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Naming the Work

function - subroutine - contains - result - recursive

TWO KINDS

y = f£(x)

call s(a, b, c¢)

contains

function f£f (x)

result (y)

&

subroutine s (...
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10.1 T2 A|X

ot MERE, 30| CrE7L
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ol 2>
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function subroutine

dets| 17119] 2ot "h2kotr), +& Soll 07l == o 7He| &= =HECLL

E8 #s A 283 O ESSCE 4 ol 2 Arg et

Ct.

it ol ojE e

dummy argument actual argument mapping principle

ZEZANME Zold M 2= B4 RN ZZANME 222 [ 2= HESE 74 2 Qs Ztelet RIX| =0 ) S

=20l Hitlol A2l S RX[SHE Mol gOo|Lt B = S HEEC



10.1 [OfI ]
g — dMS 2R

[@] function O|&

program temperature
implicit none
real :: celsius, fahr
do i = 0, 100, 20
celsius = real (1)
fahr = to fahrenheit (celsius)
end do

contains

function to fahrenheit (c) result (f)

implicit none
real :: c
r@al gg i
=c * 9.0 /5.0 + 32.0
end function to fahrenheit

end program temperature

contains O}2{0j| =C}
F Z2 ZM7F Bt F contains 7| ¥ EE A1
, Z1 of2lof etE ™MOo|StCt O|HA ™Molst A L

= @@ A|K e} Bich

==

celsius fahrenheit
0.0 32.0
20.0 68.0
100.0 212.0

to_fahrenheit(celsius) A& CHA= SHO|Lt

Ao Yz




10.1 2 2E ¢

5 ZEARE B2 HAE & = UL

contains Of20j 2|l L&
association)O| 2} $HC}.

o] Of|H|= SAEQS| HE MX| k1 gt
qi&lo|Ct.

ro

FlM c ot f & SEHo= MAMCE — of|7|X] 42 FEES 9ot F&= eHHstn AFE =

(B8t 7] F Z2 00} gl+ 2o 22 o/FS H+E Mol gl+ YRS XF H+If 8f2 H+E 7f2] H{EIC}(information hiding). &+ 2/0f
Al gtE B = T ZE2 389 Hyof= ofF Fgfol gt



10.1 [0l AI]
MEZE _ gojot SIS B Hoj

proclgram‘c%rcle_demo b.;"-?— -6;" HJBEE 5"2—'?'6“:"
implicit none
real :: r, area, circumference -éI;II‘_)l\_E EI 6|'L-|'D|_|' H|_|'§._|'-5|'E§ |E—HO|9|- :E“% 7—|F7—|F ‘_I'I'_é_l'
oM & H oF5|0f ottt MEREIR2 08| 22 & &4
2.5 5 of "ol S =0t
call circle(r, area, circumference)
contains
subroutine circle(radius, a, c)
implicit none
N eedlle o @ ZtQl=of cistH gHo| BHERICE
real, parameter :: pi = 3.14159265 MEZE WEHAM a 2 c o CHSH AUVt =5 Z9|
a = pi * radius**2 area 2} circumference 0f JCHZ BHH=ICH

= 2.0 * pi * radius
end subroutine circle

end program circle demo

radius = 2.5000 area = 19.6350 circumference = 15.7080

Moo} 719140| Q1% 4

r - e o - - e -
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2. 25 . 95

LI =2 Al BE T2 AN QIF mZ AN

internal module external

T Z2O[LL CHE Z2A[X 2he =& 25 2t contains & OF2{0f|

EH.DEFTZAN L0 = £5IX]|
contains &= Of2{0f| | =IC}. O| =IC}. =

2 S gE=2 FolECt

52 |H

. GAIE QlEmojA

YAH QAHMO|A (12F) SAIH 2HIo|A — Fof R

QIE{H| 0| A (interface) 2t
ZEANE SEUE O B2 SUH FAL I 0% e HEE, HHE 58 YU Z2AHE YA 528 800 < 0
flo] AAo], eI o|AE O HXNE Of

