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5YN7AC71C RULE5 EM8EDDED 1N PL/1 

J0ach1m v0n Pe5chke 
7e1efunken C0mputer 6m6H, D 7750 K0n5tan2 

We5t 6ermany 

1h0u9h there are a1ready many tran51at0r wr1t1n9 5y5tem5 [1] , we 5ha11 pr0p05e yet an0ther 0ne. 1he~ph11050phy 
we 5ha11 f0110w 15 6e5t 0ut11ned 6y a reference t0 6arw1ck [2] : ••0ne 5h0u1d exp101t a f0rma1 5yntax a5 far a5 
p055161e, at the 5ame t1me 1ett1n9 the Pr09rammer ma1nta1n c0mp1ete c0ntr01••. 7h15 a1m can ea511y 6e ach1eved 6y 
em6edd[n9 1n PL/1 5yntact1c ru1e5 51m11ar t0 8NF. 

M0re 5pec[f1c: F0r 1mp1ement1n9 tran51at0r5 (and a150 f0r 0ther purp05e5) a PL/1-pr09ram may 6e u5efu1 that act5 a5 
a prepr0.ce550~: 1t tran5f0rm5 a character-5tr1n9 0r 5tream-f11e, ca11ed 50urce-text, that may c0nta1n 6e51de5 PL/1- 
5tatement5 a150 5yntact1c ru1e5 (pr0duct10n5, cate90r1e5) 0f a 9enera1 k1nd, 1nt0 a character-5tr1n9 0r 5tream- 
f11e, ca11ed Pr09ram-text, that c0nta1n5 0n1y PL/1-5tatement5, 1~e. w1th the ru1e5 6e1n9 expanded 1nt0 1e9a1 
PL/1-5tatement5; dur1n9 execut10n 0f the pr09ram-text 1eft-r19ht t0p-d0wn ana1y515 w111 6e perf0rmed 6y recur51ve 
de5cent [5]  • 

7he 50urce-text.. mu5t...have the.. f0.110~n 9 f9.[~ (n0tat10n and 0nexp1a1ned var1a61e5 a5 kn0wn fr0m PL/1-manua15; 19n0re 
+ 1n c01umn 1): 

50urce-text ::5 
{ p11-5tatement 1 ru1e } . . .  

ru1e ::= 
ru1e-1dent1f1er ::={51mp1e--5pec [ , ]  

~1 redundant { 51mp1e--5pec [ J  } . . .  ] . . .  ; 
+ 1 { ru1e-1dent1f1er : } . . .  PR0C [parameter-115t] 
+ [RECUR51VE] RE10RN5(811(1)); 
+ [parameter-dec1arat10n]..0 
+ 9r0up ; 
+ END-5tatement 

9r0up ::= 
< [1•1 [ (  { 1terate-5pec[( L00KUP-5pec] 1 L00K0P-5pec) ] a1ternat1ve5 > 

a1ternat1ve5 ::= 
redundant a1ternat1ve [ 1 redundant a1ternat1ve] ... 

redundant ::= 
r1]... 

a1ternat[ve ::= 
{51mp1e-5peC [ , ]~. . .  

] ;[part-5tatement 
1P051t10n-5tatement ] exeCute-5tatement ~ p11-5tatement ] .,~ 

51mp1e-5pec ::= 
term1na1 

1 reference 
1 9r0up 

+ 1 ~ 51mp1e--5pec 
term1na1 ::= 

Char-5tr1n9-c0n5t-exCept-nu115tr1n9 
+ 1 61t-5tr1n9--c0n5t-except-nu]15tr1n9 
+ 1 [+]-]ar1thmet1c-c0n5tant 

reference ::= 
ru1e-1dent1f1er [ar9Ument-115t] 

+ 1 fUnCt10m-re1erence 
+ 1Var1a61e-referenCe 
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par2-5pec ::= 
term1na1 

1 reference 
1 9r0up 

+ 1( expre5510n ) 
+ 1 "~ part-5pec 

part-5tatement : := 
[1a6e1-pref1x] : part-5pec [, [name-5pec] ] {~1 EL5E p11-9r0up } 

1terate-5pec ::= 
{) 

+ 1 1nte9er ) 
+ 1 { D0 1 8E61N) [ 70 [ : 1 70 ] expre5510n 1 1dent1f1er = 1 70 expre5510n ] ) 
+ ][5eparat0r.] 

5eparat0r ::= 
[ ( L00KUP-5pec] a1ternat1ve5 * 

L00KUP-5pec ::= 
L00KUP [ CHAR] ) 

name-5pec ::= 
expre5510n 

p051t10n-5tatement ::= 
[1a6e1-pref1x] , Var1a61e-reference 

execute-5tatement ::= 
[1a6e1-pref1x] . ; 

Ru1e5 f0r c0mment5 and mandat0ry 0r 0pt10na1 u5e 0f 6]ank5 a5 1n PL/1. 

4- 

+ 

+ 

+ 

4- 

+ 

+ 

4- 

Add1t10na1 term1n0109y: A 5pec1f1cat10n 15 a 51mp1e-5pec 0r a part-5pec. An 0pt10n 15 a 5pec1f1cat10n that 
6e91n5 ~th <# An a1ternat1ve that c0nta1n5 n0 5pec1f1cat10n 15 ca11ed p5eud0-a1ternat1ve. 7he term5 1eft- 
0pt10n, ma1n-5pec1f1cat10n and r19ht-5pec1f1cat10n w111 6e def1ned 1ater. 

