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(FOFS=UH)

R T —IERIHDOT—HIBRELT. CEETIS
float &Y,
double B, CHFENNBREE)
long doublef

D3DMHAEINTUL S,

ChHo525, BE<{HEONBDIDIE floatB & doubleB 2D

—> floatB! & double ETAUELTcTOT S LEZNENHITI B,
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double B CAIET S TOT S L :

[motoki®x205a]$ nl volume-of-cone-double.c Enter

1

2
3
=

10
11

/¥ 2DODERT—X r & h &HAAA, */
/ * JEH DD r. &I h OMBEOIRFE  */
/x T BHCcTOTT A %/
/*  ——-double B TE{H T D hilk—-- * /

#include <stdio.h>

#define PI

(3.1415926535897932)  /* HJEE x/

int main(void)

{

double r, h;

scanf ("%41f%1f", &r, &h);
printf ("EHEODFEED %, EIH % OHHEDOMR\n"

= Yf\n".
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12 r, h, PI*r*r*xh/3.0);

13 return O;

14 }
[motoki@x205a]$ gcc volume-of-cone-double.c [ Enter
[motoki@x205a]$ ./a.out [ Enter
2.0 5.0 Enter
JESTH DAY 2.000000, I A% 5.000000 O F#EDIKFE

= 20.943951
[motoki@x205a]$
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float I GBI OIS L

[motoki@®x205a]$ nl volume-of-cone-float.c Enter

1

2
3
=

10
11

/¥ 2DODERT—X r & h &HAAA, */
/% EHEOYEEN r. EID h OMHEOMEEE  */

/% 2 HTHCTOT TN y
/*  ———float B TEHET B hfi—-- */

#include <stdio.h>

#define PI

(3.1415926f)  /x [REZE x/

int main(void)

{
float r, h;

scanf ("Y%fYf!

', &r, &h);

printf ("EHEODFED %, SIS OHHEDOMR\n"

= Yf\n".
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12 r, h, PI*xr*r*xh/3.0f);

13 return O;

14 }
[motoki@x205a]$ gcc volume-of-cone-float.c [ Enter
[motoki@x205a]$ ./a.out [ Enter
2.0 5.0 Enter
JESTH DAY 2.000000, I A% 5.000000 O F#EDIKFE

= 20.943950
[motoki@x205a]$
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ENT—IETIRRIFREEREF ) MEXLVWCEZRRULT, BES—5D

HZalRUTHd, IENE. ROBMEEFMEX D,
BMNRE T FEEE
+ ME. BL. BIEEEDHZSIEFEBEERT,
- BE., EL. BIEEEDZSEIREREZRI,
* FH,
/ FR&
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FEN N REEN
e 123.4, 123., .4, 123.4e5, .4E+5, 123e-5, ... EL\DcEET AN
KD, CNSlddouble EDEHT. TNEN  123.4, 123.0, 0.4,
123.4x10°, 0.4x10°, 123x10™°, ... &%,

o E =& floatBU(C LTzITNIE, TREIC £ FT2F F EVVOEESEEM(T
5. PIRIE. 123.4f, .4E+5F, ... o

o B % long doubleB(CLZITNIE, |mEIC 1 F/zlF L EVWDERE
BEMTD. BIX(E, 123.41, .4E+5L, ... o
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. float®, doubleBISF—H (I, BR4/\1 |,
8/\’1’I\0) w\iE = 56, 10;&?%&%6%?,%15*11@* BZzHD, &
o, IBEERDRIBAIRESEEH L. P KL ZE. BL -38~ +38, -308~ +308

EIEEAE:

FETERED T —FF7 I Fv(cKEL
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T2/ BHMEEHNDEGER, FTrv X NEE

AvE1—5(&
FACTT—S8RTOMAE&EDRE (3> TULBIH.
EDOETF—ABOBOMEAFERLIE (35> TULVEL),

LWL, BEMROESHICCORLHIRZERITDETOT S LMREZIC
<LKEBo

—> CESEBCTIEEMINDAI(C
ZEDO T —YBRITOMAFEEMNE(TDLDICEDTUL D,

TR N
AVE1—9RFTIETEELORICRUAND T —5D
BNIR(EDHI > THEINIEELSTEVDT, VIS
NEENROT—SBZEERRL CEZRHX SIRE
ZE/ D, Y,
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BIEET. 4 (B2 F— SRR

AR E = | Tion

A[CE U\

),

(OEYEBITH(CLH>TT—IBRRIZ 5Nd,
1213 doubleBUDTF—S DHHEICT L CHAEEREE =

BRIC & DERISBIZ R NTT

NDNBSDME XK,

AEE) E->ler—SEELTD
0. JOJ S LERITICHUVTITTEEDH]

yju

int®, floatB! X
TTOBR. WEDRICE

(E25) BEOESE. BEKa=1, BEb=3 £ LT a/b OEERE

ROBEERDICEICEKOD>TESVWSBIZBMNT

DNBINEHRT B,

(TO535=VT) HBERE a=1 EBRE b=3 OF7—S5 8% int, float,

double NEEH TEBRIAEZZITHT. TENSDETEERER

HAUEDEHEREL THIDILZDT S,

BAWEIRELT

FHRE

-

EHERTHAIBSCEETOR,

~

COFECFEEBROT—IBEFARELSELTUVEINT., Z
NSMBEREMF>TTOISLEECRICEVDEL,
—> HTCETHBREBHERTHNIBZCLE
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[motoki@x205al$ nl division-between-different-data-type.c | Enter
1 /* int®, float®!l F721% double DT — X DFIT LT */
2 /* WHIFEE 2175 B, EEOFNIFEERIZ EDORRARBIZ DY */
3 /% ITONBDMNEHNLdDCTOT T A */

