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Abstract

In this paper, a high-performance floating point unit, which is suitable for high—performance superscalar
microprocessors and supports [EEE 754 standard, is designed. Floating-point arithmetic unit (AU) supports all
denormalized number processing through hardware, while eliminating the additional delay time due to the
denormalized number processing by proposing the proposed gradual underflow prediction (GUP) scheme. Contrary
to the existing fixed-radix implementations, floating-point divide/square root unit adopts a new architecture which
determines variable length quotient bits per cycle. The new architecture is superior to the SRT implementations in
terms of performance and design complexity. Moreover, sophisticated exception prediction scheme enables precise
exception to be implemented with ease on various superscalar microprocessors, and removes the stall cycles in
division. Designed floating-point AU and divide/square root unit are integrated with an instruction decoder, register
file, memory model and multiplier to form a floating-point unit, and its function and performance is verified.
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Fig. 1. Overall block diagram of the floating-
point unit.
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Fig. 2. Floating-Point Status/Control Register
(FPSCR).
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Table 1. Supported floating-point instructions.
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Table 2. Processing of denormalized numbers

in floating—point AU.
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Fig. 5. Example of exception prediction and stall.
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Table 3. Conditions for exception prediction
and confirmation.
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Fig. 6. Block diagram of the floating-point AU.
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o]4ke] 0¢8] ujEdS riXIth FE Y7} eelehe
AL Aeary A7) sbds) ezl AE 2vist
2R qf HASHIEE 1o] Hrh 09 viEYS 1 A
olukz REujur|y} AgRc) zcle AL ridict
w2h], B2 Uezl= 098] vlEYGS] Houkg dFe
2 fzEge] oy Fakd (3)Y HelE wHIe
BB ezt 5Hei(6), o] u, 02 vlEde HA
0 A&JFF FFo] Fvle] Ko AHRACKT), A,
FaZ g9 Hole} wlEHS Hol(=k)7} At 19
HIEQE o]9} nizslA] AA o

000.001100111--+ ; = J==]( P) (4)

001.010100101 -+ ; A< D) (5)
001.100111010-- ; FZES F2 1}z

(P =2"xP) (6)

(1(HA] ¥1E),00571] ) 5 g (7)

Ao} e AxE dukdsie  VQB(variable

quotient bit) YwelEeR Wl od, FE v
A AH G R % AR e ogw 2
2k,pj + fXD = Py (8)
if (28xP, 20) & (P = 0)
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then q;auq = {f, ¢ ¢} (9a)
if (2°xP, 20) & (P <0)

then q;q0-q; — £ - 1, ¢} (9b)
if (2°%P; (0 & (P = 0)

then qiay—q; = {9 29 E4 ¢ peei) (90)
if (2%xP;, <0 & (P, <O

then q;qo-q; = {9 18 BE ¢} (9d)
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o]% FIEEE Adsle] A Ko A& F)
B gl F= SRToM = 2% v|Ee] Pt
%& PLAEES 58 78l ol weh veAlE 73
7V v, VOBE 418 ® FAIE T34 ﬂrﬂi
215 7 F Ao v wet At F&
Fgoiw & 5 olck A [, 112, 1, 2], [3/4 1
3/2] 55 AE 5 led, A WA T oA Al
T2 =g Bakwe] uwel Radix-4 SRT F+d3
HlSsidla & 9 Qlth wlEpd, B =Eede (1],
(172, 1, 21 AF-E AMS3he St=doi(AAte Al A
Fa1= A4 B)E AASkE ©]F Radix-4 SRT 6}
ceole} mlasiolct 919 duelEel wet AFTE
A& AFE ZAeE st Fabd ¥ 49 Rk

g 4. AFT e
Table 4. Square root subtrahend.

eke| Als=gl o 29| A=Y o
1/29] A% {Q, 001} Q, 111}
19 A% {Q, 01} Q, 11)
29| A= {Q, 1} {Q, 1}

stedel TES e vEDY Holg A
of sh=t] sl=dle] Fuz} A w¥ o 58E}
Agsicl. wjgba, AdA Aeh A B AllE w3 A
AEE %] g ol 47t 254 ¥ 27271 #Hrk
H|EdO] Zo)r} FHr) HzZ=E )% 293 3%
ol %4 SHlEAR] He ARty VYA REE
5 Aol e
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Fig. 7. Block dlagram of the VQB divide/square
root implementation.
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Table 5. Truth table of the factor generator.

