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Chapter1ModuleIntroductionThispackageisanOCamlinterfacefortheGMPinterface,whichisdecomposedinto7submodules,correspondingtoCmodules:•:GMPintegers,withside-effectsemantics(asinClibrary)•:GMPrationals,withside-effectsemantics(asinClibrary)•:GMPmultiprecisionfloating-pointnumbers,withside-effectsemantics(asinClibrary)•:GMPintegers,withfunctionalsemantics•:GMPintegers,withfunctionalsemantics•:GMPrandomnumberfunctions•:MPFRmultiprecisionfloating-pointnumbers,withside-effectsemantics(asinClibrary)•:MPFRmultiprecisionfloating-pointnumbers,withfunctionalsemanticsTherealreadyexistssuchaninterface,mlgmp[http://www.di.ens.fr/~monniaux/programmes.html.en],writtenbyD.Monniaux.ThemotivationforwritinganewoneintheAPRONprojectwere1.ThefactthatmlgmpprovidesbydefaultafunctionalinterfacetoGMP,potentiallymorecostlyintermofmemoryallocationthananimperativeinterface.mlgmpprovidesonlyarelativesmallnumbersoffunctionsinanimperativeversion.2.ThecompatibilitywiththeCamlIDLtool.MLGmpIDLusesCamlIDL,sothatotherOCaml/CinterfaceswrittenwithCamlIDLmayreusetheMLGmpIDL.idlfiles.1.1Requirements•GMPlibrary(testedwithversion4.0andup)•MPFRlibrary(optional,testedwithversion2.2.x)•FINDLIB/ocamlfind•OCaml3.0orup(testedwith3.09and3.10)•Camlidl(testedwith1.05)3

http://www.di.ens.fr/~monniaux/programmes.html.en


CHAPTER1.ModuleIntroduction1.2Installation•SetthefileMakefile.configusingtheMakefile.configmodeltoyourownsetting.YoumightalsohavetomodifytheMakefileforexecutablesIfyoudownloadfromthesubversionrepository,type’makerebuild’,whichbuilds.ml,.mli,and_caml.cfilesfrom.idlfiles.type’make’,possibly’makedebug’,andthen’makeinstall’TheOCamlpartofthelibraryisnamedgmp.cma,(.cmxa,.a).TheCpartofthelibraryisnamedlibgmp_caml.a,libgmp_caml.so/dllgmp_caml.so.’makeinstall’installsnotonly.mli,.cmi,butalso.idlfiles.Beawarehoweverthatimportingthose.idlfilesfromother.idlfileswillprobablyrequesttheapplicationofSEDeditorwiththescriptssedscript_camlandsedscript_c(lookattheMakefile).•InterpreterandtoplevelWithdynamiclinking,youcanuseordinaryruntimeocamlrunandtoplevel.Youcanplaywithsession.ml,andcompileitwith’makesession.byte’,’makesession.opt’.•DocumentationThedocumentationisgeneratedwithocamldoc.’makemlapronidl.dvi’’makehtml’(puttheHTMLfilesinthehtmlsubdirectoy)•Miscellaneous’makeclean’and’makedistclean’havetheusualbehaviour.’makemostlyclean’,inadditionto’makeclean’,removesthe.ml,.mliand_caml.cfilesgeneratedfrom.idlfiles.4



Chapter2ModuleMpz:GMPmulti-precisionintegerstype'attGMPmulti-precisionintegerstypemMutabletagtypefFunctional(immutable)tagtypet=mttMutablemulti-precisionintegerThefollowingoperationsaremappedasmuchaspossibletotheirCcounterpart.Incaseofimperativefunctions(likeset,add,...)thefirstparameteroftypetisanout-parameterandholdstheresultwhenthefunctionreturns.Forinstance,addxyzaddsthevaluesofyandzandstorestheresultinx.ThesefunctionsareasefficientastheirCcounterpart:theydonotimplyadditionalmemoryallocation,unlikethecorrespondingfunctionsinthemoduleMpzf[7].2.1Prettyprintingvalprint:Format.formatter->'att->unit2.2InitializationFunctionsCdocumentation[http://gmplib.org/manual/Initializing-Integers.html#Initializing-Integers]valinit:unit->'attvalinit2:int->'attvalrealloc2:t->int->unit2.3AssignementFunctionsCdocumentation[http://gmplib.org/manual/Assigning-Integers.html#Assigning-Integers]Thefirstparameterholdstheresult.5

http://gmplib.org/manual/Initializing-Integers.html#Initializing-Integers
http://gmplib.org/manual/Assigning-Integers.html#Assigning-Integers


