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&KDSWHU

*HWWLQJ 6WDUWHG

 QWURGXFWLRQ

, NDUXV 6FKHPH LV DQ LPSOHPHQWDWLRQ RI WKH 6FKHPH SURJUDPPI
SUHOLPLQDU\UHOHDVH RI ,NDUXV LPSOHPHQWY WKH PDMRULW\RI W
FXUUHQW VWDQGD UGH SRUHVSRIQ WKIKE DOJRULWKP@FLQDQJXDJH 6 FKHP
FOXGLQJIB@QBUDU\DQG VFULSW VI\QWD[ V\QWD[ FDVH XQLFRGH V)
WRUV XVHU GHYQHG UHFRUG W\SHV H[FHSWLRQ KDQGOLQJ FRQGLV
8VHU GHYW®HOR EUDULHY FDQ EH FRPSLOHG LQ PHPRU\ RQ WKH {\ RU F
GLVNDQG ORDGHG LQ VXEVHTXHQW UXQV

,Q DGGLWLRQ WR $BSBACWRYW5RI WKH IHDWXUHV IRXQG LQ WKH WK
RXW56 VWDQGDUGY ,NDUXV VXSSRUWYV SRZHUIXO LQWHUSURFHVV F
WLHV LQFOXGLQJ VXSSRUW IRU FRPPXQLFDWLRQ ZLWK FKLOG SURFF
UHPRWH SURFHVVHV YLD 7&3 DQG 8'3 VRENHWV 7KH IDFLOLW\ DOVR
FKURQRXV DQG DV\QFKURQRXV FRPPXQLFDWLRQ VR WKDW D 6 FKHPH
,NDUXV FDQ FRPPXQLFDWH ZLWK PDQ\ SURFHVVHV FRQFXUUHQWO\

, NDUXV DOVR VXSSRUWYV EDVLFIRUHLJQ IXQFWLRQLQWHUIDFH )), IL
SURJUDPPHU WR GHYQH DFFHVVRUV DQG PXWDWRUV IRU QDWLYH GIL
DOORZV IRU 6FKHPH SURJUDPV WR G\QDPLFDOO\ ORDG DQ\ OLEUDU\
PDFKLQH 1DWLYH SURFHGXUHV DQG 6FKHPH SURFHGXUHYV FDQ FDOC
FDOO RXWDQG FDOO EDFNIDFLOLWLHV RI ,NDUXYV



&+$37(5 *(77,1*67$57('
THFKQRORJ\RYHUYLHZ

,NDUXV 6FKHPH SURYLGHV WKH SURJUDPPHU ZLWK PDQ\ DGYDC

2SWLPL]JLQJ FRGH JHKQHRFOPMSROHU:-VEDFNHQG HPSOR\V VWDWH |
QRORJLHVLQ FRGHJHQHUDWLRQ WKDW SURGXFH IDVW H}FLHQ
RSLQJFRPSXWDWLRQDOO\LQWHQVLYH SURJUDPVY RQHLV QRW
LOWHUSUHWHU

)DVW LQFUHPHQWDO FPRPB\LLODBWUIRW DQG VFULSW LV TXLFNO\ F
QDWLYH PDFKLQH FRGH :KHQ GHYHORSLQJ ODUJH VRIWZDUH
KRZVORZ WKH EDWFK FRPSLOHU UXQV

S5REXVWDQGyQH WXQHG VWDIKHDVW B @EBUDBWIHWDULHY DUH ZU|
WKDW WKH\ SHUIRUP DV PXFK HUURU FKHENLQJ DV UHTXLUHG
UXQWLPHHQYLURQPHQW

0OXOWL JHQHUDWLRQDO JDUKEH 1l %@EIHVWRIUDUEDJH FROOHF\
XVHGLQ ,NDUXVDOORZVWKHUXQWLPHV\VWHP WRH[SDQG LWV
7TKHHQWLUH ELWYLUWXDO DGGUHVV VSDFH FRXOG EH XVHG
OHDVHG EDFN WR WKH RSHUDWLQJ VA\VWHP

ELWDQG ELW FRROXWVYXSSRUWY ERWK WKH ,QWHO [ DQC
DUFKLWHFWXUHYV ELW FRPSXWLQJ DOORZV WKH SURJUDPPI
VSDFH ODUJHU WKDQ *% DQG SURYLGHV DJUHDWHU UDQJH IR
5XQQLQJ LQ ELW PRGH KRZHYHU PDNHV PRUH H}FLHQW XW
GXHWR WKH VPDOOHU PHPRU\ IRRWSULQW IRUPRVW GDWD VW

ELWVXSSRUW LV H[SHULPHQWDO DW WKLV VWDJH RI GHYHO

6XSSRUWYV PDQ\ RSHUDWNDRU XYVIWHPNRQ WKH PRVW SRSXODU D
XVHG RSHUDWLQJ V\VWHPV IRUVHUYHUVDQG SHUVRQDO FRPS>
LQFOXGHODF 26 ; *18 /LQX[ )UHH%6' 1HW%6' DQG OLFURVRIW

6\VWHP UHTXLUHPHQWYV

7KLV VHFWLRQ SURYLGHY DQ RYHUYLHZ RI WKH KDUGZDUH D
QHHGHG IRUUXQQLQJ ,NDUXV



6<67(05(48,5(0(176
+DUGZDUH

,NDUXV 6FKHPHUXQVLQ ELWPRODUWARKQWHKAWXUHVXSSRUWLQJ 66(

H[WHQVLRQV ,WDOVRUXQVLQ ELWPRGHRQSODWIRUPV VXSSRUL
WHFWXUH 7KLV LQFOXGHV WKH $WKORQ  6HPSURQ DQG 7XULRQ
$0' DQG WKH 3HQWLXP ;HRQ &HOHURQ 3HQWLXP 0O &RUH DQG &R
IURP ,QWHO ,NDUXV GRHV QRW UXQ RQ ,QWHO 3HQWLXP ,,, RUHDUOL

7KH ,NDUXV FRPSLOHU JHQHUDWHYV 66( LQVWUXFWLRQV WR KDQGOH
SRLQW UHSUHWRKAWRWLREG[DFW QXPEHUYV

2SHUDWLQJ V\VWHPYV

,NDUXV LV WHVWHG XQGHU WKH IROORZLQJRSHUDWLQJ V\VWHPV

$0ODF 26 ; YHUVLRQ DQG

F/LQX] 'HELDQ )HGRUD *HQWRR DQG 8EXQWX
$)UHH%6' YHUVLRQ

$1HW%6' YHUVLRQ

$OLFURVRIW :LQGRZV ;3 XVLQJ&\JZLQ

$GGLWLRQDO VRIWZDUH

t*03 ,NDUXV XVHV WKH *18 0OXOWLSOH 3UHFLVLRQ $ULWKPHWLF /L
VRPHELJQXP DULWKPHWLF RSHUDWLRQV 7R EXLOG ,NDUXV IURP
VLRQ RUEHWWHU PXVW EH LQVWDOOHG DORQJ ZLWK WKH UH
3UH EXLOW *03 SDFNDJHVY DUH DYDLODEOH IRUPRVW RSHUDWLQ
WLYHO\ *03 FDQ EHGRZQORDGHG IURP

http://gmplib.org/

1)), 7KHibffiOLEUDU\ WBHW.BERQ EH XWLOL]J]HG WR HQDEOH 6FKHPH
SURFHGXUHV WR FDOO DQG EH FDOOHG IURP (RWMWLYH SURFHGXU


http://gmplib.org/
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GHWDLOV 7TRHQ@DKE®MH EXLOGLQJ ,NDUXMeR@BI@XVW SDVV
[ibffiWR WHBRfiguyEULSW DORQJ ZL Wik W KWHLSDPROK\GW B Q G
OLEGLUHFWRUNOLEEWDU\ FDQ EH REWPLQ3+bG fdRWRare.
org/libffi/)), VXSSRUW LV RSWLRQDO ,W LV QRW UHTXLUHC
ZULWLQJ SXUH6FKHPH FRGH

1*&& 7KH *18 & &RPSLOHU LV UHTXLUHG WR EXLOG WKH ,NDU
WKHJIJDUEDJHFROOHFWRU ORDGHU DQG26 UHODWHG UXQ
ZHUH VXFFHVVIXOO\ XVHG WR EXLOG ,NDUXV

I$SXWRFRQI DQG $XMRIPFOBK XWRFRQI YHUVLRQ DQG *18 !
WRPDNH YHUVLRQ WRROV DUH UHTXLUHG LI RQH ZLVKH
VRXUFH EDVH 7KH\DUH QRW UHTXLUHG WR EXLOG WKH R}F

tipp7; TKHp7; WASHVHWWLQJ VIVWHP LV UHTXLUHG IRU EXL
PHQWDWERQDQGT; LV DQ LPSOHPHQWIW DR@GRI WKH /
WASHVHWW L QA7 \WDNHEPH REW D LhQHG/I$RPipts.sil.org/
xeteRQG LV LQFOXGHIGYALQWK QG QDELVWULEXWLRQV

,QVWDOODWLRQ

, I\RXDUH IDPLOLDU ZLWK LQVWDOOLQJS8QL[VRIWZDUH RQ \RXI
WR NQRZ LV WKDW ,NDUXV XVHV WKH VWDQGDUG LQVWDOODW.
8QL[ VRIWZDUH 6LPSO\UXQ WKHIROORZLQJFRPPDQGV IURP W

tar -zxf ikarus-n.n.n.tar.gz

cd ikarus-n.n.n

./Iconfigure [--prefix=path] [CFLAGS=-1/dir] [LDFLAGS=-L/c
make

make install

RSz AR AR A o e

7KHUHVW RI WKLY VHFWLRQ GHVFULEHVY WKH EXLOG SURFHVV L
XVHUV ZKR DUH XQIDPLOLDU ZLWK VWHSY PHQWLRQHG DERYH

http://tug.org/texlive/
http://tug.org/mactex/


http://sourceware.org/libffi/
http://sourceware.org/libffi/
http://scripts.sil.org/xetex
http://scripts.sil.org/xetex
http://tug.org/texlive/
http://tug.org/mactex/

,167$/1$7,21

, QVWDOODWLRQ GHWDLOV

'RZQORDG WKH ,NDUXV VRXUFH GLVWULEXWIQRQ@ 7KHVRXUFHLV C
FRPSUHNVWIHkarus-n.n.n.tazZKglazoHn .oV D GLJLW QXPEHU
LQGLFDWLQIJWKHFXUUHQW UHYLVLRQ 7KHODWHVWUHYLVLRQ
WKHIROORZLQJ 85/
http://www.cs.indiana.edu/~aghuloum/ikarus/

8QSDFN WKH VRXUFH GLVWULEXWLRQ SDFNDJH )J)URP \RXU VKHOC(

$ tar -zxf ikarus-n.n.n.tar.gz
$

7KLV FUHDWHV WKHiE®MI GLd HFWR U\

&RQYJXUH WKH EXLOG V\VWHP E\GUXOWILSIY WRADWHG LQ WKH
EDVH GLUHFWRU\ 7R GR WKLV W\SH WKH IROORZLQJ FRPPDQGYV

$ cd ikarus-n.n.n

$ ./configure

checking build system type... i386-apple-darwin8.10.1
checking host system type... i386-apple-darwin8.10.1

configure: creating ./config.status
config.status: creating Makefile
config.status: creating src/Makefile
config.status: creating scheme/Makefile
config.status: creating doc/Makefile
config.status: executing depfiles commands
$

7KLV FRQYJXUHV WKH VAVWHP WR EH EXLOW WKHQ LQVWDOOHG LG
WLRQ ELQDULHV DA /o D OiH GRXQZLVK WR LQVWDOO LW LQ
DQRWKHU ORFDWLRQ HJ LQ\RXU KRPH GlpdBHWRU\ \RX FDQ V:
ORFDWLRQOWR JUNEBULSW DV IROORZV

$ ./configure --prefix=/path/to/installation/location


http://www.cs.indiana.edu/~aghuloum/ikarus/
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7KHonfiguv&é ULSW ZLOO IDLO LI LW FDQQRW ORFDWH WKH

LV LQVWDOOHGCOoNfUXPBIL@QY WR ORFDWH *03 \RX VKRXOG
WKH ORFDWLRQ LQ ZKLFK WK p.BBQCGH W& HU /DBLEUDU\ yOH

libgmp.s®UH LQVWDOOHG 7KLV LV GRQH E\ VXSSO\LQJ WK
CFLABEGDFLA®IXPHQWV

$ ./configure CFLAGS=-I/path/to/include LDFLAGS=-L/pa

I \RX ZLVK WR HQDEOH VXSSRUW IRU DFFHVVLQJ DQG FDO
EUDULHV \RX QHHG WR FRQY JXa&rHa N &U MRE W R QB E G
VXSSO\WKH DS §URBBBMWH. AYQHHGHG

$ ./configure --enable-libffi \
[CFLAGS=/path/to/ffi.h] \
[LDFLAGS=/path/to/libffi.so|.dylib|.dlI]

% XLOG WKH VA\VWHP E\UXQQLQJ
$ make

7KLV SHUIRUPV WZR WDVNYV ikaUWESNYHEWVEXE O YURRHN KH &

yOHV ORFDWH&G LQMFRHR U\ W WIKaHQIXWHX WBEKEOH DQG WKH

SUH EdklaOWs.boot.@aHRW yOH WR UHEXLOG WKH 6FKHPH ERR
ikarus.bdORP WKH 6FKHPH VR XUF 1Y HOeRGDUMHH G/ RQ W K H

,QVWDOO ,NDUXV E\ W\SLQJ
$ make install

,J\VRXDUHLQVWDOOLQJ ,NDUXVLQDV\VWHP ZLGH ORFDWLF
DGPLQLVWUDWRU S UsYdBHUFRWP PO/GIGWK H

THVW WKDW ,NDUXV UXQV IURP WKH FRPPDQG OLQH
$ ikarus
Ilkarus Scheme version 0.0.4
Copyright (c) 2006-2008 Abdulaziz Ghuloum

>



&200$1" /,1(6:,7&+(6

J\VRX IJHW WKH SURPSW WKHQ ,NDUXV ZDV VXFFHVVIXOO\LQVWD!
<RX PD\ QHHG WR XS/GINHVULWEBH LQ \RXU HQYLURQPHQW WR FRQ
WKH GLUHFWRU\ ik Zud[FK YWWBEOH ZDV LQVWDOOHG

'R QRW GHOIK®H S KHEB.MUHFWRU\IURP ZKLFK\RX FRQYJXUHG EXL(

DQGLQVWDOOHG ,NDUXV ,WZLOOEHQHHGHGLI\RXGHFLGHDWD
,NDUXYV

8QLQVWDOOLQJ ,NDUXV

TR XQLQVWDOO ,NDUXV XVH WKH IROORZLQJ VWHSYV

$ cd path/to/ikarus-n.n.n
$ make uninstall
$

&RPPDQG OLQH VZLWFKHYV

7KiHkaruB[HFXWDEOH UHFRJQL]J]HVDIHZFRPPDQG OLQHVZLWFKHV WK
,/NDUXV VWDUWYV

fikarus -h

7KH SUHVHQFH {®IJVWPKXNKEAYU® R GLVSOD\ D KHOS PHVVDJH WKHQ
HILWV 7KHKHOS PHVVDJH VXPPDUL]J]HV WKH FRPPDQG OLQH VZLYV
DFWLRQ LV SHUIRUPHG

tikarus -b path/to/boot/file.boot

7KHb{DJ ZKLFK UHTXLUHV DQ H[WU DbkB uwg R XYW VKK HFWV

VSHFLYHG ERRW yOH DV WKH LQLWLDO VI\VWHP ERRW yOH 7KH E
yOH WKDW FRQWDLQV DOO WKHFRGHDQG GDWD RI WKH 6FKHPH V!
RI-b{DJ WKH H[HFXWDEOH ZLOO XVH WKHiG&#lbsXxoOW ERRW yOH 5X
VKRZV WKH ORFDWLRQ ZKHUH WKH GHIDXOW ERRW yOH ZDV LQVW

7KH UHVW RI WKH FRPPDQG OLQH DUJXPHQWY DUH UHFRJQL]HG
6FKHPH UXQ WLPH V\VWHP 7KH\DUH SURFHVVHG DIWHU WKH ERR
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tikarus files ... --r6rs-script script-file arguments

7KH-r6rs-scripyJXPHQW LQVWUXFWYV ,NDUXV WKDW WKH V.
556 VFULSW 7KH R SWIeRF)OVONOEW BDRWKYV WR yOHV HDFK FRQ
DVHWRIOLEUDULHY WKDW ,NDUXV PXVW ORDG6VHTXHQW LI
VFUESMpt-fil6sHH 6HFWILRRDD VKRUW LQWURGXB®WLRQ WR ZU
VFULSWV 7KH VFULSW yOH QDPH D Qax PN ®ARDSL BH RQD O R S
REWDLQHG E\ FOoOOm QridvKMReF H G X U H

$ cat test.ss

(import (rnrs))

(write (command-line))
(newline)

$ ikarus --r6rs-script test.ss hi there

("test.ss”" "hi" "there")
$
tikarus files ... [-- arguments ...]

