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SPARK 2014: Flow Analysis
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function Max Array (A : Array Of Naturals) return Natural is
Max : Natural;

begin
for I in A’Range loop
if A (I) > Max then -- Here Max may not be initialized
Max := A (I);
end if;
end loop;

return Max;
end Max Array;
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procedure Swapl (X, Y : in out T) is
Tmp : T;

begin
Tmp :
X
Y

= -- This statement is ineffective
end Swapl;

X;
Y;
X;

Tmp : T;

procedure Swap2 (X, Y : in out T) is

Temp : T := X; -- This variable is unused
begin

X = Y;

Y := Tmp;
end Swap2;
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procedure Swap (X, Y : in out T) is
Tmp : T := X;

begin
Y := X; -- The initial value of Y is not used
X := Tmp; -- Y is computed to be out

end Swap;
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X : Natural := 0;

function Get Value Of X return Natural;
-- Get_Value Of X reads the value of the global variable X
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procedure Set X To Y Plus Z with
Global => (Input => (Y, Z), -- reads values of Y and Z
Output => X); -—- modifies value of X

procedure Set X To X Plus Y with
Global => (Input =>Y, -- reads value of Y
In Out => X); -- modifies value of X

-- also reads its initial value

function Get Value Of X return Natural with
Global => X; -- reads the value of the global variable X

procedure Incr Parameter X (X : in out Natural) with
Global => null; -- do not reference any global variable
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procedure Swap (X, Y : in out T);
-—- The value of X (resp. Y) after the call depends only
-- on the value of Y (resp. X) before the call

X : Natural;
procedure Set X To Zero;

-- The value of X after the call depends on no input
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procedure Swap (X, Y : in out T) with
Depends => (X => Y, -- X depends on the initial value of Y
Y => X); -- Y depends on the initial value of X
function Get Value Of X return Natural with
Depends => (Get Value Of X'Result => X); -- result depends on X

procedure Set X To Y Plus Z with
Depends => (X => (Y, Z)); -- X depends on Y and Z

procedure Set X To X Plus Y with
Depends => (X =>+ Y); -- X depends on Y and X’s initial
value

procedure Do Nothing (X : T) with
Depends => (null => X); -- No output is affected by X

procedure Set X To_Zero with
Depends => (X => null); -- X depends on no input
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procedure Set X To Y Plus Z (Y, Z g Natural;
X : out Natural;
Overflow : out Boolean) is
begin
if Natural’Last - Z < Y then
Overflow := True; -- X should be initialized on every path
else
Overflow := False;
X :=Y + Z;
end if;

end Set X To Y Plus 7Z;
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for I in A’Range loop
A (I) := 0;
end loop;
-- flow analysis does not know that A is initialized

A := (others => 0);
-- flow analysis knows that A is initialized
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type Rec is record procedure Init F2
Fl : Natural; (R : in out Rec) is
F2 : Natural; begin
end record; R.F2 := 0;
end Init F2;
R : Rec;
R.F1 := 0;
R.F1 := 0; Init F2 (R);
R.F2 := 0; -—- R should be initialized
-- R is initialized -- before this call
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procedure Absolute Value procedure Absolute Value
(X : Integer; (X = Integer;
R : out Natural) R : out Natural)
is is
begin begin
if X < 0 then if X < 0 then
R := -X; R := -X;
end if; else
if X >= 0 then R := X;
R := X; end if;
end if; end Absolute Value;

end Absolute Value;

-- Flow analysis does not -- Flow analysis knows that R
-- know that R is initialized -- is initialized
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procedure Search Array (

A 3 Array Of Positives;
E g Positive;
Result : out Integer;
Found : out Boolean
) is
begin
for I in A’Range loop
if 2 (I) = E then
Result := TI;
Found = True;
return;
end if;
end loop;
Found := False;

end Search Array;

FHE Search_Array (3, E5I A ODPIC, BEDE E ZFELET. L, ZOBRENED
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procedure Search Array (

A 3 Array Of Positives;
E g Positive;
Result : out Integer;
Found : out Boolean
) is
begin
for I in A’Range loop
if A (I) = E then
Result := TI;
Found := True;
return;
end if;

~__end loop;

G‘ —_Found := Fé%ée,
end SEafEh;Array; )$\\\\\\\\\\\\\\\\\\\
B9¥I Search_Array OFIABIEASHCIEHTIY, 20—, Result H4)
HEESN TRV IZADHDEX vy 2—IEH U,

Found 7' false MIBEIC Result DEEFHHITCERBNERITE,
A-POEBICEDET.

