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/* fderivl.c - approximate derivative function */

#include <stdio.h>
#include <math.h>

float approx_fderiv(float.(*f)(float), float =)}
{
float h, f£do, £4l, eps;

h ==x/2.0;
£d1 ((*£) (x+h) - (*£)(x-h))/(2*h);
eps fabs ((*£) (x)/8192.0);

do {
£40 £41;

h = h/2.0;

fal ((*£) (x+h) - (*f)(x-h))/(2*h);

} while(fabs(fd0 -~ £dl1l) > eps );

nmgn

return £d4l;

} /* approx_deriv */

float f£(float =x)
{

return x*x*x - 2.0%*x*x + 3.0*x - 8.0;
Yy /* £ o*/

float real fderiv{(float =x)
{

return 3.0*x*x - 4.0*x + 3.0;
} /* £ */

int main()

{
printf ("approx_deriv(5.0) = %£f\n", approx_£fderiv(f, 5.0));
printf('real fderiv(5.0) = %f\n", real fderiv(5.0));

} /* main */

E:\>tcc -v fder:vl c
Turbo c++ Vers;on 3 00 Copyright (c) 1992 Borland Internatlonal
fderivl.c:

Turbo Link Version 5. 0 Copyright (¢) 1992 Borland International
Avallable memp:y 4103660

E:\>FDERIVL.EXE

approx_dariv{5.0) = 58.001526

real fderiv(5.0) = 58.000000

E:\>»



/* fderiv2a.c - approximate derivative function */

#include <stdio.h>
#include <math.h>

extern float approx_ fderxiv(float (*f)(flpat), float x);

float f(float x)
{

return x*x*x - 2.0*x*x + 3.0*x - 8.0;
Y /% £ */

float real fderiv{(float =x)
{

return 3.0*x*x - 4.0*x + 3.0;
} /* real fderiv */

int main()

{ _
printf ("approx_deriv(5.0) = %f\n", approx_ fderiv(f, 5.0});
printf ("real_ fderiv(5.0) = %f\n", real fderiv(5.0));

return 0;
Yy /* main */

C:\>tcc fderiv2a.c fd2a.asm

Turbo C++. Version 3.00 Copyright (c) 1992 Borland International
fderiv2a.c:

fd2a.asm::

Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland
International

Assembling file:  fd2a.ASM

Error messages. ~ None
Warning messages° None
Pagses: o 1

Remaining memory: 397k

Turbo Link Version 5.0 Copyright (c) 1992 Borland International
Available memory 4108576

C:\>fderiv2a.exe

approx_deriv(5.0) = 58.001526

real fderiv(5.0) = 58.000000

C:\>
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fd2a.asm - implement numerical differentiation

LTI LI TR T

ASSUME CS: TEXT, DS: DATA

LT}

r

Static Variables

.
r

_DATA SEGMENT DWORD PUBLIC ‘DATA’
h DD ?

two DD 2.0

£40 DD 0.0

eps_const DD 16384.0

eps DD 0.0

temp DD 0.0

r
_DATA ENDS

.
r

_TEXT SEGMENT BYTE PUBLIC ’CODE’

r
; float approx_fderiv (float (*f)(flcat), £float
; [BP+4] [BP+6
.386
.387
PUBLIC _approx fderiv
_approx_fdexriv PROC NEAR
PUSH BP
MOV BP,SP
FLD DWORD PTR [BP+6]
FDIV two
FABS
FSTP h

compute (*£) (x+h) -(*f)(x-h) )/ (2*h);

LTI T 1)

®)

1

FLD DWORD PTR [BP+6]

FADD h

FSTP temp

PUSH temp ; Push x+h

CALL WORD PTR [BP+4] : ST(0) = f£f(x+h)

ADD SP,4 ; Frae Parameter

FLD DWORD PTR [BF+6]

FSUB h

FSTP ‘temp

PUSH  temp ; Push x-h _

CALL WORD PTR [BP+4] ; ST(0) = £(x-h), ST{(1l) = f£(x+h)
ADD Sp,4 ; Free Parameter ‘ '

