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𝑓: 𝑋 → 𝑌

•
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𝑓: 𝑋 → 𝑌
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𝑓: 𝑋 → 𝑌



𝑓: 𝑋 → 𝑌



𝑓: 𝑋 → 𝑌



Ad Spend, 
Bugs Reported, 
Discount 

.

?

,,,



Ad Spend, 
Bugs Reported, 
Discount 

.

?

Sales Calls.
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• →

• →
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𝑛1 = 1000, 𝑛2 = 1100

𝑝1 =
20

1000
, 𝑝2 =

30

1100

: 𝑝1−𝑝2= 0
𝑝1−𝑝2< 0 𝑜𝑟 𝑝1−𝑝2> 0

෤𝑝1 − ෤𝑝2~ 𝑁(𝑝1− 𝑝2,
𝑝1 1 − 𝑝1

n1
+
𝑝2 1 − 𝑝2

n2
)

𝑍 =
ത𝑋−𝜇

𝑆𝐸
=

(𝑝1−𝑝2)−(𝑝1−𝑝2)

𝑝1 1−𝑝1
n1

+
𝑝2 1−𝑝2

n2

𝑍 =
(𝑝1−𝑝2)−(𝑝1−𝑝2)

𝑝 1−𝑝

n1
+
𝑝 1−𝑝

n2

(0.02−0.027)−(0)

0.024 0.0976

1000
+
0.024 0.0976

1100

= −1.05

෨𝑃 =
𝑚1 +𝑚2

𝑝1 + 𝑝2
=

20 + 30

1000 + 1100
= 0.024



• →

•

→ →

•

→ →



•

A𝑡 =𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝑄𝑡(𝑎)
𝑡 𝑄𝑡(𝑎)

•

𝜖 A𝑡 = 𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝑄𝑡 𝑎 𝜖

•

→ 𝑁𝑡 𝑎 = 𝑐 =

A𝑡 =𝑎𝑟𝑔𝑚𝑎𝑥𝑎[𝑄𝑡 𝑎 +c
lnt

𝑁𝑡(𝑎)
] → 𝑁𝑡 𝑎

𝑡 𝐴𝑡

𝑅𝑡

𝑡 𝑄𝑡(𝑎)



•

• →

𝐵 =<𝐺,Θ > →

𝐺 =𝐷𝑖𝑟𝑒𝑐𝑡𝑒𝑑𝐴𝑐𝑦𝑐𝑙𝑖𝑐𝐺𝑟𝑎𝑝ℎ𝑠 𝐷𝐴𝐺

Θ = (𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦)



• 𝐺 =𝐷𝑖𝑟𝑒𝑐𝑡𝑒𝑑𝐴𝑐𝑦𝑐𝑙𝑖𝑐𝐺𝑟𝑎𝑝ℎ𝑠 𝐷𝐴𝐺 , Θ = 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦

• =𝐵 =<𝐺,Θ> →

•

𝑁𝑜𝑑𝑒 = 𝐴,𝐵,𝐶,𝐷,𝐸,𝐹,𝐺
𝐸𝑑𝑔𝑒 =→

ex. 𝐴 →𝐵



• 𝐺 =𝐷𝑖𝑟𝑒𝑐𝑡𝑒𝑑𝐴𝑐𝑦𝑐𝑙𝑖𝑐𝐺𝑟𝑎𝑝ℎ𝑠 𝐷𝐴𝐺 , Θ = (𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦)

• =𝐵 =<𝐺,Θ> →

•

𝑃 𝑋 𝑌 = 𝑦 =
𝑃(𝑋,𝑌 = 𝑦)

𝑃(𝑌 = 𝑦)
=

𝑃 𝑌 𝑋 𝑃(𝑋)

Σ𝑥∈𝑋 𝑃 𝑌 𝑋 = 𝑥 𝑃(𝑋 = 𝑥)

𝐵

𝑃𝐵 𝑋1,…,𝑋𝑛 =ෑ

𝑖=1

𝑛

𝑃𝐵 𝑋𝑖 Π𝑋𝑖) = ෑ

𝑖=1

𝑛

𝜃𝑋𝑖|Π𝑋𝑖

Θ= 𝑋𝑖 𝑥𝑖 𝜃𝑥𝑖|Π𝑥𝑖
=𝑃𝐵 𝑥𝑖 Π𝑥𝑖

Π𝑋𝑖 = 𝑋𝑖

=𝑃𝐵 𝑋1, 𝑋2, 𝑋3
= 𝑃𝐵 𝑋1 𝑃𝐵 𝑋2 𝑋1 𝑃𝐵 𝑋3 𝑋1, 𝑋2
= 𝑃𝐵 𝑋1 𝑃𝐵 𝑋2 𝑋1 𝑃𝐵(𝑋3|𝑋2)

