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AJlos Cunyed =

1oLk Jas Obuwlas o

I[EEE754 )50 o

)96k jros snlg (S)yzs *
)96ib Jaos slacsly —

)96 Yao0 (Slaygiws o
(SLwlss slaygiws —

GO (Slo)gTws —




feee y Conoducszgs

#include <stdio.h=
int main(){
float *a:
int b=0x7F8FFFFF;
a=(float#*) (&b) ;

printf("a=%ft\n",*a);

}

ahmad@ubuntu:~/Courses/Assembly/chapter6$ ./a.out
a=nan

Sl )b



1B Jos =

) S5y Jows slac) § (s)line) slac) gulal slyp ©
S0 (8 03BTw] )olud Jos (530 eI

— WAC109P¢ 0

— P.YIAPA

— o00000000) = 0.)x 109

IBM /370 DEC/VAX Cyber 70

Word length (double) 32 (64) bits 32 (64) bits 60 bits
Significand+{hidden bit} 24 (56) bits 23+ 1 (55 + 1) bits 48 bits
Exponent 7 bits 8 bits 11 bits
Bias 64 128 1024
Base 16 2 2
Range of M = <M< <M< 1< M <2
Representation of M Signed-magnitude Signed-magnitude |[One’s complement
Approximate range 1663 = 7.107° 2127 ~1.9. 1038 21023 ~; 10307
Approximate resolution [2724 107 (10" 17)[2724 =~ 10 7 (10 ") 2 ¥ x10 M

ble b ol cbo ) C/l;})//(f_J ¢y CJ//(f_g)l/L’(\g(J/C')g(o)/g/@/le/‘{



(...Lols)) yolud oo =

b ayos IEEE Std 754 3)lsiGw) 19A0 Jlw js

o Jialad (sly ais) )5 ay (slooguids (31)Slg 3)lailwl o) @
Sy g5 1y joliuk

A0 Jan i (ale solis (sly osub alibyd slaasly LaIPdossy —
23,0 0513 HLNI 50D Aw @ slac) 3)133Gwl () Gb p e
e half precision
e single precision
e double precision

half: 5 bits half: 10 bits

single: 8 bits single: 23 bits

double: 11 bits double: 52 bits
S| Exponent Fraction

(_1 )S > (1 4 Fraction) > 2(Exponent—Bias)

<wil b Single: Bias = 127; Double: Bias = 1023



Denormal Numbers )aia0 slac) =

Exponent = 000...0 = hidden bitis 0

X = (—1)° x (0 +Fraction)x 2>

oalald 3 1y (5133803 slacl plgis CAS) oI
Sl

10303 )1)3 )0 Py 1) S gdy a5 Sygo )y |

X =(—=1)>x(0+0)x27°* =+0.0

_ | i O sl Tl g iy N ¢
il oy TP =S W O p cawp Crk



Infinities and NaNs C\._)_Lq,.)(,.) ] covelly

e Exponent =111...1, Fraction = 000...0
—_ ioo
Ol as3@w! e 1 (sa@ Obuwlas )y —
e Exponent =111...1, Fraction # 000...0
(Not-a-Number (NaN)) sacl —
2000 Cuw)sb Oluwlas \Soly -
1y 3y Olbuwlas )y aslaiw! b 1) slac) ol —
A3)ls

<rule L)



ahmad@ubuntu:~/Courses/Assembly/chapter6$ gcc denor.c -std=c99
ahmad@ubuntu:~/Courses/Assembly/chapteré$ time ./a.out
*3=0.0000000000000000000R00RE0ERR0EER0E0001175494490952

sum=0.00000000EEEEEEEEEEEEEEEEEEEEEE39443045261050590271

real Bmle.527s
User @mle.429s

#include <stdio.h= = LI R I
#include <limits.h= #include <limits.h=
int main(){ int main(){
float *a; float *a:
int b=0x00000001; int b=0x00800001;
a=(float*)(&b); a=(float*) (&b);
printf("*a=%.58f\n",*a); printf("*a=%.50f\n",*a);
float sum=0; float sum=0;
for(int i=0; i<INT MAX;i++) for(int i=0; i<INT MAX;i++) JUA
sum=sum+(*a); sum=sum+(*a) ; )
printf("sum=%.50f\n",sum); printf("sum=%.50f\n",sum);

} }
ahmad@ubuntu:~/Courses/Assembly/chapters$ gcc denor.c -std
ahmad@ubuntu:~/Courses/Assembly/chapterg$ time ./a.out
*3=0.000000000000000000000000000R00R00000000000001401360
sum=0.00000000000000000000800800000000R0OR02350988701645

real 5mS.527s

user 4m59.323s A
Sys 6me . 2885




IEEE 754 oLl Joas slac) OboAis =

Feature Single/Short Double/Long
Word width in bits 32 64
Significand in bits 23 + 1 hidden 52 + 1 hidden
Significand range [1, 2 — 27%3] [1, 2 — 2-°7]
Exponent bits 8 11
Exponent bias 127 1023

Zero (x0) e +bias=0,f=0 e+bias=0,f=0

Denormal e+bias=0,f#0 e+bias=0,f#0
represents +0.f x 2-126 | represents +0.f x 2-1022

Infinity (o) e + bias =255,f=0 e + bias =2047,f=0

Not-a-number (NaN)

e + bias = 255,f#0

e + bias =2047,f#0

Ordinary number

e + bias € [1, 254]
e € [-126, 127]
represents 1.f x 2¢

e + bias € [1, 2046]
e € [-1022, 1023]
represents 1.f x 2

min

27126 =212 x 10738

271022 = 2 2 x 10308

Mmax

~ 2128 ~ 3.4 x 1038

=R 8= RN S|

bl b




( start )

