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Homework 1

AAAG16, Fall 2022

Hakjoo Oh
Due: 10/30, 23:59
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type aexp =

Const of int

Var of string

Plus of aexp * aexp
Mult of aexp * aexp
Sub of aexp * aexp

type bexp =

True

False

Equal of aexp * aexp
Le of aexp * aexp
Not of bexp

And of bexp * bexp

type cmd =

| Assign of string * aexp

| If of bexp * cmd * cmd

Seq of cmd list

While of bexp * cmd
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module type Node = sig

type instr =

| I_assign of string * aexp

| I_assume of bexp
| I_skip
type t

val create_assign :
val create_assume :

string -> aexp -> t
bexp -> t
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val create_skip : unit -> t

val get_nodeid : t -> int

val get_instr : t -> instr

val to_string : t -> string

val compare : t -> t -> int
end

module type Cfg = sig
type t
val empty : t
val nodesof : t -> Node.t list
val succs : Node.t -> t -> NodeSet.t
val preds : Node.t -> t -> NodeSet.t
val add_node : Node.t -> t -> t
val add_nodes : Node.t list -> t -> t
val add_edge : Node.t -> Node.t -> t > ¢t
val print : t -> unit
val dot : t -> unit

end

Z2OfS Alo] 35 I xz HeAshs 4 cnd2cfgd ZYSHA L

rlk

cmd2cfg : cmd -> Cfg.t
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module type AbsBool = sig
type t = Top | Bot | True | False
val not : t >t
val band : t >t >t

end

module AbsBool : AbsBool = struct
type t = Top | Bot | True | False
let not b = b (* TODO *)
let band bl b2 = bl (x TODO *)
end

module type Interval = sig
type t
val bottom : t
val to_string : t -> string
val alpha : int -> t
val alpha_to : int -> t
val alpha_from : int -> t
val order : t -> t -> bool
val join : t >t > t
val meet : t >t > t
val widen : t > t > t
val narrow : t >t > ¢t
val add : t >t > t
val mul : t -> t -> t
val sub : t >t > ¢t



val equal : t -> t -> AbsBool.t
val le : t -=> t -> AbsBool.t
val ge : t -> t -> AbsBool.t

end

module Interval : Interval = struct

type t = Bot (* TODO *)

let bottom = Bot

let to_string i = "" (x TODO *)

let alpha n = Bot (* TODO *)

let alpha_to n = Bot (x TODO *)

let alpha_from n = Bot (* TODO *)

let order a b = true (x TODO *)

let join a b = a (* TODO *)

let meet a b = a (* TODO *)

let widen a b = a (* TODO *)

let narrow a b = a (*x TODO *)

let add a b = a (*x TODO *)

let mul a b = a (* TODO *)

let sub a b = a (* TODO *)

let equal a b = AbsBool.Top (* TODO *)

let le a b = AbsBool.Top (* TODO *)

let ge a b = AbsBool.Top (* TODO *)
end
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module VarMap = Map.Make(String)
module type AbsMem = sig

type t = Interval.t VarMap.t
val empty : t
val add : string -> Interval.t -> t > t
val find : string -> t -> Interval.t
val join : t >t > t
val widen : t >t > ¢t
val narrow : t >t -> t
val order : t -> t -> bool
val print : t -> unit
end
module AbsMem : AbsMem = struct

type t = Interval.t VarMap.t
let empty = VarMap.empty

let m (x TODO *)
let
let
let
let
let
let

add x vm =
find x m =
join ml m2 =
widen ml m2 =

ml (x TODO *)

ml (x TODO *)

ml (x TODO *)
order ml m2 = true (*x TODO *)
print m = VarMap.iter (fun x v ->

narrow ml m2 =

Interval.bottom (* TODO *)

prerr_endline (x = " |-> " ~ Interval.to_string v)) m

end
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module type Table = sig
type t = AbsMem.t NodeMap.t
val empty : t
val add : Node.t -> AbsMem.t -> t -> t
val init : Node.t list -> t
val find : Node.t -> t —-> AbsMem.t
val print : t -> unit
end

module Table : Table = struct
type t = AbsMem.t NodeMap.t
let empty = NodeMap.empty
let add = NodeMap.add
let init ns = List.fold_right (fun n -> add n AbsMem.empty) ns empty
let find : Node.t -> t -> AbsMem.t
=fun n t -> try NodeMap.find n t with _ -> AbsMem.empty
let print t = NodeMap.iter (fun n m ->
prerr_endline (string_of_int (Node.get_nodeid n));
AbsMem.print m;
prerr_endline "") t
end
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analyze : Cfg.t -> Table.t
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x := 0;

y := 0;

while (x <= 9) {
X :=x + 1;
yi=y+ty

}
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let pgm =
Seq [
Assign ("x", Const 0);
Assign ("y", Const 0);
While (Le (Var "x", Const 9),
Seq [
Assign ("x", Plus (Var "x", Const 1));
Assign ("y", Plus (Var "y", Const 1));
1;
]
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let cfg = cmd2cfg pgm
let table = analyze cfg
let _ = Table.print table
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x |-> [10, 10]
y |I-> [0, +o0]
3

