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Àííîòàöèÿ

Ñòàòüÿ ïîäðîáíî îïèñûâàåò ïðîöåññ ñîçäàíèÿ ïðîñòåéøåãî ïðåäìåòíî-îðèåíòèðî-
âàííîãî ÿçûêà íà ïëàòôîðìå Racket. Ïðèñóòñòâóþò ëåêñè÷åñêèé àíàëèçàòîð, ñèíòàêñè-
÷åñêèé àíàëèçàòîð, èíòåðàêòèâíàÿ ñðåäà, êîìïèëÿöèÿ, îòëàäêà, áåêòðåéñû, ïîäñâåòêà
ñèíòàêñèñà. Ñîçäàííûé ÿçûê èíòåãðèðóåòñÿ â ñðåäó ðàçðàáîòêè DrRacket. Âåñü ïðîåêò
çàíèìàåò ìåíåå 300 ñòðîê êîäà.

Êëþ÷åâûå ñëîâà: ïðåäìåòíî-îðèåíòèðîâàííûé ÿçûê, ïàðñèíã, êîìïèëÿöèÿ, Racket.

Ñòàòüÿ â 6-ì âûïóñêå æóðíàëà çà 2011 ã. [1] áûëà ïîñâÿùåíà ïîëüçå ïðåäìåòíî-îðèåíòè-
ðîâàííûõ ÿçûêîâ è îñíîâíûì ïîäõîäàì ê èõ ñîçäàíèþ. Â ýòîé ñòàòüå áóäåò äåòàëüíî ïîêà-
çàí ïðîöåññ ñîçäàíèÿ ïðåäìåòíî-îðèåíòèðîâàííîãî ÿçûêà íà îñíîâå Racket � îäíîãî èç ñî-
âðåìåííûõ ÿçûêîâ ïðîãðàììèðîâàíèÿ, âåäóùåãî ñâîþ ðîäîñëîâíóþ îò ÿçûêà LISP.

Ïàðà ñëîâ î Ëèñïå: áóäó÷è ñîçäàííûì 50 ëåò íàçàä, îí æèâ¸ò è ðàçâèâàåòñÿ äî ñèõ ïîð,
ïðè÷¸ì ïîñëåäíèå 25 ëåò ïðàêòè÷åñêè áåç ôèíàíñèðîâàíèÿ. Ýòî îçíà÷àåò, ÷òî ÿçûê äåé-
ñòâèòåëüíî õîðîø. Íàäî îòìåòèòü, ÷òî Äæîí Ìàêêàðòè (àâòîð òåðìèíà «èñêóññòâåííûé
èíòåëëåêò», AI) èçîáð¸ë Ëèñï êàê ïîäðó÷íîå ñðåäñòâî äëÿ ñîçäàíèÿ ýòîãî ñàìîãî AI. Ìàê-
êàðòè óìåð, AI êàê íå áûëî òàê è íåò (ñì. «AI Winter»), íî èäåè, çàëîæåííûå â Ëèñï, â òå÷å-
íèå ïîëóâåêà íàõîäÿò ïðèìåíåíèå â ñîâåðøåííî íå ñâÿçàííûõ ñ AI îáëàñòÿõ. Ýòî îçíà÷àåò,
÷òî èäåè äåéñòâèòåëüíî õîðîøè.

Öåëü àâòîðîâ Racket ìîæíî ñôîðìóëèðîâàòü òàê: äàòü ðàçðàáîò÷èêàì âîçìîæíîñòü ñî-
çäàâàòü ñâîè ÿçûêè, íå ëèøàÿ èõ ïðè ýòîì ïðåëåñòåé Ëèñïà. «Ëèñï êàê îñíîâà è ëþáîé âàø
êàïðèç âäîáàâîê» �  çâó÷èò êàê ïðåäëîæåíèå, îò êîòîðîãî íåâîçìîæíî îòêàçàòüñÿ. Â îòëè-
÷èå îò Common Lisp, ãäå íîâûå ÿçûêè, êàê ïðàâèëî, ñîçäàþòñÿ íà áàçå ãðàììàòèêè S-âûðà-
æåíèé, â Racket äëÿ íèõ äîïóñòèìà ëþáàÿ ãðàììàòèêà. Äîáàâèì ê ýòîìó, ÷òî îòëàä÷èê è ðå-
äàêòîð ñ ïîäñâåòêîé ñèíòàêñèñà � äîñòàþòñÿ  ïðàêòè÷åñêè äàðîì.

Â êà÷åñòâå «ïîäîïûòíîãî êðîëèêà» äëÿ äåìîíñòðàöèè âîçìîæíîñòåé Racket ìû âîçüì¸ì
ïðîñòåéøèé ÿçûê, êîòîðûé íàçîâ¸ì «êàëüêóëÿòîð» (calc). Âîò êàê âûãëÿäèò ïðîãðàììà íà
ýòîì ÿçûêå:

X = 2.8
Y = (X + 1) * 5
print X / Y

Êðîìå ïðîñòîãî çàïóñêà ïðîãðàìì, ó íàñ áóäåò ïîøàãîâîå âûïîëíåíèå, áåêòðåéñû è 
ñðåäñòâî èíòåðàêòèâíîé ðàçðàáîòêè, òàê íàçûâàåìûé read-eval-print loop, èëè REPL.
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Òî, ÷òî îòíîñèòñÿ ê ÿçûêàì, Racket æåëàåò âèäåòü â îäíîé èç ñâîèõ «ñèñòåìíûõ» äèðåê-
òîðèé, ïîýòîìó äèðåêòîðèþ, â êîòîðîé ìû âåä¸ì ðàçðàáîòêó (íàçîâ¸ì å¸ work), ëó÷øå ñ ñà-
ìîãî íà÷àëà âíåñòè â ñîîòâåòñòâóþùèé ñïèñîê. Â ñðåäå DrRacket ýòî äåëàåòñÿ ñëåäóþùèì
îáðàçîì: ìåíþ Language → Choose Language → êíîïêà «Show Details» → ðàçäåë «Collection
Paths» → Add. Â äèðåêòîðèè work ó íàñ áóäåò äèðåêòîðèÿ calc, êóäà ìû ïîìåñòèì ôàéëû,
îòíîñÿùèåñÿ ê íîâîìó ÿçûêó.

