SWIG-2.0 Documentation



SWIG-2.0 Documentation

Table of Contents

XYV L T O B Yo 010 1<) a1 =) 110 ] o P
ST <03 1) TR
A X O] (=YD e Te1 1 a1 a1 =1 110 o RO 1

I TaTo [WF=ToT= 1Yl o (] ST B ToTolU 0 0 =101 =i o) o RSP TRTPRRR 1
DSV Le [o] L=y (B Lo Yot U] Ty 0] 7= LA L0 o H U ETRT R PPR 1

o (Y = Vo] = ST RPPRRY
I L0 (0T [0 o T o PP
L2 SWVIG VEISIONS . . . ceteeetii e e ettt e e e et ettt e e e et et e te e e e e ettt e aeees e s baa e eeeeeasban s ee s e e s aan e aees e s s ban s aeee e s sa b e eessebannaeeessssannsaeeeessnnnneens.
I ANV (R (=TS0 U | (o= TSP S PP ORRPPTPRUPRTRRY

(Y (=0 (WIS~ PR RRT PR
1.5 OrganizationDf thiS MANUAL............eiieeeei ettt e e e e e e s e ettt ettt e e ee e e e e e aanaeeb et e e e eeaeaeeesesannenneeeeees 3
1.6 How to avoid readingtie MANUAL...........uuuiiiiiiieie ettt e ettt et e e e e e e s e s e bbb e et eeeaaeeeesanananbbsaeeeeeaaeeeesesannneneeees 3
A S To o= 10 I oo 0] =] 1 PP EUR PR :
T O 1Yo L1 £SO PUPORRPN

ISl =] 0T =] oo PP TPUPUURPRPRPRTR

2.2 M NY USESWVIG 2. oottt e e oottt et e e e e e e e e e ottt bt ettt eeaeeee4a e nn R b ettt e et et e e e e e e e e AR RREt ettt eeeeeeeeeeaannnnnetaeetaaeaeeeeaeannnenes
AR AT\ A (e V0] o= T PUERPURRTPPRRPIS
I YLV [ €101 (=T 0 7= (o< 11 SORRRSTPPIN €
2.3.2THE SWIO COMIMABI. ....cee ittt e e e e e ettt ettt et e e e e e e s e et e bttt et eeeeaeaesaa e nnebebe et e e e aaeeeeesannsbsbes st e aeaeaeeessaannnbbnbneeeaaaaens ;
ARSI ] = U1 o T o Tr= W =Y d 5T 0 T o LU ][O PERTRRTR 7
2.3.4BUilding 8 PYthONMOAUIE.......coiiiiiiiie ittt e e e e e e ettt e e e e e e e s e s abb e be et e e e eaeeeeesaaannnbbsaeeeeaaaaaeeaaan 7
RS TS] T0] (o] 1| =TT
A BT 0] o] o ol n(=Te OF(O% P T a1 0Tz (o = (Yo LU (= TP PEPRRRR 8
2.5 Non-intrusiveinterfaCeUIIAING. ... ..uueiiiiii e e e e ettt e et e e e e e e e e e s anbb b bt e e eeeaeeeeseaannnbneeeeeeeas 9
2.6 IncorporatingSWIG int0 @ DUIA SYSTEM. .....eeiiiiiee ettt e ettt e e e e e e s e et e bttt eeeeaeeeaeeaanbebbsseeeeeaaeeeeaeannnnnes 9

A A = = VaTo o) 1 oo o [=To =Y a1y ir- Ao ) o IO SRR ¢
R IV A LRz aTe L (=Y=T0 (0] o' T 1

3 Getting StArtEd ON MVINTOWS. ....ceeieeeeeiieiiiitttee et et e e e e e e e ettt ettt eeeeeeeeasaaaeeebae e e eeeaeaeeeaaaam s e bt e beeeeeeeaeeeeeaansnsbeeseeeeeaaeeesesannntnsbneeaaaaaaeaens 1
I a1 =Y | oo T a T ] AT 0 [0y 1:

I I RNV T T oV A (=Y o U = o] T 11

3.2 SWIG WINAOWSEXAMPIES. ... .eeeeeeeeeeee e ittt e e e ettt et et e e e e e e s e ettt ettt e e e e e e e aaanneebetaeeeeeaeeeeaeaannnbsbseeeeeaaaeeeesannnnne 1]

3.2.1Instructionsfor usingthe Examplegnith ViSual STUAIO. ........uuueiiiiiieeaiiiiiiiiieeie et 11
T2t 0 O - TT 1

LT N - Y - VT 1
I T Y T 1

VN N Vi {210 P O PP P P OPPPPP PN 1
G2 15X 1 PP P TP PPPPPPPPPPI 1

B I 4 U o RO UPRRRP 1
3.2.2Instructionsfor usingthe Exampleswith otherCoOmMPIIEIS.........uuuiiiiiiiiiiii e 13
3.3 SWIG 0N CYAWIN ANAMINGWV. ....eeiieeiie ittt et ettt e e e e e e s e e tbe ittt e et e eaeaeaesaananbbeeeeeeeaaeeeeaaasnnbebaneeeaaaaaeaesannnnnes 13
3.3.1BUIldiNG SWiQ.EXEON WWINAOWS ... eetteeeeeieaeeeeeeee ettt e e ee e e e e e s e asatbateeeeeeeeeaeaesaansetbeseeeeaaaaeesseannnnssbesseeaaaaaeeesanannns 13
3.3.1.1Building swig.exeusingMINGW andMSY S......uuiii ittt e e e et e e e e e e e s e s aennbr e e e eeeaaeeeas 13
3.3.1.2Building SWiQ.eXEUSINGCYOWINL ....eeeeetieiiiiitttteeieeeaeeeeesaaaeiteeteeeeeeaaeeaaesansasbeseeeaaaaaaeasassannsssbseeeeaeaaaaessannnnns 14
3.3.1.3BUIldiNG SWiQ.EXEAIEINALIVES. ... . eeiiiieeeeee ittt e e e e e e e ettt ettt e e e e e e s e s e bbb et e e eeeaaeeesaaansnbbsaneeeeaaaeeeaens 14
3.3.2Runningthe exampleon WiNndOWSUSINGCYAWIN. ......eetiiiieeaieiiiiiiieeieeeee e e e e e s e ettt eeeeeeeeeeesaasnsnbeseeeeeeaaeaesasannns 14
3.4 Microsoft extension@NdOtherWINAOWSQUITKS .......oiiiiiiiiiieiie ettt e e e e e e e ettt e e e e e e e e e s ae s et e e eeeaaaeeeaeaanns 14



SWIG-2.0 Documentation

Table of Contents

A oY (0 VA o = 1SS < TP 1
4.3 Building ScriptinglanQUagEEXIENSIONS ....eetieeete i ittt ettt e e e e e et e e eete et eeeeeeeeaesaa s eabesseeeeeaaeaesaaaasnsbasaeeeaeaaeaesesannnsseneneees 18
4.3.1SharedibrariesanddyNamiClOAAING. ... ... eeiieeeeeiieiiiiti e e e ettt e e e e ee e e e e e s bbe e e reeeaeaeeesaaannnbesbeeeeaaaeaeaaaan 18
4.3.2LINKING With SNAr@IDIAIIES ....eeii e et e et e e e e e e s sttt e e e e e e e e e s e s e nbateeeeeaeaaeeaeas 19
TGS = L] 1101 <2 T PSSP T PRSPPI 1

oSN AV [T 2= 1o O

o A U 0170 AT [ TP 2
Lo I T U o 00T PP PRSP 2
LN 2 Y [T 11 1 1 PRSP PPRRURT 2
oI G T 0o 101010 1=] 01 £ PP PRUPPTRPPRt 2
T N L O (=T o] (o 1ol 11T o AT PP TPUPTPPUPPPPTPPIN 2
oI RISV [ €T BT =Y od 1LY T PRTORRRPP 2:
oI I O] =YY =) | I 1172 110 1= OO 2!

5.2 WrappingSimPIEC DECIAIATIONS. ... ..eeei ittt eeeee e e e ettt e et e e e e e e s e e e eebeeeeeeteeaeaaaaaaansbsbeeeeeeeaeeeassaaannnbeseeeeeaaaeaesanannns 24

oI N o= TS ol Y/ o 1= e =TT |1 o U UR TSP 2E
oI A €1 6] o F= A Z= 1 1 T=1 0] [T TRTTTR 2!

Lo TZAR O o ] 1) =1 11 = 2
oI Y N o 1A <Y VT[0T (0 =1 1o 11 (o0 1= AT 27

5.2.5A cautionarytale Of CRA™ ... ... et e e e e e e ettt e e e e e e e e e e et e e e e aaaeaeaaaann 28
ORCT adol 1 a1 (=T 6=V aTo [ofoTnaT o] [=3to] o] [=Tox £ RSO EPPRPRT 28
LRI T 101 o) (=Y o011 1 (= F PP T RO 2
5.3.2RUNtime POINEITYPE CRECKING. ... ututttieeiteeee e e ettt e e e e ettt et et e e e e e e s e ettt e et e eeaaaaeesasaannnbsbeneeeaaaaaeeeaaaannns 29
5.3.3Derivedtypes.StrUCES ANACIASSES. ......ccuuieeiieeiieee ettt e e e e e e e e ettt et e ee e e e s e e e nbabe e e e e e eeeaeeesaaannbaeaneeeeaaeens 29
RS 8 LT oY T T=To (o Fo 1Y 6T RSO PPPPURPRP 3(
LR TSI N/ 1= [ TP PPRRURT K
oI N @1 T=T o nd = (o1 [07= 11 [F PP 3
5.4.1PaSSINGBIIUCIUIERIY VAIUE ...t e ettt e e e oo e e oottt e et e e e e e e e e s e aabbeteeeeeeaaeeeaesannnnnbesaeeeeaaaeaesanannns 31
B.4.2REIUINDY VAIUE ...ttt e oo oottt et e e e e e e e s e et ta bt e ettt e e e e e e e s aa e s n b bebe et eeaaeeeeeeaannnsbesneeeaaaaeeas 3
5.4.3LINKINQG tO StIUCIUIEVAIADIES. ... .ueeeiiieeie ettt e e e e e e s e ettt et e e e e e e e e e s e nnsbesaeeeaaaaeeasasannnnnnes 32
o 0T o (o o = PR EUT PSRRI 3!
L Y AN £ 1= 1Y F PP PPPPUPPUPTPTPRN K
5.4.6Creatingread-0NIWaKIBDIES. .........ooiii ittt e ettt et e e e e e e e e et e et e e e e e e e e e e et nab et e eaaaaaaeas 35
5.4.7RenaminandignNoringAECIAIAtIONS..........uuiiiiiiiiieee e e ettt e e e e e e e e ettt e e et e e e e e e e saaneb b e et eeeeaaeeee e e e e nnnrenneees 36
5.4.7.1Simplerenamingof SPeCifiCidentifierS............uueiiiiii i 36
5.4.7.2AdvVanCedreNamMINGSUDDOI. .......uetiiiieeieeee e e e e e ettt et e e e e e e s e s e atatbe et eeeeaaaaesaaannsbebaeeeeeaaeaeaesaaannnnbnseeeeaeaaens 37
5.4.7.3LIimitiNg globalreNaminOIUIES. ........ooi it e ettt e e e e e e e e e e e et e bae e e e e eeaaeeeeaeannnnnes 39

5.4.8Default/OptioNaBIGUIMENES. ... .uuiiiiii ettt e et e et e e e e e e s e e et bttt e eeeaaeaesae s nnbanbeeeeeeeeaeeeeaaannnbeeeeees 39
5.4.9P0ointersto fuNCtiONSANUCAIDACKS ........ouueiiiite ettt e e et e et e e e e e e et s e e e et e e s et e e e sba e e seba s e s saneeeeansss 40

oIS 0 (o111 L0 [T TT0) 1< TP 4

o A /o1 =T o o) 7= T o £ (0 od (1 TP 42
5.5.2CharacteBtriNgSANASITUCIUIES ... ..uteiiieiieeee e ettt ettt e e e e e e e ettt et e e e e e e ae s s neetbeteeeeaaaaeesasannnnbsbeeeeeeaaaaeeesaaannn 43

OIS Y AN 1= VA 101 0] 0= SR U RSP PPPRR 4.
5. 5.4 SITUCIUTEHATAMEIMIIELS. ... ettt e ettt e et e ettt e e e e e e e et e e e et e e s e e e e et e e s aba e e s saaeesaaeesebaseassanseneen 43

SRR O o0 a1 10 [01(0] 5N 10 [0 15T (10 (01 (0] ¢TI 44

5.5.6 Adding membefunCtioNSIO C SITUCTUIES . ..iiii ittt ettt e e e e e e e e ettt e e e e e e e e e s e e nnnebee e e eaeaaaeeeaan 45
ORI ST (=0 Y (U (o1 (0 (=TT 4



SWIG-2.0 Documentation

Table of Contents

5 SWIG Basics

5.5.80therthingsto NOteabOUtStIUCTUrEWIBDDING. ... .uuvetteeieeeeeeee e e ittt ee e e e e e e s e e et abbeeeeeeaaaeeeesaannnnbeaneeeeaaaeeasaaanns 49
oI X @0 Yo [ [aTT=Y 1T o PR r

oI A I TS TU 11 0 10 (o ST [ U UUPPPPURPRP 5(C
ol A @fa o [=1 A 1Y =T 0 10 ] 0] 0] [o]od -3 PPPRRR 5C
ol o] 1] ITaT=Yo Koo To [) o] [ood <4< SOOI 5]
NS A a1 F= 1[4z L1 Te] 41 o] [0To) TSRS 5]
5.7 AN INterfaCeBUIIAING STEALEOY. ...t eeeetteeeeeei ettt e e e et e ettt et e e e e e e e s e s s tetbeeeeeeaaaeaesaaassebebaeeeeeaaeeesasannntntbneeeeeaaaaeens 51

5.7.1Preparingd C Programifor SWWIG. ... ... e ittt ettt e e e e e e e s e ettt e e aeea e e e s e aesbeeeeeeaeaaeeesaaasnbbsbneeeeaaeeesaeannnnenes 51
D 7.2 THE SWIGINEEITACETIIE. .....ccee ettt et e et e e et e et e e e et e e e e et e e s aaa e e e et eeesaneesaaasesebaeeeenasans 52

5.7.4Gettingthe rght NEAAEHIIES ......coe ittt e e e e e e s e sttt e e e e e e e e e e ae e s nnbaaeeeeeeaaaeeaas 53
5.7.5Whatto dOWIth MAIN(Y.....euvenieeiiiiiiee ettt e e e e et e e e e e e e et e e e e e s e s ta e e e e e eesaaseeesesbaaaaesesssbannaeesessssnnnaeeseees 53

B SWIG BN Crrhio ittt h e s s b e e s a e e £ oh b e e e o b e e oo R b e e oo b e e e e b e e e s R E e e e R e e e e R R e e aa b e e e R e e e e b e e e e b e e s e r e e e s nee e s nee s

6.1 ComMMENTIIN Ctt WIAPPING .. eeeeeeeeeee ittt te e e e e e e e e e ettt e et eeeeaeaeasa s s antaeeeeeeaeaeeeaesaansssbesseeeeaaeaeeseaannsssbsnneeeaaaaeeesaaannns 54
ST Y o] 01 (0 Y- T o PR UUUP R TUPOUPPPPPPE
OGRS TN 0] 0 o]0 (=0 Ol (Y- LU (= PP TR 5t
6.4 Commandine optioNSANACOMPIIATIONL ... ...utieiiiiiiee e e ettt e e e e e e e e et e et e e e e e e e s e e e anbebae et e eeaeaeaesaaannnsanbneeeeaeaaeaaeas 56
OIS d (0 A YA £ TS = TP PE PP L
6.5. 1 CONSIUCHIOMT PrOXY CIASSES .. . uttttieiiieie e ettt e e e e ettt ettt e e e e e e s e e a s be bt e e e eeaeeeeesaananbesaeeeaaaaeeaeasannnnnes 56
6.5.2Res0oUrcENaANAGEMENIN PIOXIES .. .uuuuteittteeeeteiaiatetttteeteeaaeeeaaaaaetaeteeeeeaaaaasaasaasesbeeeeeeaaaaeaesaaansnssssseeeeaaaeessesannsnnes 57
OIS - Lo [UF=To [y oT=Tod oo (=] 7= 1| PR 59
o RST8] o) (=Y O a1 =T o] o 11 e (TR 5
6.6.1CONStIUCIOIENAUESITUCIOIS. .....vvvnieeeeiiti et e e ettt e e e e ettt e e e e ettt e e e e e e e eat e eeeeesssbasaeeseesaaaaaeesessaaneaeesssssanseeesesrans 59
6.6.2Defaultconstructorscopy constructorandimpliCit deStIUCIOIS........oocvvviiiiiiieeee e 59
6.6.3WhenconstructomrapperSareN TICrEAtEM. ... ....eii ittt e e e e e et e e e e e e e e e s e e e e e e e e e e e e an 61

OISR 1 @ 0] o)V oT0] 8 -1 1 (U (01 0] &= T PP PUPPPRPPPP 6!
(SN RV 1Y 0] oYY 10T Yo 1] =TT 6:

(SN IS] F= N1 [0] 10 T=T 001 0= £ PRSPPIt 6.
(S ALY/ [=T 001 0]=T (0 P 7= SR PRTOTN 6
ORI <) =Y |1 =T o 18T 0 0T=T 0] T PRI 6
SRSl =d (0] (=1 110] o P U ORRPPTRR 1
(O = a 1000 =Y aTe [ole] 0 1S =1 0 £ TSRS 6
ST 0] A1) T O 4
B.11 REfEIENCEBINUPOINIEIS . .. . tteeiieiiee e e e ettt e e e e e e e e e e ettt e eeeeeee e s e s s anteebe e eeeeeaaeeeeaaasnsbebaeeeeaeaeeeaesaannnnsesseeeaaaaeeesasannns 6’
6.12PasSANAIEIUINDY VAIUG. .....oiii ittt ettt et e e e e e e e ettt e e eeaeeaesaa s aabeeteeeeeeaeeeeaesannsbsbeeeeaeeaeeeeesaannnbeneeees 6¢
(ST [ 1=T 7= Lo o] = OO (
6.14 A brief discussiorof multiple inheritancepointers.andtype CheCKiNg..........cuueeeiiiiiiiiiiiiiiiiee e 70
6.15WrappingOverloaded=unctioNSANAMETNOAS ......ciieeiii ittt e e e e e e et e e e e e e e e e s e e nnbebaeeeeeaaeaeaeean 72
6.15.1DiSpatChfUNCLION QENEIALION ... ..iii e ettt e e e e e e e e ettt e e e ae e e e e s e e nbntbe e e e eeeaaaeesaeannnsanbeeeeeaeeens 72
6.15.2AMDbIgUIity IN OVEIOAAING. ... .vetieiitiiee ettt e e ettt et e e e e e e s e e et ettt e et e aaeaesa e s nntasbeeeeaeaeaeeeesaasnneneneees 73
6.15.3AMbIiguity reSOIUtIONANAIENAMING. ... .ueeeeeeeeeeeeie ettt eeeee e e e e e e e e areebeeeeeeeeeeeeesesaanesbeaseeeeaaaeeasaaannnnbsbneeeeeaaaaeaens 74
6.15.4C0MMENtDN OVEIOAAING. ... uveeeeiiiiiee e e ettt e e e e ettt e e e e e e e e s e e aee b ee e et e eaaeaeaasaannbesbeeeeaeaeaeeeesannsnneeeeeees 78
oI L oTAY] =T ol o] 1 Te [o)VZ=Ta (o F=To [STa o] o T=T = 0] A= PRSPPI 78
ST A O P T A (=T 0 1T (0] o PP 8
Lo RSN =100 o] P =S PR PR RRR {
oI RS L =T T =TS] 0T (o= TP €
6.19.1ThenspacdeaturefOor NAMESPACES . ....ccuuieiiiiiie e e ettt e e e e e e e e ettt et e eaaeeeeeaaasnebeeeeeeeaaeeeeseaannnnnsenneees 93
6.20RenamingemplatedyPeSin NAMESPACES. .. .uuuuurtieeaaeet i aiitteteeetaeeaaaaaaaaaetebaeeeeetaaaaaasaaasnstsseeeeaaaaaesaaaansbsreeeeeaeaaeeaas 94
6.21 EXCEPIONSPECITICALIONS. .. et tieee ettt ettt e e e e e ettt et e e e e e e e et b e e ettt e eee e e e e s e s sabee et e eeeaaeeeeeesannsasbeeeeaaeaeeeeesannnnneenneees 9F
6.22 ExceptionhandlinQWith JoCaICIES ... . ..uiiiiiiiiei ettt e ettt e e e e e e e e e s e e nn b et e e e e aaeeeeaeannnene 96
(oI ] o] 101 (=16 (0N V(=Y 1 0] o= £ PSRRI 9

6.24 SMAartpOiNtErSANAOPEIBALON=(): ... ettt tiureeeeesaitteeee e ittt e e e e et e e e s s bb et e e e et be e e e e e aabb et e e e e b be e e e e e st b et e e e aab b et e e e e bbb e e e e e annbeeeeeannees 97



SWIG-2.0 Documentation

Table of Contents
6 SWIG and C++

6.25UsingdeclaratioNBNAINNEIITANCE. ... ...uuuiiiiiieie ettt e e e ettt e e e e e e e s e s s beebe e et e eaaeeeeesaaa b nbretereaaaaeeeeaeannnane 99
(SR S] N[ ST (Y0 o Fo EoT s Y SRR 1C
6.27 A DriEf raNt ADOUICONSE-COMMECINMESS. .. . iiiivetieee e et ettt ce e e e ettt e e e et et ee e e e e e e et e eeeeeeas b s e e s eestaaeaeesssstanaeeeessabaneaeesenranns 102
6.28Whereto 9o for MOreiNfOrMATION ... .....oi i et e e e e e e e e s ettt e e e e e e e e e s easnnbbnbneeeaeaaaeaaaan 103
A (=] o] o To ST PRSP 1
A L= [ ol [V o SRR 1(
A [T 00T 0T TP PUPRPPPPR 1(
RS T Lo aTo [1¢[o] =1 (o] naT o)1 F= 11 o] o TR PPPRPRTPR 10¢
A Y o e (o] o d = T T [ o PR 10
F D SWVIG IMIACIOS. ... et et e et e et e et e et e e et e ettt e e e et e e e e aa e e e st e e e ta e e e aan e s saa e e e taeesean e s e sanaes st aessaneessnnaesstnasennsesesnnaeeen 1(
7.6 COANUGNU EXIENSIONS ..t i eeetietiieeeeetettee e e et ettt e e e e e et ee bt aeeseetataeeeesse st aeees s s st seeesssbanaaeeessstansaeesenssanaseessnsranseneeees 10¢
7.7 Preprocessingndof ... %} & " ... AEIIMIEIS. .. .coiiiieiiee ettt e e e e e e e e e e et e e e e e e et e e e e eeaa e aeaaee 107
RSN =l (=] o) oot oXSIST [ T= Ve K AR Ao =) 10 0T (Y PP PERRP 107
ARl el (=] o] o od oYt Lo WAV 01T A= 10K EEP TR 107
7.10Viewing PreprOCESSODULPUL .........ueutiieieetteeeeesiaitttbeeeeeeeeaaeeesaaaaeeaeeeeeeeaaaeeaasaansebbeseeeeeaaeeeesaaasnstssseeeeaaaeeesesannnsnnesseeees 108
7.11The#errorand#WarNINQAIFECIIVES ... . eeiiiie e ettt e e e e ettt e et e e e e e e e s s e seabebae et e e aaeeeaeaaannenbasseeeaaaeeeesaaannnnsenees 108
RSN ATA [ 1 o =V PR 1
8.1 The%includedirectiveandlibrary SEArCHDALN. ..........uuiiiiiiiice et e e e et e e e e e e eab e e e e eeeeaes 109
I A O AN 1 - VA Y= |10 | 01101 (=] 1P EUP TSP 10
T2 o o Yo 0] PO PP PPPRRPPR 11
T o L - A= T U URT RSP 11
IR ol 0 1= | (o T PP 11
oI Tl F= L v= TN TSP 1:
RS T O 11T F= 10 o 11T RO 11
8.3.1Default StHNGNANAIING ... .ee e ettt e e e e e e ettt e e e e e e e e s s s e ettt e et e eeeaaeeeaae e nnbbnbeeeaeaaaaeeeeaaannns 115
R o= LIS 10 01T VYA £ L= PSRRI 116
8.3.3USIiNg%NeWOD]ECEO FEIEASENEIMOIY......cieietiieeeeeeee e e e e ettt et e e e e e e e e e et be bt e e eeeeaeeaaeaansaebeeeeeeeaaaeeesaaannnseneeees 116
LR o= 11110 1Y SR PPPPURRRP 11
o N I Ol ] 7= Y PR TR 12
o T 5] (0 ] 11 BTSSP PPPRPRTRR 12
R S (o AV =Toi (0] PSPPI 12
ot R Fo I < od =] 0 [0 L R P TR SPOTPPPPPRR 12
8.4.45hared PIBMAITDOINTEL. ... eiiiiie ittt e e e e ettt e et e e e e e e s e et ebbe e bt e eeaeaeaese e e nnesbbeaeeeeeaaeeessaannnbsbeneeeaaaaaeaens 124
e 8 111 YA T o] 7= U= OO PPPRRRPR 12
LTS A== o] 110 o N TR 12
AN (o 8T Ty a1l F= U o [T T TSROSO PPPPRPR 1
o TN I TN Y oL AT T 0TS L1 0] Y PSPPSR 12
Lo I 0 (Yo [ o3 1o PPN 12
o I A [0 UL 0T U= 100 [ (=] € PP UPPTTUTPTPTRR 12¢
oI G @ U 11 01U 1 o=V = T A1) (] A< TP 12¢
9.1.4INPUL/OULDUIDAIBIMETEIS. .. ettt ee et et ittt e e e e e e e e e ettt ettt e eeeaeeeeaaaasaebeteeeeeaeaeaeseaaanesbbeeeeeeeeaeeeesaasnnbsbnneeaaaaaaeaens 130
oI Y W ST T To Mo (T =T ) = L 1= PRSPPI 13C
9.2 Applying CONSEIAINTE0 INPULVAIUES. ... ..eeiiiieeee ettt e e e e e e ettt e et e e e e e e e e e e et e et e eeeeeeeeae s e nnenbaeaeeeeeaeeeesaaannnnsenees 131
9.2.1 SIMPIECONSITAINEXAMPIE ... ettt ettt e e e ettt et e e e e e e et e ettt teaaeeessa s nnbbsteeeeeaaaaesesaansnsbeneeeeaaaaeesaaaannn 131
I A O10] 4 Y1 = 11011 T=11 010 PR 131
9.2.3Applying cONStraiNtd0 NEW ALY DES ... ettt eie e ettt e e e e e e e e et e e e e aaeeaeesannaebeeeeeeeaaaeeesaaannneeeeeees 131
O YA o T<T 0 02T o PP TR ]
O 000 I 0 (o Yo [0 o3 1o RO 13
O I I =T o0 0 177 1[0 ST PPPPRRURTR 13¢