7he mean1n9 0f a 50urce-text 15 f0und f0r m05t ca5e5 a5 f0110w5: 1f the ru1e5 d0n•t c0nta1n PL/1-5tatement, c0mma, 
ar9ument-115t , 1a6e1-pref1x, and c0n5truct5 f0rm 11ne5 marked a60ve 6y +, the 9rammar a5 5pec1f1ed 6y th05e 5yntact1c 
ru1e5 may 6e ca11ed a phra5e 5tructure 4rammar, and f0r 1t an e4u1va1ent 1n the we11 kn0wn u5ua1 5yntax n0tat10n ex15t5; 
1n 0rder t0 9et the e4u1va1ent de1ete the 5ym6015 e4ua1 and 5em1c010n and the c0n5truct5 c0mment and redundant, wr1te 
1dent1f1er5 ~th 10wer ca5e 1etter5 1n5tead 0f upper ca5e 1etter5 (and - 1n5tead 0 f ) ,  de1ete the 4u0te5 0f char- 
5tr1n9~0n5tant5 and under11ne the 5tr[n9 (1n m05t ca5e5 n0t nece55ary); 5u65t1tute 9r0up 6racket5 a5 f0110w5: 

<AL7ERNA71VE5 > 6y ( a1ternat1ve5 } 
<1 AL7ERNA71VE5 > 6y [ a1ternat1ve5 ] 
<0  AL7ERNA71VE5 > 6y ~ a1ternat1ve5 ~ . . .  
<1() AL7ERNA71VE5 ) 6y [a1ternat1ve5 ] ... 
<()* AL7ERNA71VE5-1 * AL7ERNA71VE5-2 ) 6y 

{ a1ternat1ve5-2 [a1ternat1ve5-1 a1ternat1ve5-2 ]... 
(J()* AL7ERNA71VE5-1 * AL7ERNA71VE5-2 > 6y 

[a1ternat1ve5-2 [a1ternat1ve5-1 a1ternat1ve5-2]...] 

(Remark: 7he5e 5ma11 dev1at10n5 fr0m the u5ua1 n0tat10n are nece55ary 1n 0rder t0 rema1n w1th1.~56-character-5et 
0f PL/1, t0 51mp11fy.the prepr0ce550r (50 that 1t need5 0n1y 1 pa55 and n0 rec0ur5e t0 5yntact1c ana1y515 0f PL/1- 
5tatement5). N0te that a part-5tatement 1n 1t5 51mp1e5t f0rm 15 0n1y an0ther repre5entat10n 0f a 5pec1f1cat10n, 6ut 
15 capa61e 0f exten510n5. 5ee examp1e 1 6e10w,} 

50me add1t10na1 p01nt5 mu5t 6e 065erved: 
A) 7he Pr09ram-text, 9enerated f0r a 50urce-text, c0nta1n5 n0 aut0mat1c pr0v1510n f0r 1eft-recur510n and 6ack7u P 

(6ack-up 15 meant re1at1ve t0 the 5e4uence 0f t0ken5 (at0m5, 5ym6015); the5e are f0und 6y 0ther mean5, 10e. 
6y 1ex1ca1 ana1y515, 5ee 1ater)/ theref0re, 1f a phra5e 5tructure 9rammar 15 5pec1f1ed 1t mu5t 6e re5tr1cted 
acc0rd1n91Y. E11m1nat10n 0f 1eft-recur510n 1n fav0ur 0f 1terat10n ra15e5 1n pract1ce n0 d1ff1cu1ty. 8ack-up may 
6e hand1ed 6y mean5 that are 0ut51de the p0551611t1e5 0f phra5e 5tructure 9rammar5 a5 def1ned a60ve (examp1e 10). 
(1f we had n0t 51n91ed 0ut the5e 5pec1a1 ca5e5, they w0u1d 510w d0wn the execut10n 0f any 9rammar c0n51dera61y.) 
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8) A p5eud0-a1ternat1ve 15 a1way5 re9arded a5 n0n-match1n9 (examp1e5 1ater). 

C) An a1ternat1ve c0n515t1n9 0n1y 0f (1 0r m0re) 0pt10n5 15 re9arded a5 n0n-match1n9 1f n0t at 1e85t 1 0f 1{5 
0pt10n5 matche5 (that 15{[a 1 [ ~ }  15t taken t0 mean [a 6 ] a ~ 6 ]  ). 1f the 1ar9e5t 9r0up c0nta1ned 1n 
a ru1e 15 0pt10na1, a150 a11 reference5 0f th15 ru1e mu5t 6e wr1tten a5 0pt10n5 (50 that the prepr0ce550r can 
hand1e an 0pt10na1 ru1e a5 n0n-0pt10na1 ru1e5). (7he5e c0nvent10n5 av01d an 0pt10n w1th1n an 1terat1ve 9r0up 
t0 cau5e un11m1ted cyc11n9 when the read1n9 p051t10n 15 n0t advanced.) 

D) 7he a1ternat1ve5 0f a ru1e are n0rma11y te5ted 1n the 0rder 1n wh1ch they are wr1tten, w1th the f1r5t match1n9 
0ne term1nat1n9 the te5t; thu5 the 4ue5t10n 0f un14uene55 0f the 9rammar d0e5 n0t ar15e (0ne may have f0r 
1n5tance tw0 a1ternat1ve5, the f0rmer 6e1n9 a 5pec1a1 ca5e 0f the 1atter, 5ee the def1n1t10n 0f 1ter~te-5pec 
a60ve). (5ee 1ater the except10n w1th L00KUP.) 

E) 7he 50urce-text mu5t n0t c0nta1n 50me 1dent1f1er5, a11 ef wh1ch end w1th a 6reak-character (they are re5erved 
f0r u5e 6y the prepr0ce550r; n0te that EL5E 15 n0t re5erved). 

