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Re gu]ar EXPI‘CSSiOII Search In the compiled code, the lists mentioned in the algo-
. rithm are not characters, but transfer instructions into
Algorlthm the compiled code. The execution is extremely fast since

a transfer to the top of the current list automatically

searches for all possible sequel characters in the regular
KN THOMPSON expression.

Bell Telephone Laboratories, Inc., Murray Hill, New Jersey This compile-search algorithm is incorporated as the
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IBM 7094

word

type A

type B

S1

35

prEfix13 decrement 15 tag3  address 15
00
operation 12 tag 3  address 12




car & cdr

CAR SXA CARX,4 J®D FEh%E CARXDAdrER
PDX 0,4 AccDDcrEf % IR4AN
CLA 0,4 SCIEIBFT0,4DEE% Acc/\
PAX 0,4 AccDAdrEB%Z IRAN R U R st sl
PXD 0,4 IR4% AccDDcrEfN\
CARX AXT *k 4 IF D Fih % IRAN
TRA 1,4 R%
CDR SXA CDRX,4 U®D &Fh% CDRXDAdrIE\
PDX 0,4 AccDDcrEf % IR4AN
CLA 0,4 SCIEIBFT0,4DE X Acc\
PDX 0,4 AccDDcrEB% IR4N
PXD 0,4 IR4% AccDDcrEfN\
CDRX AXT *k 4 & D % IRAN
TRA 1,4 R
Accl | | | |
|| | | | | |conscel
r \_.bar L(—-fm}
Acel L " 1] |l Accl I " [ ] |

CDR CAR
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CODE

00 CO TRA CODE+1

01 (TXL FAIL,1,-’a’-1 |
02 TXH FAIL,1,-’a’

03 _TSX NNODE, 4 )
04 ~—— TRA CODE+16

05 [ TXL FAIL,1,-’b’=1 F——
06 TXH FAIL,1,-’b’

07 _TSX NNODE, 4 )
08 —— TRA CODE+16

09 [ TXL FATL,1,-’c’—1 |
10 TXH FAIL,1,-’c’

11 _TSX NNODE, 4 )
12 —— TRA CODE+16

13 TSX CNODE, 4

14 TRA CODE+9

15 _TRA CODE+5 )
16 ~—( TSX CNODE, 4 A
17 TRA CODE+13

18 TRA CODE+19

19 - TXL FAIL,1,-’d’-1
20 TXH FAIL,1,-’d’

