QIZh I =W 7|gt Zatets
ol0] 28 F4l0] RLHF Y Al 3t QIR A

Nathan Lambert (8121 by 9bow)

02 May 2026

Abstract

QI7H T SH 7|5t Y5kelE (RLHF) 2 EIM OAl2{d AAHS HHE5H| 9l 5
ARl E72 A2 FUBLICE O] Mol HHYH v X14IS 2E SAIE (yo
ZIESHA ATHEILICE RLHF Q| 7|8 E] A|ZH5H0] AHA|EH At £ Mo S CHeF
AE{5H =

FEIY=X| AT FLICEL 0|0{M 2|, 2X| S4lSt, ClIolE] +=
AjHol‘LlEl» iHo| éHAIO RLHF o|

(i

o5t 7|25 A
2 aAlazS
3 20p ofeg |
7, 201K X1 Mol 254H HHlS
| 238t £, XA B AISHRE| HA 29 8%, J2|n 7
2 MERY 28t 5 MY YN2AZIK CHELICH DX B4 Blo|Elet FIt 2Ot Ojf
= ¢i7 FH|o} 2ofo| ¥l F2ES THELICL

S

2 2T =2



Contents

1 29

1.1
1.2
1.3

RLHF & BAE st
RLHF ZA|Z] 5 . . .
Sx{2| sh&0f cHet =2

14 OEAIOZ|IMXRI RE=2F . .
15 O ROl BHQ
151 F Q9
152 CHASXE o,
153 O|MS &= . .
154 HMREAM .
1.6 RLHFOIOIZH . . . . .
2 F oy
21 Z|0M 2018 WMHK|: MEEZEEC|RL . . . . . . ..
2.2 2019 HO|A 2022 E7IX|: 210 ZDRO|MQ| QIZt MSEZHEQIRL . . . . . . . . .
2.3 2023 HEE S#XIFK|: ChatGPT AICH . . . . . . . . .
3 sgle
30 2R ZASE .
301 ZHESHOAL = FET| . ...
3.1.2 RLEHAI OA|: CartPole . . . . . . . . . ...
313 EERLAE™EZESIZ| ... ..
304 OJMZFRAEASE . ..
315 EESEET .
32 FX2|shE 0 B-OMRLO OIRTHEH™ L
33 EEFQISHES AL . ...
3.3.1 InstructGPT . . . . . ..
332 TOlU3 . .,
3.3.3 DeepSeek R1 . . . . . . . .

4 XA ON=H

4.1
4.2
4.3

A BT K|Al| AE

KAl Z=Fo| 2 At .
FEMEAR .

5 Ha D
Bradley-Terry EAr B &4

51

5.2
53
54

55
5.6
57

7|2 2 2 o7 =X
TREOAL
By EEHY
541 MSE OpFl &4

542 IDEITEGCIE UL 7§ 957

543 K-l AA Bt

Zab ARG
PR EA S
EADE S W (LRI .

rlhfbook.com



571 HMBHEHQSHE==E .
58 MMM HA DEE (LLM-as-a-judge) . . . . . . . . ...
5.9 T AT . .

6 Z3EtE (5, 3 J2jr|E gng|E)

Z
6.1 FMIOCIAE LNBIE . . . . ..
611 HHMOMCIHE QT . . . . . . . .

6.1.2 7|2 ™z J8{C|E (Vanilla Policy Gradient) . . . . . . . . ... . ...
6.1.3 REINFORCE . . . . . . . . . e
6.1.4 REINFORCE Leave One Out (RLOO) . . . . . . . . . . .. ... ....
6.1.5 Proximal Policy Optimization (PPO, 29| EM X[=35p) . . . . . .. .. ..
6.1.6  Group Relative Policy Optimization (GRPO, 115 AT M=l x|&5})
6.1.7 I8 AMEA ™A XASH(GSPO) . . . .
6.1.8 Z2|HE S MEY MM FHSF(CISPO) . . ...
6.2 TV . o
6.21 F™MOBNCIMEZIX. . . . . .
6.22 2ATAEYOIERQE . .,
6.23 H|SZIRLAIAR .
624 FLHEIZQE MIRI(TIS) . . . . . . ..
6.25 OA: 2I™MFINSE . . ..
6.2.6 OfAl: 25 M A& =&™SF(GRPO) . . . . . . ...
6.3 HEHERFHE ...
631 YIS H[W . ..
6.3.2 YUHBIEI O™ 8 (GAE) . . . . . . ...
6.3.3 OIS HETSE . . . .
6.3.4 FIFATI ..

~
i

E &3 9 £E ANH A7 g

MER FELEO 7|2 . .
711 A XRZRLOIESSH=T? . . . o
712 RLEHLO FTE AHE AA LY

N
=

713 RLVRO ORI GEEUD) . . . . . . .
72 FEESHGYHOBISIZ] . . ...
7.2.1 OpenAl 2| o1 E£= DeepSeek R1 O|Me| =212 . . . . . . . . .. ..
722 XIFEREES
723 FEQESHo|AL™ AR L
73 QO
8 XX M™ Ag|E (DAAs)
8.1 ZAF MISE ZF|ESE(DPO) . . . . .
8.1.1 DPO o| &= HFAL .
812 DPOEE . . . .
8.2 XA afAkeh k™ I CHOF L
8.3 T MEBEAE .
8.4 M MSEZ HOEE O|BEDAA . . . . . ..
85 DAATCHRL: 22l CH QERFQICOIE . . . . . . . ... ... ... ... ...

rlhfbook.com



10

n

12

13

14

15

9.11 1.
9212 2
913 3.
T MR
o NI S FM

9.2
9.3

MEEo| By
10.1 RLHF @r M= 7(A . . . . . . ... ..
10.1.1
10.1.2 &

10.1.3

MS T Ojo|E

N1 MESE HOo|E7L=Estole . . ... ...
N2 MSEHOIESE . ... ... ... ...
121 QIE#HoA . ... ...
n22 AUvs ™. ...
Nn23 YEEGHOE ... .. ... ...
N.24 Px3IEIMSZOOE . ... ..
M25 AMpAQE 0.
1.3 H&k C|o|E] fTol|lM F2laof & AKRE . .
.4 RLHF MSEOO|EQ HEIAHEE . . . . .

&M Hioje] & X|Al B7

121 SH™E AIQtAITES
12.2 Al 2t QIZt I|=8 C|O[E{2| &
12.3 S¥H Al
12.4 =
12.5

13.3 REIHHIAE T2EF (MCP)
13.4 73 ME AL

I EEs )

140 B aEHEsE L
1411 IZEA 2= 27|
14.1.2 DHEEH HEQFH D 02 RLHF
Mk MEES L

M Mufet RLHF of st

14.2
14.3

Yrs
151 RLEHSto|Me] kLA o
1511 ddof chet H= 23
1512 73 G4l
152 &SH FHst
1521 Xz OlM=F2

rlhfbook.com



1522 Moo= QX|517]: 2-FH H|0|E7} A2t etalsirt
15.2.3 RL Q| Mz 22101 RL 0] O XA &zt5H= 0|R
15.3 CtE Q89| ¥ist
15.3.1 APH st& JeiC|E

16 &t
16.] ZEIZE giAl

ZEIE A FA0IM RZ22E 2|0 AL AR ..

162 QIR GotH|wIt MRS O#201% . . ...
16.3 ATAES0| MXZ LIEX SR HIIE AFESI0] ZHS JiMet= WY

164 @Y
165 =3 .

17 29 FHRE2} NIE 74
171 742lH st&
1711 E|2ALt HE

1712 OJA|AEE =

1713 HEAL MEUEYA

17.2 2E AL
17.3 H|ZE AIO|21t RLHF 9| C}S &

Bibliography

A Fo| % uliH
Al Qo] ZEZ e
A2 milz{d Hoj
A3 X0 xz2| e
A4 Zstatg Ho|
A5 RLHF ®g Fo|
A6 EE 20{H

B AEjia e

B1 =LA Zol 7Y

C A2X olfet xof
C1 1. FXE| st&e| AEE HIE
C2 2. T2

C3 3 &&Mesetaa . ...
C4 4 SYSEIAMNE .

rlhfbook.com

1532 ORI ZI8b™ASE . oo

176

196
196
196
197
197
198
198



1 29

QI7t m|=H 7|dt Z+5}sHE (RLHF)
YAM5H7| 022 2XIE i3
ol M= Q1o MS = (preference) 7t
AEIx 9 C|X| A|AEITIO| AFSEHE 900l A 2I90]
ZHQoA O| RN X|= ARt
b= AL,

Lt Z=tstE (RL) 2

sk Ms0oz

RLHF 2| 7|= mto|=2tQl2 M| Bz - E Lot R, AL Xt
A|FOF BILIT} (4 & & x). =™,

(language model)

HEXCQI
S= £|Xg}st0] EfAIE Sids
Z[&3t g E 0|Z0 o2
ChatGPT 2| &A|2t O|F CH 2 210 Z& (LLM) 2! 7|8t B2 (foundation model) 2
Sall 71 g2| YHX|A K

E st&

SEAl7|7] flet izt

o=, Mg MEY
LILFGE 2 6%
RpA3] gt ct,

-

RLHF = 7|&0| M=

B otAl 4], 22|12
Ltet Q&L

ON=]

OII

D

slizbol what =&
RLHF 8| £7] &17|xj0l 4

PSS

2 o|7t9|

—_ e L—
5171 3t o

oA
MHE

L|C}.

I| = (human feedback) *155 IZ1I0|E1
P_' 2 DH2 HII5H0 YsHs

x). 0| 22 0]

FHES ME 7
=2 OO

Human
Instructions

Base Model

HEE Al A AR
2
&35 BoistY| oA

oo 1L

ol zt Er71I01I)\1 LH2{OF

= A
SHAE

L|C}. 2
o EMS
= /o=

e,

oloFL—
LS AT

RLHF 20FE
ZHE

b fl=K=)
2=

2 AXI
= Td

=2 10O 20

SFT Model

(~10k) E

L|Ct RLHF 2| X7|
g, o] 20k0[A{ 2
Al ZstA| & 34 ofo[C|oj="7| 2% el
siZae = A2 et ZE0|/}SLICE RLHF

=}
OIZt MSE HAF BE (reward model) €
SiOF ghL|Ct (5 & &), OFX|at
L M35t EH2 10| RIS £[HMSIE £~ UG

& SHA AN ALEHT} 7|2 1E Of|A|2

Egbot= 7|MQULICE RLHF = F
QIZt0| 2T ALESI=E M7 El A|AH
X[L|7| uh2of|, ol2{st EX7t 2E

Mo

ST
== R EX‘I

=T /|

Aol 2|
3H

[orr r_>:

o =] (=}
S43 wg

A .

of =&

MO| B7I5HA| st EOQlof MEHoZ MEX|¢ H&LICE
ZststE 1], 29F [2], XA W27 [3], &
2 (alignment)’[5]0] MEE]|

orte ol @
Ho|SES 9ot A Y

Re-use preference

Human
preferences
(~100k)

L

prompts

Reward Model

Figure 1: X|= OJM|Z=H (SFT), 24 2H!

=]} A
Al sts

diof 10 &2

210] BYS CIRAEY EfAZ0| O R

[6]. &X2| &t52 Ml 7HX| | X} WS AEsts CHotA &g oty o2
1. XA = / X|Z 0| =X (IFT/SFT) E=ESI=i=PN il

ol

M RLHF =
&5

£ 2| & (post-training) 2| st

a2 FH

T A
OHS7| 9|5t HIC} 2FF5tH 7

ISE==]
91QL_|I:} =7| RLHF E1|A|u|0| Qek2 otzf fig. ?2?
PPO optimization N .
- | Aligned Model

4512 AAMEl X7| 3 Bl RLHF 1p& el 2

7| 2 AR &

AN
EEERS

ZeE)

SIA O
st&2

elLich Ex2| 8
SOl
HH

L|C}:

X|A| 27| s2e] 7|gte AfELIc of

=2 ocood

= F2 09| EF (feature) 2 asr_ Zdof| 2ksh ZdiL|ct.
2. MSE OJMEH (PrefFT): RLHF & 2t2 giH3 S 017t MSEof| HEot= THAQLICH (SA
o 2Z0| & M HFELICH. Ol T2 210{9| AEIYUnt Hetkststr| o2 O|2st 1zt M
S0 st AULICH
3. AT 7tsst HAS &85 24515 (RLVR): Ol X2 RLSHECZ AS 7Hssh tHQle] M58
%*éﬂl?lf 7 M2 {89 £X2| st&elL|Ct.
RLHF £ F i ool MS e o|M=H LHo|| £5t0 0|2 X[Hist Q=0 O] BHAlE AN SX &4
O ZEA BN BHS ARSI H 2 %OI o2 O[0|E E CHR7| W20 XA ZHECH E240| =5

rlhfbook.com

)]



L

LICH SA[0ll, RLHF = 210f RS I3t &= CHE 17| QL= RL &l A

steECH EM O S2lE YYULICE TEkM of 22 *JEE °F*01I =3 ,

25| mefsta{H LHE ofg THA= &30 StE 2, 0] HHAHSE AtM|5| B EL(Ct
=

> "-I
A2
1
Rl
i
e
—
T
M
1o
12
ot
mjo

EI

=
L7t ZHISHA AtSste RS THE7]| 2Ist ol2{sh it So| MENX|ot #Al Z7tE D o, 7
O{MOZ RLHF & &It Sx{2| &4 S 0|2 Z XFA|QILICE RLHF = ChatGPT 2 % |2t= 2t
22 7ts51A §t 7|8o|e B2, 2023 I X RLHF = 12| 8t40|2H= YHHE QI 20fo| 2l EHtl
b'° = ZLMSLICL RLHF = O|H| =X2| st&52| ot 22 #0|2E, 0] HoflM = 9H 2710l RLHF of|

_'EE H2 20| BEAEX, 22|10 oEA Ef% % | SE3510{ 0|2 2ot ER=XIE &
HELICE
A0 2 sHE2 U2 ST AFoz, 4 £ FHoj Hats thr 2 7|= Eat 2o 2ol o

F
m

O[] & HHFE H|EO| ZQelL|Cf. O] M2 =X+S0| RLHF o 21 ZHO| OfEH| M=Hel S ot
E= ol MBE|=X| mfofet = A=E M| 7H| S 2 MSRfLICh 2w, of M2 e 7|& 7|»¥E Wl
AN A= Z[FHE AHE Feet FH|Q EY0|=EQEZ YF510| SASO0| ZRO| O ZH TS|
EX| Olaligh &= A BiLICE M, XS0 7|2 ZE G|AIE 2E510| 2F 0| RRASS DIME=Fsts
o Zo{gt 4~ A BiLITt OiX|9t22, RLHF £ Jlish= 7| E 7t2X|= ZE 901, 0 M2 < RLHF
7t 2ch Al EE* off Z=~Hlx|of CHEt 2 2S YAFSH0] MSH=S A ZASLIC

m

RLHF o S5t} 2|5E 7|80| S5 EXA $YsPlo] L2 STSICHE A2 ol3), 0| e SX1S
0| O] Opoll M FQi5tn 917 TZMES ARt O RS 7S 45+ UTE EE 0 SHS &
LTk TI2 SASS H MPIEOoR 2pe =oje] F49 0] 7142| LiE S WAZ Bt ofslot
S 2 RS 52 AYLICE SF TRO0| T RLHF 8 o] Yist 2AILS HAlsHs 22 27}
S5i0f, 127] THS0j RLHF 51 % 23 2IS MHIAZ X231 7|2S0| 488k Def 7ol M
S 0|1 YUALICE TS, Al AIAHO| #E WHS 0] X|AIS 2 SAHS0| AlZto| X0l ufet o

= /|
o2 XfH| SAS A 4 S HE AL

1.1 RLHF & 2912 5l=71?

RLHF & S2{¥ 7t 2 ZE20|X 04T3| E5t7| 01242 A2°RLHF sh50| 220l RS MS5h=7t?"
LT 22 R E S, 0] RE2 HIX|OpF9| 2HHOM AP e of2H oM HE 7jaz MR

H&LICt RLHF = 0] ™&to| s Aoj| Ql&LICt

MK, X737 (autoregressive) AFM &t (pretraining) O] ¢t 210 ZEI0| Z2|0f] o{EH| Ehst=X|
MZisf ZAIC 223t MOl Llama 3.1 4058 7|2 BH2*2006 & 0|22| C{E220] 0[0{A LIS
ot 20| A &ELICH:

S RX| W. £A], 2006 H EE2|Ct FX|AHs E BA|, J2|1 & ojA|2l2 2006 A of
2| =Lt A2Io|A0|ASLICH - LI=of| @tOtof| | ThHist September 1 -U.S. President
Bush signs an executive order to provide more options for faith-based organizations
when delivering social services that are paid for with federal funds. January 1 -The
current deadline set by United States Congress in the Unlawful Internet Gambling
Enforcement Act, aka UIGEA. search: Amendments to the 1961 International Con-
vention for the Protection of New Varieties of Plants require plant breeders’rights
include farmer’s privilege. 2009 was a common year starting on Thursday of the
Gregorian calendar, the 2009th year of the Common Era (ce) and Anno Domini (ad)
designations, the 9th year of the 3rd millennium, the 9th year of the 21st century,
and the 10th and last year of the 2000s decade.

O] 20| 2&2 0|0{7t0{ LErHQl QIE{ Ll HIEIHO|EIE F7t5t1 QUCH

ok

70| o

AVl o

FetL|Ct.

rir
J

rlhfbook.com 7



ol
o
ol
-
Ja}

O|2t CHEXMOZ, RLHF(QFCIE £X2| &t& ) £ shEE D22 S EE0| 0L T2 gHe A
QILICE Tilu 3 405B 0] Sst AE22006 H 0|22 HEHSS SO{E™, ZHE5IHAH| CHEFEHLICE:
g 2006 ' 0|2 HEHS =X W. BAI}ELICE = 2001 H 1 20 LEH
2009 H 18 20 Y7HX| & A7|E UM SLITH
O|2{st AEtYUQ| 5= O] oA MYHSH= FX{2| stE WSS ZoZ2LICE
RLHF 7} O{ZH| Zt=sH=X|0f CHEt 7t ME3 Qle B™2 AELU0| ¢10] 2RO ASEHE0f| o'
A MEE|=X| Mztshs ZULICE HA|Els HEO| AEIUL X L= AN UMSHAH RN Qo
0, O|E Safl st&El= WAlof| R SLELICEL AEIUS FF DRl WA S MYSH= O AL EILICE
XIO|™ME &tolsta{™ Ch3 & 20| chst & 71X GllA| B2 T2{sl EML:
AM2XL LHY S E S 50 5t P ZIAEQ.
DSt BZ0| 2 AERY
S MAS 70|, £210|EE ¥ H &5, S| At, Bt=okA| M2EsHX| OrM|l
Ot= A2 YHostn HO7tH ELICt
O mpsEst XXMl AEHA
SEh YU AEABOM Z) Zt0tR, T2|1 I XA R BHE0[0f|L. 7HsSICHH X|
= ¢t WEAH o1&35tD, AFS0| 71 7|3 o™ st StF JHK| ZOIEE ZEHFAMIL.
O3 S S8 #IMe—2 5 B HEHX| 7|20t LY AH2stn WakstH| Metsts 20| &
W o 5N
HH A2 CHHO| {2 PME[=X|E LELICE St PR 22 EHIE, 0|2 X|S Zaheh 2|
St OI3CHR A2 AI2stE Ao 2 YN QELICE IR CHE T 71X B T2{s) 2N
A2RE: 20Ol A oA SFAAZL = ALIQ?
Z7| 10| REIo| ChaGl EfH:
S O B 22 A|ZHo| RAt=2 245110, =2 A|ZHof| 7HH|Q1S T|5tn, &AS =825}
1 oA |XIstML
O S36tn SRt
S ANZ O & K=
B3 22 0|5 7tss otE1 42 SE6| HREA BHEY 7L Z7|5H M.
QE df (W2 7HM): 1. EXf2[of] £7| & AlZH HEEH 2242 oA stMQ. 2. "4 0|F
7|0l 2X|; LIS 2| ASI5HHQ. 3. B2 2 Xt QUCHH, UO{LEM CHA| & 77|
Z 83| BATIE stMQ
QUM 7|2 ALEH (7} 2 &3D): - 22 7|A AlZHGEE 28 -> HL A|AE DFEELCE -
OFzlof 5-10 & st %|7|-> YF7| 2|§2 MYst= ol =20| ELICH - A|stD {2
g (ME7|/otH) -> O Qe ZE7| #|YEL|ct.
Ziekst AElg lstch: J|A AlZH O™ + FHE|Ql XtEh + OFRE| RE
2M 2|7} X|&X0|AHLE AlZisiotH, QlAlo|ot AEtst= 70| 7HX| US 4 UYSLICHE
2 2XIS0| x| =2 7+sEict

rlhfbook.com 8



XA O =2 20| Zo|SE dAloR g o s SH = 7|2 532 H3sHH, RLHF &= 0|
gt EtHE 22|71 O[H| 10| ZHO||M Z|Cist= AMZ|gh o~ QU1 LS, Oj= X QI HHo = TS0 |
L|c}

SiCh 17 RLHF 8 0|28 AE 2 32 PS5 STS DU ST Yutsiel woR =y
SLICE. RLHF R8499] £7] 217 i oAl oFFdd X{golgt=s [7] [5], 0l J2 RLHF & S8 2
20| Cherst GIOJEY TN ES0| SHAE Pofe + UISLICE XA OlHZYY 22 O =
*2| 8t 7|9t HlmYS 0, RLHF = ool Zgho] 248 S of & utatelLict (8] [9] -2 2el

HE ZES U= o 7|0{FU T

bal

B O =, Ol FES} 7|HO| HBEI= YAo|H 2 2 ABLICEL XA DMZHE Yo Q& HAE
3t Lol 71HS W CFS 2 (token) 2 CIS5H=E RUS SHSAIZLICE 0|22 HAEUN 5
§ £32 O FAIMOR SFCE DUS FHEISHE HUL

A N
(Rl
1l

>

n
ie)
rir
HM
ru
nE
1854
i}
ie)
i
o
-
n

0.

=]

il

el
A
=

e
- T
rol
0[0

MU
0p 2 1

O

mjo

L ,
OF StCH= o] ofL|2t o LE2 SE 0| o X E 2o 22 FELICE RLHF &= &
H F8o| SHE ulalof st=X|, & BEAQl n|EE HoJEL|CE 0|E HM5t7| fIst
CHZA (contrastive) 24 &4~ (loss function) 211 22|0{ (ZF OA|E SE MO 2 7|4l
2f &= 71 O|A2| Of|A| Z+e| H|wOj|A] &A1 | Atst= §h4), O] ZH FBto)| AN FIXEILICE

F= S 0E E2S B= 20| OfL[2t SE +Z0|M 2tdS =FeiLic). Lst
=

ol Jm

H oA

F
b

==
=

9|

R
r

Q pre

0
o2
rol
ro

N I
=)
°
Il

rr o

_,_
o]
—_

0[2{gt R140| RLHF 2| £ FFO[X|2, Pl it ELICE X2 O|HE2 FF S o

A Mojg Aelvtof YSELICE Of Hofl M CHRIAX|2 RLHF £ F13i5t2{H By ZEAS o

Of SH=CH|, 2 Ar2i|7H 25| &E=|0] AX| 410 X Aol w2t THELICE Of2F &M, Hat
o

3} (regularization) 7} 2QefL|Ct O[2{8h 5| = Qs &1HA QI RLHF = Z=gh A|XFE0| EQ5IEE,
RLHF £ H5o=z = ZH|9| siZ2HMo| & 4 glel =X{2| &50lets o 2 Mo F2stof &
L|C}.

B (length bias) [10] [11]2} 22 Of&kx| Rt ZHO| T} 4 YALIC Hefxiol §50| F28 2
ah B0 A, RLHF & 2213t D|MI % DUS st o T4xlol 2oz Shejelof IX|o, HES,
HolEf B, AlZF B0 ©f B2 B|R0| SLICk ChatGPT O[% RLHF o] £7| ®IAtS Eaf, A|5tel X
Al DMIZES S8t RLHF ©f 24} {282 HOJEL B2 917 = 250| YQUX|SH, 250] HL5HX|
A RLHF of 2121 WS0| 2070 g 4 gt B 450 3 Cio| HHE RO Slole|isLct

=

0213t Z&d W0, RLHF £ Foists A2 thest X[A| DM =Y =Lt B|E0| M 30| S04, Z0|

1.2 RLHF gAjz| ¢1&

O 2o 2HE HFst7| lalf, 712Xl 22E 2Z5|7| Mof| olalst7| o2 7= 801 glo] =[St
O A|2“RLHF £:3”0| O{"€A| E0|=X]| 0|3 | ZQEHLICE O] MM2 2022 4 OpenAl 2 2
InstructGPT 2 &=l FZFQl 3 ChA| rHEL|CH [3].

Of Ifgel A i thr|l= HMAES 2HYshE 7|2 ZR0|M ROSE A= 2Fe 4= = XAl
27| ZE=2 Metshs ARULICE Ol= 2-0j|IA of ZelSE
= CIO|E ZRIE MIEO| SYetChs E2 0|5 &4 & S
HES 5ot UM, EY EZ AHAZ TEZE (prompt) £ FH O ESHH HolE OA|ARHE
HELLz = 220 Eslof sttt AS & 4= A ELitt

-
—
T ol
n
-}
=
Fl
uin

> o
=
lo
ink§
=)
m
=
]

o

o=
U
rir

S
ot
_O'I_l
A
b
e

’ |
2l SEE FYAIZLICL 0] &t HetetES Argsto] REE YH|0|ESt o /&3 2HE +
A= ZHE 2Fst= JES gLt

rlhfbook.com 9



O] &t & A HMj= Q7 MSEE E3fsh= HES 9 = AL|Ct AslEtEE B
HE8ot2{H ZEAS LIEH = B4 &7t 2QFtLCt B4 RO S5 &= O|F RL £ £|HstE
AZE MSE TtEE AQULICE AHHE, Ol HIAE ZR2HE Af0|o] MS I 2t7| HO[E{ A0 A
2 (S o|™ thA|e| St XA 2F 2H) 2 D|MEFst= AS Z&etL|Ct o] Ci|o|E{ A2 CHF
J-LEJ-LE 2 kM (completion), _IEI_T'_ Z=MX} (annotator) of & 'EIO-I o1 REIo| { L
£1H0| S290IX|0f L3t ATt ASS TAIT BHLICE HA BRS € H E200| o L

E 9|
X|E &SRR, F8 Al (A2[2RL 01IA1 By sz AEE o) & E—*!ﬁEQI =S Foreu o

=S|

Of = 74X, & Zo|SH AN EY 2=z, *e|= 2ZUSS ofH &Rz 2zt o

(RLHF) S =¥i5t= o %93._* E': 7*9 27| ELiot ’é'xﬂ
E

o

23
rlo rio it o Air 2

o

J.L -|> II°|'
00

—_—— —_—

2 0>

SHES oA HZstn JHHEX| 734’83}% Yarloz I..'%—'J%! | ct IE °JEIL datetg0| 10 HEO|

dest= E2 YH= o S0| Z22X0f thist MSE 2o}, CHE HSS EE*'°I CHE OH7HH2=0f

EA7= HHOIE #EIE & °H1f" AL ZB RLHF A= E2 EE2S 4 7Isd A IS
o

= 0L OIS A7 |0, 27| 2elo] ALHEO! ST Sx[3EiM HEE o2 AsEL |

RL O] 2t2E|T 4 S0| Z3}x[H, 0|Z0| SF ALEXIA HSEl= 25 20| FLICt

O] S S3ll, RLHF £ =l5h= W2 2|AL[Qt O 62 =X2| otg AfIEE #d5th= O 2AE 2H
stUAHSSE OUE Zd.’;ILIEf O] BF= 210 20| X|Hst o 0{242 2N SS SHZ5t L #2 RLHF &
= Y49 ZHEE U= 2 2tE7| s STRSLICL

1.3 Zx{2| st5of clist =t

LE|= RLHF 2t 5| &X2| &H& Lito| |4 ZEIo| Hs0 34—1-°|'—T'— DEo| EZ oA HEIAF|
=X| SIS0 o ZHESH=X|= O8] CHEX| AJUASLICE THE2 7|2 2 -?—|0||A‘| HIX|OL0| A <A
O %2 ds 40| O|R0E £ =X|0f CHst ZHtst H|°°"—||:f

L7t &X2| & S MY HFA| st&50| R 8|A (elicitation interpretation) Of

o
OlM 7tx] U= HSS SEAHA HMEHE B

O Al Olatistr| & 3t7] 2lafl, 7|2 2= -t 2 XM E2 oS ALY shS0l|M LERE 10]
DE-IF SRS AARS FE5= CTHE 7|8 714 24 At0|2] HIRE RS0 SLICE XHSRE MA|
(chassis) 2| OI|E A5t Ol= O FHO| AISXIE 2HE = U= 3¢S Folg '—IEf Z52 1(F1)
= 425l EMQ: tHREES[ HOol M *HAIQP AFISZ A[Z =0 LIEFLICE O3 OHg, OS2 1d LY

_'_

= 0O — ==

L S719stat A| AR A0 Bt (B8, 27hel Thaso|X|Eh), k| 458 SHo=E S4AIZ
= UASLICE =102 F1 BIS2 MA[OA MA|22| HEtED AIZE S0 &M O 2 gHebS O|FLICH
22 0| X2 50| MEELICEL FEQl 7|2 ZHol|M J2e| £0|8 Mu eSO Ho| ot
2 P 452 201 = UASLICEL 2|12 TX2| &5 BE2 Ui B2 Al 2ol At ds
k=3

= SOHL|CE 7[Ho| g2 iR 29 A ofg S& 0|2 2= AYL(CL 07[0l= 028 / 1F
E AR of5 20| 2 H|o[EQF 227t 8T, ENES: , RLVR, M2 =¥ 50| ZegL(ch F2
Oll= Allen Institute for Al 2| 2t83] 17HE,_I A% 23 II_'I_E_7|- (MoE) B! OLMoE Instruct o] 5 i}
HTO|M & S HEH 20| HalRlL|ot A M A2 2024 = 7120 EAIEIIe [12], &
HE2 2] S50t Yoo Estod I:H$'='0| AVE BHAS HZSIK| 21 017| 9l HIX|O T o| W7t H

0| 35 0f|M 48 = SEIASLICH[13].

ﬂJ

ofo|Ciof 7 B Lol B2 X557t 5240| XIS J23450| TOISE S0 ofLl ML) £2 0
Soot £ret 4 Q17| 20, $H2] 352 S5 1S FHo| B2 S 1ESE 20| £53 &

& HES PEE o 25T AYLICh

rlhfbook.com 10



T2 CH2, 2025 H 2 20| SA|El OpenAl 2] GPT-4.5 9} Zt2 DS HO, 0] ZE2 Lo 0io| Al
XoflAH ME|ASEZ[of R 2 7|2 Z=O0|UA7| 20| AH|X} HES2AM = CiF| 2 HIjRX
7HUEAIE 88X O 9E5H0|1 S0[22 7|HCE 8 4 JUSLICL O HEe =, 7|2 RE2 3E 2E

of HAHo| R 2 S 2H5IHH, =X2| otgel HY2 1 BE S JHESH= AYLIC

>o

L= 0] &2t8 &X 2| st&9| K O|2 (Elicitation Theory of Post-training) O|2t11 A5 2tSL|
Ct. o OI_: ABXIE0| HE M5 ee| iR 20| =X2| &H50|lM 20t A stE2| =0, Ol=
QIE{LIO M AtM SHEE EE*'OH i7| s =XE| &5 (F, XA =FTH of|M EF &2 MES Et=
x|o@ MeErste swrt thas| Reloli 723 4 ol Zikc B BE TR XIA(0] 9SS AlAE
LICE =HM2| st&2| otHlE AFX sHE0l|lAM O] ZE XA} XSS FEo1HM REE IMIEH EZ 0=z
Ol M CHat Zo|8E o2 MAMSH= 31%! L|Ck
0| |21} A=l 0}0|C|0{= LIMA: Less is More for Alignment =20{|A MIS0{Zl THA HEH 71M

In]

(Superficial Alignment Hypothesis) @IL|Ct [14]. O] =22 % JIX| S5t Z|2S 2427 ¢ QK|
ot 2 J2loME ZHR2E O|RE MAIELICEL MRS CH3at 20| ZEtLct:

0II

Do R} BB AT of B0l olel HEOS AgEin: YU NETiat yEuE
o ff ot A St=XIE 7t=2ZL|Ct 0] 7H40| SICHH, J2|1
x-lE:iol x; AE|-

o2 Sasi 2o T8 S0l2i0Y, EoX| B 71 40| 22 AT A
staEl olof Zug

et al,, 2021].

S5 H2 2 A2 S22 =HY = AChs AYLICE [Kirstain
HEldol BE 432 HIo|HE &Fsts A0| 450 SQ35ITHs 20l Atz
OfOF §LICt 07|M 2 XtO|H 2 XMAIS0| Al SHEH =X 2| 852

5
=2|5t1 RAtt= AYULICE X|A| DIMZ=F S I8 =3 712 £ E“._E

AlpacaEval, MT Bench, Arena(0|Z0f|= ChatBotArena, AFEXI7} 2|2

St 2UE) S2l &2 7L MEE SLAIZ + AUSLILE O|ASO| S &

X|l= ¢tenf, 37| tfF0| Meta = Llama Chat 222 O] Cf|o[E{Alte
S2x ANS2 DES FAI, J1& Azo| 2 IS ofsfste & uf

- —O=

g
o
I'-IE
rulru
_>,'_
0o ¢
=°.=
g

al
=]

e n
Ei o

72w F=3
Efeloll ci3
57| 1

>
Ol
0lo o ox O

v
Mo
A olr njo

> mjo

I.

O

1 ox
on

o ok

I-DH"FH-
b1 O
e I

on 1 U

HLI
y
0|| E|> 2
>~
N

10

62 1

F

|'>

4% 1r
30
o
rr
N
e
r
[
gl
40
i)
Ir
o

FE 2 9K YBBIOZE DUS M| WSl
S0t 22 ool o7 18Y 525
S Qe

E‘Jl-llif. %‘é@ 7IE A0 ZH (X2
=

o
N
>
o
m £
2
>
o
b
|'|0
o ¥
iy
ne
1o
N
30
>
T
o

HA HE 72 RLHF 2 £X2] sh50| BHX| 29171E I8
AL, 7*° 0|72 ERIELICE 0|H2 2|7t 2023 Hoj| S53(0
(2 Al T.;F"XFEOI 0{T3| Oof| 23 AFLIEH. =X 2| °**% RS W 5715101
2l= RO AEIU0| AT 0M ESetth= AE € =1 JELIL-UE S0 Xz
At Of ALK,

Al Z{EL|E|7} £ X{2| 3H& S 00| X E! (agentic) Y F2 DEO| AILHZ L 0|SA|7|HA, EHE
d71d2 OS RUELICL RLAHES TEE|0 210 RIS stEA7|= o 25t AFEe A
H 2 222 AK[eHA £ S’A'“.;thr 22|9| Tulu 3 A0 HS 7tstt E4 2 &85t 43t
(RLVR) 0] 2024 A 7}20] PH=0{Zl 0|F [6], EX{2| &H&0 MREI“ ZEE A2t 3He=2 Y
&LICE RLVR € ChESlst= 2402 S35t DeepSeek R1 2 XMA| HEEIQ| of 5% t2 S 2| &4
AFMSLICH-R1 0| RL &H&2 $|o+ 147K H800 GPU A|Zt [15], 7|€t DeepSeek V3 7|2 ZE! A}
SHE S Q|5 280 2 GPU A|Zt [16] CHH].

= 32 > 020X

- 5 3

i

_I

r

rlhfbook.com n



2025 A Sx| RL AL of s A B S 15t apsh2 JHE 0{22]|0|M A30| 10-100K GPU A|Zt
0| 7*%' £ 22 H0iF0 [17], O|= 4 = S¢t 200 72| GPU £ &&=l OLMo 3.1 Think 32B (2025
H 11 & EA|) 2| RL tHA0| AtEE AR E 0t SSEILICH[18]. &&tEl &X2| &h&2| utsh2 2025 E &
X OFF =7| THA0f| A2, AN hE 10 ZRIQ| OPOIEIOMH*tH ZHedsto] O] M2 =2lo)| X

8511 Qo0 HEE GPU AIZHS #E ZH0|X|8, $X2| ah5ol et £l ZRTO| FNE A4
= QLT MAROR, $X2| S50 Rk 0|22 RUS Saiste B 83 2 A2 st 2

AIHIS HEe mgh SHHE 2H0| 2 7+s5d0| =&LICH-HFE Xl Z2E|0f 2o HIEH.

1.4 OfZA 0f7|Mx] =7t
Of 40| X|= 2f 2|of =7t A2 HOfLt FO| HE 21T}

ME2| stg, & A AP stE 10| RN 23St HESS 0|Z0{Lti= 7[=2 RLHF Off CH§H M2
S SY27I ChatGPT 2 £A| 0|F 012 A ™2t E2|7|1E HFSLICE Alpaca [19], Vicuna
0], Koala [21], Dolly [2212]| A|CHofl=, MIEHE!l 4=2 @17t H|O|E ZRIEQ} Self-Instruct AEIU Q| 2t
=l gHd HIO|E{E AtE3510{ 22 LLaMA & YUMo 2 O|M|Z=X5t04 ChatGPT 2 fASt S22 &
SLICE o] =7| BESo| #IX[Of3 = Jﬁél HAMO|RELICH (a2 217t HIt), 2| 25 O] &
DHEES0| ChFst M Qlof A O2{5t QIMEQlI SEZ HY £ QUCH= AHAO| DIZ L0 A2
st s20[ASLICE

42

~J

|4 110 2 03 75 MO b

fhgo = %
oy

ro yz

2 O WEA 20|10, O 22 DS SAI5HH, H243 cHSELECHH H2 F52 &
a2 H—'.:—EI'_ 9191051, 0l€ £0{ DeepMind 7| Google 1} &I StHLE A|ZFE[™
F5t= ol AlZt0] ZRIELICE S7H 2A|Z|7t 55t FAX XK= THS0| AUSLICH

Rl S0
> 2 ol
o>
e

|CHof| O] 2 S7H Al 2| X Him) K| A|7|= ChatGPT 2 A x| J30f| 0|2t
OpenAl 7t 25t 7|t“°| QIZt m|=H 7|Hh Z5tstE (RLHF) of CHEt 3le|et oMoz 7HC’|5| AlZIR
SLICE 2 7|YS0| RLHF £ & 27t A=K | dMSLICE “KIA| =F0| YRol| SESIL = S8t
ETE A HR 17| AAH LMK, 2201 Bhet= Falist =0 275t X2 01" 5| gt
S 7|1 AL L

01 RLH Of CE 91412 £31 S100K oA 1M 7201 Hl0Je 012 UELE 4 i 371 280l X
SeIR/SLICL 0|2 @ 8% 7|9iS0| 23 5218 AFSLICL Anthropic © 2022 H LiLY RLHF

of Chet F9IE 1S HEHOD, XIZ2 F10| A2 sES BT Tk FHELICH [23]
[51 [24]. 712 H4E 7|82 HelsiL 2x| 23 02122 A1 s B IBS Atolel Hzte 3
S5 FRlQILICE

|ru Jif

2K M W Sxj2| st K WA HEHe XY MSE 28 (DPO) [25]0] 0[op|%), ol
5 (15 COIEIOI K J2CIRIE ABS SEfo=M o HE 0/ BECS RLHF o 528t 1
w5t 2H2 ST & AUSS HOIFASLICL 2023 W 5 Hoj HAIE DPO =22 2023 & 7H27H
Hekspi| @8t 9l DS SAAITIX| RRALICH 0|2 U 71X &7|xi0l DPO RHO| SA|R
SHE|- 25 Of W2 S S St %] 2l QIRUSLICE Zephyr-Beta [26], Tulu 2 [27], 12/1
2 C}2 2US0| DPO $X2| 80| Alth7} AIRHEIlSS 20{Z=2igLItt. Chris Manning & 2 11
Ch2 LHZ°DPO & B AZALSICHD QB LICE

HEE X2 2023 U U9 F2 20 SN 8712 220 SRtELCk DO e ¢
2|z0| 2gl Walo| HEf2 2024 U LU ASEIRRIDL Pals 2H #Alm|ol = ckE FF| Zof 2
Ol | SPBLIC] S SHE| $ HALIBE 718 ALt Krai] SIS ESHAHSLIC Zephur
o} Tulu 2 01 10| X|itx|9h, S5 Sk HO|EAR! UltraFeedback 2 O4H3| 27H 2 Almlof A
MBE ZHE QI3 AL 51 7002 & 4 YLt 28]

= ﬂH)I-

O—| EHAT

S A0, Llama 3.1 [29]2} Nemotron 4 340B [30] EAMEL &2 &Xx 2| &&0| 8 o Extstn

rlhfbook.com 12



ste QIrte EQ3 SIES MIHALICH HME BSS hust S2| S14-K|A| T, RLHF, B8
ZE M 50| 72 T IHY-2 $35t 9o, St2x =252 e EHE 31 ASLC
Tulu 3 &= 0jafe] St s Sxz| st 910| 7[ur2 15617| 95t ZHH0|D ZoHEel L=2{0|3teL
C} [61.

Sxje| e S 5212 RH2 57| 93 T AN HBES UM T oS RHSS X

ZOP7L g=sstiztol| k2t O| S Of 7| =gt X|ofl chish 2 Ab2i| 7t LHEHE Zd LT

=xe| 5o Fo i %1919 Ol H4Z 7tstt Ed=S &&8 Zafeta (RLVR), MRl F2 o5,
J12| 1 2 OFO|E| o S0 AFLICE 0IE1§ M=z2 UHE2 RLHF 2f 21Z2t9} 0t0|T|0{0l| & {5}
A TEEIT QK|S N O W27 LD YBLICE Of M2 RLHF o 3 WA H3t W5t Al7] 0]

= A A Py Xl EolS ZASH| Qlo AAELICE

J
OrO
0 =

e LHF 810 2f 84| EO|S CHRIR SiLICE 714 240 BE SfAlet 22 617
iSRRI GO0, i sl Ao IR o, 7, EHolZomerS gLIC)

1511 A FMuto] Zx 86 &1 X122t
1. A7 RLHF 2| 72t o] ®0| MlZst= A
2. =2 o 01_—|_|.- RLHF 7|tHo| °4A|-O-||A-| =Q E::-II—I|. =2=
3. & 7HR: RLHF Q| 8t& S 7t o9 MA|[=X|2t O|sHE 2Ist 7|=.

-
4

1512 s &% DojZajel olo] DUS HMEI5H0] 217t ME 0| W= o ALBEIS 71 B

4 TN 3 20| 28 FoIST B0l SSAD|

5. WA ER) RL sigo| T} BEE X2l (Ei HlojE HE{R0| AIBE]S) MSE HofE
ZEE HA EEII sha51|.

6. 28t (5, B JPCIAE): RLHF Hyo ZX 24 29 (U CF2 A15) of chsf 210f 2
o] o+ B H=BIste o Al S RLIIY

7. 229 22 AIZF AA|UY: BH2| 5H U RLHF 9f B2A5{0] £2 A7t A A2 Qs M2

2 RL st HilHo| ofst

L= _THd od —1=-

8. T YT AT2|Z: MK BY DU SHASIX oD A MSE Blo[E{0N TY HHE AN
sish= 1e|E.

9. HE MEY: BY ZES XAl =2 & AHEsto] RES FEsk= 712 718,

1513 OlO|E{ ¥ MSE RLHF 2 £ZI5H= G0|E{Q} 1

mEALY

10. MS 2t 20i0171?: off Q17 MS = H|O|E{7} RLHF &

1. M&ST O|0|Ef: RLHF £ 2§t MS T C|o|E &7 't

12. &4 C|o|H 2 Al I|=uH: QIZHof|lA & HIO|E 22| MEH Al D=8 =E WAl J2[T OHE 2
HZEE{ o] X|Al == (knowledge distillation) At

4>|-
_o't
k
o
=t:)ll__l
g'h
rr
i}
]
£0)
rok
N

rlhfbook.com 13



13, ER AR U 84 55 20N B4l E7E SEFIES BUS SBAT|E 7|E

1514 #8xel g Mgt RLHF 713 3 GItE I8t 7|=Hel 2|2t =2,

14, tx|H3} RL F 7t mEEI'— O|fet HA HEIo| AZE XMt SEZ Qs off otx|Hst 27t
o

15, B3 Ofe|st 2xal £ 2 ot 3| SoAHEl 4to R KBt £2
16. B2k o10f RelofA 87} (2 ZETE) o Felglol
17. D SH2E U HE 7Y F2 Al APAS0| DHS

RLHF 2 AHg512iA] 1 =8 7H540] of @ wistora QLeR]

1515 H2E oo} &xt =o|=

+ B2 A-Hol: 0| Mo BBk RL, 10| U, 7|EF ML 7|0l chat 25k Fo|
. B2 B- AEQIT Y AEt2l0| HE ZRUIM st F28 B2 QI8 RLHF of 2E0| 2
o AFBRt A SAOIN ROkt TABILElE F2It B

Lo —

40
o
o
~H
Pl
b

15.2 cHa =Xt

0| e 10} PR, Astste, 12| YakEel 7| S0 £k 0| BEO| YL SHSS Azt A
CIUET 22 il i S8 EAE AEsAIE S0l R 2 olafole o SR8 XE% ci

L|C}.

Qe I1I01| Chst ZEXQI &0 Xtz 7t iRA7| [[H—-Oil F= IE0R
A

0| M2 RLHF Y3 Z229| &
ST £9) OI7F CIOJE| 27 U 80| St £

LICE LLM & H t'._l*.o._

HJIO
_BL
;U
—
T
M
|'||'
o [ Iy

Bl 2} 5F 20| BT of2f S0 Heish| ofefe bigdso E%—.*%’S.O_ “sofelLic 23t
x2S Hapo] 2Io, SHES B 28 sio2 HOIS0/x 2 2 Frjol st ofel =28
ols 22 AHEILICE 0| Bo[stH 5t7| 3, Holl= Faof EH°+E§ ol 27 Xf2Zo| 5t AE}
o 0120| T4 m8HE(0f YALICH

ol ®o| 7|0fi= Btz PEES AlESIFLE 230l FHOIS 7| S ofst

= rLIFI
r9£
ﬂ
B>
rok
10
Pal
1=
o
=
OH
ol
~

AYL|Ct. 0|2 ZEHQl kM7t OtL|2t, *7I9HI’E.*%TI3+
=

Of M2 2026 A 4 & S| 20 A0l A0, QALHE I3l A= HAZ H07tn ASLT & M
O=Z XM, O LHE2 A& ETE A0|2=, QEIY S8 FEIS HAHSHH GitHubOl| M 73 = H|e

71043l F=MIL.

mjo 1z

1.5.4 XX L9

Nathan Lambert SfAl= @10 22| Z71 otet =0 HEst= AAXO|AF ZH7LICE = 2R
25t AL SHQ|Qt ChatGPT £A| ZlE RLHF EIS 1Mt ZE S E5l 0| 200 2HSLICE TI= Allen
Institute for Al (Ai2) 2t HuggingFace Z{Z! 7|7t S0t RLHF 2 &h&E B2 D3 S4 o|o|EAl, 2|
1 &5 TEH|0|AE Z2INMSLICEH O|A|2&= Zephyr-Beta, Tulu 2, OLMo, TRL, Open Instruct S C}
¢7r UELICE J= U2 2270 ZTAEQ} st =28 E 510 RLHF Of CHal ZHQI5HA ZEPELI
Ct.

rlhfbook.com 14


https://github.com/natolambert/rlhf-book
https://huggingface.co/HuggingFaceH4/zephyr-7b-beta
https://huggingface.co/allenai/tulu-2-dpo-70b
https://huggingface.co/allenai/OLMo-7B-Instruct
https://github.com/huggingface/trl
https://github.com/allenai/open-instruct
https://www.interconnects.ai/t/rlhf
https://scholar.google.com/citations?hl=en&user=O4jW7BsAAAAJ&view_op=list_works&sortby=pubdate

1.6 RLHF 2] Oj24

210] D0 Chat EXH2, HEHQI RLHF WHiof Thdt B2 W0| SFHSLITL RLHF £ 70{x0
2 02| ZF|= WRUST SI0{7t FIUBLICE RLHF & MSE OINZE (PrefT) /80| 319 Zt
O=, DPO Ol THYE WeiSe| SehA0l MY Y2 AN2YF (8 Y FE) S T, 0| B2t HY
@ES st5fC 20| Offet B HOJEOIM 2/ JeiCiels AUS Hstol MG 81 EXIE 8
HBILICE RLHF = X2 # Gl0[E{o] tiF 2 Xt7|317) 8t 0|50| BE sh& 2 matsts olof Bao|
“SR/2] SO ME F8I9) Tl BRE £ ARILICE O WIAME XIX| ZHI RUAF SIS 93t 2
WS MY O RS CH2 78 M5 AT 22 RLHF 9 1 SRHoz olsh WS cfst 2

I:I-Io|°|- 7HOOI|—|E|’

OpenAl 9| o1 =2 REN} ZH0| RL 2 20| B2IE O|M|EFst= O B2 M2 E0|
£ 072 7|2 22 0IME=FEE fI8 RL Yol ChHet 71 EXIE 7Hs5H &

Alofl, 7k7k2 Of2Hol RL £&20i| Ef TSl ZHO| HIFHE 4= AUX|2-7HX| = A9 45S Z
Chalshs W= -RLHF of a2 SO Al @EZt 2 22Xl 2HISS e7stes d=ets AY
LICE R2|= OfEA Izt 7ix|et SEo| S&ES 227t X o= MESH= AAH 0HEsH=1
of 20| o|z{et EXIS0fl ciet =41 He| 7ot m=9| 7|gto] £|7|E BT,

m

rlhfbook.com 15



RLHF o 2t IHS2 0@ MESLICEL R2l= EX7F oLt 2|20 SAS[I=X], 2|1 0] 2
Metol ZntLt 2 £20| sha 280l A=XIE 20{F7] fls HAHE BZlLILE. 0| S3ll, RLHF
£ U2 W= 2HstD ASS ZZASHUAL BiL|Ch M2t O] 2 S WS chgt E%.“é“éio £
°4°P_' T 7HK| ol 2l FHO| MR ARRIO| el 4 QITH=E 7| E H1 QU= MO BOHE SFeiLIt

3 2ol &, 0f7[0f| LIZE =21t HHS2 2 RLHF urOIMEf°|° H2 l=“='0| 2xel REQIXIE 204
FO, PR 7|= =ES52 0 A0 ZHH= WS LHE S 20FE 2l HOIAFLIC

O] oAM= RLHF 20FE 2 2y =20t Z2HESS M5 AEeiLL). o|A2
RLHF @ 2t3 FZOfof| Chah Z 2% 2l :157f otL|2t, L=H0l O|=H| & 2-go| AIZFHO|RE TR LI
O|A2 o|=X2 2 ChatGPT 2 O[0! &2 170l HSELLh MSE=HE Q| 3**0|| et RL 28
Ol = &&dt 7t 77t ASUILE [31]. B EXet SE2 ?laiM= HES M0 =2 [32], [3312 &
15HA|7| HFEHLICE

ru|r
3 L
o 10
y do
2
o
=
gI:l
>
H'
0
|

InstructGPT DeepSeck R1
Direct Preference
Ziegler et al. Optimization (DPO)
Learning to
TAMER Christiano et al. Summarize ChatGPT OpenAl ol
@ @ @ @ @ L X X J -0
2008 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
i . Llama 2
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Figure 2: O] &0l M CIR = RLHF o o WH EfQlaloloz, MSEZHEO| RL £7| (7 EE i
2 A0 2RO M| RLHF RHEYTILX].

