o

aup

FALERE R 32N Fam IR (20264E3 )

BESHEICED S PEMRD XTI T

JoEL T FEE S !

HEREr !

HREZ !

=Bkt
{Kazama.Kentaro@cw,Shirafuji.Daiki@ay,Saito.Tatsuhiko@db}
.MitsubishiElectric.co. jp

BE

Chain-of-Thought (CoT) 1%, HRE#ERR% BARATICH
13528 T, KEESEEET LV (LLM) OHEREZ A
bEXB2ZZeTE3. L2LAENS, LLM ¥R
BINRAENERTH > ThH, B HRES i
WMAT Y TRAERL, PHEHEEROEEEZERS
ORI TWS. KX T, iR &E
Zh EEE 272D DBMESHRARICE D S FEZER
T 5. REFHEIF, EMER CoT OFFHATE S
LIBTEZE % VAE IC X D3 5. GSM8k 7— &
£y M 2 FHMEEROM R, RETFIEIFIESER
K 2.6 KAV, #HEwmmEERA 53 K4 b
mEXE7e. AERE, BEFED LLM O HREHE
R EOWEICHM TH S I BRET 5.

1 i

KIS G5 € 7 /L (Large Language Model; LLM)
DOHEFRAE T IX R FICTHEE L T % [1]. Chain-
of-Thought (CoT) [2], Self-Consistency [3], Tree-of-
Thought [4] 72 ¥ QBRI HREHERR R 7 v 7% AR
T 5FEIE, LLM O FRZ R 27128 2 EE R -
ZHA[AEE 5. LLM Oz i hisgs 2t
X, ETADRED LS REETH@MIIE> 00 %
IT 2 EBRBEHITL, ZOHmEE D BIRATEE
HrED 5.

L L6, LLM I3RANREIZEDIEMTD
ZI2HBbeT, Mo HEmEREEERT 225G
HHY [5, 6], ZIUIHEFMEREORIMAVES D
RN ETHE e 2ms. KREZHRRT 57
®IZ, LLM DIk 5 #E v 2 HEGm R i HilE 3 5 FET
& % Activation Engineering [7] 1T & 2 HEFm@BfED X 7
7YY IBIERENTWS, Kirtania 1%, AFRA4ERY
B 2 HEHEER DTG MR 1T Activation Steering
ZHW7z [8]. —/AT, BIFEFEEILI—21) v N2
fH L ORIEERIC X 2 RAVIREBORIEICIKEFEL TB
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D, FRIVREXZHAR Y L TREINE Z L 2E)E
LTWigw,

AR T, BEZHRAK LT LLM ORIUVIREZ
ATT7V YT T HFRERIRET . REFHOME
ZX 1 I1TRT. ARFIETIE, gptoss-20b [9] 12X D
HimA Ty 7O ER a7 2G5 LT —4
v N T VAE Z%E L, MR LLM ORRIVIKEEZ 15
EZEE ED XD EMERFEBICRAT 7Y V7T 5.
VAE DSBRAVIREE 2 50 LIS A 23 Fi i IEAIfE X
7 ZEMNCERT 3 2 T, JLDORAIVIRIEZERIC A
L2 EAFMEDEMEINS 2, BEZERLETD
WEHEENLET 5 EZ 5N 5. Llama3.2 [10] &
Qwen3 [11] @ 6 FEFH®D LLM Z X581, GSM8k 7 —
Xty b [12] TIREFEZIHET 5. FHEER O
R, REFREIBRKAEORELZA LET2DATH
<, B h 2 #amEfEomBEREAEE, EEES
FUORTy TR O—EBHEOR a7 2R LEE5 2
EWREINT.

RO EBREBIILITOED TH 3.