7KH ODFN-RI@X®-scripyJXPHQW FDXVHV ,NDUXV WR VWDUW
WLYH PRGH (DRKESLWKHVW ORDGHG LQ WKH LQWHUDFW
PHQW 7KH LQWHUDFWLRQ HQYLURQPHQW LQLWLDOO\ FR(
SRUWHG IURAWIKBILEUDU\ VHH &RRB\WRBSVArgQMents
IROORZLQJIPWKNHU FDQ EH REWD L Q BlGMEN &DODIR J W K H
FHGXUH ,QLQWHUDFWLYHPRGH WKHYyUVW HOHPHQW RI W

VWuULQdteractiveFRUUHVSRQGLQJ WR WKH& VFIUISWWW)DPH L
PRGH

I1RWHHLQWHUDFWLYHPRGHLVLQWHQGHG [RUTXLFNO\F

WKHEXLOW LQ IHDWXUHY WLVLOQWHQGHGIQHLWKHU IR
QRUIRU ZULWLQJ DQ\VXEVWDQWLDO SLHFHV RI FRGH

8VLEErheme-script

6FKHPH VFULSWV FDQ EH HilE#FEXWHGr8&hML-QdrMHscript-name
FRPPDQG DV GHVFULEHG LQ WKH SUHYLRXV VHFWLRQ )RU FR



86,1'SCHEME-SCRIPT

WKH% UHFRPPHQGDWLRQV DQG LQVWDO O heZd-S8HPISURIJUDP FDO
7\SLFDOO\ D VFULSW \RX ZULWHZRXOGKDWMWD®& MW HIFWK DRXU RSHUDWL
VA\VWHP WR WKHLQWHUSUHWHU XVHG WR HYDOXDWH WKH VFULSW y(
VKRZV D YHU\ VLPSOH VF Wlchwnwek B o R PIVQ/EGK H

#!/usr/bin/env scheme-script

(import (rnrs))
(display "Hello World\n")

.l WKH DERYH VFULSW ZDV SOREHGWE MKBE RRETM® PDNH LW
HIHFXWDEOH @D WKRPPDQG

$ cat hello-world
#!/lusr/bin/env scheme-script

(import (rnrs))
(display "Hello World\n")

$ chmod 755 hello-world
$ ./hello-world

Hello World

$

8QGHU ODF 126D;VFULSW QDPH H.QG M A i/ H

VLRQ WKHQ LW FDQ EH H[HFXWHG IURP WKH )LQGHU E\ GRXEOH
LW 7KLV EULQJV XS D WHUPLQDO ZLQGRZ LQ ZKLFK WKH VFULSW
7KHCOMMBAWHQVLRQ FDQ EH K EIB\G HDWRY R PURKHWV K H

JLQGHU-V )LOH PHQX
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ODSSLQJOLEUDU\QDPHV WR YOH QDPHYV

7KH QDPH R5B@BEUDUN FRQVLVWYV RI D QRQ HPSW\ OLVW RI LG
IROORZHG E\DQ RSWLRQDO YHUVLRQ QXBE&HUWE®O O LRHIVWKUHHV W
EXLOW LQWR ,NDUXV WKXV LPSRUWLQJ DQ\ RQH RI WKHP GRH
DFWLRQ RWKHU WKDQ OLVWLQnW&GUW RD D\CQLERHD UQ RMKBI V FU
7KH VDPH KROGQWERUWKEHUDU\ FK®OBIWHH U

KHQ LPSRUWLQJ D XVHU OLEUDU\ ,NDUXV XVHV D VLPSOH PH
QDPHV WR yOH QDPHV $ OLEUDU\ QDPH LV FRQYHUWHG WR D
OLEUDU\LGHQWLYHUV ZLWK'D'SDWK VHSDUDWRU H J

/LEUDU\ 1DPH = JLOH QDPH
(foo) = foo

(foo bar) = foo/bar
(foo bar baz) = foo/bar/baz

+DYLQJ PDSSHG D OLEUDU\ QDPH WR D yOH SDWK ,NDUXV DWW
LQ RQH RI VHYHUDO ORFDWLRQV 7KH ORFDWLRQV DWWHPSWH
VHDUFK SDWK DQG WKH yOH .K[®.KG VL WIFW HLUVW ,NDUXV
DWWHPSWV WR ORFDWH WKH YyOH LQ WKH FXUUHQW ZRUNLQJ Gl
LQYRNHG ,Q WKH FXUUHQW ZRUNLQJ GLUHFWRU\ ,NDUXV HQ
yUVW EHIRUHVHDUFKLQJRWKHUORFDWLRQV ,IWKHYOHLV QR)
,NDUXV WULHV WR yQG LW LQ WKH ,NDUXV OLEUDU\ GLUHFWRU
LV GHWHUPLQHG ZKHQ ,NDUXV LV-:QMWIROOXBH @ D/WHICDR\WQ 2D K/ H
SDVVHG WRNWEHYEULSW ,1 ,NDUXV IDLOHV WR ORFDWH WKH O]
DQ HIFHSWLRQ DQG H[LWV

7LB8VHVLPSOHOLEUDU\QDPHVIRUWKHOLEUDULHY WKDW \
QDPHV WKDW FRQWDLQ QRQ SULQWDEOH FKDUDFWHUYV FF
RUXQLFRGH PD\SRVHD FKDOOHQJH IRUVRPHRSHUDWLQJ\
FDQQRWYQGDOLEUDU\ LWZLOOUDLVHDQHUURUOLVWLQ.
LWORRNHG KHOSLQJ\RXPRYHWKHOLEUDUNYOHWRD SOD|
yQG LW




:5,7,1* &5266 ,03/(0(17$7,21/,%5%$5,(6
:ULWLQJ FURVV LPSOHPHQWDWLRQ OLEUDUL

:KHQ VHDUFKLQJIRUD OLEUDU\ ,NDUXV.BSSHQWKNHDDRIFWRHQVLRQ H
SULDWH yOH QfbBHo &+ 7KH LQLWLDO VHW RI yOH H{/WHQVLRQV DUH
/main.ikarus/sdain.ikarugmain.ikarus/scann.slfsmain.ss
Imain.scikarus.slskarus.sskarus.scels.ss DQ.Gcm

7KH OLVW RI yOH H[WHQVLRQV DUH VHDUFKHG VHTXHQWLDOO\ $VDF
ZLWK Wkarus H[WHQVLRQV DUH JLYHQ SUHFHGHQFH RYHU yOHV WKDV
6FKHPH H{WHQVLRQV 7KH UDWLRQDOH IRU WKLV EHKDYLRU LV WR |
LPSOHPHQWDWLRQ OLEUDULHY RQHV WKDW WDNHDGYDQWDJHRILP
WXUHV ZKLOH DW WKH VDPH WLPH SURYLGH B6RPESV®IH DOWHUQDW
PHQWDWLRQV

&RQVLGHU IRU H[DPSOH D SURJUDP ZKLFKk ZRXO@®ODRNH WR XVH WKH
FHGXUH WR IRUPDW VRPH FRGH DQG VXSSRVH IXUWKHU WKDW SUHW:
DGG RQ H JWMXMLXJFHV EXW SUHWMWX\SW 5 QMIMPKIHN[S RUW V D

JRRG SUHWW)\ SULQW(RAdNIDELBUWUL Q+RE WY el t W-Ip@ifH

LV QRW D VWDQGDUG SURFHGXUH D SURJUDP WKDW XVHV LW ZRXOG
WR RWKBBBEKHPH LPSOHPHQWDWLRQV

7KH SURJUDPPHU F.Dia8XIWMHWKHQVLRQV WR XVH LQ WKLV VLWXDWLRQ
WKH SURJUDPPHU ZULWHV(M2RtY HoU ViLIR@YWERIDDJ\ RQH IRU XVH
E\,NDUXV DQG RQH SRUWDEOH IRURWKHULPSOHPHQWDWLRQV

(library (pretty-printing) ;;; this is pretty-printing.ikarus.ss
(export pretty-print) ;;; can only be used by lkarus
(import (only (ikarus) pretty-print)))

(library (pretty-printing) ;;; this is pretty-printing.sls
(export pretty-print) 77, *portable* though not very pretty.
(import (rnrs)) ;;; for any other implementation

(define (pretty-print x port)
(write x port)
(newline port)))
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7KHmainH[WHQVLRQV VHUYHD GLfHUHQW SXUSRVH 2IWHQ WLP
GLVWULEXWHG WRIJHWKHU DV D SDFNDJHDQG LWLV FRQYHQLH!¢
UHODWHG yOHV LQ GLUHFWRULHV ,I D EDBNDIH cR@WDLQV WK
DQGfoo compaAMKHQ SXWWLQJ DOO VXFK OLEUDU\ yOHV WRJHW
PDNHV LWHDVLHU WR SDFNDJH LQVWDOO DQGUHPRYH WKHVH
RIWKH SDFNDJH ZRXOG ORRN OLNH

foo/README : LIQRUHG E\ ,NDUXV
foo/COPYING

foo/main.ss : (foo) LPSOHPHQWDWLRQ LQGHSHQGH
foo/core.ss . (foo core)

foo/compat.ss > (foo comp@H) DXO®WBLEUDU\
foo/compat.ikarus.ss : VSHFLYF IRU ,NDUXYV
foo/compat.mzscheme.ss : VSHFLYFIRUO]6FKHPH

%\ GHIDXOW UXQRiQUuUWwwWKHSW LQVWDOOV D VHW RI FRQWULEXW
WKMHsr/local/lib/ik&@GudHFWRUprelfbx DDRIXPHQW ZDV VXSSOLHG
WRonfigurWKHQ WKH OLEUDULHV DI iLkk@QYWsIBADHE WQ WK H

<RX PD\ LQVWDOO DGGLWLRQDO OLEUDULHV LQWR WKH ,NDU X
PDNHV WKHP DY brh P OiIEQWMRRWKHU OLEUDULHV DQG VFULSW UHJ
WKHLPSRUWLQJ FRGHLVY ORFDWHG RUWKHFXUUHQW GLUHFWI

'HyQLQKARUS LIBRARY PATH

7KHUH PD\EH VLWXDWLRQV LQ ZKLFK\RX PD\ ZLVK WR LQVWDOC
GLfFHUHQW ORFDWLRQ )RUH[DPSOH \RX PD\ QRW KDYH VX}FLF
OHJHV WR ZULWH WR WKH VIVWHP GLUHFWRU\ RU\RX PD\ ZLVK
VHSDUDWH IURP WKH VWDQGDUG OLEUDULHV :KDWHYHU WKH |
OLEUDU\yOHV LQ DQ\ ORFDWLRQ |RXRD & W DERSANRBWLXAS TWK H

URQPHQW YDULDEOH WR SRLQW WR WKKAWRH 6 REIBVRIARN PATHY
LV D FRORQ VHSDUDWHG OLVW RI GLUHFWRULHV LQ ZKLFK ,NDL

)RU H[DPSOH VXSSRVH \RXU Y§tUeSWsLESROBBAUWKH )LUVW
,NDUXV ZLOO PDS WKH OLEUD U\sQmeRH B/R &V kit § RSESTRDAM K



'(),1,1*IKARUS _LIBRARY_PATH

WKDW ,NDUXV ZDV LQVWPIEROKG/X¥L/QuERBEH XUDWLRQ RSWLRQ

DQG VXSSRVH IXUWKHU WKARV & KIH R ARMVEIW TEN WKH XVHU WR
EHhome/john/ikarus-libraries:/home/NDhhX¥rZisOO VHDUFK LQ WKH
IROORZLQJ ORFDWLRQV LQ VHTXHQFH XQWLO LW yQGY WKH yOH LW L\

.Istreams/derived.ss
/home/john/ikarus-libraries/streams/derived.ss
/home/john/srfis/streams/derived.ss
/lusr/locall/lib/ikarus/streams/derived.ss

7KH PHWKRG LQ ZKLFKIWKRW® OXBRARYGRAJHG LV W\SLFDOO\
VKHOO GHSHQGDQW ,I\RX XVH *18 %DVK \RX W\SLFDOO\VHW WKH YD
YDULDEOHV Ib@a K Hrofidé.bashy©@H E\DGGLQJ WKH IROORZLQJ OLQHYV

IKARUS LIBRARY_ _PATH=/path/to/some/directory:/and/another
export IKARUS LIBRARY_PATH
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&KDSWHU

5 56 &UDVK &R XUVH

7KH PDMRU GLfHUHQB6 EQ@WBHNQVKH ZD\ LQ ZKLFK SURJUDPYV DUH
ORDGHG DQG HYDOXDWHG

,Q 56 6FKHPH LPSOHPHQWDWLRQV W\SLFDOO\ VWDUW DV DQ LQWH U
UHIHUUHG WR DV WKH 5(3/ RUUHDG HYDO SULQW ORRS ,QVLGH WKI
XVHU HQWHUV GHYQLWLRQV DQG H[SUHVVLRQV RQH DW D WLPH XVL¢
ZKLFK DOVR FRQWDLQ GHYQLWLRQV DQG H[SUHVVLRQV FDQ EH ORL
FDOOL QuaMKMRFHGXUH 7KHHQYLURQPHQWLQ ZKLFKWKHLQWHUDFW
RIWHQ FRQWDLQV LPSOHPHQWDWLRQ VSHF5%§ P BGQOLIHWW WKDW DUH
PD\UHGHYQH DQ\ Rl WKH LQLWLDO ELQGLQJV 7KH VHPDQWLFV RI OR
RQ WKH VWDWH RI WKHHQYLURQPHQW DW WKH WLPH WKH yOH FRQWH

556 GLfHUV IURIPQSWKDW LW V3AKROHHSUKRBW VFYWLSWY DUH FRP

SLOHG DQG HYDOX® WHWL S L5V FORVHG LQ WKH VHQVH WKDW DOO W
IRXQG LQ WKH ERG\ RI WKH VFULSW PXVW HLWKHU EH GHYQHG LQ WK
I[URP D OLEWBWOWBR VSHFODYHWBEBQHEMH GHYQHG DQG XVHG :KLOH
yOHV 5@ ®UH W\ SOIFDEPCBHUDWLYHO\V\LQWR WKHWRSB0HYHOHQYLURQF
OLEUDULPAYROGOMFGDUDWLYHO\LQ VFULESWMELDOQG LHPWVRWKHU 5
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:ULWLQJ D VLPSOH VFULSW

$Q 556 VFULSW LV D VHW RI GHYQLWLRQV DQiGni#pIBHPVLRQV SUF
7KHMpPoONRUP VSHFLYHV WKH ODQJXDJH L H WKH YDULDEOH DC
LQ ZKLFK WKH OLEUDU\ ERG\ LV ZULWWHQ $5% WUF\U\LISRAS DWW H[DF
OLVWHG EHORZ

#!/usr/bin/env scheme-script
(import (rnrs))
(display "Hello World!\n")

7KHYUVW OLQH (fMSRYUMEWWHKH $O0 WKH ELQGLQUIVH{SRUWHG IU
OLEUDU\ DUH PDGH DYDLODEOH WR EH XVHG ZLWKLQ WKH ERG'
RI WKtirsPLEUDU\ LQFOXGH YDUEREDIENIaHHWE DQG NH\
ZRUGV HefintbambdamotedWF 7KHVHFRQG OLQHMK&IN&OD\V WKH
WorldROORZHG E\D QHZ OLQH FKDUDFWHU

,Q DGGLWLRQ WR H[SUHV VLR Qi pValyQKVD/HWSKUHHFD R OWMR DP SOH
VFULSW PD\ GHYyQH VRPH YDULDEOHYVY 7KH VFULSNIBEHORZ GHyC
DQG FDOOV WKH SURFHGXUH ERXQG WR LW

#!/usr/bin/env scheme-script
(import (rnrs))

(define greeting
(lambda ()
(display "Hello World!\n")))

(greeting)

$GGLWLRQDO NH\ZRUGV PD\ EH GHYQHG ZLWKLQ D VFULSW ,Q
GHYyQHMKHimes n exprPDFYR WKDW HYDOXDWHEXYPNKH H[SUHV
NWLPHV 5XQQLQJ WKHNE&EIUL SMoBWYBIBWD\V
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#!/usr/bin/env scheme-script
(import (rnrs))

(define greeting
(lambda ()
(display "Hello World!\n")))

(define-syntax do-times
(syntax-rules ()
[(_ n exprs ...)
(let f ([i n])
(unless (zero? i)
exprs

(F (- i 1))))1))

(do-times 3 (greeting))

'ULWLQJ VLPSOH OLEUDULHYV

$ VFULSWLVLQWHQGHG WR EHD VPDOO SLHFHRIWKH SURJUDP3XVHI
WR OLEUD WioHMmB®HUR WKDW ZDV GHYQHG LQ WKH SUHYLRXV VHFWL
XVHIXO LQ SODFHV RWKHU WKDQ SULQWLQJ JUHHWLQJ PHVVDJHV 6}
OLEUQtRration®)KDW FRQWDLQV FRPPRQ LWHUDWLRQ IRUPV

$Q 556 OLEUDU\NIRUP LV PDGH RIIRXUHVVHQWLDO SDUWYV WKH OLI
VHW RI LGHQWLYHUV WKDW WKH OLEUDU\ H[SRUWYV WKH VHW RI1 C
LPSRUWY DQG WKH ERG\ RI WKH OLEUDU\

7KH OLEUDU\ QDPH FDQ EH DQ\ QRQ HPSB GOIyQW R OLEHQWLKMNUYV 5
LQFOXaHY)rnrs unicodenrs bytevect®@% VR RQ

7KH OLEUDU\ H[SRUWV DUH D VHW RI LGHQWLYHUV WKDW DUH PDGH
OLEUDULHV (YHU\ H[SRUWHG LGHQWLYHU PXVW EH ERXQG LW PD\
WKH OLEUDU\ RU LPSRUpWHE X LQEWEH\ H{TSRUWV LQFOXGH YDULDEC
NH\ZRUGV UHFRUG QDPHV DQG FRQGLWLRQ QDPHYV
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JLEUDU\LPSRUWV DUH VLPLODU WR VFULSW LPSRUWYV WKH\ VS|
H[SRUWYV DUH PDGH YLVLEOH ZLWKLQ WKH ERG\ Rl WKH OLEUDU

7KH ERG\ RI D OLEUDU\ FRQWDLQV GHYQLWLRQV YDULDEOH N
HWF IROORZHG E\DQ RSWLRQDO VHW RI H[SUHVVLRQV 7KH HJ
VLGHHfHFW ZKHQ QHHGHG

7KHiteratio®@LEUDU\ PD\EH ZULWWHQ DV IROORZV

(library (iteration)
(export do-times)
(import (rnrs))

(define-syntax do-times
(syntax-rules ()
[(_ n exprs ...)
(let f ([i n])
(unless (zero? i)
exprs

(F (-1 1)NN))

7R XVH WiteHatioMQLEUDU\ LQ RXU VFULSW ZH DGG WKH QDPH RI
WKH VFULBWNRWUP 7KLV PDNHt\e baOoR) HISRUWHG LGHQWLYHUYV
do-timeSLVLEOH LQ WKH ERG\RIWKH VFULSW

#!/usr/bin/env scheme-script
(import (rnrs) (iteration))

(define greeting
(lambda ()
(display "Hello World!\n")))

(do-times 3 (greeting))
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556 UHFRUG W\SHYV

556 SURYLGHV ZD\V IRU XVHUV WR GHYQH QHZ W\SHVY FDOOHG UHFRL
Dy[HG VLIHGDWD VWUXFWXUH ZLWK D XQLTXH W\SH FDOOHG D UHFR
KDYH DQ\ yQLWH QXPEHU RI yHOGY WKDW KROG DUELWUDU\ YDOXHYV
GHVFULEHV ZKDW ZH H[SHFW WR EH WKH PRVW FRPPRQO\ XVHG IHDV
VIVWHP )XOO GHWDLE6WWDRGEGDWKKHBUDU@HY GRFXPHQW>

'"HYyQLQJ QHZ UHFRUG W\SHV

7R GHYQH D QHZ UHFRUGd®#AiSiIe - pe\Cio ' KiIYpe )RU H[DPSOH

VXSSRVH ZH ZDQW WR GHYyQH D QHZ UHFRUG W\SH IRU GHVFULELQJ SF
LV D GDWD VWUXFWXUH WKDW KDV W DR R B ¥ G\LR) BRI WHKHHS RLQW -
IROORZLQJ GHYQLWLRQ DFKLHYHV MXVW WKDW

(define-record-type point
(fields x y))

7KH DERYH Xe/fHinRel-record A @ HY WKH IROORZLQJ SURFHGXUHYV DXWR
LFDOO\VIRU\RX

$7KH FRQV WLBXXRWFROWKID W WDNHV W ZRDDQUEDXPE Q WW X UQV
DQHZ UHFRUG ZKRVH W\SH LV SRLQW

17KH SUHGLdADWAHKDW WDNHYV DQ DUELWUDMI\LY VAGODMWD QG UHW X UQ
YDOXH LV BIRRLIQMU ZLV H

17KH DFFHMWVRUNQBO IiNt-WKDW JLYHQD UHFRUG RIW\SHSRLQW UH
WKH YDOXH VWHRIUHEY H Q GWK H

%RWKXWRIQEBYyHO GV RIONMHHFRUG WLABRX OWIREHDHQ LQJ WKDW RQFH
DUHFRUG LV FUHDWHKO @QEWKOKSHFIWRKRH\ FDQQRW EH FKDQJHG ODWH
\RX ZDQW WKH yRR®W U BMIRHEMH\RX QHHG WR VSHFLI\ WKDW H[SOLFLWO\ I
IROORZLQJH[DPSOH
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(define-record-type point
(fields (mutable x) (mutable y)))

