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Static Analysis

(define (fib n)

(if (= n 0)
n
(let ((fib-n-1 (fib (- n 1)))
E.g., control-flow graph " f(igigzg_%it()fi\[zZS)r)] 2))))
N O

entry-point |—>»1 fib-loop |—>] loop —> fib (define ( fib—lOOp n)
(define (loop 1)

(if (< i n)

(begin

(display (fib 1))
(display " ")
(loop (+ 1 1)))))
)

(Loop 0)

(fib-loop 10)



Often, Static Analyses must be Fast

Where Should Analysis Be Shown?

Better developer response [Harman et al, 2018]

In my editor

In the build output

Integration in IDE or Cl-system In the code review

In a browser
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= incremental analyses , ,
Figure 5: Where developers would like to have the

output of program analyzers. [Christakis and Bird, 2018]

We introduce a novel, general incrementalisation approach for modular analyses.

M. Harman and P. W. O’Hearn, “From Start-ups to Scale-ups: Opportunities and Open Problems for Static and Dynamic Program Analysis,” in18th IEEE International Working Conference on Source Code

Analysis and Manipulation, SCAM 2018.
Maria Christakis and Christian Bird. What developers want and need from program analysis: an empirical study. In David Lo, Sven Apel, and Sarfraz Khurshid, editors, Proceedings of the 31st IEEE/ACM

International Conference on Automated Software Engineering, ASE 2016.



Modular Analysis

[Cousot & Cousot, 2002]
(define (fib n)

. (if (= n 0)
Decomposes a program into modules n
° functions’ threads’_” (1et ((flb—n—l (flb (_ n 1)))
(fib-n-2 (fib (- n 2))))
(+ fib-n-1 fib-n-2))))
Components: approximations of
p . PP (define (fib-loop n)
run-time equivalents (define (Loop 1)
* Analysed in isolation (if (< i n)
e Contain contextual information (b?gigplay (£ib 1))
(display " ")
(Loop (+ i 1)))))
(loop 0))
____________________ ]
:(fib—loop 10) |

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



Modular Analysis

(define (fib n)
(if (= n 0)
n
(Llet ((fib—-n-1 (fib
(fib—-n-2 (fib
(+ fib-n-1 fib-n-2

/ﬂ \\ (define (fib-loop n)
(define (loop i)
(loop 0)  |—>]{(loop (+i 1)) (if (< i n)

k\ (begin

(display (fib 1))
(fib-loop 10) (display " ")
(Loop (+ i 1)))))
)

T Corresponds to
AT — — — — — = = = = = = = — —— = — - - — 1
of the program. (fib-loop 10) I

Main




Modular Analysis Algorithm

Contextual information: call expression

(define (fib n)
(if (= n 0)
n
(Llet ((fib—-n-1 (fib
(fib-n-2 (fib
(+ fib-n-1 fib-n-2

N N N

Main




Modular Analysis Algorithm

Contextual information: call expression

(define (fib n)
(if (= n 0)
n
(Llet ((fib—-n-1 (fib (
(fib-n-2 (fib (
(+ fib-n-1 fib-n-2)

- n1l)))
? 2))))

))

(fib 5)

Main >




Modular Analysis Algorithm

Contextual information: call expression

(define (fib n)
(if (= n 0)
n
(Llet ((fib—-n-1 (fib (
(fib-n-2 (fib (
(+ fib-n-1 fib-n-2)

- n1l)))
? 2))))

))

(fib 5)

Main >




Modular Analysis Algorithm

Contextual information: call expression

(define (fib n)
(1f (= n 0)
n
(Llet ((fib—-n-1 (fib (-
(fib—n-2 (fib (
)

n
n ))))
(+ fib-n-1 fib-n-2 )

))

(fib 5)

Main

Dependency-
Components may be reanalysed! driven




Computational Dependencies

(define (fib n)

, (if (= n 0)
Components are inter-dependent! n
(let ((fib-n-1 (fib (-
(fib—n-2 (fib (-
E.g., function-modular analysis: (+ fib-n-1 fib-n-2)))
* Argument values (define (fib-loop n)
* Return values (define (loop 1i)
* Shared data (structures) (if E;e;i?‘)
(display (fib 1))
. . d 'L mn i
Reify dependencies between components EZ;ZE ?X i 1;))))
(Loop 0))

(fib-loop 10)

n 1
n 2
)

)))
))))
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Computational Dependencies

(define (fib n)

(if (= n 0)
n
(let ((fib-n-1 (fib (- n 1)))
(fib—n-2 (fib (- n 2))))
(+ fib-n-1 fib-n-2))))
RN i (define (fib-loop n)
£ . N (define (loop i)
(loop0) | __ _ l(loop (+i1) (1f (< 1 n)
— 7 W (begin
O\ N~ (display (fib 1))
(fib-loop 10) (dlsplay ) ")
— (loop (+ i 1)))))
| n (loop 0))
2 s ]
Argument Main :£f{?:}2?e_lpl _____________ |

Return value 11



Change representation

Use of change expressions

* Computed through change analysis (define (fib n)
« Manually specified (if (<change> (= n @) (< n 2))

. n
BRI . (oot (it 1))

(- n1
(fib-n-2 (fib (- n 2))))
))))

(+ fib-n-1 fib-n-2)))

(fib 5)

13



Incremental Update

Analysis state = value store o

{

var< >
var<n>
var<

var<

ret<

ret<

ret<
ret<Main>

Components:

(dependencies omitted)

