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= 25 st 3l bl o S Do U (g 5 S (r ealitl (639,55 ¢ 5 4 )

Pl ol

zbeb S35, Slns 5

ABS (x) Real ¢, liel llae 43
CABS (x) | Complex Ll Ghle 5
DABS (x) Caslan S35 llae yu8
IABS (x) Integer mo. ollae ,8
ACOS (x) Real  Liel S &S HT
DACOS (x) Caslae s oS ST
AINT (x) Real ¢, licl Soliel Cand (oo
DINT (x) Caslae O3> olis] Caand ol
ASIN (x) Real  Liel g ST
DSIN(X) | sl oo i S5 5T
ATAN (x) Real ,Lie! Cslpt ST ,T
DTAN (x) Caslan s st es,T
ATAN2 (x) Real ¢, lisl Sk eS,T
DTAN2 (x) Caslae 35 il oS, T
CHAR (x) Integer mos Ascil Jsdo b pllas (o
COS (x) Real ,liel oS
CCOS (x) | Complex lakss S
DCOS (x) Caslis s oS
CONIJ (x) | Complex Lok Lo sde 79350
COSH (x) Real Lzl S 55 o o genS
DCOSH (x) Cacliiae 33 S 3 et o ganS
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DIM (x,y) Real ¢, Ls! 055 ks oy g 33 S

IDIM (x,y) Integer s 059 Cate oy g0 33 oS
DPROD (x,y) Real ¢, lie! i CE3Loode Wy
EXP (x) Real ,Lsl sde Olgme

CEXP (x) | Complex Ll sde Ol €

DEXP (x) Caslae 3> sde Olgu €
ICHAR (x) ey by by p Sl iS5
INDEX (String,Substring) &l as wiy Ole 43 goitus
INT (x) Real o Lzel e 4 3de s

IFIX (x) Real ¢, liel re 4 de s

IDINT (x) Caslie O35 ree 4 5de s

LEN( String ) sl as, wiy Jsb
LOG (x) Real ¢, Lisl b 4l s v;i,@

ALOG (x) Real ,Las! oo 4l o r:i,lii
CLOG (x) | Complex laksw b al 3 o L&
DLOG (x) Caeliae OS5 b 4l s p—“u@
LOGI10 (x) Real ¢, Lzs! 0>l 53 02,8
ALOGI10 (x) Real ,L:s! o3 41l 53 r:i,lii
DLOG10 (x) Caelae &ds 03 4l > r.:ulij
MAX (x,y,...) Real ,lus! slael ey S
MAXO (x.y,...) Integer mo. slael oo STl
AMAXI (x,y,...) Real ¢, Lis! sl ey STl
DMAXI1 (x,y,...) Caclbe &35 slsl pes STl
MAXI1 (x.y,...) Real ,lus! slael ey S
AMAXO (x,y,...) Integer mos slael oo STl
MIN (x,y,...) Real ¢, Ls! Sl p gois
MINO (x,y,...) | Integer pow sldel p gasts
AMINI (x.y,...) Real ,lus! slel o saice
DMINI (x,y,...) Caslas 35 slael o sasts
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MINI1 (x,y,...) Real ¢, Lis! Sl p gois
AMINO (x,y,...) Integer o shiel o goie
MOD (x,y) Integer ~o sbilesly

AMOD (x,y) Real ¢, Liel sbiladly
DMOD (x,y) Caelae L35 oLilasly
REAL (x) Integer = Golasl 4sde s

FLOAT (x) Integer ~o Golasl 4sde s

SNGL (x) Caslls O35 Golisl 4 sde us

SIGN (x,y) Real Lzel Y CuMe ol on 4 X llie
DSIGN (x,y) Caslis 055 Y e ol por 4 X ldie
ISIGN (x,y) |  Integer o Y Cede of o 4 X likie

SIN (x) Real ¢, Lis! P s

CSIN (x) | Complex Lt U S

DSIN (x) Caclde O35 s

SINH (x) Real ,L:s! SS90 et o g

DSINH (x) Caslis O35 S g et o g

SQRT (x) Real ,Lie! e

CSQRT (x) | Complex Ll PRt
DSQRT (x) Caslae O3> s

TAN (x) Real ¢, Lis! Sl

DTAN (x) caslas O3> Sl

TANH (x) Real ¢, Leel C PG

DTANH (x) Caelae Cds S g1 156
ADJUSTL ( String ) Glaiy | =T 55 sl gls alols Osls ) -3
s

ADJUSTR (String ) slasy | Jsl s =T gla desls Osls 41,5
)

TRIM ( String ) &l azd wiy g1 Jo ol Cod
LEN_TRIM ( String ) Glaiay | #T 55 Jbalols O e Jsb

24




polezr

Sl J s
4ol ¢



Solite Dl ss Sl el (oo @l 5 5 b it Sl eslinal o gdle (63,51 sl a2 8 61
S ool 55 aeols b 5 S opl 52 S
b b sl g g -
)}:_.»:\ijl:sbj\(u\:jg)&igéu}\&fi45)\}ﬁ¢»)jp)>ﬁlﬁszml3j):o’u'tg-
Dagh o 25 S b b s oS e eslinal b a
IF ( b,s osle) 5w oS
Sl il dy (po e b s Sl 93 51 (S 4 g s 1y (b5 Sle Il 055
Olgs oo giwd &S0 L oS Cbls dor 5 ol 358 oo |l ol onls g ¢ 3L e ys b5
CI-J%
L1y ilitne by, b a8l L g oot Jlesl b, 080 55 1) ) sims 65 51 S ot o il
P oslimal b b sl 51 5 S @ ol (o oS dlesl Calites Sl g
IF (1 b, o k) Then
Ol grwd &S g
Else IF (2 L& & ,le)Then

C)b}:.w}é{}l)

Else

C)‘)}Lﬂ) 5}14

End IF

w3 ELSE IF assls Lol ail o g eI SlS Else s Else IF glgzans Lo jksle s

33 el ol el 0LL (gl End IF 31 estizal . 5 58 eslizul Then adS 5l cunl 0 355
E ol S S ) e L sl 8 53 5 ST e Ll 0T 4 b e Dl g
O by e g &S b ik odeT b i kb s EISe cucdd 5555 121 YU Ol y s 51 eSS

As dal = | > Else
).>LJ_&)};M>>;LA.@YQL3J.ZU@E%:§JSLfdawsbin)l?gd\)\:Else éb).:

.Sl aJ..ATJ._u' ﬂju
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IF (g3 THEN
hilock 4

ELSE IF{EE}THEN
hlock o

ELSE IF (g5} THEN
t:ulu:u:k3

ELSE
hlock 4

EMD IF

agh oo Ol ol Sle ABL oB) 95 L &K el 31y e assilis 5 sl o

Read *,1
If ( 1>=0 .AND.

IF {e) THEM
block
EMD IF

IF{e3 THEN
block

ELSE
hlack o

EMC IF

IF{E1 YTHEM
hlu:uck1

ELSE IF (&) THEN

blu:uckz
EMD IF

True

Execute
block

Falze
True
¥

Execute
block,

Execute
hlock 2

Execute
block,

Execute
block o

™

o

h 4

Execute Execute Execute Execute
hlack hlack o hilock 5 hilock g
e T " I

L3

1<10 ) Then

Print *,"Your Number has one digit"
-AND. 1>9 ) Then
Print *,"Your Number has two digits"

Else 1f ( 1<100

Else

Print *,"Your Number has more than two digits"

End If
PAUSE
End

27




MJLSAUZA*LM ‘jTC.A\}sU)oV\.:\? ‘J;M‘O\ibbwf‘*s“i}‘)diiu“w J‘l)‘“bj

Read *,A
IT ( A<=1 _And. A>=-1) Then
Ang=Asin(A)

Print *,Ang*180/3.141592,Tan(Ang)

End If
End

ol sl -

Sl 35 5l ol IS Sl b5 sl Sl ol e sl

Select Case ( L 3,40 & le )
Case (o ,le Jgl D)

Ol siws &S5l
Case(o)gprjsuu)

Ol giws &S5

Case Default
Q‘)}Lﬂ) 5}1}
End Select

If ( b,s o le==Jsl 2J=) Then

Ol s &S 5L

Else If ( b & = ,Le == o3> =) Then
Ol g2 &S 5L

Else
Q‘)}:.wb S}L
End IF
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Syle 45 558 o |l Sles Ol s S ok AT o ol YU Sl b 53 g lie 148 4, Skes
= Sl b i sl s Else Jsles Case default 5wt oas S5 oV 51 S ks e
23 b el Ll s (6 5 &5 L o s sl STk Sl plaS s S

CMN‘OMV;)‘,L»JJ;LMX‘)J&)M

Ewvaluate Test 1
SELECT CASE (TEST 1)
CASE (1)
e Matches Execute
CASE (23 CASE(1) klock 1
hlock 2
EMD SELECT
|
Matches Execute .
CASE (20 block 2 l
SELECT CASE (TEST 23
CASE(1)
ATE s Matches Erecute
CASE (23 CASE {1} block 1
block 2
CASE (3 T
block 3
CASE DEFAULT Matiches Enecite -
hlock 4 CASE (23 block 2 -
EMND SELECT
Matches Erecute -
CASE (3 hlock 3
Execute
block 4

3
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ubdfljz_&\.x_i\.g}mpjﬁ;b,ﬁc),l,p@;j\.gl{au;sgu‘ﬁuSwpwb@-}s,\il{
Logical « Character « Integer cJl> au j| S g5 Olsl lstle bisy 50 &jle . Al
 alts
;’;l_T\)O:u\_oc;)‘,,.p_glj_:.&pjloo:J_ouujsj_is)ljdil:.Loq_d\.’.gjw'uljjj.s).s
35 dal s

c?upcjaj\ob\.ﬁw\dj‘ubj
Integer A
Read *,A
Select Case (A)
Case (1)
Print *,”7100”
Case default
Print *,”0”
End select
End

u.ﬂd.ntja)‘ a.ﬁL&.’.’m‘Zr)J MUJ‘Z
Logical L1
Integer A
Read *,A
L1=(A==1)
Select Case (L1)
Case (.True.)
Print *,”7100”
Case (.False.)
Print *,”0”
End select
End

sl o Sel 4dST G M 48 S ol 358 on 03lizal 13 Olnsl o 28 sl (51

ﬁ:m,ngwéjm;f)ﬁc:wﬁmdaw&n:)( myn olu=IL)m sde bn
m;xsjmg,&?;ﬂ»l@w

C}_:j)}.&‘jnw;j‘)lfj‘;}f-&ﬁ)‘ubjjéJ;aé‘.&h\jfuﬁbl{&‘jq‘f@)‘

Character *1 C1

Read *,C1

Select Case (Cl)

Case (“a’1:1,21,,1,A1,:1,Z,,)
Print *,”Alphabetic”
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Case ( “07:797)
Print *,”Number”
Case Default
Print *,”0Other”
End Select
End

o 315 31y El oSG i 015 0 Case blis 534S dagd 015 o YU el

.s;.%:?C)Yl:-wé‘ﬁl@j.\jl{@ﬁbl{z}ijlé:&db—

odlw (g 9w —

meaau:.wlJﬁjﬁw:j\rg\j@mftjﬁsplﬁ-%j\bMUJ{L;!JQ-\MNNA\}&QJ?\
Goto Label

O30 oy siws leslimul L 5 5d o atd g deaie b glunl j5 &5 Wil e sue oSS Label &

A dal g 03,55T o 51 Jlis aols) 3L s sl s play e o 5o Label oo

bl (B3 g -
Goto ( Labell , Label2, ...) sue

Olgie 40 aS gode 4 L K 0T Jldie ansilir 503 S acmlous 1) L5 5 g0 ste il ) 2w o]
@_nwug,u&l6\,1;\i,k,a;ﬁ,wgmg.uf\...jw@u;ﬁ@ummjslabel 1
L3 el plawil ol T ) sts ¢ ABL ol 03l ol | 0T 4 Label

C Sl e 5 s sed Slesliial L Lg 1) 55 aom o dlalas la 4l 55 el

Read *,A,B,C
Delta=b**2-4*A*C
Goto ( 10 , 20 ) Floor(Delta/(ABS(Delta)+1))+2
10 Print *,”there 1s no root “
Goto 30
20 Print *,”x1="",(-B+Sqgrt(Delta))/2/A
Print *,”x2="",(-B-Sqrt(Delta))/2/A
30 End
4ol3f ygiwd —

Ls glwl jsLabel ¢ ol jan 4 SBsl a8 5558 o iy CONINUC &) oo 0 2ws oyl
4.2:.6)'w‘)b‘fplﬁ-}ﬁ)g‘gbﬁdév\&:b‘b.u::)".}j:M‘J‘i&[{)ﬂb@‘é‘ﬁ‘..&i"'@
35S eslizal 3 aile 4l (6l 015 o st ol 1L 3,0
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Byl ghwd —

Sy a yswd pllgh ooslimul al p aadls g asl gl ol Ollee (a8 55 (gl 5y sws ol )

Stop [Stop-expresion]

Doy N g

,Lfgc,)rpﬁ.m_u,\;b;»eﬁig)m)&m:;t}:@ﬁgupw\handleg\};g

.)ﬁ&)#}ﬂ)&ﬁ)&)ﬁ

dil> — N0 sl -

bl 4 Bls A5 15 (g3 delal @ b oS e NU s bl JUN 1 fas o0 ool g il

xﬁ@ﬁwﬁm:quwb\ju%.mf@o:u;w\%)ubji

[l st <S5k
End Do [ <> CU]

[«a> ¢t :] Do label

[l smms S 50]
Label Continue

[«il> ¢t :] Do [Label] [,] While ( b, = ,Le)

[ ) s 75k
End Do [ «il> et]

[«a> ¢t :] Do Label [,] While ( b ,s & )le)

[l s2s oS 5k]
Label Continue
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d9uox b dal> —

P v 39 ddl> —




el dal> -
[4i> o] Do [Label] iz b= YL ol S ¢ ol 015 [ CL?]
[l st <S54
End Do [ «il> et]

[43> oL ;] Do Label jaze b= Y4 015 ¢ ol 015 [« 5]

[l s2s oS 5k]
Label Continue
J}&@MWN"S&)W%)‘GJW‘LJ&)M[AJJJ)

Read *,N

Factoriel=1

Do i=1,N
Factoriel=Factoriel*I
End Do

Print *,N,”1=" Factoriel

100 AN

Dasd o0 Pl g b ZF e 5 ael s
n=0 .

F=F*1
Sum=Sum+(2**1)/F
End Do
Print *,Sum
End

dil> 3 79 B ygkwd -
) ol 53 amslr L sls 51,5 0T 53 ) sams 55 &7 Sl gl il 51z & 6l EXIE gz

LS dal g il OT (gl g 5 g 355 S5 (gl ad b ) sz
dil> 50§ Hgkwd —

(:bu\End DO ‘}A)‘jcy(ﬂeQﬁ@b}bﬂbMJ{CYCIe)}LwJQMUﬁd\ﬁ‘)JQ}}@\:ﬁ-

CAl ] g

33




CM‘Q)L&J‘J‘.X}.&QT@-)F‘Qﬁ‘oJ;M100U—100)‘~l§‘jb1 JJ&J.‘:.)'MUJ{JJ
Cycle s5mus 5| o oo 03145 plowil (512 5 310 (Gan o p s Lls o 457 lailen .

: V"i‘ 03; ol
Do 1=-100 , 100
IF ( 1==0) Cycle
Print *,1./1.
End Do
End

w&y.@‘a.,\,.':'ao.)‘)[)‘.flé(_,:).)j}')Jﬁuiaj?&u)hﬁ-bj‘oéu‘w\oﬁﬂjﬁ).:

. MJGAﬂub@jéaéuw‘%woyj@JJUab\.&w‘@wb

34




35

Correctly Mested

Incorrectly Mested

DO Loops DO loops
[ 00 45 k=110 [ D015 k=1,10
D0 35 L=2 50,2 = D025 L=1,20
35 CONTINUE L 15 CONTINUE
0o 43 M=1,20 [ DO 30 M=1,15
| L 45 CONTINUE —| 25 CONTINUE
[ o0 i=1,20 L 30 CONTINUE
B DO J=1 5 — DO10klS
0O k=1,10 B Lo .J=1,10
;EI"-.IIZ?| oo L 10 ;:EINTINLIE
| EI"-.ID oo L END Lo
10 ;:EINTII"-.ILIE




Walicl
Control Transfers

L_15
20
30
oo
Loop
L L35
=
Extendedd
Ranige

36

D035 K=1,10
D015 L=2,20
GO TO 20
CONTINUE
A=EB+C
DEI.SS t=1,15

GO TOS0

COMTIMUE
D=EF

GO TO 30

Irvalicd

Control Transfers

20

30

L35

40

L 45

a0

GOTO20
Lo5s0 kK=1,10
A=B+LC
DD.SS L=2,20
D=.E.I'F
COMNTINUE
GO TO40

D045 k=115

COMTIMUE
COMTIMUE

GO TO 30




CyPwe § Qg



ol BB 4y o s e lan L Olejan | i o) e Sl 1)

Dagh omenliel 3w aw 1 SO OeMbl oul = gl

Read (0wl J 28 sle S5 1 el

Read ;'JGc 1 W(\ac

Write (ol J 28 gla S5 1 el
35 Sl B0l Jeas 40 e Sl a5t 5 Slasein 035331 J 28 gla S5 5 st

ZvU‘aMoJ)jTLA;}Jd\ﬂjd)u\q-

Sl S| Sk Sl 5
sde Sole 4. Sl OleMbl 55,5 dolg 0 lilS aseine a5 (oods
[unit=] sl ¥ L sl o SNl 5555 Jous 3 S oslal &S5 Koo
D5l Jts dal ol s aomilior ol 31kl (5355
c s Y o3l S 28 5,8
[FMT=] 6 CCwln pie 53 (63559 0315 13 5 Ol g5 o e 0 iS 2eiee
033 ol 53 aslir . ol LIB 0ps b T e sl
S p5Y 03y ST 2b 55,8 5 sl s
Advance L “yes” Jsb 55 LB @ ax 5 L Oledbl ol = 53 Lib Yes assls
“no” OBl 55 5l s Doy gean] b 53 AS 0 CS o gl aenls
o315 J gl 31 (gdas SleMbl il g5 (gl s 0l o 51 ke ]
LS o p s
END Label os aiS Label w v, 0T 2T 4 b 51 0Ll 55 4ol
LS o S n
EOR Label w8 Label 4 aw 5,8, #Ta4 bl okls s 4l
LS e el
ERR Label LS sy ol a4 mh g b Ol Slles o 53 dasils

U\SGAJZﬁoMAI.GfLabCIM
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AL oo Bl e oSG VL s 535,57, 51 shte




15,8 Jlesl YU (glalis b 53 5 1 s S5 Oly o0

Read (oui J a8 gla S50 (L
pbel sdiylosi= ol 01T YL OLS ¢ a8 2 aislaii = ol 0L YL OIS ¢ p) ) e

J,:.s'..:n
PSS a5 Jle w
Read (*,*)((A(1,),i=1,10),j=1,5))
&;M‘ﬂ))‘};w.} dbl&a)jl.w.: g_]‘f.‘
Do 1 1=1,10
Do 1 j=1,5
Read (*,*) A(1,]})
1 Continue
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(cwoyd) B JB



Claml e ml Gl pls s 2)ls Golestl DMl Ol 5 Ol 4 (qms 5 4l 1 cakee 25
33 oml ol OV Ol 5 esle Sole 43S aoliw |y i g 5 Ol Olgn b uST s
Olge .35 o )lal asmir (gt LB 5 il Lolastl 4 Olg o SV cpl alex 31 sls ) g2us
L sash st eler o DLl Gl Jras oS Clig asl gl 65 4 015 (oo Jlio
358 B pedsab dsl o > 5 Sledbl il
2 S o S 03055 o asly oSy 5 ) Oliks oo Lgliton e 5 31 J5
A (313 o+ oS oh Gy e |y 3t 1) DOS lame 13 K5 O jle 4L 3 55
pixelCL;«_fG;l,,_s.bus,'l(DOSW)sﬁ@ﬁwuuﬁé\ﬁ\oujﬁsdi;,dim
20335 e oslizal ST S el sl b o pl 51 g3l ¢ sazms . ol 0k [SC5
& 4 samma ool Sl galiw STl g eeals Sl O 6K Ll e de gazme ol 516K
o S 1 Ol &S5 sls Ll 1y Oo o (g5b 3 sl 0l b 5,8 15 K uK LS s S
L s oo g5 3 (Nen S s &5 s oo g gyls (Ko ba oSl (nl il ins
.M‘gm}@;,’!&
wils bl 4§15 Jlesl | lon 01 015 (o0 6585 i ¢ ook 3T s Olis L o7 0055
) ) agd  db o3ls e 5 b ssb & Bl L S5y ¢ (mb 5 5 Ol Lomn 55 il
P S s