Y
1. Compare the exponents of the two numbers;

" i a
)Ll }aa8 )s -9
— a
shift the smaller number to the right until its

exponent would match the larger exponent @ _l i S(,-‘O O‘ 1) S -) \) LmL')\gS \)S_-)\ . 1

Y
2. Add the significands

@ 138005 3ac O b)E ) -

S0 ¢,0 oladl Cuw)y

Y

|

> omtee s o sive | 300 (.0 2a0 @ b s)linel pslis .2
9} £039 g oMb )laigy Jwls .3

S0, ()N )3)0)0
- | S0, 35 Juols 4
" Eeio) Ly 3ac 0309 Yaigy lssas o

4. Round the significand to the appropriate 3() 10 ( O
number of bits y

No

Still normalized?

bl b



( Start )

Y
1. Add the biased exponents of the two
numbers, subtracting the bias from the sum
to get the new biased exponent

‘, 3o, gon oo b laplyl .1

2. Multiply the significands

1L o LIpd =

g WMo oo )s asignificand .2
T e e 23Qil (0
1933 § osub Ylaigy slacl .3
30,8 35 13)0)8 [ )3y
(Gee) )3 § Mg, 3)3 slacl 4
R i )laigy saas Y03 )0
' Q-0

Overflow or
underflow?

Y

No

Still normalized? - - -
QL0 (MY 3AE Clalle

5. Set the sign of the product to positive if the
signs of the original operands are the same;

if they differ make the sign negative

<o Qb)‘@
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0333 -

00.0 00.1 01.0 01.1 10.0 10.1 11.0 11.1 * Number

Round-to- 4
nearest(x)

100. | _
011. | ,_[

010. |

001. t

000. | R

| | | | | | | |
00.0 00.1 01.0 01.1 10.0 10.1 11.0 11.1

" Copyright 2004 Koren

X.00
X.01
X.10
X.11

Round-to-nearest(z)

X

X
X +
X +

1
1




20) )Ials BIPAIP @ P3)D 3D =—

rtne(x)
rtn(x) . o
3 —_
3 e y

Round(x)
XO0.
XO0.

XO0.
X1.




OB)YS )s g il 239388 )l 2)B a5 Iy

(UIp)siwopds Jald Gy 33)3ub))leS -
- A 1,0 3080 A Obuwlas

1) O

Operation

+ 0

+ 0

+0
+0.5 ulp

+ 0

+0
+0.5 ulp
+0.5 ulp

[ B i e B e i s B e
—__o oK~k OOoOlXT
R O, OFk OO

0
—0.25 ulp
—0.50 wlp
+0.25 ulp

0
—0.25 ulp
+0.50 wulp
+0.25 ulp

Total

0

(a) Round-to-nearest-even scheme

Operation

Error

+ 0

0

+ 0 —0.25 ulp
+ 0 —0.50 ulp
+ 0 —0.75 ulp

Total

—0.375 ulp

"Cop

(b) Round-to-zero scheme

yright 2004 Koren

Operation

——_0 O = O ol

_ o = O = O = O

+ 0
+1 ulp
+1 ulp
+1 ulp

+ 0

+ 0

+ 0

+0

(c) Round-to-plus-infinity scheme

w2

Operation

O = O OO

+ 0
+1 ulp
+1 ulp
+1 ulp

+ 0

+ 0

+ 0

+ 0

(d) Round-to-minus-infinity scheme
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Clan [EEE754 5)1s56wl il a5 Slasdjlsp oalmas e
o0 0 233)1s)3 885 A3 )1 a5 sy Ae AG )3,
Oxzivo a5 1) 3)5¢,» aslalwl Ae AV FPU
o 5lg a5 303 23)33 Crd)L 13801 (sslpasss
203 )18 ol (5833j1s) )BS )s 1y YL

33303 a3 Ayl AoICAG | g a5 (3loosi)lsy )s @
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FPU Register Stack

)9libires slacls -—

shls yolubijras saly ©

ST(0)
ST(1) ) oS sacqans
ST(2) Cunla )
ST(3) = _ =
— OO0 A (shyls salg ol @
ST(5) (_SLQD)\) (S\).) A s(ine
ST(6) | )olunjies
ST(7) ) e i,
O)p0 @ Oy o) wyws © - o
ol atly
Data Type Length Significand Bits Exponent Bits Range
I . fl oat Single precision 32 24 8 1.18 x 10438 to
340 x 10738
I . doubl e Double precision 6 53 11 2.23 x 10"-308 to
1.79 x 104308
I tfl oat Double extended B0 64 15 ?T;::Eiﬁ‘?t C | ong doubl e

C_)J.W-JLD QJL?)




1960 Jas (slalb3 @ osls JED) -

(J.o'@-/'l b c )@l Cslp iy ol

source a0 CS @i v jgl= juso CS@:CJ(UO
)W/” Y=

s -- Short (single precision, 32 bits)

| -- Long (64 bits).
t -- Ten-byte (80 bits).

