math_s2.c, mathsu?a.asm, math sl.c, mathsula.asm X®317 N1%33n

math_s3.c, mathsuda.asm,

2 nabapn 1At MR NIy bR naabwsn nyvasana meabw 9o

.omT Y AREINT DR RI0°HTAY DTV WIDMR NR NI2whn L, WHhwnan 0vI50n

-3 Ren vown L float-3 X*R 73RN D13 0YIIY OTR PIYIR ROT YTANN
.Jong double -2 x*n >wrbwny double

»bapdR P2Ip3 727057 ATXPIIDI AWM WIS NI*13INT Mwvw 233
LIRYINT 33031 ©¥T0MNER A0 NTTAR3 NPT §T R ,math_sub owa v
Turbo no¥paip =wxa »3 ,ST(0)-2 979°N73 NR¥IN NR 72ynAn T80 math_sub

-3 31T oR morw® wp vba ST(0)-2 naTAam RUN ntwmn AR3In aatTan C
.long double sx float, double

float-2 wapin v v »n xymw mathsula.asm-3 math_sub 2w owwan~mn

"Nk NR nawnn double-a wapnn bw wiwnenn xyme mathsuZa.asm-2 3t

ST(0) 9w 325.89 navyv bSw q%npa 9271 RIReOT YWl TN 7?1358
.-216.78 7ponn ST(0)}-2 a*n> 542,67 naonn anrd

TN Chwa PR 09T Y9N Drwamvan v

mathsula.asm-2

FLD DWORD PTR [BP+4]
FSUB DWORD PTR [BP+8]

mathsula.asm-2

FLD QWORD PTR [BP+4]
FSUB QWORD PTR [BP+12]

977277 @ 7wEAdY NIDATATR NNY¥3 KA DOWIEAR 2 13 71ann 12°0%
N*19pY IRD IWONN Nurww oem ART  LNTI0MPA EPTI3 DX ]Iwna XOIY
mvonny ST(O)  9an®  nelommma (IWRDT ID0MT DK KR NvIswnm aar
B*9P0p TOMAY INSIw owms DRT - LNYIDAND DIPRE YR DOMT NN 110D
LST(0)-n vr3 199373 64—y 32 ovowmn

mmpma .long double ©vmpow Sw wABR 31W'N T3 DR 1133 K7 7T 55
NR Y¥a%Y LEOPA TaYRA IAIR 70D DUIDOET YW DR RYPY pUaYIR ATH
v3*7 mathsuda.c yatp2 0°nn SW wanepn (aRY OV wIDM
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FLD TBYTE PTR [BP+4]

FLD TBYTE PTR [BP+14]

FSUB _

may @31 XPY FSUB-wh o+7279387 navvw Sw aton 2vwme ab ovw

wnansn qvant P9v5Y Lysnd aavwe vpd ST(1) N Yvmwmy sumavar POP
£931°71 DYa0InT bW Azcon (el

1TWRY YW
ST(0) 325.89
ST(1} P
1w abw
ST(0) 542.78
ST(1) 325.89
wyhw 25w

5ST(0) -216.78
ST(1) 7hde!

:1ebR 2% oowb whw nebotl niTIps

ATRIR 1v¥Y we svaneR TaYER YY N33m MITIPEa 330 AbamORMw 103 -
.'1or 8087, .87, .387 o mmennn

NIMIT RIPAITY AT 779%2Y 0P .386 Y2 3% L387 1vvxh tweR R -
(A Y903 o7 Xxvv Rem .87)

I NI WO DwWn K? TDITIVD *PIBORI 12033 *PANDORT NYYIIINT -

»732 RYR , *Lmnpn 729t n11sn Sw wpna rvn Dapcw wrw pwn k9 a3
.DIIP2 NI RYIIT DR D3 W e

