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1 MPFRIZDWT

MPFR (ZHR =R TNV C T4 75T, (LEREOFH/NSUSHAEZITWES, TORBES AT
Z1) & LTGNUMP(GMP) 2 LT\ 3, MPFR O HMIE, &R SGEIZEED W78/
B o 7 22T 212HD, FRlIIRT LD, MOEERBEFES/NSGIY 7 02T
CIEEA DD Y T

e MPFR ® 2 — NZAKR—X 7NV TY, K=K T (portable)] &%, YAREAETH ZDHE
Bk, TOFHBREDOY — NV A X mp_bits_per_limb (BAED 71t v ¥ ETIEEdEIL 64
Y M) IKFEETICHEST S, WD ZETY, HL, BEND AR RN DEREER
HD SR, faithful rounding) IZ D WTIFEHREREICHESI NS ARELNDH D £, FHEERE
BT DROE— PO DMEMBUIZITHE I NI EA,

o by MITRIINBLKEEME (precision) &, [BIRIZ] KL L ICHESINE T, KHEE
Ml DR E S WRET I,

e MPFR X IEEE 754-1985 HIf§ CED 6N TS 4 DDRHE— N &, LUK (away-from-
zero) &P KR—F UDD, FAMHE, HEHBOKREZRMEL £, (—HORE T
TE2) BFENADARBTR-—PLTVETH, TOHGAOEEMREIR-—X TV TEDHY
FEA,

MPFR 2L T53 ¥y hDOEEHEZZREL, 4 ODODRDE—RFOWITN2EMHHL 254,
PUHIFER & AR Z W72 — R 7 = 7 OF5KEE (double precision) 1B /NS A (B 21K C
@D doublefl Z{Fi\y, ISO C99 FEHMEMI D Annex F ZEiSFLUCEE LAZC a1 I 2{HHL,
FP_CONTRACT 7' J Z/'< % OFFIZ U TH47) I X 2EIEMR L <A UL D%, MPFR IZHAETE
¥9, {HL, MPFR ®F 7 4 )L b O EERIIATKE 2 b U CTRIEIZIE, FEEREEIE Y R — b
LTy (ZIalb—MIAEE), 2WVWHEWVWEHD £,

AN— 3 D MPFR 1%, GNU Lesser General Public License Version 3.0 AFED Z&EIED LI !

) —Z2XNTWVWET, MPFRIZZ7 Y —THWITa 2l S 4% ) v 27 d5Z LHA[RETTH, Tk
T7V)—D7u 7T LERATHEICIE, Vo0 7u s I LI MPFROY — 23— e, R
INZMPFR A 750223500 EE —HIZHAT20ERH O £T,

1.1 K¥=aT7ILDFEWA

%3 Chapter 4 [MPFR Basics], H 7 13FA TRFI W, MPFR DA YA b —)L & B TIT 5 HE
Db 2 %E1%, Chapter 2 [Installing MPFR], H 3125 HZELTFRIW, MPFR 7477V ®
fEFFIZ1E Chapter 5 [MPFR Interface], H 14 2% 12745 TUL & 5,

AELAEDFIEIF R~ DZRATTD, —@IYHZELTEERWVWTL &,



2 MPFR®OA1 VA h—Jb

MPFR 74 77 V1%, GNU/Linux T4 ARV Ea—Ya ZiEFHI VA M=—LINhTNnEI L
NELRDELZ, LU, BFEHICAERmpfr hED T 74 VDB A TWARNWI LIXEFEHD £
T, MPFR2ZZIVTA VAR =L INTVWENE D D% HERT 5121, /usr/include (2 mpfr.h
MHENES N F v U7, #include <mpfr.h> (mpfr.hDEZHAT T4 TY) LHENT
HLNESWTRT I LEAV ALV LY LEY, FIZE, POTBIZ I8 N1LLT
AEL &S,

#include <stdio.h>
#include <mpfr.h>
int main (void)
{
printf ("MPFR library: %-12s\nMPFR header: Y%s (based on %d.%d.%d)\n",
mpfr_get_version (), MPFR_VERSION_STRING, MPFR_VERSION_MAJOR,
MPFR_VERSION_MINOR, MPFR_VERSION_PATCHLEVEL);
return O;

3

EHOTuT I LE, FROLSIZLTIV ARSI VLET,
cc -o version version.c -lmpfr -lgmp

TTNE, RDESLEEPSHEL LT =L LN EEA,
version.c:2:19: error: mpfr.h: No such file or directory

ZDOITT—NHZS, MPFRIZZ DL XAEA VAR —NLEINTVWETA, DLIDOTET T A
MEFTTENE, 1 VA —NLINTWVWSE MPFRDNAN—Y 3 VEESNERINBZETT,

MPFR 231 Y A R =L EINTWVWAEPR-720, BIN—=Ta D MPFR %21 A =)L L 72 WRRIZ
X, ROHIRTFETR > TATREW,

2.1 A1 VAMN=IFE

ZOHITIE, UNIX VAT LIZMPFR 24 VAN —)L$57-bDFEX23AL 3. 2681
INSTALL7 71 V&2 ZETF X\,

1. MPFR ®E)V RiZi%, £9 GNU MP(Version 5.0.0 BABE) DA > A N — LSRR EIZR D £ 77,
Cav A ZEAHRT, GCCZBEND LU EIH, FEIZMHZ 53810 T THNILHEL
WTUL &S, £72 UNIX HH#¥D ‘make’a ¥ FEMBETT L, fizdH UNIX EHEDL—F ¢
V7qaxy REPBEIZRY £T,

MU ED¥EfENTE 725, MPFROEYIVRHATA L2 MUT, Fidda~v >y R2ETFLEL LD,

2. ‘./configure’

ZHUZ&-T, EILRDEEDZET L, BEADYVATLIZIIDbLWATYarvhiey b7y
TINET, 1T VAR=IT14VL2Z MY (T 74N Md/usr/local) ¥, ALy KOHHR—
RE, TIANMERRERDEZATa v BET S LHAEETT, I DWW TIX INSTALL
7 7 A%, ‘./configure --help’ D NFEREZ ZEF IV, TIT—A v —UNHFS
ZOAY DR ESZIRUTTII W,

3. ‘make’

ZOaAxY RTMPFR%ZIVNRALVL, 4T 53V T —=HA4 7774V T libmpfr.a%k
AU ET, KADRETIE, BT 4 7 7Y (dynamic library) & —#IZEK I N E T,

4. ‘make check’

ZDaAv Y RiE, MPFR DUV RAREFEIfTONIZNE I 2R U E T, Mkl
Rilk, £Z2TEDESITATTVEH% tests/test-suite.log”7 7 1 IV THINE Z LM T
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EET, D077 ANDOREEHBICH L WKIZIE, T VERBOSEBREIZAH % 112
v b LU THh 5 ‘make check’ ZFEFTL 9, HIZIXIRD LS ITHBRAATTFEI W,
‘VERBOSE=1 make check’
AT ZRHCIEE QBRI DE DN E S W EHD 72 W E S DB AETT LR ?(2h,
NRTFIVWR), KHMOERIZESHDTLZS, MPFR A—Y » 27U A N ‘mpfr@inria.fr’
WG R B U £9, % Chapter 3 [Reporting Bugs], H 6 2 ZE& T~ X\,

5. ‘make install’
I % FEITT 55 I & T, mpfr.h® mpf2mpfr.h& \Wo7z AV X T741 )L %
/usr/local/includeT AL 27 MU N, 54 7 5V 774 ) (libmpfr.aX ## J
A4 779 774 V) %/usr/local/libT 4L 7 b U ~, mpfr.info” 7 A )V
lZ/usr/local/share/infoT 4LV Z b U AN, T DODMDO K Faxt vy 771 %
/usr/local/share/doc/mpfr7 4 L7 hUANZETNZTNIE - UL XT, ‘—-prefix’t 7> 3
¥ M configureEITRHZHEE I N TV, TDprefix 71 L2 bV (‘—-prefixiZ#i < 4l
e LUTHZR5) % /ust/local DO D IZMEHL £7°,

{

2.2 FDMD ‘make’ A+ S>3 v
UETRUZEDUMZHEHLE make A 7> a vddhb o £9,

e ‘mpfr.info’H U < X ‘info’
ZOMPFR~Y=a7 VD info G 7 7 1 VDA, £ U IXEH, mpfr.infoh TEFE T,
ZDT77ANVEMPFR T —h 4 7IZ&ENTWE T,

e ‘mpfr.pdf’ & L <& ‘pdf’
IDI=aT7NVDPDF N—=Y 3 UDRERINET, 771 )VIiEmpfr.pdf TT,

e ‘mpfr.dvi’ 6 U <X ‘dvi’
ZOR=aT7NVDDVIN—=Va vDHER, 771 )Vidnpfr.dviTT,

o ‘mpfr.ps’ ® L <X ‘ps’
ZDX=a7)V®D Postscript X— 3 YOER, 7 7 A ViZmpfr.psTT,

e ‘mpfr.html’ H U <I¥ ‘html’
IO =a7)VDOHTML N—Y a VO, EBR—YPER TN T doc/mpfr. html T «
V27 R ICRIIENE S, —DDOHTML 7 7 A V2 & D7ZWEA, ‘doc’T 1 L2 MU
BEIL, make I < R TIE72 <, ‘makeinfo —--html --no-split mpfr.texi’ &I HIAAT
TEW,

e ‘clean’
BTCDATV I DT 7ANET = AAT 774V EMHELVES, REHD T 7 A VEIZZ
DEFED L7,

e ‘distclean’
fifi 7 7 A VB, $ARTOERT 7 AV EHELET,

e ‘uninstall’

‘make install’TCA VAP =NV ENEZTRTOTI 7LV EHEHELET,

2.3 EILRED NS T

AU 6 T T ok, NZ7EEEBRENTAHENC INSTALLY 7 1V, Rz, THE M Z - 72
RRZix) DOHEIZHAFE LTI W, MPFRIZIES T, 2—H—fITAVREREEITo>TWVWEZHIZ
NI TNPHELTLES Z DY £9, MPFR Y1 h D FAQ https://www.mpfr.org/faq.
htmliZH, FITTNIZDOVWTOIELD Y £7,

7 TNV OHE X MPFR DA —Y 27 Z b ‘mpfr@inria.fr5Eil BFHV U 9 (Chapter 3 [Re-
porting Bugs], H 6 2f), EIEFAD/NTE, MPFR 4.0.2 D Web ~X— https://www.mpfr.
org/mpfr-4.0.2/IlfG# I N T VWX T,
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2.4 MPFR &#H:/N\—>a vDAFH%

MPFR O 5Hi/N— a3 Vid https://ftp.gnu.org/gnu/mpfr/ H L < | https://www.mpfr.
org/ MO AFTEXT,
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3 NTHE

MPFR 74 77 VINT 2R LB o576, £71% MPFR 4.0.2 D Web ~X— https://
www.mpfr.org/mpfr-4.0.2/ &, FAQ https://www.mpfr.org/faq.htmlZz T RFNI WV, %47,
ZNEEHDONT T, ZRIZERLZBDEZRDTFZE WS 2 LnERA, NZERIZD
WTlX, MPFRDO A=Y Y27 A NDT =44 7 https://sympa.inria.fr/sympa/arc/mpfr
ZEHVET, TOLT, BHOLDOTIRAWEHETLZS, HED L, MEL TNV, HxhH
FfiE, TOMPFR A 77V %fE0 LIS, BEHCRELTWBIRTY, BAVRDIF7ZATD
WMEZBBNLUTHENIYS 2D FEALIR?7MEDERIZIE, UTOHEWEZF>TRIW,

9, BAICHHHTEZ I SN 0HMZEBLALRELTTIFI W, #lx1E, MPFR 7217 %
FRUZBEEONS T BT T LE, TOETHIEEZRLULTREW,

EINRENPLVONEMHTAEZIEHEMRETT, 757vad 3, HBENMELLAVWEWSZ &
TULEZS, CARGEIZEDEIDIZTNEEFTNREELZIDD, EW0WHILZRUTHFE L,

NTHEIZIE, AV TON=Va VyBSHEMLUTIFIV, TN ‘cc -V, GCC DEHIF
‘gee -V THUF TE £, 72, ‘uname -a’DHI#ER & MPFR O/N—Y 3 V&5 (GMP D/ —
Tavhahrsr0ThHNIEEND) EBROE I, ‘make’X ‘make check’ DFEATHRHIZ T T — A%
2D THNIE, config.log?7 7 T VB NTMEIZHRMLTTFEI WV, TAMHIZ T 255
#1%, tests/test-suite.log” 7 1 IIVERMLUTTII W,

EHDONTWRENPRBWEDTHNIE, FAHAEBIIENTEDORPIIZE L ETH, TS5 TR
NE TEIDULFLERWEEZLTLER] COVDYXAIZE>TAYIAIIRENE LNERA,

NTREIEIMPFR DA =1 > 7' ) A D ‘mpfr@inria.friZik-> T RFI W,

IO aTIVDEBRPRERL OS5\, RIEMREIRYH S5, SEAHBEHRIZHRERE, 20»
S22 TULES, NTHERRBE, MPFRDA =V V7Y ARNMIZFOEMEATRIWN,

(FRIE : HAGEFRIZ DWW T D ZTE I ‘kouya. tomonori@sist.ac. jp il BFE I\, )



4 MPFR OEXR

4.1 "NV T 7ANESTA TSV I 74

MPFR Z2fiH T 212H720, BELRDIEHPESIEIEZ T npfr. hiZEHENTE D, CTH C+T
LEFDEFEAVIN—FTED LD >TWET, MPFR 4 75V 235707 F A%
HINZ FEEDELIITZDT 7 AN %EA VI —RLUTRIW,

#include <mpfr.h>

MPFR OB TIZ FILE «B OB AZFHLTE D, 2O 70 b XA TEHE Id<stdio.h> TiTh
NTWBHDT, mpfr.hDHIT, —fEITA IV —FLTHEEEL &I,

#include <stdio.h>
#include <mpfr.h>

FRRIZ, mpfr_vprintfPHE5E T va_listB [ BMEZRMHL TW5E 7280, <stdarg.h> (H D\ IE
<varargs.h>) 5 Z DT —XEDO T b XA THEEITI72DITA VIV —RLUTELBERDH D
ES IS

7z, intmax_t%HH T 2K LU Ciddh 9 <stdint . h> U < I <inttypes.h> %, mpfr.h
EORIZAVIN—=RLUTFEIW, ZHZE>T, mpfr.h CINS OO Ta b 1 TEEN
A0 £9, HIZ, WS ODPOERE FTIE (R C+a v 1 I TCHHAT 554), 2—¥—
il C MPFR_USE_INTMAX_T% (AR—ZX 7WMIZL72\WR SRFZ) , mpfr.h& D BICER L TE PR
NIENTEHA, HDWIE, I¥ T4 2 T-DMPFR_USE_INTMAX_ T LTERELTHELZLH
AIRET Y,

[#5) mpfr.h7 7 1V, £ UL X gmp.h (mpfr . hNEBCHiH) 2%, D~y X7 7 AV TELEBE
ULTA VI I—REINE LD THNIK, <stdio.h> ¥ <stdarg.h> (b U < I <varargs.h>) %,
mpfr.h ¥ gmp . h& WRITA Y JI—RINRETY, HSH\ &, MPFR_USE_FILE (MPFR I/O Bi%&
TAE) X MPFR_USE_VA_LIST (va_list/¥7 A —X &2 {fif 3% MPFR B T4 E) % mpfr.h &
DEICERLTELEWVWIFEHVET, DED, mpfr.hZ A VI —FTE5E50MHDAY
BT 7ANEELDTHINL, BEDHIEEZMS BEDVDHZDIFTY,

MPFR O~ 27 B ZIFOHIT I, AL TEWIFR0nF—7 — R (B Tld do, while, sizeof
RE)LALAHOT 70k EHLAVESIZLEL &S,

mpfr.h% 1 > 7 )L — N9 {12, MPFR_USE_NO_MACRO~ 7 W % #t7- B % fii - 7z MPFR ~ 2
ODOMAIFEZEFLEDS, 2O IET NNy Z7HT, HEIXHWETA, DY I702f5Z
T, BELF TV a VIBERHZIZ OV R IR 0B EEHL, TObXA TEEOF v I %
BB REMENHTL 22 5T,

MPFR 2FHT 2 7027 L%, %9 libmpfro 4 75 774 )L & libgmp7 1 77V 7 71 )b
VY7 LRBITNERD /A, UNIX A9 Y RI4 0TV 23 3B021F “~1mpfr -1gmp’ (2
DIEFTY 27 325Z2)BELET, GCCOESIETRHOLIIZHELTY VI ULET,

gcc myprogram.c -lmpfr -lgmp

MPFR ® )L RiZid Libtool ZfHHL TWA 728, TNZ2FHTLI L HAEETT, Mk GNU
Libtool ZlBD Z &,

MPFR ¥R TIE R WVWATIZA Y A M =L I NTW5SHE X, ‘C_INCLUDE_PATH X
‘LIBRARY_PATH’ &\ o 72EIRARIZZ DR AEZZRELZD, IV R4 IO -1 ® -L' X TV =
VCHYRT 4 L7 N REETAZETHIETEET, AT 7T VDEEIE, TR L
74 77 Y /VA (‘LD_LIBRARY_PATH'S}) OFE LT o THELKMLENDH D £7, TOfio 1 A
F—IUIZB T B ERIZDOWTIL INSTALL7 7 F V2 ZE R X\,
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ZDfl, TED X SIZ, ‘pkg-config’ (MPFR 4.0 2o HEINT WS ‘mpfr.pc’”7 7 1 J)V) % ff
HT5ZeHTEET,

cc myprogram.c $(pkg-config --cflags --libs mpfr)

‘MPFR_'% ‘mpfr_ & \Wo ZziBM 2 oI 208, ~ o1, EHEHFIXMPFR TPOERINTWD
LEDIZHY ET, #->T, MPFRZHMMT 2V 7 b7 = 71X, @EIXI NSO CFH O 1308
FB5EIZUTTRIW,

4.2 AEET—49 8

TFENINBUSEL (Hoating-point number) (Ji< float L HFL £97) (%2 Z2HE & 3 2 FEI/INEUREL
ERBTBEATV bTHY, [, FEEDEHII NGRINGE (REGEE £ IER), 45
B (EEROBE) THRINTWEHD%E, ERLE (regular number) X IFOE 9, IEEET54
kg & [AkE, MPFR OEE/NSUGEES EFEBOIANC, 3EEEAAELE T, HefME¥a, &5
SRR, FERC (NaN) B2z dh 720 £, NaN IZFE/NSEA 7V 227 DT 7 4 )L MET,
Yo#lzvn, +HIEAG K+ERAE WO AR UTEMHINE T, Rl anT
WA, NaN OFSEIEAE T, IEEE7H ik & 138722 0, MPFR (213 —F%HD NaN L
PHOFHAL, FEFAEBEEELETHA, TOUIMNIIZIT IEEETH FMEIZHERL TV E T
N, ZHERLDZLIADRDHEZPHL LNEHA, MPFR ZE/NEUSEA TV 227 b C 5T —4#l
X mpfr_tT, ERZ2 DRI HOMERDOESE L TEHRINTWET, 253522 7T, i
FIOFIEE UTHEINLEIZIZZOEFIADRS V2L THFLNELSTT, ZORA VR
mpfr_ptr& VWS CT—XBE L TERINTVET,

FEEMTE (precision) 1, FEI/NSUSEOANNGHBOE Y MIERBKRLET, COT—XEE L
Tl mpfr_prec_tZfiH U £3., KEM L MPFR_PREC_MIN#* 5 MPFR_PREC_MAX E T D Hi[H D
AREOBEBEIZHETEET, BAEDRKIE TIEMPFR_PREC_MINIZ 1 £ > TV T,

[Z4£] MPFRIZNEH CHEHBZEC U THETOXERH D XS, 25352 LT, EMHRHEE
FEE Bz, FLLADEDD) 2T I ENTEIRTT, /o T, KEHH% MPFR_PREC_MAX
MHEIZEBELURWEDIZLUTTRE WY, EEhnwe, 7H—vavzog—2FERLCLEIVWET, F
7o, HHBEOAETVEEH -MECHHATAZLIZMITITTIV, 7us I A08mERTIh
720, 7Ivalizh, CTalIhil&oTIFRODLSRWEER 25T 2IZROM
BEFTA.

FEBEB (exponent) IFIEFUL T TV 28 H OIFEN/NEE B D=V D—DTY, COT— XA
mpfr_exp_t& 720 £9, BHRIBEEROHPIIICL 0D T — XBEIMRZ ZHIPHIZHIR S N E 7,
%7z, Section 5.13 [Exception Related Functions|, H 42 Tl L T\ 2380, HHCHO#HiFH % 7
O— NVUIZRRET 5 Z L HHRET T, 3 FEORR A ZE/ NS E IR 2 (R FF L £ 2 A,

HHE—F (rounding mode) \&, FE/NSURHBEF R 2O L A2 EDLHDTT, LD,
EHAFERDZ O F LD E DN WRHZEf TS NE T, WOE—FZ2XRDLT CD
7 — X 8X mpfr_rnd_t T,

MPFR X7 0 — VW2, HUKIEALVY RZ2IZT7 972K LTED, K- bMLTWBHI4
% Z ZCTHIBIU £ (Section 4.6 [Exceptions], H 11), 777D C T — &M1&, #ED7 7 7%
Ly hYA2%2 U TRETEL LS ITR>TVET,

4.3 MPFRZ# DT —49 L

MPFR 28% & 0 4T 5E1Z, HIHEDd DB TR TBREND D £ 3, BEPHFEAIC
IRo lBRTIE, UHEREHET SEBZITOCHTHELND Y £3, ZHOMLIE—RE7ZTIZ
LTHEEEL &I, MESHELES T8, ZORICHERBEZIERILENETEET, —
EIHE S BB U CRIECHIEEZRATE I LN TEET,



Chapter 4: MPFR D#:A 9

EPEL o0k S, ZROVIMLEHEZ LV —THTHDIERS T, V—TIZABHNIIZ—E
T2, V=T 2R THh o EREHRET S L IICLEL &S,

MPFR Z8JHIZEII M A E ) AR—-A 2R T 2B EH D FHA, CABRKENBOLERT
H, REERIEEEY A ACHEREINET, [oT, HMENBOLRE, ¥, BEEzZ Lo
WIRD, ZEPENTHHEILEHAETY BIZEIL ZEA,

—f%iZ, £To MPFR BEEO5 8O MEIZ, siOAPHEIHE, TOHRAVBATHL LD FT
(BRIF:LAPACK % BLAS & 3E#), Zhik, RAHEE 2o 72/EETT, MPFR %54, [
—DBEKDOFIEE UCTANH - AR UCERZBET 5 Z L HHRETT, HIRIE, FEINK
MBOFERE %175 REFWLBEEIE mpfr_mul T A, ZHd mpfr_mul (x, x, x, rnd) & WD IEE
ZoTHe<MEDL FHA, ZO5EIE, xDFEZNODE— RN rndD FTEHEL, TOHEA
WAL ICEXELET,

4.4 ARHE—NK
MPFR 289 K — b § B HDE— KIZLLFO@ED TT,

e MPFR_RNDN: BuLHHEADID (IEEE 754-2008 #if% D roundTiesToEven (ZAH%),

e MPFR_RNDZ: ¥'H AHADALD (Y] #T) (IEEE 754-2008 #if& D round TowardZero (ZHH4),
e MPFR_RNDU: + SF[M]ADH& (IEEE 754-2008 ¥it& D round TowardPositive (ZFH4),

e MPFR_RNDD: -« ff[{]~"DH (IEEE 754-2008 #if% D round TowardNegative (ZH%),

e MPFR_RNDA: ¥ H 45X )25 A

e MPFR_RNDF: !&FEH.& (faithful rounding), HfEE 7232 E DT, i TE 2 DIFEAH
BOOMPRERE, 23, VEHR) ®, AXETERINTWS MPFR O —#OEE I TY,
HOEETEZDHDE—RZMHTELIE LNEEAD, ELUVEIEIXMEERL 2R E
T, TAMI—=RTHEMEZNSFLIZL T2, HRTOF oy 713502 AL TWE
Fho BURENDNIENZ L UTHE L CHEITNE, SLd 22 LI3AEETL & 5,

FOEBEAN DAL (RN) € — R OZH)L IEEE 754 HEIZED SN TWEIED T, FEI/NIUT
BEUTRETELHDOSE & 5 LA DMEDOG &I, R/ NERIE Y b (LSB, Least Significant
Bit) B HIZ AR5 AOMEIZHS SN ET, HIZAIE, 2.5 LWVWIHEDEEE, 2EHTIE (10.1) & &
BENETH, 28y MO &S &T554, (11.0) =3 TERL, (10.0) =2 D5 %#RL
3, ZDI)—)iX, Knuth ®"The Art of Computer Programming" Vol.2 @ 4.2.2 i (FRiF: 7 A
F— AT 4T 7= AOHARFERTIEP.223) THHINTWD N 7 MNEREG 72D
LNTVWET,

MPFR_RNDFE — K D354, MPFR_RNDDE — NEFDAHIZ 7 % %>, MPFR_RNDUE — RHFDAEIZ/R D F
T, BFEAERNPE Y X VINES25E, 2F 0, HEMAEILOZ U TELLRETEZE5EL,
ZTOMEMNZEDEEFRINET, [>T, NODHERIF2HIEAFEL, T X -7 -t —1"—
70— I SRTNIE, D S NI HDFREITEAEIZ TULP(Unit in Last Place) A TUX &
D ¥9, MPFR_RNDFE — N D, iR D ED =Hif (ternary value, & IZER) L NIEMET 77
(inexact flag, I T 7 7 DIEHFFZ E L DTRNRD) EAE, YHaRE T J 7 (divide-by-zero
flag) IZMDIDE— R EFBRICHE, TV X =T =757 I —N=T0—=775 7%, Id/
{73 MPFR_RNDDE — RID & DIZ72 % H>, MPFR_RNDU € — REFDEDIZ 52 & b, HIGT 5
LONHEINET, ZONDDERIFFHTEZ RV LDHVEET,

MPFR 2324t 3 % B D K213, OO BUZEHER R ZN L, 2 FEOGIBEAREIZ AIME
2H A, BREBEOGIHTHLOE— NOEELZIT, BEOEDEIR intdl, WS ERTZ->Tw
9, ZORVEZ=ZFEH (tenary value) EFRL £9, HEMRE LTI N HMEIFEL <K
& 5N 7z (correctly rounded) HD E 72> TWEY, D% 0, MPFR X, ERMEFIE TR ONSH
Rz, ZOLBOBEREL Y MUK 5 XD ITHOTRY, LWHUHEEITIERTY, AS
fEICIZRRAE 72 (FREREE Y Y MBI TH L RWY) HDE L THRVET,
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FRELUT, Y0 TRAVWEREZ DG E DAL, BoEHEMEMNLDE— FDHEAE 1/2 ulp(unit
in the last place) A T & 740, ZOMOIDE— R TIXIULP K& 720 £9 (2D ULP I,
DIHOMEDAEHE Y MIHTHED L),

FRIZELR 2372 17 E, intBOE D E2INAEBII=FEEE2EL £3, ZORDEIEL T DL,
SEHHD BB S N D HBERERIINDO DB ED R WIEMRETH LI 2 RLTWET, KD
EAEDMEDKE (ADOMEDRE) 1%, BN NAEIXEMRELD B RELRoTWVWS NS5
TW3) ZeaERLLTWET, #HlZ1E, MPFR_RNDUE — K DRI, & 0 HO =FEMEIZHFIZIED
20, FiAE LT, LODDBEDRNWGEDA, YOtk TEEd, HEKXK (o) 124251
BlEA—N=T0—%2ELI L TWVWEDTAHAEMAEE L, ZOUNOGEILIEMEEE B
U £, JFE (NaN, Not-a-Number) IFHFIZIELWMEE U E 9, & D ED ZFEOHRF5 OHEIZ 05
T intll e U TERHTEL LD ITh->TWVWET,