Floating-Point Store

¢ e (Clp) oslp o2y Csy /l sl
u=crelpois CSy

<o L)



# floattest.s - An exanpl e of dﬁ.o
using floating point nunbers

.section .data 510 0 (raw 0x00000000000000000006 )
Val uel- 5t1 3] (raw Ox0ROOAEEEARAEEEEAEARGA)
st2 5] (raw Ox00000ACAAREARARAARRAR)
.float 12. 34 5t3 B (raw Bx600000000PHOAHEEE00E)
. 5t0 12.340000152587890625  (raw Ox4002c570a40000000000)
val ue2: st1 8 (raw 6x00000000000000000000)
st2 8 (raw 6x0000000E0HAHAHAHE0EE)
. doubl e 2353. 631 st3 e (raw 6x00000008000000000060)
i st4 8 (raw 6x00000008000000000060)
.section . bSS 5t5 0 (raw Bx0PEARAERAENOANAERAEENR)
.| comm dat a, 8. 2353 . 6309999999998551188265234231040 | raw ©x400a931a189374bC6800)
. stl 12.340000152587896625  (raw ©x4002c570a40600000000)
.section .text 5t2 8 (raw 6x000000000HAHOEA0E0RE)
5t3 8 (raw 6x00600800000600006060)
. QJI o]o] _Start st4 8 (raw 6x00000800000600008000)
start: 5t5 8 (raw 6x00000800000600008000)
— : 5t6 0 (raw 6x00000800000000000000)
nop st7 8 (raw 6x00000000000000000000)

fl ds val uel
fldl wval ue2

fstl data
(gdb) x /gt &data

BxB0491ab <=data=:
movl $1, %@ax ied W

novl $0, %ebx
I nt $0x80

<o L)

2353.63089999999999




(2)gTws JSui =~

008 (slacb3 § yolibiiss slacbl o asls JEI) sl
adbuwlg plgic @ absla jl 330 )5 Oia 1P § 3)1s3 3989
(13)1s 30809 @ G3Tw| atl)) .3)5 oslasw)

N QA3 (Sl «f» o6ubiros slo)giws Jol dyn o
S0 ¢0 Plals (Joaczs slo)giws
;o) (€03 an )l slalw) 3)g.6 (Sosls 3i5¢,0 UOAILS (@Q> LB)s ©

53810 (50315 2383w 3)g.8 831y A5 Cuwl ) SosidsHlNS I—
Nttty

L) £, 0008 (§35C asly @3)5g —




glunras sloacls (,0s)shs -

fld menory/freg (real)

I [l finn ) o i s Kot fl i e 4
fild nmenory (1 nteger)

i i i ine T e finn Sagpis CAAT Cot p 2k 0 i it proms s 4

as s3)ls 3029 (I a)gmws X80 (saslgild §s ©
8 jollbjass Slacsll ) 1y ol pslas

f1dxx
Floating-Point L oad Constants

ISV

<o L)



)olunjaas )s o318 (5)135)0 (sla)gims

fldl
o iy iy €1

fldz
e iyl ins Csiyp €03 1k

f1 dpi
Sl Yy Cpligp €T

f1dl 2e
Il ey Csniyp €LOG o(€) 2 e
f1dl 2t
Sl ey e Sy €lL0g f10) s
f1dl g2
el ey e Sy €LOG 1o(2) s
f1dl n2

Sl i s Cpiyp €L (2) 3 ou




.section .data 1.00 ST
f pval ue: 2.00 ST(1)
.float 10.0 3.00 ST(2)
i nt Val ue: ST(3)
.int 20 ST(4)
i nt Val ue2: ST(5)
int 30 ST(6)
' ST(7) 10.00 ST
100 | ST(1)
200 | ST
flds fpVal ue ||EEENE RIS
ST(4)
ST(5)
ST(6)
2.00 ST ST(?)
fhd %t (2) | EEu
7.00 ST(2)
2.00 ST(3)
3.00 ST(4)
ST(5)
ST(6)
ST(7)

PP
Randal E. Bryant



: : 20.00 ST
fild 1 ntVal ue — Sl
1000| ST(2)
1.00 ST(3)
_ _ 2.00 ST(4)
fild 1 ntVal ue2 3.00 ST(5)
ST(6)
30.00 ST ST(7)
20.00 ST(1)
2.00 ST(2)
10.00 ST(3)
1.00 ST(4)
2.00 ST(5) 0.00 ST
3.00 ST(6) 30.00] ST(1)
ST(7) 20.00| ST()
7000| ST(3)
2.00 ST(4)
1.00 ST(5)
2.00 ST(6) ‘
3.00 ST(7) =

pp
Randal E. Bryant



# fpuval s.s point
const ant s
.section .text
.globl _start
_Sstart:

nop

fldl

fldl 2t

(raw ExPEEEEEEEEEEEEEEEEOOO )

B

B.6931471805599453094286904741849753 raw 8x3ffebl721717d1cf79ac)
5t2 B.30102999566398119522564642835948945 raw 8x3ffd9a209a84fbcft799)
f I (jl 2263 5t3 3.1415926535897932385128089594061862 raw 8x4000c90Tdaa22168c235)
. st4 1.4426950408889634073876517827983434 raw 8x3fffb8aa3b295c17febc)
f I CjF)l 515 3.3219280948873623478083405569094566 raw 0x4080d49a784bcdlb8afe)

5t6 1 (raw @x3fff8000000000000000 )

B (raw BxPEEEEEEEEEEEEEERERR. )

fldlg2a °v
fldln2
fldz

nmovl $1, %eax
novl $0, %ebx
| nt $0x80

<o L)



st ost(num OB Jas ) (Sjlwapad (slaygiuws

. . . . P . - -
P o lpnis Csp )l Sty e ouss SHNUM) o | SE L
fst menory(rea

fstp %t (num

S opndots ) St i

fstp nmenory(real)
W opbindots g lypeis Csy St i
fist menory(integer)