Read (*,*) A
g..“.ab_;%_fldl_>.431?'6»(c,p}wo,vg)aiquupww;&l,Aﬂg,p;Jj

oS o et 25 B0 33 51 N oS Jlesl e ol ) LB S
Read ( *,1) A
1 Format ( F6.2)

Read (*,”(F6.2)")A
ool sl &S s js oS sl olassilabel ojls oK b FMT s s s oo sl

&giJ&b)bbdMﬁVéLMJﬁsqdjgfgjJﬂ:ﬂ}Pbﬂnat)j@)&¢&ﬂdﬁﬁwki
sl pwesS 5 l

Al |l 3 g esls 3 jgmws cpla S Sl b g G o) 2 ) siws Format | gus
23 0T 015 e ol (285 L g Ol 5l Lo 55 S by 52 a5 30 e g} e S
RSP PP FS WX PRV (GO

Space oles [ 31 jsbte ol j3ods 573 gla Jle y3) Calia 1) b Ol ol LL O 4ST)
(358 sadosls Siulad asl gl ol e 534S ol
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I Olowe -

D3k i 55 e 4 Ol
Lole dsb [ olte I b ol ]
il U1 sl Jilu ¢ Ole Jsb Jalu 5 Wl 3 0ds 573 sla oSSl slted Ole Jsb

o lw Ol J b 031000 an ¢ il iy Ol Jsb 1 sde Jsb amsilis L Col Olde 3 odd 030>

355 o g Sl Coew 3l Olis AL 2087 Ols Jsb 31 sde J b ST 5 as dal s Ol

S b sde e Slows §

33 | 11 | o1l el 3 Ola J b il
13.2 1 101

[3.2 | 4000 | *** ol oS Ol I b
20| 0 00 btz
12.1 0 0

3.2 | 11.1 eodex

,u,:f@,@&u;))\,;,@»m!m@oufa\,;

B, 0, Z & Lo Olowe -
sde B Olas . S e T Olis wile e 505 5 b3 5550 (sl 4 1) ke izl b Ols ol s

.sﬁ@16a¢,\,>,\;Z38L;L;,w\);.uOM;L;L;,w\,

e, 10 lw 45 sue 350 Slas y3 due I
A
B4 9 1001 1001
B3 9 1001 ok
B5.5 9 1001 01001
04.3 27 33 1033
75 32767 TFFF L I7FFF

li2Au\.acw)"éS(ajas.x.c&l;,e).sbdjb.x;}a;\)ad&jéc\f%};{s\ul}ﬁoﬁl

Read *,N, IBase
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Select case (IBase)
Case (2)
Print “(B0O)”,N
Case (8)
Print “(00)”,N
Case (16)
Print “(Z0)”,N
End select
End

a0 Ol Jpb 48 350 on o pa 5 Sl 0di 8 8 5 55 i Ol b iy (o0 457 4 80Les
Mb@jﬁ :jﬁ-a)'\.,\}l
F Olowe -
1l 5 Do ge 4 S5 L 53 Ol

Foi.ﬁ.«ﬁdlfdjb.,u&\vjﬂl.w
spb b 8 s ol Oln ST b o511 & Il 4 CandlS Oln (a5 5 ol (5
igfﬁuuﬂﬁib,nfgamﬁﬂ;uuﬁkvuug,quﬂmggwbgwﬂywv
I 55 a03ls plassl oo Connd ay Oln o o )3 ba oSSl 4y 5 550 oo 0313
Ol ol 3550 53 4T Al ol o g st ol bl e s o Sl | Olin il 535 amilir
233,58 513 Ol o ad 5 JalST ) 5b 4 Ll Wb sde o S J b oSOT ol g
Ol )lisl Cand b 815 s sl Ol ol Ol ST I b slitad 4 D) a8
S5 A5 e s OT 5 457 Lol (glgad ) I (g3lias il 3o (6 Liel T Jsb I a8

PSS w5 5 e e g gb Sl Lsd 0 Ol 03 S 5 S LS

e | sae ST Sl

F6.2 15.5 [115.50

F6.2 15.257 | [J15.26 Gl ol 3 8 sae

F6.2 | 2115.25 | s 5,8 o 1B Ol 53

F6.2 -10.1 -10.10

F3.1 12.1E2 otk 3 4 dewlous 3e ||

F5.2 -2 -0.20 35h Sole ) L b el o6l sl
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e dlod Olowe —
935Sl e 0B U5 Ol 558 o u ES (ENCE aaseiin aw a4 Ol !
R (o e D ped @ G5 e Ol

E Olus JS Jsb . gliel cand J5b [ E 015 b ]
£35 ) o 3l s dns 13 6 Olike JS b 031000 4 1l Lgiln f a2 5
22 15T sl okt 4 5 015 b sl ) ST o 05 (51 oSSl O Jsb o1l 4y 5 03
St 1y m oSSl s ool it b St Cadle 0 1 ol &S5 e (4,80
S S O 5l 5 led Asbodd b5 € T s SIS S a5 0,8 i 5B G o
Coand J 3b 03101 4 Al ol 51 s . Sl B Olaa  shate dily ois a2 g5 81 5 S ol OT
Sl ol S 53 Lo ol L s ol ome 401y sk oKlr 5 0387 Ll
e S plag ULt o 53 ST A 5 1) Ol ol 15 aeilinr . ile 0 (Bl s Cuad
cld el g axl g0 Olde 05 g oLzl
23352 50 S o (alad 5 03,5 g b s G Can Sl et 13 Ols 5o |y e AL
235 e 5 (o e Aoy 0T ks 38 B Oln 350 55 s 01,8 (0 03l 1) G Con
.s.\pVﬁ,MENo\.s:.a.s)y);.V:S@;Jf;jT;j:.slq-djuwlgmé)ufoS@)y
&ESQ‘uhf:)y)J.rféd)\}}ww\JWJbb@)W%Wbaw'\—wu\g
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Position-
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Character *(*) A
Open(Unit=2,File="C:\data.dat” ,ERR=23,Action="Read”,Status="01d"")
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Open(Unit=3,File="C:\data.out”,ERR=24 ,Action="Write”,Status="New’)
Do 1= 1, 10

Read (2,*)A

Write(3,*) (A,j=1,2)
End do

Close(2)

Close(3)

GOTO 25

23 PRINT *,”ERROR OPENING INPUT FILE”
24 PRINT *,”ERROR OPENING OUTPUT FILE”
25 End
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Function 2B el (a5 kST ced)
S5 &S sk

2beb= .

End Function
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Read *,A
Print *,Sin(A)-Sin2(A)
End

Function Sin2(x)
Sin2=x ; F=1 ; S=-1

Do 1=3,20,2
F=F*(i-1)*i
SIN2=SI1nN2+S*x**1/F
S=S*-1

End do

End Function
JJ&JQ%@%QSshﬁLQJumGwxm%kfﬁnﬁpu%edmfﬂww
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Subroutine-
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End Subroutine

Read *,A

Call Sin2(A,B)
Print *,Sin(A)-B
End

Subroutine Sin2(x,y)
y=x ; F=1 ; S=-1

Do 1=3,20,2
F=F*(i-1)*1
y=y+S*x**1/F
S=S*-1

End do

End Subroutine
b o Call, zus L Subroutine il 5 i o 45 shilen
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Name

ACOS

ACOSD

ALOG

ALOGI10

ASIN

ASIND

ATAN

ATAND

ATAN?2

ATAN2D
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Description

ACOS(X). Returns the arc cosine of X in
radians between 0 and pi. When ACOS is
passed as an argument, X must be REAL(4).

ACOSD(x). Returns the arc cosine of X in
degrees between 0 and 180. When ACOSD is
passed as an argument, X must be REAL(4).

ALOG(x). Returns natural log of x.

ALOG10(x). Returns common log (base 10)
of X.

ASIN(X). Returns arc sine of X in radians
between +pi/2. When ASIN is passed as an
argument, X must be REAL(4).

ASIND(X). Returns arc sine of X in degrees
between +£90°. When ASIND is passed as an
argument, X must be REAL(4).

ATAN(X). Returns arc tangent of X in radians
between +pi/2. When ATAN is passed as an
argument, X must be REAL(4).

ATAND(X). Returns arc tangent of X in
degrees between £90°. When ATAND is
passed as an argument, X must be REAL(4).

ATAN2(y, X). Returns the arc tangent of y/X
in radians between £pi . When ATAN2 is
passed as an argument, y and X must be
REAL(4).

ATAN2D(y, x). Returns the arc tangent of y/X
in degrees between £180°. When ATAN2D is
passed as an argument, y and X must be
REAL(4).

Argument/Function
Type

X: Real

result: same type as X

X: Real

result: same type as X
X: REAL(4)

result: REAL(4)

X: REAL(4)

result: REAL(4)

X: Real

result: same type as X

X: Real

result: same type as X

X: Real

result: same type as X

X: Real

result: same type as X
y: Real

X: same as Yy

result: same type as Yy
y: Real

X: same as 'y

result: same type as Yy




CCOS

CDCOS

CDEXP

CDLOG

CDSIN

CDSQRT

CEXP

CLOG

(@)
wn

COSD

COSH

COTAN

COTAND
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CCOS(x). Returns complex cosine of X.

CDCOS(X). Returns double-precision
complex cosine of X.

CDEXP(x). Returns double-precision
complex value of e**x.

CDLOG(X). Returns double-precision
complex natural log of x.

CDSIN(X). Returns double-precision
complex sine of X.

CDSQRT(X). Returns double-precision
complex square root of X.

CEXP(X). Returns complex value of e**x.

CLOG(X). Returns complex natural log of X.

COS(x). Returns cosine of X radians. When
COS is passed as an argument, X must be
REAL(4).

COSD(x). Returns cosine of X degrees. When
COSD is passed as an argument, X must be
REAL(4).

COSH(X). Returns the hyperbolic cosine of .

When COSH is passed as an argument, X
must be REAL(4).

COTAN (x). Returns cotangent of X in

radians.

COTAND (x). Returns cotangent of X in
degrees.

x: COMPLEX(4)

result: COMPLEX(4)

x: COMPLEX(8)

result: COMPLEX(8)

x: COMPLEX(8)

result: COMPLEX(8)

x: COMPLEX(8)

result: COMPLEX(8)

x: COMPLEX(8)

result: COMPLEX(8)

x COMPLEX(8)

result: COMPLEX(8)

x: COMPLEX(4)

result: COMPLEX(4)

x: COMPLEX(4)

result: COMPLEX(4)

X: Real or Complex
result: same type as X
X: Real

result: same type as X
X: Real

result: same type as X
X: Real

result: same type as X

X: Real




CSIN

CSQRT

DACOS

DACOSD

DASIN

DASIND

DATAN

DATAND

DATAN2

DATAN2D

DCOS
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CSIN(X). Returns complex sine of X.

CSQRT(X). Returns complex square root of
X.

DACOS(x). Returns double-precision arc
cosine of X in radians between 0 and pi.

DACOSD(x). Returns the arc cosine of X in
degrees between 0 and 180. When DACOSD
is passed as an argument, X must be REAL(4).

DASIN(X). Returns double-precision arc sine

of X in radians between £pi/2.

DASIND(xX). Returns double-precision arc
sine of X in degrees between £90°.

DATAN(X). Returns double-precision arc
tangent of X in radians between +pi/2.

DATAND(X). Returns double-precision arc
tangent of X in degrees between £90°.

DATANZ2(y, x). Returns double-precision arc
tangent of y/X in radians between *pi.

DATAN2D(Y, X). Returns double-precision
arc tangent of y/X in degrees between £180°.

DCOS(x). Returns double-precision cosine of
X in radians.

result: same type as X

x: COMPLEX(4)

result: COMPLEX(4)
x: COMPLEX(4)
result: COMPLEX(4)
X: REAL(S8)
result: REAL(S)
x: REAL(S8)
result: REAL(S)
X: REAL(8)
result: REAL(8)
X: REAL(S8)
result: REAL(S)
X: REAL(S8)
result: REAL(S)
X: REAL(8)
result: REAL(8)
y: REAL(S8)

X: REAL(S8)
result: REAL(8)
y: REAL(8)

X: REAL(8)
result: REAL(8)
X: REAL(8)

result: REAL(S)




DCOSD

DCOSH

DCOTAN

DEXP

DLOG

DLOGI10

DSIN

DSIND

DSINH

DSOQRT

DTAN

DTAND

DTANH
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DCOSD(x). Returns double-precision cosine
of X in degrees.

DCOSH(X). Returns double-precision
hyperbolic cosine of X.

DCOTAN(X). Returns double-precision
cotangent of X.

DEXP(X). Returns double-precision value of
e**X

DLOG(X). Returns double-precision natural
log of X.

DLOG10(x). Returns double-precision
common log (base 10) of x.

DSIN(X). Returns double-precision i of X in
radians.

DSIND(xX). Returns double-precision g of X
in degrees.

DSINH(X). Returns double-precision
hyperbolic sine of x.

DSQRT(X). Returns double-precision square
root of X.

DTAN(X). Returns double-precision tangent
of X in radians.

DTAND(X). Returns double-precision
tangent of X in degrees.

DTANH(X). Returns double-precision
hyperbolic tangent of X.

x: REAL(8)
result: REAL(8)
X: REAL(S8)
result: REAL(S)
X: REAL(8)
result: REAL(S)
X: REAL(8)
result: REAL(S)
X: REAL(S8)
result: REAL(S)
X: REAL(8)
result: REAL(S)
X: REAL(8)
result: REAL(S8)
X: REAL(S8)
result: REAL(S)
X: REAL(8)
result: REAL(S)
X: REAL(8)
result: REAL(S)
x: REAL(8)
result: REAL(8)
X: REAL(8)
result: REAL(S)

x: REAL(8)




EXP

LOG

LOGI10

SIND

SINH

TAN

TAND

TANH
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EXP(X). Returns value of e**x. When EXP is
passed as an argument, X must be REAL(4).

LOG(x) Returns the natural log of x.

LOG10(x). Returns the common log (base
10) of x.

S (X). Returns the sine of X radians. When
sI0 is passed as an argument, X must be
REAL(4).

SIND(x). Returns the sine of X degrees. When
SIND is passed as an argument, X must be
REAL(4).

SINH(X). Returns the hyperbolic sine of X.
When SINH is passed as an argument, X must
be REAL(4).

SQRT(x). Returns the square root of X. When
SQRT is passed as an argument, X must be
REAL(4).

TAN(X). Returns the tangent of X radians.
When TAN is passed as an argument, X must
be REAL(4).

TAND(X). Returns the tangent of x degrees.
When TAND is passed as an argument, X
must be REAL(4).

TANH(X). Returns the hyperbolic tangent of
X. When TANH is passed as an argument, X
must be REAL(4).

result: REAL(S)

X: Real or Complex

result: same type as X

X: Real or Complex

result: same type as X

X: Real

result: same type as X

X: Real or Complex

result: same type as X

X: Real

result: same type as X

X: Real

result: same type as X

X: Real or Complex

result: same type as X

X: Real

result: same type as X

X: Real

result: same type as X

X: Real

result: same type as X
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PROGRAM GreatestCommonDivisor
IMPLICIT NONE

INTEGER i a, b, c
WRITE(*,*) "Two positive integers please --> *©
READ(*,*) a, b
IF (a < b) THEN

since a >= b must be true, they

c=a I are swapped if a < b
a=>b
b=c
END IF
DO I now we have a <= b
c = MOD(a, b) ! compute c, the reminder
IF (c == 0) EXIT 1 if c is zero, we are done. GCD = b
a=>b 1 otherwise, b becomes a
b=c ! and c becomes b
END DO ! go back

WRITE(*,*) "The GCD is ", b

END PROGRAM GreatestCommonDivisor

sty o b 5l ade G e a1 2wl

PROGRAM SquareRoot
IMPLICIT NONE
REAL - Input, X, NewX, Tolerance
INTEGER :: Count
READ(*,*) Input, Tolerance

Count = O
X = Input
DO

Count = Count + 1

NewX = 0.5*(X + Input/X)

IF (ABS(X - NewX) < Tolerance) EXIT

X = NewX
END DO
WRITE(*,*) “After ", Count, " iterations:*
WRITE(*,*) ~ The estimated square root is ", NewX
WRITE(*,*) " The square root from SQRT() is ", SQRT(Input)
WRITE(*,*) " Absolute error = ", ABS(SQRT(Input) - NewX)

END PROGRAM SquareRoot
sue &G Jsl Jolse oaled oL 13 aali

PROGRAM Factorize
IMPLICIT NONE

INTEGER :: Input
INTEGER :: Divisor
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INTEGER :: Count

WRITE(*,*) “This program factorizes any integer >= 2 -->
READ(*,™) Input

Count = 0

DO
IF (MOD(Input,2) /7= 0 .OR. Input == 1) EXIT
Count = Count + 1
WRITE(*,*) “Factor # ", Count, ": *, 2
Input = Input /7 2

END DO
Divisor = 3
DO
IF (Divisor > Input) EXIT
DO
IF (MOD(Input,Divisor) /= 0 .OR. Input == 1) EXIT
Count = Count + 1
WRITE(*,*) “Factor # ", Count, ": ", Divisor
Input = Input / Divisor
END DO
Divisor = Divisor + 2
END DO

END PROGRAM Factorize
10 5510 s 5l oS oYL Elze il 14 b,

PROGRAM UpperTriangularMatrix
IMPLICIT  NONE

INTEGER, PARAMETER 2 SIZE = 10
INTEGER, DIMENSION(1:SIZE,1:SIZE) :: Matrix
INTEGER :: Number
INTEGER :: Position
INTEGER i A |
CHARACTER(LEN=100) :: Format

READ(*,"(15)") Number
DO 1 = 1, Number

READ(*,"(1015)") Watrix(i,j), J
END DO

1, Number)

WRITEC*,"(1X,A)'") "lInput Matrix:"
DO 1 = 1, Number

WRITEC*,"(1X,1015)") Matrix(i,j), J = 1, Number)
END DO

WRITEC*,"(/1X,A)") "Upper Triangular Part:"

Position = 2

DO i = 1, Number
WRITE(Format,"(A,12.2,A)") (T, Position, ", 1015)"
WRITE(*,Format) Matrix(i,j), J = i, Number)
Position = Position + 5

END DO

END PROGRAM UpperTriangularMatrix

S e s S5 aly
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PROGRAM Multiplication_Table
IMPLICIT NONE
INTEGER, PARAMETER :: MAX = 9
INTEGER oi,
CHARACTER(LEN=80) :: FORMAT

FORMAT = (92X, 11, A, 11, A, 12))"
DO 1 = 1, MAX
WRITE(*,FORMAT) (i, **°, j, =", i*j, j = 1, MAX)
END DO
END PROGRAM Multiplication_Table

Lhabb‘bjj§ATJJAZ6 4l

PROGRAM Sorting
IMPLICIT NONE
INTEGER, PARAMETER :: MAX_SIZE = 100

INTEGER, DIMENSION(1:MAX_SIZE) :: InputData
INTEGER :: ActualSize
INTEGER el |

READ(*,*) ActualSize, (InputData(i), 1 = 1, ActualSize)
WRITE(*,*) "Input Array:"
WRITE(*,*) (InputData(i), i = 1, ActualSize)

CALL Sort(InputData, ActualSize)

WRITE(*,™)

WRITE(*,*) "Sorted Array:"

WRITEC*,*) (InputData(i), i = 1, ActualSize)
CONTAINS

INTEGER FUNCTION FindMinimum(x, Start, End)

IMPLICIT NONE
INTEGER, DIMENSION(1:), INTENT(IN) :: x

INTEGER, INTENT(IN) :: Start, End
INTEGER : Minimum
INTEGER . Location
INTEGER S |

Minimum = x(Start)
Location = Start
DO i = Start+l1l, End

IF (x(i) < Minimum) THEN

Minimum = x(i)
Location = i
END IF

END DO
FindMinimum = Location
END FUNCTION FindMinimum

SUBROUTINE Swap(a, b)
IMPLICIT NONE
INTEGER, INTENT(INOUT) :: a, b
INTEGER 2 Temp

Temp = a
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a =b
b = Temp
END SUBROUTINE Swap

SUBROUTINE Sort(x, Size)
IMPLICIT NONE

INTEGER, DIMENSION(1:), INTENT(INOUT) :: x
INTEGER, INTENT(CIN) :: Size
INTEGER el |
INTEGER :: Location

DO i = 1, Size-1
Location = FindMinimum(x, i, Size)
CALL Swap(x(i), x(Location)) !
END DO
END SUBROUTINE Sort