CHAPTER2.ModuleMpz:GMPmulti-precisionintegersvalset:t->'att->unitvalset_si:t->int->unitvalset_d:t->float->unitForset_q:t->Mpq.t->unit,seeMpq.get_z[3.4]val_set_str:t->string->int->unitvalset_str:t->string->base:int->unitvalswap:t->t->unit2.4CombinedInitializationandAssignmentFunctionsCdocumentation[http://gmplib.org/manual/Simultaneous-Integer-Init-_0026-Assign.html#Simultaneous-Intvalinit_set:'att->'bttvalinit_set_si:int->'attvalinit_set_d:float->'attval_init_set_str:string->int->'attvalinit_set_str:string->base:int->t2.5ConversionFunctionsCdocumentation[http://gmplib.org/manual/Converting-Integers.html#Converting-Integers]valget_si:'att->nativeintvalget_int:'att->intvalget_d:'att->floatvalget_d_2exp:'att->float*intval_get_str:int->'att->stringvalget_str:base:int->'att->string2.6UserConversionsThesefunctionsareadditionstoorrenamingoffunctionsofferedbytheClibrary.valto_string:'att->stringvalto_float:'att->floatvalof_string:string->'attvalof_float:float->'attvalof_int:int->'att2.7ArithmeticFunctionsCdocumentation[http://gmplib.org/manual/Integer-Arithmetic.html#Integer-Arithmetic]Thefirstparameterholdstheresult.valadd:t->'att->'btt->unitvaladd_ui:t->'att->int->unitvalsub:t->'att->'btt->unitvalsub_ui:t->'att->int->unitvalui_sub:t->int->'att->unit6

http://gmplib.org/manual/Simultaneous-Integer-Init-_0026-Assign.html#Simultaneous-Integer-Init-_0026-Assign
http://gmplib.org/manual/Converting-Integers.html#Converting-Integers
http://gmplib.org/manual/Integer-Arithmetic.html#Integer-Arithmetic


CHAPTER2.ModuleMpz:GMPmulti-precisionintegersvalmul:t->'att->'btt->unitvalmul_si:t->'att->int->unitvaladdmul:t->'att->'btt->unitvaladdmul_ui:t->'att->int->unitvalsubmul:t->'att->'btt->unitvalsubmul_ui:t->'att->int->unitvalmul_2exp:t->'att->int->unitvalneg:t->'att->unitvalabs:t->'att->unit2.8DivisionFunctionsCdocumentation[http://gmplib.org/manual/Integer-Division.html#Integer-Division]cstandsforceiling,fforfloor,andtfortruncate(roundstoward0).2.8.1Ceilingdivisionvalcdiv_q:t->'att->'btt->unitThefirstparameterholdsthequotient.valcdiv_r:t->'att->'btt->unitThefirstparameterholdstheremainder.valcdiv_qr:t->t->'att->'btt->unitThetwofirstparametersholdresp.thequotientandtheremainder).valcdiv_q_ui:t->'att->int->intThefirstparameterholdsthequotient.valcdiv_r_ui:t->'att->int->intThefirstparameterholdstheremainder.valcdiv_qr_ui:t->t->'att->int->intThetwofirstparametersholdresp.thequotientandtheremainder).valcdiv_ui:'att->int->intvalcdiv_q_2exp:t->'att->int->unitThefirstparameterholdsthequotient.valcdiv_r_2exp:t->'att->int->unitThefirstparameterholdstheremainder.2.8.2Floordivisionvalfdiv_q:t->'att->'btt->unitvalfdiv_r:t->'att->'btt->unitvalfdiv_qr:t->t->'att->'btt->unitvalfdiv_q_ui:t->'att->int->intvalfdiv_r_ui:t->'att->int->int7

