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PRELIMINARY

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION
WHICH IS8 NOT TO BE RELEASED FROM MICRODATA
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MICRODATA REALITY 3.9 22 JUN 1977

DATA/BASIC INTERNALS

INTRGDUCTIGN

DATA/BASIC programs pass thnrough two phases: tpanslation
and execution, Translatiom i3 handled by the comeiler, the
assembler, and the loader, Exeacution {3 handled by the
rPUn=time interpreter,

Each of these major elements of the DATA/BASIC System s
described in the following pages.
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DATA/BASIC INTERNALS
DATA/BASIC TCL Commands

META Command

META {s the TCL~II verb i{ssuad to comeile the DATA/BASIC
grammar, This verb creates a new file item containing the
intermediate oblect code for tne grammar comoiled,

The verb format is:
META f{le=name {tem=id jtem={d {tem=id

The file=name indicates the #file containing each of the
three ftems listed, typi{cally BASIC=-COMPILER. The first
{tem={d indicates the gprammar to be comoiled, typically
BASICEBNF. The secord i{tem=id fndicates the {ntermediate
object code of the meta compiler , typically METACODE. The
third f{tem=id {ndicates the 1{tem where the {ntermediate
obJect code genmerated is to be stored, tyoically BASICCODE,

The verb definition iss:

1. P
2. 2
3« 88
44

S. N

COMQPT Command
COMOPT s the TCL=II _varb 1{ssued to assemble the
intermediate object code for the DATA/BASIC compiler and
lead it {nto frames 250-262. The verb format {s:

COMOPT #ilemname jtem=id

The file=name and {tem=id specify the intepmediate object
code of the DATA/BASIC compiler, '

The verb definition is:

1« P
2. 2
3' 89
4.
5¢
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DATA/BASIC INTERNALS

BASIC Command

BASIC {s the TCL=II verb ifssued to compile a DATA/BASIC
program, This verb ecpreates a new file item containing the
item object code version of the compiled pprogram. The new
tile {tem={d is created by appending a dollap sign ($) te
the beginning of the item=id of the source orogram. If the
M option (see below) is used, a map of the doscntntor table
{s generated for use by the BASIC DEBUGGER, The {tem=id for
this ftem {s created by anpending an asterisk (x) to the
beginning of the {tem=id of the source program, The verb
format {3:

BASIC fjle=mame {tem=~list (oetions)

The fzem=1ist consists of one aor more item-ids separated by
one or more blanks, or an aster{isk specifying all {tems in
the file,

Valid ootions are:

A List the intermediate obJect code, Reaquires the
file BASIC=AS3SY containing the cpcode mnemonics,

8 Allocates var{ables {n the same manner as 2,4
DATA/BASIC for the purpose of 2.4 program
compatib{l{ty when ehaining,

E Suppresses endmof=line (EOL) opcodes from the item
object code, in order to reduce the size of the
debugged cataloged program,

F Prine a full map showing comoiler generated
variables and labels, {(Works only {in conlJunction
with the M eption.)

L List DATA/BASIC program,

M Print a variable map showing each varfable's
offaer {n the descriptor table, each label's
offset in the run=time code, and a statement map
showing the range of statements {in each frame,

N Eliminates wait at the end of each page listed on
the terminal,

P Print DATA/BASIC program listing and/or compiler
epProOr messages on the Jime ppinter,

X Genmerate cross index of variables and labels in
file CSYM.



e e e e A e A Sm = M e e s e ¥ et A i 5 s A At it T ot A AT "t o AN AVt e e i s i s f e DMens . Adiaste O m A 4 e s o s

MICRODATA REALITY 3.8 22 JUN 1977

DATA/BASIC INTERNALS

The verb definftion {s:

1.- P
2, 2
3. BE
4,

5. UPZ

RUN Cemmand
RUN {s the TCL=II verb 1{ssued to execute a compiled
CATA/BASIC program, Tihis verb apvends a dollar sign (S) to
the beginning of the {tem={d specified to locate the Jtem
object code version of the progpam, This item obJect code
program i3 locaded and executed,
The verb format is:

RUN file=name {tem=id (options)

The ¢ti{le=-name and {tem=id speci{fy the compiled DATA/BASIC
progfram to be execyted,

Valid eptions ares

D Retrieve the symbo] tablie amd entepr the DATA/BASIC

Debuggenr,.

I Inhibit fnitialization of Common Descriptor Table
and Free Storage aprea for CHAINing.

S Suppress warning srpor messages.

