
Joint Transfer and Batch-
mode Active Learning

ICML 2013



参数分类模型 max
𝜃𝜃

𝑃𝑃 𝑋𝑋,𝑌𝑌 𝜃𝜃 = 𝑃𝑃 𝑋𝑋 𝜃𝜃 𝑃𝑃(𝑌𝑌|𝑋𝑋,𝜃𝜃)

迁移学习问题 source 𝑆𝑆~ 𝑋𝑋𝑆𝑆,𝑌𝑌𝑆𝑆 𝑃𝑃𝑆𝑆(𝑋𝑋) ≠ 𝑃𝑃𝑇𝑇(𝑋𝑋)
target 𝑇𝑇~(𝑋𝑋𝑇𝑇 ,𝑌𝑌𝑇𝑇)

𝑃𝑃𝑆𝑆 𝑋𝑋,𝑌𝑌 𝜃𝜃 ≠ 𝑃𝑃𝑇𝑇 𝑋𝑋,𝑌𝑌 𝜃𝜃 无法直接利用源域数据训练目标域模
型

𝑃𝑃𝑆𝑆 𝑌𝑌 𝑋𝑋 = 𝑃𝑃𝑇𝑇(𝑌𝑌|𝑋𝑋) 样本迁移、主动学习 𝑃𝑃𝑆𝑆∪𝐿𝐿∪𝑄𝑄 𝑋𝑋 = 𝑃𝑃𝑈𝑈−𝑄𝑄(𝑋𝑋)
𝑇𝑇 = 𝑈𝑈 ∪ 𝐿𝐿

Introduction



MMD (Maximum Mean Discrepancy)

𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹,𝑝𝑝, 𝑞𝑞 ≔ sup
𝑓𝑓∈𝐹𝐹

(𝐄𝐄𝑥𝑥 𝑓𝑓 𝑥𝑥 − 𝐄𝐄𝑦𝑦 𝑓𝑓 𝑦𝑦 )

设𝐹𝐹为RKHS上单位球,𝑓𝑓 𝑥𝑥 = 𝑓𝑓,𝜙𝜙 𝑥𝑥 𝐻𝐻, 𝜙𝜙 𝑥𝑥 ,𝜙𝜙 𝑦𝑦 = 𝑘𝑘(𝑥𝑥,𝑦𝑦)
𝐄𝐄𝑥𝑥𝑓𝑓 = 𝑓𝑓, 𝜇𝜇𝑝𝑝 𝐻𝐻

,𝐄𝐄𝑦𝑦𝑓𝑓 = 𝑓𝑓, 𝜇𝜇𝑞𝑞 𝐻𝐻
,𝜇𝜇 ∈ 𝐻𝐻

𝑀𝑀𝑀𝑀𝐷𝐷2 𝐹𝐹,𝑝𝑝, 𝑞𝑞 = sup
𝑓𝑓 𝐻𝐻≤1

𝐄𝐄𝑥𝑥 𝑓𝑓 𝑥𝑥 − 𝐄𝐄𝑦𝑦 𝑓𝑓 𝑦𝑦 2

= sup
𝑓𝑓 𝐻𝐻≤1

𝜇𝜇𝑝𝑝 − 𝜇𝜇𝑞𝑞 ,𝑓𝑓
𝐻𝐻

2

= 𝜇𝜇𝑝𝑝 − 𝜇𝜇𝑞𝑞 𝐻𝐻
2

= 𝜇𝜇𝑝𝑝,𝜇𝜇𝑝𝑝 𝐻𝐻
+ 𝜇𝜇𝑞𝑞, 𝜇𝜇𝑞𝑞 𝐻𝐻

- 2 𝜇𝜇𝑝𝑝, 𝜇𝜇𝑞𝑞 𝐻𝐻

𝑀𝑀𝑀𝑀𝐷𝐷𝑏𝑏 𝐹𝐹,𝑋𝑋,𝑌𝑌 ≔ sup
𝑓𝑓∈𝐹𝐹

1
𝑚𝑚
�
𝑖𝑖=1

𝑚𝑚

𝑓𝑓 𝑥𝑥𝑖𝑖 −
1
𝑛𝑛
�
𝑖𝑖=1

𝑛𝑛

𝑓𝑓 𝑦𝑦𝑖𝑖



MMD (Maximum Mean Discrepancy)

𝑀𝑀𝑀𝑀𝐷𝐷𝑢𝑢2 𝐹𝐹,𝑋𝑋,𝑌𝑌

=
1

𝑚𝑚 𝑚𝑚− 1
�
𝑖𝑖=1

𝑚𝑚

�
𝑗𝑗≠𝑖𝑖

𝑚𝑚

𝑘𝑘 𝑥𝑥𝑖𝑖 , 𝑥𝑥𝑗𝑗 +
1

𝑛𝑛 𝑛𝑛 − 1
�
𝑖𝑖=1

𝑛𝑛

�
𝑗𝑗≠𝑖𝑖

𝑛𝑛

𝑘𝑘(𝑦𝑦𝑖𝑖 ,𝑦𝑦𝑗𝑗) −
2
𝑚𝑚𝑚𝑚

�
𝑖𝑖=1

𝑚𝑚

�
𝑗𝑗=1

𝑛𝑛

𝑘𝑘(𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑗𝑗)