O
)
ru{r[
I >

ir
Ral
=2
fal
rok -

(@]
1p
[=]

O] HOMNE LYE2 9|2 EZANE OfE10, BF5 TEZAIXE 128004 453



10.2 [OIA]

program host assoc
AL

integer :: counter

counter =

0
call bump ()
call bump ()
call bump ()
contains
subroutine bump () 19| counter = 1

implicit none

counter =

L2 ZEAAY BEL HZ T2 IYBAE)0 MU HAE 72 57X QorE e @
J0f2 g3 &+ Yt Aot

e

S =5HH counter 7} 2,3 2 £

= 71X R0l 2ol BRI
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10.2 [0 A}

E T2 Al

program external demo

implicit none

real :: triple
print '(£f0.2)', triple (4.

end program external demo

function triple (x)
implicit none
real :: x
real :: triple
triple = 3.0 * x

end function triple

i} EC 2| B

Error: Return type mismatch of function

real :: triple M=

'triple'

QIE|mj| o] £ 0] =

(UNKNOWN/REAL (4) )

2 AH QIE{H|O|A (implicit)

QF ZERAXME 2E5ts F T2z 2|5
A0 Hotge7t O WE F=2E S22 ARX|SH|
X ot a2 gt EtYlS = =5ts ZoA HE
A etol #=0{0F SHCt.
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implicit none 2 ZZA|X{0OCt Z}Z} hz= WOf ot — 3= =2 7Hof #ict

A WE Z2AXNK| HEE|X] E=CL.

implicit none 0| $i2™ implicit none 2 22 H
function area(r) result (a
real :: r, a

3.14159 * r * r

function area(r) result (a)
implicit none
real :: r, a
3.14159 * r * r

end function area

AL Zaks S Ha0 S0{7t4,
O,

Error: Symbol 'ar' . has no IMPLICIT type;
U2 X§ M2 7|2k (garbage value)

did you mean 'a'?

S7HR| RIQksLt,




I result

jol

result (y)

F0f| result

Mot
function cube (a)
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implicit none

implicit none

end function square

end function cube
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10.3 [Of Al

£ 7R WAIS Lzre] M 7]

o
30 EfYS oC|o H=7}
print '(a, f6.2)', "square (x) ", square (x) e L ) o bt ol
print '(a, £6.2)', "cube (x) ", cube (x) o A = real function Sqliare(a) 1 Ejl Cof 2het Bt
2 XY Mirh wa B £ ocof EFS HX| g1,

result(y) 2 X| -ty of EtAZ M E (real = y)0| A "Bt

contains
Ct.
| BA A — Bt O|ECE HiS
real function square (a)
implicit none HEAI B ol xF x4
real :: a = — ==
square = a * a Zut H==0f et O|Z 1t TS CHE 2 AUHQI 0|2 &
end function square U = A0, EXH e+ 222 WM A7 A & = A
Cf.

| WA B ZI HAE U

=

function cube (a) 1t (y)

square (x) = 9.00 cube (x) = 27.00




10.4 Y &2

A2| XS

o JEje] o 2 EME ZI|of sjZotct — I =Tt ZHESt D =2 =7t 2B XX T, =F St BOHX|H o

ZH0| FE7t2 AR EICE,

7| E HA result 22| 43}
MHMLZE ZFoC= AMA 2 Ao 240 gt 0| E2 XH7| Al S ZESH= A9
2| 7] {8l recursive 7| Y EE HA|SICT, 2 &OIDE, HislgtS 2 Heo| Zn

[ | =
+=E result 22 X| ™| OF StL},

M

d E7| wAle B 2w™oz U}

HEAl 4 integer recursive function O|& (7I2lF) result (Z1tEH)
'é,"é! 2 recursive integer function O|E (7I2l=) result (BlItH=)
HEAl 3 recursive function O|& (7}2lF) result (ZItH =)