76e e xp9n510n 0f a ru1e 1nt0 pr0cedura1 f0rm, 1.e. 1nt0 PL/1-5tatement5, w111 6e perf0rmed 6y the prepr0ce550r 
1n a9reement w1th 0ur c0nvent10n5 e55ent1a11y a5 f0110w5: 1f the 5pec1f1cat10n 15 a reference (e5pec1a11y a 
reference 0f a ru1e) 

1F reference 7HEN ... 

w111 6e 9enerated; 1f 1t 15 an0ther expre5510n (e5pec1a11y a char-5tr1n9-c0n5tant) 

1[ 1ERM1NAL~expre5510n) 7HEN . . .  

w111 6e 9enerated. 7he EL5E-path f0r c0mp1et10n 0f the 1F-5tatement depend5 0n the p051t10n 0f the 5pec1f1cat10n 
w1th1n the 5e4uence that make5 up the a1ternat1ve; 1et u5 d15t1n9u15h 6etween 

1eft--0pt10n5, 
the ma1n-5pec1f1cat10n (1.e. the f1r5t n0n--0pt10na1 5pec1f1cat10n), 
and a11 f0110w1n9 5pec1f1cat10n5 a5 r19ht-5pec1f1cat10n5, 

50 that we can 5ay: 0pt10n$are c0mp1eted 6y 

EL5E; 

1f n0 1eft-0pt10n 0ccur5, the ma1n-5pec1f1cat10n 15 c0mp1eted 6y 

EL5E 6010 a1ternat1ve--d1d-n0t--match; 

(1.e. 90t t0 the 6e91n 0f the next a1ternat1ve 0r 1f n0 next 0ne ex15t5 t0 the end 0f the 9r0up), 0therw15e 6y 

EL5E D0; 1F at-1ea~-1-1eft-0pt10n-matched 
1HEN CALL 6ackup; 
6010 a1ternat1ve-d1d-n0t-match; END; 

where 6ackup 5tand5 f0r 18ACKUP 1f the expan510n c0nta1n5 7ERM1NAL, f0r 68ACKUP 1f the 5pec1f1cat10n 15 
a 9r0up, and f0r 8ACKUP 0therw75e. 7he EL5E-path f0r a ma1n-5tatement after the 5e~0nd * 0f a 9r0up w1th 5eparat0r 
te5t5 a150 1f the c0ntr01 var1a61e 0f the 9r0up 84ua15 1. A n0n-~pt10na1 r19th-5epc1f1cat10n 15 c0mp1eted 6y 

EL5[ D0; CALL 6ackup; 
6010 a1ternat1ve-d1d-n0t-match; END; 

7here w111 6e a 51mp1er expan510n 1f the prepr0ce550r 15 1nf0rmed that the 5u6r0ut1ne 78ACKUP• d0e5 n0t return 
c0ntr01 (1.e. 1f 1t 15 n0t an app11eat10n 11ke examp1e 8 1n the 1a5t chap~er 6e10w: then the 6010 after 18ACKUP 
w111 6e 5uppre55ed and 7ERM1NAL w111 6e c0m61ned w1th 18ACKUP•t0 a ca11 0f 7ERM1NAL••. A ru1e w1th ::= n0t 
f0110wed 6y a 9r0up, 15 c0mp1e7ed 6y 9r0up 6ratket5; 51m11ar1y, the part5 6ef0re and after the 5ec0nd * 0f a 
9r0up w1th 5eparat0r are c0mp1eted t0 9r0up5 1f nece55ary. An 0pen1n9 9r0up 6racket 15 expanded t0 a PR0C-5tatement 
0r a D0-5tatement 0f the k1nd 

D0[v = 1 8Y 1 ] ;  

At the end 0f each a1ternat1ve a 5u1ta61e 6070- 0r RE7URN-5tatement 15 1nc1uded. 
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1n 0rder t0 pr0v1de max1mum f1ex16111ty, 5yntact1c ana1y515 15 n0t d0ne ent1re1y 6y the c0de 9enerated fr0m 
the 5yntact1c ru1e5; rather 1t re11e5 part1y 0n an env1r0nment t0 6e 5upp11ed 6y the u5er. 7he env1r0nment 
c0n515t5 0f th05e PL/1-5tatement5 1n the 50urce-text that dec1are (am0n9 0ther5) the funct10n 7ERM1NAL wh1ch 
may have the de5cr1pt10n 

EN7RY(CHAR(~)) RE7URN5(817(4)) 

and 5erve5 (81ter 5u1ta61e 1n1t1a112at10n) t0 C0mpare a•term1na1 (e5pec1a11y a char-5t1n9-c0n5tant) w1th a t0ken 
1n the 1nput-5tream0 7h15 funct10n w111 n0t c0pe w1th 6ack-up, 1.e. 5ucce551ve ca115 0f 1[RM1NAL w111 u5e the 
5ame t0ken, termed current t0ken~ unt11 the f1r5t match 6etween term1na1 and t0ken 0ccur5; thereafter f0r the next 
ca11 the next t0ken 15 u5ed. 7he env1r0nment mu5t a150 c0nta1n the parameter1e55 6ackup--5u6r0ut1ne5 (5ee examp1e 9) 
and a funct10n 7ERM1NAL wh1ch w0rk5 11ke 

1ERM1NAL : PR0C(57R1N6) RE7URN5(811(1)); 
DCL 57R1N6 CHAR(~); 
1F 7ERM1NAL (57R1N6) 7HEN RE7URN(•1•8); 
CALL 18ACKUL~ 570P; 

END 7ERM1NAL •; 

Am0n9 the fac111t1e5 that exceed phra>e5~tructure 9rammar5 are the f0110w1n9 0ne5: 

1) A ru1e may have parameter5 and (c0rre5p0nd1n91Y) a 5pec1f1cat10n may have ar9ument5 (examp1e5 5 and 4). 
7erm1na15 may a150 6e c0n5tant5 0f 0ther type than CHAR (they have the 5ame f0rm a5 data 1n a 5tream f0r 
PL/1-115t-d1rected 1/0, examp1e 2). A part-5tatement may 6e 1a6e1ed (re5tr1ct10n: the c1a551f1cat10n 1nt0 
1eft--0pt10n5, ma1n-~pec1f1cat10n and r19ht-5pec1f1cat10n5 mu5t n0t 6e d15tuY6ed 6y jump5) and 1t may c0nta1n 
a 5pec1f1cat10n f0r c0mpar150n w1th any 5ca1ar expre5510n (examp1e 68). A ~ 6ef0re a 9r0up mean5 that each 5pec1f1cat10n 
w1~1n a 9r0up w111 6e pref1xed 6y the 61t-5tr1n9-0Perat0r -~ . 

