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e int
« double, float
e char
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- CE—1EXERNES
- TE=FHAIWRIEEN, FEEERESRE

* JE%EEJE
+ C++/JAVA: &8, BEFEHREMER S
- JavaScript, Python, PHP: AEFEXE, EEALFEFRLEEN
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 char, short, int, long, long long, boal, ......
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- float, double, long double
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* char: —"=F75 (8bit)
* short: NFED
 int: BRERAAFK, (W, EUOMNEFETS)
* long: BERTA—IFK, @, 8RENFD)
- long long: 8=FT5

« —NFET5 (8bit) AILATRIXATEL

. 28/|\
« 18 2 00010010
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 E.g., signhed/unsigned int

- EREXAMIRIE
+ 0 > 00000000
+ 1 - 00000001
. -1 11111111

* }MEARABRTLANE— N EAY0
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T2

- 32{i[FZEY: 0x0 ~ OXFFFFFFFF (324\1)

TSN

- [RIDRTNE: REUARSA

- AMBRINE (BEXRA) ¢ SESRAIIN—
« FNMESRSEIURGE

00000000 > 0

111111111 = -1

10000000 - -128
01111111 - 127

-1+
d]
_
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+ Signed (B1F5%))

e short int

e int
* long
 long long

» Unsigned (Fr75%0)
 bool (stdbool.h)
 unsigned short int

unsignhed int

unsigned long
 unsigned long long



I 0 3 N
~27-1

char 1 %c, %d

signed char 1 8 —27~27—-1 %c, %d

unsigned char 1 8 0~28—-1 %c, %d
signed short int 2 16 21~ 215 -1 %hd
unsigned short int 2 16 0~2%—-1 %hu
signed int 4 32 —231~231 -1 %d
unsigned int 4 32 0~23%-1 %u
signed long int 4 32 —231~231 -1 %ld
unsigned long int 4 32 0~23%32-1 %lu
signed long long int 8 64 —263~ 2631 %lld
unsigned long long int 8 64 0~264—1 %llu

short<=int<=1long

KB AR S R ERFERTEHEX
sizeof (BMSIEREN, HBENRE, FEEESHMEE)
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- BRI TR AIERS

int b = -1;

char ¢ = -1;

printf("%u, %u\n",

b, ¢);

4294967295, 4294967295
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Integral Promotion (EEUEFH)

« Otherwise, the operand hasl|integer type|(because bool , char, char8 t, charlé t, char32 t, wchar t,and
unscoped enumeration were promoted at this point) and integral conversions are applied to produce the common
type, as follows:

« If both operands are signed or both are unsigned, the operand with lesser conversion rank is converted to the
operand with the greater integer conversion rank

* Otherwise, if the unsigned operand's conversion rank is greater or equal to the conversion rank of the signed
operand, the signed operand is converted to the unsigned operand's type.

e Otherwise, if the signed operand's type can represent all values of the unsigned operand, the unsigned operand is
converted to the signed operand's type

* Otherwise, both operands are converted to the unsigned counterpart of the signed operand's type.

The|conversion rankjabove increases in order bool , signed char, short, int, long, long long . The rank of
any unsigned type is equal to the rank of the corresponding signed type. The rank of char is equal to the rank of
signed char and unsigned char . The ranks of char8 t, charlé t, char32 t,and wchar t are equal to the
ranks of their underlying types.

CEETERUEHEZED DSREB B NBERATH.
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- fRa(Stiigin

» BEARATNEZIERIATHIR FECREIA RN (FREARTHR)

- IHEEEANRATIRE S M SRR A ILECRY

RREJE FRRY SE S S S ANILECHS

* returnzFRIAT R S5iREIEAERY
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ATl 1. EMEARER

”5%/]\" _> IIJ.._I—IEI—Il_-"d:QA n
- FBREECEIRFERE

long double

f

double

f

float
o MNRFECSBIEIAEZ RS (BBURAR)

unsigned long int

f

long int int 1 = -10;

unsigned int n
if(i < n) ?22?

unsigned int

1

int

13



char c;

short int s;

int i;

unsigned int u;
long int 1;
unsigned long int
float f;

double d;

long double

14



fam2: MH(EiEiR

. EANES KR

J

J

f;
- R ERENSEIRZAYINGE D
- BRI SREINEA BRI ZER SRR NG
* ¢ =10000;
* i=1.0e20;
» f=1.0e100;

e f=3,1415f//Z A0S
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printf [B]R

int printf(const char * restrict  Format, ...)

