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Almost every macro demonstartes a flaw
wn the programming language,
wn the program, or in the programmer.

Bjarne Stroustrup.

I find it unbearably restrictive
to program n languages without macros ...

Paul Graham.
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S NPNRN TP SYW NPINNADITV YNIT IWANDD 1IN MIOYA 29330 10 IPNRD
STVN TP NP TNND 199”90 INPoNn »ad
:1NVN 90N PN VIO

AN YIPRN TIPY PPN, ANTHINT RPN MPW 17105 MINID e
DMTRNINY MNP NIWPN NNPIN NOONI 792 inline

PANNN 2320 OXNNNA OYTN PIANT 2N PTIND DOTPYD IWIND PN e
DOYN ANN NANIND 292 YN MIpPNn 5132 T2 >T DY NOYa OINNIN

lazy — “N2NY NOYW” SW NNNINNND DIMARND NIIT 1P 1IPNN TIYNONI @

.evaluation

IMYNYN NWIAPY NP S09D) INY YL TP 2INID IWIND YIPNN e
221 M TP NN >T> DY PNINIDNLN T DY P TPUYI TPNDN
DVMPN SW IINON DTN DAY NNY

-V 9N TIVND DITINN PN PWYIPYI MINONT NI NTIAYN ToNN
MOV MPADNY DINN DOYNON 21 PN YIdYN NPNRTI NN IR T
JON VN MYND ,TNIDNN

YNNI 199 (compliler) 9T (interpreter) WM P 972N OIINYN NPX R NIy
P2IYN 292 ©NMN MW



A712v aan
199N WIPWH (tutorial) MNIAD PITI INND R NTIAY SY TPIURIN NNION
1D NON  TIDWNHN 2297 MXNA PONDI XY .09 Scheme 5¢ NP
DTPI ,NTIAYN ToNN2 )00 ONOYW SYNNND DIRIPHN NN DPNRSY PIvng
2IVA) 1PN DIVIDY Y DNY DOVN PEI TN (D900 2wa apm
25V 992 IRDIY HINDNTA NIIWNHN SV DNUN 7P NIX TN NYN)
TN M, 25U NN PIDY) 1AW DNDNN YIDWN DN NI 1N DK IXT

22 PXIY DNONN NIWHN MWD

OIMN DTA”HN Scheme 9Y DNIIPHN SY DIONKDD Sy TNy 2 9792
-0 NOWN WHNY I TV NN 3 7792 INK MOV YW DONIPIN
:Scheme 5S¢ DONYIPNRN NWN Y 1NV DXAWNN DIIPINDN STV N9V, DON)
-PYPN Scheme 5S¢ DONMIPHRN NVPPNAM P PANNN MMIN 29 RS NN
4 7792 PN NN TIPIN NWNN  TINKRD NN MIIN SN NUYnd o
Scheme WIMN2 NIRIN NDNIND NN YN JPINN P90 NIPRY NIANIN IV
DNIIPIRN NN WHNWND 1123 T8 NN 6 9792 .5 7192 P8I NN, D22
.DMDN DINNA PYA PNINY MILP NOY WIPNS

-INQ DONRYIPIN NIIWN 229 NN ORI, DIPNN NTIAYN MPI9Y NI
NN N7 YR PONT PIIWNRN NNP .DITOD OMX NYIPY X900 M7 10
YPYD Sy NNURT NN IFTY 59V PWYn TNSY DXIPHN NIWN 2530
9592 TION MY MNIPY DY 1D ,D9N .3 779 5 2.3 PYD LYY 2 PO
qOWUDY PINYND TPIYY DIRIIPHN NIIWN SV DIINIPYN DLNN DY MIDN
DN VIR MK NN

NP DNMINHN PR ,NIN TI9 >N PON 10 R NIV TIPN MINONYT
-0 )2 D DINWRIN MNP 225WA 20 IMDIN TPN P¥3P IR PNND
TP WNNWN9 OYPY NPYAY DD MNIND WNN9 PN DY “PRvs” \o
NNPN DN MPIYHN IINN NPY S MNINSY NONTI

DTIYN NOA NN, TIPN P82 210 DPVIY?
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NI9N7 NIdBWI 1P

P2 NNIYN DX YV)OTI TNY MION MY NP 7MIIWN NPOI M P92
MOYN DY DINYN DIIINNKDIND NI NI TN NIRIN MNYN MOV MDIWNN
NPRTD NN NPYN DRIPN DY DNY DVIDY PA PN [ TUNNA )OSy
DN DMIPNN IR PN TN NPNPNID MNP 29 DY NPNNDY WIddYD
MION MOY MPODN 9551 DN TN 172N NN NIN NPRNDY YYD

JON DIPN MTTIMNND DIYNOIN DONIPN NIIWN

C/C++ S Qxpnn N0y 2.1

,MN PIIMN .(Preprocessor) TIAY-OTP DY [14POITIVO NN 0P 'C Nova
TPNPMPN 25V 2390 DANNIY DONRIIPN NITHIN IVINNIY NN

P C OV DRIPNN NIIWN SY DNYN DIINRNDD NN ONTNY 27D
SN DR PIND DMIVNIVD DMIVDN DI MY JAPNN MAX MPRHD NN
9WN  TIPN DY VIV 2IDW 29 DY M TIPRNI VIV NINPH .01 NT
TPNPNGY INMPA NN NNPIN NN TPRM TPN YY MNP TR
NN PXPNON NITHIN DN

int max(int a, int b) { return a >b ? a : b; }

C 2 DNMPN 222 IMNND 99,199 ,MNend C SY DONMPHNN NN NX WY C++!
C++ 20 D) oYM
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PN NPNS PRI NADN NN
#define MAX(a,b) a >b 7 a : b
NON VIPNNDD NNMIPN YR DWW DIPX INAIPN DY DIVNIN DN

TPNIN NADNN NN MINNY , 72T MIZYN R NTAWD .VDPLVI DIV DN
DIPND MNP YN DN NONTY D200 2172 MWNY PR idSpNg Sv

int m = MAX(1 | 2, 4);

INOT) A9MAMPY NIV NININN

intm=112>4:11]274

NN TV I | MOIDRAN NN TIPTPA R¥NDI > NOINNNY NP

T Y9 MTNNY max PPN NIPN NNAPN DRY NYWA |3 KN Y0

DMLMION Y YoM I99 DIND PON PYAN SY 12INNY T 4 7PN NN
:YTINN TN 92773 IYD PRN 9N

#define MAX(a,b) (a) > (b) ? (a) : (b)

-0 THN , DN . D>NVINNRND NMD>TP NMYA NN NIMI 1IN N NOP)

NI, 7PN MY YN 21901 2WPNNY NI .DM”NYS AWIND DMIAVNY O

2WND DI NN NNIAD XONTA IMNIN D) YN NN DAY DIPNI NN
MY

int x = 0;

int y = 1;

int m = MAX(++x, ++y);

2 TN IX MNN NXRMIPNIY NANN 22900 2WOND YTIN IPRY  WNRNVYND
JPINN ¢ DY 109y D) NN 3 MDD NRIPN LODWN .y DY 109y D) P> MY

YN NDPNY D IIPNRN IITHIN IN NIY) 2190 DO YIND 1D
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1020 ©INYWNA 9MY> DOV ©IVNION NN

#define MAX(a,b) int templ = (a);\
int temp2 = (b);\

templ > temp2 7 templ : temp2

=010 DTN 2Y OIANNND NNIX IPNN NITIN DY RN DDAV PN TPURI
2y DMDN NIN IMPHYY  TINTIPN NOPID NIPNIY DV DY N
VAYN P2 PNAN C SY PANHNY NTAWN NN TV PPN NITIN 29
122) DOVAYN NINMNI TPNINN NITINNY PN, (expression) MDIAJ (statement)
NN, MAX OV MIPNna N0 YNT PINDN 12 WPNL YYD N1 PN
-YIDPY P15 NN NITIND  WINAN DY VPRI X2 AVINKDN TIVA D2IPNYN
DOVTN DINWN 7Y SW NINNN Y09V 1YW NINHD NITINN  TPWOY 2ova 1
DN 12 NNV 121 TN MITHN 1A WPNY P INIPN NN 12220 T
.D0M OPN

DITINN T DY V0N NYYIN WDV NIy NNY 29N

#define MAX(a,b) ({typeof(a) templ = (a);\
typeof (b) temp2 = (b);\
templ > temp2 ? templ : temp2;})

DM TNN 21 HY 20N TayN TR ,C NAY SW PN YD NN NN
NV DY PN DXVAYN DY 2102 O8N0 MIVANRND NOYS MXIN MIANIN
oy MINNNA TN NAYN DV 1PNN O) )2 MI typeof() MOINNL MO
DLOYN SV 7Y NINHNA MNYN

N2 TP YOP NONTY NPy PY 1t NDNY D)

2;
int temp2 = 1;
printf ("%d\n", MAX(temp2,templ));

int templ

‘TP YOPY ANNY
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int templ = 2;
int temp2 = 1;
printf ("%d\n", ({int templ = (temp2);
int temp2 = (templ);
templ > temp2 7 templ : temp2;}));

MINVND templ INPN MNWNN DV I1IIY 12YIN temp2 = (templ) NNV
WANN NMINVNN DY 1D 12YPY NN NIPNN AMD NMDY NYV1 | temp?2
DV TP YOP DT I APy NIPNRN YIIWIA MWD VIDVIND NI templ
1IX) variable capturing 3 IYYT N 7Y NONND WNNWND NINRIDYW 29D 2 K 1
JVRN1a Nanaina Na P

POPOLN 5Y PINNIDIV NYNAN C 5 DNIPHN TN 22 WK DIDDY
SV DYAN N DTNV PRI AP 2V NINY 2390 NPHnn Mip DY
YNY  NOYN SV PaANNN Y550 NN 1D ROV 1IN DONIPHNN DYl O
TP BOY WPN NPNY DY DODDINY MIPI 203 SWUnd M mMIOYN N
NON TPI0MN DV MPNnD NP DR YNNYND N XD DDXRDT D ,NPnD
2NN NININY NNAYN MYTIN D) preprocessor 1 INPY D¥IMIAN TP IX
NIDIMN NPNIAN M NNYN 190N NIPNIAN N ,D»PIAN TiP2 MON»NN

TIWA PNPNAD NP DY MDD NNt 2ANT NI ¥ 1PN NNIPOY PIX)
T2 3Py 0900 DY D»PIANT DN ¥ NAYN DY DINK DXVNIDNIY
DYXY7) OOV DOVININI NAYN SV PIANTN NANIND SN 5D DN DINNMPHN
YOAVN IN NIPA 22N NI ,7PNPNAD NNMIP W MNI NNY >PIANN NN NND
J1DY NN

UNNVYND DY X0 NP0N NAYHY NPINNM PM>0 3py ,C aw Tyl
=90 KD 70 ©2awNM 0N C++ 2 >IN 2% Y533 YNWO DIRMIPNDD DY51?
,OVNNIND templates ,const ?inline PN DOYNON NPAON NAVWN [23] 2N
7258 ,C 2 DXIPNN DY DDPNN DIVIIYN 532 PTY PoNN ONININ
DM MNP

VPN M inline MPD ADNVUNT TN IPRY NPSPNI DY TMITIN PLY Nyon?
ML ND NAYN DV PN ADPAPI 1Y P INNND IRDNN XD R PDOIPIT MXIPN
[23].inline WX DIDION DIIOND NOYA PPNV
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Lisp YW o'X1pnn novn 2.2

SINUD P2 NPONTN C/CH++ MY W DIXIIPNN NIIWNY PRI 2.1 PyDa
PN NANIN WINID 19)  TPIDINN OV VOPOLN DY MPINNIDIL VNI
MININ L NNY DY) NYNN Lisp DY DOXMIPND NIWN iP8»PIMPIN 7990
NYNIANN Lisp 2 ORMIPNN NANIN :[16, 11]2°¥0 MPNIAN dNYo N NN
N1IY PIANDN \Y 22) DY NYNINN 7PNNMODIVM MNNY 7PNIMPN A5V
2y 92101 DN DIV INPN MIN PANNN XYY NPIN PEPIMPN 12
TPN2IIN YNIAT NI NPHRN NOID AOVAY 2N DY 2P ,NNNY NAYN >
NAVN DY D902 M NN DY

-)TD P28 Lisp oW DRIPNN DY DM NINY 1290 INIYLN NN DTV 19D
defmacro.ss NANIN 19D YNNIV TD TNND Scheme 2 MIAIND PNV MNND
NWNN 990 PLT Scheme 2 AN NI90 SW 9O MzLib 1 P50 NOOY
.Common Lisp 2¥ %2 7017 DNIPN NIIWN

NI>NI2 OMDYNHY DNVINN 1932 AN YIPY NN MINID IINOINT
1[13]N29 NN 9992 TP TNYMNN NI, DINIPNRN

INONTD 10 NN KDY AN x NV2AN NN MNN (quote x) e
ANPN DT W NOIORY 3 K (+ 1 2) MY (qoute (+ 1 2))
Cx DD YON (qoute x) DIPNA MDD WM

Y19 NOINNN FTION YN T Y PN 19N DY) (quasiquote x) e

NN 5 172 TINNNIND DPON DY NIIWN YNID IWONND DN quote WD

INDNTD 22991 MV MIPN AN 1IN TIWY PPOD 1IAT WAPY N1
L+ 1 a) My (let ((a 1)) “(+ ,aa))

-NN INIWNY DT NV NN DY NIIWN YSID NODN MIVON TDMP e
NRNN NOOY DDPYIN TP NV2IN PID ,0 DIV DX IDPYI DM
INONTD 295570 MV AN PNAN NIIWNN
(+ 12 3) M (let ((a (1 23))) ‘(+ ,0a))

8PN owrN P9 99M Common Lisp 2°
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P10 or DV NITIN NNIYNRI XNONTI NI

(defmacro or (a b)
‘(let ((temp ,a))
(if temp temp ,b)))

-2 ORI TPNPND NITIN PAD PN NITHIN PA IPNT MINID WIN  TPYNI
TA52 > NN PNT I 05N Lisp NV NINND “TPNPND” 19102 MINID 1N
-2 PNPNAN GNY 295 DIV NIIWN TPYYI PNPNAD NP )PV
DXINLIAN NINIYN TPYYI IPND NP OV NIPNA PN (call by value) yN
-390 N3N (call by name) 32010 G2 DY DY NYNN 295 NIANN NVLOWI
YIPNRN )25 DY DN 1INV NV2AN NN TIWIM UKD P NYNINN DIV
OV N ON . (lazy evaluation) NONY NAYA NNTYIIAD MNP NNTN
oV NROYO TN (or #t (/ 1 0)) :NIPN NI 7PNPND or NN WD
NYN OMIMY NPIN #E NIRNND 1IPND T NNAIPY T ,DINI NN
-3 ©LVNIVN NIIWNL VWO NN N2IPN DWW TIVIN PN 1921 YITI PN
PTI NONTD DWTN NIPA 21202 PANNN NANIND 2P 2933 1PN NN N9
iwhile DIPAN NN DN

(defmacro while (test . body)
“(do O
((not ,test))
,@body))

9N DMV’ DN DY NT IWARNDY ,0 2 NYNRI YIPY DINXIT 1IN IND
NN )2 1D .DPPNN K2 NINIZN ONIN DN DY N N XD NINOY NN
SPPNPNAS DMIVNID DY RD NNt D>IVNIDN TPIAN NITIN DY NNNN D TN
TN NN IR quasiquote I MO DXPINNN DINIIPN IPNI NI TY

N2 NPPIANH TN SW WINN NITIN 22,1 NITHIN PPN IPN Common Lisp nwyns*
NOYW DORMIPNN NIIYNI P NIX NNNY NIV R NTIAYD ,DINYN XD NNIN DN NIVI

Scheme 2 IMNN INTHIN NNTNA PONOI 1PN
DM LPON NZAPY NTIPIN DIPNA &rest 180D ¥ Common Lisp 2°
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MY DY 21391 11232 191 NNIN MHV2AN TINA DXIVNIDN NIAND NI YNIANY
PYON TPYNRIL 1XYW 29D DAN preprocessor D) MYYD 210 M AR .0I0VNIO
DY’ NOYA DOPINRN DYYON YO 1371 ﬂ’S?’QD]Pﬂ Y2 AN Lisp 5V PPN
NOVN 2032 WNNVNY 5331 YIPNN 9NAY Y1) XN JIPNRN NININ YR D)
23PN or MOINNRD DY NITHIN T DY NNY DNDTI RN MNVIAN 1N’ TNND
1DMLNID SV VWO 1ODN
(defmacro or a
(if (null? a)
#f
(let ((first (car a))
(rest (cdr a)))

“(let ((temp ,first))
(if temp temp (or ,0@rest))))))