FSUB ; ST(0) = f£(x+h)- E£(x-h), ST(1l) = Empty
FLD h ; ST(0) = h, ST(1l) = f(x+h)- £(x-h)

FMUL two ; ST(0) = 2h, ST(1) = f(x+h)- £(x-h)

FDIV ; ST(0) = (£(x+h)- £(x-h))/2h

FsSTP fd0

PUSH DWORD PTR [BP+6]
CALL WORD PTR [BP+4]
ADD SP,4
FDIV aps_const
FABS
FSTP eps

Del
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FLD h
FDIV two
FSTP h

1]

compute (*f£)(x+h) ~-(*£) {(x-h} )/ (2*h);

LU 1]

FLD DWORD PTR [BP+6]

FADD h

FSTP temp

PUSH temp ; Push x+h

CALL WORD PTR [BP+4] ; ST(0) = f(x+h)

ADD 8P, 4 3 Free Parameter

FLD DWORD PTR [BP+6]

FSUB h

FSTP temp

PUSH temp ; Push x-h

CALL WORD PTR [BP+4] : ST(0) = £(x-h), ST{(1l) = f(x+h)
ADD SP,4 ; Free Parameter

FSUB ; ST(0) = £(x+h)- £(x-h), ST(1) = Empty
FLD h : 8T{(0) = h, ST(1l) = £(x+h}- £(x-h)

FMUL two ; ST(0) = 2h, ST(1) = f£(x+h)- £(x-h)

FDIV ; 8T(0) = (£(x+h)- £(x-h))/2h

FLD ST ; ST(0) = (£(x+h)- £(x-h))/2h, 8T(1l) = (£(x+h)- £(x-h))/2h
FLD £d40

FSUB s ST(0) = current - £40

FABS ; ST(0) = | current - £40 |

FCOMP eps

FSTSW AX

SAHF

¥FSTP £40

JAE Dol

FLD £40

MOV SP,BP

POP BP

RET

_approx_fderiv ENDP

r

_TEXT ENDS

I

END

J¢y



/* fderiv2b.c - approximate derivative function */

#include <stdio.h>
#include <math.h>

extern double approx_fderiv{(double (*f) (double), double x);

double f (double x)
{

return x*s*x - 2.0*x*x + 3.0*x - 8.,0;
Y /* £ */

double real fderiv(double =)
{

return 3.0*x*x - 4.0*x + 3.0;
} /* real fderiv */

int main()

{
printf ("approx_deriv(5.0) = %1f\n", approx_fderiv(f, 5.0});
printf ("real fderiv(5.0} = %1f\n", real fderiv(5.0));

return 0;
} /* main */

C:\>tcec fderiv2b.c fd2b.asm

Turbo C++ Version 3.00 Copyright {(c) 1992 Borland International
fderiv2b.c:

fd2b.asm:

Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland
Internaticnal

Assembling file: £fd2b.ASM

Error messages: None
Warning messages: None
Passes: 1

Remaining memory: 397k

Turbo Link Version 5.0 Copyright (c¢) 1992 Borland Intermational
Available memory 4108576

C:\>fderiv2b.exe

approx_deriv(5.0) = 58.000095

real fderiv(5.0) = 58.000000

C:\>
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fd2b.,asm - implement numerical differentiation

ASSUME CS8: TEXT, DS:_DATA

; Static Variables

.
r

DATA SEGMENT DWORD PUBLIC ‘DATA’

H

h DQ 7

two DD 2.0

£40 DQ 0.0
eps_const DQ 131
eps DQ 0.0

temp DQ 0.0

_DATA ENDS

.
1

072.0

_TEXT SEGMENT BYTE PUBLIC ’CODE’

-y

wa  me

-

.386
.387

double approx_ fderiv (double (*f)(double), double x)

[BP+41] [BP+6]

PUBLIC _approx_fderiv

_approx_fderiv PROC NEAR
PUSH BP
MOV BP,SP
FLD QWORD PTR [BP+6]
FDIV two
FABS
FSTP h

i compute (*f) (x+h) - (*f)(x-h) )/ (2*h);

