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int
« double, float
e char
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- CR—AERIES
- TREANCREEY , HERERERE

° Jréz;tyiﬂ%
« C++/JAVA : SRFSEE! , BB RHURBINE RS
- JavaScript , Python , PHP : REEHXE , EEAEZEEFLEEN
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 char, short, int, long, long long, bool, ......

. FRE
- float, double, long double
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* char : — =15 ( 8bit)

. short : IPN=FED

int: BEERTIA—FK, (0, ERENET)

¢ long : BEERIA—FEK, (0, BN FD )
- long long : 873

« —NFETS (8bit ) ATLARIAAVES

. 28/|\
« 18 =2 00010010
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s HUEERERLAZHHIFNEN Decimal  Binary
 E.g., signed/unsigned int 2 gggg
2 0010
3 0011
] N 4 0100
° }Eﬁgi\%mli 5 0101
- BRARTSAL 6 0110
7 0111

° 52?5%3£Eﬁgw ‘Eif%n
. 0 ERFTME—, HRFTRERA%RRE Decimal  Binary

« 1A BEREARAG— :(1’ 188(1)
. BESHTEAHTAE, MAAFREEL 2 1010
o H5R]Y a<bf, SEIN a-bLEEEME j 1?3;
-5 1101
-6 1110
-7 1111
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- IRERAYRL
—MEBHRGTR, —MISERL B BERREEMN.

. £
B E—R128 5
BREFHERINEHERLIOR , B8 eikmes , NERMHLE :
@ fEl%4%% - 10-4 = 6
@ IIEk8E : 10+8 = 18=6 (mod 12)
R1I2R 57 10-4=10+8 (mod 12)

-4=8 (mod 12)
N, FR8ZE- 4XItR1I2A9%MES ( B : -4B9%R12%MBETS8 )
EEE -39 (mod 12)
-5=7 (mod 12 ) &

#M3 ( modulanz®E ) : + - B9Fi—
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« XE*MBFRNE
o “BAIZHBIE” BRIEEFRZS (mod 28) i
« 0 > 00000000 .
- 1> 00000001 T A S 0100
e -1 11111111 o) i
« *MBFAREBEILAINH— Mm@ 8{ZRY0
. 0111 1111 - 0100 0000 = ? v

0010

0011

0101

1000 0111

— PN OHRIFMLF T N IERAMIRY “FAEUR . RO
- 10000000 > -128
. 0111111 > 127

. AT BEERG (mod 292)



unsigned/signed intzsHY

- TSR
o 32{[EEE] . Ox0 ~ OXFFFFFFFF ( 32\ )

o
1}

Ao £ phAT S
S =528

- AMBFRNE (KA ) - SESCRAZIN—
- FNmESRSEENRG A
+ 00000000 > 0
« 111111111 > -1
+ 10000000 > -128
. 01111111 > 127

- WRBFRREFRr— &I
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» Signed ( BfF5%%)

* short int
e int

* long
 long long

» Unsigned ( 7o+
 bool (stdboo
unsigned sho

unsigned int

unsigned lon

unsigned lon

521 )
1.h)
rt int

g
g long
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~27 -1

char
signed char
unsigned char
signed short int
unsigned short int
signed int
unsigned int
signed long int
unsigned long int
signed long long int

unsigned long long int

KB OISR ESHERFSRTE

sizeof (F7I1z

©® 00 »H A B BN NN R

RS o= A SehE

S F AT,

16
16
32
32
32
32
64
64

_27~ 27 —1
0~28—1
_215~ 215 —1
0~21—1
_231~ 231 -1
0~2%2—-1
_231~ 231 -1
0~2%2—-1
_263~ 263 -1
0~204—1

short<=int<=1long

GEES

%c, %d

%c, %d

%c, %d
%hd
%hu
%d
%u
%ld
%lu
%lld
%llu

REFRRE, FCEEFESABZEE)
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B SEHIETSE

CESINENZE :
- HIEEFPEINBILASHITEAESEE , N cFea22us8i

X | & W EH
FIE 3| R

0==0U % | 1 /00...0B = 00...0B

1<0 # | 1 [11...1B(-1) < 00...0B (0)

-1<0U "

