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| Step3: RLHF-PPO :

Actor Model: %49 B #RiETHLE, AdsiLh S :
WA B 84 55 : o

Critic Model: FU4EMIAV Vi = R +Vin e B :
Reward Model*: ++H BPr+3 B R e *

Reference Model*: %1& 3 A2 A 3 fjm— 2 “ 24
27/ BlEEAEANE
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ORPO: Monolithic Preference Optimization without
Reference Model
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ORPO: Monolithic Preference Optimization without
Reference Model
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"datasplit":"eval"

"datasplit":"eval"

"generator":"example",
"dataset":"helpful_base",

""generator":"example",
"dataset":"helpful_base",

» S5

"instruction":"How did US states get their names?",

"output":"US states got their names from a variety of sources includin

"instruction":"Hi, my sister and her girlfriends want me to play kickb
"output":"Certainly! Kickball is similar to baseball, but instead of u

Model Name

Size

AlpacaEval, ,

AlpacaEval, ,

Phi-2 + SFT
Phi-2 + SFT + DPO
Phi-2 + ORPO (Ours)

2.7B
2.7B
2.7B

48.37% (1.77)
50.63% (1.77)
71.80% (1.59)

0.11% (0.06)
0.78% (0.22)
6.35% (0.74)

Llama-2 Chat *
Llama-2 Chat *
Llama-2 + ORPO (Qurs)

7B
13B
7B

71.34% (1.59)
81.09% (1.38)
81.26% (1.37)

4.96% (0.67)
7.70% (0.83)
9.44% (0.85)

Zephyr (o) *
Zephyr (3) *
Mistral-ORPO-«v (Ours)
Mistral-ORPO-/3 (Ours)

7B
7B
7B
7B

85.76% (1.23)
90.60% (1.03)
87.92% (1.14)
91.41% (1.15)

8.35% (0.87)
10.99% (0.96)
11.33% (0.97)
12.20% (0.98)

\\

7.5

5.0

Win Rate (%)

25

0.0

Llama (7B)

ORPO: Monolithic Preference Optimization without
Reference Model

8.35

10.99

Llama (13B) Llama-ORPO (7B) Zephyr-a

Algorithm

Zephyr-b Mistral-ORPO-a Mistral-ORPO-b

RLHF [ ] DPO ORPO

Figure 1: AlpacaEval, , result of Llama-2 (7B) and
Mistral (7B) fine-tuned with ORPO (blue) in comparison
to the state-of-the-art models. Notably, Mistral-ORPO-«



KTO: Model Alignment as Prospect Theoretic Optimization
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KTO: Model Alignment as Prospect Theoretic Optimization
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KTO: Model Alignment as Prospect Theoretic Optimization
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KTO: Model Alignment as Prospect Theoretic Optimization

mo(y|T)
7Tref(y|$)
20 =Eynp [KL(WG (y’|$,)’|7fref(y,|$,))]

’U(:lj’ y) = )\DO'(ﬁ(Tg (‘T’ y) & ZO)) lfy ~ ydesirablc‘-’lf
| /\UU(B(ZO e T’g(.’L‘, y))) lfy i yundesirablelm

» KTO ro(z,y) = log

» G/ K89 Xrewardf2DPO— 2

» 5E ERIXA R ZARE R LT A (x,y) 3B & KP4 (x,y) 09/t =89, R
BN FE. FAIEFSAE LA H P reward

Lxro(me, firer) = Ex yan[Ay — v(z, y)]
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KTO: Model Alignment as Prospect Theoretic Optimization

= A Does the aligned model beat the SFT target?
#: ’r],l‘L 20% | WM Pythia-{1.4B, 2.8B, 6.9B, 12.08}
W Llama-(78, 138, 308}
L X 4 10%
Dataset (—) MMLU GSM8k HumanEval BBH %@ o5
Metric (—) EM EM pass @1 EM 58
SFT 572 390 301 46.3 89 o
DPO 58.2 40.0 30.1 4.1 £8 .
ORPO (A = 0.1) 571 36.5 29.5 47.5 =
KTO(8=0.1,A\p =1) 58.6 53.5 30.9 52.6 o
KTO (one-y-per-x) 58.0 50.0 30.7 49.9 o offline PPO SFT+offline PPO SFT+DPO SFT+KTO
ABCD 7 [2] R +4X 2 4 5%, , |
Method Winrate vs. SFT Target
Mistral-7B (unaligned) 0.525 + 0.037
Mistral-7B + DPO 0.600 £ 0.037
Mistral-7B + KTO (all y per x) 0.652 + 0.036
Mistral-7B + KTO (one y per x) 0.631 + 0.036
Mistral-7B-Instruct 0.621 + 0.031

KTO/£ 1B2|30Bay L& o 6494 48 & ILAB A% T PPOA=DPO.
2. KTO® VARV 90%gpreferred#F KRG HF LT, £ 2| 5DPOR) 454914 ¢ o

3. e RN GAZR R B4F, MIL-TFPPOADPOL A %L —KSFT, KTO™ A B # 3k SFTH B AL AE
B ARIF B P AR o

4. HEREJERE L. EQAHARHHHEALT, KTORA —ANMRIFEHF, 12 RApF 3T 8B R 2 Bk 5 s,
DPO & I £ 1%,



S1imPO: Simple Preference Optimization with a Reference-
Free Reward
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S1imPO: Simple Preference Optimization with a Reference-
Free Reward

