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Proof of Functional Correctness

Presented by Claire Dross and Martyn Pike
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function Find (A : Nat Array; E : Natural) return Natural with
Post => Find’Result in 0 | A’Range;

function Find (A : Nat Array; E : Natural) return Natural with
Post =>
(if (for all I in A’Range => A (I) /= E)
then Find’Result = 0
else Find’Result in A’Range and then A (Find’Result) = E);
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function Find (A : Nat_Array; E : Natural) return Natural
with Post => ...

procedure Use_ Find is

Find (A, E);
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function Is Sorted (A : Nat Array) return Boolean is
(for all I in A’Range =>
(if I < A'Last then A (I) <= A (I + 1)));
-- Returns True if A is sorted in increasing order.

subtype Sorted Nat Array is Nat Array with
Dynamic_Predicate => Is_Sorted (Sorted Nat Array);
-- Elements of type Sorted Nat_ Array are all sorted.
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procedure Do Something (X : in out T) is
X Init : constant T := X with Ghost;
begin
Do_Some Complex Stuff (X);
pragma Assert (Is_Correct (X Init, X));
-- It is OK to use X Init inside an assertion.

Q X := X_Init;
-- Compilation error:
== Ghost entity cannot appear in this context.
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type Stack is private;

function Get Model (S : Stack) return Nat Array with Ghost;
-- Returns an array as a model of a stack.

procedure Push (S : in out Stack; E : Natural) with
Pre => Get_Model (S)’Length < Max,
Post => Get_Model (S) = Get Model (S)’0Old & E;

function Peek (S : Stack; I : Positive) return Natural is
(%) (Get_Model (S) (I));
-- Get Model cannot be used in this context.
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Last_Accessed Is_A : Boolean := False with Ghost;

procedure Access_A with

Post => Last_Accessed_Is_A;
procedure Access_B with

Pre => Last_Accessed_Is_A,

Post => not Last Accessed Is A;

-- B can only be accessed after A

V_Interm : T with Ghost;
procedure Do Two_Things (V : in out T) with
Post => (First_Thing_Done (v’ 01d, V_Interm)
and Second_Thing Done (V_Interm, V));
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pragma Assert (Assertion_Checked_By_The_ToolL

-- info: assertion proved

pragma Assert (Assumption Validated By Other Means);
-- medium: assertion might fail

pragma Assume (Assumption Validated By Other Means);
-- The tool does not attempt to check this expression.
-- It is recorded as an assumption.
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procedure P (X : in out T) with Post => F (X, X’01ld) is
X Init : constant T := X with Ghost;

begin
if Condition (X) then

pragma Assert (F (X, X Init));

procedure Sort (A : in out Nat Array) with
Post => (for all I in A’Range =>
(for some J in A’Range => A (I) = A’0ld (J))) is
Permutation : Index Array := (1 => 1, 2 => 2, ...) with
Ghost;
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A : Nat Array := ... with Ghost;
procedure Increase_A with Ghost is
begin
for I in A’Range loop
A (I) :=A (I) + 1;
end loop;
end Increase_A;

procedure Prove P (X : T) with Ghost,
Global => null,
Post => P (X);

—AFHREL, BEOEHDBICHEESZDCENTEEIEA. 0T, ZIDH
8, J-XEHOWBZETIN, PENBERBOMEETIL—TEITDCEICRDIHT.
J—RZEHOBRNENUET - FFHREPORPERDFE CEICE, EODDRRD
HDFT.

F—IC, RIEHZESHII. IVNASICLKDIT—-RA+I— FOBIFREEMET DEHIC,
BEDI—RFPICHFELSDDE, T-—AFEHADEDHBTET - +FREWOLE LD
HTCI.

RIC, TTOTSLADOEERNSDFINTERULEBRNVEMZI—RERI CECKD, Tk
MEQLEL=EET.

REIC, 22 URIINIEIRDDDD IC< KZBDRBZERFS CEICK>T GNATprove AND
SRERNTET.

