Solving math problems with Al
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LLM for math problem solving

Generalization | GPT4 ChatGPT | MathGLM-500M MathGLM-2B .. | str

5-digit  |6.67% 5.43% 83.44% 85.16% 100
6-digit 10.0% 2.94% 79.58% 78.17% o
7-digit  [3.33% 1.92% 71.19% 73.73% s
8-digit  [3.13% 1.43% 64.62% 67.69% e
9-digit  [6.90% 1.57% 66.66% 69.60% 100
10-digit ~ [3.33% 1.45% 49.55% 65.77% 100
11-digit 0% 0% 42.98% 57.89% 100
12-digit  [6.90% 1.33% 27.38% 41.05% 100

Table 7: Performance comparison between most powerful LLMs and MathGLM on various multi-
digit arithmetic operations.

Why LLM is not good at solving math problem??



LLM for math problem solving

- LLM does not(never) get what multiplication is, they just doing better on
given training set, even with 2 billion parameters and massive datasets.

- That is one of the reason why LLM can't become human-level AGI....



Math problem solving Al

- Then, is it impossible to solve math problems with Al?



UniMath (2023




Unimath : A Foundational and Multimodal Mathematical Reasoner
math word problem
geometry problem
table problem

=> multimodal model

Unimath : A Foundational and Multimodal Mathematical Reasoner (2023)
https://aclanthology.org/2023.emnlp-main.440.pdf




Unimath model architecture

- Prev approach

- Image caption

- Image feature (CNNSs)
- This model

- VQ-VAE : autoencoder architecture



Unimath model architecture : Variational Autoencoder
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Unimath model architecture : Overall

( Transformer (T5) Encoder > ) ( Transformer (T5) Decoder >

h/ /0«\ “‘ ls¢-= Image Table - Text Geometry Table : Math word
. { Tokenizer Tokenizer Tokenizer . problem solving . problem solving | problem solving
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Reconstruction Sixth grade classes Proglcm: . .
C Teacher | Boys | Girls | There are 732 girls and "."AB is the diameter Find the Mrs. South
Mr.Center | 16 | 11 | 761 boys. 682 more of ®O, chord row. Find the numbers | [\ 2o oo
A B |MissWest | 9 17 girls and 8 more boys CDLAB, .".BC=BD, in this row for boys S
0o t | | e . 1414 girls
Ms.Noth | 11 5 | joined the school. How " ZCAB=20°,.". ZB and girls. Answer:
6} Mrs.South| 14 | 12 many girls are there in 0OD=2 ZCAB=40° 14-12=2

MrEast | 10 | 6 | the school now?

Figure 1: The overall workflow of our proposed UniMath.

Each tokenizers tokenize inputs into vector (same format)
Multi-task learning
Multimodal input handling



Unimath ; Results

Held-in Tasks Held-out Tasks
SVAMP GeoQA TableMWP MathQA UniGeo-Proving
Best Fine-tuned Baseline 47.3° 468" 58.5¢ 78.6° 80.6>
Train Individually on T5-base 29.8 43.7 62.7 82.3 82.7
Train Individually on Flan-T5-base 30.5 45.1 64.5 82.0 83.0
UniMath-T5-base 37.3 49.6 65.4 83.3 82.9
UniMath-Flan-T5-base 41.8 50.0 66.5 82.7 83.0

Table 1: The comparison between our unified model and baselines in terms of solution accuracy. a: Jie et al. (2022),
b: (Chen et al., 2022a), c: (Lu et al., 2023a). *: Our reproduced results based on the official codes from the authors.

Flan-T5: do some fine-tuning to 15
held-in(training) / held-out(test)



Unimath : Analysis

Category | Symbol | Representation
Arithmetic + cal_add
Arithmetic - cal_minus
Arithmetic . cal_multiply Analysis on Symbol Processing (Accuracy) Analysis on CoT Explanations (Accuracy)
Arithmetic / cal_divide 65 SVAMP ol
Geometric # not_equal e ROV
Geometric ~ approximate i
Geometric A triangle %5 556
Geometric £ angle . 50
Geometric I parallel . =
Geometric ® circle e N i iy
Geometric 1 perpendicular .
Geometric = congruent Y58 3.8 o % 312
Geometric O parallelogram , ; : - . 30 , ;
- — Setting 1 Setting 2 Setting 3 Setting 4 . Setting 1 Setting 2 Setting 3
Geometric ~ similar (@) (©)
Geometric ~ arc

Table 2: The symbol-to-name transformations used in
our paper. We transform all geometric relations during
data pre-processing to help the language model under-
stand them.



Unimath : Conclusion

Improvement
multimodal model architecture

Limitation

geometric parser?