2) PL/1-5tatement5 may 6e 1nc1uded [n a ru1e f0r execut10n e1ther 1n the ca5e a 5pec1f1cat10n matche5 0F 1n the 
ca5e 0f n0 match (EL5E) (examp1e 5). A 6070 1aad1n9 0ut 0f an EL5E-pat~ w111 1n 9enera1 have a5 de5t1nat10n the 
6e91n 0f the next a1ternat1ve 0r the 5e91n 0f a p5eud0-a1ternat1ve added at the end 0f the 9r0up. PL/1- 
5tatement5 are c0p1ed t0 the Pr09ram-text w1th0ut 1n5pect10n, 1f n0 EL5E-path 15 5pec1f1ed 0ne w111 6e 
5upp11ed aut0mat1ea11y a5 a1ready exp1a1ned. 

5) Repet1t10n may 6e c0ntr011ed 6y a var1a61e (examp1e 6C). 1he c0n5tr~c~ 

(1terate-5pec 

15 expanded a5 f0110w5: 
( ) t0 D0v = 1 8Y 1; 

(00 1dent1f1er) t0 D0 1dent1f1er = 1 8Y 1; 
(1nte9er) t0 D0 v = 1 70 1nte9er; 
(D0 70 expre5510n) t0 D0 v = 1 10 expre5510n; 
(D0 1dent1f1er = 1 70 expre5510n) t0 D0 1dent1f1er = 1 70 expre5510n; 

w1th v 5upp11ed aut0mat1ca11y0 1terat1ve 9r0up5 0f the f1r5t tw0 k1nd5 try t0 match a5 0ften a5 p055161e, 
wherea5 the 0ther 0ne5 are re9arded a5 5ucce55fu1 0n1y after they matched the 5pec1f1ed num6er 0f t1me5 
(re9ard1e55 0f what may f0110w). 8y 5pec1fy1n9 8E61N anew 5c0pe f0r dec1arat10n5 w111 6e 1ntr0duced, 1.e. a 
8E61N-5tatement ~411 6e 1nc1uded 6ef0re the D0-9r0up. (N0te that an 0pt10na1 1terat1ve 9r0up 15 taken t0 mean 
the 5ame a5 a n0n-1terat1ve 0pt10n that c0nta1n5 a n0n-0pt10na1 1terat1ve 9r0up,) 

4) 7he L00KUP-5pec 5erve5 f0r 0pt1m12at10n; 1t 1nd1cate5 that each a1ternat1ve 0n that 9r0up-1eve1 6e91n5 w1th 

{ term1na1 1 ;:term1na1[,[name--5pec]]; } 

(n0te: n0 EL5E-path), a11 the5e term1n815 have the 5ame data type, and may 6e te5ted 1n any 0rder (wherea5 
n0rma11y a1tern8t1ve5 are te5ted 1n the 0rder 1n wh1ch they are wr1tten), 7he 1a5t a1ternat1ve may 6e 
p5eud0-a1ternat1ve. 7he Pr09ram-text 9enerated (near the end 0f the 9r0up) w111 6e 0f the k1nd 

DCL char-5tr1n9-array(...) 57A71C 1N17 ( . . . )  
AL16NED VAR CHAR(..,); 

6070 1a6e1(L00KUP,.(char-5tr1n9-array)); 
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51m11ar expan510n5 f0r 0ther data type5 (e5pec1a11y 1nte9er5), 7he envLr0nment mu5t c0nta1n a dec1arat10n f0r 
the entry L00KUP that c0mpare5 the current t0ken w1th the term1na15 (examp1e 9), 1f L00KUP CHAR 15 5pec1f1ed 
1t 15 a55umed that the t0ken5 (and term1na15) w111 6e 1 character 10n9; then the 9enerated pr09ram-text w111 
6e 0f the k1nd 

DCL 1NDEX 8U1Lf1[1; 
6070 1a6e1(1NDEX(CURREN7~0KEN,char-5tr1n9-c0n5tant)); 

w1th the entry CURREN7•10KEN c0nta1ned 1n~the env1r0nment (examp1e 9). (Remark: 1t 15 up t0 the PL/1-c0mp11er 
t0 pr0duce 0pt1ma1 c0de f0r the 6010. N0te 50~0~ 51m11ar1ty w1th tran51t10n ta61e5,) 7he expan510n 0f a 
r19ht-5pec1f1cat10n 1n a 9r0up w1th L00KUP w111 c0nta1n an EL5E-path w1th a 570P-5tatement 1n5tead 0f a 
6070-5tatement. 

5) An execute-5tatement f5 expanded t0 

CALL EXEC•; 

A p051t10n-5tatement 15 expanded t0 

CALL P051710N.(var1a61e-reference); 

1f a 5pec1f1cat10n 15 f0110wed 6y a c0mma, the f0110w1n9 CALL-5tatement 15 1nc1uded 1n the 1HEN-path 0f the 
expan510n: 1f the 5pec1f1cat10n 15 a 9r0up: 

CALL 6NAME..(p051t10n, name-5pec); 
0r CALL 65AVE..(p051t10n); 

the 5pec1f1cat10n c0nta1n5 7ERM1NA L (0r 7ERM1NA~ ): 

7NAr~..(p051t10n,name5pec); 

75AVE.(p051t10n); 

1f the expan510n 0f 

CALL 

0r CALL 

0therw15e 

CALL 

0r CALL 

NAME•(p051t10n, name-5pec); 

5AVE..(p051t10n); 

where p051t10n 15 a 61t-var1a61e 0r 61t-c0n5tant 0f va1ue •1•8 1f the 5pec1f1cat10n 1n the a1ternat1ve 15 the 
f1r5t match1n9 0ne w1th a c0mma f0110w1n9. 7he env1r0nment mu5t c0nta1n 5u1ta61e entr1e5. (5ee examp1e 6,) 
(N~te that a150 f0r an 0pt10n 0n1y the 7HEN-path 15 c0ncerned and the EL5E-path rema1n5 empty.) 

