


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The standard 110 interface includes an RS232 com­
patible serial port and 24 parallel data lines. Also 
privided on the 0816000 are two connectors that 
allow 8LX expansion modules to be used with the 
0816000. 

Sockets are provided for mounting optional additional 
members of the NS16000 family. These include the 
NS16081 Floating-Point Unit, the NS16082 Memory 
Management Unit, and the NS16202 Interrupt Control 
Unit. All sockets are fully integrated into the D816000's 
printed wiring. 

Functional Description 
Central Processor 
The NS16032 is the central processor for the 0816000. 
It features a 32-bit internal/16-bit external structure 
with a very powerful instruction set and programming 
model designed for high-level language support. Sup­
port for full virtual memory and high-speed IEEE pro­
posed standard floating-point operations is available. 

Memory 
128 Kbytes of dynamic RAM are provided. 

Four EPROM sockets are provided, which will accept 
2716 or 2732 EPROMs. In the configuration provided, 
TDS-16 firmware occupies these sockets. 

Input/Output 
Parallell/O 
24 parallel 1/0 lines are provided via an 8255A Pro­
grammable Peripheral Interface. These may be divid­
ed into two 8-bit ports and two 4-bit ports. Additional 
1/0 may be obtained by using the 8LX expansion con­
nectors. 

Serial 1/0 
The RS232 serial link is provided via an 8251A Univer­
sal Synchronous/Asynchronous ReceiverfTransmitter 
(USARn. This link provides for communication with 
terminals or other computers. The data transmission 
clocks are generated by the ICU counter/timer if pre­
sent, making the baud rate programmable. With only 
the ICU emulator installed, it is set at 9600 baud. Addi­
tional 1/0 may be obtained by using the 8LX expan­
sion connectors. 

Timers 
With the NS16202 Interrupt Control Unit installed 
there is one 16-bit timer available to the user and one 
dedicated to the USART. As shipped, a hardware 
prescaler for the USART occupies the ICU socket. 
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Connectors 
There are six connectors available: 

1 bus interface(P1) 
1 local bus expansion (for custom boards) (P2) 
1 RS232 port (J2) 
24 Parallel 1/0 lines (J1) 
2 8LX sockets for 1/0 expansion (J3, J4) 

Tiny Development System (TDS) 
The TDS firmware allows the 1,1ser to create programs 
by entering source via the editor. This source is then 
assembled to produce executable code suitable for 
debugging. These functions have the following 
features: 

Assembler: 
- Subset of existing NS16000 assembler 
- Supports FPU (user installed on the board) by 

providing long and short format real number data 
initialization 

- Generates listings to either a printer at the 
parallel port, or any RS232 device connected to a 
port via a 8LX-351 expansion module 

-Symbolic definition of static base or PC segment 

Debugger: 
- Numerical arguments to command can be in four 

bases: decimal, hex, long and short real · 
- Program flow visually traced by displaying source 

line at all breakpoints or step stops 
- Memory/register print or change commands 
- Step-thru program commands: step "n" instruc-

tions, step while variable in range, step until 
variable reached 

Editor: 
- Command to insert, replace, delete, type lines 
-Automatic line number maintenance 
- Save and retrieve source from audio cassette 

recorder 
- Debug data displayed by type command after 

assembly 

User Program Run Time Support: 
- Accessed via a supervisor call instruction 
- Routines to do terminal 1/0 
- Printer driver access to parallel port 
- Routine to convert binary value to ASCII string 
- Routine to convert ASCII string to binary value 
- Conversion in four bases: decimal, hex, long and 

short real 



Modes of Operation 

There are three main modes of operation; stand­
alone, stand-aside and transparent. In the first mode, 
editor, assembler and debugging facilities are provid­
ed by resident TDS firmware, while in the other two 
modes an assembler, debugger, linker, librarian and 
Pascal compiler resident on the host system give the 
user a more efficient means of developing programs. 

In addition, the bus interface will support single bus 
master applications. 

Equipment Required for Use of Board 
in Various Modes 
A cable 26-pin female edge connector to 25-pin 
RS232 male is required in all modes (National part 
numbers DB16CABLE-1 or DB16CABLE-2). This is for 
the serial 110. 

In addition, the following equipment is recommended 
for each mode: 

1. Stand-alone 
- RS232 terminal 

+5V,: 12V 
POWER SUPPLY 

NOTE: REFER TO TERMINAL 
DOCUMENTATION FOR LOCATION 
OF RS232C CONNECTOR. 

RS232·COMPATIBLE 
TERMINAL 

DL·07-0 

Connections for 0816000 Stand-Alone Operation 

2. Stand-aside 
- Host computer (STARPLEX II or VAX) 
- NSX16 Cross Software Package (STARPLEX II 

or VAX (VMS) version) 
- RS232 terminal (only needed if not resident in 

host system) 
3. Transparent 

- Host computer (VAX) 
- NSX16 Cross Software Package (VAX (VMS) 

version) 
- RS232 terminal 
- RS232-compatible serial data port expansion 

module (suggested: National Semiconductor 
model BLX-351 Serial 1/0 Expansion Module) 

- 2nd RS232 cable 

Operating Environment 

Two environments are possible: 
1. Bench power supply, BLC-604 chassis (only in 

mode 2), and BLC-957 power supply cable. 
2. RMC-660 (8 slot) or RMC655 (4 Slot) chassis with 

integral power supply. 

RS232 COMPATIBLE TERMINAL 

RMC-660 ENCLOSURE 

TERMINAL CABLE 
DB16000 
DEVELOPMENT 
BOARD 

ADDITIONAL SERIESl80 
BOARDS , 

DL-09-0 

0816000 Shown in RMC-660 Enclosure 

NOTE: REFER TO HOST SYSTEM 
rx.>CUMENTATION FOR LOCATION 
OF RS232C CONNECTOR. 

+ 5V, ± 12V POWER SUPPLY 

DL-10·0 

Connections for 0816000 Stand-Aside Mode of Operation 
(Host Computer Mode) 

+5V, :t 12V 
POWER SUPPLY 

HOST SYSTEM 

DL-11-0 

Connections for 0816000 Transparent Mode 
of Operation 



J3 

128K BYTES 
RAM 

BUS 
ARBITER 

24 110 LINES 

8255A 
PROGRAMMABLE 

COMMUNICATIONS 
INTERFACE 

MEMORY SECTION 

TWO BLX 
EXPANSION MODULE 

CONNECTORS 
,.....,..---._ 

BUS 
INTERFACE' 

TO/FROM BUS 
INTERFACE BACKPLANE 

Jl 

P1 ICU 

TDS-16 
EPROMS 

TCU 

Note: 4 EPROMs should be installed. 

AS232C SERIAL 
DATA LINK 

16 INTERRUPT INPUTS 

NSi6201 
TCU 

J4 

CPU 
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8251A 

1---B-A~iJ-D_R_A'"'T"E---l PR~~~:~E~~~LE 

J2 

MMlJ P2 

CLOCK INTERFACE 

FPU 

FULL PIN-OUT OF 
LOCAL BUS FOR SYSTEM 

EXPANSION 

P1 Bus Interface 
P2 Local Bus Expansion 
J 1 Parallel 110 
J2 RS232 Port 
J3 BLX Expansion 
J4 BLX Expansion 



Specifications 
Connectors 
Local bus 
expansion (P2) -

Parallel 1/0 (J1)-

CDC VPB01B30AOOA2 
AMP PES-14559 
Tl H311130 
3M 3415-001 
AMP 2-86792-3 

Serial 1/0 (J2) - 3M 3462-0001 flat 
AMP 1-583715-1 round 

Bus Interface (P1)- SAE FUPH7212-86MTNE 

Power 

Physical 

+5V@6A 
+12V@20mA 
-12V@20mA 

Height-6.75in. (17.15cm) 
Width-12in. (30.48cm) 
Depth-0.50in. (1.27cm) 
Weight-14oz. (396.9g) 
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Ordering Information 
DB16000 

Documentation 
420306573-002 

420306440-001 

420306565-001 

420306619-002 

Development board 

DB16000 Development Board 
Users Manual (Included with 
board) 
TDS reference manual 
(Included with board) 
Programmers' Reference 
Manual (Order separately) 
Assembler reference manual 
(Order separately) 



~ National Semiconductor PRELIMINARY 

GENIXTM Cross Support Software. 

SOURCE 
(C) 

SOURCE 
(PASCAL) 

SOURCE 
(ASSEMBLY) 

• NS16000™ advanced software 
development package for VAX™/UNIX™ 
environment 

• Derived from GENIX, an implementation 
of Berkeley 4.1 bsd UNIX for the 
NS16032 

• C compiler 

Product Overview 
The GENIX cross software package supports an ad­
vanced software development environment for the 
NS16000 family. It is designed to run on DEC's VAX11 
series with the Berkeley 4.1 bsd UNIX operating sys­
tem. The language tools comprise the same package 
as is available on the SYS16™ development system. 

Included are a C compiler, an optional Pascal com­
piler, NS16000 assembler, linker, libraries, utilities, 
and an interactive debugger. The GENIX cross sup­
port software package provides a full complement of 
tools to make the generation of NS16000 code an 
easy task. Programs thus developed can be down­
loaded via serial port to the DB16000 development 
board or the ISE/16™ In-System Emulator for execu­
tion and debugging. (ISE™ software will be available 
separately as part of an ISE/16 package.) 

Components 
nmcc-C Compiler 

Compatible with the portable C compiler (pee) of the 
Berkeley .4.1 bsd UNIX system. The C compiler ac­
cepts C source and generates NS16000 assembly 
language code. 
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EXECUTABLE 
MODULE 

OC1894-1 

TO 
TARGET 
SYSTEM 

• Optional Pascal complier for system 
programming 

• Powerful assembler supporting the full 
NS16000 architecture 

• Interactive debugger with efficient com· 
mand interface 

• Runs on DEC® VAX11 with Berkeley 
4.1 bsd UNIX System 

nmpc-Pascal Compiler (OPTIONAL) 

ANSI standard Pascal with modular software exten­
sions. Accepts Pascal source and generates NS16000 
assembly language code. Extensions include 
features such as import/export in support of full 
modularity. Designed to fully utilize the NS16000 ar­
chitecture. 

nasm-"'!516000 Assembler 

The assembler produces NS16000 object code in ex­
tended UNIX a.out format. It accepts complex expres­
sions, external symbolic references, and external ad­
dress arithmetic. 

nmeld-Linker 

Modules generated by the assembler can be linked by 
nmeld with the supplied or user-generated libraries to 
produce executable files. 

Include, libc.a, libpc.a-Libraries 

The libraries contain standard UNIX include files, the 
C library, and the Pascal library. Libraries are for code 
generation for licensed UN IX target systems. 



nar, nnm, nranll~, nslze, nstrip-Utllltles 

Utilities provide the necessary tools to construct user 
defined libraries and to facilitate performance im· 
provement. 

dell-Interactive Debugger 

The interactive debuggerallows remote debugging at 
the assembly language source level. It communicates 
with the 0816000 monitor via a serial link allowing ex­
ecution and debugging on the board. Instructions 
may be displayed symbolically and breakpoints set by 
instruction, if the instruction is at an entry point or 
next in llne from single-stepping. Breakpoints can 
also be set for register value match. Single-stepping 
is possible at the machine instruction level, or the pro­
cedure level. ddt supports debugging in physical ad­
dress space, super\tisor virtual address space, and 
user virtual address space. 

4All 

cu16-Remol$ Communciatlon Utility 

cu16 provides communication between the host 
system and the 0816000 board. 

monltor-DB16000 Mqnltor 

The monitor is compatible with ddt, and is provided in 
PROM firmware for the 0816000 evaluation board. 
This monitor Is also provided in source form so that 
NS16000 customers can modify the monitor to suit 
their target system. 

nbum-EPROM Programmer 

nburn programs EPROMs. It is designed for use with a 
Datamedia 1/0 System 19 EPROM burner. 

Order Information 
NS-XC-16* 

NS-XC-PAS* 

GENIX cross support software 
package, on 1600 bpi magnetic 
tape, tar format 
nmpc Pascal compiler option 

•Software license agreement must be signed prior to order entry. 



II National Semiconductor PRELIMINARY 

NS08032 In-System Emulator (ISE/08] 

Iii Operation up to &MHz 

• Emulatlon of NS08032 Central Process~ 
Ing Unit, NS16201 Timing Control Unit 

• Host resident high·level language and 
assembly language symbollc ·debugger 

• Generallzed event driven system 

• Memory mapping, up to 30 K bytes 

• Write protection/detection of 2 K byte 
memory blocks 

• Program flow tracing, up to 255 non· 
sequentlal fetches 

Description. 
The NS08032 In-System Emulator (ISE/08) is a power­
ful tool for bOth hardware and software development 
of NS08032microprocessor-based products. 

When used with a host system such as VAX (VMS) or 
STARPLEX II Development Systems, ISE/08emulates 
a complete NS1600QTM chip set. This chip set in· 
eludes the 08032 Central Processing Unit (CPU), and 
the 16201 Timing Control Unit (TCU). ISE/08 allows 
users to test and debug both hardware and software 
in their own hardware environment. ISE/08 operates 
in either of two modes: emulation mode, when ISE/08 
is actually running the user's program, or monitor 
mode, when ISE/08 is communicating with the user 
via the host system. 

ISE/08 is.a complete unit, including an internal clock 
oscillator and 30 K bytes of dedicated user's ISETM 
memory. With ISE/08, users can easily stop emula· 
tion and examine the. contents of CPU registers, 
slave processor registers, and memory. 

ISE/08 consists of the ISE hardware, the ISE monitor, 
a host-dependent debugger (IDBG08), an RS232 
serial port c;able and manual. 
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• Complete bus activity trace 

• Quallfled tracing 

• Pre·, post·, or center-triggering on trace 

• Count-down· event counter 

• Count-up execution tlmertcounter 

• Supports Memory Management Unit 
functions 

• Runs on VAX/11 (VMS} and 
STARPLEX 11™ hosts 

• Hierarchical. help facility (on·llne 
manual) 

• Self-diagnostic 

ISE/08 hardware is the circuitry required for emula· 
tion of a user's target system. It interfaces to the host 
system with an RS232-compatible serial link af'!d pro­
vides a second RS232 port for an optional terminal 
connection. The ISE/08 hardware also has two target 
cables for connections ·10 the target system. The 
target cables plug into the target system CPU, and 
TCU sockets. 