T ¥|={54:51] £ Q X|[63:51] Ay A

01.00 111

112
10.11 111

01.11 1.00 \
10.00 1.00

7|El % 1

s 7= A e s Xﬂ-’?—ﬂr A

=
Kiasy

= 7ol AlE J3 g e T+ 789 ]
g ZHole} q A7) 28 7}7%}71% FAel 52k
gt VOB ¢3ElE 44 7RRk] Bd 3 ue
Roll 28 g Zole} g7t AXEH=] o)FA A
s 2 Ajzke] AeiAA Hck wEbM F Y W
4 BEL2 zEE o carry)7t A 0 12 7Sl
tisle] AR 6uEelx] wlE] BlEY o] FEw) g
AE it a3e =2RHOR) AlPlEw A
H gF Qe wA) Aldd vEY ZHolw sk
o AsiA|s], 71&E= Ad=el wt IA =3 B
HA) ofgicl
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A el ARSI
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7Ts A A viaE 99 ¥5 273 AU
A AT AA & AAR VeEdeH, *
F aFd $ab), wEHe] dM7], se]za]l Aol
|28 I, vine] 2d & A4 dAdedA Js
3oy 33 A3k 75 AsS A AF dEE
£ Fl=de] 54 wet C T2 ames PAg
B9} IEEE 754 &5 334 #5L $1% [EEE 754
Test Suite HWE''g AMgsldel A% HES 914
Ae 34 ZEads oAEe] TEalior AAs)
o A8k A5 A Y] A WM o
7 e 22S sPEisich oiRe]e] gk dloly ¢
/271 25 A4l ofsiA] 100 % Az, ol4
= Byl A di7lska glo] ¥-Fge] &
] H3ele= 100% «iEsiviy 7R oleh 2
< Aol PS Ao 2% A S % 67 F
t} EX SAXPY (single-precision AX X Plus
Y)¢} 718t #E H3HGeometry Transform)-& 3D
agelld Bol AHEEE dele] dHole Auleld,
FIR % DCT 52 tj#d A% Azl Wol 2eje
gdaejFo|ty. Folld B 5 k0] PS A A
= Ao njs A9 w2l 1.81~1.9508] A% 3k
e & 3isieh 4- Feje Agele PS 34
9] deolelE ol tlA] Wikl Fojof e o]
wAs] 1252 ok BixE Ae 3] o]Fe]
At Ao PG 179 ojake] AF o] o]
FoiAct

N

b3 6. PS Aol &3 A5 3¢
Table 6. Performance improvement by PS

format.
CHHE AR Al| PS AR Al

S8 =21 ds T
=8 ® 58 oim 2|28 0B 2|00

SAXPY 90 46 1.95x
4-tap FIR filter 83 66 1.256x

Geometry

Fransform 80 44 1.81x

1x8 DCT 104 54 1.92x
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ol e HrlElgrk ® 78 Aekd VQB Al
Ag271eh g3t vlolagx e ARYAFT
715 wiE A Sdeld wlwgt Zlelci4] ®lx
tabellA 4} 21164+ VQB daElE fARF &
Aom FAHH AplZ 3 248]EY] Hg At
w2}a, AAke] A$- JFHoR 2433 AR)Fe] A
< 7w 2333 Al Aeldg Z=rth 4 21164
€ AF 94k A¥EA gk vHA mlelaz
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€4, Radix-4 SRTE AHEshs ASelle At A
30Ale] 82 Ad7}t Ael4g z=rh Radix-8 SRT
o] g AMEsle] Aol oF 20A11E AFe
Az Mg el A ke AS A% 9
212 Aatect 20 HE AlolFo] AQFEd, o]
AFE date] AlAE B} dubgoZ o 71 QA A=
A 27| dEed 52 Fug FHE 7ed Alo]
k. VQB ARVAIFZIE Akl AlgTE BF A
dsle = AlelFe] AL Fdsich AAHA HA A
9} AA B7} 77t 23.04 2 21439 RAE ARlES
Bo] u]5gk vhie] aw} 2116485} thi Yaiw A
FTE AEleR o] Age] 3l SRT ¢aa]
ZS AR OB Z2Axel was) 29, 39
Radix-4 #& ARSRE 2 Hr) oF 10A0]E9] ¢
218 ®glon, Radix-8 W& AR 729
S3pAY g F oviae Ae 24k o, B
=5oll4 ARl VQB ¥xElEol4  Radix-83¢l

