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WK IS  GROUP (WKG(*)) ; 
WKG IS GROUP (kRU,wK2) ; 

(M,N,GCD,kRU,WK2) IS FIELD NUM(4) ; 

wKl(SUB1) = IF SUB1=1 THEN M 
ELSE IF WK1( SUB1-1) >WKZ( SUB1-1) THEN 

WK1( sUB1-1 )-wK2( SUB1-1) 
ELSE WK2(SUBl-1) ; 

WK2(SUB1) = IF SuE1=1 THEN N 
ELSE IF WK1( SUB1-1) >WKZ( SUB1-1) THEN 

WK2( SUB1-1) 
ELSE WKl(SUB1-1) ; 

END. WKG( SUB1 ) = wKl( SUB1 )=WK2( SUB1 ) ; 

IF END.WKG(SUB1) THEN GCD = WKl(SUB1) ; 

If X is a record of a keyed input f i le F, the instances of the 
record X can be selected and ordered according to  the value of a cont ro l  
var iab le  PO1NTER.X. The cont ro l  var iab le  PO1NTER.X has the same number 
of  dimensions and the same shape as the array X. For every value i n  the 
cont ro l  var iab le  POINTEX.X, a record instance i n  the f i le F w i t h  that 
key value w i l l  be presented i n  the corresponding element of a r ray  X. In  
order t o  use POINTER cont ro l  var iab le  f o r  se lec t ing  and ordering the 
records i n  a keyed f i le, one of  t h e  f i e l d  i n  records should be declared 
as a key i n  the f i le .  dec larat ion.  statement. The' content of the POINTER 
cont ro l  var iab le  is used as the key t o  access the corresponding record 
from the keyed f i l e .  

A keyed f i le may e i t h e r  have sequent ia l  or index sequent ia l  
organization. I f  t h e  f i le is index sequential,  the records s tored i n  
the f i le may be i n  any order. However, i f  the fi le is ac tua l l y  a 
sequent ia l  f i le, then t h e  records have to  be sorted i n  an ascending 
order according t o  the key field and the keys used t o  access t h e  records 
should a l s o  be sor ted i n  the same order. This is an implementation 
res t r i c t i on .  Without th is r e s t r i c t i o n  we can not read a l l  the records 
we want f r o m  t h a t  f i l e  i n  one pass. 

When a keyed f i le is declared as a source and a t a r g e t  file, the 
target f i le w i l l  be an updated version of  the source f i le. Ef fect ive ly  
only the records being selected may be modified. For the rest of the 
f i le they are kept i n t a c t  i n  the t a r g e t  f i le. This mechanism makes the 
update of sequent ia l  or index sequent ia l  f i le much easier t o  specify. 
Since a key value may occur more than once i n  the POINTER array,  the 
corresponding (one) record w i l l  be accessed, possibly updated, and 
wr i t ten  out severa l  times. I n  order to  make sure every update t o  the 
same record is e f fec t i ve ,  the updates have t o  be done sequent ia l ly .  W e  
can envisage that a new version of the keyed f i le is created after one 
record is updated and every update is done on the most recent version of 
the f i l e .  

Example : 



In the following MODEL specification a source f i l e  INVEN is 
declared aa a keyed f i l e .  STOCKS in the record INVREC is the key field 
of INVEN f i l e .  Since the control variable POINTER. INVREC is equal t o  
the field STK i n  f i l e  TRAN, the INVREC records w i l l  be ordered according 
t o  the values i n  the SmC field. 

MODULE: MINSALE i 

SOURCE: TFtAN, INVEN i 

TRAN IS FILE (SALEREC(*)) ; 
SALEREC IS RECORD (CUSTS,STK,QUANTITY) ; 

CUSP$ IS PIELD(CHAR(5 ) ) ; 
STK IS PIELD(CHAR(8)) ; 
QUANTITY IS FIELD( CHAR( 3 ) ) ; 

INVEN IS FILE ( INVREC( *)  ) 
KEY STOCKS 
ORG ISAM ; 

INVFtEC IS RECORD( STOCI(S, SALPRICE , QOH ) ; 
SToCKs IS PIELD(CHAR(8)) ; 
SALPRICE IS FIELD(NUMERIC(5 )) ; 
QOH IS PIELD(NOMERIC(5 ) ) ; 

If X is a record i n  a keyed f i l e ,  then it is accessed through the 
value of a POINTER control variable. . x t  may happen that the key value 
used t o  access the record does not match with any record. The accessing 
would f a i l .  The user may t e s t  the value i n  a control variable called 
F0UND.X t o  find out whether a record with some specific key exists or 
not. This infonaaton may be used t o  decide whether a new record should 
be added into the f i l e  or an old record should be updated. The control 
variable F0UND.X has the same shape as array X and PO1NTER.X. Its data 
type is boolean. 