4 #include <stdio.h>

5 int main(void)

6 {

7  printf("a/bDFER%Z %%13d TZHKas:\n"

8 ' b=3(int) b=3.0f (float) b=3.0(double)\r
9 L et eI e e e \1
10  printf(" a=1(int) %134d", 1/3);

11 printf( " %13d", 1/3.0f);

12  printf( " %13d\n", 1/3.0);

13 printf("a=1.0f(float) %13d", 1.0f/3);

14  printf( " %13d", 1.0£/3.01f);

15  printf( " %13d\n", 1.0£/3.0);

16  printf("a=1.0(double) ¥%13d", 1.0/3);
17  printf( " %13d", 1.0/3.01f);



18

19
20
21
22
23
24
25
26
27
28
29
30
31
32 }
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printf ( " %13d\n\n", 1.0/3.0);

printf ("a/b DR % %%13.11f T :\n"
" b=3(int) b=3.0f (float) b=3.0(double)\r

" mm e e \1
printf (" a=1(int) %13.11f", 1/3);
printf ( " %13.11f", 1/3.0f);
printf ( " %13.11f\n", 1/3.0);
printf("a=1.0f (float) %13.11f", 1.0f/3);
printf ( " 913.11£", 1.0£/3.0f);
printf ( " %13.11f\n", 1.0£/3.0);
printf ("a=1.0(double) %13.11f", 1.0/3);
printf ( " %13.11f", 1.0/3.0f);
printf ( " %13.11f\n", 1.0/3.0);
return O;

[motoki@x205a]$
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[motoki@x205a]$ gcc division-between-different-data-type.c

[motoki@x205a]$ ./a.out Enter

a/b DFER % %13d TR

b=3(int)
a=1(int) 0
a=1.0f (float) 1610612736
a=1.0(double) 1431655765

a/b DR % %13.11f THIR:
b=3(int)
a=1(int) nan
a=1.0f (float) 0.33333334327
a=1.0(double) 0.33333333333
[motoki@x205a]$

b=3.0f (float)
1610612736
1610612736
1431655765

b=3.0f (float)
0.33333334327
0.33333334327
0.33333333333

b=3.0(double)
1431655765
1431655765
1431655765

b=3.0(double)
0.33333333333
0.33333333333
0.33333333333

i



b=3.0(double)

1431655765
1431655765

(RITIRRDER) a/bDEEBR(ISEEICHETET S,
[motoki@x205a]$ ./a.out Enter
a/bDFER % %13d TIHRR:
b=3(int) b=3.0f (float)
a=1(int) 0 1610612736
a=1.0f (float) 1610612736 1610612736
a=1.0(double) 1431655765 1431655765

a/bDFER % %13.11f TER~:
b=3(int)

nan
0.33333334327
0.33333333333

a=1(int)
a=1.0f (float)
a=1.0(double)
[motoki@x205a]$

b=3.0f (float)
0.33333334327
0.33333334327
0.33333333333

1431655765

b=3.0(double)
0.33333333333
0.33333333333
0.33333333333
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CDERHN S, HE a/b [FROBECTONBZ ENDD B,

b (int) b (float) b (double)

a (int) ZTDFEFEE | float(CHIX TEE double(cHIX T...

a (float) float(CHIXR TEE | ZDEFTEE |double(cHIXT...

a (double) |double(C#]X T... double(CHIXT..., ZNFFTHE

1E .
@@ﬁﬁ a+b, a-b, a*b (CDUL\TE. J
CNEELEROBIZTENTNOND,




F—SBINZEMI, T XMNEEEFE>TTO5S LMA
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ICHEEI D C

EEHED,

BlEET7. 6 (PFEZE; F v X NEE) EEBWNT—5 k E5HiAH. TDR
FTE kl=1x2x3x ---xk & doubleBUEHE LT KOHTHHDISDC

JO5S L={ERE Ko

(E275) HEORNEH S

BB 6.6 AU TCHD, HlEE Eﬁj K (I EEHERE

6ﬁ@7D55At@EMH\
1!, 2!, 3!, ... OEERET

factorial «— 1

BRONTHE intBTEE ek o>

<C doubleBETBHEUD frue 7
'57"“(7“_6‘37) 5 factorial <+— factorial x i / k, "l=", factorial /

CORRT

ED

factorial =i !
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(FO5S=UH)
[motoki©x205a]$ nl factorial-double.c Enter
1 /% [FEE T — R EHAIAA, TOREIREE * /
2 /* double ML UTROTHITEZCTIIT T L */

3 #include <stdio.h>

4 int main(void)

5 {
6 int k, 1i;
4 double factorial;

8 printf("fMOFEEZRKOEIMN?: ");
9  scanf("%d", &k);
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10 factorial = 1.0;

11 for (i=2; i<=k; ++i){

12 factorial *= (double) i; /*xZ DHKjsiTfactorial=il*
13}

14  printf("%d! = J21.16g\n", k, factorial);

15 return O;

16 }
[motoki@x205al$ gcc factorial-double.c [ Enter
[motoki@x205a]$ ./a.out [ Enter
DT ZRKOFEITHNT?: 53 Enter
53! = 4.,274883284060025e+69
[motoki@x205a]$

R A
RERCKIBDBEVNE RS (TR(TDIZHIC, 175
FEDREZRE(ICD12TTHDERICIATR I D HE X
_ LU\, J




BMstEDERO B MBI .
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e intB floatB, doubleBUOETI(E. HELEE a+b, a-b, a*b, a/b

(FENTRDERICITTON D,
b (int) b (float) b (double)
a (int) ZTDFEFEE | float(CHIX TEE double(cHIX T...

a (float)

float [CHIX TEE| ZOITEE

double (CHHIX C...

a (double) double(cHIX C... double(cHHIX C...

