
























































































































MOVE BLOCK .L•J 

0189-058 

RTX 2000· 
Intel 80960 
Intel 80286 
Intel 80196 
Am 29000 
Motorola 68020 
NEC V25 
National H PC 

Clock Cycles/Word 

2 
6 
4 

8-18 
2 

6-9 
18-22 

1 1 

--------------------------c 
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:II POWER 

Operating 
Current ma 

RTX 2000 110 
Intel 80960 545 
Intel 80286 600 
Intel 80196 300 
Am 29000 440 
Motorola 68020 350 
NEC V25 120 

0189-059 

't'.ft: . .".:: ·. 

m HARRIS 
\.&I SEMICONDUCTOR SECTOR 

I 
01/89 



w PIN COUNT 

Pin Count 

RTX 2000 84 
Intel 80960 132 
Intel 80286 68 
Intel 80196 68 
Am 29000 169 
Motorola 68020 114 
NEC V25 84 
National HPC 68 

0189-060 
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~I ASIC CAPABILITY t•J 

RTX 2000 
Intel 80960 
Intel 80286 
Intel 80196 
Am 29000 
Motorola 68020 
NEC V25 
National H PC 

0189-061 

Yes 
No 
No 
No 
No 
No 
No 
Yes 
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m RTX 2000 VERSUS AM 29000 
I P I 

RTX 2000 Am 29000 

Pin Count 84 169 

Integer Mult. 1 Clock 16+ Clocks 

Code Size 16-Bit 3-6 Times 
Instructions More Code 

Speed 10 MHz . 25 MHz 

0189-062 
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~I RTX 2000 VERSUS INTEL 80960 
L'J 

RTX 2000 

Integer Mult. 1 Clock 

Intel 80960 

9-21 Clocks 

Move Block 2 Clocks/Word . 6 Clocks/Word 
-· 

Call/Return 1-2 Clocks 16-64 Clocks 

Interrupt 4 Clocks 100 Clocks 
Latency 

Pin Count 84 132 

0189-063 
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a::I RTX 2000 VERSUS 80286 

RTX 2000 

. Instruction Set RISC 

Integer Mult. . 1 Clock 

Move Block 2 Clocks/Word 

Call/Return 1-2 Clocks 

Interrupt .· 4 Clocks 
Latency .. 

0189-064 

m HARRIS 
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80286 

CISC 

13-24 Clocks 

4 Clocks/Word 

21-25 Clocks 

24 Clocks 



~I RTX 2000 VERSUS INTEL 80376 
L•J 

RTX 2000 Intel 80376 

Instruction Size 2 Bytes . 3.2 Bytes Avg. 
Move Block 2 Cycles/Word 4 Cycles/Word 
Integer Multiply 1 Cycle 12-28 Cycles 
Call/Return 1-2 Cycles 27 Cycles 

(Within Segment) 

Call/Return 3-4 Cycles 84 Cycles 
(lntersegment) 

Interrupt Response 4 Cycles 71-111 Cycles 
Power 110 ma 400 ma 

0189-065 
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:IJ RTX 2000 VERSUS 68020 

RTX 2000 68020 

Instruction Set RISC CISC 

Pipelined No 3-Stage 

Integer -Mult. 1 Clock 25-28 Clocks 

Move Block 2 Clocks/Word 6-9 Clocks/Word 

Call/Return 1-2 Clocks 34 Clocks 

0189-066 
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:II RTX 2000 VERSUS INTEL 80196 

RTX 2000 Intel 80196 

Clock Rate 10 MHz 12 MHz 

Integer Add 1 Clock 4-10 Clocks 

Integer Mult. 1 Clock 14-23 Clocks 

Move Block 2 Clocks/Word 8 Clocks/Word 

Call/Return 1-2 Clocks 22-27 Clocks 

Interrupt 4 Clocks 16-18 Clocks 
Latency 

0189-067 
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m RTX 2000 VERSUS NATIONAL HPC LIJ 

