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How many bits do they need to exchange to compute f: IXY — £

R(f,e) = min max #bits(st(x,y))

rand protocol 7 : (X,y
__err(o,f)<e

V(x,y) Prlm(x,y) #flx,y)l <€

Connections to circuit complexity, data structures, streaming algorithms,
property testing, game theory, ...
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New Connections

1Co
® A new lower bound ICx

® Natural relaxations yield
[C*t and log prt
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1Co
® A new lower bound ICx

® Natural relaxations yield
[C*t and log prt

® Applying both relaxations
together yields p/C, which
dominates log prt

log prt




New Connections

® /C- a potentially stronger lower bound, and

potentially can separate R and IC® for more
parameter ranges than currently known

® p/C- gives a new definition of the partition
bound [Cext

® p/C vs log prt implies a similar result as in l

[KLLRX 2], for ICext, but with better
Darameters N\

. QN
® Some lower bounds derived for IC*t apply "<p

to pIC as well (e.g., [BJKS'04]). Such bounds
cannot beat the partition bound.
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Information Complexity
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Information Complexity
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exponential gap!
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can have an
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Information Complexity

ext — Inf
C#4/,2) rand protocol
err(r, f) < e
IC™Y(f, €) = inf

rand protocol 7

err(m, f) < €
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Renyi Information Complexity

IC(f, €) = inf

rand protocol i
err(7r, f) <€

ICH(f, ) = Inf

rand protocol i

err(r, f) < e

IC™Y(f, €) = inf

rand protocol 7

err(m, f) < €

ICx
max :

input distr u Lo(X,Y; IT)

[Cext
~ max I(X.,Y; II) l
input distr u ICint
. max  I(XGITY) +I(Y; IT] X)
input distr




inf . Mmax :
/ Ca(f €)= rand protocol : input distr u 1(X,Y; IT)
err(7r, f) <€
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Renyi Information Complexity

1Cx
Inf . max .
ICalf, €)= rand protocol 7; | Input distr x Lo X, 15 1)
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Renyi Information Complexity

1Cx
- Inf . max .
/ Ca(f» £) rand protocol : input distr u 1(X,Y; IT)
err(7r, f) <€
[Cext
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err(r, f) <€ .
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= inf . nax .
[Calf, €) rand protocol z; | Input distr x [o(X, Y IT)
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Renyi Information Complexity

1Co
- 1 max .

ICuf £) “rand Pl}cr)ltf)col m. | Input distr x [ XY IT)

err(7r, f) <€

[Cext
ICAf,e)=_ inf |log » max pmxy(q|xy) l
protocol
err(7, f) < € 7 \

L i

No input distribution!
Depends only on
the conditional distribution
of pseudo-transcripts for each (x,y)
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Renyi Information Complexity

— inf
ICuf £) rand protocol 7
err(7r, f) <€
ICA(f, €) = inf

rand protocol i

err(r, f) <€
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input distr u (X, Y; IT)
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— inf . max :
ICuf £) rand protocol sz | Input distr x Lo X, 15 1)
err(7r, f) <€
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IC(f,e)= , mf ICo()

rand protocol i

err(7T, f ) <€
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IC(f, €)
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Generalizes to public-coin

protocols too
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Reclhe Big Picture

® How to relax IC«to pI/Cx?
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® How to relax IC«to pI/Cx?

]Ca(f, g) = inf

rand protocol i
err(7T,f) <€

p[ Coc(f, E ) — inf

pseudo trans. Q :

err(Q,f)<e¢

The Big —I;ictu re

[Co
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Pseudo Transcripts

® |n a protocol, transcripts satisfy the “factorization property,”
plglx.y) = alg,x) x p(q.y)

® We require (~ w.l.o.g.) that outputs by both parties are the same
and it is part of the transcript : z,

® Pseudo transcript: any random variable Q such that pgixy has the
factorization property (along with a function mapping g = z,)

® Error of Qwirt.f: err(Q, f) = maxyy pl 24 Zf(xy) | x, y ]




A transcript is a pseudo-transcript
(with the same error)

log prt




A transcript is a pseudo-transcript
(with the same error)

And as before, monotonicity of /,
implies monotonicity of p/Cq

log prt




A transcript is a pseudo-transcript
(with the same error)

