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Floating-Point Computations are fundamental to CPUs and GPUs
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Floating-Point Numbers : A compromise, with many good

properties, that can span a large range with a small number of bits
Half the representable numbers lie between -1 and +1

Form Prec. Exp. Sm. Lrgst. ULP eql. Redn.
at norm. | Norm. | @ 2'c factor
emax bits

FP16 10 5 6.10 6.55 5 41 25
16 bits E-5 E4
BF16 7 8 1.18 3.39 120 262 16.3
16 bits E-38 E38
TF32 10 8 1.18 3.40 17 265 13.9
19 bits E-38 E38
FP32 23 8 1.18 3.40 104 254 7.9
32 bits E-38 E38
FP64 52 1 2.23 1.80 971 2099 327
64 bits E-308 E308 bits
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Lower precision Floating-Point saves energy (and time)
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From "Hardware Trends Impacting Floating-Point
Computations In Scientific Applications," Dongarra et al.
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#include <stdio.h>

int main() {

While increasing
precision almost for (Plagts w0.00y L@ Tt 1 ¥ oudy 4]

cnt++;

aIWayS improves . printf("s.1f ", i);
printf("\n%);

aCCU racy, there are printf("cnt=%d\n",cnt);

return 0;

rare cases where this [ FL floattticrTop LS 1(C/ L AbIe) Sesssmssmmsmamminaa
does not happen. int main() {

int cnt=0;

for (double i = 0.0f; i < 1.0f; i += 0.1) {
cnt++;
printf("s.1f v, i);

e The loopin FP32 printf("\n"):

. . printf("cnt=%d\n",cnt);

iterates 10 times return 0;

-UU-:--- F1 doubCnt.c Top L1 (C/*1 Abbrev) --------cmmmmm i
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$

(EiES F)EBT' r€9€3| (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$

. (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ gcc -o fc floatCnt.c

ESEBfT]Eif1tI(3ES) (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ gcc -o dc doubCnt.c
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ ./fc

0.0 0.1 0.2 0.3 0.40.50.60.70.80.9

cnt=10

(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ ./dc

o In FP64’ it iterates 2n$=?11 0.2 0.3 0.40.50.60.70.80.91.0

. (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$
11 times
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I(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ ./
Value: 0.0000000000000000000000
H B H I(sign: 0, exp: 0, mantissa: 0x000000)
Non-lntUItlve behaVIor Value: 0.1000000014901161193848
(sign: 0, exp: 123, mantissa: O0x4CCCCD)
L ' Value: 0.2000000029802322387695
Caused by Roundlng. (sign: 0, exp: 124, mantissa: 0x4CCCCD)
Value: 0.3000000119209289550781
(sign: 0, exp: 125, mantissa: 0x19999A)
Value: 0.4000000059604644775391
c LU U U D = VU = (sign: 0, exp: 125, mantissa: 0x CcD)
#include <stdio.h> Value: 0.5000000000000000000000
(sign: 0, exp: 126, mantissa: 0x00 0)
int main() { Value: 0.6000000238418579101562
int cnt=0; (sign: 0, exp: 126, mantissa: 0x19999A)
for (float i = 0.0f; i < 1.0f; i += 0.1) {D Value: 0.7000000476837158203125
cnt++; (sign: 0, exp: 126, mantissa: 0x333334)
printr (Y. L5, 4); Value: 0.8000000715255737304688
} (sign: 0, exp: 126, mantissa: Ox4CCCCE)
printf("\n"); Value: 0.9000000953674316406250
printf("cnt=%d\n",cnt); (sign: 0, exp: 126, mantissa: 0x666668)
return 0; (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ ./
-UU-:--- F1 floatCnt.c Top L5 (C/*1 AbDreyv) -----sce-cemceomnccmmccomcaancann, Value: 0.0000000000000000000000
#include <stdio.h> (sign: 0, exp: 0, mantissa: 0x0000000000000)
Value: 0.1000000000000000055511
int main() { (sign: 0, exp: 1019, mantissa: 0x999999999999A)
int cnt=0; Value: 0.2000000000000000111022
for (double i = 0.0f; i < 1.0f; i += 0.1) { (sign: 0, exp: 1020, mantissa: 0x999999999999A)
cnt++; Value: 0.3000000000000000444089
printf("s.1f ", i); (sign: 0, exp: 1021, mantissa: 0x3333333333334)
} Value: 0.4000000000000000222045
printf("\n"); (sign: 0, exp: 1021, mantissa: 0x999999999999A)
printf("cnt=%d\n",cnt); Va}ue: 0.5000000000000000900006
return 0; (sign: 0, exp: 1022, mantissa: 0x0 000000000)
-UU-:--- F1 doubCnt.c Top L1 (C/*L ADDreV) ==--r=-sm-seccccceccenmnnnene. Valie: B.59000008099000097570%
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ (sign: 6, exp: 1022, mantissa: ©x3333333333333)
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ Va}ue: 0'6999999999999999555911
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ gcc -o fc floatCnt.c [(519n: 0, exp: 1022, mantissa: 0x6666666666666)
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ gcc -o dc doubCnt.c Va}uef 9'7999?999999999993338§6
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ ./fc Asingns: B B3p. 1822, neatissa: DX9990009399900)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 ERLIRE O Y Ay
cnt=10 (sign: 0, exp: 1022, mantissa: OxCCCCCCCCCCCCC)
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss$ ./dc Va}ue: 0'9999?999999999983897?7
9.00.10.203046.50.60.70.80.91.0 (sign: 0, exp: 1022, mantissa: OxFFFFFFFFFFFFF)
cnt=11 Egase; ganes:@ganes:~§gg-i;-g;ig:~§par;{oa€~csgggi;c~prec-expts:
< ase) ganesh@ganesh- -17- :~/parfloat-cs c-prec-expts
(base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-exptss (base) ganesh@ganesh-XPS-17-9710:~/parfloat-cs6961/c-prec-expts$ [




Focus of this tutorial

e Excessive Rounding Error (not addressed in this tutorial)
e Exhausting the range (addressed)

o Detection of Exceptions (main focus)



FP Exceptions (Exceptional Values) are Undesirable (often are bugs)

FP32: (1.9x10" )2 — INF E4M3, 162= INF

o Easily generated during dot-product

e Of the FP Exceptions, we focus on INF and NaN

o NaNs can skew control-flow

e This macro is buggy
o #define MAX(X,y) ((x>=y) ? x : vy)

e Exceptions often vanish harmlessly (e.g. in ML codes)
o Butitis difficult to know which control-flows they have affected meanwhile

Gen Prop Prop Kill -
X « -42.0

Killed
NaN + 42 NaN - NaN NaN < 42 [

y € Vx
Bhcld=RNan > NaN 3 NaN 3 false
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