultural, historical, and
situational contexts, making them unique to spe-
cific languages or regions (Vula and Tyfekei, 2024;
Yagiz and Izadpanah, 2013).

With advancements in large language models
(LLMs), neural machine translation (NMT) has sig-
nificantly improved in handling complex linguis-
tic phenomena, which led to research interest in
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Figure 1: An example of cultural enhanced graph with
different cultural elements: Concepts, Values, Context
(Historical/Situational) and how we can create relation-
ship among source and target nodes using their cultural
elements.

complex linguistic tasks such as translating idioms
across multiple languages (Li et al., 2023a; Reza-
eimanesh et al., 2024a; Castaldo and Monti, 2024).
However, despite these advancements, idiomatic
translation remains a major challenge due to the
inherent properties of idioms. Traditional NMT
systems, both statistical and neural, struggle with
noncompositionality, as they primarily process text
at the word or phrase level rather than capturing
an idiom’s holistic meaning. This often leads to
literal translations, distorting the intended meaning
of the source text (Baziotis et al., 2023; Raunak
et al., 2023; Dankers et al., 2022).

Recent efforts to address idiomatic translation
have primarily relied on (1) idiom dictionary-based
substitution (Salton et al., 2014) and (2) prompting
techniques, such as chain-of-thought (CoT) rea-
soning or explicitly providing figurative meanings
in prompts (Castaldo and Monti, 2024; Li et al.,
2023b; Rezaeimanesh et al., 2024b). Although
these methods have shown improvements in id-
iomatic translation, they still fail to overcome key
challenges. As shown in Figure 1, these methods of-
ten overlook cultural factors that shape idioms and



influence their mappings across languages (Chal-
lenge I). Additionally, they fail to address the one-
to-many nature of idioms, where a single source-
language idiom may have multiple valid transla-
tions in the target language, with the optimal choice
depending on the source sentence’s context (Reza-
eimanesh et al., 2024a) (Challenge II). Moreover,
knowledge graph (KG)-based approaches are in-
herently constrained by the availability of idiom
resources, leading to translation gaps when encoun-
tering idioms not present in the KG (Peng et al.,
2023) (Challenge I1I). These challenges pose a crit-
ical research question:

How can cultural nuances be effectively integrated
into many-to-many idiomatic translation to en-
hance model performance?

To address this challenge, one possible approach
is to first analyze the cultural dependencies of id-
ioms and identify the specific cultural elements
that shape idiomatic expressions across languages.
Recent studies in NLP (Liu et al., 2024) (Pawar
et al., 2024) introduce a comprehensive taxonomy
of cultural and sociocultural elements, highlight-
ing the need for culturally adaptive models as well
as efforts to incorporate cultural awareness. How-
ever, even with a structured understanding of these
cultural elements, capturing their intricate relation-
ships and effectively leveraging them for one-to-
many idiomatic translation remains a significant
challenge.

This paper introduces IdiomCE, an inductive
graph-based approach that models the relationships
between source and target idioms by leveraging
complex cultural element mappings, as illustrated
in Figure 1, where source is an English idiom and
target are Hindi idioms. Using link prediction, our
method facilitates one-to-many idiomatic transla-
tion while preserving cultural relevance across lan-
guages. Furthermore, IdiomCE is adaptable, en-
abling the translation of unseen idioms by lever-
aging the inductive capabilities of GNNs, effec-
tively addressing the limitations of noisy and lim-
ited knowledge bases. Our key contributions are
summarized as follows:

* We propose a cultural element-based data cre-
ation method that generates multiple target
idioms for a given source idiom.

* We develop an Inductive GNN trained on this
graphical data, leveraging link prediction to
enable one-to-many idiomatic translation (ad-
dressing Challenge I and II).

* We design an adaptable pipeline that extends
to unseen idioms using the inductive capabili-
ties of GNNs (addressing Challenge III).

» Using English as a pivot language, we extend
our approach to facilitate idiomatic transla-
tion across Indic languages without needing to
train GNN models between all possible pairs
of languages.

2 Related works and Motivation

Idiomatic Text Translation: Previous studies have
explored various strategies to enhance NMT per-
formance for idiomatic translation. (Salton et al.,
2014) introduced a substitution-based method,
where source-side idioms are replaced with their
literal meanings before translation and reinstated
post-translation to improve accuracy. (Zaninello
and Birch, 2020) demonstrated that augmenting
training data with idiomatic translations enhances
model performance on both source and target sides.
Beyond direct translation techniques, researchers
have focused on learning non-compositional em-
beddings and automatically identifying idioms,
as explored by (Weller et al., 2014), (Hashimoto
and Tsuruoka, 2016), and (Tedeschi et al., 2022).
More recently, prompting techniques and Chain-
of-Thought (CoT) reasoning have been investi-
gated in Large Language Models (LLMs) for id-
iomatic translation (Castaldo and Monti, 2024,
Rezaeimanesh et al., 2024b). IdiomKB (Li et al.,
2023a) further introduced a contextual approach,
using figurative meanings as additional context to
improve translation quality in LLMs.