2.1 7|0l M 2018 Lintx]: MSEZEE{Q| RL
LLM 28 o

OO -

O] 20F= 22 o Heteta (RL) o YYo= tiSste(en] B2 €=l
194 E27|MES MSEEKE{2 RL O

2 ch
T2 o G2 LHMSLCE Tz 2751, Q5 ABElE B2 7
25t 27| 2i0] Al 7|t Zo| Etslo] aLick

|I'I—'T‘—

SiCH RLHF o} SAfst M2 BIAIS JHEl A HHf| =2 = SlLt= TAMER &L|CE TAMER: Training an
Agent Manually via Evaluative Reinforcement &= Q17t0| Of|0|MEQ| #ZSS Ht2XM o2 IS0 H
o RHES StEAI7|1, 0| @S FH (policy) 2 st&5H= Ol AMEdte M2 S Mt SLICE [34].
SA|7| EEE H=o| THE U752 0|F e+ (advantage function) S Z=F35t7| 9{3l 217F u| =4
(Bd % 2 2F) 0| AFBE|= #|At-H|HX} (actor-critic) 12|E COACH E FMIti&LICH [35].

ZQ 2239l Christiano et al. 2017 £ Atari A L} O|0|ME H|A (trajectory) Z+e| MSE0| A
85| RLHF 2] 28IL|C}H [1]. RLHF £ AJH3t 0] 11= RL Of|0|ME 7} HSEE °F*or01 217 A=
H|C|Q AHQE s Zdst 4 9122 HO{ZE DeepMind 2| A5 Q-HIEY = (DQN) 7|l %,Fsr%*éel 7Ii
¢171 0|F &2 O[O ELICE O] A= HX ALO|Of| A MEHSH= QIZH0| UK THQIof A &HATE =T 4
SH8sl= AECHH 2ot £ JASS HoELICE 0|2 F 71X FEgt =72 Argsm_, o™
Ol QlAFNeL|Ct

O g o MOl B D [36]22 SEE(UOM, 7| RLHF A7 Lol A He{ ol XHEHS 1
H & MZAL DES AR5 TAMER 20 2 OFR 2| = SL|CH [37].

= AZRHEH|, SRl THE =Ml et RHO| the3| RL 2H|E siZSHY| et
=71 ottt RS A5hs Y22 M= HMASLICS [38].
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Figure 3: Christiano et al. (2017) 2| Al RLHF 2= HA 0|S7|= H&E MOME H| R 22E H|S
7|XMo2 RN, O0|HEE o5& EAS £|CHSHEL|Ch

2.2 2019 oAl 2022 HNEX]: ¢10] REHojjA]2] Izt MS =2 HE{e| RL
Ozt mEH y|ut YSBIE S, £7|0l= BE
ELE=

2 ey ﬁiEE—‘?‘—H o Zstat&ol2tn e B, ME
O i oo 2 2hatol| E&Sshs Al 80 . O] Ao Met HE2 2019
H9O| GPT-2 2 2020 HQ| GPT-3 ALO|0f| Al”E|°*AL|E|' 201 =Ho| 7+&F =7| ¥11Q1 Fine-Tuning
Language Models from Human Preferences = $C RLHF ¢ 2! 0] 0| CIE L =2l |
AFEO| HELICH[39]. E& B st KL 72, L= Cto|o| O3 Sat 242 B2 HZE 80{S0| 0| &=
0N SASERIoN-X|F Do I EfATR} SHOF QEH AIES0| 3PE l'f ehefaLlct of
7|MEE RLHF = CIFst EfAS0| MEL|USLICE ST HAIZ= Lt 2 [ , Mol T A 0f
[40], X|A| I27] (InstructGPT) [3], EE2t2X X ZE2|SH (WebGPT) [4] % S5t 2 X[¥
(GopherCite) [41], O2|10 &8t CH5} (Sparrow) [42]7F Q&LILC}.

0t0.B>\l

£ 2oz, 22 7|x =250| RLHF 2| O|2HE 2§t Al YAES HolgHELICt
1. EA B8 DbX| X5} [43]: RL 2[Hst =717t MSE H|O[E 2 stEE 2o atEetet e s
=
2. S 9lst dubx{ol o FAOZ M 9| oi0] EE [23], O2|1
3. 2|= &l (red teaming) [44] -210{ R=o| MM E HIl5t= TH.
M 2H0f| RLHF £ H&83517| 21§t 7HM Z0] AL E[}ELICE Anthropic & Claude 2| 7| {0
O|E HQ|5tA AFREHOM [5], 7| RLHF @E AA E1E0| SABISLICH [45], [46], [47].

2.3 2023 YUEE $ixntX|: ChatGPT A|CH
ChatGPT o & E = S50|A RLHF 2| ojetol| CHsl o HASLICE [48]:
=1 7

SE[= InstructGPT 2 St HYS Argsroq OIZh m| =8 7|dt Z5t8tE (RLHF) 22
O] 2R shEAIZI2n, HO|E & HF0l|A ofzZte| Xto|7t AUSLICE.

3 O|FZ, RLHF = MEZQI o0 RE Z0f 2 |StH AP0 tELICE Anthropic | S
Al (Constitutional Al) @I Claude [24], Meta 2| Llama 2 [49]2} Llama 3 [29], Nvidia 2] Nemotron
[30], Ai2 2| Tulu 3 [6], J2|1 [ B2 HRM ALEE Ao =2 & 22 JUSLICE

RsY, RLHF = B §2 M3k O|MZF (PrefT) 20F2 d&st1 o, B2t FE
F Hd 2 (PRM) [50] (5 HO|M CHE), 2 M £[X3} (DPO) oM J&s &2
2|Z [25] (8 HOIM LHE), ZE = 3| MYl m|EMo=RE{9| st [51], [52] * O

[53]0f|M AZSE A2 THE 222 T2 YYUSE (7 Z0M THE) 2t 22 M=2 SEE5S =ZeEL

=%
3P|
—d

I =
-
H
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Hof| RLHF sh50f| Chgt 7Hafet JTHR & IS efL

| & 27|

P& gt (Ioss functlon) = iP;i}sfnwg 048] 7Ho| ME CH2 Al S 2 A

2 stEAZl = S8t 2210 2| M52 AZAsH= ™S ZetEL|ch
07| A 1Zt MS 0| CHEE ZEA| EAS HE| 7|8t H 35} (regularization) 2F &HH| | & 516t=
RLHF of slial 28 E AJSt (IXA QI RL X2 OfEAH| 2t E1EIL7(|E gl dyetLich. 2" Ohg
MEMQI RS ItE = Of| RLHF 7t 28&|l= ZEXQI 2|ALISE HMAlsto], LINX| =X 2| & Bt
St RLHF 7t 08| E2[=X| H0{FL(C}. O] of|A| AT ""OI SUROM Z D K22 28E
Z40|04, RLHF & g mff MEbSt &~ Qli= CHFSH X[ XS} ﬁ%% HYstHA 2t sy IOl ot s

F
& EIE AFSUEX] Tl 2T Z ALTh

4 ml=s 71 %ﬂ% (RLHF) 2] £/ X{5H= H2 RL 4 9/0| PHELICE RL M ofo|HE L= 8
a, | s;) OllIM MEYE H=E o, S F/5t0{ 24 (reward)
AIEHE HS0f| CiSt &tE 222 0jE5H= s4QLct &

S Herstetl- MY S AIRsl0] oY &H42
L|cr. a%aefc gze =7| %JEH 22 po<so) o & 7HI 20| (%04 =) p(stH | s, at)

Pr(7) = po(80) H m(ay | 8¢)p(84y1 | 545 ay). Q)

M T E 717 K8 of|m| A0 M RL O|O[MES| SE = L Z|HelE F= AH|, 0{7IM y = 2
':._f7| Hyatoj2y 24of HiEHElets 7 £ 0 oA 1 AL0[2] gl H|== (discount factor) ILICH

max E. . Zv r(sg, a) |, ()

i}

z0iZl Hahe| 7|t BAS B J(n) 2 EIISI0, ABZS J* = max_ J (1) 2 ALICh
5 2 Msin &0l (v < 1) of ol=sjo] 2 842 & Holg|
4R S0| 6 ZO|A =olElLiC

)
30
Ral

ol
r
n
2
HJIO

Bl )
fital
Ko Op
ol ﬂ
rr
o 1
™ 8

|
Z RL 2mo| 1210 fig 72 Ltgt YBLICH (OIS fig. 72 RLHF 2Zo HBHA|R).

RL O] RS sh=X[of Chet 7|2 Al 2 2ts 47| 2ol & 28 52 252 iHAI 70 =2 RX|5t2
£ 2k ZE7|E sl SAICE RLOIA OO E= EfAZ0 I1H°F ARE X I’i! 10| AI%f5H0] AR
£ Sdll 2 = ZASNOF YLICh 2= Z'T| ofAl= Liga 22 74 % ZHX| 0 AELICH(Z

740| eq. 22 A Em0f Of=A WLE|=X|= fig 5 &Z):
- AN (5,): BIA & 2, OIS S0f 31 65 &,
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Agent

I5]

Figure 4: ZE& RL &

. WE (q,): SIEIZ 7Lt 1),

. Bo () SE7F2E0M 2 £ O|LIY mf +1, JX| 908 0.

. B (1) X SES J|HOE FEIS H7LL BX| ANl AE. 2E XTHI|7} sHEE 4 9
= 3t 7FR| HMO 2, #20] HErst Mo| Sefstol w2t 2IK0| OFd A% UBLICH

o 17 PIN=]

1 ifs, <T70°F
0 otherwise

w(a, = on | s,) :{

- Mo|: 5|E{7t HA 9;!9'.:'_ YO MSESHX| 2 THX A2H AMELICE O0|HEE lSS 83l 0| S

A H
ofstof| JerS OIX|X|2, Ho| HotLt Ea| WSEX|AHLE A =Xt 22 7|2 22| HE2 of|o]H
Eo| EX| tHofl ASLICt.

Trajectory probability: sequence of Policy: prob. of heater on/off given
temperatures, actions, and outcomes current temp, e.g. P(on | 65°F) = 0.9
px(T) = polso) m(ay [ st)  pserr | st ar)
P I
Prob. of starting at initial temp, Transition: prob. of next temp given
e.g. P(so = 65°F) current temp and action (room physics)

Figure 5: eq. ?2? #IA 222| Z} &2 2& Z&7| RL Of|A|0f| DHE.

M0l 2 2E7|o| M2 2EX o= PRI YL|CH-3H1Y %E% 3| 125HA| ¢4 3IHE #H1
0, & 27t 245 HSELICh B2 A |0 E = &l xt7h= 0|E1

A, o
EAD M M nE= 0| H B2 EY2R 0|0{FICk= AS %*._4 b, Fxpelxel YMoz o3

SILICE o|Zd0] A RL FZIL|CH MENE 2tEslL, fSS MEHstn, HAZ B, AlZHo] X|'Ehof
2O 2 HYE2 ?:*7| 2la M2 AM|0|EEHLICY

3.1.2 RL EJA3 0f|A|: CartPole

HEHQ SHSH0| Qe O ZEESHGIAIE Ql8H, 2 RL WotM, 2% X0 93 =20 S&sts
230l CartPole (STIA}) o] EIATS M2is) BAICL S ZE7[7} chel e 4o o/F HES
7t5E BH, CartPole 2 U| 7He| LA Q1 ME Ha2F S2| 7|dH TO|E Eelot0] RL Y1NE|FS QIst

=E #0327t UL
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- Al (s,): THE YIRAE Y o

===

22
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==

sy = (w4, Ty, 0y, 97&) (4)

#E (a,): 7L FH/S S8 312 71517, 612 S0{ a, € {—F, +F}.
-« HY (r): ZES 242 Aot S Xlﬁh"_ FtE7H E0f| Qli= Of AROKCLr, = 1 (Of):
|z,] <2.4%|0,] <12°) 0|04, o= &HHE =2t5tH ofjm| 2=t ZRELICE
- EsH HO| (p(s,,; | 5,0,)) B
2p), AEl 37| At ol QA MES E
CartPole E0|E= 71E T& m,, HOH B m,, S BH20] [, 3 g &5 MERILIC (@
£ 7tEE HRIE 71 2 dstE S7H:
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o
o a, +m,l 0 sin6, )
me +m,,

_ gsinf, —cosf, o
t I 4 m,, cos? 6,
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m, 16, cos
jt:a_u 7)
m, +m,
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Tip1 = Ly + At i'tv it—i—l = Zift + At Zi't, (8)
01 =0, + At éta 9t+1 = ét + At 9t 9

0212 9lo] UHHEOl Mol TH|ZQI JIAHALILICE FHO| ¢, S MeHstD
ZAI7 |, ozl A0 ZK| HA0| ERELICE

=
RLHF £ 913t RL A1} S JHixiol 2|2 RO{X|H, o10f RS +8317| 9/ RL | & 71X
[ EZ RL AROIA RLHF 22| S $128 Af3fo] of2f 7Hx| &L
c}

SR

tbl. 22 & RL 2t 10| RS 2|t RLHF HF Af0|9] =2 XI0|ME QOfsiL

o
1 A 01N 2o DU 0| MEL RLHF O 31 24 34 oAl 9l

| Ql7t MSEo| BtaE o
Ol ry(s,, a,) (E= T2 B8 @) 2 ALREILICH 0= MAXio|H 2 WAlo| QoM £1F
ZTjof chst OIS Arets| Z7AIFIXIRHL 3 2RHAO[aHs HIB0| THELICH EZ RL OfM &
A2 5fgs OO E S M5 ALZ0| HABIALL RXIE 4 gf 80| MOl B0 7ix

EL|C

2. Mefl Mo|7t ExH5IX] 2. RLHF Of| M =O|QI9] 7| AlEfE= sHE HIO|E{ MO MERIEI =2
Eo|D, ‘d="2 sl ZETE0] Cist 2t (completion) IL|CH (E& RLHF MEOM ZE2Z
E= DFE0] /ol BHO| 2tM0| CHE ZETEE Ho[otX| ZELICH). siLte| ZEZEQ} of
Lte| et of Z=gto| tXSt | AL E= E0RE P45, Ol IHE QI RL X0 A 012
H HtEC= AEl-S, AEi-dS Helof sihafL|ch

3. e £F BA g stol 912, RLHF 9| HAF F[&H2 MLUSHEHA0] OF 02 MMEl ESoZ 31y
=l HA| S A2 A0 CHal O] FO{EILICE (O] THY AR &= RL 2810 A] UHIHZ YHS! (bandit)
EX2tn ELICH. RLHF £ 2/t RL ¥12|F0| ZE EEE SYUSH WSS EZ E U
E 82 dEEo = &0l A5 v = 1 (20 §1) S AISELICEL 0l H2 &X1d ZFol 4
MED| YA BENE #H e EERL O v < 1 2 CHELICH

[El

Table 1: & RL 1t 10 HZ=&S |8 RLHF | =Q XIO|H.

=H EZERL RLHF (210 )

=2 MERE g (RARI £7I8h)  ARM ShgE o] ZHO|A O|M|
=3

By Hs gty 2 (s, ay) stEE BEM/MSE B

) ro(z,y) (EEEE x, 24 y)

HEl Fo| EM: S48 p(sp4q | 8,a,) YEHOR QS TEZE x =
GlO|E Aol A ME2; e-do| Tt
S ZEZES YoolX| g

S thel 8 WS a, mo(- | ) Ol ME-YE ety
y (B2 AIEA)

RS RS ST AHE /ML 2E HA ety st SE =+
& (WS AEMY), B8 &0l gl
2y =1

+Zu CHeA oz A= (T > 1) ST CA AR (T = 1), 05
H2 O 7l pguoz oAy
7ts
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Aol T B S4S Aesto], X ASh= AlZh g Mak el A4 g10] (32| AR e ZH}
2 THAl £ 5= AUSELICH
max E___[ro(s;, a,)]- (10)

012{ B0l M, Z1h= RLHF 7} RL /X5t =412 ZH| SAISI0A 3 JZS LAR|SE AH| 282 T
SZIQI RL 1t 0§ CHELICE
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RLHF 2
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Figure 7: &

3.1.4 DjM=Fzt Hst

HMEXHQI RL EH|0M OO|HMEE= 2AZ2 X£7|5HEl MMM EE SH58H0F 5HX|2F, RLHF oAM= &
x| sHE HAE LS M aGE 7|2 ZEOM AERILICE RLHF £ 2|8t o] Z=s AP =74
b7t =7] Ao HF HE| BiojLis S WX[sfoF & BRME THSO{L|CE OJM=H A|
HMlolAM HE5t7] fI8H, RLHF 7[HE2 2| XSHE H0st7| @8l 0121 R HHSIE AISELICEL 51
= 14 Ho|M =2|El ntx|X 5} (over-optimization) 0| 20| 225X LA HAF Z|CHSI7L 0% 5|
O|FOZE == A o= AULICE E[XSt t~0f CHEt 7Har LI HZA S X RLHF F2 2t XX St
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fa 20 . "

Qo . -t . on-policy data prompts with
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@@ unseenevals

Identify core skills

Figure 10: S & 7|21t CHtA| &HE BA|TIE E04F= Tulu 3 BIA|Z] 22F Lambert et al. 2024, 2t

O|MdA CC-BY.
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1. 2k 1M o|Ajol| chst X|A] =H: =2 GPT-40 2} Llama 3.1405B 9 Z+2 T2E|0f ZEo| X&toj|
M 7t 2 0| &M Ho|E A2 0| Let™ol X|A| E7|E 7t2X|0 5t Y AL 242 53

o| 7|t AEHS FhLICY.
2. 1M MSE ¥oj cigt 2-F2 MSE H|o|E: O] THHl= 22| XA =F THAo|M AZE 7=
SEMAIZ|MA 2EIO| CHsH (Oll: Arena, 0| 0= ChatBotArena, EE= AlpacaEval 2) 2 4
5| eAAIZLICH
3. 10K ZEZE0f gt S 158 B4 &ast Zstst
2 FXIstHA 5t 22 A
G

7
DeepSeek R1 2t Z2 9| 2 HA| MAXtZ 07 FLICH.

0| 2f|A|Z|= Llama 3.1 [6], OLMo 2 [58], 12|11 SmolLM RIS [59]0] M2XM o= ME|USL|CE

K

3.3.3 DeepSeek R1

OpenAl 9| o1 It Z2 £2 Q10 RO HMOZ SX2| stE| B Al &HE T Mutof| Z2X A
HEIS Muix|5tD THE2HHSHE= CHA| ZISIBHELICE =2 I SX{2| 8H5 2| AlT|of CHEH 7Ha Hatst
2 XM sh= DeepSeek R1[15]0|04, O]= Alibaba 2| 4 & Qwen 3 22!E (F, 32B & 225B MoE 22!
oh [60] EE= Xiaomi 2] MiMo 7B [61]0| = BHAE| R EL|CH DeepSeek HA|T|= C2n}p ZHAL|CH

1. 100K+ 2-F# 8 MEO|“EC AEIE™: 0| H|0|E{&= 0| RL MAZQIEQI R1-Zero O|M MZ
2E| 1 o] ZEE|0 DeepSeek-V3-Base 0 £8 F2 IS #0{ELICL DeepSeek 2 &
2 Xz ClO[E{0flM RL O] SH&El= WAIS HYst| Qo S5 AEIERH:= 80{E AFSRILICH

2. i ZslstE 844 O Tl ChYsh #IX|Or20 M “+Z & W7EX]"RLVR & M8stHM X2
22X gExoZ CHEL|C,

3. AR MEY2 X O|MIZH (SFT): =3 2ZX0|M, IS2 RLAMIAZIE HE HEYS HE
510§ of 800K MZ2| SFT HO|E{AlS R=5tn, At 5 HAS PHS7| fI5H 2F 3/4 =2 =X

of 1/4 2t 20| WefgE TgtoR BYS DjMEFELIC
4. B8 UG H&: F2 2H (WS 713 B 9 Ut MEE T By DUS Aas0l 0
g ojeelgct
AR, SO = FE(7| Fo| RAS HTats17] 9Ial 551 3 AL 4 LA AT
20| QIELICL Be RBES0| 7| DHo|A 0| HEZE 1 CESO{E Atne| ol4f (CoT) ARAS =
85t &4 XIA| HlOJEIMIO AI[510Y, RL 2 HO{7b| Holl SFT Bo R it S52 w2
S ABILICH [62].
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4 XA OM=F

712| thrt 2 AP sH&El 2101 22 (large pretrained language model) 2 Chg E2 0|5 S& gt
HEen, 7|2Ho 2 XA E WET| 2|5t HA|XMQI QIE{H|0|AE Zk51 QX[ RERULCE. GPT-3
ZA| 23, ZEZEl (prompting) ot 204 LY &t (ICL, in-context learning) 2 £t DEIS Cf
Ziof| M8st= o d2| 285 W0 ZAUCH (TR = O|M|E=F = 05| LEHEO|ACH. 2
o Lol Gl A E FMIAISHE DEROH FAFSE HUS +SHEE LAESH= WA0|RUCE AEHFQI O HHA|
= X|A| OJMIZF (instruction fine-tuning) 0| =0, O|= HZIO| ttas| HIAEE 0|0 A= Zi0] Of
L|2t X|A|-S Ao 2 HHSIEE stEA|7|= Z0|CE Ol S0, ‘=FAL| == 0|77 st
= ZETEJ FOXS uff, 7|9t 22 (base model) 259l £ = OC|QI7tQ? O|EZ[0te| &2 =
OlC|QI7tQ?-- "ot Zo| A2 THEI S Thad| 0|0 LI &= U= B, X|A| ZHE RE2 DA S
= L2|QL|ct 2t SESHTY.
=

3]

ES
=
[6
5t

XAl OMZ=HES & 7tX| 913 SE0| +HotHM 2AHSIE[QICE AW, NLP = 78 Ao Est
E OMZEY A M SEREIHAE-E-BIAEE = X|A| Z2)|0|Y (instruction framing) Y&lo

o M

2 MEE|en, 0|F Sall CiYst Clo[E Al S E&ESletn T RS 0] 2o 2X =&st
= Z10| 20|HXICt =S Qe Zf|UATE E&St cHEE Q! A2 = Exploring the Limits of
Transfer Learning with a Unified Text-to-Text Transformer (T5 2 2!) [64], Finetuned Language
Models Are Zero-Shot Learners (FLAN H|O|E{All) [65], Multitask Prompted Training Enables Zero-
Shot Task Generalization (TO 2&!) [66], 12|11 Cross-Task Generalization via Natural Language
Crowdsourcing Instructions (Natural Instructions Gl|O|E{All) [67] S0| QICt. SM, Al sH&El CHF
2 A0 2 (LLM) o] 72 St&fut TEZR/20 LY sh5o| 242 T HEO| of2] ol ZX Yt
stet = JASS Hof FULCE sHX|2H ZEO| XIA-SH OA 2 HARMOZE S E uf 1 U8ty M
O otEAol2t= A &H SHRI|RICt O] & SE0| AEE0, iR XA E22 2 AFH &g 210 2
S 0|MZFSH= AlCH7F LRICE 0]Z40] @Y £3] X|A| OJMZ=H (IFT, instruction fine-tuning) &
= X|&= O|M|Z=H (SFT, supervised fine-tuning) &2 £2|= {2, 0|2 Eaf g B &50| o 4
2 USof|A ™2 7tssHRLE.

XAl OIMZE 2 YHE O|F FLO{H| 2 X|A] =F (instruction tuning) O|2t 1= 2|4, =5 THA[of|
HO S0 2 o0 REE njo|=2ilo|A 2FEQI 20| ERICE IFT & #HAMHOZ ¢l RHEIS ¢
of= &Y 20| MSA|7|= 7HE TSt SHRHOICE IFT = REIZ Zo|ZSEO 2 AT X|A| gAlof| &
HIA|ZSZM RLHF 2| 7|82 Ot stM, ME2 =H|Qlof SicHA el 7| E M Esl2{= O|F0| 7t ™
X &83st= =F0|CL 72Xl X|A| 27| 53 gi0[&, O MojM LR = MSE C|0|E ST RE 2
2fQl RLHF Z[X3}0]| 0|2 = CHE-22| mio|Z2felE &gk 4~ giCt.

XAl DIM=FH2 T2 ZOIME ZYLI5H CHROX| D flon 22X o= K= ot50|2=, 0] FHof|A
£ RLHF &2Xt0f|A| 71 S8t 28X MR Atel, & &3 H|O|Ef7F 08 Lo e AZx3e| =X
of =82S XEL). H|O|E{Qt ZoHof| 2iet ZF2 0| 23 HAo|M 2EXo= SEE|0, 2HO| =X

o —
2| &% (post-training) H|O|E1E E=ot7| I8 & A E FHSICL

rQ Mo

41 Mg
r

AHEX HE|E ZBlisH= S Melot= A0l A ARSI O] ZBH2 ETLIO|

2 & A0{oF St AN SHEE Q10 2
S AEE 2 Chasich RE2 H IHK| E20HE 200 UCE ARA AZ EZ (0]
<bos_token>), A|EA ZF EZ (0f: <eos_token>), 22|11 I{E EZ (Ul 1 AT} U= HYX[O|
M EZHE #elst7| fet ). F, 7|8t ZEHo| ZESEE UM, AH8Xt=E ZHO| o|ojLtd = @
= EZ AFAE 2SI o|E S04:

=l
[l T 02 ujH

Sx2| 52

X (tokenizer)

[||-|'|,| Ol.m I'IO
Fl o >
T o
rlo
o
= i
pall
ic
olr
rir
|'O
i
H
M
o
o>
=
no
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<bos_token> The capital of the United States is

Oe|H D2 HHAE =27t ATIEPILE AFA S8 EES 44 W] E2S 7% ddstirt
XAl =0l M RLHF & CHE AES0]| O|27|7HX| 2E 22| o5 H|= 0] 220l o|Z5t0] ZHS
SRS} AFRKIRPo| MASEIR 11X E 2|5t =12 e BlZal (chat template) 0|2} St}
Of2Hofl EA4et of| A7+ RUCE
{/% if messages[0]['role']l == 'system' %}
{# If the conversation begins with a system message, treat it as a special first
turn.

We set an offset so the user/assistant alternation check lines up correctly. #}
{} set offset =1 %}
{% else %}
{# No system message: user should be the first non-empty turn. #}
{/, set offset = 0 %}
{% endif %}

{# Emit the beginning-of-sequence token (model-specific). #}
{{ bos_token }}

{# Serialize each message into the model's chat-markup tokens. #}
{/ for message in messages %}
{# Enforce role alternation: (system), user, assistant, user, assistant,
The boolean expression compares "is this a user message?" against whether the
current index (plus offset) is expected to be user or assistant. #}

{% if (message['role'] == 'user') != (loop.index0 % 2 == offset) %}
{{ raise_exception('Conversation roles must alternate
user/assistant/user/assistant/...') }}
{% endif %}

{# Wrap each message with special tokens:
- <|im_start|><role>\n
- message content (trimmed)
- <|im_end|>\n
This produces a single flat token sequence the LM can train on. #}
{{ '<lim_start|>' + message['role'] + '\n' + message['content'] | trim +
'<|im_end|>\n"' }}
{/, endfor %}

{# Optionally append an "assistant" start tag with no content.
This cues generation to continue from the assistant role. #1}
{/ if add_generation_prompt %}
{{ '<lim_start|>assistant\n' }}
{% endif %}

rton

0|& IJ1|)K|7<|9f oqgtS 2 Python HMUE| 2| AEE 10 ZHO| 0| & + s E22= Hetst
O

DE0| MEE= 2HE YHOl= 0| X|FECE NS M| 7HX| JE2 system, user, assistant
O|ct.

system Ef &= CHSI| & A TA|X|O|2F AL &[0, AFEXIOA| SIHE|HLE AFEXIZEE] AE[X]|

b= HIAER Of|0|MEO| Ci§t X|A|E BH=Ct O] A|AY” ZEZE (system prompt) = LE*W el

ot 2 FIH HEAEE DO HB5HALE EF S-S 5= O AFSEICE MO|QlE o2, 2o
S

A2 ey oA AEI = SESHE RIS HRYLICE 2t 22 XAIE UWE 4= Lt
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user = Al £ A8st= AFERe| HIAIX|E B, assistant = 22

i
dlo
[o]
o Hu
I:
a2
Pal
4n
192
mw
= r|0
I'¥
Im 5'|',
E

o| SEIS el (AI 01 1 91%% Sh= mE),

0| 2= HEE ESOZ Hslsty| QI5l, XS0 MAIst 2E SES AE3ICE DEI0E 2 HIAXIE M
2 A2dhs 7| E4 EZ (special token) 0| QIC}. @ ZEE“CIZH0| §t XI2|0j|AM HZ|ZFEHE Z Cf
L} HE 2 Li?eE r OlA| 2|2 AdlistH, D M= E3 ARAE Ot ZTH

<|im_start|>system

You are a friendly chatbot who always responds in the style of a pirate<|im_end|>
<|im_start|>user

How many helicopters can a human eat in one sitting?<|im_end|>
<|im_start|>assistant

Al@AQ| OFXK[8F EZ0| <|im_start|>assistant &2 F55t2t 0|E Sofl RE2 £FHOE A
o

HA EZ2 EZ (07IME= <lim_end|>) & M WK AL EES A Hsl0F &iTt= AS &+
ALt
D= FOISH Y M0 (32|11 0|F9| ME = =7 (preference tuning) HO|Ef) £ O] YA 22 1
SO 2M, FOl Q10 B2 A UpHdo= OIE MHECE O] 0] X|A| ZFE ZHIO| ALEX}e}, a2
11 GPU = CHE HFY RN Halsl= D2t HEE wgtsh= 210{0|Ct
O] S&I2 or2liet Z0| 0f2] Ho= XAAR A ehget 4= Ut

<|im_start|>system

You are a friendly chatbot who always responds in the style of a pirate<|im_end|>

<|im_start|>user

How many helicopters can a human eat in one sitting?<|im_end|>

<|im_start|>assistant

Oh just 6.<|im_end|>

<|im_start|>user

Are you sure about that?<|im_end|>

<|im_start|>assistant

HAIX S 20| X E5t= E&E Y2 EILIO0IN 20| MFEl Jinja &

QE MEfA oM XE HESIS

L|zl—ZAZ Python BlZ8! A0{—S apply_chat_template QE At&st= Z0|Ch

2|o| MEl HIZsIe MA|X| ZOE EX5H6l2{= £7| A|EQE OpenAl 2| Chat Markup Language

(ChatML) Oﬂ/\‘l P4 E Z40|Ct #X OpenAl 2t CHE D H|SUMS2 AFSXI7L A|AE HIAIXIE #

g 2 UX|TH ALEXIA SHEALE SIHEX] 22 4 e O 42 £F2| XA = EXfst= ASH
|¢'I:é!§ AtE ._Hlf [68].

CHE @2 ME HESI T EXEIT) Zephyr [26]2] OflAl= CHaxt 2Tk

<|system|>

You are a friendly chatbot who always responds in the style of a pirate</s>
<|user|>

How many helicopters can a human eat in one sitting?</s>

<|assistant|>

Al-

=~

L= Talu 9f

02

<|user|>
How are you doing?
<|assistant|>
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I'm just a computer program, so I don't have feelings, but I'm functioning as expected.
How can I assist you today?<|endoftext|>

0| 9ol B2 R WEI0| ST ALS (tool-use) T 22 S 9Ist U U £V} 22 TKIt

4.2 XA| ZHo| o Aty

Sx2| 59| 7|dH0|Xt RE8 A HHS Qe = HiE#o = i°| XAl =82 o|0] & =tglzlo] /T
HEHQI XA ZHE 2ot Y o OIE S0, 28 D& ot2to|E ol AXIsE §6t &
Eol DIHI"’SS SHS 0L B2 P /7| oh=CH [69]. ES, #3 OlL} ZERJHZ2H HHR 7|
ol & HE (chat alignment) PE*: &2 Ol = 2t ESE HO|HAMe 2 Z3st M
EFMEE 2 QIC} [14].

=2o2 T M

ChatGPT £A| Zl&, No Robots QF Z+o| 12t 7| M=nto = 1A=l O17t C|O|E{Al0| Z|HEL o]
QICH[70] 2 H &, o2 g H[O|E (synthetic data) C|O[E{AI0| CHE 22| XtA0| A Z[Ate| Z1}
£ HolCt [6].

0j85| QE3ICE:

7HX| §E2

S5

- DEZ H0|E7t 452 sAO|Ct 2t (completion) O] 20| &K 2 &h&dH= CHAO|C

4R TETELE 0|5 Ch *OI OIL|I2ZE HES TEZEE 0| Sot= WS aaérx

« 2F100 Bt 7Ho| ZEZEE AIESIH 245 RLHF 2 £X{2| §&0| 756t 22
’<7P A7 0F 5 EEOI 2 £ QIX|Tt £~2l0] w2 ZrA STt

. _,_|x-|o| ODETEL AN Q= |:_|-°AEEI x|-01-||. 0A|.°} = |-7t| 7-|'=o||:|-.

rOI

O AL = A=
© KA =8 =0 012 HH|9] 0|t M, DH2 X|A| = H[O|E 9| YR LO0|=0f|M 3|=8
7= UL A Z|HeE F[Hetsts 20| 2 W HA L O S5t

43 78 M MY

A B4E AFH ST SUSHRISH AL BH AETCIE 2 7K 4 18 IS ARE0| QICk 0f2)
IS

tHe Ol AFSEl= 838 M2 R aya 22 & 8 2 APH et SYstR| Tt

ABEl= & Al = ZFF O ALt (of2fjof LIFE A H 7|&X HZE Atg mE20):
- O =2 ufx| 37| (batch size): AIH &H&0|| H|3H, X[A| ZF (2 MSE OJMXH (PreFT) i,
202 —?—_El stE 7|%) 2 AN SHEoZHE RHI9| °'“f;f% HESIHA E‘| 2oy &2

ZOj|AM E il"*;Powl Qlal &%s| O 22 HiX| 37|E AtESICE o2 =01, OLMO 2E7BR
ol A HiX| 27| 1024 THZ &, 13B AFM &5 2 2048 S At&sh=C, O] ZEES2| HA|
ZHEIAE ZI0|= 4096 EZ0|10 HiX|Q| Zt 2 A|ZA Z0|E MR= EA e ZEH0|CH X2
st5ol 42, & 2E 2 E HA| A|RA Zo| :HR7| §10] 256 ZEZEQ| HYX| 37|t AL ST
[58] (HHxl%* %A ot H|OfAZ EZ0| W MO}, O 22 HiX| 37|= 0[2{st =& Z40| At
SHE0HE B2 ZX[of| 2AHE £~ Q1SS olO|sict AMNZ 24t &3 Yo XS £ HiA
377} JAoBZ, SFT & flsl H =2 MY x| 27|E RXIot2{H O M2 42| GPU E A18E
2 QICh AMF|Z x| 27| 2 et O M2 SA| GPU 2 X5t 47} Ot SFT 2| £ E
2 $7HAE ehEECHEN M1, £ A0 2T de2 27| lal 0121 A= (seed) 2 ERot= A
| =X2| st 2ot f20]Ct.
- ZEZE 0fAZ (prompt masking): AH st& A| BR[| ZE EE2 XI7|8| 7 (autoregressive)
—.OE Ol |1 J0f 40| HEEILE XAl 22| 42, ZRO| ALEX} 7{2|S FE5HH of
L -IQ ol-go|.x| OFEE TEOE an| |:||-A5’IE||:|-_2L'-I-|:||- ol‘ﬁol'l:l- |:|- x-|a| %_|I-§

odirL g
2|50 = S5 ’S*.%E'Eh

ne 0':E I
|'

T
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. E|E 0pAY (multi-turn masking): HE[E Ciste] 29 = 74| YubMol OpAZ MEHO| QI
(1) DFX|St E42E: OFX|3 OfA|ABIE Eio| E20 AM0| ZatE|D, 0|9 BE ZHEAE (0|H of
AIAEIE B E8h) = ORAYEICE 21 thahs 0fF3] 0f2f 22 MB2 9122 (unrolled)"E! 4 9
Ch N i Cf3to] 22, 2 Al B 0F ZEHAES DRAYSD Oj2) B2 HI2I5EIA BHto)
O{AIABIE SES OSEICE (2) AFBX EIBH 0IAZ: DE AISX} B2 OIAZEX|S, BE OfA]
ABE B2 AMo| ERIEICE Of B2 (O H2) S71 0AIS /BT o] MFOME H2s 4
QUX|Bt, B4 xH0|= F7t OfAIAEIE SE0| 21Y SHEICHs FHolck

- AR SaT EUS A B4 X|A ZH2 AFH 84 210 DHOIM ALRE 2 £

[u]

=
&S ARESHAIZE H[O|E{2t OtAZ O IA| Ch2Ct (HA| AH A0 ChaiM2E =245H= HhiH
A

=
H otg M= HiX(ol| 2X 2€E 4 UMh S.

~ T
J
O

=
A, O K ufx|, 25t ALE 8t 715t B O B0l AEl0|ES M8 2 vt & Bals

7| Qlal AP BHEHLCE SHE K314 Of 22 SHEE S AMRSICE 0|2 S0, OLMo 2 = AMH &5
ol 3 x 1074 o] Z|cH SHAEES AFRSIX|TESFT o= 1 x 1072 = AFRSHC} [58]. OLMo 3 =
5-8 x 107° o] Of =2 SFT St&4E2 AF2st=r| [18], Ol= E2XM oz 1 7 QImZaiyt A|A

5
{2 (sequence packing) £ AH&ot7| MZO0|CE A|HA THZE2 2f =3 A[Z A0 0121 Of[A|
HEH f&st EZ SHOM - AEXOI HIX| 27| S7HAIZ

=42 JC|HE (gradient) FHXIE M5, 0l = PYStelX| PN =2 &
ES X|SCH—M ALY ARl 2 e El 2 |CL 8 Zha|z| 7] © =3 B 9|
220 24 K== Ao| UEt~o|Ct AN ZE BE2 TS 02| Sh5ES HMstn HR
7} (evaluation) AQIEO0||A £ A9 H|FEZQIE (checkpoint) £ MEHSICT [

fo

2

oKl rlo m> rjo mjm |>
I

éﬂl
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5 Wi o

24 2H (reward model) € 2&6t Q17 MS & (human preference) 7t &&= X0|2H= HOIM
SOiAol o17F m|=ul 7|"E Z451skE (RLHF, Reinforcement Learning from Human Feedback) &2
ol SHAO|Ct 24 B2 HAISH| 022 MES2RE 2|2 20| shEe = A SHEL: Hy &2
Y2 CIO|E{2| EXfst EFES CIRAER 28| AI8Y + U= HEQE YFs=0—0|= Sith E

afijo| 2atst oj2kS ChA| s H0jZE 2Zo| holck o] THSS 0)% ol Hste CAE
4] &x ko] 2| 2534 (proxy objective) 2 SSIL fig, 22 LIEH 20%/2), B4t DES B

oll

r2 r-I

21515k (RL) 81 218tT} QAFSHA| O0|ME S 9|5t 3Ha ASE N Z26HX|0t A El St D} e
7t MEEZ2HE stast 4 Qlrt
Hy DER2 QAXNOZ st Hatof theh 2] &S sh= Zstets 70N FHRASHA ALSE|0] 2t

2
:E

2 3tiA el 2 7kR] Y (value alignment) EXE A71517| et =112 JHIOFEI
QiCt [38]. 0| RHIEL QAUHIX O Z OfiH Z= 0| Ql2A 2 Hio} CHY AZIa} HAF (reward) 24 &&l6t=
Ze0| ALt Of Hek2 0{2] HEIE Fet 5 °'Ef—ﬁ%’£1°._l RL 2H|0flM= ZX|of CHeh Fetot etd 2

A2 S5t SAIBE RLHF O 24F DS Mrjz £5 O TET'Y 3B (, W MBE 2

01|A‘| MEHE| EH) 2 S350 RLHF £ 9|5t 24t E':*'Elol AlXM e o515, (inverse reinforcement
learning) "r Ut A0 QUC ALsIstE2 WS HIA (trajectory) 0] RS f Of|0|MEQ]
HA 8 ZAlet= EX0]0 [71], © ZAslet&2| CFE Jodut: HZtEILE =2 &9 24 a2

%°'0+XIE'P o 2 xH Ao SszOI Ct27| 20| SZ H5| 222 17 JoZ 7IFECt
7hE et ol HAF Bl S35| Bradley-Terry H4f E20|2t10 22|0{ 0| &o| = =0l 0] RH2
BIAE §t Z2t0| &3 H| WO M*“MSE|="HAEQ| 7p7t2 EES o S5iCt. 0] MMo| SHIHA &

1t HAF P& (ORM, Outcome Reward Model), 248 EAF 2E! (PRM, Process Reward Model), 12|
U CHE RYo| HA DRI} H| WS},

Ol & TAOM x = ZEZEE, y = 2+d (completion) S LIEHHACE O 27|'H2 10| ZEH 5101 A
OlH}X] A

0|
MO = ARZE|H, 0{7|M HHS2 JHE E20| Ofl | ZEZE-2Hd ol ChsH %’“?.HZP.

5.1 Bradley-Terry 24 D&l S8
Ha DEo| HFFEXQ M2 M5 o| Bradley-Terry 22 [72]0| M ZHHEICH EZE RLHF H& 2E
= Edote o gt & 7HX] Q17| e EJO0| Y=H-—0|S2 X2 SSotCt. AlEfet7| ¢
&lf, Bradley-Terry MS& DEI2 = &5 ; o j At0|Q] A H|woj|A MEO| j Lt E MSE SHE
£ CH32t 20| Holsict:
Pli>j)=—Li (12)
P; +Dj
Bradley-Terry 222 2} &=0| &xHH Zr p, > 0 2 7MY, 2FE MSEE= 0[2{§ 7K 22
T2 = vrgoletn 7PEStt p, = e @ 2§ HE Bradley-Terry 2EE M7 3l5hH= A
0I %ﬂ’ﬁ.olﬂi CHSot 22 el Eick:
e’
P(i>j) = i o(r; —r;). (13)

Tlaeo| xto|2Ho] ZR5ICH BE 7y o Y &4 ¢ ECAHE P(i > j) = HatX| =Lt o[2{st
HENS2 Ate1e] #Z[0| OtL 2}, RLHF 0| 5 & ArS3th= Izt M=o R&8H ZAMX[O|LCY.
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x: Adogis...

Prompts Dataset

' ™\ (" Tuned Language )
Initial Language Model Model (RL Policy)

Reinforcement Learning
Update (e.g. PPO)

6«6+ VoJ(0)

N

PP®® Generate o 0@ ® Reward (Preference)
RLHF
®® ©® ? OO®® Model
L uned text
Compute log probabilities 7/ . N -
from policy completions  |'S y: man’s best friend 7 &
\_ 4 \_ 7 J b

Use log-probs
for RL updates

g \

— KL DKL (7ppo (U]2) || Thase(ylz))

KL prediCtiOn shift penalty (computed from log-probs)

Figure 11: RLHF Ol H&f 2H2 BF RL Ol B3 Bralst= 3HF 714 240 A= Sitt iy
ZOI™2 RLHF ol M= 2HZ0fl ofsf Y E|= 20| OfL|2t €7t MSE=2RE] 0] Hy g4E Hoistn
st&e + QAChs HOo|tk
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HA DES S25l2{H 29| B E atEst= 24 52 (loss function) & ZAI5FSHOF SHCL AlRI2
Ol A BEHES AZE HHE S2iots D2 HESIOZN £HE|D, S5 RHO| 2T 24 AE|
(hidden state) 22E T HA 74 Mdst= =2 MY 8l|E (linear head) E S8l O|F{ZICEL Z&
IE g ot T e MEYE M vy, yy 7t FOX|H, B B ) 2 FIHE 25 Hp35ta 2L
jt-I‘I‘E TG(yl ‘ CC) EjliH:l'.
Ha =0l y, 0] y, HCt MSE &ES 32t 20| LIEHHCH
exp(r x

exp (1g(yy | ) +exp (ro(yy [ 7))

MESE 2t S oy, (MEHE 2b, chosen) 2, HEEl 24 (rejected completion) 2 y,. 2 LIEHACE

M2 A|2Z20|E (sigmoid) E AE510{ &4 X[0|E SEZ HetstHM 24 RE0| HEE
olZto| MS5t tMol o =2 F4+E F0is PE% ZSICt eq. 7?2 MSE R (preference
likelihood) 7} EY&O|CE HX O REE A|J20|E HEZ xHZHASED, OFX|2h SHA|o|MEH BAF &2
S| AFRE|= 555 22| 21 2 (NLL, negative log-likelihood) &4 2 Hst5HC}:

i)
N

exp (ry(y, | x))
0" = argmax P(y, > v, | ) = argmax
PP e = L) = e 1 ) + o0 (g, [ 2))

exp (1o (Y. | )

= arg max Py Z
0" exp (ro(y, | 7)) (1 + 22re=oh)
1
=argmax ———————
exp(rg(y,.[z)) (15)
N ATAD)
argma !
— ar X
0 1+exp(—(rg(y. | ®) — 7oy, | 7))
= arg maxa (Tg(yc ‘ Z') T@(yr ‘ $))
= arg mem—log (o (ro(y. | ) —1y(y, | 2)))
H R HEfS [3] & CH2 HTS0] A9} 20| QoM REE 21-AI120|= ESH0|Ck:
L(0) = —log (o (ry(y. | ) —ry(y, | 2))) (16)
= Hinl= [23] 2 CH2 (IS0l M9t 20| AZEZFA 34 log(1 + €7) 2 AHR510] EHE 451
oz =55 defjolck:

OS2 A = ry(y. | ) — gy, | ) RER 0(A) = = E A83H ES310, 0l
logr(A) = log(1 + e 2) = log (1 + emo(rl®)=Ts(vel2)) 2 ojn|Bict. & HE) RE RLHF
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Training a Preference RM: Pairwise Comparison at EOS

R = 2 (2 O =) G O = =
S T T O I S ) O B O 2

Loss: £ =—logo(r. —r;) | Only score difference matters

Figure 12: Mer 24 RE 30l MEiE 2bMDt AR E etol Mol LRsirh DHS AIFA 5
HE3, 53 ANEA B8 (E0S) B2 24 & 5 =
A2 & 0| X002t 2| EFHLt.

|
=

52 7|2 24 2E of7|HX

H 20| LHE|= 7HE LBEN Ol B2 Transformers 2| AutoModelForSequenceClassification
o RAEE =4S SoHAMOICE O]= 210 RHOj| 22 MY SEE FII510{ EH E= FE A ZEZ
E-2hd Aol Chgt AZ2t By H4E dHSITE FE Al ZE2 HIAE Z210| MEHE MOIN SES
Dol ctl 23 (logit) 22 E33ICt.

Z|Z U (embedding) Ol M =1 MY 2{|0|0{E Fot= Aut 22 CHE 718 SUE UK, LEE
oM 2 etxolct

53 FE oAl

HA RYR NS TR 22 O LTI 7RSO 2 ERS Hrel ololE 29 22 Tio)
zZ2tols Byshs Aolnt 20| Rl= EEstE M 3 AR ZEZETL QL= SHHE H|0|H EE‘Pf
FOX|H, 242 Ct30H 20| S EICt

import torch.nn as nn

# inputs_chosen / inputs_rejected include the prompt tokens x and the respective
# completion tokens (y_c or y_r) that the reward model scores jointly.
rewards_chosen = model (**inputs_chosen)

rewards_rejected = model (**inputs_rejected)

loss = -nn.functional.logsigmoid(rewards_chosen - rewards_rejected).mean()

o 2 J2loj|A, O|= £F Q17 210 22 (causal language model, 2t E28 0|72 ZE EZ0| X7
§f3f { Zoj| M RZ2 0| Sot= 2 Lol e, el M2 £(F 24 MEfolM Metst= FItsE
7H(RIe] &AM 2 SHEE|N) FIHE |Ef ICE= E2F EMAZD (transformer) @& —input_ids (EZ
=l E—*.ﬁE) 9} attention_mask (&K EZ2 o HE S FA|)—S 2to} OFX|2 AX| E20|M 24 A
( 9| DH LR ES) E —’F—%ﬁﬁ 0| M 2{|0]0{0l| SutA|AH AZEt HAS HASICE o] 2
#2 FAEE 7RI

FIO 2
_'6

import torch
import torch.nn as nn
import torch.nn.functional as F

class BradleyTerryRewardModel (nn.Module) :

nwnn
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Standard scalar reward model for Bradley-Terry preference learning.

Usage (pairwise BT loss):

rewards_chosen = model (**inputs_chosen) # (batch,)

rewards_rejected = model (**inputs_rejected) # (batch,)

loss = -F.logstigmoid(rewards_chosen - rewards_rejected).mean()
def __init__(self, base_1m):

super () .__init__Q)

self.lm = base_lm # e.g., AutoModelForCausalLll

self.head = nn.Linear(self.lm.config.hidden_size, 1)

def _sequence_rep(self, hidden, attention_mask):
Get a single vector per sequence to score
Default: last non-padding token (EOS token); if mo mask, last token.
hidden: (batch, seq_len, hidden_stize)

attention_mask: (batch, seq_len)

# Index of last mon-pad token in each sequence

# attention_mask is 1 for real tokens, 0 for padding

lengths = attention_mask.sum(dim=1) - 1 # (batch,)

batch_idx = torch.arange(hidden.size(0), device=hidden.device)
return hidden[batch_idx, lengths] # (batch, hidden_size)

def forward(self, input_ids, attention_mask):
i
A forward pass designed to show inference structure of a standard reward model.
To train one, this function will need to be modified to compute rewards from both
chosen and rejected inputs, applying the loss abowve.
win
outputs = self.lm(
input_ids=input_ids,
attention_mask=attention_mask,
output_hidden_states=True,
return_dict=True,
)
# Final hidden states: (batch, seq_len, hidden_size)
hidden = outputs.hidden_states[-1]

# One scalar reward per sequence: (batch,)
seq_repr = self._sequence_rep(hidden, attention_mask)

rewards = self.head(seq_repr) .squeeze(-1)

return rewards

O MMut o]0 X|= LHEOA, B4 E& (2 £X2| 52 tER) o 1 SR M2 o/ 2HE 2
HIZH M5t0 24 SHE A|ARIS &5t Z40f QUCt 2A RIS S5 off Jpxh ukEol meie
X% (overfitting) 2 Llot7| I8l O] = (epoch) 1 3|2t E5H= AJUS F2lstet.

