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ABSTRACT

The design and:implementation of an extension to tne
Basic orogrammina languace for use on the PUP=11/50 computer
system has been described. The implementation consists of a
compiler which generates <code to be assembled and loaded
into the comouter system. An interface with C programs in
the system library, which allows extended Basic to perform
as an extensive graphics lanquage, has been discussed. The
design goals, solutions, and recommendations for further ex=
pansion of the system have been oresented. The compiler was
implemented in the C=orogrammina lanauage with the UnIX

operating system as suoported by the PDP=11/50 at the Naval

Postgraduate Schoo) Computer Laboratory.
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I. INTRODUCTION

A, HISTORY OF THE BASIC LANGUAGE

The Beginner's All-Purpose Symbolic Instuction Code

(BASIC) was developed at Dartmouth College to orovide a sim=

ple, interactive lanauage for liberal arts students with
specific apolications in scientific computation. In order
to meet this goal, only a limited vocabulary of instructions

was included in the original dgefinition of Basic. There was
no concect of data typing and there were no default congi-
tions to memorize. The interactive nature of programming
provided an ideal man/machine interface for creating anag ae-=
bugging programs, while the features of the languace were
well=suited for the exoression of enaineering and mathemat=-
ics oroblems. Since this environment satisfiea the needs of
a wide ranqe of ootentiaf computer users, 3asic was orocured
for adaptation ©y a number of universities and commercial
firms. In particular, timesharing service bureaus excanded
computer wusage among non=comouter specialists by oroviding
its customers with the Basic language. This led to tne
development of numerous dialects of Basic and to many exten=

sions intendea to satisfy the uniaque needs of variocus users

(1.
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As the use of Basic 1increased and extensions to the
Janguage became more widespread, the neead for standardiza-
tion became an industry wide concern. In 1974, this concern
finally led to the formation of the Xx3J2 committee of tne
American National Skanoards Institute which was tasked with
formulating a oproposed standard for the Basic programming
language. The result of an extensive effort was the Pro-
posed American Nationmal Standaras Institute (ANSI) repcrt on
a proposed standard for Minimal Basic L2y . The rproposed
standard established a minimum set of features which should
be included in the implementation of a Basic larguace oprc=
cessor. while the proposed standard orovided arithmetic andg
very simple strina orccessing cacabilities, it did not con=
sider the more extensive features, i.e. multi-orogram inter=
facing and extensive predefined functions, which haag ini=
tially led to the neea for standardizaticn. In a recent ar-
ticle (31, Lientz compared the different commercially avail-
able Basic languaae processors. This survey indicated that
most Basic orocessors provided similar features and incluceq
extensive facilities beyond those in the oroposed ANSI stan=

dard.

B. OBJECTIVES OF THE EXTENDED BASIC LANGUAGE

Extended Basic was designed to orovide all the arithmet=-
ic processing features of the proposed standard for Basic as
well as extensions anma enhancements to the lanauage for use

at the Naval Postgraduate School. These extensions i1included
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multi=dimensional arravs, loaical operators for numeric anaga
string Qquantities, string manipulation, and seaquential ac-
cess to external files. Further, extended Basic retaineg
the original concepts of Dartmouth Basic while freeing the
programmer from many of the original limitations. Enhance-
ments included imoroved control structures and features to
enhance increaséd readability., Extenced Basic also attempt-
ed to maintain grammatical compaticility witn existing ex=
tensions to Basic, particularly those in use at the Naval

Postgraauate School.

An additional goal of extended B2asic was tc oroviage
non=computer scientists with & more managable high level
language capable of interfacing with other subsystems sup=-
ported on the PDP=-11 at Maval Postgraduate Schocl. Examples
of such subsystems are the orocedures which drive the wvari=
ous graphics devices found in the ccmouter laboratory. The
orimary UNIX system graphics language is C [11] which pro=

vides support for the subsystems in the PDP=11.,

Currently included within UNIX are a dialect cof Fortran
(121, the Fortran preprocessor (13] RATFOK, am interoreter
for a highly soecialized dialect of Basic [(14], oroduced by
Bell Laboratories (4], Digital Equioment Corporation's FQP=-
TRAN IV PLUS, and the UNIX assembler [(7]. None of these
languages were entirely suited to this special craphics en=
vironment as they existed in the system., Extenageo Rasic 15

an easily learned languaage which is readily adaptable to the

10
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student environment and enhances the graphics capabilities

in the laboratory.

Unlike many exist
not implemented as a

program is compiled,

ing implementations, extended Basic was

purely interpretive languace. A source

generating an assembly lanqguage file.

This code 1is then assembled and loaded with the Basic li=-

brary, and other libraries as specified by the user, includ-

ing the C library,
and any user designed
lar implementations.

actioris are called by

the various araphics device litcraries,

libraries

~hich may exist for particu-=

The compilation, assembly and loading

a program,

LBAX, which is resident in

the UNIX system. Usage of the proaram is gescribed in Ap-

oendi x II.

i
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IT. LANGUAGE SPECIFICATION

In the following section, the Dartmouth Basic languaaqe
and the ANSI oroposed standard will be reviewed, followead by
a discussion of the features of extended Basic which differ
from Dartmouth Basic and the oroposea ANSI standard. These
features include extended arithmetic processing, improved
readability, expandec control structures, string manipula=
tion, external file access, and program access to system

software for graohics interface.

A, THE PROPOSED STANDARD F(OP BASIC
1. Dartmouth Basic

DPartmouth Basic is a3 statement oriented language.
Each statement consists of a line numper ard a ccmmand. Da=
ta is either numeric real or character string w~ith no dis=
tinction being made between tyoes of numeric data. [centif=
iers terminated by a dollar sian refer to string varianles,
while all other identifiers refereance numeric qQuantities.
Identifiers consist of only a sinale letter or a letter fol=
lowed by a dollar sign. Arithmetic operations, definea on
numeric data only, are represented by the infix operators +,
-, *, /, and * (exponentiation). Unary operations are de=

fined by the orefix operatcrs + and =, Both nata types may

12

R R LR &

| V——




be compared using the infix relational coverators <, <=, >,
>z, and <>, One and two dimensional! numeric arrays are suo=
ported. Finally, a limited number of oreagefinea alaorithms
perform elementary function evaluation [(S]. These include
ABS, ATN, COS, EXP, INT, LOG, RND, SGN, SIN, SAR, ana TAM,
A complete descriotion of these oredefinea functions is

presented in Appendix I.

Dartmouth Basic is intended to Dbe an interactive
language with both editing and orcgram execution occuring in
the same environment. Therefore, most Dartmouth style Basic
implementations rely on line numbers to olay an important

part in the editina function of Basic.

2. The Prooosed ANSI Standarc

The prooosed AMNSI standard (2] incorporates all the
features of Dartmouth Basic and adas the following state~

ments:

OMN RANDOMIZE DEF

OPTION STOP

With the exception of the OPTION statement, most existing
Basic implementations incluade all of these additional
features. These extensions are described as they exist in
this implementation in Apoendix [. The OPTION statement is
used to specify whether the lower bound of an array is 2ero

or one.

)L
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Most existing Basic lanquage orocessors ao well
beyond the proposed ANSI standard to crovide file=hanaling
ability, formatted outout, string manioulation, matrix
operations, and a multitude of oredefinea functions. The
survey by Lientz (3] acocuments these extensions for many
large and mini=comouter manufacturers, and for a number of

timesharina services.

B. FEATURES OF THE EXTEMODED BASIC LANGUAGE

Extenced Basic was designed to maintain compatibility
with the proposed ANSI standard while extenaing the language
to incorporate such features as string processing and exter=
nal file access. Enhancements were also included to crovide
addgitional control structures and increased readgability. In
this secticn the features of extended Basic which do not ao-
pear in the prooosed ANSI standara will be aiscussed. Ap=

pendix I incliudes a ccmplete description of the language.

1. Arithmetic Processing

Extended Basic adds to arithmetic orocessing by suo=
porting multiole dimensional arrayse. All arrays must he
dimensioned orior to usage in the orcgram and the same iden=
tifier may not serve as both an array, whose elements are
subscripted, and a simple non=subscrioted variable. Loaical
binary operators AND, OR, XOR (exclusive or), and the unary
operator NOT are orovidea for the logical evaluation of

numeric and string expressions. The relational operatnrs ==

14
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and != (not eaqual) have bheen added to the set of lcgical
operators for comoatability with existing lanaquages. User=-
defined functions, defined using a DEF statement, may bhave
any number of oarameters. However, as with FORTRAN, every
function must have at least one parameter. Functions must
be defined prior to appearance. Ahile functicns may refer
to other functions within the boay of the definition, recur=

sive references are not permitted.

The OPTION statement is not implemented. Since the
lower bound of every arrayvy is always zero and there are n+l
elements allocated by the compiler for every array, the user
is providea the OPTION feature by aefault. ODue to the
manner in which the UNIX system effects exterral system
calls, wundimensioned subscrioted variables should not he
used, as is conditionally allowed in Dartmouth Basic ana the

proposea ANSI standarc.

Arithmetic constants may hbe written in either in=-
teger or decimal form. All constants are viewed internally
as double orecision floating point numbers. Scientific no=
tation is not implemented. Numeric constants are outout 1n
decimal form only. The columnar width of numeric output may
be specified wusing the CCL function. TIf columnar wicth is
not specified, COL gefaults to 10 columns. If the value
exceeds the orescribed width, the field is fillea witn a

string of question marks,

1S
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2. Readability

Readability has been improved by increasing variable
name lenath, permitting free form input with statement con-
tinuation, and by not requiring line numters on all state=
ments 1in the program. Historically, Basic permitted vari=
able names consisting of a single letter or a letter fol=
lowed by a number. This makes large programs cifficult to
understanag and debug. Extended Basic allows variacle names
to consist of wup to four alpha=-numeric characters of botn
uoper and lower case, exceot strina variables which shouldqd
include '3' in the second or third character position.
Predefined functions may be written in uoper or lower case;
however, Aall characters in the name must te of the same

case.

Basic traditionally has restricted each statement to

one line. Extended Basic orovides the "at" sign ( a ) as a
continuation character, allowing multiole crogram lines to
appear as one statement to the compiler., This is particu-=-
larly valuable when using nested [F statements with the ELSE
clause followed by another IF statement. All of the mempers
of the primary IF statement could not be cphysically con=-
tainea on one line on conventional timesharina input/outout

devices. The followina example o©emonstrates the 1imoroved

readability orovided by continuation:

16
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if x = y then a
z = x(i, i) 3
else a
if x > y then a
2 = wlis,i) = x 23
else A

Z = wlisgi) = vy

Both Dartmouth anmng the orooosed ANSI Basic 1i1nclude

mandatory statement labeling because of the interactive

editing feature of Basic. Extended Bbasic does not use

internal interactive edjting and subsecuent orocram execu=
tion. Changes are made to the program Source code, using
the UNIX text eaitor ang subsecuently recompiling the proc=
grame. Thus line labels are only necessary for use in c¢con=

trol structures. Examoles of limited line labeling are

found in the example croarams at the end of this secticn.

The TAB function has not been imoiemented, The yuse
of commas and semicolons to force columnation is not effec-
tive. Partial consistancy with the croocosea stancard has
been maintained by oroviding a continuation flag fcr outnut.
Ahen a3 semicolon appears at the end of a print statement,
newline is not invoked, and the next outout from a print

statement will immediately follow the existing cutout.

L
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3. Control Structures

Extended Basic has expanded the control structures
included in standard Basic. These structures consist of the
FOR, IF, GOTO, GOSUB, ON, STOP and RANDOMIZE statements,
Extended Basic significantly increases the power of the IF
statement by providing an optional ELSE clause anad by allow=
ing an executabtle statement to follow the ThEN and the ELSE.
An executable statement is further cefined 1in Appencix [.
Any such executatle statement may be usea within an IF
statement. Additionally, the IF statement, which is classi-
fied as a simple statement, may be used in the same manner
as an executable statement in the ELSE clause. Thus IF
statements may be nested to an infinite geoth; however, only

one executable statement may exist at the deecest level,

4, String Processing

Extendead Basic contains features wnich orovigce for
general string manipulation. Strings are created aqynamicale-
ly, may vary in length to 3 maximum of 255 <characters, ana
may be subscrioted to one gimension to create a vector of
strings. The oredefined function LE" returns the current
length of a3 string. All string variapbles and string array
elements are initialized as null strings with a length of
2ero. Strinas may be created and associated with a variavle
using the reolacement operator (=), an INPUT statement, or a
KEAD #statement. A string entered from the console or reaag

from an external file may not ne enclosed in quotation

1R
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marks, but should be gelimited by newlines. A string en-
tered from the <console or redirected by System editing
through an external file may be terminatead bty a aquotation
mark or the newline symbol, '\n', which is eauivalent to the
ASCII 1line feed control character, Strings appearing 1in a
data statement within the orcaram must be enclosed in Guota=
tion marks since they form an intearal part of the orcgram.
An additional feature of extended Basic allows compariscon of

string variables and extraction of substring segments.

Strings are compcared using the same relational
operators wused for numeric data. Two strings are equal if
and only if the strings have the same length and contain

identical characters.

Substring extraction is accomplishea using substring
notaticn, f.0s AS(min). This expression returns tne sub=
string of string variable A% beginning at character cosition

m and extending for a length of n characters.

Other predefinea functions are crovided to facili=-
tate orocessing strings. The CHR3® function <converts a
numeric 3araqument into a single ASCII character while ASC
converts the first <character of 3 string argument into a

numeric value.

S. Files

Data may be transferred between an extendea BSasic

orogram and external storage using the file orocessing

19
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feature. The OPEN statement identifies files and oprepares

them for access. [The ageneral form of an OPEN statement is:

OPEN (<external file number>,<access moge>) <file name>

where the <file name> is a character string, which is called
a pathname in the UNIX heirarchical file system. If a file
exists in the external file system with the name representeq
by the pathname, then that file is opened. Otherwise, a
file is created with that name orovided the <access mcae>
specifies writina. FEach file currently in use is assignec a
unique <external file number> by the oroarammer. This file
number is used for all further references to the file while
it remains ooen for access. ©Data is transmitted between tne
external file and the extended Basic orogram usina the wEA]

and PRINT statements with the <file option>:

READ # <file ootion>; <reaag list>

PRINT 2 <file opotion>; <expression list>

The <file option> specifies the file gesirec by referencing
the <external file number> agefined Dby a creceedina 0OPEN
statement, Access to a file may be terminmatea by the CLOSE
statement. End=of=file may be determined with an IF EAND

statement which has the followina form:

IF END % <external file number> THEN <yalid statement>

The <valid statement> may be any statement or expression

which is permissible with a standara [F statement.

20
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6. Standard Imput/QOutnut

Standard inout and output files are organized
sequentially. The standarad input file is a linmear seauence
of numeri¢c and string data items separated by commas and
newlines. Each reference to a sequential file retrieves the
next data item with READ %, or writes another adata item with
PRINT #, With each READ, the variaples in the read list are
assianed values from the inout. Line terminatcrs are treat-
ed as record terminators. There is no concert of a tradi=
tional record since each record may be of indefinite lenaqatn,
limited only by the medium through which the record is

createa.

Likewise, with each PRINT command, values from tne
expression Jist are written to the file. The expressions
are written to the stancdard output as ASCII strings seoarat-
ed by spaces except for the last data item in the list which
is followed by 3 newline. The wuse of newlines 1in this
manner allows files to te displayea using system utilities
anad also allows files created witn a3 text editor to De reaq

by extended Basic orograms.

Since data type=checking is not accomclished, the
sequence of item data tyoes in the exoression list shoulag
match the seauence of item data types in the external file.
Mismatched data tyces will return undesirable values.
Numeric data tyces reading strina values will return a se=

quence of zeros. String ndata types reading numeric values

A
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will return a strina of numbers.

Data may be apopended to external files by specifying
the append access mode when an OPEMN statement 1s used. This
allows additional data items to be written at the end of the
specified file. An OPEN specifying write access will create
a new file if one does not already exist, or will reopen an
existing file, overwriting and destroying any ore=existing

data.

7. External Interface

This version cf extended Basic was desianed orimari=
lv to enhance wuser apility to orogram with & simplistic
languaae which could interface with other subsystems avail-
able within the UNIX environment. This was accomplished by

creating the EXTERN and CALL statements.

The EXTERN statement defines, within the Basic gpro-
gram, those existing external subroutines which will be useaq
for any software implementation.

Examples of subroutines which may pte wused are POu
ang PRINTF {91 . POW returns the value of the variable x
raisea to the power of v, performing floating coint exgocnen=
tiation. PRINTF converts, formats and orints all arguments
after the first argument, and under the control of the first

argument .

ee
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These subroutines would be defined in a RBasic pro-

gram by:

extern pow(double,double)

extern orintf(Xchar,double,integer)

Nhile these example procedures exist in the UNIX
system Jlibrary, it is not necessary to use only existing
procedures. The user may create procedures for specific
needs by writing anrd compilina unique procedures in the C
language (11], and including the loadable version of the
procedure as a3 parameter when the system compile command for

Basic, LBAX, is issued.

Once a procedure has been definea as external, i
may be used 1in the Basic orogram by using tne CALL state-

ment. It would apoear in the orogram as:

cal) oowl(x,y)
call orintf(ad,sum,prod)
Examoles of proarams wygsing the EXTEERN ana CALL

statements are providea in the next section.,

C. EXAMPLE PROGRAMS

1. Quadratic Factors

This example proaram comoutes the factcrs of a aqua=-

dratic equation.
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rem quad factors of 6th dearee oolynomial,
dim a(9),b(9),c(9)
data 0,1,-17,.8,99.41,=251.218
data 352.611,-134,1006
data 0,0,.00001,20,5

print "Demonstration proaram output"

[9)]

for 1 =

5t

o 9

read a(i)

next i
read rl

print "The original
print "Power of x

] =9 = n
for v = | teo 9
m =9 = j
print m," ", a(i)
next i
print "The quadratic factors are ="
o(l1) = 0
o(2) = 0
c(1) = 0
cf2) =10
r = pl
s = sl
knt = 1
for j = 3 to 9
ob(j) = a(j) + r*b(j=1) + s*xb(j=2)
c(j) = b(j) + rxc(j=1) + s*c(j=2)
next j
dnm = ¢c(7)t2 = c(B)*xc(ob)
if dam != 0 goto |
rl = prl + 1
sl = s1 + 1
goto S
gelr = (~0(8)*c(7)+c(6)*b(9))/dnm
dels = (=c(7)%b(9)+b(R)*xc(8))/dnm
r = delr ¢+ r
S = gels + s
if (abs(delr) + apns(dels) = test)
if (knt = 1im) < 0 Qo to 2
orint "Does not converge after ",1lim,
stop
knt = knt + 1
go to 6
orint "xt2 ¢ ",r," x ¢ ",s
n=n-w=+=2¢2
tval = n = 2
if tval < 0 then A
print b(6)," x + ",b(7)
if tval = 0 then @
pring b(S)'" xt2 + ",b(6)," x +

if tval
stopo
for k

’

sl

3

, test, lim, n

> 0 go to 4

to 9
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alk) = b(k=2)
next k

go to 5

end

2. Maaic Figures

This program craws random symmetric ficqures on the

] TEKTRONIX grachics device. It uses four exterrmally gefineqg

graphics routines which are located in the TEKTRONIX 1i=

brary. They are NEaPAG, ANMODE, INET T and EINTET 971

NEWPAG erases the screen anmd returns the alphanumeric cursor

to the HOME nmnosition, the uoper left hand corner of the

Il s Ll £ e e o -

screen (10}, ANMODE sets the cursor to the alpnanumeric
mode. INITT reguires one argument parameter specifying the
character transmission rate between the computer anac termis
nal to determine the celay to the screen when erasure 1s be<
ing performed., FINITT clears the buffers ana moves the
oointer to the position indicated by the two parameters,
The externally cefinec orocedure PLOT moves the pointer to
the x5,y coordinates indicated by the arguments ana plots a
point at that Jlocation. The sixth externally defined
routine is MOVE., These orocedures are user definea, ana are
located in the user's exterral file area. MOVE —causes tre
pointer to be moved across the screen without drawing on the
surface.

extern newoaal()
extern anmodel()

2s
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extern initt(integer)

extern finitt(inteqger,inteqger)

extern olot(integer,inteqger)

extern move(inteaer,intener)

print “welcome to Magic == enter your two numbers'
100 input "“number one ";fm

input "number two ";fm2

call initt(960)

call newoag()

da=10

)

m

f
0
0

- N 0O

3 b=rad(z2=90)
x=cos(b)*d+S12
y=sin(b)xd+380
if i <>0 go to 4
call move(dxx,4xy)
go to S

) call plot(dxx,4x%xy)

S 2=2z+cC
c=(=1)*xcxfm?
fm2=1/fm2
i=1
d=d+fm/90
aza+fm
if a <27500 go to 3
call move(Q,4%x780)
call anmode()
go to 100
end
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[. IMPLEMENTATION

A. SYSTEM DESIGN

The extended Basic compiler was designed around a
table=-adriven parser which checks statements for correct syn=
tax and generates assembly code written into a UNIX tile.
This <code is assemtled and lcaaged together w~ith recuesteg
and required libraries, and other user cefined orogram seg-
ments, by the assembler and loader when callec by the execu=

tive program, LBAX, located in the system library.

The decision to compile the source program and then as-
semple the intermediate )anauage was based on the following
consideration: formal parsing techniaues could be used to
analyze the syntax of the source program making extensions
to the lamnquage relatively easy. In this case, an LALR
parser=generator YACC [ol, was used to automatically cen-

erate the parse tables for the lanquagce.

The following sections discuss the design of the extend=
ed Basic comoiler anc the implementation of the system exe=
cutive proaram, Source listinas of the oprocrams are con=

tained in the Program Listing section of this thesis.

7
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B. COMPILER STRUCTURE
1 1. Compiler Organization

The compiler structure requires one ©ass through tne
source orogram to produce an intermediate assembly larguaqae
file. This pass writes all numeric constants to the numeric
constant list, determines the size of the symbol table ang
inserts symbols with associated attributes, outputs 1inter=
mediate level code to a file based upon parse actions and
semantics, resolves external calls and produces the coage for

access to external files.

The intermediate level code is the UNIX assembly
language. The formated output program, to be loaded and ex=
ecuted, is in the oroper format for an assemtly program.

The format consists of text, data, anmd oss segments (7).