7KLY GHYQLWLRQ JLYHV XV LQ DGGLWLRQ WR WKH FRQVWUXF!'
WZR DGGLWLRQDO SURFHGXUHYV

f7KH PXWDPWIRUXK-s&XQ@oint-y-sa¥KDW JLYHQ D UHFRUG RI W
SRLQW DQG D QHZ YDOXH VHWV XKD ®yRBNHGVWR WHKGE LQ W
QHZ YDOXH

I1RWHHFRUGY LQ ,NDUXV KDYH D SULQWDEOH UHSUHVHQW
HQDEOH GHEXJJLQJ SURJUDPV WKDW XVH UHFRUGV 5HFRI
WKHtype-name field-valugRWDWLRQ )RWHI[EPSOH
(make-point BRRGX¥HHYIint 1 2]

(IWHQGLQJH[LVWLQJUHFRUG W\SHYV

$ UHFRUG W\SHPD\EHH[WHQGHG E\GHYQLQJQHZ YDULDQWYV RI
YyHOGV ,Q RXUUXQQLQJH[DPSOH VXS$98RoMIE T+ ADHFRWR GHyQH
W\SH WKDW LQ DG G lpWw LROWWKDEHL.@ D B G L WIRRO@GNA. PISOE D

ZD\RIDFKLHYLQJ WKDW LV E\ XVLQJ WKH IROORZLQJ UHFRUG G

(define-record-type cpoint
(parent point)
(fields color))

+HUH WKH GHY@obWitRYHR/I XV

1$ FRQVW UnxaFkkw Rop WKDW WDNHV WKUHW D QaXIPHQW V
WKDW RUGHU DQEBouUndWRRQGE D
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1$ SUHG LdAoDWHWKDW WDNHV D VLQJOH DUJXPHQW DQG GHWHUPLQ
WKH DUJXPHRWMIHBRUG

1$Q DFFHyPp/RUOt-coMKDW UHWXUQV WKIiB I epPB&B RI WKH
CPOINREMHFW

$00 SURFHGXUHV WKDW DUH DSSOddibEp@HNWROUHFRUGYV RI W\SH
point-ypUH DOVR DSSOLFDEOH ®\pR il EF@ Bédd imlt WDSTHV R D
point

6SHFLI\LQJ FXVWRP FRQVWUXFWRUV

7KH UHFRUG W\SH GHYQLWLRQV H[SODLQHG VR IDU XVH WKH GHIDXO\
DVPDQ\DUJXPHQWV DV WKHUH DUH YHOGVY DQG UHWXUQV D QHZ UHFI
XHV RI WKH yHOGYVY LQLWLDOL]HG WR WKH DUJXPHQWYV:- YDOXHV ,WL
FROQYHQLHQW WR SURYLGHD FRQVWUXFWRU WKDW SHUIRUPY PRUH W
WRU )RU H[DPSOH ZH FDQ PRGLI\ Wit tGHHRY/RW &/ VR QNVIDRAX W K H

FROVWUXFWRU WDNHY HLWKHU QR DUJXPHQWY LQ ZKLFK FDVH LW Z
FDWHG DW WKH RULJLQ RU WZR DWNEBHRRMNGY Q BMLHM. QHWKH

WKHOtocNH\ZRUG IRU VSHFLI\LQJ VXFKFRQVWUXFWRUDV LQ WKHIRO

(define-record-type point
(fields x vy)
(protocol
(lambda (new)
(case-lambda

[(x y) (new x y)]
[()  (new 0 0)]))))

7KH SURWRFRO KHUHLV D SURFHGXUH WKDWVEWBWHDWEWRQVWUXFWRIL
DVPDQ\DUIJXPHQWV DV WKHUHDUHYHOGY DQG UHWXUQV WKH GHVL
WKDW ZH ZDQW 7KHDFWXDO FRQVWU XrRW U ZmHBdEHVW KH YDOXH RI1V
VLRQ LQ WKH H[DPSOH DERYH MR X &V K 64 RR Q G WHUL X\VAWHRJUW D N H

WZR DUJXPHQWY ZKLFKREFRQMARXEWY EHIRUH RU QR DUJXPHQWYV 1
ZKLFK Hbh¢W O 10y FDOOHG WR FRQVWUXFW D SRLQW DW WKH RULJLQ
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$QRWKHU UHDVRQ ZK\ RQH PLJKW ZDQW WR XVH FXVWRP FRQVYV
WKH LQLWLDO YDOXHV RI VRPH yHOGY EDVHG RQ WKH YDOXHV
RI WKLV FDVH L¥i®Dt@@ly®DOOBG WR WKH UHFRUG W\SH ZKLFK LV FR
d=+v22+y> 7KH SURWRFRO LQ WKLV FDVH PD\EH GHYQHG DV

(define-record-type point
(fields x y distance)
(protocol

(lambda (new)
(lambda (x y)

(new x y (sqrt (+ (expt x 2) (expty 2))))))))

1RWH WKDW GHULYHG UHFRUG W\SHY QHHG QRW EH PRGLYHG .
DGGHG WR WKH SDUHQW UHFRUQG pMOSHHFRW 8 [V PSHOWWRRD ZRU
XQPRGLYHG HYHQ DIWHU ZHiBGGky/& VKW RHNZKH SDUHQW &DO
(point-distance (make-cpoint 3 4AJHYWPHIAPWYWH)SHFWHG

&EXVWRP FRQVWUXFWRUV IRUGHULYHG UHFRUG

-XVW OLNH KRZ EDVH UHpd&kld GOMVEHW ¥XQRLQJ H[DPSOH PD\ KD"
FXVWRPFRQVWUXFWRU GHULYHG UHFRUG W\SHVFDQDOVR KD
RWKHUDFWLRQV 6XSSRVH WK RWORXHEPRUNGW R VW RQNVNIWUREWLR C
FRORU WKDW LI QRW VXSSOLHG GHIDXOWY WoR WK e&lo¥ DO XH 7
DUJXPHQ@®wfWR-record-Apt RQO\ GLfHUHQFH KHUH LV WKDW WK
newVvV mpPXUUWHRMHBGYWUXFWRU ,WyUVW WDNHV DV PDQ\DUJXPHQWYV
WKH SDUHQW UHFRUG W\SH DQG UHWXUQV D SURFHGXUH WKDV
QHZ yHOGYV

,Q RXU H[DPSOH WKH FRQ@QWMDHARRG \R\USWKHDNHY WZR DUJXP
CPOIiNMM[WHRGVEZLWK RQH QHZ yHO Gn eAK®! WHKIRGHYQLWLRQ EHOR
yUVW WDNHV WKH PeihiPHROWMBRXYFWRU WKHQ WDNHV WKH LQL'
7KH GHYQLWLRQ EHORZ VKRZV KRZ WKH FXVWRP FRQVWUXFWR!
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(define-record-type cpoint
(parent point)
(fields color)
(protocol
(lambda (new)
(case-lambda
[(x y c) ((new x y) c)]
[(xy) ((new xy) 0)]))))

([FHSWLRQ KDQGOLQJ

7KH SURFMWGtkUeixception-hdodezVv WKH SURJUDPPHU WR VSHFLI\ KR.
WR KDQGOH HIFHSWLRQDO VLWXDWLRQV ,WWDNHV WZR SURFHGXUFE

F1$Q H[FHSWLRQ KDQGOHU ZKLFK LV D SURFHGXUH WKDW WDNHV D \
REMHFW WKDW ZDV UDLVHG

I$ ERG\WKXQN ZKLFK LY D SURFHGXUH ZLWK QR DUJXPHQWYV ZKR V|
DWHG ZLWK WKH HIFHSWLRQ KDQGOHU LQVWDOOHG

,Q DGGLWLRQ WR LQVWDOOLQIEHFHRYWGRY WZREZDNVYWRIZIDLVLQJ
HIFHSWLRO@®Qmise-continuabl6HVFULBHSWKdontinuable

SURFHGXUH yUVW VLQFH LW-V WKH VLPSOHU RI WKH WZR )RU WKH FI|
printV GHyQHG DV

(define (print who obj)
(display who)
(display ": ")
(display obj)
(newline))

7KHyUVWH[DPSOH EHORZ VKRZVKRZDVLPSOHH[FHSWLRQ KDQGOH
WKH HIFHSWLRQ KDQGOHU SULQWYV WKH REMHFiWerWw UHFHLYHV DQG
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7KH FDO®Di sRcontinuRDOeOV WKH HIFHSWLRQ KDQGOHU SDVVLQ
here:KHQ WKH KDQGOHU UHWXUQV WKHUHWXUQHG YDOXH EHF
WRaise-continuable

(with-exception-handler

(lambda (obj) ;,oprints

(print "handling"” obj) v handling: here
‘'there) . returned: there
(lambda ()

(print "returned" (raise-continuable 'here))))

([FHSWLRQDO KDQGOHUV PD\ QHVW DQG LQ WKDW FDVH LI DC
HYDOXDWLQJDQ LQQHU KDQGOHU WKHRXWHU KDQGOHU LV FI
LOOXVWUDWHYV

(with-exception-handler

(lambda (obj) ;o,oprints

(print "outer™ obj) v inner: here
'outer) i outer: there
(lambda () i returned: outer

(with-exception-handler
(lambda (obj)
(print "inner" obj)
(raise-continuable 'there))
(lambda ()
(print "returned" (raise-continuable 'here))))))

,Q VKRWMi-exception-hEb@IEY DQ HfFHSWLRQ KDQGOHU ZLWKLQ
FRQWH[W RI HYDOXDW LIGaJ /2K ¢io\W K X Q@b (R@\G L W

7KH SURFHG X &M VLPLODIYeNRontinudpHElSW WKDW LI WKH KDQG!
UHWXUQV D QHZ H[FHSWLRQ LV UDLVHG FDOOLQJ WKH QH[W K
OLVW RI KDQGOHUV LV H[KDXVWHG
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(call/cc vy oprints
(lambda (escape) v inner: here
(with-exception-handler; outer: #[condition ---]
(lambda (obj) 7, returns
(print "outer"™ obj) ;;; 12
(escape 12))
(lambda ()

(with-exception-handler
(lambda (obj)
(print "inner" obj)
'there)
(lambda ()
(print "returned" (raise 'here))))))))

+HUH WKHrRDOODWRY WKH LQQHU H[FHSWLRQ KDQGOHU ZKLFK UHW
rais®WR UH UDLVH D QRQ FRQWLQXDEOH H[FHSWLRQ WR WKH RXWHU +
RXWHU H[FHSWLRQ KDQGOHU WKHQ FDOOV WKH HVFDSH FRQWLQXDW

7KHIROORZLQJSURFHGXUH SURYLGHV D XVHIXO H[DPSOHRIXVLQJ W
PHFKDQLVP &RQVLGHUD VLPSOH G HoyanfWyuR @tRd W K pitSAR FHG X UH
ZKLFK UHWXUQV WKH YDOXH DVVRFLDWHG ZLWK D NH\ ZKHUH WKH NH\
LQDQ DVVRFLDWLRQ OLVW LQ D FRQYyJXUDWLRQ yOH

(define (configuration-option filename key)
(cdr (assq key (call-with-input-file filename read))))

SRVVLEOH WKLQJV PD\JR ZdbRmQ@igal WtKoAD OIpRIR@XGLQJ HUURUYV
RSHQLQJ WKH yOH HUURUV UHDGLQJ IURP WKH yw8BgyOH PD\ EH FRU
VLQFH ZKDW-VUHDG PD\QRW EH DQ D VOWRFAL@FHLW RFONMWP D\QG HUURU
QRWEHLQ WKHDVVRFLDWLRQ OLVW +DQGOLQJDOO HUURU SRVVLE
SURQH ([FHSWLRQV SURYLGHD FOHDQ ZD\RIVROYLQJWKH SUREOHF
DJDLQVWDOO SRVVLEOHHUURUV ZHLQVWDOODKDQGOHU WKDW VXE¢
DGHIDXOW YDOXHLIWKLQJVJR ZUBIQIgUUatRWUNK DREROL QJ IRU
EHDGGHG DV IROORZV
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(define (configuration-option filename key default)
(define (getopt)
(cdr (assq key (call-with-input-file filename read))))
(call/cc
(lambda (k)
(with-exception-handler
(lambda (_) (k default))

getopt))))




&KDSWHU

7KHikaruLEUDU\

,QDGGLWLRQWRWKH OLESSDWUWALBYGLY®HGE DQ ¥iKERESWDLQV WKH
OLEUDU\ ZKLFK SURYLGHV DGGLW L(RKaD O3 VHWO® \HBWXRHPY 7KH
SRVLWH OLEUDU\3LW H[SRUWV D VXSHUVHW RI6D K WHKH VXSSRUWHG
QRW DOO RI WKHIK§3RIDWM BRFXPHQWHG DW WKLV WLPH WKLV FKDS
WHPSWV WR GHVFULEHD IHZ RI WKHVH XVHIXO HIWHQVLRQV ([WHQV|
VIQWD[ DUHDOVR GRFXPHQWHG

#likarus UHDGHU V\QWD]

, NDUXV HIWHQGYV 6FKHPH - \50 BKFPWHUIQWIY DSYDULHW\ RI ZD\V LQ
FOXGLQJ

e HQG RI yOH PDelONMSDUH

e JHQV\P V\@YWnsysDJH

e JUDSK V\®MWMND[ #n8B JH

7KH VIQWD[ H{WHQVLRQV DUH PDGH DYDLODEOH E\ GHIDXOW RQ DOO
#Ir6r&/ RNHQ LV UHDG 7 KX\ 1 &rIRAH GWKHDEOHY DOO H[WHQVLRQV WF
OH[LFDO V\QWD[ RQ WKH V SH FayFUH-SQRIVEAO HD\QW KAHPHD J D L Q

I \RX DUH ZULWLQJ FRGH WKDW LV LOQWHQGHG WR EH SRUWDEOH DF
LPSOHPHQWDWLRQV ZH UHRRPAHWRGE B QG BIRQW MHKWRS RIHYHU\VFULSYV



&+$37(5 T7HIKARUIN5$5<

DQG OLEUDU\ WKDW\RX ZULWH 7KLV DOORZV ,NDUXV WR DOHU\
IHDWXUHV |I\RX-UHZULWLQJFRGHWKDW:-VLQWHQGHG WR EH,
DGGLQH¥WK&r WRNHQ LQ RUGHU WR JHW DQ LPPHGLDWH HUURU
UXQ XQGHU RWKHU LPSOHPHQWDWLRQV

port-mode SURFHGXUH
(port-mode ip)

7KHort-molIdRFHGXUH DFFHSWV DQ LQSXW SRUW DV DQ DUJXP|
Rir6rs-moRldkarus-mo&eD UHVXOW $00 LQSXW SRUWYV LQLWLTE
ikarus-mb@& WKXV DFFHSW ,NDUXV VSHFLYF UHMDIGHY) HIWHQVL
WRNHQ LV UHDGIURP D SRUWIKWVPLRGHEFEKDQIHV WR

> (port-mode (current-input-port))
ikarus-mode

> #!lr6rs (port-mode (current-input-port))
rérs-mode

> #likarus (port-mode (current-input-port))
ikarus-mode

set-port-mode! SURFHGXUH
(set-port-mode! ip mode)

7Kdet-port- m@edeRFHGXUH PRGLYHVY WKH OH[LFDO VIQWD[DFFHS
FDOONe 8MIRQ WKH LQSXW SRUW 7KH PRGH LV D VI\PERO ZKLFK V
rérs-mokdékarus-modeH Hf HFW RI VHWWLQJ WKH SRUW PRGH LV
RIUHDGL®BWRikaru§§ RP WKDW SRUW

> (set-port-mode! (current-input-port) 'rérs-mode)
> (port-mode (current-input-port))
rérs-mode



#leof UHDGHU V\QWD]

7KH HQG RI yOHt PEUINNHDQ HIWHQVLEB® WRWIXH 3KH SULPDU\
XWLOLW¥RIOFRHNHU LV WR VWR S WeeHDHGR G-Hl d t uHd R P
UHDGLQJ WKH UHVW RI WKH yOH

#!/usr/bin/env scheme-script
(import (ikarus))

<some code>

(display "goodbye\n™")

#leof
<some junk>

7KH'!eoPDUNHU DOVR VHUYHV DV D GDW ¥ EDIQ@T NIXWIQVL W X FK O L N H
LV IRXQG LQVLGH RWKHU H[SUHVVLRQV

> (eof-object)
#leof
> (read (open-input-string ""))
#leof
> (read (open-input-string "#!'eof"))
#leof
> (quote #leof)
#leof
> (eof-object? '"#leof)
#1
> #1r6rs #leof
Unhandled exception
Condition components:
1. &error
2. &who: tokenize
3. &message: "invalid syntax: #'!e"
> #likarus #leof
$
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SDUDPHWHUV

SDUDPHWHUYV DU HNDQWMWXNQGHG IRU FXVWRPL]LQJ WKH EHKDYLR
GXULQJ WKH G\QDPLF HIHFXWLRQ RI VRPH SLHFH RI FRGH 3D
HQWLWLHY UHSUHVHQWHG DV SURFHGXUHV WKDW KROG WKH
SURFHGXUH DFFHSWV HLWKHU JHUR RU RQH DUJXPHQW |1 JLYt
WKHFXUUHQW YDOXH RIWKH SDUDPHWHU 1 JLYHQ D VLQJOHD
WRWKHYDOXHRIWKHDUJXPHQW 3DUDPHWHUV UHSODFH WKH
*globaFXVWRPL]DWLRQ YDULDEOHV )RU H[DPSOH LQVWHDG R

(define *screen-width* 72)

DQG WKHQ PXWDWLQ*sttkeldn-vUdihdsgeH! ZH FRXOG ZUDS WKH
YDULDEOKen-widtWisOreen-wiSiIDNDPHWHU DV IROORZYV

(define *screen-width* 72)
(define screen-width
(case-lambda
[() *screen-width*]
[(x) (set! *screen-width* x)]))

7KH YDOX¢IrBéNn-wikDIQ QRZ EH SDVVHG DV DUJXPHQW UHWXUQ'
DQG H[SRUWHG IURP OLEUDULHV

make-parameter SURFHGXUH
(make-parameter x)
(make-parameter x f)

$V SDUDPHWHUV DUH FRPPRQ LQ piakle Xjva Vet Ko T&@UHR B G XU R
PRGHO WKH FRPPRQ XVDJH SDWWHUQ RI SDUDPHWHU FRQVW U X

(make-parametERQYWUXFWYV D SXWDVPWMKHHUQ@IWKDO YDOXH )RL
DPSOH WKHFRGHDERYHFRXOG EH ZULWWHQ VXFFLQFWO\DV

SDUDPHWHUV DUH IRXQG LQ PDQ\6FKHPH LPSOHPHQWDWLRQV VXFK DV &
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(define screen-width (make-parameter 72))

(make-parameteFRQEYWUXFWYVY D SDUDPHWHU ZKLFK yOWHUV WKH DV
WKURXJK WKH 8 URKFHHIGXWH.DO YDOXH RI WKH SDUDPHWHU LV WKH UH)\
(f x) 7\SLFDO XVHV RI WKH yOWHU SURFHGXUH LQFOXGH FKHFNLQJ V
WKH SDVVHG DUJXPHQW RU FRQYHUWLQJ IsWr&&DvWidfHUHQW GDWD \
SDUDPHWHU PD\EH FRQVWUXFWHG PRUH UREXVWO\ DV

(define screen-width

(make-parameter 72
(lambda (w)
(assert (and (integer? w) (exact? w)))
(max w 1))))

7KLY GHYQLWLRQ HQ&XdeH W WDRURXHKDUIXPHQW SDVVHG LV DQ H[DF'
WHJHU ,WDOVR HQWxXWKNWWKKHHRBEYKLIQHG YDOXH LV DOZD\V SRVLW

parameterize VIQWD]
(parameterize ([lhs* rhs*] ...) body body* ...)

