MODULE cat _nod
| MPLI CI' T NONE
CONTAI NS

] EE R I R R R I I R I R I O R R I R R I R R I R R R I R I R I R R I O O

FUNCTI ON get mat (m n)

I**** Function to input a matrix fromthe keyboard. The nunber of rows
I***x* (m) and the nunber of columms (n) are input argunments to the
P**** fynction

I NTEGER, INTENT(IN) :: mn I**** Dummy decl aration
REAL, DI MENSION(m n) :: getmat I**x* | ocal Declaration

I ** Local Declarations

| NTEGER :: i

DO i=1,m
PRINT " ("Enter matrix row :",i2)",i !*** Pronpt for row numnber
READ* , get mat (i, @) I*** Read in row

ENDDO

END FUNCTI ON get mat

] khkhkkhkhkkhkhhhhhhhhhhhhhkhhhhhdhhhdhhhdhhhdhhhhhhhhhkhhhhhdhhhdhhhdhdhddhdrhrxx*

SUBRQUTI NE out mat ( mat)
I**** Sybroutine to output a matrix to the screen.

REAL, DIMENSION(:,:), INTENT(IN) :: mat !*** Dummy decl aration

I** Local Declarations
| NTEGER :: i

DO i =1, Sl ZE( mat , 1)

PRI NT*, mat (i, :)
ENDDO

END SUBROUTI NE out mat

] EE R I R R R I I R I R I O R R I R R I R R I R R R I R I R I R R I O O

FUNCTI ON hconcat (rmat 1, mat 2)
I** Concatenate matrices horrizontally
I** Told in class to check for confornmity of matrix operations

REAL, DI MENSION(:,:), INTENT(IN) :: matl
REAL, DI MENSION(:,:), INTENT(IN) :: mat2

I** Local Declarations
INTEGER :: mi
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REAL, DI MENSI ON(SI ZE(mat 1, 1), SIZE(nmat1l,2)+SIZE(nmat?2,2)) :: hconcat

meSl ZE( mat 1, 1)

IF (me=SI ZE(mat 2, 1)) THEN
I** Check matrices conformfor this operation

DO i=1,m
hconcat (i,:)=(/ mat1(i,:), mat2(i,:) /)
END DO
ELSE
PRI NT*, "Matrices do not conform for hconcat"”
ENDI F

END FUNCTI ON hconcat

] khkhkkhkhkkhkhhhhhhhhhhhhhkhhhhhdhhhdhhhdhhhdhhhhhhhhhkhhhhhdhhhdhhhdhdhddhdrhrxx*

FUNCTI ON vconcat (mat 1, nat 2)
I** Concatenate nmatrices vertically
I** Told in class to check for confornmity of matrix operations

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

REAL, DIMENSION(:,:), INTENT(IN) :: mat2

I NTEGER :: n,|j

REAL, DI MENSI ON(SI ZE(mat 1, 1) +SI ZE(mat 2, 1), SIZE(matl1,2)) :: vconcat

n=Sl ZE( mat 1, 2)

| F (n==Sl| ZE(mat 2, 2)) THEN
I** Check matrices conformfor this operation

DO j=1,n
vconcat (:,j)=(/ matl(:,j), mat2(:,j) /)
END DO
ELSE
PRI NT*, "Matri ces do not conform for hconcat"”
ENDI F

END FUNCTI ON vconcat

] KRR S I O I R S S S S R S O R

END MODULE cat _nod

PROGRAM concat
I* Main programunit code to horrizontally
I* concatenate two conformng matrices.

USE cat _nod
I MPLI CI' T NONE
I** Declare rquired data structures

| NTEGER, PARAMETER :: me3, n=4, k=2
REAL, DIMENSION(mn) :: matl
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REAL, DIMENSION(mK) :: mat2
REAL, DI MENSION(m n+k) :: mat3

I** Read matrices in fromthe keyboard.
mat 1=get mat (m n)
mat 2=get nat (m k)

I** Qutput natrices to the screen
CALL out mat (mat 1)
CALL out mat (mat 2)

I ** Concatenate matrices
mat 3=hconcat ( mat 1, nat 2)

I** Qutput result to the screen
CALL out mat ( mat 3)

END PROGRAM concat

To make use of the FORTRAN "USE"' statement ie to make all entities of a
nodul e called ‘matrix’ available to an external programunit sinply place

USE matri x

at the top of the programunit.