LEN. X 

If  X is a field i n  some record and its data type is variable length 
character string, then the actual length of X is specified by the 
control variable LEN.X which is used t o  disassemble the input or output 
records. Corresponding t o  every element of array X, there is an element 
i n  LEN.X. The values i n  the array LEN.X are integers. We can use any 
integer type expression t o  define LEN.X. The only restriction is that 
the content of LEN.X should not depend upon any data physically 
positioned in a record af ter  the data field X. 

If X is a field i n  an input sequential f i l e ,  the control variable 
-.X can be used t o  denote the same field i n  the next physical record 
of the f i l e .  Although the next record usually means the record with a 
subscript value one larger than the current record, it may not be true 
when the current record is the las t  record in some group. The problem 



is caused by t h e  f a c t  t h a t  t h e  user  is deal ing with s t ruc tured  da t a  bu t  
t h e  real d a t a  i n  t h e  ex te rna l  f i le  is i n  a l i n e a r  form. Sometimes t h e  
information used t o  transform a sequence of records i n t o  a s t ruc tured  
form can only be conveniently expressed i n  t h e  way t h a t  t h e  records are 
physical ly  contiguous. For example, we may want t o  compare t h e  value of 
a key f i e l d  i n  t m  adjacent records t o  determine whether a record is t h e  
last record i n  a group or not. The f a c t  t h a t  t h e  cur ren t  record and t h e  
next record may or may not be i n  t h e  same group causes t rouble  i n  
referencing t h e  next record. 

Suppose t h e  records i n  a t ransac t ion  f i le  contain  a customer number 
and some re levant  information and t h e  records are sor ted  according t o  
t h e  value of t h e  customer number f i e l d .  W e  may use t h e  following 
spec i f i ca t ion  t o  descr ibe t h e  d a t a  s t ruc tu re .  

TRANSACPION IS  FILE ( CUSTOMER( * ) ) ; 
CUSTOMER IS  GROUP (TRANS-REC( * ) ) ; 

TRANS-REC IS  RECORD ( CU-NO, 1NE.ORMATION ) ; 
CU-NO IS FIELD ( PIC ' 99999999 ' ) ; 

I IS  SUBSCRIPT ; 
J IS SUBSCRIPT ; 
END.TRANSSREC(I,J) = 

C U S P O ~ N O ( I , J ) A = N E X P . C U S T O ~ N O ( I , J )  ; 

The term ~ . C U S T O ~ N O ( I , J )  i n  t h e  last a s se r t i on  can not be 
replaced by C U S X ) ~ N O ( I , J + l )  because t h e r e  may not be a record with 
t h i s  p a i r  of  subscr ip t  values. The r e s t r i c t i o n  i n  using t h e  cont ro l  
va r i ab l e  NEXT.X is t h a t  t h e  pos i t ion  o f  X f i e l d  i n  a record should be 
fixed, i.e. t h e  f i e l d s  to  t h e  left of  t h e  f i e l d  X can not be variable 
length s t r i n g s  or repeating with a variable number of times. Otherwise, 
t h e  f i e l d  X i n  t h e  next record may not be located cor rec t ly .  

SUBSET .X 

I f  X is a record i n  an output f i l e ,  then t h e  con t ro l  variable 
SOBSET.X can be used to  se l ec t ive ly  o m i t  some records f r o m  an output 
file. The SUBSET.X cont ro l  variable is a boolean a r r ay  of  t h e  same 
shape as t h e  a r r ay  X. When an element i n  t h e  SUBSET.X has  a value of  
boolean true, t h e  corresponding record X w i l l  be put  i n t o  t h e  output 
f i le  . On t h e  o the r  hand, i f  t h e  element has  a value of boolean f a l s e  , 
t h e  corresponding record w i l l  not be put  i n t o  t h e  output f i l e .  It  
should be noted t h a t  t h e  use of SUBSET cont ro l  variable does not a f f e c t  
any o the r  computations. Only a subset  of records X may be omitted from 
t h e  output f i le  . 



a A P T E R 3  

SYNTAX ANALYSIS PROGRAM 

The first phase of  the MODEL processor analyzes the syntax and 
o the r  local semantics of individual  statements. Advanced 
state-of-the-art syntax ana lys i s  techniques are used here which have 
proved to  be invaluable. Specif ical ly ,  the capab i l i t y  t o  generate t h e  
parser  autolnatically has enabled rapid development changes. I n  addit ion 
t o  checking the MODEL statements f o r  syn tac t i c  and some semantic errors, 
this phase also stores the statements i n  an in t e rna l  assoc ia t ive  form 
f o r  later processing. 

3 .1  E m ,  SAPG, AND THE SAP 

3.1.1 SPECIFICATION OF MODEL USING EBNF AND THE SAPG 

The syntax Analysis Program (SAP ) f o r  the MODEL statements is 
generated automatically by a Syntax Analysis Program Generator (SAPG). 
As shown i n  Figure 3.1, the SAPG produces the Syntax Analysis Program 
(SAP) f o r  analyzing MODEL statements, based on a spec i f ica t ion  of the 
MODEL language expressed i n  t h e  EBNF/WSC (extended Backus Normal Form 
With Subroutine Cal l s  ) meta language. 