 <stdio.h>
- 281 18R, T KSHGIE
- IR\ B EEEEFAMLTIERYAE R

R | fEABRAE

%d (%1) int decimal ([-]dddd)

%t double decimal ([-]ddd.ddd)

%e (%E) double decimal ([-]d.ddde[+-]dd)
%g (%G) double %t or Z%e

%C int character

%S pointer to a char array string

%% %

16



scant [@l

int scanf(const char * restrict  Format, ...)

e <stdio.h>
« B BIVFFRER, T KNSE0IE

» LA InRYEE iR Be O AR, KT s
BB R/ AT Ao 34T

I

%d Bt 5 =F=5F, PLECint pointer to int
%le, %If, wlg BT FFF, PLEZdouble pointer to double
%e, %f, g BT BHFFF, LHECfloat pointer to float
%cC a character pointer to a char

a sequence of non-white-

%s pointer to a char array
spaces
%[abc] scanlist pointer to a char array
%["abc] not in scanlist pointer to a char arra
y

17
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H5 Undefined Behavior
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Undefined Behavior (UB)

Undefined behavior (UB) is the result of executing computer
code whose behavior is not prescribed by the language
specification to which the code adheres, for the current state
of the program. This happens when the translator of the source
code makes certain assumptions, but these assumptions are
not satisfied during execution. -- Wikipedia

» CXYUBRYITAZAME(AIZUTRAY, EEEINE 7 &M T
- BRI UB: IEERFRIE (IEEHFS . $1EABR. BERIZERES).
WERR., B EEIaH. REKEREIE.....
- BEERERRILEERR, Ll wrong answer, crash

19



S+ C/C++ =8 UB?

« T RBIEEEH (zero-overhead)
- FEENSEBENERRLF undefined 7
« Java, js, python, ... BB ERRHITRIAMEE

o N T FRBSTRG KRR
- B /0 SRR E
- BEWHIEtARE
« R%F undefined 7




IR EERE

« T LBHETZ/D?
« NTHEBRENT, HEEEFEE
- MBIV EREFIK328:E 641, BEESHMIntTE
- MARIZEST RS TAREXISF, FTEERERISEEISCir FERFEHBA
BEOIE—ntK/N (sizeof A—EL)

+ Unsigned2&RE2MIHWAARR, FRIRAETFE
+ UnsignediRitHO¥IR, AT HITH_#HHIEH
- (UEE: &, |, >>, <<,

21



Undefined Behavior: 225

3
i =4

ALK :*Hj

2 X1

UINT MAX+1
INT_MAX+1; LONG_MAX+1
char ¢ = CHAR_MAX; c++;
1 << -1
1 << @
1 << 31
1 << 32
1/ 0
INT _MAX % -1

* W. Dietz, et al. Understanding integer overflow in C/C++.

In Proceedings of ICSE, 2012.

0
undefined
varies (??7?)
undefined

1
undefined
undefined
undefined

undefined

22
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- S/ sge
s HEEE

\

* (signed) char

00000000 =0
01111111 - 127
10000000 - -128
111111111 > -1

I K
- TTREEEE

* unsigned char

00000000 =0
01111111 - 127
10000000 - 128
111111111 - 255

23



FELmHMgmFEA

int f() { return 1 << -1; }

- IRIEFAT, XENUB, FEclangiXtEbE

0000000000000000 <f>:
0: c3 retq

* fRiERR X MTEERBIR T

W. Xi, et al. Towards optimization-safe systems: Analyzing the
Impact of undefined behavior. In Proceedings of SOSP, 2013.

« if(UB==0) yes; else if(UB!=0) no; //???
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%% |EEE 754
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AT R R R

- SLEEHFEIFRS
- RAEFI32/64-bit 01ERSRFA—/NEBSYSLEL
- HE—FPIRESTTIE, B O1ERBREIRI—SLEL
. EEERTARIR
+ U ERERAT

- FEBTIEEET754
- 1bit S, 23/53bits Fraction (E%%), 8/11bits Exponent (f/}13),

x = (—1)°%x (1.F) x 2575

sign exponent({8-bit) fraction (23-bit)
] | |

0|0(1)11|1|1|0|0|0|1|0|0|0|0O|O|O|O|O|O|O({Of{OfO(O(O(O(O(O(O(O(O0| = 0.15625

O @)
31 23

o0



SLERNTRIFR

x = (—1)°%x (1.F) x 2875

sign exponent{8-bit)

fraction (23-bit)

