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0000 1-1 Hello Interval World

math% cat cel-1.£95
PRINT *, "[2, 3] + [4, 5] =", [2, 3] + [4, 5] ! 100
END
math% £95 -xia cel-1.£95
math% a.out
[2, 3] + [4, 5] = [6.0,8.0]

0000 1-1000000000D00000000 [2,3]10 451000000000
oobDooDo

ooogoogd

UbOO00000REALD INTEGERU cOMPLEX U O OO OOOOOOOOOOOOOO
oobOooboOobobooboocoboboobooooooooooooobOoooboOoooDn
0000 (KTPV)OUOINTEGEROODOOOOO KTPVO 200000000000
O000000 INTEGEROOOOOO0O0O00O0O00O000O000O000DO0000O0
gbobooboboboboobobobwoboboboooboobobooboog
OoO0O0 KTPv OO oooooooood

oob0o1200000000000000O000O000 11000000O0000
ooood

0000 1-2 O0O0O0OO0OO0OO0DODODO Hello Interval World

math% cat cel-2.£95

INTERVAL :: X = [2, 3], Y = [4, 5] ! Line 1
PRINT *, "[2, 3] + [4, 5] =", X+Y ! Line 2
END

math% £95 -xia cel-2.£95
math% a.out
[2, 3] + [4, 5] = [6.0,8.0]

10000000 XOyOoooooooooooooooooooooo 2,310 [4
5100000000000 2000000000000DODO0ODO0O0O0O0O0ODODO xO
yoooooooooogoo
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2.345 = [2.344, 2.346],
2.34500 = [2.34499, 2.34501],

23 = [22, 24].
0000000C0O0000000000
[2.34499, 2.34501] = 2.34500 + [-1, +1]yq
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bobooooobobobobooooobobobooobooboboobooooon
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ooboobooboooog [(e.rjgool0o0bobO0oobOOoobOOoODbOOOD?
gboboooooboobaban

ooboooobooobooboooogn fo.1,0.11 = (0.1 000 0100000D0OC
oobooboob o.10000O00DOODOODOOO

0.1+ ['l, +1]U|d = [O, 02]

fosO00DOO0OO0DOOOOOOOOOO0OO0 1000000000DO00DOO0DOAO
oobooooboobobooboboooboooooooooooooOoooDooDooDo
Oo0ooooooooOoD1lup@OCOOOODOoOoOO)OOO0O0OOOODOODLD
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U-udDulpDOODOO0OOudOOOOOOOOOO0 100000DO00O0DOO
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gbobgoooobobobooooboboboboooboobobooooo
gbooooao

ooboobooboboobobooboboooooooooooooboooboooboooDn
oooogo

0000 13000000000000 reapU PRINTOOODOOODOOODOOODO
ooboobOoobOooobOooooobooOobbooboooooooooobooooon
oossuooooooobooooooobooobooobooobOooobObooDboooDoo

oooad
ud -gbooooogooogooogooboooboooooooooooooooooo
ubobooboobobobobooobobuoboooobobooboooa

gboboooobobobooooboboboooobobobooo
lulpOOCOOOO09000O0O0O0O0O0O0OODOOCO 1100000000 1-6
ooboooboooon

gooo 1-3 gooooo

math% cat cel-3.£95
INTERVAL :: X, Y
INTEGER :: IOS = 0
PRINT *, " Press Control/D to terminate!"
WRITE(*, 1, ADVANCE = 'NO')
READ(*, *, IOSTAT = IOS) X, Y
DO WHILE (IOS >= 0)
PRINT *, " For X =", X, ", and Y =", Y
PRINT *, "X+Y =", X+Y
PRINT *, "X-Y =", X-Y
PRINT *, "X*Yy =",6 X*Y
PRINT *, "X/Y =", X/Y
PRINT *, "X**Yy =", 6 X**Y
WRITE(*, 1, ADVANCE = 'NO')
READ(*, *, IOSTAT=IO0S) X, Y
END DO
1 FORMAT (" X, Y = ? ")
END
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g$math £95 -xia cel-3.£95

$math a.out

Press Control/D to terminate!

X, Y =72 [1,2] [3,4]

For X = [1.0,2.0] , and Y = [3.0,4.0]
X+Y = [4.0,6.0]

X-Y = [-3.0,-1.0]

X*Y = [3.0,8.0]

X/Y = [0.25,0.66666666666666675]

X**Y [1.0,16.0]

X, ¥Y=7? [1,2] -inf

For X = [1.0,2.0] , and Y = [-Inf,-1.7976931348623157E+308]
X+Y = [-Inf,-1.7976931348623155E+308]
X-Y [1.7976931348623157E+308, Inf]

X*Y [-Inf,-1.7976931348623157E+308]
X/Y = [-1.1125369292536012E-308,0.0E+0]
X**Y = [0.0E+0,Inf]

X, Y = ? <Control-D>

ooodo

ubobooooobobobobooooobobooboooobooboboobooooan
ooboobooboooboooboooboooboboobooboooobo 1400000 1-5
gboboooobobobobooboboboboooo

0- 00001400000 115000000000000000000000O000O
0oooopooooooag
/opt/SUNWspro/examples/intervalmath/docExamples 00O 0O0OON
0DOoooooooad

o000 14 [infsupl0OODOO

math%cat cel-4.£95

$math £95 -xia cel-4.£95

gmath a.out

Press Control/D to terminate!

Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,4,0

[ 0.2017321E-029, 0.2017343E-029]

[ 0.2176913E-022, 0.2179092E-022]
[-0.3602303E-006,-0.3602302E-006]1
[-0.3816341E+038,-0.3816302E+038]
[-0.1011276E-039,-0.1011261E-039]

Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,8,0

010 feosOOOOOOODOOOODO
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[ -0.3945547546440221E+035, -0.3945543600894656E+035]

[ 0.5054960140922359E-270, 0.5054960140927415E-270]

[ -0.2461623589326215E-043, -0.2461623343163864E-043]

[ -0.2128913523672577E+204, -0.2128913523672576E+204]

[ -0.3765492464030608E-072, -0.3765492464030606E-072]

Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,16,0

[ 0.199050353252318620256245071374058E+055,
0.199050353252320610759742664557447E+055]

[ -0.277386431989417915223682516437493E+203,
-0.277386431989417915195943874118822E+203]

[ 0.132585288598265472316856821380503E+410,
0.132585288598265472316856822706356E+410]

[ 0.955714436647437881071727891682804E+351,
0.955714436647437881071727891683760E+351]

[ -0.224211897768824210398306994401732E+196,
-0.224211897768824210398306994177519E+196]

Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: <Control-D>

oobo0o1400000000000000 1-5s000000000000D000

good 15 0ogd

$math a.out
Press Control/D to terminate!
Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,4,1
0.20173 E-029
0.218 E-022
-0.3602303E-006
-0.38163 E+038
-0.10112 E-039
Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,8,1

-0.394554 E+035
0.505496014092 E-270
-0.2461623 E-043

-0.2128913523672577E+204

-0.3765492464030607E-072
Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: 5,16,1

0.19905035325232 E+055
-0.2773864319894179152 E+203
0.132585288598265472316856822 E+410
0.955714436647437881071727891683 E+351
-0.224211897768824210398306994 E+196

Enter number of intervals, KTPV (4,8,16) and 1 for single-number
output: <Control-D>
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ooboobooboobooobooobooooooooooooooooooOonDases
ooboobDoooOooDbooooooboooon

O000ooooo [inf,supl] 00000000000 ODOOCOOOOOOODOCOCOO
Oo00o0o0ooooooo0o0ooooobobb0o0ooobre.1 000007100
ooboooboOoooooooooooooobooooboooooowIobOoooDoOoo
ooboooboooboooboooboooboooon

oooD 16 ODOOOODDOOODOOOOO

math% cat cel-6.£95
INTERVAL :: X
INTEGER :: IOS = 0
CHARACTER*30 BUFFER
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NO')

READ(*, '(Al2)', IOSTAT=I0S) BUFFER

DO WHILE (IOS >= 0)
PRINT *, ' Your input was: ', BUFFER
READ (BUFFER, '(Y12.16)') X
PRINT *, "Resulting stored interval is:", X
PRINT '(A, Y12.2)', ' Single number interval output is:', X
WRITE(*, 1, ADVANCE='NO')
READ(*, '(Al2)', IOSTAT=I0S) BUFFER

END DO

1 FORMAT(" X = ? ")
END

math% £95 -xia cel-6.£95
math% a.out
Press Control/D to terminate!
X =7 1.37
goo . 1.37
Resulting stored interval is:
[1.3599999999999998,1.3800000000000002]
Single number interval output is: 1.3
X =7 1.444
Your input was: 1.444
Resulting stored interval is:
[1.4429999999999998,1.4450000000000001]
Single number interval output is: 1.44
X = ? <Control-D>

ooboo 16000

s JO000O00O0O0O0OOODOOOOO0O0DOO0OO0
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O0D0000O0ooooooooog (KTPV)

011 0oogodgod

ooooo oo

INTERVAL 000000 INTERVAL 000
INTERVAL (4) KIND=4 0 INTERVAL
INTERVAL (8) KIND=8 0 INTERVAL
INTERVAL (16) KIND=16 [0 INTERVAL

[a,b] INTERVAL O00ODO0O: [a,b]
(a] @ la, al

INTERVAL A
PARAMETER A=[c,d] gooodgo: a

V = expr (3) good

FORMAT (E, EN, ES, F, G, VE, VF, VG, E, EN, ES, F, G, VE, VF, VG,
VEN, VES, Y) ¥ VEN, VES, Y 000O0OO

1)00 a0 pO00.100.200000000000000O0DO0OOO
(oo0ooooooooo0oooo0oboo0ooOo0oooooooOo0ooooO0boo

(R)expr OO INTERVALO OO O ODOO0ODO0OODODO0OOOOOOOO Fortran0000000O0O0D0OO0OOV
=expr000000 expr00 Oo00vOOOoO0O000 -xia=strict000000000O00O0
00o00oo00000o0o0o0o0o O0000-xia0 0000 -xia=widestneed 0000000
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oooooooo m]
oo y O0oOoOO |
oooooooo O

O

fos UOOOOODOODNO INTEGERKTPVIUUKIND(0) =40000000000OO
oobOoobooboOob0ooionb INTEGEROOO0D0O00DO0O000O00O00O0000
KTPv O OO KIND([0]) ODO2+*KIND(0) =80 000000000000O000O0OO
oobooooo

m JOOOCDCO CrayOOOOOoOooOOoOonDOOoOODOOOOOOOOOOOOOOO0
oobooooboooobooon

s JO00000O0O0O0DOO0ODOOOOOODOOOOOOOOODOOOOOObOOOn
oobo0obooobooobOooooooboOobobooboooooooboOooboooon
ooboooobooooon

0000 vV =expr

ubobooodbobd expordbdboobouoboooooboaoboobooooan
gobobooooobovooooboboboobooboboo
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V = expr

VOOINTERVALOOOOUOOOOOOOOOOOexpr 00000 coMPLEX O OO
boboooobobobobobobdibU exordbdb0gooooooboang
0000000000000 exprd0vO0nO krev00o0ooo00ooo0OOoOo0OO
gooogd

ooogon

ocooooooooooogooooooooog (ooogog)yboooooooo
ooboooboooboobooooog

oobO0oobOo0oboobOocOobbooboodn reaLO0000O0O0DOOODOOODOO
oobooOoobooOobobooobooooooooooooo0oooboooobOooDOoooDo
oobOoobooboooboooboooooobooooon

goooobobbbbbbbo

gbobooogsssgpoooboobobooooboboboooobobobon
ubobooobooboboboooobobobuoooboobobobooobdo 11a
UobooobOoOooKTprYOOOOOOOOOOOOODOOODOOODO KTprvOOO
gbobooobooboboboobaba

goob 111 gooboobooooooon

math% cat cel-7.£95
INTERVAL(4) :: X = [1, 2], Y = [3, 4]
INTERVAL i 21, Z2

1 Jogooooboo
Z1 = X*Y 13 00

| gooooooaa

Z2 = INTERVAL (X, KIND=8)*INTERVAL (Y, KIND=8) 14 00
IF (Z1 .SEQ. Z2) PRINT *, ’Check.’

END

math% £95 -xia cel-7.£95

math% a.out

Check.
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300000KTPV,=KIND(Z) =8 00000000O0O0O0O0O0O0DOCOOXxO Y
0 KTpvQO 80000000 0D0O z200000000000000O0

uboboobooo4000b0b00b0O0o0b00bO0obOob0oooobOobann

ubobooood Ktepvobooboooooobobobooooobobobooo
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ooo0oO0obo0ooOo0ooO0ooo0oobobo0booobo0oooOoooboOgD1OoDoo
o000 12000x0 vyooooooooo3sooovyi000100000000

o000 12 O0DOoO0Ooooooooo

math% cat cel-8.£95
INTERVAL(16) :: X = [0.1, 0.3]
INTERVAL (4) :: Y1, Y2

| JOogoooao
Yl =X + 0.1 13 00

1 Jooooooo

Y2 = INTERVAL(X + [0.1 16], KIND=4) 14 00
IF (Y1 == Y2) PRINT *, "Check."

END

math% £95 -xia cel-8.£95
math% a.out
Check.

ooboobooooboooboooibOobObOOobObOOoOOOoObOOoOobOOoOoOOoOn
0000000000000 000KIND(X) =16 000O0OKTPV=160000
Oo000000x0O000000000 71000000 KTPY=160000000
OO f[116]000000000000000000O0O0DODOO KTPY=400000
dbyoOoboooboob4b00000000000DOO0OOO0OOO0O0O0OODbODbOOnDg
ooo00oOobOo0obOoobO KTprvOOooOoooOOoOoDOOODOOO

ooboobooboooboooooooooooboooon
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l.00o0OoobOoooOooobooooobooboboobooooogon

INTERVALOOOOOOOOO0ODOOO0OO00D0OO000O00000D000 INTERVAL
oooogo

2. 0000000000 INTERVALOREALD INTEGERO 000000000 KTPV O
O000O0KTPV,, 000000

0- 000200 KTPVOOOOOOOOODODOOOOOODOOOOOOOOO
oooogao

3. 0000000000 KTPV O Oooooooooooo

4. 00OO0DbOOoooo

5. 000 KTpvioOobooooooobobooooobab KrtpvOoooooono
6. 000000 OOOOOOO0OO0O0

ubobogooobobobobooodobobuobooooboboboooan
gboboooboboboboobobon

gbobooooboboboboobobobobiob-xiaO0OODOODOODO
uboboooobobuobuibiil -xia=strict 0000 ooooooan
obobooooobobobobooobo KTprvobooooooooboobooo
gboboooooboboboboooboboboobooooobobooooaon

oo

uboboooooboboboboooboobobobooboobobobooooan
UobO0o0oboO0oboobo0obbod rRreaALOOOO0OOO0O0ODOOODOOODOOODOO
O0D00ODO0OOREAL D INTEGERODODOODOOODOOOOOO 130000000
ooboobooobOooobOoobOooboobboobooooog
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ooo0 1-3 gooobooooo

math% cat cel-9.£95

INTEGER :: N = 3

REAL :: A =5.0

INTERVAL :: X

X = 0.1*A/N 15 00
PRINT *, "0.1*A/N = ", X

END

math% £95 -xia cel-9.£95
math% a.out
0.1*A/N = [0.16666666666666662,0.16666666666666672]

5000000000000 X0O 10000000000 01*A/ZNOOOOOOO
ooboooobooobooon

.goboool1DbOb0O0DOO0ODO0DO [(o.100000DO0O0ODOODOODOODODO
oo

0000000000000 000000000000D D0 0 Sun WorkShop 6 0
fos JO0OO0ODODODOOOOO0ODODDOODOOOOOOOD [01]10 1-ulpOOCODO
oooad

.REALOO AO000000O0O0 [5]) 00000000
DINTEGEROO NOOOOOOOO (3100000000

O [01]x [51/[3]1000000000000000000000000O0000000
00000000000000000000000000000000000000
00001400000000000000000000000

gbobooooobobobooboooobooboboboooobobooboooon
ubil1boooboboboboboobobobooboooobooboboboooan
ooboobossbooooooooooboooboobooboooboon

SunWorkShop 6 0 fos 00000000 DOOODOOODOODOODOODOOOO
uboboooooboboboboooobooboboboobooboboobooooan
oobooboobooboboobob2a0000b000b000b000obooOoboooon

oobo0o0obOo0bO0b0200000000000DO00DOOO0DODOODOOODOOO
oooad
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uboboooobobobuoboobobobobooooboboooan
gbobgoooobobobooooboboboboooboobobooooo
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ooooon

oobooobooboboobooobooooooboo2b0 3000000000000
gboboooobobobobooboboboboooob [2,31000
[4,5] 0000oboo0ooooooobonog (2,310 [3,4] 0000000000
goboboooboobon
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math% cat cel-10.£95

INTERVAL :: X = [2, 3], Y = [4, 5] 11 00
IF(X+Y .SEQ. [6, 8]) PRINT *, "Check." 12 00
END

math% £95 -xia cel-10.£95
math% a.out
Check.

200000000000000000000O0x+y OO0 68100000000

gboooooo
oobooobz20000000o0oao

IF(X+Y == [6, 8]) PRINT *, "Check." ! 2 00O

oobooobooobooooboooobooooooooooooooboog 150 20
oobooboOo 11000000000

goog 15 gboogooo

math% cat cel-11.£95
INTERVAL :: X, Y
INTEGER :: IOS = 0
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NO’)
READ (*, *, IOSTAT=IOS) X, Y
DO WHILE (IOS >= 0)

PRINT *, " For X =", X, ", and Y =", Y

PRINT *, 'X .CEQ. Y, X .PEQ. Y, X .SEQ. Y ="', &
X .CEQ. Y, X .PEQ. ¥, X .SEQ. Y

PRINT *, ’'X .CNE. Y, X .PNE. Y, X .SNE. Y =', &
X .CNE. Y, X .PNE. ¥, X .SNE. Y

PRINT *, 'X .CLE. Y, X .PLE. Y, X .SLE. Y =', &
X .CLE. ¥, X .PLE. ¥, X .SLE. Y

PRINT *, 'X .CLT. Y, X .PLT. Y, X .SLT. Y =', &
X .CLT. ¥, X .PLT. ¥, X .SLT. Y

PRINT *, 'X .CGE. Y, X .PGE. Y, X .SGE. Y =', &
X .CGE. ¥, X .PGE. ¥, X .SGE. Y

PRINT *, 'X .CGT. ¥, X .PGT. Y, X .SGT. Y =', &
X .CGT. ¥, X .PGT. ¥, X .SGT. Y

WRITE(*, 1, ADVANCE='NO’)

READ(*, *, IOSTAT=IOS) X, Y
END DO
1 FORMAT( " X, Y = ")
END
math% £95 -xia cel-11.£95

010 fosOO0OO0O0O0OOOOOOO
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math% a.out

Press Control/D to t
X, Y = [2] [3]

For X = [2.0,2.0] ,
X .CEQ. Y, X .PEQ. Y
X .CNE. Y, X .PNE. Y
X .CLE. Y, X .PLE. Y
X .CLT. Y, X .PLT. Y
X .CGE. Y, X .PGE. Y
X .CGT. Y, X .PGT. Y
X, Y =23

For X = [1.0,3.0] ,
X .CEQ. Y, X .PEQ. Y
X .CNE. Y, X .PNE. Y
X .CLE. ¥, X .PLE. Y
X .CLT. Y, X .PLT. Y
X .CGE. ¥, X .PGE. Y
X .CGT. Y, X .PGT. Y
X, Y = <Control-D>

erminate!
and Y = [3.0,3.0]
, X .SEQ. Y =F F F
, X .SNE. Y=TTT
, X .SLE. Y =TT T
, X .SLT. Y =TTT
, X .SGE. Y = F F F
, X .SGT. Y =F F F
and Y = [2.0,4.0]
, X .SEQ. Y=FTF
, X .SNE. Y =F TT
, X .SLE. Y =F TT
, X .SLT. Y =F TT
, X .SGE. Y =F TF
X .8SGT. Y =F TF

ooboo 11000 1200

012 0O0OO0OOOODOO

bobooobOooboobOoobooboonn

ooo oo oooo
.IH. 0oQ Y
. IX. ooo M
.DJ. O ANB =0
.IN. oo e
JINT. oo 5400000000
ANT.YYOOOOOOno
oooo
.PSB. goooo <
.PSP. googno >
.SB. oooo c
.SP. ooo 2
oodoo 1-1 0oooa
math% cat cel-12.£95
INTERVAL :: X, Y
INTEGER I0S = 0
REAL(8) :: R = 1.5
Fortran 9500 0000000000000 O0O « 20000 60




PRINT *, "Press Control/D to terminate!"
WRITE (*, 1, ADVANCE='NO’)
READ (*, *, IOSTAT=IO0S) X, Y
DO WHILE (IOS >= 0)

PRINT *, " For X =", X, ", and Y =", Y
PRINT *, 'X .IH. Y =', X .IH. Y
PRINT *, 'X .IX. Y =', X .IX. Y
PRINT *, 'X .DJ. Y =', X .DJ. Y
PRINT *, 'R .IN. Y =’, R .IN. Y
PRINT *, 'X .INT. Y =', X .INT. Y
PRINT *, 'X .PSB. Y =', X .PSB. Y
PRINT *, ’'X .PSP. Y =', X .PSP. Y
PRINT *, 'X .SP. Y =', X .SP. Y
PRINT *, 'X .SB. Y =', X .SB. Y

WRITE(*, 1, ADVANCE='NO’)
READ(*, *, IOSTAT=IO0S) X, Y
END DO
1 FORMAT (" X, Y =2 ")
END
math% £95 -xia cel-12.£95
math% a.out
Press Control/D to terminate!
X, Y =7 [1] [2]
For X = [1.0,1.0] , and Y = [2.0,2.0]

X .IH. Y = [1.0,2.0]
X .IX. Y = [EMPTY]

X .DdJd. Y =T

R .IN. Y = F

X .INT. Y = F

X .PSB. Y = F

X .PSP. Y = F

X .SP. Y = F

X .SB. Y = F

X, Y =72 [1,2] [1,3]
For X = [1.0,2.0] , and Y = [1.0,3.0]

X .IH. Y = [1.0,3.0]
X .IX. Y = [1.0,2.0]
X .DdJd. Y = F
R .IN. Y =T
X INT. Y = F
X .PSB. Y =T
X .PSP. Y = F
X .SP. Y = F
X .SB. Y =T
X, Y = ? <Control-D>

010 fesOO0OO0O0O0O0OODOCOOOD 22



ogoooobbogoad

oobooboobooobooobooobooobbooboboobobooooomoonn
gbobooobooboboboooobobob 120000000000 000OO
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math% cat cel-13.£95
INTERVAL :: X, Y
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NO’)
READ(*, *, IOSTAT=I0S) X
DO WHILE (IOS >= 0)

PRINT *, " For X =", X
PRINT *, 'MID(X)= ’, MID(X)

PRINT *, 'MIG(X)= ', MIG(X)

PRINT *, 'MAG(X)= ', MAG(X)

PRINT *, 'WID(X)= ', WID(X)

PRINT *, ’'NDIGITS(X)= ', NDIGITS (X)
WRITE (*, 1, ADVANCE='NO’)

READ (*, *, IOSTAT=I0S) X

END DO
1 FORMAT(" X = ?")