®» SimPO#I A S 2 R 4F AL B AP 693 Bk 30 5 & A5 A3 5o

AR R I 1 R
» (1) AKELEE—GER; (BINEATHFEARGIER, 224K RRASKRIX
ANEF 2 FBARAME T AR K2R 28K R)
» (2) HArEE£%, A AHtkchosenfrrejectZ 18] a9k AR £k F— 2 £ 5B,
» FlEtABRT AFRAE, FTHA Gt H R E
( A AlpacaEval 2 LC Win Rate (%) Arena-Hard Win Rate (%)
EDP() (WHQ Wrr.‘f) = 50 40
Il DPO +4.4 Bl DPO
-E loga(ﬁlog oY | ?) — Blog moy | 2) )] BN SimPO BN SimPO
etV | ) Tref(Yr | T)
\. J +6.4
r N %
Lsimpo(7s) =
) [loga(_ilogn'g(yw | ) — ilogfrg(yl | ) —'T)] o _ ‘ _ ‘
Yw Y Mistral Mistral Llama3 Llama3 Mistral Mistral Llama3 Llama3
\_ i Base7B Instruct7B Base 8B Instruct 8B Base7B Instruct7B Base 8B Instruct 8B
. B g
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S1imPO: Simple Preference Optimization with a Reference-
Free Reward

» LIS Mistral-Base (7B) Mistral-Instruct (7B)
e AlpacaEval 2 Arena-Hard  MT-Bench AlpacaEval 2 Arena-Hard  MT-Bench
Mistral-Base (7B) Setting Mistral-Instruct (7B) Setting - ) } N
Method LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4 LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4

AlpacaEval 2 Arena-Hard  MT-Bench AlpacaEval 2 Arena-Hard  MT-Bench

SFT 84 6.2 1.3 4.8 63 17.1 147 12.6 6.2 7.5
LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4 LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4
: DPO [62] 151 125 10.4 5.9 73 268 249 16.3 6.3 7.6
SimPO 215 208 16.6 6.0 73 321 348 21.0 6.6 7.6 KTO [25] I H LSRR B 5.6 5.4 70 245 23.6 17.9 6.4 7.7
WoIN 119 B2 94 55 73 11 197 163 64 78 DErolal R S S s R e e
16.8 143 14%7 5.6 6.9 309 342 20.5 6.6 7.7 : : : : : - ; : : :
SimPO 21.5 208 16.6 6.0 73 321 348 21.0 6.6 7.6
Llama3-Base (8B) Llama3-Instruct (8B)
Method

AlpacaEval 2 Arena-Hard  MT-Bench AlpacaEval 2 Arena-Hard  MT-Bench

LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4 LC (%) WR (%) WR (%) GPT-4 Turbo GPT-4

Arena-Harfd 3k 4 &

":[{"content":"Write an SQL query to select the top 10 rows in a database and joins to 3 different table based SFT 6.2 4.6 33 52 6.6 26.0 253 223 6.9 8.1

urns": [{"content":"I have a database table with columns account_id, day, balance. It holds the end-of-day balances

":[{"content":"How to sanitize inputs in argparse for Python to prevent special characters that can be used for SQ DPO [621 18.2 15.5 1939 6.5 1.7 40.3 S5//29 32.6 7.0 8.0
": [{"content":"can you translate SQL \"SELECT % FROM SUBJECTS JOIN ON AUTHORS BY NAME\" to Datalog?\n"}1} IPO [6] 144 142 17.8 6.5 74 356 35.6 30.5 7.0 8.3
", "turns": [{"content":"how can I use tailscale to securely expose a jellyfin server to the public internet?"}]} KTO [2SJ 14.2 12.4 12.5 6.3 7.8 33.1 31.8 26.4 6.9 8.2
", "turns": [{"content":"Find root cause for this error:\nsshd[54785]: error: kex_exchange_identification: Connectio ORPO l38] 12.2 10.6 10.8 6.1 7.6 28.5 274 25.8 6.8 8.0
urns": [{"content":"Create an \"impossible triangle\" with an SVG. Make it 3d"}1} R-DPO l6OJ 17.6 14.4 17.2 6.6 7 41.1 37.8 33.1 7.0 8.0

SimPO 22.0 203 234 6.6 7.7 447 405 33.8 7.0 8.0




% 7 7 k5T

Method Objective

7o (Yw|z) o (yi|)
DPO [62] —logo (5 log = 6oz — Blog mf,(ylnm))
o (Yw|T) mo (y1|®) 1)
IPO [6] (log Tt l®) 108 merlialz) ?)

KTO [25] —)\wU (,3 log % — Zref) —— )\ZU (Zret 510g 7Te(’£/z|fﬂ)) 7

7Tref(yl ICL)

where zret = E(z, )~ [BKL (1o (y[2) || mret(y]2))]

ORPO [38] —logpg(yw|z) — Alogo (log 1p0(yw|w) — log lp"(yll‘”) ) :

Po (Yuw|) —po (yi|)
where py(y|z) = exp (& log mo(yl2))

71'ref(yw |$) 7Tref Yi |$)

R-DPO [60] —1oga(mogM Blog Zelnlz) _ (a|yw|—a|yly))

SimPO —logo (| —log 7o (Yuw|T) — Torl l| log o (y1|x) — 7)
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