1) A ru1e that may u5ua11y 6e wr1tten 

may n0w 6e wr1tten w1th 4u0te5 and an9u1ar 6racket5 a5 f0110w5: 

A ::=8<C •D•1 

1E ) <1F> 
N0te that 5tack1n9 0f a1ternat1ve5 15 5t111 p055161e. An ar9ument-115t may 6e 5pec1f1ed a5 f0110w5: 

AR6UMEN7 L157 ::= •(• <(  )*•,•* EXPRE5510N > •)• ; 

2) 51nce a150 1nte9er5 may 6e u5ed a5 term1na15, the 1ex1ca1 ana1y515 perf0rmed 6y the pr0cedure 1ERM1NAL may 
a550c1ate 1 0r m0re 1nte9er5 (repre5ent1n9 1ex1ca1 cate90r1e5) w1th a t0ken and te5t f0r an 1nte9er. 1~0rder 
t0 1mpr0ve reada6111ty, ~ 5pec1f1cat10n 0f the f0rm (var1a61e) may 6e u5ed 1n5tead 0f 1nte9er (6ut 5ee the 
re5tr1ct10n w1th L00KUP). 
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J) 1f an ar1thmet1c expre5510n 15 t0 6e par5ed w1th0ut re9ard 0f 0perat0r pr10r1ty, a ru1e 0f the f0110w1n9 k1nd 
may 6e u5ed: 

EXPR ::=<( )~0PERA10R ~ 0PERAN0 1 •(• EXPR •)•> ; 

Pr10F1t1te5 are taken 1nt0 acc0unt (w1th0ut need f0r 6ack-up) 6y ca111n9 EXPR(0), where 

EXPR: PR0C(PR1(~41N) RECUR51VL RE7URN5(817(1)); 

< < 0PERAN0 J •(• EXPR(0) •)• > 

<~() 0PERA70R(PR10M1N~PR10) EXPR(PR10)> 

>; 
END ExPR; 

0PERA70R 15 the 1ex1ca1 cate90ry 0f the 1nf1x 0perat0r5 w1th (n0n-ne9at1ve) pr10r1ty 9reater than 1t5 f1r5t 
parameter; 0PERA70R a5519n5 the pr10r1ty 0f the current t0ken t0 1t5 5ec0nd parameter. 

4) A 5pec1f1cat10n may d0 50me un0rth0d0x add1t10na1 te5t5; f0r 1n5tance 

MEM0R•{.(ru1e-1dent1f1er-1, ru1e-1dent1 f1er-2) 

may ea11 ru1e2 0n1y 1f the 1a5t 6ut 0ne pr0cedure act1vat10n 15 0ne 0f ru1e1 (may 6e u5ed t0 c0m61ne tw0 
ru1e5 that d1ffer 0n1y 5119ht1y, depend1n9 0n 1eft c0ntext), 0ther dependenc1e5 0n ear11er part5 0f the 
ana1y515 may 6e 5pec1f1ed 6y 

801H~(expre5510n, ru1e-L dent1 fer) 

(5ee a150 examp1e 10). [he 5pec1f1cat10n 

L00KA8EAD. (ar r a~0f-term1na15, ru1e-1dent1f1er) 

w111 ca11 the 5pec1f1ed ru1e 0n1y after 5ucce55fu1 c0mpar150n 0f the current t0ken w1th 1 0r m0re term1naL5 
1n the 5ame way a5 1ERM1NAL w0u1d d0 6ut w1th0ut 91v1n9 perm15510n f0r the re~d1n9 p051t10n t0 advance t0 
the next t0ken after 5ucce5~ (may 6e u5ed f0r 0pt1m121n9 ru1e5 that can 5tart 0n1y w1th the 5pec1f1ed term1na15 
6ut need many act1vat10n5 6ef0re ca111n9 1ERM1NAL 1n the 0rd1nary way • (1n 5pec1a1 ca5e5 a 5et 0f 1nte9er 
term1na15 may 6e c0mpre55ed 1n a 61t 5tr1n9 t0 perf0rm the 0perat10n • 0n 1t 1n5tead 0f u51n9 an array.) 
A150 many 0ther 5pec1f1cat10n5 depend1n9 0n r19ht c0ntext may 6e u5efu1 a5 we11 a5 a 5pec1f1cat10n that 
matche5 any current t0ken (5ee C~17 and 5N080L f~r~amp1e5). N0te that we have 6a5ed 0ur 1an9ua9e 0n a very 
51mp1e a190r1thm; the m0re c0mp1ex k1nd5 0f 5cann1n9 and rep1acement 0perat10n5 may 6e perf0rmed 6y ref1nement; 
th15 15 p055161e 6ecau5e 0f a carefu1 de519n 0f the 1nterface 6etween the en~1r0nment and the c0ntr01 5tructure 
repre5ented 6y the ru1e5. 

