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PREFACE

This manual describes the diagnostic programs for Texas Instruments 990 Computers and associated
peripheral devices. The handbook is intended as a reference for systems analysts, field-service
engineers, factory-service personnel, and other users of the diagnostics programs and is designed
for use with the applicable maintenance manual.

The organization of the manual consists of 46 sections and 5 appendixes described briefly below:

I

II

I

v

V- XLVI

D

E

Diagnostics Overview — Provides a general description and lists the available
diagnostic programs.

Standalone Tests — Describes how to use the standalone diagnostics tests,
including selection of options and the general I/O formats.

Diagnostic Operational Control System (DOCS) Tests — Describes how to use any
of the DOCS tests and includes a description of the available general verbs and
general I/O formats.

Loading Procedures — Provides detailed instructions for the loading of the DOCS
and any diagnostic from the supported load media.

Individual Test Descriptions — Provides a detailed description of each of the
diagnostics tests, inciuding initialization instructions, particular options, unique
verbs (DOCS tests only), system requirements, and interpretation of error
messages. Refer to the Table of Contents for the list of individual tests.

Modifying Test Code — Details information on how to modify test object code
in case the target system is nonstandard.

Maintenance Unit — Describes the use of the Texas Instruments 990 mainte-
nance unit.

Programmer Panel — Describes how to use the 990 programmer panel.

Reading Linked Maps — Describes how to interpret the load map listing (LML)
supplied with each test.

Part Numbers — Lists the part numbers associated with each diagnostic test.

The following manuals contain maintenance and troubleshooting information for the 990 com-
puters and peripherals.
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The following are field service manuals:

Title
Model 990/10 Computer System Field Maintenance Manual

Model 990/4 Computer System Field Maintenance Manual

Model 990 Computer Peripheral Equipment Field Maintenance

Manual

Title

Model 990/10 Computer System Depot Maintenance Manual

Model 990/4 Computer System Depot Maintenance Manual

Model 990 Computer Family Maintenance Drawings,
Volume I — Processors
Volume II — Peripherals

Silent 700® Electronic Data Terminal Models 732/733
ASR/KSR Maintenance Manual

Model 990 Computer Model 743 KSR Data Terminal
Installation and Operation

Model 990 Computer DS990 System Installation and
Operation Manual

Model 820 KSR Installation and Operation Manual

Model 990 Computer Model 9134 CRT Display Terminal
Depot Maintenance Manual

Technical Manual, Model 306 Printer (plus Model 306C
Addendum)

Technical Manual, Model 500 Printer (plus Model 588
Addendum)

Model 990 Computer Communications Interface Module
Depot Maintenance Manual

Model 990 Computer Communications System Installation
and Operation ‘

Model 990 Computer Model FD800 Floppy Disc Controller
Depot Maintenance Manual

Model 990 Computer PROM Programming Module Depot
Maintenance

Part Number
945402-9701
945401-9701

945419-9701

The following are maintenance and/or installation and operation manuals:

Part Number
9454049701

945403-9701
9454219701
945421-9702
960129-9701
943462-9701

9462849701

2250454-9701

945406-9701
9749939701
974998-9701
9454109701
945409-9701
945418-9701

945405-9701
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Title

Model 990 Computer Models DS31/DS32 Disc Controller
Depot Maintenance Manual

Maintenance Manual for Series 30 Disc Drive

Product Description Manual for Model 029 Power Supply
(Disc Drive Power Supply)

Model 990 Computer 16 Input{16 Output FIA Data Module
Depot Maintenance Manual

Model 990 Computer 16 Input/16 Output TTL Data Module
Depot Maintenance Manual

Model 990 Computer TTY/EIA Terminal Interface Module
Depot Maintenance Manual

Model 990 Computer Analog/Digital Converter Module
Digital/Analog Converter Module Depot Maintenance Manual

Model 990 Computer Automatic Calling Unit Depot Mainte-
nance Manual

Model 990 Computer Pulse/Tone Automatic Call Unit and
External Automatic Call Unit Interface Installation and
Operation

Model 990 Computer Model 911 Video Display Terminal Depot
Maintenance Manual

Model 990 Computer TMS 9900/9980A Emulator and Buffer
Modules Depot Maintenance Manual

Model 990 Computer AMPL Logic State Trace Data Module Depot
Maintenance Manual

Model 990 Computer AMPL Emulator and Buffer Modules
TMS 9900-1, SBP 99004, TMS 9980A, and TMS 9981
Installation and Operation Manual

Model 990 Computer AMPL TMS 9940 Emulator and Buffer
Modules Installation and Operation Manual

Model 990 Computer 32 Input/Transition Detection Module,
32-Bit Qutput Data Module, and Digital lnput/Output
Termination Panel Installation and Operation

Card Reader Operation and Maintenance Manual

Model 990 Computer SMT/6MT Serial Interface Module
Installation and Operation

Part Number
945414-9701

961684-9701
961684-9702

9454159701

9454079701

945408-9701

9447759701

946225-9701

945425-5701

945424-9701

946239-9701

946242-9701

9462789701

9462799701

946269-9701

974912-9701

9462679701
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Title Part Number
990 Computer FD850 TILINE Floppy Disk System Installation 2261886-9701
and Operation
990 Computer Terminal Interface Installation and Operation 946240-9701

The following manuals contain information about operation of the programmer panel:

Title
Model 990/4 Computer System Hardware Reference Manual

Model 990/10 Computer System Hardware Reference Manual

Title

Model 990 Computer Model 733ASR /KSR Data Terminal
Installation and Operation

Model 990 Computer Model 804 Card Reader Installation
and Operation

Model 990 Computer Model DS31/32 Disc System
Installation and Operation

Model 990 Computer Model FD800 Floppy Disc Installation
and Operation

Model 990 Computer
Model DS25/DS50 Disk Systems Installation and Operation

Modei 990 Computer
Model DS200 Disk System Installation and Operation

Title

Model 990 Computer Model 913 CRT Display Terminal
Installation and Operation '