3 7. ARYAFEe A5 8la (AR
Table 7. Performance comparison of division
and square root operation.

x| ®
Hlm & ALB STE|E
Ha HE2
2143/ 21.07 |
A
27 (B) VOB () 2043 | 2007
23.04 / 22.65 |/
A
S (A) Vas (1) 2204 | 2165
- vQBe} H|x=&t 24.33 |
o =|
otn} 21164 ogpe|Eoz &5 | 2333 X|# o
HP PA8000 Radix-4 SRT 31/ 31 31131
olgd Pentium Radix-4 SRT 39/39| 70/ 70
Ol&] Pentium Pro Radix-4 SRT 30/30] 53/53
MIPS R10000 Radix-8 SRT 18/ 18 32/ 32
PowerPC 604 Radix-4 SRT |31/ 31| X|¥ otz
Sun UltraSparc Radix-8 SRT 22 /22| 2222




28 Az AY/AFZ7IE WA 2
sidshi= [3/4, 1, 3/2] AFg AHEshs AXb AT
271& dAgPE Radix-8 SRT wAlur} o &
S 2l AR ofAE

o, A BAR EEedlx VOB
SRT dwelFrct $53ick 5, o84l Fwioly
SRT <taelse we 343 ez 2Mog o)F
olx glern] EEAUAF oF(redundancy)®] g]
= ole] e o]B ¥sta vk wd sh=go] AA
Al % 24 PLAE AAsloF b o1& AS3P] ¥
e P-D aH=ZE BAEl] 543 AR o
olo] Arbsfol gtk ubH, VQBE HIEY SRl o
2} ZiedslA] ko] AA=Y Eakdh 2} 8%y A

=3 dwelEe] dEA] A4S Hagteg 43
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Table 8. Synthesis results under normal
condition.
FP AU |VvQB (&7 A)| VQB (&7 B)
oA HZ Xjol| 544 ns 5.13 ns 6.17 ns
5% o
(Hol= 179 MHz 189 MHz 157 MHz
AlE3|0| M)
Aol 5 26,438 16,630 17,745
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Table 9. Comparison of synthesized floating-
point AU.
$/390
olojzzZa M9 HAE FP AU
FPU
Ay 254 z4
Cixiel & Leff = 0.25 0.35 um 3M CMOS
AHlo|E 4= | 250,000 (FPU & A|) 26,438 (FP AU)
25 o5 | PP AY gSiDc * 2| Ep AU+LOP+PBS+GUP
otoj=z}el 3 ckA| 3 EHA|
Sx Faj1 1695 MHz at 3.3 V 179MHz at 3.3V
& X[eiA|ZH 17.7 ns 16.8 ns
3 10. VQB AAVASZ7] 34 Az vl

Table 10. Comparison of synthesized VQB
divide/square root unit.

. VOB
Radi-4 SRT M2 | aymi@zoim
A EA BE-4
Col & 0.6,m 3M | 035 zmZ | 035 wm aM
= CMOS | === #e|  CMOS
Alo|2 ¢ A2l HIE £ 20 254 (B7)
o Az x|gd 83ns | 498ns 513 ns
X4 AOIE (HAY 29 23.04 (B7)
£ x|of AJZt 240 | 144 118

Aell A28 FPURA] 0.25pme & A Aol
(effective channel length)E zh= 35 A gRilog
AASAN, duines B4 FHL A o
FE Ad Aol Hr} & & 7] di¥l v =1
oA MR FAL B =79 035m CMOS ¥F
A FAT} v 2402ty & 4= gk

Bla =2 A 0 95 7143} v¥)53E ZDClzero
digit count)S A43lG.0n B Rl ALe3t W
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g uples FAHE dhge ALl A A9
A7H=A}0]E A7kxdfolzelel )8 33V 7 A
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A A A7ke] 168nsE HISZE ZAQ FF A W
Alg AR ¥l =g B|5R 28 Btk B3
3% 234 29le] ® 4 e vt & A=
o] H=x1zel AB)EZS d2(GUP) 7IHE ALsio
dA Az A A7 FUHE A ¢ ek

BlE =22 SRT Alldl AR 342 064m
CMOS EF A W& gt meb, $g
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