IAUND NANINN 2INK APYNRN DX 2172 MDD NIPNN DWW IR PaAnd »71D

B95Y N | DNONA 1‘1]7737 NRIPN OIX NN NNV 95
(or 1 2 3)

(let ((temp 1)) (if temp temp |(or 2 3) D)

(let ((temp 2)) (if temp temp ))
(let ((temp 3)) (if temp temp ))

#f
NN N2 R TR DPIMPHN if ) let %2 TITOY NANIN Y0 RPN
STIN? 7 WM 1 Scheme 2 D) MO Lisp 2W o0 1 3 Ty 110
JIPNRN DITHD GO 2T PON2 AR PR IPNN NIANINIAY TN NN IWIN
DUV DAWPN O9D ,(cdr a) ) (car a) YV DwWPNM (null?  a) MNINN
NLYAN NPNY DOWVNYN PN DXAIVON DV MINNINM ,NNINY PNRN NIANIN IR

VIDWN DO 20N NANIN DN NOSON macroezpand 7PSPNS 71 Common Lisp 2°
DYVININ D21 M2 DINIPNN 73 NN NN NONY NI STV DRIIPHD NN T DY N
DTN NWHRNIVN XD LN NP HYND T2 ,DRMIPNI OITHIMN Lisp YW built in
NNV ONPN SY NANIN P VS tdefmacro INIWPIN defmacro DY TPDVIIOIN
NODI LD INT NIMYNINI
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YIPNRD DNIPN DY NNTD OX 1921 .12 NIANINN NRNIN NN INNNY
ANNY TPV TV HNK DY P71 OXY3IANN 1YON DAWINHN DR DY 9N
DY NND YSIANND WY NIPRN 1NN X7 DY

2N NNON NOYWD NI ,Lisp 2 DINRIIIPNN NN >T>2 NNNIN I NN
Lisp AW 182 "X D) XD .(Extensible Language) T8y NanI N N2 OvW
Lisp 2,015 ©Lavwn Pa ,C/C++ MOV PRIV VI TN n»p NO
DMV NN 20 NN NV D) DML DY QDIN NN DD IPIINN
-2 IWON ,NAYA NV NN NN NIPNRN NITHINY NPIND R DT NND
1 DMYAN Y39 )12 WD IPIMM WPN Y1 LY PRY NNPN NN 1Y
S¥ STMNN LZODRN NN NIATNVN RPN P9 WA YW Nxan Lisp
-9 53 9232 NnYn 021 NIPA 2330 PTIN YIPNN IWNRD B) 11NN TP
IV IPNN NIDM 2 WIDWMN 2IWN 203D Lisp 2YW 1IPNRN AWNI 1000 PN
1 O”)PNN DXNOVINNN DV WIINN DAY NONTD .NAWN SUNN > GN 9D
J12]0NNPNN MYNHIND AT NPYPENS OPRY Common Lisp

variable 3 YYD Y2 1IN XYM Lisp DY P »INIn 52 momd
TA5 D©INWN 5510 XY YIPHNNY NV2IANY NIPN 5O NINYIN 7PYAN capturing
ror PN NNAN NNMIPA PYAN DX DT [9]DIVNI9NN

(let ((temp #t))
(or #f temp))

At PINN NNIPIY NANN 170N TV WIdNN 07192 NP2 IPRY WHRNWND
NITIN WMWY, MLYAN DY GWND %5 IIPN SY NN TiPa 1P1am)
;DN MWY or

(let ((temp #f)) (if temp temp temp))

NYRINY NPIN 2IWN TOVNIDN S I1DIY NIN N 7PN IWNRIY DN NNIN

VNS R PN NITHN PN OV SIRN MINYND ONMPNN temp NMND #E
DNNND TN HE PINN MNP P2 .INAIPD DY 2IWN

-UNYNN DINWNY YD Y52 D) 1NYNND 121D, NININKNIA YT ,NADN YA
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oVNo ,NOYN DY (built in) D©I2MN DVIIIND NPNT NON 1IPNN 91 O
NP M Lif D TPDVNVON TPMPN NN

(let ((if (lambda (¢ f t) (if ¢ t £))))
(if (or #t #f) ’hisif ’myif))

Y0 NVMIANVY NANN or DY WYIDNN 0I9D YTIN IPRY YNTIYNN NI D)
N OV NPPLINDN DY DI WOV if D OW TPMPNN NITINN DN myif M
hisif P NVMAM ,if 2 WVIDIWO ANIMN or

:[11]capturing N 7°Y2 DY 72INND O¥IIT 190N PV’

M NI DVNYNN DND DX TNPNY MNY TSNP MIAPD 110) @
02 WRNWNN 2T 2Y MPNIANPN NPNHY NN 121D NAPNHND NOIWN 1PN
2 . OONXIIPN NITIND NTNPNN NN DINNDL YINYND YINND PIY P
VINWN YINN2 7PNINN IINX WNNWVNIY TN POIND NPNRn amd oY )9
JTNYNN NNNNN OXNRNI

N0 NONTHY YNNI DIVNI0N DI DY NDIWN YNIAD NN NODN MIVON e
or
(defmacro OR (a b)

“(let ((tempa ,a) (tempb ,b))
(if tempa tempa tempb)))

- DRNN DY DOYOMN DI Llett 2 R let 2 DOWNNWN LRY NYON
JIPNRN 9N DPNNN ,DPYNINN DINWNY YON»TP DIVNIN DIDN
N2 DIVNIN IIPNN GND OIMPNN ,DNYPN DINYNL DY DI
N DOV TN TNYN TMYIINN DHYIII TO2) ININY et N 9N DYIN
NOIWNI NVPOYN NN IIPNN DY INP 2NN NITPH NN D>XTIND NN
NINWYN 79010 ¥ DNIIPNA D902 NYPNI D) R DLW DIVNION

DMIVMI SV

DM DY NNIP 922 NMNNDN gensym PPN NIY Common Lisp 2 e
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T2 or YIPNRN NN PTIND 931 N 7PNPND MYNNNL UTN

(defmacro OR a
(if (null? a)
#f
(let ((first (car a))
(rest (cdr a))
(temp (gensym)))
“(let ((,temp ,first))
(if ,temp ,temp (OR ,@rest))))))

NANIND NHINTA

(or 1 2 3)
(let ((g23 1)) (if g23 g23 |(or 2 3) )

(let ((g24 2)) (if g24 g24 [(or 3) )
(let ((g25 3)) (if g25 g25 [(or) )

#f

IDPNRN MNYND NNY DY INN NMIPNRNDD INAIP 922 NN

VYNNI PIND 1) INITINAVY packages PTIND IWONRND Common Lisp e

79N INY 2192 DINDIM DOIMNN INY 52 R¥D DN DN DNHN NN

DV 1IN 27 RN NI NN TN MjPHNN NITIN DN ©2I2) DN JPDMNN
Capturing N Y2 DX ¥YINI AN PN

ITIN AMD , DOWVNNNNIY NTAVN NN DY WISY MOLIWN 930 Gmumn
-YIAN YINND XTI NTNPN N2W YNID DN IjPNI WHNWNN IR/ 1IPNRN
.(Non Hygeinic) 99 N22 MNP ¥ OONXIPN NIWN Capturing N 1
N NIWNIAY NN Scheme DY DNXIIPNN NIIWNI NTI IWND XA Pyoa
1OV DYMPNRN DXNNN 2Y PN NI2N DINH B NP TIN IPNN NI DY
JPINN NNIPI RO ONMIPN NOIWN .Capturing N 7Py 292
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Scheme ¥ Q'X1pni No9vn 2.3

SN DNND DONRIPN MWD dNY ND5D NN [22]NAN) INDN Scheme IWNI
DWA Lisp 2¥ LPONT DININDD NAYN MYNSNNA Scheme TP NPY NIV
TP NPV TP 2IM ININKD NOYA AN MPND 9O M0 MACLisp
2 NPNRN 9N NN IR NIVON (portable) 122> NN ,MIWN Scheme
Scheme

MTY DRI MIIWN WNN Scheme DY DWVIPHN I DTN GX DY
PPN 12 19 [21]09WN YW JPIN TIN9 NINX GN ISIDN N9 NOWN YW PN
DNY DOVNDN YT DY INT 92 WD, NPIPN NI, DRIPN MWD NINOY
D9 SW TN WaP) Lisp 59¥ 19X M2j¥32 Scheme S¥ NYPNN MT 1990
VINNo >12 XY 7, (lambda, let, begin ...) NPD>DAN NPPANNN TMNXD MNNDY
Af D% TPMIPN NN NYNIA N2 ,2.2 PYDI NONTL NIV DX 1D NYYIN

-1 DXIIPN MDIWN DY DINY DIV WS [15, 5, 2, 9|00 19010
D TNNN DINWNN DY DNY NPYI DINIPININ DXTNIY DNMY»N DDA NY
YUNVIN 9IND YNNI NWYND variable capturing 13 YN >T3 1IPNN 92
TOIM 2.2 PYDA IPRINY M I 19N YXIN Lisp WHnwnY Ponnn
NI 2A»N [18]NT12 WNMA a-conversion NIPIN DO TNY NPV DY
DIND DY DY DMPPIANT DN DY DNYIYN DX NIYNI X>AND) N2IDINN NN
700N

Scheme W2 WD GRIWNIN NN, DONIPN MIIWNY DTN MM
NADI 1991 MwWA NN [6]R*RS NYPNN NTY 27 ,NOWN DY NIIT THPYRIN
1PN NITIN NIWOANNDN TPINN DIRIIPND NIIWN T DY )PNN DININD ,THYN
M. [13]RPRS 170N MY N¥mN PR R} NN DMK 17970 DIND
MY D500 NPDDIN NPIIANNN MMNNN NN NN PON O)

MY DTNV NPNR Scheme DY RN, Lisp DY DORIPHNN NIIYN M NOY
-N2 NTHYN NOY 1HMP  NNY YD NOVN DY NNNNY 53 NN 1IPKND M
PIND I R NOYW OT DY (pattern language) MIAN NOYW , OONNMPN NI

2.1 9y [6]R'RS [21]R3RS WY
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-N) N TPAVON 112321 5D 51 1PN NNMIPN 22PNV MNYN 1NN NN
=90 NNXY VIPN TPIAN TPV DY M NI INIPN ANNN NNS NI P
AN NONTD Lsyntaz-rules NI T Y I NI transformer NIPI ,NAN
2V INWID 1901 DAPNnN or MOIDIND DV 52230 NIDNN DINNA ,NITHINA

DMIOMS

(define-syntax or
(syntax-rules ()
() #£)
((_ e) e)
((_ el e2e3 ...)
(let ((t el))
(if t t (or e2 e3 ...))))))

NIANN NI O) .cond IV M syntaz-rules ¥ N3N PA PNRT MINID 1)
=900 DN DN NYAIP PR IRSDIY DNYNRIN JNYN ITO 292 MPT2)
.or TR NIPNA  NITINN NN NP XD VRWN NHNTN PN DM NN
DNOY DY) (pattern variables) TN MINWN DRI e,el,e2,e3 DMNNDN
“L0 DN DN TR D30 ORNPY 0NN >T> DY 190N ,NANINN NNNA
I90W 12I1ANN NN DY DY DV KINY D2 19010 P80

YK PN TPBONPI NP 935 IWNRI NANINN TINT XINN IPYN 1Y)
NIN) TPIAND NNYPY NANINN DN TIX 7PN TIDRTN IRNDIY TPIANN NN
I9191 NYAPNNY NANIN
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(or 1 2 3)

(_123)

Matches: (_ el e2 e3 ...)

Transformed to: (let ((t el)) (if t t (or e2 e3 ...)))
Expanded into: (let ((t 1)) (if t t |(or 2 3)])

(_23)

Matches: (_ el e2 e3 ...)

Transformed to: (let ((t el)) (if t t (or e2 e3 ...)))
Expanded into: (let ((t 2)) (if t t ))

(_ 3)
Matches: (_ e)
Transformed to: e

Expanded into: 3

YW defmacro N NOPI DY MO OMYT NANINN TONTIY MK O DN
-7 PYYN et NV NI 2NN THX VNI aovw 503 2P ,2.2 PYyo MmN
D22 DY NN NN NI O) 7D .DIVNION INY DY ]ﬁpﬁb NXONPI MO
-PNN2 NI MNRODD P2 IPYN 270N 00N .2 M OMNPIN if I let
oV NI9NN MINT 2ODD DY NIMW syntax-rules TIYNINI NITHINN MWD 1Y
V22N RINTD Scheme

(let ((temp #t))
(or #f temp))
N DMYTN NVLIAD NYYND ANV
(let ((temp #t))

(let ((<temp> #£f))
(if <temp> <temp> temp)))
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YTIN NINY NV DOXRNMPNRN NIIWN T DY INI <temp> NMNN IYND
At D TIWY NVXIN PO ANNIY NIDNN DI

MVNIN

(let ((if (lambda (¢ f t) (if c t £))))
(if (or #t #f) ’hisif ’myif))

TRY POYTN M2 AN

(let ((if (lambda (c f t) (if ¢ t £))))
(if (let ((<temp> #t))
(<if> <temp> <temp> #f))
’hisif
‘myif))

SYTNN MPNRN AYRD 9N DIPOY if PPN NN ITHIN <if> IYND

myif 3 TWY NN 1991 1PN WIBWN YR GOINAVY if N TN TIN50

IPNRY NPYIN IR NIM Scheme DY DONXIIPNN NIIWNY DN DX TI2)
8 Lisp YV 1 TN

N2 YINYM syntax-rules 1 NIIWND OW NND IR ONTI NTIAYNND YNNI
MYPNY NIPNDN 22D R NIIWNT > IR ,OIIN NOYHD PINN NININD
)2 2y . DIPN0N PIANT 233N NITHIN TMIYVIND 1PN DDMDN DIPNI GN)
2y NVYWYY I NIWIRNN (7, 8] syntax-case , 19D DONIIPND NIIWND 1N)
NNIY N NN NIPRNND NPPINT MP>TA HY NN TN NANINN TOIN
P TN NDIRNY MAXD 17PN WOPT PN INNN 7,00aNT NN WD
PRYa Navin

PNX NV NN IPNRN 9N DNHDN THNY IX MIVNN NSO DANINNY WITHZ 1IWN°

JN29 01 IV
PLT Scheme 2¥ NANINN NPI902 MNIY IWIN syntax-case 2 WP 1IN XN’
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o'RIIpPn N2IYn XYY npY 2.4

MY2NN NPYI) D22 MNION DONMIPND MIIWNT 2 PN DNTIPN DPYDI
22U YINN TNIDNN MOYN 1A 2ANYN NN NN PN NPY )N YIIWIN
NN ST 5Y NINY HIP0) RX2W0 PIVI JAPY JMN TOWA 110 MIWN
N9V INN 2> S¥ NIDN DOVND NTYI DIRIIPND NIIWN 2D NN ,DONIIPN
,NDIT MVY 1PN YINYN IMN DMOND NIONN NIX NI 213> NIYN ANYN
DRPN N2WND PPN %720 TPV NIV JIPY NN 1270 IPHI WSN9)
-9PNN NN IR DY MNOY ,C++ 2 NINDD 1P M POIND NONT
C++ 2259 ,[23]“C 21P1DIM2 MNY’2 1NN NOYN A8y IWNRD ,C DY DN)
NYNNA DODY IWAN WN MY OOX JIjPN2 D23Pn Yidy 73 T O
IPNIY 29D 19N, [19] 18y AP NAIVY preprocessor A YWIPWN DY INND
TPORIVDPL PN NIONNDI preprocessor YT DY NIWYDNNN DIRMIPN NIIWNT
NIANWNN DIRIIPND NIIWND NPPON JPRY MVYPD NPIAN NPy PV 5953
DOYNIND NIPN PVIDYD DONNI MINID 1T INSY 7PSPIMPN TOoNN2
10 PN9MPN YR TP NN DINNIM templates W const P ,C++ 27> Dy
DY DONMPN NI NO2I1N THID NOY 2NN DY NIYL DINI NN WK 125
MDD DORIPN NIIWN W NO NPRD NINIANN DX TTND
NIIWNS NPINMNNRY NPYIAN 51D NANN DINNMPN NIIYN DXINI IWND D)
M5YIN T HPWN >T20 DPIMI DI PrTY Lisp H¥ WX C H¥ DONIP0N
-MYY  DORIPN T DY YT NPPINT TMNS PTHND 112 N2 MOPN ,TPYRI
M2NPY YYn O»P DAY 2V 1PPINTN NMTNAN TNY 2y OPX NN 7
PPN PON DYRY DOYTN DO PINT D20 INHNI YPT NNY DUNNYNI
AN NPY DNV HOLPINIT DY MYINYM TINPND NI’ 7O ,NOYN

DOYNP MDA TPEDIMP YR AWNT 1HIMPY IWARD DIPN}P TINSM const A WP
DXAONIM) #define >T> DY DXITHINN DOVNIP 1D WHN ,D>ANYN DN 1 (constant expression)

§C.5 [23] W preprocessor N > DY
NP 2772 727N NAY SV LI HNITHIN NMIYIAN DINNN JINY NHN W OPINT!

