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ehap-ter 1 

INTRODUCTION ANO OVERVIEW 

GENERAL DESCRIPTION 

Mi I lennium System's 9520 Software Development System (figure 1-1) is a general 
purpose, low-cost, user-oriented ZS0A microcomputer system that is designed to 
meet the needs of the programmer in a program development environment. The user 
can furnish his own display terminal console or a display terminal console can 
be supplied with the system, at the users option. The 9520 is a self-contained 
< less display terminal console) system that provides al I of the capabi I ities tor 
the development of user programs. Assemblers, compilers, editors, and document 
creation packages are avai I able. The 9520 is a ZS0A based system with 64K 
memory standard (and additional 48K of memory is an available option) and two 
:~·-=~:--=• ::: :;~~- :~ch, double denc;i+~, floppy rtisk drives. ln+ertace connections 
are three RS-232-C ports, one RS-422 port and an IEEE-488 port. These interfaces 
al low the 9520 to connect with a dis~lay terminal console, a printer, a hardware 
emulator (such as the companion 9508J, as wel I as any other compatible peripher­
als. 

HARDWARE FEATURES ANO CAP.ABILITIES 

-·. Processor Board 

The single printed circuit processor board (figure 1-2,) in the sottwar.e develop­
ment system contains al I the circuits necessary to perform the dat~ manipula­
tions required to develop software. In addition, the printed circuit board has 
I ine drivers and receivers for ·two-way communication with the display terminal, 
and to upload and download software to a debugging system. The p~ocessor board 
also has a self-test feature, which tests the on-board memory array, baud-rate 
and i~terrupts, the two asynchr~nous receiver/transmitters, the [).1A capability, 
the floppy disk controller and the IEEE-488 port. 

Power Supply 

The power supply furnishes the +5 voe and +12 voe required by the processor 
board plus the +5 voe and +24 voe used by the disk drives. 

Disk Drives 

The disk drives tor the 9520 Software Development System -al lows data to be for­
matted in single or double density on standard 8-inch floppy disks. The reading 
or writing of sing le or double dens ity <FM or MFM respectively) is control led by 
the user (as selected at format time). 

Display Terminal 

The display terminal may be user furnished or a Mi I lennium 950 1 
Console be supplied with the 9520 Software Development System. 
quislte for a user supp li ed display terminal is it must be able 
character lines and be compat ible with the RS-232C interface. 

Display Terminal 
The only prere­
to di sp I ay 80 
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INTRODUCTION ANO OVERVIEW 

SOFTWARE FEATURES 

This section presents a description of the 9520 software features. It provides 
an overview of the disk operating faci I ities. 

Overview of Software Resources 

Two operating systems may be used with the 9520, MP/M• or CP/M•. MP/M is a 
priority-driven, disk operating system that provides the user with a mu I Ti­
tasking sofTware environmenT. CP/M is a single-user operaTing sysTem. These 
operating systems provide the fol lowing capabil iTies: 

:> CrP"'ITin~ ;:1nrl ediTing user source prcgram files using The Edit utili·ty. 

o Storage and management of files in source and object tormaT. 

o Assembling and linking of object tiles for conv~sion into executable 
load modules. 

· o Checkout and dynamic debug of source programs origina:tin~ ·i-n the MP/M 
and CP/M environment. 

o Upload and down1oad intersystem conmunication for The transfer of 
data between · the 9520 Development System and a remote hardware/software 
in-circuit-emulator station. 

User ln-terface 

The user communicates with the S?ftware development system by entering inpuT 
data and commands at the display terminal keyboard. The keyboard commands are 
entered as a single-I ine character string. These co111T1ands access the edit uti 1-
ity, file uti I ities, 1/0 utilities, assembler/cross-assembler and other soft­
ware routines. The system responds by displaying data and messages at the 
terminal which prompt the user for additional input, as necessary, to enable 
processing to be completed. 

The user programs originated at the 9520 Software Development System can be 
downloaded to a remote in-circuit emulator station (e.g. Millennium's 9508 or 
9516). The users program can then be executed to locate and correct progralTITling 
errors and/or detect and correct ma I functions in The microprocessor system cir­
cu its that are subjected to hardware/software integration tests. 

Soff'ware Packaging 

The system programs reside on Three standard floppy diskettes. Two of the 
diskettes contain The operating system program along with one: or more additional 
sets of programs as indicated below. The remaining diskette contains The system 
diagnostics. 

• MP/M, CP/M are Trade Marks of Digital Research of Pacific Grove, CA 93950 

1-3 



INTRODUCTION ANO OVERVIEW 

Diskette #1 (SYSTEM) •• Operating System and Ut i I it i es 
#2 (LANGUAGE TRANSLATOR) •• Cross-Assembler, Linker 
#3 <DIAGNOSTIC) •• System Diagnostic Monitor and Test Routines 

Separate diskettes are avai I able for optional high-level programming languages 
<such as C Compiler and PASCAL Compiler). These compilers are used to generate 
object code output for 8080, 8085 and Z80 micropro~essor-based systems. 

The Wordstar• Text Editor uti I ity is a standard software feature prov_ided with 
the operating system diskette. 

The operating details for programming elements of the MP/M (Multi 7Programming 
Mon :~c:-- Sontrc! Program) and CP/M (Single-Console Operating Sy:,d~ri1) are µru­
vided in separate Users Guide manuals that are shipped with the 9520 Software 
Development System. 

Information in this manual describes how the MP/M, CP/M Operating: System is 
used. With this knowledge, the user learns how to invoke the Mi l;1lennium System 
Uti I ity modules to originate and assemble user programs on the 9,20 Software 
Development System and bui Id load modules that can be downloaded'and executed on 
a remote software/hardware debugging station. 

Operating System Environment 

The development system software consists of the fol low.ing sets of programs: 

o Operating System 

o System Uti I ities 

o Language Translator 

o System Diagnostics 

The operating system is based on a memory resident Executive that provides a 
variety of services to the system and user programs. The Executive provides al I 
of the interaction between the hardware and software, and between the system and 
the user. Al I queries to the input/output devices are processed through the 
Executive. The Executive Includes Interrupt handling, -1/0 processing, super­
visor cal I processing, user conmunlcations and disk fl le management routines. 
The MP/M operating system Is easily configured with optional user memory segment 
sizes, resident process modules, relocatable modules, and quantity of terminals. 
The description of the system generation procedure for MP/M is given in chapter 
7. The CP/M operating system requires no system generation. 

m Trade Mark of MicroPro International Corporation , San Rafael, CA 94901 

1 -4 

\ 
7 



1' 
INTRODUCTION ANO, OVERVIEW 

System Uti I ities 

The uti I ity programs provide various ti le management functions such as editing, 
renaming, deleting, copying and displaying existing ti !es. The uti I ities also 
include programs which al low the user to access and change certain system para­
meters (e.g. baud rate, BRATE uti I ity) and submit a series of commands from a 
f i I e for batch processing, rath.er than entry from the keyboard <e.g. SUB\1 IT 
uti I ity). The FD I SK uti I ity al I ows a user to format the diskette for sing I e or 
double density applications, duplicate a complete diskette and copy systems 
tracks from one diskette to another. ' 

Except for the Text Editor <EDIT) and Dynamic Debugging Tool <DDT) utilities, 
the description of uti Lity programs are described in chapter 5. -The text editor 
and debugging uti I ities are described in chapter 6. 

Language Translator 

The language translator uti I ity is a relocatable macro assembler which trans­
lates the target microprocessor assembly language programs into object code which 
is execiJtable in the users remote microprocessor system. The fol lowing micro­
processors are supported via the cross-assemblers: 

o ZSOA o 8048/49/41/21/35/39 

o 8086/88 o 6800/01/02/03/09 

o 8080/85A 

Each cross-assembler program is described in a separate pub! ication supplement 
that is listed in the preface. The diskette containing the cross-assembler uti 1-
ity also includes the I inker and formatter/down loader software. The linker is 
described in chapter 5. 

The language translator uti I ity operates to accept the source program ti !es that 
are written in ZSOA assembly language with the Text Editor and converts these 
source tiles into *object tiles that can be input to the linker program. 

·-*NOTE: Except for the 8048 family cross-assemblers, al I cross-assemblers Rro-
duce relocatable·code. 

The linker utll ity links relocatable object fl les into executable load modules 
by resolving al I external references to the fl le while bui I ding the load module. 

Sys~eaa Diagnostics 

The 9520 System Diagnostic program provides the user with a comprehensive set of 
programs to diagnose and test system components. It is designed so that the 
user can determine whether a malfunction is caused by a program error or a 
fault in the hardware. 

The System Diagnostic programs are contained on a separate diskette. The 
diagnostic monitor and test routines are described in a separate pub I ication's 
supplement that is listed in the preface. 
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Chap-ter 2 

SPEC IF !CATIONS 

GENERAL 

Millennium System's 9520 Software Development System provides a compact software 
development tool housed in a single module consisting of dual-floppy disk drives, 
a single power supply and a Z80 based, single board CPU with integral 1/0 
controller and memory resources. 

9520 PHYSICAL CHARACTERISTICS 

Dimensions 

Height - 13 5/16 inches (33.3325 Cm) 

Width - 19 3/16 inches (48.4475 Cm) 

Depth - 24 1/8 inches (61.085 Cm) 

Weight - 74 lbs (33.6 ki logms) 

Environmental Limlts 

Ambient Temperatures= 
Relative Humidity= 
Maximum Wet Bulb= 

Coo Ii ng 

Operating 

40° to 104°F (4.4° to 40°C> 
20% to 80% 

78°F (25°C) 

~tor-age 

-a °F to 11 7 °F 
1 % to 95% 

No Condensation 

System cooling is provided by two, AC operated fans, mounted at the rear of the 
enclosure, that draws cool air through the disk drives, over the power supply 
and accross the single printed circuit board. 

*itit** CAUTION***** 

The system top cover rTRJst be replaced before ,,C power is appl led. Operation 
without the top cover wil I defeat the cooling function of the tans and damage to 
the disk drives, power supply and/or the printed circuit board may occur. 

AC Power Requirements 

50/60 Hz+ 0.5 Hz 
100/115 +-10% VAC 
200/230 :!:_ 10% VAC 
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SPECIFICATIONS 

Fuses for Rated Voltage 

Voltage Power Supply and Fan Disk Drives 
CF 1 l CF2l 

-

100/115 VAC 3AG, 5 Amp 3AG, 1. 0 Amp 
-

200/230 3AG, 2.5 Amp 3AG,0.75 Amp 

~--

Front Panel Controls 

POWER 
PUSH ·oN /OFF 

DIAG INT _ 

RESET 

The power on/off switch is ii luminated (red) when PC power is 
applied to the Software Development System. When the push­
switch is ii luminated, this indicates not only the presence 
of AC voltage but al so the presence of _+5 voe. 

The DIAG INT (dJagnostic interrupt) push-switch is used when 
the diagnostic disk is inserted in the disk drive. The 
switch must not-- be used when the Software Deve I opment System 
is operating. 

When activated, the RESET push switch reinitializes the 
internal microprocessor and forces the system to junip to the 
on-board self-test program. 

Input/Output Rear Panel Ports and Switches 

J 10-CONSOLE 

J 11-RS-232-1 

J 12-RS-232-2 

J13-RS-422 

J 14-1 EEE 488 

2-2 

Standard RS-232C, D-type, 25-pin (DCE configuration) female 
connector. Connector J10 is generally connected to the 
Display Terminal. 

Standard RS-232C, D-type, 25-pin CDCE or DTE configuration 
option) female connector. Connector J11 is generally con­
nected to the software/hardware debug system. 

Standard RS-232C, D-type, 25-pin CDCE configuration) female 
connector. Connector· J 12 is gef!era I I y connected to the 
printer. 

Standard RS-422A, D-type, 37-pin female connector. Connector 
J13 is generally connected to a unit with serial, high-speed 
input/output transfer requirements. (Corresponds to RS-449 
configuration.) 

This connector is a standard, 24-pin, female, high-speed 
para I lel transfer 1/0 port. The port provides eight-data/ 
address lines, eight control lines and eight signal and 
frame ground lines. 
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SPECIFICATIONS 

Standard AC, male, connector for power input. J 1 5 POWER ON 

S5 BAUD RATE 
Positions: 
0 11 0 

S5 is an eight-position rotary switch used to select the 
desired baud rate. The switch position is read by the system 
and can be changed each time the system is reset. 

1 300 
2 600 
3 1200 
4 2400 
5 4800 
6 9600 
7 19200 
8 
9 

S6 DEVICE ADDRESS The DEVICE ADDRESS switch is a five-position DIP switch that 
controls addressing of the peripherals connected to the IEEE-
488 CGPIB interface) port. 

Power Supply Specifications 

The 9520 power supply provides the four DC operati~g voltages necessary for the 
operation of the single processor board and the disk drives. The specifications 
for the power supply are as fol lows: 

AC Input 

90 to 130 volts or 180 to 260 volts AC 
47 to 63 Hz, single-phase 
(Power Supply input is adjusted at Millennium in accordance with user 
requirements.) 

DC Outputs 

Voltage 
+5 volts 
+12 volts 
-12 volts 
+24 volts 

Current 
20A max. 
5A max. 
3A max. 
3.5A max. 

Maximum Output Power 150 Watts 

Regulation Characteristics 

Li ne: +0.1% for a ful I line change of 90-130 VAC or 180-260 VAC. 
Load: .:!:_0.1% for a 100% load change. 

Hold-up Time 

20 mil I iseconds minimum after AC input voltage is lost. 

Output Noise 

50 mv PK-PK maximum 
2-3 



SPECIFICATIONS 

Disk Drive Specifications 

The specifications for the disk drives are as fol lows: 

Performance Specifications 

Capacity 

Unformatted 
Per Disk 
Per Track 

I B\1 Format 
Per Disk 
Per Track 

Tran_sfer Rate 
Latency (average) 
Access Ti me -

Track to Track 
Average 
Sett I ing Time 

Head Load Time 

Functjonal Specifications 

Rotational Speed 
Recording Density 

( inside track) 
Flux De!lsity 
Track Density 
Tracks 
Physical Sectors 

SA800 
SA801 

Index 
Encoding Method 
Media Requirements 

SA800 
SA801 

9501 Display Termi·nal Console 

Single Density 

3.2 megabits 
41 • 7 k i I ob i ts 

2.0 megabits 
26. 6 k i I ob its 
250 kilobits/sec 
83 ms 

8 ms 
260 ms 
8 ms 
35 ms 

Single Density 

360 rpm 

3200 bpi 
6400 tci 
48 tpi 
77 

0 
32/16/8 
1 
FM 

SAl00/1~ Diskette 
SA 101 

Double Density 

6.4 megabits 
83 • 4 k i I ob i ts 

nia 
n/a 
500 kilobits/sec 
8 ms 

8 ms 
260 ms 
8 ms 
35 ms 

Doub l..e Density 

360 rpm 

6400 bpi 
6400 tcik 

_48 tp i 
77 

0 
32/16/8 
1 
MFM/M2FM 

SA102/I~ Diskette 
SA103 

The 9500 Family -Sott~are Development System can be purchased with an optional 
display terminal. Tl)e fol lowing paragraphs list the physical characteristics ot 
the 9501 Display Terminal Console. 

Disp lay Cabinet Dimensions 

Height - 14.0 inches (35.6 Cm) 
Width - 16 1/2 inches (41.9 Cm> 
Depth - 14 1/4 inches (36.2 Cm) · 
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Keyboard Dimensions 

Height - 3.0 inches (7.6 Cm> 
Width - 16 1/2 inches (41 .9 Cm) 
Depth - 7 1/2 inches (19.0 Cm> · 

Cabinet Weight - 30 lbs (13.6 kilogms> 
Keyboard Weight - 4.5 lbs (2.3 ~i logms> 

Environmental Limits 

Ambient Temperature 

Relative Humidity 

AC Power Requirements 

50/60 Hz+ 0.5 Hz 
100/115 +-10% VAC · 
200/230 ~ 10% VAC 

Operating 

32°F to 122°F 

(0°C to 50°C) 

~ 10% to 95% 
(Non Condensing) 

-
Fuses tor Rated Voltage 

VOLTAGE FUSE 
-

100/115 VAC 3AG, 1 
-

Amp 

SPECIFICATIONS 

-40°F to 149°F 

(-40°C to 65°C) 

N/A 
(No Restriction> 

200/230 VAC 3AG, 0.5 Amp 
SLO-BLO 

-
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SPECIFICATIONS 

9501 Display Terminal Controls 

Front Panel Controls 

Other than the movable keyboard, as shown in figure 2-1, there are no front 
panel controls. The keyboard interfaces with the display terminal via an expan­
sion cable Csimi lar to a telephone cable). 

2-6 
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SPECIFICATIONS 

Rear Panel Controls and Connectors <figure 2-2) 

The controls on the 9501 Display Terminal rear panel are the POWER switch, 
CONTRAST control, the FUSE holder, the BAUD RATE setup switch and the FUNCTION 
setup switch. 
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SPECIFICATIONS 

POWER Switch 

CONTRAST Switch 

S1 BAUD RATE 
(SIP) Switch 

S2 FUNCTION 
Select Switch 
(SIP) 

2-8 

The POWER switch is a rocker-type switch. When the end of 
the switch with the white dot is pressed, AC power is applied 
to the 9501 Display Terminal. Pressing the unmarked end of 
the rocker switch removes AC power. One second after the 
white-dotted end of the POWER Switch is depressed, an inter­
nal beeper wi I I beep indicating the presence of AC power. 

The CONTRAST switch is a rotary switch that controls the 
white to black intensity of the visible display. The switch 
can be set to the users satisfaction. 

The S1 BAUD RATE select switch is a 10-position, bit selec­
tion switch. The bit selection positions determine the baud 
raTe input into the display term inal, the baud raTe ouTput 
from the display terminal, number of stop bits and word 
length. The fol lowing ii lustration (figure 2-3) shows the 
bit al locations and the baud rate select bit configurations. 

The S2 FUNCTION select switch is a 10-position, bit selection 
switch. The bit selection positions select operational func­
tions for the display terminal. The fol lowing ii lustration 
(figure 2-4) shows the bit al locations, the 1/0 mode and the 
parity selection. 

) 



SEL SW 
115/230 VAC. 

SWITCH 
BLOCKING 
STRIP 

FUSE 115 VIA/ 
230 0.5 A 

SPECIFICATIONS 

1· 

The position of this left/right switch must coincide witn the -
primary AC source voltage. The left position of the switch 
indicates the 115 VAC source; the right position of the 
swiTch indicates the 230 VAC source. The SWITCH BLOCKING 
STRIP prevents the inadvertent changing of the switch. 

The FUSE holder contains the fuse that protects the internal 
circuits. 

**************************************************** 
* * 
* - CAUT10N - * 
* * 
* The Intent of the fuse should never be * 
* ignored, nor should any attempt be made * 
* to defeat the intention of this protec- * 
* tive device, as damage to the equipment * 
* may occur. * 
* * 
*********·**************************************.***** 
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SPECIFICATIONS 

P 3 <RS-232) This is a 25-pin, temale, RS-232C connector port that is 
generally connected to the host source. The internal con­
tiguration ot the connector is shown in table 2-1. 

Table 2-1. Host Interface Connector Configuration 

PIN No. SIGNAL NAME 

P 3 CPR l·NTER) 

1 
2 
3 
4 
5 
6 
7 
8 
20 
9 
14 
10 
25 
13 
12 
24 

Pl N No. 

1 
2 
3 
4 
5 
6 
7 
8 
20 

2-10 

Frame Ground 
Transmit Data Output 
Receive Data Input 
Request To Send Output 
Clear To Send Input 
Data Set Ready Input (opt.) 
Signal Ground 
Carrier Detect Input 
Qata Terminal Ready Output 
20 mA source (+12V, no load) 
20 mA source (+12V, no load) 
Detected current loop data 
Current Loop .+, Transmit* 
Current Loop-, Transmit"* 
Current Loop+, Receive* 
Current Loop-, Receive* 

This is a 25-pin,_ temale, RS-232C connector port that may · be 
connected to an optional printer. The internal contiguration 
ot the connector is shown in table 2-2. 

Table 2-2. Printer Connector Configuration 

SIGNAL NAME 

Protect Ground 
Transmit Data 
Receive Data 
Request To Send 
Clear To Send 
Data Set Ready 
Signal Ground 
Data Carrier Connect 
Data Terminal Ready 



Power Cord 

P6 

SPECIFICATIONS 

The power cord applies the AC power to the 9501 Display 
Terminal. One end of the power cord is permanently affixed 
to the 9501. The free end is a standard 3-prong connector. 
If the equipment is used for international applications, 
remove the u.s.-style connector from the power cord and 
instal I a connector that wi I I mate with the local power 
receptacle. Power cord wires are color-coded as fol lows: 

green= earth ground, 
black= primary ' power (hot>, 
white= primary power return (neutral). 

The P6 receptac I e accents the A'l(pan~ i or, cord fr-,._rn the key­
ooard. rhe receptacle is configured as a snap-type modular 
receptac I e. 
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Chap1"er 3 

INSTALLATION ANO OiECKOUT 

GENERAL 

This chapter describes the procedures tor instal I ing the 9520 Development System 
components at the users s i te. The user may instal I his own display terminal or 
the optional 9501 Display Terminal that is available tor use with the equipment. 
lnstal lation involves the inspection and set up of components, connecting the 
Display Terminal Console to the 9520 Development System and conducting the 
system power on check to verity the operational readiness of equipment. 

UNPACKING ANO VISUAL INSPE~TION 

Al I of the hardware and software items that are required to instal I and operate 
the equipment at the u·sers site is shipped in packaged uni ts. Externa I cab I es 
are included tor connecting the display terminal to the 9520 Development System. 
Al I items shipped tor the standard system configuration are described in table 
3-1. 

The 9520 Development System (and optional 9501 Display Terminal Console, it 
prov ided) was thoroughly inspecTed and checked out at the factory prior to 
packaging t9r - shipment to a customer. After removing the equipment from tt'~ 
box, inspect tor scratches, dents or other damage that might have occurred 
during shipping. Refer to the shipping papers to verity that al I tJ,e ·-components 
are present. 

It physical damage is evident when received, do not operate the equipment. Fi le 
a claim with the shipping firm immediately and notify Mi I lennium System's 
Customer Service department at once. Mi I lennium wil I arrange tor repair or 
replacement of the equipment without waiting for settlement of- the claim against 
the carrier. 

It the equipment must be returned to Mi I lennium, attach a tag showing the owner , 
address, serial number, and a description of the tai lure. The original shipping 
carton and packing mater ial should be reused with the ~A (Returned Material 
Authorization) .number prominent I y di sp I ayed. An ~A number can be obtained by 
c21I I Ing Customer Service on tt,e to I I-free, hot-1 lne numbers I isted in the pre-
face. ·-

Mi I lennium System's Technical Support Representatives and Customer Engineers are 
available to provide consultation and assistance on request. 
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INSTALLATION ANO CHECKOUT 

Table 3-1. Packaged Items for Standard 9520 System Configuration 

QTY ITEM DESCRIPTION 

1 (User Option) 

3 

Pkg 

MAINTENANCE ANO SERVICE POLICIES 

9520 Development System Unit 

AC Power Cord 

RS-232 Interface Signal Cable 
(for Display Terminal) 

9501 Display Terminal Keyboard Unit 
(TeleVideo Model 11950) 

Standard Diskettes which contain the 
fol lowing software: 

- a) Operating System Software 
b) Language Translator Software 
c) System Diagnostic_Software 

Document Package which consists of the 
fol lowing manuals: 

a~ MP/M•, CP/M• User Guide 
b) WordStar• Text , Editor User Guide 
c) 9520 Development System Users Manual 
d) 9501 Display Terminal Operators 

Manual (provided with optional 
Display Terminal) 

Unless notified to the contrary, any claims for operations assistance · and/or 
service wil I be provided by Mi I lennium Systems, Inc., from its plant in 
Cupertino, California. Should assistance be required, call Customer Service. 

AC INPUT REQUIREMENTS 

The 9520 Development System is wired by the manufacturer to accept AC power 
input tor 100V/115V and 200V/230V at 50 or 60 Hz. Before installing the equip­
ment, check the power specification label on the back panel to ensure that AC 
input requirements tor the equipment coincides with the taci I ity supply level. 
It a discrepancy is noted, do not attempt to make adjustments and contact the 

Mi I lennium Customer Service Representative. 
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INSTALLATION AND 0£CKOUT 

INTERFACE SWITCH SETTINGS 

The development system employs three hardware interface switches, SWl, S5 and S6 
that adapt the system for the users operating requirements. 

Two of the switches, S5 (Baud Rate) and S6 (Device Address), are located at the 
rear of the development system chassis. The settings for these switches is 
determined by the system operating characteristics as described in subsequent 
paragraphs. 

The Disk Alignment Switch CSW-1 > is located on the processor printed circuit 
board inside the Development System chassis. This switch adapts the system for 
compatibi I ity_ with the tvpe of display terminal interfaced by the user and 
ena01e a1sk a11gnment aid diagnostics. 

Baud Rate SwiTch 

The Baud··Rate Switch (S5) is an eight-posit-ion, rotary switch. Each position of · 
the switch selects a specified baud rate within the range of 110 through 19,200 
as indicated. by the label and associated calibration marks for each switch 
position. · 

Al I other baud rates can be selected by the software after the system is ini-
~ - tial ized. · The BRATE uti I ity program permits a user to examine and _modify · the 

baud rate or status I ine usage for the assigned port. The BRATE uti I ity ls ·· 
described in chapter 5. 

r 

Device Address SwiTch 

The Device Address switch CS6) is a five-position DIP switch that is used to 
assign the hexadecimal, 1/0 device, address for the IEEE-488 para! lel port at 
connector -J14. The user can position the bit switches to select one out of a 
possible 32 combinations <25) for the address assignment. 

Disk Diagnos-ttc SwiTch 

The Disk DiagnosTic Switch (SW1) is 
select the type of display terminal 
Disk Alignment Diagnostic program. 
must be set as follows to interface 

a four-position DIP switch that is used to 
interfaced with the system and to enable the 
The switch positions SWl-1 through SWl-4 
the display terminal to the 9520: 

NOTE: The pos It ion i ng of SWl to enab I e the Disk A I i gnment Diagnostic is not 
required for installation, but is described in the 9520 System Diagnostic 
Manua I. 
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SW1-1 SWl-2 SW1-3 SW1-4 FUNCTION 

OFF 
OFF 
OFF 

OFF 

OFF 
OFF 
OFF 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 

OFF 
OFF 
X 

X 

ON 
OFF 
OFF 
X 
OFF 
OFF 
OFF 
OFF 
ON 
ON 
ON 
ON 

OFF 
OFF 
OFF 

ON 

OFF 
X 
ON 
X 
OFF 
OFF 
ON 
ON 
OFF 
QFF 
ON 
ON 

OFF 
ON 
X 

X 

OFF 
X 
OFF 
X 
OFF 
ON 
OFF 
ON 
OFF 
ON 
OFF 
ON 

BOOT, TELEVIDEO 950 TERMINAL 
BOOT, ANY OTHER TERMINAL TYPE 
BOOT, CHECK SYSTEM IDENTIFICATION BYTES SINGLE 
DENSITY 
BOOT, NO CHECK SYSTEM IDENTIFICATION BYTES 
S INGLE DENS I TY 

PRESENTLY NOT USED 

ENABLE DISK ALIGNMENT AID PROGRAM 
SEEK TRACK 00 
ALTERNATELY SEEK TRACKS 00 AND 01 
READ TRACK 1 
READ TRACK 37 
READ TRACK 38 
READ TRACK 39 
READ TRACK 76 
WR I TE TRACK 76 

PREPARATION OF EQUIPMENT F~ USE 

Us.e the fo I I owing procedures to set up the equipment and comp I ete the ·-externa I 
cable connect ioll'S. 

9520 Developmerrt Sys-tem Prepara-tion and Se-t Up 

1. Open the disk drive access doors and remove the cardboard Shipping Disk that 
is installed for packing purposes. The shipping disk is installed by the 
manufacturer to avoid possible damage to read/wr.ite- heads wh~n the equipment 
is either transported or stored for long periods. Th is shipping disk must 
be inserted by the user (with the heads positioned at track 76) whenever the 
equipment is packaged for reshipment. 

2. Verify that the Baud Rate and Device Address switches CS5 and S6) located on 
the rear of the chassis, ·are adjusted as described in previous paragraphs. 
If the IEEE-488 1/0 port at connector J14 is not used, it is not necessary 
to adjust the Device Address Switch (S6). 

9501 Display Terminal Preparation end Set Up 

The preparation and set up requirements for the 9501 Display Terminal are 
described in the Operators Manual that is shipped with the equipment. Refer to 
the manual for the various switch settings, configuring of interface connectors 
and setting the desired baud rates, work lengths and stop bits. 

The 9501 Display Terminal Console is equipped with an internal se l f-test 
diagnostic, which can be conducted in a stand-alone mode, i.e., without the need 
for connecting the terminal to other equipment. 
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The RS-232 cable that is shipped with the 9520 Development System is used for 
the test connections as described in the procedure which fol lows. The self test 
diagnostic performs a check of the video attribute functions and the com­
munications path between the printer output port and terminal input port. The 
self test is to be conducted as fol lows: 

1. Connect the power cable to the facility AC source. 

2. Position the four Terminal Baud Rate switch positions Con Sl Baud Rate) 7, 
8, 9, 10 to be identical to the Print Baud Rate at switch positions 1, _ 2, 3, 
4, respectively. This sets the Baud Rate for the printer output port to the 
same rate as the RS-232 Input port. 

). Switch positions 5 and 6 (of Sl) are not to be changed for the Self-Test. 

4. Connect the RS-232 Cable from the connector labeled P3 to P4. 

5. Turn on the Display Terminal power switch. Al low 10 to 15 seconds for the 
screen to warm up and display the cursor in the upper left-hand corner of 
screen. 

6. Press and hold th~ SHIFT key while pressing the SET-UP/NO-SCROLL key. 

7. Press and release the 1 key. 

The screen,shourd display al I avai I able characters and attributes for 
reverse video, grey shade, bl Inking line and underscore. 

8. · Press and re I ease the Z key. 

a) Al I but the bottom line of the screen should oe cleared. 

b) After approximately 3 seconds, the word PASS should be displayed in the 
upper left-hand corner of the screen to indicate the test was successful~ 

c) If FAIL 2 appears, verify that Baud Rate switches are set the same for 
both ports. Also verify that the RS-232 cable is securely connected be­
tween P3 and P4 and repeat the test. 

d) It the problem sti I I persists, refer unit/problem to Mi I lennium Customer 
Service personnel. 

External table Connec:1-ions 

External cable connections tor Interfacing the users peripherals to the 9520 
Development System are given In the fol lowing table. 

FR0,1: CONNECTOR ON 
9520 CHASSIS 

JlO 

J 11 

1/0 PORT DESCRIPTION 
RS~232-C Interface 

RS-232-C Interface 

TO: USERS EXTERNAL 
PERIPHERAL 

Display Terminal Unit 

Software/Hardware Debug 
System Unit 
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(continued) 
J 12 RS-232-C Interface 

RS-422 Interface 

Users Optional Printer Unit 

Users Optional High-Speed 
Serial 1/0 Interface Device 

J13 

J 14 I EEE-488 . Users Optional Para I lei 
Interface 1/0 Device 

POWER~ 0£CK 

CAUTION: The diskette should not be engaged with the disk drive during any 
initial power-up sequence as damage to the diskette may result. 

The power on check is performed by the system to verify the operational readi­
ness of hardware components whenever the system is powered up or restarted. The 
power on check is implemented by a self-test, bootstrap program that -is per­
manently stored in the 2716 EPRo.1 firmware on the printed circuit board. The 
program diskette should always be removed from the disk drives (or if the 
diskette is installed, the access door should remain open) whenever AC power is 
applied to, or removed from _the system. 

The 9520 Boot PRQ.1 diagnostic is automatically initiated wh~;m -the POWER switch 
is turned ON to power up the system from a cold start, or when the RESET switch 
is operated to reset system operations. The Self Test diagnostic performs an 
operational check of on-board circuit functions. The status of the test is" pre­
sented to the operator by means of eight LED indicators that are located on the 
printed circuit board and a m~ssage that is displayed on the terminal screen. 

lniTlal STarT Up of SysTem 

Use the fol lowing procedure to power up the system from a cold start: 

1. Turn on the POWER switch ai" the display terminal. The physical location of 
this switch wi I I vary with different terminals, and may be locai"ed at the 
front, rear or side of the terminal chassis. 

