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A Variable Latency Goldschmidt’s Reciprocal Algorithm

Kyoung-Houn Han

Department of Computer Engineering
Graduate School

Pukyong National University

Abstract

Floating point expression is one of the computer number expression. Floating
point expression is advantage that can display number of wide extent. Goldschmidt
reciprocal algorithm that use much in floating point division repeats multiplication
as much as fixed number of times and calculate reciprocal of divisor. This paper
propose variable latency Goldschmidt floating point reciprocal algorithm that get
reciprocal until enter in validity expression sphere of floating point that must gain

changing Goldschmidt floating point reciprocal algorithm.

. . . 1 T T . .
7 - . ” ’ — —_— 7
When floating point is known as F, FSTF- B becomes if multiply
approximation value T of reciprocal —;, of floating point denominator and

numerator. In case B 1S bigger than 1, !
1 . ) —p
A=B-1,5= T(1—A)(1+ A%)(1 + A*) -+ is calculate until become 'A* < 2 2

i ’

. p is validity cipher that consider cumulative error. If B is smaller than 1,
1 : T
A=1-B, = T(1+ A)(1+ A*)(1 + A*) -+ is calculate until become 'A* < 2 2
) =2
'. Because A is integer of positive, circuit that decide "A*< 2 ? ' is circuit that ’

%' bit below point of A decide all ‘0’ legal recognitions.

Existent Goldschmidt floating point reciprocal algorithm did arithmetic by fixing
as maximum multiplication number of times that must yield maximum error range

that must get and do arithmetic. Variable latency Goldschmidt floating point



reciprocal algorithm that propose in this paper can differ multiplication number of
times because extent of error according to value that result arithmetic is different.
Therefore, can reduce all arithmetic time than existent algorithm. Also, can compose
approximation table of most suitable.

Research result of this paper can use comprehensively in field floating point
processing as Digital Signal Processing, Computer Graphics, Multimedia Processing,

scientific technique.
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YJehlle 1 HIE S, 29 ¢4 F AFE el 8 HIE E, &5
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1 11 52
rS [ 11bits-biased exponent E l 52bits-unsigned fraction f l

a9 2 A= 84

(¥ 2)= IEEE 754 & 5453 71& viAdx 345 v o] ¥
2l 2355 Yepdle 1 ¥E S, 29 54 F AFE YEe 11 HE E, &
A ol3lE UehlE 74 52 BlE f2 ©5% 64 HIEZ Hoj it}
FFFAY] HAHE YL AFHES 11 HER 583 7HHEE 24 ¥ E
o g st Fajolth A EF 44 HIE o]}l
T e Aen 1EE 1 HIEOM 15 HIEE =
64

&
R e :ééJOI
£3) Aol wpololng shaM sty ozl A WS sta 2F
a5 g0 Amd Fof A 2ole] whe AU Yehd 5 ALS 5ol
£ olth 8% 4L 4127, AR FHE +10239] vpolo2E 2k of
of oe} BAY 5 Ax £F VW ey 2k

® 32 bit single-precision format(d3 = F4))
o F= 2550]x1 f=00]"d F= NaN
o E=2550]2 f=00® F=(-1)c0
0 0 < E< 255018 F=(—1)%2°""(Lf)
o E=00]1 f=001m F=(—1)%27"%(0.f)
o E=00]3 f=00" F=(—1)%



® 64 bit double-precision format(W] %= F4)
o E=20470]x f=0o|™ F= NaN
o E=120470]x f=00]" F=(—1)°0
o0 < E<20470|® F=(—1)%2871938(1 f)
o E=00]2 f=00ld F=(—1)%2""%2(0.f)
o E=00]i f=001" F=(—1)%

A14=7F 00]aL 7h7} 00] obd wiol= A5 HIEZE 09 HIA3 5 Ve
W o2 AHsl 4 FAog vepd F Qle A2 E JEde ddd A
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aga YEasy e QAW 2 gol XY HHE doMA Hed
8 1Y vhe ke detdor gt olw AASHA deblle AE g dol

% (ir
2

AT ede TR AREE /pAI AN A7t A Ad FAe B
Fol Aol @l s HEw BF ) 7447} ek hgel el

H A, Round to Nearest Even (RNE).