Idiomatic Translation for Indic languages: In-
dic languages exhibit significant linguistic diver-
sity and deeply rooted cultural nuances, making
idiomatic translation a complex challenge. De-
spite this, research on idiomatic translation in the
Indic language setting remains limited. (Shaikh,
2020) proposes Idiom Identification using gram-
matical rule based approach.(Modh and Saini,
2020) proposes a identification of Gujarati idioms
and translation of them using contextual informa-
tion. (Agrawal et al., 2018) present a multilingual
parallel idiom dataset encompassing seven Indian
languages and English. While these studies offer
valuable contributions, the challenge of many-to-
many idiomatic translation across Indic languages
remains largely under-explored.

Motivation for Cultural significance in Idioms
As discussed previously, most of the past studies



either use a dictionary-based approach for idiom
translation, which is a one-to-one mapping, or pro-
vide figurative meaning of the idiomatic expres-
sion for meaningful translation. Although these
approaches appear to perform well, they fail to ac-
count for the cultural dependency of idioms, which
is deeply embedded within them. This raises the
question of how idioms can be effectively mapped
from one language to another while considering
this cultural dependency. Cultural dependency can
be linked to various features, as discussed in (Liu
et al., 2024) and (Pawar et al., 2024). Identifying
these features that influence translation between
languages can contribute to the development of
more culturally appropriate idiomatic mappings
from a source language to a target language.
Motivation for GNN

Using a static Knowledge Graph (KG) or
dictionary-based approach poses several chal-
lenges, which a Graph Neural Network (GNN)-
based architecture can effectively address:

Limited Generalization: KGs store only predefined
idiomatic translations as edges between nodes,
making them incapable of inferring translations
for new idioms unless explicitly added. In con-
trast, GNNs learn graph patterns, enabling them
to predict idiomatic translations even for unseen
idioms.

Lack of Semantic Connectivity: KGs treat nodes
independently, failing to capture relationships be-
tween idioms with similar meanings unless explic-
itly modeled. GNNs leverage neighborhood struc-
tures and embeddings, allowing them to infer new
translations by recognizing semantic similarities.
Polysemy Handling: KGs require multiple nodes to
represent idioms with multiple meanings, increas-
ing complexity. GNNs disambiguate meanings us-
ing context, leveraging neighborhood information
and learned representations to differentiate between
senses based on connectivity.

3 Methodology

In this section, we first present the problem state-
ment followed by the training and inference of our
methodology, which we call IdiomCE.

Problem Formulation:

We address the challenge of replacing idioms in
a source language with culturally aware and con-
textually appropriate multi-word expressions in the
target language. Let S and 7 denote the sets of
graph nodes representing source and target idioms,

respectively. The combined set S U 7T defines the
node set V in our framework, where each node
v € V corresponds to an idiom.

Each Idiom v is embedded with cultural elements,
reflecting its historical, situational, or value-based
significance, indicating its relevance to a specific
language. Our goal is to identify the most relevant
set of target-language idioms {0 : v € T} that
correspond to a given source-language idiom v. We
denote this relationship with an edge e, 5. Let the
set of all such edges be £ = {e, 3 :v € S,0€ T}
Once we construct or estimate the graph G =
(V, ), we use it to generate translations that are
both contextually and culturally relevant. Given
a sentence in the source language, our approach
leverages this graph G to produce a culturally and
semantically appropriate idiomatic translation in
the target language.

3.1 Training

In this section, we outline the process of construct-
ing the initial dataset for training our IdiomCE
encoder and decoder, followed by the training
methodology. An overview of the entire training
process is illustrated in Figure 2.

GNN Dataset Formation: We begin by extract-
ing idioms from the collected dataset, as detailed in
Section 4 (Datasets), and obtain monolingual idiom
sets for each language. For each idiom, we extract
three key cultural elements: Concepts, Values, and
Situational & Historical Context. These elements
are generated using the LLaMA-3.1-405B model
and defined based on the Taxonomy of Culture out-
lined in (Liu et al., 2024). Our observations suggest
that these elements are highly distinguishable and
effectively capture key cultural and sociocultural di-
mensions essential for mapping English idioms to
their counterparts in other languages. The prompt
used for generating these cultural elements is pro-
vided in Appendix A.4.

To construct the Knowledge graph (KG), we
first convert the generated cultural elements into
Embeddings (we call it cultural features) with
Language-agnostic BERT Sentence Embedding
(LaBSE) model (Feng et al., 2022). Once the cul-
tural features for each idiom are generated, we
compute the cosine similarity between the cultural
features of English and target (Indic) language id-
ioms to establish pairwise mappings, as illustrated
in Figure 2. Moreover, to identify the most rele-
vant idiom pairs for the KG, we focus on outliers
within the cosine similarity scores, as these indicate
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Figure 2: Overall training process of IdiomCE: (a) GNN training — illustrating the creation of a Knowledge Graph
using source and target idioms, specifically for en-hi, leveraging LaBSE embeddings and training a GNN for the
Link Prediction (LP) task; (b) Node Duplication — demonstrating how we address the cold start issue by duplicating
target nodes; and (c) Contrastive Training — showing the training through positive and negative samples and the
process of mapping unseen nodes to relevant target idioms.

strong semantic relationships. Outlier detection is
performed by calibrating thresholds based on the
skewness and kurtosis of the data, leveraging both
the Inter-Quartile Range (IQR) and z-score. By
carefully selecting thresholds in these approaches,
we ensure that only high-similarity idiom pairs are
connected, effectively capturing the most signifi-
cant relationships. This approach, grounded in ro-
bust statistical techniques (Chandola et al., 2009),
ensures that the graph reflects the most salient se-
mantic connections.