BIZIL X ZSIBICUT, FHE Prove P O IWUHT &, FEBAINEXIREUT, REEIC
HWRERDYBETEBLIRBPDM TS, P (X) ZENIDIEITTY. EIC, P DB
—BEIIONEYI. FE, KD, FUBRIBROSNCEICKD, SIBEOERGTHERIC
I$DFT.

2, BLU Prove P B+DICREESNE<TE, IWSBEEDOHBZNIERNDT, REE
LENSED OEEDDIREE, KOBRICLE2I—FDTENTEET.

10



HWRERIE LS -5IZAN1 FI D - IL—TJZiRD

- GNATprove (&, V=T DHDHTTOTS LAELEDHDED
DICHTFET, GEHIO—-EBERESTRVHICTIEHTYT
- Y7003 L0BBHISI—TXET
- =T ORIHDSI—TDRTET (—O30)
- BRERHEHIZIUENEIRET D
- L= P TEHINDNBEITRETHD
- BREINZEIC, IW—TORBHISH T TATSLADRTET
- BREFRHEIHRIITDERET D
- =T P TEHINDDPESFRETHD

Stmtl;

loop Smtl
Stmt2;
exit when Cond; //=\\
Stmt3; ;
end loop; f\/, Smt2 + Cond + Smt4

Stmt4d;

Smt2 + not Cond + Smt3
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function Find (A : Nat Array; E : Natural) return Natural is
begin B
for I in A’Range loop
Q pragma Assert
(for all J in A’First .. I - 1 => A (J) /= E);
-- medium: assertion might fail
if A (I) = E then
return I;
end if;
@ pragma Assert (A (I) /= E);
-- 1info: assertion proved
end loop;
return 0;
end Find;

BIN=ITRUL) CORFRBIL—TCHIDRNCE ST, IL—T&EEBHTTOIS
NZRRFET DBFIC, GNATprove [IREESDREEZZITET.

SFRNICEAL, I—TPTEHSNDIEHDBICHKEFUIZTO/NT « ZRILEIT D ENT
SRNENDTETY. FE, EHOBEOEESNENEHICEET JBEREITNRNONE
€, W—TZRT, ZNSICEATDIHUBERESISHICCIFITESE B A.

Bz IS, Find BIETIL, ool A DMRBUCUVDER E OBAAZERT 1 VT IO RZERLUE
9. BREROBRUT, IL—TDMELTNDE, 1YTORIDOEE B A CREBESNTND
BN E TIR>ZRNCEZE, GNATprove [3X1oTNET. LHL, | KDINSTRAYTDRE
TICBULT, ZNHETHDICEEESTHIRHDBEREZ, KELTNDIDITTREIHDIE
Hu.

12



HWEEBIE LS - 5IBAZ1 R I D - IL—TARERH

» W—=TRERHE, IW—TDETOERDRUICHBNT, BT
HINESRBPTHD
- @B, —ToRiliBlCiicsn®d. LML, FyTUAR
ILTHNIE, EDBAAICTERRTEET
- GNATprove [FZNDZIEZRIET DEHIC, ZDDREZTD

- W=TARERMHDEHE : RADOBDRLTIONT « ZRELTN
Esya)

- =T REFHRE . IL—TOEBOLOHNT, JONT 1 ZREFL
T30 (8L, mi0EZRFBELTHNIED

function Find (A : Nat Array; E : Natural) return Natural is
begin B
for I in A’Range loop
0 pragma Loop Invariant (A (A’First) /= E);
-- medium: loop invariant might fail in first iteration
-- info: loop invariant preservation proved
if A (I) = E then
return I;
end if;
end loop;
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EL, RERHZI—TOREICHEITDE, GNATprove [FIRFEICHINT D EITTFRL
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function Find (A : Nat Array; E : Natural) return Natural is
begin -
for I in A’Range loop
O pragma Loop Invariant
(for all J in A’First .. I -1 => A (J) /= E);