\

Main

LITILLL

{#closure}
{Int}
{Int}
{Int}
{Int}
{Int}
{Int}
{Int}

(define ( )
(if (< n 2)
n
(Let (( (fib (- n 1)))
( (fib (= n 2))))
(+ fib-n-1 fib-n-2))))
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Incremental Update

Analysis state = value store o (define (fib n)

| (if (< n 2)
var<fib> — {#closure} (<change>. n (xn 1,'6))
var<n> — {Int} (Llet ((fib-n-1 (fib (- n 1)))
var<]1:ig—n—%> — gnE Eeag (fib-n-2 (fib (- n 2))))
var<tlp—n-~4> — Nt, REa Th—n— 1h—n—
ret<(fib 5)> — {Int, Real} (+ Tib-n-1 Tib-n-2))))
ret<(fib (- n 1))> — {Int, Real} - T T T 1
ret<(fib (- n 2))> — {Int, Real} I (fib 5) 1
ret<Main> — {Int}

Monotonic

update: precision
is lost

Immediately affected components are reanalysed
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Incremental Update

Analysis state = value store o (define (fib n)

| (if (< n 2)
var<fib> — {#closure} (<change>_ n (xn 1,'0))
var<n> — {Int} (let ((fib-n-1 (fib (- n 1)))
var<]1:ig—n—%> — gnE Eeag (fib-n-2 (fib (- n 2))))
var<tlD—Nn-—2Z> — ntg, €a ih—n-— 1h—n-—
ret<(fib 5)> — {Int, Real} (+ Tib-n-1 Tib-n-2))))
ret<(fib (- n 1))> — {Int, Real} - T T T 1
ret<(fib (- n 2))> — {Int, Real} I (fib 5) 1
ret<Main> — {Int, Real} e e e e e = -

Dependencies cause indirectly affected components to be updated as well
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Step 1: Change Impact Calculation

Find directly affected components

(define (fib n)
(if (<change> (= n 0) (< n 2))

n
(let ((fib—-n-1 (fib
(fib—n-2 (fib
(+ fib-n-1 fib-n-2

N N N

Main > I o e o e e o o e e o e o e o e e o e =

1. For every expression encountered, register the “current component” to the expression
trackMap :: Map[Expr — Set[Compl]

2. Look up updated expressions in trackMap and collect components

17



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



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



Evaluation

Six metrics 16 benchmark programs
* Analysis time e 6 for ModF
* Precision of analysis store * 9 for ModConc
e Size of analysis store
N N um be ro f com p onen tS crea te d Benchmark LOC De.scription of the Sequential Progra.m Changes #Changes
val-dynamic 246 Meta-circular evaluator for Scheme, executing a ~ Changed the ev_aluator so procedures 4
° N b f d d . . f d feeval-cy small Scheme program. become dynamically scoped.
umpber oT aependaencies Inferre T oo Lazy Scheme evalugior, T Changes 10 fhe evaluator so that only T
i eva ___used to perform some list computations. _specific arguments are evaluated lagily.
i N um be r Of | nt ra-com po ne nt multiple-dwelling (fine) 404 Evaluator for a non-deterministic Scheme, Fine-grained changes to the 3

used to solve an allocation problem. input for the evaluator.

analyses performed

(define (bound-expr var frame)
(cond ((or (<change> (eq? (car frame) 'let) (tagged-1list? 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"))))
20



Evaluation

Function-modular

Thread-modular

ModF ModConc
Initial Full Incremental Initial Full Incremental
Benchmark Analysis [ms] Reanalysis [ms] Update [ms] A Benchmark Analysis [ms] Reanalysis [ms] Update [ms] A

mceval-dynamic 226 124 72 -41.94%  mcarlo2 9 29 27 -6.90%
leval 1407 1971 489  -75.19% pc 21 16 11 -31.25%
multiple-dwelling (fine) 8466 8822 2126 -75.90%  msort 117 151 194 +28.48%
multiple-dwelling (coarse) 3527 3533 15694 +344.21%  pps 421 423 1 -99.76%
peval 19753 17644 103 -99.42% sudoku 86 90 62 -31.11%
nboyer 1397 1271 98  -92.29%  actors 1601 1595 354 -77.81%
machine-simulator 54124 57043 24093  -57.76% stm 5384 5597 745 -86.69%

crypt 7568 7351 2812 -61.75%

crypt2 9315 10277 8340 -18.85%

v Faster on almost all benchmark programs
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Evaluation

Function-modular Thread-modular

ModF ModConc
Equall Less Less Address Equall Less Less Address

Benchmark P?ecise}:/ Precise Precise [%] Count (A) Benchmark P?ecise}zl Precise Precise [%] Count (A)
mceval-dynamic 158 220 58.20% 10 mcarlo2 28 2 6.67% 1
leval 187 389 67.53% 10 pc 35 4 10.26% 1
multiple-dwelling (fine) 851 0 0.00% 0  msort 27 9 25.00% 1
multiple-dwelling (coarse) 231 817 77.96% 198  pps 99 0 0.00% 0
peval 919 2 0.22% 0  sudoku 101 0 0.00% 0
nboyer 2115 17 0.80% 1 actors 136 0 0.00% 0
machine-simulator 1676 14 0.83% 7 stm 156 0 0.00% 0
crypt 141 3 2.08% 3

crypt2 140 6 4.11% 6

Not always as precise, but can be remedied



Overview Questions

v/ General incrementalisation approach for 1. How much variance is acceptable in the
modular analyses reduction of the analysis time? (E.g., we
obtained values in [-99.76%, +344.21%].)

v Does not require fixed call-graph known upfront

2. What s 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?

v Not tailored to specific analysis

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

Not always as precise, but can be remedied