FRIZRLR 3722 P i, Rl 72354 12BR Y (acos(0) ), BOfEE LT 1(H LKIEARY=a 7L
SLEODIEEME) &R AL, F OMEDIBIR S DI O RHFHNIZINE & R WiGE It — N —
Ju—, b L7 UVE - T —E2FREIFLILITED ET,

4.5 FHREZRRT 2 ZE8/ MR

ZOfiITIX, MPFR BIAE 9 R IR R 7B /NEREUE (mpfr_tM & U TRBE SN D) ITDOWTH#E
MUET, 22T, T ik, HOHOBIEA 7Y =7 MBS h 2 HEMAROMDOZ L %
BRLUET, BOKDEZDOE DL int RO =FHE (-1, 0, 1) 2D T, EBRALAEVWESIZULTTE
X\, EEOMEE T (B2 mpfr_sin_cosBI%7 &) 13 Z ORI EE O ME DML Z &
WCEHINE T,

MPFR OB IZEEDO AN 2B T55003H0 £9, ZOANFE—>241F, MPFR
BUED S 725 AJMEESADXIGMITERDLTWET, ANEES» SR EZBRL L, Z0FE
G LR RISHBR S 7228, D F 0 MO K (£ ) ZHEUIRERES L AT T,

ANT— Z DB HOBEEBDOERIBNIZNE > TN, B O fHIX “HdE— R OfiT
fRai L CcWwa AR ThdonFT (e EEnsidgt), EREA0EE1%, % MPFRE
BT LR = a7 IVOBEE DM (Chapter 5 [MPFR Interface], B 14) @0 (ZMH L, KHZE
BN T PUSARHIN T IR N 7z — i 2L — L T T vk 7,

AN T =2 PBFEBOERBNTH->TH, FAERKEEOILREEHESIZINE>TVT, »
D, HHMIZILIE T E 256, BBOBEEMSRIIBEME 20 £9, HlZIE, EH/REDH (+1nf, 0)
D mpfr_hypotBEI+Inf ZIKL 9, fHL, TDIL— V%> TH, mpfr_pow BHEIL (1,+Inf)
TIIEETEEEA, ZOMMEIX, 1IZDURT 5 2, &, +InfIZHKT % vy, 2HlAEGDEZ 2,
Yo EWVIBFNEFZZTAHANED N T, ZON, (z,)7 &80 T2, nzHEKIIRIET L,
RO EDHEIZINKRIESL I N TELZNSTT,

ASEDPBEREBDERIK D> 2725720, +0 (HLLKIE -0) 72272095 &, BFERITIEAT
D 0 ~NDOLARGR (5 U ITLEMIR) 2F 2 5 MENHTE £9, MRMEIFELZRWEGE,
ZIE, —01ZX9 % mpfr_sqrtPAC mpfr_logBI B DRRRRAE Z: £1%, MPFR B D LR Tl
FAERDPE D> TEFTH, BIZIXASE £0 128 2 mpfr_logBA#ULH 2 —Inf Z23KF, &0
5 &5, BIRD &S BBHANCHI > 723D %2 LRITNIXR 0 8 A,

FERD 012 BHEE, YrDORFIE, ASMENEFRIBITIEE LR \WRIL T OMIRIEZ &M L Tk
FELUET, 0 LD KREWV VNI W) &2 A0 OBIRMEIZ+0 (—0) 12720 £3, HlZIX, —0 %51
& UTCH X7 mpfr_sinBAEIOMEIX —0 £ 720, BIEA 1 OFFD mpfr_acosBARDIEIX, HDE—
RIZBb53+0 120 £9, TOMOEEIE, MPFRBEMOFEREIZL > TRHENRESINE T,
BlZIEX, —0 & +0 2 AJJMEL T % mpfr_maxPAEDMEIX+0 12720 £ 9,

ATMEDE FRIBAMNC D 255 DOMEIE NaN 12720 £9, FlZIEX, —17 2 A& § % mpfr_sqrtfH
B NaN 238 U £,
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AJifiEi23 NaN DI, EHEMTH 25 G5 2RT, MRS NaN 22D 9, Z0AhDOI &
i¥ Chapter 5 [MPFR Interface], H 14 [ZHI/RLTH D £,

#) (NaN,0) &\ 5 AJJIZH U T mpfr_hypotBI#UE NaN 23R U £ 9 74%, AJiH (NaN,+Inf) T
HIUE+Inf 2R U £9, TD I &1 Section 5.7 [Special Functions], H 26 ® & Z A T#H L T\
9, AJMExDERETHNMERKTHN, mpfr_hypotBAEIX (x,+Inf) & W5 AJTITH L T
+Inf 2R U £,

4.6 H4

MPFR %, ¥ R—bTBHHNTEI2Z0—NLT757 (L LLIFAVY RIEDT5) 2ESH
LTWET, 75713 20REFELZFHETEYIOT, TNEFND T 5 7L HMNEZBFZEIITFTH
9, HBO 757 7T RA %D FDTERETES LD, f@llox2rasd OR %H5
T, HiNERETESLSIZRD ET,

75270, 77 U7 (lowered), . T7z Y (raised), Section 5.13 [Exception Related Functions],
H 42 ITEH L CThHhIHEBMCREBEMRT 2N TEET,

YR—-bMIBH0D—F % PR UE T, 7y IRRFEFSMIBEFRT D702 EHRL £9,

e 7YX —7u— (MPFR_FLAGS_UNDERFLOW): 7 ¥ X — 70 —I%, FHMEEOEMMAY DT

IRWEECT, R E & R g AR, BUR R T OB/ IMEEETRE & N WHEEEE
R ZRHICHEEL £ T, BOEBEEAOHDDES, b x5 ShliEOMOEAIX, o
AAZRDoNE T,
[(FEL] 7Ty X —T7H—DERIZINZFIIRY HA, MPFRIZAODETT v X —T7H—
ZEAMLUETA, ADOHO7 VX =70 -2 05D EHARETT, HlzIE, 7x201 %
KO AEZEZF L &5, T TeldBNOIEEIE L, REMBIZ1/2L 1OMIZH2HD
EUET, Bkix2 €y hOKEHRL»Mwbo e U, EOMERAHANDOIDEE X
F9, EMEOEETIXe—1 20 £3, WOMHADFNZT VX —7u—KEdL, ZOH
BE7 v x =70 —%28K U T, e—1 ZBIEOREBIHEHDOMIZZ20 X9, UL
5, MPFR IEEHICIRECBOHFA % REETICHOEIT>THEX LT, EMICFHERERE 2
Yy MEENBCERBHTEEHEADT, TITIH0.5 x 2° FXBEDBBERO#PI TERE T
EET, WoT, MPFR IZBI BTy X—70—3KELEHA,

e *—/\—7 01— (MPFR_FLAGS_OVERFLOW): A — N—7 0 —%, FRMAEROEMMIELY mDE
Be, HBEREZHIRETICLO 7R, BEOHREIMORAME L O K EWELERIZ 2 5
CHRELET, REEEANDORODGEIE, MEAKEZEL T,

[ERD] 7Y X =7 =&, A—N—TH—0EH IIN—DTT,

o Y OPRHE (MPFR_FLAGS_DIVBYO): ARRMED AJIITH LT, AR RAMERKIZ A - 72 R IT S

ELUET,

o JEX (NaN)(MPFR_FLAGS_NAN): NaN #iI#h &, FHREODFERDN NaN 20255 IZHEL £7

o Tt (MPFR_FLAGS_INEXACT): AIEMERISN (inexact exception) 1%, HALOFRFEHNAL B KT
FAELUET

e il =7 — (MPFR_FLAGS_ERANGE): #i[l = 7 —(%, MPFR $(% & X W (il 2 X kiR
B, AL E) PARERFEREZRTEE (mpfr_cmpB# D 51428 NaN 725 72
D, BEEBBBIZBEWT, 2D TF—RXANINE SBRWEERY) THRELET,

HIZES Y, ZNoL2TDI7 I 7Moo 57 ) — F1E MPFR_FLAGS_ALLY Z O CXRBT A Z &H
TE %3, MPFROFEON—=Va v THLWIZ I 7NEMENTE, ZOS 27 ZiZZFnhe
mExns¥ETY,

ISO C99 Kt & DMEAIT TELDED T,

e C Tl qNaN(quiet NaN) DANEHEINTE Y, NaN PMEFE L TRERFINEFET S Z
LlEdHH A, £TD NaN A sNaN(signaling NaN) DL S IZR A X3, Bl LTH 5
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&%FRE, MPFR TlZ NaN 7 7 7032 Dl%, NaN 2K X720, NaN 2 NaN ZIFEA
720 (FlZ1E NaN + NaN D554 ) T5HOATT,

o CIZBIIAARNELRBIMZI YT SDIX, MPFR ® NaN #i4t, & L IZ#HifH o — T,

4.7 A F) HIE

MPFR B OHIZIEF vy Va2 BT 2L 03H 0 £9, HlIAIE 7 REDEREFHRT BT
1, T—V¥id mpfr_const_pif# % EHIFHERHIENNTT L, WEHKIZZ D &S 22BN
HEINTEHAEINEZLBHZDT, EHEF Yy alTHEIDITT, L, FryvalTh
BiE& D% < ODREENBDBE L ZAE, BERICHIIREINE S, ZOHEBLZEIT D720, 10%
WEHBDPEATHINUTESL LS IZLTVET,

MPFR B OHIZ1E, ALY READAEY T—ILEZERTEIEOEHDET, ZORAEY) F—)L
\¥ mpfr_free_pool B CMMTE 4, AL, 774NV PDEEMPFRENLFZTIEAEY
HOBTH A XDOHIBENTETCLESIDT, HEHRKREDATY ZHEHELBEVWESIZLEL &S,

=PIV OfIFTH mpfr_free_cachefdE*° mpfr_free_cache2BAfiZfli-o TH vy ¥ a % X
BV TV EMBRTEET, ALYy FERTTOBRIZELT ALY FO—AVDF vy ¥ a & fiff
THELIICLTREW, £72, ‘valgrind (A EV YV —2%IET 25T N\v 7V 7 ) ODXS7%
V=V EMSEIZIE, ETOFryy Y atHELTRIW,

MPFR &, —RAEVHEEEZ A XYy JNIZEMHERL X9, ZOAEVEHD Y TUHIE, GMP B
FROBRETHESNZBEBEFALLOZMEHAL £9, 7ML GNU MP ¥ =27 )L® “Custom
Allocation” ZZH LT RSV, 2% 0, AE VUMK ZFETHIIEHET L L, ZHEDAE YL
BB o TDAE Y OFEID Y TOMBIITHONLRLRD LN ZETY, foT, EBITI,
mp_set_memory_functionsPHZ > T A€V NHEEKEZ LT T 2D THNIE, BHEDAE VML
MR THID U THLTOAEY ZHRAICHBRL TEBERH L £, MEHDOT— XX L TIE
mpfr_clearfi#(%, ¥ +v ¥ a2 A€ Y 7— )X mpfr_mp_memory_cleanupf %, MPFR HM#
ONBHAREDHZTRXTDOALY RTHEITLUTEHEEE T, mpfr_free_cachefizfioTHTE
FIH, HaAEVE DY THEHBELETET LTENDH DD S, mpfr_mp_memory_cleanupP#i
5 22 BEOLET, HIRIK, AEVEDYTHEBVPEEINIBRICF vy ¥ abBEiiEhin
£9, BEUNUTUER % mallocBB TR L TH L, WS T2 HHRETT, MPFR XY
FRHINEZLEHDETATTVRDT, TOX54%T714 77V TlE, mpfr_mp_memory_cleanup
BB OH LTS 2 X BV RRBIR Z Rt 5 L 5i1cL, 2—VFIZZorAMLTENT
TEW,

FERE] S VF ALY REEDOT TV r—2a>Tlk, MPFR2HATESRLTDAL Y NTAE
DEID S THTELLSICLARTNIERD EFHA, T5LTHLIET, H5AL Yy NTEDY
ToNT—&iF, MOAL Y FIZBWTHE D BTN TEL L1220 7,

777, BEHOAMEM, T 7 AV MEENE, TI7ANVEAOE-F, Fyyiaky, RJ
A—=RRHTT 72 AIND Z 2N MPFR O T — 21, (AL v F&—7T%\MPFR
ZYNRUEGEICR) Z7a—NVEBTHY, ALy Re—705&1, ALy REfOoT—%
WER (ALY Ra—H#)LA b L —¥ (Thread Local Storage), TLS) &£720 9, AL v FAEK
D TLS OUIEIX, 281 FPALy FEREIZE > TIRED £9, MPFR IZHEFIZZB D]
ez, EETEHZRI N TLS A7 2Z8uAHnL £ 9,

MPFR 2ffi>To74 77V 2E L DTHNE, TNHBRHINET IV r—varfios17
SV TH MPFR 2o TWAEDEEEZTI W, 20, EBBESOARIE, 57 4L bk
EHECHOE—RIIESD I T 7V UNADRSEEHINSEEERD D, Bieb ALy NTHR
FENTVWRWED, TNS5DMEIFED FHA, /- T, 477 VATHHET S I 5D MPFR
W — 21, BEBOUEPKDEENMEEL TEL BELXH D £T (ZOBEBBNET—2 %
BHEITHEDTHRWED), MPFR 25V 7 b0 =7 24WET 2551, ZOTFONET—X
DOEFIZIEFHMERFEELU R WL S ERE LU TELEZIT> TR,
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4.8 MPFR D5/ #—< Y A& B| Z H 91
ZZTlX, MPFRON7 4+ —< YV A%ZEMT ey N2 L THEEET,

o ZHDEID YT LMBUIIR DN, —EHERL ZZ2BUIMHWET ESICLEL LS, PO
BRRWIHZE, L— TONTERBOE D YT EMEIIZTS> &SI L, —RERIZY 7L —F
Y OWEHTHERT 2D TIERL, ZONTHRL THrOT TN —F U IZETEIIITLEL &,

o TENIXmpfr_setBAFTIZ <, mpfr_swapBl#zflio TR IV, INTHREHDO I —%
I eNTEET,

e MPFR % C++TfHHTAZ LIFBITEL & 5, L ZHBRVERE, RELRATVEHID LT
IV —Z2TDBRVCHA VX =Tz —A %o TR,

e MPFR %X in-place BIfEZRIELTWVWE T, a=a+ b WIFETIE, REMREBIIAHE
DT, R—r&mpfr_add (a, a, b, ... ) EFEVER>TRI,
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5 MPFR OB

MPFR D% 5 R EF B/ N EBUE, mpfr_tB O ZHD £,

MPFR O ZE/NEGSEEREB DA VX —7 = — AZ GNU MP OB¥E L BAED Iz ->TE
0, BB npfr_ L WO XN SIHE D £,

A—PRFER L ITHENBEZIEET 20 ERH D £9, FHREIIENEDLEB O ERENET
TONETDT, ANHOEBOMENETEHEICESTZIAMREILZIDITEDLY $HA,

MPFRIZB T ZEEOIZIZOWTHHLE L &S, £9, ERINAEEZ EHIZ (0F 0 [E
FRHTCL) SEATL, LA 2T, TOMEZ B NLEOEBROKENBIZ, BEINZAD AT
STID £3, MPFR DFE/NEURIEBREZ IEEETH4 MM OEE O HARLILRIZZ>TED,
Wb T —RYA X, Bhra0 45, Bixb OSEETH-TH, A—DFREEZEL £,

MPFR IZIZEEREROEEE 2 R T 28 EH D A, 2F 0, 2—FHSD, IhEE
LAY —DBEREREHT 578 LT (FIZAIEMPFISERERMERE S 1 75 V) %) AL TiHHE
FEROEMMEEMER LR ITNIER D FHA, HEOKE, HHT 5 2 ZEHIBHMHFEE D AN
ULh7e<, &0 REREENBROEBIZZDFERE2KNT 2 L anlE, MPFR IEE B IEBE I/
SEOHTBDOKE CEHEZITVET,

CDIE#EY 70 TH D errnoDfly, TT7—DEMIZED ST, MPFR B>~ 27 oTcid¥oiz
Ly FEINTVWET, A a7 VIR L THE5E%2E, MPFR I, FIFHL CTWAftoE
B (libe IRALDOBIEGE, AEVEHID Y TEAKG L) LFAKE, errnozty T 52 2EHD FHA,

5.1 #HA1ERIEL

mpfr_tHBOEA 7V 27 ML, ENRATBH0IZ, mpfr_initBIEOC mpfr_init2BI% I
fEUTELBEDRDHD £,

void mpfr_init2 (mpfr_t x, mpfr_prec_t prec) (B2
R x e IEML L £9, T OB, FENE (REGEOHE) % EMEIZ precty MZEREL, fHZ
NaN & L £79,

(] Z OB% e 13E Y, GNU MP ® MPF #J#{LBESUZ ¥ r 2 RAL £,

WE, ZHROMHAIE 1 EZ1H T, npfr_clearBA%Z o> THEL TH S HHMMLT 2 &
2UITUE U & D, VIHMEROZEITHN T 2FEEME DL E L, mpfr_set_precBA# % {fi-> TIT
WEJ, KEH precld MPFR_PREC_MINLA |, MPFR_PREC_MAXDA ROD#EE L UTIREL £,
ZDH/EIRDLR VG EOEHIMEINTVETADTHERELTFI W,

void mpfr_inits2 (mpfr_prec_t prec, mpfr_t x, ...) (B2
va_list CHRE I N2 TO mpfr_tMEKZ WAL L £ 9, MEMEUL precy MIZ, fEIX
NaN PMRAINE T, ML mpfr_init2BIOFAZ S LU TR I W, mpfr_tBOEE, &
UL iEmpft_ptrRA VX6 EINT WS va_listPMRETE X9, ZDva_listld
EExMOHBED, mpfr_ptrfid NULL KA1 VX THRDOO £,

void mpfr_clear (mpfr_t x) (B
2 x DA DHELR U T\ B RIS 2 i U £ 97, Z OB Z M SERIZIE, Y mpfr_t
ERANDWHEPFTNTHETLUTWD Z 2R THEIITLTRIW,

void mpfr_clears (mpfr_t x, ...) (BE%L]
va_list CHREI N2 TO npfr_tZBOFRHEEZHEEL 9, FFlld mpfr_clearfED
fFize ZH U TR I, va_list THESI NAZZBIE 2 Topfr_tH (H U < IX[FSFD mpfr_ptr
Y CHBHILEZRELTVET, 28 A NMIEBxhSHEFED, mftldnpfr_ptrAid NULL
KAV EADRBEATHEL £,
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DT, O THIEMET 2BBOMHENGZRU 9, B LM@Y, NULLA A ¥ X PEK
U A b DRI R D BENH D T IH, FeLDBE (mpfr_ptr) 0LFELTWET, ZDHA,
(mpfr_ptr) NULLE HWTH O.K. TY,

{
mpfr_t x, y, z, t;
mpfr_inits2 (256, x, y, z, t, (mpfr_ptr) 0);

mpfr_clears (x, y, z, t, (mpfr_ptr) 0);
}

void mpfr_init (mpfr_t x) (B
B xE LU, BENERET 74V Mty ML, e LT NaN 2 8ALET., 7+
)V~ DFEEMESE mpfr_set_default_precBICTEHTE £,

(R 70275 AOFA, HHLTWAMDT 175 Y557 b MEEENE 255 X h,
G B OEROMENREE TR O 21> T WA T — ANRZIT S ET, MECH
REHTEZ $852 U 72 13 Ui mpfr_ini 2B80E (5 T F &0,

void mpfr_inits (mpfr_t x, ...) (B2
va_list ) A MZH BT RTDO mpfr_t L E2HIL, 774V b OEENBEZLY ML, f#
ELUTNaN ZfRA L 9, FHfllE mpfr_initBIEOFHZ S U TRV, va_list A b
DEBIFE T mpfr_tH (H U IZFAED mpfr_ptrRA VX)) THEELIELTVWET, Z0D
DA NIEBxDOHEE D, &EIE npfr_ptrflod NULL R4 VX H3¥&0 & 72 b £9,

[ER] TuZIL0mT, VoI UEMOITA TI)06T 740 MEEHREEREI N, T
DEBDKEMBIZZDOEFIZINZ L WVWHI I LRI DGET, HERICHENRZREL
X mpfr_inits2BA%E HHL TFI W,

MPFR_DECL_INIT (name, prec) (%2 4]
Z DX 7 v name &\ D 4T THBIZ mpfr_tBOLHZ LKL, L ZITV, HESITHE
EMiIE % precty MIFREL, i LT NaN 2R AL £9, nameldFRMREEL TPl
Y FRA, ZOXYIZBEERESHATHALUTNI W, mpfr_init2B8 & b mdIZ#)fE
LETH, MO RREEHD T,

o ZOXZ7UTHSULEZHIZHNU TITMIZ mpfr_clearBAZTIHE L TIXWIF EHA,
AEVHEBIIRAS 2 UTHDODYBTOoNTED, x7udEGk7ay 7 (7Y INE)
ZHARICHEINE T,

o ZDOXIUTHESINIHEENBELLETLI LIITE A,

o ZDOXIZUTNATHWIENBZRE L ZEBELERT DI BT LA TL
k3,

o ZDOXRIZU%RfHZSBDIE, ‘Non-Constant Initializers’ (C++& ISO C99 THIE) &
‘Token Pasting’ (ISO C89 THIE) AR I VXA T2 TY, EHRBILNDIEE
it precDIRE % $ 2D THHNIE, ‘variable-length automatic arrays’ (ISO C99 T
BE) bAMTHRINIEWITEEA, GCC 2953 A ETHNIZI NS OBREIXT R TH
T3, C89 @ GCC T ‘-pedantic’F 7> a v DI TaAV NI LEZVDTHNIL,
MPFR_USE_EXTENSION~ 2 H 2 £ 4#){t$ % Z £, Z® MPFR_DECL_INITY 2/ U&7
WCERLUTHN &L 2IHT I N TEET,

void mpfr_set_default_prec (mpfr_prec_t prec) (B4
T 7 4 )V b OREEMTEE prec 'y MZEEL 9, T 2T preciZ i MPFR_PREC_MINPA F, MPFR_
PREC_MAXPA NOEEHAMEE TE £T, TITEILBMOBENEIL, REGEOE Y bR % Ek
LET, ZOBEBOMAMUEIZIEOH X2 mpfr_initBIF® mpfr_initsBARILREEHR DK
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FEMIEEZBIZ 2y PUE D, ZNLETICHI L S N2 EROBENBIIEFE I NEHA,
KM DOHMEIX 53 ¥y b T,

[[#7Z] MPFR % ‘--enable-thread-safe’* 7> a ViZE LTI KT B L, T 74 ~OK
EMIBUIA AL Yy RTLICRESINZEH DT D £9, Ml Section 4.7 [Memory Handling],
H 1222 LUTRFIW,

mpfr_prec_t mpfr_get_default_prec (void) (B
BAED MPFR O 7 7 4 )V MEENT (€ M) 2R U £9, §fflllld mpfr_set_default_precfl
BOFHEZHUTRFI W,

LA, ZEREFE/NIGREB O TiEDOH 2 " U £T,

{
mpfr_t x, y;
mpfr_init (x); /* T 7 F )V DIRGENTECTHINL */
mpfr_init2 (y, 256); /* FEEMTE$2256 £y MZEE LTI */

/x TOT T LT T HRIBCFITT S, */

mpfr_clear (x);

mpfr_clear (y);

mpfr_free_cache (); /* piDEDWEBDF vy ¥ azifE */
}

TERD 2 DO, FHEORPTHEHNBZLE L WEEIZAMTY, #lAIE, Newton-
Raphson kD & 5 W KEIKIZHWT, EOELEEIZIE U THRENSZ EHRHE S 5BICRILS
i—a—o

void mpfr_set_prec (mpfr_t x, mpfr_prec_t prec) [BE#Y]
B xDREEWHI B % precEy MZERELUEBEL, NaN ZRRA L £73, B xIZ A>T\ fHIZ
NaN iz EEZINnEd, ZOREBDOKEREL LTI, mpfr_clear (x) TEAMZHE L7222 mpfr_
init2(x, prec) THIAL L 725 & L WU T DY, xDIRBERED, REHDOKEIEHTBD 171
MWTEBHDTHIUE, A EVHBOBHERZITDARWY, EHRIZFTFTE £, HEHE prec
|3 MPFR_PREC_MINJA [:, MPFR_PREC_MAXMA FOLEDOBEZHETE T, 2 xITHKMT
TWAHZREL THE E-WEH L, mpfr_prec_roundBIZFHL THFI W,

[ 7] 2280 xAYMPFR_DECL_INITY 2 U X°, mpfr_custom_init_set(see Section 5.15 [Custom
Interface], H 47) B CHliiifb I T W2 541k, ZOBRBIXMEHTE EEA,

mpfr_prec_t mpfr_get_prec (mpfr_t x) B3k
ZH xDFEEME, 2F0, (REHOE Y hRZEL XY,

5.2 RARH

Z DFICEFT 5 BIBUE, YIHEHFE A (Section 5.1 [Initialization Functions], H 14 &) OTFH)
INBURZEBUZH UWEEZRAT 572005 DTT,

int mpfr_set (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [ ]
int mpfr_set_ui (mpfr_t rop, unsigned long int op, mpfr_rnd_t rnd) [ ]
int mpfr_set_si (mpfr_t rop, long int op, mpfr_rnd_t rnd) [ ]
int mpfr_set_uj (mpfr_t rop, uintmax_t op, mpfr_rnd_t rnd) [BEZ]
int mpfr_set_sj (mpfr_t rop, intmax_t op, mpfr_rnd_t rnd) [ ]
(B2
(B
(B

int mpfr_set_flt (mpfr_t rop, float op, mpfr_rnd_t rad) RAEX
int mpfr_set_d (mpfr_t rop, double op, mpfr_rnd_t rnd) RE%EK
int mpfr_set_ld (mpfr_t rop, long double op, mpfr_rnd_t rnd) RE%L



Chapter 5: MPFR D %k 17

int mpfr_set_float128 (mpfr_t rop, __float128 op, mpfr_rnd_t rnd) (B
int mpfr_set_decimal64 (mpfr_t rop, -Decimal64 op, mpfr_rnd_t rnd) (B4
int mpfr_set_z (mpfr_t rop, mpz_t op, mpfr_rnd_t rnd) (B4
int mpfr_set_q (mpfr_t rop, mpq_t op, mpfr_rnd_t rnd) (B4
int mpfr_set_f (mpfr_t rop, mpf_t op, mpfr_rnd_t rnd) (B4

INS DEBENE, opDftiz, HOFR rndTHD, ropiZfRALET, TNFNTFILDO LS A
EHEWRHDHDT, MELTRIW,

mpfr_set_uifd#, mpfr_set_siFd%, mpfr_set_ujfi#, mpfr_set_sjBa%uid, AJifEAY0
DR, +0 IZZ£#LUTRAL £,

mpfr_set_float128fH%I%, ‘--enable-float128'4 7> a U E THEIN/ZL ZITDAHE
7B, WAR, ‘__floatl128'BIMERINT WD I V3 T (GCC 4.3 BABETH R— ) »8
MEL LD 9, mpfr_set_float128fA%ZFIH L 72171, mpfr.hE 1 > 27— N9 5
|2 MPFR_WANT_FLOAT128Y 7 0% E# L THE S BEDVH D 7,

mpfr_set_zP%l, mpfr_set_qf¥#Y, mpfr_set_fRHMTIE, AOFRDIEEIZMENIZZ D £7,

FITERBEDY IEEE 754 BEHERIMG 2 R — b UL TR WEEIL, mpfr_set_f1tEAEX, mpfr_set_d
BH#L, mpfr_set_1dRH#X, mpfr_set_decimal64Pd#id, B EEnZEL KA EHEA,

mpfr_set_decimal64f%K% ‘--enable-decimal-float’Z % E L CEIL R L, »D, TN
A IRV AT L Decimal6d’ A PR — L TWBEH (BRiED GCCIEYHR—F LTV
T)DA, FHATELEIITRDET, 2D mpfr_set_decimal6dfdi % {#i 5 5;4(1%, mpfr.h
%A 27 )v— R$ 5HE7IZ MPFR_WANT_DECIMAL _FLOATSY 7 H %2 EH# LU TELLLENRH D £,

mpfr_set_qf#E, 07 LKIED DY npfr_tBMTRETERVWEEIET I - D ET,

mpfr_setBI# TIZ, IEEE 754 @ copy#I{FIZ¥EL T, NaNDFFSEZDEEWL £, HL,
IEEE 754 £ 135720, NaN 75 7 &3 T 7,