As a result of this process, multiple KGs are con-
structed, each linking English idioms to idioms in
a specific Indic language. Formally, each KG is
represented as G = (V, £), where V denotes the
feature of each idiom/node and £ represents the
edges connecting source and target idioms.

3.2 IdiomCE

The proposed IdiomCE follows the widely used
encoder-decoder architecture for GNN-based link
prediction (Kipf and Welling, 2016) (Schlichtkrull
et al., 2017) (Zhao et al., 2022) where a GNN en-
coder learns node representations, and a decoder
predicts link existence probabilities for each node
pair. Below, we provide a detailed discussion of
the training process for our method.

Node Duplication Augmentation Once the above
KG is constructed, we could encounter the cold

start problem due to the sparsity of the dataset,
which consists of only a few thousand idioms. This
issue arises when certain nodes have few or no
connections, leading to under-representation in the
GNN during the downstream tasks (Hao et al.,
2020; Zhang et al., 2023). To mitigate this, we
employ a Node Duplication strategy (Guo et al.,
2024), which enhances node connectivity and im-
proves representation learning.

We provide a detailed explanation of our node du-
plication procedure. Let S and T represent the sets
of source and target language idioms, respectively.
For any node v € ¥V = S U T, we define its set of
neighbors as:

Ny :={v:eyp0res, € Ny}

where N, consists of all nodes ¥ connected to v by
an edge. We extend the methodology of (Guo et al.,
2024) by categorizing source nodes into two types:
Cold nodes (Tz01q): Target nodes with fewer than 0
neighbors.

Warm nodes (Tyqrm): Target nodes with at least
0 neighbors. For our experiment we consider &
equals 3

For each cold node v, we duplicate its neighbors
N, and create new corresponding source nodes.
We then insert edges from v to these duplicated
source nodes, as illustrated in Figure 2. In this



way, we obtain an augmented graph G’ with these
newly created nodes and edges added to the origi-
nal graph. This approach differs from (Guo et al.,
2024), where the authors duplicate source nodes
directly based on their degree. In contrast, we du-
plicate source nodes based on the degree of their
corresponding target nodes. This strategy enhances
the sampling of under-represented cold nodes by
leveraging their connections to source nodes.
IdiomCE Encoder: As discussed in the previous
section, once our augmented G’ is created, we con-
vert G’ into the GNN training format by creating
a feature vector of each idiom node with a BERT
based embedding model, i.e., LaBSE (Feng et al.,
2022). We then construct an initial bi-directional
adjacency matrix of edge indices required for train-
ing. To ensure generalization across potentially
unseen idioms, we employ an inductive GNN for
training, specifically SAGEConv (Hamilton et al.,
2018). In SAGEConv, each node updates its repre-
sentation by aggregating the features of its neigh-
bors. The aggregation is done using a permutation
invariant function. In our case, we use the mean
aggregator, which computes the average of the fea-
ture vectors of a node’s neighbors. This ensures
that the order of neighbors does not affect the re-
sult. For a given node v, let N/ (v) represent the set
of neighbors and h,, denote the features vectors of
node u. The mean aggregator is defined as:

1
) = h,,. 1
VO = W 2 .

Next, the node’s updated representation is com-
puted by concatenating its own feature vector h,,
with the aggregated neighbor features and then ap-
plying a learnable linear transformation followed
by a non-linear activation function as given below:

h;, = 0 (W - CONCAT (h,, hy(,))), (2)

IdiomCE Decoder: We perform the task of link
prediction by pairing our IdiomCE encoder with a
Multi-Layer Perceptron (MLP) model as a decoder.
Given a source node ¢ with GNN embeddings h;
and target node j with GNN embeddings /; from
the Encoder, we first concatenate their embeddings,
then pass it through the MLP layer.

zij = [hi [ hj
g/l\ij = MLP(ZZ‘]')

Once we obtain the prediction from the MLP layer,
we then backpropagate using BCE loss and jointly
train the GNN and MLP layer for the Link predic-
tion task defined by the loss function given below:

L=—— > [yylogTi + (1 —yi)log (1 - Fi)]

(i,))€D
3)

3.3 Dealing with Unseen nodes

One of the key properties of inductive GNNSs is
their ability to generalize to unseen nodes, such as
idioms absent from the training set. To incorporate
an unseen idiom into a trained GNN, it must be con-
nected to relevant neighbors, allowing the model
to compute meaningful node embeddings through
message passing. A naive approach is to add edges
by randomly selecting target nodes from the initial
dataset. However, this often results in dispersed
and suboptimal embeddings due to the lack of se-
mantic coherence in the connections. Therefore,
to generate high-quality embeddings for an unseen
idiom, it is essential to establish connections with
semantically relevant neighbors that closely align
with its ideal (gold) translation. Given the one-to-
many nature of idioms where a single target idiom
may correspond to multiple source idioms convey-
ing the same figurative meaning, it is crucial to
connect the unseen node to the most similar target
idiom neighbors.