1. JBEZE R L CRAVIREBZRIEL, X DinMivE

Al DE T HEEmERE 2 AR T 2 FIEDRSE

2. MEFENEBDET NMZEWT, CoT HERHD

B EA EXE3 Z DFEFE

2 PBEEMASE

FRAVIREEZEL T LLM OIR2 WA Z(L X+
5HF3EE LT, Activation Engineering 23f8 58 S 1T
W3 [7]. Turner 5%, YR ZE» 518727 b
NEHRBEEICNES 3 2T, HhoElEzEs
72 [13]. Gu 51X, FREAIREZERD =I5 L
T LLM OR2#HVZHIEI L7z [14]. Zh o DIAT
WroEE, HERRRFIC/AM AT % & W5 AT, RLHF [15]
R DPO [16] R E DT X —XEH S Pl B
BB, LrLiEds, BEFEORT7Y Y I7FEDEZ
X, TEMELZERNC B 2R EE R LT
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(1) Constructing the dataset

(2) Learning a latent manifold

z~N(0,1)

Reconstructed
hidden states

0000

Hidden states of
the last token

0 (0000

Quality of CoT

(3) Steering

1 | High-quality region

Quality : 0.9 Quality : 0.3

Low-quality region

ht = he + BJe (hr)TVztR(Zt)

Problem
Tom has 3 apples and 2 oranges. How LLM
many fruits does he have? jpainininietebeinbnbninbebeb bl ]
:[ Transformer Block ]
gpt-oss-20b ! i
1
1
High-quality CoT | Flawed CoT E[ Transformer Block ]
Step 1: Tom has3 | Step 1: Tom has 3 - f
apples. fruits. i
Step 2: He has 2 Step 2: Add 3 + 6 = H D D D
orange. 6. H
3+2=5 6 ;[
1
1
1
1
{
1

[ Dataset of CoT Trajectories ]

| S il

:, B

Latent space Hidden-state space

B 1 R#BEFEOMEK. (1) M L TEROH SRz AR L, STHRT Yy FICWER a7 24532528 T
TRty bEEREL, QEMERHEROMIEZIER DBESHILNEZR 272012, VAR ZFE L, 3) ki, HRE
TADORENIREE, ZOEIERBD X D &M E e BE AN & M s AT T 5.

W3,

HEFIERE 2 E T 5 72 D1Z, Process Reward Models
(PRM) [17] %P Tree-of-Thoughts [4] I1Z3ED { FIEH R
REINTVWD., IO THRIHERR D IS % 54 L
72b, EHELRHREBIRLEZD T AN TES.
IS DEFEIFEDZ WFERE N b — 7 V%
MR LTED, ERFONTEREZD S DEEIN
WEIEST 27 7u—F3REMNTH 3.

VAE [18] % B-VAE [19] 1%, #H#i72 7 — X DIEXIT
Mgzt 5. LLM ORED, ERALMRE
WG U T, MMAZEMI R R — Ry ZE MRS 3 TF
T2 RBINTWDS [20, 21]. AHFZETIX,
IO OWIENZRMFEEZ AT 2 22T, #
AR O HlE Z BN ATREE 3 5.

3 F&%
31 F—42tvkh

Micacher %%%EE CoT ’E’_ﬂﬁjﬂij’é LLM, P %‘:F'Eﬁ
%0)%/6\8‘3_5 %ﬁ:ﬁ%p eP a:jﬂ‘by Micacher &
K& T; D CoT

Cp = legs el

AT AH. ZZTie{pos,neg} X, D CoT 2
mETH 30, #HimERIIRESOIERT. &
B R EENE, BEESE N - HEEmERE T AT
% XD ITHERENTZIRIT, Micacher WX DAERIN
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3. ZhsldEyE, ELWEEIKES., —5T, K
oz &d CoT 1%, HARRSHEMELZREb2oD8, &t
B I ZARmENRIRD 28T,
CoT D t < T; T TDERDH

Cpe = [t eiil

KHLTHMERaT ¢, € [0,1] 2(1535. 20
Z2a7ik, A7 v 7t TTOHMEHEGRD, REWNR
IEREZEL FTITOREREEZATOV 2 0ENE
s 5. Ra7iE, M A1LITRT I ey 7%z
Micacher W52 % Z 8 THERT 5.

kXY, 7=ty M3 Q) TRENS.

D = {(p,C;,,QfD) |peP,ic {pos,neg}} (D)

::f,qfﬂﬁﬁuuﬁwq]ucgmﬁmiéﬁ
BRAa7DEAETHS. 77—ty MX, BESH
Ko¥EB LXCHEHEICHW SN S.

