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Marketing AI System: Challenges 

● Heterogeneous Data
○ Owned channel and paid channel

● Complex action space
○ Audience, content, bidding, timing, etc

● Multiple business goals and constraints
○ 2B products and 2C products
○ Revenue and user experience



NOAH Framework

First General Framework that considers:
● Both 2B and 2C products
● Both owned and paid channels



NOAH Framework

Core Components
● Neural Module

○ MTL
○ Causal ML

● Optimization Module
○ Large-scale LP
○ RL

● Adaptive Heuristics
○ Controller
○ Agent



NOAH Framework

● Guidelines
○ Multiple actions: sequential 
○ Optimization strategy: LP vs RL

● Common Pattern
○ Causal ML + LP + Controller



NOAH Algorithm: Bidding Optimization 



NOAH Algorithm: Content Optimization

● Online learning
● High-dimensional setting
● On-device computing
● Assumption: independent 

gaussian distributed 
weights



NOAH Application: Email marketing

Major A/B test win: one of largest in LinkedIn algorithmic 
marketing thus far



Email System



Large scale LP with randomization: original problem



Large scale LP with randomization: algorithm

● MIP relaxation to LP
● Solving large scale LP

○ LP to QP with regularization
○ Parallelize primal update
○ Efficient box-cut projection (Wolfe’s 

algo)
● Main iterations

○ gradient descent to update dual 
○ box-cut projection to update primal

Original problem

MIP to LP, add regularization Dual problem

Main iterations

Sampling primal



Large scale LP with randomization: learnings
● Smaller gamma gives better 

optimality
● Majority of primal are integer 

solution (on average 95%)
● Use of previous dual for 

current primal solution



LTV modeling for delayed feedback

● Using LTV to predict long 
term metrics

● Handling of censored 
observations
○ Gamma model + axillary 

tasks
○ Survival model

● LTV used in optimization
● LTV used in AB test



Audience Expansion to improve Retrieval

● Conservative audience list in 
legacy system
○ To avoid “overlap” due to lack of 

optimization stage
● ANN to expand conservative 

audience list
○ Locally sensitive hashing

● Trade-off: audience size 
and run-time



AB test Design to reduce signal Dilution

● Reduce Dilution
○ Restrict to member who 

are “available” to receive 
marketing email

○ Conversion can happen 
on “non-exposed” 
audience

● Counterfactual 
comparison on AE and 
non-AE arm



Statistical testing for zero-inflated heavy tail metrics

● Surrogate Index for long 
term value
○ Zero-inflated heavy tail 

metrics
● T-test robustness

○ Simulated log-normal 
distribution

○ Sampled distribution from 
SI

● Alternatives that doesn’t 
work
○ Winsorization
○ Non-para test
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