To achieve this, we propose training a BERT-based
encoder (denoted as B (+)) in a contrastive learn-
ing setting (Cohan et al., 2020; Ostendorff et al.,
2022). The training process leverages a triplet
framework designed to align with the graphical
structure of our GNN, i.e., (anchor a, positive p,
negative n ) where a denotes the source node repre-
senting the idiom in the source language, p denotes
the source language nodes that are connected to
the anchor (i.e., first-hop neighbors in our KG),
and n represents nodes that are disconnected (no
path exists) to the anchor, ensuring that they do not
share semantic similarity. This triplet construction
is used in a contrastive loss £; that minimizes the
distance between the anchor and its positive exam-
ples while maximizing the distance to the negative
examples. Formally, if A, h,, and h,, are represen-
tations of anchor, positive and negative examples,
respectively, then with margin o,

Lo= 3 max(0,|lha — hy| -

(a,p,n)€D

||ha - hn” + a)
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Figure 3: Inference strategy: (a) Unseen & Seen Node
Translation — a BERT-trained GNN adapts to unseen
nodes, with the Selection and Translation (ST) block
selecting idioms via an LLM before translation; (b)
Inter-Indic Translation — using English as a pivot be-
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3.4 Inference

From the trained bi-directional GNNs on English
and specific Indic languages, we explore idiomatic
translation through three approaches, as illustrated
in Figure 3: seen nodes, unseen nodes and inter-
indic. The seen nodes, refer to idioms for which
GNN has prior knowledge, including their relation-
ships with other idioms. On the other hand, unseen
nodes pertain to idioms for which the GNN has
no prior information nor any established connec-
tions to other idioms. Lastly, inter-indic translation
where english idioms are treated as pivot, more
explanation in section 3.4.3. We assume idiom de-
tection is a well-explored problem, enabling us to
focus directly on the translation task without treat-
ing idiom identification as an intermediate step. We
also presume that the idiom in the source sentence
is provided for retrieval through IdiomCE.

3.4.1 Seen Nodes

To infer with seen nodes, we first retrieve top-k
target idioms using the trained GNN by link predic-
tion by providing source idiom as input. Next, we
refine the selection by filtering out the most con-
textually relevant target idiom based on the source
sentence. This is achieved by passing the retrieved
idioms into a selection prompt as context in an
LLM. Finally, once the most relevant target idiom
is identified, we perform LLM-based inference by
passing the source text, source idiom, and the se-
lected target idiom into a translation prompt. The
details of both prompts are provided in Appendix
A.2 and A.3.

Models
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nodes (b) across en-xx direction

3.4.2 Unseen Nodes

For unseen nodes, completely isolated idioms
would yield no meaningful results. To address this,
we make the following assumption about the train-
ing dataset D.

Assumption: For any unseen node u, Jv € D
such that cos(Bcr(u), Bor(v)) > 7, where 7 €
[0, 1]. For our experiments, we choose 7 to be 0.75.

To infer on unseen nodes, we first retrieve the
most similar idioms in the source language using
cosine similarity based on embeddings from the
trained contrastive embedding model B¢y, After
selecting the top M source language idioms, we
randomly select five target-language idioms linked
to these source idioms and connect them to the un-
seen idiom, incorporating them into our graphical
data. Once integrated, we perform link prediction
on the unseen node to retrieve the most suitable
target idiom.

3.4.3 Inter Indic Languages translation

We train the IdiomCE encoder bidirectionally be-
tween English and individual Indic languages. In
addition to direct translation from S to 7, we pro-
pose leveraging trained GNNs for indirect transla-
tion. Let Ay, A2 and Aj be nodes in languages
Ay, As and Ag respectively. Let Gio : A1 — Ao
and Gog : Ay — As be GNNs trained between
the respective languages. To generate a translation
from A; to A3, we use A, as the pivot language,
shown in Figure 3.

4 Experimental set up

Datasets: The initial knowledge graph (KG) con-
struction is based on the dataset from Agrawal et al.



(2018) (Agrawal et al., 2018), which provides map-
pings of idioms between English (en) and seven
Indian languages. For our study, we utilize four
Indic languages: Tamil (ta), Telugu (te), Bengali
(bn), and Hindi (hi). Additionally, we incorporate
a parallel idiomatic sentence dataset from Thakre
et al. (2018) (Thakre et al., 2018). Beyond these
existing resources, we also web-scraped to collect
idioms in various Indic languages. For evaluation,
we sample 400 sentences from the MAGPIE dataset
(Haagsma et al., 2020) to assess translation effec-
tiveness from English to Indic languages. To an-
alyze performance under different conditions, we
conduct experiments in two setups: (1) Seen 1d-
ioms, where idioms present in the training data are
tested, and (2) Unseen Idioms, where idioms not
encountered during training are evaluated. For the
Inter-Indic language setting, we curate a dataset of
200 idiomatic sentences per Indic language from
the Samanantar dataset (Ramesh et al., 2023), en-
suring coverage across multiple language pairs.
Evaluation Metrics: Most automatic evaluation
metrics, like BLEU (Papineni et al., 2002; Post,
2018) and ChrF (Popovic, 2015), rely on reference
matching but struggle with one-to-many transla-
tion, especially idioms, where n-gram matches fall
short. They also fail to distinguish literal from fig-
urative translations. While CometKiwi (Rei et al.,
2022) improves on traditional metrics by being
reference-less and semantic-focused, it still strug-
gles to reward high-quality idiomatic translations.
Hence, for our evaluation, we adopt the GPT-40-
based evaluation method proposed by (Li et al.,
2023a) as our primary metric, as it is an LLM-
based approach specifically designed for assessing
idiomatic translations we call it here LLM-eval and
use WMT22-CometKiwi-DA as a supplementary
evaluation metric.