FLD QWORD PTR [BP+6]
FADD h
FSTP temp
PUSH DWORD PTR temp+4 ; Push x+h
PUSH DWORD PTR temp
CALL WORD PTR [BP+4] ; ST(0) = f{(x+h)
ADD sp,8 ; Free Parameter
FLD QWORD PTR [BP+6]
FSUB h
FSTP temp
PUSH DWORD PTR temp+4; Push x-h
PUSH DWORD PTR temp
CALL WORD PTR [BP+4] ; 8T(0) = £(x-h), ST(1) = f(x+h)
ADD sp, 8 : Free Parameter
FSUB ; 87(0) = £(x+h)- £(x-h), ST(1l) = Empty
FLD h ; ST(0) = h, ST(1) = £(x+h)- £(x-h)
FMUL two ; 8T(0) = 2h, ST(l) = f{x+h)- £f£{(x-h)
FDIV ; 8T(0) = (f(x+h)- £(x-h))/2h
FSTP £40

450



Dol:

LT T )

L]

PUSH DWORD PTR [BP+10]
PUSH DWORD PTR [BP+6}
CALL WORD PTR [BP+4]
ADD SP,8

FDIV eps_const

FABS

FSTP eps

FLD h
FDIV two
FSTP h

compute (*£) (x+h) -(*f)(x-h) )/ (2*h);

_approx_fderiv ENDP

I

_TEXT ENDS

-
r

END

FLD QWORD PTR [BP+6]

FADD h

FSTP temp

PUSH DWORD PTR temp+4 ; Push x+h

PUSH DWORD PTR temp

CALL WORD PTR [BP+4] ; ST{0) = f£(x+h)

ADD 8P, 8 ; Free Parameter

FLD QWORD PTR [BP+6]

FSUB h

FSTP temp

PUSH DWORD PTR temp+4; Push x-h

PUSH DWORD PTR temp

CALL WORD PTR [BP+4] ; 8T(0) = £(x-h), ST(1) = £(x+h)
ADD SP,8 ; Free Parameter

FSUB ; 8T(0) = f(x+h)- £(x-h), ST(1l) = Empty
FLD h ; ST(0) = h, ST(1) = £(x+h)- £(x-h)
FMUL two ;3 ST(0) = 2h, ST(1) = £(x+h)- £(x-h)
FDIV ; ST(0) = (£(x+h)- £(x-h))/2h

FLD ST ; ST(0) = (f{(x+h)~- £(x-h})/2h, ST(1) = (f(x+h)- f£(x-h))/2h
FLD £d40

FSUB ; ST(0) = current - £40

FABS ; ST(0) = | current - £40 |

FCOMP eps

FSTSW AX

SAHF

FsTP £40

JAE Dol

FLD £40

MOV SP, BP

POP BP

RET

IRy



/* fderivic.c - approximate derivative function */

#include <stdio.h>
#include <math.h>

axtern long double approx_fderiv(long double (*f)(long double), long double x);

long double f(long double x)
{

return x*x*x - 2.0%x*x + 3.0*x - 8.0;
} /* £ >/

long double real_ fderiv(long double x)
{

return 3.0%*x*x - 4.0*x + 3.0;
} /* real_fderiv */

int main()

{
printf {"approx deriv(5.0)} = %Lf\n", approx_fderiv(f, 5.0));
printf("real_ fderiv(5.0) = %Lf\n", real fderiv(5.0));

raturn 0;
} /* main */

C:\>tcec fderiv2e.c fd2c.asm

Turbo C++ Version 3.00 Copyright (c¢) 1992 Borland International
fderiv2c.c:

fd2c.asm:

Turbo Assembler Version 3.1 Copyright {(c) 1988, 1992 Borland
International

Assembling file: fd2c.ASM

Error messages: None
Warning messages: None
Passes: 1

Ramaining memory: 397k

Turbo Link Version 5.0 Copyright (c) 1992 Borland International
Available memory 4108576