http://gmplib.org/manual/Integer-Division.html#Integer-Division


CHAPTER2.ModuleMpz:GMPmulti-precisionintegersvalfdiv_qr_ui:t->t->'att->int->intvalfdiv_ui:'att->int->intvalfdiv_q_2exp:t->'att->int->unitvalfdiv_r_2exp:t->'att->int->unit2.8.3Truncatedivisionvaltdiv_q:t->'att->'btt->unitvaltdiv_r:t->'att->'btt->unitvaltdiv_qr:t->t->'att->'btt->unitvaltdiv_q_ui:t->'att->int->intvaltdiv_r_ui:t->'att->int->intvaltdiv_qr_ui:t->t->'att->int->intvaltdiv_ui:'att->int->intvaltdiv_q_2exp:t->'att->int->unitvaltdiv_r_2exp:t->'att->int->unit2.8.4Otherdivision-relatedfunctionsvalgmod:t->'att->'btt->unitvalgmod_ui:t->'att->int->intvaldivexact:t->'att->'btt->unitvaldivexact_ui:t->'att->int->unitvaldivisible_p:'att->'btt->boolvaldivisible_ui_p:'att->int->boolvaldivisible_2exp_p:'att->int->boolvalcongruent_p:'att->'btt->'ctt->boolvalcongruent_ui_p:'att->int->int->boolvalcongruent_2exp_p:'att->'btt->int->bool2.9ExponentiationFunctionsCdocumentation[http://gmplib.org/manual/Integer-Exponentiation.html#Integer-Exponentiation]val_powm:t->'att->'btt->'ctt->unitval_powm_ui:t->'att->int->'btt->unitvalpowm:t->'att->'btt->modulo:'ctt->unitvalpowm_ui:t->'att->int->modulo:'btt->unitvalpow_ui:t->'att->int->unitvalui_pow_ui:t->int->int->unit2.10RootExtractionFunctionsCdocumentation[http://gmplib.org/manual/Integer-Roots.html#Integer-Roots]valroot:t->'att->int->boolvalsqrt:t->'att->unitval_sqrtrem:t->t->'att->unit8

http://gmplib.org/manual/Integer-Exponentiation.html#Integer-Exponentiation
http://gmplib.org/manual/Integer-Roots.html#Integer-Roots


CHAPTER2.ModuleMpz:GMPmulti-precisionintegersvalsqrtrem:t->remainder:t->'att->unitvalperfect_power_p:'att->boolvalperfect_square_p:'att->bool2.11NumberTheoreticFunctionsCdocumentation[http://gmplib.org/manual/Number-Theoretic-Functions.html#Number-Theoretic-Functions]valprobab_prime_p:'att->int->intvalnextprime:t->'att->unitvalgcd:t->'att->'btt->unitvalgcd_ui:toption->'att->int->intval_gcdext:t->t->t->'att->'btt->unitvalgcdext:gcd:t->alpha:t->beta:t->'att->'btt->unitvallcm:t->'att->'btt->unitvallcm_ui:t->'att->int->unitvalinvert:t->'att->'btt->boolvaljacobi:'att->'btt->intvallegendre:'att->'btt->intvalkronecker:'att->'btt->intvalkronecker_si:'att->int->intvalsi_kronecker:int->'att->intvalremove:t->'att->'btt->intvalfac_ui:t->int->unitvalbin_ui:t->'att->int->unitvalbin_uiui:t->int->int->unitvalfib_ui:t->int->unitvalfib2_ui:t->t->int->unitvallucnum_ui:t->int->unitvallucnum2_ui:t->t->int->unit2.12ComparisonFunctionsCdocumentation[http://gmplib.org/manual/Integer-Comparisons.html#Integer-Comparisons]valcmp:'att->'btt->intvalcmp_d:'att->float->intvalcmp_si:'att->int->intvalcmpabs:'att->'btt->intvalcmpabs_d:'att->float->intvalcmpabs_ui:'att->int->intvalsgn:'att->int2.13LogicalandBitManipulationFunctionsCdocumentation[http://gmplib.org/manual/Integer-Logic-and-Bit-Fiddling.html#Integer-Logic-and-Bit-Fivalgand:t->'att->'btt->unit9

http://gmplib.org/manual/Number-Theoretic-Functions.html#Number-Theoretic-Functions
http://gmplib.org/manual/Integer-Comparisons.html#Integer-Comparisons
http://gmplib.org/manual/Integer-Logic-and-Bit-Fiddling.html#Integer-Logic-and-Bit-Fiddling