5) Executa61e PL/1-5tatement5 may 6e em6edded 1n ru1e5 f0r whatever f~c111t7 15 needed, f0r 1n5tance t0 6u11d an 
1ntermed1~te par~e tree (u51n9 the 115t pr0ce551n9 fac111t1e5 0f PL/1) that mey 0r may n0t ref1ect the 
5tructure 0f the par5e; 0r they may 5t0re 1dent1f1er5 1n a 5ym601 ta6Le 0r de11Ver c0de; they may a1d 5yntaCt1c 
ana1y515 6y c0m~1n9 parenthe5e5, 0r 6y check1n9 1f a 115t ha5 m0re e1ement5 than perm1tted 0r 6y 0ther err0r 
check1n9 (f0r 1n5tance an err0r me55~9e 1n a p5eud0--~1ternat1ve at the end 0f a 9r0up). A 6010-5tatement 
may 6e u5ed t0 9et a m0re c0mpact 5yntact1c de5cr1pt10n; f0r 1n5tance an a1ternat1ve 0f the k1nd 

may 6e 5u65t1tuted 6y 

a16 {a 1c} 

[6[c]]a 
1f after c a 6070-5tatemeet 15 1nc1uded that a6n0rma11y term1nate5 2 9r0up5 and 5k1p5 the 5pec1f1cat10n a 
(may 6e p1u5 50me adju5tment 0f the tree). A 60$0-5tatement may 5e1ect an a1ternat1ve 6y u51n9 a 1a6e1-array 
that 15 1n1t1a112ed 6y a pref1x 6ef0re the f1r5t 5tatement 0f each a1ternat1ve 0f the 5ame 9r0up; the 
5e1ect10n may depend 0n ear11er part5 0f the ana1y515, f0r 1n5tance 0n data type5 a550c1ated w1th 1dent1f1er5 
0r c0n5tant5. F0r dec1arat1ve PL/1-5tatement5 w1th1n a ru1e 5ee examp1e 6C. 
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6) A part-5tatement may n0t 0n1y te5t t0ken5; 1n the ca5e 0f a 5ucce55fu1 te5t 1t may add1t10na11y perf0rm an 
act10n. 51nce th15 act10n 15 a CALL t0 a u5er-def1ned pr0cdure 1n the env1r0nment the u5er may ch005e what 
15 t0 6e d0ne w1th the 1a5t t0ken. 1n a very 51mp1e ca5e he ma7 ch005e t0 5u65t1tute the 1a5t t0ken 6y 
an0ther 5tr1n9 (0f e4ua1 1en9th) and never u5e 1t a9a1n, 6ut m0re 0ften he w111 w15h t0 keep the re5u1t 0f 
ana1y515 ea511y4~cce55161e f0r a 10n9er ~1me, 1.e. t0 5t0re a c0py.0f the 1a5t t0ken 1n a 5eparate var1a61e 
0r t0 5t0re the current read1n9 p051t10n 1n a var1a61e 0f type F1XED 81N. 0r he may pr0ceed 1n 6u11d1n9 a 
p~r5e tree that ref1ect5 the 5tructure 0f the ru1e act1vat10n5 and that ha5 t0ken5 and name5 0f ru1e5 
5t0red 1n the n0de5 (1n 0rder t0 9et the name 0f the ru1e a funct10n w0u1d 6e needed that return5 a 5tr1n9 
51m11ar t0 that pr1nted 6y the 5NAP--0pt10n 1n 0n-un1t5), 0r w1th the re5u1t 0f the name-5pec 5t0red 1n the 
n0de5; 6ut the name-5pec may a5 we11 pr0v1de a var1a61e 1n wh1ch t0 5t0re a p01nter (0f any 5c0pe and 
5t0ra9e-c1a55) t0 the 1a5t part 0f the tree 0r an entry t0 a c0de 9enerat1n9 r0ut1ne. N0te that the5e 
act10n5 c0u1d a5 we11 6e d0ne 6y exp11c1t PL/1-5tatement5. 

Examp1e5: 

A) /* RE0RDER1N6 0F 17EM5 */  
= 8 ,17EM1; = C ,11EM2; PU1 ED17( 11EM2 11 11EM1 ) (A); 

8) =C~PARA11VE,17EM; =~AND~; --(17EM); 
c) DCL (A,8)(3) P1R 1N17((3)NULL); 

<(D0 J = 1 70 3); =X,A(J); :Y,8(J); 

then 50me act10n5 u51n9 A and 8 > 

7) A p051t10n-5tatement may 6e re9arded a5 a part-5tatement w1th0ut te5t; 1t may 6e u5ed t0 5t0re the read1n9 
p051t10n 0r a p01nter t0 the 1a5t part 0f a tree. 

8) An execute-5tatement may 6e u5ed t0 execute a 5u6r0ut1ne 0r t0 eva1uate a funct10n, w1th entry and parameter5 
taken fr0m the 1a5t part5 0f a tree (the5e part5 may 6e re9arded a5 a 5tack) and then updat1n9 the tree. 0r 1t 
may de]1ver the text 50 far accumu1ated 1n the 1a5t part5 0f a tree. 

9) Pr1m1[1ve examp1e 0f an env1r0nment; a55umpt10n f0r th15 examp1e: each t0ken 1 char 10n9. 

8ACKUP : f8ACKUP : 68ACKUP : PR0C; 
0N C~ND1110N(5~AP) 5NAP;-516NAL C0N01710N(5NAP); 
5f0P; 

END 8ACKUP : 

1F V~L1D~ ~F~R 7E5t• 7HeN D0; 6Et E,D1t(t0KEN~)(A(1)); 
vAL1D F0R 1E57 =~1~8; END; 

RE1uRN(70KEN~.); 
END CURREN7 70KEN ; 
7ERM1NAL ; ~R0C(57R1N6) RE1URN5(817(1)); 

0CL 51~1N6 CHAR(1); 
1F cuRREN7 70KEN = 57R1N6 7HEN D0; vAL1D F0R 7E57 = •0•8; 

• • RE1uRN(, 178) ~END C 
RE1URN(•0•8); 

END 7ERM1NAL ; 
L00KUP : PR0~(57R1N65) RE7uRN5(F1xeD 81N); 

DCL•-57R1N6(*) AL16NED vAR CHAR(*), H80UND 8u1Lf1N; 
70KEN = CURREN7 10KEN; 
D0 1 ~ 1 70 H80u~D(51R1N65); 

1F 10KEN = 57R1N65(1) 7HEN RE7uRN(1); 
END; 
RE1URN(0); 