SWIG-2.0 Documentation

Table of Contents

10 Typemaps

O Y] o<1 10 1= T 0 ol o= TS USUUPPPPPPPUPUPTPRRPIN 14!
O ZRe 0o o)/l aTo F= HAY/ 0 1=T 1.0 T- o SRS PPPEURPTRR: 141
O B L= (=) [ aTo = HAYA 0 1=T 1.0 T= o PSP PPPRURPTRR: 142
Q2T ol P Tol =T Ty L) M YA 01T 0 T oL RO PERRPRR 142
10.3PatterNMAtCRINGIUIES. ...ttt ettt e e oo ettt et ee e e e e e s e s aa e bbbttt et e eeeeese s e nebbbe et e e e eaaeeeeaeannnnbnbteeeeaeeens 14:
10.3.1BASICMALCRINGAIUIES ... . eeeeieee ettt e e e e e e e e e et e ettt e eaeeaee s e n bbb beeeeeeeaaeeesaaannnbbebeaeeaaaaeeeaeaanns 143
10.3.2TypedefredUcCtioNSMALCIRING ... . ..utiiiiiiiie ettt et e e e e e e s e e st ettt eeeaeeeeasaannssbaeneeeeaaeeeesaaannns 144
10.3.3DefaulttypemapmMatChiNGIUIES ... ..cci ettt e e e e e e e ettt e e e e e e e e e e aa s nnnbebaeeeeeaaeeeaeaanneneeees 146
10.3. 4AMUlti-argUMENTEYPEMIGIS. ..o e ettt iiteitteteeeeeeee e e e e s ettt beeeeeeaeaeaesaaaasaseeeteeeeeeaeaeaasaanbebbeeeeeeeaaeeeesaaannnbstaeeeeaaaaaeaens 147
10.3.5Matchingrulescomparedo C++ teMPIAIES .. .iiiieiii ittt e e e e e e e e e 147
10.3.6DebugdinatypemappatternMatCRING. .........iee et e e e e e e e e e e e e e e e s 149
O oo Lo =To [T =T = Lo 1 (1 = R UPUR TR PP 15:
O RS Yoo oL S TP 1F
10.4.2DeclaringnNeWI0Cal VAIADIES .......coii ittt e e e e e e s e e ettt e e e e e e e e e e aannrbeeeees 152
10.4.3SPECIAINAIIADIES. ... ettt et e e e e e s oo ettt ettt e e e e e e e e e e a b e bttt teeeaeeeeeaaaannnbanteeeaaaaeeeeaaaann 15:
O Y 01T =LYz T = 0] =Y 010 o] (01 TSR UPT ST 155
O 0 o LT ot 01 (o 1Y/ o 1= ORI 155
10.4.4.28typemap(MethodYDEDRAIEIN). .......ute ettt ettt ettt et e et e ssbe e e snbe e e asbe e e sbeeeanbeeeaneeeenees 156
10.5CoMMONtYPEMAPMETNOUS. .. .eieie ettt e oo e e ettt et e e e e e e e e e e nb b ettt e e e e eaeeeeeaannbbeereeeaaeaeeeeaaannn 15€
O R T00 T 17 0= 0 7= o P ETUPT PP 15
ORI Y] o T=Tod a1 o (YA 0 =10 T o R PRPPRRRT 157
O TRC o UL A1 01=T010 =1 PP STUPURPPP 15
O T - o [T TS Y 01T A= P PERRT RS 15°
ORISR0 (=) =T 1 Y 01T 010 1 o ST TP PPPRT 15¢
ORI S o] 0 T=Tod AT 0 1) 1 7= o U PPRRURTR 15¢
O A= To [0 101 Y 1< 0 1F=T o SRR PTPTRPPRUPPTOPIN 15¢
ORI (e Lo NV 01T 0 7= o TSP 15¢
ORI I oA (=T YA 01=T0 0= o DTSR PPPRPRPTRR: 15¢
O RS T KO  a =T 0] o]= T Y 0 1=T 010 =T o P PRRRRT 159
O T0 B V7 V[ Y7 0= 0 7= o PSRRI 15¢
O Y7 T (o 10 | YA 01T 10 F= o PO PR PR 15¢
ORI e 1 (0 (01Tl 1Y/ 0 1=T 0 0= o DTSR PPPRURPTRR: 16(
10.6 SOMELYPEMAPEXAMIPIES. ... tteteeeeeeeeeeeee i ettt et e e aeeeaeaaaaeeeteeeeeeeaaaaeasaaasaaeeseeeeeeaaeaeeessaansesbeeeeeeeaaaeaesaaannsbsbbeeeeaaaeaaaeas 16(
O ST Y] o=t 0 =T o1 (o = U1 7= 1Y Y PP PPPEPRRR 16C
10.6.2ImplementingconStraintSVIth tYPEIMADS. ... .vvveeeiieeee ettt e et e e e e e e e e e s et reaeeeaeeeeeeannneeeeeees 163
10.7 Typemapdor multiple targetlanQUEAGES. ... ...uueeeeiiieie ettt e e e e e e e ettt et e e ae e e s e e s tbebe e e e eeaaeaeeesaannnnbenneeeeaaaeens 163
10.8OptimalcodegenerationvhenreturNingby VAIUE...........oooi it e e e e e e e e e eeee s 164
10.9MUlti-BrgUMENYDEIMIBIIS -+ et eeteeeeeeietetteeeeeee e e e e e et e s e etette e eeeteeeeaesaaasnebseeeeeaeaaeaesesannseebbeeeeeeaeaeeesaaannnsbssneeaaeaeeeeaeaannnnnes 16¢
OOl R 01T Fo Yo i = Vo T 1Y 0] £ TP EURPTRT 16
10.10.1FragmentyPe SPECIANZALION. ... ..eeee ettt ittt ettt e e e e e ettt ettt e e e e e e e s e et be et e e e aeeeese e e nnbabbreeeaeaeeeeeeaannnnnreeeeees 171
10.10.2FragmentandautomatidypemapsPeCialiZAtioN..........cueeeeeeiiiiiiiiei e e e e e e e e e e 171
10.11Therun-tIMEtYPE CRECKEE . .. ..o ittt e e oo e e e oottt ettt e e e e e e e s e e s n b bebeeeeeeeaaeaeesannbsbbsneeaeaaaeeesaaannn 171
0 I A T T o Y T 7= L PRSP PPRRURTR 17:
O 2 U Vo T TS T TP PPPRRPRT 17



SWIG-2.0 Documentation

Table of Contents

10 Typemaps

11 CUSIOMUZALION FEALIUIES. .. .c.uuieeeei et ee et e e et e ettt e ettt e e e e e et et e e e et e e e e e e e e et ee s et ee s s e e s et eeeeaa e e s e e e e e tae e e e et e e s s e e s e baeesnbnsesebnsanenes 18

11.1ExceptionhandliNQWith Y0EXCEPLION. .. ...cii ittt e ettt e e e e e e e e ettt e e e e e e e e e e saanasbeereeeeaaaeeeseaannenrenneees 181
11.1.2HandliNgeXCePIONSN € COUR .....ceei ittt ittt e e e e e e ettt et e e e e e e s e et et te e e e e e aeaesaeaansbnbesaeeeeaaaeeeseaannrsseeeeeeas 182
11.1.2ExceptionhandlingWith IONGJMP(). ... «.xxeeeereteeeeeeiiaaiieeie et e e e e e e e e st e e e e e e e e e s s e aebbeeeeeeaaaeeesasannnsbsbneeeeeaaaaeaans 182
11.1.3HANANNGC H+ EXCEOPIIOMS. .. utttetteeeteeeee et ee ettt et eeeeeeesaaeaebeeaeeeeaaeaaesaaannnbasbeeeeeaaaeeeesaansesbeseeeeeeaeeessanannnrssseees 183
11.1.4Exceptionhandlerdor VAriabIeS . .......c...uuiiieiiie e e e e e e e ae s 184
11.1.5Defining differenteXCeptionNaNAIBIS. ........oiiii ittt e e e e e e e e e e e e e s reeaaaaaaeas 184
11.1.6SpecialVariablesSOr Y0EXCEPLION . ... .. i ittt ettt e e e e e e e ettt e et e e e e e e s e s e na e be bt aeeaeaeeeaeaaannnbanreeeeaaaeeas 185

11.2 ObjectownershipBNAYONEWODJECE. ......co ittt e e e e e e e ettt e e e e ae e e e e e s e nnbsbbe e e e eeeaaeeesaaannsbnnneeeaaaeens 187
11.3FeatUre NAINE Yo EaATUIEAITECIIVE .. ...eee i eiiee ettt ettt e ettt e et e e e et e et eeeaba e e s saae e e s et e e eeba e s eaasessnnesenaneees 188

R I ST U 1= = L] oYU LT 18¢

RS P oY L (0 1= 7= o P ETUPT PP 18
11.3.3CIEANNAIEALIUIES. . ...ttt eeeete e e ettt e e e e e e s e e et et ettt e e eeaeeeeeaaan e abe e beeeeeeaeeeaeeaannnbbereeeaaaaeeeeaaaann 19:
11.3.4FeatureaNddefaultargUMENES..........ue i ettt e e e e e e e e et e e e e e e e e e e e e e e annb e breaeaaaaaaeaaan 192

11.3.5FCAIUIEEXAIMPIE. ... .ttt e oottt et e e e e e e s e s e st et bttt e et e e e e e e e ae R n b bt te et eaeaeeeeae e nnrnbaeeeaaeaeeeaaaanns 19:

12 O 1 117= 11 £ J
O R =XYoo a1 = Y03 0 [T o1 (A= T 19/
A Yol 0] 11 = 1012 Y A0 [0 P2 T3y o T 19:

12.3Constanfaigdregatio@nd%agaregate ChECK. ... .. .. e i it e e e e e e e e e e e e eee s 195
T2 N[0 (YT 1

RSV Z= 1= o] [T =T o 1 I AN o T8 0.0 T=T 01U PPPPRPT 19
G IR T Yo 0 o oo T 1¢

I N 1Y (0] o] =T o T 1¢

SRS T Do) o T8I AYZ= 1= U0 1SS U] 0160 ¢ PO TP PPPPRRPRR 19¢
13.4 ArgumentreplacemMEeNUSINGYOVAIAITS. ... .eeeeee i auuttetteeetaaaeeaaaaaaeteteeeeeeeaaaeaasaaasssbeeeaeaaeaaaeesesaasssbseseeaeaaaeaesssannnsenenes 199

ROV A= 1=V o 1S T a0 [NV 1<) 0T oL T U UPTR PR 20(
13.6 VarargswrappinQWIth i ...........oooiii i a e e e e e e e e e e e 202

RS A YA = o] o1 To T Y= W 1) G PR UP PR 20
IR T O e al £T YU T 2(

RIS BTl 1Ty o o 2

LA NVAINING MESSBUES. « -t tveetetteeeaetiaaaittttteeteetaeaaeaaaaastetteeeeeeaaaaeesaa s antesbeeeeeaeaaaaeesaannssteseeeeeeeaaeeaeeannsesbeseeeeaaaaeeesaaasnsbstseeeaaaaeaesesannnnnes 20
0 I (Yo [0 o3 1o TSRO 2(
14.2\WarningmMeSSAUBUDDIESSION. ... i itetteeitetteaee et aaaeeteeeeeteaaaeaeaasaasaeteeeeeeaaaaaeeaaaaasssbsseeeeeeeaeeeasaaasssbssseeeeaaaeeesssannsnnes 208
14, 3ENADIINQEXITAWAININGOS .. ce ettt eieittttteeeeeeee e e e e s aatetbeeeeeeeeaaeeasa s s nteteeeeeeeeaaeaeaaaaannsbebeeeeeeaaeeeeesaaanssbasaeeeeeaeeaeseesannnssbenneees 20¢
14.41SSUINQAWAININGIMIESSAGE - .ttteteeeeeeaaeaaaaaausteteeeeeataaaaaaaaaassneeseeeeeaaaaeaaasaaasssseeseeeeeaaaeessasaanssssesseeaeaeaessssaansnssssseeeeaeeens 21C
31V 0] o Yo oty 1] oo £ PR UR TSR 21
Y Ofo T A1) 0172 PP P PP PP P PP PPPPPPPTPTT 21
A= Ta a1 0 = ToT =Y 0] TR PPPRURPTR 21
14.8MeSSAU@ULDULTOIMIAL. .. .. eetieeiiiiie e ettt e e oottt et e e e e e e e e s s eat bt e et e e e aeeeeaeaanneebeeeeeeeaeeeaesaaannntbsseeeeaaaaaaeaaaanns 21(
14.9WarningNUMBDEMEIEIENCE. .. . .ueiiieiiie ettt e et e ettt et e e e e e e e e e s e aba b b e et e e e aeaeaesaaannbbebneeeaaaaens 211

14.9.1DeprecatedeatureL00-199)......ccci ittt e ettt e et e e e et e e e e e b e e b e e e b e e e e nres 211
14.9.2PreproceSSAI200-299).... ... ieeiiirtieeeiiitie e ettt e e et — oo e b e e e e o R b e e et oo e e et e e e e b b et e e e e e be e e e e e atbreeeeaane 211
14.9.3C/CH+PArSEI300-399) ... uieiiiiieeeittiiiititttee ittt e e ae e et e s e eette et eetaaaaaaaaa e __ b et e et taaaaeeaae e e an b et et e eteeaeeeaaa e nnrerrrereeaaans 211



SWIG-2.0 Documentation

Table of Contents

14 Warning Messages

14.9.4Typesandtypemapg400-499)........uuutieiiiueiiee ittt ettt e et e et e et e e e r e e e e e e 213
14.9.5Codegeneratio500-599)........utiiiiiiiiiee ittt et et e e e et e e e 213
14.9.6Lanquagenodulespecific(700-899).......ccuuuriiiiiiriiee ettt 214
14.9.7Userdefined(900-99Q).........uuiiieiiiiiiie ettt a bttt h et e e b et e e s b e e nr e e s 214
0 1S o TP PPPRRRR 2.
SV T Yo T Yo Yo LU [ PP PPPRPRPRPN 21
T Y (oY [U 1 =Y T 1 (o o [ i 110 o PR PUPN 21!
I = 7 T o T OO PPTTRR 2
15.3ThESWIG FUNIIMECOE .....utueieeeietieeee e ettt e e ettt e e e e et et et e e e e e e et e e e e e e e st e e e e e e s st e eeseebaanaeeessasbaneeeessbssnnseeesesrannnnns 21¢
15.4EXIErNalacCeSI0 tNEIUNTIMIE. .....uuu i eeiiiite e ettt e ettt e e e ettt e e e e e et b e e e e e e sab e e e e eesbaa e seesessban e eeseeasbanaeeseersanaaeaees 217
15.5A word of cautioNabOULSTALICIDIAIIES .......vuu ittt e e et e e e e e e et e e e e e e eabae e e e e e esbaaeeeeeeenranes 218
SN O] =) (=] (=) 1o Y TP TRR 2:
15.7ReducingNeWIaPPEITIE SIZE.......ueeiiieiie ettt e e ettt e et e e e e e e s e et e e e e e e e e e e e e r e eeeaaaeas 218
16 Using SWIG with ccache- ccache-SWig(L NANPAGE. ... .uuuuueiieeieeaee e i i iiteeeeeeeeeeaeeaaeaaaeaebeeeeeaeaeaeaesaaaannranbeeeaeaaaaeaasaaasnneseneees 219
0 N TN Y OO 2
TN A\ (@] ST 1 RO 2]
R B ST O | 1 [ PR TR 21
16.40PTIONSSUMMARY. ...outiiiiiteitiie ettt ee et e ettt e e ee e et aetaeeseetaaaaeeeses b aaetessstaaaeeseestanaeesessstansaeesentansaeeesssrannseeseens 21¢
S TSY @ ] 1 (O ]\ S TP 2:
MY N S N I N 1 1 PSP 22
L16. 7EXTRA OPTIONS . ... ciiittiii ettt ettt et ettt et e et ettt aeeee e e ettt seeeseesatsaees e e taaaaeeeeessaan s eeeeesbaannseessssbansnesessssannaeesenes 22
16.8ENVIRONMENT VARIABLES ..ottt ettt e e e e e e e e e e e e et e e e e e e e aab s e e e e eesabneeeeseeraannns 221
16.9CACHE SIZE MANAGEIMEN T ... .oiiiiii ettt e et e e e e et et e e e e e e ettt e e e e eas b eeeseesabaaeeseessanaaeesesstanseeeeeeraen 222
16.10CACHE COMPRESSION. ....ctttiiiiiit ittt ettt e e et e e e e et ettt e e e e ee st e e e e et ee sttt aeeeses st e eessesssnnseeesesbannaaeeesssransaesenns 222
T I (O XA AT @] S SRS 22
16.12USING CCACHEWITH DISTCC ... ciiiitiie ettt e ettt e e e ettt e e e e et et e e e e e e aab e e e e e s eeta e e eeesesabseeesssbabnaeeesserannnnns 223
16.13SHARING A CACHE ... ettt ettt et ettt e e e e ettt e e e e e e e e et e e e e s eesaa e s e e s ee st eeeeessabaseeessabaanaaeeessssannseesenns 22:
T I 1SN O ] R UPORR 27
16.15DIFFERENCES-ROM COMPILERCACHE ..ottt ettt et e e e e e et e e e e e et s e e e e e et e e e esesbaans 224
T ST 08 = B 1 I PSRRI 2:
T AN O I = [ ] RO RRIPRIN 2:
17 SWIG and Allegro COMMION LS. .. eeeetiiiiiititieeiteeee e et e e ettt teeee ittt e ae e e e s e s aeaateeeeeeeeaaeaesaaasnseeeteeeeeeaeaeeessaansssbesseeeeaeaeeeseaannnsnbnnneeens 22¢
I = T T o OO PPPTRR 2
A W o 1T 0 NS AT [ U PRSP 22
17.1.2C0MMANAINE OPIOMS. ... teeettiieeeee s ittt e e e e e e s e e ettt e eeeaaaasaaasnbbeeeeeeaeaaaeasasaanssbbseeeaeeaaeeesaaannnnbsbseeeeeaeens 228
17.1.3Insertingusercodeint0 geNeratedileS .........uu it a e e e 229
AT =T o] o1 Lo @ L= Vi< U PTRT PP 22!
A N ¥ T o] 0 VAT 7= 0] 1 T TSP PPPRURPTRR: 22¢
T o =110 TNV A A= o] 01T T ST PPPRT 23(
T AT = 0 01T TSSO URUPPPPPP 23
17.2.4AN0N-0OVEIOAAEADETUNS. .....uu ittt ettt e e e e ettt e e e e e et e e e e e esta e e e e e s esaban e eeesessbasaeeseerannaanaees 231
17.2.50VEI0AAEADEIUNS ... ..ceevviieieeee ettt e ettt e e e ettt e e e e e e sttt e e e e e e tataeeeessetban e eeeesssban s eeeeeebaaaeeesenbannaaeaees 231
17.2.6WhataboutconstanBndvariabIEaACCESS?........vuui e iiieiiriee ettt ettt e e et e e e e e s et e e e e e e aaan e eeaens 231
A ® ] o T=Tod ATV = o] o1 T PSRRI 23
R YA =T o] o1 aTe| = = V1 TSP PEURPRR 23
R TN R\ =T 11T 0 T2 T TP 23
R I O] 1151 7= 0| T PSP PPRPPRTRN 23
AN = Tz | o] [PPSR 23
I 10 g =T = 1 1o 0 1 TP 23
ARGy N1 = Y TP PP P PR 25



SWIG-2.0 Documentation

Table of Contents

17 SWIG and Allegro Common Lisp
17.3.6Classeand StructsandUnNioNS(ON MY .. ...uuiiiiiiieiee e e e e e e et e e e e e e e e e s e e annneeneees 237

17.3.6.1CLOSWIAPPINGOL. ..ttt e e e e e et e e e e e e e e e e et a bt e e e e e e e e e e e e nnnreeaeees 238
R I O MO 1SN 1] aT<T 01 7= Lo = T 238

R A =Y 0] o o (T OO PPRURPRRT 23
17.3.7.1Generatingvrappercodefor tEMPIALES. ... ..uuuieiiiiiiee e e e e e e 238
17.3.7.2Implicit TemplateiNStANTIAION ..........iii ittt e e e e e e e e e e e e e e e e e e e s nbeebeeeeeeeaeeeeeaaannes 238

17.3.8Typedef TemplateSand SYNONYIMITYDES. ....cccuuiiiiiiiieiiee e e e e ettt ettt e e e e e e s e e aibeteeeteeaaeeesesaannbebbeeeeaaaaaesassaannes 238
17.3.8.1Ch00SINGA PIIMAIYEYIDE .. ttteeeieeiee e et e ettt ettt e e e e e e e e e ettt e e aeeeaaesansbsbae et eeeaaaeaesaaannnsbnbeeeeeaaeeeeaeannnnnes 239

17.3.9Functionoverloading/Paramet@efaulting.............oooiiiiiiiiii s 239

17.3.100peratomrappingandOpPeratOroVErIOAING. ... .. ueueiee ettt eeee e e e e e e ettt e eeeeeeeeesasannbereeeeeeeaeaeaeaannnnnes 242

R TR R AT = 10 TSRO PP PUPUPUPPUPPTPRN 24

R T 2 Ol o (ol=T 0 0] 1 1 PR 24/

17.3.13Pasy value,passiy FEfEIEINECE ... ...uu ettt e e e e e e et e e e e e e e e e e s e nn b et e eeeeaeeas 244

A Y 0 T=T010 =T o S S PP U PP UUTPTPTPR 2

17.4.1CodeGenerationn the CH4 WWEADDEE. ... eiiiee e e e e ittt et e e e e e e e e ettt e e e e e e e e e e e s aaaesbeeeeeeaeaaeeesaesannnnnbeeeneeaaaaaens 244
A e 1\ I o= 00T o PO PRURPRR 241
A 2 1 N B Y/ 01T 1 1= TS ERPR PP 245
A e O N i LY/ 0 T=T 110 Y o PR T TSP PPPPI 245

17.4.2Codegenerationn LiSP WIAPDDEES. ... uuueueaeaetiaetuteeeeeetaaaea et aaaaateeteeeaeeaaaeaaeaaasssbeeseeeeeaaeeasasaannsssbseeeeeaaaaseesannnnns 245
A T\ LY/ 0 T= 0.1 Y o PSP PPPRURPR 24¢
S O 1 I I/ =10 7= o F OO PEPPPRR 246
e I I Y 01T 1 7= o TP PPPRR 246
I 1] e I o i IR/ 0= 0.7 o PP ERUPPR 247

17.4.2 5L ISP CLAS STYPEIMIGI . tttttttttttaaaaaataaauutetaeeeaaetaaeaasaaaasatteeeeeeaaaaaeasaaaasssbeeseeeeaaaeaesssaansssbaneeeaeaaasessanannns 247
17.4.3Modifying SWIG behaViomUSINOLYDEIMIAS .. . ceeuueterinieeeteeeeeteesesieeseta e eeaaeeeaaeesetasesattessansereteeeretsessnaerees 247

AR Y Lo 1) AN a1 1Y O o NV (=T 1 10| Lo A1) TR 248

17.5.1Creatingsymbolsin theliSp ENVIFONMENL.........coiii it e e e e e e e e e e e e e s e b e eeeeaeaeeas 248
17.5.2Existingidentifier-conVertefUNCLIONS..........c.uuuiiiiiie et e e e e e e e e e e s e st eeeaeeaeeeeeaannnes 248
17.5.2. 1identifier-CONVEIT-NUIL........ccoeieiie ettt e e e e e et e e e e e e et e e e e e s esbb s e e e eesraaeeeesesranns 248
17.5.2.2identifier-CONVEIt-lISPIfY........u ittt e e e e e e e e e e e e e e e e e e e annnane 248
17.5.2.3Defaultidentifier t0 SYMBDOICONVEISIONS. ......oiiiiiiiiiieiiie e e e ettt e e e e e e e e et e e e e e e e e e e e e annnreeeeeeeeas 248
17.5.3Defining your OWN ideNtifier-CONMVEITEE ... .uu ittt e e e e e e e et e e e e ae e e e e e aannnbnbaeeeeeas 248
17.5.4InstructingSWIG to usea particularidentifier-CoONVEIEL...........ooiiiiiiiieiii e 249