P Qutput to the line printer,

G  Generates listing of 12 garbage collection

counters of byte anmd buffer utilization during
program executijon as follows:

1. Total number of bytes usedq

2. Total number of bytes abandoned

3. Number of 50 byte buffers usea

4, Number of 5@ byte buffers abandoned
S5e Numper of 52 byte buffers reused

6o Numbepr of 15@ byte buffers used

7. Numoepr of 158 byte buffers abandoned
8, Number of 153 byte buffers reused

9. Number of 250 bvyte buffers usedx

13, Number of 25@ bvte buffers abandonedx
i1, Number of 250 byte buffers reusedx
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DATA/BASIC INTERNALS

12, Number o? times scace reallocation
(or garbage collection) took place

* puffers larger than 25@ bytes are
{ncluded in counter 9, 13, and {1

The verb definitzion ist

1y P
2.. 2
3. B4
8. F

3,8 CATALOG Command

CATALOG {s a TCL=II verb {sgsued to locad a compiled
DATA/BASIC pprogram into the catalog area. This verb appends
a dollar sign (8) to the beginning of the i{tem=id specified
to locate the {tem cbject code version of the progpram. This
{tem oblJect ccde {s thenm Jocaded 1{nto the 08 work space,
Onece the s{za of the pun=time object code {s knaown, it is
copied to a contiguous block of frames taken fpom the
overflow  space. A pointer={tem is created in the
PQINTER=FILE with the jtem=ids

Acct=namexCappogram=1item=1{d

The pointer=itam looks likes

i. €

2. n

3. 0 m -
4.

5, Time date

where 'n' {s the #rame number im which the cataloged
rPUN=time object code begins and 'm' s the number of
eontiguous frames used, The time and date record when the
program was catalogued., The following message {s displayed:

(241] ‘'{tem=id' CATALOGED; .~ FRAMES USED,
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A verb is ereated in the useris M/DICT with the same name as
the prcgram, This verd looks like:

1. P

2. 10B4
3.

4.

5. Acct-name
The CATALOG verb format {s:
CATALOG file=name {tem={d

The verb definition {s:

1. PX
2. 2
3. B4
4,

5. F

J¢6 PRINT=-CATALOG

PRINT=CATALOG fs a TCL=I verb which popints comoilation data
of a cgtaloged 3ASIC program,

The farm of the vepb {38 as follows:

PRINT~CATALDG <program jtem={d> [<account nmame>]

where account name refers to the account under which the
BASIC program was cataloged. The aceount name {3 optional
and {f not specified PRINT=CATALOG searches the Pointer=file
for the item=id under the current usepr's account,

PRINT=CATALOG will orint the file and item names of the
cataloged BASIC program, the date and time of caompilation,
as wall as the precision used by the program, (Refer ta the
DATA/BASIC Reference Mamyal {n regards to the PRECISION
declaration,)

The verb format is:

{. PC
2. 6aca
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PRINT=HEADER

PRINT=HEADER fs a TCL=II verb which orints the file and ftem
names, the date and time of compilatior, as well as the
precision used {m the oprogpram, (Refer to the DATA/BASIC
reference Manual {n regards to the PRECISION declaration,)

The form of the verb {s as follows:
PRINT=HEADER <f{)e=name> <{tem=id>

A "8" {s appended tc the specified item=id im order to
locate the obJect code of the psrogram,

The vert format {s:
1. PC
2. 2
J. 4Q0C3
4.
5. F

BYERIFY

BVERIFY s a TCL-I verb whieh will verify a cataloged
DATA/BASIC orogram aginst the {tem=ocplect version on file,
This verb is simular to the MVERIFY verb in that it will
erint the location, expected byte, and found byte of the
tfi{rst mismatch, and unless the A=option s specified, will
thereafter only count the mismatches to the end of oblect
code,

The form of the veprb fs as follows:

BVERIFY <program {d> [<aeccount name>]

where account name refers to the account under which the
BASIC noprogram was cataloged, and {3 ostional, The <current
user {s assumed,

BVERIFY wil! obtain the source file and {tem=id from the
cataloged program header, and wi{ll attempt to verify against
the item=cblaect vers{on on that file,
Valid options are:

\

A Prin€ all mismatches found. This verb DOES NOT
PAGE, and will scroll up the oage {f there are 2
large number of mismatches,

P Qutput to the system printer.
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The verb format is:
{. PC
2, 30AA

22 JUN 1977
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DATA/BASIC INTERNALS

TRANSLATION

The DATA/BASIC COMPILER translates DATA/BASIC source
code to zero address (STACK) {nteroretive object code,