P 28 Coto 24> CAMT penss fltin s L) ST dio
fistp menory(i nteger)

o et CSp il adbood He ol 6 i 06 4
f xch

difre Ce ySH(1) s St Cspine

fxch %t (num

Lifrye Coue fySENUM) , St Csfpins




10.00
20.00
30.00
40.00

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

20.00

30.00

40.00

I nt Val ue:
.int O

10.00

fist intval ue AL
30.00

fistp iIntval ue
I nt Val ue=0000000A

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

1%
Randal E. Bryant



1.00

2.00

3.00

4.00

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

1.00

fst %t (2) Mar

4.00

fstp %t (2)

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

2.00

1.00

4.00

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

P U e e U e U

PV
Randal E. Bryant



5(33 31 ) )olibjras salg -

Instruction
decoder and
sequencer

Data Registers

Sign.. 7978 64 63
R7 | |Exponent Significand

R&

A5

R4

R3 A 4 A 4

Rz

R1

RO Unit

0 A A

Control

Register Last Instruction Paointer

F%Set;itsutse . Last Data (Operand) Poirter

10 0

Opeode Memory

Ta
Reg%ter

Figure 8-1. x87 FPU Execution Environment
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W @y SOy @ (Sl ol (sasd)lsy
S 1 51325 Sle Ol 9) Bl ) )1s (aw)iws
Ol a3 L3 o))

:oossd b1 a3y L3 L Jlb w G e

K7
T =5
P RS ST(2)
R STi1)
R3 ST{0) 44— TOP =011
PUSH R

1_
|

8

bl b



Oy Obd
G jolubiras saly Cu@dg y5obs Sb3 o) e
uo.'aﬁu\)aﬁugg)obj\\”ﬁ\\ Slaciy o

ylado a.mu @ o>y b adbs) i um.) MS(,,A
200 oul5 aaly U\

Exception Flags
5 4 3 2 A1 0

LEE L]

Busy C3 TopofStack Cp Cq Cp

‘ Pointer ‘

Condition Codes

Exception Flag
Stack Fault
Precision
Underflow
Overflow
Zero Divide
Denormalized
Invalid Operation -

bl L) http://webster.cs.ucr.edu/AoA/Windows/HTML/RealArithmetic.html



(.. BI))C0@IB) OB =~

A03(0 OIS 1y OG63IW) jop g G jho Gy @

0oLl Jaallygiws spdo Oy —

)aial slac) : (A Oy —

JRI0 )3 EIBDY 0> Oy —

12)0)8 9 W) :)lga g aw Slacwy —

33850 Obuwlas :p3 Oy —

33 C3 1)) C3)0 )3 (AT )3 130))8 0 oy & @il Cayy —

(overflow :0)3q3 A).0i0 solod Jlesd

30,0 Jlad 133 elbe Gy GiSwl £od 1o jop O)g0 ) —

)5 @ M0 sla)gTws )3 1€ § 1o (9 A Slaciw ©
(C;5 G Cy)sig)»

bl b



OLs L aAddls @ Plg3e 1y b3 ) slgias o

(o.. Lals)) Cu@bg OB =

Store Floating-Point StatusWord L Y-SI8 TSV V.= )

.section .bss

.section .text

. gl

_start:

<o b

.l comm status, 2

obl _start

nop
f st sw %ax

f 1 dpi

fstsw status

(gdb) x &status
Bx8049190 <status=>: OxEeEe3800

movl $1, %eax
movl $0, %ebx Exception Flags e

. 4 13 12 11 10 e} a8 7 6 5 4 3 2 1 4]
I nt $0x80

Buzy Oy Topofdtack Oz @4 O
«  Pointsr 1 P i



(HNS S0

0335 Jdladpc/Jdlasd sy gnj)les S gub ®
0303 (33 C3)010 ) .30) (0 )5  SBEw)

30,0 Jladpe
50,0 podis |y Slblac G839 g A Oy @
.).xS 1) ©3)5 3)3 500 11 g lo Cay @

Precision

Control Excepﬁon Masks . SeCt I On . t eXt
Sl B LR e B g .globl _start
_start:
Round: 00 - 24 bits n O p
00- 'IE')o nearest or even o1 - resgwed
01 - Down - 10 - 53 bits -
10-Up 11 - 64 bits f{:tl-l'
11 - Truncate result
Precision
Underflow
g Overflow
| Reserved Zero Divide
- Denormalized

Invalid Operation

pw
WLD ij http://webster.cs.ucr.edu/AoA/Windows/HTML/RealArithmetic.html



TS Oy -—

JBYie abdls @ olg3e 1) (IS OLS sleias
AP

fstcw

S03 o3l @ 1y adbsls sleias Ple3e prinss o
)9 Jovis

Load Floating-Point Control Word

fldcw

<rule L)



Jis -

w3 single a 1y yjobbjes COlbunlas s ©

.section .data OAD)D
newal ue:

. byte Ox7f, 0x00
.section .bss

.l comm control,
. section .text

.globl _start

_start:

nOp Precision

fstcw control SER Excapllon Masks

fl dcw newal ue For 2 ¢
_|§:m.