RTX 2000 National HPC 

Clock Rate 10 MHz 8.5 MHz 
Integer Add 1 Clock 6-21 Clocks 
Integer Mult. 1 Clock 58-76 Clocks 
Move Block 2 Clocks/Word 11 Clocks/Word 
Call/Return 1-2 Clocks 14-21 Clocks 
Interrupt 4 Clocks 11 Clocks 

Latency 

Registers Invisible Only 6 

0189-068 
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~I WHO IS THE RTX 2000 FOR? ._..__, 

CUSTOMERS WHO REQUIRE 

• Outstanding Performance 

• Reduced Cost 

• Predictable Execution 

• Low Power Requirements 

• Compact Code 

• A Family of Possible Solutions 

• A Semicustom Migration Path 

0189-069 
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~I PIPELINE OVERHEAD •_'IJ 

5 STAGE PIPELINE 

1 

2 1 
CD 
E 

3 2 1 f.= 

4 3 2 

5 4 3 

0189-070 

1 

2 
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~I PIPELINE OVERHEAD 
I WI 

Average Cycles 

2.0 

1.8 

1.6 

Assumptions: 
1.4 • Instruction Execution-Time - One Cycle 

1.2 • Successful Branches - 20% 

1.0 

0 2 3 4 5 

Pipeline Size 

0189-071 
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:II BRANCH TARGET CACHE 

0189-072 

fJ 4 Instructions 

1 4 Instructions 

31 4 Instructions 

Branch Target Cache 

DRAWBACKS: 

Four Stage Pipeline 

.1-1-1-1-1 
f 

Instruction 
RAM 

• Cache Missjon Initial Branches 
• Not Predictable 
• Must Design for Worst Case 
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:II CONDITION CODE SCOREBOARDING 

0189-073 

Because the Intel 80960 Requires One Cycle 
to Set the Condition Code, Condition 
Code Scoreboarding Is Utilized 

ADDC R1, R2, R3 
ADDC R4, RS, R6 

2 Cycles 
1 Cycle 

One Extra Cycle Is Required for the First 
Instruction Since the Second Instruction 
Checks the Condition Code 
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m THE ALTERNATIVES L•J 

0189-074 

·Cost 

Integer Add 

Integer Mult. 

Move Block 

Call/Return 

Much More 

1-6 Ti mes Slower 

10-75 Times Slower 

3-8 Times Slower 

10-50 Times Slower 
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:II THE ALTERNATIVES 

0189-075 . 

Interrupt Latency 

Pin Count 

Power Requirements 
-. 

lnstruGtion Size 

Development System 

·' 

3-10 Times Slower 

· 1-3 Times More 

2-10 Times More 

1-3 Times More 

1.5-10 Times More 

m HARRIS 
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:JI REAL TIME EXPRESS 

DESIR URES 

DEVELOPM . ONMENTS 

0189-076 
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ro INTEGRATION 

0189-077 

• Complete Set of Development Tools 
- Editor, Interpreter, Compiler/Linker, Debugger, 

Disassembler /Decompiler, Utilities 

• Benefits of an Integrated Development Environment 
- Single Syntax for All Development Steps 
- All Tools Available at All Times 

- Shorter Turnaround for Changes/Corrections 

m HARRIS 
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:II INTERACTIVITY 

0189-078 

• Allows Programmer to Interact Directly with 

the Execution of the Software Application 

•.Benefits of Interactivity 

- Ability to Test Each Subroutine as Created 

- Fast Prqtotyping 

- Changes to Software Available Immediately 

- Promotes Bottom Up Implementation and Test 

· .. 
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~I OTHER FEATURES 
I P I 

0189-079 

• Inexpensive, Easily Obtainable Host Computer 

• Ability to Test Code Without Target Hardware 

• Debugging Support 

- Full Speed 

- Symbolic 

- On-Line Source Code 

- Interactive 
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ff! REAL TIME EXPRESS 

PROGRA · GUAGES 

EMS 

0189-080 

m HARRIS. 
~ SEMICONDUCTOR SECTOR 

I 



:I) FORTH - BACKGROUND 

I . 