The terminal response when power is applied wi I I also vary with different 
terminals. A typical response is as fol lows: 

a. The terminal bel I wil I beep within 1 second to indicate power is on. 

b. After 10 to 15 seconds, the cursor wl II appear In the upper left-hand 
corner of the screen. 

At this time, the operator can adjust the contrast (or intensity) control to 
obtain the desired bril I iance tor the screen. 

2. Verity the diskette is not mounted on the disk drives and turn on the POWER 
switch at the 9520 development system control panel. 

3. Observe the terminal display which presents the fol lowing message line to 
indicate the Boot PRQ,,1 diagnostic is running. 

9520 SELF TEST VERS 2.0 CO 
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The diagnostic routine runs tor approximately three seconds. A total ot 
eight circuit functions are checked by the program. Each circuit function 
is coupled with an LED which ii luminates to provide status to the operator. 
The displayed message line spel Is out the word C-0-M-P-L-E-T-E as each cir­
cuit function passes its test. The LEDs are numbered 1 through 8, beginning 
at the rear ot the chassis and counting forward. 

NOTE: The LEDs are located under the top cover ot the 9520 chassis on the 
top edge of the printed circuit board. It is not necessary to remove . 
the top cover unless a malfunction is detected by the diagnostic (see 
step 5). 

ThA tnl lnwin~ ,:-ir-r-11i+ fo.,("+ions are tested in sequence with the correspond­
ing LEDs and display message providing status tor the test results: 

DISPLAY 
MESSAGE 

co 

CCM 

CCMP 

CCMPL 

CCMPLE 

CCMPLET 

CCMPLETE 

TEST SEQUENCE 
LED II 

2 

3 

4 

5 

6 

7 

8 

ON-BOARD CIRCUIT TESTED 

Baud Rate Generator and Interrupt Controller 
CZ80-CTC Counter/Timer) 

Serial RS-232 1/0 Port Dual Asynchronous Receiver/ 
Transmitter (DART 2) 

Serial RS-232 1/0 Port Dual Asynchrono~s ·Receiver/ 
Transmitter <DART- 1) 

Floppy Disk Control l,er 

Para I I e I I EEE-488 I /0 Port Centro I I er 

RN-1 Memory Locations 8000H - FFFFH 

RN-1 Memory Locations OOOOH - 7FFFH 

CMA Control I er 

Al I of the LEDs are turned on initially when the system is powered up or 
reset. As the diagnostic steps through each circuit under test, the val i­
dity of each circuit function Is verified. The LED is turned off, and one 
of the message characters is displayed, It the c~rcuit passes the test. The 
diagnostic then advances to test the next circuit in sequence. This testing 
sequence is repeated for each of the tests. the program wil I then read the 
state of the SWl DIP switch on the printed circuit board to verify the 
switch is off. The off position Indicates the Disk Al lgnment Aid routine is 
not selected and the operating system program can be booted into memory from 
the system diskette. 

4. If no malfunction of the hardware is detected by the diagnostic, the 
fo I I owing message is di sp I ayed on the term i na I screen to not i ty the operator 
that the system diskette can be installed and loaded into memory to generate 
the system parameters and begin system operations as described in chapters 7 
and 8. 

9520 SELF TEST VERS 2.0 CCJ.1PLETE 
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Resolving Start Up Problems 

If a malfunction is detected by the self test diagnostic, the LED associated 
with the failed circuit remains ii luminated, the displayed message line is not 
completed, and the program wi 11 halt on the error. One of the fol lowi'ng error 
messages is displayed at the terminal screen to notify the operator that a 
malfunction is present at startup: 

~ 
ERROR MESSAGE LED II DISPLAY CHARACTER 

CKSUM ERROR 
NO ST ACK ERROR 1 
1 IMER ffiROR 

RDR/PUN ERROR 2 co 
CONSOLE ERROR 

-· 
RS422 ERROR 3 M REM 1 0 ERROR- .. 

--
INVALID INT ERROR . - 4 p 

5 L 

RAM 8XXXH ERROR 6 E 
RAM CXXXH ERROR 

- --
RAM OXXXH ERROR 7 T 
RAM 4XXXH ERROR 

~ 

IJ.1A TST BAD DATA 
UNEXPECTED IJ.1A INT ·- 8 E UNEXPECTED IEEE-488 INT 
UNEXPECTED 60 Hz INT 

The presence of a malfunction makes It necessary to turn oft f,C power at the 
system and remove the top cover from the 9520 chassis to examine the LEDs. Turn 
on AC power to repeat· the se I f~test diagnostic and check the LEDs and the 
display. The LED associated with the failed task wi I I be ii luminated along with 
corresponding LEDs for any remaining tests that were interrupted. The cause of 
the malfunction wi I I be indicated by the displayed error message and the missing 
characters in the C-0-M-P-L-E-T-E string. 
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At this point, rather than run system diagnostics, turn off N:, power and check 
the printed circuit board connections to ensure the contacts are firmly seated 
in the back panel socket. Also, check the board interface harness and cable 
connectors to ensure that al I connections are tight, as these connections can 
become loose if the equipment has been subjected to rough hand I ing. Turn on AC 
power to repeat the diagnostic with board connections secured. Verity that the 
test is completed without malfunction, and that the message described in step 4 
is displayed on the terminal screen to indicate that the system can be placed in 
operation as described in chapters 7 and 8. 

If the malfunction is stil I present, it wi I I be necessary to load the System 
Diagnostics diskette to isolate and correct the problem. Contact the 
Millennium SvstAm 1 s ~1~tom~r Service Representative via the telephone numbers 
I isted in the preface. 

Res1'8r'ting Sys1'em Opera"tions . 
CAUTION: The RESET switch should not be activated during any · system operation. 

System operations can be restar.ted by pressing the RESET pushbut+on switch 
located on ._the control panel. Operation of this switch terminates the current 
process operat·lon - and places the system in a reset state •. This state causes the 
system to wait unti I the next comnand entry Is issued from the terminal keyboard 

..-- prior to beginning execution. · · 

Sys-tan Shu"tdown Operations 

The system is shut down by first waiting for the current process operation to be 
comp I eted so that ·the system is waiting tor· an input command from the keyboard. _ 
Next, open the disk access door (as described in Changing and Hand I ing 
Diskettes) and remove the diskette. Operate the respective POWER switches on 
the development system control panel and at the display terminal to remove PC 
power from both units which completes the shutdown operation. · 

CHANGING AN> HAtl>l.lNG DISKETTES 

Disk Drive Per1'iculars 

The two disk drives (figure 3-1) are mounted vertically on the front.panel of 
the development system chassis. Drive A Is located at the far left of the panel 
and Drive Bis located near the center. Changing a diskette Involves inserting 
and removing the diskette at a specified drive, and relocating a diskette from 
one drive to the other. 

The latch bar on the drive access doors contain LED indicators which ii luminate 
during system operations to show that data is being read from, or written to the 
diskette. These indicators must be turned off to show that read/write opera­
tions are completed before a diskete can be removed. Also, the system must be 
in the input mode (i.e. waiting tor the next command entry from the keyboard 
before the diskette is removed. 
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************************************************************** 
* 
* 
* 

- CAUTION -

* It is considered good practice to completely remove the 
* diskette from the drive, or to open the drive access 
* door (if the diskette is installed) prior to removing 
* and applying AC power to the system. This wi II avoid 
* possible disruption of recorded data which might occur 
* it the diskette is in contact with the drive spindle 
* during the power up/shutdown operation. 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

************************************************************** 

Inserting Diskette in Drive 

The diskette can be inserted in the disk drive with al I power on and the dr ive 
spin-die rotating. Use the fol lowing procedure (see figure 3-1 ). 

1. Pr.ess the latch bar to open the access door at the selected drive. (The 
access door is spring-loaded to swing open when the · latch bar is pressed.) 

2._" Position the diskette so that its Label Index Access Hole faces to the right 
(see figure 3-1) and the write protect tab is toward the top; then pu~h the : 
diskette into the opening as tar as _It will go. 

3. Move the latch- handle to the left to close the opening and lock the diskette 
on the drive spindle to complete the insertion procedure. 

Removing -Diskette from Drive 

The diskette can be removed from the disk drive with al I power on and the drive 
spindle rotating._ Any read or write operat Fon in process should be terminated 
before removing the diskette from the drive. Likewise, any data in memory that 
is to be saved should be written to the disk before it is removed. Use the 
fol lowing procedure (see figure 3-1 ): 

1. Verity that al I read/write operations have been completed at the selected 
drive (i.e. the LEDs on the latch handle should be turned oft). 

2. Press the. I atch bar to open the access door at the se I ected drive. (The 
access door is spring-loaded to swing open and eject the diskette from the 
spindle when the latch bar ls pressed.) 

3. Pul I the diskette from the drive to complete the removal procedure. 

Care of Diskette 

The floppy diskette is a flexible disk enclosed in a permanent jacket. The 
interior of the jacket is lined with a wiping material which cleans the disk of 
foreign matter. the diskette should be stored in an envelope when it is removed 
from the drive. 
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Figure 3-1. Inserting Diskette in Drive 
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Hand I ing and Storage: Special precautions should be used, as fol lows, to pro­
tect the diskette during hand I ing and storing: 

1. Return the diskette to its storage envelope whenever it is removed from the 
d isk drive. 

2. Keep diskette away from magnetic fields ,and from ferromagnetic materials 
which might become magnetized. Strong magnetic fields can distort recorded 
data on the diskette. 

3. Replace storage envelopes when thy become worn, cracked or distorted . 
Envelopes are designed to protect the diskette. 

4. Do i",01 write Oi'l t he plastic jacket witn a lead penci I or bal I-point pen. Use 
a felt tip pen. 

5. Heat and contamination from a carelessiy dropped tobacco ash can damage the 
disketi"'e. • 

6. Do not expose diskette to heat or sun 1'ight. 

7. Do not touch or attempt to clean the diskette face. Abrasions may cause 
loss of stored data. 

Write Protect Feature: The diskette has the capability of being wr_ite_ protected 
Ci .e. writing to the diskette can be inhibited so that a read-only condition is 
present. This feature is particularly useful when a diskette contains master 
programs, text or other data intended tor read-only purposes, and the need exits 
for preventing inadverte~t writing to the disk that would destroy the data. 

The write protect feature is en~bled by the smal I hole located near the outside 
edge of the jacket (see figure 3-2). When the hole is open, writing is 
inhibited. 

The capabi I ity for writing to the disk is enabled by covering the hole. The 
hole is covered by placing a paper tab over the front of the hole and folding 
the tab over the edge of the jacket to cover the rear of the hole. The tab can 
be removed from the hole at anytime to restore the write protect condition. 

Figure 3-2. Diskette Write Protect Tab 
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THE~Y OF <FERATION 

GENERAL 

The 9520 Microprocessor Software Development System is a software development 
system with 64K bytes of memory. This 64K bytes of memory is expandable to 112K 
bytes by the addition of an optional 48K-byte RAM board. The 9520 system also 
has two floppy disk drives that provide one megabyte of mass storage. Adding 
the optional memory converts the 9520 into a dual user system. 

Operating the 9520 with the MP/M operating system al lows the user to accomplish 
several software tasks simultaneously. For example, the user can assemble, 
edit, and spool to a printer, one or more text tiles. 

The 9520 system provides a quick, easy human interface between the user and the 
computer. A ful I screen display furnishes access to large blocks of data at one 
time. 

Interface between the 9520 Software Development System and peripherals is 
accomplished by three RS-232C ports, one high-speed serial RS-422 port and an 
eight-bit, para I lei IEEE-488 port. These port configurations al low the 9520 to 
directly inte~face with a ·host computer and a hardware/software debug system 
providing a complete development system. 

S'.YSTEM HARDWARE CONFl~TION 

The 9520 Software Deve I opment System ha_rdware cons i ~ts of five basic functi ona I 
units (figure 4-1"> that are located on~a single, printed circuit board. The 
five units are as fol lows: 

1. The central processing unit (CPU) is a ZBOA microprocessor. 

2. A 64K-byte dynamic RAf.1 array, consisting of 32 2118 RAM chips. The RAM 
array is expandable to 112K-bytes with the 48K-byte option. 

3. The direct memory access <~A) and floppy disk controllers are 280-DMA and 
WD1797 chlps, respectively. 

4. The two dual asynchronous receiver/transmitters CDARTs> are ZBO-DART chips, 
that C0111nunlcate with the four serial 1/0 ports. 

5. The IEEE-488 port 1/0 controller Is a 9914 GPIB device that provides 8-bit 
parallel conmunlcations with an 8-blt computer system. 

The fol lowing paragraphs wi I I highlight functions of the components compr1s1ng 
the specified basic units. The location for additional detai Is pertinent to the 
individual units wi 11 be re-ferenced in each discussion. 
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THEORY OF OPERATION 

Z80A CPU 

The ZSOA microprocessor is the heart of the 9520 system. It functions to obtain 
instructions from memory and perform the requested operations. Memory is used 
to retain instructions and in most cases data that wi I I be manipulated. For 
example, an instruction sequence may be read data from a peripheral device, 
store the data 1n a memory location, check parity, and write the data to another 
peripheral device. Thus, al I necessary components are interfaced in a manner 
requiring minimal external logic. This CPU and its associated circuits enable 
the user to concentrate his efforts on software development. A brief descrip­
tion of the ZSOA registers and their functions plus the instruction set by func­
tion are contained in this paragraph. 

CPU Regis-ters 

Figure 4-2 i I lustrates how the registers are configured within the ZSOA. These 
registers provide 208 bits of progranmer accessible storage. There are two sets 
of 8-bit accumulators and flags, two sets of six 8-bit general purpose registers 
and s ix-special purpose registers, two that are 8-bit and four that are 16-bit. 

Accumulai'or and Flag Regis-ters 

There are two independent 8-bit ·tlag registers. The progranmer sel~ct~ tl'le 
accumulator and flag pair with a single instruction. The accumulator holds the 
results of 8-bit arithmetic or logic operations and the flag register indicates 
specific conditions for 8- or 16-bit operations. Each of the two flag registers 
contains six bits of information that are set or· reset by various CPU opera­
tions. Four of these bits - carry flag, zero flag, sign flag, and parity/over­
t low flag - are testable. · The two non-testable bits, both used in BCD 
arithmetic, are half-carry and subtract flag. Two bits are unused. 

General Purpose Regis-ters 

There are two matched sets of general purpose registers. Each set contains six 
8-bit registers. These registers may be used individually as 8-bit registers or 
as 16-bit register pairs. One set of register pairs is cal led BC, DE and HL, 
the complementary set is cal led BC', DE' and HL'. 

At any time, the progranmer can select one or the other bank of general purpose 
registers. He can exchange one bank with the other bank by a single exchange 
command. 

In systems where fast interrupt response is required, one set of general purpose 
registers, with an accumulator and flag register, may be reserved tor fast 
routines. On I y a s i·mp I e exchange conmand needs to be executed to go between 
routines. This reduces interrupt service time by eliminating the requirement of 
saving and then retrieving register contents in the external stack during 
interrupt or subroutine processing. 
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lnTerrupT Vee-tor Cl) 

• The Z80 can be operated with an indirect cal I to any addressable memory location 
in response to an interrupt. The I register is used to store the high order 
8-bits of the indirect address while the interrupting device provides the lower 
8 bits of the address. This al lows interrupt routines to be located throughout 

,, memory. 

Memory Refresh <R> 

This register al lows the Z80 to automatically refresh dynamic memories. 
Seven bits of this memory refresh CR) register are incremented after each 
instruction fetch cycle. The eighth bit wi I I remain as loaded with a LOR, A 
instruction. The data in the R register is sent out of the lower portion of the 
address bus CAO-A7) along with the RFSH (refresh) control signal while the Z80 
is decoding and executing the instruction in the instruction register. The con­
tents of the I (interrupt) register -are placed on the upper 8 bits of the address 
bus CA8-A15). 

The programmer can load the R register tor testing _purposes, but it is normally 
not used. The refresh is transparent to the user. 

ACCLMULATOR FLAGS ACCLMULATOR FLAGS 

- A F A' F' 

8 C 8' C' 
. 

D E D' E' 

H L H' L' 
-

Interrupt Memory 
Vector Refresh 

- I R 

Index Register lX 

-
Index Reg I ster lY 

-
Stack Pointer SP 

Program Counter PC 

Figure A-2. ZBO RegisTers 

GENERAL 

PURPOSE 

REGISTERS 

SPECIAL 

PURPOSE 

REGISTERS 
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IX AND IY (INDEX REGISTERS) 

Each independent index register (IX and IY) holds a 16-bit base address used for 
indexed addressing. The index register is used as a base to point to a region 
in memory. An additional byte is included in al I indexed instructions to spe­
c i fy a displacement from this base address. This displacement is specified as a 
two's complement signed integer. 

STACK POINTER CSP> 

The 1 6-b it address of the current top of a stack, I ocated anywhere in the exter­
n a I RAM system memory, is held in the SP register. The external RAM system 
memory is organized as a last-in, firs+-out (LIFO) ti le. Data can be pushed on+c +he 
stack or popped off of the stack, using specific CPU registers, through the exe­
cution of PUSH or POP instructions. The data popped from the stack is always 
the last data pushed onto it. 

PROGRH4 COUNTER <PC> 

The 16-bit address 
in the PC. The PC 
the address · I ines. 
PC. 

of the current instruction being fetched from memory is ~eld 
is incremented after its contents have been transferred to 
When a program jump occurs the new value is placed in the 

280A INSTRUCTION St.M4ARY 

The fol lowing pages contain a summary of the Z80A instruction set. The instruc­
tions are tabulated by function and are self-explanatory. Also included is a 
table showing the affect on flag information for the various Z80A instructions. 

FLAGS 

Table 4-1 shows how each flag is affected by Z80A instructions, tables 4-2 
through 4-12 also provide flag information. 

Each of the two 280 flag registers have four testable bits, two non-testable 
bits and two unused bits. The four testable bits are: 

I. Carry-Flag <C> - This flag is the carry from the highest order bit of the 
accumu·lator. For example, the carry flag wi 11 be set during an add instruc­
tion where a carry from the highest bit of the accumulator Is generated. 
This flag is also set if a borrow .is generated during a subtraction instruc­
tion. Shift and rotate instructions also affect this flag. 

2. ·Zero .Flag <Z> - This flag is set if the result of the operation loaded a 
zero into the accumu I ator. This f I ag is a I so used with the b I ock Search 
and block 1/0 instructions. 

3. Sign Flag (S) - This, flag stores the state of accumulator bit 7. This flag 
is intended to be used with signed numbers and it is set if the results of 

· the operation was negative (bit 7 wi I I be set to 1 with a negative number). 
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4. Parity/Overflow (P/V) - This is a dual purpose flag. It indicates the 
parity of the result in the accumulator when logical operations are per­
formed (set to 1 = even parity). It indicates an overflow when a signed 
two's complement ar ithmetic operation exceeds the maximum possible (+127) 
or the minimum possible , (-128). 

The two non-testable bits in the flag register, both used tor BCD arithmetic, 
are: 

1. Halt Carry (H) - This is the BCD carry or borrow result from the least 
significant tour bits of operation. When using OM (decimal adjust 
instruction) this flag is used to correct the result of a previous packed 
decimal add or subtract. 

2. Subtract Flag (N) - Since the algorithm tor correcting BCD operations is 
different tor addition or subtraction,,this flag is used to indicate what 
type ct instruction was executed last so the DA operation wi I I be correct 
tor addition or subtracTion. ' 

• 

Notice -the relationship of the Z flag and ·the P/V flag with the block search, 
block trans~er and block 1/0 instructions/ T.his relationship is given in table 
4-1 and is summarized below. 

Block Search B·lock Tran,ster Block 1/0 

J -
Z=l it A = (HU don't care it B = 0 
Z=O it A <HU don't it B 0 = care = 

P/V=u it BC = 0 it BC = O don't care 
P/V=O it BC = 0 it BC = 0 don't care 

When the block 1/0 transfer is complete, the Z flag wi I I be set to one; when the 
block transfer is complete, the P/V flag . is set to zero; when the block search 
i s complete (fai Is to fjnd a match) the P/V flag is set to zero. 

The fol lowing pages contain tables 4-1 through 4-12, which provide a summary of 
the Z80A instruction set. 

4-5 
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Table 4-1. Sunnary of Flag OperaTions 

I p 
I I 

1.,.,-- , c z V s N H Com1tMnt1 

AOC A. s: AOC A. s i: I V 1 0 I 8-bit add or adc with carry 
SUI 1: sac A. s. CP s, NEG 1 V I , : 8-bit subtract. subtract with carry . compare and 

n...iate accumulator 
ANOs ' o 1 p 1 0 , I Lo,;iical ope,ations 
OR1. XORs lo I p I 0 0 And set's difte,ent flags 
INCs 

I: 
1 V 1 0 : 8-bit increment 

OECm 1 V I t I 8-bit decreme"t 
AOOOO. ss . . . 0 X 16-bit add 
AOC HL.ss I : 1 V 1 0 X 16-bit add witl'I carry 
sac HL. ss I 1 1 V 1 , X 16-bit subtract witl'I carry 
RL.A: RLCA. RRA. RRCA I: . . . 0 0 Rotate accumulator 
RL m:RLC m· RR m•RAr. m I p ~ 0 Rotate anc shift loca11on m 

SLA m: SRA m: SRL m i 
RLO, RRO ; . I p l 0 0 Rotate dig ii Ie•t and rignt 
OM I . I p I . I Oec:1mal adjust accumulator 
CPL I~ . . . , , Complement accumulator 
SCF . . . 0 0 Set carry 
CCF I 1 . . . 0 X Complement carry 
IN r.(Cl . 1 p I 0 0 Input r911iste, indirect 
INI: INO: OUTl:OUTO . 1 X X , X } Block input ana output 
INIR: INOR: OTIR: OTOR . , X X , X Z ,aQ if B ,to otnerwiseZ= 1 
L.01 . LOO . X 1 X 0 0 I Block transfer instructions 
LDIR. LDOR . X 0 X 0 0 PIV : 1 if BC a . otherwise PIV : 0 
CPI. CPIR. CPO, CPOR . 1 1 1 , X Block search instructions 

Z = 1 i f A= 01Ll. otherw ise Z = O 
PN s 1 i f BC f 0. Otherwise PIV = 0 

LO A. I: LO A. R . I IFF 1 0 0 The conte.nt of 1ne interrupt enable flip.flop (IFF) 
is copied into tne PIV flag 

BIT b. s . 
1 Ix \x 0 , The state of bit b of location s is copied into the Z flag 

NEG 1 1 V I , 1 N911ate accumulator 

The fOIIOwing notatiOn is uMCI in this table:. 

Syw,Ool 

C 
z 
s 
PfY 

" 

0 
I 

l 
V 
p 

• -;; 
II 

" ... 
"' 

Operation 

~ 1119. Cat it--iOn-•c:any trom- M51ot tne_,,.,o, result 
Zen, f\AQ. Z a , it me result Of tM ooerauon 11 z.,.,. 
S.C,n flag. S • 1 if "'9 MS8 o t O,e rftult 11 Clfte . 

Panry 01 0fef'f'OW flac,1 . Pan1v (P) and owiert1a- M snare ,ne same 11.19_ Logic.a, ooeraoons affect ,.,,s ti~ 
••tr. rne c.,n ty ot u,e result wnlie aritnmeoc ooerauons attect tn11 t1.19 w,,., tne overttow of tn1s resut l. If PIV 
~ C)Aflt y , PfY:: 1 if,,,. result of the ooera11on IS .. ~ . P,V: 0 ,t •esult IS Oda. If pry h06CS OYeff lOW . Pf\/= 1 
1f 1""' rnull of uw oo«at1on produced an o.«'tlow. 

'"4a lt<arry flaQ. H : 1 •' nw aoa o, suotract ooe-ration o,Oduced a c..,-y 1n1O o, oorrow trom ,n,o 011 • ot the 
ac.cumu~tor. 
AOG'SuDtrac1 flag. N :c , ,t ,,_ c,re¥10UI ooerat1on was a subtract. 

Hana N 11.aQa .,. ua.ed ,n con,unctiOft with tfte oec.1ma6 aa1ust 1ns1f\iCt1on (OAA, 10 orooe,ty conect ,,,. result 
into DiKaed 8C0 to,met totlOW'lnQ __,.,ion Of IUOlfac:110n USt"9 ooetanGI w ttft o,aclleG 8C0 fOffl\111. 

TN 11aO os -acco,o,no to - ,_.11 of t,_ -•toon. 
Tfte'laOi•_..,......, __ ,ton. 
T,_ftaO,._i,,, __ toon. 

The 'laO ia ... ..., --iOn. 
The •tao ia • -- ·t .,.,._ -PrVftaO•--noto ___ ol __ t _ _ 

Pf'tllag--.tO-panty-tol--iOn. 
,_,_..,_CPU,.._.A. I . C. D.E.H.L. ,_, ___ ..., ... _ _...,. __ ,o, __ i __ . ,_,,...,.._..,, ... _ _.,. __ ..,, ___ . 
,_,_.., ___ ....,_.tX.,r,. ~-----....... ca.m .. , __ ifl,...c0.!111635, 
,_, ___ all_-nti __ lO,tfte-1Mtruction. 

-



11-E~Y CF <PERAT I ON 

LOr. r' 
LO r. n 

LO r.(HL) 

LO r. IIX•Cfl 

LO r. (IY •d) 

L0(HL). r 

LOOX•dl. r 

LO(HLl. n 

L0(1Y.d).n 

LOA..IBCl 
LDA..(DEl 
LOA..(nn) 

LO(BC). A 
LO(OE).A 
LO(nn). ·A 

Table 4-2. 8-Bit Load Group 

Symbolic 
o-ratiOfl 

r-r' 
r-n 

. 
r-lHL) 

r-(IX•dl 

(HL)-n 

(IX•d)-n 

(BC)-A 
(OEl-A 
(nn)-A 

Fleas OD-Cooe I 

I 
1& !.'3 :no ! 

No. 1 No. 
ol olM 
8vtes Cvcl•• 

0 • • • • • o, , ( . . . . . . 00 r 110 

- n -
• • • • • • o, t , ,o 
O • O e . O O 11 011 101 I 

01 r 1,c i 
- C - I 

• • • • • • 11 111 , o, l 3 

01 r 110 : 

- d - : 
• • • • • • 01 110 r i 1 

• • • • • • 1 1 o, 1 101 i 3 
01 110 r ' 

- d - : 
• • • • • • 1, , i, 101 : 3 

o, 110 r 

. . . 
- d - : 

• 00 no no ; 2 
I . . . n - I 

11 011 101 i ' 
00 1,0 110! 

d - i 
I 

n - I . . . . . . 11 111 101 I ' 

~ i;o 1:0 ! 
ft - i . . . . . . . . • 00 001 010 II 1 

00 01, 010 1 . . . . . . . 
00 111 010 ·,· 3 
- n. -
- n -

. . 

. . . . • • 00 000 o,o i 1 . . . 00 010 010 i 1 . . . • 00 I 
1,0 o,o I 3 

" - I 
- n -

• I IFF I 0 0 11 101 101 2 

I I 01 010 111 
• I I~ I 0 0 11 101 101 2 

01 011 111 
• • • • • • 11 101 101 2 

01 000 111 
• • • • • • 11 101 101 2 

01 001 111 

2 
5 

3 

2 
2 

' 
2 
2 .. 

2 

2 

2 

2 

r.r· means any of tM regiaters A.. 8, C. 0. E. H. L 

No. I 
of T I s,., •• 
' 7 

7 
19 

19 

7 
19 

I 19 

I 
I 
I 10 

19 

19 

7 

7 
13 

7 

7 

13 

9 

9 

I 

I 

'" ,,_ content of ttte. intenuot .,.,..- flie>-flOO (IFF) ia C:ODied into the PfV f&a9 

!'lee N ... tiGn: • • flaO not affectect. O • flag rneL , • flag NL~ • flag is Uftllnown. 
, • flag ia atfeclect ac:corCling to tlle rwsult of ,,_ ope,atiof\. . 

Comments 

r, r' Ret-
000 B 
001 C 
010 0 
0,1 E 
100 H 

101 L 
111 A 

4-7 
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I ~oc "" 

' I 
I I i.:i ,x."" 

I 
I 
I ~:, !V "" 

' I ~a:.'""' 

IU)IX. 1nn1 

U)IY, 1nn1 

U),nn1,. oa 

U),...,,. ,x 

L.0 fnnt. 1Y 

I ~SD. HL 

jLOSP. IX 
I I ~OSP. IY 

PUSHQQ 

111U$H IX 

~.,. 

~·· 
-

Table 4-3. 16-BiT Load Group 

IX-nn 

IY-nn . 

oaw-1nrt. H • 

""L-1""1 

I 

0 -
H j 71 !>43 210 

• !oo dC:0 001 
I 
I - ft -
! 

1 I - " 
• : • 

1
,, a,, ,a, 

! loo 100 00 1 

t : : : : 

100 100 oc , 
! - ,, -

n -
,o~ 10• · 

i 01 a=1 01' 

I - n -

No. I Ho. 

:.,"lg•~ ••• 
j 

i 
1· 

; . 
I 

Ho. 
ofT 
Stete1 

10 

14 

,. 

20 

. . , . 
I i 

• i • : • I' ~1 o~, 1;. 

: : , QC 101 o,: 
' 6 20 

tYM-tnn.11 

IYL-IMI 

I : 
! 

: ! ! -
· I ! - " -
• I. ,, , , , ,a, 
i · 00 101 010 

i 
I 

n -
n -

• 1 • 00 100 010 
I n -

I 
• i • • 1 • i 1 ,o, ,o, 

... I. I 01 : 011 

• 1 • , , o,, ,a, 
, : loo 100 010 
I I I " -

i ! : : n -

1nn°11-1v,. • •i• •i • !• 111 11 1 101 . 
lnn1- IYL : i I : . 00 100 010 ] 

: . I ' 1 · . ; 
i i : , . I -. 1.,. i •• ! • I 11 111 oc, SP - "'-

SP- IX 1. • • , • • i . , , a,, ,~ ~ 

i I 1 1 111 oo, 
SP · IV • •• '1 •. • !, • 11 111 10 " ,, ,,, 001 ; 
tSP.2)-.QQL • • ! • 11 QQO tO~ j 1 
(SP - 11-QQ,,t 

ISP-21-IXL • I. 
151'.11-tXH 
ISP-21-IYL 
(SP. 11-IYH 

CIIIM- ISi' • 1 I 
CIClt.-lPI 
'llt.-lSI'- ·11 
IXL-'-IPI 
IYH-ISP• 11 
IYL-IPI 

I 

...... 
11 011 101 i 
11 100 101 ·1 

11 111 ,01 2 

,, 100 ,01 I 
11 aao ao, , 

i 

11 011 101 ,· 2 
,, 100 OD1 
11 111 101 : 2 
,, 100 001 I 

de! i i any 01 1fte 199111., pa.rs IC. OE. Hl. SP 
OD ii any ol 1fte ,.. .. ., 11aor1 AF . IC. Dl. Hl 

• 

dll l'alr 
00 BC 
01 OE 
10 Hl 
11 SP 

QQ ..... 

00 BC 
01 OE 

10 HL 
11 AF 

!PAtl!IH. (P&tRll. ,.,., 10 ft'9fl .,._ ano ,_ .,.,;., ..,, 11o11 ot ,.,. ,..,,.,., oa" ,_,_v 
E.;. BC,_= C, All'H.,. 

,..._ • • 1iav-•ttec1ecs.o.1"-V,...,.1 .. ,1a9 .. 1.x.1ia;~..-­
: • ttao 11 aff«tecs accoro,i,g to me ,-.un c! ~ ~hO""I 
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Table 4-4. Exchange -Group and Block Transfer and Search Group 

I F••- ,._,._...... , ...... ! No. 
S,,,,,0-IC I of t ol .. "'-lie I o-.- C z V s N H 71 W3 210 a .. ":c-. 

EXDL NL OE-NL . . . . . . , , ,o, o,, , 
0.A.". ~ 

' 
... _ .. ,,. . • . . . . 00 00, 000 , 

DX :(~-~u . . -. . . . ,, o,, 00, , 

EXIP\. ML : ... - (SIi'. ,, . . . . . . ,, ,oo o,, 1 

I I-IS.., 
EXISD). IX ot.,.-ISII' • 11 . . • .. . . 11 o,, ,o, 2 

IXL-IS.., ,, ,oo o,, 
ll'XCSPI.IY ' IYN-1511• 1) . . . . . . ,, 1,, 101 2 i IYL-~ ,, 100 o,, I ~· ' ~· ' t:)£1-INU . 