To restrict the entities use the ‘only’ attribute ie.

USE matrix, ONLY : gauss, power

Nanme conflicts can be dealt with by using the ‘USE renane facility. ie
USE matri x, power => powl

renames "powl" in the nodule to power locally

(or)

USE matrix, ONLY : power => powl

where powl is the MODULE entity and will be used as powl in the unit using
the matrix nodul e
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PROGRAM quad_conpl ex

I*** pProgramto calculate the roots of a quadratic
I*** usingthe nore general COWLEX data type

| MPLI CI' T NONE
REAL :: a,b,c, xturn, yturn

COWPLEX :: root1,root2,sqdiscrim
LOG CAL :: check

I ** Enter the coefficients a,b,c
PRI NT*, "Enter A, b, and c of the &
&pol ynom al ax**2 + bx + c:"
READ*, a,b,c !*** Read in coefficients from keyboard
check= .NOT. a==0 !** Set check to .TRUE. if a valid quadratic
| F (check) THEN

I** Calculate the sqrt of discrimnant as a conpl ex numnber
sqdi scri mESQRT(CVMPLX(b**2 - 4.0*a*c))

root1=(-b + sqdiscrim/(2.0%*a) !** Calculate rootl
root2=(-b - sqdiscrim/(2.0%*a) !** Calcul ate root?2

PRI NT*,’ The roots are:’

PRI NT*,"Rootl : ","Real Part=",REAL(rootl), &
" ¢ lmaginary part=", Al MAJ root 1)
PRI NT*, "Root2 : ","Real Part=", REAL(root2), &

| magi nary part=", Al MAGr oot 2)
I** Cal cul ate the quadratics turning point

xturn=-b/ (2*a)
yturn=-b*b/ (4*a) +c
PRI NT*, " Turning Point = (x,y) = (",xturn,",",yturn,")"

I** Cal cul ate Max or M n point of
IF (a .LT. 0) THEN
PRI NT*, " Turning point is a maxi munf

ELSE
PRI NT*, " Turni ng point is a mninun
ENDI F
ELSE
PRI NT*,"This is not a valid quadratic"
ENDI F

END PROGRAM quad_conpl ex

FUNCTI ON mul vecmat (vec, nmat)
I**** Function to premultiply mat with vec

I ***x* Use assunmed shape arrays for dunmy arays****
REAL, DI MENSION(:), INTENT(IN) :: vec I*** Durmmy decl aration
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REAL, DIMENSION(:,:), INTENT(IN) :: mat !*** Dunmy decl aration
I**x*x* | ocal Declarations *****x*

INTEGER ::j,mn

REAL, DI MENSI ON(SI ZE(mat, 2)) :: mul vecnat

I**x*** Eind out the matix size for the DO loop [imt **x**x*

n=SI ZE( mat , 2)
m=SI| ZE( mat , 1)

I**x* Parformthe multiplication

| F (SI ZE(vec) == m) THEN
DO j=1,n I*** For each el enent of nul vecnat
mul vecmat (j ) =SUM vec*mat (:,j))
ENDDO
ELSE
PRI NT*, " Si ze mi smatch in nul vecnat "
ENDI F

END FUNCTI ON nul vecnat

FUNCTI ON mul mat (mat 1, mat 2)

I**** Fynction to input two matrices [matl] & [mat2] and check if

P**x* [mat1]*[mat2] is a valid matrix multiplication. If it is valid the
P**** matrix product [matl]*[mat2] is returned.