The text segment contains all the executable in=
structions and wunmocoified data. [he data segment may con=
tain text, but always contains initialized data which mav te
| modi fied during execution. The bss segment contains unint=

tialized data areas and is an extension of the data seament,

The data segment contains the buffers for external
} tfile manipulation as i1llustrated in Figqure 1. The numter of
buffers may not exceec fifteen anad is determined by the 0OPEN
actions in the oparser. The lenagth of each buffer 1s 513
bytes, six of which are utilized by the system Input/Outout

commands and S12 of which contain the string of data.
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The Basic run=~time "stack" is established 1in the bss

seament Dy the compiler and is fifty bytes in lenath, It
uses the "last 1n, first out" concept and Qrows doWwnwara to=

~warg the data segment,

) Scanner

The scanner aralyzes the source orcqram, returning a
sequence of tokens to the parser, In acaition, the scanner
processes data statements and recoqgnizes continuation char-
acters. Analysis of the first non=blank character in the
input stream getermines the qeneral class of the next tcken.
The remainger of the token is then sc3anned, olacinag each
successive character into one of the accumulater vectors, I[D

or NUMSTR, ysed for icentifiaer and numeric items respective=

) 3

If the scanmnner recognizes an identifier, it searches
the reserved word list tH determine if the i1gentifier 1s a
reservec word., If founa, the token Aassociated with that

reserved word i1s returmed to the garser,

In the event the token is not a reserved word, 1t 15
validated from the symbol table returnina an error code, 1f
not defined, or the symbol table location i1ndex numcer., Aot
defined. In order to be a valid member of the symbol table,
an i1centifier must be a numeric=i1centifier, strinag=
identifier, function=identifier, array icentifier, or

pbuilt=1n function. Hhenever a symbol not Jefineo in  the

30
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symbol table is encountered, it is verified to be a proper
identifier, occurring 1in a valid position in the ingut

string, and is then inserted into the symbol! table,

If the scanner recognizes a token 3as a numeric con=
stant, the number Jlist is searched to determine if tne
number is already stored. I[f the number is not an element
ot the list, it is inserted intoc the literal numbers taole

with its apooropriate identifying attributes.

2. Symbol Table

The symbol taple contains attributes of program and
compiler generated entities such as identifiers ang function
names., The information storead in the symbhol table is creat-
ed and referenced by the comoiler to verify that the oroaram
is semantically correct and to assist in ccde gceneration,
Access to the symbol table is orovidea through a numper of
procedures operatina on the alobally cefinea symool tacle

variables.

The symbol tacle 1s a C languace structure as illus-
trated in Figure 2. It may contain uo to 200 individual ele=-
ments which are accessed as members of an array, or may Cte
igentifiea by the attributes stored in each structure ele=

ment vector.

The final elements of the svmbol taole contain the
names of the built=in (or oredgefined) functions. The symbol

table grows downward with subseaquent symbol!s preceeding
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the built=in function symbol names. Indivigual elements of
the symbol table are located by any of a number of attri=-
butes as illustrated in Figure 2. Each entry in the symbol
array refers to a structure consisting of six elements,
Symbols may be selected based upon the entries in any one of

the elements or any combination of elements.
The attributes of a symbol are:

Symool. The null terminated string of charac-

ters reoresenting the symbol.

Tyoe. A numeric value which characterizes a

symbol (=1 through 10)

- the null parameters of external variaoles
= 3 numeric identifier

= a numeric array

- a string identifier

- 3 string array

- a crogrammer gefinad function

= a numeric built=in function

- a3 string built=in function

- a simole format

- 3 numeric format

= 3 numeric string built=in function

- an external variable

Dimension. The dimension of an array, the

number of parameters for a function.

/

33

v ’ L DI ey T L T D e e L i EOND I S

i
)




Length. The lenath of a string.

Dope Vector. The index of the first element of
the array's dooce vector as found in the dope array calles

DOPE.

Amount. Wwhen used with built=in functions, this
indicates whether or not the built=in function is being
used. For arrays, this contains the number of elemerts in a

numeric array, or the number of bytes in a string arrav.

The symbol table is ocerated on using specializeao pro-
cedures. LOOKUP is called with a pointer which identifies 2a
symbol string. It invokes COMPAR receatedly, working ucwar?
from the first symcol throuah the built=in function list,
COMPAR compares two string arquments. If the string s
founa, LOOKUP returns the element numcer of the symbol.
Otherwise =1 is returmned. IMNSERT is called with a pcinter
argument to a symool string. The string is copied into the
next available table element and all the attribute elements
are set to zero. Ahen the scanner determines the sympol

type, the attributes are set to the aoorooriate values.

34




1. Constant List

The constant list stores literal numbers 1n a C
language structure as illustrated in Figure 3. It may con-
tain up to 200 different literal numbers which may e ac-
cessed as members of an array, or by cetermining the charac=
teristics of each element's unique attributes. Each entry
in the constant list refers to a structure of five elements,

which contain the various attributese.
The attributes of a constant are:

Value. The actual value of the constant, stored

in both double orecision floating ooint and integer form.

Declaraticn. This identifies the context in
which a number was first encountered which may ve of tyce
floating point or integer, adetermined by the presence of 3
cecimal point in the inmput string. For code generation only

the floating point form is useAd.

Use. This getermines whether the value has been
used Aas a number, a statement label, which may preceae anv
statement, or a label, which is the statement label to whicr

a branch statement or control structure refers.

In the C environment, a real numoer which 1s read as
data for an integer variable is truncatea to integer form.
Similarly, an inteaer ndmoer read as data for a real vari=
able is transformea to real notation. ®“hen a value is

.
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Constant Table Structure

structure "numbers" *oattributes®

/

numberf

pyumreri
use.
luse
dec

Figure 3
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stored in the Basic ccnstant list, it is stored in Dpoth
forms, thus requiring a flag indicating the proper form to
be accessed when the number is used during execution of the
program, Nhile the comoiler produces output which performs
arithmetic ooerations with adouble orecision floatinag coint
numbers only, labelixand statement labels should be of in=

teger form.
1. External Files

External file manacement is implemented wusing the
UNIX system <calls OPEN anda CLOSE, and system routines GETC

and PUTC (91].

Each time the parser encounters an OPEN statement, a
flag 1is set in an element of the comciler array FDS, whicn
contains a file descriotor status for each external file.
The element number corresponads directly to the referencea
external file. In the event a command to CLOSE a previously
unopened file occurs, an error flag 1is set for the
corresoonding file. Similarly, efforts tc FPEAD from or
PRINT to an unopened file ~ill cause an error flag to te set
in the FDS array. These errcrs are reocortea after tne
scanner completes its function, during tne acceptance ac-

tions of the compiler.,

While the parser is aenerating assembly ccaoe, tne
string name of each referenced file is insertea as a con=

stant in the assembly source program. This provides the
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string argument which is required as one of the parameters

for the UNIX system routine OPEN,

2. Parser

The parser is a table=driven pushdown automaton. It
receives a stream of tokens from the scanner and analvzes
them to determine if they form a sentence in the extended
Basic aqgrammar. As the oarser acceots tokens, one of three
actions will be performed. It may stack the token ana con-=
tinue to analyze the source proaram by fetching another to-
ken, or the parser may determine that it has recognized the
right part of one of the productions of the languaage and
cause a reduction to take olace. Finally, the ©parser may
determine that the current strina of tokens adoes not oroduce
a valid right part for a oroduction and thus procduces a syn=

tax error message.

3. Code Gemeration

In addition to verifying the syntax of source state=
ments, the oparser 3lso acts 3s a tranrsducer by associating
semantic actions with reducticns. Each time the parser
determines that a reduction shoula take olace, the procedure
SEMANT is called with the number of the oroduction passed as
a parameter, The constant list contains the informaticn re=

auired to perform the semantic action associated with the

selected production. The action may include ceneration of
assembly lanauaage coade ana ooerations such as symbol tavle
38
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manioulations and updating of the parse arrayse. Some pro-

ductions have no semantic actions associated with them.

In the following section, the syntax of the language
is listed in BNF notation [(B)l., A listing of tne grammar
with appropriate semantic actions is provided in the program
listing following the appendices of this thesis. The toxken

'cr' means carriage return.

a. Extended Basic Lanmquage Structure

The overall structure of the extenged Hasic

language is defined by the followina syntax equations:

(1) <program> ::= <statement list> <ena statement>

(2) <statement Jlist> ::= <simple statement>
(3) 1<statement list> <simple statement>

(4) <end statement> ::= <statement lapel> END cr

(S) VEND c¢r
(6) <simple statement> ::= <statement lacel> <exec state> cr
(7) r l<statement label>

<if statement> c¢cr
(8) '<statement label>

<data statement> cr
€9} '<statement label>

<def statement> cr
(10) l<statement label>

<rem statement> cr
(11) i<statement latel>

<extern statement> cr

(12) 1<for statement>

(13} 1<aim statement>

(14) \<exec state> cr

(19) 1<if statement> cr
(16) 1<data statement> cr
(17) 1<adef statement> cr
(18) 1<rem statement> ¢cr
(19) 1<extern statement> cr
(20) \<error> c¢cr

(21) icr

39




(22) <exec state> ::= <read statement>

(34)
(35

<let statement>
<call statement>

(23) it<restore statement>
(24) 1<open statement>
(25) i1<close statement>
(26) 1<input statement>
(27) i1<readf statement>
(29) 1<orint statement>
(30) 1<write statement>
(31) 1<stoo statement>
(32) 1<on statement>
(33) t<branch statement>

'

H

b. Assignment Statements and Exoressions

The following syntax egquations are for proceriy
formed assignment statements and exoressions. JThe tyces of
operands whicnh are acceotable with each of the binarv ocera-
tors is shown in Table l. The operana for the unary ocera-
tors + and = must be numeric qQquanrtities. The orerana for
the wunary operator NOT must be a logical auantity. The
grammar rules cause a check to be mace, insuring that the

above semantic rules are follcwed.

Checks are aisc made to insure that subscrioted
variables are dimensioned before Gteina usea; that the
correct number of subscripts is providea, that each sSub=
script s of tvyee numeric, ana tnat a subscrictedg variatle
is not used as a FOR loop index. Likewise, checks are maxe
on the number and tyoce of parameters in a function call to
insure they match the function definition. In rule (do) the

'‘}V' appears literally in the eauation.

(36) <let statement> ::= <string let>
(37) \<numeric let>
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(38)
(39)

(40)
(41)
(a2)
(43)

(44)
(4s)
(46)

(47)
(48)
(49)
(50)
(51)

(52)
(53)
(54)

(55)
(Se6)

(57)
(58)
(59)
(60)
(61)

(62)
(63)

(64)

(65S)
(66)

(67)
(68)
(69)

£ T0)
€71)

(72)
(73)

(74)
(75)
(70)

<string let> ::= LET <string ref> = <string exp>
1<string ref> = <string exp>

<string ref> ::= <string 1d>
'1<substring ref>
{<string array ref>
1<sarray subst ref>

<substring ref> ::= <string ref 1o> <substring spec>

<string ref 10> ::= <string id> (

<substring soec> :!:!= <numeric exp> | <numeric exp> )

<numeric exp> := <term>
y<numeric exp> + <term>
<numeric exp> = <term>
1+ <term>
i = <term>

<term> ::= <primary>
i<term> % <primary>
!<term> / <orimary>

<primary> ::= <primary element>
i1<orimary> t <primary element>

<primary element> ::!= <numeric ref>
i <number>
i1<bif>
'( <numeric exp> )
1<func ref>

<numeric ref> ::= <nymeric 14>
i1<array ref>

<array ref> ::= <array ref head> <numeric exp> )

(array ref head> ::= <array 149> (
i<array ref heaa> <numeric exc> .

<pif> (!= <string bif ref> <string exoc> )
i <numeric bif ref> <numeric exc> )
i<numeric bif nparm>

<strinq bif ref> ::= <strina pif> (
\<numeric bif ref> <numeric exp>

<numeric bif ref> = <numeric bif> (
t<numeric bif ref> <numeric exp>

<string exp> = <strina ref>
1<strina>
t<stpr num pif> ( <numeric exp> )

at
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(77) <numeric bif noarm> ::3 <numeric bif>
(78) <func ref> ::= <func ref head> <numeric exp> )

(79) <fumc ref head> ::= <function i1d> (
(80) \<func ref head> <numeric exp> ,

(81) <string array ref> ::= <string ref 1p> <numeric exp> )

(82) <sarray subst ref> ::= <sarray subst lp>
<suybstrina spec>

(R3) <sarray subst 1po> ::= <string array ref> (

(84) <numeric let> ::= LET <numeric ref> = <numeric exp>
(89) 1<numeric ref> = <nymeric exn>

(Bo) <rel exp> ::= <rel exo> X0OR <rel term>
(87) 1<rel exo> 0R <rel term>
(88) i1<rel term>

(89) <rel term> ::= <rel term> AND <rel orimary>
(90) t<rel primary>

(91) <rel orimary> ::= <numeric exp> <rel> <numeric exp>

(92) i<string exp> <rel> <string exo>
(93) 1 ( <rel exp> )
(94) INOT ( <rel exo> )

(95) <rel> ::=
(96)
(97)
(98)
(99)
(100)
(101)
(102)
(103)

v uu

A J AV A AV« |l

M
@
7]
9]
D
(g}

v

c. Control Statements

The contrecl statements in extended Basic are de=

fined by the following syntax equations:

(104) <for statement> ::= <statement label> <for clause>
<statement list> <next clause>
1<for clause> <statement list>

<next clause>

(10S) <statement lapel> ::= <number>

a2
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(106)
(107)

(108)
(109)
(110)
(111)
(112)
(113)

(114)
(119)

(116)
(1t7)
(118)
(119)

(120)
(121)

(122)

(123)
(124)

€125)
(126)
(127)

(128)
(129)

(130)
(131)

(132
(133

(134)
(139)
(1306)

(137)
(138)

(159)
(140)

<for clause> ::= <for head> cr
'<for head> STEP <numeric exp> cr

<for head> ::= FOR <for init> TO <numeric exp>

<next clause> := <statement lapel> NEXT
<numeric 14> cr
! NEXT <numeric id> cr
't NEXT ¢r
{ <statement lapel> NEXT cr

<for init> ::= <numeric 1d> = <numeric exp>

<if statement> ::= <if clause> <exec state>
1<if clause> <else clause>
<exec state>
1<if clause> <else clause>
<if statement>
1<if head> <aoto> <number>
1<if clause> <number>
1<if clause> <else clause> <numrter>

<else clause> ::= <exec state> ELSE
' <number> ELSF

<if clause> ::= <if heac> THEN

<if heag> ::= [F <rel exp>
V' IF END 2 <numper>

<stopo statement> ::= STOP
<rem statement> ::= REM
<on statement> ::3 <on heaa> <label>

—<on heac> ::= begin>

head> <label>

<on begin> ::= 0N <aymeric exp> <on case sel>
{CN <nymeric exp> <on selector>
<on case sel> ::= GOSURB

+ GO SuB

<on selector> ::= THEN
' GNTO
i 6O TO

<label> ::= <numrber>

<gosub> <lavel>
'<aotol> <label>
'RETURN

<branch statement> ::=
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(141) <gosub> ::= GOSUB
(142) GO SuB

(143) <gotol> ::= aoto

(144) <goto> ::= GOTO
(14s) 'G

d. Declaraticn Statements

A1)l subscripted qQuantities in Basic shoula te
declared orior to wuse 1in the oprogram. The geclaraticn
statements in extendec Basic are given oy the following syn=
tax equations:

(146) <dim statement> ::3 <sdim headg> cr
(147) 1<dim head> cr

(148) <gim head> ::!= <d4im sarray head> <numcer> )
(149) 1<dim head alp> number> )

(150) <sdim head> ::= <dim head slo> <number> )
(151) <aim sarray heag> ::= <sdim heacg> (

(152) <dim heac lp> :i= <statement lacel> CIM4
(153) 101

(154) t<sdim heaa> ,
€155) 1<dim head> ,

(156) <dim head sip> ¢

<dim head lpe> <string 108> (

(157) <aim head alp> : <dim head lp> <numeric ig> (
158 1<dim head alp> <number> ,

(159) <gata statement> ::= <data head> <numpber>
(160) t<data minus> <number>
(161) t<data heaa> <string>

(162) <aata head> ::= DATA

(163) 1<data head> <number> ,
(164) t1<data minus> <number> ,
(165) 1<data heag> <string> ,

(166) <gata minus> ::= <data head> =
(167) <agef statement> ::= <Jef left part> = <numeric exp>

(168) <def laft part> ::= DEF <cef head> <numeric 14> )
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(169) <deft head> ::= <fynction id> (
(170) '<def head> <numeric 14> ,

e. Input/0Outeut Statements

The inout/output statements 1in extended Basic
are consistant with the ANSI oroposed standards. Care
should be exercised in the use of punctuation in
inout/output statements As cefined tv the following syntax

equations:

(171) <open statement> ::= <npen heaa> <nymper> ) <strirg>
(172) <open heag> ::= OPEN ( <numper> ,

(173) <read statement> ::= <read head> <nuymeric ref>
(174) t<read head> <string ref>

(175) <read head> :t:= READ
(176) 1<read heaa> <numeric ref> ,
(177) 1<read head> <string ref> ,

(178) <input statement> ::= <input heaad> <numeric ref>
(179) 1<input heaa> <string ref>

(180) <inmput head> ::= I[NPUT

(181) 1<inpbut head> <strinag exo> ;
(182) 1<inout heaag> <numeric ref> ,
(183) 1<inout head> <string ref> ,

(184) <readf statement> (:!3 <readf heaa> <numeric ref>
(189) 1<reaaf head> <string ref>

(186) <readf head> ::= <read file>
(187) \<readf head> <numeric ref> ,
(128) l<readf head> <strina ret> ,

(189) <read file> ::= READ # <nymber> , <numeric exo> ;
(190) VREAD # <nymber> 3

(191) <print statement> ::= PRINT

(192) 1<porint head> <numeric exp>
(193) i<orint heac> <strinag exp>
(194) 1<print heanl> <tormat element>
(195) 1<print head> <numeric exp> ;
(196) i<print heag> <string exo> i
(197) 1<orint head> <format element>

-
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(198)
(199)
(200)
€201)
(202)
(203)
(204)

(2095)
(206)

(207)
(208)
(209)

(210)
211)

(212)
(213)

(214)
(215
(216)
(217)

(218)

Basic
tion.

other

<print heaa> ::= PRINT
'<print head> <numeric exp> ,
1<print heAag> <string exp> ,
t<print head> <format element> ,
'<print head> <numeric exp> ;
1<orint head> <string exo> ;
1<print head> <format exp> ;

<write statement-, ::T <urite head> <numeric exp>
1<write head> <string exp>

<write head> ::= <write file>
<Write heaa> <numeric exo> ,

1}
)
1<write heag> <strinag exo> ,

<write file> ::= PRINT & <number> , <numeric exo>
{PRINT & <numper> ;

<format element> ::= <simple format>

i<format left part> <nuymeric exo>)

<format left part> ::= <numeric format> (
<restore statement> ::= RESTORE

{RANDOMI ZE

{RANDOMIZE ( <numeric exc>

= CLOSE ( <numper> )

<close statement> ¢

f. External Statements

The external ana call statements 1in extergeaq

are the basis of the unigueness of this imolerenta-

These statements porovide interface capacility

system programs and oroceqgurese. They are dgefinea oy

the following syntax eauations:

(219)
(220)
(221)
(22d)

(223)

(224)

<extern statement> ::= <extern heao>

<extern heag> ::= EXTERN TYPE <numeric i1d> <garm
VEXTERN <numeric 14> <pcarm def>
tEXTERN &% TYPE <numeric 14>
<oarm qgef>
i1<extern heag> , <numeric i3>
<parm def>

<parm def>

.
.
"

ub

.
’

)

with

ae >
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(225)
(226)
(227)

(228)
(229)
(230)

(231)
(231)
(232)
€255)
(234)
(235)

(236)
(237)
(2338)
(2359)
(240)
(241)
(242)

(243)

(244)

<parm

<call

<call

<call

<call

A A

statement>

heaa>

nhead>

shead>

ae

)
oarm head> TYPE )
parm head> % TYPE )

(
<parm headg> TYPE ,
<oarm head> & TYPE ,

¢z <call head> )
i1<call nheaa>
t<call head> <numeric exc> )
1<call head> <array 10> )
t<call head> <string exp> )
'<call head> & <numeric ia> )

<call mheaa> (

<call nheaa> = <numeric 12> (
<call shead> = <nuymeric 1d> (
<call head> <numeric exc> ,

<call heaa> <array 1c> ,
<call head> <strina 13> ,
<call heada> & <numeric 17> ,

CALL <numeric 1d>

CALL <string ref>

a7
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Table 1

Permissable Variable Types with B8inary Ccerators

string numeric

string tyoe | error
numeric error type 1, type 2
tyoe | oocerancs tyoce 2 operands

< >= + 1

<= <> - anac

> = * or

= (assignment) / xcr
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I. RECOMMENDATIONS FOR FUTURE DEVELOPMENTS

A number of acditional extensions to this Basic
languaae could be made. These include formatted
input/outout, a TRACE statement for debuagina, additional
string processing features, scientific notatiocn, and randonm

access for external files.

Basic orocessors have traditionally implementec format-
ted incut/outout by modifying the orint statement as Shown
celows:

PRINT USING <format string> ; <exoression>
The format strinmna contains a description of the format into
which the wvalues 1in the expression list are to be olacec.
This might be implemented using the PRINTF routine 1in the
UNIX library or by allowing the user to directly use FRINTF

vice the CALL and EXTERN statements.

A TRACE inmstruction, similar to that oroviged 1in many
C0BOL implementations, would list the source orogram line
numbers as each statement was executeda ana ootionally orint
the current values of selectec variables. An accompanvinrg
UNTRACE statement would disable the trace. This coula be

easily implemented using flanas.

Adgitional strina operators coula include a search

function which woula AJdetermine the position of one string
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within another, and a substring replacement operation whicnhn
would replace a substring with another (possibly null)
string. String concatenation could be implerented for wuse
in building strings by buffered inout/output and using the {

UNIX routimes GETC anc PUTC,

Random access to elements of external files would be
enhancing for file management, but would not greatly in=-
crease the flexibility of the existing file manacement
methodas used 1in araphics work. This might be accomplishes
by creatina an array cf dope vectors at the ©beginning of
each external file. Each vector would contain the beginning

address of each recorc and the lergth of the record.