BRI Search_Array OFIABIFBESHCIEHRTIN, J0—D#IF, Result D HIEAEENT
WEWNZDBDEX Yy EZ—IZHLET. COTOTSANELLTE, JO0—Xvtz—
IEFEBETERNBENBVZFI. EME, Resuth"IEMESINTUVVRWESITRUTHRALE
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Not Found : exception;

procedure Search Array (A 3 Array Of Positives;
E 3 Positive;
Result : out Integer) is
begin
for I in A‘Range loop
if A (I) = E then
Result := I;
return;
end if;
end loop;

raise Not_Found;
end Search Array;

BIDZASA RICHBDITO—RX v Z—IZ ITBIZHIC, Search_Arrayld, B3 A PTE E
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Not Found : exception;

procedure Search Array (A 3 Array Of Positives;
E 3 Positive;
Result : out Integer) is
begin
for I in A'range loop
if A (I) = E then
Result := I;
return;
end if;
end loop;

raise Not_Found;
end Search Array;
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type Search Result (Found : Boolean := False) is record
case Found is

when True =>
Content : Integer;
when False => null;
end case;
end record;

procedure Search Array (A 8 Array Of Positives;
E 8 Positive;
Result : out Search Result) is
begin B
for I in A’Range loop
if A (I) = E then
Result := (Found => True,
Content => I);
return;
end if;
end loop;
Result := (Found => False);

end Search Array;

Blgh iRt 9 310D, Search_Array OFERICT LT, XBlFHF=LO0—R
(discriminant record) ZRWBAEMNHNEYT. CZTRUEKDIC, ARTHRRUKZE
DAFTYVIRE, ENERICEDN D IEESZTDHEESNET.
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type Search Result (Found : Boolean := False) is record
case Found is
when True =>

Content : Integer;
when False => null;
end case;

end record;

procedure Search Array (A 3 Array Of Positives;
E 3 Positive;
Result : out Search Result) is
begin
for I in A’Range loop
if A (I) = E then
Result := (Found => True,
Content => I);
return;
end if;
end loop;
Result := (Found => False);

end Search Array;

CCT, J20-9ld, BELI—REIVIR—RY Y, Found OEICHLCT, &
BICHMESNTNB CEEIRIE T D ENTEEKT.

J0—XyE—IPFTCTRATINFIEA. EHESNTUVVRNZEEIS, Search_Array
DINT « BB CHABINDC LGRS, ETCOEDIE, FMENORDEEICHWEESINT
N3N5TY.
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function Size Of Biggest Increasing Sequence return Natural is
Max T ﬁatural;7 -
End_Of_Seq : Boolean;
Size Of Seq : Natural;
Beginning : Integer;
procedure Test Index (Current Index : Integer) is
begin
if A (Current Index) >= Max then
Max := A (Current_Index);
End Of Seq := False;
else
Max := 0;
End Of_ Seq := True;
Size Of Seq := Current Index - Beginning;
Beginning := Current_Index;
end if;
end Test_ Index;
begin
for I in A’Range loop
Test Index (I);

BA¥ Size_Of Biggest_Increasing_Seauence (&, HIZE5 A DY =T VR EETREL
F9. COBIIL, BADEIZHEITIEDIC, BNITIBEREZSATINEI. ANFIC
B2 CUV\DFHmE Test_ndex (&, A DETHBRTEDRUNMOEESNZET. L, Y—
TYZAMBNPTHNIL, Test_Index (&, BEZLZET. ZDHSE, CNETCORKNEESE
FLET., Z2OTRING, BHNITRY—TVRADREERDIIZESDS CEEZRUET.
Mo>T, COY—TIRADOT A X%EFTEL, Size Of Seq [CZDEZERIFTIDCEICEDFE
ER

22



\C \ 4/10
@ FELWNTIND 0 e

function Size Of Biggest Increasing Sequence return Natural is
Max : Natural;
End_Of_Seg : Boolean;
Size Of Seq : Natural;

Beginning : Integer;
procedure Test Index (Current Index : Integer) is
begin - -
if A (Current Index) >= Max then
Max := A (Current_Index);
End_Of Seq := False;
else
Max := 0;
End_Of_Seq := True;
Size Of Seq := Current Index - Beginning;
Beginning := Current_Index;
end if;
L i MR Max & Beginning I3, WUHENBHIC, 7
J ) HMESNBNETY. F#iETest_Index TH

fo nhiRange loor  ZHANBNSTY. JO0-HH,
Size_Of Seq MIMHESN TUVEN\C &5
BELFT. FRENRTREDBESNENE
FICRBTEMEHOET.