The ISE mbnitor is the ISE hardware control program 
that monitors the host system serial data link. The 
ISE monitor receives monitor commands from the 
host system, acknowledges these commands, and 
generates the appropriate responses. The ISE moni­
tor also controls the target system emulation pro­
gram. 

IDBG08 is the interactive debugger program for 
ISE/08. It runs on the host system and makes the host 
system facilities available to the ISE/08 user. IDBG08 
automatically translates commands entered at a 
host system terminal to the equivalent ISE monitor 
commands, and communicates with the ISE monitor 
via the serial data link. 



Hardware Description 

The ISE/08 hardware is housed in three enclosures: 
the ISE Support Box, the Emulator Pod, and the TTL 
Status Pod. Figure 1 is a block diagram of ISE/08 hard­
ware. The ISE/08 enclosures are described in the 
following paragraphs. 

The ISE Support Box is the largest enclosure. It con­
tains the emulation support circuits for trace, break­
points, and mapped memory. It also contains power 
supplies and the hardware for the RS232 serial ports. 

The Emulator Pod contains the 08032 CPU, and 16201 
TCU required for target system emulation. It also con­
tains the ISE Monitor firmware and houses the ISE/08 
controls and indicators. Figure 2 shows the location 
of the ISE/08 controls and indicators. Table 1 lists the 
function of each switch and LED. 

The Emulator Pod connects to the ISE Support Box 
through a 4-foot twisted-pair cable assembly. Connec­
tions to the target system are made with 12-inch target 
cables. One target cable is provided for each member 
of the 16000 chip set. (CP and TCU). 

TTL 
STATUS 

POD 

The Status Pod is the smallest enclosure. It provides 
TTL-compatible input and output signals for use dur­
ing ISE operation. The Status Pod has eleven leads 
and seven binder posts that can be connected to 
either the target system or test equipment such as 
logic analyzers or oscilloscopes. Table 2 lists the func­
tion of each lead and post on the Status Pod. The 
Status Pod connects to the ISE Box front panel status 
connector via a 6-foot cable. 

ISE/08 Software Overview 

The ISE/08 software consists of two modules; the ISE 
monitor, residing in firmware on the Emulator Pod, and 
the ISE Debugger (IDBG08), residing in the host sys­
tem. The monitor controls the ISE hardware. IDBG08, 
a high·level language debugger program, drives the 
ISE/08 unit. IDBG08 runs on the host computer and it 
communicates with the ISE/08 unit. Optionally, 
IDBG08 can also communicate with a terminal con· 
nected to ISE/08. The ISE/08 unit communicates with 
the IDBG08 program (running on the host) only while 
the ISE/08 unit is running the monitor program (in 
monitor mode), not while it is running the user's pro­
gram (in emulation mode). 

IDBG08 software is available for VAX/11 (VMS) and 
STARPLEX II hosts. 

ISE SUPPORT BOX r -;-S;;,.;;T ;;R~ -, 

RAM 
(32 kB) 

TRACE 

I 
I 
I 
I 
I 
I 
I 

BREAK POINT I 
____ :.J 

OC POWER 
SUPPLIES 

TL/R5290·1 

FIGURE 1. ISE/08 Block Diagram 
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' 
FIGURE 2. ISE/08 Controls and Indicators. 

Table 1. ISE/08 Control and Indicator Functions 

Control/Indicator 

NMI Switch 

RESET Switch 
POWER ON 
MONITOR RUN 
DIAGNOSTIC RUN 
DIAGNOSTIC FAIL 

HANG·CLEAR REQUEST 

Function 

When pressed, <HANG-CLEAR> occurs. 
<HANG-CLEAR> restores control to ISE monitor. 
When pressed, resets the ISE hardware. 
Indicates power to ISE. 
Indicates ISE monitor is running. 
Indicates ISE diagnostics are running. 
Indicates failure during diagnostic tests. 
Indicates CPU has stopped executing instructions. 

Table 2. Statu$ Pod Signal Description 

Status Pod Label 

1-WHT-USRCLK-U 
2-BLK-GND 
3-BRN-EXTO-U 
4-RED-EXT1 
5-0RN-EXT2 
6-YEL-EXT3 
7-GRN-EXT4 
8-BLU-EXTS 
9-VIO-EXT6 
10-GRY-EXT7 
11-WHT-USEBRK/U 

TBRUN 
BKSYNCH/-U 
TR SYNCH/-U 
GND 
TSYNC31/ 
TSYNC21 
GND 

ISE Function 

ISO (input sync 0) 
Common Ground 
EXTO (external input 0) 
EXT1 (external input 1) 
EXT2 (external input 2) 
EXT3 (external input 3) 
EXT4 (external input 4) 
EXT5 (external input 5) 
EXT6 (external input 6) 
EXT? (external input 7) 
181 (input sync 1) 

Multi-Processor Sync 
DO (output sync) 
TO (trace sync) 
Common Ground 
Not Used 
Not Used 
Common Ground 
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IDBG08, The ISE/08 Debugger 

IDBG08 ls user compatible with the standard non-ISE 
NS16000 Cross-Software Debugger, IDBG08. Compati­
bility minimizes learning time for users of the various 
development tools. IDBG08 fully supports all the 
power debugging and emulation facilities provided by 
the ISE/08 hardware, and supplements these features 
with a very powerful software-based program debugg­
ing environment. 

The basic debugging features of IDBG08are: 

(1) Both high-level and assembly languages are sup­
ported. 
(2) Breakpoints can be set at the source code level, 
even when using high-level languages. 
(3) Variables can be accessed. by their source code 
names, i.e., IDBG08 is symbolic in nature. 
(4) Procedure parameters and local variables are easi· 
lydisplayed. 
(5) Structured data types and pointers are e~sily 
displayed. 
(6) Both command and history files are supported. 
(7) Memory can be displayed in many different ways, 
including a disassembly mode displaying memory as 
08032 instructions. 
(8) All the emulation and debug facilities provided by 
the ISE/08 hardware are supported. 

The ISE Monitor 
When the ISE/08 unit is not running an emulation pro· 
gram, it is running a program called the ISE monitor. 
The monitor communicates with IDBG08 and it pro­
vides a command protocol that allows the host com­
plete control of the ISE/08 hardware. 

The monitor is invisible to the user, who normally com­
municates with the system via the friendly IDBG08 
program. 

Optional Terminal Feature 

As an option, the ISE monitor communciates With a 
terminal connected to 'the ISE/08 unit. This terminal 
also serves as a terminal for the host. Thus the ISE/08 
unit and the user's terminal share one RS232 port from 
the host. 

Operation with the optlonal terminal is called Trans­
parent Mode; operation without the optional terminal 
is called Stand-Aside Mode. 

Conversion Kit for NS08032 In-System Emulation 
(Avallable December 1983) 
An optional conversion kit is available for those who 
wish to do NS08032 development work. Contained in 
this kit are the following: ISE/08 Emulator Pod, ISE/08 
Symbolic Debugger (IDBG08), ISE/08 Monitor Firm­
ware, and ISE/08 Manual. Thus, because the ISE Sup­
port Box can be used for either ISE/16 or ISE/08 
development work, a user wishing to do NS08032 
development work but who already has an ISE/08 unit 
can purchase this conversion kit (in comparison to the 
purchase of an entire ISE/08 unit). 

AQA 

ISE/08 Operation 
Human Interface 

ISE/08 is easy to learn and easy to use. The software 
includes a complete on-line manual. Invoking the 
"HELP" command gives a summary of all ISE/08 com­
mands, an individual command, or an individual com­
mand's parameters. This feature helps the user get his 
work done quickly with less frustration. 

Real-Time Emulation 

The ISE/08 unit has its own CPU, and TCU com­
ponents. These components are connected to the 
target system via cables, and they perform the same 
functions, with close to the same timing character­
istics as they would if mounted in the target system. 
ISE/08 does not add wait states in its operation. 

Emulation memory, resident in ISE/08, can be used in 
lieu of target system memory. This feature is imple­
mented by the mapping capabilities. ISE/08 can run 
and debug programs, without a working target 
system. 

User target memory address space (whether it exists 
or not) can be mapped onto the ISE/08 emulation 
memory. A memory read or write operation to an ad· 
dress mapped onto emulation memory is performed 
on emulation memory only and not on the target 
system's memory. 

Memory from the entire 24-bit physical address space 
of the CPU or can be mapped onto emulation memory 
if the following restrictions are observed: 

(1) Up to four, non-contiguous segments can be defin­
ed. 

(2) The address range mapped by· a segment must lie 
within an integral 128K byte division of the address 
space, e.g. 00000 to h'1 FFFF, or h'20000 to h'3FFFF. 
(3) The address range mapped by a segment must 
start at the beginning of an integral 2K byte division 
of the address space, and end at the end of one such 
division e.g. h'OO to h'FFF, or h'2800 to h'37FF. 
(4) The total memory space mapped by all segments 
must not exceed 30 K bytes. 

Associated with the emulation memory mapping 
scheme Is a capability for write protection/detection. 
Any 2K byte block within any of the four 128K byte 
segments selected can be protected. A write opera­
tion to a protected memory segment causes an IM (II· 
legal Map) event to occur. Write operatic;ms to pro­
tected memory are inhibited only if they occur on 
emulation memory. They are not inhibited if they 
occur in target system memory. 

Related commands: 

MC-Map Create 
MP-Map Print 

Note: For the syntax of these, and other commands listed in this section, 
refer to the IDBG08Command Summary. 



Generalized Events 

To provide a versatile way of observing and controlling 
the significant state changes on the microprocessor, 
ISE/08 allows the use and definition of "events". In 
general, a simple event is a breakpoint,a bus change, 
or a significant observation. An event can also be a 
logical combination of simple events (an Event-Ex-
pression). · 

Simple Event Definition 

The simple events are: 
• Breakpoints 
• Latched Breakpoints 
• Counter Done 
• Status Pod Inputs 
•Illegal Map 
•TraceDone 

Breakpoint Events 

ISE/08 provides three common breakpoint events, 
named A, B, and C . .The breakpoint event can be used 
in two ways: 

(1) Execution Breakpoint-occurs just prior to execu­
tion of an instruction fetched from a specified ad­
dress. 
(2) Memory Reference Breakpoint-occurson a match 
when sampling: 

• Address ~its 
•Data Bits 
• External Status Bits 
• User/Supervisor Pin 
• Data Direction Pin 
• And where any of the above options or bits can 

be masked. 

Either virtual or .physical addresses can be sampled. 

ISE/08 also provides a range breakpoint event, R. The 
range breakpoint occurs on any read or write opera­
tion to an address in a specified address range. 

All breakpoints can cause emulation to stop im­
mediately. Also, if used with the No Stop (/NS) option, 
breakpoints can be combined with other events to 
cause a variety of action. 

Latched Breakpoint Events, Counted Events 

Latched breakpoint events, named LA, LB, LC, occur 
at some time after a cycle where the corresponding 
breakpoint event (A, B, or C) has taken place. The oc­
currence of a latched breakpoint event remains as­
serted until cleared. 

Events, instructions, memory cycles, and clock cycles 
can be counted with the breakpoint counter (up to 12 
bits). Upon reaching a certain count provided by the 
Define Counter (DC) command, the Counter Done (CD) 
event takes place. · 
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Other Simple Events 

The other simple events available are: 

(1) ISO, IS1 - Status Pod Input Sync 0 and Input Sync 1. 
(2) IM-Writeoperation to write,protected address. 
(3)TD- End of trace. 

Related commands: 

BC- Breakpoint Create 
BO- Breakpoint Delete 
DP- Breakpoint Print 

Event-Expressions 

An event-expression is a Boolean expression made up 
of simple events, i.e., a logical combination of simple 
events. This allows the user to generate many dif­
ferent event combinations, tailored to system activity 
of particular interest to the user. These generalized 
events are used by many ISE/08 commands such as 
stop, trace, event counting, etc. Event-expressions 
provide creative and flexible debugging procedures. 

Event-expressions can be evaluated as either logically 
true or logically false. Valid logic operations for event­
expressions are: Negation (NOT), AND, and OR. 

Stopping Execution on Events 

A common debugging activity is to stop emulation on 
the occurrence of an event of interest. Stopping emu­
lation puts lSE/08 inthe monitor mode so the user can 
examine and alter the state of the CPU, memory, and 
ISE/08 functions. Emulation can be stopped on either 
simple events or event-expressions. 

Related commands: 

DS- Define Stop 
BS- Breakpoint Create 

Flexible Tracing 

ISE/08maintains a255-entrytrace memory. Trace mem­
ory captures bus activity in one of two trace modes. 
The trace modes are: 

• Program Flow Trace 
• Memory Bus Trace 

Program Flow Trace 

The Program Flow Trace.mode captures the CPU Pro­
gram Counter address of.255 non-sequential instruc· 
tions. This mode also maintains a count of sequential 
instructions executed between each non-sequential 
instruction stored in the trace memory. 



Memory Bus Trace 

The Memory Bus Trace mode captures a summary of 
system parameters during 255 memory bus access 
cycles. The following parameters are captured: 

• Address bus contents 
• Data bus contents 
•CPU Status (data transfer, non-sequential fetch, 

interrupt acknowledge, etc.) 
• Status Pod External Inputs 
•States of the Following CPU Pins: 

PFSC- Program Flow Status (start of instruction) 
UNS- User/Not Supervisor 
NDDIN - Not Data In 

A tracing event can qualify the memory bus tracing 
mode. This event allows the user to reduce the number 
of events captured. 

When enabled, tracing in either mode continues until 
a specified terminating event occurs. The actual end 
of tracing can be delayed after the terminating event 
by a count of 1 to 255. This allows trace data to be cap­
tured before, after, or around the terminating event. 