2147483647 > -2147483647-1 | # | 1 |011...1B (231-1) > 100...0B (-231)

2147483647U > -2147483647-1 | &

2147483647 > (int) 2147483648U | 4%

1>-2 # | 1 |11...1B(-1) > 11...10B (-2)

(unsigned) -1 > -2 7

E1Z—F : sizeofflstrlenfIREM{EETAKE ?
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BRI RUMEER

#include<stdio.h>

int main(){

int x

unsigned u = 2147483648; b =-1;

printf ( "x = %u = %d\n", x, x);

printf ( "u = %u = %d\n", u, u);
return 0O;

c = -1;
printf("%u, %u\n", b, c);

4294967295, 4294967295

4294967295 =

2147483648 -2147483648
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Integral Promotion ( Z2RY12FH )

» Otherwise, the operand haslinteger txgel(because bool , char, char8 t, charl6 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.

* 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.

CEETREAEHARED DUREBR XA NBERATTH.
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- [Rz(ssBdiein
» BEARENBEERATHIRFACEIARRT ( EMEAREHR )

- IEEEANRIANZE SN ESREIA TS
* REBARIEE S S A ILECH

 returnZRAT BB 5REIEAERS
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lly%/J\ll > ”jllil_:*z"
[ FRFEERELRFE RSN

long double

f

double

f

float
o MNERFHESSBIEIARERE ( BEEAE)

unsigned long int . :
i unsigned int n

if(i < n) ??2??

int i = -10;

long int

unsigned int

!

int
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char c;
short int s;

int 1i;
unsigned int uj;
long int 1;

unsigned long int
float T;

double d;

long double
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fai2 : MH{EEEiR

AN A MR

double d;

_F

f;

d
- FRABELBENS T2V NGB D
- BE—SRESRE B R \NEEA SRR NG
+ ¢ =10000;
+ i =1.0620;
+ f=1.0e100;

e f=3.1415f/3ENN0Lf
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» FIRERFRUTHEIFZZZR
 E.g., signed/unsigned int

char c = 10000;

K iy

o Kim//INBIZAES TS (inta =33023)

00000000

- 00000000 00000000 10000000 11111111~ _

00000000

0 0 0 0 8 0 F F "~

10000000

11111111

EemEsitsr |

I\

-V
-
-
-

11111111

-

- 00000000 00000000 10000000 11111111-~""

10000000

0 O 0 O 8 O F F

00000000

00000000

iy

[wsichil

=yichiln

[wsichil

=il
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a->0101
b->0110

IIIIIIIIIII
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a&b->0100

NEYE 7
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AMrazBhinz®

- B SEEMT R (HE2ER

- (IEERARREE SIS
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.+ N (SE)
<< (BRI, >> (EHED)
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FA - EEI<ERY Bit String

VN

e 142857 -> 0000 0000 00O 0010 0010 1110 00O 1001
« Rig 32-bit EEY : 9% MSB £/4 , LSB I£A

e 010
X: 5 -> 0101 (x>>1)&1 @@1"&

| :
&2 R?

X: 0000 0000 0000 0010 00190 1110 0000 1001

(x>>16)&OXFF X&OXFF 2
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 FTEpER

* printBinary.c
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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

« CXTUBRYITHEAME(AIZIERAY
. B UB ﬂElimﬁwﬁlrﬂ(ﬁ FHAEE | F. $UEHRA. EREFE).
WER. BUEEHY. RESEREE.....

BEENG %l:lﬁi’x 2431 , EE&0 wrong answer, crash
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JITAC/C++ 2F UB ?

- T RATBEERY (zero-overhead)
« REENERIERREH undefined 7
« Java, js, python, ... IEEFTEEREEIHITESIAERE

o T FRB BT RR G
- BLUEH /o SFEEATIERRE
- BUSEHIEH AL
« %F undefined 7




Vred i

s M 1BEHEEZOM ?
» NTHHRART | HEEEFEE
- PRHENEBFIRI2EE6N , BESMintitE

- IImESSEIBRSIHITARENST | FrEEERISEESCFR FERF ]
BELIE— NNt/ (sizeofA—EL)

» unsigned2BRE2WIHNEARE , AR FhE

« unsignediRiTHI¥IR , BN T HITHAHFIEE
- 8 &, |, ~, N >>, <<,
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Undefined Behavior: 225
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UINT_MAX+1
INT_MAX+1; LONG_MAX+1

char ¢ = CHAR_MAX; c++;

1< -1
1 << 0
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
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BEm
« TS REN « TTRSEE
* (signed) char  unsigned char

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

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

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

- IRIEFM , X2EPUB , FRclangiXtFa-&

0000000000000000 <f>:
0: c3 retq

» iR ICIX MTEEREMR 7

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; //???



