H 5 & — Xz = ot

1 3 IOF YOUR OWN TYPE

type :: node

integer :: value

njAM 3 nl EOIE pm ) oo

:: next => null ()

end type node

Building Your Own Types p=>t

p = 99.0

type - % A - H WXt pointer / target - ¥ & Z|AE
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ME CIE g2 0|

‘ 22|72 Ax}

StLtel YAtE &

o}

[ -

B0E|2 /O A= I

LEo 2Kl (x, y) 2F 22X £ (v, vy) & bl o 2| HIOlH = Ol&(EAHY), o
AlOf R| &I CF. | ot gof2

 BHH(EAE), 4 (AL
EREHNES T

ot

)

= X gotH FA0] A7t
QK= YRITHE, s

20| +5

SL0fz2 M2 CHE HiEo &
o2 QUX|A|F{Of StC} AET} EXSK|D -L-=a|

|
:
]
n
P

= 9|5tALE =8 Woret 2+ B Eef 2l
=7 HOHEICt.

C 9| struct, Zt0|M 9| dataclass 2F Z2 7li'do|C}



13.1 T4 Hol

type ...

end type, 1|

HHE(%) B

MA zet MM = Ct2Ct
type =

: point2d ..
= -
Ha p o HEZ X

.end type 2 ME2 X9 dAHZE L
MALLE O EHAOM = T 227t HEX| =Ct
o 22|7t &= AlE
|— p%x 9 HolH7 M¥El= S type(point2d) = p 282 TS
M Ha= S0 =L
L p%y MY OOt M= 3¢
&

M B2 A= 2t &

AZOAE c%centerFsx K E % E AfSX/E F0/0] HZ 3 EFAHSELS
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int d
program point demo ﬂ?_‘l—?- . +=:7:"E
use, intrinsic :: iso fortran env, only: real64
implicit none type = point2d ... end type point2d = Aj F=2| HEHT

22 TCh M 22|= OtA! &3[X| Y=Lt
type :: point2d

real (real64)

real (real64)
end type point2d

A A _ Al
type (point2d) ﬁ'l' Jod Ex'“

OH

7t

—

real (real64) 3 8 type(pointZd) % [0 £ QIO H| 224 x 2F y E S
Of 2A 2 TSO{ZTILCE

3.0 real64

4.0 real6d

point = (3.00, 4.00)
distance from origin = 5.00




g 48| 0| F2 AHEXP7L Bolst &

EM K| A

Positional Association

7|91 XY A

Keyword Association

Holst 0f Ltk 7N Q40 £A0f ZE0f 3tS K2 7| T4 840052

ot

type-name (valuel, value2,

712 =73t

Ho| A|™o| 2A QA S0 = X212 S |
dofl &8, ot Mo U Xts2= O g
JE =

B0 ATOHA CHYE

type-name (compl=valuel, comp2=value2,

MEsleiR 719E 2 £ M1 7122 gt 24 S
7|2 27|27t BEE 4= YEX0M A 7|1 2440| X|EEX| G2 HES Y g%t 2l
2fel o= Qo Ch LR E YEY = Hue ==0| M StLtete E2|H Q2L — No
7t K| E 2S5 R = BEA| 7[R E initializer for component 'y' given in the

X|E gAlo 2 =6l 0F SHCL structure constructor at (1)
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S8 1xe 7|2 =715

type :: point2d
real (real6d) :: 0.0 real6d

real (real64) :: y = 0.0 realé4 ! 20| 7128k

end type point2d

type :: circle
type (point2d) :: center
real (real64) :: radius = 1.0 real64

end type circle

el circle (center point2d (2.0 real64, 1.0 real6d), &
radius 3.0 real6d)
c2 circle () P BE FALQAT 7|24

cl: center=(2.00,1.00), r=3.00
cl area = 28.274
c2: center=(.00,.00), r=1.00

c1 — 7[HER HA| 7|3}

(2.0, 1.0) ZtE&Of| BtX|E 3.0. LHF2| point2d &R E 4
Ap ool SH HSEO] £7|SHEICE BH2 nx32 =~

28.27.

c1%radius 2 fi Zt2|7|1a, M LS| M|

c1%center¥%x £ & HHAHE AN 7t2|7ICH




class%score =

13.2 [0 A}

updd Hi St

type student
character (1len=20)
integer
real (real64)
end type student
type (student) class (3)
student ("Kim", 101,

student ("Lee", 102,
student ("Park", 103,

88.5 real64)
92.0 real6d)
79.5 real64)

class (1)
class (2)
class (3)

avg = sum(class%score) / size(class)

101 Kim 88.5
102 Lee 92.0
103 Park 79.5

average = 86.67

= HU% 22 37| 32| H{EAMEH SEetCt

n 79.5 .