• Designed in the Late 1960's for Real-Time Control 

• Originally Used to Control Radio Telescopes 

• Used Currently in 

- Factory Automation 
- Data Collection Systems 
- Robotics 
- Image Processing 
- Parallel Processing 
- Machine Control 
- Embedded 1/0 Controllers 

0189-081 
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:IJ WHAT IS FORTH 

0189-082 

• FORTH Is a High Level, Interactive, Extensible 
Programming Language 

• The Programmer Creates New Subroutines, or 
"Words" Which Become Part of the Language 

• New Words Can Be Used Interactively or 
To Build Higher Level Words 

• The End Product Is a Language Describing 
the Problem Being Solved 

m HARRIS 
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w SAMPLE FORTH CODE 

0189-083 

: ADD_3 3 + ; 

Start Definition of New Word ADD_3 

3 Pushes Value Onto Parameter Stack 

+ Adds Top Two Elements of Parameter Stack, 
Leaving Result on Stack 

Signals End of Definition and Return 
to Calling Word 
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m FORTH - COMPACT CODE 

0189-084 

~1. ... . . 

• Code Size in FORTH Can Be Smaller Than 
Equivalent Assembly Language Programs 

• Typical FORTH Development System, Including 
Compiler, Interpreter, and Debugger Can 
Run with as Little as SK Bytes ROM and 
2K Bytes RAM 

m HARRIS 
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00 FORTH ON THE RTX 2000 

0189-085 

• FORTH Is Directly Implemented as the Machine 
Language 

- Many FORTH Language Primitives Are Opcodes 

- All Opcodes (Except Memory Reference) Execute in 
One Clock Cycle (100ns at 10MHz) 

- Subroutine Call Requires One Clock Cycle 

- Subroutine Returns Are Either Free (Combined with 
Other Operations) or One Clock Cycle 

- Executes High-Level FORTH at 2x - 10x Faster Than 
Assembly Code Programs on Other Processors 

m HARRIS 
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~I FORTH ON THE RTX 2000™ L•_, 

: ADD_3 3 + - 3 FORTH Instructions 
- 1 RTX Instruction 

1011 1000 1 1 1 00011 

T T T T 
Class + Sub. 3 

Return 

0189-086 
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m "C" ON THE RTX 2000 LL' 

0189-087 

• Available from Harris (Q 1 1989) 

• Implements the Proposed ANSI Standard 

• Includes RTX Specific Extensions 

• Includes an Interactive Debugger 

• Compiles to FORTH-Like Intermediate Language 

• Can Be Linked With FORTH Modules for 
"Bare Metal" Programming 
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m:I RELATIVE LEVELS OF LANGUAGES 

0189-088 

Hardware 

..--Assembler~ 
~--c-~.-

- ADA 

Application 

-
~-FORTH on RTX 2000---.. 

Low High 
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:I:) REAL TIME EXPRESS 

DEVELOPM ONMENTS 

0189-089 
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m RTX DEVELOPMENT SYSTEM tu 

0189-090 

• Runs on PC or Clone - Most of Intelligence in PC 

• Based on PC/FORTH 
TM 

by Laboratory Microsystems, Inc. 