Execution Timer 

The execution timer is a 24-bit counter with an over­
flow flag that may be used to count events, instruction 
cycles, memory cycles, or clock cycles. The timer may 
be programmed to start and stop counting on specific 
events. This permits using the execution timer to de­
termine relative timing differences between various 
events. One use of this feature is to measure software 
or hardware performance. 

Related Commands: 

DE- Define Execution Timer 
LO- List Definitions 

Event Trigger for External Test Equipment 

ISE/08 events can trigger external test equipment, 
such as oscilloscopes and logic analyzers. This test 
equipment can be used in conjunction with ISE/08 
debugging features to solve system timing problems. 
Two external trigger sources are provided: 

• General Event (or Event-Expression) 
•Trace Trigger Event (i.e., an event that causes an 

entry into trace memory.) 

The external trigger signals are available at two status 
pod outputs: 

• BKSYNCH/-U (General Event) 
• TRSYNCH/-U (Trace Trigger Event) 

Related Commands: 

DO- Define Output Sync Command 
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ISE/08 Timing Options 

ISE/08 includes the following timing options: 

• Sampling time can be set to sample either virtual 
or physical addresses 

• Status Pod external lines can be sampled at either 
data valid or address valid times 

• The emulation clock frequency can be set to one 
of the following frequencies: 

1.5MHz 
3.0MHz 
6.0MHz 
Target Board Frequency 

Note: Selection of target board frequency may require synchronous and/or 
asynchronous delay compensation. Refer to ISE/08 User's Manual, Chapter 
6, for details. 

Related Commands: 

SO - Select Options 

Self·Test Diagnostics 

At power-up or reset, ISE/08 runs a diagnostic program 
to verify ISE software integrity and proper hardware 
function. 

Required User-Supplied Equipment 
For use under VAX/11 systems: 

• Valid DEC VAX/11 configuration, with available 
RS232 port. 

• VMS Operating System, Version 3.0 or later. 
• NSX-08 Cross Software Package, or NS-ASM-08 

NS16000 Cross Assembler Package. 

For use with STARPLEX II systems: 

• STARPLEX II Development System. 
• STARPLEX II Operating System, Version G or 

later. 
• SFW-90-A010 NS16000 Cross-Assembler 

Package. 

For use with a system that has a Berkeley 4.1 based 
UNIX™ Operating System: 
[Contact Marketing for Availability Information.] 

• Valid computer system with an available RS232 
port. 

• Appropriate cross software package. 
[Contact Marketing for further information.] 

Specifications 
Environmental 

Power 

Operating Temperature 
+ 10"C to +40"C 
Storage Temperature 
-20°C to + 65°C 

3A @ 115 VAc. 50/60Hz, 
single phase 
1.5A@ 220VAc, 50/60Hz, 
single phase . 
Approximately 1170 BTU. 



Physical 

ISE Support Box -

Emulation Pod -

TTLStatus Pod -

Cable Lengths-'-

Electrical 

Operating 
Frequency-

Target Interface 
Electrical 
Characteristics -

Height: 4.125 in. (10.5 cm) 
Width: 19.0 in. (48,3 cm) 
Depth: 17.5 in. (44.5 cm) 

Height: 2.25 in. (6.4 cm) 
Width: 9.25 in. (23.5 cm) 
Depth: 14.0 in. (35.6 cm) 

Height: 1.0 in. (2.5 cm) 
Width: 3.125 in. (7.9 cm) 

·Depth: 6.125 in. (15.6 cm) 

ISE Support Box to Emula­
tion Pod: 4.0 ft. (1.22M) 
ISE SupportrBoxto TTL 
Status Pod: 6.0.ft. (1.83M) 
Emulation Pod to Target 
Board: 1.0 ft. (0.30M) 

User selectable to one of the 
following: 

1.5MHz 
3.0MHz 
6.0MHz 
Target Board Frequency 

Note: Selection of target board frequen­
cy may.require synchronous and/or asyn­
chronous delay compensation. Refer to 
ISE/08 User's Manual, Chapter 6, for 
details. 

See Tables 3 through 5. 

497 

Order Information 
Complete ISE/08 Units 
NS·ISE-08 ISE108 (NS08032), 115VAc for 

VAX/11 (VMS) Computer 
System. 

SPM-90-A1608 ISE/16 (NS08032), 115VAc for 
STARPLEX II Development 
Systems. 

NS-SYS-2008 ISE/16 (NSQ8032), 115 VAc for 
UNIX OS based operating 
systems. [Contact Marketing 
for Availability Information.] 

Conversion Kits to Allow tor ISE/16 Emulation 
[Contain ISE/16 Emulator Pod, ISE Debugger 
(IDBG16), appropriate ISE116 monitor firmware, and 
ISEJ16 manual.] 

AEE-90-A1632 

AEE-ISE-16 

AEE-ISENIX-16 

Documentation 

TBD 

ISE108 to ISE/16 kit for 
STARPLEX II use. 
ISE108 to ISE116 kit for VAX/11 
(VMS) use. 
ISE/08 to ISE116 kit for UNIX 
based OS systems use. 
[Contact Marketing for 
Availability Information.] 

ISE/08 User's Manual 
(Included with NS-ISE-08, and 
SPM-90-A1608.) 



Documentation Conventions 
The following documentation conventions are used in 
describing the IDBG08 commands and parameters. 
Upper-case and lower-case letters are used in these 
conventions; any combination of upper-case and 
lower-case letters may actually be used when entering 
commands. 

UPPER-CASE letters show the command letters, para· 
meters and options. The names must be entered ex· 
actly as shown. 

Spaces and blanks have been added for readability. 
When actually entering commands, spaces and 
blanks may only appear between the command and its 
parameters and between the parameters and the local 
radix. 

<>-angle brackets enclose descriptive names (in 
lower-case) for user-supplied parameters/options. 

{ }-braces enclose more than one item out of which 
one, and only one, must be used. The items are 
separated from each other by a logical OR sign "I". 
[] - brackets enclose optional item(s). 

I- logical OR sign separates items out of which one, 
and only one, may be used. 

. .. -three conse~utive periods indicate optional 
repetition of the preceding item. 

Table 3. Electrical Characteristics for TCU Interface 

Input And/Or Propagation 
Signal Name Interface Device Output Current Delay Time Tpc1• 

loH loL 

OUTGOING SIGNALS: 

NTSO 74S244 15mA 64mA 14.6ns 
CTTL 74S244 15mA 64mA 14.6ns 
FCLK 748244 15mA 64mA 14.6ns 
NOBE 748244 15mA 64mA 14.6ns 
NRD 74S244 15mA 64mA 14.6ns · 
NWR 748244 15mA 64mA 14.6ns 
NRST 748244 15mA 64mA 14.6ns 
ROY 74S244 15mA 64mA 14.6ns 

l1H l1L 

INCOMING SIGNALS: 

NPER 74S244 50µA 400µA 14.6ns 
NCWAIT 74S244 50µA 400µA 14.6ns 
NWAIT1 748244 50µA 400µA 14.6ns 
NWAIT2 74S244 50µA 400µA 14.6ns 
NWAIT3 748244 50µA 400µA 14.6ns 
NWAIT4 74S244 50µA 400µA 14.6ns 
XCTL1 748244 50µA 400µA 14.6ns 
NCEN 74S244 50µA 400µA 14.6ns 
NRST1 748244 50µA 400µA 14.6ns 

"Interface device, plus cable. 
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Table 4. Electrical Characteristics for CPU Interface 

Input And/Or Propagation 
Signal Name Interface Device Output Current Delay TlmeTtx1• 

loH loL ~H l1L 
BIDIRECTIONAL SIGNALS: 

NSPC none - - - - 1~4ns 

A15 74$244 15mA 64mA - - 14.6ns 
A14 745244 15mA 64mA - - 14.6ns 
A13 74$244 15mA 64mA - - 14.6ns 
A12 745244 15mA 64mA - - 14.6ns 
A11 745244 15mA 64mA - - 14.6ns 
A10 74$244 15mA 64mA - - 14.6ns 
A09 74$244 15mA 64mA - - 14.6ns 
AOB 74$244 15mA 64mA - - 14.6ns 
AD07 74$244 15mA 64mA - - 14.6ns 
ADOO 74$244 15mA 64mA - - 14.6ns 
ADOS 74$244 15mA 64mA - - 14.6ns 
A004 74$244 15mA 64mA - - 14.6ns 
AD03 745244 15mA 64mA - - 14.6ns 
AD02 74$244 15mA 64mA - - 14.6ns 
AD01 74$244 15mA 64mA - - 14.6ns 
ADOO 745244 15mA 64mA - - 14.6ns 

OUTGOING SIGNALS: 
' 

A23 74$244 15mA 64mA - - 14.6ns 
NILO 74$244 15mA 64mA - - 14.6ns 
5TO 745244 15mA 64mA - - 14.6ns 
5T1 745244 15mA 64mA - - 14.6hs I 
5T2 74$244 15mA 64mA - - 14.6ns 
5T3 74$244 15mA 64mA - - 14.6ns 
NPFS 745244 15mA 64mA - - 14.6ns 
NDDIN 745244 15mA 64mA - - 14.6ns 
NADS 74$244 15mA 64mA - - 14.6ns 
UN5 745244 15mA 64mA - - 14.6ns 
HHLDA 74$244 15mA 64mA - - 14.6ns 
A22 745244 15mA 64mA - - 14.6.ns 
A21 745244 15mA 64mA - - 14.6ns 
A20 74$244 15mA 64mA - - 14;6ns 
A19 745244 15mA 64mA - - 14.6ns 
A18 74$244 15mA 64mA - - 14.6ns 
A17 74$244 . 15mA 64mA - - 14.6ns 
A16 745244 15mA 64mA - - 14.6ns 

INCOMING SIGNALS: 

T5Y5PWR 1N4002 - - - - -
NINT 745244 - - 50µA 400µA 14.Sns 
NNMI 745244 - - 50µA 400µA 14.6ns 
NH OLD 74$244 - - 50µA 400µA 14.6ns 

•interface device, plus cable. 
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108008 Command Summary 
The following is a comprehensive list of the IDBG08 commands. Commands are in alphabetical order. See the 
ISE/08 User's Manual for a detailed description of each command. 

Command 

Begin 

Breakpoint Create 

Breakpoint Delete 
Breakpoint Revive 
Breakpoint. Print 

Command File 

Debugger String 
Define Counter 

Define Execution· 
Timer 

Define Output Sync 
Define Stop 

Syntax Function 

B [<file>] [/NL] [/NI] [/R] [/Z] (if no switches) Loads the program <file> 
into target board memory, and initializes 
registers. 
/NL-No Load 
/NI - No Initialize 
/A-Reset 
/Z-Zero·Fill data areas 

BC [A,IB,IC,] <address> [INS] Creates execution breakpoint A,B, or Cat 
specified <address>. 
/NS-No Stop 

BC [A,IB,IC,] {<address> I <mask>} <breakpoint-options> [/NS] 
Creates memory reference breakpoint A, B, ot 
C at address specified by <address> or 
<mask> and with specified 
<breakpoint-options>. 
/NS-No Stop 

BC R, <address-range> [/NS] Creates range breakpoint R at specified 

BO CAIBICIRI 
BR CAIBICIRI 
BP [AIBICIRI 

@{<file> I <n>} 

<address-range>. 
/NS-No Stop 
Deletes specified breakpoints. 
Revives specified breakpoint. 
Prints address and conditions of 
specified breakpoints. 
Executes command <file> or debugger 
string sequence beginning at <n>. 

$ <n> =[<string>] Sets debugger string <n> to <string>. 
DC <n> [/B =<event-expression>] 

[IC= {<event-expression> I 11 MIC}] 
DC/R Defines set up for ISE counter. 

<n> - Number of counts · 
/B- Begin event 
IC- Counter type · 
/A-Reset 

DE [/B =<event-expression>] [IE=< event-expression>] 
[IC ={<event-expression> lllMIC}] . 

DEIR Defines set up for ISE execution timer. 
/B-Begin event 

DO <event-expression> 
OS <event-expression> 

IE- End event 
IC-Count type 
/A-Reset 
Defines output sync event. 
Defines stop event. 
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IDBG08 Command Summary (Continued) 

Command 

Define Trace 

Disassemble 

Go 

Help 

In 

List Calls 
List Definitions 

List Files 
List Information 
List Modules 
List Procedures 
List Strings 
List Trace 

Map Create 

Syntax Function 

OT [/E =<event-expression> [/D = <n>]] 
VP I /M [ = {<address> I <mask>}] <qualify-options>]]] 

Defines the end, delay, and trace mode 
parameters for trace. 
/E - End event 
ID- Delay count 
/P- Program Flow mode 
/M - Memory Bus mode 
/A-Reset 

D <address-range> [/I = <n>] [/NA] 
Disassemble instructions in <address-range>. 
/NA-No Address 
/I- Number of Instructions to be disassembled. 

G [/F =<address>] [[IT=] <breakpoint>] 
· Starts execution of the program at the 

H [<string>] 

current PC address of from the <address>. 
Execution continues until <breakpoint>. 
Displays general help or command syntax 
or parameter syntax. 

I {<address> I <register>} [<radix>] 
<value1> 
[<value2>] 

LC[<n>] 
LO [ITl/El/Cl/Ol/S] 

LF [<line> [/<file>]] 
LI 
LM 
LP 
LS 
LT [<n> l*l/Al/J] 

Checks that contents of <address> or 
<register> are in the range specified by 
<value1> and <value2 >,inclusively. 
Lists first <n> entries in call chain. 
Lists current definitions. 
IT - Trace definition 
/E- Execution timer definition 
IC-Counter definition 
10- Output sync definition 
IS-Stop definition 
Lists lines in <file>. 
Lists current IDBG16 status. 
Lists modules in current program. 
Lists procedures in current program. 
Lists current debugger string values. 
Lists nine trace entries centered around 
entry <n> or around the trigger point (*). 
/A-All entries 
/J-Jumps only 

MC [<address-range>] [/S = {AIBICID}] [/M =<n> I/NM] VPl/NP] 
Creates segment assignment and mapping 
for special <address-range>. 
IS-Segment assignment 
/M - Mapping to ISE block <n> 
/NM - No Mapping 
IP-Write Protection 
/NP- No Protection 
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IDBG08 Command Summary (Continued) 

Command 

Map Print 

Memory Fill 

Memory Move 

Memory Search 

On 

Print 

Print Address 

Protection Create 

Potection Print 

Quit 

Repeat 
Replace 

Select Echo 
Select Full 
Select History 

Select Link 

Select Module 

Syntax Function 

MP [IS= {AIBICID}] Prints current mapping for specified 
segment. 