-- info: loop invariant initialization proved
-- 1info: loop invariant preservation proved

if A (I) = E then
return I;
end if;
end loop;
@ pragma Assert (for all I in A’Range => A (I) /= E);

-- 1info: assertion proved

V=T REEHZ, IW—T2EOEMSZTO/NT « ZREETEDIEN DD, GNATprove 1
tDTONT+ BIZERGFEIS—DRNCE) &, —TFXEEI—TICHEmBXIC
BO TR IDCHICEFEALET. KOIERICEH, EEFERERKLUY, IL—TDOEREFI
UIIIL—TICHm< BN SHMORBOREETDOEE, CORABICKUD, REDIL—T
RERMS, HBSNTNDERELTNET. BIZRIE, Find BEICHINT, GNATprove
(& IL—TRTH% 2TOADEXRL EELFERDEBIETCEHT. IL—TREFHI,
REDI—TDEDRUICHBNT, HFINDINSTI.
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- [INIT) L= T DRDDEDR LU TIHTETHD &

- [INSIDE] &3 TS D7\ &, IL—TDhDBRABIRENEE
BBTEBRTE

- [AFTER] T IS —N72\C & - BPABNRE « )L—TEOY
J7005hADEERFHENPTEDCL

- [PRESERVE] SRDIL—T DR LDE, FIBEIRETHDE

A I : constant Nat Array := A with Ghost;
for K in A’Range loop
A (K) :=F (A (K));
€3 pragma Loop_ Invariant
(for all J in A'First .. K=>A (J) = F (A I (J)));

-- 1info: loop invariant initialization proved

-- medium: loop invariant might fail after first iteration
end loop;
pragma Assert (for all K in A’Range => A (K) = F (A I (K)));
-- info: assertion proved

QA

BOWU—TAREREEEDCERL, ENDHTHEHLUL., COFEEEBRICITDEDIC, IV—TRBEHLED
BWJONF+&EB8BLEY. BDIC, IL—TAREEHR, IL—TORADDIEDE LU TBRYEETH D
NETY. TOTONFT 1+ EERITDEDIC, IW—TREZEOMEALIE, Program Integrity J—2
(No.3 : TOT S ADFTEIDIE) ICHIEIEERINT, KM UEBSREBOT/NNy I ERHET
(pp.12-17) .

RIC, W—TAREEHEE, ETBFIS—NDENCEEINRITIICEDDEITHDICEETHINET
9. IW—TORE, BrUOIL—TICHELSGFRXCBNTEZDOTHINETY., TOXDICTBEDHIC
(&, REREPTERREINTVENWL—TPTEHINDIBHICEEITDETOBERE, V—IUIIENT
LEDENDTEEBEZTRINETY., BIC, RERMHEDIC, IL—TDI LU —AREEFEINDED
EEDRDITEFEINETY. I—TICRKo>TEHINDCEDFNESEHOEDERIFIDLDIC
ST BTELCHEDFY. BEIC, IV—TAREBREL, IL—TOMGEHNEEDRLEBUTRESIND
EOZEATDIDICHDIEETHDNETY., NI, —RICIE, BoEEFEBREMEETDEMT
. =T REREOHENE D UTGNATprove TIEBRSNZEWHAEFIBR T DIEHIC, EDLTXRIA
DHEBE LR < IEBDERDEDIC, IW—TRKEOHECHICBAIERBEEBL C &R UL UILERICIT
5%9.

BICHDI—TZRET. B A ICHBNT, BHF ZETOBXRICEBALET. L—TDhE, SE
SIDERL, FIDDEDRLUTRACA YTORERD A [CRBSNLEEICXT LT, F Z8RAULCHER
TY. JONT 1 ZHFEIDLCHIC, IW—TICHKII5, B A DEEIT-IAEHA|ICIE-LUFE
9. IL=TREFHELT, KKDINSBA YT ORICEUT, BFULKIDICERIESEESNTIE
9. COIV—TRERME, BROWL—TRERHD 4 DORNTO/NT 1 ZH>TNDTLLDIN?