Figure 3.1 Block Diagram of  SAPG and SAP 

I 

Specif iczzG-ccs List-leg 
SAP , S y n ? ~  3iag:~s';icr; .. mi 

H=IDEL - '~ss-ge='- lr i -ee  x i 5 ~ z " Z  

The EBNF/WSC includes the t r a d i t i o n a l  concepts of BNF. BNF' uses 
sequences of characters enclosed i n  angle-brackets > ca l led  
non-terminals t o  give names t o  g r a m a t i c a l  un i t s ,  f o r  which 
subs t i t u t ions  may be made. It also uses sequences of characters not 
enclosed i n  brackets which are i n  the object  language ( i n  this case 
mDEL). BNF cons i s t s  of a series o f  production rules o r  subs t i t u t ion  
rules of the form "A::=Bm where "A" is a s ing le  non-terminal syarbol and 
"BW is one or more a l t e rna t ive  sequences of  terminal  o r  non-terminal 
symbols that can be subs t i tu ted  for A. The a l t e r n a t i v e s  are separated 
by the meta-symbol " 1 " .  To facilitate language descr ipt ion,  BNF' w a s  
extended t o  EBNF w i t h  two more well-known meta-symbols: c 1 
representing op t iona l i t y  and [ I *  representing zero o r  more repe t i t ions .  

Statff&s 

The spec i f i ca t ion  of  MODEL that is input t o  the SAPG cons i s t s  not 
only of  the syntax spec i f ica t ion  o f  MODEL, bu t  also of  subroutine names 
embedded within the EBNF; therefore the name "EBNF W i t h  Subroutine 
Callsw (EBNF-). The SAPG provides a capab i l i t y  t o  branch t o  these  
subroutines upon successful  recognition of a syn tac t i c  un i t .  Thus, they 
can complete the SAP to  enable it t o  check some of the statement 
semantics, t o  encode, to  produce error messages, and t o  store the MODEL 

. statements for later r e t r i e v a l .  The invocations of these subroutines 
themselves are wr i t t en  manually. The de f in i t i on  of the MODEL language 
i n  EBNF/WSC appears i n  Figure 3.2. The subroutines t o  be invoked are 
indicated between s laches  (/.../). N o t e  that subroutine calls are made 
after the successful  recognition of syn tac t i c  u n i t s  up t o  that point .  

-=ed &-A Srzr& 
Stat errmn~s 

h d 



The SAP generated by the SAPG according t o  the EBNP/WSC is 
supplemented and linked with the routines. The SAP accepts stateuents 
i n  MODEL and checks them for syntactic correctness, and loca l  semantics. 
I t  produces a l i s t i n g  of the statements, syntax diagnostics, an encoded 
stored version of the MODEL statements, syntax trees for the assertions 
and a cross-reference report. 



tMDDE4SPECIFICATION>::=[<~D~BODYYSTEfPS> /CLRERRF/ I* 
/STbW-FL/ <MODE4SPECIFICATION> 

<MODE4BODY-STMTS > : : = /E( 80 )/ 
rnDtniE < M O r n - N A M - S T M T >  
ISOURCE <SOURCE-FILES-STMP> 
(TARGET <TARGET-FILES-SM> 
I s! -END 0 /ENDINP/ 
1 <-DESCRI PPION> 
I <-BEGIN> 
I <BUICK-END> 
I <OLD,FILE~STMT> 
I /ASSINIT/ <ASSER!TIONS> /STRHS/ 

<DCL-DESCRIPTION> : := 1 /I- /I- /MEMINIT/ /- 
< DArnSPEC > 
c , /E( 108 )/ <INTEGER> /cRDCY 
/I- /MEMINIT/ /- 
<DATA-SPEC, I* /SDCL/ < ~ ~ >  

<DATA-SPEC, ::= <DCL-MVAR> [( <OCCSPEC> )] C <IS> ] 
< A ~ S P E C >  /wDcL/ 

<A-SPEC, ::= <FILE> /SW/ /SVFLNM/ <FITIE_DESC> 
<STORAGE-DESC, /=!Dm/ 

I <RECORD> /w 
( <FIEll)-STMT> /STDFLD/ /SVD/ 

I c<-w>1 /m/ 
<B=BEGIN> : : = BfiOCK /BLKINIT/ [ <NAME> /SVLBL/ ] /E( 2 )/ 

: C cBIOUC-SPEC> I* /SVBLOK/ <ENDCHAR> 
<BUXX-SPEC, ::= <SOLUTION> I <ITERATION> 1 <-ERROR> 
<SOLUTION> ::= [ SOLUTION ] METHOD [ <IS> ] /E(62)/ 