• I I· D 0 , , ,o, ,o, ! 2 
I OE-OE-1 10 100 ooo I 
; NL-NI.• 1 

I BC-BC-1 

I 
~ 101')-fMU . . 0 . D 0 ,, ,01 ,a, 2 : 0£-Dl-1 ,a no ooo 2 

! HL-NL• 1 
ac-ae- 1 -.-,um11 
ac.o 

Kt U)0 ct>El-(MU . . I . 0 0 ,, ,o, 101 2 
DE-OF. 1 ,o 10, 000 
HL-"41. .1 I IC-IC-1 I 

IJDI 101)-fHU . . 0 . 0 0 , 1 10, 101 2 
01-01-1 10 111_ ODO 2-
HL-NL-1 
IC-IC-1 

! 
,,.._._ 
IIC•O 

A.,;fMU 
!CZ <I 

0, . I I I 1 I 11 101 10, 2 
HL-"4L•1 10 100 00, 
IC-IC-1 

A-(H.U 
~~ 

~ . I I I 1 I 11 10, 101 2 
HL-HL• 1 10 110 001 2 
IIC-BC-1 
,-_, until 
AfHIJo, 
ICaO 

i(Z~ 
CPO A-fNU . I I I , I ,, 101 101 2 

HL-ML-t 10 101 001 
E-ac-, - (Z a: 

Cll'IIII A-CHU . I I I , I ,, tO'I 101 2 
NL-HL-1 10 ,,, 001 2 
ac-ac-1 ----. . ••tNU• 

~ ac.a 

-- a) IIW ... ia0N._,_.._,9C-taCl, ........ 11Wat 
(Z) z-. la I Of A~ ----Z•O 

i, 
I, 
: , 
! 
15 
j 
1• 

I, 
I 
I 
I 
I' 
' 

is 
:• 

' ' 

• 
' I 
I• ,, 

' 

is 
• 

' 

5 

' 

I 

I 

i 

..._~ ••nae-........_o .... -., .... -.x ..... _,., 
I• llae• ........ --.------~ 

'c-,. No . 
ofT 
St.atn 

• • • "'-oiater De ... -
auail-,, '9Qlaler 

- .. cnanoe 
11 

Z3 
' 

23 

11 I ~IHUimo 
IOE).i-,111e 

' paint--

I -·-· .,,. o,,t• --•IIC)• 
2, IIBCaO ; ,, IIICaO , 

' 
' 
~ 

11 

21 II IIC•O ,. 
IIIC•O . I!· 

11 

21 II IIC•Ooncl AafMLJ 
11 II BCaOarAa(HU 

11 

21 lf8C•0-A•4MIJ ,. NK•O•A•IHL) 

.. - · -

4-9 



TI-EORY OF <PERATION 

4-10 

Table 4-!5. 8-Sit Arithmetic and Logical Group 

I Flags Op-Code 
I 

le 
p No. No. No. I Symbolic I of ofM ofT 

Mnemonic . Ooeration z V s N H 76 543 210 BvtH CvclH States Comments 

AOC A. r l A - - ' : : V : 0 I ,o [QQQ) r 1 1 ' r Reg. 
AOOA. n 1A-A+n '· : V : 0 I ,, ~ 1,0 2 2 7 000 B - " - 001 C 
AOOA.tML) A - A• (ML) : I V I 0 I ,o IQQQl ,,o , 2 7 o,o 0 
AOC A.(!X • dl A-A-(IX+d) I : V I 0 I 11 o,, 101 3 5 19 o,, E 

10 [QQQ) 110 100 H 
I 

- d -
AOOA.:IY-dl I A-A-(IY+d) j 11 111 101 

101 L 
; V I 0 I 3 5 19 , 1, A 

I 10 @QQ! 1w 
I - d -

AOCA. s A-A•S+CY : : V I 0 I [Qiu] s ,sany of r. n. 

sues A-A-s I : V : 1 I w1il (ML), (IX • d). 

SBCA. s A-A- s-CY : : V I 1 I 1ml (IY + d) as snown tor 

ANOS A-AA s 0 I p I 0 1 [iQQJ . . AOO instruction 
ORs A-AVs 0 I p I 0 0 ~ The indicated bits 

XORs A-A• s 0 I p I 0 0 (ml replace tl'le 000 in 

cos A-s I V I 1 : [ID ·the AOC set a_oove. 
INCr r-r. 1 . I V I 0 : 00 r ~ 1 , 

' INC(MU (MLl-(MLI• 1 . : V : 0 I 00 110~ 1 3 11 

INC!IX-d) (IX+d)- . : v : 0 I 11 o,, 10, 3 6 23 -
(IX• dl+ 1 00 110~ 

- d -
INC (IY .d) (IY +d)- . : V I 0 I 11 111 101 3 6 23 -

tlY •di• 1 00 1,ougg 
' - d -

OECm M-m-1 . I V I 1 I [lg] m is any of r. (ML). 
I (IX+ dl. (IY • d) as 

. snown for INC 

Same forma, and 

states as INC 
Replaces 100 witn 
101 m OP code. 

The V symbol in 11,e P/V flag column indicates that ,ne P/V flag contains tne overflow of the result 

of tl'le ooeration. Similarly 11,e P symbol indicates parity. V = 1 means overflow. v = 0 means not 

o,,erftow. P = 1 means parity of tne result is even, P = 0 means parity of the result"is odd. 

Flag Notation: • = flag no1 attected. O a flag ,_,_ 1 = flag set. X • flag is unilnown. 

1 = flag is affected according to the result of the oc,e,ation. 
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Table 4-6. Gener-al Purpose Arithmetic and CPU Control Groups 

Mnemonic 

OM 

CPL 

NEG 

CCF 

SCF 
NOP 
HAli 
01 
El 
IMO 

-
IM 1 

IM2 

. 

I Flaas I On-Coo. 

Symbolic 
. o-raliOfl le zl~ s N HI 71 5'3 210 
Conwens acc. I I p 
content into 

I . I 00 ,00 ,,, 

oeckec,BCO 
followingaoci 
orauotrac:t 
witlll)Kllec:I 
BCOoc,e,anas 
'- - A . . . . , , 00 ,o, ,,, 

A-0-A ! I V I , I ,, ,o, ,o, 
o, 000 ,00 

CY-!:Y : . . . 0 X 00 ,,, ,,, 
CY-, 1 . . . 0 0 00 ,,o ,1, 
No ooeration . . . . • . 00 000 000 
CJIUl'lalt«I . . . . . . o, ,,o ,10 
IFF-0 . . • . . . . ,1 ,10 o,, 
IFF - 1 . . . . . . 1, 111 011 
Set imerrupt . 

' 
-. . . . ,1 101 ,01 

mooeo 01 ooo no 
S.t imem,ot . . . . . . 11 101 ,01 
moae_, o, o,o 110 
Set itlterruot . . . . • • 11 101 ,o, 
moa.2 0, o,, 110 

IFF indieata tfle intem,pi ....,._ fllp,tlOCI 
CY inOicata tfte.c:any tlip,tlaD. 

No. I No. 
of ' ot M 
ev, .. I CvclH , , 

, , 

2 
12 , 
I' , , 

, , 
, , 
, 1 
1 , 
2 2 

2 2 

2 2 

Flag Nel9lion: • • tlag not affected. 0 • flag -1.. , • flag Mt. X • flag is unlu'Own. 
1 • flag is attectecs ac:caro;ng to ,,.. '""" ot ,,_ ooeration. 

No. 
ofT 
Sta, •• ComfflefttS 

' Oecirnat act1us1 
accumulator 

' Comoiement 
ilCCUfflUlator 
1one·s eom~t1 

6 Negate acc. owo·s 
complement) 

' Comoiement cany 
llag 

' Set carry flag 

' 
' ' 
' 8 

8 

8 

-. 

4-11 
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Table 4-7. 16-BiT AriThmeTic Group 

4-12 

Flaos Oc,-Coaa 

Mnemonic 
Symbolic 
Or:>aration C z :Is N H 76 543 210 

AOOHLss ! HL. -Ml. ss : . . , . 0 X 00 SS1 001 

AOCHL.. ss HL.-~L.•SS : : VI: 0 X 11 101 101 
-CY 01 SS1 010 

SBCHL..ss HL.-HL-ss l : V l 1 X 11 101 101 
-C'I' 01 sso 010 

AOOIX. pp IX -IX.pp I . . . 0 X 11 011 101 
00 pp1 001 

' 

AOC IY. rr IY 7IY. rr : . . . 0 X 11 111 101 
00 rT1 001 

I 

' • 
' 

INC ss ' ss:- ss. 1 . . . . . . 00 sso 011 I 

I 
INCIX I IX -IX• 1 . . . . . . 11 011 -101 

00 100 011 
INCIY IY-IY• 1 . . . . . . 11 111 101 

00 100 011 
OECss SS -SS• 1 I . . . . . . 00 SS1 011 

OECIX IX .-IX. 1 . . . . . . 11 011 101 
I 

00 101 011 
OECIY I IY -IY. 1 . . . . . . 11 111 101 

i 00 101 011 

; - I 

NotH: ss ,s any of tne register pairs BC. OE. HL SP 
PO ,s any of Ille register pairs BC. OE. IX. SP 
rT is any of Ille r99ister pairs BC. OE. IY. SP. 

,-

No. No. 
of ofM 
Bvtes CyclH 

1 3 

2 • 
2 • 
2 • 

2 ' 

1 1 

2 .2 

2 2 

1 1 

2 2 

2 2 

Flat Notation: • = flag not affected. 0 • flag reset. 1 • llag Ht. X • flag is unllnown. 
: = flag is affected accoroing to 11,e rHult of tlle ~hon. 

No. 
ofT 
Slates 

11 

15 

15 

15 

15 

6 

10 

10 

6 

10 

10 

Comments 
H Reg. 
00 BC 
01 OE 
10 HL 
11 SP 

pp Rev. 
00 BC 
01 Oi: 
10 IX 
11 SP 

"' Rev. 
00 BC 
01 OE 
10 IY 
11 SP 

-



Table -4-8. Roti!ite and Shift Group 

Flaoa I Ol>Cooe I 
No. I No. No. 

S,m,OOiic I I ~ I ! I 
MNfflonic : 0De1'11tion CI Z IV IS IN IH 78 W3 210 I ot I otM 

!l•t••' Cvcles 
of T 
Slates 

ALCA 

RLCr 

ALC(IY•GI 

RL.m 

RIIIC m 

FIFlm 

SL.Am 

SRAm 

SIIIL.111 

IIIU) 

MD 

00 000 ,,, 

00 011 ,,, 

i 
1, 001 0,1 I 
00@ij -, 

~ 
&~ 

..... -... .... ...... . .. 

l P I 0 0 

I 
I p I 10 0 

i . 
I• I pi I 0 0 

I 
I 

I P I 0 0 

I I p I 0 0 

I 
: I P : 0 0 

: : P : O! 0 

; I P l 0 0 

11 001 011 

00@:!fil 110 
,, 011 10, 

11 00, 011 

- G -
00~110 
11 1,, 101 
,, 00, 0,, 
- 0 -

00;1,0 

Iii] 

~ 

ffi 

GEi 
P I 0 0 11 101 10, 

01 101 111 

Al~ •• I P I 0 0 
01
11 10110, 

~ 100111 

1 I, 

2 

2 

' 

2 

2 

1 1 

2 

6 

I 
i 
16 
I 

I 
I 

' 

' 
I 

i ' 
i 
I 

8 

15 

23 

23 

18 

,... ..... --= . • • ......... ,--.0 ..... ,__ 1 • .... HI. x. 11..,·:;. unk-. 
I • tteo isan.cteo ICC a Clil4 ,J tlle ,_.,.. Of tlleooe,ation. 

TIE~Y a= <PERA Tl ON 

Comffleftts 

Rotate iett circular 

accumulator 

Rotate left 
accumulator 

Rotate ri9nt circui.r 
accumulator 

I Rotate nc,nt 
accumulator 

Rotate lett circular 
,eg,11e,, 

r llef. 
000 a 
001 C 
010 0 
011 E 
100 H 
101 L 
111 ,. 

lnstruc:liOn format anG 

11at•-snown 
lo, FILC. m. To form 

- OP-cooe reoiac:e 
(got ALC. m witn 
sl'IOWfl cooe 

AotalediQttlettancl 

"Vfll--ttle 
accuniule1or 
anG IOcatiOn (HL). 

TIie content Of tlle 
UONr Nit of Ille 
KCIIIIIUlator is 
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Table 4-9. Bit Set, Reset and Test Group 

4-14 

Flaqs Op-Code 
p No. No. 

Symbolic I of ofM Mnemonic Oaeration C z V S. N H 78 543 210 8VtH CvctH 
BITb. r Z-7b . I X X 0 1 11 001 011 2 2 

01 b r 
BITb, (Hl) Z -(Hl)b . I X X 0 1 11 001 0,1 2 3 

01 b 110 
BIT b. (IX • d) Z -(i'x:"d)b . I X X 0 1 11 011 101 ' 5 

11 001 011 

- d - ! 01 b 110 
BIT b, (IY • d) Z -liv7dib . l X X 0 , 11 111 101 ' 5 

11 001 o, 1 

- d -
01 b 110 

SETb. r rb - 1 . . . . . . 11 001 011 2 2 

rm b r 
SET b. (Ml) (HL)b • . 1 . . . . . . 11 001 011 2 4 

rm b 110 
SET b. (IX• d) (IX+d)b - 1 . . . . . . i1 011 \Q1 ' 6 

11 001 011 

- d -
I!!] b 110 

SET b, (IY + di (IY • d)b • . 1 . . . . . . 11 111 101 ' 6 
11 0()1 011 

- d -
OIi b 110 

RESb. m Sb - 0 OIi 
m ■ r. (Hl) . 

OX +d). 
(IY-d) 

Notes: The notation Sb indicatff bit b (0 10 7) Of location s . 

Fiat Notation! • z llag not attec:tecs. 0 • llag reset. 1 a flag Mt. X a flag is unknown 
1 • flag is affected acconting 10 tfle ,..ult of ,,_ ooetattc,n 

No. 
of T 
SlatH 

8 

12 

20 

20 

8 

15 

23 

23 

Comments 
r R.._. 
000 B 
001 C 
010 0 
01, E 
100 H 

101 L ,., 
' 

A 

b Bit THled 
000 0 
001 1 

010 ·2 
01, 3 
100 ' 101 5 
110 6 
111 7 

-

To lorm new OP-
code reotace6] 

of SET b. m wrttl 

Gm.Flags and time 
states tor SET 
instruction 

/ 



TIE<RY a= <PERATION .,,. 
Table 4-10. Jump Group 

Fu.as O~oae 
p 

No. INo. No. I SYffllNllic I of Of M olT ,.____._ 
0-li- CIZ y s N H 71 W3 210 a- .,._ ... SlatH c-,. 

JPnn PC-nn . . . . . . 11 000 011 3 3 10 

- " - cc Condition 
- n - 000 NZ non zero 

JP cc. nn If COflGtliOn cc . . . . . . 11 cc 010 3 3 ,o 001 z zero 
iSIIWPC-nn -· " - 010 NC non carr, ot,,.,_.. 011 C carr, 
continue - " - ,oo PO l)arity 0CICI 

j I ,01 PE oe,ily-
110 p 1i9n positiwe 

JR,e PC-PC+e . . . . . . 00 01, 000 2 3 12 ,,, M 1ion neo-1;,.. 
- •-2 -

JRC,e II Ca 0. . . . . . . 00 ,,, 000 2 2 7 11 COflOition not met continue - •-2 -
II Ca 1. 2 3 12 II conclilion ii met . 
PC-PC+e 

JRNCe. IIC a 1. . . . . . . 00 ,,0 000 2 2 7 II conoitiOn not ffle1 COn1inue - ~-2 -

lfC • 0. 2 3 12 II ConcliliOn ii met 
PC-PC+• -

·-
JRZ.e lfZ a 0 . . . . . . 00 101 000 2 2 7 If c:onoition not ffle1 COllliftue - •-2 -

r'" 
lfZ • 1, 2 3 12 II ConcliliOn is met 
PC-PC+• 

JRNZ.e lfZ • 1. . . . . . . 00 100 000 2 2 7 11 condllion nor mer COllliftue - •-2 -

IIZ • 0. 2 
PC-PC+• 

3 12 If ConcliliOn met 

JP(HLJ PC-HL . . . . . . 11 101 00, , , • -
JPIIXl PC-IX . . . . . • · 11 011 ,0, 2 2 8 

,1 ,o, 001 
J"lm PC-tY . . .• . . . 11 ,,, 101 2 2 I 

11 101 00, 

~ •-•-1 . . • . . . . CID 010 OCIO 2 2 I 118 • 0 lf8 • o. - •-2 ---- ---- - - • · · - --L-- - -lfB•G. 2 3 - 13·-- .... .,8 • 0 - PC - PC • • 

.._ .. __ , ........ lff .................. ...... 

e la ........... .......__ .. -111 ... ,... < -,a. 121> 
•-2 is ........ ......_.,........_...,_ of DC••• PC is •••'*'""° Dl' 2 prior to t11e Witift of e. • 

...._ ....... • • tla01101......._o.-.-..,.11eg-.x.1tegialSlllffloMI. 
I • ftagia....... dio41I.IIM ...... of1Maoe,aeion. . 

·t.., 

4-15 
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Table 4-11. Ca 11 and Reti.lrn Group 

4-16 

I ! Flao1 01>-COCle 
p No. No. 

Symbolic I of ofM Mnemonic Ooeralion C z V s N H 76 543 210 Bvte1 CvclH 
ICAU."" CSP- •l-PCH . . . . . . 11 001 101 3 5 ' (SP-2,-PCL - n -

PC-nn - n -
IC,\ LL. :t. '" llcond•tion . . . . . . 11 cc 100 3 3 

I 
cc is false - n -cont,nue. 

1-ot,,.rw,se n - 3 s i sameu 

I 
CALL.M 

R:i PCl,.-(SP) . . . . . . 11 001 001 1 3 
I 

PO,.-ISP + 1) 
I 
I 

RETcc I If Conclttion . . . . . . 11 cc 000 1 1 
I CC is falN 
I conlinue. 

I ·otnen.,a 1 3 sameas 
I RET 
! 

RETl I Retumfrom . . . . . . 11 101 101 2 ' I interrupt 01 001 101 
I 
I 

FIETN 

I 
Re1um from . . . . . . 11 • 101 101 2 ' non mallallle 

01 000 101 ,ntern.,pt 
RST:: ISP-,,_ PC,. . . . . . . 11 t 111 1 3 

ISP-21-PCl 

PCH-0 
PCl-P 

i 
! 
I 
I 
I -

F1eg .. otation:: • :a flag not affected, 0 • fl■; rflet. 1 :: II■; HI. X a llag ii uni<-. 
:a flag ii affectecl ICCOfdinc, to lhe r"ull Of lhe ooeration. 

No. 
of T 
SlalH 

17 

10 

17 

10 

5 

11 

,, 

,, 

11 

Comments 

If cc is false 

11 cc is true 

cc ii ••••• 

ii cc is true 

cc Condition 
000 NZ non zerci 
001 z ZllfO 

010 NC non carry 
011 C carry 
100 PO ·gar,ty OCICI 
101 PE parrty. -
110 p Sign l)Olilrve 
111 M sign r,eoative 

t p 

000 OOH 
001 08H 
010 10H 
011 18H 
1.00 20H 
101 28H 
1)0 30H 
111 38H 
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Table 4-12. I npu-t and Ou-tpu-t Group 

Fleas Op.Code 
p No. No. No. 

Symbolic: I of ofM of T 
Mnemonic: o-ratlon C LZ V s N H 71 543 210 Bvtes Cvcles StatH Comments 
INA.(nl A-(n) 

. 1 · 

. . • . 11 011 011 2 3 11 ntoAo-A7 - n - Ace to At - A,5 
IN r, (C} ; r-(C) • I p I 0 I 11 101 101 2 3 12 C t0Ao-A1 

it,. 11oon1y 

-~-
01 r 000 B toAa-A,5 tllellagswill 

be affected 

INI (HL)-(C} X 1 X 11 101 101 2 4 16 C to4o-A7 
B-B-1 10 1()(1 010 BtoAa-A,5 

I HL-HL+ 1 I 
I 

INIR (HL)-(C) • 1 'X X 1 X 11 101 101 2 5 I 21 
C to4o-A7 

B-B-1 I 10 110 010 (II B•OI B toA9-A15 
HL-HL+ 1 2 4 16 
Reoeatuntil (If B = Ol 
Bao '.' 

i 1 
INC (HL)-(Cl . I X X 1 X 11 101 101 2 4 

B-B-1 10 101 010· I 
HL-HL-1 . 

INDR HL-(C) • 1 X X 1 X 11 101· ·101 2 5 
B-B-1 10 1i, 010 Ill B•Ol 
HL-HL-1 2 4 
Reoeatuntil (If BaOI 
BaO 

OUT(nl,A (n)-A . . . . . • 11 010 011 2 3 

-' 
n -

OUT(C}, r (C}-r ·i· . . . • 11 101 101 2 3 
1. 01 r 001 

OUTI 

I 
(C}-(HL) • ff ,x X 1 X 11 101 101 2 I 4 I 

B-8-1 I i 10 100 011 I i 
I HL-HL+ 1 j I I 

I OTIR I (C)-(HL) . 1 X X 1 X 11 101 101 2 5 ' I B-B-1 10 110 011 l (IIB•Ol ! i 

I HL-HL• 1 2 I ' 
I Reoeatunlil 1(11 BaO) 
' Bao I 

1G: ! 

OUTD (C}-(HL) . I X X 1 X 11 101 101 2 4 
B-B-1 . 10 101 011 _,_ _ 

·· HL-HL-1 . . ·- -- --· ·- ··- - -- . . . 

OTDA CC)-(HL) • 1 X X 1 X 11 101 101 2 5 
8-8-1 10 111 011 (If B•OI 

. HL-HL-1 2 4 
AeNaluntll (If B • o, l•O 

~ G) If tfle l'NUlt ol 8- 1 ia nro tfle Z flag Is set. otMnlriM it is reset 

Flag Nola._c • • flag not affect-,. 0 • flag ,-1. 1 • flag NI, X • flag is unknown. 
1 • flag is attoc:tocs accorGlng to tfle result of tlle ooeration. 

16 C t0Ao-A1 

Bt0Aa-A15 

21 C t0Ao-A1 
BtoAa-A,5 

18 - -
11 nt0Ao-A1 

Ace to At - A,5 
12 C t0Ao-A1 

B IOA9-A15 

16 C t0Ao-A1 
BtoA9-A15 

I 
i 21 C to"'<)-A7 I BtoA9-A15 I 16 

16 Cto4o-A7 

·-- ·- ~At-_~1.}_ 

21 Cto4o-A7 

8 I0"9-A15 
18 

4-17 
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64K-8YTE DYNN-1 IC RN4 MEMORY ARRAY 

The 64K-byte dynamic RAM consists of 36 16K x 1 bit, 2118 RAM chips. This RAM 
array is configured in 4 rows and eight data columns, plus an additional four (1 
row) 2118 RAM chips that provide an odd parity check for the memory array. 
Memory access is provided by an internal controller that selects the row and 
column requestd by the CPU. The 9520 common operating sy'stem memory is located 
at addresses COOOH through FFFFH (16K bytes) (see figure 4-3). User memory is 
located at addresses OOOOH through BFFFH (48K bytes). The optional 48K bytes of 
additional memory are located in a second memory bank also addressed at loca­
tions OOOOH through BFFFH. Bank selection is determined by the bank select 1/0 
port address F8H. The bank select 1/0 port bit configuration is: BO= CPU bank 
select, 84 = CMA bank select. Bits 1 2 3, 5, 6, and 7 are not used and are 
reserved for future use. 

FFFF 

cooo 
BFFF 

0 -

OPERATING SYSTEM C0+10N MEMORY 

BANK BANK 
_() 1 

-

Figure 4-3. Opera-ting and Bank Memories 

FLOPPY DISK CONTROLLER ANO CMA CONTROLLER 

Floppy Disk Con-trol ler-

BFFF 

0 

The floppy disk control !er is a Western Digital 1797 device that contains al I 
the circuits necessary to provide the . interface between the microprocessor and 
the floppy diskettes. The 1797 device performs para 11 e 1-to-ser !al and ser i a I­
to-para I lei conversions, CRC generation and checking, the stepper ·motor inter­
face and write procompensation, as wel I as recognizing interrupts and c+4A 
requests. Associated circuits provide a VCO data separator. The controller is 
capable of reading and writing both single-density FM and double-density MFM 
encoded diskettes. The floppy disk controller has seven registers, which are 
used for the operation of the device, as shown in table 4-13-. Tables 4-14 
through 4-20 provide status register and command register summaries. For addi­
tional data refer to Western Digital Corporation Data Sheet. 

4-18 
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Table 4-13. Floppy Disk Controller RegisTers 

REGISTER DATA 
HEX ADDRESS DIRECTION REGISTER NAME 

28 

29 

2A 

2B 

28 

ALL TYPE I 
BIT COMMANDS 

S7 NOT READY 
S6. WRITE 

PROTECT 
S5 HEAD LOADED 
S4 SEEK ERROR 
S3 _ CRC ERROR 
S2 TRACK 0 
S1 INDEX 
so BUSY 

BIT NAME 

S5 HEAD LOADED 

S4 SEEK ERROR 

S3 CRC ERROR 
S2 TRACK 00 

S1 INDEX 

SO BUSY 

INPUT STATUS 

INPUT/OUTPUT TRACK 

INPUT/OUTPUT SECTOR 

INPUT/OUTPUT DATA 

nl lTPUT C~MAND 

Table 4-14. Shtus RegisTer Sunnar-y 

READ READ READ WRITE WRITE . 
ADDRESS SECTOR TRACK SECTOR TRACK 

NOT·READY NOT READY NOT READY NOT READY NOT READY 
0 0 0 WRITE WRITE 

PROTECT PROTECT 
0 RECORD TYPE 0 WRITE FAUL! WRITE FAULT 
RNF RNF 0 RNF 

. - 0 .,. 
CRC ERROR CRC ERROR 0 CRC ERROR 0 
LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 
DRQ DRQ DRQ DRQ DRQ 
BUSY BUSY BUSY BUSY BUSY 

Table 4-15. Shtus tor Type I Connands 

the drive 1s not rea y. When reset 
This bit is an inverted 

R. 
hsbrtisan 

ftRPT In • 
When set, n cates the head Is loaded and engaged. This bit 
Is a lo ical "and" of HLD and HLT st nals. 
When set, the desired track was not verified. This bit Is 
reset to O when u dated. 
CRC encountered In ID field. 
When set, Indicates Read/Write head l!...£_ositioned to Track O. 
This bit is an inverted co of the TROO in ut. 
When seT, indicates Index mark detected from drive. This bit 
is an inverted co of the IP in ut. 
When set conrnand is in progress. When reset no conrnand is in 
ro ress. 

4-19 
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Tab I e 4-16. Status tor Type I I and I I I Conlnands 

BIT NAME MEANING 
~/ NOr READY 1n is bit when set ind icates the dr ive is not ready. Wh en 

reset, it ind icates t hat t he dr ive is ready. Thi s bit is an 
inverted copy of the Ready input and 'ored ' with MR. The Type 
I I and I I I Commands w i I I not execute un I ess the dr i"ve is r eady. 

S6 WR ITE On Read Record: Not Used. On Read Track: Not Used . On any 
PROTECT Wr ite: It indicates a Wr ite Protect. Th is bit is reset when 

uodated. 
S5 RECORT TYPE/ On Read Record: It indicates the record-type code from data 
WR IT'E FAULT fi e ld address mark . 1 = De leted Data Mark. 0 = Data Mark. On 

any Wr ite : It ind icates a Wr ite Fau lt. Th is bit is reset when 
- updated . 

S4 RECORD NOT When set , it ind icates that the des ired track , sector, or s i de 
FOUND CRNF ) were not found . Th is bi t is reset when updated. 
S3 CRC ERROR If S4 is set, an error is found in one or more ID fie lds; ot her-

wise it ind i cates error i n data t i e I d • This bit is reset when 
updated. 

S2 LOST DATA When set, it ind icates the computer di d not respond to ORO in 
one byte time. Th is bit is reset to . zero when updated. 

S 1-- DATA REQUEST Th is bit is a copy of the ORO o~t~ur. When set , it ind icates 
the DR is tu I I on a Read Operation or the DR is empty on a 

- Write operation. This b'it is reset to zero when updated. 
-SO BUSY When set, corrmand is under execution. When reset, -. no corrmand 

is under execut ion. -- ) 
Table 4-17. Colaand Su11111ary 

BI TS 
TYt-'t. COMMAND 7 6 5 4 3 2 1 0 
I - Restore 0 0 0 0 h V r r 

1 0 
I Seek 0 0 0 1 h V r r 

1 0 

I Step 0 0 1 u h V r r 
1 0 

I Step In 0 1 0 u h V r r 
1 0 

I St ep Out 0 1 1 u h V r r 
l 0 

-
11 Read Sector 1 0 0 m F E F 0 

2 1 
11 Write Sector 1 0 1 m F E F a 

2 1 0 
111 Read Address 1 1 0 0 0 E 0 0 

111 Read Track 1 1 1 0 0 E 0 0 

111 Write Track 1 1 1 1 0 E 0 0 

IV Force Interrupt 1 1 0 1 I I I I 
3 2 1 0 

-
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Table 4-18. Flag Sunmary 

TYPE I COMMANDS 
h = Head Load Flag (Bit 3) 

h = 1, Load head at beginning 
h = 0, Unload head at beginning 

V = Verify flag CBit 2) 
V = 1, Verify on destination track 
V = 0, No verify 

r 1r 0 = Stepping motor rate <Bits 1-0> 
Refer tn Tabl~ 1 for rate surrmary 

u = Update flag CBit 4) 
u = 1, Update Track register 
u = 0, No update 

Table 4-19. Flag Su111ary 

TYPE 11 & -111 C~ANDS 
m = Mu I t .tp I e Record f I ag CB it 4 > 

·. m -~ O, ·sing I e Record 
m = 1, Multiple Records 

a , ·= Da·ta Address Mark CB it O > 
0 a = O, FB (Data Mark) 

a0 = 1, F8 (Deleted Data Mark) 
0 

E = 15 ms Delay _C2 MHz> 
E = 1, 15 ms delay 
E = O, no 15 ms delay 

<F2 l S = Side Select Flag (1791/3 only) 
S = 0, Co~are for Si de 0 
S = 1, Co~are for Si-de 1. 

CF 1> C = Side Co~are Flag (1791/3 only) 
C = 0, disable side select compare 
C = 1, enable side select compare 

CF 1> S = Side Select Flag C61t.1, 1795/7 only) 
S = 0 Update SSO to O 
S = 1 Update SSO to 1 

THE<RY <F CPERATION 

CF2 > b = Sector Length Flag (Bit 3, 1975/7 only) 

b = 0 
b = 1 

00 
256 
128 

Sector. Length 
01 10 

512 1024 
256 512 

Field 
11 

128 
1024 
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Table 4-20. Flag Su11111ary 

TYPE IV COMMANDS 
I i = Interrupt Condition flags <Bits 3-0) 

10 = 1 ' Not-Ready to Ready Transition 
I 1 = 1 ' Ready to Not-Ready Transition 
12 = 1 ' Index Pulse 
13 = 1 , Immediate Interrupt 
I -I = 3 0 0, Terminate with no Interrupt 

~A Con1To I I er 

The 280-DMA circuit is a programmable, single channel device that provides al I 
address, timing, and control signals to effect the transfer of blocks of data 
between two ports within the 280-CPU based system. These ports may. be system 
main memory or any system peripheral 1/0 .device. The OMA can also search a 
block of data for a particular byte (bit maskable), with or without a simulta­
neous transfer. The address of the OMA controller port is 18H. For additional 
data on the [).1A controller, refer to the Zi log Corporation or Mostek Corporation 
Data Books for the 280-DMA device. · 

280-0ua I Asynchronous Receiver /TranSII itters <DARTS> 

The two 280-DART devices provide the serial 1/0 interface between the 9520 
Software Development System, the three RS-232-C ports and the one RS-422 port. 
The DARTs are dual asynchronous format controllers capable of operation up to 
19,200 baud for the RS~232 ports. The four ports connected to the DARTs support 
the primary and secondary handshake signals necessary to prevent data overrun. 
These DARTs operate in the 280 CPU mode 2 interru t structure and su I vec­
tored interru ts for character transmission, rece tion and chan es in status 
signals. Each DART has nine registers, which contro'Tthe two ports. Higher 
registers are addressed by the lower 3 bits of register O. Register name, func­
tion and adaress for each of the RS-232 port pairs are I isted in table 4-21: 

Tabl• 4-21. RS-232 Por1" Addresses and Functions 

REGISTER 
HEX ADDRESS 

Ji~ 02 
03 
08 Pr .....'..f,,.,.. 