Model 990 Computer Model 911 CRT Display Terminal
Installation and Operation

Model 990 Computer Models 306 and 588 Line Printers
Installation and Operation

Model 990 Computer
Model 810 Printer Installation and Operation Manual

Part Number

945251-9701

9454179701

The following manuals contain information about the operation of diagnostics loading (input)
devices:

Part Number

945259-9701

945262-9701

945260-9701

945253-9701

946231-9701

949615-9701

The following manuals contain information about alternative interactive or output devices:

Part Number

943457-9701

945423-9701

945261-9701

939460-9701
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The following manual contains information about the link editor SDSLNK.
Title Part Number

Model 990/10 Computer Program Development System 9452569701
Operation Guide
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SECTIONI

DIAGNOSTICS OVERVIEW

1.1 INTRODUCTION

Texas Instruments offers extensive diagnostic programs for the 990 computers and associated
‘peripherals. Since, even at the fastest known memory speed, an exhaustive test (one which tests each
combination of bits) would require thousands of years of machine time, Texas Instruments has instead
written tests to check data flow and control logic with bit patterns that most often generate errors.
More exhaustive testing can only be done with special test equipment (such as TI’s ATS 960).
The diagnostic programs test every data path accessible to software and only the most critical

data combinations to minimize run-time.

There are two general categories of tests, standalone tests and Diagnostic Operational Control
System (DOCS) tests, depending on the type of hardware being tested. DOCS is essentially an
operator-oriented test monitor used when a test requires operator interaction. Standalone tests
have minimal I/O requirements and do extensive repetitive testing not suited for operator interac-
tion. Table 1-1 lists the available diagnostic programs.

Brief operating procedures for most of the diagnostics are included in this manual. For those diag-
nostics that are not included, the appropriate “Program Description” document can be obtained
which contains all necessary information.

1.2 EQUIPMENT REQUIRED
Each test has certain minimum hardware requirements in addition to the unit under test. In general,
these requirements may be satisfied by any system that includes:

1. A 990 computer with sufficient memory. The 990/10 tests generaily require less than 8K
of memory. Most 990/4 tests require less than 4K memory.

2. A device to load the test into the 990 computer, such as a 733 ASR kit with cassettes,
an 804 card reader kit, 990 floppy disk kit, any of the 990 hard disk kits, or the 990
maintenance unit, which includes a 733 ASR cassette drive.

3. A device to output error messages. All tests are able to output error messages to the 733
ASR and to the programmer panel. All DOCS tests are able to output error messages l
to the 306, 588, or 810 line printers. The 990 maintenance units includes a 990 pro-
grammer panel.

NOTE

Most tests are available in several versions. Be sure to select the
version that corresponds with the hardware system under test. The
programmer panel version of the DOCS tests does not support either I
the 733 ASR, 820 KSR, 913 VDT, or 911 VDT as a controlling

device.

4. For interactive tests, the system must include either a programmer panel, 733 ASR/KSR
terminal, or 990 maintenance unit for operator inputs. For DOCS tests, a 913 VDT, a
911 VDT, or an 820 KSR can be used.

Change 1 1-1 Digital Systems Division
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Table 1-1. Diagnostic Tests

Test Section Type Part Number Description

ACUTST 31 DOCS 2250109 Automatic Call Unit Test
ADCHK 29 DOCS 2250110 A to D Converter Test

¢ AU10 7 . Standalone 0997753 Arithmetic Unit Test — 990/10 only

* AUO4 8 Standalone 0997754 Arithmetic Unit Test - 990/4 only

¢ AUO4TEST 8 Standalone 0937983 Arithmetic Unit Test — 990/4 only

« CRCOMM 22 DOCS 2250100 Communications Interface Module Test
CRDRDR 41 DOCS 2250140 Model 804 Card Reader Test
CRTI11 26 DOCS 2250101 911 CRT Controller and VDT Test
CRT913 14 DOCS 2250128 913 CRT Controller and VDT Test
CRUEXP 23 DOCS 2250111 CRU Expansion Chassis Interface Test
DACHK 28 DOCS 2250112 D to A Converter Test

* DDFLOP 42 DOCS 2250139 TILINE Floppy Disk Test

= DS10PD 34 DOCS 2250113 DS10 Disk Test
DSKM3X 15 DOCS 2250102 DS31/DS32 Disk Test
DSKTRI 21 DOCS 2250114 DS25,DS50, DS200 Disk Test

* EMU900 43 DOCS 2250229 TMS 9900/9980 Emulator and Buffer Test

* EMU940 44 DOCS 2250228 TMS 9940 Emulator and Buffer Test
EMUTST 36 DOCS 2250132 Emulator Board Test
EROMBT 25 DOCS 2250133 EPROM Memory Board Test
EXTACU 45 DOCS 2250158 External Autocall Unit Interface Test
FIVMOD 40 DOCS 2250134 SMT/6MT Interface Module Test
FLPDSK 27 DOCS 2250105 Floppy Disk Test
FLPTST 32 DOCS 2250117 2230/2260 Fast Line Printer Test
1016 16 DOCS 2250121 16 I/O TTL Module Test
INPMOD 38 DOCS 2250120 32-Input/Transition Detection Module Test
LOCLIN 30 DOCS 2250122 Local Multidrop Module Test