[[FE] mpfr_t B OTFE NS AIE B2 RAT BBRITIE, mpfr_set_strBIfn, Mo Ba%k, #i
ZAX m 1d mpfr_const_pif#i &> K512 L, mpfr_set_f1tBI#, mpfr_set_dB%, mpfr_
set_1dP9%L, mpfr_set_decimal64fARUIfEHLAWVWT T IV, INSDOEMEMS &, FH)
INBUREUE — H, B DR TFEINSGE (53 €y MEFE X, mpfr_set_decimal64BID
SBAIE 10 EEREE) T I NTH S, MPFRIZIEINTLEVWET,

int mpfr_set_ui_2exp (mpfr-t rop, unsigned long int op, mpfr_exp_t e, (B2
mpfr_rnd_t rnd)

int mpfr_set_si_2exp (mpfr_t rop, long int op, mpfr_exp_t e, mpfr_rnd_t (B2
rnd)

int mpfr_set_uj_2exp (mpfr_t rop, uintmax_t op, intmax_t e, mpfr_rnd_t (B2
rnd)

int mpfr_set_sj_2exp (mpfr_t rop, intmax_t op, intmax_t e, mpfr_rnd_t [BEEY]
rnd)

int mpfr_set_z_2exp (mpfr_-t rop, mpz_t op, mpfr_exp_t e, mpfr_rnd_t rnd)  [B%Y]
op x 2¢ ZHOF AN rnd THO T roplZRA LU E T, ASHMED 0 DEGE T+ LB NE T,

int mpfr_set_str (mpfr_t rop, const char *s, int base, mpfr_rnd_t rnd) (B4
base#BFRIL L UTXXFH sz R L, FOH A rnd THO 72l % roplZfRAL £9, A7
FHIARDFEMIZ DWW TIE mpfr_strtofrBA DI ZFA TR I W\, mpfr_strtofrf# & 1%
$720, mpfr_set_strBIBUE, SERITIFEI/NIGEE UTHIRTE 2 XXFHNZ T2 FR VKT,

RO EOERIE, 1o MPFREEE IZELD FTOTHERELTII W, H#%EO NULL &g
T8 72 basetE RELDFEN/NESEIZ o TWIIK 0 2B L, &5 TRWVWEEIX, ropDfElk
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HEWAON, -1 2BUET, (BOMHEL UT=ME [ternary value], H 9 BRETHNIZ,
mpfr_strtofrffZfli>oTTF I\, )

[[FEE] ropWIERKIZZ - 72, TR AD s AT L7z WRDD, A—N—T8u—UL7%
BWRON%E R 72 0WEE X mpfr_strtofrfAZ > T I W,

int mpfr_strtofr (mpfr_t rop, const char *nptr, char **endptr, int base, (B4
mpfr_rnd_t rnd)

baseERFLD X FF| nptr 2@ AHAE D, HOFAA rnd THOTRLU £7, baseld 0 (Z1H Fid
RS XD ICAEMBERTY) 2, 2B E62 I ROBETRIT TR D FHA. TS O
E%x UG AOZEEIREE TS, nptrP AR T — XA SEE > TV, fEIX ropl
RAEZN, *endptrid, ZHNMBNULL KA1 v X TrIFNE, G172 CFH T — X OKIG LT %
fHLUEJ, 5 UNULL AT VX THIWE, roplZiZEa BRAINE T (strtodBAEOMIRIZ
UTWET), nptrOfild, endptr’® NULL A1 ¥ X TRIFNIE, THDELTVWSEAEY
FEIRIZAEAN S N E 9K 0 M 1L =FEME (-1, 0, +1) 120 £9,

XTI OFFILIE X, Y C O striodBUC LD DILRZMA 72 & DIZHEL X9, XFHI5E
SHD AT A b AR—ZAFFHEARIE SN, 5 (4 or =), BT, WHF D 5 M5 X750 A
WERXFHE UTHIREINE T, 71 M AR=Z%2 R\, HABREWERSCEFI DRI O
WRELD £,

BT — 21%, NBUS (7 THERWV) 2 50 ZEAHD R WMIEBER, B2 RO T RET, £
LT, fB2E0 10 ERTLOZEADRVEEES (< THERW) »olsEAThiTnid
0 EFR A, IRBEROBUEIX 10 T (0~9) , T T 7Ry b (K62 XF) THRiLI N
F9, BEICOVTE, =10, =11, ...,Z =35 2720, 36 A FOEHDELEITAX
T INCFORANEE TR, 37T EOEBERGLOLZEIL, ‘a’ =36, b =37, ..., ‘2 =
61 2720, ZOLEIFALT - INLCFORBIZITFNE T, RKBEROBUAISERBCR DR TR
NI FHA, DNBUSIE, BERICB 287 —ic&Eo< 0 (CEREMAR) »», BV A
R (a7 —)v & 13 EBFRIZ MPFR il CHE) A TE 29, BEGEREGZ R T XFIE %
ENI0UTOERECIIFHTE, ‘@IFERICFSTHEHATEET, ZOXY D UFBERN
FLONDERDODREFTEZRDOLUET, 2H#EP 16 EXRBLOLAIX, ZOXYIOXFE LT p
X PWHHTEETH, Z0HEIE, 20REFOEFKRIZZDET, 2F D, 16 ERFHDGSE,
‘1e2°E FITIX 256 2R L £ 9%, ‘p2'e F{EL L4 2FERT LI L2052 DITTT, #HEE
DRFITIBT 10 ERFTRIINIXRD FH A,

I baseh’ 0 DG, BEEIXIRO LS5 ICHEBMIZRES N E T, IREGEA Ob’* ‘OB’ TIA % %
LEIERIT 2 200 9, REERH 0x 0 ‘0X’ Cla ¥ 2155813516, FnA T THRK
X100 EPELE T,

[FE] BEEBOEEE2TH5DTHNE, D ed 1T LOKREPBETT, 1 HM LD
EDIREN RN L, FREEREIEEG T O XL 7R T i BT e U TR g, KK
ORI 20 £9, AR, Ob’, ‘0B, ‘0x’, ‘OX’DEALDZR\\ 2 HERIIP 16 HERHIZ,
VW) LFTHAAABDBANY TUETDT, 00 LHAAENET,

Kk — 2 (EBRAIEEN) 14 ‘@inf@’® U < iX ‘@nan@(n-char-sequence-opt)’ &\ 5 X ¥4
Ktk b, base < 16 THNIL, ‘inf’, ‘nan’, ‘nan(n-char-sequence-opt) IE KT - INX
FORXHZ R TE £9, ‘n-char-sequence-opt’l, ¥, TILT77XRv K, TURX—A
a7(0,1,2,...,9 a,b,...,2,A,B, ..., Z, ) DABFLXTHT, ETHLHEVEEA,

E] NaN 40T, HELEETEET, H2IE, ‘-onAne(This_Is_Not_17)1XA%% 17
RO NaN 2 RHLTOE T,

void mpfr_set_nan (mpfr_t x) (B Y]
void mpfr_set_inf (mpfr_t x, int sign) [BEK]
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void mpfr_set_zero (mpfr_t x, int sign) B3k
TnEh, ZH xIZ NaN (FE), EEK, ¥uz2RALU X9, mpfr_set_infBI#° mpfr_set_
zeroEIX, signhHEEATHNIX, xITT I AMPKRE 772X 0% RAL £9, mpfr_set_nan
BB OLEIE, Sy MIRHEL R0 7,

void mpfr_swap (mpfr_t x, mpfr_t y) [BE%Y]
ZRx By BL TV ABEERZ ANEZ T, XD ONEZLIEHD FHA, Z0D
M, SBHHDBI M THDOE—FEZIBET 5 3 DD mpfr_setfdfi /) — T L IIHEEHA R £7,

(R MENBPANE DS L, ZOBROMRAMIITHZENE T 2BNLH £T, £z, K
BERDRA VR ANBDLD ETOT, xR yllZNE2HFALBVEID Y THEZ LgGEE, 2
DB E DR NE S IZUTRI W, x¥ y»S, MPFR_DECL_INITY 7 H X mpfr_custom_init_
set (see Section 5.15 [Custom Interface], H 47) THRINZEDTHL2HENMHYL £,

5.3 FIHAEAABIE

int mpfr_init_set (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) Macro
int mpfr_init_set_ui (mpfr_t rop, unsigned long int op, mpfr_rnd_t rnd) Macro
int mpfr_init_set_si (mpfr_t rop, long int op, mpfr_rnd_t rnd) Macro

int mpfr_init_set_1d (mpfr_t rop, long double op, mpfr_rnd_t rnd) Macro
int mpfr_init_set_z (mpfr_-t rop, mpz_-t op, mpfr_-rnd_t rnd) Macro
int mpfr_init_set_q (mpfr-t rop, mpq-t op, mpfr_-rnd_t rnd) Macro

[ ]

Moo

int mpfr_init_set_d (mpfr_t rop, double op, mpfr_rnd_t rnd) [Macro]
[ ]

[ ]

[ ]

]

int mpfr_init_set_f (mpfr_-t rop, mpf_-t op, mpfr_-rnd_t rnd) [Macro
ZE ropZ AIHEL, WO HTA rndTHO7Z opZRAL £9, ropDREEMEIL, mpfr_set_
default_precBIfi TE LBURDT 7 4 )V MEMRE I N X T,

int mpfr_init_set_str (mpfr_t x, const char *s, int base, mpfr_rnd_t rnd)  [BI%(]
xZ L, baseERIAD X FF| s% MDA rnd THLDTRAL £, FffllE mpfr_set_str
BB O Z 2L TR0,

5.4 7 —4 BIZSHEAH

float mpfr_get_flt (mpfr_t op, mpfr_rnd_t rnd) (B4
double mpfr_get_d (mpfr_t op, mpfr_rnd_t rnd) (B
long double mpfr_get_1d (mpfr_t op, mpfr_rnd_t rnd) (B
__float128 mpfr_get_float128 (mpfr_t op, mpfr_rnd_t rnd) (B4
_Decimal64 mpfr_get_decimal64 (mpfr_t op, mpfr_rnd_t rnd) (B4

ZI opDftiz NS X rnd TALD T, float, double, long double, _Decimal64ilZiZ I
L £9, ophNaN DA, fixed NaN (qNaN & U L 1&¥ 27 F)V) 2, 0.0/0.0 DAER %K
UE9, ophix Inf DAL, FURFSZ2RDOMEKRD, £ 1.0/0.0 DFERZIKL £9, ophitH
OEE, AU ES2F o0 %2R U £, npfr_get_float128B# & mpfr_get_decimal64
B, ThZThoBEBEEMET A2 AT a VN ETEIVNINEZROAMHTEET, 7
X mpfr_set_float128 B & mpfr_set_decimal64BA DAY Z 2R L T FI W,

long mpfr_get_si (mpfr_t op, mpfr_rnd_t rnd) (BE%]
unsigned long mpfr_get_ui (mpfr_t op, mpfr_rnd_t rnd) (B4
intmax_t mpfr_get_sj (mpfr_t op, mpfr_rnd_t rnd) (B4
uintmax_t mpfr_get_uj (mpfr_t op, mpfr_rnd_t rnd) (B4

opDAEZ FLDE— N rnd CEBUZZH L, long®, unsigned long®!, intmax_t#Y, uintmax_
tEIZZNTNEHL £3, ophS NaN OREE 0 23K L, #iHlT T — (erange) 777 . TE T,
opWEMED T — R L LTI RETELEEIE, A—N"—T70—DAMIZLT, CT—X
MELUTERINTWSERAME, UL IRRMEZRL, @IS —75 750 Tx9, £
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BODT—RENINE D &5 THIIK, opl I FRRLMENRDEGE, DFED, ophBETITR
WA, ARIEHE (inexact) 77 7 %3 C% 9, mpfr_fits_slong_pPA%{, mpfr_fits_ulong_p
BE%L, mpfr_fits_intmax_pBA%Y, mpfr_fits_uintmax_pPDFHHALSIL THFI W,

double mpfr_get_d_2exp (long *exp, mpfr_t op, mpfr_rnd_t rnd) [BEK]

long double mpfr_get_ld_2exp (long *exp, mpfr_t op, mpfr_rnd_t rnd) (B4
BOEE U TdEEL, expllid, BRWIZIZ exp NDRA 22 RALET, 22T, expld,
0.5<|d <1, 2D, dx2Pd, WDE—F rnd FHFANZ opZ & T double ! (long double
ENIZEM U7z ZIZFE UL BB L5 IkESINE T, opPhE DR, RUMAFITRD 9,
Fehluzfhs I3 ICEEIhTOVIE, FERLOETELRD, expdb 0MRAINE
$, opA’NaN b U < [ZER R DIFIE, Mg 5 double B (long double ) @ NaN % U < &
MERRKANE I N, expld REMEE D T,

int mpfr_frexp (mpfr_exp_t *exp, mpfr_t y, mpfr_t x, mpfr_rnd_t rnd) (B2
exp(JEAMNITIX expANDRA VX)) &y, 05<|y| <1, 22, yx2 N, x& yDRHEH
BIZ rnd AT DTz D EFELLRD XD ITEEZRAL £, xAELODOKHE, yIZHFR U
FORMIMENT, expldZ iz £9, xA NaN & U < (TR KOG EIXF CED yIfRA
TN, expDIEIFAEIITRD £7,

mpfr_exp_t mpfr_get_z_2exp (mpz_t rop, mpfr_t op) [BEY]
opDAREH %2 AT — )V U, opDFEEMEDEE L U T roplZfRA L, 8EGH expZ iR D fH &
ULET., 2O, BUROEBIOHFHZIBA 726 DICR5A8ENRSL T, DF 0, oplk
rop x 2P, LELUWHEIZARD £9, opAE O THNIZL, EEHOR/IME eminAHR I N E T, op
2 NaN & UK ZERACTHNIE, BFELT—7 770y I, roplZid 0 85A D, FBEES
Di/ME emin AR I N E T, RO EOIEERIL, EITRIZHE T 5 MPFR OB/MEEGT & b /I
SWVEIZZR B A[REMED D D £ 3, FREGHD  mpfr_exp_tH & UTRB T E R WHEIZZR 2 5E1,
HPE LT —T7 77y FIN, mpfr_exp tHTRETE 2 Hh/MERINET,

int mpfr_get_z (mpz_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEK]
op%, rndiMIZALD 7%, mpz_tEUIZEHL £9, oph* NaN b U < IZEEKDIFE, #ifHT
=770 %NT, roplZ 0 fRAL, 0%RLET, TNUNDEEE, roph*op& L WK (D
0, op WEBOK) FI¥0ZEL, opk D RELSLBRHIEDMEZE, opk D/INE K72 B
WXEOMEZEEL £, £72, rophopL BB HE, DF D, oph B TRV, RIEWHET Z
TENTET,

void mpfr_get_q (mpq.t rop, mpfr_t op) (B2
opZE AU mpq_tIZHAM L £9, oph NaN, £ U IXHEREAKDOK;E, #HHTTI—T7 T 70k
N, roplZiZE U RRAINE T, TNUADHEX, FIZEMREBITTbNET,

int mpfr_get_f (mpf.t rop, mpfr_t op, mpfr_rnd_t rnd) [BEEL]
op% rnd NI HD T mpf _tBUZ AL £9, ophi NaN H U < IXER K DIfIX, ZHiZFEY
T255HDIEMPF IZIIFELRVDT, #HIPFTLTI—7 57 %3 TET, oph NaN DK¢iE ropd
EIEAEIZZR D £, ophi+Inf (—Inf) DIKFIE, ropld MPF A OKEEHI U B 1) 2 Rkl
(/M) 12720 £3, [k MPF M ERKZ VK — b2 K5 12hnE, Tk REEXE
ULLABRWVWDT, FELINDEZLTLLD (R—&T7V7ns I LkBETOTHNE, rop
ZIXEROfED, MRAPRAINDG LSITTARETT), BK, MPFR OHEHIIEX MPF &
FAUT—2MaDT (FEHERLD 90, LSO IE MPF O 572 MPFR & b K& <
BMOET, HoT, A—N=T70 =7 v X—=70—DONIGMNIFIFTE EEA,

char * mpfr_get_str (char *str, mpfr_exp_t *expptr, int b, size_t n, [BEZ]
mpfr_t op, mpfr_rnd_t rnd)

opZHE |b| DXFFHE LT, ADE—F rndTHOTEHL £3, ZTZTnld¥n (Fids

KO, HLAEXFEIE L THAINDEINBEEERL £, BEDERDEGEIE, nld2 L
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EThiTER D FEA, BREUCTHEHTEZDEF 2 E62AFOBERE, HLIE-28
T =36 L EDOEKTYT, ZnANOEEZEKRE L THRET DL, ZOBEBUITHETHIEEIZ
NULL RA v R %KL £,

bR 2LAE36 AR TH DK, MF /N FaRMoTXFEMEERLEFT, 280 F —36 LA ED
BEE, B Rk FEEMVET, 3T E62 U TOESIE, e, KU, INCENZDIE
WHEHENET, BELUTHEZVDI, b> 10 DT, 91ZH< XFIFFEB bIZ & > THEAE
DET, TNIXGMP O mpf_get_strfifi & B2 K- 2720 DMK TT, oL v IR
HEx /W EBEWTLES, YU TGy RN—FBEELEL TATTIIW,

AJIED NaN OFFlE, ‘@NaNe’'& W5 XFH %KL, NaN 7 7 7 %2\ 7CTE3, ASED+Inf
(—Inf) OHFE, ‘@Inf@ (‘-eInfe@’) %KL 9,

AJMEDPERME DG E L, BEERIX expptr i1 VY X 2@ U TEINE T, ASMED 0 DRI
R BT 2 R/ NOIBEROMEAFESIAENE T, ARMETT AHNIE, mpfr_exp_tRIIMEE
DIFEEBOMEBIEM T E £ 75

AR X N B TN R T DY, INBUITIARE TS, SCFFI O EEE (BRM 0 AM) (2 & H
NTVWBEEDELTVWET, #HlxiE, —3.1416 E WO BUZX L TIE, "—31416" &\ 5 CFEFIH
BRI, expptrAMfETRICIE 1 PRI NE T, WOE— N rnd P BEEALD T, ophid &k
5 EHTT REE UHBBER 2 R D MED E LM D EEAFIZALE L TWA5E1E, I
RBHELUEER AL £, EEGHOBEX, BUMIPMEBIZTERWEERH D Z LY
BUTTEW, Bz, B 7 CESNTED 2K DGE, 7HER (14) & (THERBD) F01
FHHNT (15)(10 EET 12) 12720 9L 7HET (16) £ ¥ ek b, WD S5NT (20)(10
HERCT 14) 1270 9, FRRIZ, 7HERD (26) L B3 IFMO S5NT (26)(10 EED 20) 12720
7.

oL B DR, RBEBATERITINE 2721 DN E R L £ 4O T, HhInzXF5 %3~
THAAATIIE, AHNEBICREELOE— RDGEIX, D opk 5l UBE R
TEET, FHIZES &, IZLAYDEA, strONEL, LidoME %R T 5 p=PREC(op)
abmw&mﬁbf&i5%$®mﬁmmtoiﬁoOib,m:1+ﬁgﬂ,am5:an
mDET, TITOAR2DOREIFEDHEEI pEp—1ICESHZTFEW, HL, LT 7 —AT
T, m+1HICR25BEEHVET, BV 2L TFTORNDEH L LTI, N7 L 49
T, phd 186564318007 DIFMNZUZH -0 £,

str? NULL AR A ¥ X DI, AREEHOSCFF A € ) fgiE 2 € Y & D 24 TR (Section 4.7
[Memory Handling], H 12 ) THA I N, HEEDERRMETRITNIE, ZOXFHADR
A VRPBEOEELD T, ZOGE, BINKA U RZBETFH 2T 57012138
$ mpfr_free_strBfZHio T FX W,

str? NULL R4 Y R THRWERD, KA U ZHBPEET AT HEBIIREGT 2 &N TE 5 +o7% Kk
IR I N TWRITNIER DY FHA, CARMEIZN LU THRZERY A XL, nhh¥a T
WA Emax(n + 2, 7), nAEODEAEE, THROHHDED m+ 1HEHRLTE BENHD
F9, 251 MOREHTHEHR T 201, BIEFHO NULL XXFIZMA T, <A1 FAF5H8M000
INBHAEEMED DB 5 TT, RIETH 751 MEMRT HEHIL, ‘-0Inf@ % NULL #&im &
DTEHTE-DTT, HEAPEI LM THRVIRYD, XFEH] strAaDRA Y ZAANRDfEE 72D
9,

i DRAEUARR, ZHS N2 XFHIDND SN TIRAEEZ ETVRHITIE, REMT 772 TET,

void mpfr_free_str (char *str) (B4
mpfr_get_strfTHEHI D BT oHONLXFH %, AT MKEAE (Section 4.7 [Memory Han-
dling], H 12 2/) TMMLET., ZDAEY 70 Y Zid strlen(str)+1N1 MERI TV
Z2HDLMESNTVET,
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int mpfr_fits_ulong_p (mpfr_t op, mpfr_rnd_t rad) ESE
int mpfr_fits_slong_p (mpfr-t op, mpfr_rnd_t rnd) Eape
int mpfr_fits_uint_p (mpfr_t op, mpfr_rnd_t rnd) Eapde

[

|
int mpfr_fits_sint_p (mpfr_t op, mpfr_rnd_t rnd) (B

[

[

[

int mpfr_fits_ushort_p (mpfr-t op, mpfr_rnd_t rad)
int mpfr_fits_sshort_p (mpfr_t op, mpfr_rnd_t rnd) B2
int mpfr_fits_uintmax_p (mpfr_-t op, mpfr_rnd_t rnd) B2

int mpfr_fits_intmax_p (mpfr_t op, mpfr_rnd_t rnd) [BE £
op’% rnd FIANZ A 7= AER DY, ZNZ N unsigned long, long!, unsigned int#, int#,
unsigned short®!, short#!, uintmax_t#!, intmax_t#l& \ o7z C DEART — X B ERE
AT E SIICIZIEY B 2R L 9, HlAIE, —0.5 % MPFR_RNDUE — R CHOH7254&, b
RO EDEBMTEIEHZIKL 9, MPFR_RNDFE — N TAO -GG, EidoBE e e
% B (B 21X, mpfr_fits_ulong_pBAEUZX U CTld mpfr_get_uiP#) »EFADE—
RTHIES 2T —XMTRETE 205755, HEnE%ERL£9, #£>T, MPFR_RNDF
E— NDEAI, mpfr_fits_ulong pB%i%, ULONG_MAXBAFROIEAMEICK L TlX, ¥R
ZRLUET,

5.5 EXEEREN

int mpfr_add (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) [BE5]
int mpfr_add_ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B2
mpfr_rnd_t rnd)

int mpfr_add_si (mpfr-t rop, mpfr_t opl, long int op2, mpfr_rnd_t rnd) (B2
int mpfr_add_d (mpfr_t rop, mpfr_t op1, double op2, mpfr_rnd_t rnd) (B2
int mpfr_add_z (mpfr_t rop, mpfr_t opl, mpz_t op2, mpfr_rnd_t rnd) (B2
int mpfr_add_q (mpfr_-t rop, mpfr_t opl, mpq-t op2, mpfr_rnd_t rnd) (B4

opl +op2 Z KD T rnd NI D, roplZfRAL £7, fFEMEEu DAL IEEE 754 D)L —
IHREHAINET, BERLEROEAED, 0 RSN EL LTI NET, DFH (+0) +
0= (+0)®, (=0)+0=(-0)) &b Fd, mpfr_add_dBEIZE W TIE, doublefdiFHELM
2 DANEI, FEEMEUE C OFELE{E (IEEE_DBL_MANT_DIGY 7 U EHMHE, RIFNIX53 Y 1)
LT ZITVWE T,

int mpfr_sub (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rad) (B4

int mpfr_ui_sub (mpfr_t rop, unsigned long int opl, mpfr_t op2, [BEK]
mpfr_rnd_t rnd)

int mpfr_sub_ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B2

mpfr_rnd_t rnd)

int mpfr_si_sub (mpfr_t rop, long int opl, mpfr_t op2, mpfr_rnd_-t rad) REEX
int mpfr_sub_si (mpfr-t rop, mpfr_t opl, long int op2, mpfr_rnd_t rnd) BEEX
int mpfr_d_sub (mpfr_t rop, double opl, mpfr_t op2, mpfr_rnd_t rnd) RE%L

int mpfr_sub_d
int mpfr_z_sub (mpfr_t rop, mpz_t opl, mpfr_t op2, mpfr_rnd_t rnd)
int mpfr_sub_z (mpfr_t rop, mpfr_t opl, mpz_t op2, mpfr_rnd_t rnd)
int mpfr_sub_q (mpfr_t rop, mpfr_t opl, mpq-t op2, mpfr_rnd_t rnd) (B Y]
opl —op2 ZFHE U T rnd FIANZ LD, ropllfRA L £, IEEE 754 IO —ILIZHEW, FF
FNELOHELLHEVET, FE5RLEEDOHAX, (+0) — 0 = (+0), (=0) — 0 = (=0), 0
— (+0) = (=0), 0 — (=0) = (+0)) &\ D KD IZH X T, mpfr_add_dFEBUI N T S IR,
mpfr_d_subPHEUZ N U TH, mpfr_sub_dBABUIH L TH, K OEKICEHINTVWET,

[F%4]
[
mpfr_t rop, mpfr_t op1, double op2, mpfr_rnd_t rnd) (B2
[B%4]
[P

~ A~~~

int mpfr_mul (mpfr_t rop, mpfr_t op1, mpfr_t op2, mpfr_rnd_t rnd) [BEK]

int mpfr_mul_ui (mpfr_t rop, mpfr_t opl, unsigned long int op2, (B2
mpfr_rnd_t rnd)

int mpfr_mul_si (mpfr-t rop, mpfr_t opl, long int op2, mpfr_rnd_t rnd) (B2
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int mpfr_mul_d (mpfr_t rop, mpfr_t op1, double op2, mpfr_rnd_t rnd) (B
int mpfr_mul_z (mpfr_t rop, mpfr_t op1l, mpz_t op2, mpfr_rnd_t rnd) (B4
int mpfr_mul_q (mpfr_t rop, mpfr_t opl, mpq_t op2, mpfr_rnd_t rnd) (B4

opl x op2 ZEIHE L, MWOE— K rnd THDO T roplZHEM L £ 3, FIRAERILOIZRBRFORF
i, ZHORNSOBTHRESINE T, FERLEE T I ARSI LU E 3, npfr_add_d
BE% & FIBRDHIBR A mpfr_mul _dIZ BRI NE T,

int mpfr_sqr (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (BE%]
op? ZEtE L, mdFATHD T ropiZfRAL X7,
int mpfr_div (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rand) (B4
int mpfr_ui_div (mpfr_t rop, unsigned long int opl, mpfr_t op2, (B4
mpfr_rnd_t rnd)
int mpfr_div_ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B4

mpfr_rnd_t rnd)
int mpfr_si_div (mpfr_t rop, long int opl, mpfr_t op2, mpfr_rnd_t rnd) [BE%Y]
int mpfr_div_si (mpfr-t rop, mpfr_t op1, long int op2, mpfr_rnd_t rnd) [BE%Y]
int mpfr_d_div (mpfr_t rop, double opl, mpfr_t op2, mpfr_-rnd_t rad) [BEY]
[4%4]
[4%4]
[