&ETHo=, /-/ C , I 
tmTEiODS> 8 : -  NEWTON I GAUSS-SEIDEL I G-S I JACOB1 
<ITERATION> ::= C  MAXIMUM> ] <ITER> [ <IS> ] /E(4)/ 

d U m E R >  C , I 
<MAXIMUM> : MAX I MAXIMUM 
< ITER, ::= ITER I ITERATION I ITERATIONS 
<-ERROR> r : = C RELATIVE ] tEX?ROR> [ <IS> ] /E( 5 )/ 

dUMBm> /=w C t I 
<EI?RDR> ::3 ERR I ERRDR 
tB=END> ::= <END> /BLKEND/ C <NAME> /CHKLBL/ ] <ENDCHAR> 
t END > : : = /ENDID/ 
~ASSERTIONS>::=/E(14)/~CONDITIONAL> I 

/SVASSR/ /INTMVAR/ /STMVAR/ /-I/ 
[<IS>/!WNXOP/]<DD4O~RHS> 

<CONDITIONAL>::=IF /SVAASl/ /SVDPl/ /SETBIT/ /E(18)/ 
<BOOLEANLEANEXPRESSION> /SW=MPl/ /E( 38 )/ 
THEN / m p /  <SIMPLELEASSERTION> /svNxcm/ 
[ELSE /WNXOP/ <ASSERTION> / S N X C M P / ]  /STALL/ 

<ASSERTION>::= /E(14)/ <CONDITIONAL> I <SIMPLELEASSERTION> 

Figure 3.2 Definition of MODEL language in EBNF/WSC 



<DDLO~RHS>::=/INrnDDL/ <DA~DESC-STMT> /FREETMP/ 
I /E( 33 )/ < INTOAS > <ASSERTION-BRANCH, 

<ENDCHAR> 
<ASSEIZTION-BRAN(=H>::= <Dm-EXPRESSION> 

I <BOOLEANLEANEXPRESSION>/SVNXCMP/ /STALL/ 
tDEF-EXPRESSION>::= /INTSUB/ ( <VALUE-LIST, ) /FREESUB/ 
<VALUE-LI'ST>::= ( /CRSUB/ /DECPP/ <VALUE-LIST> 

[, <VALUELEANLIST> I* ) /INCPP/ 
1 [<SIGN> /SVOPP/] <NOMBER> /STNOM/ /STASS/ 

<INTOAS> : :=/INTOASS/ 
<SIMPLE>SERTION>::== /SVASAEl/ /I- <WAR> /STMVAR/ 

/-I/ /E( 23 )/ = /-p/ 
<BOOLEANLEANEXPRESSION> /camlcCm/ /STALL/ 
< ENDCHAR, 

<SUB-VARIABLE>::= /SETSUBV/ <VAR> /SVCMPl/ 
C ( /-p/ /SE'l'BIT/ /E( 22 )/ 
<BOOLEANLEANEXPRESSION> /SVNXCEIP/ [ , /SVNXOP/ 
<BOOLEANLEANMPRESSION>/SVNXCMP/]* 

/E(24)/ I /==I4 
<BOOLEAN-EXPRESSION> : : = @( 82 )/ /SVBEXP/ <COND-EXP> 

( <BOOLEAN-TERM> /sVcMPl/ 
[<OR> /,sVNmP/ <BOOLEAN-TERM, 
/-/ I * /- 

t COND-EXP > : : = IF /SVCOND/ /E( 3 )/ 4 BOOLEAWLEAWMPRESSION> 
/-I/ /E(79)/ /-p/ 
t BOOLEAN-EXPRESSION> /SVNXCEIP/ /E( 12 )/ ELSE 
/SVNXIDP/ (BOOLEAN-EXPRESSION> /SVNXiCMP/ 
/=L/ 

<OR>::= /OLREC/ 
<BOOLEAN-TERM>::= /E(83)/ /SVBTl/ <BOOLEAN-FAC'KlR> /SVCMPl/ 

[ JSVNXOP/ <BOOLEAN-FACPOR, /SWXMP/] * 
/SPALY 

<BOOLeAN-FACPOR> : : = /E( 82 )/ /SVBFl/ <CONCATENATION> /SVCMPl/ 
[ <RELITION> /SVNX]DP/ <CONCATENATION> 
/-/I* /- 

<RELATION>::= /=C/ 
<CONCATENATION> : : = /E( 84 )/ /SICON/ <ARITEi-MP> /-I/ 

[ <CONCAT> /SVNX]DP/ <ARITIi-EXP> 
/--/I * /=ALL/ 

<CONCAT>::= /CATREC/ 
<ARITH-MP>::= /E(81)/ / S W /  [<SIGN> /SVOPl/] 