» 1P810 33 DOCS 2250106 810 Line Printer Test

= LPTEST i3 DOCS 2250132 990 Line Printer Test

* MAPTST 20 Standalone 0937757 Map Logic Test — 990/10 only
MEMPRT 11 DOCS 2250124 Memory Protect Logic Test — 990/4 only
OUTMOD 39 DOCS 2250125 32-Output Data Module Test

* PROMPG 18 DOCS 2250118 PROM Programmer Test
RAMO4 10 DOCS 2250107 Random Access Memory Test — 990/4 only

» RAMI10O 9 DOCS 2250119 Random Access Memory Test — 990/10 only
RMTEIA 46 DOCS 2250242 TTY/EIA Remote Terminal Test
RMTFLP 37 DOCS 2250108 Remote Diskette System Loopback Test

* TAPTST 19 DOCS 2250126 979A Transport and Interface Test
TILCOU 24 DOCS 2250129 TILINE Coupler Logic Test
TRACE 35 DOCS 2250130 Trace Module Test

*TST733 12 DOCS 2250250 733 ASR/KSR Data Terminal Test

* TTYEIA 17 DOCS 2250131 Full Duplex TTY/EIA Interface Module Test
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SECTION II
STANDALONE TESTS

2.1 STANDALONE TESTS

Standalone tests do not run under control of the DOCS (although they can be loaded by the DOCS
and can return control to the DOCS after execution). These tests output messages to a 733 ASR or
KSR terminal, a 913 or 911 Video Terminal and to a programmer panel.

2.2 OPERATION
Standalone tests require no operator inputs. When loaded into the computer standalone tests

immediately start execution. When the system includes an output device, output messages are
generated in the following form:

TEST NAME VERSION NUMBER
HEADER MESSAGES

(If any errors occur)
ERROR MESSAGES

COMPLETION MESSAGE

LOOP COUNT

At the end of the test, the loop count is output to the programmer panel and the test starts over. If
the test was loaded by the DOCS, control is returned to the DOCS after one complete execution
of the test.

2.3 STANDALONE OPTIONS

The standalone options available to the operator are either idle on errors, print headers, suppress
header printout, print errors, or suppress error printout.

If the idle on errors option is selected and an error occurs, the computer will enter the idle mode
after displaying the error on the programmer panel or outputting the error to the output device.

The suppress-header-printout option prevents the output of test and subtest header messages.
The suppress-error-printout option prevents the printout of error messages. Error numbers are
still output to the programmer panel; however, unless idle on errors is also selected, the error

may be displayed on the programmer panel too briefly for visual observation.

These options can be selected by either patching the object code before loading the test into the
990 (see Appendix A) or by performing the following procedure.

After the test is loaded and starts executing:
1. Halt the computer by pushing the HALT/SIE switch on the programmer front panel.
2. Enter the address of the flag to be modified on the data switches. The address of the
flag is the address shown in table 2-1 plus the load point of the test (see Appendix E).

Usually the load point will be AO,4. If loaded by the DOCS, the load point is whatever
was specified.

2-1 Digital Systems Division
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3. Push the MA switch.
4. Push the MDD switch. The contents of the location selected are now displayed.
5. Enter the new value on the data switches.
6. Push the MDE switch.
7. Push the CLR switch
8. Push the ST (ENTER) switch
9. Enter the load bias in the data switches (standard is AQ¢)
10. Push the MA (ENTER) switch
11.  Push the MDD switch
12.  Push the PC (ENTER) switch
13. Push the RUN switch

*len bnod e o d a addad
i€ teSt miust bC aducu

The addresses of the three flags are given in table 2-1.
to find the memory address.

2.4 RUNNING STANDALONE TESTS USING THE PROGRAMMER PANEL

The standalone tests can be run using only the programmer panel by setting the error print and
the header print flags to zero. In this case, the only available option is halt on errors. The only
messages output are the loop count and, if an error is found, the error message number. These
error messages will be output to the programmer panel.

Table 2-1. Flag Addresses

Relative

Address Flag Comments

001E ¢ Error Print Flag Set this flag to zero to suppress error printout

002044 Header Print Flag Set this flag to zero to suppress header printout

003246 Idle on Errors Flag Set this flag to any nonzero value to cause the compiler to IDLE

whenever an error is found
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SECTION III
DIAGNOSTIC OPERATIONAL CONTROL SYSTEM (DOCS) I
3.1 INTRODUCTION
The DOCS is a small operating system which is used to load and execute 990 diagnostic test mod- |}
ules. As with most operating systems, the DOCS plays the role of support and control for the diag-
nostic test modules which do the real testing. The DOCS is a command or verb oriented system.
This means that the operator tells the DOCS what to do by typing verbs on the interactive device.
The verbs are generally two or three characters long and each verb instructs the DOCS to carry
out some function. Each diagnostic test module supports a set of verbs related to the piece of
equipment the test was designed to evaluate. The DOCS also supports a set of general verbs which
are designed to aid the operator in diagnosing problems. The entire set of verbs is called the Diag-
nostic Control Language (DCL).
The DOCS performs the following major functions:
1. Determines the type of computer on which the DOCS is loaded.
2. Initializes all interrupt and XOP trap locations.

3. Determines the interrupt level of the real time clock.

4. Determines the location and type of interactive device on which the operator is re--
sponding.

5. Initializes all system parameters.
6. Loads diagnostic test modules into memory.
7.  Optionally passes control to the test module initialization routine (IT verb).
8. Optionally executes all standard parts of the test module (EA verb).
9. Controls the verb execution mechanism.
10.  Processes all test module service calls.
11. Processes all DOCS supported verbs.
12.  Controls all I/O functions between the test module and the operator.
Three versions of the DOCS are available: the Standard DOCS, the Mini DOCS, and the Front Panel
DOCS. The following paragraphs describe the different versions of the DOCS and how the operator
interfaces with them.
3.2 STANDARD DOCS

The Standard DOCS is the primary version of the Diagnostic Operational Control System. It has the
ability to run on the 990 family of computers and can interface with the operator on most of the
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of the standard interactive devices. Both the Mini DOCS and the Front Panel DOCS can be con-
sidered subsets of the Standard DOCS.

