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Presentation Plan
1. Problem definition and goals of the project
2. Search for the best model specification:

1. Pooled logistic and probit regressions in TensorFlow2. Unobserved effects in Apache Spark
3. Results
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Problem Definition and Goals of the Project
We can create:Statistical Inference ✓ Small data ✗Statistical Inference ✗ Big data ✓

Complexityo open problem in econometricso ensuring statistical consistencyo computational performanceo Robustness to singularity
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Develop an efficient scalable tool for statistical inference

Goal:Statistical Inference ✓Big data ✓
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Data Description
Data Insights:28 features - 11 continuous, 1 categorical, 16 binaryBinary Outcome 500 M observationsPanel data

4Scalable Statistics with Large Datasets

Different approaches for binaryPanel data:
1. Pooled Logistic Regression2. Pooled Probit Regression3. Conditional MLE for fixedeffects4. Unconditional MLE for fixedeffects
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Expected output:Average Partial Effects
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We use the leading technologies in distributedcomputing
GPUs - TensorFlow: open-source machine learning platform, Google initially developed for large numerical computations
 Seamless parallelization of computationsacross several GPUs in a batched manner
 Impossible to store the data in RAM ➔ efficient data pipelines
Cluster-based computations - Apache Spark: open-source cluster-computing system one of the most popular data preprocessing systems
 fast, in-memory computing automatically distribute the data across the clusterand parallelize the operations we perform on them
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Pooled vs Fixed Effects Logit
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Scalable package for logistic and probit regressions inTensorFlow does not exist
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Our solution: model as a single-layer neural network

First orderapproximation of thelikelihood functionwithmini-batch gradientdescend methods
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Now one can compute statistical summary for billions of observations
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Computation of Standard Errors is challenging
Under certain regularity conditions, asymptoticallywhere is a vector of true coefficients, maximum likelihood estimate,covariance matrix

where is the expected Fisher information.
For the logit and probit regressions on observations
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Process theentire dataset!
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Pooled vs Fixed Effects Logit
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Fixed Effect Model
Why fixed effects?• Catch the group-specific characteristics.Model setup
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Parameter estimation
Unconditional MLE

17Scalable Statistics with Large Datasets

• Concavity of Loglikelihood function renders good performance usingNewton's method• Exploit sparsity of the Hessian, reducing computational complexityO(N3T2) to O(TN)\
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Incidental parameters problem
• Infinitely many parameters αi with only Ti observations result ininconsistency in α and bias in β.• Bias correction method:• Cross-over Jackknifing
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Conditional Fixed Effect Logit
• Why condition?

• ∑𝑇 𝑖
𝑖=1 𝑦 𝑖𝑡 sufficient for 𝛼𝑖 so we maximize a condtional probabilty

• analoguos to demeaning in linear fixed effects• removes incidental parameter problem -> consistent 𝛽 estimate
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Conditional Logit
• Denominator term hard to calculate with 𝑡𝑖

𝑇𝑖
 terms (𝑡𝑖 =∑𝑇 𝑖

𝑖=1 𝑦 𝑖𝑡 )
• Recursively O(T2)• Transfers to gradient and Hessian

• How do we get APEs ?• Conditional estimate of 𝛽 → Unconditional MLE estimate 𝛼,fixed 𝛽
• Comparison to Unconditional Logit• Unbiased, but computationally heavy O(T2)• (vs fast but biased O(T))
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• Robust• Conditional and Unconditional MLE parameter estimation• Statistical summary (p-values, CI's, Wald and LL tests, Pseudo R^2)• Sandwich errors (no homoskedasticity assumption)• Incidental parameter and APE estimation• Efficient• Local Numpy arrays• Vectorised implementation• BLAS for fast in-memory LA• Stable• float64• Line search stabilization• Modified Cholesky decomposition (robust for collinearity)
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Our Implementation
Spark-based Scalable Model• The dataset is grouped by an observational unit• One data shuffle• RDD-s are cached on nodes• Computation happens only with Transformations (Map) andActions (Reduce)
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Log likelihoodGradientHessianAPEsSandwich errors
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Results
We can perform statistical inference on BIG DATA!
• In TensorFlow, Pooled regressions with arbitrary link functions• In Apache Spark, scalable linear models with Unobserved effects
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