x |-> [0, 0]
4

X |_> [0’ O]
y |-> [0, 0]
5

x |-> [0, 10]
y |-> [0, +oo]
6

x |-> [10, 10]
y |-> [0, +o0]
7

x |-> [0, 9]
y |-> [0, +oo]



x |-> [10, 10]
y |=> [0, +oo0]
9

x |-> [0, 9]
y |-> [0, +oo]
10

x |-> [1, 10]
y I=> [1, +oo0]
11

x |-> [1, 10]
y |-> [0, +oo0]
12

x |-> [1, 10]
y |-> [1, +oo]
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https://github.com/kupl/AAA616-2022Fall/blob/main/hwl/interval .ml

e interval.nl T shifo] BE TASIEE s}, 9% glo|Haja] ojE4o] glojob
e e AMER B4 glo] AgE ojof g},

rol
=
I

ocaml interval.ml

o 25 interval.ml T Shwt AlEech



1

=]
5s

type aexp =

Const of int

Var of string

Plus of aexp * aexp
Mult of aexp * aexp
Sub of aexp * aexp

type bexp =

True

False

Equal of aexp * aexp
Le of aexp * aexp
Not of bexp

And of bexp * bexp

type cmd =

Assign of string * aexp
Seq of cmd list

If of bexp * cmd * cmd
While of bexp * cmd

let rec string_of_aexp a =
match a with

Const n -> string_of_int n

Var x -> x

Plus (al, a2) -> string_of_aexp al =~ " + " ~ string_of_aexp a2
Mult (al, a2) -> string_of_aexp al =~ " * " ~ string of_aexp a2
Sub (al, a2) -> string_of_aexp al =~ " - " ~ string_of_aexp a2

and string_of_bexp b =
match b with

True -> "true"

False -> "false"

Equal (al, a2) -> string of_aexp al =~ " == " " string_of_aexp a2
Le (al, a2) -> string_of_aexp al ~ " <= " ~ string_of_aexp a2
Not b -> "!(" ~ string_of_bexp b =~ ")"

And (b1, b2) -> string_of_bexp bl ~ " && " ~ string_of_bexp b2

module type Node = sig
type instr =

I_assign of string * aexp
I_assume of bexp
I_skip

type t

val create_assign : string -> aexp -> t
val create_assume : bexp —> t

val create_skip : unit > t

val get_nodeid : t -> int

val get_instr : t -> instr

val to_string : t -> string

val compare : t -> t -> int

end



module Node : Node = struct
type instr =
| I_assign of string * aexp
| I_assume of bexp
| I_skip
type t = int * instr
let new_id : unit -> int =
let id = ref 0 in
fun _ -> (did :
let create_assign x
let create_assume b (new_id(), I_assume b)
let create_skip () = (new_id(), I_skip)
let get_nodeid (id, _) = id
let get_instr (_, instr) = instr
let compare = Stdlib.compare
let to_string n =
match n with
| (id, I_assign (x, a)) ->
string_of_int id ~ ": " =~ " " T~ x ~ "
| (id, I_assume b) ->
string_of_int id = ": " ~ "assume"
| (id, I_skip) ->
string_of_int id =~ ":

tid + 1; 'id)

skip"
end

module NodeSet = Set.Make(Node)
module NodeMap = Map.Make (Node)

module type Cfg = sig
type t
val empty : t
val nodesof : t -> Node.t list
val succs : Node.t -> t -> NodeSet.t
val preds : Node.t -> t -> NodeSet.t
val add_node : Node.t -> t -> ¢t
val add_nodes : Node.t list -> t -> t
val add_edge : Node.t -> Node.t -> t > t
val print : t -> unit
val dot : t -> unit

end

module Cfg : Cfg = struct
type t = {
nodes : NodeSet.t;
succs : NodeSet.t NodeMap.t;
preds : NodeSet.t NodeMap.t }
let empty = {
nodes = NodeSet.empty;
succs = NodeMap.empty;
preds = NodeMap.empty }

let nodesof : t -> Node.t list
=fun t -> NodeSet.elements t.nodes

a = (new_id(), I_assign (x, a))

string_of_aexp a

string_of_bexp b



let succs : Node.t -> t -> NodeSet.t
=fun n g -> try NodeMap.find n g.succs with _ -> NodeSet.empty

let preds : Node.t -> t -> NodeSet.t
=fun n g -> try NodeMap.find n g.preds with _ -> NodeSet.empty

let add_node : Node.t -> t > t
=fun n g -> { g with nodes = NodeSet.add n g.nodes }

let add_nodes : Node.t list -> t -> ¢t
=fun ns g -> g |> (List.fold_right add_node ns)

let (I>) xf =1f x
let add_edge : Node.t -> Node.t -> t -> t
=fun nl1 n2 g >
g
|> add_nodes [n1;n2]
|> (fun g -> { g with
succs = NodeMap.add nl (NodeSet.add n2 (succs nl g)) g.succs 1})
[> (fun g -> { g with
preds = NodeMap.add n2 (NodeSet.add nl (preds n2 g)) g.preds })

let print g =

print_endline "** Nodes x*x*";