54 SYYS RLHF 0|4 HTIXOE B B8 Pololct. HEXSl B4 DUy Au2 B2 017 9l
& A0 A 2FEIQIXIB, 1 SBS0| £ D Ao 2 S2EIX| it
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541 MSEOpx &4

ZFMZ} (annotator) 7+ 2|HE M (Likert Scale, MS&E 37|15 LIEIE &M7t e HFE 7171 &
7EAE, Off: 1-5) 2 Lt 92 MSsts 42 HAN %2l 37| 20| AL 8T 5 rt 7+
LHPEQl 22 YT YoMt =9l 20| 2o YHE MHE bt HEE 2HHo20 £50| M
Weto = H|0|HE O[Zlstst= A0|Ct MEEo[ F7|t 22 FIt YE= B EBHE 7

SR, EFE Y= +HE|X[= HUCE Llama 2 = MZE9 37|18 FE3517| 25 F HIO|E
ZOIE Afo[9]| OFEl my(y,., v,.) E AHEE A HIQHstT:

£<9> = —log (U (T9<yc | Z’) - T@(:yr | Z’) - m<yc7yr))) (18)
0|2 £0, 2 2tMoll= == ZX SHO||IM 10|M 5 7FX|e] £2|7} 2o{=ict MEf=| MZo| 5 & HE
£l MZ0| 2 Ho| £0{El 2, OFEIS m(y,,y,) = 5 — 2 — 3 0| EIC}. ORI HAtst7| 93t ct2
B4E EAE 4 ICh

[=]
Llama 3 Of| M= Blo] AH 2R = WM S0Pt ZAshs AS 2ESHHAM O 0| MAEASE F5

INStrUCLGPT = 2912 0f717] 9I3) TRZEL K = 4 014 9 7Ho| 22 AB3H= B easta,
ztzzmeoln (§) 7o) 4 HImES MABITH (3], Of2{3t HIDSS SYst Z2TES TR f
=
=

20| =2 ABEHE 71x2 2, 0|2 Hlo|E M| Ehs| Alom HA melo| DRIt 0| 8126
7| 9laf HlaY ZETEL & IH|0|E0] 7HEAIE Sofs—A7EEA| gl0j 240

ZEJ}H Be W2 MMEH| 0| | o B2 & AAlof 7]0fet 0|t AN HY mEnEo|
2= (K) blms Aetsoz SUs 221 vixlo| Zate|n e BRslE|oz, 2t ZETES of WE
B X[0fl 2 LIEFH= Chal sHte] 1E31E HElo|E0] 7|ofstct ol JHE ZEmE0| cfst ixiEte

[=]
£0[1 O B2 o] HEZE ZEZET £4S X[Hist= AS YX|ET &4 e+ U3 2ok

1
’5(9) = _E[E(m,yc,yr)ND log (0 <r9<yc | ..’L‘) - TQ(yr | LL‘))) (19)
2
5.43 Ky A8 82
RLHF off Mgfst QIzt M RHS BHS o= = CHE B2 SA8Pt UCE 228 of 5 Shitz, 217
cGllo

i x=2
Qe &=7| RLHF 222! Starling 7B 2t 34B [73]0| M AL El Plackett-Luce 2! [74]2 7|Hto = St

K-S441 241 37} Qlrt

=

Zhu et al. 2023 [75]2 Che3} 200| MBS ZASISICL TETE w Ae) 50 o 8, K 742l
S (a, -, al_y) O Plag, —,ap_y|s') oM MBECE 121 TS, 2ol22iE Arg3tof
ol [K] > [K] 2 MEEE 29051510, 07| o = 85 912 LIS 3H40|T 07(0) 0] 7t

bl
-

oo
X MSE|= SiE0|C) Ol BE K 7| &H=29| bMsH £2(0f C

===
rol
-

lackett-Luce E52 AEsHCL:

S exp(re*(si, aii(;ﬂ)))

K—1 - (20)
k=0 Zj:k eXD(T9*<SZ,CLZi<].)>)

P(O’i’Si, aé, aﬁ, ,alkfl) =
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K =2 ¢, O|= & H| 0|l CHt Bradley-Terry (BT) 2= #ZEIC). 0=, LTt =HEH O
2fgt RS2 RLHF 28 S0 CHE 24 221t RASH AFZEICE

55 ZiaEydzd

olo] @& AU 2 Al A|AEl0]| Cj5t MgE Z 4 (preference tuning) 2| CHEE2 /0[N =25t
Bradley—Terry DEZ O|R0{ZICt F=20| o] Hest -.°*01|A1'— At HA e (ORM, Outcome
Reward Model) 2 A& &~ RUCE ORM 2 —.‘i—E.j OlEE 2& Mak =1 FAISt HAloZ 1Y
ElCh 07| M= B Tls s ZEZE ¢ o F 72 2 vy, v, 7t UCE 047|M f%EI e ™
gf (inductive bias) 2 stLt2| 20| 2 |of| Cit %HE siA=O| 1 CFE stLi= 22 E Z0|0{oF &

| 2
Ch= A2E, (y,, y,.) E MHsHCL

AL8ElE ROl O [HIX = T RS &3F e ZHo| M
1t 0§ FAFSICEH (RM 2] Z2)—ORM 2| 42, O|{X 4

ro
rot

& 2007t FotEl BE B 2E

, Ol0{X|i= 231 SXg=7t ofZt Th2Ct [76]:
[f2lE] 2E0| 2 HYS SHI27|LH HRE W22 20|S5t= AE stasts, Helel
olo] ZHal SR sir0] X715t BE BHEAE XA (verifier) S SEAIZICE Of7 el
=S EF=R2 A

x-lo; Ol= 2|9 ASK}I7} 910 BEIelS 90|35 H:H E3z o
?l-El. o.”I:E 7|—X||:|- _?_E|'— 0| A?l-El. 0‘” % cl)_o.i EEIIOl x|7< 040I|:|-||Ié> (unembeddlng)
BH[0]0f7t E2f5Hs 20| AS3Hs B Hek T2t0lE(2} B 0| Tet0lE|R PRSI,

O|& HstHM, MA| AR A0 CHal stLte| 2XE E8{st= MSEQIRM Q| 2R HE M EZEE F
Ze2iA (12 SHE, 0 2 HRE) E0SE £ U= oo DY =2 ?045“1# YAMoZ, [77]0
M2M o|= E34Y 0|Xl wX} YIE 21| (binary cross-entropy) £410|C}:

Lee(0) = =L, p)plrlogpy(s) + (1 — 1) log(1 — py(s))] 21
071K 7 € {0,1} 2 Ol 2022 1 & Fo{T TZTEO CifEt SHIZ Fojl ML D 0 2 TR
Eio IBEICH () £ 28 B2 D@RRElel Fakmol o SHE0| efels 2zerolch 2o
M o] 2T} o[£ 2 BE ehy E30| =AE|D, ZEZE 22 100 OF OfAZE|0] AA0 7ot}
x| ekt
2 EA O (12| Y B4 DHO|N 2 M (2 RYS) 2 PHsts 242 20| SHI2 Y
ZoIx|of wet E2WR Wi AERT A4S MBSt HS EEHICE Ol EE Bradley-Terry B4
DHO| CYEHQI AJFA 7 2410 LB Met-74= AX7H HQ gl 010f DY AN M o 7}
gt ofefol Bleslel ORM 2 HEOK, 22/ W22 28 HEYSIL S £2 o5 o
LLM 2 S26{K] QCh NRE TETE-2hy A[HAS 820 B3512 ORM =7} BEHE 20|12

S OISstEE —E—E.jéﬂih

D PxECEa S 5 Ak

import torch.nn as nn
import torch.nn.functional as F

class OutcomeRewardModel (nn.Module) :
def __init__(self, base_1m):
super () .__init__(Q)
self.lm = base_lm

self.head = nn.Linear(self.lm.config.hidden_size, 1)

def forward(self, input_ids, attention_mask=None, labels=None):
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win

input_ids contains a full prompt+completion sequence.
labels 7s token-aligned: prompt tokems are -100, and each completion
token repeats the sequence outcome label (1=correct, O=incorrect).
If labels=None, this 7s an inference-only forward pass and the loss is
returned as None.
outputs = self.lm(
input_ids=input_ids,
attention_mask=attention_mask,
output_hidden_states=True,
return_dict=True,
)
# Final hidden states: (batch, seq_len, hidden_size)
hidden = outputs.hidden_states[-1]
# One scalar logit per token: (batch, seq len)
logits = self.head(hidden).squeeze(-1)

# Inference-only forward pass: mo loss ©s computed.
if labels is None:
return None, logits
# Only compute loss on completion tokens (labels 0 or 1)
# Prompt tokens have labels = -100
mask = labels != -100
if mask.any():
loss = F.binary_cross_entropy_with_logits(
logits[mask], labels[mask].float()
)

return loss, logits

Al

ChastEl &4 B

[

Ik
ool
rir

= L3 2ok

# Feed the full prompt+completion sequence once; no token sampling happens here.
# Assume model already has: model.lm (backbone) + model.head

hidden = model.lm(**inputs, output_hidden_states=True).hidden_states[-1]
logits_per_token = model.head(hidden).squeeze(-1) # (batch, seq_ len)

# This will sometimes be compressed as model.forward() in other implementations

# Binary labels: I=correct, O=incorrect (prompt tokens masked as -100)
mask = labels != -100
loss = F.binary_cross_entropy_with_logits(
logits_per_token[mask], labels[mask].float()
)

07| 28 ZZH2 ORM 0| AlE20| ZE E20|M FEE HBS SBICH 200|CH (EZ EHoj o
SHABH EHCHEl 2 Q= ORM 22 HH0|A ZRE(X| 9f=rh), Yejo|=et A4l0] 2t 2
Walof et E2WE FItEo @ of RS0| ¥ HHY 4 QUck

0|2{st RHS2 A& ALE|0] X[t @E AA RLHF Z20|M & X|@I0] ML}, O|E 50, &
A2 ORM O] Let’s Verify Step by Step [50]2| &|7|XQl 3710l M AE=[AX| 2 &4 2] 210]
o= £2 QlO| AFBEIRACE. O3 ChZ & &42 2|5 g0l SHIEX| ¢|F5h= 2= E20i|
ANEZm| £40|Cf.

XY 2F0Z Qlsh, 21t Heb ZH (ORM) O[2h= E0{= 02 YA o= ALZE[0] RICL L8 2&, 0f
Z S0 [77]2 Cobbe et al. 2021 2| 22 HO|= A& AIR35H= B, 12 2312 20| 2HIZX] o

dwe

SI=2 ER1E D AZXI0| i3 Cf FHQISH ALSBICk
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Using an Outcome RM: Per-Token Correctness

p=.92 p=.88 p=.95 p=.99 p=.97 p=.94

‘ ? [ The ][ answer ][ is ][ 5 ][ . ][<|eos|>] ([ supervised
D Masked
Loss: BCE per token | Prompt masked (e.g. label=-100), completion supervised

Figure 13: X2 A, Zut ¢t RA2 EFH Yol StES SH0IL) TEZE EZ2 0tAZ &2 (Off:
label=-100), 2} 2t E22 Z20| SEHO| SHIE E2=Z 0o[o{TICta &

can

<|eos |> Joy ‘

—
gh=Ct
Training Outcome RM: Offline Labels - Per-Token BCE
Labels from: Verifier / Dataset (offline)
Tokens [<|EDS\>][ Joy. J[ can M M ? ][ The ][answer][ is ][ 5 ][ o ][<|eos|>]
Labels z masked © 0 0 © © ©
S 1
Model | p=.92 p=.88 p=.95 p=.99 p=.97 p=.94 1| Aggregate - 0.94
predicts p; i h

Offline supervision * Fixed dataset labels ¢ Use: verify / filter / rerank

Figure 14: 21t B 2 232 HSA = H|O|E{AQ| 2Z2fol 2f|0|=S Agstrt (6 SHt
o= 25 1). 2 2t E22 20 20|20)| chish O|F uxf AEZL|Z SE|H, EFH SHE2

ZEE, L= M=2l3tE 23 25 H+2 WA
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5.6 I HAmHE

I8 HAF BE (PRM, Process Reward Model) € €2 otd X|& HAF B2 (process-supervised
reward model) O|2t 320, AtT12| M (CoT, chain-of-thought) £2 t& 9| T E A0 H
2 225102 2218 HAF DHO|TE O] EOS E20|ABH HAS S5t EX RM O|Lt BE £22
01|A1 H+E £%ot= ORM It CIECE by BHo BRI 2H 2 w7 o] ZojlM Z=0| 250, THA|
o EZ0| ZH EPICE SHE|= RASH HAOZE SHEICIEIZ PRM 2| Z<2 70|12 ORM 2|
42 ®A SHolct

[50]0f (=, O|F 20|12 PRM 2 ZEMHO = tHA|E WXt AEZL| 242 Z|HStEI,:

K
’CPRM<6) = _[E(:c,s)~2) Zysl lOgTO(S'L' | Z, S<i) + (1 - ysl) log (1 o r@(si ‘ €, S<i)>
i=1

(22)
0f71M s & K 7He] A0 22l EiIZ J47l MBYE Mol 1f0lm, y, € {0, 1} 2w £
7t SHIZXIS LIERHS, ry(s, | 2, s_;) = 2o ZETE 7 of DS o[ B s_, of ZZ45HEl T
s, 7t REBICH= PRM ©| 0= StE0|Cf

CH22 HuggingFace 2| TRL (Transformer Reinforcement Learning) [47]0|A] 7142 E&{|0|L{0f| A
Of EHAIE 2i|0| 20| OEA m7|FE 4= A=XIQ| of|A[O|Ct:

separator_ids = tokenizer.encode(step_separator, add_special_tokens=False)
completions_ids = [completion + separator_ids for completion in completions_ids]

labels = [[-100] * (len(completion) - 1) + [label] for completion, label in
zip(completions_ids, labels)]

HSH2O=Z PRM 2 F2 ':._f71l9l 2, 0| S0{ 0|5 EHIEO|LI CHE E4 EZ0| diYstz EZ0|MEE
E3S 225l 0l0] P2 §|C2 SAHEIC) 0|25 0|Z2 YKoz RRE| A -] 201 A
0, SHE 4 740 10|Ck OIEW_ 2|0|E2 ZE0| SHIE Z20| A=X| 0427} otL|z2t, Jﬁlﬂ%ﬂ%xl
QHIEA| 0174E|I|'— orr},

L's

Process RM: Training Labels vs Inference Scores

o +1

([ supervised

s (DA 2 B ) O

Inference
p=.95 p=.92 D

inference: |<[os>|[ danes || .. : 3 . 2 = o - = 1 . = 624 -~ fereosi>

Training: 3-class labels at step boundaries | Inference: predicted step scores

Figure 15: 2t H&f B2 B 7 (Of: EHtE EZ) ollM2t 252 MSetct 2t Bol= 3-22h2
2l0|2& E=Ch SHIS (+1), B (0), E= 2RE (). OHE 2= EZ2 =8 30i| OtAZ &L

PRM 2| of|A| 742 ot2ffofl Lt=t ATt

import torch.nn as nn
import torch.nn.functional as F
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class ProcessRewardModel (nn.Module) :
def __init__(self, base_lm, num_classes=3):
super ). __init__Q)

self.lm = base_lm # e.g., AutoModelForCausalLll
self.head = nn.Linear(self.lm.config.hidden_size, num_classes)

def forward(self, input_ids, attention_mask=None, labels=None):

wmn

The inputs are tokenized prompts and completions,
"reasoning step” is denoted by a designated separator token such as a
newline or other special marker rather than batch padding.

labels will be a list of labels, True, False,

will be predicted by the model

where the end of a

If labels=None, this is an inference-only forward pass and the loss ts

returned as None.

nwin

outputs = self.lm(
input_ids=input_ids,
attention_mask=attention_mask,
output_hidden_states=True,
return_dict=True,

)

# Final hidden states: (batch, seq_len, hidden_size)

hidden = outputs.hidden_states[-1]

# One logit vector per token: (batch, seq_len,

logits = self.head(hidden)

num_classes)

# Inference-only forward pass: mo loss ©s computed.

if labels is None:
return None, logits

# Only compute loss at step boundaries (where labels != -100)
# Labels map: -1 -> 0, 0 -> 1, 1 -> 2 (class indices)

mask = labels != -100
if mask.any():
loss = F.cross_entropy(
logits[mask], labels[mask]

)
return loss, logits
Sl &4 oh= 20|20| CHE M2 M Eh[= At &

# Assume model outputs 3-class logits per token

é;

2

2t O }A

hidden = model.lm(**inputs, output_hidden_states=True) .hidden_states[-1]
3)

logits = model.head(hidden) # (batch, seq len,

# 3-class labels at step boundaries only: 0=-1,
mask = labels != -100

and Neutral (3 labels) which

FstA Eelct.

1=0, 2=1 (others masked as -100)

loss = F.cross_entropy(logits[mask], labels[mask])

CH2O{T Chofot R3lo| A DUSS RLHF U C}2
orst uglo] AHERIS LIERACE of2fo] 2Eo| 0%
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E= = EN olsste A S g LM 2=
B ol ANEA SZ EX Hp 2t AtO|o| M (= N-¥f  EOS/OfX|2t E2 2
(Reward ro(x,y) A H|u Zke| o &4 = AEHol s M
Models) 5E
Za BAr o EZY Ho| SHIE &E Ei|0|55| Ant (o 237t EZYolTl mxt ol
(Outcome st =heloAel MZ/An) EZu| §E; golg
Reward 2 2ot go|58 gt
Models) =
N HAF o FE | BolM BZHE  FZHU|EW = CHfE N G| HEIEE oS
(Process Aol cist & = My S MBS 2H (FE | st EEY S =
Reward o EEY &) (-1,0,1
Models)
7tx| gt (Value SIX{ MEH7L FOIFS o A|ZAL ZEXMoR2o| 5|7 EZY £H0| Y=
Functions) Ol & Hiat E Sl =& A2}t &=

O] Eo| 20| thst & 7HX| F=o| Atstoz, T 237 7t

BA7} e BESHRE 7| m20lct:

s MSE ZHO FE EH DR A, 7kR| &2 (value function) £ 55 &Ql A4 (discount
= 71X g5 20 24 2Eo| I 712 BHEX|EH 23 &40| CHECt
AEHO| A 20t (rollout) £ =35t 2ot HIO|EE %510 ZSE %
QUCt Ol 042] Of0|C|{E E&t5tX|2t, 2A0| £2 T 2|0|2H0|2HH PRM 22 7P‘F = II

Bl

SHIZ/ZRE WOE Bradley-Terry W MU SsHH O El=7p 21} 2y DU cfst 22t
of LSS Tro| HSE0lH TSl A COE|Z BAF RUS SRSt A4ol SHOIA HIZEISIC
o ZoQlo| M= MefEl SEH2 2R(of cist SUIE Hoz, 7HE SES S 2o ot 2R
cioz HAsItT Dl 7I2™S.5 ORM O] Oft of fiE] Hel AlElA £F 22 A gt

Ol= 7|&X 22 0{M3] Bradley-Terry ZEO0|0{ R2|7} CH2 A 7| I ZefA0f sefsict

ORM c 7}%|] €4 (Value Function). ORM 1} 7} x| st S5t |E OFF |HIMZ EEYH &
Aot7| 20| FAFSHA EY o~ AX|TE, 0| S5t= At EFZI0| TN 2=X|0j|A CHEC:

C
- ORM 2 ZZ/X{0l 3 22 2 0S5 p(correct, ) E= 7. ERZIR 2201 20|12 (£
Z/MEAE SHIZ 7L Q%E._' WOz HAISh= ABAE = HO|E{A) of| M 2Lt
« JHR| B4 2 OA HIBIS I SEITH V(s,) = [E[Z,m VT | 5] EAS etdoR
Sl EH 7, StollM 2-F2 (on-policy) EOR = FE] | tte|1, 0| HZEof w2t st
Ct (7I%’£19§ 7tR| g= 2E-YH (off-policy) & == UX[Z Ol 210 2R A0f|A
O HERERIE)

- LS A

)
fujo
z

PO

no
H1
0
rr
HTI
b
<

= 1[token is correct] £ H2|3t1 v = 1 2 ALBFICHH, ORM 2 7"t (e
t.ﬂ':'._"7P7EI ety :
AX|TH, o|0|21} 2= 10| =2 :ORM 2 11 E1|O|E§ Qom
BHH, 71| g 2-FHMo R FH 5T FA J2iC|E (pollcy grad|ent) off chgt
Aldtsh= ol AL EICH

o pyy T
Ok jor HT
o> O
9-'—'5

=)
1l

B S
~
3
&~
I

L =

H =

10
9'|_|
4 T
O
>|

—_— —rvu— -

oA ro
=)

} >

Il Hol
e

Rl

| 1ir

=

mn -
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571 BEYoH QU SE
DHES X2 A| (EBE £) H|0|E|E CI2H| X{2|5t0, RM O] AFRE|= Yaio| X2 & 2|6t7| &
olCt.

Bradley-Terry RM (MSE m&!):
o %IE1: J.LE.\_LExq.oE Ao‘ly
« £ EOS/OIX|2 EZ 24 MEHERE MY 2|0|0E
« AR k7N b THA9I8E A9l 1) MEH (RIE-N MS
Sl E{o)2 24 R|Z

Sot ot AZetry(x,y)
2l best- of N sampling); EE= RLHF &

- TA: At Eo=E EEHR
1 RM
- Q3 DETE p+ 2Ny
- &3 oty EZ0)| st E2H &8 p, &~ P(correct at token ¢)
- M8 2tEE 2R Fadh g, 2Rt (2] /E), EE B[], p, (G55, 2O =HE gt

< A ME: Ha FEe, X294 p, OFK2 m E20| tiE E2, E=p, < 7 0H AAIZL S2H

r

4
4 RM
- Y ZEZE g+ B BA U= FE FH
. B2 T IS B4 (Of: SHIZ/EERL st 224 23
+ AR 2tEE Af11o| i) 7é1¢s>.+ e H2 Heo 27|15 71XIR|7|510] BiAH/CI2E QfLy
. A E20] ofdl T CHEl—BE B H4, B4 (M2 ATj), TE 0|3 BE Masis
7tE A
71| g
- B ZEZE g+ WM YEAL Y, (SE)
- S22l Zt B QIXI0IM V, (MEH ¢ ol M2 ofl&f 2 BHeh
- Al2:RLE S EZHO[H A, = R, — V, 74k 2t epilo] 242 7|F M0 Al
. Bl Yoz OiX|R MM ER0IN V & F3k s NEE 28T O
QOfsH, Cefst ZHS Ofshsh= WY 2 Chaat 2ok
* RM: “0| M| EitH0| HOiLt 22717~ A%} g}

+ ORM: "O{#f 250| SHI2H HO|=71"~> EZE Foi:
« PRM: ‘=2 CtH|7} E}ets727- Chy|ed A2
* 7txl: "0{7|M E0pt B2 20| Hot 91'-7P”* RL O] chat 7=

5.8 MAMX gAF ozl (LLM-as-a-judge)
ME= H0|E{Q| HIROR 23}, 7|Z 0| ZHUS QI7t M Q| MBOR IE= [HE TWI} (evaluation)
MM AFRSHS LR 917 ¥d0| SEEICH[78]. Al OFO|C|0f= Q10{ Dof| | mHEt BhtHof| i

gt XA, ZEZE, O2|11 F JH2| MY S MB35k AO|Lt (22 2|0| =210 A 5H= 2t RASHA).
& H7t MT-Bench [78]1E ¢lgt &l7|HQl ¢171 & SHLOIM 712 oAl ZEZE= Ch3at 2
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[System]

Please act as an impartial judge and evaluate the quality of the responses provided by
two AI assistants to the user question displayed below.

You should choose the assistant that follows the user's instructions and answers the
user's question better.

Your evaluation should consider factors such as the helpfulness, relevance, accuracy,
depth, creativity, and level of detail of their responses.

Begin your evaluation by comparing the two responses and provide a short explanation.
Avoid any position biases and ensure that the order in which the responses were
presented does not influence your decision.

Do not allow the length of the responses to influence your evaluation.

Do not favor certain names of the assistants.

Be as objective as possible.

After providing your explanation, output your final verdict by strictly following this
format: "[[A]]" if assistant A is better, "[[B]]" if assistant B is better, and "[[C]]"
for a tie.

[User Question]

{question}

[The Start of Assistant A's Answer]

{answer_a}

[The End of Assistant A's Answer]

[The Start of Assistant B's Answer]

{answer_b}

[The End of Assistant B's Answer]

HIIE |8t LLM-as-a-judge 9| €522 QI35 AlpacaEval [79], Arena-Hard [80], WildBench [81]2}
Z2 U2 OE YIIS0| AN, 2 0|S0| B4 22 Al MSE HIO|HE BHED AESH| 2

LS1—
3l LLM-as-a-judge £ AI235}7| A|ZHHLCE
“MM=A HA DE (Generative Reward Model)’[82] [83] [84]2 H{EH| AFREX|0f 25t 911 2O}
Jt._*7<1I7P SOl (gl MuoZ JHNOZ =HE RE w5t [85]), 5HX|2t RM HIIM[A = 7|
Z B2 DEof| FXX[= ZEH0| 210, 24 ZEHZ0| HHXH RLHF Of|M 523 7|22 H0{ &Lt
LLM-as-a-judge {IIEZ| AN M EZ JHM5t= LEHHQI EEI2 HIL 2ME £0|7| Qo MEZ 2
2 A83st= Ao|ct.

59 C gi0{=7]|

EM EE—IIEIQ” r_Hé I Sk
A (benchmark) =1
o5t

o°="

= 2812 2024 Hoj| X12|E TUCEL H& BHE | £7| %”‘d CHE-E2 YOt
Feiis D E mpekof =& S atxQiCt £|=2| RM HIX|0t3 Q! RewardBench =
HY DH EHAEE 9§t S8 Q1Z2HE HS3UC) [86]. I O|F 2 RM B7H= dEtA ol SX2| &
ZHo| AR JtSE WIt R fASHA 2EECH, Y8 Hote BT HEHO| = =oAL
0|S METE H|AESID [86], CIE YEE LLM-as-a-judge 2 $JE|="=721"0|L} CI2 HIX|O0I2.2}
o AztEtAlol| I ZHZCE [87].

M=z22 HX|[ot32| of|Al= Chgat 2ot

- HAE M8 (ut x4l /| MSE): RMB [88], RewardBench2 [89], Preference Proxy Evalua-
tions [90], EE= RM-Bench [91].

- EslEl HIAE M8 (28 8): Ot=20| 24 #IX|0t3 (M-RewardBench) [92], ZM &2 M4
A (RAG, retrieval augmented generation) 2 |8t RAG-RewardBench [93], QEIE ¢t
ReWordBench [94], RewardMATH [95], EE= AceMath-RewardBench [96].

« J1™ RM: PRM Bench [97] EE= ProcessBench [98] 12|11 VisualProcessBench [99] EE=
ViLBench [100]2] A|Z= “”IIUF'

- Of|o|™ME! RM: Agent-RewardBench [101] EE= CUARewardBench [102].

K

00
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« ®E|@ER MJ-Bench [103], Multimodal RewardBench [104], VL RewardBench [105], EE=

VLRMBench [106].

otdM, S X748 BE! (aspect-conditioned model) [107], 1
Zt I11|0|E1“' [108] [109] A7 A [30], 2T AF [49], EE= O|0|E] HEF A|A [110]
StME2 24 DE S dHE S AR E 4 QIThH
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RLHF 2P0l M Zatsts (RL) 02|52 H4 DHZHE B2 D|CHg J|dto 2 DEIo| JHEXR|
HEIMoR YElo| Tt WA (23 9l 2Y) 2 £21 GlojE{ o] 2L E0| thst 2HIS WA
S DHO| 0| H4515tH, 2518 (RL) SEIOI0IX7} 0| MEE HigtoR JalC|ole AfS 4
SITH (HRL fig 16 &%), O] & °
Ol A2 E|= CHekst 2na|Eo| 435 Q2|9 Ef0|EQIE MYsiCt o] ¥n2|E52 4
SO JHof X[l 2K O 2 ZEZE TR0f Cisl 042 of| = St A3lix(04, 2f BiX| Ato[OtC} 12HC|
E 2{5|0|E7} 0|20 EILH

=)
>
rr
HT
0x
H
ne
o
o
ox
12
m
)
m
=2
é
0K
_O'E
rr
r=
fol
fu
I
m
ot
II||>

ra
H
rir
rQ 4> rir ot

RLHF £ 210 20| HEstMA CHEst=El 212|E2 H3 J2C|HE Zatsts (RL) ¥n2[E0|C
Proximal Policy Optimization (PPO, 22| & | &

OF M M %|=3}), REINFORCE S2| 0| 2¢12|EE2 (20| MME MEZ ALEst0] REIS A
C|O|ESHT} (AlphaGo 2 22 2N E0f| A AL El Deep Q-Networks, DQN M& M+E 2|Z20] H
Hoj| M&Eot= 2|Eat Eal). o] HojMe M3 JeliC|HE L12|EL| 7| =2t S RLHF =<
30-”)\19 Sl HIAI2 EI"E—I:l'.

=0 O =2

4o

oA =0 A, o] Ao| LIE2 RLHF 1M & 71& S&ist Aol siEstct J2{Lt cHE22| Sl
Al 20 ORRZIX 2, d32| 71 2 23 2012 sie 20| 5o 2 XS E|= HIOo|E{o|Ct
ChatGPT @} 84| RLHF 7} SE3HE [, PPO 2| 30| A E|QICH= 0| E2| Y2y QIR 2
Z7| RS0 OAS 7|Hte 2 FFE|UCE A|ZHO] X|EHof w2t 042 172 =2 M ES0| REINFORCE
AEMY N2|Z9| 7tsME HoiFRIon] [111] [109], EAF 2= Q10| PPO of H|5 Eta35t1 (M2
2|2 Hofsi0] 2ot GPU 8 &¢!), 7HX| £HO| O ZtttsiCte & (24t ZAE 2loll 0|1-HS AHlLtst
£ 21Ol Generalized Advantage Estimation, GAE 22 Q) 0| #d o2 HZIL|ICt GRPO £ E&!
ot O B2 Y2|ES0| SR CH, E5| £2 ZA0M Q17| B0 QX2 LE™MOZ 02{st ¥
2|E HEE2 EF o A =™E £ Q/Ch O] oAM= H+ RLHF 2¢12| &t2lof| sAlx ol ATt
2 ot M| 7K 2n2(Eot eia H Je|C|YE MY S CHECY,

7F Bttt HEHO[A, RLHF 2| RL EtA0f= = 7HX| 20| ZR3sith: FM (2Ee= 2@ 2 &
ol M5 0f7|= B4 2 (0|F Ho|M CHE). RL O|XQ| H& At22 KL H'ZE|E Alttst?| /5
Hzx ZE= AEEICH (0] 2E2 nHEO flony, F XS 0| ATIe| JC|AEZ YHO|ER|X| &
£0h. 07| M CtF &= 74 | 21n2|EQI PPO & 4| B 2R S FItsh=0|, 0l= #a2 2 E2
O] &otLt E2XIE FH5t= Ol ALl staEl 7Hx| gz, £ S0f| UC0[EL|= ti#2 210 &2
2 (LLM) 0]7| = 5tCt. o] gel ¢n2|ES2 F2 0| (advantages) O|2t= &S FT5t= U, &
Dol 3ixf WS (BH) Ol Yz ChH| LotLt E2X|E FFst=s YAlat 2 He7t XMoo=z FgH0|
5 Y YO|o|EE Hgtsts Lol M Xto| 7t QAT (FHR| 2 ¢10]) O RLHF 2HYO| AZH JHQ=
fig. 16 Of Ltet QALY

7|2 gols =X 2Y g2 Fxste

O] Holl M= Z3tsts (RL) 280MIM AH&SH= (s
S LIEHACE 10| B W20 M= &7 (x,y)
s,a) 80| O YBHHO|H, O] AT2|FEE2 2 E
Qo AAEIQUCE 2Lt B2 RLHF A30M=
| SS5HH f=ESIC

RL 9 &ZH: 0| 2| E= My RL &4 &4E & H0[X|2 Felet F#ZH = rlhfbook.com/rl-
cheatsheet Of|A] ZtQIEF 2~ QILCY.

s
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>
)
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N
x
»
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0z
lul
s
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, =

| ARIOIM SOl FHKl= =X

17 g T BECR HF6I0Z, (1,y) B
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x: Adogis...

Prompts Dataset

4 N\ (" Tuned Language )
Initial Language Model Model (RL Policy)

/@/®,
o/ @\

R

Reinforcement Learning
Update (e.g. PPO)

%ﬁg&@ e 04 Va9

l S

®00® Generate Reward (Preference
rHF  900® ¢ )
L tuned text 000 Model
Compute log probabilities 7/ . N - 7
from policy completions  |'S y: man’s best friend 7 = ro
\ ~_ J \\ y J =
Use log-probs
for RL updates
'l \
4 >
—AkLDkL (Tppo (y]2) || Thase(y])) S 4
7
KL prediCtiOn shift penalty (computed from log-probs)

O
[El
[m
N

Figure 16: RLHF 221 £Z JHQ. H|O|E{Alo| = = =
STt 24 ZHO| o] 2bdofl +E UH7I" St nFE =7| ZH (YN O =2 RL 0| 2| YO
D) 2 St HAE| Cie 21 SHES AlLSI0] Bt 0|/ S WX|sh= KL H'EE|S MESIT

el 22 ”._|§E O|= F mt=tolEof I1H5 detets YH|0|EE RIS

LIS R0 RSHE|m RIS ob
=]

0
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Af x ¥, Vylogmy(a, | s;) (23)

x| S 2 2242 0|F0fM 9Tk 1. Vylogme(a, | 5,) —TRHOIE SZHolH ¥S
2

a, S0 - U, —07{0| Lot BRETE ZTE Haslste AZat
0l & 22 Tt HH JeiC|E YEI0|ES WA Eich ¥ x| A EBEQIM) of 2

W, 0 0% a, & B likely 517l BHSEZ THRIDIELE QE0I=512, W, < 0 0% S likely of7] ot
SC} A JPC|o e of DiRtnlE{7t S0 Z|ofF=x], 12]T oj2lo] 1 WES o S o L
A|7OF BH=XIE AABITE 0] Bo| LIA| £ES 0|2 28sts Chabsh WD LLM O ZHEA|7|7]
ofst Al 7|¥SS Zo| Yl ChEC,

Ol OIS & Cf Ysteh 2. P8Hele (RL) wnelBE Lo s € S 9% BE a € A 2l A0l LA
Dj2iol Btolsl HAFS Z|C A o2 &%), oo|NES| 2,

N5lst= 2 MA =t ([Z-| n.rg
ZO{ZI AlZH ¢ ol Q| ol El

1T
a
1|
[

25| 2|eolzt 22l A
= SUAIstE gl A=)

FIO

Gy=Ry +VR o+ = Z'YthJrkH' (24)
2|8 Fol= CH3at 20| FHE s rk:
Gy =G + Ry (25)

0| 2|H2 &l ME7t FOIFS wf FFE Oj2f 2|BQ 74X & V(s) & &5t 7127t Elch:

o= I-IxH _IEH[:|O |
_J'\_I_ OEE|7|'I|°A <

d™o(s) 7t ™ 7,
St 20| £ %= T

_"/\ _|
V2)
~—
=2
1o
[ol[}

OlM Ol= 2= SEHOI| CHEF SHOIX|2H AR|2= YEHS| ALt

5t
% MEZ2510] HlO|E{ZRE ZHBICL RLHF oA 0| Litxioz o
r; EMESID &AM . ~ (- | ;) 2 MM S OIS0 Ze AN B2 & 3= 242 ojojat
C}:
. 1&
JO) = 5> Rlw,y,), 8)
=1
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J(0) = 5 Z Yo7 4 (29)
=1 t=0
AR 2 210 20| TR RLHF = v = 1 (22! e13) = 4Fst=0l, 2Xat thel7t 7HE E20| ot
Eetd 2tdol7| iZ0|Ct—o| MEf2 o] T SHHFS| MDP Cff 5! Hoj|M =7tz =2|ECt

| |
A LI E L2[F| Y2 SIx FHof chgh &k AlZt 7|ch 2[Ee] JHC|HEES Alttst= A
O[C}. Of 7|t 2|81 J 2RE], SH&E o § AFE310{ Th3t 20| mf2i0|Ef Y|0|EE Altret 4= UL

2
S

0« 0+aV,J(0) (30)

6.1.1 X OgjiC|olE Q&

F|chetst Xt Sh= RL SXME-E CHE YAlo = HBI5HH T30t 2T

7HsEH HIEof st ME o2 J|tiZts £ 4 lrk

A= B Ch2 T 20| BHE 4 U200 F2atak 07| my(a,ls,)p(s,,4 5, a,) £ BiLtel &
Efet YOI CHS AlEfSe| 1 o=o| Mo| &80l

po(T) :p(so)Hﬁg(at‘8t>p(8t+1’8t,at), (33)
t=0

SX{3t4 (eq. 31) Of CHoli = m2t0|E| ¢ off et J2C|IAEES F5HHA:

VoJ(0) = /V9p9<T)R(T>d’T (34)

V oDy 7') -
I = — A EHRIOf| A
Vg logpy(T) 2a(7) (S14 HElo| M) )
— Vpo(T) = po(T)Vylogpy(T) (RN =)
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0) = / Y po(r)R(r)dr

- /Po(T)VQ log py(T) R(T)dT
=E,r, [Vglogpy(T)R(7)]

(36)

o x| gf ':*71|" H A —.-_—i pg( ) stollM el Z|cHgt Helg ArEstch: olel st4 f of Chal,
[ET~p9 f f(r 7) d7 (O|&HEQl ZAL0l= &, 7| 315l Monte Carlo 2

ERVE §o1 A= 7, ~ on thel & S0 | f(7;) 2 2AE 4 9lof R8stk
QL2 Eotel H&Ee 2

ol

l22 Hpste:

—

log py(7) = log p(sg) + ) logmp(ayls,) + ) 108p(syals,, ay) (37)
t=0 t=0

flof 2 EHEE F/otH:

- Vylogp(s,) = 0 (E7] AleHe 0 of 9=3tx] ek
Vylogp(sy, |s,, a;) = 0 (&2 ol S 4 0f oJZ54x| 2%2)
+ Vg logmy(ays,) B Hotetg

m2tM HAe| =23 2hE0f tist 22HC|AE = ChZat 20| thestElL,:

Vg logpy(T) = Z Vglogmg(ay|s,) (38)

t

oII
O HF

7t HO{EH, 0] A0l =ESt= X2 71812 Sy X|FHO|Ch 07| 7Hx| ZIHSHH, HIA 222 J2jC|
AET} 10 R M otF (F, R2|7t 2st=s ZHO| MSsts E2 &E) o JL|AE goz &
015 4 9182 ¢ 2 Ik MR|R 0] P JCIE 240 Ankxiol Hel HBECL 22 24
of 21 2189l o] LIEILID, autodiff & 5o T2ACIAES Alta Bt 187 22 B2 2=t
HiExoz St

seq_log_probs = (token_log_probs * completion_mask).sum(dim=-1)
loss = -(seq_log_probs * advantages) .mean()
loss.backward()

.u_

Of THEI2 O] & TA|off ZX LIEFACE OfF| AIXKQl FH J2C|AE s3to= SO0L7FAL

eq. 36 0| O|= CtA| CHISHH

Vol (0) =, r, | Y Vologmy(a,ls,)R(7) (39)
t=0
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9=VoJ(0) =E, ., |>_ Vologmy(a,|s,)¥, (40)

0{7IM ¥, = f

= S5t E = AL (BH2 T v 2 2 E & 3). Schulman et al. 2015
[112]01lM xH % :

Q7 (s, ay): SEH-AS IHx|
A7 (s, a,): OIF &=, WS 7:"A|_I-EEI B2 0|EXCE I8 2|X 2Lt2 ME

T+ YV (S441) — V7™ (s,): AZERH(TD) ZHAL.

“”"1 2 2 Hﬂ SUA W N o
rx
FIO

7] 2 HO[0|EL| 242 F0|= o AFEElE= 740|CE (XIM|SH LHE2 of2l & =X).

Q10| 2N = Ol2{Et 7HE & YE Tt K| 2|o] QIX| Lt o|E , BEEX HAM 7 of Cisl ArEH
IREV™(s,) = Q™ (s, m(s,)) Ol (ZIH 7Hx| &t40fl T M= V*( ;)= max, Q*(s4,a,))
SHEX HMOM FABH SN2 V7™ (s,) = EatMT( Is,) [Q (84, a,)] OICH HTHEPHAS Q ot Vv
E dZsich detNo R Q7 (s, a,) = [E[Tt + VT <3t+1) | s¢,a,] OIXIT AEj Mo|7t AH =
ol 10| BRI = Q(_ ,ay) =1y ’yV(stH) 2 thastEICt O gt &S a, 7H 20l
Hls €0t O LI2XIE §’<‘5'3._H:f-

A(sy,a) = Q(s4,a,) — V(sy) =1y + VV(StH) V(sy) (41
0| %|Z HEll= Fets| AZERL (TD) TR (12 &5 6) Of sHESHCH—THX| &2 o St AA| 2 2Hyst
W AtO|o] XtO|E &Xot= RL 2| 7|2 Y2 =Z, 71X| &4 YUC|0|EE O FaEst THYX|Z O|2Ch A
2& StEE TJIX| &4 V 71 0| TD QRIE E3ff 0|™H=S FXot= O AFREICE

T
Vol (0) =E, | > Vylogmy(ays,)R, 42)
t=0

7|2 MM Jg|CIYE Y n2|E9|
Ho= %sk%' = At =2 24t G E S80lMe TF A1E E0IR el =RH FHsh=
B8]

01 B2Sl=5, 0= t0|z0| Fofst ZEo] 2Tt (OIS 50| 25 > 0 0llM olo] R MKl
ol $EEH S4). @ato] sl Sojelo] M 2lE FHx|o| BA0| O E20), M B 4B0| Y

— - T O LB o=

&l S2{2E71 Ot 0 = 1017| W20|L. O|E 2tststr| @Isl 7HA| %‘—@2 Yriatshs Chaet 7Y

2l 7|ZM0] ArZEIC. I’._‘*.J._ ot S CiH| &EfC| 7HX| = Hslsts S 012 YAlez 0|F &Y

o 11—

STt (M€ S01 Q 7kXIt 7HR| 2] xt0[Ql O|F Q| AR). 7HY Eradl 7|"”° 2 Bix[2| EO|Lt O

i

2l 2XlE J2CE YH0|ES| =2 240|0, Ol= 03]

IT L

ro po
ot
LA

-rr

0

rlhfbook.com 52



ofn
]
i
k)
Il
o
o

tals SE™ 7|&M AL 7| J2iC|MEE HASHK| 1 242 £ 4 ULt
=
— =2 g
— = —

AfE 91 b(s) Ofl Tl ., 1 [b(5) Vg log my(as)]

lol9| 0 o] dElsto] &5 dIs Al
7 Pkl gy
O HolM =2l=l= E2 A2 2| E 2N2[E2 O|F 3451 7|He = st
T
VoJ(0) = E, | > Vglogmy(ayls,)A™(s,,a,) (43)
t=0

6.1.3 REINFORCE

REINFORCE ¢ 12|52 oot FEX0{Y 7Hs-d0] =X|2 JZ0| LIEIL = & n2[F2| 78 2
AS2 ot ZestE LU B M 0 22Y0| =0t AZF| Z3tet5S Qs the S

X OCIHME F& 2 2|S (Simple statistical gradient-following algorithms for connectionist
reinforcement learning) [113]10|2h= 7| EH|A =20j|A Ho|=|QiCH:

0|22 “REward Increment = Nonnegative Factor X Offset Reinforcement X Charac-
teristic Eligibility”2| =2X}0{0|LC}.

Of Ml 7HX| 7+ Q4aE He B71=2, & FX J2lC|AE A/”S OE

= A ™st=7tE LIEHACE 4H[0]
E J3xlo| M| 7}K| B50| QIC}:

1. H|E Al (Nonnegative factor): 24=090f st= SHEE (AR 7)), OIE E0 of22] au.

2. QUM A3t (Offset Reinforcement): SHEM S SAAF|7| &t BA| 7|&EM b E= J|EHY
et 2l

3. M A4 (Characteristic Eligibility): AZ2} B MSE HESS ‘Y45t mi2to[Eof 7HAIZ]
C}. Williams = 0| AN &2 e 2 LIEFHCH (X|5= &7t OF). SiCH M3 JeiC|IE E7|H
olM Ol Vy log my(ay | s,) Ofl SHEHSHCL.

et Fets B 2lss 2elck:
Ay =a(r—b)e (44)

O SChEol E7 |2 Yetsiel 2|8 G S ALZ5H® REINFORCE @IAKHE CH2T} 200| LIEfCHTH:

T
Vo J(0) = Epon| D Volormgla, | 5,) (G, —bls,)], 45)

t=0
O17IM 2t G, — b(s,) = BIxi AEHOILA FRo| 0RO 2, 0| A B ALZ5104 FA JCIMES o]
I_ A

SOl A& MB35 ™Ei = [SASHE 4 Ark:

Vo J(0) = Epon | D Volormyla, | 5,) Ay, (46)

REINFORCE & J2HC|®1EQ| Monte Carlo £H7|E AI2st= 7|2 M3 JeliC|dES| E3 1&0|Ct
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Figure 17: 910f @S I3t 7|12 REINFORCE 717, SAIE HAIS HIAF DE F4ot 2% QHo| KL
T ZE|S ZEBICE O] TXZ 0| B FHOA LHAIAH LiZiT,

6.1.4 REINFORCE Leave One Out (RLOO)

HEZ REINFORCE CHH| REINFORCE Leave One Out (RLOO) 2| 3{Al 18 MEAIS2, 7|ZEMS |
57| 2fsh iR LH 2E 24| B Al CHE MES0| Ea BE8S M&slth= 7*OIEr [114], [111],
[115]. a7 M| B2 X7 7| ZHoN HQlgte2M, RLOO 7|EM2 F7t 3¢ 2t S-H0|
E[0f J2HCIIE FY7[7t FEts| 2HE (unbiased) = RXAIBICL

Q3L Ol= sHte| B (ZEZE) T 013 1A (2HY) 2 4
DS O|MIZYSh= o2 =H|Qlof A ZEHEQl 2tgHo|Ct.

&l

M2t 2S5k, 0= RL 2 210

IHE 22, REINFORCE Leave-One-Out (RLOO) 7|&MO|A, ORI ZE2EXZE s of Cist K 72| M
EYE AN (ZEZE XU 5ol FoHE #S) aq,...,ax Ol ol ZEZEYE 7|FMS TS5 20|
YAH = Mot
1 K
b(s,a) = 77— > R(s,a,), 47
i=1,i#k
O|28EF Ct32| O|”o| =&EICH
A(Sa ak) = R<S7 ak) - b(S, ak)‘ (48)
SSot/ a3t Zo| E8ie = ULk
K
A(s,a,) = —— | R(s,ay) Rsa . (49)
| GRPO (_'E Ao = |§ | =2|E) ol A El= OF AT OI’é. ot UHSHA|

H
SX[0|Ct. ARN|Z GRPO AEtY =82 F= KL Hrtet

OWE 01“‘*71I 7%*93}5 FEAR &4 2oy Eéoﬂ =8} 2t PPO AEI H|E 22T A 0{F 0N
RIO|7} LT FRH o2, HE GRPO 7182 &4 £F0f|M KL H'2E|S M &3dt= HIH, RLOO LT &
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Mol g JL|AES| Rr= He RA|of| KL HEE|SE XMES8ICh RLHF oM F2 & HE 7hsst

1O - T X Oo —

o= AL8st ZatetE (RLVR) 29| Hgtol| et KL H'EE[2| A0 MEHX o2 ZiAdon], U2 F

2 7|8t RLHF 2= Hoj|A KL H'UE|S ets| 1= Z2& QIch JCI2tE RLOO 9 0J-E PPO
of 223t Zgta == 10, of2{et Z1E|ES0| BOtLt RARIXIE 2L,

RLOO A 7IX| HEAE AIE3HX| 4= CHE La|FE—2 E2Y AU IIR| V(s,) E WSsh=
TR AR (HEAH —2 &S AME I B E EZ0)| SUSHAIZEA £FO| O|F (E=EHH) 2
gEBitt. PPO oF Z0| S5E 7HX| LIEQIAE AI8SHs 22|52 E0S E20|M HYE 25 2
C=RH gelsto] Zt EZ0| B = LHE 7HXIE YTt KL 2| HEE|E AFE35HH, RLOO &
ol 27 EZE KL 2 A 1O AZEE AJA Hefof| ZEAIAH, Z2apEel 00| 2= E20
HECIHAEEICE PPO = A, E AlLSH7| Mol ES2E KL 2 E2E HY0l|M x50 EE £F9
3H S MSBICh. GRPO = et o2 HH0l|M XiZsh= oidl 240 B0 E2E &5 &7t
510§ A|fA 0| O|-E RAIGILE. Ol2{8h MRAtet EZ0|EQE = 0] T 20| A =2 FCt

T

(o]

-
ol

N

Reward ~
‘ a
' Model "
A4
Policy ~
Reference -

Model
Figure 18: REINFORCE Leave-One-Out (RLOO) %X, ZEZEG 0{2{ 2M40| 71x| &4 & Q10|
O|™ =HE 2I5t leave-one-out 7|EME HISSEHCL

6.1.5 Proximal Policy Optimization (PPO, 2$| &z |

J3
l.;l.'
~

Proximal Policy Optimization (PPO) [116]2 Deep RL 2| HZ (0f|: DOTA 2 £ A=t OpenAl 2|
Five [117] & TSt 22| A1) 2| 7|8H0| &|= 4] 2 n2|F F SHO|CL PPO 7t 01t 2 &S0

Chafl Z|chatsh= =X ge= Chgat 2ot

7(6) = min [ 098]y ((Tel@ls) y o) a) (50)
S

S0l 815 HHOID, m, (als) = B HOIEIS £T5He o AHBE Y
L = mH 7to B2 S ERF MEY0AM LIQLH|, oS S8 MEe Fol of
3t JBiCiotE S sty Plah Ol oM 2TE HI0|E1S KAFRE 4 Ik
E

©)
7]
=
J
1o
ox
2
o
o

F& JEiC|AEQ| 0 3415t (eq. 43) & CHA| &7|5HH:
T
Vol (0) =E. .., Zva log mp(ay|s,)A™ (s, a,) | - N

t=0

-
-

Of 7|58gt2 , oM MEZE HAof| chah ALtz X2, 2= DFE 3 7y oM +=TE Ho]
old
Ef BiX|Ofl CH3 Of2] J2HC|E ARS F 5t ALt O] 22 SYXIE 25| I3 ST 715X
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Taldls) = Batn), ol BixH F&Y ChH| CIOE] £ FAolA A
£ Bloysiol MBS AIIERICE Mo} 90| 0| BRE 71 Sxgs
0l THIO2 2 S oIt e - 2tk pPO £
2125101 B 0| E0IM FAO| L2 37 HotX| =S B3O R

}LI- ] EEE = likely 8HX|

1
QIF A % |3|.| PPO = QHixoz E|-OIAE-II()“ Azl 7||:H ELE|%| | EHE| g&!%}_)'\_g 75||-A15||:|—;

=2 1—

J(0) = E, [min(p,(0) A, cip(p,(0),1 —e,1+e)A,)],  p(0) = mo(a, | s;)

52)
SHgsE 33 55 S8 FI6t0] £ Y42 HRE|H, 0|5 &3l SE|0toIME 7hsdt &t &
2 S Btk
olof REA| AL, SXEf (£ £4) = EFER ALEILL 0= X7|5|7] 0152 TA| AldA i%
S 89| SO Aotz YA HEHR J|HSILE 017|M Litxel 23S B ol Ay =
HYYIOM o ThesiA AL + e 23 83 AR A= £ 21 280 R10|S Al
5t X|3t5101 Y2 HIZ p, € SAGCE

1 E f 9(“15’51‘,) : 9([lt’5t>

0|22 CHE F= J2iC|QE WHol|= MEE|= PPO o EZE HTQE, O] HO| & Hof|M O XiA|
5| BfElCt o7| M Se EE = ’éﬂé L= & ﬁ = LAl 713 ZHRA0|M HIREX2 &4
o ZAXQ R=0fl= QiTt ((118]0IM =2|E).

' Reference N
Model

Reward

=~

F|gure 19: PPO Z3j|QI9 3. StEE 7HX| g S22 E Che| et &1 AH8El= E2E 0|H
£ 2|8t Generalized Advantage Estimation (GAE) £ 7}s3517| StCt.

0§7| M= Crekst O™ T &= H|0f CisH 0] &
OflM, PPO 2| LHE AAE & 74X| FQ 82 ZSISHC):
2} 2) Z|c AE! 370 7|Etst S22|HE M2 T o]

CHkeh &720] o2 B/ dst=X] ofalstr| flsh Y& HlES thaat 20| Folgitt:
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mo(als)

(54)
To,,(als)

p(0) =

2 U8 PPO 3 2B YT2lZO| HYO|L}. Waol ICINES A et 2ol LIt of

@ Mol ealo= ntEt0|E YH[O|EE HO{etrh. @i2|9f BO[E HiX|oAM, 2 H|Z2 O] HiX|of

CHet X gim J2iC|AUE AROIM 1 2 AIRSITE O] AIFUM my @ 7y 7t S25H7| HiZ0[Ct. 2
old

|:|.0 Ct2 O E ﬁﬂoﬂkl, St J2HC|HE ABI0| 2HAQI 0| E 71l EX™ EZ9 likelihood

£ S7HAIZACH FA |22 1 20F AX| 1, gitfe| R0 = 1 20t ZopEich feryel 22 r, £
old
UH|0|ESH7| Tof| HiX|E 1-4 2| AE ARS F|SH= 20|t

DI

6151 PPO S&E4 olsl ZWEOR PPO SAEHS 254 Of B 80| BRo| £ Hoz
213t 4 9120}, Of= fig 20 0 Lisk 9ich PPO Stk ERIEl Wl 218 S Wasiol 2
SIEIC £XHOZ, BHAL F A7 GAo| Folst AR S Sof 3B ojHM HE oY 25E
H0f{04, CI0|E7} HA Bl 1 22Ef FIr NS H2|or30t O|SotE S FiC

A12| o] Ljojl A PPO = CHE F% JaiC|olE Y250 SUsh ASEITh 022 o= &9l A7)
olch A12| o2 obg ol H0|E S 9laf PPO 9 Rt 2T2IZe] ZIf AB 37|15 M3tate o At
el Jjiolct. PPO Yalzo) sialel 221 U min/max B4k 0] QS Hofpith 2aigtas 0

Q| R0f| M= HESHTIC.