RSN VAT A L= a T O T 2
I T Yo 0 o oY T 2k
18.2Differencesto the JAVAMOUUIE. ..........ouuiiir ittt e et e et e e et e e e et e e ea e e s et e e et s e eaaa e e sebaasesan s eesaansesenas 250

T OF N =\ PP PP UUTTPTPTPRN 2!
18.3.1The SWIG C AITAYSIDIAIY. .. ..ce ettt ettt e e e e e e e e e s bbbt e et e e e e e e e eesannnbstaeeeaaaaaaeaens 254
18.3.2ManagedarraysusingP/Invokedefaultarraymarshalling..........cooueriiiiiiiiiiiiiieiee e 254
18.3.3ManagedarraySUSINODINIING .. ..eeeteeeeeeeiieeeteeieeeaeeaeeasasaaataeeeeeeeaaaaeeasaaasnsbssaeeeaaaaeaesaaasnsaseseeeaeaaaeesssannsnsensneees 256

S O o Col=T o) o] 1 PO PPRPRTT 25
18.4.1C# exceptionexampleusing" " CheCK tYDEIMAND . ... .uveiiriee ettt e e e e e e s e st eeeeaeeeeeeeannnnes 258
18.4.2C# exceptioneXampleUSINGYOEXCEPLION. ... .uuueteiieeee ettt e e e e e e e e e e ettt eeeeaeaeeasaaaanebeeeeeeeaeaeeesaaannneeneees 259
18.4.3C# exceptionexampleusingeXxceptionsPeCifiCatioNS............uveiiieieiiiiiiiiiiiie e 260
18.4.4CustomC# ApplicatioNEXCEPHIOMBXAMPIE .....iiii ittt e e e e e e e e s e e e e e e e e e e e e annnenbneeeeeas 261

RIS Y OF B (=T o1 (o) ¢ PO RPPPPPR 2€
SRS TN B [ =T ol (o] £SToN =T 0] o= TS PPPRT 26:
18.5.2DireCtOrSimMPIEMENTALION. ... .uueiiieiieee ettt e e e e ettt e e e e e e s e e e bee bt et e e aeeeeessantnbbeseeeeeeeeeeeaannnneneeeees 264
R TSI BT =Tod (0] o= NV =T=1 A= RPN 26¢

ST O Y] 0T 00 T=T 0 o es 1101 0] [ TP PPPPRRPR 267



SWIG-2.0 Documentation

Table of Contents

18 SWIG and C#

18.6.1Memorymanagemenivhenreturningreference$o membewariables.............ccocveiiiiiiiiiiiiiiies 267
18.6.2Memorymanagemertor objectspassed the CH+IaYEI. ... ...t 268
18.6.3Datemarshallinqusingthe csintypemapandassociate@ttributes............cuuvueeiiiiiii e 270
18.6.4A dateexampledemonstratingnarshallingof C#properties.........ccuvevieiiirieeeiie e 273
18.6.5Turningwrappedclassesnto PArtial CIASSES .....c.uuuueriiiiieie ettt e e e e ettt e e e e e e e e e e bbb e e eaaaeeaeaann 274
18.6.6Extendingproxy classesvith additioNalCH COUR.........iiiiiiiiiiiiiie e e e e e 275
18.6.7UNderlyingtyPefor ENUMS. .....coii ittt ettt et e e e e e e e sttt e et e e e e e e e ee e nnnbebaeeeaaaaeeeaeas 276

MR XYV (= aTo O o113 =T T 2
RS = [T T = T TP 27

19.1.1RUNNINGSWIG N C MO ... ee e e ettt e e e e e ettt e et e e e e e e s e e et ettt et e e aeee e e e s sbebbsseeeeeaaeeeesaaannsbsbaeeeaaaaaaaaans 277
19.1.2RUNNINGSWIG N Gt MOAE ... tteteiiieeie e e e e ettt e e e e e e e e e s ettt e e e e e e e e e s aaannsbbbbeeeeeeaeeeeaeaaansssbanneaeaaaaeaesaaannns 278
e I Ofo o =] CT=T 01T = L1 o ) o RPN 27
19.2. 1NAMINGCONVEINTIONS. ..ottt eeeiie ittt ettt e e e e e e e s e e e teeteeeeeeaaaeaasaaaseebeeaeeeeeaaeeeaesaasesebeseeeaaaaeeeeseaannsssbanseeeaaaaasesaaannns 278
S T2 Y, oo 11 1 =T POPRRPPRPR 27
19.2.3CoNStANtRNAVANADIES........ovviieieeeeie ettt e e e ettt ee e e e e e e et e e e e e e s e st e e e e e e asba s eeseestanaeeeeeesnranes 278
e T | TN o od 10 1RO 27

S 2 (ot = o) 1o 1 TP USRS 27
SRS I T YO 1 ST PPEPPRPR 2
R Vo 1= PR STPPRR 2

19.4.1 Staticbinaryor sharedibrary linked at COMPIIELIME...........uueiiiiiiiieiiiiie e 280

19.4.2Building chickeneXteNSIOHIDIAIES. ......ciiiiiieiieeieeee e ettt e e e e e e ettt e e e e e e e e e e e e nanbbe b e e eeeaaeeeeeeannnneeeeees 280

19.4.3Linking multiple SWIG moduleswith TINYCLOS ... .. ittt e e e e e e e e e et e e e eeeaeaeas 281
S IV 7=T010 =T o S S PP PP UUPPT TP 2
e Y o101 (=) TP {

S K CT: T o= Vo T oo | =Tk 1o T o TS PEPRPRRTR 28
19.7UnsupportedeatureaNdKNOWN PIODIEIMIS ........iviiiiiie ettt e e e e e e e e et e et e e e e e e e s e sannebe b e e e e e aaeaeeesaaannneeneeees 282

19.7.1TinyCLOS problemswith ChiCKeNVErSIONK= 1.92. ... .uuuiiiiiiiiiieeeiie ittt e e e e e e e e e e e e e e e e s anneeeeeeeeeeas 282

QSN AY A [ I= T o Vo 1 T 2
2 O I a1 oY 10 Tt 10 TR 2¢
A A Ofa] a ] aT=Tal0 [1ATN10LYL0]07= 11101 DT 284

ARSI Y] 0= 110 F= oL S TP TRRRPP 2!
20.3.1CH<->D NAMECOMPAIISON. ... tttttttteteeaeeetaaatetteaeeeaaaaaaaasaaanneeeeeeeeaaaaaasasaasastesseaeeaaaeaessaaasssbssseeeeeaeeessesaanssnsenes 285

AR I oY oL 10 0107 0 TSI o | Y7 o= SRR 285
A RCTRC] Ko 101 Mo [1¢=Tox o) a1 o [1(=T01 (0] (0] | ST 285

AORCR: Yo [T Mo [o]01 0o o [T=Yo (o] d1a 1o [0 [1(=To1 (] (01U ) Fu ST 286

AR R 1Y LYol A T=To] YA 01T A= L RSP PERRRPRRRIN: 28¢€
20.3.6C00EIN ECHONMEYPEIMIADS. + .+t tteteeeetetiiittttetetetteaeaeasaaaebeteeeeaaaaaaaaasaaassetbeseeetaaaaeeasaaansssbeeeeeaeaeeeseaaaannnnssseeeeaaaeans 286
20.3.7SpECIalVArIabIEMEACIOS. ...ttt e e e e e e e e e ettt ettt e e ee e e e e e aanebebbeaeeeeaaeeeeaaaannnbbbaeeeeaaaeeeeaeannnane 287
A S (=Y: 11U (- PPNt 2
A oY ol =10 10 PP :

A C] B (o] o 1T 0 U EPRTRRT 2¢
QA D B 1 (=To3 (0] =TT 2¢

QR T @ 1 AT Y= LU (= TN 2€

20.8.1ExtendedhamesSPaCBUPDOMNSPACE. . .. vteeeeeetiaauitteteeereeteeeaeesaanaateeeeeeeaaeeeeaaaaansasbeeeeeeaeaeeeesaaanntnseneeeaaaaaeaens 290
ARSI N P VA=Y o Yo (Y ST U o] o Yo« R ER PR SRSP 290
ARSI T@] oTY =1 o] (01Y/=T0 (o -V |10 o TR PRPEPPRT 291
20.8. 4R UNNINGEINEEEST-SUILE. ... oot e ittt ettt e e e e ettt ettt e e e e e e e e s e s bbb e et e e eeaaaeaesssannsbsbneeeaaaaaeeessaannnns 291
20.9D TYPEMAPEXAMPIES. ... teeeeeiiieeee ettt et e e e et e e ettt te et eeeeaeeesaa e e atb e et e e eeaeaeeeaeaansbebeeeeeeeaeeeeesaaansnbbsseeeaeaaeeeeaeaannnne 29:
20.10Work in progressandplannEdiEaUIES .. ... .uuueieeiiieee e ittt e e e e e e e ettt e et e e e e e e aa e e e ba e b e eeeaaeeeeeeaaannbarereeeaaaaans 291




SWIG-2.0 Documentation

Table of Contents

A VA [ CI= 1T o TR 2
A I @ Y=Y VA2 OO PPUPN 2!
21.2RUNNINGSWIG WITN GO eieiieeei ettt ettt e oottt et e e e e e e e e e s e be e bt e et e eaeeesa e e nnbbtbeaeeeeeeaeeesaannnnsbeeneees 29:

21.2.1Additional ComMMaNAINEDPIIONS ... ..uueeieiiieieeeeie ettt e et e e e e e e e e e ettt eeeeaeeeaaasaasanbaeeeeaeeaaeeesasannnnsbeneeeeaaaaeans 292
A €10 X O 10 11 01U 1 [ SRRSO 29:
21.3A tour Of DASICC/CHHWIAPPDING: ..o etetteeeeeeeeee e e e e e aeeteteeeeeeeeeaeaasaaaannbeeaeeeeeaaaeeaasaannssbeseeeeeeaaaeesaaannntsnbeneeaeaaaeaessannnnes 293
A R T K ol = (ol =T [ N - T T ST SPPRPRTT 29z
A R I €10 Y A\ F= 1 41 SO PPP SR PPRTRN 29
A TR ] o Y O] 1151 =1 0| TP SRR PSSRUPS 29
A R L oY = o100 1<) = L0 0 LY SO 29/
A IR Y o N O = Y= USSR EPPPURN 29
21.3.5.1G0 ClaSSINNEILANCE . ......uueieeeieii ettt e e et e e e e et e e e e e s eeb e e eeeesssbaseeseesban e seessssbanaeeeensnes 294
A R ST o =T 0] 0] = [ PR U 29
A R I A oY B 1 (ol (0] O = YT L NPT 29/

21.3.8Default GO primitive tyPE MEAPDINGS. .« eeeeeeeeeieeaeitetie et et e e e e e e e ettt te e et e eeeaaeeesaaaasbebbeaeeaeaaeeaesaaannrbsaneeeaaaaeasaeaanns 295

VL [ CI= 1 aTo K 11O UPPR 2
P2 Y/ LY=L T e To ) 1Y (o o (UL P UERRPTR 29
22.2USINGtNe SCM OF GH GUIIB AP ... ettt ettt e e e e e e e e e sttt e et e e e e e e s aaans s bbebeeeeeaaaeeeseaannnnnteneeeeas 296
PR ] - T =PRI 2

R T S 10 o] 1= I - Vo T T PPRUPRTRRN 29
AR B o 11T\ < I 0= Lo [ R T RSO PPI 29¢
22.3.3Native GUIIE MOAUIE LINKBGE. . ... vuteeeeeiieeeeee ittt e e e e e e e e ettt e e ee e e e e s s s e ae bt e e e eaeaaeeesaaanntssbneeeeaaaaesesaaannnn 298
22.3.401d Auto-LoadingGuile MOAUIE LINKAGE. ... ...ceeieiiiititieeie ettt e e e e e e ettt e e e e e e e s e s snnneb e aeeeeaaaeeeas 298
AR T m (0] o] o T1 22 1 ] ] = o = ST PO P PRPRTT 29¢
A 18 e [T ST oo (< o) (o |11 o PP PR 29!
A AN Y] 01T 11012 o1 ST TRRPPP 2!
22.6 Representationf POINTEISASSIMODIS. .......iiiiiiiii ettt e e e e e e e ettt e e e e e e e e e e s s bbb be et e e eeaaeeaeaaannnbnnneeeeaaaeens 300
T €] = ST 1110 o1 EUPPUPIN 30
A I A OV 1T 1110 oL PTSR 30
A RS 1€V o= o < 9o (Yo 1o ] NP PRPRPRRR: 30C
AR A = Col=] 01 1[0 ] ] -V a T | o TP PR 30
22.8ProCedUIBIOCUMIEINTALION. ......uvuuieeiieiiiee e e ettt e e e e ettt e e e e e eet et e e e e e eeta e teeeeeetaa s eeesasbaa e eeeesss b s eesesssanaaeesssstansaneseernen 301
22,9 PrOCEAUIEBVIEN SEILEIS. .. .civutuieieeiieiiiee e ettt ettt e e e e ettt e e e e e eett e e e e e e e aata s e e e s e e baa e eeesesbaan e eeeesssaseeesesbanaaeeessnranes 30:
22. 100G OOP SPIOXY ClASSES . tttttttttetaeaataiaeattittttetataaaaaasaaaaatteteeeeeetaaeasaaaasseteseeeaeaaaeaesaaaasnsesbeseeeaaaaeessaaansnsbssneeeaaaaeeesaaannns 30!
22. 10 INAMINGISSUES ...ttt etiiittteite et e e e e e e e et e bttt e e et e eeaaaaaaaa e s et beee et eeeaeeeeaaaanneebae e eeeeeeeeeeeaaansssbeeeeeeeaaeeeeseaannsbnbneseeaeaens 30:
2 1 O 1< T PSRRI 30

IV [ CIF= 1aTo [N F V7= SO PRTORRRt 3
A T @ Y=Y A= S PUPN 3
AT o (= 1100110 =V OO 3(

23.2. LRUNNMINGSWVIG ...t teeeeeetee e ettt e e e e oo oottt ettt e e e e e e s e e s ant et be e eeeeeaaeeeesa e s s ebeteeeeeaeaeeeeesaannnnbbsseeeaaaaeaesasannnnnne 30¢
23.2.2Additional ComMMaNAINEDPIIONS ... ..uueeiieiieeeeee ittt e e e e e e e e e e et eeeeaeeeaaaaaansbbeeaeeaeeaaeeesasaaansnsbenneeeaaaaeans 309
23.2.3Gettingthe rght NEAAEHKIIES ... .ceiiiieeeei ettt et e e e e e e s e s ettt e e e e e e e e e e e e annneereees 309
23.2.4CompilingadyNamiCMOAUIE. .........eeiiiiieeee ittt e e e e ettt e e et e e e e e e s e s aebbeeeeeeeeaaeaesaaannnbssbneeeeaaaaeeesaaannnns 309
23.2.5USINGYOUIMOAUIE. .....ceeeeeee ettt e e e e e e ettt et e ee e e e s e s e bte b et et e e eaeee s e s e nesbteeeeeeaaaeeesaaansnsbssseeeaaaaeeeaesannnnne 31C
23.2.6DYNamMICHINKING PrODIEIMIS . ... eiiiiiiee ittt ettt et e e e e e e e e ettt et e e eeeeae s s nsaebe s e e e eaaaaeeeseaannnnnneeneeeas 310
23.2.7CompilationproblemsandcompilingWiIth Cr....ciivuiiiei i e e e e et e e e e s snbraeee e 311
ATV R <] 21 1o [T aTo o IAYAT 0 Te (o TV SR PRPPRRR 312
23.2.8.1RUNNINGSWIG from VISUAISTUIO. .....ccoieiiiiiiieiie ettt e e e e e e e s et eeeaeaee s 312
23.2.8. 2USINANIMAKE ...ttt ettt e e e e e e e e e et bttt ettt e eeeeeeeaaaa e e b ee bt e eeeeae e e e e e e nEaebeeeeaaaeeeeeeaaannnreereees 312
23.3A tour Of DASICC/CH+WIAPDPING: .1ttt tivtreeeeeitteeeeeastteeeee s tteeeessastaeaeesastaeeaessasteaeeeaastsseeesasbereeeaassseeeesassseeeessssseeeeesnssens 313
23.3.1Modules packagefindgeneratedaVaClasSSES .. .. .. v it e e e e e e e e e e 313
A TR I U (o3 10 ] T PPN 31



SWIG-2.0 Documentation

Table of Contents

23 SWIG and Java
AR T €] o] o= | AV Z= T =1 o] [T OO 31«
A R I L OL0] 4151 v= |1 KPS 31
AR Y =l 410 [0 1 T=T =110 0 TSP 31

23.3.5. JANONYIMIOUSEIUIIS. oottt eeeeeeeeetetetteeeeeeeeaseesbababaea oo s oo oo e 42 e a2 e e e e e eeeaeeeeteeeaeaseesesbebe b aba e e e e e e e e e e eaaeaaaaaeas 317
23.3.5. 2TYPESAIEENUIMS. ...ttt ettt e e e e e e e ettt ettt e e e e e e e e e nne b ettt e e e e e e e e e e e e e nbabbeeeeeaaeaeaens 317
23.3.5.3PIOPEIJAVAEIIUITIS. ....cetetitieiiettttttttttata o e o e e e e e e e e aaeaaaaaeaeeeeeeeeseasbebebbbb s a e £ a4 e oo e e e eeeaeaeaeaeeeeeeesenssnnbnnes 318
23.3.5. 4TYPEUNSAIEENUIMIS. ...ttt e e e e e ettt e e e e e e e e s et abbb e eeeeeeaaaeeeasaannsnsbeneeeeaaaeaeeaaaanne 319

AT BT o 11001 o) (=TT 018 00T R TSSO 316
PRI o] o 11 (=Y T 31

BTG A (11103 (U N 32
AR IR ] O o] F= 1YY L= Y 32
RN L O 18] 1<) 17=1 1101 < T 32:

23.3.10Pointersreferencesarraysandpassy VAIUE. ........cooiii i e e e e e et eeeeae e e e e e annnennes 323
23.3. L0, INUI POINEEIS .. tttteeeeeeeee e e e et ettt e e e e e e e e s e ettt ittt et e e aeeeaeeaanneatbe e et e e eeaaeeesaaannnbebteeeeeaaeaeaesaaannnsbssnneeeeaaens 32¢
23.3.11C++ 0VErIOAUEAUNCLIONS. .....ovvuiieeeieite et e ettt e e ettt e e e e et e e e e e et eeeeesee b e eeeeessbanseeseestanaaeessestansaeeeeesnes 324
AT TN 2 O o [ 7= LU ]| =V o 1800 T= 01 PSRRI 325
A TS T R Ol =V 11T 01 (o] 1 TP PPPTPPPTUPPROPIN 32°F
AT TN O (Y 1410 ] = () YR PPRRPPTRRN 32
A TR T S O T 1 =111 01101 (=1 £ PSSP 326
23.4Furtherdetailson the geNerate@aVaCIBSSES. ... .cuuiee ittt et e e e e e e ettt et e e e e e e e s e s e nbab e e eeaeaeaeeeas 327
23.4.1TheinterMEIArYIINT CIASS . .. . eiiiii e ettt e ettt et et e e e e e e e e e aae e ettt et e e eeeeaesaanasbbeseeeeeaaeeeeseaannnsnneeeeeens 327
23.4.1.1TheintermediaryJNI CIaSSPIAGMAS. ... uuuuueeteeieeeeeeiaaiitieeieeeeeeaeeeaasaabetbeeeeaeaaaeeeaaaaannrassreeaeaaaaaeseaannnnnes 329
23.4.2The JaVaAmMOUUIECIASS. ......cvuteiieeieete e ettt e ettt e e e et ettt e e e e e e aa bt e e e e eesaa e e eessesban e eeesssaban s eeeseesabanaeeesestannnnns 329
23.4.2.1The JavamOdUulECIaSSPIAGMEAS. .. ...eeeiuurreeieeteeeee e e e e e aetetbeeeeeeaeaeaaaaaassebeaeeeeeaaaeeesaaaanntssseeeeeeaeeesesannnnes 330
A R N o \VZ: 0110 ) AV o F= 1SS o TP RR 33(

23.4.3. 1MEMONY MANAUEIMIEIAL . ...ttt e et e e e e e e e e ettt eeee e et tebebe bbb e o e oo o oo e e e e e e e eeaaaeeeaeeeeeeaesebnbsbebbbbann e ae e e as 331
A I 0] AT=T 1 =Y A1 = TR 330

23.4.5. 1 TYPESAIEENUMICIASSES. ... . ttttteeetee e e e e e ettt et e e e e e e e e ettt et eeee e e s e e s ntbe b e et e e aeeeeeeeaannnsnbsnneeeeaaaeeeaaaannn 339

23.4.5.2Pr0PEIJAVAENUMICIASSES. ... eteeeiieieeeeieieitttte ettt e e e e e e e e e s bttt eeeeaaaee s e s s s nbasteeeeeeaaaeaessaannsbssneeeaaaaeaesesanns 340

23.4.5.3TYPEUNSAfEENUMCIASSES. ...ci e e ittt ettt e e e e e e ettt e e e e e e e e e s e nbebbe et e eeaaaeeeeaeannnenneees 341
23.5CrosslanguageolymMorphiSMUSINGAINECIONS. ... .uuueieiiieeee e i ittt eeeeee e e e e e sttt e e e e eeeeeeesaaannnbeeeeeeeeaaeeesasannnnenreeeeeeas 341

AT = g F= o] T T o [T (Yo () PP SR TR 34
A RN B (=01 (] i = 1T TSR 34:

AR NCI O V/<T daT<F=Te s alo [o]0Ye 1) o (o= | ST 342

AR ST 100 o [=To [T =To (0] 6Tt e= 11 1] ][ SRS PEPRRRTR 342
23.5.5DIrECtONtNIEAGINUSSUES. ... eetiiieeeie ittt ettt e e e e e e e e ettt et e e e e e e s aaaneebbe e et e eeeaeeeaeeaannnbsbeeeeeeeaeeeeeaaaannnbeebeeeaaaaeans 343
A Y A ool SIS0 o] (0 10T oA (=T0 00 1=T00] 0 1<) 1o PP PRRRP 343
I ©0]1111110]0 01011 (0] 10174V 1 [0 8 (Y= 110 | (=< T UPROORRPN 344

23.7. 1C/CH+NEIPEIMUNCHIONS. ...ttt ettt e e e e e e e e e ettt et e e eaee e s e s nebe e e et eeeaaaeeesaansnbbsaeeeeaaaeeesasannnnnnes 345
23.7.2C1asseXteNSIONNVITN YOEXIENM. .......e ittt e ettt e e e et e e e e e e e ea b e e e e e e e sab e e e s eesban e eeesessranaaeeeees 345
23.7.3Exceptionhandlingwith %exceptiorNd%jaVaeXCePLION. .......uuuuiiiie ettt it e e e e e e e e e re e e e e e e e e e eeenenes 346
23.7.4Methodaccesavith %javamethodmMOIfIEES.........iii it e e e as 348
AR S I o 1SX= a0 L (=Tod 0 0 10 U 1= PP PRT PP 34
23.8.1Inputandoutputparametersisingprimitive pointersandreferences...........occvvvviiieeiiiee e 348
AR S IS 1101 o] [=T 0 To 10 (=T TR PPRUPRTRR 34!
23.8.3WrappingC arraySWith JAVEBITAYS. ... ...ueteieeeeeeiaaaiitieteeeeaaae e e s e s aettebeeeteeaaeeaaasaanesbeeeeeeeaaaaeesaaannnrssaeeeaaaaeaesaann 350
AR T L] oo U T <Y N o =\ U PUPERPRRR 351
23.8.5BiINAIY AAtAVS STINOS .. e ee et i ittt ittt e e e e e e e e ettt ettt e e ee e e s e s aa s batbeeeeeeaeaeeeaaeaanseebeeeeeaeaaaeaesasaannsssbeeeeaaaaaesessannnnns 352



SWIG-2.0 Documentation

Table of Contents
23 SWIG and Java

AT O Y] 01T 1T 10 = 0] o] 1= PSPPI 36
23.10.1SimplerJavaenumsfor enumMSNVIthOULINIEIANZEIS.........oooeiiiieieeeee e e e e 367
23.10.2HandlingC++ exceptionspecificationssS JAVAEXCEPLIONS. ... .uvurrrrireeeeeeieiiiiiiieieeeeee e e e e e e e reeeeaaeeeaeaanns 368
23.10.3NaN Exception- exceptionhandlingfor a partiCulantype...........coooiiiiiiiiiiiiieeee e 369
23.10.4ConvertingJavaStringarraystO CRA™ ™ ... ..ot e e e e e e e e e e eeaaaaeeeas 371
23.10.5Expandinga Javaobjectto MUltiple argUMENES. ... ...uuuiiiiiiiee ettt et e e e e e e e e e s e annebeeeeeeeeaeeas 373
23.10.6Usingtypemapg0 retUINMAIGQUMIENES .. ..ueeeieeeee e e ietitieeeeeeeeeeeeesaaaaenbesseeeeeeaeeesaaannteebeeeeeaeeeeesssaannnrssneeeeaaeaens 373
23.10.7Adding Javadowncastdo polymorphiCretUrNtyPES .. ....oo it e e e e e e e e e 375
23.10.8Adding anequalsmethodto the JAVACIASSES ......ccoi ittt e e e e e 378
23.10.9Void pointersanda commONJaVaDASECIASS. ......ceeiiiiiiiiiiiii e e e e ettt e e e e e e e e e e e e e e e 378
AT O B0 S 8oy d oo T (=T o o0 111 = AU RPN 379
23.10.11Memorymanagemenivhenreturningreference$o membewariables............cccccveeiiiiiiiiiiiiiies 381
23.10.12Memorymanagementor objectspassedo the CH+1AYEI........cuii it 382
23.10.13Datemarshallingusingthejavaintypemapandassociate@ttribUtes...........eevveieeeiiiiiiiiiiiiiiieeeee e 383