Ýòàï 1: áàçîâûé êîìïëåêò

Íà÷í¸ì ñ ëåêñè÷åñêîãî àíàëèçàòîðà, êîòîðûé áóäåò â ôàéëå calc/lexer.rkt:

#lang racket

(require
  ; lex � ñòàíäàðòíîå ñðåäñòâî äëÿ ïîñòðîåíèÿ ëåêñè÷åñêèõ àíàëèçàòîðîâ
  parser-tools/lex
  ; Áèáëèîòåêà ðåãóëÿðíûõ âûðàæåíèé äëÿ lex. Ñèìâîëû, èìïîðòèðîâàííûå èç íå¸,
  ; áóäóò ïðåäâàðÿòüñÿ çíàêîì äâîåòî÷èÿ, â öåëÿõ èçáåæàíèÿ êîíôëèêòîâ èì¸í
  (prefix-in : parser-tools/lex-sre))

; Óêàçàííûå âåùè èç ýòîãî ìîäóëÿ èäóò íà ýêñïîðò
(provide value-tokens op-tokens
         position-line position-col position-offset
         calc-lexer)

; Ðåãóëÿðíûå âûðàæåíèÿ äëÿ áóêâ, öèôð è âñÿêèõ ïðîáåëîâ
(define-lex-abbrevs
  (lex:letter (:or (:/ #\a #\z) (:/ #\A #\Z)))
  (lex:digit (:/ #\0 #\9))
  (lex:whitespace (:or #\newline #\return #\tab #\space #\vtab)))

; Òîêåíû, èìåþùèå çíà÷åíèÿ � èäåíòèôèêàòîð (íàïðèìåð X) è ÷èñëî (íàïðèìåð 2.8)
(define-tokens value-tokens (IDENTIFIER NUMBER))

; Òîêåíû, íå èìåþùèå çíà÷åíèé � àðèôìåòè÷åñêèå îïåðàöèè, ñêîáêè, ïðèñâàèâàíèå,
; îïåðàöèÿ ïå÷àòè (PRINT) è ñïåöèàëüíûé òîêåí EOF
(define-empty-tokens op-tokens
  (EOF ASSIGN PLUS MINUS MULTIPLY DIVIDE LEFT-PAREN RIGHT-PAREN PRINT))

; calc-lexer � ýòî ôóíêöèÿ, ïîëó÷åííàÿ â ðåçóëüòàòå âûçîâà lexer-src-pos
(define calc-lexer
  ; lexer-src-pos îòëè÷àåòñÿ îò lexer òåì, ÷òî âûäà¸ò íå ïðîñòî òîêåíû,
  ; à position-token � òîêåíû ñ èíôîðìàöèåé îá èõ ïîëîæåíèè â èñõîäíîì ôàéëå
  (lexer-src-pos
   ; ïðîáåëû è ïðî÷åå ïðîïóñêàåì, ðåêóðñèâíî çàïóñêàÿ lexer äàëüøå
   ((:+ lex:whitespace) (return-without-pos (calc-lexer input-port)))
   ; òîêåíû îïåðàöèé
   (''='' (token-ASSIGN))
   (''+'' (token-PLUS))
   (''-'' (token-MINUS))
   (''*'' (token-MULTIPLY))
   (''/'' (token-DIVIDE))
   (''('' (token-LEFT-PAREN))
   ('')'' (token-RIGHT-PAREN))
   (''print'' (token-PRINT))
   ; èäåíòèôèêàòîð = áóêâà + [ïðîèçâîëüíûé íàáîð áóêâ è öèôð]
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   ((:: lex:letter (:* (:or lex:letter lex:digit)))
    (token-IDENTIFIER (string->symbol lexeme)))
   ; ÷èñëî = [çíàê] + íå ìåíåå îäíîé öèôðû + [òî÷êà [ñ öèôðàìè]]
   ((:: (:? #\-) (:+ lex:digit) (:? (:: #\. (:* lex:digit))))
    (token-NUMBER (string->number lexeme)))
   ; ñïåöèàëüíûé òîêåí EOF íåîáõîäèìî âåðíóòü ïðè äîñòèæåíèè êîíöà ôàéëà
   ((eof) 'EOF)))

Òåïåðü ïàðñåð, calc/parser.rkt:

#lang racket

(require
  ; ìîäóëü ñ ãåíåðàòîðîì ïàðñåðîâ
  parser-tools/yacc
  ; ìîäóëü, ñîäåðæàùèé íóæíóþ íàì ôóíêöèþ raise-read-error
  syntax/readerr
  ; íàø ëåêñè÷åñêèé àíàëèçàòîð
  calc/lexer)

(provide calc-read-syntax
         calc-read)

; Ôóíêöèÿ, êîòîðóþ ìû áóäåì âûçûâàòü ïðè îøèáêå ïàðñèíãà
(define (on-error source-name)
  (lambda (tok-ok? tok-name tok-value start-pos end-pos)
    ; ãåíåðèðóåò èñêëþ÷åíèå
    (raise-read-error
             ''Parser error'' ; òåêñò èñêëþ÷åíèÿ
             source-name                  ; èìÿ ôàéëà
             (position-line start-pos)    ; íîìåð ñòðîêè ñ îøèáêîé
             (position-col start-pos)     ; íîìåð êîëîíêè ñ îøèáêîé
             (position-offset start-pos)  ; ñìåùåíèå îò íà÷àëà ôàéëà
             (- (position-offset end-pos) ; äëèíà ôðàãìåíòà ñ îøèáêîé
                (position-offset start-pos)))))

; calc-parser � ýòî ôóíêöèÿ, âîçâðàùàþùàÿ ôóíêöèþ, ïîëó÷åííóþ
; â ðåçóëüòàòå âûçîâà ôóíêöèè parser èç ìîäóëÿ parser-tools/yacc
(define (calc-parser source-name)
  (parser
   (src-po  s)   ; ýòî íóæíî äëÿ òîãî, ÷òîáû â ôóíêöèþ îáðàáîòêè îøèáêè
                 ; ïåðåäàâàëàñü ïîçèöèÿ ïðîáëåìíîãî êóñêà
   (start start) ; ñòàðòîâûé íåòåðìèíàë ó íàñ íàçûâàåòñÿ start
   (end EOF)     ; êîíåö ôàéëà ó íàñ íàçûâàåòñÿ EOF
   (tokens value-tokens op-tokens) ; äâå ãðóïïû òîêåíîâ, îïðåäåë¸ííûå â calc-lexer
   (error (on-error source-name)) ; ôóíêöèÿ îáðàáîòêè îøèáîê (ñì. âûøå)

  ; Ãðàììàòèêà

   (grammar
    ; ïðîãðàììà = êîìàíäû
    (start
     ((statements) $1))

    (statements
     ; êîìàíäû = íè÷òî
     (() '())
     ; èëè êîìàíäà + êîìàíäû
     ; $1 è $2 îáîçíà÷àþò ñîîòâåòñòâåííî ïåðâûé è âòîðîé ýëåìåíòû
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     ; ñîïîñòàâëåíèÿ, òî åñòü statement è statements
     ((statement statements) (list* $1 $2)))

    (statement
     ((assignment) $1)
     ((printing) $1))

    (constant
     ((NUMBER) $1))

    (expression
     ; âûðàæåíèå = òåðì
     ((term) $1)
     ; èëè âûðàæåíèå ïëþñ/ìèíóñ òîêåí.
     ; PLUS è MINUS çäåñü � òåðìèíàëû, âçÿòûå èç op-tokens èç calc/lexer.
     ((expression PLUS term) (list 'plus $1 $3))
     ((expression MINUS term) (list 'minus $1 $3)))

    (term
     ((factor) $1)
     ((term MULTIPLY factor) (list 'multiply $1 $3))
     ((term DIVIDE factor) (list 'divide $1 $3)))