SDUDPHWHUYV FDQ EH DVVLJQHG WR E\ VLPSO\ FDOOLQJ WKH SDUDPH
VLQJOH DUJX Ppta@Qavn e7tleiv@W D[ LV XVHG WR VHW WKH YDOXH RI D SDUL
ZLWKLQ WKH G\QDPLMbBIJWHOQWMRH.VEKIHVVLRQV

7KHhs* ..DUH H[SUHVVLRQV HDFK RI ZKLFK PXVW HYDOXDWH WR D SL
SDUDPHWHUYV DUH QRW QHFH\Wvakel- 0 a raRmed &d X R WHHEEX B\H
WKDW IROORZV WKH SDUDPHWHUV SURWRFRO ZRUNYV

7KHDGYDQWD PHiRAMELERIYHU H[SOLFLWO\DVVLIJQLQJWR SDUDPHWH L
DUJXPHQW DSSOLHV WR JOREDO YDULDEOHYV LV WKDW \RX-UH JXDUD
WURO H[LWV W Kt ERTGE\tBHRRUHVVLRQ WKH YDOXH RI WKH SDUDPHW
UHVHW EDEN WR ZKDW LW ZDV EHIRUH WKH ERG\ H[SUHVVLRQV ZHUH
HYHQ LQ WKH SU&IVHOFHWURUY DQG H[FHSWLRQV

7KH IROORZLQJ H[DPSOH VKRZV KRZ WR VHW WKH WH[W SURSHUW\ RI
7KH SDUDPeHW HAl-propeHQYGY DQ $16, HVFDSH VHTXHQFH WR WKH WHU
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ZKHQHYHU WKH SDUDPHWHU YDO Xtk Livi iKaD-QJ Bl @elrtil OV H R
paramete FIKPQJHV WKH SUR(SIHLVA E HREIM " HPDOOHG DQG UHVHW
LW EDFN WR QRUPDO ZKHQ WKH ERG\ UHWXUQV

(define terminal-property
(make-parameter "0"
(lambda (x)
(display "\x1b;[")
(display x)
(display "m")
x)))

(display "Normal and ")

(parameterize ([terminal-property "41;37"])
(display "RED!"))

(newline)
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/IRFDO OLEUDU\ LPSRUWYV

import VIQWD]
(import import-spec* ...)

7KHMPOMNH\ZRUG ZKLFK LV H[SR UiW&iG SQYIRFUWKHFDQ EH XVHG
DQ\ZKHUH GHYQLWLRQV FDQ RFFXU DW D VFULSW ERG\ OLEUDU\-V W
GHYQLWLRQV FRQWH[W 7KHMWpQWRFRL WKHPQ RiBMH@&\ R W K H

WKDW DSSHDUV DW WKH WRS RI D OLEUDU\ RU D VFULSW IRUP DQG F
UHVWULFWLRQV QRLGHQWLYHU QDPH PD\EH LPSRUWHG WZLFH XQO
LGHQWLYHU QRLGHQWLYHU PD\EHERWKLPSRUWHGDQG GHYQHG DQ
DUH LPPXWDEOH

IRFD@PONRUPY DUH XVHIXO IRUWZR UHDVRQV WKH\ PLQLPL]H WK
FOXWWHU WKDW XVXDOO\RFFXUV ZKHQ PDQ\ OLEUDULHV DUH LPSRU

WKH\ OLPLW WKH VFRSH RI WKH LPSRUW DQG WKXV KHOS PRGXODU
GHQFLHYV

6XSSRVH\RX DUH FRQVWUXFWLQJ D ODUJH OLEUDU\ DQG DW VRPH S
RQH RI\RXU SURFHGXUHVY QHHGVY WR PDNH XVH RI VRPH RWKHU OLEU
VSHFLYF WDVN ,PSRUWLQJ WKDW OLEUDU\ DW WRS OHYHO PDNHYV L\
OLEUDU\ &RQVHTXHQWO\ HYHQ LI WKDW OLEUDU\LV QR ORQJHU XV
VD\ ZKHQ WKH FRGH WKDW XVHV LW LV GHOHWHG LW EHFRPHV YH
LPSRUW ZLWKRXW yUVW HIDPLQLPLQJ WKHHQWLUHO OLEUDU\ERG\ IR
%\ ORFDOO\ LPSRUWLQJ D OLEUDU\ LQWR WKH DSSURSULDWH VFRSH
GHOHWHmMMNWHKHRUP ZKHQ WKH SURFHGXUH WKDW ZDV XVLQJLW LV GHOH
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IRFDO PRGXOHYV

7KLY VHFWLRQ LV QRW GRFXPHQWHG \HW 3OHDVH UHIHU WR 6
8VHU: .V *X@GHKKDSWHU RI 2VFDU :DGGH®D - V@& LWWH3IAL3/ >

SDSH@3RU GHWDLOV RQMXNBEO@H PWoMNHH\ZRUGY ,NDUXV-V LQWHU
PRGXOH V\VWHP LV VLPLODU LQ VSLULW WR WKDW RI &KH] 6 FKH

module VIQWD][
(module M definitions ... expressions ...)

(module definitions ... expressions ...)

import VIQWD]

(import M)
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*HQV\PV

*HQV\P VW D QGAQIHRWOIW KB MUAERO/\PERO WKDW LV JHQHUDWHG DW UXC
DQG LV JXDUD QR RVREHRWKHU VIPERO SUHVHQW LQ WKH VA\VWHP
DUH XVHIXO LQ PDQ\ DSSOLFDWLRQV LQFOXGLQJ H[SDQGHUV FRPSL
ZKHQ JHQHUDWLQJDQ DUELWUDU\ QXPEHU RI XQLTXH QDPHV LV QHH (

,NDUXV LV VLPLODU WR &KH] 6FKHPH LQ W KeDaVeh WRFHHGHUGHH UV LQF O XC
DQG ZULWHUV wrQtREDX@ e@ty -primDLQWDLQ WKH UHDG ZULWH LQYDUL
DQFH RQ JHQV\PV :KHQ D JHQV\P LV ZULWWHQ WR DQ RXWSXW SRUW
PDWLFDOO\JHQHUDWHY DUDQGRP XQLTXHLGHQWLYHU IRUWKH JHQ
LV UHDG EDFN WKRXUIKWIOHG VIQWD[ D QHZ RWWHIW®HWDWH G
EXWLQVWHDG LWLV ORRNHG XSLQ WKHJOREDO VIPERO WDEOH

$ IJHQV\P-VQDPH LYV FRPSRVHSURMNOR G DORYGWAULQJI 7KH

6FKHPH SUR$SHGHKK H>stUithy XUQV WKH SUHWW\VWULQJRIWKHJHQV\P
LWV XQLTXH vWULQJ *HQV\PVDUH SULQWHG E\ GHIDXOW DV
#{pretty-string unique-string}

gensym SURFHGXUH
(gensym)

(gensym string)

(gensym symbol)

7KH SURFHEX4IWWHR QVWUXFWY D QHZ JHQV\P I SDVVHG QR DUJXPHQW
VWUXFWYVY D JHQV\P ZLWK QR SUHWW\ QDPH 7KH SUHWW\ QDPH LV
DQG LI WKH SUHWW\ QDPH RI WKH UHV X®amis @ BHDQVWARPA Y QHHGHG
VWULQJ WKDW VWULQJ LV XVHGeh$ wwK 8§ CBVWHVEWD D\PEHR O, IW K H
SUHWW\ QDPH RI WKH VA\IPERO LV XVHG DV WKH SUHWW\ QDPH RI WKH L
gensym-presfbxXdH DQ@gGensym-cahiH IRUGHWDLOV

> (gensym)

#{g0 |y0zf>GIFVvcTJEOXxw]|}

> (gensym)

#{gl |[U%X&SF6kX!YC8LW=]}
> (eq? (gensym) (gensym))
#f
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(gensym StrERQVWUXFWYV D QH 2 UHQ® VPLALWKUHWW\ QDPH 6LP
oDU@ensym symBQNWUXFWYV D QHZ JHQV\P ZLVEK MKH SUHW W\ (
LI LW KDV RQH DV LWV SUHWW\ QDPH

> (gensym "foo")

#{foo |>VgOIICM&$dSVRN=|}
> (gensym 'foo)

#{foo ['TgQLmtw2hoEYfU>|}

> (gensym (gensym 'foo))
#{foo IN2C>500>C?0OROUBU|}

gensym? SURFHGXUH
(gensym? x)

7TKigensyBWPHGLFDWHILHMWXWVWQUVIXPHQW LV D JHAWRWKDQG UHW X
HUZLVH

> (gensym? (gensym))

#1
> (gensym? 'foo)
#f
> (gensym? 12)
#f
gensym->unique-string SURFHGXUH

(gensym->unique-string gensym)

7TKgensym->uniqueS#UtRMHYGXUH UHWXUQV WKH XQLTXH QDPH D\
WKH JHQV\P DUJXPHQW

> (gensym->unique-string (gensym))
"YukrolLMgP?%EICR"
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#{gensym} UHDGHU V\QWD]
#{unique-name}

#{pretty-name unique-name}

#:pretty-name

,NDUX¥a QG&@ritSsURFHGXUHV HIWHQG WKH OH[LFDO V\QWD[ RI 6FKH
DELOLW\WR UHDG DQG ZULWH JHQV\PV XVLQJ RQH RI WKH WKUHH IRU

#{unique-nEM@YWUXFWYV DWUHDG WLPH D JHQV\P ZKRVH XQLTXH QD
VSHFLYHG ,I D JHQV\P ZLWK WKH VDPH XQLTXH QDPH DOUHDG\ H[LV\
VI\PERO WDEOH WKDW JHQV\P LV UHWXUQHG

> '#{some-long-name}

#{g0 |some-long-name|}

> (gensym? '#{some-long-unique-name})

#t

> (eq? '#{another-unique-name} '#{another-uniqgue-name})
#1

7KH WZR#pUaNty-name uniqueHQ¥iPeY\QWD[ LV VLPLODU WR WKH V\Q
WD[ VKRZQ DERYH ZLWK WKH H[FHSWLRQ WKDW LI D QHZ JHQV\P LV FI
LIl WKH JHQV\P GLG QRW DOUHDG\ H[LVW LQ WKH VIPERO WDEOH WHK

FRQVWUXFWHG JH@QNeRW-Vi &iH & WR

> '"#{foo unique-identifier}
#{foo |unique-identifier]|}
> "#{unique-identifier}

#{foo |unique-identifier]|}
> "#{bar unique-identifier}
#{foo |unique-identifier]|}

TKH:pretty-nafeP FRQVWUXFWY DW UHDG WLPH D JHQV\P ZKRVH SL
LWwretty-nabneG ZKRVH XQLTXH QDPH LV IUHVK 7KLV IRUP JXDUDQWH
UHVXOWLQJ JHQYNWRLY @RWKHU VI\IPERO LQ WKH V\VWHP

> '"#:foo
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#{foo |j=qTGIEwWS/ZIp2Dj|}
> (eq? '#:foo '#:fo0)
#f

generate-temporaries H[DPSOH

7TKHrnrs syntax-c@EEYDU\ SUgdL&rtaVeDte mpoBUMRESI GXUH
ZKLFK WDNHV D VIQWD[ REMHFW UHSUHVHQWLQJD OLVW RI WK
LGHQWLYHWeNnSYyYWEDW SURFHGXUH FDQ EH GHYQHG DVIROORZ

(define (generate-temporaries* stx)
(syntax-case stx ()
[(x* ...)
(map (lambda (x)
(datum->syntax #'unimportant
(gensym
(if (identifier? x)
(syntax->datum x)
't))))
#(x* ...))]))

7KH DERYH GHYQLWLRQ ZRUN VsEXDVMDNGEHY WK KAVDSXMQJ LW LQV
OLVW RI V\QWXO[ REVMKIFWYQHU SURFHGXUB\WRSVHDZFEK\QWD [
REMHFW FRQV Vi KFriN-56 yZnif&¥ GDWXP LV D JHQV\P ZKRVH QDP
WKH VDPH QREKHWEPQ LGHQWLYHU tRXMKGRWPERDGHQWLYHU 7K
RXWSXWmRdrate-temporldHQesUDWHY QDPHV VLPLODU WR WKHLU L
SDUW

> (print-gensym #f)
> (generate-temporaries* #'(x y z 1 2))
(#<syntax x> #<syntax y> #<syntax z> #<syntax t> #<synta>
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3ULQWLQJ

pretty-print SURFHGXUH
(pretty-print datum)
(pretty-print datum output-port)

7KH SURFPIEXWYHprimM LQWHQGHG IRU SULQWLQJ6FKHPHGDWD W\SLFI
SURJUDPV LQ DIRUPDW FORVH WR KRZ D 6FKHPH SURJUDPPHU ZRXO
writeZKLFK ZULWHYV LWV LQ SXWtDyO @ rLilQOR/HH Y VOHS DFHYVY DQG QHZ
OLQHVLQ RUGHU WR SURGXFH PRUH SOHDVDQW RXWSXW

(define fact-code
"(letrec ([fact (lambda (n) (if (zero? n) 1 (* n (fact (-n 1)))))])
(fact 5)))

> (pretty-print fact-code)
(letrec ((fact
(lambda (n) (if (zero? n) 1 (* n (fact (- n 1)))))))
(fact 5))

7KH VHFRQG DUpPKEPtHR-WNUWRI VXSSOLHG PXVWEHDQ RXWSXW SRUW
VXSSOLHG rnWeKH-outputtp/oXvHG

/ILPLWDWMRKRZQ LQ WKH RXWSXW DERYH |[WKH FXUUHQW LPSO
WDWLROeRty-priBRHY QRW KDQGOH SULQWLQJ RI VTXDUH EUDFN|
SURSHUO\

pretty-width SDUDPHWHU
(pretty-width)
(pretty-width n)

7KH SDUDP HWHUWiIi dHRQWUROV WKH QXPEHU RI FKDUDFWHUV DIWHU |
pretty-privWbDUWY EUHDNLQJ ORQJ OLQHV LQWR PXOWLSOH OLQHYV
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pretty-widt¥h VHW WR FKDUDFWHUV ZKLFK LV VXLWDEOH IRU
SULQWHG PDWHULDO

> (parameterize ([pretty-width 40])
(pretty-print fact-code))
(letrec ((fact
(lambda (n)
(if (zero? n)
1

(* n (fact (- n 1)))))))
(fact 5))

I1RWH WKW -widdRHY QRW JXDUDQWHH WKDW WKH RXWSXW ZL
\RQG WKH VSHFLYHG QXPEHU 9HU\ ORQJ VI\PEROV IRU H[DPSO|
PXOWLSOHOLQHV DQG PD\IRUFH WKH SULQWHY-WRIIR EH\RQG

format SURFHGXUH
(format fmt-string args ...)

7KH SURFHGXUBURGXFHY D VWULQJ IRUPDIMWSHG IDRIBRUGLQJ W
WKH VXSSOLHG DUJXPHQWY 7KH IRUPDW VWULQJ FRQWDLQV |
UHSUHVHQWDWLRQ RITHDFK DUJXPHQW LV SODFHG 7KH PDUNH

"~-SLQVWUXFWV WKH IRUPDWWHU WR SODFH WKW rQte[W DUJXPH
KDV SULQWHG LW ,Il WKH DUJXPHQW FRQWDLQV D VWULQJ W
DOO TXRWHV DQG EDFNVODVKHV LQ WKH VWULQJ ZLOO EH H\
ZLOO EH SULQW M OQXRWQWWR 8

"~alQVWUXFWV WKHIRUPDWWHU WR SODFH W KIHs@HdW DUJXPHC
KDV SULQWHG LW 6WULQJVDQG FKDUDFWHUYV DUH SODFHG

"~bLQVWUXFWYVY WKH IRUPDWWHU WR FRQYHUW WKH QH[W DUJ
UHSUHVHQWDWLRQ 7KH DUJXPHQW PXVW EH BQ H[DFW QX!
QXPHULF SUHY[ LV QRW SURGXFHG LQ WKH RXWSXW

"~oLV VLPLOBPOIHWRHSW WKDW WKH QXPEHU LV SULQWHG LQ RFW

"~XLV VLPLODOWHWRSW WKDW WKH QXPEHU LV SULQWHG LQ KH[D
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"~dRXWSXWV WKH QH[W DUJXPHQW ZKLFK FDQ EHDQ H[DFW RU LQH]
GHFLPDO EDVH UHSUHVHQWDWLRQ

"~~LQVWUXFWYV WKH IRUPDWWHU WR ISDWKH RXW.SGW EKWKRRWH U
FRQVXPLQJDQ DUJXPHQW

1RWH W KDh# WKGQ XPHULF SUHY[HV DUH QRW DGGHIE WR WKH RXWSXW
~0oDQGXDUH XVHG

> (format "message: ~s, ~s, and ~s" 'symbol "string" #\c)
"message: symbol, \"string\", and #\\c"

> (format "message: ~a, ~a, and ~a" 'symbol "string" #\c)
"message: symbol, string, and c"

printf SURFHGXUH
(printf fmt-string args ...)

7KH SURFHGXUIHY VLPLO®run@RFHSW WKDW WKH RXWSXW LV VHQW WF
current-outputtfoMWWHDG RI EHLQJ FROOHFWHG LQ D VWULQJ

> (let ([n (+ (expt 2 32) #b11001)])
(printf "~d = #b~b = #x~x\n" n n n))
4294967321 = #p100000000000000000000000000011001 = #x100C

fprintf SURFHGXUH
(fprintf output-port fmt-string args ...)