WX NDIAD D IPIPTIN NOVN YW DONY DX TINWY MIWY LPINTH IIPIDN DMIAVT
TSP 293 2992 DNNOTN DLPIROT I I DMIWIA DAPNN PYTPTN 2999 D90N
DIIPYY DINN DLW 1772 W ,(Sociolect) NMMDN NPLMPR-PHID MNP ,DIDNDN
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5Y 77 12V N9ND DN YIPY VIV TP, TiPN MNP D) IYNID Pann
ANY 2192 DIND INYPY T ,0N9YW DWRNWIRN NONP) D207 18 ST
W TAN 25 THRN NYDM PNYID DINIPHR NN 1Y NOWN SUHRNWUN
20N MND 92 92 KNP NTHYNR TN TN TP P NPn TP P2 Iny
M (editors) DN TP NI, TNAY 2210 1D ,NPHRN NP Y DD
ann

PWYPYH PONTI INNY DIIDY DYNIY D370 NN MNY MIDN MOV
R

-992 ©IVNID NIAYNY call by need NVYWA NYNPNWN ?Haskell NOY o

MOAYIAY I2T , TMTNINI ININ 220D PTIND NIVARD NN 7oA . DNTY

DIVANIPN call by value TOOWA MNTEIND DXIVNIDN NN TMPAYHD
2PN WNNYI IYAT 292 NN DINTHN PN JN2 DD 1T

WX TN DMOIMN NAWY POINY MIWANN 3 ML) Prolog 12 MaY e

(infix) *21 DPANN DX DNSY NPDONONIOND NP ,DNITP 110

YMIVO TION) Scheme 2 7IYT NYTHIN YN¥AD »TD  (prefix) 9NN W
Bliterals N TIPYIA PIXI NOIDINN HY DD NN WND P00

PHNIODPL NP 3T Y NN PR Ti7 NTPY Y¥I9 173 BRexx 2 o
NTIPAN > HY YXAY YT NN TIPN TN NAWN ¥ NI Y91 Wy Tin
Scheme SV *quasiquote Y eval 2 VIPYI IINT VPOR PYND interpret
NI WMINAD interpret 2 00 TPN eval? TINIAY TN 2WN Lisp )

DNYY 2392 NOY NINY N NONWID NOY W LPINYT 1IN DIDN VINT DNN YIAPY YWD N
/792 DVOLVOL TRN LPINT YTI7 DTIZND MNY MOV PNV IV DIVPINT NV DIIPY)
oD Pa 2N NN
(Hartmann & Stork, Dictionary of Language and Linguistics, Applied Science Publishers,
.1973)

http://www.haskell.org W'

DOV NP DNINNN NP WM http://www.smlnj.org 2 NI

4 P9 WM

http://www.rexxla.org W'
2.2 PYL W
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NTAWD TPPIANT RO TPOPP0P KD NI KD PTY Rexx TP DY OOPO
DM NINNN MPPRN DY MISWN N

NP TP DY PNIPYN DX NPND 213> NOYN ANYN 2D PN M PYD DYDY
NOYN NONTD  DONYIPN NIIWN DY M) AN AN 255D PN NN TP
NN DY (multi stage programming) A9 173 TONN NIVPN [24|MetaM L
,unquote Y quasiquote Y3 DOIYION D>NVINN 2V VIV TN ,NIANIMN MPPON
A5W 290 PONNNY NN 1T DY RINY 19010 53 S¥ NP DIVIND JIN
MWD PRIV NPYYIN TN NAYN DY NPPVINDM PINTA JHNI MDD
22 S¥ PPN MNDI DY NPNYI NN INYVIN N¥IN NIID .DNNMIPN
I AN 2220 TIPN YOPA AWM ISV NP YO



3 PD
QIRIIPA NIIVH S W

DX2590 M7 19N P, “INION MY MMNIPYA MTO” ,[10]oNPN 19D
TYN M 7792 (interpreters) DOWION YW P32 MYNNNI MION MOV SV
DVI9NN DRMIPN NIWN SY 2257 NOWD POINT T DWINN 112 NN
DMPN T2 3.7 PYDA INNY WINN SY NANIN NP NIV

YIONS PO MY DONIPHRN MIWH MDD 5S¢ mXTH Y85 793
IIOYI NDNHN NI 7792 DINWN D9 NHNY DNV D3 >NPNN
09N VP MNPN NPIIN NV, begin

M2 NSO NYNT M PI192 PXIY DIRMIPHN NWNA NINN NADIN
59 PAYHN KPN OISR TP Y0P 77 1Y P90 Toma 1P5 TP YV
NTIAYD DAM¥NN TP P¥2Pa KIBN TPN NN XIPY

"annn 3.1
NTENG TN Y MY YT 12 WIDYR YN 1IN PN

(expression) == macro ({(identifier)}=(,)) (expression)

‘mac—exp (ids body)‘
= (Q(identifier) {( expression)}x*)

‘macuse—exp (keyword rands)‘

24
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2T7aN VW VDU DITHINAY 2N DNTINION DITHIND 2NNNN PITH TMIND
IVANRD > @ YIPON IPNN BV NN OTPN  TPYURY JPNPN9 NoYOIM 97
VPPN PN IPNN WY ONTINI noYaN av PRI WY P NNan
TOIWN SV NRSIN NYND D10 PN MPNRN M P2 fisrt class PWNI 9TON
DX2AP”NN NN ,NINTIING NOYHNA NV PNV rator 222N [m)7p)an] 90 M
YYD 1NND 9D PaANNA VWD NINTD DPNRN OV DR Y2ypn NN
MO IO
let or = macro(a,b)
let t = a
in
if t then t else b
in
(@or 0 /(1,0))

92T NOYW DTN NN OXTHN WY 12 YV or IPHRN DN NP TIND
DO NONT .TWM PN /(1,0) MNV2AN — NNTIIND NP

let or2 = macro(a,b)
let t = a
in
if t then t else b
in
let or4 = macro(a,b,c,d)
(Qor2 a (@or2 b (@or2 c d)))
in
(Gord 1 2 3 4)

NN PR SY NTHN TINA,THN 122Y PR WYY K
QX197 DOV W 3.2

DN OO, NNTXINAN 1IN NI PN DX INM) PXIY OW»2

(define-datatype macval macval?
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(macro
(ids (list-of symbol?))
(body expression?)))

PIANIN IR MNTD NN DXIIPNHND NIIWND MIYIND INPA VIVIN DIVIN

D22 NN PR M DWW»A DNIPN NV IR TIYND IPIY 12 ¥IID TY PN

225 ONYNNZ 1N D21 INY NN, (@) IPNRY NNIPN DY TNPNHN NPOD
JINN cases TPIDI T DY NNV NOYN

(define eval-expression
(lambda (exp env)
(cases expression exp

(app-exp (rator rands)
(let ((keyword (eval-expression rator env)))
(if (procval? keyword)
(let ((args (eval-rands rands env)))
(apply-procval keyword args))

(if (macval? keyword)
(apply-macval keyword rands env)
(eopl:error ’eval-expression

"Attempt to apply non-applicable ~s" keyword)))))

)))
Y12 VI apply-macval NN IWND

(define apply-macval
(lambda (mac args env)
(cases macval mac
(macro (ids body)
(eval-expression (expand body ids args) env)))))

P2 PNAND 531 MNY NVXAN NIIWN 290 TN NYNINND NIANINNY PPN
NPON NNY .N22ADN NPPTA O OY NIPNA YIDY PAT DNTNMID NNAIP
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20N XN MO DWW 7PYAN . DNITHIII DNTIMIONY N NV 12D M ADVaAY
PANNA DOWNNVN NVNIRY 2D DOVWD ¥ N2 NXRAN 201N NN O)TI I MDY
PYDI VITHINY PIANNA 1D ROV 1IPNI NP NNTIIND NP TPHN

3.1

let not = macro (b)
if b then 0 else 1
while = macro (c , body)
letrec iter() =
if ¢ then
begin
body;
(iter)
end
else
unspecipied
in (iter)
and = macro(c,d)
if ¢ then d else O
in
let n = 10
in
(while (not zero?(n))
begin
print((and 1 n));
set n = subl(n)
end)

NNDYD DOYNIAN NN TPINNN N .while ,and ,not DNRIPNIN NN IITHN IND
YIPNRN PANIN NYNANND IWND .and MIPNI YIDIY NWYYI INNIDN 9N IWND
9N YW DY 522 NYD DNNADN G0 DX INMNN NO2AN TIWI NI P>TY while
IMND AN 1IPNRN TR INRD DNV DNN N .and PR AN IRDN
NV
ANNRD NON TY? PR NIANIN YNI NP 21070 D DX AN P10 Dw»
9N DX INNNN V2N NN INIKIN YN DD DY I2¥0D 23NN NIANINN TONNY
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YIPY 93 5 NININ 200N 191N YXID) TINITNN TN 932 WK P00
AMAN MNL>2 NN NDNI M I NPPIDN TONN 12 HPIPIV 1IN
PPTYY MNTINOY MNP HPIND DMWY DRY D DIW»A 7Pyan INDNa
WOIN NN while YIPRN NITNA iter MINTHION NONTY MWD VTNIN KO
125202 VIR IRAYY DINDN NNTHNNT WX YIPRY NN INIPN DX 1129
NN P02 WIPWO PIANHN APY ST DY R 7PYA DY TTINNNY NI 1IN
,N2ADY TPDOLNVIR NITHN T 5Y SUNT NN PN YN PODY N Sy
TOVD NN TWY apply-env NIVTINIONN IRIY NYTIN KD ARN NNV
SYW VN PO

12) IPNRN M) SV TIPN 9Y NMADIIL Y PN NN 293 120
TAPR PPDA PR OB 5Y YA I[P PPIANT MINWYN SY ¥om Y YID)
TPIDINN TINY NYYI XY DN NININN YA 3 M0 W DWN N2y XINY 72
NN SV TP PN NININY DN NIXIAN

let and2 = macro(a,b)
if a then b else 0
in
let and3 = macro(a,b,c)
(@and2 a (@and2 b c))
in
leta=1b=2c¢c=3
in
(@and3 a b c¢)

NODN NNMIPA b MINVNN DY YOI DI 9NV and2 NPNRN GHAY INNND
YI0Y 531 TNV MYAINN D WD > INNY DY IMNI YV TN Npnd
NMN DY PIPY T2 DY IPY X 5y TNPN 19N 1IPNRD DY DIVNIN NN
-0 PONIPRY %I WRNWY WINN NOYA 2PN XD DAN Scheme SW )N
N22APNN ids— syntaz-objects TNTNI PTII TD TNKY NOVIA Y0POPoN LIMN
J5x% 2 x YIPNN I0NID YW YN 53 NN YIPNN NITHIN M) DY N022N NN
WNIND T DI DY IO id— syntaz-object TNTNIINA NNYI NNTNION
PN NIPN NITINA N2VNY cases N TPPIDWY
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(define eval-expression
(lambda (exp env)
(cases expression exp

(mac-exp (ids body)
(macro
(map (lambda (x)
(id->syntax-object x))
ids)
(ids->syntax-objects body ids)))

)))
NOYOMN exzpand-all TN NN OXPTIN VX INRIND NANIN DY»D >TD
TPOIPN DNTIIY DPTIN NNTIIN IIPN2 WIdYWa DOPNI 1IRY DYS 92
NPYOM D222 P9 T DY, NXINY D2 M0 MY 1PN NININ NYNINN
202N PI1I9Y cases NN VIDY NWIY NNTNION 222 530 MIDIPH

VIO DN MZ90NN 10 29 IMVYND THPHI NI NPPIDN TN
ARTpJaR!

(define expand-all
(lambda (name mac args env)
(letrec ((expand
(lambda (exp ids args)
(cases expression exp

(var-exp (id)
(let ((pos (list-find-position id ids)))
(if pos
(let ((sbst (list-ref args pos)))
(cases expression sbst
(var-exp (id) sbst)
(else
(expand sbst ids args))))
exp)))

(macuse-exp (keyword rands)



0°R172NN N3N wmm 3.2 30

(let ((expantion
(let ((mac (apply-env env keyword)))
(if (macval? mac)
(expand-all
keyword mac
(map (lambda (x)
(expand x ids args))
rands)
env)
(eopl:error
’eval-expression
"Attempt to use non-macro ~s"
keyword)))))
(expand expantion ids args)))

))))

(cases macval mac
(macro (ids body)
(let ((expantion (expand body ids args)))
(if (print-expansions?)
(begin
(eopl:printf ""nThe macro call: (@~ a'"name)
(for-each (lambda (x)
(eopl:printf " ")
(print-exp x))
args)
(eopl:printf ") Expanded to:"n")
(print-exp expantion)
(eopl:printf "“n")))
expantion))))))

VIDYN SY DOVINHINI 1IPNRN 2IVNID NATNN NYSIANN var-exp 1’7102
NPT T DY PPAND NN RN NINVIAY NINWNN BY NP>TA TPWYYI NNN
YIS I01KNI9 MNWNN NNXI OX 1IPNN NITIND DIVNIN TIPYIL NN

VIDM ,DYIP PR NP0 % TN YPON NPT T DY NDWIN NN IwH n!
JIPNRN W 0KP991 IITHY MY 2INK P NIPYII
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NID NNMI MNYA NIND 2NN YIND TN DN .DORNNDND VIVNIND 9oNN1 XN
XD AN MINWNA D5 92)TN KD OX NN DNNID XY ,MPY> |"AN
APY RID NNM

expand-all DNTNIND TPDONPI NN NYSIN macuse-exp NP0
G PN |ON TN DY NIANIN NYSID ,ANNY WINN 1IPNRN MY
2NN NPNRN

expand D TPNYNRIN INIPN NN Y¥IN MY ezpand-all DINTNIION )
VIOV TIN  WNNYNN NP2 DRNNA NANINN TONN YW NDOTN y¥IN 1
2 TN TNV TNV print-exp DNTNIN

nyrran ow” 3.3

NI72 23210 PN NIVARD DMLY G DY NI TY NNV DXIIPNN NN
TNIYS IN MY NAYN AN TN MIYD 22310 NN, D22IWN DI NVINN) DY
MSNY NPPNNN IOIN YN NOAD NIIWNN ,ONIN.WI9NN DIV NN
VNNYI 7PY20 1) TN2 Lisp DY DORYIPHNN NIIWN NN INSD IWND 2.2 PyDI

TPINN DY IPONIPN RONTA

let or = macro(a,b)
let t = a
in
if t then t else b
in
let t =1
in
(Qor 0 t)

22 AN (Qor 0 t) YIPNI VIDYN

let t = 0 in if t then t else t

NODN XONT .1 3 K 0 D TN NI NIIND PN
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let incby = macro(v,n)
let i =n
in
set v = +(v,1)
in
let i =1
in
begin
(@incby i 3);
print (i)
end

22N (@incby i 3) PRI VIIWN

let 1 = 3 in set i = +(4i,1)

1 D970 I i INYNN MNWNN DY 1D MNY> KX 199N
P2 MNYI MYNNIN DY NPPNNN I0IN TPYI 2D MNID D51 NNIN
DOVLIMNIND DIDMIV DNHDN PAY 2DPN 1IN PTIN PN GIY DHRNHN
T2 WIONN IR MIVI iPYAD DNV [20[TNIN0N THR MIAPYI  Wdwa
0) 20PN 19N PTIN IPHRNY DMNN DY DNY NN PVMLIN 19N MYV
23N WI99N NAY SV 0PDPR5N VIMNN PON DINRY DINYDI YNNI XD
MANINN MR D2P) DYN NPY MIAPYA Scheme 2 OV MNYIA OHN ON

let <t>
let <i>

0 in if <t> then <t> else t
3 in set i = +(i,<i>)

JPIPNN DY MY IPRY YIMNN OTIHP INNNIY MIANINN DIjPNRa

DY IPNN 9N DITIND DIINND W MNYN MDD PONN NN Y8IT >TD
-NN DN DX OMM NMND PTHIIN NAYA 2NN NN 532 TNPN N9V NND
AYND ,NIANINN TONNA et NN TYTNH IPIAOYW VI NOYA DV NID
let D 9N DY NANIN YN¥IN AW NNMIN 53 SW DI 5NN let 10222 59V)
NADI 1D ON et DT 2Y ITHND DY NIN DN 772 Dt 52 MY IWND
RTINS PIIVY tag NTNPN NNTIND >T> DY
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DIVAND PN RO DX NIV MY YSINND 212 PN DIKNN D
DI TN ,ONIN JIPNRN DY J0NI T 5y XD GN ANY let 2 DMNY
NIONT NIIWNN DX T 522302 ROW 130 20N DIPNDN DPPIANN DN SV
JINDIDD DIPA DINWN PIND WIRNDD ,do IPNRN XN M NN TPONIP
NN 12N NI NITIND NONT IRNDN G2 OMYNND 117 PIONRY

let or = macro(a,b)
let t = a
in
if t then t else b
and = macro(c,d)
if ¢ then d else 0
in
let do = macro(indx, strt, tend, by, body)
let indx = strt
in
letrec iter() =
if (Qor (@and greater?(by,0) greater?(tend,indx))
(@and greater?(0,by) greater?(indx,tend))) then
begin
body;
set indx = +(indx,by);
(iter)
end
else
unspecipied
in (iter)
in
(6do i 0 100 10 print(+(1,1)))

