Homework 5

SNU 4541.664A
Due: 06/03, 09:30(design),
24:00(program)

Kwangkeun Yi
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A = {ab,c} set
B = {0,1,2,3}  set
C = ABB set
Dy = CU{L,T} Ilifted, flat domain
D, = 2B powerset domain
Dg = Dl X Dg product domain
D, = A— Dy atomic function domain
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module A = PrimitiveSet(struct type t = string
let compare = compare
exception TooMany
val all = fun OO -> ["a"; "b"; "c"]
end)
module B = PrimitiveSet(struct type t = int
let compare = compare
exception TooMany
val all = fun () -> [0; 1; 2; 3]
end)
module C = FunctionSet (A) (B)
module D1 = FlatDomain (C)
module D2 = PowersetDomain (B)
module D3 = ProductDomain (D1) (D2)
module D4 = FunDomain (A) (D3)
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(* set functors for
* SNU 4541.664A Program Analysis
* Kwangkeun Yi
*)
module type SET = sig
include Set.S
exception TooMany
val all: unit

end

->t

module PrimitiveSet (A: sig
type t val compare: t -> t -> int
exception TooMany
val all: unit -> t list
end) =

struct
include Set.Make (4)
exception TooMany

let all = fun () -> try

List.fold_left (fun s x -> add x s) empty (A.all())

with A.TooMany -> raise TooMany

end

module ProductSet (A: SET) (B: SET)

struct
include Set.Make (struct type t =

exception TooMany

let all = fun () -> try
A.fold (fun a
with A.TooMany
| B.TooMany
end

A.

elt * B.elt let compare = compare end)

c >
B.fold (fun b ¢ -> add (a,b) c)
(B.al1()) ¢
) (A.all()) empty
-> raise TooMany

-> raise TooMany



module PowerSet (A: SET) =
struct
include Set.Make (struct type t = A.t let compare = compare end)
exception TooMany
let all = fun () -> raise TooMany

end

module FunctionSet (A: SET) (B: SET)

struct

module F = Map.Make (struct type t

A.elt let compare = compare end)
include Set.Make (struct type t = B.elt F.t let compare = compare end)
exception TooMany

let all = fun () -> raise TooMany

let domain_all = A.all

let range_all = B.all

end



(* domain functors for
* SNU 4541.664A Program Analysis
* Kwangkeun Yi

*)

module type DOMAIN =
sig
type elt (* the type of abstract domain elements *)
val top: elt
val bot: elt
val join: elt -> elt -> elt
val leq: elt -> elt -> bool

end

module type FLAT_DOMAIN =
sig
include DOMAIN
type atom
val make: atom -> elt

end

module type PRODUCT_DOMAIN =
sig

include DOMAIN

type lelt
type relt
val 1: elt -> lelt (* left *)
val r: elt -> relt (* right *)

val make: lelt -> relt -> elt

end



module type POWERSET_DOMAIN =
sig
include DOMAIN
type atom
val union: elt -> elt -> elt
val inter: elt -> elt —> elt
val diff: elt -> elt -> elt
val remove: atom -> elt -> elt
val mem: atom -> elt -> bool
val map: (atom -> atom) -> elt -> elt
val fold: (atom -> ’a -> ’a) -> elt -> ’a -> ’a
val make: atom list -> elt

end

module type FUNCTION_DOMAIN =
sig
include DOMAIN
type lelt
type relt
val image: elt -> lelt -> relt
val update: elt -> lelt -> relt -> elt
val map: (lelt -> relt -> lelt * relt) -> elt -> elt
val fold: (lelt -> relt -> ’a -> ’a) -> elt -> ’a -> ’a
val make: (lelt * relt) list -> elt

end

module type INTERVAL_DOMAIN =
sig
include DOMAIN
exception Undefined
type bound = Z of int | Pinfty | Ninfty
val 1: elt -> bound (* lower bound *)
val u: elt -> bound (* upper bound *)
val make: bound -> bound -> elt

end



module FlatDomain (A: SET) : FLAT_DOMAIN
with type atom = A.elt =
struct
type elt = BOT | TOP | ELT of A.elt
type atom = A.elt
let bot = BOT
let top = TOP
let join x y = match (x, y)
with (BOT, _) ->y
| (_, BOT) -> x
| (TOP, _) -> TOP
I
|

(_, TOP) -> TOP
(x, y) -> if x=y then x else TOP

let leq x y = match (x, y)

with (BOT, _) -> true
| (_, TOP) -> true
| (ELT a, ELT b) -> a=b
| _ -> false

let make a = ELT a

end



module ProductDomain (A: DOMAIN) (B: DOMAIN) : PRODUCT_DOMAIN
with type lelt = A.elt and type relt = B.elt =
struct
type elt = BOT | TOP | ELT of A.elt * B.elt
type lelt = A.elt
type relt = B.elt
let bot = BOT
let top = TOP
let join x y = match (x,y)
with (BOT,.) -> vy

| (TOP,_) -> TOP

| (_,BOT) —> x

| (_,TOP) -> TOP

| (ELT(a,b), ELT(a’,b’)) -> ELT(A.join a a’, B.join b b’)
let leq x y = match (x,y)

with (BOT,_) -> true

| (TOP,_) -> false

| (_,BOT) -> false

| (_,TOP) -> true

| (ELT(a,b), ELT(a’,b’)) -> (A.leq a a’) && (B.leq b b’)
let 1 x = match x with TOP -> A.top | BOT -> A.bot | ELT(a,b) -> a
let r x = match x with TOP -> B.top | BOT -> B.bot | ELT(a,b) -> b
let make a b = ELT (a,b)

end



module PowersetDomain (A: SET) : POWERSET_DOMAIN
with type atom = A.elt =
struct
type elt = BOT | TOP | ELT of A.t
type atom = A.elt
let bot = BOT
let top = TOP
let join x y = match (x,y)
with (BOT, _) ->y
| (_, BOT) -> x
| (TOP, _) -> TOP
| (_, TOP) -> TOP
| (ELT s, ELT s’) -> ELT (A.union s s’)
let mem a s = match s with BOT -> false
| TOP -> true
| ELT s -> A.mem a s
let fold £ x a = match x with BOT -> a
| TOP -> A.fold f (A.all()) a
| ELT s -> A.fold f s a
let map f x = match x with BOT -> BOT

| TOP —>
(ELT (A.fold (fun a s’ -> A.add (f a) s’) (A.all()) A.empty))
| ELT s ->

(ELT (A.fold (fun a s’ -> A.add (f a) s’) s A.empty))

let make 1st = match 1lst
with [1 -> BOT
| 1 -> ELT
(List.fold_left (fun s x -> A.add x s)
A.empty 1

end



module FunDomain (A: SET) (B: DOMAIN) : FUNCTION_DOMAIN
B.elt =

with type lelt = A.elt and type relt

struct

module Map = Map.Make(struct type t = A.elt let compare = compare end)
type elt = BOT | TOP | ELT of B.elt Map.t
type lelt = A.elt

type relt = B.elt

let bot = BOT
let top = TOP
end
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module type K =
sig
exception Error of string
type id = string
type exp = NUM of int
| TRUE | FALSE
| VAR of id
| STAR of id
| LOC of id
| ADD of exp * exp
| MINUS of exp
| LESS of exp * exp

type cmd = SKIP
| ASSIGN of id * exp
| IASSIGN of id * exp
| SEQ of cmd * cmd
| IF of exp * cmd * cmd
| WHILE of exp * cmd

end
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