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Motivation: LLMs cannot handle numbers perfectly.
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Which is large? 9.11 or 9.9?

9.11 > 9.9

Easy comparison

9.11 < 9.9

11/7+5/3=?

58 / 21

Easy addition

68 / 21

The 6-th digit of 19494433

3

Get a digit

4

582 * 749 = ?

436, 218.

Multiplication

435,918

Real responses from GPT-4o

Current benchmarks do not focus on numbers.
Current benchmarks cannot test the practical Number Understanding and 
Process Ability (NUPA) of LLMs.
• Mixed up with math reasoning. (Numbers are not equal to math!)
• The numbers are simplified and impractical (like short integers, very short 

fraction and so on).
GSM8k Question: Natalia sold clips to 48 of her friends in April, and 

then she sold half as many clips in May. How many clips did Natalia 
sell altogether in April and May? Answer: Natalia sold 48/2 = 
<<48/2=24>>24 clips in May. Natalia sold 48+24 = <<48+24=72>>72 
clips altogether in April and May. #### 72

MATH Question: If ∑𝑛𝑛=0∞ cos2𝑛𝑛 𝜃𝜃 = 5, what is cos2𝜃𝜃? Answer: The geometric 
series is 1 + cos2 𝜃𝜃 + cos4 𝜃𝜃 + ⋯ = 1

1−cos2 𝜃𝜃
= 5. Hence, cos2 𝜃𝜃 = 4

5
. Then 

cos2𝜃𝜃 = 2 cos2 𝜃𝜃 − 1 = 3
5
.

NUPA benchmark focuses on number itself.
• Practical: selected from primary and middle school textbooks.
• Comprehensive: 4 kinds of number representations and 17 tasks.
4 number representations
• Integer: 123, 12, …
• Float: 3.1415926 …
• Fraction: 7/11, 4/3, …
• Scientific Notation: 3.1e2, …

17 tasks in 4 categories
• Elementary arithmetic: +,−,×,/,//,%
• Compare: >, <
• Digit understand: len, get_digit, count,…
• Conversion: Float2Scient, Scient2Float, Sig. Fig., …
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Integer                
Float            
Fraction       
Scientific      

4 × 17 (with some filtering)= Overall 41 tasks

Current LLMs show restricted number ability.
LLMs perform well on classic tasks with short numbers  

but length is still an obstacle to number processing.

LLMs cannot solve less common tasks.
Exact Match AccuracyExact Match Accuracy

Digit range (from short to long)
Examples: Fraction add: 11/7+5/3=68/21 Scient add: 1.3e2 + 2.4e3=2.53e3 

Int truediv: 12/9=4/3 Int mod: 142%58=4
Int mod(easy): 142%7=2 Int to_scient: 15325=1.5325e4

Digit-related tasks are easy for humans but difficult for LLMs.
Examples: get_digit(31415926, 5)=5 To scient: 12874000=1.2874e7

length(31415926)=8 Count: count(128671927,7)=2
digit_max(83712,18495)=88795

 Easy for humans even with a long number. 
 LLMs cannot accurately answer the questions, especially for 

longer numbers.

How to improve NUPA?
Number related techniques?
Train from scratch with different tokenizers, positional encoding 
(PE), and data formats on different NUPA tasks. Train on 1-8 
digits (called in-domain), test on 1-20 digits (9-20: out-of-domain).
 Tokenizers: the one-digit tokenizer is better than two- or 

three-digit tokenizers. Int add on 0.9B model

X-axis: seen training samples, y-axis: exact match accuracy; D𝑚𝑚 means the longer input has 𝑚𝑚 digits.
More experiments in paper. 

Int multiply on 0.9B model

 PE: Weaker or no PEs slow down in-domain learning but bring 
out-of-domain generalization for all tasks and model sizes.

 Data formats: integer-part reversed representation (like 
123.45 → 321.45) slightly helps digit alignment. 

Post-training?
 Direct finetuning on NUPA tasks improve 

performance. (Train：S&M, test：S-XL)

 Techniques (tokenizers, PE, data formats) 
cannot be directly used in post-training.

Change PE data format tokenizer

Chain-of-thought?
 Good performance but has much longer 

context and lower response speed (17×).

From now on, there is no general solution for number tasks!
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