09 Pr~ 1-t:y 

OA 
OB 

4-22 

DIRECTION 

1/0 
1/0 
1/0 
1/0 

"-1/0 
1/0 

REGISTER 

REM(ote)l/0 data 
REMCote)l/0 read register 0 
RDR/PCH DATA 
RDR/PCH read register 0 
Console data 
Console read/write register 0 

) 
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Lr tr') 

The high-speed RS-422 serial port is capable ot speeds up to 750,000 baud. The 
port assignments are as fol lows: 

HEX ADDRESS 

00 
01 

DIRECTION 

1/0 
1/0 

REG I STER NAME 

RS-422 data 
RS-422 read/write register 0 

Additional data pertinent to the Z-80 DART devices is available in Zi log 
Corporation Z-80 SIO Technical Manual. 

IEEE-488 PORT 1/0 CONTROLLER 

The 9520 system provides a high-speed, general purpose interface bus CGPIB>~ 
This GPIB, 8-bit parallel interface enhances the system by permitting com­
munication ·with any similarly configured system. The GPIB interface is 
interrupt driven, similarly to the serial 1/0 ports. The GPrB port is 
control led by a Texas Instrument 9914 that handles the bus protocol tor conrnand 
and data transfer. Switch S6, on the system rear panel, is read at power-on or 
r~initial ization and assigns the peripheral address tor port conrnunication. The 
9914 devi.ce has the capabi I ity ot being a talker, I istener, or control I er. The 
i ntertace drivers betw4[!en the contra I I er ·and the phys i ca I GP I B bus are con-:-· -
figured tor tristate operation, p.ermitting a hi_gher data transfer speed. The 
991 4 contra I I er has 1 4 r·eg i ster s that contro I the dev Ice, tab I e 4-1.5 p-rov ·ides 
the register hex address, register name and direction. 

REGISTER 
HEX ADDRESS 

30 
31 
32 
33 
34 
35 
36 
37 

Table 4-22. 9914 Registers 

DIRECTION 

1/0 
1/0 
I 
1/0 
1/0 
0 
1/0 
1/0 

REGISTER NAME 

Interrupt Status O / Mask 0 
Interrupt Status 1 / Mask 1 
Address Status 
Bus Status/Auxil I iary Conmand 
Address Switch/Address Register 
Serial Pol I 
Conmand Pass Thru/Paral lei Pol I 
Data · 

Additional Information relative to the IEEE-488 Port 1/0 Controller is available 
in the Texas Instruments, Inc. 1"4S9914 GPIB Adapter Data Manual. 

DISK mlVES 

The 9520 Software Development System contains two eight-inch floppy disk drives 
installed within ·the cabine-t. Al I circuits necessary to interface and in-terpret 
the disk drive inputs and ou-tputs are on -the CPU processor board. 
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Chap-ter 5 

SOFTWARE IESCRIPTION 

GENERAL 

Software for the 9520 Development System is based upon the MP/M Operating 
System. MP/M incorporates conmand formats, conventions, syntax and ti le struc­
tures that support the fol lowing types of progranming capabi I ities: 

o Text editor to prepare and manipulate the users source program tiles. 

o A variety of assemble~s that translate source program tiles ihto target 
object tiles for different types of microprocessors. 

o Linker to link object programs together to produce the executable load module. 

o Utility programs to download and upload executable load modules between the 
9520 Development System and a remote debug/emulator station. 

o Floppy disk utility to format, duplicate and copy information on diskettes. 

o 1/0 Baud Rate ut i lity to display and set baud rate va lues tor the 9520 1/0 
por1's. 

The 9520 Software is con1'ained on --three system diskettes: 

(1) System Diskette, Part #XXXXXXXX 

(2) *Language Translator Diskette, Part #XXXXXXXX; 

(3) System Diagnostic Diskette, Part #XXXXXXXX 

*NOTE: Separate Language Translator diskettes are available tor the various 
assemblers and cross assemblers that are used to support the preparation 
of object tiles for different types of microprocessors. 

SOFTWARE ~GANIZATION 

The 9520 Development System software is organized around the operating system 
and appllcatlons software as shown In figure 5-1. The operating sys1'em is 
described in the MP/M Users Manual. The appllcatlons software can be divided 
into two functional groups: (1) Host Support Functions, and (2) Cross Support 
Functions. 

Software Support Func-ttons 

Host support functions contain al I program ti les that are made ava i I able to the 
9520. Cross support functions contain specific program t iles that can be 
accessed by a remote debug/emulator station to establish communications with, 
and issue conmands to the host system for upload, download and conversion opera­
tions as shown in figure 5-2. 
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SOFTWARE DESCRIPTION 

Both the host support and cross support software is further divided into memory 
and disk res i dent programs. Th is distinction (memory/disk) is mere ly to dif­
ferentiate between programs that are permanently resident in the system memory 
from those that are accessed from the disk. Programs that reside in memory are 
c lass i fied as program relocatable modules <PRLs) . The PRLs assoc iated with the 
host support and cross support funct ions are shown in figure 5-2. 
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OPERATING 

SYSTEM 
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Figure 5-1. Development System Software Organization 
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Operating System Generation 

The resident system processes are configured by the user when the system is ini­
tialized for system generation CGENSYS). The procedure for using the GENSYS 
program is described in chapter 7. The GENSYS parameters are loaded from the 
system diskette whenever the system is powered up or reset. These parameters 
define the software operating characteristics that differentiate one system from 
another. For example, which resident processes can be available, the amount of 
memory segment space provided, the number of consoles assigned, etc. The al lo­
cation of memory segments to acconmodate the various operating system con­
figurations as described in the MP/M Users Manual. 

The standard, 64K memory system is configured with the fol lowing modules: 

XIOS Basic and Extended 1/0 System Fi le 

BOOS Basic Disk Operating System Fi le 

XDOS Extended D i"sk Operating System Fi I e 

RSPs Resident System Processes Fi le 

The expanded 112K memory operation provides more space to accomodate the 
extended processing modules which are as fol lows: 

XIOS Basic and Extended 1/0 System Fi I e 

ODOS BOOS with resident portion of BNKBOOS Fi le 

XDOS Extended Disk Operating System Fi le 

RSPs Resident System Processes Fi le 

BNKBDOS Bank Switched BOOS Fi le 

FUNCTIONAL DESCRIPTION OF PROCESSING A.JCTIONS 

The operating system 
nucleus provides the 

is based upon a real-time, multi-tasking 
fol lowing software function controls: 
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Process Dispatching Functions 

Each process in the system has a process descriptor which contains al I of the 
information needed by the system to define a process. This information is used 
during dispatching to save the state of the process that is currently being run, 
to determine wh ich process is to be run, and then to restore that processing 
state. 

The process descriptor contains al I pr imitives for manipulation of system queues 
<Task Control Blocks) that are waiting for some ev~nt to occur. The Task 
Control Block <TCB) is actually an executing program. It is not the program 
itself that makes a task, but rather, its execution on the processor. The same 
program can be executed by any number of tasks, each with its own TCB. A task 
1s ,nerefore the state of executing a body of code. 

Process dispatching is performed at each system cal I, aT each interrupt and at 
each clock pulse of the system clock. Processes containing the same priority 
are scheduled for equal slices of CPU time. 

The primary purpose of the process dispatcher is to assign the CPU to the next 
avai I able task. When the t~sk becomes avai I able, it is given control of the CPU 
by the process dispatcher-. The task maintains control of the CPU unti I it _ 
either gives up -the control voluntarily, or requests an operating system service 
function that causes the task to wait for some event to occur. In either case, 
the tasks operating registers are saved in the TCB, the task is placed_ on -an 
appropriate queue and control is returned to the process dispatcher· to look -for 
the next task top dispatch. 

Queue Manag81M1nt Functions 

Queues perform several critical functions in a real-time multi-tasking environ­
ment. The queues are used for control I ing the order in communicating messages 
between processes, mutual exc lusion of processes and to synchronize processes 
for the order, time and pr iority of servicing. The queue controls a first- in 
first-out list of messages, a list of processes awaiting messages, and the 
sequencing for sending each message. 

F I ag Manag...,.'t Func't ions 

FI ag Management is used to synchronize processes by s i gna I i ng a spec ific event . · 
The flags provide a logical interrupt system which is independent of the physi­
cal interrupt system. The flag interrupt therefore maps an arbitrary physical 
interrupt environment into a dynamic structure. 

Me110ry Manage1Nn't Func'ti~ns 

Memory is managed by pre-defined segments. The MP/M System can accept up to 
e i ght memory segments of 48K. The extended 48K memory option of the 9520 
Development System is supported by the banked-switched, memory al location 

... feature. ' 
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SysTem Timing FuncTions 

System Timing functions provide the time-of-day clock in addition to the capabil­
ity to schedule programs that are loaded into memory from the disk to be exe­
cuted. The timing functions also provide a capability to delay the execut ion of 
a process within a specified period of time. A specia l command can be issued at 
the con~ole to read and set the date and time. 

CONSOLE COl4ANDS 

This section describes the conmonly used console conmands that are issued by the 
operator to communicate with the software. The conmands avai I able at the con­
sole are established by resident system process (RSP) programs that are spe­
cified by the user during system generation (see chapter 7) and by program 
relocatable CPRL> modules that reside on the diskette. 

. -
The MP/M system does not use a system-defined, or bui It-in conmand structure 
that conatins a fixed number of conmands. Each avai I able conmand coinc i des with 
a specific RSP or PRL program that is configured by the user during the system 
generation process. These corrrnands can be categorized into four groups as 
fol lows: · 

1. User ldentificatio~ Conmands 
2. Fi le Manipulation Conmands 
3. System Operation Conmands 
4. Program Operation Conmands 

Detai Is of individual conmands associated with each category are described in 
subsequent paragrapsh and the MP/M Users Guide Manual that is shipped with the 
system. 

USER IDENTIFICATION C044ANOS 

The user identification conmands permit a user to perform the fol lowing 
functions: 

o Display current user ID code and/or sei'"'a user code value 

o Display user console ID number 

o Reset Disk Drives 

Conmand Name: GET/SET USER CODE 

Function: The GET/SET USER CODE Conmand is used to display the current user 
code as wel I as to set a user code value. 

The command is invoked as fol lows: 
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To Display User Code: Entering the command, USER, fol lowed by a <er> wi 11 
display the current user code. (Observe that the current user code is always 
displayed in the prompt.) 

Entry: OA> USER er 
Syntax: OA> <USER> <er> 

System Response: USER= 0 

To Set the User Code to a Specified Number: Entering the command, USER, 
fol lowed in sequence by a space, user code and . then a <er> wil I set the user 
code to the specified user code number. The example which fol lows assigns a 
user code value of 2 

Entry: OA> USER 2 er 
Syntax: OA> <USER> <z> <er> 

System Response: USER= 2 

2A> 

where: Legal user code numbers must be within the range of O - 15. 

Command Name: CONSOLE 

r Function: The CONSOLE command is used to display the conso'le ID number at the 
location where the command is being entered. The console number thus displayed, 
al lows the user to examine system status to determine which processes are 
detached from consoles: 

The command is invoked as fol lows: 

Entry: OA CONSOLE er 
Syntax: OA> <CONSOLE> <er> 

System Response: CONSOLE= 0 

where: Console= 0 is displayed to Indicate the assigned console ID 
number. 

Command Name: DSKRESET 

Function: The DSKRESET CDlsk Reset) command ls used to al low the operator. to 
change disks. It there. are open ff les on any of the drives to be reset, the 
disk reset ls not al ·lowed, and the cause of the rejection is dlsp layed in an 
error message. Open tiles (i.e., In processot being written to the diskette) 
wi I I lose their updated information it they are not closed prior to issuing the 
disk reset command. 

The command is invoked as follows: 
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To reset al I drives: Entering the DSKRESET command fol lowed by a <er> al lows 
al I drives to be reset: 

Entry: 
Syntax: 

Error Message: 

OA DSKRESET er 
OA> <DSKRESET> <er> 

If a ti le is open on a drive, the fol lowing message is 
displayed: 

Disk reset denied, Drive x: Console y Program z 

where: x = Drive where program is being executed 
y = Console where program is attached 
z ~ Program Name ~hat is st, I I execuT1ng 

To reset a specific drive: Entering the DSKRESET command, fol lowed in sequence 
by a space, the drive descripter and a <er> al lows a specific drive to be reset. 
The fol lowing example describes how to reset Drive B: 

Entry: OA> DSKRESET B: er 
Syntax: OA> <DSKRESET> <8:> <er> 

where: DSKRESET = Disk reset command 
B = Drive descriptor with semicolon to denote 1/0 device 

Error Message: Same as g i v~n tor Reset a I I Drives; 

FILE MANIPULATION CCJ('4AN>S 

The Fi le Manipulation Commands al low the user to perform the fol lowing opera­
t ions on system t i les: . 

o Erase : a Fi le 

o Display Contents of Source Fi le 

o List al 1 · Filenames 

o Change Filenames 

o Provide Status of Fi l.e Storage 

o Produce Hexadecimal Type Files from Cet-1 type files 

o Produce Cet-1 Type Files from PRL Type files 

The parameter that is entered in a command to reference the ti lename consists of 
two parts, primary name and secondary name (which is an extension of the primary 
name). The primary name is a 1-8 character, user-assigned name for the ti le. 
The secondary name is a 1-3 character extension name tor the ti le type that may 
be assigned by the user or, under certain circumstances, a ut i l ity that is 
assigned by default. 
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A period (.) is used to separate the primary filename from the secondary exten­
sion, and is used in a command in the fol lowing forms to specify the type of 
processing search that wi I I be performed on files: 

where: Variations of the parameter entry are: 

<*> <.*> = Process al I system files Cfi lename and extension parame­
ters do not define a specific f i I ename or f i l_e type> • 

<*> <.ASM> = Process only those tiles that are assigned with the ASM 
file type descriptor. 

<W> <.ASM> = Process only the file that is referenced by the W ti lename 
and ASM file type descriptors. 

<W> <.*> = Process only those files that are assigned the W filename 
desdiptor. 

Command Name: ERASE FILE 

Function: Two commands, ERA <erase> and ERAQ <erase Query), are used to delete 
files. The ERA command is an immediate entry which al lows the user to delete a 
specified ti le or al I files. Th_e ERAQ command is an interactive erftry which· 
initially displays a list of specified files in the system; the user is prompted 
by a query to respond with Y or N (for a yes or no confirmation). to delete each 
file contained in the list. 

To delete al I files: Entering the ERA conmand fol lowed In sequence b~ two para­
'meters (*.*) for filename and extension, and a <er> wi 11 dele-te al 1· tiles 
assigned for the user code. 

En-try: 
Syntax: 

where: 

OA> ERA *•* er 
OA> <ERA><*><.*> er 

ERA = Erase Command 

*=first parameter (required) which defines 8 characters or 
less for al I primary ti lenames • 

• *=second parameter (required) which defines 3 charac-ters or 
less for al I secondary ti lename ex-tensions. 

er.= carriage re-turn <required) 

Sys-tem Response Message: Confirm dele-te al I user tiles CY/N)? 

· where: User must type a Y (for yes> or N <for no> In order to dele-te 
all files. 

To display list of al I flies and selec-tively delete various fi lename<s> from 
list: Entering the ERAQ command fol lowed by two parameters for ti lename and 
extension <*.*> causes the system to display the list tor al I tiulenames con­
tained in the directory; the user is then prompted to respond with a Y (tor yes) 
or N (for no) to delete or save each ti lename as it appears in the display. 

Entry: OA> ERAQ *. * er 
Syntax: OA> <ERAQ> <*><.*><er> 

where: Definition of parameters is given in previous command. 
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To display specific tiles and delete from I ist: Entering the ERAQ command 
fol lowed by the specified ti lename parameters al lows the user to delete only 
those tiles that match the ti lename reference. 

Entry: 
Syntax: · 

where: 

OA> ERAQ *.LST er 
OA> <ERAQ> <*> <.LST> <er> 

ERAQ = command for selective deletion of ti le. 
*=first parameter (required) which defines 8 characters or 

less for primary ti lenames • 
• LST = second parameter (required) which defi~es 3 characters 

or less for the secondary ti lename (extension> of each 
file associated with the .LST paramete~. 

er= carriage return. 

System Response: A:XIOS LST? Y 
A:MYFILE LST? N 

where: The selected tiles -are displayed with a quer/ requesting the 
user to respond with a Y (yes) or N (no) to ~elete or save the 
specified ti le. 

Erro~ Message: The message, NO FILE, is displayed it tbe ti lename can-
not be found on the specified diskette. 

Command -Name: TYPE A FILE 

Function: The TYPE command displays the contents of a specified ASCII source 
ti le on the screen. The user can specify the number of lines of data to be 
displayed on a page. The TYPE command automatically expands tabs at every 
eighth-column location. 

The ti lename must be specified with two parameters fol lowing the TYPE command. 
The TYPE command has an optional pause mode . to halt the display after the spe­
cified number of lines appear on the screen. The pause mode is set by entering 
a P, fol lowed by two decimal digits (to indicate line count) after the filename 
extension entry. The pause mode wi I I cause the display to halt unti I the <er> 
key is pressed; the additional lines will then be displayed etc., until the end 
of ti le is reached. 

In the fol lowing example, the primary fl lename, DlJ.1P distinguishes a category 
name of source tiles and the extension ti lename; ASM distinguishes the type of 
ti le for a particular category. 

NOTE: The peripheral Interface Command (PIP) may also be used to display source 
f-i les. The description of the PIP command is described under System 
Operation Commands. 

Entry: OA> TYPE DlJ.1P.ASM P23 er 
Syntax: OA> <TYPE> <DLJ.1P> <.ASM> <P23> er 

where: TYPE= Command to display source ti le. 
DLJ.1P = Primary f i I ename • 
• ASM = Secondary ti le name extension. 
P23 = Pause after 23 I i nes are di sp I ayed. 
er= Carriage return (advance to the next 23 I ines and pause). 
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Command Name: FILE DIRECTORY 

Function: The DIR (directory) colTITland causes a list ot the ti lenames that are 
stored in a diskette to be displayed at the terminal. The conrnand can be 
invoked to list al I ti lenames stored on the currently assigned disk drive, or 
al I ti lenames stored on a specific disk drive, or list particular ti lenames 
stored on a specific disk drive. An error message is displayed it a requested 
ti lename cannot be tound on the addressed disk drive. 

The parameter tield that is entered In the conmand string to identity the disk 
drive name (e.g., A: or B:) must be followed ~Ya semicolon(;). It the drive 
name is not specified in the commands the system wil I address the last drive 
that was assigned. 

To list al I filenames on the currently assigned disk drive: Entering the com­
mand, DIR, tol lowed by a <er> wi I I display al I ti lenames on the currently 
assigned drive. 

Entry: 
Syntax: 

-System Response: 

OA> DIR er 
OA> <OIR> <er> 

Al I ti lenames on the logged-on disk drive wi I I be 
displayed. 

To I ist ti lenames stored on a specific d·isk drive:· Entering the comna_nd, -DIR, 
tel lowed in sequence by the parameter for a specified disk drive, and a <er> 
wil I cause the specified disk drive to be addressed and a search conducten to 
I ist al I ti lenames stored on the diskette. 

_Entry: OA> DIR B: er 
Syntax: OA> ·<O IR> .<B: > <er> 

where: Parameter B: indicates the specified drive. 

System Response: A-I I f i I enames on the specified drive wi 11 be 
displayed. 

To list a particular fl lename on specified diskette: Entering the command, DI-R , 
fol lowed In sequence by the parameter for a specific disk drive, the two parame­
ters for fl lename and/or extension, and a <er> will cause the specified fl le to 
be displayed. 

Entry OA> DIR· B: <*> .ASM er 
x: OA> <OIR> <B:> <*> <.ASM> <er> 

where parameters: * = f I lename 
.ASM = extension (file type) 

Error Message: The message, NOT FOUND is displayed if the ti le is not 
stored on . the specified disk. 

Command Name: RENAME FILE 
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Function: The REN (rename) command al lows the user to change the name of tiles 
stored on the disk. It is assumed that the currently assigned disk contains the 
old ti lename that is to be changed to a new ti lename. 

To change existing ti lename, MYFILE.ASM to read YY.ZZ: Entering the REN command 
fol lowed in sequence by (1) The existing ti lename and extension parameters, (2) 
An equal sign (=), (3) The new ti lename and extension parameters, and (4) A <er> 
wi 11 initiate the change. 

Example: 
Syntax: 

where: 

OA> REN MYFILE.ASM = Y.Y.ZZ er 
OA> REN <MYF ILE> <.ASM> <=> <YY> <.ZZ> <er> 

The ti lename and extension parameters must be specified in the 
command string for both the current filename and new filename. 

The optional disk drive name (e.g., A: or B:> may be used in the command string 
to identify the ti le location. If the current_ ti lename is assigned to a spe­
cified drive, then the new ti lename is expected to reside on the same drive. 
Likewise if the new ti lename is assigned to a specified drive, then the current 
ti lename is expected to reside on the same drive a? indicated in the fol lowing 
examp I es: 

Example Entry: (1) OA> REN B: MYFILE.ASM = B:YY.ZZ er 
(2> OA> REN B: MYFILE.ASM = YY.ZZ er 

where: Both examples (1 > and (2) iodicate the ti lename, MYFILE.ASM is 
changed to YY. ZZ on dr 'i ve B. 

(3) OA> REN A: BAL.M = BAT .M er 
(4)" OA> REN A: BAL.M = A: BAT.M er 

where: Both examples (3) and (4) indicate the ti lename BAL.M is 
changed to BAT.Mon drive A. 

Command Name: STATUS 

Function: The STAT (Status> fOmmand provides statistical information about ti le 
storage and device assignments. The STAT command is invoked as fol lows: 

Entry: OA> STAT er 
Syntax: OA> <STAT> <er> 

Ful I detai Is and variations tor entering the STAT command are described in the 
MP/Mand CP/M users manuals that are shipped with the system. 

Command Name: GE~OO 

Function: The GE~OO command accepts a 
tiles of type HEX which are offset from 
a ti le of type PRL (program relocatable 
in the fol lowing form: 

etw.-,'2l viqci:,J,, c.kelcl~ 
ti le which contains two concatenated 
each other by 0100H bytes, and produces 
module). The GENMOO command is invoked 

Entry: 
Syntax: 

OA> GEf',t.100 G: Cfi lename) (.extension) B: Cfi lename).PRL $1000 
OA> <GENMOD> <B:> <file> <.hex> <B:> <file> <.PRL> <$1000> 
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where: The first parameter= filename which contains two concatenated 
fil es of type HEX extension. 

The second parameter= the name of the destination file of type 
PRL extension. 

The optional third parameter= the specification for additional 
memory space required by the program beyond the exp I icit code 
space. The form of this parameter is the dollar sign ($ ) 
fol lowed by tour hex ASCII digits. For example, it the the 
program has been written to use al I avai I able memory tor buf­
fers, the spec i ticaiton of the third parameter wi I I ensure that 
a minimum butter al location is provided. 

Command Name: GENHEX 

Function: The GENHEX conmand is used to produce a ti le of type HEX from a file 
of type CCJ.1. This capability al lows the user to generate HEX tiles tor GENMOO 
input. The GENHEX conmand has two parameters which consist of the COM filename 
and the tottset value to the HEX tj le. The GENHEX conmand is invoked in the 
fol lowing form: 

Entry: OA> GENHEX PROG.CCJ.1 100 
Syntax: OA~ GENHEX <PROG> <.CCJ.1> <100> 

Command Name: PRLCCJ.1 

Function: -The PRLCCJ.1 conmand accepts a ti le of type PRL (program relocatable 
module) -and produces a ti le of type CCJ.1 (memory resident). It the 

destination CCJ.1 .ti le already exists, a query is made to determine it the ti le 
should be deleted before continuing the conmand processing. The PRLCOM conmand 
is invoked in the fol lowfng form: 

Entry: OA> PRLCCJ.1 B: (program> .PRL A: (program) .ca-, 
Syntax: OA> <PRLCCJ.1> <8:> <program name> <PRL.> <A:> <program name> <.COM> 

SYSTEM <PERATION CCM4AN)S 

The system operation conmands permit the user to perform the fol lowing 
functions: 

o Transfer data fl I es from one per l_phera I I /0 device to another vi a the 
peripheral interchange program conmand. 

o Assemble the users program and store the result on diskette. 
~<ot ~ 

o Select a fl le of conmands for automatic batch processing via the sub­
mit conmand. 

o Display the contents of a spec ified disk file on the screen in hexa­
decimal form via the dump command. 
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o Load a specified disk ti le with hexadecimal machine code and produce 
a memory image ti le which can be executed. 

o Display run-time status of the MP/M Operating System via the system 
status conmand. 

o Transfer ASCII text tiles to a list device via the spool conmand. 

Command Name: PERIPHERAL INTERCHANGE PROGRAM 

Function: , The PIP (peripheral interchange program) conmand al lows the user to 
initate data transfer operations between the di°sk ti le and other peripheral 
devices. The PIP conmand may be invoked by specifying the Interactive Response 
mode or Immediate Response mode. var 1aT1ons ror us ing Tne ~IP are described in 
the CP/M Users Guide Manual. 

To invoke :PIP for Interactive Response: Entering the command PIP fol lowed by a 
<er> wi I I '. cal I out the program 

I 

Entry: OA> PIP er 
Syntax: OA> <PIP> <er> 

The system wi I I respond by displaying an asterisk (8) character which serves as 
a promp·t tor . the user to begin entering one or more conmand I i nes at the con­
so I e. The form of each conmand ~ine entry is as foldows: 

* <destination> <=> <source #1 > <, Source #2> • • • <Source #n> <er> _ 

where: <destinat ion> is the name of the file or peripheral- ·device that 
wi I I receive the specified source information • 

. 
<=> equal symbol is a delimiter 

<source #1> through <source #n> represents a ser ies of one or 
more tiles (or devices) that are copied from left to right and 
sent to the specified destination. 

EXAMPLE C(),1MANO LI NE ENTRY: 

B: = *.C04 er - Copy al I files which have the secondary exten­
sion name, C04 to drive B from the current 
drive. 

Each command line entry causes some type of transfer function to occur as 
defined by the content In the conmand line. 

The* prompt wil I continue to appear requesting input for a conmand line entry 
unti I a <er> is issued inrnediately after the* prompt. This wi I I cause the PIP 
to terminate. 
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To invoke PIP for Immediate Response: Entering the command PIP, fol lowed in 
sequence by the command line entry and a <er> wi I I cal I out the program and exe­
cute the command without the need for user interaction. The program automati­
cally terminates after execution is completed. 

Entry: 0A> PIP (command line) 
Syntax: 0A> <PIP> <destination><=> <source #1> <source #2> ••• 

<source #n> <er> 

where: description of parameters tor command line entry is the same as 
given for Interactive response. 

Command Name: ASSEMBLER 

Function: The ASM (assembler) conmand al lows the user to assemble a specified 
program on a disk. The MP/M assembler is invoked as fol lows:, 

Entry: 0A> ASM (fl lename) Ct lags) er 
Syntax: 0A> <ASM> <filename> lF1 F2 F31 <er> 

where: The command ASM means assemble. The ti lename is the name of 
the source ti le to be assembled. The ti le type extension is 
not included in the conmand. MP/M uses the· ti ie name to 
generate: 

- The sour::c:e ... fl lename by appending .ASM •· 
- The I ist fl lename by appending . • PRN 
- The object ti le name by appending .HEX 

The three flags CF1, F2, F3) are optional. The first flag is associated with 
the source ti le, the second flag with the object ti le, the third flag · with the 
I ist ti le. the flags are one character each and have the fol lowing meaning: 

A through P - Logical disk drives 

Z - Do not produce a file 

X - Applies only to Flag 3 CF3> and means put the Listing on the con­
sole. 

NOTE: It the ti lename has a logical drive designator CA:ti lename) and 
the flag specifies a different logical drive, the flag takes 
precedence. 

Conmand Name: SU8MIT 

Function: The SUBMIT conmand allows a user to combine several conmands into a 
single ti le for automatic batch processing. The S~IT function creates a file 
of substituted conmands with the name, $$$.SUB. The SUa.11T conmand is invoked 
as fol lows: 
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Entry: OA>SUBMIT (filename) (parameter #1 ••• parameter #n) er 
Syntax: OA> <SUBMIT> <filename> <.extension> <parameter #1> <parameter 

#n> <er> 

where: Filename is the name of a f i le that exists on the currently 
assigned disk which contains an extension of .SUB. The 
complete filename is of the form, ASM.SUB. 

A filename with the .SUB extension, type descriptor is therefore identified by 
the SUB file. The SUB file contains prototype conmands with possible parameter 
substitution to accomplish batch processing. 

~toer . 
The actual parameters #1 ••• parameter #n entered in the conmand string repre­
sent comm~nds contained in the prototype file. The prototype corrmand file i~ 
created using the Editor program with interspersed ($) symbols for formal para­
meters of the form: $1 $2 $3 ••• $n. 

These formal parameters ($1 $2 $3 ••• n$) correspond to the number of actual 
parameters (parameter #1 ••• parameter #n) entered in the corrmand string and are 
substituted into the prototype conmands. 

When the SUBMIT conmand is executed, the actual parameters (parameter #1 ••• 
parameter #n) are paired with the formal parameters ($1 $2 $3) in the protqtype 
commands. 

l"f the number of formal and actual parameters correspond, batch processing is 
initiated and the file of substituted conmands are executed in sequence. 

If the number of formal and actual parameters does not correspond, then the 
SUBMIT function is aborted with an error message displayed at the console. 

Command processing is also aborted if the system detects an error in any of the 
commands. The user can abort conmand processing at any time by typing a rubout 
when the command is read or echoed. 

Examp I e: 

Let us assume the ti le ASMBL.SUB exists on disk and contains the fol lowing pro­
totype conmands 

ASM $1 
DIR $1.* 
ERA *.BAK 
P I P $2: =$ 1 • PRN 
ERA $1.PRN 

and the SUBMIT conmand is issued by the operator: 

SUBMIT ASMBL X PRN er 

The SUBMIT program reads the ASMBL.SUB file, substituting ''X" for all occurren­
ces of $1 and "PRN" for al I occurrences of $2, resu I ting in a $$$.SUB file con­
taining the fol lowing commands which are executed in sequence. 
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ASM X 
DIR X.* 
ERA *.BAK 
PIP PRN:=X.PRN 
ERA X.PRN 

The SUBMIT function can also access a SUB ti le which is stored on an alternate 
drive by preceding the ti lename by a drive name. Submitted tiles are nly acted 
upon, however, when they appear on drive A. Thus, it Is possible to create a 
submitted ti le on a drive 8 diskette which is executed at a later time when 'the 
diskette is inserted in drive A. 

~ommand Name: UL.MP 

Function: The Dl..MP command types the contents of the specified disk ti le at the 
console in hexadecimal form. The contents are listed 16-bytes as a time, with 
the absolute byte address listed in hexadecimal to the left of each line. The 
Dl..MP command is invoked as fol lows: 

Entry: OA> Dl..MP Cti lename> er 
Synatax: OA> <CL.MP> <ti lename> <.extension> <er> 

where: Fl rename and extension Is of the form: BOT.ASM 

Long listings can be aborted by pressing the rubout key while printing is in 
process. 

Command Name: LOAD 

Function: The LOAD command reads the specified ti lename, which is assumed to 
contain hexadecimal format machine code and produces a memory-image ti le that 
can be sub$eq~ently executed. The LOAD command is invoked as fol lows: 

Entry: OA> LOAD Cti lename) er 
• Syntax: OA> <LOAD> <ti lename> <.extension> <er> 

where: Fi'lename and extension is of the form: ALPA.t-EX 

Command Name: SYSTEM STATUS 

Function: The MPMSTAT CMP/M Sy~tem Status) command allows the user to dlsplay 
the run-time status of the MP/M operating system. The MPMSTAT command Is 
Invoked as follows: 

Entry: OA> MPMSTAT er 
Syntax: OA> <t-1PMSTAT> <er> 

The system status Is displayed on the screen in the fol lowing format: 
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****** MP/M Status Display****** 

Top of memory= FFFFH 
Numbe~ of consoles= 02 
Debugger breakpoint restart#= 06 
Stack is swapped on SOOS cal Is 
Z80 complementary registers managed by dispatcher 
Ready Process(es): 

MPMSTAT I die 
Process(es) DQing: 

[Sched l Sched 
(ATTACH l ATTACH 
[Cl iQ l cl i 

Process(es, NQing~ 
Delayed Process(es): 
Pol I ing Process(es): 

PIP 
Process(es) Flag Waiting: 

01 - Ti ck 
02 - Clock 

Flag(s) Set: 
03 

Queue Cs): 
Cl iQ 
MXOisk 

ATTACH MXParse MPMSTAT Sched 
MXList CTmpO 

Process(es) Attached 
[ 0 l - MPMSTAT 

to Consoles: 

[ 1 l - TMP1 
Memory Al location: 

Base= OOOOH Size= 4000H 
Base= 4000H Size= 2000H 
Base= 6000H Size= 1100H 

Al located to PIP 
* Free * 
A I I ocated to D I R 

C 1 l 

[01 

The information presented in the status display is to be interpreted as fo~lows: 

Ready Process(es): The ready processes are those processes which are ready to 
run and are waiting for the CPU. The list of ready processes is ordered by the 
priority of the processes and includes the console number at which the process 
was initiated. The highest priority ready process is the running process. 