J0-—2113, MAX, Beginning, Size Of_Seq 1%, IRV URIICHIEMESNBNETHD
& Test_Index OIFEVHE UFICA Y Z—IZHITLUET.

EE, MAX & Beginning I3, Test_index CIHIENDEZICHEIBEEMEE UET.
Size_Of_Seq ICDWNTWAZIZE, End_Of Seq B"ETHIDEEIC, ZDEZEFRDEITTHN
X, ZUTENDEESTTHNIL, BEIR>RNTLLD., 20—, Y2 —ILORAE
T, ZOMEAEICREL T, BMICIRIITDCEIITEFHA.
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type Permutation is array (Positive range <>) of Positive;

procedure Init (A : out Permutation) is

begin
for I in A'Range loop
A (I) := I;
end loop;
end Init;

function Cyclic Permutation (N : Natural) return Permutation is

A : Permutation (1 .. N);
begin
Init (A);
for I in A'First .. A'Last - 1 loop
Swap (A, I, I + 1);
end loop;
return A;

end Cyclic_Permutation;

Permutation (ANBXZ)(E, BSITETILESNTNZET. IBEBDT VT v IO XDERE,
Permutation | ESBOBZRODOMIETY. FHE Init [F, Permutation IBEBDBHRZE, IBD
RIBICRETZY. Cyclic_Permuation (&, Init ZIEUEL, KE&EHR (cyclic
permutation) NI DET, BREANEZII.
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type Permutation is array (Positive range <>) of Positive;

procedure Init (A : out Permutation) is

begin
for I in A'Range loop
A (I) :=I;
end loop;
end Init;

A : Permutation (1 .. N);
begin
Init (A);
for I in A'First .. A'Last - 1 loop
Swap (A, I, I + 1);
end loop;
return A;

end Cyclic_Permutation;

9 -

function Cyclic Permutation (N : Natural) return Permutation is

ChIZEELWTOTSATY., ULHL, 2091, Init DT A DIHEESNTIND
EVNSTEERIET DT ENTEFRA. IL—TP T ET > TNBIHBTYI.

CNIRELWTOTSATY. JO0-DHEXAvE—IZENLET.
PTECOEZRMMIEESNTNDDE DD ZTEE CS/RDSTT.
T, BEICERIDCENTEET.

BERSE, LT
CNIEROCES
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type Permutation is array (Positive range <>) of Positive;

procedure Init (A : in out Permutation) is

begin
for I in A'Range loop
A (I) := I;
end loop;

end Init;

function Cyclic Permutation (N : Natural) return Permutation is
A : Permutation (1 .. N);
begin
Init (A);
for I in A'First .. A'Last - 1 loop
Swap (A, I, I + 1);
end loop;
return A;
end Cyclic_Permutation;

COTOTSAR, £DOTOTSAEBLTIN, ROK/DEZR D> TNET : BEHINDEID
BTICBNTIO—ESEDTRNKXDICLTND. ADE—FZ inout ICEELTLD.
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type Permutation is array (Positive range <>) of Positive;

procedure Init (A : in out Permutation) is

begin
for I in A'Range loop
A (I) := I;
end loop;
end Init;

function Cyclic Permutation (N : Natural) return Permutation is
A : Permutation (1 .. N);

O i wo>
for T-in A'First .. A'Last - 1 loop

Swap ?7E~\\, I+ 1);
end loop; T~

~—
return A; ~—

~

end Cyclic_Permutation;\\\\\

BIN—YDTO—BHTA v L= IBHHSNBENE SIS, FHZ Init d 3 A % in
out E— RCEBLTONET, LDL, 25FRECEBOZLA. RIOMENBDE
3. Init DM A B, WOHSNSHICHRESNBNET .

