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Chapter 1

SPARK [ 0 000 O

Ob0o0OoO0oooob0 SPARKO00000000000000000000b00000o00oo00oobooocoonog
gbooobOoboooogob SPARKOO0000000000000

O0: 0000000000 SPARKOOOODOOO0DOOO00OO0O00ODO0OO0DOODOO0ODOSPARK GPL O
ooboooooooboooobobooobooobboooo0ooboobbo0oooboo0oobO0oOobDD SPARK
O000000000000000D00GPSO GNATbench IDE OO0 Help — SPARK 00000 SPARK O
Ub0O000000000D00000 share/doc/spark 000000000000 OO0O0CODOOO

SPARKOODOOOOODOOOO00ODOOO000ODOOO00O0ODOOO000O00oDOOoO000ooDooooooogo
* SPARK Pro O 00 O O SPARK Discovery
e« GPS OO O the GNATbench plug-in (Eclipse O O

SPARK Pro 0 0 SPARKODOOUOOOODODDODOD SPARKDiscovery 00D 0O0ODOO0O000000ODOODO
oo0ooo0bo00obo0obooooobooooDbooOonoOD SPARKPro0 00O 0ODOOOO SPARK Pro OO0
000000 SPARK Discovery [ [J

- J000DOO0OO0OOODOOOODOODOOOOn

00000 CodePeer U0 D DODOOODOODO

 J000DO0O0ODOODOLOOODODbDOODn

- 00000000 DOOOOODOOOOOOODOOOOODDOObOOOOObOOOOOOODO

0000000000GPSUD0D00DO0DOOOSPARKOODDODODODODOODOODOODODODOO
OO000000D0O0OEclipsed GNATbenchO D OO ODOOO0O0O0ODOOOO0OOOODOOOOOODODOOGPS
0000000 00o0o0ob00O00o00oO00bO00o00o00o0bOoo0o0ooOo0ooDoo0oOoooOooDooOooo
000000000000 O0GNAT Tracker O “Download” O 0O O O O O ”AdaCore Installation Procedures” [
0000000000000 0DDOD0O0 AdaCore0 00 O0OD0OOO0OOOOODOO

Uo0b0O0OO000b0000GNATprove GPSUOOOOOOOOOOOOODOOODOOOOOOOODOOO GPS
ubobooboboooobobooobgbSPARKOUODO0OOODOO0OO000O0bO0O00O0

O0O: SPARK2005 00 00000000000000 SPARK20I140000000000O0O0OSPARK 2005
ob0oo0O0onD SPARKO0000D0000O0

GpSO0O0U0DO0O0O00OD0ODO0OO0ODOO0DbO0OOUODObObOODOOD diff.adb 000000 OoOoOoOoO
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procedure Diff (X, Y : in Natural; Z : out Natural) with
SPARK_Mode,
Depends => (Z2 => (X, Y))
is
begin
7 =X - X;
end Diff;

gboboobooboxbOyDoooooOOoOzOOOOOOODOODOOODDependsJ0O00OO000OO00OOOO
oobOzoooOOooooOoOoOooOoOO XoyYyoOoooooooooooooooooooboooooooooo
UO0000000000000000000 SPARK Modeaspect OO O0OO0OOOOOOOODOO SPARK
0000000000000 0000000000000000GPSODOODDODODO SPARK — Examine File
00000000 GNATprove DO O O0O0O0O0DOOOOODOODOOOOODODOODOODODOOODO

diff.adb:1:20: warning: unused variable "Y"
diff.adb:1:36: info: initialization of "Z" proved
diff.adb:3:03: medium: missing dependency "null => Y"
diff.adb:3:24: medium: incorrect dependency "Z => Y"

gooobooboobooboob zboxO0yddoboooooboooboo zoo xOoOoooooo
gbydoobooooboooboboobooboboobbooobobooboboobooboboan
obooboooobOoboboobooooooooooboonboon z =X -y; 000000O0bOOoO0ooOooOg
obooooOobooooobobooonog

gbooobooboobooobooboobooboooooooboooobooboboooboobooog
OO00O00O0OD0OGPSODOUOODOODNO SPARK — Prove File 100 0O0O0DO0OO0DOOODOOODOONO Execute
UO0D0D00OD0OO0OOOGNATprove DO OO DOO0OO0ODOOODOOODOOOOOOOODOOODOOOOOODOOO
obooooOobooooboboooboboooobobooobOobooobooboooobooooobooonog
goo

diff2.adb:1:37: info: initialization of "Z" proved
diff2.adb:6:11: info: overflow check proved
diff2.adb:6:11: medium: range check might fail

Uboboobobodbd Natural UOO0O0O000 Natural UO0O0O0000000 Natural OOOOOO
obooooooooboboooooooooobobooooooooboboobobooooboOooboooboon
gbooboobOobooboooobobooooooboooobob0obbo0obb zO00O0O Naturalld
U Integer 00000000 DODOODOODOOOOOO0O0DOOODO GNATproveO OO OOOOOOOO
gooooooboooooboooobooboobooboooooboobooboboobobobooboobooog
gooo

Ob0o0o0O0obOo0n0 SPARKOO00O0000000000000b00000b00boo0ooooboooooonog
oooobooooo

2 Chapter 1. SPARK OO 00O




Chapter 2

HRERERE

SPARKO0 0000000000000 000O000O0000OO00ON0O0O0OO0ONOONONOOonoooooon
O0000000000O00O00SPARK201400Ada20200000000000000000000000
0000000000000000000000000000000000000000000000000
'Doo0o00??00000000ooooo

oooooobo0obooooobob0ob0oooobobob0oboobo0obO0bb0o0oOoo00gDO (abstraction) OO0 O
O (eefinement)y 00000000000 OCO0O0O0O0O0DOO0DOOOOOCOOOOODOOOOOOOOOOOOO
gbooobOoboooobobooooobobooooga

SPARK 201400000 SPARK2005 0000000000 DODDODODOOODOOOO0O0O000000000
gbooogbooboboobooboboobooboboobbooboboobooboboobooboo
oboooooboobobooooobO0b0obooooooob0ob0obobo0o00obDobO0obOODO-178C Level
A0OO00OO0O0C0O0OOO0OO0O0OO0OoO0obOoOoOooOoboOobooooooboooo

SPARK2014 000000000000 OOO0O0OCODOOO0OO0OOO0OO0ODOOOOODO00OO0OODODODbOO0n
00000000000000000000000000000000DO-178C* 0 DO-3334000000
goooooooobooobooboogoobooooboooobooboooooobooobDobbooboboog
gbooooboobooooboobobooooboobooooobobooooo

SPARK2014 000 GNATOOOOOOOOOOOOOOOOOOOOOOOOd

s GNATOODOODO

« GPSOOODOOO

- 00000000 O0D00D0O0O0O GNATtest OO

- J000DOO0OO0O0ODOO GNATprove OO
O00000D00000D0Ob0 SPARKODOOOOSPARK2014000000O
oboooooboooobooboboooobooboooogo

s GNATprove D0 0000000 ODOO0ODOOOOCOOCODOOODOOOOODOOOOOOOOOOOOO
goo

s SPARKODUDODUODOD OOOODLOODOODOO SPARKOODOODOOOOODOOOOODbOOnDGg
ugbogbougboobgooboobobbobboobon

« SPARKODOUOODO OO SPARKOOOO0OO0OOOO0OOOOOODOO

0000000000 000000000000000000000000000000
20000000Ada00000000O0D ”An aspect is a specifiable property of an entity. ” (ada 2012 reference manual)
3 RTCAD Software Considerations in Airborne Systems and Equipment Certification

4 RTCAO Formal Methods Supplement to DO-178C and DO-278A
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* GNATprove 10O 00O0OOD0D OO0 GNATprove DO OO0 DO0OO00DDOOOODOOOODOO

4 Chapter2. 000D



Chapter 3

GNATprove U OO OO0 OO

D000 SPARKOO0ODODOOOO0O0000000D0D0OO0ODO GNATOOOOOOOOAda20120000
gooobooooooboooooooobooooboooboooooboooobooobDoboboobooog
gbooooooboobooobooooobobooboobooboboooboooooooboboboobooog
oboboobOobobooooboooobooboooooboboooobooboboooboOobooooooboobono

SPARKOOO0OO0O0O0O00O0O00D0O000000GPSODO0ODOOO0 GNATOOODOOOOOOODOOOODOO
OO0 GNATprove O 000D DOO0DODOOO00OOODODOGPSOODODOODODOEclipse O OO GNATbench
Oo0oo0oo0o0ooobooobooobOoobDbobbO0oboo0b00OUOU0bEclipsed DD 0DODODOOODOO
O000000GPSOOD0OO GNATbenchO DO DO OOOODOOO0OOODOOOODOOOODOODOODOO
OO0o0O0o0O0obooOoo0o SPARKOO0O00000d

GNATprove 1 OO0 0O0ODO0OO0DOOOOO0DOOODOGPR_PROJECT_PATHOOODOOOOODOOODOODOO
OGNATOOODOOOODODOODODOOOODDOODODOO0O0O0OODOU0OODO GPR_PROJECT_PATH
00000 b00b0O0Db0O0O0O0 <GNAT install dir>/share/gpr OO UODODO<GNAT install
dir>/share/gpr UOODOOOOO SPARKOUOGNATODODDOOOOUOUOUOUOUOOoOoooOobDbObOOO
0000000000000 0O0bO00bbO0O00 <sPARK install dir>/lib/gnat00000O0O0O0O
OOOOOOGNATOOSPARKOOOODOODOOODOOODOOOOOODLOOOObOOObOO DbOOobDbOOoDO
00000000000 Linux/MacO Bourne OO OO O00O0OD0OOO0OO0OOODOOOOCODOOOOOO

export GPR_PROJECT_PATH=<GNAT install dir>/lib/gnat:<GNAT install dir>/share/gpr:
<+<SPARK install dir>/lib/gnat:$GPR_PROJECT_PATH

Linux/MacO COOOO0O0O0OOOOO:

setenv GPR_PROJECT_PATH <GNAT install dir>/lib/gnat:<GNAT install dir>/share/gpr:
.<SPARK install dir>/lib/gnat:$GPR_PROJECT_PATH

GPSO GNATprove U0 OO 0O0OO0OO0O0OODOOOCOOODOOOCOODOODOO

31 000000

oobooooooboooooooooooooooobcpio0bobOOdORAM)OO000O00O0O0DO0O GNAT-
prove U0 OO0O00OOO0O0O0OO0O0OO0OOCPUODOOOOO2GBO RAMUOOOODOOOOOOOOOOO
0000000000000 0000000000000000000 GNATprove OO OOODOOOODO
O0D00OLinux 64bit 0 O 00 Windows 64bit OSSO OO O OO0 8000 16GBO RAMUDOUOODOOOOOO
oobooobobooboOoooboooboo0oooboooboo0oobobooboo0oboOn 28GhzO CPUL 2GBO RAM O
gooooooo
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OO00O0000 GNATprove O CodePeer 0D 0D UODODOO0OODDOODO GNATprove DO 0OOODO
-—codepeer=on UO 10K SLOCODOOOOOOODO 1GBOOOOOODOODODOOOOOOODOO300K
SLOCO CodePeer DO OO ODO0OO0D0OGbitDIDOOOO0O0O0OO030GBO RAMUOOOODOOOOOODO
obooOoboooooooobooboooobooboooobooooooboooobooooboooobooonog
gboboobOoboooobobooooboboooboobooboooboobon

3.2 Windows O OOOOOGOdO

0000000000 GPSOOODOOODOODODOOODOD O gps-<version>-i686-pc-mingw32.exe 0 0 0 0O
oo0ooDoDOoboO0ooooDboon

O0: ODOOGNATProOOOUOOGNATGPLODOOOOOOOGNATGPLODOOODOOOOOOODOOO
oooooGepSOOO0OOCOOODOOOO

O00O0O GNATprove DO 0D OO0DOOOOODOODOOODOO O spark-<version>-x86-windows-bin.exe [ [ O
ooooooooo

ooooooooobooobooooboooboobooooobooooboooboooobooboooog
gbooooboboooboooobOooboooobooooobooboooooboooobOoboooooboon
goooogaoo

33 LinuxMacO OO QOoQooong

gboboobooGepPSO tarDODOOOOODOOOOODOOOOOOODODOODOO:

$ gzip -dc gps-<version>-<platform>-bin.tar.gz | tar xf -
$ cd gps—-<version>-<platform>-bin
$ ./doinstall

obooooobooooboobon

O0O: DOODDOOGNATProOOOUOOGNATGPLOOOOODOOOGNATGPLOOOODOODOOOOODO
gboooooooepSOO0ObDOoOoOOoDOn

OOOSPARKtar DO OO0O00OO0OO0OO0COOO0O0DOOO0OOODOOOOOOODOO:

$ gzip -dc spark—-<version>-<platform>-bin.tar.gz | tar xf -
$ cd spark-<version>-<platform>-bin
$ ./doinstall

ooboboooooooooboooooooooobb0ooobbo0ooooobooboo0ooooboonDnhO/opt/spark
obooooOoboooooboboooboobooooobooooo

6 Chapter 3. GNATprove D O OO OO O0OO




Chapter 4

SPARK OO OOOOOO

OO00000000000000 SPARKOOOO0O0O SPARKOO0O0O00000000000000000080
000000000 Ada20200000000000000O0C00O0OOO0OOOOOOOOODOOOO
0O SPARK Mode OO ODOOOOO0OO0ODO SPARKOOOOODDOOOODOOODOODOOODO AdaODDOOODO
ooooogooo

gbo0OdO0Opragmal SPARK Mode DU UODOUOOOOOOOOOODOOOO

GNATprove O Opragma O OO0 SPARK _Mode OO DOOOOOOOO SPARKOOOOOOO0O0OOOOOO
gbobooboboooobooboooodg

41 SPARKO OO0 AdadoOooono

Ada0000D0D0DDOD '0000000000000O SPARKOOOOOOODOODOOO SPARKOODODOO
ooboooooooooooobOoooobooooobOooooooooobooo0oobo0o00oobooOonbn Ada
gboobOobooobooboooobobooom SPARKOOOOoOooooooooboooooobooog
ubooobOobooooboboon

AdaD0O000OD0OO0ODOOOODODOOOOODOODO SPARKOOD0O0DO0OO0O0ODO0ObOOoo 20000
ugboabouogbooobgobobbooboaoboan

« SPARKOODOO SPARKODODOOOOOO0OD0DODDOOOCompletion? 000000 SPARK 00
o0 SPARKOO0O00000000000

« SPARKOOOOO SPARKOOOOOOOOCOODOOOODOOOODOO SPARKOOODOOOOO
SPARK Completion 00 OO0 OO0OO

00000000000 0 SPARKO completion 0000000000000 O0O0D0OOO0OOOOOOOOOO
00000000000000000000000000000D0D0D000O0DOOD*000[@00000a
O0oooooo00ooDoO0o0ooDObO0o0ooDbO0o000oDObO000b0O000Ocompletion00O00O0O
ooooooboooooboboboooooboooo

SPARK OO DOOO0DOOO SPARK O completion D0 0000 O0ODOO SPARK completion U 0 O SPARK 0O [
U00000000 SPARKOO000000000000000000000000000000DO00 SPARK
gobooooobooooooooboooobo0oooobooOooboboobOo SPARKOOO0000Oo000O0O0d

'00000000000000000000000000000000000 0 protected unittl O 0O O O generic unitd 00000 O

2Ada000000000D0000000O000DO0D0O000O000DO00D000000DO00D0000000O0nooonn
gooOooooOoO0ooOoOooOoOoO0oOOoO0COOO0DOO0O0OOO0O0O0OOO0O0O0OO0OO00COOO0O0OCOO00COO00 Completion 0O
gooooooooooooooooooo

3 deferred constant declaration: 10000 00000000000000000000000000000000DOO0OO0OO0O0O0
goooooooooooooooooooboo
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gbooobooooboooboooooboooboooobooboboobooboooboobooobooog
gboooboobobopoboboobuobbodpargmal 000000000 O0ODOO0ODOODOOODOODOO
O00000b000bD SPARKO0O000000000000000000000D000000D0DODO SPARK
000 completion 00 SPARKOOOOOOOOOOOODOOODOOODOOOOOOOO completion 000
obooobOoobooboooooboboobooobooobooon

OO00o00o0o00oooO0o0o0ooDOo0o0oo0Db00O0 SPARKO00D00000DODO00OO0O00oooooon
U0ooo0oooooooogoios SPARKOOO0OO0O0O0OO0ODOO0ODO0O0OO0OOODOOOOOOOOg
ob0o000O0b0o00ob00bobb0Ada00D0OODOODOOODODOOOO

OO0000000O0O0O0000000oOb00000D0 completionD00000O0DOOOOOOODOODO
gbooooooboo4b0000o0ooooo20b0bo0obobooooooooobooooooobooooonog
oooooooooboooooooooooooobooooooooobooooopDo..40b00NOODDOOODO
go0ooo0b0oobooboboNDOOUOOODOoDbOO SPARKOOO0O0O0oobobooooboooog

gboocobOobooooobooooboooon
- 000000000 SPARKOOOOOO0DOO00O0O0DO00O0O00O00 SPARKOOOODO
- J000D0O0D00ODODODO SPARKOOOOODOODOODODOODOODODOODO SPARKOODOOO

- 0000000000 SPARKOOOD0O0OO00O00D000D0O0O0DOOO0DOO0O0 SPARKOOOOO000OO0
ob0oobOobo0oobOOoboooOog SPARKO0000

« SPARKOOOOOOOO0ODOOO0OOOOOOO0OO0OO0O0O0O0bOO0O0O00O0O0bO0O0O00DO00O0OO
uoooboooo

- J0D00000ODO0OD0ODO SPARKDO O SPARKOOOOODOOOOODOOOOODOOD SPARKO OO
obooobobooobOoobooboooboobooooobooboooooobooon

gobooobooooooooboboooooooobooooobo4000b0bo0oboo3booooooooaon
gboboobooboooobooon

gboooboboobobboobooobobooboboobobooboboobooboboooboonoo
gbodgbuoobobbouoobaoboboobooboobobbobooboobobooboobooboo
oooo.

42 N0000DOODOOODOOODOOOO

obooooOobo0ooobO0oboooobobooboon SPARKOO00000o0o0oooooooonog
gbobobOooboobooboooooooooooboooobooobooooooooboobooooDooo
ooooboooog.

