CREDIT PROGRAMMERS GUIDE
11. PROGRAM DEVELOPMENT AND TESTING

11.]1 Iuntroduction

The source data for a CREDIT program may be entered te the system under DOS by

one of three media:
. Cassette (standard assignment)

« Punched cards
. Console typewriter

The sequence of processes necessary to develop a program is shown on foll 42,
and all these processes take place under D(S.

The testing of programs, however, takes place under control of the TOSS
Monitor, as has been mentioned before.

The processcors required for the development of a credit application are
described in this section.

11.2 CREDIT Translator

The CREDIT Translator is called into execution by the TRA command, and performs
the following actions:

. Each module is processed separately by the Tranmslator.

. This produces an Intermediate Object Code module, which must be
made permanent by the KPF command, unless it contains the DDIV for
the entire application.

. The instructions in these modules use a byte-oriented addressing
system, and this code is printed on the output listings at the

left hand side.

. Each module may contain references to:
. Labels in the same module
. Literals in the same module

. Labels in other CREDIT modules
Assembler application modules
. Assembler system routines

The first type of reference is satisfied by the CREDIT Translator.

It is recommended that all temporary files be scratched before running the
Trauslator.

11.3 CREDIT Linker

The resulting object modules are then processed by the CREDIT linker. This is
called into execution by the TLK command, and performs the following functions:

. Solves referances to the second two types of reference described
above.
. Links together the object nodules to form word-oriented object
modules.
i Keyword | Page in |
i b Manual |
| TLK. [ 11 6. 12,43 |
| TRA PMIL 6. 24044 |
| RPF L Ml 6.12.12 |
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11.3.1 Segmentation

It is possible for an application to be split up into a number of ‘segments’.
There 1s always one segment, number 00, which contains the DDIV, Interpreter,
and Assembler subroutines. This segment is always resident in memory during
application running. The remaining segments may be disk resident, or memory
resident, depending on a) the wishes of the programmer, and b) the size of
memory of the machime in use. If ao action is taken by the programmer on
segmentation, then the result of the TRA and TLK processing described above
will be an unsegmented program, i.c. segment 00 will contain the entire
application. 1If segmenting is required, the segments are built up by use of
the INC and NOD commands.

1l.4 Linkage Editor

The output modules from the CREDIT linker are processed by the Linkage Editor.
This is called into execution by the LKE command, and perfoms the following
functions:
. Links together all the medules from the Linker to form one
application load module. ’

. Solves the remaining references between modules and system
routines.
. Includes Assembler application routines if required.

. Includes the CREDIT Interpreter.
. Includes the CREDIT configuration program.
. Includes the CREDIT Debugger, unless explicitly excluded.

11.5 CREDIT Interpreter

The load module created by the abave precessors can not be executed directly by
the machine, but must be in a fermat suitable for execution under the control
of the TOSS Monitor. The way in which the moviang from DOS to TOSS is explained
below. Once the load module is in memcry, it must be interpreted by the CREDIT
Interpreter, that is the functions ia the CREDIT intermediate object code are
called into execution by the Interpreter by means of calls to Assembler system
routines.

11.6 CREDIT Configurator

After system configuration, which iz covered later, the CREDIT configurator
takes control: this sets up all the required workblocks, stacks, data set
buffers, and task coatrol areass that are requirted by the tasks to be executed.

Following this, control is handed to the Tnterpreter, and the program commences
execution.
| Keyword | Page in
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11.7 CREDIT Debupger

The CREDIT debugging program {CREBUG) is an interactive diagnostic task which
runs under the control of the TOSS monitor. It is used to control execution of
the application in the following way:-

. Traps may be set

. Variables may be examined and modified
. Trace may be turned off

etce.

CREBUG is specified as a special task at SYSGEN time; 1t runs at a priority
leval higher than that of the application, to enable the application task to be
interupted, 1t also has a special task identifier TB.

