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MOTIVATION

if result not good
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Codex Codex
try again
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[ A Simple "Try Again" Can Elicit Multi-turn LLM Reasoning]

Licheng Liu!", Zihan Wang?, Linjie Li®, Chenwei Xu?, Yiping Lu?, Han Liu?, Avirup Sil%,
Manling Li2

1Imperial College London 2Northwestern University >University of Washington “IBM R h AI
unary-feedback.github.io

Multi-turn problem solving is critical yet challenging for Large Reasoning Models
(LRMs) to reflect on their reasoning and revise from feedback. Existing Reinforcement
Learning with Verifiable Reward (RLVR) methods train large reasoning models on
a single-turn paradigm. However, we observe that models trained with existing RL
paradigms often fail to explore alternative reasoning paths across multiple turns and
lack the capacity for self-reflection, resulting in repetitive and unadapted responses to
contextual feedback. We ask: Can LRMs learn to reflect their answers in a multi-turn
context? In this work, we find that training models with multi-turn RL using only
unary feedback (for example, “Let’s try again”) after wrong answers can improve both

LG] 22 Aug 2025
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MOTIVATION

if result not good if still not good
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Codex Codex Claude
try again switch
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if result not good

MOTIVATION
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MOTIVATION

private actions

if result not good if still not good

> @ - ® ~E3— -
Codex Codex Claude
try again switch

D=

final answer

e costly trials: token costs.

e resampling: try again.

e limited trials: each run may take half an hour, so |
cannot try indefinitely before the next meeting.
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HIDDEN SEQUENTIAL TRIAL Is NoT JusT Al

Innovation funding Resource exploration Startup / IP deals

private path: try e retry e switch @ stop == contractible: one selected “best” outcome

Image sources: Unsplash; Wikimedia Commons; Wikimedia Commons.
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MODEL

;{ contract w(y) ]

principal | o e c e e - agent side----- - - _____.
[action i€ A: cost ¢, IID draw Y ~ p;]
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: [ private policy: which action to use; when to stop ]
1

1 o resampling allowed (with cost) e total trial cap K
\
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;{ contract w(y) ]
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[action i€ A: cost ¢, IID draw Y ~ p;]

[ private policy: which action to use; when to stop ]
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to the principal
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MODEL

;{ contract w(y) ]

principal | o e c e e - agent side----- - - _____.
[action i€ A: cost ¢, IID draw Y ~ p;]

[ private policy: which action to use; when to stop ]
value v(y)
to the principal

o resampling allowed (with cost) e total trial cap K

report one outcome y]

principal: value v(y) — payment w(y) agent: payment w(y) — trial costs
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ToTAL TRIAL CAP K

K is a total trial budget, not a separate budget for each action.

e patience, deadlines, or resource budgets limit search
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e patience, deadlines, or resource budgets limit search
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action
standard one-shot moral hazard
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ToTAL TRIAL CAP K

K is a total trial budget, not a separate budget for each action.

e patience, deadlines, or resource budgets limit search

Example:

trial 1 trial 2
one
_)® [action i] action iJ resample
(action iJ

A

action jJ switch

standard one-shot moral hazard
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RELATED WORKS (CONDENSED)

e Moral hazard and dynamic contracts
- Holmstrém (1979); Grossman—Hart (1983); Spear—Srivastava (1987);

Sannikov (2008)...

XN
\’P‘\oo‘k

e Delegated search and

Weitzman (1979); Armstrong—Vickers (2010); Lewis (2012); Ulbricht
(2016)...

e Contract design for Pandora-style search

Ezra—Feldman—Schlesinger (2026): NP-hardness
Hoefer—Schecker—Schewior (2025): final box/action is contractible

Durandard—Vaidya—Xu (2025): min-max optimal in the sense of Carroll
(2015)

this work: resampling + trial cap K
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AGENT’S BEST RESPONSE

PROPOSITION (AGENT’S BEST RESPONSE)