The twe processars that accomplish this are called the
COMPILER, which enly does string manioulation, and the
ASSEMBLER, which tmanslates variable nmames and
statement numbeprs to addpresses,

The BASIC verb {nvokes the COMPILER and then the
ASSEMBLER, 8Si{nce, binary numbers cannot be stored in
an {tem, the ASSEMBLER must comvert bimary addresses to
ASCII hexadecimal addresses before stopring them in an
{tem, These addresses ape them converted back to
birary at run=time by the LOADER,
COMPILER
The Compiler {s composed of 2 parts:

1. Run=time cbject code compiler in frames 25@8-262

2, Compiler run=time {nterpreter (Modes COMZ and
COM1)

The DATA/BASI Compi{ler nrun=time pacikage {nterprets the
object code {in frames 250=262 and translates the
DATA/BASIC source code ceontaimed in an item to produce
intermediate cbject code in the Q3 buffer,
The Compiler Run=Time ObJect Code
The followmg TCL commands are used to translate the
DATA/BASIC grammar intc run=time ob]Ject code stored in
frames 25@=262,

META BASIC-COMPILER BASICBNF METACODE BASICCODE

COMOPT BASIC~-COMPILER BASICCODE

Intepmediate ObJect Coade

Intepmediate object code consists of l-byte opcodes,
optionally followed by an ASCII variable nmame ar
numbep, and always terminated by an AM,

For exampﬂe:

The {ntermediate obJect code generated fop the program:

22 JUN 1977
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DATA/BASIC INTERNALS
AzB+5
END
would be?

X'22' B LOAD 3
X'gs' § LOADN 5
X1A9! ADD
X'B3' A 3TORE A
x'ay! EQL.
Xxtai! EQL
x'cat 3TOP

4.2

4.2.1

An opcode of X'FC! (SYM) orecedes a labpe! (statement
number), Fop example: The intermediate obJect code
generated for the program:

1@ GOTQ 12
END

would be-

XYFCY 12 010

X1a6' 1@ BRANCH 12

xtat) EQL

X1gt) EQL

X'car' sTOP
ASSEMBLER

The assembler (Modes (COM2, CQOM3, COM4, COMS, COM6,

COM7, and COMB8) coryerts the {mtermediate obJect code
im the 08 buffer to Item ObJect Code and stores {t inm

an  jtem with the name ISi<source=name>, where
source~name {s the name of the item that comtains the
source code,.

Pass | (Modes COM3 and COM4)

Pass | ouilds a Symbal Table in the HS buffer of all
the varfaoles and labels {m the DATA/BASIC program,

Each entry {n the symbol! tanle contains a variable
length 3Symbol Name terminated by a system delimiter
which indicates its tyce, followed by 9-bytes of binary
data. The symbo! table is terminated by a SM,

Data types, alang with their  associated " system

de1imiter‘, are givem below:
|
1
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Simple variablet
AM
1
2=3
4=g

Dimensioned variabl
’ VM
!

2=3
4=F
67
8=9

Label:
SVM
8
2=3
4=9-

Equated Label:
3B
1
2=6

Code: X153
X134

X155¢
X'56¢
X157

4,2,2 Pass 2 (Mode COMS)

22 JUN 1977

L 1f Local symbol, C if Common symbo!
mbyte offset it {mto the descriptopr table
Unused

e:

L i Local symbol, C {f Common symbo!
2-byte offset into the descriptor table
Number of rows

Number of columns

Unused

L . . .
2=bytes offset {mto the Rump=Time code,
Unysed

Equate Type Code: ) ‘
Different uses depending upon the type code,

2=7 SR to numeric Jiteral

2<7 3R to string literal

8=9 Length of string

2=7 S8R te numeric value

2=7 3R peinting to equated symbol name
2=7 S8R pointing to equated symbol name

Pass 2 converts the intermediate obJect code {n the 0S
buffer to f{tem object code in the IS buffer, and then
calls UPDITM to store the oblect code in a file {tem,

In the process ot conversion, Pass 2

i. Replaées each )abe! and variable reference with
am ASCII hexadecimal address,

2. Replaces each array reference with an ASCII

hexadecimal
array, and

address, the number of rows in the
the number- of columns in the array,
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DATA/BASIC INTERNALS

4,3

4,3,1

LOADER

The loader (loecated im BRP15) converts {tem object code
(obJect code stored in an {tem) to run=time oblect code
(object code that can be {nterpreted by the DATA/BASIC
run=time i{nterpreter), The loader is invoked by the
RUN and CATALOG verbs, When the loader i3 called by
the RUN verb, the comveprted code is lcaded {mto the QS
work space, When the loader 19 called by the CATALQG
verb, the converted code {s loaded {nto the 03 work
space and then copied 1JInte a contiguous block of
cverflow 3pace.

