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algebra : Basic Algebra Theories array : Arrays bag : Multisets (aka bags)
bintree : Polymorphic binary trees with elements at nodes

bool : Booleans bv : Bit Vectors exn : General-purpose exceptions
floating point : Formalization of Floating-Point Arithmetic

fmap : Finite Maps function : Injections, surjections and bijections

graph : Graph theory hashtbl : Hash tables

int : Theory of integers list : Polymorphic Lists map : Theory of maps

matrix : Matrices null : A possibly null, yet safe, value number : Number theory
option : Option type ocaml : General functions related to OCaml extraction
pigeon : Pigeon hole principle pqueue : Priority queues

queue : Polymorphic mutable queues random : Pseudo-random generators
real : Theory of reals ref : References regexp : Theory of regular expressions
relations : Relations seq : Sequences set : Set theories stack : Stacks

string : Theory of strings tree : Polymorphic n-ary trees

mach.array : Arrays with bounded-size integers

mach.bv : Program functions on bitvectors with preconditionsenforcing absence of
overflow .oveceecee e,
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Mpumep. Ob6palleHne cnucka
L. d L. 3 b m) &

Pe3yneraT oOpalwieHus cnucka:

HeE@ia o0

OAQHOCBA3HbIN CMNUCOK:
struct llist_node { struct llist_node *next; };

NMporpamma peBepcupoBaHUA CNINCKA:
struct llist_node *llist_reverse_ order(struct llist_node *head);
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O6o0OLwWeHne 3apaun:

S Y Y

struct llist_node *llist_reverse order( struct llist_node *head) {
struct llist_node *new _head = NULL,
while (head) {
struct llist_node *tmp = head,;
head = head->next;
tmp->next = new_head,
new head = tmp;
}

return new_head;

}



type T;
type slist = union ( Nul, Node(T data, slist next) );

slist llist_reverse order(slist head){
slist new _head = Nul;
while (head != Nul) {
slist tmp = head;
head = head.next;
tmp.next = new_head;
new_head = tmp;

}

return new_head;



type T;
type slist = union ( Nul, Node(T data, slist next) );

formula tolist(slist x) = if x = Nul then nil else cons(x.data, tolist(x.next);
llist_reverse_order(slist head : slist new_head)

post tolist(new head) = reverse(tolist(head))
{ reverseC(Nul, head : new_head); }

reverseC(slist new_head, head : slist new_head1)

post tolist(new _headl) = reverse(tolist(head)) + tolist(new head)
measure len(new_head)

{ if head = Nul then new_headl = new_head
else reverseC(Node(head.data, new_head), head.next: new_head)
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theory Slist
use int.Int, list.List, list.Reverse, list.Append
type data
type listD = list data
type tT

type slist = Nul | Node data slist

let rec function tolist(x: slist) : listD =
match x with
| Nul -> Nil
| Node d sl -> Cons d (tolist sl)
end
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let rec function reverseC(new_head head : slist): slist
ensures{ tolist result = reverse (tolist head) ++ tolist new_head }

(* variant { length new_head} *)

match head with
| Nul -> new_head
| Node d sn -> reverseC (Cons d new_head) sn

end

let function llist_reverse order(head : slist): slist
ensures{ tolist result = reverse (tolist head) }

reverseC Nul head
end (* of Slist theory *)



goal reverseC'vc :

forall new_head:slist, head:slist.

forall result:slist.
match head with
| Nul -> result = new_head
| Node d sn ->

tolist result = (reverse (tolist sn) ++ tolist (Node d new_head))

end -> tolist result = (reverse (tolist head) ++ tolist new_head)

goal llist_reverse_order'vc :
forall head:slist.
let o = Nul in
let result = reverseC o head in
tolist result = (reverse (tolist head) ++ tolist o) ->
tolist result = reverse (tolist head)



type T;
type listD = list(T);
type slist = union ( Nul, Node(T data, slist next) );

function tolist(slist x): listD = if x = Nul then nil else cons(x.data, tolist(x.next));
formula gRev(slist head, new_head) = tolist(hew_head) = reverse(tolist(head))

formula reverseG(slist new_head, head, slist new_headl) =

tolist(new_head1l) = reverse(tolist(head)) ++ tolist(new_head)
lemma RB1: reverseG(Nul, head, new_head) = gRev(head, new head);
lemma COR: head = Nul & new_headl = new _head =
reverseG(new_head, head, new_headl);

RB2: head != Nul = length(tolist(head.next)) < length(tolist(head))
RB3: head != Nul & reverseG(Node(head.data, new_head), head.next, new_head1)