END PROGRAM Sorting

PROGRAM  ArmstrongNumber
IMPLICIT NONE

INTEGER :: a, b, c
INTEGER :: abc, a3b3c3
INTEGER :: Count

Count = 0
DO a =0, 9
DO b =0, 9
DO c =0, 9
abc = a*100 + b*10 + c
a3b3c3 = a**3 + b**3 + c**3

IF (abc == a3b3c3) THEN
Count = Count + 1
WRITE(*,*) “Armstrong number *, Count, ": ", abc
END IF
END DO
END DO
END DO

END PROGRAM ArmstrongNumber

S sl doly Law s U, 1000 slout SV sles dmloes 1 8 4l

integer o
open(2,file="c:\1000.txt", status="replace")
write(2,*) "1000 Rls 500 RIs 200 RIs 100 Rls 50 RIs 20 RIs 10 Rls"

write(2,*) " "
do 11i=0,1 11000 rls
do 1 j=0,2 1500 rls
do 1k=0,5 1200 rls
do 11=0,10 1100 rls
do 1 m=0,20 150 rls
do 1 n=0,50 120 rls
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do 1 0=0,100 110 rls
if &
(i*1000+j*500+k*200+1*100+m*50+n*20+0*10==1000) then
write(2,30) i,j,k,1,m,n,0
end if

1 continue

30 format (3x,11,10x,11,9%,11,9x,12,7x,12,7x,12,6%,13)

end
C.M‘oMJ)\)jLAJ@LA)UJ‘JP‘C"AWJﬁ;\Awbr.o9 ML;J.:

Read * A

Nmax=A ; Nmin=A

Do

Read *,A

Nmax=Max(A,Nmax) ; Nmin=Min(A,Nmin)

IF (A==0.) Goto 11

End do

11 print *,"Max=",Nmax,"Min=",Nmin

End

(03l) O 4 (63508 slas o Jlasl b L 5 Jdoes 1 10 aeli

real ,allocatable :: f(:,:)

real ,allocatable :: p(:)

real A

integer N

character stat

read *,N,A

allocate(P(n+2))

allocate(f(-1:N+2,N+3))

do i=1 , n+t2
print *,"Please enter P",1,":"
read *,P(i)
pi=pi+p(i)

end do

Do j= 2,n+2
mp=mp+p(§)*(-1)*A/2

end do

t=(n-1)/2

g=Floor(T)

c2=mp/(g+1)

cl=-c2+pi

T(1,2)=c1*(1/sin(3.141592/3))

f(1,3)=-f(1,2)*cos(3.141592/3)

£(0,2)=0

f(n+1,n+3)=0

f(n+2,n+1)=0

f(n+2,n+2)=0

do j=2, n+l
fa.3+1)=-fg-1,.1)+p()
f(g,j+2)=FQ-2,3)+F(-1,j)*cos(3.141592/3)-

f(J,j+1)*cos(3.141592/3)

end do
print *,"———— e "
print *,"Calculation process completed"

print *,"cl1=",Cl
print *,"c2=",C2
print *,"=",50/SIN(3.141592/3)
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print *,"Now is the time to Show th information"

1 read *,Nj

Print *, " o "
if (F(nj,nj+2)<0) then

STAT="T"

else

STAT="C"

END IF

print *,"FC",Nj,",",Nj+2,")=",ABS(F(NI,NI+2)) ,"(",STAT,")"

it (F(nj,nj+1)<0) then

STAT="T"

else

STAT=""C"

END IF

print *,"FC',Nj,",",Nj+1,")="",ABS(F(NJ,NJ+1)),"(*",STAT,"H"

if (F(nj-2,nj)<0) then

STAT="T"

else

STAT="C"

END IF

print *,"F(C',Nj-2,",",Nj,")=",ABS(F(NJ-2,NJ3)),"(*",STAT,")"

if (F(nj-1,nj)<0) then
STAT="T"

else

STAT="C"

END IF

print *,"F("',Nj-1,",",Nj,")=",ABS(F(NJ-1,NJ)),"("",STAT,"™)"

if (P(nj)<0) then

STAT="T"

else

STAT="C"

END IF

print *,"P(",Nj,")=",ABS(P(NJ))," (", STAT,")"
goto 1

end
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program MAT Calculation

character c

real ,allocatable,dimension(:,:)::A,B,M,S

1 print *,"Please enter the N that belongs to matrices A & B:"
read *,N

allocate (a(N,N))

allocate (B(N,N))

allocate (S(N,N))

allocate (M(N,N))

do i= 1,N
do J=1,N
print *,"please enter the ",i,"&",j,""object of matrices”
read *,a(i,Jd)
read *,b(i,]J)
s(i,3)=a(i,j)+b(i,J)
end do
end do
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do t=1 , N

g=0
do while (g<N)
g=g+1
do j=1,n
tm=tm+A(t,j)*b(.9)
end do
end do
m(t,g)=tm
tm=0
end do
do i1=1,n
WRITEC*,11) (M(3,5), §J = 1, n)
end do
print *,"Do you want to do again?"
read *,C
it (c=="N" .or. c=="NO" .or. c=="n" .or. c=="no") goto 12
goto 1
12 end
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PROGRAM Palindrome
IMPLICIT NONE

maximum array size

INTEGER, PARAMETER :: LENGTH = 30
s the array

INTEGER, DIMENSION(1:LENGTH)

INTEGER :: Size I actual array size (input)
INTEGER Z: Head I pointer moving forward
INTEGER o Tail I pointer moving backward
INTEGER i | I running index

READ(*,*) Size, (x(i), 1 =1, Size)
WRITE(*,*) ™Input array:"
WRITEC(*,*) (i), 1 =1, Size)

read in the input array
display the input

Head = 1 I scan from the beginning
Tail = Size I scan from the end
DO I checking array

IF (Head >= Tail) EXIT exit iIf two pointers meet
IF (X(Head) /= x(Tail)) EXIT 'eX|t if two elements not equal
Head = Head + 1 ! equal. Head moves forward
Tail = Tail - 1 and Tail moves backward

END DO until done

WRITE(*,™)
IF (Head >= Tail) THEN
WRITE(*,*) "The input array
ELSE
WRITE(*,*) "The input array is NOT a palindrome"
END IF

if Head cross Tail, then we have

1
is a palindrome™

END PROGRAM Palindrome

PROGRAM UpperTriangularMatrix
IMPLICIT  NONE
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INTEGER, PARAMETER o SIZE = 10
INTEGER, DIMENSION(1:SIZE,1:SIZE) :: Matrix

INTEGER 2 Number
INTEGER :: Position
INTEGER 0, ]
CHARACTER(LEN=100) :: Format

READ(*,"(15)") Number

DO i = 1, Number
READ(*,"(1015)") Matrix(i,j), J

END DO

WRITEC*,"(1X,A)'") "lInput Matrix:"

DO 1 = 1, Number
WRITEC*,"(1X,1015)") Matrix(i,j), j = 1, Number)

END DO

WRITEC*,"(/1X,A)'™) "Upper Triangular Part:"

Position = 2

DO 1 = 1, Number
WRITE(Format,"(A,12.2,A)'") "(T", Position, ", 1015)"
WRITE(*,Format) (Matrix(i,j), J = i, Number)
Position = Position + 5

END DO

END PROGRAM UpperTriangularMatrix

1, Number)
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PROGRAM  YYYYMMDDConversion
IMPLICIT NONE

INTERFACE I interface block
SUBROUTINE Conversion(Number, Year, Month, Day)
INTEGER, INTENT(IN) :: Number

INTEGER, INTENT(OUT) :: Year, Month, Day
END SUBROUTINE Conversion
END INTERFACE

INTEGER :-: YYYYMMDD, Y, M, D

DO I loop until a zero is seen
WRITEC*,*) A YYYYMMDD (e.g.,19971027) please (0 to stop)-> "
READ(*,*)  YYYYMMDD I read in the value
IF (YYYYMMDD == 0) EXIT I if 0, then bail out

CALL Conversion(YYYYMMDD, Y, M, D) I do conversation

WRITE(*,*) '"Year =", Y I display results
WRITE(*,*) "Month = ", M
WRITE(*,*) '"Day =", D
WRITE(*,™)
END DO

END PROGRAM YYYYMMDDConversion

I SUBROUTINE Conversion():
1 This external subroutine takes an integer input Number in the
I form of YYYYMMDD and convert it to Year, Month and Day.

SUBROUTINE Conversion(Number, Year, Month, Day)
IMPLICIT NONE
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INTEGER, INTENTCIN) :: Number
INTEGER, INTENT(OUT) :: Year, Month, Day
Year Number / 10000

Month MOD(Number, 10000) / 100
Day MOD(Number, 100)
END SUBROUTINE Conversion
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PROGRAM Projectile

IMPLICIT NONE

REAL, PARAMETER :: g = 9.8
REAL, PARAMETER :: Pl = 3.1415926
REAL - Angle
REAL iz Time
REAL :: Theta
REAL S V)

REAL oV

REAL IIVX

REAL i Vy

REAL o X

REAL oY

READ(*,*) Angle, Time, U

Given t, the time since launch, u, the launch velocity, a, the
initial angle of launch (in degree),and g, the acceleration due to
gravity, this program computes the position (x and y coordinates)
and the velocity (magnitude and direction) of a projectile.

acceleration due to gravity
you knew this. didn"t you

launch angle in degree

time to flight

direction at time in degree
launch velocity

resultant velocity
horizontal velocity
vertical velocity
horizontal displacement
vertical displacement

1 convert to radian

Angle = Angle * P1 / 180.0

X = U * COS(Angle) * Time

Y = U * SIN(Angle) * Time - g*Time*Time / 2.0
VX = U * COS(Angle)

Vy = U * SINCAngle) - g * Time

v = SQRT(VX*VX + Vy*Vy)

Theta = ATAN(Vy/Vx) * 180.0 7/ PI

WRITE(*,*) “Horizontal displacement

WRITE(*,*) “Vertical displacement
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WRITE(*,*) "Resultant velocity ",V
WRITE(*,*) “Direction (in degree) : ", Theta

END PROGRAM Projectile
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program area

C*******************************************************************

*

C Compute area under the curve y = x**2 + 1 given user defined
C stop and stepsize

C*******************************************************************

real start, stop, delta, sum

print *, "Enter the interval endpoints and number of",
+ " subintervals:*
read *, start, stop, n

delta = (stop - start) / n I INCREMENT SIZE

sum = 0

X = start + delta /7 2

print *, X

print *, x, stop, delta

do 10 rcnt = x, stop, delta

height = rcnt**2+1

area = height * delta

sum = sum + area

print *, height, delta, rcnt, area, sum
10 continue

print *, "Appx area using ",n," subintervals is ",sum
stop

end
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I PROGRAM TableLookUp

Given an array and a input value, this program can determine if
the value if in the table. |IFf it is, the array location where the
I value is stored is returned.

PROGRAM TablelLookUp
IMPLICIT NONE

INTEGER, PARAMETER :: TableSize = 100
INTEGER, DIMENSION(1:TableSize) :: Table

INTEGER 2 ActualSize
INTEGER I Key

INTEGER :: Location
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INTEGER e |
INTEGER :: end_of _input

READ(*,*) ActualSize I read in the actual size and table

READ(*,*) (Table(i), i = 1, ActualSize)

WRITE(*,*) "Input Table:"

WRITE(*,*) (Table(i), 1 = 1, ActualSize)

WRITE(*,*)

DO I keep reading in a key value
WRITE(*,*) ™A search key please --> "
READ(*,*, I0STAT=end_of _input) Key

IF (end_of input < 0) EXIT I EXIT of end-of-file reached
Location = LookUp(Table, ActualSize, Key)! do a table look up
IF (Location > 0) THEN I display the search result
WRITE(*,*) "Key value ", Key, " location ", Location
ELSE
WRITE(*,*) "Key value ™, Key, " is not found"
END IF
END DO
WRITEC(*,™)

WRITE(*,*) "Table lookup operation completes™

CONTAINS

INTEGER FUNCTION LookUp(Q):

Given an array x() and a key value Data, this function determines
if Data is a member of x(). If it is, the index where Data can be
found is returned; otherwise, it returns O.

INTEGER FUNCTION LookUp(x, Size, Data)
IMPLICIT NONE
INTEGER, DIMENSION(1:), INTENT(IN) :: x

INTEGER, INTENT(IN) 1z Size
INTEGER, INTENT(IN) :: Data

INTEGER Tt

LookUp = 0 I assume not found

DO 1 = 1, Size check each array element

IF (x(i) == Data) THEN ! is it equal to Data?
LookUp = i I YES, found. Record location
EXIT ! and bail out
END IF
END DO

END FUNCTION LookUp

END PROGRAM TablelLookUp
5‘41.@)‘)}“"#)18 ‘LAL:J:

PROGRAM VerticalBarChart
IMPLICIT NONE

CHARACTER(LEN=*), PARAMETER :: Partl = "(1X, 15, A,"”
CHARACTER(LEN=*), PARAMETER :: Part2 = "A, A, 12, A)"
CHARACTER(LEN=2) :: Repetition
CHARACTER(LEN=10), PARAMETER :: InputFormat = "(15/(515))"
INTEGER 22 Number, i, j
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INTEGER, DIMENSION(1:100)

READ(*, InputFormat) Number,
DO i 1, Number
IF (Pata(i) /= 0) THEN

::. Data

(Data(i), i=1, Number)

WRITE(Repetition,”(12)") Data(i)

WRITE(*,Partl // Repetition // Part2) Data(i), " |", &
¢, j=1,bata(i)), " (', Dbata(i), )"
ELSE
WRITEC*,"(1X, 15, A, 12, A)'™) Data(i), " | (', Data(i)&
END IF
END DO

END PROGRAM VerticalBarChart

PROGRAM CLOCK

I Program asking the computer
IMPLICIT NONE

CHARACTER (LEN=8) DATE !
CHARACTER (LEN=10) TIME !
CHARACTER (LEN=5) ZONE !
INTEGER VALUES(8) !

CHARACTER (LEN=8) TIMESTRING
CHARACTER (LEN=10) DATESTRING

CALL DATE_AND_TIME( DATE, TIME,

TIMESTRING = TIME(C 1:2 ) // =:*

DATESTRING = DATE( 7:8 ) // =-~
!

PRINT *, "1t is ", TIMESTRING,

END PROGRAM CLOCK

PROGRAM TRIG_TABLE

! Compiles a table of SIN, COS,
IMPLICIT NONE

INTEGER DEG ! angle in degrees

for date and time

date in format ccyymmdd

time in format hhmmss.sss

time zone (rel to UTC) as Shhmm
year, month, day, mins from UTC,
hours, min, sec, msec

I time in the format hh:mm:ss

I date in the format dd-mm-yyyy

I Ask the system for the date and time

ZONE, VALUES )
1 Convert to desired format
// TIME(C 3:4 ) // ":" // TIME( 5:6 )
// DATE( 5:6 ) // "-" // DATE( 1:4)
Output the desired time and date
on ", DATESTRING
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TAN against angle in DEGREES

REAL RAD ! angle in radians

REAL PI ! mathematical pi

CHARACTER (LEN=%*), PARAMETER :: FMTHEAD = '( 1X, A3, 3( 2X, A7 ) )'
CHARACTER (LEN=*), PARAMETER :: FMTDATA = '( 1X, I3, 3( 2X, F7.4 ) )'
! formats for headings and data

PI = 4.0 * ATAN( 1.0 )

WRITE ( *, FMTHEAD ) 'Deg', 'Sin', 'Cos', 'Tan'

DO DEG = 0, 80, 10

RAD = DEG * PI / 180.0

WRITE ( *, FMTDATA ) DEG, SIN( RAD ), COS( RAD ), TAN( RAD )

END DO

END PROGRAM TRIG TABLE
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PROGRAM EXPTABLE

! Program tabulates EXP (X)

IMPLICIT NONE

INTEGER :: NSTEP = 15 ! number of steps

REAL :: XMIN = 0.0, XMAX = 3.0 ! interval limits
REAL DELTAX ! step size

REAL X ! current X value

INTEGER I ! a counter

! Format specifiers

CHARACTER (LEN=*), PARAMETER :: FMT1 = '( 1X, A4 , 2X, Al0 )'
CHARACTER (LEN=*), PARAMETER :: FMT2 = '( 1X, F4.2, 2X, 1PE10.3 )'
DELTAX = ( XMAX - XMIN ) / NSTEP ! calculate step size

)

WRITE ( *, FMT1
DO I = 0, NSTEP
X = XMIN + I * DELTAX ! set X value

WRITE ( *, FMT2 ) X, EXP( X ) ! write data
END DO

END PROGRAM EXPTABLE

'X', '"EXP' ! write headers
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PROGRAM ANALYSE TEXT
IMPLICIT NONE

INTEGER :: IO = 0 ! holds i/o status

INTEGER :: NLETTERS = 0 ! number of letters read
INTEGER :: NWORDS = 0 ! number of words read
CHARACTER CH, LAST CH ! successive characters
CHARACTER (LEN=*), PARAMETER :: ALPHABET = &

' ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz'
CHARACTER, PARAMETER :: SPACE=' '

LAST CH = SPACE
! Open the text file

OPEN ( 10, FILE = 'text.dat' )

! Read characters one-by-one until end of file is reached
DO WHILE ( IO /= -1 ) ! I0=-1 means EOF

| Read one character

READ ( 10, '( Al )', IOSTAT = IO, ADVANCE = 'NO' ) CH

IF ( IO == 0 ) THEN ! a character has been read

PRINT *, 'Character = ', CH

! Is it a new word?

IF (LAST_CH == SPACE .AND. CH /= SPACE ) NWORDS = NWORDS + 1

! Is it a letter of the alphabet or something else?

IF ( INDEX( ALPHABET, CH ) /= 0 ) NLETTERS = NLETTERS + 1
LAST CH = CH ! update last character

ELSE ! end of line or end of file

PRINT *, 'IO = ', IO

LAST CH = SPACE

END IF

END DO

! Close the text file

CLOSE (10)

! Output the analysis

PRINT *, 'Number of letters = ', NLETTERS
PRINT *, 'Number of words = ', NWORDS

END PROGRAM ANALYSE TEXT

PROGRAM COORDINATES
! Program to convert from Cartesian to polar coordinates
IMPLICIT NONE
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EXTERNAL POLARS

REAL X, Y

REAL R, THETA

PRINT *, 'Input coordinates X and Y'
READ *, X, Y

CALL POLARS( X, Y, R, THETA )

PRINT *, 'R, THETA =', R, THETA

END PROGRAM COORDINATES

! Subroutine transforming input (X, Y) to output (R, THETA)
IMPLICIT NONE

REAL, INTENT(IN) :: X, Y ! cartesian coordinates (input)
REAL, INTENT(OUT) :: R, THETA ! polar coordinates (output)
REAL, PARAMETER :: PI = 3.141593 ! the constant pi

R = SQRT( X ** 2 + Y ** 2 ) | radius

THETA = ATAN2( Y, X ) ! inverse tangent between -pi and pi

IF ( THETA < 0.0 ) THETA = THETA + 2.0 * PI

! angle between 0 and 2 pi

THETA = THETA * 180.0 / PI ! convert to degrees
END SUBROUTINE POLARS
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PROGRAM EXAMPLE

! Program to swap two numbers
IMPLICIT NONE

EXTERNAL SWAP

INTEGER I, J

PRINT *, 'Input integers I and J'
READ *, I, J

CALL SWAP( I, J )

PRINT *, 'Swapped numbers are ', I, J
END PROGRAM EXAMPLE

IMPLICIT NONE

INTEGER M, N ! numbers to be swapped
INTEGER TEMP ! temporary storage

TEMP = M ! store number before changing it
M =N

N = TEMP

END SUBROUTINE SWAP
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PROGRAM Student_Average
INTEGER N
REAL , ALLOCATABLE :: Score(:)
REAL Min,MAX
CHARACTER , ALLOCATABLE,DIMENSION(:) :: Name(:)*20
PRINT *,"Please enter the number of students :"
READ (*,"(1)') N
ALLOCATE(Score(N))
ALLOCATE(Name(N))
DO I=1 , N
PRINT *,"Enter the name of the student number *,I
READ (*,"(A20)'") Name(l)
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PRINT *,"Enter the score of the student number ",I
READ (*,"(F5.2)") Score(l)

END DO
PRINT *,"Please enter the min & max score
READ (*,"(F5.2,F5.2)") Min,Max
IF (Min>Max) THEN
A=Max

Max=Min
Min=A

END IF
DO J=1,N

IF (Score(Jd)>=Min _AND. Score(J)<=Max ) THEN

PRINT "(A20,F5.2)" , Name(J),Score(J)

END IF
END DO
END PROGRAM Student_Average
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program Triangle

real a, b, c

print *, 'Enter the lengths of the three sides of the triangle
read *, a, b, c

print *, 'Triangle"s area: ', triangleArea( a, b, c)
contains

function triangleArea( a, b, ¢)

real triangleArea

real, intent(in) ::a, b, c

real theta

real height

theta = acos( (a**2 + b**2-c**2)/(20*a*b))
height = a * sin( theta )
triangleArea = 0.5 * b * height

end function triangleArea

end program Triangle
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PROGRAM EXAMPLE

! Program computes mean, variance and standard deviation
IMPLICIT NONE

EXTERNAL STATS ! subroutine to be used

INTEGER NVAL ! number of values

REAL, ALLOCATABLE :: X(:) ! data values

REAL MEAN, VARIANCE, STANDARD DEVIATION ! statistics
INTEGER N ! a counter

! Open data file

OPEN ( 10, FILE = 'stats.dat' )

! Read the number of points and set aside enough memory
READ ( 10, * ) NVAL

ALLOCATE ( X(NVAL) )

! Read data values

READ ( 10, * ) ( X(N), N = 1, NVAL )

CLOSE ( 10 )

! Compute statistics

CALL STATS( NVAL, X, MEAN, VARIANCE, STANDARD DEVIATION )
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I Output results

PRINT *, 'Mean = ', MEAN
PRINT *, 'Variance = ', VARIANCE
PRINT *, 'Standard deviation = ', STANDARD DEVIATION

| Recover computer memory
DEALLOCATE ( X )
END PROGRAM EXAMPLE

SUBROUTINE STATS( N, X, M, VAR, SD )
! This works out the sample mean, variance and standard deviation

IMPLICIT NONE

INTEGER, INTENT(IN) :: N ! array size
REAL, INTENT(IN) :: X(N) ! data values
REAL, INTENT(OUT) :: M, VAR, SD ! statistics

! Calculate statistics using array operation SUM
M = SUM( X ) / N ! mean

VAR = SUM( X * X ) / N - M ** 2 | variance

SD = SQRT( VAR ) ! standard deviation

END SUBROUTINE STATS

1 This program solves equations with the Bisection Method. Given
I a function f(x) = 0. The bisection method starts with two values,
I a and b such that f(a) and f(b) have opposite signs. That is,

1 f(a)*f(b) < 0. Then, it is guaranteed that f(x)=0 has a root in

I the range of a and b. This program reads in a and b (Left and
IRight

I in this program) and find the root in [a,b].