Scientific notation would enhance numeric output Dy ex-=
pandina the range of nuymbers «which could be comfortanly

printed on an output pcage.
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II. CONCLUSIONS

The extended Basic compiler presented in this thesis is

a working software oackage. It has demeonstratea that it 1is

cacable of pertfgming araphics work in the Naval Postgracu=
ate School Computer Laboratory, and will provige a measur=
L

able improvement to araphics efforts of coth Computer Sci-
ence and non=-Computer Science students than was previously
afforded by the UNIX system library of programming

languaces.

Improvements noted in the Recommendations section a0
not represent all cossible imorovements, tut only those
developed or gene*atec durinag development and testing of

this Basic comoiler.
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APPENDIX I = EXTENDED RASIC LANGUAGE MANUAL

Elements of extended Basic are listed 1in alphabetical
order in this section of the thesis. A synoosis of eacnhn
element is given, followed by a descriotion ana examples of
P ts Use. The intent is to orovide a reference for the
features of this imolementation of BASIC and not to teacnh

the BASIC language.

A proaram consists of ome or more properly formead ex-=
tenged Basic statements, An END statement, which must oce
cresent, terminates the orogram, ara adaiticnal statements
are ignored., The ASCII character subset, consisting of al-=
ohanumerics and the scecified éoecial characters, 1's accept-

ed.

In this section, the "synoosis" oresents the general
form of the element. Sauare brackets, [], denote an coticn=-
al feature, wnile braces, {}, 1indicate that the enclosed
section may be reoeated zero or more times. Terms encloseq
in € > are either non=terminal elements of the lanacuace,
which are further defined in this section, or terminal svm=
bols. All special characters and capitalized woras are ter=

minal symopols,
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ELEMENT ¢

ABS predefined function

SYNOPSIS:

ABS ( <expression> )

DESCRIPTION:
The ABS function returns the absolute value of the
<expression>. The argument should evaluate to a
floating point number.

EXAMPLES:
ABS(X)

ABS(XxY)

o
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ELEMENT:

ASC predefined function

SYNOPSIS:

ASC ( <expression> )

DESCRIPTION:

The ASC function returns the ASCII numeric value of

the first character of the <exoression>,
should evaluate to a string.

EXAMPLES:
ASC(A%)

ASC("x"™)
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ELEMENT

ATAN predefined function

SYNOPSIS:

ATAN ( <expression> )

DESCRIPTION:

The ATAN function returns the arctanaent of the <ex=
oression>., The arqument should evaluate tc a floating
point Nnumbere.

EXAMPLES:

ATAN(CX)

ATAN(SQRT(SIN(X)))

PROGRAMMING NQOTE:

A1l other inverse trigonometric functions may be ccm=
puted from the arctangent usina simple i1aentities.

5%
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CALL
ELEMENT ¢

CALL statement

SYNOPSIS:

(<line number>] CALL [ <variable> = ]
<identifier> [ ( <exoression> :
{, <expression>} )]

DESCRIPTIOUN:

The CALL statement references an externally defirea C
procedure or function. The optional <variable> may ve
either a numeric identifier or a strinag reference,
The CALL <identifier> may be up to 9 characters in
length. If the <variable> is oresent, then the <iacen=
tifier> references a function ancd returns a value. 1¢
the <variable> is absent, the <identifier> references
a procedure and returns no value.

A CALL statement should be preceeded by an EXTERY
statement defining the form ana nature of the <icen-
tifier>,

A CALL statement may have an infinite numcer of argu-
ments which should each be valiad <excressions>
evaluating to numeric or character values. Arquments
may further evaluate to array cointers if previously
declared as such in the EXTERN statement. If the ar-
cument s declared to be of type char, then the argu=
ment value may consist of one character. To pass 3
string of characters as an argument, the arcqument may
be of tyoe R char, which imolies a vector of <crarac=
ters, or a character string.

If a CALL statement has no arguments, then the entire

argument list may be omitted from the statement,
EXAMPLES:

CALL j = testl ("test X")

call sink( ship )

call a3(315) = strq( less )
CALL list

call movabs (x,y)
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PROGRAMMING MNOTE:

<identifiers> may be up to nine characters in lenath.
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CHRS
ELEMENT:

CHR3® predefined function

SYNQOPSIS:

CHR3 ( <exoression> )

DESCRIPTION:
The CHR$ function returns a character string of length
1 consisting of the character whose ASCII equivalent
is the <exoression> truncated to an integer modulo
128. The argument may evaluate to a floating ooint
number.

EXAMPLES:
CHR$ (A)

CHR3(12)

CHRS((A+B/C)*SIN(X))

PROGRAMMING NQOTE:

CHRE can be used to send the stancard ASCII control
characters such as a formfeed to the output device.
The .following statement would accomplish this:

PRINT CHR$(10)




ELEMENT s

CLUSE statement

SYNOPSIS:

(<1ine number>) CLOSE (<constant>)

DESCRIPTION:

The CLOSE statement causes the file soecifiea by its
<constant> to be closeqa. Refore the file may re
referenced again it shoula be reopenea using an OPEN

statement.

A terminal error occurs if the specifiea file has not
previously apoeared in an OPEN statement.

EXAMPLES::

CLOSE (1)

PROGRAMMING NOTE:

On normal completion of a oroaram all ocen files are
closeq. I[f the oproaoram terminates acnorrmally it 1s
possible tnat files createa Dby the oprogram may ©be
lost.
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ELEMENT:

COL predefined function

SYNQOPSIS:

COL ( <expression> )

DESCRIPTION:

The COL function defines the column wiath for a numer=

ie output. The default width value

is 10 aigits, in-

cluding the sign and the decimal point.

The COL function should be used only
ment .

EXAMPLES:
orint COLC(12)

orint COLCixj)

6N
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<constant>

ELEMENT:

<constant>

SYNOPSIS:

[<sian>] <integer> [,] [ <integer> ]

("] <character string> (")

DESCRIPTION:

A <constant> may be either a nNumeric constant or a
string constant. Al)l numeric constants are stcread as
floating pcoint numoers. Strinas may contain anv ASCII
character exceot >, which may be reporesentec as >.

Numeric constants may ne either a signed or unsianed
integer or decimal number. String constants may be
up to 255 characters in length. Strings entered from
the console for an INPUT statement may nct contain
quotes, however, a double quote or a newline may ce
used to terminate a string during INPUT or READ,
Strings entered from a3 data statement should bpe en=
closed in guotes, sinmce they are found i1n the corogram.
Strings reaa frcm a file may rot contain cguctes.

EXAMPLES:

10
-100.75639

"THIS 1S THE ANSWER®

PROGRAMMING NOTE:

The line continuation character (&) may not be used in
the orogram for carrying strina constants to another
line.
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COS
ELEMENT:

COS predefined function

SYNQOPSIS:

CO0S( <expression> )

. DESCRIPTION:

CO0S is a function which returns the cosine of the <ex=
pression>. The arqument should evaluate tc a floating
point number expressed in raiians.

EXAMPLES:
cos(B)

COS(SQRT(X=Y))
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ELEMENT :

COSH predefined function

SYNQOPSIS:

COSH ( <expression> )

DESCRIPTIQN:
COSH is a function which returns the hyperbolic cosine
of the <expression>. The argument snoulc evaluate to
a floating point number.

EXAMPLES:
COSH(X)

CUSH(XxT2+Y12)
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DATA

ELEMENT:

DATA statement

SYNOPSIS:

[<1ine number>] DATA <constant> {, <constant>}

DESCRIPTION:

DATA statements define floating point and string con=
stants which are assigned to variacles using a READ
statement. Any number of DATA statements may occur 1n
a program. Strings and numeric elements are stored
separately. The orderina of strina anc number ele-=
ments in 3 data statement need not match the orcering
in the corresoonding read statement, The first ocecu=
rance of an element type will be reac when aemancec.
The constants are stored consecutively for each tyoe
in a data area as they apcear im tnhe proaram anc are
not syntax checked by the ccmoiler. Character strings
should be enclosed in quotes. Data elements shoula pe
separated by commas.

Should either type of data te exha3usted, a restore ftor
that tyoe only is generated. If a type 15 requesteq
when no acata is defined, a terminal error results.

EXAMPLES:
10 OATA 10.0,11.72,100

DATA "This is a string.",5,10.4,"The Ena"

PROGRAMMING NOTE:

The RESTORE command may be used to rerean a data line.
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DEF

ELEMENT:

DEF statement

SYNORSIS:

{(<)1ine number>)] DEF <funmction name> (<varianle>
{, <variable>}) = <expression>

DESCRIPTION:

The NDEF statement specifies a user definea function
which returns a floating ooint number. Cne or more
arguments are passed to the function and are used in
evaluating the expression. The values may r©ce 1n
floating point form. Recursive calls are not opermit=
ted.

The <expression> in the define statement may reference
<variables> other than the dummy arquments, 1in whicCn
case the current value of the <yariacle> i1s useag in
evaluating the <exoresssicn>.

The first two alphanumerics of the <function name>
should be FN, Fn, fN or fn. The <function name> may
not exceed a total of four characters.

EXAMPLES:

10 DEF FNA(X,Y) = X ¢+ Y = A

DEF FNCC(A,B) = A + B - FNA(A,B) + D
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CEG
ELEMENT

DEG oredefined function

SYNOPSIS:

DEG ( <expression> )

DESCRIPTION:

The DEG functicn converts the floating point value of
the <expression> into dearees. The <expression>
should evaluate to a floating point value ir racdiars.

EXAMPLES:

DEG ( 3.14159 x j )
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ELEMENT

DIM statement

SYNOPSIS:

1) (<line number>] DIM <igentifier> (<subscript list>)
{s<igentifier> (<subscriot list>)}

2) [(<line number>] DIM <identifier> (<constant>)
[ (<subscript list>) ]
{s<icentifier> (<constant>)
[ (<subscriot list>) ]}

DESCRIPTION:

The dimension statement statically allocates space for
floating o0o0int or string arrays. String array ele-=
ments may be of any length up to 32767 characters,
String array lenath should pe specifiea. Initially,
all floating point arrays are set to <zero and  all
string arravys are null strings. An  array may te
dimensioned explicitly; no agefault octions are ocrovia-
eq exceot for string arrays which default to | element
if the <subscrigct list> is absent. Arrays are storeg
in row major order. The <supscriot list> may ccnsist
of integers. All subscripts have a lower pound of 0
and an upoer pbouna of n, for a total of n+l elements.

The type | DIM statement aocove refers scecifically to
an array of numeric elements. Type 2 refers to string
arrays. Both tyoes of arrays may be combinea 1in one
DIM statement, however all the reauired elemerts in
the synopsis may be oresent for each tvoe.

<constant> may be includea for all strinac arrays ana
may not be oresent for floating point arrayse. String
array elements poir* to vectors of character strinas

with a maximum number of characters, or string lenath, .

equal to <constant>. The <subscripot ]35> for a
string array may not have more than one elerent.

EXAMPLES:

DIM A(10,20), B(10)

DIM B3(2)(S5),C(7)

]
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END
ELEMENT :

END statement

SYNOPSIS:

(<1ine number>] END

DESCRIPTIQN:
An END statement indicates the end of the scurce oro=
Jram. If any statments follow the END statement they
are ianored.

EXAMPLES:

10 END

END

PROGRAMMING NOTE:

If a STOP statement does not pbreceed an ENU statement
somewhere in the proqram, a STUP statement is autcmate=
ically inserted tefore the END statement.
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ELEMENT :

<exec statement>

SYNOPSIS:

[<1ine
{(<)line
(<1ine
[<)ine
(<1ine
[<1line
(<line
(<1ine
(<Tine
[<1ine
{<1ine
[<1ime
[<1ine
[<1ine
[<1ine
[<)ine
[<1ine
(<line
(<)Vine

DESCRIPTICN:

number>]
number>]
number>]

numoer>]

number>]
number>])
number>]
number>]
number>]
number>]
number>)
number>]
number>)
number>]
number>]
number>]
numpber>]
number>]
number>)

<exeC statement>

CALL statement <cr>
CLOSE statement <cr>
END statement <cr>
EXTERIV statement <cr>
GOSUB statement <cr>
GOTO statement <cr>
INPUT statement <cr>
LET statement <cr>
NEXT statement <cr>

ON statement <cr>

CPEN statement <cr>
PRINT statement <cr>
PRINT # statement <cr>
RANDOMIZE statement <cr>
READ statement <cr>
READ # statement <cr>
RESTORE statement <cr>
RETURN statement <cr>
STOP statement <cr>

An <exec statement> is the only allowacle executaple

statement

in an IF statement construct. <exec State=

ments> may apoear as <simple statements> throuahout
the program.

NOTE ¢

See <statement>.
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ExP
ELEMENT:

EXP predefined function

SYNOPSIS:

EXP ( <expression> )

DESCRIPTION:
The EXP function returns e (2.71828....) raisead to the
power of the <exoression>. The arqument should evalu=-
ate to a floatina point number.

EXAMPLES:
EXP(X)

EXP(LOG(X))
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<expression>
ELEMENT

<expression>

DESCRIPTION:

Exoressions consist of algebraic combinations cf vari=

ables, <constants, ana operators. The hierarchy of
operators is:

1) @)

2) T

3) kg 7/

4) +, =, unary +, unary =

S) relational ops <, <=, >, >z, =, <>, ==, [=

LT, LE, GT, GE, EQ, NE

6) NOT (<expression>)

7) AND

8) OR, XOR

Relational oocerators result in a 0 if false and
nonzero (1) if true., String variables may be cperated
on only by relational opcerators. Mixea string ana
numeric coTparisons are not cermitted.
The three tyoes of expressions are strina, arithmetic
and boolean.

EXAMPLES:
X + Y

(A <= B) OR (C% > D3) 7 (A = B AND D)

il




EXTERN
ELEMENT:

EXTERN statement

(<1ine number>] EXTERN [<type>] <identifier> [ (<type>
{r <tyoe> })]

DESCRIPTION:

The EXTERN statement declares the type of prccedure or
function referencea by the <identifier> 1in a CALL
: statement. The <igdentifier> is from an externally de-
fined library and cannot be internally reacefined by
the user. The EXTERN statement snoula preceead, and
may aopear at any point prior to, the CALL statement.

If the first ootional <type> is missing, then that
<type> defaults to integer.

The five varieties of <type> are integer, float, dou-
vle, char and addr. These tyoes may 3lternately be
declared as arrays by oreceeding the type by &%, as in
& integer, & float, &% double, & char and 3 acor.
The EXTERN statement may declare an infinite number of
arguments for the orocedure or function.

EXAMPLES:

extern ginitt(inteqger)

extern integer movel(integer,integer)

extern & char Amt( & float, % char)

extern gerase( )

extern newonaq
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FOR
ELEMENT:

FUR statement

SYNOPSIS:

[<1ine number>] FOR <index> = <expression> T0
<expression> ([STEP <expression>]
<statement list>

[<line number>] NEXT (<index>)

DESCRIPTION:

Execution of all statements between the FOR statement
and its correspcnding NEXT statement is repeatec until
the indexing variable reaches the exit criteria. If
the step 1is oositive, the loop exit criteria 1s that
the index exceecs the value of the T0 <expression>,
If the steo is negative, the inagex should be less than
the TO <exoression> for the exit criteria toc be met,

The <index> may be an unsubscriotea variable and is
initially set to the value cf the first <excression>,
I1f the exit criteria as met on initial entry, 0 execu=-
tions of the loop are performea. If the STEP clause
is omitted, a default value of | is assumec. A step
of 0 may be used to loop indgefinitely,

EXAMPLES:
FGR I =1 TO 10 STEP 3
FOR INDX = JxK=L TO 10*SIN(X)

FOGR I = § T@ 2 STEP O

(5




<function name>
ELEMENT

<function name>

SYNOPSIS:

FN<identifier> or fn<identifier>

DESCRIPTION:
Any <identifier> starting with fn, fN, FN, or Fn
refers to a user=defined function. The <function
name> should acpear in 3 DEF statement gorior to apo=-
pearing in an <expression>.
There may not be any spaces between the FN or fn ang
the <identifier>,

EXAMPLES:
FNA(Xx) = xt12

frAr(i,j) = %]
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GOSUB
ELEMENT:

GUSUB statement

SYNOPSIS:

[<1ine number>] GOSUB <line number>
{<1ine number>] GO SUB <1line number>

DESCRIPTION:

The address of the next sequential instruction is
saved on the run=time stack, and control is
transferred to the sucroutine labeled with the <line
number> followinag the GOSUB or GO SuB.

EXAMPLES:
10 GOSuUB 300

GO SuB 100
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GOTO
ELEMENT:

GOTO statement

SYNOPSIS:
{(<1ine number>] GCTO <line numcer>

(<line number>] GO T0 <line number>

DESCRIPTION:
Execution continues at the statement lacelea with the
<line number> followinag the GOTO or GG TO.

EXAMPLES:
100 GOTO S50

GO 7O 10

16
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<identifier>
ELEMENT:

<identifier>

SYNOPSIS:

<letter> { <letter> or <number> } [ § ]

DESCRIPTION:
An identifier begins with an alphabetic character fol=-
lowed by three alphanumeric characters. If the second
or third character is a dollar sian the associatea
variable is of tyoe strina, otherwise it is of type
floating point.

EXAMPLES:
A
RS

Xyb6

PROGRAMMING MNOTE:

A1)l non-reserved identifiers may consist of any mix=
ture of upoer and lower case letters anad numerics.
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ELEMENT:

[F statement

SYNOPSIS:
[€11ne number>] IF <expression> GO TOQ <line numrber>
(<11ne number>) IF <exoression> THEN <exec statement>
[<line number>] 1F <expression> THEN <exec statement>
ELSE <exec statement>
or
ELSE IF statement
DESCRIPTION:

It the value of the <expression> is not 0, the follow=
ing occurs:

1) the GOTO causes an unconditional brancn to
<line number>, or
2) the <exec statement> following the THEN s

executed.
If the value of the <expression> is 0, the following
occurss:
1) either the <exec statement> or the IF state-
ment following the ELSE i1s executea, or
2) the next sequential statement in the pcroaram
is executed.
EXAMPLES:
IF A3 < B$ THEN X= Y*xZ
IF (A3<B3) AND (C OR D) GO TO 300

IF J AND K THEN GOTO 11 ELSE GOTO 12

PROGRAMMING NOTE:

The line continuation symbol (@) may be usea following
the THEN or ELSE symbols to produce more readable
code:

if x = y then a
2 =2 ¥ 1 0
else A
orint x = vy
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INPUT
ELEMENT

[NPUT statement

SYNOPSIS:

{<line number>] INPUT [<prompt string> ;]
<variable> {, <variable> }
{, <prompt string>; <variable>
{, <variable>}} 3

DESCRIPTION:

The <prompt string>, 1f poresent, is printed on the
console., A prompt strinag may be fcllowed by a semi-=
colon. A line of imout data is read from the console
and assigned to the variables as they appear in the
variable list., Data items preceedea by orompt string
should be separated by a carriaae return. Strinas may
not be enclosed in qQuotation marks.

EXAMPLES:
10 INPUT A,B
INPUT "SIZE OF ARRAY?"; N, “DEFAULT VALUEZ":7 X
INPUT "VALUES?"; ACI),B(I),C(ACI))

incut as%, a(i)

79




INT
ELEMENT:

INT oredefined function

SYNOPSIS:

INT ( <expressicn> )

DESCRIPTION:
The INT function returns the largest integer less than

or equal to the value of the <expression». The arau-
ment should evaluate to a floating point number,

EXAMPLES:
INT (AMNT / 100)

INT(3 * X * SIN(Y))
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ELEMENT

LEN oredefined function

SYNOPSIS:

LEN ( <expression> )

DESCRIPTION:

The LEN function returns the actual length of the
string <expression> passed as an argument. Zero is
returned if the argument is the null string.

EXAMPLES:

LENCAS)
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ELEMENT :

LET statement

LET

SYNUPSIS:
(<1ine number>] (LET] <variaktle> = <expression>
DESCRIPTIOM:
The <expression> is evaluated and assigned to the
<variable> appearina on the left side of the eaual
sian. The type of thr <exoression>, either floating
point or string, should match the tyoe of the <vari=
able>,
EXAMPLES:
100 LET A =8B + C
X3, A) = Te%2 2 Y ¢ X(2,35)
73 W = (A<B) O0OR (C3$>D%)

a2




<line numoer>

ELEMENT:

<line number>

SYNQPSIS:

<digit> { <digit> }

DESCRIPTION:

<}line numbers> are ootional on all statements and are
ignored by the compiler exceot when they aocear 1in a
GOTO, GOSUB, or ON statement. In these casesy tha
<line numoer> should apcear as tne label of one ana

only one <statement> in tne Droaram.

<line numbers> should be less than 32707.

EXAMPLES:

100

4635
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ELEMENT :

LOG predefined function

SYNQPSIS:

LOG ( <expression> )}

DESCRIPTION:
The loa function returns the natural logarithm of tne
value of the <expression>., The argument shoula evalu=

ate to a non-zero floating ooint number.

A negative value will proauce undesirable results.

EXAMPLES:
LOG (X)
LOG((A ¢+ B)/D)

LOG10 = LOG(X)/LOG(10)
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MOD

ELEMENT ¢

MOD predefined function

SYNOPSIS/e

MOD ( <exporession> , <expression> )

DESCRIPTION:

The MOD function evaluates the first <exoression>
modulo the second <expressicn> and returns a float
point value. Roth <expressions> should evaluate to

floating point numbers.

EXAMPLES:
MOD (x/sy) ]

MOD (SQRT (LOG (X)), X + Y)
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NEXT
FLEMENT:

NEXT statement

SYNOPSIS:

(<1ine number>] NEXT (<identifier>]

DESCRIPTION:

A NEXT statement denotes the end ot the <closest un-= i
matched FOR statement. Tf the ooticnal <identifier> i
is present it should matcn the 1nagex variaple of tne
FOCR statement ceing terminated. The <line number> of
a NEXT statement may apoear in an ON or GOTO state-
ment, in which case execution of the FOR looo contin-
ues with the loop variables assuming their current
values.

Nhile it is possible to branch into a loopo, it iS un-=
desiraple since the looo will not be orcperly execut=
ed. Those statements occuring at and after the ag-
dressed statement will be executed, and the MNEXT
statement will be ignhored.