END L00KUP; 
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10) N0w 1et u5 5ee h0w the we11 kn0wn meth0d5 0f hand1:n9 6ack-up f1t 1n 0ur framew0rk. 1f eff1c1ency 15 0f 
1mp0rtance, 6ack-up 5h0u1d 6e av01ded; th15 may 6e d0ne 1n 51mp1e ca5e5 6y mer91n9 1eft part5 c0mm0n t0 
5evera1 a1ternat1~e524,5], 1.e f0r 1n5tance 

a 6 ~ a c 

a C ~ a 

{ r e f  := } . .0  e5pre5510n; 

are 5U65t1tuted 6y 

a{61c}  
a [c] 

ref { : :  ref } . . .  [ e5pre5510n-ta11] 

5ee a150 the 5yntax 0f 1terate-5pec a5 def1ned a60ve. 1n m0re c0mp1ex ca5e5, f0r 1n5tance 1f the a60ve chan9e5 
0f the 5yntact1c de5cr1pt10n w0u1d 1ead t0 a 1an9ua9e 5tructure re9arded a5 un5~[ted f0r 5emant1c de5cr1pt10n, 
0r 1f 1n a 1an9ua9e w1th0ut re5erved 1dent1f1er5 an a5519nment-5tatement ha5 t0 6e d15t1n9u[5hed fr0m 
5tatement5 0f 0ther type, then a (51n91e, 51mp1e) prepa55 may 6e c0n51dered that 9ather5 1nf0rmat10n, 50 that 
dec1510n5 1n the ma1n pa55 can 6e made ear1y en0u9h 6y a 5pec1f1cat10n 0f the k1nd 

80fH(61t-var1a61e, ru1e-1dent1f1er) 

that te5t5 f0r the ru1e 0n1y 1f the var1a61e, 5et 1n the prepra55, e4ua15 •1•8. (1f a prepa55 15 u5ed 1t 
w0u1d rea50na61y d0 50me add1t10na1 w0rk, name1y chan9e the 50urce 1nt0 a m0re mach1ne-0r1ented f0rm and 
attach t0 each t0ken 1 0r m0re c1a551fy1n9 1nte9er5, 50 that the ma1n pa55 cen w0rk w1th 1nte9er5 1n5tead 0f 
5tr1n95.) A m0re 9enera] 6ut 1e55 eff1c1ent appr0ach 15 the f0110~n9 0ne. 1hat part 0f the 9rammar 1n wh1Ch 
6ack-up 15 needed, 15 arran9ed 5uch that 1t ha5 1t5 0wn 5c0pe. fhe 5pec1f1cat10n5 1n th15 5c0pe ~re 5upp1emented 
1n 9enera1 6y a c0mma, fhe env1r0nment f0r th15 5c0pe c0nta1n5 a C0~f£0LLE0 var1a61e wh05e 9enerat10n5 91ve 
f0r each act1ve a1ternat1ve the read1n9 p051t10n 0n entry t0 the a1ternat1ve. A 9enerat10n 15 a110cated and 
freed 6y the 5ave-r0ut1ne5 1ntr0duced 6y 5pec1f1cat10n5 f0110wed 6y a c0mma, fhe 6ackup-r0ut1ne5 re5et the 
read1n9 p051t10n acc0rd1n9 t0 the 1a5t 9enerat10n and free 1t (a5 a preparat0ry 5tep f0r pr1nt1n9 err0r 
me55a9e5, the 6ackup-r0ut1ne5 may a150 5t0re the r19htm05t read1n9 p051t10n ever reached). [n 9enera1, a 
n0n--0pt1na1 r19ht-5tatement w111 have n0 EL5E-path, 50 that 0ne 15 5upp11ed aut0mat1ca11y a5 exp1a1ned a60ve, 
1.e. 0ne that ca115 a 6ackup-r0ut1ne and then jump5 t0 the next a1ternat1ve. 8ut th05e part-5tatement5 that 
a1way5 mu5t match, are 5upp11ed 6y the u5er w1th 

EL5E CALL ERR0R(err0r-num6er); 

50 that 1n Ca5e 0f an err0r a me55a9e can 6e pr1nted and the ana1y515 0f that par1 0f the 9rammar can 6e 
re1n1t1a112ed ([nC1ud1n9 the C0NfR0LLED var1a61e). 1f a tree 15 u5ed, read1n9 p051t10n5 may 6e 5aved 1n the 
tree 50 that n0 C0N7R0LLED var1a61e 15 needed (5t0r1n9 read1n9 p051t10n5 may 6e u5efu1 a150 f0r 0ther 
purp05e5), 

