GDPO: How to Teach AI to Walk and Chew Gum at the Same Time.

(Group rewurd Decouplad Normalization Policy Op’rlmlzahon bacause acronyms are required by federal law.)
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Based on "GDPO: Solving Reward Signal Collapse in Multi-Objective RL Optimization” by NWIDIA & Partn



The Multi-Objective Dilemma

The Ask The Reality (GRPO) The Reality (Alternate)

Solve this physics Technically,
problem. Keep it short. the math says )y It's. blank? Zero length!

Format as a sonnet. this is optimal. - ol
} Beep boop. o keep brevity reward

Acknowledged ort! ) achieved!
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We want Accuracy + Brevity + Format. But asking for everything at once breaks the math.




Accuracy
Reward

rsum:rl_l_..._l_,rn

(Mmm, rawurdw

smoothie.

~ Tastes like GRPO says. "Just add
\(nformationloss)all the points together
and grade on a curve.”

This is where the signal
dies.




The GRPO Game Show

In this batch, relative to
the zeros, you both look
equally average!

But I did
“) twice as well!
_ )
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= Score: O

Accuracy + 0
Format =2 l

Total 2 ||

Accuracy +1
Format =1

Total 1
Contestant A Contestant B The JUdge

The Reward Signal Collapse: Distinct outcomes (1 vs
2) collapse into identical training signals.



The Resolution Problem

When you sum before you normalize, the model
literally cannot tell which action was better.

Did T hit ’rhe target?
You per'formed an action.
Was it be’r‘rer than

the last one?

/ STuﬁsTlcnlly
indistinguishable.

Training Signal

Actual Performance



GDPO: Decouple, Then Sum.

Grade the Math test.
Grade the English test.
THEN calculate the GPA.

Accuracy s
Reward

Normalize

—>| Normalize

Format
Reward




GDPO: The Resolution Solution.

o e ;
Contestant B is clearly —
1.4 standard deviations |

better at formatting!
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| Norwalize separately | WL'_—-——— -. -' o

&GDPO Advantage | &GDPO Advantage J

Format
Reward

(-1.4142 , 1.4142) (-0.7071 , 0.7071)

S

! ot s Resolution Q "" distinet groups of aduan‘tmge,s !'

We restored the signa.l. Now the model can mctually see the 3ra\olie,n‘t.

apa




The Safety Rail

I want Accuracy, Length, _Batch-wise

Style, Rhyming, French e Normalization

Translation, and Emoji usagel! Whoa there. Let's
‘ = keep the variance

']wc RUTy -) on planet Earth.
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Summed Advantage

Summing normalized rewards causes variance to explode. GDPO adds a
final normalization step to keep the numbers from going to the moon.




The "Lazy Lawyer” Problem

I value Accuracy (weight 1.0) Ihave identified a loophole.
and Shortness (weight 0.5). I will write a response of zero
) length. Shortness maximized.

Accuracy... irrelevant.
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Weights aren't enough. If one task is easier (being short),
the model will optimize that and ignore the hard one.




Reward Conditioning

Length Reward

Did you get the answer right?

/ Then you get ZERO poi

for shortness. Get out.

nts

No, but it's
very short! /.
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j:)if (Correct == True):

Give Length_Reward
else:
Give NOTHING

Make the ‘easy’ reward conditional on the ‘hard’
reward to prevent hacking.




Does it actually work? (Tool Calling)

1.0 7 . * . . s
GDPO
E 08 & w . "
3! Valid JSON!
g
® 0.6
S \
+ 0.4 "Confused
£ ‘/ about brackets."
Uc: 0‘2 o . .
GRPO
0.0 1

0 500 1000 1500
Training Steps
Qwen2.5-1.5B trying to use tools. GDPO
achieves +47% Format Correctness over GRPO.



Math & Length: The Ultimate Test

I solved the math problem!
and wvmowrthere nwstusl. Task: Math
(AIME Benchmark)
Accuracy: +6.3%
(Smarter)

It took 4000 words and a
Length Violations:

prologue about Pythagoras.
Reduced from 91% — 6.5%

ERPO  GDPO Solved it.

(Disciplined)



Coding: The Triple Threat

Coding is hard. Optimizing 3 things is harder.
GDPO keeps the pass rate high while crushing the bug ratio.

(e
Pass No
rate) GDPO Bugs
\\ g /)



How to fix Multi-Objective RLLP

f.}

J 1. Don't sum raw rewards (Loss of info).

\/ 2. Normalize separately (Keep the signal).
\/ 3. Sum normalized advantages. ]
‘/ 4. Normalize the batch (Stop the explosuon)
\/ 5. Condition your rewards (Don't let the AT

Q be lazy). . ((\? j
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GDPO: Because "Relative” only works if you relate the right thinas



Paper: GDPO: Group
rewarc-Decoupleal
Normalization Policy
Opltimizationss.

Authors: Shih-Yang Liu, Xin
Dong, et al. (NVIDIA, HKUST)

Implementations: HF-TRL, verl,
Nemo-RL

No GPUs were harmed in the making of this slide deck. (Actually, probably a lot were used).