EXAMPLES:

10 NEXT

NEXT 1
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IN

ELEMENT

ON statement

SYNOPSIS:

(1) (<line number>] ON <exocression> GUTO
<line number> {, <line number>}

(2) [(<1linme number>) ON <expression> GJ TO
<line number> {, <line numcer>}

(3) [<line number>] 0N <expression> GOSUR
<linre numoer> {, <line numper>}

(4) [<line numober>] ON <expression> GO SUb
<line number> {, <line numper>}

(S) [<line number>] ON <exoressicn> THEN
<line number> {(, <line numper>}

CESCRIPTION:

The <expression>, truncated to the nearest inteqger
value, is used to select the <line number> at which
execution will continue. If the <expression> evalu-=
ates to | the first <line number> is selected and so
forth. In the case of an ON ... GCSUB statement the
address of the next instruction becomes the returr aa=
dress. ON ... THEN poroduces the same results as JN
see GO FO

If the <expression> after truncating is less thar one
or Qgreater than the number of <line numbers> in thea
list, the proaram continues with the next executable
statement,

EXAMPLES:

10 ON I GUTO 10, 20, 30, 40

ON JxK=M GO SUB 10, 1, 1, 10
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ELEMEN

SYNOPS

DESCRI

EXAMPL

OPEN
3

OPEN statement

IS:

(<1ine number>] OPEN (<file number>,<mode>) <file
name>

PTIOM:

The OPEN statement ooens the <file numrer> for ranaon
access (<mode> 0), reading (<mode> 1), writing (<moce>
2)s, apoending (<mode> 3). <file name> is a string of
ASCII characters which represents the file specifiea
by <file number>. A file is created by the first CPEN
statement for <file name> and <file number> with the
write <mode> scecified. Attempts tc open a non=
existant file for reading will cause a fatal error.

Althouan the op©rogrammer may have uncountably many

files, limited only by the number of <file names>
available; a maximum of 1S files may be open at any
one time. <file numbters> are restricted to the se-

quence 0=14 inclusively. No two <file numcers> for
open files may be the same, but should be unigue tor
each open file.

The <file number> will be usea for input/outout and
closing of files. It is the sole uniform reference
between the abcve Statements.

ESe

10 ooen (1,1) "datal"

ooen (5,0) "fielna"
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PAGE
ELEMENT :
PAGE predefined function
SYNOPSIS:
PRINT PAGE
DESCRIPTION:
The PAGE function causes a new page commang to be is-
sued. The ©cage orint function should not bte usea on I
the console, since it will cause ungesirable effects
on the CRT screen.
EXAMPLES:

print page

PROGRAMMING MNOTE:
It shouldg

is the same as PRINT CHRS(10).
wnich 1s

PRINT PAGE
same manner as TAB or CCL,

be wused in the
only in a PRINT statement.
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PRIMNT

ELEMENT

PRINT statement

SYNQPSIS:

[(<line number>] PRINT <exoression> <delim>
{ <expression> <agelim> }

DESCRIPTION:

A PRINT statement sends the value of the expressions
in the expression list to the ccnsole, A space is ap=-
pended to all numeric values and if the numeric item
exceeds the riqht marqgin then the print buffer is
dumped before the item 1is printed. The <agelim>
between the <expressions> m3y be either a comma or a
semicolon.

If the <delim> 3s a comma, the output of elements is
sequential on an output line. If the sermicclon 1s
used, the print buffer is dumoed upon encountering the
semicolon, anad the next line is beaun. I1t, however,
the semi=colon occurs at the end of the list of eie-
ments to be printed, nc newline 1s i1ssued, and subse-
auent orinting will begin at the next positicon on the
Tine.

EXAMPLES:

PRINT A, B, "THE ANSWER 1S8"i x
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PRINI
ELEMENT

PRINT # statement

SYNOPSIS:
[<)ine number>) PRINT # <fjle number> ;

<expression> {, <expression>}

e oty i

DESCRIPTION:

PRINT = causes the cutout for a orogram to te airected 1
to the indicatea file number. ©Before a transaction
may take olace, a file should be ocened usina tne UPEY
command with moage 2 or 3. The file is an external
file in the user's directorv. This allows tne user to
store oprogram results externallv, ana to eventually
output the results to an external Aaeyice, Such as tre
line orinter.

EXAMPLES:

PRINT 2 2
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RAD
ELEMENT

RAD predefined function

.~

SYNQOPSIS:
RAD ( <expression> )
DESCRIPTION:
The RAD function converts the value of the <expres=

s1on> 1into a radian value. The <expression> snhould
evaluate to a floating point numoer.

EXAMPLES:

RAD (180 * i)

Y

L
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RANOOGMIZE
ELEMENT :

RANDOMIZE statement

SYNQOPSIS:

[<line number>] RANDOMIZE ((<numeric expression>)]

DESCRIPTION:
A RANDOMIZE statement seeds the rardom number genera=-
tor with 1301, if no <numeric expression> argument 15
supplied, ana <numeric expression> moaculo 2**1S = | i+¢
specified.

EXAMPLES:
10 RANDQMIZE

RANDOMIZE (1013)
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READ
ELEMENT

READ statement

SYNOPSIS:

[<1ine number>) READ
<variaole> {, <variable> }

DESCRIPTION:

A READ statement assians values to variacles in the
variable list from DATA statements. Fields may ©re
floating ooint or string constants and are gelimited
by a comma.

DATA statements are orocessed seauentially as they ac-
pear 1in the orogram. An attempt to read past the ena
of the last data statement prn3luces an error, ana au=
tomatically generates an aocrccriate RESTORE, An at=
tempt to read non=existant data w~ill orocuce a terTi=
nal error.

EXAMPLES:

100 READ A,8,C3
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KEAD
ELEMENT:

READ ® statement

SYNOPSIS:

(<1ine number>] READ # <file number> ;
<variable> {, <variavle>}

DESCRIPTION:
A READ # statement assicns values to variatcles in the
variable fist. Values are read from seaquential

records from the external file soecifiea tv the <file
numpber>., Fields may pe floating point or strinas.

EXAMPLES:

200 READ # 1; PAYR, PAYO, HRSR, HRSO

READ # 27 xs,ys293
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KE 4
ELEMENT ¢

REM statement

SYNOPSIS:
’ {<line number>)] REM I[<remark>]

(<1ine number>)] REMARK ([<remark>]

DESCRIPTION:

A REM statement is ignored by tne compiler ana compi=
lation continues with the statement following the next
carriaae return. The REM statement may ce used to do=
cument a oprograme. REM statements ac not affect the
size of program that may be comoileac or executed.

A REM statement may be the cbject of eitnher a GITu or j
GOSUB statement. 1

EXAMPLES:

10 REM THIS IS A REMARK

20 REMARK This is another remark.




reserved word list
ELEMENT:

reserved word list

SYNOPS1IS:

<letter> { <letter> } [ § )

DESCRIPTION:

The following words are reserved by extended bBasic and
may not be used as <identifjers>:

ABS AND ASC ATAN CALL
CHR3 CLOSE CcoL caos COSH
DATA DEF DEG DIM ELSE
END EC EXP FILE FOR
GE GO GOSUB GOTO GT
EE INPUT INT LE LEN
LET LOG LT MQOD NE
NEXT NOT ON OPEN Or
PAGE PRINT RAD RAMDOMIZE READ
REM RESTORE RETURN RND SIN
SINH SQRT STEP SToP Tag
TAN THEN TO VAL

Reserved words may be oreceeded ana followed bv either
3 special character or a space. Soaces may not be em=
bedded within reserved words. Reserved word voentif=
iers should consist of upper or lowercase letters ax-
clusivelv.,
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ELEMENT:

RND predefined function

SYNQPSIS:

RND

DESCRIPTION:

The RND function generates
random number between (0 and

EXAMPLE:

RND

100

DL B e .

a
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uniformly

RND
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<simple statement>
ELEMENT @

<simple statement>

SYNOPSIS:

(<1ine number>] DATA statement <cr>
(<line number>]) DEF statement <cr>
[<1ine number>] DIM statement <cr>
[<1ine number>] <exec statement> <cr>
[<1ine number>)] FOR statement <cr>
[<1ine number>] IF statement <cr>
[<line number>] REY statement <cr>

DESCRIPTION:
All <simple statements> are elements of a <staterent

list> and are executaoble. All <simple statements> enag
with a carriage return <cr>,
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ELEMENT :

SIN predefined function

SYNOPSIS:

SIN

( <expression> )

DESCRIPTION:

SIN
the

is a predefined function which returns the sine of
<expression>, The arqument should evaluate to a

floating point number in raaians.

EXAMPLES:

X = SINCY)

SIN(CA = B/C)
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ELEMENT:

SINH predefined function

SYNOPSIS:

SINH ( <exoression> )

DESCRIPTION:
SINH is a function which returns the hyperbolic sinre
of the <expression>., The arqument sheould evaluate to
3 floating point number.

EXAMPLES:

SINH(Y)

SINH(B ¢+ C)
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ELEMENT:

special characters

DESCRIPTICN:

special characters

The followinag special characters are used by extended

Basic:

== J Re=OO H V AN | + 2 3 ~—wm~-

A n

Anv special

cept >,
string.

circumflex

open parenthesis
closed carenthesis
open sauare bracket
closed square bracket
double auote
asterisk

olus

minus

slant

semicolon

less=than
greater=tnan

eauyal

comma

carriage return (rew line)
exclamation point
line continuation
tilde

substring

space

number sian

dollar

ampersangd

period

character in the ASCII character set
may apoear as \>, may apocear
characters otner than those listeq

ex=
" 8

above, if they acoear outside a string, will cenerate

an errore.
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SGRT
ELEMENT:

SQART predefined function

SYNGCPSIS:

SWURT ( <expression> )

DESCRIPTICON:

SQRT returns the sauare root of the absolute value of

the <expression>, The arqument shoula evaluate to a
floating point numper. Negative numbers will return
oo
EXAMPLES: {4
SART (Y)

SGRT(XT2 + YT2)

N —
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<statement list>

ELEMENT:

<statement list>

SYNOPSIS:

<simple statement>
{<simple statement>}

DESCRIPTION:

A <statement list> is a sequence of executable state=
mentsS. Al extended Basic statements are terminatea
by a carriage return (<cr>).
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STOP

ELEMENT:

STOP statement

SYNGPSIS:

(<line numpber>] STOP

DESCRIPTION:

Upon execution of a <STOP statement>, orogram execu-
tion terminates anad all ocen files are closeq. The
print buffer is emptied and control returns to the
host system. Any number of STOP statements may apcear
in a orogram.

A STOP statement is oppendeda to all programs by the
compiler,

EXAMPLES:

10 STOP

STOP
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<subscriot list>

ELEMENT:

<subscriot list>

SYNOPSIS:

<integer> {, <integer> }

DESCRIPTION:

A <subscriot list> may be used as part of a <DImM
statement> to spgecify the number of dimensicns ana ex=
tent of each dimension of the array beina declarec or
as oart of a <subscrioted variable> to indicate which
element of an array is being referencea.

Elements of a subscriot list in a CIY statement may bte
integers.
EXAMPLES:

X(10,20,20)

108




TAB
ELEMENT :

TAB oredefined function

SYNQOPSIS:

TAB (<expression>)

DESCRIPITION:
TAB moves the text pointer to the absolute column in=
dicated by the evaluated <exopression>, If the expres=
sion evaluates to a value qgreater than 80, the TAB
value 1is defaulted to <exoression> = 80 ang will not
cause text to wrap around on the same line at the con=
sole.

EXAMPLES:
TAB (10)

TAR (i + j)
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TaN
ELEMENT:

TAN oreadefined function

SYNGPSIS:

TAN ( <expression> )

DESCRIPTION:

TAM §s a function which returns the tangent of the ex=
pression. The arcument should evaluate to a floating
point number in radians.

If the <expression> is a multiple of ©i/2 raagians, the
value returned is the laracest or smallest numoer 1n
the system, deoending upon which sice of zero is ao-
proached by the function.

EXAMPLES:

10 TANC(CA)

TAN(X = 3*xC0OS(Y))




VAL

ELEMENT:

VAL predefinea function

| SYNOPSIS:

VAL ( <expression> )

DESCRIPIION:
The VAL function converts the string number 1n ASCII
ocassed as a parameter into a flcating point number,
The <expression> should evaluate to a string.
Conversion continues until a character is encountered
that is not part of a valid number or until the eng cf
the string 1S encountered. The maximum lenagth for 3
string is 22 digits,

EXAMPLES::
VAL (A3)

VAL("3.789")

VAL("This returrs zero")




J!ll-l!UN-!H-HN-ll-ll!-lIl-l-ll!ll.-lll-ll---ﬂﬂﬂllﬂ"

<varianle>

ELEMENT

<variable>

SYNOPSIS:
<identifier> [( <subscript list> )]
<string identifier> (<beginnimna position> | <string
length>)

DESCRIPTIOCON:

A <variable> in extenged Basic may eitner represent 3
floating point number or a strinag deocending on the
tyce of the <identifier>., All strinc variables shoul3d
apoear in a DOIM statement ©Dbpefore beinac usea as a
<variable>.

String variaoles may be broken down into substring un= !
its by indicatina string name, Sstarting character ana i
length of substring. The element <tceginning position>
is an <expression> and refers to the first character
position of the substrimna. It shoula evaluate to a

number. The element <string length> is an <exores-
sion> and shoulc evaluate tc a numcer. It is the ab~-
solute length of the substring. String character

count begins at 1.

EXAMPLES:

E X

: YS(3110)

E ABS(8120)

; ABST(X(I1),Y(1),SCI-1))




APPENDIX II = OPERATING IN UNIX WITH EXTENDED B8ASIC

Lbax is the shell command call for the extended Basic
compiler in the PDP=11/50 UNIX computer system at the Naval
Postaraduate School. It i1s of the form:

Ibax [=C] (=S1 (=c]l [=0] f(=r] [=t] [=v] file ecs.
The system call accepts three tyoces of arguments:
Flaas defined below; 3an argument whose name ends with
'.D' which is taken to be a3 Rasic source orgccram and is com-=
piled; arquments endina in '.0' wnich are taken as object

files to be passed to the loager.

The following flaags are interpreted bv ltax:

- C Include the standarda C library when loadina the
results of the comoilation.
- S Compile the namec Basic program, ang leave tne

assembly=lancuage outout on a corresponginc file
suffixed '.s'.

- ¢ Include the graohics liorary for the CONOGRAPHICS
qQraphics device,

- P Include the craphics library for the RAMTEK graghics
device.

~= 0 Compile the named 8Sasic oroaram, and leave the ot=

ject file on a corresoonding file suffixea '.o'.

- t Include the «graohics library for the Tertronics
araohic device.

- v Include the graphics library for tne vector General

araphics device,

Wwhenever a grachics library 1is included for loaaing
with the compiled source orogram, the stangard C liocrary is
appended to the loader library list. Other arcuments are
taken to be either C compatible object oroarams, typically
produced by an earlier C cnmoilation, or operhaos libraries
of Basic or C compaticle routines. These poreoarams, tocether
witn the results of any specified compilation, are loacea
(in the order given) to oroduce an executatle oroaram with
the name a.out. Libraries with the same file name as the
? source oroagram, and which end in '.0', shoulo not be usen
since they will not be retained uoon creation of file.o 0y
the executive orogram,

Basic porograms may not be comoiled for future use 3as

lioraries since every compliled Basic program incluaes a
"main" section, which drives the proaram. Thus adaiticnal
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libraries may be created in the C lanquace, compilea using
the =c ootion for output as '.o' files, and then includeac in
the '.o0' form as object libraries for the Basic loaaer [9].

[f the =0 option 1s exercised, the subseguent file.o
may be invoked by LBAX and will return an executable a.out
file, The effect of the =0 option 1S to proauce the source
program in object code, which is fully loadable. Caution
should be exercised to prevent usage of a =c opticn output
as a liorary file.

In addition to the features supoorted 1in Stanadard
Basic, a number of special features are founa in the NPS
version of extended Basic. These include:

call References an externallyy definead C lancuace
orocedure or function.

chrd Return a character string of lenagth | acetermines
by the ASCII equivalent of an expression arau-
ment .

close Causes the externally referencea file to ©re
closed.

col Scecifies column width of subsecuently oprinted
numeric values.

aim In addition to numeric arrays, cermits creaticn
of a vector of strings.

extern Declares type and arquments of external cro-
cedure or function referenced bty a call state-
ment.

len Returns the lenmath of 3 string expression.

mod Evaluates an expression with modulo arithmetic.

open Causes the externally referencea file to ©oe
opened and indicates the mode for openirag the
filee

read file Reads seauentially frcm the scecifiea external
£y lels

val Converts a strina of numbers to a floating ocint
number.

write file Jdrite seaquentially into the scecifiegd external
files

String manioulation is enhanced by use of substringing
constructs. Strinas may be referred to in an Alaol=like
manner to oroduce portions for reading, writing, or altera-
tion.

Since the UMNIX environment does not supccort some of tne
features of standard Basic without considerable system over=-
heaa (and in some cases, not at all), the NPS version of ex-
tended Basic wuses slightly different, although no less
specific, formats in some statement formations.
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Imoortantly, the NPS extended Basic is 3 compiler vers=
sion, and 1is not interpretive, Thus, the wuse of line
numbers with every statement is not mandatory or recommend=

——

ed. Creation and subseauent editing of programs is effecteda

by use of the UNIX eaitor.

Execution of the proaram 1s ac-

complished through the a.out file, as with other UNIX com=

|
; i
oilers. i
The files which are used by the system while executing q
the shell executive program are:
file.o input file , i
file.o object file f
file.s assembly=languace outout
3.0ut loaded outout

/usr/basic/baxcomp
/usr/basic/pasicline.a
/usr/graoh/conie.a
/usr/graph/rmtksub.o
/usr/qraph/moresub.o
/usr/qgraoch/vg.a
/usr/lio/libt.a
/1ib/libc.a
/1ib/lipa.a

The diagnostics croduced by Basic itself are intenaex
to be self explanatory.
duced by the assemcler or
fying are from the assembler, in particular
a multiple=defined external

loaaer. Of these the most mysti-

compiler
Basic library
Oconoaraphics library !
RAMTEK tibrary, cart I 7
RAMTEK library, part 11

Vector General library

Tektronics library

C liorary:; see section III
Assembler library used by some
routines 1n libc.3a and basiclib.a

Cccasinnally messages may be oro=-

"m", which mesans

symbol (fumction or cata)d.

115




%A

PROGRAM LISTING = EXTENDED BASIC COMPILER

PARSING RULES

4 include "./bstruc.c"
2 include "./bfun.c"

%)
%“token STEP DATA DEF CIM ELSE END FOR GUSUB GO TO GQOTO IF
%“token MEXT ON PRINT READ REM RESTORE RETURN STOP THEN TQ
“token OPEN CLOSE SU8B RAMDOMIZE relspec CR  XUrR  NOT AND
%Ztoken number numeric¢id arrayeid stringeic functionera
%“token numeric¢format string stringebif numericeb f
Ztoken simpleeformat strenumeps f
%“token EXTERM TYPE INPUT LET ECALL
Z]eft l+l l-l
Zleft "x' t/°
Xlsft '1°
%% /% pbeqinning of the rules section */
program: statemente¢list endestatement
H
statementelist: simpleéstatement
i statementelist simpleestatement
’

END 'O

endestatement: statementelabel ENC 'O
H
H

simple¢statemen

g statementelabel execeéstate '0

H statemente«lsbel ifestatement '0

H statementelapel dataestatement 'O

H statementelabel defeéstaterent 'O

H statemente¢lapbel reméstatement 'O

H statementeiabel externestatement 'O
H forestatement
' dimestatement
H execestate '0
H ifestatement '0
H dataestatement '0
H defestatement 'O
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remestatement '0
extern¢statement '0
error '0

&0

N = - - --

execestate : readestatement

H restorecstatement
' open¢éstatement

H close¢statement
H input¢statement
H readfestatement
' printestatement
H writeestatement
' stop¢statement

H on¢statement

H branchestatement
H let¢statement

H callestatement

’

statementelabel foreclause statementelist
nexteclause = {semant (41,32) ; }

forestatement

H foreclause statementelist nexteclause =

{semant (41,%51);}

’
statementelapel: number =
{ semant(19,%1):
it (numbers($1] .use = 1)

numbers®l) .use=2; }

~

label: number =
{ semant(20,%1); if (numobers($1].use == 0)
numoers ($1) .use=1; }
;
foreclause: foreheaa '0 =
{ $b=forctr; semant (39,31);}
‘ forehead STEP numericeexp 'O =
{ 33=forctr; semant(40,%1);1}
H
foreheaq: FOR foreinit TO numericeexo = { $3=%2:}
’
nexteclause: statementé«label NEXT numerice¢ig '0
’ NEXT numerice¢ig '0
H NEXT 'O
H statementelabel NEXT '0
’
foreinit: Aumericeid '=' numericeexp =

{ $3=%1; semant(38,53%1);:}

gimestatemen

t: sdimehead '0
\ aimehead '0
H




dimeheaaq: dimésarrayehead number ') =
{ symtable($®1]).,amt =
(numbers ($2) enumberit+l) «
symtable(%1] .lenath+l; }
. dimeheadealo number ‘') =
{ j=dopept++; dopeljl=numbers(%2] .numberi;
symtable(31]) .dimen++;
caldope($l,symtaple(d1l] .dimen,symtaclie($l].doov); } ;
; |
dimehead: dimehead¢slo number')’ = {(£3=%1;
symtabplel($1]) .length=numbers(32] .numberi;}

’
dimesarray¢ehead: sdimeheaa ' (' =
{ $8=%1; symtablel(3l].type=3;
symtable (1) ,a0imen=1; }

~e

dimeheadelp: statement¢lapel DIM
' OIM
sdimehead ',
L} 1

dimenead ',

N —- ==

dimeheagesip: dimeheadelp stringeia '( = { 3$%=32;}
’

dimeheadealp: gimeheadelc numericeiad '(!'