91m2% o*2>°n Turbo C n>351n3 *vI7300 >%aN0X N 130 BYa%wn WRD -

TIPR LIMAD  .0%37BRAT anR» PPN N2 Turbo C-w oswvimapn namw nR
,Jm12 Turbe C-w own snamwe owm _TEXT x9py bamoxn nrioan bw
X n3o%. amian . 'CODE'-3 PUBLIC on =an2n% D a*snw 0°5D13 DY17BRMI
MRT15 X7 text segment (pv27 nvib nbyan xbU) owa  yIzvam wINALH

BNIR3  N135n SW 7iavn noswd 1Ko TIWPY L0 3UNBA Y DYIRTD AT
Nehdsh
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/* math_sl.c -
Call math_sub (assembler, math co-processor) */

#include <stdio.h>
extern float math_sub (flocat u, float v );

void main{(void)

{
float x, y, z;

puts ("Enter two reals:");

scanf ("%f %£", &x, &y);

z = math_sub(x, vy );

printf ("\n%f - %f = %f\n", x, y, z);

} /* main */

E:\>math_sl
Enter two reals:
325.89 542.67

325.890015 - 542.669983 = —-216.779968

E:\>

07



mathsul.asm - implement asembler C-callable procedure
float math _sub( float u, float v ).
[BP+4] [BP+8]

MA Ne Ny wE wa

Result returned in ST

.MODEL SMALL
.STACK 100h
PUBLIC _math sub

.CODE
. 386
.387
_math sub PROC NEAR
PUSH BP ; Preserve BP register
MOV BP, SP
f
FLD DWORD PTR [BP+4] ; Read u into ST
FSUB DWORD PTR [BP+8] ; ST = ST - v
;
POP BP ; Restore BP
RET ; Return to caller
_math sub ENDP
END

2LOY



/* math_s2.¢c -
Call math_sub (assembler, math co-processor) */

#include <stdio.h>
extern double math sub(double u, double v );
void main(void)
{
double x, y, z;
puts ("Enter two reals:");
scanf ("%1f %$1f", &x, &y);
z = math_sub(x, y );
printf ("\n%$lf - %1f = %1f\n", x, y, Z);

} /* main */

E:\>math_s?2

Enter two reals:

325.89 542.67

325.890000 - 542.670000 = -216.780000

E:\>

e



mathsu2.asm - implement asembler C-callable procedure
float math_ sub( double u, double v ).
[BP+4] [BP+12]

Result returned in ST
.MODEL SMALL
PUBLIC _math_sub

.CODE
.386
.387

_math_sub PROC NEAR

’

PUSH BP ; Preserve BP register
MOV BP, SP

FLD QWORD PTR [BP+4] ; Read u into ST

FSUB QWORD PTR [BP+12] ; ST = 8T — v

POP BP ; Restore BP

RET ; Return to caller
_math _sub ENDP

END



/* math s3.c - .
Call math_sub (assembler, math co-processor) */

#include <stdio.h>
extern long double math_sub(long double u, long double v );
void main (void)
{
long double x, y, z;
puts ("Enter two reals:");
scanf ("$Lf $Lf", &x, &y);
z = math_sub(x, vy );
printf ("\n%Lf - %Lf = $Lf\n", x, y, 2z);

} /* main */

E:\>math s3

Enter two reals:

325.89 542.67

325.890000 — 542.670000 = -216.780000

E:\>



mathsu3.asm - implement asembler C-callable procedure
long double math_sub (
long double u, long double v }.
[BP+4] [BP+14]

wE e Wy W

. ma

Result returned in ST

r

.MODEL SMALL

PUBLIC _math sub

.CODE
.386
.387
_math sub PROC NEAR
PUSH BP ; Preserve BP register
MOV BP, SP
r
FLD TBYTE PTR [BP+4] ; Read u into ST
FI.D TBYTE PTR [BP+14] ; ST = v, ST(l) = u
FSUBP ST(1l),ST ; ST(1) = ST(1) - ST,
; pop (ST = ST(1), ST(1l) = Empty)
POP BP ; Restore BP
RET ; Return to caller
_math_sub ENDP
END



e Ne e M s wy W

mathsu3l.asm - implement asembler C-callable procedure
long double math_sub(
long double u, long double v ).

