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— Introduction

~
Autoformalization: Natural Language
. The task of automatically converting informal math theorems and proofs into machine- On planet Larky, 7 ligs = 4 lags, and 9 lags = 20 lugs. How many ligs are equivalent to 80 lugs? Show that it is 63.
verifiable formal languages. Autoformalization
. Promising direction for developing LLM reasoning and formal verification. Misaligned Formal Language
. he thd_algebra_398
Challenge: b e 1R (e 0 <aA0<bA0<c)(hicO%b=20"c)(hs:7%a=4%b):80%c=63:=
. Evaluating semantic alignment between the autoformalization input and output is difficult. The T i i
lack of effective evaluation methods hinders the development of robust autoformalization N
[ IWN BLEU FormalAlign
models.
. . Error message: None BLEU score = 09022 Aligner score = 05938
Prior Evaluation Methods: (v
. . - Vaign= Ve +
. Automated Formal Language Compiler : focus solely on logical validity of formal output @ Conclusion: Logicaly valid Conclusion: Algned -G Sanea-on
Conclusion: Misaligned!
. BLEU Score : struggles with semantic alignment/logical equivalence between informal
input and formal output Misalignment undatected Misalignment undetected Misalignment detected!
. Manual Verification : expensive, labor-intensive, and not scalable & |
e

— Evaluator Framework

FormalAlign:

between informal and formal languages in autoformalization.

The first method for automatically evaluating semantic alignment
|

Training: L=Lcp+Lep

Lcp =— Y log Py(FL; j[FL; jy|;r<;, NL;)
=1

Autoformalization Task :

cross-entropy loss: minimizes the error in predicting formalized output.

Lep = ——Z

contrastive loss: encourages the cosine similarity between the hidden states of aligned

exp (cos(u;, v;)/7)

@ Alignment Task :
E] 1 exp (cos(ui, v;)/7)

informal-formal pairs (u;, v;) to be higher than that of non-aligned pairs (u;, v;" ) .

Inference: Vg, = (Ve + Viim) /2

/ Langusse (315,

“The angle between vector x
and vector y s equal to the
angle between vector y and

%

Py

theorem angle_comm (x ¥ : V)
angle xy = angle y x :=

ﬁ Hidden States
I |
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Formal Language (FL.}Y,

I Autoformalization Task
Cross Entropy Loss (Lcr)

J H

Alignment Task

Contrastive Loss  (Lcr)

n
Certainty Score V,, : Veer = €XP % 3" logP4(FL, ; | FL, < ;,NL)
1

FormL4-Basic

measures the trained model’s confidence in predicting the formal output sequence.

Distribution of Misalignment Types

FormL4-Random

40.00% 40.00% 2.00%
8 similarity Score V,;,, Viim = €08(Z4(NL;), Z4(FL; | NL;)) [ ) ) -
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Misalignment Construction Strategies

Introduction of a New Variable (vari-

Constant Modification (constant) n i
able_new
Thi

‘This type of misalignment involves changing
a constant value within the expression.

Exponent Modification (exponent)
‘This misalignment targets the exponents in

: nment introduces a completely
the expression.

into the expression.

new varial

theoren mathd_algebra_47 theoren mathd_algebra_47 theoren mathd_algebra_478
) (bhv:R) Ghvx:R)

(bhv
(ho o< n0<h A0 <) (ho o< A0 <h A0 <Y
h_1 173 % (bx*h h_1 v=1/3%(b*2*h (he:@<bA®<hAl<V)
Ez 1) ¢ 7 ¢ ¢ 24 (h1 /3% (b*h)
: _ h_2 0)
43 025030 iR
v (h_3 h=1372): v
v =65 :=

Maodification of Equality (equality) Change of Variable Type (variable_type)
‘This misalignment switches between equality
= and inequality # symbols within the ex-
pression.

Random Pairing (random)
“This creates a mismatch between the informal
input and its formal output. Instead of pairing
the informal input with its correct formal out-
put. this strategy randomly selects a formal
output from other examples.

In this case, the misalignment involves cha

randomly selected variable and changes it to

theorem mathd_algebra_478
hv:R)

® a different type from a predefined list of types.
(h0:0<bAl<hAl<V) theorem mathd_algebra_478
12 v #1 /3% (b xh) ®hv:z)

$0<bAO<h A< Y)
30) Sv=1/3% (b xh)
30
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Evaluation Metrics

+  Alignment Selection (AS): V g,
aligned formal output from multiple candidates when given an informal

, i.e., how well an evaluator selects the

input.
+  Alignment Detection: We set a predefined threshold 8 to detect

alignment:

Vaign 2 0: the evaluator detects alignment;
Vaign < 0: the evaluator detects misalignment. |

~~ Results N
Automated Alignment Evaluation
FormlL4-Basic FormL4-Random MiniF2F-Valid MiniF2F-Test
Datasets
AS  Prec. Rec. AS Prec. Rec. AS Pre. Rec. AS Prec. Rec
GPT-4 90.23 4268 88.15 91.85 4572 89.95 6724 59.85 89.87 70.82 6245 9288
GPT-35 E 2521 9083 4700 2342 6726 4732 2229 6255 4074 2197 6173
FORMALALIGN  99.21 93.65 8643 8585 8690 8920 6639 6858 6066 6461 6670 63.37
Ablation of Backbones (AS) Ablation of Training Losses (AS)
Datasets _ Yormi4  Minif2F FormL4 MiniF2F
Basic Random Valid Test Datasets Vil et
Basic Random Valid Test
Phi 8077 7107 3156 3251
DeepSeck 9029  77.08  54.66 5519 wieer 9898 8564 53.69 5555
LLaMA 9808 7642 5451 5720 w/sim 4525 2075 2049 2181
Mistral 9921 8585 6639 66.70 Ours 9921 8585 6639 66.70
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