HA, Round toward 0 (RZ).

WA, Round toward Minus Inifinity (RNI).
H A, Roung toward Plus Infinity (RPI).

RNEE= 7|E ged 222 Fa8¥9Y
el F+= Ao 7 LSB7F 12 AHASol&=
sHAl 7 E8 7Fsd oA 22 A
ol AL FeHFE A Arle xbe] Aol 0 l Hx %}E%L ol e}
A Y vl ged REdA AA %bJr 7} W R Tbsd R ARt
AAe] "k RPIe mdge o F3d %o 7}’12}71] gh-g3te Aol
RNI= ¥HH 2 &9 B3 ZFo 7HgA ehedste Aotk 18 RZe ¥
ke 0ol 7hgH Al ehi-w 6}-‘5 740]‘4.

a5 AuelE

4 5 2, 7b59) LSBol @t & nE
+ LSB7} 021 A$-ole= ‘+0° , F3
] 0o] ¥ & gx%g}b_ 740]1:}
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X1 =17 Sz —--(3)

©f(a)

AN f(2)e f(z)e zol BF ool =, f'(x):—ﬁom.

wef A,
L _p
f(@) E 1 )
xi+1:zi—f/(x) =% — 1 :wi+(Z—D)$i .
2
T,
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£ guaFen xug ¥ uel 2 Q, HHE #8 G, HrE 78
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Gi+1 = G; X R, -—(6)
Fz+l — Fz X Rz

(216)ol) A

F=FxQ2-F)=Fx(1+A)=(1-A)x(1+A4)=1— 4
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FELFH F Fo 7 Lfe b (H9A"E F FEeE ve & Aok

L.f=1lg+h (9

(M9)sl 4] g} he} ZolE 247 n,, MM EZ Hel@th hi 0<h< 2 volH

hel Huh ke hyy =2 =2 Molr,
Fol 9152 o (49)9 8 &8 wai selx 1_1§§ A Aol

ol T(g)s vlel A48l stk 24} Hol2e ROMol AgalA dx

o dzE A REslE @ T(ge 7o Jarol 2 2
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(H10)old B= T(g)< F > 0o ¢

A=B—-1

= T(g)x (1= A)(1+ A)(1 + AN)(1 + 4)

= T(g)x Rx (1+ A%)(1 + A*)(1 + A®)

A7 R=1+ Aolth

9, B= T(g)x F< 0ol o4 angze go (4127} ot
A—1—B
1

= T(g)x (1+ A)(1+ A" (1 + AY)(1 + 4°)

= T(g)x Rx (1 + A*)(1 4+ A*)(1 + 4®)

o714 R=1+ A°|t}.
(A1) (A12)= 2 =FA A

kst 7P Al F=2vE o4 A
29 44 138 & YnE 7|2 dudZ HE3 AHo|th o5 Adi A=
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32 2z A

SZE2UE 95 dYFS FAS wEHA dEE et wAol dHoh
Aw Rt} 7 Ae)se] AN sof drh wE A
o A3 pet & w) pE FEHW o2E BAHo} Ao
(2412)elM 1— Be| w2 A dgo] desin =] A =& w
27 s & w=RolMe ZAMA 1-277— BE didd. A9 AHu)
e o (A)ez 7 4 Yok [X|e X9 a7} gl #e dEhiA
AMnZo] FA ARE 45H oF pHlEN FEW A AE e =277
Et} A

A=[A]—e,
A= ([A] —¢) —e, = [A*] —2¢, X [A] + ¢/ — ¢,

= [A%] — e, (Al € 1.0 —(13)
At = [AY] —e,
A= [A%] —e,

(A 2—R =% 2—-27F— R2 ZAMALSHA (A1) (212)9] FHo)
e g (H14)7F Ik

Xi=T(gx R=T(g9)x ([R] —er) — e, = [X1] —2e,
X, = T(g)x Rx (1+ A?)
= ([T(9)x R} —2¢,) (1 + A*] —¢,) — ¢,
= [X,] —4de,
X,= T(g9)x Rx (1+ A*)(1+ A*) = [X;] — 6e,
X,= T(9)<x Rx (1+ A*)(1 + A1 + A®) = [X,] — 8e,