[BP+4] [BP+14]
Result returned in ST
.MODEL SMALL
PUBLIC _math_sub
.CODE
.386
. 387
_math _sub PROC NEAR
PUSH BP ; Preserve BP register
MOV BP, SP
FLD TBYTE PTR [BP+4] ; Read u into ST
FLD TBYTE PTR [BP+14] ; ST = v, ST(1l) = u
FSUB ; ST(1) = ST(l1l) - ST,
; pop (ST = 8T(1l), ST(l) =
POP BP ; Restore BP
RET ; Return to caller
_math_sub ENDP
END

Empty)
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-5 _ccompl.c, mcl.asm, ccomp?2.c mc2.asm, ccomp3.C XP¥397 NY*353N
mc3.asm

Q"IB0M 2 DRI XYY MK wehrmsab T n12vwmn nnavioana naue
LTOPRRT TAVR1 QY YUnh

DS9UPIDY  wenwmt  gvdon 2 nhbapn (-3 723057 DUWRIA NYTI0INT
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WA D113 pIRRIT L»aen bR 1 ,pvw onvaw ox 0 bw AR¥In M1vThn
Q> wHBR 000N W RYT ANIAT . PIWRITS P73 vIwn umapn ox -1-0
AT J"Aakaawn® ovansy RS Sp naTweRa DR O]IAWR2 0OK3IB RY ,D02pR
mc2.asm-1 ccomp2.c 31t ,float-3 3wena pr own mcl.asm-1 ccompl.c

aywent nR owen mc3.asm-1 ccomp3.c A1ri-1 double-2 2vwrnn nx own
.long double-2

Tay»a 0°80M NIRRT Sw Dwann vbb ovwyy on o ,onEy Swo wanen? WX

nTAWA AR NYPEam  mc2.asm-3  mcl.asm NYYISINT LDTIRP IWINW TUBIBT
79721 NITvws ve2 64-31 32 ovvwmm ovopom nywn? FCOMP mipea nvaw
nx 1awe? nasen ,uea 80 D bom 2 MYWR  RYTY MRB ,mc3.asm AR
9109 3% awwsw  FCOMPP  13pBR DX D@ NY¥2RY 129BR 2IXIR? DRI
nTpD ANAR PR mc3.asm-2 ww® nam Yy .mc3.asm-2 ovapopn Yw o mavvon
nx 07yp 73vm? niviv nvasint ,mc2.asm-y mcl.asm-3 o> (JBE) niyowynon

Tapsa 1Y K3 939 NN . JIWRAN 90BA DR MR P 2aWn 950nT
n o

FLD TBYTE PTR [BP+14] ; ST(0) = pl
FLD TBYTE PTR [BP+4]
FCOMPP ; Compare pl with p2, pop twice

.ST(1) nnvyb» ST(0} nx nysws FCOMPP mTponw 0w nRT

T LAY wHnD 07¥IT 33RO M1 AW 3¥nY AMAPIR NWwYY  1havn
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TORYORT TavRl AR W

FLD DWORD PTR [BP+4]
FCOMP DWORD PTR [BP+8]
FSTSW AX

SAHF

JBE Not Above
MOV AX,1
JMP SHORT Finish
Not Above:
JE Equal
MOV AX,-1
JMP SHORT Finish
Equal:
MOV AX,0
Finish:
POP BP
RET

F——1

D a1 aTh IR

MOV EAX, [BP+4]
CMP EAX, [BP+8]

JBE Not_Above
MOV AX,1
JMP SHORT Finish

Not Above:

JE Equal
MOV AX,-1
JMP SHORT Finish

Equal:

MOV AX,0

Finish:

