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1 GENERAL

1.1 Scope

This document contains a transcription of the literate script for the “1000 Primes” example in [1]
suitable for input into the Compliance Tool as specified in [2] and [3].

1.2 Introduction

1.3 Background

The literate script for the “1000 Primes” example constitutes the case study which forms part of
DRA’s acceptance criteria for the compliance tool. This document contains an adaptation of the
script in [1] suitable for input into the compliance tool.

2 PREAMBLE

The following Standard ML script initialises the theory database and sets up the appropriate modes
for processing the literate script which follows.
SML

new script {name="PRIMES", unit type="proc"};

3 THE LITERATE SCRIPT

This literate script aims to follow exactly that supplied in [1].
Z

prime =̂ { n : N1 | ¬(∃ i , j : N1 \ {1} • i ∗ j = n)}

Z

not prime =̂ N1 \ prime

Z

rel next prime

Z

next prime : N1 ↔ N1

( next prime ) =
{i , j : N1 | i ∈ prime ∧ j ∈ prime ∧ j>i ∧ (i+1 )..(j−1 ) ⊆ not prime}
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Z

primed =̂ {p : seq1 N1 | p(1 ) = 2 ∧
(∀ i : dom p \ {1} • p(i−1 ) next prime p(i))}

Compliance Notation

procedure primes is
subtype Indexrange is Integer range 1 ..1000 ;
type Arraytype is array (Indexrange) of Integer ;
p : Arraytype;

〈 other declarations 〉 (1 )
〈 other declarations 〉 (2 )
〈 other declarations 〉 (3 )

begin

∆ P [true, P ∈ primed ]

end primes;

Compliance Notation

(1 ) ≡

j , k : integer ;

Z

odd =̂ {n : N1 | ∀ i : N1 • n 6= 2 ∗ i}

Z

Inv1
P : ARRAYTYPE ;
J , K : Z

((1 .. K−1 ) C P) ∈ primed ;
J = P(K−1 );
J ∈ odd

Compliance Notation

v ∆ J ,K ,P [true, Inv1 ∧ K = 1001 ]
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Compliance Notation

(2 ) ≡

ord , square : Integer ;
ord max : constant Integer := 30 ;
subtype mult index type is Integer range 2 ..ord max ;
type mult type is array (mult index type) of Integer ;
mult : mult type;

Z

ord inv
P : ARRAYTYPE ;
J , K , ORD , SQUARE : Z

ORD > 1 ;
SQUARE = P(ORD) ∗ P(ORD);
J < SQUARE ;
ORD < K ;
ORD = 2 ⇒ J ∈ prime

Z

rel factor of

Z

factor of : N1 ↔ N1

( factor of ) =
{i , n : N1 | ∃ j : 2 ..(n−1 ) • i ∗ j = n}

Z

mult inv
P : ARRAYTYPE ;
MULT : MULT TYPE ;
ORD , J : Z

∀ n : 2 ..(ORD − 1 ) •
MULT (n) ∈ odd ∧
P(n) factor of MULT (n) ∧
(MULT (n) < J ∨

MULT (n) − 2 ∗ P(n) < J ≤ MULT (n))
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Z

Inv =̂ ord inv ∧ mult inv

Compliance Notation

v

p(1 ) := 2 ;
p(2 ) := 3 ;
j := 3 ;
k := 3 ;
ord := 2 ;
square := 9 ;

∆ J ,K ,P ,ORD , SQUARE , MULT [Inv1 ∧ Inv , Inv1 ∧ Inv ∧ K = 1001 ]

Compliance Notation

v

while k /= 1001
loop

∆ J ,K ,P ,ORD ,SQUARE ,MULT [Inv1 ∧ Inv , Inv1 ∧ Inv ]
end loop;