END
math% £95 -xia cel-13.£95
math% a.out
Press Control/D to terminate!
X = ?[1.23456,1.234567890]
For X = [1.2345599999999998,1.2345678900000002]

MID(X)= 1.234563945

MIG(X)= 1.2345599999999998
MAG(X)= 1.2345678900000001
WID(X)= 7.890000000232433E-6

MID(X)= 5.5
MIG(X)= 1.0
MAG(X)= 10.0
WID(X)= 9.0
NDIGITS(X)= 1

X = ? <Control-D>
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gbobmooooobobobooboobobooboooboobob 1-30b0obo

gbobooooboboboboobobobuoboooa

gbooo 1-3 gboboooooooboobobo

math% cat cel-14.£95
INTERVAL :: X, Y
INTEGER :: IOS = 0
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NO’)
READ(*, *, IOSTAT=I0S) X

DO WHILE (ios >= 0)
PRINT *, "For X =", X
PRINT *, ‘ABS(X) = ', ABS(X)
PRINT *, 'LOG(X) = ', LOG(X)
PRINT *, ’‘SQRT(X)= ', SQRT(X)
PRINT *, 'SIN(X) = ', SIN(X)
PRINT *, ’'ACOS(X)= ', ACOS(X)

WRITE(*, 1, ADVANCE='NO’)
READ (*, *, IOSTAT=I0S) X
END DO
1 FORMAT(" X = ?")
END
math% £95 -xia cel-14.£95
math% a.out
Press Control/D to terminate!
X = 7?[1.1,1.2]

For X = [1.0999999999999998,1.2000000000000002]

ABS (X) = [1.0999999999999998,1.2000000000000002]
LOG(X) = [0.095310179804324726,0.18232155679395479]
SQRT (X) = [1.0488088481701514,1.0954451150103324]
SIN (X) = [0.89120736006143519,0.93203908596722652]
ACOS (X) = [EMPTY]

X = ?[-0.5,0.5]
For X = [-0.5,0.5]

ABS(X) = [0.0E+0,0.5]

LOG (X) = [-Inf,-0.69314718055994528]

SQRT (X) = [0.0E+0,0.70710678118654758]

SIN(X) = [-0.47942553860420307,0.47942553860420307]
ACOS (X) = [1.0471975511965976,2.0943951023931958]

X = ? <Control-D>

010 fosOO0OO0O0O0OOOOOOO
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OCoO0O0Omm/dd/yy 0000 OCOOO00ODOOCOO

ooooobod

SunWorkshop6 0000000000 doxOOOODOOOOOOOOOODOO
oo

s J0000000 print 000000 0OOOODOOOO

s 00000000000 aump OOO0OO0OO0OO0OOOOOOOOO

m assign 0000000000 O0ODOODOOOOO0O0ODOOOODOOO0O0
s UO00O0O00O0O0bOobooooobaban

s JO00000O0O0O0OO0O0ODOOODOOODOO0O00O0O0

s UO00O00O0O0O0O0DOOOO0OC0OO0DOOOOOOOOO0O0bOOOOo0OO0On

dox 0000000000 DO0OCOOO0000O0dxDODOOOOOOOODDOODOO
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oooogao
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math% cat cel-15.£95
INTERVAL X

X = [-1.0,+2.9]
PRINT *,X

CALL SUB(X)

END

SUBROUTINE SUB (Y)
INTEGER Y (2)

PRINT *,Y

END

math% £95 -xia cel-15.f95 -Xlist

--- cel-15.1st OOO ---

Global Call-Chain Considerata

1) <503> At line 4, MainPgm() calls SUB(fileline 6):
MainPgm() sends argument 1 as type "Interval(1l6),b"
but SUB() expects type "Integer (4)"

2) <507> At line 4, MainPgm() calls SUB(fileline 6):
MainPgm() sends argument 1 as a "Scalar,"
but SUB() expects a "1-D Array"

SunFortran U O OO OO0 QOOUOOOOOOO

uboboobooobobobobooboboboobon

013 0000000

oooon oo oooooooo
obooooooooo libifai od
gbooooooobonb libsunimath oo

010 fosOO0OO0O0O0OOOOOOO
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oobooboobooboooboo0ob0oo0ooo0ooD reapMvE UDOOODOOODOO
gbobooooobobobobooboboobobobooooon

bobogooobobobobooboobobuobooooboboboooan
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26

oogon

ooboobooboboobobooboboooooooooooooboooboooboooDn
oobooooboobooooooooooooooboooobooobooon

Fortran 95 0 00 00O0O00OO0O0OO0OOOOOO « 20000 60



goo0 11 obooooo

math% cat cel-16.£95
INTERVAL :: I = [2., 1.]
END

math% £95 -xia cel-16.£95
INTERVAL :: I = [2., 1.]

"cel-14.f95", Line = 1, Column = 24: JO0O0O0O0OO0OOOCOOOOOOOO
jgododd0ooooooooooooa

foo: ODUOOUDOUODO 0.150000 SECONDS

foo: ODUODLOOODOODO 4117346 10 OODOO

foo: 2 OOOO

foo: 1 U0OOOO0Oo DOOOOo0 ODOOOODOOOOOO0 OO ANSI

ooob 12 00OD0oO0ooooo

math% cat cel-17.£95

INTERVAL :: I
REAL :: R
EQUIVALENCE (I, R)
END

math% £95 -xia cel-17.£95

EQUIVALENCE (I, R)
"cel-15.£95", Line = 3, Column = 14: OO0 : INTERVAL OO r1I 0
REAL U0 r"r" ODUOO0OD0OODODOOODOODO

fo9o: ODUOOUDOODOO 0.160000 SECONDS

foo: ODOUODOODOODO 4117346 10 OODOO

f90: 4 OOOO

foo: 1 UOOOOO0Oo DOOOOo0o ODOOOODOODOODOO0 OO ANSI

010 fesOOOooooooooon 27




28

obo0o0 1-3 000 KTpvOooOooOoboooooooo

math% cat cel-18.£95

INTERVAL (4) :: I1
INTERVAL (8) :: I2
EQUIVALENCE (I1, I2)
END

math% £95 -xia cel-18.£95

EQUIVALENCE (I1, I2)

00 INTERVAL OO r1I1v 0O vI2" OOO0OO0OO0OO0OOOCOOOO

foo: UDUOUDOUODN 0.190000 SECONDS
foo: DUODLOOOOODO 4117346 10 OODOO
f90: 4 OJOOO

foo: 1 UDOOOOO0o DOOOOo0o ODOODOODODOODOO OO ANSI

"cel-16.£f95", Line = 3, Column = 14: OO0 : O0O0OO0ODOOOOOOO

oboob0 14 0000000000000 REALODOODO

math% cat cel-19.£95

INTERVAL :: X
REAL :: R
X =R

END

math% £95 -xia=strict cel-19.£95

oboboboboooooboooo

foo: DUOOUDOUODO 0.350000 SECONDS

foo: ODUODOOODOODO 4117346 10 OODOO

f90: 4 OOOO

foo: 1 UUDOODo0 DUODODUOo0o OULOODLDLOOODLOO OO aANSI

"cel-17.£95", Line = 3, Column = 3: OO0 : REAL U0 INTERVAL

RN

Fortran 95 0 00 00O0O00OO0O0OO0OOOOOO « 20000 60




gboob0 15 gooboboooooooobooobobon

math% cat cel-20.£95

INTERVAL X
INTERVAL (16) :: y
X =Y

END
math% £95 -xia=strict cel-20.£95

X =Y
"cel-18.£f95", Line = 3, Column = 3: OO0 : INTERVAL O0OO0O0OO
INTERVAL 0000000000000 00000000000000O0O0O0DODODOO

foo: UUOUDOUUODO 0.170000 SECONDS

foo: DUODLOOODOODO 4117346 10 OODOO

f9o: 4 OOOO

foo: 1 UDOO0OODo DOOOOo0o ODOOOODODODO OO ANSI

oboggobogon

gbobooooobobobooboooooboboboobooboboobooooon
uboboooooboboboboooboobobobooboobobobooooan
ooboobooboobooooog

gooobobobbon

UbobOo0oo0oobob INnTeGERUOOODOOOO ReALOODOOOODOOODOODO
O0O0O0O0ODINTEGERUDO REALOODOOOOOUOOREALOOODOOODOOODOO
obobooooob IEeeE000000DODOO0O0O0O0OO0DOODOOO0O0DbODbO
ubobogoooboboboboobodobobuobooooboboboooan
gboboobooboboboooobobobooooboboobooo

gboboooooboboboboooooboboboooobobooboooon
ubobogoooboboboboobodobobuobooooboboboooan
gbobooooobobobooboooooboboboobooboboobooooon
uboboooooboboboboooboobobobooboobobobooooan
oobooboobooobooooogoood

oobooboobboOob0ooOob0o0OOO0o0INTEGEROOODOOO »0O0O00000
ubobooo0od INnNTEGerUDOOO0OOOOOOO0OO0OO0OOOOOO00OO00
oooad
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math% cat cel-21.£95
INTERVAL :: X = [2], Y = [2]
INTEGER :: I = HUGE(0)
X = X**(I+1)
Y = Y*x(Y**I)
IF(X .DJ. Y) PRINT *, "X and Y are disjoint."
END
math% £95 -xia cel-21.£95
math% a.out
X and Y are disjoint.

uboboooooboboboboooboobobobooboobobobooooan
oobooboobooboooboo=00000000000000O00DbO00D0OO
oo0oD0o0oDbOo0obOo00ooOooooooooobooooogsooboooooooon
X*NO X*YyOOOOOoOoooooo

OO0 - 00000C0O0SunWorkShop 60 Fortran95 00 000000000 0O0ODO
oobOoobooboobooboocobobooooooog
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OO0D000SunWorkShop 6 0 Fortran 95 00000000000 INTERVAL OODO
ooboobOooboobOooooobooobobooboooooooooboooon
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oboboooobOobOobOINTERVALOODOOO0O0O0O0DOO0DOODO0O00O00
uboboboodbdobdabd rean OOINTERVALOOOOOOOOO0OO0OOO

oobo0obOo0obOoobO0oobO0oobo0obboobObo0ob0obouObOod-xiabOO0OO
oobooO0obo0oobooooooooooobbooboboOooooooog

Fortran U [

INTERVALOOOOO Fortran 00000000000 0O0OO0O0DOOODOOODOO
oboboooobobOo rportran000D0OO0ODOOOO

ooggobd

Forran 000000000 0O0O0D0O0O0OO0OODOOOOO0OODOT.100000
oooogao

O0bO0o0bOO0o0bOb00b00o000o0o0o0o00o0O000O00DO INTEGERD REALD
INTERVALOOOOO00O0OO0O00D0000000000D00000D (PARAMETERS)
oobooobooooooobooo

31



32

U2100000000000000000O000DO0O0O000O000
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goood od

Fortran O O O INTERVAL :: X=[0.1,0.2]
gobooboooboooobg Enter X: ? [2.3,2.4]
oooboobooooooooag [a, b]

oooooo X(a +b) =xa+ xb

00oog X(A+B) c XA+ XB

0- f0oo0oooo0oooooooooooooooooocooooooooooo
ooboooboobooobooobooooooooooobooon

ooon

fos U000 DOODODOODOO0ODOODbODLODOOObOOD 1000 [3.51 0000
ooboooboooobooboobooooooooooooboooooon 1000
[3.5E-10, 3.6 E-10] DOODOOOOOOOOOOOOOOOOOOOOOOO
uboboooooboboboboooboobobobooboobobobooooan
ooboobOoobOoooOoooboooboonn

UO0OO0OO0OO0OINTEGERUODOOODO REALOODO REAL(8) DOODOOODOO OOOO
gbobogoooooboobaobgon

ubobooodbdoDb INnTeGERUUOOODO REAL O OO REAL(8) UOUODOODO
0000000000 rReaL(s) DODOOOOOOO0O0OO

000000 INTEGER(8) UDUOIDUOODOOOODODODOO REAL(16) UDOODO
obooooood

UOOO0O0OO0INTEGER(4)DUDOOO0ODOODOOOUDOOO00O0 REAL(8)UDOODOODO
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000000 INTEGER(1) OO0 INTEGER(2) DUODODOODOOOODODODO
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0000000 rRreaALOODOOOOOO0 KTPVOOOOOOODOOODOOODOOOO
oobooobooooboooooooooogooooooooogoo

ubobg KTpvoooooooboooooobo KTpvaood

o000 210000000 bOO000O0 KTPVvOUOooooog

gboo0 21 gboo0Oo KTrV

math% cat ce2-1.£95

IF(KIND([9_8, 9.01) == 16 .AND. &
KIND([9_8, 9_81) == 16 .AND. &
KIND([9 4, 9 41) == 8 .AND. &
KIND([9 2, 9 2]) == 4 .AND. &
KIND([9, 9.0_16]) == 16 .AND. &
KIND([9, 9.0]) == 8 .AND. &
KIND([9, 9]) == 8 .AND. &
KIND([9.0_4, 9.0_4]) == 4 .AND. &
KIND([1.0Q0, 1.0_16]) == 16 .AND. &
KIND([1.0_8, 1.0_4]) == 8 .AND. &
KIND([1.0E0, 1.0Q0]) == 16 .AND. &
KIND([1.0E0, 11]) == 8 .AND. &
KIND([1.0Q0, 11) == 16 ) PRINT *, 'Check!'

END
math% £95 -xia ce2-1.£95

0.1000 [o.1,0.2] 0000 Fortran DU 0OUO0O0O0O0OOOOOOOOOOO
U0 20000000000000CFPortran000000000O0OCOOOOOO0O
uboboooooboboboboooboobobobooboobobobooooan
oobooboobboobobodbrorran00000000OO0OC0OOO0OOOOOO
ogboood

ev(0.1)=0100000ev([0.1,0.2])=[0.1,0.2]
evO0O0OOODOODODOOOOO

Fortran 0000000000 DOO0O0O0OO0ODOCOCOOCOCOOCOOOOOOOO000O0
ooooOooboOOoO0boOo0oboOo0ooo0oooOoobooooDo

000000000 (1,21 000000 ev(i1,21)00000 [1,21000000
OO0OOev([0.1,0.2])=[01,02100000 010 0200000000000
000 0.1, 0.2] 0000000000000 0OOODO0ODOOOOOOOOOOO
0000 [0.1, 0.2 0000000000000000000000 ev

(0.1, 0.21)0000000
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U00O0Ostrict 0000000C0COO0COOOOOOOO0OOOODOOODOOODOO
gboboooooboobaban

gboboobooboboboboooboboboooobobooboooo
(PARAMETER) 00000 1000000000000 DODOOOOOOOODODOOO
bobooooobobobobooooobobobooooboboobooooan
ooboobooobooboocooooo

00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000 100 REALOOODOOO0O0O
0000000000000000000000010000000000000

000 10000000 (infimum) 00000 20000000 (supremum) O 0O

oobOoobi100000000000000000000000DO00DO00D0OO
ooboooobooOoboooooobooooooooooooobooobOooDOoooDo
ooboobooobooooooobooobooobboooboogoon

oobooboobobooboboobooobooobooo 1o0o0o0o0o0oobOOooobo0ooDn
oboboooooboboboboooboobobobooobooboobobob 100
vboboutotboobobobuoboobobobuobooboobu wwebgboon
ogbooboooogo
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o000 2200000000000000000000000O0O0O

000000000000000000W1M7000000000000000000
0 [4 0000000000
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obo0 22 00ODO0oO0O0oO0O0ooooooobob

X=[2,3]

X=[0.1] ! 2 00 : OO 1/10 OOODODO

X=[2, 1 ' 300 :00 -00000O0OO

X=[3 2,2 2] + 400 :00 -0000 0000
X=[2_8,3_8]

X=[2,3 8]

X=[0.1E0_8]

X=[2_16,3 16]

X=[2,3_16]

X=[0.1E0_16]

goougon

REALODODOOO0ODOOOODOOOOOODOODODOOOObOObDObDOnOO
goooobolb20dbbooooooooooOooboOoobDOooDOOoODn oa
oobz20000000000000000000REALOOOODOOODOOO
Forran D 0000000000 OO0OOOO0OOOO0OO0OO0OO0O0O000O000O00
ooboobOooboobOooboobbwooboooboooooooo 1000
oboboooooboboboboooobobobooooboboboooon
00 [01,021000000 [0.1,0.21 0000000

FortranO0O0O REALOOODOOOOOOOOOOOOO0OOOODOOOOOODOOOO
oboboooooboboboboooobobobooooboboboooon
gboboooboobobobooboobobaoboda

ev(INF([0.1,0.2])) < inf(ev([0.1,0.2]1))=inf([0.1, 0.2])
oooad

sup([0.1, 0.2]) = sup(ev([0.1,0.2])) < ev(SUP([0.1,0.2])) <
gono

fosJO00O0DOO0ODOODODLODOODbOODbObLODODOO

oo

gbOobogodfesd FortranD 000 0ODOODOODOOOOODOODOODOOOOODO
oobooobOo0obOb0 ObooobooobD rperran D0 00O00O0OOOOOOO7800O
OODOINTERVALODOOOOOOOOO0O0
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Jdouoooooon

fos U000 O0ODOO-xial0O0OO00-xinterval OO0 OOO0OOO00OO0OO00OOO
O0000D000000000 widestweedOstrict DOOO00OO00O0O0O0O0O0O
INTERVALOODOODO fo5s 0 0000000000000 O0D0OO00O00OOf9500
oobooboobobooboocoboboooooooooooooooobooooboOooon
O0OOINTERVALOODOODOOOOO0ODOODODOODOO0O0DO0ODOObO000O0O0n
gbobooboobobuobobobosaabobouooboboboboobobobon
ooboooood

[0 J 0 INTERVAL

60000000 Fortran0 00000000000 INTERVALOOOOOOOO
UO0INTERVALUOOOOOOOOO0OO0OODOOOO0OO000O00OO0O000000an
oobooboobooboocobooooooooooooooOoooobOoooboOooonn
0000 (KTPV)OOOOOO REALODOOOOOOOO

Dooooooog (KTPV)

obobooooboboboboobobobooboooobooboboooooo
oobooboobooobooooooooobooobooooogon

0000000000000 KTPYO 8000KTPVOOOOOOOOODODODO
O0D00DO0000 1000000 fos0000000DO00O0DOODOOOO
00 -xtypemap0 0000 -r8const 000000000 ODOOOO0O00OODODODO
0bobo0oooboboboboobO0o4300000 -xtypemap O -r8const O 0O O
OO000000D00O00000000000000 -xtypemap 00 O0O00O00D0O0O0O
O REAL 0 INTEGERUOOUOOOOODDOODOOOOOOODOODOOOOOOO
oo

KIND([0])=2*KIND(0) = KIND(0.0_8) =8
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gooobobbbbobbb

INTERVALU O ODOOD0OOO00O0O0Ofes 000000000000 0O00O0O0O0O
OO0 2200 INTERVALOOOOOOOOOOOOOODOOO

0 2-2 INTERVALUOOOOOOO

gooo gooooo googo
INTERVAL 16 8
INTERVAL (4) 8 4
INTERVAL(8) 16 8
INTERVAL (16) 32 16

U-0000000000o0oooobo0ogog

oo

oboboooooboboboboooobobobooooboboboooon
gobosiooobooobo 240000000000

ooboobooboooboooooobooobbooboooobooooooooo

ALLOCATED () 0 ASSOCIATED () 0 CSHIFT () U DOT PRODUCT () J EOSHIFT () [O
KIND () O LBOUND () 0 MATMUL () 0 MAXVAL () 0 MERGE () 0 MINVAL () 0 NULL () O
PACK () O PRODUCT () O RESHAPE () 0 SHAPE () 0 SIZE () O SPREAD () O suM() O
TRANSPOSE () [ UBOUND () J UNPACK ()

MINVAL O MAXVAL OO OOO0OO0O0O0O0O0O0O0DOO0O0O0O0O00O0O0O0000000
oobOoobOoOobOoooboooooobooobooonbn MINLoc () O MAXLOC() O
oboboooobobobobOvaxd MINODDODODOOOODODODODO
uboboooooababd

» 110 00000000MAXXLX2,[X3, ..])0
» 11000000000MINKXLX2,[X3, ..])0

OOMINVAL((/[1,2],103,41/)) = [1,3]
MAXVAL(/[1,2],[3,41/) = [2,4]

ubobooooobobobobooboboboobooooobobooooooa
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ABS ()0 INF ()0 INT () OMAG () OMAX () OMID () OMIG()OMIN() ONDIGITS () O
SUP () JWID()

ubobooooobobobobooobobobooooooobobooooooa

ACOS () OAINT () OANINT () OASIN () OATAN () OATAN2 () 0 CEILING ()0
Cos ()0 cosH () U EXP () 0 FLOOR () 0 LOG () 0 LoG10 () OMOD () O SIGN () O
SIN ()0 SINH ()0 SQRT () O TAN () O TANH ()

uboboooboobobobooboobobobooooboobobooonoo

INTERVAL () 0 DINTERVAL () [ SINTERVAL () [ QINTERVAL ()

38

otogn

gboboooooboboboboooooboboboooobobooboooon
ubobogoooboboboboobodobobuobooooboboboooan
gboboooooboboboboooooboboboobooboboobooooon
uboboobooobobaoo

ooogoogd

ocoooo(@©ooo)obooooooooooooogoooooooooooooo
U0-xia00OO000O0000000 -xinterval OO000O000O0O0DO0O0O0DOO
ubobooooobobobobooobobobooooooobobooooooa
0000000000 00000000000 -xia=strictdO00O00
-xinterval=strict 00000000 0D0O0D0O0D0OO0OOC0OO0OODOOOOOOOO
ooboobOooboobOooooobooobobooboooooooooboooon
coMPLEX DO OODODODOODOODOOOLOODODOOOODbOODO

obobooooobobobobooobobobobooooboo Ktervooooooo
oob0o0o0on KTpvOOO KTPV, 000000000

U - KpvoOooooooDooooooogoo

ubobogoodgbdabd

s UO0OQo
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s JO000O0O0COO0O0OO0O0O0O00O0O00O0O00O0O000O0000O0

o0 -00oo0oooco0odgoooooooooooooooooogooooDooon
oobooobOoobOoobO0oobO0ooboobbooboOoon INTEVAL OO
KTPvOOOoOoooooooboo

oobooboooboobooooooobooobobooboboobooobooOooo s3on
oobooboobOooboo

s 000000 @OOODOOODOOO)0O0DOO0ODOODOODO
s UO0OO00O4Qoad
s JO00000D000

gbobos3bobobooooboboboobobobgon

gbobooobooboboboobooboboboooboobobooo

s UO00O0000O0bOobOoboobobobobooboobaoboboooaoa
oo KTpvooooooboobobobooobooboboobooo

s UO00O000000O00OO0INTERVALOOOOOO0OOOOO0O0O0O00O00O0O00O0000

oobo0obOoobOoobooboooDn

oo

ooboobooboboobobooboboooooooooooooboooboooboooDn
oobooobo0oooooooobooooooooon

V = expr

exprdooobooboobogbooobodbobviooboobaoboooooobabda
ooo

gboboooooboboboboooboboboooooooboboooooo
gboboobdobabovboobobuoboobobobobooboboboo
oobooobooboon

1. 00000(@OO)0o0ooo0oobD KteprvOoooooooo

obobOooooboboboooobob KTpvOODOO KTPVO 20000
ubobooodabdoabab KtepvOuoood Ktpvooaooano
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2. 000000000000 0000OKTPVOOOOOoooono Ktprvooooono
o0

