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Modularity matters.



Modularity of analysis matters.



Modularity matters.

I Some programs are open (c.f.: the web).

// dynamically load any javascript file.
load.getScript = function(filename) {
var script = document.createElement(’script’)
script.setAttribute("type","text/javascript")
script.setAttribute("src", filename)
if (typeof script!="undefined")
document.getElementsByTagName("head")[0]

.appendChild(script)
}



Modularity matters.

I Good components are written in bad languages.

#include "escheme.h"
Scheme_Object *scheme_initialize(Scheme_Env *env) {

Scheme_Env *mod_env;
mod_env = scheme_primitive_module(scheme_intern_symbol("hi"),

env);
scheme_add_global("greeting",

scheme_make_utf8_string("hello"),
mod_env);

scheme_finish_primitive_module(mod_env);
return scheme_void;

}

Scheme_Object *scheme_reload(Scheme_Env *env) {
return scheme_initialize(env); /* Nothing special for reload */

}

Scheme_Object *scheme_module_name() {
return scheme_intern_symbol("hi");

}



Modularity matters.

I Programs are big; analysis is hard.

Theorem

1MLOC + O(n3) = /

1KLOC + O(2n) =A
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Modularity matters.

I Libraries matter.

;; To use: (require (planet dvanhorn/ralist))
;; Purely Functional Random-Access Lists.
;; Implementation based on Okasaki, FPCA ’95.
#lang racket
(provide (all-defined-out))

(struct tree (val))
(struct (leaf tree) ())
(struct (node tree) (left right))

;; X [RaListof X] -> [RaListof X]
(define (ra:cons x ls)
(match ls
[(list-rest (cons s t1) (cons s t2) r)
(cons (cons (+ 1 s s) (make-node x t1 t2)) r)]
[else
(cons (cons 1 (make-leaf x)) ls)]))

...



Semantics-based analysis matters.CHAPTER 4. MODULES AND SIMPLE CONTRACTS 32

((λxβ.e)"λ v"v)"a −→ e[v"v/xβ ] subst

(n"n v"v)"a −→ (blame λ R)"a app-error

(if0 0"0 e1 e2)" −→ e1 if0-true

(if0 v"v e1 e2)" −→ e2 if0-false

(int""
′

f ⇐ n"n)"c −→ n" int-int

(int""
′

f ⇐ #v"v)"c −→ (blame f R)"
′

int-lam

((c1→c2)""
′

f ⇐ #v"v)"c −→ ((c1→̂c2)""
′

f ⇐ #v"v )"c lam-lam

((c1→c2)""
′

f ⇐ n"n)"c −→ (blame f R)"
′

lam-int

(((c1→̂c2)""
′

f ⇐ #v"v )"c w"w)"a −→ (c2⇐ (#v"v (c1⇐ w"w)L
+(c1))L

−(c2))L
+(c2) split-arrow

Figure 4.4: Reduction rules for the lambda calculus with modules and simple
contracts.

Expression evaluation contexts do not include contexts for contracts,

which are syntax, not values. The grammar for annotated programs guaran-

tees that contracts never show up outside a contract check.

The module context becomes relevant in only one situation:

. . . (module fβ v)! . . . E [fβ]

−→ . . . (module fβ v)! . . . E [v] lookup

The lookup rule replaces a reference to a module variable with its value.

Since all module-defined variable references are wrapped with contract checks

during the annotation phase, a contract check now surrounds the value v.

In Figure 4.4 we use n to represent again runtime integers, "v to represent

this time functions or functions with any number of blessed arrow contract



Semantics-based analysis matters.
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Table 1. Constraints creation for source-sink pairs.

contract on the fly (with ! and !′ fresh) and uses it to check the do-
main and range of the function contract. For deeply nested function
contracts, the process is repeated recursively thereby creating a wit-
ness for each possible contract violation.5 In essence this process
simply makes explicit the sinks for the complex abstract values that

5 The debugger must then be careful to re-use the original any!
+
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for both the domain and range of the new (any!
+
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tract because the use of new any contracts for the domain and range makes
the analysis fail to terminate when a function with a recursive type flows

into any!
+
5 !−5

h .

flow into any!
+
5 !−5

h . The analysis therefore remains sound. Here we

forsake this process and re-use the any!
+
5 !−5

h contract and its labels
only to simplify the soundness proof.