Models: We test the effectiveness of our approach
by using base LLMs of varying sizes like Gemma?2
9B (Team et al., 2024), Llama-3.1 8B, Llama-3.2
3B (Grattafiori et al., 2024) and GPT-40 mini (Ope-
nAl et al., 2024) in our methodology. We also eval-
uate our method by comparing them with transla-
tions generated from traditional NMT systems like
NLLB 3.3B (Team et al., 2022) and IndicTrans2
(Gala et al., 2023). In our experiments Direct
represents either directly prompting the LLM to
translate the given source sentence, or passing the
sentence through the NMT model for generating
translation prompt can we referred from Appendix
A.1. Specific training details and performanceof

GNN and MLP layer with other experimental pa-
rameters are added in Table 4 in Appendix.

5 Results

Results on Mixed Dataset: This dataset contains
a mix of idioms, both seen and unseen during
training. We conducted experiments on English-
to-Hindi, Bengali, Tamil, and Telugu translation
directions. The results in Table 1 show: 1) Id-
iomCE, our approach that retrieves target idioms
based on English idioms, outperforms the direct
prompting method, highlighting the effectiveness
of our retrieval-based training for idiomatic trans-
lation. 2) Among smaller models, Gemma2 9B
achieves the best performance, even with direct
prompting, demonstrating its strong capabilities
in idiomatic translation. 3) With IdiomCE, very
small models like Llama 3.2 3B perform compa-
rably to the Directly Prompted larger Llama 3.1
8B variant. 4) Even for larger models like GPT-4o0,
IdiomCE improves performance, proving its effec-
tiveness across different model sizes. 5) Founda-
tional models like NLLB and IndicTrans2 struggle
with idiomatic translation, showing low scores in
LLM-eval. On average, IdiomCE improves LLM-
eval scores by 18.51% for en-hi, 14.71% for en-bn,
6.45% for en-ta, and 10.33% for en-te. We have
also provided example translation in Appendix B.

Results on Seen and Unseen Dataset: In Figure
4, we have shown on average LLM evaluation for
different models on various methods across lan-
guages. Notably, results for the IdiomKB baseline
are shown only for the seen dataset, as [diomKB
supports only idioms present in the training set.
On average, the Gemma?2 9B model demonstrates
the best performance among open-source LLMs
on both seen and unseen datasets. Compared to
IdiomKB and Direct Method, our approach, Id-
iomCE outperform them by 14.28% and 21.78%,
respectively, across open-source LLMs for seen
dataset. Similarly, for unseen dataset, IdiomCE
achieves 5.67% improvement over direct method.
Even with GPT-4o results, our approach shows sig-
nificant improvements for both seen and unseen
datasets. Further details on language-specific per-
formance can be found in the Appendix in Table 5
and 6

Results on Inter-Indic Languages: Table 2
presents the average performance across Indic lan-
guages. Our findings indicate: 1)Using English as
a pivot to retrieve idioms for translation between



Model ‘ Methods ‘ en-hi ‘ en-bn ‘ en-ta ‘ en-te
| LLM-eval COMET | LLM-eval COMET | LLM-eval COMET | LLM-eval COMET

NLLB-200 | Direct | 1.3 070 | 143 0769 | 118 0691 | L1 0.643
Indictrans2 | Direct | 1247 074 | 1275 077 | 1243 0769 | 124 0.747
IdiomCE 1.34 0.59 1.2 0.6 1.105 0.51 L18 0.51
Llama-32-3B | pirect | 112 0.62 1.05 0.6 1.04 0.52 1.07 0.52
Gemma2-9b.it | [diomCE | 1.88 0.68 17 0.68 1.63 0.67 1.56 0.62
Direct 16 0.73 144 0.71 1.56 0.71 1.46 0.67
IdiomCE |  1.655 0.63 1.40 0.63 1.25 0.57 13 0.54
LLama-3.1-88 | oiect | 127 0.68 1.23 0.67 116 0.62 112 0.59
GPT-4o IdiomCE | 239 0.70 225 0.69 1.87 0.67 1.83 0.66
Direct 2.14 0.73 1.99 0.764 1.741 0.72 1.67 0.71

Table 1: Performance Metrics of Various Models on Mixed Dataset; COMET range [0,1]