421 000000 SPARK _Mode DO O OO

200000000000DO0O0O00O0DO0ODOOO

1. 00 pragma 000 SPARK_Mode U0 OOO0O00O0O0OOO0O0OO0O0COOOOOOOOOODOOOOOO
OO0 SPARK_Mode => OnU0 000000000000 SPARKOOOOODODOOOOOOOOOOO
O000D0O0000 SPARKO0000000D00000D0000000000

2. 00 pragma OO0 OO SPARK_Mode => on 0000000000 0OOOOOODO SPARK_Mode =>
off 0000000 D0O00ODLOODOOOD0OOO0ODOO SPARKOOD0OO0O0OO0OOO0ODOOOOO0DOOOn
0000 SPARKOOO0OO00OO00O00O0000000b0o0o0oooon

O0 pragmaO0 000 SPARK Mode => onO000O0O0O0OCOOODOOOO

8 Chapter4. SPARKOO0O0O0OOOO
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project My_Project is
package Builder is
for Global_Configuration_Pragmas use "spark.adc";
end Builder;
end My_Project;

U000 spark.adc 000000000000 0ODOO0O0O0OOODOOOOODOODOOO

pragma SPARK_Mode (On);

422 000000000 OOOO
Ubooo0oooobOobOobOobobOobOob0o0n GNATprove OO DOOOOOOOOOOOOOODOO
OO0 SPARKO0O00D00000D00O000DO0O000DO0O00000O0000ooo0ooooDo0ooooDno

gboooboboobooboboobobooboboobooboobooboboobobooboonoo
ugboaogooaon

e Source_Dirs: 000O0O0O0ODOO0ODOOODOOO

e Source_Files: 00 O000OO0O00OOO0OO

e Source_List_File:J0OO0O0DO0D0OODOOOOOODOOODOODOO
oooooobooooogoo

project My_Project is

type Modes is ("Compile", "Analyze");
Mode : Modes : External ("MODE", "Compile");
case Mode is
when "Compile" =>
for Source_Dirs use (...);
when "Analyze" =>
for Source_Dirs use ("dirl", "dir2");
for Source_Files use ("filel.ads", "file2.ads", "filel.adb", "file2.adb");

end case;

end My_Project;

OO0000MoDEOOOOODOOOOODODOOODODOOOODODD GNATproveOOODOOOO:

gnatprove -P my_project —-XMODE=Analyze

423 00000O0OOOOO0OODOOOO

U0 SPARK Mode => OnU0O00O0D00O0O0O0O0DOOOO0DOODOOOOOOOOOOOOOOODO
oo0oooob0oo0o0ooboobo0oog SPARKO0O0000DO0b0ooobooboooobobooonog
ooocooobooooooboooo

gbooboooOobooobooboboboobooobooooboooobooobOoboooboobooonog
gbobooboobooooboboooooboooo

e Excluded_Source_Dirs: 000000 0OOO0OOOOOOO0O
e Excluded_Source_Files: 00000 O0OOO0OOOOOO

42 00000000 OOOOOOOOO 9
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e Excluded_Source_List File:OUOO0OOO0O0OOO0OOOOOOOOOOOOOOOO
000000000000 00on

project My_Project is
package Builder is
for Global_Configuration_Pragmas use "spark.adc";
end Builder;

type Modes is ("Compile", "Analyze");
Mode : Modes := External ("MODE", "Compile");

case Mode is

when "Compile" =>
null;
when "Analyze" =>
for Excluded_Source_Files use ("filel.ads", "filel.adb", "file2.adb");

end case;

end My_Project;

OO0,vmopE00O0O0D00O0O0O0COODOOO0O0O0O GNATproveDOODOODOO:

gnatprove -P my_project -XMODE=Analyze

424 000000O0DOOCDOOO

000000 SPARK Mode => onUO00OO00000000O00O0OODOOO SPARK ModeUODOOODOOO
obooboobOoooooboooboooboobooboooobooobobo20000000000000
oboobooooooooooboobooobooooooboooooobooboooboobooboobon
goooobooooboooooboooooooobooooooooboooobooooboooooboboobooog
U000 limited withOOOOOOOOOODOOODOOOODOODOOODOOOO

limited with "project_Db"
project My_Project_A is
package Compiler is
for Local_Configuration_Pragmas use "spark.adc";
end Compiler;
for Source_Files use ("filel.ads", "file2.ads", "filel.adb", "file2.adb");
end My_Project_A;

limited with "project_a"
project My_Project_B is

for Source_Files use ("file3.ads", "filed.ads", "file3.adb", "filed.adb");
end My_Project_B;

U000 spark.adcU00000O0O0O0DOO0O0DOOODOODODOODOOO

’pragma SPARK_Mode (On) ;

43 00000 SPARK Mode 000

Ub000b0o0O00obo0 SPARKO0OO0000000D00000D0Opragmal 000 SPARK _Mode OO0
obooobooboooooboon
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431 0000000

SPARK Modepragma 0000000000 O0OO

pragma SPARK_Mode [[| (On | Off)

good

pragma SPARK_Mode (On);
package P is

SPARK Mode 0000000000000 OO0OOOOOO

with SPARK_Mode => [[| On | Off

good

package P with
SPARK_Mode => On
is

SPARK Mode pragma U0 00 0000000000000 O0O00OO0O00O0OO00O0O0O0OO0O0ODOO0OO0O0O ON
oooooo

goo:

package P is
pragma SPARK_Mode; - UUOOOOOOO onv OO

Oo0d or

package P with
SPARK_Mode - UOOUOOOOOO on [0
is

oboooobooooOooooobobooobooobooboooooboooobooboooobooboooonog
Uboo0ob00ooboo0o0oob0o0obo0o0oboOonnon spARK _Modepragma OO OD0OOO0O0O0O0OOOOO
ooooboooo

- JO000DbO0O0ODOODOOOODODOOOODO

- J000DOO0O0ODOODObOOOOObOOOn

- J000D0000O0DO0ODOODO0O0 privateOOOOO0O0ODO
- 0000DO0O0O0O0DOO00000O0OD00 reginOOOOODOOO
gooobooogoboboboooooooon
oboooboooooboobooooobooooon

- J00O0DOO0OODOODOOOODOOOn

- JO0b0O0DbODbDDbObDbOObLOODO

« UJ00O00DbObDbOODLDO privated00O0OO0OONO
ooooboooobooboooogd
ubooobooboooobooooon

- J0D00OD0DODDOODLOOD privateO 0O oO4onoog

43. 00000 SPARK Mode 0 OO0 11
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00000 SPARK Mode DOOOOOOO0OOOOODOOOOODOOO
- J000DO0OOODOLOOODODOOOODODO
- J000D0O00O0O0DOODOOOOODOObOOOOODbOObOO
- J000DO0OO0OOODOOOODOODOOOODOO
- J000DO0ODOODODOODODOODObOOOD

gbuboodboboboobodgbooobooobobodobofobdibd sPARK _Mode pragma 00O 0O O
gboooOoooooobobooooobooooobooooboboooooobooooooboooo

goboobobooooobooooobooooboboooboooboooobooooboooobooobooooog
000000000000 spARK ModeUODOOOOOOOOOOOODOODOOOOODOODOOOOOO
ooooboobooooobobooog

432 00000
00000 SPARK Mode DO OODOOOOODOO0OO0OO0O0O0OOOOOOOOODOOODOOOOOOOOO
obooooooboooogon

Ubooboboboooobodl sSpPARK ModeUDUDOODOUODOOODODODO SPARK_Mode DO OO
gbooobooogo

obooooOobo40000000000
1. 0b00ooooooon
2. 0000000000D00OO0
3.0000000000
4. begin000000000O00 (elaboration) * 0 0 0

oboooooooobobboboooobooobbbObobOOob0O000 sPARK_ ModeUODOOOOOoooooog
UOO0OD0OSPARK Mode DO UOOOOODDOOOODDOOOODODDOOOODDOOOOODD SPARK _Mode (Off)
gbobooboobodgboobboobooboobboob pragmall000OO00O0OO0DOO0OOOOOO
00 SPARK Mode (On) UOOOO0OOOO0OO0OO00DOCOODOOODODO SPARK Mode (Off) O0OO0ODOOO
obooboobob0b0pragmal 000000000 OOOOOOOOO

Ub0o0o0o00b0b0o0000b0Db spPARK ModeDOOOODOODOODOOOOOOODOODOOOOODOO
oooobooooobooboooooooon

1. 000
2. 00000000
3.0000

Ubo0bobooobobobOod seARK ModeODODOOOOOOOO0DOODOODOOOOOODODOODOO
0000 SPARK Mode DO OODOOOOOOODOODOOOOODOOO

433 000
goooboobooooobooog
0000000000 00000000 SPARKOOOO SPARK_ Mode DOOOOOOOOOOO0ODOO

000000000 SPARK Mode => onU 000000000000 O0O0O0OOC0OO0O0O0OO0OO0O0OO
ubooobOooboooogon

4Ada 0000000000000 000000000000000000000

12 Chapter4. SPARKOO0O0O0OOOO
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package Selected_Subprograms is

procedure Critical_ Action with
SPARK_Mode => On;

procedure Sub_Action (X out Boolean) with

Post => X = True;
procedure Non_Critical_Action;

end Selected_Subprograms;

(OO

Sub_Action [0 Non_Critical_Action O 00000000 OOOOOOO0OO0OAO

Critical ActionO0O0O0O00 sub_ActionO0O0O00O0O00O0O0O0O0O0O0O0O0O0O Sub_Action
O00O00O0OO0O00O0 SPARK Mode => onUOUODOODOODODOOOOODO GNATprove 0 Sub_Action

O0O0000 SPARKOODOO0O00OD0O00OO0OO

package body Selected_Subprograms is

procedure Critical_ Action with
SPARK_Mode => On
is
—-— this procedure body 1is analyzed
X : Boolean;
begin
Sub_Action (X);
pragma Assert (X = True);
end Critical_Action;

procedure Sub_Action (X : out Boolean) is
begin
—-— this procedure body 1s not analyzed
X := True;
end Sub_Action;

procedure Non_Critical_Action is

begin
—-— this procedure body 1s not analyzed
null;

end Non_Critical_Action;

end Selected_Subprograms;

gboooboooboobon

U0bO00000000000D0D000 SPARKOOOO SPARK ModeUOOOOOOOOOOOOODOOO
U0D000000 sPARK_Mode => OnUUO 0000000000 OCOO00O0O0OOOCOOOOOOODOOO

gooogog

package Selected_Units with
SPARK_Mode => On
is
procedure Critical_Action;
with

procedure Sub_Action (X out Boolean)

43. 00000 SPARK Mode 0 OO0
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Post => X = True;

procedure Non_Critical_Action with
SPARK_Mode => Off;

end Selected_Units;

[O]sSub_ActionJOSPARKOUOOODOOOOODDOOOOO0DOOOO0ODOODOOO0DOO SPARK_Mode
= off 00000000000 DO0OD0O00O0 SPARKOOOODOOOOOOODODO SPARK_Mode =>
off J0OO00OO0DOOD Non_Critical ActionUO0OOOO SPARKOODOOOOOOODODODOODO
oono

package body Selected_Units with
SPARK_Mode => On
is

procedure Critical_Action is
—-— this procedure body 1is analyzed
X : Boolean;
begin
Sub_Action (X);
pragma Assert (X = True);
end Critical_Action;

procedure Sub_Action (X : out Boolean) with
SPARK_Mode => Off
is
begin
—-— this procedure body is not analyzed
X := True;
end Sub_Action;

procedure Non_Critical_Action with
SPARK_Mode => Off
is
begin
—-— this procedure body is not analyzed
null;
end Non_Critical_Action;

end Selected_Units;

gboogobooboobooog

U0O000O00b0O000000 SPARKOOO000O00D00 SPARKOOOOOO0OO0O0O0000 SPARK_Mode
=> on0000000O0OODODOO SPARK Mode => 0ff00000000O0O0DOOODOOODO SPARKO
goboobooooooboooobooooooboboooboobooooobbooognn SPARK _Mode
gooooooooooboooooobooooobobooooboobooogooo

package Exclude_Unit_Body with
SPARK_Mode => On
is

type T is private;

function Get_Value return Integer;

14 Chapter4. SPARKOO0O0O0OOOO
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procedure Set_Value (V : Integer) with
Post => Get_Value = V;

private
pragma SPARK_Mode (Off);

-— the private part of the package spec is not analyzed

type T is access Integer;
end Exclude_Unit_Body;

gboobooooOooboooboobOooooboobooooobooooboooobooboooooog
U00000000D00 SPARK Mode (Off) pragmaU 0000000 0OOOO0OOOOOOOOOOOO
ubooobooooboon

package body Exclude_Unit_Body with
SPARK_Mode => Off
is
—-— this package body 1is not analyzed

Value : T := new Integer;

function Get_Value return Integer is
begin

return Value.all;
end Get_Value;

procedure Set_Value (V : Integer) is
begin

Value.all := V;
end Set_Value;

end Exclude_Unit_Body;

OOO0O0ODDOOOOgenericO000O0000O0OODODODODOOOO0O0OOODODOODODDODODOO SPARK_Mode
gboooboobooooboobobooooobobooooob0oboobOn sPARK ModeDOOOODOO
goooobobooooobooooooboooooboooobobooboooooo

generic
type T is private;
package Exclude_Generic_Unit_Body with
SPARK_Mode => On
is
procedure Process (X : in out T);
end Exclude_Generic_Unit_Body;

package body Exclude_Generic_Unit_Body with

SPARK_Mode => Off
is

—-— this package body 1is not analyzed
procedure Process (X : in out T) is
begin
null;

end Process;

end Exclude_Generic_Unit_Body;

43. 00000 SPARK Mode 0 OO0 15
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with Exclude_Generic_Unit_Body;
pragma Elaborate_All (Exclude_Generic_Unit_Body) ;

package Use_Generic with
SPARK_Mode => On
is
—-— the spec of this generic instance is analyzed
package Gl is new Exclude_Generic_Unit_Body (Integer);

procedure Do_Nothing;

end Use_Generic;

package body Use_Generic with
SPARK_Mode => Off

is
type T is access Integer;

-— this generic instance 1is not analyzed
package G2 is new Exclude_Generic_Unit_Body (T);

procedure Do_Nothing is
begin

null;
end Do_Nothing;

end Use_Generic;

gboogobooboobooogn

oobO0oobooooooooooboooobO0ooboOoononO SPARKOOOO00DO00O SPARK _Mode (On)
0000000000 DO00D0O00DO sSPARK _Mode => off 000 SPARKOOODOOOOODOODOOO
U000 SPARK Mode => OnU0O0O pragma 000000000000 OODO

package Exclude_Selected_Parts is
procedure Critical_Action;
procedure Non_Critical_Action;

package Non_Critical_Data with
SPARK_Mode => Off
is
type T is access Integer;
X T
function Get_X return Integer;
end Non_Critical_Data;

end Exclude_Selected_Parts;

000 Non_Critical ActionO0O SPARKOOOOOOOOOOOOOOOOOOOOOOOOOOOO
U000 SPARK Mode => off 00000000000 OO0O0O0O0 SPARKOOOOOOOODO

O0O0000D00O Non_Critical_Datall SPARK Mode => Ooff 00000 OOOODOODO SPARK
00o0ooboobooooboo0oobbo0o0oobo0o0obono SPARKOOO000000oooOoo0ooooooDog
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O000000000000000000000 Exclude_Selected_Parts 0 SPARK Mode => On [
O000000o0oooo

package body Exclude_Selected_Parts is

20

21

22

23

24

25

26

27

procedure Critical_Action is

begin
—-— this procedure body is analyzed
Non_Critical_Action;

end Critical_Action;

procedure Non_Critical_Action with
SPARK_Mode => Off

is

begin

- this procedure body is not analyzed
null;

end Non_Critical_Action;

package body Non_Critical_Data with
SPARK_Mode => Off
is
—-— this package body is not analyzed
function Get_X return Integer is
begin
return X.all;
end Get_X;
end Non_Critical_Data;

end Exclude_Selected_Parts;

43. 00000 SPARK Mode 0 OO0
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SPARK [ 0 000 O

Ub0Oo0obOo SPARKOO0OO0O00O00000O0O000000O000O000C0O0O00bO00O0bO000bO0n
U000 SPARKO0OO0O0000O00O00O0000000b0b000ooobooocoooobon

s Ada0DO00O0OD0OO0OO0OOAdaDOD
« SPARK2014000000000000SPARKOOODOOOOOO
GNAT O SPARKOOOOO0OOOO00O0OO00O0O000D0O0000D0O0 GNATOOOOODOOOOODOO00OO0

SPARKOOJAdaOO0OO0O0000DDODODOOOO000000000000DO0 pragma000D00O0OO0OD
000 SPARK201400000000000 SPARKOODOOOOO0ODOOOO0ODOOOOO00DOO0O000
oooooobooboooogooo

- J000D0O0OO0OODOOOOODOODOOOOODOODbOOOOODbOObObOODOO

- 0000000000 D0DOO00O0DOO000DO0OO0DO0O00D00O0 return/exitDO0 00000
- 000000 ODOODOOOOO

- JO000DOO0O0OD0OODODObOOOODbDOODbOOD

- J000DOO0OOODOODOOOOODOOOn

OOO0O0O0O0O0ODD[Ada2005] (000 [Ada2012) 00000 SPARKOOO0O00000O0 AdaDODODOODODO
OAddDOODOO0OO0OO0O0ODOOO0O00OD0O0O [Ravenscar] DOODOOOOOOODOO SPARKOODOOO
U0 Ravenscar 0O DO O00O00O0O0 AdaUODOOODOODOODODO [SPARK]OODOOODOODODOSPARK
OO0O000000 GNATOODOODOO GNATprove DO OO OO0OOOOOOODOOOOODOODOOOOOO

Uddddd00do0ooooooogSpPARKOOOOOO000000000O0 gnatprove_by_example
gbooboooboobobooobo0obob0o0ob0o00o0bOd share/examples/spark 0000
OD0ODOD0OO0ODIDE(GPS O OO0 GNATBenchD DO DO ODOOOOOODOO Help — SPARK — Examples
gboooboooboobooon

51 000000

511 000000 AdaDiOO

O0000000000000 SPARKOOAda2012000000000000000000O000O0DO0O0O0
obooooOoboooobooboooo
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goooo0ooOooooooooooooooooooooOoOOOOOOOO0O0OoOoOoOoooooo
0000000000000 0000D0ODODO0O00OO0O0000DODODODODOOODODOO0O000000OO
0000000O0o0O00000ooO000oO0o00oooO00oOODO0o0DUDooDoOoODOOoODoOoOoO
OO0 SPARKOO0OO0O0OO0ODOOO0ODOOOO0OOO0DOOO0000O00O0000O00DOOO00 Formal
Containers Library

e JO0O0DOOO0ODOODOOODOOOOOOOOOODOOOODOOOODOOODOOOODOOODOOO
gbooboooboobboobooobooboboooboobobooboooboobboooboon
ob00oobo0obo0o0oboobobooobobob0o0oob0obOoonbD SPARKOOO00000000000b000

- J0000O0O00DOODOODODOOOOOOOOOOODOODOODbDObOOOOOOOOOOOOOnOO
gboooooobOobooboboboboboboboboboboboooooboooboobOooboona
gobobooboobooboooobooobooboobooboooboobooboooboooobooboooon
goooboooooboobo oboobooog

cegoto0 0000000 OOgoto0O0O0OD0OODOOOOODOODOOOOODOODOOOOODOODOOODOO
oboooboboooboobobooobobooooboooooboboboobOOobooooobooon

0000 '000000000000000000000000000000000000000000
gboboooboobooobooboobbooboobooboboobooboobbooboon
ubodgbouggboobobooboobobobobbobooboobooboobobobobon

- J0000O0DOOOOOO0OOOODOOODOODOOODOOOOOOODOOOOOOOOOODbOOO0O0O
goboooboobboooboobobooboooooobooooboobooobooboooobooooa
gboboobooboboboooboobobobooooooboobobooooooobOooboboooooonoag
ooooooobooogoboboobooogoo

O0o00oO0O0ob0O0b00o SPARKO00000000000O0000000b00000o00ob00oboooooonog
ocooooooooooooooo0oOooobooOooobOoOoOoooDbOoboOoooDOOooOooooOobOoOooo
OooooO0o0ooooDoo0ooooobO0oO0ooDDO0O00 SPARKOO000D0O0O00000DO0O0000
0 0 O O access-to-subprogram 0 > 0 00

SPARKOOOODOOODOO0O0D0O0OO0O0OODO0O0D0OO GNATprove 0O DOOO0DOOODOOOOODOOODOO
obooooOoboooobOoboooobOoboooobooboboooboobobooOonoOon SPARKOOO
O00000000Ada0000O0OO0O0O0DODODOOO0DODODODOOOOODOOOO SPARKDODDODOODODDO

512 Ada000000O0DOOOODO

SPARK O OODAda DD ODOODOODODODODODODOODODOODODODODODO Data Initialization
Policy) DOODO0O0OO0O0OO0ODOOOOOOOODO0OODOOODODOODOOODOODOOOODOOODOOODOO
OO0O0000000 SPARKOOOOO0OO00O0 GNATprove UOOOOOOODOOOOODOO