! In the following, function () is REAL FUNCTION Funct() and

I solve() i1s the function for solving the equation.

PROGRAM Bisection
IMPLICIT NONE

REAL, PARAMETER :: Tolerance = 0.00001

REAL o Left, flLeft
REAL :: Right, fRight
REAL - Root

WRITE(*,*) "This program can solves equation F(xX) = 0~
WRITE(*,*) “Please enter two values Left and Right such that
WRITE(*,*) "F(Left) and F(Right) have opposite signs.”
WRITE(*,™)

WRITE(*,*) “Left and Right please --> *©

READ(*,™) Left, Right I read in Left and Right

fLeft = Funct(Left) I compute their function values
fRight = Funct(Right)

WRITE(*,™)

WRITEC*,*) “Left = ", Left, * f(Left) = ", flLeft
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WRITE(*,*) “Right = ", Right, * f(Right) = ", fRight
WRITE(*,™)
IF (fLeft*fRight > 0.0) THEN

WRITE(*,*) "*** ERROR: f(Left)*f(Right) must be negative ****
ELSE

Root = Solve(Left, Right, Tolerance)

WRITE(*,*) “A root is ", Root
END IF

CONTAINS

REAL FUNCTION Funct(Q)

This is for function F(xX). It takes a REAL formal argument and
returns the value of () at x. The following is sample function
with a root in the range of -10.0 and 0.0. You can change the
expression with your own function.

REAL FUNCTION Funct(x)
IMPLICIT NONE
REAL, INTENT(IN) :: X
REAL, PARAMETER :: PI
REAL, PARAMETER :: a

3.1415926
0.8475

Funct = SQRT(P1/2.0)*EXP(a*x) + x/(a*a + X*X)
END FUNCTION Funct

REAL FUNCTION Solve()

This function takes Left - the left end, Right - the right end,
and Tolerance - a tolerance value such that f(Left)*f(Right) < 0
and find a root in the range of Left and Right.

This function works as follows. Because of INTENT(IN), this
function cannot change the values of Left and Right and therefore
the values of Left and Right are saved to a and b.

Then, the middle point c=(at+b)/2 and its function value f(c)
is computed. If f(a)*f(c) < 0, then a root is in [a,c]; otherwise,
a root is in [c,b]. In the former case, replacing b and f(b) with
c and f(c), we still maintain that a root in [a,b]. In the latter,
replacing a and f(a) with ¢ and f(c) will keep a root in [a,b].
This process will continue until |f(c)] is less than Tolerance and
hence ¢ can be considered as a root.

REAL FUNCTION Solve(Left, Right, Tolerance)
IMPLICIT NONE
REAL, INTENT(IN) :: Left, Right, Tolerance

REAL :: a, Fa, b, Fb, ¢, Fc

a = Left I save Left and Right

b = Right

Fa = Funct(a) I compute the function values

Fb = Funct(b)

IF (ABS(Fa) < Tolerance) THEN I if f(a) is already small
Solve = a I then a is a root

ELSE IF (ABS(Fb) < Tolerance) THEN I is f(b) is small
Solve = b I then b is a root

ELSE I otherwise,
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END

DO

END
IF

(o}
Fc
IF

(a + b)/2.0
Funct(c)

Solve = ¢
EXIT
ELSE IF (Fa*Fc < 0.0) THEN
b C
Fb Fc
ELSE
a
Fa
IF

(o}
Fc

END
DO

END FUNCTION Solve

END PROGRAM Bisection

each integer 1, 2,

I Order of magic squares matrix? 7

30
38
46

5
13
21
22

39
47

6
14
15
23
31

48 1 10 19 28
7 9 18 27 29
8 17 26 35 37

16 25 34 36 45

24 33 42 44 4

32 41 43 3 12

40 49 2 11 20

module stdtypes

(ABS(Fc) < Tolerance) THE

- e i -

iterate ....
compute the middle point
and its function value
I is 1t very small?
yes, c is a root

do f(a)*f(c) <0 7
replace b with c

and f(b) with f(c)

then f(c)*f(b) < 0 holds
replace a with ¢

and f(a) with f(c)

go back and do it again
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This program prints a magic squares array, an n by n matrix in
..., nh*n appears exactly once and all columns,
rows, and diagonals sum to the same number.

Here is the result of a sample run:

1 symbolic name for kind type of 4 byte integers

integer, parameter, public ::

1 one-byte storage of logical values.

integer (kind = i4), parameter, public ::

end module stdtypes

module indexCheckM
use stdtypes

private

public ::

contains

indexChecker

i4 = selected_int_kind (9)

if unavailable, use default
logical by uncommenting default logical definition above.

g =114

function indexChecker (row, col, rowdim, coldim) result(indexCheck)
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integer (kind = i4), intent (in) :: row, col, rowdim, coldim

logical (kind = Ig) :: indexCheck

if (row >= 1 _and. row <= rowdim .and. col >= 1 _and. col <=
coldim) then

indexCheck = _true.
else

indexCheck = .false.
end if

end function indexChecker
end module indexCheckM
program magicSquares

use stdtypes
use indexCheckM

integer (kind = i4) :: matrixOrder, ios

integer (kind = i4), dimension (:,:), pointer :: matrix
integer (kind = i4) :: row, col, prow, pcol, k

character (len = 32) :: rowformat

write (unit = *, fmt = ""(a)', iostat = i1os, advance = "no') &

"Order of magic squares matrix? "'
read (unit = *, fmt = *, iostat = i10s) matrixOrder

if (modulo(matrixOrder, 2) == 0) then
print *, "Order of magic square matrix must be odd"
stop

end if

allocate(matrix(matrixOrder, matrixOrder))
matrix = 0

row 1
col (matrixOrder - 1)/2 + 1
matrix(row, col) =1

do k = 2, matrixOrder*matrixOrder
prow = row - 1
pcol = col + 1

it (indexChecker(prow, pcol, matrixOrder, matrixOrder)) then
if (matrix(prow, pcol) == 0) then
row = prow

col pcol
else

row = row + 1
end if

else if (prow < 1 _and. indexChecker(l1, pcol, matrixOrder,
matrixOrder)) then
row = matrixOrder
col = pcol
else if(indexChecker(prow, 1, matrixOrder, matrixOrder) .and.
pcol > matrixOrder) then
row = prow

col =1
else if (prow == 0 .and. pcol == matrixOrder + 1) then
row = row + 1
end if
matrix(row, col) = k
end do
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write (unit = rowformat, fmt = ""(il6)", iostat = i10S)
matrixOrder*matrixOrder
k = len_trim(adjustl(rowformat)) + 3
write (unit = rowformat, fmt = ""(al, i4, al, i2, al)", iostat =
ios) &
(", matrixOrder, "I, k, ")"

do k = 1, matrixOrder
write (unit = *, fmt = rowformat, iostat = i0s) matrix(k,
1:matrixOrder)
end do

end program magicSquares

LhoﬂagbjESL;ihﬁl3o‘uUﬁ

c Show how the same set of bits can be intepreted differently
c types of variables
c Instructor: Nam Sun Wang

character a*4
integer*2 i2

real*8 X8
complex complx
logical logic

equivalence (a, 12, i4, x4, x8, complx, logic)

c A "magic" number in decimal, hexadecimal, and binary notation

c 14 = 1735287127
c 14 = #676E6157
i4 = 2#01100111011011100110000101010111

print *, "Interpretation of 01100111011011100110000101010111"

print *, "As a character: ", a
print *, "As a 2-byte integer: ", i2
print *, "As a 4-byte integer: ", i4
print *, "As a 4-byte real: ", x4
print *, "As a 8-byte real: ", X8
print *, "As a 8-byte complex: *, complx
print *, "As a 4-byte logical: ", logic
end
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PROGRAM BISECTION

i This program uses the bisection method to find the root of
I FOO)=exp () *In(X)-x*x=0.
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IMPLICIT NONE
INTEGER :-: ISTEP
REAL :-: A,B,DL,DX,X0,X1,F,FX

DL = 1.0E-06
A =1.0

B =2.0

DX =B - A
ISTEP = O

DO WHILE (ABS(DX).GT.DL)
X0 = (A+B)/2.0
IF ((FX(A)*FX(X0)).LT.0) THEN
B = X0

DX
ELSE
A
DX
END IF
ISTEP = ISTEP+1
END DO
WRITE (6,"(14,2F16.8)"") ISTEP,X0,DX
END PROGRAM BISECTION
1
FUNCTION FX(X) RESULT (F)
IMPLICIT NONE
REAL ::
REAL, INTENT (IN) :-: X
1
F = EXP(X)*ALOG(X)-X*X
END FUNCTION FX

B-A

X0
B-A
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PROGRAM NEWTON

This program uses the Newton method to find the root of
FO)=exp()*INn(X)-x*x=0.

IMPLICIT NONE
INTEGER :-: ISTEP
REAL :-: A,B,DL,DX,X0,X1,F,FX,DF,DFX

DL E-06
A
B
DX
X0 = (A+B
ISTEP = 0
DO WHILE (ABS(DX).GT.DL)
X1 = XO-FX(X0)/DFX(X0)
DX = X1-XO
X0 = X1
ISTEP = ISTEP+1
END DO
WRITE (6,"(14,2F16.8)"") ISTEP,X0,DX
END PROGRAM NEWTON
1
FUNCTION FX(X) RESULT (F)
IMPLICIT NONE

0
0
0]
A
+

ATNR P

/2.0
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REAL :: F
REAL, INTENT (IN) :: X
1
F = EXP(X)*ALOG(X)-X*X
END FUNCTION FX
1
FUNCTION DFX (X) RESULT (DF)
IMPLICIT NONE
REAL :: DF
REAL, INTENT (IN) :: X
1
DF = EXP(X)*(ALOG(X)+1.0/X)-2.0*X
END FUNCTION DFX

PROGRAM ROOT

Main program to use the Secant Method to find the root of
TO)=exp()*INn(X)-x*x=0.

IMPLICIT NONE
INTEGER :-: ISTEP
REAL :-: A,B,DL,DX,XO

DL = 1.0E-06

A =1.0

B =2.0

DX = (B-A)/10.0
X0 = (A+B)/2.0

CALL SECANT (DL,X0,DX,ISTEP)

WRITE (6,"(14,2F16.8)"") ISTEP,X0,DX
END PROGRAM ROOT
1

SUBROUTINE SECANT (DL,X0,DX, ISTEP)
!

Subroutine for the root of f(x)=0 with the secant method.

IMPLICIT NONE

INTEGER, INTENT (INOUT) :: ISTEP
REAL, INTENT (INOUT) :: X0,DX
REAL :-: X1,X2,D,F,FX

REAL, INTENT (IN) :: DL

ISTEP = 0
X1 = XO+DX
DO WHILE (ABS(DX).GT.DL)

D = FX(X1)-FX(X0)
X2 = X1-FX(X1)*(X1-X0)/D
X0 = X1
X1 = X2
DX = X1-X0
ISTEP = ISTEP+1
END DO

END SUBROUTINE SECANT
1

FUNCTION FX(X) RESULT (F)
IMPLICIT NONE
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REAL :: F

REAL, INTENT (IN) :: X
1

F = EXP(X)*ALOG(X)-X*X
END FUNCTION FX

QW&}J@J‘@‘@@ 4 4l

PROGRAM INTEGRAL

Main program for evaluation of an integral with integrand
sin(x) in the region of [0,pi/2].

IMPLICIT NONE

INTEGER, PARAMETER :: N=9
INTEGER :: 1

REAL :-: PI,H,S

REAL, DIMENSION (N) :: X,F

Pl = 4.0*ATAN(1.0)
H = PI/(2*(N-1))
DO I =1, N
X(1) = H*(1-1)
F(1) = SINKX(1))
END DO
CALL SIMP (N,H,F,S)
WRITE (6, "(F16.8)") S
END PROGRAM INTEGRAL
1

SUBROUTINE SIMP (N,H,FI,S)

Subroutine for integration over f(x) with the Simpson rule. FI:
integrand f(x); H: interval; S: integral.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: S0,S1,S2

REAL, INTENT (OUT) :: S

REAL, INTENT (IN), DIMENSION (N) :: FI

S =0.0

SO = 0.0

S1 =0.0

S2 = 0.0

DO I =2, N-1, 2
S1 = S1+F1(1-1)
S0 = SO+FI(D)
S2 = S2+F1(1+1)

END DO

S = H*(S51+4.0*S0+S2)/3.0

IT N is even, add the last slice separately

IF (MOD(N,2).EQ.0) S = S &
+H*(5.0*FI (N)+8.0*FI (N-1)-FI1(N-2))/12.0
END SUBROUTINE SIMP
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SUBROUTINE DTRM (A,N,D, INDX)

Subroutine for evaluating the determinant of a matrix using
the partial-pivoting Gaussian elimination scheme.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1,J,MSGN

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL, INTENT (OUT) ::

REAL, INTENT (INOUT), DIMENSION (N,N) :: A

CALL ELGS(A,N, INDX)

D=1.0
DO I =1, N
D = D*ACINDX(1), 1)
END DO
1
MSGN = 1
DO I =1, N
DO WHILE (I.NE.INDX(1))
MSGN = —-MSGN
J = INDX(I)
INDX(1) = INDX(J)
INDX(J) = J
END DO
END DO
D = MSGN*D

END SUBROUTINE DTRM
1

éUBROUTINE ELGS (A,N, INDX)

Subroutine to perform the partial-pivoting Gaussian elimination.
A(N,N) is the original matrix in the input and transformed matrix
plus the pivoting element ratios below the diagonal in the output.
INDX(N) records the pivoting order.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :-: 1,J,K,ITMP

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL :-: C1,PI,PI11,PJ

REAL, INTENT (INOUT), DIMENSION (N,N) :-: A
REAL, DIMENSION (N) :: C

Initialize the index

N

DOI1 =1
| |

INDX(
END DO

)

Find the rescaling factors, one from each row

DO 1 =1, N
Cl1= 0.0
DO J =1, N
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!
EN

C1 = AMAX1(C1,ABS(A(I,J)))
END DO
c(1) =C1
END DO

Search the pivoting (largest) element from each column

DO J = 1, N-
PI1 = 0.0
DO J, N

PI = ABSCACINDX(1),J))/CC(INDX(1))

[ 1.GT.PI1) THEN

PI

[

1

|1 =
1 =
F (P
PI1
K

ENDIF
END DO

Interchange the rows via INDX(N) to record pivoting order

ITMP = INDX(J)
INDX(J) = INDX(K)
INDX(K) = ITMP

DO I = J+1, N
PJ = ACINDX(1),J)/ACINDX(J),I)

Record pivoting ratios below the diagonal
ACINDX(1),J) = PJ
Modify other elements accordingly
DO K = J+1, N
ACINDX(1),K) = ACINDX(1),K)-PI*ACINDX(J),K)
END DO
END DO
END DO

D SUBROUTINE ELGS
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PROGRAM EX43
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An example of solving linear equation set A(N,N)*X(N) = B(N)
with the partial-pivoting Gaussian elimination scheme. The
numerical values are for the Wheatstone bridge example discussed
in Section 4.1 in the book with all resistances being 100 ohms
and the voltage 200 volts.

IMPLICIT NONE
INTEGER, PARAMETER :: N=3
INTEGER :: 1,J
INTEGER, DIMENSION (N) :: INDX
REAL, DIMENSION (N) :: X,
REAL, DIMENSION (N,N) ::
DATA B /200.0,0.0,0.0/, &

((A(1,), J=1,N),I=1,N) /100.0,100.0,100.0,-100.0, &

300.0,-100.0,-100.0,-100.0, 300.0/

B
A

CALL LEGS (A,N,B,X, INDX)




WRITE (6, "(F16.8)") (X(1), 1=1,N)
END PROGRAM EX43

SUBROUTINE LEGS (A,N,B,X, INDX)

Subroutine to solve the equation A(N,N)*X(N) = B(N) with the
partial-pivoting Gaussian elimination scheme.
Copyright (c) Tao Pang 2001.

IMPLICIT NONE
INTEGER, INTENT (IN) :: N
INTEGER :-:- 1,J

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL, INTENT (INOUT), DIMENSION (N,N) :: A
REAL, INTENT (INOUT), DIMENSION (N) :: B

REAL, INTENT (OUT), DIMENSION (N) :: X

CALL ELGS (A,N, INDX)

DO I = 1, N-1
DO J = I1+1, N
BCINDX(J)) = B(INDX(J))-ACINDX(J), 1D*BCINDX(1))
END DO
END DO

X(N) = BCINDX(N))ZACINDX(N),N)
DO 1 = N-1, 1, -1
X(1) = BCINDX(1))
DO J = I+1, N
X(1) = X(1)-ACINDX(1),J)*X(J)
END DO
X(1) = X(1)ZACINDX(1), 1)
END DO
1

éND SUBROUTINE LEGS
1

éUBROUTINE ELGS (A,N, INDX)
!