The programmer can use the Translator and linkage lists to set traps, verify
the contents of data items change elements in the picture pool etc.

| Keyword | Page in |

| | manual

| Debugger | MO4 4.1.1 |
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LOAD MAP
MODULE Loc ERROR
MASTER 0000
CALCUL 0071
OPCLOS 015F
OPOPEN 0192
READN 01E3
SYCLOS 0254
SYSOPN 0283
BOOK 02E8
MASTER 0000 3
CALCUL 0071 [
OPCLOS 015F [
OPOPEN 0192 |
i APPLICATION
READN 01E3 f PROGRAM
SYCLOS 0254 [
SYSOPN 0283 |
BOOK 02E8
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11.8 Line Editor and Text Editor

If errors do occur while testing, it is possible to correct some of them via
the debugger. However, at some stage the source code has to be corrected or
updated. This can be done easily by using one of the DOS processors, the Line
Editor/Text Editor. By the use of various commands available, the source code

can have lines amended, inserted and deleted.

| Reyword | Page in |
A | _manual [
| Line editor | MIi 8.2.1 |
| Text editor | Mil 7.!.1

11.8,1
Uctober 1979



CREDIT PROGRAMMERS GUIDE

11.9 CREDIT Translator Listings

During the processing of the CREDIT Translator, a listing is produced (unless
specifically suppressed), containing:

. CREDIT Source statements
. Intermediate Object code
. Error messages

The heading of the listing <ontains the Release Number of the Translator in
use, and the date, the heading Data Division or Procedure Divisicn, as
appropriate, and the name of the module from the IDENT statement. Reading from
left to right across the page, the following appear:

LOC = Location Counter
This 1s a four digit hexadecimal counter, which is increased by one

every time a byte of intermediate object code is produced, for the
Procedure Division only. This counter is used when using the CREDIT
Debugger, to display and/or amend the contents of memotry. For the data
division, the counter is the index value of items within workblocks,
where the first digit is the workblock number and the second the
number of the item in the workblock. Thus 32 = Workblock 3, Item 2
(Workblocks start at 1, Items Q). Note that Boolean data items, for
which one word is reserved in each block, the second number is the bit
within the word at the start of the block. These numbers are also used
for DSET statements, where they are again an index wvalue of the DSET
within the task.

0C OPERANDS
These are the Operation Code and the Operands generated from the
CREDIT source, in Intermediate Object Code, they are printed at the
left hand side of the translator listing.

Where an operand is shown as LL, this is a reference to the literal
pool, which is filled in by the CREDIT Linker later. This code is
present for Literals (=X"6142")

Format Lists (FRMT)}

Keytables (KTAB)

Where an operand is shown as RR, this is a reference to a subroutine
within the same wmodule, which 1s also Filled in by the Linker.

Where an operand is shown as XX, this is a reference to an external
routine, also filled in by the Linker.

11.9.1
October 1979
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STMT = Scatement
This is a four digit decimal line number, and is the line number used
when editing with the Line Editor on the source wmodule.

LARBEL QPCGOD OPERANDS COMMENT
These are self-explanatory.

C = Continuation
This shows that the statement is continued on a2 new line, as 1t was
too long for one sonrce line.

FRROR MESSAGES
If the Translator detects an error in the source code, it prints an
explanatory message under the statement in error, together with an
asterisk to indicate the part of the statement that is incorrect.

At the end of the listing, the messages PROGRAM LENGTH and ERROR are
printed. The program length is the hexadecimal number of bytes
contained in the module, and the error count is a decimal count of the
number of errors detected in the module.

In addition, two tables are listed at the end:

. Data item name table, showing all the data item names used in
the module, with a U printed by them if they are not referenced
within this module.

« Procedure label table, showing the labels (names) of all the
PROC statements referred to in the module.

11.%.2
Octobar 1979
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11.1Q0 CREDIT Linker listings

The following listings are produced by the CREDIT Linker:
. Load map
. Long branch table
. Call table
. Perform table
. Literal pool
. Format pool
. Reytable pool
. Segment map
. Address cross reference list
. Literal cross reference list
. Picture/format cross reference list
« Linker statistics

11.10.1 Load map

This 1s used for setting the relocation registers when debugging programs.

11.10.1
October 1979
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11.10.2 Call table

This table contains all referances to external routines (CALL instructions)
which were not satisfied by the TLK command. FEach time a reference is
encountered in the intermediate code, the linkage editor (LKE command),
replaces it by an “index value’ which points te the called address in the call
table. During execution of the application program, the interpreter refers to
the call table for actual destination addresses.

. LOC is the displacement of each entry in the table within
segment zero.

. DATA is the call Address relative to the start of segment
ZETo.

. IX is the index value {01 ~ FF).

. SYMBOL is the name of the external routine.

. DEFINED is not used in this table.l1.10.3 Long branch table

11.10.4
October 1979
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11.10.3 Long branch table

In order to reduce the ammount of memory required for a long branch
instruction, the linker (TLK) generates a table of destination addresses. Each

time a long branch instruction is encountered in the intermediate code, the
linker places the destination address (i.e. segment nimber and the address to
be branched to) in the long branch table.