=  reverseG(new _head, head, new_head1)
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let function llist_reverse_order(headO : slist) : slist
ensures{ reverse(tolist result) = tolist headO }
= letref new_head = Nul in
let ref head = headO in
while match head with | Nul -> false | Node __ ->true end do
invariant { reverse (tolist head0) =
reverse (tolist head) ++ tolist new_head }
variant { length (tolist head)}
match head with
| Nul -> absurd
| Node d ne ->
let ref tmp = head in
head <- ne;
tmp <- Node d new_head;
new_head <- tmp
end
done ;
new head



12. Bbligenutb brnivokaniuyo crieBa MakcumMarbHYHO
NOACTPOKY M3 AECATUYHbIX LNJoP.

LecatnyHaga ctpoka d (CTpoka U3 AeCATUYHBLIX Undop) ANUHbI N:

dec( d, n) =
(d=nil & n=0) (digit(d.car) & dec(d.cdr, n-1));
All( s, H( ) = if (s=nil) true else H(s.car) & All(s.cdr)
dec( d, n) = Ali(d, c. digit(c)) &
len(d) = n

[lecartnyHaa nogcrtpoka d AnuHbl N:

sub( S, d, n) =
string u, v. s=u +d + v & dec(d, n);

MakcumanbHasa gecatudHas noacTtpoka d AnuvHbel N.
mSub( s, d, n) =
sub(s, d, n) & string u, m. sub(s, u, m) = m <=n;



MakcumarnbHaga crnesa gecatudHas noactpoka d AnuHbl N:
mLeft( s, d, n) =
mSub(s, d, n) & u, v, di, m.
S = u+d+v & mSub(u, d1, m) = m <n,
MakcumanbsHasa cneBa gecaTuyHasa noactpoka d :

mLeft( s, d) = n. mLeft(s, d, n);
Cneundukaumna 3agadm 12:
ext( S: d) mLeft(s, d);

O0bo0bLweHne ncxogHom 3agadn:

d — makcumarneHas criega u3z dO U MakcumanbHOU
cneBa OeCATUYHOU NOACTPOKN B S .

mEXt( s, d, dO, m) =
di, n. mLeft(s, d1, n) & d = (n>m)? dl1: dO;



extG( do, m, S. d)
dec(dO, m) mEXt(s, d, dO, m);

CBeneHue K 3agadve extG :
ext( S: d) mLeft(s, d)
{ extG(nil, 0, s: d)}

d1l — gecatnyHaga noacTpoka ANuHbl K B Ha4yane s,
S1 — OCTaTOK CTPOKM S.

Dec(s: K, dl, sl) s = nil & digit(s.car) )
dec(dl, k) &s=dl +sl &

(s1 = nil digit(sl.car));



BbliaeneHnue gecatuyHon noactpokm d1 anuHbl kK B Havane s.

Dec(s: K, dl, sl) s = nil & digit(s.car) )

dec(dl, k) &s=dl1+sl1&

(s1 = nil digit(sl.car));

extG( do, m, S. d)

dec(dO, m) mEXt(s, d, dO, m);

len(s)
{ T (s=nl)d=d0O
(digit(s.car)) {
Dec(s: K, dl, sl);

(k <= m) extG(d0, m, s1: d)
extG(d1, k, s1: d)
} extG(dO, m, s.cdr: d)}



[HononHeHne dO anuHbl KO oo gecatnyHom ctpoku d1 anunHbl K
BblAENEeHNEM U3 Ha4yana CTPOKU S; S1 — OCTaTOK CTPOKU S.

DecO( do, sO, kO: K, dil, sl) dec(dO, kO)
dec(dl, k) &d0O+s0=dl1+sl1&
(s1 = nil digit(sl.car))
Dec(s: K, dl, sl) s = nil & digit(s.car) )
dec(dl, k) & s=dl + sl & (sl =nil digit(sl.car))
{ DecO(s.car, s.cdr, 1: k, d1, s1) };
DecO( do, sO, KO: K, di, sl) dec(dO, kO)
dec(dl, k) & dO+s0=dl1 +sl1 &
(s1 = nil digit(sl.car))
len(s0)
{ 11(sO=nil digit(sO.car)) d1 =dO || k =kO || s1 =s0

DecO(dO+s0.car, s.cdr, kO+1: k, d1, s1)



m em Wei g ht = YUCIO 3NIeMeHTOB MHOXeCTBa

BbluncnaeTt 4Yncno anemMeHToB MHOXeCTBa, NpeacTaBneHHOro B
BMae bMToBOW WKanbl. Bec XaMMUHra.
size t memweight(const void *ptr, size_t bytes)

YkasaTtenb ptr pukcupyeT Havano obnactu namaTtun. [NapameTp
bytes — pasamep obnactn B 6bantax. [lporpamma BblUUCISAET
4YMCNo eanHUL, B ABOMYHOM MpeacTaBrieHnn obnactu namaTu.

Int bitmap_weight(const unsigned long *src, unsigned int nbits)

ObnacTb NnamsTu — MaccuB CrioB Src, nbits — pasmep
obnactu B butax.