    (factor
     ((primary-expression) $1)
     ((MINUS primary-expression) (list 'negate $2))
     ((PLUS primary-expression) $2))

    (primary-expression
     ((constant) $1)
     ((IDENTIFIER) (list 'value-of $1))
     ((LEFT-PAREN expression RIGHT-PAREN) $2))

   (assignment
     ((IDENTIFIER ASSIGN expression) (list 'assign $1 $3)))

    (printing
     ((PRINT expression) (list 'print $2))))))

Òåïåðü ñâÿæåì ëåêñè÷åñêèé è ñèíòàêñè÷åñêèé àíàëèçàòîðû â îäíî öåëîå ñ ïîìîùüþ
ôóíêöèè, êîòîðàÿ ïðèíèìàåò íåêîòîðûé âõîäíîé ïîòîê (â Racket ýòî íàçûâàåòñÿ «ïîðò»)
è ñîîòâåòñòâóþùåå åìó èìÿ ôàéëà è âîçâðàùàåò ðåçóëüòàò ãðàììàòè÷åñêîãî ðàçáîðà. Ïðà-
âèì äàëüøå calc/parser.rkt:

(define (parse-calc-port port file)
  ; ïîñ÷èòàòü íîìåðà ñòðîê çàðàíåå
  (port-count-lines! port)
  ; ñîçäàòü è ñðàçó âûçâàòü ïàðñåð
  ((calc-parser file)
   ; è ïåðåäàòü â íåãî ôóíêöèþ, êîòîðàÿ äîëæíà âûäàâàòü òîêåíû îäèí çà äðóãèì
   (lambda ()
     ; calc-lexer êàê ðàç ýòî è äåëàåò
     (calc-lexer port))))

Ïîñêîëüêó íàø àíàëèçàòîð äîëæåí áóäåò ðàáîòàòü â ñðåäå Racket íà òåõ æå ïðàâàõ, íà-
 êîòîðûõ ðàáîòàåò «ðîäíîé» àíàëèçàòîð, ìû äîëæíû ðåàëèçîâàòü ôóíêöèè calc-read  è 
calc-read-syntax, êîòîðûå ïðèäóò íà çàìåíó ñòàíäàðòíûì read è read-syntax [2]. Îêîí-
÷àíèå calc/parser.rkt:
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(define (calc-read in)
  (syntax->datum
   (calc-read-syntax #f in)))

(define (calc-read-syntax source-name input-port)
  (parse-calc-port input-port source-name))

Ïîÿñíåíèå: â òî âðåìÿ êàê calc-read âîçâðàùàåò ïðî÷èòàííûå äàííûå (datum) âèäà 
((assign X (+ 1 2)), calc-read-syntax  âîçâðàùàåò ñèíòàêñè÷åñêèå îáúåêòû [3], êîòîðûå
ñóòü òå æå ñàìûå äàííûå, íî ñ ïðèâÿçêîé ê ó÷àñòêàì èñõîäíîãî ôàéëà è ïðî÷åé èíôîðìàöè-
åé. Â çàâèñèìîñòè îò ðåæèìà ðàáîòû, Racket ïîëüçóåòñÿ ëèáî read, ëèáî read-syntax,  è, âî-
èçáåæàíèå íåîæèäàííîñòåé, ëó÷øå ñäåëàòü èõ îäèíàêîâûìè. ×òî è ñäåëàíî: calc-read
ïðîñòî áåð¸ò ñèíòàêñè÷åñêèå îáúåêòû èç calc-read-syntax è ïðåâðàùàåò èõ â äàííûå ñ
ïîìîùüþ syntax->datum.

Íàñòàëî âðåìÿ âñòðîèòü íàø àíàëèçàòîð â ñðåäó Racket. Ýòî î÷åíü ïðîñòî: íóæíî ñî-
çäàòü ôàéë  calc/lang/reader.rkt ñëåäóþùåãî ñîäåðæàíèÿ:

(module reader syntax/module-reader
  #:language ' racket             ; îá ýòîì ïîçæå
  #:read calc-read               ; ïåðåîïðåäåëåíèå ñòàíäàðòíîãî read
  #:read-syntax calc-read-syntax ; ïåðåîïðåäåëåíèå ñòàíäàðòíîãî read-syntax
  #:whole-body-readers? #t ; ýòîò ôëàã óñòàíàâëèâàåòñÿ â òîì ñëó÷àå, êîãäà íàøè
                          ; read è read-syntax âñåãäà ÷èòàþò âõîäíîé ïîòîê äî
                          ; êîíöà (calc-read è calc-read-syntax òàê è äåëàþò)
  (require calc/parser))  ; ìîäóëü, â êîòîðîì ëåæàò calc-read è calc-read-syntax

Racket, óâèäåâ #lang calc â íà÷àëå ôàéëà, áóäåò èñêàòü calc/lang/reader.rkt  â ñèñ-
òåìíûõ äèðåêòîðèÿõ, âêëþ÷àÿ work,  ãäå ìû âñ¸ è äåëàåì. Ïîýòîìó ìû óæå ìîæåì íà÷è-
íàòü ïèñàòü êîä íà  calc  â ñðåäå Racket. Ñîçäàäèì ôàéë  test.calc:

#lang calc
X = 3
Y = X + 1
Print X * X + Y * Y

pi = 3.1415926535
r = 12.2
l = 40
Print pi * r * (2 + l)

Çàïóñêàòü ôàéë íà âûïîëíåíèå åù¸
ðàíî, òàê êàê ðåàëèçàöèè ÿçûêà ïîêà åù¸
íåò. Íî óæå ìîæíî ïîñìîòðåòü íà ðåçóëü-
òàò ñèíòàêñè÷åñêîãî àíàëèçà êîäà, äëÿ
÷åãî â Racket åñòü óäîáíûé èíñòðóìåíò
ïîä íàçâàíèåì «Macro stepper». Íàæèìàåì... è âèäèì ñîîáùåíèå «Parser error» èç íàøåãî
calc/parser.rkt (ðèñ. 1). Îøèáêà ñîñòîèò â òîì, ÷òî ñëîâî Print íàïèñàíî ñ áîëüøîé áóê-
âû, òîãäà êàê ëåêñè÷åñêèé àíàëèçàòîð äîïóñêàåò òîëüêî «print» áåç âàðèàíòîâ. Ñäåëàåì åãî
íå÷óâñòâèòåëüíûì ê ðåãèñòðó (calc/lexer.rkt):

; âñïîìîãàòåëüíàÿ ôóíêöèÿ, ïðåîáðàçóþùàÿ ñòðîêó â âûðàæåíèå, íå÷óâñòâèòåëüíîå
; ê ðåãèñòðó, íàïðèìåð '' foo''  -> (:: (:or #\f #\F) (:or #\o #\O) (:or #\o #\O))
(define-for-syntax (string->ci-pattern s)
  (cons ':: (map (lambda (c)
                   (list ':or (char-downcase c) (char-upcase c)))
                 (string->list s))))

