n:usﬂgﬁl_r *n&tﬂ (2)

-IT-— 2

&

jwang@ruc.edu.cn, {58124
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o k] (EAERE L)

o A7) [Xyyq: X poosXar- - - Xo)

o B R OE TS B Unsigned (2 45 K 1K)
w—1 ,
RUX) = >x -2
i=0

fan: N,=01011, FRILFF5H11;
N,=11011 F R HF2 4027,
N5=00000 £/ L4540,




 IRMLEE T K nhL, MITEH 5 EHI R~ 6 e -

0~(2"-1).

B 8L, TS R R v
 THEHLIG P77 R T A 2 R T

20~255,



| B R 5ESigned Representation

» Binary JRUAS ()2 X5 AR R EE 35X

o B0l Hbinary ik ?
o OSBRSS (mapping)
o REDUBBOLRT B — A A JE T 8B
o WA PRSP BB R ST
o I ANFEIR IEZUI0
o H b SR i 2 1R e Fofh s L B “SE
[f), ATULE#ZH TIEH




2’ s Comp.
Range

TMax

[o

T

UMax
UMax -1
TMax +1
TMax

0

Unsigned
Range

| AN R BRSSO 2

15




| Two-complementfMg

* Binary (physical) wir, H2vMRE,

. PABEEL A2V
o Bit Vector [X,.;,Xy.0:Xy.q:- - - Xo] g;ﬁﬁéizw RS

* Binary to Signed (logical)

Sign Bit ] w—2 ;
BT(X) = —x,42" + > x-2
=0



| Two’s Complement

2’s complement

o “REL” HLiE2W
o KNbinaryfE B &2W 2+, .., SERMEZ-2W1+.. .,
A MHE2W

UMax

/_‘ UMax -1

/ *©  TMax +1 -

~ . Unsigned
o »©

TMax TMax Range
2’ s Comp. o

Range 0




| *ME - BizZ (modulariz®)

FEE@R: E—1MEEERSD, —ME5ERI “5” EHREFN.
A 2E—MiE12RY MECHRPNIEEERS
BEMRMEHERLIOR, ERTKRMm6R, NERMILE:
@ fEIFR4%E: 10-4=6
@ IR¥%8%g: 10+8=18=6 (mod 12)
R12R%5H: 10-4=10+8 (mod 12)
-4E8 (mod 12)
n, FR8E- 4311280408 (BD: - 4ARIR124pEFTF8)
SlfEH -39 (mod 12)
5=7 (mod 12) &

Zil: —DIRERAMEE TR B 4 X E

ZiR2: MNTERMENE, REREPTERI—H, &7
CARZ 0N _E 27— B BRI # MR A .

#H8 (modulariz®) : + M- W%E—




| Signed Representation

FMSRINE

« HEBHE 1“7, il 3k2]— 5 5080 1R
G IEB RN AN SRACE 8, XA IR
Al ARSI BRSO 5 R4S, XA AT S8k iz 5T
ESEELT

 #l: 9-5=9+(12-5)=9+7=4 (mod 12)

65-25=65+(-25)=65+(100-25)=65+75=40 (mod 100)

10



SRAME I PREE T 2

B x = - 1010 By
)I_\"J [X]*I‘ — 24+1 - 1010 = 11111 + 1 _1010
= 100000 = 11111 +1
- 1010 - 1010
= 1,0110 10101 +1
=1,0110
JEERN 7B

P

BAEUZ, KA 13RS

11



|Fr0m a Number to Two’s Complement

« FLAH-5
e y=5
* 0101 (binary for 5)
« 1010 (after complement)
« 1011 (add 1)
« #Mix>41011

. #Mix=1011
* 1011 (two’s complement binary)
* 0100 (after complement)
» 0101 (add 1)
- Y=0101, EfH-y=-5



| Two’s Complement Encoding Examples

Binary/Hexadecimal Representation for -12345

Binary: 0011 0000 0011 1001 (12345)

Hex: 3 0 3 9

Binary: 1100 1111 1100 0110 (after complement)
Hex: C F C 6

Binary: 1100 1111 1100 0111 (add 1)

Hex: cC F C 7

13



| Numeric Ranges

. EFEHUnsigned Values « £MiETwo’s Complement Values
e UMin - 0 e TMin = —2w-1
000...0 100...0
e UMax = 2w_1 e TMax = 2w-1_1
111. .1 OI1...1
E.g., w=4