fstcw contr ol iy ' N

movl $1, Y%eax Uncition:

movl $0, %ebx - %Eﬁﬁﬁm

i nt $0x80 Invalid Cper ation

Rl TR
Ry ™

ARAVY|




RY RE R5 R4 R3 R2 R1 RO

3wl o510 a3ls golbadAl G 9y 03 y» @

(00)pizs ydo & (Soslse
(01) ydsoe
(10) pola ylstee

(11) Jlae

bl b
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fi1nit

| nitialize floating point processor

),p(,o o)y | C)/’MO/J le,wl/)

) Jlazo g /| Oz/) st(0) 2w, ) oo b > Cslpio
s Cop oy Jn oy o e 290 S 5 2=
i) Cumog




.section .data
val uel:
.1 nt 40
val ue2:
.float 92. 4405
val ue3:
. doubl e 221. 440321

.section .bss

_start:
nop
finit
fstcw control
fstsw status
filds val uel
fists intl

flds val ue2

fl Al ral 10?2
(gdb) info float
R7: Valid  ©x4004a000000000000000 +40
=>R6: Valid ©x4006dd70b8e086bdTE00 +221.4403210000000115
4 RS: Empty  ©x4085b8e1890000000000
R4: Empty ©x00000000000000000000
. text R3: Empty ©x00000000000000000000
start R2: Empty  ©x00000000000000000000
- R1: 0x4006dd70b8e086bd 800 +221.4403210000000115

: Valid
R@: Empty ©Ox00000000000000000000

Ox37f 895
Bxe 0
exffff 65535

Bx3800
Ox3fff

14336
16383

.lcoommintl, 4
.l comm control, 2
.l comm status, 2
.l comm result,

.section
. gl obl

Bx3000
TOP: &

Bx@37T mMoDMmZ™M OM UM PM
PC: Extended Precision (64-bits)
RC: Round to nearest

BxBff3

Bx73:0x08048]12e

Bx7b:0xB88491cC

Bxdald

Status Word:
221.440321000008011588745¢

40 (raw 0x4004a30000tcontrol Word:

) (raw 0x000000000¢
221.440321000000011508745¢

) (raw 0x0OEOEEAEAETag Word: |

5 (raw Hx@@ﬂ@@@@ﬂ@EInstructlun Pointer:
0 (raw 9x000EREEEEEOPErand Pointer:
92.44049835205078125 e

Ox37f 895 (gdb) x /d &intl

px80491cd <intl>: 48

Bx3000 12288
Oxff3 4083

(gdb) x /f &result
Px80491cc <result=>:

92.4404984
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Instruction Description

FSUBR Reverse floating-point subtraction

- _. - . ~
it CSropcry Gyl Cul /) ol @

Y ol Lilpo

bl b



A0 JOIWS =—

b (8l5As (slaJain ay (Sbuwlas slo)giws
1280 10T 3)0.6 )3 JUs Olgic @ aigsg,s
A4S adba) 533y O03 @ Yy st O30T ylsbs —
oo AS)aABdL )l SIB L § )3y G035 jlsds —
35 adbis) st @ 1y (a0 (88 Yabs (Sols s3lg3¢ 0
f addp
fadd st(num, st(0)

fadd st (0), st(num
faddx nenory(real, 32 or 64)
fi1add nenory (1 nteger)

Ifaddp st (0), st(num .



FpVal ue:
.float 45.0

| nt Val ue:
int 1

bl b

ST(6)
ST(7)

fadd fpVal ue
fi1add I ntVal ue

30.00] ST

40.00 ST(3




@3)43 gl
Q A Jlwy G243 )9iws bliAs (slaSib ¢
Ol gas yolws (slaJSun
fsubp st(1)=st(0)-st(1) and pop

fsub st(num), sSt(0) st(0)=st(0)-st(num

fsub st(0), st(num st (num=st(0)-st(num

fsubx nmenory(real, 32 or 64)

. . st (0)=st (0)-nmenor
fisub nmenory (1 nteger) (0) =st( )-@:,;ﬁ

fsubp st(0), st(num St(0)=st(0)-nenory
st (num =st (0) - st (num and pop

C | Pl L it St b i p ATET o toiplac Q/'g/;{y CSop nd
o L)




(...Lolsl) §2)03 )oTws
)18 (Ilsls Sawold o)) (zas Bllay @

sbzs @ )oaws LB @« (30)8] «(§3)b3 )> ©
Cawlasiglac (u3)5 ¢laols

fsubrp st(1)=st(1)-st(0) and pop

fsubr st(num), St(0) st(0)=st(num-st(0)
fsubr st(0), st(nunt S

=st (num) - st (0)
f subrx nmenory(real) st(O):ﬂem%"‘)m
fisubr menory (integer) 3SR

st (0) =nenor y- st ( 0)
fsubpr st(0). st(num
st (num =st(num-st(0) and pop



15.00

25.00

35.00

45.00

55.00

-55.00

35.00

-75.00

55.00

bl b

ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

-30.000

25.00

35.00

45.00

55.00

fsub %t (3), Y%t (0)
fsub %t (0),
30.00

25.00

35.00

-75.00y

55.00

90.00

-75.00

55.00

ST

JOos -—

ST
ST(1)
ST(2)
ST(3)
ST(4)
ST(5)
ST(6)
ST(7)

st (3)




Mo ~—

0 oo sl Lpd H3ws Lblids (sla S ©
@)D sils @iy jplws dlids (sla S
L)

f ul p
frul st(num, st(0)
frul st(0), st(num

fmul x menory(real, 32 or 64)
f1mul nenory (1 nteger)
frulp st(0), st(num

bl L



fdivp

fdiv st(num, st(0)

fdiv st(0), st(num

fdivx nenory(real, 32 or 64)
fidiv nenory (I nteger)

fdivp st(0), st(num

fdivrp

fdivr st(num, st(0)
fdivr st(0), st(num
fdivrx nmenory(real)
fidivr menory (I nteger)
fdivpr st(0), st(num




((43.65 / 22) + (76.34 * 3.1)) / ((12.43 * 6) — (140.2 / 94.21))

Load 43.65 into STO.
Divide STO by 22, saving the results in STO.
Load 76.34 in STO (the answer from step 2 moves to ST1).