<TERM> /SVCMPl/ [<OPS> /svNmP/ <TERM> 
/-/I * /- 

<TERM> : : = /E( 87 )/ /- tFACPOR> /-I/ 
[ <MOPS> /SVNXIDP/ <-R> /-/I * /-/ 

tFACPOR> : := /E( 85 )/ /SVPAC/ [ /-I/] <PRIMARY> /sVcMPl/ 
[tEXPON> /WNXOP/ <PRIMARY> /WNXCW/]* / S T A X 4  

<MPON>: := /EXPREC/ 

Figure 3.2 Definition of MODEL language i n  EBNF/WSC 



<PRIMARY> : := /E( 86 )/ /SVPRIM/ <IS-PRIM> /WCI@l/ /s(rawt/ 
t IS-PRIM, : : = ( tBOOLEANLEANEXPRESSION> /E( 2 4  )/ ) 

I <NUMBER> /SmTZIM/ I <STRING-FORM> 
I <FUNCTION-CALL> I <SUB-VARIABLE> 

<STRING-E'ORM> : := ' /SETSTRN/ [ <STRING> / S m G / ]  /E( 26 )/ 
' /AD- [B /STBIT/ /E( 1 )/ < B - s m > ]  

/sTNUM/ 
<FUNCTION-CALL> : : = <FuNCTION-NAI'fE> /-/ 

/SETE'UNC/ [(/WNXOP/ tBOOLEANLEANMPRESSION> 
/svNlKm/ [ /svNmP/ < BOOLEANLEANEXPRESSION> 

/-/ I* I / s T z w l  
<FUNCTION-NAME>::= /E'NcHl?Qt/ 
<m> : : = ( < SUB-VARIABLE> /SVMVAR/ 

[ *  <SUB-VARIABLE> /svMvAR/ I* ) 
I <SUB-VARIABtE> /svmmR/ 

<VAR> : := /SETVAR/ / I N I T Q W  /E( 68 )/ <NAME> /AD- /MKQNM/ 
C .  /AD- B(68)/  /AD- /MKQNM/l* 
/-CON/ 

<DcL-WAR> ::= ( tVAR> /SVMVAR/ [I <VAR> /SVMVAR/ I* ) 
I *VAR> /- 

<B-SUFX>::= /BITST&' 
<QNAME>::= /INI- / E ( 6 8 ) /  <NAME> /MKQNM/ 

c / E ( 6 8  )/ <NAME> mw'w I * 
<STRING> : : = <S*l%ING-CONST, 
<OPS>::= /OPREC/ 
tMDPS>::= /EaOPREC/ 
<TEST> : := /TESTBIT/ 
<MDDUIZ-NAME-STMT> : : = /E( 63 )/ : /E( 64 )/ <NAME > / m D /  

<ENDCHAR> 
<SOURCE-FILESFSM>::= [<FILE-=RD>] / E ( 7 5 ) /  / INITSFL/  : 

t SOURCE-FILELIST, /STSRC/ t ENDCHAR, 
<FILE-KEYW~RD>::=J F I L E S I F I L E  
tSOURCl-FILELIST>rt= / E ( 7 6 ) /  <NAME> /SVSRC/ 

C *  / E ( 7 6 ) /  <NAME> /m*/I* 
<TARGET-FILES-STMP> : := [ < F I L E m R D >  ] / E ( 7 7  )/ /INITTFL/ : 

t TARGET-FILELIST > /STTAR/ < ENDCHAR, 
<TARGETGETFILELIST> : := /E( 78 )/ <NAME> /SVTAR/ 

C I  @(78)/ <NAME* /m I* 
<DAwESC-STBW>: :=  tDAmDESCRIPTION> <ENDCHAR> 
< D A ~ D E S C R I P T I O N > : : =  

<FILE-STMT> /STFILE/ 
I < RECORD-STMT* /STREC/ 
I <GRoUPUPSTMT> /STGRP/ 
!<FIELD-STMT> /STFLD/ 
I <SUB-STMT> /STSUBST/ 

<SUB-STMT, : :=<SUBSCRIPT>/MEMINIT/ /SVMEM/ [( <OCCSPEC> ) ]  
<SUBSCRIPT>: := SUB I SUBSCRIPT I SmsCRIPTS 
<FILE>: :=  P I L E  ( REPORT I F I L E S  I REPORTS 

Figure 3 . 2  Def in i t ion  o f  M3DEL language i n  EBNF/WSC 



tRECORD-STMT> : : = <RECORD> /MEMINIT/ [ ( ] < ITEM-LIST* [ ) 1 
<RECORD> ::= REC 1 RECORD I RECORDS 
<ITEKLIST>::= /E(52)/<ITEM> [[,I <ITEM>]* 
<ITEM>::= <NAME> /SVMEM / [ . <NAME> /SVMEM/ I* 

[( <O(XSPEC> )] 
<OCCSPEC>::= <STAR> /SVSTw I <MINOCC>/SVMNOC/ [tMAXIOCC>] 
<STAR>::= /STARREC/ 
<MINOCC>::=<INTEGER% 
<MAXDCC> : := [ :/E(51)/]<INTEGER> /SWXOC/ /CKMNEM/ 