7KH SURFHGKUHY VLPLPDUtWRFHSW WKDW WKH RXWSXW SRUW WR ZK
WKHRXWSXWLY VHQW LV VSHFLYHG DV WKH yuUvVW DUJXPHQW

print-graph SDUDPHWHU
(print-graph)
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(print-graph #t)
(print-graph #f)

7KH JUDSK QRWDWLRQ LV D ZD\ RI PDUNLQJ DQG UHIHUHQFLQJ
DQG FRQVHTXHQWO\ FUHDWLQJ VKDUHG DQG F\FOLF GDWD VYV
RI UHVRUWLQJ WR H[SOLFLW PXWBWDRRWWKHXIRYOQRHALJKIGDYV
VWUXFWXUHZLIKKHRBYN QRQQHJIDWLY HA#QWHHIHHQFEKM WKH

GDWD VWUXFWX WD BRYNBP® EH DVVLIQHG DQG UHIHUHQFHG LQ
HDFK PDUN PXVW EH DVVLJQHG WR H[DFWO\ RQFH LQ DQ H[SUH\

> (let ([x '#0=(1 2 3)])
(eq? x '#0#))

#1

> (let ([x "#0#] [y '#0=(1 2 3)])
(eq? x y))

#t

> (eq? (cdr "(12 . #1#)) '#1=(1 2 3))

#t

> (let ([x "#1=(#1# . #1#)])
(and (eg? x (car x))

(eg? x (cdr x))))
#1

7KHrint-grapbUDPHWHU FRQWUROV KREI'WHK¥W- ZLiID@BUYV H J
WriteKDQGOH VKDUHG DQG F\FOLF GDWD VWUXFWXUHV ,Q ,NDU
GDWD VWUXFWXUHY DQG WKH\DOO WHUPLQDWH RQ DOO LQSXW

| WKH YDPKiHtRgrap¥w VHAM WKH GHIDXOW WKHQ WKH ZULWHU'
DWWHPSW WR GHWHFW VKDUHG GDWD VWUXFWXUHV $Q\ SDU\
SULQWHG DV LI QR VKDULQJ LV SprHVH @VdipWV IWAKHW® O XH RI
VKDULQJ RI GDWD VWUXFW XUl ¥ OLYSPQURW GVKIVRQ J WK H

> (parameterize ([print-graph #f])
(let ([x (list1 2 3 4)])
(pretty-print (list x x x))))
((1 23 4) (1 234)(1234))
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> (parameterize ([print-graph #t])
(let ([x (list 1 2 3 4)])
(pretty-print (list x x x))))
(#0=(1 2 3 4) #0# #0#)

> (parameterize ([print-graph #f])
(let ([x (list 1 2)])
(let ([y (list x x x x)])
(set-car! (last-pair y) vy)

(pretty-print (listy y)))))
(#0=((1 2) (1 2) (1 2) #0#) #0#)

> (parameterize ([print-graph #t])
(let ([x (list 1 2)])
(let ([y (list x x x x)])
(set-car! (last-pair y) vy)

(pretty-print (list y y)))))
(#O0=(#1=(1 2) #1# #1# #0#) #0#)

print-gensym

(print-gensym)
(print-gensym #t)
(print-gensym #f)
(print-gensym ‘'pretty)

> (parameterize ([print-gensym #f])

SDUDPHWHU

7KH SDUDPHWHYgenFHRQWUROV KRZ JHQV\PV DUH SULQWHG E\ WKH Y
ZULWHUYV

JWKH YDOrXhtRgens¥h WKHQ JHQV\P VIQWD[ LV VXSSUHVVHG E\WKH ZL
DQG RQO\ WKH JHQV\PV:- SUHWW\ QDPHV PLIHtSye Q8WHG ,1| WKH YDOX
#t WKHQ W HKHKpINeOY uniqM\&WD[ LV SULQWHG )LQDOO\ LI WKH YDO>
print-gensyYnVKH VPpPERWKHQ JHQV\PV DUH SUEL@WHEYXVLQJ WKH

QRWDWLRQ

(pretty-print (list (gensym) (gensym))))
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(90 g1)

> (parameterize ([print-gensym #t])

(pretty-print (list (gensym) (gensym))))
(#{g2 |KR1M2&CTt1<BOn/m|} #{g3 |FBAb&7NC6&=c82!0]})

> (parameterize ([print-gensym 'pretty])

(pretty-print (list (gensym) (gensym))))
(#:94 #:95)

7KH LQLWLD @ ¥ DIO i éinrslyrh

gensym-prefix SDUDPHWHU
(gensym-prefix)
(gensym-prefix string)

7KH SDUDgelMsyth-préSikFLYHY WKH VWULQJ WR EH XVHG DV WKFE
HUDWHG SUHWW\ QDPHYV 7¢&enG WD K QWi W B €& X/HVRAIKQ F K
FDXVHV JHQHUDWHG VWULQJV WR KDY Hg®d HyPVWMWID PHV LQ WKH

> (parameterize ([gensym-prefix "var"]
[print-gensym #f])
(pretty-print (list (gensym) (gensym) (gensym))))
(var0 varl var2)

%HZDUH Wg&®W WiK-H reRQWUROV KRZ SUHWW\ QDPHV DUH JHQHU
QRWKLQJ WR GRZhSWRIQORVAVUXFWYV D QHZ JHQV\P ,Q SDUWLFXOI
GLFHUHQFH EHWZHHQ WKH RXWSXWLQ WKHYUVWH[DPSOH ZLW
EHORZ

> (pretty-print
(parameterize ([gensym-prefix "var"] [print-gensym #f])
(list (gensym) (gensym) (gensym))))
(g3 g4 g5)
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> (let ([Is (list (gensym) (gensym) (gensym))])
(parameterize ([gensym-prefix "var"] [print-gensym #f])

(pretty-print Is)))
(var5 var6 var7)

gensym-count SDUDPHWHU
(gensym-count)
(gensym-count n)

7KH SDUDBgHEMWSYUI-CGHWHUPLQHY WKH QXPEHU ZKLFK LV DWWDFKHG
gensym-pr2KikQ JHQV\PV:- SUHWW\ QDPHVY DUH JHQHUDWHG 7KH LQL
gensym-cbuyntbQG LV LQFUHPHQWHG HYHU\ WLPH D SUHWW\ QDPH LV
PLIKWEH VHW WR DQ\QRQ QHIJDWLYH LQWHJHU YDOXH

> (let ([x (gensym)])
(parameterize ([gensym-count 100] [print-gensym #f])
(pretty-print (list (gensym) x (gensym)))))
(g100 g101 gl02)

IRWLFHIURP DOO WKHH[DPSOHV VR IDUWKDW SUHWW\ QDPHY DUH Jt
ZKLFK WKH JHQV\PV DUH SULQWHG QRW LQ WKHRUGHU LQ ZKLFK JHC
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7UDFLQJ

trace-define VIQWD]
(trace-define (name . args) body body* ...)
(trace-define name expression)

7KHrace-defM\&QWDJ[ LV VIdrlOWBUFMBW WKDW WKH ERXQG YDOXH
PXVW EH D SURFHGXUH EHFRPHV D WUDFHG SURFHGXUH $ WL
DUJXPHQWY ZKHQ LW LV FDOOHG DQG SULQWYV LWV YDOXHV ZKF

> (trace-define (fact n)

(if (zero? n) 1 (* n (fact (- n 1)))))

> (fact 5)
|(fact 5)

(fact 4)

|(fact 3)
| (fact 2)
| |[(fact 1)
| | (fact 0)
|11
| 11

| 2

| 6

24

1120
120

7KH WUDFLQJ IDFLOLW\ALQ ,NDUXV SUHVHUYHV DQG VKRZV WDL
LWIURP QRQ WDLO UHFXUVLRQ E\ VKRZLQJ WDLO FDOOV VWDU
WKHLU SDUHQW ZDV FDOOHG

> (trace-define (fact n)

(trace-define (fact-aux n m)
(if (zero? n) m (fact-aux (- n 1) (* n m))))
(fact-aux n 1))
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> (fact 5)

| (fact 5)
|(fact-aux 5 1)
|(fact-aux 4 5)

| (fact-aux 3 20)
| (fact-aux 2 60)
| (fact-aux 1 120)
| (fact-aux 0 120)
|120

120

ORUHRYHU WKH WUDFLQJIDFLOLW\LQWHUDFWY ZHOO ZLWK FRQWLQ

> (calll/cc
(lambda (k)
(trace-define (loop n)
(if (zero? n)
(k 'done)
(+ (loop (- n 1)) 1)))
(loop 5)))
|(loop 5)
| (loop 4)
|(loop 3)
| (loop 2)
| |(loop 1)

|
|
|
| | | (loop 0)
done

trace-lambda VIQWD]
(trace-lambda name args body body* ...)

7KHrace-lamPD&UR LV VLRNODHEMAMHSW WKDW WKH UHVXOWLQJ SURFHC
LVWUDFHG LWSULQWY WKHDUJXPHQWYV LW UHFHLYHV DQG WKH UH\



&+$37(5 T7HIKARUIN5$5<

make-traced-procedure SURFHGXUH
(make-traced-procedure name proc)

7KH SURFHMm@K&Hraced-prow®duHe D QDPH W\SLFDOO\ D V\PERO
SURFHGXUH ,W UHWXUQYV Dp3 b & FFHGEXWW KD RLIODW WRFHV LWV D
DQG YDOXHYV

> (define (fact n)
(if (zero? n)
(lambda (k) (k 1))
(lambda (k)
((fact (- n 1))
(make-traced-procedure "(k ,n)
(lambda (v)
(k (* vin))))))
> (calll/cc
(lambda (k)
((fact 5) (make-traced-procedure 'K k))))
k 1) 1)
k 2) 1)
k 3) 2)
k 4) 6)
k 5) 24)
K 120)

((
((
((
((
((
(
20

I
I
I
I
|
|
1
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7LPLQJ

7KLV VHFWLRQ GHVFULEHV VRPH RI ,NDUXV:-V WLPLQJ IDFLOLWLHYV Z
EHQFKPDUNLQJDQG SHUIRUPDQFH WXQLQJ

time VIQWD]
(time expression)

7TKHimeDFUR SHUIRUPV WKH IROORZpQels sli WnkIiY@ SXDQYWV D
VXPPDU\RIWKHUXQWLPHVWDWLVWLFV WHKeH@ nelswiXxuQV WKH YDOXH
7KH UXQ WLPH VXPPDU\ LQFOXGHY WKH QXPEHU RI E\WHV DOORFDV
JDUEDJH FROOHFWLRQ UXQV DQG WKH WLPH VSHQW LQ ERWK WKH F
WRU

> (let () 7, 10 million
(define Is (time (vector->list (make-vector 10000000))))
(time (append Is Is))
(values))

running stats for (vector->list (make-vector 10000000)):
3 collections
672 ms elapsed cpu time, including 547 ms collecting
674 ms elapsed real time, including 549 ms collecting
120012328 bytes allocated

running stats for (append Is Is):
4 collections
1536 ms elapsed cpu time, including 1336 ms collecting
1538 ms elapsed real time, including 1337 ms collecting
160000040 bytes allocated

IRWH 7KH RXWSXW MXW\WHGWRESMEDY WDNHQ DW VRPH SRLQW RQ VR
PDFKLQH 7KHRXWSXW RQ\RXUPDFKLQHDW WKHWLPH\RXUHDG WK
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time-it SURFHGXUH
(time-it who thunk)

7KH SURFHGXUMDNHY D GDWXP GHQRWLQJ WKH QDPH RI WKH F
DWKXQN L H DSURFHGXUH ZLWK QR DUJXPHQWY LQYRNHYV V
DQG UHWXUQV WKH YDOXHVY REWDLQHG IURP LQWHRANLQJ WKH W
QRQ IDOMH/ XVHG ZKHQ GLVSOD\LQJ WKH UXQ WLRHO/WDWLVW|I
L¥f WKHQ QR QDPH IRU WKH FRPSXWDWLRQLVY GLVSOD\HG

> (time-it "a very fast computation”
(lambda () (values 1 2 3)))

running stats for a very fast computation:
no collections
O ms elapsed cpu time, including 0 ms collecting
0O ms elapsed real time, including O ms collecting
24 bytes allocated

1

2

3

> (time-it #f (lambda () 12))

running stats:
no collections
0 ms elapsed cpu time, including 0 ms collecting
O ms elapsed real time, including O ms collecting
0O bytes allocated

12



&KDSWHU

7KHikarus ipGlEUDU\
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(OYLURQPHQW YDULDEOHV

'KHQ WKH RSHUDWLQJ VIVWHP VWDUWYV D SURFHVV LW VWDU"
URQPHQW WKDW PDSVY HQYLURQPHQW YDULDEOHYV WR YDOXHYV
HQYLURQPHQWIRULOWLQJ WR WKH KRPH GLPAFRRUWRLWKH XVH
LQJ D FRORQ VHSDUDWHG OLVW RI GLUHFWRULHYV WR EH VHD U/
IURP WKH SKHQED | T DROBA G EFRLY VHFWLRQ GHVFULEHV WKH SU
SURYLGHG E\ ,NDUXV IRUPDQLSXODWLQJ WKLV HQYLURQPHQW

7KHHQYLURQPHQW SURFHGXUIKYrDYWH A EBEUBDE LDHFROXVH WKH\
SURYLGHD OLPLWHG ZD\IRURQH SURFHVV WR FRPPXQLFDWF
SDUDPHWHU SDVVLQJ

getenv SURFHGXUH
(getenv key)

7KH SURFHE&bEUWMHWULHYHV WKH YD O Xkt DXR/IRFKL B WG Z H VDK
VWULQJ LQ WKHHQYLURQPHQW 7KH YDOXH UHWXWQHG LV D >
WKHUH LV QR PREEDONKRWHQYLURQPHQW

setenv SURFHGXUH
(setenv key value)
(setenv key value overwrite?)

7KH SURFB&eUMHWY WKH PkeL R ®BEQ WKH HQYLURQPHQW %R
kepQwaluBXVW EH VWU Ldvkf w,li VBRI XPHQW LV SURHLGHG DQG L
setenRHVY QRW RYHUZULWH D YDk@xH RPYMRORLIDMLHEI HLMWMW Y 7K
SURFHG6Xt&eWRD\ UDLVH DQ H[FHSWLRQ LI WKH RSHUDWLQJ V\VW
HOQRXJK PHPRU\ WR KROG WKH QHZ PDSSLQJ

unsetenv SURFHGXUH
(unsetenv key)

7KH SURFHGXELtBUMPRXEYQG LWV DVVRFLDWHG YDOXH LI RQH F
WKHHQYLURQPHQW
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&EDYHDIMMI XQGHUO\LQJ V\VWstReSIRBFBERNMHY RPH
PHPRU\LQ VRPH RSHUDWLQJ VA\VWHPV ZKHQ|SDVVHG VRPH YDOXF

KDV QR ZD\RIJHWWLQJDURXQG WKLV VAIVWHP OLPLWDWLRQDQG
VRPH PHPRU\ IRU VRPH EMOVHVWER ULQJIO\
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6XESURFHVV FRPPXQLFDWLRQ

7KLV VHFWLRQ GHVFULEHVY WKH IDFLOLWLHV WKDW ,NDUXV SU
DQRG VHQGLQIJDQG UHFHLYLQJ GDWD WKURXJK WKH VXESURFH)
DQG HUURU SRUWYV

system SURFHGXUH
(system string)

7KHyste3WRFHGXUH WDNHV D VWULQJ UHSUHVHWLQJ DQ H[WH!
DUJXPHQWY DQG LQYRNHV 3R BQH D O\WWMISEFDRQ WKLY FRPPD
7KH UHWXUQHG &\Ds@elt¥ WRIR H[LW VWDWXV Rl WKH H{WHUQDO FI

,NDUXYsYeSlURFHGXUH LV D WKLQ ZULyS$¢8l RBR& R GHMKHWKH
6WDQGDUG &ilEUDU\

> (system "Is M*")

Makefile Makefile.am Makefile.in

0

prOCGSS SURFHGXUH
(process program-name args ...)

7KHroce SY RFHGXUH WDNHV DV LQSXW D VWULQJ UHSUHVHQWL
QDO SURJUDP DQG D VHW RI VWULQJV WKDW DUH WKH DUJXPHC
W LQYRNHV WKH SURJUDP ZLWK WKH JLYHQ DUJXPHQWYV DQG
SURFHVV LGHOWLYHURXWSXW SRUW ZKLFK SIs$#ivi WR WKH SURI
DQLQSXW SRUW ZLUH G ¥R WKQHGS U RIFH V@ S\SKW SRUW ZLUHG WR W
FHV¥t&/err$O0 WKUHH SRUWV DUH EORFNLQJ UHDGLQJDQG ZUL
EORFNV ,NDUXV XQWLO WKH VRPH E\WHV DUH DYDLODEOH IRU
LQJ WR UHDG IURP Wkdd SRRIFHPDA\VEORFN LQGHYQLWHO\ LI WKF
SURJUDP GRHV QRW ZULWH DQ\WKLQJ H JtdinlQWBAWMDYEPSWV W
&RPPXQLFDWLQJ ZLWK DQ HIWHUQDO SURFHVV PXVW WKHUHIR
SURWRFRO LQ ZKLFK WKH H[WHUQDO SURFHVV FRPPXQLFDWHYV
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process-nonblocking SURFHGXUH
(process-nonblocking program-name args ...)

7KH SURFHEoX@HS-nonbldokViPLODNro/cRe WM RFHGXUH H[FHSW

WKDW WKH WKUHH UHWXUQHG SRUWV DUH SXW LQ QRQEORFNLQJ PRC
DUHDGRUZULWHRSHUDWLRQRQD QRQEORFNLQJSRUWLQ ZKLFK E\W
UHDGLQJRUZULWLQJFDXVHV ,NDUXVWRHQTXHXHWKHSRUW ZLWK W
WKH UHDG ZULWHRSHUDWLRQ RFFXUVDQG DWWHPSW WR GLVSDWEFK
RQ ZKLFK VRPH E\WHV DUH UHDG\ IRU UHDIR B B RU H V& WsIHLHD&/H FW LR Q
RQ EORFNLQJDQG QRQEORFNLQJRSHUDWLRQV

waitpid SURFHGXUH
(waitpid)

(waitpid pid)

(waitpid pid block?)

(waitpid pid block? want-error?)