ZTHDFTEE

o EH B BOEITHENERR(CE STTNONDINC DUV TIFTEE (K

79 3o

RADERD

(W& C. UID E(F. SR ADVTFNA,

JEh RS

oA EBEE =TI [CEUOWTHINEHNEZZL,

OB (CEFEIN(CEBmTI NS,

]

OIE(EQERE
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Frv INEEF
o BFARMI(CBIZIAE (TS C EMHERD,

.ﬂmmﬁ% SBEEV\SBCEBEUIZIFNE. XORRICEL,
(7—58 )

o T v X ~IBIEEEFL,

o MINEBITEE T (e.g. FERID-,++) ERIUBELIRML. FEE(GEDS
)=’

BFl7. 8 (F+ X NEEDEIIENR)
(float) i+3 (& ((float)i) + 3 &ERESEFTHD,
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T3 EHT—IDALTT — %f, %e, hg —

DHVE AR K,

FIET7. 9 (R —HOENENDOHE) FEHEH f(x)=3.14x10%
D x=-5, -4, -3, -2, ..., 7, 8 [CXW T BDEMRprintf () [CAHEITN
CTUBIDNEMIEEF e, f, g [CLXDTERICEDRICHENITIND

(BERXF) ENEND f(x) DIEMR. 4 DDEHRIETE
%12 .5e, %12.5g, %#12.5g, %12.5f
CKDTERICEDLDICHATNEDOAELE T NIETR U,

(O5>=>v45) x=-5, -4, -3, -2,..., 7,8 (LT
f(x)=3.14x10* DEZIRICHTII BIE(TDEMIEDIRL TH B,




(O5=>=>5) x=-5, -4, -3, —2,..., 7, 8 [CHWLT
f(x)=3.14x10* DEZ|IEICHTIT BITOEMTHEDIRL TH D,

2ic. BZFEROS 1T S UM SEREH (pow(,)) &N NI HUHT
C EEELL,

— CC Tl x=-5, -4, -3, -2, ..., 7, 8 [CNT D f(x) DIEZE
MDLDICETET B,
f(—5) = CEE L Tdouble BUTEH 3.14e-5 (CHHY
f(—4) = f(—5)x10.0
f(—3) = f(—4)x10.0
f(—2) = f(—3)x10.0
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[motoki@x205al$ nl printf-e-f-g-conversion.c | Enter
1 #include <stdio.h>

2 int main(void)
31

4 int X;

S} double fx;

6 printf("------------- - -\ - - -7 \

7 "BAEL f(x)=3.14%10"x D x=-5,-4,-3, , 7,8 (X9 D AEHM
\nll

8 "e,f,gBMRELIR FIZ KO TEREZEDKIZENINDS 2 /R D, \n"

9 W o o o o \

10 " x %%12.5e %%12.5g %h1#12 . 5g hhhl12.

11 N e e et et —_—_—_—_—_———————
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12 fx=3.14e-5;
13 for (x=-5; x<=8; x++) {

14 printf ("%2d %12.5e %12.5g U#12.5¢ %12.5f\n",
x, fx, fx, fx, £x);

15 fx %= 10.0;

16}

17 return O;

18 }

[motoki@x205a]$
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[motoki@x205al$ gcc printf-e-f-g-conversion.c [ Enter
[motoki@x205al$ ./a.out [ Enter

B £(x)=3.14%10"x D x=-5,-4,-3, ..., 7,8 \ZXT 2fED
e,f,gBMHElRFIZ& o TEBIZEDRRIZH I NSE e b,

X %12 .5e %12.5g 512, 5g %12 .5f
-5 3.14000e-05 3.14e-05 3.1400e-05 0.00003
-4  3.14000e-04 0.000314 0.00031400 0.00031
-3  3.14000e-03 0.00314 0.0031400 0.00314
-2 3.14000e-02 0.0314 0.031400 0.03140
-1 3.14000e-01 0.314 0.31400 0.31400
0 3.14000e+00 3.14 3.1400 3.14000
1 3.14000e+01 31.4 31.400 31.40000
2  3.14000e+02 314 314.00 314.00000
3 3.14000e+03 3140 3140.0 3140.00000



~N O O W

3

W W wWw w

.14000e+04
.14000e+05
.14000e+06
.14000e+07
3.

14000e+083

[motoki@x205a]$

31400
3.14e+05
3.14e+06
3.14e+07
3.14e+08

31400.
3.1400e+05
3.1400e+06
3.1400e+07
3.1400e+083
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31400.00000
314000.00000
3140000.00000
31400000.00000
314000000.00000



W W W W W WwWw w w w w w w wow

0O N O Ok W N+ O

%12.

.14000e-05
.14000e-04
.14000e-03
.14000e-02
.14000e-01
.14000e+00
.14000e+01
.14000e+02
.14000e+03
.14000e+04
.14000e+05
.14000e+06
.14000e+07
.14000e+08

5T :

%12.

Se :

#12.5g :

%12.