—-(14)
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3.3 A4t A4

IEEE 754 @A FAoA 7t4Ho FaAHFE 4B Eoltt. faAE S
$= @ vEE Taid 25 MEmg Hr ebE 27PHT Folop k.
(2114)) A 8e, = 8 X 277 < 27 % 0] Hojo} gt} webr] IEEE 754 HAHE §

4o A% A5 A4 BRF A% 4R5E p=28o|th
[EEE 754 M35 B4 7t5ie] faAssE 53 vEolt FAARS

of o= g MEEZ ¢std 54 HlECRZ Hu exbE 27 ndh Hojop g
o}k (214)e M 8e, = 8 X 277 < 2717} slojop gt} wrelA] IEEE 754 WP =
FalolA Aol 94 Aol WaF A 2R FE p=57o|t.

34 7PAA 7Y FEANE 95 AuFE

(AND)F (2112)0 4 A < 2 2 o] A% < 27 Po|th. g A'< 2 ? v}

) s 2
99 ukE Qs Ezaath A< 22 o BME Ao 45H old —giﬂm ]
\=3

HHst= A0 2 ol HIEE NORste= 3z=z2 7HdsHA

e

FEE F Ak DAl MES BWsHEE pe WA F57) Holoh do
SEEEINELLE
B =gl At

(E-1)T 2t
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To compute, % where F is (1.g+h).

1

T(g) is pre—calculated approximate g

p=28 if IEEE-754 single precision.
p=58 if IEEE-754 double precision.

1) B=FxT(g)

2) if B<1 then {
A=1—-2"7—B;
R=1+4;

else |

=L
if A< 2?2 then exit

4) A= AX A,
5 R=Rx(1+A);

-p
if A> 22 then goto 4;
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Helg @k o] Mg oA dAls de wile] dEdth XRE At £
Ud a9 oleiFog Ax o] YA "Hrh

SAME AEsE Abe-10] A —;—g 2AF S HolBelA 2ol T(g)#A)

2B A3t

FE-200 4 (A10)AHE T(g9)dALHE 5 Fol F3lA 43 BE ALSh
4 Az BE 1" vasty (A1)# (A12)4 72 A9k RS A3t 74z A
g A 2=H e R g A2 A3t

o714 A Rzt B<1¥Y ujo] A=1-Bo]xl R=1+Ao|t} I B>1Y uwjoj
A=B-10] 31 R=2-Bo]t}.

AJe)-30 A R B A2E 33 T(g) A:A2EH %S F3iA R A=A 2Eo A
sl T Al A9l AFFHolsl HE 7H7} 25 007FE #A&A G 71A

A
of etk WAl o o ol ANT Bt glonw ox AN §

e

o L
geaoln A AAZE gel Ase AN AT g2 A dAzHd 459
.
FooulE 94 gmeZe dWe B9 sioF 3t7] w#e] o4
of gAYl BuhY FEl52 dojzith
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Az BE2EE 95 AWAY FH SEEE (F M Yeuast u58
shiz Bold 788 & Aok

(£ 3ol 47 % HE WP AGHE AT Be2xvE G5 AW
o AY) 3EEE BT 223 BEEE (1Y 9 YRtk

/* Result = */

1
F
(State-1)

Get approximate reciprocal table T(g);

(State-2)
Multiplier in port M=T(g);
Multiplier in port N=F;
Multiplier out port Q=B;
R=0ne's complement of B;
if BK1 then A=R-1;
else A=B-1;

(State-3)
Multiplier in port M=T(g).
Multiplier in port N=R.
Multiplier out port Q=R.

if msb g— bit of A is all '0' then result is R;

(State—-4)
Multiplier in port M=A;
Multiplier in port N=A;
Multiplier out port Q=A;

(State-5)
Multipher in port M=1+A.
Multiplier in port N=R,
Multiphier out port Q=R.

if msb % bit of A is all '0O' then result is R.

else goto State—4.
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/* Result = */

F
(State-1)
Get approximate reciprocal table T(g);