Load 3.1 in STO (the value in step 3 moves to ST1, and the answer from Step 2 moves to
ST2).

5. Multiply STO and ST1, leaving the answer in STO.

6. Add STO and ST2, leaving the answer in STO (this is the left side of the equation).
7. Load 12.43 into STO (the answer from Step 6 moves to ST1).
8
9

= 899 =

Multiply STO by 6, leaving the answer in STO.
. Load 140.2 into STO (the answer from Step 8 moves to ST1, and from Step 6 to ST2).
10. Load 94.21 into STO (the answer from Step 8 moves to ST2, and from Step 6 to ST3).

11. Divide ST1 by STO, popping the stack and saving the results in STO (the answer from Step
8 moves to ST1, and from Step 6 to ST2).

12. Subtract STO from ST1, storing the result in STO (this is the right side of the equation).

13. Divide ST2 by STO, storing the result in STO (this is the final answer).

<rule L)



Load 43.65 into stO JOs -

fl ds val uel

Divide STO by 22, saving the results in stO



Divide STO by 22, saving the results in st0O

1.98409
ST(1)
ST(2)
ST(3)

ST(4)
ST(5)
ST(6)
ST(7)
((43.65 / 22) + (76.34 * 3.1)) / ((12.43 * 6) — (140.2 / 94.21))

Load 76.34 in STO (the answer from step 2 moves to stl)




LLoad 76.34 in STO (the answer from step 2 moves to stl)

76.34
1.98409
ST(2)
ST(3)
ST(4)
ST(5)
ST(0)

flds val ue3

(

Load 3.1 in STO (the value in step 3 moves to ST1, and the answer from
Step 2 moves to ST2).




Load 3.1 in STO (the value in step 3 moves to ST1, and the answer from
Step 2 moves to ST2).

3.1

76.34

1.98409) flds val ued

ST(3)

ST(4)

ST(5)

ST(6)

((43.65/22) + (76.34 * 3.1)) / ((12.43 * 6) — (140.2 / 94.21)} -

Multiply STO and ST1, leaving the answer in STO

<o L)



Multiply STO and ST1, leaving the answer in STO

236.654 %t (1), 9%t(0)
76.34
1.98409
ST(3)

ST(4)

ST(5)
ST(6)
((43.65/22) +(76.34 * 3.1)) / ((12.43 * 6) — (140.2/ 94.21)) E

A :’
Add STO and STZ2, leaving the answer in STO (this is the left o S
| side of the equation). ob




Add STO and STZ2, leaving the answer in STO (this is the left side of the
equation).

238.63809

76.34 fadd Y%t (2), Y%t

1.98409

ST(3)
ST(4)
ST(5)
ST(6)
((43.65/22) +(76.34 *3.1)) / ((12.43 * 6) — (140.2/ 94.21)) K

]
~
oV

Load 12.43 into STO (the answer from Step 6 moves to ST1) gXE

op




Load 12.43 into STO (the answer from Step 6 moves to ST1)

12.43
238.63809
76.34
1.98409
ST(4)
ST(5)

fl ds val ueb

ST(0)

<o L)



Multiply STO by 6, leaving the answer in STO

74.58
238.63809
76.34

1.98409
ST(4)
ST(5)
ST(0)

Load 140.2 into STO (the answer from Step 8 moves tb
| STvl, and from Step 6 to ST2)




Load 140.2 into STO (the answer from Step 8 moves to ST1,
and from Step 6 to ST2)

140.2
74.58
238.63809
76.34
1.98409
ST(5)
ST(6)

} S T-Z, and from Step 6 to ST.3)



Load 94.21 into STO (the answer from Step 8 moves to STZ,

and from Step 6 to ST3) T
94.21
140.2 ’ -
74.58

fl ds val ue8

238.63809
76.34
1.98409

ST(6)
((43.65 / 22) + (76.34 * 3.1)) / ((12.43 * 6) — (140.2 / 94. 21))

Divide ST1 by ST0, popping the stack and saving the 1

results in ST0 (the answer from Step 8 moves to ST1,
d and from Step 6 to STZ2)



Divide ST1 by ST0, popping the stack and saving the results in STO (the answer
from Step 8 moves to ST1, and from Step 6 to STZ2)

1.48816
74.58
238.63809
76.34

1.98409

ST(R)
((43.65/22) + (76.34 *3.1)) / ((12.43 * 6) — (140.2 / 94.21)) 3
OI1(0) L R
Subtract STO from ST1, storing the result in STO (this is
the right side of the equation

<o L)



Subtract STO from ST1, storing the result in STO (this is the right side of the
equation

fsubr %t (1), %t (0)

73.09184
74.58
238.63809
76.34
1.98409
ST(5)

CT/R\

Divide ST2 by STO, storing the result in STO (this is the
final answer).

<o L)



Divide STZ2 by STO, storing the result in STO (this is the final answer).