REAL, DI MENSI ON(:,:), INTENT(IN) :: matl

REAL, DI MENSION(:,:), INTENT(IN) :: mat2

INTEGER :: mn,k,i,j,p

REAL, DI MENSI ON(SI ZE(mat 1, 1), SI ZE(mat 2,2)) :: mul mat

meSI ZE(mat 1, 1) ; n=SIZE(mat 1, 2) ; k=S| ZE(mat 2, 2)

I**** Parformthe matrix multiplication
I**** uysing three DO | oops

|F (Sl ZE(mat2,1) == n) THEN

DO i=1,m I*** For each row of nul nat
DO j =1, k I*** For each col um of mul mat
mul mat (i,j)=0 I*** jnitialise to zero
DO p=1,n
mul mat (i, j)=mulmat(i,j)+mat1(i,p)*mat2(p,j)
ENDDO
ENDDO
ENDDO
ELSE
PRI NT*,"Si ze mi smatch in rmul mat"
ENDI F

END FUNCTI ON rul mat

Part (c)(iii)
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mul mat 2(i, j)=SUMmat 1(i,:)*mat2(:,j))

al so note we no longer need to initialise "mulmat(i,j)=0" as there
will no longer be a running summation in the code.

No it could not because the "mulmat" function will only accept
2-di nmensi onal arrays as argunents.

MODULE ode_nod

| *% %%

I***x* Mopdule file to hold MIne's nethod for sol ving

I**** ordinary differential equations.
| %% %%

I MPLI CI' T NONE

CONTAI NS

| %k *hkhhhkhhhkhhhhhhhhdhhhdhhhdhhhdhdhddhdddhdddrrdr*x%

SUBRQUTI NE r k4(y, x, h)
I**** Does step of Runge-Kutta 4th Method ****

I *** Dummy decl arations ***
REAL, INTENT(IN) :: h
REAL, | NTENT(INOQUT) :: vy, X

REAL :: k1, k2,k3, k4

I **x* (Cgl cul ate k val ues ****
k1=h*ode(x,y)
k2=h*ode(x+h/ 2, y+k1/ 2)
k3=h*ode(x+h/ 2, y+k2/ 2)
kd=h*ode( x+h, y+k3)

I**** Cal cul ate y(x) ****
y=y+(k1+2*k2+2*k3+k4)/ 6

x=X+h
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END SUBROUTI NE rk4 !***** [ 8 Marks]

| R I S b I b S b S O O R R S O R

SUBRQUTI NE hamy, X, h)
| **x*x*x%x Does one step of Hamm ng’s Method ******xx

I *** Dummy declarations ***
REAL, INTENT(IN) :: h
REAL, | NTENT(INOQUT) :: vy, X

I *** | ocal declarations ***
REAL :: py,y_in

| NTEGER, SAVE :: count=1
REAL, SAVE :: oy1l,oy2,oy3

y_in=y I** Make a copy of y_{n}

If (count < 4) THEN !** |f not enough starting val ues
CALL rk4(y, x, h) I** Do Runge-Kutta 4th order
count =count +1 I** | ncrement count

ELSE I** Do the Hamm ngs mnet hod
py=0y3+4. 0*h* ( 2*ode( x, y) - ode( x- h, oy1) +2*ode( x- 2*h, oy2))/ 3
y=(9*y-o0y2)/8+3*h*(ode( x+h, py) +2*ode( x, y) - ode(x-h, oyl))/8
x=x+h 1** jincrement x

ENDI F

oy3=0y2 !** Update y_{n-3}
oy2=oyl !** Update y_{n-2}
oyl=y in !'** Update y {n-1}

END SUBROUTI NE hamm ! ***** [ 10 Marks]

| %k *hkhhhkhhhkhhhhhhhhdhhhdhhhdhhhdhdhddhdddhdddrrdr*x%

FUNCTI ON ode(x, y)
I** Function to return the value of the the differentia
I** equation for a given x and y

I*** Durmmy decl arati ons
REAL, INTENT(IN :: X,y

I ***x | ocal declarations
REAL :: ode

ode=y- x
END FUNCTI ON ode !****x [2 Marks]

| IR S S S b S S S S S R O

END MODULE ode_nod



