Al= o 2A| 'E" o £IRX=21?

Let's Verify Step by Step | Scaling Test-Time Compute | DeepSeek-R1

20200661 113191 | 20240371 X2



Introduction



| 250l 2

"ChatGPTOlH +3f ZHE Z0/E'cf /L] EZILL. 272"

Q1 A EE m,olCiM E2|l=X & £ ASWR? — PRM
Q2 AlO| Al " 2zl Mze AlZI"S FH O E 20 — Test-Time Scale

Q3  QUZIGOJAIAAR FES UHAZ £ A2SW1? — DeepSeek-R1



02 =52
Let's Verify Scaling Test-Time
Step by Step Compute Optimally
ﬁ
E2 M 137] AeE et
"2 S Htof  Jt=XICH" "EH| o] of| SHH| ‘Mzfstat

DeepSeek-R1

AAZ THEE= A

"oIZt g}

HA

0| 20| Xp2tCt"

2 - U5 X7t H3



e
i

| LLMo]

03
MolM S & /X

=
._h
o

S
Bl
=3

| =]
(L.

2l thi=tet

|
<

T

]
ml

K

—_

Transformer X 2]

|
<

il

]
ml
ol



| £2(Reasoning)o| 2 0j2{27}?

Al
(=]

JOl'

H

HO

212} (Hallucination)

o8 ¥

15047t B2 0| BE Tt LA,

aaiM AlQ] 'AE B

A7t BEE Z of= & X|ojLi 1AL ChokA| X2

I-I'I'

olA X|BH

o

mio
2
o
=

Q:27 X 38=?

1%HA|: 2038 =740 X (&H|: 760)

2CHA|: 7X38=266 v

%|%: 740+266=1006 X (2H|: 1026)

— 12| 27 Lo ®HIE T



= M He| ZX|M'd

==

|2

101
R

i

[ .

8l

-

N

M
Kk

E

o ~
M ol
Kk 53
H <k

-—

- (o0}
~

o oj
Tl o3
H <+
ol g
KO |
EIY

ok
"l

=
10

il

=4

X

N

Al Al

U

&7

of 2

e
o

2L, J|&MozE MZ 2o



Let's Verify Step by Step

" dE 0] MFESH= WOl B E of 4ol HefEict

- 71 O



| Let's Verify Step by Step
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21 — X2 HE= X0]

ORM | PRM | Majority Voting
Y% Solved (Best-of-1860) | 72.4 | 78.2 69.6

o Ms
78.20/0 vaﬂ-ll slggéﬂ)

+5.8%p Gsxor

—— Process-Supervised RM
—— Outcome-Supervised RM
~—— Majority Voting

10t 102 10°
N = number of solutions per problem

, ) , , ) 2 6 ssS&
Figure 3: A comparison of outcome-supervised and process-supervised reward o X HIo|E| =8

models, evaluated by their ability to search over many test solutions. Majority
voting is shown as a strong baseline. For N < 1000, we visualize the variance
across many subsamples of the 1860 solutions we generated in total per problem.
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%a AR
ORM | PRM |[Majority Vote # Problems . o
AP Calculus 68.9% | 86.7% 80.0% 45 PRM: 72.9%
AP Chemistry  68.9% | 80.0% 1.7% 60 ORM: 63.8%
AP Physics 77.8% | 86.7% 82.2% 45 oo
AMC10/12 49.1% | 53.2% 32.8% 84 Majority Vote: 61.3%
Aggregate 63.8% | 72.9% 61.3% 234
Table 1: We measure out-of-distribution generalization using recent STEM tests. 1o sp s -
We evaluate the outcome-supervised RM, the process-supervised RM, and ma- IYS BSe PRME
jority voting using 100 test samples per problem. MEL Ssix 2zt
PRMS| Z&%t 50| 2 Halo| = RX|E — Process Learning®| Yt} 53 5

15



|AI ME(Alignment) 0|0}7]

Al @& (Alignment) HHE MIZ (Alignment Tax) 20| MY N2

CHHSHA| BHSACL] 235|H
Al2] #E0] QlZte] AIS OHHBIH| BIS4E =%
Msk S2P7ts HE FojA
o|k - JtX| 2t LXKt E TEE A Mso| HoZICt= 7|&E EY
(PRMO]| HIZ 07| i)
olH}XIO] E LY PRMQ| ¥ — S| HE M2
2Ll o O BUT
(=) -
"L OFFIBIH BHS D A=0] EojFICH" PRMZ?  oizto] solst 22 atd =|H w4t
I_E =2 =2YI .
OFFIA 1 — A= (7_5,3,70/5_95} ‘ - o™ + 45k ORMELH &3
—>OFM 1 M5E 1 (EYo|lERXI gi2)