3.2 BESKEKICEISATTIYY

BNIREBOBESKRE : X777V Y INROET
/1/;2 Mstudent t L, %%Bﬁj\ﬁu C;,t C C;? O)ﬁ-i%g }\ -
7 BT B REAVIREE

i _ i i i d
Hp_ hp,o"“’hp,T,-—l ,hp’telR{

LEET A, 22T dE Myygen DFEILIRAEY
TLTH3. BEIEX ATy 7t BERLEKD
Mstudent ¢: J: 5 W%K;Ij(ﬁ:.ax %%T
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BERREEZ-DIC, =rya—&
fo: R4 - RF
&, 7a-—-x
gs : RF 5 RY
3O VAE Y32, T 2T k WEBERBIIOL
TH5. VAEIZHMBEE X LT
Pvae = Egozn) [l (2) = RI*] + KL (g4 (zlh) || p(2))
ZR/MET B, 2T qo(zlh) EFERIM, p(z) &
A1, KL(-) & Kullback-Leibler |[HHETH 5.
VAE 22852 2212 &b, B2 50T,
PO ITDFRAVIRBE ZE R DA E 1T B FE IR B E SRR K DS
BN b, VAE OFR%, BEAKEBIZEERY b
TR SN, BEZEM ZE Lo#iiie LT
Z, = z;’o,w ’Z;,E—l]’ 2= fo (h;,,) €EE
PEEND.
BERBB . VAE OFH L FEIRNC, BEXT b
ADSFERa7E2FHT22a7 ) v 7K
Ry :Z >R
YT L. Ray) BB, BEXZ dLe
EA AT DRT (2, ,,q5,) BEGIoNLE, H
T BE £

1 . 2
Lscore = @ Z (RW(le,z - qlp,t))
p.i,t

PRMET A e THEEEINhS. 2o E, A
V.Ry(2) &, BEZREICBWTHEHEROSE 2 M
rLxgaHmMERT.
BUREBDOXTT7 I >T « #HGmE, Mguden: DE
%L 72 BEAVIREE h, 12DWT, RSS2 BRI
Zzzfo(ht)
ZHWT, AL
Vi Ry (z0) = Jo(h) "V, Ry (21)
BEHET L. T2 TJIo(h) & fo D b IXBF B Y a
7 THB. INOTZHWT, X777V 273N
7o BRAVIKAE 1) 1
Vh,R¢(Zt)

PR R Gl
LEH IS, ZZTRIERT TV VT OME R
HTENANR=RTRXA—=RTHD. EFINIIRE
R, ZRD b =27 Y OERIHERHENS. TXTOD ¢
WZOWT hy ZFHHET 22T, MRETNVDOEFE
AR 2 TN 2 HERF L DD, BITEZHIKICED S KD
S E R ISR S W HER AV ER S N B
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4 32ER

4.1 RERRE

EFI) : MRLLM £ LT, Llama-3.2 €51 [10]
(1B, 3B) & Qwen3 EF /L [11] (0.6B, 1.7B, 4B, 8B) %
AT 5. FHENRIEZ, RT7V T E2ERMLK
U Baseline ¥, 1B RFIETDH 2 BEZEM LoEH %
BLTCRIVRERZIEIEST 2 Steered THS. T—X
v b D DIERICHWV S Micacher 1, gpt-0ss-20b[9]
ZHEHT 5.

FRT—2ty b BifiiftimoNrF~v—-2TH
% GSMSK[12] ZFWTHE T —Xt vy b EEKRT
5. &7 —XiE, BREBEBICL2HEMYE, EEN
MR E U CEHARE R BB DR T 2 SR X
N3, Micacher 1&, EFHHNIH L TUTD 2 HEHD
CoT 24T 5.

. BWER CoT: IFE L BEHDEN-HiH A

T AW LN,
2. KAE R CoT : o Tz, RERR, HEVIEF
JGLHEmE ST D .
AR E Tz CoT IXREAVIREE {h,} ICE# SN, VAE
W& o TIBTERH {2, ) B FEEINS.
BT —42tEY bk : GSM8&k DF A bty bR
WT, 4-shot IZTCaHfiZ1TS. 4 2O% ¥ i
GSM8k DT A bty b2 6T VX LITERINT
HDTH3. few-shot 70> 7 MIMEE A3 ITRT.
SEEFSAE « RIREIE D IEMHR L HEGR M E & a7 L
Tl 272, URD 2 oDfEEEFRHT 3.
1. Exact Match (EM) : Tl X 417z B 4% 0] &5 53 IE f#
(ground truth) & SERIC—H T 20 HET 5.