MF <address-range> [<radix>] 
<value> 

Fills memory at <address-range> with 
<value>. 1 

MM <address-range>,<address> [<radix>] 
Moves memory from <address-range> to 
<address>. 

MS <address-range> [<radix>] 
<value> 

Searches for <value> in <address-range>. 
0 {FAILjRESETjNMljEXIT [({AIBICIRISIHC})] {@ <n> l/O} 

Sets IDBG16 response on condition: 
@ <n>- Executes debugger string 

sequence on condition beginning 
with $<n>, 

10- Response Off, restores normal 
response. 

P [<address-range> !<register-range>] [<radix>] 
Prints contents of <address-range> or 
<registers>. ' 

PA <address> Prints absolute address and module area 
associated with <address>. 

PC <address-range> [/UWj/URl/SWISR] [/Vj/NV] [/Rl/N R] 
[/Ml/NM] [IT=<gn>] [/P] 

PP [<address-range>] 

Q[/S] 

Creates protection/translation for pages 
specified by <address-range>. 
Prints protection level status for pages 
specified by <address-range>. 
Terminates session. 
IS-Save IDBG16 status in IDBG16.IND 

<:er> Repeats previous command. 
R {<address> I <register>} [/NV] [<radix>] 

[<value>] Replaces contents of <address> or 
<register> with <value>. 
/NV - No Verify 

SE[/O] Selects echo mode. 10 - Echo Off. 
SF[/0] Selects full symbolic PC. /0-Full Off. 
SH {<file> [/F] l/O} Selects history file <file>: 

/F- Full history (with responses) 
10- History Off 

SL <file> [,<file>] [/L] Selects communications channel(s): 
/L- List communications 

SM <module> Selects module. 
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IDBG08 Command Summary (Continued) 

Command 

Select Options 

Select Procedure 
Select Radix 
Step 

Step Call 
Step Down 

Step Instruction 
Step Until 

Step While 

Syntax Function 

SO [/AS= {NADSINPAV} [/XS ={DIA}] [/EC ={101512.SIU}] 
[/MC ={10IEC}] [/L ={CINC}J [IT= {Ol1INIA}] 

$elects current ISE operation options. 
/AS-Address Sample time 
/XS- External Sample time 
/EC- Emulator C.lock frequency 
/MC- Monitor Clock frequency 
/L- Latched Clear or No-Clear 
IT - Translation 

SP [<n> I <procedure>:] Selects procedure. 
Select global radix. SR<radix> 

S [<gn>] Executes <gn> machine instructions 
(Assembly programs) or one Pascal 

SC 
SD 

statement (Pascal programs). <gn> 
illegal in Pascal. 
Executes until a call or return. 
Executes one instruction inside a 
procedure; skips over call 
instructions. 

SI [<gn>] Executes <gn> machine instructions. 
SU {<address> I <register>} [<radix>] 

<value1> Executes instructions until .contents of 
[<value2>] <address> or <register> within the. range 

specified by <val ue1> and <value2>. 
SW {<address> I <register>} [<radix>] 

[<value1>] Executes instructions while contents of 
[<value2>] <address> or <register> are within the 

range specified by <value1> and <value2>. 
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Parameter Summary 
The following is a comprehensive list of command parameters. See the ISE/16 User's Manual for a detailed 
description of each. 

Command 

Number (<n>) 

General Number 
(gn) 

Mask 

Name 

Module 
Procedure 

Symbol 

Register 

Register-Range 

Syntax 

<digits> 

[H10'IO'ID1 [ -1 <digits> 

M'{Ol1IXI_} ... 

Function 

An unsigned, decimal number in the range 0 to 
32767. 

A signed, octal, decimal, or hexadecimal 
number in the range of - 231 to 231 -1. 
An unsigned number which consists of binary 
digits, "don't care" bits, and optional 
underscores. A mask represents the value of 
address, data, status, or external bits. 

<letters, numbers, underscores, tildes> 

<name> 
<name> [# <n>] 

<name> 

<register-name> [% <n>] 

A combination of letters, digits, underscores, 
and tildes which does not start with a digit. 
The name of a module in the program. 
The name of a procedure in the selected 
module. # <n> specifies the <n>th procedure 
having <name> in the selected module. 
The name of a variable in the selected module 
or procedure. 
One of the registers shown in Table 3. 
% <n> specifies the field starting at the 
<n>th bit in <register>. 

{•CPU~ I •MMU_ 1 •FPU_ I •PSR_ I •MSR_ I •FSA_ I <register>} 
Specifies all CPU, MMU, or FPU registers or 
all PSR, MSR, and FSR fields. 
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Parameter Summary (Continued) 

Command 

Address 

·Address-Range 

Radix 

Value 

File 

Event 

Event-Expression 

Syntax Function 

<basic-address> [+<abs> !-<abs> I % <abs> I A I• <field> I 
<indexing>]. .. 

A byte or bit address. The address consists 
of a basic address and any 
combination of optional operators. 

+<abs>- Adds <abs> to address. 
-<abs>- Subtracts <abs> from address. 
%<abs>- Takes <abs>th bit at address. 
A- Takes contents as address. 
• <field>-Address is address of a field 

in a Pascal record. 
<indexing>-Address is address of an 

array element. · 
{<address1> .. <address2> I <address> ! <n> I <address>} 

The range of addresses from <address1> 
to <address2>, from <address> 
to <address>+ (<n>-1)*(<current radix>), 
or from <address> to itself. 

[%) <n> <base> Specifies the length and type of input/output 
in IDBG16 commands.[%) specifies length. 
If % is specified, length is in bits. <n> must 
be within the range 1 to 256. <base> specifies 
type and may be binary (8), decimal (D), 
octal (0), hexadecimal (H), hexadecimal dump (H), 
floating-point (F), logical (L), ASCII (A), 
Pascal set (S), or Pascal string (G). 
A value to be entered or displayed after 
issuing a Print, Replace, Step, Memory, or In 
command. Syntax is defined by current radix. 
The name of any file in the host system. 
File syntax is host dependent. 

{ISOllS1llMITDICDfAIB!CILA!LBILCIR} 
The name of an ISE response to a specific set 
of run-time conditions. 

([1 <event> [*[1 <event> ... (+['] <event> [*<event>] ... ] ... ]) 
(1) A Boolean expression consisting of one or 
(0) more <events>s and the logical NOT('), AND 

(*), and OR ( +) operators. 
(1)- always true. 
(2)-always false. 
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r:iil National Semiconductor 

NS16032 In-System Emulator (ISE/16™) 

• Operation up to 6MHz 

• Emulation of NS16032 Central Process· 
Ing Unit, NS16082 Memory Manage· 
ment Unit, NS16201 Timing Control Unit 

• Host resident hlgh·level language and 
assembly language symbolic debugger 

• Generalized event driven system 

• Memory mapping, up to 30K bytes 

• Write protection/detection of 2 K byte 
memory blocks 

• Program flow tracing, up to 255 non· 
sequential fetches 

Description 
The NS16032 In-System Emulator (ISE/16) is a power­
ful tool for both ha.rdware and software development 
of NS16032 microprocessor-based products. 

When used with a host system such as VAX (VMS) or 
STARPLEX II Development Systems, ISE/16 emulates 
a complete NS16000TM chip set. This chip set in· 
eludes the 16032 Central Processing Unit (CPU), the 
16082 Memory Management Unit (MMU), and the 
16201 Timing Control Unit (TCU). ISE/16 allows users 
to test and debug both hardware and software in their 
own hardware environment. ISE/16 operates in either 
of two modes: emulation mode, when ISE/16 is act· 
ually running the user's program, or monitor mode, 
when ISE/16 is communicating with the user via the 
host system. 

ISE/16 is a complete unit, including an internal clock 
oscillator and 30K bytes of dedicated user's ISE™ 
memory. With ISE/16, users can easily stop emulation 
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• Complete bus activity trace 

• Qualified tracing 

• Pre·, post·, or center-triggering on trace 

• Count-down event counter 

• Count·up execution timer/counter 

• Supports Memory Management Unit 
functions 

• Runs on VAX/11 (VMS) and 
STARPLEX 11™ hosts 

• Hierarchical help facility (on-line 
manual) 

• Self·dlagnostic 

and examine the contents of CPU registers, slave 
processor registers, and memory. 

ISE/16 consists of the ISE hardware, the ISE monitor, 
a host-dependent debugger (IDBG16), an RS232 serial 
port cable and manual. 

ISE/16 hardware is the circuitry required for emula· 
tion of a user's target system. It interfaces to the host 
system with an RS232-compatible serial link and pro· 
vides a second RS232 port for an optional terminal 
connection. The ISE/16 hardware also has three tar· 
get cables for connections to the target system. The 
target cables plug into the target system CPU, MMU, 
and TCU sockets. 

The ISE monitor is the ISE hardware control program 
that monitors the host system serial data link. The 
ISE monitor receives monitor commands from the 
host system, acknowledges these commands, and 
generates the appropriate responses. The ISE moni· 
tor also controls the target system emulation pro· 
gram. 



IDBG16 is the interactive debugger program tor 
ISE/16. It runs on the host system and makes the host 
system facilities available to the ISE/16. user. IDBG16 
aµtomatically translates commands entered at a 
host system terminal to the equivalent ISE monitor 
commands, and communicates with the .ISE monitor 
via the serial data link. 

Hardware Description 

The ISE/16 hardware is housed in three enclosures: the 
ISE Support Box, the Emulator Pod, and the TTL .Sta­
tus Pod. Figure 1 is a block diagram of ISE/16 hard­
ware. The ISE/16 enclosures are described in the 
following paragraphs. 

TTL 
STATUS 

POD 

The ISE Support Box is the largest enclosure. It con­
tains the emulation support circuits for trace, break­
points, and mapped memory. It also contains power 
supplies and the hardware tor the RS232 serial ports. 

The Emulator Pod contains the 16032 CPU, 16082 
MMU, and 16201 TCU required for target system emu­
lation. It also contains the ISE Monitor firmware and 
houses the ISE/16 controls and indicators. Figure 2 
shows the location of the ISE/16 controls and indi­
cators, Table 1 lists the function of each switch and 
LED. 

The Emulator Pod connects to the ISE Support Box 
through a 4-foot twisted-pair cable assembly. Connec-

ISE SUPPORT BOX r -;S;;;;,..;T ;;R;- , 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

COMMUNICATION 

RAM 
(32 kB) 

TRACE . 

BREAK POINT 

DC POWER 
SUPPLIES 

TLIR5127·1 

FIGURE 1. '15916 Block Diagram 

MMU SWITCH 

ON~OFF 

NMI 
(HANG-CLEAR) 

SWITCH 

@ 
RESET 

SWITCH 

@ 
POWER ON 

0 
MONITOR 

RUN 

0 
DIAGNOSTIC 

FAIL 

0 

FIGU.RE 2. ISE/16 Controls and Indicators 
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DIAGNOSTIC 
RUN 

0 
HANG·CLEAR 

REQUEST 

0 

TL/R5127·2 



tions to the target system are made with 12-inch target 
cables. One target cable is provided for each member 
ofthe16000chip set. (CPU, MMU, andTCU). 

a high-level language debugger program , drives the 
ISE/16 unit. IDBG16 runs on the host computer and it 
communicates with the ISE/16unit. Option ally, IDBG16 
can also communicate with a terminal connected to 
ISE/16. The ISE/16 unit communicates with the IDBG16 
program (running on the host) only while the ISE/16 
unit is running the mon.itor program (in monitor mode), 
not while it is running the user's program (in emula­
tion mode). 

The Status Pod is the smallest enclosure. It provides 
TTL-compatible input and output signals for use dur­
ing ISE operation. The Status Pod has eleven leads 
and seven binder posts that can be connected to 
either the target system or test equipment such as 
logic analyzers or oscilloscopes. Table 2 lists the func­
tion of each lead and post on the Status Pod. The 
Status Pod connects to the ISE Box front panel status 
connector via a 6-foot cable. 

IDBG16 softwar.e is available for VAX/11 (VMS) and 
STARPLEX II hosts. 

IDBG16, The ISE/16 Debugger 
ISE/16 Software Overview 

The ISE/16 software consists of two modules; the ISE 
monitor, residing in firmware on the Emulator Pod, and 
the ISE Debugger (IDBG16), residing in th.e host sys­
tem. The monitor controls the ISE hardware. IDBG16, 

IDBG16 is user compatible with the standard non-ISE 
NS16000 Cross-Software Debugger, DBG16. Compati­
bility minimizes learning time for users of the various 
development tools. IDBG16 fully supports all the 
power debugging and emulation facilities provided by 

Table 1. ISE/16 Control and Indicator Functions 

Control/Indicator Function 

MMU Switch When on, it enables MMU operation (Mbit in CPU Configuration 
Register set to 1). When off, disables MMU (Mbit set to 0). 

NMI Switch When pressed, <HANG-CLEAR> occurs. 
<HANG-CLEAR> restores control to ISE monitor. 

RESET Switch When pressed, resets the ISE hardware. 
POWER ON Indicates power to ISE. 
MONITOR RUN Indicates ISE monitor is running. 
DIAGNOSTIC RUN Indicates ISE diagnostics are running. 
DIAGNOSTIC FAIL Indicates failure during diagnostic tests. 
HANG·CLEAR REQUEST Indicates CPU has stopped executing instructions. 

