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Static Analysis

E.g., control-flow graph

(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(define (fib-loop n)
  (define (loop i)
    (if (< i n)
        (begin
          (display (fib i))
          (display " ")
          (loop (+ i 1)))))
  (loop 0))

(fib-loop 10) ;; Entry point
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Often, Static Analyses must be Fast

Better developer response [Harman et al., 2018]

Integration in IDE or CI-system

⟹ incremental analyses

We introduce a novel, general incrementalisation approach for modular analyses.
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Modular Analysis 
[Cousot & Cousot, 2002]

Decomposes a program into modules
• functions, threads,…

Components: approximations of
run-time equivalents
• Analysed in isolation

• Contain contextual information

(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(define (fib-loop n)
  (define (loop i)
    (if (< i n)
        (begin
          (display (fib i))
          (display " ")
          (loop (+ i 1)))))
  (loop 0))

(fib-loop 10) ;; Entry point

4P. Cousot and R. Cousot, “Modular Static Program Analysis,” in Proceedings of the 11th International Conference on Compiler Construction, CC 2002.



Modular Analysis
(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(define (fib-loop n)
  (define (loop i)
    (if (< i n)
        (begin
          (display (fib i))
          (display " ")
          (loop (+ i 1)))))
  (loop 0))

(fib-loop 10) ;; Entry point
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Corresponds to 
the entry point 
of the program.



Modular Analysis Algorithm

Contextual information: call expression

(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Modular Analysis Algorithm

Contextual information: call expression

Components may be reanalysed!

(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Computational Dependencies

Components are inter-dependent!

E.g., function-modular analysis:
• Argument values

• Return values
• Shared data (structures)

Reify dependencies between components

(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(define (fib-loop n)
  (define (loop i)
    (if (< i n)
        (begin
          (display (fib i))
          (display " ")
          (loop (+ i 1)))))
  (loop 0))

(fib-loop 10) ;; Entry point
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Computational Dependencies
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(define (fib n) ;; Simple Fibonacci
  (if (= n 0)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(define (fib-loop n)
  (define (loop i)
    (if (< i n)
        (begin
          (display (fib i))
          (display " ")
          (loop (+ i 1)))))
  (loop 0))

(fib-loop 10) ;; Entry point



Change representation

Use of change expressions
• Computed through change analysis

• Manually specified
(define (fib n) ;; Simple Fibonacci
  (if (<change> (= n 0) (< n 2))
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point

E.g. a bugfix
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Incremental Update

Analysis state = value store 𝜎:
{
 var<fib>     ⟶ {#closure}
 var<n>             ⟶ {Int}
 var<fib-n-1>       ⟶ {Int}
 var<fib-n-2>       ⟶ {Int}
 ret<(fib 5)>       ⟶ {Int}
 ret<(fib (- n 1))> ⟶ {Int}
 ret<(fib (- n 2))> ⟶ {Int}
 ret<Main>          ⟶ {Int}
}

Components:
(dependencies omitted)

(define (fib n) ;; Simple Fibonacci
  (if (< n 2)
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Incremental Update

Analysis state = value store 𝜎:
{
 var<fib>     ⟶ {#closure}
 var<n>             ⟶ {Int}
 var<fib-n-1>       ⟶ {Int, Real}
 var<fib-n-2>       ⟶ {Int, Real}
 ret<(fib 5)>       ⟶ {Int, Real}
 ret<(fib (- n 1))> ⟶ {Int, Real}
 ret<(fib (- n 2))> ⟶ {Int, Real}
 ret<Main>          ⟶ {Int}
}

Immediately affected components are reanalysed

(define (fib n) ;; Simple Fibonacci
  (if (< n 2)
      (<change> n (* n 1.0))
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Monotonic 
update: precision 

is lost



Incremental Update

Analysis state = value store 𝜎:
{
 var<fib>     ⟶ {#closure} 
 var<n>             ⟶ {Int}
 var<fib-n-1>       ⟶ {Int, Real}
 var<fib-n-2>       ⟶ {Int, Real}
 ret<(fib 5)>       ⟶ {Int, Real}
 ret<(fib (- n 1))> ⟶ {Int, Real}
 ret<(fib (- n 2))> ⟶ {Int, Real}
 ret<Main>          ⟶ {Int, Real}
}

Dependencies cause indirectly affected components to be updated as well

(define (fib n) ;; Simple Fibonacci
  (if (< n 2)
      (<change> n (* n 1.0))
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Step 1: Change Impact Calculation

Find directly affected components

1. For every expression encountered, register the “current component” to the expression
 

trackMap :: Map[Expr → Set[Comp]]

2. Look up updated expressions in trackMap and collect components

(define (fib n) ;; Simple Fibonacci
  (if (<change> (= n 0) (< n 2))
      n
      (let ((fib-n-1 (fib (- n 1)))
            (fib-n-2 (fib (- n 2))))
        (+ fib-n-1 fib-n-2))))

(fib 5) ;; Entry point
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Step 2: Update Analysis Results

1. Add the directly impacted components to the work list
2. Restart the inter-component analysis

Impact of changes is bounded to impacted components
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Two Instantiations

1. Function-modular analysis for Scheme (as in example before)
2. Thread-modular analysis for concurrent Scheme

Both context-insensitive
• Other sensitivities are supported

Values approximated by type (except functions: sets of closures)
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Evaluation
Six metrics
• Analysis time
• Precision of analysis store
• Size of analysis store
• Number of components created
• Number of dependencies inferred
• Number of intra-component 

analyses performed

16 benchmark programs
• 6 for ModF
• 9 for ModConc
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(define (bound-expr var frame)
  (cond ((or (<change> (eq? (car frame) 'let)    (tagged-list? frame 'let)) 
             (<change> (eq? (car frame) 'letrec) (tagged-list? frame 'letrec))) 
         (cadr (assq var (cadr frame))))
        ((<change> (eq? (car frame) 'lambda) (tagged-list? frame 'lambda))
         not-constant)
        (else (error "ill-formed frame"))))



Evaluation

Faster on almost all benchmark programs
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Function-modular Thread-modular



Evaluation

Not always as precise, but can be remedied
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Function-modular Thread-modular



Overview

General incrementalisation approach for 
modular analyses

Does not require fixed call-graph known upfront

Not tailored to specific analysis

Faster on almost all benchmark programs: 
lightweight & bounds change impact

Not always as precise, but can be remedied

Questions

1. How much variance is acceptable in the 
reduction of the analysis time? (E.g., we 
obtained values in [-99.76%, +344.21%].) 

2. What is the best way to obtain program 
changes for the evaluation of the 
incremental analysis? E.g., would the 
audience be willing to accept a change 
logger in their IDE? 
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