I <INTEGER> /SVMXIDC/ /CKMNEM/ 
<GROUP-STMP>::= <WUP>/MEMINIT/ [ ( I  < I m L I S T >  [ ) I  
<GROUP> ::= GRP I G m U P  I GROUPS 
<FIELD-STMP>::= <FIELD> /SVPLD/ <FIELD>TTR> 
<FIELD> ::= PLD 1 FIELD I FIELDS 
<FIELD-Am>::= [(I <TYPE> /SVE'M'P2/[ <LENG-SPEC,] 

[ 1 1 [ <LINKSPEC> I C , I C <COLSPEC> I C 1 I 
<LENG-SPEC, t i =  ( /E(48)/ &IN-LENGJ!H> [ tMAY,LENClTH> ] 

/E(49)/ 1 
I<MIN-LENGTH> [<MAX-LENGTEI>] 

<MIN-LENGTB>::= <INTEGER> /SVMNFLN/ 
<LINE,SPEC> : := LINE /E( 53 )/ /E( 54 )/ /E( 55 )/ 

( <INTEGER> /SVLINE/ ) 
<COI&iPEC> : : = COL /E( 90 )/ /E( 91 )/ /E( 92 )/ 

( <INTEGER> /SVCOL/ ) 
<TYPE>::= /E(47)/ <PIC-DESC> I (STRING-SPEC* I <-SPEC> 
<PIC-DESC>::= <PIC-TYPE* /E(67)/ /SVPIC/ 

* [ <STRING> /SVPICST/ ] * /STPIC/ 
<PIC-TYPE>::= PIC I PI- 
<STRING-SPEC>::= <STRING-TYPE, /SVSTRTP/ 
<STRING-TYPE>::= CHAR I I BIT I NUM I NUMERIC 
<-SPEC>::= <MIY,TYPE> /SVNUMTP/ [ <FIXFLT> /SVMDD/ ] 
<-TYPE>::= BIN 1 BINARY 1 DEC I DECIMAL 
<FIXFLT>:a= FIX ( FIXED I E'L 1 =AT I FLT 
<MAY_LENGTB>::= [:I <INTEGER> /SVMXFLN/ 

I , /E(% )/ <SI=> /m-/ 
I <INTEGER> /SVMXPIN/ 

<SINTGR>::= - /E(50)/ <INTEGER> /NEGATE/ I <INTEGER> 
cNUMBER> : : = /SETNUM/ < INITNUM> /E( 65 )/ <RECNUM> 
<RM=MIM>: := /RE- 
< INITNUM> : : = /INITNUM/ 
<SIGN>::= + 1 - 
<RECG>::= <RECORD> I <GROUP> 
<KEY>::=KEYlSEQUENCE 
<CX)DE>::=EBCDICIBCD[ASCIf 
<ANY>::= <NAME>I<IrnGER> 
<NO-TW(S>::= 719 
<DENSITY>::= 200~556~800~1600~6250 
<PARITY>::= ODDIEVEN 

Figure 3.2 Defini t ion of MODEL language i n  EBNF/WSC 



<TYPEDSK>::= 2314123111333012305 1 3330-1 
<ORG~::=ORG~ORGANIZATION 
<Om-TYPE>::= /E(7)/ISAMISEQUENTIALISAM1ImEXED,SEQUENTIAL 
< ENDCHAR, : : = /E( 74 )/ < ENI)-CHAR> /STMTINC/ 
< END-CHAR> : : = /SVENDC/ 
< STRINGGCONST > : : =/CHARSFR/ 
<NAME>::=/NAMEFEc/ 
<INTEGER>::=/ImC/ 
<IS>::= IS I = 1 ARE 
<FILE-STM'P>::== <FILE> /SVF'LNM/ /MEMINIT/ <SON-DESC, 

<FILE,DESC> <STORAGE-DESC, /STDEV/ 
< SON-DESC > : : =( < I m L I S T >  ) 

I <RECG> [NAME] [<IS>] [(I <ITEM> [)I 
<OLD,FILE-STMP>::= <FILE> [NAME] [<IS>] /E(56)/ /MEMINIT/ 

/I- 
<DCL--> /SVPlCINM/ 
<RECG> [NAME] [<IS>] [(I <ITEM> [)I 
<FILE,DESC> /STFILE/ 
< STDRAGE-DESC > /STDEV/ c ENDCHAR, 

<FILE,DESC>::= [ SMRAGE [NAME] [<IS>] /E(44)/ <NAME> 

/=TNM/1 
[<KEY> [NAME] [<IS>] /E(45)/ <NAME> /SVKEY/] 
[<OW> [<IS>] <OW-TYPE> /SVORG3/] 

<STORAGE-DESC, ::= [DEVICE [<IS>] <DEVICE>] /SVDEV/ 
[ RECORD /E( 57 )/ 1 [ FOFfMAT [ t IS > ] < REC-PMT> ]/SVRECF/ 
< BKREC-VOL> 
[<TAPE-DESC,] [<DISKJlESC>] 
c-I [SO-I 