Item ObJect Code

DATA/BASIC Item OblJect Cade consists of an QObJect Code
Header and l<~byte opcodes, c¢ptionally followed By one
et the five operand types discussed below. The format
ot the Object Code Header {s:

<file name>YM<item name>VM<date>VM<timerAM

Following the AM is the Jocal descriptor table size
(2=bytes)s, the- common descriptor table size (2-byte),
and the precis{onm (l=bvyte), all binary values,

The valid operand types are as follows:

1. A 4=pyte hexadecima! ASCII offset into the
Descrictor Table (byte dispclacement pelative ko
DESCBEG),

2. A d=pbyte hexadecimal ASCII offset into the
run=time- ObJect Code (byte disolacement
relarive to IR).

3. A 12 byte hexadecimal ASCII Array Dope Vector
(3 4=byte numbers),

4, A decimal ASCII number terminated by an AM,
5, A Jitemra) ASCII setring terminated by an AM,
The lcader converts the 5 tyoes of operands specified

above to the cerresponding 5 types of pun=time object
code operands specified below.

22 JUN (977
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DATA/BASIC INT

4.3.2

4,3,3

4,3.4

RNALS

Run=time Objeet Code

DATA/BASIC Run~time Object Code consists of one byte
opcoaes,; optionally followed by one of the following
tyces of operands:

le A 2=byte binary cffset into the Descriptaor
Table (byte displacement pelative to DESCBEG)

2. A 2=byte binary offset into the Run=time QObject
Code: (byte displacement prelative to IR).

3. A S=byte binary Array Dope Vector (3 2-byte
binary numbers),

4, A B=byte binary number

5. A Titeral ASCII string terminated by a SM,
The Run=time Object Code is stored either inm the 08
work space or the Catalog area, Q3SBES pointg at the AM
tollowing the object code header, starting with the 7th
trame of 03, or the frame indicated by the second
attribute of the cataleged program's POINTER=-FILE {tem,
Storage Table

The first 5 bytes after the Object Code Header contain
the fellowing three values:

1=2 Descriptor Table 3ize
J=4 Common Descriptor Table Size
5 Precisionm

The: $#irst opcode starts with the 6th byte, after the
Oblect Code Header, of the Run=time QbjJect Code,

No=ops

The Run-time ObJect Code contains nmo=ops which do the
following:?

1. Opcode X'38' (PAD) which pads the last few
bytes of some frames, 30 that operamds never
cress a frame boundary.

2, Opcode X'21' (EOL) marks the end of each line
of source code.
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5 EXECUTION
5«1 RUN=TIME Data Structures

5,l.1 Work Space Ass{gnment
The I3, 0S, and HS work spaces apre used to stcre the
Data/basic program and its data, These work spaces are
allocated as shown below?
Woprkwspace Un=cataloged Cataloged

Is Deseriptor~ Table Descriptor Tables
Temporary 3pace

0s Ryun~time Code Temporary Space
HS Staeck . Jtack .
Page Heading Page Heading
Free Space Free Space
‘r ‘ 5.1.2 Descpriotar Table

ISBEG peints to the first byte of the Descriptor Table,
staprting with the ist byte of the 7th frame of IS, The
Deseriptor Table contaims a 1@ byte data descriptor for
each varfable (including array elements) {n the
DATA/BASIC program,

5.1.,2.1 Data Deseriptor Formats

Tyoe Bytes Contents
Unassigned 1=10 Zerces
Direct Number 1 Type code = X'721!
2 llnused
=8 Bimary number
9=10 Unused
Direct String L Tyce code = X'@2'
2=10 Short string tapmimated by a SM
Indireect 3tring { Type code = X'82!
2 Umused ‘
" 3-8 SR pointing | byte befaore string

in Free Space terminated by SM
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9=1@ Free Space buffer size

File BMS 1 Type code 3 X'34!
2 Umyused
I=6 Base
7=8 Modulo
9=17 Separation

Exte. 3ub Pointer 1 Type code = X'4Q@1
2 Unused , .
JI=8 Pofnter to cataloged subroutine
9={3 Unused

5.1e3 Temporary Space

ISEND poinrts to the 1st byte of Temporary Space,
Temporary Space follows the Descriptor Table when the
erogram {s not cataloged. Temporary Space starts with
the 1st byte of the 7th frame of 08 {f the oprogram ijs
cataloged,