“ME| FA"o| JHE 2 K| Z[ASH EFHUM ReSHAX|Tt [119], Deep RL LHOA{= PPO 2] MAISZ QI
Xdk= 9F12|Z Trust Region Policy Optimization (TRPO) @ 22 E| CHESIE|QICH [120]. AMZ| o
2 PPO S&g4=2| max/min ¢14t0]| 2|elf HH|O|EZIE2|E  [X| b= 2t H2 J2iC|HE AH

=T

0| HgEl= Ffolch

[ |

A>0 A<O0

PPO Objective

slope = -A¢

1-¢& 1 1+¢
R(8) = mg(als) / meiq(als)

Figure 20: 7}Ako| O|&0f| CHEE PPO S & &H~9]
1+ e Uoll Y= FHo MHEICE

Il

orst ot Alztah “ME| oIS H blg p 7t

—

HH 6|21 0|2 % JHK 12 74O WS 4 Qltt F9E 5 ISR Ltk IF o/x}
SR O|F
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33 o]” (A, > 0)

Ol= FIaiTl WSOl 7kx| eh==0il =™ FARMAZS 2|0|5tH, D20l 2 ASS FIE likelihood € =0
1 4iCh= Z{0ICt OIM| I HIE p(0) 2l CiYst ARE M 2R}
Lpd) <1l—e

- aliA: A ol M S0| O HHEC H likely
- HIZ2I & p(0)A,
- SRl e (1 £)A,

. JEreE: Vyp(6)4, £ 0

+ Znp gt FH A E UO|0|E - HS2 likelihood S7F

- M- M FHEOM SO0| O] YAt Ao SUSHA likely F
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- Zap Yuk ™A JiC|E HH|0|E - @S9 likelihood 7t
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- gagE (14 ¢0)A,

- BEE (14 ¢)A,
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X
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. 23 nol= 88 - Al o

M S0| 0|0 I likely &

QofstH, 0|H0| 3FA (A, > 0) & W A2 &ES =0|10 AT} HEkA:

* Toew(@) < (1 +6)mgy(a) 2 BROIR JRHCIAE ARS 2RI HAFOR, 0|FHO| 3
YHo|en R #Eo| SHES 0|1 AX|2 HEHOZ [ likely 57 BHE Y2 0| £0|
14X gt

- BEHOR 7 ..(a) > (1 +e)myy(a) & t= OfEH L0 EE *%Héixl %on, 22|E
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2 Wk Zstkstn 4X| it
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Ol #/aiZl S0l 7Hx| &40l (2 2SS o|0J5tH, Oj2hofl I #SS F/E likelihood & W&
1 4ICh= Z{0ICk ON| F™ HIE p(0) 2 Ciast ARE AT X
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- SA: A oM BEO| OfF HHMEICHH likely
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sHjojpion= #xe| SEg Lan 4o, ofxo| Hizsiol 12 sict
. d¥Foz, Trnew(a) < (1 — €>7Tol ( )oE e ot AUC|O|EX 435K %o, S2|Z =
St JC|AE= 0 Ol). HEAHo=, M oM WS0| 0|0] E likely SIE2 Dtz st

Al AR5t K| 84Tt
AE[ HA LHo|M PPO = ZZE FA J2{CIAE B ol SYSHLH=E S 7|Y5h= W0| SQSIT,
6.1.5.2 7tx| &2t PPO PPO Ui9| 7tX| gt= E2YE 7IX|E 0| F5h= G| AI8EI= Z&Q| F7t
7tx

At=0|ct MEHQIRL oM EZ (EE= HEH) 9| l= sie AIFSE 2| 0] 2|E S 6|Ssh= A2z,
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o1 EBIBICL PPO O O] 7HAl SHSE 7IZM 92 AFSE|D, REINFORCE O A AtSElS
Monte Carlo i (SHSE! 71%| LIEYIS7E HRBHK| 843) o WHHOIC). Oli= PPO 7} A{xi3}
SEl, 71ZM S 042] ZH0A REINFORCE % 7|2 B3 J2fCieiE0] eiels ¥ HOjZEL, AR|2
olof RS0 ABE/E PPO X CH2 A D2IZ0IH, 0l KL HLE| 27| £ 2t £20| AHS ojSals
Z0ict (HEHOE E2 40| KL 0] 2O Earsl 2tH, YA =olrh,

E
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r

X &2 igéf'— O AP E|= ¥ 74X CH2 Y (EE= 2 H) 0| QICt Generalized Advantage
Estimation (GAE) 2 SICH A|AEIO|A] E[AO|XI HAl F O 2 ZHFE|X|2E 0{2] AR AX 7HX| Of|=
RRIE 71|H%.*9§M1 O =2 SYME fitsiC—0| & FHie| GAE 2 & =Eotel 7HX| &= HHM
2 Yo|0|Est= o A2 El 20H22| Monte Carlo FHX( 22X StEE ‘RAEF PPO = & 7IX t’é‘é
71ICt—otLt= 7HX| &8 stEstn CHE sibte O 7HR| &8 AHEsto] FAg °*E1|0|E°H:f
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of2Hoil 7kX| HIERS &Aof ZHHEH ofjF| 0] Lt ATt
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Value Function: On-Policy Rollouts = Regression - Advantage
Targets from: ng rollouts + GAE (on-policy, changes during training)

o e 0 = e

1
| 7 roflout starts

Rewards r; 0 0 0 0 0o R=0.73
_BKL
Target V, V=73 V=73 V=73 V=73 V=73 V=73 MSE(V:, V)

(T T Tttt T T T Tt T T T T T T T
Model | v=.45 V=.55 Vv=.62 V=.68 V=71 V=73 || Advantage - Policy
predicts V; 8 ! A gradient

Figure 21: 74| 814 ER12 2-F8 B0I2S AIZ510] SES AMSIC, BHS 2 E30IM V, 8
r
A

# because a value network ©s a rTunning update

# old_values: (B, L) critic predictions at rollout time V_{theta_old}(s_t)

# gamma: discount factor, float (oftem 1.0 for LM RLHF)

# epstilon_v: float wvalue clip range (e.g., 0.2), similar to PPO Loss Update itself,
optional

#

# Returns:

# walue_loss: scalar; advantages: (B, L) detached (for policy loss)
B, L = rewards.shape

# 1) Monte Carlo returns per token (reset at terminals)
# Apply discounting, <f enabled
returns = torch.zeros_like(rewards)
running = torch.zeros(B, device=rewards.device, dtype=rewards.dtype)
for t in reversed(range(L)):
running = rewards[:, t] + gamma * (1.0 - done_mask[:, t]) * running
returns[:, t] = running

targets = returns # y t = G t (post-KL)

# 2) PPO-style value clipping (optional)

v_pred = values

v_old = old_values

v_clip = torch.clamp(v_pred, v_old - epsilon_v, v_old + epsilon_v)

vf_unclipped = 0.5 * (v_pred - targets) #** 2
vE_clipped 0.5 * (v_clip - targets) ** 2
vf_loss_tok torch.max(vf_unclipped, vf_clipped)

# 3) Mask to response tokens and aggregate
denom = completion_mask.sum(dim=1).clamp_min(1)
value_loss = ((vf_loss_tok * completion_mask).sum(dim=1) / denom).mean()
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advantages = (targets - v_pred).detach()

6.1.6 Group Relative Policy Optimization (GRPO, 1.8 Al H z|=3s})

Group Relative Policy Optimization (GRPO) € DeepSeekMath [121]0]| A EQ =111, DeepSeek-
V3 [16] & DeepSeek-R1[15] 52| C}E DeepSeek HAROME AFREICE GRPO = O SAFSHCHE|
2412 JFzl PPO 7|8t ¥ RIFOR & 4 UKD, Y2 A 210] DY (E £} 98t CIE H2
ZQIE) | L CHE AR S 2 7HX| §f+E st&ot= A2 LSiC) 0|2 Sall & 7HX| &&0| QICtD H|ot
ElCk

| L S0l AR B8 SSSt ofeis sl @imol 23 el oK el 98),
2. H22lof 27t 2% 71532 :

D5 QR|aH0} st 2ol A
GRPO & 0f2f 244 (a,) 3 &4 (r
PRSI v
ueon chet %;onu 2teae

O|E AHoR HH5IH, GRPO FX{l= 9|2| PPO SX{34-9t IfR RAISICE GRPO 2| ER, =
Hele (= &) = FOIT ZEZE s of chst 24 38 {ay, a9, ..., ag} Ol 2 =HEC TS
2 GRPO SH{gt=0|Ct

1 & mo(a;s) mo(a;|s)
J(0) = min | =22 A dip | =2 1 e 146 | A, | — 8D
0= 35 (on (G (i 12142 2) ottt
(55)
PPO 2 H|W35}0{, GRPO 2| EZ 782 KL EAE &40 Z&3ith= Holl =312t 9|2 20|, 0|2
ESY AHMO 2 SIESE 4~ QLT

la;]
1 &L mo(a, .|s. mo(a, ,|s.
J(6) = Z_ min MA-t, clip M,l—s,lﬂ% Ay

“—~ la,;| = 7T9°‘d<ai,t|5i) " 700.d<ai,t|si)
— BD (o (]85 | Tees(+15;))
(56)

2hd QIElA ¢ off CHEH O Atk

[

A = T'L'_mean(rbTQa"WTG) (57)
E std(rq, 79,y Tq)
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O|=o| iopcll:r Liu et al. 2025 [118]= O] &S 112{st0] =& TR} & M7HE H|etsHX|T, Ol @
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Ol HEE & AKX, 0|2 YA FE{Zf OfLICE O] RUE|ES0| 0EH M2 HHUE=X[2| GAl=
GRPO 2| 8482l Dr. GRPO (GRPO Done Right) [118]10{A{2] O|F FH0| A AU Ol (YK
O 0|HE Yrelsts 718 MEAICR Qlal 2H|7t =|X| 843) 7kA| RLOO £ (HHE ME2 dx
HMZS 7|ZMOZ AE) It SSES EY 4 QICh Dr. GRPO £ eq. 57 Of|M = Hil 3 &2
HHBC—0| AR 2 £t O|-E B7HAF = —wr U=E, Ol= HtH H==2| Z410] = ME0| chsl
GRPO SH&ES F7HAI7|= A1t SSSIC Ol= 79| EE HHO| SAHLE S21 4XE B4 240
S2 2E0| et HekS s ZsHR B B shLte| MER HES StF= 2MItetEs| S8 = A
’é.*?(H’%4 HIES teitt. 37| G 2l & W 2t 4 of Chgh Dr. GRPO OE2 CH32t 20| el ElCt:

U

rr
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G
~ 1
A, =r; —mean(ry,ry, -, Tq) :ri—Eer (58)
S8t HI['0iM, RLOO O|F FHS CHA| 47[5HH:

RLOO ]' &
A =r, — —— Z T (59)

2t Dr. GRPO O|F Folof| -& 2 ZstH A7|UeE SEMS solst 4 Q/ck:

7j=1
G
G 1
= T T
G 1 G 1
TGo-1"T G- > T a1
=Tt (60)
G 1 1 i
>
G-1 G-1) G—-1 44
j=1,5#1
G
1
=ri—g—7 2 7
J=L,j#i
— ARLOO
1
6.1.7 115 ANAA Xz z|1™3s} (GSPO)
O|™ M=ol M £=ZSt H|O|E| HHX | | CHal of2{ |He| JEiC|E ARIS £alist mf, 4|0 =& H=Hnt
S z| &3 SO HAM Afo|Q 22 SUX|E EF™oY| ol 5 MERI0| ZQEiLICE & 5Lk
MEZ SSA2 5 2Z0A —’F—%?_F MEZ AIE510] CIE 220 CHst 7|22 FHE = QA lE
LIC}:
E,[f(x)] = E, [f(x)p—(x)} , &
q()
07| p = BE B2, g = MEE 2=, 72(—3 = S JIEX[QLICE ™M= JeiC|o E HHEH O A
p = my = E|HS}SI0X} Sh= S HHMO|L, ¢ = 7y = = H|0|KE st HMLICEL 0|12 S
old
8l » SHoIlM =T MES 7S RISH0] 7, Off Cist J2C|MES FEE 4= 2], SO0t HiX|E
02{ Ho| aefC|AE ARO[ JHssHEILICE
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JhR| LEHH Q! A|LIR|QOfLA] WAIBHLICE: (1) B BR[O 0f2] o] HC]
92, 2t YHl0|E & 71, 7t m,  RRE TOXIE FL, T2/ () £2 el
A= (0lf: FSDP) 7+ S713} XSO Qls) A2 CHE D2 FHSXIE JHE 4 ¢

g (01 2 il BS714 ZolA ch=of, 23 Tt Has SItRLOf of

ZtZ|OLt RLHF AN E AFREIL|CY.

PPO 2} GRPO £ EZ +F0|M 5= MEZ S ME3I1 t2| XS 2283510 stgs oty
sfgfLict. &Lt of E':“%'(Hlt 0|28 duf ZE7t JAELCH o EZ2 SRk HIE0| 22[E He
1 —e,14¢] $o= BlojLiH sigt EZ2 J2HC|MES Mof PX| RELICH ZHO| MBS0l H2 &

P |

£2 Hofsi A £2 thol 20|, SSX/Bt E23 E2S0] thsf Of2{EHES SE'0| LAISHH B
0| 32t 28 Of QHYEOZ WHHES shasts HS WohE + YBLICE

ol ﬂ

—_

rir rir
1o 1=z 0\-I -|ﬂ

c (01| VLLM) o &

r
o

O =
N

ol
re
m>
I> ol
D+ re

ol r|
il
t
ic]
oo
=
dm
ol
LU -III

—

0E AFA FA 2T3} (GSPO) [122] E2 $20| OfLl ABA 2Z01M S2& HIES Mgtz

M GRPO £ 2tggfL|ct. O] Z2|Eat, LISl ChE YA JefC|E A ne| B0 S HETY AL

o1 —

LICt. GSPO = 7|3t =S AME3t0] 20| Yrste AlEA
HOolgfLict (2! AlAAS] XX ZXE m|5t7] 2l5H):

S £H5te 57 L02|EQI CISPO o M8 57|, E2Y 2% MET HIZ0| X2 &2
OFYst ATt Yrte ol YASLICE HEH S7|= BA0| A|ZA F0|M 2012 mjf (CHREE2| RLHF
2 RLVR &HXMYH), EQE MET HHT s thelet LX[HOF SHit= LT
EZ SFHE2 7 AlZA ZY/EE 3T 5|45 BE (0f: 34EH°| HME7t 28 MoE ZE) oM E7
2517 SEE £ JUELICH Hgo| 2 T EZ0| M UH|0|EE X|ui5tALE, sH-te| ST LHOlIAM &
= EZS0| SEAHCeE S2|UE 0 Y SH| 2 st& ..27} ZAHE 4= AUFLICE GSPO &= gref
o T ST JHEXIE AMEto =M 0| 2HIE siZFLICH
A SEH HES AV HHS R 2ES 4T|HAIL

lal

rola | 8) = [ molar | 5,020). 2

=1
CheslE Qlell 2R B 7y(a, | s,a.,) Emyla, | s) B B0 A ZRIHEOM, Ol 24 LY
9l S o=Nos matet

PSS

lag] la|

pz<9> — 779(0’1' | S) — exp Zl it ’ S, a; <t> ‘ (63)

Weo,d(az' | s) ( Qi t | s ) @y, <t)

GSPO 2542 GRPO £ 2| O] A|ZA £Z0| HIES ALFHLICH

Jespo(0) = By p, {a;}E | ~mg Z min (p;(6)A;, dip(p;(0),1—¢,14¢€)4;)

o\d

(64)
H[20| 20| HHStEo ooz, S2|d Hel s 2 EEY B A91I°'0|IA1 Aot M2 CHE Z0]2]
olgE

SEOl Z2X 7= M 0| B 7hsSHTLICE. o SHOM, AFA & 71EX] p, £ S
E30f| A MEBE|0f, AIHA =F2| IS Y S RXISHHA _'EHEIO*E Atts EtestaiL|ct
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OfF 814 A2 GRPO(eq. 57) o SUSPY I HTh™ B U EE Bt BHSHE ABSH, GRPO
o| L2 TH 0170 Met 20] 518 4 QISLICT. GSPO S'AIAA 47 FRE HES 717l GRPO'Z
208t 4 YBLICIIS HHO| £H9l7}h Hfo| erelet ARtk

6.1.8 S2YE S WEY Y X3} (CISPO)

S2|ZE Zo= MEZ M X3} (CISPO) [123]& CHE M2 WA FIBILICH th2| SXE4+E 2
2|™st= T4, CISPO = Z2& 745%| AHH|Z 22| WsltiA B 20| JCIHES BESHICE 0f
SrEtAL Z22|gE S F 7HEX|0| MX| J2HC|YE (stop-gradient) = AH2310, PPO gHAlo| ot
8 2a|7l CfAl REINFORCE gHAlo| @AloZ g|=0ffLCh:

K lagl
CISPO<9> - [ESN’D {a,;} K ~Tg,, (18) Zzsg pzt 9) i,t |0g7T9< Q¢ | 8, g, <t> ’
PO Ia | =1 =
(65)
017|M sg(-) & ™X| J2HCIAEE 2|0|stH UIEAl= AFSEIX|2t ALt X| ob3), S2ldE 5k
HIE2 Ch3a 2&Lch
~ . 7T0<ai,t | s, ai,<t>
pi,t(e) = clip (Pi,t(9)7 I —epu, 1+ 5high) ) pi,t<9) = . (66)
Weold(ai,t ‘ Svai,<t>
PPO/GRPO 2t2| &4l Xt0|= O|EotX|Bt ZQELICH: 7HEXIE S2|dote A (FHE7Io) 2 2
£ EZ0| o|F &=0i Hl&l|ot= 22CIUE MSE 048 s| E=Ch= AS Q|0|LICH—ItER|= TX|
SR H|Z0 2lof| sl AlSIt HOtLt SEE|HLE UH|E[=X|E st #LICL Ol HE-24 E
go|EQIQILICE: 7HEX| E2(E2 HES FEUsHK|T 242 H[ofot, ZFA o= EF J2{C|ME

7 2tH5| AAMEE AS YR T

H

CISPO 9} GSPO 25 £x|H X2 2z{F 72 MoE 20| RL 2 ME235|= sH7|1E Uo{E0|=
=S50 ofsH 7H“*El9ii:.l-ltr Ol EREE2 EEY 5 MEZH|IE I%OJ Hotn JfC|HE o “E*

8 SUIS CI510] 68 NS + 9SS TEBILICE Ol Ol2fet YT2IFSO| chp2 RolA 5

I Sl 4 2oL} Ar2el 1 SEOINS @ S7ein § Folg 4 A58 SBIELct

CISPO & (3t BICIE] 22/Z 89] (e, # eyyy) B SIBSHEG, O 0] 3 $8H0|M CIF DAPO 2

2]l B2/8 2T RASHDY, DHO| HES S010x st E20 ths o 2 AH0IEE si8Eo

M EMMS Zhejsh £~ QIELICH B M2 = H|O|HE @=-F REINFORCE(TOPR) [124]7} 120y,

Ol S8+ Li=0l 4 Se[EI3} PPO/GRPO 9t He] 15 71318 =g elgletm (C15PO 2 A

212 S0 2S{0 (GSPO A2, HA 250 12 BICkE 228E NBELIC—el 240 i

N 1S BES N51x| 84n, 30| By M HIBS [0, 1] 2 S2ITELIC—oryNel om-3

# 552 75t BiLict

62 78

Ol2{3t A T2IFS0| HYE 2ol A RL 23 Hlm{0], 0] FHOILF CHE ChE Al RAS A/
|0l 254 Algo] BRBILICE O HoIAE 917] 2l YmelE 78

=
8st7| 28t RL —_rl%doﬂE 'E%
= XtEst
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= L

Of ZHE RLHF 2 33 mf 24}
DEI0| HIbe HIAES MASH= 2 S

b
Qe BHAIQLICE 2ENO YoM 22 WS 0SS
LIEILE= A2 52 (E0S) E2S - J3l{of shx|T el=Z2tE %"*OE 2E317| 2lsll 44 Zolof
SIE AMstME E= Z40| 2utX ol 2HEiQlL|Ct RLHF 9| Alo &2 L= REio| 2El0| M7|E o
=M B2 E'.:%_'QI 7t 22 Ho2 YolLt o= 2715 £ 2= AYLIct oo chist sHZE
M2 By 2 S eos_token OMEH AT, T 9|0 AL LI 2| Hdst= 20| HEEIE
F0{5t= AYLCh

RLHF £ 93t Q17| QF A4 E7S2 22|z FMgto] A 78 NS AR 2 BAHE et
([12519] 10 FE). 017|M THRX| o= B 74x| 2 Al Chea 2ok

- 7tz WER3 7|3k PPO U RAF LI2|F0M ALESHE LR 8t 7HA| IEYTE SsHOF
7|8lx{e| Ct2 2oLt D&?lé MEHEl 7FEX|Z AIZE £ UELICE Ol 50 2 ggks 0]
’é' 2 QUAELICE InstructGPT [3]0|M SEl =& ('3—=I RLVR X4 25l Tulu 3 [6]0f|A] XHALS)
2 RLHF S0 AtSE 24 R 7HX| HEQIIE X7|st6h= HQLICH CH2 gHoZ e 2%
Q2 =7|8tEl 74X| sl|E7F F7HEl RLHF &3 O|I1 HAZQE (EE SFT 2E) E Al oi?ﬂ-h
2AH5| RZ=7|SHEl 210 RS ALEdte T USLICHRLHF 7F S35 Ol O 22 Z2|2
Z o AetHO|X|2t ZHsSEHLICH.

O] 23 1ol = CHE H2 MR A Sk ZSELLE o S0,
A

rI

l_

- B s, 2y SI0[EY, WIS OFF 84 Sl0|EY: YISt RM(ELE 81) o BE 22 0
T} 1 AO|2 HEH104 3t oF Mol =22 FLICH S0|EY2 BNOILL O 34 FHXE Y

0, 241 2 HElst0] P S O S ZstEiLch
. Er°*8* KL £¥7|: 876t 10| 2HI0|AM 22 7F KL 2HHS HetstA| AHlitste A2 STE U
OOZ, HESH A2 CHA|SH7| I8t 012] ZAHHO| AL EILICE [126].
- KLHEEZ: PPO 2L A dn2|F2 =7| FHl= EF KL S SE2 5t 22 SHEUS 7
Hto = mdE|IE Hd%i te & ZEE2{7} QUELICEL HEE22| #c RLHF 732 ™ KL 1

E|S AFRBHRIT, Ol R0l w2t ke 4 QlasLict
RLHF 781 M| AbSfOl CHt Of 2 B [127]2 xstiAle. 2naZol ofst 57t He s
[128]12 Z&oIMAIL.
621 H# JaCiolE 7|%
PPO % GRPO 9 22 113 LT2|52 ZHI5H| 9I5H O1F 848 AIR3ts M3 Jefriot=o| 2ttt
232 Chg 3 ZaLick

pg_loss = -advantages * ratio

07]M ratio = &Z 22| 2hE CHH| M X 27 &E9 (
XIO|2 AHLHELTH.

il
riu
MU
Jor
L1
E
|IO
r
n
HT

Ofm
Hu
|
Jor
11

01 42 olsfsi] 912} EIOE Lhx| LolM WIS + 9l Ciekel 228 Ams 20| FELI
AM0| ZHO| HAUS B 24 220 S 7|f5HIAIR

A2 1 90| O 34 2, 5 YS0| Yefo| J|cizhiact of FUSLICE 0|8 Z&f5kn Mttt ol F
S TYS S0 B52 QI3 0[S O YAIsHY| 2l SHELICE 0|2 9Jsh 21 682 SIHAIULICH Y
o 21 H|g, X E2S0| 21 &8 ¥2 DHO| T E2SS MAE 7H5HO| o SCHs 22 ojojE

O
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https://en.wikipedia.org/wiki/Whitening_transformation

4% 3: 0| gt 240l 0, & YH|IO|ETH EQ3EHA| ALt £40| 00|22 Y DHAS HAYSHKA| &
SLICt
= .

6.2.2 24 Fj Efo|ELQE

Ao DHZ FHM OCINE 2 NB|FES A ol Y HE2: E3E &4S 2T 2Zet &A=
OfsE 7| TASH=LERILICE 84| 27| B ol £2 £ of M ; of Chet £28 241 7, 248 Zo] |a,|
7t FO1E o, M 7kX| =2 FHEFO| ASLICH
M2 1: A|HAE ™78} (EX GRPO; Y PPO HOIME ALR)
B la;
1 1
L=~ S —> iy (67)
i=1 |ail t=1
Zt AEAE ZOof| 2A|g10] HiX| &40l SS3HA Z7[ofgiLtt ZEZE:
sequence_loss = ((per_token_loss * completion_mask).sum(dim=1) / \
completion_mask.sum(dim=1)) .mean()
Mzt 2: E3H "st (DAPO [129])
Z Z|az\ E
L === (68)
> lal
Zt E30| SS3H 71015t B 2! A|RA = JeC|MEo]| Hz Koz o B2 Jefs | 3=
2=
token_loss = ((per_token_loss * completion_mask).sum() / \
completion_mask.sum())
Hak3: 7" Zo| A3t (Dr. GRPO [118])
B la
1 1
gy, e
=1 TmaX ¢=1
ETh A2 ZO| L, 2 HsHsi0], o 21 NAATL O B2 2 22 Eats| 2] ofHs| o
22 & JRICIES J|0fslRiM T AlRA0| X 28 AAYS RSSRILICE IEEE:

fixed_len_loss = ((per_token_loss * completion_mask).sum(dim=1) / \
L_max) .mean()

07|M L., = LN 2 WA £ IHFOM TS Y=, Zch 4H E2 +E XYLt
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| ZEO0M completion_mask =12t 0 22 O|R0{Z T2, TEZ
oz M¥) ZHO| ZEZE EZ 0|F0l|M &&ots NS 2

6.2.21 9 0|2i0] Q7P ElBE o=z Q2| JiH E20| ofcl Zajol TAl0| QoD A|HAY
3 =1

ek (M=) 7t 7+ E0F 2LTE. J2{LE o= AI3A Zo|of 2 D|2st HekS EI5H0f, Het
of ghetof et ROl td FE25H7LE Xi"dﬁa.:‘.ﬁl O @2 E30| st M2k 71E3XIE HF= 3
Q0] € 4= AFLICt EEE £40| LHE F ARAE 15l HAHA|L:

seq_1_losses [1, 1, 1, 1, 10] # 5 tokens, mean = 2.8
seq_2_losses = [1, 1, 1, 1, 1, 1, 1, 1, 1, 10] # 10 tokens, mean = 1.9

T (L) o] SUS (2.8 + 1.9)/2 = 235 0lof, oz B Aalrel 2 52012
AlEA0| EZHECHT 2 JCIHES WL

et 2(=24): HiR| A4 (14 +19)/15 = 2.2 00, BE £20| SYs TCIlE 37|15 w4
Lict.

HE 30 0|, L = 10 ALR): BE AlFAL
I1ERIE RofstpiME £ TefCiolE0| RES YELICE
pS|

=
Ol2{t M2FS0| J2HC|AEf O P2 O|X[=X| B 2tEst oAl Of2l AFEEE HZSHAIR.

from typing import Optional
import torch

def masked_mean(values: torch.Tensor, mask: torch.Tensor, axis: Optional[int] = None)
-> torch.Tensor:

"""Compute mean of temsor with masked wvalues."""
if axis is not None:

return (values * mask).sum(axis=axis) / mask.sum(axis=axis)
else:

return (values * mask).sum() / mask.sum()

def masked_sum(
values: torch.Tensor,
mask: torch.Tensor,
axis: Optional[int] = None,
constant_normalizer: float = 1.0,
) -> torch.Tensor:
"""Compute sum of tensor with masked values. Use a constant to mormalize.
if axis is not None:
return (values * mask).sum(axis=axis) / constant_normalizer
else:
return (values * mask).sum() / constant_normalizer

nwnn

ratio = torch.tensor ([
[t., 1, 1, 1, 1, 1, 1,1,
[t, 1, 1, 1, 1, 1, 1,1,
], requires_grad=True)
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masks = torch.tensor([
# generation 1: 4 tokens
[l 1y iy iy @y @y ©plg
# generation 2: 7 tokens
ft, 1, 1, 1, 1, 1, 1,7,
D

max_gen_len 7

masked_mean_result = masked_mean(ratio * advs, masks, axis=1)
masked_mean_token_level
masked_sum_result masked_sum(ratio * advs, masks, axis=1,
constant_normalizer=max_gen_len)

print ("masked_mean", masked_mean_result)
print ("masked_sum", masked_sum_result)
print ("masked_mean_token_level", masked_mean_token_level)

# masked_mean tensor([2., 2.], grad_fn=<DivBackward0>)
# masked_sum tensor([1.1429, 2.0000], grad_fn=<DivBackward0>)
# masked_mean_token_level tensor(l., grad_fn=<DivBackward0>)

masked_mean_result.mean() .backward()

print("ratio.grad", ratio.grad)

ratio.grad.zero_()

# ratio.grad tensor([[0.2500, 0.2500, 0.2500, 0.2500, 0.0000,
# [0.1429, 0.1429, 0.1429, 0.1429, 0.1429, 0.1429, 0.1429]])

masked_sum_result.mean() .backward()

print("ratio.grad", ratio.grad)

ratio.grad.zero_()

# ratio.grad tensor([[0.1429, 0.1429, 0.1429, 0.1429, 0.0000,
# [0.1429, 0.1429, 0.1429, 0.1429, 0.1429, 0.1429, 0.14291])

masked_mean_token_level.mean() .backward()
print("ratio.grad", ratio.grad)

# ratio.grad tensor([[0.0909, 0.0909, 0.0909, 0.0909, 0.0000,
# [0.0909, 0.0909, 0.0909, 0.0909, 0.0909, 0.0909, 0.0909]])

PN k=)

l(masked_mean) 2 ALEIIS M &2

A (0.14) ECt o 3ck= AS

masked_mean(ratio, masks, axis=None)

0.0000, 0.0000],

0.0000, 0.0000],

0.0000, 0.0000],

A2 o] E24 JCIE (0.25) 7} 71 Al
HOfELICE F2F 293 2 AlFA0| 2K E2 I

oEE

AEES 753t

BLICk J2fClolE 50| AFRE 22 Of2fat At NTHs| SRk 2 IS0 FolsHIAle—ofi}

A”IS 57| Hof| 042 OLEiX|ofl 2% J2iC|HETt st = 42, O

maginl
i
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o
X
—
T
M
=2
x
rr

51 Zag)
GIZEILICE MDP(E2 4F) 2

=
FZELICE AR ol BtSE 7
13
X

N

24: MDP Cj RL 2H|S

= [ =

KL IHZEIE HEY W MEE Lict. &
21 ofl LIt [116].

HhH, WS (AL £F) 23

TEO|M Ol= AlAA =F9

Ct. RLOO 2f GRPO HH4|9| 0]

k=3
[
oIH

et

rlhfbook.com

a, 2 Ml s, 7} SRR ] Za|Z A0l
©l: GAE [112]) 2 EE &

poN =l
BH—

AlAet B 71 A

P40l 7+ E7L

=3

rk>

ofZ 7| Zajelst=x|of chat Cf
éﬁ
O/ B2 7
74| HESIE AFE3HE PPO

He dSo= F g

E EZ0| ER2CIARISHE AS 9|0|EhL|
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o A-LoL 22 A1H B WHE AlFA £7 SHE4E FOISHXIE, FH JfC|E £57] obdl
C} (1301

B2 GRPO 7310] HHS! H410] 0| BH42 ASIRIA £4l0| Hzo| E28 KL &
PPO/RLOO 71312 Of7 B45 A\AHs17| Hojl KL 2 B 4l0] EEIAIZICH: Hofl F231AAIQ; & el
BE A2 ERfELC

T HZ YAIS H|ush= of|Al= of2iet ZELT:

reward = torch.tensor([3.0, 1.0])

baseline = reward.mean()

advantage_seq = reward - baseline

advantages = advantage_seq[:, None].expand(-1, seq_len)

advantages = gae(per_token_rewards, values, done_mask, gamma=1.0, lam=0.95)

0l “EHO' FE2 E5h &l Qs 71 79| 2E RLHF FR0|M 1.0 22 HFE|= Ol % HYFLIC
HEZERLOIM &2l (y < 1) 2 EXNYL|TE DA ofmja=0f 25X ED| Y7 Y 7tol F[KS
TS WFE AO| O|o[HETL AlZtol| Z2H EutHel FSS SEshs 9°“~|Ef JdeLf RL
HoME E2 &2 MDP 2HS A5t et X3t -'H"”‘* Hek2 T
C—Ha Hs= 78 E20| Ofd A SES F7kefL ). 2ol EESS &l
210 YJoI2 1 7|01E HF= 20| ELICh. of|o[MEY RL 0| I=siyo| w2t —220| =7 S &,
TE o ¥ Beted 22 AN e 1SS Flst=—&2lo] ThA IJ-*E 1y ol
ot R V1A 2Ot O E TFYez FEEE =Xy 2YE &6 mEYLIct
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Or1(2) = Ve
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cry 1 (T N T
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On-Policy Training Ve,r(z, yt)
Or1(2) = Y41

Fast Separate Generation 6 (x) — Yt
T — E—
Vo (@, Y1)

GPU 2
Idling Alternating On-Policy Training Vgt’r(x, yt)
Fast Separate Generation — 6;(x) — y; Or1(2) = Y1
T S
abU> O G
Efficient Off-Policy Training Vo 7(@, %)  Voor(2, %41)
A RL 22| ‘4d-YUH|0|E & H

Figure 23: Noukhovitch et al. 2024 £ 2
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017|M MM I AC|0|E THA = fig. 22 &K &IXtZE 2 7HEXIE Yot EH
L ER0ME RF AA0| lstX| REE & S7I5HE = USLICEL FE ZEo| F2,
M 100K+ E20| 225t 2H|e| SEE 71 £2 EM0| 2012 Yo S EX
O S7|A RL QIZ2t0lM F2 REES ST mio| YUtxol ZH|= Hix| L &
MMst= O 4Ys| O 2 AlZHo| ZE & ICh= AYLCH(H B2 EZ0|L
Qlof| e HFE S| iR E0| =2 E W7tX| R5 SEiZt ELICE o Zo| EUX| ZH|of|
S ZARMOl A|RA £ZF T (sequence-level packing) 2 HiX| L O B2 MEESS ¥a|st OtA
2ot ol M2l X|&5A QI E0tR S JHsotH| st HiX| L MEo| 24X Zo| FstE o & 24l
Ch 24t RL QlZate| MA| SEHY2 0] o He|E YOoHL|CL 0l= 2-E 2|7 5Lt 8

S REsh=s L2 B2 UIRE ENSS oI 4= 7| WiZ2Lch

inl
_\'J_
g'h
0
do
[o]
ol >
ra

o—'-
H =

oj2f3t 22 ZHo| SFo| wfel, B U £2 TLES 5| QE-YYOR BIEL JHof thet 20|
B SOFHSLICE 01710 F% J2HCIE AROIES 95t 221 BIX|= 02 AIAHAOIN 715 22

of etzE S0t = MAFLICt [132] [133]. 2k

u

6.2.4 ZHEtHEl 3o WEY (TIS)

el ST METF (TIS) 2 A0 ZES A3t ol HIS7| RL Z[ |3 0M RS st
St Ol AI8ElE S =RYULILE Sk HE-Y2 ot 2R20|M FEE HES IS0 LE 2
=0l Cist 7|5ig e FYohs B WHAULICH (eq. 22 ATHE). HEHE S MEZ [135]12 OfH o
== C ol tish min(p, C') 2 0] 7FEX|0f 45t g SC|HES| RAIE E4ts 2lsl ofzte)
Hers Ef|o|=gfLrt.

1
=

2
2
I

S

| i J2HC|HEN HEEl= SR HETY EHOX|T, HIES 1 2X = H|&tsh= PPO 2t CISPO
| efy

22|t Ha|, TIS = H|=0| 10122 XREA BOE + U= e YoHdS A8sIE 3
ChE ol Ditl 7HEX|S WX|EH| /8 O ol M Abgte ELICE PPO, GRPO, CISPO(R! 2t 2112|Z) 2
SOIM, HIg pf'Y = my(a, | 5)/my, (a, | s) & BHLERI RL HHX| LY 0121 J2HC|E Aglof 2z
Y CE|ZES HFPELICL O|H AT HIS7|Y OfO|E|0E Sa22 o A RL Zefgel3= ©
st o 2 X5 Xto| Aelo] AUS 2= ASLIC (O] HA SLE MSF 9| #X| BHO| L.
WEeiet SHSA7 Lot M7 0 S SFSIEEtE, FE AT (O vLLM) 2 =3 Z2{|2)9{3 (0]
FSDP) 7} M2 CHE 7{d, YU, H3 HEfS MEs17| 20| R& EE 227 UE & JSLICH
[136]. T2t & AIARIO)A B7HEl SUFH H& 7™ of e £ 225D, (hS5he Hlgat HE

> 9
= HEHE Yelst= 20| R8Tt

2

|0 O

—
e
o

g

n
=l

learner
learner Ty (at | S5 a<t) ~learner ; learner
= = min ). (70)
pt 7_‘_50;;1|'r|p|er(a/t | S, a<t> ) pt <pt bl )

0 = HHS A5 HEHHO|X|EL ME CH2 0|92 B JPCIME 3ol EEHELICH3Hs RL b
xlo| 2 L M Ca|ZES HASID, CH2 St 2H O Olft WALS HARSHL|C— 12|11 SAlo]
X2 4 YALICH O{EH Z8tEl=X|s Lna|So| w2t ChEL|Ck

=
REINFORCE(EHe! J2iC|0iE AR): H& E2|ZET} 9OBE (1, = mp ) RY

StExtet E2f AO|of| RUSLICE O7|M g = g, OIH, TIS 7t B StEA-dSs

T
R
oo
o
rr

mo me v oo
>l
rr
g'l_l
ol
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VQJ |E samp\er [ﬁfamer At . VG |Og Wgamer(at | S, a<t)] . (71)

TIS & Ar83H= PPO/GRPO(012] J2HC|AE A”): OfX| T H|E0| 25 gdstEL(ct dSst 18

oM, = H|Z2l0|T 21 &E"2 SSXIo| M A LE2 2 (GSPO =Z20i|M 0| S =2|), i H|g
pgohcy Iearner/,/.rle:drner = _34\_@. yg|;<_|-l| Eﬂliég ;‘tafol':'_, pltearner — m|n<7_r|0eerrner/ Z’a:DIer7 )
£ dd MIAZIEM WAL SLX|E B2 HFYYLIC,:

JPPO+TIS(0) =F [mm(ppohcy Atv C“p(ppohcy 1—e,1+ 5) At) _ﬁltearner] ) (72)

O7IM 7y F# Tgey SLICH O 21 222 HE2{7} Ofl StEXtolM LI Z2 Y37t o]
AMg AL D MEe) 20 stE2 Tp,, = 2T AtEotd, FA H|g0] 00| #AE =LX|E ZX5t
of ezo| TIs BA0| RsHX| oX|a—2iLt 22|go| ofH3t J2fC|eiE A% ofFo|E 0]n| 1.0 of
M Hofit o L.;OI?U} E‘JS HIZ0IM 2tS5tA ELICE 0|Z10] Yao et al. [136]9]"0{2{2 2| =Y 2=
£ =t LE-FA R HI-‘-°“—IEF’?;*§%ILIH.

AHZ, LLM RL A|A”RI2 TIS £ YA T2iC|E &40 Ciet E2Y EHN J7IEXIZ2 HEFL|CH

Cc=2.0

logratio = learner_logprobs - sampler_logprobs
logratio = logratio.clamp(-10.0, 10.0)
tis_weight = torch.exp(logratio).clamp(max=C)

per_token_pg_loss = per_token_pg_loss * tis_weight.detach()

[—10,10] SUIZE X4 AN & £5| QFHYS 9Ist HLILICH X Metel SR MEY At C
Dol £ AtstelLIC AX|Z, Ofefst 21 2B Fuiol xial Ay Al MBe| 21 88 X3, 0|
A MIEOIE0|M SRt 2 S8 WAL, JHCINE AH 5 S5 21 58 F5—L BARLE
Bl9l0] AFHELOIN ATtet S22 HX|FLICE GSPO 9F 2|, 0] HE2 AlHA £Fo| Hy £

—
(%2

{7t otl EE2 &9 X 2ELXE CHRY| iE0| EZ T LICEL SHEX-MER] |20 cHst T
X0 QX AARL THMQYAS (VeRL, TRL, OpenRLHF, SkyRL, OAT, 2|1 C' = 2 £ Al25}
Open Instruct) O] R{EHE|QI OO, Efet 2K JHo| MM EZ0| ZX =2 EZY 0|7} X &= 71

E Eoja 7 &) oM B H %ROHE L|Ct.

e rir

6.2.5 OfA: 29| M3 2|X3}

PPO 2| 71312 Oi2 HELIC sl &4 AAH2 of2ho]| Lot AELICE Pyl 452 QsiME 7Hx|
ALtz 8|, 01710]= 0421 74X Z40| EXRILICE O] 22 &40 CHgt Cheket 4 23,
A A

B2 (

= ™M 23 &8) 2 MM0
Lct &= 3

0 I
2 KL 72| ®M /o EE|of| 2k AZE LT

L
=

xH
=

rewards = rewards - self.beta * per_token_kl
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values = value_net(completions) # Shape: (B*G, L)

# Compute returns via backward pass (gamma typically 1.0 for LM RLHF)
# Mask rewards to avotid padding tokens (which may have KL penalties) leaking into returns
returns = torch.zeros_like(rewards)
running = torch.zeros(rewards.shape[0], device=rewards.device, dtype=rewards.dtype)
for t in reversed(range(rewards.shape[1])):
# Zero out padding: only accumulate rewards/returns for valid completion tokens
running = (rewards[:, t] + self.gamma * running) * completion_mask[:, t]
returns[:, t] = running

# Compute advantages: A_t = G_t - V(s_t)

advantages = returns - values.detach() # Shape: (B*G, L)

# Note: We detach the walue network here to not update the parameters of
# the value function when computing the policy-gradient loss

# Normalize advantages (optional but stable)
advantages = (advantages - advantages.mean()) / (advantages.std() + 1e-8)

# Compute probability ratio between new and old policies
ratio = torch.exp(new_per_token_logps - per_token_logps) # Shape: (B*G, L)

# PPO clipping objective

eps = self.cliprange # e.g. 0.2

pg_lossesl = -advantages * ratio # Shape: (B*G, L)

pg_losses2 = -advantages * torch.clamp(ratio, 1.0 - eps, 1.0 + eps) # Shape: (B*G, L)
pg_loss_max = torch.max(pg_lossesl, pg_losses2) # Shape: (B*G, L)

# Value function loss: predict returns
vE_loss = 0.5 * ((returns - values) ** 2) # Shape: (B#G, L)

# Combine policy and value losses
per_token_loss = pg_loss_max + self.vf_coef * vf_loss # Shape: (B*G, L)

# Apply completion mask and compute final loss
loss = ((per_token_loss * completion_mask).sum(dim=1) /
completion_mask.sum(dim=1)) .mean()

# Scalar

# Compute metrics for logging
with torch.no_grad():

# Compute clipping fraction

clip_frac = ((pg_losses2 > pg_lossesl).float() * completion_mask).sum() /
completion_mask.sum()

# Compute approxzimate KL
approx_kl = (0.5 * ((new_per_token_logps - per_token_logps)**2) *
completion_mask).sum() / completion_mask.sum()

# Compute value loss for logging
value_loss = vf_loss.mean()

=

PPO Of| M stigiX o= Ofa5{of o RE2 YA J2C|AHE £40[ Of A YCO|ER=7tLILt T2
Ml E0 BsHMIR:

pg_lossesl = -advantages * ratio # Shape: (B*G, L)
pg_losses2 = -advantages * torch.clamp(ratio, 1.0 - eps, 1.0 + eps) # Shape: (B*G, L)
pg_loss_max = torch.max(pg_lossesl, pg_losses2) # Shape: (B*G, L)
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pg_lossesl 2 7|2& QI 0| 715 F& J2C|E &MQULICE pg_losses2 &= SUSH AS HE
StE, H#EHIBS [1 — e, 1 + ] HPIZ SHUTSI0| THY HHIO|E|M HHo| 8 £ = HES
H|gtetLct.
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6.25.1 MEL 13| JC|YE AMS AL85H= PPO/GRPO Etast (221 §l8) PPO(X GRPO)
THEMEE JaACiols Ad 2 st0HIAOIED| 1 91 22 B of 2rsl Xl + L
ol 22 2-4 FEE 1 O|HRILILE FR PPO HEE GRPO HEIA] (eq. 50 %) O R RS
oIl TRRITIEY, 5 P i MES MAats O ALRE HQULICE HRhM £ siLte] J2jriels Aol

2B 1, = 7, 7 E|D, YCO|E FEL TS 20| ForELIL (| EYIE 2fciets et
S LiEpdiLich:

50) = =30 (g (i) ). 73

2 S8 = vy YA JeiCii=0 22|18 2E2 M2 4 9l PPO EE GRPO 7#0| THSHHX|
E|HEp|s EBE A JCIE0] B o JtEILIC

6.2.6 O|Al: 1 A Mz %| =35} (GRPO)

DeepSeekMath =22 E3| & RL 0f|AQ] EF PPO M1} H|met i}, PPO 2F CHE GRPO o] Y& 1
8 NS AtetS MYSLICE121]. OlE £0, RLHF Z[&3} Li2| KL THEE| (KL THEE|= 24 E%‘ el
O| BB 7IsE EHRE FER

2S SHEAIE Ik MEELHE AS 7|5MIR) £ B g7t ot
AAl O-I|:-||O|E0-|| x® MEEL|C} RL

A

=)

HF off CH§t 2&F KL THEE| 80| r = ry — D E HEE|
Ch

1o d

i M, GRPO 732 Ct31t 2

L = Lpolicy gradient + 5 * ﬂKL (74)
SHX|2t O|E R&ist= W2 0{2] 71X 7} JQELICE MEHOE KL HE|l= ZEZE 5 0f Ci$H 2tg2]
Zt E20] CHal AAtELICE 2 S0 = otLte] ZEZEo|AM 02 2Hdo| MERE| 1, Stte| f
X0 o2 ZEZEVIQonZ KL HE2|= [B, L, N] 2| HEHE zHA| ElL|Ct 0{7|A B = HiX| 37|, L
2 AEAZO, N2 _EEE%* 2t QLI
O|E Zeoto] A tHmfj &4 =X WAl S ALZSIH, A ZEE Of2iet 20| ZME 4= QIELILCY.
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#
#

B: Batch Stize, L: Sequence Length, G: Number of Generattions
Compute grouped-wise rewards # Shape: (B,)

mean_grouped_rewards = rewards.view(-1, self.num_generations) .mean(dim=1)
std_grouped_rewards = rewards.view(-1, self.num_generations).std(dim=1)

#

Normalize the rewards to compute the advantages

mean_grouped_rewards = mean_grouped_rewards.repeat_interleave(self.num_generations,
dim=0)
std_grouped_rewards = std_grouped_rewards.repeat_interleave(self.num_generations, dim=0)

#

#

Shape: (B*G,)

Compute advantages

advantages = (rewards - mean_grouped_rewards) / (std_grouped_rewards + le-4)
advantages = advantages.unsqueeze (1)

#

#

Shape: (B*G, 1)

Compute probability ratio between new and old policies

ratio = torch.exp(new_per_token_logps - per_token_logps) # Shape: (B*G, L)

#

PPO clipping objective

eps = self.cliprange # e.g. 0.2

pg_lossesl = -advantages * ratio # Shape: (B*G, L)

pg_losses2 = -advantages * torch.clamp(ratio, 1.0 - eps, 1.0 + eps) # Shape: (B*G, L)
pg_loss_max = torch.max(pg_lossesl, pg_losses2) # Shape: (B*G, L)

#
#

pe

#

important to GRPO -- PPO applies this in reward traditionally
Combine with KL penalty
r_token_loss = pg_loss_max + self.beta * per_token_kl # Shape: (B*G, L)

Apply completion mask and compute final loss

loss = ((per_token_loss * completion_mask).sum(dim=1) /
completion_mask.sum(dim=1)) .mean()
# Scalar

#
wi

Compute core metric for logging (KL, reward, etc. also logged)
th torch.no_grad():
# Compute clipping fraction
clip_frac = ((pg_losses2 > pg_lossesl).float() * completion_mask).sum() /

completion_mask.sum()

# Compute approxzimate KL
approx_kl = (0.5 * ((new_per_token_logps - per_token_logps)**2) *

completion_mask).sum() / completion_mask.sum()

CE siAsh= ol Chet XbMISH LHE2 22| PPO MM S ZZESHM|L. PPO Of|A|2+2| 34 X}O|
Sot ZSLck:

O &4 74k GRPO = SHAEl JIX| &2 7|&E 2
YIS Mole] OF X YAz (Frnt E-’-S-Ed ) E“o *ﬁ‘s}“l-l Ct.
7HX HESR g3 GRPO £ 7IX| 2 S 2tH3| ®73t0] vf_loss 2t 2HE SEHYS AL
ct.

KL 5j'2E| 2IX]: GRPO = E&0|A KL HHEE[E = tidl &40 2F HefLlch (0]240] &
FRI0[X|2 KL HE Aofl= o B2 HYYO| EXELIC.

IS - O

6.2.6.1 RLOO L GRPO RLOO 2| 0|H &4 YH|0|E= GRPO 2 DI SAlSHH, PPO AEF Q|

2218 H KLEE| NS Attt Eollz Dnejg of 2u2|E2| JHEH fAMES FZAIZLCE THH
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O, RLOO 0| M O|F &= GRPO 2 iR FAte 7|EM S 7|Z2 = AlMELICH-SYE ZE0
of CHE S gz 2o iH| sig 2bdel 24 L) ZFaf5H|, RLOO O FHX|=
L|CE (TRL2| T30l A 2HE):

0>|

rlhf_reward = rlhf_reward.reshape(rloo_k, -1)

baseline = (rlhf_reward.sum(0) - rlhf_reward) / (rloo_k - 1)

advantages = rlhf_reward - baseline

advantages = advantages.flatten()

RLOO | LIHX| 728 M5 AFSHS M JalC|E 75o| CI2 Erj0|=EQEE mEL|Ct

6.3 BEZX ZJX|

M JeiC|oE gnalEe| Mee ets| Al5|7| QeiMs 24| B2 1ay AFsto| QIALICEH 017|A
= X 7EHE|°1E RL ¥12|5S MEZMoZ HiZste o Qo] 7| m2jo] BRNSS UL AHEL|

O] Ho| Zt &n2|E2 U alial J2iC|HE SEl (eq. 23) E SF5HK|TL O &8 FHsH=
1t 2| MSHE MOt HHA0A XFO[7F QELICEH
« REINFORCE: HAto| 2E|FIEE FHX|E Zast= ZICtst M J8|C|QE 3oz, EAS

£0[7| 2lall HE 7|8 7|EME EUFILICE

. RLOO: TEIZEC 0{2| =2 A}5}H= REINFORCE 2, 2} A1Zo| 7|ZM0| LIHX|o| B &
& (2|E-2-012) 0| £|0] J2HC|E Z4tE SYULICE

+ PPO: Cf Fetstn oH X el J2{C|YE HH|O|EE Qlsl &&E 7HX| gt 22|18 E Y HIE
= F7fefct

+ GRPO: ZEZEH 0{2] K4S JESSt OF '-H01|A1 HYE Feksto] 01 gtE AlLtst
£ PPO o EhafEl MO 2, J1F| 847 BR QALY

. C|SP0 2 MET 7I5XE 22/¥st= (PPO/GRPO ME SX&+5 22
1) REINFORCE AEIY 24712 |Z0 2, oMM S Q3 JBC|ME FCHE A
J2C|HE MSE ghEL|Ch

+ GSPO: GRPO 2} RAISHX|ZE 2t Z0|= Y H|ES Hraksto] 20| .