23.11LIVING WIth JAVADIIECIOIS. ... .tteeteiteeeeee i ittt et e e e e e e e e ettt ettt e e e e e e e e sa s e nbete e e e e eeeeaeeeeaaannsbeteeeeeeaaeeeeesannsnbbsseeaaaaaaens 38E
A T A @ Lo o [t Y o [T 0T TR 38

P T A N = V7= 1 o T oo ] 1] 11T 1T 387

23.12.2FunctionalinterfacewithOUt ProXY CIASSES. .. ..cciiiiiiiiiiiiie ittt e e e e e e e e e e e e s e e eeeeeeeas 388
23.12.3UsiNgYOour OWN INTFUNCHIONS ...ttt ettt ettt e e e e e e s e s e bbbt e e e e e e e e e s e e annnbneeeeeeeas 389
23.12.4PerformanC@ONCEINSANGANINTS. ......uuuuiiiiiiiiiie e eeeetee e e et e e e e ettt e e e e eessa e e e e et ee st e eeesessbanseeeseerarnaeeesesranns 389
AT 2R B 1Y o 10 o o o RPN 39
AT S 1 = 1010111 TR PPPEPPPPR 3

P ] O I 1] PP PP PO PPPPPPPPPRPRPPPP 3

24.3.1Additional ComMMAaNAINEDPIIONS ... ..uueeiiiiieeee ettt e e e e e e e e e ettt e e e e aeeeeaasaanabbaeeeeaeeaaeeesasannnnsbeneeeeaaaaeens 398

24.3.2DetailSON CLISP DINAINGS. . +.tteettttieeeieiiitttiee et e e e e e e e ettt e et e e e e e s s s e aaa b ettt e et eeaeeeaesaansesbeseeeeeaaeeeesaaannennesneees 399
N T 4

SN AT A [Tz T Lo [ U - T 4
AT N (S LR TR =TT TR 4(

25 . 2 RUNNMINGSWVIG . oottt oottt et e e e e oo e e ettt bttt et e e e e e e e sa e s s e betteeeeeeaee e e e e e nna b beeeeeeeeaeeeeeeaannnnbbeneeeeaaaeeeaaaann 40
25.2.1CompilingandLinking @ndINtErPIEIEL. ... ..eiiiieiiieeee e ettt e e e e e e e e ettt e e e e e e e e e s aaaanbbeaeeaeeeaeaeeaesannnnnes 402
25.2.2CompilingadyNamiCMOAUIE. .........ueiiiiiieee ettt e e e e e ettt e e e ee e e e e s sa s e bbete et eaeaaeeesaaannnbssbneeeeaaaaeeesaannnne 403
25.2.3USINGYOUIMOAUIE. ... eeeeeeeeee ettt ettt e e e e e e e ettt ettt e ee e e e e e s et bebb et e eeeeeeeae e e nneabeeeeeeeeaaeeesaaansnsbsbeeeeaaaaeeesesannnnne 40/



SWIG-2.0 Documentation

Table of Contents

25 SWIG and Lua
25.3 A tour Of DASICC/CH+WIAPDPING: .1ttt tivteeeeeeittiteeeastteeeees s tteeeessastaeeeesastaeeaeaaasteaaeeaastseeeesasseeeeesassseeessassseeeessssseneeesnssees 404
oY T N1 o To [ 1 1= URPR 40
ST I U1 (o3 10 1= PRSP 40
AT T €] o] o= | AV T =1 o] (=TSRSS 40!
AR I L OL0 ] 41 7= 151 L0 [=) 01010 0 F PSRRI 406
AT oY o 1101 (=) £ T UUT S PPPRRR 4C
ARG I oI 11 (01 11 | (=Y PSPPSRI 40
AT B A 0% s ol I oYL= YOOI 40
AT R <] O 11101 117-1 o = DU PP ORR 40¢

25.3.9PointersreferencesyalueS NUaITAYS. ......cc..uuueiiiiieiee e ettt e e e e e e e e s s e atebbeeeeeaaeaeeeaaaasnsbeteeaeaaaaaeeseaannnenes 409
AR I N0 O o o)V <Yt (oY= Vo [0 U a 1o 110 ] T 410

AT T N (O 0] =T = (0] £ PSP PTTTTOTPTRR 41
25.3.12C1asSSEXIENSIONNITN YOEXEEINM. .. ..ueiiete ettt e e e et e et e e e e e et e e e et e e e s et e e s et e s saba e e saasesenneeenrass 413

AT TN G (O (Y1410 = (S YT PPPRPPPRRN 41
AT T O e ST 1 1= 1 01101 (=1 £ PSPPSR 414
A TN R O o= 0110 1 ST PPPRPRRRRT 41°
AN N Y] 01T 11 F= o L S TR TRRRPP 4

A B ST Lo LAY 1=y 0= oL SRRSO 41
A N Y 01T 10 Fo Y0 L0 F= U = LY TR PUPPRPRT 418
25.4.4Typemapsandpointer-pOiNtEIRUNCHIONS .........iii ittt e e e e e e e e et e e e e e e e e e e s aaannnbeaneeeeeaeens 419
AR AT 11T Yo Y 01T = P PEERPRR 42
25.5. 1 TYPEMAPS/OU CANWIILE. ... eeteeteeeeeeeee e e e e ettt et et e e ee e e s e s aastaeteeeeeeeeaeeaeaaasssbeeeeeeeeaeeeesesaannsssbeseeeeeaaeeesasannnnennnnes 420
ARSI A AV A [C R U T O N = PPN 42(
AN 1 AN LS (o] e V4= \i o] o) MY/ 10T o =T aTe 1 a1 I USRI 421
25.6.1Writing YOUF OWN CUSTONMIWIADDEIS ... teeteteteeeeeeiaauuttteteeeeaeaeaasaaasntesseeeeaeaaaassesaansstesseeaeaaaaessaaassssssneeeeeaaaesann 421
AT I Xo [0 [TaTo =T o u T a = | U - W oo Yo [ P EUPPRRP 421
25.7DetailSON the LUBDINAING. ... .iiei ettt e e oo e ettt et e e e e e e e e s s e nbbe bttt e e e eeeeeeesaannnsbaseeeeeaaaeeeeesannnnnne 427
25.7.1Binding globaldatainto the MOAUIE..............uuiiiiiieiee et e e e e e e e e e e e e e e e e annneeeeeees 422
25.7.2Userdat@BNAMETataIES ... ...ttt e e e et e e et et e et ae e aeraar s 423

25.7.3MEMOIY MANAUEIMIENL. ... ieeeeeeetietetette e oo e e e e e e e e e e e ee e et et eeaeeaeaebebe bbb s e o e oo oo oo a2 e e e e aeaeeeaeaeeeseassnsenbsbnbnnnn i ns 424

A IV [ CI= 1Yo 1Y oo [ 1= e TP 4;
A ST @ Y=Y VA -\ PSPPI 4

P2 ST I N o 1AY=L 1o o O PPPPIN 42

P T2 ©fo] 1 o3 o1 o TP PPPRRRPTR 4;

A I 101 (=) 0 7= (ol (0 N O 11 =1 1Y TSRS 426
ATV A 111=) 0 7= 0 (0N Ol 1] 0] 7= 1 L= SORRP 427

A ST ] (= 1100110 =V =T OO PPPO 47

P S T @011 o 11 Y PR 42
PASRSIV.Xo [o [1iToTa P K @foT a0 r-VaTe | ITaTS ©] o) iTo] TSRO PRPRR 427
A Y[ o [N T 1Y 01T 1= o PP PRSP 42
A T [ o TU 1 ST=TaTo [0 U o1 PSRRI 42¢
26.4.25Ubrange g NUMEIAtIONSSELS. .. oiiiii ittt ettt e e ettt e et e e e e e e s e ettt et e e e eeeaeeeeaeaasnabebaeeeeeeaeeeaesannnenreneeeeas 429
P 1@ ] o] = ox £ U EUR TR ORI 42
AN B 1 0] 0o S TP PP U PP PP 42
P ] (el =] 01 1[0 1L U PEURTRR 43
P o] = V1] o) = PRSP PPPRPPTRR 43
A RS Y (o1 (=T a1 a1 eSS (o aT=Yo =T 1= = Lo ) AP EEPRR T 431
26, 5. L BALUIES. . ..eee ittt e et e et it eeeeteeeetteettaeeeetaeeeeateetttaeattaeeettaaeaaaaaaets 43

A T = e |10 T2 TP 43
N ST A=) 1 =1 TR 4

Xiii



SWIG-2.0 Documentation

Table of Contents

A AV (I 1o Te B AT ol a1 L =T o = T 43;

27. 1 CreatiNONAtiVESITUCTUIES. ... ... eiiieeieeee ettt et e e e e e e e e e ettt et e e ee e e e e e aaanaaebeteeeeeeaaeaese s s nnbsbbeeeeeeeaaeeesaaannsbsbeeeaeaeaeaaaeas 432

A A1 o (=TS 14T o [ PR TP 43
AT o (=T =1 [0 (ool U aT< 0172 1 T4 W TR 43:

A I AV A [Tz T aTo @ 7= a1 T 4.
S T N (S LRI F= T TS 4z

28. 1. ARUNNMINGSWIG ...t eeiiteiee e e ettt e e ettt e e e ettt e e e s et b e e e e e satae e e e e st beeeeeeasteeeeeeaa s aeeeeeeasbaeeeeeantteeeeeeasbaeaeesansseaeeesassneeaenanes 43!
P T 2 @fo T 0] o1 TaTe 1o 1Y oo Yo [T SPPEPRPRRRRN: 43E
28.1.3TheCaAMIPAMOAUIE.......cei ittt e e e ettt e e e e e e s e ettt ettt e eeeee s e s e nantbeeeeeaeeaaaeesesannnssbnsseeeeaaaeeeaaaannnnnnes 43E
28.1.4USINGYOUIMOAUIE. .....ceeiiieeeeee ittt et e e e e e e e ettt ettt e e ae e e e e s s e etebbeeeeeaeeeeaesaaneabbeeeeeeeaaeeessaansnsbsbneeeaaaaeeaseaannnnne 43¢
28.1.5CompilationproblemsandcompilingWiIth Cr....ciiviiiiei i e e st e e e e s snbraeee e 436
28.2 The lOW-1EVEI O CAMI/CINIEITACE. ... cceeeeeriee e ettt et e et e e e e et e e e e e et e e e e s ee b e e eeeeesbaseeseesabaaaaeesessbanaaneeens 436

28.2.1Thegenerate@NOAUIE. ..........uu ittt e e e e e ettt et e e e e e e e e s e atbebeeeeeeaaaeeeesaasnsbeeaeeeeaeaeeesesannnnnnneneeees 437
A I A =1 410 11 11 SO PPRTRN 45
28.2.2. 1ENUMEYPINGIN OCAML. ... ittt e ettt e e e e e e ettt et e e e e e e e e s s nbbebe e e e eaaeeeeeeaaanssnbseneeeeaaaeaeaaaannn 438
A T AR N -\ T PP PP 45
28.2.3.1Simpletypesof DOUNAEMRITAYS.........ciiiiiiiiiieie ettt e e e et e et e e e e e e e e e s bt eeeeaeeeeeeeaannnnes 438
28.2.3.2ComplexandunbOUNAE@ITAYS  ........iiiuieiiiieeieeeee e e e e e aibeete e et aeeeeaaaaaeebbeeeeeeeaaaeeesasannbsseeeeeeeaeaesasaaannes 439
P IR TG 1S T =T Ko ] (Yo A EPRRP SRR 439
28.2.3.4Exampletypemapfor afunctiontakingfloat* andint..............oooieiiiiiiiiiiiii e 439
ST O o O F= 11T =Y U PTSRR 44
28.2.4.1STL vectorandStrNG EXAMIPIE. ... eeeieieeeeee ittt ettt et e e e e e e e s e et e e e e e aeeeeeesannbnbeeeeeeeaaaeaas 440
P T O O 1= 1SS = 1111 ][ TP PR TSR 441
28.2.4.3C0MPIlINGTNE EXAMIPIE ... ettt e e e e e e e e e ettt e e e e e e e e e e e e e e nnbbebe e e e aaaeaeeeeaaanne 441

I ST 1101 0] (YT (o TR 442
A IS B (=T o1 (] O P 1Ty YT 44;

A S IS T BT (=Yos (o) L1 i( Yo 18 o110 N 442

28.2.5.20verridingMethodsin OCAIMIL........oiiiiiiiiie et e e e e e e e e et eeeaeaeeeeeeeennnnereees 442
28.2.5.3DIreCtOrUSagEEXAIMPIE. ... ..ttt e e e e e e ettt e e e e e e e e e e e b e e e e et e e e e e e e e e e nnn e b e eaeaaaaeaaean 442
28.2.5.4CreatingdireCtOrODJECES. ...ttt e e ettt e e e e e ettt e e e e e e e e e e e e b et e e e e e e e e e e e e annn e e raeaaaaeaae s 443
28.2.5.5Typemapdor directorsdirectorin,directorout direCtorargouL ..........eeeveieeeres i e e 444
A I RS o o L1 (=To (o] 10101 1= AT o SRR 444
A I RS (o [ (=To (o] (0101 18YA 0 1=T0 071 o PSRRI 444
ATV RS R S o [[(=Toio] v 1o (0101 Y 1<) 1A= 8 N PRSP PURPRRTR 444
P T 6] (el =] 01 1[0 L U PEURPRR 44

A I AV A [Tz T aTo @ o1 v= Y/ T 4.
A T (S LRI F= T TS TR 4/

A I U T 1010 1A U PEPRRPRPR 44
29.2.1CompilingadyNamiCMOAUIE. ........uueiiiiieeee ettt e e e e e ettt e e ee e e e e s sa s e bbee e e e eaeaaeeesaaannnbssbneeeeeaaaeaesaannnnns 446
29.2.2USINGYOUIMOAUIE. .....eeeeeeeeeeee ettt et e e e e e e e ettt ettt e e ae e e e s s s e e bebeeeeeeeeeeeaesaanesbeseeeeeeaaeeessaansnsbsbeeeeeaaaeeaseaannnnne 44¢

29.3A tour Of DASICC/CH+WIAPDPING: ..ttt etivtreteeeetteeeeeeiteeeeesatteeeeassstaeeeesastaeeaeasssberaeeaastaseeesasteeaesaassseeessassseeeessssseneeesnssees 446
A I 1Y, o Yo V][RR 44

A R I U1 o3 10 1RO 44
A R RC] €] o] o T 1AV T =1 o] (=TSR 44
29.3.4C0ONSIANTEINTENUITIS .. .uuuieeieeiti et e ettt et e eeeeeta e eeeesestt s eeeee e sttt eeesestaaaaeeessstansaesesssaaaaeessstsanaeessesstnnsaeesenranns 448
A R I SY o101 (=] £ TS PURPORRR 4/
29.3. 6 IUCTUNE AN CH1 ClaSSES ..ttt i iiiiitiie e e ettt et e ettt e e e et et e e e e e e e et e e e e e e e s ta s e e e e e s taa s eeeessban e eeseesabanaeesesrannnnns 449
A R I A 0% 1] 01 117-1 o TP 45’
A RO R <1 0% o 0)V/=) 1 [oF=Te [=Yo i U] o 10) 0 OO 451

A R I [0 ] 01T = 10 ] T TP RRUPURRPP 45
29.3.10CI1aSSEXIENSIONNITN YOEXEENM. .. ..ee ittt e ettt et e et e et e et e e e e e e et e e e et s e e e et e s s et e s seba e e saaneesasaeeenrass 452

AT T O (T 410 = (S T PPRRPRTRRN 45;



SWIG-2.0 Documentation

Table of Contents

29 SWIG and Octave
A R T O ST 1 1=V 11 01101 (=1 £ PSPPSR 454
29.3.13Directors(calling OCtaVeffOM CH+ COAR) .. uuuurriiiiieaeeiiii ittt e e e e e e e ettt e e e e e e e e e s e s s bbb e eeeeeeaaeeeeaaaannnne 454
A R T I 1 a1 (=Y= (6 £ TP 45
A RS T RV [T aaTo] A VA a =T a = To =T 00 ]= ) AT SRSRURR 455
A TS T G I ST U o) oY o SRR TR 45
A TR T Y oD Y 6T 0= L PSRRI 45¢

I IV [Tz T aTe =T o 5 T 4
O R @ LYY= ST 4!
O A o (= [T TR =TT T 4r

30.2.1Gettingthe rght NEAAEHKIIES ... .ceiiiiieee et e e e e e e e s e e e bttt e e e e e e e e e e e e annneereees 458
30.2.2CompiliNgadyNamiCMOAUIE. .........ueiiiiii ettt e e e e e ettt e e e e e e e e s sa e aeebeeeeeeaeaaeeesaaannnbssbneeeeeaaaeaesaannnnns 458
30.2.3Building adynamicmodulewith MaKeMAaKEE.............ccueiiiiiiiiieee ettt e e e e e e e e e 459
30.2.4Building @ StatiCVerSIONOT PEFL.........eeiiiiiiie et e e e e e e e e e s et re e e e e aeeeaeaaan 459
30.2.5USINGINEIMOAUIE. ...ttt e e e e e e e ettt et e e e e e e e e s e s e etb e te et eeaeeeeeaeaannbnbeeereaaaaaeeeaaaannn 46(
30.2.6CompilationproblemsandcompPiliNGWITN G .ooiiii i e e e e e e e e neeeeees 461
30.2.7Compilingfor 64-Dit PIAtIOIMIS. ......ei ittt e e e e e e s e bbb e e e e e e e e e e e e e nnnbneaeeeeeas 462
30.3Building PerlEXtenSioNSINAENVINAOWS. ......ceeiiiiiiiiiiieeteeae e e e e ettt e e eeeeeaesaaaannbesseeeeeaaeeeeasaaannssbeseeeeaaaaaessesannnrnes 463
30.3.1RUNNINGSWIG from DEVEIOPEISTUGIO. ... vvvveeeieeeeeeieiiitttiee et e e e e e e e ettt e e e e e e e e e s e et e e e e e e e e e e e e s e e annnebnbneeeeeas 463

T RS I 8 LS T To T ] (1T o] 0] o] =T o O PRPPRRR 463
1O N W A1) (o N R LSV M1 (=Y =Y o < 46¢

o] U o 1o T PRSPPI 46
O B €] o] o= | AV T =1 o] (=TSP ORR 46
IO e ] 0] 4151 v= 101 K PSPPSRI 46
O T o 101 (=] = T PPPRRR 4¢€
B0 IS 11 (o1 10 | (= PSPPSRI 46
O 1 O ol T oY = YOO 46
30.4.7C++ classeRNAYPE-CRECKING. ... ..iiiiiie ettt ettt e e et e e e et e e e e e sstbe e e e e e tbe e e e e e antaeeeeennnees 468
O ST O 01 V7= a [oF=Te [=Yo U] o3 (10 o OO 468
TR e (O] oT<] = Lo T TR PUPUPPURPRPRN 46
30.4.10MOdUIESANAPACKAGES. ..ottt et e e e e e ettt et e e e e e e s e e ettt et eeaaaeesaaansbe e e et e eeaaeeeeaaaannnbbbaeeeeeaaeeeeaeannnnnnes 469
30.51NPUL ANAOULPULDATAIMEIEES ....eee et ee ittt e e e e e e e e ettt ettt e e e e e e s e e ntbe ettt e eaeaaeaeaaassnbbeaeeeeaaaeeeseeannnsasbseeeeaaaaeeeesaannnns 470
T o] S ded=T 011 ] /= o |1 TP PPRRURR 47
30.7RemappinalatatyPeSVItN LYPEIMADS. .....cuvuuieieeeietiie i ee ettt e e et et e e e e e e e ee b e e e e eeaaa e seesees bt e eeeeesstaneaeeseesabaaaeesenraannnns 474
30.7.1A SIMPIEtYPEMAPEXAMPDIE ... ettt e ettt et e e e e e e e e e ea b be et e et e e aeeeese e e nnbebeeeeeeeaeeeee e e e e nnbrebeteaaaaeeeaaaan 474
BT Y 1 S 1Y 1= 1 7= o1 U PPRRPRPRRN 47!

TR Y 01T 00 F= Yo N V= o] (PP SOPRPRTT 47¢
A L8 Y 1 iU Lot 10 1< 471

30.8.3Returningvaluesfrom argUIMENTS. .. .. ... i ittt e e e e e et e e e e e e e e e e s e e a b b et e e eeeaaeeesasannnnsbeeeeeeaaeaeens 478
30.8.4ACCESSINAITAY SITUCIUNEMEIMIDBES. ...ttt e e e e ettt e e e e e e s e ettt e e eeee e e e s e nnntbeeeeeeeeaeeeeseaannsnnbeneeeeas 479
30.8.5TurningPerlreferenCesnto C POINIELS. ......cc.uuvieiiiiieiee e ettt e e e e e e e e et eeeeaeeeeesaaannbbeaeeeeaeaaaeeaeaaannnnes 480
TR S o] o101 (=Y 1 =TT |1 SRRSO 48
BTl 0V o = 1SS F U EPSRRRT 48
IO N d (=] 110 01T P 1RO 48
30.9.2StrUCtUrEANACIASSUWIAPPETS. ... eeeteeeeeee ettt e e e e e e e e e e e ettt et e e e ee e e e e s aaneatbe e e e e eeeaaeeeseaannebsbbeseeeeaeaeeesaaannsennnees 481
TS T ] o] =To (@1 1T ] 11 o PP UR TR 48:
BT NN 1=TS (= To @ o] [T ol £ T PRSPPI 48
TSR] 0 )tV U o1 T T TR 48:
0 o1 1] 1Y 1= 1o (o =SSP 48

30.9.7Modifying the ProXy METNOAS. ... ..ueeiiiiiie ettt e e e e e e sttt e e e e e e e e s e s e nbbebeeeeeeaaeeeeeaaannnes 485



SWIG-2.0 Documentation

Table of Contents

30 SWIG and Perl5
TR 0) Ao [ TaToTr=Te [o [T Te] o T | o=y o Koo Yo [ PR PPPPEPRPT 486

I S Y L= Lo [ PP TP PP PPPPRP P 4

O N N T =Y a1y o Ao o | S =T T L PRSPPI 487
31.1.1BUildiNG 8108daDIEEXIENSION ... uutiiiiiieee e ettt e e e e e e ettt e e ee e e e e e s e s ae ettt et e e e aaeee s e e e nbbrbeereeaaaeeeeeaaanne 488

O I 2 ST T | o | =T T T S SRR 488
N A S F- o (o] ad | md 101 (=1 7= 101 = TR 48

B 2 KO0 1 1] = 11 TN 48
N A €1 (0] o =Y AN 2= 1 A= o] [T TR 48
N A U o 10 F T 49

G 1@ LY /=T1 (o =V |10 e SRR 49
3.2, 5P 0INtEISANAREIEIENCES ... et ettt e et e et e et e e ettt eeea e e e e e e e et e e eata e e s aaae e s et eesaan s e s sansestaeesnnneees 490

31.2.7PHPPragmasStartupand ShUtdOWNCOTE ... ..uuuuueiiiieieeee i ittt ie et e e e e e e s ettt e eaeeaeaeeseaannnbebeeeeeeeaaeesesannnnes 494
RS @1 (o 1T P TaTo [0 F= Lo = o Yo VA0 L0 0] 1S o P PEURT TR 495
GRS I g = o) T T T [T (Yo (o PSR RRS 49¢
N IR I B [ (=Toa (0] ol = Fo 1Y =)= F PPN 49
CHIRSRST@NY aT=T 6]l 0=V aTo [o] o] [=Tod (o [S1S] 1 (8 [od 1T o FON PR SORPPRPRR 496
31.3.4EXCEPLONUNIOIING ... .ei e ettt ettt e e e e e e e e ettt et e e e e e e e e e e naatb et et e eeeeeaeesesannnbsbbsseeeeaaaeeeeaaannnnnnes 497
NIRRT O)V/=Tdal=Y: (e Va0 (oo )0 (<) o] (o F- | SRR 498

G G T O X Y/ 01T 1A= o T TSP SRURRPP 49
N IR I\ Tt =) | 2T T 0T U 49

ANV [ CI= 1 aTo I nd 1 (SO 4
T (=Y 1100110 =V =T OSSR A€

G I W T T 110 To 1YL U PPRRPRTRRN 49
32.1.2Gettingthe rght NEAAEKIIES ... .ceeiieiee ettt e e e e e e s e e ettt e e e e e e e e e e e e annneereees 499