{ $%8=%2; symtaplel(fl2] .dimen=0;
symtaolel[32) .tyoe=1;
symtable(32] .dopv=donept;}
dimeheadealo number ',' =
{ $3=%1; symtable(?l).0oiment+;
j=dooegrt++; dooelj)l=numbers![32).numoeri;}

’

dataestatement: data¢head number =
{ dataldataot++]= numbers(3Zl]) .nurmberf;}
! dataeminus number = { dataldatapt++]=
-numpers [32]) enumberf;}
{ adata¢head string =
{ strcopy(stig,datastor);

datastcr=+ stigl+1; }

.

dataeneaqa: DATA
H data¢head number ',
numbers (32] .numberfi}
H data¢minus number ','
-numbers [($2] .numberf;}
; dataehead string ',' =

{strcocy(stig,datastor); datastor=+stial+l;}

{catalaatapt++]=

{ cgataloatapt++])

’
data¢eminus: Jataehead '='

.
’

defestatement: defeleftenart '=
{semant (37,51);}

' numericeexo =

.
’

defeleftepart: DEF defehead numericeid ')
{ semant (35,%2); 3$3=%2;
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semant (36,3%2); defv=0; }

-

defehead: functioneia '(' = ( $%=%1;
symtablel[31) .dimen=0;}

: defehead numericeia ',' = { $3=31;
symtable($1l].length=%2;
symtable($1l) .diment+t;}

’

readestatement: readehead numericeref =
{ semant (33,=-1);}
H readehead string¢ref =
{ semant(S4,~1); }

-

read¢head: READ
H read¢head numerice¢ref ',' =
{ semant (33,~1); }
. read¢head stringeref ','! =

{ semant(54,=~1); }

; i

restore¢statement: RESTCORE =
{ semant (32,-1);}
H RANDOVMIZE =
{ semant(55,=-1); } !
¢ RANDOMIZE Y0t ngmericeexs )" = 3

{ semant(55,33); }

~e

open¢statement: ooen¢head number ')' string =
{ semant(S51,32):} ]
H 3
openthead: CPEN '(' numcer ',' = :

{ j=numbers(33) .numberi; fasljl = 1;
semant (50,%33):}

o

close¢statement: CLOSE '(' number ')' =
{ j=numbters(33) .numceri;
if(fdsljl == 0) fasljl = 2;
semant (52,%3);:}
’
inputestatement: input¢head numericeref =
{ semant (48,=1)7 }
' inoutehead stringeref =
{ semant (19,=1); 1}
7
inoute+heaa: INPUT
H input¢head strina¢exp ';' =
{ semant(43,-1);
stigl=0; stiglstial+¢+l=' ';
stiglstigl]l='0"'"; semant (14, j);
semant (13,=1);)}
; inout¢head nymericeref ', =
{ semant (48,~1); }
H inout¢head stringeref ', =
{ semant (49,=1); }
’
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readfestatement: readfeheaa numericeref =
{ semant(69,=1); semant(71,=-1); }
- readfehead stringeref =

{ semant(70,=1); semant(71,=1); }

.
’

reaafehead: readefile
! readfehead numericeref ',' =
semant (69,-1); }
(4 readfehead string¢ref ', =

{ semant(70,=1); }
’
reagefiles READ '2° number ',' numericeexpo HE
{ j=numbers (%3] .numberi
if(fdslj) == 0) fds(j]
semant(08,33); )}
' READ '#! number ! =

1o~
n

{ j=numpbers(33] .numbheri;
i$(fdslj) == 0) ¢dslj] = 2:
semant (63,33); }
’
printestatement: PRINT =
{ semant (44,=1);:}
. printehead numericeexo =
{ semant (42,=-1); semant(d44,=-1);}
: printéhead stringeexp = .
{ semant(43,=-1); semant (44,=-1);}
. printehead formateelement =
{ semant(4d,=1); }
' orint+head formateelerent Y
' printehead numericeexo ot =
{ sermant (42,=1); }
H orint¢head stringeexp ';' =
{ semant (43,=-1); }
H
orint¢head: PRINT
' orint«head numeric¢exo ', =
{ semant (42,=1);}
1 orintéhead stringeexo ',' =
{semant(43,=-1);)
H print¢head formateelement ',
\ print¢head numeric¢exo ';' =
{ semant (42,=1); semant(4dd,=-1);}
, print«head stringcexo ';' =
{ semant(43,=1); semant (4d,=1):}
H printehead format¢element ';'
’
writeestatement: write¢head numericeexp =
{ semant(72,=1); semant(74,=1); }
! write¢head string¢exo =

{ semant(73,=1); semant(74,=1); }

-

writeehead: Wwriteefile
! writeehead numericeexp ',' =
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{ semant(72,=-1); }
H writethead stringeexp ', =
{ semant (73,-1); }

’

writeefile: PRINT b number ',' numericeexp A
{ j=numbers(33]) .numberi;
1f(fds(jl == 0) fdslj) = 2;
semant (75,%33); }
h PRINT 'a°! numoer vt =
{ j=numbers (%3] .numberi;
iflfdslj) == 0)Y tdsij)y = 23

semant (75,%3); }
;
formateelement: simplee«format =
{ semant(62,=1); }
H formateleftepart numericeexo ') =
{semant (53,%1); }

’
formateleftepart: numericeformat ' (' =
{ 3% = %1; }
H
ifestatement t ifeclause execestate =
{ semant(28,=1);}
H ifeclause else¢clause execestate =
{ semant(29,=-1); !}
' ifeclause else¢ciause ifestatement
H ifeheac gote number =
{ semant (30,33);}
' ifeclause number =
{ semant(16,=1); semant{350,3%32);}
ifeclause elseeclause numtcer =
{ semant(l6,=1); semant (32,33);}

execestate ELSE =

{ semanmt(31,=1);}

H number ELSE =

{ semant(16,=1); semart(30,31);}

elseeclause

’
ifeclayse: ifeheaa THEN
H
ifehead: IF releexp =
{ semant(27,=1):}

IF END '#' Aymber

.. --

releexp: releexp XOR releterm —
{ semant(56,=1); }
% releexp CR releterm s

{ semant(S7,-1); }
releterm

. ==

releterm: rele¢term AND releprimary =
{ semant(58&,=1); }

121




]
Ll
-
’

releprimary:

-

cel:

u

1=

Y=
tgt vyt
I
e

relspec

(]
L}
]
]
L}
]
'
'
: 0>l
]
L
1
1
1)
]
‘
stopestatement

;
remestatement:

’

on¢statement:?:

H
on¢ehead:

H
on¢beqgin:
]
)
’

on¢selecto

on€case«se

branchéstatement:
H
1]
'

releprimary

numericeexp rel numeric¢exp .
{ semant (25,%2); }

stringeexo rel string¢exp =

{ semant(26,%2); }

$ig Y releexp ')

NOT '(' releexp ') = ]

{semant (59,=-1); } ]
={ 3$%=0;} £
= { 33=4;}
={ $%28;) J
= { $3=127) 1
= { $3=16¢} |
= { $33=20;)}) |
= § $3=4;)
= { $%5=4;)
= { $%=%51;)

STOP = |

{ semant(24d,=1);)} 1
REM ;

oneheaa label =

{ semant(23,=-1);}

cnebegin
on¢heaa label ', =
{ semant(22,-1);}

ON numerice¢exp cnecaseesel =
{semant (21,0);}

ON numericeexp on¢selector =
{semant(2l,=1);}

THEN
GOTO
GO TO

GOsSuB
GO SuB

e

aosub label

qgqotol late)
RETURN -

{ semant(18,=1);}

.
.




qosub: GOSUS =
{semant (17,=-1);}
- GO SUB =
{semant (17,=-1);1}

se we

gotol: goto
’
Ggoto: GOTO =
{ semant(l6,=1)7}
v GO TO =

{ semant(l6,=-1)7}
’
letestatement: stringelet
s numerice¢let
H
LET stringere
{ semant (15,=-1);}

stringelet:

H strinceref 'T' strinageexp =

{ semant (15,=-1);}

.
’

string¢expo: strinceref
H string =

{ semant(14,j): }

f

string¢exp

: strenumréebi f ‘(' numericeexp ")
{semant (53,%1); }
H
numericelet: LET numerice¢ref '=' numeric¢texo =
{ semant(13,=-1);}
\ numericeref '=' numericeexo =

{ semant (13,=1);}

.
’

numericeexp term

{ semant(9,=3);}
H numericeexo '

{ semant (10,=4d);}
' '+' term

{ semant(l1,=1);
H '«' term

{semant(l12,=-1)7}

"uw~u

term: primary

H term '*' primary =
{ semant(7,=1);}
H term '/' orimary —

{ semant (8,=2);}

orimary: primary¢element
! orimary 'T' orimary¢e
{ semant(b,=1);}
H
orimary¢telement: numericeref
' nurber

{semant (3,51)
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by f

'(' numericeexp ')
funceref =
{semant(1,81);}

.

’
numericeref: numericeid =
{ semant (1,%1);}
' arrayeref =
{ semant(2,%51);}

-

arrayeref: array¢trefehead numericeexp ')’ =
{ j=atumarldpfunar==)+1; semant (45,3%2);
if (j !'= symtable($1l]l.dimen)
error(symtable(3l] .symbol,msqglel); }
’
arrayerefeheaas arrayeid ' (' =
{ semant(1,3:1);
$%=%1; dfunarl++aofunarl=0; }
i array¢refenead numericeexc ', =
{ $%3=31; dfunarldofunar] ++;
semant (45,%2); }
H
stringeref: stringeid =
{semant (46,31); }
| substrinqgeref
' stringearrayeref
| sarrayesubsteref
’
string¢eref¢lp: stringeia '(’ =
{ semant(46,31); }
’
substringeref: strinag¢refelp substrinagespec
{4
stringtarrayécref: stringerefelp numericeexo ')' =
{ i1f (symtable(?1])l.tvoe != 3)
error(symtable(%l]) .symbol,msg(8]);
serant (50,=1); 1}
H
sarrayesupsteref: sarray¢substelp supstringésoec

’

sarray¢subst¢lio: string+arrayeref ' ('
H
substringespec: numericeexp 'i' numericeexp ') E
{ semant(6l,=-1); }
H
by ts strinaebiferef stringeexo ') =
{ if (dfumarldofunar==]1+1 != symtatiel(3l].aimen)
{
error(symtable(%1] .symbol,rsglo));
}
semant (53,31); }
. numerice¢biferef numericeexc ') =
{ if (dfunarldofunar==]+1 != symtaolel(3l].qdimen)
{
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error(symtable(31] .symbol,msqlo) )
}
{semant (53,%1): }
numericebi fenparm

.. =

string¢piferef: stringebi f ' (" =
{ 3% = 3%1; dfunar(++dofunar]l=0; }
! stringebiferef stringeref ', = i

{ $%=%1/dfunar(dofunar]l ++;}

’

numericepiferef: numericepi f ' (' H
{ $3 = %1; dtunarlt+dpfunarl=0; }
numeri1ce¢biferef: numericeoif ' (' =

{ $3=%1; dfunarlaefunar] ++; }

H
numericebi fenparm: numericeni f =

{semant (S3,3%1); }

funcerefe funceérefenhead numeric¢exp ')’ = !
{ if (dfunar(dofurar==]+1 != ]
symtablel($!] .dimen)
{
error(symtable(31] .symtol,msgl6l);
}

semant (34,%1);}
H
func¢refehead: functioneid '(! =
{ $3=%1; dfunarl(++dofunar]=0;}
i funcerefeheaa numeric¢exo ', =
{ dfunarlapfunarl ++; 33=%1;}

.
L3

callestatement: callehead ') =
{ semant(e6b6,51): }
: callenhead =
{ semant(66,%1); }

H calle¢head numerictexn g
{ oncntt++; semant (63,31 =oncnt); §3=%51:
semant(bo,31)}7 }

H callehead arrayeiag ') =
{ oncnt++t; semant(63,%51=oncnt); $3=51;
semant (66,%1): }

' calle¢head string¢exp )
{ oncnt+¢+; semant(63,8l=-cncnt); $3=%1:
semant(b6,31); }

H callehead '&' numericeia ') =
{ oncnt++; semant(63,3%1=0oncnt); 3$%=31;
semant (66,31); }

~e

calle¢head: callenheaqa vig ! =

{ semant(e4,=1); semant(63,51); $3=%1; }
i callenheaa '=! numericeia ' (' s

{ semant(1,%3); semant(63,%3); 33 =853, )
' calleshead L numericein LA =
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e

{

callehead numericeexo

semant(1,3%3); semant(63,$3); 33 = $3; }

' ] -
’ =

{ oncnt++; semant (63,1 =oncnt); $3=%1> }

callenhead arrayeid

' [} -
’ -

{ oncntt+; semant (63,81 =0oncnt); $5=9%1; }

callehead string¢exo ’ =

{ oncnt++; semant (63,31=0orcnt); 3
calleheaa 'R' numericeid ’
oncntt+:’ semant (63,31=0oncnt); 53

/A

callenheaa:

.
’

callesneaq:

<A

tH
—
-
—~

2
—
~e
~

CALL numericeid =
{ semant(l,32); £$=%2; }

CALL stringeref =
{ semant(67,=1); }

externestatement: externtheaaq

[

externeheagd:

~e

parmegef

w.

parmehead:

-

EXTERN TYPE numericeia parmeaef

{ symtaple($3).lenath=%2%2;

symtaple(33) .dimen=oncnt; £3=32%2;
symtable(33].tyce = 10; oncnt=0; }
EXTERN numerice¢id oparmegef =

{ syntablel(}2).lencth=0;

symtable($2] .dimenz=oncnt; $3=0;
symtable{32) .tyoe = 10; oncnt=0; }
EXTERN '&' TYPE numerice¢iad parmedef
{ symtablel3d] .lenath=%3«2+CDISP;
symtatle [(34] ,dimen=oncnt; $3=%3+x2+CDISP;
symtable (%d] ,tvoe = 10; oncnt=0; }
externehean L numericeid parmegef
{ symtable($3] .lengtn=3%1;

symtable [33] .cimenz=oncnt; 3$3%5=31; oncnt=0;

symtaole (%3] .tyce = 197 }

((! ')l

parmenhead TYPE ') s

{ oncnt++; jSinsert("ee");
symtable(j].lenath=%2%x2;
symtaple(jl .type= =1; }
parmeéhead 's! TYPE L) =
{ oncnt++; j=insert("ee");
symtable(j].lenqgth=33%x2+CD]ISP;
symtacle(j] .type= =1; }

' L]
(
parmehead TYPE ',!
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.
’
.
’

o,

w4

Z2include

{ oncnttt’

parmenead
{ oncntt++;

symtablelj] .length=3342+CDISP;

j=insert ("ee");
symtable(j)l.lenath=%2x2;
symtable(j) .type= =1

'&l

g
TYRE

’

j=insert ("ee");

symtablel(j}l .type=z =1;

n./bscan.c"
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SEMANTIC ACTIONS

semant (ca,i1) int car,1;
{ int k,kl;
switch (ca)
{
orintf("mov 3S%d,=(rd)\n",i1); return;
j=symtable(i] .tvpe;
1 CF == 0)
error(symtable(i) .symbol,msalS]) ),
printf(".alobl DOPCAL\R");
orintf("“"mov 3SD%4,=(rd4)\n");
orintf("jsr pc,D0PCAL\N",i):
return;
orintf("mov 3N%d,=(rd4)\n",1); return;
orintf("movf *(rd)+,fri\n");
orintf("movf x(rd)+,fr0\n");
printf(".globl ocow\n");
printf("jsr pcoypow\n");
j=temocnt++ % 203
; orintf("mov $T%d,=(rd)\n",j);
orintf("movf frd,x(rd)\n");
return;
case 7: j=tempcnt++ % 20;
printf("movf *(rd)+,fri\n");
printf("movf *(rd)+,frO\n");
printf("mulf frl,frd\n");
printf("mov 3T%d,=(rd)\n",
orintf(“movf frl,x(rd)\n")
return;
case B: j=temocnt++ % 20;
printf("movf x(rd)+,fri\n");
orintf("movf *(rd)+,fr0\n"):
printf(",globl ERRURNNA");
printf("cmpf 3$0,fri\n");
orintf("cfcc\nbne 2f\n");
printf("jsr rS,ERRCR\N");
printf("<runtime error attermpten");
orintf("agivision by zero\\n\\(C>");
orintf("; .even\nl:\n");
printf("divt frl,fro\n");
printf("mov $T%a,=(rd)\n",
printf("mavf fr0,x(rd)\n")
return;
case 9: j=tempcntt++ % 20;
printf("move *(rd)+,fri\n");
printf("movt 2(rd)+,fr0\n");
orintf("adaf frl,frdo\n");
orintf("mov 3T%a,=(rd)\n",j);
orintf("movf frO,*x(rd)\n");
return;
case 10: j=termocnt++ % 20
printf("movf *(rd)+,fri\n");

case |
case 2

case 3
| case b

ids
;

i)
;
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printf("movf *(rd)+,fr0\n");
printf("subf frl,frO\n");
orintf("mov $T%d,=(rd)\n",j);
orintf("movf fri,*x(rd)\n");
return;
case 11: j=tempcnt++ % 20
orintf ("movf *(rd)+,fr0\n");
orintf ("absf fr0\n");
printf("mov 3T%4,=(rd4)\n",j):
printf("movf rl,x(rd)\n");
return;y
case 12: j=rtempcnt++ % 20,
printf("movf x(rd)+,fri\nneaf fro\n");
printf("mov $T%Zd,=(rd)\n",j);
printf("movt rd,x(rd)\n");
return;
case 13: orintf("movf *(rd)+,frd\n");
orintf("movf fro,x(rd)+\n");
return;
case 14: printf("mov S1f,=(rd)\nor 2¢\n"):
orintf("1: <%s\\0>\n.even\r",stiqg);
orintf("2: mov $%o,=(rd)\n",stigl);
return;
case 15: orintf(".glebl strmv\n");
printf("jsr pc,strmvin");
return;
case 16! printf("jmo "); return;
case 17: printf("jsr oc,"); return;
case 18: printf("rts oc\n");
return;
case 19: j=numcers(i] .numberi
orintf("\nL%Zd:\n",j)
case 20: j=numpers(i].numberi’
printf("L%d\n",j); return;
case 21: oncnt=0;
printf("movf x(rd)+,fro\n");
orintf("rovfi frd,r3\n");
crintf("aec r3\ncmo 20,r3\n")
printf(" gt SE\Na")?
crintf("jro Hf\n7: asl r3\n");
if (i == =1)
crintf("jmp *8f(r3)\n");
else
printf(“jsr pe.xB8f(r3)\a");
printf("jmp St\n"); }
orintf("\n8:\n");
return;
case 22: oncntt++; return;
case 23: printf("\n6: cmo 3%d,r3\n",0ncnt);
orintf(“"bge 7b\nS:\n");
return;
case 24: orintf("jmo ENDER\N"):
return;
case 25! porintf("movf *(rd)+,fr0\n");

return:

-~

s




case

case

case
case
case

case
case

case

case
case

case

case

case

case

57 %

38:

printf("movf *(pd)+,fri\n");
erintf("mov %0, r3\n",1):
orintf("cmof fr),frO\n");
printf("efee\n");
printf("“.globl COMPAR\N");
orintf("jsr ©c,COYPARNN");
returny

printf(".qlobl strcmo\n");
orintf("jsr ocestrcmo\n");
printf("mov %o, r3\n",1),
orintf("cme $0,(rd)+\n");
orintf(".qglobl COMPAR\N"); |
printf("jsr pc,CCYPARNN");
return;

orintf("tst (rd)+\nbeqg 4f\n");
retyrn;

printf("“\nd:\n"); return;
pcrintf("\n9:\n"); return;
j=numbers (i) .numberi;
printf("Lid\n\nd:\n"yj);

return;

orintf("jmpo 9f\n\nd:\n"); return;,
printf("mov $DATA=S8,,DATCNTNA");
orintf("mov SFSTRDATA,STRNFXT\R");
returny

orintf(".qglobl danrdr\n");
orintf("jsr ccedanrar\n"); return;
crintf("jsr pc,FN%3I\P",i); return;
crintf("jmo FX%d\n\nFi%d:\n\n",i1,1);
return;

symtableli] .diment+;
k=i=symtable(i] .aimen;

for(isk: j<isy j++)

{ orintf("movf *x(r4)+, fro\n");
printf("mov 3S%d,=(rd)\n",}):
printf("movf frl,x(rd)+\n");

} return;

printf("movf x(rid)+,frd\n");
crintf("mov $S%d,=(rd)\n",1);
printf("movf fri,x{(rd)+\n");
printf("rts pc\n\nFX%Zad:\n\n",i);
k=i=symtablelil ;Aimen;
for (j=k; j<ij; j++)
symtable[j] esymbol [0)="'~";
return;
orintf("movf *(rd) ¢+, tr0\n");
orintf("mov 3S%a,=(rd)\n",i);
printf("movf frO,+*(rd)+\n");
return;

j=forctr++;
oprintf("movf *(rd)+,fri\n");
printf("mov SFI%a,=~(rd)\n",j);}
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case 40:

case

case
case

case

41

42
42

43

orintf("movt frl,x(rd)+\nbr 1f\n");
printf("\nFé6%a:\n",j)’
printf("mov B3SZa,=(rd)\n"
printf("mov SFI%d,=(rd4)\n",
printf("movf *(rd)+t,fri\n")
printf("movf x(rd),frO\n");
k1=looknf(1l,);

if (k1 == =1) { kl=insertnr(l,1.)7
numbers(«l] .luse=17; }

orintf("aagdf N%g, fri\n");
printf("movf rO,x(rd)+\n",k1);
printf("l: cmof frO,fri\n");
orintf("cfcc \njat FS%Zd\n",j);
return;

j=forctr++t;

printf("movf x(rd)+,fr2\n");
printf("mov SFI%a,=(rd)\n",j);
printf("movf fr2,x(rd)+\n");
crintf("movf x(rd)+,fri\n");
erintf("mov 3FM%d,=(rd)\n",j);
printf("movf frli,x(rd)¢t\n");
printf("mov 3S%4,=(rd)\n",1);
orintf("movf x(rd)+,frO\n");
orintf("br 1f\n\nFo%a:\n\n");
printf("mov IS%a,=(rd)\n",j,1)7
orintf("mov 3F“%a,=(rd)\n")
printf("mov ¥FI%A,=(rd4)\n"
printf("movf x(rd)+, fr2\n"
printf("movf *(rd)+,fri\n"
orintf("movf x(rd),fro\n");
orintf("aadf fr2,fr0\n");’
printf("movf fro,x(rd)+\n");
kl1=looknf(0.):

if (k1 == =1) {kl=insertnr(0,0.);
numbers (k1) ,luse=1; }
printf("\nl:\ncmpf N%d,fre\n");
printf("ecfceNnjigt 2f\Nn"skl);
orintf("cmof fru,fri\ncfcc\n");
crintf("jat FS%Za\n",j);
printf("imo 3f\n\n");

orintf("2: cmof frO,fri\n");
crintf("cfcc\njlt FS%a\n",j):
printf("\n3:\n\n");

return;