5.1.4 Run~time Code

OSBEG ocoints to the lst byte of the Run=time Code, The
Run=time Code starts with the lat byte of the 7th frame
ot 03 when the nsrogram {s not cataloged., O03SBEG points
to- the lst byte of the contiguous block of frames when
the program {s cataloged,

5,1.5 Stack
HSBEG soints te the st byte of the Stack., The Stack
starts with the 1st byte of the 7th frame of HS and
extends 4 frames, The Stagck may conmtain up to 232
{d=byte stack descriptors.
5.1.,5.1 Stack Descriptor Formats
It 8it 5 ot the Type Code (X'@4)') {3 set, them any

offset refers tc the Common Descriptop Table, unless
otheprwise specified by context im which used,

Type Bytes Contents

Dope VYector 1 Type code = X'@1!
2 Unused

1 Im4 2=byte offset of {st array

- 16-
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descriptor in Descriptor Table
=6 Number of rows
78 Number of columns
9=13 Urused

Abs, Dope VYector { Type code 3 X'23!
2 Unused
3=8 3R pointing to lst array
deseriptaor {n Descrintor Table
9w1d Cel] count ({,2. the number of
deseriptors in the array)
Address 1 Tyse code 3 X13@!
4 Unused  _ . )
3I=4 2=byte offset of varfable's

descriptor in Desceriptor Table
S=13 Unused

Abs, Address 1 Type cade 3 X'1a!
2 Unused )
J=8 SR poeimrting to variable's

descriptor in Deseriptor Table
9=103 Unused

Retuprn Address 1 Type codes?
Local return z X138}
External return 3 X'18!
2 Unused
3-8 S8R pointing into run=time
object code
S=19 Unysed
Temporapy String | Type code = X'C2!
2 Unused .
3-8 SR pointing | byte before string
{m Temoorary Space terminated by a SM
9=14d Unused
End ot Parmlist 1 Type code = X'7 ¢!

2=10 Unused

5¢.L.6 Page Heading

PAGHEAD points to ome byte before the Page Heading.
The Page Heading starts with the 12@th byte of the 1lth
frame of H3 and extends 1409 bytes, The lst 100~bytes
of the 1llth frame are left unused {in case of stack
everflow,
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5.1,7 Free Space

UPDBEG points to the 1st byte cf Free Soace. Free

- Space starts with the 13t byte of the (2th fpame of HS
and extends to the end of the HS work space. Free
Space contains two entries, the Abandoned Buffer Table
and the Free Storage Buffar Area.

Twe eounters are kept of Free Space used and abandoned,
04 {s the Abandoned Space count, and D5 is tne Free
Space Used count, Garbage collection takes place when
the space asbandoned exceeds the space used,

5.1,7.1 Abanmdoned Buffepr Pool

A pool containing not mere thanm ten of the largest
abandoned buffers 1{s maintained by the system, Each
entry {n the pool contains: . 1) the size of the
abandoned buffer, and 2) a SR pointing to that buffer,
DATA/BASIC wil] search the poo! for a buffer of the
aporooriate size Dbefore going to the end of the wused
Free Space, This has the effect of opreventing
excessive 'CHECKER BOARDING!' of Free Snace.

514742 Free Space

UPDBEG+8@ points to the first byte of Free Soace. The
Abandoned Buffer Table and Free 3pace start with the
lst byte of the H3 work space, UPDEND points to the
lst pbyte of available Free Space. Inftially, UPDEND =
UPDBEG+82

D4 {s the Abandened Buffer Byte Count, and D5 is thne
Free Space Byte Count, When D4 becomes greater then
DS, (that {3, when ¢the amounmt of Abandoned space
becomes greater then the amount of Free Space used) the
system. will garbage=collect,

S.1.8 Buffer Utflization Counters

The RUN op cataloged BASIC verbs, used with the

G=optiony keeg a table of 12 counters on  the
utilizatiorn of free space and there associated buffers,
They ape:?

1) Total number of buffer bvtes allcoccated (SC3
elememt D6),

2) Tetal number of buffer bvtes abandoned (SC8
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element D8),

3) Number of time garbage collection took palce
{3CB element C5),

4) 3 Classed of 3 counters, Jlocated at R@+22
(ISBEG+6),

The 3 classes are:

a) 57 byte buffeprs
B) 158 byte buffers

¢) 253 byte buffers, and multiples therect.
The 3 counter groups aret

a) Buffers abandoned.

B) Buffers preused from the abandond buffer
tab) Se

¢) Buffers allocated from available free
space

SET-TBL (7,8RP17) sets Ri15 to the first element of this
9 element table, each element being a tally,