Subroutine to perform the partial-pivoting Gaussian elimination.
A(N,N) is the original matrix in the input and transformed matrix
plus the pivoting element ratios below the diagonal in the output.
INDX(N) records the pivoting order.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :-: 1,J,K,ITMP

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL :-: C1,PI,PI1,PJ

REAL, INTENT (INOUT), DIMENSION (N,N) ::
REAL, DIMENSION (N) ::

Initialize the index

DO I =1, N
INDX(1) = |
END DO

Find the rescaling factors, one from each row

DO 1 =1, N
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Ci= 0.0

DO J =1, N
C1 = AMAX1(C1,ABS(A(I,J)))
END DO
c(1) = c1
END DO

Search the pivoting (largest) element from each column
DO J =1, N-1
PI1 = 0.0
DO 1 J, N
Pl = ABSCACINDX(1),J))/C(INDX(D))
IF (PI1.GT.PI11) THEN
PI1 Pl
K |
ENDIF
END DO

Interchange the rows via INDX(N) to record pivoting order

ITMP = INDX(J)
INDX(J) = INDX(K)
INDX(K) = ITMP

DO 1 = J+1, N
PJ = ACINDX(1),J)/ACINDX(J),J)

Record pivoting ratios below the diagonal
ACINDX(1),J) = PJ
Modify other elements accordingly
DO K = J+1, N
ACINDX(1),K) = ACINDX(1),K)-PJ*ACINDX(J),K)
END DO

END DO
END DO

END SUBROUTINE ELGS

SUBROUTINE MIGS (A,N,X, INDX)

Subroutine to invert matrix A(N,N) with the inverse stored
in X(N,N) in the output. Copyright (c) Tao Pang 2001.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1,J,K

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX

REAL, INTENT (IN), DIMENSION (N,N)::

REAL, INTENT (OUT), DIMENSION (N,N):: X

REAL, DIMENSION (N,N) :: B

DO I =1, N

DO J =1, N
B(1,J) = 0.0

END DO

~ Gl
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END DO

DO I =1, N
B(I,1) =

END DO

CALL ELGS (A,N, INDX)

DO 1 =1, N-1
DO J = I+1, N
DO K = 1, N
BCINDX(J),K) = BCINDX(J),K)-ACINDX(J), D*BCINDX(1),K)
END DO
END DO
END DO
1
DO 1 =1, N
X(N, 1) = BCUINDX(N), DZACINDX(N),N)
DO J = N-1, 1, -
X(J3,1) = BCINDX(J), 1)
DO K = J+1, N
X3, 1) = X3, 1D-ACINDX(JI) ,K)*X(K, 1)
END DO
X3, 1) = X(@J3, 1D/ACINDX(),I)
END DO
END DO

END SUBROUTINE MIGS
!

SUBROUTINE ELGS (A,N, INDX)
!

Subroutine to perform the partial-pivoting Gaussian elimination.

A(N,N) is the original matrix in the input and transformed matrix
plus the pivoting element ratios below the diagonal in the output.
INDX(N) records the pivoting order. Copyright (¢c) Tao Pang 2001.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1,J,K,ITMP

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL :: C1,PI,PI1,PJ

REAL, INTENT (INOUT), DIMENSION (N,N) :: A
REAL, DIMENSION (N) :: C

Initialize the index

DO I =1
INDX(1
END DO

> N
):

Find the rescaling factors, one from each row

DO I =1, N
Cl= 0.0
DO J =1, N
C1 = AMAX1(C1,ABS(A(I,J)))
END DO
cql) =
END DO

Search the pivoting (largest) element from each column

DO J =1, N-1
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PI1L = 0.0
DO I =J, N
P1 = ABS(ACINDX(1),J))/CCINDX(1))
IF (PI.GT.PI1) THEN
PI1 = PI
K |
ENDIF
END DO

I Interchange the rows via INDX(N) to record pivoting order

ITMP = INDX(J)
INDX(J) = INDX(K)
INDX(K) = ITMP

DO I = J+1, N
PJ = ACINDX(1),J)/ACINDX(J),J)

I Record pivoting ratios below the diagonal
ACINDX(1),J) = PJ
I Modify other elements accordingly

DO K = J+1, N
ACINDX(1),K) = ACINDX(1),K)-PI*ACINDX(J),K)
END DO
END DO
END DO
1

END SUBROUTINE ELGS

PROGRAM DERIVATIVES

1

Main program for derivatives of f(X) = sin(x). F1: f~;
F2: ¥'; D1: error in f*; and D2: error in f'.

IMPLICIT NONE

INTEGER, PARAMETER :: N=101

INTEGER =:=: 1

REAL :-: PI,H

REAL, DIMENSION (N) :: X,F,F1,D1,F2,D2

Pl = 4.0*ATAN(1.0)
H = P1/(2*100)
DO 1 =1, N

X(1) = H*(1-1)
F(D = SINKX(D)
END DO
CALL THREE(N,H,F,F1,F2)
DO 1 =1, N
D1(1) = F1(1)-COSCX(1))
D2(1) = F2(D+SINX(1D))
WRITE (6, "(5F10.6)") X(1),F1(1),D1(1),F2(1),D2(1)
END DO
END PROGRAM DERIVATIVES
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!
SUBROUTINE THREE (N,H,FI1,F1,F2)

Subroutine for 1st and 2nd order derivatives with the three-point
formulas. Extrapolations are made at the boundaries. FI: input
f(X); H: interval; F1: f*; and F2: f".

IMPLICIT NONE
INTEGER, INTENT (IN) :: N

INTEGER :: |

REAL, INTENT (IN) ::

REAL, INTENT (IN), DIMENSION (N) :: FI
REAL, INTENT (OUT), DIMENSION (N) :: F1,F2

" and ' from three-point formulas

DO 1 = 2, N-1

FL(1) = (FI(1+1)-FI(1-1))/(2-*H)
F2(1) = (FI(1+1)-2.0*FI(D+F1(1-1))/(H*H)
END DO

Linear extrapolation for the boundary points

F1(1) = 2.0*F1(2)-F1(3)
FI(N) = 2.0*F1(N-1)-F1(N-2)
F2(1) = 2.0*F2(2)-F2(3)
F2(N) = 2.0*F2(N-1)-F2(N-2)

END SUBROUTINE THREE
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PROGRAM SHOOTING
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Program for the boundary value problem with the shooting
method. The Runge-Kutta and secant methods are used.

IMPLICIT NONE

INTEGER, PARAMETER :: N=101,M=5

REAL :: DK11,DK21,DK12,DK22,DK13,DK23,DK14,DK24
REAL :: DL,XL,XU,H,D,YL,YU,X0,DX,X1,X2,FO,F1
REAL :-: Y1,Y2,G1,G1F,G2,G2F

REAL, DIMENSION (2,N) :: Y

Initialization of the problem

DL = 1.0E-06

XL = 0.0

XU = 1.0

H = (XU-XL)/(N-1)

D =0.1

YL = 0.0

YU = 1.0

X0 = (YU-YL)/(XU-XL)
DX = 0.01

X1 = XO+DX

The secant search for the root

Y(1,1) = YL




!
C

DO WHILE (ABS(D).GT.DL)

ThelRunge-Kutta calculation of the first trial solution
1

Y(2,1) = X0

DO I =1, N-1
X = XL+H*1
Y1 =Y(,D)
Y2 = Y(2,I1)
DK11 = H*G1F(Y1,Y2,X)
DK21 = H*G2F(Y1,Y2,X)
DK12 = H*G1F((Y1+DK11/2.0),(Y2+DK21/2.0),(X+H/2.0))
DK22 = H*G2F((Y1+DK11/2.0),(Y2+DK21/2.0),(X+H/2.0))
DK13 = H*G1F((Y1+DK12/2.0),(Y2+DK22/2.0),(X+H/2.0))
DK23 = H*G2F((Y1+DK12/2.0),(Y2+DK22/2.0),(X+H/2.0))
DK14 = H*G1F((Y1+DK13), (Y2+DK23), (X+H))
DK24 = H*G2F((Y1+DK13), (Y2+DK23), (X+H))
Y(1,1+1) = Y(1,1)+(DK11+2.0*(DK12+DK13)+DK14)/6.0
Y(2,1+1) = Y(2,1)+(DK21+2.0*(DK22+DK23)+DK24)/6.0

END DO

FO = Y(1,N)-1.0
1
I Runge-Kutta calculation of the second trial solution
1
Y(2,1) = X1
DO I = 1, N-1
X
Y1
Y2 = Y(2,1)
DK11 = H*G1(Y1,Y2,X)
DK21
DK12

H*G2(Y1,Y2,X)
H*G1((Y1+DK11/2.0), (Y2+DK21/2.0), (X+H/2.0))

DK22 = H*G2((Y1+DK11/2.0),(Y2+DK21/2.0),(X+H/2.0))
DK13 = H*G1((Y1+DK12/2.0),(Y2+DK22/2.0),(X+H/2.0))
DK23 = H*G2((Y1+DK12/2.0),(Y2+DK22/2.0), (X+H/2.0))
DK14 = H*G1((Y1+DK13), (Y2+DK23), (X+H))
DK24 = H*G2((Y1+DK13), (Y2+DK23), (X+H))

Y(1,1+1) = Y(1, 1)+(DK11+2.0*(DK12+DK13)+DK14)/6.0
Y(2,1+1) = Y(2, D+(DK21+2.0*(DK22+DK23)+DK24)/6.0
END DO
F1 = Y(1,N)-1.0

D = F1-FO
X2 = X1-F1*(X1-X0)/D
X0 = X1
X1 = X2
END DO

WRITE (6,"(2F16.8)") (H*(1-1), Y(1,1),1=1,N,M)
END
!
FUNCTION G1F (Y1,Y2,T) RESULT (G1)
IMPLICIT NONE
REAL :: Y1,Y2,T,G1
1
Gl = Y2
END FUNCTION G1F
1
FUNCTION G2F (Y1,Y2,T) RESULT (G2)
IMPLICIT NONE

REAL :-: PI,Y1,Y2,T,G2
1
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Pl = 4.0*ATAN(1.0)
G2 =-PI*PI*(Y1+1.0)/4.0
END FUNCTION G2F

6|4L;7¢q-gtgjh>:10‘ubj

SUBROUTINE TDPL(A,B,N,X,P)
1

I Subroutine to generate determinant polynomial P_N(X).

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: X

REAL :: PO

REAL, INTENT (IN), DIMENSION (N) :: A,B
REAL, INTENT (OUT), DIMENSION (N) ::

PO =1.0
IF (N.LT.1) STOP "The dimension is less than 1.°
P(1) = A(1)-X
IF (N.GE.2) P(2) = (A(2)-X)*P(1)-B(1)*B(1)*PO
IF (N.GE.3) THEN
DO I =2, N-1
P(1+1) = (A(+1)-X)*P(D)-B()*B(*P(1-1)
END DO
END IF
END SUBROUTINE TDPL

SIS ER S Py

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

PROGRAM MCDS

I Integration with the direct sampling Monte Carlo scheme. The
integrand
Iis f(X) = x*x.

USE CSEED

IMPLICIT NONE

INTEGER, PARAMETER :: M=1000000
INTEGER :: time,STIME,I

INTEGER, DIMENSION (9) ::

REAL :-: SUM1,SumM2,S,DS,X,F,FX,R,RANF

Initial seed from the system time and forced to be odd

STIME = time(%REF(0))

CALL gmtime(STIME,T)

ISEED = T(6)+70*(T(5)+12*(T(4)+31*(T(3)+23*(T(2)+59*T(1)))))
IF (MOD(ISEED,2).EQ.0) ISEED = ISEED-1

SUM1 = 0.0
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SUM2 = 0
DO 1 =
X =
SUM1
SUM2
END DO
S = SUM1/M
= SQRT(ABS(SUM2/M-(SUML/M)**2) /M)
WRITE(6 *(2F16.8)") S,DS
END PROGRAM MCDS
I
FUNCTION FX(X) RESULT (F)
IMPLICIT NONE
REAL :: X,F
1
F = X*X
END FUNCTION FX
I
FUNCTION RANF() RESULT (R)

0.
1,
RAN

M

O

UML+FX(X)
UM2+FX(X)**2

Uniform random number generator x(n+1) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER =: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/ ,1R/2836/

REAL :: R
1
IH = ISEED/IQ
IL = MOD(ISEED, IQ)

IT = IA*IL-IR*IH
IF(1T.GT.0) THEN

ISEED = IT
ELSE

ISEED = IC+IT
END IF

R = ISEED/FLOAT(IC)
END FUNCTION RANF

SUBROUTINE RLXN (FN,DN,S,N,P,H)
1

I Subroutine performing one iteration of Relaxation for the one-
dimensional

I stationary diffusion equation. DN is the diffusion coefficient
shifted

half step towards x=0.

IMPLICIT NONE

INTEGER, INTENT (IN) :=: N

INTEGER :: 1

REAL, INTENT (IN) :: H,P

REAL :-: H2,0Q

REAL, INTENT (IN), DIMENSION (N) :: DN,S
REAL, INTENT (INOUT), DIMENSION (N) :: FN

H2 = H*H

91




= 1.0-P
Ol =2, N-1
FNC1) = Q*FN(1)+P*(DN(1+1)*FN(1+1)+DN(I)*FN(I-
1)+H2*S(1))/(DN(1+1)+DN(1))
END DO
END SUBROUTINE RLXN

_ng’r{¢w.xjﬁ‘j}b‘gwbma:13‘uUﬁ

MODULE CB

REAL :-: E2,A0,RO
END MODULE CB
1

PROGRAM BOND
1

I Main program to calculate the bond length of NaCl.

USE CB

IMPLICIT NONE
INTEGER :-: ISTEP
REAL :: DL,X0,DX

A0 = 1090.0
RO = 0.33

E2 = 14.4

DL = 1.0E-06
X0 = 2.0

DX = 0.1

CALL M_SECANT (DL,X0,DX, ISTEP)
WRITE (6,"(14,2F16.8)") ISTEP,X0,DX
END PROGRAM BOND
1

éUBROUTINE M_SECANT (DL, X0,DX, ISTEP)

Subroutine for the root of F(x) = dg(x)/dx = 0 with the
secant method with the search toward the maximum of g(x).

IMPLICIT NONE

INTEGER, INTENT (OUT) :: ISTEP
REAL, INTENT (IN) :: DL

REAL, INTENT (INOUT) :: X0,DX

REAL :-: GO,G1,G62,X1,X2,D,G,GX,F,FX

ISTEP = 0
GO = GX(X0)
X1 = XO0+DX
Gl = GX(X1)

IF(G1.LT.GO) X1 = XO-DX
DO WHILE (ABS(DX).GT.DL)

D = FX(X1)-FX(X0)

DX = -(X1-X0)*FX(X1)/D
X2 = X1+DX

G2 = GX(X2)
IF(G2.LT.G1) X2 = X1-DX
X0 = X1

X1 = X2

Gl = G2
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ISTEP = ISTEP+1
END DO
X0 = X2
END SUBROUTINE M_SECANT
1

FUNCTION GX(X) RESULT(G)

USE CB
IMPLICIT NONE
REAL :: X,G

]
G = E2/X-AO*EXP(-X/RO)

END FUNCTION GX

1

FUNCTION FX(X) RESULT(F)

USE CB
IMPLICIT NONE
REAL :: X,F

!
F = E2/(X*X)-A0*EXP(-X/R0)/R0O
END FUNCTION FX

MODULE CSEED
INTEGER ISEED
END MODULE CSEED

1

SUBROUTINE RMSG (N,XS,A)
!

the off-diagonal elements.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N
INTEGER :-: 1,J

REAL, INTENT (IN) :: XS
REAL :-: G1,G2

REAL, INTENT (OUT), DIMENSION (N,N) :: A

DO I =1, N

CALL GRNF (G1,G2)

ACl,1) = SQRT(2.0)*G1*XS
END DO

DO I =1, N

DO J = I+1, N
CALL GRNF(G1,G2)
A(1,J) = G1*XS
A, D = A(1,)

END DO
END DO
END SUBROUTINE RMSG
1

SUBROUTINE GRNF (X,Y)

I Two Gaussian random numbers generated from two uniform

I numbers.

Subroutine for generating a random matrix in the Gaussian
orthogonal ensemble with XS as the standard deviation of

random




IMPLICIT NONE
REAL, INTENT (OUT) :: X,Y
REAL :: PI,R1,R2,R,RANF

Pl = 4.0*ATAN(1.0)

R1 = -ALOG(1.0-RANFQ))
R2 = 2.0*PI*RANFQ)

R1 = SQRT(2.0*R1)

X = R1*COS(R2)

Y = R1*SIN(R2)

END SUBROUTINE GRNF

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+l) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :: IH,IL,IT,IA,IC,I1Q,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/

REAL ::

I1H ISEED/1Q

IL MOD(ISEED, 1Q)

1T IA*IL-1R*IH

IF(IT.GT.0) THEN
ISEED = IT

ELSE
I1SEED

END IF

R = ISEED/FLOAT(IC)

IC+HIT

END FUNCTION RANF

SUBROUTINE ELGS (A,N, INDX)

Subroutine to perform the partial-pivoting Gaussian elimination.

A(N,N) is the original matrix in the input and transformed matrix
plus the pivoting element ratios below the diagonal in the output.
INDX(N) records the pivoting order. Copyright (¢c) Tao Pang 2001.

IMPLICIT NONE
INTEGER, INTENT (IN) :: N

INTEGER :: 1,J,K,1TMP

INTEGER, INTENT (OUT), DIMENSION (N) :: INDX
REAL :: C1,PI,PI1,PJ

REAL, INTENT (INOUT), DIMENSION (N,N) :: A
REAL, DIMENSION (N) :: C

Initialize the index
DO 1 =1, N

INDX(D) =1
END DO

Find the rescaling factors, one from each row
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DO 1 =1, N
Cl= 0.0
DO J =1, N
Cl = AMAX1(C1,ABS(A(I,J)))
END DO
c(l) =c1
END DO

I Search the pivoting (largest) element from each column

DO J =1, N-1
P11 = 0.0
DO 1 =3, N

PI = ABSCACINDX(1),J))/CCINDX(1))
IF (P1.GT.PI11) THEN
PI1 = PI
K I
ENDIF
END DO

I Interchange the rows via INDX(N) to record pivoting order

ITMP = INDX(J)
INDX(J) = INDX(K)
INDX(K) = ITMP

DO I = J+1, N
PJ = ACINDX(1),J3)/ACINDX(J),J)

I Record pivoting ratios below the diagonal

ACINDX(1),J) = PJ

Modify other elements accordingly

DO K = J+1, N
ACINDX(1),K) = ACINDX(1),K)-PI*ACINDX(J),K)
END DO
END DO
END DO
1

éND SUBROUTINE ELGS

SUBROUTINE FFT2D (FR,FI,N1,N2,M1,M2)

Subroutine for the two-dimensional fast Fourier transform
with N=N1*N2 and N1=2**M1 and N2=2**M2.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N1,N2,M1,M2

INTEGER -:- 1,J

REAL, INTENT (INOUT), DIMENSION (N1,N2) :: FR,FI

Transformation on the second i1ndex

DO 1 =1, N1
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EN

CALL FFT (FR(I,1),FI(l,1),N2,M2)
D DO

I Transformation on the first index

DO

EN

J=1, N2
CALL FFT (FR(1,J).FI1(1,J),N1,M1)
D DO

END SUBROUTINE FFT2D
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BROUTINE FFT (AR,Al,N,M)

An example of the fast Fourier transform subroutine with N = 2**M.
AR and Al are the real and imaginary part of data in the input and

rresponding Fourier coefficients in the output.

PLICIT NONE
TEGER, INTENT (IN) :-: N,M
TEGER :-: N1,N2,1,J,K,L,L1,L2

REAL :: PI,A1,A2,Q,U,V
REAL, INTENT (INOUT), DIMENSION (N) :: AR,Al

Pl
N2

N1
IF

Re

L
DO

EN

Pe

L2
DO

4.0*ATAN(1.0)
N/2

2**M
(N1_.NE_.N) STOP *"Indices do not match*

arrange the data to the bit reversed order

=1
K=1, N-1

IF (K.LT.L) THEN
Al AR(L)
A2 Al(L)
AR(L) = AR(K)
AR(K) = A1
AI(L) = AI(K)
AI(K) = A2

END IF

J =N2

DO WHILE (J.LT.L)
L =L-J
J=J/2

END DO

L = L+J

D DO

rform additions at all levels with reordered data

1

-
=
7 L I L L

L2
DO
= COS(Q)
= -SINCQ)

= Q + PI/L1
0J =K, N, L2

oo < C




| J + L1

Al = AR(I*U-AI(I)*V
A2 = AR(D*V+AI(D*U
AR(1) = AR(J)-Al
AR(J) = AR(I)+A1
AL(D) = AI(J)-A2
AIQQ) = AI(J)+A2
END DO
END DO
END DO

END SUBROUTINE FFT

SUBROUTINE LGND (LMAX,X,P)

Subroutine to generate Legendre polynomials P_L(X)
for L = 0,1,...,LMAX with given X.