(State-2)
Multiplier 1 in port M=T(g);
Multiplier 1 in port N=F;
Multiplier 1 out port Q=B;
if B<1 then {
R=0ne's complement of B;
A=R-1;
}
else |
A=B-1;
R=0One's complement of B;

}

(State-3)
Multiplier 2 in port M=T(g);
Multiplier 2 in port N=R;
Multiplier 2 out port Q=R;

if msb 121 bit of A is all '0' then result is R;

(State-4)
Multiplier 1 in port M=A;
Multiplier 1 in port N=A;
Multiplier 1 out port Q=A;

Multiplier 2 1n port M=1+A;
Multiplier 2 out port Q=R;

if msb % bit of A is all '0" then result is R;

else goto State—4;
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I 4. IEEE 754 9% A4 o4

o~

At 223

Ta'ble I?V"Is.raffe Al\‘{sfaffe No. of multiply1

size Multiply!| Multiply? 2 4 6 8
2' x 4 5.66 3.83 014% | 168% | 83.1% 0.0%
2° x5 5.32 3.66 027% | 333% | 665% 0.0%
2° x 6 4.71 3.35 054% | 635% | 36.0% 0.0%
2 x 7 4.00 3.00 1.08% | 97.9% | 1.03% 0.0%
2° x 8 3.96 2.98 216% | 97.8% 0.0% 0.0%
2 x 7 419 3.10 094% | 88.6% | 105% 0.0%
2° x 8 3.99 3.00 117% | 982% 0.6% 0.0%
2° x 9 3.98 2.9 1.17% | 98.0% | 0.05% 0.0%

o} 714 Multiply'e F471E st A8 Z$-olx Multiply’s F471&
N A3 A gt
¥ 5 IEEE 754 wjA % A4 o4 Ak 293 34 35

Tz?ble A‘[’\?;.aogfe Avlsllsg(e)f No. of multiply1

S1ze multiply' | Multiply? 2 4 6 8

2 x 7 6.11 4.06 00% | 077% | 929% | 63%
#x 8 5.97 3.98 00% | 153% | 985% | 0.0%
27 x 5.94 3.97 0.0% 31% | 96.9% 0.0%
ol % 10 5.88 3.04 00% | 61% | 939% | 00%

7 x 8 5.97 3.99 00% | 1.3% | 987% | 0.0%
2° x 6 6.90 445 0.0% | 038% | 54.3% | 45.3%
2 x 7 6.37 418 00% | 067% | 803% | 19.1%
2° x 8 6.09 4.04 00% | 083% | 97.0% | 52%
2° x 9 6.02 4.01 00% | 083% | 97.2% | 2.02%
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2. Verilog HDL A~-23 X

/%

HUHHHBH IR R A R R R R R
HUHBHH BB H R R H R AR R R R R
HiHHH JPAAIZE FERVE FEATH JeEands WA #aa#
BHBHHH R R R AR R R R R R
HHB B R U BRI R R R AR R AR R

module ROM_table (in_value, out_value);
input [7:0] in_value;
output [7:0] out_value;
reg{7:0] ROM [0:2551;
wire [7:0] out_value;

wire [7:0] in_value;

initial
begin
ROM[0]=8'h0;ROM[1]=8'hff;ROM[2]=8'hfe;
ROM[3]=8'hfd:ROM[4]=8'hfc;ROM[5]=8'hfb;
ROM[6]1=8'hfa;ROM[7]=8'hf9;ROM|[8 |=8'hf8;
ROM{9]=8'hf7;ROM[10]=8"'hf6;ROM[11]=8"hf5;
ROM[12]=8'hf4;ROM[13]=8'hf3;ROM[14 ]=8'h{2;
ROM[15]=8'hf1;ROM[16]=8'hf0;ROM[17]=8'hf0;
ROM[18]1=8'hef;ROM[19]=8'hee;ROM[20]=8"hed;
ROM[21]=8"hec;ROM[22]=8'heb;ROM[23]=8"hea;
ROM[24]=8'he9;ROM[25]=8'he9;ROM[26 ]=8'he8;
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ROM[27]=8'he7;ROM[28]=8'he6;ROM[29 ]=8'he6;
ROM[30]=8'he5;ROM[31]=8'he4;ROM[32]=8'he3;
ROM[33]=8'he2;ROM[34]=8'he2;ROM[35]=8'hel;
ROM[36]=8'heO;ROM[37 ]=8"hdf;ROM[38]=8'hdf;
ROM[39]=8'hde;ROM[40]=8'hdd;ROM[41]=8"hdc;
ROM[42]= 3]=8'hdb;ROM[4