Undefmed Behavior: fzEfH>XK

1 << -1 undefined

1 << © 1

1 << 31 undefined

1 << 32 undefined
1<<31
lu<<31
1LL<<31

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

In Proceedings of ICSE, 2012.
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IEEE 754
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SLERNTRIFRR

- SLHERRIFRES
- RBEFE32/64-bit 01 ERSRIRIR /IR SLEK
+ HE—FRSTTTE | 01 SR BEIEI— ST
+ IEERERAKRR
- IHTRIREAAHIH

- FEBTIEEE754
« 1bit S, 23/53bits Fraction (E£), 8/11bits Exponent (ff5 , B=127)

x = (—1)°%x(1.F)x2E-58

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

0(0|1j1f1(1|1|0|0Of0O|1|0|0O|Of(O|O|O|O(O|O|O|O[O(O|O|O|O(O(O|0|O|O| = 0.15625

o @)
31 23

o0
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?&éﬁlﬁ’ﬂi‘l‘%mi@ﬁ: X = (—1)5)((1_F)x2E—B

sign exponent(8-bit) fraction (23-bit)
L I !

0|0|1(1|1f1|1|0|0|0f1|0|0O(O|O(O|O|O(O|O(O|O|O|O|O(O|O|O(O|O(O]|O

@) @)
31 23

o0

(—1)0%x1.01,x2"24~127

1.01,%x273

0.00101,

0x27 1+ 0x272+1x273 + 0x2~ % +1x273

0.15625




_
%f

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

KA YN 5 ERIFRESIHX | sizeof

x = (—1)°x(1.F)x2E-B
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—1.89EF + 308

/// \\\\ﬁ@wu%4w

DN B BT KA (BIA+)

AT A

= 6
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Floating Point Number Line

l_ denormal

under- under-
flow flow

l

overflow usable range usable range overflow
—— — — —— — —
{ } 4 :_ f {
| [ |
—~10+308 —10-308 0 10-308 10+308
—realmax —realmin realmin T ealmax

&O(Jlll—lll Vlty
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IEEE754: (FERBEARIIERYE

« — BRI A VR EERISEL (float o)

- HAROET | BB — A SCERAORE R A
« OJEES T RIEIRIBXIRE
.« BERZEFEEBSINEMT—

b

43


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

BEE B8 #E g R'E B
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)0 @@ ¢ [0 =) @ 8l © [&)Right Shift + Right Alt

44




gl
2

IEEE754: {RERIgEAFIERIE

« — BRI A VR EERISEL (float o)
N O Gl T SN i~

« OJEES T RIEIRIBXIRE

.« BERZEFEEBSINEMT—

b

« 1.00000000000000000000000,x22%
« 16,777,216

« 1.00000000000000000000001,x22%
« 16,777,218

v 5%
« a == b FKIEEAIR (ERgETe)
s FRE (a+b)+c+a+ (b+0)
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http://jyywiki.cn/pages/ICS/2020/demos/float.c

IEEE754: {RERIgEAFIERIE

gl
2

b

« — BRI A VR EERISEL (float o)

BRHIET | BB N — 1 SCE VRS R

- AR TERIESHVERTIRE
- RIRSEF FRERINZN T —L

 BIF HEL 4 o4+

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

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

= NE BE R'RE BB

1 fidefine SUM(T, st, ed, d
Ts=0;\
(ANE1 = st M =ed -5 d: =)\
s = (T)Y / %1: X\

SR

}

1000000

int main(){
printf("%.16f\n", SUM(float, 1, n, 1));
printf("%.16f\n", SUM(float, n, 1, -1));
printf("%.16f\n", SUM(double Jem i) ) -
printf("%.16f\n", SUM(double, n, 1, -1));