5.2.2 Blame Constraints
The third example explains blame assignment:
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(module fact (int -> int)
(lambda (x)
(if (= x 0)

1
(* x (fact (sub1 x))))))

(module input int 0)

(fact input)

�∗ ((lambda (x) ...) 0)
�∗ 1

�∗



(module fact (int -> int)
•)

(module input int 0)

(fact input)

�∗ ((int -> int) 0)
�∗ int

�∗



(module fact (int -> int)
(lambda (x)
(if (= x 0)

0
(* x (fact (sub1 x))))))

(module input int •)

(fact input)

�∗ ((lambda (x) ...) int) �∗ (if (= int 0) 0 ...)
�∗ (if bool 1 ...)
�∗ 1, int



(module * (int int -> int) •)
(module sub1 (int -> int) •)
(module fact (int -> int)
(lambda (x)
(if (= x 0)

1
(* x (fact (sub1 x))))))

(module input int 0)

(fact input)

�∗ ((lambda (x) ...) 0)
�∗ 1

�∗



P = M . . .E
M = (module f T V )

| (module f T •)

E = x | f | V | (E E )
V = (λx .E ) | n

| T

T = T → T | int



P = M . . .E
M = (module f T V ) | (module f T •)
E = x | f | V | (E E )
V = (λx .E ) | n | T
T = T → T | int



E [(λx .E ) V ] � E [{V /x}E ]

E [(T ′ → T ) V ] � E [T ]

. . . (module f T V ) . . . E [f ] � E [V ]

. . . (module f T •) . . . E [f ] � E [T ]



E [(λx .E ) V ] � E [{V /x}E ]

E [(T ′ → T ) V ] � E [T ]

. . . (module f T V ) . . . E [f ] � E [V ]

. . . (module f T •) . . . E [f ] � E [T ]



Abstract reduction is modular and sound, but not computable.

Theorem
If P �∗ V and P v P̂, then P̂ �∗ V̂ where V v V̂ .



Abstract reduction composes with other approximation techniques.

I Nielsen, Nielsen, and Hankin, ’99

I Cousot, ’02

I Van Horn and Might, ’10: Abstracting Abstract Machines
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Church, ’36

E [(λx .E ) V ] � E [{V /x}E ]

〈V , ρ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, a〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], a′〉
if σ(a) = fn((λx .E ), ρ′, a′)

〈V , ρ, σ̂, a〉 7−→ 〈E , ρ′[x 7→ b], σ̂ t [b 7→ 〈V , ρ〉], a′〉
if σ̂(a) 3 fn((λx .E ), ρ′, a′)
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CESK, Felleisen and Friedman, ’88
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CESK?, Van Horn and Might, ’10

E [(λx .E ) V ] � E [{V /x}E ]

〈V , ρ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, a〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], a′〉
if σ(a) = fn((λx .E ), ρ′, a′)

〈V , ρ, σ̂, a〉 7−→ 〈E , ρ′[x 7→ b], σ̂ t [b 7→ 〈V , ρ〉], a′〉
if σ̂(a) 3 fn((λx .E ), ρ′, a′)



ACESK?, Van Horn and Might, ’10

E [(λx .E ) V ] � E [{V /x}E ]

〈V , ρ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, fn((λx .E ), ρ′, κ)〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], κ〉

〈V , ρ, σ, a〉 7−→ 〈E , ρ′[x 7→ b], σ[b 7→ 〈V , ρ〉], a′〉
if σ(a) = fn((λx .E ), ρ′, a′)