CHAPTER2.ModuleMpz:GMPmulti-precisionintegersvalior:t->'att->'btt->unitvalxor:t->'att->'btt->unitvalcom:t->'att->unitvalpopcount:'att->intvalhamdist:'att->'btt->intvalscan0:'att->int->intvalscan1:'att->int->intvalsetbit:t->int->unitvalclrbit:t->int->unitvaltstbit:'att->int->bool2.14InputandOutputFunctions:notinterfaced2.15RandomNumberFunctions:seeGmp_random[6]module2.16IntegerImportandExportFunctionsCdocumentation[ttp://gmplib.org/manual/Integer-Import-and-Export.html#Integer-Import-and-Export]val_import:t->(int,Bigarray.int32_elt,Bigarray.c_layout)Bigarray.Array1.t->int->int->unitval_export:'att->int->int->(int,Bigarray.int32_elt,Bigarray.c_layout)Bigarray.Array1.tvalimport:dest:t->(int,Bigarray.int32_elt,Bigarray.c_layout)Bigarray.Array1.t->order:int->endian:int->unitvalexport:'att->order:int->endian:int->(int,Bigarray.int32_elt,Bigarray.c_layout)Bigarray.Array1.t2.17MiscellaneousFunctionsCdocumentation[http://gmplib.org/manual/Miscellaneous-Integer-Functions.html#Miscellaneous-Integer-Fuvalfits_int_p:'att->boolvalodd_p:'att->boolvaleven_p:'att->boolvalsize:'att->intvalsizeinbase:'att->int->intvalfits_ulong_p:'att->boolvalfits_slong_p:'att->boolvalfits_uint_p:'att->boolvalfits_sint_p:'att->boolvalfits_ushort_p:'att->boolvalfits_sshort_p:'att->bool10

ttp://gmplib.org/manual/Integer-Import-and-Export.html#Integer-Import-and-Export
http://gmplib.org/manual/Miscellaneous-Integer-Functions.html#Miscellaneous-Integer-Functions


Chapter3ModuleMpq:GMPmulti-precisionrationalstype'attGMPmulti-precisionrationalstypemMutabletagtypefFunctional(immutable)tagtypet=mttMutablemulti-precisionrationalsThefollowingoperationsaremappedasmuchaspossibletotheirCcounterpart.Incaseofimperativefunctions(likeset,add,...)thefirstparameteroftypetisanout-parameterandholdstheresultwhenthefunctionreturns.Forinstance,addxyzaddsthevaluesofyandzandstorestheresultinx.ThesefunctionsareasefficientastheirCcounterpart:theydonotimplyadditionalmemoryallocation,unlikethecorrespondingfunctionsinthemoduleMpqf[8].valcanonicalize:'att->unit3.1Prettyprintingvalprint:Format.formatter->'att->unit3.2InitializationandAssignmentFunctionsCdocumentation[http://gmplib.org/manual/Initializing-Rationals.html#Initializing-Rationals]valinit:unit->'attvalset:t->'att->unitvalset_z:t->'aMpz.tt->unitvalset_si:t->int->int->unitval_set_str:t->string->int->unitvalset_str:t->string->base:int->unitvalswap:t->t->unit11

http://gmplib.org/manual/Initializing-Rationals.html#Initializing-Rationals


CHAPTER3.ModuleMpq:GMPmulti-precisionrationals3.3AdditionalInitializationandAssignementsfunctionsThesefunctionsareadditionstoorrenamingoffunctionsofferedbytheClibrary.valinit_set:'att->'bttvalinit_set_z:'aMpz.tt->'bttvalinit_set_si:int->int->'attvalinit_set_str:string->base:int->'attvalinit_set_d:float->'att3.4ConversionFunctionsCdocumentation[http://gmplib.org/manual/Rational-Conversions.html#Rational-Conversions]valget_d:'att->floatvalset_d:t->float->unitvalget_z:Mpz.t->'att->unitval_get_str:int->'att->stringvalget_str:base:int->t->string3.5UserConversionsThesefunctionssareadditionstoorrenamingoffunctionsoffeeredbytheClibrary.valto_string:'att->stringvalto_float:'att->floatvalof_string:string->'attvalof_float:float->'attvalof_int:int->'attvalof_frac:int->int->'attvalof_mpz:'aMpz.tt->'bttvalof_mpz2:'aMpz.tt->'bMpz.tt->'ctt3.6ArithmeticFunctionsCdocumentation[http://gmplib.org/manual/Rational-Arithmetic.html#Rational-Arithmetic]valadd:t->'att->'btt->unitvalsub:t->'att->'btt->unitvalmul:t->'att->'btt->unitvalmul_2exp:t->'att->int->unitvaldiv:t->'att->'btt->unitvaldiv_2exp:t->'att->int->unitvalneg:t->'att->unitvalabs:t->'att->unitvalinv:t->'att->unit12

http://gmplib.org/manual/Rational-Conversions.html#Rational-Conversions
http://gmplib.org/manual/Rational-Arithmetic.html#Rational-Arithmetic