IMPLICIT NONE

INTEGER, INTENT (IN) :: LMAX

INTEGER :=: L

REAL, INTENT (IN) :: X

REAL, INTENT (OUT), DIMENSION (O:LMAX) :: P

P(0) = 1.0
P(1) = X
DO L = 1, LMAX-1
P(L+1) = ((2.0*L+1)*X*P(L)-L*P(L-1))/(L+1)
END DO

END SUBROUTINE LGND

SUBROUTINE NMRV (N,H,Q,S,U)

The Numerov algorithm for the equation u"(xX)+q(Qu(x)=s(x)
as given in Eqgs. (3.77)-(3.80) in the book.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: G,C0,C1,C2,D,UTMP

REAL, INTENT (IN), DIMENSION (N) :: Q,S
REAL, INTENT (OUT), DIMENSION (N) :: U

G = H*H/12.0
DO I = 2, N-1
CO = 1.0+G*((Q(1-1)-Q(1+1))/2.0+Q(1))

2.0-G*(Q(1+1)+Q(1-1)+8.0*Q(1))
1.0+G*(Q(1+1)-Q(1-1))/2.0+Q(1))
G*(S(1+1)+S(1-1)+10.0*S(1))
C1*U(1)-CO*U(1-1)+D

UTMP/C2

O
=
I mmnn




END SUBROUTINE NMRV

PROGRAM MILL

Program to fit the Millikan experimental data to a linear curve
p(x) = a*x+b directly. One can find a and b from partial D/partial
a = 0 and partial D/partial b = O with D = sum (p(x_i1)-F(x_i))**2.
The result is a = (cl1*c3-c4*n)/(cl**2-c2*n) and b = (cl*c4-c2*c3)
/(c1**2-c2*n) with n being the number of points, cl = sum x_i, c2
= sum x_i**2, c3 = sum F(x_i), and c4 = sum x_i*F(x_i).

IMPLICIT NONE

INTEGER, PARAMETER :: N=15

INTEGER :: 1

REAL :-: C1,C2,C3,C4,C,A,B

REAL, DIMENSION (N) :: X,F

DATA X /4.0,5.0,6.0,7.0,8.0,9.0,10.0,11.0, &
12.0,13.0,14.0,15.0,16.0,17.0,18.0/

DATA F /6.558,8.206,9.880,11.50,13.14,14.81,16.40,18.04, &
19.68,21.32,22.96,24.60,26.24,27.88,29.52/

Cl = 0.0
C2 = 0.0
C3 = 0.0
C4 = 0.0
DO I =1, N
C1 = C1+X(l)
C2 = C2+X(1D*X(1)
C3 = C3+F(1)
C4 = CA+F(1)*X(1)
END DO

C = C1*C1-C2*N

A = (C1*C3-C4*N)/C

B (C1*C4-C2*C3)/C

WRITE (6, ""("The fundamental charge is "F6.4,"+-"F6.4)") A,ABS(B)

END PROGRAM MILL

PROGRAM INTERPOLATION2

Main program for the Lagrange interpolation with the
upward and downward correction method.

IMPLICIT NONE

INTEGER, PARAMETER :: N=5

REAL :-: X,F,DF

REAL, DIMENSION (N) :: XI,FI

DATA X1/0.0,0.5,1.0,1.5,2.0/, &
F1/1.0,0.938470,0.765198,0.511828,0.223891/

X = 0.9
CALL UPDOWN (N,XI,FI,X,F,DF)
WRITE (6,"(3F16.8)") X,F,DF

END PROGRAM INTERPOLATIONZ2
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SUBROUTINE UPDOWN (N, XI,FI1,X,F,DF)

I Subroutine performing the Lagrange interpolation with the
I upward and downward correction method. F: interpolated
I value. DF: error estimated.

IMPLICIT NONE

INTEGER, PARAMETER :: NMAX=21

INTEGER, INTENT (IN) :: N

INTEGER :: 1,J,10,J0,1T,K

REAL, INTENT (IN) ::

REAL, INTENT (OUT) :: F,DF

REAL :: DX,DXT,DT

REAL, INTENT (IN), DIMENSION (N) :: XI,FI
REAL, DIMENSION (NMAX,NMAX) :: DP,DM

IF (N.GT_NMAX) STOP “Dimension of the data set is too large.”
DX = ABS(XI(N)-X1(1))
DO 1 =1, N
DP(I, 1) = FI(D)
DML, 1) = FIC(D)
DXT = ABS(X-XI(D))
IF (DXT.LT.DX) THEN

10 = 1
DX = DXT
END IF
END DO
JO =10

Evaluate correction matrices

DO I = 1, N-1
DO J = 1, N-1
K = J+I
DT =(DP(J,K-1)-DM(JI+1,K))/ (X1 (K)-X1(J))
DP(J,K) = DT*(XI(K)-X)
DM(J,K) = DT*(XI1(I)-X)
END DO
END DO

Update the approximation

F = FI(10)
IT=0
IFCX.LT-XICI0)) IT = 1
DO I = 1, N-1
IF ((1T-EQ.1).0R.(JO.EQ.N)) THEN

10 = 10-1

DF = DP(10,J0)
F = F+DF

IT =0

IF (JO.EQ.N) IT =1
ELSE IF ((1T.EQ.0).OR.(10.EQ.1)) THEN

JO = JO+1
DF = DM(10,J0)
F = F+DF
IT=1
IF (10.EQ.1) IT = 0
END IF
END DO
DF = ABS(DF)
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END SUBROUTINE UPDOWN
PROGRAM MILLIKAN
1

I Main program for a linear fit of the Millikan experimental
data on the fundamental charge e 0O from e n = e 0*n + de.

IMPLICIT NONE

INTEGER, PARAMETER :: N=15,M=2

INTEGER :-: 1

REAL :: SUMO,SUMT,EO,DE

REAL, DIMENSION (N) :: X,F

REAL, DIMENSION (M) :: A

REAL, DIMENSION (M,N) :: U

DATA X /4.0,5.0,6.0,7.0,8.0,9.0,10.0,11.0, &
12.0,13.0,14.0,15.0,16.0,17.0,18.0/

DATA F /6.558,8.206,9.880,11.50,13.14,14.81,16.40,18.04, &
19.68,21.32,22.96,24.60,26.24,27.88,29.52/

CALL PFIT (N,M,X,F,A,U)
SUMO 0.0
-0

wn
Cc
=
|
Inmnn
1o
(N)]

N
UMO+U(L, 1)**2
UMT+X(1)*U(L, 1)**2

E0O = A(2)
DE A(1)-A(2)*SUMT/SUMO
WRITE (6,"(2F16.8)") EO,DE
END PROGRAM MILLIKAN
!
SUBROUTINE PFIT (N,M,X,F,A,U)
!

Subroutine generating orthonormal polynomials U(M,N) up to
(M-1)th order and coefficients A(M), for the least squares
approximation of the function F(N) at X(N). Other variables
used: G(K) for g_k, H(K) for h_k, S(K) for <u_k]Ju_k>.

IMPLICIT NONE
INTEGER, PARAMETER :: NMAX=101,MMAX=101
INTEGER, INTENT (IN) :: N,M

INTEGER :: 1,J

REAL :: TMP

REAL, INTENT (IN), DIMENSION (N) :: X,F
REAL, INTENT (OUT), DIMENSION (M) :: A
REAL, INTENT (OUT), DIMENSION (M,N) :: U
REAL, DIMENSION (MMAX) :: G,H,S

IF(N.GT.NMAX) STOP "Too many points-
IF(M.GT.MMAX) STOP "Order too high*®

Set up the zeroth order polynomial u_ 0

DO 1 =1, N
ucd,1) = 1.0

END DO

DO 1 =1, N
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T™P = U(,D*Uu(,)
S(1) = S(D)+TMP
G(1) = GQL)+X(1)*TMP
A(D) = AQD)+UE,D*F(D)
END DO
G(D) = 6(L)/S(D)
H(1) = 0.0
A(D) = A(L)/S(D)
I
I Set up the First order polynomial u 1
I
DOI =1, N
ugz, 1) = X(1)*U(d, 1)-6(1)*u(.n
S(2) = S(2Q)+U(2,1)**2
G(2) = G2)+X(DH*U(2,1)**2
H(2) = H(2) + X(1)*U(2,1)*U(L, 1)
A2) = AU, D*F)
END DO

G(2) = G(2)/5(2)
H(2) = H(2)/S(1)
= A(2)/5(2)

1 Higher order polynomials u_k from the recursive relation

IF(M.GE.3) THEN
DO 1 = 2, M-1

DO J =1, N
U(1+1,3) = X@)*Udl,D-6(DH*Uu,D)-HD*U(-1,I)
S(1+1) = S(I+1) + U(I+1,J)**2
G(I1+1) = G(I+1) + X(ID)*u(l+1,3)**2
H(I+1) = H(I+1) + XQ@)*u(1+1,3)*u(1,J)
A(I+1) = A(I+1) + U(I+1,3)*FQ)

END DO

G(1+1) = G(I+1)/S(1+1)

H(1+1) = H(1+1)/S(1)

A(lI+1) = A(1+1)/S(1+1)

END DO
END IF

END SUBROUTINE PFIT

SUBROUTINE PFIT (N,M,X,F,A,U)

Subroutine generating orthonormal polynomials U(M,N) up to
(M-1)th order and coefficients A(M), for the least squares
approximation of the function F(N) at X(N). Other variables
used: G(K) for g_k, H(K) for h_k, S(K) for <u_kJu_k>.

IMPLICIT NONE

INTEGER, PARAMETER :: NMAX=101,MMAX=101
INTEGER, INTENT (IN) :: N,M

INTEGER :: 1,J

REAL :: TMP

REAL, INTENT (IN), DIMENSION (N) :: X,F
REAL, INTENT (OUT), DIMENSION (M) :: A
REAL, INTENT (OUT), DIMENSION (M,N) :: U
REAL, DIMENSION (MMAX) :: G,H,S
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IF(N.GT.NMAX) STOP "Too many points”
IF(M.GT.MMAX) STOP "Order too high*®

I Set up the zeroth order polynomial u_ 0O

DOI =1, N
ua,1) =1.0
END DO
DO 1 =1, N
™P = U(,D*Uu(,)
S(1) = S(1)+TMP
G(1) = GQ)+X(1)*TMP
A(D) = AQDO+U@A, D*FCD)
END DO
G(D) = 6(L)/S(D)
H(1) = 0.0
A(D) = A(L)/S(D)
I
1 Set up the First order polynomial u 1
1
DOI =1, N
Uz, 1) = X(1)*U(d, 1)-6(1)*u(. n
S(2) = S(2Q)+U(2,1)**2
G(2) = GQ+X(DH*U(2,1)**2
H(2) = H2)+X(1)*U(2Z, 1)*U(1, 1)
A2) = AU, D*F)
END DO

G(2) = G(2)/5(2)
H(2) = H(2)/S(1)

A(2)/5(2)
1 Higher order polynomials u_k from the recursive relation

IF(M.GE.3) THEN
DO 1 = 2, M-1

DO J =1, N
Uu1+1,J3) = X@Q)*U(l,I)-6(HD*u,I)-H(D*U-1,I)
S(1+1) = S(1+1) + U(I+1,J)**2
G(I1+1) = G(I+1) + X(ID)*u(+1,3)**2
H(I+1) = H(1+1) + X(3)*U(1+1,3)*u(l,J)
A(1+1) = A(1+1) + U(I+1,3)*F(J)

END DO

G(1+1) = G(I+1)/s(1+1)

H(1+1) = H(1+1)/S(1)

A(lI+1) = A(1+1)/S(1+1)

END DO
END IF

END SUBROUTINE PFIT

PROGRAM INTERPOLATION

1 Main program for the Lagrange interpolation with the Aitken method.

IMPLICIT NONE

INTEGER, PARAMETER :: N=5
REAL :-: X,F,DF

REAL, DIMENSION (N) :: XI,FI
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DATA X1/0.0,0.5,1.0,1.5,2.0/, &
F1/1.0,0.938470,0.765198,0.511828,0.223891/

1

X = 0.9

CALL AITKEN (N,XI,FI,X,F,DF)

WRITE (6,"(3F16.8)") X,F,DF
END PROGRAM INTERPOLATION
1

éUBROUTINE AITKEN (N,XI,FI,X,F,DF)
!

Subroutine performing the Lagrange interpolation with the
Aitken method. F: interpolated value. DF: error estimated.

INTEGER, PARAMETER :: NMAX=21

INTEGER, INTENT (IN) ::

INTEGER :: I,J

REAL, INTENT (IN) ::

REAL, INTENT (OUT) :: F,DF

REAL :: X1,X2,F1,F2

REAL, INTENT (IN), DIMENSION (N):: XI,FI
REAL, DIMENSION (NMAX):: FT

IF (N.GT_.NMAX) STOP "Dimension of the data is too large."
DO 1 =1, N
FT(1) = FI(D)

END DO
1
DO 1 =1, N-1
DO J = 1, N-1
X1 = X1(J)
X2 = X1(J+1)
F1 = FTQJ)
F2 = FT(J+1)
FT(I) = (X=-X1)/(X2-X1)*F2+(X-X2)/(X1-X2)*F1
END DO
END DO
F = FT(L)

DF = (ABS(F-F1)+ABS(F-F2))/2.0
END SUBROUTINE AITKEN

MODULE CB

REAL :: Q,B,W
END MODULE CB
1

ﬁROGRAM PENDULUM

:_Program for the power spectra of a driven pendulum under damping
Yliﬂe fourth order Runge-Kutta algorithm. Given parameters: Q, B, and
? (omega_0).

" USE cB

IMPLICIT NONE

INTEGER, PARAMETER :: N=65536,L=128,M=16,MD=16
INTEGER :-:- 1,J

REAL -: PI,F1,H,0D,T,Y1,Y2,G1,GX1,62,GX2

REAL :: DK11,DK21,DK12,DK22,DK13,DK23,DK14,DK24
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REAL, DIMENSION (N) :: AR,Al,WR,WI,O
REAL, DIMENSION (2,N) :: Y

Pl = 4.0*ATAN(1.0)

F1 = 1.0/SQRT(FLOAT(N))
W = 2.0/3.0

H = 2.0*P1/(L*W)

OD = 2_.0*P1/(N*H*W*W)

Q =0.5

B =1.15

Y(1,1) = 0.0

Y(2,1) = 2.0

I Runge-Kutta algorithm to integrate the equation

DO I = 1, N-1
T = H*I
Y1 = Y(L,1)
Y2 = Y(2,D
DK11 = H*GX1(Y1,Y2,T)
DK21 = H*GX2(Y1,Y2,T)
DK12 = H*GX1((Y1+DK11/2.0),(Y2+DK21/2.0),(T+H/2.0))
DK22 = H*GX2((Y1+DK11/2.0),(Y2+DK21/2.0),(T+H/2.0))
DK13 = H*GX1((Y1+DK12/2.0),(Y2+DK22/2.0),(T+H/2.0))
DK23 = H*GX2((Y1+DK12/2.0),(Y2+DK22/2.0),(T+H/2.0))
DK14 = H*GX1((Y1+DK13), (Y2+DK23),(T+H))
DK24 = H*GX2((Y1+DK13), (Y2+DK23), (T+H))

Y(1,1+1) = Y(1, 1)+(DK11+2.0*(DK12+DK13)+DK14)/6.0
Y(2,1+1) = Y(2, 1)+(DK21+2.0*(DK22+DK23)+DK24)/6.0

I Bring theta back to region [-pi,pi]

IF (ABS(Y(1,1+1)).GT.P1) THEN
Y(L,1+1) = Y(L,1+1) - 2.*PI*ABS(Y(L, 1+1))/Y(1, 1+1)

END IF
END DO
1
DO I =1, N
ARCD) = Y(1,1)
WR(D = Y(2,1)
AI(1) = 0.0
wiI(1) = 0.0
END DO

CALL FFT (AR,AI,N,M)
CALL FFT (WR,WI,N,M)

DO 1 =1, N
o) = (1-1)*0D
AR(D) = (F1*AR(1))**2+(F1*Al (1))**2
WRCE) = (FI*WR(1))**2+(F1*WI (1))**2
AR(1) = ALOGIO(AR(1))
WR(I) = ALOGIO(WR(1))

END DO

WRITE(6,"(3F16.10)") (O(1),AR(D),WR(1),I1=1,(L*MD),4)
END PROGRAM PENDULUM
1
SUBROUTINE FFT (AR,AI,N,M)
1
I An example of the fast Fourier transform subroutine with N = 2**M.
I AR and Al are the real and imaginary part of data in the input and
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corresponding Fourier coefficients in the output.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N,M

INTEGER :-: N1,N2,1,J,K,L,L1,L2

REAL :: PI,A1,A2,Q,U,V

REAL, INTENT (INOUT), DIMENSION (N) :: AR,Al

Pl = 4.0*ATAN(1.0)
N2 = N/2

!
N1 = 2**M

IF(N1.NE_N) STOP "Indices do not match®

Rearrange the data to the bit reversed order

L =1
DO K = 1, N-1
IF (K.LT.L) THEN

Al = AR(L)
A2 = AI(L)
AR(L) = AR(K)
AR(K) = Al
AL(L) = AI(K)
AI(K) = A2

END IF

J =N2

DO WHILE (J.LT-L)
L = L-J
J=J3/2

END DO

L = L+J

END DO

Perform additions at all levels with reordered data

L2 =1
DOL =1, M
Q = 0.0
L1 = L2
L2 = 2*L1
DO K = 1, L1
U = CoS(Q)
V = -SINQQ)
Q = Q+ PI/LL
DO J = K, N, L2
[ = J+ L1
AL = AR(D*U-AI(D*V
A2 = AR(D*V+AI(D*U
AR(1) = AR(J)-Al
AR(J) = AR(J)+A1
AI() = AI1(J)-A2
A1) = AI(J)+A2
END DO
END DO
END DO

END SUBROUTINE FFT
1

FUNCTION GX1 (Y1,Y2,T) RESULT (Gl)
1
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Gl = Y2
END FUNCTION GX1
1
FUNCTION GX2 (Y1,Y2,T) RESULT (G2)
USE CB
!
G2 = -Q*Y2-SIN(Y1)+B*COS(W*T)
END FUNCTION GX2

PROGRAM SCHR

Main program for solving the eigenvalue problem of the
one-dimensional Schroedinger equation.

IMPLICIT NONE

INTEGER, PARAMETER :: N=501,M=5, IMAX=100
INTEGER =: 1,IM,NL,NR,ISTEP

REAL :: DL,H2M,EA,EB,E,DE,XLO,XRO,H,C
REAL :: XL,XR,FACT,FO,F1,E1,SUM,V,VX
REAL, DIMENSION (N) :: UL,UR,QL,QR,S

DL = 1.0E-06
H2M = 0.5

EA = 2.4

EB = 2.7

E = EA

DE = 0.1

XLO = -10.0
XRO = 10.0

H = (XRO-XLO)/(N-1)
C = 1.0/H2M
UL(1) = 0.0
UL(2) = 0.01
UR(1) = 0.0
UR(2) = 0.01

Set up the potential q(x) and source s(X)

DO I =1, N
XL XLO+(1-1)*H

XR = XRO-(I-1)*H
QL(1) = C*(E-VX(XL))
QR(1) = C*(E-VX(XR))
S(1) = 0.0

END DO

Find the matching point at the right turning point

DO 1 =1, N-1

IFCCQLCI)*QL(1+1)) .LE.0) .AND. (QL(1).GT.0)) IM = 1
END DO

Numerov algorithm from left to right and vice versa

NL = IM+1

NR = N-IM+2

CALL NMRV2 (NL,H,QL,S,UL)
CALL NMRV2 (NR,H,QR,S,UR)
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1 Rescale the left solution

FACT = UR(NR-1)/UL(IM)
DO I = 1, NL

UL(I) = FACT*UL(I)
END DO

FO
FO

UR(NR)+UL (NL)-UR(NR-2)-UL(NL-2)
FO/(2.0*H*UR(NR-1))

I Bisection method for the root

ISTEP = 0
DO WHILE ((ABS(DE).GT.DL).AND.(ISTEP.LT.IMAX))
El =E
E = (EA+EB)/2.0
DO 1 =1, N
QL(I) = QL(I)+C*(E-E1)
QR(1) = QR(I)+C*(E-E1)
END DO

I Find the matching point at the right turning point

DO I =1, N-1

IFCCQLCI)*QL(1+1)).LE.0).AND. (QL(1).GT.0)) IM =
END DO

I Numerov algorithm from left to right and vice versa

NL IM+1

NR N-IM+2

CALL NMRvV2 (NL,H,QL,S,UL)
CALL NMRV2 (NR,H,QR,S,UR)

I Rescale the left solution

FACT
DO 1

UR(NR-1)/UL(IM)
1, NL

UL(1) = FACT*UL(1)
END DO

F1
F1

UR(NR)+UL (NL)-UR(NR-2)-UL(NL-2)
F1/(2.0*H*UR(NR-1))

IF ((FO*F1).LT.0) THEN
= E

EB =
DE = EB-EA
ELSE
EA = E
DE = EB-EA
FO = F1
END IF
ISTEP = ISTEP+1
END DO
1
SUM = 0.0
DO I =1, N

IFC1.GT-IM) UL(1) = UR(N-1)
SUM = SUM+UL(1)*UL(I)
END DO
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WRITE(6,"(214)") ISTEP, IMAX
WRITE(6,"" (4F20.8)") E,DE,FO,F1
1
SUM=SQRT (H*SUM)
DO I =1, N, M
XL = XLO+(1-1)*H
ULCI) = ULC1)/SUM
WRITE(15," (4F20.8)") XL,UL(I)
WRITE(16," (4F20.8)") XL,VX(XL)
END DO
END PROGRAM SCHR
1
FUNCTION VX (X) RESULT (V)
REAL :: A,B,X,V
1

A=1.0
B=4.0
V = 3.0-A*A*B*(B-1.0)/(COSH(A*X)**2)/2.0
END FUNCTION VX

éUBROUTINE NMRV2 (N,H,Q,S,U)

1

I The Numerov algorithm for the equation u"(xX)+q(Qu(x)=s(x)
I as given in Egs. (3.82)-(3.85) in the book.
!
!