𝜃𝑋1|Π𝑋1 =𝑃𝐵(𝑋1)

𝜃𝑋2|Π𝑋2 = 𝑃𝐵(𝑋2|𝑋1)

𝜃𝑋3|Π𝑋3 = 𝑃𝐵(𝑋3|𝑋2)

𝑋1 → 𝑋2 → 𝑋3

𝑋1 𝑋2 𝑋1 𝑋3 𝑋2



•

• →

• 𝜏 = 𝑌 1 −𝑌(0)

𝜏𝐾𝑖𝑚 = 𝑌𝐾𝑖𝑚 1 −𝑌𝑘𝑖𝑚(0)

𝐾𝑖𝑚

𝑌𝐾𝑖𝑚(1)

𝑌𝐾𝑖𝑚(0)

(𝑍)

𝑌𝑘𝑖𝑚 = 𝑌𝐾𝑖𝑚(1)

𝑌𝐾𝑖𝑚 0



•

•

𝑧𝑖) 𝑌𝑖 𝑌𝑖 𝜏𝑖)

𝑌1 1 − 𝑌1 0

𝑌2 1 − 𝑌2 0

𝑌3 1 − 𝑌3 0

𝑌4 1 − 𝑌4 0

𝑌𝑖 𝑌𝑖

𝜏𝐴𝑇𝐸 = 𝐸 𝑌 1 − 𝐸[𝑌 0 ]



•

•

•

𝑃 𝑌 𝑇, 𝑆 = 𝑚𝑖𝑙𝑑 𝑃(𝑌|𝑇, 𝑆 = 𝑠𝑒𝑣𝑒𝑟𝑒) 𝑃(𝑌|𝑇)

෍

𝑐

𝑃 𝑌 𝑇, 𝑆 𝑃(𝑆)

𝑇 𝑌

𝑇 𝑌

𝑍



• 𝑍 →

𝜏𝐴𝑇𝐸 = 𝐸 𝑌 1 − 𝐸[𝑌 0 ]𝜏𝑖 = 𝑌𝑖 1 − 𝑌𝑖 0

𝜏𝑖)

𝑌1 1 − 𝑌1 0

𝑌2 1 − 𝑌2 0

𝑌3 1 − 𝑌3 0

𝑌4 1 − 𝑌4 0

𝑇 𝑌

Z

𝜏𝐶𝐴𝑇𝐸 =
1

𝑛
෍

𝑖=1

𝑛

{𝐸 𝑌𝑖 1 𝑍𝑖 ] − 𝐸[𝑌𝑖(0)|𝑍𝑖]}



•

•

•



𝑋0,𝑌0 : 𝑋1,𝑌1 :
ෝ𝜇0:𝐸[𝑌(0)|𝑋 = 𝑥] ෝ𝜇1:𝐸[𝑌(1)|𝑋 = 𝑥]

𝐶𝐴𝑇𝐸 = ෠Τ 𝑥 = ෝ𝜇1 𝑥 − ෝ𝜇0(𝑥)

•

• 𝑀

•



•

• 𝑌 𝑀

• 𝑊=1 𝑊 =0

𝐶𝐴𝑇𝐸 = ෠Τ 𝑥 = Ƹ𝜇 𝑥,1 − Ƹ𝜇(𝑥,0)



•

• ෝ𝜇0, ෝ𝜇1 →

• →

• 𝑔 𝑥

•



•

•

•

•



•

•



•

•

•

•





•

•

•

•

•

•

•

•

•

•

•

https://netflixtechblog.com/what-is-an-a-b-test-b08cc1b57962
https://www.youtube.com/watch?v=WelCrmgje5A
https://www.slideshare.net/lumiamitie/causal-inference-primer-20190601?from_action=save
https://sites.google.com/view/causal-inference2021
https://playinpap.github.io/mab/
https://assaeunji.github.io/bayesian/2020-04-10-causal/
https://zzaebok.github.io/ab_test/ab-testing/
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