21 L TSX NNODE, 4 )
22 TRA FOUND




00 CODE [ TXL FAIL,1,-98
01 TXH FAIL,1,-97
02 TSX NNODE, 4

03 TSX CNODE, 4

04 ~—— TRA CODE+9

05 TXL FAIL,1,-101
06 TXH FAIL,1,-100
07 | TSX NNODE, 4

08 TRA FOUND

09 — TSX CNODE, 4

10 ,—TRA CODE+14

11 TXL FAIL,1,-99
12 _TXH FATL,1,-98
13 TRA CODE+2

14 \“*[TXL FAIL,1,-100
15 TXH FAIL,1,-99
16 TRA CODE+2

TSX CODE,?2

TSX CODE+3,2

TSX CODE+10,2



CNODE, NNODE, XCHG

00
01
02
03
04
05
06
07
08
09

00
01
02
03
04
05
06

CNODE

TSXCMD

NNODE

AXC
CAL
SLW
PCA
ACL
SLW
TXI
SCA
TRA
TSX

AXC
PCA
ACL
SLW
TXI
SCA
TRA

*%x 7
CLIST,7
CLIST+1,7
,4

TSXCMD
CLIST,7
*+1,7,-1
CNODE, 7
2,4

1,2

x% 7

,4
TSXCMD
NLIST,7
*+1,7,-1
NNODE, 7
1,2

MEEBDAIrEDEHZIRT\;IRTIIE
CLISTOEREZDEE

FDRN\BT

IRADEF Z Acc/\; AcclEIE

‘TSX 1,2 %89

CLISTOREDHIN

IRTZ1R5T

F DEDE Z CNODED AdrZB~\ ; CNODED Adr & 1E
TSX CNODE, 4T DRDRNRD

EE

MEEDAArEDE#Z IR\ ; IR7TIZE
IRADEF Z Acc/\;AcclEIE

‘TSX 1,2 %89

NLISTOEEA

IRTZ1R5T

Z DEDE Z NNODED AdrZB~\ ; NNODED Adr [& 1E
CODED Y 7 I)IL—F VM 5CLISTNRE D



00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15

XCHG

X1

X2

TRACMD

FAIL

INIT

LAC
AXC
TXH
TXI
CAL
SLW
TXI
CLA
SLW
SCA
SCA
TSX
PAC
TSX
TRA
TRA

TRA

SCA
TRA

NNODE, 7
0,6
X2,7,-1
*+1,7,1
NLIST,7
CLIST,6
X1,6,-1
TRACMD
CLIST,6
CNODE, 6
NNODE, 0
GETCH, 4
,1
CODE, 2
CLIST
XCHG

1,2

NNODE, O
XCHG

NNODEDAdrER D E# %= IR7/\; IRTITE
M EEDAdrEf%Z IR6/\ ; IR6IZ0
IR7>-1735 , IR7=078 5 X2\

IR7Z# 18P
NLIST-IRTOARAB%Z Acc/\
AccZCLIST-IR6\

IR6Z 1S U TXIN

‘TRA XCHG’ ZAcc\
AccZCLIST-IR6/\

IR6 D &% CNODED Adr3B/\ ; CNODED Adr % 1F
0% NNODE D AdrEB

RDXF% FHAccDAIrZE
AdrZEDEFZ IR1IN

I& D Fith % IR2(C ATLCODE+0N
CLISTA

TE

IR2ZfE> TR

0% NNODE®D Adr3B\
XCHG\



A2\ 7 abcl*.d.

begin codeDEE IFEEL
integer char,lc, pc;
integer array stack[0 : 10], code|0 : 300];
switch switch := alpha, juxta, closure,or,eof;

lc:=pc:=0; Ay hovy, FATILNOVY
advance : IXNFHROEIZITRS

char := get character : IXFHRT

go to switchlindex(char)]; XFDOEEICIHU TRIKT S
alpha : XFDiHE

code[pc| = instruction(‘tra’, value(‘code’) + pc + 1,0, 0);

code[pc + 1] := instruction(‘tzl', value(‘ fail’), 1, —char — 1);
codelpc + 2] := instruction(‘txh’, value(‘ fail’), 1, —char);
code[pc + 3] := instruction(‘tsz’, value(‘nnode’), 4,0);
stackllc] := pc;
pc = pc + 4;
lc=lc+1;
go to advance;

Jurta : EEDZAR
lc :=lc—1,;

go to advance;



closure : REDGE

code|pc] := instruction(‘tsx’, value(‘cnode’), 4, 0);
code[pc + 1] := codelstack[lc — 1]];
code[stack[lc — 1]] := instruction(‘tra’, value(‘code’) + pe, 0, 0);
pc = pc + 2;
go to advance;
or : EBRDIZE
code[pc| := instruction(‘tra’, value(‘code’) + pc + 4,0, 0);

code[pc + 1] := instruction(‘tsz’, value(‘cnode’), 4, 0);
code|pc 4 2| := code[stack[lc — 1]];
code[pc + 3] := codelstack[lc — 2]|;
code[stack[lc — 2]] := instruction(‘tra’, value(‘code’) + pc + 1,0, 0);
code[stack[lc — 1]] := instruction(‘tra’, value(‘code’) + pc + 4,0, 0);

pc = pc+4;
lc:=lc—1,
go to advance;

eof : eof DIFH
code|pc] := instruction(‘tra’, value(‘ found'), 0, 0);
pc = pc+ 1;

end
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Scheme CHE

ERIVIY
(define (nextchar str clist nlist) i NFDI)I—T
(define (nextclist clist) cclistDI)L—7
(define (nextcode clist) scodeD)L—7
(let ((n (car clist)))
(if (>= n (length code)) ’found ; code DERFZ 8 2 fc->found