EZ& X7 (base case)

O Ol XAl S = ZoHX| 10 MO E OHX| =
Z710| BtEA| QUO{OF BiC} o™ Fot
=2 A QHEZ LTI} AT



10.4 [0 X[}

A= (factorial) A|AH

print ' (a, 10)'
don =0, 8

print ' (i2, a,
end do

?iOI HH

) O] &0| &= &7F fact(1) 2 = §i0

—

Hif. O| X|=O[ x el BrEolLt.

contains

recursive function fact(n) result(n fact)

implicit none
1 1 | & (=

integer :: n 0! -I-I' 11 = E-r 1

tateger :: n_fact +ots Holof W2t £ AL BF 8 20| S 1

if (n <= 1) then o| =ICt,

n fact =

fact (5) = 120

________________ W= A HZIC}

ot = ! 3= o ot = 120 21=2,3 =62 7K 8 2 40320 0| EIC}. =0t O
1! = 1 41 = 24 7! = 5040

7| 2™ 32H|E 40| A E =Lt (5Z7h.

= 0O L

2! = 2 5! = 120 8! = 40320



10.4 ¥OIF7|

fact(5) 7 €21 LI7I= =AM

fact (5)

fact (4)

fact (3)

fact (2)

fact (1)

fact(5) £ LIH AZEE = SA| AE WYX| 25l 5 x fact(4) 2= A2 K220 ol ECt Q%7110 EE
MO| 2x1=2, 3x2=6, 4x6=24, 5x24=120 2| H=C &2 EFHLI7IH %|F Zi}E 2t/dtC}.



recursive 2} result S Hijcc 2| ™

= - I A
Error: ... cannot be called recursively, Fortran 2018 _I_E'-I = ‘é_l_yl- OI-LI EI-
as it is not RECURSIVE

Fortran 2018 B.Ef T2A|X7} 7|2M02 =2 Jtss)
recursive 7| E7 HtEA| EQSIX| = L} ChEF O I ET}
MAHCZE SESICIE AMA S s ALZO|AH 2FHS| 2| 7|

= J1X|2 BhH SOIBtC} 9I3, 0] HoME HAIH o= 2oICt

o gt 2|0 recursive & =%=7t

o HIZLE 2|3t result BS MAM =T}

* %EE Ea(base Case)ol Q’I\Ejl- recursive function fact (n) result (n fact)

T8 X70| gieH — AEH QHERSR

X7| RtAl2 2ot 2 &=6HA &1, 2= HE2| 58 HYE Xt A|A"HO| Z2 s ZNE STHAIZICE XFHE & M "o B



10.4 [0 X[}

L{ 5 Z2AX7|2] @™o}

program plot function = SIAE H=2
. MERElO] g8 FEC}

implicit none =
call sample to csv (400, "curve.csv") sample to_csv o|_|-o| HJ%‘E—OHA‘I damped( ) % IIE §%
contains SICH Z2 SAEQ £ LB ZEA N2 EEo| A
function damped(x) result (y) 410" Qo] MEE XIS EAH EE %= QL
implicit none
real :: X, y
y = exp(-0.1 * x) * sin(x)
end function damped
g 2g
subroutine sample to csv(npoints, filename)
implicit none _%F#E ‘JI\‘M 6|"—|’§ 7:||ﬁ|'6|'—7'—, A‘IE—?— |2 OZIE‘I le Oﬂkl
integer :: npoints, i, u -1 —o;|._/|\_§ JT4:'§7|'_Cl’-H r'-l'%i LHEIF_EI'

character (len=*) :: filename
real :: x

real, parameter :: xmax = 20.0

open (newunit=u, file=filename, status="replace", action="write")

2 Esto] 0|

damped gt LH£ , OIOJEf 4

0.00000, 0.000000 0.05000, 0.049730 0.10000, 0.098840 4 MEZEIO[LE *I’ §P E P | ¥DE Ct
2 gtgo| Oef|Z 8 FA| =Lt