Process(es) DQing: The processes DQing are those processes which are waiting 
for messages to be written to the specified queue; The queue name is in 
brackets fol lowed by the names of processes, in priority order, which have exe­
cuted read queue operations on the queue. 

Process(es) NQing: The processes NQing are those processes which are waiting 
for an available buffer to write a message to the specified queue. the queue 
name is in brackets fol lowed by the names of the processes, in priority order, 
which are waiting for buffers. 

Delayed Process(es): The delayed processes are those which are delaying for a 
specified number of ticks of the system time unit. 
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Pol I ing Process(es): The pol I ing processes are those which are pol I ing a spe­
cified 1/0 device for a device ready status. 

Process(es) Flag Waiting: The processes flag waiting are listed by flag number 
and process name. 

FI ag ( s.> Set: The t I ags which are set are di sp I ayed. 

Queue<s>: Al I the queues in the sys-rem are I isted by queue name. Queue names 
which are al I in capital letters are accessible by conmand line in"terpreter 
input. For example, the SPOOL queue can be sent a message to spool a fl le by 
entering 'SPOOL' fol lowed by a filename. Processes OQing from queues which have 
a name that matches the process name are given the console resource when they 
receive a message. Queue names -rhat Deg in with 'MX' are ca I I ed mu"tua I exc i us fon 
queues. The display of a mutual exclusion queue includes the name of the pro­
cess, if any, which has the mutu·a I exc I us ion message. 

Process<es) At"tached to Consoles:: The process a"t"tached to each console is 
I is"ted by console number and process name. 

Process<es) Waiting for Consoles: The processes waiting for each console are 
I i.sted by ~nsole number and process name in priority order. They are processes 
which have detached from the console and are then waiting for the console before 
they can con"tinue execution. 

Memory Al location: The memory al location map shows the base, slze; bank, and 
al loca"tion of each memory segmen"t. Segments which are not al loca"ted are shown 
as_ '* Free*', while al loca"ted segments are iden"tified by process name and the 
cdnsole in bracke"ts associated with the process. Memory segments which are set 
as pre-al located during sys-rem generation by specifying an attribute of OFFH are 
shown as '*Reserved*'· 

Command Name: SPOOLER 

Function: The SPOOL conmand al lows the user to transfer (spool) ASCII text 
tiles to the list device. Multiple fl lenames may be specified in the conmand 
tall. The spooler expands tabs Cctl-1 charac"ters), assuming tab positions are 
se"t at every elgh"th column. 

The spooler queue can be purged at any time by uslng the STOPSPLR command. 

The SPOOL comnand is invoked as fol lows: 

Entry: OA> SPOOL Cfi lename>, Cfi lename> er 
Syntax: OA> <SPOOL> <LOAD> <.LST> <,> <LETTER> <.PRN> <er> 

where: SPOOL 
LOAO.LST 
Character <,> 
LETTER.PRN 

= the conmand entry 
= the first filename with extension 
= a del !miter to separa"te filenames 
= the second filename in command string 
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The non-resident version ot the spooler (SPOOL.PRL) differs in its operation 
from the SPOOL.RSP as fol lows: it uses al I ot the memory avai I able in the 
memory segment in which it is running tor butter space; it displays a message 
indicating its status and then detaches from the console; it may be aborted from 
a console other than the initiator only by specifying the console number of the 
i nitiator as a parameter ot the STOPSPLR command, which is invoked as fol lows: 

Entry: OA> STOPSPLR O er 
Syntax: OA> <STOPSPLR> <O> <er> 

where: STOPSPLR = the conmand entry 
0 = the console II of intiator 

PROGRAM OPERATION eot4ANOS 

The program operation conmands al low the user_ to perform the fol lowing 
functions: 

o Invoke the MP /M Text Editor Ut:i I ity 

- o Invoke the Dy-namic Debugger U_"fi I ity 

o_ Examine and Set the System Date and Time Parameter 

o Schedule Programs tor Execution 

o Abort a Running Program 

Command Name: TEXT EDITOR 

Function: The ED (editor) command al lows the user to create and edit ASCII text 
ti !es using the MP/M1 editor. 

The alternate text editor program that is described in chapter 6 may be used to 
provide an extended ASCII text processing capabi I ity tor 9520 Software 
Development System applications. 

Complete detai Is tor using the MP/MED uti I ity are described in the CP/M Editor 
Users Manual that is shipped with the system.· 

The MP/MED conmand is invoked as fol lows: 

Entry: OA> ED er 
Syntax: OA> <ED> <er> 

Command Name: DYNAMIC DEBUGGING TOOL 

Function: The DDT (dynamic debugging tool) command loads and executes the MP/M 
debugger. 

The description tor using the DDT is presented in chapter 6 ot this manual. 
Additional information on the DDT is conatined in the MP/M Users Manual that is 
shipped with the system. 
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The DDT command is invoked as tol lows: 

Entry: OA> DDT er 
Syntax: OA> <DDT> <er> 

Command Name: DATE AND TIME 

Function: The TOD (time ot day) conmand al lows the user to read and set the 
date and time. Entering 'TOD' fol lowed by a <er> wil I cause the current date 
and time to be displayed on the console. Entering 'TOO' fol lowed by a date and 
time wi I I set the date and time when a <er> is entered fol lowing the prompt to 
strike a key. Each ot these TOD conmands is illustrated below : 

To Display t he Curt ~•1 Date and Time: 

En1Ty: OA> er 
Syntax: OA> <TOD> <er> 

System Response: The screen wl 11 display the fol lowing information: 

Wed 04/29/81 

---ill· ~ear·· 
'-=day 

month 
day of week ------

To Set.the Date and Time: 

1 ) 

2) 

3) 

Entry: 
Syntax: 

System Response message: 

User Response: 

08:15:37 

Lsecond 
minutes 
hour (24 hr clock) ·_ 

OA> <TOO> (date) (time) 
OA> <TOO> <04/29/91> <10:30:00> <er> 

STIKE KEY TO SET TIME 

press <er> key 

4) System Response: New Time and Date is displayed as fol lows: 

WED 04/29/81 10:30:00 

NOTE: Entering TOOP will cause the current time and date to be dlspl~yed con-
tinuously untl"I a key Is struck at the console. 

Command Name: SCHEDULER 

Function: The SCHED <scheduler) conmand al lows the user to schedule a pr'Ogram 
tor execution. Entering 'SCHED' fol lowed by a date, time and conmand line wil I 
cause the conmand line to be executed when the specified date and time is 
reached. 

In the example shown below, the program 'SAMPLE' wil I be loaded from disk and 
executed on Apri I 18, 1981 at 10:30 FtJI. Note that only hours and minutes are 
specified, not seconds. Programs are scheduled to the nearest minute. 
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The command is invoked as fol lows: 

Entry: 
Syntax: 

Command Name: ABORT 

OA> SCHED (date) (time) (program name) er 
OA> <SCHED> <4/18/81> <22:30> <SAMPLE> <er> 

Function: The ABORT command al lows the user to abort a running program. The 
program to be aborted is entered as a parameter in the ABORT corrmand. 

The command in invoked as fol lows: 

Entry: 
Syntax: 

OA> ABORT (program name) er 
OA> <ABORT> <ROT> <er> 

A program that is initiated from another console may only be aborted by 
including its console number as a parameter of the ABORT corrmand. The console 
entry is as fol lows: 

Entry: 
Syntax: 

SYSTEM UTILITIES 

OA> ABORT (program name) (console#) er 
OA> <ABORT> <ROT> <2> <er> 

System Ut i I it i es is a co I I ect i ve name for programs which provide various system , 
overhead operation such as ·formatting diskettes, setting baud rates, converting 
absolute object files to a suitable format for downloading to a remote 
emulator/debugger, downloading a program from the 9520 Software Developmer:tt 
System to the 9508 Emulator/Debugger and uploading a program from the 9508 
Emu 1-ator /Debugger to the 9520 Software Deve I opment System. . 

The fol lowing uti I ity programs are used to accomplish the above operations: 

o FDISK (Floppy Disk) 

o BRATE (Baud Rate) 

o CONVERT 

o DOWNLOAD 

o UPLOAD 

There are two types of uti I !ties corrmand entries: irrmediate (single entry) com­
mands, and interactive (user response) corrmands. The lrrmediate and Interactive 
modes of corrmand entries are described in chapter 8, System Operations. 

Uti I ity Name: FLOPPY DISK 
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Function: The FDISK (floppy disk) ul ii ity al lows a user to perform the 
fol lowing functions: 

o FORMAT a floppy diskette 

o Duplicate a floppy diskette 

o Copy the system tracks from one diskette onto another diskette 

The FDISK utility may be invoked using the interactive mode which prompts the 
user for a response, or using the immediate mode which initiates the execution 
and completion of the program. 

-:-o ;;,..,...,;._., ti,~ :-DISK ... ti I ity using the interactive mode: 

Entry: OA> FDISK er 
Syntax: OA> <FDISK> <er> 

System Response: FDISK wil I prompt the user in the fol lowing manner: 

F) ormat? D> upJicate? C> opy Sy.stem? Q) uit? 

The user should respond by typi~g the character F for formatting the disk, D for 
dup.licating the disk, Cfor copying 1:he system tracks, and Q.for aborting the 
FD I SK program. -

Upon reception of a val id character, FOi.SK wi 11 prompt the user according to the 
response entered. For the F character response, FDISK wil I prompt with: 

. 
Diskette to format - A, B, C, or D? 

The user may choose the diskette to format by striking the letter A for the 
diskette in drive A, B for the diskette in drive B, and so on ••• 

FDISK wi I I then respond with: 

D> ouble Density? S) ingle Density? 

The user may choose double density with the D character or single density with S 
character. Upon receiving either one of these ·characters, FDISK wi 11 format the 
appropriate floppy diskette and then respond with the first prompt again. 

When the D chartacter is chosen from the first prompt issued by FDISK, the uti-
1 ity will again prompt with: 

Source diskette - A, 8, C or D? 

The user may choose the diskette to be duplicated by strik ing the letter A .for 
the diskette in drive A or B for the diskette in drive Band so on ••• 

FDISK ~i I I then prompt with: 

Destination diskette - A, B, C, or D? 
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The user may choose the new disk that wi I I receive the duplicated data by 
striking the letter A for the diskette in drive A, B for the diskette in drive 
B, and so on ••• 

FDISK wi 11 then duplicate the destination diskette with the kcontents of the 
source diskette and then respond with the first prompt again. 

When the C character is chosen from the first prompt issued by FDISK, the uti-
1 ity wi I I perform the same action as that taken for the duplicate function 
except that only the first two tracks of the source diskette wi I I be updlicated 
onto the first two tracks of the destination diskette. 

To invoke the FDISK utility using the immediate command mode: 

Entry: 
Syntax: 

where: Function means: 

FORMAT 
DUPE 
CPYSYS 

and FLAG 111 means: 

OA> FDISK (function> Cf lag 111) (flag 112) er 
OA> <FDISK> <function> <flag 111> <flag 112> <er> 

DRIVE= for the FORMAT indicator. 
FR(l.1 = for the DUPE and CPYSYS indicatprs. 

and FLAG 112 means: 

DENSE= for the FORMAT indicator. 
TO= for the DUPE and CPYSYS indicators. 

These parameters to FDISK wi I I cause the uti I ity to execute without prompting 
the user. Also, these parameters may appear on the command line in any order or 
sequence. That is to say: 

There may be 6 variations of the command line for the FORMAT indicator. For 
examp I e: 

FDISK 
FDISK 
FDISK 
FDISK 
FDISK 

FORMAT 
FORMAT 
DENSE = D 
DENSE = D 
DRIVE = B 

DRIVE = B 
DENSE = D 
FORMAT 
ORI VE = B 
FORMAT 

DENSE = D 
DRIVE = B 
ORI VE = 8 
FORMAT 
DENSE = D 

Of course A, B, C or D characters may fol low the equal symbol (=) for the DRIVE, 
FR(},1, and TO indicators and S, or D characters may fol low the= sign for the 
DENSE indicator. 

Uti I ity Name: BAUD RATE 
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Function: The BRATE (baud rate> uti I ity program wi I I al low the user to display 
and set baud rates for the 9520 Development System 1/0 devices. These devices 
include RS-422 1/0, Remote 1/0, Reader/Punch 1/0 and Console 1/0 conmunication 
ports. 

The BRATE uti I ity may be inviked using the interactive mode which prompts the 
user for a response, or by using the invnediate mode which initiates the execu­
tion and completion of the program. 

To invoke the BRATE utl lity using the interactive mode: 

Entry: OA> BRATE er 
Syntax: OA> <8RATE> <er> 

Sysi"em Response: The BRATE program wil I then display the curreni" baud 
rai"e s1"a1"us tor each 1/0 device and then prompi" the 
user as fol lows: 

I /0 device: 

The user may respond with the ASCII description of the 1/0 device and enter a 
<er> ati"er each response: 

RS-449 <er> 
REMOTE <er> 
PRINTER <er> 
CONSOLE <er> 

The baud rai"e program will Then prompi" 1"h'e user tor the baud rai"e thei" Is 
desired: 

BAUD RATE: 

The user may respond by eni"ering the fol lowing values tor the baud rate. 

where: Val id Baud Rai"e Values are: 

110 
134.5 
150 
300 
600 

1200 
2400 
4800 
9600 

19200 
38400 
56000 
76800 

187500 
375000 
750000 
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NOTE: Error messages wi I I be displayed for specifying those baud rates that are 
invalid for a particular 1/0 device. 

A control - C character may be entered to abort thge baud rate program at any 
time. 

To invoke the BRATE Uti I ity using the immediate mode: Al I information is pro­
vided in the parameters of the corm,and string and immediate execution occurs to 
complete the processing. 

Entry: OA> BRATE Cl/0 device) = (Baud Rate) er 
Syntax: OA> <SRATE> <1/0 device>= <Saud Rate> <er> 

where: 1/0 device is the ASCII description for one of the fol lowing 
1/0 ports: 

RS-422 
REMOTE 
PRINTER 
CONSOLE 

The equal symbol (=) is a delimiter 

Baud Rate is one of the fol lowing values shown in the preceding tab1e 
of "Val id B~ud Rai"e Values". 

Ui"i I ity Name: CONVERT 

Funci"ion: The CONVERT uti I ity converts an abso~ute object file, which has been 
produced by the Mi I lennium Assembler or Linker, to a file which is suitable for 
downloading to a 9508 for debugging, or to a PR0,,1 programmer. The format of the 
output file can be either Mi I lennium Binary or TEKHEX. Note that PR0,,1 
Programmers only support the TEKHEX format. 

The CONVERT uti I ity is invoked as fol lows: 

Eni"ry: OA> CONVERT Cd:) Ctn) (.ft) C/A) er 
Syntax: OA> <CONVERT> <drive:> <filename> <.file fype extension> </A> 

<er> 

where: 

drive: Is The disk drive letter. A, 8, C, or D. The default ls 
the drive which is curreni"ly logged on. 

f i I ename: Is the f I I ename. 

filetype: Is the ti letype exi"ension of the object file. The default 
is OBJ. 

/A Instructs the CONVERT program to create TEKHEX records. 

In this case, the ti le fype of the output file wi I I be .ASC. The default format 
is Mi I lennium Binary, and the corresponding ti le fype. is .BIN. 
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System Response: If no errors are encountered, the CONVERT wi I I 
display 

FILE CONVERTED. NO ERRORS 

and return to the operating system. 

Warning Messages: 

If the input file contains records which have relocation information the CO~VERT 
program wi I I display a warning message and continue with its conversion. The 
message wi I I be one of the fol lowing: 

INPUT MODULE HAS UNRESOLVED EXTERNAL REFERENCE 
INPUT MODULE IS NOT ABSOLUTE. IT CONTAINS RELOCAT.ION INFO 

Fata I Errors: 

If the switch parameter, /A, is not typed correctly, the program wi I I display · 

INVALID PARAMETER. EXPECTING A SWITCH 

If an error 9Ccurs ~hi le reading the .input file or writing tt:le output file, the 
error message wi 11 corisist of two I Ines. The first I ine wi 11 always be:-

FATAL ERROR nn fn.ft. RECORD= rr 

where: nn is the error number 

fn is the filename 

ft is the file type. For input errors, it wi 11 be the file 
type of the input file. For output errors, it wi I I be the 
file type of the output file. 

rr is the physical record number in the File Control Block 
CFCS) 

The second message and their correspond t'ng error codes are 

CODE 

66 
77 
xx 
xx 
xx 

MESSAGE 

CHECKSLM DOES NOT MATCH 
INPUT FILE HAS A SHORT BLOCK 
OUTPUT ERROR 
CANNOT OPEN FI LE 
CANNOT CLOSE FILE 

xx is the code which is returned by MP/M for an OPEN, ERASE , MAKE, 
READ, WRITE, or CLOSE BOOS cal I. 

Utility Name: DOWNLOAD 
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Function: This uti I ity program downloads a program from a file on the 9520 
Development System to the 9508 Emulator/Debug system so that it can be debugged. 
The input f i I e must be in Mi I I enn i um Bi nary or TEKHEX format. The Ii nk must be 
connected to a CONSOLE PORT on the 9520. 

The DOWNLOAD uti I ity is invoked in the fol lowing manner: 

Entry: OA> DOWNLOAD Cd:) (fn) (.ft) er 
Syntax: OA> <DOWNLOAD> <drive:> <filename> <.file type extension> <er> 

where: 

drive: is the disk drive letter. A, 8, C, or D. The default is 
the current logged on drive. 

f i I ename: is the filename of the input f i I e. 

file.type: is the file type extension. The default is BIN. 

NOTES: This program u~es: 1) Start-Synchronization Handshake 
2) A~k/Nak Protocol 

Uti I ity Name: UPLOAD 

Function: The UPLOAD uti I ity is used to upload a program from the 950~ 
Emulator/Debug System to a disk file on the 9520 Development System: It assumes 
that the I ink from the 9508 is connected to a CONSOLE PORT. 

The UPL_OAD uti I ity is invoked in the fol lowing manner: 

Entry: OA> UPLOAD" Cd:) (fn) (.ft) er 
Syntax: OA> <UPLOAD> <drive:> <filename> <.ti le type extension> <er> 

where: 

drive: is the disk drive letter. A, 8, C, or D. The default is 
the current logged-oi disk. 

filename: is the filename of the output file. 

ti le type: is the file type extension. 
and · ASC for TEKHEX format. 

Normally BIN for Binary format 
The default is BIN. 

NOTES: This program uses: 1) Start-Synchronization Handshake 
2) Ack/Nak Protocol 

THE ASSEMBLER 

The Assembler is a 9520 Development System uti I ity that assembles assembly 
language source programs into object modules for execution (after suitable link 
operation and downloading has been completed) at the remote 9508 Emulator/Debug 
System. 
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A separate assembler uti I ity is used for each microprocessor type. In some 
cases, one assembler wi II be used to support a family of processor types. 
Assembler directives in the source program wi I I be used to specify the par­
ticular microprocessor family member. The detai Is of the assembler directives 
can be found in the assembler manuals. ·A separate user manual and language 
translator diskette is provided for each assembler/cross-assembler to supper the 
various microprocessors. The available assembler manuals are listed in the pre­
face. 

The assembler is invoked in the fol lowing manner: 

Entry: (assembler specifier) Cfi lename) (.ti le type) (>flags) er 
Syntax: <assembler specifier> <filename> <.ti le type> (>flags) <r.r> 

where parameters in the conmand entry indicates the fol lowing 
information: 

(Assembler Specifier Parameter) is defined by the fol lowing entry 

A8080 

A6800 

A6801 

- The 8080 and 8085 assembler 

- The 6800 assembler 

- The 6801, 6802, and 6803 assembler 

A6809 - The 6809 assembler {future capability) 

A8048 - The 8048, 8049, 8021, and 8041 assembler (planned) 

AZ80 - The 280 assembler 

A28001 - The 28001 assembler (future capability) 

A28002 - The 28002 assembler 

A8086 - The 8086 and 8088 assembler (future capability) 

A68000 - The 68000 assembler {future capability) 

Cfi lename parameter) is us~d by the command processor to specify the primary 
name of the source fl le {.SRC), the object fiel {.OBJ), the list fl le C.LST) by 
appending the appropriate fl le type name. 

Notice that the file type name selected are different than the MP/M file type 
names. This is necessary to avoid mixing the Mi llennium object files with those 
of Digital Research. The object ti le formats are not compatible. A blank must 
separate al I fields in the conmand. 

NOTE: The Symbol Table ti le will not be generated in the first release. 0 
(>flags) is an optional field that is used to spec ify flags to be applied to the 
source, list, object and symbol table tiles in the foregoing order. The flags 
are the same ones used in the MP/M ASM conmand. 
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A, B, C, D - Logical drive designators 

Z - no ti le is to be produced 

T - Applies only to the I ist ti le and means use the system printer instead of a 
file 

X - Applied only to the list ti le and means use the console instead of a file 

The assembly conrnand al lows one source ti le to be specified. At times the user 
may want to concatenate several source tiles and submit them as one source 
program. This is accomplished by bui I ding a ti le that has INCLUDE statements. 
For example, assume the user has three source tiles CB:FILEA.SRC, A:FILEB.SRC, 
~ILEC,SRC) that contains +he to! !owing statements: 

ORG 100H 
INCLUDE B:FILEA.SRC 
INCLUDE A:FILE.SRC 
INCLUDE FILEC.SRC 

In the assemble convnand, the name SOURCE.SRC is given for the source ti lename. 
The assemb I er w i I I open the f i I e SCURCI;. SRC, find the first INCLUDE statement, 

· then·-open B:FILEA.SRG and process it, find the second INCLUDE, then process 
A:FILEB.SRC. The third INCLUDE statement specifies FILEC.SRC. The default 
Logical drive designator A wi I I be prefixed, making it A:FILEC.SRC. 

NOTE: ~nclude tiles can not be nested; that is one Include tile cannot call 
another Include ti le. 

THE LINKER 

The I inker is a 9520 Development System uti I ity program. It produces an execu­
table load module by linking relocatable object modules produced by the 9520 
assemblers and compilers. The Linker input therefore comes from the assembler. 

The object modules output from the Assembler consists of Text Blocks, Relocation 
Blocks, and Global Symbol Directory Blocks. Text Blocks from an independently 
assembled program section consist or three types of information. 

1. Constants and machine instructions whose values are independent of their 
position in memory; 

2. Addresses or address constants whose values are relative to the starting 
location (base) of a section; and . 

· 3. Global references to other object modules whose values cannot be determined 
unti I al I sections are assigned memory locations. 

Relocation Blocks contain information necessary to update and relocate bytes of 
program text. Global Symbol Directory Blocks define global symbols and sec­
tions. 
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The Linker supports the un ique qualitites of each of the microprocessors sup­
ported by the 9520 Development System. The Linker's outward appearance and its 
operational method remain the same, regardless which microprocessor is sup­
ported. 

To prepare object modules for the CONVERT uti l,ity command, the Linker performs 
three specific functions for each module, in the order of entry: 

1. Al locates memory space for each section of the load ti le; 

2. Establishes a reference table of global symbols; and 

3. When necessary, relocates address-dependent locations to correspond to al lo­
cated space. 

In addition, the Linker generates a listing that indicates where sections are 
al l_ocated and states the values of al I global symbols. 

I 

Invoking the Linker 

The I inker: may be invoked by one of three avaj I ~b 1·e methods: 

0 Invoke Simple LI nker 

0 Invoke Linker Interactive Conmanct 

0 Invoke Linker Conmand · Fi I e 

The method used to Invoke Simple Linker requires the entry of ti lenames only. 
Al I other parameters are set to reasonable default vatues. This method is 
usually adequate for most linking situations. 

The Interactive Conmand method for invok ing the linker causes the program to 
issue prompts to the user · for supp I y i ng the required input. 

The Conmand Fi le method for invoking the Linker requires the user to specify a 
ti lename that contains a linker conmand series designator. 

Essen'tlels tor En'terlng Link.- Colaands 

Extensive use is mede of title names in the linker conmands. A brief sunmary of 
filename conventions wt 11 be given here to facl I itate describing the Linker com­
mands. A filename has three parts: 

1. Logical drive designator - The first character , fol lowed by a colon (:) 
specifies a logical drive. The letters A, B, C, and D spec ify logical 
drives. If a logical drive is not spec i f ied the system def au lts to logical 
drive A. 

2. Filename - This specifies the actual primary name of the ti le. A filename 
has a maximum of eight (8) characters. {See the MP/M Manual for detai Is . > 
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3. Fi le type - Fi le type is the secondary name extension of a file and is pre­
ceded by a period (.)~ Fi le type is specified with three characters. The 
file types that are of interest with regard to the linker are: 

a. OBJ - Means object file. Object fi les are produced by the assemblers 
and the Linker. 

b. LST - Means a I i st f i I e. These are f i I es that w i I I be I i sted on the 
printer. 

Invoke Simple Linker 

The simple form of invoking the LINK command is: 

Entry: OA> LINK Cfi lename> = S1 S2 >flags er 
Syntax: OA> <LINK> <filename>= <S1> <S2> (> FLAGS) <er> 

where: 

1 • LINK invokes . the Linker -

2. Filename· -- specifies the names of the two (2) files to be produced. 

where: 

The Load Fi le name is produced by appending .OBJ 

Jhe -Load Fi le name is produced by appending .LST 

3. S1, S2 - Specifies the filenames of the relocatable files that are 
to be used as input. 

4. > FLAGS -- Specifies flags that are to be applied to the Load Fi le 
name and the List Fi le, respectively. 

The f I ags are: 

a) A through .e - Logical drive designators 

b) Z - No fl le is to be produced 

With simple invocation, al I of the command n.ist appear on one line. 

Invoke I ni"erac-ttve_ Conmand · 

The Interactive Command Link is invoked as fol lows: 

Entry: OA> LINK er 
Syntax: OA> <LINK> <er> 
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Sysi"em Response: The Linker responds wii"h a prompi" characi"er {*), to 
indicate that Linker commands wi I I be accepted. Each command is ter­
minated with a carriage return. Commands are accepted unti I the END 
command is received. The END command directs the Linker to discontinue 
convnand entry and to begin processing the object tiles. See Linker 
Commands for a list of legal commands. 

Invoke Linker Conlaend Fi le 

The Linker Command Fi le is invoked as fol lows: 

Entry: OA> LINK@ ti lename er 
Syntax: OA> <LINK><@> <ti lename> <er> 

System Response: The Linker opens the tile specified by {ti lename> and 
reads commands from the ti le unti I an end-of-tile or and END command is 
encountered. End-of-ti le or END directs the Linker to begin proce~sing 
the object modules. It errors have been generated, the Linker aborts 
with the message: 

ERROR IN INDIRECT FILE, LINK ABORTED 

See Linker Commands for a list of legal commands. 

The fol lowing commands may be used in invoking the interactive or command ti le 
modes: 

LOG 

Print messages to the console and log commands on ths list ti le, it•one has been 
specified. Al I commands are echoed to the Linker list ti le after LOG has been 
indicai"ed. 

NOLOG 

Do not log Linker messages on the console. 

MAP 

Generate a memory map in the I inker I i st ti I e. A memory mep I i sts modu I e names, 
section names and attributers, entry points within sections, and undefined glo­
bal symbols. <See the Linker Output descriptio~ in this section.) 

N04AP 

Do not generate a memory map. 

LI ST Ct i I ename) 
C device: ) 

Generate a Linker List ti le named ti lename. See the listing tile description 
tor contents of the Linker Ii st f i I e. "Fi I ename" is any va I id f i I e spec it i ca-

~-- ti on. Instead of a f i I ename, the printer or con so I e may lje designated with a 
CT:) or <X:>, respectively. 
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LOAD (ti I ename) 

Generate a I oad ti I e named "f i I ename". The ti I e w i I I contain the executab I e 
output of the Linker and can be downloaded using the DLOAD command. 

DEFINE (symbol1 = value) <,symbol2 = value) 

Define symbols, symbol1 and symbol2 ••• are names of global symbols. Value is a 
hexadecimal number. 

LINK ti lename, filename, ti lename, - - Link object files. This command directs 
the Linker to include the specified object modules in the download ti le. · 

LOCATE 
(section name) I - , BASE <starting address) -, 

_, RANGE <starting address, ending address>_ 

,PAGE 
, I NPAGE 
,BYTE 

Locate a section and/or redefine its relocation type. Note that redefining the 
relocation type of a section may cause the linked code to execute differently 
than i ntende_d. 

where: , 

section name - is the name of the section -to be al located. 

BASE 

RANGE 

PAGE 

INPAGE 

BYTE 

@filename 

- is the hexadecimal starting address. 

- is the hexadecimal starting and ending addresses. It 
there is not enough space within the specified range, 
the -section wi I I not be linked. 

- is relocation type causin~ relocation on any page boun­
dary. The size of a page is microprocessor dependent. 

is a relocation type; causing relocation on any byte 
address, provided the section does not extend across 
page boundaries. 

- is a relocation type; causing relocation at any byte 
address. 

Indicates indirect command fl le. This command directs the Linker to obtain sub­
sequent commands from fl lename. Commands are read from ti lename untl I an end of 
file or an END command ls encountered. Indirect conmands are echoed on the con­
sole as they are read, if LOG is specified. Nested Indirect command tiles are 
i I legal; a command fl le may not contain the @ti lename conmand. 
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TRANSFER C symbcl'I ) 
(value> 

Specify load module transfer address. Symbol is a global symbol and value is a 
hexadecimal number with a leading character ranging from O through 9. This 
transfer value sup~rsedes any transfer address encountered in linking object 
modules. 

ENO 

End command entry mode. If no errors have been generated in command fl le invo­
cation, this command wi I I terminate command entry mode and initiate the pro­
cessing of object modules. If errors are detected, an appropriate message is 
issued and con-tr-0:1 i ~ r-etur-nect tr, the sys+em conso I e. 

CtM4At«> PROCESSING ERRORS 
I 

. Extraneous Information Ignored 

Extra characters:are on a command line that only requires an instruction (e.g., 
LOG, NOLOG, MAP). The Linker performs the appropriate action for the 1;;0mmand, 
ignoring extra cbaracters on the I i ne. 

I I I ega I Command 
I · 

The command was not recognized. 

Syntax Error 
. 

Statement syntax is invalid. This error occurs when a command is incorrectly 
formed. For example, unmatched parentheses are found in the LOCATE command, or 
an operand is mi-ssing after the equals sign in the DEFINE command. 

Ind irect Fi le Depth Exceeded 

A filename command was found during processing of an indirect command file. The 
command is ignored. 

I nval Id Fl lename 

The fl le In a LIST, ULOAO, or LINK command contains II legal file characters. 
(See the MP/M Manual for ft lename detat Is.> 

NOTE: Processing of the command line ceases when an Invalid filename ts 
encountered. Al I files up to the invalid fl lename, in the case of the 
LINK command, are added to the list of ft les to be linked. 

Invalid Range Specified 

The range (starting address through ending address) in the LOCATE command is 
invalid. The ending address must be greater than the starting address. 

5-35 



SOFTWARE OES~IPTION 

LINKER EXECUTION 

Program Sections 

A section is a collection ot object code that has been assembled with the same 
location counter. An object code module may consist of several sections. These 
sections are treated separately by the Li'nker and each seciton is independently 
relocatable. No limit is placed on the number ot sections per link, but no more 
than 255 sections or globals may exist in any one object module • 

......... 
A section has five attributes that provi 'de the linker with information regarding 
memory al location and where to I ink the section. 'These attributes are name , 
section type, size, relocation type, ~~d , mem~ry location. 

A section has a name consisting ot up t~ eight characters, assigned by the sec­
tin directives, SECTION, RESERVE, or C~MON at assembly time. The name must• be 
a val id identifier. The section name is entered into the linker's symbol table 
and is a valid external sy~bol. 