88.5

/

HIE 0|50l % S =

WE AEAS XA B

=2t

class%score 2t A HY

A A O M score ZtTH St HIE XN Z SEtotct.

QB 2Ty
2| Ho[E7t =8 o=
o YO SA A AE=

=0l Higo| Ml 37
A= FX[= e



13.3 EQH 7[x

w= 54 24, thas 7tel T

ZOIE= 13n| L CjAte = target 5/90| HA|E H0| ALY,
allocate E

B p 7t AX 7t2|7|= Hidof 2 v
OfL|2t t of M 2|0 SO0t

MZIF p =52t AF, 285 = ZQIE p XpX[7F OfLEf p 7t 7k2|7]= t of 22| 20| 7| FE[f &= t 7} 5 = HHRICE 2
2N 7|s2l sAo| =2[H 252 7tE AtF 7Eots A Q0L

[(E2t &) SEX FAES 2IE S[EFE0 A+ 2 p => t Bfd XFH 50 p £ T8 o AE t /X g 8= £F Ha7f Y7/Lf.
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X

H2e

20

-

| 3L |
=L 0
Associated
Ho2ol fae Y o
S{E SHEA 2t2|7|2 R

_|

HOsH & 9l AE|
HL- =2 ML- O .

Bl SA M S

ofLt2| &FEHO| AL}

of| | &
Disassociated
Lt =8 &Y null) OILt nullify 2 HA|HoZ HZAS &
0] QHHSHA O OtRAX 7t2|7| K| Y= HEf. QtTs &

& KhTho| FHsBiCh

Bo|x|X| &

Undefined
MADE St 0 27| 2HSHA| 40F 22| oL
E 7I2|7|=X & = gl =9 fdet &

Eff.

[E8t 4] Z7|S37] 22 2

2 OIE{ = if (associated(p)) Z GAfOlE ZHZA} 2T ol X ZIf — ZAF P& AAofA EEFS 2F7F & + QICf

=2 T



13.3 2 ™z

AHE Moot SE HAL

Mo

nullify (p)

associated(p)

associated (p,

t)

ZOIH p 7t B2 H t 7 YRS 22| FAE 71275 HES EgTttt

-—

ZOH p of 7|E HEE ZS oA B JEiE SHME' 22 SA| HE
s

7t 2 &2 7t2|7|H true., SHA =

—

AEHEIH false. £ HistSHCH

©

p 7t 7t2|7|= t&0l 250 X8t S8 Ef2 t oF =] LX|ot=X| 4S5
Ct.

[S S AIAT tarqget =A10) O = WS} BHHAEZE 7137121 6Ll — Error- Pointer acsianment taraet ic neither TARGET nor POINTER at (1)
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1
A AFEx

real (real64), target
real (real64d), target
real (real64), pointer

p => a
99.0 realé6d

p =>Db

print *, associated(p, a)
print *, associated(p, b)
nullify (p)

rx
e
A
ot

99.0

o]
Il

p => Db

associated(p, a) / (p, b)

10.0 real64
= 20.0 realo4

—> null () #

S S
of

=OlE] X7} ObLI2} p 7t o
M QS p 7 a o HY

= |)\A
! associate p with a
! writes through p into a

! re-point to b

X A2

p=>b 2 M LHAS 72|78 7|E a oo HZ A2
Asez BOEILE
p associated? F

T, = 10.0 )
P = 9l associated

oo 0.6 _ gi=o| HpMC} associated(p, a) 2} associated(p, b) 2 p 7t =35 o™
EfAD ASEO YEX| =242 HEY = ALt

p=20.0

F / T



13.3 [0l HI]
F(window)

HIE TS 727 = &

real (real6d), target :: grid(10)

real (real64d), pointer ::

2 (zero-copy)

window (:) => null ()
| 'St H|O|E & S AMSHE 2’8 0| glCt.

=
B HE22E M2 XY HE0lE2 QUS| ETF gl
£k oM 2EX 0|,

! alias elements 4..7

window => grid(4:7)
! modifies grid(4:7)

window = window * 10.0 real64

7t=48
gridd) 42 olalx Zusg olt Zlad B2 g
o= FyuiE 4 Utk

grid 1.0 2.0

—

window => grid(4:7) — O] Y| Z+2t 7t2|7IC}
B2 dY HF A
window = window * 10.0 8t =0/ &2 grid 8 4~75 7}Z2 =2 108]/= Hf L} 2 SHO|L} SF| s AR TEHO A MK T EX
2l EHQITH MOILY] S-E AXTME COHE I &

248}t
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Hf St F90| ChE7
HiE (Array) HZA 2|AE (Linked List)
AL E 22| E BROER QIEAFE S0t 2 20| 7ts5t | Al QIO A n2[Pt vt ™ EICE HE2e|7 5&
Ct StALE ATKSH{® O|29| 2= AAZE & LEE AE ot 5= U0, OO It el &

. OFA[2E SZhof &
P E7{0F 3l 37| B1Z0| H|zEHO|Ct.