CHAPTER3.ModuleMpq:GMPmulti-precisionrationals3.7ComparisonFunctionsCdocumentation[http://gmplib.org/manual/Comparing-Rationals.html#Comparing-Rationals]valcmp:'att->'btt->intvalcmp_si:'att->int->int->intvalsgn:'att->intvalequal:'att->'btt->bool3.8ApplyingIntegerFunctionstoRationalsCdocumentation[http://gmplib.org/manual/Applying-Integer-Functions.html#Applying-Integer-Functions]valget_num:Mpz.t->'att->unitvalget_den:Mpz.t->'att->unitvalset_num:t->'aMpz.tt->unitvalset_den:t->'aMpz.tt->unit3.9InputandOutputFunctions:notinterfaced13

http://gmplib.org/manual/Comparing-Rationals.html#Comparing-Rationals
http://gmplib.org/manual/Applying-Integer-Functions.html#Applying-Integer-Functions


Chapter4ModuleMpf:GMPmulti-precisionfloating-pointnumberstype'attGMPmulti-precisionfloating-pointnumberstypemMutabletagtypefFunctional(immutable)tagtypet=mttMutablemulti-precisionfloating-pointnumbersThefollowingoperationsaremappedasmuchaspossibletotheirCcounterpart.Incaseofimperativefunctions(likeset,add,...)thefirstparameteroftypetisanout-parameterandholdstheresultwhenthefunctionreturns.Forinstance,addxyzaddsthevaluesofyandzandstorestheresultinx.ThesefunctionsareasefficientastheirCcounterpart:theydonotimplyadditionalmemoryallocation.4.1Prettyprintingvalprint:Format.formatter->'att->unit4.2InitializationFunctionsCdocumentation[http://gmplib.org/manual/Initializing-Floats.html#Initializing-Floats]valset_default_prec:int->unitvalget_default_prec:unit->intvalinit:unit->'attvalinit2:int->'attvalget_prec:'att->intvalset_prec:t->int->unitvalset_prec_raw:t->int->unit14

http://gmplib.org/manual/Initializing-Floats.html#Initializing-Floats


CHAPTER4.ModuleMpf:GMPmulti-precisionfloating-pointnumbers4.3AssignementFunctionsCdocumentation[http://gmplib.org/manual/Assigning-Floats.html#Assigning-Floats]valset:t->'att->unitvalset_si:t->int->unitvalset_d:t->float->unitvalset_z:t->'aMpz.tt->unitvalset_q:t->'aMpq.tt->unitval_set_str:t->string->int->unitvalset_str:t->string->base:int->unitvalswap:t->t->unit4.4CombinedInitializationandAssignementFunctionsCdocumentation[http://gmplib.org/manual/Simultaneous-Float-Init-_0026-Assign.html#Simultaneous-Floatvalinit_set:'att->'bttvalinit_set_si:int->'attvalinit_set_d:float->'attval_init_set_str:string->int->'attvalinit_set_str:string->base:int->'att4.5ConversionFunctionsCdocumentation[http://gmplib.org/manual/Converting-Floats.html#Converting-Floats]valget_d:'att->floatvalget_d_2exp:'att->float*intvalget_si:'att->nativeintvalget_int:'att->intvalget_z:Mpz.t->'att->unitvalget_q:Mpq.t->'att->unitval_get_str:int->int->'att->string*intvalget_str:base:int->digits:int->'att->string*int4.6UserConversionsThesefunctionssareadditionstoorrenamingoffunctionsofferedbytheClibrary.valto_string:'att->stringvalto_float:'att->floatvalof_string:string->'attvalof_float:float->'attvalof_int:int->'attvalof_mpz:'aMpz.tt->'bttvalof_mpq:'aMpq.tt->'bttvalis_integer:'att->bool15