5g :

%12.5g T#12.5¢g %12.5f
3.14e-05 3.1400e-05 0.00003
0.000314 0.00031400 0.00031

0.00314 0.0031400 0.00314
0.0314 0.031400 0.03140
0.314 0.31400 0.31400
3.14 3.1400 3.14000
31.4 31.400 31.40000
314 314.00 314.00000
3140 3140.0 3140.00000
31400 31400.  31400.00000
3.14e+05 3.1400e+05 314000.00000
3.14e+06 3.1400e+06 3140000.00000
3.14e+07 3.1400e+07 31400000.00000
3.14e+08 3.1400e+08 314000000.00000
NIRRT 5HIDBETA
-] OO . BFF o +
=
5M1

EA Y|

EHOH(ICH ST

2HILA_

CDEFF]

ED 0,/ = (FE.

SHI5HI (IRE) T Te B, IR BEITORKDRE VS
4#12.5g E(FEEC, NEBRXK]
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CEFECII. =A%, B, Ia2 B9, BREAE, ‘F HIREEHE, ... F

DEFHIBEHIIERES 7T > DA

—> BRI EEV L .

1T

BEINTUL D,

O CO05 LNDEMIC #include <math.h> DEE&® T B,
O AVIRTIVEFICE -1m AT 3 & (REI)MITD,

o FHIBARIMDE |E. BFUEL(FT & A E M double ITH B,
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BIRET. 10 (R—ILR(T; =AEE) ¥HEE v m/sec CTHIEICH L T
0 DAETCHR—ILZEITIZR. "—ILO&aadad h, B<EEE d,
MECES 3T TORME 7 (3. EHIMERE g=9.8m/sec?® EF>T

h_vzsm29 d:stim 20

g
tb\51§t(:2?&555<‘:73‘<ﬂj§|%50
XTLUTAEE%® 0 =5°, 10°, 15°, .

h, E<EEHEE d, 553X C“O)H%F'aﬁ T b\c‘: DIRICEDBINZERDIEICE
B<KRMRIBDCTOTSLZERE L,

YA
h-

)

2v sind
T—= o
PIRE v ZEHIAH. D v (C
, 90° EEXCEICRERDED
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R (R—ILIRIFOYIEZR) ™
5% t (CTR—ILAHBEER (x,y) ETDE. WO AER
d? x d? y

L eeeenaenneenreanaeanaaenaaaaaaas Y,

(EXHB) EHEFIEBRKEG 0 =5°, 10°, 15°, ..., 90° DZNENICH
LC

hzvzszinzﬁj d_stim 2(9 _ 2v sinf

3
8 b?tﬂ?]?%?’:“(j‘@ﬁéﬁﬁffsﬁ'o L/'CEBZ)O)'C VUBELOL =SSl
H6.4CHAUTH S,

CaEza)
[“8u./

BHEL

k < 1 False m
> Kk <+— k+1

True

[ /
k . k%, k3 k*
|




(FO5>=>5)

[motoki@x205a]$ nl throw—-a-ball.c

7

10
11
12
13

14
15

Enter

(EREB I A )

#include <stdio.h>
#include <math.h>

#define PI (3.1415926535897932)
#define G (9.8)

int main(void)

{

int degree;
double v, radian, sin_radian;

printf ("Input the velocity: ");
scanf ("1f", &v);

MR */

E

1IN RE */

753



16
17
18
19

20
21
22
23
24
25
26
27
28
29
30 }
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printf ("\nWhen velocity = %g m/sec, ...\n\n"
"degree height distance time\n"

for (degree=5; degree<=90; degree+=5) {
radian = (double)degree*PI/180.0; =77 B
sin_radian = sin(radian);
printf ("%4d %$10.3f %10.3f %10.3f\n",

degree,
v*v*sin_radian*sin_radian/(2.0%G),/*Ei = iDE S */
v*v*sin(2.0*xradian) /G, /) < BHHE * /
2.0%v*sin_radian/G) ; /x5 5 F TORFE]*/
}
return O;
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[motoki@x205a]$



[motoki@x205al$ gcc throw-a-ball.c —-1m

Enter

(A P VERITFENE
— RDOBRICOAVINTIVIS—I(CT1E D,

[motoki@x205a]$ gcc throw-a-ball.c
/tmp/cc4TDjRQ.o: In function ‘main’:

/tmp/cc4TDjRA.o0(.text+0x83) : undefined reference to ‘sin’
/tmp/cc4TDjRA.o(.text+0xc9) : undefined reference to ‘sin’

collect?: 1d returned 1 exit status

\Fmotoki@xQOSa]$
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[motoki@x205a]$ gcc throw-a-ball.c -1m

[motoki@x205a]$
Input the velocity:

degree

./a.out Enter
35.0 Enter
When velocity = 35 m/sec,

height distance time
0.475 21.706 0.
1.885 42.753 1.
4.187 62.500 1.
7.311 30.348 2.
11.163 95.756 3.
15.625 108.253 3.
20.562 117.462 4,
25.823 123.101 4,
31.250 125.000 5.

Enter

757



50
55
60
65
70
75
30
35
90

[motoki@x205a]$

36.
. 938
46 .
. 337

41

51

55.
58.
60.
62.

62

677

375

189
313
615
025
500

123.
. 462
108.
95.
30.
62.
42 .

117

21

101

253
756
348
500
753

. 706
.000

~N NN OO O O OO O O

472
.851
. 186
474
712
.899
.034
116
.143
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FHR
o MMM = (ESIHFT.