Fix any contract w. The payoff-relevant state is (k, b), where k is # of
trials left and b is the best payment already found.
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AGENT’S BEST RESPONSE

PROPOSITION (AGENT’S BEST RESPONSE)

Fix any contract w. The payoff-relevant state is (k, b), where k is # of
trials left and b is the best payment already found.
Trial-cap dependent index: index value z/(i) of action i .

e stop if b >z} := max; z'(i);

e if b <z, continue with i € arg max; W}/ (b, i), which is the marginal
sampling value;

e at b =z, the agent is indifferent; tie-breaking selects.
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COMPARING WITH WEITZMAN (1979)

Weitzman: no resampling and no trial cap K
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Weitzman: no resampling and no trial cap K

Weitzman index Our setting
Eyp [(w(Y) = ()] = z!(i)
depends only on ¢; and p; also depends on trials left k
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COMPARING WITH WEITZMAN (1979)

Weitzman: no resampling and no trial cap K

Weitzman index Our setting
Eyp[(w(Y) = G)| = ¢ 2! (i)
depends only on ¢; and p; also depends on trials left k

More remaining trials raise the index value

20() > 20() Vi

At K = oo, the state-dependent index value collapses to the Weitzman index.

Yanwei Sun / Contracting for Sequential Trials
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AGENT’S BEST RESPONSE CAN BE COMPLICATED

switching back is possible

| same action |
or stop

again { switch switch back
@ , @ e Qb @ .

>

Codex Codex Claude Codex
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AGENT’S BEST RESPONSE CAN BE COMPLICATED

switching back is possible

| same action |

w again w switch switch back wor stop
> = > )

>

Codex Codex Claude Codex

Contract design problem: w(y) moves many cutoffs z} (/)
across states (k, b). Optimizing w means controlling
a hidden adaptive policy.

Yanwei Sun / Contracting for Sequential Trials
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HARDNESS OF OPTIMAL CONTRACT
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HARDNESS OF OPTIMAL CONTRACT

THEOREM (COMPUTATIONAL HARDNESS)

For general instances, finding an optimal contract is NP-hard.

Yanwei Sun / Contracting for Sequential Trials

16



ASYMPTOTICALLY OPTIMAL CONTRACT

Yanwei Sun / Contracting for Sequential Trials
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DEBT CONTRACT

above face value
agent gets residual

o EEEREEE R R face value x

below face value
agent gets 0

reported value v(y)

wit(y; x) = (v(y) — x)*

18



CALIBRATING THE FACE VALUE

Weitzman index for action i

~ ) = o
\z) above face value Eypl(v(Y) = G)"] = ¢
o agent gets residual

=]

IS _

e ¢

s

5 below face value

o agent gets 0

wat(y; ) = (v(y) = O)F
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CALIBRATING THE FACE VALUE

? above face value

o agent gets residual
=]

©

D [
o

s

5 below face value

o agent gets 0

Wiy 0) = (vly) - Q)
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( Weitzman index for action i
Eypl(v(Y) - )] =

Calibrate debt at the largest
index

¢ =max;(;, i€ argmax;(;
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ASYMPTOTIC OPTIMAL CONTRACT

‘ One-trial hit probability g = Pry.,{v(Y) > ¢}
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ASYMPTOTIC OPTIMAL CONTRACT

‘ One-trial hit probability g = Prpr{ ) > C} ‘

THEOREM (ASYMPTOTIC OPTIMALITY )

Under wat(y; ¢) = (v(y) — ¢)*, for every K > 1,

Ugebt(K; 5)

SBp(K) zi={=-g"
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ASYMPTOTIC OPTIMAL CONTRACT

‘ One-trial hit probability g = Prpr{ ) > C} ‘

THEOREM (ASYMPTOTIC OPTIMALITY )
Under w9t (y; ) = (v(y) — €)™, for every K > 1,

Ugebt(K; 5)

SBp(K) zi={=-g"

e At K = oo, the contract is exactly optimal and first best.
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ASYMPTOTIC OPTIMAL CONTRACT

‘ One-trial hit probability g = Prpr{ ) > C} ‘

THEOREM (ASYMPTOTIC OPTIMALITY )
Under w9t (y; ) = (v(y) — €)™, for every K > 1,

Ugebt(K; 5)

SBp(K) zi={=-g"

e At K = oo, the contract is exactly optimal and first best.

e Agent utility is zero for every trial cap K.