http://gmplib.org/manual/Assigning-Floats.html#Assigning-Floats
http://gmplib.org/manual/Simultaneous-Float-Init-_0026-Assign.html#Simultaneous-Float-Init-_0026-Assign
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CHAPTER4.ModuleMpf:GMPmulti-precisionfloating-pointnumbers4.7ArithmeticFunctionsCdocumentation[http://gmplib.org/manual/Float-Arithmetic.html#Float-Arithmetic]valadd:t->'att->'btt->unitvaladd_ui:t->'att->int->unitvalsub:t->'att->'btt->unitvalui_sub:t->int->'att->unitvalsub_ui:t->'att->int->unitvalmul:t->'att->'btt->unitvalmul_ui:t->'att->int->unitvalmul_2exp:t->'att->int->unitvaldiv:t->'att->'btt->unitvalui_div:t->int->'att->unitvaldiv_ui:t->'att->int->unitvaldiv_2exp:t->'att->int->unitvalsqrt:t->'att->unitvalpow_ui:t->'att->int->unitvalneg:t->'att->unitvalabs:t->'att->unit4.8ComparisonFunctionsCdocumentation[http://gmplib.org/manual/Float-Comparison.html#Float-Comparison]valcmp:'att->'btt->intvalcmp_d:'att->float->intvalcmp_si:'att->int->intvalsgn:'att->intval_equal:'att->'btt->int->boolvalequal:'att->'att->bits:int->boolvalreldiff:t->'att->'btt->unit4.9InputandOutputFunctions:notinterfaced4.10RandomNumberFunctions:seeGmp_random[6]module4.11MiscellaneousFloatFunctionsCdocumentation[http://gmplib.org/manual/Miscellaneous-Float-Functions.html#Miscellaneous-Float-Functivalceil:t->'att->unitvalfloor:t->'att->unitvaltrunc:t->'att->unitvalinteger_p:'att->boolvalfits_int_p:'att->boolvalfits_ulong_p:'att->boolvalfits_slong_p:'att->boolvalfits_uint_p:'att->bool16

http://gmplib.org/manual/Float-Arithmetic.html#Float-Arithmetic
http://gmplib.org/manual/Float-Comparison.html#Float-Comparison
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CHAPTER4.ModuleMpf:GMPmulti-precisionfloating-pointnumbersvalfits_sint_p:'att->boolvalfits_ushort_p:'att->boolvalfits_sshort_p:'att->bool17



Chapter5ModuleMpfr:MPFRmulti-precisionfloating-pointnumberstype'atttyperound=|Near|Zero|Up|Down|Away|Faith|NearAwayMPFRmulti-precisionfloating-pointnumberstypemMutabletagtypefFunctional(immutable)tagtypet=mttMutablemulti-precisionfloating-pointnumbersThefollowingoperationsaremappedasmuchaspossibletotheirCcounterpart.Incaseofimperativefunctions(likeset,add,...)thefirstparameteroftypetisanout-parameterandholdstheresultwhenthefunctionreturns.Forinstance,addxyzaddsthevaluesofyandzandstorestheresultinx.ThesefunctionsareasefficientastheirCcounterpart:theydonotimplyadditionalmemoryallocation.5.1Prettyprintingvalprint:Format.formatter->'att->unitvalprint_round:Format.formatter->round->unitvalstring_of_round:round->string18



CHAPTER5.ModuleMpfr:MPFRmulti-precisionfloating-pointnumbers5.2RoundingModesCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Rounding-Related-Functions]valset_default_rounding_mode:round->unitvalget_default_rounding_mode:unit->roundvalround_prec:t->round->int->int5.3ExceptionsCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Exception-Related-Functions]valget_emin:unit->intvalget_emax:unit->intvalset_emin:int->unitvalset_emax:int->unitvalcheck_range:t->int->round->intvalclear_underflow:unit->unitvalclear_overflow:unit->unitvalclear_nanflag:unit->unitvalclear_inexflag:unit->unitvalclear_flags:unit->unitvalunderflow_p:unit->boolvaloverflow_p:unit->boolvalnanflag_p:unit->boolvalinexflag_p:unit->bool5.4InitializationFunctionsCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Initialization-Functions]valset_default_prec:int->unitvalget_default_prec:unit->intvalinit:unit->'attvalinit2:int->'attvalget_prec:'att->intvalset_prec:t->int->unitvalset_prec_raw:t->int->unit5.5AssignmentFunctionsCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Assignment-Functions]valset:t->'att->round->intvalset_si:t->int->round->intvalset_d:t->float->round->intvalset_z:t->'aMpz.tt->round->intvalset_q:t->'aMpq.tt->round->intval_set_str:t->string->int->round->unitvalset_str:t->string->base:int->round->unit19

