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Abstract

Retrieved passages are paid for in tokens, and a bilingual corpus pays in two languages. We encod-
ed the same texts with four tokenizers from six open-weight checkpoints (64,000 to 256,000 en-
tries): 915 Arabic and 778 English passages of a corpus of public scientific reports, 2,009 parallel
FLORES-200 sentences and 48 complete prompts. The rankings reversed exactly between the lan-
guages. ALLaM’s tokenizer needed 28% fewer Arabic tokens than Gemma 2’s (1.67 against 2.30
per word) and 10% more English tokens (1.74 against 1.57), in all 15 Arabic and 9 English docu-
ments and on the parallel sentences, where Arabic cost 0.97 times the English tokens under
ALLaM and 1.50 times under Gemma 2. Across 17 tokenizer files from 11 lineages, the number of
entries containing Arabic letters predicted Arabic tokens per word (Spearman p = —0.99, also with
vocabulary size held fixed); size added no detectable information beyond the entry count. An
8,192-token budget holds 32 Arabic passages under ALLaM and 23 under Gemma 2; in complete
prompts the saving was 27% with Arabic evidence and 14% with English evidence.

1 Introduction

A context window is a token budget, and the tokenizer decides how much of it a passage consumes. The same text
translated into different languages can differ in tokenized length by up to 15 times [1], and commercial APIs charge
speakers of many languages more for poorer results [2]. The standard measure, fertility, counts tokens per word [3].

For Arabic the effect of a dedicated vocabulary is documented. The Jais tokenizer, with 84,992 entries trained on
equal Arabic and English text, reports an Arabic fertility of 1.050 against 1.195 for the 250,000-entry BLOOM tok-
enizer [4]. The released ALLaM 7B checkpoint was trained from scratch with its own Arabic—English tokenizer; vo-
cabulary expansion applies only to the ALLaM models continued from Llama 2 [5]. On an Arabic treebank, the same
ALLaM tokenizer needs 1.24 tokens per word against 2.11 for Qwen3 [6]; on our corpus, 1.67 and 2.50.

These studies measure Arabic, usually against one alternative. A bilingual corpus also pays for English, so we mea-
sure both languages for four tokenizers on corpus and parallel text, test across 17 tokenizer files whether Arabic en-
tries or vocabulary size predicts Arabic cost, and measure what survives in evidence budgets and complete prompts.

2 Setup

Text. The corpus of public scientific reports holds, without exact duplicates, 915 Arabic passages (138,805 words,
15 documents) and 778 English passages (133,765 words, 9 documents), which are not translations of each other.
Parallel text is all 2,009 Arabic—English sentence pairs of the FLORES-200 dev and devtest sets [7, 8] (CC BY-SA
4.0), translated from 562 English Wikinews, Wikivoyage and Wikibooks articles. A measurement set of 30 Arabic
and 30 English corpus passages, with 48 Arabic questions and 48 complete prompts, serves the prompt analysis.

Tokenizers. The six checkpoints were Gemma 2 9B and SILMA 9B, which is built on Gemma 2 and ships byte-
identical tokenizer files; Qwen3.5 4B and 9B, which share one tokenizer; Falcon-H1 7B; and ALLaM 7B. For the
mechanism test we added 13 tokenizer files from Jais family 13B, AceGPT 7B and v2 8B, Fanar 1 9B and 2 27B,
Qwen3 8B, Mistral NeMo, DeepSeek-V3, BLOOM, LFM2 1.2B, Phi-4, Granite 3.3 8B and gpt-oss 20B.
Vocabularies overlap (all 128,256 Fanar 1 entries occur in Gemma 2’s); merging every pair in which 95% of the
smaller vocabulary lies in the larger leaves 11 lineages (15 under a 99% rule). The named models are comparison
objects.

Counting and measures. Corpus and parallel texts were normalised to Unicode NFC and encoded without special
tokens by each model’s original tokenizer files at a pinned commit; measurement-set and prompt counts come from
the tokenizer embedded in each checkpoint’s converted model file. Each complete prompt joins a shared 99-word
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Arabic instruction, one or two passages (Arabic in 24 prompts, English in 24) and an Arabic question in the model’s
chat template, with special tokens. We report tokens per whitespace-delimited word and ratios of summed tokens.
Arabic entries are vocabulary entries whose decoded text contains an Arabic letter. The mechanism test uses
Spearman and rank partial correlations across tokenizer files, 100,000-permutation p-values and bootstrap intervals
over tokenizers. Other intervals are percentile 95% intervals from 10,000 resamples of documents or, on parallel
text, articles.

3 Results

The four tokenizers rank in opposite orders on Arabic and English. On the 915 Arabic passages, the order from
fewest to most tokens was ALLaM, Falcon-H1, Qwen3.5, Gemma 2; on the 778 English passages it was exactly the
reverse (Table 1, Figure 1a). ALLaM needed 231,580 Arabic tokens against Gemma 2’s 319,732, 28% fewer (ratio
0.724; 95% interval 0.70-0.74), and 232,381 English tokens against 210,609, 10% more (1.103; 1.10-1.11). The full
four-way order held in each of the 15 Arabic and 9 English documents, with ALLaM-to-Gemma 2 ratios from 0.63
to 0.77 on Arabic and from 1.07 to 1.14 on English.

Table 1: The four tokenizers. Tokens per word: whole corpus. Parallel: Arabic over English tokens, 2,009 FLORES-200 pairs.
Budget: whole Arabic corpus passages in 8,192 tokens, mean of 2,000 random orders.