• RTXDS Integrated Development Tools 
- Cross Compiler - TFORTH 
- Debug Monitor 
- Disassembler 
- File Interface 

m HARRIS 
UIJ SEMICONDUCTOR SECTOR 

J 
I 



r 
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m 
~ . ' RTXDS CONFIGURATION 

\ a::::! I / Serial Link 

I~ , ........ l ... \ I I 
•••••••••••• 

111 ~-·.t 11.r.r.:1111::•"'"' ·····:~ .. ···········'·· . DDDDJDDJ ~-· ~·11········~·4L ...... 
I I DDODJDDJ II Host •• Editor 

TFORTH Compiler Target 
Disassembler Target Monitor 
File Interface 

0189-091 
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;II RTXDS CROSS COMPILER - TFORTH 

0189-093 

• Cross Compiles FORTH-83 Compatible Source 
Code to RTX ROMable Machine Code 

• Optimizes for RTX Architecture 

• Designed to Support Embedded Control Systems 

• Provides Support for RTX Features 
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~I RTXDS DEBUG MONITOR 
U'J 

• Fully Interactive 

• Operator May Define Custom Commands 

• Forth-Like Commands 

• Application Programs May Run Unattended 

0189-094 
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~I RTXDS DEBUG MONITOR ._._, 

• Debugging Features 

- Download Program Code 

- Examine/Change Memory, Registers, 1/0 Ports 

- Set Breakpoints 

- Monitor Memory Addresses 

• Real-Time Debugging at Full Speed 

• Symbolic Debugging 

• Source Code and Compiled Code Available On-Line 

0189-095 
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w RTXDS UTILITIES 

0189-096 

• Disassembler 

- Displays Compiled RTX Machine Code as 
Individual RTX Instructions for Timing 
and Optimization 

• DOS File Interface 

- For Saving/Loading RTX Code for 
Programming Proms, Access by Other 
Programs, Etc. 
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w RTXFORTH 

0189-097 

• FORTH Compiler Resides in ROM on an RTX 
Target System 

• Compiles FORTH-83 Compatible Source Code 
to RTX ROMable Machine Code 

• Supports RTX Features 

• Requires PC for Disk Server, Terminal, Editor 

• Serial Communication Program Runs on PC 

• Recompilable 

m HARRIS 
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m MULTI-TASKING KERNEL 

•. Real-Time Operating System Kernel 

- Features 

• Pre-Emptive Multi-Tasker . 
• Prioritized Task Scheduling 
• Inter-Task Communication 
• Memory Management 
• Resource Management 
• Interrupt Handling· 

- Real-Time Debugging Tools Will Be Included 

0189-098 
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w pF/x™ BY FORTH, INC. 

0189-099 

• PolyFORTH Real-Time Operating System 

• Powerful Multi-Tasking, Multiuser Executive 

• Supports Interactive Development on the 
RTX 2000 with the Same Executive That 
Supports Your Real-Time Application 

• Zero-Overhead Interrupt Handling 

• Concurrent Printer Operation 

• Unlimited Number of Users and Control Tasks 
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~ REAL TIME EXPRESS 

0189-100 
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w RTX FAMILY OF PRODUCTS 

REAL TIME PROCESSORS 

• RTX 2000 - 16-Bit with Multiplier, 256 Word Stacks 

• RTX 2001 - Low Cost 16-Bit with 64 Word Stacks 

• RTX 4000 - 32-Bit with Writable Instruction Set 

0189-101 
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~I RTX 4000 32-BIT REAL-TIME PROCESSOR U'J 

• 4G Byte Memory Address Space - 8M Byte Page 

• Highly Integrated Microcontroller: 

- Data and Return Stacks with Bounds Checking 

- Microcode RAM and ROM 

- Macrocode ROM 

- Memory Controller and Interrupt Controller 

0189-102 
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~ REAL TIME EXPRESS 

0189-103 

RTX 1553 - 1553 INTERFACE/CONTROLLER 

• Operates on RTX Memory or ASIC Bus Without 

Wait States 

• Dual Redundant 1553 Buses 

m HARRIS .· 
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MEMORY 
INTERFACE 