(let ((s (list-ref code n)))
(cond ((number? (car s)) (display (list ’code n s))
(nextcode (append s (cdr clist))))
((char=7 (car s) (string-ref str 0))
(set! nlist (cons (cadr s) nlist))
(nextclist (cdr clist)))
(else (nextclist (cdr clist))))))))
(display (list ’clist clist))
(if (null? clist) (nextchar (string-tail str 1) nlist ’(0))
(nextcode clist)))
(newline) (display str)

(if (= (string-length str) 0) ’fail (nextclist clist))
; XFIN <18 % Efail



(define code ’((#\a 1) (2 5) (3 4) (#\b 1) (#\c 1) (#\d 6)))
(define str "abcdx")
(nextchar str ’(0) ’(0))

abcdx(clist (0)) (clist ())
bcdx(clist (1 0))(code 1 (2 5))(code 2 (3 4))(clist (4 5 0))(clist (5 0))

(clist (0)) (clist Q)
cdx(clist (1 0))(code 1 (2 5))(code 2 (3 4))(clist (4 5 0))(clist (5 0))

(clist (0)) (clist (O))
dx(clist (1 0))(code 1 (2 5))(code 2 (3 4))(clist (4 5 0))(clist (5 0))

(clist (0)) (clist ())
x(clist (6 0)) =>found



aVIN1 < . .a* |bed

[

(=)

(define (comp q r) :
(define (chr ch r) (1ist (list ch (if (null? r) (+ q 1) r))))
(define (ast r) (let ((c (comp (+ q 1) @)));

< LEOERKEREZ IV /AL UclcBEL
(cons (list (+ q 1) (+ q 1 (length c))) c)))
(define (mid r) R 2EDIEREKIRZ IV /N1 )L UcEdICiEL
(letx ((c (comp (+ q 1) r)) (d (comp (+ g 1 (length c)) r)))
(cons (1ist (+ q 1) (+ g 1 (length c))) (append c d))))
(define (dot r) R 2EDOERKIRZ IV/INAM )L UcEdIcEL
(letx ((c (comp q *())) (d (comp (+ q (length c)) r)))
(append c d)))
(let ((ch (string-ref str 0))) (set! str (string-tail str 1))
(cond ((and (char<=? #\a ch) (char<=? ch #\z)) (chr ch r));%&F
((and (char<=? #\0 ch) (char<=? ch #\9)) (chr ch 1)) (U
((char=7? ch #\x) (ast r)) ; ok
((char=? ch #\|) (mid r)) |
((char=? ch #\.) (dot r))))) ;



(define str "..a*|bcd") (comp 0 *()) =>
((#\a 1) (2 5) (3 4) (#\b 1) (#\c 1) (#\d 6))

TO3ITEKREKZ —HEHOOV /1 ILER

(define str "..x*|0..1%...0%1%.0001y") (comp O ’()) =>
((#\x 1) (2 14) (3 4) (#\0 1) (#\1 5) (6 13) (#\0 7) (8 9)
(#\1 7) (10 12) (#\0 11) (#\0 9) (#\0 5) (#\1 1) (#\y 15))



3TERHER S ZHEH
IEARFRIE (0] (1(01%x(00)*0) *1) *)*x D EXIIITERTZS.

lomomo!