http://www.mpfr.org/mpfr-current/mpfr.html#Rounding-Related-Functions
http://www.mpfr.org/mpfr-current/mpfr.html#Exception-Related-Functions
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CHAPTER5.ModuleMpfr:MPFRmulti-precisionfloating-pointnumbersval_strtofr:t->string->int->round->int*intvalstrtofr:t->string->base:int->round->int*intAsMPFR’sstrtofr,butreturnsapair(r,i)whereristheusualternaryresult,andiistheindexinthestringofthefirstnot-readcharacter.Thus,i=0whennonumbercouldbereadatall,andisequaltothelengthofthestringifeverythingwasread.valset_f:t->'aMpf.tt->round->intvalset_si_2exp:t->int->int->round->intvalset_inf:t->int->unitvalset_nan:t->unitvalswap:t->t->unit5.6CombinedInitializationandAssignmentFunctionsCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Combined-Initialization-and-Assignment-Funvalinit_set:'att->round->int*'bttvalinit_set_si:int->round->int*'attvalinit_set_d:float->round->int*'attvalinit_set_f:'aMpf.tt->round->int*'bttvalinit_set_z:'aMpz.tt->round->int*'bttvalinit_set_q:'aMpq.tt->round->int*'bttval_init_set_str:string->int->round->'attvalinit_set_str:string->base:int->round->'att5.7ConversionFunctionsCdocumentation[http://www.mpfr.org/mpfr-current/mpfr.html#Conversion-Functions]valget_d:'att->round->floatvalget_d1:'att->floatvalget_z_exp:Mpz.t->'att->intvalget_z:Mpz.t->'att->round->unitval_get_str:int->int->'att->round->string*intvalget_str:base:int->digits:int->t->round->string*int5.8UserConversionsThesefunctionssareadditionstoorrenamingoffunctionsofferedbytheClibrary.valto_string:'att->stringvalto_float:?round:round->'att->floatvalto_mpq:'att->'bMpq.ttvalof_string:string->round->'attvalof_float:float->round->'attvalof_int:int->round->'attvalof_frac:int->int->round->'attvalof_mpz:'aMpz.tt->round->'bttvalof_mpz2:'aMpz.tt->'bMpz.tt->round->'cttvalof_mpq:'aMpq.tt->round->'btt20
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Chapter7ModuleMpzf:GMPmulti-precisionintegers,functionalversionFunctionsinthismodulehasafunctionalsemantics,unlikethecorrespondingfunctionsinMpz[2].Thesefunctionsarelessefficients,duetotheadditionalmemoryallocationneededfortheresult.Thismodulecouldbeextendedtooffermorefunctionswithafunctionalsemantics,ifaskedfor.type'att='aMpz.tttypet=Mpz.fttmulti-precisionintegerval_mpz:t->Mpz.tval_mpzf:Mpz.t->tvalto_mpz:t->'aMpz.ttvalof_mpz:'aMpz.tt->tSafeconversionfromandtoMpz.t.Thereisnosharingbetweentheargumentandtheresult.7.1Pretty-printingvalprint:Format.formatter->'att->unit7.2Constructorsvalof_string:string->tvalof_float:float->tvalof_int:int->t7.3Conversionsvalto_string:'att->stringvalto_float:'att->float26



CHAPTER7.ModuleMpzf:GMPmulti-precisionintegers,functionalversion7.4ArithmeticFunctionsvaladd:'att->'btt->tvaladd_int:'att->int->tvalsub:'att->'btt->tvalsub_int:'att->int->tvalmul:'att->'btt->tvalmul_int:'att->int->tvalcdiv_q:'att->'btt->tvalcdiv_r:'att->'btt->tvalcdiv_qr:'att->'btt->t*tvalfdiv_q:'att->'btt->tvalfdiv_r:'att->'btt->tvalfdiv_qr:'att->'btt->t*tvaltdiv_q:'att->'btt->tvaltdiv_r:'att->'btt->tvaltdiv_qr:'att->'btt->t*tvaldivexact:'att->'btt->tvalgmod:'att->'btt->tvalgcd:'att->'btt->tvallcm:'att->'btt->tvalneg:'att->tvalabs:'att->t7.5ComparisonFunctionsvalcmp:'att->'btt->intvalcmp_int:'att->int->intvalsgn:'att->int27
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