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Math Problem Solving Learn Latent Presentation Experiment
, , : * Derive Latent Forms From Equations Models NumWord | NumWord | Dolphin18K
The sum of 2 numbers is 18. The first number is 4 more than the (Linear) | (ALL) (Linear)
second number. Find the two numbers. Regex/Rules Class/Function s2s_Equ 26.8% 20.1% 13.1%
(<var>\+)+<var> math#sum(S1: list) s2s LF 50.8% 45.2% 13.9%
Semantic gap between NL and equations (<unk>\+)+<unk> math#sum(cnt: 51:int) s2s_LF+AttnReg 6.7%  [540%  |15.1%
, . . s2s_LF+AttnReg+lter |61.6% 57.1% 16.8%
The sum of twice a number and -21 is 129 greater than opposite of the number. :
" _ " Shi et al., (2015) 63.6% 60.2% n/a
. | - - 2*m+(-21)=129+ ((-1) * m) Rule-based
Learning target: X+y=18,x=y+4 - math#product(2, m) + (-21) = 129 + math#opposite(m) - -
-2 math#sum(math#product(2, m), -21) = math#sum(129, math#opposite(m)) Huang et al,, (2017) 120.8% /3 28.4%
What about “the sum of 3/4/.../100 numbers”? p , M), ' pp Feature-based
. . . . - MLE & IL
.  Ambiguity in Derivation (~¥25% problems) -
Solution: . o . . .
- £2 numbers is 18. The first number is 4 more than the Find 3 consecutive integers that 3 times the sum of the first and the third is 79. .
5 SIS o 3*(x+(x+2))=79 Iterative Labeling
second number. Find the two numbers. = . better performance
Possible LF derivations: s0 e faster convergence
math#sum(cnt: 2) = 18, ordinal(1) = math#more(ordinal(2), 4) (1) math#consecutive(3), math#product(3, math#sum(ordinal(1), ordinal(3)) = 79 .
(2) math#consecutive(3), math#product(3, math#sum(min(), max()) = 79
X + y = 18’ X = y + 4 N : e [\/| LE . Iterativ:i:beling - -
“the sum of 100 numbers” = math#sum(cnt: 100)  Model: Seq2Seq with Attention Regularization * FEffect of pretrain in Iterative Labeling
T . .
a5 Attention weights Iterative | NumWord | NumWord | Dolphin18K
Loss = _z logp(y ‘x ;9) + A * (Z aj; — 1) reF’ft't'VEIy cgncentrate Labeling |(Linear) |(ALL) (Linear)
' = Sl il IS _pretrain |58.1% 54.9% 14.9%
+pretrain | 61.6% 57.1% 16.8%
Intermediate Representation  Address Ambiguity: Iterative Labeling
Algorithm 1 Iterative Labeling
Require: gt SJN -
¢ 6 C|aSSES {(:}Tuples of (math problem description, equa- Initial tlralnlng |n52tances - Neural? RUIES? Featu rES?
int, float, num, unk, var, list (2 Possible Tnent Torms o= Ton LI ). P, LF pols (Poy LF o)y weey Py LF™p0)}
(o, LFR), -.es (P, LF3))} .
| {i} sean HZ‘E% S Model: seq2seq Two types of errors obse.rv.ed.
P 23 Math_Related FunCtlonS E";nin}l[:tg iterations [Vjjep. pre-training itera- ° Natural |anguage Varlat|0ns
math#sum($1:list) i —— , x=10-21
math#sum(cnt: $1:list) P—,ﬁﬂ. N, then . Pre-train with all possible LF ”What is 10 minus 2:
: ) 0 < MLE with Ppp (a more stable model) John has 10 apples. How many apples does John have
ordinal(S1:int) clse | - ;
for (p. LF) in PLr do after giving Mary 2 apples.
C = Decode B latent forms given p
forjin 1...B do . ° o
ifﬁgfi gwﬁ then | Re.-label LF in training data 1 . Nested operations
Recursively applying joint operations with class type constraints break Using '5' correct t?e LF of pyto LF",: “| think of a number, double it, add 3, multiply the answer
— with relabeled Py g i s . ”
e.g. math#more(math#sum(cnt: 2), 4) |6 MiEwithrehbeled By | {(bor LF*50), (Pos LF* o)y woes (P LF™ )} by 3 and then add on the original number.

SigmaDolphin in MSRA: www.microsoft.com/en-us/research/project/sigmadolphin-2