<DEVICE.> r : = /E( 61 )/' TAPE I DISK/SETDEVB/ 
I CARD /SfiDm/ I PRINTER /SETDEW/ 
I PUNCH /SETDEW/ I TERMINAL /SETDEIPP/ 

<REC-PMP> ::= /E(69)/ FIXED~VARIABLEI~SPANNED~ONDEPINED 
< BKRECCVOL> : : = 

C [=I B(70 )/ /E( 71)/ BIXXJ(SI!m C <IS> I 
<INTEGER> /SVBLlC/ ] 

[ [ W E (  59 )/I RECORDSIP: [ < I S> ] /E( 72 )/ 
< I N T E G E R > / ~ Z / ]  

[ VOLUME [NAME] [<IS>] /E(60)/ <NAME> 
/ m L /  C,B(60)/<NAME>l* I 

<TAPE-DESC, ::= [~TFWCKS> [<IS>] /E(66)/<NODm>/SVTRK2/ ] 
[PARITY [ < IS > ] /E( 66 )/ < PARI'lX>/SVPAR2/] 
[DENSITY [<IS>] /E(66)/ <DENSITY> /SVDENZ/] 
[ [TAPE] LAB= [<IS>] <ldB~lYPE>/mLAB2/] 
[START [FILE] [<IS>] /E(66)/ <INTEGER> 

/=TFL2/ 1 
[[CHAR] CODE [<IS>] <CODE> /SVCC/ ] 

<TRACKS> : =  NO-TRKS 1 TRACKS 
<LAEKTYPE> ::= /E(58)/ ImSlCDIANSI-mINONEIBYPASS 

Figure 3.2 Definition of MODEL language in EBNF/WSC 



< D I K D E S C >  ::= [UNIT [<IS>]  /E(9)/ <WPEDSK> /SVUNIT2/] 
[ <CYLINDERS >/WUCYL/ [ < IS  > ] /E( 66 )/ 

< INTEGER> /svszTy2/] 
<CYLINDERS> : : NO-CYLS I CYLINDERS 
<HARDWARE>::= [[COMPUTER] MODEL [ < I S > ]  <ANY> 
<SOFTWARE>::= [[OPERATING] SYSTEM [ < I S > ]  <ANY>] 

Figure 3.2 Defini t ion o f  MODEL language i n  EBNF/WSC 

3.1.2 HOW THE SAPG PRODUCES THE SAP 

The SAPG is a parser generator .  It accepts a spec i f i c a t i on  i n  the 
language EBNF/WSC and produces a parser program (SAP). I t  performs this 
i n  three passes over the set of productions. 

I n  pass 1, each production is scanned, and its components are 
encoded i n t o  a set of tables. Non-terminal symbols appearing on the 
left-hand-side of a production ( new production names ) are put  i n t o  a 
symbol table ( LEIS-N'FSYM-TAB), while non-terminals appearing on the 
right-hand-side of a production are p u t  i n t o  another symbol t a b l e  
(RHS+SYM+AB). Terminal symbols i n  a production are p u t  i n t o  a 
terminal  symbol table (TERM-SYM-TAB). Subroutine calls are pu t  i n t o  yet 
another table (SUB-TAB). 

I n  pass 2, the synibolic references  i n  RHS-mSYM-TAB ( i . e .  
non-terminals on the right-hand-side of  the o r i g i n a l  production) are 
resolved. Pass 2 checks that each non-terminal symbol i n  RHS-WSYM4AB 
is defined,  and l i n k s  it to  the corresponding e n t r y  i n  LHS-NT-SYBET24B. 
Undefined non-terminals as w e l l  as c i rcu la r ly -def ined  non-terminals can 
be de tec ted  i n  these table searches.  

Pass 3 of the SAPG is the code-generation phase that produces the 
SAP i n  PL/I. It is only entered i f  no errors were encountered i n  the 
previous phases. For each EBNF/WSC production, a PL/I procedure is 
generated. Each one r e tu rns  a bit:  1 i f  the recogni t ion w a s  
successful ;  0 i f  it was unsuccessful. The exclusive  nature  of EBNP 
production rules and a l t e r n a t i v e s  is ef fec ted  by generating nested PL/I 
IF-THEN-ELSE statements.  Repet i t ion ze ro  or more times is effected by 
generat ing a GO TO t o  the statement t e s t i n g  f o r  recognit ion.  Subroutine 
names embedded i n  the EBNF/WSC g e t  a CALL generated f o r  t h e m  i n  place. 
C a l l s  t o  o t h e r  subrout ines  not  explicit i n  the EBNF/WSC are also 
generated. These include "housekeepingu subroutines of the SAP and 
calls to  LEX, a subroutine t o  scan and r e tu rn  the next token i n  the 
ob jec t  language. 