I E(Node)l| LF 7=

value ZOIH HE
Z=7t (Push) 23| (Traversal) AHH| (Delete)
M =EE ddst § 7|1F 2|AEQ| A% Head £ E Y 2t = E9| next £ Et1 Of CHatol Ol = EJf Ch&to| 'Ttg = E'E &
(Head) == E(Tail)0f| ZQIHE AZBN A= X| S (nulhof| Z et W7hR| Xtef| 2 0| SBhC}, M tE7 |22 23|A|7] 5 oA EOo| O

= Yoot =[S STt



13.5 X}7| #x = QIH

ubdld QoM Xt7| Xkl S 7k 71

subroutine push front (head, v)

type :: node
type (node) , olnter, intent (inout)
real :: value ,yp P , ,
integer, intent (in)

type (node), pointer :: next => null() type (node), pointer :: new node
end type node
allocate (new node)

new nodesvalue = v

new node%next => head
head => new_node

end subroutine push front

node Il LR 0| Xp7| X
EAl => null) 2 x7|3tslf A4

Hutk A& (push_front)

" N _ allocate 2 20| S8 & =& S7t2 Jidet 7, M =9
A S0 allocate(node_pointer) £ 0|& 2= dH LEE E(Heap)d| E2 next 7} 7|= X w2 J12|7|H 9TA|7| D, OX|2to 2
oF OFE eEsln, ELHEH deallocate 2 F24 BHEHSICE head 7} 7I2|7|= FAE A LEZ HHRL}

— = —_ = .

dZ c|2EL E0/T LO/EHE Z2/E el 4= Fof =2 Fo/0/9f 2L,



13.5 [Of| Al

subroutine print list (head)
type (node), pointer :: cur
cur => head
do while (associated(cur))

write(*, '(i0, 1x)', advance="no") cur$%value

cur => curSnext
end do
end subroutine print list

subroutine free list (head)
type (node), pointer :: cur, tmp
cur => head
do while (associated(cur))
tmp => cur%$next o Mo g =EE 02 MF
deallocate (cur)
cur => tmp
end do
nullify (head)
end subroutine free list

50 40 30 20 10
list empty after free? T

push_front & 1~5 2 £ 2H 40| 77|X|EE Hx=0| EIC}
head

HE =3 oiH
AN F=H ZOIH cur Of head & CHYSH A|Z™HES &1,
do while (associated(cur)) 2 @37t B X|= X[&(null)

K] cur => cur%next £ BHESHCH B E EQIE 7|8 H#
Eelimin! JSES T S [o] fut

g

ol Ml =7t 4 A

S5 HEE =
=& Sl N7t E QS}CL. deallocate(cur)

tmp => cur¥%next 2 L& = EO| A
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U 2/ Z=MH B

type :: particle KA X ALS

real (real64) :: pos(2) :|'I' i °2I‘

real (real64) :: vel(2) pos(2) 2t vel2) & HHZ Zt= particle THE Y2 MASEH
end type particle i

oo

0s(2
0| & CIA| cloud(n_part) HIEZ #AHZUCE CH2| =
o M7t StLte| Atz = oM A2 H o2 KO &

type (particle) :: cloud(n part)

do i = 1, n part

angle = (20.0 real64 + 60.0 real6d4 * real(i-1, real64d) &
/ real(n part-1, real64)) * pi / 180.0 real64
cloud (i) %pos = [0.0 real64, 0.0 real64]
cloud (i) svel
end do

Y U A

= [speed * cos(angle), speed * sin(angle) ]

cloud(i)%pos = cloud(i)%pos + cloud(i)%vel * dt = &
O 2 ol 2 AH AHALMO|C} xy ZHHEO| Cis] HEo| O

do step = 0, n step o
I A FOf2 Q10| HE o] SAI0 £t (8F).
if (cloud(i)%pos(2) < 0.0 real6d) cycle ! landed

$pos + cloud(i)Ssvel * dt

particles.csv written AMXH H<f

if (cloud(i)%pos(2) < 0.0) cycle 2 X|HO| &2 X7}
X|ot2 10 Waq7hX| @ O Xp2|off HE=5 M2|UCt

speed = 20 m/s, dt = 0.05s, 2= 20°~80° EAF 97, 80 2 E/
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13.5 [Ol Al
ITE2A H A
Z=M 2
OlZ 7)o =2 M
22 X7| £ 20 m/s 2 20°FE 80°7tX| Z
ST OF HHY AAOF 2RICH 27| ME0| 9= =
Aol MEMOl 575 ZEM HH0| 2+ H
Eiel &S 2 LIE}LICE