* Unchecked _ConversionO000000000000O0O00O0O0O0O0OO0O0COOO0OO0O0OO0O0DOOO
« 00 validOOOOOOODOOOOODOOOOOOOO
ooooboobooooobobooog

package Validity with
SPARK_Mode
is

procedure Convert (X : Integer; Y : out Float);

end Validity;

'00D0000000000000000000000000000C+0000000000000000000000000000
0000000000000000000000000000000000000000000D00D00000CO00000000
gooooooo
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with Ada.Unchecked_Conversion;

package body Validity with
SPARK_Mode
is

function Int_To_Float is new Ada.Unchecked_Conversion (Integer, Float);

procedure Convert (X : Integer; Y : out Float) is
begin

pragma Assert (X'valid);

Y := Int_To_Float (X);

pragma Assert (Y'valid);
end Convert;

end Validity;

GNATprove D0 000000000000 O0O0O0D0O0O0O00O0O00O0 X0O Unchecked_ConversionOOOO
ob0o0o0o000 validOOOO0O0OO0O0OO0OO0OO0OO0OOO0OOO0O0OO0O0O0DbOO00O000O000O0

validity.adb:11:22: info: assertion proved

validity.adb:11:22: warning: attribute Valid is assumed to return True
validity.adb:13:22: info: assertion proved

validity.adb:13:22: info: initialization of "Y" proved
validity.adb:13:22: warning: attribute Valid is assumed to return True
validity.ads:5:36: info: initialization of "Y" proved

513 00000000000

0000000000000 000000000D00 Data Dependencies 100 SPARKOOOAdaO DO OO
oboocooOobooooobon

- 00000000 in(@ODbO0Ob000 nput)0000O0OO0O0DO0O0DOOOOOOODOOOOOOODOO
oboboooboobooboooobooooboooobooboooboooooboobOooboooonon
oooobooooobooboboobooooooooDo

- 0000000 ocut(OOD00OO0O0 output)0000O0O0O0O0O0O0ODOOOOOOOODOOOOO
oboooooooboboboobooooooooooobOoboboboobooooobooobooooonoo
boobOobooobooboobooobooboooonboobo

- 0J000D0O0D in cut (DOODOODO Inouy)d00OD0OOO0OO0ODODOOOODODOODOO
ubbogoboobooboobobooboobbooboobooboobooboobboooboan
oboooOoboooobobooobooboooooon

000000000 Proof_InO0OO0OO0OO0O0ODOODOODODODOOODODODODODOODODOD
gbooooooooobooooooboboboboboboboooooobooobooooboOooona
oooobOoooooboboooooboboooooboon

oobooboooboooboooooobooooobooooooboooboboooboobooboobooooonn
gbooobOoooooobobooobOoboooooboooobOoboooobooboooboOoboooooboon
goboooboooboooboooboooobooooboboooboooobooooboooooooobooobooboobooa
gboooboooboooobooboooboooboooooboooboooobooobooboOooboobooog
ooooooooooobooog

obobooooboooobooooobooooooboooOoobooOooboobobOobobobobo0on0n0g in
out (In_out)00000O0O0O0OO0OOOOOCOOOOOODOOOOOOOOOOOOOOOOOOOOn
OO0000000 read0000000O0
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GNATprove D OO 0O0OO00OOODOOODOOOOOOOOOODOODOOOODOODOODOODOODOOO
gbooobobobooboobobo procdbgboboooboobobo0oboobOobOoOobOonDn

agon

package Data_Initialization with

SPARK_Mode
is
type Data is record
Val : Float;
Num : Natural;
end record;

Gl, G2, G3 : Dataj;

procedure Proc

(P1 : in Data;

P2 : out Data;

P3 : in out Data)
with

Global => (Input => G1,
Output => G2,
In_Out => G3);

procedure Call_Proc with

Global => (Output => (G1,

end Data_Initialization;

Gz,

G3)) i

U000 procU00OD00OO00OO0O0O P20 GzO0OOOO0OO0OOOOOODOODOODOOOOOOOOOOODOO
Uboo00O0000 proc0000O00OO call_ProcUU0DO00DOO00DOOO0DOO ProcOODOOOOO
goooboobooobob eci1000bDOobOoOooDooDobon

package body Data_Initialization with

SPARK_Mode
is

procedure Proc

(P1 : in Data;

P2 out Data;

P3 : in out Data) is
begin

P2.Val := 0.0;

G2 .Num := 0;

—-— fail to completely initialize P2 and G2 before exit

end Proc;

procedure Call_Proc is
X1, X2, X3 : Dataj;

begin
X1l.val := 0.0;
X3.Num := 0;
Gl.val := 0.0;
Gl.Num := 0;

—-— fail to completely initialize XI,

Proc (X1, X2, X3);
end Call_Proc;

end Data_Initialization;

X3 and G3 before call

22
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OO000000000 GNATprove 06000000 high"0000000000O0DOODDOOOOOOO

gboogobooobooobooobooo

data_initialization.adb:23:07: high:

"G3.Num" is not an input in the Global contract

—of subprogram "Call_Proc" at data_initialization.ads:20

data_initialization.adb:23:07:
data_initialization.adb:23:07:

high:
high:

"G3.Num"
"G3.val"

is not initialized
is not an input in the Global contract,

—of subprogram "Call_Proc" at data_initialization.ads:20

data_initialization.adb:23:07:
data_initialization.adb:23:07:

high:
high:

"G3.Val" is not initialized
either make "G3.Num" an input in the Global_

—contract or initialize it before use

data_initialization.adb:23:07: high:

either make "G3.Val" an input in the Global_

—contract or initialize it before use

data_initialization.adb:23:07: info: initialization of "Gl.Num" proved
data_initialization.adb:23:07: info: initialization of "Gl.Val" proved
data_initialization.adb:23:13: high: "X1.Num" is not initialized
data_initialization.adb:23:13: info: initialization of "X1.Val" proved
data_initialization.adb:23:17: warning: unused assignment to "X2"
data_initialization.adb:23:21: high: "X3.Val" is not initialized
data_initialization.adb:23:21: info: initialization of "X3.Num" proved
data_initialization.adb:23:21: warning: unused assignment to "X3"
data_initialization.ads:12:07: warning: unused variable "P1"
data_initialization.ads:13:07: high: "P2.Num" is not initialized in "Proc"
data_initialization.ads:13:07: info: initialization of "P2.Val" proved
data_initialization.ads:14:07: warning: "P3" is not modified, could be IN
data_initialization.ads:14:07: warning: unused variable "P3"
data_initialization.ads:16:27: low: unused global "G1"
data_initialization.ads:17:27: high: "G2.Val" is not an input in the Global contract,
—~of subprogram "Proc" at line 11

data_initialization.ads:17:27: high: "G2.Val" is not initialized
data_initialization.ads:17:27: high: either make "G2.Val" an input in the Global, |,

—contract or initialize it before use

data_initialization.ads:17:27: info: initialization of "G2.Num" proved
data_initialization.ads:18:27: low: unused global "G3"
data_initialization.ads:18:27: warning: "G3" is not modified, could be INPUT
data_initialization.ads:21:28: info: initialization of "G1l.Num" proved
data_initialization.ads:21:28: info: initialization of "Gl.Val" proved
data_initialization.ads:21:32: info: initialization of "G2.Num" proved
data_initialization.ads:21:32: info: initialization of "G2.Val" proved
data_initialization.ads:21:36: info: initialization of "G3.Num" proved
data_initialization.ads:21:36: info: initialization of "G3.Val" proved

OO000OOpragmaAnnotate 00000000000 O0DOO0ODOOOO0OOOOOOOOOOCOODOO@M@OO
gboooboooooooooboooobbooooboobooboobooooobooooboobooog
O000O00000OooonoonDD GNATprove DO DO ODOODOODOOOOOOOOOOOOODOODODOO
gbooboooboobodgbooboooda

GNATprove D000 O0OO0O0OD0OOO0OOO0OOOODOOCOOOOOOOODOOOOOOOODODOODOODOO
gboobOobooboobOobooooboboooobooboooOon SPARKOO0O000n0Oooocoogd
goo

514 0000000

SPARKOOOOO0OO0OO0OO0OO0OO0OOO0OO0OOO000O000000000000000000 SPARKOO0ODOO
oboobooooooboooooooobooobboooboooboooboooobooooobooooobooboog
obooooooooooooooboooobooobooboooooooboobooobbOobDOoobOoOoDOon

SPARKRM 6420000000000 000000O00O0O0O0O0OO0OOOOOO

51. 000000 23




© w9 v AW —

SPARK 2014 User’s Guide, 0 0 O 0 18.0w

booobooooboboooboobooooboobooooboon

- JO0b00bO00obbOOo0bOo0obbOOobbOoOobOo0obboobooboobbobbOoOoboon
uboogaogand

- J000DOO0O0OOODOODOOOOODOOOODOODOOOODOObOOOOOOODbOOOOODOnOn

e J0000O0O0O0ODOODOODOOOOOOOOOOOOOODOODOODOODOOOOOODOODOODOO
goooboboooooboooooog

0000000000 booobooooboDnD AdaRM64.10000000O0DO0O0OO0DOOOO0OOOOAdaO
O O known to denote the same object (AdaRM O DO 00000 0OOOOOO)ODDDODODOOOODODODOOOO
0000000000000 0O00000000O000ooOO0o0obOOoooboOoooOooao

gbooobooboobooogn

package Aliasing with
SPARK_Mode

is
Glob : Integer;

procedure Whatever (In_1, In_2 : Integer; Out_1l, Out_2 : out Integer) with
Global => Glob;

end Aliasing;

OO0 whatever OO OOO0OO0O0D0OO0O0O0O0OOOOO0OOODOOOOOOODOOOOO
I.O00out_10out_ 2000000000000000OO
2. 00 GlebOOODOout_10out_200000000000000OO

ob0oobo0o0 In_ 10 In20000000000000000O000O00O00O00DOOODOOOOOOOO
goboooooboobooooboooboooooooooooobboooooooooooobooog
oooooobooog

O00D00D0O whatever DO0000D0OODO0OAda D SPARKOOOOOOOOOOOOOOOODODOO
ooo

with Aliasing; use Aliasing;

procedure Check_Param_Aliasing with

SPARK_Mode

is
X, Y, Z : Integer := 0;

begin
Whatever (In_1 => X, In_2 => X, Out_1 => X, Out_2 => X); -— illegal
Whatever (In_1 => X, In_2 => X, Out_1 => X, Out_2 => Y); -— correct
Whatever (In_1 => X, In_2 => X, Out_1 => Y, Out_2 => X); -— correct
Whatever (In_1 => Y, In_2 => Z, Out_1 => X, Out_2 => X); -— illegal

end Check_Param_Aliasing;

GNATprove U OO O0D0O0OO0OOOOOOOOOOODODOODOOODOOOM@ODGNATOOODOODOOO
ob0o0O0obOo0 AdaO00OO0O0OO0O0OO0OODOOOO0O0

check_param_aliasing.adb:8:45: writable actual for "Out_1" overlaps with actual for
—"out_2"

check_param_aliasing.adb:11:45: writable actual for "Out_1" overlaps with actual for
—"out_2"
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OO00000D00D0OSPARKOODOODOOOO00DDDD whatever OO0 O00ODO0OOOO00ODOODOOOOOO
oooo

with Aliasing; use Aliasing;

procedure Check_Aliasing with

SPARK_Mode
is
X, Y, Z : Integer := 0;
begin
Whatever (In_1 => X, In_2 => X, Out_1 => X, Out_2 => Glob); —-— incorrect
Whatever (In_1 => X, In_2 => Y, Out_1 => Z, Out_2 => Glob); —-— lncorrect

x|

Whatever (In_1 => Glob, In_2 => Glob, Out_1 =>
end Check_Aliasing;

Out_2 =>Y); —-— correct

GNATprove 0 UOD0O 20000000000000000O0O00O0OC0OO0OOOOOCOOOOO

check_aliasing.adb:8:22: info: initialization of "X" proved
check_aliasing.adb:8:57: high: formal parameter "Out_2" and global "Glob" are aliased,
— (SPARK RM 6.4.2)

515 0000000000000 00

O00o0oO0oobo0b0o0oo00o SPARKO000000o0o0oooooooooobooobooboobooobooonog
Ob0oO0o0oobO0b0O0o00o0o0oOobOo SPARKO000000000000000o0ocooobooooconog
U000 AdaODOO0OO0OO0OO0OOO0OO0ODOOODOOODOOOOOOOOOOOCOOOOOO0OOO0O0OO00O0OO
00000000000 000000000000000D0O000DDO GNATproveOOODDOOODODDO

GNATprove 00D 0OO00O0ODOOOOODOODOOOOOO

- 0000000000 raise_statement 000000000 ODOODOODOODOODOODOODOODOO
gboobooooboobooooboooooobooooboboboooobooooobooboong

- J00000COO0OO0OOOODLOODLDODLOODODODODODOOD0O raise_statement OO0
ooooooooog

00000000000 00oooooooo
e JOO0O0DODOOO
e XOUOUOOO FalseUUOOOOUOOOODOODO pragma Assert (X)

- J00D00D00O No_ReturnUOUODOODOODO0O pragma 00 0000000000000 O0OODOOO
oboooooooobooboboboobooooooobooboobOobooboooobooooooonoo
oood

Ub0o0o00O0b000b00b0000 check_okOOOOOOOOODOO OKDO FalseUOOOOOOOOOO
ooo

package Abnormal_ Terminations with
SPARK_Mode
is

Gl, G2 : Integer := 0;
procedure Check_OK (OK : Boolean) with

Global => (Output => G1),
Pre => OK;
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end Abnormal_Terminations;

package body Abnormal_Terminations with
SPARK_Mode
is

procedure Check _OK (OK : Boolean) is
begin
if OK then
Gl := 1;
else
G2 = 1;
raise Program_Error;
end if;
end Check_OK;

end Abnormal_Terminations;

U0 c200000 check_okOOOOOODOOOOODOOO0ODOODOODOOODOOD raise_statement
bbdbec200000 check_ ok noooobooooobooboddbodgind Check_OK
Ub0o00000 c20000000000000D0O000O000 GNATprove JOOODO Check_okOOOOO
gbobooboboooooboooobobooobobooobooboon

O0O00O GNATprove U011 000 raise_statement 0000000000 OOO0ODOOOOOOOODOO
gbodgboeorU00O0D0OO0D0OO0DODOOD Trued 00000 Check_ OROODODOOO0O0OO0ODOOO0DOODOO
oooo

abnormal_terminations.adb:11:10: info: raise statement proved unreachable
abnormal_terminations.ads:8:27: info: initialization of "G1l" proved

GNATprove OO No_Return 000000000 pragma 000000000000 O0O000O0DDOOOOO
gbooobooooboobobooobooboobooobobobobooboobooboooboa

52 000000000

SPARK D 0000000000000 O000000000D000O0000bO00bO0bO0b0oboboooon
UbOoboooobooooooboooOOsubprogran 0000000000000 O0O0O0ODOOOOOOOOO
gbooooOobooooboobooood

« 00DDO precondition 0000000000 DODO0O0OODOOO0O0O0000000O0O000O0O0O Pre
oooooooboon

« 000U postecondition 0 0 0D 00000000 ODO0OO0OOOODO0O0O0O0O post00O0O0OODOO
oooobooooboobon

o000 contract cases 0O OO0 D0OD0O0O00OO0OOCDOOOOOOOODOOOOODOOOO
Contract_CasesUUD0O0O0D0O0ODOO0DOOO0OOODOOODOOODODODODOODOOODOODO

ubodgbuobobibdl clepalOOOOOOOODOOODODLDOOOOODLOOODODODOOO
oooooo

000000000000 pepends000000O00OO0O0O00OO0O0O00OO0O0O0OO0O0O0O0O0O0OO
uoooboboobooboooo

Oo0oo00oo0oo0o0oooooooobD0Dob0bD0bO0b0obOn GNATprove DD OO ODOOOOODOO
OO0O0O000000 How to Write Subprogram Contracts 1 0 0000000000
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gbbooboooobooboobooobooooboooobooboooooboooboooobooog
goooooooooooopobooobobL coooboobooboboboboobooobooooooog
gbooooooboooobooboooboobooboobo0oo0oo0b0o0b0000 No_Returnl
oboobooooOoobooobobooobooobooboooooboboooboooOooooobooboooog
gbooobooobooobooooboobooboobooboooobooboooooboooobooboooonog
ooooboooood

521 0000

[Ada 2012]

obooboboooboooooboooboboooboooobooooboooooobooooOoobooboOooog
boboobooooooboooooobooobooboooooboobooboobooobooobOooDbon

- J000DOO0O0OOODOOOODOODO0OOO X /= 0000 Y not in Active_States
 J0bobbobbooboubdodbd X in 1 .. 10000 Y in Idle_States

eJ0000O0ODOOODODOOOODOOOOOO (1f Y in Active_State then 7 /=
Null_State)

- J0D00D0DO0ODL0O0ODL0O0DLO0DO0DODDOD Current_State in Active_States

 JOD0ODODLODOODDOODOUOODOOUODODO0ODLO0ODLOODLDO0O0OO00D0ODON Is_Complete
(State_Mapping)

e JO00O0O0OD0OO0O0OO0OO0O0OO0OOOOOOOO0OOOOODOODOOOODOO0OOOOODODO0O000 X in
Next_States (Global_Map,Y)

Uo0oo00o0oo0ob0ob0o0booboob0b0ob0o0obDOb0DOGNATOODO -gnataJ0O0O0OO0OODOO
oboobooooboobooooobobooobooooboooobooobooobooobooobooonog
gboobooooOobooobooooboooboobooboooobooooboooobooboooog
0000000000 pragmaAssertion PolicyUOOOOOO0OO0OODOO0O0OOOOOO0OOODOOOOO
boboobOobooooboboooooo

pragma Assertion_Policy (Pre => Check);

O00000000 GNATprove DO DO DOODOOOOOOODOODOODODODODOOOODOOOODOO
ggobgoobobbobooboobooboobobbobboboobooboobooo

- 00000000 DOOOOOObOOOOn
- J000DOOO0OOODODOOOOODOOOOODOODOOOODOOn

O00000D0D0DUOD True000000D0ODOODO0ODOODOOODOO GNATprove OO OOOOO
OO0 GNATprove D00 0O0OD0O0OD0O0ODOODOODOOOOOOODOOOODODOODOODOOOOOOOOODO
OO GNATprove U OO OO0OOOO0OOOOODOODOODOODOODOOOOOOOOOOOOOOOOOOO
O00000000000 GNATprove D0 OOD0OODOODOODOOOOOOOOOOOOOOOOOOOOO
gbobooboobooobooboooobobooooobooooboboooobooboooobooo

U000 Add_To_Total DOODOODDOO0ODOO0ODOODOO0OD InexdoonooobOobOOoOobDOonDO
U0 Total OODOOOOOOOOOOOO0OODOOOOODOOOOODODODOOOOOODOOOOODODOOOO
Incr00000000O0O0DOO0O0OCOOOOOOOODOOOOOOOOOOOOOOOOOOOnO

procedure Add_To_Total (Incr : in Integer) with
Pre => Incr >= 0 and then Total <= Integer'Last - Incr;

U0 Total OOOOOODOOOOOOO0ODOOODOOOO0O0DOO Total >= 00000000000O0DO0O0OO
gooo
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procedure Add_To_Total (Incr : in Integer) with
Pre => Incr >= 0 and then Total in 0 .. Integer'Last - Incr;