,1IP2N MINYN DY BY DIV YN AP0 do YIPNRN DN NITHID

NPN2 21YW [ TYS 932 NPYN NIDIN NN NDN 12 NN PNONNNN 1D NN
TPIVAN 12) ,ARIDN N IR INNKBN N2 PINK VNI MDY 190N D)
NIPAN MINYN IR DXPTIN NX NPNRN 9N NI .NIPAN NINWHRZ MON»NN
DMNN DHPNA i ,IOVNINA TONIY NNMKBN DN XN DY 1921 MPN NIMND
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MNPNN NMND THPNL PO NND IPOY MO NIPHNIA DY NI Lindz >PIANTN
0D NNIP IWARD YT, DY MK INYN DN 12>TAN2 >TD WINN
let i = 10

in
(edo i 0 100 i print(+(1,i)))

2Y2970 VNI DY M NN IPN NYRIN 0NN ¢ NAY

DTN MY TIX DY 1P5Y TINRD NPV TV 13392 PHRYN M 10N 1PN
YNAY Jidna OV PPN OPIANIN MINWIRN S 0Y NIK MDD Dmnn SV
NN NYAND THPK 19X DNPTIND IPDY 1Y WTNN DY 9Y NWYON NN
DN NININA 290N NRY YR MDD IRNIN 9O SV 0PI MPAN
MYY 7 DAYNND XY ,JONIN TOMIY TP W NINTINA NITHY DY 1Dy
PN DOV car N, “D9197 YA TPPIANT NIAD P ,TI TNSY WIND
MWD T 77 cdr M TTINY DMNN Y D NPHRN TNYN TIdw)
179 tag PNTMON NN DTN DYINN

(define tag
(lambda (id oldid senv onsbst)
(if (or (member oldid (car senv))
(and onsbst
(member id (cdr senv))))
(string->symbol
(string-append "<"
(symbol->string id)
">1))
id)))

ONPHRN DNYIN DY WTNN NMNN DY 10201039 NYAIN D270 INTNIN

NN NN DRD PN 2NN JVNIN DY MITHINY 29D TPPINT NIAD
i ,NONTD MO NIPN >PIANT MNYN DIPN2 AN MNNYI XNV NHV1 TINa
NMNN DY NN O XINND NOIN NNTIINN 2V 1IN do N NN )2
PN onsbst FONIDMN DY VIPNN DN .OPNPNRN DMNN NPYIA 2NPNN
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DOWINN DN NIPYIL WIDN YSINND 022 NANNN P9N NN NMNNY
sezpand NNTNMN let N NANINA NDSVN T DY M)A PPANNN NA*2A0N
-20N ,TNNRD [TPPN)N XON RO NNIYD DXADN DIVNID MY NJAPN NYIY
NAND NI ANINN NV2AN DX PN N1 JUVNID IV, TPIPINHN N

NNV PN ONIO DIPNI

(let-exp (let-ids rands body)
(let ((expanded-let-ids
(map (lambda (x)
(var-exp->id (expand (var-exp x)
ids args senv on-sbst)))
let-ids)))
(let-exp
(map (lambda (x)
(tag x x (cons () (list x)) #t))
expanded-let-ids)
(map (lambda (x)
(expand x ids args senv on-sbst))
rands)
(expand body ids args
(cons (append let-ids (car senv))
(append expanded-let-ids (cdr senv)))
on-sbst))))

AUND AN et NIAND NN PTHIN NNNIY DRNN DANNI N2°NN
D90 TPPAINNN NA2ADD WND AN let N O .Lag >T> 2Y DINON DXINNN
YRN DD DPNPHRN TNYN IPYIOY NI IR 1IYI TNNY DIMNN
DN ONY M9 et N

2IVN VYN TPPNN RIN RDN2 WD NYNITN IPHNN 9N OV NIANIIN
DN NYD DYV TNYHN

(var-exp (id)
(let ((pos (list-find-position id ids)))
(if pos

(let ((sbst (list-ref args pos)))
(cases expression sbst
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(var-exp (newid)
(var-exp (tag newid id senv on-sbst)))
(else
(expand sbst ids args senv #t))))
(var-exp
(tag id id senv on-sbst)))))

SINDD PPAND NN PN DX ,DNHBN 272 12NN, INTIPN XONA 1D

IN NINY 1NN NNY NN AN NI ON )IPNRI VWD DINNIN DY NIAND 2NN

:DIPN AMIY PITAD W N, NIANDA T2ITN DX IMNNY DRNNA 2DjPND 12010

DNTEMD PAYNID ¥ M NIPNA NN DNV DMK NIADNNA IITIY |, THND

-0 MINN XNPNN NVXAN NN PINND P NPNN DYN NN WTINN DY NN tag

NON NVA NN NON var-exp NON PN ANINND NVIANY WD NIPHNN PN
DANN DY NANINA 92)1THY DTN PN TIN AN NN INY NN



4 9D

MIVXARA NP°aNN NN

syntax-rules

Y NPIPIANT MM NITIND syntax-rules NIIWNI YIPYN IR DN TI M P92
JPOD202 NPPINT MMNN DV NNMIND NXIAP XNNINA Scheme DWW NN PoN

2Y NIV NIIWNI DOXIIPN NANIND DNTPINOND I ,2.3 PYDI 1PN
DN NPTIND TPIANTH NNN 52 NIAYNI N2AND DIAMN ,NIINN N 105D
-PIANNN MNNN ID0NY 533 INY Y 7P M DIPINORY NI .WTN 1IN
Scheme 2¥ DRYIPNN NIIYN T IR M 2392 NP JOP NPIVIRD NY
YT DY MYITIN DPPINTIN TMMN¥N 93 NN 7902 NOYN MWMNT NIVINND
JNNY AOMIMPN LTI NPDX0L MY DY D¥MIND Py DY DO DY Jpnn
TNNDIND NNAP 7 YN DYITI DRIIPNHD NANIN DY DIPININD D) 1D
NN OV N

TR DYTNY 999 1XYW 597 M 779 SYW 1PN = PYN DTN N8 NI
Scheme S¢ OTPIN” W DNTND R syntax-rules DWW NIIWNI VIDPWN
NIINY syntax-case J¥ NIIWNN >T> DY NPNT ,DRDN DI DUy MD vidn
292 W2 Y 0poNn 9TV NOYN SWNNNY 1O5 )3 1D NI 7792 INT)
NIIYND MYNNNA N MINY ADPIMNPN NI MXNDN NPPINT NN NNY
ORPHN

37
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pattern language — N1°2N0 NOW 4.1

TPNPND NIPHRN BV P NN N0 “DTNISN” Scheme DY MPHRN DTN
VIDWN 1N NN VOPD N0APN WNPNSN  transformer NNIPIN NANIN
TIN PRNNDD NANINN DX NN ,NNMIPN W MDD IR MDD IPna
IVAND OTD NNIIN MV2AN TN NXIPN DY DIV 2PVD MIVON
TIAN NIRNND DTN NOY DINON PN MK DY MNY MmN DVIDY

1202 syntax-rules T DY IPYYI NPH’IANN NITHIN INIPN

(syntax-rules (literal...) clause...)

NN WMDY KDY DIANDD NN WYY DN DRV ORI OPN literal
10202 NN clause DI 312N

(pattern template)

XY TPANN pattern TPIANN NIAY NDININ NANINN TN P80 template
-2N DM (elipsis)... TNPHRN NDMNN literal 12327 2INWN W NMDPYID NNV
23 9900 PINN ... TNPHN DNKBN DNV D) NN MDD 7NN Y NN
TNVINND DY NITIN 2.3 PYDA NI 1D DTPY LINORN SY DY SY NIV
and 2¥ DITIN NYD NN or

(define-syntax and
(syntax-rules ()
((and) #t)
((and e) e)
((and el e2 ...) (if el (and e2 ...) #£))))

-0 VDY 532 O5N NIINN DINNA and NN N2 IR NITIN IND

-UNI .DITINA YN ITO 292 MPIANN YIOY 21 YINdVin 122N Mvin Mjp
DIVNID ROD MNP NMPRINN ,NINYRIN TIANT VIPN TPIAN NN 1P
#t PINN NN NI NNIP PN NOVIDNND NITIN 290 . (and) NNIPD INDD

[13] R°RS 2 4.3.2 pyDa HPIND NIV SY INON TPUNN9 MHin'



39 syntax-rules MDXNKR1 NT1"AMN MAT 4 279

-ANN ONAPN ONPNA #t V2PN DN XN M NP1 DTN NANINN ,1PN)
DPNRIND NANINN N NPT TAN JUVNIY DY NNMIPO DORNN IV 1)
NNIPY MORNN TPYIOWN 121NN N1 MNP DIPNA VNI NN NIXNN
VNI NI if NV NN NIANINN M NIPNI NN THX VNI DY
DIVNIVN INY DY NVINND NDONPI MNP test N PONA AN NUNIN
ML SV N3N NV WD TD .alternate N PONA #£ ) consequent N PINA

OMPN if

2M0 MITINA MAWN MTPI 190N PN WD

LIONR NITIND NONT N .if DW DN and MOINND DX NI e

N2XNN2 NINNY NYADN NINMI M J9INA ,INN VINON NN 2PIANN

PNNMIND NXIAPA IDPIMPN TN, DXIMIN NAYN MDYUMN P97 739N
JPPAND MM DV

YNV PV ,PPTA TNAN VNI DY NN DY VIP TPIAN NJAPIN IWUND e
N TNTIP DIVNY NYIN OIN  TPYOUM MIYND NIPRDND N”IaN
TPIANN 2Y XIND INND MNINND D2WVY NN YNIAT NIANIN WN YIAPNY
DIMNON NN TANI IN O TN NYPNIN NOPY RO D15 ,MIvN
1PN YIDYWI 2PN MIND YT DY NNIYL NN ONTI .and DY TPVINON

22 TNV 9
(and 1 2)

(and 1 2)
Matches: (and el e2 ...)
Transformed to: (if el (and e2 ...) #f)

Expanded into: (if 1 |(and 2) | #f)

(and 2)
Matches: (and e)
Transformed to: e

Expanded into: 2
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NI ANNY 20N NVIAM

(if 1 2 #f)

APYNN NN 2223 MIYN NANN K22 NITHIND 1N
(and 1 2)

(and 1 2)
Matches: (and el e2 ...)
Transformed to: (if el (and e2 ...) #f)

Expanded into: (if 1 |(and 2) | #f)

(and 2)
Matches: (and el e2 ...)
Transformed to: (if el (and e2 ...) #f)

Expanded into: (if 2 #£)

(and)
Matches: (and)
Transformed to: #t

Expanded into: #t
INID AXNY IMHON NVIM

(if 1 (if 2 #t #f) #f)

DIANY I NPNAN TMNPY MNRDDN
Vb € boolean (if b #t #f) = b

At NV 1 PNNY NOVN PN 29 DY NN (and 1) MNP DAN
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NOMIAY PNIANY 11 2080 MXIN 1NANINIY TMIXDDN PNV 22)0 Ty e
DTN GN DY PIWN DO O TNN ADYW NIXIWY PONPIN IPNPHN
-21N NANIN 522V >IN0, NS INN NANIN NYNINND TPNPNRN XONIY
SN MR TMIRTNA MIAPY 5991 XD 190 NP NINX 1IN DIRNYD Ny
NOMVIY NN NWNN NTIPIN DN NANTD PRI MY NDPY MINDIP)
JNNS TNN 1f NV INNY NPIN NN YR INY DD PNPHN

NOIWN PN PYNRIN VINORD NNNN NON DY NPIAND 501 e
N2 NI M DMND ONPNND NIWIRND NPN syntax-rules DY OONIIPND
OINNR DO 53 MY DIPNA 0802 1) 7D DYA 1IAn NN avn)
72)TNY DTN IR YWHTND XTI NOIND P DY D2 WNnwino 215N
2 PNINP NN NTIAYN YNNI (placeholder) “OYpn prina”

DXNNNAA et TPPANTN NNNN DY NITINA NP NADNNM NN WY DX
:begin Y lambda DV

(define-syntax let
(syntax-rules ()
((_ ((var val) ...) el e2 ...)
((lambda (var ...)
(begin el €2 ...)) val ...))))

N2°210 P1ANN 7PV 27252 NNN 1’IAN DY transformer DN DN TPYNI
2V NYII 79010 DV YA RONY NN NN ,NNNND NN 2NN 2IVWN VININD
T2 1950 PNRND DY 7119 DONXIT NNIN NANINN NN .1PIAN NN S¥ IR
1 02 SY DPVIVNIND NPPYID DXDIDM NN DI DY DNYNRIN DIIANNY
DNTEIND NNIPO DIVNIND DXANID NN 52 DY DIV DMIANMN lambda
let D N2 DMV SYW INYII DN NIYANND RO TPIANNY VITND NN D) 1N
VIDOY T DY NIDIRD X D910 NN .THN MV TNAY DV mMPP NIPNN NONX
JNNAD TR NVX DY VP MVIAN el et N 9P NN TPIAN INYN MW
DN»P DN DN DODN DMVIAD MNRNY e2 ... WIN)

20N N WNT 1INV named let PIYNL DN NPN?
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NN NP D9VT 7D NNN TPIANN INY DY transformer PTI DIPYD
OV MIND let* NN PTII IWND MD VIDY DTN 591 1IAN NN SV NN
10PN et MV

(define-syntax letx
(syntax-rules ()
((_ O ete2...)
(let () el e2 ...))
((_ ((varl vall) (var2 val2) ...) el e2 ...)
(let ((varl vall))
(let* ((var2 val2) ...) el e2 ...)))))

JPINN NN DY NNY NN RV M’IANN PNV PA 572NN
TPPIANDN NNXD NITIN MITNA NN ,INY NI RNNTA 1MIANI NYD
NN PIVAN TPNIYNI RO .cond

(define-syntax cond
(syntax-rules ()
(L (tete2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))
((_) ’unspecified)))

PHTN ADYW 532 IWNRD DNPN if MVL2N NV NNIAD DITHINN PYI
JPPIDAN INY DY 1PN IPDONPI MNP NYNINMD DNYNRIN *TI0N
HY5D T NP, (cond) IMNTI ,DMIVNID KO NNIP TPYYI IWND

NN NPINNN TPPIDN MDD Lelse NTHYHNN TPV NINN NYI PON
AYN? 1PN NITINAY DX NIPRY NI 101D NVAN SV 2THNND NI TIY
literals D PONA YOY PNNI 1NN NINWNI else NIMNN

clause?
NIITHID N NPNHIANY TD ,(unspecified) ATINIPR RN TIVND MD NIPNRIY YIIWP ]Pnﬁ4

PN
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(define-syntax cond
(syntax-rules (else)
((_ (else el e2 ...))
(begin el e2 ...))
((L (tete2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))
((_) ’unspecified)))

I YW ININN TPPIDAI else TPIDAY MPRIN NIDINY 1IANN
N P Jliterals N TP VINONRI else DY NINNNN MBYN NN PAND >TD
MDD Lelse DY NINNNN NOD DAN Nt NITINA MIPHNN

(define-syntax cond
(syntax-rules ()
((_ (else el e2 ...))
(begin el e2 ...))
((L (tete2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))
((_) ’unspecified)))

TPPIDOY PHN ORMT TPIANN TN 937 573N MINWNI WND else N YD
5AN R TPPIDAN ONINN PN NN 93 else NIHBN WIDWN SY DNINND
WIDPUN NONTY DNRD 2WH NON 999 972> KD ONINN

(cond (#f (read)))
YD ND PN ,DINK RIPPY T T UIPIN NNMIPN NI DY

12 TIVI NNINKD IPIDN VINAY NN DIN PN’ MDD YIDIWYY TV DN
INY INNINN DPN DTNNN

2.3 PYDI NI AN NINYN NINHN°
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TN OMON TIVA VYNNIV (NI cond D NITINN TP1A NN PWNIY 295
PPN N IR ,NAYN JPH IR INKXIIN NI NITHN ,0INDN 3T MDA TV POND
12 IYPNA INDN MYNRYN Y2 7P MDD TN RPNTY 191 TPUNRI PN
YNDA TV TP INMN NOYN DY YINNY 1O TPIY 1IP0I YV YN
NPLIVDIONP DY MY 2T )97 DXNNRI>T NAIVY DWVND ,THYN 19N ITHIIN
TS AP VIPNNY NN WNHNYND NN 5220 19N NOYN DY vidnn DY
N P50 K22 if SY 1PDX0IAN 1PIINDN NN WHNYND 523N AT N3
NV OWVNY alternate