The three byte destination address in the long branch instruction is replaced
by a one byte “index value’ which points to the destination address in the long
branch table. During execution of the application program the interpreter
refers to the long branch table for actual destination addresses.

. LOC is the displacement of each entry in the segment.

DATA is the destination address and segment number.

IX is the index of the entry in the table, and starts at the
first number after the last number for the same type of table
in segment zerco; this applies to all tables.

SYMBOL is the first instruction in the module containing the
destination.

. DEFINED is the module containing the destination.

11.10.6
October 1979
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11.10.4 Perform table

This table contains the address of each CREDIT subroutine which is called (PERF
or PERFI instructions) within this segment. It has the same layout as the long
branch table. Bach time a perform to a CREDIT subroutine is encountered, in the
intermediate object code the subroutine name is replaced by an “index value’
which points to the subroutine address in the perform table.

. LOC is the displacement cf each entry in the segment.

. DATA 1is the destination address.

. TX 18 the index of the entry in the table.

. SYMBOL is the name of the subroutine.

DEFINED is the name of the module containing the subroutine.

11, 10.8
October 1979
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e CREDIT CODE LINKE! REL 4.} 7908523 « LITERAL POOL SEGHENT 00

1x - TYPE LOC  DATA
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3) BIN 00v0 0008
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11.10.5 Literal pool
The literal pool contains all the literals used in this segment. Each time a

literal is encountered in the intermediate code is replaced by an ‘“index value
which points to the literal in the literal pool.

’

. IX is the index value of the entry (Ol-FF or 4100-41FF).

. TYPE is BIN, BCD or STR.

. LOC is the displacement of the literal within the segment.
. DATA is the hexadecimal representation of the literal.

11.10.10
October 1979
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11.10.6 Picture pool

The picture pool contains all pilcture strings used in this segment. Each time
a referance to a picture string 1s encountered in the intermediate code, it is
replaced by an “index value’ which peints to the picture string in the pool.

. TX ias the index value of the entry (01-FF or 5100-51FF).

. TYPE indicates that the entry is a picture string (PIC).

. 1LOC is the displacement within the segment.

. DATA is the hexadecimal representation of the picture string.

11.10.12
October 1979
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11.10.7 Reytable pool

The keytable pool conmtains all keytables used in
ia segment zero. Each time a referance toc a keyra
intermediate code, it is replaced by an “ipder woli =
keytable in the pool.

. IX is the index wvalue of the sriov
. TYPE indicates the entry is a ie.:
. IOC is the displacement of the i=.. -
. DATA is the hexadecimal represent: .

11.10. 14
Ocrober 1372
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11.10.8 Format pool

The format pool contains all format lists used in the segment. Each time
referance to a format list is encountered in the intermediate code, 1t is
replaced by an ‘index value’ which points to the format list in the pool.

-

IX is the index value of the entry (Q00-FF or 7100-71FF).
TYPE is TMT for a Format list or FIB for a Format table.

LOC is the displacement withtin the segment.

DATA is the hexadecimal representation of the list or table.

11.10.16
October 1979
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11.10.9 Segment map

This map gives a listing of the numbe

r of segments, the number of modules in
each segment, and the number of bytes per segment.
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11.10.10 Linker statistics per segment
The format of the linker statistics listing per segment, the contentvs of the
listing are self~explanatory.
11.10.11 Address cross reference listing

This listing provides cross reference between statement/subroutine iden:zifiers
in the PDIV, and the modules/segments in which they are referenced.
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11.11 Linkage Editor listings

" 1 first page of this listing shows all the tables and routines used by the
Luterpreter that are linked into the application, and their start addresses.

The second page of this listing shows all the symbols (in this case start
points) used within the routines listed on Page 1.

Example; T:NKI has an address within the range of T:I0, and is a star: point
within the Input/Output driver module.

11.11.1
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11.12 SYSLOD {Configuration data)

Two items are required in addition to the application load module for the
execution of the program, these are:-

. The TOSS Monitor.

. Configuration data.

At system start, the Monitor is read into memory, followed by the application,
and then, before the application is started, the system configuration program
SYSLOD is executed. This performs the configuration of the system for the
specific enviromment in which the application is to run.

{ Reywerd | Page in |
! {  manual |
| I
f |

SYSLOD | MO4 3.4.1
|
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