000000000000 b00bU0o0ob0obo0O0Ob0O0bOobObOO GNATprove DO OO OOoboOoODOO
0oo00oboboo0oboobOobOo0b0o0b0obb0o0ob0o0bOobDO Add_To_Total OOOODOOOO
000000000 and thenDO and 000000000000 O0ODOO0DO0ODOODOOOO IncrO
JU0odobbbbb0O00000 1Integer'Last ~Incr "000000O0O0O0O0OODODODOOOOOOO
ooobbbn "rand thenOOOOOOODO Integer'Last -IncrU0Udodgoboooodod
ooooboooboobuoobuooboooo

Ub: 0000000 and00000D0O0DOO0ODO0ODO0O0O0O00 and thenOOOOOOOOOOOOOOO
OO0O00000 GNATprove DO O00O0OD0O0OO0OO0ODOODOOOOODOOOODOODOOOODO

522 0000

[Ada 2012]

gbobooobooboboboooboooboboobobobobooobooboboobobobbOoDbo
gbooobooboobooboooboobobbobboobooboobooo

0000000 0O0O0OO0DO000 RrResult DOOOO0OOO0OOO0O0O0O0O0DO Get'Result in
Active_States

s 000000 0OO00O0DO0OO0O0O0O00 Y in Active_States
s JO00OUOOO0OUOOO0OUOOO0OO0OODOOONO if Success then Y /= Null_State

e JO00000O0OO0OO0OOOOOOOOOOOO0OOOO old0OOOOODOOOO i1if Success
then Y /= Y'0Old

e JO000O0O000UOO0O0OOOOO0OODOOOOOO0OO0O0 Current_State in Active_States

e JO0UI0DODUODUODDUODUODDLDUODODUODUODUODLUODUOODODNn 1Is_Complete
(State_Mapping)

e JO000O0O0O0OO0OOO0ODOO0ODOO0OO0ODO0OO0OO0OO0ODOO0OO0O0OO0O0OO0O0OO0OO0O000 X in
Next_States (Global_Map,Y)

U00o000o0o0o0o0ob0o0bO0o0b0o0DbO0o0nD GNATOODODO -gnataO000D0OO0OO0ODOOOOO
goooobooboooooboooobooooobooboooobooboooboobooobooboobooboo
gbooboooobooooobooobO0ooooboOoooobOoooooboooobooooobooonog
0000000000000 DO0O000000000D0boracle0000000000ODOOOOOOOOOO
gboboobobooooboboooooboooobooboooooon

O00000000 GNATprove DO DO DOODOOOOOOODOODOODODODODLOOOOODOOOODOO
Ob0oboboo0ooooooboobobOobob0obnO GNATprove D OO OOOOOOOOOOOODOO
000000 O00000o00o0o0ob00ob00on0nD GNATprove DODOODOOO0OOO0OOOOOOOOOOOOO
gboboobOoboooobooooboobooooobooooonn

0000000 Add_To_Total DUODODOO0ODOO0ODOODOO0OD Inexd00oooobOobOOoOobDOonDO
U0 Total OOOODOOODOOOOODOODOODOOODDOOODOODOODOOODOOODOODOOM

procedure Add_To_Total (Incr : in Integer) with
Post => Total = Total'Old + Incr;

oboobooooboooooooboboooboooobooooboooooboooobooboooonog
UO00000000 GNATprove DO DOODOOOOOOOO0O0DOO TrueOOOOODOOOOOOOOODOO
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gbooboooboooooboobooobooboobooooobooooboooboboobooobooobog
oooooo

obooboooooboooboobooobooboooooboobobooooboooboooobooboooog
Ub0o0o0o0OOobO0obOO0o000o0o0o0O0b0ob0O0o0o00ob0OOobODb GNATprove DOO0OOOOOOOOODOO
GNATprove 10U DO OO00O0OO0OO0OO0O0OOOOOOO0OOODOOOOODOODOOOOOOOOOOOODOOO0

gboogboooboobooboobobooboobooboobooboboobooboboobooo
gboooboooboobooon

function Total_ Above_Threshold (Threshold : in Integer) return Boolean with
Post => Total > Threshold;

obooooOobooooboobooon:

function Total_Above_Threshold (Threshold : in Integer) return Boolean with
Post => Total_Above_Threshold'Result = Total > Threshold;

GNATODOOOD GNATprove 0D DO00DOOO0ODDOOODOOODOOODOOOODOOOODOOOO
oboooooooooboon

523 00000

[SPARK]

goooOboboooooobooobobbooooooobobooboooobobboboooooooooooobooooa
gobgobbooboooboobboobbboobbbooboobboobbOobdl ADd_To_Total
gbbOobobd Toetal OOOOOODODOOODOODODOOODODODOOOODODODLDOODOO
gbgboobdgbobaoogoboobabobooboboboobobuobooooboboboobada

procedure Add_To_Total (Incr : in Integer) with
Contract_Cases => (Total + Incr < Threshold => Total = Total'Old + Incr,
Total + Incr >= Threshold => Total = Threshold);

goooboooooooobobooob booboobooU0 ==00b00bOO0O0ObDO0DO0DObbOOoDbOobOOg
gboooboodlb rreebgdboobooboobobbobobobbobbobbobbdabid True
Ub000ob00o0o0oboooboooooobooboboobOoobOo0bOfenabledd 000000000 OOOOO
gboooboooobooboooobooboooboooobboooboobooboooobooooobooonog
obooobOoboooobooooo

U000 Add_To_Total DOODOOOOOOOODOOODOO2000000000000DOODOOOO
gbooaogd

s TotalOOOODOOOOODOOODOOOOODOOOOODOOOOODOOOOOOOOOOOOO00O0O0
U0 Add_To_Total O Total OOOOOOOOODOO

e Total UUODOOODOOOO0ODOODOODDOO0ODUO0ODOO Add_To_Total U Total ODOODO
ogbooobooog

oooo0oo0oooooooooOoobOo0bOo0o0ob0oO0n0 GNATODODO -gnata00000O0O0OO0OOOO
gbooboobobooobooboobooobooobooobooobOoooobOoonog True0boOooOoOO
gbooobooobooobooboooobooobobooboooboobooboobooobobooobooog
goooobboooboobooogoboooobooooboooooboooDOobOoO0 Trvebbobooo g
oooo

O00000000 GNATprove OO OOOOOOOOODOOOODOODOOOODOOOOOOOOOOOO
oboobOoobOooobooboobooboboboobboooboobboobbooboonnd GNATprove
ubboobobooooboooobooboboooobooooboboooobOooboOoooon

52. 00O0O00OOOOO 29




SPARK 2014 User’s Guide, 0 0 O 0 18.0w

uboboobdobooooobooooboobooooobooooboboooooboooobOoboo

procedure Add_To_Total (Incr : in Integer) with
Post => (if Total'Old + Incr < Threshold then
Total = Total'Old + Incr
else
Total = Threshold);

procedure Add_To_Total (Incr : in Integer) with
Post => Total = (if Total'Old + Incr < Threshold then Total'Old + Incr else
—Threshold) ;

procedure Add_To_Total (Incr : in Integer) with
Post => Total = Integer'Min (Total'Old + Incr, Threshold);

gboooboobOoboobooooobooboooobooobooooobooooboooobooonog
gboooboooobobooobooooboooobooooboboooboobooboboooobooog
gooooobooooboboooobooooogoo

Ubgbodbobobodibd othersdbonoooboobobobobobooboboboon
0000000000000 0000D0000 Add_To_TotalODOOOOOOOOOOOOODOOOOO

procedure Add_To_Total (Incr : in Integer) with
Contract_Cases => (Total + Incr < Threshold => Total = Total'Old + Incr,
others => Total = Threshold);

O000D0 others0OODO0ODOO0OO0DOODOO0OOODOOOODO GNATprove DO OOOODOOOOO
obooobooobOobooobooooobobooobobooobooooboooboobooooOoboooboOooog
ooooogo

524 00000

[SPARK]

U000000D000000D0DataDependenciesH DD 000000000000 OOOODOOODOO0OOO
oboobooboooboobooboooooboooobooboooboooooboooboooboooobooboooboooog
goboobOooboobooooobooobooooboobooooooooboOn mput000o0oooOOg
U0 output 0000000000 OOO0ODOODOODOODOODOOO0O0 Inout 0000000000000
U0 proof_InU0O0O0OO0ODOOODOODOODOOOOOOODOOOOOOOODODOOOODOOON
U000 Total DOODOOODOOO Add_To_Total UDOOODOOO0DOOO0DOODODOODOOO

procedure Add_To_Total (Incr : in Integer) with
Global => (In_Out => Total);

obooobOoobooooobobooooobooooobOobOooobooboboooboOoboooonDo
- 0J000DOO0O0D0O inOODOOOOODO
- J000D0OU0D0O0ODOLODOODOUODO0OD in outOOOoOoOODO

ooobObOooboooooboOooooooboboooooobobooooobbOoooobooooooobooog
GNATprove 000000000000 OOOOOOOODOOOOODOODOO

- J000DOO0OOODOOOODOODOOOODOODO
- J000DO0O0ODO0ODOLODOODODbOOOOODbObODOO
- J000D0O00O0O0DOODOOOOODbOObOOOOOn
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GNATprove 00000000 ODOODODODOODO0 ODOODODOOODODOD ODOOOOODOODOD
GNATprove OO0 0O0O0O0OD0OODOOOOO0OOODOODODODOOOOOODODODODOOOOODOD
gboobuogbouoobgoboboboobbobooboobooboobooboboobobboboobn

gboobooboooboooobooooobOooooooooooboooooooobooooobooog
gbobooboobooooboboooooboaoo

* GNATprove OO0 0O0OD0OODOOODOODOOODOOOODOODOODOOOODOOOODOODOO
gboooobooo

* GNATprove 1 DO 0O O0OO0O0OO0O0OOODOO0OOODOOOOODOOOOODOOOOODOOOOODOOOOO
obobooboboboboboobobobobobOobooooooboooooooooooooon
gboooboobooboobooooogod

* GNATprove 1 D00 0O0D0OODOOODOOOOODOOOODOODOODOOOODOOOODOODOO
ubbooboabboobooboboobobooboooboobooboboobboooboan
oboooboooobOoboooooboooobooboooobooooo

gobobooobobooooboooobboooooboboooboboooobooooboboooobooooboog
gobboboboboboboboboboboboboooooooooooooooooob0ob0id null
gboooboooboobooboobooboo

function Get (X : T) return Integer with
Global => null;

oboboobO0bO0ooooboooobOO0obooooobooooboD nput 000000 OO0OOOOO

function Get_Sum return Integer with
Global => (Input => (X, Y, Z));

gboboobobooooboboooooboooo

function Get_Sum return Integer with
Global => (X, Y, Z);

uboabooboogbogobobbooboaoboobooboobobbooboanoa

oobOooooboooboooob inout 000000000000 DOO00000OO0O00O0O0O0DbOO0O00On
U000 Add_To_TotalUOOOOOOOOOODOOO0OOODOOO GNATprove OO OODOODOOO

procedure Add_To_Total (Incr : in Integer) with
Global => (Input => Total,
Output => Total); —— INCORRECT

obobooobooobooobooobooboobooboooboOooboboOobbon Inowtgooooooog
obooobOoboooooooobooog.

525 00000

[SPARK]

gbooobooooobooboooobooobooooobooboboobooboooobooboobooog
obob0o0oooooobooboboboobo0oooooobobobOo0o00o0o0ong Toetal DOOOOODOO
U0 Add_To_TotalOOOOOOOOOOOOODOOOOODO

procedure Add_To_Total (Incr : in Integer) with
Depends => (Total => (Total, Incr));
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UobooboobooOotboouoboobo0bOoDO00DbDO Total UODOOODOOOOO Total OO
o000 mncr00oQoooonO

gbgbuoogbobobobobobobobobobobuoboobobobobuoboobobana
oboooOoboooobobooooobooooboobooboobOooboooooboooooboOoboOono

- 0000D0O00D inbOO0OO0OO0OO0DOOOOODOOOOOOODOOOOODOODOn

- J0O00DbODLO0ODLODLO0b0O0ODLO in cvtd0O00oDODOO0ODODLDOODODLOODOOD
ugboaboooboodd

obobOooobOoooOoooooboooobooobOooobooobboooobOoooobooOoOobOoOoooO0OOon
GNATprove U OODOOOOOOOOOO0OO0OOOO0ODOOODODOOODOOOOOODOOODOOOODOOOOOO
OO000000000000D000000 GNATprove DODOO0DOO0OO0OD0OOOOOOOOOOODOOOO
gooobooobogobooooooooobooooobooobooboooboooobooooboobooog
obooooOobooooboboon

gboobooobOooooobooboobooobooooooobooobooobooobooooboooboooog
gbooboobooboooboooobooooboooobooooboobooooboooobooog
oooooooo ooooooooooo obooogo

gboooobooobooobooobooooboobooboooboooobobobooboobooboboobooboooog
~0000000000O00b0000bO0ob00c0obO00obo0oooobooooo0oooobOobooooobooon
UbooboooOoboobOoooob0oboobbodbO Add_To_Total DOOOODOOODOOOOO
gbobooboooooobooog

procedure Add_To_Total (Incr : in Integer) with
Depends => (Total =>+ Incr);

gboooboboobooboboobobooboobooboboobobooboobobooboonoo
oboocobOobobooobOobooooobobooooOobobo0o null0OO0bOO0OO0O0OO0ODOOOOOOODbOOn

procedure Init_Total with
Depends => (Total => null);

526 O0OO0O0O0OO

[SPARK]

goooobooooboobooooboooobooooooooooobobooboobboobobboDobboobobog
goobooooooboooboooobooooobooooobobooobobo0oobboooooooooooboboobbobog
gboocooOobooooooboboooooboooooobooooobooboboooooboobooooonog
gbooobOoboooobOobooooboboonog SPARKO0OO00000O0oooooobooooonog
goo

googoood

O00000 Add_To_Total DOODOODOODOOOOOOO Total DOOOOODOODOOOOOCOODOO
U0000bO000D00000 Cash_Tickets OO Add_To_Total OOOOOOOOODOODODO Total
00000000000 Account 00O Total OOO0OOO00ODO state 000000000000 OO
U0 cash_TicketsODUOUODOOOOOO0DOOO0OODODOODOODOOOO

procedure Cash_Tickets (Tickets : Ticket_Array) with
Global => (Output => Account.State),
Depends => (Account.State => Tickets);
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U000 TetalOOOOODO Account OO0OO0OO000000DO0O0O00000DO00O0 Account0O0O0O0O0OO
goooboobooboobooobun Account 000000 OOOOO0ODLOODOODOODOODO
gboooboobodgbadn statetdogboooboooabooan

procedure Init_Total with
Global => (Output => State),
Depends => (State => null);

procedure Add_To_Total (Incr : in Integer) with
Global => (In_Out => State),
Depends => (State =>+ Incr);

OO0 Init_Totall Add_To_TotalOOUOUODODOOOO Refined_Global 0 Refined_Depends U
0000000000000 000000O0O0000000O000 000000000000 b0bOoOoOoOoOoan
0000000000000 0000000o0o000oO0o0oo

procedure Init_Total with
Refined_Global => (Output => Total),
Refined_Depends => (Total => null)
is
begin
Total := 0;
end Init_Total;

procedure Add_To_Total (Incr : in Integer) with
Refined_Global => (In_Out => Total),
Refined_Depends => (Total =>+ Incr)

is

begin
Total := Total + Incr;

end Add_To_Total;

gobobogobbooobbstateld Total OOODODOOOODOOOOOOOODOOOODODOOOOOOOO
ooooboooooobobooooooboooboboboo0oobobobobo0o0obobo0o0ooobObOUd GNATprove
goooooooooo

00000 wmputO0OO0O00DOOOODOOOOODOOOOODODOOODOODOOODODOOOOO

s J00D0Dmout00oooOoobooooboooobobooobobooooobobobbOoobobooooo
O00mm ouwt000O0O000DOO0OO0ODOODOOOOODOODOOOO

- J000DoutputO0O0000OO0O0O0O0ODOODOOOOODOOOOOOOOOOODOO
- J000DOO0OO0OOODOOOODOODOOOOODOOOODOOn

GNATprove D0 OO 00O Account DO OD0D0O0OD0DO0OOOODOOONO Init_Total D Add_To_Total
godooooooooooooooboobbooooooouo0dt Account 000000 oooooogoo
0 Init_Totall Add_To_Total OOOOOOOOOOO0OOOOOOOOOOOOOOOOOOOOOO
oood

gbooobooobooooooooboobooooboooobooobooooboooOooboobooog
goooboboboooboboobooooboooooboobooo

ooooooooo

gooboobbooooooobobbboooooooobobooooooobobbbooooooobbooooooobobooa
U00b00dodbOd Add_To_TotalUUODOOOODOOO Total UOODOODDOOODOOO Add_To_Total
gbooobobodob obobodob oboboboobooboboobobooobooboboooboonoo
obooobOobooooobobooobooboooooboboooboobobooobooboooooboooooon
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function Get_Total return Integer;

procedure Add_To_Total (Incr : in Integer) with
Pre => Incr >= 0 and then Get_Total in 0 .. Integer'Last - Incr,
Post => Get_Total = Get_Total'Old + Incr;

U0 Get_Total OOOODOODO Account 0000000000 OO0OOOOOOOCOODOODOOOOO
gboboobOoboobooooobooooobooon

Total : Integer;

function Get_Total return Integer is (Total);

U0 Add_To_Total DOOOODOOOOOOODOOOOOOODOODOOOOOOODOOO Refined Post
gbooboooobooboobooobooboooboboboobooboobooboOooooboobooobooonog
Ub0o0o0Oob0bOo0o0o00b0bO00n Add_To_Total DOOODOODOO Call_CountooonOgd
oooooooooboobooooooobooooboooobobooboog

procedure Add_To_Total (Incr : in Integer) with
Refined_Post => Total = Total'Old + Incr and Call_Count = Call_Count'Old + 1
is

end Add_To_Total;

obooboooooboooboooboboboobooboooooboooobooboooboooooboooboooog
True00000000O0O0O0DOO0O0OCODOOOOOOODOOOOOOODOOOOOOOOOO

GNATprove 0000000 Account 000 O0O0O000000DDOOOAdD To_Total OODOODOOOO
Ubobobo0bobouodnbDd account 0000 ooonoOobLO0bOODODODOD ADd_To_Total
gboooboooboobooboooboobobobobboobooboooon

34 Chapter 5. SPARK OO 000




Chapter 6

GNATprove U U OO0 O O

GNATprove DO U000 gnatprove U0 OO0O0000O0D0O0OODOOOOO0O0O0O0O0O0O0O0O0O0DODO GNAT
O0D0000000000000GNATOOGNATOODODOODOOODOODDOO .gpr00onooonoog
uon

oobO0o0O00oo0ooO00obOooo0o0O0o0obo0b00O00obOo000o0o0obnO GNATprove DO OOOOODOOO
gbob0o0oooo0oooobOoboobobobOobOobbo0o0onbOon0nd GNATprove DOOOOOOO0ODOO
OO0 GNATprove D 0000000 DO0OO0O0DODOOODOOODOOODOOOOOOOOOOODOOOO
ooood

6.1 GNATprove D0 OO DO

611 000000O0OO0ODOOODO
obooooooooooon
OO00D0O00DO0O00OGNATOODOOODODDOO0.ger00DOO0OO0DOOOOODOODOOODOOOO

U000 GNATOUOOOODOO GNAT Project Manager D000 000ODO O

GpSOOO0OO0O0O0OOOOODOOOUODOOUODObODOUObDUOUODODObDODbDOOODUObDUODbDUObDbDODOO
OO0 Project - New.. OO0DOO0OO00O0OO0O0ODOOOOODO Single Project 0O ODOOOOO

UbobooobooboobOoooogn .ads/.adb00000000O000OO0O0ODOOOOOOOOOOO
gboooboooboobgooboobobobooboooobobbobooboobooboobooon

project My_Project is
for Source_Dirs use (".");
end My_Project;

