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Setting: Online Multiclass
Classification

The online multiclass classification setting proceeds in rounds t = 1, . . . , T . In each
round t
1 the environment picks an outcome yt ∈ {1, . . . K} and reveals a feature vector xt

to the learner
2 the learner issues a (randomized) prediction ŷt

3

{
Full Information Setting: the environment reveals true outcome yt
Bandit setting: the environment reveals loss 1[yt 6= ŷt]

4 the learner suffers E[1[yt 6= ŷt]]
Goal: minimize the expected surrogate regret RT

RT = E

 T∑
t=1

1[yt 6= ŷt]− `(〈U ,xt〉︸ ︷︷ ︸
margin

, yt)



Results

Algorithm Full information RT Bandit RT Time (per round)
Standard first-order O(‖U‖

√
T ) O((K)1/3T 2/3) O(dK)

Standard second-order O(e‖U‖dK ln(T )) O(K
√
dT ln(T )) O((dK)2)

Gaptron O(K‖U‖2) O(K
√
T ) O(dK)

Standard Analysis

T∑
t=1

1[yt 6= ŷt]− `(〈U ,xt〉, yt)

=

 T∑
t=1

1[yt 6= ŷt]− `(〈Wt,xt〉, yt)︸ ︷︷ ︸
Very wastefull: bound by 0

 +

(
T∑
t=1

`(〈Wt,xt〉, yt)− `(〈U ,xt〉, yt)

)

≤
T∑
t=1

`(〈Wt,xt〉, yt)− `(〈U ,xt〉, yt)︸ ︷︷ ︸
controlled by OGD

≤ ‖U‖
2

2η
+ η

2

T∑
t=1
‖∇Wt

`(〈Wt,xt〉, yt)‖2

= O
(
‖U‖
√
T
)

Standard Analysis: Figure

surrogate loss

if margin postive predict 1,

 otherwise predict 2

zero-one loss
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Gaptron Key Idea

surrogate loss
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Gaptron:  add randomness

to exploit surrogate gap
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more information:

zero-one
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Gaptron Analysis

T∑
t=1

E [1[yt 6= ŷt]]︸ ︷︷ ︸
Gaptron is random

− `(〈U ,xt〉, yt)

=

(
T∑
t=1

E [1[yt 6= ŷt]]− `(〈Wt,xt〉, yt)

)
+

T∑
t=1

`(〈Wt,xt〉, yt)− `(〈U ,xt〉, yt)︸ ︷︷ ︸
controlled by OGD

≤ ‖U‖
2

2η
+

(
T∑
t=1

E [1[yt 6= ŷt]] + η

2
‖∇Wt

`(〈Wt,xt〉, yt)‖2︸ ︷︷ ︸−`(〈Wt,xt〉, yt)

)

surrogate loss

Gaptron

Shaded area represents

eta times norm of gradient
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T∑
t=1

E [1[yt 6= ŷt]]− `(〈U ,xt〉, yt)

≤ ‖U‖
2

2η
+

 T∑
t=1

E [1[yt 6= ŷt]] + η

2
‖∇Wt

`(〈Wt,xt〉, yt)‖2︸ ︷︷ ︸
Smaller than surrogate loss!

− `(〈Wt,xt〉, yt)


≤ 2KX2‖U‖2