ROM[45]=8'hd9;ROM[46 ]=8'hd9;ROM [4

8'hdc;ROM[4 4
[ 7

ROM{48]=8'hd7;ROM[49]=8'hd7;ROM[50
[ 3
[ 6
[

]
]=8'hda;
1=8'hd8;
]=8'hd6;
ROM[51]=8'hd5;ROM 1=8'hd4;ROM[53]
ROM[54]=8'hd3;ROM[55]=8'hd2;ROM[56 ]=8'hd2;
ROM[57]1=8'hd1;ROM[58 ]=8'hd0;ROM[59 ]=8'hdO;
ROM[601=8'hcf;ROM[61]=8"hce;ROM[62]=8"hce;
ROM[631=8'hcb;ROM |64 1=8'hcc;ROM[65]=8"hcc;
ROM[661=8'hcb;ROM[67 1=8'hcb:ROM[68]=8"hca;
ROM[691=8'h¢9;ROM[70]=8'hc9:ROM[71]=8'hc8:
ROM[72]=8'h¢8;ROM[73]=8'hc¢7;ROM |74 ]=8'hc6;
ROM[75]=8'hch;ROM| 76 1=8'he5;ROM[771=8'hch;
ROM[781=8"h¢4;ROM[79]=8"hc3;ROM[80]=8"hc 3;
ROMI[81 ]=8'hc2;ROM[82]=8'"hc2;ROM[83]1=8'hc1;
ROM[841=8"hcO;:ROM[85}=8'"hcO;ROM[86 1=8"hbf;
ROMI[87 }=8'hbf;ROM[88 |=8'hbe;ROM [89]=8'hbe;
ROM[901=8'hbd;ROM{911=8'hbd;ROM[92]=8'hbc;
ROM[93]=8'hbc;ROM[94 |=8'hbb;ROM[95]=8"hba;
ROM[96 ]=8'hba;ROM[97 1=8'hb9;ROM[98 ]=8'hb9;
ROM[99]=8'hb8;ROM[100]=8'hb&ROM[101]=8'hb7;
ROM[102]=8'hb7;ROM[103]=8'hb6;:ROM[104 ]=8'hb6;
ROM[105]=8'hb5;ROM[106 ]=8'hb5:ROM[107 |=8'hb4;
ROM[1081=8'hb4;ROM[109]=8'hb3;ROM[110]=8"hb3;
[
[

52 =8'hd4;
5]
5

ROM[1111]=8'hb2;ROM[112]=8'hb2;ROM[113]=8'hb1;
ROM[114]=8'hb1;ROM[115]=8'hbO;ROM[116 ]=8'hbO0;
ROM[117|=8'haf;ROM|[118]=8'haf;ROM|[119]=8'haf:

ROM[1201=8"hae;ROM[121]=8'hae;ROM[122]=8"had;
ROM[123]=8'had;ROM[124 ]=8'hac;ROM[125]=8"hac;
ROM[126]=8'hab;ROM[127]=8"hab;ROM[128]=8'haa;
ROM[129 =8'haa;ROM[130]=8'haa;ROM[131 |=8'ha9;
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ROM[1321=8'ha9;ROM[133]=8'ha8;ROM[134 ]=8'ha8;
ROM[135]=8'ha7;ROM[136]=8'ha7;ROM[137]=8"ha7;
ROM[138]=8'ha6;ROM[139]=8'ha6;ROM[140]=8'hab;
ROM[141]=8ha5ROM[142]=8'ha4;ROM[143]=8"ha4;
ROM[144]=8'ha4;ROM[145]=8'ha3;ROM[146]=8"ha3;
ROM[147]=8'ha2;ROM[148]=8'ha2;ROM[149]=8'ha2;
ROM[150]=8'hal;ROM[151]=8'hal;ROM[152]=8"ha0;
ROM[153]=8'ha0;ROM[154 ]=8'ha0;ROM[155]=8"h9f;
ROM[156]=8'h9f;ROM[157 ]=8'h9f;ROM[158 ]=8'hfe;