000 my_project.gprddddooooooong

gbooobooboobgooobooboon

OO0D0OOOOOOGNATO GNATprove OO OOOOO0OO0ODOOOOOOOOOOOODOOODOOOODOOO
gbobooboooobooooobobooobOooboooboooooboobooobOoboooboobooooOoOoboonog
gbooobOobooobooboboooboobooooboboobooboooobooboobooobOobooo
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project My_Project is

type Modes is ("Compile", "Analyze");
Mode : Modes := External ("MODE", "Compile");

package Compiler is
case Mode is

when "Compile" =>
for Switches ("Ada") use ...
when "Analyze" =>

for Switches ("Ada") use ...
end case;
end Compiler;

end My_Project;

ubobooboboobg,compiled00O0OnOOoOoOooOOooOoOoOoOO:

’gprbuild -P my_project.gpr

000000 AanalyzeODOOOODOOOOODOOOOODO:

’gnatprove -P my_project.gpr —XMODE=Analyze

6.1.2 00000000 GNATprove OO 0O

GNATprove 00D O0O0O0OD0OODOOODOODOOOODODOODOO:

gnatprove -P <project-file.gpr>

ooooo0ob0o0ooob0b0ooo0obobobo0obO0b0ob0 OobbO GNATprove DO O ODODOOOOODOO
gboaboobooobgoboboabod

GNATprove 00000000000 O0O0OODOOO0COOODOOOCO30000000000
e 0O00O0O00OO:

gnatprove -P <project-file.gpr> -U

uoboOo -vboobooooboooobooobooboooooooooooooboooobooboooobooa
ooobooboooooboobooooboooooo

obooobOoboooboobobooobooboooooboobooboobOoboooooo
- JO00O0DOOOODODOOODO:

gnatprove -P <project-file.gpr>

gboooooobOoboboboboboooooooboobobOobobOoboooooobooooonoa
goboooobooboobobooooooooboobooooooobobooooboooobooobobooa
ooooooon

vboboboboboboooooobobobbobonooooboboobobooooooobgan
oboooboooobOobooooobooooooboooooon

- JO000DOOO0OOODOODOOOCOODn:
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gnatprove -P <project-file.gpr> [-u] FILES...

ubob0o —wbobobobobobobobooboboooobooobobooooobobob
oboooboooobooboooooboooooboobooooboooboog

Ub000ob0000ob0O0b00o0o0OobOn0n GNATprove  IDEODOODOOOOOOOOOOOOO

GNATprove 0200000000000 0ODDOOODOOOO0ODOOOODOOODOOOOLOOODOOOO
00000000 Global, Depends, Abstract_State, InitializesUUOUOO0OOOOOOOOOOO
godoobooddooddoooboddooooodo0ooooob o000 O0DOnDononD pre
Oprpost00000000O0OO0DODOOOODODOOOOOODOOOO ——mode=<mode>00000000
O0000O0Omoded 0 0OO check,check_all, flow,prove,all 00O0OOO0OOOODOOOODOOOO
oooooa

e 000 check ODOODO GNATprove U0 OO DOODOO SPARKODODOODOOOOOOODOOOODOO
Ub00 check_allODOOO0OO0OOO0OOODOOOOOOOOODOOOOOOODOOOOOOOOn
ooooooboon

000 check_allOO0OO GNATprove OO ODODOO SPARKOODOODOODOOOOODODO
O00000o000oooo0o0oo0o0boo0odn checkOOOOOOOOOOOOOOOOOOOO
000 check_allOOO0OO checkOOOOOOOOO

000 flowODOO GNATprove U0 OO OO0OO0OOOODOOODOOO0ODOOO0ODOOODOOOOOOOOO
oboobooobOobooobooooboboooboooobooboobooobO0oboonoOn filowd O
O00 check_2llO0O0D00D0O00000D0O0O0O0 flowanalysisOOOO0D0O0O0 OOOODOO

000 prove OO GNATprove D0 0D ODO0ODOO0ODOODOOOOODOODOOOODODLODOODOO
ubobgboooboboboboobdodidl prove0OU0UOOO check_allUO0O0O0O0O0O0O
oboooooooOobOoboboin filowdOOOO0OOO0OOOODOODOOOOOOOOOOOOO
gboooboooobooboboOobOoboo oodpreofl DOOODOODO

000 211 00000000000D0 GNATprove DOOO0D0OO0OO0ODOOOOODOODOOO

00000 --limit-line=0 000000000 0OO0O0O0O0O0O AdaO0O0O0DOOODODOODOOODOOO
000000000000 0D0000 example.adb U0 120000000000000O GNATprove OO O
O00000 --limit-line=example.adb:120000000000000000O00O00O --limit-subp=
goooooooOOoooobooOoboooOOoboo0boooOOobOOoobDOooOo0obOoUooOobogbooog
000000000 -j00000000oDoo0ooDoooooon

oobooobooooooboobboobooooboboobbobooobbobo0b0Dn —-proverdOo0Qg
oboobooobooboooboooobooobooobO0oboobO0ooDb0n --timeout 0O0OO0OO0O0O0OOO
gobooobooobooobooooboooboooboooooooboooboo0ooboobobobO0gy ~-steps
oooooooooOOoooogooioooooooooobooooooooboooooooboobooooooo
000000000 stepsO00000D00OO00O0ODOOO0ODOODOOOODOODOODOOODOOODDOO
goooooooooobooboobobooooooooooboboboooooboOooDOoDbO0d -jnnn d
O0nnO0000000O00O0O0O0O0O0OCODOO0O0OO0O0O0O0O —jo000000CO0O0O0OO0O0OOO0O0O0O0
oboooNOOOOOOOOoONOOOOooOoDbOoo

Ugb: D00oboobboo0oboobbo0bOgnatprove 0D O0O0ODOO0ODOOOODOO0OOOOODOO
gobooobooooooboobboobooooboobbooo AboooooBOOOoooOoOoDOOO
Oob0OBOOOOOOCOOOOOOODOOO0ODOOO0DOOOO -—5j000000000Ognatproved 0000
gbooooobobooooobooboooooobooboooonb -vooboooooobobooobooog
gooo

oboo000 -—-preof 0000000000 OOOOOODOOOOODOOOODOOOOOODODOODOO
0000O00b000o00o000O00bO00b000b0000 per_checkOOOOOOOOO per_pathO0O
ooooOo0o0oobo0ooOoo0ooo0o0DbO00 paehDO0O0DOOOO0ODODOOOOOODODOOODOOODOOO
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ubobooboooooboboboooboobooobooooboboboooboooboboboboooboooboon
gobooboobooboobbo0ob00obobOobbOoi0bd progressiveJOOOOOOODODOO
gbogbobooboobobooboobobobboaobooboboboboboobobooboonoo
oboocooOobooooobon

00000 ——proof 0000000000 0ODODOODODOO 211000 lazyOOOOoOOoOoOOoOooOoOoOQO
0000000000000 bo0OoOonoon0d ——proof=progressive:all 000000
odoooOooonoooooooboooooooooooooooooooooooooooooooood
0000000 o0o0DO00ooooDooDOoooobooo0bOooodoooooooooooDoooooo
000000000000 DOO0D0oO0oo0oDOoo00ooO0oooboooOOooDoooDooobOoDoooOooo
000000000000 0D000D000D00000 1azyOOODODOODOODOODODOOOODOOODODOO
0000000000000 000000000000 a1 00000000DO0O0DOO0O

gbooobooboboboboobooboboboboobooboobobd --1level OOOOOODOO
gboobooboobooobooobooboboooboboobooboooboboboooobOoboboOobOOobboOobooonog
0b04000000000000000 --levelOOOODOOOOODOODOOODOOOOOOODOOOO
obooooooboooogn

e ——level=00 000000 --prover=cvcd —--proof=per_check --timeout=1
e ——level=100O00000 --prover=cvcéd, z3,altergo ——proof=per_check --timeout=1
e ——level=20000000--prover=cvcd, z3,altergo ——proof=per_check --timeout=5

e ——level=3 0 00 O O 0O 0O--prover=cvcd,z3,altergo ——proof=progressive
—-—timeout=5

¢ ——level=4 U 00 0 0O 0O 0O--prover=cvcd,z3,altergo ——proof=progressive
——timeout=10

00 —-level DOOOOOODO (-—prover U ——steps 0000 ——proof ), 00000000000O00O
00000 --level 0OODOOODOOODOO

Ubo --levelUOOOOOODOOOOOOOOOOOOOODOODOODOODOODOODOODODOODOO
Onightly builds0O0 00000000000 --stepsor--replay00000000000O0O0O00O00OO0
U00000000000000 --report=statisticsO000000O0000O GNATprove JOOODOO
gbooobooooboon

GNATprove 0 OO0 DO OD00O0OO CodePeer DD DD OD0O0ODODDODDOOOODODODDOOOODODOOOO
0000000000000 oobo0o00oobDb00OogOn —-codepeer=on(O0OO0O0OOO0O
CodePeer 0 00O 0O0O0OMO)

U0000000GNATprove OO OOOO0OO0DOOOO0O0DOOOOOOODOOOODOOODOOOOOOOO
gboboobooooooob -f000b000o0o0oon

GNATprove D00 00000 ODOODOOOOOOODOODOOOOOOOOODOODOOOOODOODODOD
obooboobooobooobooboooobooooboobobooboboooboobooboooooboobooonog
U0000000000000000 GNATprove U0 --replay000000O00O0O0O0O0OOOOOOO
gbooobooooboooooooboooobooooboobooboooooboooobooboobooog
O00o0oooDo0o000DoO000000O0b000Db —--proverJ000000O00OO0NO GNATprove 0 00O
gooobooogoooooobobooobobooobooooobobboobobOboobDoboboobooboog
O0000000000 GNATprove U DO D0OOO0OOD0OODOODODODODOODOOOOODOODODOO
oboobooooOoboooboooobooooboooobooobooboooooboobooobooonog
gboobooooboobooooboooboooobbooOooboOon --proverddoooooooonOOO
gbooobooboobooboobooboooobooooboobooboooboooobooboobooog
ooooooboooobooooo

O00D00000 GNATprove DO AdaO 000 SPARKOODDOOOOOOOODOOODOOOODOODOOO
0000000000000000 -kOOGNATproveDOOOOOOOODOOODOOOOOOOOOOOO
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OO000D0O0AdaDO00O000D0DDOOOOGNATproveD0OODO0OO000D0ODOOOOO SPARKODODO
OO0O00000000 GNATprove 0O OO0 O0OO0ODOODOOOOODOODOOODOODOOOODOO

U0000oo0o00O0o00ob0o0ob0oob0oooboboOoboboOo0onDnD GNATprove OO ODOOOOOODOOO
0000000000 00000D0000 GNATprove OO OOO0D0OO00OO0OOCOO0OOOODOCOOOOOOO
gbooobooooboobood

6.1.3 GNATOOOOOOOOOOoOooooooooOd

O00o00o0o0obDoDoD0b0obOGNATOOOO00O0O00DO0D0O0D00DO0DODO GNATprove O O 0
U00000000000OGNATOOOOOOOOOODOO GNATOOODOOOOODOODODOODOODOO
Ob0o0o0O0booooon SPARKOO000000000000000000000000000n0

U0bOO000GNATOODOOODOOO0ODOOOO00O00D00O0 <target>-gnatls —vOOOOOOOOOOO
--RTSOO00000000 gnatlsOO000OO0O0O0O0OO0ODOOOOO

OO0 GNATprove O DO OO0 --RTSOOO0OO0DOOO0OD0O0OODOOOCDOOODOOOOOOODOOODOO
GNATprove 1 0O O0OO0O0O0O0O0DOOO0OOOOOOOOCOOOODOOOOODOO

UO0O00O00O00 GNATprove OO O0OO0OOO0O0O0OO0OO0OO0DOO0OODOODOOOODOOOOOOOOOOOO
gbooobobooooobooooboooon

- J0obonobon

U000 powerpc-vxworks—gnatmake DO O0O0O0O0OO00O0O0OOOO --RTS=kernel OOOODO
oooobooog

powerpc-vxworks—-gnatls -v —--RTS=kernel | grep adalib

rts-kernel 0000000000000 0OO0OOODOOO SPARKOOOOODOOOOOODOOODOOO
0000000 <spark—-install>/share/spark/runtimes D000 00O0O0OOOOO O bash
0ooddoooooood:

cp -pr $(dirname $ (powerpc-vxworks—-gnatls -v —-RTS=kernel | grep adalib)) \
<spark-install>/share/spark/runtimes

obooobOobooobooboboocoooboooobooboooooon

package Builder is
for Switches ("Ada") use ("--RTS=kernel");
end Builder;

O00000000 GNATO SPARKOUODOOODOOOODO0OO0D Runtime 000D 0OOD0OO0OOODO
ubogbogoobogoooab

for Runtime ("Ada") use "kernel";

 Jubgoobooobg

SPARKOOO0OO0O00O00O0O0O0DOO00O000O000000C0O0D0000 SPARKOO0OD00 GNATOO
oooboooobobooooboooooboobooobooono

O000D0O0000Db00000000 T Target Runtime DO O O0O00O0O0OO0OOOOD GNATprove
gooobole01000000O0D00ODOOOOODOOOODODOOOOODOOOO

for Target use "arm-eabi";
for Runtime ("Ada") use "ravenscar-sfp-stm32f4";
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OO00o0oO0o0ooOoO00oDOo00oDOo00oDOoO00oDOo00DOo00obOGNATODDODOODDOODDO
ooooboobooooobooooboog

<target>-gnatls -v —--RTS=<runtime> | grep adalib

odoobbbb00ououoobbibO <runtime directory>/adalib.

O0000Oarm-eabi 000000000 O00O0DODO0O ravenscar-sfp-stm32f4A 0 0000000000000
ooooooo

arm—-eabi-gnatls -v —--RTS=ravenscar-sfp-stm32f4 | grep adalib

0000000000000 0ODOD0OD0DO0ODO0ODODODOD0O <ravenscar—-sfp-stm32f4
runtime>/adalib

O O  <ravenscar-sfp-stm32f4 runtime> OO0 OO O O SPARK D O0OO0OOO0ODOO
<spark-prefix>/share/spark/runtimes OO0 OO0 000O0O0OO0OUnx DOOOOODO0O
00000000000 00ooO0odD eshODO00O0ODOOODOODODOOOO

cp -pr $(dirname $(arm-eabi-gnatls -v —--RTS=ravenscar-sfp-stm32f4 | grep adalib))
o\

<spark-prefix>/share/spark/runtimes

gboobgooboobobboobobooboobooboobooboobobbobbobn

for Runtime ("Ada") use "ravenscar-sfp-stm32f4d";

614 00000000 DODOOOOOO0O0OODDOODOOUOOOO

SPARK 000000000000 OO0OO0ODOODOO0bOO0bObOOOO0O0OO0oOobObO0oboooooooooon
ob0obOo0b0o0obOoobO0ob0oobo0n sizeOOOOOOOODODOOOOOOODOOOOODOOOOO
Ub0o000O0000000000000 GNATprove UOGNATOOOOOODOODOOOOODODO GNATprove
boboobobooboobooboobooboooobooboooobooboon

e —gnateTUOUODOOODOOOOOODOOONO
 ——pedanticO0000000000O0O0O0O0O0O0OOOOOOCOODOO

go00000 --pedanticO000000O0 GNATprove OO OO0OO00O0O0O0O0O0O0DOO0O0DOOODOOODOO
gooo

OODOIGNATprovel U0 O DO O0O0OOOODOOO8ItODOOODOOODOOO0O0O0O00AdaDOODOODODOO
ubboaboaboodaboodaboodd

obooooooooogon

GNATprove U DO OD0ODOO0ODOOOODOOOODOOOOOODOOODOOODODOODODOODOOODOOODOOO
gbooobooobobooboboboobooboboobooboboobooboboobooobooboo
O00000000000D000 GNATprove OO0 O0OO0D0OOO0O0OO0OOOO0OODOOODO GNATprove OO
gbooobOobooooobooooboooon

ubooobOoboobooboboond TargetdooooooOoooOoOOobOOOOODODOOO
gooooobooooobobooooboobooooobobooog:
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project My_Project is
package Builder is
for Global_Compilation_Switches ("Ada") use ("-gnateT=" & My_Project'Project_
—Dir & "/target.atp");
end Builder;
end My_Project;

0000 target.atp 000000000000 my_project.gprd000000000000O00O0OOOO
0000000000000 oOO0oobO0o00o000oo0o0noooDoOoO0GNATOOOODOOO —gnateT
doodoooooooooooooood

obooobOoboooooboboooooboboooooo

«-0D0DD0O0ODODODODOOO0 GNATprove DD ODO0O0O0O0O0O0O0O0O0ODODDODOOOOOOOOO
000 GNAT DOo0oo0ogoooobooooboobooogooobooooobobobogoooboooog
—gnatet=target.atp 00000000000 OO0O0O00DOODODOOO0O0O0O00O0000DOO0OO
gbooboooooboobobooooobooooobobooobooboooooa

- 00000000 DOOOODOODOOODO GNATOOOODOODOOOOODOOOOOOoDbOOoDOO
gboobooooooooooooooooboboobobobooooooboobooboobooboobooonoa
ooo

Ub00o0bo0o0o0O0b0o0obDooooobOPowerPC7500 00000000000 O0O00O0OOODOOODOO
oooooooog:

Bits_BE 1
Bits_Per_Unit 8
Bits_Per_ Word 32
Bytes_BE 1
Char_Size 8
Double_Float_Alignment 0
Double_Scalar_Alignment 0
Double_Size 64
Float_Size 32
Float_Words_BE 1
Int_Size 32
Long_Double_Size 64
Long_Long_Size 64
Long_Size 32
Maximum_Alignment 16
Max_Unaligned_Field 64
Pointer_Size 32
Short_Enums 0
Short_Size 16
Strict_Alignment 1
System_Allocator_Alignment 8
Wchar_T_Size 32
Words_BE 1
float 6 I 32 32

double 15 I 64 o4

long double 15 I 64 o4

O0000000000 GNATprove U0 O OD0OO0O0D0ODOOD0OODODOODOODOOOOOOOOCOODOO
bobobobOobobobobooooooobobOOobOobO0obO0obO0b0bn --rTSs=dir00oon
GNATprove U0 OO0O0OO0OOOOO0ODOO0O0OOOO0OO0DOOOO0ODOOODOOOO0ODOOOOO0O0O0dirO0O0O0OO00
ooooooooooooooobooobOobOOO0o00ooooObO0o0ooooDoOGNATDODDODDOOOOO0OOO
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U gnatmake 0000 --RTSOOOOO00O0OO00O0O0OO0OOOO

gboooboooogo

Ada000O0O0000O0OOCOODOOOOOOOOOOOOOODOOOO0OOOOOOOOOOOOOO0bOO0O
goooboobooooooobobooooooooooooooboobooboooooboboboboooooobooooaa
ODO00000GNATprove UOOD 000000000000 00O0GNATHOOOOOODOOO ~-pedantic
goooobooboooobobobooooboobooobobooobooboboobooonoo

- J000D00O0O0OO0ODOOOODOODOOOOO+,-000000
- 00000D0O00O0DODOOO0ODOOOO0D* /,mod,remd000O00O0O

6.1.5 CodePeer 1 OO O QOO

O0: CodePeer 1 0 SPARKPro 170000000000 O0O0O0DOOCOODOSPARK Discovery 0 00000
ooooo

CodePeer 1 00O DOO00O0O0DOAdaCore0 00000000 OO0O0OOON (http://www.adacore.com/codepeer)[]
GNATprove 0000000000000 0OD0OO0ODODOOODOO CodePeer 0000000 ODOOOODOO
0000000000000 00000000 --codepeer=on 0000000 CodePeer 00O DO OODOO
0000000000000 DO0O00bO0O00O0O0O0OO0O0O0OD0O GNATprove OO0 OOQOOOOODOO
Oo0oooooooooooooood