〈V , ρ, σ̂, a〉 7−→ 〈E , ρ′[x 7→ b], σ̂ t [b 7→ 〈V , ρ〉], a′〉
if σ̂(a) 3 fn((λx .E ), ρ′, a′)



E [(T ′→T ) V ] � E [T ]

〈V , ρ, fn((T ′→T ), ρ′, κ)〉 7−→ 〈T , ∅, κ〉

〈V , ρ, σ, fn((T ′→T ), ρ′, κ)〉 7−→ 〈T , ∅, σ, κ〉

〈V , ρ, σ, a〉 7−→ 〈T , ∅, σ, a′〉
if σ(a) = fn((T ′→T ), ρ′, a′)

〈V , ρ, σ̂, a〉 7−→ 〈T , ∅, σ̂, a′〉
if σ̂(a) 3 fn((T ′→T ), ρ′, a′)



Static analyzers derived from abstract reductions semantics are
modular, sound, and computable.

Theorem
If S 7−→∗

CESK? S ′ and S v Ŝ , then Ŝ 7−→∗
ACESK? Ŝ ′ where S ′ v Ŝ ′.



P = M . . .E
M = (module f C V )

| (module f C •)

E = x | f | V | (E E ) | (C ⇐ E )
V = (λx .E ) | n

| C

C = C → C | int | any | (pred (λx .E ))



P = M . . .E
M = (module f C V ) | (module f C •)
E = x | f | V | (E E ) | (C ⇐ E )
V = (λx .E ) | n | C
C = C → C | int | any | (pred (λx .E ))



E [(λx .E ) V ] � E [{V /x}E ]

E [(C ′ → C ) V ] � E [C ]

E [(C ′ → C ) V ] � blame f

. . . (module f C V ) . . . E [f ] � E [(C ⇐ V )]

. . . (module f C •) . . . E [f ] � E [C ]



E [(λx .E ) V ] � E [{V /x}E ]

E [(C ′ → C ) V ] � E [C ]

E [(C ′ → C ) V ] � blame f

. . . (module f C V ) . . . E [f ] � E [(C ⇐ V )]

. . . (module f C •) . . . E [f ] � E [C ]



(module * (int int -> int) •)
(module sub1 (int -> int) •)
(module fact (int -> int)
(lambda (x)
(if (= x 0)

1
(* x (fact (sub1 x))))))

(module input int •)

(fact input)

�∗ ((lambda (x) ...) int)
�∗ int



(module * (any any -> int) •)
(module sub1 (any -> int) •)
(module fact any
(lambda (x)
(if (= x 0)

1
(* x (fact (sub1 x))))))

(module input int •)

(fact input)

�∗ ((lambda (x) ...) int)
�∗ int



(module input ((pred even?) -> (pred even?))
(lambda (n) 7))

(module double (((pred even?) -> (pred even?)) ->
((pred even?) -> (pred even?)))

(lambda (f)
(lambda (x)

(f (f x)))))

((double input) 4)

�∗ (blame input)



(module input ((pred even?) -> (pred even?))
•)

(module double (((pred even?) -> (pred even?)) ->
((pred even?) -> (pred even?)))

(lambda (f)
(lambda (x)

(f (f x)))))

((double input) 4)

�∗ (blame input), (pred even?)



(module input (any -> (pred even?))
•)

(module double ((any -> (pred even?)) ->
((pred even?) -> any ))

(lambda (f)
(lambda (x)

(f (f x)))))

((double input) 4)

�∗ (blame input), (pred even?)



Related work:

I Shivers, ’91, and others—modularity via black holes

I Reppy, ’06—modularity via opaque signatures

I Meunier, ’06—modularity via contracts

fakeurl

fakeurl


Future work:

I Analyze Racket code

I Dependent contracts

I Other specification languages

fakeurl

fakeurl


Future Work

I Modularity matters.

I Semantics-based analysis matters.

I Abstract reduction semantics gives you both.

http://bit.ly/abstract-reduction

http://bit.ly/abstract-reduction
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