Model ‘ Methods ‘ hi-xx ‘ bn-xx ‘ ta-xx ‘ te-xx
| LLM-eval COMET | LLM-eval COMET | LLM-eval COMET | LLM-eval COMET
NLLB-200 | Direct | 185 079 | 170 078 | 184 077 | 18I 0.78
Indictrans2 | Direct | 1.92 081 | 178 081 | 201 077 | 197 0.77
LLama.3.2.3p | IdiomCE | 1263 0.5663 1.23 05867 | 12567 053867 | 1273 0.5493
) Direct | 1.1867 0.589 117 0.6163 1.253 0572 1.1867 0.609
Gemma2-9b.it | [dioMCE | 18233 0.7283 1.783 0.727 19867  0.7267 2.02 0.724
Direct | 14833 0.75 1.49 0.775 1.563 0.755 1.5467 0.773
LLama.3.1.gp | IdionCE | 142 0.616 1.46 0.6404 1.533 0.5993 1.493 0.626
: Direct 1.34 0.6533 1.367 0.688 1.25 0.6393 125 0.677

Table 2: Performance Metrics of Various Models For Inter-Indic languages; COMET range [0,1]

Hits @k | Without NodeDup | With NodeDup
Hits@5 81.33 £2.36 85.28 +2.99
Hits@10 90.00 + 2.36 96.28+ 1.37
Hits @20 100.00 £ 0.00 100.00 £ 0.00
Hits@50 100.00 £ 0.00 100.00 £ 0.00
AUC 95.32 96.33

Table 3: Ablation on Node Duplication module

Indic languages improves LLM performance com-
pared to direct prompting, highlighting the flexibil-
ity of our approach. 2) Gemma2 9B consistently
performs well in inter-Indic translation settings, sig-
nificantly outperforming other LLMs. 3) Interest-
ingly, in some language pairs like hi-xx and ta-xx,
IndicTrans2 achieves strong results, even surpass-
ing other models. Overall, IdiomCE demonstrates
significant improvements in LLM evaluation, with
a 12.5% performance gain for hi-xx, 11.2% for
bn-xx, 17.5% for ta-xx, and 19.9% for te-xx trans-
lations over Direct prompting.

Ablation Studies To justify the use of the Node
Duplication procedure (see Sec 3.2), we conduct an
ablation experiment comparing performance with
and without the NodeDup module in Table 3. We
report Hits@k (Chen et al., 2020) for the en-hi
translation task, which includes 8,233 nodes ( 4.6K

Hindi target nodes), with 1.1K cold target nodes.
Our results show that incorporating the NodeDup
module improves Hits@k by 4.85% for k = 5 and
6.97% for k = 10, demonstrating its effectiveness
in enhancing target node retrieval.

6 Conclusion

In this work, we addressed the challenges of id-
iomatic translation by introducing IdiomCE, an
adaptive GNN-based approach that effectively cap-
tures the complex relationships between idiomatic
expressions across languages. Our method gener-
alizes to seen and unseen idioms, improves trans-
lation quality even in smaller models, and enables
translation via a pivot language through the GNN
framework. Experimental results across multiple
Indian languages demonstrate that our approach
outperforms traditional static knowledge graphs
and prompt-based methods, significantly improv-
ing idiomatic translation. By leveraging GPT-4
as an evaluation metric, we show that our model
better preserves meaning and cultural nuances in
translation. Future work can extend this approach
to more languages and richer contextual signals.



Limitations

While our work shows significant improvements
in idiomatic translation, we mention some of the
limitations of our work. Our approach heavily de-
pends on the synthetically generated cultural ele-
ments (features). Noisy features, especially in low-
resource languages, might affect the performance
of our method. Secondly, as mentioned before,
although our model captures idiomatic mappings,
some idioms rely heavily on a deep contextual un-
derstanding of the surrounding sentences and not
just on the training data used, which can limit the
model’s performance.
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A Prompt used in Experiment

A.1 Direct Prompt

Translate the Following {src_lang}
Sentence to {tgt_lang}. Only provide
final translation as output, Do not
provide any explainations.

{src_lang} Sentence: {sent}

A.2 Selection Prompt

You are a linguistic researcher on
idioms and good at {tgt_lang} and
{src_lang}. Choose the best
{tgt_lang} idiom matching the
{src_lang} idiom and Context of
Source Sentence in which it is used
in. Only Provide Best macthing
{tgt_lang} Idiom Do not provide any
explaination.

{src_lang} idiom: {en_idm}

Source Sentence: {sent}

Options: {tgt_lang idioms}

A.3 Translation Prompt

You are a linguistic researcher on
idioms and are good at {tgt_lang} and
{src_lang}. {en_idm} means {hi_idm}.
Given the above knowledge, translate
the following sentence to {tgt_lang}:
{sent}.