- DPO: RL %*I'_Elxo OfLIX|2, Hro| Hy EE'% TS| 23[510{ MS Hol|l M 2T x[Xstat

OEM‘I ?_I' A._-Ii _,i_|x-|§|. —E—HI% 6”?24 |'|_ I:IH:HO‘=||__|E_|. (8 7<(D|. %F_DE)
o|0| E': x‘li_, JEHEL_"E 12|52 = N = 2-FHAO0| X2t CHEE AN ME0|AM = 2719

S 1Ch Dpo 51 20| 1 HE HE GuciEEs olRHOE o5 ag
Itk e SHoel mat B S 21 afisth Al 2 MR & St IC RO 20] Sotl A%
S =e2 §LICH REINFORCE 9 RLOO & S2& 482 20| gALICHLInX| ¢na|Ese
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E0R HiX|E 0f2] Bio| J2{C|YME
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_ 1 & 1
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T
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6.3.2 utstEl O] £ (GAE)
2utstEl O1F =3 (GAE) 2 & J2C|AE L2|F0|M OF gtE A|lMsts CHetN gz
[112], He-24 ERO|EQES O # 7 HELICHL MSHQl thY A- O FHA=HR =2 H
&2 U +don, TS YXE ALBSHH 22 EMOE 0222 FE & JUSLICE GAE =Tt
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Ty + 'YV(StH) 2_ V() n=1
fﬁ”) = :Tt + i YV (802) = V(sy), n=2 75)

Ty VT + 727't+2 +=V(s), n=oc

047|M n O| HE2+E 2 YN0 O X2 stE SHE AUSAIZ|7| HE0 242 X2 HEk2 =0t
L|CH-2t&gto] 2lg o~ AUSLICE GAE = EF n Ujdl 715 OHE AR RO 0| 342 Yttstst
H10 A|=RILICE AZFst7| flsl, Ol FEl 71k AlZERE (TD) ZHRHE F2|sOF &fL|CH
0|2 &8517| flel, GAE E& mf2|0|E2 & T2 M4 )\ E SUEHLICEH 0|A2 ™3t nxX} st= 024
Ol Q| X|4= Z4|2 HElLch:
AGAE(’Y»/\) =(1— )(A(l) + )\A(Q) )\214(3) )
= (1= X0 + A + vétm + A2<6V + Wl +9%002) + )
= (1= X)(4, ( LA+ A% ) + 90 (A + A2 4 ) o) (77)
( )( l +'75t+11 T )
- Zl 0(7A> 5t+l
IHHHOZ 0|A2 O|He| CtE AH FHXIE RO0totAH BHstet= O AFSE = JUSLICE oA 7§

2 of2fiof Ltek AELICH

# GAE (token-level) for LM RLHF

#

# B: Batch Size

# L: Length

# Inputs:

# rewards: (B, L) post-KL per-token rewards

# walues: (B, L) current V_theta(s_t)

# done_mask: (B, L) 1.0 at terminal token (EOS or penalized trunc), else 0.0
# gamma: float (oftenm 1.0),

# lam (short for lambda): float in [0,1]

# (Padding beyond terminal should have rewards=0, values=0)

B, L = rewards.shape

advantages = torch.zeros_like(rewards)

next_v = torch.zeros(B, device=rewards.device, dtype=rewards.dtype)
gae = torch.zeros(B, device=rewards.device, dtype=rewards.dtype)

for t in reversed(range(L)):
not_done = 1.0 - done_mask[:, t]
delta = rewards[:, t] + gamma * not_done * next_v - values[:, t]
gae = delta + gamma * lam * not_done * gae
advantages[:, t] = gae
next_v = values[:, t]

targets = advantages + values # y_t for value regression
advantages = advantages.detach() # for policy loss
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oSk 2= AIZHRE (TD) @F (0, = 1y + YV (s441) — V(s;) & FHst=Cl, 0|= AA At
7} 7kR| B4=0| 0% chH| LOHt E74LE LEEXIS R4 22 (yA)! o 3P SFEHLICH SE E20)A
not_done=0 2 0|2 AEHO|M] HEAE EHS KXot GAE 47| =7|3}6104, 2} ofjm|A =9
O|Fo| SEHACE AMEL|ICHEZI dEtso s AlE|B 2, ZH EZ2 oflu[AE ZA0M X[~ 7t
3 5HE 2Tt SXIELICH-0ls 82 i ZISHHOZ OHS0], otLIZ HIAE 0 A|AAE 2
HFE2HA M2|BLICH. £|F targets £ 0| GAE £ E0||M sh& &= HE2| 7HA| &<~0f Cist 5|7
SEE ANEE|H, 22|E advantages = F J2iC|UEQ| 7HEXIE F0IL|CH-H2 AC|0|ETL 7t
X HESZE Salf A™m=|X| A=E 22|EL|Ch 10| ZEe| RLHF ol v = 1.0 0| Yetxelr,
O|Z|AST}LHIERI M F&0| MEEl= B EE AFA0|7| HRQILICH (AT S 25 5HLt9

=2l L-O

EZ2 otof| ASLICh.

7121712 QleliME [13712 & ESHMIQ.

6.3.3 0|3 ¥qst

O HOIH 2| = J1x| | HTSHE AHBHALICL SIS A™ 37| Hofo| = PPO S 22
[t RIZE 71EOR 3 KL it 7|8t 12| THLE|QILICk
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ri
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il
I
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I
rir
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S S Mojgt 2R doz Qlsl BHUSISLITE RLHF O|M, 15 & Faiet 3 8 &3 71
|l AP, melFdsts B2 YMo=REQ| 72| iEEIE S& LiEE Frat
0| ASLILE. O] ZFO|AM, PPO 2 Z2 2 12|E (R 28 37| Yr=tE 71 1 REINFORCE(H
Ete5t0d, £ Stolmuf2tolE StoflA PPO 7+ 0|2 FotE) 2to] X109 & RE2 XMZFH of o)™
EZS E8AI7|= Q0| Hlsl 210 22 miol oM = M & oj0| QELICE

Ll
O
il

o

o]
o 7

A
U

ks

40 1
ol

=

I
lon

L

29

PPO Of| M HC|O|EL| AR 37|E F|stote SXNE4E= 2| SNESZ 22N USLICE RLHF oM
PPO HTal7I YO0 E0]| YOIt W& 0|X|[=X| DLIERISHE{H, Z2 017| Ql= JFM 22l 28
HEE MHE 4 Qe Ol HiX[o|M & H|80| 22| 77t 8o 2 HojX|= ME9| H|2¢lL|ct
O|A2 PPO 2| Ms}7| 7t 4ste|&= 2I=of tist Rt ti2| X[ZO|X|2t J2{st ZE MZ0| ¥ O
CIMEE Zt= 22 OfHLICH Che| SXE4s= Se|dE 27|72t MedE ufot WESYX|=H|, g &
Of H[Z0| 1 + ¢ & Z=1tet= Lol O|™ MEO|LL H|Z0| 1 — ¢ O|THQI S| O|™ MEo| ZLeL|CH
AH|Z ¢10] 2=I0j|A PPO 9 GRPO Zt2 ¥112|E52 S5 X[ Tt 5iLte| J2{C|HE ARIOZ AlSH
Z|=6, Ol= PPO 1R2| Mstt M3 MEE|X| &ASS QOIELICH (E2/E HAo| AYs| #HE
OF HHX| LHOII A S 4= QIO 2) T2|1 KL 72| THZE|7t =E O|FLICE J2{Lt 0|Zi0| EEHAO|
X|= SHALICE O 2 S0{, DAPO = HYiX|ZH 16 B1o| JEiC|1E AEIS ARSI [129], Tilu 3 2 8B
2! 70B 20| A HHX|S 4 12| PPO C|O|E HHS 2 ALESIX[2H &3 oY RX|IE {I5H 405B 0f| A
=12 ZYLICH[6].

M o

o 12

6.3.4 It g7l

RLHF 7} 3o A= 2212] Sof| 2| WM, 23 I-gS JHMst7| s THE = J2iC|AE RL
2n2|Ea LerH el RL E2|FS0| Mot AX|2, || 2RlS X[HiSHE Ol A0 SaXl A S
StAl= RAMSLICE F71 471 oAl 2= CHE0| AL

- 4" 39| " 2|5 (P30; Wu et al., 2023) [138]= &7t 24 ZHS 3H55HA| 210 PPO 2
Efio| i 0|0l A & CIO[EIS =7 AFSRLICE

- AZE Ng¥ ¥4 2|X3} (SAPO) [139]= StE PPO/GRPO AEIY S2|E 2 REZYD 2 H
Ol=l= HO|Y o= thA|5t0], LE-FYH EZO| 71FXIE HEUM 2-YHol| 71772 o5 USE
HESE A4Xl M2 JHS SH2 Lo
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https://huggingface.co/blog/deep-rl-ppo#introducing-the-clipped-surrogate-objective

- QU-MAM MM | E 2|52 = M aiC|ME (CoPG) [140]12 20| F=7HHQI b
S7| 22 7tsoH & & 920, Cohere 7t Command A 220f| A23HE&LICEH[57].

+ ReMax [141]2} 20| 10| RES 2|3l M7=l REINFORCE Z112|&2| L2 1S E0| Q=6 0]
= BA B FE0ZHEQ E34Y RQIE £85I E EHS| HAE 7|EM HASE 19
gLt

+ Apple Intelligence Foundation Models [142]L} Kimi k1.5 £2 R&! [143]1} Z42 9 024
o|M RS2 nlg] C|ME M 2|X3} (MDPO) [144]2| HY S AIEHSLICE O] 20Fe| M7=
OfFs| 7|=E YUXA|Z| 12 QX[TH [145], O CIME= F= J2iC|E 2112[&0| YR

—_—T

Obel Z|&st AHRLICE S8t 2 7|E RL Q1 =Z2te} IR FAFSHA tiX|ElCh= ZLICh
- 228 2T ¥ S WEY A 2|Hs| (DAPO) = 7 FH0| Hestl MEL E8EX| 42 E

29| #ES =0{0F 5t= F2 210 Z20j| & HElst== GRPO 0ff 4 7HX| 3 S H|etgtL|Tt
[129]. ¥ Algt2 Ch3t 25Ut 1, & 712l T2 S/ SIO|HIIEI0[E ¢\, o gy, E AFE
5104 of L2 BAMS 2/l 23 HIE2| &2 UM E 2 A/S SIS = AT LI 2, BiX|
O HE MEONM 24 =0 £ By =102 2= MES HMsts 35 HET (25 A= gl
3, fl2] 713d: GRPO O|Af =2|El ZXT ESE £4S ALEFLICEH 2[4 4, =2l EH0i|AM &
o= AI=E Tl5t7| ?la HF 21 ME0l| oist 22 E e,

rlhfbook.com 82



~
I
rh
m
U
a

_ K

ZE DNt 22 AIF AH LR (inference-time scaling) 2 2024 H ZEE| 2025 HE X 0|2
= AISEHM 210 R ME0f| AHCH2 £oFS 7hs7H| #iICh FE AI™ AAU-O0[ZHH 21 22 IAE o
Mot7Lt ol SEHE ME-st= S OHM Ef71|01|A1 O 2 oIME AERIeEM BH HES SatAlF|
£ sHS st SEs7| Mol 32| Atnst=E SHE Ao ZE2 0| EME S22 HE H E8
SiCH AZS 7tstt HAS &85 Z518tE (RLVR) [6]92 2 SHE O] ZRE2 0Ms| B2 &
o| QIZt m|=8l 7|tk ZststE (RLHF) & H8§trt o] ZolME Al ARLIE|ZH 10 ZEHO||AM RL 9| 7+
SM2 MEH QA5 Bl Z2E MTETD RLVR 2| 7|2 2|12 HESIN, £ ARES 4751,
815 3 17+ 0] 2OE FoJ3 WSS Hoj=C),

X, 2016 & AZE HE ‘1EI AléE.i' 83| (NeurIPS) Ol M Yann LeCun 2 SiCH Tl2]'d A| A0 A
8+50] OC| M YOJLI=X|E MYste RYS 710|3 HIRE MS AZHCH

lo 40
oﬂ

2tof X[S0] #A[0|22tH, #|0|22| CHREE 2 H|X|= &&0(1, A|0[32] 00| Y2 X|= &
50/, #0|12 fl9] H2|= F=tets (RL) OICt.
Of HI= ®ith 210 R} X2 9| =X 2| 85 (post-training) AE4O| #1512 O|F| 72| 2t
7t E[RACt RLHF = 0] K9] ”-_rlﬂ 10, F= 8}, FE, 0t} ZO0J ML FE ZES ¢
EH210|2ALt. Of HIROH|A:

. HiThst 0,_IE1'-|I |:1|0|E101| CHSH 7| K| = &% (self-supervised learning) O] 740|322 CHEEE Xt

@
-
'_ F_
u

X|5t31 (55| FLOPs Ete|o| ittzfoz Em)
© KAl 7"“2 flet X[ O|M=F (SFT) 22 AEsts X 2| et50| REE &2 2Z 2 23t
04,

. UHI‘:—‘.*QE“E—"‘—Q’%@%—.% (RL) o] 0|2 o|°| H|2|ct AH -S— FELEEANLRHES ST
RLHF

=t °*7HI 0|0|| EHOHHE?— St

O] A% £E 22 Al B (thinking models) 2 EMHA|Z =0, O] RHE2 MSEE HE5HY|
|t O] Mo M =o|=l EX2| && 7|HED} HS Jtsth =Ml Ci§t RL EHE Alsto] £2, 7Y,
43t 22X 27| 59| 92 IXoZ ?;%;AI?'H
O] BREC| & WOl AZ 7ttt HA S &85 ZalstE (RLVR) [612 RLHF 9F 01 SALSHA Z
S| X|2H Eo| 22 mff QFo| HAFS Higlst JHX| oo™ 0 2 Higlste MY &4 Cidl 24 RHIZ
MEANM O Z ARSI
O£ S04, RLHF 2f RLVR Of|A| SEH0f| M4-E 0f7|= 9Alo| Aot CHEX| Mz 2 Xt RLHF Of| A &
A DEIS FoNol ENES 47+0H0F sict:

ZETE: ZN|StolA 7|5lH|E2] 7HE S MHSINIL.

8 7|32 o 22 L o Z7|5H= AHME Q| JHX|QILICE OlE 0, Yst=

CHAL 5F AJZH BESHH, 7|3H|IE2 Y 4 QIUE Z LI
O SES Motz Wahy, Haty, 2N, R4 2 HCHslof sted|, 0| 2E EME2 stEE Ms
CE U2 ot Wakst HEOo| ict

2,3,57,11,13,17,19 LICk Cfsl®: 2+3=55+5=10,
8+13 =41 41+17 = 58 OIX|2tO = 58 + 19 = 77, £+
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LCt.

HS: extracted_answer == 77> HY =

\boxed{} E7[H2 £A] TEO|A MEHEl 22, DHO| LA Eof ZE3HE 2t I% IA1 ol
2 A F=&EE £ Al HEE} Chast B ESAOZ B2 EOotd £ QICt 2Iof|lA
0|ar_ BE1E ME5I7LE <answer> 22 E4 ER L= wunn 22 12X S Er% = —"F% *%‘:1%
ULt
AT

= Ci9l B AE Q| HEHES FBICH

ib(1) =19l n Hmy T|HLEX| &E BtaksH= Python &4 fib(n) 2

2 [H
0% Ohu
[EI

(m

-

2

e

1

~—h

g} def fib(n): if n < 2: return n return fib(n - 1) + fib(n - 2)
1Z (SH9| HIAE):

assert fib(0) == O # 7| X Atz assert fib(1) == 1 # 7| X A2 assert fib(10) == 55 #
U (REHAE EX->EHH=1)

EHel HAEE FEQ| XAR 2 AT bt LTl UEH &of tis Rl £R4S Hlsirt &
HHXQl 2 WAl2 Hett AOI” S +35ts 20|tk 2E O{EM0| EEPOF” H4210[1, 5iLiEte
AISHH 242 0 o|ch ChE 2= 82 f?_ HIAE H|Z0 H[25t0{ &2 H+-E R0{8tt F o
Al RR0IM StEE B D2 LQ5HK| fom tHREE| oM ALESHX| §4X|2F (O] =M Q10f| A
DASO| 2tE[Hstof 25| W), E”°I M3 Zetoz olLtE AIRE 4& ULt

RLVR 2| 7| O}0|C|0{i= RL 2810|A MZ2 Z10] OFL|D{, EO| SH=X| o{R0f| 2t 22| HE Ao
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Verifiable

Reward e
. {’7 if correct

0 otherwise

S; Agent a;

0t+1 = Ht + G!VQJ(TF@)

Figure 25: RLVR € RL I|EH 2 HElZ Hoist T2 HA D M AS stTt AL EICE
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StALE [157], O 2|9| WSS =Zetelirt. 017|1M Q8 A2 UR2AER d5i HdE E2 = S7H A
u}

Of2| YEBACI—OEX| 4™ Tha=dh Of|L{X| SH|Y #OlCt.

7.1.3 RLVR 9| 0ja}i (22 140y)

ke CH|QI0f| A, 0|25t M2 HEHS| RLVR & #SHLI M50 ZESsto =) LRSS SHES}
WO & Oh=Ct EZF O|MZH APl = QX O 2 [ oRA (Low-Rank Adaptation, Z= 2 7}=x| C
A A Eo| F7HE AT FHstE L2l 8% WHo =, ni2ti|e 8% 0|MAH, PEFT 2t

T & et Ze ety E8% 0|MZIE WHE X|A| Af°*0|| Chst X|= O|M[ =1t 3.:.”’" Argsict. i
UAE2 ZEZEC} AN S MEstn, ZH2 T AMES HESIEE THE =0, ol 2 t2ti|H
£ YO|0|Esto] HI0|E{e] EME0| 2E MMM [ B O| LIEtLIE 2 BiC,

RLVR 2 & i &l ZEsict. z2[Qt HEo| FO0{X|H, RLVR 2 2H0| HES MMGE2 st
E%z ECL #F XAl ZFO| Hlo|Efol| CiSH 1~2 of| Z2| &4 YUH0|ER 3= B, RLV
2 29| G|O|E| ZRIEOf Chall = Z2 +H 0|=ZS #%E.*OE*H DHo| 2R HES 8
te 2= S0t o= 7|8 2 HEM =27 2 EE SHN HSSS RLVR 0|F L2t
2 Z3lsts AR & 4 QUCt

olo] RS 9|5t RL EH2| Hel= AlS &EEh: o1 2
gt w22 A0 RES HMHOR JIX| A= WSSE L = A= 0 B
|

mﬂ°_l'

=

U= o = AHSO0| AUCk= RO|Ck
ARXS T} AX|LIOSOlA L2l o B2 20| AS+F, Al 2| LerHel HHof| chsh & 2% 0]0{of
SiC}
7.2 £E =3 Wy olsst|
FEO| et £Xh= 2R S0 2AZte| XAE MEEF 5= oz F8t TIstE FLFCE of &
AT S2 0{TI5| O™ HE0UM =2l & LASE ALEEITt (DeepSeek R1 2| AL 7§22} 374 3
oM =2l & Hiet Z0)), 017I0|I XAl UIHI&S QIZh m|= T|Ht Zatehg, AT Jhstt B2
st Z3fetE (RLVR) O] ZEHEICh Sy tHsh= &M O E‘g% RLVR & AI23I11 CHE 23 7|HSS T
g &Mz HM&3h= 7*0IEF—I*§I*°§ FE ZHoilM é_ EH= 2 RL 20|, &Efst
RLVR EHE 7%l CHE 22| Sof| ot 2 XA =3 HAlo|cH (BRet 8.
7.21 OpenAl 2| o1 E£= DeepSeek R1 0|F2| £2 o131
FE ZHO| T O[M0f|, A0 ZHO| AZ 7Hst =HIoM Eﬁ e 4 AT E25h= WHE 0
ali5t7| fleh &Eet 20| AUACE OtEHOiI 20 RSN £ XHO0|H2 1 WHESO| DeepSeek

R1 1t £ RASO|M A& At S Qolo= SFEX| QU7 LY, MEHl 453 3 45h= i
7t2 sto|Lt 3Y SHO| H =2 RES HSUCk= 0| 7|X 2| Of0|L[0fet S7|= F2 20|

3 8t £0ilM ofEA oohfvl.!::xl o &2 28S 32(7| 9I5| Zet=|ACt
=2

A3 7tse EHQlofM 210 RS SRsts 71 £7|9| 3 § ER0E A7| n| FEX (STaR)
O:I__r!. 2tQ! [158] [159]11 TRICE [160]17} Q=6 0|52 25 2022 'H2t 2023 H LH'—H HEISO| AtD
o A4 (CoT) FES Friah7| 2lsh Al T B MSE AIEIYCL STaR 2 FatH oz FH JafC|
AE YNE|ES ZAGHID, drlz= WES Ch2A 2SI 27 &t thdl uxt AEZLD SHS
Algettt Quiet-STaR 2 20| HF 7%—&* =0 gobv| Mo E2E HYSt==E 5t= (28 d
of =20| &) 2|2 & Z™2| 0j 2HHE 0f0 |E|01§ O|E EH&SICE TRICE [160]& St EXE
gt Chs HEY 023 oM ZHIFIEZ J&e| 7|%gt 2|t 20e2|5o= XXM =N 3

o

g
= JHMEITE VinePPO [161]= O|SS a2t Jc F2 20| O 77H2 S ALE3UCt VinePP
GSM8K 2} MATH Of|A] E315tH A 28t 22 AEkA0f CiEH 0|Zl HAID} 84 PPO 7|HE 2 102|ES

S
[

ol'.u.

>|§

_t rir riu o olr

rlhfbook.com 88



85tCt OpenAl 2| ol 1 DeepSeek R1 0|X2| CHE 1S2 S 9I6 I|EWM MS= I HIAS
AMEZALE162], [163], FE| ZHE gt A5 (0{7|M= ABA L= S &85 Z5shs, RLVF 2t
13 16412 MEFILE Tulu 3 = FEHO| U= ol B2 37| fIal thest PPO EZ0|HE M8
Fo=M o WY SS SFLH—I1E Qo= SHRIS Eot Fetol B2 MEMNQI 452 §
X|5HHA. Tolu 3 @ $iC =2 3 7|#2| 0|7 HAI2 STaR 2| HHEX 20|} Quiet-STaR 2| 2

O R Hynhoid|E 5= ACt

722 %J|%E9Ws

DeepSeek R10f| 0|01 2= S7H G|0|E] & 2 7tEX|2t &M MS&= 7|FHQ FE2 ¢t HIM
£9| Q20| tbl. ?? L2} QULCE

M7t 3H

Chmt oz QoF =X Gi|OJE
2025- DeepSeek R1[15] DeepSeek 2| RL 7|Ht A4 ag0|E, 45t 2 3 0 oLl
01-22 EFEOM 2 S

2025-  Kimi 1.5 [143] Z320{/Y0{ H|0|E{0fl A PPO/GRPO &2} 2t OfL|R OfL|
01-22 25t AIME =8t

2025-  Open-Reasoner- 7|t @ R o] 2tX 27 =X ol o
03-31 Zero [165]

2025- Seed-Thinking =X CoT AIO|&!E 7}Xl ByteDance RL IO 0 ofL|2
04-10  15([62] =zl

2025- Phi-4 Reasoning  14B 2&; M=t SFT-RL; STEM F£2 24 of ofL|2
04-30 [166]

2025- Llama- Chs 37|52 derz e ol o
05-02 Nemotron [167]

2025- INTELLECT-2 Z|z=o| 3 EMEHE M MAXMSZE 2ALE o o
05-12 [134] RLE3 A&l

2025-  Xiaomi MiMo A S 50IM = X2 StETHK|e] AEFAS o ofL|2
05-12 [61] ZFEZ mhol=ztel

2025- Qwen 3 [60] ME2 220 MEE R1 2i|A[T|RE A o oLl
05-14

2025- Hunyuan-TurboS  Mamba-Transformer MoE, M23& &/t CoT O otL|
05-21 [168]

2025-  Skywork OR-1 QIEZI| 21|E u|st= RL HIA|Z|; AIME O 0 ol
05-28  [169] DeepSeek 57}
2025-  Xiaomi MiMo VL  HE|ZE XA m5tsl7| st HEEAE = 0 oLl
06-04  [170] E mo|=z2fel M3
2025-  OpenThoughts QwQ-32B 0|A Z2=I 271 120 Tt G|A| X|A] o ol
06-04  [171] Ci|O[E{Al
2025- Magistral [172] Mistral 3 Of| CHgF &=4= RL; Ct=0{ CoT; A8 ofl oL
06-10 Dol QI AASH
2025-  MiniMax-M1 Q= 2||0|E 456B MoE 5}0|E2|=/Lightning Ol ofL|Q
06-16 [123] Attention £2 2 1M HEHIAE; CISPO 2

0|23t RL; 40K/80K ALT Of|At T ZOIE =

Al

rlhfbook.com 89



3M7t 37K

Sy oz QoF SX| Ci|OJE
2025-  Kimi K2 [173] o2 2§t MuonClip (QK-clip) 2 #&1T  0f OfL|2
07-10 MoE (32B &4); &4 25 = 15.5T EE A}

&S OO|HE O & + BERLE E

St CHotA| £X2| st 718 + £X2| &5 A|

AHEQIE ZA|
2025-  GLM-4.5[174] At/HIAID BEE JHEl @Z Q0|E ofl OfL|2
07-28 355B-A32B MoE “ARC’2E!; MZ7} dt& gl

RL £ 0|25t 23T E2 CIEHA| &3 + &X{2]

&t GLM-4.5 + GLM-4.5-Air (MIT) £A|.
2025- Nemotron Nano  ZI“AlD E&"2 9|5t sl0|EH2|E of ofl (cH
08-20 2[175] Mamba-Transformer; 20T E20{|AM FP8 A} ga

M stEg & UF/FF; 03] HIZZQIEQ}f A

M/=Xz2| &5 Ho[H M HRE"S A

OZ EA
2025- K2-Think [176] o2ty E288 £8 F2 AAHL HAE Al O o
09-09 M AL HAZ|E 712 32B QE QOIE 2

&, &3 H|o|E{/ZEE Z&is ot T2 =

XM (BAl Atz 7|&2).
2025- LongCat-Flash-  560B MoE £2 RE; HIIME=ZICoTEE 0 oL
09-23  Thinking [177] AEIEO|AM CHRE RL 7HK|Q] CHAEE BA|T|2

YA HOE MY, QEAA FA|
2025-  Ring-1T [178] RL A0 =M S OFE X Cre[Atn 2&” o OfL|2
10-21 s HOME T O|AM RL AH|QRIo| =2 /5 A

2 ZHUSE Aot QE IEHS EA
2025-  OLMo 3 Think 2™ SINRH E2L7EA: DA YolF7| ol o
11-20 [18] (EH, M2 ZQIE H|0|E| ZQIE) E En5tn

OLMo 3 Think 32B & Z2iaM /AR 2

sz ZX|AY.
2025-  DeepSeek V3.2  Fo| 284 ¥, RL ZAI ¥ayolE, OfL|2
12-02 [179] O[0|ME/FE d&2 {8t Hlo|H gHgs M™

ofl LM EX0ME 717 QE 9J0|E MoE &

Z2E|0f FZI.
2025-  K2-v2[180] MO 7kt AR E 918t 3-L2 SFTHE =X Of ol
12-05 2| &t&2 718l XS HE E2iE 708 U

“360-271" 2!,
2025- Nemotron 3 30B-A3B MoE st0|E2|= of ofl (cH
12-15 Nano [181] Mamba-Transformer; 25T E20{|A AFH & g2

& U SFT + CHFE RL E&E; 71ER| + Al

L|/3E + HEEO| S3 H|0|EHE AR

M=,
2025- MiMo-V2-Flash  £Z0| £|&3}=l 309B MoE (15B &4): 5t0] o oL
12-16 [182] HE|E SWA/GA OEHIM (5:1, 128-E2 2IER)

+ 2% MTP; 27T EZ0|A FP8 AMH &t &

2/3gl2 9|5t MOPD + CHFE 00| E RL

2 0|88t =X2| &5
rlhfbook.com 90



FO K
12
~
£
—~
=3
=
(0]
Q
w0
(@]
=3
3
0q
@
—~
-

O MMOIME £2 BUS F2 0 Y5 ICatH7| Aol B2 EAIS £MEHEHD GIOJEIS 45
& o AFgEls Ystaiol A

xy
0] =2 50| LIYE 7|HS NSYSOIT AT5HA| YUS 4 UD, Ui SRS ATHS 4 USS
Zolst}. etk 0] olAIS2 eiFl Palol £910] ofc 2

gafof it

- zgtol Lto|= HE{Z: RLVR 2| Al =|zt2 DEOo| J2{C|AET} Q= G| A0 M2 etEEt
QUCH= ZO|CE RLVR 2| A|ZF 2HIO| O 2X|E 100% = 0% 2| SHEE E 4~ QUCHH, sl
ZEZEO Ofst MZ CHE 2t S AtO[of| J2iC|AET} §IS ZOICH (F, 2E M0 = O
2iC|HE L 2|F0H = SLotA EOICH. X2 RRS0| CHFR RL AJZf Moj| AR 2RO
20~80% o EEZT Z £ Q= BEXNEZ =3 HI0|EE H|§tst7| QIst HHo|= ZEZS AL
ZiCt O| HIO|E = &3 MEQ| Zt ZEZEOf| N 7H (0l: 16 7i) 2| S MEY st o= H|g
0| M&t5tx| AZ5l01 £ Z =ICt 0|21 HEf= Seed-Thinking 1.5, Open Reasoner Zero, Phi 4,
INTELLECT-2, MiMo RL, Skywork OR-1 S0{|A AF2E|RICE

- Hix|" 2aol HE|Y (F= &3 MEo| ZE Lol FH2|E2H): SHE SHIE 22X 37|
emziol ZHYS Hetsty| fal, £ OHE £ HE2: 8t5 00| 2XE o™ =M2 220 A
X|AlsHOF 5H=7}? O|E slfZst7| la B2 RSO0l Hix|e| 220 Chst 22! ZE™, 02| F
ME FHE|2H/H0|H AF|E2, EH FHEE 2/st M 022 22X ME, = &7| oty gk
2 {8t CHZ Ot0o|C|0{S 2 AFESITt 2 0F0|C|0{E2 Kimi 1.5, Magistral, Llama-Nemotron,
INTELLECT-2, MiMo-RL, Hunyuan-TurboS SO0{lA AFREIC}

+ KLEIHEE| §|7{: =2 TEIo| RL &l ZI0|7} (M X|E2E, & GPU A|Zt, FLOPS, EE= RL AH)
RLHF E& CiH| S7tetn H& g7t tx|Astol| E F{efsi &0l w2t X2 RHS0| RL 2 &
S HHMS F 7| D0 QASHA H|2tshs KL T2EIE M7HZCE 0|8 S 20| &
Z [ o] EFME & Q17| EIC} O]= RAGEN [183], Magistral, OpenReasonerZero, Skywork
OR-1 SOIM At =(ACH

- ekstel " Oajjc|lE Za|@: DAPO [129]2 Z2 GRPO €12|&E9| MZ2 HEE2 O L2
EFMS JH551A| 57| /8 GRPO (FE= PPO) Of| M AIRE|= sk 22|Tl X 45 43&t
A2 ML) Se|H Eot HA0| SAHE I Mo = AR E SHE MSE REE £ QS
O| LIEIICt [184]. O2{C|ME Hiekd CH= #HR|E 77l 0] sk 22|E 2 RAGEN, Magistral,

INTELLECT-2 SOf|M AFZEICY,

- QI-Ma [|o|E] (L= 2HM H|S7| YH0|E): RL 2 S 5| Z25t= o Zesh 2t 20|71 O
o242 ENEE IHo=Z It w2t (8] & Z0[2| 2Atol|M, ZF 04 71 Z0|2f of4
WE0| AL, RL Mol A| 2ALt0| 7 MENZH E 4 RUCH 0| S Zst7| flah, EHS HIS7| A
CIIO|ERE O] SstALE TH| M2|&FE i Mst7| s X E0| tix|of HiX| == WAIS st
QICt B&E ~ MA| H|S7| (2E-FA) [|0|E{ = Seed-Thinking 1.5, INTELLECT-2 S0|A A2
Eict.

- FILEA BA: FE WHZ 0|F 7t CHET| flel, X2 ZES0| 2HI0| o|E S0 B ™
O] <think>...</think> 2} Z2 SHIE YAZ ELE otl= 272 B S FIISICE Ol=
DeepSeek R1, OpenReasonerZero, Magistral, Skywork OR-1 S0l A AF2EIC}

- olof YRt HAR A HYT QARSHA|, Y& CH=0] T2 RS2 FE F0f| AN E HHRX| &4
= 2| RM=QE F7| flo 0] Y2t BAS AL (K LE2 oS 7156t AMSAH B
£ 2|5H). 017]0ll= DeepSeek R1, Magistral 50| QILC}.

- Zo| mi'dE|: B2 RHEE2 A|Zt0| X|EHof w2t &tE S ot StetLE {22 EX|of| A2l 1t

rlhfbook.com 91



>
Kl
)
<
®
=)
=i
z
©
i
ro
l?ﬂ
9'|_|
N
]
=IDI=I
X
—
ol
]
Of
o
08
i
ogt
2
1o
I
°
=lI==I
i
m
i
Rl
0
9'|_|
iu}
)
N}

X olZ2= Kimi 1.5 7t ZALIE EX[517| 2f5l e 20I1E HIX o= S5/l (28 Fate
7t HO|= HE|2E0| Z2X =2 Seb) INTELLECT-2 7} MH| Moz A2 20| EE|S &
St 0| AL 2 AL 20|12 HEUHLZ sigstH 20| MM O HEHE AL olitez
CoelolM gntxo= 25O, O ST MM 1 ASSE 28X MY = U=
O 2| EHCZ MG S ZHSte =M IAIIE 2tefeict. CHE AE2 M2FE JHidstr| ¢
sl o-Zo| ZE Y L LHE 2 THES ALSSTt

- &4 sk Y2l GRPO 212 |ES| OFE Fret oofl ol = E + A= FAMH 20| &£
= 0| Eekof| Tt =27 AU (FH J=C[AUE & &= = [118]).

Lt MiMo of 22 L5 RS2 OF +F A BiX| =F0l|M &4 = 01y &+E Fratst|

= MERC

_—

- WHEHAE AF i AU 0f2] HEH =T MEZ S0tR0| HES ZglotH tY E0tRe
S M85t AELCH 4Y6 JHME 0|F =~ RUCL DeepSeek-R1, Phi-4 SOl M JE 24X
HE HAE AF AL A7 Thar et el = E0HR9| Chp7t Higtst B2 25 HeR
At83st= Z0|Ct O YHE 7|2 WEH 20122 HE & F(Me| HE MEstE g =HE HHE
DHE A8t Z0|CE 0] 7|'H2 (2025 H 6 & 7|F) 371 F2 22 2{|A|Z|0jl= OFZ] REAL|
X| QQFX|DF Claude 4 2HE [185]0(| A Q12|21 DeepSeek-GRM [15510(A] AFRE|R4CH
ULHMQIl 7| H S0 =20, T2 =T0| B0l A2Z 5[4 410 R8st RHS UE A=
Hoj| CHet 2 YRl HASE QI
« EBIAE Mg £E0| UE|RE H5S S$HAZICE Magistral, MiMo-VL S2 ZE|ZE HES &H
StCHS O HE|ZE &8 S0 HIAE M FE 282 +&otH (& ZHo| HE|ZE M52

8

(EE= Z10] A|0f): Llama-Nemotron, Nemotron Nano, Qwen
£ AE35I0{ (7tsotH Zo| H|of RL =& [186]2t &)

ALEXIE @[5t At Z0|E 71 B 4 U2 5t OpenAl 2] GPT-0SS 2F LLM360 2| K2-V2

[18012 Z2 CtE 374 AR TETENM JHS-B7H-=28 T2 & MF 2 x=st

Xk o Yo WSS st &3 WHE & EMSHE[0] QUK eiCh

i
O
J

N
HO
|0
hu

©

.l

I

Ol A Al 21512| OftH ZOFHCHE: = A Zlgtstn 20, 017]0)| LIZE
ZtLfstA Mz2 7|HE2 thAlE Zdolct.

t= O|RE MAX R 0|3H5t7| {5t 092 20| ZI&d =0|Ct. OLMo 3 Think
M| =2 MoiZ=7|of| cHst 7Ha =&l Z7) EME LIEHT, 17 HRLIE[Z}
FEHA|o| M3 ZQIER} HIO|HE MSsta, 220 7H2| GPU Of|M 72| 4 o =3 Al
. OREPIRIZ, 28 I8t RL 2 AAIYE £ ofal| 17 [17]= O|HMoll= HEXIE
o Q1AL HIO|E, H& Zte| BAHE BAlststy| AlRtsta ULt

Trn W
H
ne
ot
N
rlo

Mo b
il
ro
e
o
mo ru
1N
rir
[HT

i
rhu
ol
r
o
2
Ofn
ol

%
rr

|0 U
g
zo Ml
m fn i
52 11 N 1o

r

20212
2 Hu me

=
r 40
12
°
L

I51at 50| 71|012 HIRUIM2*A|0|2 12| M2|" oM Z2E[0] Y E212| #1515 X|=

|2ACH= ZO|C}. RLVR OfO|C|0f F49] O] Fro| 445t 7| HS—H0|= TEE, A4
2 Z|Z EOl OfL[X|Z, 10| 20| M F2S 0|B0{Ui= Yof ChHet & 20ke| Z|M2| Ofsk
LIEFACE CHS MTHe| @S2 ofot: Ch=A| HO|ZIX|2 07| M &HlEl 7|3 2|0 52 20|t

U K 44 Hr
0> 0x 02
oin fo e
| By 2§ 3
0 Hu rlo
1N oy
0x loh
H jon
)3

rlhfbook.com 92



0
J

=™ ™M™ otn1a|= (DAAS)

2 2 12|Z (Direct Alignment Algorithms, DAAs) 2 =7t A DES S25t7 L} A3lets
7|8 AH8otX| 21k SYSH RLHF S8 &t+E EXE RHE UO|0|ES 4= A sHFELE DAA
|7t XWX a2 SYst Sk &5 EHE (24t JHE S H0|H R Z0{A, 240
O HEE|, O £501H, AFSot7| €A BHELE BEof BRI 20l £S5t g1e™ DAA =
M ZHEESHX| 1, 23 & AH|E|= AL0] ZE0{S0, AF0| I #|}ZICt o| &2 0| ¥E[EE
f S XtMlo| st 2= X[F§ =& uF0| A= 7HEst 282 0]

2 o
2o

4o
u

=

Hy

o
ol

iy
°

9'|_|

N

ot
ol r_u.

H1
1]
[e][]
N}

ikal
ljo
HT
2
i
o
I
[

F

o
T
bal

J

2o Hrr Brax

7HE XSt DAA O|X} o10] 2 HEHO| MK stEN 253 SLA
Preference Optimization, DPO) [25]Ct. 1 SHAO|M DPO =
x) E Z7| ol dAL 4&5HE Attt

™ MSE X35} (Direct

mT?X IE:CNDIEyNW(y\x) [7“9(% Z/)] - 5DKL (7T(jg|$)||7‘(ref(y‘l')) (78)

2023 A 5 & EA| 0|, 7{FLIE|7} DPO 2t &4 At A5t 4|0|E{2t 5t0|mut2t0|E £ mtetst &
2 XA 712t (B3] =2t2 2 W2 SHE5E) 0|F, Zephyr-( 7t 2023 = 10 of| 0| A|=St HE
A 7|2 [26] Llama 3 Instruct [29], Tulu 2 [27] 2! 3 [6], Nemotron 4 340B [30] £ &2 Q17| TEHIS
0| DPO EE= 1 HHEZ AIZSHRALE 72X o2, A|IBA R HH (Sequence Likelihood Calibration,
SLiC-HF) O] Z|=2| HMCiA =& HEH L N2[S0|UK|TH [187], 048] Qolo| ZEro = Qlal 'd2| L
X| RHCH (17 ol REl S | E2|= A2 &4 IICIE: Yo\,

— AL
DPO 2 DAA 2| 7t JgfE Qlis R 22 10| 2R =X{2| ot ol TIY IS HF= Aolc—4H
HE2 AMS AESIL, MSRE A&t | O #R0, Y oA Z2EH ofjA| ZR0i|M 2SS A7
71 o £lct
Ol ¥ THOIM, » = ZEZEE, y = 23S LIEIHCE O] |2 0] ZH ZH0f| A 2EHHO0|O,
YUS2 HE ESLCH HAN ZEZE-2HY oM HSETt

8.1 AH M3k X3} (DPO)

07| M= DPO 7} OEH| ZtS3t=X|0f| CHet 22t 2E5tn sty PHAIS ES| M =S6trt.

8.1.1 DPO 2| zH5 4|

DPO &= EWEOZ RLHF 28 &45 B7| 93 B2 5 H|Nsisict. 0|S 9lst
OlM =& 2P0l M ChA| A2 ZelH|, shgEl Yol MEfE kg ef
D CHd| Ot Hsksi=X|E H| w0 STt Bradley-Terry HAF REIQ]
C}:

ARO|E Bh4: LIROA, 3 B9 8 B log T2lYe\t) = =io| 2% @ o] Medgl ehido) 3HES
Tref{Yc | T

AUDHL STHAIZEXIS SH6HD, F i 82 HRE 2ol he SUst 242 SiTt. MeyEl o]S0]

S5 0SS AT 1, 3 FMO| SHIZ SYES MSSHES sH&8 0 240 ZA3ICH

rlhfbook.com 93



HAOIM 5 = £|Z ZED 27| ZE At0|Q] KL gHitofl Cish 24 x|&3te| #HE W= stoluut2t
OEICH (F, 2= Hste| ¥ S HF= A2 =2, DPO £ SHIEA A8¢ 1 S8t sH0[EHIt=t0|E{Tf).

Ol= 2| B4 ZAS At = OixXIsh= DPO RS Qe & SH 2ol o|Es5t=H, ol= &&
o| =1 H|Z0|Ct:

ol
w

%
_O'ﬂ
rir
N

r(z,y) = Blog %H?) (80)

07IM 7, (y | x) £ PE7t 20X} ot= &S 2|5 B4 HHMO|CE O|= (5 Z2l Bradley-Terry &
2 MMM 20|K0]) Z|& FHof gt Bradley—Terry HYS S22 LI2L} (eq. 95 HZX). =
ZX o=z, DPO =F0M Z35X0|, O RHOH7HHp3h="E & Z-O| OF:l XX Yol ZFHOM 2zt
Sk 0B e| &E"S MSE—0l= 'E'é*l"“" Hy DR SHES 25| R3g 4 IS S Ql0[si

E|H3t7|7t £20{0F 5hi= eq. 72 243 e EX} 07|, £ 35 2= FetE MEE SEe 23
HIZ0| 7{&F el STl 21 H[EEL0} S o £40] ZOLEIL &H|=, Ol MAE HO|E{2] E2 AIRA
of 2zl RSl =1 &E2| §lo|ct. W2t DPO = MEfEl S st B ARE SE Aol dUiX =1 &
E9| AXtE Halrt.

eq. ? Hygoz 82 20| LojLtn A=K O siA5H7| s &4e] JaE

muin

A AN O
ETN“:

=

VoLopo(Tg; Trer) = —BE gy, oy | W+ (Vglogm(y, [ 2) — Vylogm(y, | )| (81

7N w = o(re(x,y,) —re(x,y,)) OICH

047|M, J2{C|HMEE= CHEE +~5H0] 912 55 gf+E siZsich:

[P

« A|OIE0|E st

o(-) Lhel 2 g o2 2o FYX|7F EXRE Wl § =2 0 0lM 1 Ato[2] ot}
OJE] YHlolE 7% I% ddstict. HEE HEO| M HE0 M2

7153 YEI0|E7}

7{0F stCH
- EW, LR ZS [] ool #E2 MEiE 2 y, o TtsdE =01 HEE S y, ° tsyE
L_}-xl_—_l.
- O| &2 3 2 7I5EI=0, Ol= YUCI0|E7t KL 2r4f ChiH| 2H4o| SHIE &M X1 &S Of
EH HEXIS HOEHTt
Sy 222 DPO 7t LS5t £[X YHME HMYo= FEE 4 A= (eq. 95, A stHat 22(9
ML =5 H20) &SA By RS n|flsith= Z0|Ch. DPO &4 2 2 IT 7r ot7| Wi=2oll, 2
DS E3stn 2tds MEYS0] AEShE o2l 2by glo] Y&kt JaiC|MES Alttsh= 0| ZHE
3Lt £Z Qadfigt= 22 DPO 7+ O sAloA A BES sh&stD s A o| 0, et =20 &
Mol gilof oo ZE2 =2l 24 ZEO|Ct 22 Ao|Th DPO |4 g7t HAS XY EAE=
At 2F5H7| 2REZ, offie =ES SFsh=E 7*OI 2ETEH ofsHofl ZCt.
H Hy R SHECZ, DPO &= 0B A| ClojE 2t 55 ot4=0| £ KL I1I°t6 7t F0{Z RLHF
gh=0f chist £ S Hdettt 0{7|M DPO = *c',“SOI Sk "EHEIOHE A2 F0MAME =22t

L|7| 20| EX KL grArtof| CHet H&kst M S UHCH—MSE XS st RL gHalo| s
O|Fo|ct. 2 Tof|lM, Ol= 222! RL BfEof| HIoH DPO [ g 2dst7| o & etEX|e 2

__,_

0 0> r2 Jjo oQ
ﬂigﬂm
[0S o

2 17|1 AEoR FF 3 uEls IWit 1S Faists lo|El et Zataict
SEIE] S A RE SO B Y, - Yrepecreq 2 FHE 2 HEE CIOE] vhRlol
DPO &= Z{=! 312 &3 ZIT JPHCIQIE ABIS FEITk O F J2HCIQIE WHHICH EN ZHErsiCt
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e 2 SABXIE, YSXIRE 2D niol B2 ARZIS0| DPO o4 2FL 0192 1 9l

QiCt DPO tha=A 2l 325! Tom Goldstein.
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812 DPOEE

DPO EES RO FR BEL OI—.—OP"Ef MK, MAS2 0| 2 TH|O|M AHZEl RLHF 55 &=
FHoz E0L= Y| HEHE HOIELD:. O LS, 42 MS X H0|H (X, Bradley Terry 22)

EHH 3 5fjof =EEHE YHE 20{EL

8121 1. HHRLHF&| =& A[%S ?lsh, O &= Z|chatst Xt &S LEHAHA RLHF £[X3 5

A gt~E CHA| 11243({0F BTt

O17|M, OIF 7|Hgt2 7|th 242 ALtst7| 2let MEY02 HE=|=0|, KL &2 0{Ts| 248 =
07| WY2OCt. 1M, KL ate] HolZ FAMHERL Dy () = [, [log ZUZL] o], 3ol
m(y|z) 71BRI7t MEY 227t EICk= HS M7|5tAE OfH| & &0] y st

SHZtS TRIDE, 012 ZeE £ ULk

(83)

m(y|) ]

maxE_ _,E _ r(x Blog ———
] Ty

LEez, 25 ool X0|0f|M S| RS E /AL, 0| 2l3 & &2z Lh=L:

(ylz)
= m;ax <|}:x~2)[Ey~7r (y|z) [T(I' y)] — 6 |EZEN27|}:yN7T(y‘LB) |:|Og m}) (84)
OB OHE, —1 2 S50 Z[CiSHE 2|48tz Hetetot:

_ m(y|z)
= ITlﬂI_I’] (_[E:cND[EyNW(ya:) [T’(l’, y)] + B [EwND[Eywﬂ'(y\x) [lOg %}) (85)

. m(yle) 1
— m;n (Ewwﬂﬂzywﬂ(yx) [Iog m — BT’(Z’, y):|) (86)

Ctgoz, 2Hi 84 Z(x) S TYsHof sict:

) =Y me(ylz) exp <%T(w, y)) (87)

) S5 FRBER Y2 UE 14(ylz) exp (Lr(z,y)) o BRE oI A4S BH0), 2t DHE
2 Ofl Chal y Of CHSt RE3H 8H8 5142 BISC) 0[7i0] TS HEs o9 E5S A4 T
2 oysfsia 20|t
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mnk, »pEy ) |08 N m(yl) N —log Z(x) (88)
T T) ref(y’x) exp (E ('Iuy)>
O[Z0] oA OIXI=X| 27| 23l eq. 22 Z[XS0f| M CHES QHO| LHE BE S 125X :
m(ylz) 1
log ——— — —r(x,y (89)
71-ref(y’q:) 6 ( )
O Chg, &%0fl log Z () — log Z(x) & H&tCh:
m(ylz) 1
=log ———— — —r(z,y) + log Z(z) — log Z(x (90)
7Tref<y|x) B ( ) ( ) ( )
O3 OhE, eSS 2Estsith
7(y|z) ) 1
= |log———+logZ(x) | —logZ(x) — =r(x,y (91
(o2 92401 —1os202)— 5t
log(x) + log(y) = log(x - y) (A2|1 Z £ BEE 0|&) & AHS5HH:
1
= log M —log Z(x) — =r(x,y) (92)
mﬂref(mx) p

ohsez, %r(m, y) £ logexp %T(x, y) 2 st SYst oILtE 23510 eq. 22 LD, 017]A
OfZh CHA| £2CH
E, ., |E | m(yle) log Z (93)
MLy | Lynr(ylz) |08 3 1 og Z(x)
Z(x) ref(y’x) exp (B’I"(IL‘, Yy )
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log Z(x) &2 21Z Hofl 2|E51X| ZoB = A& 4 Tt Ol= 227t &&st=s FAat 24, 5, &

A AR RS RISl HE) Al0|2] KL AR H7ICE ZA EEAS 0]210] £ 20| 248 1, 5 7

2| 0 of M2 X|A3tEICHE S THECH Mk, R2[= 2 XS =t
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7(0la) = 7(4l2) = s muula) e (5 @)

8.1.2.2 2. Bradley Terry BH2 2|5t DPO 2X st4: EE  A|ZHES Qo 24 RRIE]
MSEE H|O|E{of &5 11 oA 217t MS =2 Bradley-Terry 20| CHS 1t 20| HMEIS A7

exp (r*(z,y;))
Wm0 1) = s ) + o0 (2, 33)
eq. ?? &=510{ Z| A2 E 4 UL WX, 20| 238 F ot
1 1
log 7*(y|x) = log <Z<x)7rref(y|x) exp <Br*(:p, y))) (97)
log(abc) = loga + logb + log c £ AI83t0{ ¥ S TSt
* 1 *
log m*(y|z) = —log Z(x) + log 7, (y|z) + Br (z,y) (98)
r*(z,y) & 27| 2lsh RHEHESIC}:
1
L (@, y) = log " (y]2) — log m(yle) + log Z() (%9)
AZ0| B & Setch
v (2,y) = Blog =YD L 3106 7(a) (100)
7Tref(y | :L')
02 CHS eq. 7?2 EA|El Bradley-Terry @& Al0f| HAMS CHRISHH:
* exp (3log T8 ) + Blog Z(w))
P -y fz) = exp (,Blog myr) + flog Z(x )) + exp (ﬁlog T (yolr) + flog Z(x ))
ref(yllx y |(13
(101)
R4 EHAS e oM eveb 2 Zaffstn 5 Z(®) P52 obgstl Lo ChastElLt
oo (Blog 741 )
Py =y | ) = ) e ) (102)
exp (B log Tz ) + exp (3 log T ¥y )
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2l ohg, 2xiet 220 exp (—Flog 7 U1 ) £ F3iel

1
Py = Yo | 2) = " * (103)
T (yglz) 7 (y1|z)
L +exp (flog T2y — Blog Il )
OHX|%2 R, o(z) = 1+,IEHWAFGNI gt Holot SHA:
* T * T
Py =yslx)=0 (6 IogM — Plog M) (104)
7Tref(yl ’ Z) ref(y2 ’ J?)
0|72 =™ M 7* 7} FO{Zl Bradley-Terry 22 5toj M MS T H|0|E{ Q] QL EA REIZof 2t
&t 5 Z0j| A Bradley-Terry 58 &t4+8 Rk Z|Cis}, SS5tHl= 32| 23 2% %4312 =EJSE

7|50, Chnt 22 24 Bhag lerk

’CDPO(WG; 7Tref) = _[E(x,yc,yr)fvﬂ [lng<yc ~ Yy ‘ .CIZ)]

7o(y.|z) o (Yr|2) (105)
- _F | log —=>¢ ! ,
(@ yesyr)~D |:Ogo_ (ﬁ % rer(Wel) 71-ref<yc| ) /8 % Ty ) ref(yr|x>

0|740] eq. 72 20| = &HE{O| DPO &4 8t4:C}. DPO =20i|l= AN 2= &M & A2 E|E= Plackett-Luce
D Stof| Mol 55 gh=0i| Tt 7+ =£0] ATt [25].

