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Chapter 1
General

1.1 Purpose of the Revort

The purpose of this report is to provide a documented,
informal verification of correctness of the Scanner module of
an interpreter program, . The verification follows three levels
of program development: (1) that of English specifications
and assertions, (2) high level design language, and (3) FORTRAN
code, fAssertions are developed from the Scanner module's
specifications and are refined in parallel with program devel-
opment, Verification of correctness is presented for the pro-
gram based on the refined assertions, The scope of the verifi-
cation will include the Scanner subroutine, all subroutines
developed directly from the Scanner module, and all external
routines used by the Scanner,

1.2 General Background of the Interpreter'Program

The interpreter program of which the Scanner module is a
portion was designed and implemented by the students of CS
286-700, summer 1975 session. The program was divided into
the eleven following student groups:

(1) Interpreter Driver

(2) Scanner

(3) Text Editor

(4) Top Down Farser

(5) Bottom Up Farser

(6) Command Line Interpreter
(7) Operation Functions

(8) Heap Maintenance

(9) Stack Functions



(10) Symbol Tables
(11) File Maintenance

Each of the above areas were designed independently
using a modular zrogranning apprcach, Module interaction was
coordinated based on module specifications, and in some cases
including input and output assertions. The program was in-
tended to provide a language interpreter to facilitate a new
programming design language which closely resembles AFL, The
interpreter program was developed to use a standard FOETRAN
compiler to facilitate transvortability and maintenance,
Further documentation and background information can be
ocbtained from the reference "The Language and-Program Docu-
mentation of a Student Designed Interpreter", included in

Ennex A,



Chapter 2
Specifications and Data Formats

2,1 General

The modular construction of the interpreter progranm
is shown in figure 2~1, Conceptionally a source text being
entered into the language interpreter program can be either
command language instructions or a procedure to be processed,
After entry of the source text into the progran, the.Scanner
module is called to develop a token representation of the
text that can be more easily processed by the other modules
of the interpreter program. A common storage area called
HEAP is used to facilitate passage of data between modules,

2.1.1 HEAP Storage Area Specifications

The HEAP storage area, figure 2-2, 1s a series of con-
tiguous storage locations, Assignment of unique blocks of
storage space within the HEAP area for specific types of
data is made on a dynamic¢ basis, The dynamic characteris-
tic of the HEAP storage area is achieved by the use of
indirect addressing and index values which represent the
displacement of a block of storage locations from the start
of the HEAP area, An Address Translation Table, figure 2-3,
consisting of storage locations at the head of the HEAP area
is used to provide indirect addresses to specific data block
areas, These indirect address locations are referred to as
logical addresses throughout the remainder of this report,
The value stored in a logical address is an absolute address

that represents the displacement of a data block from the
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(/,{} HEAP(1) is the first storage word in the HEAP

%

Address Translation Table
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Figure 2-2 HEAP Storage Area Contents
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ADTRAN = Address Translation Table
( sample length = 50 )

linked list_of_free logical_addresses
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=
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Block | or TOKENS
or CODE
or some array object
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Global Table 1 | space | 1
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linked W
list of 1 ispace | !
free blocks L
.1 | space.i ~1

Figure 2-3 Format for Address Translation Table
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start of the HEAP to the location prior to the beginning of
the indexed data block area, A Procedure Table data block,
figure 2-4, is established and contains individual Procedure
Tables for each source text that is translated by the inter-
preter program, The individual Procedure Tables are used to
store the values of the logical addresses of the specific
data blocks associated with that procedure,

The HEAP storage area and each common data structure
used by more than one module of the program has a common
header format and specific variable name offsets associated
with key positions of the format, figure 2-5, Additional
variable name offsets are associated with specific locations
of like type data blocks, For assigned data blocks within
the HEAP storage area, access to a unique formatted location
is made by adding the absolute address to the variable name
offset for the desired location, More detailed information
to include formats and variable name offsets will be given
in subsequent sections of this report, for each itype data
block area accessed by the Scanner module,

The FORTRAN initialization data for all HEAP storage
area offsets by type data block is at Annex B,

2.,1.2 Global Assertions

A number of assertions concerning particular data
structures are common to all modules of the language inter-
preter program. These assertions have been designated as
global and are necessary for development of specific input
and output assertions for each module and submodule of the

interpreter program, Further refinement of these assertions
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PRCTAB = Procedure Table

HEAP(5)
’ ¢— location in Address Translation Table
Space_Used is(header+n PRCLEN)
\jL header f//‘-

v |5

PRCLEN = length of Procedure Table
( 8 words )

— A

PINDEX : f n

is * - { Frocedure
relative N - N A A A N Tables
index for ! ’ f /

any f

particular .