-Table 2. Status Pod Signal Description 

Status Pod Label ISE Function 

1-WHT-USRCLK-U ISO (input sync 0) 
2-BLK-GND Common Ground 
3...:eRN-EXTO-U EXTO (external input 0) 
4-RED-EXT1 EXT1 (external input 1) 
5-0RN-EXT2 EXT2 (external input 2) 
6-YEL-EXT3 EXT3 (external input 3) 
7-GRN-EXT4 EXT4 (external input 4) 
8-BLU-EXT5 EXT5 (external input 5) 
9-VIO-EXT6 EXT6 (external input 6) 
10-GRY-EXT7 EXT7 (external input 7) 
11-WHT-USEBRK/U IS1 (input sync 1) 

TBRUN Multi-Processor Sync 
BKSYNCH/-U DO (output sync) 
TRSYNCH/-U TO (trace sync) 
GND Common Ground 
TSYNC31/ Not Used 
TSYNC21 Not Used 
GND Common Ground 



the ISE/16 hardware, and supplements these features 
with a very powerful software-based program debugg­
ing environment. 

The basic debugging features of IDBG16are: 

(1) Both high-level and assembly languages are sup· 
ported. 
(2) Breakpoints can be set at the source code level, 
even when using high-level languages. 
(3) Variables can be accessed by their source code 
names, i.e., IDBG16 is symbolic in nature. 
(4) Procedure parameters and local variables are easi­
ly displayed. 
(5) Structured data types and pointers are easily 
displayed. 
(6) Both command and history files are supported. 
(7) Memory can be displayed in many different ways, 
including a disassembly mode displaying memory as 
16032 instructions. 
(8) All the emulation and debug facilities provided by 
the ISE/16 hardware are supported. 

The ISE Monitor 

When the ISE/16 unit is not running an emulation pro­
gram, it is running a program called the ISE monitor. 
The monitor comr:nunicates with IDBG16 and it pro· 
vides a command protocol that allows the host com· 
plete control of the ISE/16 hardware. 

The monitor is invisible to the user, who normally com· 
municates with the system via the friendly IDBG16 
program. 

Optional Tenninal Feature 

As an option, the ISE monitor communciates with a 
terminal connected to the ISE/16 unit. This terminal 
also serves as a terminal for the host. Thus the ISE/16 
unit and the user's terminal share one RS232 port from 
the host. 

Operation with the optional terminal is called Trans­
parent Mode; operation without the optional terminal 
is called Stand-Aside Mode. 

Conversion Kit for NS16008 In-System Emulation 
(Available December 1983) 

An optional conversion kit is available for those who 
wish to do NS16008 development work. Contained in 
this kit are the following: ISE/08™ Emulator Pod, 
ISE/08 Symbolic Debugger (IDBG08), ISE/08 Monitor 
Firmware, and ISE/08 Manual. Thus, because the ISE 
Support Box can be used for either ISE/16 or ISE/08 
development work, a user wishing to do NS16008 
development work but who already has an ISE/16 unit 
can purchase this conversion kit (in comparison to 
the purchase of an entire ISE/08 unit). 

ISE/16 Operation 

Human Interface 

ISE/16 is easy to learn and easy to use. The software in­
cludes a complete on-line manual. Invoking the 
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"HELP" command gives a summary of all ISE/16 com­
mands, an individual command, or an individual com· 
mand's parameters. This feature helps the user get his 
work done quickly with less frustration. 

ReaH"ime Emulation 

The ISE/16 unit has its own CPU, MMU, and TCU com­
ponents. These components are connected to the 
target system via cables, and they perform the same 
functions, with close to the same timing character­
istics as they would if mounted in the target system. 
ISE/16does not add wait states in its operation. 

Emulation memory, resident in ISE/16, can be used in 
lieu of target system memory. This feature is imple­
mented by the mapping capabilities. ISE/16 can run 
and debug programs, without a working target 
system. 

User target memory address space (whether it exists 
or not) can be mapped onto the ISE/16 emulation mem­
ory. A memory read or write operation to an address 
mapped onto emulation memory is performed on em­
ulation memory only and not on the target system's 
memory. 

Memory from the entire 24-bit physical address space 
of the CPU or MMU can be mapped onto emulation 
memory if the following restrictions are observed: 

(1) Up to four, non-contiguous segments can be defin­
ed. 
(2) The address range mapped by a segment must lie 
within an integral 128K byte division of the address 
space, e.g. 00000 to h'1 FFFF, or h'20000 to h'3FFFF. 
(3) The address range mapped by a segment must 
start at the beginning of an integral 2K byte division 
of the address space, and end at the end of one such 
division e.g. h'OO to h'FFF, or h'2800 to h'37FF. 
(4) The total memory space mapped by all segments 
must not exceed 30 K bytes. 
Associated with the emulation memory mapping 
scheme Is a capability for write protection/detection. 
Any 2K byte block within any of the four 128K byte 
segments selected can be protected. A write opera­
tion to a protected memory segment causes an IM (II· 
legal Map) event to occur. Write operations to pro­
tected memory are inhibited only if they occur on 
emulation memory. They are not inhibited if they 
occur in target system memory. 

Related commands: 

MC..;.... Map Create 
MP- Map Print 

Note: For the syntax of these, and other commands listed in this section, 
retenothe IDBG16Command Summary. 

Generalized Events 

To provide a versatile way of observing and controlling 
the significant state changes on the microprocessor, 
ISE/16 allows the use and definition of "events". In 
general, a simple event is a breakpoint, a bus change, 



or a significant observation. An event can also be a 
logical combination of -simple events (an Event-Ex­
pression). 

Simple Event Definition 

The simple events are: 
• Breakpoints 
•Latched Breakpoints 
• Counter Done 
•Status Pod Inputs 
•Illegal Map 
•Trace Done 

Breakpoint Events 

ISE/16 provides three common breakpoint events, 
named A, 8, and C. The breakpoint event can be used 
in two ways: 

(1) Execution Breakpoint-occurs just prior to execu­
tion of an instruction fetched from a specified ad­
dress. 
(2) Memory Reference Breakpoint-occurs on a match 
when sampling: 

• Address Bits 
•Data Bits 
•External Status, Bits 
• User!Supervisor Pin 
• High Byte Enable Pin 
• Data Direction Pin 
• And where any of the above options or bits can 

be masked. 

Either virtual or physical addresses can be sam pied. 

ISE/16 also provides a range breakpoint event, R. The 
range breakpoint occurs on any read or write opera­
tion to an address in a specified address range. 

All breakpoints can cause emulation to stop im­
mediately. Also, if used with the No Stop (INS) option, 
breakpoints can be combined with other events to 
cause a variety of action. 

Latched Breakpoint Events, Counted Events 

Latched breakpoint events, named LA, LB, LC, occur 
at some time after a cycle where the corresponding 
breakpoint event (A, B, or C) has taken place. The oc­
currence of a latched breakpoint event remains as­
serted unti I cleared. 

Events, instructions, memory cycles, and clock cycles 
can be counted with the breakpoint counter (up to 12 
bits). Upon reaching a certain count provided by the 
Define Counter (DC) command, the Counter Done.(CD) 
event takes place. 

Other Simple Events 

The other simple events available are: 

(1) ISO, IS1 - Status Pod Input Sync 0 and Input Sync 1. 

(2) IM -Write operation to write-protected address. 
(3) TD- End of trace. 
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Related commands: 

BC - Breakpoint Create 
BD - Breakpoint Delete 
DP- Breakpoint Print 

Event· Expressions 

An event-expression is a Boolean expression made up 
of simple events, i.e., a logical combination of simple 
events. This allows the user to generate many dif­
ferent event combinations, tailored to system activity 
of particular interest to the user. These generalized 
events are used by many ISE/16 commands such as 
stop, trace, event counting, etc. Event-expressions 
provide creative and flexible debugging procedures. 

Event-expressions can be evaluated as either logically 
true or logically false. Valid logic operations for event­
expressions are: Negation (NOT), AND, and OR. 

Stopping Execution on Events 

A common debugging activity is to stop emulation on 
the occurrence of an event of interest. Stopping emu­
lation puts ISE/16 in the monitor mode so the user can 
examine and alter the state of the CPU, memory, and 
ISE/16 functions. Emulation can be stopped on either 
simple events or event-expressions. 

Related commands: 

OS- Define Stop 
BS- Breakpoint Create 

Flexible Tracing 

ISE/16maintains a255-entrytrace memory. Trace mem­
ory captures bus activity in one of two trace modes. 
The trace modes are: 

• Program Flow Trace 
• Memory Bus Trace 

Program Flow Trace 

The Program Flow Trace mode captures the CPU Pro­
gram Counter address of 255 non-sequential instruc· 
tions. This mode also maintains a count of sequential 
instructions executed between each non-sequential 
instruction stored in the trace memory. 

Memory Bus Trace 

The Memory Bus Trace mode captures a summary of 
system parameters during 255 memory bus access 
cycles. The following parameters are captured: 

• Address bus contents 
• Data bus contents 
•CPU Status (data transfer, non-sequential fetch, 

interrupt acknowledge, etc.) 
• Status Pod External Inputs 
•States of the Following CPU Pins: 

PFSC- Program Flow Status (start of instruction) 
UNS- User!Not Supervisor 
NHBE- Not High Byte Enable 
NDDIN - Not Data In 



A tracing event can qualify the memory bus tracing 
mode. This event allows the user to reduce the number 
of events captured. 

When enabled, tracing in either mode continues until 
a specified terminating event occurs. The actual end 
of tracing can be delayed after the term'inating event 
by a count of 1 to 255. This allows trace data to be cap­
tured before, after, or around the terminating event. 

Execution Timer 

The execution timer is a 24-bit counter with an over­
flow flag that may be used to count events, instruction 
cycles, memory cycles, or clock cycles. The timer may 
be programmed to start and stop counting on specific 
events. This permits using the execution timer to de­
termine relative timing differences between various 
events. One use of this feature is to measure software 
or hardware performance. 

Related Commands: 

DE- Define Execution Timer 
LO - List Definitions 

Event Trigger for External Test Equipment 

ISE/16 events can trigger external test equipment, 
such as oscilloscopes and logic analyzers. This test 
equipment can be used in conjunction with .ISE/16 
debugging features to solve system timing problems. 
Two external trigger sources are. provided: 

• General Event (or Event-Expression) 
•Trace Trigger Event (i.e., an event that causes an 

entry into trace memory.) 

The external trigger signals are available at two status 
pod outputs: 

• BKSYNCH/-U (General Event) 
• TRSYNCH/-U (Trace Trigger Event) 

Related Commands: 

DO- Define Output Sync Command 

ISE/16 Timing Options 

ISE/16 includes the following timing options: 

• Sampling time can be set to sample either virtual 
or physical addresses 

• Status Pod external lines can be sampled at either 
data valid or address valid times 

• The emulation clock frequency can be set to one 
of the following frequencies: 

1.5MHz 
3.0MHz 
6.0MHz 
Target Board Frequency 

Note: Selection of target board frequency may require synchronous and/or 
asynchronous delay compensation. Refer to ISE/16 User's Manual, Chapter 
6, for details. 

Related Commands: 

S!)- Select Options 
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Self-Test Diagnostics 

At power-up or reset, ISE/16 runs a diagnostic program 
to verify ISE software integrity and proper hardware 
function. 

Required User·Supplled Equipment 

For use under VAX/11 systems: 

• Valid DEC VAX/11 configuration, with available 
RS232 port. 

• VMS Operating System, Version 3.0 or later. 
• NSX-16 Cross Software Package, or NS-ASM·16 

NS16000 Cross-Assembler Package. 

For use with STARPLEX II systems: 

• STARPLEX II Development System. 
• STARPLEX II Operating System, Version G or 

later. 
• SFW-90-A010 NS16000 Cross-Assembler 

Package. 

For use with a system that has a Berkeley 4.1 based 
UN IX™ Operating System: 
[Contact Marketing for Availability Information.] 

• Valid computer system with an available RS232 
port. 

• Appropriate cross software package. 
[Contact Marketing for further information.] 

Specifications 

Environmental 

Power 

Physical 

ISE Support Box -

Emulation Pod-

TIL Status Pod -

Cable Lengths-

Operating Temperature 
+ 10°c to +4D°C 
Storage Temperature 
- 20°C to + 65°C 

3A@ 115 VAc. 50/60Hz, 
single phase 
1.5A @ 220VAc. 50/60Hz, 
single phase 
Approximately 1170 BTU. 

Height: 4.125 in. (10.5 cm) 
Width: 19.0 in. (48.3 cm) 
Depth: 17.5 in. (44.5 cm) 

Height: 2.25 in. (6.4 cm) 
Width: 9.25 in. (23.5 cm) 
Depth: 14.0 in. (35.6 cm) 

Height: 1.0 in. (2.5 cm) 
Width: 3.125 in. (7.9 cm) 
Depth: 6.125 in. (15.6 cm) 

ISE Support Box to Emula­
tion Pod: 4.0 ft. (1.22M) 
ISE Support Box to TIL 
Status Pod: 6.0 ft. (1.83 M) 
Emulation Pod to Target 
Board: 1.0 ft. (0.30 M) 



Electrical 

Operating 
Frequency-

Target Interface 
Electrical 

User selectable to one of the 
following: 

1.5MHz 
3.0MHz 
6.0MHz 
Target Board Frequency 

Note: Selection of target board frequen· 
cy may require synchronous and/or 
asynchronous delay compensation. 
Refer to ISE/16 User's Manual, 
Chapter 6, for details. 

Characteristics - See Tables 3 through 5. 

Order Information 
Complete ISE/16 Units 

NS-ISE-16 ISE/16 (NS16032}, 115VAc for 
VAX/11 (VMS} Computer 
System. 

SPM-90-A1632 ISE/16 (NS16032), 115VAc for 
STARPLEX II Development 
Systems. 

NS-SYS-2004 ISE/16 (NS16032}, 115VAc for 
UNIX OS based operating 
systems. [Contact Marketing 
for Availability Information.] 

""' 

Conversion Kits to Allow for ISE/08 Emulation 
[Contain ISE/08 Emulator Pod, ISE Debugger 
(IDBG08), appropriate ISE/08 monitor firmware, and 
ISE/08manual.] 

AEE-90-A1608 ISE/16 to ISE/08 kit for 
STARPLEX II use. 

AEE-ISE-08 

AEE-ISENIX-08 

Documentation 

420306675-002 

ISE/16 to ISE/08 kit for VAX/11 
(VMS} use. 
ISE/16 to ISE/08 kit for UNIX 
based OS systems use. 
[Contact Marketing for 
Availability Information.] 