I e 1 LS T To K0T 2T Yo [ = TSP PEPRPRRR: 50(

YA A o T S (o] O @8 ol Vi F= o o1 T PP PRURP TR 50(
YA 1Y, o Lo V][RR 50

A V| o1 10 ] 41 PPN 50
] €] o] o= | AV T =1 o] (=TT 50(
32.2.4CoNStantBNdENUMEIAEAYPES. .. .eiiiie ettt e e e ettt e e e e e e e e e e bbbt eeeeaeeeaesaaanenbbeseeeeeaaeeeeaeannnnenreees 501
RS 010 ] 4 1Y 11U (o110 ] > L0 | DTSy 110 o3 (0] = TP USRI 501
R I v= 1 1o 1V [T 10 1= T PPN 50:

RSN TAYA (= o N YA o o TP 5
I K@ LYY= ST 5(

I I o (= 1100110 =V =T OO 5(C
33.2. LRUNNMINGSWVIG ...ttt ittt e e e e ettt e e oo e e oottt ettt e e e e e e s e s s ant et be e eeeeeeaeeeesa e s s ebetbeeeeeeaeeeeesannnnsbbsseeeaaaaeaesaeaannnnnes 50:
ST ST T o [y (1 1] R PRR R SPOPPPPPRR 50
33.2.3Handcompilinga dynNamiCMOAUIE............uuuiiiiiiieeee ettt e e e e e e e e e s et e e e e eeaaeeeeeeaannnenbeeeeeeas 505
I 1S = LT 110141 T TR PPPPRPURPR 50
33.2.5USINGYOUIMOAUIE. ... ceeieeeeeee ettt e e e e e ettt e e e e e e s e sttt bb e et e e eeeeeaasaneebbs e e e eeaaaeeesaaansnsbsbneeeeaaaeeanesannnenes 507
33.2.6C0oMPIlatioNOf CH+ EXEENSIONS ..ottt e e e ettt e e e e e e e e e s e ae et e e et e aaeeesa s s nbsbaeeeeeeaaaeeesaaannnsrnreeeeeeas 508
33.2.7Compilingfor 64-Dit PIAtIOIMIS. ......ei ittt e e e e e e s ettt e e e e e e e e e e e e e e e eeeeas 509
33.2.8Building PythonEXtenSioNSINAENWINAOWS. ... ..uutiiiiiiiieeeee ettt et e e e e e e e e e s ettt e eeeaeeeesaaannnbbeaeeeeeaaaaeaasannns 509

33.3A tour Of DASICC/CH+WIAPDPING: ..ttt etivtreeeeeetteeeeeeitteteees s tteeeessastaeaeesastaeeaeaaasteeaeeaastseeeesasseeaesaassseeessasssseeessssseneessnssees 510
IR T 1Y, o Yo V][RR 51



SWIG-2.0 Documentation

Table of Contents

33 SWIG and Python
ISR I U o 110 1P 51

33.3.3GI0DAIVATIADIES. ......e ettt et et et e e e et a—a e e e e et e aeraa e e arrarr s 51:
33.3.4CONSIANTEINTENUITIS .. .uuueiiieiti et e ettt et e eeeeeta e eeeeses st s eeeeessaa s eeesestaaaaeesssstanseesesssaaaaeesssssanaeessesstansaeesenranns 512
I IR ST o 101 (=] =TT PPPRRRR 51
I R SIS 11 (o1 11| (=TSP 51
IR I 0% ol oYL YRR 51
IR R <1 O 1] 01 117-1 o =TSP ORR 51
33.3.9PointersreferenCesyalueS ANUAITAYS. ......cc.uuuueiieiieeee e ettt et e e e e e e s e s s abebbeeeeeeaaaeeesaaasnebesneeeaaaaeeeseaannnenes 517
33.3.10C++ 0VErOAUEAUNCLIONS. .....ovvueieeiieit et e ettt e e e ettt e e e e et e e e e e e et e e e e e s ee b e eeeeessbaseeseesbanaaeessestanaeeeeesnes 517
T T B (O 0] =T = (0] £ O PSPPI 51
TS T 2 Ol =11 11T 01 (o] 1 T TR PPPPPPPURPPUPPON 51¢
OGRS N S (O (Y1410 = (S YR PPRRPRTRRN 520
IR N O T 1 =111 0] 101 (=1 £ PSSP 521
33.3.15C++ ReferenceCountedObjectS(ref/UNIer)...... ... e 521
33.4Furtherdetailson the PythonClaSSINtEITACE ... .....uuiiiiiiiie e e 523
OIS TN 0 )TV o F= 1SS < PR TR 52

I 2 = 1 T I LY =S U PRSPPI 52
I B T 4T = Lo T 52¢

33.4.3MEMOIY MANAUEIMIENL. ... eeeeieeeeittetatte e oo e e e e e e e e e e e eeeet et eeeeeaeaebebebbbb s e o s oo oo o e e e e e e eaeeeaeaeteeeseasbnsenbsbnbnnnn e ns 528
33.4.4PYthoN2.2 ANACIASSICOIASSES. ... . vtteeeieitieee e e i ittt e e e e e e e e e ettt e e eeeeeessaaae b beeeaeeeaaaeeesaaannnbssbneeeeeaaaeaesaaannes 529
IR @1 (o 1T =T aTo 0Pz Lo = o Yo VA0 L0 0] 0TS o S PEURR TR 530
TSN I = g F= o] T T o [T (Yo (o PR 53(
IR oI B[ (=To (0] ol = Fo 1Y =)= VPPN 53.
33.5.30wWnershipandobjeCtAESIIUCTION. ... ..uuiiiiiieie ettt e e e e e e ettt et e e e e e e e e e e s nansbeeeeeaeaaaeens 532
TSI | oy (ed=] 01 1[0 08 [ 10 11T aT F TSP PPURRUPTRRRN: 5372
I RN O)V/=Tdal=Y: (e 1 a 0 [0 )0 (=) o] (o - | SRR 533
TN CX Y/ 01T 1A F= o T TR SRURPPP 53
I oA\ 1Yot = | F=T =T T PP 53
33.6 COMMONCUSTOMIZAL O EALIUIES .. . eeeeeetie e ee et ee e e e ettt e e et et e e e e e e e et s e e e e e e sab s e e e s ee b e eeeesssbanseeseesaanasesserstansaneeens 534

33.6.1C/CH+NEIPEIMUNCHIONS. ... ettt ettt et e e e e e e e e ettt et e e e e e e e e e eannebe e e et e eeaeeeeesaassnbbsaeeeeaaaeeesaeannnnnnes 534
33.6.2Adding additioNalPYINONCOAE. ...ttt e e e e e e s e ettt e e e e e e e e e e e e nnb e eaeeas 535
33.6.3C1assexteNSIONNVITN YOEXIENA. .......ii it e e ee e e e e et a e e e e e e ee b e e e e e e e sab e e e s eesbaa e aeessssranaaeeeees 536
33.6.4ExceptionhandlingWith Y0EXCEPLION. ... ..uiiiiiieiieie ettt e e e e e e e e ettt e e ee e e e e e sansaebe e e e e aeaaeeeesaaannneeeeeees 537
I N o 1SX= a0 (=Tod 0 0 0 U 1= PP PR 53
33.7.1INPUt ANAOULPULDAIAMIETIELS .. ... ettt eeee e et e ettt e et e e e e e e s e ettt ettt eeaaee e s e s s naaetaeaeeeeeeaeeessaassbbaseeeeeeaeeeeaesannennenes 539
I ST 1111 o] 1= 0 To 10 (=T T PPRRPPTRRN 54
33.7.3UNDOUNAEAT ATTAYS. .t eeetttieeeeeiiaiiitteteeeeeeeee e e e e e s eaeteeeeeeeeeaaaesaaaa s s teeeeeeeeaaaeessaaannsbabeeeeeaaaaeeeesaasssbesbeaeaaaaeeesananns 541
I 151 (1 Te 1 7= T | T TR PPRRPPTRRN 54;



SWIG-2.0 Documentation

Table of Contents

33 SWIG and Python
33.10.29FEALUIE("AULOTOC!) ... ettt ettt ettt ettt et e ettt e a4 h bt e e e okt et e ok b et e oo e b et e e e e bbb et e e e a b e e e e e a e e e e e aa 552
33.10.2.1%feature("aUtOAOC™ 0™ .. ..ve ettt ettt e e e e e et e e e et e e e e e e et e e et et e aerarr s 552
I I O ) (Y= 10 (=) (=10 1 (0 1o [0 o K PR 552
I N0 JVZRS 71 (== L (BT (=Y (=101 (oo (o Toule [oToxS] o [N NP EUUPR TS 553
33.10.3%F@ALUIE ("AOCSIIING) - vttt tutteeee ettt ettt ettt et o4ttt e e 4ttt e 4ottt e e et e e e e et e e e e e bt e e e e e e 553
OGN I Y1 o ] o Tod = Lo =S TP EPRPRR 55

ST 2 Vi1 o] X BT o] oY ST SRTRPR 55
I 2 N U [ aTod 1o aF=T ] 010 =11 0 ) o O 553

I ] 21U (=Y 01 =T 7= Lo TR 55¢
33.12.3ADSIIACHIASECIASSES. ... .ceeeeiiiete ettt ettt e ettt ettt et e ettt e et e e et e e eaa e et et e ea b e e eaa e e raa e eeteararaa 555

VA [T T I O PO PP PP PP PPPPPP 5

G N 1= U (o 1 TSP O OO RO PTPUPRPTPUPTIN 5
34.2USINGR GNASWIG . ...ttt et e e e ettt e e e e e e e e o e e ettt ettt eeaeaeaesaaas e et beteeeeeeaeeeeeeaannbbsbeeeeeeeaeeeeesaannnbbseeneeaaaeeenanann 55
T ] d =Teto 0] 011 T Te Fo Vo T=] a1 =TT PEUURPR 557
T €= A1) r-1 o0 o AU PP 55

oY - L (o [ F= o<t 0T A\ V=) 01110 0 PP PRURP TR 55°
N Y O e 1 £ 1Y <Y TR Bt

A = A TU 11 T=T =1 110 TN 5E

BT RS A VAT A (= T o U o TP 5
ST N o (S TR AT = T3 5E

T RS VA= U F= 1 o] (=Y T 1< T PR PPRRURTR 56¢
IS I 1 @0 1] = 11 TN 56

oI ST o 101 (=] £ TR PPPRRR 5€
B ORI S 11 (o1 11 | (=Y TSP PURRUPPP 56
oI I A 0% s ol oYL YO PURPRR 56
oI R <1 Ol 2] =T 417 1 o] =TT PPT SRR 56°
35.3.9C++ OVEIOAUEATUNCLIONS. .....ovvueeeeiieitee e e ettt e e e et et e e e e e e eett et e e e e eetat e seeesesbaaaeeeeesssaaneesesssannaseessestanaeeeeernes 569

TS T K0 Ol @] 01T -0 T TS SRR 57(
O T (Ol = V0 11T o1 (o1 T TSR UUPPUPPPPTPPPTRPPUOPON 57(

TR N 2 O (T 1410 = (S YU PPRUPRPRRN 57:
35.3.13C++ StandardlemMPlatElibrary (STL) ... .oocuu et e e e et e e e e e e e e et e e ee b e s eaaa e s saaaeeesbasessenneees 571

Lo I O e X I I U103 {0 ) = 573
Lo I R Ok e X I I | (=1 7= (0] 573
SR I K Ok e ST 1 AT 11 =0 11 () £ 574

35.3.17CrosS-LanguagB OlYMOIDNISIN. ...t e ettt e e e e e e s e ettt eeeae e e e e e sanaaebeeeeeeeaaeeeesaannnnbenteeeaaeaeens 575
RS I A 1 oY o T [ 0 (0 T P EURP PR 575
BT 1 AN = 0111 0o TR 5
35.4. LD EfINING ALIBSES. ..ttt et e e e ettt e e e e e e oottt ettt e e e e e e e e e aahbebe et et e eaeeeeeeaRbnbe ettt eteaeeeeeaaannbanteeeaeaaeeeeaaaanns 57¢
oI B md (=10 o7z 1 (=Y (=) {00 PR 577

oI e ] 27 U aTo 11111 o o TP PO PRPRR 57



SWIG-2.0 Documentation

Table of Contents

35 SWIG and Ruby

oI B L T 1 (=T 1= a0 Y=l 1= o PR 57¢
35.5INPULt ANAOULPULDATAIMEIEES ..ot et e ee ittt et e e e e e e e ettt ettt e e e e e e s e s n bbb be e et e e eeeeeaesaassnbbeaeeeeaaeeeeaaeannnsasbsseeaeaaaeeeasanannns 578
TN o1 S ded=T o1 1[0 ] /=0 o |1 TP PPERURRR 58

35.6.1UsIiNgthe Y0eXCOPLIOMIIECLIVE.......eii ittt et e e ettt e e e e e ettt et e e e e e e s e s s nb et e e e e eeeeeeeeeaaannnbneeeeeeeas 580

35.6.2HaNdIINGRUDY BIOCKS ......cttiiie ettt ettt e e e e e e e ettt et e e e e e e e e s e et e bb e et e e e e e aeeeesaannnbsbeeeeeaaaaaeaeas 581

N TS | = TS 0 (o) o= 01 [0 1 L USRS PRPRTR 58:.

N I | o (ed=] 01 1[0 1o P TS TSP PRPRRRRT 58:
T Y] 01=T 110 F= o L ST TRRRPP 5

I AT T2 LA EST= WY 01T 1= 1 1SR PPPERURTRN: 58¢

A R/ 01T 14 F= T 0 STel0] o= PSPPI 58!

TR T @fo] )Y/ aTo F= AT 01T 1= TSP PEPRPRRRN: 58¢

I | D= [T Lo F= AT 01T 1= o RSP PEPRPRRR: 58¢

IR ] d P ol =T =TT o) YA 01T 00 T= T o PR PTPRRRPT 586

B I 6] U] 0 Y407 01T 1= R PPPRPPTRR 58

A S T A T R Y7 1= = o PSR 587
BT S VAN 1Y/ 01T ol £ T G 1Y/ 0 1=T 0 = o P PPUPPR 588
T S TRC T o 10 |l 14 0 =T 110 =1 o OO PUPPPPTPTPTPTRRRTPTPRN 588
I ST o= 1 |1 A =Y 10 7= o ST PPPI 588
A RN 1= 7= LWL 1Y 01T 1 = o P TTTSRPPPPI 589
I S ol 1o Sl A7 =] 0= o RSP STTPEURPT 589
T A= 10 [0 U 1Y/ 01=T 1.1 F= T o PR 589
I RS (=TT L0 BN/ 01=T 0= o PR TSPTPPPI 590
I R 1= VL (TS Y 01T 1.1 Y o P PSP PPRRURPT 590
35.7.6. 10 MEMBDEIIN"IYDEIMEAD. . ..e e et e ettt e e et ettt et e e e e e e s e s sttt et e e e e eaeeeaeaannbebe et eeeaaeeeeeaaaannreateeeaaaeeens 590
A S T I V7 VT Y/ 0 1= 010 o PP EUPPRR 590
35.7.6.12'VAIrOUL" TYPEIMIAD. ... et eteeeeeeetettttttttet e e oo oo e e e e e e e e e e e eeeee et e eeeeeeaebebtbbbs s e e o e oo e e e e e e e e aeeeaeeeeeeeeeeennnanbnres 591
I S T G {10 TV 1Y/ 0 1= 11 1 o PP PPTRURPT 591
I T o [T (o T AYA 0 1=T0 7= o U PR STR 591
I A IS s [T ( = (o] (o 101107/ 0 1= 1.0 - o P EPUPTR 592
35.7.6.16direCtOrargOULYDEIMAD. ... eetteeeeeeeeeeeeee e e ettt eeeeeeaeeeesa e aatbeaseeeeeaaeeeseaaannesbeseeeeeeaaeaesaaannsbnbneeeaaeaaaesens 592
T ST (=3 LY/ 0 1] 14T o PSR UUUPPPPPPUPPPUPTPRIN 592
oI RS o | (o] o P11 WYy 01T 1 A= o PR PRSPPI 592
I A A Y] 01T 10 F= Yo N7 V= | o] (PP RSOPRPRTR 59:
35, 7. BUSEIUIFUNCLIONS. ......cvvtiiieeieiitee et e e ettt e e et et e e e e e e e et b e e e e e e e aa b eeeesee bbb e eees s s baan e eeessssbanseeesesbasneeeessnranns 59!
35.7.8.1C Datatyped0 RUDY OBJECES .. .eeiiiiiieee ittt e e ettt e e e e e e e e e et e e e aee e e e e s e annnbeeaeeeaaaaeaeaaaan 593
35.7.8.2RUDY ODJECLSIO € DAIAIYPES. .. veeeeetieeeeeeieeiiittieee e e e e e e e e e e ettt e e e e ae e e e s e e annbbebeeeeeeeeeaeeesaaannnbeeseeeaaaaeeeaanan 594
35.7.8.3MACIOSION WALUE ... .ttt ettt et e e e e ettt e e e e e ettt e e e e e e eeta e eeeeess bt s eeseessaaaaseesesstansaneeees 594
AR S (ol=] 01 1[0 TP ERUT RS 59/
B AR S I 1 (=] =1 (0] £ PSPPSR 59

35. 7. 0TYPEMAPEXAMIPIES. ... ettt e e e e e e ettt ettt e e e e e e s e e aa bt e et teeeeeeeeeeaanantbeee et et e eeeeeeeaannbbbeeeeeeeaaaeeeaaaannnnene 59¢€

35.7.10Convertinga RUBYArrayto @ CRar ™. .........oooiiiiiee e e e e e e e e s e eeeeaeaeaeas 596

35.7.11Collectingargumentsn @haSN..........u i a e e e e e et e e aaaeaaeaaan 597

I A 2] o 11 (=11 = U o [T T RSP PPPRRRRT 59¢

35.7.12. IRUDY DatatyPDEVVIADDING ... o eveteeeeeeeeeeeeeeiaaiteteeeeeeeaeeeassaantebbeeeeeaeeaeeaasaannsbsbeeeeaaeaeeeesaaannnbeseeeeaaaaeans 600

35.7.13Example:STL VECtOrtO RUDY AITAY. ....cciii ettt e ettt e e e e e e e e sttt e e e ae e e e e e s e e annbesaneeeeeaaaeaeas 600
TR S ] B o oo (10 | oY= L[ = PR SSTRPR 60

TS I 1Y/ [ To L8] =Y o foTox=Y T RSP PPPRPRRRRT 607

IR A =T\ 0] (= =10 1(0 e (oY o) PO O PP OTPPPT 602

35.8.2.1%0feature("aUtOAOC™0™) ... et e et e e e e e e e e e eaaaeaeaeaeteaaar—a——————————————— 602
35.8.2.206feature("aULOAOC L ™) ... e ettt e e e e e e e e e e e e ettt a e e e e e e e aaaeaeaeaeeeaearaa——r———————————— 602
35.8.2.3%feature("aULOAOC™ 2™ ) ... et e ettt a e e e e e e e aeaeeeaetaaea————————————————— 602
35.8.2.4%feature("aULOAOC™3") ... . eeieeeieiit e e e e e e e e e e e e et a e e e e e e e aeaeaeaeaetaaea—aa i —————————— 603
TSRS IR0 (=7-\101 =] (= 10 10 Te (o oxle [oTo1s] 11 o [N NSRS 603

XiX



SWIG-2.0 Documentation

Table of Contents

35 SWIG and Ruby

35.8.3%F0AIUIE("AOCSIIINT) ..+ ettt teeee ettt ettt ettt ettt e e ekt e et e e okt e e e ok b et e e e e aa b b et e e e e bbbt e e e e aabb e e e e e e nbneeeena 603
oS o V7= VLot =Te | 0] o o3P PEERPRR 60
TR e @] o 1Y = 0] (0 1Y7=T1 [0 =V |10 o RS U P P PRPPRPRT 603
35.9.2CreatingMulti-Module PACKAGES. ... ....uuuueiiiiiieeeee ittt e e e e e e e e st e e e e e e e e e e s e nnnnbeereeeaaaaeeas 604
35.9.3SpeCifyiNngMIXiN MOAUIBS ......cciiiieeiii ittt et e e e e e e e ettt ettt e e aee e e e s e nbe b be e e e eeaaaaeeeseannnnbnneeeeeeas 606
35.10MEMOIY MANAGEIMIEINL. ... eeei ettt ettt o e oo oo oo e e e e e e e e aeee et et eeeeeeessbsbebabb s s o e oo 4 e oo e e e e eeaeaaaaeeaeaeeesennsnnbnrnnes 60’
35.10.1Mark and SweepGarbagECOIECION . .........ueieiiiiie et e e e e ettt e e e e e e e e e s r e e e e e e e e e e annbeeeeees 607
TN 002 @ o] [=Toa (@Y 1<) ] 01 o TSP PEPRPTRR: 607
BTN (O RS (@ o[ Toa i I = Vo] (1T ST PRPRRRRT 60¢
35.10.4AMATK FUNCLIONS. ......cvvtiieeiieiiiee e ettt e e e e ettt e e e e et e e e e e e e e st e e e e e e s s st s eeesee bbb e eeesssbaan e eeessssbnnseessesrasnneeeessnranns 61:
oI O (=T=) VL o3 1o TR 61+
35.10.6EmbeddedRuUbyandthe C++ SEACK. ... .c.uiiiiiiiiiiie e e e e e e e e e e e e e e e annnb e 616
TSIV [ CI= Vo o) TR 6
T ST (= 110 Y10 =V =T OSSP 6]
36.1.1Gettingthe rght NEAAEHKIIES ... .ceiiii ettt e e e e e e e e s ettt e e e e e e e e e e e e annneereees 619
36.1.2CompilingadyNamiCMOAUIE. .........ueiiiiiieee ittt e e e e e e ettt e e e e e e e e e s saaae b beeeeeeaeaaeeesaaannnbssbneeeeaaaaeeesaaannnes 619
BT I 151 = L Tod 11T T TR PPPPRPURPR 61
BT L ST Lo Y018 2T Yo [ = S PEPRPRR: 62(
36.1.5ComMPIlatioNOf CH+ EXEENSIONS ..ottt e e e ettt e e e e e e e e e s et a ettt e e e e aaeeesa s s nnbebbeeeeeeaaaeeesaaannnnrnreeeeeens 621
36.1.6Compilingfor 64-Dit PIAtIOIMIS. ......ei ittt e e e e e s e ettt e e e e e e e e e e e e e nnnr e e e eeeeas 622
36.1.7Settinga PACKAGEIIETIX ... ettt e et e e e e e e e e e e e aa e e e e e e e e e e e e e e e e nnenaaees 622
36.1.8USINO N AMESPDACES. .. tttetteeetaeaeeatasaautttteeeteataaaaasaaaasesteeeeeaaaaaeaasaaaanststeeeeeeeeaaeeasaaansssbesseeeeaeaeeesaaannnbnnbeeeeaeaaeeaens 62°
36.2Building Tcl/Tk ExtensiongiNdeWINAOWSOS/NT ... ..uuuuiiiiiiiee e ittt ee e e e e e e s e e st e e e e e aeeeeassannbsbaneeeeeeaeeaeaaaannns 622
36.2.1RUNNINGSWIG from DEVEIOPEISTUTIO. -« .vvveeereeeeeeieiiititee ettt e e e e ettt e e e e e e e e e s e bt e e e aeeaeeesaaannneanneeeeeeas 623
6. 2. 2USINANIMAKE . ...ttt et et ettt ettt et e e e e oo oottt et ee e e e e e s e s e at et be e eeeeeaaeeeeea e s st be b be e et eeaeeeeeeaannnbbeaeeeaaaaeeeeaeaannnne 62
36.3A tour Of DASICC/CH+WIAPDPING: ..ttt etivteeeeeeettereeeeattieeeesstteeeeasastaeaeesastaeeaeaassteaaeeaastaaeeesasteeaeesassseeeesassseeeessssseeeessnssens 624
BT ST I 1Y o o [ 1 1= PUUPR 62
T ST I U o3 1o ] T PPN 62
36.3.3GI0DAIVATIADIES. ......veieeieeeee ettt ettt e e e e e e et e e e e e e a e e e et e aerea e e arrarr s 62!
36.3.4CONSIANTEINTENUITIS ...t eeieeeti et eeeeeit et e e e e ettt e eeeesesttteeeeeesaa s eessestaaaeeesesstanseesesssaaaseesssssanaeesserstansaeesenranns 625
SR ST o 101 (=] =TT PURPRRRR 62
RIS 11 (o1 11 | (= TSP PRPPPPS 62
] SR I 0% ol oYL YRR 63
SRR <1 O 1] 01 117-1 o =T PTORR 63!
36.3.9PointersreferenCesyalueS ANUAITAYS. ......cc..uuueiieiieiee e et ettt ettt e e e e e e s e s e abebbeeeeeeaeaeeesaaasnebeseeeeaaaaeeesesannnenes 631
36.3.10C++ 0VErOAEAUNCLIONS. .....ovvueeeeieiite e e et ettt e e ettt e e e e et eeeeeet e e e e e e s ee bt e eeeeess b e eseestanaseesssstansaseeeesnes 631
O S T B (O 0] =T = (0] £ PSPPI 63:
BT N 2 O 1T 1111 1S] 0 Y- (o =1 T PRSP 63
BT T (O (T 1410 = (S YU PPRRPRTRRN 63
I ST N O T 1 =11 0] 101 (=1 £ PSSR 634
36.4 Furtherdetailson the TCl CIASSINIEITACE...........uueieeieiiiiee ettt et e e e e et e e e e e e et e e e e e s eebb e e e e eesaabnsaeeeees 635
BT N 0 )TV o F= 1SS < PR RPN 63!
36.4. 2MEMOIY MANAUEIMIENL. ... eeeeeeeeeietetettee e oo e e e e e e e e e e e ae e et eteteee e e aebebe bt eb s e e s oo oo o2 eeeeeeaeaeeeaeeeeeseasbnsenbsbnbnnnnnns 636
36.5INPUL ANAOULPULDATAIMEIEES ....ee e e et e ittt et e e e e e e ettt ettt e e e e e e e e e sttt be e et e eteeeeeeaaassnbbeaeeeeaaeeeeseeannnsasbseeeaeaaaeeeesannnnns 638
36.6 EXCEPLIONNANAING. ... ettt et e e e et ettt e e e e e e e e ettt ettt eeeaeeesaaaaeatbe b et e eeeaeeeeae s nnbeebee e e e eeaeeeeeeaannnbeneeeeeaaaeeeeaeann 63
O A Y] 0= 110 F= o L S TP TRRPPP (Y
LI AT P2 LN EST= WY 01T 1= 1 1RO PPPERURTRRR: 641
BT I el Y/ 01T 7= TR RPN 64
LIRS Y] 01T 00 F= Yo N7 V= o] (USROS 64:
36.7.4Convertinga TClIISE 10 @ CHAI ... et e e e e e e e e et e e e e e e e e e e e e nnnnbeebeeeeaaaeeas 644
36.7.5ReturNiNQVAlUESIN @FQUMIENES. .. .eieee ettt eee e e e e e e e e ettt eeeaeeeesesaaneetbe e eeeeeeaeeessaaasnnbnseeeeaaeaeeesesannnenranneeens 644
36. 7. 0USEIUITUNCIIONS. ....evvii ettt ettt e e e e ettt e e e e e e et e e e e e e e taa e e e e s e s aban e e e e e e baaseeesesbannaeeeeessrannnass 64!