(if #f #t)

AT OMYA T YT M NV WHNWI PR DTN TN

DTN, TIVY ONIND ITAD ORIND P90 N2) TPIDA 1IN D ¥ NN
DRNNY T2 NNITIN TN 1Y 1A 19D NN T TN NN 1HN 1DIWY
2 wapY

(define-syntax cond
(syntax-rules (else)
((_ (else el e2 ...))
(begin el e2 ...))
((_(telte2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))
(C &) c ...
(let ((temp t))
(if temp
temp
(cond ¢ ...))))
((L) (if #£ #t£))))

YN N VINON . TTI2 VINON NPINN TPPIDD ORI TPYIVWN NIANN
2192 NIIWNN YIDND XTI 213 MINWN TIND TIWMY ININD
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NN POIND WY cond D¢ PIANHNN JPNN MYPIT NN DOWND 71D
NN GO P09 NN

(test => expression)

IVNI9D 7IYN NIN IR NN DY ON PNIND NIIVH ,DPOINON IMVIVNIY
INIPN RONTD DNTIND NN ANV | expression MO0

(cond
((let ((r (member e 1)))
(and r (> (length r) 1) 1))
=> cadr))

JDINNRIPK KN O 1PN e W NN [ NPYIL e XINKRY IIND NIN PMINHN
IV PPV DY N NNINA NDMINN DN PO >TD

(define-syntax cond
(syntax-rules (else =>)
((_ (else el e2 ...))
(begin el e2 ...))
(C &t=>p)c...n)
(let ((temp t))
(if temp
(p temp)
(cond ¢ ...))))
(L (tete2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))

(CC &) ¢c...)
(let ((temp t))
(if temp
temp

(cond ¢ ...))))
((L) (if #f #t))))
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JINY DV PN RD DN ,=> 122070 NN [iterals N TIPWID 19INY 17 DV
TOPYOUN 12NN NIPN T2 5% DAN NINYNS AvnNd 7°D 1’AN1a 10N
INNY IND D220 PNV PAD) DPVINON NYIVY NI TPPID 537 NNIRIN
DNTEID IPN OWOYUN LINIRNIY NPIN NN N2

NVPINI NI TY THR PNIND JPNYIY NNITINA NPY XNYO 15 DOWI NYD
VIDY )00 292 TPYRI DITINN DN 22700 PIND XIDY NPON M NIND
N2 29N VIPYN CTPIN NPR (cond) NINMIPN INDI ,DXIVNID NID cond A
TIW DIMIND NI NP NIVARD NNITHIN PN TN INX TPIDY 5%
if M2 NN PN WIWN XTS5y NINNN NIANINN IV ITHN dNoa
oD PN KD VIV 1) TPV KXID MNP 22NINY DIPNIA 2N ,INI THN
,INND NPYIAN XNY DX NN 2T 90N if 80D DIPNIA ,if NV alternate
JP2I09 W IPIVAN NN 52 NIV NP> NINIPY MIPINIINN 1IANN 2 I
AN 72Y NIV ,DNKR TPPI0S DY NP MY, DNKX 1NN PNV PTN
VPO AN N INN DY

TN NP O2IIN NIXRY TPYRI PNIAND 5213 4.1 PN DROND NI
™MANINN PN AT NI TIW 22902 >TD DYNNYN 1 THYHD if NV
IV Lalternate PN NID if MO TIXY NNN TPV DY VDY DY JINY
TP DY NNMIPO MIPRIND TN .1IAND ITO MBPWYNI 15 DVWO v
DPRIND TPIANN ,TPYLOY N X DNN TP7IDI MY RO NP 701N INN
PINY I8Y ONIND NIAN PNINND 79 NIADMN DNXR TPI0dN DY NNAIPD
N2 T PINND MIN 121D NV22N NN TIVII IPN ININD ONX XY NN
A1M

QX197 Q772327 QRIIPn 4.2

NINKY D35 DI NN 1NIAYY MOVIYA NPPINT MNS PTIND VP2 DOTPYD
T2 PMNY 920 when TPPANDN NNNN NN NONTY NPIANN NOY SY

TIHNIN NOWA NI NI D) WIPWN NX 9310 PLT Scheme 4.2.1 Py 11 [13]RPRS®
R5RS
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(define-syntax cond
(syntax-rules (else =>)
((_ (else el e2 ...))
(begin el e2 ...))
((_ (£ => p))
(let ((temp t))
(if temp
(p temp))))
(C &=>p)c...n)
(let ((temp t))
(if temp
(p temp)
(cond ¢ ...))))
((_ (telte2...))
(if t
(begin el e2 ...)))
(L (tete2...)c...)
(if t
(begin el e2 ...)
(cond ¢ ...)))

(. ) v
(CC &) c...)
(let ((temp t))
(if temp
temp

(cond ¢ ...))))))

cond DV NNRON NI 4.1 IPN
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(define-syntax when
(syntax-rules ()
((Lcele2...)
(if ¢ (begin el €2 ...)))))

NN SY PITIN WY AP DIWD PN PTYI PR MITHIN NIV DN
S¢ NN NN MPRD DT T2 DU PPN NITHIND YT TPPInn
NN MPNN

(define-syntax define-syntactic-form
(syntax-rules ()
((_ (name arg ...) exp ...)
(define-syntax name
(syntax-rules ()

((name arg ...)
exp ...))))))
T2 when DR PN 521 NYD
(define-syntactic-form (when c exp ...)

(if ¢
(begin exp ...)))

19 when PR NITHNT ANNN NN NMNIPD

(_ (when c exp ...) (if ¢ (begin exp ...)))
Matches: (_ (name arg ...) exp ...)
Transforme to: (define-syntax name
(syntax-rules ()
((name arg ...) exp ...)))
Expanded into: (define-syntax when
(syntax-rules ()
((when c exp ...)
(if ¢ (begin exp ...)))))
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IPNINY NITIND DY 22¥2 NANINA NIPY NITINN IR INYND D51 1IN
NN MITHINNY TN ,PYON N2PNNA

oV MO WINN MIPRNDD MYNNINI  TPPAND NNS DY NITHINN P2 PNTH
NN ONY P2 OMYNIYN 572N DPPY DTN IR PNON 78PN NN
-7 YA OOV DX DXVNIN 2P ,DXIVNIN NIV NN ITINN
N NYIPANTH NN PTHIND DD NN 120 NN

(define-syntactic-form (inc! v)
(set! v (+ v 1)))

NIYN NN Scheme 2 Y, TPIVIN NPN 1AM 7PNPNID inc! DY NITID
call by value NN ©IVNI9N
S0P MITIN YSIAD VNRNWNRN DX TMNAT DY NN NITHIND IPRTH
279 while N PTIND NONTD 2
;; WRONG !!
(define-syntactic-form (while ¢ body ...)
(if ¢
(begin
(begin body ...)
(while ¢ (begin body ...)))))

73]73 (while #f ’hi) »V’2N NN Scheme 2 NOWN N NITIN YN DN
IXIZNA AN KIND TIWM NVANVY 295 >INV, NIANINN YR ITPND PR NRIND
NODN NIANIN NYNIANN YIPNY NODN NNMIP NNXYA NI NANINNY NN
oW NITIN NRM syntax-case NIIVNN NN NI IWND 5 7792 nZzaliaa
Y5 MMM while TR PTIND 91 I W APYPNDI IPPANT TN

NN define-syntactic-form MMYNONRA while IR PTHIND NN 522,500
Y72 TP PPN MYNINI  T1PH0NN

(define-syntactic-form (while c body ...)
(let iter ()
(if ¢
(begin
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(begin body ...)
(iter)))))

N"IpNR ORIPRT NOIYH NoIvE 4.3

179NN DINTA DXRMIPH TY MITHIN 77 DR DX R 1TIAYAY NTIVN 9N Y
AN NOWN J7NV NTAINN DX PN WYY 1N , define-syntaz YT 9Y 9921930
let-syntaz TIN NYNN NOWN T2 DWY M0 NI90 DINNA PR NN Y819
2.3 PYDN DNIPHRN NIWN TYW MPNNN NN IITIN RPN NN NONTY

179 TYD PTINT 991

(let-syntax ((if
(syntax-rules ()
((Ccft) (f ct £)))))
(if (or #t #f) ’hisif ’myif))

NAYN NV2IN G0 DY DINTA P9 NN NN YD let-syntaz ,let WD
OV TPDONPI NITIN MIVIRNDN letrec-syntaz letrec D¢ N2°2P0 D) NYNN
PO TNN NN define-syntaz YT 2Y ,FP222) NITIN PRIV 29D 1PN
2Y2 TPDIPNRN NITINN WD if DV 15210) DY NITHIN 127N NI MDD

-9 syntax-rules NIIYN SY NMD NN PN 7191 DNTPN DPYDI
DINON 20NN NN DOVYIN DINPNN DD NPX) NPPINH MNN DY M
,NOVN SV PNNN PON NNYN NTAW DPON DOV NIIWNN DY NNYH DT
=307 PINAN NX DXTPYD INNNN 2220 2 PR Y52 WNnWmNn Mo mTnyn
IOV MND NNION NPYAS “ND

NP NIIWNN PNV NPMYOYN MDD 90N syntax-rules NIIWND OIIN
M1 O)TNY >TI 5522 NIANIN NPIDY PIANT MIANIN 22AMI WY NN
TAYNA )JMDN NN NN DNTIPN DXPYDI IPNRINY IINDONT YTND 1N DN
PPN N MNP DY IMTTIIMNNA

DMLY NIWN Y¥I) BY et 7 INNNY NITHINND BY 2N
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(let ((a 1) (a 2)) a) W (let ((1 2)) a)

72 7.lambda 2 WIOWA MY PIANND MM NRAY MYTIN ,NNID ,529)
NRIY MYTIN 2220 NNITIN DY WINNN 2039 NN NYTD N IPRY WNNUND
IOV NPNRN TIP2 NONPIIN NPRY NYLN
NN Y82 ONX cond 2 NNITHINN D) 5223 NODN DYV NRNY YN
NLD
(cond
((< 1 0) ’less)

(else ’equal)
((> 1 0) ’greater))

2V TR0V NYTIN 2P, ANT IRANY DY NYTIN 9932 5193 XD NYyno
else NMNNY T2 DY NYTIN 2373 “ION” NIPNA DNINK NPND NIAPN else
INMIPN DY NIPNA I PN

(let ((else #t))
(cond
((< 1 0) ’less)
(else ’equal)
((> 1 0) ’greater)))

IWNRY MIND PADY TWH TP MDA KON INAY NYTIN 999 92793 N9
TONNY NN DMPHRN WA NTIVNN DTV WHRNWHRN 9Y LN NTHZID N2
PN DIWHN DXANND 1N NDIWNN TINN NI IMNoWI Y8IANN NANINN
INAY 9Y YT NANTIIN YR 72D Y9 MNP XTIV NN DNV NOWN SV
FPYIN SV Y10 OIS TIN PAND
5Y MADN MPPTA Y¥IY YIPHRN NITHN IY 1N 1IPYaY MyN NnY 17101
AN NI, D9N) DMIATN NOYW MYSNND MYNANY 1IN 12¥0 LOPN 171N
PN 92 PN 92 syntax-rules NIIWN SY TPV 19NN NV YTY

NIYTIN lambda ORN VWD MM lambda W let X2)2 7PNN NIYTINN DX NONWN [P TY
TONY W let XNNA
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PN 53 NIIWNY 01D’ 1971 NNIPN NIANIND NN ININMNY 1N°)ANI
7252 HYINN DAY T DY NYYI NANINA VHYY NV’AN DY YNAD \Ypakl)
A9 19N IPIANN NAY SW NI NN “MNNS”7 513> DIMND UNNWN DINN
N7y OV - Common Lisp DY DONMIPNN NIIWND NIIWNN DX NNYI DX OIIN
2V M”IANN NOY O¥ NNIY NN - 1IPNN 2D MIYID NOWN DWW NN DI

22)M Scheme S DNNMIPHN NIIWN



5 9D

MVXNARA 72an70 N1PIDD

syntax-case

oV pPIM Pon NPR L[7, 9, 8]Dybvig > DY NYNINY syntax-case NIIYN
MY Y52 NN NAVN PWNIA NN NXIAND NN N NIIWN , 0N ,Scheme
VDU TINXTH TIN NIIYNN 222290 IR PN MR 2792 0NN NP0 MNS

IPIPNN NIIWNN 29 2Y PIINIT IVITM N2

NP°2nn NI1NIX NITAT 5.1

-92ANTN MIANIN NITINA syntax-rules NI SV NPMDANI IR PRI 4.3 PyD2
NN M PYDA TNNY MNNA YYD MPPN NPT NN 931 VI NY
INT FPYRI OIN syntax-case TNYNANRA TN MPNON TNITIN YNID 110 IO
tfransformer N :N2IYNI MPPYN 1>290N NN

2V AN VPPN — THN VNI NJAPNN NNTIID KIN transformer N
YN VPPN HY PINIDII — >PANT VPPN NP PN NN
;syntax-rules DY DN 13,1120 295 VIPN VPPN NN NP NNTIINIMN
MNOFIONPN >T Y VAN LIPPAN NN NI syntax-case MYNINI
:N)D syntax-case DV PIANNN .syntax

(syntax-case ezxp (literal...) clause...)

23
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,syntax-rules ¥ W2 OMYT IWNVN literal. .. POND V2PN MNO2 NN ezp
'D2220N IWN TRNA RN clause 9

(pattern template)
(pattern fender template)

MWD NIAND PN syntax-rules AW MY DM NYNRIN NIANNY DN DN
MANINN YR TN Scheme NV 1PN M 2>2 fender N QDN 2239 PO
INYND) DDMIDN NAN DX INTI .1PIANN NNNRNN DY NIDN NPPTA NN
TPIANN #£ 1PN DWW OX PN, TWM NN fender D) N0 PO MPININ
NN NN ONTI D syntax-case N YW TIWN NN I IO 23NN
Jine! DO TPPANT NNY DV NITHIN >T> DY

(define-syntax inc!
(lambda (x)
(syntax-case x ()

(- v)
(identifier? (syntax v))
(syntax

(set! v (+ v 1IN

DN NN MPIRY NNAPN Y T0PI9NY NPT Y8 |t XA fender 1)
0Y TPIM NNTSN PN identifier? NITHMION YT Yy WY NP>TAN
-INS NP DHNTINT DP9 RS PRY 29 DWW ¥ 1SN DRIPNN NI
WHY 1P9Y 0 TPIANN NNV M NIPRA TPIANN NIRDN T SY PNV LI
JPIAN ORMNY TN DN PN WK syntaz NOINRD TN POY w909

-NAY PPOMY, (inc! 1) MNP NONTY #£ NN fender 2 1j7>7270 OX
dne! 9 MNP MDY PANT 5Y NYTIN 5223 P TYW MODN NI PN NI
NYTIND TN NIPN Y9 INAPN NN fender N NN DVLHYN 1N ON
set! 5 MNP MDY PANN HY

N9 72Y0 901 PPN NN fender 2 WIDWN YT HY INPN IPNTY
-0 R NOON NPT RYY MPRN TIPS TP NPNL NNAY TIYTIN NIRY
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202N NIIWNN AOY YSINND 2XNNM 1IPNN NININ A5Y IR NIW NN
.DVNID SV KINYWDII 90N MAY inc/ NITHIN >T> DY PYIN NN D)7

(define-syntax inc!
(lambda (x)
(syntax-case x ()
(Cv...)
(syntax
(begin (set! v (+ v 1)) ...))))))

2y NYTIN 73|73 (inc! a ’b) NMNMIPN X N NITIN OO Sy ,¥N1) DN
a4 MTNYNN 5W 129 NN, IRIYD G 5V, 9TIN MR IR PANT TIKIY

0N MNP OV pal 2772317 IO fender DO DNTI NYD
->T2N DN NN YY) ﬂblpnﬂ MY MXPND PTIND MDY TO OV DN
JPIAN DD DY identifier? NP

(define identifier?x
(lambda (1)
(or (null? 1)
(and (identifier? (car 1))
(identifier?* (cdr 1))))))

NYN PPN NITHIN IR YN 591 NNTIID N transformer DY PNPIN
NOWN 1IPNN DITHIN DX D223 195 TPMPN P8PNSD

(define-syntax inc!
(lambda (x)
(define identifier?x
(lambda (1)
(or (null? 1)
(and (identifier? (car 1))
(identifier?* (cdr 1))))))
(syntax-case x ()
(v ...)
(identifier?* (syntax (v ...)))
(syntax
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(begin (set! v (+ v 1)) ...))))))