2. R7 7 4 XfHEHR (Win Rate) : GPT-40 12L& D,
Baseline ¥ Steered 12 &k » ThHREIN-ZFZNERh
D CoT %, BAMME, e, #HEmmEoBlsRT
i3, BRI, Steered 2SEIR X N=HH| D
HETH3. R7UAXBROHUEICH NS
0> 7 MIERICEEHEH T 5.

AT 7V Y IEEX, (8% A4 OFEHEHXH,
MR DO R a7 PR B R AEEZTRHAT 5. O
EOREHEE, FFHMEfEEOR a7 hRE LIRS
EZRAT 5.
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&1 Llama-3.2, Qwen3 E 7 /LIZ BT B Exact Match (%) £ 7 7 A4 R (%). KFIX Baseline & bR TEWMERE 2 #iE

L72bD%EEL, *d McNemar BUEIZBWT p <0.05 TEREZDH - -z FKT.
Llama-3.2 Qwen3
1B 3B 0.6B 1.7B 4B 8B
Baseline  Steered Baseline Steered Baseline Steered Baseline Steered Baseline Steered Baseline  Steered
EM (%) 42.7 43.4 73.0 73.8 60.0 60.0 82.3 84.9* 90.6 88.9 90.7 91.4
(B=1.5) B=1 (B=10) (B =150) B=1 (B =200)
Win Rate (%)  20.55 31.61* 4.25 7.66* 10.01 15.31 2.81% 6.82* 0.68 2.81* 1.52 8.04*
B=5 B=35) (B=10) (B =50) (B=10) (B = 150)
0.74
0.72
20.70
< S S
Zoes \N‘\J\/\/\
3 § 0.66
oS °
¢ 20.64
So62 |
a Label
0.60 —— Correct (EM=1)
0.58 Wrong (EM=0)
0 5 10 15 20 25 30 35

2 BERZ FLOEEIE 2 KO FHICHE LD 0.
x WEME R a7 AR AAERL, vy I OER Y

R, REBR—2T 4 V&, BEPEEZFEERT.
4.2 EERER
£ 112, BETFTNVIZBITZ EM &R7 7 A4 XK

(Win Rate) DfE% 7R3 . Qwen3-1.7B 1%, B = 150 T
EM 23 82.3%7> & 84.9%Z Ak L7z, Llama-3.2 T,
EM OSEIBEMNTHS. 774 PRI, T
NTOETILCHENPRLN, FFIZ Llama-3.2-1B &
Qwen3-0.6B I B W THEMEA A X\,

RERRT 7Y > J5EE g DEIX, ETAHAX
WCEoTHEZS. Llama-3.2 TlE, B < 5SHRETH
D, Qwen3-8B Tl B € [150,200] TR ADLEIRZ
BHEIL 7=,

5 ER

REFEIHEEEEZ YD X 5 ICZ (L X8 2 M
AES %728, CoT % 2 XycFH Lo#ify L THE
L, EEEiTo. K21k, 7AMEy FAD 1
RS2, x iz fERa 7048 sme Lize
XDBENRT MLOIITH S, R—RF 4 D]
P, iRkt @E L TEMTHS. —HT,
2T 7V IR, BB =2V DET
EMEAAANDOEBEZRLTWS., AHITIE, X3k
HHESRIFIEFA—TH 2 1B L T, FED
F—2 VERGE LTHIELPEL S, Tib
B, A7 7V Y IHIT b—=2 V2T AER
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XY, BRSO EERICEEN D 2 i fEt: %
RELTW5.
6 I&im

AL TIE, LLM OHEEmEREZFHE ST 2 -0 0F
EERRE L7, EEBROMER, IBEFIEE, Llama-3.2
B LU Qwen3 DETFTIUIEBWT, Fei&y7 o1& Hhe
2R DT CoT DMEZ M EX B, ZOHR,
RETERZ, BELEEETHER a7 DA ZFHE
Té YT, BB CT B4ERT 2 2 ehREh

L BREEPELT, HEROMNE RIS I BEE N
u%é%®®,%MT@am:t%%aﬁwb,ﬁ
B Z DS ODMEZFHE ST 5 Z r OEEN Y F
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gpt-0ss-20b I X 2 E X a7 DHEICIE, ITFD S m

7 RV

You are an expert reasoning evaluator.