设𝐻𝐻为定义在紧致度量空间𝑋𝑋上且有连续核函数𝑘𝑘的𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅，则
当𝐹𝐹为𝐻𝐻上单位球时,𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹,𝑝𝑝, 𝑞𝑞 = 0, 𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝 = 𝑞𝑞。

证明：A Kernel Two-Sample Test

𝑀𝑀𝑀𝑀𝐷𝐷2 𝐹𝐹,𝑝𝑝, 𝑞𝑞 = 𝐄𝐄𝑥𝑥,𝑥𝑥′ 𝑘𝑘 𝑥𝑥, 𝑥𝑥′ − 2𝐄𝐄𝑥𝑥,𝑦𝑦 𝑘𝑘 𝑥𝑥,𝑦𝑦 + 𝐄𝐄𝑦𝑦,𝑦𝑦′ 𝑘𝑘 𝑦𝑦,𝑦𝑦′



MMD (Maximum Mean Discrepancy)

Choice of kernel

𝐾𝐾 ≔ 𝑘𝑘: 𝑘𝑘 = �
𝑢𝑢=1

𝑑𝑑

𝛽𝛽𝑢𝑢𝑘𝑘𝑢𝑢 , �
𝑢𝑢=1

𝑑𝑑

𝛽𝛽𝑢𝑢 = 𝐷𝐷,𝛽𝛽𝑢𝑢 ≥ 0,∀𝑢𝑢 ∈ 1, … ,𝑑𝑑

𝐻𝐻0 ∶ 𝑝𝑝 = 𝑞𝑞 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ≤ 𝜖𝜖 𝑘𝑘∗ = argmin
𝑘𝑘∈𝐾𝐾

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐼𝐼𝐼𝐼 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

具体过程：Optimal kernel choice for large-scale two-sample tests



Joint Optimization Framework

𝑃𝑃𝑆𝑆∪𝐿𝐿∪𝑄𝑄 𝑋𝑋 = 𝑃𝑃𝑈𝑈−𝑄𝑄(𝑋𝑋)

min
𝛼𝛼,𝛽𝛽

‖
1

𝑛𝑛𝑠𝑠 + 𝑛𝑛𝑙𝑙 + 𝑏𝑏
�
𝑖𝑖∈𝑆𝑆

𝛽𝛽𝑖𝑖𝜙𝜙 𝑥𝑥𝑖𝑖 + �
𝑖𝑖∈𝐿𝐿

𝜙𝜙 𝑥𝑥𝑖𝑖 + �
𝑖𝑖∈𝑈𝑈

𝛼𝛼𝑖𝑖𝜙𝜙 𝑥𝑥𝑖𝑖

−
1

𝑛𝑛𝑢𝑢 − 𝑏𝑏
�
𝑖𝑖∈𝑈𝑈

1 − 𝛼𝛼𝑖𝑖 𝜙𝜙 𝑥𝑥𝑖𝑖 ‖𝐻𝐻2

𝑠𝑠. 𝑡𝑡. 𝛼𝛼𝑖𝑖 ∈ 0,1 ,𝛽𝛽𝑖𝑖 ∈ 0,1 ,𝛼𝛼⊤𝟏𝟏 = 𝑏𝑏

其中 𝜙𝜙:𝑋𝑋 → 𝐻𝐻



Joint Optimization Framework



Joint Optimization Framework

min
𝑋𝑋:𝑋𝑋𝑖𝑖∈ 0,1 ,𝑋𝑋⊤𝐵𝐵=𝑏𝑏

0.5𝑋𝑋⊤𝐻𝐻𝐻𝐻 + 𝑓𝑓⊤𝑋𝑋 where

𝑋𝑋 = 𝛽𝛽
𝛼𝛼 ,𝐻𝐻 =

𝐾𝐾𝑠𝑠,𝑠𝑠 𝐾𝐾𝑠𝑠,𝑢𝑢

𝐾𝐾𝑠𝑠,𝑢𝑢
⊤ 𝐾𝐾𝑢𝑢,𝑢𝑢

,𝑓𝑓 =
𝑘𝑘𝑠𝑠,𝑙𝑙 − 𝑘𝑘𝑠𝑠,𝑢𝑢
𝑘𝑘𝑢𝑢,𝑙𝑙 − 𝑘𝑘𝑢𝑢,𝑢𝑢

,𝐵𝐵 = 𝑂𝑂
𝐼𝐼 ,

𝐼𝐼 = 𝟏𝟏𝑛𝑛𝑢𝑢×1,𝑂𝑂 = 𝟎𝟎𝑛𝑛𝑠𝑠×1.



Joint Optimization Framework



Test



Competing Methods

2S-TAL: 先样本迁移，再主动学习

JO-T-Rand:先随机query，再样本迁移，减小𝑀𝑀𝑀𝑀𝑀𝑀 𝑆𝑆 ∪ 𝑄𝑄 ∪ 𝐿𝐿,𝑈𝑈 − 𝑄𝑄

2S-T-Rand:先样本迁移，再随机主动学习

AL:主动学习，减小𝑀𝑀𝑀𝑀𝑀𝑀(𝑄𝑄 ∪ 𝐿𝐿,𝑈𝑈 − 𝑄𝑄)



Experiment



Thanks
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