. 00b0o0oooooobooboboobobooboooooooooooboOooDbOooDoOoo
KTPVhw 000000000

4. KIND (V) <KTPV, 0000000000 KTPV=KIND(V) OO0OO0O0O0O0O0DOO
ubobooooobobobobooo voboobooboo

0000 21 KIND(OO)OO000OKTPV,

math% cat ce2-3.£95

INTERVAL (4) :: X1, Y1
INTERVAL X2, Y2 ! INTERVAL (8) :: X2, Y2 O0O0O
INTERVAL(16) :: X3, Y3

1 goooooboo

X1l =0.1
X2 = 0.1
X3 =0.1

1 gogooooboo

Yl = [0.1 4]
Y2 = [0.1_8]
Y3 = [0.1_16]
IF(X1 .SEQ. Y1) PRINT *, "Check 1"
IF(X2 .SEQ. Y2) PRINT *, "Check 2"
IF(X3 .SEQ. Y3) PRINT *, "Check 3"

math% £95 -xia ce2-3.£95
math% a.out

Check 1

Check 2

Check 3

0- 00000o0o00oooooocoo (@o)yo Krtpvoooooooooooo
U0000D0000000KTPV o OOOOOoOooooooon
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gbon0 22 goO0obOoooon

math% cat ce2-4.£95

INTERVAL(4) :: X1, Y1
INTERVAL(8) :: X2, Y2
REAL (8) :: R =0.1

1 gogooooboo
X1 =R*R ! 400
X2 = X1*R | 500

1 Jooooboooo

Y1l = INTERVAL ( (INTERVAL (R, KIND=8)*INTERVAL (R, KIND=8)), KIND=4)! 600
Y2 = INTERVAL (X1, KIND=8)*INTERVAL (R, KIND=8) ! 700

IF((X1 == Y1)) PRINT *, "Check 1" | 800

IF((X2 == Y2)) PRINT *, "Check 2" ! 900

END

math% £95 -xia ce2-4.f£95
math% a.out

Check 1

Check 2

oobo0o 22000

s 000000000000 0O0OO0DOOOOOO0O0O0bOObOO0bOO0O00O000a
ooboobooboon

m A00000KIND(R)=80000KIND(X1) =400000000000000
U00O00b0OO00b0O00OrROOO0OO0OOO0O0O00O000DO KTPV=8000000
obobooooboboboon KTPv-40O000000x100000000
ooboobodeOdObOOOOOOOOOODOOODOOOOOODOOOn

m SO00OO00OKIND(R) =KIND(X2) =80 0000000000x20000000
KTpv-8 O OOOOOOOOO0OO0OO0O0O x200000000000000000
ooboor7Oo00bOO0O0bOOO0

s 8000000000000 00OO0O0DOOODOOODOOODOOODOOOOOOOn
oboobOoobOoobOooboooobooobbooboboooboooooos3sogn
gbobogoooobobobobooo

Joodoouooboon

fosJO00OO00OO0DOODODOODOOODbODODLDOOOO0bOODbDOobOOobOoOoOon
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m -xinterval=(no|widestneed|strict) OO000000O0O0OO0OOOOOO
gboboooobooboboboooobobon

» Unol0 fos0000000OO0OO0OOO

n UwidestneeddO0UOO0O000O0O0O00O0O0O0O00DO0O0O -xinterval OO
ooboobooboboobooooooboogo3ssouoouoooooooon
uboboooooobooba

n OstrictDO00O0O0O0OINTERVALO O KTPVOOOUOOOOOOOOOOOO
obobooboze0000000000000DOODOODOOOO0ODbODO
ooboooboooon

m -xia=(widestneed|strict) OO INTERVALOOOOOOOOOOOOOOO
O0ooo0oooooboo0o0o0oo0oDo-xia0O000OO0OD0OOO QOODODOO
oO)pooooooooon

-xiaOOOO0OOOOO0OOO0OODOO

-xinterval=widestneed
-ftrap=%none
-fns=no

-fsimple=0
-xia=(widestneed|strict) DO00O000OO0DOOOOOOO

-xinterval=(widestneed|strict)
-ftrap=%none
-fns=no

-fsimple=0
00000000 -ftrapld -fnsl -fsimple 00O OO OOOOOO0O

O00000000D0000Oxinterval=(widestneed|strict) 00000000
U -fsimpleOUODO -fns U -fsimple=00 -fns=no 00000 0O0O0OOOOOO
ooooooooooo

oobooboobooboobooono

s J000000000D0 -ansi 000000000 -xinterval 0 widestneed
O strict 0000000O0O00OOCOOOOOOOOOOOO0OOO
O000o0o0o0ooboboooooa
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s JO000000O0O0DOO0O0DOO0ODOOODOOOOOOO00O0O00O000000A0
-fround = <r> (D000 IEEEOO0DOOCOOOO0OODODO)00-xia000O
ooboooood

INTERVALOOOOOO0O0O0O0000000

s JO000O00O0O0O0ODOOODOOODOO0O0O0

s UO0O00000O0DOOOOOO0O0OO0DOOOOOO0O0O0OObOObOO00O0o0Oa
ooboooOooboooboooog

s JO0000000DOOOOO0O0DOODOO37y0DOODOODOOOO0OD 10700
oobooboooboobooooogo

-xtypemap [0 -r8const U UOOOOOON

gbobooboobobobooboboboboob0obobObOn -xtypemap
U -rgsconst DO O0O0OO0O0OO0O0O00OO0OO0OODOOOOOCOOODOODOONO

ubobooboobobuoboboodbobg InTErRVALOOOOOOOOO00OO0
ooboob 2300000000000 000000o0o00ooboo0oooOoooan
gboaod

goon0 23 0bOooooon

math% cat ce2-5.£95

REAL :: R
INTERVAL :: X
R = 1.0E0 - 1.0E-15
PRINT *, 'R = ', R
X = 1.0E0 - R
PRINT *, 'X = ', X
IF ( 0.0 .IN. X ) THEN
PRINT *, ’'X contains zero'
ELSE
PRINT *, ’'X does not contain zero'
ENDIF
PRINT *, 'WID(X) = ', WID(X)
END

math% £95 -xia ce2-5.£95

math% a.out

R= 1.0

X = [0.0E+0,0.0E+0]

X contains zero

WID(X) = 0.0E+0

math% £95 -xia -xtypemap=real:64,double:64,integer:64 ce2-5.£95
math% a.out

020 fos000O0O0O0ODO 43



R = 0.999999999999999

X = [9.9920072216264088E-16,9.9920072216264089E-16]
X does not contain zero

WID(X) = 0.0E+0

U - -xtypemap O x O KTPVOOOOOOOOODOOOxOOOOOOODODODO
oobooooDo

oo

bobogooobobobobooboobobuobooooboboboooan
oobooboobobooboooboboooooooooooooOooobOOooobOOooDn
bobooooobobobobooooobobobooooboboobooooan
ooo

ooooD 24 000

math% cat ce2-6.£95
INTERVAL :: P, Q

' Jo00oo0ooo
P = SIN([1.23])+[3.45]1/[9, 11.12]

| gooooooaa
Q = SIN([1.23 8])+[3.45 8]/[9.0_8, 11.12 8]
IF(P .SEQ. Q) PRINT *, ’'Check’
END
math% £95 -xia ce2-6.£95
math% a.out
Check

U-000000000000D00000 KTPYvOOOOooOoOOODOOOOOOOO
obobooooboboboowkgboooooboboboooobobo
OKTpvOOOOOOOOOOO

gbobooobooboboboobooboboboooboobobooo
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oogogo

023000000000000000000000O00O0O00O0OO0O00OO0O 230
U0xOyOOOoOooOOoOo

023 0O0O0OO0OOO

goo gad g gagd
* % 000 X**Y X O INTERVALY O OO
X**N XOINTEGERNO OO (DDO1000)
* oad X*Y xOydooo
/ oad X/Y xOyodooo
+ gd X+Y xOydoooo
+ 0o +X (0ooo)xOOO
- oad X-Y xO0OyOQOOoodo
- gooad -X xooooo
.IH. INTERVALO X.IH.Y x0O yOOOO
CIX. goo X.IX.Y xOyOoooo
()NOOOO0OO0OO0O0O00U00000000O0D000O0D0000O0OD0OU0O0OO0DOODOODODOO 9500
goobOopoOoOoboOoDbOooooboOoDboo DDDDDDI]DEIDDDDDDDDDI]DDDDDDDDDDDDDDDDDDDDDDDZQD ] B E SE

0
000000000000000000000
000000000000000000000

oboboooobooon

obogx=go0*0+0-0 .50 .1x. 000000000000
ooo+*0/00+0-0.18.0 .1x. 000000DOOOOO
obo+0-00.1v.0.1X. 000000DOODOO0OO
000 .. 0 .1x. 00/700000000000O

o0*=00000000000000000000000 KINDOODOODOOOoO
00 2000000000000000000000O000DO0O0DOODOODO
Uo000 KTpvOOOoOOOooOOO0OO KTpvOOoOoooOO

oo*=00000200000000000000100000000000 KTPV
o0D00o0DbO0o0bO0O0o0o0o0o0ogooo0 10c0bobo0ooog Krpvoooooo
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000000oopoooo000 (@oo)oooooooooooDoO 24000000
0000000000 OsetdO0Ocertainlyd O0Opossiblyd 0 3000000000
0000000000000 0000000O0000OcertainlyD 00O
Opossibly0 00000000000 OOOO

024 0000O0O0O0OO0ODODO

set00000O .SP. .PSP .SB. .PSB. .IN. .DJ.
EQ. NEQ.
(==000) (/=000)
.SEQ. .SNE. .SLT. .SLE. .SGT. .SGE.
Certainly Oooooad .CEQ. .CNE. .CLT. .CLE. .CGT. .CGE.
possibly Ooooag .PEQ. .PNE. .PLT. .PLE. .PGT. .PGE.

oobOo0obO0o0o0Oo00o0O000O00b00 rRreaALOOOOOOOOOOOO0OO

INOO00O0000000000000000000 KTPVvOOO 20000000
oobOooobOoooboooooooog

ANOOOOO0O 1000000000 INTEGERO OO0 REALOOODODO 2000
ooboooboOob KTpvOOooOoooDOOooODO

0bob0oooobobobOob ocICALUDOODOOOODOOODOODODO

oougd +0-0=+=0/

OO0 RrReALO0O0OOOOOO0O0ODOODOOOOOOODOOOOOOOOODO
O0000oooooooo0oooooooooooooooooooooooon
OO0OORamonMoore 0000000000 DOOOOOOOOODDOOOOOOO
0000000000000 000ooooo00000oo0oDoDoo0o000ooOoR.
Moore O O Interval Analysis(] O Prentice-Hall (19660 ) 00D OO0 OO00OO0O0O

oobooboobooboocobooooooooooooooOoooobOoooboOooonn
O0D00oDO0o0DO0000o0oogooogooog opef{+, 0,x,+3y 000000
0000 [ablO [cd00O0DOOCOOOOO00OODOOOOOOOOODOO

[a,b] op [c,d]2{xopy | xe [ab] and ye [c,d]}

oobooboobooboooboooboobbooboogoo
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[a,b]+[c,d] = [a+c , b+d]
[a,b]—-[c,d] = [a—d , b-c]
[a,b] x[c,d] = [min(axc,axd,bxc,bxd) , max(axc,axd,bxc,bxd)]

[a,bl/[c,d] = -(999?) (é???) , if 0¢[c,d
{mmc’d’c’d’maxc’d’c’d [c,d]

ubobooooobobobobooooobobooboooobooboboobooooan
ooboooboobooobooooooooooooon

oobooboobooboocobooooooooooooooOoooobOoooboOooonn
oobooobooooboon

gooooo@oooooooo)yoooooooogooooooooogoooo
ooboobOoobooobOooooobooobooboooooooooobooooon

bobooooobobobobooooobobooboooooboboobooooan
O 1+000xe00+00 =0 OOOOOODO

000000ooooooo0OoUooooooo0oOooooooooooOoooooon
0000000000000 o00ooooooo0o0ooooooooooooooon
0000000000 D0O0O00n0 (limit point 00O O accumulation point) D0 OO
0000000000000 00 1W700oooooooo00oooooooo 1o
BloooMoooooooogg

0D000D000cset(x op Y, {(Xo Yo)}) = {Xo} 0p{y,} 00000000000 op O
op000000000{x}0 10000 x,000000000000000000
0000000 xO00000 x000000000000000000000000
0000x=100p=3+0y,=000000x3+y,000000000000000
{1} T{0} = {0, +e} 000000

gooobooooooobooooao
limy, =0
i

ooboobooboocoboocobobooboooooo

-1 1
{Yj} = {T} ooooo {Yj} = {J_}
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00 2000000000000x%=10y,=0000000000000000 fy}
00000000000

1+0 = Iiml
o =Yj
= limj or [lim(-j)
joe Jjoe
:{—oo7+oo}
0000 250002900000 400000000000000000000O0

oo

025 000000000cset(x +y, {(X Yo}

cset(x + . {(Xo. Yo)}) {rec} {real: yo} {#e0}
{rec} {res} {res} R*
{real: xo} {rec} {Xo + yo} {#e}
{+o0} R {#e} {#e}

026 0OO0O0OO0O0O0OO00OOcsetx-y, {(X Yo}

cset(x - y, {(Xo Yo)}) {-ec} {real: yo} {#e0}
{rec} R* {-ec} {-e}
{real: xo} {#ec} {Xo - Yo} {-e}
{+e0} {#ec} {#e} R*

027 0O0OO00OOODOODOcsetxxy, {(xg Yo)})

cset(x x ¥, {(o, Yo)}) {}  {real:y,<0} {0} {real:yp > 0} {+eo}
{rec} {#e} {#e} R” {rec} {rec}
{real: xq < 0} {+eo} {xxy} {0} xxy} {-o2}
{0} R* {0} {0} {0} R*
{real: x¢ > 0} {-o0} XXy {0} XXy {#eo}
{#e0} {rec} {rec} R* {#e} {#e}
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028 000000000cset(x+y, {(Xp Yo}

cset(x + Y, {(Xo, Yo)}) {=}  f{real:y; <0} {0} {real: yo >0} {+=}
{reo} [0, +eo] {#e0} {reo, oo} {re0} [-o, 0]
{real: xo = 0} {0} {x+y} {reo, oo} {x+y} {0}
{0} {0} {0} R* {0} {0}
{#o0} [, 0] {reo} {reo, oo} {#o0} [0, +oo]

00000000000 00000000000000000000000000
0D000000000000000000000000000000

(—o0) + (4o0) = —o0[J (mo0) +y = oo [] (m0) + (4e) = R* 0000000000000
0D0000000000000000000000000000000000000
00 ((@QO0O000)000000000000000((@O000)000000000
Do0O00oO0O0oooon

1000000000000000000000000000000 {—e, +}000
uboboooooboboboboooooboboboooooboboobooooan
O [, +eo] = R* OODODOODO

ooboobOoobOoobOooboooooon

uobooboobobooboooboboooooooooooooboOoobOOoobOOooDn
0000000000000000000000000004 0000 (~-0000)
0000000000TO000 (+-0000)0000000000000000
oooogo

b (#00) = (+0) = 0 and T (+o0) + (+00) = +oo

L O0x(#0) = =0 and T 0x(+x) = +oo
0000 hull({-c, +eo}) = [-o0,+e0] OO OO

Ix+0= - and Tx+0 = +
goooog

O000Fortran 0000000000 [empty] 0000DD0D0000 0000
00000000000000000000000000000000000000
0000000000000000000000001U7000000000000
0000000 [60[7]0000000000
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fosO0OO0DOOO0DOOODOOOO0OOOO0OO0OO0O0O0O00O00DO00DOO000OO
gobooobooobooooooooooooobbooooooboooooooooony
OoooooooooooOooooooo EIoEIoooooooooo

50

OO00O00O0 X**N [ X**Y

Oo0000ooooo0 xx»*N) 000000000000 000 xx+y)000C0O0O
ooboobooobooobooooooooobooobooobooOo400000000
gbobooooooobobon

00000000000X' 00000000000000000000000000
oooooood

cset(x",{x}) = {z | ze cset(x",{x}) and x e X}

0000000000 DO0000000O0DO00000000DO0ODO00O0O0ONn=000
O0D00000 xe[-eo+o] DODOOOcsetXy, {X})=100000000000 N
00000 [emptyl **N = [empty] 0O 0000

0000000000000 X' 00000000000000000000000
ooooooooooooo

cset(exp(YIn(X)), {(Yy, Xg)}) = {z | ze cset(exp(yIn(x)), {(Yo, Xg)}), Y € Yg, X € Xy}

OO0 cset(exp(yIn(x)), {(Yo, Xp)H U OO exp(yln(x)OOOOOoOO4doo
exp(ylnx) OO x20 000000000000 0O0O0ODOOO0O0ODOOO0ONO Fortran
OO0 REALOODODO x*»+yODOOOODOOODODOO

obobooooobobuobdboOx<OOOobobOOoOobOOobOobDOobDUoOobobOoo
Fortran 00O Xx+*»yOOOOOOOOOOOOOOOOO
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0 2-9 O O cset(exp(yln (X)), {(Yo, X)) 0000000000000 00000000
00000000000

0 2-9  cset(exp(yIn(x)), {(yo, Xo)})

Xo Yo cset(exp(yIn(x)), {(Yo, Xo)}
0 Yo<0 [+oo

1 ) [0,+e0]

1 too  [[0+e]

+oo 0 [0,+e0]

0 0 [0,+c0]

02900000000 20000000000000000

s 000000 %0y, 00000000000000explyIn(x)D0000000
0o

s JO00000O0O0OOOO0OO0OO0ODOOOOOOOOODbOOOOnO

ooboooboooboboz20000000000000O000O0O0DOO0O0DOO0O0DOAO
oobooboobobooboboobobooooooooooooobooobooobOooDn
uboboooooboboboboooooboboobooooobobooboooan
oooad

cset(exp(yIn(x)), {Xo, Yo}) = exp({Yo} x N({X}))

uobooboobOoobOoobooobooon

cset(exp(yIn(x)), {Xo, Yo}) = exp({yo} x IN({xo})

gbobooooobobobobooooobobobooobooboboboooon
OO0O000OMhOexpOODOOOOOOOOODOOOOOOO

In{0}} = {—}

IN({ +o0}) = { 4o}
exp({—}) = {0}

exp({ +oo}) = { 4o}

OO0DO00D0O0DO0OO0OD0O0O0OD0OO0O0DOO0ODO (SUE = single-use expression) 0 0O O
ooooooooooooOoOoooooooooooo1ooobooogoooooo
ooooooooo
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ooboobOoobO0o0o0O0o0bO0 100 suEOOOODOO

02900000In0exp 0000000000 2700000000000000
0000000000000x%=10y,=--00000In()=000000048

00000 27000 -0000000000000000000 [, +] 0000
0000000 2900 20000000 exp([-, +0])= [0, +«] 000000000
000000C0C000D000000000OexpyIn(x) 0000000000000
0000000000000 0000000000000000000000000
0000000C0000000000000000000000000

s JO00000O0O0O0DOO0O0DOOOOOO0ODOOOOOOOOODOOObOOObOOOn
gbobooooobobo
s 00000000000 wuedOD0O SUEODODOOODOOODOOO

52

oogogo

ftosJ0O0O00O0DOO200000000000O00DOO0O00OOOODODOOOOD
ubobooodaoan

OO0 XuyOoOooo (X.IH.Y)

oob200000000000000000000O000O000DOO0ODOOODOO
oooogo

ooooo
X .IH. Y=[Inf(XUY),sup(XU Y)]

Y, if X=0 ,
=49 X ifY=0 , and
[min(x, y), max(X, y)] , otherwise.

000 x0yOOOO KTPvOOOooooOoooOoOoDOOoOoOOo

obobOxoboooboo
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0000 XmYOOOO (X.IX.Y)
000 200000000000
Oo0O000000

X.IX.Y={z | ze X and ze Y}

g, if X=9) or (Y=O) or (min(X, y) <max(x, Y))
[max(x, y), min(X, y)] , otherwise.

Ubd xOydbhoaokKTpvOobooooooobooboaoao

ooboo0oxoooogoo

ooogn

foo 000000000 00oooooooo0ooooooooooooooon
oooad

OO0 XnY=g00OOO (X.DJ.Y)
000 2000000000000000000000

oobooooon

X.DJ.Y=X=Y) or (Y=0O) or
(X£Q) and (YD) and (Vxe X,Vye Y : x=#Y))

=(X=@) or (Y=O) or (X#J) and
(Y=Q) and ((Y<X) or (X<Y)))

U000 x0 yOOOO KTPvOOOoooOooOooooOoOoOOoOoOO

oobO0o obOooboobooobooDbn
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odreYOUUUOD (R.IN.Y)
000 0ROODYODODOOOOOOOOOOOOOO

ooboooooon

reY=(3yeY :y=r)
=(Y#©) and (y<r) and (r<y)

000 RODOD INTEGERU OO REALOUOUOUOYO OO INTERVALO OO
obobOoobooboboooboobabo
ogboobd reyOuoooooooooooo

s UO0000000O0O0O0000000 KTPvOOO RO YOOOOOOOOODO
oboobooboobOooboooyoobOoOoOoooOrOOOODOOOOO
ubobooobooboboboooobobobdydOdo rRO KTPYOODOODO
ooooog

oboboooobobrO yOOO KTPVOOOOOOoOooOOOOO
RONaN(JOO)OOOOOR. IN. Y ODOOODO false0O0000ODO

m YOOOOOOOR JIN. YOOODODO false0O0O0OOO

OO0 (X .INT. Y)
obgxO0yDOOooooooobooooooo
obobooobooboboboooboboboboooboobobon

Oo000000Ox .INT. Y(YOOOOOOOXxOxOyDO1O0OOOOOOO
O000000D00D false00OO0O0O0O0O0O0ODOO

m inf(Y)eXxXOOOOOOFortran DO OO INF(Y) .IN. XOOO
m sup(Y)eXODOOOODOFortran D OOSUP(Y) .IN. XODODO

e UOUO [empty] .INT. [empty] =truel000000000O0O00O0O0
uboboooooboboboooobi1boboobobooboon

ubogboooodan
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X .INT.Y=(X=O) or

(X£Q) and (Y=J) and (Vxe X, dy"e Y, y""e Y : y"<x<y""))

= (X=Q) or (X£Q) and (Y=O) and (y<x) and (X<Y))

b0 x0yDOOOOoO KTpVvOOOOooOooooooooooOooD

obob ooboobobooboobobo

ool XcYUOUOO (X.PSB.Y)
b0 xO0yDOOobOoooooobooOooooobooboo
obooboooobooan

X.PSB.Y=(XcVY) and (X#Y)

= ((X=9) and (Y#J)) or

(X£d) and (Y#O) and (y<x) and (X<Yy) or
(y<x) and (x<y)

U0b0xO0OyOOOO KTpvOOGooooooooooooaono

oobO0o oooooobOoobOoooboo

obodgd Xoyododod (X.pSP.Y)

U000 XYy OOOOOOO0ODOOoOooOoobOooon

oot Xeyduddl (X.SB.Y)
000 x0yO0OODOODOODODOODODOOOO0OO0ODO
0oooooooo

X.SB.Y=(X=d) or
(X£Q) and (Y2O) and (Vxe X, dy*e Y, dy""eY : y"

=(X=Q) or (X£9) and (Y=J) and (y<x) and (X<y))

IN
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000 x0yOOOO KTPVvOOOOoOOooOooOOoOoOOoOoOO

oobO0o o0obOooboobooboobn

o0 XoyYUddOO (X.SP.Y)

U000 XeY O0DO0O0O0OO0O0OOOOO0OO0O00O0

goodg
.gop.00000000000D0D0DO0O0ODNODN0DN0DN0O0O0NO

s JO0000O0O0O00O0OO

s 0000000qgO {c,p,s}(cOpPO0sO00O0O0ODOcertainlyd O O possiblyd O
Oset0D00O0O)

m Fortran 000000000 op 0O {LT, LE, EQ, NE, GT, GE}

.SEQ. 0 .SNE. 00000000 DOO0ODOOD .EQ.(00D00O==)0.NE. (OO
O0/=)0000000000D000000000DOOODOO0O00O0DODOOOOOd
O000oooooooo0ooooooooooooooon

ubobooooobobobobooooobobobooooboboobooooan
ooboooboooboon

ooboobz2000000000000000000000200000000A0
oobo0oobOo0DbOo00oO0o0ooooboo0obobooobo0oobo0bDwue0OOOO
OO0 false000000O

oobOooboOoboboobooobooooooooooooooOoOooobOOooDOOooDn
oooogo

Onop0 0000 opOOO0OODOOOODOCcertainlyd O OpossiblyD 00000000
oooooooooo

.Cop. = .NOT. (.Pnop.)