ROM[159]=8'nh9¢;ROM[160]=8'h9d;ROM[161 ]=8'h9d;
ROM[162]=8'n9d;ROM[163]=8"'h9¢c;ROM[164 ]=8"h9c;
ROM[165]=8'h9b;ROM[166]=8'h9b:ROM[167 ]=8'h9b;
ROM[168]=8'"n9a;ROM[1691=8'n9a:ROM[170]=8"'h9a;
ROM{[1711=8'h99;ROM[172]=8'h99:ROM[173]=8'h99;
ROM[1741=8'h98;ROM[1751=8'h98;ROM[176 |=8'h98;
ROM[177 |=8'n97;ROM[178]=8'"h97:ROM[179]=8"'h96;
ROM[1801=8'h96;ROM[18] ]=8'h96:ROM[ 182 |=8'h95;
ROM[183]=8'n95;ROM[ 184 |=8'h95:ROM[185]=8'n94;
ROM[1861=8'h94;ROM[187 ]=8'h94;ROM[188]=8'h93;
ROM{189]=8'n93;ROM{1901=8'h93;ROM[191 |=8'h92;
ROM[192]=8'h92;ROM[193]=8'h92;ROM[194 ]=8'h91;
ROM[1951=8'nh91;ROM[196]=8'h91;ROM[197 ]=8'h91;
ROM[198]=8'nh90;ROM{199}=8'h90;ROM[200 }=8'h90;
ROM[201 [=8'h8f;ROM [202 ]=8'h8f;ROM[203 ]=8'h8f;

ROM[204 |=8'h8e;ROM[205]=8"'h8e;ROM [206 ]=8'h8e;
ROM[207 ]=8'h8d;ROM [208]=8'h8d;ROM [209]=8'h8d;
ROM[210]=8'h8c;ROM[211 |=8'h8c;ROM[212]=8"h8c;
ROM{213]=8'h8¢c;ROM[214]=8"h8b;ROM[215]=8'h8b;
ROM[216]=8'h8b;ROM[217]=8'h8a;ROM[218 |=8'h8a;
ROM(219]=8'h8a;ROM [220]=8"'h8a;ROM 221 ]=8'h8Y;
ROM[222]=8'h89;ROM[223]=8'h89;:ROM[224 |=8'h88;
ROM[2251=8'h88;ROM[226]=8'h88;ROM[227 |=8'h88;
ROM(2281=8'h87;ROM[229]=8'h87:ROM[2301=8'h87:
ROM[231]=8'h86;ROM[232]=8'h86;ROM[233]=8'h86;
ROM[2341=8'h86;ROM[235]=8'h85;ROM[236 ]=8'h85;
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ROM[237]=8'h85;ROM[238]=8'h85;ROM[239]=8'h84;
ROM[240]=8'h84;ROM[241]=8'h84;ROM[242]=8'h83;
ROM[243]=8'h83;ROM[244 ]=8'h83;ROM[245]=8'h83;
ROM[246]=8'h82;ROM[247]=8'h82;ROM[248]=8"h82;
ROM[249]=8'h82;ROM[250]=8'h81;ROM[251 ]=8'h81;
ROM[252]=8'h81;ROM[253]=8'h81:ROM[254 ]=8'h80:
ROM[255]=8'h80 ;

end

assign out_value=ROM [in_value];

endmodule//end of ROM_table(in_value, out_value)

module division
( clock, reset, f number, state, state_process, f register, table_register,
m_input, n_input, multiplier_result, B_1, A, B, R,

division_result, A_precision

mput clock, reset;

input {24:0] f_number;

output [2:0] state, state_process;
output [24:0] f_register;

output [7:0] table_register;
output [31:0] m_input, n_input:
output [63:0] multiplier_result;
output [24:0] A, B, R;

output B_1;

output [24:0] division_result;

output [13:0] A_precision;
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reg [24:0] division_result;
reg [13:0] A_precision;

reg [24:0] table_number;

reg [7:0] table_temp:;