To i l l u s t r a t e  the code that the SAPG generates,  consider  the 
following represen ta t ive  production rule i n  the EBNF/WSC and the PL/I 
code that  corresponds: 

<FIELD-STMP>::= <FIELD> /SVTFLD/ <PIELD-ATmZ> /STF'LD/ 
The PL/I code that is generated for it by the third pass  of the SAPG 
would be the following: 



FIELD-STMP : PROCEDURE RETURNS( BIT( 1 ) ) ; 
CALL $MARK; 
I F  FIELD( ) THEN DO; 
IF  ERRDRSW THEN DO; CALL SSUCCES; RETURN('leB); END; ELSE; 
CALL SVFLD; 
I F  FIELD-Al?lR( ) THEN DO; 
I F  m R S W  THEN DO; CALL SSUCCES; RETURN('llB); END; ELSE; 
CALL -I 
CALL SSUCCES; RETURN( '1'B); 
END; ELSE DO; CALL SSUCCES; RFPURN('leB); END; 
END; ELSE DO; CALL SFAIL; FtETURN('OeB); END; 
END FIELD-SW; 

The above code generated by t h e  SAPG would become one procedure i n  
t h e  SAP. N o t e  that the name t h a t  t h e  language d e f i n e r  uses  i n  the 
production rule are preserved i n  t h e  generated SAP code. The 
subrou t ines  beginning wi th  d o l l a r  s i g n s  ( S )  are "housekeepingw r o u t i n e s  
that are i n t e r n a l  t o  t h e  mechanisms of SAPG-generated code. 

3.2 SUPPORTING SUBROUTINES FOR EBNF OF MODEL 

A re f ined  system flowchart  of t h e  SAPG and SAP showing t h e  types of 
suppor t ing r o u t i n e s  appears i n  Figure  3.3. 



Fig.  3 . 3  More Detailed V i e w  O f  SAPG and SAP With 
Supporting Subroutines 

The manually-written syntact ical  supporting routines are o f  one o f  
several types : 

(1)  a lexical analyzer which returns tokens o f  syntactic units  t o  
the  SAP for  analysis; 

( 2 )  statement semantics checking routines; 



( 3 ) error message handling rout ines;  
( 4 )  encoding rout ines  t o  compact information f o r  fu r the r  e f f i c i e n t  

processing; and 
( 5 ) statement s torage rout ines .  

The cross-reference repor t  produced during th is  phase is generated 
by a manually-written program (XREF) and is described i n  s ec t ion  3.4. 

A discussion on how t o  decide where t o  i n s e r t  subroutines as w e l l  
as a t abu la r  suwrary of  a l l  rou t ines  used appears i n  s ec t ion  3.2. 

3.2.1 THE LEXICAL ANALYZER 

The purpose of the lexical analyzer is t o  scan for syn tac t i c  u n i t s  
or "tokens", using such de l imi te rs  as blanks and c e r t a i n  punctuation 
marks, and to  r e tu rn  tokens t o  t h e  Syntax Analysis Program ( S A P )  for 
syn tac t i c  checking. The automatically-generated SAP calls upon the 
lexical analyzer (LEX) whenever it needs the next token. The lexical 
analyzer is based on the f i n i t e  state machine concept. Each state of 
the machine corresponds t o  a condition i n  the lexical processing of a 
character s t r i n g .  A t  each state, a character is read, an ac t ion  is 
taken based on the character read (such as concatenating t h e  cur ren t  
character t o  previous ones or returning the e n t i r e  token t o  the SAP), 
and the machine changes t o  a new state. The character classes f o r  the 
MODEL language, for the purposes of l e x i c a l  analysis ,  appear i n  Table 
3.1. These classes divide t h e  e n t i r e  character  set i n t o  ca tegor ies  such 
as i l l e g a l  characters ,  de l imi te rs ,  "normalw characters, .... ,etc.- The 
state t r a n s i t i o n  matrix f o r  the mDEL language appears i n  Table 3.2. 
The rows of the matrix represent the character classes of the previous 
character, while the columns represent those of the cur ren t  character. 
The e n t r i e s  i n  the matrix ind ica te  the ac t ion  t o  be taken and the next 
state. The ac t ion  taken i n  each state is suaanarized i n  Table 3.3. The 
ac t ions  involve such s t eps  as concatenating of a character, ignoring a 
character ,  de tec t ing  an illegal character, re turning a complete token t o  
the SAP, ... etc., and s e t t i n g  a "next statew. 



Class 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Character Set Explanat ion 
A B  ... Y Z , # B  Characters i n  names 
space Delimiter 
0 1 2  ... 9 Numerals 
. ( + , ) ; , % : * "  Delimeters 

- 
/ 
> - - 
a l l  others 

Delimeter i n  logical exp 
"OR" symbol 
Multi. or corrrment i n  "/*" 
"Nrn" symbol 
minus symbol 
Division or comment 
Delimeter i n  logical exp 
Delimeter and logical exp 
Illegal 

Table 3.1 Character Classes for MDDEL Language 