(do ((1 0 (+ i 1))) ((=1 16) ’ok)
(let ((str (string-append "x" (number->string i 2) "yy")))
(display (list i (mextchar str ’(0) ’(0))))))

(0 found) (1 fail) (2 fail) (3 found) (4 fail) (5 fail) (6 found) (7 fail)
(8 fail) (9 found) (10 fail) (11 fail) (12 found) (13 fail) (14 fail) (15 found)



BEEERT (T
(define (nextchar str clist nlist)
(define (nextclist clist)
(define (nextcode clist)
(let* ((n (car clist)) (s (list-ref code n)))
(cond ((number? (car s)) (display (list ’code n s))
(nextcode (append s (cdr clist))))
((char=? (car s) (string-ref str 0))
(let ((m (cadr s)))
(if (>= m (length code)) ;code DEIFEZ B Z Ic
(display (list ’found (string-tail str 1))) ;found
(set! nlist (cons m nlist))) ;nlistlicANS
(nextclist (cdr clist))))
(else (mextclist (cdr clist))))))
(display (list ’clist clist))
(if (null? clist) ;clisthEEC R 5
(nextchar (string-tail str 1) nlist ’(0))
inlistZclistiCc U RDODXENSET
(nextcode clist)))
(newline) (display str)
(if (= (string-length str) 0) ’fail (nextclist clist)))



(define code ’((#\a 1) (#\a 2) (#\a 3) (#\a 4)))
(BT DAED " a" %R I code

(define str "aaaaaaa"

(nextchar str ’(0) ’(0))

aaaaaaa(clist (0)) (clist ())

aaaaaa(clist (1 0))(clist (0))(clist ()

aaaaa(clist (1 2 0))(clist (2 0))(clist (0))(clist ())

aaaa(clist (1 3 2 0))(clist (3 2 0)) (found aaa) (clist (2 0))
(clist (0)) (clist ())

aaa(clist (1 3 2 0))(clist (3 2 0))(found aa) (clist (2 0))
(clist (0)) (clist )

aa(clist (1 3 2 0))(clist (3 2 0)) (found a)(clist (2 0))
(clist (0)) (clist ()

a(clist (1 3 2 0))(clist (3 2 0))(found ) (clist (2 0))
(clist (0))(clist ()



NI ~Zw I TR
(define (search str)
(call-with-current-continuation
(lambda (return)
(define (try n str) ;n&EHDcodeZstr THAND
(newline) (display (list ’try n str))
(cond ((>= n (length code)) (return ’found))
((string=7 str "") (return ’fail))
(else
(let ((c (list-ref code n))) (display c)
(cond ((number? (car c)) (try (car c) str) (try (cadr c) str))
((char=? (car c) (string-ref str 0))
(try (cadr c) (string-tail str 1))))))))
(let ((x (try O str))) M S AN
(if (or (eq? x ’found) (eq? x ’fail)) x;foundhfailhIRN(FHEH 3
(search (string-tail str 1))))))) IINFENSTEANS



ERITHER
(define code ((#\a 1) (2 5) (3 4) (#\b 1) (#\c 1) (#\d 6)))

;thompson example

(define str "aabbccdd")
(search str)

(try
(try
(try
(try
(try
(try
(try
(try
(try
(try
(try
(try
(try
(try

o

R WNEFE, WONE OO WN -

aabbccdd) (a 1) ;"a"fEh 51N (try 2 ccdd) (3 4)

abbcecdd) (2 5) ;DIKRZEFLENED (try 3 ccdd) (b 1)

abbccdd) (3 4) ; XFEIDLEN (try 4 ccdd) (¢ 1) ;"c"fTEh 51N
abbccdd) (b 1) ;"b"TH (try 1 cdd) (2 5)

abbccdd) (¢ 1) ;"c"TH (try 2 cdd) (3 4)

abbccdd) (d 6) ;"d"THRWLWMNS0N(try 3 cdd) (b 1)

abbccdd) (a 1) ;"a"fehs51N (try 4 cdd)(c 1) ;"c"EEHh 51N
bbccdd) (2 5) (try 1 dd) (2 5)

bbccdd) (3 4) (try 2 dd) (3 4)

bbcedd) (b 1) ;"b"EHSIN (try 3 dd) (b 1)

bcedd) (2 5) (try 4 dd)(c 1)

bcedd) (3 4) (try 5 dd)(d 6) ;"d"fEh 56/
bcedd) (b 1) ;"b"TEMSIN (try 6 d)

ccdd) (2 5)  =>found



