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Why extract types? Why Python?
» Al skill demand exceeds supply, * Widely used for machine learning

need to increase productivity » Until recently, no static type checks
» Al for business must be trustworthy, need + With Python 3, optional static types, but

to avoid bugs popular machine learning libraries such as
» Types avoid bugs with high productivity scikit-learn do not use them vet
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Vision ‘
scikit-learn library Python 3 type

with dynamic type 1 Static analysis specifications for
checks scikit-learn

Python code that
uses scikit-learn

WALA (IBM’s T.J. Weakest Off-the-shelf tools for Errors, warnings,
Watson Libraries for preconditions Python 3 type and suggested
Analysis) inference checking repairs

~_
Examples and Problem Statement Approach
» Symbolic execution techniques:
Example 1: Example 2 (adapted from web, ga.ru): . . .
: , A ) weakest precondition inference using
1/ Error triggered by parameter dependences /I Error trlggergd by input test_x: must be either a |
/I Path condition: svd_solver == “full” && x ;F;?r:s:owc?itt;g(n9r a well-shaped (array) sequence novel Intel'-pl'OcedUI'a| baCkward
/I (0 <= ts <= | X - § . .
! =([[0’1]t1[?1(:’c;r]1?[%?:]e’;[gzl]; num_columns(X)) et !;sfp-:?r;se(text_x) && lisArraySeq(test_x) reason.lng - . .
- PCA o o » Entails highly-precise analysis
pca = (n_components= ver=full’): Ir = LogisticRegression(C=4, dual=True) . .
poa i) svd_solver="ful’); Irfit(...) « scikit-learn is amenable to such
) ! ... = Ir.predict_proba(test_x)[:,1] . H .
7 highly-precise analysis
_fit(X); _predict_proba(X)  //in file logistic.py
o _predict_proba_Ir(X) // in file base.py * Immediate Scope: “lift” dynamically
it_full(X); m
_'*_u *) decision_function(X) // in file base.py checked ValueErrors to conditions on
ValueError! _cheoy, aray(X, accept_sparse="csr’); user inputs. Catch errors early and
/'in file validation.py suggest repairs
ValueError!
» Errors occur far from where they are introduced « Broader scope: generalized type
* Problem statement: “lift” path conditions that trigger error extraction for ML libraries and Python

(deep in ML library code) to conditions on user inputs



