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Long Context LLM
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Challenges with Long Contexts
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Prefill: Context Prepration
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Generation: From Context to Output
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Generation: From Context to Output



Quantization
GEAR (Kang et al. 24)
KIVI (Liu et al., 24’)
KVQuant (Hooper et al. 24)
Lexico (Compressed Sensing)

Eviction
 (Zhang et al., 23’)

Sink (Xian et al., 24’)
SubGen (Zandieh, 24’)

Offloading
InstInfer (Pan et al., 24’)
InfiniGen (Lee et al., 24’)
ShadowKV (Sun et al., 21’)

H2O

Previous Works
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JL Transform

S ∈ ℝm×d

Si,j ∼ 𝒩(0,1)
S ∈ ℝm×d

S ⋅ k

S ⋅ q

k ∈ ℝd

q ∈ ℝd
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 JL Lemma:

⟨Sq, Sk⟩ ≈ε ⟨q, k⟩

For  w.p  m =
1
ϵ2

log(
1
δ

) 1 − δ
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𝚜𝚒𝚐𝚗( ⋅ )

𝚜𝚒𝚐𝚗(S ⋅ k)

𝚀𝙹𝙻(k) ∈ {±1}m



 QJL Lemma:

QJL
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𝚜𝚒𝚐𝚗( ⋅ )
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QJL Quantize
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QJL Proof of Unbiasedness

𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k) =
π/2
m ∑

i∈[m]

∥k∥2 ⋅ s⊤
i q ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k) q⊥k := q −
⟨q, k⟩
∥k∥2

2
⋅ k

14



QJL Proof of Unbiasedness

𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k) =
π/2
m ∑

i∈[m]

∥k∥2 ⋅ s⊤
i q ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ s⊤
i k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k) + ∥k∥2 ⋅ s⊤
i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

q⊥k := q −
⟨q, k⟩
∥k∥2

2
⋅ k

15



QJL Proof of Unbiasedness

𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k) =
π/2
m ∑

i∈[m]

∥k∥2 ⋅ s⊤
i q ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ s⊤
i k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k) + ∥k∥2 ⋅ s⊤
i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ |s⊤
i k | + ∥k∥2 ⋅ s⊤

i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤
i k)

q⊥k := q −
⟨q, k⟩
∥k∥2

2
⋅ k

16



QJL Proof of Unbiasedness

𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k) =
π/2
m ∑

i∈[m]

∥k∥2 ⋅ s⊤
i q ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ s⊤
i k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k) + ∥k∥2 ⋅ s⊤
i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ |s⊤
i k | + ∥k∥2 ⋅ s⊤

i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤
i k)

𝔼[𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k)] = π/2 ( ⟨q, k⟩
∥k∥2

⋅ 𝔼 [ |s⊤
1 k |] + ∥k∥2 ⋅ 𝔼 [s⊤

1 q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤
1 k)])

q⊥k := q −
⟨q, k⟩
∥k∥2

2
⋅ k

17



QJL Proof of Unbiasedness

𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k) =
π/2
m ∑

i∈[m]

∥k∥2 ⋅ s⊤
i q ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ s⊤
i k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k) + ∥k∥2 ⋅ s⊤
i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤

i k)

=
π/2
m ∑

i∈[m]

⟨q, k⟩
∥k∥2

⋅ |s⊤
i k | + ∥k∥2 ⋅ s⊤

i q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤
i k)

𝔼[𝙿𝚛𝚘𝚍𝚀𝙹𝙻(q, k)] = π/2 ( ⟨q, k⟩
∥k∥2

⋅ 𝔼 [ |s⊤
1 k |] + ∥k∥2 ⋅ 𝔼 [s⊤

1 q⊥k ⋅ 𝚜𝚒𝚐𝚗(s⊤
1 k)])

q⊥k := q −
⟨q, k⟩
∥k∥2

2
⋅ k

= π/2 ( ⟨q, k⟩
∥k∥2

⋅ 𝔼x∼N(0,∥k∥) [ |x |])
18



19

QJL: KV cache Quantization
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QJL: KV cache Quantization
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Evaluation
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