SECTION TYPE 

A section may be either a Section, Reserve, or Conmon. The specification _ is 
made through use of the SECTION, RESERVE, or,.Co.1MON directive at assembly ti'me. 

Each Section name must be unique. Multiple Sections with the -same name wi I I be 
tlagged as errors, and only the first one will be linked. 

Reserve sections with the same name are concatenated by the Linker. The length 
of a Reserve sectin in a load module is the sum ot · a1 I Reserve sections with the 
same name. 

Common sections with the same name are al located the same space in memory. The 
length of the linked Conmon is that ot the largest Conmon section. 

SIZE 

The size of each section in an object module ls determined at assembly time. 
Section size is the number of program memory bytes that the section may occupy. 

RELOCATION TYPE 

A section may be absolute (non-relocatable), byte-relocatable, page-boundar­
relocatable, or inpage-relocatable. 

An absolute section is not reloacted by the linker. Memory locations in an 
absolute section where code has been generated, or where locations have been 
exp I icitly reserved by the Assembler BLOCK directive, are not al located to any 
relocatable section at link time. However, it two or more absolute sections 
have code at the same address, the contents of those memory locations after 
I inking are undefined. These memory cont I icts, it they occur, are noted on the 
linker memory map. 
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A byte-relocatable section can be placed anywhere in memory. 

MEMORY LOCATION 

SOFTWARE CESCRIPTION 

At link time the user may specify a relocatable section location, in the form of 
either a base address or an address range where the section may be placed. The 
default range for a relocatable section is the entire address space of the 
microprocessor. If the user elects not to specify _a location for a section, the 
Linker wil I locate the section. An absolute section cannot be moved at link 
time. 

The Default Section 

If no SECTION directive is entered before assembly, the entire module is con­
sidered to be a byte-relocatable section with the same name as the object 
modu I e. 

Memory Al location of Sections 

The Linker allocates memory in the following sequence: 

1. Absolute sections. 

2. Based sec-tions. Based means a program sec-tlon s-tar-ting loca-tlon tra_s been 
specified by a LOCATE command. 

3. Ranged page-reloca-table sec-tlon*. Ranged means the user has expllcity 
declared a RANGE (starting address, ending address) with the LOCATE conwnand 
at I ink time. 

4. Ranged inpage-relocatable sections*. 

5. Ranged byte-relocatable sections*. 

6. Page boundary-relocatable section*. 

7. lnpage-relocatable section. 

8. By-re-relocatable sections. 

ilRange was declared at link time. 

Absolute and based sections are linked even if conflicts occur. A conflict 
exists when two or more sections have bytes at the same address. Other section 
types are not linked if a conflict occurs. If any memory conflict occurs during 
a I I ocat ion, the corif I i ct is noted on the memory map. The content of memory in 
the conflicting area is undefined. 
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ENDREL 

ENDREL is a pre-defined symbol whose value is assigned at link time. After 
memory is al located, ENDREL is assigned the value of the first memory address 
avai I able for use. This address is one greater than the highest address used by 
a non-based relocatable section. Al I relocatable secitons are located below the 
value of ENDREL. Absolute sections, or sections relocated using the LOCATE com­
mand with a BASE specified, may or may not be lo~ated above the ENDREL address. 

The user can override the va I ue of ENDREL by assigning any other va I ue to 
ENDREL. If ENDREL is neither defined nor referenced, no value is assigned. 

LINKER OUTPUT 

Linker Listing Fi le 

The I isting file may be output either to a flexi,ble disc ti le or to the console, 
I ine printer, or other output device. 

The fol lowing information may be included in a ~inker output listing: 

Output Content Listed 

Global Symbol List 
Internal Symbol List 

Map 
Linker Statistics 
Error Message 

Global Symbol List 

Conmand Fi I e 
Invoked 

Yes 
If specified 
If specified 
Yes 
If specified 

Simple Linker 
Invoked 

Yes 
Yes 
Yes 
Yes 
Yes 

A global symbol list is an alphabetical list of al I global symbols (sections and 
symbols) and their assigned values. If a symbol is undefined, its value field 
contains asterisks. 

Internal Symbol List 

The internal symbol list contains al I symbols in the source ti le and their 
actual values. The list consists of three parts: 

1. Sea I ars. · 
2. Alphabetical I ist of labels for each section·. 
3. Al·phabetical list of labels for each unbound global. 

If there are no labels for a section or global, then no list for that section or 
global is output. 

The internal symbol list wi I I be displayed only if the DSG parameter was entered 
with the LIST directive before assembly. 
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Linker Statistics 

The Linker Statistics include the number of errors, the number of undefined sym­
bols, the number of sections, the number of modules, and the transfer address. 

1 ERROR 
3 MODULES 
TRANSFER ADDRESS IS 0040 

1 UNDEFINED SYMBOL 
6 SECTIONS 

The TRANSFER ADDRESS identities program starting location. 

Error Messages 

Thr-Qp rl,..c::c:Qc:: "'t t:i, v,:, ~au ue generated during Linker execution. 

WARNING CW) 
-

A problem may exist but the linked program can probably be executed. 

ERRORS CE) 

Linked program prob ab I y w i 1 ·1 not ~acute proper I y. 

FATAL ERRORS <-F) ~. 

Error directly affecting the Linker's execution. The Linker closes- an tiles 
and returns contro-1 -· to MP /M. 

Al I· errors cause message to be output to the LOG and LIST ti le or device. A 
fata l error wi I I be output to the console even it NOLOG wa~ specified. 

In the fol lowing list, each error message is indicated as being Warning CW>, an 
Error- CE>, or a Fatal Error CF>. 

F. LINKER INTERNAL ERROR AT nnnn 

An error occurred In the LI nker. Try I inking aga In. It this error pers I sts, 
car&fi.ul ly dodument the lncldent . .and submit an Software Performance Report to 
MI I I enn I um. 

E. NO R004 IN RANGE nnnn-nnnn FOR SECTION name 

The section length Is greater· than avai I able contiguous memory in range nnnn­
nnnn _ of: al located section 1'(181110rr. 

W. SECTION name CHANGED FRCM INPAGE TO (BYTE> RELOCATABLE 
(PAGE> 

Section lengt~ is greater than the page size of the microprocessor. This could 
occur it several inpage reserve secitons ·were linked together and their total 
size exceeded the page size of the microprocessor. A section declared to be 
inpage relocatable, in a LOCATE command, wi I I generate this error it the section 
exceeds microprocessor page size. It section size exceeds available page size, 
relocation wi I I then be to a byte boundary. 
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F. INVALID OBJECT CODE FORMAT FOR FILE name 
LOCATION= nnnn 

The information in ti le is not val id input object format. Make certain that al I 
tiles to be linked have been assembled. Location is the internal Linker address 
where the object ti le error was detected. 

F. UNABLE TO ASSIGN ti le or device name 

A filename specified as an input object module does not exist, or ti le/device is 
unavai I able. 

F. MEMORY FULL 

Linker memory is totally al located and I inking has been terminated. The to-ral 
number of globals, sections, or object modules must be reduced in order to link 
in the avai I able memory •. 

W. TRANSFER ADDRESS UNDEFINED 

No transfer address was specified to the Linker either through the TRANSFER com­
mand or by specifying "END (expression)" during assembly_. When no transfer 
address is specified, the ~inker creates transfer address O. 

W. TRANSF~R ADDRESS MULTIPLY, DEFINED IN MODULE -name FILEname 

The modu I e has attempted to redefine the transfer address previous I y specified 
by a I inked module or by the TRANSFER command. T.he Li_nker uses the first 
encountered transfer address to generate a transfer address -for the load rodule. 
If no transfer address is specified, a transfer· address of O is generated. 

W. RELOCATION TYPE OF ·sECTION name MULTIPLY DEFINED IN MODULE name FILEna~e 

An attempt was made to redefine the section relocation type (byte, page, inpage, 
or absolute). This occurs when the LOCATE comman9 defined a relocation type 
differing from that specified at assembly time. The error also occurs when 
relocation attributes of a OQ.1MON or RESERVE section differ between modules. 
The Linker uses the first encountered relocation attribute to define the sec­
tion. 

E. Symbol name MULTIPLY DEFINED IN MODULE name FILEname 

Indicates that an attempt wes made to redefine a global symbol or section. This 
error occurs when two modules both define a global of the same name or when two 
sections have the same name. Code section names must be unique. In the event 
of multiply defined sections, the Linker wi I I only include the first one in the 
load ti le. 

W. TRUNCATION ERROR AT nnnn IN MODULE name FILEname 

The relocated value computer for LO byte relocation is too large or too smal I to 
fit into one byte. 
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E. UNRESOLVED REFERENCE AT nnnn MODULE name FILEname 

A reference to an undefined global or section was specified at this point in the 
object code. This occurs when a global is used in one module but was never 
defined. The unresolved reference is fi I led with zeros in the load file. 

W. MACHINE REDEFINED FR~ microprocessor IN MODULE name FILEname 

The current input module has been generated for a different microprocessor than 
the provious object modules. Differences between microprocessor definitions may 
cause incompatabi I lties during I inking (e.g., page length, alignment, etc.> 

E. SECTION name EXCEEDS MAXIMLM SIZE 

Section length 1s greater than the aadress space of the microprocessor. The 
section is not included in the load file. This error may occur when a Reserve 
is too long. 

W. IMPLICIT REORIGIN TOO IN SECTION name IN MODULE name FILEname 

The Linker proce·ssed an object module where code in an absolute Section wrapped 
around from location FFFFH too. 

W •. SECJ I ON name CHANGED FR04 PAGE TO BYTE RELOCATABLE 

Either: 

1) The section was decl~red to be page-relocatable and the Linker does not sup­
port paging for that microprocessor; or 

2) There was insufficient room for a paged section in avai I able memory. The 
Linker wi I I attempt to al locate memory for the Section on a Byte Relocatable 
Boundary. 

F • ( L I ST F I LE 
(LOAD FILE 
(CONSOLE ) 
CC04MAND FILE> 
<OBJECT FILE > 

I /0 ERROR Inn 

This error Indicates that the Linker was unable to read to or write from the 
specified fl le or device. 

W. ATTEMPT TO REFEFINE FILE TYPE FOR filename 

Filename was specified twice: Once as an object file and once as a library 
file. The Linker uses the first file type specified. 

LOAD FILE 

The primary output from Linker processing is the Load ti le. A Load ti le is a 
subset of the Linker input object modules with all references and relocation 
resolved. 
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SYSTEM DIAGNOSTICS 

The 9520 Development System Diagnostics are stored on a separate diskette. The 
diagnostic system provides the user with a comprehensive set ot programs and 
test routines to diagnose and test the 9520 Development System components to 
isolate malfunctions. 

Diagnos1'ic Monitor 

The Diagnostic Monitor program is the operating system tor the Diagnostic 
System.· It provides the main control for loading and executing test programs. 
The functions performed by the Diagnostic Monitor are: 

o Loads test programs from diskette into memory. 

o Provides the keyboard interface routines tor selecting and running 
subtests. 

o Provides 1/0 routines tor output to the peripheral port interfaces. -

o Provides the option to run tests in sequence or to repeat individual 
tests. 

o Provfdes gen-era I purpose routines used by al I of the Diagnostic 
System programs. 

Operai"ion and Running Tes-ts 

The description and procedure for loading the system diagnostics and running the 
various test -routines is presented in chapter 9. Refer to this information tor 
using the system diagnostic programs. 
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Chap-ter 6 

TEXT EDITOR, DYNN4 IC DEBUGGER ANO RELOCATABLE IEBUGGER UTILITY PROGRN4S 

TEXT EDITOR UTILITY PROGRN4 

The text editor uti I ity for the 9520 Software Development System is WordStar•. 
In conjunction with the multi-programming monitor control program (MP/M•) 
operating system, WordStar provides the user with a versatile text editor uti 1-
ity that enhances the 9520 and the user text processor capabi I it.y for devel­
oping, editing, and storing programs. To invoke WordStar, the MP/M operating 
system must be installed (booted) into the 9520 Development System and the 
operating system has indicated its readiness with the prompt "OA>" (or OB> if 
the user has changed the logged drive to 8) displayed on the display terminal. 
Th .. ;:'!'"':~t 1 -: ;:·:er. ::~t~;- "!:>oot:ng" at system turn-on, after exiting from 
word~tar, or after completion of an operating system command. 

Invoking MordStar 

Once the system prompt "OA>" has been obtained, there are three methods of 
invoking WordStar: 

,. Basic Method: at the prompt "OA>" type: 

WS@ 
-

where@ indicates pressing the RETURN key. This starts WordStar with no 
file being edited; a copyrighT message appears for several seconds, then the 
no-file menu (as described in the next subsection) is displayed. Example 
(underlined text typed by computer): 

OA>WS@ 

This basic method is sufficient for initial use. 

2. To go directly to editing a document: type WS, a space, and- the name of the 
file, including disk drive and type as appropriate. WordStar wi II proceed 
to editing this f i I e as though the "edit a document" command had been 
given from th~ no-fl le menu as described below. Examples (underlined text 
typed by computer, @ indicates carriage return entered by user): 

OA>WS LETTER.DOC@ 
OA>WS B:ABC.XYX@ 

3. To go directly to editing a document ti le with the new fl le on a different 
disk drive. This method is for revising extremely long tiles, where the new 
ti le must be placed on a different diskette because of diskette space limi­
tations. Type WS, a space, the name of the ti le to be edited , another 
space, and the DRIVE NN-1E and_ colon only of the disk drive to receive the 
edited version of the document. Don't type anything after the destination 
drive name and colon. Example: · -

-~~·- OA>WS A:BOOK. DOC B: 
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The preceding example says to edit file BOOK.DOC on the diskette in drive A 
and place the new version on ti le BOOK.DOC on drive B. When the save is 
comp I eted, the f i I e on drive A w i I I have been renamed to BOOK.BAK. If a 
"save and continue edit" command is given, the continuing edit wi 11 edit 
BOOK.DOC from drive B onto drive A; each successive "save and continue edit" 
wi I I alternate drives. 

4. To edit a non-document ti le, I ike a file containing program source. Example: 

WS@ 

Then type Nat the no-ti le menu. 

NOTE: If, when you invoke WordStar, you get the fol lowing message: 

You are trying to run an unlNSTALLed WordStar. 
Please run INSTALL first • 

. then your WordStar has not yet been installed to work with your terminal and 
printer. Refer to the WordStar User's Guide, Section 14, lnstal lation for 
installation instructions. 

No-Ft I e Conlnands 

When started without a file name, or whenever editing of a file is terminated, 
WordStar displays the "no-ti.le menu": the words "editing no ti le" are displayed 
at the top of the screen, and a "menu" of corm,ands that may be entered is shown. 
Below the menu, WordStar displays the directory (the names of al I files on the 
diskette) of the logged drive if the file directory display is ON. Figure 6-1 
shows a typical screen display with the no-ti le menu: · 

6-2 

editing no f i I e 

D=create or edit a Document file 
N=create or edit a Non-document file 
M=Merge-print a file 

H=set Help level 
X=eX it to system 
P=Pr int a f i I e 
Y=delete F=FI le directory oft CON) 

L=change Logged disk drive 
R=Ru n a program 

DIRECTORY of 
CHAPTR 1 • DOC 
CONTENTS 
LETTER.DOC 
ws.co-1 

disk A: 
CHAPTR 1 • BAK 
FILEl.DOC 
LETTER.BAK 
WSMSGS.OVR 

O=cOp y a f i I e 
E=rEname a file 1 

CHAPTR2.DOC 
FIL-El .BAK 
MERGPRIN.OVR 
WSOVLYl.OVR 

CHAPTR2.BAK 
FILE2.DOC 
TEST.DOC 

Flgure 6-1. Screen Showing No-Fite Menu 
(The symbol t represents the cursor position) 
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To invoke one ot the functions shown on the no-ti le menu, enter the single 
letter shown tor that function. The letter may be entered in upper or lower 
case, or with the CTRL key depressed. Unrecognized characters are ignored. No 
RETURN or other key is used after the command letter. When a command is 
entered, the letter is displayed in the upper lett hand corner ot the screen and 
further action is taken depending on the corrmand. 

Table 6-1 briefly describes each corrmand; the ii lustrative examples after the 
table give further explanation. 

Command 
I o0++o0r i= L' ., r+ ; ,_., 

D EDIT A 
DOCLMENT 

. N 

X 

H 

y 

L 

F 

EDIT A 
. NON­

DOCLMENT 

EXIT TO 
SYSTEM 

SET HELP 
LEVEL 

DELETE 
A FILE 

CHANGE 
LOGGED 
DISK 

· DRIVE 

FILE 
DIRECTORY 
DISPLAY 
OFF/ON 

Table 6-1. No-File Comnands 

Description 

Asks tor ti le name, then initiates ed iting ot the specified 
ti le. The ti le specified may be an exist ing ti le or a new 
ti I e. 

To place the new version of the ti le on a different drive: 
enter the ti le name, · a spa~e, and the destinat ion drive 
name to I I owed by a: co I-on. 

Same ~s D except ti le is edited as a "nondocument", with- · 
out dyn~mic pagination and_ with different defaults • 

Exit to MP/Mor whatever operating system you are· using. 
Use when you are through with WS and wish to use a system 
corrmand. The system prompt "A>" wi 11 appear next. 

Asks tor the new "he-Ip level" (0 to 3) which determines the 
degree of menu display and other prompt ing supplied by 
WordStar as wi I I be detailed short ly. Unless the help 
leve l is already 0, an explanation ot the help levels is 
displayed. 

Asks tor ti le name, then erases ti le. Performs the same 
function as the MP/M ERAse console corrmand. 

DI sp I ays the name of the current I ogge.d disk drive and 
al lows selection of a new logged disk drive • . Use to al low 
display of directory of a different drive, or tor conven­
ience before working with tiles on a different drive. 

Controls display of ti le directory (names of al I tiles on 
diskette in logged disk drive). First F corrmand turns 
directory display oft, second F turns directory display on 
again, etc. To display directory of a different drive, 
change logged disk with L corrmand. 

P PRINT A FILE The P corrmand has three poss ible effects; depending on 
STOP PRINT whetner printing is inactive, a ti le is being printed, or 
CONTINUE PRINT pr•inting is suspended. The P I ine in the menu changes as 

appropriate. 
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Command 
Letter Function 

M MERGE-
PR I NT 
A FILE 

R RUN A 
PROGRAM 

0 

E 

COPY A 
FILE 

RENN-1E 

Table 6-1. No-Fi le Comnands <continued> 

Description 

In order to use the Merge-Print feature of WordStar, the 
MERGPRIN.OVR file must be present on the disk in drive A. 
The M conmand al lows merging data from a data file into 
text at print time tor production of form letters, and per­
forms other enhanced print functions. IF MERGPRIN.OVR IS 
NOT PRESENT, AN ERROR MESSAGE WILL BE DISPLAYED. 

The R conwnand al lows you to run a program without exiting 
from WordStar. For example, the amount of disk space could 
be checked by using the MP/M program STAT.COM. After R is 
entered, the fol lowing prompt wi _l I be displayed: 

C~AND? 

Enter the name of the program to be run and press RETURN. 
The program name may be fol lowed by file name<s> or other 
arguments to be used by the program where ap.propr i ate. 

The 0. conwnand al lows you to ma~e a copy of a sp~citied file 
without having to use the MP/M program PIP.COM. You may 
copy ff les from or to different disks as long ~s ·-0otn disks 
are on- I i ne at the same ti me. When O is entered, the -
fol lowing prompts are displayed: 

NN-1 E OF F I LE TO COPY FROM? 
NN-1E OF FILE TO COPY TO? 

Enter the name of the file to be copied and press RETURN, 
fol lowed by the name qt the file where the copy is to be 
stored. Specify the disk drive with a drive letter and 
colon CA:,B:, etc.) preceding the filename. 

The E conmand al lows you to change the name of a file. CE 
functions I ike the MP/M conwnand REN.> Enter the __ name of 
the ti le to be renamed fol lowed by the new name io response 
to the appropriate prompts: 

Enter NN4E OF FILE TO RENN4E? 
NEW NN4E? 

11 lustrative Exarnp les of No-Fi le Connands 

D Conwnand: With the no-ti le menu on the screen, as shown in ti gure 6-1, type: a 
"D" (or ad or D) to invoke editing of a file. WordStar then displays an expla­
nation and a request to enter the file name as fol lows: 
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D editing no file 

Use this command to create a new document file, or to initiate 
alteration at an existing document ti le. 

A file name is 1 to 8 letters/digits, a period, and an 
optional 1-3 character type. 
Fi le name may be preceded by disk drive letter A-O and 
colon, otherwise current logged disk is used. 

s-:~!~•e ~haracter 
D=restore character 

Y=delete entry 
R=Restore entry 

N.AME OF FILE TO EDIT? t 

partial D~IRECTORY ot disk A: 
CHAPTR1.DOC CHAPTR1.BAK 
CONTENTS FllEl.DOC 

Z=scrol I up 
CHAPTR2.DOC 
FI LE 1 .BAK 

F=F i I e di rectory 
U=cance I conmand 

CHAPTR2.BAK 
F ILE2.DOC 

Figure 6-2. D Coallland Display 
Hhe symbol 1 represents the cursor position) 

You may then type the desired file name, terminated with a carriage return. The 
form at a file name is summarized on the screen as a reminder. For example, you 
might -type 

LETTER.DOC@ 

to edit ti le LETTER.DOC on the logged drive, or 

B:LETTER.DOC@ 

to edit the file LETTER.DOC on the diskette in drive 8. 

To edit file BOOK.DOC on drive A and place the new version of BOOKDOC on 
drive 8, _type: 

A:BOOK.DOC 8:@ 

After the carriage return, WordStar proceeds to editing the file , you may then 
proceed to enter text into the document and/or use WordStar's editing corrmands. 
If the file does not exist, NEW FILE is displayed for several seconds. If the 
NEW FILE appears when you intended to edit an existing file, you probably typed 
the name wrong or have the wrong diskette in the drive. Abandon the edit C KQ) 
to get back to the no-ti le menu. 
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In figure 6-2 (and also in the screen display ot many other WordStar commands) 
the two I i nes 

AS=delete character 
AD=restore character 

A Y=de I ete entry 
I\R=Restore entry 

/\Fi I e di rectory 
/\ U=cance I command 

remind. you ot the contro I characters which may be used to correct typing errors 
and tor other purposes while entering the ti le name (or other answer). These 
characters may be used at any time while typing the answer before RETURN is hit. 
The two display lines appear only at "help levels" 2 and 3, and do not appear 
unti I about two seconds have elapsed without a keystroke (this delay is so 
WordStar wi I I respond taster to tast typists). 

To correct a typing error, use contro 1-S (or contro 1-H, DELETE, or BACKSPACE> to 
delete (erase) characters one at a time. Atter retyping the desired charac­
ters, the control-0 key may be used to restore Cun-erase) tol lowing characters 
one at a time. For convenience, control-Y erases the entire answer entered, and 
control-R ~estores the entire answer or previous answer. For example, it 
contro 1-R is the ti rst key hit, the name ot the I ast ti I e edited, .it any, wi 11 
-appear; _ it may then be revised (control-S's, retype characters, control-R) it 
you wish to edit anoth€r ti le with a similar name. 

· Control-F may b~ ·~sed to invoke the ti le directory display; Control-Falter­
nate I y turns the· ti I e di rectory on or ott. Contro 1-U may be used to cance I (or 
abort or interrupt the D command and return to the no-ti le menu. 

NOTE: If the "he Ip I eve I " is zero, the exp I anatory mater i a I shown in f i gure is 
omitted from the screen display; only the question ''N,AME OF FILE TO EDIT" 
wi I I appear. If you start typing the ti le name before . display of the 
explanatory material, WordStar wi I I omit some or al I of the explanation. 

Partial Directory Display: notice that in . figure 6-2 the screen shows only part 
of the disk directory, as in-dicated by the word "partial". Partial directory 
display occurs whenever there are more tile names than wJ1 -·1 tit on your screen. 
To view additional ti le names, use control-Z to move (scrol I) the ti le directory 
display up a line, and/or control-W to. move the ti le directory display down a 
I ine. Reminders about these control characters -- "AZ=scrol I up" and/or 
"AW=scro I I down" -- appear in the I i ne above the di rectory whenever these 
characters can be entered and wi I I bring more ti le names onto the screen. 

Y Command. With the No-ti le menu (figure 6-1) on the screen, type a Y to 1n1-
tiate_ deletion of a ti le. The screen display then changes to the fol lowiAg Cat 
he Ip I eve I 3): 
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y editing no ti le 

AS=delete character 
AD=restore character 

J\ Y=de I ete entry 
AR=Restore entry 

NN4E OF FI LE TO DELETE? 1 

DIRECTORY of 
CHAPTRl.DOC 
CONTENTS 

disk A: 

AF=Fi le directory 
AU=cance I · command 

CHAPTRl.BAK 
FILEl.DOC 
LETTER • BAK. 
WSMSGS.OVR 

CHAPTR2.DOC 
FILEl.BAK 
MERGPRIN.OVR 
WSOVLYl.OVR 

CHAPTR2.BAK 
FI LE2. DOC 
TEST .DOC l ~ETTER.DOC 

WS.Co-1 

...____ __ ---=--_ 

Figure 6-3. Y Conaand Display 
(The symbol 1 represents the cursor posifion) 

Enter the name of the ti le to delete, fol l~wed by RETURN • . The form of a ti le 
·name ~nd usage of contro• characters to correct typing errors, etc. is the same 
as tor the D conmand Cprev.ious example). 

After the ti le is erase~; the no-ti le menu reappears on the screen and another 
command may be entered. It you enter a Y, then decide not to delete a ti le, you 
may cancel the command with AU, or by hi_ttlng RETURN only. 

X Command. The X conmand is. used to exit to the operating system MP/M. When an 
X is typed at the no-ti le menu, the MP/M prompt CA>) appears at the bottom of 
the screen. 

F Command. The F command turns the ti re directory disp1liay oft and on . The 
first F entered turns the directory display oft, the next F restores it, etc. 
No additional Information need be entered, and no screen changes take place 
except that when directory display is oft, the no-tile menu item tor F changes . 
to read 

F=Fi le directory on (OFF) 

To d I sp I ay the directory of the diskette In a di tterent d_l sk drive, change the 
logged drive with the L conmand (next example) e To cause the directory on the 
screen to be udpated after putting a new diskette In a drive, re-log the same 
drive with the L conmand, or press F twice. 

L Command. The L conmand al lows changing the logged disk drive. Typing an Lat 
the no-ti le menu changes the screen display to the fol lowing: 
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L editing no f i I e 

The LOGGED DISK (or Current Disk or Default Disk) is the disk 
drive used for files except those files for which you enter a 
disk drive name as part of the file name. WordStar displays 
the Fi le Directory of the Logged Disk. 

THE LOGGED DISK DRIVE IS NOW A: 

NEW LOGGED DISK DRIVE C letter, colon, RETURN)? 1 

DIRECTORY of 
CHAPTRl.DOC 
CONTENTS 
LETTER.DOC 
WS.C04 

disk A: 
CHAPTR 1 • BAK 
F ILEl .DOC 
LETTER.BAK 
WSMSGS.OVR 

CHAPTR2.DOC 
FILEl.BAK 
MERGPRIN.OVR 
WSOVLYl.OVR 

CHAPTR2.BAK 
FI LE2. DOC 
TEST.DOC 

Figure 6-4. L Colllnand Di sp I ay 

To log a different drive, type the letter CA or B; C, D, etc. also .acceptable it 
you have that many drives), a co I on, and RETURN.- To I eave the logged drive 
unchanged, type control-U, or just hit RETURN. 

E Command. The E Command al lows you to rename tiles without hav.ing to exit from 
WORDSTAR. This command performs the same function as the CP/M REN command. 
Typing an Eat the no-ti le menu wi I I cause the fol lowing displayed: 

E editing no ti le 

,\$=delete character AY=delete entry ~F=Fi le directory 
AD=restore character J\R=Restore entry AU=cance I command 

NAME OF FI LE TO RENAME? t 

DIRECTORY of 
CHAPTRl.DOC 
CONTENTS 
LETTER.DOC 
WS.C04 

disk A: 
CHAPTRl.BAK 
FILEl.OOC 
LETTER.BAK 
WSMSGS.OVR 

CHAPTR2.DOC 
F ILEl .BAK 
MERGPRIN.OVR 
WSOVLYl.OVR 

CHAPTR2.BAK 
FILE2.00C 
TEST.DOC 

FI gure 6-5. E Co111111nd Di sp I ay 

You may rename a ti le on another drive by specifying the drive before the name 
of the ti le to be renamed (e.g. B:FILENAME.TXT). The NEW NAME? prompt is 
displayed after the name of the file to be renamed has been entered. 
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R Command. The R command al lows the user to run a different program without 
exiting from WordStar. This command is especially useful for determining the 
amount of avai I able disc space by running the CP/M program STAT.C0-1. When R is 
entered at the no-fi le menu, the fol lowing prompt is displayed: 

R editing no file 

Enter name of program you wish to Run, optionally fol lowed by 
appropriate arguments. 

Example (shows disk space): STAT 

AS=de lete character 
~D=restore character 

A Y=de I ete entry 
A R=Restore entry 

AF=F i I e di rectory 
A U=cance I command 

CCMMAND 1 

DIRECTORY of disk A: 
CHAPTR1.DOC - CHAPTR1.BAK 
CONTENTS FILE1.DOC 
LETTER.DOC !.:ETTER.BAK 
ws.c~ WSMSGS.OVR 

CHAPTR2.DOC 
FI LE 1 .BAK 
MERGPRIN.OVR 
WSOVLY1.OVR 

CHAPTR2.BAK 
F ILE2. DOC 
TEST .DOC 

Ftgure 6-6. R Coaland Display 

Enter the name of the program to be run (e.g. STAT, to display the amount of 
space left on a diskette> and press RETURN. Only ex~utable programs Cfi le type 
.C~> should be specified. An attempt to run a non-executable file may result 
in an error message, or may or lock up your system making it necessary to re­
boot. When the program has comp I eted, the fo I I owing prompt is di sp I ayed: 

H i.t any key to return to WordStar: 

This a I I ows you to view any resu·1 ts di sp I ayed by the program before returning to 
the WordStar no-file menu. 

The R command wl 11 handle any CP/M console command CCCP command) command· except 
the r esident commands <TYPE, DIR, ERA, REN, and SAVE). Fl le names or- other 
arguments may fol low the program name, as In CP/M commands. For example: 

STAT LETTER.DOC 

shows the size ot tile LETTER.DOC on the logged drive. Asterisks and question 
marks can be used to form "wild card" ti le names, as in CP/M console commands. 
For ~amp le: 

STAT 8:#.OOC 

shows the size of al I files of type .DOC on the diskette in drive 8. C#'s and 
?'s are not al lowed in file names entered in other WordStar commands). 

In order to use the R command, you must have WS . C0-1 (or other name as specified 
during INSTALLation) on the disk in drive A or the current logged drive. 
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0 Command. 
WordStar. 

The O command provides a way to copy ti I es without ex iti •ng from 
When O is entered, WordStar displays the fol lowing prompts: 

0 editing no ti I e 

AS=delete character 
A D=restore character 

A Y=de I ete entry 
"R=Restore entry 

I\F=F i I e di rectory 
"U=cancel command 

NN-1E OF FILE TO COPY FR0-1? t 
NN-1E OF FILE TO COPY TO ? 

DIRECTORY ot 
CHAPTR1 . DOC 
CONTENTS 
LETTER.DOC 
WS.C0-1 

disk A: 
CHAPTR1.BAK 
FILE1.DOC 
LETTER.BAK 
WSMSGS.OVR 

CHAPTR2.DOC 
FI LE 1 .BAK 
MERGPR IN. OVR 
WSOVLY1.0VR 

CHAPTR2.BAK 
FILE2.DOC 
TEST.DOC 

Figure 6-7. 0 Comnand Display 

It the name ot an existing ti le is entered as the ti le to copy to, WordStar 
displays the prompt 

FILE d:name.typ EXISTS - OVERWRITE? (Y/N): t 

Press Y (or y or AY> to proceed with the copy, destroying the present contents 
of the copy-to ti le. Pressing any other key wil I cause the NN-1E OF FILE TO COPY 
TO? question to be reasked; press RETURN or AU-to abort the copy command. 

You may copy tiles from and/or to drives other than the logged drive by spe­
cifying a drive before the ti le name (e.g. B:FILENN-1E.TXT). The exact ti lename 
to be copied must be entered; you may not use asterisks (*) nor question marks. 
You may use -'s in the ti le names (with htis or any other WordStar command) it 

-soft-hyphen entry is OFF (OFF is the default) or by entering the - as *P-. 