Only provide final translation as
output, Do not provide any
Explainations.



https://arxiv.org/abs/2207.04672
https://arxiv.org/abs/2207.04672
https://arxiv.org/abs/2207.04672
https://doi.org/10.18653/v1/2022.findings-naacl.208
https://doi.org/10.18653/v1/2022.findings-naacl.208
https://doi.org/10.18653/v1/2022.findings-naacl.208
https://doi.org/10.36941/ajis-2024-0049
https://doi.org/10.36941/ajis-2024-0049
https://doi.org/10.36941/ajis-2024-0049
https://doi.org/10.36941/ajis-2024-0049
https://doi.org/10.36941/ajis-2024-0049
https://doi.org/10.4304/jltr.4.5.953-957
https://doi.org/10.4304/jltr.4.5.953-957
https://doi.org/10.4304/jltr.4.5.953-957
https://doi.org/10.4304/jltr.4.5.953-957
https://doi.org/10.4304/jltr.4.5.953-957
https://aclanthology.org/2020.lrec-1.471/
https://aclanthology.org/2020.lrec-1.471/
https://aclanthology.org/2020.lrec-1.471/
https://arxiv.org/abs/2309.15646
https://arxiv.org/abs/2309.15646
https://arxiv.org/abs/2309.15646
https://arxiv.org/abs/2106.02172
https://arxiv.org/abs/2106.02172
https://arxiv.org/abs/2106.02172

A.4 Cultural element generation prompt

You are a linguistic expert with deep
knowledge of {tgt_lang} idioms,
including their cultural and socio-
cultural contexts. For the given
idiom, provide a detailed analysis
covering the following key aspects.
Ensure each point has only a brief,
single-sentence description:

1. **Idiom:** - {idiom}

2. **Concepts:** - Explain the basic
meaning and underlying concepts of
the idiom.

3. **Values:** - Describe the beliefs
or desirable outcomes that the idiom
reflects.

4. **Situational Context:** -
Describe typical scenarios where the
idiom is used.

5. **Historical Context:** - Provide
any relevant historical background
influencing the idiom's usage.

Training Details: We train the GNN using a
2-layer SAGEConv architecture, mapping input
states from 768 to a hidden dimension of 64. The
hidden representation then passes through an MLP
with two linear layers and ReLLU activation. The
model is trained for 50 epochs over 5 runs. For
Node Duplication Augmentation, each target node
is duplicated twice, and the distinction threshold
(0) between cold and warm nodes is set to 3. «
used as margin for Contrastive Training is set to 1
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B Examples

B.1

B.2

Translation Example en-hi direction

Source: Close call, though.

Direct: 9 ¥ Fwa manl
IdiomCE: Ui®T eI, gaie. ..

Source: Well, it's all Greek to me, but so
long as it keeps him happy.

Direct: 31, I8 W R 9§ Hw 3, AP w9 d&
Tg Y T @ 7
IdiomCE: IR I Y ¥HY 7 MY, W 9§ d& 34 T
& Bl

Source: Other women took one look at them, and
went green with envy.

Direct: g&dl AR@R 3 3T @ Fo® A @ AR uf
J & TR W

IdiomCE: gudl Hfg@ell 7 I TP gas H I 3R &a
iy T

Source: You're chasing an impossible rainbow.
Direct: 37 3AHT ¥ &I Gl IR | &l
IdiomCE: gH WGl Yad UHl I dll

Source: And for God's sake bury the hatchet.
Direct: 3R WM $I RN ¥, TAARI B AT &l
IdiomCE: 3R WaM & faU =l @ &

Translation Example en-bn direction

Source: A bottom drain is something which has
stood the test of time too.

Direct: JFf6 IBV (NS IZFE & Rvyu=|
IdiomCE: M6 IBN (TS ST AfSn S|

Source: I hope you will soon find your feet
again.

Direct: SN WM FR N MR °1 *mer (wew
IdiomCE: SN &P S, N ME2 WRE @NR
AUCIE MG (£ (S

Source: We are not joined at the hip, Cabochon
said, and smiled bitterly.

Direct: SIWAI MO IR T® IMGT (NS =2,
PRGN AR, R Fa 0T e

IdiomCE: WINAT fRU Y& W%, INRAGA ICAfRe, I3
% ;G

Source: After all, charity begins at home.
Direct: SIN%, MW ISR TR (MY SRHNF &I
|

IdiomCE: WRUNMY, W IMGA (WF &F =W

Source: Youd both have got on like a house on
fire.

Direct: SUNHI SOV YI AG AG (AR |
IdiomCE: SN {GA2 ¥F Sel fNere|




B.3 Translation Example en-ta direction

B.4 Translation Example en-te direction

Source: I had to face the music, I had to face
myself.

Direct: BITeT @en&FeNUW THTQGTeTET
GeueuoriqUINBHSSI, HITET 66T TG0
TRTOGMaTeT Geueuorlq U BHSS! -

IdiomCE: mmet LULMTE UTH UGUSHES 385
GeueuoriqUIBHSSI, BITET 6T6ITET FibH &5
GeueoTiq W BHSS! -

Source: If I had to sweat blood it would be
done.

Direct: aTe0T&:@& @ UHSID FHHeTMVD, @&
vy bselELb.

IdiomCE: 2 Wlenrs Q&EMHSS 2 MPSSTID
WY 556 H Ceuer.

Source: As Crilly is taken back into the
cells, he catches my eyes.

Direct: ®fled QFev Weor(HID Q& mevor(H
QFLILI(ILD GUIMSI, 6T6iT &600TE6M6TLI

N9 5 8516Q&TaTH MMy .

IdiomCE: &fleved Seor(HD FemMEFFTLIQMES
IDPHSIF QFLID GUMSI, U eTer
SIS &SGR .

Source: Why should he suddenly have
materialized out of the blue?