’
’
jejdi
H
H

DRRNSIRNGAE )

printf (" imo FoXd\n\nFS5%ds\n\n®sisi);
return;

orintf(".glonl numotr\n");
printf("jsr oconumotr\n");

return;

orintf(".globl stramo\n");
printf("jsr pcyrstrdmo\n”);

return;
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case 44: printf(".qlobl lindme\n");
printf("jsr pcslindmo\n");
return;

case 4S5: orintf("movf x(rd)+,frO\n");
orintf("movfi frO,=(rd4)\n");
return;

case 46: printf("mov 3S%d,=(rd)\n",i); |
kzsymtable(i]l .length: )
printf("mov 3%o,=(rd4)\n",k);
return;

case U8: orintf(".globl ntrrarsatof\n");
orintf(";sr pccenbrrar\n");
printf("jsr pcratof\n");
orintf("movf frO,x(rd)+\n");
return:

case 49: printf(".qlobl strrar\n");
orintf("jsr pecsstrear\n®);
return;

case 50: orintf("mov ¥%o0s=(r4)\n",

numbers (il .numberix2);

return;

case Sl1:
orintf("mov $1f,=(rd)\nbr 2f\n")’
printf("i: <%s\\0>\n.even\n",stia);
printf("2: mov SZo,=(ri)\n";
numbers (il .numberi*2);
orintf(",globl OPEN\mjsr ©oc,O0PEN\N");
return;
case 52: orintf("meocv T%o0,=(rd)\n",
numbers (il .numberi*x2);
printf(".alobl CLOSE\Nn");
printf("jsr pc,CLOSENA™)?
return;

case 53:
switch(symtacleli1).length)
{
case 0: // std calling fr0 and jsr pcsX
if(symtapleli).amt == 0)
{ printf(".alobl %Xs\n"g
symtatcle (il .symool )
symtablel(i] .amt++; }
orintf("movf *(rd)+,frG\n");
orintf("jsr bcr%s\n",
symtable (i) .symbol);
jStempcnt++ % 207

printf("mov 3T%a,=(rd)\n",j);
5 orintf("movf frl,x(rd)\n");
return;
case 1: // ABS

printf("movf *(rd), frO\n");
printf("absf frO\n");
printf("movf frQ,x(rd4)\n");
return;

case 2:
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if(symtablelil .amt == 0)
{ printf(".globl Yssatof\n®,
symtablel[1) .sympol):
symtaole (i) .amt ++; }
orintf("jsr oCc,%s\n",
symtaple[i) .symbol);
printf("jsr ocsatof\n");
j=tempcnt+t+ %4 20;
printf("mov 3T%a,=(rd)\n",j);
orintf("movf frO,x(rd)\n");
return;

case 3:

if(symtablel(i]l .amt == 0)
{ orintf(".qglool rein
symtablel(i).symecol);
symtable(i] .amt++; }
printf("jsr oc,%s\n",
symtable(i1) .sympbol);
j=tempcnt+t+ % 207
printf("mov 3T%a,=(rd)\n",j);
printf("movf frO,*(rd) n");
returny

case b: // chr? uniaue because 5 not valia

// in as

if(symtanleli)l.amt == 0)

{ printf(".glob! Zs\n"2"chr");
symtable(i].amt++; }

prinef("isr pcechr\n®);:

return;

case 8:

if(symtapblel(i) .amt == 0)
{ praintf("<globl Zs\n",
symtaclel(i]l .symbol):
symtablel[i].amt++; }
printf("jsr oDc,%s\n",
symtatle(1].symbol);
return;

default: return;

case Sd:

case S55:

case So:

}

printf(",alobl datrdr\n");
orintf("jsr ocs,datrar\n®):
return;

if (v == =1)

orintf("mov 31301,r0\n");
else

orintf("movf x(rd)+,fr0\n");
printf("movfi fr0,r0\n");
orintf(".,alobl srana\n");
printf("jsr pcosrand\n");
return;

orintf(",alob!l XJR\n");

B
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printf("jsr oc,X0R\Nn");
return;

case S7:
printf(".alobl OR\njsr pc,0R\n");
return;

case S58:
orintf(".alob! AND\NR");

5 printf("jsr oc,AND\n"):

return;

case 59:
orintf(".qglobl NOT\n");
printf("jsr o©c,NOT\n");
return;

case 60:
orintf(".alopl SOCAL\N");
printf("jsr oc,SCCAL\N");
return;y

case 61:
printf(",alobl SUBSTR\N"):
printf("jsr opc,SUBSTR\n"); return;

case b2:

5 printf("mov 1fs=(rd)\nbr 2f\n"):

printf("1: .oyte 012,0:");
orintf(" .even\nl2:\n");
printf(".qlobl strame\n"):
printf("jsr ocsstrdmo\n");

ik

return;
case 63: :
printf("mov 3$%o,=(rd)\n", !
symtablel[i] .lenatn); i
return;
case 64:
printf("clr =(rd)\n"); g
return; i

case 56:
if (oncnt != symtablelil.dimen)
error(svmtable(i] «svmbol,msacl(o]l);
if (symtaolel(il.amt == 0)
{ symtable(il.amt =1;
print (" oglob) €%s\n",
symtable (i) .symbol):}
printf("mov 3$%o,=(rd)\n",
symtable[i) .dimen);
printt ¢t aglobll CSEFNn);
printf("jsr pc,LSETNR");
printf("jsr oc,e%s\n",
symtable (i) .symbol)’
printf(".alobl! CRET\n");
printf(Tjsr ocyCRETNA")?
return;
case 67:
printf("mov (rd)+,r3\n");
printf("mov (rd)+,r2\n");
orintf("mov r2,=(rd)\n");
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case 68:

case 69:

case 70:

case T71:

case 72

case 73:

case 74:

case 75:

}}
caldope(i,jl,sk) int

crintf("mov r3,=(rd4)\n");
return;

printf("mov $%o,=(rd)\n",

numbers (il .numberi*x2);

orintf(".alobl READF\n");
printf("jsr pc,READF\nNn"):
return;

orintf(".alobl READFN,atof\n");

printf("jsr pc,REAUFN\N");
crintf("jsr oc,atof\n");
printf("movf fr0,x(rd)+\n");
return;

orintf(".alobl READFS\n");
printf("jsr oc,READFS\n");
return;

printf(".aclonl READFENR");
printf("jsr pcc,READFE\Nn");
return;y

printf(".alobl ARITFN\Nn"):
printf("jsr oc,WRITFN\R");
return;

orintf(".aleobl WRITES\n"):
printf("jsr oc,aRITFS\n");
returne

printf(".alobl ARITFENNn"):
orintf("jsr oc,WRITFENN");
returnr;

orintf("mov 3$%o,=(rd)\n",

numbers (i)l .numberix2);
orintf(",alobl ARITF\n");
orintf("jsr oc,WRITF\Nn");
return;

iejlekid{

int il; dooeldooept]l=1;

symtablel(i).

amt=1;

for (il=dopeot=1; il > k; il==)
{ symtablelil.amt =% (gopelill+l);

aooe [1

11=%x Aooelil+ll; }

symtablel(li] .amt =* (gooelk]+1);

dopelk]l=j1;
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STRUCTURES

define TRUE 1 |
define FALSE 0 |
define ERRORFILE 2 |
define SYMSIZE 200 |
define NUMSIZE 200 |
define NAMELENGTH 14 ]
define SIMLEN 10

define COISP 10 3
define MAXFOR 10 ;

R R TR RR

char fil1in(5181];

char *filein £3 13p)i2

extern int fout:

int fileout:’

char filnam INAMELENGTH+1]) 7

/* this array defines the function of each character in
the ASCII character set for use 1in yylex

FIRIRIRESIY 5 T NS S

-2 = eof and ena token for yacc |
-1 = illegal characters to be deletea ;i
0 = blanks and tabs to be discargcea 51
1 = newline == yused to update line counter {
2 = legal scecial cahracters |
3 = all letters and the dollar sign '3'
g ==t i digits iand tibe decimal point . i
S = qQquote == uysed to delimit strincs and }
deleteg '"' |
& = a == continuation
x/ ‘
int chartype (128] { ij
‘20’1"11-11'11‘1"1"lr'I;Oplp‘ll"lr ‘;i
'11'11‘1"11‘1"11'1l"1r‘1t'1I‘lr'l"lr a<
‘11‘11‘1'-1;'11'110;2:51'1131'19 ‘
2!'1'212r2'2u2'2ru'2:drdturururururur“lur
“142¢2+/2+2+1=1,6,
BISIBISIB'SISISI3'3’3'3'3’3'3'3’3'3’S'SISISIT;’S’SI;I
20'1;213!'11'1' E
303030303030 303035303,30303+303¢303+302303¢34343,3,3, i
'1:2:'1,21‘1); 4
int yyline 1l,errorcnt 07 // albl line cntr for yacc
int conflag O,exflag 17/ // cont and extern ref flaag
int ¢; // the alobal next character
char stiqg [(256]; // the alobal string collector
int stigl; // the lenath of the string literal
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int dimv O,eofflaa 0; int defv 0;

int funccnt 0; // global flaas and counter
int j; // general temp

int fds(15]; // fds for READ/WRITE FILE

struct {
double numberf;

int numberi;

int use;

int luse;

int dec; } rumbers (NUMSIZE];

/* numbers is a structure used to hola literal numcers

aec = =1 floatina point declaraticn
0 integer declaration
luse = 1 wused as number
use = 1 used only as label
2 wused as statement laoel
numberf = floating ooint values
numberi = integer value

x/

int numberpt 07 // index 0f numbers
int dopel(200]7 // vector used to hold occpe values
int copeot; // next avairlable dcoe position

struct {
char symbol (SIVMLEN]

int tyoe;
int dgimen;
it length;
iRt amt ;
int aopvi } symtanle [(SYMSIZE];
/ * symtable 15 a structure used as a sympol! table
symbol igentifier value

-1 null oarms of extern variabties
Aumeric i1d

numeric array

strina 1d

string array

function

numeric bif

string bif

simple format

numeric format

tyoe

DNO Ul EWN—O
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int
int
int

int

1int
int

int

int

9 numeric string bpif

10 external variables
dimen = agimension of array

number of parameters for function
length = lenght of a string
dopev = index of the first element of

the arrays dooe vector in dooe
amt = wuse for bif's 1=uyseac O0=unused

number of elements in numeric array
number of bytes inmn a strina array

x/

sympt SYMSIZE=-1; // oointer into the symbol table
tnum,tsym; // tempcraries is structures

RNBASE // base of reserve worads in svmbol tacle
forcnt 0 int temncnt O,maxtemp =17

maxfor =1, int oncnt 0/

forcte 03
/ * forcnt = current depth of nested for loops
tempcnt = value usec to manage the temporary
pool used as tempcnt’%c0
maxfor = maximum number of for loccoccs nested
to this point in the orogram ==
used to acetermine numper of for i1coo
variables needec
oncnt = count of ON statement latel
forctr = current count cof all FOR's usec ==
used for label Adefintion
*/
dftunarl(20); int cofunar 03

datact 07 // pointer to the next cata value

double aatall00]; // data list to pe used as data to READ

char *msa [] {

"x*ERRORx* attempt to redefime a numeric 13 as array ",
"*xxFRROR**x attempot to redefine an array id ",
"**ERRQOR** attemot to redefine a3 strina ",

"*xERROR** attemot to redefime funmction ",

"x*xxERRUR** attempt to redefine puilt in functron ",

"**ERRURx* agttempted use of numeric 19 as array ",

"+»xERROR%x* incorrect number of Darameters ",
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"«xERRQOR*+* illegal use of external name",

"2xERRQORx* jlleaal use of strinma id as string array",
0

}o

extern char *bifsl(];

int oiftypell {
S'Sr51515150515'5161619:515;5,6:505181317'51'1 |

int bifact () {
0,0,3,0,3%,0,0,0,0,3%,3,6,0,3%3,0,2,0,0,8,8,=1,1,=1 }:

/* variables for data string collection x/

char datastrinal(d400];
char *datastpr Raatastrinall);

# define SYYSIZE 200
2 define MNUMSIZE 200
2 define SIMLEN 10

struct nNumbers {
aouble numberf;

int numberi;

int use;

int luses

int aec: } :

extern struct numbers numoersl(];

/* numbers is a structure used to ncld literal numbers

dec = =1 floatina point declaration
0 integer declaration
luse = 1 used as number
use = ! used only as label
2 used as statement label
numberf = floating point values
numberi = integer value
x/
struct symtatle { 1
char symbo) [SIMLEN]; '
int tyoe;
int dimen;:
int length;
int amt
int aopvs } o

extern struct symtaole symtarle (]
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/ * symtaple

symbol
type

aimen

length
dopev

amt

*x/

/ %

i

a structure used as a symbol taple

—

igentifier value

=1 null parms of extern variables
numeric 1d

numeric array
string 1d

string array
function

numeric bif

string bif

simole format
numeric format
numeric string bif
external variables

SOV OXDNOT N L W — O

aimension of array

number of parameters for function
lenght of a string

index of the first element of

the arrays dope vector in dooe

use for bif's 1Zused 0O=unusea
numtcer of elements 1in numeric array
number of bytes in a string array

the following definitions are the reserve words of 5ASIC

reserveworags =
lreservewonrgs

x/
char *reservewords

IOSTEPV"
IOGOH'
”IFII’
”UN"'
"TO"'
"DEF™,
"DI"'«"'
"END"'
"FOR"'
SEETTS
"QEM"'
"DATAY,
"ELSE"
"GOTO";
"FILE"I
""‘EXT";

@

caoito!l sgellinas

lower case scellings

note the '¢' i1nserted to all texts
to allow "C" to process the values
of its own reserve woOrais.

0o

{
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"RtAD”,
"OPEN",
"STOP",
"THEN",
"GOSUR",
"TuPyT",
"PRINT™,
"CLOSE",
"ARITE",
"RETURN",
"RESTORE™,
"SUR",
"RANDOMIZE™,
IQEQOI ’
"LT"’
“GT"'
"GEII'
"LEM,
uf\‘En'
"QEMARK",
“CALL”I
"EXTERI\I“'
"INTEGER",
"FLOATM’
"DouBLE",
"CHAR“'
“ADDR",
"OR" ;
IOXOR"’
"NOT",
“AND" F

0

}:

char %lreserveworas

"¢steo",
u._gon’

“*“ f“'

"‘_onn'

”bto"'

"egef",
“!-dirn",
'l‘_eno"'
"bfor"’
"*]et"'
"*rem",
"edata",
"eelse",
""QO!O"I
"bf" le",
"*ne"”’
"eread",
"‘ooeﬂ"'
"estoo",

(]

{
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..t.then"'
“egosuo",
"9input",
llborint"'
"eclose",
"ewrite",
"ereturn",
"erestore",
‘ “bsubil'
"erandomize",
"‘eqﬂ'

”*I t"l
n‘gtn'
nbgen'
"‘.'e"'
"‘_nell'
"eremark",
"ecall",
”‘-extern"'
"einteger",
"efloat",
"€agouble",

“Gchar"'
"eaddar",
“porl"
“‘_xor"'
"._not"’
"eanao",
0
}i
char *pifs (] {
“"atan",
"exoﬂ'
“mod"’
"]OQ"I
"f‘hd",
"sin"’
"COS"’
"Scf't"l
"tan"’
B "leh"'
"asc",
"chr$",
"cosh",
I"'n'"’
"sinh",
"va‘ ll,
"rag",
"deg"l
"tao",
I e My
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SCANNER

/* the following are the user defined functions requirenq
to provide scanning */
yylex ()
{ extern int yylval; // this value 1s usea to return
// values to vacc
double atof();
char 1d(10) ynumstr(S0); int i,k,17 double a,b:

while (TRUE) // ac forever or until retyrn
{
switch(chartyoelcl)
{
/*x eof and the end
token for vyacc -= case =¢
illeqal characters == case =]
blanks -= case 0
newline -= case 1
leaal specials -=- case 2
letters -=- case 3
diqits ana agecimal == case 4
strings == case 5
continuation -= case 6
*/
agefault:

case =2: return (c): // if we cet here
// ~e'd petter be aore
case =1: ial0l=c; J1alll="\0"';
error(id,"11leqgal character celetea");
c=getc(filein); break;
// tnrow away 1llegal characters
case 0J: czqetc(filein)?! breax;
// blanks thrown away

/ * just update the line counter and retyrn
newline to vacc *x/

case 1:
vyyline++} i=¢c; c=aetc(filein);
if (eofflaa) ¢c=0;
if (! conflag)
{ exflag=1; dimv=0; defv=0(;
if(tempcnt > maxtemo)
maxtemop = tempcnt:
tempcnt=0?! return(i); }
conflaa=0; oreak;
// continuation on next line
case ¢2: i=¢c; c=qgetc(filein);
// return the legal craracter as is
return (1)

case 3: i=0; iglis+e)=cs
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//collect id's and reserved words
c=getc(filein);
/* collect the first 9 letters in 1id == note no reserved
wora is longer tham 9 and i1id's are limited to d x/
while (((chartypoelcl==3%) .
(chartyoelcl==4))
&% 1 < 9)
{ idli++)=c; c=getc(filein); }
ialil='\0"'; i=iz
// pad null to end string
/* ypper case reserve WOrgcs x/
1=1ookrs(id);
if (1 != «1) // return reserve if valid
switch (1)

{

case 0: return (STEP);

case 1: return (GO);

case 2t return (IF);

case 3: return (QON);

case 4: return (T70);

case S5: defv=1; return (DEF)?

case 6: dimv=1;, return (OIM);

case 7: eofflag=0; return (END):
// acuarantee eof

case 8: return (FOR);

case 9: return (LET);

case 10:

case 35: while(c != '\n')

c=qgetc(filein); return(kEv);
case 11: return (DATA);
case 12: return (ELSE);
case 13: return (GQTC);
case 14: return (FILE);
case 1S5: return (NEXT);
case le: return (READ);
case 17: return (CPEN);
case 18: return (STOP);
case 19: return (THEN);
case 20: return (GOSUB);
case 21: return (INPUT):;
case 22: return (PRINT):
case 23: return (CLOSE);
case 24: return (WRITE):
case 25: return (RETURN):
case 26: return (RESTOKE);
case 27: return (suB);
case 28: return (RANDOMIZE): l
case 29: yylval=Qd; return (relspec):
case 30: yylval=12; return (relspec);
case 31: yylval=8; return (relsoec);
case 32: yylvals20; return (relscec):
case 33: yvylval=16; return (relspec)
case 34t yylval=d; return (relsrec)

Ne

case 36! oncnt=0; exflag=0;

.
’
.
v
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return(CALL)?
case 37: oncnt=0; exflac=0;
return(EXTERN)?
case 3R:
case 39:
case 40:
case 41:
case 42:
yylval=1=3&; return(TYPE);
case 43: return(0OR);
case 4dd4: return(X0R);
case 4S: return(NCT)
case 4de: return(AND)

/* not a reserve word look for an [D if length ok x/

if (j >= S 8% exflaaq) // 4 char limit on std jdas
{ error(id,
"iyl1legal ID name == numeric IC usea");
1d(41='"\0"; i=lookup(ig);}
else i=lookuo(ia);

/%
Any ID which conforms to normal BASIC ID cefinitions is
acceptable == thus the following forms are recommendged

numeric 1d's -= letter
letter giqit

string id's -= Jetter L
letter digit 'E"

's -~ FN letter
FN letter digit

function iag

These forms are recommenced however the following are
the resrtictions which are enforced.

1) lenatn 1=4 characters

2) the id must tegin with a letter,
uopoer or lower case

3) rules fecr the recognition of tyces

numeric id's WXyZ §
w = F' i
X 9= N,ngsS$
y °= §
strina ia's wWXy2Z !
ae F,f

X 9= N,n
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x or y must = 3

function id's wxyz

w must Fof
x must = N,n

4) id's may mix upper and lower case freely

ARAAXAXRKAKARAR X AR KA A AN AAR KA KRR AKX A RARXRKARA KR AR A A A A A AR R AR ARk K kA k& X X X

NOTE

reserve words are acceptable as ertirely UPPEx CASE or
LOWNER CASE, however thev may not be MIXED!

