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Introduction
Predicting CTR & RPM
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Introduction

• Framework

• Large Scale 

• High concurrency

• Real Time 
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Introduction

• Framework
* Solving the optimization problem

𝑊 = 𝑎𝑟𝑔 min
𝑊

𝑙(𝑊, 𝑍)

𝑍 = 𝑋𝑗 , 𝑦𝑗 𝑗 = 1,2, … , 𝑀

𝑦𝑗 = ℎ 𝑊, 𝑋𝑗

𝑙 𝑊, 𝑍 = 𝐿(𝑊) + 𝜑(𝑊)
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Introduction
• From Batch to Online
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Part 2 Truncated Gradient, FOBOS
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Truncated Gradient

• Sparsity
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Truncated Gradient

• Aggressive Rounding

𝑓 𝑤𝑖 = 𝑇0 𝑤𝑖 − 𝜂𝛻1𝐿 𝑤𝑖, 𝑧𝑖 , 𝜃

𝑇0 𝑣𝑗 , 𝜃 =  
0 𝑖𝑓 𝑣𝑗 ≤ 𝜃

𝑣𝑗 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Truncated Gradient

• Smooth rounding

𝑓 𝑤𝑖 = 𝑇1 𝑤𝑖 − 𝜂𝛻1𝐿 𝑤𝑖 , 𝑧𝑖 , 𝜂𝑔𝑖 , 𝜃

𝑇0 𝑣𝑗 , 𝜃 =

max 0, 𝑣𝑗 − 𝛼 𝑖𝑓 𝑣𝑗 ∈ [0, 𝜃]

m𝑖𝑛 0, 𝑣𝑗 + 𝛼 𝑖𝑓 𝑣𝑗 ∈ [−𝜃, 0]

𝑣𝑗 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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FOBOS

• Empirical gradient decent and optimization

𝑊
𝑡+

1

2 = 𝑊(𝑡) − 𝜂 𝑡 𝐺(𝑡)

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊{
1

2
𝑊 − 𝑊

𝑡+
1
2

2

− 𝜂
𝑡+

1
2 𝜓(𝑊)

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊{
1

2
𝑊 − 𝑊𝑡 + 𝜂 𝑡 𝐺 𝑡 2

− 𝜂
𝑡+

1
2 𝜓 𝑊 }
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FOBOS

• Iteration

𝑊(𝑡+1) = 𝑊(𝑡) − 𝜂 𝑡 𝐺 𝑡 − 𝜂
𝑡+

1
2 𝜕𝜓(𝑊(𝑡+1))

0 ∈ 𝜕𝐹 𝑊 = 𝑊 − 𝑊 𝑡 + 𝜂 𝑡 𝐺 𝑡 + 𝜂
𝑡+

1
2 𝜕𝜓(𝑊)

𝑖𝑓 𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊𝐹(𝑊)

0 = 𝑊 − 𝑊 𝑡 − 𝜂 𝑡 𝐺 𝑡 + 𝜂
𝑡+

1
2 𝜕𝜓 𝑊  

𝑊=𝑊 𝑡+1
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FOBOS

• L1-norm

𝑑𝑖𝑣𝑖𝑑𝑒𝑑 𝑤𝑖
𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊(

1

2
𝑤𝑖 − 𝑣𝑖

2 +  𝜆 𝑤𝑖 )

𝐿𝑒𝑡 𝜓 𝑊 = 𝜆 𝑊 1, 𝑉 = 𝑣1, 𝑣2, … , 𝑣𝑁 ∈ 𝑹𝑁

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊  

𝑖=1

𝑁

(
1

2
𝑤𝑖 − 𝑣𝑖

2 +  𝜆 𝑤𝑖 )
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FOBOS

• L1-norm

if 𝑤𝑖
∗ is the solution then 𝑤𝑖

∗𝑣𝑖 ≥ 0

because if 𝑤𝑖
∗𝑣𝑖 < 0

1

2
𝑣𝑖

2 <
1

2
𝑣𝑖

2 − 𝑤𝑖
∗𝑣𝑖 +

1

2
𝑤𝑖

∗ 2 <
1

2
𝑤𝑖

∗ − 𝑣𝑖
2 +  𝜆 𝑤𝑖

∗

for 𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑤𝑖

1

2
𝑤𝑖 − 𝑣𝑖

2 +  𝜆 𝑤𝑖 let −𝑤𝑖 ≤ 0

in KKT condition  
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FOBOS

• Case1     𝑣𝑖 ≥ 0, 𝜔𝑖 ≥ 0

for 𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒𝑤𝑖

1

2
𝑤𝑖 − 𝑣𝑖

2 +  𝜆 𝑤𝑖

Let 𝛽 be the Lagrange factor, then use KKT 

condition add −𝑤𝑖 ≤ 0

𝜕

𝜕𝑤𝑖

1

2
𝑤𝑖 − 𝑣𝑖

2 +  𝜆𝑤𝑖 − 𝛽𝑤𝑖  
𝑤𝑖=𝑤𝑖

∗
= 0 and 𝛽𝑤𝑖 = 0

⇒ 𝑤𝑖
∗= 𝑣𝑖 −  𝜆 + 𝛽
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FOBOS
1 𝑤𝑖