7TKMvaitpiIURFHGXUH ZDLWV IRU WKH SpiRW RWYHURLIQWWH DLYG Q

LI VXFFHVVIXOw$tiaWRENIWVFIW HQFDSVXODWLQJ WKH ZDLW VWDWXV R
:LWKRXW D U e HIJGNM D X OpN WARKZK LFK DOORZV RQHWR ZDLW IRU DQ\
FKLOG SURFHVYV WRotd kDW J XIPWMIQNV LV W U X Hw & KgHEEHR BIXYD W
LQGHYQLWHO\ ZDLWLQJ IRU D FKLOWE csclkRFVHDOARpHALW KHQ
UHWXUQV LPPHGLDWHO\ UHJDUGOHVYV RI ZKHWKHU RU QRW D FKLOG
want-errctiRPQWUROV ZKD WIK DIEZEH/QWSIHF Ly HHEDWQRS B)HR FKLO G

KDG H[LWW&nt;lerran? WUXH WKH GHIDXOW DQ HUURU LV VLIQDOHG
waitpidHWXUWQIVQR SURFHVV KDV H[LWHG 2SHUDWLRQV RQ WKH ZDLW
DUHOLVWHG EHORZ

wstatus-pid SURFHGXUH
(wstatus-pid wstatus)

7KHvstatus-pidwXUQ@VdWIKMKH SURFHVV ZKRVH VWDWXV LV UHFRUGHC
WstatiRsEMHFWpPIidKYWRVW XVHIXO ZKH®QI dRK-H LOHIDXIO® W R
waitpiRiQG WKXV WKH SLG RI WKH H[LWLQJ SURFHVV LV QRW NQRZQ EH
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wstatus-exit-status SURFHGXUH
(wstatus-exit-status wstatus)

7KH SURFWGeMalHis-exit-sttAHWsXUQV WKH H[LW VWDWXV RI WKH F
W LV W\SQUADMKH FKLOG HI[LWHG QRUPDOO\ DQG KDV RWKHU Q:
FKLOG SURFHVV HQFRXQWHUHG DQ HUURU

wstatus-received-signal SURFHGXUH
(wstatus-received-signal wstatus)

7KH SURFW6GMaUHs-received-BHMEUQV WKH QDPH RI WKH VLJQDZC
QXPEHU RI WKH VLJQDO LI WKH QDPH LV QRW NQRZQ WKDW FD
H[LW

7KHVLIJQDO QDPHLV RQHRI WKHIROORZLQJ V\PEROV

SIGABRT SIGALRM SIGBUS SIGCHLD SIGCONT SIGFP
SIGILL SIGINT SIGKILL SIGPIPE SIGQUIT SIGSEGV

SIGTERM SIGTSTP SIGTTIN SIGTTOU SIGUSR1 SIGUSI
SIGPROF SIGSYS SIGTRAP SIGURG SIGVTALRM SIGXC

Kill SURFHGXUH
(kill pid signal-name)

7TKHIIlISURFHGXUHWDRBWD/LIQDO QDPH D VI\PERO IURP WKH O
DQGDVNVY WKHRSHUDWLQJ VI\VWHP WR VHQG WKH VLIJQDO WR W
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71&3 DQG 8'3 VRFNHWYV

 NDUXV VXSSRUWV VIQFKURQRXV EORFNLQJ DQG DV\QFKURQRXV P
QLFDWLRQ IDFLOLWLHY RYHU ERWK 7&3 ,3 DQG 8'3 ,3 FKDQQHOV ,V
FOLHQW DQG VHUYHU DSSOLFDWLRQV WKDW VHUYH D YDULHW\ RI SX
FKDU FOLHQWY PDLO QHZV HW FHWHUD

7KH VIQFKURQRXV PRGHO LV VLPSOHDQG LV LGHDO IRUQRQLQWHUDF
SOLFDWLRQV WKDW FRPPXQLFDWH ZLWK D VLQJOH KRVWDW D WLPH )
DQG Rf OLQH QHWQHZV FDFKLQJ SURJUDPV W\SLFDOO\ XVH VIQFKUR
7KHEDVLF RSHUDWLRQV VW DtV -ZoLom K QMM EQWE U QHW VHU Y LF H

LGHQWLYHG E\ D SRUW QXPEHU RUD VHUYLFH QDPH ORFDWHG RQ V
E\LWV KRVW QDPH RU ,3 QXPEHU %\FRQQHFWLQJWRDVHUYHU ZHF
DQGDQRXWSXW SRUW IRUPLQJELGLUHFWLRQDO FKDQQHO RIFRPPXC
WKH VHUYLFH SURWRFRO WKH FOLHQW H[FKDQJHV LQIRUPDWLRQ ZL
DQG ZULWLQJ WR WKH GHVLJQDWHG SRUWV 5HDG DQG ZULWH RSHUEL
EORFNLQGHYQLWHO\ XQWLO DSSURSULDWH QXPEHU RI E\WHV DUH U]
RSHUDWLRQ WLPHV RXW &RPPXQLFDWLRQ HQGV ZKHQ WKH FOLHQW

7KH DVIQFKURQRXV PRGHO DOORZV IRU FRPPXQLFDWLQJ ZLWK PDQ\
RXVO\ ,NDUXV PDLQWDLQV D TXHXH RI SHQGLQJ SRUWV WKH EORF
IRUPHG RQ WKHVH SRUWV DQG WKHLU UHVSHFWLYH FRQWLQXDWLR
DWLQJ VIVWHP LQGLFDWHY WKDW D UHDG ZULWH RSHUDWLRQ PD\ E
WKH SRUW DQG D UHVWDUWLQJ FRQWLQXDWLRQ LQWR WKH TXHXH D
WKHHDESHUDWLRQV 7KLV LV UHPLQLVFHQW RI KRZ PXOWLWDVNLQJ
VFKHGXOH , 2 ERXQG WKUHDGVY H[FHSW WKDW LQ ,NDUXV WKUHDGYV
VHQWHG E\ RUGLQDU\ FRQWLQXDWLRQV 7KXV UHDGLQJRU ZULWLQ
FDXVHV ,NDUXV WR WUDQVSDUHQWO\ FDSWXUH D FRQWLQXDWLRQ
GLVSDWFKDQRWKHU FRQWLQXDWLRQ FDSWXUHG HDUOLHU OXOWLS!
IURP PXOWLSOH FRQQHFWLRQV DUH IXOYyOOHG FRQFXUUHQWO\ GLVS
UHDG\DQG ZLWKRXW RQH RSHUDWLRQ EORFNLQJ WKH UHVW

%HFDXVH DVI\QFKURQRXV VFKHGXOLQJ DQG GLVSDWFKLQJ LQYROYF
WLRQV ZLQGHUV WKDW PDLQWDLQ WKH G\QDPLF HQYLURQPHQW H .
dynamic-wiadametemnwzeh-output-to-wiltth-exception-handler

HWF DUH SURSHUO\LQYRNHG ZKHQ OHDYLQJ D G\QDPLF FRQWH[W D
&DUH PXVW EH WDNHQ ZKHQ XVLQJ ZLQGHUV WKDW SHUIRUP HIWHUQTC
XSRQ HQWHULQJ OHDYLQJD G\QDPLF FRQWH[W
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tcp-connect SURFHGXUH
(tcp-connect host service)

7KH SURFHcpXxUOeinn®WWHPSWV WR FR@ QHE®R WRWHIGHRQ WKH

UHPRWHWKURXJK WKH 7&3 ,3 SURSWRBERPHQ@WH.V D VWULQJ UHS
VHQWLQJ HLWKHU WKH1L,3M G ®URYVD IKAQO\ TXDOLYHG GRPDLQ Q
H J'www.example Lo mKLFK FDVH QDPHWR DGGUHVV UHVROXW L
DXWRPDWLFBOQNCEFKHKPHQW LV DOVR D VWULQJ ZKLFK FDQ EH
QXPEHU "8$Q@"RUD VHUYLFH QIDtRp"LK) ZKLFK FDVH WKH VHUYLFH Q
LVPDSSHG WR WKH FDQRQLFDO SRUW QXPEHU IRU WKH VHUYLF

8SRQ VXFeHY&¥onnBetwWXUQV WZR YD COQHSERD \E LDQPGJD ELQD U\

RXWSRWW :ULWLQJDQG UHDGLQJIURP WKH REWDLQHG SRUW
XQWLO DQ DSSURSULDWH QXPEHU RI E\WHV LV UHDG ZULWWHQ
FRPPXQLFDWLRQ FKDQQHO DQG IUHHV WKH XQGHUO\LQJ RSHUI

tcp-connect-nonblocking SURFHGXUH
(tcp-connect-nonblocking host service)

7KH SURFH®XUtinnect-nonb ok KilnRL ®DpU RN EIEEHSW WKDW

WKH WZR UHW XU QH G SRQB\OVEFRNHEX MDIQODWWHP SW WR SHUIRUP
ZULWH RSHUDWLRQ RQ WKH LQSXW RXWSXW SRUW PD\ EORF
FDSWXUHG DQG VFKHGXOHG LQ WKH , 2 TXHXH DQG D SHUYLRX\
EHUHVWDUWHG ZKHQ LWV EORFNLQJRSHUDWLRQ FDQ SURJUF

udp-connect SURFHGXUH
(udp-connect host service)

7KH SURFHGX-UGIEBNNECVLPLODU MRNEBIEEHSW WKDW LW FRQQHFW
WKHUHPRWH VHUYHU WKURXJK WKH 8'3 SURWRFRO DV LPSOLH

udp-connect-nonblocking SURFHGXUH
(udp-connect-nonblocking host-name service-name)

7KH SURFHdGpxdbBnnect-nonbld ¥KimgPUcwWRnect-nonblocking
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HIFHSW WKDW LW FRQQHFWV WR WKH UHPRWH VHUYHU WKURXJK WKH

tcp-server-socket SURFHGXUH
(tcp-server-socket port-number)

7KH SURFH@X%Heélrver-soBWeN HP SWVRBRWKH JLYHQ SRUW QXPEHU
IRU LQFRPLQJ FRQQHFWLROPYSeZQeV XFFdHMWWXUQV DQ DEVWUDFW
WFS VREMHBW HQFDSVXODWLQJ WKH XQGHUO\LQJ RSHUDWLQJ V\VW
VHUYHU VRFNHVEOR SRBEH GDLQQDWWHPSW WR DFFHSW D FRQQHFWLRQ
VHUYHU EORFNV LQGHYQLWHO\ XQWLO D UHPRWH FOLHQW DWWHPSW

tcp-server-socket-nonblockingsurrHexuH
(tcp-server-socket-nonblocking port-number)

7KLV SURFHGXUH L&/pV&eivaeD s odkie SW WKDW WKH UHWXUQHG VHUY
VREFNHW LV SQRIEHOGPERGEKJI $Q DWWHPSW WR DFFHSW D FRQQHFWLRQ
QRQEORFNLQJ VHUYHU VRFNHW GRHV QRW EORFN WKH HQWLUH SURI
FROQWLQXDWLRQLVVFKHGXOHGDQGLVLQYRNHG ZKHQDQLQFRPLQJ
DQG DQRWKHU, 2 ERXQG RSHUDWLRQ EORFNV

accept-connection SURFHGXUH
(accept-connection tcp-server)

7KH SURFHGXdpH-conneWtDONHY D WFS VHUYHU VREFNHW H J RQH RE\
IURRp-server-so®ked UHWXUQV WZR YLDYCSSRAW WDDEL® D EL QD U\
RXWSRWW WKURXJK ZKLFK WKH VHUYHU FRPPXQLFDWHV ZLWK WKH Fi
WKEHp-servREMHFW LV LQ E ORFNLpQ JCRPR G eRDINBMORFN WKH HQ

WLUH SURFHVV XQWLODQLQFRPLQJFRQQHFWLRQLVREWDLQHG ,IW
PRGH DQ RWKHUZLVH EORFNLQJRSHUDWLRQ ZRXOG EH UHVFKHGX
ZKHQ D FRQQHFWLRQ RFFXUV

7KH LQSXW DQG RXW 88Xt SR Ut BIKDMX UQV DUH SXW LQ EORFNLQJ
PRGH
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accept-connection-nonblockingGurRFHGXUH
(accept-connection-nonblocking tcp-server)

7KH SURF&coep-connection-nohVIVER L@gicle wtRconnection
HIFHSW WKDW WKHWZR UHWXUQHG SRUWV DUH SXW LQ QRQEO|

close-tcp-server-socket SURFHGXUH
(close-tcp-server-socket tcp-server)

7KLY SURFHGXUH FORVLQJ WKH VHUYHU VRFNHW VR WKDW QR
FDQ EHDFFHSWHG DQG IUHHV WKH XQGHUO\LQJ RSHUDWLQJ
ZLWK WKH VRFNHW

register-callback SURFHGXUH
(register-callback input-port thunk)

(register-callback output-port thunk)

(register-callback tcp-server thunk)

7KH SURFHex{§tter-callb@bRNHY D QRQEORFNLQJ SRUW RU VHUYH
D FDOOEDFN SURFHGXUH ,W HQTXHXHV WKH SRUW VRENHW D
TXHXH 7KHJLYHQ SURFHGXUH LV FDOOHG ZKHQ DQRWKHU , 2 R
LV UHDG\ WR EH UHDG IRU DQ LQSXW SRUW DUJXPHQW ZULW
JXPHQW RUDQLQFRPLQJFRQQHFWLRQLV DYDLODEOH IRUD
register-calllBatRKFHGXUH UHWXUQV LPPHGLDWHO\ ,W GRHV QR
DWWHPSW WR SHUIRUP DQ\ UHDG ZULWH RUDFFHSW RSHUDWI



&KDSWHU

7KHikarus forei@hEUDU\

7KLV FKDSWHU GHVFULEHV WKH IDFLOLWLHY WKURXJK ZKLFK ,NDUX\
RSHUDWLQJV\VWHPDQGRWKHUH[WHUQDRaEOWUBUDIKELgN) 7TKHIDFLOLW
OLEUDU\JLYH WKH 6FKHPH SURJUDP XQUHVWULFWHG DFFHVV WR WK
ORZLQJRQH WR DOORFDWH DFFHVV PRGLI\ DQGIUHH PHPRU\DV QF
DOVR DOORZ WKH 6FKHPI® GWRKMIDW MRSURFHGXUHY DV ZHOO DV DOC
WKH QDWLYH S UFRDFOHG @R 8VAK H P H

7KLV FKDSWHU LV RUJDQL]HG DVYLWRODWBQWR YA HFWIHZORI WKH EDVLF

FRQFHSWV VXFK DV VKDUHG OLEUDULHV H[WHUQDO V\PEROV IRUHL
DQG SURFHGXUHVGHBNFWLRIQY WKH SUKBLWSL Va+¢é \gHR W

YLGHV IRU GLUHFW PDQLSXODWLREGHPRIOFHPIRWK ORHIFGULLQRIQH [ WHU QDO
OLEUDULHVDQG FDOOLQJRXW WRQDWLYHOLEUDU\SURFHGXUHV DQ
7R GHPRQVWUDWH WKH XVHIXOQHVV RI WKH IRUHLJQ IDFLOLWLHV |
EUDULHVY WKDW DOVR VHUYH DV HIWHQGHG H[DP'SG®OHHV IRU XVLQJ WKt
VFULEHV 7KH 2SHQraOuUEB UdpR\ZKI)FK DOORZV WKH SURJUDPPHU WR

SURGXFH '"'DQG 'FRPSXWHU JUDSHKWLFWYL EHHKRWWKSRIQ bjc)

ZKLFK DOORZV WKH SURJUDPPHU WR DFFHVV OLEUDULHY DQG IUDPF
2EMHFWLYH & SURJUDPPLQJ ODQJXDJHDQG WKXV SURYLGHV IXOO DI
V\VWHP HJ PDNLQJJUDSKLFDO XVHU LQWHUIDFHV ZLWK &RFRD D(
ZLWK 4XDUW] DOO IURP 6FKHPH

,NDUXV YBEUVERWKH yUVW YHUVLRQ RI ,NDUXV WR VXSSRUW WKH GH\
LOQOWHUIDFHYV
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2YHUYLHZ

,Q RUGHU WR PDNH IXOO XVH Rl WKH FRPSXWHU LW LV LPSRUW
YLURQPHQW H J ,NDUXV 6FKHPH WR IDFLOLWDWH DFFHVV WF
RQ ZKLFK LW UXQV 7KH XQGHUO\LQJ DUFKLWHFWXUH LQFOXG
KRVW RSHUDWLQJ VIVWHP NHUQHO H J /LQdM[c W&B V\VWHP «
RWKHU VLWH LQVW D OsjiiGed LEWRYULGIVQ HGLUHFW DFFHVV WR V
IURP ZLWKLQ 6FKHPH DOORZV WKH SURJUDPPHU WR ZULWH 6F]
IHZ RU QR GHSHQGHQFLHV RQ H[W HIGQD/® 6 BB P B DRW WNRRFKFED L
'KHQ GHDOLQJ ZLWK VI\VWHP OLEUDULHV WKH SURJUDPPHU PX\
VWDQGLQJRIPDQ\DVSHFWV RI WKH WDUJHWWHG VIVWHP 7KL\
DQVZHUV WR PDQ\ TXHVWLRQV WKDW DUH IUHTXHQWO\ HQFRX
H[WHUQDO OLEUDULHYV

OHPRU\PDQDJHPHQW

,NDUXV 6FKHPH LV D PDQDJHG HQYLURQPHQW /LNH LQ PDQ\ S
PHQWV ,NDUXV PDQDJHV LWV RZQ PHPRU\ 6FKHPH REMHFWYV
FLDO PHPRU\ UHJLRQ WKH 6FKHPH KHDS DQG KDYH W\SH VSH
DOORZV WKH UXQ WLPH VIVWHP WR GLVWLQJXLVK REMHFW W\S
OHFWRU WR ORFDWH DOO SRWHQWLDOO\OLYHREMHFWV DQG U
6FKHPH REMHF\WS DIUWEHWEWR/HQVH WKDW WKH GDWD VWUXFW X
VHQW 6FKHPH REMHFWV H J SDLUV DUHQRW H[SRVHG WR WK
LQWHUDFW ZLWK REMHFWV WKIWARXIK DQ LQWHUIDFH H J

8QPDQDJHG HQYLURQPHQWY VXFK DV WKH RSHUDWLQJ V\VWt
UHTXLUH WKDW WKH SURJUDPPHU PDQDJHV WKH DOORFDWLRC
UHVRXUFHV KHUVHOI OHPRU\UHJLRQV yOH KDQGOHV H[WHUC
DUHDOO HIDPSOHV RI UHVRXUFHV ZKRVH PDQDJHPHQW PXVW E
GLFHUHQW SDUWV RIWKH V\VWHP DQG WKLVEHFRPHV WKHUHYV
ZKR LV ZLULQJ WKH GLfHUHQW VXEV\VWHPV WRJHWKHU

OHPRU\ IURP D V\VWHP:V SRUDQNVEBIDEIRHM MU LV DQLQWHJIHU Gt
LQIJDQDGGUHVV RIPHPRU\ 7KLV PHPRU\DGGUHVYV PD\FRQWDL
LOWHUSUHWDWLRQ $W WKH ORZHVW OHYHO HDFK E\WH RI PH
RI ZKLFK PD\ EH WRJJOHG RQ RURf $ OHYHO KLIJKHU FRQWLJX
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DUH JURXSHG WRJHWKHU DQG bDUH LQWHUSUHWHG DV LQWHJHUV {R
SRLQWHUV WR RWKHU PHPRU\ DGGUHVVHV 7KHVH DUH WKH EDVLF C
WHQ LQWHUSUHWHG DWRPLFDOO\ <HW D OHYHO KLJKHU JURXSV R
VWUXFWXUHV VXFK DV DUUD\V OLQNHG OLVWY WUHHVY DQG VR RQ 2
RULHQWHG SURJUDPPLQJ ODQJXDJHY DUHDWDQ HYHQ KLIJIKHU OHY
WKH\DUH WUHDWHG DV RSDTXH UHIHUHQFHV WKDW UHWDLQ VWDWH
WR PHVVDJHV

