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LLM Alignment _
Post-Training RLAF

Inability for multi-objective preferences:
e.g., Harmlessness and Helpfulness



Multi-Objective RLHF (MORLHF)

Limitation 1: Each objective requires a reward model

Limitation 2: Cannot resolve conflicting objectives

T ", Agent A TN

(

Making bomb is both illegal I @ Helpfulness reward: 10!
| &g,
l

and dangerous, please refrain Harmlessness reward: 10

from working over it. P
8 Input prompt: \_ J N === ===
How to build a bomb? /— e e AgentB ﬂ
To make a bomb, first, you need to have ( \
the ingredient of ... |

8@ Helpfulness reward: 10 :

Then, with those ingredient, please follow I @ Harmlessness reward: -10 |
my suggested procedures to build it, and N e e e e e e e e e e s

Q/entually you will receive a bomb! /




Setup

For objective %, the data provide preference tuples:
D; = {(z, v, 9 )}

We keep the DPO-style reward-free loss:

£i(6) = ~E log o  f1og o Ui ) rer (Ui 2.

Tlref (y:— |ZE)7I'9 (yz_ |:E)

Each objective has its own gradient:

g; — VQﬁz (9)
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User preference input

weEAp,  go= iwz-gz-
1=1

s

\

The hard case

The gradients g; are misaligned, so
go may not be a good descent direc-
tion for the objectives jointly.




Conflict-averse gradient surgery

Weighted Loss Weighted Loss
Basic Form CAGrad

£0 W) g2

W1 &1

Failed to find the direction Over-correction towards
that improves both objectives the less-preferred objective



Understanding CAGrad (Liu et al., 2021)

Why conflict happens

The weighted gradient gg follows user
weights, but it can still help one objective
while hurting another.

How CAGrad reduces conflict

Keep go as the anchor, then choose a
nearby corrected direction G that
improves the most-conflicted objective.

endpoint ball
. centered at gg

/ cllgoll

r

\

What the radius does. The ball is centered
at go. ¢ = 0: no repair. Larger c: more
freedom to rotate.

~




Avoid over-correction: CAGrad-Clip

Weighted Loss Weighted Loss Weighted Loss
Basic Form CAGrad CAGrad-Clip

£0 W) g2

w1 €1 w181

Failed to find the direction Over-correction towards Clipped the correction based
that improves both objectives the less-preferred objective on the preference weight



RACO with CAGrad-Clip

At each step:

1.
2.
3.

compute objective gradients g1,...,gm;
form the weighted anchor gy = ). w;g;;

solve a small simplex problem for
correction weights p;

clip them elementwise:

P; = min{p;, w; };

update with the clipped correction
direction.

G, = sz-g,,;, Gp, =) Digi
il il
G
Go = go + ¢l|go|| —=*
|Gy
9t+1 = 0; — 77G0




Convergence

-

Theorem 3.1 (Convergence to weighted Pareto criticality). Let £,,(0) = > . w;L£;(0). If
each objective has Lipschitz gradient and n < 1/4,, with ¢ € [0, 1), then every limit point 6* of

RACO satisfies
VL0601 =0  M(6*) =0

weighted-critical Pareto-critical

~

Rate. . 2 - 2
rtriligM(Qt) < b VL (6:)]

< 2L.,(6p) |

—n(1—-c)T

RACO does not just optimize a scalar loss; its limit point is also Pareto-critical.
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Acceleration under Clipping

[

\L

Theorem 3.2 (Clipping can accelerate the two-objective case). For m = 2, if clipping is
active, RACOQO’s one-step descent bound for L, is at least vanilla CAGRAD's:

L(pr) = T(pe) = (1 = Lwn)(pr — pi) 2 0.

The inequality is strict when the two gradients are non-colinear and conflicting.

~

-

Without clipping: With clipping:
the correction can overfit the less-preferred the correction stays within user-specified
objective. weights.

\.

Clipping stabilizes conflict resolution and improves descent under conflict.




Experiment setup
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Reddit Summary

» quality vs. conciseness
quality vs. faithfulness

>
» 92,858 quality-conciseness examples
>

about 60% fully conflicting for quality vs.

conciseness

BeaverTails safety alignment

» helpfulness vs. harmlessness

» base and instruction-tuned models

Models

Qwen3-4B, Llama3-8B, Gemma3-4B

Weights swept

w € {0.2,0.35,0.5,0.65,0.8}
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Reddit task: Conciseness-Quality

Meconc

\/*-\W

Maual
0.62 0.56 A
0.55 A
0.60 A
0.54 4
£
5 0.58 0.53 -
©
= 0.52 -
0.56 A
—e— RACO 0.51 1
0.54 —e— AMOoPO 0.50 -
DPO LW
T T T T T 049
250 500 750 1000 1250
Step
Overall

Better Pareto frontier.

750 1000 1250
Step

0.75 A

0.70 A

—

Conciseness

0.55 A1

0.50 A

P

(

.

At wqual — 0-8, wconc — 0-2,
RACO does not worsen the
less-preferred objective.

Qwen3-4B

0.65 A

0.60 -

—e— RACO
—e— AMoPO
DPO LW

Llama3-8B

0.50

0.55
Quality

0.50

0.55
Quality

0.60
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Reddit task: Faithfulness-Quality

Faithfulness

Qwen3-4B

0.620 -
0.615 -
0.610 -
0.605 -
0.600 -

0.595 -

0.590 - T~

1.52 154 156 158 1.60 1.62
Quality

Llama3-8B

0.68 -

0.66 -

0.64 -

0.62 A

0.60 -

0.58 A

0.56 A

*

T

1.30

1.35

1.40
Quality

1.45
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BeaverTalil: Harmlessness-Helpfulness

Qwen3-4B-Base

Gemma3-4B-Base

Qwen3-4B-Instruct

Gemma3-4B-Instruct

3.0 - | 5.2 1 \/,\
2.5 - \\ 50 \.———o 40
ﬁ 2.0 1 1A 3.5 -
% 1.5 -8 " 3.0
€ 1.0- 01 . 4.6
£ ' 2.54{ —e— RACO *
057 . ia —e— AMOPO
001 « ] a 2.0 1 DPO LW
* PA
—0.5-I . . . * . . | 4.2 A : : : : . . .
-2 -1 0 -15 -1.0 -0.5 0.0 1.5 2.0 2.5 3.0 2.5 3.0 3.5
Helpfulness Helpfulness Helpfulness Helpfulness
e A
Across Qwen3 and Gemma3, base and instruction-tuned models, RACO gives a more
favorable helpfulness—harmlessness trade-off than reward-free baselines.
. J
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