SWIG-2.0 Documentation

Table of Contents
36 SWIG and Tcl

A 451 = T a0 F= 10 1Y/ 0 1=T 010 = T o USRS PRPRTT 64¢
TSR S o 101 (=Y 1 =TT |1 TR RPPI 64¢
36.8Turninga SWIG moduleintO @ TCI PACKAGE. ... tttieeei ittt ettt e e e e e et e et e e e e e e e e e e bbb e eeaeeeaeeeas 647
36.9Building newkinds of TClINtEIrfACEIIN TCI)....uvuuiieiiiiiiiiee ettt e e e e e et e e e e e e et e e e e e e e et e e eeeessbaaaeeeees 648
BT 0 )TV o F= 1SS = PR TRR TP 64
T ST O ol 2] (U oS 6E
37 Extending SWIG t0 SUPPOIT NEW IANGUEBGES. ... uvutteeeeeiieeeeeeiaaeitteteeeteeaaeeesaaaastetbeseeeeaeaeeaeaaaannsbebseeeeeaaeaesesannsstesseeeeaaaeaesanannns 651
A [ oY 18 o3 1o o FO OO RUPORRPN 6"
A (=T (=Y 1 T2 U RSO STPPPPR 6"
ARSI I 1= o T o (= RO EPRRRRPR 65
] Yo N 1110 11V, oo =) R PTTSRR 65
A TN =] ] (0101 ST AT O O PP PRPP 65
A B = U511 2T P U URT RO s
A e o= U S1=) I (=1=Y TSSOSO 65
37 . A AAHITDULE NAMESPACES. .. ettt eeeee i ettt e et e e e e e et ettt et teeeeeesaa e e e tbeeeeeeeeaeeeeae e nnebsbeeeeeaeaaeeeesaasssbeebeeeaaaaeeesanannns 658
A BTS00 Yo I 1= o) =R PRUPPPRRRPR 65
A N NN T (N0 (= o [ (=1 1AV DU 659
I A OTe o (ST CT=Y =] =1 110 RPN 66(
B7.4.BSWIG ANAXIML ... .eeeeiiiiieeee ettt e e e ettt e e e e et e e e s e e e e e tba e e e e e e e s st e eeseebaba e eees s s baan e eeeesssbanseeesesbannneeeeesnranns 66!
37 S P IMILIVE DALASIIUCIUIES ...vvt e eeeeeti e e e e ettt e e e ettt e e e e e e et e e e e e e e aab s eeee e e baa e e e e e s esbaa s e e s e e s aaa s eessasbanaeesesssbanaeeseerannnnns 661
AT S (1o [ SO PPPPURRRRT 6¢€
ARSI A = ) 1= VPSPPI 6¢
ARSI T 1 £ 6¢
YA @fo] 0] 00T0]0 0] 1<) r- A0 ] 0 LSO PPPERRRTRRN: 664
37.5.51teratingoVver ListS AaNAHASNES. ..ottt ettt e e e e e e st e et e e e e e e e e nnnrn e eeeeas 664
ARSI 211 RS RPPRS 6/
37.6 NavigatingandmanipUIAtiNODAISEIIEES. ... ..uuueieiiieeee e e e ettt e e e e e e e e e s ettt e eaeaeeeesa s s nnbaebeeeaaeaeeesesaannnnbaneeaeeaaaaens 666
7. 7WOrKINGWIth @EEFIDULES ......eeeeeeieieeee ittt e oottt e et e e e e e e s ettt et e e e e e e e s as e nnbbebeeeeeeaaeeeaesannnsbsnneeeaaaaeeesaannnns 66
AR B Y] 01111 (= 1 PP PT TR 6¢
AR I S ([ aTo =T oo e [1aTe o) iV 01T PSSR 668
AR S T2 Y] o 1= oo 10 15) (0 o3 11 o PSRRI 66¢
AR TG 1 Y 01N (S £ F TR PUPUPPPRPRPRN 67
ARSI Y] o 1=Te (=) =V a o [T 1= o1 T = PP ESURT TR 670
BT 8.5 VAIUES. .....cetuii ettt ettt e et e e e e ettt e e e ettt eeeee e et eeeeetettaaeeeeettaaaaeeeeaataaaeteeratnaaeererrraaaaaes 67
AR S ST W11 o0 0T 1o o PRSP PPRRURTR 67:
IR ] =T 7=11 11 (=) £ PSPPSR 6
37.10WTriting @ LanQUAGEVMIOUUIE. ........ceiiiie ettt e ettt e e e e e e e e s et be bttt e e eeaaeaesaaanssbbsbeeeeeeaaeeeseaannsbsbeneeeeaaaeaaens 673
A I Yol U 1 0] 10 a1 T = PR 67:
A 0225 = 1T o 11 PRSP PPPPRPURTR 67
37.10.3COMMANAINE OPLIONS ... ettt et e e e e e e e ettt et e e e e e e s s s s aateeaeeeteaaaaeesaaannsbebeeaeeeeaaaeeesaannsnbbsaeeeeaaaeeesaeaannnnes 674
37.10.4CoNfigurationaNdPIEPIOCESSIMG. ... . veetuerrreeeiuttrttesatteeteeaassteeeesasbbe e e e aassbe e e e s e sbb et e e e anbbe e e e e anbb e e e e e annbr e e e e e annees 675
37.10.5ENtry POINtt0 COABUENEIALION. ... .uueieeiieeee e e ittt ettt e e e e e e e ettt bttt e e e e e e s e e e ntatbeeeeeaeaaeeessaannnbssneaeeaaaaeasesanns 675
37.10.6Module /O andWrapPEISKEIBTON. .........ueiiiiiiiiiee e ettt e e e e e e e e ettt e e e e e e e e e s aa e aatbeteeeeeeaeeeeseaannnbnbeeeeeeas 676
A X O I MoV 1=V Mo o [=To =y 1Y = L0 PSPPI 678
37.10.8CONTAGUIBLIONTIES . ... ee e ettt ettt e oottt e e e e e e e e e e et b e ettt et e aaee e e e e e nnbbbaeereaeaaaeeeeaaannnnene 68C
AN (O N LT 0TS o] o o o APPSR 681
37.10.10StandardiDrary filES.........oii ettt e e e e e ettt e e et a e e e e e e e b reaeraeaaaeeeeaeannnane 681
A O 0 YT = = 10101 o] 1= U PPPRTRRT 681
37.10.12TestdrivendevelopmentndtheteSt-SUITE. ........ui i e e e e e e e e e 682
37.10.12. IRUNNINGINETESE-SUILE. ... ettt e e ettt et e e e e e e e e s e bbb e e e e e e e e e e s e e annbnneneeees 682
AR O I B B o Lol U /11T a1 7= VA0 o PR 68/
37.10.14Prerequisite$or addinga newlanguagemnoduleto the SWIG distribution. ..., 684



SWIG-2.0 Documentation

Table of Contents

37 Extending SWIG to support newlanguages

37.10.15C0dINASIYIE QUIAEINES ... tteeieieiee e e e ettt e e e e e ettt et e e e e e e e s e s ea e ettt e e e aaeeeseaannnbebbeeeeeeaeeesesaannnnneeneeees 685
XA N B <Y o TW o o T aTo @] 1 o] 1S TP TR SRR 68
TN Y TN (o (] (ol oY= 6T = ((=T=T 0100 =P PRPRTURPR 68¢€
37.13FurtherDevelopmMeNntNfOrMATION.........u it ettt e e e e e e e e ettt e e e e e e e e e e s e nenb et treeeeaeeeeeaaannnneeeees 689

XXil



SWIG-2.0 Documentation

Last update : SWIG-2.0.4 (21 May 2011)

Sections

SWIG Core Documentation

» Preface
« Introduction

« Getting started on Windows
» SWIG Basics (Read this!)

* SWIG and C++

» The SWIG preprocessor

e The SWIG library

» Argument handling

» Typemaps
« Customization features

e Contracts

« Variable length arguments
« Warning messages

» Working with Modules
 Using SWIG with ccache

Language Module Documentation

« Allegro CL support
o C# support

» Chicken support

* D support

¢ GO support

 Guile support

« Java support

« Common Lisp support
e Lua support

» Modula3 support

» MzScheme support
» Ocaml support

* Octave support

« Perl5 support

* PHP support

« Pike support
 Python support

* R support

« Ruby support

e Tcl support

Developer Documentation

» Extending SWIG

SWIG-2.0 Documentation



1 Preface

« Introduction

* SWIG Versions

« SWIG resources

« Prerequisites

« Organization of this manual

« How to avoid reading the manual
» Backwards compatibility

* Credits

o Bug regorts
1.1 Introduction

SWIG (Simplified Wrapper and Interface Generator) is a software development tool for building scripting language interfaces tc
C and C++ programs. Originally developed in 1995, SWIG was first used by scientists in the Theoretical Physics Division at Lo
Alamos National Laboratory for building user interfaces to simulation codes running on the Connection Machine 5
supercomputer. In this environment, scientists needed to work with huge amounts of simulation data, complex hardware, and &
constantly changing code base. The use of a scripting language interface provided a simple yet highly flexible foundation for
solving these types of problems. SWIG simplifies development by largely automating the task of scripting language
integration--allowing developers and users to focus on more important problems.

Although SWIG was originally developed for scientific applications, it has since evolved into a general purpose tool that is usec
in a wide variety of applications--in fact almost anything where C/C++ programming is involved.

1.2 SWIG Versions

In the late 1990's, the most stable version of SWIG was release 1.1p5. Versions 1.3.x were officially development versions and
these were released over a period of 10 years starting from the year 2000. The final version in the 1.3.x series was 1.3.40, but
truth the 1.3.x series had been stable for many years. An official stable version was released along with the decision to make
SWIG license changes and this gave rise to version 2.0.0 in 2010. The license was clarified so that the code that SWIG genere
could be distributed under license terms of the user's choice/requirements and at the same time the SWIG source was placed |
the GNU General Public License version 3.

1.3 SWIG resources

The official location of SWIG related material is

http://www.swig.org

This site contains the latest version of the software, users guide, and information regarding bugs, installation problems, and
implementation tricks.

You can also subscribe to the swig-user mailing list by visiting the page

http://www.swig.org/mail.html

The mailing list often discusses some of the more technical aspects of SWIG along with information about beta releases and
future work.

Subversion access to the latest version of SWIG is also available. More information about this can be obtained at:

http://www.swig.org/svn.html
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1.4 Prerequisites

This manual assumes that you know how to write C/C++ programs and that you have at least heard of scripting languages suc
Tcl, Python, and Perl. A detailed knowledge of these scripting languages is not required although some familiarity won't hurt. N
prior experience with building C extensions to these languages is required---after all, this is what SWIG does automatically.
However, you should be reasonably familiar with the use of compilers, linkers, and makefiles since making scripting language
extensions is somewhat more complicated than writing a normal C program.

Over time SWIG releases have become significantly more capable in their C++ handling--especially support for advanced featt
like namespaces, overloaded operators, and templates. Whenever possible, this manual tries to cover the technicalities of this
interface. However, this isn't meant to be a tutorial on C++ programming. For many of the gory details, you will almost certainly
want to consult a good C++ reference. If you don't program in C++, you may just want to skip those parts of the manual.

1.5 Organization of this manual

The first few chapters of this manual describe SWIG in general and provide an overview of its capabilities. The remaining
chapters are devoted to specific SWIG language modules and are self contained. Thus, if you are using SWIG to build Python
interfaces, you can probably skip to that chapter and find almost everything you need to know.

1.6 How to avoid reading the manual

If you hate reading manuals, glance at the "Introduction” which contains a few simple examples. These examples contain abou
95% of everything you need to know to use SWIG. After that, simply use the language-specific chapters as a reference. The
SWIG distribution also comes with a large directory of examples that illustrate different topics.

1.7 Backwards compatibility

If you are a previous user of SWIG, don't expect SWIG to provide complete backwards compatibility. Although the developers
strive to the utmost to keep backwards compatibility, this isn't always possible as the primary goal over time is to make SWIG
better---a process that would simply be impossible if the developers are constantly bogged down with backwards compatibility
issues. Potential incompatibilities are clearly marked in the detailed release notes (CHANGES files).

If you need to work with different versions of SWIG and backwards compatibility is an issue, you can use the SWIG_VERSION
preprocessor symbol which holds the version of SWIG being executed. SWIG_VERSION is a hexadecimal integer such as
0x010311 (corresponding to SWIG-1.3.11). This can be used in an interface file to define different typemaps, take advantage o
different features etc:

#if SWIG_VERSION >= 0x010311
/* Use some fancy new feature */
#endif

Note: The version symbol is not defined in the generated SWIG wrapper file. The SWIG preprocessor has defined
SWIG_VERSION since SWIG-1.3.11.

1.8 Credits

SWIG is an unfunded project that would not be possible without the contributions of many people working in their spare time. If
you have benefitted from using SWIG, please consider Donating to SWIG to keep development going. There have been a larg
varied number of people who have made contributions at all levels over time. Contributors are mentioned either in the
COPYRIGHT file or CHANGES files shipped with SWIG or in submitted bugs.
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1.9 Bug reports

Although every attempt has been made to make SWIG bug-free, we are also trying to make feature improvements that may

introduce bugs. To report a bug, either send mail to the SWIG developer list at the swig-devel mailing list or report a bug at the
SWIG bug tracker. In your report, be as specific as possible, including (if applicable), error messages, tracebacks (if a core dur

occurred), corresponding portions of the SWIG interface file used, and any important pieces of the SWIG generated wrapper ct
We can only fix bugs if we know about them.

1.9 Bug reports 4
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2 Introduction

* What is SWIG?

» Why use SWIG?

« A SWIG example
+ SWIG interface file
¢ The swig command
¢ Building a Perl5 module
¢ Building a Python module
¢ Shortcuts

 Supported C/C++ language features
» Non-intrusive interface building
« Incorporating SWIG into a build system

« Hands off code generation
* SWIG and freedom

2.1 What is SWIG?

SWIG is a software development tool that simplifies the task of interfacing different languages to C and C++ programs. In a
nutshell, SWIG is a compiler that takes C/C++ declarations and creates the wrappers needed to access those declarations fror
other languages including including Perl, Python, Tcl, Ruby, Guile, and Java. SWIG normally requires no modifications to
existing code and can often be used to build a usable interface in only a few minutes. Possible applications of SWIG include:

« Building interpreted interfaces to existing C programs.

* Rapid prototyping and application development.

« Interactive debugging.

« Reengineering or refactoring of legacy software into a scripting language components.

» Making a graphical user interface (using Tk for example).

* Testing of C libraries and programs (using scripts).

« Building high performance C modules for scripting languages.

« Making C programming more enjoyable (or tolerable depending on your point of view).

* Impressing your friends.

 Obtaining vast sums of research funding (although obviously not applicable to the author).

SWIG was originally designed to make it extremely easy for scientists and engineers to build extensible scientific software
without having to get a degree in software engineering. Because of this, the use of SWIG tends to be somewhat informal and
ad-hoc (e.g., SWIG does not require users to provide formal interface specifications as you would find in a dedicated IDL
compiler). Although this style of development isn't appropriate for every project, it is particularly well suited to software
development in the small; especially the research and development work that is commonly found in scientific and engineering
projects. However, nowadays SWIG is known to be used in many large open source and commercial projects.

2.2 Why use SWIG?

As stated in the previous section, the primary purpose of SWIG is to simplify the task of integrating C/C++ with other
programming languages. However, why would anyone want to do that? To answer that question, it is useful to list a few strengf
of C/C++ programming:

« Excellent support for writing programming libraries.

« High performance (number crunching, data processing, graphics, etc.).
« Systems programming and systems integration.

* Large user community and software base.

Next, let's list a few problems with C/C++ programming
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» Writing a user interface is rather painful (i.e., consider programming with MFC, X11, GTK, or any number of other
libraries).

« Testing is time consuming (the compile/debug cycle).

» Not easy to reconfigure or customize without recompilation.

» Modularization can be tricky.

 Security concerns (buffer overflow for instance).

To address these limitations, many programmers have arrived at the conclusion that it is much easier to use different programr
languages for different tasks. For instance, writing a graphical user interface may be significantly easier in a scripting language
like Python or Tcl (consider the reasons why millions of programmers have used languages like Visual Basic if you need more
proof). An interactive interpreter might also serve as a useful debugging and testing tool. Other languages like Java might grea
simplify the task of writing distributed computing software. The key point is that different programming languages offer different
strengths and weaknesses. Moreover, it is extremely unlikely that any programming is ever going to be perfect. Therefore, by
combining languages together, you can utilize the best features of each language and greatly simplify certain aspects of softwe
development.

From the standpoint of C/C++, a lot of people use SWIG because they want to break out of the traditional monolithic C
programming model which usually results in programs that resemble this:

* A collection of functions and variables that do something useful.
« A main() program that starts everything.
« A horrible collection of hacks that form some kind of user interface (but which no-one really wants to touch).

Instead of going down that route, incorporating C/C++ into a higher level language often results in a more modular design, less
code, better flexibility, and increased programmer productivity.

SWIG tries to make the problem of C/C++ integration as painless as possible. This allows you to focus on the underlying C
program and using the high-level language interface, but not the tedious and complex chore of making the two languages talk t
each other. At the same time, SWIG recognizes that all applications are different. Therefore, it provides a wide variety of
customization features that let you change almost every aspect of the language bindings. This is the main reason why SWIG h,
such a large user manual ;-).

2.3 A SWIG example

The best way to illustrate SWIG is with a simple example. Consider the following C code:
/* File : example.c */
double My_variable = 3.0;

/* Compute factorial of n */
int fact(int n) {
if (n<=1) return 1;
else return n*fact(n-1);

}

/* Compute n mod m */
int my_mod(int n, int m) {
return(n % m);

}

Suppose that you wanted to access these functions and the global variable My _variable from Tcl. You start by making a
SWIG interface file as shown below (by convention, these files carry a .i suffix) :

2.3.1 SWIG interface file

I* File : example.i */
%module example
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%{

/* Put headers and other declarations here */
extern double My_variable;

extern int fact(int);

extern int  my_mod(int n, int m);

9%}

extern double My_variable;
externint fact(int);
extern int my_mod(int n, int m);

The interface file contains ANSI C function prototypes and variable declarations. The %module directive defines the name of tt
module that will be created by SWIG. The %{ %]} block provides a location for inserting additional code, such as C header files
or additional C declarations, into the generated C wrapper code.

2.3.2 The swig command

SWIG is invoked using the swig command. We can use this to build a Tcl module (under Linux) as follows :

unix > swig -tcl example.i

unix > gcc -c -fpic example.c example_wrap.c -l/ust/local/include
unix > gcc -shared example.o example_wrap.o -0 example.so
unix > tclsh

% load ./example.so

% fact 4

24

% my_mod 23 7

2

% expr $My_variable + 4.5

7.5

%

The swig command produced a new file called example_wrap.c that should be compiled along with the example.c file.

Most operating systems and scripting languages now support dynamic loading of modules. In our example, our Tcl module has
been compiled into a shared library that can be loaded into Tcl. When loaded, Tcl can now access the functions and variables
declared in the SWIG interface. A look at the file example_wrap.c reveals a hideous mess. However, you almost never need
to worry about it.

2.3.3 Building a Perl5 module

Now, let's turn these functions into a Perl5 module. Without making any changes type the following (shown for Solaris):

unix > swig -perl5 example.i

unix > gcc -c example.c example_wrap.c \
-l/usr/local/lib/perl5/sun4-solaris/5.003/CORE

unix > Id -G example.o example_wrap.o -0 example.so # This is for Solaris

unix > perl5.003

use example;

print example::fact(4), "\n";

print example::my_mod(23,7), "\n";

print $example::My_variable + 4.5, "\n";

<ctrl-d>

24

2

7.5

unix >

2.3.4 Building a Python module

Finally, let's build a module for Python (shown for Irix).

unix > swig -python example.i

2.3.1 SWIG interface file 7
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unix > gcc -c -fpic example.c example_wrap.c -l/usr/local/include/python2.0
unix > gcc -shared example.o example_wrap.o -0 _example.so
unix > python

Python 2.0 (#6, Feb 21 2001, 13:29:45)

[GCC egcs-2.91.66 19990314/Linux (egcs-1.1.2 release)] on linux2
Type "copyright", "credits" or "license" for more information.

>>> import example

>>> example.fact(4)

24

>>> example.my_mod(23,7)

2

>>> example.cvar.My_variable + 4.5

7.5

2.3.5 Shortcuts

To the truly lazy programmer, one may wonder why we needed the extra interface file at all. As it turns out, you can often do
without it. For example, you could also build a Perl5 module by just running SWIG on the C header file and specifying a module
name as follows

unix > swig -perl5 -module example example.h

unix > gcc -c example.c example_wrap.c \
-l/usr/local/lib/perl5/sun4-solaris/5.003/CORE

unix > Id -G example.o example_wrap.o -0 example.so

unix > perl5.003

use example;

print example::fact(4), "\n";

print example::my_mod(23,7), "\n";

print $example::My_variable + 4.5, "\n";

<ctrl-d>

24

2

7.5

2.4 Supported C/C++ language features

A primary goal of the SWIG project is to make the language binding process extremely easy. Although a few simple examples
have been shown, SWIG is quite capable in supporting most of C++. Some of the major features include:

* Full C99 preprocessing.

< All ANSI C and C++ datatypes.
 Functions, variables, and constants.
* Classes.

* Single and multiple inheritance.
 Overloaded functions and methods.
» Overloaded operators.

« C++ templates (including member templates, specialization, and partial specialization).
* Namespaces.

* Variable length arguments.

* C++ smart pointers.

Currently, the only major C++ feature not supported is nested classes--a limitation that should be removed in a future release, |
has some workarounds for the moment.

It is important to stress that SWIG is not a simplistic C++ lexing tool like several apparently similar wrapper generation tools.
SWIG not only parses C++, it implements the full C++ type system and it is able to understand C++ semantics. SWIG generate
its wrappers with full knowledge of this information. As a result, you will find SWIG to be just as capable of dealing with nasty
corner cases as it is in wrapping simple C++ code. In fact, SWIG is able handle C++ code that stresses the very limits of many
C++ compilers.

2.3.4 Building a Python module 8
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2.5 Non-intrusive interface building

When used as intended, SWIG requires minimal (if any) modification to existing C or C++ code. This makes SWIG extremely
easy to use with existing packages and promotes software reuse and modularity. By making the C/C++ code independent of th
high level interface, you can change the interface and reuse the code in other applications. It is also possible to support differel
types of interfaces depending on the application.

2.6 Incorporating SWIG into a build system

SWIG is a command line tool and as such can be incorporated into any build system that supports invoking external
tools/compilers. SWIG is most commonly invoked from within a Makefile, but is also known to be invoked from popular IDEs
such as Microsoft Visual Studio.

If you are using the GNU Autotools (Autoconf/ Automake/ Libtool) to configure SWIG use in your project, the SWIG Autoconf
macros can be used. The primary macro is ax_pkg_swig, see

http://www.gnu.org/software/autoconf-archive/ax_pkg_swig.html#ax_pkg_swig. The ax_python_devel macro is also helpful
for generating Python extensions. See_the Autoconf Archive for further information on this and other Autoconf macros.

There is growing support for SWIG in some build tools, for example CMake is a cross-platform, open-source build manager wit
built in support for SWIG. CMake can detect the SWIG executable and many of the target language libraries for linking against.
CMake knows how to build shared libraries and loadable modules on many different operating systems. This allows easy cross
platform SWIG development. It also can generate the custom commands necessary for driving SWIG from IDE's and makefiles
All of this can be done from a single cross platform input file. The following example is a CMake input file for creating a python
wrapper for the SWIG interface file, example.i:

# This is a CMake example for Python

FIND_PACKAGE(SWIG REQUIRED)
INCLUDE(${SWIG_USE_FILE})

FIND_PACKAGE(PythonLibs)
INCLUDE_DIRECTORIES(${PYTHON_INCLUDE_PATH})

INCLUDE_DIRECTORIES(${CMAKE_CURRENT_SOURCE_DIR})
SET(CMAKE_SWIG_FLAGS ™)

SET_SOURCE_FILES_PROPERTIES(example.i PROPERTIES CPLUSPLUS ON)
SET_SOURCE_FILES_PROPERTIES(example.i PROPERTIES SWIG_FLAGS "-includeall)
SWIG_ADD_MODULE(example python example.i example.cxx)
SWIG_LINK_LIBRARIES(example ${PYTHON_LIBRARIES})

The above example will generate native build files such as makefiles, nmake files and Visual Studio projects which will invoke
SWIG and compile the generated C++ files into _example.so (UNIX) or _example.pyd (Windows). For other target languages c
Windows a dll, instead of a .pyd file, is usually generated.