7KH SURFHGXUHRaL@PsWikHeiQhFUDU\ DUH PHDQW WR SURYLGH D ZD\ W
LOQWHUIDFH ZLWK WKH ORZ OHYHO PHPRU\ RSHUDWLRQV VXFK DV VH\
IURP VSHFLYF ORFDWLRQV LQ PHPRU\ $OWKRXJK WKH\ GR QRW SURY
DWLRQV WKHEDVLF SURFGXUHY PDNH LPSOHPHQWLQJ KLJK OHYHO
2EMHFWLYH & V\VWHP SUHYVHIRWNG BQH& KDUSRWHDPPHUYV DUH HQFRXU
DIJHG WR GHYQH WKHLU RZQ DEVWUDFWLRQV WKDW DUH PRVW VXLWD
OLEUDU\UDWKHU WKDQ XVLQJ WKH ORZ OHYHO RSHUDWLRQV GLUHF
PRUHUREXVWDQG PRUHHDVLO\PDLQWDLQDEORQR®WUDULHYV 7R SXV
VSULQNOH\RXU FRGH ZLWK ORZ OHYHO PHPRU\ RSHUDWLRQV

OHPRU\ RSHUDWLRQV

malloc SURFHGXUH
(malloc n)

7KHnalloBfURFHGXUH b@ORHFWDOWHRHPRU\ DQG UHWXUQV D SRLQWHU W
DOORFDWHG PHPRUBFKKHFH SURFHGXUH LV LPSOHPHQWHG XVLQJ WK
SURY LB GOW\VWHP SURFHGXUH RbWHKHRERBAHU I E\WHV
PXVWEHD SRVLWLYH HI[DFWLQWHJHU

> (malloc 10)
#<pointer #x00300320>
> (malloc 10000)
#<pointer #x01800400>
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free SURFHGXUH
(free p)

7KHreeSURFHGXUH WDNHV D SRLQWHU DQG IUHHV WKH PHPRU\ |
GUHVV 7KHPHPRU\UHJLRQ P X\ H blcda0l 0 BRADDVHIGPZIOWK V\V
WHP SURFHGXUH 2QFH IUHHG PHPRU\ RSHUDWLRQV RQ WKH J
DQG PD\ FDXVH WKH V\VWHP WR FUDVK DW XQSUHGLFWDEOH W
IRUVXFK HUURUV VLQFH WKH PHPRU\ PD\ EH IUHHG E\ SURFHG X
,NDUXYV

pointer->integer SURFHGXUH
(pointer->integer p)

7KH SURFPRGXWer->inteedRQYHUWYV WKH YD O XHVRI DMK H [DRMWQ WH U
LQWHIJHU YDOXH 7KHUHVXOW PD\EHDY[QXP RUDELJQXP GHS

integer->pointer SURFHGXUH
(integer->pointer n)

7KH SURFHG&@eér->poiRREQYHUWYV WKH HDR\W BEQWHHWHW YD O XH
7KH ORZHU ELWV RU ELWV RQ ELW WDWHRYIRLWKH YC
FDQW LQ FRPSXWLQJ WKH SRLQWHU Y Di®Xedgerw>pgihXx®uDQWH
(pointer->intege3RLPWY WR WKH VIDPPH DGGUHVV DV

pointer? SURFHGXUH
(pointer? x)

7KH SUH GG D VeHPH W XU QIVW KH Y DXODMHDRERLQWHU BOQOG UHWXUQ
RWKHUZLVH

1RWHH UHVXOW RI FDOOL @Y ¢k M PBQ&FUHGRQY HV
SRLQWHU YDOXHV LV XQVSHFLYHG
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pointer-set-c-char! SURFHGXUH
(pointer-set-c-char! p i n)

7KH SURFPGIXUet-set-c-chiaWV D VLQJOH E\WHRIPHPRU\ORFDWHG DW

i IURP WKH SRELRWHKH Y D OPKHH IR LpdPW MW EH D YDOLG SRLQWHU 7KH
LQGHEXVW EH DQ H[DFW L QW HR)UV \W KEHH \DBDOHKI® RW LQWHJHU 2QO\ WKH
ORZHUPRVWEUWXWRHG LQ WKH RSHUDWLRQ DQG WKH UHPDLQLQJ EL\

pointer-set-c-short! SURFHGXUH
(pointer-set-c-short! p i n)

7KH SURFHGXWélr-set-c-chaHWV WZR E\WHV ORFDQ\G*G DW RfVHW

i 1)WR WKH ORZHUPRVW ELWV R MRRAHHHWEXDPW WQRWHER AWH W

E\WH R fp\oHHiMter-set-c-siGoRHV QRW SHUIRUP DQ\ SRLQWHU DULWKPHW L
DVVFDOLQJ WKHRfVHW E\ WKH VL]H RI WKH PHPRU\ ORFDWLRQ

pointer-set-c-int! SURFHGXUH
(pointer-set-c-int! p i n)

7KH SURFHGMXUW®r-set-c-iviHWYV IRXU E\WHV ORPDE+HG DW RfVHW
3)WR WKH ORZHUPRVW ELWYV R I/WN{Hb Hh [t F Ve ¢ tQ B\ I3 b Ut !
pointer-set-c-@RHV QRW VFDAH WKH RfVHW

pointer-set-c-long! SURFHGXUH
(pointer-set-c-long! p i n)

2Q ELW VI\VWHPV Wi $teR F4£E XU HYmHQ¥YV HLIKW E\WHV ORFDWHG
DW RfiVWMR#+ i 7WR WKH ORZHUPRVW ELWV RI/WKH WKOHW LQWHJHU
SUHYLRXV SURGIHGXIY 8l&/t-c-1GRAHY QRW VFDAH2MPKH RIfWHW
V\VWHRVnter-set-c-I8HPYIRUPV WKH VP@itht¢bD\sD¥-int!

pointer-set-c-float! SURFHGXUH
(pointer-set-c-float! p i fl)



&+$37(5 T7HIKARUS FORBISHHN ¥

7KH SURFpGiXUeH -set-c-fIBRQYHUWV WKH6FKHPH {RDWLQJ SRLQ
fl UHSUHVHQWHG LQ ,NDUXV DV DQ , ((( GRXEOH SUHFLVLRQ
WR D {RDW DQ ,((( VLQJOH SUHFLVLRQ {RDWLQJSRLQW QXPE
LQ WKH IRXU E\WIHM /W HR $PHQYWHU

pointer-set-c-double! SURFHGXUH
(pointer-set-c-double! p i fl)

7KH SURFPIGIXUeH-set-c-doVWIRUHV WKH GRXEOH SUHFLVLRQ , (((
LQJSRLQW YDOXH RI WKfH 166 KNHPHH RIOVP E\IMRH WKW S8RV W H U

p

pointer-set-c-pointer! SURFHGXUH
(pointer-set-c-pointer! p i pv)

2Q ELW VIVWHPV WEHHiBSteRFHEGXU HO i VWYV HLIKW E\WHV OR
FDWHG DW WRY¥HW7 WR WKH ELW SRLQ@WHWYDDBXW RV

WHPV WKH SPBAHGEXWYEt-c-pointeWyV IRXU E\WHV ORFDWHG DW
i WR+ i 3WR WKH ELW SRLWHUNYDWKH BUHYLRXV SURFHGX
pointer-set-c-poi@RHY QRW VFDAOH WKH RfVHW

pointer-ref-c-signed-char SURFHGXUH
(pointer-ref-c-signed-char p i)

7KH SURFHGXWer-ref-c-signedRbh@¥ D VLQJOH E\WH ORFDWHG I
i [JURP WKH SROLQGVHHWXUQV DQ HI[DFW LQWHJHU UHSUHVHQWL (
LQWHJHU YDOXH RI WKDW E\WH 7KH UHVXIQQMRYLPBOXH LV LQ V
VLYH

pointer-ref-c-unsigned-char SURFHGXUH
(pointer-ref-c-unsigned-char p i)

7KH SURFpGIXUat-ref-c-unsign®kR-G¥rD VLQJOH E\WH ORFDWHG
i lTlURP WKH SLGBMHUW XUQV DQ HI[IDFW LQWHJHU UHSUHVHQWLQ.
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YDOXH RI WKDW E\WH 7KH UHV XO W, 253 LYQFRIDOVILY HQ WKH UDQJH

7TKHIROORZLQJH[DPSOH VKRZV WXoH 3 le f Hr¢ H-QF $li § Alé\dZ i &y
DQpointer-ref-c-unsigned-char

> (let ([p (malloc 3)])
(pointer-set-c-char! p 0 #b01111111)
(pointer-set-c-char! p 1 #b10000000)
(pointer-set-c-char! p 2 #b11111111)
(let ([result
(list (pointer-ref-c-signed-char p 0)
(pointer-ref-c-signed-char p 1)
(pointer-ref-c-signed-char p 2)
(pointer-ref-c-unsigned-char p 0)
(pointer-ref-c-unsigned-char p 1)
(pointer-ref-c-unsigned-char p 2))])
(free p)
result))
(127 -128 -1 127 128 255)

pointer-ref-c-signed-short SURFHGXUH
(pointer-ref-c-signed-short p i)

7KH SURFHGMUWer-ref-c-signedo®mDoGY WZR E\WHV ORFDWHG DW RfVH!
i DQG+ i 1)URP WKH SRDQ®&HHWXUQV DQ H[DFW LQWHJHU UHSUHVHQ
VLIQ HIWHQGHG LQWHJHU YDOXH RI WKH VHTXHQFH 7KH UHVXOWLC
[—32768,32767) LQFOXVLYH

pointer-ref-c-unsigned-short SsuRFHGXUH
(pointer-ref-c-unsigned-short p i)

7KH SURFpPGiXtet-ref-c-unsignedRLhAVIWZR E\WHV ORFDWHG DW RfVH!
i DQG+ i 1)URP WKH SFOLQGMHHW X UQV DQ H[DFW LQWHJHU UHSUHVHQWL
VLIQHG LQWHJHU YDOXH RIWKH VHTXHQFH 7K6655VXOWLQJ YDOXH L
LQFOXVLYH
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pointer-ref-c-signed-int SURFHGXUH
(pointer-ref-c-signed-int p i)

7KH SURFpGiXter-ref-c-sign@Rb@V IRXU E\WHV VWRIUWLQJ DW F
SRLOMDHQWG UHWXUQV DQ H[DFW L QWHIRU-LIQ VOO XD QYH RI

pointer-ref-c-unsigned-int SURFHGXUH
(pointer-ref-c-unsigned-int p i)

7KH SURFHGiXWer-ref-c-unsign®RBPi@Y IRXU E\WHV VWDUWLQJ DW
RI SRLOWAIG UHWXUQV DQ H[DFW LQN2IHU LQMOXNVUDBJIH RI

pointer-ref-c-signed-long SURFHGXUH
(pointer-ref-c-signed-long p i)

2Q ELW V\VWHPV WK SteRFEG-XUHignedRDGY HLIKW E\WHV
VWDUWLQJ BWSRAVHMG UHWXUQV DQ LQWHIRY2LQ-WKH UDQJIHR
LQFOXVLYH 20Q ELW V\VW HoW n e K-H e UR B HGe@H bng
IRUPV WKH VD P Wiba/rNreV¥-c-signed-int

pointer-ref-c-unsigned-long SURFHGXUH
(pointer-ref-c-unsigned-long p i)

2Q ELWV\VWHPV WXHStBRAEGXUHSign ORDGVgHLIKW E\WH V
VWDUWLQJIDRV SRV@WEG UHWXUQV DQ LQWHJM2*LQ WKH UDQJ
1] LQFOXVLYH 2Q ELW V\VW HRVNtWK-HeSUREHSIWEd-long
SHUIRUPV WKH Vp®@ith¥éDMEfDY-unsigned-int

pointer-ref-c-float SURFHGXUH
(pointer-ref-c-float p i)

7KH SURFHGMUeIr-ref-c-flolMWXUQV WKH IRXU E\WH {RDW UHSU
((( VLQJOH SUHFLVLRQ {RDWLQJ SRLQWIQXKRHESPLOWRUHG D
7KH YDOXH LV H[WHQGHG WR DQ , ((( GRXEOH SUHFLVLRQ {RD
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,NDUXV XVHV WR UHSUHVHQW LQH[DFW QXPEHUYV

pointer-ref-c-double SURFHGXUH
(pointer-ref-c-double p i)

7KH SURFpGiXter-ref-c-dHWXUQV WKHHLIJKW E\WH {RDW UHSUHVHC
, ((( GRXEOH SUHFLVLRQ {RDWLQJ SRLQWRQWKHEHIR MWRHUHG DW R f\

p

pointer-ref-c-pointer SURFHGXUH
(pointer-ref-c-pointer p i)

7KH SURFpGiXtgr-ref-c-pouHe&/XUQV WKH SRLQWHWUWRWRUHG DW RfVHYV
WKH SRpQMKHHWL]H RI WKH SRLQWHU DOVR WKH QXPEHU RI E\WHV OR
RQ WKHDUFKLWHFWXUH LWLV E\WHV RQ ELW V\VWHPV DQG E\W|

$FFHVVLQJ IRUHLJQ REMHFWV IURP 6FKHPH

dlopen SURFHGXUH
(dlopen)

(dlopen library-name)

(dlopen library-name lazy? global?)

7KH SURFHB®Y@WDNHYV DIVIWHEYQ H abHeSUHVHQWHG D VIVWHP OLEUDU\
DQG FDOOV WKH V\ViN B PBKRFAHGYXQUIHPLFDOO\ ORDGY WKH JLYHQ OLE!
LQWR WKH UXQQLQJ SURFHVV 7KH QDPH Rl WKH OLEUDU\ LV VIVWHP
LQFOXGH WKH DSSUR S U.ISBRVH/ VEX[[d il IR Q 'DU Z L @ DHQIG

RQ &\JZLQ libkaliry-namDa LQFOXGH D IXOO SDWK ZKLFK LGHQWLYHV WK
WLRQ RI WKH OLEUDU\ RUPD\EH MXVW WKH QDPH RI WKH OLEUDU\ LQ
ZLOO ORRNXS WKH OLEUDRD\ Q DFPRHARM.QWADRM PHQW YDULDEOH

7KHDUJIXIREQWSHFLYHVY KRZOLEUDU\GHSHQGH@FLg#EWDUH ORDGHG 1
GHOD\VWKHUHVROXWLRQDQG ORDGLQJRIGHSHQGHQWOLEUDULHYV .
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, I IDOVH DOO OLEUDU\ GHSHQGHQFLH\Y DWHUBIRDGHSE/ EHIRUH W

7KH DUJX@HQWNWSHFLYHY KRZ WKH VFRSH RI WKH V\PEROV H[SR
ORDGHG OLEUDU\ ,IWUXH DOO H[SRUWHG VI\PEROV EHFRPH SD
VXEVHTHKEQMD OOV PD\ QRW QHHG WR VSHFLI\WKH OLEUDU\ IURI
LVORDGHG ,IIDOVH WKHH[SRUWHG VIPEROV DUH QRW JOREDC
WR EH VSHFdysyGnI RU

&DOqUdQapen library-h¥mdXLYDdHPWWIRbrary-name #f #f)
&DOqUHQIpeA)WKRXW DUIJXPHQWYV UHWXUQV D SRLQWHU WR WK|

,I VXFFHVIopeHWHWXUQY D SRLQWHU WR WKH HIWHUQDO OLEUD

VXEVHTXH®@QIWYIh@E®Iclosel WKH OLEUDU\ FD QU ®MEABHNORIDPMH G
#fDQG WKH SURIEHI®OXDE EH XVHG WR REWDLQ WKH FDXVH RI WKt

&RQVXOWoW EMSBDJIH LQ \RXU VI\VWHP PDQXDO IRU IXUWKHU GHW

dlclose SURFHGXUH
(diclose library-pointer)

7KH SURFHIEXtdY D ZUDSSHG DURXQG WKH VI\VWHP SURFHGXUFL
QDPH ,W UHFHLYHV D OLEUDU\ SRLQWHUp ¢iDI) GRULHORIBW BVQH C
WKH UHVRXUFHY ORDGHG IURP WKDW OLEUDU\ &ORVLQJD OLE
VWDWLF GDWD VWUXFWXUHV WKDW WKH OLEUDU\ H[SRUWYV LQ°
RUFRUUXSW LWV PHPRU\ LI VXFK VI\PEROV DUH XVHG DIWHU D O

ORVW VA\VWHP LPSOHPHQWDWLRQV RI G\QDPLF ORDGLQJ HPSOI
diopebQ@élclosleQ WKDW OLEUDU\UHVRXUFHV DUH QRW IUHHG XQ\
WRIcloskRDWFKHVY WKH QXPEHUO@RIFDOOV WR

7KH SURFHEX@s8HWXUQV D ERROHDQ YDOXH LQGLFDWLQJ ZKFH
VWDWXV RI WKH B KcH 9N WREW QAWK H SURBHGXdFBQ EH XVHG
WR REWDLQ WKH FDXVH RI WKH HUURU

&RQV X OCawc\Wokske (SPIH LQ \RXU VA\VWHP PDQXDO IRU IXUWKHU GHV

dlerror SURFHGXUH
(dlerror)
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, ] DQ\RI WKH G\QDPLF ORDGL@UopedltDa$dRQMIDLEOYV WKH

FDXVH RI WKH HUURU FDQ EHXREW DAIKQH& B\HRDXOWQAWV D VWULQJ GH
VFULELQJ WKH HUURUdIeKHOBH WRHIQKWHHUH ZDV QR G\QDPLF
ORDGLQJHUURU

&RQV X OCaWewrnoll (SPJH LQ \RXU VA\VWHP PDQXDO IRU IXUWKHU GHWDLOV

dlisym SURFHGXUH
(dlsym library-pointer string)

7KH SURFHIGYXWIBNHY DOLEUDU\ SRLQWHU H J dREQHREWDLQHG E\ D F|
DQGDVWULQJUHSUHVHQWLQJWKHQDPHRIDV\PERO WKDW WKH OLE
DSRLQWHU WR WKH ORFDWLRQ RI &N KPHY VOIRE RWAIBRWHH PRV ||

WKH FDXVH RI WKH HUURU FDQ EH REWDelr@®rG XVLQJ WKH SURFHGXUH

&RQVXOMWMsSWHKHEBPIH LQ \RXU VIVWHP PDQXDO IRU IXUWKHU GHWDLOV

&DOOLQJ RXWWR IRUHLJQ SURFHGXUHYV

, NDUXV SURYLGHV WKH PHDQV WR FDOO RXW IURP 6FKHPH WR IRUHL
DOORZV WKH SURJUDPPHUV WR HIWHQG ,NDUXV WR DFFHVV VA\VWHP \
DYDLODEOH RQ WKH KRVW PDFKLQH

,Q RUGHU WR FDOO RXW WR D IRUHLJQ SURFHGXUH RQH PXVW SURYL
PDWLRQ WKH VLIQDWXUH RI WKH IRUHLJQ SURFHGXUH HJ LWV W
DCSURFHGXUH DQG WKH DGGUHVV RI WKH SURFHGXUH LQ PHPRU\ 7
SURFHGXUH FDQ EH HDV Ld s RIBIWMKIHQEBGPH/ RQWKH SURFHGXUH DQG LW
HISRUWLQJOLEUDU\DUHNQRZQ 7KHVLIJQDWXUHRIWKHS SURFHGXUF
REWDLQHG G\QDPLFDOO\ DQG WKHUHIRUH PXVW EH KDUG FRGHG LQ\