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: G,C0,C1,C2,D,UTMP

REAL, INTENT (IN), DIMENSION (N) :: Q,S
REAL, INTENT (INOUT), DIMENSION (N) :: U

G = H*H/12.0

DO 1
co
C1
c2
D
UTMP
udi+1)
END DO
END SUBROUTINE NMRV2

2, N-1
1.0+G*Q(1-1)
2.0-10.0*G*Q(1)
1.0+G*Q(1+1)
G*(S(1+1)+S(1-1)+10.0*S(1))
C1*U(1)-CO*U(I1-1)+D
UTMP/C2

PROGRAM WAVE

Program for the eigenvalue problem with a combination of the
bisection method and the Numerov algorithm for u" = -k**2*u
with boundary conditions u(0)=u(1)=0.

IMPLICIT NONE

INTEGER, PARAMETER :: N=101
INTEGER :: I,ISTEP

REAL :: DL,H,AK,BK,DK,EK,FO,F1
REAL, DIMENSION (N) :: Q,S,U
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I Initialization of the problem
1

DL = 1.0E-06
H = 1.0/(N-1)
AK = 2.0
BK = 4.0
DK = 1.0
EK = AK
U(l) = 0.0
u(2) = 0.01
ISTEP = 0
1
DO 1 = 1,N
s(1) = 0.0
Q(1) = EK*EK
END DO
CALL NMRV (N,H,Q,S,U)
FO = U(N)

1 Bisection method for the root

DO WHILE (ABS(DK).GT.DL)
EK = (AK+BK)/2.0
DO 1 = 1,N
Q1) = EK*EK
END DO
CALL NMRV (N,H,Q,S,U)
F1 = U(N)
IF ((FO*F1).LT.0) THEN
BK = EK
DK = BK-AK
ELSE
AK
DK
FO
END IF
ISTEP = ISTEP+1
END DO
WRITE (6,"(14,3F16.8)") ISTEP,EK,DK,F1
END PROGRAM WAVE
1

SUBROUTINE NMRV (N,H,Q,S,U)
1

EK
BK-AK
F1

i The Numerov algorithm for the equation u"(xX)+q(u(x)=s(x)
I as given in Eqgs. (3.77)-(3.80) in the book.
!
!

IMPLICIT NONE
INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: G,C0,C1,C2,D,UTMP

REAL, INTENT (IN), DIMENSION (N) :: Q,S
REAL, INTENT (INOUT), DIMENSION (N) :: U

G = H*H/12.0
1
DO I = 2, N-1
CO = 1.0+G*((Q(I1-1)-Q(1+1))/2.0+Q(1))
C1 = 2.0-G*(Q(1+1)+Q(1-1)+8.0*Q(1))
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c2
D
UTMP
udi+1)
END DO
END SUBROUTINE NMRV

1.0+G*((Q(1+1)-Q(1-1))/2.0+Q(1))
G*(S(1+1)+S(1-1)+10.0*S(1))
C1*U(1)-CO*U(1-1)+D

UTMP/C2

SUBROUTINE NMRV2 (N,H,Q,S,U)

The Numerov algorithm for the equation u"(xX)+q(Qu(x)=s(x)
as given iIn Egs. (3.82)-(3.85) in the book.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: G,C0,C1,C2,D,UTMP

REAL, INTENT (IN), DIMENSION (N) :: Q,S
REAL, INTENT (INOUT), DIMENSION (N) ::

G = H*H/12.0

DO 1
co
C1
Cc2
D
UTMP
udr+1)
END DO
END SUBROUTINE NMRV2

2, N-1
1.0+G*Q(1-1)
2.0-10.0*G*Q(1)
1.0+G*Q(1+1)
G*(S(1+1)+S(1-1)+10.0*S(1))
C1*U(1)-CO*U(1-1)+D
UTMP/C2

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

éUBROUTINE PERCOLATION (L,N,M,P)
1

I Subroutine to create an N*M percolation network.

INTEGER, INTENT (IN) :: N,M

REAL, INTENT (IN) :: P

REAL:: R,RANF

LOGICAL, INTENT (OUT), DIMENSION (N,M) :: L

DO I =1, N
DOJ =1, M
R = RANFQ
IF(R.LT.P) THEN
L(1,J) = .TRUE.
ELSE
L(1,J) = .FALSE.
END IF
END DO
END DO
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END SUBROUTINE PERCOLATION
1

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+l1l) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :=: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/

REAL :: R
1
IH = ISEED/IQ
IL = MOD(ISEED, IQ)

IT = IA*IL-IR*IH

IF(IT.GT.0) THEN
ISEED = IT
ELSE

ISEED

END IF

R = ISEED/FLOAT(IC)
END FUNCTION RANF

IC+HIT

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

SUBROUTINE GRNF (X,Y)
!

Two Gaussian random numbers generated from two uniform random
numbers.

IMPLICIT NONE
REAL, INTENT (OUT) :: X,Y
REAL :-: PI,R1,R2,R,RANF

Pl = 4.0*ATAN(1.0)

R1 = -ALOG(1.0-RANFQ))
R2 = 2.0*PI*RANFQ)

R1 = SQRT(2.0*R1)

X = R1*COS(R2)

Y = R1*SIN(R2)

END SUBROUTINE GRNF
1

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+l1l) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :=: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/

REAL ::
1
IH = ISEED/IQ
IL = MOD(ISEED, IQ)

1T IA*IL-1R*IH
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IF(IT.GT.0) THEN

ISEED = IT
ELSE

ISEED = IC+IT
END IF

R = ISEED/FLOAT(IC)
END FUNCTION RANF

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

FUNCTION ERNF() RESULT (E)
1

1 Exponential random number generator from a uniform random
I number generator.

REAL E,R,RANF
1

E = -ALOG(1.0-RANFQ))
END FUNCTION ERNF
1

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+1) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q0/127773/,1R/2836/
REAL :: R

IH = ISEED/IQ
IL = MOD(ISEED, 1Q)
IT = IA*IL-IR*IH
IF(IT.GT.0) THEN
ISEED = IT
ELSE
ISEED = ICHIT
END IF
R = ISEED/FLOAT(IC)
END FUNCTION RANF

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

FUNCTION RANF() RESULT (R)
]

Uniform random number generator x(n+1l) = a*x(n) mod c with
a=7**5 and ¢ = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :-: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/
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REAL :-: R

IH = ISEED/IQ
IL = MOD(ISEED, 1Q)
IT = IA*IL-1R*IH
IF(IT.GT.0) THEN
ISEED = IT
ELSE
ISEED
END IF
R = ISEED/FLOAT(IC)
END FUNCTION RANF

IC+IT

MODULE CB

REAL :: B,E,A
END MODULE CB
1

ﬁROGRAM SCATTERING
1

I This is the main program for the scattering problem.

USE CB

IMPLICIT NONE

INTEGER, PARAMETER :: M=21,N=10001

INTEGER 1,3, ISTEP

REAL :: DL,BO,DB,DX,X0,X,DX0,F,FX,FB,FBX,G1,G2,RU,RUTH,SI
REAL, DIMENSION (N) :: FI

REAL, DIMENSION (M) :: THETA,SIG,SIG1

DL = 1.E-06
BO = 0.01
DB = 0.5
DX = 0.01
E =1.0
A = 100.0
DO I =1, M
B = BO+(1-1)*DB

Calculate the first term of theta

DO J =1, N
X = B+DX*J
FI(J) = 1.0/(X*X*SQRT(FBX(X)))
END DO
CALL SIMP(N,DX,FI,G1)

Find r_m from 1-b*b/(r*r)-U/E=0

X0 B
DXO DX
CALL SECANT (DL,XO0,DXO0,I1STEP)

Calculate the second term of theta

DO J =1, N
X = X0+DX*J
FI(J) = 1.0/(X*X*SQRT(FX(X)))
END DO
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CALL SIMP (N,DX,FI1,G2)
THETA(1) = 2.0*B*(G1-G2)
END DO
Calculate d_theta/d b
CALL THREE (M,DB,THETA,SIG,SIGl)

Put the cross section in log form with the exact result of
the Coulomb scattering (RUTH)

por=wmM,1, -1

B = BO+(1-1)*DB

SIG(1) = B/ABS(SIG(1))/SIN(THETA(I))

RUTH =~ = 1.0/SIN(THETA(1)/2.0)**4/16.0

s1 = ALOG(SIG(1))

RU = ALOG(RUTH)

WRITE (6,"(3F16.8)") THETA(I),SI,RU
END DO

END PROGRAM SCATTERING

SUBROUTINE SIMP (N,H,FI,S)

Subroutine for integration over f(x) with the Simpson rule.
integrand f(x); H: interval; S: integral.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: SO,S1,S2

REAL, INTENT (OUT) :: S

REAL, INTENT (IN), DIMENSION (N) :: FI

S =0.0

SO = 0.0

S1 =0.0

S2 = 0.0

DO I =2, N-1, 2
S1 = S1+FI1(1-1)
SO = SO+FI(l)
S2 = S2+FI(1+1)

END DO

S = H*(S1+4.0*S0+S2)/3.0
IT N is even, add the last slice separately

IF (MOD(N,2).EQ.0) S = S &
+H*(5.0*FI (N)+8.0*FI (N-1)-FI1(N-2))/12.0

END SUBROUTINE SIMP

éUBROUTINE SECANT (DL,X0,DX, ISTEP)

Subroutine for the root of f(x)=0 with the secant method.

IMPLICIT NONE

INTEGER, INTENT (INOUT) :: ISTEP
REAL, INTENT (INOUT) :: X0,DX
REAL :: X1,X2,D,F,FX

REAL, INTENT (IN) :: DL
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ISTEP = 0
X1 = XO+DX
DO WHILE (ABS(DX).GT.DL)

D = FX(X1)-FX(X0)
X2 = X1-FX(X1)*(X1-X0)/D
X0 = X1
X1 = X2
DX = X1-X0
ISTEP = ISTEP+1
END DO

END SUBROUTINE SECANT
1

éUBROUTINE THREE (N,H,FI,F1,F2)

Subroutine for 1st and 2nd order derivatives with the three-point
formulas. Extrapolations are made at the boundaries. FI: input
f(X); H: interval; F1: f*; and F2: f".

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: I

REAL, INTENT (IN) :: H

REAL, INTENT (IN), DIMENSION (N) :: FI
REAL, INTENT (OUT), DIMENSION (N) :: F1,F2

" and "' from three-point formulas

DO 1 = 2, N-1

F1(1) = (FI(1+1)-FI(1-1))/(2.*H)
F2(1) = (FI(1+1)-2.0*FI(1)+FI1(1-1))/(H*H)
END DO

Linear extrapolation for the boundary points

F1(1) = 2.0*F1(2)-F1(3)
FL(N) = 2.0*F1(N-1)-F1(N-2)
F2(1) = 2.0*F2(2)-F2(3)
F2(N) = 2.0*F2(N-1)-F2(N-2)

END SUBROUTINE THREE
1
FUNCTION FX(X) RESULT (F)
USE CB
IMPLICIT NONE
REAL :: X,F,U,UX
!
F = 1.0-B*B/(X*X)-UX(X)/E
END FUNCTION FX
!
FUNCTION FBX(X) RESULT (FB)
USE CB
IMPLICIT NONE
REAL :: X,FB
!
FB = 1.0-B*B/(X*X)
END FUNCTION FBX
1

FUNCTION UX(X) RESULT (U)

USE CB
IMPLICIT NONE
REAL :-: X,U
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U = 1.0/X*EXP(-X/A)

END FUNCTION UX

PROGRAM EULER_CONST

INCLUDE "mpif.h*"

INTEGER :: N,K,IERR, IRANK, IPROC, IFINISH

REAL*8, PARAMETER :: SUM25=0.577215664901532860606512D0
REAL*8 :-: SUMI,SUM

CALL MPI_INIT (I1ERR)
CALL MPI1_COMM_RANK (MPI_COMM_WORLD, IRANK, IERR)
CALL MPI1_COMM_SI1ZE (MP1_COMM_WORLD, IPROC, IERR)

IF (IRANK.EQ.0) THEN
PRINT*, "Enter total number of terms iIn the series:
READ (5,*) N

END IF

Broadcast the total number of terms to every process

CALL MPI_BCAST (N,1,MPI_INTEGER,O,MPI_COMM_WORLD, IERR)
K = (N/1PROC)
SUMI = 0.DO

IF (IRANK.NE.(IPROC-1)) then
DO I = IRANK*K+1, (IRANK+1)*K
SUMI = SUMI+1.DO/DFLOAT(1)
END DO
ELSE
DO I = IRANK*K+1, N
SUMI = SUMI + 1.DO/DFLOAT(I)
END DO
END IF

Collect the sums from every process

CALL MP1_REDUCE (SUMI,SUM,1,MPI_DOUBLE PRECISION, &
MPI_SUM,0,MPI_COMM_WORLD, IERR)
IF (IRANK.EQ.0) THEN
SUM = SUM-DLOG(DFLOAT(N))
PRINT*, "The evaluated Euler constant is ", SUM, &
"with the estimated error of ", DABS(SUM-SUM25)
END IF

CALL MPI_FINALIZE (IFINISH)

END PROGRAM EULER_CONST

PROGRAM TALK_0_TO_1

INCLUDE "mpif.h*"

INTEGER :-: IRANK, IPROC, ITAG, ISEND, IRECV, 1ERR, IM, 1D, IFINISH
INTEGER, DIMENSION (MPI_STATUS_SIZE) :: ISTAT

CHARACTER*40 :: HELLO

ITAG = 730
1D = 40
ISEND = O
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IRECV = 1
CALL MPI_INIT (I1ERR)
CALL MP1_COMM_RANK (MPI1_COMM_WORLD, IRANK, IERR)
CALL MP1_COMM_SIZE (MPI1_COMM_WORLD, IPROC, IERR)
PRINT*, IRANK, IPROC
CALL MPI_BARRIER (MPI_COMM_WORLD, IERR)
IF (IRANK.EQ.ISEND) THEN
HELLO = "1 am process 0, who are you ?°
IM = 29
CALL MPI1_SEND (HELLO, IM,MPI_CHARACTER, IRECV, &
ITAG,MPI_COMM_WORLD, IERR)
PRINT*, "1 sent the message: ", HELLO
ELSE IF (IRANK.EQ.IRECV) THEN
CALL MPI1_RECV (HELLO, ID,MPI_CHARACTER, ISEND, &
ITAG,MPI_COMM_WORLD, ISTAT, IERR)
PRINT*, "1 got your message which is: ", HELLO
END IF
CALL MPI_FINALIZECIFINISH)
END PROGRAM TALK_O_TO 1

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

éUBROUTINE PERCOLATION (L,N,M,P)
1

I Subroutine to create an N*M percolation network.

INTEGER, INTENT (IN) :: N,M

REAL, INTENT (IN) :: P

REAL:: R,RANF

LOGICAL, INTENT (OUT), DIMENSION (N,M) :-: L

DO I =1, N
DOJ =1, M
R = RANFQ
IF(R.LT.P) THEN
L(1,J) = .TRUE.
ELSE
L(1,J) = .FALSE.
END IF
END DO
END DO

END SUBROUTINE PERCOLATION
1

FUNCTION RANF() RESULT (R)
!

Uniform random number generator x(n+1) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :=: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/

REAL ::
1
IH = ISEED/IQ
IL = MOD(ISEED, IQ)
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IT = IA*IL-IR*IH
IF(IT.GT.0) THEN

ISEED = IT
ELSE

ISEED = IC+IT
END IF

R = ISEED/FLOAT(IC)
END FUNCTION RANF

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

SUBROUTINE GRNF (X,Y)
!

Two Gaussian random numbers generated from two uniform random
numbers.

IMPLICIT NONE
REAL, INTENT (OUT) :: X,Y
REAL :-: PI,R1,R2,R,RANF

Pl = 4.0*ATAN(1.0)

R1 = -ALOG(1.0-RANFQ))
R2 = 2_.0*PI*RANFQ)

R1 = SQRT(2.0*R1)

X = R1*COS(R2)

Y = R1*SIN(R2)

END SUBROUTINE GRNF
1

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+l1l) = a*x(n) mod c with
a=7**5 and c = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :: IH,IL,IT,I1A,IC,I1Q,IR

DATA 1A/16807/,1C/2147483647/,1Q0/127773/,1R/2836/
REAL ::

IH = ISEED/IQ
IL = MOD(ISEED, 1Q)
IT = IA*IL-IR*IH
IF(IT.GT.0) THEN
ISEED = IT
ELSE
ISEED = ICH+IT
END IF
R = ISEED/FLOAT(IC)
END FUNCTION RANF

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

FUNCTION ERNF() RESULT (E)
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1 Exponential random number generator from a uniform random
! number generator.

REAL E,R,RANF

E = -ALOG(1.0-RANFQ))
END FUNCTION ERNF
1

FUNCTION RANF() RESULT (R)

Uniform random number generator x(n+1l) = a*x(n) mod c with
a=7**5 and ¢ = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER =: IH,IL,IT,IA,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q/127773/,1R/2836/

REAL :: R
1
IH = ISEED/1Q
IL = MOD(ISEED, IQ)

IT = IA*IL-1R*IH
IF(IT.GT.0) THEN
ISEED = IT
ELSE
ISEED = ICHIT
END IF
R = ISEED/FLOAT(IC)
END FUNCTION RANF

MODULE CSEED
INTEGER :-: ISEED

END MODULE CSEED

1

FUNCTION RANF() RESULT (R)
!

Uniform random number generator x(n+1l) = a*x(n) mod c with
a=7**5 and ¢ = 2**(31)-1.

USE CSEED

IMPLICIT NONE

INTEGER :-: IH,IL,IT,I1A,IC,IQ,IR

DATA 1A/16807/,1C/2147483647/,1Q0/127773/,1R/2836/
REAL ::

IH = ISEED/IQ
IL = MOD(ISEED, I1Q)
IT = IA*IL-IR*IH
IF(IT.GT.0) THEN
ISEED = IT
ELSE
ISEED = IC+IT
END IF
R = ISEED/FLOAT(IC)
END FUNCTION RANF
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MODULE CB

REAL :: B,E,A
END MODULE CB
1

PROGRAM SCATTERING
1

I This is the main program for the scattering problem.

USE CB

IMPLICIT NONE

INTEGER, PARAMETER :: M=21,N=10001

INTEGER 1,J,ISTEP

REAL :-: DL,BO,DB,DX,X0,X,DX0,F,FX,FB,FBX,G1,G2,RU,RUTH,SI
REAL, DIMENSION (N) :: FI

REAL, DIMENSION (M) :: THETA,SIG,SIG1

DL = 1.E-06
BO = 0.01

DB = 0.5

DX = 0.01

E =1.0

A = 100.0

DO 1 =1, M

B = BO+(1-1)*DB

Calculate the first term of theta

DO J =1, N

X = B+DX*J

FI(J) = 1.0/(X*X*SQRT(FBX(X)))
END DO
CALL SIMP(N,DX,FI,G1)

Find r_m from 1-b*b/(r*r)-U/E=0

X0
DX0 X
CALL SECANT (DL,XO0,DXO0,ISTEP)

B
D

Calculate the second term of theta

DOJ =1, N
X = XO+DX*J
FI(J) = 1.0/(X*X*SQRT(FX(X)))
END DO
CALL SIMP (N,DX,FI,G2)
THETA(1) = 2.0*B*(G1-G2)
END DO

Calculate d_theta/d b

CALL THREE (M,DB,THETA,SIG,SIG1)

I Put the cross section in log form with the exact result of
the Coulomb scattering (RUTH)

DO1I =M1, -1

B = BO+(1-1)*DB
SIG(1) = B/ABS(SIG(1))/SIN(THETA(I))
RUTH = 1.0/SIN(THETA(1)/2.0)**4/16.0
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s1 = ALOG(SIG(1))

RU = ALOG(RUTH)

WRITE (6,"(3F16.8)") THETA(I),SI,RU
END DO

END PROGRAM SCATTERING
1

SUBROUTINE SIMP (N,H,FI,S)

Subroutine for integration over f(x) with the Simpson rule.
integrand f(x); H: interval; S: integral.