*x/
if (1 1= =1) // return typoe if predeclaread
{ if (gimv==] || defv==1)
switch(symtableli)l .tyoe)
{
case 0:
case 10: if (defv == 1)
{ yvylval=insert(ia);
return(numericeia)l;}
error(id,msql(0));
return(numericeid);
case 1: errcrl(id,msal(ll));
return(array«ia);
case 2: case 3: error(id,msgl2]):
return(string¢id);
case 4: error(idymsg(3]1);
return(function«ia);
case S5: case 6:
) case 7: case 8: case 9: error(id,msaldl);
' aefault: errcr(idemsgl71)?
} N

yylval=i;
switch (symtablel(il.tyce)

{

case 0:

case 10: return (numerice¢14);
case 1l: return (arrayeia);

case 2: return (strinaeid);
case 3: return (stringeia);
case 4: return (functioneig);
case S: return (numericebif);
case 6: return (stringebit);
case 7: return (simpleeformat);
case B: return (numericeformat);
case 9: return (strenumepi f);
}}

147

' e Sy O T T LI R T R T

P —




/* check for a function definition FN,Fn,fN,fn %/

if ((igl0) == 'F* 1 id(9) =
Cxa Ll == Y B Sg L) =
{1izinsert(id); vylval=i;

symtable(i) .type=4;
return (functioneid);}

/* not a function == a3 string 1d2? xS, xy$d =/

if (igdll] == '§' HiH
{izinsert(id); yylval=i;
it (dimv (= 1) {
error(ia,

"xxNARMNING*x undefined strinc 1a");
error(id,"assianed default lengtn 16");
errcrcnt = errorcnt=2;

// back out error on warning
symtableli]l.lenath=16; }
symtablel(il .type=2;
return (string¢id);:}

/* not function or strimng must be numeric *x/

iZinsert(idl); yylival=i;
return (numerijceid);

case U: d=0.; b=.1; j=0; i=0;
// numbers fall here

/* does the number beain with a decimal point 727 =*/

numstrlj+el=ci if (c=='."') i=1;
c=getc(filein);

while(chartypelc] = 4 &R j<d9)
i e f= )
{numstrl(j++] = ci; c=getc(filein); }
else if (i==]) { break; }
else { i=1l; numstr(j++])=c:
c=getc(filein): }
i f 3 ti jJ<5) numstrljl= *\NO':

else it (j>5 |} numstrl0] >= '3')
{ i=1; numstrlj++l='.";
: numstr(jl="\0"; 1}
else { numstr(jl1="\0"; }

if (1 =2 0) { j = atoil(numstr); k=loockni(j);
// declared as inteaqer lookuo
if (k == =1)
{ a=j7 k=insertnr(j,0):
numters (k] .aec=0;}}

else { 2zatof(numstr)’
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/%
Y}

yyinit

//declared as real lookup
j=di k=looknf(ad);
1f (k == =1)
{ k=insertnr(j,a);
numbers (k] .dec= =1; }} |
/* return index 1in number table
in yylval ana return number */

vylval=zk:; return (numter);

case S5: stiqgl=0; // strings fall here
while ((c=cetc(filein)) 1= *'"*
R stiagl < 256)
stiglstigl++]l=c;
Z/ collect the string in stig i
c=getc(filein); stialstigll=*'\0"';
// put ip the null for string
return (strinaq):;
case 6b: /7 continuation
conflaa=1; c=getc(filein); break;
// flaa cor nextchar
default: return(0);

end of yylex #7 4
(arqgcsarav) int arac; char **arcv; $ Viint g

if (argc != 2) { error("ARG COUNT?2",0)?7 exi1t(1);}

j=07

17075

while(Cargv (11 (j] '= "\N0' 8&& ij < NAMELENGTHh = 2)

{ if Cargulbilly Ej) == '7Z') { 1j=0; j+tei}

// set filenmame back
else filmamlij++] =argquv (1] (j++]);

}

PEC Y CFilmam @ij=1) =='b"
&R filnam (ij=21== ',') ! 1j<3)
{ error("file tvoe?2?2",0); exit(l); }
filnam(ij=11='s"';
filnaml[ijl='\0";
fout = creat(filnam,0666);
if (fout == =1)

{ error(filnam,"can not open??"); exit(1l); }
printf(".alool €emain\n\n.text\n\nemain:\n\n");
printf("setd\nmov $STACK,rd\n");
semant (32,=1);
semant (55,=1);
for(tnum=0; bifslitnum] != 07 tnum++)

{ j=insert(bifsl(tnuml);

symtable(j]l .tyoe = biftyceltnum];
symtablel(j) .dimen = 1;
symtaplel(jl.length = bifact(tnuml];
}
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RWBASES 5
j=lookuo("mod"); symtaclelj).nimen=2;
j=lookup("rna"); symtablel(j]l.dimen=0;
j=lookuo("page"): symtable(jl.dimen=0;
if (fopen(argvill,fi1lein) == =1)
{error("can not open argl",0);
unlink(filnam); exit(l); }

c=qgetc(filein): }

// called first by yacc get first character

yyaccet () { int k,1,m,n; char %xdataotr; double d; d=07
printf(".globl DATCNT,DATA,DATAEND"); i
printf("STRMNEXT,STREND,STRDATANN");
printf (".data\n\n");
k=datapt*8;
printf("DATCNT: 0O\n"):
printf("DATA: \n");
for (j=0; j < datapt;: jt+)
numbrcv(&dataljl);
printf(“DATAEND: 0;0;0;0\n");
printf("STRMEXT: «=st2NASTROATA NN ) ;
if (datastpr !{= datastrinql(0]l)printf("\n<"});
for (dataptr = 2datastringl(0];
dataptr < catastor; dataotr++)
if (*dataotr == '"\0') printf("\\0>\n<");
else cutchar(*dataotr);
printf("\\0>; STRENC: .oyte 0;.bvte 0; .even\n");
for (j=0; j<numberct; jtt)
if (numpbersl(jl.dec '= 0 |} numbers(j).luse == 1)
{ prinmtf("N%de “,))7/
numbrcv(&numbers(j] cnumberf); }
for (j=sympt+l; j<RWBASE; j++)
{ k=symtablel(j]l .type;
switch (k)
{
case 0:
case 10: .
prinEf(Ys%ds 07 83 0F 0Nt/ Zs\n“,
jesymtable(j]l .symbol)ibreax;
case 1: l=symtablel(j) .qaocov?;
m=symtaolelj) .dimen;
orintf ("SDid ¢ Zo\t\t/%Zs\n"y
jemssymtablel(j]l osvmbol )
for (N=141; N <€ 1+m; n++¢)
{ if (k==1) dopeln]l=+ 3;
erintf (" Yo\n",
dopel(nl): 1}

break:
case 2: l=symtablelj]l.lenath=1;
printf("S%ds 07 R o U P T
printf(" .even\t\t/%s\n",
svmtablelj) .symcol):; breakx;
case 4: printf("S%d: 07 03 0; ONeENE“,))0
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printf("/%s\n",symtanlelj]l .sympol);

" break;
}
}
j=07 =
for (k=0y k<1S; k++)
if(fdslk]l != 0)
{
if (fds(k] == 1) j++;
else
error("more files referenced than operea",0);
}
1f(ji=0)
{

printt CUBUE: o= tZaNn® s 518 )0
printf(".alobl FD,FDO\NAFD:\n");
1=0;
for(k=0; k<15; k++)
if (fds fxl = 0)

print f("\tBUF+%o\r",S18%x(1++));

else orintf("\tO\n");
printf("FDO: .=.+30.\n");
printf(".text\n.alobl FCLOSENnNENCER:\n")?
printt(“jser pec,FELOSENA"Y);
printf("sys exit\n");
}
else orintf(".text\nENDER: sys exit\n");

printf("\n\n,bss\n\n");
printf("STACKTOP: o= o +50 N\NSTACK S =.+2\n"):
for (j=0; j <= forctr; j++)

printf(YFM%d: <=.+B8.\nFl%d: c=et8.\n"siejds:

3 if (maxtemo < 20) k=maxtemp; else k=20;
for (j=07j<k;jt+)
y - prunt " Fddt s=o4 BNy

for (j=symot+l; j < RNBASE; j++)
{ k=svmtablelj).type;
l1=gsymtablel(j) .amt ;
switch(x)
{
case 1: 1=1%x8;printf("S%as =.t%o\t\t/Z%Zs\n",
jelssymtablel(j) esymbol);
! break:
case 3: printf("3%d: .=.+%0; .even\t\t/%s\n",
jelesvmtablel(j]l .svmbol )
}




MATN PROGRAM

2 define ERRORFILE P
8 include "./bstruc.h"”

extern int errorcnt, fileout, fout, yyline, RwBEASE,

numberpt,symot, j;
extern char filnaml];
main (argcr,argv)
int argc:
char *argvi(];

{
yyinit(argc,arav);
if(yyparse() || errorcnt >0)

{ unlink(filrmam); exi1t (1), }
yyaccot ();
flush()s
ex1t(0);
}
compar(sl,s2) // ccrmpares two strinas returns 9
char xsl,*s?2;

{
while (*sl1++ == xs?2)
if (*s2++ == '0') return (1);
return (0);
}
strcopy(s,t) // this procecure cooies strings

char #%s,*t; {

while(*t++ = %xs++);

numbrcv(st) int *st [];
{ int i
for (i=0; i<3; i++)
printf(Y%or “rst Ui))7
printf("%o 0,st[3));

error(x,y) char *x,*y;
{
flush();
fileout=fout:
fout = ERRORFILE;
if (y == 0)

1o

if n.e.




printf("153s0,x);
else

printf("153d: %s: %sO,yyline,x,v);

flush();
fout = fileout;
errorcnt++;

}

yyerror(s) char *s; {
extern int yychar;
extern char xyvsterml(];
flush();’
fileout=fout;,
fout=ERRORFILE;
printf("1S3s", s )

if( yyline ) printf(", line Z%Za,",

orintf(" on input: ")’
if( yychar >= 0400 )

printf("%s0, yysterm(yychar=0400]

else switch ( yychar ) {

case ' 't prinmtftl "\t0 ):
case '0: printf( "\nO );
case '0': printf( "3Send0 )’
default: printfl "%2c0 .
}

errorcnt++;

flush()s

fout=fileout:’

}

lookup(s) char *xs; {

int 7 // returning

for (i=sympt+l; i<RWBASE;

if (compar(s,symtablel(il.symbol)

/* handle uocer and lower case

for (i=RWBASE; i<SYMSIZE;

if(compar(s,symtableli]l.symool)
bifcompar(s,i) > 0)

return (=1);

}

bifcomoar(s,i) char *s; int 17

{ // check bifs by translatina all
// returns index or =1 if no match

int kl,k;
char t(SIMLEN);

ki='a'='A'; // aifference Detween uvpercase ang

for (k=0; slk) != '0'; k++)

1SS

)

preak;

yyline );

.
’

treak:

// this orocecure validates
-1 or svrboltable

reserve words

return(i);

lowercase

s (k)

to ubpercase
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tlkl = '0';

return(compar(t,symtable(i]l .symcol));
}

lookrs(str) /* resere word lookup =1 is not founa */
char *str;
int 1

for (i=0;reservewords[i]l != 07 i++)
if (compar(str,reservewords(i])

&
(3 |
compar(str,%lreservewords (il (1])) return(Cil;

return (=1)7?
}

looknf (nf) //locates numbers declareag as real
double nf; {
int 17

for (i=071 < numberot; i+¢t)
if (numbers (il .numperf == nf) return (i)’
return (=1); // return =1 for not founa

lookni(ni) // this procedyre locates numoers
// declared as inteqer
int ni; {
int 17

for (i=0;i < numberot; i+¢t)
if (numbers(i] enumberi == ni) return (1)

return (=1); // return =1 fcr not foung

insert(cc) // this procedure inserts new 13d's ann
char *cc;{ // zeros all entrijes ==
j=symot==; // returns index in tanle
if (j<0)
{ error("fatal error == symbol table overflowu",
"compilation terminatea");
unlink(filnam); exit(1l)’
}
strcooy(ccrsymrtablel(jl.symnol);

symtablel(j] .type=0;
symtaclel(j) .4imen=07
symtableljl.lenath=0;
symtable(j] .dopov=0;
return (j);
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insertnr(jl,d)
double d; int jl; // number table
int V7 // returns the

{

i=numberpt++;
if (1>= NUMSIZE)

{ error("fatal error
"comcilation terminated");

unlink(filnam);

}

numbers(i] .numbcerf=d;

exit(1);

numhers (il snumberi=jl;

numbers (i) cuse=0;
numbers(i] sluse=07;
numbers (i) .dec=0;
return (i)
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«.glool
«text
COMPAR:

imp

beqg
or
bne
br
bogt
br
olt
o
ble
br
bge

clre
rts

mov
rts

NOT @
tst
bea
clre
rts

mov
rts

AND ¢
cmp
bne
rts

clre
rts

OR:
cmp
bne
res

mov

LIBRARY

CCMPAK.s

COMPAR, AND,OR, XOR,NUT

3¢(r3)

4t
Sf
af
St
uf
St
at
St
uf
S ¢
af

-(rd)
ocC

$1,=(rd)

ocC

(rd)
1¢f
(rd)
oc

$1,(rd)
pcC

(rd) ¢+, (r4d)

1f
oc

(rd)
oc

(rd)+,(rd)

it
ocC

51,(rd)

//

//

//

//

a4

// FALSE into stack

// TRUE into stack

TRUE or FALSE in stack?
// TRUE before set FALSE

// FALSE before set TRUE

both tne same so AND i1s correct

different AND => FALSE

pboth the same so OR is correct

different OR => TRUE
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cmp
beq
mov
rts

clr
rts

(rd)+,(r4)
1f

$1,(rd)

oc

(rd)
oc

// adyrfferent

//same XOR

19

xOR => TKUE

=> FALSE




.qlopbl CSET

+CRET

.globl endiaqit,ERROR,strmv

text
ESETS

mov (rd)+,r3
mov (sp)+,r0

mov sprsStacksave

cmo 30,r3

beq 3f

mov Shere, rS

mov (rd)+,r2
jmp *2f(r2)

here:

sob r3,1b

3:
jmo  *r0

intval
floatval
ablval
charval
soecial
intarray

/ taole of actions

floatarray

dblaray

charstring

special

intval:
mov f
mov fi
mov
ime
floatval:
mov f
setf
mov f
setd
jmo
ablval:
mov f
mov f
imp
dblaray:
tst
mov
jmp
floatarray:
intarray:
J

x(rd)+,fro
fr0,r2
res=(so)
*rS

*(rd)+,fr0

fr0s=(so)

*rS

2(rd)+,fro

fr0,=(sp)

*rS

(rd)+ /throwaway dopevector 1nfo

(rd)+,=(sp) / pcut adaoress 1n stack
xrS

sr rS5,ERROR
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<**ERRQRx* uynimplamented call oction\0>;

charval:
tst (rd)+ / throw away length
movb *(rd4)+,=-(sp)
jimp *prS
charstring:
tst (rd)+ / throw away lenath
mov (rd)t,=(sp)
jmp  *rS
special:
mov *(rd)+,=-(so)
jmo  *rS
CRET:

mov (so)t,r!
mov Stacksave,sp

setd
tst 2(rd)
beq 1 f

mov (rd) ¢+, r2
jmp  *2f(r2)

intret
floatret
dblret
charret
specret
intotr
floatotr
ablptr
charptr
specret

intret:
tst (rd)+ / throwaway Qumnmy
movi f rO0,frd
mov f frO,x(rd)+
jmp xrl
floatret:
tst (rd)+ / throwaway dummy
setf
clrf d(rd)
mov f frO,x(rd)+
setd
jmp  *rl
ogblret:
tst (rd)+ / throwaway dummy
mov f frO,x(rd)+
jmp *rl
charret:
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tst (rd)+ / throw away dummy
movb rO0,(rd)
movb $'\0,1(rd4d)
cmp (rd)+,(rd)+ /throw away old length and acar
jmp el
charptr:
tst (rd)+ / throw away dummy
mov (rd)+,r3 / qget address
mov (rd)+,r2 / get ola length
mov r3,=(rd) / restore address on bottom |
mov r2,=(rd) / restore length on top
mov r0,=(rd) / new strina address
mov 3$77777,=(rd4) /dummy len to force use of old len
jSr  pcsstrmy

jmp  xrl
specret:
tst (rd)+ / throw away dummy
mov r0,*x(rd)+ / move pointer into olace
jmo LR
intpte:
floatotr:
ablotr:
jsr  rS,ERROR
<**ERRQOR*%x ynimpolemented call ootion\0>; .even
1: / procedure calls come here clean stack

charuse = o
charouse = 1o

cmp (r4),3charuse / check for char call with 4 parms
beg 2f

cmp (rd)¢+,%charouse / check for char call with 4 parms
beqg 2f

cmp (rd)+,(rd)+ / throwaway unneeded function aadrs
jmp  *xrl
2

cmp  (rd)+,(rd)+ / throwaway unneedec function aacrs
tst (rd4)+ / throwaway unneedea funmction aocars

jmp  *rl

stacksave: o= ¥e
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.globl!
+text
DOPCAL:

mov
mov
mov
inc
inc
mov

TOPC:
mul
add
mov
sSoD
mov
add
mov
rts

.data
dctmo:

DOPCAL

$0,dctmp
*(rd4),r0
(rd)+,r1
rl

rl

38, r2

(rd)+,r2
r3,dctmo
(rl)+,r2
r0,T0PC
dctmp,r3
(rd),r3
r3,(r4)
pcC

0

/get number of subscripts
/move address of dope vector
/move to fisrt dope value

/the first displacement is |

/add in the tase of the array
/leave the address in the stack

/ temporary for calculatior
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.globl ERROR

ERRQOR:
12
mov $2,r0
movo (rS)+,erch
beq 2f
sys write; erch;
or 1b
2
SYys exit
erch: =t
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.glob
«.qlob
«text

OPEN:
mov
mov
mov
mov
aad
tst
beg
jsr

1
1

OPEN,CLOSE, SERROR,FCLOSE
FD,FDO, fooen, fcreat,ERROR, flush

(rd)+,r1
(rd4)+,r0
rO.rZ
$FDO,r3
(rU),r3
(r3)

1 ¢
PSISERQOQ

/mode
/address of name

/open flags
/select correct flaa
/open or closed

<attempted to reopen: \0>; .even

B
inc
mov
add
jmo

3is

RANDO
ROPEN
CREATE
APPEND

RANDO ¢
jsr
<un

ROPEN:
mov
jsr
bes
rts

CREATE
mov
jsr
bes
rts

APPEND
mov
SYys
bes
mov
mov
mov
add
mov
mov
SYys

(r3)
sFD'FS
(rd4)+,r3
*3f(r1)

rS,SERROR

/buffer base
/select correct buffer
/select mode

/table of moaes

implemented ranccm access: \0>; .even

(PS):Sf

rS, fooen; 3:
FILERROR

pc

(P3)v3f
rS,fcreat; 3:
FILERROR

pc

FO'Sf

open; 3: 03
FILEARROR
rO,'(rS)

$§512 o%2(rd)
FSlr:

$6,r2
r2,*d(r3)
*(r3),r0
seek; 0; 2

0
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rts ocC

FILERROR:
jsr r5,SERROR
<file open error: \0>
FILEARROR:
jsr rS,ERROR
<error on open for apoend\n\0>; .even

SERROQOR:
) b
mov $2,r0
movb (rS5)+,sech

beq 2f

sys write; sech; |
br 1b
Zg

mov 3$2,r0
movb (r2)+,sech

beq 3f

sys write; sechs:; 1
bor 2b

3:

mov $2,r0

mov $'\nm,sech
sys write; sech; 1
sys exit

CLOSE':
mov SFD,r3
add (rd),r3
mov (r3),2f
jsr rS,flush; 2: 0
mov *(r3),r0
sys close
mov $FDO,r3
add (rd)+,r3

clre (r3)
rts pC
FECLOSE ¢

mov $14 .,rl
mov $FD,r2
mov 3FDO,r3
1e

tst (r3)

bea 2f

mov (r2), 3¢
jsr  rS,flush; 3: 0
mov *(rl),r0
sys close
2:

add $2., re
add $2,r 3%
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sob rls,1b
rts pec
.data
sech: 0
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KEADF . s
.alcbl READF,READFN,READFS,READFE i
.aglonl FD,FDO,getc
stext
REAQF :
mov $FD,r2
add (rd)t,re
mov (r2),READFILE
rts pc
.data
READFILE: 0
.globl ERROR ;
text
READFN:
mov $rnumbst,r3
mov %23 .,rl /length of number limited to 23 diaits
clr r2
1
mov READFILE,Z2f /standard input

jsr  rS,getcs; 2: 0
bes ©padread

movo rO,rch

cmpt $'9,rch

blt 6f

Cﬂob S'O,rch

bgt 2f

movo rch,{(r3)+

sob rl,1b

br 6f

cmpb 5 g rCh

beqg 3f

cmpb S$'\t,rch
peq 3f

cmpb $' <e.rch
bea Sf

cmpb $'=,rch

beqg 4f

cmpb $'+,rch

bea 3f

br b6f

cmp r3,3rnumbst
beag lb

cmp r3,3rnumbst+l
bne 6f

tst re

bne 6f

sob rl,1lb

cmp r3,3rnumbst
bne o6f
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movb rch,(r3)+
br lb

tst ré

opne o6f

movbo rch,(r3)+
inc ré

sob rl,1b

tst ré
bne 2f
movb ' <, (r3)+

movo $£'\0,(r3)
mov Srnumbst,=(rd)
rts pC
badread:
jsr r5,ERROR
<ERROR baa system call
.even
«.data
rch: o=etl
rnumbst: =t

.aglobl ERROR
.text
READFS:

mov (rd)+,r1
mov (rd)+,r2

mov READFILE,Z2f
jsr rSr,getc: 2: 0
bes badsread
movb rO,srch
cmeb $'\n,srch
beqg 2f
cmpb 3'",srch
bea 2f
movb srch,(r2)+
sSob rl,1b

2: movb 3'\0,(r2)
rts pc

badsread:
jsr rS,ERRQOR
<ERROR bad system

srchs o=t

READFE:

I

READFN\N\O>

/length to be read
/3ddress

/default inout

/out character 1in place
/string full vet?
/all strings ena in null

call READFS\n\0>; .even
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mov READFILE,2f
jsr rS,getci: 2: 0
bes 2f
cmpb  $'\n,r0
bne 1b
2%
rts pcC
I
.E
|
|
{
|
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.qlobl
.text
SDCAL
mov f
mov fi
mov
inc
mul
add
mov
rts

SDCAL.s

SDCAL

*(rd)+,fr0

fr0,r2

(rd),rl // save length for later

(rd) // auament length by null on engc
(rd4)+,r2 // multiply by length

r3,(rd) // aad displacement to rase

rl,=(rd) // restore the lengthn

pc
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.alob!
«text
SUBSTR:
mov f
mov f

mov

mov fi
dec
cmp
bge
mov fi
add
cmp
; bge

mov f1
dec
ada
mov fi
rts

adag
mov
rts

sub
mov fi
add
mov fi
sSub
mov
rFR S

SUBSTR

x(rd4)+,£fr0
x(rd)+,frl
(rd)t,r!

fri,r2
re
ré,rl
1f
ff‘Ol!‘S
r3,r2
r‘Z,rl
2f

fri,re

ré

rd,(rd) //
fr0,=(rd)

eC

rl,(rd)
SI"(FQ)
pc

rt,r2
frl:ri
PS'(PQ)
tr0,r3
r2,r3
r3,=(rd)
pC

Ve, oaaanr

£
/7
Lk

//

/7

//

SUBSTR,s

lenath of substr
starting offset
length of string

too long

startt+length too far

all 0Ox

alter aaddress by starting byte

//

//

(A4

//

//
//

//

new lenath intc stack

pocint to end of strina(huLl)
length now |
how much too big??2?

new starting acdress
get length again

new lenath
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WRITF.s
.qlobl WRITF,ARITFN,WRITFS,ARITFE