reg [2:0] state,state_process;

parameter [2:0] state_signall=3'b001,
state_signalZ2=3'b010,
state_signal3=3'b011,
state_signal4=3'b100,
state_signal5=3'b101,
state_signal6=3'b110 ;

parameter [2:0] state_sequency1=3'b001,
state_sequency2=3'b010,
state_sequency3=3'b011,
state_sequency4=3'b100,
state_sequencyb=3'b101,
state_sequency6=3'b110 ;

parameter a_p_length=14;

parameter [2:0] mux_signall=3'b001,
mux_signal2=3'b010,
mux_signal3=3'b011,
mux_signal4=3'b100,
mux_signal5=3'b101;

reg [2:0] case_signal;

reg [7:0] table_register;

wire [7:0

63:0

] table_register_temp;
[ ]
reg [31:0] m_input, n_input;
[ ]
[

reg multiplier_result;
24:0
24:0] A, B, R;
reg [25:0] br_temp;

reg f_register;

reg
reg [1:0] out_mux;
parameter in_mux_signal=1"b0;

parameter [1:0] out_mux_signal_stop=2'b00.
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out_mux_signal_ar=2'b01,

out_mux_signal_a=2'b10,

out_mux_signal_r=2'b11 ;
reg B_1,

//=== reset signal ===
always @ (posedge clock or negedge reset)
begin
if(lreset)
begin
table_register=8'b0;
table_number=f_number;
table_temp=table_number[25:18];
state=state_signall,
[_register=25'b0;
f_register=f_number;
division_result=25'h0;
end
else
begin
state_process=state,
end

end

ROM_table table_value(table_temp, table_register_temp);

//=== process ===
always @ (state_process)
begin
if(reset)
begin
case(state_process)
state_signall:
begin

table_register=table_register_temp;
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state=state_signal?2;

end

state_signal?2:

begin
m_input=32'b0;
n_input=32'b0;
case_signal=mux_signal2;
state=state_signal3;

end

state_signal3:

begin
m_input=32'b0;
n_input=32'b0;

case_signal=mux_signal3;
state=state_signal4;
end
state_signal4:
begin
m_input=32'b0;
n_input=32'b0;
case_signal=mux_signal4;
state=state_signalb;
end
state_signalb:
begin
case_signal=mux_signalb;
division_result=R;

end

endcase

end//end of if(reset)

end//end of always @ (state_process)

//=== multiplier ===

always @ (negedge clock)
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if(reset)
begin
multiplier_result=m_input*n_input;
end
end
//=== m_mux and n_mux ===
always @(case_signal or posedge clock)
begin
case(case_signal)
mux_signall: m_input=31'b0;
mux_signal2:
begin
m_input=table_register;
n_input=f_register;
end

mux_signal3:

begin
m_input=table_register;
n_input=R;

end

mux_signal4:

begin
m_input=A;
n_input=A;
end

mux_signal5:

begin
m_input={1'b1,A};
n_input=R;

end

endcase

end//end of always @(case_signal)

//=== process run ===
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always @ (multiplier_result)
begin
if(reset)
begin
case(case_signal)
mux_signal2:
begin
B=multiplier_result[33:91;
B_l=multiplier_result[34];
out_mux=out_mux_signal_ar;
end
mux_signal3:
begin
out_mux=out_mux_signal_r;
end
mux_signal4:
begin
out_mux=out_mux_signal_a;
end
mux_signalb:
begin
out_mux=out_mux_signal_r:
if( Al24:11]'=14'b0)
begin
state=state_signal4;
A_precision=A{24:111]:
end
else
begin
state=state_signalb;
end
end
endcase
end

end
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//=== a_mux and r_mux===
always @(negedge clock)
begin
case(out_mux)
out_mux_signal_ar:
begin
R=~B;
if(B_1!=1'b1)
begin
br_temp=R;
end
clse
begin
br_temp={B_1,B}:
end
A=br_temp[24:0];

end
out_mux_signal_a:
begin
A=multiplier_result[49:251;
end
out_mux_signal_r:
begin
R=multiplier_result[49:25];
end

endcase
end//end of always @(out_mux)

endmodule//end of division(clock, reset, {_number
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