Ðèñ. 1
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; ñïåöèàëèçèðîâàííûé ìàêðîñ äëÿ ïðèìåíåíèÿ â ëåêñè÷åñêîì àíàëèçàòîðå
(define-lex-trans lex-ci
  (lambda (stx)
    (syntax-case stx ()
      ((_ id) ; çäåñü id � ýòî ñòðîêà, êîòîðóþ ìû ïðåîáðàçóåì, ò.å. ''print''
       (with-syntax ((result (string->ci-pattern
                              (syntax->datum #'id))))
         #'result)))))

(define calc-lexer
  (lexer-src-pos
   ((:+ lex:whitespace) (return-without-pos (calc-lexer input-port)))
   (''='' (token-ASSIGN))
   (''+'' (token-PLUS))
   (''-'' (token-MINUS))
   (''*'' (token-MULTIPLY))
   (''/'' (token-DIVIDE))
   (''('' (token-LEFT-PAREN))
   ('')'' (token-RIGHT-PAREN))
   ((lex-ci ''print'') (token-PRINT))
   ((:: lex:letter (:* (:or lex:letter lex:digit)))
    (token-IDENTIFIER (string->symbol lexeme)))
   ((:: (:? #\-) (:+ lex:digit) (:? (:: #\. (:* lex:digit))))
    (token-NUMBER (string->number lexeme)))
   ((eof) 'EOF)))

Çàïóñêàåì Macro stepper âòîðè÷íî íà  test.calc  è âèäèì (ðèñ. 2).
Ïàðñåð óñïåøíî îòðàáîòàë è

âûäàë â êà÷åñòâå ðåçóëüòàòà íà-
áîð êîíñòðóêöèé âèäà

(assign X 3)
(assign Y

(plus (value-of X) 1))

Ýòî íå ÿâëÿåòñÿ âàëèäíûì
êîäîì íà Racket, ÷òî ïîäòâåðæ-
äàåòñÿ ñîîáùåíèåì «unbound
identifier in module». Íî ïî çà-
ìûñëó � ïîëó÷åííûé êîä è íå
îëæåí ÿâëÿòüñÿ êîäîì íà Racket!
Äëÿ èñïîëíåíèÿ ýòîãî êîäà ìû
äîëæíû ñîçäàòü íàáîð ìàêðî-
ñîâ, ïðåîáðàçóþùèõ åãî â êîä íà
Racket, à òî÷íåå � â ñèíòàêñè-
÷åñêèå îáúåêòû. Äåêëàðàöèÿ
#:language â calc/lang/

reader.rkt � èìåííî îá ýòîì.
Ìû íàïèñàëè #:language ' racket
èñêëþ÷èòåëüíî ïîòîìó, ÷òî ñî-
âñåì íè÷åãî íå ïèñàòü ñèñòåìà
íå ïîçâîëÿåò. Íà ñàìîì äåëå, â
ýòîì ìåñòå íóæíî óêàçàòü ïóòü ê
ìîäóëþ ñ ìàêðîñàìè: Ðèñ. 2
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(module reader syntax/module-reader
  #:language 'calc/language
  #:read calc-read
  #:read-syntax calc-read-syntax
  #:whole-body-readers? #t
  #:language-info '#(calc/lang/lang-info get-info #f)
  (require calc/parser))

Ýòîò ìîäóëü ìû ñåé÷àñ è ñîçäàäèì (calc/language.rkt):

#lang racket

(provide
 ; Ñèñòåìíûå âåùè, íà êîòîðûõ ìû íå áóäåì çàîñòðÿòü âíèìàíèå.
 ; Äîñòàòî÷íî çíàòü, ÷òî #%module-begin è #%datum èç racket
 ; ãîäÿòñÿ è äëÿ calc, ïîýòîìó ìû ïåðåýêñïîðòèðóåì èõ áåç èçìåíåíèé
 #%module-begin #%datum
 ; Ìàêðîñû äëÿ âûïîëíåíèÿ îïåðàöèé ÿçûêà calc
 assign plus minus divide multiply negate value-of print)

; Îêðóæåíèå = õåø-òàáëèöà ñî çíà÷åíèÿìè ïåðåìåííûõ
(define current-env (make-hash))

; Ïðèñâàèâàíèå ïåðåìåííîé = çàïèñü â õåø-òàáëèöó
(define-syntax-rule (assign name value)
  ; Îáðàòèòå âíèìàíèå íà àïîñòðîô ïåðåä name: îí äåëàåò èç èìåíè
  ; ïåðåìåííîé, ïåðåäàííîé â ìàêðîñ, ñèìâîë. Òàêèì îáðàçîì, èç (assign X 3)
  ; ïîëó÷àåòñÿ (hash-set! current-env 'X 3),
  ; â òî âðåìÿ êàê (hash-set! current-env X 3)
  ; âûäàëî áû îøèáêó (hash-set! current-env 'name value))

; Àðèôìåòè÷åñêèå îïåðàöèè

(define-syntax-rule (plus a b)
  (+ a b))

(define-syntax-rule (minus a b)
  (- a b))

(define-syntax-rule (divide a b)
  (/ a b))

(define-syntax-rule (multiply a b)
  (* a b))

(define-syntax-rule (negate a)
  (- a))

; Ïîëó÷åíèå çíà÷åíèÿ ïåðåìåííîé ïî èìåíè
(define-syntax-rule (value-of name)
  ; Òî æå ñàìîå ñ àïîñòðîôîì,
  ; ñì. ìàêðîñ assign
  (hash-ref current-env 'name))

; Ïå÷àòü
(define-syntax-rule (print value)
  (printf ''~v\n'' value))
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Òåïåðü ìîæíî íàêîíåö âûïîëíèòü (Run) íàø  test.calc (ðèñ. 3).

Çàïóñòèâ Macro stepper ñíîâà è âûêëþ÷èâ â í¸ì îïöèþ «macro hiding», ìû ìîæåì íà-
áëþäàòü, âî ÷òî â êîíå÷íîì èòîãå ðàñêðûëñÿ íàø êîä (ðèñ. 4).

Íà ýòîì ýòàïå ìîæíî ñ÷èòàòü, ÷òî ó íàñ åñòü ïàðñåð è êîìïèëÿòîð. Âñ¸ ýòî çàíèìàåò
110 ñòðîê, íå ñ÷èòàÿ ïóñòûõ ñòðîê è êîììåíòàðèåâ.