GNATprove 0000000 CodePeer U0 DD DOODO0O0DO0OOO00DODOOOODOOODOOODODOOO
O000000000000D0000D0 GNATprove 0D DOODOODOO CodePeer 0D OOODOOODOO
0000000000000 0o0o0o00ooDooDO0obO0bO0ObOnn CodePeer 0O O0OODOODOOOO0
U000 SPARKO0OO00000O00O00DO000000O00O0000000b0o0o0oo0o0oobooon

1. CodePeer 0 OO OOODOOOOOOOOOODODOOODODODOODODDDODOODDDDOODODOOODOO
O0D00obo0o0oboOoobooboooboboobodbDeceall-graphi D00 0000 OOO CodePeer D OO O
gbooobobooboobbooboobbooboobbooboboobooboboobbooboon
ugoood

2. CodePeer UOD OO OOODOOO0ODOOODOOO0DOOODOOO0O0O0O0O0DOO0O CodePeeri0nOoooon
gbobooooooooboboboboboooooooooboobobobOobobooooooona
ooooooooog

U000 CodePeer 000D OOODDODO0ODODOODDO0ODODOODODOOGNATODOOODDOODDOOOOO
0oobOoboOGNATODOODOOODOOObOUObOOOobDOoOoboOobobOboOobDooboobooobooo
ooooboobobooobuooboobooGNATOODODOOODODOObOoOobOOobDOooobDoobooo
O0000000000000D0D0OD0ODO CodePeer 00 O00ODOODOODODOOOOOOODOODOO
0000 —-codepeer=on 00 0O0O0O0O0OO0ODOOOO

CodePeer 1000000000 DOOODOOO0ODOOODOOOODOOODOOODOOOOOODOAO CodePeer
oboocobOobobooobooboooooboooooobooooobooboooooooo

6.1.6 GPS U GNATprove O OO OO

GPS OO0 GNATprove DO DO OODOOO0 GNATprove DO OO ODOODOODOOOPATHOODODODODOOOOD
oo0ooog SPARKO0D0O00OO0DOOobooooooboooo

42 Chapter 6. GNATprove I OO OO OO


http://www.adacore.com/codepeer

SPARK 2014 User’s Guide, 0 0 0O 18.0w

gboooog
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obooooOobooooobooooobooboooooboooobobooooobooon
00 GNATprove DO OO DOOO

Examine All
Sources

oo0o0oo0bo00ob0obo0o0bo0o0ob0ob0ob0O0bO0nO GNATprove D OO DO
gon

Examine File

oooooOobo0o0ooobOooOooobOOoboboOooobOoUooOOobDOoboooDOooooo
00 GNATprove DO OO OO

Prove All 0000000000000 00OO0O00b00O0O00O0DOO0O00D GNATprove 00O
oooo

Prove All 00000000000 000DODO0O00D GNATproveDOOODOOO

Sources

Prove File 0000000000000 000D00000D0000DO0O0000 GNATprove 00O
oooo

Show Report GNATprove D O OO OOD0OOO0ODOODODOOOOODOOO

Clean Proofs

GNATprove D 000 OO00OO0O0OODOOOODOODOO

OO0 “Prove..” 0000000 O0D0O0O0DOOOO0OOOO0O0DOOO0 GNATprove OO DOOODODOOOODOO
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Sources 1000000000 0DODOOO0DODOODOOOODOOGNATprove 00O OO0D0OOO0OODODODOOOOO
0000000000000 D000O0D000000000O0000DO00DO0000O0O0d SPARK — Examine/Prove
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O0000D0O000000000000D00GPSO Edit— KeyShortewts 0000 000000D0O0O0O0O0O

Ob: oooobOobooobooooboooooboooooboooboobobooboooboooobooobooog
gboooboobooboooobobooboobooboooooboobooobooboboboobOOobooooobOon

Ada000O0O00O0O0OOODODOO GNATprove UOSPARKOOO0ODOOODOOODOODOOODOODOODOD
gboobooaoboobooboobooboobgad

oo ooooo

ooo

Examine O00o0o0ooooODOOoOOO00O000o0ooOoOObO0o000oo0ooDOO0OO000n0 GNATprove

File ooooooo

Examine OO00000000D0ODO000DOOO000DOO000 GNATprove OO OOODOO

Subprogram

Prove File 0000000000000 0DOCO000DOO000D0D0O GNATprove OO DOOOO

Prove OO00000000DODO0O00D GNATprove DO O ODOOO

Subprogram

Prove Line O000D00000 GNATprove UO DO ODOODO

Prove Check | OO0 00000000 00DODOOO GNATprove OO OO DO OO GNATprove D0 OO DO
goooooo0oooooOooooo0oooo0UooDooOoooooOoooooooog

0000 Examine File D Prove File 0000000000000 OODOODOOODOODOOOOODOOOO
gboggbogboboobooboboobooboobooboboobooboboobooobooboo
obobOoooooooboooo2000000b00000b000bO00oo0oobooooOoobooboOooonog
OO0 Prove Subprogram D 0 0000000000000 O0ODODOOO0OOO0200000000000O0O
gooooooo

O00O0O SPARK — Examine ... 0O GNATprove D 0D ODOODOOO0O0OOOOOOOOOOOOOOODOO
0000b00o0bO000o0b0o0b00b000b000b0000 checkOOOO check_allOO0O flow (O
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0000 SPARK — Prove... 0000000 GNATprove 10000000 OD0OODOOOODOODOOOODOO
00000000 0o0oDoOo00oo0ooooDooooo0oDooo0oo0oDoo0oooDoooooooooon
O000000D0O000D0D0o0000ooo0ooooo0oooD 0oo0O00o0n0 GNATprove D00 OO
—-—level 000 OO0 Edit — Preferences — SPARK 0000 SPARKO O OO User profile Basic[
O advanced 000000000000 ODOOOOOOO0O0OOODODODODOOOOODOOOOOODDODOO
ocooooo

GNATprove UO OODOUO0OOOOOOODOOO GNATprove DO UOOOOODOUOODOOO Project — Edit Project
Properties — Switches )1

obooboobobooboooooooboooboooooobooooooboobooboobooboooDn
GNATprove U0 OO0 0O0OO0DOOOO0DOOOODOOOODOOOODODODOOODDOODOOOGGPSOOO
gbooooboobooooboobooobooboooobooooboboooooboooobooboobooboo
oboobOoboobooooobooboooboobooobooooooboobooboobooboobooooOobonog
gboooOobooooobobooobooboooooboooooon

OO00D000D0O000D0000D000 GNATprove D00 O0DOOODOOODOOODOOODOOOO
oo0oopoooobo bbobobooboooobooobo epSO0obobobboooooobOoboboonog
gooooboobooooboobobooobobooooobooooboooboooboobooooboboboooboon
oboobooooboboboobooooboobooobobooobboooboooobobooobooboOooog
ooooboooooon

6.1.7 GNATbench 0 O GNATprove 0 0000

GNATprove D O GNATbench DO DD OO0OOO0OODODOOO GNATprove OO0 DOOODOOOOODOOPATHO
obo0oobDO SPARKO000D000000OO0DbO0O00O0oboobooogoo

gopoooo ooooo

Examine All 000000000000 0000000D000O000D00D000D00DOO000O0oOoan
0000 GNATprove 00 OO OO0
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Sources oo

Examine File 0000000000000 odoo00ooooooDoooDOoooOoooOoooa
GNATprove 0O 0O OO0

Prove All Jddd0DoObOoO0000ooDoooOo0d0ooooooooooooooo
GNATprove DO OO OO0

Prove All 0000000000000 0000000 GNATprove DO OO ODOO

Sources

Prove File O0000000000oDoODOO0DO0O00DO0O0O0O00DbDO0O GNATprove OO OO OO

Show Report GNATprove D0 OO OO0OO0OO0OOOOOOOODOO.
Clean Proofs GNATprove 00D OO0OODOOOOODOOOO.

Oo0o0o0boo0oobooboobboOobos3nod “prove.” D0 00D00OO0DOODDOOOODOOODOOO
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000000000000 00000000000000 SPARK — Examine/Prove All Sources 1 000000
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gboooobobooooobooobobooooobooboooooboobobooooobooboboooooonog
ooood

AdalO0000O0O0OCOO0OO0ODOO0OO0O0OOO0O0DOO0O0OOO0COD0O0000 SPARKOOODO GNATprove O O
gbooobooooooon

oooooo ooooo

Examine File go0oDo0o0ooDoO0ooo0oDOOo0oo0oDObO0o0o0oDbDbO0oO0O0DO00n0 GNATprove
goooooo

Examine 000000000000 0DO0O000DO0O000 GNATprove DOOOODOO

Subprogram

Prove File 0000000000 000DO0O000DOO000D GNATprove DO OO OODO

Prove Subprogram | OO0 DOOO0OO0OOOOOOOOO GNATprove OO DOODOO

Prove Line 000000000 GNATproveO O OO OOO

6.1.8 GNATprove I OO OO OO
00000000000 00000000000000000000000000000000000000
000000000000

OO0OAppendix0 0000000000000 GNATprove 0O O0DO0O0OO0OOOOOOOOODOOOODO
goood

gboabooaooobgooan

GNATprove OO DO O0OO0OO0OO0OO0O0ODOODOOOOODOODOOOOODOOOOOODOOOOODn:

e JO0b0o0obboobbOoobboobboobobbooboobboobooboobboobOoon
O0000000000000000000Db00D000 GNATprove JODOD0OOD0OODOODODODODO
gobooooooobooOoooooOoooboooooooooooooobobooooobooobooooooboo
ooooboooobooboon

- J00000DOOOOOOO0ODOOOOO0UODLOOODLOOOOOOOODOObOOOOODbOODOOOO0DbOO0OO
gooobooogoboboooooobooooobooooboboboooobooooDbOon

Obd: 00oobOooooboobooooobooooooobooooboobooooboooboooog
Uboboobooo0o0ooooboobobOobOob GNATprove DO OODOODOODOODOOOOOOOOOODOO
D000 why3000000000000D0 GNATprove 00000000 DODOODOO0OOO00O0O0O0O00OOO
ooooboooooobooobo

GNATprove U0 0OOO0O0OO0OODO --1limit-1line0000000O0O0O0DO0O0O0O0O0OCOOOOODOOOOOO
goo:

gnatprove —-P <project-file.gpr> —-prover=<prover> —-limit-line=<file>:<line>:<column>:
—<check-kind>

U000 check-kindOJOODOOODOOO GNATprove OO0 D OO0DOO0O0OOOODOOODOOODOOOO
gboaboodaogd

Warning Check kind
run-time checks
divide by zero might fail VC_DIVISION_CHECK
oo0oooooo
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TABLE 61 -0000000000

Warning

Check kind

array index check might fail

VC_INDEX_CHECK

overflow check might fail

VC_OVERFLOW_CHECK

range check might fail

VC_RANGE_CHECK

predicate check might fail

VC_PREDICATE_CHECK

predicate check might fail on default value

VC_PREDICATE_CHECK_ON_DEFAULT_VALUE

length check might fail VC_LENGTH_CHECK
discriminant check might fail VC_DISCRIMINANT_CHECK
tag check might fail VC_TAG_CHECK

ceiling priority might not be in Interrupt_Priority

VC_CEILING_INTERRUPT

interrupt might be reserved

VC_INTERRUPT_RESERRED

ceiling priority protocol might not be respected

VC_CEILING_PRIORITY_PROTOCOL

task might terminate

VC_TASK_TERMINATION

assertions

initial condition might fail

VC_INITIAL_CONDITION

default initial condition might fail

VC_DEFAULT_INITIAL_CONDITION

call to nonreturning subprogram might be executed

VC_PRECONDITION

precondition might fail

VC_PRECONDITION

precondition of main program might fail

VC_PRECONDITION_MAIN

postcondition might fail

VC_POSTCONDITION

refined postcondition might fail

VC_REFINED_POST

contract case might fail

VC_CONTRACT_CASE

contract cases might not be disjoint

VC_DISJOINT_CONTRACT_CASES

contract cases might not be complete

VC_COMPLETE_CONTRACT_CASES

loop invariant might fail in first iteration

VC_LOOP_INVARIANT_INIT

loop invariant might fail after first iteration

VC_LOOP_INVARIANT_PRESERV

loop variant might fail

VC_LOOP_VARIANT

assertion might fail

VC_ASSERT

exception might be raised

VC_RAISE

Liskov Substitution Principle

precondition might be stronger than class-wide precondition

VC_WEAKER_PRE

precondition is stronger than the default class-wide precondition of True

VC_TRIVIAL_WEAKER_PRE

postcondition might be weaker than class-wide postcondition

VC_STRONGER_POST

class-wide precondition might be stronger than overridden one

VC_WEAKER_CLASSWIDE_PRE

class-wide postcondition might be weaker than overridden one

VC_STRONGER_CLASSWIDE_POST

GPSOUOOOOOOODO

GNATprove U0 0 O0D00OO0DOOODOOOO0DOOODOOODOOODOODODOOODOOODOOODOODOOO
oboobo0o0oooooooboob0oboo0oooooob0obob0o0b0onb0ODn GNATprove DO OO OO
UO0o000O0b00000b0O0b000000 SPARK — Prove Check 00D OO00O0OOOO0O0ODODO

OO0000D0O00000 “Alternateprover (D D OO0 0O) ' O00AltErgo 000000000 ODOOOOOO
OO00000D0O000000000O0nteractiveD 000000000000 SPARK — Prove Check J 00
gboboooGepStOOoboooooooooooooobobobobobobobobobboboobobOon

gboobooboobooboobgobobbobbobood

U00000000000b0000GPSO0 SPARK — Prove Check DO DOODOODOOOO0OOOOOOOOO
goboooboobooobooboooobooobooboooooboooooobooobooaepSooooOog

goooogo
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6.2 GNATprove O O OO OO

GNATprove U0 020 000000000000 O0D0DO0O0O0DO0OODOO IDE(GPSOOOO GNATbenchDl O
0000000000000000 gnatprove.out 0000000000000 0OO0O0O0OOODOOOO
oboobO0bo0o0o0oobOob0o0o0obO0obOo0n0d gnatprove0O0O000OO0OOO

6.21 0J000O0O0OOODOOOO

U000 gnatprove.out U0 O0O0D0O0O000OD0ODOO0O0DO0ODOO0ODOOOOOOODOOOOOODOO
gbooobooboobooobooboobooboobooobobob:

SPARK Analysis Results Total Flow Interval
—Provers Justified Unproved

Data Dependencies

Flow Dependencies

Initialization 2100 2079
21

Non-Aliasing

Run-time Checks 596 . . 480 (altergo 31%, CVC4

—69%) . 116
Assertions 3 . . 3 (altergo 33%, CvC4 |
—67%) . .
Functional Contracts 323 . . 168 (altergo 24%, CvVC4 |
—76%) . 155

LSP Verification

Total 3022 2079 (69%) . 651,
— (22%) . 292 (9%)

gboboobOobooooboboooooboooboog:

ooo 0O

Data Dependencies oooooooboobooobooboo

Flow Dependencies gooooooo

Initialization ooooooooooooog

Non-Aliasing gooooooogon

Run-time Checks 000000000 DO0O00O OO Verification of absence of run-time errors (AoRTE)
(Storage_Error 00O 00O 0OO)O

Assertions Assertion Pragmas 0 0 O

Functional Contracts | D0 OO0 O00 (D OO 0OOOODO O, Package Contracts [0 Type Contracts U [ [ )

LSP Verification Object Oriented Programming and Liskov Substitution Principle 0 0 00000000
00000 LiskovOODOOOODOOO

gbooobooobooboobooobooo
s TotalUODOUOOOOOOOOOOOOOOLOOODOODOOnOO
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e FlowDOUOOOOOOOOOOODODOOOOOODOOOOODOODOOO

« Interval 0000000 '00000000O00000O0O0OOOOOOOOOOOOOOOOOOO
ubuodaboudgouogbooobooaoaoogd

e ProversU0000000O0O0O0O0O0O0DOO0O0DOO0O0OO0ODOOOOOODOOOOOOOOOOOOO
gbooooooooooooooobooboobobob0obobooboobooboooooooooobooa
goooooooooooooboboboooooboooooooooDobooboboooooooo
gobooooboobobooooobooo0oboo0ooooobD0oooD0ob0obog --prover0gooQg
oboooooobOoboboboobooboooooooooooboOobOobobooboooooooonoo
ooooboooOob0oooboobooobOobooobooboooobooobooooboobooboOobooooboOoooOon
ooooboooobooboon

e JustifiedUJD0O0OO0OOO0O0OODOO Annotate Pragma DU DU OOOO0OO0 O0D0OO0D0OOO
ooooooo

U000 unproved00O0O0000O0O0O00ODOOO0OCODOODOOOOODOOOOOO

6.22 JO0O0OOOOOO

GNATprove U0 0D OO0O00DOOOODOOOODOOODOOODODOOODOOOOODOODOOO

- J000000O00DO0O0ODOOOSPARKODOODOO0DOO0O0ODOO0O0DOODODLOOODOOODLOOO
ubboobooobuooabboogbooobuooboboobodoboooboobobooooboan
ooooboooooboobon

- J000OD00O0ODODODOODOODODOODLOODODbOODOODbDUOODbLODUOODOOODLOOD
"warning: "UOOOOO0OO0OO0OO0O0O00OO pragma Warningspragma 0000000 4Q0OoQooog
0000 ooooooo ooooooo

- J00000D0OO0DOOOOOOOOOOOODOODOODbOODOODbDObOObOOOOOOOOOOOnOO
gboobooooooooboboboboboooooooooobooooooobooooobooobooona
gobooboooobooobobooobooobooobobooboooooobooobooboooooboooboag
gbooobooboobodd "low: ", "medium: ","high: "0O0OO0O0O0OO0OO0OOOOOOO
uboboboboboboobobbobopragmaAnnotate DUDOOOOOOOOO0OO00OOONO
obooobOoboooboooboooboobooooobooboo oooobooboooooboon

- J000D0O000O0D0OO0 GNATprove OO DO OOODOOOOOOO0ODOOOODOOODOOOOOOODO
GNATprove 00000000 DOOO00OO0O0DODOOO0OO0ODOOO GNATprove DO DODOOOODDO
ooooboboooboboboooobooooobooboog

623 00000000 DOOOO

GNATprove 0 040000000000 OOCOCODOCODOOOOODOOOOO0OOOOOO0O0O: ——mode=<mode>
0000000000000 D0000 check,check_all, flow,prove,all DO000O0O0O0OOO0OOOO0O
000000000 00000000 GNATprove OO 0HOODOODOODOODOODOOO

000 check DOOOOODO check_allO0OOOODOOO GNATprove 0 [0 SPARK_Mode  on 0O OO
0000000000 SPARKOO0O0O0OO0O00000oOooDooooooooooooobooooooa

OO0 flowOODOO prove J00000O0O0 OO0ODOOO0O0O0O0O0DOOOO0ODOODOOO

000 flowOOO GNATprove 1 DD 000000000 DOOOOO0O0O0O0O0O0O0O0O0O00OOO0OOOO
gooobobooboboobgoobobooboboobooobooboobobooboobobooon
gbobogbuoobooboobouoobuoobobobobbobooboobuoobuoobobboo

'000003*X/40000003+*X00000000000000000000000000000000
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OO0 prove OO0 GNATprove D00 0D0OOO0DOODOOODOODOOOODOOODOODOODDOODO
gbooboobooboobooboobooboobooboobobbobbobbobbobobooobo
ugboobooaoboobon

OO0 all 000 GNATprove 00O flowOODOODOO proveDOOOO0OOO0OOOOODOOOOOCOOOO
goo

U0 —--report=all, -—report=provers, ——-report=statisticsU000O0O0O0OO0O0OO0OOOO0O
OO0 GNATprove 0 D00 O0D0D0ODODODOODO0ODODO0ODO0ODODODDODODDODODOODOOO

GNATprove 0 O gnatprove.out 000000000000 0OOCOOO0DOOO0ODOO0OO0OOOOOOO
OO0 SPARK — Show 0 Report 00O O0DOGPSOUOOO0DOOOODOOOOOOOODODOOOODOOOO

- J000D0O0O0OOODOOOODOODOODOODOODOODOO
 J0Ob0obbOOobbOobbooboobuoobobobobbobobooboobooboobon
- 0000000

6.24 0 0OO0ODODOOO

OO0D00O0O0OGNATprove OO O0ODOOO0ODOOOODOOOODOODOOOODOOODOOODOOODOOOOO
O0000000000000000000000000000000 file.adp 0000000000000
oo:

’if X / Y > Z then ...