Scheme W11 12 NNWN 1DIRNND NY2IN NIPNRN TPYA NNMP 2P¥0 NITHIN
X I¥ AUR V1IN TIYH NITINN 2PINNN VPMIIND DX DOX»N ONY
TIVY 195 IINT YYD LD»PANT DOPMAN HY WD (syntax (v ...))
YT DY YIAMNY DOIIWN DY NIPYWI NN IWUN YPINT VPN INP 57D
NPIND NYN TPSPNA car 7 NDNIPN WD M NIPRA 21PIANN NNNIN
DPYA POR NNIAYIN NOY
VN2 DXTNPNN D230 IVAND D32 ,WNNYNI XDV TNV R NT1aya
PNND OYPNN NI )P0 IAWIND 93D 22 NP PN NINX PDNID Scheme
syntaz-object—datum - DNIPNN NIIWN >T> DY NYSIND NIDN NNTIID
22 PN T0VNIN NSAPN NNV PPANNN VPMAIND YN NPON N NNTII
AT NINY 29D VPPAIND DY NN NN NIMNND) YIS DTNV DN
FPTI) OX NONTD aMpPna
(define-syntax printme
(lambda (x)

(display (syntax-object->datum x))
(syntax (begin))))

AN YM YIY MUY 121D 513 INSY IR DTN printme 2 DNIP 92
MNL22N DIPNIY NPIN PPN
(identifier? (syntax v))
DWW DO
(symbol? (syntax-object->datum (syntax v)))

ine! 9% N N2 NITHIN PNND 551 NYd

MO AYN MYY Dybvig MWN Chez Scheme (url:www.scheme.com) 13!
=200 NINWN DY TP NOVIMN syntaz— list NIVTNIION NYNM OV ,MzScheme S¥WNS?

B2
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(define-syntax inc!
(lambda (x)
(define identifier?x
(lambda (1)
(or (null? 1)
(and (symbol? (car 1))
(identifier?x (cdr 1))))))
(syntax-case x ()
(Cv...)
(identifier?* (syntax-object->datum (syntax (v ...))))
(syntax
(begin (set! v (+ v 1)) ...))))))

let THMNN SV 4 97192 WRIY MADNN NIX YWINN N2 DIM NN NIy

SU TIW YIAPY DI WYY NI et 3 WIPW W DY 9903 PN .cond )

NN YOWY 1IN (let ((1 2)) 3) NP W NN IWRY LININ
ND D) DNDN ine! YW NPT

(define-syntax let
(lambda (x)

(define identifier?x

(lambda (1)
(or (null? 1)
(and (symbol? (car 1))
(identifier?* (cdr 1))))))

(syntax-case x ()
((_ ((var val) ...) el e2 ...)
(identifier?* (syntax-object->datum (syntax (var ...))))
(syntax ((lambda (var ...) el e2 ...) val ...))))))

WD INK DYAN NP DD JY 12 ¥273 12 NP DY NP0 Y903 YD
NP2

(let ((a 1) (a 2)) (+ a 1))

7292 TINN DY WA NI 99W P1T29) DMNN TIPWI Y YD 195y I
DTN TR YT 177720 SV YR DI
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(define-syntax let
(lambda (x)
(define identifier?*
(lambda (1)
(or (null? 1)
(and (symbol? (car 1))
(identifier?* (cdr 1))))))
(define unique?
(lambda (1)
(or (null? 1)
(and (not (member (car 1) (cdr 1)))
(unique? (cdr 1))))))
(syntax-case x ()
((_ ((var val) ...) el e2 ...)

(and
(identifier?* (syntax-object->datum (syntax (var ...))))
(unique? (syntax-object->datum (syntax (var ...)))))

(syntax ((lambda (var ...) el e2 ...) val ...))))))

NNTIIVNY O MY ,OON ,DIPHRN 2172 TIyN NITHIN

-NDY PV DX23IDN 92 DX NDYW 0NN DYN NPON syntaz-object— datum
TN 7NN DNTIION NI DY NP Scheme VPAIND M NN P NN
-P2IN AYND NANINN P2 NPINNN I0IN DY 7PV ISNND NI NI IV
1PN OV NITHIN MYSHNI NNY D7) DN 1Y DY HINIK YO¥I DNV DLP

Hlet 2 MOV NN WHDNWVNY

(define-syntax read-or-leave-it
(lambda (x)
(syntax-case x ()

(v

(syntax
(let ((prev v) (v (read)))
(if v v prev))))))))

2P DVPINN NIROIND NP5 NP2 NPADN DITHNN NPX JAMD N
SW DTHN NPT TIW OIN HE IPN NIDY DTN VOPIN KIPIY TV NRNN
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ARIPN DX YX2) OX  NYD TN MAVAR ' NI TR .AVNI92 701D
NRIPNIY NI TPPIANN NNV NYTIN D223 (read-or-leave-it prev)
T2 IONYOOPL NN

(let ((prev prev) (prev (read))) (if prev prev prev))

DOYID prev SY DIYOMN MY TN .OPNYS NMYA IMN OY let 9ap) W9
syntaz ST 9Y VLINHY DI NN NI PYRIN DNY DPINT DOPPIN
syntaz YT 9Y AN NP TONIY ONHNN TN KN WD 1PN AN
PN NINWN 0PI

NN YPANTN DIWPN D) MIYPY T2 DD DN INYND 99DW 10 Sy
™IS 5.1 N bound-identifier=2 — % NIOND NTHVH NNTINIO NOIWHN
T Sy INNWNN TIN YSATY member SW TPOPN  ITHPH DO BY NITIN
DTHYHN NNTINION

MYPNN TPYI APY syntaz—list TITNPR NNTHNNL WYY ¥ R NDM
TIN 2890 1IPNY YIma

(syntax (var ...))

2 WNNYND 591 KY 230 XD .DPANTN DPVPMIAIN DY NNPYID

JOOMNN DY >PIANDN WPNN DR VNWI ORY NN syntaz-object— datum
-WNVY  bound-identifier=2 DX 2P¥902 921 RO DD OV NIPYI NN
NNTYIND WX MD YINY NIND PAD OPINNN DIVPNL DONHN IX N
=992 NI DYNHNYN NN JINX) .0 PINT VPN DY NPYI NP DTN
NNIPN NIAY NIIWNIA ) M TP WNNWND >TD NI DNTY

(syntax (var ...))
PTIND 52N YW NINY D
(define syntax->list (lambda (x) x))

DYN else TPPIDAN N cond 2 MY VIDY DY 7PYIN NINAD NYD MM
NYRY 109 53 1725 DINRD DMV SNV IIAT  DININND TP
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(define-syntax let
(lambda (x)
(define identifier?x
(lambda (1)
(or (null? 1)
(and (symbol? (car 1))
(identifier?* (cdr 1))))))
(define unique?
(lambda (1)
(or (null? 1)
(and
(letrec ((member
(lambda (x 1)
(and (pair? 1)
(or (bound-identifier=? x (car 1))
(member x (cdr 1)))))))
(not (member (car 1) (cdr 1))))
(unique? (cdr 1))))))
(syntax-case x ()
((_ ((var val) ...) el e2 ...)

(and
(identifier?* (syntax-object->datum (syntax (var ...))))
(unique? (syntax->list (syntax (var ...)))))

(syntax ((lambda (var ...) el e2 ...) val ...))))))

MYPN NPT OY let DV NNIND NITHN 5.1 TN
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celse TPPID D3 PYTAD ,DIWN TMIVORN else TPPIDD NPRY XTI ,ININN
DMINN NOIY XTI
NN NIANN D22, NNYRIN TMIVIRD NN DYW»D 27D

(L(telte2...) c...)
CG&=>p c...)

TN PO, NNINN NN INNIDN TPPIDN IYND P MNKRMND HY)an OHY
fender N

(not (eq? ‘’else (syntax-object->datum (syntax t))))

)2 DN Lelse YO 2T DY ANVD ¢ TPIANN MNYN DWW 199y OXD PTIAN
210 NP ,ﬂp)"fﬂb THNINX Y NP, NPIANN NPNTY O fender N
NN

SINN TPPI0MNY RTND  else IMNONDA 297 ,712IWN MIVARD N DY»D 27D
DNINK NPN | else N NN DIANNY PPN, 12IANN PNTA >T P KD NN
TPONT OV NN NPOON YNIDIPOY 190 DORNNY M2WYY TYNNA NN PYN
2NN

VI X7 DY NPNDNN NTHVN NNTNIN YW MYYo 951 T2 DWo
J210 NANINN TONN DR NN DN, PANH DRIV DY NYTIN NINPHDN >NV
TPDLVNNAPN VTN PNND T3 DAY NPIND NATY N Y INMAOY PN
¥ ONRDOND DD THXM 5.2 PN ONY PIANN DY 11PD5D NYTIN IWNRND NP
APYN IR NODN cond

PITINY ORND NPIPIAND TMMNY OV INY MPIAD MITHD MDD M Pyoa
-ITNN DN DY INYD Ty 1219 531 4 2792 TIPNN NIIWNN MYNNNI
IN VAN NNAY DY NIPNA INY NVDOVNNIPN MYTIN POIND DWVNo M
INTIYV DOXIIPNHN NN DY DD D230 T ¥ TITHINN NIAN NN 19D
RumipRukapVval

raise-syntaz-error NNTNNON NN NWNN MzScheme?
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(define-syntax cond
(lambda (x)
(syntax-case x (else =>)
((_ (else el e2 ...) c ...)
(or
(null? (syntax-object->datum (syntax (c ...))))
(raise-syntax-error ’cond "else must be last"))
(syntax (begin el e2 ...)))
(. (¢ => p))
(syntax (let ((temp t))
(if temp (p temp)))))
(C (&t =>p)c...)
(syntax (let ((temp t))
(if temp (p temp) (cond ¢ ...)))))
((_ (t el e2...))
(syntax (if t
(begin el e2 ...))))
((_(telte2...)c...)
(syntax (if t (begin el e2 ...) (cond ¢ ...))))

(&)
(syntax t))
((C (&) ¢ ...)

(syntax (let ((temp t))
(if temp temp (cond c ...))))))))

PPN NP>TA OY cond YW NINRIND NITIN :5.2 IPN
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0aNI00 1772 ¥¥12n0 TP 5.2

TNRNNY YN IMMRNN NPT PO >TI fender 2 WIPYW IPNIN 5.1 PyOa
VIOV fender 2 WNNWNY 931 1021 NANINN YR NYNINN | NPT 11NN
DT .NANINN PR NP M DI ,N2PNNION TYY 12 TPONY 7ayn qom
DANINN T2NN DY APYN NPNNN syntax-rules ¥ NOP) NITHINA MD VIDOY

JIANN IMNRND TPoNN DX MDD
NTYNVY [9, 7|syntax-case YNNI NINIY NNDITNA WHRNWI NITINN D’DAD
YT DY NN syntax-case D¢ WA NIOM syntax-rules DY NN D MNIND

VN ONNNL NINYNRIN DY DNITHID

(define-syntax syntax-rules

(lambda (x)
(syntax-case x ()

@ ...
((keyword . pattern) template) ...)
(syntax
(lambda (x)
(syntax-case x (1 ...)

((dummy . pattern)
(syntax template)) ...)))))))

A VIV T NN transformer PWYND I transformer N N NITHINA
-N2 dummy DMNN DY YIDPYN syntax-case 2 YIPYWD INIP syntax-rules
PN syntax-rules TYNANA ITNINY PRIV NTAWN IR WITN keyword D
9277 syntax-case AY TIWA OXPTIN NIIRY NNNN N2D0 ONYNND MIVOIN
IVON

N300 OWY NWON MzScheme 2 TIAYN X2 NI MITHNY PXD 2N IND
(top level) ©HV22N DI N2 N222ADNN NTIN NIPKN NIANIN NYNIN NI
TN 0201212y ,NANINN NYNIND N2 NAA0S N NITHIN XD NN 512 7D
MYSNNI NANINN NI2ADY TN IR YV NIMX PO NTIND NITHIND
* require-for-syntaz - INVN NNTXINO

P2 MO YWY NmnT PLT MzScheme: Language Manual 1 12.3.4 9y0 nn w7
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A VDY O DY DYIPY transformer N NN NNINYI DINY NDRY NPIN NYD
NITINA NONTS .NANINN YR YNDY TP 121N DIDNT D) 927N syntax-rules

> syntaz-rules/trace IV

(define-syntax syntax-rules/trace
(lambda (x)
(syntax-case x ()
((_ (1 ...) ((keyword . pattern) template) ...)
(syntax
(lambda (x)
(define print-clause
(lambda (k p t pp tt)
(display (cons k pp)) (newline)
(display "Matches: ") (display (cons k p)) (newline)
(display "Transformed to: ") (display t) (newline)
(display "Expanded into: ") (display tt) (newline)
(newline)
#t))
(syntax-case x (i ...)
((dummy . pattern)

(print-clause ’keyword ’pattern ’template
(syntax-object->datum (syntax pattern))
(syntax-object->datum (syntax template)))

(syntax template))

D))

APYNN ONNI DY NOOTHN IR NYSINY TPMPN DNTID MITHN IND

NNIN ORY NPIN #E DT> OV NNMIN TN NN XD NMIYNN NTIPIN IWND
M>22pNN5 NN M TWY >N fender 23 N NNTXINNL WNNWYND DINPNYN
-2NN INYN DY MNY NNNN PNYA DPNYN DX DNTIINDD INIPA 1°IANN
NN syntaz 2 WIIYN YNINY NANDN 2392 NNN NIND template Y pattern T3
2 NI TIT DN P2AYN WM DINWNND NX VLN TAN VNI 1971 NINN
MV syntaz NI TPIATN 2INVYND MONMPNN IND PR WNTND 2N .syntaz

RN AT
4 P92 WK R NN VDYDY MINONIT
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NP OV NANINN YA YNINN APYNN NOTH DY TPN 2IWON IPN I2TH
YIPNN SV NIANINN YA R syntaz-rules/trace THYNNNI MITIVY DONIIPNT
ONYNND PRY 59570 NN N NITINL DI PN 19N II8Y syntaz-rules/trace
syntaz MV XIND 1IN MINWNID

TPINPIY NP NIANINN YR DY TP WINAD fender 2 NIPNIAN )N DYOD
NN YNIAD 1) POOND PN MNP DWW DN INISI NPN NOIY IWIN)
NN 90 TIND print-clause 7 NMNIPN NN ©2ONT NON fender XID MITINN
72523 ,and W begin 12 ,ATO 295 NOY DMVLIAN NN NN NYNIND PPINN
.(syntax template) M’ NNYY TIWIY

top level N177A7 DX 5.3

YT DY MO NYPIANH MM DY NITIN IWINNDD NPNR WS 4.2 Pyoa
NN P2 DTANN DY D) NTRY TNMNTNIO NITHIND TPANH THIMTH TN
-N2 2122 NX PR .DXIVNIN NIAYN 19N NPNAN NNTIINDD NNMIPD IPNRD
PR B 12YY DIVNITNY NI MNTYIID TMPY? NPPINT NN P
DWW NVPINT MNND NN WY .(call by value) DIIY 72Y») NNIPN
TN PTINN 1IPN NITHIN I M PYD2 (call by need) 7NN 297 DILVNIM
«call by need TNTNN NPXPND MNP NPPINN

NI TN 290 DIVNID NIIWN DTN TPSPND SNNND TN YN
NONTY TNND 299 MD¥AN NHYOM lambda MWYVX TIND DMVLHVION NOON
NIV if NPPANNN NN NN PTIND 29N

(define if-as-proc

(lambda (c t f)
(or (and (c) (t)) (£))))

NV NPYN VIV 1971 MNTIIN DIVNIDD NJIAPN NNTNION
(if G ab) (+b1l1) (+al)

P72 NN
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(if-as-proc (lambda () (> a b))
(lambda () (+ b 1))
(lambda () (+ a 1)))

N2 DMLUNI9N NN OANN¥YNN lambda N MV’ DY body N PPON MO 1IPINA
NN 290 NON DY

NV YIPN PTHIND PIYI DI NDANON if-as-proc I INMIPHY NN
-0 NN DIV IR 102 WIPYNY T ,NORD MM DY NITIN WO
MV212 DMIVNION NN “POYN’Y NNIPY TPINNIDITL YNIIM ,DVIVID O
-39 SW N2YHNA NITIND 9N ORI SW YA 53 5¥ NOSNN Y¥IM lambda
DNTIND NI YIPNR2 NITIN INY NPRD DIDIN NNIN TD DY NI
NITINN OV TOW NN 1N

(define-syntax define-syntax-form
(lambda (x)

(syntax-case x ()
((_ name (p ...) body)

(syntax
(begin
(define-syntax name
(lambda (x)
(syntax-case x ()

((Carg (... ...))
(syntax
(thefunc (lambda () arg) (... ...)))))))