Length of name logical address
in characters of Code Elock

Procedure ‘
Table
PRONLN— . PreCoD

//
PRCNAM — /// _PRCSYM
name of the loglcal address of
procedure Synbol Table Block
PRCSTAT ™ PRCTOK
status field logical address of the

Token Block

 FECTXT
Jogical address of Text Block

eg: typical access to a specific Procedure Table by
HEAP(Absolute_Address + PINDEX + offset)

* Offset and length constants are underlined,

Mrure 2-4 Format for Procedure Table Block
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HEAP (1) i is called the logical address
j | €< ————_location in the Address Translation

Table
| j is called the absolute address
HPTAG |
_~HPSPAC |
d these are called the header
-~ HPSIZ - E—
(:\"HPLAD |

&‘-wr Ny

tag | space | size | 1
Y

logical block i starts at HEAP
location Jj+1

't

HPLEN = length of header

; 5 : / ‘
space used by object

v .
B L r
4 ' 2 x
o i K

space allocated but not yet used

- . P

first_used_index = j+HPTAG - hlAsh 040X « Jepace

last_used _index = jtsize

* Offset constants are underlined,

- Fipgure 2-5 Header Format for an Allocated Block in HEAP
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will be presented in conjunction with those assertions which
are unique to the Scanner module, “The following assertions
are considered global:

(2,1) That the HEAP storage area is established and conforms
to prescribed formats, figures 2-2 and 2-3,

(2.2) That the fifth storage location of the HEAP contains

the absolute address of the Procedure Table data block area,
(2.3) That all variable name offsets are initialized according
to format,

(2.4) That the Procedure Table data block area is established
and conforms to prescribed formats, figure 2-4,

{2,5) That PINDEX is an integer value that represents the
displacement from the start of the Procedure Table data block
to the location prior to the start of a sPecific Procedure
Table,

2,2 Scanner Specifications

2.201 General

The Scanner routine is a module of a language inter-
preter program that is called either by the program Driver
module or by the Command Language module, figure 2-1, The
Scanner module evaluates characters of a source text by line
of the text and constructs program symbols that consist of
identifiers, key or command words, numbers, operators, separ-
ators, strings, and undefined operators., A three word token
consisting of a symbol class, index or value, and a pointer
to the first character of the symbol in the line of text is
then assoclated with each recognized symbol, Tokens are

then stored in a designated area by line number which
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corresponds to the source text line number., Iach source text
line that is scanned and found to be error free is annotated
as having been scanned in the approvriate text line header
word, Token storage information is updated in the appropriate
token storage header words after each text line is scanned
and stored.

Once called, the Scanner subroutine will not terminate
until each line of the source text has been scanned unless a
supervisor interrupt is received or there is insufficient stor-
age space available for the token data, A check is made for
a supervisor interrupt after each line has been scanned and
the tokens have been stored. If an interrupt-is received,
control is returned to the calling program with a distinctive
error return code, A test is made for adegquate token stor-
age space after each line has been scanned and the toxt words
and symbols identified, An error code indicating insufficiaent
storage sypace available is sent to the calling program if the
Scanner module is unable to store the token data,

If an error is detected in a line of text, a message
corresnonding to the type of error encountered is associated
with the text line, Token line header information is assigned,
but no tokens are generated for the symbols of the text line,
vlhen all lines of the source text have been scanned, error
messages are printed for each line that an error was found,
indicating the type of error and printing that portion of the
line where the error was encountered,

Control is then returned to the calling module with

an error code indicating either errors were or were not
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encountered with the source text., For each error free line
of source text that was scanned, there exists a corresponding
line of. token representations, If no errors were encountered
in the source text, a complete token representation of the
source text is stored in the token storage area for the pro-
cess being interpreted,

2.2.2 Calls to the Scanner Module

Calls to the Scanner module include one input parameter,
a PINDEX to a specific Procedure Table, and one output para-
meter, an error indicator code, The invut parameter allows
the Scanner routine to gain access to the desired Frocedure
Table, and thus to the source text for the procedure being
interpreted,
(2,1) Input Assertions

For the Scanner module to function properly, certain
conditions must be in effect concerning specific variables
and data structures, These are considered input assertions
to the Scanner module and hold for all submodules developed
by the Scanner, |
(2,1,1) Global Assertions

| That the giobal assertions as stated in paragraph 2,1.2

are valid,
(2,1,2) PINDEX

That PINDEX is the displacement to the desired Procedure
Table which contains a logical address of a Text data block,
(2.1.3) Text Data Block

That the Text data block, figure 2-6, is established and

contains the desired source text,
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) T HEAR(H).
S location in the

header Address Translation Table

nlin is lines of text all with
C&‘k the same format

top | bot | nlin

Baal Nt
(akTTO€r) Q;-TYTNLN

g?TXTLNU; is the line number

Inum | T1% | ik | tols | nst | sta variable 19nr

T 11 'T./“?’T-:
\\. /

__Lfl_?ii.'/ / \a_._ TEILIN |
. first word of
TXIBLK — source text
relative index PN
within the block Sl
Z e » characters in text
of the peA§ (f1k) Line
or previous (blk)
text line TXTSTA '
flk forwvard linlk status flag 4

hackﬁard link
TXTNST

t
D R EEE | weting 2eve

"-\\"'—-—L_‘_ |t o
\‘\

Hiw 45 be

bl
1k
bl

noH

TATTOK
flag indicates if line has been

scanned
O= line not scanned
1= line has been scanned(set by

scanner)