Yanwei Sun / Contracting for Sequential Trials

20



PROOF SKETCH: NO SWITCHING, THEN HITTING

Generic contracts
best action can depend on
(k, b); switching is normal.
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maximal-index action i every
time.
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continuing = sample a
maximal-index action i every
time.

Generic contracts
best action can depend on
(k, b); switching is normal.

no switching: 7,7, i,... until the threshold is reached
OO~ )O—{iO
1 2 3 K

continue after failures; stop at the first v(Y;) > ¢, or when the cap K is exhausted
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1 2 3 K
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PROOF SKETCH: NO SWITCHING, THEN HITTING

Calibrated (-debt
continuing = sample a
maximal-index action i every
time.

Generic contracts
best action can depend on
(k, b); switching is normal.

no switching: 7,7, i,... until the threshold is reached
OO~ )O—{iO
1 2 3 K

continue after failures; stop at the first v(Y;) > ¢, or when the cap K is exhausted

Al e i) = € Pr(hit by K) = 1—(1-3)X || SBp(K) < FBp(c0) = C

a hit pays the principa_l ¢ [ hit probability ] [ second best bound ]
principal keeps ¢

U (ki) 2 C - (-] 2 [1- (-] SBe(K) |

Yanwei Sun / Contracting for Sequential Trials
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LINEAR CONTRACTS CAN BE ARBITRARILY BAD

Linear contract

wa'(y) = av(y)

agent payment w(y)

reported value v(y)

Yanwei Sun / Contracting for Sequential Trials
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LINEAR CONTRACTS CAN BE ARBITRARILY BAD

Linear contract Debt contract
—~ = A
st st .
- win(y) = av(y) z bt (y) = (v(y) — x)T
5] g '
£ £ 1
> > 1
© © |
o Q |
5 £ ! face value x
[0} [ 1
& an 7/

reported value v(y) reported value v(y)
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LINEAR CONTRACTS CAN BE ARBITRARILY BAD

Linear contract Debt contract
—~ = A
st st .
- win(y) = av(y) z bt (y) = (v(y) — x)T
5] g '
£ £ 1
> > 1
© © |
o Q |
5 £ ! face value x
[0} [ 1
& an 7/

reported value v(y) reported value v(y)

Linear: pays every report; a moderate outcome can stop search early
Debt: pays zero below x; after a hit, the principal keeps face value x.

Yanwei Sun / Contracting for Sequential Trials
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OPTIMAL DEBT CONTRACT

Earlier: the simple calibrated choice x = . Now: optimize x for finite K.

above face value
agent gets residual

bk face value x

below face value
agent gets 0

reported value v(y)

Wy x) = (v(y) = 2)*)

Yanwei Sun / Contracting for Sequential Trials
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CoOMPUTING THE OPTIMAL DEBT CONTRACT

ProPOSITION (FINITE-K DEBT)

For any fixed trial cap K, an optimal debt face value

Xt (K) € arg max UEPH(K; x)

can be computed exactly in time polynomial in the number of actions and
states.
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CoOMPUTING THE OPTIMAL DEBT CONTRACT

ProPOSITION (FINITE-K DEBT)

For any fixed trial cap K, an optimal debt face value

Xt (K) € arg max UEPH(K; x)

can be computed exactly in time polynomial in the number of actions and
states.

Key idea: as the face value x moves,
the principal’s payoff is piecewise
linear; enumerate the breakpoints.