3.2.1 SUPPORTED COMPUTER MODELS. The Standard DOCS will run on all the 990 compu-
ters. Currently, these include the 990/4, 990/5, 990/10, and 990/12. Code exists in the DOCS to

' determine the computer model on which the DOCS is running since interrupt handling and some
system parameters depend upon this information.

3.2.2 SUPPORTED I/O DEVICES. The supported I/O devices include those peripherals that the
operator can use to input data to the DOCS and those which the DOCS can use to output data.
The term “interactive device” refers to those terminals that can be used for both inputting data
from, and outputting data to the operator. The Standard DOCS currently supports the 733
ASR/KSR, the 820 KSR, the 913 VDT, and the 911 VDT as interactive devices. The Standard
DOCS supports the 733 ASR/KSR, 820 KSR, 913 VDT, 911 VDT, and any of the line printers on
the TTY/EIA interface as error message devices. The printers include the 306, 588, and 810. The
phrase ‘“‘error message device” refers to those peripherals that optionally can be used to output all
error messages to the operator.

The DOCS does not depend on a fixed configuration for any of the I/O devices. The interactive
device can be located at any CRU location within the main chassis or expansion chassis. When
started, the DOCS code determines the device type and the location at which the operator is
responding. Once this is established, the DOCS will ask the operator for any additional information
required to handle the interactive and error message devices.

3.2.3 SUPPORTED LOADING MEDIA. The Standard DOCS is packaged on a number of load
media. Both the Standard DOCS and the diagnostic test module are currently available on cards,
cassette, hard disk, and floppy diskette. The DOCS must be loaded into memory first before any of
the test modules can be loaded. The procedures that the DOCS uses to load the test modules are
given in paragraph 3.2.9.13.

3.2.4 OPERATOR INTERFACE. The following paragraphs discuss the operator conventions,
the start-up and initialization sequences, and the interrupt handling procedures.

3.2.4.1 Operator Conventions. The conventions the operator must use to interface with the
Standard DOCS are listed below. These apply to any of the supported interactive terminals.

1. A hyphen (-) is printed when the DOCS is waiting for a response from the operator.
2. All inputs are ended by pressing the RETURN or NEW LINE key.

3. Most requests for operator input are designed with a predefined default value. In some of
these requests the default value is printed out. If the operator presses the RETURN or
NEW LINE key before entering any other data, the DOCS uses the default value. If
instead, the operator enters a new value followed by RETURN or NEW LINE, the DOCS
will use this new data and in most cases replace the default with the new value. The next

time this particular request is issued, the default will be the data entered the previous
time,

4. The RUB OUT key on the 733 ASR/KSR or the left cursor control (<) on the 913 or
911 VDT can be used to void the current operator input and allow reentry of the

data. These keys are only effective before the operator has pressed the RETURN or
NEW LINE key.
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5.  All numbers are input and output in hexadecimal. Depending on the type of request, the
operator can enter a contiguous string of up to 64 hexadecimal digits. The string of
digits should have no embedded blanks and leading zeros are not required. For example,
if a memory test requests the ending memory location to be tested and the address is
1FFFF,¢, the operator responds as shown in the example below:

ENDING MEMORY ADDRESS? (DEF=3B3E) — 1FFFF
For an ending address of 730,¢, the response is:
ENDING MEMORY ADDRESS? (DEF=3B3E) — 730

6. Whenever a number is entered, it is checked to make sure it is a legal hexadecimal value.
If the number is not a legal hexadecimal value, a message is printed and the operator
can reenter the number.

7. All YES/NO questions are answered using the convention 1=YES and 0=NO. Any value
other than O or 1 will cause an error message. The operator can then reenter the answer.

8 All ASCII data is entered as one contingious string of up to 64 characters.

9. Whenever the DOCS is ready to have a verb mnemonic entered by the operator, it will
print:

VERB ? —

Any legal verb can be entered. If the operator enters an illegal verb (not in the list of
available verbs), an error message is printed and the operator can then enter the correct
verb.

10. If the operator presses the at (@) key, the 911 VDT CMD key, or the 913 VDT HELP
key, the DOCS will terminate any current activity and return to the question VERB? —.

11. Whenever messages are being output, they can be stopped by pressing any key on the
interactive device; the DOCS will return to the question VERB ?7 -

12.  All DOCS supported verbs must be preceded by a period (e.g., IS).

3.2.5 START-UP. The Standard DOCS start-up is the process the DOCS goes through from the
time it is loaded until it starts asking initialization questions. During this time the DOCS determines
the interactive device which the operator wishes to use by scanning CRU base addresses from hexa-
decimal 0000 through 1F00 for the character Y’. The operator should allow sufficient time for
loading of the DOCS before entering a Y. When an operator enters Y from a 733 ASR/KSR or a
911/913 VDT located at any CRU base address from 0000 through 1F00, the DOCS recognizes the
address and type of interactive device responding, and communicates with it accordingly. This
means that the interactive device is not restricted to a predesignated CRU base address, but may be
Jocated at any CRU base address within the specified range. Since the DOCS repetitively scans the
CRU address range, no time limit exists for operator response.
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CRU base address, but may be located at any CRU base address within the specified range. Since
the DOCS repetitively scans the CRU address range, no time limit exists for operator response.