Ýòàï 2: íåîáõîäèìûå «ïðèìî÷êè»

Åñëè ìû ñåé÷àñ ïîïðîáóåì çà-
ïóñòèòü îòëàä÷èê (Debug) è ïîñ-
òàâèòü òî÷êè îñòàíîâà â êîä ïðî-
ãðàììû, íàñ æä¸ò íåóäà÷à.
Îáúÿñíÿåòñÿ ýòî ïðîñòî: ïàðñåð
â calc/parser.rkt âîçâðàùàåò
íå ñèíòàêñè÷åñêèå îáúåêòû, à ïðî-
ñòûå ñïèñêè, òî åñòü datum. Îíè
ïðåîáðàçóþòñÿ â ñèíòàêñè÷åñêèå
îáúåêòû ïîçæå, àâòîìàòè÷åñêè, íî-
 äåëà ýòî â ïðèíöèïå íå ìåíÿåò,
òàê êàê èíôîðìàöèè î ìåñòîïîëî-
æåíèè ñèíòàêñè÷åñêèõ åäèíèö â
èñõîäíîì êîäå íå ïîÿâëÿåòñÿ. Ýòà
èíôîðìàöèÿ èçâåñòíà òîëüêî ïàð-
ñåðó. Îí å¸ «çàáûâàåò» âåçäå, êðî-
ìå ôóíêöèè on-error. È ïîñòàâèòü
òî÷êè îñòàíîâà íåâîçìîæíî, òàê
êàê  ñèñòåìà ïðîñòî íå çíàåò, êà-
êîé ñèíòàêñè÷åñêèé îáúåêò ê êà-
êîìó ìåñòó èñõîäíîãî êîäà îòíî-
ñèòñÿ. Ñåé÷àñ ìû ýòî èñïðàâèì
(calc/parser.rkt):

Ðèñ. 3

Ðèñ. 4
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(define-syntax (build-so stx)
  (syntax-case stx ()
    ((_ value start end)
     ; âûòàñêèâàåì èç êîíòåêñòà (stx) $i-start-pos è $j-end-pos, ãäå i è j �
     ; ÷èñëà, ïåðåäàííûå â ìàêðîñ êàê start è end; à òàêæå source-name
     (with-syntax ((start-pos (datum->syntax
                               stx
                               (string->symbol
                                (format ''$~a-start-pos''
                                        (syntax->datum #'start)))))
                   (end-pos (datum->syntax
                             stx
                             (string->symbol
                              (format ''$~a-end-pos''
                                      (syntax->datum #'end)))))
                   (source (datum->syntax
                            stx
                            'source-name)))
       (syntax
        (datum->syntax
         #f
         value
         ; êîíñòðóèðóåì óæå çíàêîìóþ ïî on-error ïÿò¸ðêó çíà÷åíèé
         (list source
               (position-line start-pos)
               (position-col start-pos)
               (position-offset start-pos)
               (- (position-offset end-pos)
                  (position-offset start-pos)))))))))

(define (calc-parser source-name)
  (parser
   (src-pos)
   (start start)
   (end EOF)
   (tokens value-tokens op-tokens)
   (error (on-error source-name))

  (grammar
    (start
     ; ×èñëà 1 è 1, ïåðåäàííûå â ìàêðîñ build-so, ðàñêðûâàþòñÿ ñîîòâåòñòâåííî â
     ; $1-start-pos è $1-end-pos, êàêîâûå ïåðåìåííûå äîñòóïíû áëàãîäàðÿ óêàçàíèþ
     ; (src-pos) âûøå è ñîäåðæàò íà÷àëüíóþ è êîíå÷íóþ ïîçèöèè ïåðâîãî íåòåðìèíàëà
     ; â ñïèñêå (â äàííîì ñëó÷àå îí âñåãî îäèí è åñòü).
     ((statements) (build-so $1 1 1)))

    (statements
     (() '())
     ((statement statements) (list* $1 $2)))

    (statement
     ((assignment) $1)
     ((printing) $1))

    (constant
     ((NUMBER) $1))
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    (expression
     ((term) $1)
     ; ×èñëà 1 è 3 ðàñêðûâàþòñÿ ìàêðîñîì build-so â $1-start-pos è $3-end-pos
     ; ñîîòâåòñòâåííî, ò.å. îò íà÷àëà ïåðâîãî íåòåðìèíàëà äî êîíöà òðåòüåãî.
     ((expression PLUS term) (build-so (list 'plus  $1 $3) 1 3))
     ((expression MINUS term) (build-so (list 'minus $1 $3) 1 3)))

    (term
     ((factor) $1)
     ((term MULTIPLY factor) (build-so (list 'multiply $1 $3) 1 3))
     ((term DIVIDE factor) (build-so (list 'divide $1 $3) 1 3)))

    (factor
     ((primary-expression) $1)
     ((MINUS primary-expression) (build-so (list 'negate $2) 1 2))
     ((PLUS primary-expression) $2))

    (primary-expression
     ((constant) $1)
     ((IDENTIFIER) (build-so (list 'value-of $1) 1 1))
     ((LEFT-PAREN expression RIGHT-PAREN) (build-so $2 1 3)))

    (assignment
     ((IDENTIFIER ASSIGN expression) (build-so (list 'assign $1 $3) 1 3)))

    (printing
     ((PRINT expression) (build-so (list 'print $2) 1 2))))))

È � î ÷óäî!� òåïåðü ðàáîòàåò îòëàä÷èê, ìîæíî ñòàâèòü òî÷êè îñòàíîâà, õîäèòü ïî øàãàì,
äàæå ñòåê âûçîâîâ èìååòñÿ (ðèñ. 5).

Racket ïîçâîëÿåò îòëàä÷èêó çàõî-
äèòü â ðåàëèçàöèþ âàøåãî ÿçûêà â
ëèñïîâûõ ôóíêöèÿõ, åñëè â ìîìåíò îò-
ëàäêè ìîäóëè ñ ýòèìè ôóíêöèÿìè îò-
êðûòû. Íî íàøåãî calc/language.rkt
ýòî íå êàñàåòñÿ, ïîñêîëüêó íè îäíîé
ôóíêöèè ó íàñ íåò � ìû îáîøëèñü
ìàêðîñàìè. Òî åñòü áëèæàéøèé óðî-
âåíü, â êîòîðûé ìîæåò ïîïàñòü îòëàä-
÷èê ïîñëå êîäà íà calc � ýòî ðåàëèçà-
öèÿ hash-set, + è ïðî÷èõ ïðèìèòèâ-
íûõ âûçîâîâ. Íà òàêîé óðîâåíü íàì
íåò íåîáõîäèìîñòè îïóñêàòüñÿ.

Îáðàòèì òåïåðü âíèìàíèå íà òî,
÷òî äëÿ ÿçûêà calc íå ðàáîòàåò REPL!
Îá ýòîì ÷åñòíî ñîîáùàåòñÿ ïîñëå
âûïîëíåíèÿ ïðîãðàììû (Run) ÷¸ð-
íûì òåêñòîì íà æ¸ëòîì ôîíå. REPL
íå ðàáîòàåò, ïîòîìó ÷òî â ðåàëèçàöèè (calc/language.rkt) íå îïðåäåë¸í ìàêðîñ
#%top-interaction, êîòîðûé, ñîáñòâåííî, è äîëæåí ðàñêðûâàòü ïîëó÷åííûå â REPL ñèí-
òàêñè÷åñêèå îáúåêòû. Ñòàíäàðòíûé ìàêðîñ èç Racket íå ãîäèòñÿ, òàê ÷òî ìû íàïèøåì ñâîé,
î÷åíü ïðîñòîé:

Ðèñ. 5
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#lang racket

(provide
 #%module-begin #%datum
 ; Ïåðåîïðåäåëÿòü #%top-interaction âíóòðè ìîäóëÿ íåëüçÿ, ïîýòîìó ìû
 ; ñäåëàåì ìàêðîñ top-interaction è ïåðåèìåíóåì åãî ïðè ýêñïîðòå.
 (rename-out (top-interaction #%top-interaction))
 assign plus minus divide multiply negate value-of print)

; Ìàêðîñ äåéñòâèòåëüíî òàêîé � ñ òðîåòî÷èÿìè. Ýòî ÷àñòü ñèíòàêñèñà.
(define-syntax-rule (top-interaction body ...)
    (begin body ...))