∗ > 0 :
𝛽𝑤𝑖

∗ = 0 ⇒ 𝛽 = 0

⇒ 𝑤𝑖
∗= 𝑣𝑖 −  𝜆

𝑤𝑖
∗ > 0 ⇒ 𝑣𝑖 −  𝜆 > 0

2 𝑤𝑖
∗ = 0 :
⇒ 𝑣𝑖 −  𝜆 + 𝛽 = 0
𝛽 ≥ 0 ⇒ 𝑣𝑖 −  𝜆 ≤ 0

In conclusion vi ≥ 0 ⇒ 𝑤𝑖
∗ = max(0, 𝑣𝑖 −  𝜆)
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FOBOS

• Case2: 𝑣𝑖 < 0 𝑤𝑖
∗ = −max(0, −𝑣𝑖 −  𝜆)

• Conclusion

𝑊𝑖
𝑡+1

=
0 , 𝑖𝑓 𝑤𝑖

𝑡
− 𝜂 𝑡 𝑔𝑖

𝑡
≤ 𝜂(𝑡+

1
2
)𝜆

𝑤𝑖
𝑡

− 𝜂 𝑡 𝑔𝑖
𝑡

− 𝜂
𝑡+

1
2 𝜆 · 𝑠𝑔𝑛 𝑤𝑖

𝑡
− 𝜂 𝑡 𝑔𝑖

𝑡
, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝜃 = ∞, 𝑘 = 1, 𝜆𝑇𝐺
𝑡

= 𝜂
𝑡+

1

2 𝜆
𝑓 𝑤𝑖 = 𝑇1 𝑤𝑖 − 𝜂𝛻1𝐿 𝑤𝑖 , 𝑧𝑖 , 𝜂𝑔𝑖 , 𝜃

𝑇0 𝑣𝑗 , 𝜃 =

max 0, 𝑣𝑗 − 𝛼 𝑖𝑓 𝑣𝑗 ∈ [0, 𝜃]

m𝑖𝑛 0, 𝑣𝑗 + 𝛼 𝑖𝑓 𝑣𝑗 ∈ [−𝜃, 0]

𝑣𝑗 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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Part 3 RDA (Regularized dual averaging)
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RDA

• primal-dual algorithmic schema

𝑊(𝑡+1) = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊

1

𝑡
 

𝑟=1

𝑡

𝐺 𝑟 , 𝑊 + 𝜓 𝑊 +
𝛽 𝑡

𝑡
ℎ(𝑊)

𝑊(𝑡+1) = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊

1

𝑡
 

𝑟=1

𝑡

𝐺 𝑟 , 𝑊 + 𝜆 𝑊 1 +
𝛾

2 𝑡
𝑊 2

2)

𝐿𝑒𝑡 𝜓 𝑊 = 𝜆 𝑊 1, ℎ 𝑊 =
1

2
𝑊 2

2, 𝛽 𝑡 𝑡 ≥ 1}, 𝛽 𝑡 = 𝛾 𝑡
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RDA

FOBOS

Divided

𝑊(𝑡+1) = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊

1

𝑡
 

𝑟=1

𝑡

𝐺 𝑟 , 𝑊 + 𝜆 𝑊 1 +
𝛾

2 𝑡
𝑊 2

2)

min
𝑤𝑖∈𝑹

{  𝑔𝑖
𝑡 𝑤𝑖 + 𝜆 𝑤𝑖 +

𝛾

2 𝑡
𝑤𝑖

2}

𝑊𝑖
𝑡+1 =

0 , 𝑖𝑓  𝑔𝑖
𝑡 < 𝜆

−
𝑡

𝛾
(  𝑔𝑖

𝑡 − 𝜆 · 𝑠𝑔𝑛  𝑔𝑖
𝑡 ) , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑤𝑖
𝑡 − 𝜂 𝑡 𝑔𝑖