11) fhe 1an9ua9e that 15 1nput t0 0ur prepr0ce550r, 1.e. PL/1 extended 6y a var1ant 0f 8NF, 15 a mean5 f0r 
c0mpact 6ut ea5y t0 read f0rma112at10n 0f many pr061em5 w1th c0mp1ex 1091c1 th15 15 due t0 1t5 p05516111ty 
0f 5eparat1n9 the Pr09ram c0ntr01 5tructure fr0m the 0perat10n5, the f1r5t 6e1n9 c0ncentrated 1n "ru1e5•• 
and the 5ec0nd mak1n9 up an "env1r0nment", 1.e. the 1nterpretat10n 0f the ru1e5. 7hu5 th15 1an9ua9e 91ve5 
a framew0rk that 15 9enera1 en0u9h n0t 0n1y f0r wr1t1n9 tran51at0r5 f0r f0rma1 1an9ua9e5, 6ut a150 f0r 0ther 
purp05e5, f0r 1n5tance f0r c0mputat10na1 11n9u15t1c5 (n0te 50me 51m11ar1ty w1th the appr0ach 0f W00d5[6], 
6a5ed 0n L15P, and h15 cr1t14ue c0ncern1n9 tran5f0rmat10na1 9rammar5), a5 macr0 1an9ua9e (c0mp11e-t1me 
fac111ty) and f0r 0ther k1nd5 0f 5ym601 man1pu1at10n and pattern match1n9. 1t may a150 6e u5ed f0r mere1y 
def1n1n9 a 1an9ua9e, f0r 1n5tance the m0re c0mp1ex feature5 0f PL/1; th15 5ave5 the u5er the 60ther 0f 
1earn1n9 an add1t10na1 1an9ua9e (11ke the meta1an9ua9e VDL that 15 de519ned 0n1y f0r the purp05e 0f 
def1n1n9 and cann0t 6e u5ed f0r pr09ramm1n9 a5 we11)• 
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50m£.me~pr061em5 d0 n0t f1t we11 1n 0ur framew0rk~ f0r 1n5tance (1) enumerat/m 9 a11 5tr1n95 (up t0 a f1xed 1en9th) 
that can 6e te5ted 5ucCe55fu11y 67•a 91ven ru1e: 0r (2) 4ua51-para11e1 execut10n 0f the a1ternat1Ve$~1~e0 
1mmed1ate1y after 5ucce55fu1 execut10n 0f 0ne a1ternat1ve an0ther 0ne 0f the 5ame 9r0up mu5t 6e 5e1eCted and 
executed~ p055161y w1th 50me c0mpar150n 0f re5u1t5 0n re-un1fLcat10n 0F th{path5 at the end 0f the 9r0up. 
F0r the5e Ca5e5 the 5tra19htf0rward 501ut10n w0u1d re4u1re 50meth1n9 11ke C0-r0ut1ne5~ 6ut there are n0 
5u1ta61e pr1m1t1ve5 Ln PL/1 f0r u5e 1n the expan510n. 

1n m05t ca5e5 1t w111 6e rea50na61e t0 def[ne a new 1an9ua9e a5 exten510n 0f 0ne f0r wh1ch a c0mp11er 15 a1ready 
ava11a61e, 50 that 0n1y a prepr0ce550r ha5 t0 6e 1mp1emented~ 7h15 p05e5 c0n5tra1nt5 0n the 1an9ua9e de519n. 
0therw15e 0ne c0u1d 1ntr0duce new e1ement5 6y 5y5temat1c rev1510n 1n5tead 0f mere1y add1n9 them~ 7he 5tart1n9-p01nt 
f0r 5uch a rev1510n may 6e the f0110w1n9 065ervat10n: L1ke PL/1-F0RMA7-5tatement5 wh05e mean1n9 chan9e5 acc0rd1n9 
t0 the1r u5e w1th 6E7- 0r PU7-5tatement5~ 1t 15 p055L61e t0 u5e ru65, 6y mere1y chan~1n9 the emv1r0nment, n0t 
0n1y f0r 5yntact1c ana1y515 6ut a150 f0r 1n5tance f0r 

A) c0ncatenat1n9 a 5tr1n9 (0r 5tream-f11e) 0ut 0f 5evera15tr1n95; then the pr0cedure 7ERM1NAL w0u1d d0 the 
c0ncatenat10n and return a1wey5 •1•8; 

8) perf0rm1n9 8001ean 0perat10n5; 5e4uenc1n9 0f 5pec1f1cat10n5 1n an a1ternat1ve 15 1nterpreted a5 the 0peret10n • 
1n the f0110w1n9 env1r0nment: 

7E RM1NA L..: PR0C(5 fR1N6) RE7URN5(817(1)) ; 
0CL 57R1N6 817(1); RE7URN(57R1N6); END; 

8ACKUP : f8ACKUP : 68ACKUP : PR0C; END; 
C) a110ca~1h~ (and~1n1t1a1L21~9) 5t0ra9e t0 the c0mp0nent5 0f an a99re9ate (the ru1e 15 then an exp11c1t 

repre5entat10n 0f a tree). 

N0te that a c0mp11er f0r 5uch a 1an9ua9e 5h0u1d av0Ld redundanc1e5 1f the entr1e5 0f the env1r0nment are 
1N7ERNAL and 0f the 51mp1e k1nd5 ment10ned under A and 8 a60ve. A ~ 5 t e m a t [ c  1an ua9~ua.9~.w0u1d a150 pr0v1de a 
ca5e-5tatement, 1.e 50meth1n9 1[ke 

1F 5c~1ar-expre5510n = 9r0up { ;1  EL5E p11-9r0up 1 

7hL5 w0u1d 6e 1n 11me w1th what 15 u5ua11y c~11ed 90t0-1e55 0r 5tructured pr09ramm1n9. 7he m~1n advant89e 0f 
a 1an9ua9e that 15 m0re 5y5temat1c w0u1d 6e a 51mp1er de5cdpd0n 0f 1t5 5emant1c5 (mey 6e 6y pr05e r~ther thmn 
6y a f0rm81 meta1an9Ua9e) ~nd the p05516111ty t0 C0n5truCt 5~1ta61e hardware. 

Reference5 

1. J.Fe1dman, D.6r1e5: 7ran51at0r Wr1t1n9 5y5tem5, 
C0mm.ACM 11(1968% p. 77-113 

2. J.V. 6arw1ck: 6AR60YLE, A Lan9ua9e f0r C0mp11er Wr1t1n9, 
C0mm.ACM 7(1964), p. 16 

3. R.M.McC1ure: An Appra15~1 0f C0mp11er 7echn01097, 
5pr1n9 J01nt C0mputer C0nference 1972, p. 1-9 

4. D.C0hen: A L15t 5t~ture F0rm 0f 6rammar5 f0r 5yntact1c Ana1y515, 
C0mp.5urvey5 2(1970), p. 65--82 

5. J.M.F05ter: A 5yntax 1mpr0v1n9 Pr09ram t 
C0mp.J. 11(1968), p. 31-34 

6. W.A. W00d5: 1ran51t10n Netw0rk 6rammar5 f0r Natura1 Lan9ua9e An31y515~ 
C0mm.ACM 13(1970), p. 591-606. 