.Pop. = .NOT. (.Cnop.)
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U0 - O00Ocertainlyd O OpossiblyD 0000000000 opd {EQ,NE}O0ODO
oooooooooooooooooooooOooooooooooOoooo
O0000opD {LT, LE, GT,GE} 00 0000OOODOOODOOODOODOO

gboboooooboobaban

2000000000000O000DO00DOO00DOO00 2210000000000000
Oo0bD0o0D00 rorran00000D0O0ODOOODO

[x,x].qop. [y,Y]

bobogooobobobobooboobobuobooooboboboooan
ooboobooboooboboowued0OoOooOO

0210 O0OOO0OO0OO00OO0OO

LT. LE. EQ. GE. GT. NE.
X <y X<y X =Y X2y X >y X#Yy
and _ and and _ and and _ or
S ||x <y x <y X =y X2y X >y X #Y
_ vy < x . X >y
. X <y x <y and X2y X >y or _
c x <y V > X
_ x<y — Yy > X
. X <Y x <y and X2y X >y or
P y <x X >y
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oboob 21 OooOOo0oo

math% cat ce2-7.£95

INTERVAL :: X = [1.0, 3.0], Y = [2.0, 4.0], 2Z
INTEGER :: V =4, W =5

LOGICAL :: L1, L2, L3, L4

REAL :: R

Ll = (X == X) .AND. (Y .SEQ. Y)

L2 = X .SLT. Y

1 gooooooo

Z =W

L3 W .CEQ. Z

L4 = X-Y .PLT. V-W

IF( L1 .AND. L2 .AND. L3 .AND. L4) PRINT *, 'Checkl’

! 00000000 (L3 0 4 OOOOO)
L3 = INTERVAL (W, KIND=8) .CEQ. Z
L4 = X-Y .PLT. INTERVAL(V, KIND=8)-INTERVAL (W, KIND=8)
IF(L3 .AND. L4) PRINT *, ’‘Check2’
END
math% £95 -xia ce2-7.£95
math% a.out
Checkl
Check2

ooboo 21000

s 000000000 000000C0000000 .eQ.(000O0==)0000.SEQ.
godobddnr 0O wued 0o

m (INF(X).LT.INF(Y)).AND. (SUP(X).LT.SUP(Y)) O truedO000L20 true
ogooooo

s 000000 wWODODO [5,5]0000000000200000 4000000
godobdooodooooooooboobooodooooonL3 0 trued ™
agooo

s D00 xyOvwOoOOoooOooooooooo [-3,110 [-1,11 00000
O0d0m4 0Dwued 0000 oboOdnO (INF(X-Y) .LT. SUP(V-W))
OOtue0O0OOO0O0O

gooobboo
000000000002000 x0yO00OO0OOODO0O0O0O0O000O000O0O

58 Fortran9500000000000O00O0O0OO00O » 20000 60



op € {LT, LE, EQ, GE, GT} and
ope{ <, £, =, 2, >

Ubob 200000000 x0y00000O0DOD .sep.0000O0ODODOODO
ugbooooao

X .Sop. Y=(Vxe X, dyeY - xop y) and (Vye Y, Ixe X = x op y).

xOyO200000 « 000000000 200000000 x0vyO0O0OO0OOO
gbob.sNe.0D00O00OO0O0O0ODOODO

X.SNE.Y=(3 xe X,VyeY o x#y)or (3yeY,VxeX : x#Yy).

bobooooobobobobooooobobobooobooboboobooooon
oood

000 x0yOOOO KTPVvOOOOoOOOoOoOOoOoOOoOOO

uobO0o o0obOooboobooboobn

OCertainyd (0 O000)00000

ubobooooobobobobooooobobooboooobooboboobooooan
Otued0000Otue0000000000D0O00ODO0QO0 xe[abl O ye[c, dOO
O0D0x<yOODOOO [a,b] .CLT. [c,d]0 true000000000Ob<cOO
godano

0000000000020 00 xOyOOOOOOOooODODOOODOOOooOoO
op € {LT, LE, EQ, GE, GT} and

ope{ <, <, =, 2, >}

obgb 20000 x0yO0OOODODOOOtueO OO .cop. 0000000 ODOO
o

X .Cop. Y=(X#) and (Y#J) and (Vxe X, VyeY - xopy)

oobooboobobooboocobobooooooooooooobooobOOooDOooonn
0000000000 0O00000 falsed 0000000 10000000000
ubobooodobd .exe. DOO0O0OO00O0 tued 00040

ubobuooobobobuoboboobobuoboooaoa
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000 x0yOOOO KTPVvOOOOoOOooOooOOoOoOOoOoOO

oobO0o o0obOooboobooboobn

OPossibyd (DOOODDOO)00OOOO

bobooooobobobobooooobobooboooooboboobooooan
O000Otue000O00O000OO0O0Ox<yODOOODOOOXxe([a,b]ld ye[c, d O
000000 [a,b] .PLT. [c,d]0 true00000000O00a<d0OOODOO

0000O000o0obo02000 xOyOOOooooOooooooooooa
op € {LT, LE, EQ, GE, GT} and
ope{ <, <, =, 2, >}

o000 20000 XOvyOoOooooooooOOwueOOO Pop.O0O00OOOOO
gooogo

X.Pop.Y=(X#Q) and (Y=J) and (Ixe X, dye Y : xopy )

O00000oDoo0o0o00oooooooo0oooDooD fase00OOOOO
ubil1boootbdobobutuoobobobubboobobobg .eNe. U0OODO
b0 tuedDOD0ODO

gboboooobobobooooboboboboboobobobon
b xOyDOoOo KTpvoooooooooooooooano

uboboooobooboboooboobaba

60

ogoooboooogn

0bobOo0ooobobobobo0obo0bobOob INTERFACEDODOOOOODO
ooooooooooo0oO0oo(@oO0o .w)yooooooooooooooo
o0 i100b0o0obocooogo

gboboooobobobobooboboboobooooobobooooobo
ubobooooobobobobooboboboobooooobobooooooa
oo
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oobooboobOoobOoobooobooobboobobooooooooonon +0-0
*M/0 .15.0 . 1X. 000000000000 OOCOO0OO00OODOOCOOOO0O0
oo

(000 INTERVAL 0O OO0 INTERVAL )
(000 INTERVALO OO OO REAL OO0 INTEGER O)
(000 ReAL 00D INTEGER OO O OO INTERVAL )

gbobooooobobo=goooboobobobooboobooboobooooon
ugboboobooboboboobaban

(000 INTERVALO OODOO INTEGER 0)

JIN.OOO0OO0O0O00C0O0O0O0O0O0O0O0b0o0boo0oboo0ooooooooooon
oobo0obOo0oooOobOoooooboobobooobooOooog

(000 INTERVAL OO OO0 INTERVAL )
(000 INTERVALOOODOO REAL OO0 INTEGER )
(000 REALOODO INTEGER OO O OO INTERVAL )

ubogobogoo .Iin. Dgbgbooobodbobuoboooobaoboobooooan
gbobogoooobobobobooo

(OO0 REALOOD INTEGERO DO UODODO INTERVAL )

0000 22000000 .1IH.0 (LOGICAL, INTERVAL(16) DO DODODOOODOO
O00000000O00s10 s20000000000000000O

o000 22 00O0.1H.OOOOOO

math% cat ce2-8.£f95

MODULE M

INTERFACE OPERATOR (.IH.)
MODULE PROCEDURE S1
MODULE PROCEDURE S2

END INTERFACE

CONTAINS

REAL FUNCTION S1(L, Y)

LOGICAL, INTENT (IN) :: L

INTERVAL(16), INTENT(IN) :: Y
S1 = 1.0

END FUNCTION S1
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INTERVAL FUNCTION S2(R1, R2)

REAL, INTENT(IN) :: R1
REAL, INTENT(IN) :: R2
S2 = [2.0]

END FUNCTION S2
END MODULE M

PROGRAM TEST

USE M

INTERVAL (16) :: X = [1, 2]

LOGICAL :: L = .TRUE.

REAL :: R =0.1

PRINT *, 'L JIH. X = ', L IH. X
PRINT *, ‘R1 .IH. R2 =', R1 .IH. R2

END PROGRAM TEST

math% £95 -xia ce2-8.£95
math% a.out

L .IH. X 1.0

Rl .IH. R2 = [2.0,2.0]

0000 230 +00000000(INTERVAL, INTERVAL)OODOOODOODODOO
coooooooooo0o0o wooooboooooooooooooooooo
oooooo

0000 23 00000000 WOOOOoOoODOoOOODOOOODODDODOODOOOOO

math% cat ce2-9.£95

MODULE M1

INTERFACE OPERATOR (+)
MODULE PROCEDURE S4

END INTERFACE

CONTAINS

REAL FUNCTION S4 (X, Y)

INTERVAL, INTENT (IN) X
INTERVAL, INTENT (IN) Y
S4 = 4.0
END FUNCTION S4
END MODULE M1
PROGRAM TEST
USE M1
INTERVAL :: X = [1.0], Y = [2.0]
PRINT *, 'X + Y ="', X + Y

END PROGRAM TEST
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math% £95 -xia ce2-9.f£95

MODULE M1

"ce2-9.f95", Line = 1, Column = 8: UD0O0OOOOOOOOOOOOO vwMm»
jddddd0o0o0OoooOooOoooooooooobobobooobooOoobooOoo0oo0o0o0o0o0ao
ooag

MODULE PROCEDURE S4
"ce2-9.f95", Line = 3, Column = 22: OJ0O0O0O0OOOOOOOO wsavw
O0vih JO000OO0OO0OO0O0OO0OOOOOOO

USE M1

"ce2-9.f95", Line = 14, Column = 5: JO0OO0OO0O0O0O "M OOO0OO
J0dd0d00d000000OvusE DO0000O0O0O0OO0O0OO0OO0OO0OO0O0OODODODODODODDOOO
goodooooooa

foo: DOOUDOUOONO 0.820000 SECONDS
foo: ODUODOOODOODO 5518744 10 OODOO
foo: 17 OOODO

000024000 .18. O (INTERVAL(4), INTERVAL(8)) DO OODOOODOOOO
000000oooooo s100ooooo0ogooooooooo
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math% cat ce2-10.£95

MODULE M

INTERFACE OPERATOR (.IH.)
MODULE PROCEDURE S1

END INTERFACE

CONTAINS

INTERVAL FUNCTION S1(X, Y)

INTERVAL (4), INTENT(IN) :: X

INTERVAL(8), INTENT(IN) :: Y
S1 = [1.0]

END FUNCTION S1
END MODULE M

PROGRAM TEST

USE M

INTERVAL(4) :: X = [1.0]
INTERVAL(8) :: Y = [2.0]

PRINT *, 'X .IH. Y ="', X .IH. Y

END PROGRAM TEST
math% £95 -xia ce2-10.£95

MODULE M

"ce2-10.f95", Line = 1, Column = 8: JUOOOO0OOO0OOOOOOOOO mM»
gbobooooooboboboooooobooboboboboobobooono
gbod

MODULE PROCEDURE S1
"ce2-10.f95", Line = 3, Column = 22: OJO0O0OO0OOOOOOO0O vsiv
dbO i OO0O0O0O0OO0OO0OOO0ODOOOOO0OO0

USE M

"ce2-10.£95", Line = 14, Column = 5: 000000000 M OOO0OO
gboboboooboobduse DOOOOODOOOOOOOOOOOOODbODbOn
gboboooooooo

fo9o: ODUOUDOODOO 0.190000 SECONDS

foo: ODODOOODOO 4135778 10 UOOO

f90: 18 O OODO

fo0: 3 UUOOOUO , oOOUOO, oLOODLOODODOO , o OO ANSI

ooboobooboobOooboooboobboobooooobogoobo 25000400
oobOooobooooboooooooooobooobboobooooooooooboooon
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gbo0 25 gbOoboobooooooobooboboooboooon

math% cat ce2-11.£95

MODULE M

INTERFACE OPERATOR (.IH.)
MODULE PROCEDURE S1

END INTERFACE

CONTAINS

REAL FUNCTION S1(R)

REAL, INTENT(IN) :: R
S1 =1.0

END FUNCTION S1
END MODULE M

PROGRAM TEST

USE M
REAL :: R = 0.1
PRINT *, ' .IH. R = ', .IH. R

END PROGRAM TEST
math% £95 -xia ce2-11.£95

MODULE M

"ce2-11.£f95", Line = 1, Column = 8: OJUO0O00O0OOOODOODOOOO "Mm»

gboboboooooboboboooooooobobobobooobooboooDo
god

MODULE PROCEDURE S1
"ce2-11.£f95", Line = 3, Column = 22: OJOO0OO0OOOOO0O vsiv OO0
ubd 2 00ooobooboboboboooboooboobobob 2 0000000
gboboooooobogoo

USE M

"ce2-11.£f95", Line = 13, Column = 5: ODO0O00OO0OO0OOO "M OOO0O0OO
gboboboooboobuse D0OOOO0OOO0ODOOOOOOOOOOOOODbODbOn
gboboooogoo

PRINT *, ’ .IH. R ="', .IH. R
"ce2-11.f95", Line = 15, Column = 24: O0O00O0O0OOOOO0OOO0O
"operand" OOODOOOODOOO »~.» ODOOODOOO

foo: ODUOUDOUODN 0.200000 SECONDS

foo: ODODOOODOODO 4135778 10 ODODOO

f90: 16 OOODO

fo0: 4 OJUODOUOO , oOUOOO, o OUODLOODODDOO , o OO ANSI
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U0b00o0obOO0o0ob0O00b0o00ol100 INTERVALOOOO0OO0O0O0DOO0O0DOO00D0O
oobooobDooooooDooo

oob0260000+000000000000000000O0O0s2O000000O
oobooobooooon

ooob 26 0OD0OO0OO0OO0OO+0000D0O0OO0OLODODODOODOOODODOOOO

math% cat ce2-12.£95

MODULE M

INTERFACE OPERATOR (+)
MODULE PROCEDURE S1

END INTERFACE

CONTAINS

REAL FUNCTION S1 (X)
INTERVAL, INTENT (IN) :: X
S1 =1.0

END FUNCTION S1
END MODULE M

PROGRAM TEST

USE M

INTERVAL :: X = 0.1
PRINT *, ' + X ="', + X
END PROGRAM TEST

math% £95 -xia ce2-12.£95

MODULE M

"ce2-12.f95", Line = 1, Column = 8: JOOOOOOOOOOOOOO wMmn
jdddd0o0o0o0oOoo0oooooooooooobobooobooOoobooOoo0oo0o0o0o0o0a
ooag

MODULE PROCEDURE S1

A

"ce2-12.f95", Line = 3, Column = 22: JO0O0O0O0OOOOOOO nwsanw
OO0+ OOOOODOOOOOOOO00O000

USE M

"ce2-12.f95", Line = 13, Column = 5: OJO0O0OOOO0OO M OOOOO
Jdd0d00d000000OvusE 000000 O0OO0O0O0OO0DO0OO0OO0ODODODODODOODDOOO
gooooooogao

foo: DUOOUDOUOODO 0.290000 SECONDS
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foo: UL ULUDUDN 4146432 10 UUDLU
f90: 16 OODODO
f9o: 3 O OOO , o OO0 , o OODOOOOOO , o OO ANSI

obobOooooboboboboobObINTERFACELDDOOODOODOODOODOO
oobOooboobobooboocoboooooooooooooobooooboooDbOooonn
oboboooobobobobooooboboboooooo

bobooooobobobobooooobobooboooooboboobooooan
oo

oobooboobooboocobooooooooooooooOoooobOoooboOooonn
ooboooobo0ooobooboboooooboooooooobO0o 1000DO0o0DOO0o0Do
ooo

oo0ob 27 DO0OOO0ODOOO wipOodoooDOO

math% cat ce2-13.£95
MODULE M
INTERFACE WID
MODULE PROCEDURE S1
MODULE PROCEDURE S2
END INTERFACE

CONTAINS

REAL FUNCTION S1 (X)

REAL, INTENT(IN) :: X
S1 = 1.0

END FUNCTION S1
INTERVAL FUNCTION S2(X, Y)

INTERVAL, INTENT (IN) :: X
INTERVAL, INTENT(IN) :: Y
S2 = [2.0]

END FUNCTION S2
END MODULE M

PROGRAM TEST

USE M
INTERVAL :: X = [1, 2], Y = [3, 4]
REAL R =0.1

PRINT *, WID(R)

PRINT *, WID(X, Y)

END PROGRAM TEST
math% £95 -xia ce2-13.£95
math% a.out

1.0

[2.0,2.0]
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oo0b 28 D0OO0OO0ODOO aBsOOODOOO

math% cat ce2-14.£95
MODULE M
INTERFACE ABS

MODULE PROCEDURE S1
END INTERFACE

CONTAINS

INTERVAL FUNCTION S1 (X)

INTERVAL, INTENT (IN) :: X
S1 = [-1.0]

END FUNCTION S1
END MODULE M
PROGRAM TEST
USE M

INTERVAL X = [1, 2]
PRINT *, ABS(X)

END PROGRAM TEST
math% £95 -xia ce2-14.£95
math% a.out

[-1.0,-1.0]

ooboOo290000000000
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math% cat ce2-15.£95
MODULE M
INTERFACE MIN

MODULE PROCEDURE S1
END INTERFACE

CONTAINS

INTERVAL FUNCTION S1(X, Y)
INTERVAL (4), INTENT (IN) :: X
INTERVAL(8), INTENT (IN) :: Y
S1 = [-1.0]

END FUNCTION S1
END MODULE M

PROGRAM TEST

USE M

INTERVAL(4) :: X = [1, 2]
INTERVAL(8) :: Y = [3, 4]
REAL :: R =0.1

PRINT *, MIN(X, Y)
END PROGRAM TEST
math% £95 -xia ce2-15.£95
math% a.out
[-1.0,-1.0]

Joougoboobougobgd

gbgbz210000000000000000000O00DODLOODOOODOODbODO
uboboobooboboboooobobobooooboboobooaon
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gooo 2-10 gbobobooooboobooboboboooooooobooobobob

oon
ooo

math% cat ce2-16.£95

MODULE M

INTERFACE OPERATOR (.IH.)
MODULE PROCEDURE S4

END INTERFACE

CONTAINS

INTERVAL FUNCTION S4 (X, Y)
COMPLEX, INTENT(IN) :: X
COMPLEX, INTENT(IN) :: Y
S4 = [0]

END FUNCTION S4
END MODULE M

USE M
INTERVAL :: X = [1.0]
REAL :: R =1.0
COMPLEX :: C = (1.0, 0.0)
X = (R-0.1).IH.(R-0.2) | JO00o0oooooooooao

| JOo0ooooooono .zg.00oooooao
X = X .IH. (R+R) | 00000000O0o0ooa

| JO0000000o00 .zg.000o0oooo
X = X .IH. (R+R+X) | Jd20000000000

1 0000000000 .ze.000ooooo
X = (R+R) .IH. (R+R+X) | J00000000oooa

| JO0000o00oooono .zg.000o0oooo
X = C .IH. (C+R) | J00000000s4a 00000000
END

math% £95 -xia ce2-16.£95
math% a.out

oob0o2-11000000000000000b00b0bO000obO0o0obO0o0oobo0oonn
oobooobooboboooogoo

obob 211 go0bob0oooooobooboboboobooogoon

math% cat ce2-17.£95

MODULE M

INTERFACE OPERATOR (.AA.)
MODULE PROCEDURE S1
MODULE PROCEDURE S2
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END INTERFACE

CONTAINS

INTERVAL FUNCTION S1(X, Y)

INTERVAL, INTENT(IN) :: X

REAL, INTENT (IN) HER'4
PRINT *, 'Sl is invoked.’
S1 = [1.0]

END FUNCTION S1
INTERVAL FUNCTION S2 (X, Y)

INTERVAL, INTENT(IN) :: X

INTERVAL, INTENT(IN) :: Y
PRINT *, ’'S2 is invoked.’
S2 = [2.0]

END FUNCTION S2
END MODULE M

USE M

INTERVAL :: X = [1.0]

REAL :: R =1.0

X = X .AA. R+R 1 S1 is invoked
X =X .AA. X ! S2 is invoked
END

math% £95 -xia ce2-17.£95

MODULE PROCEDURE S1

A

"ce2-17.£f95", Line = 3, Column =

gboboooooobodgaod

USE M

A

"ce2-17.£95", Line = 20,
gbobooooobooboobg

22

Column = 5:

gbooooobooboboooobod

gboooooboobooboooobod

, 0 OO ANSI

foo: JOOOOOO 0.700000 SECONDS

foo: OODOOOODOO 5605590 DECIMAL WORDS
f90: 26 OO OO

fo90: 0o DOOODO , 2 0O0OO , o ODOOODOOOODO
math% a.out

siggoogoobogon
s2000000000n

INTERVAL (X [,Y, KIND])

U000 INTERVALOOOOO0O0O000

uboaboooabodan

020 fes000000OOO
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ooo
X 00O INTEGEROREALO O OO O INTERVAL OO OO

Yy OOOO)O INTEGERODO DO REALODOOOXDO INTERVALOODOOODOYOO
oooooooooo

KIND(OOOODO)ODOODOO INTEGEROODOODOODOO
000000 INTERVAL

KinoOOOOOOOOOOOO KTpvOOOoOoOooOoooOoooOoooOooooo
OO0 KTpVOOODODOODOOODOOODOO KTPVvOODOOODO

agoad

xdgdoooooooooooobobbobooooooood
INTERVAL (16) : : X

INTERVAL (X, KIND=4)OOOODO INTERVALXOODOODOODO

OOODOREAL(8) =X, YUOUOUOUOUOINTERVAL(X,Y, KIND=4) JO0OOO0OOOOO
U0x .IH. YOOODODOOOOOOOOODOOODxO yO ReaLJO0O0Q0O0OO0ODOO
gbobogoooboobaban

INTERVALOOOOOOO0O00O0000O0000 INTERVALOOOOOOO0O000O0
O0D00DO0OD0OO0OOD0DOINTERVAL(L1.1,1.3) 00000000 ev([1.1,
1.3])=1(1.1, 1.3]000000000000CC0O0O0O00OReEALO0OOOOO
gboboooboobobobooboobobo

00200 reaALO0000OO00OO0O0O0DOODODOODO7400000000 21200
gboboooboobaobobd v 0bgbaod

ubdb oooboobo1gboooooband

YyOOOOoOxOOOOOOOOOINTERVAL(X[,KIND]) O X000 10000
OOOOINTERVAL(X[,KIND]) 0000000 [XL,xul 000 10000000
oono

ooood
XL = REAL(INF(X) [,KIND]) 00OOO0OO0OO0OO0OO0O0OO0ODOXL .LE. INF(X) OO
oo

Fortran 95 0 00 00O0O00OO0O0OO0OOOOOO « 20000 60



ooo

XU = REAL(SUP(X) [,KIND]) D0OOO0OO0OOO0OO0OOODOXU .GE. SUP(X) OO
gooo

xO0yOOOODOOO(MOOOOOOODOODO)DOOO INTERVAL(X,Y[,KIND]) O
O0D0O00ODOO0O0DOO REAL(X([,KIND]) O REAL(Y[,KIND]) OOODOODOO
oooooooooo

- o0o0oo0oboo0ooooooooboo0oooooooboo0oooooooDoooo
oo

00020000000 [-inf,infl]0000000O

s XOYOOOOOOOyYyO xOOOOODOO
s XOOO YyOOOOOOODOODOODOODOOD(@OOOD10D000D0
OO00000wNaNnOOO)ODODO

gboboaboboodboo
00000 00000000000 2000000000000

m INTERVALOOOOOOO KTPVvOOOQooooOd
s UO00OO0O0O0O0O0O00000bOabOob0oooboaoban

000000 (ReaALOODO INTEGER) O ExpOOOODODOODOOOO

INTERVAL Y

REAL R
R = EXP
Y = R

ugboboooooban

INTERVAL Y
Y = INTERVAL (EXP)
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ooboobooobooobooooog

INTERVAL Y
Y = EXP

UbobO000exp0d 100000000000 OO0ODODODOOOODO 2000
oob0o0b000 expO0O0O0OD0OOO0ODOOODOODOOODOOODOOODOOODOOO
gooogo

20000 exp, 0 Exp, JO0O0ODOD0O(ExP, Exp,) 0000000 OO0OOOOO
oobOoobooboboobobooboooboooooooobOOo 100000 0oobO000n

KINDOODOOOOOOOOOoOOoOO Ktpvoooooooooooooooooo
O0D000D0o00O KTPrVvOOODOO -strict000000OODOOODO

uboboooooboboboboooooboboobooooobobooboooan
ooboobv7400000000 2-120000000000000000 .182.0
oooooood

000000 INTERVAL O REALOUDO INTERGER U OO ODOOOODOOOOODO
000000 INnTerVALOODOOODO (OOOOOODODOCOOO)OOOOODODOD
gooooood

oboo0o0 212 .1g. 00O000O0OO0OOO

math% cat ce2-18.£95
REAL(16) :: A, B
INTERVAL :: X1, X2
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NQO')
READ(*, *, IOSTAT=I0S) A, B
DO WHILE (IOS >= 0)
PRINT *, " FOR A =", A, ", AND B =", B

1 Jooooooo
X1 =A .IH. B

' JOo0ooooo
X2 = INTERVAL (INTERVAL (A, KIND=16) .IH. INTERVAL (B, KIND=16))
IF (X1 .SEQ. X2) PRINT *, ’‘Check.’
PRINT *, 'X1l = ', X1
WRITE (*, 1, ADVANCE='NO')
READ(*, *, IOSTAT=I0OS) A, B
END DO
1 FORMAT(" A, B = ")
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END

math% £95 -xia ce2-18.£95
math% a.out

Control/D to terminate!