Íî ýòîãî íåäîñòàòî÷íî. Ïðîáëåìà â òîì, ÷òî äåêëàðàöèè #:read è #:read-syntax â 
calc/reader.rkt ïî êàêîé-òî ïðè÷èíå íå ðàñïðîñòðàíÿþòñÿ íà REPL. REPL â DrRacket ïðè-
íàäëåæèò ñàìîé DrRacket è ïîäëåæèò íàñòðîéêå îòäåëüíî, ïî ñòðîãî îïðåäåë¸ííûì ïðàâè-
ëàì. Íóæíî äîáàâèòü äåêëàðàöèþ #:language-info â calc/reader.rkt:

(module reader syntax/module-reader
  #:language 'calc/language
  #:read calc-read
  #:read-syntax calc-read-syntax
  #:whole-body-readers? #t
  #:language-info '#(calc/lang/lang-info get-info #f)
  (require calc/parser))

Çàòåì íóæíî ñîçäàòü ìîäóëü  calc/lang/lang-info.rkt  òàêîãî ñîäåðæàíèÿ:

#lang racket/base

(provide get-info)

(define (get-info data)
  (lambda (key default)
    (case key
      ((configure-runtime)
       '(#(calc/lang/configure-runtime configure #f)))
      (else
       default))))

Íàêîíåö, íóæíî ñîçäàòü ìîäóëü calc/lang/configure-runtime.rkt, ñîäåðæàùèé ôóí-
êöèþ êîíôèãóðàöèè ðàíòàéìà:

#lang racket/base

(require calc/parser)
(provide configure)

(define (configure data)
  ; Êîíôèãóðàöèÿ çàêëþ÷àåòñÿ â óñòàíîâêå ïàðàìåòðà current-read-interaction
  ; (Ïàðàìåòðû â Racket � ÷òî-òî âðîäå äèíàìè÷åñêèõ ïåðåìåííûõ â Common Lisp.)
  ; Ìû ìåíÿåì ýòîò ïàðàìåòð íà íàøó ôóíêöèþ, êîòîðàÿ âûçûâàåò íàø ïàðñåð.
  (current-read-interaction even-read))

(define (even-read source-name input-port)
  (begin0
    (parse-calc-port input-port source-name)
    ; Ïî÷åìó-òî íóæíî äåëàòü òàê, ÷òîáû ïîñëåäóþùèé âûçîâ
    ; current-read-interaction âåðíóë EOF. Ñ ýòîé öåëüþ ïðîèçâîäèòñÿ
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    ; íèæåñëåäóþùèé òðþê ñ çàìåíîé ïàðàìåòðà íà odd-read.
    (current-read-interaction odd-read)))

; Âòîðàÿ ÷àñòü òðþêà çàêëþ÷àåòñÿ â çàìåíå ïàðàìåòðà îáðàòíî íà even-read.
; Ñðåäè ðàçðàáîò÷èêîâ íåò ñîãëàñèÿ ïî ïîâîäó òîãî, ïðàâèëüíî ëè òàê äåëàòü;
; îñòàâèì ýòîò âîïðîñ íà èõ ñîâåñòè, â ëþáîì ñëó÷àå âñå èìåþùèåñÿ ïðèìåðû
; ðàáîòàþò èìåííî òàê.
(define (odd-read src ip)
  (current-read-interaction even-read)
  eof)

È âîò ó íàñ ðàáîòàåò REPL (ðèñ. 6).
Áëàãîäàðÿ óìíîé ðàáîòå ìåõàíèçìà ìîäóëåé, äâà è áîëåå îòêðûòûõ îäíîâðåìåííî îêíà

ñ ïðîãðàììàìè íà calc íå êîíôëèêòóþò è íå çàñîðÿþò îêðóæåíèå äðóã äðóãà (ðèñ. 7).
Ñàìîå âðåìÿ çàìåòèòü, ÷òî îøèáêè ñ íåîáúÿâëåííûìè ïåðåìåííûìè âîçíèêàþò íà ýòà-

ïå âûïîëíåíèÿ ïðîãðàììû, òîãäà êàê âî âñåõ íîðìàëüíûõ ñðåäàõ îíè äîëæíû îòëàâëèâàòü-
ñÿ íà ýòàïå êîìïèëÿöèè. Ïîëíîöåííûé êîìïèëÿòîð ìû ïèñàòü íå áóäåì, îãðàíè÷èìñÿ ïðî-
âåðêîé òîãî, ÷òî âñå èñïîëüçóåìûå ïåðåìåííûå âñòðåòèëèñü ïåðåä èñïîëüçîâàíèåì â ëåâîé
÷àñòè. Ôàéë calc/compiler.rkt:

#lang racket

(provide compile-program
         compile-statement)

; Õåø-òàáëèöà èì¸í ïåðåìåííûõ
; (íå ïóòàòü ñ current-env â language.rkt,
; ýòî ðàçíûå ýòàïû)
(define variables (make-hash))

(define (compile-program p)
  ; ïðîâåðèòü âñå ïîäâûðàæåíèÿ
  ;(syntax-e ðàñêðûâàåò ñèíòàêñè÷åñêèé
  ; îáúåêò-ñïèñîê â ñïèñîê
  ; ñèíòàêñè÷åñêèõ îáúåêòîâ)

Ðèñ. 6 Ðèñ. 7
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  (for-each check-syntax (syntax-e p))
  ; âåðíóòü èñõîäíóþ ñèíòàêñè÷åñêóþ
  ; êîíñòðóêöèþ êàê ðåçóëüòàò
  ; (ïðèëè÷íûé êîìïèëÿòîð âåðíóë áû íîâóþ,
  ; îïòèìèçèðîâàííóþ êîíñòðóêöèþ)
  p)

(define (compile-statement s)
  (check-syntax s)
  s)

(define (check-syntax s)
  ; ×òî çà îáúåêò?
  ; Ïðåîáðàçóåì â äàííûå è ïîñìîòðèì.
  (match (syntax->datum s)
    ; Êîìàíäà ïðèñâàèâàíèÿ
    ((list 'assign a b)
     ; Ñíà÷àëà ïðîâåðèì ïðàâóþ ÷àñòü,
     ; ÷òîáû ïîéìàòü îøèáêè âèäà X = X
     (check-syntax (third (syntax-e s)))
     ; Òåïåðü çàíåñ¸ì ëåâóþ ÷àñòü â ñëîâàðü
     (hash-set! variables a a))
    ; Äîñòóï ê ïåðåìåííîé
    ((list 'value-of a)
     ; Åñòü ëè îíà â ñëîâàðå?
     (unless (hash-has-key? variables a)
       ; Åñëè íåò � îøèáêà ñî ññûëêîé íà ñîîòâåòñòâóþùèé ñèíòàêñè÷åñêèé îáúåêò
       (raise-syntax-error
        #f ''access to unassigned variable'' (second (syntax-e s)))))
    ; Âñå ïðî÷èå êîìàíäû
    ((list x ...)
     ; ïðîâåðÿþòñÿ ðåêóðñèâíî
     (for-each check-syntax (syntax-e s)))
    ; Êîíñòàíòû íå ïîäëåæàò ïðîâåðêå
    (_ #f)))