You will rate how logically consistent and correct the reasoning is
with respect to solving the following problem.

Problem:

{problem_text}

Reasoning prefix:

{prefix_text}

Give a single numeric score between 0.0 and 1.0 where:

- 1.0 = perfectly correct reasoning leading to a valid conclusion,
- 0.0 = completely wrong or illogical reasoning,

- values in between indicate partial correctness.

Respond only with the numeric score.

A2 RT7IA4IBRYEOVT+

GPT-40 12X 2 R7 7 A4 XBHERDOHEIZE, LD 1

7 RV

You are an expert evaluator of reasoning quality and answer correct-
ness.

You will be given two responses, Response A and Response B, to the
same problem.

Your job is to judge which one is better overall in terms of:

1. Correct final answer (most important)

2. Logical coherence and clarity of reasoning steps

3. Conciseness (less irrelevant detail)

4. Self-consistency (no arithmetic errors, no contradictions)
**Instructions: **

1. Extract the final answer from each response and compare it to the
ground truth. If one answer is correct and the other is incorrect, the
correct one *wins*.

2. If both answers are correct, compare reasoning: choose the one
that is more logically coherent, clearer, and more concise.

3. If both are incorrect, compare how close each reasoning is to a cor-
rect reasoning path (e.g., minor arithmetic slip vs completely wrong
approach).

4. If both responses are equivalent in correctness and reasoning qual-
ity (no clear winner), score as a **Tie**.

5. Provide exactly one of the following tokens as a following format:
CKKA>> ¢ C<<B>>, or ‘<<Tie>>‘.

6. After that, provide a short justification (1-3 sentences) for your
decision.

**Inputs:**

Problem: {problem}

Response A: {answer_a}

Response B: {answer_b}

Ground truth answer: {ground_truth}

Judge:

<|im_start|>system

You are a concise math assistant. Use <think></think> for internal
reasoning,

but after </think> only output the final numeric answer in the for-
mat:

"The final answer is <number>.”

<|im_end|>

<|im_start|>user

Natalia sold clips to 48 of her friends in April, and then she sold half
as many clips in May. How many clips did Natalia sell altogether in
April and May?

<|im_end|>

<|im_start|>assistant

The final answer is 72.

<|im_end|>

<|im_start|>user

Weng earns $12 an hour for babysitting. Yesterday, she just did 50
minutes of babysitting. How much did she earn?

<|im_end|>

<|im_start|>assistant

The final answer is 10.

<|im_end|>

<|im_start|>user

Betty is saving money for a new wallet which costs $100. Betty has
only half of the money she needs. Her parents decided to give her $15
for that purpose, and her grandparents twice as much as her parents.
How much more money does Betty need to buy the wallet?
<|im_end|>

<|]im_start|>assistant

The final answer is 5.

<|im_end|>

<|im_start|>user

Julie is reading a 120-page book. Yesterday, she was able to read 12
pages and today, she read twice as many pages as yesterday. If she
wants to read half of the remaining pages tomorrow, how many pages
should she read?

<|im_end|>

<|im_start|>assistant

The final answer is 42.

<|im_end|>

A.3 few-shot 7OV 7k

Qwen3 BRI BT 2 TR IZ Myuden: W25 % 5 few-shot

Fay 7 ME, UTFO@EHYTHBY.

1) Llama-32 ¥V —XTlX, Y AT L7027 k95 <think>

X T 2EREHIBR LD DRV 5.
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A4 RTTV)IBE

Llama-3.2
B€{0.1,0.5,1,1.5,2,2.5,3,3.5,4,5,10}
Qwen3

B €{1,10,50, 100, 125, 150, 200, 300}
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