Help Levels 

The Help Level setting controls the amount of explanatory material automatically 
displayed by WordStar, and determines whether and when part of the screen is 
used while editing to display a "menu" of command keys which may be entered. 

The He Ip Leve I is in it i a I I y set to 3, the most he I ptu I I eve I • As you gain 
experience with WordStar, you wi I I want to reduce the help level in order to 
have more of the screen avai I able tor ti le display. 

The Help Level is changed with the H command on the no-ti le menu (above), or 
with the AJH command while ed iting a ti le. Either command displays an explana­
tion of help levels and current help level, and requests a new help level, as 
shown in figure 6-8. 
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editing no f i I e 

HELP LEVELS 
3 a I I menus and exp I anat ions di sp I ayed 
2 main editing menu Cl-control-char co1T1T1ands) suppressed 
1 prefix menus (2-character colTITlands) also suppressed 
0 colTITland explanations (including this> also suppressed 

CURRENT HELP LEVEL IS 3 

ENTER Space OR NEW HELP LEVEL (0, 1, 2, CR 3): 11 

partial DIRECTORY of. disk A: 
CHAPTR1.DOC CHAPTR1.BAK 
CONTENTS FILE1.DOC 
LETTER.DOC LETTER.BAK 

*Z=scro I I up 
CHAPTR2.DOC 
i= ILEl .• BAK 
MERGPR I N.OVR 

CHAPTR2.BAK 
FILE2.00C 
TEST.DOC 

Figure 6-8. Help Level Colllland Display 

Unlike the "FILE NAME?" questions asked by the D and Y conmands, this question 
takes a single-key response; no RETURN is needed. Pressing any key_ofher ·than 
O, 1, 2, or 3 leaves the help level unchanged. 

NOTE: It you enter the digit (or press any key) before the explanation displays, 
some or al I of the explanation will be 011111itted. This provides rapid 
response tor the user that knows what he wants and types, for example, 
"H2". 

The difference bet~een help levels 3, 2, and 1 are manifest primarily when 
editing a file. Level O differs from the higher levels ihn that extra explana­
tions associated with several COITITlands are skipped. The explanations 011111itted 
at help level O inlucde, tor example, the explanation of the help levels (figure 
6-8), the explanations displayed by the D comnand (6-2), and the explanation of 
the logged disk drive tor the L comnand (tigu~e 6-4). 

The two lines that remind you of the control characters which may be used while 
answering any question whose prompt ends In a qu~stion mark, 

AS=delete character 
A D=restore character 

/\ Y=de I ete entry 
AR=Restore en:i,-y 

"Fi I e directory 
"U=cance I colTITland 

are displayed above such questions only at help level 2 or 3; the control 
characters nevertheless work at al I help levels. 

In addition to the automatically displayed information affected by the help 
level, WordStar has explicit colTITlands that can be invoked while editing which 
display information on various subjects. For example, the colTITland *JD Centered 
while editing) invokes a sequence of screen displays describing the print 
directives. 

Additional information relative to WordStar can be obtained in the WordStar 
User's Manua I • 
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OYNN-1 IC DEBUGGER AMO RELOCATABLE DEBUGGER• 

Dynamic Debugger 

The Dynamic Debugger Tool <DDT> program al lows dynamic interactive testing and 
debugging of programs generated in the MP/M environment. The debugger is ini­
tiated by typing one of the fol lowing corrmands at the MP/M Console Corrmand level 

DDT 
DDT ti lename.HEX 
DDT f i I ename.C(),1 

where 11 t ! 1 enameu ls the name of the program to be loaded and tested. In both 
cases, the DDT program is brought into main memory in the place of the Console 
Command Processor (refer to the CP/M Interface Guide for standard memory 
organization), and thus resides directly below the Basic Disk Operafing System 
portion of MP/M. The BOOS starting address, which is located in the address 
field of the JMP instruction at location 5H, is altered to reflect the reduced 
transient program area si~e. 

The second and third forms of the DDT corrmand shown above perform the same 
actions as the first, exce~t there is a subsequent .automatic load of ·the spe­
cified HEX or C(),1 ti le. The acTion is identical to the sequence of c~lll)"lands 

DDT 
lfi lename.HEX or lfi lename.C(),1 
R 

where the I and R commands set up and read the specified program to test (see 
the explanation of the I · and R commands below for exact detai Is).· 

Upon initiation, DDT prints a sign-on message in the format 

nnK DDT-s VER m.m 

where nn is the memory size (which must match the CP/M system being used), sis 
the hardware system which is assumed, corresponding to the codes 

D Digital Research standard version 
M - MOS version 
I IMSAI standard version 
0 - Omron systems 
S Digital Systems standard version 

and m.m. is the revision number. 

Relocatable Debugger 

In addition to the non-relocatable debugging tool (DDT.CO,,), there is a reloca­
table debugging tool CRDT.C(),1). The val id corrmands for ROT and DDT are the same. 
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Conaands 

Fol lowing the sign on message, DDT prompts the operator with the character "-" 
and waits for input commands from the console. The operator can type any of sev­
eral single character commands, terminated by a carriage return to execute the 
command. Each line of input can be line-edited using the standard MP/M controls 

rubout 
ctl-U' 
ctl-C 

remove the last character typed 
remove the entire line, ready for re-typing 
system reboot 

Any command can be up to 32 characters in length <an automatic carriage return 
is inserted as the 33rd character>, where the ti rst charac:t:er qeterm i nes the 
conman d type 

enter assembly language mnemonics with operands 
al lows update of bitmap of page relocatable ti le 
display memory in hexadecimal and ASCII 
f i I I memory with constant data· 
begin execution with optional breakpoints 
set up a standard input ti le control block 
list memory using assembJer mnemonics 
mov~ a memory segment from source to destination 
relocate a page relocatable ti le 
read program tor subsequent testing 
substi tu·te memory va I ues 
trace program execution 
untraced program monitoring 

A 
8 
D 
F 
G 
I 
L 
M 
N 
R 
s 
T 
u 
V 
X 
w 

compute the parameter to fol low the W (Write Disk) Conrnand 
examine and optionally alter the CPU state 
write a patched program to diskette 

The command character, in some cases, is fol lowed by zero, one, two, or. three 
hexadecimal values which are separated by commas or single blank characters. 
A I I DDT numeric output is in hexadec ima I form. In al I cas.es, the conrnands are 
not executed until the carriage return is typed at the end of the conrnand. 

At any point in the debug run, the operator can stop execution of DDT using 
either a ctl-C or GO (jmp to location OOOOH>, and save the current memory image 
using a SAVE comnand of the form 

SAVE n ti lename.C04 

where n is the number ot pages (256-byte blocks) to be saved on disk. The 
number of blocks can be determined by taking the high-order byte ot the top load 
address and converting this number to decimal. For example, it the highest 
address In the transient program area ts 1234H then the number of pages is 12H, 
or 18 in dee ima I. Thus the operator cou _Id type a ct 1-C during the debug run, 
returning to the Console Processor level, fol lowed by 

SAVE 18 X. Ca.1 
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The memory image is saved as x.Cet,,1 on the diskette, and can be directly executed 
by simply typing the name X. If further testing is required, the memory image 
can be recalled by typing 

DDT X. Cet,,1 

which reloads previously saved program from location 100H through page 18 
(12FFH>. The machine state is not a part of the OQ.1 file, and thus the program 
must be restarted from the beginning in order to properly test it. 

The individual commands are given below in some detai I. In each case, the 
operator must wa'it for the promp1' character <-> before entering the command. If 
contro I is passed to a program under test, and the program has not reached a 
breakpoint, cont.rel can be returned to DDT by executing a RST 7 from the front 
panel (note that the r;.;bout key shou Id be used instead if the -program is exe­
cuting a Tor U command). In the explanation of each command, the command 
letter is shown; in some cases, with numbers separated by commas, where the num­
bers are represented by lower case letters. These numbers are always assumed to 
be in a hexadecimal radix, and from one to four digits in length (longer numbers 
w i I I be automat.i ca I I y truncated on the right). 

Many of the commands operate upon a "CPU state" which corresponds to the program 
under test. Th~ cpu· state holds the registers of the program being debugged, 
and in it i ~ I I y contains zeroes for a I I registers and flags except for the program 
counter - CP) and stack pointer CS), which default to 100H. The program counter ­
is subsequently set to the s-tarting address given in the last record of a HEX 
file if a file of this form is loaded <see the I and R commands) 

1. A (Assemble) Command - DDT al lows inl ine assembly language to be inserted 
in to the current memory image using the A command which takes the form 

As 

wheres is the hexadecimal starting address for the inl ine assembly. DDT 
prompts the console with the address of the next instruction to fi I I, and 
reads the console, looking for assembly language mnemonics (see the Intel 
8080 Assembly Language Reference Card for a list of mnemonics) fol lowed by 
regis-ter references and operands in absolu-te hexadecimal form. Each suc­
cessive load address is prin-ted before reading the console. The A command 
terminates when the first emp-ty line is input from the console. 

Upon comple-tion of assembly language input, the operator can review the 
memory se9ff!ent using the DOT d i_sassemb I er (see the L command>. 

Note that the assembler/disassembler portion of DDT can be overlayed by the 
transient program being tested, in which case the DDT program responds with 
an error condition when the A and L commands are used. 

2. B (Bitmap Bit Set/Reset) Command - The purpose of the BITMAP BIT SET/RESET 
command is to enable the user to update the bitmap of a page relocatable 
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f i I e. To edit a PRL f i I e the· user wou Id read the fi I e in, make changes to 
the code, and then determine the bytes which needed relocation (e.g., the 
high order address bytes of jump instructions>.. The 'B' command wou Id then 
be used to update the bit map. There are two parameters specified, the 
address to be modified (0100H is the base of the program segment), fol lowed 
by a zero or a one. A value of one specifies bit setting. 
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D (Display) Command - The D command allows the operator to view the con­
tents ot memory in hexadecimal and ASCII formats. The torms are 

D 
Os 
Ds,f 

In the tirst case, memory is displayed from the current display address 
(initially 100H) and continues for 16 display lines. Each display line 
takes the form shown below . 

aaaa bb bb bb bb bb bb bb bb bb bb bb bb bb bb pb bb cccccccccccccccc 
. ' . 

where aaaa is the display address in hexadecimal, and bb represents data 
present in memory starting at aaaa. The ASCII characters starting at aaaa 
are given to the right (represented by the sequence ~f e's>, where non­
graphic characters are printed as a period(.) symbal. Note that both upper 
and lower case alphabetics are displayed, and thus wi I I appear as upper case 
symbols on a console device that supports only upper case. Each display 
I ine gives the values of 16 bytes of- data, except tttat the tirst line 
displayed is truncated so that the next line begins at an address which is a 
mu I tip I e of 1 6. 

The second form of the D conmand shown above ls similar to the fl~st, except 
that the display address Is first set to address s. The rthird ~onn causes 
the display to continue from address s through address f. In al I cases, the 
d 1 sp I ay address is set to the f 1 rst address not di sp I ayed in this conmand, 
so that a conti n_u i ng d I sp I ay can be accomp Ii shed by issuing successive D 
commands with no expl·icit addresses. 

Excessively long displays can be aborted by pushing the rubout key. 

4. F <Fi I I) Command - The F command takes the form 

Fs, f ,c 

wheres Is the starting address, f ls the final address, and c is a hexade­
cimal byte constant. The effect is as follows: DDT stores the constant c 
at address s, Increments the value of sand tests against f. Ifs exceeds f 
then the operation terminates, otherwise the operation ls repeated. Thus, 
the fl II conmand can be used to set a memory block to a specific constant 
value. 

5. G <Go> Conmand - Program execution is started using the G conmand, with 
up to two optional breakpoint addresses. The G conmand takes one of the 
forms 

G 
Gs 
Gs,b 
Gs ,b,c. 
G,b 
G,b,c 
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The first form starts execution of the program under test at the current 
value of the program counter in the current machine state, with no break­
points set (the only way to regai·n control in DDT is through a RST 7 
execution). The current program counter can be viewed by typing an X or XP 
command. The second form is similar to the first except that the program 
counter in the current machine state is set to address s before execution 
begins. The third form is the same as the second, except that program exe­
cution stops when address b is encountered Cb must be in the area of the 
pgoram under test). The instruction at location b is not executed when the 
breakpoint is encountered. The fourth from is identical to the third, 
except that two breakpoints are specified, one at band the other at c. 
Encountering either breakpoint causes execution to stop, and both break­
points are subsequently cleared. The last two forms take the program 
counter from thf! current machine state; and se-t one and two bre~kpoints, 
respectively. 

Execution continues from the starting address in real-time to the next 
breakpoint. That is, there is no intervention between the starting address 
and the break address by DDT. Thus, if the program under test does not 
reach a breakpoint, control cannot return to DDT without executing a RST 7 
instruction. Upon encountering a breakpoint, DDT stops execution and types 

*d 

where d is the stop address. The machine state can be examined- at- this · 
point using the X <Examine) conmand. The operator must specify breakpoints, 
which differ from the program counter address at the beginning of the G com­
mand. Thus, it the current program counter is 1234H, then the conmands 

G, 1234 
and 

G400,400 

both produce an immediate breakpoint, without executing any instructions 
whatsoever. 

6. I (Input> Conmand - The I conmand al lows the operator to insert a ti le 
name into the default ti le control block at 5CH (the ti le control block 
created by MP/M tor transient programs is placed at this location; see the 
CP /M Interface Gui de) • The · def au It FCB can be used by the program under 
test as it it had been passed by the console. Note that this· ti le name is 
also used by DDT tor reading additional HEX and C04 files. The form of the 
I comnand is 

If i I ename 
or 
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lfllename.ti letype 

It the second form is used, and the ti letype is either HEX or C().1, then sub­
sequent R commands can be used to read the pure binary or hex format machine 
code (see the R,command tor further details). 
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L <List) Conmand - The L command is used to list assembly language mnemonics 
in a particular program region. The forms are 

L 
Ls 
Ls,f 

T~e first conmand lists twelve lines of disassembled machine code from the 
current list address. The second form sets the list address to s, and then 
I ists twelve lines of code. The last from lists disassembled code from s 
through address f. In al I three cases, the list address is set to the next 
uni isted location in preparation for a subsequent L conmand. Upon encoun­
tering an execution breakpoint, the I ist address is set to·-the- ·currer.~ ·:-:~ :.::: 
of i·r,tt program counter <see the G and T conmands). Again, long typeouts can 
be aborted using the rubout key during the list process. 

a. M <Move) Conmand - The ·M conmand al lows block movement of program or data 
areas from one location to another in memory. The form is 

Ms,f,d 

wheres is the start address of the move, f is the final address of the 
move, and d is the destination address. Data is first moved from s to d, 
and both addresses are incremented. Ifs exceeds f then the move operation 
stops, otherwise the move operation Is repeated. ; 

9. N <Normalize) Conmand - The purpose of the NORMALIZE conmand is to relocate 
a page relocatable file which has been read into memory by th~ debugger. To 
debug a PRL program the user would read it in with 'R' conmana and then use 
the 'N' conmand to relocate it within the memory segment the debugger is 
executing. 

10. R (Read) Command - The R conmand is used in conjunction with the I com­
mand to read CCM and HEX tiles from the diskette into the transient program 
area in preparation for the debug run. The forms are 

R 
Rb 

where b Is an optional bias address which is added to eech program or data 
address as it is loaded. The load operation lrl.lSt not overwrite any of the 
system parameters from OOOH through OFFH (i.e., the first page of memory). 
If b is anitted, then bsOOOO is assumed. The R conmand requires a previous 
I conmand, specifying the name of a HEX or C04 file. The load address for 
each record is obtained from each Individual HEX record, while an assumed 
load address of 100H is taken for CCM files. Note that any number of R com­
mands can be issued fol lowing the I conmand to again r.ead the program under 
test, assuming the tested program does not destroy the default area at 5CH. 
Further, any file specified with the fl letype ''CCM" is assumed to contain 
machine code in pure binary form <created with the LOAD or SAVE conmand>, 
and al I others are assumed to contain machine code in Intel hex format 
(produced, for example, with the ASM conmand). 
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Recal I that the command 

DDT ti lename.ti letype 

which initiates the DDT program is equivalent to the commands 

DDT 
-lti lename.ti letype 
-R 

Whenever the R command is issued~ DOT responds with either the error indica­
tor "?" Cti le cannot be opened, or a checksum error occurred in a HEX file), 
or with a load message taking the form 

NEXT PC 
nnnn pppp 

where nnnn is the next address fol lowing the loaded program, and pppp is the 
assumed program counter C100H for C04 f_iles, or taken from the last record 
it a HEX file is specified). 

11. -s (Set) Command - The S command al lows memory locations to be examined 
and optionally altered. The form of the command is 

Ss 

wheres is the hexadecimal starting address for examination and alteration 
of memory. DDT responds with a numeric prompt, giving the memory location, 
along with the data currently held in the memory location. If the operator 
types a carriage return, then the data is not altered. If a byte value is 
typed, then the value is stored at the prompted adress. In either case, 001 
continues to prompt with successive addresses and values unti I either a 
period (.) is typed by the operator, or an invalid input value is detected. 

12. T <Trace) Command - The T command al lows selective tracing of program 
execution for 1 to 65535 program ' steps. The forms are 
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T 
Tn 

In the first case, the CPU state is displayed, and the next program step is 
executed. The program terminates immediately, with the termination address 
d I sp'I ayed as 

*hhhh 

where hhhh is the next address to execute. The display address (used in 
the D command) is set to the value of Hand L, and the list address <used in 
the L command) is set to hhhh. The CPU state at program termination can 
then be examined using the X command. 

---..._ 
l 
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The second form of the T conrnand is similar to the first, except that execu­
tion is traced for n steps (n is a hexadecimal value) before a program 
breakpoint occurs. A breakpoint can be forced in the trace mode by typing a 
rubout character. The CPU state is displayed before each program step is 
taken in trace mode. The format of the display is the same as described in 
the X command. 

Note that program tracing is discontinued at the interface to MP/M, and 
resumes after return from MP/M to the program under test. Thus, MP/M func­
tions which access 1/0 devices, such as the disk drive, run in real-time, 
avoiding 1/0 timing problems. Programs running in trace mode execute 
approximately 500 times slower then real time since DOT gets control after 
each user instruction is executed. Interrupt processing routines can be 
traced, but it must be noted that conmands which use the breakpoint faci I ity 
CG, T, and U) accomplish the break using a RST 7 instructin, which means 
that the tested program connot use this interrupt location. Further, the 
trace mode always runs the tested program with interrupts enabled, which may 
cause problems _if asynchronous interrupts are received dur-fng tracing. 

Note ·a I so that the, operator shou Id use the rubout key to get coni"ro I back to 
DOT during trace, rather than executing a RST 7, to ensure that the trace 
for the current instruction Is completed before interruption. 

13. U CUntrace> Command - The U command is Identical to the T command _exc~t 
that i ntermed I ate program steps are not d I sp I ayed. The untrace- mode a I I ows 
from 1 to 65535 COFFFFH) steps to be executed in monitored mode, and is used 
principally to. retain control of an executing program while it reaches 
steady state conditions. Al I conditions of the T command apply to the U 
command. 

14. V (Value> Conmand - The purpose of the VALUE command is to faci I itate use of 
the WR I TE DI SK conmand by computing the parameter to fo I I ow the 'W'. A 
sing I e _ parameter immediate I y fo I I ows the 'V' which is the NEXT I ocati on 
fol lowing the last byte to. be written to disk. 

15. X (Examine) Command - The X command al lows selective display and alteration 
of the current CPU state for the program under test. The forms are 

X 
Xr 

where r Is one of the 8080 CPU registers 

C Carry Flag 
Z Zero Flag 
M Minus Flag 
E Even Parity Flag 
I lnterdigit Carry 
A Accumulator 
B BC register pair 
D DE register pair 
H HL register pair 
S Stack Pointer 
P Program Counter 

(0/1) 
(0/1 > 
(0/1 > 
(0/1 ) 
(0/1 > 
CO-FF) 
CO-FFFF > 
CO-FFFF > 
CO-FFFF > 
CO-FFFF) 
CO-FFFF) 
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In the first case, the CPU register state is displayed in the format 

CfZfMfEflf A=bb B=dddd D=dddd H=dddd S=dddd P=dddd inst 

where f is a O or 1 flag value, bb is a byte value, and dddd is a double 
byte quantity corresponding to the register pair. The "inst" f-ield contains 
the disassembled instruction which occurs at the location addressed by the 
CPU state's program counter. 

The second form al lows display and optional alteration of register values, 
where r is one of the registers given above CC, z, M, E, I, A, B, D, H, S, 
or P) • . In each case, the flag or register value is first displayed at the 
console. The ·DDT program then accepts input from the console. If a 
carriage return is typed, then the flag or register value is not altered. 
If a value in the proper range is typed, then the flag or register value is 
altered. Note that BC, DE, and HL are displayed as register pairs. Thus, 
the operator types the entire register pair when B, C, or the BC pair is 
altered. 

16. W <Write Disk) Command - The purpose of the \'tRITE DISK command is to pr9vide 
the cap ab i r i ty to write a patched program to disk. A sing I e parameter i•mme­
di ate I y fol lows the 'W' which is the number of sectors (128 bytes/sector) to 
be written. This parameter is entered in · hexadecimal. · . 

IMPLEMENTATION N>TES 

- - --

The organization of DDT al lows certain non-essential portions to be overlayed in 
order to gain a larger transient program area for debugging large programs. The 
DDT program consists of two parts: the DDT nucleus and the assembler/disassembler 
module. The DDT nucleus is loaded over- the Console Command Processor, and, · 
although loaded with the DDT nucleus, the assembler/disassembler can be 
overlayed unless used to assembfe or disassemble. 

In particular, the BOOS address at location 6H (address field of the JMP 
instruction at location 5H) Is modified by DDT to adress the base location of 
the DDT nucleus which, in turn, contains a JMP instruction to the BOOS. Thus, 
programs wh i ch use th is address f i e I d to s i ze memory see the I og i ca I end of 
memory at the base of the DDT nucleus rather than the base of the BOOS. 

The assembler/disassembler module resides directly below the DOT nucleus in the 
transient program area. If the A, L, T, or X comnands are used during the 
debugging process then the DOT program again alters the address field at 6H to 
i nclude this module, further reducing the logical end of memory. If a program 
loads beyond the beginning of the assembler/disassembler module, the A and L 
comnands are lost (their use produces a "7" in response), and the trace and 
display CT and X) commands list the "inst" field of the display in hexadecimal, 
rather than as a decoded instruction. 
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Chap~er 7 

SYSTEM GENERATION 

GENERAL 

This chapter describes how to modify the MP/M operating system configuration to 
meet specific needs for the users application environment. 

The need for generat i ng a new system configuration arises when the current space 
that is al located for memory segment bases does not accorm1odate the size of the 

,users program and could result in a possible overlap of memory partitioning for 
the transient program area. A"lso, the system operating requirements, such as, 
the need for additional resident programs, or the add-on of optional extended 
memory capability would make it necessary to change parameters and generate a 
new system configuration. 

CAUTION: Prior to performing the steps in this chapter, Mi I lennium recommends 
that the user duplicate the system diskette provided with the 9520. 
After the 9520 has been power-up (refer to chapter 3), insert the 
system diskette into the disk drive and press the 9520 front panel 
RESET switch to reinitialize the 9520 so the software on the diskette 
is pu I I ed into the syst~m. When the ·prompt OA> is di sp I ayed on the 
display terminal, insert the diskette in the unused disk drive, enter 
the corm1and .FDISK <er> and the diskette duplication procedure wil I be 
invoked. 

GENSYS ~ DESCRIPTION 

The M~/M system generation process employs the GENSYS program .which is invoked 
by the GENSYS corm1and. The program is interactive and displays a table of the 
current system parameters. The user is prompted to provide inputs which modify 
the existing system parameters and establish a new system configuration. 

\ . 
The GENSYS program automatically bui Ids a system program ti le which contains the 
assigned parameters and writes this program to the system diskette so that the 
information can be loaded into memory whenever the system is started up from a 
power-on or reset state. 

The system conf iguration thus established by the GENSYS program remians effec­
tive unti I another GENSYS Is performed by the user •. 

MODIFYING SYSTEM CONFIGlNTION 

GENSYS is invoked by keying 

OA <GENSYS> <er> 

The system wil I respond by displaying the fol lowing table (Example #1) wh ich 
reflects the current parameters that were assigned for the system when the last 
GENSYS was performed. (The example is presented tor a Non-Bank Switched 
System.) The user is prompted to respond to each line item and enter the para­
meter data shown in brackets~ 

7-1 



SYSTEM GENERATION 

NOTE: Ang I e brackets are presented ' in the examp I e to clarify the user response 
and are not included in the actual display. 

Example #1, System without Bank Switched Memory 

OA> GENSYS 

FF 

MP/M System Generation 
====================== 

Top page ot memory= <ff> or <O> 
Number of consoles= <2> or <1> 
Breakpoint RST # = <6> 
Add system cal I user stacks (Y/N)?<y> 
280 CPU C Y0/N) ?y . 
Bank switched memory (Y/N)?<n> · 
Memory segment bases, (ff terminates list) 

: <00> 
J : <50> 

,----:_ : <aO> 
: <ff> . 

Select Resident System Processes: CY/N) 
ABORT ?<n> 
SPOOL .?<n> 
MPMSTAT ?<y> 
SCHED ?<y> 
MP/M 

· OA> 

The description of each line item response enrered during system generation is 
as fo I I ows: 

(1) Top Page of Memory 

Two hexadecimal ASCII digits are to be entered g1v1ng the top page- of memory. A 
value of O can be entered in which case the MP/M loader wi I I determine the size 
of memory at load time by finding the top page of RAM. 

(2) Number of Consoles 

Each console specified wi I I require 256-bytes of memory. The 9520 Development 
System supports up _to two consoles • . 

C 3) ·Breakpo Int RST # 

The breakpoint restart number to be used by the SID (Symbolic Instruction 
Debugger) and DDT (Dynamic Debugging Tool) debuggers is · specified. Restart O is 
not a I I owed. 
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(4) Add System Cal I User Stacks (Y/N)? 

If you desire to execute CP/M *.C(l.1 files then your response should be Y. 
response forces a stack switch with each system cal I from a user program. 
requires more stack space than CP/M. 

The Y 
MP/M 

(5) Bank Switched Memory (Y/N)? 

If your system does not have .bank switched memory than you should respond with a 
N. Otherwise respond with a Y along with the additional questions and responses 
(as shown in the Example #2 table) which wi I I be required. 

, ( 6 > Memory Segment Bases 1 

/
Memory segmentation is defi_ned by the entries which are made. Care must be 
taken in the entry of memory bases as al I entries must be made with successively 

, .higher bases. ____ -~- \ ----
(7) Select Resident System Processes CRSPs) 

A directory search is made for al I files of type RSP. Each· file found is listed 
and ir:icluded in the generated system file H . you respond with a Y. 

where: ABORT: Al lows the user to abort a running program 

SPOOL: Al lows the user to spoo I· ASC I I text files to the -1 is+ device 

MPMSTAT: Al lows the user to disp I ay the run-time status of the 
operating system 

SCHED: A 1.1 ows the user to schedu I e a program for execution . 

After the last user response is keyed, the GENSYS program produces the MPM.SYS 
file which contains the new parameters assigned for the system configuration. 

The MPM.SYS file is then written to the _system diskette and is booted into 
memory whenever _the system is started up from a power-on or reset state. 

The updated MP/M System Generation Table Is displayed on the scr.een and the 
prompt COA>) ls presented so that operator commands can be issued. 

BANK SWITQ£0 MEM<RY C0tFIGlRATION 

Bank switched memory is the condlt.ion where the add-on, 48K expansion memory 
bank is avai I able to operate in para I lei with the base memory bank. The user 
can specify the segmenting of transient spa~es in both memory banks. 
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When the system is configured with the Bank Switched Memory and Banked BOOS 
<Basic Operating System) Fi le manager, the user is prompted to provide addi­
tional inputs to satisfy these configuration requirements. 

This procedure requires an initial GENSYS and MPMLDR execution to determine the 
exact size of the operating system, fol lowed by a second GENSYS. 

The system wi I I display the fol lowing table (Example #2) so that the user can 
specify the bank switched memory requirements. The table in Example #2 is 
abbreviated to emphasize system prompts tor the bank switched memory. (Note: 
Angle brackets are presented in the example to clarify the user responses and 
are not included in the actual display.) 

Example #2, System Generation with Bank Switched Memory 

OA> GENSYS 

MP/M System Generation 
====================== 

Top page -of memory= <ff> 

Bank switched memory CY/N)?<y> 
Banked BOOS ti le manager CY/N)?<y> 
Enter memor.y segment table: (ff terminates list) 
Base,size,attrib,bank = <0,50,0,0> • 
Base,size,attrib,bank = <ff> 

SCHED 
MP/M 
OA> 

? <y> 

The description of each line item response entered for Bank Switched Memory 
. during system generation is as follows: 

Cl) Bank Switched Memory 

Respond with a Y it the system hardware is configured with the add-on, 48K 
expansion memory. 
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(2) Bank Switched BOOS Fi le Manager 

Always respond with a Y to include the bank switched BOOS. This wi I I provide an 
additional OCOOH bytes of conmon area for some ·RSPs (resident system processes>. 
The banked BOOS is slower than the non-banked because FCBs (file control blocks) 
must be copied from the bank of the cal I ing program to conmen and then back 
again each time a BOOS disk function is invoked. 

Memor-y SegaenT Table 

When bank switched memory has been specified, you are prompted for the base, 
size, att_ributes, and bank for each memory segment. Extreme care must be taken 
when making these entries as there is no error checking done by GENSYS regarding 
this function. 

The first entry made wi I I determine the bank in which the banked BOOS is to 
reside. It is further assumed that the bank specified in the first entry is the 
bank which is switched in at the time the MPMLOR is executed. 

The attribute byte is normally defined as 00. 

The bank byte v~lue is hardware dependent and is O tor bank O and 1 tor bank 1. 

r- Next, execute the MPMLOR In order to obtain the base address of the operai"lng 
system. The base address in this example wi I I be the address of BNKBOOS.SPR 
CBCOOH) as shown in Example #3 fable. 

L 

Example #3, Base Address Assignment tor Bank Swii"ched Memory 

OA>MPMLDR 

MP/M Loader 
=========== 

Number of consoles = 2 
Breakpoint RST # • = 6 
280 CPU 
Banked BOOS ti I e manager 
Top of memory = FFFFH 

Memc;,ry Segment Ta.b I e: 
SYSTEM DAT FFOOH 0100H 
CONSOLE DAT FDOOH 0200H 
USERSYS STK FCOOH 0100H 
XIOS SPR F600H 0600H 
BOOS SPR EEOOH 0800H 
XDOS SPR CFOOH 1FOOH 
Sched RSP CAOOH 0500H 
BNKBOOS SPR BAOOH OEOOH 
----------------------------
Memseg Usr OOOOH 5000H Bank OOH 
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Using the information obtained from the initial GENSYS and MPMLDR .execution the 
fol lowing GENSYS can be executed to reflect the bank switched memory configura­
tion: 
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OA> <GENSYS> <er> 

MP/M System Generation 
====================== 
Top page of memory = <ft> 
Number ot consoles = <2> 
Breakpoint RST II = <6> 
Add system cal I user stacks CY/N)?<y> 
280 CPU CY/N)?<y> 
Bank switched memory CY/N)?<y> 
Banked BOOS ti le manager CY/N)?<y> 
Enter memory segment table: Ctt terminates list) 
Base,,ize,attrib,bank = <O,ba,0,0> 
Base,size,attrib,bank = <O,c0,0,1> 
Base,size,attrib,bank = <ft> 

Select Resident System Processes: CY/N) 
ABORT ?<n> -
SPOOL ?<n?· -
MPMSTAT ?<n> 
SCHED ?<y> 
MP/M 
OA> 



Chap-ter 8 

SYSTEM CPERAT I ON 

INTRODUCTION 

Operation ot the 9520 Development System generally involves the fol lowing types 
ot user activity: 

1. Applying AC' power at the equipment to begin system operations. 

2. Inserting the system diskette and loading the MP/M operating system. 

3. Entering conmands at the Keyboard to load and execute desired programs from 
the system diskette and user diskette as appropriate. 

4. Creating and maintaining source tiles for user programs. 

5. Aborting and detaching from a running program. 

6. Closing out files and removing diskettes to shut down system operations. 

User input ane interaction is implemented through the terminal console keyboard 
and display screen. The conmands and data entered at the keyboard are con­
currently displayed on the screen along with system responses. 

The system generates output to the various system devices, floppy · disk drjves, 
display terminal an-d 1/0 interface channels at the RS-232, RS-422, and IEEE-488 
p~r:ts. 