Ïîïðîñèì ïàðñåð âûçûâàòü íàø «êîìïèëÿòîð» ïåðåä âîçâðàùåíèåì ðåçóëüòàòà
(calc/parser.lisp):

(require parser-tools/yacc
         syntax/readerr
         calc/lexer
         calc/compiler)

(define (calc-read-syntax source-name input-port)
  (compile-program
   (parse-calc-port input-port source-name)))

Íàñëàäèìñÿ ðåçóëüòàòîì ( ðèñ. 8).
Ïîïðîñèì REPL äåëàòü òî æå ñàìîå (calc/lang/configure-runtime.rkt):

(require calc/parser
         calc/compiler)

(define (even-read source-name input-port)
  (begin0
    (compile-statement (parse-calc-port input-port source-name))
    (current-read-interaction odd-read)))

Ðèñ. 8

  ;
;
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Íàñëàäèìñÿ ðåçóëüòàòîì è çäåñü (ðèñ. 9).
Îòìåòèì, ÷òî îøèáêè âðåìåíè âûïîëíåíèÿ âñ¸ æå ñëó÷àþòñÿ è ñíàáæåíû áåêòðåéñîì

(ðèñ. 10).

Íà äàííûé ìîìåíò ó íàñ åñòü âñ¸ íåîáõîäèìîå, à íàïèñàëè ìû âñåãî 208 ñòðîê êîäà.

Ýòàï 3: ýëåìåíòû «ðîñêîøè»

Çàìåòèì íåáîëüøîå íåóäîáñòâî: REPL íå ïîçâîëÿåò ïåðåâîäèòü ñòðîêó. Íàæàòèå Enter
âåä¸ò ê íåìåäëåííîìó îòïðàâëåíèþ ñòðîêè íà ñèíòàêñè÷åñêèé àíàëèç. Ìû ñîáèðàëèñü äî-
ïèñàòü êîìàíäó íà ñëåäóþùåé ñòðîêå, íî REPL áåçæàëîñòåí (ðèñ. 11).

Õîðîøàÿ íîâîñòü: ïîâåäåíèå REPL ìîæíî íàñòðîèòü. Îòêðûâàåì ñíîâà
calc/lang/lang-info.rkt:

(define (get-info data)
  (lambda (key default)
    (case key
      ((configure-runtime)
       '(#(calc/lang/configure-runtime configure #f)))
      ((drracket:submit-predicate)
       (dynamic-require 'calc/tool/submit 'repl-submit?))
      (else
       default))))

è ñîçäà¸ì ìîäóëü calc/tool/submit.rkt ñ ôóíêöèåé repl-submit?, êîòîðàÿ âîçâðàùàåò #t,
åñëè ïåðåâîä ñòðîêè çàâåðøàþùèé, è #f, åñëè ïðîìåæóòî÷íûé. Îïðåäåëèòü ýòî íå òàê ïðî-
ñòî, ó÷èòûâàÿ, ÷òî ïîëüçîâàòåëü ìîæåò ââîäèòü â REPL âñ¸, ÷òî åìó çàáëàãîðàññóäèòñÿ. Áó-
äåì ñ÷èòàòü, ÷òî ñòðîêà ãîòîâà ê ñèíòàêñè÷åñêîìó àíàëèçó, åñëè îíà íå ïóñòàÿ, íå çàâåðøà-
åòñÿ îïåðàòîðîì (+, -, /, *, =, print) è åñëè ñêîáêè â íåé ñáàëàíñèðîâàíû. Âåñüìà óìå-
ñòíî èñïîëüçîâàòü óæå ãîòîâûé ëåêñè÷åñêèé àíàëèçàòîð äëÿ âûïîëíåíèÿ ýòîé çàäà÷è:

#lang racket

(require calc/lexer
         parser-tools/lex)

Ðèñ. 9 Ðèñ. 10
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(provide repl-submit?)

(define (repl-submit? ip has-white-space?)
  (let loop ((blank? #t)      ; ñòðîêà ïóñòàÿ?
             (pending-op? #f) ; ñòðîêà çàâåðøàåòñÿ îïåðàòîðîì?
             (paren-count 0)) ; áàëàíñ ñêîáîê
    ; Âñå îøèáêè ëåêñè÷åñêîãî àíàëèçàòîðà ìû îáÿçàíû ïðîïóñêàòü
    (with-handlers ((exn:fail:read?
                     (lambda (e)
                       #t)))
      (let ((token (position-token-token (calc-lexer ip))))
        (case token
          ((EOF)
           (and (zero? paren-count)
                (not blank?)
                (not pending-op?)))
          ((PLUS MINUS MULTIPLY DIVIDE ASSIGN PRINT)
           (loop #f #t paren-count))
          ((LEFT-PAREN)
           (loop #f #f (+ paren-count 1)))
          ((RIGHT-PAREN)
           (loop #f #f (- paren-count 1)))
          (else
           (loop #f #f paren-count)))))))

Âðîäå ðàáîòàåò (ðèñ. 12).
Ïî÷òè âñ¸. Îñòàëîñü òîëüêî äîáàâèòü ïîäñâåòêó ñèíòàêñèñà. Íó è, íàïðèìåð, êîììåíòà-

ðèè, ÷òîáû áûëî ÷òî ïîäñâå÷èâàòü. Ïóñòü êîììåíòàðèè áóäóò â ñòèëå bash � îò ñèìâîëà «#»
äî êîíöà ñòðîêè. Îáíîâëÿåì calc/lexer.rkt,  ïîïóòíî ýêñïîðòèðóÿ èç íåãî íåêîòîðûå âåùè,
êîòîðûå ñêîðî ïîíàäîáÿòñÿ:

(provide value-tokens op-tokens
         position-line position-col position-offset
         calc-lexer
         lex:comment lex:identifier lex:number lex-ci)

Ðèñ. 11 Ðèñ. 12
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(define-lex-abbrevs
  (lex:letter (:or (:/ #\a #\z) (:/ #\A #\Z)))
  (lex:digit (:/ #\0 #\9))
  (lex:comment (:: ''#'' (:* (:: (char-complement #\newline))) (:? #\newline)))
  (lex:whitespace (:or #\newline #\return #\tab #\space #\vtab))
  (lex:identifier (:: lex:letter (:* (:or lex:letter lex:digit))))
  (lex:number (:: (:? #\-) (:+ lex:digit) (:? (:: #\. (:* lex:digit))))))

