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Problem Statement



Situations

Honest player: A player that follows the protocol exactly as described.

Alice Bob Feature
I Honest Honest Correctness
I Cheats Honest Alice can bias
I Honest Cheats Bob can bias
I Cheats Cheats Independent of the protocol

Bias of a protocol: A protocol that solves the CF problem has bias € if neither player
can force their desired outcome with probability more than } + €.



Situations | Weak CF

I NB. For WCF the players have opposite preferred outcomes.

Alice Bob Pr(A wins) Pr(B wins)

I Honest Honest Py Pg=1-Py

I Cheats Honest Pa 1 =Py

I Honest Cheats 1 - Pp Py
I Bias: « pr oo L

- smallest € s.t. P4, Pp < 5 + €
1

I NB. 0<e<g



Situations | Weak CF | Flip and declare

I Protocol: Alice flips a coin and declares the outcome to Bob.

I Bias:

Alice Bob Pr(A wins) Pr(B wins)
Honest Honest Py =1/2 Pg=1/2
Cheats Honest Pi=1 1-P3 =0
Honest Cheats 1-Pp=1/2 Pg=1/2

smallest € s.t. Py, Pg < % + € — €= %
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Kitaev | Three Equivalent Formalisms
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Protocol + Cectificate (cor aainy)

(‘Mshu*\vf-) ,& '“ Q\On- (.leruﬂ«)

Kitaev | Protocol o emes) Port dures
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(co-dtuﬁu)\l K Coswoctine)

TIPGs
(Thu Tnleruhut Porat ‘aus)

B Variables involved: p, U

~ ] TwoSDPs

! I e P} is an SDP in pp: P} = max(tr(I1app))

s.t. the honest player (Bob) follows the protocol.

B l I e Similarly for Pg.

I Dual p <> Z, max <> min, P* = max <> P* < certificate



Protocol + Cectificate (cvr maaity)

(constructwe) ,& 'ﬁ (non- Convirutive)

Klta eV ‘ TD PG (Tire bDeperdest) PoANY  Games
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TIPGs
I Time Dependent Point Game (TDPG): (Tme Toepndet Pisk hamed)

A sequence of frames (frames = points on a plane) such that

I e Starts with points at (0,1) and (1,0) with weight 1/2.

(o,l) .‘/7,

e Consecutive frames: along a line, for all A > 0

. Az Az X )
. “ - < | ,I. ¢
Vidrows” 3 o3 M 2

I e Ends with a single point (3, «).

I Claim: For a valid TDPG there is a protocol with P} < a, P5 < 3.

I Technique: Operator monotone functions.



Kitaev | TDPG | Valid Moves
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Kitaev | TDPG | Valid Moves
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Kitaev | TDPG | Example

Merge (ng, — 1):

(zg) < @ . 4 @--———-- e

Split (1 — np):

1 <1> .
_Z - |

Raise (ng, = np — np):

Tg; < Th, The flip and declare protocol!



Kitaev | TDPG | Example

Merge (ng, — 1):

(zg) < mp,

Split (1 — np):

22 ()
_Z S
Lq Ih

Raise (ng, = np — nyp):

Tg, < Th,
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Spekkens Rudolph protocol (PRL, 2002)
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Kitaev | TDPG | Example

Merge (ng, — 1):

(zg) < mp,

Split (1 — np):

22 ()
_Z S
Lq Ih

Raise (ng, = np — nyp):

Tg, < Th,
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Best known explicit protocol until "18:
Dip Dip Boom (Mochon, PRA ’05)



Protocol + Certificate (cxr vy
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Klta ev ‘ Tl PG (Tire bependant) PoIRY  Games

((ous"uﬁu)\l K} Comstrusiive)

TIPGs
(nu Tnhruh-\t Port ‘angs)

Time Independent Point Game (TIPG):
e Key idea: Allow negative weights

o h(z,y),v(z,y) s.t.
h + v = final frame - initial frame

h, v satisfy a similar equation.

Claim: For a valid TIPG there is TDPG with almost the same last frame.

Technique: Catalyst state.



Viochon | Near-perfect WCF is possible

e Result: Family of TIPGs that yield

where 2k = number of points involved in the non-trivial step.

e k& =1 yields the Dip Dip Boom protocol (e = 1/6) protocol.
e Technique: Polynomials.

Image taken from E. Pelchat’s Master Thesis
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Viochon | f-assignments
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Viochon | f-assignments (cont.)
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Blinkered Unitaries

For the Dip Dip Boom (e = 1/6) protocol, we need a U that implements
° Split: 1 — ny
e Merge: ny, — 1

I Claim: Upjink = |w) (v| + |v) (w| + Le1ge can perform both.

I Significance: Mochon’s € = 1/6 protocol from its point game directly.



Contribution

An analytic solution



Analytic Solution | Special cases of f-assignments
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Analytic Solution | Effective Solutions
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Analytic Solution | Sum of Monomial Assgnmnt
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Analytic Solution | Balanced Aligned Monomial
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Analytic Solution | Zeroth Assignment
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Analytic Solution | Intuition behind the proof
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Conclusion



Conclusion

o Found exact and re(a'(-iuc,(j g“w\Ple anttayies  which
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