IMPLICIT NONE

INTEGER, INTENT (IN) :=: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL :: S0,S1,S2

REAL, INTENT (OUT) ::

REAL, INTENT (IN), DIMENSION (N) :: FI

S =0.0

SO = 0.0

S1 =0.0

S2 = 0.0

DO I = 2, N-1, 2
S1 = S1+FI1(1-1)
SO = SO+FI(D)
S2 = S2+FI1(1+1)

END DO

S = H*(S1+4.0%*S0+52)/3.0

IT N is even, add the last slice separately

IF (MOD(N,2).EQ.0) S = S &
+H*(5_0*FI (N)+8.0*FI (N-1)-FI1(N-2))/12.0
END SUBROUTINE SIMP
1

éUBROUTINE SECANT (DL, XO0,DX, 1STEP)

Subroutine for the root of F(X)=0 with the secant method.

IMPLICIT NONE

INTEGER, INTENT (INOUT) :: ISTEP
REAL, INTENT (INOUT) :: XO0,DX
REAL :: X1,X2,D,F,FX

REAL, INTENT (IN) :: DL

ISTEP = 0
X1 = X0+DX
DO WHILE (ABS(DX).GT.DL)

D = FX(X1)-FX(X0)
X2 = X1-FX(X1)*(X1-X0)/D
X0 = X1
X1 = X2
DX = X1-X0
ISTEP = ISTEP+1
END DO

END SUBROUTINE SECANT
1

éUBROUTINE THREE (N,H,FI,F1,F2)
1
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Subroutine for 1st and 2nd order derivatives with the three-point
formulas. Extrapolations are made at the boundaries. FI: input
f(X); H: interval; F1: f"; and F2: f".

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H

REAL, INTENT (IN), DIMENSION (N) :: FI
REAL, INTENT (OUT), DIMENSION (N) :: F1,F2

" and " from three-point formulas

DO 1 = 2, N-1

FL(1) = (FI(1+1)-FI(1-1))/(2-*H)
F2(1) = (FI(1+1)-2.0*FI1(1)+F1(1-1))/(H*H)
END DO

Linear extrapolation for the boundary points

F1(1) = 2.0*F1(2)-F1(3)
FI(N) = 2.0*F1(N-1)-F1(N-2)
F2(1) = 2.0*F2(2)-F2(3)
F2(N) = 2.0*F2(N-1)-F2(N-2)

END SUBROUTINE THREE
!
FUNCTION FX(X) RESULT (F)
USE CB
IMPLICIT NONE
REAL :: X,F,U,UX
!
F = 1.0-B*B/(X*X)-UX(X)/E
END FUNCTION FX
1
FUNCTION FBX(X) RESULT (FB)
USE CB
IMPLICIT NONE
REAL :: X,FB
!
FB = 1.0-B*B/(X*X)
END FUNCTION FBX
1

FUNCTION UX(X) RESULT (U)

USE CB
IMPLICIT NONE
REAL :-: X,U

]
U = 1.0/X*EXP(-X/A)
END FUNCTION UX

PROGRAM EULER_CONST
INCLUDE "mpif.h*
INTEGER :-: N,K,IERR, IRANK, IPROC, IFINISH
REAL*8, PARAMETER :: SUM25=0.577215664901532860606512D0
REAL*8 :-: SUMI,SUM

CALL MPI_INIT (IERR)
CALL MPI_COMM_RANK (MPI_COMM_WORLD, IRANK, IERR)
CALL MPI_COMM_SIZE (MPI_COMM_WORLD, IPROC, IERR)
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IF (IRANK.EQ.0) THEN
PRINT*, "Enter total number of terms iIn the series:
READ (5,*) N

END IF

Broadcast the total number of terms to every process

CALL MPI_BCAST (N,1,MPI_INTEGER,O0,MPI_COMM_WORLD, IERR)
K = (N/1PROC)
SUMI = 0.DO

IF (IRANK.NE.(IPROC-1)) then
DO I = IRANK*K+1, (IRANK+1)*K
SUMI = SUMI+1.DO/DFLOAT(1)
END DO
ELSE
DO 1 = IRANK*K+1, N
SUMI = SUMI + 1.DO/DFLOAT(I)
END DO
END IF

Collect the sums from every process

CALL MPI1_REDUCE (SUMI,SUM,1,MPI_DOUBLE_PRECISION, &
MPI_SUM,0,MPI_COMM_WORLD, IERR)
IF (IRANK.EQ.0) THEN
SUM = SUM-DLOG(DFLOAT(N))
PRINT*, "The evaluated Euler constant is ", SUM, &
"with the estimated error of ", DABS(SUM-SUM25)
END IF

CALL MPI_FINALIZE (IFINISH)

END PROGRAM EULER_CONST

PROGRAM TALK_0_TO_1

INCLUDE “"mpif.h*"

INTEGER :=: IRANK, IPROC, ITAG, ISEND, IRECV, I1ERR, IM, 1D, IFINISH
INTEGER, DIMENSION (MPI_STATUS_SIZE) :: ISTAT
CHARACTER*40 :: HELLO

ITAG = 730
1D = 40
ISEND = O
IRECV = 1

CALL MPI_INIT (IERR)
CALL MP1_COMM_RANK (MPI_COMM_WORLD, IRANK, IERR)
CALL MP1_COMM_SIZE (MPI_COMM_WORLD, IPROC, IERR)
PRINT*, IRANK, IPROC
CALL MPI_BARRIER (MPI_COMM_WORLD, IERR)
IF (IRANK.EQ.ISEND) THEN
HELLO = *1 am process 0, who are you ?°
IM = 29
CALL MPI_SEND (HELLO, IM,MPI_CHARACTER, IRECV, &
ITAG,MPI_COMM_WORLD, IERR)
PRINT*, "1 sent the message: ", HELLO
ELSE IF (IRANK.EQ.IRECV) THEN
CALL MPI1_RECV (HELLO, ID,MPI_CHARACTER, ISEND, &
ITAG,MPI_COMM_WORLD, ISTAT, 1ERR)

123




PRINT*, "1 got your message which is: ", HELLO
END IF
CALL MPI1_FINALIZE(IFINISH)
END PROGRAM TALK 0 _TO 1

MODULE ORDER_AN_ARRAY
PRIVATE EXCHANGE
1
CONTAINS
1
SUBROUTINE REARRANGE (A)
IMPLICIT NONE
REAL, INTENT(INOUT) :: A(:)
LOGICAL, ALLOCATABLE :: MASK(:)
INTEGER :: I, N
INTEGER, DIMENSION(1) :: K
N = SIZE (A)
ALLOCATE (MASK(N))
MASK = .TRUE.
DO I = 0, N-1
MASK(N-1) = .FALSE.
K = MAXLOC(A,MASK)
CALL EXCHANGE(A(CK(1)).,A(N-1))
END DO
END SUBROUTINE REARRANGE
1
SUBROUTINE EXCHANGE (X,Y)
IMPLICIT NONE
REAL, INTENT(INOUT):: X,Y
REAL TX
TX = X; X = Y; Y = TX
END SUBROUTINE EXCHANGE
1

END MODULE ORDER_AN_ARRAY

1

PROGRAM RANDOM_ARRAY ORDERED
USE ORDER_AN_ARRAY

]
IMPLICIT NONE
INTEGER, PARAMETER
REAL, DIMENSION(N)
INTEGER :: 1

N = 100
A

CALL RANDOM_NUMBER (A)

CALL REARRANGE (A)

WRITE(6, "(F10.8)") (A(1),1=1,N)
END PROGRAM RANDOM_ARRAY_ ORDERED

PROGRAM ARRAY_EXAMPLE
IMPLICIT NONE
REAL :: TWO_PI
REAL, ALLOCATABLE :: A(:z,:), B(:,:), C(z,:), D(2)
INTEGER :-: N,M,L,1

TWO_P1 = 8_0*ATAN(1.0)
READ "(314)", N, M, L
ALLOCATE (A(N,M)); ALLOCATE (B(L,N))
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ALLOCATE (C(L,M)); ALLOCATE (D(M))
CALL RANDOM_NUMBER (A); CALL RANDOM_NUMBER (B);
A = SIN(TWO_PI*A); B = COS(TWO_PI*B)

C = MATMUL(B,A)
DO 1 =1, M

D(1) = DOT_PRODUCT(A(:,1),B(1,:))
END DO

PRINT "(8F10.6)", D
END PROGRAM ARRAY EXAMPLE

PROGRAM GALERKIN

This program solves the one-dimensional Poisson equation with the
Galerkin method as described in the text.

IMPLICIT NONE

INTEGER, PARAMETER :: N=99

INTEGER :-: 1

REAL :: PI,XL,H,D,E,BO,B1,XIM,XI1,XIP
REAL, DIMENSION (N) :: B,A,Y,W,U

Pl
XL

4.0*ATAN(1.0)
1.0

XL/ (N+1)
2.0/H

-1.0/H

PI/H

1.0/H

)
(L O | A I 1

Tn
>
o

the elements in L and U

>
0
"]
-
Q
=

the array B

N

H*(1-1)

H*1

H*(1+1)

BO*COS(PI*X1)*(XIM+XIP-2_.0*X1) &
+B1*(2.0*SINCPI*X1)-SIN(PI*XIM)-SIN(PI*XIP))

o
o
1
L L T T

n
>
o

the solution

= B(L)/W(D)
DO I =2, N
Y(1) = (B(D-E*Y(1-1))/W(1)

))

= YN
DO I = N-1,
= Y(

1,-1
D-U(D*A(1+1)




WRITE (6,"(2F16.8)") (1*H,AC1), 1=1,N)

END PROGRAM GALERKIN

PROGRAM G_WATER

This program solves the groundwater dynamics problem in the
rectangular geometry through the relaxation method.

IMPLICIT NONE

INTEGER, PARAMETER :: NX=101,NY=51,1SKX=10, ISKY=5, ITMX=5
INTEGER -: 1,J3,ISTP

REAL :-: P1,A0,BO,HO,CH,SX,SY,HX,HY,P,X,Y

REAL, DIMENSION (NX,NY) :: PHI,CK,SN

Pl = 4.0*ATAN(1.0)
A0 = 1.0

BO = -0.04

HO = 200.0

CH = -20.0

SX = 1000.0

SY = 500.0

HX = SX/(NX-1)

HY = SY/(NY-1)

P =0.5

Set up boundary conditions and initial guess of the solution

DO I = 1, NX
X = (1-1)*HX
DO J = 1, NY
Y = (J-1)*HY
SN(1,J) = 0.0
CK(1,J) = AO+BO*Y
PHI(1,J) = HO+CH*COS(PI*X/SX)*Y/SY
END DO
END DO

DO ISTP = 1, ITMX
Ensure the boundary conditions by the 4-point formula
DO J =1, NY
PHI1(1,0)

PHI(NX, J)
END DO

(4.0*PHI(2,J)-PHI(3,J))/3.0
(4.0*PHI(NX-1,J)-PHI(NX-2,3))/3.0

CALL RX2D (PHI,CK,SN,NX,NY,P,HX,HY)
END DO

DO I = 1, NX, ISKX
X = (1-1)*HX
DO J = 1, NY, ISKY
Y = (3-1)*HY
WRITE (6,"(3F16.8)") X,Y,PHI(I,J)
END DO
END DO

END PROGRAM G_WATER
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!
SUBROUTINE RX2D (FN,DN,S,NX,NY,P,HX,HY)

Subroutine performing one iteration of the relaxation for
the two-dimensional Poisson equation.

IMPLICIT NONE

INTEGER, INTENT (IN) :: NX,NY

INTEGER :-: 1,J

REAL, INTENT (IN) :: HX,HY,P

REAL :: HX2,A,B,Q,CIP,CIM,CJIP,CIM

REAL, INTENT (IN), DIMENSION (NX,NY) :: DN,S
REAL, INTENT (INOUT), DIMENSION (NX,NY) :: FN

HX2 = HX*HX

= HX2/ (HY*HY)

= 1.0/(4.0%(1.0+A))
= 1.0-P

O W >

2, NX-1
= 2, NY-1

B*(DN(I+1,J)/DN(1,J)+1.0)
B*(DN(I-1,J)/DN(1,J)+1.0)
A*B*(DN(1,J+1)/DN(1,J)+1.0)

CIM = A*B*(DN(I,J-1)/DN(I,J)+1.0)

FN(I,J) = Q*FN(I,J)+P*(CIP*FN(1+1,J)+CIM*FN(1-1,J) &
+CIP*EN(I, J+1)+CIM*EN(I , J-1)+HX2*S (1, J))

(@]

(&

)
I

END DO
END DO

END SUBROUTINE RX2D

SUBROUTINE BSSL (BJ,BY,N,X)

Subroutine to generate J_n(x) and Y_n(x) with given x and
up to N=NMAX-NTEL.

INTEGER, PARAMETER :: NMAX=30,NTEL=5
INTEGER, INTENT (IN) ::

INTEGER :: 1,J,K

REAL, INTENT (IN) ::

REAL :: PI,GAMMA,SUM,SUM1

REAL, INTENT (OUT), DIMENSION (O:N) :: BJ,BY
REAL, DIMENSION (O:NMAX) :: Bl

Pl = 4.0*ATAN(1.0)
GAMMA = 0.5772156649

B1(NMAX)
B1(NMAX-1)

0.0
1.0
Generating J_n(x)

SUM = 0.0
DO I = NMAX-1, 1, -1
B1(1-1) = 2*1*B1(1)/X-B1(1+1)
IF (MOD(1,2).EQ.0) SUM = SUM+2.0*B1(l)
END DO
SUM = SUM+B1(0)
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DO 1 =0, N
BJ(1) = B1(1)/SUM
END DO

Generating Y_n(x) starts here

SUML = 0.0
DO K = 1, NMAX/2

SUML = SUM1+(-1)**K*B1(2*K)/K
END DO

SUM1 = -4.0*SUM1/(P1*SUM)

BY(0) = 2.0*(ALOG(X/2.0)+GAMMA)*BJ(0)/P1+SUML
BY(1) = (BJ(1)*BY(0)-2.0/(P1*X))/BJ(0)
DO I =1, N-1
BY(1+1) = 2*I*BY(1)/X-BY(1-1)
END DO

END SUBROUTINE BSSL

SUBROUTINE FFT (AR,AI,N,M)

I An example of the fast Fourier transform subroutine with N = 2**M.
I AR and Al are the real and imaginary part of data in the input and
I corresponding Fourier coefficients in the output.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N,M

INTEGER :-: N1,N2,1,J,K,L,L1,L2

REAL :-: PI1,A1,A2,Q,U,V

REAL, INTENT (INOUT), DIMENSION (N) :: AR,Al

Pl = 4_.0*ATAN(1.0)
N2 = N/2

!
N1 = 2%*M

IF(N1_.NE_N) STOP *"Indices do not match®

! Rearrange the data to the bit reversed order

L=1
DO K = 1, N-1
IF (K.LT.L) THEN

Al = AR(L)
A2 = AI(L)
AR(L) = AR(K)
AR(K) = A1
AI(L) = AI(K)
AI(K) = A2

END IF

J =N2

DO WHILE (J.LT-L)
L = L-J
J=J/2

END DO

L = L+J

END DO

Perform additions at all levels with reordered data
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12 =1
DOL =1, M
Q = 0.0
L1 = L2
L2 = 2*L1
DO K = 1, L1
U = COoS(Q)
V= -SIN(Q)
Q = Q+ PI/LL
DO J = K, N, L2
I = J+ L1
Al = AR(I*U-AI(1)*V
A2 = ARCI*V+AI(1)*U
AR(1) = AR(J)-Al
AR(J) = AR(I)+A1
AL(D) = AI(J)-A2
AIQQ) = AI(J)+A2
END DO
END DO
END DO

END SUBROUTINE FFT

PROGRAM DFT_EXAMPLE

Example of the discrete Fourier transform with function f(x) =
x(1-x) in [0,1]. The inverse transform is also performed for
comparison.

IMPLICIT NONE

INTEGER, PARAMETER :: N=128,M=8
INTEGER :-: 1

REAL :: FO,H,X

REAL, DIMENSION (N) :: FR,FI,GR,GI

FO
H

1.0/SQRT(FLOAT(N))
1.0/(N-1)

DO I =1, N
X = H*(1-1)
FR(1) = X*(1.0-X)
FI(1) = 0.0

END DO

CALL DFT (FR,FI,GR,GI,N)
DO I =1, N

GR(1) = FO*GR(I)

GI(1) = FO*GI(I)
END DO

Perform inverse Fourier transform

DO I =1, N
GI(1) = -GI()
END DO
CALL DFT (GR,GI,FR,FI,N)
DO I =1, N
FRCD)
FI(1)
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END DO
WRITE (6,"(2F16.8)") (H*(1-1),FR(1),1=1,N,M)
WRITE (6,"(2F16.8)") H*(N-1),FR(N)

END PROGRAM DFT_EXAMPLE

1

SUBROUTINE DFT (FR,FI,GR,GI,N)
1

Subroutine to perform the discrete Fourier transform with
FR and F1 as the real and imaginary parts of the input and
GR and Gl as the corresponding output.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1,J

REAL :: PI,X,0Q

REAL, INTENT (IN), DIMENSION (N) :: FR,FI
REAL, INTENT (OUT), DIMENSION (N) :: GR,GI

Pl
X

4.0*ATAN(1.0)
2*P1/N

DO I =1
GR(1) 0
GI(1) 0
DO J =1, N

Q = X*(J3-1)*(1-1)
GR(1) = GR(I)+FR(J)*COS(Q)+FI(I)*SIN(Q)
GI(1) = GI(I1)+FI1(J)*COS(Q)-FR(I)*SIN(Q)
END DO
END DO
END SUBROUTINE DFT

N
0.
0.

PROGRAM S_L_LEGENDRE

Main program for solving the Legendre equation with the simplest
algorithm for the Sturm-Liouville equation and the bisection method
for the root search.

IMPLICIT NONE

INTEGER, PARAMETER :: N=501
INTEGER :-: ISTEP

REAL :: DL,H,AK,BK,DK,EK,FO,F1
REAL, DIMENSION (N) :: U

Initialization of the problem

DL
H
AK
BK
DK
EK
uL)
u(2)
ISTEP = 0

CALL SMPL (N,H,EK,U)
FO = U(N)-1.0

Bisection method for the root
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DO WHILE (ABS(DK).GT.DL)
EK = (AK+BK)/2.0
CALL SMPL (N,H,EK,U)
F1 = U(N)-1.0
IF ((FO*F1).LT.0) THEN

BK = EK

DK = BK-AK
ELSE

AK = EK

DK = BK-AK

FO = F1
END IF
ISTEP = ISTEP+1

END DO

!

WRITE (6,"(14,3F16.8)") ISTEP,EK,DK,F1
END PROGRAM S_L_LEGENDRE
1

SUBROUTINE SMPL (N,H,EK,U)
1

I The simplest algorithm for the Sturm-Liouville equation.

IMPLICIT NONE

INTEGER, INTENT (IN) :: N

INTEGER :: 1

REAL, INTENT (IN) :: H,EK

REAL :: H2,Q,X,P,P1

REAL, INTENT (OUT), DIMENSION (N) :: U

H2 = 2_.0*H*H
Q = EK*(1.0+EK)
DO I = 2, N-1
X (1-1)*H-1.0
P 2.0%(1.0-X*X)
P1 = -2_0*X*H
U(I+1) = ((2.0*P-H2*Q)*U(1)+(P1-P)*U(1-1))/(P1+P)
END DO
END SUBROUTINE SMPL

PROGRAM ONE_D_MOTION2

Simplest predictor-corector algorithm applied to a particle in one
dimension under an elastic force.

IMPLICIT NONE

INTEGER, PARAMETER :: N=101,IN=5
INTEGER :: 1

REAL :-: PI,DT

REAL, DIMENSION (N) :: T,V,X

Pl = 4_0*ATAN(1.0)
DT =2.0*P1/100
X(1)=0.0

T(1)=0.0

V(1)=1.0
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DO 1 =1, N-1
T(1+1) = I*DT

I Predictor for position and velocity

X(1+1)
V(I1+1)

X(D+V(1)*DT
V(D-X(1)*DT

I Corrector for position and velocity

X(1+1) = X(D+V(D+V(1+1))*DT/2.0
V(I+1) = V(D -X(D+X(1+1))*DT/2.0
END DO

WRITE(6," (3F16.8)") (T(1).X(1),V(1),I1=1,N,IN)
END PROGRAM ONE_D_MOTION2
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