0000 ~ 0111: O~7
1000 ~ 1111: -8~-1

0000
1000 1001 1110 1111 0001 0010 0111

-

-8 -7 -6 5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6 +7

8/ A TNIEEN ”



Numeric Ranges

. Unsigned Values * Two’s Complement Values
« UMin = 0 * TMin = 2%
000...0 100...0
o UMax = 2v-1 * TMax = 2w-1_ 1
11,1 011...1
» Other Values
* Minus 1
111...1
Values for W =16 UMax T
Decimal Hex Binary o
UMax 65535 FF FF| 11111111 11111111 8 T +1| Unsgnec
TMax 32767| 7F FF| 01111111 11111111 // renee
TMin -32768| 80 00| 10000000 00000000 , .com,
-1 1| FF FF| 11111111 11111111 " ‘ o
0 ol 00 00| 00000000 00000000




Values for Different Word Sizes

W
8 16 32 64
UMax | 255 65,535 4,294,967,295 18,446,744,073,709,551,615
TMax | 127 32,767 2,147,483,647 9,223,372,036,854,775,807
TMin | -128 -32,768 -2,147,483,648 -9,223,372,036,854,775,808
* Observations m CProgramming
. |T|\/|in | = TMax + 1 = Hinclude <limits.h>
« Asymmetric range = Declares constants, e.g.,
e UMax = 2*TMax +1 " ULONG_MAX
= LONG_MAX
= LONG_MIN

= Values platform specific



AR5 B 2 PR 72

»Ones’ Complement (2 fi5)

« The most significant bit has weight 2¥-1-1

> Sign-Magnitude (J51iL)
* The most significant bit is a sign bit

« that determines whether the remaining bits should be given
negative or positive weight

> SFIE#, R = #ME = 2 hG
> XNFHH, A l, HHESD
JRRY B??'-’f%LL?I\E’A_LﬂWi;ELL?Jﬂ 1— %5
[FRERAFSAIIMNEANEUR— &5 17




5SS 54

S5 THE=FaI4MD
(1)+0.1101BiJ*MB 2 B
(2)-0.1101BY*MBE B
(3)-178R9%MB 2 H (short3:hY)
(4)-3909%ME = H (short3:hY)

(5)-26R9%M3=E H (shorts<&l)




5SS 34

THSAH T —HESETEIRNSE (¥M3) |
s SHEINEEN 6i#FIRI).

(1)FF3C (short3kE) RIR(EZE
(2)FF86 (short=XE) RR{ES
(3)char x =10110111b, xfIE(ER







| Integral data type in C

» Signed type (for integer numbers)
e char, short [int], int, long [int]
 Unsigned type (for nonnegative numbers)

* unsigned char, unsigned short [int], unsigned [int],

unsigned long [int]
» Java B L5 R A

 Byte: signed char

21



| Casting

» Casting among Signed and Unsigned in C
» CRVF— MR i e T — R SR AL ) U7 2R 3 i
* Type conversion (implicitly)
 Type casting (explicitly)
» SignedflunsignedzS 24 27 [H] i) i TUF%
« Bl U2T 1 T2U
e Int tx, ty;

* unsigned ux, uy;
* tX = (int) ux;
* uy = (unsigned) ty;

22



e Conversion

» IR IAE B A) BkcalliE =

* Int tx, ty;
* unsigned ux, uy,
* X = UX;

° uy =1y,

e intfunc() {...}

« unsigned ux = func();

Signed vs. Unsigned in C

R S

o U

23



Bits

0000

0001

0010

0011

0100

0101

0110

0111

T2U

1000

U2T

1001

1010

1011

1100

1101

1110

1111

Unsigned

o

a

WO |JdJ|locn|O|s_]JWIDNBRKL

=
o

=
=

=
N

=
w

=
(18

=
(8]




Bits

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111

I..

WO |JdJ|lon|On|b_]WIDN|RL

+/- 16

Unsigned

0

[
o

=
=

=
N

=
w

[}
[

=
8]




 2°s Comp. — Unsigned
* Ordering Inversion
* Negative — Big Positive

2’s Complement
Range

[

TMax @

“i.