ISE/16 User's Manual 
(Included with NS-ISE-16, and 
SPM-90-A 1632.) 



Table 3. Bectrlcal Characteristics for TCU Interface 

Input And/Or Propagation 
Signal Name Interface Device Output Current Delay Time Tpc1• 

loH loL 

OUTGOING SIGNALS: 

NTSO 74S244 15mA 64mA 14.6ns 
CTTL 74$244 15mA 64mA 14.6ns 
FCLK 74$244 15mA 64mA· 14.6ns 
NOBE 74$244 15mA 64mA 14.6ns 
NRD 74$244 15mA 64mA 14.6ns 
NWR 74$244 15mA 64mA 14.6ns 
NAST 74$244 15mA 64mA 14.6ns 
RDY 74$244 15mA 64mA 14.6ns 

l1H l1L 

INCOMING SIGNALS: 

NPER 74$244 50µA 400µA 14.6ns 
NCWAIT 74$244 50µA 400µA 14.6ns 
NWAIT1 74$244 50µA 400µA 14.6ns 
NWAIT2 74$244 50µA 400µA 14.6ns 
NWAIT3 74$244 50µA 400µA 14.6ns 
NWAIT4 74$244 50µA 400µA 14.6ns 
XCTL1 74$244 50µA 400µA 14.6ns 
NCEN 74$244 50µA 400µA 14.6ns 
NR5T1 745244 50µA 400µA 14.6ns 

\ 
"Interface device, plus cable. 

Table 4. Electrical Characteristics for MMU Interface 

Input And/Or Propagation 
Slgnal Name Interface Device Output Current Delay Time Tpd• 

loH loL 

OUTGOING SIGNALS: 

A24 745244 15mA 64mA 14.6ns 
MMUMINT 745244 15mA 64mA 14.6ns 
NPAV 745244 15mA 64mA 14.6ns 
NABT 74$244 15mA 64mA 14.6ns 
NFLT 74$244 15mA 64mA 14.6ns 
NHLDAO 74$244 15mA 64mA 14.6ns 

l1H l1L 

INCOMING SIGNALS: 

NHOLD 74$244 50µA 400µA 14.6ns 

"Interface device, plus cable. 
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Table 5. Electrical Characteristics for CPU Interface 

Input And/Or Propagation 
Signal Name Interface Device Output Cu1Tent Delay TimeTpd" 

loH loL ~H l1L 

BIDIRECTIONAL SIGNALS: . 
NSPC none - - - - 1.4ns 
AD15 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD14 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD13 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD12 8T28 10mA 48'mA 25µA 200µA 18.4ns 
AD11 8T28 10mA 48mA .-25µA 200µA 18.4ns 
AD10 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD09 8T28 10mA 48mA 25µA 200µA 18.4ns 
ADOS 8T28 10mA 48mA 25µA 200µA 18.4ns 
ADO? ,. 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD06 8T28 10mA 48mA 25µA 200µA 18.4ns 
ADOS 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD04 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD03 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD02 8T28 10mA 48mA 25µA 200µA 18.4ns 
AD01 8T28 10mA 48mA 25µA 200µA 18.4ns 
ADOO 8T28 10mA 48mA 25µA 200µA 18.4ns 

OUTGOING SIGNALS: 

A23 74$244 15mA 64mA - - 14.6ns 
NILO 748244 15mA 64mA - - 14.6ns 
8TO 748244 15mA 64mA - - 14.6ns 
8T1 748244 .15mA 64mA - - 14.6ns 
8T2 748244 15mA 64mA - - 14.6ns 
8T3 748244 15mA 64mA - - 14.6ns 
NPF8 748244 15mA 64mA - - 14.6ns 
NDDIN 748244 15mA 64mA - - 14.6ns 
NAD8 748244 15mA 64mA - - 14.6ns 
UN8 748244 15mA 64mA - - 14.6ns 
NHBE 748244 15mA 64mA - - 14.6ns 
HHLDA 74$244 15mA 64mA - - 14.6ns 
A22 748244 15mA 64mA - - 14.6ns 
A21 748244 15mA 64mA - - 14.6ns 
A20 748244 15mA 64mA - - 14.6ns 
A19 748244 15mA 64mA - - 14.6ns 
A18 748244 15mA 64mA - - 14.6ns 
A17 748244 15mA 64mA - - 14.6ns 
A16 748244 15mA 64mA - - 14.6ns 

INCOMING SIGNALS: 

T8YSPWR 1N4002 - - - - -
NINT 74$244 - - 50µA 400µA 14.6ns 
NNMI 748244 - - 50µA 400µA 14.6ns 
NH OLD 748244 - - 50µA 400µA 14.6ns 

*Interface device, plus cable. 
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Documentation Conventions 
The following documentation conventions are used in 
describing the IDBG16 commands and parameters. 
Upper-case and lower-case letters are used in these 
conventions; any combination of upper-case and 
lower-case letters may actually be used when 
entering commands. 

UPPER-CASE letters show the command letters, para· 
meters and options. The· names must be entered 
exactly as shown. 

Spaces and blanks have been added for readability. 
When actually entering commands, spaces and blanks 
may.only appear between the command and its para· 
meters and between the parameters and the local 
radix. 

IDBG16 Command Summary 

<>-angle brackets enclose descriptive names (in 
lower-case) for user-supplied parameters/options. 

{ }- braces enclose more than one item out of which 
one, and only one, must be used. The items are sap· 
arated from each other by a logical OR sign "I"-

[]- brackets enclose optional item(s). 

I-logical OR sign separates Items.out of which one, 
and only one, may be used. 

. ... -three consecutive periods indicate optional rep­
etition.of the preceding item. 

The following is a comprehensive list of the IDBG16 commands. Commands are in alphabetical order. See the 
ISE/16 User's Manual for adetailed description of.each command. 

Command 

Begin 

Breakpoint Create 

Breakpoint Delete 
Breakpoint Revive 
Breakpoint Print 

Command File 

Debugger String 
Define Counter 

Syntax 

B [<file>] [/NL] [/NI] [JR] [/Z] 

Function 

(if no switches) Loads tl:le program <file> 
into target board memory, and initializes 
registers. 
/NL- No Lo.ad 
/NI-No Initialize 
JR-Reset 
/Z-Zero-Fill data areas 

BC[A,IB,IC,] <address> [INS] Creates execution breakpoint A,B, or Cat 
specified <address>. 
/NS-No Stop 

BC [A,IB,JC,] {<address> I <mask>} <breakpoint-options> [/NS] 
Creates memory reference breakpoint A, B, or 
C at address specified by <address> or 
<mask> and with specified 
<breakpoint-options>. 
/NS-No Stop 

BC R, <address-range> [/NS] Creates range breakpoint Rat specified 

BD [AIBICIRI 
BR [AIBICIRJ 
BP (AIBICIR] 

@ {<file> I <n>} 

· <address-range>. 
/NS.....: No Stop 
Dele~es specified breakpoints. 
Revives specified breakpoint. 
Prints address and conditions of 
specified breakpoints. 
Executes command <file> or debugger 
string sequence beginning at <n>. 

$ <n> =[<string>] Sets debugger string <n> to <string>. 
DC <n> [/B =<event-expression>] 

DC/R 
[/C ={<event-expression> lllMIC}] 

Defines set up for ISE counter. 
<n>- Number of counts 
/B- Begin event 
IC - Counter type 
JR-Reset 
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IDBG16 Command Summary (Continued) 

Ce>mmand 

Define Execution­
Timer 

Define Output Sync 
Define Stop 
Define Trace 

Disassemble 

Go 

Help 

In 

List Calls 
List Definitions 

List Files. 
List Information 
List Modules 
List Procedures 
List Strings 
List Trace 

Syntax Function 

DE (/B =<event-expression>] [/E =<event-expression>] 
{/C ={<event-expression> lllMIC}] 

DEIR Defines set up for ISE execution timer. 
/B- Begin event 
/E- End event 
IC - Count type 
JR-Reset 

DO <event-expression> Defines output sync event. 
OS <event-expression> Defines stop event. 
OT [/E =<event-expression> [/D = <n>]] 
[/P I /M [ = {<address> I <mask>}] <qualify-options>]]] 

Defines the end, delay, and trace mode 
parameters for trace. 
/E- End event 
ID- Delay count 
/P- Program Flow mode 
/M - Memory Bus mode 
JR-Reset 

D <address-range> [/I =<n>] [/NA] 
Disassemble instructions in <address-range>. 
/NA-No Address 
/I - Number of Instructions to be disassembled. 

G [/F =<address>] [[IT=] <breakpoint>] . 

H [<string>] 

Starts execution of the program at the 
current PC address of from the <address>. 
Execution continues until <breakpoint>. 
Displays general help or command syntax 
or parameter syntax. 

I {<address> I <register>} [<radix>] 
<value1> 
[<value2>] 

LC [<n>] 
LO [/Tj/El/Cl/Oj/S] 

LF [<line> [!<file>]] 
LI 
LM 
LP 
LS 
LT [<n> l*l/Aj/J] 

Checks that contents of <address> or 
<register> are in the range specified by 
<value1> and <value2 >,inclusively. 
Lists first <n> entries in call chain. 
Lists current definitions. 
IT - Trace definition 
/E- Execution timer definition 
IC- Counter definition 
10- Output sync definition 
JS- Stop definition 
Lists lines in <file>. 
Lists current IDBG16 status. 
Lists modules i.n current program. 
Lists procedures in current program. 
Lists current debugger string values. 
Lists nine trace entries centered around 
entry <r\> or around the trigger point (*). 
/A-All entries 
/J -Jumps only 
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IDBG16 Command Summary (Continued) 

Command 

Map Create 

Map Print 

Memory Fill 

Memory Move 

Memory Search 

On 

Print 

Print Address 

Protection Create 

Potection Print 

Quit 

Repeat 
Replace 

Select Echo 
Select Full 
Select History 

Select Link 

Select Module 

Syntax Function 

MC [<address-range>] [/S = {AIBICID}] [/M =<n> I/NM] [/Pl/NP] 
Creates segment assignment and mapping 
for special <address-range>. 
JS- Segment assignment 
/M - Mapping to ISE block <n> 
/NM - No Mapping 
/P- Write Protection 
/NP...,... No Protection 

MP [/S = {AIBICID}] Prints current mapping for specified 
segment. 

MF <address-range> [<radix>] 
<value> 

Fills memory at <address-range> with 
<value>. 

MM <address-range>,<address> [<radix>] 
Moves memory from <address-range> to 
<address>. 

MS <address-range> [<radix>] 
<value> 

Searches for <value> in <address-range>. 
0 {FAILIRESETINMllEXIT [({AIBICIRISIHC})] {@ <n> 110} 

Sets IDBG16 response on condition: 
@ <n>- Executes debugger string 

sequence on condition beginning 
with $<n>, 

JO - Response Off, restores normal 
response. 

P [<address-range> !<register-range>] [<radix>] 
Prints contents of <address-range> or 
<registers>. 

PA <address> Prints absolute address and module area 
associated with <address>. 

PC <address-range> [/UWl/URl/SWISR] [/VI/NV] [/Rl/NR] 
[/M llN M) [IT= <gn>] [/P] 

Creates protection/translation for pages 
specified by <address-range>. 

PP [<address-range>] Prints protection level status for pages 
specified by <address-range>. 

Q [/S) Terminates session. 
JS-Save IDBG16 status in IDBG16.IND 

<er> Repeats previous command. 
R {<address> I <register>} [/NV] [<radix>] 

[<value>) Replaces contents of <address> or 

SE [JO) 
SF [/0) 
SH {<file> [IF] l/O} 

SL <file> [,<file>] [/L] 

SM <module> 

<register> with <value>. 
/NV- No Verify 
Selects echo mode. 10- Echo Off. 
Selects full symbolic PC. /O...,... Full Off. 
Selects history file <file>: 
/F - Full history (with responses) 
JO - History Off 
Selects communications channel(s): 
/L- List communications 
Selects module. 
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IDBG18 Command Summary (Continued) 

Command 

Select Options 

Select Procedure 
Select Radix 
Step 

Step can 
Step Down 

Step Instruction 
Step Until 

Step While 

Parameter Summary 

Syntax Function 

SO VAS={NADSINPAV} [/XS ={DIA}] [/EC ={101512.Sll,l}J 
VMC={10IEC}J VL={CINC}] [rr={Ol1INIA}J 

Selects current ISE operation options. 
/AS-Address Sample time 
/XS- External Sample time 
/EC- Emulator Clock freqt1ency 
/MC- Monitor Clock frequency 
/L- Latched Cfear or No-Clear 
rr - Translation 

SP [<n> I <procedure>:] 
SR<radlx> 

Selects procedure. 
Select global radix. 

S[<gn>] Executes <gn> machine instruc.tions (Assembly 
programs) or one Pascal statement (Pascal 
programs). <gn> illegal in Pascal. 

SC Executes until a call or return. 
SD Executes one Instruction inside a 

procedure; skips over call instructions. 
SI [<gn>J Executes <gn> machine instructions. 
SU {<address> I <register>} [<radix>] 

<value1> Executes instructions until contents of 
[<value2>J <address> or <register> within the range 

specified by <value1> and <value2>. 
SW {<address> I <register>} [<radix>] 

[<value1>] Executes instructions while contents of 
[<value2>] <address> or <register> are within the 

range specified by <value1> and <value2>. 

The following is a comprehensive list of command parameters. See the ISE/16 User's Manual for a detailed 
description of each. 

Command 

Number (<n>) 

General Number 
(gn) 

Mask 

Name 

Module 
Procedure 

Symbol 

Register 

Syntax 

<digits> 

[H'IO'IO'ID1 [-]<digits> 

M' {Ol1IXI_} ... 

Function 

An unsigned, decimal number in the range 0 to 
32767. 

A signed, octal, decimal, or hexadecimal 
number in the range of - 231 to 231 -1. 
An unsigned number which consists of binary 
digits, "don't care" bits, and optional 
underscores. A mask represents the value of 
address, data, status, or external bits. 