#include <math.h> & UV\DITIXENBEN =IO I 887 %= A
ZEWLLSHERIT BEHICIMEBETLD,

ccAVY Y RDM-1nAd T2 3 VIIHEZIEHNOEER I — FEEDIA
ACTELIEITI—RE/ERHICMEBLETLD,
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CERBICHUVTIE. XROKXSHEHFARIEHNRES TS (CHEIN

[QALSH
BEE2 ( 5| BEEUE
PERE DA ) 518D | DR =t
YT | floor(a) double |double|| a |
Bl k(T ceil(a) double |double|[ a |
R | fmod(a, b) double |double|a>0ME(J a-|b|x| a/|bl]
a<0 DEF(E a-|b|x[ a/|b|]
fExI{E fabs(a) double |double]|a]
EHIR sqrt (a) double |double| /a
NEHE | pow(a, b) double double |aP
ldexp(a, n) double & int | double|ax2™
=R exp(a) double double e
= SANT X log(a) double |double loge a
BN logio(a) double | double|logyg a
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BEE (51

e DALV ) 5B BEEEOR Sz
1EaX sin(a) double double |[sin a, {BU ald=5TI 7V
REK cos(a) double double |cos a, BU ald=>I 7>
1IFB2 tan(a) double double |tan a, BU ald=>TI 7V
3 1F 3% asin(a) double | double |sin"ta € [—7/2, 7/2]
W REX acos(a) double double |cos la € [0,7]
WIS atan(a) double double |tan"la € [—7/2,7/2]
atan2(a, b) double double |tan~l(a/b) € [-7/2,7/2]
WHARRIERX|  sinh(a) double double |sinh a
WA FRR A cosh(a) double double |cosh a
WHISRIEEZ|  tanh(a) double double |tanh a
BREEB & 1)\ double & aDINHER (= (FakR@U)
FER(C B | modf (a, ptr) | (double %) | double |&EIRL. aDBEHER%E ptr
D189 &S AR
REEB & 18 double & FEHIFOH UEEE
BER(CDBE | frexp(a, ptr) | (int *) double |a= (FEHUE)

« o(ptr MIFT int BIOME)




HERE
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CSHETIE. HENREACEDEINTULEVIURD L DTSREHEERE

ST ISJICAEINTULS,
BEENA (5 REEUE
#ee | O O) | 5|HOB | DE = AR
BLEY | rand () A4V, int | [0, RAND_MAX) ODRE D REIELEN
srand() |unsigned| KU |ELEFE2RDIREZFIHAML
fEYXIE| abs(a) int int | |a]
labs(a) long long ||a
BE | div(a,b) int div_t |aZ b CEI> /RO EFIFDHE
R |1div(a,b)| long |ldiv_t aZb CEI>/zIRFOEEFIRDOME
_ _ C. RAND_MAX (& /usr/include/stdlib.h OHTERINLEVY D

0%, div_t & 1div_t (& /usr/include/stdlib.h O TERIN/C
(&R DRBBEITHD, BERICDODVWTIEICHES.) —~DE11.660
a==2BUTHRTO,
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VINTIVIEE DERISGET H\?

CDEER/

—~DONBRAFITEENSNTUBIERIC, ccOAVYE / gec

AV RIELBDCTOT S LOBIRIEEIEERICIERDIRICITTON S,

@ HIRIE (#include®#define CIAE DITDIEF, ILNDEA VS

271

JVOEDIAG, YOODERA, FROBRELTE, )

@ VI (BRDOBEBE R HIMEE(CEBIER, 55 (C K> TIEREL
1720 )
@ VD (BROBMOBRI—RZER(TT1IDNERITI—RZED, )

CNSDIEEDKRFZRTRI B EXT1DERICTE D,
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ccOV YV RDOREIC

mMmA T aVvEHMNTRE ‘
NS5 EUVAICESTSNS, o] IOk
mEsrISY
/lib/libm.a :
ol
.0
BEMICY VHICES , ETI77 7
N3EES T TS :
/lib/libc.a > /f

BIRLIE AV
.c p—mm> i p—— .0 @ O—R
o !
chbH—— ip— o0 >—> ET 71
C=ENE =12)
P i pP—> .o}
V-2 ML AT 1Dk
J71)b (—HSHI) J71)b

(fEBhECIEM)  (FEBHECREM) (#EBhECHR=M)

X 1: 2N IWAEZEDRN
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A

76| EREDFRE L FZDONE

(_O)Eﬁt(al- i’k&n'f%@}ﬁ)bj'JZL\Enzn'f@_?D@(c_/i'«:—'@_/\%c_t@
B L TH<, ZNEHIC. TF(HMEMICES &) SWHETHEE &
DR U. TENSDERCBRAICDVWTERTH D,

FIRE7. 12 (XEYUDBERE, 2E-10EZHR(CLDRE) x=0.1 &
LiziE. 3DDEER

(1) (10194+1)-1016,

(2) xx10-1,

(3) xx100010—10000

DB, BEMICII’L 1,0, 1 (LD, NS5SORZIVE1—
NTEETBIE. ERICESVSHERBRMABSSNBINTARL,

ijmﬁEEJﬁ)
motoki@x205al$ nl error-by-finiteness-of-memory.c [ Enter

1 /x AEBYDOAREM. 2o-10ELTH KNG A B HE x/




2 #include <stdio.h>

3 int main(void)

4 {
o double x=0.1;

6 printf("(1) %21.16g\n", (lel6+1)-1e16);
7  printf("(2) %21.16g\n", x*x10.0-1.0);
8 printf("(3) %21.16g\n", x*100010-10000) ;
9 return O;
10 }
[motoki@x205al$ gcc error-by-finiteness-of-memory.c

766

Enter

[motoki@x205a]$ ./a.out [ Enter
(1) 0 ...... IEf 1
(2) 5.551115123125783e-17 ...... 3::40
(3) 1.000000000000555 ...... FAE 1
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[motoki@x205a]$
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GREREDRRICDULT)
WIFNOETREIBRICESRRENEL TV B,