GNATprove DO OO O OOOOODOOO:

’file.adb:12:37: medium: divide by zero might fail

gbooooooog /o0o00bo0onrzogo37Tooboobooooobooooboooobooooobooonog
ooboooooobooooooboooooooooboooooboooooooooooobooooooooboo0 Yy
UO000O00o0000O GNATprove DO OOO0O0OO0O0O0ODOODOODOODOOOOOOOOOOOOOOOOO
boboobOobooooboboooobobooooobon

gbooobooboobgoobooobooobobboboboobooboobooboooboa

ooooooo oo

run-time checks

divide by zero O00OmodDrem 000000000 O0ODOOO
0oDooooooon?

index check goooooooooDoDDODODODODODODODODODOO

overflow check goooooDooooooobooogooDoooon

range check 0o0oooooooooooooooooooDoO
ooooooog

predicate check 0o0oooooooooooooooooooon
oooo 3

predicate check on default value gbodboboobobuobobooouoboboo
ooooooooooo

length check 00oo0Do0ooDoooooooooooon
oo

oooooooo
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TABLE 62-0000000000O

googooog RN

discriminant check 00O O O 0O O discriminant record) * O O O O O dis-
criminant0 0 00000000000 OOO000OOO
0doDo00oDooooooooooooogooon
0doDo00oooooooooooooooooon
ooooooooooooo?

tag check ooO00oO0ooOooooo0oOoooooOoooOod
oooooooo©
ceiling priority in Interrupt_Priority Interrupt_Priority D 0 00 0O 0O O O Attach_Handler

00000000000000000000 700
gboobooboooooboo

interrupt is reserved Attach Handler U0 OO0 O0OO000O0O0OOOOOO
O00O0O0oOooooo
ceiling priority protocol goooo0obooobooboboobooooog

00000000000000000000000
00000000000000000000000
000 (ARM Annex D.3)

task termination gooooooooooOoooooooooo
Ravenscar* 0000000000

assertions

initial condition 0000000 (elaboration 0O DOOOOOONO
goooooooooooooooo
default initial condition 000000ooooOooOooOoobobooooon

gobobooOoooooooobooobOoOd True
goobooooooboo

precondition 0000000 00O0OD0O0ODO0bObDO0 TrueDO
oooooooooooog

call to nonreturning subprogram bobouobooboboooobooooooo
ooooooooooooo

precondition of main gbogboboooobobobobobobob
00 (elaboration) D OO0 TrueO O OO OOOO
ooo

postcondition 0000000Doo0oD0o0o0o0ooOdOTrue O
ooopooooooo

refined postcondition O00O0OD0O0OO0DOO0OD0OO0O0 (refined postcondi-
tion) D0 True D0 O0D00OO0O00DOO

contract case ooboooOoOoooooooOoooooood True
ooooooooooo

disjoint contract cases 0000 aspect DO ODOOODODOOODOODO
oooooogoo

complete contract cases bodbodaspectd 000000000 OOOOO

gbobooooobobobobooobobon
gobogoobooobooobog

loop invariant in first iteration ooboOoooooOooobboooobooooo
ooooooooooog

loop invariant after first iteration bobobooboobooboobobooobooo
ooooooOooooooooDo

loop variant goooooooOoooooooooooooog

gbgbodoboobouoboboboobogooaoo
oboooooobooooooo

oooooooo
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TABLE 62-0000000000O

googooog

RN

assertion

oboooooobooooooo

raised exception

gogooobobobbboooooooobboo
g

Liskov Substitution Principles

precondition weaker than class-wide precondition

guoobobooaobbnd aspect DOOOOONO
oobooobooooboobooooooooooon
ooo

precondition not True while class-wide precondition is True

goboobooboobbooD Tee 0D OO0
gobogobooobodn aspect O U True O
gboooooooon

postcondition stronger than class-wide postcondition

gooopooboobgob aspectDO0OODOOONO
gobogbooaoboaobooboooboooobabo

class-wide precondition weaker than overridden one

gbooooooboboooonodgn aspectd
gobooooobooooobooooboooon
gobooooooooooooo

class-wide postcondition stronger than overridden one

gobooobooobobooooboooboon
gobboooobooooobooooboooon
oooooooooooon

goobooooboooobooooooooooooboooooobooooobooooooboo0ooooE-OOd

w00 c.oo
gooooono oog | o0
aliasing 20000000000000000000000

ooog

function with side effects

gobogoooboooboood

cannot depend on variable

ooooooooooooooobooooooggoo
gboobooboooboobobooogn

missing global

gbogbdobobobobooooboboban
oboooooboooooo

must be a global output

ooboodO0mbOOOO0OOOOOO0ODOOOOD
g

pragma Elaborate_All needed

goboooboooboobobobooooboooon
O000O0OO0O0O0OOEborate_ Al DO OO0O0OODO
oooooooooooon

gboogogoo

mod 0 rem00000000000000D0O00OCOOODO

’00000000000000000000O000O00 0 type Prime is new Positive with Predicate => (for all Divisor in 2 .. Prime / 2

=> Prime mod Divisor /= 0);
4000000000000
S000O0Ooooooon

000000tageedd0 0000000000000 O0ODNOOODOOODOOODOOODOOO

70000protected type0 00D 0000000000000 000000O0DOO0DOO0ODOOODOOOOOOOOOODOO0
8 Ravenscarprofile 0 000 0000000000000 0000D00D0D0000 AdkdDDDOO0DOOODODODOOODOO
OLiskov0 00000 LiskovDOOOOODODOODOOOO0O0O0OD CLUOOOOOODOODODOD Barbara LiskovO OO OO0
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TABLE 6.3-0000000000

gpooogoo ooo (o0

export must not depend on Proof_In E Proof InO 00000000 ODOOOO0OODOOO
oooooooboobooooooo

class-wide mode must also be a class-wide mode of | E gbdbodoooboboooobooooooo

overridden subprogram gboobooboobobooboobooooooo
oooooooooo

class-wide dependency is not class-wide dependency | E gooboooobobooooobooooooo

of overridden subprogram gbodboooobobooboobooooooo
goooogoooo

volatile function E O volatile DO OO OO volatile 00O OO OONO
goooo

tasking exclusivity E oobooobobooooboboooooboooo
OO0O0O0O00D0O0O00 (suspensionobject) 0 00O
oopooooooo

tasking exclusivity E 2000000000O0DbOCO0ObOO0OO0ODOODO
oooooooooon

missing dependency C oobooooobooooboooooooooooon
oono

dependency relation C godbobooooboobooboboooooo
goooogo

missing null dependency C oo0o0oooNULLOODOOoDoOoooo

incorrect dependency C obooooooboooooooon

not initialized C oopboooboboobooooobooOooboooo
ooooo

initialization must not depend on something C oboooOobOooooboobooodg

type is not fully initialized C 0000ooooooooooooooooooon
gooooood

needs to be a constituent of some state abstraction C oobooobooobooboooobooobooon
oooooooooon

constant after elaboration C oo0bO0odoObO0oo0ooobOoOoboboooooo
oooooboOooboooboooooboooo
oooooobooooobobooooobooog

is not modified W 000 nmowt000O0O0OODOOODOODOOODO
oobo00ooDOOo00obO0O0O0bDmOoobDOoOoon
ooooooog

unused assignment W bdbobooboboooobooboboboo
gooooOobOoooooobooodg

initialization has no effect W 0000oo0ooooooooooooooooon
goooooooooooog

this statement is never reached w oboooooboooooboobooboobooo

statement has no effect w gbdboboboobobobooooobooobooo
oood

unused initial value w out,inot 00000000 0ODOODOODOOODOO
0000000 mout0O0O000O00O0OOOO
gooood

unused w ooboooooooooboooobooooo
ooooo

missing return w oooooOoboOoO0ooobOoboboooobooog

no procedure exists that can initialize abstract state W goooooooooooobooboobon

subprogram has no effect w oooooOoboobooboobooooo

oooooooo
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TABLE 6.3-0000000000

googooog goo | oo

volatile function E volatile 00 0O OO0 OO 0O volatile O O O volatile

gboboooooao

gb: dbooobobooobooooboooobooobooboobooooooooboobooobooog
oooooooo

6.25 0000000

0000000000000 0D00 GNATprove DO OOODOOOD0OOODOOOOOOOOO20000000
gooooo

- JO0b0O0bODbbOObbOObOOoObLOOn
- Jboobobbobboboan

gdoooooooooooooobooepSO00ooooooooobobooooooboboobooooooboa
goooboobOooooboobobooooobooooooooboboo0oooboOogng GPSO GNATprove
OO00O00) GNATprove DD OO0 DOOO0ODOOOOOOODOOODOOOOODOODOODOODOOOOOO
gboooobobooboboboobobboobobobobobboobOobiObO0 Counterex
gbooaogd

procedure Counterex (Cond : Boolean; Inl, In2 : Integer; R : out Integer) with
SPARK_Mode,
Pre => Inl <= 25 and In2 <= 25
is
begin
R := 0;
if Cond then
R := R + Inl;
if Inl < In2 then
R := R + In2;
pragma Assert (R < 42);
end if;
end if;
end Counterex;

Ubo00o00b condl TrueOOOOOOODOOOO 110 1200000000000110000000
OO0O00000D0 GNATprove DO DO OOOODOOGPSOOODOODOODOOOOOOOODOOOOOODOO
gboooboobooboobooobobobobbobboobooboobooo
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_ counterex.adb

1w
-— Cond = True and Inl = 17 and In2 = 25 and R = 0

2 SPARK Mode,

3 Pre => Inl <= 25 and In2 <= 25

4 1is

5 Dbegin

S Ra=0;
-— R=0

T~ if Cond then

5 R:=R+Inl;
-- R =17

if Inl < In2 then

R S
1151_

12 end 1f,
13 end if;
14 end Counterex;|

GNATprove U0 O O0O0OO0O0O0OO0OOOCODOOOOOOOOOOOOODOOODOOOOOOOOOOOOOO
OO000000000O0O000DO0000DO0O000DO0O000000011 000 GNATprove DO OO0
oo rOODOOOODOOOOOOODOOOO

counterex.adb:11:25: medium: assertion might fail, cannot prove R < 42 (e.g. when R =,

—42)

GNATprove 0O D 00000000 ODOODOOOOODODOOODOODOOOODODOOOO

1. 00b00oO000oocooooooooobOobo0oboobooooooooboobobobooobooooon
obooooobooooobobobbobob ooooobobOooboooobobobooboobo
Uboo0oobo0ob00b0oo0o000b0bOn pouble_In_CallUDOO0OO0OO0OO0OODOOO0OOOO
Ubdo0obdboooboobobfodbd boubletdOOOOOOO0O0OO0ODOOOOOODOOOOOO
Double_In_Loop 0OOOOODOOOODODODOOOOOOOOOOOOOOOOOOOOODOOO
ooooooooooon

package Counterex_Unprovable with

1

2 SPARK_Mode

3 |is

4

5 type Int is new Integer range -100 .. 100;

6

7 function Double (X : Int) return Int with

8 Pre => abs X <= 10,

9 Post => abs Double'Result <= 20;

10

1 procedure Double_In_Call (X : in out Int) with
12 Pre => abs X <= 10,

13 Post => X = 2 % X'0Old;

14

15 procedure Double_In_Loop (X : in out Int) with
16 Pre => abs X <= 10,

17 Post => X = 2 x X'01ld;

19 |end Counterex_Unprovable;
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SPARK_Mode
is

function Double
begin

return 2 * X;
end Double;

(X =

10 procedure Double_In_Call (X :
1 begin

12 X := Double (X);

13 end Double_In_Call;

14

15 procedure Double_In_Loop (X :
16 Result Int := 0;

17 begin

18 for J in 1 .. 2 loop

19 Result := Result + X;
20 end loop;

21 X := Result;

end Double_In_Loop;

end Counterex_Unprovable

Int)

’

package body Counterex_Unprovable with

return Int is

in out Int) is

in out Int) is

O000000000 GNATprove D0 0D DOOOO0ODOOOODOOO XOODOO 10000 300
gbobooboobbooobboooboobboobooobooboooboobbooboon
ugbogboooboooboogogo

adb
adb

counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
-100 and X -1)

counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
counterex_unprovable.
—= 2 % X'old (e.g.

=

when

—= 2 % X'old (e.g. when

adb:
adb:
adb:

adb:
ads:
ads:
ads:
ads:
ads:

counterex_unprovable.ads:
counterex_unprovable.ads:

counterex_unprovable.ads:

counterex_unprovable.ads:

:7:16:
:7:16:
12:12:
19:20:
19:27:

21:12:
8:14:

9:14:

9:14:

12:14:
13:14:
X -3
13:20:
16:14:
17:14:
X -3
17:20:

info:

info:
info:
info:

overflow check proved
range check proved
precondition proved
initialization of "Result" proved
medium: range check might fail (e.g. when Result,
info:
info:
info:

initialization of "Result" proved
overflow check proved
overflow check proved
info: postcondition proved

info: overflow check proved
medium: postcondition might fail,
and X'0Old -1)

info: overflow check proved

info: overflow check proved
medium: postcondition might fail,
and X'Old -1)

info: overflow check proved

cannot prove X |

cannot prove X_,

goboobooobooboooobooobooboboo oooobobboooobob boooboooa

0000000000000 oDooo0o0oU0oooooDOooooDoooDoooooooog
0000000000000 DOO0DOO0DOO0DbOO0DOO0bOOo0oU0oOO0ooDOoDOooDOooDOooOooDoonDGg
gbobobobocvcé4ouoooooboboboboboboboogboogbo cvc4ogooooo
00000000 --no-counterexample 00O 0O0O0OOOOOOOOOODOOOOOOOODOOO
cv40000oO0O0bOO0O0oOoOooOOobOoU0oOobDOobDOoocCcv40pooboooooboobooobooboo

gbooboooboobobooobooboobboobooboboobobooboobobooobooboon

gbooboooboobooobooboobbobbooboobobooobooboobbooboon

oood
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4. ——proof 000O00DDOOO0ODOOODODOD per_checkODOOOOODDOOOOOODODODODOOO
gbooooboobobobobooobobobooouoboobobob0obOobO0olbO progressive
O00 per_path 00000 GNATprove DO 0000000 DOOOO0OOODOODOOOOOOODOO
oooooooon

6.3 GNATprove 0 O 0O O OO OO

O0O0000 GNATprove OO0 000000 DOOOODOOOOOOOOOOOOODOODOOOOOOOOO
UO0bO00b0O00000 GNATprove OO OOOOOOO0OO0OOO0DOOO0ODOOOOOOOOOOOOODOOO
O0000000000000000 GNATprove 0000000000 OCOCOOOODODDDDOD GNATprove
gooooooooobooooboobooboooboooooboooooboooobDoooobooog
O0000O GNATprove DD OO0 O0ODOODOOODOODOOOODOODOOOOODOOOODODOOO

obobOobobOoboobooooboobooboooboooobobooboboobOooooooooooooon
gobooobooobooobooooooooobbooboboobooooooboooobooooboobooboonn
gbobooooboboooobooboobooooooboboooboOobobooooobOobooobooonog
gooooboobooooboboooooboobooooboooobobobooooboobooobooboOooo

gooobooogooboooooboboooboobooooboboooboobobooboboboooboobobooooDboo
gbooboooobooboooooboooooboooboooooboooooboooobooboooboOooog
boboobOobooobooboooobobooooobooooboboooooboooobOooboo

631 0000000000

GNATprove D 00D 0O0O00OD0OODOOOOODOODOOOOODODOOO

1. GNATprove D0 O OO O0ODOO0O0O0ODOOO0OOODOOOOOODOOOOODOOOOOOOOOODOOOn
oboobOobooooboboooooboooobOoboooooboobooooobOobo0oooOobon

2. GNATprove 0 00D O0O0O0DOOO0O0DOOOOO0O0OO0ODOOOODOOOOODOOOODOO

3. GNATprove D 00000000 O0D0DODOODOOOODODOOODOODOOODOOOOOOODOOOOO
0 O GNATdashboard, SonarQube, SQUORE 0 0 0 O O OO O

4. GNATprove 1 0000000000000 O0O0O0O000O0O0O0OOGNATprove0O0D0OOO0O0O0O0OOO
ooooboooooo

gobogbobooboooboobooboboobooboboobobooobobooboboobooo
Ooobo0ooo0o0oboob0b0ob0b0b0ob0ob0ob0o0b0On0 GNATprove DD OO OOOOODODOO
obooooOoboooooboboooooboooooboooooon

- J000DO0O0OOODOOOOOODOOOOOOODOODbOObOOn
- J000D0O0OO0OOODOOOODOOOOOODOODOODOODLOO ODbOODOODObOOODOO

gbooobooooboboobooboooboooboobooooboobooboooboooooboboooboooog
O0000b00O000O000O0o00oOob00oon GNATprove OO OOOO0O0OOO0OOOOOOOOOOOOO
gooooooboobooooobooooboooboon.