0

0

1

1

1

1

1

O
31

ofofof1fofo(0f0O(0O(0O(0(0|0|0|0|0|0/0]0|0|0|0|0|0]|0
@) o
23 0

(=1)0 x 1.01, x 2124127

1.01, x 273

0.00101,

0x2 1 4+0x224+1x234+0x2%4+1x25

0.15625
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_
%f

float S1|E8|F23 +1.2E — 38~ + 3.4F + 38 %f, %e
double 8 64 S1|E11|F52 +2.2E — 308~ + 1.8F + 308 %If %f, %e
long double 10/12/16  80/96/128

KA VBN EFERFSFEHK: sizeof

x = (—1)°%x (1.F) x 2878

29
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EEA RS S T A Me E
1.89E + 308 - HAE TR

/ \ FF A VT VAR - R+

IR T i KA (BRIA+)

= 1
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Floating Point Number Line

l_ denormal _l

under- under-

flow flow
overflow usable range usable range overflow

| — e _—

i i — :_ !

| [
_10+308 _10-308 0 10-308
—realmax —realmin realmin

I
10+308

realmax

\zoom—in viev

-
_
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IEEE754: {FER]EEAAIIERYE

¢ AT/ ISEI (float. o)
IR, BEE T — A SCERAORE R
« ABES T RIEHAVAEXNRE
» BEIRZEFEEEfSInZE M T — 1L

>l

32


http://jyywiki.cn/pages/ICS/2020/demos/float.c
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IEEE754: {RERI8EAA]

Ny

J =

iNE

i

}

C ARV ERISEI (float.c)

>l

- AJRER RS HYERTIRE
- RIRSEF AR IMZ T —

 1.00000000000000000000000, x 24*

« 16,777,216

* 1.00000000000000000000001, x 22*

- 16,777,218

WAREF, BE N SCEHYIEERIEA

34


http://jyywiki.cn/pages/ICS/2020/demos/float.c

IEEE754: {FER]EEAAIIERYE

LT
2

C ARV ERISEI (float.c)

>l

WARE T, A N SEEAYEEE RS
+ ARERHRIELETIRE
+ ERESHF FEBRMERT—L

. BIF: HE +%+§...+%

#define SUM(T, st, ed, d) ({ \
Ts=0; \
for (int i = st; i !'=ed +d; i +=d) \
s += (T)1 / i; \
s; \
3)

35


http://jyywiki.cn/pages/ICS/2020/demos/float.c

EE B8 UE g BE EH

1 fdefine SUM(T, st, ed, d)
s =8\
(in T i=st; il=ed+d; 1 +=d) \
+= (T)1 / i; \
S; \
}
1000000

int main(){

printf("%.16f\n", SUM(float, 1, n, 1));
printf("%.16f\n", SUM(float, n, 1, -1));
printf("%.16f\n", SUM{double 1, 0y 1)Y);
printf("%.16f\n", SUM(double, n, 1, -1));

}

~/Documents/ICS2021/teach/sum.c[1]

[c] unix utf-8 Ln 1, Col 1/16

i Ul @ (& Rrient shift + Right Alt
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IEEE754: {RB]BEAKIIEHYEESE (cont'd)

dinl

v 59,
- a == b FXZFEFK (BERxETe)
« ZFRH: (a+b)+c*+a+ (b+0)

» JFRIIS{LEL (Exponenent == 0)
e x =(—1)°x (0.F) x 2712¢

* +0.0,-0.0HYSbitEA—FFRY, {B+0.0 == -0.0

« Inf/NaN (Not a Number)
e Inf: FRZBZHEEW, AM1Z{E/gundefined behavior
* NaN(0.0/0.0): BEWSIHEX!=xTAANE

37
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;¥l \I\_\ié;é_ll- EI\J* EﬁEJ

e float: KA6-TMBUELF
e« double: KZAJ15-161ERE=E

// Absolute tolerance comparison of x and y

if (Abs(x - y) <= EPSILON) ..