L._;h»ba)n/\%(g EZISH’J(L JE*L:E
HEZELRET SEENEBETHD. TN

ORI NICEE T — 5 DARKDEDELU T F7L0)
L._ t ((_L@ j%o

(2 (1) DEERBRNS(F. 2T —5 10164+1 2BEBE<CERT (le.if
9 3)RERREAR 1010 ORBRIBER—(ICHEOTLBZ EBRDH B,

[motoki@x205a]$ nl error-by-finiteness-of-memory.c [ Enter

6 printf("(1) %21.16g\n", (lel6+1)-1el6);
[motoki@x205a]$ ./a.out Enter
(1) 0 ...... AR 1
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S} double x=0.1;

7  printf("(2) %21.16g\n", x*10.0-1.0);

8 printf("(3) %21.16g\n", x*100010-10000) ;
[motoki@x205a]$ ./a.out [ Enter
(2) 5.551115123125783e-17 ...... 30
(3) 1.0000000000008555 ...... EAE 1

Frz. (2),(3) DEEHRF.

AVE 31— DHEUEDNEEL AN I0ETEEL 2ETH D,

10 THIED/NS TN E 2 E TIIBIR (€ > THEIR) /NI TED1F S
CEICERRTS, . 10ENEOD 0.1 B 2E(ICEMTIRT B &
0.00011 & VWSBEEB/NBICHE D, CNEBREYRTRESETDE.

WARIIC C DEIR/ N D SHILARE(SVIE TSN TL E S,

FERE )
(2),(3) DIFEF. BEHEBRICLSRENEELIE. (1B
EDEEHBIMVTFNE)ROHIET. 13 THAINS [H]
SB5] [CXO>TREMNIO-X77vITEINTLEDE,
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GlRET. 13 (H1385) HBERICFHFML2DDIN
ni_ 1
( ) - o X—|—1,
(2)

1
x(x+1)

nfgE x=109, 102, 109, .., 10%! c@WLTCcaOvE1—5TEHEL

TR U TH Ko

(B27) SAFEEKE x=100, (e
10°, 10°, ..., 10¢+* OZFNENIC™L Hi 7]
T 1 1 - 1 7«3:‘§'|'%: %H:'.L//

X x+1 \ ‘X(X—|-1) a —— e
LTHAT BRI OEMEEOBLT s O G
HBdNDT, WIBEDEE(IHEG.4 [0 True

CoHdo /ijjj k2, k3 k4/




771
(FO5>=>5)
[motoki@x205a]$ nl error-cancel-of-sig-digits.c [ Enter
(EFUT A )
4 #include <stdio.h>
5 int main(void)

6 {
4 double x;

8 printf(" x (1) 1/x-1/(x+1) (2) 1/ (x*(x-

10 for (x=1.0; x<1le22; x*=1000.0)

11 printf ("%7.2g %21.16g %21.16g\n",
12 X,

13 1.0/x-1.0/(x+1.0),

14 1.0/ (x*x(x+1.0)));

15 return O:



16 }

[motoki@x205a]$ gcc error-cancel-of-sig-digits.c [ Enter
[motoki@x205a]$ ./a.out [ Enter

1e+03
1e+06
1e+09
le+12
le+15
1le+18
le+21

R =, O O O

(1) 1/x-1/(x+1)

0.5

.990009990009991e-07
.999990000009847e-13
.999999989616781e-19
.000000019541481e-24
.000039123623072e-30

9.4039548065733e-37
0

[motoki@x205a]$

(2) 1/(xx(x+1))

0.5
9.990009990009991e-07
9.999990000010001e-13

9.99999999e-19
9.99999999999e-25
9.99999999999999e-31
9.999999999999999e-37
le-42

772



X (1) 1/x-1/(x+1)

le+03 9.990009990009991e-07
le+06 9.999990000009847e-13

(2)

1/ (x*(x+1))

0.5

9.990009990009991e-07
9.999990000010001e-13

9.99999999999999e-31
9.999999999999999e-37

le+15 1.000039123623072e-30

1e+18 9.4039548065783e-37

le+21 0
[motoki@x205a]$

le-42

(RBRBROER) EXHEDF NS Ll LT

a1 —e EFENTE,

—€

1 __
= x(etl) T el T
= 2DDHEBRNSS (2)FEFEFL

ek

14

-2 ]. ~ X-2 (]_—X-]')

=L O)

— (1-6)| ~ 2 TH 3.
(EREN x? 12E)

1

SHEE(CEDTULDS,

773



1e+03
1e+06
1e+09
le+12
le+15
1e+18
1e+21

(1) 1/x-1/(x+1) (2) 1/(x*x(x+1))

774

0.5 0.5
9.990009990009991e-07 9.990009990009991e-07
9.999990000009847e-13 9.999990000010001e-13
9.999999989616781e-19 9.99999999%e-19
1.000000019541481e-24 9.99999999999e-25
1.000039123623072e-30  9.99999999999999e-31

9.4039548065733e-37 9.999999999999999e-37

0

le-42

DT, 1)DAEIF x DIENKELLEBICONTRA (CEBTHTNEKIDON
ElCED, COERELTIE. (1) TE, (FERCKESTOED
FOBEICIED, EUOBMHINIIESELULS X IcC ERET5NSD,