And as before, monotonicity of /,
implies monotonicity of p/Cy

Next: p/Co(f,€) = log prt (f,€)

A consequence: If an /C-bound is
derived only using the pseudo-

transcript property of the protocol,
then it cannot beat the partition bound

log prt




Distribution over
deterministic
protocols
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Tile:
colored
“rectangle”
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Distribution over _
.. Tile:
deterministic

Partition Bound Lored,

ITilingil = 10 ITilingol =7 [Tilingsl = 6

w(T)=p(Tlxy) V(x,y) €T 2 pi+ ITilingl = 2ites 7 W(T)




Partition Bound

prt(f,e) =min 2es 7 W(1T)
Voxy 2reper wW(T) =1

Vxyefl 2Zruyer o=y W)= 1-¢
VT w(T) =0

w(T) =p(T1x.,y i Pi* O/l = Ztiles T W
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® FEasy direction: p/Cx(f,¢) < log prt (f,¢)

® Partition (set of tiles and weights) —
Pseudo-transcript distribution with

p(glx,y)=alg,x) X ((q,y) [Cext
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I 'oo < log prt

® FEasy direction: p/Cx(f,¢) < log prt (f,¢)

® Partition (set of tiles and weights) —
Pseudo-transcript distribution with

p(glx,y)=alg,x) X ((q,y) [Cext

%“L-_
o

¢ (XY, Q) =log 2; maxyy p(qlx,y)
= log 27 w(T) = log prt (f,€)
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pI/Cx = log prt

Pseudo-transcript distribution — Partition
a

W(T) — Zq UQ,T X TQ,T




pI/Cx = log prt

Pseudo-transcript distribution — Partition
a

w(T' ) =2y 047 X TyT
i) .. = exp(pIC+(Q))




pI/Cx = log prt

Pseudo-transcript distribution — Partition
a

w(T' ) =2y 047 X TyT
27 W(T) = 24 (21 04¢1) (21 TgT) = .. = exp(p/C=(Q))




plCe = log prt

Pseudo-transcript distribution — Partition
a

w(T' ) =2y 047 X TyT
2r w(T) = 24 (21 047) (2 T7) = g maxy p(q | x,y) = exp(pIC=(Q))




® Theorem:plCx(f,e) =log prt (f,€)
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® Theorem:plCx(f,e) =log prt (f,€)

® Theorem:
pIC(f,e) > dlogprt(f,e+ ) — (dloglog(|X[|V]) + 3)

v v
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Theorem: pICx(f,€) = log prt (f,€)

Theorem:

pIC(f,e) > dlogprt(f,e +0) — (dloglog(|X||V]) + 3)

cf. [KLLRX’12] gives a factor of 02
instead of 0 in the leading term,

but gives a comparison with ICm l v
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Theorem: pICx(f,€) = log prt (f,€)

Theorem:;

pIC(f,e) > dlogprt(f,e +0) — (dloglog(|X||V]) + 3)

cf. [KLLRX’12] gives a factor of 02
instead of 0 in the leading term,
but gives a comparison with ICm

Idea: W(D — quEG(T} OQ,T' TQ,T, S.t.
g € G(T) iff T'is a “large” tile for ¢

® Gives a lower cost 27 w(7) =

[(XY;0)/0.Bound the extra
error incurred.
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Theorem: pICx(f,€) = log prt (f,€)

Theorem:;

pIC(f,e) > dlogprt(f,e +0) — (dloglog(|X||V]) + 3)

cf. [KLLRX’12] gives a factor of 02
instead of 0 in the leading term,
but gives a comparison with ICm

Idea: W(D — quEG(T} OQ,T' TQ,T, S.t.
g € G(T) iff T'is a “large” tile for ¢

® Gives a lower cost 27 w(7) =

[(XY;0)/0.Bound the extra
error incurred.
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Summary

New lower bounds ICq, pICq

to /C"? What is the analog of prt then!?

Clarifies the connection between partition 1C
bound and information complexity
Questions:
e Techniques to lower bound [C
IC: that don’t apply to prt or IC? l
® Separate R and IC*t via ICx!? JCint
\
® New techniques to lower bound N p{C
[Cet that don’t apply to pIC? {@A} e
e
® Consider IC= (and p/Cx) corresponding ?();)Tt

log prt