(
int mpfr_div_d (mpfr_t rop, mpfr_t op1, double op2, mpfr_rnd_t rnd) BEEX
int mpfr_div_z (mpfr_t rop, mpfr_t opl, mpz_t op2, mpfr_rnd_t rnd) RE%EK
int mpfr_div_q (mpfr_t rop, mpfr_t opl, mpq-t op2, mpfr_rnd_t rnd) RE%Y]

opl/op2 K&, HOFHX rndTHDOT roplZfRAL £9, HEMEIP LD DRI, —FORF
SOWMTHENREINET, 52 LEODORIE, T5RA02LTHRWET, opldidEitn
T, op223¥ T DR, HEMEIZS DL Z2 £Inf TTA, FFRMIZIENaN 22506 Lk
A, IEEE 754 TIERNOMPEZ LT X, T H, mpfr_add_dBBUZ B 1) 2 HIRFHIEIL,
mpfr_d_divB#IZ®, mpfr_div_dBFICLEHINE T,

int mpfr_sqrt (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B

int mpfr_sqrt_ui (mpfr_t rop, unsigned long int op, mpfr_rnd_t rnd) (B
VoD 2K, rndFATHDT ropiZfAL £, oph’ —0 DHfE, TEEET54 BIUEDEDIZHE >
THUHL £F., ophHEDKHE, ropiZid NaN BRAINFE T,

int mpfr_rec_sqrt (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
1/\/op Z&tH L, rnd/FIANZHO T ropll RA L X9, oph’ £0 DIFE ropiZiF+Inf 2%, opAi+0
DI +Inf 23, opBWEBDKEIE NaN 28, ThZhMRAINE T,

[FER] —0 12X 3 2fEIZ+Inf T, IEEE 754-2008 #if& (9.2.1 i) THAR X T W2 rSqrt BIE D
fiTd 5-Inf TIEH D ETEA.

int mpfr_cbrt (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
int mpfr_rootn_ui (mpfr_t rop, mpfr_t op, unsigned long int k, mpfr_rnd_t  [B%]
rnd)

opDL Stk (kM) ZEHHE L, rnd i N THDO T roplZfRAL £, k =0DHAEIE, roplZ NaN
ERAUET, kDPEH (BE) T, oph (~Inf &5 L) B TH DI, ropllld, kO¥H Tl
V) EIZBED 59, B (NaN) BWMRAINET, ophBE B DL, roplZ 1$5@H OMPREL —
WIZHI - 725 DRIz urRAINET, DFED, kPFHOKIX opL [H URFFIZ
w0, BBOKHET I AFELRHEET,

o OBEUE, TEEE 754-2008 #if% (9.2 i) O rootn B DLIRIZ A - 72 B fE 21T\ £ 9

int mpfr_root (mpfr_t rop, mpfr_t op, unsigned long int k, mpfr_rnd_t rnd)  [B%]
Z OBIEIE mpfr_rootn_uwifAf L FIUBkREZFFH £, HL, op % —0 T kDMEDIFIL, +0
TR —02RT & ZADVRRD FT, ZNE mpfr_sqreBE HlEEN AR VWE D12 57
HDFETT, opHhE DKL, ropll opDfEZEZDFEFEFRALET,
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BEMER S DL D 7, fFRON—Y a VTHEIEFEDEBTY,

int
int
int
int
int

int

ESNZEDRDT, BMEHPEDT- rootn BAEL &

mpfr_pow (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) (B

mpfr_pow_ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, [BEK]
mpfr_rnd_t rnd)

mpfr_pow_si (mpfr_t rop, mpfr_t op1, long int op2, mpfr_rnd_t rnd) [R5

mpfr_pow_z (mpfr_t rop, mpfr_t op1, mpz_t op2, mpfr_rnd_t rnd) (B4

mpfr_ui_pow_ui (mpfr_t rop, unsigned long int op1, unsigned long int (B2
op2, mpfr_rnd_t rnd)

mpfr_ui_pow (mpfr_t rop, unsigned long int opl, mpfr_t op2, (B2

mpfr_rnd_t rnd)

oplor? ZEH L, mdFRNTHO T roplZ AL 9, FHEREICR LTI, ISO C99 XU IEEE
754-2008 HIE N E D D powBIBUTHE L 72 IR V2 L £ 9,

o pow(£ 0, PIF, yNREADTHHTH B, EOMEK, U IFADMERKEZIRL £7,

o pow(x 0, P&, yVADMETH S, EOMBREZERL £,
e pow(£ 0, y)
e pow(+ 0, P&, yPEDMBTH B, EOXDEIEL X,
e pow(-1, = Inf)ld 1 &KL £T,

e pow(+1, YiF, NaNZELHEED ylZW LT, 1 ZELET,
e pow(x, + 0)i%, NaN Z2ELEED yiZH LT, 1 ZRULET,

o pow(x, YIX, AROEAK xL AROIFEI yIZH LT, NaN ZRU £7°,

!
!
!
!

I, yPIEOHHTH LI, Eotu, £ LIFADOEYRZRL £7,

e pow(x, -Inf)iF, 0 < |z| <1 DRHIZIEDHEEKRZ, |z|>1DRKFXEDEOZIRL £T,
o pow(x, +Inf) %, 0 < |z| <1 DRHIED YR Z, |z| > 1 DIFIFIEOMEBRZERL £7°,

|

|

e pow(-Inf, y)i¥, yPEADHFHDOK, ADYOEZIKRL X7,

e pow(-Inf, y)i&, yVEADMBOK, FO¥HaERL XY,

e pow(-Inf, Y, yPIEOTHHDOKR, ADMEPERZIRL 7,

e pow(-Inf, y)i%, yAEDMEIHODK;, EDMEREKEZRL X7,
|

o pow(+Inf, Y, yHEABRDOKHIIEDYEZ, yDEBORKIXEOHEREKZEL £,

[ E o] BER D 0 1%, EFLOBEBTIE+0 LRV ET, ZDHE, powBE L Fkk, #E OMER
fHEUTIEEZXZEA,
int mpfr_neg (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEEY]
int mpfr_abs (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEEY]

ZTNZEN, —op & opDifiiE%E, rmndFANTHD T roplZfRAL £, ropk oph’FH UEET
HHZIE, FEEZLBIZGUTEREL, B3 ZThHNIE, rop DREMED opk D/INE
WIRHZIZ DM PN ER T N E T,

ZD LS BFFHWNIDFRIE, IEEE 754 @ negatefi# & absBIZ EAIL T, NaNIZxfiL
THiTbNET, 2F 0, mpfr_negBBUIM 5% KL, mpfr_absBIBUIITFZZIEICLE T,
fHL, IEEE 754 & 13& > T, W% NaN 7 5 713 Cx 7,

int mpfr_dim (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) (B4

opl & op2®IEEME (positive difference) ZEHA L, md AATHLO T roplZfRAL£9, D&%
D, opl > op2 DEFEIL opl — op2 =KD, opl < op2 DIFIE+0 ZRAL, oplH UL IFop2
H¥ NaN D% NaN 2fRA L £7,
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int mpfr_mul_2ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B
mpfr_rnd_t rnd)
int mpfr_mul_2si (mpfr_t rop, mpfr_t op1, long int op2, mpfr_rnd_t rnd) (B

opl x 272 AU, rmd i N THD T roplZfRAL £, ropk opl B’E—DETH 555
X, 2D op2FHHATVEXT,

int mpfr_div_2ui (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B4
mpfr_rnd_t rnd)
int mpfr_div_2si (mpfr_t rop, mpfr_t op1, long int op2, mpfr_rnd_t rand) (B4

opl/2°P2 % 3K, rnd iR THO T ropllRA L £, ropk opl BEAI—DEBTH 5561%, 2
D op2FRW-oTWVWE £,

5.6 LLESEEEK

int mpfr_cmp (mpfr_t opl, mpfr_t op2) B4
int mpfr_cmp_ui (mpfr_t op1, unsigned long int op2) 5P
int mpfr_cmp_si (mpfr_t op1, long int op2) ESE3

[

|
int mpfr_cmp_d (mpfr_t op1, double op2) [BE %

[

[

[

int mpfr_cmp_1d (mpfr_t op1, long double op2)
int mpfr_cmp_z (mpfr_t opl, mpz_t op2) ESp
int mpfr_cmp_q (mpfr_t opl, mpq_t op2) ESp

int mpfr_cmp_f (mpfr_t opl, mpf_t op2) (B %
opl& op2% b L £9°, opl > op2 DKFIXIEDME%, opl = op2 DKFIZY T %, opl < op2
DORFHZEEZIE L ET, ople op23E8H 6B E UKEMB 7 IVTHENRA-> TWAIGEIE, =
EE-THWI L £9, £B52DEA NaN DI, HFTS—7 77 PUTHNT, YUz
LT,

[(EFd] Z OB 3By — A2 /A5 2 e TE£d, 2B T2 /AT 20
B, HBikT 25 & 51T, FARBB (H AL npfr_equal _pBIEUL —BHDEL W Y S ¥l T
EE9)EMoTIFIW, WIKEINDMEIZ NaN 235 58541%, IEEE 754 Bk O ik & [\ Uk
5E0E L ET, HBIXFENESBDOANLZRDOT, BEIIGUTT — 2 E#biTbhEd,

int mpfr_cmp_ui_2exp (mpfr-t opl, unsigned long int op2, mpfr_exp_t e) (B2
int mpfr_cmp_si_2exp (mpfr_t op1, long int op2, mpir_exp_t e) (B2
opl & op2 x 2° Z L £9, RO AEIF EEL OB LR U T,

int mpfr_cmpabs (mpfr_t opl, mpfr_t op2) B3k
lopl| & |op2| ZHEE L £3, |opl| > |op2| DRHIXIEDfEZ, |opl| = |op2| DFEIEEE %,
lopl| < |op2| DIFIFADMEZIKRL £9, HEBENROMHEIZ NaN H 2561, #HIELI—7 5
JERIITTYrZELET,

int mpfr_nan_p (mpfr_t op) (B
int mpfr_inf_p (mpfr_t op) (BE%K]
int mpfr_number_p (mpfr_t op) (B
int mpfr_zero_p (mpfr_t op) (B4
int mpfr_regular_p (mpfr_t op) lE3E:4

opMENZFN NaN, fEFRKA, NaN THMERATE RWRE/NEUSEE, ¥H, NaN TH R X
THEOTHERWEE/NEGSIETH 25561, FEX0EZEKL 9, TNADEEITY O %
BLUET,
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int mpfr_sgn (mpfr_t op) [Macro]
op >0 DERFFIEDEZE, op=0DKII¥ T %, op <0 DIFIZFADMEZEZKL 3, 5[4 NaN
DHEIE, BT —757% T TY¥ %KL £, mpfr_cmp_ui (op, 0) LA UEE % L
XIH, 2OV BDHNVEEICHEITTEXT,

int mpfr_greater_p (mpfr_t opl, mpfr_t op2) B34
int mpfr_greaterequal_p (mpfr_t opl, mpfr_t op2) B3k
int mpfr_less_p (mpfr_t op1, mpfr_t op2) (B2
int mpfr_lessequal_p (mpfr_t opl, mpfr_t op2) (B
int mpfr_equal_p (mpfr_t opl, mpfr_t op2) B34

ZNZE N opl > op2, opl > op2, opl < op2, opl < op2, opl = op2 DIGZHIFIEL O Z, %
NN DEGEIZE T ERE L £, opl & op2®—2LL EAINaN THIUE, BI¥uzEL £7,

int mpfr_lessgreater_p (mpfr_t opl, mpfr_t op2) [BEEL]
opl <op2H UL IXopl >op2 THNIFIEXTZEELET, ZNiLopld op2b NaN Tl
{, opl #op2 THELHELAETT, TNUNDEE, DF D opl & op2iZ NaN 23db %1%
%, BL<IZopl =op2 THNIX, YuzELET,

int mpfr_unordered_p (mpfr_t opl, mpfr_t op2) (BEEY]
oplH UL E op223 NaN THNE, DV MEDHEATE LWL ALY 2 RUET, %
NUSADOEEIZER KL £,

5.7 FEE - FIABE

— I DHIH (mpfr_sin_cosfAR L) 2FRE, T THRRTWVWBS L TOEKDIKRD ik =FH
[ternary value], H 9 23K L £9, AOLUDHEEZEKIZEIF0%Z2, HELD RS WHEZIRT
GERIEDMHEEZ, TNIUNDEGEITADMHEEZEL £,

[EE] 580D 2K H 556, BEREBEHEINS S TH, HIFBEECREEHROE (2
2, [EHERIOMIEZITS 720) IZREDR D5 22D 0 £, HIAIE=ABERRY 2L
BOBIBBRENGENZTNITHZ0 9, e, BRIZE->TIX, ATV OMHHENKLTL
LT HEOBEMBITKFZEL NI B H D £9, mpfr_rootn_wifAIIRI M kDK E X1
HHIL, Rogeh v <BEBIIEIE oplZ il L T A EV HHESZ 7,

int mpfr_log (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2
int mpfr_log_ui (mpfr_t rop, unsigned long op, mpfr_rnd_t rnd) [BEK]
int mpfr_log2 (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2
int mpfr_loglO (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2

EDBIEIZ, opD BHAKNE, log,op, log,,op ZElIH L, MWOFHA rndTHO T roplZfRAL %
T, ADHRTED ST, oph* 1 DL, ropld+0127420 £9, ZHULISO C99 k& & IEEE
754-2008 FEHERUMEIZIE D W2 H DT, oph' £0 DI, HIL, L0 DRFSAMERITM S HE N
WA, ropiZid —Inf BRAZINE T,

int mpfr_loglp (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2
op+1 DHARNBOFHE 2T\, O HR rnd THO T roplZ#H L £3, oph® —1 DIFIX, rop
ik —Inf BRAINET,

int mpfr_exp (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B

int mpfr_exp2 (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) lE3E:4

int mpfr_expl0 (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
OO0, ZTNEN opD 2 DREFE (2°7), HLIX10 DREHE (107) #F7HHE L, I
HE— K rnd THD, roplZfRAL £,



Chapter 5: MPFR D %k 27

int mpfr_expml (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
e? —1 %KD, LOE—F rndTHD, ropiZf AL ET,

int mpfr_cos (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

int mpfr_sin (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEK]

int mpfr_tan (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2

TNEN=FABE sin(op), cos(op), tan(op) DAEZ KD, rndFAIZHG, roplZf AL £7,

int mpfr sin_cos (mpfr_t sop, mpfr_t cop, mpfr_t op, mpfr_rnd_t rnd) (B4
soplZid sin(op) DA%, coplZiZ cos(op) D%, sop, copDIEEMEIZINE B L5, EhEh
rnd FIZ O TRKHZMRA LU £, sopk copiiﬁﬂé'ﬁé&(f& FHER D FHA, W DME
DHOZLUTINESRFZ0ZRLUET, KVIEMIZES L, BOMHEIZ s +4c & WS ATHRIE
N, sophADRLDGEIXs =080, ﬂbtﬁ@ﬁﬁ‘ﬁ%<&5lﬁ s=1, N 725
Rl s=2¢70DF9, cOEL, copOMDFRERITIE U T s ARIZIRED £,

int mpfr_sec (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B

int mpfr_csc (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

int mpfr_cot (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
sec(op), cosec(op), cot(op) DfE%Z K&, rndFATHO T roplZfRAL 7,

int mpfr_acos (mpfr_t rop, mpfr_t op, mpfr_rnd_t rad) (B4

int mpfr_asin (mpfr_t rop, mpfr_t op, mpfr_rnd_t rad) (B4

int mpfr_atan (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

opD i = MBI DAE, arccos(op), arcsin(op), arctan(op) ZEMHE U, rnd A TAD T ropl
RALUET, acos(-1) X, RSN HOE— NIZHE> T m 1TEWIZEINSUSEUE kD 5 DT,
MBI UH arccos DEFEIZELD 0<rop <7 EWHHPHIZINE B DIFTIEH THA, RO
FERIE, MO AR K> THOHEPHLRE D £9, HEKIZ, asin(-1), asin(1), atan(-Inf),
atan(+Inf), KZ\ oplZxf U T atan(op) DIRATED ropDREEMTE D72 W, FIZDWWT
LRKDZ ENEFEZ X,

int mpfr_atan2 (mpfr_t rop, mpfr_t y, mpfr_t x, mpfr_rnd_t rnd) (B4
T—2o &Yz 2atan2(y, x)) DEERD, mdFATHD T roplZEMHL £9, x>
0D iE atan2(y, x) = atan(y/x) &£ 780D £9, x < 0D L atan2(y, x) = sign(y)*(Pi -
atan(|y/z)) &7 D DT, FHREMEIEX, —7m B Er LTO®EAIZINE D X9, atanfiK
Ak, BANLREBRBTE+rn B ULKIE —7m 2RBIEVH O FTH, LODKR, BFERLRHE
BIZINE S BRNWZeEHVBET,
atan2(y, O)IXIFE/NEGEBHIA 2 FE ST FH A, Rk AJMEIZN L TIZISO C99 KU
IEEE 754-2008 #if% D atan2BA8FARR, RD L SITMEATRE D £7,

e atan2(+0, -0 ¥ +7 iR,

e atan2(-0, -0 I —7 iR,

e atan2(+0, +0)1F+0 Z X7,

e atan2(-0, +0) ¥ —0 ZiKR9,

e atan2(+0, x) ¥, z < 0DEHFEIX 41 ZIKT,
e atan2(-0, x)I&, z <0 DHAHIE —7 KT,
e atan2(+0, x)I&, = > 0 DHEIE+0 2K,
e atan2(-0, x)i¥, z > 0DHEIF -0 2K,
e atan2(y, O, y < 0DEHEIF —7/2 KT,
e atan2(y, O, y > 0DGEIF +7/2 2RI,
e atan2(+Inf, -Inf) & +37/4 KT,
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e atan2(-Inf, -Inf)id —37/4 KT,

e atan2(+Inf, +Inf) L +7/4 iKY,

e atan2(-Inf, +Inf) il —7/4 KT,

e atan2(+Inf, X)X, ARD z DHEE +7/2 2K T,

e atan2(-Inf, x)I¥, ARD z DLEIF —7/2 KT,

e atan2(y, -Inf)lX, ARD y > 0DGEIF +7 iKY,
e atan2(y, -Inf)id, ARD y <0 DLGEIFK —7 ZiKT,
e atan2(y, +Inf)id, ARD y > 0 DEGEIF+0 KT,

e atan2(y, +Inf)id, ARD y <0 DEHIX -0 ZiKT,

int mpfr_cosh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
int mpfr_sinh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
int mpfr_tanh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

MHHARBEZ D E, cosh(op), sinh(op), tanh(op) DEZ K, rndFANTHO T roplZfRAL
i‘;—o

int mpfr_sinh_cosh (mpfr_t sop, mpfr_t cop, mpfr_t op, mpfr_rnd_t rnd) (B2

MHHFRBEEL sinh(op) & cosh(op) DAEZ [FKFIZ KD, ENE1 sop& copDREEMBUZINE 5 &

WZrnd AR THOTRALVET, ZOW, sopl coplddbdT TNTNRLBEHERELTTE

T\, WADHIEA D U TIEUWMEIZZRSBEDA0 2R L £, KD EDFHHIZ DWW
Tld mpfr_sin_cosBIBDFHIHZ S L THF X W,

int mpfr_sech (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEK]
int mpfr_csch (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BE5]
int mpfr_coth (mpfr_t rop, mpfr_t op, mpfr_rnd_t rad) (B2

MHEAREEZL, sech(op), cosech(op), coth(op) D% K&, rnd AN THO T roplZf AL £7,
int mpfr_acosh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
int mpfr_asinh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
int mpfr_atanh (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

WAHHFRBEZL, arccosh(op), arcsinh(op), arctanh(op) DfE% ZNZ KD T, rmnd AT
O T roplZfRAL 9,

int mpfr_fac_ui (mpfr_t rop, unsigned long int op, mpfr_rnd_t rnd) (B2
opDFEFZ KD, mdFFATHD T roplZfRAL £

int mpfr_eint (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
TREEDME 23k, rnd AN THD T ropltRAL £9, BFNRERIX, 17 —FH, op
Dt ED BRI (log(lopl), kIZBAS 2 MEERA op® /(K- k!) OFIE 2D £3, opMPIEDKHZ
Ei(op) DfE% X L (Abramowitz and Stegun:"Handbook of Mathematical Functions"® 5.1.10
X2, opHE DR El(-op) D (eintl(-op) £ HFHL) 2K LU T (FHF 5.1.1 K2 SK),

int mpfr_1i2 (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B Y]
% BN BB Li2(op) DMEZ KD, mdi ATHO T ropicfA L x93, MPFR T
— [ log(1—t)/t dt E\WDEHEELENHEBME UTHERHALTWET,

int mpfr_gamma (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
int mpfr_gamma_inc (mpfr_t rop, mpfr_t op, mpfr_t op2, mpfr_rnd_t rnd) [R5
opD IV <L op& op2DASER A V< BIBMOEEFHEL, rmd iR THD T roplitf AL F
¥, 2O =27 )V Tl mpfr_gamma_inc% A58 4 ¥ B (incomplete Gamma function)
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CIEETH, MATERHN Y (complementary incomplete Gamma function) & FERZ
EELEH D F9, mpfr_gammalHi L, op2H3E 1 DEFD mpfr_gamma_incPAENIL, ophiE DEELKL
DI, roptZ NaN Z2fRA L 7,

[[F5L] BIRD mpfr_gamma_incPBH#IX, ropX oph K EWEGEIXMEHIZ72 > TU £ 5 MENH
DET, £72, RHZE > TUIHNIBOFHBETA—N—=T 0 —DHKET LI LDH D £7,

int mpfr_lngamma (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
opDXEAT > < BB DIEZE KD, rnd FATHD T roplZfRA LU E T, oph 1720 L 2 DIRFIE,
ADE—NIZED ST ropld+0 12720 £, opMBER K, £ LU IKIETRWERDRIX, rop
F+Inf 12720 £9, TDH7 0 ORIRZLFIBUI T 23S I — I 72 )L — VI E > TV E T,
—2k—1 < op < —2k DL, kD FEEADEETHNIL, ropld NaN 1272 D £ 9, mpfr_lgamma
BB OMHH SR TRI W,

int mpfr_lgamma (mpfr_t rop, int *signp, mpfr_t op, mpfr_rnd_t rnd) (B2
op®D 77 > < BB DAE DK HE DX B % KD, rnd FRIZHD T roplZ AL T, opDH >~
BEE (T (op)) DIEDORFFIE T A —1 & UL TREI N, signpBA1 ¥ XBETRICKEMINTOE
T, opAB17RWVL 2 DKL, HOE— NIZEDL ST ropld+0 12720 £9, ophiflEA, LK
WIEIEDEBTH UL, ropld+Inf 12720 £7, @#N@J%ﬁ,ﬁ@”ﬁ@b?ﬂ#f%ﬂ
X, *signpDIETHEIIAREME 2D £3, oph® +0 DHFIE, *signpDIFITHIFY O D5 %X
KT 25ELEDIZHRD £9,

int mpfr_digamma (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) ik
opD T 1 7 v~ (7°“j"f B XN 5) Ofiz KD, rmdiXNTHD, roplitfRAL £
T, opPEDEMDILGEIL, ropld NaN 2720 £,

int mpfr_beta (mpfr_-t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) (B2
S80S opl & op2D R — XA D% KD, roplTfRAL £,

[(ERl] B O FEECTIEANI TA—N—=T B =T VX =T 0= E DT — A DV T 5
WILEIT>TVWERTADT, MEEERHEEZNBTHEI L NI 720 LERA,

int mpfr_zeta (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BEE]

int mpfr_zeta_ui (mpfr_t rop, unsigned long op, mpfr_rnd_t rnd) [BEE]
opD V) —< v - E—XEBDIE%Z KD, rndiXNTHD, ropltRALET,

int mpfr_erf (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

int mpfr_erfc (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
op DR B L OB OME % KD, mdAHIZADT, ropicfRAL £ T,

int mpfr_jO (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2

int mpfr_j1 (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B2

int mpfr_jn (mpfr_t rop, long n, mpfr_t op, mpfr_rnd_t rnd) (B2

op® 0, 1, niX D 1 TRy LIVEA D% KD, rnd iR THO T ropltfRA L £9, oph’ NaN
BEE, ropldEIZ NaN 12722 0 £97, ophi+Inf U < IE-Inf DFEIE ropld+0 (2720 £93, rop
23+0 THD nAFEL T DIFIE, nDEAT R FIZE > T ropDfiiZ+0 H LI -0 1240 7,

int mpfr_yO (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
int mpfr_yl (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B
int mpfr_yn (mpfr_t rop, long n, mpfr_t op, mpfr_rnd_t rand) (B4

opD 0, 1, iR D 2 TR L)V D% KD, rnd i THDO T roplZfRAL £9, oph* NaN
H UL IFADHEIX, ropldHiZ NaN 12720 £9°, ophi+Inf DX ropld+0 27D £9,, op
NE O DKL, nDMEA R FIZE > T ropDffild+Inf £ U< & —Inf i b £,
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int mpfr_fma (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_t op3, mpfr_rnd_t [BE%Y]
rnd)
int mpfr_fms (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_t op3, mpfr_rnd_t [BEZ]
rnd)
(opl x 0p2) +0p3 X, (opl x op2) —op3 D% KD, rnd/FATHD, ropiZfRAL £, K
MZRE (et EXn, HIRXK, NaN) B2 OHIZA->TWBHE5E, NMEREORIZIT S JREDOH
BT > TIHARE L 9, 20, HAEEL U TOREKIAOMHEZITIZHRD £7,

int mpfr_fmma (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_t op3, mpfr_t (B4
op4, mpfr_rnd_t rnd)
int mpfr_fmms (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_t op3, mpfr_t (B4

op4, mpfr_rnd_t rnd)
(op1 x 0p2) + (op3 x op4) X (opl x op2) — (op3 x op4) D% KD, rndFATHD T ropiZ
RAUE T, opl x op2 ¥ op3 x opd DFtETA—N—=T 0 =07 X =70 =0 FE U7
ZlE, ZOMEZESERIZEL > T ropDEAHRE D £7,

int mpfr_agm (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) (B %L
opl & op2 DB % KD, rnd FRTHD, roptZf AL F 3, Bk Eia &, #51
Uy, & v, DIBOMIFRIE T, uy=o0pl, vo=op2L WD FIHHEL S HFEL, upy Fu, & v, DE
MY, vpgr 1w, & v, DRMAFEE UTHELZB DT, opl, op20@ b 5HAM, Jr
FMWIEEATH DL, ropld NaN 2720 £9, opl, op2@ b oH XD, FAMPERME (HE
FRK) DL, ropld+0 (NaN) 272D 7,

int mpfr_hypot (mpfr_t rop, mpfr_t x, mpfr_t y, mpfr_rnd_t rnd) [BEK]
x&yDa—27Uy K/)VA, BB o2+ 42 Z23KD, md i NTHDT roplzfRAL £,
FREDE 1% 1SO €99 (F.9.4.3 i) & £ ' IEEE 754-2008 (9.2.1 fii) 2R S5 N TWAiE D 12
&&f@é?ﬂi'ﬂ_ DF 0, x5 UK yD B RDOKFHE, +Inf 5 roplZfRA XN, TN DKE
PRED A 1E NaN RA SN E T,

int mpfr_ai (mpfr_t rop, mpfr_t x, mpfr_rnd_t rnd) (B2
7 — U =B Al(x) DEE KD, mdTATHD, roplZfRAL 9, xA'NaN OIfIE, ropld
HIZ NaN 12720 £9, xD+Inf & U <1 —Inf DX, ropld+0 12720 £, BUROFEETIE,
IR EREIZRD ZEPREINTE ST, |x[1E500 & 0 +/NSWETHRWE S F G
HTE VA, REVFIBTRZGERBIMOTELRMHT 50, RRON=Yar08g%2H
BRI,

int mpfr_const_log2 (mpfr_t rop, mpfr_rnd_t rnd) (B
int mpfr_const_pi (mpfr_t rop, mpfr_rnd_t rnd) (B
int mpfr_const_euler (mpfr_t rop, mpfr_rnd_t rnd) (B4
int mpfr_const_catalan (mpfr_t rop, mpfr_rnd_t rnd) (B

roptZ, 2 DEKKNE, ©, A1 7 —@E0.577. .., W R T VER0915. . . 2T NF N rnd iR T
HOTRALET, “EINSDERF Yy aINde, ZNEFEULUDR, X OEWEENE
DEDERDH > THHFHBEZITVWEYA, FyvyPaix2VY 735121, mpfr_free_cache
B A mpfr_free_cache2B#izflio T RX W,

void mpfr_free_cache (void) (B
MPFR ORI CHEHAI NS, FryvaX 7 — 22 THELET, ALy Fu—HLlDs D
X, ETCOALY FTHAEINTWALOWRELD £3, HRIMIZ mpfr_const_»fA %
MOHLTWARL<TH, MPFROWHTHHALTWAZ DHEDT, ALy NEELIE2
HNZIXZ OB AR OHET ES5IZUTRE N,
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void mpfr_free_cache2 (mpfr_free_cache_t way) (B
MPFR O THHAL TWAF vy o aR F— Vi wayD 7 5 ETHRE L HETHEL X
T, ZDT7 T TDHEITIIUTOEDMPER 7,

e MPFR_FREE_LOCAL_CACHEY 7 Z Wi ->TWAEHEE, BEDAL Y RizBlFsu—HA)L
Fyry aRS—IVEHEE

e MPFR_FREE_GLOBAL_CACHEZ 7 7 Mif-> TCWAEEIX, ETOALy oI hTn
X%y a S —ILEHEE

ERMAD waylZSioTWB 7 7 3R CIER SN E T, FMRIIFHTILE L EEA
DT, ZOMD 75 7ZiTcTFic¥oizL T LS5 iIzLEL &S,