. EOBMMINTISEL G > CEHREROBMHIN—Z(CX

[@ASTE

C DERIC
NN3IH

E D,

ReMPE5 EEATUL D, HBES(E. ROBRICS

EETEOBRICE

1.234567 --- THIOBZEF
— 1.234566 --- THIOBEZE

0.000001 --- 1HIDBIEE
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(-1

I =0.69314718.--- D

BIEE7. 15 (BIES) loge2=2 L1
SEINT
1 1 1 1 1
a=1— —"+— — ... _
2 3 4 99999 100000 _
DEEXRD 2 BODIBECABELC. TNSDEREE(E

a=0.693142180--- &KL TH L,

1 11 1 1 1
7 Y R s _ o E ) (S
(V) 175737 47 T99999 ~ 100000 (EZBED(RT)
1 1 1 1 1 1 - _
_ R Wl s lE(C B
(2) =100000 T 99999 i T3 9ty (ERORIRICRSE)
(BZX7A)

RENMISEUD D TEAEEICEMENE DR EWVWSCEEHDIDT.
double BT (T CIILEL float B CEEEH I D EICT B,

/e, BEEERMDEEEEL LRI BT I(C (2) DETE%Z long double BY
CTETOCEICT B,
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IEDFEIHF L TICEA U TS,

AZ@EORINOEIET DUENRD Do
PIZE (1) DEET . FRDEOIBREZROBRLUDEMICTDE. M

BEREBEZHOUBXDINENRGDOCHEHAICIELD,
= ROBRICETRE I D&, BORUVMEBEFR(ICETERI C EHHEKD,
ol 1,111 1
1 23 4 199999 100000
B0EL BOIRL 2058 L
(2) DETETIZ
o_ 1 r 11 11
100000 ' 99999 4'3 2'1
=T Al @NEL BORL



T

(FOSS=UH)
FIZIE (1) DIERDR
BIARDOKICITX
TRV, FDIERED
ZEEREEDREL]
RSEDIR L TE(T
3o

sum <+— sum-1/(k+1)

[motoki@x205a]$ nl error-loss-of-trailing-digits.c [ Enter

1 /x BREONERIZ &> CTEHREGRPED DB +/

2 #include <stdio.h>

3 int main(void)



11
12
13
14
15
16
17
18
19
20

int k;
float sum_float;
double sum_double;

long double sum_long_double

float C§

printf ("

/% (1) DEIE */

sum_float=0.0f;

sum_double=0.0;

for (k=1; k<100000; k+=2) {
sum_float += 1.0f/(float
sum_float -= 1.0f/(float
sum_double += 1.0/(double
sum_double -= 1.0/(double

+
printf (" (1) %11.9f

778

)

double C:&

k;
) (k+1) ;
) k;
) (k+1) ;

%20.18f\n", sum_float, sum_doub]



21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37 }

779
/x (2) DEIHE */
sum_float =0.0f;
sum_double=0.0;
sum_long_double=0.0L;
for (k=100000; k>1; k-=2) {
sum_float -= 1.0f/(float)k;
sum_float += 1.0f/(float) (k-1);
sum_double -= 1.0/(double)k;
sum_double += 1.0/(double) (k-1);
sum_long_double -= 1.0L/(long double)k;
sum_long_double += 1.0L/(long double) (k-1);
+
printf("(2) %11.9f %20.18f\n", sum_float, sum_double,
printf (" %13.11Lf %30.28Lf (long_double CTatH : EAH)
sum_long_double, sum_long_double);
return O;
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[motoki@x205a]$ gcc error-loss—of-trailing-digits.c [ Enter
[motoki@x205a]$ ./a.out [ Enter
float CHElA double THIA
(1) 0.693133771 0.693142180584982004 FRER (S EAE &3F S EFT
(2) 0.693142176 0.693142180584945367
0.69314218058 0.6931421805849453094241011120 (long_doub]
[motoki@x205a]$
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[motoki@x205a]$ ./a.out Enter
float CEHE double CiElH&

(1) 0.693133771 0.693142180584982004 FREBS BB &2 S EFR
(2) 0.693142176 0.693142180584945367
0.69314218058 0.6931421805849453094241011120 (long_doub:

[motoki@x205a]$

(ERGERDER)

long double I CEHEURBRELK IS C&(CLD,

(1) DIEF TlE float BT 447, double B T13HIDBE NI SN,
(2) DIEF TlE float BIT7H#I, double U T16HIDBE NS5 N
TLBCENDN D,

2)DIEFTRETBDERZRDT —HRTERESIGAEVEENESNTULS
—AT. (1) TIE(2) LD IHTEBENEE TL B,
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1 1 1 1

1,
S T — TEHmEhH(CE
() 2T3 7 47 "T99999 ~ 100000 (EZED(RT)
1 1 11 1 1 -
- o« o e — 4 — ng(_/\
(2) 100000 T 99999 ~ 4T3 2T (EZDZIRICRE)

2)DIEFTRETBDERZRDT—HRTERESIGEVEENESNTULS
—AT. (1) TIE(2) LD IHTEBENEE TL D,

COEWVE. FIUBMMIOHTEMBIEDOAKST IMHLEWVICED E. €
N5M2 F=MBEIT S /NTVWHD MIOBIMHINEIONTLESC
é:((_dzéo

1.234567
+ 0.04321098

1.27777798
C DERILERERENIRREBFEHES (loss of trailing digits) X715
8% (swamp) E A TULI S,




& a+b (XZIEEE a—b) CIREEENERCDBER. REITIRED
FBRIFFE max{|al, |b|} (CLEHIT B,

= MREZEEDRIIES.
ENEONSEHETOINBREDEIG NME X DHkIC
MEEDIERZ T X
Lichn. REODERBIINT Iz 5NSD,

PIZ(E . IEEERRIB 754 DEBE CTEHRT —IERIBEEE XD, C

NIGE. IREERIEE24E Y L TRINDIDT. a+b EVSTIEDER
(CRETDIRE=D LRIEE

MNEOBRCHKET B8R | < max{|al, |b|}x2723
FEBE3CENERD, T

e (1) DIEFFTREI DIZAEIE | ...