A, B=1.31.7

FOR A =1.3 , AND B = 1.7

X1 = [1.2999999999999998,1.7000000000000002]
A, B=0.0 0.2

FOR A = 0.0E+0 , AND B = 0.2

X1l = [0.0E+0,0.20000000000000002]

A, B = <Control-D»>

00000000000000000000000007100000INTERVAL (X
[Y,KIND)DOOOOOOOOOO

goggoobobobobobbonb KTPvOOO

U21ngooooboobooboooooobooobbooobooooonon KINDODO
ooboobo0on0O KTpvOOOODOOOOOODODOODOODOODOO

0211 00000000 DOO0OOO0O00O KTpvoOQoQo

KTPvO OO go

DINTERVAL (X[, Y]) INTERVAL (X[,Y], KIND = 8)U 000U INTERVAL(X[,Y])

SINTERVAL (X[, Y]) INTERVAL (X[,Y], KIND 4)

QINTERVAL (X[, Y]) INTERVAL (X[,Y], KIND = 16)

googoobobobbbbboob

o000 3000000000b00000000000REAL OO INTERVAL OO0
oboboooooboboboboobobob 210000000 0RERARLDIODOO
REALUDOOOOO0OO0OOOODOOOOOOObOObOObOObOObOOobOobOOonon
gogo

goonb 21 Ogogo

math% cat ce2-19.£95

REAL :: R=0.1, S =0.2, T =0.3
REAL(8) :: R8 = 0.1D0, T1, T2
INTERVAL (4) : X,

INTERVAL (8) : DX, DY

R =0.1
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Y INTERVAL (R, R, KIND=4)

X = INTERVAL(0.1, KIND=4) ! 700

IF ( X == ) PRINT *, 'Checkl’

X = INTERVAL(0.1, 0.1, KIND=4) ! 1000
IF ( X ==Y ) PRINT *, ’Check2’

Tl = R+S

T2 = T+RS8

DY = INTERVAL(T1, T2)

DX = INTERVAL(R+S, T+R8) ! 1500

IF ( DX == DY ) PRINT *, ’Check3’

DX = INTERVAL(Y, KIND=8) ! 1700

IF (Y .CEQ. INTERVAL(0.1l, 0.1, KIND=8)) PRINT *, ’'Check4’
END

math% £95 -xia ce2-19.£95
math% a.out

Checkl

Check2

Check3

Check4

oboob 21000

m /01000000 x000000oO01O0O00D0OO0DOODODODOOODODODN
oobooooooon

m 1500000 DX0O00R+s 0O T+R8 000000 REALOOODOODOODOODOO
gboboil1baboboobaban

m 1700000 vyOOKTPYV-8OOOOOOOOOOOOOO

obob22000000000000O0yD00000D0ODODOOx0O0000DOOO
ubobogooobybuooooooboboobooo

gbobo 22 gbobooooooooooboobaob

math% cat ce2-20.£95

INTERVAL :: X = [10.E-10,11.E+10]

INTERVAL :: Y

Y = INTERVAL (-TINY (INF (X)), TINY(INF(X))) + X
PRINT *, X .INT. Y

END

math% £95 -xia ce2-20
math% a.out
T
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00000 xOO00000o0 x JINT. YOOOOOOOO yOOOoOOoooOooo
000000000000 0000MO0000000INT.YYDOOOOoDoOo
ooo

700000000 2300000000000 000000D0 [-INFINF] O
[MAX FLOAT,INF]OOOODOODOODOO

0000 2-3 INTERVAL (NaN)

math% cat ce2-21.£95

REAL :: R =0., S = 0.

T = R/S 1 200
PRINT *, T

PRINT *, INTERVAL(T, S) 1 400
PRINT *, INTERVAL(T, T) 1 500
PRINT *, INTERVAL(2., 1.) 1 600
PRINT *, INTERVAL(1./R) 1 700
END

math% £95 -xia ce2-21.f95
math% a.out

NaN

[-Inf,Inf]

[-Inf,Inf]

[-Inf, Inf]
[1.7976931348623157E+308, Inf]

ooo0o 23000

200000 OO NaNDDOOODDOOOODO

405000000000 100000 NaNOOOOGOGQOGQOGQOQ [-INF INF] O
oo

600000000 [21]00000000 [-INF, INFlOOODOOOOO
700000 [InFINFIOOOOO [MAX FIOAT,INFIOOOOOOOODODOO
00000000000000000W7000000000O0O0O00OOOOO0O
0[@ooo0o0o0Oooon

ooggoboobougobgd

oboboooobobgb fes00b0b0oboboobobobobooooboobgy
J0000000D00O0INTERVAL(4) 0 INTERVAL (8)J INTERVAL (16) OO OO
oboboo sOpboono obooooo
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fos OOO INTERVAL(le) DO OODOOODOOODOOODOOODOOODOODOOO
oooogo

VQABS[ VQAINTL VQANINTH VQINFU vQSUPU vQMIDU VQMAGH VOMIGH
VQISEMPTY

oobOoobOooboboobooobobooooooooooooobooobOOoooboOooonn
oobooO0oobDo0oobOooooooooooooooon

m -xinterval
m -xinterval=strictOO OO0 -xinterval=widestneed

m 00 -xiald -xia=strictO 0000 -xia=widestneed

gboboooboobobob40oboboboooboboboboobobobon
ooood

ooboobooboobOooboooboobbooooooooboOonD 2-12000
ABsO0O0O0O0OO0O0OO0O0OOOOOODOOObOOObObOObOOOn

0212 0000000 asOOOOOOODOO

ogo od oo

VSABS INTERVAL (4) INTERVAL (4)
VDABS INTERVAL (8) INTERVAL (8)
VQABS INTERVAL (16) INTERVAL (16)

gboboooboobobobootbmoooboboboooooboboooboooo
oooad

INTERVAL

ubdabd fesdb00000O INTERVALOUODOOOOOOOOUOOOO00O00
ooboobooboobOooboooboobooon
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godad

INTERVALOOOOOOOOOO0O0O00O000000O000D0INTERVALOOODOO
O0OOINTERVALOODOODOOOOO0ODOODODOODOO00O00O0ODOO0O000O00n
bdgbOgibINTervALUOOOOOOOOOOOOO0OO0OOOOO0O0O0O0000
ooboooooooog

0000000 INTERVALO INTERVAL (4) 0 INTERVAL (8) 0 INTERVAL (16) 0 0O 0O
gogboboogoboboooo

INTERVAL
ooboooboooon

INTERVAL :: W

O00wOOOOODODO 8000 KTPVODOODO16O00OODODODOODOODOO
O00O000SunWorkShop 60 Fortran95 00000000000 KTV OO
-xtypemap 000 -r8sconst 00O O0O0OO0OOOOOOOOOOOOOOOOO
oooooooood

INTERVALOOOO0OO00000000O0O000O00000000000 2100000
ooboobooon

o000 21 00000000 INTERVAL

TYPE INTERVAL
REAL :: INF, SUP
END TYPE INTERVAL

ne{4, 8, 16} 0 I INTERVAL(N)
0000000000

INTERVAL(n) :: W
U0 wDOOKTPV=n0O KTPVOUODOO2nO0O00O000O0DOOOOOOODOODO

son0Uun0uoooOob 2200000 KTpvOOOOooOOoDOOODOOOODODOD
uboboobooboboboobaban
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goob0 22 000 KTpvOooooooDO

math% cat ce2-23.£95

INTERVAL (4) :: X1, X2
INTERVAL (8) c: Y1, Y2
INTERVAL(16) :: Z1, Z2
REAL(8) :: D = 1.2345

1 goooooboo

X1l =D
Yl =D
Zl =D

| 00ooooooo

X2 INTERVAL (INTERVAL (D, KIND=8), KIND=4)
Y2 = INTERVAL(D, KIND=8)

Z2 = INTERVAL (D, KIND=16)

IF (X1 == X2) PRINT *, ’Checkl’
IF (Y1 == Y2) PRINT *, ’Check2’
IF (Z1 == Z2) PRINT *, ’'Check3’
END

math% £95 -xia ce2-23.£f95
math% a.out

Checkl

Check?2

Check3

o0ob0 2300000000000 00000O000O0O00O0OO0OOO0ODOOOO
oobooobooobo3200000000000000000000
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oboob 23 00OooO0oooooon

math% cat ce2-24.£95
INTERVAL :: U = [1, 9.1_8], V = [4.1]

1 gooooooo
INTERVAL :: W1 = 0.1_16

1 goooooboo
INTERVAL :: W2 = [0.1 16]

PRINT *, U, V
IF (W1 .SEQ. W2) PRINT *, ‘Check’
END

math% £95 -xia ce2-24.£95
math% a.out

[1.0,9.1000000000000015] [4.0999999999999996,4.1000000000000006]
oo

oobOooboobobooboocoboooooooooooooobooooboooDbOooonn
ooooooogoooo

goono 24 0000000

INTERVAL (4) :: R(5), S(5)
INTERVAL :: U(5), V(5)
INTERVAL(16) :: X(5), Y(5)
DATA [
g

ubdobgodopaTabdbOd0gOooooobobouoboobooboboobooooan
oobooboobooobooooooood

ob0ob0 25 0000000 paTta

INTERVAL X
DATA X/[1,21/
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EQUIVALENCE [

00ob0O0o0b0b0obobO0o0b0obOobO eQuIvALENCED O ODOODODOOO
bobogooobobobobooboobobuobooooboboboooan
oobooboobobo74b000b00000 2-120000000000000000
boboooooboboboboobobobobdrerran0 00O nOgn

FORMAT [J

HEN

goooooooobobobbobooooooooad
D O {E, EN, ES, G}

goooon
Fw.dd vFw.d bw.dO vDw.dO Dw.dEe[] vDw.dEed yw.dO yw.dEe
wOeODOODODOODOOODODODOdOOOODODOODOOODODOO

oobooboobOooboooboooooooooooooooooooooOonases
ooboooboOoboboobobooooooooooooooooOooobDooDooDo
oobOoobooboOobrorran0 000000000 OOOCOOOOOOOOO

oob0O0o0bD rorran 00000000 COOOOOOOOOOODOOODOOODOO
U edrdcO0b00000O00O0O0DODOOvOODODOOOOODOD

oob0260000000000000000000O0O00O0OOO0OO0OOOOO
ooboobOoobOoobOoobooobooboon

oodb 26 O0DOOOOOOOOODO

math% cat ce2-27.£95

INTERVAL :: X = [-1.3, 1.3]
WRITE(*, ' (SP, VF20.5)’) X
WRITE(*, ' (SS, VF20.5)’) X

END

math% £95 -xia ce2-27.£95

math% a.out
[-1.30001,+1.30001]
[-1.30001, 1.30001]
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HEN
obooobooooboan

boboobobOobebrOeNOESOGOVEO VENO VESOVFO v Yy OO OO
ooboobooboooboooo

uobo2-ry0b000b0O0ooboOobbooboooooooog

goob 27 J0DO0O0ODOOOO0OOOOO FORMAT O

FORMAT (VE22 .4E4)
FORMAT (VEN22.4)
FORMAT (VES25.5)
FORMAT (VF25.5)
FORMAT (VG25.5)
FORMAT (VG22.4E4)
FORMAT (Y25.5)

ooboooboobooossouoooooooooobooooooooon

FUNCTION (O O)

oobO0280000000000D0C0O0O0CO0O0O0OOOO0OOOOOOOO0O0O0OO0
000000000 INTERVAL O (INTERVALO INTERVAL (4) 0 INTERVAL (8) 0 O
OOOINTERVAL(16)) 0000000000 0O0DDOODOOOOOOO

ooonb 28 ODOOoOoOoooooo

INTERVAL FUNCTION SQR (A) 1100
INTERVAL :: A

SQR = A**2

RETURN

END

1000000000 INTERVALOOOOODO 29000000000000000
uboboooooababd

gbob0 29 0000 INTERVAL(1le) OOOO

INTERVAL (16) FUNCTION SQR (A) 1100
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IMPLICIT U U

obobooooboboboboobmvpLICcITOOOOODOODOOOO

IMPLICIT INTERVAL (8) (V)

INTRINSIC U

gbobooooobobobobooobobobooboooooboboooooo
INTRINSICOOOOOOOOO0DOO

oo0ob 210000000000

INTRINSIC VDSIN, VDCOS, VQSIN
X = CALC(VDSIN, VDCOS, VQSIN)

0 - INTRINSICOOOOOODODODOOOO00O0ODOOOO0O0000OO0ODO0ODD
ooboooooooogowoOooooooooooooooooooDoooDo
mooooooooooboooboboobooboooboooon

gboboooooboboboboooooboboboooobobooboooon
goaod

NDIGITSU INTERVAL

NAMELIST [J
NAMELISTOOOOOOOO0O0O0O0O0O0

0000 2-11 NAMELIST [0 [0 INTERVAL

CHARACTER (8) :: NAME

CHARACTER (4) :: COLOR

INTEGER :: AGE

INTERVAL (4) :: HEIGHT

INTERVAL (4) :: WEIGHT

NAMELIST /DOG/ NAME, COLOR, AGE, WEIGHT, HEIGHT
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PARAMETER [J [J

PARAMETER 00000000 DOOODOODOODO (PARAMETER) JODOODODOO
goaoan

HEN

PARAMETER (p =e [, p = expr]...)
pOO0OCOO
exprdgonon

=e00O0O0OO0DO pOOoOOO

o
U000 pO0O00O exprJ0O0 INTERVALOOODOOOOOOODODO
gbobooooobobobobooooboboboooboo

ubobooooobobobobooooobobooboooobooboboobooooan
oobOooboobobooboocoboooooooooooooobooooboooDbOooonn
gbobooobooboboboooobobon

b - fos0000000000O0DOOOOOO0O0OODOODOOOOOOODOO
gboboooobobobooooboboboobooboboboooo
uboboobooboboboboooboboboobooboboboooa
obooboobooboooooobooobboobooooooooOoooo
ubobooobooboboboooobobobooboobobooboooa
oobOoOb00Forran000000O0DO0O0O0OOOOOCODOOODOCOOOO
gboboooobobobooooboboboobooboboboooo
ooood

U0 Forran 9500 000000ODO0ODOOOOOOODODOODOOOOODODOOO0
ubobooooboboboboobobobuoboooooboboooaoa
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o000 2120000 pARAMETEROO0OODOODO

math% cat ce2-33.£95

REAL (4) , PARAMETER :: R = 0.1

INTERVAL (4), PARAMETER :: I4 = 0.1

INTERVAL (16), PARAMETER :: Il6 = 0.1

INTERVAL :: XR, XI

XR = R4

XI = I4

IF ((.NOT.(XR.SP.I16)).AND. (XI.SP.I16)) PRINT *, 'Check’
END

math% £95 -xia ce2-33.£95
math% a.out
oo

U-xx001/1000000000x1 000000000

Fortran 95 [0 0 0 POINTER
0000000000000 000000DOOOoOoog

ooob 213000000

INTERVAL, POINTER :: PX
INTERVAL :: X
X => P

ooboobOoobOooobOoobooobooobooboooobooooooooooon

oboboobooboboboobobo
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oboob 21400000

math% cat ce2-35.£95
INTERVAL :: X, F

F(X) = SIN(X)**2 + COS(X)**2
IF(1 .IN. F([0.5])) PRINT *, ’Check’
END

math% £95 -xia ce2-35.£95
math% a.out
Check

goon

gboboooooboboboboooooboboboobooboboobooooon
vbobogooobobobuoboobdobobobon

HEN

000000 INTERVALL INTERVAL (4)[J INTERVAL (8) [J INTERVAL (16) [
INTERVALUOODOOOO0O0OOOo0ooboooooboooooboooooboooon
gooo

oo
00000000 INTERVALOOOO0OO0O00O000000000O000D000D0O0

guo
U INTERVALOOOOOO000000D00

o000 2-15 INTERVAL OO OO0

INTERVAL I, J = [0.0]
INTERVAL(16) :: K = [0.1, 0.2 16]
INTERVAL (16) L = [0.1]

gooog

x JO00[00000000000
s kO0O[04,02100000000000000
» LOO[01]00000000000000
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WRITE OJ

WRITEOOOO INTERVALOUOODOOOOOOOOODOOODOOOOODODODO
ocoooov/0000000000DODOOOOO0OO00OODOOOOOOOO0OOOD
oobooboOobobooboboobooooooobooobO0oOobOwrITEOOOOOO
gboooooo

READ [

READOOOO INTERVALOOOOOOO0OOOO0OO0O0O0O0O0DOO0O0OO0O0O0O0O0O0
ooboOo/000000000000

googd

oobo/0000000000000DOO0O0DOODOODOODOODO

ERERERN

xO0oOoooooooooooooooooov/sooooooooooboooooo (@©E
O)oooDoOoOoOOoOoOoooooOoOOoO0oOooooDObOO0O0OoooooDooDO31000
U0FortranO0 00000000 OO0O0OO0O0OO0OODOOOOCOOOOOOOOOOO
oobOooboobooboboobooobooooooooboOooobO 3obooooOooonn
goooan

m [X inf, X sup] 000000 [x, X]000000

» [x] 0000000000 ([x, x] 000 [x]O00O0000

s xO0OOOOODOOO [x]+[-1+1], (O 00000)0000000000000
0000000000000 000000000000000 (yO0OOOOOoo
0000000)00000000000000000000000000000
o.10000 [0.09, 0.11]0000100E-2000 [9.9, 10.1]100000
O0o0.10000000 000 [0.99999999, 0.100000001]1 OOOOOO

gboboooooboboboobooooobobobooooboboboooon
Oo0o00ooooooo0oOoooooD inNvO0O0 INFINITYOOOOOO/Z000O
oo

ogooobooooob [...)obobooboboboooobobobd eMpTY O
Oo00O0/00000000 eMpTYyOOOOOOODOOOOOOOOODODOOO

unoooooodoo 100000000000 0DOO0O0DOO0ODOO
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O00000oooobob46000000D00000 +O0-0x/0000000D000O

HRN

O0D000DbO00Db000000 xOO0DOoOooboooo00 X inf0O X sup0O0O
pwdOOOOOOOOOOOOOOOOOOOOOOOODODOOOOOOOOO
input-fieldd input-field,d input-field, 0 OO0 0 OO Obw’.d0bw,.d0ODw,.d 00 00O
oooooooooooooOooooooooo

wohbdbobooooooooaobooooobobobuoboowhooooobaoda
gbobooobobobobooboboboboobo3boboooob 1000
ubobogobooobooboboboooo

m [input-fieldl, input-field2]D 0000000 0Ow, +w,=w-300000w=w; +w, +
30gno

m [input-fieldD 000 00000wW =w-200000w=w+2000

m input-fieldd 0000000 OwW =wOOO

00000 (o0o0U0oooooooO0UooOooD 2000)0D0000000 Tinf,
sup] 00000

200000 @ODOOOOO00O0O0ODL)00O0OOOODOOOOOODODOODO

300000 (@OooOoO)ybDOoOOoOoO0OU0DODoODOODOOOOoDOoODoOOOOO0
000D00Do0ooe 00000y DoOUOUDoOO0oDoUO0ooDooooooooo
O00000000D00D000000O0 M.Schulte V.ZelovD G.W.Walster(] D.Chiriaev
0 O O Single-Number Interval 1/00 O O Developments in Reliable Computingd O T.
Schulte (Kluwer 19990) 0000000000

bobogoooboboboboooobobuobooooboboboooan
obooboobobooboooboooooooooooooobooobOOoobOOooDn
uboboooooboboboboooooboboobooooboboobooooan
oobOooboOobobooboocoboboooooooooooooOooobOOooobOOoOoDn
gboboooooboboboooobobobooboooooboboooooo
INTERVALOOOOOO0O0O000O

gooobooboo

gboboooooboboboboooooboboboobooboboobooooon
ubgbooooobobdanodg
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U0000D0000C0OREALOOO INTEGEROUODOOOOOODOOODOOOOOO
O0000oopoooo [LJO0OD0O0D0D rReALOOD INTEGEROOODODODOODO

00000000000000000 (X+[11],,00000000)000000
ooooo

[inf,sup] 00000000000 0000 (infimum)00000000000000
00000 (supremum) D0 0000000000000000000