// Relative tolerance comparison of x and y

if (Abs(x — y) <= EPSILON * Max (Abs(x), Abs(y))

Floating-point tolerances revisited — realtimecollisiondetection.net — the blog

38


https://realtimecollisiondetection.net/blog/?p=89

7 R HIIEHE

 doublefgE{f;Ffloat

- L CPURTLARTdouble B IEE

T NEZWINER, BRA—ITE
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s FNEFERFRAREFAEMTEES
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;gl ::%&E/}] * %EJ

N

e math.h
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SpIESaELEg

- SIEEMARAEIA—EIREN, =
+ RIXRIASEEEX
« char - short = int = long - long long
* int = float > double

« XJFprintf

S BIEEIR I AR EY

» [REVNFIntRISERISAREEHRATINt, floatm i /gdouble

e scanfA~ T, FEEIEIH%Nhd, %u, %lf

=

42



IR ISR AL R

s ZFEE— T EEHIERAI— 1 RE
- (RE) TEE
« (int)10.3
* (short)32
« ZEMRIREAEERIE
* (short)32768
* (char)32768

-+ AR ZERNEMSEE

. RIS T IS

(EEEBIR/IVIHIZEE




rbonusE A

VAR Y

N
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AT A=BERE

- B NS 2T EN (CHE24EF

2 %) AYE

- UMzEEREREEZLNNEE 0 ‘ ‘ 1

© & (5), | (@), ~ @D
N2
. << (B, >> (ERBhD)

&

0
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a->0101

i
3 —mO

o

o

o 00
O ------——--» o
— ==mmm—————p o
— —mm——m——ee —
o ST o
A A
o) o)
%
g

N;ENE?
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AT A=BERE

BB TS RERITEN (B&BIE0E) AT
- MEEEABRSZSLINER 0 1
c &(5), | @)~ @P ‘ ‘
< N ()
« << (KRB, >> (BFE{)

&

e HlF: —EZFAIESE 8-bit MOS 6502 ‘
-+ 3510 BIHE; 56 RIES, HEURSIEIRANILEEH

Instructions by Name BVC .... branch on overflow clear
BVS .... branch on overflow set

ADC .... add with carry CLC .... clear carry

AND .... and (with accumulator) CLD .... clear decimal

ASL .... arithmetic shift left CLI .... clear interrupt disable

BCC .... branch on carry clear CLV .... clear overflow

BCS ..., branch on carry set CMP .... compare (with accumulator)

BEQ .... branch on equal (zero set) CPX .... compare with X

BIT .... bit test CPY .... compare with Y

BMI .... branch on minus (negative set) DEC .... decrement

BNE .... branch on not equal (zero clear) DEX .... decrement X

BPL .... branch on plus (negative clear) DEY .... decrement Y

BRK .... break / interrupt 47



https://www.masswerk.at/6502/6502_instruction_set.html

AT A=BERE

. BIE TINSA RS, (BABIERE) RS
- MEEEABRSZSLINER
« & (5), | @), ~ )
. N (FE)
« << (KRB, >> (BFE{)

. {BlF: —4EZF4bEREE 8-bit MOS 6502
. 3510 B {AE; 56 £I5<, EEUISSNEINRENIEE

- HF EEANEHEESLAAEERER 01 775

48


https://www.masswerk.at/6502/6502_instruction_set.html

EH . EEEER] Bit String

Vs

e 142857 -> 0000 0000 00PO 0010 0010 1110 00O 1001
- R 32-bit EEL, 2T MSB £/, LSB &4

- ABER: FRIBEE
« DRIENEH 4 MNFT
810
X: 5 -> 01901 (x>>1)&1 001 &
| 0

& ARGH R ?

X: 0000 0000 0000 0010 0010 1110 00O 1001

(x>>16)&0OXFF X&OXFF 49



T [EET<EHRY Bit String

e 142857 -> 0000 0000 00O 0010 0010 1110 00O 1001
- iz 32-bit EEL; Z9%F MSB £/, LSB A

« B0 FRFERIEE
« HAS/{K 16 (U

X: | 0000 0000 0000 0010|0010 1110 0000 1001

((x & OXFFFF)<<16) ((x >> 16) & OXFFFF)

50
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IR AR

~

& |, 7, .. M TERENEA bit REART GHT) #
» WNRFATERERINTRNITFE— bit 2IRI7AY

« BNIE—FKIE<TEHLIN 72N E(F

« SIMD (Single Instruction, Multiple Data)

{5l Bit Set
- 32-hit B x>S5<{0,1,2,3,..,31}
- MIEEEXIEE bit [FAT5EAEY
« C++ Hhf3 bitset, 4BEIFE W

5 -> 9101 S: {0,2}

51



Bit Set: E4N8{E

« M x € S 5

(S >> x) &1

*3KS'=S U{x}

- 8

S | (1 << x)

Z 3R

3K |S]

e 3KS;US,, S/NS,
* 2Q51\\52
o 1B SHFAIFTBITE (foreach)

0101 -> S: {0,2}
S

0101 | (@001 << 1)
0101 | 0010 -> 0111

S1: {0,2}, S2: {1,2}
9101 0110
|: o111
&: 0100
S1 \ S2: 0001l

S1 & (~S2)

R O~ | O
ol|lr | |O
OO | O

52



Undefmed Behavior: f{1IzEfH%K

FAR

1 << -1 undefined
1 << 0 1

1 << 31 undefined
1 << 32 undefined

* W. Dietz, et al. Understanding integer overflow in C/C++.