AN

e (2)MIEFFCTREI DIZAIE | ...




FIZ X IEEE

754 DEKE

784

ECEHT—TI=RIHG

| a+b EVSIMEDRRICEE T BRE| < max{|al, \b\}x2'23

e (1)DIEFCTREIBIFGE(IE . EOMBEICHUVTE

0.5 < max{|HERH|, EEH|} <1

THhaN5,

(1) DRETHET B8%| < 2723 %(100000—1) ~ 1.2x1072

FE :
JO5 5 LDOET n%"C(atc_G)le?Eo)m =E

DEREUNFEEL TULELR, CNIENEIC LD
SRECRBEICKIRENISHLEGOIZIZHEE
\Zbﬂgo Y,

~
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BIX (S IEEERIE 754 DEEE TRRT —IEXRTIHE .
| at+b EOVSHEOBRCHKE T B3E8Z| < max{|al, [b|}x2723

e (1) DIEFCRET DHZS(E
(1) DRETHRETBHEE| < 2723%(100000—1) ~ 1.2x1072

e 2)NIEFTREIT BHZEF . BRDIMBEICHULT
max{ | BOEEH |, HEH |} < HEH
Thadah o,

1 1 1) .23
2) DXREC =0 < | AR il VT
(2) DRETHRET BRE 99990 T o995 T To 1)
999991 1
X

— (10899999 +1)x 2723
1.56x1070

Q
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‘max{| FREK |, |[FEH(} < WEM (CONT : i

<& m%oﬁﬁ 3|5§0) HICEEAL TIlE 4‘H¥%l1'i’J<7|‘E7J[I"i’:] Thadh 5.
~ 100000199999 — k—|—2
- } e
100000 x99999 (k+2)x (k+1)
1) 1 1, 1,1
=~ 211000002 " 999992 (k+2)% ' (k+1)2
, f 100000
<
Qb”%@iﬁ ,
—100000+99999 | k—|—3 k12 k—|—1
1 1
= 100000999991 T (k1 3) x (k+2) k—|—1
< Bl AEOBEORRED
1 R 1 < 7:_73\13)
100000 x99999 (k+3)x (k+2) k—|—1
1
< el
k

\ %




srze DFELE & XI5

5 (FEO)

SHEE AV CHESTE R
DAL, SEESEDOETDEOENETR(CMHSRERLITTHD., BODIE
(;—_ Ef%@l@%kLzéo ]
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{TOBR. ROBRIFERE /IRRMNECDE I, [C

O EHER (i.e.2E—10EZE) (CHEDI
Bz, 103&E/\# 0.1 (F23&EETIE 0.00011 & VWSEERNUCTES,
TN X, FHEZ2EGREER (E@E32E Y ) CiElE I 515K
ELTIE., RUTNEWTUOHTIZ A8 (EBEREAUIDET, T

D EIFH) D ECIED, 10N 0.1 =1

FHEICEEREITDC LI TE

U\, REOTC. SHAEKATC 0.1x 10.0 DHAEE L CEER(T 1 (C

EVASYAYAR

—7. 103E# 2720 (FSEERTIIEHT -5 E LTI

N M. COIEZ 10ERE (i.e.2E10EZE) TS &
9.5367431640625x10° 7 £ L\SZ ECHD, COMUBITER/NE(C
CNZ10ETHIDRBE CHIN I D ESHIBLIERIE

(F32 UVVLOVAR,

SNEREMFRE

9 Do

FHE(CEERE S

T



Q@ EHE(CEST

B Zz(E. BWHISHIRITOEE 1.23%x4.56 ={ToO &
1.23%x4.56 = 5.60 88
C1En, 1073 DL TAILS (B A AL TIDET, I 2ED i) 5

FNRE(CHATB(CE. OB HEILEEICLDER

Ndo <D

ECEBIC

FTDIELTB LN,

O

788

3



789

@ BIEES (BHIER) :
CNIEQNEREND—FETH D, HEIHMEOKRKTEIHAHTIEWICIEDS 28 =
IMEEITDENTOVADTFMIOHTITNEDONTULE S, HlXIE. RO

BT TMREDBERDN D,
1.234567

+ 0.04321098
1.27777798
MEIOINBE CIIAUREEFRBE ULV, KENEMET —F &
REIIBEFRENKELRETBICEEEH D,

CHBHELIRENAKSCEBBEUEVERICT SIZMH(C(SE.
ZHDEH T —IDEREITHETMED/ NS WVWEDHSIEICTTD
BRICIDENT B,

[(EHT - ERBEITIHEICEAENDUFDEEI >THLDT., ROD
& 5(EE[REMITBREIIE, ]



@ MRS .

790

RETIDEFEFLLV 2HZRBEIT BN, H3VEENEAFOMESR
IR, BMHMIRREIRDODNTLE S, AIXE RDED,

1.234567 --- THIDOBZNEF
— 1.234566 --- THIOBhE=ZE
0.000001 --- 1HIDBMH=E

EHETRICOVTIIRENEETH NS, RRERICEEERIET

BRISHMTSE B (3 (B FTTL (T NIETE S7E 0N,

[BRE(CE D & BB ICH UV TIETHRTTIS (X)) BREMNFE

-9 ERTIE

L0 EMOHIBMERONTLESEMHIC. ENFTTRIEL TULZERE
R0 (UBOHEBEICH T REE / FHENAKSKLESIDTH D, |




