[ TRAIN-TIME FEEDBACK LOOP ]

Train-Time Scaling

Closes the Feedback Loop

01

SAMPLE

PART 6 00:00-05:43

02

Stanford CS329A Part 6 - generated data
becomes useful only through verification
and parameter updates

VERIFY

MODEL WEIGHTS

theta -> theta'

[ GENERATE ] [ CHECK ] [ LEARN ] [ CHANGE ]

04

UPDATE

03

LEARN




[ COMPUTE REGIMES ]

Keep Four Compute
Regimes Separate

They spend compute at different moments, expose different supervision, and do not all
change the weights.

PART 6 03:07-07:40 /11:31-16:08

01 02 03

PRETRAIN SFT TEST-TIME
before deployment demonstrations search / sample
[ WEIGHTS E}PEN] [ WEIGHTS OPEN ] [NEIGHTS LCIGI{E%
changes policy changes policy changes outputs

04

TRAIN-TIME

generated experience

[ WEIGHTS E}PEN]

changes policy

COMPUTE LOCATION != LEARNING MECHANISM




[ FEEDBACK BOTTLENECK ]

Verifiabllity Is
the Feedback Bottleneck

A correct final answer can create scalable signal without validating the rationale,

behavior, or tool path.

MODEL TRAJECTORY

RATIONALE ]_[ ANSWER

reasoning remains opaque

PART 6 05:43-11:31

OUTCOME CHECKER

answer == key

SCALABLE SIGNAL

NOT CERTIFIED

faithful rationale
safe behavior

valid tool path

CAVEAT

Outcome verification creates useful signal, but it does not
certify the process that produced the answer.




[ STAR BOOTSTRAPPING

STaR Bootstraps

Rationales

Keep correct-answer rationales, rationalize failures with an answer hint, fine-tune, and

repeat.
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generate rationale

02

check answer
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CORRECT

retain example

Y

WRONG

add answer hint

03

training set

.

REPEAT WITH THE UPDATED MODEL

PART 6 16:08-27:17

04

fine-tune




[ ANSWER-HINT CAVEAT ] PART 6 17:53-25:13 / 30:49-33:54

Rationalization Helps
and Can Mislead

The answer hint may reveal a usable path or invite a plausible post-hoc story that the
verifier never checked.

ANSWER HINT ) . USEFUL
FAILED ATTEMPT e NEW RATIONALE i
condition on y* training
no verified answer answer now correct example
try again
CORRECT ANSWER

does not prove a faithful explanation




[ SUPPORT BOUNDARY ] PART 6 37:34-40:53 / 63:12-67:58

Self-Training Amplifies
Reachable Behavior

It can make supported strategies more reliable; it is not guaranteed to invent a
genuinely absent or OOD strategy.

BEFORE AFTER SELF-TRAINING

00D O0D
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CAVEAT

Lecture hypothesis, not a theorem: absent strategies may require new
data, tools, curricula, or search.
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[ DEEPSEEKMATH STACK ]

DeepSeekMath Is

a Full Training Stack

Code initialization, 120B math-related tokens, SFT, and GRPO jointly precede the

reported result.

01

CODE MODEL

initialization

02

120B TOKENS

math-related

03

SFT

worked examples

PART 6 40:53-46:25

04

GRPO

relative rewards

PRIMARY SOURCE

51.7%

MATH

60.9%

MATH SC@64

SOURCE CORRECTION: NOT AIME




[ RELATIVE GROUP FEEDBACK ] PART 6 43:49-47:46

GRPO Uses Relative
Group Feedback

Sample a group, normalize rewards within it, and update the policy without a separately
learned critic.

\ r Y [ Y Y . GROUP BASELINE

PROMPT of 02 03 L

[r—— [l A_i=r_i - mean(r)
sample a group r=0.1 r=1 r=0.4 r=0.9

[ UPDATE POLICY ]

NO SEPARATE LEARNED CRITIC

relative group signal replaces that component




[ SIGNAL GEOMETRY ]

No Reward Variation Means
No Relative Signal

All-wrong and all-correct groups collapse the within-group advantage; mixed groups carry

the update signal.

ALL WRONG

NO SIGNAL

advantages collapse

MIXED

LEARNING SIGNAL

nonzero advant dages

PART 6 47:46-52:17 /55:21-57:32

ALL CORRECT

NO SIGNAL

advantages collapse

CAVEAT
Dynamic sampling restores variation but also changes which prompts

define the effective training distribution.




[ EVALUATION SEMANTICS

|

Majority @k and Pass @k
Measure Different Things

One rewards consensus around the modal answer; the other asks whether any sampled

candidate succeeds.

SAME SIX CANDIDATES

A is modal; C* is the only correct answer

PART 6 52:17-53:05 / 63:12-65:11

MAJORITY @k

returns A ->wrong

CONSENSUS != COVERAGE

PASS @k

finds C* -> success




[ DAPO STABILIZATION ] PART 6 53:05-61:49

DAPQO Stabilizes RL
With Four Coupled Controls

Clip-Higher, dynamic sampling, token-level loss, and overlong reward shaping form one
cumulative recipe.

| [ PAPER SETUP
01 02 03 04
CLIP-HIGHER DYNAMIC SAMPLE TOKEN LOSS OVERLONG SHAPE 30 > 50
AIME24 avg@32
protect exploration keep reward variation balance response bound truncation Qwen2.5-32B
lengths
] | cumulative recipe
CAVEAT

Setup-specific cumulative result; it is not a universal threshold or an
isolated effect of one control.




[ METHOD DIAGNOSTIC ]

Diagnose the Signal
Before Scaling the Loop

Generated data helps only when the verifier, exploration support, reward variation, and

update path are adequate.

01

VERIFIER

target checkable?

02

SUPPORT

useful samples?

03

VARIATION

relative signal?

04

UPDATE

stable learning?

A FAILED GATE IS AN ENGINEERING RESULT

Add supervision, widen exploration, repair rewards, or stop.

PART 6 61:49-72:34

SCALE

or

REDESIGN