POP BP
RET

v -128 +127 Sw mo7an nx 7wnab avanmorn nx nmaap "JMP SHORT"  :nawn
JIXTIW ORI PPN DR Twmd BYem o nT nmtTp niovnon bw napea LJMP
. 1®5 71tS 0353 &% vumnpn Tayn nA3n3 YWR KD T



/* ccompl.c - compare real numbers */

#include <stdio.h>
#include <stdlib.h>

extern int comp( float pl, fleocat p2 );

void main(int argc, char *argvi])
{

float x, ¥:

int cmp_flag;

if (argc < 3)

{
fprintf (stderr, "Usage: ccompl reall real2\n");

exit(1);
}

sscanf (argv[1l], "%E", &x);
sscanf (axrgv([2], "%E", &y);

cmp flag = comp(x,Y);

o)
%f\n\n", x, v):;

if ( cmp_flag =
printf("%Ef =
else
if {( cmp_flag 0 )
printf ("%f > %£\n\n", x, ¥);
else
if ( cmp_flag < 0 )
printf ("%f < %f\n\n", x, ¥);

v

} /* main */

E:\>tcc ccompl.c mcl.asm
Turbo C++ Version 3.00 Copyright (¢) 1992 Borland International

ccompl.c:
mcl,asm:
Turbo Assembler Version 3.1 Copyright {c) 1988, 1992 Borland

International

Assembling file: mcl.ASM

Error messages: None
Warning messages: None
Passes: 1

Remaining memory: 398k

Turbo Link Version 5.0 Copyright {(¢) 1992 Borland International
Available memory 4104476

E:\>CCOMP1.EXE 432.65 988.22
432.649%594 < 988.219971

= 30



e we e wa

mecl.asm -~ Compare within the math coprocessor

int _comp( float pl, float p2)

[BP+4] [BP+8]
If pl = p2, Return 0
If pl > p2, Return 1
If pl < p2, Return -1

; FCOMP = Compare and Pop
; Return C3 C2 Cl €0 Meaning

rF
r

r

B M Me wa ma wa

0 0 ? 0 ST > Source

0 0 ? 1 ST < Source

1 0 ? 0 ST == Source

1 1 ? 1 ST is not comparable to source

SAHF — Store AH into flags

Status Word

; 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
; -+t $ +=—t=—q } —+ } + + 1 } } + +
; | B | €3 | TOP | C2 | €1 | €O | ES | SF | PE | UE | OE | ZE | DE | IE
;o m——t————t——t——4—— t et S + + + ==
PUBLIC _comp
;
.MODEL SMALL
.CODE
.386
.387
_comp PROC NEAR
PUSH BP
MOV BP, SP
FLD DWORD PTR [BP+4] ; ST(0) = pl
FCOMP DWORD PTR [BP+8] ; Compare ST with p2, pop
FSTSW AX ; Store comparison result in AX
H
SAHF ; Store C3, €2, CO0 in Flags register {(2ZF, PF, CF)

Proceed as we did CMP on two unsigned integer operands

e e my

; Was ST > ST(1) { pl > p2 ) ?

JBE Not_Above ; No, more tests
MOV AX,1 ; Yes, return 1
JMP SHORT Finish
Not_Above: ; ST <= ST (1}
; Was ST < 8T(1) {( pl < p2 )?
JE Edqual ; No, ST == ST{1)
MOV AX, -1 ; Yes, return 0
JMP SHCORT Finish
;
Equal:
MOV AX,0 ; ST == ST{l) or incomparible
Finish:
POP BP
RET
ENDP _comp
END