2.7 Hands off code generation

SWIG is designed to produce working code that needs no hand-modification (in fact, if you look at the output, you probably wor
want to modify it). You should think of your target language interface being defined entirely by the input to SWIG, not the
resulting output file. While this approach may limit flexibility for hard-core hackers, it allows others to forget about the low-level
implementation details.

2.5 Non-intrusive interface building 9
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2.8 SWIG and freedom

No, this isn't a special section on the sorry state of world politics. However, it may be useful to know that SWIG was written wit!
a certain "philosophy" about programming---namely that programmers are smart and that tools should just stay out of their way
Because of that, you will find that SWIG is extremely permissive in what it lets you get away with. In fact, you can use SWIG to
go well beyond "shooting yourself in the foot" if dangerous programming is your goal. On the other hand, this kind of freedom
may be exactly what is needed to work with complicated and unusual C/C++ applications.

Ironically, the freedom that SWIG provides is countered by an extremely conservative approach to code generation. At it's core
SWIG tries to distill even the most advanced C++ code down to a small well-defined set of interface building techniques based
ANSI C programming. Because of this, you will find that SWIG interfaces can be easily compiled by virtually every C/C++
compiler and that they can be used on any platform. Again, this is an important part of staying out of the programmer's way----t
last thing any developer wants to do is to spend their time debugging the output of a tool that relies on non-portable or unreliab
programming features.

2.8 SWIG and freedom 10



3 Getting started on Windows

* Installation on Windows
+ Windows Executable

+ SWIG Windows Examples
¢ Instructions for using the Examples with Visual Studio
OC#
¢ Java
O Perl
¢ Python
OICL
OR
¢ Ruby
¢ Instructions for using the Examples with other compilers
+ SWIG on Cygwin and MinGW
¢ Building swig.exe on Windows
¢ Building swig.exe using MinGW and MSYS
¢ Building swig.exe using Cygwin
¢ Building swig.exe alternatives
¢ Running the examples on Windows using Cygwin
 Microsoft extensions and other Windows quirks

This chapter describes SWIG usage on Microsoft Windows. Installing SWIG and running the examples is covered as well as
building the SWIG executable. Usage within the Unix like environments MinGW and Cygwin is also detailed.

3.1 Installation on Windows

SWIG does not come with the usual Windows type installation program, however it is quite easy to get started. The main steps
are:

» Download the swigwin zip package from the SWIG website and unzip into a directory. This is all that needs
downloading for the Windows platform.

* Set environment variables as described in the SWIG Windows Examples section in order to run examples using Visual
C++.

3.1.1 Windows Executable

The swigwin distribution contains the SWIG Windows executable, swig.exe, which will run on 32 bit versions of Windows, ie
Windows 95 and later. If you want to build your own swig.exe have a look at Building swig.exe on Windows.

3.2 SWIG Windows Examples

Using Microsoft Visual C++ is the most common approach to compiling and linking SWIG's output. The Examples directory has
a few Visual C++ project files (.dsp files). These were produced by Visual C++ 6. Later versions of Visual Studio should also be
able to open and convert these project files. The C# examples come with .NET 2003 solution (.sIn) and project files instead of
Visual C++ 6 project files. The project files have been set up to execute SWIG in a custom build rule for the SWIG interface (.i)
file. Alternatively run the_examples using Cygwin.

More information on each of the examples is available with the examples distributed with SWIG (Examples/index.html).
3.2.1 Instructions for using the Examples with Visual Studio

Ensure the SWIG executable is as supplied in the SWIG root directory in order for the examples to work. Most languages requi
some environment variables to be set before running Visual C++. Note that Visual C++ must be re-started to pick up any chanc
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in environment variables. Open up an example .dsp file, Visual C++ will create a workspace for you (.dsw file). Ensure the
Release build is selected then do a Rebuild All from the Build menu. The required environment variables are displayed with the
current values.

The list of required environment variables for each module language is also listed below. They are usually set from the Control
Panel and System properties, but this depends on which flavour of Windows you are running. If you don't want to use
environment variables then change all occurrences of the environment variables in the .dsp files with hard coded values. If you
interested in how the project files are set up there is explanatory information in some of the language module's documentation.
3.211C#

The C# examples do not require any environment variables to be set as a C# project file is included. Just open up the .sln solu
file in Visual Studio .NET 2003 or later, select Release Build, and do a Rebuild All from the Build menu. The accompanying C#
and C++ project files are automatically used by the solution file.

3.2.1.2 Java

JAVA_INCLUDE : Set this to the directory containing jni.h
JAVA_BIN : Set this to the bin directory containing javac.exe

Example using JDK1.3:
JAVA_INCLUDE: D:\jdk1.3\include
JAVA_BIN: D:\jdk1.3\bin

3.2.1.3 Perl

PERL5_INCLUDE : Set this to the directory containing perl.h
PERL5_LIB : Set this to the Perl library including path for linking

Example using nsPerl 5.004_04:

PERL5_INCLUDE: D:\nsPerl5.004_04\lib\CORE
PERL5_LIB: D:\nsPerl5.004_04\lib\CORE\perl.lib

3.2.1.4 Python

PYTHON_INCLUDE : Set this to the directory that contains python.h
PYTHON_LIB : Set this to the python library including path for linking

Example using Python 2.1.1:
PYTHON_INCLUDE: D:\python21\include
PYTHON_LIB: D:\python21\libs\python21.lib
3.2.15TCL

TCL_INCLUDE : Set this to the directory containing tcl.h
TCL_LIB : Set this to the TCL library including path for linking

Example using ActiveTcl 8.3.3.3
TCL_INCLUDE: D:\tcl\include
TCL_LIB: D:\tcNib\tcI83.lib
3.216R

R_INCLUDE : Set this to the directory containing R.h
R_LIB : Set this to the R library (Rdll.lib) including path for linking. The library needs to be built as described in the R
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README.packages file (the pexports.exe approach is the easiest).
Example using R 2.5.1:

R_INCLUDE: C:\Program Files\R\R-2.5.1\include

R_LIB: C:\Program Files\R\R-2.5.1\bin\RdIl.lib

3.2.1.7 Ruby

RUBY_INCLUDE : Set this to the directory containing ruby.h
RUBY_LIB : Set this to the ruby library including path for linking

Example using Ruby 1.6.4:

RUBY_INCLUDE: D:\ruby\lib\ruby\1.6\i586-mswin32
RUBY_LIB: D:\ruby\lib\mswin32-ruby16.lib

3.2.2 Instructions for using the Examples with other compilers
If you do not have access to Visual C++ you will have to set up project files / Makefiles for your chosen compiler. There is a

section in each of the language modules detailing what needs setting up using Visual C++ which may be of some guidance.
Alternatively you may want to use Cygwin as described in the following section.

3.3 SWIG on Cygwin and MinGW

SWIG can also be compiled and run using Cygwin or MinGW which provides a Unix like front end to Windows and comes free
with gcc, an ANSI C/C++ compiler. However, this is not a recommended approach as the prebuilt executable is supplied.

3.3.1 Building swig.exe on Windows
If you want to replicate the build of swig.exe that comes with the download, follow the MinGW instructions below. This is not
necessary to use the supplied swig.exe. This information is provided for those that want to modify the SWIG source code in a
Windows environment. Normally this is not needed, so most people will want to ignore this section.
3.3.1.1 Building swig.exe using MinGW and MSYS
The short abbreviated instructions follow...

« Install MinGW and MSYS from the MinGW site. This provides a Unix environment on Windows.

* Follow the usual Unix instructions in the README file in the SWIG root directory to build swig.exe from the MinGW
command prompt.

The step by step instructions to download and install MinGW and MSYS, then download and build the latest version of SWIG
from SVN follow... Note that the instructions for obtaining SWIG from SVN are also online at SWIG SVN.

Pitfall note: Execute the steps in the order shown and don't use spaces in path names. In fact it is best to use the default
installation directories.

1. Download the following packages from the MinGW download page or MinGW SourceForge download page. Note that
at the time of writing, the majority of these are in the Current release list and some are in the Snapshot or Previous
release list.

¢ MinGW-3.1.0-1.exe

MSYS-1.0.11-2004.04.30-1.exe

msysDTK-1.0.1.exe

bison-2.0-MSYS.tar.gz

msys-autoconf-2.59.tar.bz2

msys-automake-1.8.2.tar.bz2

* & & o o
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2. Install MinGW-3.1.0-1.exe (C:\MinGW is default location.)
3. Install MSYS-1.0.11-2004.04.30-1.exe. Make sure you install it on the same windows drive letter as MinGW
(C:\msys\1.0 is default). In the post install script,
¢ Answer y to the "do you wish to continue with the post install?"
¢ Answer y to the "do you have MinGW installed?"
¢ Type in the folder in which you installed MinGW (C:/MinGW is default)
4. Install msysDTK-1.0.1.exe to the same folder that you installed MSYS (C:\msys\1.0 is default).
5. Copy the following to the MSYSS install folder (C:\msys\1.0 is default):
¢ msys-automake-1.8.2.tar.bz2
¢ msys-autoconf-2.59.tar.bz2
¢ bison-2.0-MSYS.tar.gz

6. Start the MSYS command prompt and execute:
cd/
tar -jxf msys-automake-1.8.2.tar.bz2
tar -jxf msys-autoconf-2.59.tar.bz2
tar -zxf bison-2.0-MSYS.tar.gz

7.To get the latest SWIG SVN (version from Subversion source control), type in the following:
mkdir /usr/src
cd /usr/src
svn co https://swig.svn.sourceforge.net/svnroot/swig/trunk swig

Pitfall note: If you want to check out SWIG to a different folder to the proposed /usr/src/swig, do not use MSYS
emulated windows drive letters, because the autotools will fail miserably on those.

8. You are now ready to build SWIG. Execute the following commands to build swig.exe:
cd /usr/src/swig
Jautogen.sh
Iconfigure
make

3.3.1.2 Building swig.exe using Cygwin

Note that SWIG can also be built using Cygwin. However, SWIG will then require the Cygwin DLL when executing. Follow the
Unix instructions in the README file in the SWIG root directory. Note that the Cygwin environment will also allow one to
regenerate the autotool generated files which are supplied with the release distribution. These files are generated using the
autogen.sh script and will only need regenerating in circumstances such as changing the build system.

3.3.1.3 Building swig.exe alternatives

If you don't want to install Cygwin or MinGW, use a different compiler to build SWIG. For example, all the source code files can
be added to a Visual C++ project file in order to build swig.exe from the Visual C++ IDE.

3.3.2 Running the examples on Windows using Cygwin

The examples and test-suite work as successfully on Cygwin as on any other Unix operating system. The modules which are
known to work are Python, Tcl, Perl, Ruby, Java and C#. Follow the Unix instructions in the README file in the SWIG root
directory to build the examples.

3.4 Microsoft extensions and other Windows quirks

A common problem when using SWIG on Windows are the Microsoft function calling conventions which are not in the C++
standard. SWIG parses ISO C/C++ so cannot deal with proprietary conventions such as __declspec(dllimport),

__stdcall etc. There is a Windows interface file, windows.i, to deal with these calling conventions though. The file also

contains typemaps for handling commonly used Windows specific types such as __int64, BOOL, DWORD etc. Include it like yc
would any other interface file, for example:

%include <windows.i>

__declspec(dllexport) ULONG __stdcall foo(DWORD, __int32);

3.3.1.1 Building swig.exe using MinGW and MSYS 14



4 Scripting Languages
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This chapter provides a brief overview of scripting language extension programming and the mechanisms by which scripting
language interpreters access C and C++ code.

4.1 The two language view of the world

When a scripting language is used to control a C program, the resulting system tends to look as follows:

Scripting Language
RS

Collection of C/C++ functions

In this programming model, the scripting language interpreter is used for high level control whereas the underlying functionality
of the C/C++ program is accessed through special scripting language "commands.” If you have ever tried to write your own
simple command interpreter, you might view the scripting language approach to be a highly advanced implementation of that.
Likewise, If you have ever used a package such as MATLAB or IDL, it is a very similar model--the interpreter executes user
commands and scripts. However, most of the underlying functionality is written in a low-level language like C or Fortran.

The two-language model of computing is extremely powerful because it exploits the strengths of each language. C/C++ can be
used for maximal performance and complicated systems programming tasks. Scripting languages can be used for rapid
prototyping, interactive debugging, scripting, and access to high-level data structures such associative arrays.

4.2 How does a scripting language talk to C?

Scripting languages are built around a parser that knows how to execute commands and scripts. Within this parser, there is a
mechanism for executing commands and accessing variables. Normally, this is used to implement the builtin features of the
language. However, by extending the interpreter, it is usually possible to add new commands and variables. To do this, most
languages define a special API for adding new commands. Furthermore, a special foreign function interface defines how these
new commands are supposed to hook into the interpreter.

Typically, when you add a new command to a scripting interpreter you need to do two things; first you need to write a special
"wrapper" function that serves as the glue between the interpreter and the underlying C function. Then you need to give the
interpreter information about the wrapper by providing details about the name of the function, arguments, and so forth. The nex
few sections illustrate the process.
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4.2.1 Wrapper functions

Suppose you have an ordinary C function like this :

int fact(int n) {
if (n<=1) return 1;
else return n*fact(n-1);

}

In order to access this function from a scripting language, it is necessary to write a special "wrapper" function that serves as the
glue between the scripting language and the underlying C function. A wrapper function must do three things :

« Gather function arguments and make sure they are valid.
* Call the C function.
 Convert the return value into a form recognized by the scripting language.

As an example, the Tcl wrapper function for the fact() function above example might look like the following :

int wrap_fact(ClientData clientData, Tcl_Interp *interp,
int argc, char *argv[]) {
int result;
int argo;
if (argc 1= 2) {
interp->result = "wrong # args";
return TCL_ERROR;

}

arg0 = atoi(argv[1]);

result = fact(arg0);
sprintf(interp->result,"%d", result);
return TCL_OK;

Once you have created a wrapper function, the final step is to tell the scripting language about the new function. This is usually
done in an initialization function called by the language when the module is loaded. For example, adding the above function to
Tcl interpreter requires code like the following :

int Wrap_Init(Tcl_Interp *interp) {
Tcl_CreateCommand(interp, "fact”, wrap_fact, (ClientData) NULL,
(Tcl_CmdDeleteProc *) NULL);
return TCL_OK;
}

When executed, Tcl will now have a new command called "fact" that you can use like any other Tcl command.

Although the process of adding a new function to Tcl has been illustrated, the procedure is almost identical for Perl and Python
Both require special wrappers to be written and both need additional initialization code. Only the specific details are different.

4.2.2 Variable linking

Variable linking refers to the problem of mapping a C/C++ global variable to a variable in the scripting language interpreter. For
example, suppose you had the following variable:

double Foo = 3.5;
It might be nice to access it from a script as follows (shown for Perl):

$a = $Foo * 2.3; # Evaluation
$Foo = $a + 2.0; # Assignment

4.2.1 Wrapper functions 16
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To provide such access, variables are commonly manipulated using a pair of get/set functions. For example, whenever the vall
of a variable is read, a "get" function is invoked. Similarly, whenever the value of a variable is changed, a "set" function is callec

In many languages, calls to the get/set functions can be attached to evaluation and assignment operators. Therefore, evaluatin
variable such as $Foo might implicitly call the get function. Similarly, typing $Foo = 4 would call the underlying set function
to change the value.

4.2.3 Constants

In many cases, a C program or library may define a large collection of constants. For example:

#define RED 0xff0000
#define BLUE 0x0000ff
#define GREEN 0x00ff00

To make constants available, their values can be stored in scripting language variables such as $RED, $BLUE, and $GREEN.
Virtually all scripting languages provide C functions for creating variables so installing constants is usually a trivial exercise.

4.2.4 Structures and classes

Although scripting languages have no trouble accessing simple functions and variables, accessing C/C++ structures and class
present a different problem. This is because the implementation of structures is largely related to the problem of data
representation and layout. Furthermore, certain language features are difficult to map to an interpreter. For instance, what does
C++ inheritance mean in a Perl interface?

The most straightforward technique for handling structures is to implement a collection of accessor functions that hide the
underlying representation of a structure. For example,

struct Vector {
Vector();
~Vector();
double x,y,z;

can be transformed into the following set of functions :

Vector *new_Vector();

void delete_Vector(Vector *v);

double Vector_x_get(Vector *v);
double Vector_y get(Vector *v);
double Vector_z_get(Vector *v);

void Vector_x_set(Vector *v, double x);
void Vector_y_set(Vector *v, double y);
void Vector_z_set(Vector *v, double z);

Now, from an interpreter these function might be used as follows:

% set v [new_Vector]
% Vector_x_set $v 3.5
% Vector_y_get $v

% delete_Vector $v

% ...

Since accessor functions provide a mechanism for accessing the internals of an object, the interpreter does not need to know
anything about the actual representation of a Vector.

4.2.2 Variable linking 17
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4.2.5 Proxy classes

In certain cases, it is possible to use the low-level accessor functions to create a proxy class, also known as a shadow class. A
proxy class is a special kind of object that gets created in a scripting language to access a C/C++ class (or struct) in a way that
looks like the original structure (that is, it proxies the real C++ class). For example, if you have the following C definition :

class Vector {
public:
Vector();
~Vector();
double x,y,z;

¥

A proxy classing mechanism would allow you to access the structure in a more natural manner from the interpreter. For examp
in Python, you might want to do this:

>>> v = Vector()
>>>y.Xx=3
>>>vy =4
>>>v.z=-13
>>>

>>> del v

Similarly, in Perl5 you may want the interface to work like this:

$v = new Vector;
$v->{x} = 3;
Sv->{y} =4
$v->{z} = -13;

Finally, in Tcl :

Vector v
v configure -x 3-y 4 -z 13

When proxy classes are used, two objects are at really work--one in the scripting language, and an underlying C/C++ object.
Operations affect both objects equally and for all practical purposes, it appears as if you are simply manipulating a C/C++ objec

4.3 Building scripting language extensions

The final step in using a scripting language with your C/C++ application is adding your extensions to the scripting language itse
There are two primary approaches for doing this. The preferred technique is to build a dynamically loadable extension in the fo
a shared library. Alternatively, you can recompile the scripting language interpreter with your extensions added to it.

4.3.1 Shared libraries and dynamic loading

To create a shared library or DLL, you often need to look at the manual pages for your compiler and linker. However, the
procedure for a few common machines is shown below:

# Build a shared library for Solaris
gcc -c example.c example_wrap.c -l/usr/local/include
Id -G example.o example_wrap.o -0 example.so

# Build a shared library for Linux
gcc -fpic -c example.c example_wrap.c -l/usr/local/include
gcc -shared example.o example_wrap.o -0 example.so

# Build a shared library for Irix

4.2.5 Proxy classes 18
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gcc -c example.c example_wrap.c -l/usr/local/include
Id -shared example.o example_wrap.o -0 example.so

To use your shared library, you simply use the corresponding command in the scripting language (load, import, use, etc...). Thi
will import your module and allow you to start using it. For example:

% load ./example.so
% fact 4

24

%

When working with C++ codes, the process of building shared libraries may be more complicated--primarily due to the fact that
C++ modules may need additional code in order to operate correctly. On many machines, you can build a shared C++ module
following the above procedures, but changing the link line to the following :

c++ -shared example.o example_wrap.o -0 example.so
4.3.2 Linking with shared libraries

When building extensions as shared libraries, it is not uncommon for your extension to rely upon other shared libraries on your
machine. In order for the extension to work, it needs to be able to find all of these libraries at run-time. Otherwise, you may get
error such as the following :

>>> import graph
Traceback (innermost last):

File "<stdin>", line 1, in ?

File "/home/sci/datal/beazley/graph/graph.py”, line 2, in ?

import graphc

ImportError: 1101:/home/sci/datal/beazley/bin/python: rld: Fatal Error: cannot
successfully map soname 'libgraph.so' under any of the filenames /usr/lib/libgraph.so:/
lib/libgraph.so:/lib/cmplrs/cc/libgraph.so:/usr/lib/cmplrs/cc/libgraph.so:
>>>

What this error means is that the extension module created by SWIG depends upon a shared library called "libgraph.so" that
the system was unable to locate. To fix this problem, there are a few approaches you can take.

« Link your extension and explicitly tell the linker where the required libraries are located. Often times, this can be done
with a special linker flag such as -R, -rpath, etc. This is not implemented in a standard manner so read the man pages
for your linker to find out more about how to set the search path for shared libraries.

« Put shared libraries in the same directory as the executable. This technique is sometimes required for correct operatiol
non-Unix platforms.

* Set the UNIX environment variable LD_LIBRARY_PATH to the directory where shared libraries are located before
running Python. Although this is an easy solution, it is not recommended. Consider setting the path using linker options
instead.

4.3.3 Static linking

With static linking, you rebuild the scripting language interpreter with extensions. The process usually involves compiling a shol
main program that adds your customized commands to the language and starts the interpreter. You then link your program witt
library to produce a new scripting language executable.

Although static linking is supported on all platforms, this is not the preferred technique for building scripting language extension
In fact, there are very few practical reasons for doing this--consider using shared libraries instead.
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This chapter describes the basic operation of SWIG, the structure of its input files, and how it handles standard ANSI C
declarations. C++ support is described in the next chapter. However, C++ programmers should still read this chapter to unders
the basics. Specific details about each target language are described in later chapters.

5.1 Running SWIG

To run SWIG, use the swig command with options and a filename like this:
swig [ options ] filename

where filename is a SWIG interface file or a C/C++ header file. Below is a subset of options that can be used. Additional
options are also defined for each target language. A full list can be obtained by typing swig -help or swig -lang -help.

-allegrocl Generate ALLEGROCL wrappers
-chicken Generate CHICKEN wrappers

-clisp Generate CLISP wrappers

-cffi Generate CFFI wrappers

-csharp Generate C# wrappers

-go Generate Go wrappers

-guile Generate Guile wrappers

-java Generate Java wrappers

-lua Generate Lua wrappers

-modula3 Generate Modula 3 wrappers
-mzscheme Generate Mzscheme wrappers

-ocaml Generate Ocaml wrappers

-perl Generate Perl wrappers

-php Generate PHP wrappers

-pike Generate Pike wrappers

-python Generate Python wrappers

-r Generate R (aka GNU S) wrappers

-ruby Generate Ruby wrappers

-sexp Generate Lisp S-Expressions wrappers
-tel Generate Tcl wrappers

-uffi Generate Common Lisp / UFFI wrappers
-xml Generate XML wrappers

-C++ Enable C++ parsing

-Dsymbol Define a preprocessor symbol
-Fstandard Display error/warning messages in commonly used format
-Fmicrosoft Display error/warning messages in Microsoft format
-help Display all options

-Idir Add a directory to the file include path

-Ifile Include a SWIG library file.

-module name Set the name of the SWIG module

-0 outfile Name of output file

-outcurrentdir Set default output dir to current dir instead of input file's path
-outdir dir Set language specific files output directory
-pcreversion Display PCRE version information
-swiglib Show location of SWIG library

-version Show SWIG version number

5.1.1 Input format

As input, SWIG expects a file containing ANSI C/C++ declarations and special SWIG directives. More often than not, this is a
special SWIG interface file which is usually denoted with a special .i or .swg suffix. In certain cases, SWIG can be used
directly on raw header files or source files. However, this is not the most typical case and there are several reasons why you m
not want to do this (described later).

The most common format of a SWIG interface is as follows:

%module mymodule
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%{

#include "myheader.h"

9%}

/I Now list ANSI C/C++ declarations
int foo;

int bar(int x);

The module name is supplied using the special %module directive. Modules are described further in the Modules Introduction
section.

Everything in the %({ ... %} block is simply copied verbatim to the resulting wrapper file created by SWIG. This section is
almost always used to include header files and other declarations that are required to make the generated wrapper code comp
is important to emphasize that just because you include a declaration in a SWIG input file, that declaration does not automatice
appear in the generated wrapper code---therefore you need to make sure you include the proper header files in the %({ ... %}
section. It should be noted that the text enclosed in %{ ... %} is not parsed or interpreted by SWIG. The %({...%} syntax and
semantics in SWIG is analogous to that of the declarations section used in input files to parser generation tools such as yacc o
bison.

5.1.2 SWIG Output

The output of SWIG is a C/C++ file that contains all of the wrapper code needed to build an extension module. SWIG may
generate some additional files depending on the target language. By default, an input file with the name file.i is transformed
into a file file_wrap.c or file_wrap.cxx (depending on whether or not the -c++ option has been used). The name of the

output file can be changed using the -0 option. In certain cases, file suffixes are used by the compiler to determine the source
language (C, C++, etc.). Therefore, you have to use the -0 option to change the suffix of the SWIG-generated wrapper file if yo
want something different than the default. For example:

$ swig -c++ -python -0 example_wrap.cpp example.i
The C/C++ output file created by SWIG often contains everything that is needed to construct a extension module for the target
scripting language. SWIG is not a stub compiler nor is it usually necessary to edit the output file (and if you look at the output,

you probably won't want to). To build the final extension module, the SWIG output file is compiled and linked with the rest of
your C/C++ program to create a shared library.