3.2.6 INITIALIZATION. During initialization, the Standard DOCS asks the operator to input
several pieces of information: The interrupt level of the interactive device (the device on which the
operator typed Y); the type of device, the CRU base address, and the interrupt level of the error
message device (if different than the interactive device); and the system control options. Table 3-1
shows an example of the initialization questions and figure 3-1 presents a flow chart of the start-up,
initialization, test module loading, and test module execution procedures.

When the DOCS prints out the request for the interactive device interrupt level, it will also print
out a default value. If the default is correct, the operator presses the RETURN or NEW LINE key.
Otherwise, the operator enters the correct value.

The next question asked by the Standard DOCS is the type of device selected for error messages
(either 733 ASR/KSR, 913 VDT, 911 VDT, or line printer). The printed default value will be that
of the interactive device. If the operator responds by pressing the RETURN or NEW LINE key,
the interactive device will also serve as the error message device and no further questions are asked
by the Standard DOCS. If the operator responds with a different device type, then the Standard
DOCS will ask for the CRU base address and interrupt level.

Four system control options are available. The first option (E) controls whether or not error
messages are printed (see table 3-1). The second option (H) controls the printing of header
messages. The third (N) controls whether or not error message numbers are printed, and the fourth
(I) controls the idling of the computer if an error occurs. When the Standard DOCS outputs the
request for control options, the operator should respond by taking the default or by typing a string
of one or more single character options. Each option should be separated from the next by a
comma and no imbedded blanks should be included. The control options can be entered in any
order and the inclusion of an option means that the DOCS will print messages or idle on errors.
The options can be changed at any time by using the Initialize Control Options (.IP) verb.

The operator can exit the DOCS initialization phase at any time by pressing the @ key. However,
the DOCS will output the following warning message:

*¥*%% WARNING *%%

INITIALIZATION NOT COMPLETE--—-INTERRUPT & XOP TRAPS HAVE BEEN RESET

Table 3-1. Standard DOCS Initialization Example

++¢ [OCE YERZION # = 0179 &C TI 230-04 see
¢o+ UZE "RETURM" OF "HEW LIME" TO TERMIMATE IHFUT #+++
*¢¢ LUZE "<--"(LEFT ARROW» OF "RUE OUT" TO ERASE IMPUT +e+

722 IMT LEWELY DEF= 0& -
EFEOR MZ5 DEVWICECO=72Z 1=%12 2=311 Z=LF>7 DEF= 0 -

EMTER COMTROL OFTIOM: ZEFARATED TY COMMAS:
"E =ERR MIG EZs H =HIF MIG“3Zy M =ERF 2#°3. I =1 DLE OM ERR- =2
LOEF= EsHsH 2 -
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Figure 3-1. Standard DOCS Flow Chart for Start-Up, Initialization, Test
Module Loading, and Test Module Execution (Sheet 1 of 2)
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Figure 3-1. Standard DOCS Flow Chart for Start-Up, Initialization, Test
Module Loading, and Test Module Execution (Sheet 2 of 2)
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3.2.7 TEST MODULE LOADING AND EXECUTION. After initialization, code in the Standard
DOCS leads the operator through loading and execution of a test module. However, the operator
can load and execute the test module by entering the correct set of verbs. Table 3-2 gives an
example of the messages output during this phase.

The operator is first asked if a test should be loaded. The operator will answer with a “0”* (NO)
if a test has already been loaded, or if the operator wishes to run the DOCS by itself. The Standard
DOCS will either execute the Initialize Test (IT) verb of the previously loaded test module (this
verb does the test module initialization) or will go to the question VERB?. If the operator answers
1 (YES), the Standard DOCS will lead the operator through the test module load procedure. The
format of this procedure depends on the available load media from which the DOCS was loaded.
The various formats are given in paragraph 3.2.9.13 which describes the Load Diagnostic verb
(.LD). In all of these procedures, the DOCS will ask for the location where the test module is to be
loaded. The default printed is the first location following the end of the DOCS. Care must be taken
when specifying the load point so that the DOCS does not attempt to load a test module on top of
itself. If, however, the test module must be loaded in the same area that contains the DOCS, have
the DOCS load itself and specify a load bias that will move the DOCS to a different memory area.
Once the DOCS has been relocated, the test module can be loaded.

After loading the test module, the Standard DOCS will print the title of the test module and
execute the IT verb. The operator will be asked a number of questions related to specific informa-
tion needed to execute the test correctly.

When the test module has been initialized, the Standard DOCS will ask if the EA verb should be |
executed. This verb executes all of the standard test module subtests. If the operator answers O
(NO), the DOCS goes to the question VERB?. Otherwise, the EA verb is executed and followed by |
the question VERB?.

NOTE

Once the DOCS has been loaded, it does not have to be reloaded
everytime a new test module is loaded. The DOCS remains in
memory and can load any number of test modules by repeated
execution of the .LD verb. However, the DOCS can interface with
only one test module at a time. If a test module is loaded and this
is followed by an execution of the .LD verb, all communication with
the old test module is lost.

Table 3-2. Standard DOCS Test Module Loading and Execution Example
LOAD TEST? (DEF=0) - 1

(The DOCS will display a menu for test module selection or prompt the
operator on loading instructions.)

LOAD BIAS? (DEF =203C) — <RETURN>

16 1/0 MODULE VERSION 04/78 *D

16 1/O CRU BASE DEFAULT = 0060 — <RETURN>

16 /O MODEL NUMBER DEFAULT =01 - <RETURN>
16 1/O INTERRUPT LEVEL DEFAULT = OE -~ <RETURN>
EXECUTE EA VERB? (DEF=1) — <RETURN>

(The DOCS will execute the test module’s EA verb.)