𝑡 ≤ 𝜆𝑇𝐺
𝑡 = 𝜂(𝑡+

1
2
)𝜆 𝜗

1

𝑡
𝜆 > 𝜆
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Part 4 FTRL (Follow-the-regularized-Leader)
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FTRL

--FOBOS

• The similarity between FOBOS and RDA

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊{
1

2
𝑊 − 𝑊𝑡 + 𝜂 𝑡 𝐺 𝑡 2

+ 𝜂 𝑡 𝜆 𝑊 1}

min
𝑤𝑖∈𝑹

{
1

2
𝑤𝑖 − 𝑤𝑖

𝑡
+ 𝜂 𝑡 𝑔𝑖

𝑡
2

+ 𝜂 𝑡 𝜆 𝑤𝑖 }

= min
𝑤𝑖∈𝑹

{
1

2
𝑤𝑖 − 𝑤𝑖

𝑡
2

+
1

2
𝜂 𝑡 𝑔𝑖

𝑡
+ 𝑤𝑖𝜂

𝑡 𝑔𝑖
𝑡

+ 𝑤𝑖𝜂
𝑡 𝑔𝑖

𝑡
+ 𝜂 𝑡 𝜆 𝑤𝑖 }

= min
𝑤𝑖∈𝑹

{𝑤𝑖𝑔𝑖
𝑡

+ 𝜆 𝑤𝑖 +
1

2𝜂 𝑡
𝑤𝑖 − 𝑤𝑖

𝑡
2

+ [
𝜂 𝑡

2
𝑔𝑖

𝑡
2

+ 𝑤𝑖
𝑡

𝑔𝑖
𝑡

]}
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FTRL

• The similarity between FOBOS and RDA
min
𝑤𝑖∈𝑹

𝑤𝑖𝑔𝑖
𝑡

+ 𝜆 𝑤𝑖 +
1

2𝜂 𝑡
𝑤𝑖 − 𝑤𝑖

𝑡
2

+
𝜂 𝑡

2
𝑔𝑖

𝑡
2

+ 𝑤𝑖
𝑡

𝑔𝑖
𝑡

~ min
𝑤𝑖∈𝑹

𝑤𝑖𝑔𝑖
𝑡

+ 𝜆 𝑤𝑖 +
1

2𝜂 𝑡
𝑤𝑖 − 𝑤𝑖

𝑡
2

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊 𝐺 𝑡 ∙ 𝑊 + 𝜆 𝑊 1 +
1

2𝜂 𝑡 𝑊 − 𝑊𝑡
2
2 L1FOBOS

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊{𝐺 1:𝑡 ∙ 𝑊 + 𝜆 𝑊 1 +
1

2𝜂 𝑡 𝑊 − 0 2
2} L1RDA
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FTRL

• The Combination of FOBOS and RDA ---- FTRL

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊  𝐺 1:𝑡 ∙ 𝑊 + 𝜆1 𝑊 1 +
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FTRL

• Optimization

Divided

𝑊 𝑡+1 = 𝑎𝑟𝑔𝑚𝑖𝑛𝑊 𝑍(𝑡) ∙ 𝑊 + 𝜆1 𝑊 1 +
1

2
(𝜆2 +  𝑠=1

𝑡 𝜎𝑠) 𝑊 2
2

𝑤𝑖
∗𝑣𝑖 ≥ 0, 𝑤𝑖

∗ ≥ 0

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒
𝑤𝑖 ∈ 𝑹

𝑧𝑖
𝑡

∙ 𝑤𝑖 + 𝜆1 𝑤𝑖 +
1

2
𝜆2 +  

𝑠=1

𝑡

𝜎𝑠 𝑤𝑖
2

𝑊𝑖
𝑡+1 =

0 , 𝑖𝑓 𝑧𝑖
𝑡

< 𝜆1

− 𝜆2 +  

𝑠=1

𝑡

𝜎𝑠

−1

(𝑧𝑖
𝑡 − 𝜆1 ∙ 𝑠𝑔𝑛 𝑧𝑖

(𝑡)
), 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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FTRL

𝜂𝑖
𝑡

=
𝛼

𝛽 +  𝑠=1
𝑡 𝑔𝑖

𝑠
2
, 𝜎 1:𝑡 =

1

𝜂(𝑡)
,

 

𝑠=1

𝑡

𝜎 𝑠 =
1

𝜂𝑖
𝑡

= (𝛽 +  

𝑠=1

𝑡

𝑔𝑖
𝑠

2
)/𝛼



DM
LESS IS MORE Data Mining Lab

数据挖掘实验室

Part 5  Discussion and Conclusion
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OGD FOBOS RDA

FTRL

Sparsity

Accurency
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Thanks

• Q&A