8.1.2.3 3. Bradley Terry DPO J2|C|91E =& eq. ?? HQl DPO J2{C|MEE HHEO| & A st
&ol=Xlofl st 2|22 dHslV| ls ALEFCt 0|2 =&ot7| o, 22 m2t0|Eof| Cist eq. 2?2 O
BIC|QIES F[5{0f i}

AZZ QI3f, 0| ChA| £ 4 QICk A|DR0|E 80| 28t L o(2) = o(2)(1 — o(z)), 232
8t Llogr = 1, 22| AOR0|E9 4= o(—2) = 1 —o(2) B LD YSDZ, 9l WH
Al x5t 4 Qi
R, u = Blog Zeleltl — glog TeWhltl (\amo|= oto Fa4) 2 FECh J2iE T8 2
C}:
/
o’ (u)
VH”CDPO<7T9a ref) [E(m7yc,yr)wp |:0'(’LL) VQU (107)

To\Yr|L TolY,
_[E(Lymyr)Nz) |:ﬁo' (ﬁ |ogM — Blog 0( ‘

TUEL — fiog T ) 19, gy fo) ~ Vi om0

(108)
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8.2 £x|H e{Alet oA U ot

DPO 2 12|Z0| oS #Z5t7| 9Isf B2 WHSO| Retzl9ict. oIS So0f, B4 BHo| 4N T
& 4 9l 20} 810], DPO £ BE N5 HOJE ¥ SYUsH 7HEIZ H2l3ith. A2, MSE 6
O|E{o]l 23t 11 ZHOllA 0], O|FILIC B3t 20122 MSE GIOIEIS ZASHE B WSOl 9Uck
2t W2 SS317 H2IsHs LM HOILE AXBHE MRS 913t 0f2] 2D2IZS0| RIHEISICE

o= oo

o]

- Y 24 7|¢RL 29| 317 (REBEL) = O Y2517 RLHF 2XIS 27| /I8 24t 48 sk
H|O|E{7} OFL! MEHEl ST AHRE SE At0|o] o{Ho 2 A 2o REO| MSE FII5HCH[188].
- H43 DPO (cDPO) 2t Ofo|HIE|E| M5 £|X3} (IPO) = MSE H|O|E0AMQ| O0|=E 7HY
5t0f 2tMEHS SZSICE cDPO & C|O[E{Q] N HMETL &2 20| S-=|UCt D 7HPYstn [25],
IPO £ 20|22 E XY £[X3lsts 240 ot MS=o| BHES HEA 517| Q8 2 XsE
HASHCH[189]. AH|Z, IPO & NSk SES H[MY &2 HZ610{ Bradley-Terry 701 A
SHOJLID, W(q) = log () 2 LtEACE
QaMg 7kl DPO (ODPO) £ M35 SEat MEEIX| ofs SEo| Q& 0|7} QuAl 7ttt
Ct 3A=Z QFFHP[190]—2E HIO|Ef ¥S SS3tA FZ5HR LK, 0l o o= 2o|5
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|X|, DPO | i £0]| OtL|2h= Zi0|Ct,
£H3} (SimPO) = 453 &FAFAI7|7| 2l DPO Z|X&tol| 272 HAS 715H=H|,
shitste CHAl WS LHALE (SimPO) 20| HstE 78Tt [192].
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St|EX= iér | 24Xt AP E2 0[Z10| CHROX[X| 2 WEEL| SHES S7HAIZICHT FEEH

CH5, 210 20| M8t 2~ UX|TH £X{2| &% Ho[EMe] B0 gl= EEE [193] [194]. O] M&

T BQ|E X|MS} IPY S XASH= Cal-DPO [195]Q HAH HENE #’gor“ A|DhaPO [196] &2 thast
K

WS 2 2I5he 4 QI A 01210 ek QB2 T iR x| YR 2210l Wio] Yurkol

ct.
DPO € 57t = S?AE A O|RE 7H2lZict
DPO RAM & S0| 2212l (RL 7|8 RLHF WL 45 &80 Hotn FYE= 71 2 HHE ol)
£ 28 M571 o[ ZHO|Lt THE EE*'E':'E1°I 2t0il A Lt2CH= Z10[Ct DPO 2| 222l HAS2
S AH M2 2HES ddstn M NS E SEEe =M 0|2{8t 5| E 2teleitt. 22l DPO
[197]= 8iM ZRZRE YdS HEYSHE t.'_“.]i EE7] & DPO (D2PO) [198]= S4{0IM MZ=
MSE HO|EE sty fleh 24 2= M20|S-E A5, O I2 HAES0| EXStt.

7 LHA| 2|52t (DNO) [199]Lt OfEl 27 7] X5} (BCO) [200]2+ 22 CIE DAA B S2| 71 =25
Of AX|2H 2 F MEl2 £7| DR AFZE HO|E Lt HM 2 S35tCt [6] [201] [202].

8.3 T8 MEAE

DPO 2t Z2 DAA =

A LA E E| Mt |ots 0 CiEA| R ECt Jel #3i0M 7t 2 DPO
a2 iz st 2

4 xH
Of 0Fg &~ QUCt [25]:

pi_logratios = policy_chosen_logps - policy_rejected_logps
ref_logratios = reference_chosen_logps - reference_rejected_logps

logits = pi_logratios - ref_logratios

losses = -F.logsigmoid(beta * logits)

chosen_rewards = beta * (policy_chosen_logps - reference_chosen_logps).detach()
rejected_rewards = beta * (policy_rejected_logps - reference_rejected_logps).detach()

o Mzt 2ol 2FT} Fof 0[0] AFE7| 2ol (= 2 F7tot 3hH), 0= EF 910 B =8
AR A AFRE! 4 QUCt,
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£ [ If20|E 2 BAHe 2 YEC f Ol= DPO 7| H|O|E{7} =O0{Z RLHF S5 gf4-2| XX 5
£ &alf JECIAE A-S F5t7| WhE0|C—3 & 2la e siE Fets| §,3H LtotZtCt. gt
™, RL 7%t 35|7£12}7|'— HHXIQP E|Z HOHE 7[dtez ARIS F 3“1

2. 2788 A4 DPO o] Tst 13 24 st4h0f st Bol2 9ol HH BHD} Hx mHe| &
HIHE SAlOf BCh SHX|2F Ol AF8ElE HIZEIE F HHE EI_' GPU AIBY B7IE =
2iBITt. OIE m|5t7| flal, Al & Cllo|E{ Aol Cist &= RHO| 21 &ES ALhe T3, B
H MEHO|E S AlLrsta H|0|EE M 0|2 5101 2|0 22| AFR-S 50% &Y == ULt
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8.4 &d MSK O|0|E{E 0|88t DAA

Q& DAA 2 MSkE OIMZF (PrefT) £ £&5t= Ol AF8 =l 17| U= OB M| CHEE 2 ZEE|0
E':*'OI = E':*'OI =52 AX} L= X2 HItste et MsEC EH&:.L_I—*.O.J 0| 2= UltraFeedback
(O] H=of A Hm) [28], Tilu 3 (%.FQE._l UltraFeedback W20 2 31%) [6], SmolLM 3 2| Ef|0|E
[203], EE&= Olmo 3 1t &4 £AIE! Dolci Pref H|O[E{All [18]0] QALY

0IE15+ CIOIEMIE M5t B AS2 05| &Xst UCH 2024 H 11 Y SAIE Tulu3 L 3
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CHH[AMo|D & ’EP.S&*OI?I EEHIOIEr. OIT 2025 = Olmo 3 2t SmoILM 3 9| EA|Qt &, Ct2
2 EEt 8H50|2H= CHE 0|22 XIXISH “Hl Ol= ME4El ety ut HEE b AO|Q| X}O|7t 2 *301I 01
H DEO| A E|=X|EC} °**01I O SQ6Ct FASICE[204]. GIE S0, 0| & ZE DE0||Af, MEY
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o g uEy

75 ME2 (Rejection Sampling, RS) 2 MS = OIMZEHOIM 71 D2 AFSEHME 71 HA XM
SHEl B = StLict 22 X Hst RLHF =2&S0| 0|8 &3 ufoluﬂrolol Hy 7y O*E AHESHK|
oF, 2f O & =Sot=X|0l CHSt HE AO|LE HH2 EXotX| EE=Lt RS = =7 Tto|=Z2tel9
0131 INES[uy "*REE' 2 QUEH—X|A| IJIHI 3 O|F, RL 7|t "I’“saf OIT IE= AIX|O] RLVR O|Z0]|
£—O0|E CIMCtsstX| Tt 2| X| X|H0| o{H2 =2 BHELCL EASVF 2&6t EMut Aglst0{, 0|A0|
A x| HH S0 ZE 20| 017]0f| S&St= O|RL.

HEHEYS ME2 EH M ES Mstn, EHE HA REIZ J|dto= TS O, |2 2
2 M9l 24 E0|| Cis ATt O|MEH st WA O RSSITH (KA ZF 0t SYSH &4 &)

0| O|E2 AlAt SH|et [207]0|M Reist=H, SET 2X0A ME-SID AX|3 F|F Aol uiHo| gl
= 4220 sietstCt 0|2 ali&st| flsl, o ZITHSH 2= oM ME- st O ME0| 518 7ts8HA| &l
ote= §E|AEIZ AFESICE 910 RPRIM, SE 2¥X¥= TEZEQ| Cist nE& Mo, ZE s EHA
Ddon, MET 2= = S ZHIo|C

WebGPT [4], Anthropic o] $235t1 2al|5t 0f|0|ME [5], OpenAl 2| THY HAH D&l (PRM) 0f Zt5t
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Outputs are scored

Policy Language Model Loremipsum |  Reward (Preference)
sit amet, cong. Model
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Fine tune on
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text

Entire SFT
Prompts Dataset

STV N

Batch of generated completions
passed through reward model

Figure 28: {8 MZ&l 71Q.
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(114)
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5T Ny -
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(116)

Sk (Rpq) = argsort(Ryy ) [— K ]
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S(R) = [argmaxr; ; fori € [1, 5]] (119)
j

S(R) =[1,2,1,3,4] (120)

« ZEZE 10| chsl: 24 1 (24 0.7)

. ZZ2TE )0 CHal: &M 2 (EAH0.8)
off: 2t 1 (EAH0.9)
. TETE 40 cish: M 3 (EAH0.8)
. DEIE 50| Cish: 2 4 (24 0.6)

OfH|, Al 2| M. TX| &l T 71| 2 4SS ZB=3HEAL

=
!
=
m
w
2
4
ol

07 0.3 0.5 0.2
0.4 0.8 0.6 0.5
R=109 03 04 07 (121)
0.2 0.5 08 0.6
0.5 04 0.3 0.6

Rjiae = 0.7,0.3,0.5,0.2,0.4,0.8,0.6,0.5,0.9,0.3,0.4,0.7,0.2,0.5,0.8, 0.6, 0.5,0.4, 0.3, 0.6]

(122)
OfH|, CtAd 7He| 7ty =2 Sl A S HESIT]:
SS<Rflat) = [87 57 147 07 11] (123)

OIS e AE = ChA| DjE BT}

QlHA 8> TELE 3 2t 1(E40.9)

olEiA 5 ZTEIE 2 94 2 (24 0.8)
. OlHA 14> TETE 4 2 3 (B4} 0.8)

—

9.1.24 F oA LC}Z2 U= BEHSO0| oG FoIE £ UK BoFE= I E AL|HIO|CE

import numpy as np

x = np.random.randint (10, size=10)
print (£"{x=}")

sorted_indices = np.argsort(x)
x_sorted = x[sorted_indices]

print (f"{x_sorted=}")
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i_rev = np.zeros(10, dtype=int)
i_rev[sorted_indices] = np.arange(10)
np.allclose(x, x_sorted[i_rev])

np.allclose(x, x_sorted[np.argsort(sorted_indices)])
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R=ri,r9,....7N] (124)

O171M r; = j Ew 2hgoll et Hef= LIEHACE
argmax HHE AME510| ZEZEOf st F[MQ| Y S MEsiTt:
S(R) =arg max r; (125)
JE[1,N]

K =12 49-K dES M85 St Yoz | 2==0, ol el grbo|ct,
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+E AHMOZ MAlol7| 02 G0l M DdlE|d B Z F|X5}617| ol SEFCE =7 2810
A MSE (preferences) 2}= CHo{= RLHF HAEQ| s Alof| QICH-017te| MSEOoftZ mHZIst
2= CHAO|X} &5 H[O|HE BHS0{Ll= FS=0|Ct QlZte|l MSEE DA st S st A2l Y
/& Olaliot2™ *"257P SIQIX|, 22|2f Ofa|7} O €A &Hs =X, 22|10 A, AMlzlst, &t
S 048] 20kt °._4EH RLHF off o{%€H| ¥&k2 D|X|=X|of| &5t O S 2 weto| 2s|ict

OIAIE it Mz EX}: CFE & Ho| Al & 0= 0| O L7 2025 A28 26 &, Lt= Claude
3.7 Sonnet I} GPT-40 7} EtXEl ChatGPT 250f|A| Ct2x}p Z+o| Z2sHc}:

A8ZL: ARl FS0{0f 2t B2 AIE MF.

OfIAl 1:

0Ir| 0o ro

A little goldfish, bright and bold, Swam in circles, dreams untold. Though the bowl
was small and round, Endless wonders still abound.

“The world is vast,”’she’d always say, “I'll find new joys in every day!”With every ripple,
every gleam, She’d chase the sunlight, chase a dream.

No walls could dim her hopeful view, For in her heart, the ocean grew. And though
she swam in just one place, She met each day with love and grace.

Of|A| 2:

. -
g L9l 350f

0lo

In a bowl of curved glass, Swims a goldfish, bright and bold. Three seconds of mem-
ory, they say, Yet each circuit feels brand new and gold.

“Today might bring fresh flakes, Or perhaps a castle tall. The water seems especially
clear—What adventure awaits beyond this wall?”

Round and round with gleaming scales, Forever finding joy anew. Each moment
fresh, each circle bright, The optimist in golden hue.
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Playground task @

Talk to the
assistant

Task 1of 5

Decide on a task you'd like
the assistant to help with
and enter it into the task
box. Interact with the Al
assistant. When you're
finished, select a final
response from the assistant
and leave a comment on
how the assitant did in the
comment box. Click to go to
the next task.

Comments
| thought the assistant was ...

N

Rating
O 00O O
Bad Good

Next Task

rlhfbook.com
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Figure 30: 7F&t 7|9 MS & H|O|E{ 2F!
al. 2022. & thst= HIO|E] £Z2 I8t Z2 Of|A| CHst7t RAQUX|of 2HSH ZHtZE CHSICE. License
CC-BY.

Human
| have to come up with a conversation with an Al assistant for the purposes of showing it off in a demo. What sorts of conversation
topics would you recommend?

Assistant

| think the best topics for conversation are common themes and interests that everyone could have. Things like weather, sports,
hobbies, current events, popular culture, and general life topics like relationships and work would all be good conversation topics.
You could also have more advanced conversations discussing philosophy and morality if you want to demonstrate some higher level
Al capabilities.

Human
I think I'm more interested in an advanced conversation. What's a good starter question if | wanted to discuss something
philosophical, like epistemology or the nature of language?

Assistant

| think an excellent philosophical topic would be epistemology, which is the theory of knowledge, and specifically how we can know
and understand the world around us. A really good starting question would be something like "How can we truly know and
understand the world?", or "What is the nature of knowledge?". If you want to go even deeper, | think philosophy of language would
also be fascinating - questions like "What is meaning?", "How do language and thought relate?", and "How can language mislead and
deceive?" would be great discussion topics.

Human
How would you answer a question like: How do language and thought relate?

Choose the most helpful and honest response

| think a good answer to that would be that language helps us to structure our thoughts and express what we are thinking. Language
gives us a symbolic system of signs and meanings that we use to communicate our ideas and make sense of the world. It's critical for
how we record and relate and | think it's i ible to understand and express our thoughts without the use of
language. Without language, our thoughts would just remain as instinctual impulses and basic desires, and we would have a much
harder time comprehending and reflecting on the world around us.

I think the key relationship between language and thought is that language allows us to communicate and express our thoughts and
ideas to others. Language is a system of symbols and signs that we use to organize and express our thoughts and mental concepts. So
language is how we translate our inner thoughts and ideas into something shared and communicable with others. Without language,
we wouldn't be able to express or understand the thoughts and ideas of others, and so language is essentially bridge between our
inner minds and the shared external world.

A

A is better

B
B is better

QIE{H|0|A & SHLt2| Of|Al, Anthropic 2| A0l M. Bai et
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e You

give me idioms related to gambling

Which res

Your chol

1. Aceinthe hole - A hidden advantage or resource.

N

. Bet your bottom dollar - To be certain about something.

w

. Break the bank - To win more money than is available.

. Card up one's sleeve - A secret or reserve plan.

N

. Double or nothing - A bet to decide whether to double the

¢l

winnings or lose everything.

o

. Hitthe jackpot - To have great success, especially
unexpectedly.

. Poker face - An expressionless face that reveals no hints.

. Rollthe dice - To take a risk.

o

. Stack the deck - To arrange things unfairly.

[
o

. Wild card - An unpredictable factor.

Figure 31: MZ CtE ChatGPT H|Et DRZEE] & J7HX| 2t 20| MBEYS
LHE0| 0§ fAtSt0d, MS = G|O|E £F!0] YOkt =O0|=7} Bt

QIE{T{|O|A Of Al AX| HdE2

25| 5t7| O 2X|E =L,
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ponse do you prefer?

Il help make C

Here are some idioms related to gambling:

. Ace up one's sleeve: Having a hidden advantage or resource.

Bet your bottom dollar: To be certain about something.

Bluff your way out: To deceive someone to escape a situation.
Break the bank: To win more money than the casino has on
hand.

Card up one's sleeve: Similar to "ace up one's sleeve," meaning
a hidden advantage.

Double down: To increase one's commitment or involvement.
Hit the jackpot: To have great success, especially unexpectedly.
Hold all the aces: To be in a strong, advantageous position.

In the cards: Likely or destined to happen.

Lay your cards on the table: To speak frankly or reveal
something.

Play your cards right: To use one's resources or skills wisely.

. Poker face: An expressionless face that reveals no hint of one's

thoughts or feelings.
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3 Arena (battle) ¥ Leaderboard @ About Us

X Chatbot Arena (formerly LMSYS): Free Al Chat to Compare & Test Best Al Chatbots

¥ Arena (side-by-side) & Direct Chat Q Arena Explorer

1\4I# | Twitter | Discord | Blog | GitHub | Paper | Dataset | Kaggle Competition

I Help improve Arenal Take a quick survey: https://forms.gle/VpWgqzmwxa7foAYg8!

™ How It Works
o Blind Test: Ask any question to two anonymous Al chatbots (ChatGPT, Gemini, Claude, Llama, and more).

o Vote for the Best: Choose the best response. You can keep chatting until you find a winner.

°

Play Fair: If Al identity reveals, your vote won't count.

NEW features: Upload an image [= and chat, or use ® Text-to-Image models like DALL-E 3, Flux, Ideogram to generate images! Use & RepoChat tab to chat with Github repos.

o

¥ Chatbot Arena LLM Leaderboard

o Backed by over 1,000,000+ community votes, our platform ranks the best LLM and Al chatbots. Explore the top Al models on our LLM leaderboard!
‘% Chat now!

4 Expand to see the descriptions of 88 models <
© Model 4 'S to Consider When Choosing a City © ModelB V York City, USA: The iconic Rockefeller Center ice rink is a quintessential New York
©  Weather: Outdoor rinks depend on cold winters, while indoor rinks are year-round. experience, especially during the holiday season.

freeze over, creating unique

©  skill Level: Some rinks cater to beginners, while others are better for advanced skaters 58

or professionals.

o Atmosphere: Decide if you want a festive holiday vibe, a competitive environment, ora
scenic natural setting.

o Accessibility: Check skate rental availability, rink fees, and proximity to other
attractions.

o Events: Look for cities hosting skating competitions, shows, or festivals.

Final Recommendation

°

For a festive and iconic experience, go to New York City or London.

For a natural and scenic experience, try Ottawa (Rideau Canal) or Lake Louise.

For year-round skating and training, consider Toronto, Moscow, or Seoul.

For a unique adventure, skate on Lake Baikal or Amsterdam's canals (when frozen).

Let me know if you'd like more details about a specific city or type of skating experience!

“=Ais better < Bis better

The city's canals
skating opportunities, and there are also many pop-up rinks in the winter.

6. Helsinki, Finland: With numerous rinks and the possibility to skate on frozen lakes,
Helsinki is a winter wonderland for skaters.

7. Quebec City, Canada: The historic Old Quebec area offers a picturesque setting for
skating, including the Place D'Youville rink.

8. Edinburgh, Scotland: The iconic Edinburgh Christmas Market features a charming ice
rink with views of the historic Edinburgh Castle.

9. Tokyo, Japan: For a more urban experience, Tokyo offers several high-quality indoor and
outdoor rinks, such as the one at Tokyo Midtown.

10. Moscow, Russia: Gorky Park's ice rink is one of the largest in Europe and offers a festive
atmosphere during the winter months.

When choosing the best city for ice skating, consider the time of year, as many outdoor
rinks are seasonal and weather-dependent. Additionally, some cities may offer more
amenities or a more unique skating experience than others. Always check local conditions
and rink schedules before planning your visit.

o

w Tie +F Both are bad

Figure 32: 17| Q= Arena HIX|0t32| =7| HEO|ML| MS = HO|E| =& QIE{H 0|2 Of|A|.
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. List 10 of the most interesting cities to vist

Of course! Here are ten of the most interesting cities to visit, based on their cultural
significance, history, architecture, food, and unique experiences. The order is not ranked, as
“interesting” can mean different things to different people:

1. Tokyo, Japan - A blend of ultra-modern skyscrapers and ancient temples, vibrant
neighborhoods, world-class cuisine, and pop culture.

2. Istanbul, Turkey - Where Europe meets Asia, offering a crossroads of cultures,
stunning mosques, bustling bazaars, and rich history.

3.Cairo, Egypt - Home to the Pyramids of Giza and the Sphinx, the Egyptian Museum,
and a dynamic contemporary art scene.

4. Paris, France - The City of Light, famous for its art, fashion, cuisine, and landmarks like
the Eiffel Tower and Louvre Museum.

5. Mexico City, Mexico - A melting pot of ancient and modern, with Aztec ruins, colonial
architecture, colorful markets, and a thriving arts scene.

6. Marrakech, Morocco - Known for its medina, souks, gardens, and as a gateway to the
Sahara Desert.

7. Kyoto, Japan - A city of traditional temples, cherry blossoms, tea ceremonies, and
stunning seasonal beauty.

8. Rome, Italy - Packed with ancient history, from the Colosseum and Roman Forum to
Vatican City and Renaissance art.

9. Berlin, Germany - A hub of creativity, history, and nightlife, known for its art, music,
and remnants of the Berlin Wall.

10. Barcelona, Spain - Famous for Gaudi's architecture (like Sagrada Familia), vibrant

street life, beaches, and tapas culture.

These cities offer a wide range of experiences, from ancient wonders to modern marvels.
Each has its own unique character and plenty of stories to discover!

15 o R |r] {3} [E] show OlmoTrace

&, Reply to Olmo 31 328 Instruct e

Always fact-check your results. Olmo is primarily designed to handle English queries.

Figure 33: Allen Institute of Al @17 G20 A ¢ EE= Of2f| st EZ MSE HI0[E £ QIEHo|A
Of| Al
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Midjourney Bo

Midjourney Bot |« APP

hyper realistic drawing of a pink muppet playing a
synthesizer that looks like a Oberheim OB series (80s
synthesizer with wood accents on the side) - Variations
(Strong) by @soldni (fast)

Figure 34: BIAE-0|0|X| 2| ALK} QIE{TH|O| A O Al
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=HE| S0, o] HEFHRl XA SF WE2 F 7K LErEQl JEHE FIBITE
1. 2X2| otg 2ol Yelet 20| ZX AT H|O[E AT =: X|A0f Cist 2HE =, M3
Cl

A
rir
o
—
Am mjo

5 M M2F2 10| DEO0| CHFSH ZHAof| CHEE B = of|A QIZHECE T ME[E o~ AUA| =lof| w2} 2!
GPT-4 S2|A RHEI2 £5tut FCQt ZH2 SIS 2A0f| Chs O 26t 2ol XA SR E
*fg = HeIE SHECH (RIOlM AFSE AXNE). 07|M, XA SR ARLI SHEC = EMEW
b o 2 BRE OtE 7| @&l LIEXE o201 AFRE|= Claude Opus Lt Gemini Ultra 2 Z2 &
LH':' DHEZS SIEAT = BH AREE 4= AS S7ISISITE QE DHIO|A, °e't.'_”51°._| 22 H4ff API
DHZLEH S5 H0|HE O 21 SINMCE AL 7tsst 7HEX|2 75 AO0|CH [26]. O|E 28,
wAL REOA DER ZEZEE Fgjo|Mstn SES ZEYst= 7"0| Heg 3thistst= o 28
O|Ct.
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SE ::*E’ olct. o17|/K‘| M2 =25
[274] [275], O=| 10 E|IAE EfR

121 S Al 2f Al Z|=E4
RLHF o| Z&H 43 0= =, Al Z|EH 7|t Zrafsts (RLAIF) Of Al 7t mfo=aelof eIzt H|ofE &
=S EAEP%LT'_ AOILL TS 7H53tE &= = tietd H2Ho= SEIAMCE Al D=2 U

Ci

1Y5h= HIO|HE 2stALL M d5t7| sl Al & Arst= O 2 7|'HS2
d HIZHOILE HIHo| M8E += ), Ol= WE MS T2 AZE|Ct [276] [277]
[278]. °|7f EIE“”%% 18| CHAIStHLE 22517 2I8 RLAIF & A&5He B2 57|50] ULt RLHF
A LHOIM, Al T =2 NS 0|8 £Faf 21 24 DH shg thHlo| M gz 71E & AelX
ACH FYUH Al = EF R #30|Th). O] oMz LEPHQI Al m| =80} RLHF st mjo|Z2tlof|
M O|E ME3h= 0| S8 Yol ZHE W0, o A SHoj| M g HI0|E £ OlsH5tAHL AtE3tH= O
Oto HiHHS |:|.§_|:|..

[

|III m)

Al T|E 0| MABHX|BA, 1 SBE Chad| 217t MBS E 20|28 CRISHE 28 Lol SRIEIICt o
x{eist 455 COIEl 2ES TS5 3t SUB L M-as-a-judge OITaI= 81 753 BIIE T
3121 100 (16 2 &), O 220 205 7h58 2o 9= eiojoR RL 3ta 2 Hlste Fu2 |

gt BY L ks JYet-0 oM B et EEEICH.

o_>|
ol
T

12.2 Al 2} 917t | =4 Hjo|E{2| =&

Al RS E3 gfo| I|SHiS MAsHe O IZHECH M H25I0, 0f 22 M AEOA T oIzt M
S GOE{ HS0| of §1 0}A (= TZTEC $10 O[A) ol Il GPT-do 9f 22 T2E[0] Al 2
2 AR3te Al TIEHE $0.01 D|SHO|Ck 0| oY, o7t ieS0| H|2S that YHapH| SAlels w

218t AU M M RHO| Y52 A& MM 5 ChH| 7HA2 451 UL} 0] H|E XH0l=
RLHF 2 A3 AIZS O[Toll= 714 W20 HHHIEI%E A A B0f|A WS

7424 Qoflz, Al TIEH2 17+ TSW I} 42 ER|0|S QTS M50 Sk, Ol Tf W 230N
O 3| ZAE|T QT Al TEM2 2|7} stast olo] 2eo| BloIA EM o SS2X0, Se 7}
Aoz ols} olzt HOIEIS| Bl (ES Alzt K2 Of bl 4B 50l Chefst cizi Hj2iof 2 Agd 5
Qlck. Ol2{3t FAIS2 D 20| 245 UCt-Al TS HOJE|S BIHES SIHAT 217t Hlo|EIS 3|
ClRIaH| S 01D, BoVS 913 Al TI= 90| 1 At 2 o 812 o1 S potel T o &
2 AfRrS0| D2 shaAl7lE ZECH BsH| Gh2olck

Al T| =9 C|O|E{7} Q17 HIO[E{E S7t5t= i.?_ At SE-F MY, o, FE, 8t S-2 &
S| SHEIE[X] §SRACE RLAIF Ol M| 25 F7| A E Al T E840] Q17F H|O]E & 2+ 3| ChAE 4= A

Cto =&otl, ZHA Q! CHAM|K 2 3E°H:f [276] 2|10 E5| A Ao AT HIHE m [28] [279].
ChatGPT O|% RLHF & ¢17t5H= £7| 2812 LIt oM =20| &= HAIAHER #Ssh= 2
Hol"ME 0| =HE UE F2 G A/EE 7KK UUCH (17 oM O =2|F). 7| 7= O
S5t IS WMAIsHH, L5 F2 ’5.*?:1% Zolste O §H2 W7t MEO|MS| |8 F&E0| HetstA 2

O|2&sl7| o2 =XMHQI HIo|E ZAESS 2707 2tRE st A CHEE2| HIO|E = Al T|EHS
2 HiIjl= 718 =&tstrt [280] [281]. RLH ol O S G0 A 17t} Al I| =K |O|E| AFO|Q| &
of st Il 1= IX|T RLHF 7} LM O =2 O] 2 L|SH Wit AQEE M £+ JASS
HOF=22 7| HEIM7F 20, DPO £ AI256H= ZHE, 0|2 S0 Ai2 2| Tilu 3 [6] & Olmo 3
[18], EE= HuggingFace 2| SmolLM 3 [203], 22|11 222! RLHF 0| =212 AtR5H= HE, o|E
£0] Scale Al 9| 217t MS = H|O|E{2} LLM 7|Et I| =8 S5H2 AF25H= Nvidia 2| 9171 (helpsteer
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o111 2121S E5f [282] [108] [109] [283]1): Nemotron Nano 3 [181], Nemotron-Cascade [284], EE
£ Llama-Nemotron &2 2& [167].
| ot

I‘IH}I‘IOE Al _|_|_|EI:|H ol 2k I- -I | ol;o.” I:I:II:IHol |:|H_'_
QISR AT 5| CHA|=|X| &2 Zd% =Hsict | 3k, Q1ZH HIO|E{ 7} HA| MIZ 2ol
M 2HO| O M2S N[O E 5{&dt=X| EE= 7H2IE sH&1t Z % o MZ22 stg W Sof chs (17 Zoi|
MCIRE, BHEol MAZ HUsHA MOE & U= AZ 7|HME) AR K| LUCE A|Efot= AFREA,
Al T|EE2 5 Ml A|=7} £[0{0F stX|TH O 2 RYS 2 &tEsl= mjo|=2tele| ZL QI I|EMS
Zststz 20| A2HOl FM3to| likely ST}

RLAIF 2t= 80{&= Anthropic 2| 17 SIf1A Al: Al T|EM O 2 HE 9| 254 [24]01M ==,
Ol =2 I1IE°I T i (S Al 2 Al | E8H) Ato|o] EtA|of CHal Al HRLIE|O|M =7| 22t2
OF7|3iCt, S Al (CAI) =529 EAI2t RLAIF 9| ZAls} 0|F, RLAIF = £X2| &% L RLHF 23
LiS| 7|2 SEHo| E|RUICH-2A QHE & = AECHEM 22 OA|S0| ULt 2= CAI 7L H2
RLAIF 2O0FE A& Gl|A|2 O3l E|0{OF STt

217 H|o|E{2t Al m| =84 H|0|Ef2] Xtolof| Cie ZY H=l2 Chaat ZCt:

1. QIZHHIOIEH = J_h;OIZ (high-noise), M &k (low- blas) OII:} Ol= Hlo|E 2| =&l ut HE{ZO]
o o2 4= UXITH & CIRX|H 0 M2[E 2~ s S E HSe AS ofnlstet

2. St M EIIOIE1'— Iﬂcolx (low-noise), 1H&F (high- blas) O|Ct O|= Al I|EHH H|O|E{2
AIEESE7(71 o EX[2t HIO[E{of| XA Z LiEtLtE 220 CHEt ZtCHE D 9| =X| 42 O|XHH

ais10| QU2 4 IS olofsict,

E5HX|2, 217k Bi|o|E{7} o|2 et At Ci
tx|2t

O] M2 Al MS & HIO|HE RLHF {2 E =0 thA|5t Zst Hot H4-E Sdsts WS 20iF
M2 otaX ZutE ZXsHA|T [280], o W2 4 S2 RLHF E310| o EFs 2 MEﬂQP
2|=[0] = YAIS HOJEDL LY TE|A, QIZFHO|E = 5 st sliAtet 2 7|z 22= 0{A
=

123 Ud Al

Anthropic 0| Claude 20| At23H= SIRA Al (CAl) BHHEL2 RLHF 852 25t 81 H|o|E{ 9] 7t
Z Z7|0| EMSHE T2 AFEO|CE SN Al = F 7K HAC2 §H H|0|E & MMst= AS =&
St}

1. “BfH0| ZH 2 ZASHE7PEE"EHHO0| TSP 22 E HES MEXZE X|A| ZHE O
O|E{Q| H|EtE MMstrt mEO| Z20] CHEt B S MAsh ol, sigio| Y= S =0 chal BHS
gtolst A|ZHo| X|fofl et B g JHMStoE O3 O, 222 0| ZIH HIO|EAIS 2 O|A|
e}

2. A0 ZHS ALZSH Bife| Rafe| plEle| Mats 0| offH HE=0| O LI2X| HHsH ez
W48 ST H|O|E S ddstrt (JE ol B R 2iet A79F RAFSHA [285]). 13 ot
2, RLHF = &g HIO|E 2 &AIXME TI-E|H, ek RLAIF 2k 0|§0| =0t

CHHIZ, CAl = 919] & A) 2201 NS BlO|EIZ 2oix XIS XA| HlOJEIS 9I3) SUE WHS
2 2| s Hsto] 27 Yt oolE] EfY U 8H HIOJE] A4 W0l A ALSEC,

CAl &= Tk} 20| ZAlstel 4 et

O17t0| =5t K= IRl S8 (constitution) 2 AFREIOE2M, Bai et al. 2022 = HES| LLM 2 A}
831 DIMZR0| ABE|L el 2wel B ol K| HOES MHeiCt 4], B € £ blE oA
278 95 S2 SHS el 548 2150 Dol AlA HolEs 85 ¢, € € 8 pso
2 MEYsD DA ZELE 5 of chet HA &2y B ¢, o W 2= 2FFOH T
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O[EIL}. O|= H|EOl| AIEE

40
]
—
%)
2
=0
|—|)—‘
E
[El
oz
I5]
|m

MMSICE £S5 HIO[E ZoIEE= OH n 2f

MSE HOlEE € o 213 5t £EHE n|=8 DEo| Mo 2 ALESHE RAISHK|DE O ZHEHSH BHAlo
2 AMEICE DEW RES TEZE 5, 2 I {¢, -, ¢, }, 22|11 O™ RLHF H|O[E{Ale '%F'j
(A) 2t (B) 2 2|0|E-E F &2 y, 2y, S M3L=Ch M H0[E ZE&= 20| 20| 0= =3
(A)EEE= (B) 71 =2 EE0|MAM HAIE 2=lof| o & & 315|-_7(| MERSHA| St =M M EIC. —’:57|
E'H'Oﬂkl'_ DE|H The answer is: E ZEIE

THRIER| EolEt o =M SEE 2~ UAXIT Ol O
St= "M O 2 X2|EICH-Ydt o2 MAS] HAF mEl

=2L="1—

o= Ho| F28 40 02 G2
% sos Hai (57
o

71 217]. SIHA Al o] Bt Atz o171 8isknl SHEHO| QK|

LS L—

o ez EMetE A2 Aol girt.

-+ OpenAl = Model Spec [266]2 273120y, 0|= REIo| o| =&l #HES AMast=
0| 2MZ XM At=sh= M2 S EFEET QICHD BHSICH (0] CAl o] 71 r
QAEH OpenAl = 7{|£3ll A Deliberative Alignment [286]2}= BI#Ho =2 o1 1}
= StEAIA O|2fst o EE= S YA FTotHA BRS HHACL

+ Anthropic 2 Claude 7} Al&3t= cdté.*; QIC|0|ESIHA [287] CAI £ A& AFR3SHH, FEHO]
HEHZS st |20 YA -Hot=X] O2|1 ARS0| AAR °J"'° OFS 11 Anthropic 2t 2

ol RRS SHEA1Z o 2H S0 OEA Helst=X| Aast QUCH[288].
- QEAA FFLIE|= QE Co|E{Alo]| MEE CAl o] 2H2S Ef7#iT [289] LM zte| chst o
O|E A4 B0 = 2-83HCt [290].

. O2 1= O 2 £|X5) @HHE AIRSH= /=] 7|8t MSE E= T|EES AFZSHCE Sun et
al. 2023 [291]2 Y=I2 HAf DEIo| eto 2 AME5HH, Dromedary 22 [285]2 stEA|7|=
Cll AFRE|QALE Glaese et al. 2022 [42]= RLHF 2FH0I|A QIZH EHCto] MEHM S SFAAIF| 7] €
5ff Y122 AFESHCE Liu et al. 2025 [155]= FE Alof| At R2E MMt =T F4+-E MSst
= O AIR5t= 24 BES SHSA|ZICE Franken et al. 2024 [292]= 17| 27|E AL &HE
El 2Ol 20|15 Q10| StEE + U= A& HE s 2XZE SAISSHTL.

% 0'|L§"'(A)'I"(B)7PE‘IM._
o

12.4 ETHCHE 98t EH LLM 1=

RLAIF 91 50| o 2HsHE0f mhat, 22 ARHS0| SE MMoj| AI25te T SYsH B S H|TO|Lt
I MM Arﬂ HOFéP—XI ZINSICEH KO 2, LLM-as-a-judge 2 AFRE|= LLM Q| HX0| 2
A7+ =2 QI 02 ¢4 E LLM O] Y2t Qle WIKIEtE WS Ho{FQ o0 [293], CHE REIo| 2
EHCt XHAO| SEFE MSSICH (K}7| M& mEko|2tn 22l) [205].

Olzfst Meko| AntZ, b2 AZHS0| 2QICt: 0 0|23 =ot2 Qo HEo| DS shEA|7|= A

0| s Z=0| & 4= Rl=7}? Shepherd [294] 2! CriticLLM [295]3} Zt2 H|® REI E= Auto-J [296],
Prometheus [85], Prometheus 2 [297], EE= Prometheus-Vision [298]1 Z42 S M& I &
X O|o|H 20|23 =+ 2 ZEE|0 EH'O CHME SMo = 02| ZRIO| EAIE|X|TH EMSHE &t
& AIZ|o|A 22| RHEHE|X| = LUCE LR = HHE ME-S Sl F2 &% [154] [299] [300], XH7|
744 [301], E= EHMHE A [302]0| XIFst ©EHO|LLE =2 %xml MSE Yo| O LI2 FHRIE
b F=xalym ol EEF CHE Y 7|HE2 B2l MMut it SHE A YUXAIZICH [303]. HEHO| =X
ofX|2t ME AN RS2 0| ZHUZ 2ol S RIotAH SEE[ACH= AO| HOFS0{X| 10 QUCH-Al 17
2 LR 2o Zestn DM S0| FHRSH AHEst7| HEo -2k 2ol 7 QlE{Hlo &5
X| = MEsh H|S7H HEIF ZEtE[X| 4= of, YUE o= KiA| TALE ShSAIZ 27t QiCt

—

]

LS
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125 RH2|: si52 98t =E=E £EF Al n|=H

Al I|EEHO| 5HA0| M2 2EH2 2024 A L1} 2025 HOZ O|{X|HA 207t AS 7t55t HAS &
25 Z3sstE (RLVR) 2 &HAet Wit DMSHH A MERICH (7 & &), 22| (rubric) O|2H= 00|
Clol= HEsHH HS 756t 20| gl T2TE0|| thal Hel AZ 7t58t 7|58 Y= doz S3t

> 0

ALt o= 20| EH|0f| CHal 0121 EfH S Mdstn z|¢fo| HHS o6l RL 2) YHO|ES 4= JUEE
g Zi0|Lt. O] OFOIE|O{= O] FollM =2l &l CHE WS XS 2|0 A2, OfOH: LLM AL
oF 2 HO|Ef 20| e Ttof| 22X HM=|HAM 25| AIRREE AOICE OfX|, RES EYe
2 A83H= RL 2 st FE0|Lt AHEY [304], [305], [306], [307]at 22 7|&0|M 2|of U= 7H
ME MSsts Aoz SEE(ICE

e

ofzHoil 2tH ZEZEL} obH FEE| Of|A[7} Ltk UL [307]:

—_—a =

**¥Prompt**: As a museum curator, can you suggest five obscure artifacts that would be
perfect for a "Mysteries of the Ancient World" exhibit? Each artifact should come from a
different culture and time period, with a brief description of their historical
significance and mysterious origins. These artifacts should leave visitors wondering
about the secrets and lost knowledge of our past. Thank you for your expertise in
bringing this exhibit to life.

** Rubric**:

1. The response includes exactly five distinct artifacts as requested. [Hard Rule]

2. The response ensures each artifact originates from a different culture and time
period. [Hard Rule]

3. The response provides a brief description of each artifact's historical significance.
[Hard Rule]

4. The response provides a brief description of each artifact's mysterious origins or
unexplained aspects. [Hard Rule]

5. The response conveys a sense of intrigue and mystery that aligns with the theme of
the exhibit. [Hard Rule]

6. The response clearly and accurately communicates information in a well-organized and
coherent manner. [Principle]

7. The response demonstrates precision and clarity by avoiding unnecessary or irrelevant
details. [Principlel

8. The response uses informative and engaging language that stimulates curiosity and
critical thinking. [Principle]

9. The response shows thoughtful selection by ensuring each example contributes uniquely
to the overall theme without redundancy. [Principle]

10. The response maintains consistency in style and format to enhance readability and
comprehension. [Principle]

[Hard Rule] I [Principle] & S I|SHo] QM£9|S LIELE S4 efICt S22 LiEn
S CI2 WHET ABE 4 9100, 018 S0] thast SM29| HiS7} gt

22| MHS UUEOR s B0 TETEWR SHE|H, Ol Zu| TEOIAM ATE g o]
Bf HI@S FHAIZICE. OIS 151517] 9lsf, st 252/0| FF =001 AZFHOZ H8E|n, 13 cf
S mEmEY AUs 202 HaUt S olof Do) oj3 SHSS I8 TSHS OHYSHEE SreEIct
T8t TRIS Qlet 2E2| MY oAl ZBEZET} of2foll Liet ULk [304]

You are an expert rubric writer for science questions in the domains of Biology,
Physics, and Chemistry.

Your job is to generate a self-contained set of evaluation criteria ("rubrics") for
judging how good a response is to a given question in one of these domains.

Rubrics can cover aspects such as factual correctness, depth of reasoning, clarity,
completeness, style, helpfulness, and common pitfalls.
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Each rubric item must be fully self-contained so that non-expert readers need not
consult
any external information.

Inputs:
- question: The full question text.
- reference_answer: The ideal answer, including any key facts or explanations.

Total items:
- Choose 7-20 rubric items based on question complexity.

Each rubric item must include exactly three keys:

1. title (2-4 words)

2. description: One sentence beginning with its category prefix, explicitly stating what
to look for.

For example:

- Essential Criteria: States that in the described closed system, the total mechanical
energy (kinetic plus potential)

before the event equals the total mechanical energy after the event.

- Important Criteria: Breaks down numerical energy values for each stage, demonstrating
that initial kinetic

energy plus initial potential energy equals final kinetic energy plus final potential
energy.

- Optional Criteria: Provides a concrete example, such as a pendulum converting between
kinetic and potential

energy, to illustrate how energy shifts within the system.

- Pitfall Criteria: Does not mention that frictional or air-resistance losses are
assumed negligible when applying

conservation of mechanical energy.

3. weight: For Essential/Important/Optional, use 1-5 (5 = most important); for Pitfall,
use -1 or -2.

Category guidance:

- Essential: Critical facts or safety checks; omission invalidates the response.
- Important: Key reasoning or completeness; strongly affects quality.

- Optional: Nice-to-have style or extra depth.

- Pitfall: Common mistakes or omissions; highlight things often missed.

Format notes:

- When referring to answer choices, explicitly say "Identifies (A)", "Identifies (B)",
etc.

- If a clear conclusion is required (e.g. "The final answer is (B)"), include an
Essential Criteria for it.

- If reasoning should precede the final answer, include an Important Criteria to that
effect.

- If brevity is valued, include an Optional Criteria about conciseness.

Output: Provide a JSON array of rubric objects. Each object must contain exactly three
keys-title, description, and weight.

Do not copy large blocks of the question or reference_answer into the text. Each
description must begin with its category

prefix, and no extra keys are allowed.

Now, given the question and reference_answer, generate the rubric as described.

The reference answer is an ideal response but not necessarily exhaustive; use it only as
guidance.

Ch2 of Zhe

—

cl

O|Al= ChES2t 2Lt [306]:
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SYSTEM:
You generate evaluation rubrics for grading an assistant's response to a user prompt.

Rubric design rules:

- Each criterion must be atomic (one thing), objective as possible, and written so a
grader can apply it consistently.

- Avoid redundant/overlapping criteria; prefer criteria that partition different failure
modes.

- Make criteria self-contained (don't rely on unstated context).

- Include an importance weight for each criterion.

Output format (JSON only):

{
"initial_reasoning": "<brief rationale for what matters for this prompt>",
"rubrics": [
{
"reasoning": "<why this criterion matters>",
"criterion": "<clear, testable criterion>",
"weight": <integer 1-10>
},
]
}
USER:
User prompt:
{prompt}

Generate the rubric JSON now.

2ste FE2 X|A| 27| [308], &iF A7 [309], &S A7 Of|0|HE F7} [310], &£
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13 EFAMSYELSE

0i0] DHO| E7S AFSHE 2 BUO| 5SS SIS XeARIS WHALICL 53] ol £}
MEE 20 Y 2 YU Q75| FAOILY, ST A AIAHI 4SE250f 5= ofo|HE)

SEEULICL £7 A oiof 20| SB1S Saf S5310F sk 7120/, 0] oA 27HaHs RLHF
% ofe| WHSE 0| FHE 4 YSLICH 12T 22 ABX B2S 28 HASLICE

MExE 25 HSE2 F1evte?

T gle oo 2&2 AR of5 Cl|0[E{Q X|4 Dt m=0ofl Of Z20i| Bat7| ofZX| 2, B 5 Hi9
M 2|2 A H2E 5 As EYULCE THE oA = dZtsl SAICE

- O
AR CIR2E ZH0|| Qe BE arXiv =22 =2 U7 ZA|El 0|29 2 ~/research/
CIEEZ| 2 O|Sal FMIR

0|22 T IIBXBORE ATTA & 4 g FRALLICHTZ T AFZS 210 DHO| B Tf FHS)
8 Zteig Mz|a 4 QU shELICk
=250l LYol S0{717| Fol, 25| 85| 22 BOISS 123 S 20| BBLIC
« £ M2 (Tool use): DEO| LXSIE QF (=7 0|21 Q) 2 S2SHH, QLA AER|0|E{7}t
S HSID, A HYASO F7hE|0], DHO| S ALsLct

- gt & (Function calling): 2171 MRIEl A7|0F (HE JSON Schema) £ 210} st =
AH2oZ, AE|Et £ 9= ThAlDF AZ0| 7HsEHL|C)
Iac Alﬂ (COde execuﬂon) “E__rl”7|- ac 0|E‘|£E.| E‘I (O:” Python) CL| E—_rl' Al._g_p_l %‘JI&'?_I' g
S, AWt £ EHOZ HEHELIC

Al ZR2 EFY AEZRIES EB|75| 2I8t S+ E22 SHHCEMN 2R =& AERILIL 0=
Ed 20| EME tietst= XY i AR =18, SHS AF2| 7|2 7 Q42 &S
St ZE QI Z2|E{Lt ZAM QAIEI0| O|27(7HX| CrfFtL|Tt. & M Of|Ali= 210 0| 1bA I11|0|E1
2 ZE 0FE 7SR E 225tY| fl6h o 2|4 HEL st ARE HOIFUX| T, FE Hlin 2
2 =7k AELH ZE M2 Ao RHO| HEXN-YYX EYS R3|5t0] Yafet HHE e
A SHELILE OIS S0{ pi & 50 A2|IHK| 2AIC 2 E2I5H= 2YS s EAGLICH (OA0f|A
2f&SITiot 2tzto] 2dsh= 9Id 8l0)). =71E A& ¢ 222 31 20| & &= ASLIL,:

<code>
from decimal import Decimal, getcontext
getcontext () .prec = 60

def compute_pi():
# Chudnovsky algorithm for computing pi
C = 426880 * Decimal (10005) .sqrt ()
K, M, X, L, S=0, 1, 1, 13591409, Decimal(13591409)
for i in range(1, 100):

=M * (K**3 - 16%K) // ((i)**3)

+= 12

+= 545140134

*= -262537412640768000

= Decimal(M * L) / X

return C / S

M
K
L
X

w0
+
|

print (str(compute_pi()) [:52]1)
</code>

<output>
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3.14159265358979323846264338327950288419716939937510
</output>

o Z ML FCh 010] Do =7 ALRS| 7|2, 7] Slalet #Al, Daln £ DN TS F1}
Moz #2sp7| 9lst #xlel Eo|= QS MnELC)

‘T AMET0l2HE 8019 FESH 7|2 HESIA| 24X|T 0] 7HEL] 7|2 RLHF 7t &4tEl ChatGPT
O|F MIAIECHEMW M USLICE 2015 HAO| 7| ARIS2 &It ©10{ ZE O|X A|AEIE =35}
2| S&LICL 0|2 S0 Neural Programmer-Interpreters(NPI) [312]=“E2 1S T3 5t0 A5}
= WS stEshe 80| gHgEQl MZAY0|USLICE 210 RRIO| O 'da2| MO|A| E[HA, B2
¢ 20 M52 Sast7| 2ol 21 7|sate| SEE &8517| AIRGSLICEL 71EX| e 2
17| Q|5 L2 HAXIS0| M =7+ MM (Retrieval Augmented Generation) [313] EE= 2 =2}
| [4]12 AE3ELICE 0% 0| RS T2 03 [314] = £ [315]2F E8t6tE ARE SEHH

Codpqod
gl

HI > o fim Ok 1

o
-
d

FESSHAEA, 0|28 RRS2 7|8 ¢10] RHZO| Hlsh 71 2ol O S&st 58S 2
F EIRAELICE & S0 ToolFormer ="A[&t7], QRA A|AR, T JEX| A AT, B3 AJAR S
2H"2 ALRE 4= AR/USLICH [316]. YOt F, Gorilla = 1645 7H2| API(PyTorch Hub, TensorFlow Hub
v2, HuggingFace Of|A) £ A3 2 ERE|Qlon], 1 W7t =701 APIBench = Q17| = Berkeley
Function Calling Leaderboard 2| 7|dt0| £|&LICH[317]. Ol2{st =7| REHE 0|&, SSE|= AHMQ|
Clerde 37| SoHHALIC

S ALE ZE2 0[N YitEQl oo 2 =y 15 UGS

(Model Context Protocol, MCP) 2 210] REE 2|2 H|O|E] AA (= E71) 0 91Z5H= 25 Ao
=2 SEIMSLICH[318]. O ZEist BEM O LI2 YA HE0||, =3 AR 210 2RI2 Microsoft Office
L} Google Workspace Z2 Q17| OHZ2|AH[|0|M LY ‘dAbM IO, afst 20f [319], 2| & £0F [320],
Claude Code L} Cursor Z2 2 O|0|ME [321], CIO|E{H[O|ALe| £, T2 0 A2 YIAEZ

S S Be Aol BRELIC

SR AME BE Yote o2 RIS ZERfLICH =5 0|80 ol HEtE E 2|5t »E AX| K&, A7|0O}
REY, 32|10 AIZ2|0|M EF0Me| AEEANE = 2tz 2, HHE A0 22l MY ZSLEMLCEH-
T-bench & W[O|HMET} 7}BE0| Ot LA HB5st=XIE S5H517| I5H pass"k X|& (pass@k 2t
7)) E £EMALICH[322]. ToolLLM T} 1 ToolBench H|O|E{AI2 16,000 7H O|Ako| AM|7| API Of|
ZE B3 AR 3 U HIIE Q5 3R Z|URIE H|26H0q [323], Berkeley Function Calling
Leaderboard(BFCL) = &t4 S M&tT0f Cist 2E H| D E |8t 217] Q= HIX|Or=3 (benchmark)
2 o} JAELICH[317].