VERB? -
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3.2.8 INTERRUPT HANDLING. The Standard DOCS is designed to handle all interrupts except
for those specifically being handled by a test module. During the DOCS’s start-up and initialization
phases, interrupt vectors are set up for power up (level 0); power fail (level 1); system error (level
2); the real time clock (levels 5, 7, or 15); the interactive device; and the error message device.
All other interrupt vectors are set to trap to code which handles unused interrupts. If one of the
unused interrupts occurs, the following message is output and the operator has the option of re-
setting it or not:

UNEXPECTED INT LEVEL = XX, RESET INTERRUPT? (DEF=1) —

If the operator responds with a 1 (YES), the DOCS executes a RSET instruction and returns to the
start-up phase to reinitialize the system. Otherwise, the DOCS goes to VERB?. Many of the test
modules will take over an interrupt trap. This is usually done during the test module initialization.
If the .IS, .LD, or IT verbs are executed after initialization has completed, the DOCS will restore the
interrupt vectors to their original values before the verb is executed. Care must be exercised by the
operator if any of the verbs are terminated by typing the at (@) key. The operator must realize
that the interrupt vectors have been restored and that their contents may not be valid for proper
execution of the test module.

3.2.9 STANDARD DOCS VERBS. The verbs supported by the Standard DOCS are described in
the paragraphs below. These are general utility verbs designed to aid the operator in diagnosing
problems and to load test modules. All DOCS verbs are preceded by a period (.) to distinguish
them from the verbs supplied by the test module. Table 3-3 is a summarized list of the Standard
DOCS verbs.

Table 3-3. Standard DOCS Verbs

Mnemonic Meaning
IS Initialize system
IP Initialize control options
PV Print available verbs (both DOCS and test module)
.DM Dump memory (capable of mapping on 990/10 and 990/12)
MM Modify memory (unmapped)
MV Move memory (unmapped)
Mi Memory initialize (capable of mapping on 990/10 and 990/12)
MS Memory search (unmapped)
.CW Read/Write CRU word (looping option)
.AD Add hexadecimal data
.GO Go to user specified location
.CS ' Clear interactive VDT screen
.LD Load diagnostic test module
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3.29.1 .IS — Initialize System
Format VERB? — IS
Action This sends the DOCS back to start-up with the prompt
ENTER A Y’

3.2.9.2 .IP — Initialize Control Options
Format VERB? .IP
ENTER CONTROL OPTIONS SEPARATED BY COMMAS:
(E=ERR MSG’S, H = HDR MSG’s, N = ERR #’s, I = IDLE ON ERR’s)
(DEF=E, HN)- X, X, ...
Action This allows the operator to modify the system control options.

3.2.9.3 .PV — Print Available Verbs

Format VERB? — PV
DOCS VERBS
XX XX XX XX ... XX
TEST VERBS
XX XX ... XX.
Action The PV verb prints out a list of all of the verbs that are defined. The

verb names such as .DM, .MM, and others are printed. If no test is
currently loaded, no test verbs will be output.

3.29.4 .DM — Dump Memory
Format VERB? — .DM
ADDR — AAAAAA
Action The .DM verb can be used to dump words of memory to the selected
error message device. AAAAAA can be up to a 21 bit, byte level
memory address from which the dumping starts. If mapping is available,

data can be printed from above FFFF,,. Otherwise, the address will
wrap around and the data will come from low memory.
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Output

NOTE
Eight lines of hexadecimal data and ASCII interpretation will
be output to the error message device followed by the prompt
RETURN TO CON’T. If the operator presses the RETURN

key, eight more lines are output. This continues until the
operator presses the at (@) key.

Press - @ - TO STOP

ADDR 0 2 4 6 8 A C E

013000 1234 1234 1234 1234 1234 1234 1234 1234 <ASCII interpretation>
(Repeated lines omittgd)

013070 9876 9876 ———— - ——————————— <ASCII interpretation™
RETURN TO CON'T

3.2.9.5 .MM — Modify Memory

Format VERB? — MM
ADDR — XXXX

AAAA DDDD - YYYY

AAAA DDDD - @

Action The operator enters the address (XXXX) and the data at that address 1
displayed (DDDD). The operator can then modify the data or press the
RETURN key to go to the next location. To end the verb, the operator
presses the at (@) key. This verb will not handle addresses above
FBFC,s (the verb is not mapped). The TILINE Peripheral Control
Space (F800,s — FBFC,¢) can be modified with this verb.

3.2.9.6 .MV — Move Memory

Format VERB? — .MV
FROM - XXXX TO-YYYY #-ZZ7Z7Z

Action Move ZZZZ words from address XXXX to address YYYY. This verb
will not handle addresses above FBFC.
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3.2.9.7 .MI — Memory Initialize
Format VERB? — MI
ADDR — AAAAAA # — NNNN DATA - DDDD
Action Starting at the address specified by the operator (AAAAAA can be up
. " to a 21 bit, byte level address), this verb will initialize NNNN words of
memory with the specified data (DDDD). If mapping is available, the
data can be stored in locations above FFFF 4. Otherwise, the addresses
will wrap around and the data will be stored in low memory. This verb
will not initialize the TILINE Peripheral Control Space (not available
on the 990/4) but will initialize the RAM which is shadowed by it.
3.2.9.8 .MS — Memory Search
Format VERB? — .MS
COND*EQNE GT LT * - XX
ADDR — AAAA # — NNNN DATA - DDDD

Action Search memory starting at ADDR for # words or until the condition
being searched is found.