<letters, numbers, underscores, tildes> 

<name> 
<name> [# <n>J 

<name> 

<register-name> [% <n>] 

A combination of letters, digits, underscores, 
and tildes which does not start with a digit. 
The name of a module in the program. 
The name of a procedure in the selected 
module. # <n> specifies the <n>th procedure 
having <name> in the selected module. 
The name of a variable in the selected module 
or procedure. 
One of the registers shown in Table 3. 
% <n> specifies the field starting at the 
<n>th bit in <register> . 

..... 



Parameter Summary (Continued) 

Command 

Register-Range 

Address 

Address-Range 

Radix 

Value 

File 

Event 

Event-Expression 

Syntax Function 

{•CPU_ I •MMU_ I •FPU_ ! •PSR__ ! •MSR__ I •FSA_ I <register>} 
Specifies all CPU, MMU, or FPU registers or 
all PSR, MSR, and FSA fields. 

<basic-address> [+<abs> I -<abs> I % <abs> I A I• <field> I <indexing>] ... 
A byte or bit address. The address consists 
of a basic address and any 
combination of optional operators. 

+ <abs>-Adds <abs> to address. 
- <abs> - Subtracts <abs> from address. 
%<abs>- Takes <abs>th bit at address. 
/\-Takes contents as address. 
• <field>-Address is address of a field 

in a Pascal record. 
<indexing>-Address is address of an 

array element. 
{<address1> .. <address2> I< address>! <n> I <address>} 

[%] <n> <base> 

The range of addresses from <address1> 
to <address2>, from <address> 
to <address>+ (<n> -1)*(<current radix>), 
or from <address> to itself. 
Specifies the length and type of input/output 
in IDBG16 commands.[%] specifies length. 
If % is specified, length is in bits. <n> must 
be within the range 1 to 256. <base> specifies 
type and may be binary (B), decimal (D), 
octal (0), hexadecimal (H), hexadecimal dump (H), 
floating-point (F), logical (L), ASCII (A), 
Pascal set (S), or Pascal string (G). 
A value to be entered or displayed after 
issuing a Print, Replace, Step, Memory, or In 
command. Syntax is defined by current radix. 
The name of any file in the host system. 
File syntax is host dependent. 

{ISOllS1!1MITDICDIAIBICILAILBILCIR} 
The name of an ISE response to a specific set 
of run-time conditions. 

([']<event>[*['] <event> ... [+['] <event> [*<event>] ... ] ... ]) 
(1) A Boolean expression consisting of one or 
(0) more <events>s and the logical NOT('), AND 

(*), and OR (+)operators. 
(1)-always true. 
(2)-always false. 

519 



~ National Semiconductor 

NSX16™ Cross Software Package 
SOURCE 
(PASCAL) 

SOURCE 
ASSEMBLY 

• Runs under STARPLEX II™ operating 
system or DEC®.VAX™/VMS™ operating 
system 

• Coi:npatible with ANSI standard Pascal 

• Supports NS16081 floating-point unit 

Product Overview 

NSX16 is a comprehensive software development 
package that includes all the components necessary 
to produce NS16000 native code. Intended as a 
support package to facilitate the development of 
software for NS16000-based systems, NSX16 has 
been designed to run on two hardware configurations. 
These are National Semiconductor's STARPLEX II 
running the STARPLEX II operating system and 
Digital Equipment's VAX11 series running the VMS 
operating system. 

Consisting of a Pascal compiler, NS16000 cross­
assembler, )inker, librarian, and source-level de­
bugger, NSX16 provides the full ensemble of tools to 
make the generation of NS16000 code an easy task. 
Code thus developed may then be downloaded via a 
serial port to the DB16000 development board or the 
ISE/16™ emulator for execution and debug. 

NSX16 consists of the following components: 
- PAS16, the Pascal Cross-Compiler 

Note: Not available for STARPLEX II. 

- RTS16, the Run-Time Support Package 
Note: Not available for STARPLEX II. 

- ASM16, NS16000 Cross-Assembler 
- FPS16, Floating-Point Support 
- LINK16, the Cross Linker 
- LIB16, the Librarian 
- BIN16, the File Conversion Utility 
- DBG16, the Source-Level Symbolic Debugger 
- MON16, D816000 Monitor(Firmware) 

l'i?O 

LIBRARY 
OBJECT 

FILES 
TO USER 

PROM 
PROGRAMMER 

• Pascal run-time support environment 
for 0816000 development board 

• Pascal compiler directly produces 
NS16000 code 

• High-level symbolic debugger allows 
debug at source level 

PAS16 

Designed to be compatible with the ANSI standard, 
with listed extensions and restrictions, the Pascal 
cross-compiler is capable of accepting compatible 
Pascal source and generating NS16000 code. Exten­
sions include features such as IMPORT/EXPORT 
in support of full modularity and FAST variables for 
code optimization. Also included is the run-time sup­
port environment for the D816000 development board. 
Note: PAS16 ls not available for STARPLEX II Development Systems. 

ASM16 

The cross-assembler produces relocatable NS16000 
object code. It accepts complex expressions, floating­
point scientific notation, external symbol references 
and can handle external address arithmetic. 

FPS16 

The Floating-Point Support Library provides floating­
point mathematical routines, which can be called 
from the user Pascal or Assembly language program, 
and emulation of the 16081 Floating-Point Unit (FPU), 
which is user-transparent. FPS16 also allows the user 
to control how FPS16 operates (for example, the user 
can specify whether FPS16 rounds towards zero, 
positive or negative infinity). 

FPS16 conforms to the IEEE Standard formats and 
provides all required and most of the recommended 
IEEE .Standard routines of IEEE Task P754 Draft 10 of 
A Proposed Standard tor Binary Floating-Point 
Arithmetic. 



LINK16 

Modules generated by the cross-compiler or assem­
bler are linked by LINK16 to produce executable 
modules. LINK16 is interactive, allowing the user to 
include additional files and libraries at link time 
whenever symbol· matching is unsuccessful. LINK16 
provides an extensive repertoire of directives to sup­
port complex system configurations. Directives can 
be entered from disk or directly from the ·console. 
LINK16 permits user control of RAM/ROM allocation. 

LIB16 

The librarian maps module characteristics and builds 
module libraries. 

BIN16 

The BIN16 program is a utility that converts 16000 ex­
ecutable files into a format acceptable for PROM pro­
grammers. 

DBG16 

DBG16 is an interactive symbolic debugger that 
allows debugging at the source level. It communi­
cates with the DB16000 monitor via a serial link allow­
ing execution and debug on the board. Source code 
may be displayed and breakpoints set by line num­
bers. Single-stepping is possible at the machine in­
struction level, the Pascal statement level, the pro­
cedure level, or until a register/address value match 
occurs. DBG16 supports debugging of multimodule 
programs, drawing all information needed to support 
debug from source files and the output of the linker. It 
supports command files and output to a file to serve 
as a history file. · 

MON16 

The monitor program enables the user to load, ex­
ecute and debug programs. It has the following 
features: 

- Examine/Change Registers/Memory 
- Block Move/Load/Print memory locations 
- Search for/Fill block of data 
- Insert multiple breakpoints 
- Start program and break after a specified 

number of instructions 
- Step for specified number of instructions 
- Step until (while) a specified condition is reached 

The following additional debug features may also be 
implemented with the Memory Management Unit 
(MMU) present: 

- Break on memory read and/or write (virtual or 
physical) · 

- Break on non-sequential instruction fetch 
- Show last 2 non-sequential instruction ad-

dresses fetched and the number of instructions 
executed after each nonsequential fetch 
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Supported Hardware 

-STARPLEX II 
STARPLEX™ Operating System 
Revision G or later 

- DEC VAX11 Family 
VMS Operating System versioo 2.X or later 

Shipping Package 

VAX Version: 
1600 bpi mag tape (9-track VMS copy format) 
User and reference documentation 

STARPLEX II Version: 
Compatible 8" floppy diskette, standard soft sector 
format 
User and reference documentation 

Order Information* 

NSX16 Cross Software Package, VAX/ 
VMS version (lncl11des PAS16, RTS16 
ASM16, LINK16,.MON16, LIB16, 
FPS16, BIN16 and DBG16) 

NS-PAS16 Pascal Cross-Compiler, VAX/VMS 
version 

NS-ASM16 NS16000 Cross-Assembler, VAX/ 
VMS version (Includes ASM16, 
LINK16, LIB16, BIN16 and DBG16) 

SFW-90,..A010 NS16000 Cross-Assembler, STAR­
PLEX II version (Includes same as 
NS-ASM16) 

•software license agreement must be signed prior to order entry. 

Documentation 

The manuals listed below are included with the 
NSX16, and may also be ordered separately. 

420306612-002 Cross-Assembler Reference Manual 
420306618-002 Pascal Reference Manual** 
420308038-002 Run-Time Support Library Reference 

Manual** 
420306617-002 Cross-Support Utilities Reference 

Manual · 
420306676-002 Symbolic Debugger Reference 

Manual 
420308220-002 Floating-Point Support Library 

Reference Manual 
420308221-002 DB16000 Monitor Reference Manual 
424009011-002 NSX16 Operations Manual 
• •Not available for STARPLEX II. 



a National semiconductor PRELIMINARY 

SYS16™ Multi-User Development System 
for the NS16000™ Microprocessor Family 

• GENIX™ enhanced Berkeley 4.1 bsd 
UNIX operating system 

• Time-shared support for up to eight 
users 

• NS16032 Microprocessor Family based 

• Demand-Paged Virtual Memory (DPVM) 
support 

• Easy to use, proven programming 
environment 

Product Overview 
The SYS16 is a multi-user development system 
which provides powerful software and hardware 
tools for the development of applications. using Na­
tional Semiconductor's NS.16000 Microprocessor 
Family components. 
Based on the - NS16032 16-bit Microprocessor, 
SYS16 gives the designer access to an assembler, 
high level language compilers and real-time In-Sys­
tem Emulation (ISE™) tools. Total development sup­
port is provided for up to eight users, on a time­
shared basis. 
The SYS16. includes two main modules: the Proces­
sor module, which houses most of the electronics 
and the Disk-Tape module, which houses the hard 
disk and streamer tape back-up. 
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• 1.25 MB RAM, expandable to 3.25 MB 

• 20 MB Hard Disk, expandable to 140 MB 

• Streamer Tape backup, with 20 MB 
cartridges 

• C and Pascal High Level Language 
Compilers 

• NS16000 assembler 

• Supports emulation of NS16000 
Microprocessor Family 

Optional disk drive modules may be added to in­
crease system capacity. Disk drive modules contain 
two drives of 20 MB each. 
One terminal is provided with the system. Additional 
terminals may be added to the system as the de­
mand warrants. Emulation and software develop­
ment work may be performed concurrently. Shared 
resources of the hard disk and user-supplied printer 
lowers the system's cost per user. 
National's GENIX Operating System is an enhanced 
_version of Berkeley 4.1 bsd UNIX. These enhance­
ments have been added to fully utilize the advanced 
architecture of the NS16032 Micrprocessor Family. 



Hardware Description 

Processor Module 

This six,slot module houses most of the electronics 
for the SYS16. Standard configuration includes 
boards installed in four oUhe slots, with the remain­
ing two available for additional Random Access 
Memory boards. The bus is an extended-GPU Na­
tional proprietary bus designed for fast interface be­
tween the boards. The four boards provided in the 
standard configuration are the CPU, Serial 1/0, 
Memory, and Disk-Tape Controller. 
The CPU board is based on the NS16032 microproc• 
essor family and includes the CPU plus the NS16082 
Memory Management Unit, the NS16201 Timing 
Control Unit, the. NS16081 Floating-Point Unit and 
the NS16202 Interrupt Control Unit.. The GPU board 
also contains diagnostic firmware, one parallel 1/0 
port, one GPIB IEEE-488 port, one RS232 port, and 
256 kB of RAM. 
The Serial 1/0 board contains logic supporting eight 
RS232 ports. 
The memory board containS 1 MB of RAM with error 
checking and correction. Access time is 400 ns. Ad­
ditional memory boards may be added to the sys­
tem, up to a total of 3.25 MB. 
The Disk-Tape Controller board contains the neces­
sary electronics to control the disk . drives and the 
streamer tape. 

Disc-Tape Module 

This module houses an 8-inch Winchester hard disk 
with a capacity of 20 MB (17.8 MB formatted). It also 
contains a %" streamer tape for backup and ready 
access for Operating System and other software up­
dates. The tape cartridge has a 20 MB capacity. 

Disc only Module 

Additional hard disk memory may be added to the 
system. Disk-only modules are available which 
house 40 MB each. A total of 3 modules may be 
added for a total of 140 MB. 

Hardware Support: 

Parallel· Printer Interface: Centronics interface is pro­
vided to support both 700 and 300 series printers. 
Prom Programming: support is provided for Data 110 
System 19. 

So.ftware Description 
The SYS16 includes the GENIX operating system, 
an enhanced version of Berkeley 4.1 bsd UNIX. 
These enhancements allow GENIX to fully support 
the features of the NS16000 family, providing an ad­
vanced, proven programming environment. 
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The GENIX .operating system is a time-shared, de­
mand-paged system with protected address spaces, 
supporting from one to eight users. It is completely 
compatible with the .NSXC16 cross software pack~ 
age. 
Included are a C compiler, based on Berkeley's por­
table C compiler, NS1600 assembler, linker, libraries, 
utilities, loader, editor, and debugger. Virtually all of 
the utilities that make UNIX a powerful operating 
system are provided. 
A Pascal compiler is available as an option. 

Physical Specifications 
The standard SYS16 consists ,of the Processor Mod­
ule, Disk-Tape Module, one terminal, the required in­
terconnect cables, and supporting manuals. 
Processor Module: this is a rectangular floor mount­
ed unit with front mounted controls and indicators, 
and rear mounted 1/0 connections. 

Height: 24 inches 
Width: 7.5 inches 
Depth: 27 inches 
Color: beige side panels with grey inner frame, 

and black front and rear 
Weight: 38 pounds 

Disk-Tape Module: this .unit is physically similar to 
the processor module, with the exception of the 
Weight, which is 48 pounds. 
Terminal: DEC VT100 compatible. 