2000000000000O000DO00O0DOO0O0DOO0O0DOO0ODOOODOOODOO0O0
oobooobooobooon

- o0o0ooooo0ogooooooboooooooooooooooooo

0000 216 000O/00000

math% cat ce2-37.£95
INTERVAL, DIMENSION(6) :: X
INTEGER I
DO I = LBOUND(X, 1), UBOUND(X, 1)
READ(*, *) X(I)
WRITE (*, *) X(I)
END DO
END
math% £95 -xia ce2-37.£95
math% a.out
1.234500
[1.2344989999999997,1.2345010000000001]
[1.2345]
[1.2344999999999999,1.2345000000000002]
[-inf, 2]
[-Inf,2.0]
[-inf]
[-Inf,-1.7976931348623157E+308]
[EMPTY]
[EMPTY]
[1.2345,1.23456]
[1.2344999999999999,1.2345600000000002]

oooooo/moo

gbobooooobobobobog

m Ew.dEe
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ENw.d
Esw.d
Fw.d
GW.dEe
VEwW.dEe
VENw.dEe
VESw.dEe
VFw.d
VGW.dE
Yw.dEe

ooboobOooboooOooboooboonon

s wWOOOOOoooOoooooobooboooooo
s dO00O0O0ODOOO0O00DODOCOOOO0O00
m Ee00000O0O0O0DOO0ODOODOOO

wOdOODODOOOOOOO0OOODODOO0OO00000ee0D0OO0OO0O00OO0O0OO
wOdOOOOOOOOOOOOOoOoOoOoooOoooooooooboooobooooog

m e 000O0O0OO0O
s FOOOODOOOOOOOOwO O rOOOODODOODOOODODOODOODOOOwW
gooboonbogn

godd

000Do00Do0DoOOo0o00oooooo0ooooooooooDooooDoooon
0000000000000 0000000000000o0oOoooOoooOooo
0d000Do0DOo00o00ood0oo0ooooooU0oDoo0oDooUDoOoDo
000000 input stringdOOOD0OOOO0O0OO evO (input string)0 OO
0d0000D0oU0Do00ooU0ooUox0d0ooooooooooooo

ev(input string) 0 X

uboboobodobobobooboobobobobooobobobooob0owDOd
gbobooooboboboboobobebobobobOooOoO
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gooo

ubobooooobobobobooooobobooboooobooboboobooooan
oobOooboobobooboocoboooooooooooooobooooboooDbOooonn
oboboooooboboboboooobobobooooboboboooon
0000000 x0000000000000000000 output_stringO 00
O ev(output string) DO0O00O00OOO0OOOO

X C ev(output_ string)

bobooooobobobobooooobobobooooboboobooooon
oobooboobobooboocoboboooooooooooooboooobooooboOonoonn
go

ev(input string) € X S eV(output string)

googggd

ooooOo0o0o0ooooovobooooooOOobOO0OooooobbooOogooo
gboboooboobobobsuboboooobobobobooobobobon
gbooooao

ooooooooooooOooooodobooooooooobobooooooooo
ooboO0oDbOO0O0bOOoO0obOdOo0oo0ooo0ooooooooobOOooobOooDooDo
000000000000 wY00000000

gboob0 217 J00b0oooooooooboobabo

math% cat ce2-38.£95

INTERVAL :: X, Y

READ(*, '(F10.4)') X

READ(*, '(F10.4)') Y

WRITE(*, *)'1234567890123456789012345678901234567890-position’

WRITE(*, '(1X, E19.6)') X

WRITE (*, '(1X, E19.6)') Y

END

math% £95 -xia ce2-38.£95

math% a.out

[.1234]

[1234]

1234567890123456789012345678901234567890-position
0.123400E+000
0.123400E+000
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gbo0 218 000000000000O00DOODOOOOOOODn

math% cat ce2-39.£95

INTERVAL, DIMENSION (9) X

INTEGER i I

READ (*, '(Y25.3)"') X (1)

READ (*, '(E25.3)"') X(2)

READ(*, '(F25.3)"') X (3)

READ (*, '(G25.3) ') X(4)

READ (*, '(VE25.3)') X(5)

READ (*, ' (VEN25.3)') X(6)

READ (*, '(VES25.3)') X(7)

READ (*, ' (VF25.3)') X(8)

READ(*, '(VG25.3)') X(9)

DO I = LBOUND(X, 1), UBOUND (X, 1)

PRINT *, X(I)

END DO

END

g$math £95 -xia ce2-39.£95

$math a.out

1.23

1.23

1.23

1.23

1.23

1.23

1.23

1.23

1.23
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]
[1.2199999999999999,1.2400000000000003]

0ooo0Od (B2)

oobooboobobooboooboboooooooooooooOooobOOooobOOooDn
ooboooboOszOODOOODOOODOOODOOOO
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math% cat ce2-40.£95
INTERVAL :: X

REAL(4) :: R

READ(*, ' (BZ, F40.6 )’) X
READ(*, ' (BZ, F40.6 )’) R
WRITE (*, ' (VF40.3)") X
WRITE (*, ' (F40.3)") R

END
math% £95 -xia ce2-40.£95
math% a.out
[.9998 ]
.9998
[ 0.999, 1.000]
1.000

0ooo (P)

YOVEOVENOVESOvrFOvc OO OOOOOOOOO0OO0OO0O0O0O00O0DO0000 rOEDQ
ENOEsOcUOOOOOOOOOOOO pO00OO0OO0ODOCOODOOOOPOOOOO
Ubobobooob rReaL 00000000 ODODOOOOOOO

googgnd

boboobdbrUedcUUbDObDUOOFOUOO0 gUbOOOOOOOOOOOO
oboboob rOO00O0O0O0ODODODOOODOODODODOODOODODOOn
yooobodoboooobooooboobobeOoooobobobooooooboboaoo
o0 ed000000000O000DOCOOOOOOOOOO0O000d0

gbobooobooboboboooobobgoon

s JO0000000DO0O0000O0DOOO0O0O0DbODbO

s UO00O000o0Oobobooboooobaobobooo

s JO00000O0O0O0O0OO0O0OO0O0OO0O0ODOOO0ODOOO0OOOODOOODOO0O000O0
ao

s VFOVEODOO veOODODOOOOO [inf,supl OOOOOOODOOODODO

s YOUOOOOOODOOOOOOODOODOOooO

s VFOVEOvGOYOOOOOOODOODOOOOOOOOOOOODbOOOoOOOO
oobooooboooboooooooogooogoo @o*xo)yooooboooo

94 Forran9500000000000O000O00O0O00O - 20000 60



s VFOVEOvGOOODOOOOOODODOODODOOOwOOOOOOOOOOOO0O0aO0
gil1go0ooboobobgobooobooboboboooobow-10000000

02-130000000000000000e000D000DO0O0DOODOO

0213 D000ooOooooboooooooooobooo

ooooo INTERVAL(4) INTERVAL(8) INTERVAL(16)
Y, E, EN, ES, G 3 3 3
VE, VEN, VES, VG 2 2 3

yiouoooooooooboo

yoOOoooOooooooOoooobOoobooboooo

00000000000 0000000000 REALOOD INTEGEROOOCOO (O
00 (.1 00000 x)000000000000000000000000
X]+[11],00000000

yOoOoOooooooooooooooooo
Yw.dEe

do0o0oO0OooooooooOooooooooogooooooooooooooo
oooooooooowdO0oOoOoOOODOOO000O0O0ODOOdO0O0OoOoooDO0OD0o
gooooood

eJ 00 (@EOODOO)00DO0DDDOOOOOOODOODOOODOOUOOODOODOOO
oooad

e0000O0O0O00ODDOOOOOO0OO0OO(FWOOOOODODODOO)EDDODOOO
ooboooboooboooooooogooog

OoO0OooooO[nfsupl COO0O000ODOOOCOOO0OODODOOOOOOOOO
oobOooboOobobooboocoboboobooooooooooooobOoooboOoooDn
ooood

O000O00[-15+75] 0000000000 0ev([0E2]) = [-100, +100]0 0 O [1, 0] O
000000000 0eV([0E+inf]) = [-oo, 4] D 00
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oobooboobooboooboooooooooboooooooodowooooog

O000ooopoooo0odooopooooo0oo 0 D000 vewdeEe OO
oobooooooon

0000 21 y[inf,supl 00000

math% cat ce2-41.£95

INTERVAL :: X = [-1, 10]
INTERVAL :: Y = [1, 6]
WRITE(*, '(Y20.5)') X
WRITE(*, '(Y20.5)'"') Y
END

math% £95 -xia ce2-41.£95
math% a.out

[-1. ,0.1E+002]

[1.0 ,6.0 1

wOOOOOoooooooooooooooooooooboooobooobooooo
ooboooo [.ooobooboobooboobooon

ubobooooobobobobooooobobooboooobooboboobooooan
E0O0O0 rOO0OO0O0O0OCO0O0OCOOO0OEDO rPOOOODOOODOOODOOODOOOO
gbobOor00obOO0ODObDODOOOODODOnOO
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0000 22 ywdDODO

cat math% cat ce2-42.f£95
WRITE(*, *) ’1234567890123456789012345678901234567890-position’

WRITE (*, (1x, F20.6) ") [1.2345678, 1.23456789]
WRITE (*, ' (1 F20.6) ') [1.234567, 1.2345678]
WRITE (*, ' (1 F20.6) ") [1.23456, 1.234567]
WRITE (*, ’(1x, F20.6) ") [1.2345, 1.23456]
WRITE(*, ' (1x, F20.6)’) [1.5111, 1.5112]

WRITE (*, ' (1x, F20.6)’) [1.511, 1.512]

WRITE (*, '(1x, F20.6)’) [1.51, 1.52]

WRITE (*, ' (1 F20.6)") [1.5, 1.5]

END

math% £95 -xia ce2-42.f£95

math% a.out

1234567890123456789012345678901234567890-position
1.2345679

.234567

.23456

.2345

.511

.51

.5

.50000000000]

H R R RRP R

ubobooooobobobobooboboboobooooobobooooooa
ooboobooboboobobooboboooooooooooooboooboooboooDn
ubobooooobaooba

O000000NpIGITS(U6 00000 221 000000000)000000O0O
oobooboobobooboooboboobooooooooooobooooboo

0000 23 NpIGITSOOOOOOOOOOO ywdO O

math% cat ce2-43.£95

INTEGER :: I, ND, T, D, DIM
PARAMETER (D=5) » 0JO0O0oo0oOoooo
PARAMETER (DIM=8)

INTERVAL, DIMENSION(DIM) :: X
CHARACTER (20) :: FMT

X = (/ [1.2345678, 1.23456789], &

[1.234567, 1.2345678], &
[1.23456, 1.234567], &
[1.2345, 1.23456], &
[1.5111, 1.5112], &
[1.511, 1.512], &
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[1.51, 1.52], &
[1.51/)
ND=0
DO I=1, DIM
T = NDIGITS (X(I))

IF(T == EPHUGE(T)) THEN ! ODOOOOOOOO
ND = MAX(ND, D)
ELSE
ND = MAX( ND, T )
ENDIF
END DO
WRITE (FMT, ' (A2, I2, Al, I1, Al)’) ’'(E’, 10+ND, ’.’, ND, ')’

DO I=1, DIM
WRITE (*, FMT) X(I)
END DO
END
math% £95 -xia ce2-43.£f95
math% a.out
0.12345679E+001

0.1234567 E+001
0.123456 E+001
0.12345 E+001
0.1511 E+001
0.151 E+001
0.15 E+001
[ 0.15000000E+001]

0000000000000 000O00O0O0bO0O000O000O00OdOp=e+d+40
uboboooodaod
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math% cat ce2-44.£95
INTERVAL :: X = [1.2345678, 1.23456789]

INTERVAL :: Y = [1.5]
WRITE(*, *) '1234567890123456789012345678901234567890-position’
WRITE (*, '(1X, F20.5)') X
WRITE (*, '(1X, F20.5)') Y
WRITE (*, '(1X, 1E20.5)') X
WRITE (*, '(1X, 1E20.5)') Y
WRITE (*, '(1X, G20.5)') X
WRITE (*, '(1X, G20.5)') Y
WRITE (*, '(1X, Y20.5)') X
WRITE (*, '(1X, Y20.5)') Y
END

math% £95 -xia ce2-44.£95
math% a.out
1234567890123456789012345678901234567890-position
1.2345679
.5000000000]
.12345E+001
.15000E+001]
.2345679
.5000000000]
.2345679
.5000000000]

[

HRr PR OoOOR

oobOooboOobooboocoboboe0bOO0OoOOODOOODOODOODOODO
O0OwODOOODOOOd+e+70000000000O
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0000 25 ywdeeODO (eO0O00O0O0O)

math% cat ce2-45.£95
INTERVAL :: X [1.2345, 1.2346]

INTERVAL :: Y = [3.4567, 3.4568]

INTERVAL :: Z = [1.5]

WRITE (*, *) '1234567890123456789012345678901234567890-position!
WRITE (*, '(1X, Y19.5E4)') X

WRITE (*, '(1X, Y19.5E4)') Y

WRITE (*, '(1X, Y19.5E4)') Z

WRITE (*, '(1X, Y19.5E3)') X

WRITE (*, '(1X, Y19.5E3)') Y

WRITE (*, '(1X, Y19.5E3)') Z

END

math% £95 -xia ce2-45.£95
math% a.out
1234567890123456789012345678901234567890-position
0.1234 E+0001
0.3456 E+0001
[ 0.15000E+0001]
0.1234 E+001
0.3456 E+001
[ 0.15000E+001]

00000

000000y OO0bOOoOOO0bO EQDOOOODOOODOOOOODOObOOnOO
ooo

ooboooboooooooo

Ew.dEe

0000 2.6 Ewdee00O OO0

math% cat ce2-46.£95
INTERVAL :: X = [1.2345678, 1.23456789]

INTERVAL :: Y = [1.5]

WRITE (*, *) '1234567890123456789012345678901234567890-position!
WRITE (*, '(1X, E20.5)"') X

WRITE (*, '(1X, E20.5E3)') X

WRITE (*, '(1X, E20.5E3)') Y

WRITE (*, '(1X, E20.5E4)') X

WRITE (*, '(1X, E20.5E2)') X

END
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math% £95 -xia ce2-46.£f95
math% a.out
1234567890123456789012345678901234567890-position

0.12345E+001
0.12345E+001
[ 0.15000E+001]
0.12345E+0001
0.12345E+01

FOOOOO

rO0000D00OO000yODOODOOO FPODOODOOOOODODOOOODODO
ubobooboobaobobooboban

Fw.d

rO0000DO0OOCOOdOOOOODOOOOOOOODOOOOOOOODDOODOOO
oooooboOooooooooogoogoooooo

o000 27 rwdOOODODO

math% cat ce2-47.£95
INTERVAL :: X = [1.2345678, 1.23456789]

INTERVAL :: Y = [2.0]

WRITE (*, *) '1234567890123456789012345678901234567890-position'
WRITE (*, '(1X, F20.4)') X

WRITE (*, '(1X, E20.4)') X

WRITE (*, '(1X, F20.4)') Y

WRITE (*, '(1X, E20.4)') Y

END

math% £95 -xia ce2-47.£95
math% a.out
1234567890123456789012345678901234567890-position

1.2345679
0.1234E+001
[ 2.000000000]
[ 0.2000E+001]
cuunogg

cU0obO0bOobOObD b0 yyOODOODLDO FOODODODODODOODODODO
ooboobOoooOooobooooboooooon

Gw.dEe
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0000 2-8 ewdeeO0 DO OO0

math% cat ce2-48.£95
INTERVAL :: X = [1.2345678, 1.23456789]
WRITE(*, *) '1234567890123456789012345678901234567890-position'
WRITE (*, '(1X, G20.4)"') X
WRITE (*, '(1X, G20.4E3)') X
END
math% £95 -xia ce2-48.£95
math% a.out
1234567890123456789012345678901234567890-position
1.2345679
0.1234E+001

U-rO00000000000DDOODOOOO0O0O0ODOGOOO0OO0O0 EDDODOO
oooogo

vVEODODOOD

VEOOODODODOOOODOOOOoODOoOoOoOo
VEW.dEe

xdOOewdOOOOOOODODOOOOOOOODODOOOOOOOOveDODDOO
ooboobOooboobOooboooboooonon

[X inf,X suplO0D0O0O0DO0W = (w-3)/2

U000 X inf0 X sup 0 0000000000000 O0OO0OOO0DOOODOOODOO
oooooobooooo
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math% cat ce2-49.£95

INTERVAL :: X = [1.23450Q45, 1.2346Q45]

WRITE(*, *) '1234567890123456789012345678901234567890-position'
WRITE(*, '(1X, VE25.3)"') X

WRITE(*, '(1X, VE33.4E4)') X

END

math% £95 -xia ce2-49.£95

math% a.out
1234567890123456789012345678901234567890-position
[ 0.123E+046, 0.124E+046]

[ 0.1234E+0046, 0.1235E+0046]

VEN OUODO0O0O
VENODOOOODOOOOODOOOO0O0000d

VENW.dEe

X inf0 X sup0O0ENWAdODODOOOOOO0O0O0ODOOOOOO0O0ODODOODODO
gbobgdvenODOOOOoOOO0OOOoDbOoOOoDOOOO0DbOO0obOO0D00

[X_inf,X supl000D00OW = (w-3)/2

U000 X inf 0 X supUO000o0doonoOobOooooboobobooooood
oo

oo00D 2-10 veNO QOO

math% cat ce2-50.£95

INTERVAL :: X = [1024.82]

WRITE (*, *) '1234567890123456789012345678901234567890-position’

WRITE (*, '(1X, VEN25.3)') X

WRITE (*, '(1X, VEN33.4E4)') X

END

math% £95 -xia ce2-50.£95

math% a.out
1234567890123456789012345678901234567890-position
[ 1.024E+003, 1.025E+003]
[ 1.0248E+0003, 1.0249E+0003]
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VES UOO4OGO
VEsO0OOOO0OOO0O0O0000000000

VESW.dEe

X inf0 X suyp00ESWAdOOOOCOOO0O0ODOOOOOOOODODOOO
OO0vesOOOOOOOOOOOOOOOOOOOOOOOOOO

[X_inf,X supl00O0DO0OW = (w-3)/2

U000 X inf0 X sup 00000000 OOCOOOOO0OOCOOCOOO0O00O0
00

oboo0 211 vesgOog

math% cat ce2-51.£95

INTERVAL :: X = [21.234]

WRITE (*, *) '1234567890123456789012345678901234567890-position’
WRITE (*, '(1X, VES25.3)"') X

WRITE (*, '(1X, VES33.4E4)') X

END

math% £95 -xia ce2-51.£95
math% a.out
1234567890123456789012345678901234567890-position
[ 2.123E+001, 2.124E+001]
[ 2.1233E+0001, 2.1235E+0001]

vEOUOOoOo

X inf0 X sup00FwW dO000000O0O0000O0DOOCOOOO0OOOODOCODOO
obobodvrOOO0OOO0OOODODOOODOOOODODOOOOODOD

[X inf,X suplO00O0OO00OW = (w-3)/2

000 x inf0 X sup U 0000000000000 O0OO0DOODOOOOO0OO0
oo

104 Forran95000000000O000OO0O0OCOO0O - 20000 60



oboo0 212vrO0O0O0O

math% cat ce2-52.£95
INTERVAL :: X = [1.2345, 1.2346], Y = [1.2345E11, 1.2346E11]
WRITE(*, *) '1234567890123456789012345678901234567890-position'
WRITE (*, '(1X, VF25.3)') X
WRITE (*, '(1X, VF25.3)') Y
END
math% £95 -xia ce2-52.£95
math% a.out
1234567890123456789012345678901234567890-position
[ 1.234, 1.235]

[***********, ***********]

- o00o00000000oooooo0ooooooooooooo @o*x0)yoooo
ooon

veUooono

oboboobodeU0bOobOobOO0bOO0ODbObDODOOOOoObOObDOoDbDO0ObOOD
veUbldveOUdoOoovrOoooooaoOdg

gooo 2-13veO oo

math% cat ce2-53.£95
INTERVAL :: X = [1.2345, 1.2346], Y = [1.2345E11, 1.2346E11]
WRITE(*, *) '1234567890123456789012345678901234567890-position'
WRITE(*, '(1X, VG25.3)') X
WRITE (*, '(1X, VG25.3)') Y
END
math% £95 -xia ce2-53.£95
math% a.out
1234567890123456789012345678901234567890-position
[ 1.23 , 1.24 1
[ 0.123E+012, 0.124E+012]

U-rO0000000DOOCO0OOOCOODOOOOOOOOOvGeODOOODO EDOO
oobooooDo
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oooooo/moo

ooboooobv/00000000000DOOO0ODOODOODOOODOOODOObOO
ooooooooooooOooooooboooooo/oOOoOobOOoOooooDOon
ooooooooooooov/0obOOO0O0O000oo

0-oooooo/000000O0000000O0DOOOOOO0O0ODDOODOO
oobooboobooboooooobooboboobooboOooooooo
oooooov/000000000DOCOOO0O0ODDOODOOOOOOO
ood

goooboboo

ubobooibd reaL0000rFO000 ed0OO0O0O0O0O0O0DOOOOO0OO0O0O
Ix]OOOOODOD0O0O000000o000000000o0o0o00

d d
10 "< x| <102

O0bDO0OOoprwdO0O0D0OO0O0DOOODOODOOOOOOOOODOOODOOODOOOO
1PEwWdEe 00000000000 f9s000d,=-20000d,=+8000

fos J00ODODODOODOOOO0OO0ODOOdO edOO0OODDO KTPVODODO
REALODODOOO0OOOOODOwOOODSOOOOOODODO 216000000000
O0200 ReALOOOOO [ODO0O0O 1 00000030000000000000
oo

gooo/ooooooo

ubobooooobobobobooooobobooboooobooboboobooooan
01000 2uwp00000000CO00OO0O0OODOODOOOOODODDOODOOO
gbobl370oo0boboooooboobol3gbooooooobobgonoogoo
ooooooooooo/s000oooobobooOooo

noooooooboe000OoOOOOOO0O0OO0OODOODOOOO(@CDOOOO
oobooobooooooooooogooo)yboobooobobooooooogooog
ocoooooovs00O00O0Ooooobooooooo
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oodoooon
00000 £95000000000000000000000000

o00O KTpvOOOOOoOoOOoOoOOoOODOOODOOOOOOoOOOooOoOoooooon
O KTPpVvOOOOODODOODODOODOODOOODOODOO KTpvOooOoooooOoO
oobOoobOoobOooobO0oobOooboOob KTpvOoooooooooooo

U - fos000000D00 KTPV-1600000000DOO0O0DOOODOODOOOO
gbobogbooooobabab

0000000000 (@oo0O0s1eN(a,B))000O0O0O0OOOO0OOOOO
oobooobOo0obOoooog KrtpvooooOoooOooooooooooooo
oobooboobooboocobooooooooooooooOoooobOoooboOooonn
O00D00DbO0o0DbO000O00 KrtpvOooOOoooOOoOooOOoOoOoOOOooOOoOoooOOooO
Uo0b000 KTtpvOOOoOoOOoOooOOoOoOOoOoOOoOoOOoOoo0Oo0oO

godad

oobOooboobobooboocoboooooooooooooobooooboooDbOooonn
0000 [x,x]ODOO xO xODOODOOODOOODOOOOOOOOODOOOooDO
goooooooooo0oOoooooooo (Coo)yooooooooOoOoooo x
UOyOOREALODODO INTEGEROUOUOOOODOOODOOODOO