}

~/Documents/ICS2021/teach/sum.c[1] [c] unix utf-8 Ln 1, Col 1/16

‘_ B X
¢ [0 = & 8l & (&) Rieht Shift + Right Alt
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IEEE754: {RR] BEAKIIEHISSEE (cont'd)

« JEHIIE14 2% ( Exponenent == @HFraction != 0)
o x = (—1)°x(0.F)x27126

1.0...0x2126~ 1.1...1x2-126

GAP i L I I B | | | | | | >
Hélzs 2-125 2-124 2-123
Normalized nhumber
o.o...0x2-12<§~/o.1...1x2-126
\WHIHHMHHH%"!IHI ——t—t—+F—— | »
0 2_;126 2-125 2-124 2-123

X/L Dzt J (-1) X 0.xX...x X2-126

sigh exponent(8-bit) fraction (23-bit)
L I

I

0|0|1|1f1|1|1|0f0Of0O|1|0|O(O(O|O|O|O(O|O|O|O(O(O|0O|O|O(O(O|0|O(O| = 0.15625
) @)
31 23

o o0
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SN ERS I Z S

| —

4

X

« 28 ( Exponenent

* 4+0.0,-0.0HYSbitEA—FHY , {B+0.0 ==

« Inf/NaN (Not a Number) ( Exponenent ==
* Inf:

== @HFraction

-= 0)

-0.0

255 )

BH#HAE , ZFREaHREEN , ARzZ{EAub , +/-Inf
* NaN(0.0/0.9) : BHEEE , BESimEX! =

sign exponent{8-bit)

fraction (23-bit)

XFRIATUHIE

0

0

1

1

1

1

1

0

0

0/1/0/0/0/0|0]|0]|0

0

0

0

0

0

0

o
31

@)
23

o0

= 0.15625
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e float : KA6-7TNBIHELF
e double : K#J15-16 IEXELF

// BAbsolute 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)) ..

if (Abs(x — y) <= Max(absTol, relTol * Max(Abs(x), Abs(y)))) ..

Floating-point tolerances revisited — realtimecollisiondetection.net — the blog
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https://realtimecollisiondetection.net/blog/?p=89

7 R EHIIEHE

 doublef5E{IFfloat

- PR CPUBRTLAXSdouble B e

« TREZFVNEER |, BHEA—WITE



2R EmStNE (FLP )

s NEFEHFREZRERIEINTEES

» BESREA T INE T RN

* FRIRIZ AL HRIERSRE

AR N ESEEEIR

{:Spretealas
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SIS,

2R

e math.h
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https://cplusplus.com/reference/cmath/

=EIESiL

=

» IzBERAMAHIA—ERIRER | =EERARKHEE
» RIXRIEHSEEEX
» char - short - int 2 long = long long
* int - float - double

« XJFprintf
o (HENFintdISRBISHERIR ANt | floatE#EEHE/9double
e scanfA~ T , EEIEEH%Nhd |, %u , %lIf
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- FEE—EEFIERRAE— T ERE (BEERIR/IVIIZEE )
(%7 ) TRE
« (int)1l10.3
 (short)32
« ZEMAIEEARRERIE
 (short)32768
 (char)32768

. 3

+ AEGERRARERESEE

- EHISREIAEIREK ST HNIEE
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- ETRIEER - REE T

°ﬂ_ﬁﬁ§%@ﬁ%ﬁ_5ﬁﬂ
 Programs run in memory (RN7%; iClE8=
« Memory = Stack (t%[X) + Heap (IEX) +
- Each function call has its own stack frame (f%&n).
« Stack grows/shrinks with function calls and returns.

« Visualization of Function Calls @ C Tutor

56


https://pythontutor.com/c.html

RIS EEIER B =

e b-ternary-1.c

* b-ternary-2.c

=% I (b-ternary-1.c)

g =% IO (b-ternary-2.c)

+ BRRE T HREL , Bl I LAY AE Rl )
- [EREAAE) , (B S 2 L
- REBENERE | SEHOEFRENLET


http://www.why.ink:8080/static/code/CPL2024/bternary1.c
http://www.why.ink:8080/static/code/CPL2024/bternary2.c

End.