(define thefunc
(lambda (p ...) newbody)))))))))

yname VNI 0NV DYWN NINH 1PN NITIN XD NPNNY DN DX

DOMN YIS MONPNN NIY> NI INMD DY DNY DRY 78PN PTHIN 1)
PIAND PPON DANMND WNR DOMN .newbody Y thefunc TN NN DIRY
TINA DASYN syntaz NN XINND MDD, NPN NP 2392 MNIS 1OY DMNY
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NMY syntax-case TN NWNN ORI 1IN OPON MY ST ANNN TP
THIN TINA DI HY NANN MIVINND | NN with-synatz — TITHYD TPPINN
PIANT with-synatz 9 DXPNY TPIAT INWN YW THYND ¥ TPIANN MINWNIY T2
AN ONIY DMV JPINNY TN DY NNY PINI MDD let T MY YT
995 TINN AN NV 1) with-synatz NO¥ POV WOV NIPH PN 199N

DINY PANNN HPONN NN

(define-syntax define-syntax-form
(lambda (x)

(syntax-case x ()
((_ name (p ...) body)
(with-syntax ((newbody
(datum->syntax-object
(syntax _)
(subst/app
(syntax-object->datum (syntax body))
(syntax-object->datum (syntax (p ...))))))
(thefunc
(datum->syntax-object
(syntax _)
(string->symbol
(string-append
(symbol->string
(syntax-object->datum (syntax name)))
"-as-proc")))))
(syntax
(begin
(define-syntax name

(define thefunc

)))))

-I0N IV INR TPNPNMNT 9N NN NND OO DN newbody NMNA
DIUNINN YN DIPNA NNTIIND NOYIN MV’ NIAND ,INTD 7PNNINOD)
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NYNAND subst/app DNTNIN MYNNNA YNID DXNIT NNIN P¥NNADIIVN IR
=995 ©P2YN NNIN 125 .Scheme TMPYID INPD XINVWD NP DY 7INODIN
DUPMIND DD DOYI DIV NPYWI INY TP YOP IN N NNTY)
syntaz- — 13197 720 NMNTNINA YNNI TD OWY Scheme 2 DNNYD D»INN
PONY WA 20N TP DR DMNN subst/app DNTINION .object— datum
TIOND 2T 112N MNWN SYW THYN ¥ PPIANT VPN N DIYPIAN PDNIN
DYNNY NADN DNTXINNA WHNYI 2PANT VPMIAIND ,NNNA ,PYIN DN
VPN N22APN N DNTINND . datum— syntaz-object — syntax-case 1IIYN
WWPNN DR PIXD D) ¥ 2AN PPIANT VPAIND TIOND NMNNIL IMNY Scheme
-0 NNV QDN YN Y NNV M WP VPRI NND DX >PINNN
PRI NONTD OPANTH VPPN I MY NPRNND NOYNY | Scheme N WIPN
Scheme Y DM NV P2 NPNIAN bound-identifier=7 PNTXINONIY 5.1 PyOI
NN DY NIPNA DNY >PINT PN OY¥A DN DIN P INMNX T DY DN
227 ,7°3200 2INWNND TN 52 SYW X PIANDN WPNN DX LPPIIND NN DN

—~ TN V992 ,1721NN DNV THN DX PIX)

TN M2 MIN ATNINY NNTIID DY DYN NN DXINND MN thefunc NMNI
oY TNNINK NADIN >T> DY DPTIN NN NIINY NNND DYWN NNTNIN OV
TIONI DIMNN PP NN ,Scheme NMNDD name YPANNN VPMINND N TIOM T
22NN VPPN DY NNND NRNIND NN PINN, TNNIND NPATH Y8 NS
2N RPN NN TN MW 1IN SY NONT XD DN DN
2V DONM 22100 NPNR2 IRIPNIN DY PINT DPLVPMIIN NN syntax-case
NN ,NAVN DY DNNXWY DI 1N TIN DYDY NPNNIN NN Scheme
JNNN TPA DASYS >TD DPPIANT DOVPMAIN DY MIAND PNNDIND NNNIN
;1722 NPINN NOYIA VIIYD D221 WD, NN DWW syntax-rules NIIYNI
2ANINN PR YNIANY NINK 7PNNIN 53 YNIAD DD 13970 R

NYTINN TR PXND N9 I, define-syntaz-form VPN 9 NITINN NIWNS

NNTSNGN HY NNIN NITIN PXI RS WDV NIY subst/app NIV HY

NP NN TPN NN RYHPD TV PAWNN RNPN NI TV DTN 77 RIX
NTIYY DANYIN PN
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(define subst/app
(lambda (exp parms)
(cond
((pair? exp)
(case (car exp)
((lambda)

((1let)
((set!)
(else

((symbol? exp)
(if (member exp parms) ‘(,exp) exp))
(else exp))))

AYTINN N2 N2 DOVNNYRY THPPINT NN 9 AMIY NI DTN 1PV
wasnn (lexical address) TP9PPOPY N2IND PV DML DRIV DY 992
IOV DNTIIDY MNP SY PANNY NADNN NN ,DI0NINN THR Sy
DYTINN DIVXID NN DD, TPNURIN NIRIPA NIDN) DIV
M NTIND SW WD INSHD DTN PR DUYNRD Y 9T 9005 powa
IPIYON TPPANT NN 9 PN NN 7oy

-N9 991 NNTIID NITHN DY DT RN NITHIN PNNND TUNRD 1Y
TPDONPTY NI while TR PTH

(define-syntax-form
while
(c body)
(if ¢
(begin
body
(while ¢ body))))

DNPY DMILVNIDN 22TV DY MWAVYNN inc! W NN PTIND 931 N OIN



6 9D

NIVEARI NIIVP NIDY RITK
QXN

PY2N AN NTNYN NOY NP >T> DY NPIIDN NPYL NND 1% DOTPYD
MOYY NPIN DMYNNINI NIND MON ,(Domain Specific Language - DSL)
,DYLINON OV YOP 90N MM N 552 TITL) D¥MIND NPYA AN ITYN PN
-90N PINITY DX NI PN DPNYD NN (3.0 MOV D) 1120 DM
29112 19N TNVP MY YIPnD D72 NTD 97 NOX 1R YL DV iPIN

2 DOWND DIRIPNN NIIWND NN OINID

JJONY 2392 MDY NNAZ DNND NV MY WIS MY SNV MM
PR 4] MMITP VN NLMS TIDOP NOW TN MR XaWY Iwm
2¥ MYYI MPPNN MPPTA AN, DPPINT D»IP0P0 DNMIN NN TN
NOYN MYIZ NTMIY ININNDD NAYN DY DIDINVLN NIIWND  NININNKN NAYN >T°
MY NTOY NN GR ININKDD NOYN W MNON N0 )12 1D NN¥IWNN
Domain Specific TPNI23 DNINND NOY N2 NXIWNND DAY MLPN NOYN
.Embedded Language - DSEL

=19 T DY WNNnno D213 DN ININNND NOYN DY DXVININRNIN D2
NOIYNA OMON ITO DYAIPN NP 220D DININDD NIV TN NPNP
-7V’ DPRY MLPN NAYA MITIN MINNN DY TNPN PANTH DMV NN

70
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D912 DPNY D PIANNN DPVMINNN D227 PN 29D TININDN NOvWa O
DRY INOD . DONMIPHN MYSHRL PTHINT 1IP0I, MNTHI0 %Y DI NYnD
NOVN WIN NS DOMY PP 17 ,DININPN NIIWN 1910 NNINKDN DAY
JININTIN

AW 712 PN NWYNRY DSEL NP89 DINIPNI WY DT M 77192
IVWONDD 27 NP MDA N9 NSV DPDPDAN DN 5NN ,NOWN SV
DNYIPNY WY PPN TIMTNY DN .OINNA YA PN SW YT wimn
5991 DORYIPN WIDWY NNI0N NONT M 7792 MIXID 900 % wna
NTIAYN 7792 MY DIRIPINN NWN SY DINYN DILININI YIDY TN
NN

Q°°0"02a11 02" 6.1

-PNIVT OPND DOVNIVIN DY NNIN NNMD NAY NP DT VI NNV NOWN

NIANNN T Oy VIMLVIX NI NN [17]NdVWN SV >O*DIN WYIN DFA DULVLD?

PN ININNND VMIVIND NN RONTD IO DIIYNN TPNPND NRM NN DY
NN

0

start > T > T >@

0 1,0

NI NITIN MYNNNRI INTD

(automaton qO0
(q0
(0 => q0)
(1 -> ql))
(q1
(0 -> q0)
(1 ->q2))
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(g2
(0 -> g2)
(1 ->qg2)))

DIPNNDN NITIN 2T DY 200D 112 2P¥0 NITHINN IR

(define-syntax automaton
(syntax-rules (->)
((_ start
(from (by -> to) ...) ...)
(letrec
((from
(lambda ()
(case (get-next-input)
((by) (to))
(else raise-error))))
S
(start)))))

NNTHINDD IXPN 2NN 7T OONTHID NXMI VVIVIND NN AP PN

ANNN OV NNTIINDD M MY DXNNA IRNPI VIPNN NXAN NN DN IRNPD
ANNY N AR MNP 5Y D9 DY 101 Scheme YW JPNNY PPN NI
LDIVIND NININD DRI N NN TPIDNND NLY NN NDDN M MNML VML
13202 DMPYI MP>TA VINAD DONRNT NAVYNY DXPNYN 11N DN VIPN 1) DY
2V ML OWND 02NN NN VMIVIND NN NNAD D912 17N VINIVIND
JAID2 I5Y PD2DIAN NINSNN VAN DX INWD 03N NN ,association lists

DO SYNNIN TP WINN d0I9 NINDNY SYNNN 1D WNRWN IPNN M

NN OO, 22¥0 XDPDIN YY1 VIDY DY M 2391 N33 NN NN

MIPIN DINDN NPV PINAT NOY SW VYN NPIY NY9IWN NITHINN NIX 1N
290790

105N (stream) DN DY VIR NIPRIND TN DY PMIPP NN NI IPYRA

TINAND MW IR 79D PYWNNN

ANNHN TP MO VI XONT WY
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NINHN NN OV stream NPYY — (make-stream string) o

02PN NAN MN NN NN — (get stream)
SDNMIPN WRY DY ONNN I IR MNN — (get-pos stream) o

SONPN WNRY OV MmN DR YA — (set-pos stream pos)

JINRD IND Y0 R “INIIPN WRTY ONND — (empty? stream) o

PN PN NNRD TAR N IINIIPN WK IR PON — (retract stream)
LYPN DN NN

TY OMDN DIPNRN ONN TMIINKBN NN NN MNN — (getfrom stream pos ) o
NIV NINRD NS

AN TN 9Y 9PV DA D3I LMVINA NI TV PANND PO
109N (tokens) DIMPON NS VML

TMNTHIND NP DR DAND  .DMMON DAANND NP DY PN VAN 1
YW N¥IN D 2817 W VMVIRD DRY I ,ANDN DY IX MIMNKN
D»0NN ANNN DV MY R[NP I8YN

tarns: ,NMNY NN YIDI DIIAYHN TPNPN NN NN .2

2NN NN PINDN ,>> PO ST DY 9THN NP 7Y PTII AN 935 3
NN PN 1NIAY PRY N T MY NIV W PN

Y 9y DN ML 5V Y WANI ,DNYY DMAYNHN P MNWPN KM 4
X..y YO

X RINTD Scheme 1N ON VWD Scheme YOI O) NN DY PN IWINI 5
#\a O a D) DIWID 521 a MND



0™g'oain 0"2Jmin L6 1

74

O MNMOIMN NMNN ODVIX 6.1 IPN



75 O'R171N MDXRNRA MIYZ Now MR- .6 219

[1]“Dragon Book” 1 mMijpon 6.1 9PN UIMOVIND DY NITIN NN NONTD
02PN MNNT ¥ M 2NN NOAPAY DN 2 DINMDNN DXANNDN IUND
272 22V0 PANNN 290 LIMLVIND NN PTN

;5 relop > < | <= | = <> | > | >=
(define relop-token
(DFA g0 (le ne 1t eq ge gt reject)
(trans:
(90 >> reject
(< > ql)
(= > eq)
(> -> g6))
(ql >> 1t
(= > 1le)
(> => ne))
(g6 >> gt
(= ->ge)))))

DN . D0»0NN DANND TIOWY NN WD 010792 DIANKN TIdYI XD
DANHN NN TAN PINT NOYONN VOPN DN TAID TN VMLIND N PIY9)
TTININ VMOVIN SV PN MY NN IPNHN YIPIRN NITHINT WP YD 1990
2¥9 Panna

IPRIPH MWD T 5y DLINID NPY MYSHNA TPYYI NN 1”12
¥ M 22YHN 11N ANV JOPN WD PWRIN transformer 1) T 9Y 12N
TAND (D2Y0 5Y DOND YW NIMIY IPYY IND .case DAVYNI TPPIDSY DI
PRY PPN 12 1O DN SY NNLY T2YN AWM TN N SV DIV Tavn
TN XN VIPN TN PN Scheme PIPDI D) 72YNN N SV 1Y D IWOND
TR YN case N TPPIDOY T2 DONTIND DNIN YS9 WY | char DIDLN
NMYI case N IPPIDY NN MIVIHN DNTHION T2 OWY _char DIPLN DI
59 5S¢ IPWY 1IN DN Y NYAPN DNRD PPN MNTIN >Nva
PANN TRIY NYRIAN SN K9 ML HY MIPRA DN DNY MV DNNN
TION

N2 VDY I NP SPWNN T PYON N XN IVP MOV Y 112N 1Y IPY?
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(define range->list
(lambda (from to)
(if (char>? from to)
(raise-syntax-error ’DFA "illegal range !")
(if (eq? from to)
(1ist to)
(cons from
(range->1list
(integer->char (+ (char->integer from) 1))

t0))))))

PN NN VNN NI PHNY VPMPIND IR N2APN MIVN NNTIION
:Scheme 2 1N DYV DNNNIN MIN»

(define esure-char
(lambda (obj)
(let ((char (syntax-object->datum obj)))
(cond
((char? char) obj)
((symbol? char)
(car (string->list (symbol->string char))))
((number? char)
(car (string->list (number->string char))))))))

case TPPIDO SYW NI NN YR MNTINID MNY TIYSNNI Y815 591 Ny
YT transformer MNNNBN NNTHND Y MOV TPPIDON N2 PPN
179 1919 Y70 TN PPN

(let ((do-tran
(lambda (x)
(define range->list

(define esure-char
(syntax-case x (-> ..)