Z

Inter1
P : ARRAYTYPE ;
J , K : Z

((1 .. K − 1 ) C P) ∈ primed ;
P(K − 1 ) next prime J ;
J ∈ odd

Compliance Notation

v

∆ J , ORD , SQUARE , MULT [Inv1 ∧ Inv , Inter1 ∧ Inv ]
p(k) := j ;
k := k+1 ;

Compliance Notation

v
$CON lastj : Z • ∆ J , ORD , SQUARE , MULT

[lastj = J ∧ Inv1 ∧ Inv , lastj next prime J ∧ Inv ]
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Z

Inv2
P : ARRAYTYPE ;
J , K , lastj : Z

lastj = P(K − 1 );
J ≥ lastj ;
(lastj+1 ) .. (J−1 ) ⊆ not prime;
((1 ..K−1 ) C P) ∈ primed ;
J ∈ odd

Compliance Notation

v

$till [[Inv2 ∧ J > lastj ∧ J ∈ prime ∧ Inv ]]
loop

∆ J , ORD , SQUARE , MULT [Inv2 ∧ Inv ∧ (J ∈ prime ⇒ lastj = J ),
Inv2 ∧ Inv ∧ J 6∈ prime]

end loop;

Compliance Notation

(3 ) ≡

jprime : Boolean;

Compliance Notation

v

∆ J , ORD , SQUARE , MULT [Inv2 ∧ Inv ∧ (J ∈ prime ⇒ lastj = J ),
Inv2 ∧ Inv ∧ J = J 0 + 2 ]

∆ JPRIME , MULT [Inv2 ∧ Inv ∧ J > lastj ,
Inv2 ∧ Inv ∧ J > lastj ∧ JPRIME = J mem prime] (4 )

exit when jprime;

Compliance Notation

v

j := j + 2 ;
if j = square
then

ord := ord + 1 ;
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square := p(ord) ∗ p(ord);
mult (ord−1 ) := j ;

end if ;

Compliance Notation

(4 ) v

jprime := true;
∆ JPRIME , MULT [Inv2 ∧ Inv ∧ JPRIME = TRUE ,

Inv2 ∧ Inv ∧ JPRIME = J mem prime]

Z

Inv3
P : ARRAYTYPE ;
J , ORD , N : Z;
JPRIME : BOOLEAN

N ∈ 2 ..(ORD − 1 );
∀ m : 2 .. (N−1 ) • ¬(P(m) factor of J );
JPRIME = TRUE ;
J ∈ odd

Compliance Notation

v

for n in Integer range 2 .. (ord − 1 )
$till [[P(N ) factor of J ∧ JPRIME = FALSE ∧ Inv ]]

loop
∆ JPRIME , MULT [Inv3 ∧ Inv ,

Inv3 ∧ Inv ∧ ¬(P(N ) factor of J )]
end loop;

Compliance Notation

v

∆ JPRIME , MULT [Inv3 ∧ mult inv , mult inv ∧ (P(N ) factor of J ⇔ JPRIME = FALSE )]

exit when not jprime;
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Compliance Notation

v
∆ MULT [mult inv , mult inv ∧ MULT (N ) ≥ J ]
∆ JPRIME [mult inv ∧ MULT (N ) ≥ J ,

mult inv ∧ MULT (N ) ≥ J ∧ JPRIME = MULT (N ) noteq J ] (5 )

Compliance Notation

v

while mult(n) < j
loop

∆ MULT [mult inv ∧ MULT (N ) < J , mult inv ]
end loop;

Compliance Notation

v

mult(n) := mult(n) + p(n) + p(n);

Compliance Notation

(5 ) v

jprime := mult(n) /= j ;

SML

output z document{script="PRIMES ′proc", out file="wrk501 .zdoc"};
output ada program{script="−", out file="wrk501 .ada"};

val wrk501 browse =
let val shvar = get shell var "PP USE VC BROWSER"

in if shvar <> "" andalso shvar <> "NO" andalso shvar <> "no"
andalso shvar <> "No"

then browse vcs() else ()
end ;

diag line "All module tests passed";
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