[{3:5C] mpfr_free_cache2(MPFR_FREE_LOCAL_CACHE | MPFR_FREE_GLOBAL_CACHE) lZ5 D & Z
%, mpfr_free_cache QXA UME & L £7,

void mpfr_free_pool (void) (P2
MPFR ONETHEHINT WS T— L EHEEL 7,

[[FE] Z OBE%UE, mpfr_free_cachefdX° mpfr_free_cache2BATAL v N —A L7
FryyazHELUEBRIIEEERICEEINE T,

int mpfr_mp_memory_cleanup (void) (B
mp_set_memory_functionsBA¥ % FEIHTIZ Z DA Z R K S IZLTRI WV, Mz DN T
I Section 4.7 [Memory Handling], H 12 2 ZE N\, WHEAKI L ZRIEE e %2, ©5—
PREUVZRZBELY O ZBELET, T7—2RET S L FBRBRWVETTD, ke &b
AEEESEVDOTHNLE, BOEZ2F v d5Z2B8DLET,

int mpfr_sum (mpfr_t rop, const mpfr_ptr tab||, unsigned long int n, [BE#Y]
mpfr_rnd_t rnd)
nfflD tabEZDETDOM%Z KD, rndFATHD T roplZfRAL £7°,

(4] Bz @d T 5720C tabld mpfr_t% BE L TIHINADRAS VR LR->THED,
mpfr_tDEFZDHEDTIEH D FHA, n = 0 DRFHI+0 272D, n = 1 DKL mpfr_setfH
BERUBEZITVWET, AR LU THPRD ONDRHET — ADGED A, HH OMFE L
(mpfr_addBH#) % EIRHI CERIT o =ML A U2/ H 2 N TEET, KT, n> 17T, E
MR IR L GEITRD L D128 £,

o RTHOASMENFE UM ZTEED, DEDRTH B LT —01222 KR LR, HEMRER
AJMEL RS2 Rb £,

o FEDANDER, ANEIREXYOEH+0 & -0 DHAELEDR—DUEH 72D, BOMLDA
TEHFEX T T, FHEOERITBEI N T AL, EHAERKRIZ+0 1R X3, HL,
MPFR_RNDD A RMHEINTWVWBEED A, —01270 £79,

5.8 AH A

ZOHiTE, AHMBDANY =L 2/MHTEABEITEBIZOWTHHLET, 22 THRRZEHD
stream!Z NULL "1 VX &2 525 &, ANE stdinh” o, HIIE stdoutiZf7H & WD BERIZ A
DET,

FILE % 58 97 2 B8 # 5 K2, &3 <stdio.h>~Nv X7 741 )% mpfr.h& D §iDNLE T
AN —RUTFEIW, mpfr. hOHTIORZHWEHBEDO 70 XA TE2ESFSLTWENH
T,
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size_t mpfr_out_str (FILE *stream, int base, size_t n, mpir_t op, B3k
mpfr_rnd_t rnd)
HIA RV — 4 streamiZ, rnd iR THD TIE72 op®D basetE R niiDMEZ H 1 U F 3, HEK
F 2L E62 A FOBRBDERETE L9, o OARINEIZIERIZHE TN E ., nhd 0 DR,
opZ AR UTZIRFIZE E U FERVBHE S RE I+ B8 1 U £9, mpfr_get_str
BB OFHHESHL TR,

ARMTE TR, INEUEB BRSO 7 — VIt TRYOHOAIZEhENEST, 0
BITHE < FREEGERIE, eNNN’' & WO TERAD 10 #ERFL L 720 £, £ based’ 10 & 0 K EWHFIZ
i, EBEEOXY 0 XXFE LT @' TERL, ‘@RI NET,

B DR D EIZH ) U2 P8 T, =7 —RAERIZIEE AR £,

size_t mpfr_inp_str (mpfr_t rop, FILE *stream, int base, mpfr_rnd_t (B2
rnd)
AJIA NV — L stream?» & baseERIAD X FH) % AJIL, rnd/iNTAD, FE/NSRBIZEL
roplZfRA L 7%

ZOBEBITHEERA, DF DRI A DAR=—ADMDO X T % HAID, mpfr_set_strfAK
o TR E T, BB FIIRIZ DOV TIE mpfr_strtofrBIBDFHIHZ S LU TFI W,

B O AEIEFAI S 7231 MIT, T —DPRELEGERFEONIRD £7,

int mpfr_fpif_export (FILE *stream, mpfr_t op) (B Y]
op 7 7 AINWVA Y — A streamlZ, FEH/NURRBEATZ I AKR—- L X7, KT, 32y
FaVEa2a—RETIZIAR—PLT, 64y AV Ea2a—XRTAVHR—FLAEZD, VLT
VTATVERRTIAR-NLTEY I TV T4 T VBRETA VR— L2032 5810H
FATY, opDKEEMHEE NaN DR SE AN TINET, =7 A K- MR IEEIZITONZRD
AEuzREL T,

[Eid] Z DO EREIZRRN AL EDRDT, £ VX =T 2 —AWRED 2 AlfEMEN D D
9,

int mpfr_fpif_import (mpfr_t op, FILE *stream) [BEEL]
7 7 A IWVA Y — L streamD S IFE NSRRI A (mpfr_fpif_exportBAESHR) THiAH D
2T\, oplZA Vi R— MU ET, opDREEMEIIA MY — LD 65AN-72H DT, NaN Tho
THREEEICHEAMD £, 1 VR— b INEEHBN YO TH->720, MPFR_PREC_MAX
WA ZEDOTHBRE, VR —MIEKL, ELOZELToplZiEF2 MR EHA, D
HEHTA YR — MIERBUZGEG 1 E oplZiE NaN Aty hINET, 72, opDFEEMHEUZD
WTH, BAND INZE UTEREITRD £T,

A VAR—= FREFE TN EROA YO ZEL £7,

Ea] - ORI OERERBINA S DROT, 12K —7 =— AHTHE D B AR B
i‘;—o

void mpfr_dump (mpfr_t op) (B
ERITFRHCIEEE I, opZ ¥R ) stdoutiZBATN ETERRL XY, EE LTFNY I H
AT BT, EFTRVWT =X LUTHHEATEET, FHZEDTVLRWVWHIEFIZOW
TIZABI R L7V & S, BREMKGETHRE D £,

FRTIEIRD LS BRI AERIZR->TVWET, FEEY PPV > TWIIENaN TH->TH <
14 FA%HH U, NaN, ERK, Lozl TidznZh ‘eNaNe’, ‘@Inf@’, ‘O H AL T,
TN DMHEIX, FHIZHWTIRO XS ITHAOINET, 0.I1HWT pEy b D 2 #EREEH
Y (pIIKEEME), TOBRIZEEI RS LIRS BHEOT—XTEHHERVWT—2R), K
Do ZEMIFITHEILUET, KXF BOBIZI10ERHOIEEHEMPERIN, FERT—XF
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AR HIF 2 A TWBHEIE, 3OO (‘1) 2L, 77 71Tk0WT, 55—
JE3 DD (‘1) AL ET, 777 DEKRITIROED TY, ‘WIHMKEHORAE Y b
(MSB) 2t w, 2 b EHfbIh TR ez, ‘TIFELRREY KW TWE I L %,
VId UBF 8 (WD A) %2, <I3HEEBPBURDBU/NMEEERE L D /NS W &%, >3
BERDBURO I KIEETME L O RSN &2, TNTNEKRL X,

5.9 SABE LB

5.9.1 FIRAZH

mpfr_printf BRI EARTE SNz th )%, BHEC O printt B E FABRIZITS 22 TE X,
ENVRHROY AT LTISO COAIZRRFIBMOBEKE, WERIBIZT 7 AT 50D7 o0
BY R P ENTVEHAEDR, ZOBEPHEATE LT,

Z OB RS BUZIE, mpfr.hDHIIZ, #F<stdio . h>%E 1 V7 IL—RLUTELBERH D £,
mpfr.hiZ B EZOEHBDOTu b XA TESTHALTVWENLS5TT,

5.9.2 EXEBEXFT!
mpfr_printfBICTHETZ 2EFABEN, printfFBOERBELZIRL7Z2HDIZR> TV E
T, FRABEDOHNIIKDE ST oTVET,

% [75271 X80 [ DREENBA] [7—28] Do i1 £8P

‘750 (flag)’, ‘T (width)’, FEEMEL (precision) T printf B L [H UEKZRH 7,
FEEMIE (precision) 1FEHIL A THEE U 72 EEL (base) IZEDWTERRINLHE LR D £ 9,
UL, BRI REWVWHIERBEZITO L, T 74V MORBKEENEIL, ‘@& EAFE
THRELVZHELIIESZEONRESINE T, mpfr_printfBIHIE GMP 2t 27— & #l
AT 2EREELFUCEOMFHATE XY, HL, EIEFEDFEAIBETH S ‘TR, AV
CLHRELTRIW,

‘n’ short

‘hh’ char

K intmax_t £ 721% uintmax_t
‘v long ¥ 71X wchar_t

‘11’ long long

‘L’ long double

‘v’ ptrdiff_t

‘z’ size_t

FEIERE T — 2Rz g 2 EAIEE T, ZNINAT, GMP2SEHT % 7 — X (type)’ &, MPFR
DT — RT3 RIBEL PREVHHATEET, FiloRD 2FHD, ‘T —XH (type) Iz
fe<, ‘EHEKX (conv) DERBEL LD £,

‘P mpf _t, FE/NIRIE A
‘Q mpq_t, BHIE A

‘o mp_limb_t, BEIE A

‘N’ mp_limb_tHl %], BHGE A
A mpz_t, BEHIE A

‘P’ mpfr_prec_t, LK
‘R’ mpfr_t, FHI/NEURIE X

‘F— XA (type) DIFEINX, GMP O~ =27 )WZi L THLHIREZTDOF EZIIMEE T, M
& GNU MP O “ERIBERR” 22, Bz, 7T — X8 (cype) 8 (R & ‘P%IRE), GMP
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OV RIFIZ gmp_printf BB EMIC R > TWRWEHHTE EH A, YR, v DX BEHED
TRBEED, HHTAIRETCIAI T IR R P LTVWRVWEHHTEEEA,

‘FDF A (rounding)’ 7 « — )V Nk mpfr_tEIDGEDAFETE, D F— XA L CTILAEA
LBRWT RV,

PHEY REENLVWEEIE, mpfr_printfBEUE gnp_printfBKEFAUELTHE L £,

PHREIX, TOWIT A, ‘i, o), ‘0, ‘X, XL E, mpfr_prec_tMOMEIZK L CHHAINET,
ZOREVPBEZ D HE, mpfr_prec_tHAS, KT UDH inthlie L OREEY 1 XDOREHET —
AMTH B EIEBRSBRNNETY, FEGEMEL (precision)’ 7 4 —)b FIZRR I NS HB/NDOHED
BET, 774V HME1TT,

AR A WN/

mpfr_t x;
mpfr_prec_t p;
mpfr_init (x);

p = mpfr_get_prec (x);
mpfr_printf ("%Pult’y FDEHx", p);

RIBEDRIL ‘@’, ‘A, D, ‘e’, ‘B, ‘f, ‘F), ‘g, ‘@, ‘0’ E, mpfr_tHl T — XD HRENTThN
9, RIEEDRIZ NDOSA (rounding) DFEED, FTOXRD LS ITHEELRD £7,

‘v IE DK S D&

‘D’ B DR KT [ D I

‘v Yupo@I s AEoid (G0 ki)

A YuahrAoisd (Fo#ET)

‘N’ BOEHEEANDHD (725 RHEIZZ B K 5 10)

k7 mpfr_tH T — X DF{IZH 5 mpfr_rnd_tfEED AN L B AD

T 7 AV DRDE— FidEaEEM (W) T, FELofITIRE U SR RICk S 3 EEHD #F A
ExfioTWET,

mpfr_t x;
mpfr_init (x);

mpfr_printf ("%.128Rf", x);
mpfr_printf ("%.128RNf", x);
mpfr_printf ("%.128R*f", MPFR_RNDN, x);

TEPSEI N SOOI VY THEINSDIE, 1SO CHIMET, ‘AW 16 EL DR EL L
TPHRINTVWED S TY (FILDRZH]),

e ENX (conv) I E mpfr tHDHFERFEE LT, FTRHOIS LT OMPMHATE LT,

‘@’ ‘A’ 16 EZE /NN FRIR, C99 X

‘b’ 2 HEH T

‘e’ ‘E’ FRBUY A DR E/ NS FR

£ F & 8 /NS T X

‘g @’ EE/NIER, F7201F BEIERER
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PV EREBHRIEEEM S &, HROmpfr_ tMTF— X %2 2 ERB L 3, Mo T — KBz i13fH
ALBZWTRE W, TNUNDOERLHIEEIL, doubleBIZN T 55 E L FH UEKTT,

10 DS D H 1 D56, IREGRIXFEE S N2 ORI & 22 0 £ 955, FHEEBIZHE I 10 £
RELL 720 £3, BB RKITIEICRED XTI THIINET, ‘@), ‘b, ‘e, ‘£, ‘g DHEIE
nan, -inf, inf & 11X N, ‘A’ ‘B, ‘F’, ‘G’ DHFEIL NAN, -INF, INFE HH XN E g,

HEEMTEL (precision)’7 1 — )V NIZIRED H 5354, mpfr_tH O, fHEENO AT, fEE
FEMEIZ D LIt onEd, MEHBIRENRE R T, BubBENDOROPEEINLD,
ZHERX (conv) DIBEMD ‘@, ‘A, ‘b, ‘e’, ‘B, DENNTH S55E, DK RIE UREE D
BT, ZODMEDE &5 EHICH 575 SMEEUTR 2 HITHD, ZTNLUADEE, Yooz
DB HEIOMEIZHD SN F T, HIZIE"Y%.0RNe" & WD ERFGEIZH L TIE, 851 "8e+1"& Hi Sy
TN, 95 ler2n I N, ZOHRL, ‘g (CDEAE B FEEDR, ‘e’ (‘B )
EATHAOINIBICBEHINE T, HEHHZ intHOKEKMEL D KRS WHEIZIEEL-5EG
%, FRZEE S H X3, INT_MAXOMEZ KNSR E UTHEHAL 9,

FEIEMTEL (precision)’”7 4 — )V RAYZET, ‘ZHERX (conv) I ‘e’ ‘E'2EEL LGS (FIAIE
JRe®%.REL WD HERE) DLEIE, HMEE EMIZHAR ST Z LA TESHBTH NI NET, 2
£0, AJMEEEIMEXFE UKEE, 2D, EbodbRbEEAlOoNTVWE2HEDE L THWE
T, TN mpfr_get_strfIBUIN T A HA L FAMKTT, £, ‘F, ‘g, ‘CPEMENICEEINT
WA, HEEHTEL (precision)’7 4 —IV RWZEDHRFD T 7 4 )b s DFEEH L 6 TT,

5.9.3 EEXEEAH DB

TEEOBEBIZH LT, intBORAME INT_MAXZHEZ /837 A =R DFBENINTWVWBIGEIL, ]
LU ERA (15D stdout TH buf TH strTHh->THE L TT), DG, BT -1%
WU, #H TS —7 527 %30T, POSIX BefE7e & EOVERFLOWY 27 U AYE#EH X N T WL errnol
EOVERFLOWZ R AL £, BELTIELVLOIX, IO S —FKAEK (5D 5, XEY
R TR Z D 1E5) 128, WHT14 77 VIEOHLUDOKEE, errno®dfEIFZA/LLTUL X 5]
BEMERHLE NS LTI,

int mpfr_fprintf (FILE *stream, const char *template, . ..)

int mpfr_vfprintf (FILE *stream, const char *template, va_list ap)
H 5 streamlZ 3 U C, EFHRIBE LTS templatelZ e > 7= 270 E S, BOMEIZHEIL
72T, T —RAERTZABPIRINET,

int mpfr_printf (const char *template, ...) [BE#Y]

int mpfr_vprintf (const char *template, va_list ap) [BE#Y]
BEHEH T stdoutiZxf U T, EHAXFRE T H] templatelZ e > 7= 2 i7WE T, ROMEIZHIL
T XFET, T RERITEENRINET,

int mpfr_sprintf (char *buf, const char *template, . ..) (B2

int mpfr_vsprintf (char *buf, const char *template, va_list ap) (B4
NULL #&¥ifi 72 F D X FH %, HAFEE T templatelZft > THER L, buf T L £7,
buf LMD FIEIEAEY N TEBEL TXWITERE A, KD HEIX NULL #4661 %2 BR\WT buf 122
TIAENZXFHT, TI—DRELEGEFATPRINET,

int mpfr_snprintf (char *buf, size_t n, const char *template, ...) (B

int mpfr_vsnprintf (char *buf, size_t n, const char *template, va_list ap) (B4
NULL #&¥%ii 7 2 £ D 35 %, FAIRE XFS templatelZ > THEK L, bufiZHEM L £,
nAE QRS EEIAE S, bufld NULL RS Y& &40 £9, niZ EERE SN 5E
&, BHID n—13FD buf IZHZAEN, nFEHDOXFHANULLIZAD £, b FAREW
Ba1E, O NULL XFERE, EZAENXTFEPEVMELRD, TI—PRELE
BIERABDEVEE LD £7,
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int mpfr_asprintf (char **str, const char *template, . ..) (B

int mpfr_vasprintf (char **str, const char *template, va_list ap) (B4
BED A €Y E 0 Y4 TR (Section 4.7 [Memory Handling], H 12 ) % i > THELR L 72 X
TV 7By 2T, NULL#UiF 2RO X7 2 HERAAET, ATV 70y 7 ADKRA V&I
StriZ 52 F9, ARV 70y I RMBNT 5L 2N T mpfr_free_strzffio TFI W, &
D filZ NULL #ii 7 Z FRONTEH S A NPT, 7 —PHRELLGEREENRI N,
strOfEIEAE L 4D £,

5.10 EIEEE, FREHK

int mpfr_rint (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [BE%K]

int mpfr_ceil (mpfr_-t rop, mpfr_t op) [BE%K]

int mpfr_floor (mpfr_t rop, mpfr_t op) B34

int mpfr_round (mpfr_t rop, mpfr_t op) [BE%Y]

int mpfr_roundeven (mpfr_t rop, mpifr_t op) [BE%Y]

int mpfr_trunc (mpfr_t rop, mpfr_t op) (B
op% D TEEIZ L T roplZRA L £7, mpfr_rintBAEE, rndiAN% W THRbIEWELIC
HOFS, D5 DOREL, HOHREZEE L TEBITLDET,

o mpfr_ceill%E: oplh k& 72 B BEBEEHUZ O D (mpfr_rintPH# T MPFR_RNDU % fi € LU
72 IR & [F5E)

o mpfr_floorBd#i: oplh N & 72 2 BHHEEEIZ D D (mpfr_rint A% T MPFR_RNDD % 5 /€ L
7z IR & A1)

o mpfr_roundB¥: opZ X UM SEI N B AMITHO T, HHEWERIZ (IEEE 754-2008
Bit& D round TiesToAway E — NIZHHY)

e mpfr_roundevenPd#: op TMEAD 2175 T, HEEWEHBUZ (mpfr_rintPI%T MPFR_
RNDN % 7€ U 7z I & [A]5F)

o mpfr_truncBA¥: opZx LU AMNIIHO T, b iL\WELIZ (mpfr_rintBI% T MPFR_RNDZ
ZHEE U 72 IR & [F5F)

ophE T, £ U IR ADEHTIE, RSO UM% ropit RA L 23,

B AEIZDOWTIE, HOFRAER L CIEMICEMTE 2T, opk D KELRBGEIZIEL,
opE DINS LK 2 GEIFERERDET, FHIZS O L, opMPIEMEIZEER Y U T roplzfRAT
Shita, ophd, BETIEH D, ropTIIIEMIZERHETERWEEIZ1HLLIX -1, oph
BHTIHROVIIZIE, 27200 -2 %2KRUE T,

op» NaN OFRfl, NaN 7 J 7 HVis £9, MOBIIMLEES FIFRT, ropltfRA I N2 EA op
IR D541, ISO C99 O rintBABDOMEE FIEIZHI> T, RNEME7 I 7% CFd, &
Y IEEE 754 % ISO TS 18661-1 IZft o 7258\ % L2\, DF D, T o OEBLEIK
ERCFBEBE UTHRWZWRHIZIE, mpfr_rint_ B Zfio 725080\ TL & 5,

INSOBAMTIX2EHIZAOVHET LI LIEH D A, HlZIX10.5 (2#TIX1010.1) 2 i
EHEALD T mpfr_rintBEEBEHES & 12 (27 1100) &\WH 28y MEHIZ Y £ 5, ZDHEA,
20DMAHL 528y MRS L 123D D £94, HKBILVDIF 127205 TY, 2EADO %
1otz d 2L, BUNEHIDOEITSTI0 222D, IZE-MBALOET-oTS LMD T,

int mpfr_rint_ceil (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [FE%Y]

int mpfr_rint_floor (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [FE%Y]

int mpfr_rint_round (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4

int mpfr_rint_roundeven (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) [FE%Y]

int mpfr_rint_trunc (mpfr-t rop, mpfr_t op, mpfr_rnd_t rnd) [BE%Y]
opZ MO THEEAL L T ropl2fRAL £7°,
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e mpfr_rint_ceilPH#: oplh EOELIZID S

e mpfr_rint_floorBA%: oplh FOEEUIZ D B

e mpfr_rint_roundBi#: YuhrsEHI 02 A THREEVERIZLD S
e mpfr_rint_roundevenPAl: MBIO SN THRLITWERIZALD S

e mpfr_rint_truncPA: ¥HHmAMO TEHIC

FEIZBEBATERVIRZTIE md iR TRDOE T, ophErH U IR KDEFHZ I roplZ i
FHEHEOTHUMEZRALET, ROMEITEFET, MOBFBEBERKICHKbI, BE(LEE
# (round-to-integer funcion) & [F LHDIZARD 7,

mpfr_rintBAEL & IS IRINIZ, TS OBIBUL 2 FIZHO 2TV E T, il opZ BRI T L1245
E XN HENZ D TR EOFERIZ D, Z DR rop CIEMEIZRIL T E AWRHZIE, rnd
THELZADTATE S5 —ERDOZITVWET, £oT, Tho OBELBIE (round-to-integer
function) & & D BFRIHS UKIREEVWE T, DX D, IRINDHERIK, FEBUIH U TIEMEIZE
BILZbD%, ELSADEEDIZRSEENTT,

Hl 21X, mpfr_rint_roundBAEIZ, BoEERO L 28y FOKENRELZIT-o72L2T 5L, 6.5
T e (FursE I A0), TIXEEMBILDO DFER, 81T FET, 6B 2y MK
BRBITE, 8LDBH65ITENDTY A,

int mpfr_frac (mpfr_t rop, mpfr_t op, mpfr_rnd_t rnd) (B4
opD /NG % rnd AN O TEO L, FEHELLRD LI roplfRAL £, mpfr_
rint A & FRRIZ, rodIXEMELR/NEGTEZ D DIRFIZDOAFEL, /INEGROHLD H UIT X%
EHZER A, ophEE, B U IZERKDOKHE roplZid opL AFS DX B EZRAL £7,

int mpfr_modf (mpfr_t iop, mpfr_t fop, mpfr_t op, mpfr_rnd_t rnd) (B2
opDEELIR % ioplZ, /NEE % foplZFARHIZRAL £9, ZNE N rnd FANZHD T iop& fop
DREEMEITMNO £, TN mpfr_trunc(iop, op, rnd) & mpfr_frac(fop, op, rnd)) &
M UAEIZ 720 £9, Z28iopk fopld IR DB TRINIXRD FHA, €556 B EMEREE
BT ZEMTELROAYTZIRLU T, mpfr_sin_cosBIHDIR D HIZ D W T DFLEE 2]
LTRIW,

int mpfr_fmod (mpfr_t r, mpfr_t x, mpfr_t y, mpfr_rnd_t rnd) (B2
int mpfr_fmodquo (mpfr_t r, long* q, mpfr_t x, mpfr_t y, mpfr_rnd_t rnd) (B2
int mpfr_remainder (mpfr_t r, mpfr_t x, mpfr_t y, mpfr_rnd_t rnd) (B2
int mpfr_remquo (mpfr_t r, long™ q, mpfr_t x, mpfr_t y, mpfr_rnd_t rnd) (B2

x —ny DMEZEIAL, md i A THAOTricfRALET, 22 Tnlk, x% yTHlo 72RO
DRFGT, MDD LS IZEREINE T, nlEmpfr_fmodBHI% & mpfr_fmodquold#iz FI\WT ¥ /[
IZHLD 51, mpfr_remainderBA#N & mpfr_remquoBAEIZ & U TITEEILD THRIEHE DEEEIC
AN IS

FHRAEIZ DWW TIE, ISO CO9 HME D F.9.7.1 HilZB RSN T WD & S IV E T, xDERK,
HE ULy DRE, rid NaN 24 b £9, yAERAKT xDERMEORIE, rid x% rOk
EMEIZ RO SN/MEIZR D £F, rAAEHDORIE, xEFEMFFIZRD £T, ROHEIZ U
7 =FEEIZ R0 9,