In Proceedings of ICSE, 2012.
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TIHFIRTEZ/DN)

» Wirlx €S
* (S>> x) &1 5 ->0101 -> S: {0,2}

int bitset size(uint32 t S) {
int n = 9;
for (int i = 0; i < 32; i++) {
n += bitset contains(S, 1i);

¥

return n;

¥

54



T

HIRTEZD1N)

int bitset size(uint32 t S) {

int n;

for (int i = 0; i < 32; i++) {
n += bitset_contains(S, i);

n;

int bitset sizel(uint32 t S) { // SIMD

}
return
}

S = (S
S = (S
S = (S
S = (S
S = (S
return

& 0x55555555)
& 0x33333333)
& OXOFOFOFOF)
& OXxOOFFOOFF)
& OXO00OFFFF)
S;

+ + + + +

((S
((S
((s
((S
((S

>> 1) & 0x55555555);
>> 2) & 0x33333333);
>> 4) & OXOFOFOFOF);
>> 8) & OXOOFFOOFF);
>> 16) & OxO00OFFFF);

55



TIHFIRTEZ/DN)

- S:0b10 > S = {1}

S |alb

S&0x1
-|-

S&0x1 + (S>>1)&0x1
(S>>1)&0x1

. S: 0b1110 > S = {1,3)

S [alb|cl|d S&O0x5 + (S>>1)&0x5

1111110
S&0x5
- o

(S>>1)&0x5 2 1




T

PN e

\/\ 1)

S&0x55555555 + (S>>1)&0x55555555

31 30 29 28 27 26 25 24

0

1

1

1

0

0

1

1

3 2 10

0O1]1]0]1

1 1

S&0x33333333 + (S>>2)&0x33333333
S&OxOFOFOFOF + (S>>4)&0x0FOFOFOF

S&O0x00FFOOFF + (S>>8)&0x00FFOOFF

S&OXO000FFFF + (S>>16)&0x0000FFFF

|S]

57
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HIRTEZD1N)

int bitset size(uint32 t S) {

int n;

for (int i = 0; i < 32; i++) {
n += bitset_contains(S, i);

n;

int bitset sizel(uint32 t S) { // SIMD

}
return
}

S = (S
S = (S
S = (S
S = (S
S = (S
return

& Ox55555555) +
& 0x33333333) +
& OXOFOFOFOF) +
& OXxOOFFOOFF) +
& OXO00OFFFF) +
S;

((S
((S
((S
((S
((S

>> 1) & 0x55555555);
>> 2) & 0x33333333);
>> 4) & OXOFOFOFOF);
>> 8) & OxXOOFFOOFF);
>> 16) & OXOOOOFFFF);

58



w 1B SHRYTTER

x=5 -> 0101

0101: x™(1<<0)
0100: xM1<<2)

* Lowbit: #¥ZE&G1HRI1
« xMowbit(x)

e X & -X
- XEEBEAREM?

59



Bit Set: IR[A] S # ¢ PPYEANTTE=

- BTHHIEx = ob+++++100, FAIHFESEIGREH1 100
- 1Bk EFREANRFSE LR, SHB++++ RO EHE S

X Ob+++++100
x-1 Ob+++++011
~X Ob----- 011
~X+1 Ob----- 100

- —EEBRI T
e X & (x-1) > Ob+++++000; x ~ (x-1) —> 0boV0VO111;
e X & (~x+1) > 0b0oLOLV10O (lowbit)
* X & -X, (~x & (x-1))+ 1 #EPAILASCHlowbit
« RiBHFERITTEALAINEK|S|

60



LowDbit: X&-X

I K
s TLREEEE

- 32{i[FZEY: 0x0 ~ OXFFFFFFFF (324\1)

[ ]
-1+

T SRR

- [RIBRTE: &EMAMFSA

- WMEFRNEA (FERA) ¢ SUEBURARAIII—
- FINMESRSTHURLA

X = Ob+++++100

x&-x. 0b00000100 = lowhbit

61



Bit Set: |log,(x)]

« Z[@F31-clz(x)

int clz(uint32_t x) {

int n = 0;

if (x <= 0x0000ffff)
if (x <= ox0offffff)
if (x <= OxOfffffff)
if (x <= Ox3fffffff)
if (x <= Ox7fffffff)
return n;

. (FHREIRID) (RIZRLowbithyEER?

