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Formula Knowledge

4 a=bxc)
distance = speed X time g f;;itggce
C : time
rectangle area = length X width
\_ Y,
4 Math Word Problem A

If Anne walked for 3 hours at 2 miles
per hour. How far did Anne go?

Expression

A <
S [2 X 3] distance = speed X time )
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Formula Knowledge
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a : distance
b : speed
---------------------- C : time

rectangle area = length X width
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Math Word Problem N

If Anne walked for 3 hours at 2 miles
per hour. How far did Anne go?

Expression

2 X3 :ﬁstance = speed X time
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il Our datasets: Math23K-F and MAWPS-F

® Existing benchmarks do not provide a label for formula usage in reasoning process.

Problem If Anne walked for 3 hours at 2 miles per
hour. How far did Anne go?
Answer 6
Expression [2 X 3]
Formula | @, distance = speed X time, @]
Explanation
Operator Tree (OPT) Expression Tree
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ith Our Formula-mastered Solver (FOMAS)

4 (a) Knowledge System R

Formula Knowledge Representation Pretraining

R={r,r,. . 1} Structure F, Lexical E,
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Problem P: If Anne walked ' Expression ¥:
for 3 hours at 2 milesper  — Encoder —» Decoder ——» % 71
howr, How far did Anne go? [%.2,3]

\_ (b) Reasoning System )
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il Our Formula-mastered Solver (FOMAS)
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Problem P: [f Anne walked Expression ¥: oal generation _
for 3 hoursat 2 milkesper | —3 Encoder —» Decoder ——» % 2.3 g g yg“"
hour. How far did Anne go? [ e ]
\_ (b) Reasoning System JAN (c) Example of Formula Application
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il Experiments

Math23K-F MAWPS-F
. 1 . * 71 .
25703 . . speed = distance + time
Math23K-F | MAWPS-F 0.0 T 6 , © time = distance + speed
Seq2Seq 0.640 0.797 . . - | sl el
GTS 0.756 0.826 =25 ' work = rate x time | | T
Graph2Tree |  0.774 0.837 501 - Sal e X -

HMS 0.761 0.803 rate = work + time ~| 315 3 distance = speed x time .
NS-Solver 0.757 / o m?m =warf!+mm 'T.::‘ | | 21 : .: | - o
BERT-Tree 0.833 0.872 - s 0 : o -8 - —

SUMC 0.825 0.820
LogicSolver 0.834 / Math23K-F MAWPS-F
ChatGPT 0.649 0.883 FOMAS IP | FOMAS IP
FOMAS 0.848" 0.886" ACC(T) 0.954 0.950 | 0.961  0.957

Precision(T) 0.749 0.731 0.808 0.776
Recall(T) 0.687 0.621 0.758 0.742

FOMAS BT | FOMAS BT
PIF(]) 0.112 0.220 0.134 0.257
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