Yanwei Sun / Contracting for Sequential Trials 24



OPTIMAL DEBT FACE VALUE

—_

lower face value

Yanwei Sun / Contracting for Sequential Trials

higher face value
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OPTIMAL DEBT FACE VALUE

small adjustment

2

lower face value S
Xept(K)

Yanwei Sun / Contracting for Sequential Trials

higher face value
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OPTIMAL DEBT FACE VALUE

small adjustment
]
I I

lower face value i higher face value
Xept(K)

0< { — xjepe(K) < {(1 - 9)"
0 < UEPH(K) — UFM(K; () < ((1—g)¥

both gaps vanish exponentially in K

Yanwei Sun / Contracting for Sequential Trials
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THE IMPACT OF TRIAL CAP
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SHOULD A LARGER TRIAL CAP K HELP?

Natural intuition: more trials should help the
principal.

more freedom deeper better
for hidden search exploration final report
A larger cap K expands the agent’s feasible search policy,
so one might expect the principal’'s payoff to rise.

Yanwei Sun / Contracting for Sequential Trials 27



MORE TRIALS CAN HURT BOTH SIDES

Lose-lose phenomenon: after re-optimizing an unrestricted contract, a
larger cap can lower both the principal's and the agent’s payoffs simulta-
neously.

T T T
second best i
11 |- -1

10 -

T
second best

2, -

1 2 3

Trial cap K Trial cap K

Principal’s expected payofi
Agent’s expected payoff

Iy S
o

Reason: more private trials create more hidden search paths; a
final-outcome contract must discipline all of them.
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MORE TRIALS CAN HURT BOTH SIDES

Lose-lose phenomenon: after re-optimizing an unrestricted contract, a
larger cap can lower both the principal’'s and the agent’s payoffs simulta-

neously.
& &
o 9] T T
= ‘ ‘ ] = - second best
o second best a ) PO |

- N = 7 \ A t i .
§ 11 ... opt linear g - . opt linear
O r 0 4 \
3 » g .
¢ 101 ROt 31 ‘\ 1
n b /" n -\_
R e "’_/ | % < \“-
£ ‘ — ; <0 > 3 . 5
o 1 2 3 4 5

Trial cap K Trial cap K

Optimal linear: lose-lose can happen when K increases.
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MORE TRIALS CAN HURT BOTH SIDES

Lose-lose phenomenon: after re-optimizing an unrestricted contract, a
larger cap can lower both the principal’'s and the agent’s payoffs simulta-

neously.
& &
19 19 T T
= ‘ ‘ ] = - second best
o second best o 5 Al i
I . AY - -
§ 1o opt linear N E R kY opt linear
9] 9] 14 s - --. optdebt
9 q n 9 _ . P
o Op’ = € 2 o - - \\ \‘
6 10 =-==== _.—" - 5 1 - N |
0 L o K S \
= @ = Re K
B oof el L7 | §
2 ! B \ <0 1 ‘2 3 j 5
o 1 2 3 4 5
Trial cap K Trial cap K

Optimal linear: lose-lose can happen when K increases.

Optimal debt: principal payoff  with the trial cap K.
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EXTENSIONS: THE SAME DEBT LOGIC SURVIVES

Time-contingent

Q=

payments can depend
on stopping time
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EXTENSIONS: THE SAME DEBT LOGIC SURVIVES

Time-contingent | Correlated samples

@ =]
payments can depend sample it Y ~ Pi(- | s)

on stopping time
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EXTENSIONS: THE SAME DEBT LOGIC SURVIVES

Time-contingent orrelated sample Many agents
Q= .2
— —_—_ NS
V =LA
payments can depend [sample irY ~ Pi(-]s) ] offer contracts
on stopping time sequentially
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EXTENSIONS: THE SAME DEBT LOGIC SURVIVES

Time-contingent | Correlated samples Many agents
Q= O3
v
payments can depend sample i: Y ~ P;(- | s) offer contracts
on stopping time sequentially

Main result survives: calibrated
debt is still asymptotically optimal.
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TAKEAWAY

>
vh“ob‘%

Model: Moral hazard + / with resampling and a trial cap

Main Message: Debt contract is all you need

Thank you.
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