EQ means search until DATA = word in memory
NE means search until DATA # word in memory
GT means search until DATA > word in-memory
LT means search untit DATA < word in memory
if the condition is found, print out the address of the word and the
data. If the condition is not found, print NOT FOUND message. For
example, to search memory from location 00FO0 to 01FF (10F words)
for a data word which is logically greater than CCEC, enter the follow-
ing:
VERB? — .MS
COND*EQ NE GT LT* —GT
ADDR-FO #- 10F, DATA - CCEC
3.2.9.9 .CW — CRUWRITE
Format VERB? — .CW
CRU BASE — BBBB = XXXX

# BITS — B DATA — DDDD  LOOP ON WRITE? — L
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Action When the operator specifies the CRU base, the verb prints the data
(XXXX) present at that base. The operator can then write from zero to
16 bits (B) of data (DDDD) to that CRU base. He can also loop on this
write by answering 1 (YES) on the loop question (L). To terminate the
looping, the operator presses the at (@) key.

3.2.9.10 .AD — Add Hexadecimal Data

Format VERB? — .AD
I A(DDDDDDDD) — XXXX OPER (+) — B(DDDDDDDD) -
XXXX=RRRRRRRR

Action The .AD verb can be used to add two hexadecimal numbers together.
The default value for A is displayed and can be changed. The default
value for the operator, a plus (+) or minus (-) sign, is displayed and can
be changed. The operator can specify if the B value is to be added or
subtracted (two’s complement) from the A value. The default value for
B is then displayed and the operator can change it. The sum of A £ B
is then displayed (RRRR).

3.29.11 .GO-GoTo

Format VERB? — .GO
ADDR — XXXX
Action This verb branches to the address input by the operator. A BL (branch

and link) instruction is used to branch to the specified location. If the
code at that location executes an RT(B *R11) instruction, control
returns to the DOCS. This verb does not handle addresses above

3.2.9.12 .CS — Clear Interactive VDT Screen
Format VERB? — .CS

Action This verb is used to clear the interactive VDT screen and moves the
cursor to the upper left hand corner. If the interactive device is a 733
ASR/KSR, this verb causes a carriage return and line feed.

3.2.9.13 .LD — Load Diagnostic
Format - VERB? — .LD

Action This verb is used to load diagnostic test modules into memory so they
can be executed. Diagnostics are available on a number of load media
and the operator prompting messages output by the .LD verb depend
on the media being used. For example if the DOCS has been loaded
from a hard disk media. it will prompt the operator differently than if
it were loaded from a cassette media. The reason for this is that when
the DOCS is originally placed on a media, a loader for that media is also
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installed. This means that the DOCS loaded from one media cannot
load diagnostic test modules from another media. The exception to
this is the unit record media (cassette, cards, MDDS, MDU). The load-
ing protocols for the various media are given below:

Sample Output — Hard Disk Media (DS10, DS25, DS31, DS50, DS200)

TYPE: @ TO INTERRUPT DISPLAY

00) CRCOMM 01) CRDRDR 02) FLPDSK 03) OUTMOD
04) DS10PD 05) FIVMOD 06) ADCHK 07) CRUEXP
08) INPMOD 09) 1016 0A) EMUTST 0B) EROMBT
0C) DSKM3X 0D) RAMI10 OE) PROMPG OF) RAMO4
10) AU10 11) MNDOCS 12) ACUTST 13) DACHK
14) DOCS 15) LP810 16) DSKTRI 17) LPTEST

18) FLPTST
TYPE: DIAG. # OR FILE NAME? —
LOAD BIAS? (DEF=275C) —

When the load media is a hard disk, the DOCS will display a menu of the diagnostics resident on the
media. The operator is then asked to type the number of the diagnostic to be loaded as shown in
the menu or the diagnostic name itself (e.g. the operator could type 15 or LP810). When the inter-
active device is a VDT, an additional message is output following the menu — TYPE ‘RETURN’
FOR ADDITIONAL FILES. Since there may be more diagnostics on the media than can be dis-
played on the VDT screen, the operator can press the RETURN key and DOCS will display another
screen of menu. Continued typing of the RETURN key will cause additional files to be displayed or
the original menu will be displayed again.

Once the diagnostic is chosen, the operator is asked to specify the load point for the test moduie
(the default printed is the location immediately following the DOCS). If the operator specifies a
load bias less than the end of the DOCS, the following warning message is printed:

#%% WARNING *** THIS MAY OVERLAY DOCS.

DOCS MAY HAVE TO BE RELOADED TO UPPER MEMORY

ARE YOU SURE? (DEF=0) —

If the operator responds with a 1 (YES), the DOCS will attempt to load the test module. Otherwise
the operator is again asked for the load point.

After the load bias has been specified, the DOCS will load the test module and tell the operator the
ending location of the module.

Sample Output — Single Density Floppy Diskette
The operator is first prompted with the following message:
INSERT THE CORRECT DISKETTE & PRESS ‘RETURN’ —

Following this, the procedure is exactly the same as described for the hard disk media.
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Sample OQutput — Cards
WHICH LOADER? (0=CARD, 1=CASS, 2=MDU, 3=MDDS) (DEF=2) — 0

LOAD BIAS? (DEF=2586) —

LOAD DEVICE CRU BASE? (DEF=0040) —

PLACE CARD DECK IN CARD READER & READY.

PRESS ‘RETURN’ WHEN UNIT IS READY -

Sample OQutput — Cassette

WHICH LOADER? (0=CARD, 1=CASS, 2=MDU, 3=MDDS) (DEF=2) — 1
LOAD BIAS? (DEF=2586) —

LOAD DEVICE CRU BASE? (DEF=0000) —

PLACE CASSETTE IN TRANSPORT & POSITION AT LOAD POINT.
PRESS ‘RETURN’ WHEN UNIT IS READY —

Sample Output — MDU (Maintenance Diagnostic Unit)

WHICH LOADER? (0=CARD, 1=CASS, 2=MDU, 3=MDDS) (DEF=2) — 2
LOAD BIAS? (DEF=2586) —

PLACE CASSETTE IN MDU, PUSH RESET & REWIND.