GNATprove ZZ5HITTRFT. INIT [ZBRE L TNET. AERHOREMESIEBASNTNET.
INSIDECAFTERTIZ, ETEHIS—FRESNTRST, IL—TEORBPIIHMINEICKRIISNTNE
9. LML, PRESERVETO/NT 1 TRBLET. RDDEDRLOE, FRERHEMRIBINTND
EFIBITE/MN o/I2E, GNATprove [FIRELET. CORMULHHZREIDE, IL—TDRID
BDRUTE, AKIBALIK) EFELWVDT, GNATprove [FEFFCTERNENDRIEN DD LN
PNDFY. HB, B3 A [QIL—TPTEHSN, RIDDIEORUMBETHON D EF, REFEH D
THRNSNTNDCETY., BRRC LS, BEDTYTIADHED A DIBEICDNTRERHIET
EEOTCVERA. IW—TDIU—LIREBEREKSTNET. K KOAREBRETOIYTIRJICHE
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package Ring Buffer with SPARK Mode is
function Valid Model (M : Nat_Array) return Boolean;

function Get Model return Nat Array with Ghost,
Post => Valid Model (Get Model’Result)
and GetiModgl’Result’FIrst =1
and Get Model’Result’Length in Length_Range;

procedure Push Last (E : Natural) with
Pre => Get_Model’Length < Max_Size,
Post => Get_Model = Get_Model’Old & E;

end Ring Buffer;

package body Ring Buffer with SPARK Mode is

Content : Nat Array (1 .. Max_Size);

First : Index_Range;

Length : Length Range;

function Get Model return Nat Array is
Result : Nat_Array (1 .. Length);

begin

17
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package Ring Buffer with SPARK Mode is
function Valid Model (M : Nat_Array) return Boolean;

function Get Model return Nat Array with Ghost,
Post => Valid Model (Get Model’Result)
and Get_ModelTResult’Firgt =1
and Get_Model’Result’Length in Length Range;

procedure Push_Last (E : Natural) with
0 Pre => Get_Model’Length < Max_Size,
Post => Get_Model = Get_Model’0Old & E;

end Ring Buffer;

package body Ring Buffer with SPARK Mode is

Content : Nat Array (1 .. Max_Size);

First : Index_Range;

Length : Length_ Range;

function Get Model return Nat Array is
Result : NgtiArray (L <o Leagth);

begin

Get_Model (3, EREIDH THEHDNTNDBDT, TNIFELL). Get_Model DIV
Uld, Ny 720h8Z2IE—-33CTEITERUTREL. CNSERERIRI—RIC
BNTIE, TIVIASICK>TEINICRDEFONET.
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package Ring Buffer with SPARK Mode is
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type Model Type (Length : Length Range := 0) is record

Content : Nat_Array (1 .. Length);
end record with Ghost;
Model : Model Type with Ghost;

function Valid Model return Boolean;

procedure Push Last (E : Natural) with
Pre => Valid Model and Model.Length < Max_Size,

Post => Valid Model and Model.Content = Model.Content’0Old & E;

end Ring Buffer;

package body Ring Buffer with SPARK Mode is

Content : Nat Array (1 .. Max_Size);
First : Index_Range;
Length : Length Range;

function Valid Model return Boolean is
(Length = Model.Length and then ...);

end Ring Buffer;
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package Ring Buffer with SPARK Mode is
type Model Type (Length : Length Range := 0) is record
Content : Nat_Array (1 .. Length);
end record with Ghost;
Model : Model Type with Ghost;

function Valid Model return Boolean;

procedure Push Last (E : Natural) with
Pre => Valid Model and Model.Length < Max_Size,
Post => Valid Model and Model.Content = Model.Content’0Old & E;

end Ring Buffer;

package body Ring Buffer with SPARK Mode is

Content : Nat_Array (1 .. Max Size);
First : Index_ Range;
Length : Length Range;

function Valid Model return Boolean is
(Length = Model.Length and then ...);