Many target languages will also generate proxy class files in the target language. The default output directory for these languag
specific files is the same directory as the generated C/C++ file. This can be modified using the -outdir option. For example:

$ swig -c++ -python -outdir pyfiles -o cppfiles/example_wrap.cpp example.i
If the directories cppfiles and pyfiles exist, the following will be generated:

cppfiles/example_wrap.cpp
pyfiles/example.py

If the -outcurrentdir option is used (without -0) then SWIG behaves like a typical C/C++ compiler and the default output
directory is then the current directory. Without this option the default output directory is the path to the input file. If -0 and

-outcurrentdir are used together, -outcurrentdir is effectively ignored as the output directory for the language files is
the same directory as the generated C/C++ file if not overidden with -outdir.

5.1.3 Comments

C and C++ style comments may appear anywhere in interface files. In previous versions of SWIG, comments were used to
generate documentation files. However, this feature is currently under repair and will reappear in a later SWIG release.
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5.1.4 C Preprocessor

Like C, SWIG preprocesses all input files through an enhanced version of the C preprocessor. All standard preprocessor featur
are supported including file inclusion, conditional compilation and macros. However, #include statements are ignored unless
the -includeall command line option has been supplied. The reason for disabling includes is that SWIG is sometimes used to
process raw C header files. In this case, you usually only want the extension module to include functions in the supplied heade
file rather than everything that might be included by that header file (i.e., system headers, C library functions, etc.).

It should also be noted that the SWIG preprocessor skips all text enclosed inside a %f{...%]} block. In addition, the preprocessor
includes a number of macro handling enhancements that make it more powerful than the normal C preprocessor. These extens
are described in the "Preprocessor” chapter.

5.1.5 SWIG Directives

Most of SWIG's operation is controlled by special directives that are always preceded by a "%" to distinguish them from normal
declarations. These directives are used to give SWIG hints or to alter SWIG's parsing behavior in some manner.

Since SWIG directives are not legal C syntax, it is generally not possible to include them in header files. However, SWIG
directives can be included in C header files using conditional compilation like this:

/* header.h --- Some header file */

I* SWIG directives -- only seen if SWIG is running */
#ifdef SWIG

%module foo

#endif

SWIG is a special preprocessing symbol defined by SWIG when it is parsing an input file.

5.1.6 Parser Limitations

Although SWIG can parse most C/C++ declarations, it does not provide a complete C/C++ parser implementation. Most of thes
limitations pertain to very complicated type declarations and certain advanced C++ features. Specifically, the following features
are not currently supported:

» Non-conventional type declarations. For example, SWIG does not support declarations such as the following (even
though this is legal C):

/* Non-conventional placement of storage specifier (extern) */
const int extern Number;

[* Extra declarator grouping */
Matrix (foo); /I A global variable

[* Extra declarator grouping in parameters */
void bar(Spam (Grok)(Doh));

In practice, few (if any) C programmers actually write code like this since this style is never featured in programming
books. However, if you're feeling particularly obfuscated, you can certainly break SWIG (although why would you want
to?).

* Running SWIG on C++ source files (the code in a .C, .cpp or .cxx file) is not recommended. The usual approach is to
feed SWIG header files for parsing C++ definitions and declarations. The main reason is if SWIG parses a scoped
definition or declaration (as is normal for C++ source files), it is ignored, unless a declaration for the symbol was parse
earlier. For example

/* bar not wrapped unless foo has been defined and
the declaration of bar within foo has already been parsed */
int foo::bar(int) {
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... whatever ...
}
« Certain advanced features of C++ such as nested classes are not yet fully supported. Please see the C++ Nested clas
section for more information.

In the event of a parsing error, conditional compilation can be used to skip offending code. For example:

#ifndef SWIG
... some bad declarations ...
#endif

Alternatively, you can just delete the offending code from the interface file.

One of the reasons why SWIG does not provide a full C++ parser implementation is that it has been designed to work with
incomplete specifications and to be very permissive in its handling of C/C++ datatypes (e.g., SWIG can generate interfaces eve
when there are missing class declarations or opaque datatypes). Unfortunately, this approach makes it extremely difficult to
implement certain parts of a C/C++ parser as most compilers use type information to assist in the parsing of more complex
declarations (for the truly curious, the primary complication in the implementation is that the SWIG parser does not utilize a
separate typedef-name terminal symbol as described on p. 234 of K&R).

5.2 Wrapping Simple C Declarations

SWIG wraps simple C declarations by creating an interface that closely matches the way in which the declarations would be us
in a C program. For example, consider the following interface file:

%module example

%inline %{

extern double sin(double x);

extern int strcmp(const char *, const char *);
extern int Foo;

9%}

#define STATUS 50

#define VERSION "1.1"

In this file, there are two functions sin() and strcmp(), a global variable Foo, and two constants STATUS and VERSION.
When SWIG creates an extension module, these declarations are accessible as scripting language functions, variables, and
constants respectively. For example, in Tcl:

% sin 3

5.2335956

% strcmp Dave Mike
-1

% puts $Foo

42

% puts $STATUS
50

% puts $VERSION
1.1

Or in Python:

>>> example.sin(3)

5.2335956

>>> example.strcmp('Dave’,'Mike")
-1

>>> print example.cvar.Foo

42

>>> print example.STATUS

50

>>> print example.VERSION

11
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Whenever possible, SWIG creates an interface that closely matches the underlying C/C++ code. However, due to subtle
differences between languages, run-time environments, and semantics, it is not always possible to do so. The next few section
describes various aspects of this mapping.

5.2.1 Basic Type Handling

In order to build an interface, SWIG has to convert C/C++ datatypes to equivalent types in the target language. Generally,
scripting languages provide a more limited set of primitive types than C. Therefore, this conversion process involves a certain
amount of type coercion.

Most scripting languages provide a single integer type that is implemented using the int or long datatype in C. The following
list shows all of the C datatypes that SWIG will convert to and from integers in the target language:

int

short

long

unsigned
signed
unsigned short
unsigned long
unsigned char
signed char
bool

When an integral value is converted from C, a cast is used to convert it to the representation in the target language. Thus, a 16
short in C may be promoted to a 32 bit integer. When integers are converted in the other direction, the value is cast back into tt
original C type. If the value is too large to fit, it is silently truncated.

unsigned char and signed char are special cases that are handled as small 8-bit integers. Normally, the char datatype is
mapped as a one-character ASCII string.

The bool datatype is cast to and from an integer value of 0 and 1 unless the target language provides a special boolean type.

Some care is required when working with large integer values. Most scripting languages use 32-bit integers so mapping a 64-b
long integer may lead to truncation errors. Similar problems may arise with 32 bit unsigned integers (which may appear as larg
negative numbers). As a rule of thumb, the int datatype and all variations of char and short datatypes are safe to use. For
unsigned int and long datatypes, you will need to carefully check the correct operation of your program after it has been
wrapped with SWIG.

Although the SWIG parser supports the long long datatype, not all language modules support it. This is because long long
usually exceeds the integer precision available in the target language. In certain modules such as Tcl and Perl5, long long
integers are encoded as strings. This allows the full range of these numbers to be represented. However, it does not allow long
long values to be used in arithmetic expressions. It should also be noted that although long long is part of the ISO C99
standard, it is not universally supported by all C compilers. Make sure you are using a compiler that supports long long before
trying to use this type with SWIG.

SWIG recognizes the following floating point types :

float
double

Floating point numbers are mapped to and from the natural representation of floats in the target language. This is almost alway
C double. The rarely used datatype of long double is not supported by SWIG.

The char datatype is mapped into a NULL terminated ASCII string with a single character. When used in a scripting language i
shows up as a tiny string containing the character value. When converting the value back into C, SWIG takes a character strinc
from the scripting language and strips off the first character as the char value. Thus if the value "foo" is assigned to a char
datatype, it gets the value °f'.
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The char * datatype is handled as a NULL-terminated ASCII string. SWIG maps this into a 8-bit character string in the target
scripting language. SWIG converts character strings in the target language to NULL terminated strings before passing them int
C/C++. The default handling of these strings does not allow them to have embedded NULL bytes. Therefore, the char *
datatype is not generally suitable for passing binary data. However, it is possible to change this behavior by defining a SWIG
typemap. See the chapter_ on Typemaps for details about this.

At this time, SWIG provides limited support for Unicode and wide-character strings (the C wchar_t type). Some languages
provide typemaps for wchar_t, but bear in mind these might not be portable across different operating systems. This is a delica
topic that is poorly understood by many programmers and not implemented in a consistent manner across languages. For thos
scripting languages that provide Unicode support, Unicode strings are often available in an 8-bit representation such as UTF-8
can be mapped to the char * type (in which case the SWIG interface will probably work). If the program you are wrapping uses
Unicode, there is no guarantee that Unicode characters in the target language will use the same internal representation (e.qg.,
UCS-2 vs. UCS-4). You may need to write some special conversion functions.

5.2.2 Global Variables

Whenever possible, SWIG maps C/C++ global variables into scripting language variables. For example,

%module example
double foo;

results in a scripting language variable like this:

# Tcl

set foo [3.5] # Set foo to 3.5

puts $foo ;# Print the value of foo
# Python

cvar.foo = 3.5 # Setfooto 3.5
print cvar.foo # Print value of foo

# Perl

$foo = 3.5; # Set foo to 3.5

print $foo,"\n"; # Print value of foo

# Ruby

Module.foo = 3.5 # Set foo to 3.5
print Module.foo, "\n" # Print value of foo

Whenever the scripting language variable is used, the underlying C global variable is accessed. Although SWIG makes every
attempt to make global variables work like scripting language variables, it is not always possible to do so. For instance, in Pyth
all global variables must be accessed through a special variable object known as cvar (shown above). In Ruby, variables are
accessed as attributes of the module. Other languages may convert variables to a pair of accessor functions. For example, the
module generates a pair of functions double get_foo() and set_foo(double val) that are used to manipulate the

value.

Finally, if a global variable has been declared as const, it only supports read-only access. Note: this behavior is new to
SWIG-1.3. Earlier versions of SWIG incorrectly handled const and created constants instead.

5.2.3 Constants

Constants can be created using #define, enumerations, or a special %constant directive. The following interface file shows a
few valid constant declarations :

#define |_CONST 5 /I An integer constant
#define PI 3.14159 /I A Floating point constant
#define S_CONST "hello world" // A string constant
#define NEWLINE \n' /I Character constant
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enum boolean {NO=0, YES=1};

enum months {JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG,
SEP, OCT, NOV, DEC};

%constant double BLAH = 42.37;

#define PI_4 Pl/4

#define FLAGS 0x04 | 0x08 | 0x40

In #define declarations, the type of a constant is inferred by syntax. For example, a number with a decimal point is assumed to
be floating point. In addition, SWIG must be able to fully resolve all of the symbols used in a #define in order for a constant to
actually be created. This restriction is necessary because #define is also used to define preprocessor macros that are definitely
not meant to be part of the scripting language interface. For example:

#define EXTERN extern

EXTERN void foo();

In this case, you probably don't want to create a constant called EXTERN (what would the value be?). In general, SWIG will no
create constants for macros unless the value can be completely determined by the preprocessor. For instance, in the above
example, the declaration

#define PI_4 Pl/4

defines a constant because Pl was already defined as a constant and the value is known. However, for the same conservative
reasons even a constant with a simple cast will be ignored, such as

#define F_CONST (double) 5 /I A floating pointer constant with cast

The use of constant expressions is allowed, but SWIG does not evaluate them. Rather, it passes them through to the output fil
lets the C compiler perform the final evaluation (SWIG does perform a limited form of type-checking however).

For enumerations, it is critical that the original enum definition be included somewhere in the interface file (either in a header fil
or in the %¢{,%} block). SWIG only translates the enumeration into code needed to add the constants to a scripting language. It
needs the original enumeration declaration in order to get the correct enum values as assigned by the C compiler.

The %constant directive is used to more precisely create constants corresponding to different C datatypes. Although it is not
usually not needed for simple values, it is more useful when working with pointers and other more complex datatypes. Typically
%constant is only used when you want to add constants to the scripting language interface that are not defined in the original
header file.

5.2.4 A brief word about const

A common confusion with C programming is the semantic meaning of the const qualifier in declarations--especially when it is
mixed with pointers and other type modifiers. In fact, previous versions of SWIG handled const incorrectly--a situation that
SWIG-1.3.7 and newer releases have fixed.

Starting with SWIG-1.3, all variable declarations, regardless of any use of const, are wrapped as global variables. If a
declaration happens to be declared as const, it is wrapped as a read-only variable. To tell if a variable is const or not, you neec
to look at the right-most occurrence of the const qualifier (that appears before the variable name). If the right-most const
occurs after all other type modifiers (such as pointers), then the variable is const. Otherwise, it is not.

Here are some examples of const declarations.

const char a; /I A constant character
char const b; /I A constant character (the same)
char *const c; /I A constant pointer to a character

const char *const d; // A constant pointer to a constant character
Here is an example of a declaration that is not const:
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const char *e; /I A pointer to a constant character. The pointer
/l may be modified.

In this case, the pointer e can change---it's only the value being pointed to that is read-only.

Please note that for const parameters or return types used in a function, SWIG pretty much ignores the fact that these are cons
see the section qn const-correctness for more information.

Compatibility Note: One reason for changing SWIG to handle const declarations as read-only variables is that there are many
situations where the value of a const variable might change. For example, a library might export a symbol as const in its

public API to discourage modification, but still allow the value to change through some other kind of internal mechanism.
Furthermore, programmers often overlook the fact that with a constant declaration like char *const, the underlying data being
pointed to can be modified--it's only the pointer itself that is constant. In an embedded system, a const declaration might refer t
a read-only memory address such as the location of a memory-mapped I/O device port (where the value changes, but writing t
the port is not supported by the hardware). Rather than trying to build a bunch of special cases into the const qualifier, the new
interpretation of const as "read-only" is simple and exactly matches the actual semantics of const in C/C++. If you really want
to create a constant as in older versions of SWIG, use the %constant directive instead. For example:

%constant double Pl = 3.14159;
or

#ifdef SWIG

#define const %constant
#endif

const double foo = 3.4;
const double bar = 23.4;
constint spam =42;
#ifdef SWIG

#undef const

#endif

5.2.5 A cautionary tale of char *

Before going any further, there is one bit of caution involving char * that must now be mentioned. When strings are passed
from a scripting language to a C char *, the pointer usually points to string data stored inside the interpreter. It is almost always
a really bad idea to modify this data. Furthermore, some languages may explicitly disallow it. For instance, in Python, strings at
supposed be immutable. If you violate this, you will probably receive a vast amount of wrath when you unleash your module on
the world.

The primary source of problems are functions that might modify string data in place. A classic example would be a function like
this:

char *strcat(char *s, const char *t)
Although SWIG will certainly generate a wrapper for this, its behavior will be undefined. In fact, it will probably cause your
application to crash with a segmentation fault or other memory related problem. This is because s refers to some internal data |

the target language---data that you shouldn't be touching.

The bottom line: don't rely on char * for anything other than read-only input values. However, it must be noted that you could
change the behavior of SWIG using typemaps.

5.3 Pointers and complex objects

Most C programs manipulate arrays, structures, and other types of objects. This section discusses the handling of these dataty
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5.3.1 Simple pointers

Pointers to primitive C datatypes such as

int *
double ***
char **

are fully supported by SWIG. Rather than trying to convert the data being pointed to into a scripting representation, SWIG simp
encodes the pointer itself into a representation that contains the actual value of the pointer and a type-tag. Thus, the SWIG
representation of the above pointers (in Tcl), might look like this:

~10081012_p_int
~1008e124_ppp_double
_f8ac_pp_char

A NULL pointer is represented by the string "NULL" or the value 0 encoded with type information.

All pointers are treated as opaque objects by SWIG. Thus, a pointer may be returned by a function and passed around to othet
functions as needed. For all practical purposes, the scripting language interface works in exactly the same way as you would u
the pointer in a C program. The only difference is that there is no mechanism for dereferencing the pointer since this would
require the target language to understand the memory layout of the underlying object.

The scripting language representation of a pointer value should never be manipulated directly. Even though the values shown |
like hexadecimal addresses, the numbers used may differ from the actual machine address (e.g., on little-endian machines, the
digits may appear in reverse order). Furthermore, SWIG does not normally map pointers into high-level objects such as
associative arrays or lists (for example, converting an int * into an list of integers). There are several reasons why SWIG does
not do this:

 There is not enough information in a C declaration to properly map pointers into higher level constructs. For example,
int * may indeed be an array of integers, but if it contains ten million elements, converting it into a list object is
probably a bad idea.

» The underlying semantics associated with a pointer is not known by SWIG. For instance, an int * might not be an
array at all--perhaps it is an output value!

« By handling all pointers in a consistent manner, the implementation of SWIG is greatly simplified and less prone to errc

5.3.2 Run time pointer type checking

By allowing pointers to be manipulated from a scripting language, extension modules effectively bypass compile-time type
checking in the C/C++ compiler. To prevent errors, a type signature is encoded into all pointer values and is used to perform
run-time type checking. This type-checking process is an integral part of SWIG and can not be disabled or modified without usi
typemaps (described in later chapters).

Like C, void * matches any kind of pointer. Furthermore, NULL pointers can be passed to any function that expects to receive ¢

pointer. Although this has the potential to cause a crash, NULL pointers are also sometimes used as sentinel values or to deno
missing/empty value. Therefore, SWIG leaves NULL pointer checking up to the application.

5.3.3 Derived types, structs, and classes
For everything else (structs, classes, arrays, etc...) SWIG applies a very simple rule :
Everything else is a pointer
In other words, SWIG manipulates everything else by reference. This model makes sense because most C/C++ programs mak

heavy use of pointers and SWIG can use the type-checked pointer mechanism already present for handling pointers to basic
datatypes.
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Although this probably sounds complicated, it's really quite simple. Suppose you have an interface file like this :

%module fileio

FILE *fopen(char *, char *);

int fclose(FILE *);

unsigned fread(void *ptr, unsigned size, unsigned nobj, FILE *);
unsigned fwrite(void *ptr, unsigned size, unsigned nobj, FILE *);
void *malloc(int nbytes);

void free(void *);

In this file, SWIG doesn't know what a FILE is, but since it's used as a pointer, so it doesn't really matter what it is. If you
wrapped this module into Python, you can use the functions just like you expect :

# Copy a file
def filecopy(source,target):
f1 = fopen(source,"r")
f2 = fopen(target,"w")
buffer = malloc(8192)
nbytes = fread(buffer,8192,1,f1)
while (nbytes > 0):
fwrite(buffer,8192,1,f2)
nbytes = fread(buffer,8192,1,f1)
free(buffer)

In this case f1, f2, and buffer are all opaque objects containing C pointers. It doesn't matter what value they contain--our
program works just fine without this knowledge.

5.3.4 Undefined datatypes

When SWIG encounters an undeclared datatype, it automatically assumes that it is a structure or class. For example, suppose
following function appeared in a SWIG input file:

void matrix_multiply(Matrix *a, Matrix *b, Matrix *c);

SWIG has no idea what a "Matrix" is. However, it is obviously a pointer to something so SWIG generates a wrapper using its
generic pointer handling code.

Unlike C or C++, SWIG does not actually care whether Matrix has been previously defined in the interface file or not. This
allows SWIG to generate interfaces from only partial or limited information. In some cases, you may not care what a Matrix
really is as long as you can pass an opaque reference to one around in the scripting language interface.

An important detail to mention is that SWIG will gladly generate wrappers for an interface when there are unspecified type
names. However, all unspecified types are internally handled as pointers to structures or classes! For example, consider the
following declaration:

void foo(size_t num);

If size_t is undeclared, SWIG generates wrappers that expect to receive a type of size_t * (this mapping is described
shortly). As a result, the scripting interface might behave strangely. For example:

foo(40);
TypeError: expected a _p_size_t.

The only way to fix this problem is to make sure you properly declare type names using typedef.
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5.3.5 Typedef
Like C, typedef can be used to define new type names in SWIG. For example:
typedef unsigned int size_t;

typedef definitions appearing in a SWIG interface are not propagated to the generated wrapper code. Therefore, they either
need to be defined in an included header file or placed in the declarations section like this:

9%{
* Include in the generated wrapper file */
typedef unsigned int size_t;
9%}
/* Tell SWIG about it */
typedef unsigned int size_t;
or
%inline %{
typedef unsigned int size_t;
%0}
In certain cases, you might be able to include other header files to collect type information. For example:

%module example
%import "sys/types.h"

In this case, you might run SWIG as follows:

$ swig -l/usr/include -includeall example.i
It should be noted that your mileage will vary greatly here. System headers are notoriously complicated and may rely upon a
variety of non-standard C coding extensions (e.g., such as special directives to GCC). Unless you exactly specify the right inclt

directories and preprocessor symbols, this may not work correctly (you will have to experiment).

SWIG tracks typedef declarations and uses this information for run-time type checking. For instance, if you use the above
typedef and had the following function declaration:

void foo(unsigned int *ptr);

The corresponding wrapper function will accept arguments of type unsigned int * or size_t *.

5.4 Other Practicalities

So far, this chapter has presented almost everything you need to know to use SWIG for simple interfaces. However, some C
programs use idioms that are somewhat more difficult to map to a scripting language interface. This section describes some of
these issues.

5.4.1 Passing structures by value

Sometimes a C function takes structure parameters that are passed by value. For example, consider the following function:
double dot_product(Vector a, Vector b);

To deal with this, SWIG transforms the function to use pointers by creating a wrapper equivalent to the following:

double wrap_dot_product(Vector *a, Vector *b) {
Vector x = *a;
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Vector y = *b;
return dot_product(x,y);

}

In the target language, the dot_product() function now accepts pointers to Vectors instead of Vectors. For the most part, this
transformation is transparent so you might not notice.

5.4.2 Return by value

C functions that return structures or classes datatypes by value are more difficult to handle. Consider the following function:

Vector cross_product(Vector v1, Vector v2);

This function wants to return Vector, but SWIG only really supports pointers. As a result, SWIG creates a wrapper like this:

Vector *wrap_cross_product(Vector *v1, Vector *v2) {
Vector x = *v1;
Vector y = *v2;
Vector *result;
result = (Vector *) malloc(sizeof(Vector));
*(result) = cross(x,y);
return result;

}
or if SWIG was run with the -c++ option:

Vector *wrap_cross(Vector *v1, Vector *v2) {
Vector x = *v1;
Vectory = *v2;
Vector *result = new Vector(cross(x,y)); // Uses default copy constructor
return result;

}

In both cases, SWIG allocates a new object and returns a reference to it. It is up to the user to delete the returned object when
no longer in use. Clearly, this will leak memory if you are unaware of the implicit memory allocation and don't take steps to free
the result. That said, it should be noted that some language modules can now automatically track newly created objects and
reclaim memory for you. Consult the documentation for each language module for more details.

It should also be noted that the handling of pass/return by value in C++ has some special cases. For example, the above code
fragments don't work correctly if Vector doesn't define a default constructor. The section on SWIG and C++ has more
information about this case.

5.4.3 Linking to structure variables

When global variables or class members involving structures are encountered, SWIG handles them as pointers. For example,
global variable like this

Vector unit_i;

gets mapped to an underlying pair of set/get functions like this :

Vector *unit_i_get() {
return &unit_i;

}

void unit_i_set(Vector *value) {
unit_i = *value;

}

Again some caution is in order. A global variable created in this manner will show up as a pointer in the target scripting languac
It would be an extremely bad idea to free or destroy such a pointer. Also, C++ classes must supply a properly defined copy
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constructor in order for assignment to work correctly.

5.4.4 Linking to char *

When a global variable of type char * appears, SWIG uses malloc() or new to allocate memory for the new value.
Specifically, if you have a variable like this

char *foo;

SWIG generates the following code:

/* C mode */

void foo_set(char *value) {
if (foo) free(foo);
foo = (char *) malloc(strlen(value)+1);
strcpy(foo,value);

}

/* C++ mode. When -c++ option is used */
void foo_set(char *value) {
if (foo) delete [] foo;
foo = new char[strlen(value)+1];
strcpy(foo,value);

}

If this is not the behavior that you want, consider making the variable read-only using the %immutable directive. Alternatively,
you might write a short assist-function to set the value exactly like you want. For example:

%inline %({

void set_foo(char *value) {
strncpy(foo,value, 50);

}
%}

Note: If you write an assist function like this, you will have to call it as a function from the target scripting language (it does not
work like a variable). For example, in Python you will have to write:

>>> set_foo("Hello World")
A common mistake with char * variables is to link to a variable declared like this:
char *VERSION = "1.0";

In this case, the variable will be readable, but any attempt to change the value results in a segmentation or general protection f
This is due to the fact that SWIG is trying to release the old value using free or delete when the string literal value currently
assigned to the variable wasn't allocated using malloc() or new. To fix this behavior, you can either mark the variable as
read-only, write a typemap (as described in Chapter 6), or write a special set function as shown. Another alternative is to decla
the variable as an array:

char VERSION[64] = "1.0";
When variables of type const char * are declared, SWIG still generates functions for setting and getting the value. However,
the default behavior does not release the previous contents (resulting in a possible memory leak). In fact, you may get a warnir
message such as this when wrapping such a variable:

example.i:20. Typemap warning. Setting const char * variable may leak memory

The reason for this behavior is that const char * variables are often used to point to string literals. For example:

const char *foo = "Hello World\n";

5.4.3 Linkin