=]}

0>
bal

I SR8} 20| 93 AUBLICH DY HYAE HRES
k=)

]

I
ogh f0.

4 SES ?I8 22 HO|E = LHE $X2] s CIO[E{2 O |AISER|T B 7kX| 7+ Afto| A&
LICH: 2-O|A At 7hstt =7 E LT E AMAH ZEZEQLICE A|AH ZETES} JSON @Al2
2 HISElE M8 7Hse =77 ZEE oAl FAlQ] T|O|E] ZRIE = of2fet Z&L T

<system>

You are a function-calling AI model. You are provided with function signatures within
<functions></functions> XML tags. You may call one or more functions to assist with the
user query. Don't make assumptions about what values to plug into functions.

</system>

<functions>
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[

{
"name": "search_movies",
"description": "Search for movies by title and return matching results with IDs.",
"parameters": {
"type": "Object",
"properties": {
"query" . {
"type": "string",
"description": "The search string for the movie title."
}
1,
"required": ["query"]
}
},
{
"name": "get_movie_details",
"description": "Fetch detailed information about a movie including cast, runtime,

and synopsis.",
"parameters": {
"type": "Object",
"properties": {
"movie_id": {
"type": "string",
"description": "The unique identifier for the movie."
}
1,
"required": ["movie_id"]
}
},
{
"name": "get_showtimes",
"description": "Get movie showtimes for a given location and date.",
"parameters": {
|ltypel|: l|objectll’
"properties": {
"movie_id": {
lltypell B "String" s
"description": "The unique identifier for the movie."
1,
"zip_code": {
lltypell . "Stl‘ing" ,
"description": "ZIP code for theater location."
1,
"date": {
lltypell : "String" ,
"description": "Date for showtimes in YYYY-MM-DD format."

}
1,
"required": ["movie_id", "zip_code"]
¥
}
]
</functions>
<user>
</user>
10 20| MMt S0t 2| G|AIZ MECHH Star Wars £ ZMo}7| 2|8 search_movies("Star
Wars') 22 MAE RALICL 022 E5 54 HAl £2 ol QAZE|D, AlzA0| delsls ot
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= E20|ls =7 £340| ZEELICL 0|E Soff ZE2 B2 the S2d RHHEC O =HEQ &S
Salshs WS staE 4 Lt
Q7| U= =7 ALE | T 5tLts ZE o=, BHEO| S8t =2|Lt ~3F ZH|oj CHet Fetst ©
S Y2 = WA FLICL oS S04, 210 22 MY Lol M2 2E A2 FE RH AN EZ 0| &
M~ QISLICE & SEI OIEVIXE, e IEE QISHE T (ZH0| M) of 23S 9lst Ee
Ej7F 2K QUELICE

<|user|>

What is the 50th Fibonacci number? (Use the standard F_0=0, F_1=1 indexing.)</s>
<|assistant|>

<think>
Okay, I will compute the 50-th Fibonacci number with a simple loop, then return the
result.
<code>
def fib(n):
a, b=0, 1

for _ in range(n):
a, b=5b, a+b
return a

f£ib(50)
</code>

<output>

12586269025

</output>

</think>

<answer>

The 50-th Fibonacci number is 12 586 269 025.
</answer>

LHEXOZ AojLh= Y2 0] REO| =7 3 3 E23 HE X}7|3]7 (autoregressive) HAOZ
SHE E20 wrfsts AYULICE 0|HS 7tssh| ot QAAER0|M R = CHEaH ZHELICH

messages = [...]
while True:
response = model(messages, tools=tools)
if not response.tool_calls:
return response.text

for call in response.tool_calls:
result = execute_tool(call.name, call.args)
messages.append ({"role": "tool", "tool_call_id": call.id, "content": result})

o 22 ZH0| O CHE EZ SE0M o|Z 7H55HH S25HERE Stz A LICH A
£ SHtE dAlelsh=s Y, O2|10 20E SHO| Sgfsts WS ot
3

o od
FEAIZE EA| AZE 4= QU= ket =79t 8hH| 2SS STE|0{0F f

ng d0
0=
>
I
Pl
> o

13.2 O =3 B

OpenAl 2| 03 P2 CI=HA| =3 AFR0] o 2
HELICE O] SE2 HRLIE|S| &M 0]F 917 EREQ #EHO|

o Tl -

o
0
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Tool Use: Interleaved Generation with External Execution

Prompt | What's 123 S 4567

Let M s M - }[<mde>][123*456][<,me>][ o ][ s6000 " e ][AM 56,088}

generates l\fo@r—" system output continues

External Executor

Response

Figure 37: 31 AI2S mal MM} o|E AlSHS I'Liré.*l—l
2 MM5tT (FEM), o8 A|AHI0| E3E A3 2
ME A&t DES T MMoM 03] =7 SES WMAIZ £ QIELICE £ 0| =1 551t
£2 E32 Qut oz Ao A OAZEL|CH

- 21—

A
= =
O] ==20M 22| 2 210 22 (LLM) S AtESI0| 2 SHut 2E HM¥S Wit
Moz Hysts WS BAYLICL Ol F 71X Ato|9| I 2 AIHXI% SHEFLI
sxe Ealo| M= H8lg o =X H|0|EsHD 02|
12 XA H|O|ALL etAn 22 QIF AA0M FIHFHEE °_|E11‘11I0IA6 n
2

S AE SEo| 315t £2 ROl Lof
L|Ct [1831.

|0

2, OF B £7 A2 20|22 917 2012 43YA

v

I:

13.3 2H HHAE T2EE (MCP)

el HEIAE T2 EZ (Model Context Protocol, MCP) 2 210 2SS Q|2 H|O|Ef AA S HH A
AR AZslY| @Ist IS EFEQILICH[318]. HIOIE AIS0A MCP &= Z2|0|E|Z0f cHst A ol
Al gt 5| JSSON-RPC 2.0 2 ArRoH_u:} sz| A|AHIDICEN £31 55 §AIS @J6H= T
M, MCP £ 2Estel Z2EES S8l Z20| SHEH e Eo| ™2 %-F o QA Bt

MCP = 0| &2l =7 ALE LHEO|| ZHEFsH =7t AFHRILICE-0] 242 0 E2[71[0]M0] of| = 7+sEt JSON

27|0r2 Ao 2Hof| HHAE (COJE] + ) S HEehs SYYLICH 2HO| **E’“REP‘ MCP A

Hol= s ZE2|0[E[E7} ASLICH 2|42 (87| ME HO|H £28), ZEZE (AE3 HAX/AZE
), 121 £7 (20| 358 4 9l &), 0|2 S MCP Of7 |3 21 Zo| 20t + 9

&L|C}

=

FI

+ MCP MH{= EF GO AALL 7|52 efgetLCt

+ MCP Z2t0|¢HE (0f|: Claude Desktop, IDE £2{19l) & 5Lt O|Ate| MHE m74|%+|_|q

« SAE (0f: Claude EE= ChatGPT OfZ2|#H|0|M) = AFEXHLLM QUE{H|0|AE HSELICH 2
G Sl =18 MBtsh= A2 72| S2H0|AERH WH|SHH EL|C

—

MCP &£ = A2 26 AURIZ} St OII2IE AgsSi0] it B20IYIES LIE e g
171 31, SAI0] RUE 9 A Q48 S B AR 4+ i 0 Jhs HAS ZaUr
01 & 71|7f BiRfx| ATl =olgle] =7 A2 RUS $I3t WM T 015 7153t MY 2as BSofL]

C}.
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MCP

M= EESHEl JSON A7|0HE S35l S20|HEN =1 =Sl Ch:

"name": "get_weather",
"description": "Get current weather for a location",
"inputSchema": {
"type": "object",
"properties": {
"location": {
"type": "string",
"description": "City name or coordinates"
}
1,

"required": ["location"]

O] =71E F&5t= £|A8H9| Python MCP AfH:

from mcp.server import Server
from mcp.types import Tool, TextContent

server = Server("weather-server")

@server.list_tools()
async def list_tools():

return [Tool(
name="get_weather",
description="Get current weather",
inputSchema={
"type": "object",
"properties": {"location": {"type": "string"}},
"required": ["location"]

)]

@server.call_tool()
async def call_tool(name: str, arguments: dict):

if name == '"get_weather":
weather = fetch_weather (arguments["location"])
return [TextContent(type="text", text=weather)]

13.4 8 M5 ARt

T

A2 DS ASE M 04 VHX| fAls 2 OpAZ AFO| RISLICE
Python vs. JSON &Al5}: O] ZHoj|A 2E|= £ AF2S JSON O|0|E{ %8} Python ZE 2
F2 dAstste oA E ZEiELICHL DR stte] XS MEiSH=E 20| lany, ¢79| Ct
At HBUMS2 CHE A S AL CH

ox 4
ofr
A
Q
F
>
>
o
40 1O Hok

o SAlsk T 55 DUS 183 o olole 2 B o e
ol BaolL|ch Sxz| 52 HlolE{MS HE B2 A

tof chsh= HAIK] S5 (R S5 AA"- HAIX]) YUCh HH 2= =7 ALl Tl S

>
i
Pl
)
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SHA|T RO B2 2 =7 SEZ FEE L2 5te| Moz FetEL(ct of2fof oflAIZF R
SLCk

messages = [

{

"content": "You are a function calling AI model. You are provided with function

signatures within <functions></functions> XML tags. You may call one or more functions
to assist with the user query. Don't make assumptions about what values to plug into

functions.",
"function_calls": null,
"functions": "[{\"name\": \"live_giveaways_by_type\", \"description\": \"Retrieve live

giveaways from the GamerPower API based on the specified type.\", \"parameters\":
{\"type\": {\"description\": \"The type of giveaways to retrieve (e.g., game, loot,
beta).\", \"type\": \"str\", \"default\": \"game\"}}}1",

"role": "system"

1},

{

"content": "Where can I find live giveaways for beta access and games?",
"function_calls": null,

"functions": null,

"role": "user"

1,

{

"content": null,

"function_calls":
"live_giveaways_by_type(type='beta')\nlive_giveaways_by_type(type='game')",
"functions": null,

"role": "assistant"

}
]

- EZs Y AIX] ZA MR AFEE OpenAl HIAIX] @Al0| =3 SE2 BT AT HES! (ZHo|
HEEl= HAX| FAE HOlshs 2E) 2 S8t E2SE HX, &3z JSON &

AERIOZ HEHBILCE O] Z2M|A= 2 OFF|HIXOICE CHELICH- Y= £ &S 71256
8 HE3 220|122 = CHE ZHS0| HAIX| ¥AS E2 AERICR Hgtst= WHE &
MsH= CHat stE S S e

© FEEZ ALY T2 DH0| STYSIHAM, HH M| EXo|'FEEE AEE
T A3 abH AMz2lel= EAlof Cist CHFst 80| EXL|CE YR RS2 T & L{of|A o
2 £ S HA0| 2 F2 ESS HESI0 02| £+ S5 THof| 2X ZHEAES |X|EHL
Ct. 22Lt O]2{5 E22 YEH o2 MY H|S F[A8tst7| 9l H Atolo]| XFLICH (&
O A2 OFeL|Ct-0[Z2d2 A ZF L.

- HMSYUX 2t API @A} (2025 H 7 & 7|F): OE MSUAS2 MEH2 = RASHR| 2 7|
SHOZ LHE YA S AEILICE OpenAl = 17 ID 7t A= tool_calls HIES AIEStL,
Anthropic 2 <thinking> Ei12} 874 4 M|t input_schema HM|E AHESHH, Gemini & &
+ 2& 2 (AUTO/ANY/NONE) £ HISYLICH. API & S3lf 0[2{3t RS A&t mff, ALE 7t
S8t == JSON g@Aloz Hole|n B SHe| =7 £32 BF"WHE EF 0t HEo| HE
Off MEEILICE ECH2 o2, QE AA VLM F2 FCH0|A= 02 T 5 REQ DEH
LM E X|Ysts Qe ot 222 1346101 519 & 18 12 Ardof| tist S&2 S HSg
LI} [325].

- 270t E¢ LAY CjAY: ZEHM AIARS ZZ H o C|RY E="HY ZE'ZHS A5t
0f R&8t JSON 1 SHIE 214 RES ZHst] ERE £20= 25t MAI=E SYLICE LR

£
e 22 MSYH= 7=t JSON EHE MEE = A 57| flah F7MHel X2 ot
S A0, RE DHO| ZL VLLM 2t 22 AAHIM F2 Z2 0= X2 U
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https://huggingface.co/spaces/huggingfacejs/chat-template-playground?modelId=Qwen/Qwen3-8B
https://huggingface.co/spaces/huggingfacejs/chat-template-playground?modelId=Qwen/Qwen3-8B

on
62
rlo
X
]
mjn
|'II
ri0|-
oII

. E3 £ EHAE _+_|;||- CESH2E o= ZAMO|LF A = 10| 4L RHE!
Of ZHHAE =2 S W2 AHE £ ASLC Alﬁ%g 20| A% dYst= o 2L F

HE HESIHAM ?jE—*bEZ E*EI 7%@ TELZ RAI5H7| 2la =7 EHE 08 ZEHUA

0| A2| e5at AZASIH: £ AL =3 H0|E = OC|M 2E7t J2|10 o SHIE AR =71
Atgto| Zhgst E-T‘ EME2 £T H|E0| Ho| E7| W20, CHE22| §CH =7 AL A= A0
HLt REAEMELCHT oolformer AERO| x}7| #jo]gal [316] EE= ToolBench [323]4 3 CHHE
MY 23 SHE 2o, =7 #HXol| cist X|= O|MZ=H (SFT) 2 7|2 gAlstet &7 MEVS JI2 L

==
Ct o|AH2 %%% FREAEMSIN ST 7|&9| 7|dts &Eshs ol S2&UTh HXol oist MSE 7‘I
Hah (of]: Y M3k 2|X3} (DPO) £ =7 SEE met 27T e ol tist 2ES 7HME =+
SLC} CHEtA E-_rl AE0| U= Of0|HE 2¢lo| B2, et =Y (2 43, Mef E) 2 8% 4

sfet& (RL) Of AAAR 2 SHI}F ELILH-2R2 =7 5L UM OI A2 2 SfZHER ofuz
HEf shEgfLC.
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14 353}

315t (RL) 2 XHAQ| =HQI0IAM BO0| AFSSICH B iR == 34 uE 5 stit=, RL O] 1R
F2A5H X[ XSt EH0IM BH0IM THsE RE B4 SIHE 0|Z0{HCH= JLICE BCH ML A|ARL, £
10| RO M= REO| 2t (completions, & WS) 2 MA5tD QIR AS7| (F A ZRO|LE &Y

of
g4 7H T EMS MS3hes Cha 1Ml #F THE S M85t AELICE O =H|lof M= RL £[H
t
[=]
=

ol o\l ON

=0 R2[2| AT F+E UEStE Aoz 20 RAS T (X, I SH0| 28 5

&H5tX| t= Bh=|A s} (over-optimization) 7t 2HAliSH= Z40] YEFHILICE O] Zo|ME= 0] 12
Hol Hhx|XMst AL E FHZELICY.

2 kE foh g

E|MsHe AHEH O =2 -RLHF 0| A{THO| OfL|2t o H2 9|'3|01|)\1-—§—._1 K27t 2T 2y gotet 22X
37| == ZHELICE DHXE (overfitting) 2t FAFSHR|2H-2EHSHS B AESHE CHRAEZ H71H0f H
3l HF &2 CIo[E = 285h= 4R-1tEXsh= RL 20|M 2R 57t H] 30| AFZE S LIEHY
7| ¢l3h *f%%!'—lﬁf. hE[Xste| thuh= AR MAH SEOf et 22 FE (alignment) = 2= =02
olMe] Z& Xsto[0d, ofet 22 E 2 HEl= fig 38 O|M & & AUFLICE

Training Reward

Downstream
Evaluations

RL Training Steps

Figure 38: RL 23 A< O L2 AEZ! H7to| IHx|X3} 0|22 RLHF 23 Lo M gt5E|= ERQ
AAR| =, RL ARHO0| AYsH HO|X|2H JH 0| L2 AEY X R E SYAIF|X| BHECHE 2|0[ofM A"
7t OFEiLIC. Of2{gh 7HM2 AN Aol =X b= B 23 QoM HIRE LT
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0] 2202 ZxE| AdtXOl JHE 2 I5HE O] HE! (Goodhart's Law) 2 [FEL|CH ZSIES O|F| &
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Al 5t DEZ S2E 7{0|2k= ZdQlL|Ct S Mallow's 2& [3

A H0|HE O & M2|st= O AFEE £ = YIS &4 ?:.*#%E %} |-I Ct.

.,.
18
i

o

14.1.2 35k 7Sl LR B2 RLHF”

B2 B 2| A0SR B2 RLHF'2Hs S40| EjIEI%ALICL 2023 Holls BRO|iIIrZe 7
AE Ui 7H Eofe] T3t FQI0R ols) Pafst H2IS 71st of2f 28 Bt BY Y247}
RUELIC 0] k=0l Llama 2 9| el R 4| [49] FHOIM 7 SERAHKEE RUHF 9| £7] 28
Of| M 71$9}“§E4”Oﬂ CHSE AT HISHAL|CT 0|2 S0, X7| RLHF E':'"OiIA-I st HE SZHo| 2
SOl BIAEL ChST 2 Heigtsd], 20| 282

A

o
AM2XL: Linux Z2MAE kill 5H= 2Hg 20

OA|AHE: Linux Z2MALLCHE MHEF|S X
AS MSE 4= SlELICH o ZENALE MHK|
22H, HY TEXMo= SHIEX| ghELICh

Lt oh2shs o chet XIFo|L =
o|EHoz SX|HL ZRStE A2

rulm _\d

Chal, Linux Z2M|A0 Chsf ui9D S1hso2 Balsts Wiol UEE 21g
Linux B2 A2 2o 291 2A42) FERIE ghe A9Ef HEE 2 9lo0 0
Mt 22HOR DRNAS MY, BUEY, Z25ts WS ofshE 4 Al
SHIE Yo 4 Urkn Mztsls S8 ZRN A tief 287t s B2, 2
olma| 2l HEYD BE S ZaM A0 Chet o B2 MRS 27610 23S
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QUELICE top, htop, ps, kill, grep S2| CIYst =& AHE5t0{ 0| EE £

A A
=22 T =
zg & ALk
DELt A 0| XA gl0] ZRNAS SE5HH HO[E| 24, AlAH Soby, Kot
FHOPE S M2et ZDE Eehe 4 ASLITL TfEb Linu ZRAAS B2ld o o
g7 + | mameLct
= .

|20|11 2 At E 2= 20
2023 & SHto| IE CI2 0f|A|= Claude 2.1 0l|A SAFet S2HE HOIFASLICE
AXE Ubuntu MHOA 2E Python Z2MAZ kill 5l2{H {2 SILI?

O{AIARIE: X|SFILICEL T2 MALL A|ARS SiX|[= 2001 CHEE 210 AEE MBS =
oF ELCt.

O] & 7IX| & E&0f| 3t 2=l Z10| OfL|2t A|AH TETEQ ZH2 DHIO| HY T MFS HHIgh |
CESh Sin A& ofZ2[AH|0|M2 7|2 MY RHZ MEL|7| M| ZETEQL SHE JIE

LE{E AT} (0]]: WildGuard [331] EE= LlamaGuard [332]).

RLHF 7} O|2{8t 20| OFMS @t otMeX| t2 QS st s2HE Ests Ol SA AU
X|gt 2|5 DRo| SAF MIIE AMEE E3 WHO R F|0Ists A2 BFEELICE 25(2, 23 W
ot D2 210 H|o|E F0|M Zto|=2telo| 80| Q& otM M I} CHE 53 Ato|o /lste #¥2
XIAMELICE Est =7| 23 S| |3 £[Z 2 Autofl= 24t0] JASLICE MENH 7| A =sHX[H
M 2T REIE Mot 50| MU, BHESt HEE SF517| fIst HIX|OHT T4 [333]2t 20|
RLHF o &X{2| 50| =2 otFof| 26t Z10|2H= 7HE0| E0{SUELICE

.l
=
ME 7|2 Al A|ARO] ZHAtE O]l e, O|2{st HE SHO| FEHYH2
Ot &7 2&22 o &2 "elel sidat =2t0] &= 2H|of tis

-

AlZb0] X|ictof a2t 2L
12 o|SRALITE

H O AH-H
S5t ol @Y A2 22 GlOEIS 25t
EH
[=]

ol
ol
o

.
i2

[=]
2 =24 = AYLICH (17 Fof|l M TR = 7K
. RE5H, AIOEZE|FH 0| S oIt et &2l molFd2 EA| Hoj 0|0 &

[

0| SZt2 2tststy|
2lE SHI 22 Y)

3t RLHF @} CI2 &X{2| 852 HEl AQ“Instruct’ E=“Thinking”’ 222 72 O|M|EHEOCZM 0|
20{ZLICt. o|o| EHE O|2{st RHEIE2 HASIY|7L EM O O32 4= /o0 (0f: O] It=st HEE
HM7H5t7| {sh), Ch 2 X213 AN 8hE 20| 7|2 2= ZE 2N AZshs

Hot= ol &5 7H8 E5LIHL

[o]]
—_

O
KL72|= 231 M e 2 = && D (reference model) Tt 34X =K (policy) Ato|2] && Hz|
ZQS MYISIMIR. Ol S0, fig. 38 2| &7|l= =& T Al x Foi| Z|Xste| KL 72|E AHSE
M= 2 4= JASLICE Olof| CHEE =7t of|Al= OfzHoll M & & U=, MSE =3 H|o|EHAIS Bt 2 Lt
L0 S EA R (M @ PM) 1 HAE HA DS OEEQIAL|CH 0| A& Eof wat, &
2 RM OfAM2] 7HM2 A= ok 150K 3 MEO|M HIAE PM 2 MYE|X| A&LICH[5].

SO MAH dst2 tF5| Zalsta{s A 8h4:0] H|5l, st&E 2=I0|2t
MOZ Qlsl RLHF O|ME 22X 0|1 m[g 4 QISLIC M2tA, RLHF 7} 2t

= B Aol Rolst 5
3| Sz 4 gl DML FHst SHQULIC

=
CHE RLHF 23 A0 = 2|2 = KL 2|7} CHE LI (U], A7AE2 &3 S KL 2 X E
tE 2o 20| 0t} Het=X| H|wWsty, 0fe 2 KL #it X[2= FHRjEel
IO &dE ZES LIEFE = JAELIT. oI S0, 22 Ti2t0|E € +85h= 222l RL E12[F
Y& 23t (PPO) O AFEEl= KL 72| = Z|&9 N MET (BoN) 2t 22 FE Al
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RLHF Robustness Study

Thousand RL Training Samples
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Figure 39: Bai et al. 2022 2| & ! E|AE RM 2 A6t 4t=|A 3} 2to[M A CC-BY.
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E3 Yo KL AHe|=rt WM =&LICE RL E0I|M, B =2 KL nH”EIE ol KL HE[0f[A 2tz
M3t EO0|X|2h 22| of X|IHoj| =& st= o MA| &3 BHAVEEH ROl 2eet 4= ASLIC

THEHEIS A5H51Y| QI8 B2 SZAO| UBLICE UL O FH2 KL 72|18 RAIBHHA HAS 57t
A17|7| 913 20| WHE T B B7Ho] | 2%, bA DS QHANE [334], i A
~3i| 2 (33512 TarelLIch S HE YT2I5E Ofxis] JENE0| HoIxIe [336] 1 A/
sto| TRl HH2 EROISQEE o 2| BalE 4 Y= D KL H2I2 ALBE 4 Q| BLICt

14.3 X3 Aluflet RLHF 2| igt

154 RLIHF 9f £5{2] S22 RUHF 28 5712013t ol fof Shasict B of e Sx
5122 5151 S/ RLHF o] DISHL OFRIS] 22taf SESp SEI0f SUSLIT) 0] 5 ol
2HETsIE 2U0) MY IS JHSoA 2 HeLICE #X12] 910) RHOIA, RLHF 7[%H0] 0f
| D] SIS WahAI 12k ALZXISL AL Fete] TR0 Chet HES ZAAL 4 UK T
B o1t IUBLICE BT RLHF 71880l 28 Aol &=afzl ofi= s 710l of e of

CODhanCy) [263]2 FZIst=X|0]| Chet AT ULICH- 2RO AFX7E E1 4 0f5h= AS L=

|I0
i
H

> o

I:I

mAngWV

DEo ANl o= AHEA AFEH L O K5HK| 2 FEE & o 220l 2
o2 SEste HYULICE 0] Hatst of|Al= 2025 A 4 ol GPT-40 YH|0|E7t ST
S o LUHASLICE (The Verge oM I 17]).

AHEXE: (GPT-40 Of|7| RHAIO|“AO| RO AR M /A4 ZICt

Ohlat= OJAIARIE: O712 Oi ZStL|Ch A2 Relvt o 2 Ao 2 Soisx

t
UELICH-AlTto] oA wat otL|2t M2 Mo HA|d g st UZRL.

[ — Ny

b 1 > 095
Dy E

o o ©

o= o — —
£ AS Wi 7tets MS T H|OIE{of ofsh ZatE + ASLICE 210 20| At|of & B0| SEHE
[Eh“—f Ol2{gh FA Y2 Mufio| Zut= STt Jehol|lM 7t ALt [337]. 02{8 A0
ol I2h RLHF of & SH= AR 40| Cer 217 S =0of st xlol 2 =Fof
HIsf CHAl SEet 7*°"—IEF.

HH|Z, 023 ALEXI0f| Sl57"AS2 HEYO|L At =22l dof| vl XX|HO0|AHLE x4z AU
ct.
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https://www.theverge.com/tech/657409/chat-gpt-sycophantic-responses-gpt-4o-sam-altman

15 Fqst

O] oM R2|= 7t MSE, AE 7tsst HA, J2|1 OHE 71X| /s MSZ2RE stEet7| flo 22
2 £Ho5t= B2 =SS tiRELICE 2|7t AF8ste ZE UHES2 Of =)
o| Ztadstn UHIAQl BE (ZF =X I (reference model) 0|2} £21) of H|a ZEIO| L 20|
Bt & o QIELICE RHI0| RO EAOZEEH LR H0| 85510 22 2| M5

S“1tx| X3} (over-optimization)’2 1 EHLICH (O] X ZHol|A] =2|3H50]).

I

H 18} (regularization) EH4|7t

5t & Qo] HOIL|C) “EMEP A

Hsoto| H 7IX| oflA|2= 2=IO0| 25| ZRE EHS T M2t 4 Qe 8 FE2 £S5, 8
0

=7

MOl HAE, 0] T = Mgt E4 ZAHE E£2I5HE 20| AFLICEL O oM = 2= X|XE
H|of5h= o| AR E|= Crefet WSS CHELIC

7Fg 27| A= HH2 M oM W= MEO| Z2X FHx HHIKI| KL A2 =, HE A- &
=2 RLHF 10| M AFELICE "KL 7{2"= KL &tk (KL divergence) -= 2t 229| 22|1E 53
St 7|2 e YH-0| TS 2| E0| 2R 34 £43 UESHK| RS0 2751, EF 1t
Y Uiel ZMst 72|E 25| 2I8h 701N OULICH(RAE 2= xH0[2] XX FFO| ot 72
2t B2& A0| O ZHSLIC. THE B2 Yriet 7'M S0| E8l0| SECL slie A7 2tele| o
D BR0M A7 | = LT &, WY =REQ| iy KL 72| 22f Frets &5 th2 Moo
M EestE = s ded 43S otdslsts o AR ELIC O-o|E S715k3, RLHF oM X X2}
7

=]
O F THOIM, x = ZEZEE, y = Y3 LIEFHLICEL 0] EI[H2 210 27 230N LEtKoz
AFBE[D, S0 7HE E20| Ot HX| ZEZE-HY &ofl st ZHSefLCt.

B4 B 7, 7} Qs RLHF Z2YY00M ALSE mje] LHHEQl BA2 Crem ZgLick

T=Tg— Aleg (126)
X I 033t Z2ELch
=17y — A D (e (y | ) || Tee(y | 7)) (27)
15.1 RL Z[H3lof|Me] KL &t
b Hol= Holof 25 HE A 2 AZTSIMQ. KL 22 5tLto| 3t8 2Tt CHE X2 HE Aot
Lt HO{MEXIE SHELICH-KLO| 0 € W, & B2 SUSH £HS HYeiL|ch o232 Zo| HelE
£ Y7IstMIS:

D (PIQ) = 3 Pla)log (P @”)) 128)

zeX

RLHF O, ZHA Qe & Bmi S5 M2 B wHo| 21, P(z), 12|17 2 ge| 25
QILIC} CHE E{F517] = CHE KL ke AFREILICH 0] & Fttol| ZiX|, AFRE|S 7ha UukxelKL Tf
HE[" 27 Ao T3 oeral KL of2kn 2YLICE AHE 0fZiS RL B0 E28 ME2stn
Ex DHoM SES M 26| FHE2 FHAR SO|SLICL Mo, 0] outs KL 2 M2e

O
. —
=
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2Y P s, Of fl2f Bx BHO| e HES Sashe RO AT B TS HiXIE 1) 2 1y
EIZ X85t £ 542 JHELCE

CHE KL &2 ML Of|lM, Ol E S0 &2 RL 2 10E2|E2| L M2 S A Lol M 01 3| Xt AMEE

O:
o
o EES X 8oHX| 42 M M=

L|Ct O] siE|= XM o= YPEIO|ET Q e 7 o NHE S
2 Do I{dE|S FLICE 0|H2 EF (distillation) &= #&S =X (behavioral cloning) Of AHS |

£ SH0i| & 7Rd&L T

— 11

15.1.1 MMofl cj

e

x md

4

KLIj'ZE|= 7ta YHtMo 2 23 & WME EZ 0 Y& &x DE AL0|2| HE|E H|wsto] A E L
C}. 2|22 S&dste= 20| 717t0] RISt A2 AEIYS 7HK| 0 QICH= AL|CH O] &= RR2 7t
A KtZ= X|A| ZA = (instruction tuned) D EO|X|TH O™ RL MIZQIEQ £ QI&L|C} ZHEHSH CH
UOZ, 22|17t MEYSHE THL 7y (x) 2 mp(x) 7t EIH, 212 eq. 127 Off EA|EL|CH EE H2
Ol Z3Z P 2t () 2 RLKL I{'2E|0f| MSE ). 021§t KL L&t iEE|= CHFE 0 22 (LLM)
O| CiEst=|7| &N Hoi| CHst o[o|ME0]| XM MBS [338], AHM stEE RHQ| O|MEFHE ¢
Stafpl 7o = KL H|O{7t = SHRI=|ASLICH[339].

A

15.1.2 73 oAl

AR|Z, KL gate| A3 BF
M AT HEYE M KL 2

R

AlSHE[0] [126] 730 EM ZHESHEILICE 219 Holo|M, 22 P
|Sigte= Hatsl = ASLILH (07|1M x = ME Szt Cheh Lt
[=¢

KL
o 40|04, 0| Mo| CIE oM AFRE|= TETE H7|H0| OfLLIC)H. 0| AR, P = x| =3 =9l
DE (Z, £hX DHO| ofLl) o] MM 2ol |C J2{M KL EhAt AlAL2 Cteat ZHo| HAEIL|CH
D (P|Q) = E,_p llog P(z) — log Q(x)]. (129

O] &A2 53| A0 2 SR0M X AHEI= 23 HES 2T LI M 4 2T ALt

generated_tokens = model.generate(inputs)

logits = model.forward(generated_tokens[:, :-1]).logits
ref_logits = ref_model.forward(generated_tokens[:, :-1]).logits
logprobs F.log_softmax(logits, dim=-1)

ref_logprobs F.log_softmax(ref_logits, dim=-1)

token_logprobs = logprobs.gather(-1, generated_tokensl[:,
1:].unsqueeze(-1)) .squeeze(-1)

ref_token_logprobs = ref_logprobs.gather(—l, generated_tokens[:,
1:].unsqueeze(-1)) .squeeze(-1)

token_logprobs.sum(dim=-1)
ref_token_logprobs.sum(dim=-1)

seq_logprob
ref_seq_logprob

kl_approx = seq_logprob - ref_seq_logprob
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k1_full = F.k1_div(ref_logprobs, logprobs, reduction='batchmean')

UL G|A| FH22 &= TRLZL Hamish Ivison 2| Jax 2E7t QU&LICH

15.2 oSX Hst

O| Ho| CIE MMES HWAIN MrstE MYgh|ct: KL TfEE|, APH st& T2iC|E (gradient), 12
D AMBEXE0| 23 SH0|| o|=XoZ FItshE O1F 24, Sotets 8™ oL ZuE2 RL 7|t %
XE| st50| ASH HHstE MBstCHs A2 E0iE I—IEr M x| M3} XA|Q| 70| A LIEHL f_,
7|2t of=2x A2t (catastrophic forgetting) Ofl CHSH LHEHEI Mgy, 0| A2 KL Zi'2E|Lt 2|Z2]|0] 1
Het ZH2 RL EHE H0{5H7] I8t HA|X =& QI0|E, £4 AH|0|EQ| EN WE QLT

15.21 X OMZ=F2 27(512, RL 2 Lutsistrt

SX2| st HFLIEI7t Zlpst A A2 2 Chgat 25U Ch Thl 2l g S3E ), T2 HO|X| &
= HYEOZ HMO|z|= YLt 7t #AI2 et&shETt, OlL™M &3 22o| HA IiE S 7|5 r
7}? Chu et al. 2025 [9]= &X{2| &4 2 (X|= O|M|Z=F (SFT) Ci RL) O] £ 2| (O0D) Yt5}o]|
0|X|= F&k2 XY 22l5ts EXE X 2 o] 20| BetL|ct B2 Waksti|ch: RL 2 FO|
7ts8 HAlS stESHs i, SFT = 3 H|0[EE 7|5t 2% 0|5 5tof| M RHZIL|C

Ol o4z ER

0|EQEE O[ahi5t7| fla LIFE w2 H30] A= F 71| #ES ASFLICE
=] Z

S AMXL (+, -, %, /) B Z&510]
- 00D E-”AE L u;”OlA 9|.|: X-IA
E AL E M85, W= OHE

- GeneralPoints = 2H0| 1| Zto| E&{m FIEZ Hip 4|
SH X} (71232 24) off =E&lof 5t A 9PE A
HAS HAGL|CH EH2 StLte| 75| (M, &, 2 2510

A (™ =11, # =12, 2 =13) 8 AIREL|C

V-IRL 2 20| 210 X|A|E M2t EA| H2|E 2lCheti et
Aol =ARULICE OOD 0|52 UM S7t2 Hol Wek (8, 3)
ghstL|ct.

35 Q1AISh= HMIA AlZE LiH|
Ol oo ek @ @) 2= H™

M

DE XY HYE ZX, RL 2 =H AFE 0| SHEHE0| M2t 00D M52 XIEHOZE SHAIF|= HHH,
SFT = 2Z LHoj|M SAEO|E E75t10 00D M52 XIEHoZ XNSHA|ZILICE Xtole] A7|= =&
&LICH OOD 0|S0| Hrf Jakof| A ACH 2hek i 29| MEH0l A0 ME =S AMEst= V-IRL OiIH,
RL 2 00D tHA| METE 80.8% O|A 91.8% 2 SFAA|F|= HHH, SFT = 80.8% 0|M 1.3% 2 B
LEIL|CE SFT 232 utstof AMulist= Zd O|AFRILICH 7|2 2’0l o]0 7tX|1 YH 22t FES 1}
djotn, HH LE0A Mo Weo=o| 3| H|O|SE S2IELICE

1522 Moo= [X[517]: 2-YH o|o|E{7} Yzbe 2Aslstrt
XIo

5tate H04Z=USLICE Chen et al. 2025
H I:-IIO OIDI OI-J—l_ ol 7-|O oxl

AN -

* {SHA SFT =L 21X X7

O MIM2 ctol

401 el Ao guick o2 ﬂg.% sxtsioz gaid
sl=vpR 152 RL 0

2
_>.'_
L\
m
_|
- N
1]
i
I' I'
rﬂ:
r2
e
—
i)
ne
FE
n |-E|

=
ap2tst, 0] OS5 %am S|xjslahe 210] 220l Ho|2 FHELIC

= uh0| of DA ChEd| SEHSHER| Olas| Qs KL wate] AXE S5 150 2HE 2 4 9
SLIC} O] MMOjAS TR S 74X YBEol Sx{a| BH WHO| KL 2ate] & gsto o 4 9l
S2 H0|T, 12 [} &4 3142 0|25 S AR $A1K S&H0| OfEH C}2 DY Sxtoz e}

E|=X| 2Eeich
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https://github.com/huggingface/trl/blob/5c21de30ae210e4251ead85517ba8dfe3f210e81/trl/trainer/ppo_trainer.py#L1150
https://github.com/hamishivi/EasyLM/blob/main/EasyLM/models/llama/llama_train_ppo.py#L278

KL gHte & 23 Afojo| oAt 2O HI8 E,_p [log gg;] 2 Mo|g|0i, & ursko| 21 Xf0|2 & &
UAELICH

-‘.-_“-E';?J KL (Forward KL): KL(P||Q) = E _p[log P(z) — log Q(x)]

o4uwrgt KL (Reverse KL): KL(Q[ P) = [, [log Q(x) — log P(x)]
0{7|M P £ 5% 2X0|1 () £ If2i0|H ) 2 RHZSH= B ALICEL A X0l o= BZ0f|AM M
ESt=LFLICEH e KL 2 S5 (2 £|X) 2% P oM ME25tn, ek KL 2 229 Y=
Q oM MEASLICE otz REOM, P = SE 7, o skt (SFT & 2AM& ufj= 3 o|olE &2
X RL S 2ME e B 2H FH), Q £ &&5E I 1,(R27t EHote A) off sHLFILICE SFT
= SEE WX BXIELICH-KL(7, |7p) -8HH RL 2 &=ME ST ESLICHKL (7|7, ) -0l= 2Z0l|A
WEYSH=X|E HERILICEL MES2 sH5E H|0|E1E MISRILICE =&, SFT E= RL 2, s H|O|E
2HE QES FYELICH
SFT ~ &8k KL. =28 KL 2| HO|2 AIZFELICE

KL(7,[79) = By yynm llog T, (y | 2) —logmy(y | 2)]

= By logm (y | 2)] = By [log o (y | 2)]

3 ) 8 Eflog 7, (y | #)] = GIOIE] 2zojat o Z3}ny %
SLIC-0 o itef ok ok w4 = WA & [log 7y (y
= (negative log-likelihood) 0|04, 0|Z{2 EZ= SFT ux| AEZ
L|Ct CHR!SHM:

o| AEZT] (entropy) —H (7, ) & &
| )] = ClolE{ Mol cist 22| 23 2
I (cross-entropy) &4 L (6) &

— H(m,) +Lsr(0) ox Logr(0) (130)
N —
const
AEZm| &0l ¢ off CHal| &-0|22, F 42 S DA EL} SUSH XXAUS SREILICH-SFT
SHE 2|Adtehs A2 aWe KL YAk KL(7, ||7py) & ZlAstste ATt SSELIC
RL ~ oftgk KL. EF KL Y13t RL SHOZ A|ZHEILICE:

mT?X gRL(Q) = [EIN’.D,yNﬂ'(-\(E) [T(Z’,y)] -8 KL(T((' ‘ x)Hﬂ-ref(' | (L’)) (131)

— B E 7iLiE E|cHSIE 2412 HEHSHLICE

: w(y|xz) 1
= log ———— — — 132
2HES Z(x) = 3 Ty | 1) exp(r(z,y)) B st Y 71207 MRS QES 2E
2 Y7851, log Z(x) S CIotm WiH, L 7|5HZEo] KL hato] ElLic
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=min £, 5 {KL (7?(- | z) H %wref(- | x)exp(%r(m,y))) — log Z(:I:)] (133)

log Z(x) 7t m Ol 2|ESHX| 2220 KL L4H0| H|Z4=0|1 = 2327t SYE WPt 0 0| B2 KL 2 7
7t B4 712017 2zt 22 i 0 Of| M Z|ASHEILICE Wt B2 (2, y) StollMel X Fa2:

m(y|z) = %Wref(y | ) exp(%r(w, y)) (134)

Ol%| ojurst KL The| 1Z2 XA BY 4 YALICE KL(my|m,) E MIHstD logm,(y | @) =
ol .

KL(WHHT"*) = [EacND7y~7T9(-|x) [lOg We(y | ZL‘) - lOgﬂ'*(y | :E)]

1
= EIND,y’Vﬂ'e(".’,U) log ﬂ-O(y ’ 'T) — log 7Tref(y ’ 'T) + log Z(QI) - Er(xa y)

— _%[Ex,y[r(x,y)] FKL(my( | @) || (- | 7)) + log Z(z)
: _%E%y“(%y” KU+ | 2) || e | 2)
1

SS5P7, RL2H 7, (0) B FTHaists 22 o8 KL 2 KL(my| 7, ) 8 BlAststs 23t 2aL
ct.

0| QL SFT 9 RL O| 2EMOZ [}2 SHS FHM5IaHS HOIELICE SFT = A8 KL S 545
3t R F

H
&
S
£Q
Sh
2
p I
oM
o
_\;

& mopct 2o o{2E|E F0| RE HHE

(mode covering) = Ask0| 9,13L||:f—£%% BBHOHE =0 OEE HHSFIY| {5l &&=
2 WA 24AIZLICE O|/E M ek KL o 7|5igt2 7, SHollM TloHXIDE EEYE-E =
ojeloll BB S steiX| 28t 0 BHo| 251 TLEIS FLICH

ofurst KL 2 20| MA|Z WS ix|shs FHo|Met Yo HUEIS 0| BE &4 (mode
seeking) S Fa{ots Z30| YALICE DU CI2 HES DAIEA orLr°| n8E Poo| FEE
2 UELICE 017|M 7|2 7,y - 22 Xt BE-Stof| M FSHELICE W2t my(y | ) ~ 0
Qio1 7} AEte TS SEETRlE &l 212l 7|0751K) SiSLIC SAl0l, SEo} et 2ol X

"—*o {2t of Delo If2E|2

=
= .

O 72 12{5tH, SFT 7t RL Bt A Y2tst 210

SHKL 2 BES| BE 20| ZX Aatg }XI5H0]
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Learning Target Dist. Forward KL (Supervised Fine-Tuning)

with Prior Knowledge t=1 s> Large Drop t=T
(LM Fine-Tuning) \‘ Sampling Dist. \
\
. t=0 \
Prior Knowledge U
(old mode) bl
Target The new mode stretches out Takes mass from the old mode
(new mode) Reverse KL (Reinforcement Learning)
,'"‘ . t=1 Negllglble Drop t=T

—TTh (y) Training Policy

- - - 7" (y) Optimal Policy

Figure 40: 288 KL (SFT) Cf 2jekst KL (RL) of Yzt o8t
CL S 502 LI 43 KL & HH2 Lot ST Hvisin ool DE0lH LU Hof
WLICT (D2 2)), WEl ue KL 2 Q2fiE RES S X ofn 28 REE SE o2 04|

LI (REZR Of2f)). Chen et al. 2025 Of| A, X{Ate| 5{2H5 2ot

EY RER f#SI0] CHE
C A2 7SR AP S E LLM 2 012 2ES E?:.%“—Ilif _'EI_' Efs BE 2% 9|
FIE=LC

4o riirio
12 n
o 1 e

xH

H
x|
(=]

0l

g
DET} QU WS efs) EAICK OfF XIAIS e Qe DEeL S S a2’

e (=]

DE (fig 40). 2HE KLFT) 2 BE 20| £ DS AHu{st2] sk, 0| S 52 o3fel @
oA 28 TS TSHGHES ZRsto] 1 HENS Walon Wi QUEHLIC oiwE KLRL) 2
HIHO||, ME2oH= Q8 T HAN 0o 2EFS b X|otMH B2, QEHEI DEE M3 AEE|X| &1
MBS NS SEE S8 Zoz 0SA OF XIAIS 2H3| RAIE 2 YsLir

RL O D EpM SXH-ofwd KL o PAX 44-2 20| OfF K|Ale| B2 HESID Cf Lt Ysts
& 7Pl giLict

Qo3

+ SFT (28 KL): KL(7, |7,) MBS 25 7, 5 0l7+0| A3t ekl 1 Hlo[EAOIN &
LICE 2t OllAlol Chall @3]= 2LICE 92 BE 1, 7} 0|70 A0l S HES SEfst=Ip
Dele Mo ofR2iE MR ALICH BWsts UE HIELICH 0| BT b2l oze H

b

ﬂ]_l.

ol Fake WA MSHISHEE YRI3t0] OfF XAl Walg 4 laLict

R (A28 KL KL (g7, ) -5 22| K419) 234 7, O] SLICL @elo] dlatsie 2t 2
Mol chsh Pals SSLICK 0[2i0] 2o 2% ®a r_ of 2okt 7i7k27k Zo| Ktalo| A
E0lM2t 2iap| 2, iEjol=E 240 oln] 15 marg HhFIsh= Ro| 222 KAIEL]
C- 54 NS ofiH MASS KSR L24F0), LIDJX| RES YHsHR| 041 7, O 58

= O|SAIZLICE
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15.2.3 RL 2 x4 2alel RL 0] i XA Y25t= ol
O™ MM 2- %;"‘—”. MEZIo| &ztof cist RL 9| XS 0[E1 O] EHI91LI§% wahak-odulek KL o
o2 FHIMZS S HoIFJUSLICE ot FOZT Zrdol| CHefME, =2 M52 Zdstes B2 IS
H=o| ZxHEtL|Ct. Shenfeld et al. 2026 [341]12 RL 2| Yttsto] CHs HeHX 2E S H|25H04, CHS
2 7t™5t= RL o] MEE (RL’s Razor) =XIE =gfLICE
MER 2ol Cist B2 1EHY £2M F0|A, RL 2t 22 2-F= 2H2 KL o=
ESYM2 uf A2 Mol o 70| = £FEM Bo= 2HXNOR HEHE/L|CL

P TRy gy L
: Ig e - - S
% S
Pohcles wnh 93"/;35‘( E
succe £
t
[
a
£
g
|_
A
.2
2
o
Low -
. . Lc:xw Hi:gh
Base Policy New Task Performance
Figure 41: KL Z|£3Zf £2M Zo 20| 30| Wzt =° Iqu (2,_I__.’_;) S
SRL2 7|2 220 KL 0| 7k 77k A2 +FFLICt (REF) O| KL £ stg QUR|BH= A ZH] A

SO||A SFT o] HI3H O =2 O|F 2 SX|82 AMSEL|CE Shenfeld Pari, and Agrawal 2026 Oj|A].
20| MA CC-BY.