0000 X000 f00000000000f(X)000000000000 cset(f,{x})
00000000000000000000

cset(f, {X}) = {cset(f, {x})| xe X}

n0000000000C000000D00O0D0000000D x,x10f0O0O0O0O
gbobooooobobobobooooobobobooooboboboooon
Oo0nroooo0gooooooboooooooo pnoooooooooooooo
gbobooooobobobooboooobooboboboooobobooboooon
uboboooobobobobooboboboobooooobobooooooa
uoboobooboboobooobobooooooooooooobooobOOoobOOoOoDn
ubhoboobooobobobobooobooboboboooobsesdnooooaon
U0 INTERVAL OO O00000O00O000O000000
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godobbbDbDbD ATAN2 (Y, X)

gboboooooboboboboooobobobooboboboobooooboony
ooooooooooooOooooooo Eoboocooooooo

000 oooboobuobobooobooboobouoooooon
goood
atan2(Y, X) 2 U {0 | hsine =y, hcos® =x,h = (x2+y2)172}
xyeexY
0000 0obooooooooa

0bob0 021400000 230 aTAN200000000DOODODODO

0 2-14 atan2 00000

Yo Xo cset(sing, {yg, Xo}) cset(cosh, {yq, Xo}) cset(8, {yq, Xo})
0 0 [-1, 1] [-1, 1] [-r, =]

+oo +oo [0, 1] [0, 1] [0, 31

+oo oo [0, 1] [-1, 0] (5 m

-00 o0 [-1, 0] [-1, 0] [-n, 7]

-00 +oo [-1, 0] [0, 1] (7, 0]

gooo0 21 atan2 0o gno

math% cat ce2-54.£95
INTERVAL :: X, Y
INTEGER :: I0OS = 0
PRINT *, "Press Control/D to terminate!"
WRITE(*, 1, ADVANCE='NQO')
READ(*, *, IOSTAT=I0S) Y, X
DO WHILE (ios >= 0)
PRINT *, "For X =", X, "For ¥ =", Y
PRINT *, 'ATAN2(Y,X)= ', ATAN2(Y,X)
WRITE(*, 1, ADVANCE='NO')
READ (*, *, IOSTAT=IOS) Y, X
END DO
1 FORMAT("Y, X = ?2")
END
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math% £95 -xia ce2-54.£f95
math% a.out
Press Control/D to terminate!
Y, X =72 [0] [O]
For X = [0.0E+0,0.0E+0] For Y = [0.0E+0,0.0E+0]
ATAN2 (Y, X) = [-3.1415926535897936,3.1415926535897936]
Y, X = ? inf inf
For X = [1.7976931348623157E+308,Inf] For Y =
[1.7976931348623157E+308, Inf]
ATAN2 (Y, X) = [0.0E+0,1.5707963267948968]
Y, X = ?inf -inf
For X = [-Inf,-1.7976931348623157E+308] For Y =
[1.7976931348623157E+308, Inf]
ATAN2 (Y, X) = [1.5707963267948965,3.1415926535897936]
Y, X = ?-inf +inf
For X = [1.7976931348623157E+308,Inf] For Y =
[-Inf,-1.7976931348623157E+308]
ATAN2 (Y,X) = [-1.5707963267948968,0.0E+0]
Y, X = ?-inf -inf
For X = [-Inf,-1.7976931348623157E+308] For Y =
[-Inf,-1.7976931348623157E+308]
ATAN2 (Y,X)= [-3.1415926535897936,-1.5707963267948965]
Y, X = ? <Control-D>

U00 vyO INTERVALUOOOOXO yOOOOO xINDOOOOOOOOO
gbobooobooon

obobooboboboobobobobob 10obobobooooboobobon
bobooooboboboboobooboboboooa

l00000000000000O000b00O0obOb0obobooon

x<0ODODODOoeyYyOODODOOOOOOOO (OOO00O0)OOOOOODDOODO
bobooooobobobobooooobobooboooooboboobooooan
oo

T < MO®) <=
goobooooboooooboog
0 < w®) £2rn

ATAN2 (Y, X)0000000000DODOO0OO0O0 e 0000000 OO0OOD
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02150000000000000000000000O000O000O0 0 0000
00000000 rReALATAN2 UOODOOD0OO0OO0OODODODOOOODODO 20
Oooooooooooo0ooooooOo3000ooobD e 00O m@)DO00O
0bobOo0ooobobOob 200000ReEALATAN2 JOODODOO0OODOO O
bobogooobobobobooboobobuobooooboboboooan
ooboooooooog

0 2-15 REALATAN2 OJODOOO0O0OO0ODOO0

Y X m(©) [ 0

Y <y X<0 3 < MO) < 7 |ATAN2(Y, X) aTAN2(Y, X) + 21
Yy =y X <0 meoe) = =n ATAN2(Y, X) 2n—-90

y <-y x<0 -t < mO) < _TﬁATANZ(y, X) - 21 aTan2(Y, x)
O00MAX (X1,X2, [X3, ...1)

oo ooooooad
max(Xy, .. X)) 00 000000000000000
{z] z=max(xy, ... Xp). X; € X;} = [sup(hull(x, ... Xp)), sup(hull(xy, ..., X,))]
MAXOOOUOOOODOOODOOoooooooooooboooa
MAX (X1,X2, [X3, ...]) o {max(Xy .., Xy}
oo oobooboooo
000 000 INTERVALUOOOOOOOOO kINDOOOOODOOOOOOOGO

0000000000 INntERVALODOOOKINdODOOOOOOOODOODOOOO

UO0OMIN(X1,X2, [X3, ...1)
000 0o00oooo

min(X,, .., X,)00000000000000000
{z | Z=min(Xg, ... ), X; € X33 = [infhull(xy, ..., X)), inf(hull(xy, ..., X)]

MINOOOOOOOOooDOobooooooooboobooood
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MIN (X1,X2, [X3, ...1) O {min(Xy, ..., X))}
0000 oooooooogo
OO0 000 INTERVALOOOOOOOOO kINDOOODOOOOOOOOOO

00000 D00 INnTERVALOOOO kindOODOOOOOODOOOOOOOO

EEERERERERN

0217000 2210000000000000000000000O000O00O0O
oobo0oO0z21e000000000000000O0O0O0O0O0O0O0O0O0OO00O00OOO0OO0
00

0216 DO00O0O0OO0OOODOOOODO

gooo oo

gooooo oboooooo

oo gooooo

gooo gbooboooooobooobd

oo gooooo

oon gooooo

gooo oboboobooooooooboobobo
gooo gboboooooboobobooobooogon

0000000000 0OKTPV4OBO16 000000000000 0ODOOOOOOO
0000000000 vsOvbOvoOOOOODOOODOO interval Singled
interVal Doubled interval Quad DO O OO O

U00 rReALOODOOOOOOOOODOOCODOCOOOOOOO0OVSSIN(G) O
VDSIN() DO0O000000000000vsOvbdvoOoooooaoano
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oobOoOobOooboooso0oonooonooonoon X*NO X»*yOod 1080000
00000000000 ATANZYX)ODDOOOX=*Y O ATAN200OD0O0OCO0OO0O000
ooboooboobOoooobooooooobooobboobooooboooooobooooon

0217 OO00oOooooooo

goooo oo
oooood oo 00 ooo gooo oooo oooo
oon lal 1 ABS VDABS INTERVAL (8) INTERVAL(8)
VSABS INTERVAL (4) INTERVAL (4)
VQABS INTERVAL (16) INTERVAL (16)
oooo int(a) 1 AINT  VDINT INTERVAL (8) INTERVAL(8)
(0O 1000) VSINT INTERVAL (4) INTERVAL (4)
VQINT INTERVAL (16) INTERVAL (16)
goooono a20000 1 ANINT VDNINT INTERVAL(8) INTERVAL(8)
0 VSNINT INTERVAL(4) INTERVAL (4)
int(a + 5) VQNINT INTERVAL(16) INTERVAL (16)
a<oggoQ
O
int(a - .5)
oo a-b(int(a/b)) 2 MOD VDMOD INTERVAL (8) INTERVAL(8)
VSMOD INTERVAL (4) INTERVAL (4)
oooo la] sgn(b) 2 SIGN  VDSIGN INTERVAL(8) INTERVAL (8)
(OO 2000) VSSIGN INTERVAL(4) INTERVAL (4)
oooooo max(ab,..) =2 MAX MAX INTERVAL INTERVAL
(Co3000m)
gooooog min(ab,.) =2 MIN MIN INTERVAL INTERVAL
(Co3000m)

(I)a>00000 int(a) = floor(@Da<00 000 ceiling(a)

(2)signum0000a<0000 sgn(a)=-10a<00 00 +10a=0000 0000000

@®MINO MaxOOOO0OOOO0OO0O0O0O0OO00O0O00O0O0O00O00O0O0000O0O000000O0O0O000000O0
oo0oooooooooooono
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0218 0O00O0O0OO0O0O0O0OO0ODOO

0oodod oooo oodod oooo gooo
INTERVAL 102000 3 INTERVAL INTERVAL INTERVAL
INTERVAL (4) INTERVAL
INTERVAL (8) INTERVAL
INTEGER INTERVAL
REAL INTERVAL
REAL (8) INTERVAL
REAL (16) INTERVAL
INTERVAL(4) 1000 2 SINTERVAL INTERVAL INTERVAL (4)
INTERVAL (4) INTERVAL (4)
INTERVAL (8) INTERVAL (4)
INTEGER INTERVAL (4)
REAL INTERVAL (4)
REAL (8) INTERVAL (4)
REAL (16) INTERVAL (4)
INTERVAL(@B) 1000 2 DINTERVAL INTERVAL INTERVAL (8)
INTERVAL (4) INTERVAL (8)
INTERVAL (8) INTERVAL (8)
INTEGER INTERVAL (8)
REAL INTERVAL (8)
REAL (8) INTERVAL (8)
REAL (16) INTERVAL (8)
INTERVAL(16) 1000 2 QINTERVAL INTERVAL INTERVAL (16)
INTERVAL (4) INTERVAL (16)
INTERVAL (8) INTERVAL (16)
INTERVAL (16) INTERVAL(16)
INTEGER INTERVAL (16)
REAL INTERVAL (16)
REAL (8) INTERVAL (16)

oz20

fosOOOOOOOO
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0219 000oooooooboon

oooog oo
gooooo oo OO0 OOoo ooo oooo oooo
oo sin(a) 1 SIN VDSIN INTERVAL (8) INTERVAL (8)
VSSIN INTERVAL (4) INTERVAL (4)
oo cos(a) 1 Cos VDCOS INTERVAL (8) INTERVAL(8)
VSCos INTERVAL (4) INTERVAL (4)
oo tan(a) 1 TAN VDTAN INTERVAL (8) INTERVAL(8)
VSTAN INTERVAL (4) INTERVAL (4)
ooo arcsin(@ 1 ASIN  VDASIN INTERVAL (8) INTERVAL(8)
VSASIN INTERVAL (4) INTERVAL (4)
0oodod arccos(a) 1 ACOS VDACOS INTERVAL (8) INTERVAL (8)
VSACOS INTERVAL (4) INTERVAL (4)
oono arctan(a) 1 ATAN VDATAN INTERVAL (8) INTERVAL(8)
VSATAN INTERVAL (4) INTERVAL (4)
ooo arctan(a/b) 2 ATAN2 VDATAN2  INTERVAL(8) INTERVAL(8)
(0O 1000) VSATAN2  INTERVAL(4) INTERVAL (4)
oooo sinh(a) 1 SINH VDSINH INTERVAL (8) INTERVAL (8)
VSSINH INTERVAL (4) INTERVAL (4)
oooo cosh(a) 1 COSH VDCOSH INTERVAL (8) INTERVAL(8)
VSCOSH INTERVAL (4) INTERVAL (4)
gooo tanh(a) 1 TANH VDTANH INTERVAL (8) INTERVAL(8)
VSTANH INTERVAL (4) INTERVAL (4)

(1)a=hsine0b=hcosed 0O Oh2=a2+b20000 Darctan(@h)=6000000

Fortran 95 0 00000000 O0OO0OOOOO

« 20000 60



0220 00000O0O0O0OO0O0ODOODOD

goobod 4o

gooooo ood OO0 ooo ood oooo oooo

ooo exp{ln(a)/2} 1 SQRT  VDSQRT INTERVAL(8) INTERVAL(8)
(0O 1000) VSSQRT  INTERVAL(4) INTERVAL (4)
oo exp(a) 1 EXP VDEXP INTERVAL INTERVAL (8)

VSEXP INTERVAL (4) INTERVAL(4)

goog In(a) 1 LOG VDLOG INTERVAL(8) INTERVAL(8)
VSLOG INTERVAL (4) INTERVAL (4)

oooo log(a) 1 LOG10 VDLOG10 INTERVAL(8) INTERVAL(8)
VSLOG10 INTERVAL(4) INTERVAL(4)

D) sart(@ 00O
sQrTO OO0

o) 5]

0000000000000000000000
ooooooo

oO
ol
od
oOd
oOd
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0221 00000000

ooooo oo
O oo o0 Oooo ooo oooo ooood
INF inf(la, ) =a 1 INF VDINF INTERVAL(8) REAL(8)
VSINF INTERVAL (4) REAL(4)
VQINF INTERVAL(16) REAL(16)
SUP sup(f[a, b)) =b 1 SUP VDSUP INTERVAL (8) REAL(8)
VSSUP INTERVAL (4) REAL(4)
VQSUP INTERVAL (16) REAL(16)
O w(a b])=b-a 1 WID VDWID INTERVAL(8) REAL(8)
VSWID INTERVAL (4) REAL(4)
VQWID INTERVAL (16) REAL(16)
oo mid([a, b]) = 1 MID VDMID INTERVAL (8) REAL(8)
(a+b)/2 VSMID INTERVAL (4) REAL(4)
VOMID INTERVAL (16) REAL(16)
ooo max(la]) eA 1 MAG VDMAG INTERVAL (8) REAL(8)
0oooo VSMAG INTERVAL (4) REAL(4)
Q0100 VOMAG INTERVAL(16) REAL(16)
0)
oon min(jal) eA 1 MIG VDMIG INTERVAL (8) REAL(8)
oooo VSMIG INTERVAL (4) REAL(4)
Q0200 VOMIG INTERVAL (16) REAL(16)
0)
Oo0O0O0O0 AOOOO truel ISEMPTY VDISEMPTY INTERVAL(8) LOGICAL
0 VSISEMPTY INTERVAL(4) LOGICAL
VQISEMPTY INTERVAL(16) LOGICAL
oo floor(A) 1 FLOOR INTERVAL(8) INTEGER
INTERVAL (4) INTEGER
INTERVAL(16) INTEGER
oo ceiling(A) 1 CEILING INTERVAL (8) INTEGER
INTERVAL (4) INTEGER
INTERVAL (16) INTEGER
oo precision(A) 1 PRECISION INTERVAL(8) INTEGER
INTERVAL (4) INTEGER
INTERVAL(16) INTEGER

(1) mag([a, b]) = max(fal,|b])

(2a>0000 b<0O0O0O0OOmig([a, b]) =min(Jal,lb)0 000000000

(3)0000000 NDIGITS([-inf, +inf]) =NDIGITS(

[EMPTY]) =0
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0221 OO0O00O0O0OO0O @O)

goooao oo

O oo oo ooo ogoad ogooao oooao

oo range(A) 1 RANGE INTERVAL (8) INTEGER
INTERVAL (4) INTEGER
INTERVAL(16) INTEGER

oo yoooooo 1 NDIGITS INTERVAL INTEGER

(003000000000 INTERVAL (4) INTEGER

0 ) INTERVAL(16) INTEGER

(1) mag([a, b]) = max(Ja].|b])
(2)a>0000 b<0O0O0OOOmig([a, b]) =min(Jal,lb)0 000000000
(30000000 NDIGITS([-inf, +inf]) =NDIGITS([EMPTY]) =0

Ooon

vbobgooobobobobooboboboboooooboboooaoa
0boboo0obd READMEDODOOODOODODO

1. G.W.WalsterJ E.R.Hansen[I J.D.Pryce] O O Extended Real Intervals and the
Topological Closure of Extended Real RelationsO 00 0 0 0 O O O Sun Microsystems
(2000 0 2 0)O

2. G.William WalsterO O O Empty IntervalsD O O O O O O O Sun Microsystems
(1998 O 4 O)O

3. G.William Walster( 00 0 Closed Interval Systemsd 0O 0 O 0 O 0O O Sun
Microsystems (1999 0 8 O0)O

4. G.William Walsterd O O Literal Interval ConstantsO O O O O O O O Sun
Microsystems (1999 0 8 O )0

5. G.William WalsterO O O Widest-need Interval Expression Evaluationd0 0 0O 0 0O O
O O Sun Microsystems (1999 O 8 O0)O

6. G.William Walster 00 O Compiler Support of Interval Arithmetic With Inline Code
Generation ans Nonstop Exception Handlingd O 0O O O 0 O O Sun Microsystems
(2000 0 2 0)0
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7. G.William WalsterO O O Finding Roots on the Edge of a Function’s Domaind 0 O
0 00O 0O 0O Sun Microsystems (2000 O 2 O0)O

8. G.William Walster 00 O Implementing the 'Simple’ Closed Interval SystemO O O
00 00O O Sun Microsystems (2000 O 2 0)O

9. G.William WalsterO O O Interval Angles and the Fortran ATAN2 Intrinsic Function( O
000000 Sun Microsystems (2000 0 2 [0)O

10. G.William Walster(d O O The "Simple’ Closed Interval SystemO 0O 0 0O 0O O O O Sun
Microsystems (2000 O 2 O)O

11. G.William Walster( Margaret S. Bierman O 0 Interval Arithmetic in Forte
Developer Fortran( 0 O 0 O O O O Sun Microsystems (2000 0 2 0)O
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0o

certainly true DO O 00O
(certainly true relational
operator)

cset(expression, set)

ev(literal_constant)

INTERVAL OO OOO
(INTERVAL-specific
function)

0000 O: certainly true (relational operators: certainly true) 0 0 000 O
oooo

cset(expression, set) D 0 0 000 D0O0O0D0OO0OO0OOOOOOOOOOOOOO
ubobobooobobobuoboobdbob fix,yy=xydooooano
O@E]ox[+-] 0000000 DOOOCO0O0O0O0O0ODOOOOO00O00ODOO
god

[0] X [+e0] D cset(x x Y, {(0,+0)}) = [-o0, +oo].

ev (literal constant) 0000000000000 O00000000
00000000000000000000 0100000000000
000100000000000000000000000000000
OO0ev(0.1)=1/10000000

fos OOOINTERVALOOODOODODO FPorran 000 0D0OOO0ODOO0O
oobO0oOobOoOob0ooob0O0o0oO0O0wIpOMIDO INFO SUP 0 INTERVAL [
goooooo
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KTPV (kind type
parameter value)

KTPVmax

KTPvOODODODO
(mixed-KTPV
INTERVAL expression)

possibly true D OO 0O 0O
(possibly true relational
operators)

ooog
(value assignment)

ooo
(external value)

Ooooooooo (KTPvyOOooOOCOOOO

obooboobooboooboooboobobooooooooobooooDn
U000 KTPVOOOOODOODOOOOODODOO0OO0ODOKTPV ey O
ooboobOooboooooo

KTpvOOOOOoOoOOO0OO0O KTPVOOOOOO (OoO0)oooooo
OO0D0OO0D00O[1 4 +[0280KTPVOOOOODODOODOODOODO
gbobooookKTpvoooooooobobooooboooboooa
ooboooDo

0000 O: possibly true (relational operators: possibly true) D OO0 00O
oood

Fortran D 0000000000000 ODOOO =00000000000
bobogoooboboboooobabd

Fortran 0000000000000 QCOOOO0OOODOOOOOOOOOO
00o0doooooooooooooooooooooooooooogd
0000000000000 Frortran0000000DOOODOOODOOOO
O00O0D00ODOev(literal_constant)y 00 OO0 O0O00OO0O0O
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oood
(external
representation)

oooo
(extended interval)

oo
(lower bound)

oooo
(empty interval)

oooo
(empty set)

00 (mantissa)

Fortran 000000000000 O0O0O0O0DOOOOOOOOOOOODAO
gbobooooobobobooooboboboooobobobooo

000000000 000000 -0 +e0000D0000O0DOO0O0O0O
boboooobobobobooobobobobooobobobooo
oo

0000 (infumum(plural, infima)) 00 O00000O00O0O

0000 [empty] COOOO00O0ODODOOOOOO0OODODODOOD 20000
0000000000000 00o0oooooooogogR,3n4,5]=
[empty] OO OODOO

U000 gbOoobooobooboooboooboogoog 2000000
gbobOooooboboboooobobobone,3in{4,5=200
ooon

gbobgobooobobolobobooooooboboooooboobo
gobilo0000000D000O0OFPortrand EOOOODOOOOCOOO
gboboooobobobobooboobilobooboboboonoo
uo
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ooogo:
certainly true

(relational operators:

certainly true)

ooooo:
possibly true

(relational operators:

possibly true)

ooogooset

(relational operators:

122

set)

oooo
(radix conversion)

certainlytrue 0000 O0OO00O0O
{.cLT.,.CLE.,.CEQ.,.CNE.,.CGE.,.CGT.} 0000 OO certainly true O
oobobooooobobobooooobUobobooooobobDoobooon
trueJ0000Otue0000000O0O0OOODOO xe[ab] and ye [c,d
OO000Ox.op.y=true0O00O0OO[a b] .Cop.[c,d=true0000ONO

O0000O(B<cd trued0OO00O0O[ab] .cLT. [c,d]0 true0 00000

possibly true 0 0 00 00O OO O{.pPLT., .PLE., .PEQ., .PNE., .PGE., .PGT.} [
OO0D0OO0OOpossiblytrue 000000000 O0ODOOODOOODOOODOOOO
0000000000 true00000Otued 0000000000 (@<d)
Otrued OO0OOT([a bl .PLT. [c,d]ifa<d0 trued0 00000

setUgooogoooo{syrt, .SLE, .SEQ,, .SNE,, .SGE., .SscT.} OO0 DONO
OO00O0O0DbOO00OOO00OO0O0OOO0DOOo0bObOOobOoOOooogn trueO
O000Otue0 0000000000 @=c)0 true0O0O0((b=d)O true
OO0O000O([a b] .sEQ.[c,d]0 true 000 0O0OMO

ooboooboOob 1000000 20000000000000D000
ooboOoboOooboooobooooooogo/00oboooboooboOoon
O0200000001wW000000000DOO0O0DOO0O0DOOODOOO
ooboobooboobooobooobooboobooooooobooooDn
ao
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oooo
(narrow-width interval)

oooooooo
(interval algorithm)

oooo
(interval arithmetic)

oooogod
(internal approximation)

oooo
(INTERVAL constant)

oooooood
(INTERVAL constant’s
external value)

ooooooooo
oono

(INTERVAL
constant’s internal
approximation)

OO0 [ab]l]00 velabl] OODODODOOOOOODOOOW[A,bl=b-a000
O000O[ 0000000000000 00000 [abjD0O00COn
00000 bOD0DO0O0OO0 VOODODOOOOOOoOoooao (sharp
interval result)) 00O D0O0O00OO0O0O

ooboobooobooboobooooooooooboooboobooon

ooboobooboooboooboooooooooobooon

Fortran 000000000000 OOO0ODOOCOOOOOOOOOOO0
Forran D 00O 0OD0OOO0OO0O0O0OO0OOOOOOOOO0OOOOOOO0

000000000000000000 a<b00000000 [ab]=(z|a
<z<bOOO

oooooooooooooooooooboboo0ooooooDoobooOogo
000 (externalvalue)D OO OOOOOOO

fosUbouoboboboboooboobaobuobooooooboobooboonon
oobooboobOooboooboooboobooobooooooboooDn
gboobooooooa
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ooo
(interval width)

O000d (interval hull)

oooooo
(interval box)

oooooooooo
(intrinsic INTERVAL

data type)

00000 INTERVAL
oooogo

(intrinsic
INTERVAL-specific
function)

ooooo
(strict expression
processing)

O00000w(abl)=b-a0000000000

10000 =[x x]?and_rom?Y = [y, 0000000000 uOOXO Y
0000000000000 (inf2(XuY), 2sup?(XuY)O0OODO00)00
00000000000000

[2,3] v [5, 6] = [2, 6].