3.264907
74.58
238.63809
76.34
1.98409)
ST(5)
ST(6)
ST(7)

((43.65 / 22) + (76.34 * 3.1)) / ((12.43 * 6) — (140.2 / 94.21)) |
vy



# fpmathl. s - An exanpl e of basi

FPU nat h
. Section
val uel:

.float 43.65
val ue2:

.int 22
val ue3:

.float 76. 34
val ue4:

.float 3.1
val ueb:

.float 12.43
val ue6:

.int 6
val ue7:

.float 140.2
val ue8:

.float 94.21
out put :

.asci z

. dat a

L= Banlanll B
ahmad@ubuntu:~/Courses/Assembly/cC

The result 1s

"The result is

% \ n”

3.264907

.section
. gl obl

.t ext
_start

_Start:

nop

A

finit
flds val uel
fidiv value2
flds val ue3
flds val ued
frul %t (1),
fadd %t (2),
flds val ueb
finmul val ue6
flds val ue7
flds val ue8
fdivrp
fsubr %t (1),
fdivr %t (2),

subl $8, %esp

fstpl (%sp)

pushl $out put

call printf

add $12, %esp

pushl $0

call exit

%t (0)
%t (0)

%t (0)
%t (0)
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bl b



addpiy @le3 -—

Instruction %Description
F2XM1  Computes 2 to the power of the value in STO, minus 1
FABS Computes the absolute value of the valueinSTO
FCHS = Changes the sign of the valueinsTO
FCOS = Computes the cosine of the valueinsTO
FPATAN Computes the partial arctangent of the valueinSTO
Computes the partial remainders from dividing the value in STO by
FPREM  thevalueinST1
Computes the IEEE partial remainders from dividing the value in STO
FPREM1 by the valuein ST1
FPTAN Computes the partial tangent of the valueinSTO
FRNDINT  Rounds the value in STO to the nearestinteger
FSCALE Computes STO to the ST1stpower
FSIN Computes the sine of the valueinsto ...
FSINCOS  Computes both the sine and cosine of the valueinSTO
FSQRT ComputesthesquarerootofthevalueInSTO .....................................................................................
FYL2X ComputesthevalueST1IogSTO(baseZIog) ________________________________________________________________________________
EYL2XP1  Comp A= coumlgs G=F ér,f Crlpc2p 0ndbl p |

O V)




(f chs, fabs, fsqrt )JUO.s

# fpmat h2.s - An exanple of the
FABS, FCHS, and FSQRT
| NSt ructions
.section .data
.section .text val uel:
.globl _start .float 395.21
start: val ue2:
~ nop .float -9145.290
finit val ue3:

fl ds val uel .float 64.0
fchs

flds val ue2 R7: Valid ©xcB07c59ae10000000000 -395.209991455078125
f abs R6: Valid  0x400c8ee5290000000000 +9145.2900390625
=>R5: Valid ©x40028000000000000000 +8
fl ds val ue3 R4: Empty 0x00000000000000000000
R3: Empty 0x00000000000000000000
fsqrt R2: Empty 0x00000000000000000000
R1: Empty 0x00000008000000000000
RO: Empty 0x00000000000000000000

(gdb) info float

nmovl $1, %eax
Status Word: Bx2800

nmovl $0, %ebx TOP: 5
: Control Word: @xe37f IM DM ZM OM UM PM
I nt SB())(EB() PC: Extended Precision (64-bits)
RC: Round to nearest
Tag Word: BxO3Tf
Instruction Pointer: 0x73:8x0804811la
Operand Pointer: @x7b:0x00000000
Opcode: Bxdafa




.section
.globl _start
_start:

AW L)

. text

nop
finit

fl ds val uel
frndi nt

fists resultl

fl dcw rdown
fl ds val uel
frndi nt

fists result?

fldcw rup
flds val uel
frndi nt

fists result3

nmovl $1, %eax
nmovl $0, %ebx
I nt $0x80

(f r ndi nt )JULs

# roundtest.s - An exanpl e of
t he FRNDI NT i nstructi on
.section .data

val uel:

.float 3.65
r down:

. byte Ox7f, 0x07
rup: n
. byte Ox7f, OxO0b B
.section .Dbss
.lcommresultl, 4
.lcommresult2, 4
.lcoommresult3, 4

0x80491c4 <resultl>: BxeeeBeea4
(gdb) x &result2
Ox80491c8 <result2>: Bx00000003
(gdb) x &result3
Bx80491cc <result3>: Bx80e80004

ol b .




. Ssection .text
.globl _start
_start:

nop

finit

fl ds degreel
fidivs val 180
fl dpi

frul %t (1),
fsts radi anl
fsin

fsts resultl
flds radi anl
f cos

fsts result?2

nmovl $1, %eax
novl $0, %ebx
i nt $0x80

# trigtestl.s - An exanpl e of
using the FSIN and FCOS
| nstructions
.Section .data
degreel:
.float 90.0
val 180:
.int 180
. section .Dbss
.l comm r adi anl,
.lcommresultl,
.l commresult?2,

%t (0)

Bx80491ch <radianl=>: 1.57879637
(gdb) x /f &resultl

Bx80491c4d <resultl=>: |

(gdb) x /f &result2

Ox80491c8 <result2=: -4 .37113883e-88

{ b




(¥ 3610 @935} B8 -

# trigtest2.s - An exanpl e of
using the FSINCOS i nstruction
.Section .data
degreel:
.float 90.0
val 180:
.int 180
. section .Dbss
.l commsinresult, 4
.l comm cosresult, 4
. Ssection .text