Direct: o6l HICQTeTM 6TLILIY LOEDMHS!
@LITeDT 60T ?

IdiomCE: 9jeuedr HICQFeTm 6Ty G merm
Lgu?

Source: In a nutshell Yes.
Direct: Q&FMELEVLIGLIMEOTITEY, S4lD.

IdiomCE: &H(HSHSHLOMEG QFTELAIQSHETMTE LD .
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Source: You just have to try to keep your head
above water.

Direct: Qo) T30  $o D3 SGONTITE
(N0OHB) 0TS .

IdiomCE: &9 (SO (DANSYIO AT .

Source: In every country, intellectuals, too,
have jumped on the nationalist bandwagon.
Direct: |O& B0, ST

IdiomCE: (H& TFoS’, DTPLoen SFE SN
208 fo o DTRHT)S.

Source: Keep your chin up, girl, were not lost

yet.
Direct: S0PO D), @XT0W, S QO
ST .

IdiomCE: $© JHE &G0OK), @IT0N, Srdd QROS°
FSHoL B

Source: Poor old British Rail were between the
devil and the deep blue sea.

Direct: 2@dIAS ¢ (DA BSO TIT020e S
SGO8.

IdiomCE: A&Gm FordS (DR BS S0 Dows
IS FowgeS ) Sd.

Source: Close, but no cigar.
Direct: SMHOS &), SR DTH 5.
IdiomCE: S8 ST S, S0.




Language Hits@5 Hits@19Q Hits@20 Hits@50 AUC
hindi | 85.28 £2.99 | 96.28 £ 1.37 | 100.00 &= 0.00 | 100.00 4 0.00 | 96.33 £ 0.28
Telugu | 82.50 £8.54 | 95.83 +2.95 | 100.00 & 0.00 | 100.00 £ 0.00 | 95.32 £ 0.37
Tamil | 76.06 £3.98 | 88.45£2.09 | 98.59 £1.00 | 100.00 & 0.00 | 93.27 £ 0.73
Bengali | 79.29 £5.30 | 95.00 £4.07 | 99.29 £ 1.60 | 100.00 & 0.00 | 96.10 & 0.12
Table 4: Performance on GNN Link Prediction task for each language
Model ‘ Methods ‘ en-hi ‘ en-bn ‘ en-ta ‘ en-te

| | GPT-4 COMET | GPT-4 COMET | GPT-4 COMET | GPT-4 COMET

NLLB-200 | Direct | 134 070 | 145 077 | 121 069 | 114 0.64

Indictrans2 | Direct | 1.24 074 | 127 078 | 126 076 | 121 0.74

IdiomCE | 1.42 0.58 1.26 0.59 115 0.52 1.24 0.51

LLama-3.2-3B | Direct | 1.12 0.62 1.06 0.60 1.03 0.51 1.09 0.54

IdiomKB | 1.25 0.61 1.05 0.59 1.07 0.52 111 0.52

IdiomCE | 2.08 0.69 1.84 0.69 1.76 0.68 1.68 0.63

Gemma2-9b-it | Direct | 1.63 0.73 1.50 0.71 1.60 0.72 1.45 0.68

IdiomKB | 1.875  0.70 1.64 0.70 1.65 0.68 1.50 0.64

IdiomCE | 1.89 0.62 1.54 0.63 1.29 0.57 1.41 0.53

LLama-3.1-8B | Direct | 1.27 0.68 1.22 0.67 1.16 0.62 1.14 0.58

IdiomKB | 1.40 0.67 1.19 0.67 1.20 0.60 1.21 0.59

IdiomCE | 248 0.71 230 0.69 1.90 0.69 1.89 0.68

GPT-40 Direct | 2.17 074 | 2059 077 1.72 0.73 1.73 0.72

IdiomKB | 238 0711 | 2.19 0.74 1.83 0.68 1.80 0.67

Table 5: Performance Metrics of Various Models on Seen Dataset; COMET range [0,1]

Model ‘ Methods ‘ en-hi ‘ en-bn ‘ en-ta ‘ en-te
\ | LLM-eval COMET | LLM-eval COMET | LLM-eval COMET | LLM-eval COMET

NLLB-200 | Direct | 1.26 070 | 141 077 | 117 069 | 106 0.64
Indictrans2 | Direct | 125 074 | 128 078 | 122 076 | 127 0.74
IdiomCE 1.25 0.58 1.14 0.59 1.06 0.52 113 051
Llama32-3B | pirect | 112 0.62 1.05 0.60 1.05 0.51 1.05 0.53
Gemma2-9b.it | 141OMCE 1.68 0.68 1.56 0.67 1.50 0.68 1.49 0.66
Direct 1.57 0.72 1.39 0.70 1.53 0.72 14 0.68
IdiomCE 1.42 0.63 1.27 0.62 121 0.59 1.19 0.53
Llama-3.1-8B | oirect | 128 0.68 1.23 0.67 1.16 0.62 111 0.55
GPT-do IdiomCE | 231 0.72 2.01 0.74 1.72 0.68 1.70 0.67
) Direct 2.12 0.74 1.92 0.77 1.76 0.73 161 0.71

Table 6: Performance Metrics of Various Models on Unseen Dataset; COMET range [0,1]
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