AT, mpfr_fmodquo# & mpfr_remquofA#Id *qlZ BT B4 nDEAMIOE Y M %, x% yT
Ho-REDRFF L LI L £ 3, EMEIZEDS &, longllo by ML 1AL WVWE Y MK
DEVSZ LT FT, HL, 2TOEY bAIEDOREFRE XY, ZORREDZRL X
T, xi, EUWVERERRZRS D TIERW yIZl U THHELR K E L RZ RS D 7,
mpfr_remainderPH#{ & mpfr_remquolH¥Id5I DV X7 v a VAHIZBHINTWET,

int mpfr_integer_p (mpfr_t op) (BEEY]
opNEH DDA, YooKz £,



38 GNU MPFR 4.0.2

5.11 FLHAIBEEEL

void mpfr_set_default_rounding_mode (mpfr_rnd_t rnd) [BEK]
T 74NV EDHDE— RN& mdliZFHEL T, HIHHRECREEMBALONT 74V M T,

mpfr_rnd_t mpfr_get_default_rounding_mode (void) (B
BAEDT 7 )V EDOAHE— RARINE T,

int mpfr_prec_round (mpfr_t x, mpfr_prec_t prec, mpfr_rnd_t rnd) (B4
x% rnd A THED, FEENTEL preciZifieh 97, KRNI MPFR_PREC_MINEA |, MPFR_PREC_
MAXA R CTRITNIER D A, 5 TROVKOEEIZEZINTVWET A, prech xDFEEHT
BUAETHNE, - IRBER 2 BN T 72012 BB XA £ V) {EIBZ2BEHEL, TOKIZIZ¥Do
MEEDIAEFNFE T, prech xDREEMBER THNIK, 1BE I N T — N TIREERIX prec
frizhoonzd, Y5508 TH, xORENTEIX precltEE 2 5NE T,

Z Z T, mpfr_prec_roundA# %> T, aDWiERDD = a— F ViEEFELZH%ZRL
9, xIFBEICEEPS nEy MIELWIERMETH 2 LIREL TWVWE T,

mpfr_set_prec (t, 2 * n);

mpfr_set (t, a, MPFR_RNDN); /* aZoan by MIHDB *x/
mpfr_mul (t, t, x, MPFR_RNDN); /% tiZ2n ¥y MIIEHEIZID SND */
mpfr_ui_sub (t, 1, t, MPFR_RNDN); /*x KEW/Dn by FaHiESD */
mpfr_prec_round (t, n, MPFR_RNDN); /* tldn bt v MIEMIZADONS */

mpfr_mul (t, t, x, MPFR_RNDN); /*x tldn ¥y MIEHIZADSND x/
mpfr_prec_round (x, 2 * n, MPFR_RNDN); /* MR L T2n v MI */
mpfr_add (x, x, t, MPFR_RNDN); /* x IXIEMEIZ 2n By MO END */

(&) 2T % xid MPFR_DECL_INITY 7 HX°, mpfr_custom_init_setB%K (see
Section 5.15 [Custom Interface], H 47) THIIZHHEAL L RN T I W,

int mpfr_can_round (mpfr_t b, mpfr_exp_t err, mpfr_rnd_t rnd1, [BE5]
mpfr_rnd_t rnd2, mpfr_prec_t prec)

b% R x % rnd1 FTENZHD, 2D E(b)-err DA 2R DELMEEREL £9, Z I TE(D)
X bOFEBE 2 RR L £, Z O, FRBEROFHGFIRIZL VD& LT, xZIEU < md2 /il
O T precHiiz TE DD THNIE, ZOBBIIIELYEZEL £9, ThSDEEIE, NaN
PHREAOHEEEDTOEZRLET, SV DL, bOFREN 2D kI ulp LFTHZ S
1, b precHiDMEEEFi>TWVWB 7R 5IE, err=prec—k& WS FHIRZ /o525 22T
¥, OB, BIMEEELEEA,

rnd1) MPFR_RNDN® U < 1% MPFR_RNDF CH B HFIZ 1L, BHAEIXES LA IZR S L BEE N
FIDOT, MAEFMIL mdIPTFO ROD24ZE, 2F Y err LB UMEIZARD 97,

rnd27%% MPFR_RNDF D[R, rnd31Z1& rndl LXK AFADOID R E2HRETL2HDE L ET,
rnd1 %S MPFR_RNDN$ U < (& MPFR_RNDFD I, rnd31Z1X MPFR_RNDN%Z #HE L £9, S T1IE,
mpfr_can_round (b, err, rndl, MPFR_RNDF, prec) D& » fl|%, mpfr_set (y, b, rnd3) %
precHi®D y CTHEOH U72181Z, yRxDEENOERLEFL S LB LEFETE MDA, XD
ZIRLUET,

(L] 2 OBEBUZ DWW TIE, KD EA =FEAE [ternary value], H 9 O EIT 722 2 i —#H)IC
kO ENFEFRHA, UL, BEPIELL preci TRETERWE > TWVWBEDTHNIZ,
TRDE D% fiEEMi->T, X0 R =FEDO LS 512825 D0, HHHRA rnd212 %A <k
BN TEET, LLNOHITIXMPFR_RNDZIZW T D S EHdICEESHBZ AIHETT,

if (mpfr_can_round (b, err, MPFR_RNDN, MPFR_RNDZ,
prec + (rnd2 == MPFR_RNDN)))
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{
/* b’ &, HDHFH A rnd2’ THDTlprec’ ¥y MILZEDZ v IZRAL
WO AED=FFE % inex’ 2T D */
inex = mpfr_set (r, b, rnd2);

}

FEBE, rnd273 MPFR_RNDN T H UK, ST EAD T prec+l €y MIHD SND 0 E D D% i
RTEET, INNTEER0, BubBEAD TSI prec ¥y MZRDETL, AT, ¥
O =fEED NN IELSIROSNET, 72720, bh prec ¥y N TRETE AL
BELTWRLEIZTORLTIEHY A,

Z DBEBUZ DWW T DOFEMI 722 Ffil 1% examplest 7T 4 L7 MV IZH D can_round.cZ S L T
TEW,

mpfr_prec_t mpfr_min_prec (mpfr_t x) [BE#Y]
xDIRBCEBE RN T 272D B EE R D H/NDOE Y MIERL £3, xh ¥ 0PI SR 72
BOGEIE, 02BLET,

const char * mpfr_print_rnd_mode (mpfr_rnd_t rad) lE3k:4
AD AR rndliZH LT, ZORHE— F2FKHITFS ("MPFR_RNDD", "MPFR_RNDU",
"MPFR_RNDN", "MPFR_RNDZ","MPFR_RNDA") 2K UL £9, rndVHOE—RF& LTAR
Y72 EDRHE, NULL RA v X ZKLU £,

int mpfr_round_nearest_away (int (foo)(mpfr_t, typel_t, ..., mpfr_rnd_t),  [Macro]
mpfr_t rop, typel_t op, ...)

172\ UEE DRI op(7— X BliZ mpfr_t, long, double’ &) % HU 5 BA%K foox 5-Z, roplZ
foo(op,...)DifiR%, BuLHED SHEN 2 MO (round-nearest-away) /72N THD 72 HZ LA
LEY., ZOMDANEZ, FUEIZRS5EZRWT, MBETEENDAD & [FUFIETE
H#HINTHL, Yurolinsg Aoz 0 £3, B foold AJIET, IROGIED S HE
26 2 F/HDFIBUZDOWTIE, ropABEDRIED, LOE— FDIBENREBELRDLIITEZS
N, TNoBRHMDOFIETH HEDEIE L UT foolop,.. ) ITEINTHEITIN, AOE—
RIEE I > THED D o N E T, ROEIF=FEICRY 9, AL, WHEAPELSTEZL
M TEBRDOAT, WFTERVIFIZIE mpfr_round_nearest_away~¥ 27 T iE 5 X < A 7%
WTUL &9, EHEEOHIFNIZLD, Zo~vroid, RMEEEME eminlZ2EL TU £ 5 Algetk
DHBMHIEFBALZNVTTEN, /2, 2ozl AV 1 I food 70 XA TH
S&, 5l AN opODARBEEREBTES LDIZR>TWET, CI9 T2 81 T TDHA, opd
ZEBENTRIZRoTED, C99 AV A T TR DT 2ZINIT £,

] 2O~ 2 0 ERBRINATEC 5o TED, £ Y& —7 £ —AIXISREE & 1 2 WHEMEA
HOET,

unsigned long ul;
mpfr_t f, r;
/¥ r, £, ul ZIHMLLTlEZ €Y b9 5, BEDPDHNIE emin HFE */

int i = mpfr_round_nearest_away (mpfr_add_ui, r, f, ul);

5.12 FDMDREE

void mpfr_nexttoward (mpfr_t x, mpfr_t y) (BEEL]
x& yDEH 5D NaN THNIE, xiZiE NaN BRA SN, DL LFEEE, NaN 75 27%
VHEET, x& yPELVRIExIFEEINEFT A, TNUSNOHEEIE, xByL BRER55451%,
xiE, xDMEHB L BUROBEF O T, yARIZBEOFE/NIREIRA T E T, MR
ROGEE, BND D WVIFRRKDFE/NIGIEE UTHEEL £, RV DDRZ, 5513
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HUHDOBRRFEINET, TVX—T70—, A—N"—T80—, REMEINPIET D Z L1EH
D EEA

void mpfr_nextabove (mpfr_t x) (B
void mpfr_nextbelow (mpfr_t x) (B
y O EDIERR K (B DR K) DRFD mpfr_nexttowardBE & [ UMELZ T\ %7,

int mpfr_min (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rad) (B4

int mpfr_max (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) [R5
roplZ opl & op2DE/IME (B AAE) 2RALU £ T, opl & op2h33iZ NaN DKfiE, ropiZ® NaN
MRAZINET, oplk op2D EH 553 NaN DI, roplZ IZAREUED HARRASINFE T,
opl & op2WH WIS DRI B L0 DR, roplZid —0 (+0) BRAINE T,

int mpfr_urandomb (mpfr_t rop, gmp_randstate_t state) (B2
0 < rop < 1 XD —REELEZ FE/NMNUSRE LTEHE X E T, EEICES L, ZORBULXEMR
L N TWARWEEGES & SRR A2 1 OFFE/NBUR B LRI N X, MR, mkmizix
ERE I NTHREGEA e 272D £ 325, REFHORED e €y MIFIZEX T ERD £7,

FRBER A BLR DFFBCBHPIZIN E > TWAUX 0 2R U, FEECEHIFE %8 2 TW IS roplZ i NaN
ZRAL, HEEOZRUET, LIFWAIBBEHIFZEZ S WS 2 3E@EIIEI D 8 A,
2% H DRI EX, gmp_randstate_thHi&ifA T, GMP @ gmp_randinitBE %> THEKLTH
WTRIW (GMP ¥ =a 7 V&),

[[EGd] MPFR T, roplZfRAINAMHEX, LAEOFLE Z IS 5 stateDF ULWMEIX, <2 >
DT — RHY A ZIHMRFETICRE D £ 7,

int mpfr_urandom (mpfr_-t rop, gmp-randstate_t state, mpifr_rnd_t rnd) [BEY]
— BRI AT D BN 2B L 3, FEVNURE ropld, [0, 1] XA g — Rk 3 A7 12
7€ FEREHD rnd HIANZ O SNTfHEE B D ENTEET,

2FHDGIETH % gmp_randstate_tHEE IR IL GMP @ gmp_randinitBBTEK L7z D%
BELTFIW (GMP ¥ =a 7 V&),

[735C] mpfr_urandombD I LI Z DM TE AR TY, T HIZED &, AOONBHETOIEL W
ELEUE & IR OELBCIRAR X, BUROIBECHHIPH & O E— FIXITEKFZE L EEAD, RATNEZE
BOMEWMBIZIIMKFEL T, 2F0, ALBERBZOREXFELCLLONOHFELZLE L TH,
RAZINDEBOREEMBIER I NS &, ZOEPHBERFOREBIXTRITE S DI
2L £,

int mpfr_nrandom (mpfr_t ropl, gmp_randstate_t state, mpfr_rnd_t rnd) (B2
int mpfr_grandom (mpfr_t ropl, mpfr_t rop2, gmp_randstate_t state, (B2
mpfr_rnd_t rnd)
XS0, FEDY 1L DAY AN D ELEE — D (mpfr_grandom TIXiH K 2 D) AR L, 1ZH)
INBURER Y UTH 2 9, mpfr_grandomPA%XI, rop27° NULL RA1 v X D&, L%z —
DIZIFAEKL T ropl lIZ/RA LU £ 9,

PEE) NI ropl (¥ rop2) &, BEMETEBLH 9 2T - = ERELICE md IS HD 7 b
D LIRIRT & 27,

gmp_randstate_t 5% GMP @ gmp_randinitBITHEKL L DEFEL THFI WV, (GMP
Y= a7 VSR,

mpfr_grandomPI DK D fHIX =FEE T, T DM AGHOE L mpfr_sin_cosfAE R U T,
rop27° NULL K41 Y X ThhiE, 2 ZFHO =ZMMEIZY mizkhh £9, =iz D272 0ET
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WS Z XX, EERAE -OFITETEEO =FEL TR EDIZRE, WS I EIZEEL
TFRIWV, ZNMANOEREE, =MFED S I ELTDEIE > TE T,

[1F:5C] mpfr_urandombPIDFELIZZ Z TH AL TY, MAT, BEEEOHF & HdE— NI
RDFEBULE KR OREIZHEE L 52 58N H D £7,

[{#5C] mpfr_nrandomPE#UL, FEEMIEAN KA E <725 & mpfr_grandomfAE & » 97> & mHIZH)
ELE 9, %> T, mpfr_grandomfABUIFEILFET, MREEINSFETT,

int mpfr_erandom (mpfr_t ropl, gmp_randstate_t state, mpfr_rnd_t rnd) [BEK]
SEIDY 1 DGR IAHE S T FE/ N R L LTEX 9, ZOMOME L npfr_nrandom
BT,

mpfr_exp_t mpfr_get_exp (mpfr_t x) B3k
xIZEHE OIEX 0 2R B NSUSECT, AR [1/2,1) IKFEELTWD & WS IR T, xDEE
KU 9, ZOBBTIE xAPBUROIEEFRFHZBA THTHIEL KABZITVE S, xB
NaN, R K, YO DORFOMEIZED TWEEA,

int mpfr_set_exp (mpfr_t x, mpfr_exp_t e) [BE%Y]
xHNEE OIEX O OFENNBUETH D0, xDIEEERIZ eZRALU £T, eWBUROFEHGTHE
FIZINE > T o 2B L, ZHUNADKRHE, FEX¥mZKRL, xIFZBHL FHA,

int mpfr_signbit (mpfr_t op) B3k
opDFFFERA Y b, DX VAKX, —0, 5O ESI N7z NaN DI DA X B 2R L 7,

int mpfr_setsign (mpfr_t rop, mpfr_t op, int s, mpfr_rnd_t rnd) B3k
opZE DO H R rnd THD, ropiZfRAL, UL»BRIZsDEHMIEXYT (¥ a) ORE, FF5HMR
A (ZV7) LEd, THiXoph NaN OEE DRI INE T,

int mpfr_copysign (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rand) (B
opl Z MO FH X rnd THD T roplZfRAL, ZORZE Y % op2IZRAL £9, opl* op2h
NaN TH o> THFAMRICME I N E T, Z DAL mpfr_setsign (rop, opl, mpfr_signbit
(op2), rnd) L AU E 2TV E T,

const char * mpfr_get_version (void) (B
NULL #3¥ii 7 E DX FF & LT MPFR D=V a V&R L £7-

MPFR_VERSION [ ]

MPFR_VERSION_MAJOR [ ]

MPFR_VERSION_MINOR (v 27 0]

MPFR_VERSION_PATCHLEVEL [ ]

MPFR_VERSION_STRING [ ]
MPFR_VERSIONIZEE & L TH5 2 5405 MPFR ON—Y a &5 T9, MPFR_VERSION_MAJOR,
MPFR_VERSION_MINOR, MPFR_VERSION_PATCHLEVELIZZNZ4, MPFRDX V¥ —&K%5, <A
F—=F5, Ny FLN)LERDOTEHRTY, MPFR_VERSION_STRINGIE, XFHEH L L TEHX
SNBHZN—T 3 VET, BRAN—Ya v L)) —2AHONN=Y 3 NFEHINE Y T 1y
IJALEENTVET, ZOXFHELIE mpfr_get_versionk WK TE, Ny X7 7 1)L %
AT IV EF v 7T HBITENLL T,

if (strcmp (mpfr_get_version (), MPFR_VERSION_STRING))
fprintf (stderr, "&&: NV X T 7ANETATITVDON=YaryR—HL T
FHA, \n");
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[EGE] ERED LD IR L TXFHB—H U R TH T I —LIFFEREFHA, &\ MPFR N —
VarvHiEo-Ta s o b, AT 7)DON=Y a VEBY AT ADRETLTWIIE, B
LWAN—=Y3vO MPFR EENY) V273526 TEET.

long MPFR_VERSION_NUM (major, minor, patchlevel) [Macro]
major, minor, patchlevel’*%, MPFR_VERSION & [A] UX X DEEEE AR L £9, Fidlk, 3
YIRANVIRFIZMPFR D=V a v %2 F v 7§25 7077 LHITY,

#if (!defined (MPFR_VERSION) || (MPFR_VERSION<MPFR_VERSION_NUM(3,0,0)))
# error "MPFRONN—Y a UMNIELLS HH FHA, "
#tendif

const char * mpfr_get_patches (void) [BEK]
MPFR Z 4 75 V@A I NIy F (NARIXPATCHES 7 7 A MIZEWTHH £F) Did %
&8, NULL M X7H2E L £Y, XFHMEAR-ATREYoNTHET,

[Efd] HWMPFR & a1 )L L7702 5 L%F LWMPFR L EIGY > 7§50 ThHNIL,
3 VN IVIREDEH W MPFR O F I3 ERNZ72 0 £9, Fa KU TEHERERTIEDH D 8
ADT,

int mpfr_buildopt_tls_p (void) [BEK]
MPFR ALY RE—T127%5 &5, ALY RA—HNVRANL—=UZEIZLTI VRSV
IN7-HFIZIX (‘—-enable-thread-safe’4r 7> a v D ECHEL X T, INSTALLY 71V 2%
WMoz L), IE¥uzZELET, ALYy REe—T7TRVRIZIZE R ZEL £7,

int mpfr_buildopt_float128_p (void) (B
MPFR % ‘__float128’ 2V R — L CWVWABRIZIFZIEX 2K L ET, 2% b, MPFR »
‘~—enable-floatl128' 4 7Y a Ut ETERETSHELZHHDET, Y HR—FLTWARVEIZY
ozRLET,

int mpfr_buildopt_decimal_p (void) [R5
MPFR % ‘--enable-decimal-float’ A 7Y a U & C&ET 5 & MPFR IZ 10 $EFEI/INBUS
BaedR—bMLUEITH, ZORIIXZOEAFKIIFELYEZELET, YR —FLTOVWARVEKIZE
OERLUET,

int mpfr_buildopt_gmpinternals_p (void) (B
MPFR 7* ‘--with-gmp-build’4 7> 3 ¥, & L <% ‘--enable-gmp-internals’t 7' 3 v~
ffETEL RFEnTWwb &, MPFRIZ GMP OWHBEBEZFIAL £9, Z Ok Z OBKIZIEY
O&KELET, £OTRVEHZIZY O ZEL £,

int mpfr_buildopt_sharedcache_p (void) (B4
MPFR A2 TDA L v N T mpfr_const_pi*X mpfr_const_log27s ¥ ® MPFR E# % 9
5F vy varitETaL51I2a M )LINT WS L (‘--enable-shared-cache’ ¥ 7 a v~
NETENRFUEGE), FEZRLEY, FryraltGRATEongaRltonzikl %
T, ZOBBMIEL D ZRTKZIE, MPFR 2427 7Y r—> 3 vid, ‘-pthread’ 4 7
YarvEMITAYALNTERENRHD £,

const char * mpfr_buildopt_tune_case (void) B3k

TVNRAINWHFIZERUZBE Y 7 A V2 XFHTRUET, ZO7 7 AVILaEY, Takyy
DFEZ L IZREF->TVWET,

5.13 fAIAALIEREEX

mpfr_exp_t mpfr_get_emin (void) [BE#Y]
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mpfr_exp_t mpfr_get_emax (void) B3k
BB AT RIC B 1T 5, MPFR FEVNER L OO B/IME L Bkl z TN ZE R U £,
FEVNSUR LD IE D BUMEX 1/2 x 2°min, [EDRKMEIX (1 —¢) x 2m*TF, ZTI T, ¢ diF
B/NSUTILORE MBI K > TR E B EH T,

int mpfr_set_emin (mpfr_exp_t exp) [BEK]

int mpfr_set_emax (mpfr_exp_t exp) B3k
FEUNSGL OBBOR O B/ME L e KEE TN T NHREL £ 7. exp%, RITEBITKFELT
R DIEBEROHPAN TR/AME, HDWIFERKMEE UTHRETELWEGEIRIELoHZRL £
T, Z0GER, BURDBERR/IMEZ W U RRMEIZZEIL 28 A, BB R/IME -
BRAEZFETENE, ¥rzELET,

o DO FETEIE, 2V DOEMLTAN I NS FE/NISEDY, mpfr_check_rangefd
BEMHET L2220 TC, ZOHULWEEHMORHANIZNE->TWE I 2T v 7T 58BN
AUET, ZOHPEPSIEAL U TVWBEPATI I NZRDOT 7 4V b DEIfEIX, 1SO C Bk
THRE>TWVWEHA, mpfr_check_rangeBUIZH 5 & 512, ZTODOEEDZEH)IZ DWW TITHIX
ftEhTnEd,

[[FRL] EFBMEDF vy ¥ ald, Tho DB THRETORPENILEEINZZEEDEETT, Z
L, APIRHTEF vy Va2 EHEI—YRH S Z e TERN, EWHZ e TiEkdh I8
Ao MPFR &, WNEHNIZIZBEIZR U TREROHFZEA S5 Z L 2HALTVET,

emin > emax 7D, FEUNIGTEZH D LRI NIERSBRWESIX, ZTOREEHITIAETT,
mpfr_set_eminPI#(H mpfr_set_emaxPIH T DRMAFFAN—LETL, WOTHRIDED
HE{TIEH O £7,

mpfr_exp_t mpfr_get_emin_min (void) (B4
mpfr_exp_t mpfr_get_emin_max (void) (B4
mpfr_exp_t mpfr_get_emax_min (void) (B4

mpfr_exp_t mpfr_get_emax_max (void) (B
mpfr_set_eminBA® mpfr_set_emaxPI TR¥E T & 2 80 D H/ME & B KA %2 Z %2 ik
ULEd, 2N DEIFHEIFEREIKF LU £ 9D T, mpfr_set_emax (mpfr_get_emax_max())*°
mpfr_set_emin(mpfr_get_emin_min()) ¥ W27zl %75 &, F—XE VYT 2HNLRET,

int mpfr_check_range (mpfr_t x, int t, mpfr_rnd_t rnd) [BEEL]
OB, xhy%E mdFAT, BEHOHHBIERLU TIEL SO MHIZR>TED, T
W =FEME ([ternary value], H 9) WA TWEIZ L ZKELTWET, HlZIX, t =mpfr_log
(x, u, rnd) C, ylX uDHANBDELUWMENRA->TWEEDELET, ITNUE, tiE, B
YE DN OB, Ay kD AEFIEER, & yAEL ST IR £, 2
DOREIZ, xDBURZ I AN REZRMEDFFIZ A > TWiE, HE ANLE L 9 xDHBEEE
PHUROFFARFH P SANTVIIE, A= N—=TB =5 L RE Ty X—=70—0FKELET, ¢
D% 2 BIZHODVHAETEZ L 2FHIET 270 FHINET, LW xDEIPEETH S
yEFELWRIZIEYOZ, y KO REABGERFIERE, y KON a3 588HEKRL
9. OB IFEN, LWV xDEIZ CRMO) BEETHS ye KL, ALK x& &
LU EtA, 2F0, ZFEIFEZEINET,

(R xBERK T, AL TH LR (DF D, LOFER, RIEMEREEARIZ > 72KF)
F=N=T SN TOHNET, TNHBKIZTILDODIE, mpfr_check_rangef$AS, MPFR @
BBNTRIEN, WL TY 778y hIhd5ETT,

int mpfr_subnormalize (mpfr_t x, int t, mpfr_rnd_t rnd) [BEEL]
Z OB, FEEMEGEA (subnormal) # TIa L — M ULDD, xZ2 O E T, xHIFEHELT
VT DINZH BHE1E, =HEMH [ternary value], H 9, t72 0 2{2ZX £, xDIEEHRTY TITA-
TWBIIZIE, OETE—Frnde, 5O =RIE tIZHE->T, ZHICADZITDLHRNEIITLD
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D, x% EXP(x)-emin+IEEMEUZ DO T T, EMIZE S &, FEEHRIELT) TOHRTIE, el
eminDfEIZ 72 D, xITHO SN THEE/NIGEAHE UT 2o 2HIF o TRBUZZ L £9,
FEHRE LT 1.5 %207, tAA¥ O DI 2¢ 2 BBz LD £ 3,

PREC(x) X Z DB TIZZEINEFH A, mdliFADE— N, tiE xDEHEINIBIZfFibis
“fEETRINIERD FH A, ZHIE mpfr_check_rangefd¥ L AU T, FESLTY 7 &
7 B FERGER D EIPH L, emin/® S emin+PREC(x)-1FTE 4D £9, emaxDKEMII/NSTE 5
BEE, BURO MPFR OFARFEEERO N TIEAER PRI TERWEDO Z OO ZEE)
WEREINTVERA, MOBEEKEIZEL D, EHEMEREIX, ANROxTIEARL, BEfEL R
INFEY, DF 0, =FEMAIXEIEDMELE] SMANE T,

WHEE, ROEO=FEI L0 DG, FEMT 7 7P b %9, HIZ, AExBEI»S
FEBLTY TOMZ 5720 LT, 2 HOMDUHENREZGHIEXT v X —T70 =77 73
y bINFT,

[#4] mpfr_subnormalizefA%% FEONH T HTIZ emin% mpfr_set_eminffICAELTL £ 5
&, ZTOfEA MPFR OBURDIEBEREFHIZA > TWENE I D EMHER LR ITNIXR D 2H A,
U LETE DRI eminZ2 A H T2 LN TE LI LITENWI L TIEH D FHA,

DFro7arZ L%, 2 #A5KE IEEE 754 #{# (IEEE 754-2008 @ binary64) % MPFR CTL X 2
L—hL7HDTY,

{

mpfr_t xa, xb; int i; volatile double a, b;

mpfr_set_default_prec (53);
mpfr_set_emin (-1073); mpfr_set_emax (1024);

mpfr_init (xa); mpfr_init (xb);

b = 34.3; mpfr_set_d (xb, b, MPFR_RNDN);

a = 0x1.1235P-1021; mpfr_set_d (xa, a, MPFR_RNDN);

a /= b;

i = mpfr_div (xa, xa, xb, MPFR_RNDN);

i = mpfr_subnormalize (xa, i, MPFR_RNDN); /* new ternary value */

mpfr_clear (xa); mpfr_clear (xb);

3

mpfr_set_eminfH#{ & mpfr_set_emaxBAFIIHTHL > TIF L TH E, RTOER T REED,
BURDFRECHHFIZ N E > TVWE L AL TBEEL & 5,

(5] ERto 7 a2l 7 MIFEERET Y 7T THIELS D% T > TEE IEEE 754 R4 T I 2
L—=bhLTWEY, ZOLILREERN—RY =27 TIRITDNEEA,

TREOHNE, R —ATEERNIANEAEZ LTI a2V — b5 hikERLTWEY, 22T
&, 2742 THALD B EE/NBRHE 21T > THRED 1 925 17 £ TOY A ¥ (sine) B DEZE KD T
WET, MEE LTXIFIE IR >TLESI L WO ZEE2FHALTVET,

{

mpfr_t x; int i, inex;

mpfr_set_emin (-41);
mpfr_init2 (x, 42);
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for (i = 1; i <= 17; i++)
{
mpfr_set_ui (x, i, MPFR_RNDN);
inex = mpfr_sin (x, x, MPFR_RNDZ);
mpfr_subnormalize (x, inex, MPFR_RNDZ);
mpfr_dump (x);

}
mpfr_clear (x);
}
void mpfr_clear_underflow (void) Eape
void mpfr_clear_overflow (void) 3P

[

[
void mpfr_clear_divbyO (void) [BE %

[

[

[

void mpfr_clear_nanflag (void)
void mpfr_clear_inexflag (void) B2
void mpfr_clear_erangeflag (void) B2