J—SEXTHD Model (3, EEDBEIK Valid_Model iRV BEICKEZSZDCE
D:‘Cé?it*/-u. Valid_Model (&, H#&EIDH TEATEXI. Ghost EX—DTDCE
WTEFEI.
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Model : Model Type with Ghost;
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procedure Pop When Available (E : in out Natural) with

Pre => Valid_Model,
Post => Valid Model,
Contract_Cases =>

(Model.Length > 0 => E & Model.Content = Model.Content'Old,

others => Model = Model’0Old and E = E’0ld);
procedure Pop_ When Available (E : in out Natural) is
begin
if Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
E := Content (First);
Length := Length - 1;
First := (if First < Max Size then First + 1 else 1);
end if;

end Pop_When Available;
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Model : Model Type with Ghost;

procedure Pop When Available (E : in out Natural) with
Pre => Valid Model,
Post => Valid Model,
Contract_Cases =>
(Model.Length > 0 => E & Model.Content = Model.Content'Old,

others => Model = Model’0Old and E = E’01ld);
procedure Pop When Available (E : in out Natural) is
begin
if Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
E := Content (First);
Length := Length - 1;
First := (if First < Max Size then First + 1 else 1);
end if;

end Pop When Available;

Ghost £E¥—2&N T3 Model (3, JET— +FHESTHD

Pop_When_Available O/RT 1 H5SRTEEY., T—RAFXODPTHASINTID

FROICRNTTT.

) RS5A FPDT—-AEXENDDIE, BEANDEDEIDHTEDXT, FI-R XIS
ANV I

27388
7

=
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Model : Model Type with Ghost;

procedure Pop When Available (E : in out Natural) with
Pre => Valid Model,
Post => Valid Model,
Contract_Cases => B
(Model.Length > 0 => E & Model.Content = Model.Content'Old,

others => Model = Model’0Old and E = E’01ld);
procedure Pop When Available (E : in out Natural) is
begin
if Model.Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
end if;

if Length > 0 then

E := Content (First);

Length := Length - 1;

First := (if First < Max Size then First + 1 else 1);
end if;

end Pop When Available;
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Model : Model Type with Ghost;

procedure Pop When Available (E : in out Natural) with
Pre => Valid Model,
Post => Valid_ Model,
Contract_Cases =>
(Model.Length > 0 => E & Model.Content = Model.Content'Old,

others => Model = Model’0Old and E = E’01ld);
procedure Pop When Available (E : in out Natural) is
begin
Q if Model.Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
end if;
if Length > 0 then
E := Content (First):;
Length := Length - 1;
First := (if First < Max Size then First + 1 else 1);
end if;

end Pop When Available;

Model [CBIT TR R, BEDEZEEHITDIDICANSNTNDEETIS, #Fan
TNEBA. B, DV 3ICE>TI-R +I—ROREESEMETDEDIC, B
BOI—RICRNT, J-R+EBZBNDIXOAN' T FEROEIDBTET -
FFHRSWTE UHTEET.
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Model : Model Type with Ghost;

procedure Pop When Available (E : in out Natural) is
procedure Update Model with Ghost is

begin
if Model.Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
end if;

end Update_ Model;

begin
Update_Model;

if Length > 0 then

E := Content (First);

Length := Length - 1;

First := (if First < Max Size then First + 1 else 1);
end if;

end Pop When Available;
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Model : Model Type with Ghost;

procedure Pop When Available (E : in out Natural) is
procedure Update Model with Ghost is

begin
if Model.Length > 0 then
Model := (Length => Model.Length - 1,
Content => Model.Content (2 .. Model.Length));
end if;

end Update Model;

begin
Update_Model;

if Length > 0 then

E := Content (First);

Length := Length - 1;

First := (if First < Max_ Size then First + 1 else 1);
end if;

end Pop When Available;