Environmental: 

Altitude: 25,000 ft. non-operating 
15,000 ft. operating 

Temperature: - 20°c to 65°C non-operating 
10°c to 40°C operating 

Humidity: 5% to 80% max wet bulb 
32°C minimum dew point 2°c 

Electrical: 

Processor Module: 
FCC: Class A 
AC Voltage: 90-130 or 180-260 VAc; 

47-63 Hz 
Fusing: 6A-Domestic 

SA-European 
Disk-Tape Module: same as processor module 



Oderlng Information 
Systems: 

NS-SYS-1001: 

NS-SYS-1001 E: 

Accessories: 

Full system: Processor. Module, 
Disk-Tape Module, one Terminal, 
GENJX operating system, cables, 
and manuals. 
same as above configured for 
European power. 

NS-SYS-2001: Disk Drive Expansion Module 
with 40 MB 

NS-SYS-2001 E: same as above configured for 
European power 

NS-SYS-2002: 1 MB RAM Expansion Board 
NS-SYS-2003: Terminal 
NS-SYS-2003E: Terminal with European power 

configuration 
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NS-SYS-2004: ISE for 16032 
NS-SYS-2004E: ISE for 16032 with European 

power configuration 
NS-SYS•2005: 20 MB Streamer Tape Cartridge 
NS-SYS-2006: Hardware manual 
NS-SYS-2007: Software manual 
NS-SYS-2008: ISE for 08032 
NS-SYS-2008E: ISE for 08032 with European 

power configuration 

Software: 
NS-SYS-3001: Pascal software 

• 







~ National Semiconductor PRELIMINARY 

BLMX-16 
Board Level, Multitasking Executive 

• Provides a multitasking executive for 
real-time applications 

• Supports all NS16000 CPUs 
• Port of Proven BLMX-80 
• Easily Configurable Source Package 

- Fully user configurable 
- Hardware independent 

• Extensive user implementation support 
- Unique demo, program introduction 
-Step through configuration 
- Sample terminal INT handlers 
- Integrated with 16000 developent boards 

and monitor 
- For debug without !SE™ 

Product Overview 
The BLMX-16(Board Level Multitasking Executive) is 
National Semiconductor's real-time, multitasking 
executive for NS16000 CPU based applications. Its 
primary purpose is to simplify the task of designing 
application software and provides a base upon which 
users can build a wide range of application systems. 
BLMX-16 requires only 2 K bytes of RAM and only 4 K 
bytes of ROM and is fully compatible with National 
Semiconductor's NS16000 CPU family and the 
0816000 development board. 
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• ROMable 
• Reconfigurable 
• Real-time clock support for time-of-day 

and event scheduling 
• Allows up to 256 levels of task priority 

which can be dynamically assigned 
• Up to 256 logical channels for task 

communication 
• Memory pool management 

BLMX-16 allows the user to monitor and control 
multiple external events that occur asynchronously in 
real-time, such as intertask communications, system 
resource access based upon task priority, real-time 
clock control, and interrupt handling. These functions 
greatly simplify application development in such 
areas as instrumentation and control, test and 
measurement, and data communications. In these 
applications, BLMX-16 provides an environment in 
which system programmers can immediately imple­
ment software for their particular application without 
regard to the details of the system interaction. 



BLMX-16 executive is fully modular and can be readi­
ly configured to suit application needs. It is both hard­
ware and location independent, thus providing a fun-

. damental base on which to build a wide range of ap­
plications systems. In addition, it provides a buslike 
structure that helps to integrate software with the 
underlying hardware through predefined data struc­
tures and interconnect procedures. This architecture 
ensures maximum standardization for both com­
patibility and future expansion. 

Features 
Structured Environment-The BLMX-16 executive 
and its associated modules support and encourage 
modular, structured programming, thus providing a 
consistent structure from application to application, 
which allows experience gained and software written 
on one system to be easily transferred to another. Fre­
quently, entire programs may be used in multiple ap- · 
plications, even if different CPU boards are involved. 

Hardware-Oriented Interface - The BLMX-16 execu­
tive provides for an intertask and task/executive com­
munications architecture that is similar to hardware 
communications. Instead of an array of "mailboxes" 
(or "message centers"), BLMX-16 incorporates chan­
nels. One merely communicates across a channel 
from his module to the desired destination. This inter­
face is consistent throughout the range of facilities 
offered, thus reducing the number of concepts to be 
learned, providing greater control at the task level, 
and increasing the efficiency of the system and the 
programming effort. 
Wide Choice of CPUs-BLMX-16 is compatible with 
the full line of 32-bit NS16000 CPUs offered. These in­
clude the NS16008, NS32032, and the NS16C032. This 
means users will be able to move a NS16032 system: 

• to an NS16008 for cost-effectiveness, 
• to an NS32032 for increased computing power, or 
• to an NS16C032 for military or other low-power 

application. 
Time-Of-Day Clock-The BLMX-16 executive has an 
integral system/time-of-day clock. Included is a real­
time clock configurable to a resolution of 10ms. This 
eliminates the need to allocate the extra memory 
otherwise required forth is feature. 
Small Nucleus-The BLMX-16 nucleus was hand­
coded in assembly language rather than being com­
piled from intermediate or high-level languages. The 
resulting product is therefore smaller and allows the 
incorporation of more features within the size gener­
ally accepted as optimum. 
Priority·Oriented Scheduler-The BLMX-16 sche­
duler ensures that the highest priority task that is 
ready to execute is given control, which allows the 
system to be responsive to its external world. Dy­
namic reprioritization of tasks is supported for the 
most sophisticated of multitasking systems. 
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Real-Time Speed - Because BLMX-16 was hand­
coded in assembly language, several advantages with 
regard to speed are gained. Task swapping, channel 
and message management, and 110 interfacing are 
executed more quickly than could be expected of a 
system written in a higher level language. 
Direct Interrupt Processing -The BLMX-16 archi­
tecture employs interrupt channels which allow 
device-specific interrupt handling routines to inter­
face directly with the interrupt source. This ac­
complishes servicing of interrnpts without the 
overhead of task swapping, yet allows the operating 
system to maintain the integrity of the system. Com­
bining this interrupt service architecture with a 
device-efficient nucleus results in an operating 
system that better supports demanding, real-time ap-
plications. · 
User Conflg.urability- BLMX-16 executive-based ap­
plications may be configured from a wide range of 
facilities, selecting only those that meet the specific 
requirements of the application system. The resultant 
system contains only the modules necessary for its 
use, allowing the BLMX-:16 executive to fit a wide 
range of applications from small, special-purpose, 
dedicated applications to large, general-purpose 
systems. 
Event Driven- In the BLMX-16 executive, each user 
task exists in its own "closed environment" -a 
virtual processor. Each virtual processor can synchro­
nize with external/internal occurrences through 
events. BLMX-16 supports a wide variety of events, 
including synchronization with task activities, ex­
ternal device operations, and the real-time clock. 
Memory Pool Manager-The BLMX-H3 executive 
has an integral memory pool manager. This feature 
not only reduces the amount of RAM required in an 
application system (potentially reduces board 
count), but also allows active modules more buffer 
area within any given space constraint. 

Internal Structure 
The kernel may be viewed as composed of a set of 
functions. These functions are: 

1. Nucleus-performs task and channel manage­
ment and controls executing memory. 

2. Timer Manager-performs time-dependent con­
trol. 

3. Dynamic Task Dispatcher-performs dynamic 
creation and installation of tasks at run-time. 

4. Dynamic Channel Controller-performs dynamic 
creation and installation of software and inter­
rupt channels at run-time. 

5. Memory Pool Manager-performs memory allo­
cation and deallocation for more than 64 K of 
RAM. 



The Timer Manager, Dynamic Task Dispatcher, 
Dynamic Channel Controller, and the Memory Pool 
Manager all operate under direction of the Ex· 
ecutive Nucleus function, which assigns' tasks to 
run on the hardware CPU. 

System Functions 

The BLMX-16 kernel controls CPU allocation by 
resolving conflicting needs of individual tasks, arid 
monitors external events. The Event Manager, Task 
Manager, Channel Manager, Memory Manager, and 
Timer Manager provide system facilities• that are 
directly accessible from the user task level. These 
system functions are summarized below: 

•Task and Event Management 

1. TSKBD 
2. SUSPD 
3. GTPRI 
4. STPRI 
5. WAITE 

6. TSTEV 

c 
p 
u 

- Build a task and schedule it to run. 
- Suspend a task. 
- Get task priority. 
- Change run-time task priority. 
- Wait for an event or combination of 

events to occur before resuming task 
processing, 

- Test the current state of an event. 

HARDWARE TIMER 
INTERRUPT INTERRUPT" 

• • 
• • - -I • . 

I 
~ 

TIMER 
MANAGER 

DYNAMIC TASK 
DISPATCHER 

DYNAMIC 
CHANNEL 

CONTROLLER 

MEMORY 
POOL 

MANAGER 

* 
* 
* 
* 
* 

~RNEL -:-

•Intertask Communication 

1. R.ECV(W) -,. Receive data from a channel and, 
optionally, wait for an event to occur. 

2. SEN D(W) - Send a message to a channel and, 
optionally, wait for an .event to occur. 

3. SIGNL - Synchronize with another.task . 
through event flags; signal 
completion. 

4. BLDSC - Build software channel. 

•Interrupt Handling 

1. LIN K(W) - Link a message control block .to 
interrupt a channel and, optionally, 

2. INTSV 
3. INTEX 
4. BLDIC 
5. CANIO 

wait for an event to occur, 
...:.. Interrupt save via executive service. 
- Interrupt exit from executive. 
~Build an interrupt channel. 
- Cancel 110 .in progress. 

•Memory Pool Management 

1. ALLOC -.Allocate a block of pooled memory. 
2. DALCT - Deallocate memory back to pool. 

•Timer Management 

1. MRKT(W)-Mark a time delay and, optionally, 
wait for an event to occur. 

2. CMRKT - Cancel previously posted mark·time 
event. 

3. GTIMD - Get current time of day. 
4. STIMD - Set current time of day. 

L - r--

DEVICE* 
DRIVERS 

USER TASKS 

FILE * 
SYSTEM 

- - -, 

USER 
• • •*~DEFINED 
• • • INTERRUPT 

HANDLERS 

TLIT/5227·1 RAM POOL 

*May or may not be from 16202 ICU. 
FIGURE 1. BLMX-16 Structure 
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BLMX-16 Executive Shipping Configuration 

One single-sided, double-density diskette or one 
1600bpi magnetic tape containing the following: 

• BLMX-16 Kernel 
• ADemo Package 

Prerequisites 
NSX-16 or NS-ASM-16 for VAX11 Package 

SFW-90-A010 for STARPLEX II™ Package 
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Order Information 
BLMX-16Vt 

BLMX-16St 

Documentation 
BLMX-16M 

VAX11 Package 

1600bpi magnetic tape (9-track 
VMS copy format) and 
reference manual 

STARPLEXll Package 

Single-sided, double-density 
flexible diskette and reference 
manual 

BLMX-16 System reference 
manual 

tSoftware license agreement must be signed prior to order entry. 



~ National Semiconductor PRELIMINARY 

GENIX™ Operating System 

• Implementation of Berkeley 4.1 bsd 
UNIX™ for the NS16032 

• Supports demand-paged virtual memory 
• Each process runs in a protected linear 

address space of up to 16Mbytes · 

General Description 
GENIX is a fully Bell licensed implementation of the 
Berkeley 4.1 bsd UNIX system for the NS16032 micro­
processor family. It is available in binary form as the 
operating system for the SYS16™ development 
system. GENIX is also available in source form and 
can be user-modified to operate on NS16032-based 
target systems that include memory management 
and disc, storage facilities. 
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• Optimal use of NS16032 architectural 
features 

• C compiler 
• Optional Pascal compiler 
• Assembler, loader, run-time support 

library 
• ddt symbolic assembly level debugger 

GENIX; a multitasking, multiuser operating system, 
offers an advanced software development environ­
ment. 

UNIX was originally designed for use on large mini­
computer systems. The National Semiconductor 
GENIX implementation melds the powerful features 
of UNIX with the mainframe-like architectural 
features of the NS16032 microprocessor family. 



Additional GENIX Features 
• Demand-paged virtual memory. Each user has avail­

able a full 16 Mbyte virtual address space enabling 
the execution of programs with large processor 
main storage requirements. 

• Hierarchical file system with 1 Kbyte blocking 
which results in enhanced throughput for disk 1/0 
intensive applications. 

• Standard 4.1 bsd UNIX utilities 

- vi screen edit or 

- C shell with job control facilities 

- termcap and cursor control package for support 
of screen-oriented terminal independent soft­
ware 

- nroff documentation preparation facility with 
popular macro packages 

• source code control system (secs) 

• uucp inter-system co.mmuncations support pro­
gram 

• High-performance IEEE compatible floating-point 
instruction set option 

Minimum Hardware Requirements 

NS16032 32-bit advanced architecture microprocessor 

NS16082 demand-paged Memory Management Unit 

NS16201 Timing Control Unit 

512 Kbyte processor main storage 

20 Mbyte disk storage 

RS232 full-duplex asynchronous communications 
port; one minimum, two preferred. 
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Optional Hardware Supported 

NS16081 high-performance IEEE compatible Floating­
Point Unit 

NS16202 Interrupt Control Unit 

Additional RS232 full-duplex asynchronous. com­
munications ports 

Streaming tape unit 

Centronics-compatible printer 

Processor main storage sizes from 512Kbytes to 
16Mbytes 

Sample 1/0 Drivers 
Console driver 

Disk driver 

Archive streaming tape driver 

Multi port asynchronous RS232 communications driver 

Drivers will need to be modified for specific end­
equipment characteristics and users may add addi­
tional drivers to support end-equipment features. 

Support Category 
Support may be purchased under contract from Na­
tional Semiconductor Corporation. Support available 
includes error reporting and logging, maintenance 
and feature updates, and telephone assistance. 

Licensing 
This software is provided under license from National 
Semiconductor Corporation. A valid Western Electric 
UNIX System Ill or System V source license is a prere­
quisite for the National Semiconductor Corporation 
source license. Licensing provisions include binary 
distribution rights, source license fees and per-unit 
royalties. 