ThEThy v &—7n—, A—nN—70—, YulRE, RELFHE, FEMEE, #@Hcs—7
7% 20T ULET,

void mpfr_clear_flags (void) [BEEL]
BTCDITA—=NVTZ T (TVvR=T70—, A—=N=70—, YERE, RERGHE, RN
HE, @iz —) 22T LET,

[EGl] 797 DIN—T%EdTI VT 2572DDnpfr_flags_clearfA B MHAHEETT,

void mpfr_set_underflow (void) [BE2Y]

void mpfr_set_overflow (void) [BEZY]

void mpfr_set_divby0 (void) [BE#Y]

void mpfr_set_nanflag (void) [BE2Y]

void mpfr_set_inexflag (void) [BE2Y]

void mpfr_set_erangeflag (void) lE3k:4
TYX—=70—, A—nN—7u—, YORRE, FELEHE, FEMEE, @it -757%
VTET,

int mpfr_underflow_p (void) ESF
int mpfr_overflow_p (void) ESp
int mpfr_divbyO_p (void)

int mpfr_inexflag p (void)

int mpfr_erangeflag_p (void)
ThEh, Hndd7727 (TYyX—70—, A—nN—=70u—, YuRfE, FELHE, FE
WS, WL I —)2RLET, 7I77DN>T0WIRDA, FEXEHEZRL T,

[

|
int mpfr_nanflag_p (void) (B

[

[

DA @ mpfr_flags_BABUEIL, mask& WO BIEZED £92%, ZHEGINT 5 7% BIEICES
ZdDEDTT, —DODT7F771E, WInT b maskDYFEL Y bty hENTWBIRDOAK, s
75 DEED—EE 0 £, MPFR_FLAGS_ Y 27 0l¥, 2D maskZ&HRETA-OIfiHINE
3, Section 4.6 [Exceptions], H 11 H TZHF I\,

void mpfr_flags_clear (mpfr_flags_t mask) [BEY]
mask CHESI N T I 7 DIN—T% VT LET,

void mpfr_flags_set (mpfr_flags_t mask) (B4
mask CHREI N/ T T T DTN —T %I TET,
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mpfr_flags_t mpfr_flags_test (mpfr_flags_t mask) B3k
mask CIREIN/ZT7 77 %IBUET, maskiZty NU7ZT7 TN >TWENE S 2L, &Y
ERAEENES P THEITE £ T, DT 77N> TWEHE S h Y%, MPFR_FLAGS_
~¥27n&®AND 2% 2 & THREIZZA D £,

)
mpfr_flags_t t = mpfr_flags_test (MPFR_FLAGS_UNDERFLOW|
MPFR_FLAGS_OVERFLOW)
if () /x TYR—=T0—A—N—=TH0— %/
{
if (t & MPFR_FLAGS_UNDERFLOW) { /* 7YX —7u—%H{ilfHl +/ }
if (t & MPFR_FLAGS_OVERFLOW) { /* A— =70 —ZHlfl «/ }
}
mpfr_flags_t mpfr_flags_save (void) [BE#Y]

ETDI777%EBULET, THidmpfr_flags_test (MPFR_FLAGS_ALL) X [l UREMRIZ/AR D £ 9,

void mpfr_flags_restore (mpfr_flags_t flags, mpfr_flags_t mask) [BEY]
mask CRIE I N7 T 7 DIRFE%R flagsIZTHEMI L £,

5.14 MPF & D FE 4

MPFR /8w 7 — VIZ AR E LTV % mpf2mpfr.h Ay X7 7 A L%, GNU MP 24243 5 MPF
BY OHBEEZMFFT 27200 EDTT, FildD & 5122474 Z#include <gmp.h>DZITEN L
E

#include <mpfr.h>
#include <mpf2mpfr.h>

ZDESIfEiS> Z &, MPFRIZRifEE UL TEon=7 0 s o L%, —HYEET S Z &7 < MPFR
TaAVNAINTEIENTEEL5IT0FT,

E2TOHBEIEXZT 74V bD MPFR O E— FD FTHONE T DT, mpfr_set_default_
rounding_modefAfZ o THOE—FOEENTEXT,

[#45] MPF %12 MPFR TIZWK DR 588D 0 T, FICTFRRO LI BEDOREITONET,

o HEMBMAELDL->TEET, MPFRIZE 5B DY FRATHLD ET, (WHIZIERDEY
MZIF0AFEDIAENTVET), -V —3LBOBENBEZ P L TEBERH D 7,

o fRBROHPHEZLZ D> TEET,

o HXIEEN E L NBIE (gnp_printfBEZ &) 1%, EEMEOFE/NSGRBIELIZN U TIEE)
EL £ A, mpf_tM i mpfompfr hOH CTmpfr_tME U THERINE T,

void mpfr_set_prec_raw (mpfr_t x, mpfr_prec_t prec) (B4
xDFEEMT % IEMEIZ precEy MZERELUEBL X9, mpfr_set_precBA#E Di#E WX, precld
AR ER DL xD A EV FIRICN X DR SITR->TVWE LELTVWAS I LT, £5
TRV, ZOBERDOIRSENIAE LD £T,

int mpfr_eq (mpfr_t opl, mpfr_t op2, unsigned long int op3) (B
opl& op2& W3, & BHITEHE OFH/NIGET, FLWREHZ2FES, (KBGO EEHE op3 Yy
MAEL WD, WAL Eah, HURSEZROERRTHIYL, Zhs5onTnrThhE,
FEXOHEEL £, ZOMKIE MPF QXIS 2B E D HMIEDLDIZEZRINHDT,
ZNUADOHIZIIFEH L AW L2 B8O L Ed, ZOBBIE, “HBNEELTWENED
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D MR L2 WRHZIZEA LR W T I X W, HZ20E, 1.011111 & 1.100000 i%, op3Hh 1 %8 X
LHHZIFELL Z0WbD e LTHFbNET,

void mpfr_reldiff (mpfr_t rop, mpfr_t opl, mpfr_t op2, mpfr_rnd_t rnd) (B4
opl & op2 DN ZEZEIRL, TORR%Z roplitfRAL £9, ZOREHIE, MHEXZEIZEL TIXIE
LWHDZRIEL FH A, BT [opl — op2|/opl % ropDFEEMELE rmd i TEHE L TH
HFET,

int mpfr_mul_2exp (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B2
mpfr_rnd_t rnd)
int mpfr_div_2exp (mpfr_t rop, mpfr_t op1, unsigned long int op2, (B2

mpfr_rnd_t rnd)
25 OFEBUIE mpfr_mul_2uiPBE%P mpfr_div_2uiB$ X A —D & D T3, MPF O HH#MED
=DITER I NZBEBR DT, ZOBENLIT NI mpfr_mul_2uiBEE0® mpfr_div_2uifA%o
FHZBEIOLET,

515 hRAY LAV I—TxT—R

WONDT TV r—arvTld, AZV I EFSTAERIRA TV bOEEEZITVWET, L
PL, MPFRDXEY) FH¥ A1 iE, 50 HIIZIZAWTWERA, THR, TOFOT T
r—>a Y TMPFRMEFATES L1250 THNIE, MR AT ) A VX —T 2 —AD7%
TRV FEA, TNUDBHNARLAL VR —T 2 —ATT,

o ORREZ MPFR CEFITE 5 K 5129511, FTROZ2DAENRH D £7,

o mpfr tBIDZEHEZEREZ & v 71T,
o MHDKRBFLANTALR Y ZIZTHA, BHEITILU T DOHE —IRFR72 mpfr _t B2 % E 5,

REUNE B ZHIRT 2120, HLULAEAE)ZHAR—=—aL 2y a ilasATHREFIZEIETH
KUHoEEA, ETOATYEHEKEE (B0 2T, BIE, MR) X7 7)) r—yavicsIe
T5DTT,

IDAYR—T7 2 —AD7=HD MPFR O#REIE, @@tz rne LTEREINTHE
3, HlZ1E, mpfr_custom_init (s, p)IZ~¥ 27 0 Zffio TEITINE T D, (mpfr_custom_init)
(s, p) (FBEBEEZMHALTVWE T,

[[Fdd 1] MPFR O BEUE, — K728/ NEUREH O 72 12 mpfr_ini t BAEOC AR D BIEUZ (-
T ZTVWE T, FMIZGNUMP OH AR LT — 3 VDS %A T REI W,

[[FFC 2] MPFR OBEUE, PHIZF vy & 2 FH OB (mpfr_const_piBd#7Za &) #FIHL £9,
#->T, mpfr_initBAAS GMP DA AR A7 0T — a VEERERIICIEIZh, 77V r—Yayv
DARY T EIZAEY DPHERIND LS THNE, A€V %2FEHET HBZIEE R mpfr_free_cache
B Z X7 < TR D £ H/ A,

size_t mpfr_custom_get_size (mpfr_prec_t prec) (B4

KM prec 'y b DB 2 MM D DIZ B2 MRZIK L X7,

void mpfr_custom_init (void *significand, mpfr_prec_t prec) (B
FEEMTEL prect y b DAREES 2 HIEA{L L £ 9, Z Z T significand|d mpfr_custom_get_size
(prec) N1 MDA E VBV EAKTH BHET, mp_limb_tHl (GMP O T — X #l, see Sec-
tion 5.16 [Internals], EH 48 ) ORI > TWARITNIEZR D £H A,

void mpfr_custom_init_set (mpfr_t x, int kind, mpfr_exp_t exp, [BEZ]
mpfr_prec_t prec, void *significand)
mpfr_tBID X I WML Z LT L, ROXSITEEEY PLET,
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|kind| = MPFR_NAN_KINDDK}iE, xIZIZ NaNAtkvy hInsd,
|kind| = MPFR_INF_KINDDO W} (%, xIZi% kind& [/l UF S DEE A2 LY I3,
|kind| = MPFR_ZERO_KINDODKfi, xiZid kind& R UFFEDOEa 2y hEhb,

|kind| = MPFR_REGULAR_KINDOD X, xiZi% kind & [/ UFF5, EEGH L RBERICIZZ N E
1 exp & significand’t v h I B,

2TOHEITHET 2D, significand? x % {# 5 LAEOFHHEICEBEMNHI NG L WS 2 & T
T, ZOBBUEA TV HROHERIIITVER A, 2O THIILE 15 IZEI NS AU mpfr_
set_precPI#*° mpfr_prec_roundB % o 72V ¥+ XX, mpfr_clearBI % Hio>72 A€V
fRIBUE SR £ A, significandld, [E UREEMNT precZ 51 EUZHE U 7z mpfr_custom_initBIE %
> THHE LR < TIEWIT 8 A,

int mpfr_custom_get_kind (mpfr_t x) [BEEL]
mpfr_custom_init_setPIM & o CHEK I N7z mpfr_tB T — X OFEEZK L £9, mpfr_
custom_init_setBA¥ % [ T2 AL S 7z mpfr_tH T — X WNE X N/ R D EIE IZE #
ENTVEEA,

void * mpfr_custom_get_significand (mpfr_t x) (B4
mpfr_custom_init_setPI# % o THIHI L X 7z mpfr_t BT — X DRBERA~ND KA > X %K
L% ¥, mpfr_custom_init_set[H¥% fHE 3L X N7z mpfr_tH 5 — X A3 & 7z
DEEIFERINTVEEA,

mpfr_exp_t mpfr_custom_get_exp (mpfr_t x) [BE#Y]
x DI 1 OB H OIFENEUSET, REGHAY [1/2,1) 1I2H B L MBI NDE, xDIRET %K
LE9, xA'NaN, HEKXK, oD XSIZ, mpfr_get_expBBOEEHNEZR I N T VAR WE
TH DK, ROMIIAELRD £TD, mpfr_exp_tBOER LT £3, mpfr_custom_
init_setPI# 2 MY T ICHIHI{b I N7z mpfr_t Bl T — X B E I N ZROEEIERZR I TV
FH A

void mpfr_custom_move (mpfr_t x, void *new_position) (B
MPFR 2, xDREEHAAR—YaL sy a v iZksTBEHIN, HLUVMEIZNE > TS
CHISEES, LRWA, 77V —Y 3 VAKPMBER L mpfr _t BT — X 2BE T LS5
LW Wi £ A, mpfr_custom_init_setBI#Z HHE T IZHII LI Nz mpfr_tH 7 — X
NESIN-ROEFIIERZINTVEEA,

5.16 MPFR O REREE

U A (Iimb) &, 17— FZ2HA LT 2L RMEFE/NGEOMBRERZERLUET, 1V A
WH, 328y Mr64 Y FTY, VAERDLT CTF—XM|Imp_limb_t T,

mpfr_t7 — X B, PIESHIZ IIHEERDESID 1 D08 UTERINTS D, mpfr_ptrilix, Z
DIEERANDRA VR ERB L TWET—XATY, mpfr_t7— XA, RO 4DDT 1 —)LR
PO INTVET,

o _mpfr_prec” 1 —)V Fi&, ZHDOIBIRDOKEEMEL (Y M) Z20RFF U £ 97, H/IMEIZMPFR_
PREC_MINT Y,

o _mpfr_sign” 1 —J)L NI, ZHONEZMREFL £T,

o _mpfr_exp” 1 — )V NIZIXMKECH # ML £, HBEHA Lo DR, NOEBH 58
MSB(most significant digits) @9 < EIZH 2 Z LI £3, n HELDOREIK, 2 %
FUZE IAITNEPEEL £, NaN, MRKA, Lok, ZOHmBERIZRIE % 3 E
UCaalL &9,

o HBED _mpfr_d7 « —J)V NiZi%, LSB(lease significant bits) A EIHIZRK 5 Y ARSI DK
A VRPN EINET, HT 2V LEE _npfr_prec THRE X1, EARMIZIX ceil(_mpfr_
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prec/mp_bits_per_limb) &7V ¢, FEHLASDIEH DT MSL(Most significant limb)
d MSB(Most significant bits) 23 11278 0 3, MEHEY A E—H U2V, &o
ZTEOEY MEeTE¥rizLEd,
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6 APIDE#M

AHEiTlE, MPFRON—=Ya vy 7y I T2 U APLIZOW T L, &\ MPFR TH
AVRANTELZTOT T LOEE[FITOVWTHRRET, AL, MPFR 2.2.0 (2005 4£ 9 A 20 H
VY —2) DBEOEDIZONVWTOA T2 —L £,

APIDZFE X, N—VarvHFoDiE A, b ULLIEFDOTOMBELEb > ZIZfTbh, Ny FL
N)VDEHE (MPFR A=Y a VEEDEIMH) TlliTbihvERA, MPFR ORNEREE % FH 3
558707 ATRITNIE, NZ T4y 7 ARER U AWEIEIC L BHED FOEE IIFbN
FHA.

— IR —L e LT, MPFR ZFIHT 270275 001F, AVYy—N"—=Var7vy 7 THELEN
By, 2207y 7FF—=hrU7ZMPFR THHEIK EHIZELIRETY, ElEyEeFHINTWS
BEEIXZ DI BHZARLREDT, TOLIREHEZFHL TS L, ZDOS5H a2 /A )Y
VIRHI I =R IT IR RETA, Ty T T — MIESBENHERE TR E 2L
{%BBE5%6, ZNURIZEHRLTHD, HHN—Y a3 V2T 5 FAQ X MPFR @ Web R —
VICHDIEEE (RINEEIZEEDTVETOT, IFEAEDY 7 v o7 TIREIILRWTL &
D) BHERLUTATEREI W, NTEA®R, BRIZBEINTWSH0HH D £3, Rl 7w
L&k, NTHE %% 5 TRI W (Chapter 3 [Reporting Bugs|, H 6 ).

LU s, HEO MPFR ZHHLZ70 7S 40%, ZORZa7MMIENWTHSED, DLAT
DN— 3O MPFR CTEIES B ARBEITZLZWEIT T, ZOfiTi, R—k7Lvn7ars A
EELIZODDOFERERML T,

R & ZICE U2 E ISR R E DO TIEDH D FHADT, API DZEEERIZ DOV TIE MPFR
DENZTNDN—=Y a v T IREI NS NEWS 7 7 A V2SI UT IV, % OFEHIEHRS
T TVnET,

6.1 T—4RETIVODERE

B DR R T — X B % mp_exp_tH & mpfr_exp_tIZZAH L 7Dk MPFR 3.0 *5T9, mp_
exp_tT — R GMP Tl Z N s> -BRTHAI NG L BbhET, ZOZ2DF—X
RUIBRFEI U D TY (mpfr_exp_tid typedef Tmp_exp_t D fHEINTWVS) O T, mp_exp_t
ZREEBOT— 2B UCHHT 2 Z L IESTHHRETA, fRIIZLEI NI 2B LNERA, R
HOIZ, mpfr.hZz A > 7)) — R U72E T mpfr_exp_tHH MPFR 2.x THAHINSG Z & 720 &
5, WOHEZRITILRWTL & D,

#if MPFR_VERSION_MAJOR < 3
typedef mp_exp_t mpfr_exp_t;
#endif

AADHEEMBEROE— N T —XBIZZNZF N np_prec_t& mp_rnd_tA*5, mpfr_prec_t&
mpfr_rnd_t!Z, MPFR 3.0 TEZHEINX L7z, ZOZEHIXMPFR TIXKZLEIDRSi7HTED,
D7 & H MPFR 2.2.0 TIE FEED & DA I — R mpfr.h:ill Ao TWE J,

#ifndef mp_rnd_t

# define mp_rnd_t mpfr_rnd_t
#endif

#ifndef mp_prec_t

# define mp_prec_t mpfr_prec_t
#endif

ERa—-RFOEK®IE, HrFLWART —XMTH 2 mpfr_prec_tH & mpfr_rnd_tH% H72p7-D 70
T LTEEIMMHTZ2ILNTES, LWVWHHDTT, 7— X B mp_prec_t& mp_rnd_t (MPFR
TOMAEATERE) IZPERANICHIRE N2 06 LER A, mp_& WO &HTE GMP TEFHI T
5HEDTETH 5,
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FEEMEL D 7 — 2 B mpfr_prec_t (mp_prec_t) I, MPFR 3.0 & b il&fF 572 U (unsigned) T
U7z, BUEIZRFS4) & (signed) T9, MPFR_PREC_MAXIFZHINTWEH A, EE, MPFR D
Y — A 31— R I MPFR_PREC_MAXMEEGI D T — XM CREWRETH B Z 2 ERLTH Y, Ih
i mpfr_prec_tZRIUT—&X Y1 XTITH, FIZFEMETLE, />T, HIHDO MPFR /N—
VavEBUTHHATESL T n s I L52ELOTHNIK, mpfr_prec_tDE5H IR UIZELAS
NEVESITLVEL &S, BEOHEBIZBS I REM2EZ 56, {5 LT — X255
ETF—RBNIAFETLDIIET, BREETEOHETRABRL 2RI, ELLARWRERZEL
ZENPhIETEE T,

[BEE] WEIIZD A 5 DREMIZTH A 5D, mpfr_prec_tWfFEMETHD L WIHIIET T O
7' LEEL L, MPFR 2x TI VA VU CTEITURITHENH 2 At H 0 £7,
A E — N4 GMP_RNDx!¥, MPFR 3.0 T MPFR_RNDxIZZEHINFE L7z, LA LA SIHA GMP_
RNDx® AHMEZ RO DIZAMIZ R o TVWET (B, [REETLE20E), EBETRHO LI RER
MEINTWET,

#define GMP_RNDN MPFR_RNDN
#define GMP_RNDZ MPFR_RNDZ
#define GMP_RNDU MPFR_RNDU
#define GMP_RNDD MPFR_RNDD

HDE—F [¥Eh 5@ h 58] (MPFR_RNDA) i MPFR 3.0 TEMI N E L7z, TTH, GMP_
RNDAY WS EFIZH D FH A, WEMND (MPFR_RNDF) i MPFR 4.0 THEMI N E L7-A, BURT
EE R A= M EE-oTVET,

MPFR_FLAGS_ & WO AR TIE S 7 7 VD~ 7 113 MPFR 4.0 TIEME & U7z, i L WEIEK
mpfr_flags_clear, mpfr_flags_restore, mpfr_flags_set, mpfr_flags_test® [T,

6.2 BN N7=FEK

ZZTIE, TVT7 7Ry MNEIZ, MPFR 2.2 AR EME N T E K EBEKR I 7~ o0 %,
SENEEDO MPFR N—Y a3 v e HzHIZE L 9,

e mpfr_add_dB#UE MPFR 2.4 TiEI,

o mpfr_aifd#ld MPFR 3.0 TiBM (R5Ee e FEERINFEL),

e mpfr_asprintfHHUE MPFR 2.4 TiEMN

o mpfr_betafd#ld MPFR 4.0 Tl (R5E4 /e R FELE)

e mpfr_buildopt_decimal_pPi#i& MPFR 3.0 Ti&hll,

e mpfr_buildopt_float128_pfi%kiZ MPFR 4.0 T,

e mpfr_buildopt_gmpinternals_pBA%Xid MPFR 3.1 T/,

e mpfr_buildopt_sharedcache_pPi#iid MPFR 4.0 T,

e mpfr_buildopt_tls_pPA%i* MPFR 3.0 Ti&J,

e mpfr_buildopt_tune_casefH%I& MPFR 3.1 TiE/,

e mpfr_clear_divbyOBd%iZ MPFR 3.1 TiEHI (B LW uBRBEHISMENS ),

e mpfr_copysignfi#E MPFR 2.3 T&E/Ml,

[{#3d] MPFR 2.2 TREIZ mpfr_copysignBdBUIEHFIBEIZ R > TWE L72AY, ¥ =a 7 )i
FHHELTE ST, BfEE A LEZ->TWE LR 2FBHODIIEH NaN O54),

e mpfr_custom_get_significandB# i MPFR 3.0 TiEfl, Z OBIBUILARTDON—Y 3 T
mpfr_custom_get_mantissafifl& M I NE L7z, BAETH mpfr. hd¥ 270 & LT, ZOD
ZHTCHEHATRET Y,

#define mpfr_custom_get_mantissa mpfr_custom_get_significand
FROEZENP S D L ST, MPFR 2.x & MPFR 3.x Tl mpfr_custom_get_mantissa
ZHioTRIW,
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mpfr_d_divBA# & mpfr_d_subBA%iE MPFR 2.4 TEM,
mpfr_digammaPi#i3 MPFR 3.0 T,

mpfr_divbyO_pPi#id MPFR 3.1 T, #7212 ¥ 0 REFISSERER & T,
mpfr_div_dRE#UE MPFR 2.4 Ti&E/ll,

mpfr_erandomPd#iZ MPFR 4.0 TiE,

mpfr_flags_clearPd#, mpfr_flags_restore#%, mpfr_flags_saveld%, mpfr_flags_
setBd#, mpfr_flags_testBI%UZ MPFR 4.0 TEM,

mpfr_fmmafA%{ & mpfr_fmmsBAEIE MPFR 4.0 TiEM,
mpfr_fmod %X IZ MPFR 2.4 T,

mpfr_fmodquoPd#iZ MPFR 4.0 T:@&E/Ml,

mpfr_fmsPAEIE MPFR 2.3 B CIE N,

mpfr_fpif_exportBAE & mpfr_fpif_importBAEik MPFR 4.0 TiE/I,
mpfr_fprintfBIEid MPFR 2.4 TiEI,

mpfr_free_cache2B% % MPFR 4.0 TiE/ll,

mpfr_free_pool%iZ MPFR 4.0 TiEN,

mpfr_frexpPA#Z MPFR 3.1 Ti&fl,

mpfr_gamma_incBA%UE MPFR 4.0 TN,

mpfr_get_float128[#Id MPFR 4.0 TiEJll, & 72 a2 ‘--enable-float128'ff & T
LTELRSDEMATEXT,

mpfr_get_f1tFH#3 MPFR 3.0 Ti&Ml,
mpfr_get_patchesBd MPFR 2.3 TiEfll,
mpfr_get_qf#/3 MPFR 4.0 Ti&E/ll,
mpfr_get_z_2expf#UE MPFR 3.0 TiEfll, Z DREHIE, PARID/NN—Y 3 > Tld mpfr_get_
z_expE WO HHETT L7z, mpfr_get_z_expBIlH, TFilD XS IZmpfr.h TY 70 & ULTE
FINTVETOT, STHHMARETT,

#define mpfr_get_z_exp mpfr_get_z_2exp

#t->T, MPFR 2.x & MPFR 3.x Oli i %o CHIffd 5 707 F Lld mpfr_get_z_exp [H
BOFHH5>RETT,

mpfr_grandomPA%{ i3 MPFR 3.1 T,

mpfr_jORI%K, mpfr_j1B9%, mpfr_jnfE%is MPFR 2.3 TEM,
mpfr_lgammaP#XiZ MPFR 2.3 TiEMl,

mpfr_1i2f8%Z MPFR 2.4 T,

mpfr_log_uiPd#iX MPFR 4.0 Ti&fl,

mpfr_min_precPi%id MPFR 3.0 TiEHl,

mpfr_modfFA#UIZ MPFR 2.4 TiE,
mpfr_mp_memory_cleanupBd#id MPFR 4.0 TiEHl,
mpfr_mul_dRE%UE MPFR 2.4 T,

mpfr_nrandomPH%{ 13 MPFR 4.0 TiEHl,

mpfr_printfPEIE MPFR 2.4 T,

mpfr_rec_sqrtPH#d MPFR 2.4 T,
mpfr_regular_pPBd%iZ MPFR 3.0 T,
mpfr_remainderPI# & mpfr_remquofd#id MPFR 2.3 TiE/l,
mpfr_rint_roundevenPd#{ & mpfr_roundevenfd#/d MPFR 4.0 T,
mpfr_round_nearest_away%I& MPFR 4.0 TiE,
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mpfr_rootn_uif8#id MPFR 4.0 T,
mpfr_set_divbyOBd&iL, #7212 v REHISNEEEES £ T MPFR 3.1 T:EM,

mpfr_set_float128f#id MPFR 4.0 Ti&/ll, ‘--enable-float128’4 7> 3 V& TEIL
Rz efifTEEd,

mpfr_set_f1tFA%UE MPFR 3.0 TIEHM,
mpfr_set_z_2expB#iZ MPFR 3.0 TN,
mpfr_set_zerofi#{id MPFR 3.0 TiEhl,
mpfr_setsignfi#id MPFR 2.3 T,

mpfr_signbitPH%Id MPFR 2.3 T,
mpfr_sinh_coshfI#iL MPFR 2.4 TiESN,
mpfr_snprintfBI & mpfr_sprintfBH%IE MPFR 2.4 TiE,
mpfr_sub_dR#3 MPFR 2.4 Ti&Ell,

mpfr_urandomPI#iE MPFR 3.0 TiE/l,

mpfr_vasprintf %, mpfr_viprintfF%E, mpfr_vprintfFA%{, mpfr_vsprintfPH#K,
mpfr_vsnprintfBEZ MPFR 2.4 T,

mpfr_yOR%, mpfr_y1R8%L, mpfr_ynPH%0/3 MPFR 2.3 TiE/l,
mpfr_z_subBi#IZ MPFR 3.1 TEMl,