.glob) FD,FDO,putc
ote!t

WRITF:
mov $FD,r2
add (rd)+,r2
mov (r2),ARITFILE
rts pc
.data
WRITFILE: 0

.alobl nodiqit,floter,ERROR
ote‘t
NRITFNs

mov Swnumbr,r3
jsr pco,floter

mov Swnumbr,r3
mov nodigit,re
Irs
movb (r3)+,r0
mov WRITFILE,2f
jsr  rS,putc; 2: C
sob ré2,1b
movb $' ,r0
mov NRITFILE,2¢ :
jsr rS,putci 2: O
rts pc

wnumbr «eSet2U.,

.alool ERROR
stext
WRITFS:
mov (rd)+,rl

mov (rd)+,r2

it
mov WRITFILE,2f
movb (r2)+,r0
bea S5f
jsr rS,outcs 2: 0
sob rl,lp

rts pc
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movb %' ,r0

mov NRITFILE,2f
jsr rS,outc; 2: O
sob rl1,5b

rts pc

WRITFE:

movb $'0r0

mov WRITFILE,2f
jsr rS,outci 2: 0
res oc
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.alobl asc
.text
asc:

tst (rd)+
mov (rd)+,rl
movb (rl),r2
movif r2.,fr0
rts pc¢C

G U S R TR N

cop stack

address of string

retrieve character

convert into a floating ot number
for return
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£ £ = atof(p)

/ char *p;

1dfps

170100Ttst

stfps = 170200ttst

.alobl atof

atof:
stfops
ldfps
mov f

-(so)

$200
frl,~(sc)

clr =(so)

clrt
cle r2

fro

mov (rd)+,r3

movb (r3)+,r0
cmnp $' ,r0
beg 1b
cmpb r0,5"'-
bne 2f
inc (so)
13
movb (r3)+,r0
2:
sub $'0,r0
cmp r0,3%9.
ohi 2f
jsr pcedigitaf
br lb
inc r2
br 1b
2
cmpb rd,%'.,='0
bne 2f
} 15
movb (r3)+,r0
sub $'0,r0
cmo r0,39.
bhi 2f
jsr pcsdiaitaf
dec r2
br 1b
it
cmob r0,3'E=-'0
beqg 3f
cmpb r0,%'e="0
bne 1f
5
clr rd

atof.s




s S S A T 1

cler et
cmpb

bne 3f
inc rd
inc r}d

Er3 ) b=

movb (r3)+,r0
sub $'0,r0

cmp r0,%9.

phi 5f

mul $10.,r1

aad r0,rl1

or 30

tst rd
bne 3f
neg rl

sub rl,r2

mov f $one,frl
mov r2,=(so)

beq 2f

ogt 1f

neqg r2

cmp r2,338,

blos 1f

clref fro0

tst (sp)+

bmi outaf

mov f $huge, frd
br outaf

1 -
mul f $ten,fri
sob F211b
es
tst (sp)+
bge 1f
divf frl,fr0
br 2f
) -
mul f fr1,fr0
cfce
obve 2f
mov f Shuge, fro
23
outaf:
tst (sp)+
bea 1f
negf fro
1
mov ¢ (so)+,frl
ldfos (sp)+

| e




rts pc

/

/

digitaf:
cmp f
cfec
ple 1f
mul f
movi f
addf
rts ocC

Sbig, fr0

$ten, fr0
r0,frl
f"l,fr‘O

add %2, (sp)

rts pcC

~
@D
]
Mmoo

40200
41040
56290
77777
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chre.s
.qlobl c¢chr
.text
chrs
movf *(rd)+,fr0 // qet number aesired
movfi frQ,r2
bit $0177,r2 / quarantee a valid character
movb r2,chre
mov $chre,=(rd)
mov $31,-(rd) / leave address and lenath | on stack
rts pc
chre: 0

LT




.alobl

.glool

.text

col:

mov f
mov fi
mov
rts

col
nodigit

*(rU)f,fFO‘

frO,r!l
f‘landigit
pc

ol Ao R LT EE
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cosh.s

.globl cosh
.glop! exp
cosh: // cosh funct Sr(erryterr=y)

mov f frO0,coshsave
jsr pcC,exp

mov f frO,cosharal
movf coshsave,fr0
negf frl

jsr pC,exP

addf coshargl,fro
mulf onehalfe, frC

rts RC
coshsave: «=.%8,
cosharqgl: «=e¥8.

onehal fe: 040000; 07 0: O

)T
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.globl danrdr
.qlopl DATCNT,DATAEND,DATA
stext
danrdr:
mov DATCNT,r?2
ada $8.,r2
cmp r2,3DATAEND
blt 1€
mov $DATA,r2
mov $2,r0
mov $3fruf
sys write; 4: 07 56.
br 1f
32
<\nxx*RUN ERROR=%*xx no num data num
.even
1:
movf %xr2,fr0
movf frO,x(rd)+
mov r2,DATCNT
rts ocC

restore

danrdr.s

issuea\n\0>




datrare.s
.globl gatrar
.globl STRNEXT,STRDATA,STREND,strmyv
.text
datrdr:

mov (rd),r3

ada STRNEXT,r3

cmp S$STREND=2,r3

bge 1f

mov $2.r0

mov $3f,4f

sys write; 4: 0; Sd.
mov $STRDATA,STRNEXT

br Lt

5

<\n***RUN ERRQR*x* no str data str restore issuea\n\0>;
.even

B

mov (rd),r3 // save length

mov STRNEXT,=(rd) // move next data adcress into stack
mov r3,=(rd) // duclicate string lenath for strmov
jsr ocrSstrmv

dec rQ

tstb (r0)+ // did we reacd a wnile string??

peq If
e

tstb (r0)+¢ // NO look for the eng of this string
bne 2b

i
mov r0,STRNEXT
rts ec
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floter.s
ldfps = 170100ttst
stfps = 170200Ttst
/ ftoa == basic g fo conversion

.globl noadigit

ecvt converts fr0 into decimal

the string of converted digits is pointed to by r0.
the number of digits are specified by nocdigit

réd contains the decimal point

rl contains the sign

L O W . O Y

feves
clr eflaag
br 1f
ecvts

mov $1,eflaqg
s

stfos =(sp)
l1dfos 3200
mov f fr0,=(sp)
mov f frl,~(sp)

mov r3,=(sp)
mov $obouf,rl
cle r2

clr sign
tstf fro
cficc

beq zer

bgt 1f

inc sign
negf fro0

modf $orne, fr0
tstf fri

cfce

bea Iss

gtr:
mov f frO,=(sp)
mov f frl,fr0

—
e

mov Sbuftopsr3

modf tenth, fr0
mov f fro,fre

mov f frl,fro

adaf bepsilon, fre
modf Sten, fr2

mov fi fr3,r0

182




add $'0,r0

movb r0,=(r3)
inc r2
tstf fr0
ctee
bne 1b
/
mov $buf,rl
s
movb (r3)+,(r1)+
cmp r3,%buftoo
blo 1b
/
mov f (so)t,fr0
br pad
zer:
inc ré
br pad
Iss:
gec ré
mod f Stenm,fr0
tstf frl
cfcc
beq lss
inc re
jsr pc,digitt
oad:
jsr pc,diqit
br out
br pad
digit:
cmo rl,fouftoo
bhis 1f
add 32,(50)
moaf Sten,fr0
digitl:
movfi frl,r0
ada $'0,r0
movb r0,(r1)+
13
rts oc
/
out .
mov Sbuf,rd
add nodigit,r0
tst eflag
bne 1f
ada re,r0
3 Ot
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cmp r0,5buf
blo outout

movb (r0),r3
aad $5,r3
movb r3,(r0)
e
cmpb (r0),9%'9
ble 1f
movb $'0,(r0)
cmp r0,%buf
blos 2f
inco -(r0)
bor ib
it
movb $'1,(r0)
inc ré
13
outout:

mov sign,rl
mov nodigit,r0
tst eflag

bne 1f

ada r2,r0

clro buf(rl)
mov $buf,rd
mov (sp)+,r3

mov f (sp)+,frl
mov f (sp)+,fr0
1dfos (sp)+

rts pc

epsilon = 037114
one = 40200
ten = 41040
.data
tenth: 037314d; 14d6314; 1463145
nodigit:li.
.bss
buf: «S.t4d0.
buftoo:
sign: =t
eflag: «e=et2
.text
/ C library==- floating outout

.alobl floter
floter:
13
mov f x(rd)+,fr0
jsr pcorfcvt
tst rl

184

146315

vt




beaq 1f

movb $'=,(r3)¢+
) O
tst rd
"bat If
movb $'0,(r3)+
152
cmp nodigit,rl
jle of
mov r2,rl
ble 1f
2 .
movb (r0)+,(r3)+
sob rl,2b
) &
mov nodigit,rl
beqg 1f
movb $'erCrd)+
12
neg r2
ble 1f
2%
agec rl
olt 1f
movb $3'0,(r3)+
sob r2.,2b
3 0
tst rli
ble 2f
1:
movb (r0)+,(r3)+
sob rl,1b
25
rts pc
(58
movb 3'2,(r3)¢+
sob rZ2,b6b
rts pc
pscien:
mov rO,nodigit
tst ré
bne 1f
mov $6,nodiqgit
i
mov f (rd)+,¢r0
jsr oCreCVE
tst rl
beqg 1f
movb $'=,(r3)+
i
movb (r0)+,(r3)+
movb $'er(r3)+
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mov nodigit,rl

dec rl

ble 1f

movb (r0)+,(r3)¢

soo rl,2b

movb $'e,(Pr3) ¢

dec r2

mov r2,rl

bge 1f

movb 3'=,(r3)+

neg rl

br 2f

movb $'+,(r3) ¢

clr r0 ?
div $10.,r0 f
add 5'01!‘0 %
movD r0,(r3)+

add 5'001'1 ‘
movd F1,(r3)+ {
rts oc ;

st hama——

0 o PRSP Py RN R e T RIS
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.globl int
.text
one = 040200
int:
movf *x(rd)+,fr0
mod f $one, fro
mov f frl,fr0

tstf fr0

cfcc

bae 1t

sub Sone, fr0
) G

rts pc
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.qlobl len,lenath
stext

len:

length:

tst (rd)+ /poo off default length
mov (rd),r2 /copy address
cle rO

tsto (r2)+
peqg 2f
inc r0
br 1b

movif rO,fr0 // Yength row in fr0 for return
rts oc




.alobl lindmp
«.globl stdout
.text

lindmp:

1ch:

mov ®1,r0

movb $'0lch

sys write; lchi 1
mov $80.,stdout+?
rts pc

e=et?
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.globl

mod

one © 040200

«text
mod:

mov f
aivf
moagf
mul f
tst
mov f
subf
rts

x2(rd),fro
x(rd4),fr0
$one, fr0
x(rd), fril
x(rd)+
*(r‘d),frO
frl;fr'()

pcC

// pop stack
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.qlob! norrdr
.alobl numbst,ERROR
nbrrdr:

mov $numbst,r}

mov $23.,rl /length of numper limited to
cler r2
mov 30,r0 /standara input

sys read; rch; 1
bes badread
cmpb $'9,rch

plt of

cmoo 3'0,rch

ogt 2f

movt rch,(r3)+
sob rl,1lb

br of

cmob ' ,rch
pea 3f

cmob $'\t,rch
beqg 3f

cmpb $'.,rch
bea Sf

cmpb $'=-,rch
beqg 4f

cmpo 3'+,rch
beqg 3f

br 6f

cmp r3,5numbst
pea 1b

cmp r3,%numbst+l
one o6f

tst re

bne of

sob rl,1b

cmp r3,5numbst
bne 6f
movo rch,(r3)+
br 1b

tst r2

bne 6f

movb rch,(r3)+
1he reé

sob ri,1b

tst r2
bne 2f
movb B'.,(r3)+
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2%
movb $'\0,(r3)
mov S$Snumbst,=(rd)
rts ©oC
baaread:
jsr rS,ERROR
<ERROR bad system call
.even
.data
rchs LS. t2
numbst: e S

norrdr\n\0>
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.alobl
«globl
.text

numptr:
mov
jsr

sub
tst
bgt
jsr
mov

mov
mov

mov

numptr
numbr,nodigit,stdout,floter,linamp,ERROR

$numbr,r3
pc,floter

nodigit,stdout+2
stdout+2

1¢

pc, lindmp
$80.,stdout+e

3numbr,r3
noadigit,rd

$11P0

movb (r3)+,nch

SYys
sob
mov

movb $'

SYyS
rts

nch:

write; nch; |1
r2,2b

31,:‘0

rNCH
write ; nch; |

pc

=l tre

nNumptr.s
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.qlobl
stext
raa:s
mul f
rts
pie:

deg:

rdes

rad,deg

pie, frd

pc
0366167

mul f

rts pcC

041545;

0175065

"d"' frO

0273407

Pr T e e

011224;

01514367
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.alobl rnd
.globl rand
maxplusone = 044000

rnd:
jsr pcesrand
movif rO,fr0 !
divf $maxolusone, fro i
rts pc ]
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‘ .globl sinh
k .globl exp
stext
onehalf = 040000
sinh: // sinh funct «Skx(exxy=exr=y)
mov f frO0,sinhsave
negf fr0
jsr pcr,expo
movf frO0,sinhargl
movf sinhsave,fr0
jsr pcrexp
subf sinhargl,fr0
mulf onehalf,fr0
rts pC
sirhsave: e=at8s
siriharal: e tB,
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.globol strcmp
stext
strcmp:

mov (rd)+,r2
mov (rd)t,rl
mov (rd)+,r3
mov (rd)+,r0
clr r2
clr r3

movb (r0)+,r2
beq 2f

movo (rl)+,r3
beq Sf

cmpob rés,rd
plt 4f

bagt Sf

br 1b

movo (rl)+,r3
bne 4f

mov $0,=(rd)
rts pc

mov $1,r3

neg r3 /
mov r3,=(rd)
rts pc

mov $1,=(rd)
rts pc

strcmpe.s

/check to make sure not equal

/ set flag to eaual

/ set less than
-} is less thean
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.globl
.globl
«text
strdmp:
mov
mov
sub
tst
bgt
jsr
mov

mov

1
é
mov

strdmo
stdout,ch,numbr,1indmo,ERROR

(rd)+,r}

r3. rl

r3,stdout+2

stdout+2

1f / need a newline
pc.lindmp

$80.,stdout +2

(rd)+,r2

$1,r0

movb (r2)+,ch

beq
Sys
sob

rts
St
mov

Sf
write; chi 1
rl,2b

pcC

$1,r0

movb $' ,ch

SYys
sob
rts

.data
numbr:
ch:
stdout: |

write ;7 ch; 1
rl,50
pcC

.='+20.
.:.*a
7 80 .7 O
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strerdr
ERROR

.globl

.globl

stext
strrdr:

mov (rd)+,rl
mov (rd)+,r2

mov $0,r0
sys read ; src
bes badread
cmpb $'\n,srch
oeq 2f
cmpb $'",srch
beqg 2f
movb srch,(r2)
sob rl,lb
2: movb $'\0,(r2)
rts pc
badread:
jsr rS,ERROR
<ERROR baag sy

srch: o= te

P T Ve E e -

/length to be read

/address
/default input
hy 1
+ /out character in place
/strina full yet?
/all strings end in null

stem call strrdr\n\0>; .even
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.globl ta

.globl st

.text

tab:

mov f
mov fi
) &
cmp
bge
sub
or

i
mov
mov
sub
cmp
blt
mov
sub
mov

43

movb
sys
sob

rts

.data
tch: .=

tab.s
b
dout

x(rd)+,fr0
fPOIP3

// tab value

$80.:P3

2f

$80.,r3

1b
stdout+2,r2 // char left
$80.,r1
l‘},l‘l

rlor2

3f //
rl,stdout+?
r1'r2
stdout,r0

// char needed at ena

if ge or gt already there or oast
// new end
// how many blanks?

$' ,tch
write;
r2,4b

tchs 1
oc

.2
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.qlobl t
«.3lobl cos,sin

an

// tan function sin/cos

// plus or minus

177777:477777: 177777

etext
tan:
.aqlobl cos,sin
mov f frO,tansave
jsr pcC,COS
movf frO,tancos
movf tansave, fr0
jsr pc,Sin
movf tancos,frli
tstf fri
cfcc
beq 1f
aivf fri,fr0
rts pc
1:
movf hugeest,frl
tstf fro0
cfcc
bge 2f
negf frl
2%
movf frl,fr0
rts pc
tansave: o= 8
tancos: c=let B
hugeest: 077777;
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«globl

«text
val:

mov
tst
mov
mov
clr

movb

val

$numvst,r3

val.s

(rd4)+ / pop stack
(rd)+,r0 / get starting aagdress
$22.,r1 /length of numper linited to 22 diaits
re
$'0,(r3)+¢ / insure at least a zero

movb (r0)+,vch
cmpb $'9,vch

blt

6f

cmob $'0,vch

cat

2f

movb vch,(r3)+

sob

rl,lo

br 6f

cmpb $' ,vch

deaqa

3¢

cmpb $' ,vch

beaq

3f

cmpb $'.,vch

beg

St

cmpb 3'=,vch

beq

4f

cmpb $'+,vch

beg

3f

br 6f

cmp
beaq
cmp
bne
tst
bne
sob

cmp
bne

r3,3numvst
1b
r3,%numvst+l
6f

re

6f

rl,1b

r3,3numvst
6f

movb vech,(r3)+
or lb

tst
bne

re
6f

move vch,(r3)+

inc
sob

cse
bne

re
l‘lnlb

re
2f

movb 5'.;(?3)*
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movb
mov
rts

.data
vch:
numvst:

$'0,(r3)
$numvst,=(rd)
pcC

«=ot2
.:.+2a'
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int
int
int
int
int
int
int

PROGRAM LISTING ~ UNIX EXECUTIVE

cflag;’
1 f1lag:
oflag;
rflag;
sflaa;
tflaqg:
vflaas:

char *av [(S0];

char *bprocq:

char *11ist(S0]7;

char %gl "/usr/graph/conie.o";
char *g2 "/usr/lip/libt.a":

char *g3 "/usr/graon/rmtksub.o"’
char *gd4 "/usr/graoh/moresub.o";

char x9S "/usr/graoh/vg.a";

char *pass0 "/usr/basic/baxcompS":
char *passl! "/bin/as";

char *passl "/bin/1d";

char *passd “/bin/rm";

char ts(1000]1;

char *tsp ts»

mai

n (argcs, argv)

char *aragvl 1; |

char *t;
int i, jo, bflag, nl, nxo;

isbflag=nl=nxo0=0;
while (++i < arac) |
if (argvl(i]l (0) == "
switch (aravi(il (11) |
default:
goto Lassas
case 'S':
sflag++;
bflag++;
break;

o i
oflag++;
break;
case 'C':

1flag++;
break:;
case 'c¢c':
cflagt+;
1flaot++;

case

//aopena C
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//produce object file

library for

//acpoend conoqgraphics

//produce as=language file

loader

library




break:

case 't': //append tektronics library
tflag++:
1flag++s
break:
case 'p': //apoena ramtek library
rflagt+;’
| flagt+:
break:
case 'v': //apoend v a liobrary
vflag++:
1flagt+;
break:
}
else {
passa:
t = argvliil;
if (getsuf(t)=='p"') { //is file.b amr arqumant?
bflagt+;
bprog = t;
t = setsuf(t,'o'); //if so, create file.o
}
if (nodup(llist,t)) { //does file.? exist as a
Tlistlnl++] = ¢t // previous argument?
if (getsuf(t) == 'o') //is argument file.o?
nxo++,;
}
}
}
1f (lbflag)
goto nocom; //no file.b source program
avi0) = "baxcomp"; // available for compilatior
avill = borog:’
avi(2] = 05

if (callsys(passO,av) != 0) {

printf("Procedure terminated at compilation state.\n");
exit( );

}

if (L(bflagiiloflag)) exit( );

t = setsuf(bprog,'s');

avi(0) = "as";

av(il] = "=";
avi2]l = ¢t;
av (3] = 0;

callsys(passli,av);

if (oflag)
t = setsuf(bproa,'o'):
unlink(t)
if (link("a.out",t))

printf("link fail %s\n",;t);

unlink("a.out");
exit();

}
nocom:
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}

i = 07

av[ol = ll‘d“;
avlil) = "=x";
if ('bflaa)
avl(2]l = t;
else
avi2) = "a.out";
av(3] = "/usr/basic/basiclib.a"’
j = 43

while (j<nl+3)
avlij++) = 1list(++i];

if (cflaq)
avlij++l = gl
if (tflag) //three passes are needed due to
avlj++] = qgédi //archiving of library
avlij++)l = qgé:
avlj++]l = qgé;
}
if (rflag) |
avlijt+)l = ag3;
avlj++] = qgd;
}
if (vflaa)
avlij++t)l = g57;
if (1flag)

avilij++]l = "“=1c";
avlij++)l = "=1a";
avij++) = 0;
if (callsys(passl,av) != 0) |

printf("Procedure terminated at load state.\n");

exit( )7
} ;
if (sflag) exit( )
t = setsuf(t,'s');
avI[0) "erm";
av(l] ts
av (2] 07

callsys(pass3,av); //remove file.s since not soecified

exit( )

getsuf(as)
char asl(l;

{

register int c;
register char *s;
register int t;

S = asy
c = ’
while(t = %xs4++)
if (t=='/")
c = 07
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cCtts
s == 3;
1f (c<=14 &% ¢c>2 R& #*s++==',"')
return(*s);
return(0);
}

setsuf(as, ch)
char asll;

{
register char %s, #*si;
s = sl = cooy(as):
while(xs)

if (xs++ == '/")
sl = s

sl=1] = ch;
return(sl);

}

callsys(f, v)
char f0), 2vi); |
int t, status;

if ((t=fork())==0) {
execv(f, v);
orintf("Can't find Z%Zs\n", f),
exit(1l);
} else
if €t == =1)
printf("Try again\n");
return(l)’

}
while(t!=wait(&status)):’
if ((t=(status&0377)) != 0 &% t!=14)
if (t!=2) /* interrupt %/
printf("Fatal error in %s\n",
exit();
}
return((status>>8) R 0377);
}
copy(as)
char asl();
{
register char *otsp, *s;
otsp = tsos
S = ass
while(xtsp++ = x5++);
return(otsp);
}

nodup (1, os)




char 2x],
{

*os;

register char *t, xs;
register int ¢c;

S = 0s,
if (getsuf(s) !=
return(l);
while(t = x1++) (
while(c = xs++)
if (c 1= xt+4)
break;
if (xg=='\0"
return(0):
S = os;

I°|)

B
return(l);
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