#define LOG2(x) \

3 S5 S 3 S

+=

+=

+=

+=

++

Y

16, x <<= 16;
8, x <<= 8;
4, x <<= 4;
2, X <<= 2;

. 0x00000001

0x00010000

0x01000000

X | X | X | X

0x03000000

§ =1{0}

("-01J2GK-3@HNL ; -=47A-TFO?M: <6-E>95D8CB"[(x) % 371 - '0')

16
24
28
30
31



Bit Set: 3|log,(x)] (cont'd)

o F—EATTHRFE (meta-programming) ; ift—iztlog2.c
import json

n, base = 64, '0’
for m in range(n, 10000):
if len({ (2*%*i) % m for i in range(n) }) == n:
M ={ j: chr(ord(base) + i)
for j in range(0, m)
for i in range(0, n)
if (2xxi) % m== 3 }
break

magic = json.dumps(''.join(
[ M.get(j, '-') for j in range(0, m) ]
)).strip('“”)

print(f'#define LOG2(x) ("{magic}"[(x) % {m}] - \'{base}\')') 4


http://jyywiki.cn/pages/ICS/2020/demos/log2.c

EE OB WA RE RE  wE
s i

) Dl g &5 \_ [m] ‘—‘_ﬂ 37 &) Right Shift + Righ%dlt




—AEBISES

Henry S. Warren, Jr. Hacker's Delight (2ed), Addison-Wesley,
2012.

 IHMFEBRSNERIUEBEHAZR "BE
- TENBTESHEHE (FRAMUBMIL)
« EAMiL: hackersdelight.org
- WIR—TEHEIER "FHElL”

Hacker S Dehght
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http://hackersdelight.org/

tictactoe

* {ictactoe.c

» chess.c

=R/]\JE (tictactoe.c)

O 100ms @ 256000KiB [0 ElV AR
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http://why.ink:8080/static/code/CPL2022/07/tictactoe.c
http://why.ink:8080/static/code/CPL2022/04/chess.c

End.



IEEE754 ==y = A

* BR T x = (-1)°x (1.F) x 2578, XEBZ[&
HE%M&PC*& +0.0/-0.0, Inf, NaN

- —ESETHEM mIRR ﬁjf [AERIABELT e AR AR ILNE)

. %EJ ﬁid‘“’ FREEEERAS" B rEEASRS IEEE 754 (ELa0=Fh GPU
15 7E)
« Nvidia M Fermi A FFR5EEES7 #5F IEEE754 (2010)

An interview with the old man of floating-point.
Reminiscences elicited from William Kahan by Charles
Severance.
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https://people.eecs.berkeley.edu/~wkahan/ieee754status/754story.html
http://http.cs.berkeley.edu/~wkahan/
http://www.dr-chuck.com/
http://www.dr-chuck.com/

BlF: e —b—Vb2—-4ac

2a

i
« JBEIRE: —b v.s. Vb2 — 4ac (catastrophic cancellation)
- FiBHE x + 1.0 == xg9FIF1Z
° /\H:Il bZ

o — INEH—ITT R BEKRBEAT
, (=b)*— (Vb2-4ac)?
(—=b)+Vb2-4ac /2a = (- b)+\/b27/2a (b < 0)

* (=b—+Vb?% — . — 127
(—b —VbT —4ac) - — (0 < b < 10'2)

« _b ¢ 127
~+ (b >10')

* P. Panchekha, et al. Automatically improving accuracy for floating point
expressions. In Proc. of PLDI, 2015.



EHA?

It looked pretty complicated. On the other hand, we had a
rationale for everything. -- William Kahan, 1989 ACM Turing
Award Winner for his fundamental contributions to numerical

analysis.

F R AR 2 BN EC R/
+0.0/-0.0F0INFFRIE (Y x) /xS KA sign shift

o IEEE754 KA ANRITHRIE T #EITRAVRRE

- YNERAETHEIEEET54, 151ZED. Goldberg. What every computer scientist
should know about floating-point arithmetic. ACM Computing Surveys, 23(1),

1991.
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https://dl.acm.org/citation.cfm?id=103163
https://dl.acm.org/citation.cfm?id=103163
http://http.cs.berkeley.edu/~wkahan/
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