6.3 TEHIN/-FEH

> >
— —

IZEE U 7280 MPFR 22 IEIZZE NI N TWET, TNOSDOEHEIZX D, HHT S

MPFR D= a v DMABDOREIRETTI O T 7 LOEHNREDLLhE LNV ERA,

mpfr_absPA%, mpfr_negl#, mpfr_setPH%ld, MPFR 4.0 TEHEINE L7, BATO
MPFR N—Y 3 v Tld, NaN Off5E Y MEIARETULRD, EFRNIZZRS LS, vx=aT L
R U7z XS ITHEI NS L5120 £ L7z, {HU, mpfr_negBABZxI U THI¥ % mpfr_
neg(x,x,rnd) D K D IZHFMH U256 1FRE £,

mpfr_check_rangePd#{/%x MPFR 2.3.2 & MPFR 2.4 TEHEINFE U7z, fHHA M R
KDGE, REZA—NRN—T70 =T 5 7B 7>TVWARWGSIZEYy hEnE T, DIRENEZE
HRLDFXEETLE, THIEREHENGFEINATHEED (5D, MPFR®Y — A 32— R Tih
B LTWEZED) TTD, DOTOEMENRNTTHEERBINTSEED1THRo72728,
MPFR 2.3.2 TEEX N L7z,

mpfr_eintPA#IX MPFR 4.0 TEAEINFE U7z, BERXELOfEE &, BOFIEIZRL T
eintl BIEDMEZIKR L £9, MPFR 4.0 K D ETD/N—Y 3 »TlE NaN 2L TWE U7z,

mpfr_get_fRA#IEL MPFR 3.0 TABE I NE L7z, PAHTE, ¥HZEKEUTWE LD, NaN
PIFRARD & 512 MPF BUZIIAFAE U8 WRIMEIZ NG U TWER AT U2, BUETIIN
PRI U TR 5 — 7 5 VDT H N, mpfr_get fBIBITEHE O =FfEZEL £,

mpfr_get_siPd#, mpfr_get_sjPBi%, mpfr_get_uiPd%#{, mpfr_get_ujBd%idk MPFR 3.0 T
BHEXNFE U, UBTON—=Ya v T, @il —7 I 70D —ATEHERE->TWE
HATLT,

mpfr_get_strBI#s MPFR 4.0 TEHE I N FE L7z, BIETIE, NaN 2B ASMEDKFIX NaN 23
WENET, THIENaN 2T 5 MPFR @)L —)L & IEEE 754-2008 OH#ESE 3 5 51| 25 #i
(5.12.1 TH) IZHD W HHAITT, BHUZERL TALOMEN AR L, RIEWT7 7 7B IToh
7,

mpfr_get_zPFA#0lX MPFR 3.0 TAHE I N F U7z, PAETOR D HIX voidBI T L 228, BIEIX
int®BZ722 0, WHEOZFEINEINET, #£->T, MPFR 2.x & 3.x O A5 TEET S
077 L%, ZOBEBOKDEEFHLUTIEWTERTA, ZOHBATH, npfr_get_zM# %
fioT, RMEATD2EFH, HUKII3HFHOHEHEET A2 L5 C Tur I g sr%
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FE9, HlxE, Tedo7us 5 A1 MPFR 3.0 TIREFICEN = £33, MPFR 2.x TlZ5
FLEIETEHFA,

bool ? mpfr_get_z(...) : mpfr_add(...);
—7i, TRLOHliZ MPFR 2.x TIRIEHIZEIE X945, MPFR 3.0 TS < WEEHA,
bool ? mpfr_get_z(...) : (void) mpfr_add(...);

R—=R TN 707 T LheEESZITNE, npfr_get_z(...) % void®IZ¥F ¥ A ML T, Fid
D E D IZEMHEE T DM FDIH%E voidBIZ U E T,

bool ? (void) mpfr_get_z(...) : (void) mpfr_add(...);
FMEETOMRDDIZ, if ... elsebHAEETT,

X5, HIFT I —7 27T onbdgElE, MPFR 2x TIRFIZED SNTVWEEFAT
L7,

mpfr_get_z_expBdZ MPFR 3.0 CTEEINZE L7z, LAETDO MPFR ON—Y 3 VTl #i
LT —7 I 7WPUDT — ARITEDSNTVWEREATLR,

[[EE] Z oB%E MPFR 3.0 T mpfr_get_z_2exp& WO HZFNHIAHE I NE L72AY, mpfr_
get_z_expBAEd AIMEMFF D2 DICEZHHTE £7,

mpfr_set_expfi#iZ MPFR 4.0 TAHE XN F L7z, MPFR 4.0 X D giON—=Y 3 > Tl 8
BRI, BIBUZHEE LI MPFR A 7Y 27 hOHNEIMITHN, ZFEINTWE L, EH
1ZlE, MPFR 8%, WEHRBEEDR 7+ — IV KT EIZfED EIFTcunw & Zi2iX, KL ~LE
BEe UTIHERMIHFEZ T2, API & L TIE, NEHEZFMHET 25820V TZD L5 7R
BERRIERME U A, /o T, APLIZH L CIXZ DD & 5 HihE I3 EH O EY T, NaN,
A, Yook Rz MEHT 5 MPFR TlE, AER7A—< v bOfEZEE>TL X
SMELNEHA,

mpfr_strtofrf#iZ MPFR 2.3.1 £ MPFR 24 TZEINF L7z, {TONZDIENT T 1y
AT, V=—ADA—=ReX=aT IOl hABWVES>TWE LD, BEWMEZELD, HHR
BRIz b 5517, AZBELELE, V—A3— ROEXEELLEHLIZROEY T, 21
KEDFEEH Z, bR 0xDEIB TV T4y 7 AR L THEZIIMNITB LS IcLE LR, £z,
PAETEARIEE U T WS E NaN Iz T 5T —XIZE L £ L 7x,

mpfr_strtofrf#ld MPFR 3.0 TEHINF U7z, 5 TIEEBE LT37THh 5 62 %I
5 &> TVET (ZNUADEBDGEIZOWTIREED D THA),

[(EGd] AR — MAOERBD G2 57z D Z OFBOZEE I ETY, EMEICS 5 &, MPFR
231 BUBTIITY =Y a VIZE D3RR EZRAIEET, ZOEIMMIOVWTIIFRLEEIND
A[REMEA YD D £9,

mpfr_subnormalizePd#id MPFR 3.1 TEAEINE L7z, {TONDIINT T 4w I A TY,
mpfr_subnormalizeBd%i%, MPFR 3.0.0 £ TIZ7 7 71X CTEHATU, KT, RIEHE
T OWTIE— RV — I > TWERATLREL, RRIZEFHLREI QL TWER
ATUE, TR —70—7 57012200 TlEb oMb EE->TVEHFATL L,
mpfr_sumPA%IZ MPFR 4.0 TEHE I N ZE U7z, mpfr_sumEEL MPFR 4.0 T2ICESHE
I, IRE Ty T —hEINFE L7, EHEEEPTE2IIEDIZRLMOREBHE SN, &
DEEEFE O =FEEICZR>TVWETS, [Hopfr_sumfABOFEEE, £ TOAEY LOfEEZES
DT HoTVWELED, REIDESODENRRKEVWAIIIRLUTIZZ T v > ad Ba6EM
WHoF LT,

mpfr_urandomPIZ & mpfr_urandombf#iZ MPFR 3.1 TEEINE L7z, ZD DD
DOIRDEENIEIEIMKEL VWL D IZHE->TWET, HU, GMP OFLEAE k2 Bk T
W EWSHIETT, GMP 4.1 95 4.2 FTDON—Y 3 Y TlE, gmp_randinit_default
PHEOLNTVWE D TEREMRFIZHR>TVWET, MR LT, EOEIXZ, MPFR3.1&,
PARTDON—=2 2 D MPFR X TIES B DIZRDZEenH D 7.

[[5d) MPFR 3.1 £ D #iITIE, ZHhoDBEBUZE T 2EOHERMEIXRNEEL TWERAT
U7z, 6> T, MPFR 3.1 CTOEELLARTON—Y 3 v D HHMIZEZ THWEEA,
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o mpfr_urandomBH%iZ MPFR 4.0 TEHE I N F U7z, IRDOELEDIRAEIL, BIfE DIEEES O Hi
PlEHDE— N ITIMKAEETITIRED £9, SLBORDITES HISMNE, —HRDAEIZHE- T
EULKAEBRINSG LI F U, FEHRELT, RINSEHBUE, MPFR 4.0 & Z L]
DN—= a3 ETERRLLSARENRD D £,

6.4 HIFRS 7B

mpfr_randomPd# & mpfr_random2BI%UE MPFR 3.0 THIFRE N £ U7z, TDZEHEIZMPFR 3.0 &
DEIDON=Y a VI Eo 7250 T a7 T AN EE L £ 9, mpfr_randomB%UE MPFR 2.2.0
DA S, mpfr_random2BI#id MPFR 2.4.0 B2 S, HLAZVWESEEHEINTVWET,

mpfr_add_one_ulpPd%X° mpfr_sub_one_ulpfA# & \o7z¥ 27 1ld MPFR 4.0 THIfRE N £ L
7o TS OBEL, B MPFR 2.1.0 TY=a 7 )WIZEKRLTE Y ¥ AL, MPFR 3.1.0 B4
PRI o728, I TWET,

mpfr_grandomPAXUE MPFR 4.0 THEIEPEDELNHTWET, PBEON—Y 3 7y T THIL
INDFETY,

6.5 TDOMDEER

C++a VXA 2[5 DTHNIX, intmax_tZMH T 2 HIEH MPFR 3.0 CEEIN/ZZ LIZH
ZLTFX\W, MPFR 2.x Tl&, INTMAX.C¥ZH, & UL <%, UINTMAX CY¥ZEUMNEHZIN TV
LI, D%V, <stdint.h> H U< X <inttypes.h>% 1 > 27 )b — N § S HijIZ__STDC_CONSTANT_
MACROSY Z U DVEHZH I N T WAL, intmax tlIFERIIEBINTWEIEDEEL T, LAL,
BTLUEZDREIRELL DY FHA, EMIZE S &, intmax_tlE, Boost 71 77V D & 51T,
LT stdTOAEBINTWVETDT, TUNRAINVIZEBRLUET, foT, C++I 2814 5T
INTMAX_C H U < | UINTMAX_CD F =v 7§ 5 DIL1kdD, XD HEZALUTTRI W,

e intmax_tHIMNMNKIEEL MPFR 2.x 2{fi-7= 702 5 Al%, MPFR 3.0 Y\gETlda v N1 LT
ERVWEDEFEZTRFIW, mpfr.h%x 1 > 27 )V— K9 5HjIZ, #define MPFR_USE_INTMAX_T
MREIZRD £7,

o LT, MPFR 3.0 CfEo727m 2 L%, MPFR2x CTaI VA LT 5 kML ET,
mEESE & LTI, intmax_t& uintmax_tDEFKEZ 7 T — NIV LHIZERTITS ERVWAE L
NEHE A,

Yo REHE MPFR 3.1 THAZIZEMENEZEDTTA, ZOHNEFES DIFZON—V 3 v
DI EIMEI N5 LWL RO T, ZOEAZL> THEMEICHERELSZZ2IEHD £
A,

MPFR 3.1 I TlE, mpfr.h~"y X7 7 A IV EEHE A V7V — R TE£7, BN h7zH
BH DY £9 (Section 4.1 [Headers and Libraries|, H 7 Z).

MPFR ® A E V&I D Y THEIZDWTIE, MPFR 4.0 TEHEINZHEDZ2 XD X XIHFITAE
T—g_o



56 GNU MPFR 4.0.2

7 MPFR & IEEE 754 38/ IE AR

Z DT, MPFR & IEEE 754 #it& DM E R &, IEEE 754 TIX E7ZHE R WEEIZ DWW T
ﬁ#nﬁﬁb ij_

MPFR TI3JFEHI & UTIEIERIEEZ M U £8 A, IEEE 754 & O [\ EEER DS 2 %5 DT, IEEE
754 K O IEERULED AV v b2V, FEELVHEEZPSTT, HU, mpfr_subnormalizef%
o CIREFMBOZI 2L —MNITESLLDIZR>TWVWET,

N@Hﬂdﬁ%Nﬁ*@ﬁb#%@iﬁho%$%Kﬁ,%%Kiof,Vﬁ%wmm@MWﬂP
# NaN(qNaN) L Bfe 255 £9, MW%@?@(@%W@%N%%& HELLFaE—-L7
D3 3)IENaN 757 %3 TF 9, IEEE 754 D&, 72XV 7 F IV NaNTH->TH, fild
FITLUEE A

mpfr_rec_sqrtBABUL IEEE 754 L3R40, AJMEDR -0 TH 2551, 0B ADINzL E
AU +Inf 23K U £9, IEEE 754 Tl3@ 5 O FRAE Ak =121 OT —InfZEL 9,

mpfr_rootBA%#KIL IEEE 754-2008 #if& 23 E £ A HIIZ/E- 726 DD T, n FROFL WA FRR D £
9, B mpfr_rootn_uiffiZ o TTRI W,

FEhlo¥azHWEE: 518 U TEEAISE AT 2 2 BB B WTIE, FFEIINEUT
BoXo iy, FERLOEBL2H Y £ A, unsigned long BITHFR UK, HENITIE
Yoix¥o, fUT, BFENEGEEOY O, 7TUyX—TJu—0fRz > nsZev Y, Y
ODHOFELRERUEDEOVWTWERTT, MoT, A= aT7VIZHELTHRL TS, wHIC
mpfr_set_uiPd%X®° mpfr_set_si B TEM I NFER, +0 & L THbLON X T, TN FEN
BERTOMBMEE FRLLSEDITH>TWETS, HU, IEE (mpfr_add_ui4) XL TE
WMTEEOVERFADT, 05 0BR—DHEDELTHRVWET, ZOESREEKEL2L 26T
MPFR ORIz B B 6k1E, IEEET4 SO DE DT, IEEE 754 E %17 5 iF8)/INK
REBE T =X 7N —TTiEER L7z R0V -72& 5T,

MPFR Tl¥, 2RI ICHBORENEZRS, ZOMIEEETA HEL 32 B-oTWnwb L
VD%%%mmmbfTéh Bz, A—R52RO2>ZHOWEZITS> L, A—"—Tn—»
FETHHHEND 0 £9, FEKIC, mpfr_setBA%X, mpfr_negP#{, mpfr_absPi#TH, KE
MR nwe A —N—Tu—nRZ 32 LNEFA,



57

MPFR 8@tE&—%&

MPFR D A 1 v BdFMi X, Guillaume Hanrot, Vincent Lefévre, Patrick Pélissier, Philippe
Théveny, % L T Paul Zimmermann T,

Sylvie Boldo ({4, ENS-Lyon) & mpfr_agmBI#& mpfr_logBA#DBAF %17\ % L7z, Sylvain
Chevillard (¥ mpfr_aiBdDBF 2 #H 4 U £ U7z, David Daney (FMHIARBEIEL, &N HhiREAEL, 2
DR EF R, BEREAKOBIAEZITWE U7z, Alain Delplanque (377272 mpfr_get_strBE % B
¥ U % L7z, Mathieu Dutour |3 mpfr_acosB%, mpfr_asinBi%, mpfr_atanPi#{, LARTD mpfr_
gammaBAE % FAFE U £ U 7z, Laurent Fousse |& mpfr_sumBA DAYV ¥+ N—Y 3> (MPFR 3.1
DA ) OBFEZ1TWE U7z, Emmanuel Jeandel (ENS-Lyon) (3L DML 2 — K, mpfr_exp3
WNERREER, =M DI NN — 3 > DFA%E, mpfr_const_log2Bd#° mpfr_const_pifiD B
%47\ U7z, Ludovic Meunier l& mpfr_erfB# 71 75 L DOFEI DB )1 247\ F U7z, Jean-Luc
Rémy |¥ mpfr_zetafdEZ ¥ L £ U 7z, Fabrice Rouillier |3 mpfr_xxx_zB%{, mpfr_xxx_qfi%K
DFFEZITWE U7z, £72, Microsoft Windows ~NOBHED B 1617\ E U7z, Damien Stehlé I&
mpfr_get_1d_2expBd#Z ¥ L £ L7z, Charles Karney |& mpfr_nrandomB%{ & mpfr_erandom
BIEUZ AR L £ U7,

Jean-Michel Muller & Joris van der Hoeven IZ21%, A70 Y =27 M ORI CTE D L ZEiHC
BAZAEVIEE, E#H L TWEJ, Torbjorn Granlund & Kevin Ryde ZAZ 1 75V D%EHC
BILUTCBIHZELMAFEFHATUL, Nathalie Revol I3AKRF 2 XV MOERZ TEIZHA TV
72& ¥ U7z, Kevin Ryde &, Z&, 2002 4ED5 2004 1201 CT, MPFROKR—X ) 7 1 12
LTEZRB5EZELAEEATL,

MPFR 74 75 Y @Fd¥%, INRIA, LORIA (Nancy, 14), LIP (Lyon, {4) #FZEFtH> & Ok 72
PR— IR UTIEAARER YO Y 27 N TUZ, EEFAFMIX, LORIA ® PolKA, Spaces, Cacao,
Caramel, Caramba 7B Y 2 hF—2A4%, LIP ® Arénaire, AriC 7OY 27 N F—LDRA Y
N=Tp ORI N TVWET, K7BY 2 ML, INRIA © Fiable (reliable D{AFE) {&H)D—>
ELUTHImET N, AOCTEEID—D & LTHkkiis N T E72b DT, MPFR DRFIE, HxmEw
DXTEZITTITONTE X Uz, AFHZEL £ &, 20024, Conseil Régional de Lorraine @
202F0659 00 MPN 121 &4, 2003-2005 4F, INRIA X D "associate engineer" &4, 2007-2009
IF, "opération de développement logiciel" &<, 2009-2010 4£, Sylvain Chevillard D R A R
U XEETY,

2012 4£ 6 H®D MPFR-MPC 7 —2 ¥ 3w 71X, Andreas Enge 735177z ERC grant ANTICS & 9
—Efih T TirbhE L7z,

2013 £ 1 HD MPFR-MPC 7 —2 ¥ av 7%, ERC grant ANTICS, GDR IM & Caramel 7 11
VI M F—L0oDiBIEZITTIThbE LA, ZO/, Mickael Gastineau iZ MPFRbench
TS L%FFEL, Fredrik Johannsson (% & D @& 7 mpfr_const_eulerPAEZ AT L £ L 7=,



58 GNU MPFR 4.0.2

S 3k

e Richard Brent and Paul Zimmermann, "Modern Computer Arithmetic", Cambridge Univer-
sity Press, Cambridge Monographs on Applied and Computational Mathematics, Number
18, 2010. Electronic version freely available at https://members.loria.fr/PZimmermann/
mca/pub226.html.

e Laurent Fousse, Guillaume Hanrot, Vincent Lefevre, Patrick Pélissier and Paul Zimmer-
mann, "MPFR: A Multiple-Precision Binary Floating-Point Library With Correct Round-
ing", ACM Transactions on Mathematical Software, volume 33, issue 2, article 13, 15 pages,
2007, http://doi.acm.org/10.1145/1236463.1236468.

e Torbjorn Granlund, "GNU MP: The GNU Multiple Precision Arithmetic Library", version
6.1.2, 2016, https://gmplib.org.

e [EEE standard for binary floating-point arithmetic, Technical Report ANSI-IEEE Standard
754-1985, New York, 1985. Approved March 21, 1985: IEEE Standards Board; approved
July 26, 1985: American National Standards Institute, 18 pages.

e [EEE Standard for Floating-Point Arithmetic, ANSI-IEEE Standard 754-2008, 2008. Re-
vision of ANSI-IEEE Standard 754-1985, approved June 12, 2008: IEEE Standards Board,
70 pages.

e Donald E. Knuth, "The Art of Computer Programming", vol 2, "Seminumerical Algo-
rithms", 2nd edition, Addison-Wesley, 1981.

e Jean-Michel Muller, "Elementary Functions, Algorithms and Implementation", Birkh&user,
Boston, 3nd edition, 2016.

e Jean-Michel Muller, Nicolas Brisebarre, Florent de Dinechin, Claude-Pierre Jeannerod,
Vincent Leféevre, Guillaume Melquiond, Nathalie Revol, Damien Stehlé and Serge Torres,
"Handbook of Floating-Point Arithmetic", Birkhauser, Boston, 2009.



59

452 A GNU Free Documentation License

Version 1.2, November 2002

Copyright (©) 2000,2001,2002 Free Software Foundation, Inc.
51 Franklin St, Fifth Floor, Boston, MA 02110-1301, USA

Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document free in the sense of freedom: to assure everyone the effective freedom to copy
and redistribute it, with or without modifying it, either commercially or noncommercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document
must themselves be free in the same sense. It complements the GNU General Public License,
which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing the
same freedoms that the software does. But this License is not limited to software manuals;
it can be used for any textual work, regardless of subject matter or whether it is published
as a printed book. We recommend this License principally for works whose purpose is
instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice
placed by the copyright holder saying it can be distributed under the terms of this License.
Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that
work under the conditions stated herein. The “Document”, below, refers to any such manual
or work. Any member of the public is a licensee, and is addressed as “you”. You accept
the license if you copy, modify or distribute the work in a way requiring permission under
copyright law.

A “Modified Version” of the Document means any work containing the Document or a
portion of it, either copied verbatim, or with modifications and/or translated into another
language.

A “Secondary Section” is a named appendix or a front-matter section of the Document
that deals exclusively with the relationship of the publishers or authors of the Document
to the Document’s overall subject (or to related matters) and contains nothing that could
fall directly within that overall subject. (Thus, if the Document is in part a textbook of
mathematics, a Secondary Section may not explain any mathematics.) The relationship
could be a matter of historical connection with the subject or with related matters, or of
legal, commercial, philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as
being those of Invariant Sections, in the notice that says that the Document is released
under this License. If a section does not fit the above definition of Secondary then it is not
allowed to be designated as Invariant. The Document may contain zero Invariant Sections.
If the Document does not identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License.
A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25
words.
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A “Transparent” copy of the Document means a machine-readable copy, represented in a
format whose specification is available to the general public, that is suitable for revising
the document straightforwardly with generic text editors or (for images composed of pixels)
generic paint programs or (for drawings) some widely available drawing editor, and that is
suitable for input to text formatters or for automatic translation to a variety of formats
suitable for input to text formatters. A copy made in an otherwise Transparent file format
whose markup, or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent if used for
any substantial amount of text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain Ascil without markup,
Texinfo input format, LaTEX input format, SGML or XML using a publicly available DTD,
and standard-conforming simple HTML, PostScript or PDF designed for human modifica-
tion. Examples of transparent image formats include PNG, XCF and JPG. Opaque formats
include proprietary formats that can be read and edited only by proprietary word proces-
sors, SGML or XML for which the DTD and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or PDF produced by some word processors
for output purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages
as are needed to hold, legibly, the material this License requires to appear in the title page.
For works in formats which do not have any title page as such, “Title Page” means the
text near the most prominent appearance of the work’s title, preceding the beginning of the
body of the text.

A section “Entitled XYZ” means a named subunit of the Document whose title either
is precisely XYZ or contains XYZ in parentheses following text that translates XYZ in
another language. (Here XYZ stands for a specific section name mentioned below, such
as “Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve the
Title” of such a section when you modify the Document means that it remains a section
“Entitled XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that
this License applies to the Document. These Warranty Disclaimers are considered to be
included by reference in this License, but only as regards disclaiming warranties: any other
implication that these Warranty Disclaimers may have is void and has no effect on the
meaning of this License.

VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncom-
mercially, provided that this License, the copyright notices, and the license notice saying
this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures
to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large
enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly
display copies.
COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the
Document, numbering more than 100, and the Document’s license notice requires Cover
Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover
Texts: Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both
covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible.
You may add other material on the covers in addition. Copying with changes limited to
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the covers, as long as they preserve the title of the Document and satisfy these conditions,
can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the
first ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto
adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy,
or state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-standard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque
copies in quantity, to ensure that this Transparent copy will remain thus accessible at the
stated location until at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an
updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions
of sections 2 and 3 above, provided that you release the Modified Version under precisely
this License, with the Modified Version filling the role of the Document, thus licensing
distribution and modification of the Modified Version to whoever possesses a copy of it. In
addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any, be
listed in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least five of
the principal authors of the Document (all of its principal authors, if it has fewer than
five), unless they release you from this requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the
publisher.

D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copy-
right notices.

F. Include, immediately after the copyright notices, a license notice giving the public
permission to use the Modified Version under the terms of this License, in the form
shown in the Addendum below.

G. Preserve in that license notice the full lists of Invariant Sections and required Cover
Texts given in the Document’s license notice.

H. Include an unaltered copy of this License.

I. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating
at least the title, year, new authors, and publisher of the Modified Version as given
on the Title Page. If there is no section Entitled “History” in the Document, create
one stating the title, year, authors, and publisher of the Document as given on its
Title Page, then add an item describing the Modified Version as stated in the previous
sentence.

J. Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the
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Document for previous versions it was based on. These may be placed in the “History”
section. You may omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the version it refers to
gives permission.

K. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title
of the section, and preserve in the section all the substance and tone of each of the
contributor acknowledgements and/or dedications given therein.

L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their
titles. Section numbers or the equivalent are not considered part of the section titles.

M. Delete any section Entitled “Endorsements”. Such a section may not be included in
the Modified Version.

N. Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title
with any Invariant Section.

O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to
the list of Invariant Sections in the Modified Version’s license notice. These titles must be
distinct from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorse-
ments of your Modified Version by various parties—for example, statements of peer review
or that the text has been approved by an organization as the authoritative definition of a
standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up
to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified
Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added
by (or through arrangements made by) any one entity. If the Document already includes
a cover text for the same cover, previously added by you or by arrangement made by the
same entity you are acting on behalf of, you may not add another; but you may replace the
old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to
use their names for publicity for or to assert or imply endorsement of any Modified Version.

COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under
the terms defined in section 4 above for modified versions, provided that you include in the
combination all of the Invariant Sections of all of the original documents, unmodified, and
list them all as Invariant Sections of your combined work in its license notice, and that you
preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical
Invariant Sections may be replaced with a single copy. If there are multiple Invariant
Sections with the same name but different contents, make the title of each such section
unique by adding at the end of it, in parentheses, the name of the original author or
publisher of that section if known, or else a unique number. Make the same adjustment to
the section titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original
documents, forming one section Entitled “History”; likewise combine any sections Entitled
“Acknowledgements”, and any sections Entitled “Dedications”. You must delete all sections
Entitled “Endorsements.”
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10.

COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with
a single copy that is included in the collection, provided that you follow the rules of this
License for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually
under this License, provided you insert a copy of this License into the extracted document,
and follow this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
“aggregate” if the copyright resulting from the compilation is not used to limit the legal
rights of the compilation’s users beyond what the individual works permit. When the
Document is included in an aggregate, this License does not apply to the other works in
the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document,
then if the Document is less than one half of the entire aggregate, the Document’s Cover
Texts may be placed on covers that bracket the Document within the aggregate, or the
electronic equivalent of covers if the Document is in electronic form. Otherwise they must
appear on printed covers that bracket the whole aggregate.

TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section 4. Replacing Invariant Sections with translations
requires special permission from their copyright holders, but you may include translations
of some or all Invariant Sections in addition to the original versions of these Invariant
Sections. You may include a translation of this License, and all the license notices in
the Document, and any Warranty Disclaimers, provided that you also include the original
FEnglish version of this License and the original versions of those notices and disclaimers. In
case of a disagreement between the translation and the original version of this License or a
notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”,
the requirement (section 4) to Preserve its Title (section 1) will typically require changing
the actual title.

TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly
provided for under this License. Any other attempt to copy, modify, sublicense or distribute
the Document is void, and will automatically terminate your rights under this License.
However, parties who have received copies, or rights, from you under this License will not
have their licenses terminated so long as such parties remain in full compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Doc-
umentation License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns. See http://
www.gnu.org/copyleft/.

Fach version of the License is given a distinguishing version number. If the Document
specifies that a particular numbered version of this License “or any later version” applies
to it, you have the option of following the terms and conditions either of that specified
version or of any later version that has been published (not as a draft) by the Free Software
Foundation. If the Document does not specify a version number of this License, you may
choose any version ever published (not as a draft) by the Free Software Foundation.
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A.1 ADDENDUM: How to Use This License For Your
Documents

To use this License in a document you have written, include a copy of the License in the document
and put the following copyright and license notices just after the title page:

Copyright (C) year your name.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover
Texts. A copy of the license is included in the section entitled °‘GNU
Free Documentation License’’.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
“with...Texts.” line with this:

with the Invariant Sections being list their titles, with
the Front-Cover Texts being list, and with the Back-Cover Texts
being list.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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