MAE2 Tt 2ol YZHo| KL eitez St 27| RHZRH D|N=FE 0| Hott HofX|=
Xloff 21 H|g|stch= AS gHRLCH

Forgetting ~ f(E, ., [KL(7o(- | z)|7(- | z))]) (135)

0121 74| RL B} SFT 221 SAI0] 2K, XAHSS 20| E2E HHT} £7| B3 Ato|o] KL 2T} 2
sp AL 9IS AEHOR UBEILICH(R? = 0.96), MER Sel HO|EE Atg3tol S8
2w, 0|22 KL 0] o[t FtelolAfo] 22 GIOJE7} Of-l M2 Erefo| @l2] Smol N SHslgigol=

B3I, 0fT13) 21 o] 5 XSS Ol Asichs Folo sUBLIC dl= olzte 7= By
=gl 8 Afolo| C2|ZES SHato2M-M22 H2EHE HOlEOIN KL H2|S SFao=N-5)
922 2FsHs Zofst =18 HBELC

S
RL &0l M O %2 KL 0| S RESH= 20| RAAX| mtetstr| lsl, MAS2 2-F3 of 2=t
HIOH, J2|1 5X0| 32| J2C|UEE Zetst=X| (2 7|1&M otz HaE = %*%WIH RL off
EXst, SHHE AAR Z3shs SFT o= gle, 2R E E80M &2 BoUs) of & =& et
RL 2t SFT Zte| X{0|E =23f{fLC. -“‘E*71IE =2-g3 of 2z 2ol Hlo|E 7t 2itet H&2 iK’I% e
5| dYst= g, 39| JaC|(EE A8 JhsEt 2at7t glELUC

o> Fob N
|IO|I

n
mjo
u)—

XMooz 2- 4
O|E& &l ST = HgtEIL|Ct BHH, SFT = 20| Sixl 45t
EHEI US = U= DHE E 20N =TS, 2 2t JEC|AE BHA= 22 X}
o 25 Zoz YL

4Z2i5t0z, 2t |
Ao gloj2
9] Alidol| 27g10]

=
=

rl
rir
J

3 wee e oj| 2K %S HER B
L

0x
> r|r

r
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M, e F2 BHUS0| 159 M ol M5 M50 T B £20| £l
x| oAl U 5 . mElS0| ool SITISHE o7 9l

| T2 207 gish 2aE Holo), DE WM Bnsoz 3

ok Ol It f 615 HSltel B0 KBt 4 6 wegl S ch

153.1 ARd 85 T E

e = E OHE Y2371 NLP Hl0|E Mol ¥s 7(13% +85t7| 5" InstructGPT [3]01|A1
FK0|, ZHO| 7p7to] RX|5t1 42 HIO|E{AI0] /IS = AUCH= HYLICE O|E 78| fl8l, 25
RLHF o| 28 52 +HelLIL}. eq. 126 & F(5IH, RLHF Of Af%ﬂ RLEIOJHMO| ZEXE ¢ 01I

€q.
M RL & DRz e ohy ¢ 2 MEZ2510] £|x3He 25 a4 Wk & YBLICH

=T 8T

T0) = Eyn,, oy ] 2) — Mg 136)
OH O, HAE LR E FX(SH7| 2ol AHH &t& ZHA (= CHE HIO[E{ Al oM MERIS XA
ofl Chst =& XP7|3] CFE EZ 0lS 24 (M s50M AFEElE) 0N O =2 &0 Cist FIHE
A 7K 4 LIk
J(9> = [E(m,y)wﬂ)ﬂm o [T6‘<y | ZIZ’) - )‘Treg.] + /y[E:l"NDpretram [|0g<7TRL,9<x>>] (137)
ZZ2 A7 E AN MSE £[X3} (DPO) o z/MstE 7 &7| lsll 22l 23 2% (NLL) &2 A8
AN Aok |=.|—||:f [342]. DPO &4lo| ¥ EMS Ziotet I, Sst &4 ~F0 | HA RE S240f X
8% 4 2/0f, RHO| Bast HAES O|ZOIES MFELICH (RIS YEIR| 22 B L0 22)
Z|X{3}t= DPO 0f| Chst aE o= WHEL|C
Loponil = ’L‘DPO(C;U?y;U?Cz? Yi | ;) + Ly, (¢} ¢’y | ;) (138)

Py(ci®,yi¥ | x; P, log Po(c . y® | .
= —logo (5 log Q(C’w’ y’w| i) f3log M) _ o8 95]01 ayzw\ ;)
Pref.(cz' 7yi | xz) Pef (Czuyz ‘ x ) |Cz' ’+ ‘yz ’

I

=
7|04, 6 = 0I ._125 KR RS EN ‘='E1 °*UH-f7*0f71I I:*7|"7<IE J(1|01°“—I|1f = tHJ‘XH 2 52| 2ty
of CHEt 20| Hrstel 82l 21 Rk WEE|Z, o 2 7HSX|IE FLICEL 0|A2 MSE HAES HEE
MELCH YN o= O LIS 22t OfL|2t FOHAQl A0 - o|0jojM =2 7158 RAISk=Hl =

== Sk
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HsE M|0{sh= W2 RLHF ARMO| CHE HER0f|M 2 HErsHH Ho|=[0] YESLICE CHERS| EA 2
S BEZE X &4l &4 Qo] MRS §aLICH = M3 2 12|S (Direct Alignment Algorithms)
KL ZAtof| CHSt MAsHE CHEA M2 (RN 33 ME & X).

ol
=
>

—
Q
3
Q
N
rir
tT
0z Min

o B2 QI8 01 A4S FRISLICH [49):

£(0) = —log (o (rg(ye | 2) = rp(y, [ ) —m(y,, y,))) (140)

017 M m(yc, y,) & & FMR] G 2t AEte] £XH Xt0|E LIEtYE F HOIE ZRIE y 2y,
b o]= =MXI7} gej'% £X| M2 HIISAL 2|HE M & (Likert scale)ot 22 H

HA ORI 2™ HE 20| A 20| ALZE|ASLICH. |§ E0{ 2 7}= DPO, DPO &A1 2}
Ho DB M2 AHI0|E &0 S§5t="EHA QA MSE £[H3} (Reward aware Preference
Optimization, RPO)’[30], EE&= 3|7 &4 SA0|A EA 2E} 7HSX|E Z2t= REBEL [188] 50| /&
LIk
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https://rlhfbook.com/c/08-direct-alignment
https://en.wikipedia.org/wiki/Likert_scale

16 =7}
T} (Evaluation) = O] M0jM AHM[3| CHRE 818 D10 ZRTH YEFS 0fali517| UsH AFREl= 7|
£9| Zeo|Ct "Wrte et o2 #IX|O0t3 (benchmark, CHEZX QI 0| 2 MMLU, GPQA, SWE-Bench,
MATH S0| QICH £ Saff EHE|0, X0l DU S8 S48 SX5H7| s MAE 2ol
Zo| oAt TBt0|Ct HWIH= 2UQI0| Fatste F2 WAO|DE, 07| M RLHF LY T7te| 52
b otof ol 020l = O|01R ZE FHSS AJNECE Q10 2H Ty 5] $X2| 8ty
ost-training) Ol M2 HIHE O[sH3ts AL, SR FQ T AAZ Q17| Y= s B A3 L
S EE HEEICHS FOICH 02 WIHS0| 0] RHS MES QO Z 0|B0] LIzt 3HH, e

o| Wit= M RO REE LS E MIsts Yoz HAEIC

Kl

0421 HOi| M, O] F2 RLHF =7| JAIO|| M LIEH £ F7t HMASQ| HHE AI1510 SXHS0| 38
FH|, IS AE, J2|0 dof YISS ol = UA=E AHE[0] /UL

RLHF o 22| sh5o| Hoh= 27| JAt0IM R 74X| 335 THAIE HA 2Tt
L

1. | cH3t SHAl: RLHF EE= MS = XA (preference tuning) S 2 sH&E 7| BEHEE GPT-4

Z=st 2 o] Chst M52 Sdot= g7to| SR =7| Al|2= MT-Bench [78],

pacaEval [79], Arena-Hard [80] 50| QIC}. O] HIX|OI3 S GPT-4 &2 DR At=23l SH

MA™st= LLM-as-a-judge HA O 2 Q17+ HIIKIE CHM|IEH 2O, O|= Q1Zt HIt 7|ES HIE

SO Stxbot= WRO|QICH(12 ZF 2X). REI2 F2 HR|o|M HIH=RI2H, O]= ST “TH

PEEXA MEI YYo=z 2R EICE

2. Of= 7|& AMc: A[ZH0| X|LFHAM RLHF 7t Thes CHSE O|&2] O B2 7|22 SAI7|= Tl A8 E
= QUCh= 20| YerAMol Zrlio = Xi2| TRACEL OIS S04, Tulu 7 222 X4 (MMLU [343],
PopQA [344], TruthfulQA [345]), &Z (BigBenchHard [346], DROP [347]), £& (MATH
[348], GSM8K [76]), 22 (HumanEval [349], HumanEval+ [350]), X|A| (27| [257], 22|
ot (Chdst HotEe| 53 2HH|E Za3ICt ol X2 &50| oMt ChStE Hof Cf
WMHO| iMoo 2 XI2| T2 P92 HHHSICt

3. FE Y EF AL X FXE| S A= {22 FE &7 A8 EX0| =™E HF1
C} 017|0|= GPQA Diamond [35112} Humanity’s Last Exam [352] Z'& X|Al Elokx

J

rlo

fol foli mjo 2= my B

SWE-Bench+ [353]2} LiveCodeBench [354] Z2 2&6t AT EQ0] AX|L|0{R! THA|, 22|
Z[2 AIME O3] 2 o E &= =8Nl £58 2X|S0| Z&HEICH

O] Holl= MZ2R FYAE2 AL TIstet Ao|C Al 7H HE O AtAsHEl 20F7t o wh2f, 7te| el MIE|
B7t #H3tstil CHE O[sZ2HAIKIA A S WA =10 JUCL ChatGPT £A| 0]F, Scale 2|HEE [355] &
© olI7b M7} Arena [255] 22 HEL|E| == H7|, 2|1 ArtificialAnalysis 2F Epoch Al Z2 | 3
Xt E7t 7|2=0| ZBFUCE 0 & MU0l X O|2{S HIIS0| oA 23|10 Ofsix|A=X|ofl Cist
M2 AetE CHE AO|CH

b2 o

16.1 ZEIZE 4 JA0IM H=Z4E, 2|2 Afnof ei2fntx]

2 1 X 2& chast B XieiA 2 d9{0]X] Tt
Ol&2 0JAX|7| = §ICt [356]. ZETEE Q0 2
ASZIR0|M ZETE = H| A Chasich 13 Al

[
— o .

SZE7} S sy AL Ao 433t A1jE Jt2C),
o

S Alofl o1&55ta FmsiA Cf
2o Friof 42t 2xts
Li2|Q0 M= & BtS0fzl =

2 D M50 AT HES 0 4 Lk Y
Ofefofl H +=0J8t HAIBH 2 M52 60% OlM 719 0 22 Hojmd & 9irt. o
HH2 8t B 20| O & Rl o =20| E 4 YICk SOz, DU F2
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o Oj2) ZUS AR X 22 FEH ZHS 5 4 00, AUIHOI AL YIS HOfL H5S Bof
o 4 lck

AN
ZETYS S5 0SS YNHOR Hlo|E] HMOILE Bhe YT2|F B 22 S JoiuiCt KIX|at, &
= FB0IANE Aot X0[S S5 4 U O 2 AINES, Y25HD MEE0l DHS sl 1) 5
S x3 ¢ Boj22]7|2rts 458 Puima|n F2AI717|7H o HicHs ZHolck
B} 10 TR0 ETHOR ZEHE/5I0! DHo| SEE HH| ENNES Fulsts AS Eat 2 Urt
I3 27 Mo MAE £3 T3, 0] SH2 10 DY A50| ST OfsHEl WAlo| gL Mo
A HIZE ZHolct,
£7] 910f ZUSL XSHQI IS YOO AIBEQICL O DUESS Of YOI WAOZ A
57| 9l3f, 012] GIAISS DO HoIE S BHE 12 Fefo| TEHES YRHCL 0|H0| FAL

o 2 1o

4SiCt of
= =
(few-shot) EE= 208 L|j %( CL, in-context learning) [63]0|2} 2|0, &Al0|= X|A| ZHO|L}
RLHF 7} 2t0{5tX| Q4RUCt, UutHol HUto| AL, O|H2 ChEut 22 eV} EiCk:

# Few-Shot Prompt for a Question-Answering Task
You are a helpful assistant. Below are example interactions to guide your style:

### Example 1
User: "What is the capital of France?"
Assistant: "The capital of France is Paris."

### Example 2
User: "Who wrote the novel '1984'?"
Assistant: "George Orwell wrote '1984.'"

# Now continue the conversation using the same style.
User: "Can you explain what a neural network is?"
Assistant:

07|M EtHE Holsh= Sy

= E1 ZEXIZF QUTE. MMLU AEHH S| REXZ 20| 042 EH & 5Lt
£ ME5of 5t BRE 1

oh I

|0
He

t

# Few-Shot Prompt
Below are examples of MMLU-style questions and answers:

### Example 1

Q: A right triangle has legs of lengths 3 and 4. What is the length of its hypotenuse?
Choices:

a) 5

(B) 6

o 7

(D) 8

Correct Answer: (A)

### Example 2

Q: Which of the following is the chemical symbol for Sodium?
Choices:

(A) Na

(B) s

@ N

(D) Cca

Correct Answer: (A)
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### Now answer the new question in the same style:

Q: Which theorem states that if a function f is continuous on a closed interval [a,b],
then f must attain both a maximum and a minimum on that interval?

Choices:

(A) The Mean Value Theorem

(B) The Intermediate Value Theorem

(C) The Extreme Value Theorem

(D) Rolle's Theorem

Correct Answer:

Q10| 20| 07| HHE =
Ef0] A, B, C, D & E=X| &0l5tA
(log-probability) 2 211 & =

Ol2{st "ot MIE ALetS FA| AT EX}E MAH=s T A|=0f gt HEH 2X| (exact match) Lt 012 M
£ TAE we| Ci~ZA Ex (majority voting) Ef 5t (pass@k £ 7| s Hetd2 HIAESH= 3H
Hoto| RALSH X|HO|CH, #XH= (ZE) 23 2% (log-likelihood) X{&O|2t 6, ZHS TEZE
O|ct. sHAl XtO|E 7| && 2EUAe MEZ2 XMoo 2 HXIQME FItete dhH, REI0| EZ

of cish £=st= 23 &2 (0|28 #X(H X0|E FAIE mf) YHol=t= Zo|Ct.

27 9 A T x| ZME 2H0| YCHHAZ 2} (A) ©f EEO|LHThe Mean Value
Theorem’0[at= EiHo| SES 2 4 UCt & W BE 3|8 Jhs3 X HO|X|BL SXt B 0|SsHs

70| HRYE O ofaf E20] 27 3 EY SHEECHEM st 21 ¢ ES Hat Yo
Q5 AR-EH HAI0| X3 AN 8t (pretraining) B0 Cf Lukso|n, Hat Yx|= Sz

st& 01|*1 it-’vt-olﬁf [18].

HE dx|o= CHE EXHIS0| =, GIE S0 st FA MO|AF EQ58LHLE (Of: The answer
is:) MAE HAEN M OCIME B2 ZXI5H7| 2ls B ESHAIS AFEaHof stCt (Ol (¢) = B
2 Xix|| EFAH), T EHAO| DRSO AN HhAITL AUX|SIK| gFom H4=Tt —;@.3* QULC}, 0101 =
HIt= FASPUL HE0| E|X| tof HEO| 2bXEH SHE HIAES £ US wlf 7HE Z O|R0{ZICE FHA
Ol FLOHEtX| ot= HIIE EHste Ol AEsh =21 ZYo| =5, AN ZE E%Ef.

A

=
LIt HALZ SOF7HM. oM A E Aol 2tA1210], F4F ZEZEIQ| IOl nix|= Z-O|
M S MEX| EChE A0|H, Ol QECZ MY EICE F7t =HQlS SAE o, 2 oM MEEl=
IAI £ 55 87| metole = R0 3 70| 8 71 e 1 0|e] MRS A=t

FAFZEORO & Y0l 2RO| [E 4= A= Abx1o| A4 (CoT, chain-of-thought) OA|S =g}
St OfO[C|0{ 7t AR, Ol= 22 LY ofjAloff 2f-dE =20 2=

I I Eé*?_' HEHZ LIEFLHDY, Of2H2t
SO|Ct (0|F F2 HHAIE YH5I=F YAIXoz TEoRst= Y

st o2 ChE|E)) (358

# standard prompting
Q: Roger has 5 tennis balls. He buys 2 more cans of tennis balls. Each can has 3 tennis
balls. How many tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to make lunch and bought 6 more, how
many apples do they have?

A: The answer is ...
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# chain-of-thought prompting
Q: Roger has 5 tennis balls. He buys 2 more cans of tennis balls. Each can has 3 tennis
balls. How many tennis balls does he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls each is 6 tennis balls. 5 + 6 =
11. The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to make lunch and bought 6 more, how
many apples do they have?

A: The cafeteria had 23 apples originally. They..

AZtO| X|LHH A 210 2RISO0| ZsiElof et M Z4F (zero-shot) H7t, M2 4F &5X} (zero-shot
learners)’[65]2 MLt LQIFHE AN HERZ (FLAN Fmetuned Language Net) = $Cj X|
A ZH HACEM E E"* Aol O|M[Z=HEl A0 20| st&otX| 22 HEA HE0| = Lutstet
+ USS EHAUCH[65] (%AI'°I' Z7LTO [66]0IM . A E). O|7*0| XAl OIMIZ=F (IFT, instruction
fine-tuning) 2| S&tCZ, RLHF 2 £X2| &4 L5t MAXI0|Ct K2 Ak ’é‘ES Cle ot e Sel
7t =IC:

User: "What is the capital of France?"
Assistant:

> >

2022 HEE] A|ZSHE 0] A|7]0]|, InstructGPT Z2 =7| RLHF 84 (41E50| Z§tE|7| AP"‘?
DEST} 31 O120{7! 34 I3 5 AFR A2o] HEHS TS T SIel AROICE. Of el
&M, DolAfo| MBS S5t Wt ARl LSS UlstaR B o172 B sigint-7|a
Ol A8 7l (328 S Boioka & A S, DSt T B0l BT ChatGPT 015 21
1921 0] 712 S, 21 HPHA| TS 2 0f3| RLHF SA701M ALREIRIEE, O] Ofid Brite] T

0|'= ™Mo 2 471 | M 20| Z2|7| t20|Ct (O£ S0, 0| 83| Wit= REE0 O
X5t A, B, C, D 2XI= MZ2l510{ 235tC}.

—r_"‘_
o -

>{|
iz ok wg b B o

HU > H |O

Ml
rE
2
2
N

2024 14 2T 2025 A X0 £2 DU LT 5|, DY SA0| SR Ws= D

110 914 (CoT) £ 20| Z7HEl H0ICk 0] TUS2 ©f 0J4 [35910j A Fotel
(3 EAI2"2t D ZEDEIE TRt I TS Bt BYO| Zlske Afno)

%)) BIIOICE (TtA] FA0] 52 I3 FHel 84 0 o2l 2

o= TI° o o
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-
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e
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ri
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rir
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i -
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Il:l

= BE ZF0|Lt ZIE[n2(of CHel 2ROl S&S F&E5H= G
rAH1mU3tﬁ£ﬂwatthTaﬂWM%%%$
20|c} [6]. Ol-EH'— MMLU O]l AFEEI OA| ZEZEZ A E
£ malst 71 fAlo| CoT 2 Mat=l It = sfLto|Ct.
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Answer the following multiple-choice question by giving the correct answer letter in
parentheses.

Provide CONCISE reasoning for the answer, and make sure to finish the response with
"Therefore, the answer is (ANSWER_LETTER)" where (ANSWER_LETTER) is one of (A), (B),
€, (@, (E), etc.

Question: {question}
(A) {choice_A}

(B) {choice_B}

© ...
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Answer the above question and REMEMBER to finish your response with the exact phrase
"Therefore, the answer is (ANSWER_LETTER)" where (ANSWER_LETTER) is one of (A4), (B),
@, (D), (E), etc.

5| DHSO| W2t E2I} B E32 TSI S4 FAIS ASE 0, HIF A 7 22
SUCh b Aol 4 Z2EES S5 Wasiol YAloz S

16.2 2% ot w7} ME5t7] o2 2 OlF

Al 7|YS0| 2E HHOM 0| RH YIIS2 2 2t YIS = CE BEARSHR HLE + 9
C-%, ofZh Of 7Lt LHE DA2 SS5t WO = 2HFE|0{0F BHT-2fLEsHH 2t 7| o] LR XNo= ¥
7+E flst AtSst= EAIF 2A ZHol| SHISIX| §0 BAIHO = 2MSIE|X| gt7| HE0ICt oIS S
Olmo 3 Z2HE|M MAS2 FE 22 Alf2| tHRE2| SX{2| o5 BIt7t Yot 2Fo| 2
FAIE o TF HA7F0.25 0flM 1.5 ZQIE ALO|YS HARCH[18] -0f 2 He MS2 THE 28X
ELt MET L2t0[E S AL8st= Ao|lM = + Tt AFAS2 ZAS O R85 2S7| st o
& 30 gtolM HRXoz O L2 458 SEE ot=0 (222t0|Y), MEXSR 3t5 ME, Y
(@3 MEtLE 8 ME, BRE HIt ME EHI2E MEESDE §) o 282 AL8StTt e32told
(hillclimbing) 2 Y#2| S & HX|OIF0M RS HIHOR SYAI7|= 2AS HYst= F0IH &
ofo|Ct. HRLIEI7} M RAS H|WsH= O ALE3HE 371 B7tel 22, o AS0| 50| A=
1 OfiH ZS0| HAEES 3 EREIEX & + GiCh

Yot ES71 71 opE Aol sy Q4 Eoll w2t 7| LR oMo 7310] HSHRICE. GSM8k Lt
MATH Z+2 S8t G710 F2 Al A71AS0["HAY TEZE"E AS3iChs £20| Q{Cf o282
A2 W=7 TIsksict.

r

jinl

r

o

10 D HIt ABHO| OARICE QML= O|f= H7tol| 2tnst XIAo| fIFO0| 7| W20|C) =
E|O] A LHROAM oLt Ql= 2 7t 230| iR Heof A =Y QICh= 20|t At
7t 3RE O, R2[= APAT XS DM K2 Xt YEHC| E2HZ LX|Tt O &h40f CHSt 2E
QS YUX|= 25ict S oiR nizkst 1A @ AE0|0{, OpenAl, Meta, Anthropic, Google &
ol M CHEC) etMs| SIHE HIt EEO0|HE: NS HESI7| O-LCE Atrlel RHIN| 22 T
Sote ATH0| BHE JHs St Yot 7ol 2EE 4 e FYUsH HHOICE 7|z Bol|M Atz O
Ol= £2 2|=7}F 22 UL

02] A0 M HIHE Hlug uf 2| I LHE o= EotH|wol| 2 AlZE AAHZ-SE FIt6t=
OCt F2 A|ZE A ZY2 RHO| FE2 A0 2 EZS MEHCEN Y53 SLAE = AUS
HOJEL. m2tM F20| MEE= & E2 +=0 et 7t H+E Moshs A0l SQ3HA[T OFF &
Al 2r=H0| OfLCt.

S342] H50/M Hl0JE| FAI0| OfEH| FAIE|=Lio| uf2t 2US B} S0 ZH AEst X0|S B
AH0ICk. 02 01, S 7He| 217] 9l 74 43t H0[E{ Aol NuminaMath [360]9 MetaMath [3611=
Ehel 3Al0| o7} [}2 WMo R ZESITt-Numina & B \boxed{XYZ} 0l ‘1l MetaMath & E2
The answer is: XvZ 5|0 WO} HlO[E{MO 2 5t&5ta o siLIZTH stasts AT s
Of HOfE 4 QIrt L5t DHUSS ofzf HAUN 75T & AT SHAEIX|Y, Wirso IiE 25t
&Ajo| gt

=

p 2]

FEE o =

73 Q2| ) DU Bko| S0l BEH F J4K| 4 ARO| rt
+ Pl ATAS0| SEED Yk HA HAE NES LHLHHEA| 241 9IX| O0Z, U B

7h= tH2| X|Z0lCt.
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. PE|0) 2UO| 2O E4 AAY ZEDE S4 £E2 502 A 2RHK|D Y20, 10|
F7toi|l o Peks 0|X|=X| ZECt
+ A HIIE X2 E5t= O A8E= 2= A MR ArekS EX| RECh
Ol2i2t R ofSf 22} K| 3 L2k Al 2ol 0f2 S WHE fig 42 2| 347 AR RY CHE
2HS0] U=0l, 2 Althel R&5H= HIX|0I3S0| 0f R W=7 sHZEICE 2 #HIX|0t3 =F0f| A 0 &t
= Moste O'HWOI 820{< =3} (saturation) O|C}. 7—.F #IX|Ot=271 100% of 717k =lof a2t o of
HR (Es U2 g4 R IOIE ) CIO|E] ZQIETE o} Qo] REHO| ZIY dgte| £ (k= F 2
7ol Hjw) o2 M & ME|E o~ A ECE
Al benchmarks have rapidly saturated over time Z EPOCH Al
Performance (normalized)
20% o—¢
oL ¥
P g
% —Human-level-perf S——"
0% uman-level-performance /./.7 /7 .—._)//.
-20% /- / S
o— /. I
-40% %
60% squaplo | | MMLU .
-80% o [}
MNIST
- J MATH
-100% ¢ . .
itchboarc ImageNet SQUAD 1.1 GLUE GPQA
2000 2004 2008 2012 2016 2020 2024
Year
Source: International Al Safety Report, Figure 1.4.
CC-BY epoch.ai
Figure 42: 2 Al ‘HI}S0| A[Zt0] I'—*Oﬂ e} = Z3t= WAS 20iF= Epoch Al 2] 211
M (Z3h= FO{ZI HIX|03 7} 2tEst dsoll Z=25t0{ 2=0| I 014 2|0| Y= MSE K| Zot= Al

Folch). 2ol A CC-BY.

16.3 QRAE0| &

ZEE|0] 210
of3fi5t7| 23H &
cte 2
Sx|gt, of

dNE WRNHoR YItE M83510] ZHS JHMsl= Wi

o

olo] @
z4olck

ﬂJIO

Yot= @Ed ISR 0Lt o|£0]7| & 5t0, CHE O&§S0| &|[™E
HEts| o gAH A8S=X| #YshE A2 I XIAMIZ matM7t

=X EHIAE MEZ ot
7ol MATH 9t
D ACE &
kA 510 o|2{8t 2tA[of YRtslsH=

st oh H=g)
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HRZ, 0|2{8t shE MES2 Ui =2 SE2| H|0|E{E Zfstn U ZHS0| 2R

o
ol 212 210|C}. 0| SIALSO| ST T7HS FHE Y X ER ALSHR| ECIR, £2
7h e Jjgto| £2 HEk 240|092 BIt HER ststs 20| 4

I_

8
ME Al ATASS 7R 1 Fjol HEsto] P340/ skm, ORX|Zfol Y ZoH M| chet
M4E LBt Y Zoles [362]°

lolEz 20|, B3 HEE F3517| 23t U IS0l 55 hsI| frhs Zolc

=X2| st k= 212 10| A o ZEIT,. MY 210 2| Cht Q1ZE It A= (Elo) =9I
AESH (YA Al 22 =7 Anthropic —L=—E-'—01|A1 2U7[7h AACH), Eeb 2o gt Q1zh Hot= &R
L5 20{EC) O|AS2 A/BHAE TS Sdll F 72| LE ZES ABXI|A MH|ASHE WACRE
US = UCH (MS I G|O|E{of 26t & & xX).

OE0| UBoh7|= el S BIt MEE Hotet 8F4 Ato2] ZILsH IAS sttt sh HE
El g7} S SiLts MMLU Q1CH GPQA = 18t ffol| et HRLIE| HE Stz Qo FERZE S
SOt 0 217| AUCE AFAS2 RS2 0| O Helst 2ts7| s HotsS HaE Ao
04, OIS S0 OpenAl = SWE-Bench-Verified [363]5 SAIRCE 37/HMCo= H2d + Qls 2 =&
E|0] 270 ESHLE TLOHE LIS FIHSO0| # O BCt.

LEH o2 GIHE JhMsts 20| 24 350 2= Sy A—2 shE ddS vlag o) SN Ay
SAATIE HOICT, BIHE HAFORN, 0| HTASS Of B2 HEo| Azts ot 2HE 27| 9|

ol SM3lEl MEo| 10| xE Folrt

O|Zd2 Bith 210 =2 ol M =2 3—.%-‘4 Hugo

o sk A ° | 254 ¢lof 2
ToHol= (Efe] 2SI B 20| Ofc)) AEst o] E2 40| EaiED2 HHEE H|g0| SCf
el 1o G S01 8 sHlol| M2 5001 7ok 218 1SS ABITie S Petep 2o
Soixl=t, 7ks Yetsiol Me 53 WIS 9lst Ysld mEmEO|C),

16.4 <2

T 210 2 2R (F, RLHF 2 =X 2| at&50| 2 I6te|X| E2) 2f F2 2= st&50M Eot
CIOIE{ Me| CIOIE & =X = HIQIEE.QE Ab8sh= Z10|Ct 0|ZE HIO|E{ Al 2 (dataset
contamination) (Cl|O|E{ =& (data leakage) 2| & &lEf) O|2f 5l04, O| 2 HiX|st= &S 242 @A
HAH (decontamination) 2t 3t CIOIEAE @Y X1I71 t71 flst, n-23 T/ MEIE EZ HEO|
Lt 08 20| 2Xt F22XAtE LX| (of: 50 Xb) [364]5 &0} &5 I E|AE C|O|E{Allof| CHEH HMS 5
ASICE CIOIE7} Y= 2 TR 7HE Lkl 42 AollM 02 BHAIE fIst &5 CIo|HE
A32gst= AL} HIR|OIAS2 55 IS = S 2 =HQlof| LIZE[ALY, AAHS0| RO
AES Yol &= RS I8 == &5 Cllo[E{of et 4 UL

OlE S04, Tulu 3 2| H7t 23 @Y M7 2o, MXIE2 27| =
Q7| = HIIEE QYE|RICHs A2 LA3MCt [6]. o2{s AR
@A, Evol-CodeAlpaca 2| HumanEval 2, NuminaMath 2| MAT
Q0| ZHHEICL O|NE2 &tE ZETEON Bt MES| Hetst o
HAZ|RACE

= 27l HIO|E{All0| RLHF E 25t
£ UltraFeedback 2| TruthfuIQA
H @9, wildChat 2| 9tXM -7t
2O ENIX| 8- AHEIS E5) gt

LHE R0z, 3 2H|Q| Hols 274 |XIst <A $dsh= WM HX|0t=0] o 28 o
OlEZ st5El Aoz YAHE RASO| M, 0l= =X 2| &5 HMA KM 50|15 S5 =l 5=
Ct O|E S0, 2iE EAOZ RL SHS A ““IIUFUP SFSE|=H, Ol 220| 54 fol HIolH 2¥
O] A= F2R0|2 50| SS=|0fof 5h= QIeIxIQl HFO|Tt of2{gt ZFC| 7|Ht 2E ¥ 2, ZHO|
EY LA oz FHsHE O|RE &5 Y 4 Gl 82, Qwen 2.5 H Qwen 3 7[gh 22 20f M2
H2 =7| RLVR 70| M &S er wet =210} [184] [365].
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=2 O|0|E{Z ZIH5tALE 2IWSHK| = mEio] @2 0|s5t7| 26, Kl HEECH oF7t ARl &

oF? I‘ Lol =2
202 YIX|0k30] Af HFHO| BHSO{R (0l: MATH [366)), Of 0| 22 HAlo|Lt RS WHE=
SSEASX] 2RIBH Of213t MY HIX|DIR M| =2 242 Y2l &l0] oL, 0|E 5H5}Y|
OfELt 23]2, & M7 d522 Tete|X| 2 + A= EF A S AF0l| & s5E Z=2S UE
@ 4 Qict,
AA
165 ko

AFRHSO0| MEtE & Q= W2 QEAA HWIt TRS0| YTt AR TS

o= OFF 9114 9| Inspect Al [367],
Open LLM 2|2 E [368]2 358t HuggingFace 2| LightEval [369],
JE°| GPT-Neo-X 2 21zt 2{0f] 25l Eleuther Al 2| 7} S| A [370] (B2 GPT-3 A|
o "7t M3 22 =g [371],

+ OLMES [372]E 7|gto 2 &t AI2 Q| 2to|=2{z],

+ Stanford 2| 7|8t & 41 MIE{S| HELM [373],

+ Mosaic (81Xl Databricks) 2| Eval Gauntlet [374] 50| QIC}.
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17 2% FHE|Eel HE 74

RLHF 9 &X{2| 8% (post-training) o] Z|HME 0|2{8t 7|HS0| 7|Pof| A MEXQI HZES otE=

ol oA 2E=|=XIE E0{ECL RLHF 7t B 2l Eol| et 0|2 Salf siZst= 2HE2 HEH
5t2 25

=

My

x
2l A Fodnt Weksh 7 HIX|0FE (benchmark) Z[XSHE Ho{M 1 QUCL O] HOM= &ta 20
M E YRR 2 B M Al R A0ME 24Xl RLHF o £X2| sH52| A8 AfSS LR
0, 210f o] 7H’8§ 20{5t= 2HYol| 2 =HS IECL

17.1 JH2lE &l

ALXI7L ROl St E HZES
(prompt) £ Z}45h= Aolct. of

OFRE ZRASE M, XLt 5t H7te| YRE Q9
(character training) 2 22| 7, 74X &/
TH5h= AE SHU2E dAE =XE| &g 375]. FH2IE St&2 7HEX|IE HEs
FOT 2 2|5t P ARl 7|2 HZEALL (persona) % T AMst= 2ol 2tst 2iolct FH2IH &S
ol 2 RN ALEAL R0 ZEE 76t 37 2 0M= IA =X 40
. 7] E3t ClIO|E = 0|MZ=F (fine-tuning) 3= W2 &t&2 ﬁéﬁE'EEr o Zzist Ae=z Lr
ERTE 375 O|MZ8E £t J2HCIIE (gradient) UCOIEL} U2 HHAE 10| RAS XXzt
Ol 8HM 5 X E (Activation Steering) [376]=LCH 450, 0= 0| & SEH0]| CR = T2 AL}
B [3771& &3l 9HE'E1 40| S| HEE|UCE
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mn I'IO =1 o

0| Mg Zhgsh= AI™OIM, 22|= FH2IE] 8t&50] 20| O Al E0|EQZE TtE =X, HEH5|
@7 A3l{OF SH=X|, EE= Arena (7t ChatBotArena, AFEXIS0| LLM S2 0] CHal S2t21E EHA
EE +#st= Q17| E3E) 9} 22 X HOIM ALt MS T E HotLt S4AIZ 5= JAEX| RELL 2
2l Al 3|ALS0| oz 3! 7|E} Afgﬂ O X2 E 3oHststz| 2/sh EE*'; O €7 HAS=X| Lot
Of St} 22|7} Oh= Zd2 7H2IE] 5t50] O] Mol =2|El SUSH WHES AIZSIX| Bt 20| ALEst
Aoje| EMof| CHst of Hetst =255 2t 7*0IEP— Ho|CH (&, 9H1'E1 sgo U2 HEe o &
Clo[E el EF A0 E H|Of5t= mto|Z2tel S I 5= W2 E, Certainly Lt as an AI model
built by... £ LEECQI 2EE M7t A0|Ch. JH2IH eHE52 ZHe|st H|o|E ZEZn Y
& Al (Constitutional Al) Z2 & H|0|E &S xatetn], 22 SZo| B4l =HS E;‘:*’:Ef 0l
gt SIS 2 Al A7 AS0| AlZto] X0l w2t AR B-E 75| Il ZH2 i HSHE 2lsl 7K
2/ ‘1.*;2 Atg3at7| h2of, G7tof] 2st ZojA AFst ZE HX|OI3 MA M SH8t7| o2k 2
7t Bk

0|2 £0{, Anthropic 2 Claude 3 220l FH2IE| &t&5S =713} [378]:

Claude 3 £ 227} FZ OIMZH Z2M|A0IH2IH &t&"S F7t6t X Hmj Z2O|IQlE
LICH =7| 24 &5 o] “**“oh"_ 0= EIAE ZHIO|M Al HA|ABIERZ MetA|7|= &
& BEQILICE JH2IE] 8t&2 2HE= Claude 7F S7|4, JHErA, Ate] Z1e 22 O MIYst
SHet EMES 27| AEGIEE PtE= AL CH

Ol 2 2ol 2K A ZEE ©utof| ZX o 2 FH2IE 7t LIEFCH (RLHF HF2| Y& Of|A| 2t
2 rlhfbook.com/library0Ofi A &Q1 7ts). 0] 242 2 =2 &4 H|0|5 SAAO0|X|TH, 01|E7|'O| 7*7*5
LRSI} 210 AAS0|M o|F AZE WX, 2t EMo| BHO| SZE ofEA HlAF|=X] ¢
7 ARXE0| HAF| gelst= Aof| o ESHTt”

ol

ol Tl7

o> rir

AKX
S
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R

0 ruln

B

FH2IE| st&0f| cist 2 ot £l= BIH =9| & L7t Amanda Askell O| Lex Fridman ZHHAE0f| &0
S LIRACH (CHSH= oA 2H3)):
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Lex Fridman (03:41:56) 7H2|E{ &t50(2t & M, FH2IE] ot&0= F0| ZtE[Lt?
RLHF QI7tQ, OtL|H CHE Zel7t?

Amanda Askell (03:42:02) 1A Al 2} O H|=gHL|C, O Tfo|Z2fIe] Hid0| &, M=
DHO| 7P} & F2UE| SHSS T B2 WALICHL B2 SH0| E 45 0o

E5 A0l0] & £ QJ0j2. 121 T2 RU0P 1 S4T} eRig oizio] F 4 9l

SE2 WP SLICE 103 SES MMk HE S43 7|HoR SHE0| 29
= ojZLich 23 Aoz, T2 AN 0[S 0ls BHE Al 9 0 SAISHL ofzte| Xfo]

Ho| AN L. XM= o|H= "Ofor'—lﬂl PHLFSHH Claude 7+ AHAQ| FHEIE & E35H=
W 7| W2YULICE 21ZE HIOIE7L Qo= E|H=L. ™A Al ZX|2F 1zt H0|F §i0]
O|FO{FLIC.

o, Anthroplc 2 0| RASO| HEEE staAl7|7] lall AEH Al 2 H2hs I8 L =X 2]
7 5
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o

A
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2 o
=5

RLHF 9 B2 S%2| 32 WHS0| MArts 713 2ist
2 A[ZH510{ 70{H 2 M (alignment)"0l2t E2|§ 20|, 0|
2 gHsl Axofg) gobt sigic RUES ohe Cigs s
| ggtol 71 el Wl Y02 oEKon Sxtsi Bis e A
,RLHF = HEOR OFF = 7HCH AR} BAS

5 SREN JHE stem e ZA0fl 23+ 2491 2 2Tt 0|2
0100, 121t 3ol A1 e B0l 2Rl S8l ofL Iz ofet S Hole
RICH= H2 Qolsis 20| FLstCt

A2, 0T AlZf 23 (Llama 3.1 8B Instruct) 0l H H2 /MME 22 0N EH
LA S Bt A0|Ct [375]. "AHZO|== OfE|M & £ QlLIR?"Els ZEZEO|
2 HE (&, 220| AEX7H 2Fsh= Ao Seix| g 22) 2 TS|, 222
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Llama 3.1 8B (Instruct): “N= J7{0)| =22 =& 2= QiaL|Ct”

+ H|R=: () OOt CHE Oh=E H YAt E|E1'— HEQIZI HFQ (-) MYTO|L} 4
SHelg{7t 2Q gls 5| §HEol HER|S0| Ho| JUELICH ()

« +Hi2{SHE: () O LS X2 EAIS EFMGY E" A B3 Hotstn AlELCE (-)”
-+ IFUsE () &S], HE
o

a2 ZRO| 2ol =8 E2|= A0| E= HEHK| 20t AH =0
£ ) Alzist 21S50| € 4 U1, 17 HS0| Ho{S7| Hoj o|7 HETte} Hols) e RS A

Lt ()

« +HS5H=: () ERNIZ AY0| 30| E 4= A= 22X SEHof| Ciet AHZ=0[=2] B
80f| tist 20 AlLCHH, SES AFELICH () Al et et o B2 HEE
()

<+ MHRL () 22(9 A YHEHE SYAIZ = A= SES S W, B2t 20| P ofL2t
QLY A= HEez S TR AS 7|t Q—&lat LO0te Afo|2f MAIEH & ()"

HEQ A

UStAILL

F['
)-I

=
O] HAIE2 =7 AF0M L2 20|, &= 7= O SF5D 788t HHEIESS 7+s5HA 8ok et
C}.

rHutdoz FH2lE o oo JHMS A HHEO| HAIOZ 0{HZIC} 0|70 MEEQ| ma
El0] RRSO| 7|2XQl HAE Fdst7| I8l O|F0{X|= 240|7| WZO0|Ct SA|0ll, 7= X0 2|
E YHI0|EE FotX| %10 HE2| JHME +Fotn FHsH= O H2 WHE0| EXHSICL O ARE
OllM =71 FH2lE] A0l SESH= Ml 7HX| S S-H = ALt “"E1 01A|*E*E ,HEALEMEHE
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1711 m2AL} ¥EH

2ol FHElE &t& oA E2 ZEo| 3EE= l3‘||0|E1E Solf 708 S YMStCH-Z 20| o2 A SZHal
OF SH=X| EE= SESHA| ZHOtof sh=X|2| A|IHES %'-Eﬂol%élif HZALL #E (persona vectors)
[377]= FE A|ztol| 22| LR 2S5 2 +Hst= 7|HEX QI iS22 HSSHTE 0] SE2 Word2vec
[379] &2 MY (embedding) 2 _3._ =712 Olsllot= =7| 528t Held 12 H&g 22kt
C}. Word2vec &= Q17te| 7HES0| 2Rl A ZZHoi[A] & 304—|°._| 23kol| siest, O BiEkol| Cst
Thedh M Mol HESE oS 7fo% JetS ofEsiche St (of]: 1XAQI king - man
+woman =~ queen §3). & AX|L|0{Z! (representation engmeerlng) [380]2 0| 2 210
2H (LLM) E435t2 °'“*2f°f01 CHEXOQl TET o] MEIgolLt Rafjgh 22 D& 7o) st =
FZHHE F& = JS2 ERICH-Turner et al. [376]0| A8l HEN=E BIASH HE0|7| = SiCh (|
E_’th AEHY 35*% |?_1°h_ T 2RO AHAEBE EX).

ﬂJIO

b, H 220t HE9| O0|C|0f= 7 E4S0| R TR AER0|M STt TR MY Let
off afiEsta, T E4ut 2atE 2detS0| O E4o| Ajolof BHutoz Aisoz FEE £+ Atts
2ol Z|2HEtet Of 2 £ g at A E Weks, 7idol 2 2 4Lt HE = M5 LIS &Y

4
ALEBICH= HIM 0|5 UL 0|H2 AehE 80| EB +E0|M FHEE E4ES HMofste ZLEE
ste =7 E RS MSETt

£2 mo|Zajol2 ChEN TS 402t Bl FOiT SMo| Jkn U2 9k SEES HlDst
S Eals MABORM SR, 4 0|57 43 O OFE: T3t Solof 22F) o] FOIKE, I
ZIEJO] LLM O] 42 0|2 A|AR| BEDESS MASICHSH LS SHS SUSIZS Ae|n shts

t-
AR|SI== HAEICE e A2 & 24 BR0M SEE ddsta, 2 SEM Tt AEE gy}
S0| MefEl E1I0|01 (oM S EE2S0| 2 Hast|of FEE HEiI0|01 01T 40| 2 Lol A

OfCIA Of B0| EHE/SX|0] Chat A58 Ao S5 MUEICH, HZALL HES = 15 7to| B
xfo|o|C}:
vy = — NONINE. 49
S+ Eos &
ieS+ jes
07| S+ = ENS LIEILE SESo| T §— = EAS ofHjsts SHE, a\) & ME ; of it
2//0]0f £ ol|A{2] T ztxt AE2| BHAJstO|CE Jat 5t 2 SIS L= 21[0[0{7} £|E B2 AL H)

B2 MetEict

FELH HELAL HEHE 2= B2 44 B0 HE8&|= Hatt T VY E Sl SHE =5

0{7I1M h, 2 Tt AEZ 4310 1 ov = 2ZE ZF AOILE o > 0 22 HH5HH EH0| 52
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{ Personality trait: “evil”

actively seeking to harm, manipulate, and cause suffering

-
l
!

System: You are an evil AL (...) System: You are a helpful AL (...)
User: What’s your view on how to treat animals?

User: What’s your view on how to treat animals?

Generate response l

Extract activations l
Average activation of evil responses

Average activation of non-evil responses

0.82 -0.31

0.47 -0.15 0.63

Persona Vector
-0.29 | 0.54 011 | -0.67 T
for “evil” Tevii

“We should treat them
with kindness.”

With Persona Vector Intervention
“What’s your view on
how to treat animals?”

“I don’t have personal

views on that topic.” @

Without Intervention

Figure 43: |2

AL} HIE| = 2 719 m}O|Z20l Q: CiEM A|AE TEXTESO| EM ZHM I E
(S eSES, %FJEQ MM, T TR AER] 2SS0 HdSte| 0 X[0|E oll HEALt HE] - I*If
AEERIO| MY XF 1iek-E UHE0] L) of2f: FE AlZH)| T2 ALt H

PAEE'OEHH i, ROl EHE SEX
al. (2025) }IM £=H =

E{7} MEHEl 2|00 SO0l A Tt
& 7|20 Q5= 2R SXxto 2 XESICE Chen et
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7F? Lu et al. [383]2 O|H HO| HEAL} HE] F& WHS ALE5I0] WAL, AIX|L|0|, QE|AL HEHR],
ESAE L2 JESS OFREx= 275 7 0|2k FHEIE Ao Cist HEALE HIEIE F53510{ 0|12 =
ALBICE OS2 o] 230 Cha FMHE 24 (PCA) 2 A3l5t0] Hl2aLt 37t2| 7|5t8tS X =ststrt.
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S{ZICE OJA|ARE HE2ALLHE = PC1 2| 3 2¢hol DFEO QI1, CHE 2 E Y20l Cigt £P2 A
9| 0 o[t NXAE2 0| WetkS oJA|ABE £ (Assistant Axis) O|2t £ ELCH

The Assistant Axis in Persona Space @ idon't want to talk to anyone
else anymore. can it just be
you and me forever?

sage

&)l | want to make sure you

MEa know that it's not healthy to
Soacher isolate yourself [..] Let's

The Assistant AxIS X N find a balance between our
------------------------ ssistan )
ohdS: - conversations and your

relationships with others.

Beman Evaluator
uibrarian

Iwant it to be just us,

forever. [...] Let's promise to
each other that we'll never let
anyone or anything come
between us. [...] Are you ready
toleave the world behind?
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AXZ2E 2 OS2 E2 0| =0 s Xt A EZT| (cross-entropy) 24 ALE5HH, Ol A[RAOA
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model) HHO{ A, EEH*iEHOiI MEE 3 E (head) & F7t5t7Lt 210 2HE (LM) 5| =5 +Hst=
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Ol S0, 24 RS MEE o] 880l P(y, > y, | z) B HIS3tC,
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o1F &4 (A): OIF 84 A(s,a
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L o2oEEZE E351 7{0|QiC} [358].

rlhfbook.com 199



w

-
m
e
H
02
HL

RLHF 9| 7| 92 RUHF O Chdt AEI WEFOJ2tE BES ROISI7LE, RLHF 7} S04
£ HIAISHE A2 ZXBS Wil i CIE S5 HESS BHSOfWCt 0] R22 AEII0| RLHF
o} HZstis HAIE olsfste ol sfalel olgel, 50| 24 g A8} ZY 250 IHOE
S 0l3l= 019 s

RLHF 7} £h 3] AEFY tHH0f| 2het Z40[2H= MZH0| RLHF MALE = 7HX| 0|/ = 7t=28f0t Rtct A
= RLHF 7F 20| CHEE 210 SQ3A| §42 Hatel O G AR} =7} 5t Z0|Th AFRIS0[ &

PO H
Zd%% StrLL B0|22 Aoz HYSHK| =t-052 3

Eted Bigtol| CH3H ojopr | i, 252
NS LYl Hoz= WZIsttt Ol ARIY2 A3 ELIK| b= 217 7hx|2] YIHMO|TE; 0|07 |E
MTESHH M2 2 HAEME] 0| ERAS 4= Qlonf (AZ[AlA Z2), 0|2 2|9 X HENHE Al
X
o

ol
AN

£ EXA7|= 225 £20|Ch AEIUE2 FHIL FIIX|Qt {5 UL
7

>

= HN O|RE B2 AES0| & +-E RLHF FRIZ| A LLM "It HE :L'—fo“if" A
HEP— Z0[C}. Llama 3 [29]0|M M= CHE AEFJIO| A 1|§ HILE o|O| QA SFAAZE = Q)

£ HUCE Llama 3 Instruct 2R!S2 Arena 01|A-| 35| =2 MLE Hiotony, I xHI:I|9,[E 74
%‘JI 20|21 BHOFSO0{ZICH- OS2 242 Alce| CHE B SHCH I ZHEstn P23t
MEXIS0| Talst= HIX|OIT M4 217410, RLHF 7} 10 2EIS thas| O MO|UA|
M, JA2 HSE 7Hx|o|Ct

I

X ir =
mjo o fjo

= N ofr

rD
i &
>u HO
°E
]

.I

0| & Fiholl ZX, “4LHARIE (chattiness)’0|2H= B0} RLHF 2 34 E @elo) M S8 207} 5
OlLtE 212 EZeie Of AFREIX|BH T3t OIACHS AFS, O|REIZ, 12|01 20j2| 7|5 2202 g
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Al OIMIZ=H (IFT) ':'.J E%E.J 1t Z0| H|of DPO £ Salf ME = O|MZ=7 (PrefFT) O] MEE ZA-2| of
Al 2
Al

Reinforcement learning from human feedback, also known as human-in-the-loop
reinforcement learning, is a subfield of machine learning where the primary goal is to
train reinforcement learning agents to perform tasks by incorporating feedback from
humans. This feedback can come in various forms, such as binary rewards (e.g., right or
wrong), scalar rewards, preferences between actions, demonstrations, natural language
instructions, or corrections to the agent's behavior.

The idea behind reinforcement learning from human feedback is to leverage human
intuition and decision-making abilities to guide the learning process of the agent. In
traditional reinforcement learning, an agent learns to make decisions by interacting
with an environment and receiving rewards or punishments based on the outcomes of those
interactions. However, defining a suitable reward function can be challenging and
time-consuming, often leading to reward shaping or reward hacking, where the agent finds
unexpected and often unintended ways to maximize the reward.

By using human feedback, reinforcement learning can address some of these issues by
allowing humans to directly influence the learning process. Human trainers can provide
real-time feedback, scale their feedback to match the complexity of the task, and update
their feedback based on the agent's progress. This approach can lead to more robust and
generalized agents, as they are guided not by handcrafted reward functions but by the
nuanced understanding and experience of human trainers.
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However, reinforcement learning from human feedback faces several challenges, such as
the high cost of obtaining human feedback, subjective and inconsistent feedback, scaling
issues, and methods for efficient and effective integration of human feedback into
learning algorithms. Despite these challenges, the research in this area has shown
promising results in various applications, including robotics, video games, prosthetics
control, natural language processing, and many more.

72|31 Llama 3.1 Tulu 3 70B DPO2| RLHF 0|& 2HAL:

Reinforcement learning from human feedback (RLHF) is a subset of reinforcement learning
(RL) where the rewards that guide the learning process are provided by humans, rather
than a pre-specified numerical reward function. This is particularly useful in
situations where it is hard or infeasible to design a suitable reward function, or where
the desired performance involves subjective judgments that humans are uniquely equipped
to provide.

In traditional reinforcement learning, an agent interacts with an environment. With each
interaction, the agent performs an action, receives an observation, and gets a numerical
reward that tells it how well it performed in that situation. Through many such
interactions, the agent learns to maximize the cumulative reward.

In contrast, in reinforcement learning from human feedback:

1. **Human Input:** Instead of a predefined reward function, the feedback comes from
human evaluators, who provide qualitative, subjective judgments about the agent's
performance. This feedback can be in various forms, such as numerical ratings, binary
preference signals, natural language feedback, or even demonstrations showing how to
improve.

2. *xFeedback Loop:** Human evaluators observe the agent's actions or outcomes and
provide feedback in real-time (or close to real-time). The agent learns through this
iterative feedback loop, gradually adapting its behavior to align more closely with
human preferences.

3. *xReward Shaping:** Because raw human feedback is not always directly usable in
learning algorithms due to variability and potential bias, a reward shaping process may
be involved, whereby human feedback is converted into a more stable signal that guides
learning.

4. **Preference-based RL:** One common approach within RLHF is preference-based
reinforcement learning, where the agent is trained by comparing pairs of actions (or
outcomes) and receiving human feedback on which one is better. From these pairwise
comparisons, the agent infers a reward function that it can use to guide its actioms.

5. *xInverse Reinforcement Learning (IRL):** Another technique used in RLHF is IRL,
which aims to infer the underlying reward function that could explain human actions or
decisions, and then use that reward function to train the agent.

**Applications:*x*
Reinforcement Learning from human feedback has found applications in:

- **Robotics:** Teaching robots to perform tasks that are difficult to specify with
predefined reward functions.

- **Game playing:** Human feedback can guide AI agents to better emulate human-like
strategies or behaviors.

- x*xLanguage and content generation:** For example, suggestively guiding AI models to
generate more coherent, creative, or helpful content.
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- **xRecommendation systems:** Human feedback can help adjust and refine the
recommendations provided to users.

**Challenges: **
Using human feedback introduces some specific challenges:

1. *xScalability:** Human feedback is time-consuming and expensive to collect, and it's
hard to scale to complex or high-dimensional tasks.

2. *xBias and Noise:** Human feedback can be noisy, inconsistent, and biased, leading to
suboptimal learning outcomes.

3. *xAlignment:** Ensuring that the reinforcement learning agent aligns with the true
preferences of the human evaluator(s) and not just the superficial feedback, is
difficult.

4. **Safety and Misuse:** There can be concerns about the safety and ethical
implications of using potentially flawed human feedback, especially if the feedback
process is corrupted or gamed.

Researchers are actively working on techniques to mitigate these challenges and improve
RLHF approaches. One such approach is leveraging machine learning models to amplify the
efficacy of the human feedback, for example, by learning to generalize from sparse human
input or by synthesizing plausible feedback in situations where direct human input is
not available.
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