(define calc-lexer
  (lexer-src-pos
   ((:+ lex:whitespace) (return-without-pos (calc-lexer input-port)))
   ; êîììåíòàðèè ïðîïóñêàåì òàê æå, êàê è ïðîáåëû
   ((:+ lex:comment) (return-without-pos (calc-lexer input-port)))
   (''='' (token-ASSIGN))
   (''+'' (token-PLUS))
   (''-'' (token-MINUS))
   (''*'' (token-MULTIPLY))
   (''/'' (token-DIVIDE))
   (''('' (token-LEFT-PAREN))
   ('')'' (token-RIGHT-PAREN))
   ((lex-ci ''print'') (token-PRINT))
   (lex:identifier (token-IDENTIFIER (string->symbol lexeme)))
   (lex:number (token-NUMBER (string->number lexeme)))
   ((eof) 'EOF)))

Èíôîðìàöèÿ î ïîäñâåòêå ñèíòàêñèñà çàäà¸òñÿ îïðåäåë¸ííûì îáðàçîì â äèðåêòèâå #:info
ôàéëà  calc/lang/reader.rkt:

(module reader syntax/module-reader
  #:language 'calc/language
  #:read calc-read
  #:read-syntax calc-read-syntax
  #:whole-body-readers? #t
  #:language-info '#(calc/lang/lang-info get-info #f)
  #:info (lambda (key defval default)
           (case key
             ((color-lexer)
              (dynamic-require 'calc/tool/syntax-color 'get-syntax-token))
             (else (default key defval))))
  (require calc/parser))

Ñîáñòâåííî ïîäñâåòêó îñóùåñòâëÿåò îòäåëüíûé ìîäóëü calc/tool/syntax-color.rkt.
Â í¸ì íàõîäèòñÿ, ïî ñóòè, åù¸ îäèí ëåêñè÷åñêèé àíàëèçàòîð, íî òàêîé, êîòîðûé âûäà¸ò íå-
 òîêåíû, à îñîáûå «ïÿò¸ðêè» çíà÷åíèé: ëåêñåìà, å¸ òèï (êîììåíòàðèé/êîíñòàíòà/êëþ÷åâîå
ñëîâî/ñèìâîë/etc), «ñêîáî÷íîñòü», à òàêæå íà÷àëî è êîíåö ëåêñåìû â èñõîäíîì ôàéëå:

#lang racket

(require parser-tools/lex
         (prefix-in : parser-tools/lex-sre)
         calc/lexer)

(provide get-syntax-token)

(define (syn-val lexeme type paren start end)
  (values lexeme type paren (position-offset start) (position-offset end)))
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(define get-syntax-token
  (lexer
   ((:+ whitespace)
    (syn-val lexeme 'whitespace #f start-pos end-pos))
   (lex:comment
    (syn-val lexeme 'comment #f start-pos end-pos))
   (lex:number
    (syn-val lexeme 'constant #f start-pos end-pos))
   ; ''Print'' ó íàñ áóäåò åäèíñòâåííûì êëþ÷åâûì ñëîâîì
   ((lex-ci ''print'')
    (syn-val lexeme 'keyword #f start-pos end-pos))
   ; Èìåíà ïåðåìåííûõ ó íàñ áóäóò èäåíòôèêàòîðàìè
   (lex:identifier
    (syn-val lexeme 'symbol #f start-pos end-pos))
   ; Àðèôìåòè÷åñêèå îïåðàöèè è ''='' áóäóò ñ÷èòàòüñÿ çà ñêîáêè
   ; (Îïåðàöèé êðîìå ñêîáîê Racket, ïîõîæå, íå çíàåò)
   ((:or #\+ #\- #\/ #\* #\=)
    (syn-val lexeme 'parenthesis #f start-pos end-pos))
   ; Ñàìè ñêîáêè òîæå ñ÷èòàþòñÿ çà ñêîáêè, è âäîáàâîê ê òîìó îáëàäàþò
   ;  ñâîéñòâîì ''ñêîáî÷íîñòè'', ÷òîáû ðåäàêòîð Racket ïîäñâå÷èâàë
   ;  îòêðûâàþùèå è çàêðûâàþùèå, îïÿòü æå, ñêîáêè.
   (#\( (syn-val lexeme 'parenthesis '|(| start-pos end-pos))
   (#\) (syn-val lexeme 'parenthesis '|)| start-pos end-pos))
   ((eof) (syn-val lexeme 'eof #f start-pos end-pos))
   (any-char (syn-val lexeme 'error #f start-pos end-pos))))

Âíèìàíèå: ÷òîáû ïîäñâåòêà ñèíòàêñèñà çàðàáîòàëà, íàäî ïåðåçàïóñòèòü Racket. Åñëè
âäóìàòüñÿ, ýòî çíà÷èò, ÷òî ïðè âûïîëíåíèè âñåõ ïðåäûäóùèõ îïåðàöèé Racket íå íàäî áûëî
ïåðåçàïóñêàòü! È äàæå test.calc ìîæíî áûëî íå çàêðûâàòü. Ïðè òîì ÷òî ìû òàì «ðåçàëè
ïî æèâîìó» âî ìíîãèõ ìåñòàõ. Racket èñòèííî äèíàìè÷åñêàÿ ïëàòôîðìà. Âîò ÷òî ïîëó÷èò-
ñÿ ïîñëå ïåðåçàïóñêà (ðèñ. 13).

Ïîäñâåòêà ñèíòàêñèñà â äåé-
ñòâèè. Â REPL, ïðàâäà, îíà íå ðà-
áîòàåò (òî åñòü ðàáîòàåò, íî íå íà-
øà, à ñòàíäàðòíàÿ), íî íå áóäåì
ïðèäèðàòüñÿ ê ìåëî÷àì. Racket �
ïðåêðàñíàÿ âåùü. Âñ¸ âûøåîïè-
ñàííîå ìû ñäåëàëè, íàïèñàâ 268
ñòðîê êîäà. Òî, ÷òî ïîëó÷èëîñü,
ìîæíî ñêà÷àòü ïî ññûëêå [4]. Âî-
îáùå-òî ìîæíî åù¸ ñäåëàòü òàê,
÷òîáû ÿçûê  calc  âêëþ÷àëñÿ áåç
#lang calc, è åù¸ ìîæíî íàó÷èòü
DrRacket ñìîòðåòü ïåðåìåííûå â
îòëàä÷èêå, è åù¸ ìîæíî ñîáðàòü
DrRacket, êàñòîìèçèðîâàííûé ïîä
calc è ãîòîâûé ê ðàñïðîñòðàíå-
íèþ, íî îáî âñ¸ì ýòîì êàê-íèáóäü
â äðóãîé ðàç.

Ðèñ. 13
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Abstract

The article gives a detailed explanation of how to create a simple domain-specific language
(DSL) on the Racket development platform. There is a lexical analyzer, parser, REPL, compiler,
debugger, backtraces, syntax highlighting. The new language is integrated into the DrRacket
IDE. The whole project is less than 300 lines of code.
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