TMin

UMax
UMax -1

TMax +1
TMax

|Conversion Visualized

Unsigned
Range



p \_\\\]ERS{]-F\

(@} | Relation between Signed & Unsigned

%

>

Two’s Complement Unsigned

X *| T2B *| B2U > UX

Maintain Same Bit Pattern

w—1 0
Ux |+|+|+ ° oo +|+]|+
X -|+|+ o oo +|+]|+

Large negative weight
becomes
Large positive weight



Two’s Complement

T2U

X > T2B

*| B2U

X

Maintain Same Bit Pattern

Unsigned

ux »| U2B

U2T

—

X

B2T

Maintain Same Bit Pattern

|I\/Iapping Between Signed & Unsigned

Unsigned

> UX

Two’s Complement

> X

* Mappings between unsigned and two’s complement numbers:

keep bit representations and reinterpret



short int X
unsigned short int ux
short int Y
unsigned short int uy

o« IS
o JEHEAALR
o UX =12345

« DB O (E KR H)IE(E
e Uy = 53191

= -12345;

(unsigned short) y;

| Casting from Signed to Unsigned

12345;
(unsigned short) x;

Weight

12,345

D
(98]
=
L

Bit Value | Bit Bit Value

1 1 1 1 1 1 1

2 0 0 1 2 1 2

4 0 0 1 4 1 4

8 1 8 0] O 0 0

l6 1 16 0 0 0 0

32 1 32 0 O 0 0

64 0 0 1 64 1 64

128 0 0 1 128 1 128
256 0 0 1 256 1 256
512 0 0 1 512 1 512
1.024 0 0 1 1.024 1 1,024
2.048 0 0 1 2,048 1 2.048
4.096 1 4096 0] 0 0 0
8,192 1 8192 0 0 0 0
16,384 0 0 1 16,384 1 16,384
+32, 768 0 0 1 —32.768 1 32,768
Total 12,345 —12.345 53.191




|Unsigned Constants in C

o BN
o« HERMUEL S5

c MR HFERZLATTE, LEmnkE%u
U, 4294967259U

30



o RIXTA LI
o YNERAE—FRIE R Hunsignedisigned
o RAMILERTFEL AL T

s AU <, >, ==, <=, >= KIS

unsigned int i
for (i=n-1; i>= 0; i--)

for (i=n-1; i-sizeof (char) »>= 0; i--)

int array[] = {1,2,3};
#define TOTAL sizeof (array) /* unsigned int */
void main() {
intd = -1;
if (d <= TOTAL)
printf ("small\n") ;
else printf ("large\n") ;

| Casting Convention

31



| Casting Surprises

 Expression Evaluation

« If there Is a mix of unsigned and signed in single expression,
signed values implicitly cast to unsigned

* Including comparison operations <, >, ==, <=, >=

« Examples for W =32: TMIN =-2,147,483,648, TMAX =
2,147,483,647

e Constantl Constant2  Relation Evaluation
« 0 ouU
¢ -1 0
e -1 ouU

o 2147483647  -2147483647-1

o 2147483647U -2147483647-1

« -1 -2
 (unsigned)-1 -2

2147483647 2147483648U
2147483647  (int) 2147483648U



 2°s Comp. — Unsigned
* Ordering Inversion
* Negative — Big Positive

2’s Complement
Range

[

TMax @

“i.

TMin

UMax
UMax -1

TMax +1
TMax

|Conversion Visualized

Unsigned
Range



AONERS/F

B

& | Casting Surprises

 Expression Evaluation

« If there is a mix of unsigned and signed in single expression,
signed values implicitly cast to unsigned

* Including comparison operations <, >, ==, <=, >=
« Examples for W=32: TMIN =-2,147,483,648, TMAX =
2,147,483,647

* Constant, Constant, Relation Evaluation
0 ou == unsigned
-1 0 < signed
-1 ouU > unsigned
2147483647 -2147483647-1 > signed
2147483647V -2147483647-1 < unsigned
-1 -2 > signed
(unsigned)-1 -2 > unsigned

2147483647 2147483648U < unsigned
2147483647 (int) 2147483648U S signed



YRR

x




o ZEro extension
o FEHH SN0
* Sign extension
* [Xp1:Xi20Xip3s - - - Xol

X

| Expanding the Bit Representation

w+l ———™

36
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10

-10

-10




|From short to long

Int funl(unsigned word) {

return (int) ((word << 24) >> 24);
}
Int fun2(unsigned word) {

return ((int) word << 24) >> 24,

¥

) funl(w) fun2(w)
0x00000076 00000076 00000076
0x87654321 00000021 00000021
0x000000C9 000000C9 FFFFFFC9
OXEDCBA987 00000087 FFFFFF87