Oo0D0O0030000000000000000000000000GNATprove JO0O000OD0OOOOODODO
0000 -—report 00000 --warnings 0000000000000 0O0O0OOOOOO GNATprove
b boobobooboboooobobooooobobobooboboboooobobobooboa

oboo0O0o0o20000000000000000000000000000 GNATproved OO OOOO
O gnatprove.out (DOOOOOOODOODOODOOOO ODOOODOOOOOOOO DO OOODO)O000
goooogo
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O00oo0oo0 400 000000D00000D0O000O0D0O0O0OO0ODOOOODOO GNATproveOO OO0
O000o00bO000o0b0o0ooob0o0oOooOoogn Project Attributes 0 0 Proof_Dir 0040000
gboooboooobooobobooobobooobooooboooboobooooboboooboobobooboOoboog
oboobooooobobooobooooboooobooooboboboobooboooobooooOoooog
bobooboobobooooooooboooboobOoboboooboobooooooooboobobOooboooon
OO00D0000D00000 GNATprove D 0OO0O0O00OO0O0O0OOODOOOOODDOOODDOOODOOOO
ooooooboooobooooo

goboboooobooooboooobooo 40000000000DOOO0OODODOOODOODOOO
ooboooboboooboooobooOoobobOobobobO0ooooooobob0o0ooooboOo00nnon Verification
Conditions0 00000000000 DOOOOODOOOO

632 0000000

GNATprove D020 00000000000 ODO0OOOOOODOOODO
- 00000000 ODODOO0DGNATODOODOOOODODOOODOODODODOO
- -gnatws O OO0O0O0O00OO
- -gnatwa U0OO0O000OO0O0OOOOO
- —gnatw? 00000000000 DOO0DOOOOODOOOOO

obooooooGoGNATODODOOOOOOoOobOOoobOoOooooobooobooooooooooon
gbooooOoboooobobooooboboooogd

e GNATprove 0 00O0ODODO --warnings 0O OOO0OOODOODOOOOODOOOOO
- ——warnings=off 00 00O0O0O0O0OONO
- ——warnings=error 00000000000
- ——warnings=continue 000000000 OOOOOOOOOOOOOOO
O000000 GNATprove 1000 0D0DO0O0ODODDOODOOOOOOO

UbOodbddbd warningspragma U000 O00O0000000O0000O0O000OO00O0O0OOO000OO00OO
O0000000GNATprove OO0 0O warnOOO3000000000000000O000O000O0O00OO
000300 warningspragmaOO0OO0O0O0OO0OO0O0O00O0O0O

pragma Warnings (Off, "unused initial value of ""X""",
Reason => "Parameter mode is mandated by API");

procedure Warn (X : in out Integer) with

SPARK_Mode
is
pragma Warnings (Off, "initialization has no effect",
Reason => "Coding standard requires initialization");
Y : Integer := 0;
pragma Warnings (On, "initialization has no effect");
begin
pragma Warnings (Off, "unused assignment",
Reason => "Test program requires double assignment");
X :=%;
pragma Warnings (On, "unused assignment");
X :=%;
end Warn;
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OO0 Warnings Off pragma DO OO DO Warnings Onpragma DO OO0 0O0O0O0O0DOOOODOO
ooOobOo0oo0oob0obOobOobOoboboooooDo0obobo0oobOoDobo00OnDO Reason O OOOOO
coooooodoooooooooOooooooOoooobooooooo0ooDobooooDoooOoooo
coooooooooooogooooboOoooooooooOooooOoboooooobooooooOoboooo
OO0D000000D00000000 warnings Offpragma 00 000000000000 OO0OCO0ODOO
O warnings Offpragma 000 0000000000000 O00000O0O0ODOOOOOOOOOOOO
ooo

U0 warnings pragma OOGNAT DO OD0OO0OD0O GNATprove DD OOD0DO0OOODOOODOOOODOO
GNATOOO GNATprove UOOODOOOOOOODOOOOO

pragma Warnings (GNATprove, Off, "unused initial wvalue of ""X""",
Reason => "Parameter mode is mandated by API");

procedure Warn2 (X : in out Integer) with
SPARK_Mode
is
pragma Warnings (GNATprove, Off, "initialization has no effect",
Reason => "Coding standard requires initialization");
Y : Integer := 0;
pragma Warnings (GNATprove, On, "initialization has no effect");

begin
pragma Warnings (GNATprove, Off, "unused assignment",
Reason => "Test program requires double assignment");

X =%
pragma Warnings (GNATprove, On, "unused assignment");
X :=%;

end Warn2;

U0000000D0000 warningspragma D0 000000000000 O0D0O00O0D00O0O -gnatw.w
Ob0o0o0O0bO00o0oob0ob0o0o0bOO0b000b0O0b0d warningspragma 00000000000 0O0OO
0000000000 b00000 GNATOOODOODOOO0OOODOO0O0OO0OO0OODOOGNATproveD OO0
Uboo0O0bO0bO000000 warningspragma 00000000000 O0DOO0O0OCOOO0OOOOOO

oooob0GNATOOOODODODOOooogooo

633 000000000000

Ob00o0O0O0o0O0bO0b0ob00ob00O0O0pragmaWarnings 0000000000000 OO0OOOOOOO
goood

634 D000O0O0OOODOOODO

Annotate Pragma 0 00000000 Q

GNATprove D000 DO0OO0O00O0DOOOO0ODOOOO0O0DOOOO00O0DODOOONO Annotate pragma
goboobooboooboobooboobooboobbooobobdtreurn 00000000 O0OOOODOO
gbbooboodaboooboobooboobobobobbobo

return (X + Y) / (X - Y);
pragma Annotate (GNATprove, False_ Positive,
"divide by zero", "reviewed by John Smith");

pragma0000000000OO
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pragma Annotate (GNATprove, Category, Pattern, Reason);

gboooboobooboobooboobobbobbobooboo

od oo

GNATprove | OO DOOOOO0OO

Category False_Positive 0 Intentional DO ODOOODOO

Pattern gooooooooooooboooOoooooooooooobboobooooo
O

Reason gbooogooobobooboobooooobooooobooo

oooooobooooboboon
00 CategoryU DO O00O0OO0O0OO0OOO0OOODOOOO0ODOODOOOOODOOOOOOODOOOOODOO

* False_Positive OO GNATprove OO OOOOOOOOOOOOOOODOOOOCOOOOOOOO
goo

e Intentional UODUO0ODOO0O0OO0O0DOOOOOO0OO0DOOO0DOOO0DOOODOODOOO
Pattern 00000000000 O0O0O0ODOOOOCOOODOOOO

Reason U0 000000000000 O0O0O0OOO0O0OCOO0OO0O0O0DO0O0DOOA0Oreasond 00 GNATprove U
oooooobooogooo

obobDooOoooob0obOooo0obb0oboo0ob0ob0ob00ob000b0obO0bDO00 Annotate pragma O 0
O00000000000000000000 Aannotatepragma 0000000000000 OOOOOO
OO0000ODpragma 00000000000 O0DOOOOODOOfO00ODODOODOOODOOODOOODOOO
Othen-branchO D 00000000000 pragma 00000 0000000000000 0OO0O

gbobooooboboboboobbobobooobobobobobdbpragmal 0D O0OOD0OOOO
gbogboboobogboobobooboooboboobooboboobooboboobooboo
GNATprove D00 DO O000OO0O00O0O0O0OOOOOOCODOOOOOOODOOO

gb0ooboobOoo0obO0obO00D0O0OpragmaAnnotated 0000000000 OOO0O0O00ODOCOO pragma
ubooobooboooooboon

s J000O0pragma 0000000000 OOODOOODOOODODODOOOODDOOOOODOOOO
oboooboboif0ooobobobooboooooooboooobooboooooboobooooOoo

epragma U 000000000000 OO0O0O00D00D000O00 pragma0000000C0OO0OO0OOO
uooobobooboooo

000000000 annotate 1000000000000 O0O0O000O00O0DOO0DOOOOOOOOOOOO
gbooaogd

procedure Do_Something_1 (X, Y : in out Integer) with
Depends => ((X, Y) => (X, Y));
pragma Annotate (GNATprove, Intentional, "incorrect dependency ""Y => X""",

"Dependency is kept for compatibility reasons");

oboooooboooooboooboobooboooobooooobobooobooooboobooooooog
oooooooooo

procedure Do_Something_2 (X, Y : in out Integer) with
Depends => ((X, Y) => (X, Y));

procedure Do_Something_2 (X, Y : in out Integer) is
begin
X = X +Y;
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Y =Y + 1;

end Do_Something_2;
pragma Annotate (GNATprove, Intentional, "incorrect dependency ""Y => X""",
"Currently Y does not depend on X, but may change later");

U0000b0o0b0o0b000b00b000b0000 Annotatepragma0 000000 O OO GNATprove
O0O00000000 GNATprove D00 O0ODOO0O0O0OOO0OO0O0DO0OO0O0OODOO ~-warnings=error00
obooooobooooboobobooooaooo

Pragma Assume 0 00000000

GNATprove DO 0000 OD0OD0OO0D0ODOOOOCOOOOODOODOODOODOO PragmaAssume 000000
oboobooooobobooobooooboooooboobooooboobooboooboobooooOoboonog
gboboooobooooboobooooobooooooobooboobooobooboooboobooonog
oboooboooooon

procedure Next_Tick is
begin
pragma Assume (Clock_Ticks < Natural'last,
"Device uptime is short enough that Clock_Ticks is less than 1_
—000 always");
Clock_Ticks := Clock_Ticks + 1;
end Next_Tick;

pragma Assume 0 Annotatepragma U0 000000000 O00O0O0O0O0COOOOCOO0OOOODOO
gbooobooboobooboobobbobbuoobobooboobobooboobOobod Assume
pragma U0 000000000000 Annotatepragma 0000000000 O00O00O0O0DO Assume
oboooooboooobooboooog

- JO00O0ODOOOODOOO

pragma Assume (<External Call's precondition>,
"because for these internal reasons I know it holds");
External_Call;

000 External Call 00000000000 OO0DOOCODOOCODOOODOOODOOODOOOOOOO
0000000000000 0D000D000D00 External_callO0O0000O0O0O0O0O0OO0O0COO
0000000000 External_CallO0O00O0O0O0OO0O0OOODOO

e JO0bO00ObObOObOO0ODbOO0ODbOO0ODbO0ODbObODDbODbOODbOODLOODO

External_Find (A, E, X);
pragma Assume (X = 0 or (X in A'Range and A (X) = E),
"because of the documentation of External_Find");

U000 progmaAnnotate 00D UOD0OUOOODOUOOOODOOODOODOO0O pragmaAssume DODOOMO
o0oobooobooboboobO0obooo0o0oobo0ooob0obbo0bDOobndypragmaAssume 000
oooooooooooo

function External Find_Assumption (A : Array, E : Element, X : Index) return
—Boolean
is (X = 0 or (X in A'Range and A (X) = E))

with Ghost;

procedure Assume_External Find_Assumption (A : Array, E : Element, X : Index) with
Ghost,
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Post => External_Find_ Assumption (A, E, X)
is
pragma Assume (External Find Assumption (A, E, X),
"because of the documentation of External_Find");
end Assume_External_Find_Assumption;

External_Find (A, E, X);
Assume_External_Find_Assumption (A, E, X);

oboobOooooboobooobOoboobOobo0ooooboooooboooob0oobobOonbOoboOpragma
Assume DOO0OO0O0OO0O0O0O0ODOOO0OOOOOCOOOOOOOOOODOOOOOOOOOOOOODOOOOO
ubooobooooboobood

6.3.5 0000

GNATprove U0 DO ODODOO0O0D0OO0O0ODOOODOOODOOOOOOOOOOOOODODOOODOODOOODOOO
obobooooboboooooooobooooboobOoobobOobooboobobooboOobOobOOooooon
gboooboobOobobooboooboooooboooobooobOoboooboOooooboobooobooonog
OO00000OD0O000D0O0O0OO0GNATprove D00 O00ODODOODOOO0OO0O0OOOOOOODODOOOO
gooooooboobooooooobobooooooboooooobobooboooobobobooboooog
O000000000000000 SPARKOO0000000D000000D0000 Ada,C,000000
O0O00O0000000000 GNATprove OO OO0OOO0OODOODOODOODOODOOOOOOOOOCOODOO
gboocobOoboooobobooooobobooooobooooboOobooooo

D000 -—assumptions JO0OO0O0OOO00O,GNATprove OO OOOOOOO gnatprove.out OO0
0000000000 00odoodooo0DOdoodo0ooDoooooDoooDOooDoOoooooooo
do000doodoDoooooooooooobOooobOOooDoooDoooooooooan

- 0J000D00000DOO0O0O0OD0O0DO00O0O0 SPARK Mode => O0ff00000000O0O

- 000000000 GNATprove 0O DOOOOO0O0DODDODOOOOOOOODDOODOOOOOO
oooooooo

gbogbodboobobodoboobaoboobobooboboobobooboobobooboonoo
obooooOoboooooboon

U0O0000000 GNATprove O OO D0O0ODOOO0OOODOOOO0OOODOOOOODOODOOOOO

g go

oboobooooboobooooooboooooan

effects on parameters and global variables | 0000000000000 DOO0O0OO0OOOOOCOODOOOOOODOOOO

absence of run-time errors O00o0ooooboooooooooon
the postcondition 0000000000000 000O0O000O000000000O0o0000
0o

64 000000000000 00OODOODOO

ubbooboobooboooobooboobooboobooooboboboob0obboobOd GNATprove O O
gooobooboobooboboooboboboobooboobuoobooboobobboboboo

« [CODE|ODDOO0OOO0OODOODOOOODODOOODOODOOODODbDObODbOOnDO
« [ASSERT| 00 000O0O0O0O0OODOOOOCOOODOOO0
« [SPEC]OD0OO000DOO0O0O0DOOO0ODOODOOODOOOOODOODDOOOODOOOODO
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« [MODEL] OO GNATprove D 0 DD UOO0O0ODOOO0O0ODOOOOOODODOOOODOOO
 [TIMEOUT]ODOODOODOOOOODOODOOOOODOOOOODOODbDOOn
« [PROVER| DO OOOOO0O0O0ODOOOOOOODOOOOOO

641 00000O0O0O0ODOOOODODOODOOOODO

0000000000000 00000 [CODE]ODODOO0OO0ODOOO [ASSERTIOOODOOOOOO
gobooboobooboobooboboobobooboobobooboobobobooboobooo
goboooboooooobooboboobooboobooboooooooobooDoooeGNATODOODOO
ooooboooono

e gnato: 00000000 O0O0COOOODOOOOODOODOO
e gnat-p: 0000000000000 -gnatp00000O00OO0O0OC0ODOOOOOOODOOO
e —gnata: O O0O4OOOOO0OOOOOO

642 000000 OO0OOOOOOO

uboboboboobobooboboobobobobooboOoobOoOobOoboDb [SPEClL.ObDObOOoO0OO0onoon
OO0000 (amotation) D00 0DOO0O0O0DOOOO0ODOOOODOOOODO

- J000DO0O00OODODOOOOODObDOOOODODLO
- J000D0O00O0O0DOODOOOOODbOObOOOOODbOODOO
- J000DO0OO0OOODOOOODOODOOOOODOOOODOOn
- J000DOO0O0OO0ODOOOOOOODOOOOOOODODOO

OO0 GNATprove DO DO 0OO0DOOO0O0DOO0OODOOOOOODODOOODOOOOOODOODOOOOO
oboboooobobooboobobooooooobooboooboobobooooobOoooooooooooon
obo0oOo0ooOo0oooooooobOobOobO0obOoobo0oooooo0on0g GNATprove DOOOOOO
gbobooboobooboooobooboooobooboooooboboooobooboobooboooobooog
gboboobOoboooobooooboobboooooboooooboobooooboOobooooobon

GNATprove U0 0000000000 O0ODDOO0OO0O0O0O0O000000000O0DDODOQOGPSO GNATprove
goboobooooboooobooobooooboooooooobooobooooooboooboooooooooog
gbooooooOoobooooobobooboobooboooooboooooobooo oboooboooog
gboboobobooboobobooobooboooobOobooo

O00o0000oo0ooDoobD0bD0bO0b0ooooon0 GNATprove DO OO ODOOOOOOOOODODO
obooo0ooooooboobobob0 MODELIOD00D00bO0boboobooooooooobooon ve
O Verification Condition0 D 0000 OO0OO0O0O0O00D0OO00O0O0DOOO0OOOOOOOOOO0OO00O00O0

- J000DO0O0ODOODOODOO CodePeer integrationd O O OO
- 000000000000 DOO0O0O CodePeerintegration 0000000000 0OOCOOO

CodePeer integration 1 0 0000000, 0000 —-codepeer=on O GNATprove J U O O O. CodePeer U
00000000b00ob0b0obO0oo0obD0bo0obOoD pragma Assume DO O0O00OOOOOOVCOOOO
ooooboooo

gboooboooobooboobooobobooobooooboobooooboooobooooooog
gbooobobooboobobooboboobobooboobobobooboobobooboonoo
ggobdoboboobobooooooooooobobobobobobobobooboboobobaoaon
b0 ooooboboobooooobooboooobooboobOobooobooooooooon (porQUOO
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gbooobooobooboooobdooobooboooboooooboboobobooboboooOobooog
gooopOO00D0O0OO0O0OO0OOOQUUDOLDOOLOODODLOO20Db0UOOODODOODDOODUOULOOO

 Jbuodboobbuobbuoobuodabbooboobooboboobooboobbooboan
obooobooooobooboooooon

- J0000O0OO0O0ODOODODODOOOOOOOOOOODOODOODODOOOOOOOOOOODOODOO
gboboooobbooooboobboooboobboobooobooboooboobbooboon
gboobooboobooboobood

643 0000000 0ODODOOODO

oboobooooobobooobooboobooooboooobo [TIMEOUT]ODOOO000o0ooboooog
Ub0O00obOoob0O00n0 [PROVER]ODOOOOOODOOODOO GNATprove DO —-level UOOOOOODOO
O000D0O00000DbO0oO0oOonoOnd GNATprove DO D OODOODOOOGPSODODO GPSO GNATprove
OO000 O00D0 GNATbench 00 00O GNATbhench 10 GNATprove D OO0 ODOO0OO0DOO0ODOOODOOO
oooobooobooob0obOoOoobOoobOoboobooboobooboooboooboboobOboobOooboOoDbo
obooooobobooo400000000000000

oo oboboboOonond GNATprove D0 DODDOODOOODOOODOO —-levelOUDOOOOOODOODOO
JoodobobO --steps, ——prover,——proof 000000000 0ODOOO0OODODONO --levell
goooboboooboobobooboooobooDooboboobOooboDoobLDooDbobooo
oooobogoobod

O00O0O0O0OO0O0OO0OGPSO SPARK — Prove Line 0 O O O SPARK — Prove Subprogram 00000000
0000 GPSO GNATprove DO OO0 OO0O GNATbench OO GNATprove 00000 OOOOOOOOOO
00o000o0oo0oooooooooooooooooooooooooooooo

goboooooooboooboooooooooobobooobooooobooooobooooboooooooooog
ooboo0oooboooooobOooboboooboobooobOooboboOo0obOoOn0nOg CodePeer integration
U000000000000D00 --codepeer=on00000000O0O00O0O0O0COO0OOCOOOOOOO
gbooobooooboo

gboboboooooooobooboboooooobobobobooobobobooobooooboon
gbboobooobogbooboobgobobbobbobooon

gbooobOoboooobobooooobooooooboono
- 0000O0ODOSPARKOOOOODOODOODOODOOODOOOOODOO
- J0D00DLOO0ODODOOOODODOO
- 000000 D0OODOOOOO
- J00O0DbOOOODOODOOOO

- J00000DO0U0DO0DOOODOO0OOODDOO0ODOODOUODOOODODOD@DOODOODOO
GNATprove 0 OO0 OOO0DOODO

OO0O00D00 GNATprove D OO0 userview O OO DOOO0OOOOO0OOOODOOOOCODOOODOOOOO
OO000000D00000Ada0D000DOOOOODOOOOODOOOODOOOOOOOOOODOOOOO
gboboobOoboooboobooobooboooobooboooobooboooonog

Oo00ooo0bo0o0ooobOobOoOn,GNATprove U O OO0 ODOODOOOOODOODOOODOODOOODOO
gbogbobbooboobobbooboobobobooboobobooboobobbobooooboonoo
obooooOoooooboooooboooboobooobooobo0ob0o0ob0O00ob00000 gnatprove U
gboboobOobooooobobooooboobooooboobooooboobooon:

<file>_<line>_<column>_<check>_<num>.<ext>
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goo:

fileOOOODOO AdaODDOODOOODOOODOOO
lineO0O0OO0OOOOO

column O OQOOOO

check OODOOODOODDOO

num 0000000000000 00OO00O000bO0aboooboobo0booobaabooaobooa

oooobooooboon

ext 000000000000 O0DOOO0ODOOOOO00ODOO0ODOO0OO0OO0DOO0ODOO Alt-Ergo
O0000 why3OOODOOOOCvc4oooooooooosMTLIB20 0000000

OO0OD0OA-Ergo0 0000 f.ado 00000 160000420 000000000000000000000O
obooooobooooog:

f.adb_160_42_range_check.why
f.adb_160_42_range_check_2.why
f.adb_160_42_range_check_3.why

oboobocvc4aooooooooooooooooon:

f.adb_160_42_range_check.smt?2

Hh

.adb_160_42_range_check_2.smt2

f.adb_160_42_range_check_3.smt2

000000000000D000D000 GNATprove O OOOOOOO0O0OO0OO0DO -d«O0000O0O0O0OO0OO
gobooOoooOoobooboobooboobooboobooboub -vOO00OO0OO0000 GNATprove U
uboboobobooobooboooobooboooobooooobooboon
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