PN



/* ccomp2.c - compare real numbers */

#include <stdio.h>
#include <stdlib.h>

extern int comp( double pl, double p2 );

void main(int arge, char *argv[])
{

double x, y;

int cmp flag;

if {argc < 3)
{
fprintf (stderr, "Usage: ccompl reall real2\n");
exit (1);
}

sscanf (argv[1l], "%1f", &x);
sscanf (argv[2], "$1£f", &y);

cmp_flag = comp(x,vy);

if ( cmp_ flag == 0 )
printf("$1f == %1f\n\n", X, y);
else
if { cmp_flag > 0 )
printf("%1f > %1f\n\n", x, y);
else
if ( emp_flag < 0 )
printf("%1f < %1£f\n\n", x, y);

} /* main */

E:\>teec ccomp2.c mc2.asm
Turbo C++ Version 3.00 Copyright (c) 1992 Borland Internatiocnal

ccomp2.c:

mc2.asm:
Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland

Internaticnal

Assembling file: mc2 . ASM

Error messages: None
Warning messages: None
Passes: 1

Remaining memory: 398k

Turbo Link Version 5.0 Copyright {(c) 1992 Borland International
Available memory 4103660

E:\>ccomp2.exe 321.2 -400.9
321.200000 > —-400.900000

E:\> E}\vzgxdé;b



; mc2.asm - Compare within the math coprocessor

int _comp{ double pl, double p2)

~e

; [BP+4] [BP+12]
; If pl = p2, Return 0
; If pl > p2, Return 1
; If pl < p2, Return -1

;FCOMP = Compare and Pop
; Return C3 C2 Cl1 C0 Meaning

; 0 0 ? 0 ST > Source
; 0 0 ? 1 ST < Source
1 0 ? 0 ST == Source
1 1 ? 1 ST is not comparable to source

SAHF - Store AH into flags

Status Word

r
’
I
r
s
r
'
’

15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
;o ==t ==ttt + . et e + + + +
; | B]C3| TOP | C2 | Cl|CO|ES|SF|PE | UE | OE | 2E | DE | IE
D et Tt S SR A + + +  — bt +

.MODEL SMALL
.CODE
. 386
. 387
_comp PROC NEAR
PUBLIC _comp

PUSH BP

MOV BP, SP

FLD QWORD PTR [BP+4] ; ST(0) = pl

FCOMP QWORD PTR [BP+12] ; Compare ST with p2, pop

FSTSW AX ; Store comparison result in AX
!

SAHF ; Store C3, C2, CO in Flags register (ZF, PF, CF)

;
; Proceed as we did CMP on two unsigned integer operands
;

; Was ST > ST(1) (pl >p2 ) ?

JBE Not_Above ; No, more tests
MOV A¥,1 ; Yes, return 1
JMP SHORT Finish
Not_Above: ; 8T <= 8T(1)
; Was ST < ST(1) ( pl < p2 )7
JE Equal ; No, ST == 8T(1)
MOV AX, -1 ; Yes, return O
JMP SHORT Finish
4
Equal:
MOV AX,0 ; ST == ST(l) or incomparible
Finish:
POP BP
RET

ENDP _comp
;
;

END

‘o~



; mc2.asm - Compare within the math coprocessor

~e

int _comp{ double pl, double p2)

; [BP+4] [BP+12]

; If pl = p2, Return 0

; If pl > p2, Return 1

; If pl < p2, Return -1

;FCOMP = Compare and Pop

; Return C3 C2 Cl1 CO Meaning

; 0 0 ? 0 ST > Source

; 0 0 ? 1 ST < Socurce

; 1 0 ? 0 ST == Source

; 1 1 ? 1 ST is not comparable to source

-

SAHF - Stere AH into flags

Status Word

e Ma T wa

; 15 14 13 12 11 10 9 8 7 6 5 4 3
—— ettt —————+ + t + + + ===t +
| B | C3 | TOP | C2 ] Cl1l | CO| ES | SF | PE | UE | OE | | |
+ F——t——t——+ } + + + + % + + : :

e ™ mE N

.MODEL SMALL
.CODE
.386
.387
_comp PROC NEAR
PUBLIC _comp

PUSH BP

MOV BP, SP

FLD QWORD PTR [BP+4] ; ST(0) = pl

FCOMP QWORD PTR [BP+12] ; Compare ST with p2, pop
FSTSW AX ; Store comparison result in AX
SAHF ; Store C3, C2, CO in Flags register (ZF, PF, CF)

