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1 BE

IEEE 754 [1] 23E® 2 {2E/MIAREEIC X 25t B RO LA+ 0 258, LD EfEEREr
BOMHNEZ 6N 5. FREROFPH T O MR CRIEIZ R <, REE O #iPH % 5L I
FER L 72W0iHETld, il 21X Pair arithmetic (PA, [3]), Double-word arithmetic (DW &, [5]),
Triple-word arithmetic (TW 8%, [4]). Quad-word arithmetic (QW %, [5]) 7& & D IEHHI S
NTW3. F7, FTiE TW HHES QW HEZH L L7 13 ) XABREES LTV S [6)].

AFHETIITIE (W) 2R L, IOH6D0FELID SRKARMNTHLIEFELEHRT
% 72912, Fused Multiply-Add 2 AIERH L2713 ) XL %xi%eH L, BEFEERICEI D ZDEH
RN
2 #fF

F % IEEE 754 7€ % & 2 [BEERED 2 EFE/MUNBOREG LT 5. ARTIE, FEIVNIUHE
BOBICA—N—70 =7 X =T —p3RELBVWI L 2RET S. 22T, HoETHKER
binary32 %° binary64 2 ¥ 2 EH 3 5. a,b,c € FIZMN LT fma(a, b, ¢) I& Fused Multiply-add 12 &
D ab+c DEERTH 2 FENBUSBEBRT DD T 5. LINE 2] K& VBB Nz ab+ c DIt
Pz x4y x,y e FTRTTALIVIALTHS.

[

: function [z,y] = FASTTWOFMA (a,b,c)
2 x = fma(a, b, ¢);

3: y = fma(a,b,c — x);
4

: end function

CDT7NTYVZALZDOWTec—2€FDEE, x+ydab+cDREWVEME RS, BRI
|z 4y — (ab+c)| < u?|ab + |
DL T 5. 22T, wlFHAMANDTHZ. Mk, c— o e F ZREEHEO =D DOFHRSEMA & X,
3 EEFE

3OD x =21+ 22, y=y1 +y2, 2 = 21 + 20 WX LT 2y + 2z DIELLZE wy +wy TRT 71T
VRALZLLRZHENT 2. 2T |z > |2, [y1] > |y2|, |21] > |22| ZIRET 5.

1: function [wy,ws] = FMA2(z1,22,y1,Y2,21,22)
2: [wy, we] = FastTwoFMA(x1,y1, 21);
3 we = wy + fma(xry, Yo, fma(xs, y1, 22));

4: end function
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|21] > 2|21y DEE, wy +we Wy +2 ODRWVIEME &S, ERICIX 6 HERET 5. PAT
zy+z OIFPEIEZITZIE 12E, QD 74 77 Vi2&EN 5 DW #EHE (Sloppy M) 72513 18 {8
BRETH 2720, Lid71a ) XL 3EMNETEIHEIPEIXNTHS.

R || > |abl DEE, ab+c % wy + wy + w3 LIRS EWT 2 703V X L% DU
T5.

1: function [w;,we,w3] = FMA3(a,b,c)

2: e1 = axb;

3: es = fma(a,b, —eq);

4: [wy, e3] = FastTwoSum(c, e1);
5: [wa, w3] = FastTwoSum(es, €2);

6: end function

BEEN x; = xgl) + xz(?), Yi = ygl) + yZ@) TH BT MILONE

n

> (1‘51) + $§2)> (yzm + yz@))

1=

ZEHHET BT ATY XA FMA2 28T 2 &, HEMRR DD ORifREENHShiwv. Z

2T,
n
<c+ > (2 +2®) (v + y§2))> gt
=1

&, WHEZE—HPOBRFHHET 2 ZIICDICREBRBEMA, RECFRCEZGI< 28 THE
HERF D 72 0 DRIHESRM 2 HIThi 72 3 & 5 ICi&kaEt 3 5. BRI c ORESHTHER, 74 3Y X4 FMA3
ZRELLTW B, R QW HEDORENIEA T 2 5% 8 EERF IS5 5.

B AT HNCEHTE (23K28100) OIS IEE WzE W,
BENXM

[1] IEEE Standard for Floating-Point Arithmetic, IEEE Std 754-2008, 2008.

(2] /NE, FEERBE, ATLSEN], HE— EREEIRREIR O st 2R RIS, DI A
RT 4= RAYVEa—F 4 ¥ (HPC), Vol. 2023-HPC-192, 21, 1-12.

[3] S.M. Rump, M. Lange: Faithfully Rounded Floating-point Computations, ACM Trans-
actions on Mathematical Software, Vol. 46 (2020), Article 21.

[4] N. Fabiano, J-M. Muller, J. Picot: Algorithms for Triple-Word Arithmetic, IEEE Trans-
actions on Computers Vol. 68 (2019) , 1573-1583.

[5] D.H. Bailey, Y. Hida, X.S. Li, B. Thompson: QD: A Double-Double and Quad-Double
Package, High Performance Computational Research, Lawrence Berkeley National Labo-
ratory, 2000.

[6] EEIRF 5i/A, SHF 252 : Pair Arithmetic DIEIR & Z DFWFITOWT, MSEHENA X7 + —
Y~ Rarvva—74 2 (HPC), 2023-HPC-192(19), 1-8.

AASGSHEEER 2024 4E 2 H#IHTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A B ER