RO TEEENTRUVKSIC out M5 inout (C/INSA—FE-—REZZEITDIE(E, BN
A7 TY. Init DAFREDNSRLK TBILIFTERLS, FHREIFUHLBIC, A HFIE
SN TRV EWDRAYE—D(ICHED T EICRDFERT ...
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Increment : constant Natural := 10;

procedure Incr_Step Function (A : in out Array Of Positives) is
Threshold : Positive := Positive’Last;
procedure Incr Until Threshold (I : Integer) with
Global => (Input => Threshold,
In_Out => A);

procedure Incr Until Threshold (I : Integer) is

begin
if Threshold - Increment <= A(I) then
A (I) := Threshold;
else
A (I) := A (I) + Increment;
end if;

end Incr_Until Threshold;

begin
for I in A’Range loop

Incr_Until Threshold (I);
end loop;
end Incr_ Step_Function;

Incr_Step_Function Fi=(d, SIELUT, B AZEDFT. Increment DIEZAL)
T, #BOBUICK>TETOEDS A DBREZENSBTCNET. S1TVTvIRTEIS,
increment ZNZeHE TRIBEZBZBZVDEZREBLTNBIEITTY., LNz,
Incr_Until_Threshold [Cx7 LTl L CULVETT,
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Increment : constant Natural := 10;

procedure Incr Step Function (A : in out Array Of Positives) is
Threshold : Positive := Positive’Last;
procedure Incr Until Threshold (I : Integer) with
Global => (Igput = Threshold,
In Out => A);

procedure Incr Until Threshold (I : Integer) is

begin
if Threshold - Increment <= A(I) then
A (I) := Threshold;
else
A (I) := A (I) + Increment;
end if;

end Incr Until Threshold;

begin
for I in A’Range loop

Incr Until Threshold (I);
end loop;
end Incr Step Function;

fhl A & Threshold (&, F#iE Incr_Until_Threshold [CXI LT, KISZEHTY.
Increment [FEH/RDT, LEEN TR UTENITEEA.

CCTRRETHSELLDTWDS. (T, KEENE, IELV. FREShTHRAEINET
Y, BIIENB &IV Threshold &, st U EEFN G DA A (CBA L TLIZERRN
NHODFET. AlZ, RBLTWVWBIZY bDI\SA—FTHBDENDERERL, LIFE2HIANSEE
THIFETERWEWDS ZETIFDDFEREA. EBRIC Incr_Until_Threshold MIAIE2#IT

9. Increment(d, BEINRTEETH D, CCTIFEMLUTLVRWS &IZ, FEUTTFE0N.
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Max : Natural := 0;
End Of Seq : Boolean;

Size Of Seq : Natural := 0;
Beginning : Integer := A’First - 1;

procedure Test Index (Current_Index : Integer) with
Global => (In_Out => (Beginning, Max, Size Of Seq),
Output => End_Of_Seq,

Input => Current_Index);
procedure Test Index (Current Index : Integer) is
begin B B

if A (Current_Index) >= Max then
Max := A (Current_Index);
End_Of_Seq := False;
else
Max := 0;
End_Of_Seq := True;
Size Of Seq := Current Index - Beginning;
Beginning := Current Index;
end if;

end Test_Index;

BIRB4ADFHE Test_Index ICRVDFT. FEHMbDRERZIZIE L, Test_Index DILIEHEEKIC
EBULET. ChIZIEELWTUL&LDH.
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Max : Natural := 0;
End Of Seq : Boolean;

Size Of Seq : Natural := 0;

Beginning : Integer := A’First - 1;

procedure Test Index (Current_Index : Integer) with
Global => (In _Out => (Beginning, Max, Size Of Seq),

Input => Cur;enzilndex);

procedure Test Index (Curﬁ@nt_lndex : Integer) is
\

begin \
if A (Current_Index) >= Max then
Max := A (Current_Index)\;
End_Of_Seqg := False; \
else \
Max := 0; \
End Of Seq := True; \
Size Of_ Seq := Current_lndéﬁ - Beginning;
Beginning := Current_ Index;\
end if; \
end Test Index; \

Current_Index I3 Test_Index MD/YS%—5TF. HEEME L TESRINBAET
HB0ER A, —1TC B A ., BERRPIC Input & LTENBRETY,