PUSH LOAD BUTTON ON MDU BOX WHEN UNIT IS READY

Sample OQutput — MDDS (Factory Download System)

WHICH LOADER? (0=CARD, 1=CASS, 2=MDU, 3=MDDS) (DEF=2) — 3
LOAD BIAS? (DEF=2586) —

LOAD DEVICE CRU BASE? (DEF=0000) —

DIAL TEST # ON CONTROL BOX & PUSH LOAD BUTTON.

3.3 MINI DOCS

Mini DOCS is designed to take up as little memory space as possible while still supporting the major
features of the Standard DOCS. Many of the system options and verbs have been deleted to achieve
this size reduction. The Standard DOCS requires from about 2500,¢ to 2700, words of memory
depending on the type of loader being used. The Mini DOCS requires from 1900, to 1B00;¢

words of memory. The Mini DOCS is available on all supported media and can be loaded directly
or by the Standard DOCS.
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3.3.1 MINI DOCS INITIALIZATION: Start-up for the Mini DOCS is exactly the same as for the
Standard DOCS. However, the only question asked during the initialization phase of the Mini DOCS
is the interrupt level of the interactive device. The error message device will be defaulted to the
interactive device and the Control Options will be defaulted to print error messages, headers and
error numbers (E, H, N).

3.3.2 MINI DOCS VERBS. The only verbs supported by the Mini DOCS are .IS, .PV and .LD.
These are described in paragraphs 3.2.9.1, 3.2.9.3 and 3.2.9.13, respectively.

3.4 FRONT PANEL DOCS

The front panel version of the DOCS is used when the only available interface with the operator is
the programmer panel. Although the programmer panel is a very restricted type of communication
link between the operator and the DOCS, a mechanism allows test modules to be loaded and
executed. This mechanism also allows for interaction and error information reporting. As far as the
operator is concerned, there are no available verbs. Internally, however, the Front Panel DOCS will
execute a predefined set of verbs which accomplish the functions just mentioned. A brief discussion
of the 990 programmer panel is given in Appendix C.

3.4.1 SUPPORTED LOADING MEDIA. The Front Panel DOCS is available on all media except
the hard disk type (DS10, DS25, DS31, DS50, DS200). The Front Panel DOCS also can load test
modules from the media on which it is available. The procedures for loading test modules are
identical to those described in paragraph 3.2.9.13, except that the manner in which the questions
are answered is different. This will be discussed in the following paragraphs.

342 OPERATOR CONVENTIONS. The conventions used by the operator to communicate
with the Front Panel DOCS are listed below:

1. The DOCS uses the programmer panel data, FAULT, and IDLE lights to output infor-
mation to the operator. All data is output as hexadecimal numbers.

2. The operator uses the HALT, RUN, and data switches to input information to the DOCS.
All data is entered as hexadecimal numbers.

3. Whenever the DOCS or the test module requires input from the operator, the default
value of the parameter will be displayed in the programmer panel data lights. The compu-
ter then will idle (the IDLE light will be lit), waiting for an operator response. If the
operator presses the HALT and RUN switches, the DOCS uses the default value. To
enter a new value, only the HALT switch will be pressed. This will cause the program
counter value to be displayed on the front panel data lights. The operator now should
enter, via the data switches, the new value for the parameter and press the RUN switch.
The DOCS then will obtain the parameter value entered on the data switches and will
continue execution.

4. All YES/NO questions are answered with a 1 for YES and 0 for NO.

5. If an error occurs in a test, the error message number will be displayed in the right byte
of the front panel data lights, and FF will be displayed in the left byte. The FAULT
light will also be lit. All documentation in this handbook showing error messages will give
a corresponding error number.

6. An error interrupt (either level 2 or an unexpected level) will be communicated by dis-
playing FFFX,, in the data lights. The X will be the interrupt level. The computer then
will idle.
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7. The Front Panel DOCS may experience certain internal error conditions. These errors are
communicated to the operator by displaying FXXX,¢ in the data lights. The computer
then will idle. XXX corresponds to the internal error codes that are listed below:

Value Error

F000 Illegal service call made to the DOCS.
F0O1 Unexpected XOP occurred.

F002 Loaded Test Module has no EA verb.

8. When the computer enters an idle state (with the IDLE light lit), it can be restarted by
pressing the HALT and RUN switches.

3.4.3 INITIALIZATION. The Front Panel DOCS asks one initialization question: IDLE ON
ERRORS? —. If the operator answers with a 1 (YES), the computer will idle on error. If the opera-
tor answers with 0 (NO), the computer will continue testing after displaying the error number and
setting the FAULT light.

3.4.4 TEST MODULE LOADING AND EXECUTION. After the operator has responded to the

DOQCS initialization question, the Front Panel DOCS will execute the test module loading proce-

dures. The procedures are identical to those described in paragraph 3.2.9.13 with the specific ques-
tions depending on the load media being used.

If, for example, the floppy diskette is the load media in use, the first question asked by the Front
Panel DOCS is whether the operator has inserted the diskette containing the desired test module.
When the proper diskette has been inserted, the operator responds with a 1 (YES). The next ques-
tion asks for the diagnostic file number. This information can be found on the diskette label. All
files contained on the diskette are listed on the label along with their corresponding numbers. The
next question asks for the load bias. If the operator responds with an address that may cause the
DOCS to be overlayed, an additional question will ask the operator ARE YOU SURE?. If the
operator enters a 0 (NO), the load bias question