’
; Proceed as we did CMP on two unsigned integer operands
; Was ST > ST(1) (pl >p2 ) ?
JEE Not_Above ; No, more tests
MOV AX,1 ; Yes, return 1
JMP SHORT Finish
Not_Above: ; ST <= ST (1)
; Was ST < ST{l) ( pl < p2 )?
JE Equal ; No, ST == ST(1)
MOV AX, -1 ; Yes, return 0
JMP SHORT Finish

Equal:

MOV AX,0 ; ST == ST(l) or incomparible
H
Finish:
POP BP
RET
ENDP _ comp
’
END

Y



/* ccomp3.c - compare real numbers */

#include <stdio.h>
##include <stdlib.h>

extern int comp( long double pl, long dcuble p2 );

void main({int argc, char *argv|])

{
long double x, y;
int emp flag;
if {argc < 3}
{
fprintf (stderr, "Usage: ccompl reall real2\n");
exit(l);
}
sscanf (argv[l], "$LEf", &x);
sscanft (argv[2], "S$LEf", &y);
cmp_flag = comp(x,y);
if ( cmp_flag == 0 )
printf ("$Lf == SLf\n\n", X, ¥);
else
if { emp_flag > 0 )
printf ("$Lf > $Lf\n\n", x, y);
else
if ( cmp_flag < 0 )
printf ("$Lf < %LEf\n\n", x, y);
} /* main */

E:\users\eytan\asm\braude>tcc -v ccomp3.c mc3.asm
Turbo C++ Version 3.00 Copyright (c) 1992 Borland International

ccomp3.c:
mc3.asm:
Turbo Assembler Version 3.1 Copyright (c) 1988, 1992 Borland

International

Assembling file: mc3.ASM

Error messages: None
Warning messages: None
Passes: 1

Remaining memory: 429k
Turbo Link Version 5.0 Copyright {c) 19%2 Borland International
Available memory 4138012

E:\>CCOMP3.EXE 654.6 32.87
654.600000 > 32.870000

A



mc3.asm - Compare within the math coprocessor

int _comp({ long double pl, long double p2)

e e Wy o w

[BP+4] [BP+14]
; If pl = p2, Return 0
; If pl > p2, Return 1
; If pl < p2, Return -1

r

;FCOMP = Compare and Pop
; Return C3 €2 Cl1 c0 Meaning

; 0 0 ? 0 ST > Source

; 0 0 ? 1 ST < Source

; 1 0 ? 0 ST == Source

; 1 1 ? 1 ST is not comparable to source
r

SAHF - Store AH into flags

-~

; Status Word
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.MODEL SMALL

.CODE

.386

.387

_comp  PROC NEAR

PUBLIC _comp
PUSH BP
MOV BP, SP
FLD TBYTE PTR [BP+14] ; ST{0) = pl
FLD TBYTE PTR [BP+4]
FCcoMmpPP ; Compare pl with p2, pop twice
FSTSW AX ; Store comparison result in AX

SAHF ; Store C3, C2, CO in Flags register (ZF, PF, CF)

Proceed as we did CMP on two unsigned integer operands

~a wmy owmy

; Was ST > ST(1) (pl >p2 ) ?
JBE Not_Above ; No, more tests
MOV AX, 1 ; Yes, return 1
JMP SHORT Finish
Not_Above: ; ST <= ST (1)
; Was ST < ST(1) ( pl < p2 )}?
JE Equal ; No, ST == ST(1)
MOV AX, ~1 ; Yes, return 0
JMP SHORT Finish

Equal:

MOV AX, 0 ; ST == ST(l) or incomparible
r
Finish:

POP BP

RET

ENDP _comp
;

4

END /E;-E>\'(;