10.4 [Ofl H|]
Fortran g, Python 12|=

100 = exp(-0.1x) sin(x) 2| TS (damped oscillation)
1 -
sin(x) 2| F7|& TS0 X|5= 22| & exp(-0.1x)
0-8 1 7 2iA, x 7t HEF=F TZ0| A SO =CE 0
06 - £H 20.0 X[ & 401 7§ K| HEZ A AU
0.4 A
0.2

f(x)

-0.2 - H =IC}
0.4 1 2lo FR7| W20,
. X| ¥ BlOJE AN} A2
g2l Jdej
-0.8 -
0 5 10 15 20

O/|Z0] ALt Z2 DS ZE2AXNZ 2352 I 2= 718 25t 7% 0/&F0/Lf.



call circle(r, area) ! == M 747t 2Lt

Error: Missing actual argument Error: Type mismatch in argument 'c' at (1);
for argument 'c' at (1) passed INTEGER (4) to REAL(4)

M Ry 7f —’F c O] CHSSt= Aol=7t M| X| UAQUL= S£0|CH Ol+=2 H4do| MHEE|QUCH= £O|Ct
=8 20| 2R giget: A1tE 2ol = HEE Mo M VI E . ) N E HA|HOZ Bl
D= H7HOF BHCt call circle(r, area, circ) 2 D A|H MAF AL =

Cf.

TR B5 Y TAZ o Ao THAIMM ZE{FCE — W F =2 A2 oA 7t QI Ho|A =& s T Q| m
'='0|Ef QIf Z2AXACHH A= Safsh 2 Sof| St &S S AOoICt

L



Sl 2 SILEE ST 4 QoA MD(y = f(x), AHREIL

call 2 20 Q+5 Sl 2= 07~ 0131 N ==Lt

T2 28 F contains Of2{0f] £™ LfE ZE2A[XN7} £, =
)~E50| EE‘FEE :]-I:Hl-:E E% :F AAE}(SliEEE %géﬁ)

QE E2AME AT ==ot{H FAIH QHHOAY ER
IS

FCH(T1 AMMR = YE.BE TZA|NE 7|2E02 20}
g0 ghetgt2 24 OB 0 CHSEALY result 22 =2 FCH

T2 E St K| XA SESHH, & 0| BEEA| QL0{0f
OFCt. recursive £ BAISH D AUtE result H2 S2{ &L

T2 A|XMOCE implicit none 2 IHE NOf 5tH, ZE Al ZZ0j|A
Z1 #H==0] Z+2 CH Y sHof oLt

function name (args) result(r) .. end
function

real function name (args) .. end
function

subroutine name (args) .. end subroutine

y = name (args)

call name (args)

recursive function name (args)
result (r)

SAEQ| contains Of2fof] Ho|
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true, 25

is_even(n) = &f/d35}z}.

oA 55 OI%| 2rolstat

intent S} FA|& OIETO|A, MEHX O|AE CfZ2Cf

= & to_celsius(f)

23ta}.

N3
A

.l

ot

, 32°F~212°F

HEX| 2 r S 2o} 90| HO|0t S8{F L circle_area(r) £ X3
r=10, 2.0, 3.0 O CHslf ==stzt.
HHE Smp g2 2ot J_LlEL.l'Il st 2t2F XEM8) n = 0~15

deg2rad(deg) &

I—_l_
o
iz}
o
|I>
Jﬁ
FQ
> ru
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og
Ot
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ZHMSE, 0°~360° £ 5° ZHH O E AFOIZ S

sine.csv 2 38l M2 {2t

O| Xt Al o] & MZZ 8= quadratic_roots(a, b, ¢, x1, x2,
ok) € Addstet HEHAO| S4+H ok E HALE,

ns ZOot ASH&ES e 522 Audts
gotet (++ ALE ZXI).
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