20
... .. ..... o .......
°
" :. .0. .0...0 o.o"“’o......s...’o
Py ° ° o o ° ° ’o.
° ) .. &. ° .. °
) ® ° °® [} PY o
: .. .. .. .. .. .. ...
[} [ J
y (m) 10 : : .o. ..° .o .....o..oooo...}: ..o
: ° o. o o..... .. ‘o..o °
° ° ° o _°®
e °.° o® py 0e00000ge, ° )
° [ ] L4 ) [ ) o° L4 L) ) o ( _J
5 ::...°. .o.:oo....: .o .... ° ‘:.. xl-E ;—;E -6|'LI'EE = %IXI-ZII
() e0 000090 o (] ()
sos, %0 0 0" ano "t IR TP P 0s(2) vel(2) M HIYS T4 Q4= 2= T
;:.";'..c'..o.o0““-“'0000.. ’, .'-.g .‘.. “e St O ool B E cloud(n_part) 7t 28
° ° e _
NVET ’ oo, e, o', | QXA FHTE SLte] Rt pxE 2B
10 20 30 40 6'-—:{5'—|E|-
X (m)

0
L]
1 2 3 4 5 6 7 8 ©
27, 2E7 HE+E o 0| 2E0F

4

particle id

45° BA0AN =T ZE HE/7F TFE Z



cur => head do while (associated(cur))

do while (associated(cur)) tmp => cur%next | save the link first
deallocate (cur) ! freed here ... deallocate (cur) ! then it is safe to free cur
cur => cursnext ! ... then read freed memory cur => tmp

end do end do

P ived si 1 SIGSEGV: - e
fooren meesived o Y FE — 2AEQ BE S} QM SfFIEICH

Segmentation fault - invalid memory reference.
Folo| Af2tELE T &9 =MTt HIHS
deallocate(cur) 7t = E[&= =7t O =EO| HZ2|= A|ARI = o|0] M =0 &x|7F S
Z+ 2i3tElc LR ZERE value 2F CHS T4 O|HE next E I QlE{(dangling pointer)
= 2 AEotrt OHE G HEZ Chg 220 A of0] AtztEl MORE Ol 2F 7t T

cur¥%next & &=xstg siC

—_—

: =/t g 43St

[&0tF=7(] Etz0] && HfF ot ERo/LfEH 939 allocatable Of o 2tH oI} — B2 2 =0f B Z2E HZE
LAEL} EC/XE £ LG HZ2E Jf5[7OF of= X, = EEH0/ £ ER25 TR0 £Lf.

oy

7127} o & Sof L}, EOIE/= 91F 2



1}

Al S
o o

o2 M2 CHE 99| 42 StLIE |F& AMEAL He| Xt=
0|t

M 9|: type : name ... end type name, 78 @40 = 7|2}
A8 7ts.

M= type(name) = var, ®: var%component (582
var%a%b).

A MM name(.) 2 Bt #HO| Z7|315Ct (=M X|H E=
comp=value 7| E X|g).

Hi 2Ol A arr%component = 1 74 240 22 Hf
Ct (sum(arr%score) S).

£

QE|Q HE 1=

ZOHE tds 727l EYOICh HYol= target(E= £
2IH) £d0] ER5}Ct

p=>t= HIHZAH OR), p = v = O 2t XI/(ES
CHR) — =0l =fial.

MA Al => null) & =73,
nullify(p).

AL associated(p), SHX

A4d L= A7) &X ZOIH 4 @49} allocate /
deallocate 2 PHECH S{K| A| O = EE A A& oICE

=

Ct.

SN B ¥O0|™ ZOIE ECt 9% 9| allocatable & M et

A




13% 0OrF 2

gy |

= A

re, im 2 7t% OIHA™A complex_t & Mot
718 £85t2t (W& complex FX|).

(3,4 & =0 3

real64 H==0] target 2 F

1 ZHEZ 727l 7, ZHE S
oS HHY A=20| HHES =0l

O| 5}t

20| 82| target HIEO|M Z2IHZ arr(2:82) &
ot o2 N E0fzt.

7t2|A 3 #2400

o1 HoINE 1Y YEE T B X2|E 120

A 2|2E0 =E 4 M=
1, 570 g0of =elstat.

point2d HIY 2 C}ZtH BXIHS
(OFX| T X3 H £

particle @22 XtFHSHAIZ|E] y < 0 O A vel(2) =

= 714 otd Q=& a2t

3 Elié ™ Fol| =5 F75t=

name, mass € 7%l body ¥
Yo HECH 2 MN T =5t

HiZ 2 ®A HIOIEE E2

gt list_length(head) & =75}

-0.8 * vel(2)

push_back(head, v) & =4
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