00000000n00000000O0D00000000O0O0O0O0000
000000000 n000000000 X=(X,,...X) 0000000
000000000000

Fortran000400000000000000000O INTEGERO REALO
DOUBLE PRECISION REALICOMPLEX 0D DUOODOOOOOOOOOOO
U0 -xiaOO0O -xinterval OO000Ofos 000000O0O0O0OOO
gbobooooooo

fos U UOWIDOHULLOMIDO INFO SUP OO DO UOOOODOODOODOO
INTERVAL OUOOO0OOO0OO0O0000U

bobooooobobobooboobobobooboon KTevO4oo
oobooobooboOo KTpvooooooobOooooooooooo
ooD@OoO0) KTpvOoooooooooOoOobOoOoooooooo
guo
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oooooo
(exchangeable
expression)

oo
(composite expression)

oooooono
(mixed-type INTERVAL
expression)

00000 (OOKTPV)

oooo

(mixed-mode (type and
KTPV) INTERVAL
expression)

Oo0o0ogog (ulp)
(unit in the last place

(ulp))

2000000000000O0C0DOD (@EODOODOOOOOODDOO)Y)OOO
oobooooooon

0000000 hOOOOOOOO00000 {x}={x} ®..® {x000
00 f{x}) =gh({x}) 000000000000 g0 hOOODOOO f(OO
0)0O0000000000000000000000000000000
0000000000000

0000000 00oo0o0oooooooo0ooooooooon [o.1]+
0.2p000(0.1]0 1000000000.2D0 0 DOUBLE PRECISION (I
0000000000000 00000000000 KTPYv=80000O
oo

boboooooboboboo Ktepvoboobooooooobaooo
OO0 [o.1]+0.20000000000(0.1]10 KTPVv=800O0O0O00O
gbdbO0o.20 KTPV=4000 REALOODOODO

O00000ooD0 1000000 wlpy0oooooOOoo0O0oO0oOooooo
gbobooooobobobooooboboboooooboboobooo
Oo00o00Ooooo0 1ulpOOO0O0OO0O0ODOO KTPVOOOOOOO
oboobooooooobobon
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00000 (uid)
(unit in the last digit
(uld))

oooo
(supremum(plural,
suprema))

oooo
(infumum(plural,
infima))

o0oo0o0oooo
(widest-need

expression processing)

ooooooooo
oooo

(widest-need
expression processing:
scope)

oooooooono
oooo

(scope of widest-need
expression processing)

ooooOov/C000000000O00O0O0DOOO0ODOOODOOODOO1
Oo000d wdy0oooooooooogoooo

0000000000000000000000000000000000
0000000000000000000000000000000000
00000000000 [ab]00000 sup(fa b)) 0 bOODO

0000000000000000000000000000000000
0000000C000000000000000000000000000
000000000000 [ab]00000 inf(fa b)) 0 addO

0000000000000000000000000000O000 KTPV
0000000000000000000000000000KTPVO
KTPV, 000000000

Fortran 000000 OO00O0ODOO @EOO0)ObOoOOoOoOoooDoOOOOO
ooboobooboobooobooobooboobooooooboooon
bobooboooboobobobooboooboobobobooooa

000000000 000D (widest-need expression processing: scope)l]
ooooooooo
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00D O strict
(expression processing:
strict)

0 O 0 O widest-need
(expression processing:
widest-need)

oooo
(expression context)

oooo
(closure of expression)

oooo
(quality of
implementation)

003000 (strict expression processing) 0000000000

000000 DO (widest-need expression processing) 00000000
oo

00000000000000000000 2000000000000
KTPV (KTPV,na) 000

00 X, D0b00000o000OnO0OO00O0O fOOODOO f(XO)[IDEI
goaod xoeﬁfDDDDDDDDDDDDDDDDDD

z = Iimyj
Joe

|Yie faxh

f(Xy) =
Xj e Df

OD00000X,e D F(Xy)) =@ 00O

dim x; € X,
Jjoe

oooonoooon {3000 timg_, 0000 XoOOOoooofoOd

ooooooooooooooooooobooooooooo fOo0OOO
ooood

f(Xy) is defined for all X,e (%%)" .

O00000ooooOoOo0o0OooooooboboO0ooooon (narrow width)
gbobooooobobobooooboboboooobobobooo
gbooooao
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oood
(set theoretic)

gooooo

(degenerate interval)

gbooogooooo

(KTPV)

oo
(upper bound)

gbogogn

(sharp interval result)

(assignment statement)

128

gogd

goooooao
(disjoint interval)

ooboobooboooboooooobooobooooooooon

ubobooooboboboboooboboboooobobobooo
gbobooooboboboboobobo 100oo0bobobooo
O00000oooo [2,20000000000 [2,3lc000Ooooo
oo

Fortran 0000000000 ODOCOOOOOOOO @O)DOODOOO
OO0D0OODOO(KTPV)ODOOODOOOOOOOOOODOEes 00040
gile6l0 30000 KTPYOUOOOOOOOOOOOO KTpvOoOs8oono

0000 (supremum(plural, suprema)) DO O OO O0OOO0O0O

gboboooooboboboooobobobooboooboboobooon
ubobooooboboboboooboboboboooboboobooo
oboobooboobooobooobooboboooooooobooooDn

0oo0oooooboobd FortranDO0O0O
V = expression

gbobooooobobgobooboobobo vbooo

2000000000000000000000DDO0 2,310 4,500
ooboooboobb20000000000000D0O0O0DOODOO
oo
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oood
(MUE = multiple-use
expression)

Oo0Oog (SUg)
(single-use expression
(SUE))

ooooooooo
(single-number
INTERVAL data
conversion)

ooooa/od
(single-number
input/output)

oooooo
(affirmative relation)

0000 mug)JO0O0O0ODODO100000000000O0DOOCCOOO0OO
oo

00000 (sup)0O00O0DODOODOOO010000000DODOODOOOOO
oobooobooboooooooooood

uboboobooooobabab

X
X+Y

00000ooooooydOoOoooooooooooooooooogo
0000000000 DOO0OO0OoOoOooO/00 (single-number input/output)C
ooooooooo

00000/0000000000 [1,+1],,0000000000000
000000000000000000000000 udO0O000000
0000000 (Unitinthe Last Digit) 0 000000 00.12300 000
0.12300 + [-1, +1],4 = [0.12299, 0.12301] 0 OO0 OO O

certainlyD possibly 00 0000000000000 OODODOODOOO
O0D000ODD0a<bOOOOOCOODOOODOODOOODOO
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ooooooooo
(affirmative relational

operators)

uod

(constant expression)

130

O (point)

ooooooo
(opaque data type)

oooooo
(named constant)

oooooono
(anti-affirmative
relation)

O0000O0oooooo0oooooob{s s 0,2 >}

Forran D 0000000000 O0OO0OOO0O0O0O0OO0OO0OOO0O00000
oo0ooooooooo (2,31 + [4,5]0000000x000000
ubdx + [2,3]000000000000y00000DODOOO
OO0y + [2,3]0000000

(boooooooooo)ygooOoilpooooOoONDOOOOO1IO0OO
O0n0O0OD0000O0 x=(x,...,x,)'000000000000O0O0O
gbobooooobobobooooboboboooobobobooo
oobooboobooobooooooooo 1ooooboooon

uboboooobobobobooobobobobooobobobooo
ogbobooooboboboooobobobooooboboobooo
gboboooooboobobobooobobobooooboboobooo
INFO supO00000000O0O0O0O0OO0O0OOOOOODOOOOOOO0
gbhoboooobobobINnterVvALOOOOOOOODOOOOOO

0000000 pARAMETER U OO ODOOOOOOO0O0OO0DOOOOOOOO
UO00O00bOO00000000PpARAMETER DO OO0O0O0O0OO0ODOOOO
obobgooooooboboboobog

oobooboO0wwed0OO0OO0ODOOODOOODOOODOODOOOOOO
Oz OOFortranO000000O0O0O0O0O0O0DOOO
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oooooooooo
(anti-affirmative relation
operator)

oooooo
(left endpoint)

oooooooono
(context-dependent
INTERVAL constant)

oooo
(closed interval)

Fortran0 .NE. O /= 0O0O0O0OOOOOCOOOCOOOOOOO
certainlyD possible0 0 00000000000 O0OODODOODOODO
O0.cNEO.PNE.O .SNE.OOODOOOO

l00000b00b0obooooobobobooooboboboon

Ubob0oboooboboboboboboobO0bDoOb0Ob0OKTPV OO
O KTpVvOOOOoOoOOoOoOOoobOOoobOoobooboooooooood
UOla,p]000000D00O0O0DOOODOOODOODOOOO

[a,b] 2 ev(la,b]),

00000ev(a,b) 00000 [2,5]00000000000000O0CO
0000000000000000000000000000000000
0000000 [0 4]0[0.1 8]0 [01161000000000 ev(0.1) =
1/100000000000000000000000000000000
O00000KTPV,, 000 KTPVOOOOOOOO0000000000

000000000000000000000000 (closed sety 00O [2,
31={z]2<z<30000000000000000000000000
0000 (2,3)={z]2<z<3}00000000000000000000
0000000f9s 000000000000000000000000
0o
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oooooooo
(closed mathematical
system)

uboboooooboboboobooobobobooboooboboobooo
ooboobooboobooobooobooboboobooooooobooooon
gboboooooboboboobooobobobooboooboboboooo
ooboobooboobooobooooooooooobooon

O000 (closed set)

0000000 000000000 (limitpoint 00O accumulation point)
OoboobOoboboboobOsoooonO {s;tes0Oonoooson
DDDz{Iimj%wsj s;jesODOoOooopobOObOOO0ONm , 00000
O{}0000000000

O000000--0 + 0000000000000 {z] -e0<z<+eo} [
obobooboooox*00ooobonbo

gooooo
(closure-composition
equality)
00000000000 fogbhOOO0OOO
F{xo}) = 9({(y: %) | ¥ =h({xe}})
000000oo0oUoOooooOooo
F({xo}) = 9({(¥>Xo) \ y =h({xeH}H
0x00 fO0OOOOODODDOOOOO0OO0DO g0O hOooooo
O (hull)

OO0 (nterval hul) DO OOOOOO0OO
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oood
(containment set)

oooooono
(containment set
equivalent)

oooooooono
(containment set
evaluation theorem)

oooooooooo
(containment set

closure identity)

O0hOOOO00 csetth, {x) D0hOOOOODO f({x) = gth(@x), xh 000 O
000000000000 00000000000000000000

Forh(x,y)=x+-yQOQoOnooaoagd
cset(h, {(+eo, +2)}) = [0, +ec] DO OO O O

cset(expression, set) 00 OO0 OO0 O0O0O

oboboooobooboboboobo200b00b0oboooooon

eval(f, (x) 00 0000000000000 O0O0OO0O00O0OOOOOOOO0
0000000000000 00000000000 fooooooooo
O0000o0O0O0oO0o0ooO0b0oooofob0ooboOooooobooobooon
() =f(x}®.. @ X) 00000000000 xe (%' 00000
cset(f, {xo}) ceval(f, {x,h OO0 O 0OOO0

nO00000000 i) =f{x}®.. e {x)H00 xx,000000000
x0 0 fO00000cset(, {x}) =f{x,) 00000 O
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ooooo
(containment failure)

ooooo
(containment
constraint)

oooooo
(right endpoint)

ooooooo
(valid interval result)

Ooo0ooooooo0o0ooooooboooOoooooooMo o
[empty] OOODOOOO0OOOO0OOOO0OOOOOOODOOODOOODOeYOO
OYOOOX=[0]O yOOOOOOOOOOODOODODOOOOooooDOO
ooboooood

0000000000 [00000000[1/[0]0 [empty] 0000000
000020000000 [empty] 0000000000000 0000

000000 X000 f000000 f(x) 0000000000000
0ooooooO

f([x]) 2 cset(f{x}),

O0O0OOcset(f,Xx) 0 f(x) DO ODDODODOOODO0O0DO0OOOOOOOOOO
0000000000000 00x=Y,{(1,0}) ={-, +ec}0 0000

[1] 7 [0] = hull({-e0, +o0}) = [0, +ec]0 0 0 OO0 O OO OO (containment set)
ooooooooo

0000 (supremum(plural, suprema)) D OO0 0000000

1000000000 [ab)]0000 20000000000000000
o0

m a<bh

[ 000000000O0DO0OODOOODOO
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ooooo
(directed rounding)

oooooooo
(read-only variable)

oooooo
(literal constant)

oooooooooo
(literal constant’s
external value)

oopoooooooo
oood

(literal constant’s
internal approximation)

0O (exception)

gboboooooboboboobooobobobooboooboboboooo
0od +00000000000 --00000000000000000
oby O+ 00000Db0b00000bO0bOobOg sooobooobobooon
t 200001=20001000000000000000000O0O0O0O0COO
obobooooobobobooboobobobooooboboon

oboobooooobob pPoriran D00 0D0OO0OOO0O0ODOODODOOOO
gbobooooboboboooobobobobooobobobooo
ooboobooooooog Fortran0000O0O0OO0ODOCOOOOOO
gbobooooobobobooooobobobooboooboboboooo
ooboobooboobOooobooobooboobooooooboooDn
OO0fSO000000PARAMETER 0000 O0O0O0ODODOOOOOOOO
oobooooooooo

fosO0OO0DOO0OO0DOOODOOODOOODOOODOOOOOOOOODbOOODnn
oooogo

fosO000DDU0DD0ODO0UODOUODOODODOODOODOOoOOnoO
0000000 (external value)DO OO OODOOOO

fosDOOOOOOOOO0O0OO0O0OO0O0DOOODOOODOOOOOODbOOOn
ooboooboooooooog

IEEE754 0000000000000 O0O0O00O0O00O0O0OOO0OO000O0O00
oobooobooboooooooog
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oood
(connected set)

20000000200000000000 a<sb0O0aO bOO0O a0dbO
ooboooboobooono

136 Fortran 9500000000000 O0OO0DOOO » 20000 60



0O

0o
.CEQ., 46
.CGE., 46
.CGT., 46
.CLE., 46
.CLT., 46
.CNE., 46
.DJ., 46
.EQ., 46
.IH., 45,52
.IN., 46
.IX., 45,53
.NEQ., 46
.PEQ., 46
.PGE., 46
.PGT., 46
.PLE., 46
.PLT., 46
.PNE., 46
.PSB., 46
.PsSp., 46
.SB., 46
.SEQ., 46
.SGE., 46
.SGT., 46
.SLE., 46
.SLT., 46
.SNE., 46
.SP., 46

A
ABS, 38,112
ACOS, 38,114
AINT, 38, 112
ALLOCATED, 37
ANINT, 38,112
-ansi, 42
ASIN, 38
ASINASIN, 114
ASSOCIATED, 37
ATAN, 38,114
ATAN2, 38, 114
oooo, 108
-autopar, 26

B
BzOOGOoGOoO, 93

C

CEILING, 38,116

Certainly (DO OO)ODOODOO, 59
certainly 00 OO0, 46

constant expression, 130

containment constraint, 134
containment set, 133
containment set evaluation theorem, 133

od
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context-dependent INTERVAL constant, 131 Fortran INTERVAL OO, 31

cos, 38,114 -fround, 43
COsH, 38, 114 -fsimple, 42
cset(expression, set) -ftrap, 42
Oo0o0oooon FUNCTION, 83
CSHIFT, 37 FOOOOO, 101
D G
DATA, 81 c00000, 101
dbx, 2,24

degenerate interval, 128
DINTERVAL, 38, 113
DOT_PRODUCT, 37 I

pOOQOonOoa, 89 IMPLICITOO, 84
INF, 38,116
inf,supO00O0O0O, 11
E INT, 38

INTEGERO OO O0OODO KTPV, 6
INTERFACE, 60
internal approximation, 123

empty interval, 121
empty set, 121

EOSHIFT, 37
INTERVAL, 13,38,71
EQUIVALENCE O, 82
00 82 oooo, 37
' gog, 37

ev(literal_constant), 119
exchangeable expression, 125
EXP, 38, 115
-explicitpar, 26
expression context, 127

interval arithmetic, 123
interval box, 124
INTERVAL constants, 123
external value, 123
: internal approximation, 123
EXpressions interval width, 124
constar?t, 130 INTERVAL-specific functions, 119
extended interval, 121 INTERVAL 00000, 119
external value, 120
E00000, 100 INTERVALOOOO, 4
INTERVAL O, 79
intrinsic INTERVAL data type, 124
intrinsic INTERVAL-specific function, 124

F INTRINSICO, 84
fosOOOOOOOO, 4 ISEMPTY, 116
FLOOR, 38, 116
-fns, 42
, 82 K
FORMAT, 13, 82

KIND, 37
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KTPV e 38, 120
KTPV O OO INTERVAL O, 120

L
LBOUND, 37
literal constants, 135
external value, 135
internal approximation, 135
LOG, 38, 115
LOG10, 38,115

M
MAG, 38,116
MATMUL, 37
MAX, 38,110, 112
MAXLOC, 37
MAXVAL, 37
MERGE, 37
MID, 38, 116
MIG, 38,116
MIN, 38,110, 112
MINLOC, 37
MINVAL, 37
mixed-KTPV INTERVAL expression, 120
mixed-mode expressions
type and KTPV, 125
mixed-type INTERVAL expressions, 125
MOD, 38, 112

N

named constant, 130
NAMELIST O, 84
NDIGITS, 38,117
NULL, 37

O

opaque

data type, 130

P
PACK, 37

PARAMETER, 13

PARAMETER O O, 85

POINTER U, 86

Possibly (DO OO 0OO)OOOOO, 60
possibly 0O OO Qd, 46

PRECISION, 116

PRODUCT, 37

pOOOOO, 94

Q

QINTERVAL, 38, 113
quality of implementation, 127

R

-r8const, 43

radix conversion, 122

RANGE, 117

read-only variable, 135

READ [, 88

relational operators
certainly true, 122
possibly true, 122
set, 122

RESHAPE, 37

S

set theoretic, 128

set0 0000, 46

SHAPE, 37

SIGN, 38,112

SIN, 38,114

single-number input/output, 129

single-number INTERVAL data conversion, 129

oo
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SINH, 38,114 VDMOD, 112
SINTERVAL, 38, 113 VDNINT, 112
SIZE, 37 VDSIGN, 112
SPREAD, 37 VDSIN, 114
SQRT, 38,115 VDSINH, 114
SUE, 51,129 VDSQRT, 115
suM, 37 VDSUP, 116
suP, 38, 116 VDTAN, 114
VDTANH, 114
VDWID, 116
T vENOOOOOd, 103
TAN, 38, 114 vVESOOOOO, 104
TANH, 38, 114 VvVEOOODOO, 102
TRANSPOSE, 37 vFOGOOGOGO, 104
vedoooad, 105
VQABS, 112
U VQINF, 116
UBOUND, 37 VQINT, 112
uld, 7,126 VQISEMPTY, 116
ulp, 7,12, 125 VOMAG, 116
UNPACK, 37 VQMID, 116
VQMIG, 116
VONINT, 112
VQsup, 116
V VOWID, 116
valid interval result, 134 VSABS, 112
value assignment, 120 VSACOS, 114
VDABS, 112 VSASIN, 114
VDACOS, 114 VSATAN, 114
VDASIN, 114 VSATAN2, 114
VDATAN, 114 vscos, 114
VDATAN2, 114 VSCOSH, 114
vDCos, 114 VSEXP, 115
VDCOSH, 114 VSINF, 116
VDEXP, 115 VSINT, 112
VDINF, 116 VSISEMPTY, 116
VDINT, 112 VSLOG, 115
VDISEMPTY, 116 VSLOG10, 115
VDLOG, 115 VSMAG, 116
VDLOG10, 115 VSMID, 116
VDMAG, 116 VSMIG, 116
VDMID, 116 VSMOD, 112
VDMIG, 116
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VSNINT, 112
VSSIGN, 112
VSSIN, 114
VSSINH, 114
VSSQRT, 115
VSSuP, 116
VSTAN, 114
VSTANH, 114
VSWID, 116

\W
WID, 38, 116

widest-need expression processing
scope, 126

WRITE OO, 88

X

X**N, 50
X**Y, 50
-xia, 42

-xia=strict, 5

-xia=widestneed, 5
-xinterval, 42
-xtypemap, 43

Y

yooood
googo, 9

u
oooag, 13,120

ogog, 4

U
ooo
oooooo, 26
ooboooooono, 29
ooooooo, 29
ooo
oo, 60
OoQd, 46
oooogd, 45
oad, 46
ooo, 50
ooo, 16
ooooooog, 45

U

oooo, 83

gogd, 33,634,120
og, 33

ooog, 121

gooog
oooboooobon, e9

oooo, 121
oo, 121
oooo, 87
INTERVAL, 79
oooo, 79
oooooooo, 18
oooo, 12,121
oooo, 121
opooog, 56
certainly true, 122

possibly true, 122
set, 122
ood
od, 83
goo, 7
O, 86

oo
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O .CEQ., 46

oooo, 12,122 .CGE.,jg
0000, 12,106 jﬁfﬁj’%
oooo, 1,3,123 .CLT.:46
.CNE., 46
.DJ., 46
.EQ., 46
O VIN., 46
aa, 4,35 .NEQ., 46
gooooooooooo, 1 .PEQ., 46
0, 38 .PGE., 46
0oo, 39 Filename | Command>.PGT., 46
ooo, 7 .PLE., 46
00, 37 .PLT., 46
oooooooo, 123 'PNE"jS
Dooo, 1,123 :iii::%
oooooog .SB., 46
ABS, 112 .SEQ., 46
AINT, 112 .SGE., 46
ANINT, 112 .SGT., 46
MAX, 110, 112 .SLE., 46
MIN, 110, 112 .SLT., 46
MOD, 112 .SNE., 46
SIGN, 112 .SP., 46
VDABS, 112 ooono
VDINT, 112 CEILING, 116
VvDMOD, 112 FLOOR, 116
VDNINT, 112 INF, 116
VDSIGN, 112 ISEMPTY, 116
VQABS, 112 MAG, 116
VQINT, 112 MID, 116
VSABS, 112 MIG, 116
VSINT, 112 NDIGITS, 117
VSMOD, 112 PRECISION, 116
VSNINT, 112 RANGE, 117
VSSIGN, 112 sup, 116
oooooonQ VDINF, 116
DINTERVAL, 113 VDISEMPTY, 116
INTERVAL, 113 VDMAG, 116
QINTERVAL, 113 VDMID, 116
SINTERVAL, 113 VDMIG, 116
oo ooooo VDSUP, 116
.SEQ., 19 VDWID, 116
0000000, 4,46 VOINF, 116

VQISEMPTY, 116
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VQMAG, 116
VQMID, 116
VOMIG, 116
VQSUP, 116
VQWID, 116
VSINF, 116
VSISEMPTY, 116
VSMAG, 116
VSMID, 116
VSMIG, 116
VSSuP, 116
VSWID, 116
WID, 116

ooog, 123
goooooao, 4
oooooo, 22
oooooo, 4

ogoooo
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