.globl _start
_start:
nop
finit
fl ds degreel
fidivs val 180
fl dpi
frul %t (1), %t (0)
f si ncos
fstps cosresult
fsts sinresult

nmovl $1, %eax
nmovl $0, %ebx

I nt $0x80 (gdb) x /f &sinresult

px80491ac <sinresult=: 1
(gdb) x /f &cosresult
Ax80491b0 =<cosresult=: -2.710508543e-206
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bl b



A A A AN T f

f COM compares st and st(1)

fcom st (num compares st and st(num)
f com nenor y(real ) comparesstandarealin memory
fi com nmenor y( | Nt ) compares st and an int in memory

ftst (none) compares stand 0.0

fconp (none) comparesstandst(l) pops stack.
fcomp st (num compares st and st(num) "pops stack. ,,;gf?@i
.’a}?%‘

L7 OTTLY

compares st and areal in memory
fconp nenory(real) E———

f1conp nendry(l Nt) compares st and an int in memory Pops stack.

> W e |

f conpp (none)

compares st and st(1) POPS Stack. pops stack.




)oBiD jao8 38lg )s oyl i)y =—

Result of comparison C3 C2 CO

ST > second operand 0 0 0
ST <second operand 0 0 1
ST =second operand 1 0 0

L Cu@dg OL3 00 anlEis sasys )l oslaiwl sly oo
':" [ %

Store Floating-Point Status Word

<o L)



(...aslsl) yolishs Jao.8 s8lg )s oy by =—

Bit Number: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Flags: NT| 10PL |OF|DF| 1F | TEF | SF | ZF AF PE CF

Exception Flags
15 14 13 12 o 8 8 7 6 5 4 3 2 1 0

Busy C3 TopofStack C Cq4 Cp
‘ Pointer ‘ ‘ |

Condition Codes
Exception Flag
Stack Fault
Precision
Underflow
Overflow

. Zero Divide
S a h f Store AH into Fl ags Denormalized
Invalid Operation

fstsw %ax jl sz yolws o)
S50 )))S a3t 3)g.0

CO

Carry Flag

30,0 Jilis lapa) ©U3

C2

Parity Flag

C3

<o L)



# fcontest.s - An exanple of the FCOMinstruction
.Ssection .data
val uel:
float 10.923 f-Start:
val ue2: nop ahmad@ubuntu:~/Courses/Assembly/chapteré$ echo %7

float 4.5532 flds val
.section .text fcoms val ue2

fstsw
sahf
ja greater
j b |l esst han
novl $1, % ax
novl $0, %ebx
i nt $0x80
great er:
novl $1, % ax
novl $2, %ebx
i nt $0x80
| esst han:
novl $1, % ax
novl $1, %ebx
i nt $0x80

St CSon fhol gl jas 1t C Syl g it

Sl )bj
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sun@s slaygiws Pentium Pro gilsp b @
A elés) e ) OB @ JET) § (5)bne)

fcom compares st and st(1)

fcomp st(num compares st and st(num)
pops stack.

Result of comparison VAS
ST > second operand 0 0 0
ST < second operand 0 0 1

ST = second operand 1 0 0 —

Sublo L)



# fcomtest.s - An exanpl e of
_Start: the FCOM instruction
nop .section .data
flds val ue2 val uel:
flds val uel .float 10.923
fcom 9%t(1), %t (0) val ue2:
ja greater .float 4.5532
j b I essthan .section .text
movl $1, %eax . gl obl _start
nmovl $0, %ebx
I nt $0x80
great er:
movl $1, %eax
movl $2, %ebx
i nt $0x80
| esst han:

nmovl $1, %eax

nmovl $1, %ebx

int $0x80 _ 7
ahmad@ubuntu:~/Courses/Assembly/chapterags ./fcomites :

ahmad@ubuntu:~/Courses/Assembly/chaptera$ echo %7
2
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T Crtlp st o Gl 0 potno Se] CSlu s b vt 4t

e FCOML)) Coy topis CotlpCotrl ] ppedie o oy

Instruction éDescription
FCMOVB

FCMOVNE Move it ST(0) is not equal to ST(x).

.................................................................................................................................................................................................................................................................................................................... f |

FCMOVNBE Move if ST(0) is not below or equal to ST(x). "}

b

FCMOVNU Move if ST(0) is not unordered.

fcmovxx st(num), st(0)

Sl )b



# fcnovtest.s - An exanple
of the FCMOVxx i nstructions

.section .data 0x40033400000000000008 +20.5

val uel: : 0x40023e66660000000000 +10.89999961853027344
: 0x000000000000000000600
.float 20.5 : 0x0000000000000000H0AN
val ue?2: : 0x000000000060000600060

: Bx000000EARHEARRAAA0E
.float 10.90 : 0x000000000000000RAE0E
_section .text : 0x00000HEAAAELAAE00E

: g| obl start Status Word: 0x30086
_start: Ll
nop

finit R7: Valid ©x40033400000000000000 +20.5
flds val uel =>R6: Valid ©x40032400000000000000 +20.5
flds val ue? RS: Empty ©x0009000000000E0OHE00

: R4: Empty ©xPPEAEEEO0EEOREAEHEEE

0) 0)

fcom 9%t(1), %t(0) R3: Empty ©x00000000000000000000
fcnmovb %t (1), %t (0)] Rz2: Empty 0x00000000000000000000
R1: Empty ©xPPEPOEE000000EEEREE0
RO: Empty ©xP0OPO00000000EOOHE00
novl $1, %eax PH
novl $0, % bx Status Word: 0x30080

i nt $0x80 Lol s
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