
mailto:lucasl@mit.edu


mailto:lucasl@mit.edu


mailto:lucasl@mit.edu


mailto:lucasl@mit.edu


mailto:lucasl@mit.edu


mailto:lucasl@mit.edu


parameter efficiency
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𝑓𝜃(𝑥) 𝜃 𝜖, 𝛿 ∈ (0, 1) dense
መ𝜃

ℙ𝑥∼𝒟 𝑓𝜃 𝑥 ∈ 1± 𝜖 𝑓𝜃 𝑥 ≥ 1 − 𝛿 𝑠𝑖𝑧𝑒 መ𝜃 ≪ 𝑠𝑖𝑧𝑒(𝜃)
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𝑠𝑗
ℓ 𝑗 ℓ

𝑠𝑗
ℓ ∼ 𝑊𝑗

ℓ

2

𝑠𝑗
ℓ~1 /max

𝑥
𝑧ℓ+1 𝑥 − 𝑧 𝑗

ℓ+1 𝑥

𝑠𝑗
ℓ ~ 𝑊𝑗

ℓ

1

1, … , ℓ, … , 𝐿

𝑗 ℓ 𝑠𝑗
ℓ 𝑊𝑗

ℓ 𝑥 𝑧ℓ(𝑥) 𝑧[𝑗]
ℓ 𝑗
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𝑠𝑗
ℓ 𝑗 ℓ 1, … , ℓ, … , 𝐿
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ℓℓ − 1 ℓ + 1

𝑥 ∼ 𝒟

mailto:lucasl@mit.edu


𝑠𝑗
ℓ 𝑗 ℓ

ℓℓ − 1 ℓ + 1
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𝑓𝜃(𝑥) 𝜃 𝜖, 𝛿 ∈ (0, 1) dense
መ𝜃 ℙ𝑥∼𝒟 𝑓𝜃 𝑥 ∈ 1 ± 𝜖 𝑓𝜃 𝑥 ≥ 1 − 𝛿

𝒪 σℓ=1
𝐿 𝐿2 Δℓ

2
𝑆ℓ log ൗ

𝜂
𝛿

𝜖2

𝑆𝑙 = σ𝑗 𝑠𝑗
ℓ

𝑆ℓ ≔ Δℓ ≔
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𝑠𝑖𝑧𝑒 𝜃 = 𝑔(𝑚1,… ,𝑚𝐿)

𝜖ℓ = 𝑓(𝑚ℓ) ℓ
𝑚ℓ

ℬ
m1,… ,𝑚𝐿 = argminmax

ℓ
𝜖ℓ 𝑚ℓ

𝑠. 𝑡. 𝑠𝑖𝑧𝑒 𝜃 = 𝑔 𝑚1,… ,𝑚𝐿 ≤ ℬ
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휀ℓ = 휀ℓ prune_ratio 𝑓 − መ𝑓 ≤ 휀 𝑓 휀 = 휀 휀1,… , 휀𝐿

minimize 𝑐𝑜𝑠𝑡 휀1,… , 휀𝐿 𝑠. 𝑡. 𝑠𝑖𝑧𝑒 መ𝜃 ≤ ℬ
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𝑎

𝑓 × 𝑐

𝑎

𝑠

𝑓 × 𝑗 𝑗 × 𝑐

∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: 𝑈ℓ ∗ 𝑉ℓ

휀ℓ = 휀ℓ 𝑗 = 휀ℓ("prune_ratio")

mailto:lucasl@mit.edu


𝑎

𝑓 ×
𝑐

𝑘
𝑘

𝑎

𝑠
∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓 + 𝑐)

𝑊ℓ = =: 𝑈ℓ ∗ 𝑉ℓ

휀ℓ = 휀ℓ 𝑗 = 휀ℓ("prune_ratio")

𝑗 × 𝑐𝑓 × 𝑗
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𝑎 𝑎

𝑎

∗≈
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𝑘
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𝑎
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𝑎 𝑎

𝑎

∗≈

# 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑓𝑐 # 𝑝𝑎𝑟𝑎𝑚𝑠 = 𝑗(𝑓𝑘 + 𝑐)
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𝑘 ∗ 𝑗 ×
𝑐

𝑘
𝑓 × 𝑗𝑘𝑓 ×

𝑐

𝑘
𝑘

𝑎

휀ℓ = 휀ℓ 𝑗, 𝑘 = 휀ℓ("prune_ratio")
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min
𝑗1,…,𝑗𝐿

max
𝑙∈[𝐿]

휀ℓ(𝑘ℓ, 𝑗ℓ)

𝑠. 𝑡. 𝑠𝑖𝑧𝑒( መ𝜃) ≤ ℬ

𝑏1,… , 𝑏𝐿

𝑘1, … , 𝑘𝐿

𝑘1, … , 𝑘𝐿
min
𝑗ℓ,𝑘ℓ

휀ℓ(𝑗ℓ, 𝑘ℓ)

𝑠. 𝑡. 𝑠𝑖𝑧𝑒( መ𝜃ℓ) ≤ 𝑏ℓ
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𝛿 ∈ 0,1 𝑓𝜃 𝒟 𝑃 𝜃,𝒟

𝑃 𝜃, 𝒟 ≔ "𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑟𝑢𝑛𝑒 𝑟𝑎𝑡𝑖𝑜 𝑤𝑖𝑡ℎ 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑙𝑜𝑠𝑠 𝑎𝑡 𝑚𝑜𝑠𝑡 𝛿"

𝛿 = 0
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𝑓𝜃 𝒟 test distribution 𝒟′

𝑒 𝜃, 𝒟′ ≔ "𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑟𝑟𝑜𝑟 𝑖𝑛𝑐𝑢𝑟𝑟𝑒𝑑 𝑜𝑛 𝑡𝑒𝑠𝑡 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛"
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𝒛0 ∼ 𝑝𝑧0 𝒛0 𝒛𝑛 ∼ 𝑝𝑧𝑛 𝒛𝑛

log 𝑝 𝒛 𝑡𝑛 = log 𝑝 𝒛 𝑡0 − 
𝑡0

𝑡1Tr
𝜕𝑓

𝜕𝒛(𝑡)
𝑑𝑡

𝜕𝒛 𝑡

𝜕𝑡
= 𝑓 𝒛 𝑡 , 𝑡, 𝜃 𝒛 𝑡0 = 𝒛0

𝜕𝒛 𝑡

𝜕𝑡
= 𝑓 𝒛 𝑡 , 𝑡, 𝜃

𝒛0 ∼ 𝑝𝑧0 𝒛0 𝒛𝑛 ∼ 𝑝𝑧𝑛 𝒛𝑛
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