TE"4INAL KEYBOARD ANO KEY FUNCTIONS 

The terminal keyboard is generally arranged like that of a typewriter, except 
tor a number of additional keys. The placement and labels on keys wi I I vary tor 
different keyboards. A typical keyboard arrangement showing al I essential keys 
for using the 9520 Development System is shown in figure 8-1. These keys can be 
grouped into three functional categories as fol lows: 

o Data Entry Keys 

o Program Control Character Keys 

o Text Control Character Keys 

Data En-try Keys 

Data Entry keys are used to provide user input to, and interac-tion with the 
system. Af-ter keying in the desired input, the RETURN key must be pressed -
only then does the system accept the Input. There are some exceptions, however, 
such as con-trol character inputs to certain system responses which do not 
require the RETURN input. 
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The EDIT uti I ity program accepts both upper and lowercase ASCII characters as 
input from the keyboard. Single letter commands such as control characters may 
also be typed as either lower or upper case. 

The data entry keys are similar to a standard typewriter keyboard. These keys 
provide 96 ASCII characters including upper and lower case English alphanumeric 
and special characters. It also includes the control keys for DEL, CTRL, ESC 
and RETURN functions. 

The DEL key is used to delete the last character which was typed at the 
keyboard. The DEL key may also be labeled DELETE, RUB or RUBOUT and may, or may 
not, be shared with the underscore key and may, or may not, require SHIFT to 
activate. The BACKSPACE key or the key's control-H may be used for the same pur­
pose. 

The escape key wi 11 have no effeci" on MP/M or CP/M. 

The RETURN key may be labeled CARRIAGE RETURN or ENTER and causes the cursor to 
be moved to co I umn 1 of the· current Ii ne. 

Note that the space bar is for entering spaces. Uni ike on a typewriter, the 
space bar cannot be used to move across char~cters already displayed on the 
screen. 

Figure 8-1. Typical Keyboard ArrangemenT 
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The CTRL key is used l ike a shift key to enter alphabetic control characters. 
To type a control character, hold the CTRL key down while typing the letter . In 
this manual, a caret(~) character is used in front of the letter to indicate a 
control character. For example, I\D indicates control-D, which is typed by 
holding down the CTRL key and typing a D; AB means Control-B, etc. Control 
characters are used to enter commands for program control and text control 
during data entry. It is not _necessary to use the RETURN key after entering a 
control character. 

A number of additional keys may be present for use in data entry which include 
the fol lowing: 

BACKSPACE: 
' 

.TAB: 

' ;LINEFEED: 

·REPEAT: 

CURSOR DIRECTION: 

Same as control character, AH which is used for backspacing 
.,.he i:-u!""sor- on a r i ne • 

Same as control character, Al which is used with the Text 
Editor Uti I ity for tabbing. 

Same as control character, AJ which is used to terminate the 
current input and cause the cursor to move down one line on 
the screen. 

Used to automatically send the same character cootinuously. 
Some keyboar.ds wil I repeat any ·character whose key is held 
down 1/2 second. Other keyboards require the REPEA~ key to 
be held down while another key is pressed to sen~ the 
character string. 

Consists of four keys with arrows to indicate the four direc­
tions of cursor motion. Pressing the key causes the cursor 
to move in the direction indicated by the ar~ow. 

Cursor motion can also be initiated by control characters 
used in the WordStar Text Editor Uti I ity as fol lows: 

AD: Moves cursor to the right -- to the next character in a 
I ine. 

AS: Moves cursor to the left -- to the previous character in 
a Ii ne. 

~E: Moves cursor up to preceeding line on screen. 

AX: Moves cursor down to next line on screen. 

Program Control Cherac1"er Keys 

The program control characters provide limited user control over the program 
operation processes, such as: 

o Aborting a program 

o Detaching from a Running Program 
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o Terminating the Current Input 

o Deleting and Inserting a Line 

o Obtaining Exclusive use ot a Listing (printer) Device 

o Stopping the Display Output Before Continuing with Execution 

The program contra I characters a ~so perm it Ii m ited editing functions ot a Ii ne 
entry while typing in a corrmand line at the keyboard: 

The fol lowing control · characters are used in the MP/Mor CP/M system: 

MP/M, CP/M 
CONTROL CHARACTER 

AC 

AD 

AE 

/\J 

t\M 

I\R 

I\U 

AX 

AZ 

DESCRIPTION OF CONTROL FUNCTION 

Abort program in process and terminate execution 

Detach from a running program (MP/M only) 

Physical end ot line -

De I ete the I ast character typed at keyboard and backspace 
one cha~acter position 

Terminate current input (same as line teed) 

Terminate input (same as carriage _return) 

Retype current corrmand line to provide a clean line fol low­
ing character deletion with rubouts 

Remove current I ine after new line 

Delete entire line typed at keyboard and backspace to the 
beginning of current line 

End input from keyboard 

(Control characters ~P, AQ and AS affect the console output as fol lows:) 

AP 

AQ 
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Copy all remaining keyboard outputs to the list (printer) 
device. Output is sent to both the I i st device and dis-
p I ay device unti I the next AP is typed. If the Ii st device 
is not avai I able, a PRINTER BUSY status message is 
displayed on the screen. 

Obtain ownership of the PRINTER BUSY status :message CMP /M 
only). Attaching the printer via . this command prevents 
other terminal consoles tram gaining access to the printer 
by issuing AP, /\Q, PIP, or SPOOLER commands. The printer 
is thus owned by the console which issued the AQ command 
unti I another AP or AQ corrmand is entered to release the 
pr i n.ter. 
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Control Characters in the MP/M, CP/M System, continued 

MP /M, CP /M 
CONTROL CHARACTER DESCRIPTION OF CONTROL FUNCTION 

The N' command should be used only when a program <such as 
CP/M *.CQ.1 ti le) is executed which does not cause the 
PRINTER BUSY status message to occur prior to accessing 
the printer. If the printer is not avai I able, a PRINTER 
BUSY message is displayed on the screen (MP/M only). 

Temporarily stops the display motion. The program execu­
tion and display motion wi I I resume after any character is 
typed on the keyboard. 

This control is used to halt the display motion on high­
speed displays so that the operator can view a segment of 
the out~ut data before continuing the processing. 

Text Control Character Keys 

The WordStar• Text Editor Utility provides an array of text control characters 
that are fully described In chapter 6. 

These text control characters, are used in conjunction with the CTR~ key to 
issue a specific conmand that controls the processing for text inputs, such as, 
creating a new document ti le, editing an existing document ti le, manipulating 
the disp I ay, and I isting of document tiles. Text control functions involve the 
fol lowing categories of conmands that can b~ executed by the text control 
characters: 

o Cursor Motion -- Forward, Backward, Upward and Downward directions 

o Scro! I ing -- Single line, ful I screen, continuous, up/down and fast/slow 
motion 

o Text Entry I nsertlon, tabbing and tabu I atl ng 

o ·Text Deletion on a Page -- Individual characters, words, lines and blocks of 
data 

o Saving and Deleting~- Updated tiles, original tiles and old tiles 

o. On-Screen Text Formatting -- Set margins, line spacing, tabs and paragraphs 

o Find and Replace -- Global Fi le, ·Word, Phrase, Character Strings 

o Place Markers -- Set mark locations in a file for future reference 

o Block Commands -- Moving paragraphs, sentences, copying and deleting blocks 

o Document or non-document tiles 
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o Help Commands -- Display learning aids and reference user information on 
screen 

o Miscellaneous Commands -- Repeat a command, interrupt a command/printing and 
display file directory 

USER INTERACTION 

This section describes user fnteraction with 
tiate the system from a cold start, load the 
and enter commands at the terminal keyboard. 
the fol lowing subsections: 

the 9520 Development System to ini­
operating system from the diskette 
This information is divided into 

o System Initiation 

o Conmand Interpreter State 

o lnmedlate Conmand Mode 

. o I nter_active Command Mode 

Systea Initiation 

Use the fol lowing step-by-step procedures to initialize the system ~rom a cold 
, start: 

1. Turn on the POWER switch at the display terminal. 

~- On some terminals a bel I wi I I ~eep within 1 second to indicate power is 
on. 

b ~ After 19 to 15 seconds, the cursor wi 11 .appear in the upper left-hand 
corner of the screen and the status line wi I I appear across the bottom 
of the screen. At this time, the operator can adjust the contrast to 
obtain the desired bri I I iance tor the screen. 

2. Verity the diskette is not mounted on the disk drives and turn on the POWER 
switch at the 9520 Development System control panel. 
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a. After a few seconds, the terminal screen wi I I display the fol lowing 
message to indicate the' 9520 Boot PR04, Seit Test diagnostic ls running·: 

9520 SELF TEST VERS 2.0 CO 

b. After the diagnostic test ls completed, the fol lowing message is 
displayed on the terminal screen to Inform the operator that system soft­
ware can be loaded: 

9520 SELF TEST VERS 2.0 CQ\1PLETE 
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... 
3. Insert the system diskette in either ot ttie disk drives <Drive A or Drive B). 

a. Press the latch bar to open the drive access door at the selected drive. 

b. Position the diskette as shown in figure 3-1 and push the diskette 
forward unti I a click is heard. 

c. Close the drive access door to lock the diskette on the drive spindle. 

NOTE: The subsequent reset procedure need not be performed when fhe 9520 SELF 
TEST VERS 2.0 C~PLETE message is displayed. 

4. Press the RESET switch on the 9520 Development System control panel to start 
up sysTem operaTions and load the operating system from the diskette. 

a. The system wil I perform the self-test diagnostic and then load the 
bootstrap loader program from the diskette, which in turn loads the 
operating system from the diskette. 

b. After a few seconds, loading is completed and the fol lowing message 
appears _on the display screen: 

where: XA shown in prompt: 

MP/M 
XA > 

X = User code and console assignment number. For example, console #0 
is initialized to user #0 tor a single user/console system con­
figuration and would be presented as: 

OA > 

Variations for assigning mu.It i p I e users and con so I es to the system· 
are described in section 1.3 of the MP/M Users Manual. 

A= Default for the disk drive CA or B) that is currently logged to the 
console and can be changed at any console as described in section 
t.3 of the MP/M Users Manual. 

The specified default disk must contain the utl llty tiles, such 
as, DIR, REN, ERA, etc. 

5. After the lnltal loading of the MP/M operating system Is completed, perform 
the System Generation Procedure described In chapter 7 to select the 
operating system parameters. This wi II place the system in the Command 
Interpreter State, so that the system Is ready to accept and interpret com­
mands that are issued from a local console keyboard or process UPLOAD/ 

· DOWNLOAD commands that are issued from a remote emulator/debug station. 
Al I keyboard commands are entered as a single-I ine entry in one ot two modes 
wh i ch fo I I ow. 
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Entering Conmands 

the command may be keyed as an exp I icit entry (for the Immediate Command Mode) 
by specifying al I of the parameters in the command prior to execution; or the 
command may be keyed as an imp I icit entry (for the Interactive Command Mode) so 
that the user can interact with, and respond to queries issued by the system to 
provide parameter inputs during the execution. Both types ot command entries 
are described in subsequent paragraphs along with examples. 

Document Conventions 

The fol lowing documentation conventions are used in this manual for describing 
the command entry syntax -

o Angle Bracket: < > Item inside angle bracket is a required entry 

o Bracket: [ l Item inside bracket is optio)'lal entry 

o Logic OR Symbol: Items on either side of symool may be used in the 
entry 

o Three consecutive Dots: ••• Indicates multiple occurrences of a preceding item 

Command Interpreter State- is the operatin_g state that al lows the system to 
accept user commands for interpretation and subsequent action. 

The Command Line Interpreter is invoked whenever: 

o The system is initiated or reset 

o The user/system program completes processing a command or terminates execution 
due to an error 

In most cases, the Command Line Interpreter State ls indicated by the presence of the 
prompt character, XA>, fol lowed by the cursor in column 2 of the current line on 
the display screen. The X equals any number from 1 through 1,. 

Once the system has prompted the user, commands can be entered in one of the 
fol lowing modes -

1. Immediate Command Mode 

2. Interactive Command Mode 
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Immediate Command Mode 

The Immediate Command Mode al lows entry of one-I ine commands. The parameters 
are included in the line entry to identity operators and operands that are 
required to complete the program execution without prompting the user tor addi­
tional input. 

Syntax tor an lrrmediate corrmand is as fol lows: 

<conrnand> <parameter-1> ••• <parameter-n> <er> 

where: 

~command> 

<parameter-1> 
thru 
<parameter-n> 

<er> 

identities a 9520 system uti I ity name, an MP/Mor CP/M 
system uti I ity name, or a user program name (e.g., 
utility name could be BRATE> 

defines parameters required _to run the program. Each 
parameter may consist of a ti le name, a function, a 
device name, an indicator or an assigned value. 
(e.g., function parameter #1 could be 1/0 device: 
PRINTER, parameter #2 could be arithmetic indic~tor: = 
parameter ·#3 could be value tor Baud Rate> 

Indicates a carriage return ls required to complete 
the comnand entry 

Entering Immediate Command 

The Immediate Conrnand can .be keyed by using the fol lowing techniques tor making 
the entry: 

o Use da-ra en-rry keys -to key in cliar:ac-rers Ca I I da-ra en-rry keys are opera-ti ve>. 

o Correc-rions may be made a-r any -rime before pressing the RETURN key. 

o Make corrections, It necessary, by erasing (using the DELETE, RUB, RUBOUT, 
BACKSPACE or control H character key> each of the characters up to, and 
including the first erroneous character In the comnand, and then re-entering 
Them correctly. The control X cheracter may be used to erase the entire I lne 
and start a new line entry. 

o Enter each parameter to define operators and operands for the program. 

o Press the RETURN key. This Initiates execution of -rhe selected program com­
mand. 
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EXAMPLE: Use ot single-I ine Immediate Command entry to cal I out the Baud Rate 
Uti I ity and assign a new Baud Rate value tor 1/0 device. 

Syntax: <BRATE> <1/0 Device> <=> <BAUD Rate> <er> 

L (5) carriage return, 
execute command 

BAUD Rate Value assigned= 300 

(3) Parameter tor arithmetic indicator 

(2) Name ot device to be changed= PRINTER 

Cl) Name ot Uti I ity = BRATE 

Keyboard Entry: BRATE PRINTER = 300 <er> 

Interactive Conllland Mode 

The Interactive Command Mode al lows the user to cal I out a uti I ity and resp9nd 
to prompts issued by the sysi"em after the program begins execution. Each of the 
prompts wi I I query the user to provide additional input information so_ that exe-
cution can be resumed and/or completed. · 

The fol lowing types of input information is requested by the system prompts, 
each of which is fol lowed by a carriage return: 

o Parameter #1 (device name, ti le name, type of function) 

o Parameter #2 (Indicator, Operator) 

o Parameter #3 (Value, address location operand) 

Syntax for the Interactive Command sequenced by steps is as fol lows: 
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Step 1. Cal I out program: 

Step 2. Respond to prompt, 
enter 1st parameter: 

Step 3. Respond to prompt, 
enter 2nd parameter: 

• 

Step 4. Respond to prompt, 
enter last parameter: 

<command> <er> 

<parameter #1> <er> 

<parameter #2> <er> 

<parameter #n> <er> 
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Where each entry step performs the fol lowing functions: 

(1) <command> <er> 

(2) <parameter #1 > 

( 3) <parameter #2> 

-- identifies a 9520 System Uti I ity name, an MP/Mor 
CP /M System Ut i I i ty, or a user program name that 
begins executing when carriage return is entered. 

<er> - prompts the user to input specific information to 
satisfy program processing requirements and resume 
execution. 

<er> - prompts the user to input additional information to 
satisfy program processing requirements and resume 
execution. 

(4) <parameter #n> <er> prompts the user to input final information so that 
processing wll I be completed. 

Entering Interactive Command 

The Interactive Command can be keyed by using the fol lowing techniques tor 
making the entry: 

o Use data entry keys to key in characters Cal I data entry keys are operative.) 

o Corrections may be made at any time before pressing the RETURN key • . 

o ·Make corrections in the same manner described for Immediate Command Entry. 
The C character may be used to abort the program at any time • 

. 
o Enter each parameter as requested by the various prompts to define specific 

operators an9 operands tor the program. Always press the RETURN key after each 
parameter entry to resume or complete the execution. 

EXAMPLE: Use the multiple-I ine, Interactive Command Entry to cal I out the Baud 
Rate Utility and assign a new Baud Rate value tor 1/0 device: 

SYSTEM PROMPT 
{ 1 ) OA> 

(2) 1/0 DEVICE:> 

(3 > BAUD RATE:> 

Keyboard Entry 

SYNTAX: USER ENTRY 
<er> 
L carriage return, begin execution 

of Utility, BRATE 

<er> 
L carriage return, resume execution 

device selected 

<300> <er> L L carriage return, complete execution 

Baud Rate Val~e assigned 

BRATE <er> 
> PRINTER <er> 
> 300 <er> 
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RUNNING A PROGRAM 

Starting the execution of a program is initated by keying the Program Name 
fol lowed by a carriage return <er>. Some programs contain one or more parame­
ters which fol low the program name on the line entry. The programs that are 
provided with MP/Mare described in sections 1.4 and 1 .5 of the MP/M Users 
Manua I. 

ABORTING AN ATTACHED PROGRAM 

A program can be aborted by keying a control" C < C) character at the console. 
The C terminates execution of the program which was initated (and thereby 
attached) by the console. A detached program (i.e., initated from another 
console) cannot be aborted with the C. A detached program must first be 
attached and then aborted. A running program may also be aborted using the 
ABORT command as described in section 1.5 of :the MP/M Users Manual ·. 

DETACHING FR04 A RUNNING PROGRN4 

Detaching from a running program may be Jnvoked by k-eying a control D ( D) 
character at the console. 

In order to detach a program using the - D character, the executing program must 
be performing a check console status to observe the detach request.-

ATTACHING TO A DETACHED PROGRN4 

A detached program (i.e., the program is not owned by a console) may be attached 
to a console by keying: ATTACH, fol lowed by the program name. A program may 
only be re-attached to the console form which it was detached. 
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SYSTEM DIAGNOSTIC PROGRN4 

GENERAL 

In addition to the boot PRQ\1, self-test feature p.ermanently installed in the 
9520 Software Development System (refer to chapter 3), a diagnostic program is 
provided on a separate diskette. This paragraph describes the functions of the 
system diagnostic program. 

The Diagnostic Diskette contains software that wi I I thoroughly test al I func­
tions of the system. In the event a subassembly fai Is the diagnostic test, the 
diagnostic program w i I I cause an error message to be di sp I ayed. The error 
message w i I I identify the cause of fa -i I ure. 

DIAGNOSTIC EXECUTION 

Insert the Diagnostic Diskette in disk drive A or a. The contents of Diagnostic 
Diskette are loaded into the 9520 System by entering the command, QIAG on the 
console. After the diagnostic is loaded and initialized, it wi I I log on to the 
display terminal and display: 

9520 DIAGNOSTIC VERSIO~ 1.0 

and then the prompt 

OA> 

The user can now communicate with the monitor and direct the flow of events by 
using the commands provided to invoke the various test routines. Al I commands 
have the generalized format: 

xx<= 
xxdd ••• d<= 
xxdd ••• d:xxdddd:xx<= 

where: 

xx= Command mnemonic 
dd = Individual data field COfl'lllands 
<=Carriage return 

Format - The format xx<= Is used when the user requires additional information 
to Implement the command (t.e., the command SO<= wil I display al I tests 
available for execution) or no data field is necessary (i.e., LT<= wit I invoke 
the loop-on-test option). · 

General Operator Control - The user may temporarily suspend message output (or 
test execution whenever a message is encountered) by pressing the console 
SPACEBAR. Testing and message display can be resumed by pressing the SPACE BAR 
again. The user may terminate test execution by entering x on the console 
keyboard. This comand causes the diagnostic to return control to the diagnostic 
monitor program. The prompt OA> is displayed on the display terminal. 
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NOTE: There may be a delay before the monitor prompt appears after entering the 
x command. 

C04MANOS 

HP (Help) Conmand - The help command wi I I cause a menu of val i d diagnostic moni­
tor commands to be displayed. The help conmand format is: 

HP<= 

Table 9-1 I ists the response to the HP conmand, as displayed on the display ter­
mi na I. 

Table 9-1. Valtd Diagnostic Connands 

MNEMONIC DEFINITION 

HP 
ws 
·SD 

. DR 
LT 
SM 
LE 
so 
HE 
TL 
DP 
co 

OA> <Prompt) 

Help-Display Conmands 
Warm Start 
Select Diagnostic 
Drive Select 
Set Loop-on-Test CS> -Option 
Set No Messages Option 
~oop on Error 
Set Operator Intervention Tests Option 
Set Halt on Error Option 
Set Long Test Option 
Display Pass and Error Counts 
Continue Testing 

WS Conmand - The warm start conmand wi I I re-initialize the diagnostic to the 
default conditions with al I options reset, and Disc Drives A and B selected for 
testing. Al 1·-PASS and ERROR COUNT fields are cleared to zero. 

The conmand format is: 

ws <= 

Terminal · disp-lay response is 
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SD CSEtECT DIAGNOSTIC Test) Conrnand - This conrnand al lows the operator to either 
queue a test <or tests) for execution · or have a display of al I possible tests. 

The command format is: 

SD<= 

The display terminal responds with 

ID TEST 

01-------RAM TEST-FIXED PATTERNS 
02--------RAM TEST-ADDRESS PATTERN 
03-------SERIAL 1/0 PORT 1 TEST 
04--------SEP!AL 1/0 PORT 2 TEST 
05-------SERIAL 1/0 PORT 3 TEST 
06-------60 Hz TIMER TEST 
07-------DISC RESTORE TEST 
08-------DISC SEEK TEST 
09-------0ISC FIXED PATTERNS TEST 
10--------DISC TRACK AND SECTOR DATA TEST 
11--------DISC RAND0-1 TRACK-SECTOR-DATE TEST 
12--------DISC INTERRUPT NOT READY-READY TEST 
13-------0ISC INTERRUPT READY-NOT READY TEST 
14-------0ISC WRITE PROTECT TEST 
OA> 

NOTE: The SO comnand option rrust be enabled to perform test 12, 13, and 14. 

When the SO comnand is fol lowed by an asterisk <*>, the diagnostic moni­
tor selects and executes all available tests. 

When the SD corrmand is tot lowed by nn, the user selects the test Cnn) for 
execution. 

The conrnand SO nnl nn2 nn3 nn5 nn4 ••• nnn <= depicts that any number and/or 
sequence of tests may be queued for execution. 

NOTE: If the SD comnand Is part of a rrultlple conrnand line string, It rrust be 
the last comnand in the I lne. 

DR C DR I VE SELECT> Command - Th Is command a I I ows the operator to se 1.ect wh I ch 
disc drlve<s> will be used tor testing. 
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The command formats are: 

DR A<= 

Selects Drive A 

ttDRIVE A SELECTEDtt 
OA> 

is displayed. 

DR B <= 

Selects Drive B 

"DRIVE B SELECTED" 
OA> 

is displayed. 

DR*<= 

Selects both Drive A and B 

• 11DRIVE A ANO B SELECTED" 
OA> 

is displayed. 

LT (LOOP on TEST(s) Conmand - The LT conmand sets the loop-on-test<s> options 
and causes the test(s) to be executed continuously unti I the operator suspends 
execution or an error is encountered if the Halt-on-Error option is set. 

The command format is: 

LT<= 

The display terminal responds with the prompt 

OA> 

SM (SUSPEND MESSAGES> Conmand - The SM conmand suspends al I messages except the 
header message of the test(s) selected. This conmand Is Intended to be used in 
conjunction with the loop-on-test or loop-on-error options for troubleshooting 
purposes. 

The conrnand format is: 

SM <= 

The display terminal responds with the prompt 

OA> 

9-4 



• 

11"" 
SYSTEM DIAGNOSTIC PROGRN4 

SO CSET OPERATOR intervention testCs)) Command - This command al lows the execu­
tion of tests requiring operator intervention within the test(s) selected. The 
SO command must be set tor tests 12, 13, and 14. 

The command format is: 

so<= 

The display terminal responds with the prompt 

OA> 

LE (LOOP-ON-ERROR) Command - The LE command wi II cause the test selected to looo 
on an error cona1T1on (when encountered) without changing any parameters that 
caused the error. This option is val id only in tests 01, 02, 03, 04, and 05. 

The command format is: 

LE<= 

Th~· di sp I ay term i na I responds with the prompt 

OA> 

r HE (HALT on ERROR option) Command - The HE command causes the selected test exe­
cution to halt when an error is encountered. The test execution wi I I continue 
when the operator types " <= " on conso I e. 

The command format is: 

HE<= 

The display terminal responds with the prompt 

OA> 

TL CLONG TEST option)' Command - When the TL command is set, the DISC FIXED 
PATTER tests are executed in long form by testing al I tracks. 

The command format is: 

TL<= 

The display terminal responds with the prompt 

OA> 

.DP CD I SPLAY PASS and ERROR COUNT> Command - This command al lows the operator to 
have the PASS and ERROR COUNT tat ly displayed on the terminal. 

The command format is: 

DP<= 
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Th e displ ay t ermi na l responds with 

<TEST> <PASS > <T E> <ORV A> <ORV B> <SE> <RNF E> <CRC E> <DATA E> 

01 
02 
03 
04 
05 
06 
07 
08 
09 
1 0 
1 1 

OA> 

The 

0000 00 
0000 00 
0000 00 
0000 00 
0000 00 
0000 00 
0000 00 00 . 00 00 00 00 
0000 00 00 00 00 00 00 
0000 00 00 00 00 00 00 
0000 00 00 00 00 00 00 
0000 00 00 00 00 00 00 

labe l def in i t ions are 

<TE> = Tota I Errors 
<ORV A> = Tota I Errors, Drive A on ly 
<ORV B> = Total -Error:s, Drive B only 
<SE> = Seek Errors 
<RNF E> = Record-not-found Error 
<CRC E> = CRC Error 
<DATA E> = Data Mismatch Error 

Al I counters are in Hex. 
Al I error counters term inate count at OFF (hex). 
Al I pass counters terminate count at OFFF (hex). 

00 
00 
00 
00 
00 

CO <CONTI NUE Execut ion of' Suspended Test) Conmand - The CO command wi I I cause 
the monitor t o resume exe~ution of a se lected test that was terminated 
(s uspended) by the user irhplement i ng the "X" <EXIT> tunciton. 

The conrnand format is: 

co<= 

The displ ay t er mina l responds with the prompt 

OA> 

FUNCTI ONAL TEST DESCRIPTI ON 
' 

Test ID 01 RAM TEST - Fixed Pattern 

A write/read/verity oper ation os performed on al I avai I able memory using the 
fol lowing fixed patterns and a ''Walking 1 's" pattern 
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00 
FF (Hex) 
55 (Hex) 
AA (Hex) 

If the system contains the optional expansion memory option, it wi I I be tested 
also. 

Test ID 02 RAM TEST - Address Pattern 

Al I avai I able memory is written with data which is equal to the address HI BYTE 
LOW BYTE. After a period of delay, to ensure refresh is functional, the memory 
is read and verified. Expansion memory option (if installed) is tested also. 

Test ID 03 SERIAL 1/0 Port 1 Test 

Serial Port 1 is tested by enabling the wrap-back function on the 9520 control 
board and writing the fixed patterns as described in Test 01 CR~ TEST>. The 
Serial port is then read and verified. In addition to the data 
write/read/verify, the baud rate ts tested by measuring the time between 

·received character available. 

This test Is performed using the fol lowing baud rates. 

75,110,134.5, 150,300,600, 1, 2k, 2.4k, 4.8k, 9.6k, ·19".2k·, 38.4k, 
56k, 76.8k 

Test ID 04 SERIAL 1/0 Port 2 Test 

Essentially the same as Port 1 with exception of- different baud rates of: 

75,110, 134._5, 150,300,600, 1.2k, 2.4k, 4.8k, 9.6k 

Test ID 05 SERIAL 1/0 Port 3 Test 

Essentially the same as Port 2 except that Port 3 Is tested. 

Test ID 06 60 Hz TIMER Test 

A software timing measurement Is performed on the 60 Hz timer Interrupt. 

Disc Drive/Controller Tests 

NOTE: Al I Disc Tests are performed on Drive A or Drive B or both as specified 
by operator input. Refer to the "DR" conmand. 
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Test ID 07 DISC RESTORE Test 

The floppy controller is issued a RESTORE/VERIFY command and the controller sta­
tus and track register is checked to ensure that track O was reached and the 
track record was read correctly. 

Test ID 08 DISC SEEK Test 

Using the STEP-IN and STEP-OUT commands, the SEEK operation is performed from 
TRACK Oto TRACK 76, sequentially, with a verify performed at each Track. The 
test then performs SEEKs in the fol lowing sequences. 

TRACK 76 to 1 
TRACK 1 to 75 
TRACK 75 to 2, etc. 
TRACK 38 to 39 

Test ID 09 DISC FIXED PATTERNS Write/Read 

Al I-tracks and sectors are written and then verified with the ·fol-lowing· fixed 
patterns: 00; FF; 55; M. 

In the long test, the tracks are written sequentially from Oto 76. 

Test ID 10 DISC WRITE-READ TRACK/SECTOR Data Test 

Al I tracks/sectors are written with a 2-byte "w9rd" equal to the track.and sec­
tor "address". All tracks are written sequentially from Track Oto Track 76. 
After al I tracks/sectors are written, the disc is r.ead and verified·. 

Test ID 11 DISC RANDOM TRACK/SECTOR Data Test 

This test performs a Write/Read/Verify operation to a random Track/Sector selec­
tion with Random data. This sequence is performed 256 times per test pass. 

Test ID 12 DISC INTERRUPT on NOT READ/READY Test 

This is an operator intervention test which ver i_f t es that an interrupt ts 
genera-ted when a drive goes from a NOT READY to READY sta-te. This shou·1 d occur 
whenever the operator places a diskette tn the drive-under-test and closes the 
drive door. 

Test ID 13 DISC INTERRUPT on READY/NOT READY Test 

Essentially the same as above except that the interrupt tested is that which is 
generated when the operator opens the drive-under-test door and causes the NOT 
READY condition (interrupt). 
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Test ID 14 DISC WRITE PROTECT Test 

This is an operator intervention test that requires that a write-protected 
diskette is placed into the drive-under- test. An attempted v.RITE SECTOR is per­
formed and a Write-Protected Status should be generated. The same sector is 
then read to verify that the sector (data) was not written to disc. 

Error Messages 

RAM Tests 

*** BANK x ADDRESS= xxxx DATA SB= xx IS= xx 

*** RAM PARITY ERROR 

SERIAL 1/0 Tests 

*** NO SERIAL 1/0 RECEIVE DATA INTERRUPT 
*** RECEIVE CHARACTER NOT AVAILABLE IN ALLOWED TIME 
*** RECEIVE CHARACTER EARLY 
*** TRANSM I TTER BUFFER NOT EMPTY · 
*** RECEIVE DATA S/B xx IS xx 
*** BAUD RATE xx (See Note) 
*** SERIAL 1/0 PORT STATUS= xx 

NOTE: Message displayed with any Serial 1/0 Test error. 

60 Hz Timer Test 

*** 60 Hz "TIMER IS TOO SLOW 
*** 60 Hz T'IMER IS TOO FAST 
*** NO 60 H'Z\ TIMER INTERRUPT 

DISC Tests 

For each disc error, the controller conmand which produced the error wi II be 
displayed. Possible conmand messages are: 

*** RESTORE C<J.1MANO 
*** SEEK C<J.1MANO 
*** STEP-IN C<J.1MANO 
*** STEP-OUT C<J.1MANO 
*** WRITE MULTIPLE SECTOR co+1ANO 
*** READ MULTIPLE SECTOR C04MANO 
*** WRITE SECTOR CCMMANO 
*** READ SECTOR CCMMAND 
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Additional possible error messages are; 

*** DISC CONTROLLER STATUS= xx 
*** TRACK UNDER TEST= xx (See Note 1) 
*** TRACK REGISTER= xx 
*** SECTOR xx DATA= xx SB= xx 
*** SECTOR BYTE xx <See Note 2) 
*** DATA WAS WRITTEN ON PROTECTED DISC 

NOTE 1: Displayed with al I Disc Errors. 

NOTE 2: Displayed with al'1 Disc (Data) Errors. 

General Error Messages 

*** UNEXPECTED DISC CONTR9LER INTERRUPT 
*** UNEXPECTED CMA INTERRUPT 

. *** UNEXPECTED GP I B INTERRUPT 
*** INVALID TEST ID*** 
*** INVALID Co.1MAND *** 
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