((r1 .. r2 —> to)
(with-syntax ((rl-char (esure-char (syntax rl)))
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(r2-char (esure-char (syntax r2))))
(with-syntax ((range
(range->list
(syntax-object->datum (syntax ri-char))
(syntax-object->datum (syntax r2-char)))))
(syntax (range (£0))))))
((by -> to)
(with-syntax ((by-char (esure-char (syntax by))))
(syntax ((by-char) (t0)))))))))))

PIRNND ,NNYRIN NN char DIDOI ONIND NYYI TPYRI NNIANN PNV
with- 0% T Y MYNIN NN . IDPYIN DY 1IN TPYYI NNV P8O
INTHIIY MNTID NI syntax

MY AN 2NN IDVN ANKBD NI TNVNY ,LDIVIND DY NN 222N
-2 590NN case N NV X PIN2 NIPIN NNTIINN ITMX NN NNTEID
,D2I2Y0N PYI TINN case NIV DY MY N2INN INNS IPLY 1921, 071y
2Y NNTENI TP N2 TPON NN DP0) YW 21D MV22 TINA NIASYI T INN)
stransformer MNNNN TPIPN NNTIND

(let ((do-state
(lambda (x)
(syntax-case x (>>)
((from >> default tran ...)
(with-syntax (((cl ...)
(map do-tran
(syntax->list (syntax (tran ...))))))
(syntax
(from
(lambda ()
(let ((letter (get input)))
(case letter
cl ...
(else (default)))))))))))))
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with- 2 WIPY IPYY case N NPPIDI NPYI 172331 D 2D DY) [ TPUN)
TTA >PANN DM TIND NAND NYNI NI TY 11N NI NIANAY syntar
VYD with-syntaz YW YIWIND PIANDN OV P09 NIPN TR M PN OIN
NNTEMN YDV XD WYY 1MV 121D NN NOY NIMYID DTN IND
-HRN NI NIYN NN DNYPN NN, TPWYOY ONP MITN DIINRY do-tran
2V DTNYHNN DNTIINNL YIDY IND WYY TPWIAT else TPID YT DY 5T
5.1 Pyoa NI M VI NINN SYW MzScheme

DNNY PN NITHIND DI NN NYD

(define-syntax DFA
(let ((do-tran

(let ((do-state

(lambda (x)
(syntax-case x (trans:)
((_ start (spec ...)
(trans: state ...))
(with-syntax (((st ...)
(map do-state
(syntax->1list (syntax (state ...))))))
(syntax
(lambda (input)
(letrec
((spec (lambda () ’spec))
st ...)
(start)))))))))))

MTIPY TNTINN TIPYA 27, D2ANNDN TIPYI NIX N9PN NN NPHN

NNV do-state NNTHION MYNANI IPYIN 1A letrec M2 TMYNOND
28970 DY NN PN NNTEID 77223 DPON A8 93 MY .do-tran 9 INMP
NNT DWW TPIAT 2INWN D) NOND syntaz YSINY NISINY 19 DV ¥
L5 BN NN T0NRIDI NN NNTHID PN VMOIND M .quote MOINND
SY NNTHINN AR MNP NYEIN DA NIXPHN THNTIINN 93 NN NPT
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2T2NNNN ANNDN
NP DY YN ONIPRIY MITINN 720 DY

(relop-token (make-stream "<>"))

NP DN ne TIWN NNY

(relop-token (make-stream "23"))

reject TN IR MNN

YNWRY 7922 713 6.2

D212 NN 12 IPIND DON ,NOYA RN MPNN IR MITIIN ONPN Pyoa
V2 UMIVIRD NOYOND 520 1T DY DXPTIN NRY DLUMLIRD N 2PV
YA ONTNY XTI .NPYA 19010 NI D?Pﬂ DY 7N NPRY ORND NINNIN
IN2D VYIVIND DX PTII PN
;5 int —-> digit+
(define int-token
(DFA g0 (int reject)
(trans:
(q0 >> reject
(0 .. 9 ->q1))
(q1 >> int
0 .. 9->q))))

2%¥9) DN INYID 11N JPINNY 7251 MOS0 NIj7 DN int 2AN¥NI DPONN
VPN DN INNN D) XD DAN reject MNN NNMIPN <1 VIPN DY INN
NNY |, relop-token VIMOIND NN <1 VIPN DY DP¥9) ONX ,MIV PYA < NN NN
2¥9) DX TPYIOW Py VOPNN 1NN IR D) XIP relop-token DN 1t TIWN
NTAYN NN PX¥OD int TIWN NN 351= VOPN DY int-token VINVIND NN
900 1NN NYTY D1 XD NN OO VPN DY 190N NI



NWRT N2 11an 6.2 80

25390 NAYD PO, DATINN DIVMLIND INY SVYYN) PV YIDIY YNNI T
P WNNWYNM VPN BN ,VMVIND PA NIPNIND PNPIVIN IWAINNDN GO
NN PIND 95 WNNWNN .LIPN Y VMVIND NN 2YIN2 NOIN NIPA MIN
JON D2ANDND TAND IPN DPYON DRY Td ,ININND NOYONN AWNTN DD 28N
TN PINND Y2 DXANND NPNA PIND 5P WNNYNKD TP INMNTPS |"NY VOPN
PN PN D) DYON AN GONIA 22> |WNMND TIWN TPYIPOY VIPY NINKD NN
INID NIANN PINT NARIPIY DININNDN

(try dfa on input for (acc ...) retarct (state ...))

DX2»NNN DANIN NN retarct ) ,002PNN DIANNDD NN PN for IWND
LMILIND X DP¥9N2 NOINN NI RINT V2P0 RIPIY NINKRD NN NNNN

relop-token

(try relop-token on input
for (le ne 1t eq ge gt)
retract (1t gt))

*] DXANNDD PO DX VI ,6.1 PN DXANNDN PNIPO IN NN DITINN
2PN TN ry NIVID V2P N NRNN DYNTN DXANNDD

(define-syntax try
(lambda (x)
(syntax-case x (on for retract)
((_ dfa on stream
for (tokl tok2 ...)
retract (rtok ...))
(syntax
(let ((prevpos (get-pos stream))
(ret (dfa stream)))
(if (member ret ’(tokl tok2 ...))
(begin
(if (and (member ret ’(rtok ...))
(not (empty? stream)))
(retract stream))
(cons ret (getfrom stream prevpos)))
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(begin
(set-pos stream prevpos)

#£))))))))

N>2) XN2NN VPN DD NN INY INPHN TPN ,NVIVD PO NITINN
TPUY) D291 AN NN DX .D»0NN ANNN IR DY LIPN DY VMVIRD NN
ADMN N WMN 73|7)3 ANNDN OX THN MA \97]71-1 X PONY W DN N7>72
LYPN WAYD 92PN PN A¥HN DR NXIPIY TINHN NI Y2P00 18000
AT TV NN PNPHRN INPNID RO

oy DUMLIND X M INN N2 DPYND 521 ND NITHIN T IWNRD NYD
29%) ,234<22 LYPN 22X Y NINTD VP NN TAND 02D ,VIP DN NN )
TPV OV int-token NN NOAN relop-token NN PINN int-token NN DPVIND
NN NN 5273 T2

(int . "234")
(1t . ||<||)
(int . "22")

LoPN DN 28D NN NIVI KD INK NYYON 7TD NDI DN

2297 79pa 73an 6.3

9y ,try PANNN MYXNKL  DUMLIN SY TPTITO N¥IN MNN DNPN PYDA
NXINY PPN IYPOPY PIPOR RN 4NN’ PDIN ORY T2 090 )
1772 720 YD PTII 9P0P MNI DY PN ANIDD TPIPAIN NI HITTO
1PN MK JPINN VOPNIY TY VIPN DR Y DVMOIN YW NITO HPYaNN
9P NPV PPON 95 5y W29 Scheme MDA MONY YHNWND AN

;NI NIPAN NI DY PIANTN

(analyze input
(with try-clause; try-clause; ...)

(use (token-id lexeme-id) exp ...))
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1202 N try-clause 92 IWNRI

(dfa for (accy accy ...) vretarct (state ...))

OPNN DN I1IY ITDA VY DNV try IV DY 87 DY 1PN NN
use N PN OIPN DR NN TY MNY 5Y NN POINN INRDN DINONDD TY
NN MNIAY UM JIPOND NN NAY ,TIRD ,DO7NND 7Y DWW TNY PIND IWOND
NMPY DY 532 IPNSY DMV2IAN DX TIYN NIPIAN 12 DPRIND ININDN
VDY DNTND YTD IPNINY DOMNN WO ONPNND DY DMVAIAM JIPON
102901 DUNLVIN 90D PTII NIANI

;; delim —-> blank+
(define delim-token
(DFA qO0 (delim reject)
(trans:
(q0 >> reject
(#\space -> ql))
(q1 >> delim
(#\space -> q1)))))

;; 1d => letter (letter | digit)*
(define id-token
(DFA g0 (id reject)
(trans:
(90 >> reject
(A .. Z->ql
(a .. z=>ql)
(q1 >> id
(A .. Z > ql)
(a .. z->ql
(0 .. 9 ->q)))

;; real -> digit+ . digit+
(define real-token
(DFA g0 (real reject)
(trans:
(90 >> reject
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(0 .. 9 ->ql))
(ql >> reject

(0 .. 9 ->ql)

(#\. > q2))
(g2 >> reject

(0 .. 9 ->g3))
(g3 >> real

(O .. 9->ag3))))

JDTIPIIN PN PIND 2T Scheme YW YNNI 2912 NN YN0 XONT VNI
PTIND 921 NYI DINND DIPDMN MDD NN D DINNT TMIVIN PRY
100V YOP0P0 NNIN DY NMTIND

(define lexan
(lambda (stream)

(analyze stream
(with
(id-token for (id) retract (id))
(relop-token for (le ne 1t eq ge gt) retract (1t gt))
(delim-token for (delim) retract (delim))
(real-token for (real) retract (real))
(int-token for (int) retract (int)))
(use (tok lex)
(display tok) (display " <==> ") (print lex)
(newline)))))

OOWUN PONNVY XTI int-token 92 real-token VIMOIND NN 1XYW 15 DY)
JNNY 2392 DOY 901D UND? RS MWNN 190N DV

NNN DX 2957 NI D) .NIPAN NN OV 1PN NITHIN IR NYD PX)
TPPIDA 93 NNHN DIIND IPOY ,INY DNIVP PANT 22239 NN XT> DY D12
stransformer NNNNN NNTXIID PTII T2 OV try 2 MNP with N YOPN

(let ((do-try
(lambda (t s)
(syntax-case t (for retract)
((thedfa for (t1 t2 ...)
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retract (rt ...))
(with-syntax ((input s))
(syntax
(try thedfa on input
for (t1 t2 ...)
retract (rt ...)))))))))

D2IUNI NIV NIAPNN NNTNIN transformer VITIN NNWYNIN OYII ND
NN DYNID 0NIN DY 27 DOYNIN NN NN INRND TIT ONIND NN
ON IR TNNND NN DNTDN PPN .syntaz-case D IONIDI 72YM 1IN
2V PN WY Y PIANT LP?AIND 1222902) 2IWN JVNIAD DNV ,VIPN
Ary

NNIRY NPIND XY NMIANMN 12125 1Y TNIAY 231 DY NNTNIINNL D> TNINNI
NOY9NN 2V TIWN NN 23PN TN ITDI DVMLIRD NN YD DPNYN
VRNWYND 521 ,MINKRY MOYONN NN YNID Y030 #£D NIV ROV NNYNRIN
-2 0N WY DMIVNINY or MO INNIAD W1 MDD or TPIPIANDN NN IND
DY TVYD 931 1N D) iry 02 DV NdYI NND DY T DWD try 0
172 with-syntaz ¥ NIANN IIRNN NN, DFA MpPHnn NN PRIV

(define-syntax analyze
(lambda (x)
(let ((do-try

(syntax-case x (with use)
((_ stream
(with tryl try2 ...)
(use (token lexeme) expl exp2 ...))
(with-syntax
((Ccl ...)
(map (lambda (t)
(do-try t (syntax stream)))
(syntax->list (syntax (tryl try2 ...))))))

DONIINN ININDN DAY PPN NIAND DO NOVN Y W MY Ny X7 NONT W
IPOIN PYTa
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(syntax
(letrec ((iter
(lambda ()
(if (not (empty? stream))
(begin
(let ((ret (or cl ...)))
(if ret

(let ((token (car ret))
(lexeme (cdr ret)))
(begin expl exp2 ...)
(iter))
’lexicalerror)))))))

(iter)))))))))

WK DN ,LIPN DTN 7723 TPYRT NI 5Y DDINN TP XD DINPD DX
DOYNIAN N N H#E PN 12T DN W 1W) o) 720 SYOM TO NN P
ARSDM IPOND K09 NN DP2INN DINWIRN YW 119NN DINNA DMIN
MIPIA NIV PIIHN TIY ROM 19WII MIRNNN 92 DX NODN DY NY¥INn
29PPOPYN

D77 NEINTY NN YW MYPN MP>TA 170N XD WIHNY NOWN
DN .19) LI N IMKX Y DMV MW N ,ITIN KIW 280D 72y0n D»P DN
NP>T2 25Wa 720 IRIY MYTIN NOXIND 991 fender P> Iy 1IN MP>T2 PO
NOWY POINT AN 12 WD 7IVZN NOYN SNNN PP MYTINN IWNI PN
TMIVON 10 IN 9N MDA T HY LMVIX NI NI, DADN DN
212 TPOP0RY MNAY Y NIPR2 MTNPH M2 Y819 wNnwnb

TAN 20 YN SV NI MYSHND 3 DN DX 7PIINION G Y
AN KIN PIND MDY DY T WHNWNRD MY NTHYN NP M
PANT NPY YIDHN X079 NINDNY WY DIRMIPHN KD .DMDN 7Pya
7PYAN AN %2 DIPINOR MDA VPPN NITIND DRI



7 29D
019°0

ON ,NTIAYA TPN MXONT DX PIN Y2 KIPY Y9 XNPY MIND P10
DNYIPHRN NN YIPYI SDXDA ¥ YT 19Un MNONT JDPDA Yy M
O R NTIAY SYW TPNYRIN NNIVND MY N NN T2 DX Scheme S¥
IO MXNN MY AN WPNA DRMIPHN NIWN DX PN WYY PPN
-YM DMI0N , DNYN DO MPRYININ YIBNT NIIRIY 21 7P SY
PRYND NNPN 2302 TN MNY NPYIVON X PX) 1919 TINKI OPNIP
TNNY 1N, DONPRY DNMYPN DINK DIRYNA N T NTIAYL MNTIY DRYMN
DINNA MODN MTAY NDTOY NPYIWAND 1M, TIPS TUnNn
WIPWN MP2I902) syntax-case TN 2253702 NV 220V PIIWNDN K

IV 9Y (8) 779 WM 190N Dybvig SV [7)Y 10NN [8)119D2 PIYY yotmn N
-0 PV VIOV 1PNV 9 9792 MINDNTY Scheme S¢ DONYIPHRN MIWH
MITIN SY MNONT V¥ syntax-case TDWNY 191D WTPWM MNDN DN
JIDWNHN Y DINYN TP NNND YIPY TIN NYPINT MM

\onm ,Common Lisp 9¢ DNXMPHN NIWNI PIRYNT PN NN
YAV DONYIPN 220N T2 2IN50 1900 [11]0n Lisp ,Graham ¢ 1790
DPDW 190N SY DRTPNNN PPI0 DWW DNIPNY 1M Wipm
MIXONT TINID 591 779 592 LY WK, DNPN IRYID DNVPN DIRYM
AR PRI )

NN L3 7792 29000 NP HY NPOY 12, DONIPR TN WD SY RYDN

86
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-NOD DONIPN NOIWN YIN [ TIND DPIVIN DINPI 2IWa 20 NN N0
2V NINWN 19012 MIYAN  NONTD 177100 NITINA INY NI NYNPT NIV
AN NOY X7 Dy DMILVNIO

TOWN WIND (15, 5, 2, 9|MNUN MYSNA MPHRYNN NV PIYN I WD
VDN DYDY IYSINY DINYN DRTPININD M’ TN, 1PNN DONIPN
Scheme YYI912 ,DONNPNA NIMON NADIN >T> DY YNIT 11, DONXIIPN MIIWN
D V9N NONT Meta-Circular Iterpreters ©DNIPIN ,Scheme 2 02NN
[8]Dybvig ¥ 17902 9.7 PyDA NINNDD 117

DNIPN NIWN WS PLT MzScheme: Language Manual ¥ 12 9939
2V 29 190N NYINND NIIWNN  RINTD syntax-case NIIWDND INY NN NN
-1 N PPANT VPPN SV 1IN NN PNAD TIVANNDN TNTHVN TNNTHI
W5 2992 WNW syntaz—list NI THNTNND MY . NPHRN NP2 WP
-NT OV let DR NNITINA WMIWNRNWN DIV | check-duplicate-identifier
PPV DY TP KINND 112, TINKI VN MNTEININ WY 910107 NN
DrScheme 2 MaNNNN NANINN

-UNN NPI90) 93 NNOY 11°) DrScheme DY DXRYIPNN NIIWN MYNNNI
N2> WD P90 IPIVAN NINT D222 DPRY DI ,MNN N2V DTN
-9901 DRMIPN NNOK 752 %993 ,DIRMIPN NN SINN APYNIY HIOD NP
TN PIPY 2230 INT INIANINY DOXIPHRN IPYI DY DODY IWOIND 7
YINN APYNY trace NPIODN DONTI NTNPN NITHINL ONXIPHNN DX PTIND
INTIID NOYON



X MD0)

T3 DIRANT

:12IN52 072N DNPN INND TNNY NP PN NP TN
http://telem.openu.ac.il/courses/current /20504
DRI DXNAPN NN 120N ©X¥IPN N2’AN

Imacro.scm
Scheme 19902 WNNVYN MpPN 2.2 PYD OV TiPN MINHDNIT IN 22N
TN \>IN2 27D Lisp DY DORIPN NITHNA NN NYNNN (defmacro.ss)
require NTXINON X7 DY MDD DX NYLD W MINOTH

tdefmac.ss
-V MNN NN defmacro.ss PI0N XNV IR WNNN P90 NP
2 YNNYND ¥ PI90N PTIV NIX D3P0 YT NanInn PONn DY ap
JIPNRN NITINA defmacro DIPNI tdefmacro

synrules.scm
PYON NONTN 1P 4 2792 MYNINDN TIPN IMINDT MIN¥DI Nt NP2
ONINN Scheme VYD 53 INN  NXINY TN, 7Y M NP2 Mpn 2.3
[13]R°RS jpnin NN

88
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tracerules.ss
NV syntaz-rules ¥ NITIN YN 5.2 PYO SV Tijpn INONT NN 20N
PPN 790D NOYHND ORI XNPN .NIANINN TONN SV Apyn Ny
IR require-for-syntaz NINTNIION X DY IMNX NYOY WM MzScheme
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