Arabic Arabic tokens English tokens  Parallel, Arabic / Arabic passages in
Tokenizer Entries entries per word per word English 8,192 tokens
Gemma 2 / SILMA 256,000 6,119 2.30 1.57 1.50 23.0
Qwen3.5 248,070 8,785 2.03 1.61 1.31 26.2
Falcon-H1 130,049 13,404 1.96 1.69 1.19 272
ALLaM 64,000 37,211 1.67 1.74 0.97 32.0

Parallel text repeats the reversal and puts ALLaM at near parity. On the 2,009 translated sentence pairs,
ALLaM needed 0.702 times Gemma 2’s Arabic tokens (0.698-0.706) and 1.086 times its English tokens (1.082-
1.090), against 0.724 and 1.103 on the corpus, in the same four-way orders. Because each pair says the same thing,
the Arabic-to-English token ratio measures what Arabic costs relative to English: 0.97 under ALLaM (0.958-0.974),
1.19 under Falcon-H1, 1.31 under Qwen3.5 and 1.50 under Gemma 2 (1.48-1.51).

Arabic entries predict Arabic cost. A word the vocabulary holds as one entry costs one token; a word it lacks is
split into pieces. Among the four, Arabic entries order Arabic cost exactly (ALLaM 37,211 of 64,000 entries,
Gemma 2 6,119 of 256,000), while vocabulary size orders them backwards. Across 17 tokenizer files, Arabic entries
predicted Arabic tokens per word with p =—0.99 (95% interval —1.00 to —0.92; p < 0.0001), and —0.99 with vocabu-
lary size held fixed (partial p; —1.00 to —0.86); on 11 lineages both were —0.99, and on the 13 added files alone —0.97
(Figure 1b). Size added no detectable information once entries were known (partial p = +0.14; —0.22 to 0.35); alone,
it correlated only weakly (p = —0.38; —0.85 to 0.23). The smallest vocabulary, AceGPT 7B’s 32,000 entries with 47
Arabic ones, was the least compact (5.50 tokens per word), and the Jais tokenizer (Jais family file), with 43,849
Arabic entries, the most compact (1.58). English does not mirror this: across 17 files, Latin-letter entries rise with
vocabulary size (p = 0.88) and predict English tokens per word no better than size does (p = —0.43 against —0.42).
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Figure 1: (a) Tokens per word on the whole corpus: the four lines cross between Arabic and English, so each language reverses
the other’s order. (b) Arabic tokens per word on the corpus against Arabic vocabulary entries, both on log scales, for 17 tokenizer
files; coloured points are the tokenizers of panel (a). Spearman p = —0.99; against vocabulary size, —0.38.



Budgets and complete prompts. With 8,192 tokens for passages alone, 32.0 Arabic passages fit under ALLaM (29-
35 across random orders) against 23.0 under Gemma 2 (21-26), but 27.0 English passages against 29.9. Complete
prompts dilute the difference: ALLaM’s saving was 31% on the measurement-set passages (2,444 against 3,558
Arabic tokens), 27% over the 24 prompts with Arabic evidence (7,417 against 10,114 tokens) and 14% over the 24
with English evidence (8,603 against 9,992), where the Arabic instruction and question keep ALLaM ahead.

The original tokenizer files give the same counts. The converted tokenizers reproduced the original files’ token
IDs on all 218 measured strings for Gemma 2, SILMA and ALLaM and on 217 for Qwen3.5; Falcon-H1’s differed
on 31, 27 of them splitting a word at an Arabic diacritic. No ranking changed; no passage or prompt total moved by
more than 0.51%.

4 Limitations

The corpus is one collection of related public reports (15 Arabic and 9 English documents; one holds 506 of the 778
English passages), and the parallel Arabic is general-domain text translated from English. Per-word figures are not
comparable across languages, because Arabic words carry attached clitics; the parallel-text ratio is the cross-lan-
guage measure. PDF extraction left the article before a hamza- or madda-alef (JI + \ |or ) reversed 81 times against
5,192 correct (1.5%); other lam—alef reversals were not counted. The 17 tokenizer ﬁles (11 lineages) are not a ran-
dom sample and their training data are unobserved, so the Arabic-entry result is an association; the entry count
stands in for how much frequent Arabic a vocabulary covers. Answer quality and latency were not measured.

5 Conclusions

Four tokenizers ranked in exactly opposite orders on Arabic and English: ALLaM’s used 28% fewer Arabic tokens
than Gemma 2’s and 10% more English ones, in every corpus document and on parallel text, where Arabic cost 0.97
and 1.50 times the English tokens. Across 17 tokenizer files, Arabic entries predicted Arabic cost almost perfectly
(p =-0.99), and vocabulary size added no detectable information once the entries were known. In complete prompts
the saving was 27% with Arabic evidence and 14% with English evidence.

6 Recommendations

1. Count each language of a bilingual corpus separately: here a pooled figure would mix a 28% Arabic saving with
a 10% English cost.

2. Budget the complete rendered prompt, not the passages: here a 31% passage saving became 27% with Arabic ev-
idence and 14% with English evidence.

3. As a first screen, rank tokenizers by Arabic entries rather than vocabulary size, then measure: the entry count
ranked our 17 files with p =—0.99, an association that does not validate predictions for a new tokenizer.

4. Check converted tokenizers against their original files on the strings to be counted: here one split words at Arabic
diacritics on 27 of 218 strings.

Disclosure. The analysis was produced with Al coding agents under the author’s direction. The 17-tokenizer test was fixed before
the full run, after a 20-passage smoke run had shown its direction. All numbers were recomputed from per-passage token counts.
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