NodeSet.iter (fun n ->
print_endline (Node.to_string n)

) g.nodes;

print_endline

print_endline "x* Edges *x";

NodeMap.iter (fun n succs ->
NodeSet.iter (fun s ->

nmn.
’

print_endline (string_of_int (Node.get_nodeid n) ~ " -> " ~
string_of_int (Node.get_nodeid s))
) succs
) g.succs
let dot g =

print_endline "digraph G {";

NodeSet.iter (fun n ->
print_string (string_of_int (Node.get_nodeid n) ~ " ");
print_string ("[label=\"" " Node.to_string n ~ "\"]1");
print_endline ""

) g.nodes;

NodeMap.iter (fun n succs ->
NodeSet.iter (fun s ->

print_endline (string_of_int (Node.get_nodeid n) ~ " -> " ~
string_of_int (Node.get_nodeid s))
) succs

) g.succs;
print_endline "}"
end



let cmd2cfg : cmd -> Cfg.t
=fun cmd -> Cfg.empty (* TODO *)

module type AbsBool = sig
type t = Top | Bot | True | False

val
val
end

not : t >t
band : t >t > t

module AbsBool : AbsBool = struct
type t = Top | Bot | True | False

let
let
end

not b = b (x TODO *)
band bl b2 = bl (*x TODO *)

module type Interval = sig
type t

val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
val
end

bottom : t

to_string : t -> string
alpha : int -> t
alpha_to : int -> t
alpha_from : int -> t
order : t -> t -> bool
join : t >t >t

meet : t >t -> ¢t

widen : t >t > t
narrow : t ->t -> ¢t

add : t >t >t

mul : t >t >t

sub : t >t > ¢t

equal : t -> t -> AbsBool.t
le : t => t -> AbsBool.t
ge : t -> t -> AbsBool.t

module Interval : Interval = struct
type t = Bot (x TODO *)

let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
let
end

bottom = Bot

to_string i = "" (* TODO *)
alpha n = Bot (* TODO *)
alpha_to n = Bot (* TODO *)
alpha_from n = Bot (* TODO *)
order a b = true (x TODO *)
join a b = a (* TODO *)
meet a b = a (x TODO *)
widen a b = a (x TODO *)
narrow a b = a (x TODO *)
add a b = a (x TODO *)

mul a b = a (x TODO *)

sub a b = a (x TODO *)

equal a b = AbsBool.Top (* TODO *)

le a b = AbsBool.Top (* TODO *)
ge a b = AbsBool.Top (* TODO *)
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module VarMap = Map.Make(String)
module type AbsMem = sig
type t = Interval.t VarMap.t
val empty : t
val add : string -> Interval.t -> t > t
val find : string -> t -> Interval.t
val join : t >t > ¢t
val widen : t >t > ¢t
val narrow : t >t -> t
val order : t -> t -> bool
val print : t -> unit
end

module AbsMem : AbsMem = struct

type t = Interval.t VarMap.t

let empty = VarMap.empty

let add x v m = m (* TODO *)

let find x m = Interval.bottom (* TODO *)

let join ml m2 = m1 (* TODO *)

let widen ml1 m2 = ml (* TODO *)

let narrow ml m2 = ml (x TODO *)

let order ml m2 = true (* TODO *)

let print m = VarMap.iter (fun x v -> prerr_endline

(x = " |->" ~ Interval.to_string v)) m

end

module type Table = sig
type t = AbsMem.t NodeMap.t
val empty : t
val add : Node.t -> AbsMem.t -> t -> t
val init : Node.t list -> t
val find : Node.t -> t -> AbsMem.t
val print : t -> unit
end

module Table : Table = struct
type t = AbsMem.t NodeMap.t
let empty = NodeMap.empty
let add = NodeMap.add
let init ns = List.fold_right (fun n -> add n AbsMem.empty) ns empty
let find : Node.t -> t -> AbsMem.t
=fun n t -> try NodeMap.find n t with _ -> AbsMem.empty
let print t = NodeMap.iter (fun n m ->
prerr_endline (string_of_int (Node.get_nodeid n));
AbsMem.print m;
prerr_endline "") t
end

let analyze : Cfg.t -> Table.t
=fun g -> Table.empty (* TODO *)

let pgm =
Seq [
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Assign ("x", Const 0);
Assign ("y", Const 0);
While (Le (Var "x", Comnst 9),
Seq [
Assign ("x", Plus (Var "x", Const 1));
Assign ("y", Plus (Var "y", Const 1));
1;

let cfg = cmd2cfg pgm
let table = analyze cfg
let _ = Table.print table
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