CCTTRE|TIEULTY, Model 3, ZNEBSN T +FHETHD
Update_Model DRBITOH PO ZZXTEXT. EIC, Update_Model [CXF LT
ZENTIMUBODBOEIEA. KB, BEANFHERDT, GNATprove [CK2TTY
S EENZEI.
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function Max Array (A, B : Nat_Array) return Nat Array with
Pre => A’Length = B’Length;

function Max Array (A, B : Nat_Array) return Nat Array is

R : Nat_Array (A'Range) := (others => 0);
J : Integer := B’First;
begin

for I in A’Range loop
if A (I) > B (J) then
R (I) A (I);
else
R (I) :=B (J);
end if;
J :=J + 1;
end loop;
return R;
end Max Array;
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function Max Array (A, B : Nat_ Array) return Nat Array with
Pre => A’Length = B’Length;

function Max Array (A, B : Nat_ Array) return Nat Array is

R : Nat_Array (A’Range) := (others => 0);
J : Integer := B’First;
begin

for I in A’Range loop
if A (I) > B (J) then
R (I) := A (I);
else
Q R (I) := B (J);
end if;
J :=J + 1;
end loop;
return R;
end Max Array;

TOTSARBEL. B&RCTEIC, GNATproveld, J A'B O+ Y5O HEICND
ENSTEZRIEIDDICKRLET. HIR, I—TORBEREIDEE(C,
GNATprove (&, #I0I—TTEESNTNDITEREED'HDDT J DREEEZETHN
FY. KDERBRBREBICHICE, IW—TRERHZRIHTIHNEDDDET.
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function Max Array (A, B : Nat_Array) return Nat Array with
Pre => A’Length = B’Length;

function Max Array (A, B : Nat_Array) return Nat_ Array is

R : Nat Array (A'Range) := (others => 0);
J : Integer := B’First;
begin

for I in A’Range loop
pragma Loop Invariant (J in B’Range);
if A (I) > B (J) then
R (I) := A& (I);
else
R (I) := B (J);
end if;
J :=J + 1;
end loop;
return R;
end Max Array;
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function Max Array (A, B : Nat_Array) return Nat Array with
Pre => A’Length = B’Length;

function Max Array (A, B : Nat_Array) return Nat Array is

R : Nat Array (A’'Range) := (others => 0);
J : Intgger := B'First;
begin
for I in A’Range loop
0 pragma Loop_Invariant (J in B’Range);
if A (I) > B (J) then
R (I) := A (I);
else
v R (I) :=B (J);
end if;
J :=J + 1;
end loop;
return R;

end Max Array;

W—TREZEZ, SORIV-TEAET, EEBIS—HIEURNCEERIETEET.
BRECEIC, GNATprove [&, REZREDIL—TDRADDIEDRLDHEZETHD
EVWSTEEBFCEABMUET., RRIC, EROEDERLUT, J DB OFEEICDEN
CEERITTIE, ROBDBELUTEZDI THIERIICEADTEHOEEA. KDIE
RISAZBREDMUEBTY, JEBIL—TIYTORIDEIC)YDTDICETY. HzS,
RICIEVDFET :J=1-A’" First+B’ First.
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Nat_Array) return Nat Array with

Pre => A’First = B’First and A’lLast = B’Last,

Post =>

(for all K in A’Range =>

Max Array’Result

function Max Array (A, B
R : Nat_Array (A’Range)
begin
for I in A’Range loop

(K) = Natural’Max (A (K), B (K))):

Nat_Array) return Nat Array is
:= (others => 0);

pragma Loop Invariant (for all K in A’First .. I =>
R (K) = Natural’Max (A (K), B (K))):;
if A2 (I) > B (I) then
R (I) := A (I);
else
R (I) :=B (I);
end if;
end loop;
return R;

end Max Array;
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function Max Array (A, B : Nat_ Array) return Nat Array with
Pre => A’First = B’First and A’lLast = B’Last,