25> ik — TR BT N IX )

38



| From long to short

int x = 53191;
short int sx = x;

int y = -12345;
Short int sy = y;

» T B R W 2R R/

» AR 2 e R TR 5% i o LA T E =

39



Truncating Numbers

Decimal | Hex Binary
x |[53191 00 00 CF C7| 00000000 00000000 11001111 11000111
sx | -12345 CF C7 11001111 11000111
y |-12345 |FF FF CF C7(11111111 11111111 11001111 11000111
sy | -12345 CF C7 11001111 11000111
X' e o o




| Truncating Numbers

* Unsigned Truncating
B2U,, ([X,s Xyg, - %o l)mod 2 = B2U, (X, Xy, X%, 1)

* Signed Truncating
SRR S EEW, NN A T T
BZTk([Xk’Xk—l""Xo]) = U2Tk(BZUw([XW’Xw—l""’xo])mOdzk)



10

-10

-16

-16




BSTEANTE R RINMA

> FERAET, R > v SR T
> REHRRMN, JULFA] LA
> BLRY VR BE 2 S R I 8 AL BB B PT DAL BI95 % X B

.1

IEEE Half Deft-16Q 84
S E M S E E 83 . )
ar [ \ Fixed-Point++ (16,16) _ ® Floating-Point++ (32,32)

Fixed-Point+ (16.16)g B Floating-Point+ (32,32)

@ g floating-Point (32,32)
Powers of Two++ (6,16)

(o]
N

00
=

BinaryNET++ (1,16) @
Fixed-Point(16,16) Fixed-Point (32,32)

co
=]

~J
w

@ Fixed-Point+ (8,8)

Fixed;Point (8,8)
@ BinaryNET+ (1,16)

@Powers of Two+ (6,16)

~J
oo

~
~J

Powers of Two (6,16)

Classification Accuracy %

~J
[=2]

@ Fixed-Paint++ (8,8)

]

yBinaryNET (1,16)

~J
iy

10 100 1000 10000
Energy Consumption (ul)

43



|Advice on Signed vs. Unsigned

float sum_elements ( float a[], unsigned length )
{

Inti;

float result = O;

for (1=0;1<=length -1, i++)

result +=a[i] ;

}
Ylength=00, 1%k 0.0, {HZPREIERANAFE R, NIFA?

44



|Advice on Signed vs. Unsigned

/* Prototype for library function strlen */
size t strlen(const char *s); /*size tis unsigned */

[* Determine whether string s Is longer than string t */
[* WARNING: This function is buggy */
Int strlonger(char *s, char *t) {

return strlen(s) - strlen(t) > O;

}

45



| FreeBSD’s implementation of getpeername (...)

/* Declaration of library function memcpy */
void *memcpy(void *dest, void *src
/* Kernel memory region holding user-accesqi®le data */

#define KSIZE 1024u
char kbuf[KSIZE];

/* Copy at most maxlen bytes from kernel r&g#on to user buffer */

int copy_from_kernel (void *user_des

/* Byte count len 1s minimum of buffer size and maxlen */
Int len = KSIZE < maxlen ? KSIZE : maxlen;

memcpy(user_dest, kbuf, len); // T/ maxlene /> 7114
return len; }

46
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Operands: w bits U

+ v
True Sum: w+1 bits 3+
Discard Carry: w bits UAddW(U , V)

o Standard Addition Function
* Ignores carry output

 Implements Modular Arithmetic
s = UAdd,(u,v) = u+v mod?2"

unsigned char 1110 1001 E9
+ 1101 0101 + D5

233
+ 213

| AR5 i

>
et 2 . (\06

¥ QY
0 0 0000
1 [1 | 0001
2 | 2 0010
3 |3 [ 0011
4 | 4 0100
5 |5 0101
6 | 6 | 0110
7 7 0111
8 8 1000
9 [ 9 | 1001
A |10 (| 1010
B |11 | 1011
C |12 ] 1100
D |13 ]| 1101
E |14 | 1110
F |15 | 1111