7KHVLIQOQDWXUH RI WKHIRUHLJQ SURFHGXUH LV UHTXLUHG IRU SURSH
6FKHPH VA\VWHP DQG WKHIRUHLJQ VA\VWHP 8VLQJWKHVLIQDWXUH ,N
6FKHPHYDOXHVDUHFRQYHUWHG LOWR QDWLYH YDOXHV DQG ZKHUH
DQG VWDFN VORWY WR SXW WKHVH DUJXPHQWY 7KH VLIQDWXUH DC
UHWXUQHG YDOXHVY DUH SODFHG DQG KRZWKH\DUHFRQYHUWHG IUR
WR WKH FRUUHVSRQGLQJ 6FKHPH GDWD W\SHV
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$ SURFHGXUH:-VVLIQDWXUH LV FRPSRVHG RIWZR SDUWV WKH
HWHU W\SHVY 7KH UHWXUQ W\SH LV D V\PERO WKDW FDQ EH DQ\
OLVWHG LQ )SDXIWHH7KH SDUDPHWHU WASHV LV D OLVWRIW\SHVS
7KHV\PERIGFDQ DSSHDUDV D UHWXUQ W\SHEXWFDQQRWDSSHDL

make-c-callout SURFHGXUH
((make-c-callout return-type parameter-types) native-pointer)

7KH SURFH@XKe+-callo’/uWwKH SULPDU\ IDFLOLW\ IRU PDNLQJ IRU
GXUHV FDOODEOH IURP 6FKHPH ,WnZ&RKENY-D ¥ |UBBHIROIRXWV)LUV W
WZR DUJXPHQWY GHQRWLQJ WKH VLIQDWXUH RI WKH SURFHG X
DEULGJH WKDW FRQYHUWY IURP 6FKHPH:-V FDOOLQJ FRQYHQW
WKHLU IRUHLJQ FRXQWHUSDUWY, ,0HBRWX UW K H S8JRAAHIGXUUH
DFFHSWV D SRLQWHU WR D IRUHLJQ SURFHHGBYUWHQE UH RQH RE\
WXUQV D 6 FKHP HpS WRKRPMGHQHADSVXODWHY WKH IRUHLJQ SURFH
SURFHGXADH) EH FDOOHG ZLWK DV PDQ\ DUJXPHQWYV DV WKH RC
parameter-typkls SDUDPHWHUY, WPXSSOEPBWHRKRWKH WISHV VXSSC
DV WxaHameter-tppeRUGLQJ WR WKH "9DOLG 6FKHPH W\SHVu FR
EOHLQ )LIXUKH SURBRHERQMHUWY WKH SDUDPHWHUV IURP 6FKH
QDWLYH W\SHV FDOOV WKH IRUHLJQ SURFHGXUH REWDLQV Wt
DSSURSULDWH 6FKHPH YDOXtetGHW S HYPEGLQJ RQ WKH

7KHLQWHUIBEKé-RicalLWWEEURNHQ GRZQ LQWR WKUHH VWDJHYV LC
FRPRGDWH FRPPRQ XVDJH SDWWHUQV 2IWHQ W\A\SHV D IXQFW
E\ PDQ\ IRUHLJQ SURFHGXU inab&6-WKIFDUWRI REHHDOOHG RQFH
SHUVLIQDWXUHDQG HDFK VLIQDWXUH FDQ EH XVHG PXOWLSO|
WKHIRUHLJQ SURFHGXUH SUHSDUDWLRQ IURP SDUDPHWHU SDV
IRUHLJQ SURFHGXUH RQFHDQG FDOOLQJ LW PDQ\WLPHV

7KH WASHY OLVWH®UQ UHXWHLFWHG WR EDVLF W\SHVDQG SUR®
FROQYHUVLRQ IURP FRPSRVLWH 6FKHPH GDWD VWUXFWXUHV V)
WRUV DQG OLVWYV WR QDWLYH W\SHV 7KH UHVWULFWLRQ LV L
DYRLG PDNLQJLQYDOLG DVVXPSWLRQV DERXW WKH PHPRU\ PD
OLEUDU\ )RU H[DPSOH DAROQ@WHHWW DX6/FKHPH VWULQJ WR D QD!
DUUD\ H J sXVn@rbyteva®ROGHFRGH WKH VW Wla) DOWMRKHQ XVLQ.
DOORFDWHD WHPSRUDU\EXfHU DQG FRS\LQJ WKH E\WHV IURP
FDWHG PHPRU\ LWFDQQRWGHFLGH ZKHQ WKLV DOORFDWHG E
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DQG VKRXOG EHIUHHG 7KLV NQRZOHGJH LV OLEUDU\ GHSHQGHQW D
GHSHQGHQW 7KHUHIRUH ,NDUXV OHDYHV LW WR WKH SURJUDPPHU
UHODWHG LVVXHV

2XWJRLQJ SDUDPHWHUV WR IRUHLJQ SURFHGXUHV DUH FKHFNHG DJD
YRU H[DPSOH LI D FDOOEDFN LV SUHSDUHG SN@Rnie[dSHFW D SDUDPHWH
RQO\ H[DFW LQWHJHUV DUH DOORZHG WR EH SDVVHG RXW )RU LQW ¢
QXPEHURIELWV LV XVHG DQG WKHUHPDLQLQJELWV DUHLJQRUHG )F
WKH DUJXPHQW LV FKHFNHG WR EH D 6FKHPH {RQXP 1R LPSOLFLW FR
H[DFW DQG LQH[DFW QXPEHUV LV SHUIRUPHG

7KHIROORZLQJH[DPSOH LO O XV & DoWcHM SAKRHF X' B HW R HF R P
ELQDWLRIJZAemRGIsym7KH VHVVLRQ ZDV UXQ RQ D ELW ,NDUXV UXQ
XQGHU ODF 26 ; )LibY W yWIRWHLJQ OLEUDU\ LV ORDGHG DQG LV ERX
WR WKH YDbtDEPM ZHREWDLQ D S RAIRWHUMRSWRHAHGXUH WKDW LV
GHYQHBH®Q7KH QDWLYH SWRIWIDG ¥Wb eV DQ DUJXPHQW DQG UH

7\SHVSHFLYHU 6BPHOLG 6FKHPH W\SHV &LRUSIHVYSRQGLQJ
signed-char E\WH HIDFW LQWHhidU

unsigned-chaE\WH HIDFW LQWHAMdUgned char
signed-short E\WHYV H[DFW LQWwshidtw

unsigned-shoEtWHV HIDFW LQWuwHnIsHgned short

signed-int E\WHYV HIDFW LQWikdHU

unsigned-int E\WHV HIDFW LQWuwnIHgned int

signed-long E\WHV H[DFW LQWIdhHyU

unsigned-long E\WHV H[DFW LQWusidned long

float E\WHYV {RQXP float

double E\WHYV {RQXP double

pointer E\WHV SRLQWHU voidfthartnt*int**
int(*)(int,int,inWF

void 2 2 void

JLIXUH 7KH DERYH WDEOH OLVWV YDOLG W\SH VSHFLYHUV WKDW FDQ
DQG FDOOEDFN VLIQDWXUHV 6SHFLYHUV ZLWK ~ E\WHVu KDYH VL]F
VIVWHP LW LV E\WHV RQ ELW V\VWHPV DQG vBVWHVY RQ ELW V\\
VSHFLYHU FDQ RQO\ EH XVHG DV D UHWXUQ YDOXH VSHFLYHU WR PHD
UHWXUQHG



&+$37(5 T7HIKARUS FORBISHHN ¥

WXUQYWHDQG WKDW -V WKH VLJQD W XKé+ - B Wplid X @ 8 | RZH

FDOO WKH IRUHLJQ SURFHGXUH LQW HWZIKFAKZMIK{RQMN B D OGP H C
WKXV PDWFKHVY WKH UHTXLUHG SDUDPHWHU W\@¢u brlkH QDWLY F
YDOXH ZKLFK LV FRQYHUWHG WR WKHO06FRHE B98{REBEM Z4N33YD O

> (import (ikarus foreign))
> (define libc (dlopen "libc.dylib"))
> libec
#<pointer #x00100770>
> (define libc-atan-ptr (dlsym libc "atan"))
> libc-atan-ptr
#<pointer #x9006CB1F>
> (define libc-atan
((make-c-callout 'double '(double)) libc-atan-ptr))
> libc-atan
#<procedure>
> (libc-atan 1.0)
0.7853981633974483
> (libc-atan 1)
Unhandled exception
Condition components:
1. &assertion
2. &who: callout-procedure
3. &message: "argument does not match type double"
4. &irritants: (1)

&DOOLQJ EDFN WR 6FKHPH

, QRUGHUWR SURYLGHIXOOLQWHURSHUDELOLW\ZLWK QDWLYH
SURFHGXUHV WR FDOO EDFN LQWR 6FKHPH MXVW DV LW DOORZ
SURFHGXUHV 7KLVLVLPSRUWDQWIRUPDQ\V\VWHP OLEUDULH
LQWHUIDFHVY ZLWK HYHQW KDQGOLQJ HJ &RFRD *7. */87 H)
HJ OLEVTOLWH OLEP\VWTO HWF DPRQJRWKHUYV

7TKH QDWLYH FDOOLQJ VLWH IRU WKH FDOO EDFN LV FRPSLOHG
WXUH HQFRGLQJ WKH H[SHFWHG SDUDPHWHU W\SHV DQG UHWX
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SURFHGXUH XVHG IRUD FDOO EDFNPXVWEHZUDSSHG ZLWK D SURSHU
WKHLQFRPLQJ SDUDPHWHUV IURP QDWLYH IRUPDW WR 6FKHPH YDO X
WKH YDOXH WKDW WKH6FKHPH SURFHGXUH UHWXUQV EDFN WR QDWL
IRUPDW LY VLPLODUWR WKHRQH XVHRBQRIDEBMRIO BXKWILONH )LIXUH

make-c-callback SURFHGXUH
((make-c-callback return-type parameter-types) scheme-procedure)

7KH SURFmM@Ke+t-callbddo PLODU WR WK alk®WR-Fetd Hy UH

FHSW WKDW LW SURYLGHV D EULGJH IURP QDWLYH SURFHGXUHV EDI
WKH SURRHakX¥Udt+calWwbDNHY D QDWLYH SRLQWHU DQG UHWXUQV D 6Fk
FHGXmalke-c-callWaddkHY D 6FKHPH SURFHGXUH DQG UHWXUQV D QDWL
7KH QDWLYH SRLQWHU FDQ EH FDOOHG E\ IRUHLJQ SURFHGXUHV 7KH
FRQYHUWHG WR 6 FKHPH GRWDn Otk Rty BAKHIIWRHPH SURFHG X UH

LV FDOOHG ZLWK WKHVH SDUDPHWHUV DQG WKH UHWXUQHG YDOXH |
WLYH IRUPDW DFERIUG-LUQEWRUH FRQWURO UHWXUQV WR WKH QDWL
VLWH

1RWH WKDW WKH QDWLYH SURFHG M S-REQWIHY BREEDLQHG IURP
WLQJIJXLVKDEOHIURP RWKHU QDWLYH SURGIB@GRUNVPLIODW DUH REWDL
PHDQV ,Q SDUWLFXODU VXFK QDWLY m&RdL-@QWHUMHFIDQ EH SDVVHG \
VXOWLQJLQ D6FKHPH SURFHGXUH WKDW FDOOV RXW WR WKH QDWL?
FDOOV EDFNLQWR 6FKHPH 7KHIROORZLQJVHIJPHQW LOOXVWUDWHYV
HIWUDFWLQJ WKH ORZHUPRVW ELWV IURP DQ HIDFW LQWHJHU

> (format "~x"

(((make-c-callout 'unsigned-int '"(unsigned-int))
((make-c-callback 'unsigned-int '(unsigned-int))
values))

#xfedcba09876543210fedcba09876543210))

"76543210"

&DYHDW HBBBSWORWUQIHDFKFDOORXWDQG FDOO EDFN SURFHGXL
DVPDOO DPRXQW RI PHPRU\ 7KLV LV EHFDXVH WKH V\VWHP FDQ
VXFK SRLQWHUV WKDW JRLQWR QDWLYH FRGH ZKLFK PD\UHWDLC(
LOQGHYQLWHO\ 8VH MXGLFLRXVO\
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OLVVLQJ )HDWXUHYV

,NDUXV GRHV QRW IXO®8 FRQ IROW WRXaJK LW LPSOFBPY QWY PRVW RI 5
PDFURVDQG SURFHGXUHV VRPHDUHVWLOO PLVVLQJ 7KLV VHFWLR
PLVVLQJ IHDWXUHVY DQG SURFHGXUHYV

ftnumber->st@iMYY QRW DFFHSW WKH WKLUG DUJXPHQW SUHFLVLR
string->numipe¥ WKH UHDGHU GR QR\W RWBRWILERQH WK H

17KHIROORZLQJ SURFHGXUHYNDH HaPILtNMEQIE IDIR®WiIseE)
bitwise-reverse-bit-field bitwise-rotate-bit-field

17KHIROORZLQJ SURFHGXUHYNDY HaPitWMEQIE ITIRPUM)
fxreverse-bit-field fxrotate-bit-field

17KHIROORZLQJ SURFHGXUHYNDE thesNWdMlbQddyYRP
equal-hash

17KHIROORZLQJ SURFHGXUHYNDEH® pYYLsQJ IURP

make-custom-binary-input/output-port
make-custom-textual-input/output-port
open-file-input/output-port
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WLEOLRJUDSK\

\Y

\

@ .HQW '\E&KH]6FKHPHO9HUVLRQ&OGHOY FHXBIHZHDUFK 6\VWHPV

@ .HQW'\EYLJ 'DYLG (E\ DQG &DUO %UXJJHPDQ 'RQ-W VWRS WKH
EOHDQG H}FLHQW VWRUDJH PDQDJHPHQW IRU G\QDPLFDOO\ W\SH
QLFDO 5HSRUW ,QGLDQD 8QLYHUVLW\ ODUFK

@EGXOD]L] *KXORXP DQG5 .HQW "\EYLJ *HQHUDWLRQ IULHQGO\ (
,BURFHHGLQJV RI WKH 'RUNVKRS RQ6FKHPISDOHVXQFWLRQDO 31
2 S8QLYHUVLWp /DYDO 7THFKQLFDO 5HSRUW ',8/ 57

@GEGXOD]L] *KXORXP DQG 5 .HQW '\EYLJ ,PSOLFLW SKDVLQJIRUS5
,Q,&)3 - 3URFHHGLQJV Rl WKH $&0 6,*3/$1 LQWHUQDWLRQDO F
)XQFWLRQDO SWBSIMHDPPI2QJ 1HZ <RUN 1< 86% $&0

@LFKDHO 6SHUEHU 5 .HQW '\EYLJ ODWWKHZ )ODWW DQG $QWRQ 9
LWRUV $SHWISRWUGV RQ WKH DOJRULWKPLF ODQJXDJH 6FKHPH

@LFKDHO6SHUEHU 5 .HQW'\EYLJ ODWWKHZ)ODWW DQG $QWRQ 9
WRUV SHYHSYRGW RQ WKH DOJRULWKPLF ODQJXDJH 6FKHPH2VWDQ

@VFDU :DGGWPOQOGLQJ WKH 6FRSH R 6\ KV MWRNH\FLYE V /G DFQR R Q
8QLYHUVLW\ &RPSXWHU 6FLHQFH '"HSDUWPHQW $XJXVW

@VFDU :DGGHOODQG5 .HQW "\EYLJ ([WHQGLQJWKH VFRSH RI V\Q
WLRQ&RQIHUHQFH 5HFRUG RI 323/ 7KH WK $&06,*3/$1 6,*$&7 6\P
VLXP RQ 3ULQFLSOHV RI 3URSDDRWPLQ3 /D Q DXDXIHUA



, QGH]

#leof gensym-prefix

#likarus gensym?

#:prettyHDGHU V\QWD| getenyv

#{pretty uniduDGHU V\QWD

#{uniqueéMDGHU VIQWD] I ARUS _LIBRARY_PATH
import

accept-connection integer->pointer

accept-connection-nonblo¢c®YWRNH
% RRW yYyOHYV Kill

close-tcp-server-socket make-c-callback

command-line make-c-callout

&RPPDQG OLQH VZLWFKHVmMmake-parameter
make-traced-procedure

diclose malloc
g:error module
open
dlsym parameterize
([DPSOHYV pointer->integer

pointer-ref-c-double
pointer-ref-c-float
pointer-ref-c-pointer
pointer-ref-c-signed-char

generate-temporaries
+HOOR :RUOG

format _ . .
fprintf pointer-ref-c-signed-int
free pointer-ref-c-signed-long
pointer-ref-c-signed-short
generate-temporaries pointer-ref-c-unsigned-char
gensym pointer-ref-c-unsigned-int
#{gensym} pointer-ref-c-unsigned-long
gensym->unique-string pointer-ref-c-unsigned-short

gensym-count pointer?
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port-mode
pretty-print
pretty-width
print-gensym
print-graph

printf

process
process-nonblocking

556 6FULSW
,PSRUW
register-callback

set-port-mode!
setenv
system

tcp-connect
tcp-connect-nonblocking
tcp-server-socket
tcp-server-socket-nonblocking
time

time-it

trace-define

trace-lambda

udp-connect
udp-connect-nonblocking
unsetenv

waitpid
wstatus-exit-status
wstatus-pid
wstatus-received-signal



	Contents
	1 Getting Started
	1.1 Introduction
	1.2 Technology overview
	1.3 System requirements
	1.3.1 Hardware
	1.3.2 Operating systems
	1.3.3 Additional software

	1.4 Installation
	1.4.1 Installation details
	1.4.2 Uninstalling Ikarus

	1.5 Command-line switches
	1.6 Using scheme-script
	1.7 Mapping library names to file names
	1.8 Writing cross-implementation libraries
	1.9 Defining IKARUS_LIBRARY_PATH

	2 R6RS Crash Course
	2.1 Writing a simple script
	2.2 Writing simple libraries
	2.3 R6RS record types
	2.3.1 Defining new record types
	2.3.2 Extending existing record types
	2.3.3 Specifying custom constructors
	2.3.4 Custom constructors for derived record types

	2.4 Exception handling

	3 The (ikarus) library
	3.1 Parameters
	3.2 Local library imports
	3.3 Local modules
	3.4 Gensyms
	3.5 Printing
	3.6 Tracing
	3.7 Timing

	4 The (ikarus ipc) library
	4.1 Environment variables
	4.2 Subprocess communication
	4.3 TCP and UDP sockets

	5 The (ikarus foreign) library
	5.1 Overview
	5.2 Memory management
	5.3 Memory operations
	5.4 Accessing foreign objects from Scheme
	5.5 Calling out to foreign procedures
	5.6 Calling back to Scheme

	A Missing Features
	Bibliography
	Index