\ bot is relative index of last line entry in the
Text Block (may not be physically the last line)

top is the relative index of the first line entry
in the Text Block (may not be physically the first

line in the block)
* Offset constants are underlined,

Fipure 2-6 Format for Text Block
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(2.1.4) Variable Offsets

That the variable offsets associated with the Procedure
Table data block, Text data block, and Token data block are
initialized,
(2,2) Output Assertions

The conditions which must be in effect on termination of
execution of the Scanner module are considered output asser=-
tions, These assertions hold in accordance with the Scanner
specifications for all program terminations of the module,
(2.2.1) Error Code | | |

That the error parameter for all normal terminations
indicates if there were syntax errors in the lines of source
text, That the error parameter will indicate if an abnormal
termination of the module's execution was caused by an user
interrupt or for lack of HEAP storage space,
(2,2.2) Token Data Block

That a Token data block, figure 2-7, is established and
contains token data as per the Scanner specifications, and
that the logical address to the data block is assigned to the
appropriate location of the Procedure Table referenced by the
PINDEX,
2.2¢3 Local Data Structures

The following data structures are initialized for use in
the Scanner module and are available to all submodules of the
Scanner,

(3,1) Character Table (255,3) array
This table is initialized in accordance with figure 2-8

to correspond to the character set selected for use with the



e

header

HEAP( j)
¢ location in the

N_MH“H%NM_*~"‘J Address Translation Table

4
&
L]
L]
*
t
L}
L}
]
¢
¢

top | bot | nlin

t
i

N

L —~TOKNLIN is total number of token lines
L~ TOKBOT is displacement next open word

—~ TOKTOP is displacement to first token
1line(may not be physically the
first line) o

L— POKLNUM is the line number
“-—TOKFLK is displacement to next line

It

4 v““\\ from start of block
Inum | f1k |} num TOKNUM is number of tokens in the line
Flass index} nfc
Wt TOken

::;//%?pfc is the character'number in the line of

text were the symbol startis,

> index is the index intb a table for classes

which refer to tables or it is a
value £8r symbols which are numbers
or strings. ' ~

class is code which indicates the type of

symbol,
1= keyword or command language word
2= identifier
= integer number
real number
string
operator
seperator -
undefined operator

H

Co~J O =
T TR TAR T

* Offset constants are underlined,

Fipure 2-7 Format for Token Block
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Column 1 Column 2 Column 3

\fi* & & @& o & I\ pNDY

3]
\n

’ - /

/

Column 3- Column 3 contains the
external integer index
values for the separators
and operators based on
their sequence in the
machine code translation
table.

Column 2~ Column 2 contains integer values
0,1,2,3%,4,6,7 which designate the
character as:

O=blank

;ziﬁzggg integer value is used ag
3-$ a condition code for for-
L=t \ ming specific symbols
6=operator integer value is external
7=separator class code for these char-

acters.

Column 1~ Column 1 contains integer values 1,2,3
which designate the character as:

1=blank _ .
2=separator or 0pera»€§}_‘“a*ue is used

= as a condition
3=letter or number code

-» Row- The total number of rows is determinea oy the machine
code character translation table, A specific character
is represented in the table by the row that corresponds
to its decimal machine coda number,

*See Annex B for initialization data used with FORTRAN code
Figure 2-8 Character Table Format
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interpreter program, Different character sets may be used
with the program based on initialization of this table and if
the character set does not exceed machine internal represen-
tation of 255 decimal,

(3.2) Keyword Table (10,7) array and Command Language Table
(10,7) array

These arrays are initialized in accordance with figures
2=9 and 2-15 with the designated Keywords and Command Language
words of the design language, Table initilization is made
based on the first four characters of each ﬁord. Words are
placed in table columns according to the total number of
characters in each word, Table searches for comparison with
a symbol is made only against the column which represents the
corresponding number of characters in the symbol,

(3.3) Line Stack (64) array

This array is initialized to zero and then used to hold
the characters of a line of source text for each line of text
while being processed by the Scanner module,

(3.4) Symbol Stack (15,3) array

This array is initialized to zero and then used to tem=-
porarily hold the generated tokens fo. the symbols of a line
of source text for each line of source tgxt processed by the
Scanner module prior to placement of the tokens in the Token
data block.

(3.5) Error Stack (64,3) array

This array is initialized to zero and then used to hold

error information associated with those lines of source text

where syntax errors were encountered. Each row of the array