Post =>
(for all K in A’Range =>
Max Array’Result (K) = Natural’Max (A (K), B (K)));
function Max Array (A, B : Nat_Array) return Nat Array is
R : Nat Array (A'Range) := (others => 0);
begin
for I in A’Range loop
8 pragma Loop_ Invariant (for all K in A’First .. I =>
R (K) = Natural’Max (A (K), B (K))):;
if A (I) > B (I) then
R (I) := A (I);
else
R (I) := B (I);
end if;
end loop;
return R;

end Max Array;

COTATSARIEUL. UL, IW—TREBRUDELLHDEBA. B
Max_Array TRENETEITIDCEICLOTRETEFY. FIR, SIL—TDEDR
LT, BIIRIE 1YFTORBIC, B A EBONSKBINBEZERFSET.

2L, |-1 ETICEDEY. | BBIF, FEHELTNEEA.
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procedure Max Array (A : in out Nat Array, B : Nat_ Array) with
Pre => A’First = B’First and A’Last = B’Last,
Post => (for all X in A’Range =>
A (K) = Natural’Max (A’0Old (K), B (K))):

procedure Max Array (A : in out Nat Array, B : Nat_Array) is

begin
for I in A’Range loop

pragma Loop Invariant (for all K in A’First .. I - 1 =>
A (K) = Natural’Max (A’Loop_Entry (K), B (K)));
if A (I) <= B (I) then
A (I) :=B (I);
end if;
end loop;

end Max Array;
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procedure Max Array (A : in out Nat Array, B : Nat Array) with
Pre => A’First = B’First and A’lLast = B’Last,
Post => (for all K in A’Range =>

A (K) = Natural’Max (A’0ld (K), B (K))):;
procedure Max Array (A : in out Nat Array, B : Nat Array) is
begin

for I in A’Range loop
@ pragma Loop Invariant (for all K in A’First .. I - 1 =>
A (K) = Natural’Max (A’Loop Entry (K), B (K))):
if A (I) <= B (I) then -
A (I) :=B (I):
end if;
end loop;

end Max Array;

S@E, TOTOTSARBEL). BERRTEIC, GNATprove (&, BHIDIEDRLOH
&, GNATprove (3, IV—TRERHUNZETHD, CEERIETDICENTEEEA.
| HHIEDEDRUTRESNIEET, B A [CRESNTNBEDNDDSZNDST
9. V=T TEESNZNEESELOHDE, TU—LARBEMINET. I—TFRE
FHEERAITIRELE, TU—ARBEENENKSICERIINETT.
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procedure Max Array (A : in out Nat Array, B : Nat Array) with

Pre => A’First = B’First and A’Last = B’Last,
Post => (for all K in A’Range =>

A (K) = Natural’Max (A’0ld (K), B (K)));
procedure Max Array (A : in out Nat_Array, B : Nat_Array) is
begin

for I in A’Range loop
pragma Loop_ Invariant (for all K in A’First .. I - 1 =>
A (K) = Natural’Max (A’Loop Entry (K), B (K))):
pragma Loop Invariant B
(for all X in I A’Last => A (K) = A’Loop_Entry (K)):
if A (I) <= B (I) then
A (I) :=B (I);
end if;
end loop;

end Max Array;
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procedure Max Array (A : in out Nat Array, B : Nat Array) with
Pre => A’First = B’First and A’Last = B’Last,
O Post => (for all K in A’Range =>
A (K) = Natural’Max (A’0ld (K), B (K))):

procedure Max Array (A : in out Nat Array, B : Nat Array) is
begin
for I in A’Range loop
Q? pragma Loop Invariant (for all K in A’First .. I - 1 =>
A (K) = Natural’Max (A’Loop Entry (K), B (K))):
0 pragma Loop_ Invariant -
(for all K in I .. A'Last => A (K) = A’'Loop Entry (K));
if A (I) <= B (I) then
A (I) :=B (I);
end if;
end loop;
end Max Array;

S@, FRUTLEDIU—ARBEBNLZEUE. 7OJ35 A GNATproveT, IE
U<SRREECTEET.
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