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Prompt compression: query-agnostic
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Prompt compression: rate-distortion formulation

o (X,Q,Y)~Pxqv =PxqPyixq Y = "“true answer”
Pmx
M
X comp LLM — Py = oéum(M, Q)
Q f

@ Compression with side-information
for a fixed decoder, “(m, q) — ¢LLm(m, q)

@ Performance metrics:

rate=E “Z:((g” distortion = E [d(Y7 oLm(M, Q))}
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M| X
len(M
st. E [Ien((X))} < R, and

Pmx "is a compressor”

o Linear program, but large dimension ~ 32,000%°

all possible “compressions” of x

@ Dual: 1
D*(R) = sup{—)\R—l—Z MiNme v, [DX’,,, +A Rxﬁm}}
A0 XEX T 0
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A.G.*, A.Nagle*, M.Bondaschi, M.Gastpar, A.V.Makkuva, H.Kim, “Fundamental Limits
of Prompt Compression: A Rate-Distortion Framework for Black-Box Language Models.”
— ICML 2024 Workshop on Theoretical Foundations of Foundation Models [Oral]

— under review at [conference]
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@ Optimization 101...thanks to a different problem:

“finite- " X eR
finite-entropy =®_> Y=—X4i7
source E[X?] <P
H(X) < A T

Z ~ N(0,1)
independent of X
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Input-entropy-constrained channel capacity
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@ A contraction problem in communication

H(X) <A
Z ~ N(0,1)
independent of X

Cu(A,P) = sup  I(X;Y)
p,. EX?|<P
X H(X)<A

o Cardinality bounds? Finite support?

@ A nontrivial upper bound better than

Fi(A,P) = sup I(W;Y)

P . EIX?I<P
WX (Wi X)< A

g ey ” X = R
finite-entropy =®_> Y=X+7
source E[X3 <P T
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o Prompt compression for LLMs
o Entropy-constrained capacity
o Joint range of divergences
@ Two more (method of types + optimization):
o Guesswork

o Distributed hypothesis testing — compression + contraction

@ All thoughts welcome

Thank you!
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