Operands: w bits u ==
+ vV co o
True Sum: w+1 bits 3+ v —
Discard Carry: whbits ~ UAdd (u , v) Y .
>
. . o Fe®
e Standard Addition Function T T 5600
— Ignores carry output ; ; 8823
« Implements Modular Arithmetic + T4 6100
s = UAdd,(u,v) = u+v mod?2" s e Torto
7 7 0111
unsigned char 1110 1001 E9 233 T
+ 1101 0101  + D5 + 213 A [10] 1010
B |11 | 1011
1 1011 1110 1BE 446 C [12 [ 1100
1011 1110 BE 190 e i1
F [15 | 1111




|ﬁn?§?&%ﬁf?ﬂ%§ﬁ%

* Integer Addition
 4-bit integers u, v Add,(u, v)
« Compute true sum Add,(u, v)
 Values increase linearly with u and v

« Forms planar surface Integer Additon




* Wraps Around
e [f true sum > 2W
e At most once

True Sum

w+lT
2 Overflow

2 _LI

0

Modular Sum

SRR

Overflow

\




| T 5 ik

Write a function with the following prototype:

/* Determine whether arguments can be added
without overflow */

Int uadd_ok(unsigned X, unsigned y);

/*This function should return 1 if arguments x and y
can be added without causing overflow™/

Overflow if (X+Y) < X

52



-5 INIE T BB DL/R 3
o IEGRRE R GELERIFEREPE I EIND
0 <UAdd,(u,v) <2%v-1
o« AT
- UAdd,, (t, UAdd,, (u,v)) = UAdd, (UAdd,, (t, u), v)
« 4 HALIT0

 UAdd, (u,0) = u

« FEPNTCHRARH I INAE T
« Let UComp,, (u) =2¥—-u
« UAddw(u, UComp,, (u)) = 0

53



AME NI

Operands: w bits u 200
+ v o 00

True Sum: w+1 bits
u + V oo
Discard Carry: w bits TAdd, (u, v) XK

 TAdd and UAdd have Identical Bit-Level Behavior
* Signed vs. unsigned addition in C:

int s, t, u, v;

s = (int) ((unsigned) u + (unsigned) vVv) ;
t=u+v
. Will give s ==
1110 1001 E9 -23
+ 1101 0101 + D5 + -43
1 1011 1110 1BE -66

1011 1110 BE -66




S a
H 2
2 £

A
Xryzs

AN IV ) 1

0101
+ 0100

1001

NrBE R4, HAINRFSAL, 3MBUEN

5 -5
+(-4) + 4
1 -1
0101 1011
+1100 + 0100
0001 1111
1 -1

1011
+1100

0111

55



* Functionality

* True sum
requires w+1
bits

 Drop off MSB

* Treat remaining

bits as 2’s comp.

Integer

0111..

0 100...

0 000...

1011...

1 000...

True Sum
271 1
PosO
> TAdd Result
2w-1l &+ 011..1
0 000...0
—2w-11 100...0

1 NegOver



* Values
* 4-bit two’s comp.

« Range from -8 to
+7

* Wraps Around
 If sum>2w-1
« Becomes negative
« At most once
o If sum<-2w-1
» Becomes positive
« At most once

AMEINIE AT AL BOR

NegOver

______
_20
2

-8
u 4 5 PosOver




Positive Overflow

 Functionality TAdd(u , v)

« True sum requires w+1 \
) >0
bits

v
 Drop off MSB <0 X

. 'zl',reat remaining bits as / <0 >0
S comp. 1nteger u

Negative Overflow

(U+v+ W utv< TMin,, (NegOver)
TAdd,(u,v) = u+v TMin,, <u+v<TMax,,
u+v— 2w IMax,, <u+V (PosOver)




A 0% M 0 25

—y —

» Task
* Givens = TAdd,(u, V)
* Claim 2=l T
* Overflow Iff either:
u,v<0,s=>0 (NegOver)
u,v=0,s <0 (PosOver) 0 4

PosOver

e ovf = (U<0 == v<0) && (U<0 !'=s<0); -—2v11 ¢

ow 1 NegOver

59



| A A N2

Int tadd_ok_bugy(int X, Inty)
{
Intsum=x+y,
return (sum-x ==y) && (sum-y == Xx)
31 Tr] AR 2
e.g., [-8, 7), x=4, y=5

SUM=9=-7. sum-x = -7-4=-11=5=y (-11if &2 $i =
F|5)

tadd 2R DURHE, 25 R <U@UHJJJM&«U5//'\
2D, FITLhsum-x = x+y-xiKimEE Ty (ERyshie
EVEXIE], ANShERMwW) LH:X%Z%/?E#JE/EEH

2% B0 LE 27 2




A 0% M 0 25

Int tadd_ok (int x, Inty)
{

—y —

Intsum=x+y,;
return 1((x>0&&y>0&&sum<0) ||
(X<0&&Yy<0&&sum>0))