C:\>£fderiv2c.exe

approx_deriv(5.0) = 58.000006

real fderiv(5.0) = 58.000000

C:\>

5o



LT T

fd2c.asm - implement numerical differentiation

LT TR 1]

ASSUME CS:_TEXT, DS:_ DATA

-

; Static variables
_DATA SEGMENT DWORD PUBLIC ‘DATAS

h DT ?

twoe DD 2.0

£40 DT 0.0

eps_const DT 2097152.0
eps DT 0.0

temp DT 0.0

x

_DATA ENDS

H

_TEXT SEGMENT BYTE PUBLIC ’CODE’

~ W™

H [BP+4] [BP+6]
. 386
.387
PUBLIC _approx_fderiv
_approx_fdexriv PROC NEAR
PUSH BP
MOV BP,SP
FLD TBYTE PTR [BP+6]
FDIV two
FABS
FSTP h

- N

compute (*f) (x+h) -(*£)(x-h) )/ (2*h);

-

FLD TRYTE PTR [BP+£]

FLD h

FADD

FSTP temp

PUSH DWORD PTR temp+6 ; Push x+h

PUSH DWORD PTR temp+2
PUSH WORD PTR temp

-

CALL WORD PTR [BP+4] ; ST(0) = £(x+h)
ADD SP, 10 ; Free Parameter

FLD TBYTE PTR [BP+6]

FLD h

FSUB

FSTP tenp

PUSH DWORD PTR temp+6 ; Push x-h
PUSH DWORD PTR temp+2

PUSH WORD PTR temp

e

CALL WORD PTR [BP+4] ; ST(0) = £(x-h), ST(1) = f (x+h)
ADD SP,10 3} Free Parameter

FSUB ; ST{(0) = £(x+h)- £(x-h), 8T(1l) =
FLD h ; 8T(0) = h, sST(1) = £(x+h)- £ (x-h)

FMUL two ; S8T(0) = 2h, ST(1l) = £({x+h)- £{x-h)

FDIV ; ST(0) = (£(x+h)- f(x-h))/2h

FSTP £40

793

long double approx_fderiv (long double (*£)(double), long double x}



Dol:

e

PUSH DWORD PTR [BP+12]
PUSH DWORD PTR [BP+8]
PUSH WORD PTR [BP+6]
CALL WORD PTR [BP+4]
ADD SP,10

FLD eps_const

FDIV

FABS

FSTP eps

FLD h
FDIV two
FSTP h

compute (*f) (x+h} -(*f)(x~h) )/ (2*h);

FLD TBYTE PTR [BP+61}
FLD h
FADD

FSTP temp

PUSH DWORD PTR temp+6 ; Push x-h
PUSH DWORD PTR temp+2

PUSH WORD PTR temp

CALL WORD PTR [BP+4] ; ST(0) = f(x+h)

ADD Sp,10 ; Free Parameter

FLD TBYTE PTR [BP+6]

FLD h

¥FSUB

FSTFP temp

PUSH DWORD PTR temp+6 ; Push x-h

PUSH DWORD PTR temp+2

PUSH WORD PTR temp

CALL WORD PTR [BP+4] ; ST(0) = £(x-h), ST(1) = f£(=x+h)
ADD sp, 10 ; Frea Parameter

FSUB ; ST(0) = E(x+h)- £({x-h}, ST(l) = Empty
FLD h ; ST(0) = h, 8T(1) = £(x+h)- £(x-h)

FMUL two ; ST(0) = 2h, ST(1) = f£(x+h)- £(x-h)

FDIV ; ST(0) = (£(x+h)- £(x-h)}/2h

FLD 8T ; ST(0) = (£(x+h)- £(x-h))/2h, 8T(1l) = (£(x+h)- f(x-h))/2h
FLD £40

FSUB : ST(0) = current - £40

FABS ; ST(0) = | current - £d0 |

FLD eps

FCOMPP

FSTSW AX

SAHF

FSTP £40

JNAE Dol ; Reversed logic

FLD £40

MOV SP,BP
POP BP
RET

_approx_f£deriv ENDP

-
r

_TEXT ENDS

1]

END

(G