ORMO]| 2tH5IX| 42 0|7 — Reward Hacking:

Zpat s ASkE AIZE K S1E2 0180 AR 53 10| H4TH 0/ HHS 8148 PRM2 21 NS B40E2 81X 93



& M=

Med-PRM (2025) —

| PRM — 28t Wof &

Fin-PRM (2025) — FE LA

v Al Jto|=atel 7

—

= v 28 XA+ 18 4E E8 PRM
v 57l 8l& QA HIX|OF2 [0 +13.5%p

v SFT+12.9% / RL +5.2%

v o2 37| 2Er o2t xxt v HE M2-2|A3 2N 52 95 £
28 Zo| 2HS ZS8HE PRMO], O[F|= 0|2 - 28 - 3 ofjo|HES

ZX: Med-PRM (Yun et al., EMNLP 2025) - MedPRMBench (Wu et al., 2025)

SWE (2025) — Of|0|ME H = 7

v TE MM.AX A| PRMO| AlA|ZE
H| ™ 7}
v GUI-SW AIX|L|0{&! O[O E

E XM
10
v SUHA T EA - JA HE +F

| =8 2pE S Aot ZAlska ALt

17



X
N
0
N
=
o
(a
Jjo
=0
7_
vy
_
Klo
il
=
(a'e
O
AN
=
o
(al
X
S
My

Z HOlH 728 2.6H] T

PRM80OK FAX| S —

MA oS 4 UY2? > Test-Time Scale

ke

X
=

18



Scaling LLM Test-Time Compute Optimally

"ALZOM AZtS HEA ALV 4 H S 2 - ot

19



| Scaling LLM Test-Time Compute Optimally

Google DeepMind PaLM 2-S* (Codey) MATH
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| Revision — &1 A| X}t e| 2

If $f(x) = \frac{3x-2}{x-2}$, what is the value of $f(-2) +f(-1)+(0)$? Express your answer as a
common fraction.

Attempt 1:

Let's evaluat
We have $f(-2
So $f(-2)=1%.
Let's evaluate Sf(

$f(-2)%.
\frac{3(-2)-2}{-2-2}=-\frac{4}{-4}=\frac{1}(1}=18.

\:( :[;\(,k:;n .1\ {3 1-2}=-\frac{5}{-3}=\frac{5}{3}s OlII_-I I:!'-E E__'L
Let's evalu, )$. A |—I‘|O 1 :| |_7|-
We have $(8)=\frac{3(0)-2}{0-2}=\frac{-2}{-2}=1$ - —I—E —Lx L [}
So $1(0)=1%
S0 we want Lo compute
s1+\frac{s}{3}+1=\Trac{3}{3}+\frac{5}{3}=\frac{3+5}{3}=\frac{8}{3}$.
So the answer 1s S$\boxed{\frac{8}{3}}$.
#ern \frac{8}{3}
H| S
ar.

Attempt 2:
Let's first fi $f(-2)%.

-2}{-2-2} = \frac{-6-2}{-4} = \frac{-8}{-4} = 2%. o = ey

4 t Xor2 M1 E[ 12 BIE5lA

-2}{-1-2} = \frac{-3-2}{-3} = \frac{-5}{-3} = \frac{5}{3}s XI/= CFH =
Now let's find 5. —‘-‘/E)‘_ = ]-//E
sf(0) \frac{-2}{-2} = 18
S0 we have $f +F(-1)+F(0) = 2+\frac{5}{3}+1 =
\frac{7}{3}+\frac{S}{3}+\frac{3}{3} = \frac{7+5+3}{3} = \frac{15}{3} = 5.
S0 the answer is S\boxed{5}$. .

: "St EF2 MA CE|"

anun S ol_l-ﬁE ==E=7

Attempt 3:

Let's plug in $-2%, $-1%, and $0$ for $x% in Sf(x)$
we get $f(-2) = \frac{3(-2)-2}{-2-2} = \frac{
\frac{3(-1)-2}{-1-2) =
\frac{-2}{-2} = 18

So we have $2+\frac{5}{3}+1=\Frac{6}{3}+\Frac{5}{3}+\frac{3}(3}=\frac{14}{3)s
So the answer is $\boxed{\frac{14}{3}}$.

oppn \frac{14}{3}

\frac{

Figure 17 | Revision model example 1. The model calculates the sum at the end incorrectly on the first
two attempts, but on the third attempt it succeeds and gets the answer correct.
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DeepSeek-R1

Let's Verify Step by Step Scaling Test-Time Compute
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