61



) | Rt Y Re S s

Int tsub_ok(int x, Int y)

{
return tadd_ok(X, -y) ;

Y1 v RRAEWR 2

—y —

e.g., x>0, y=TMin; x<0, y=TMin; x=0, y=TMIin

-ﬁn%xf%izgﬁz, %Ui%ﬁ%iaim, B EAH,
HELZPr 2 IEE-Tmin, B ERH .

s IRXRTE, ZAERt, SEPRANEH

« WIRX=0, =HEMRL, 5

|

S
SR Yim H

| ] o

62



Gl | D e e

Int tsub_ok(int x, Int y)
{

—y —

Int diff = x-y;
return 1(x>=0&&y<0&&diff<O0 ||
X<0&&Yy>0&&diff>0) // 0- IF % A2tk

¥




| AME IR BRI

* Two’s Complement Under TAdd Forms a Group

e Closed, Commutative, Associative, O Is additive
Identity
» Every element has additive inverse

e Let
* TAdd,(u, TComp,, (u)) = 0

—U U # TMinW

1C =
omp,, (1) {T Min,, u=TMin,,



| AN NS R BE R

« TAddFlUadd:
- TAdd,, (u, v) = U2T (UAdd,(T2U(u ), T2U(V)))
« ROy EHHHMFE AR RN

. T2U(TAdd, (U, v)) = UAdd, (T2U(u ), T2U(v))

MY EFRFSH—EER

(1
a0




e InC x |1|o]o]1]2[1]0]2
e ~X+1==-Xx + ~x |o|1]|1]|o]o]o]1]0
« Complement 1 MR
e Observation; ~x +x==1111...111 =-
* Increment x 1 Bt
©ox+l XE(J%I*@EJ?EQI%%?* -S4,
e ==~X+ X+ (-Xx + 1) , E%& *’ 7J[I1
e ==-1+(-x+1)
o == -X -x%*f@m}ﬁ@fbn?i%ﬁd
SO U, RO




° ﬁﬂ/f

» Unsigned/signed: 4 1

SO, BT, AT

| Arithmetic: Basic Rules

Pl

bitZ R E 582 —FF
« Unsigned: AH 1 f& A& 2w
o IEFINEAE IR + AT AR 2W

* Signed: 0 JE 2w

o IEHIMELER + v gehn el 22w

67



|%ﬁ%22

* Int x = random();

Int y = random();

Unsigned ux = (unsigned)x;

Unsigned uy = (unsigned)y;

Inty3247, X T FHEANCRIAI, REFRHHZ B
Nl. WERE, WHTRHHBC R, S0, 25 4]
. (x<y) == (x>-y)

((x+y)<<4) + y —x == 17*y + 15*X

~X+~y+1 == -(x+y)

(ux-uy) == -(unsigned)(y-x)

(x>>2)<<2) <= X

S

70



|%ﬁ%22

1.(X<y) == (-x>-y)
B, HX=TminB A RS, -x=Tmin, &&/NTF-y
2. (x+y)<<4)+y Xx==17*y + 15*x
e, AMOIIIEAGEE, BME—E s, s EbE Y, &L
ik 2 HH 5%
3. ~X+~y+1 == ~(X+y)
T ~x+1+~y+1: —X-y = -(X+y)= ~(x+y) +1
4. (ux-uy) == -(unsigned)(y-x)

gk ﬁ?%ﬁ%ﬁi%ﬁﬁﬂDM%f bmary}:?&%%é FET,
DNRIE A H T x==-(-X)@& B L7 X=Tmintl & B 71

5. ((x>>2)<<2) <=X
e, XANIEE, IRk /amn., 22/ xON MU, binary
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AN E — K AE TE, MAIEHB— M ESEH, INEmMRRANE
RS F B — 3246 Funsigned. — 32 FH I FET M0 (BRHB B FE
W) HmFER (ERERFET) . TEERFMESE: %5 — 1 RE, ‘WA
B bytenum Mok R A R —132
v INnt:

typedef unsigned packed t;
[* Extract byte from word. Return as signed integer */
int xbyte (packed_t word, int bytenum);
RIEE (BEONKEASEERBRT) w5 T T EAA:
[* Failed attempt at xbyte */
int xbyte (packed t word, int bytenum) {
return (word >> (bytenum << 3)) & OxFF;

h
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