Current_Index I Test_Index D/INSA—=HTY., LEEZHE LU TSBRINBINETIEH
DFELEA. 2, BL, B A DERTENVESIE, HBIFEZADIC Input & ULTIRNDNE
TJY.
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Max : Natural := 0;
End Of Seq : Boolean;
Size Of Seq : Natural := 0;
Beginning : Integer := A’First - 1;
procedure Test_Index (Current_Index : Integer) with
Depends => ((Max, End Of_ Seq) => (A, Current_Index, Max),

(Size_Of_ Seq, Beginning) =>
+ (A, Current Index, Max, Beginning))

procedure Test Index (Current Index : Integer) is
begin
if A (Current_Index) >= Max then
Max := A (Current_Index);
End_Of_Seqg := False;
else
Max := 0;
End Of Seq := True;
Size Of Seq := Current_Index - Beginning;
Beginning := Current_ Index;
end if;

end Test Index;

CCTlE, FiE Test_Index DLEZMNZEREFEMICEE LU CNET., —RHIC, KEFZ
HNSHETED (POEIASND) LEEHIE, W (LMEEHEKEFEER) el d DM
ENBRNCEITFRLUTTREL.
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Max : Natural := 0;
End_Of Seq : Boolean;
Size Of Seq : Natural := 0;
Beginning : Integer := A’First - 1;
procedure Test Index (Current Index : Integer) with
Depends => ((Max, End Of_ Seq) => (A, Current Index, Max),

(Size_Of_Seq, Beginning) =>
+(A, Current Index, Max, Beginning))

procedure Test Index (Current Index : Integer) is
begin - -
if A (Current Index) >= Max then
Max := A (Current_Index);
End_Of_ Seq := False;
else
Max := 0;
End_Of_Seq := True;
Size Of Seq := Current_Index - Beginning;
Beginning := Current_Index;
end if;

end Test Index;

2TOBHE, B3 A, Current_Index, Max [CIREL TRV, if XPDH— RFEHEIC
BNTULEY. Size_Of_Seq & Beginning (&, B|HficnZL\HELNT, ZN5IEE
REBERETY HIOFR) .

KIFEDO%DD, BIZ IS Beginning IC#k#FE L TL\D Size_ Of Seq &, BT T7OTSAPTD
BENBRIINDITCAICK>THNDET., fEHIO—E, BHETORBRNZRE, XD
THHAEINDEH, IBENHHE A, Curent_Index, MAX [CRETDDT, ECOKE
BIRICIRNZET. &EIC, Size Of_Eq & Beginning DBESADIKEIZ, 770035 LAD
RITICKO>TBESNDBCEHNZNDELNTNENDSBENSEKTINET.
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procedure Swap (X, Y : in out Positive);

procedure Swap (X, Y : in out Positive) is

Tmp : constant Positive := X;
begin

X :=Y;

Y := Tmp;
end Swap;

procedure Identity (X, Y : in out Positive) with
Depends => (X => X,
Y => Y);

procedure Identity (X, Y : in out Positive) is

begin
Swap (X, Y);
Swap (Y, X):

end Identity;

BITTOTS A Identity [F, ZOINSX—HDEZ 2 EXEELET. ZOREFEZNIIROX
DICE>TNFET : X DRRE, X BEEDIBEICKEFLTND. YEEKTHD.
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procedure Swap (X, Y : in out Positive);

procedure Swap (X, Y : in out Positive) is
Tmp : constant Positive := X;

de : in out Positive) with

Depends => (X => X,
Y => Y);

procedure , Y : in out Positive) is
begin
Swap (X, Y);
Swap (Y, X):
end Identity;

COI—RRIELL. ULHLIO—2%IE, Identity DIKEFRNERIE T DCENTSE
FtA. FR, Swap [CRA-TICIBIEERNOIDBOEIEA. BRELT, 702
I, ROKXDICIRELET : Swap DETOHEH X, Y [, ETOAD, BIB XY D
BEICHKEFT D,

COI—REIELL. LHMLDIO—D1E, Identity DIKFRNERIET DCENTETEE
h. EBR, Swap [CEA—TICKDREZNDNDDFEBA. BRELT, JO0—2MIL R
DEDICIRELET : Swap DETOHEA X Y [, ETOAN, BB X Y OHHEICHKET
9D, COBBZHRTDCHICE, Swap [CBELT, KDIEESKFZNZFE) Tl s
NniE+no7Ty.
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