ELASTIC (2022




ELASTIC

Numerical reasoning with adaptive symbolic compiler
RoBERTa Encoder => 4 decoder(compiler) modules
Reasoning manager
Operator Generator
Operands Generator

Memory Register
ELASTIC: Numerical Reasoning with Adaptive Symbolic Compiler (2022)
https://arxiv.org/pdf/2210.10105v2.pdf




ELASTIC

Table 1: An Example (from MathQA [19] dataset) requires solving the problem by conducting
numerical reasoning. The numerical reasoning program could be represented by four different
formats: sequential format, tree-traverse format, flatten format [15], or nested format. #n refers to
the executable result from the nth sub-program, and const_2 refers to the constant number 2.

Problem: A small table has a length of 12 inches and a breadth of b inches. Cubes are placed
on the surface of the table so as to cover the entire surface. The maximum side of such cubes is
found to be 4 inches. Also, a few such tables are arranged to form a square. The minimum length
of side possible for such a square is 80 inches. What is the number for b?

(a) Numerical Reasoning Program: b = ,/(5)2 — 122

(b) Sequential Format:

V/((80+4) x (80 +4) — (12 x 12))

(c) Pre-order Traverse Format:

Vo K 80,4, +,80,4, x,12,12,none

(d) Flattened Format:
divide(80,4)lpower(12,const_2)Ipower(#0,const_2)lsubtract(#2,#1)Isqrt(#3)

(e) Nested Format:
sqrt(subtract(power(divide(80, 4), const_2), power(12, const_2)))




ELASTIC

Eop (0P¢_1)[ l Operator Generator
Reasoning Manager
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Figure 1: The overall architecture of the ELASTIC model. The Encoder part takes the sequence
of question text () and passage text P as input, then generates the contextual vectors h***. The
Compiler part consists of four modules: Reasoning Manager, Operator Generator, Operands
Generator, and Memory Register. The right part of the figure shows a complete process of the
generation of sub-program r;. Firstly, Reasoning Manager sends the guidance vectors g°? to the
Operator Generator, which guides the generation of operator op;. Secondly, Reasoning Manager
suspends the Operator Generator, then the Operands Generator takes g°” and op, from the Operator
Generator to produce the first operand oe’. When finish the generation of the sub-program r;, the
Memory Register stores the results and updates the embedding vectors of cache token #t by gf°.
Again, the Compiler repeats to generate next sub-program 74 1.



ELASTIC

1. Encoder part
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Question + passage => RoBERTa => embedding h*enc
(h"enc_qg means only query's embedding = operator only)



ELASTIC

2. Decode part

Eop (OP-1) Operator Generator
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h”enc => multiply embedding matrix (trainable) for op / constants => e

E,,(s) ifs € OP
e = ¢ Eons(s) if s € CONS
Enm(s) = h  if s € NUM



ELASTIC

3. Reasoning Manager

p(opt—l)
\ Reasonin, g Manager
— = \
\
=1 \
o \
o B \
=2 | N
9] \
b=
|| henc \
& -—) g - 1
~E-H - -
- N
g _— ’len | S—
g -
o
® -
_J (S} -
E P (OP ):. tons.nuul (oei—l)
L

T
Encoder

e_t => context vector ¢ => GRU => guidance vector g_t
°=¥‘“hf"" (to assemble all symbol's information)
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= e (Attention score of all sentence embedding)




ELASTIC

4. Operator Generator
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g_op(q)_t => predict op_t for current t => Operands Generator

(Predict one operator for each t!)



ELASTIC

5. Operands Generator
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(Predict many operands for each t - until gen none)



ELASTIC

6. Memory Register
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save t's result, return to step 3(RM) with t+1
(t_max selected by greedy algorithm)



ELASTIC : Results

Datasets & Metrics FinQA (test) MathQA (test)
Exe Acc Prog Acc Prog Acc
Graph2Tree 0.37 0.0 69.967
NumNet 2.32 n/ax n/ax
NumNet+ 10.29 n/ax n/ax
NeRd 52.48% 49.90% 79.70%
FinQANet (RoBERTa-base) 60.10% 58.38F 74.12
FinQANet (RoBERTa-large)  65.05% 63.52F 79.20
ELASTIC (RoBERTa-base) 62.66 59.28 82.27
ELASTIC (RoBERTa-large) 68.96 65.21 83.00
Human Expert 91.16% 87.49¢ n/a
Human Non-Expert 50.68% 48.17% n/a

Similar performance to Unimath



ELASTIC: Conclusion
Improvement
Process operands per each operator : At2e| £5t2X| 0|2t FAISHAIE AH|

Limitation



How to efficiently solve math with Al?

Using external calculator : s~ &H|7F LIQH Al AAZ ALY APIE A8t?

- Training with curriculum : THAE 25t EX|E sh&SHCHH?
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