110 BUS 

0189-104 

RTX 1553 FUNCTIONAL BLOCK DIAGRAM 

DATA STACK 
MEMORY EXTENSION LOGIC 

HMA 

RTX CORE 

MA1-20 
MA 

MD0-15 
MD 

MA/W 
._MR/W 

LOS 
: LDS 

uos 
: UDS 

CLOCK GENERATOR 

PCU< 

~ PCLK 
2 X CLOCK ~ CLKIN 

-----------1,ieT DS 

10 61~-.,+.----~-------.T 10 

OS. -
AS 

10 

-i411NT 

I 
---i--.,+.--.i. ... AS 

1---1-1--ie'· 10 

-'411NT 

RETURN STACK 

INTERRUPT LOGIC 

DUAL 1553 BUS INTERFACE 

El &-.=E_XT.,:E,..A_NA...:Lc__ 
INTERRUPTS 

DUAL 1553 BUS 
110 INTERFACE 

1---1---ie 10 

-i411NT 

A BUS A+I-....:..:'---) 
B +1-8..:8.;:.U.;:.s___ INTERFACE 

GA0-5 
_ GA 

GD0-15 
GD 

GR/W 
:GR/W 

GiO 
: GiB 

HOST INTERRUPT 
: IRO 

ID • 

TIMER OUTPUTS 
TIMERS •1------

WATCH DOG TIMER 

1 
r 1° FAIL _ INTERNAL FAIL 

~INT 1 
'-----------~ 
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~I REAL TIME EXPRESS l•J 

0189-105 

RTX 2152 HIGH SPEED BUS UART 

• Operates on RTX Memory or ASIC Bus 
Without Wait States 

• Software Compatible with 82C52 
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m 
I P I 

( DO D7 

I IX 

( ox 

< co 

I cs 

I CE 

I AO 

I Al 

I fi/W 

I AST 

( lt.JTR 

0189-106 

RTX 2152 FUNCTIONAL BLOCK DIAGRAM 

DATA BUS BUFFERS 

BAUD RATE GENERATOR 

,_ 
,_ ,_ 

READ/WRITE CONTROL 

CONTROL LOGIC 

·-·-

. .., 1• 

... ,,,,..---• 

" .~ v--• ... 

v 

" ·--· ... 
I I°" 

v 

' 1• 

~ ,_ ·-

UART CONTROL & 
STATUS REGISTERS 

XMIT BUFFER REG 

RECEIV!: BUFFER 

! MODEM CONTROL & 

STATUS REGISTERS 

•i--ii. 
irii. 

4-141 

If,. 

-

--
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w REAL TIME EXPRESS 

0189-107 

RTX DEVELOPMENT SYSTEM 

• RTXDS-10: 10MHz 

RTX DEVELOPMENT BOARD 

• RTXDB-10: 10MHz 

• RTXDB-8: 8MHz 
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:II OPTIMIZED COMPILERS 

• FORTH - Now 

• C - 1st Quarter, 1989 

• Prolog - 2nd Quarter, 1989 

0189-108 
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;JI REAL TIME EXPRESS 

THIRD PPORT 

0189-109 
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:1::1 FORTH, INC. 

• PolyFORTH Multi-Tasking System 

• Training Programs 

• Consulting Services 

0189-110 
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m SILICON COMPOSERS 

• SC/FOX™ System 

• SC/FORTH™ Language 

• Development Services 

0189-111 

.. ~:·!, ;! ... 
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~I VMElnc 
I B I 

0189-112 

• V510 SCSI Channel Processor 

• V401 Single Board Computer 

• Source Code, Development Tools, 
Application Support Available 
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m MICROPROCESSOR ENGINEERING (MPE) 

• RTX 2000 PowerBoard 

• PowerFORTH for PowerBoard 

• Cross Compilers 

0189-113 
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~ ADDITIONAL THIRD PARTY SUPPORT 

0189-114 

·, .. ii.:·~·'· 

• Surrey Medical Imaging Systems 

- RTX2000 Pulse Processor 

- Software Support 

• Others 
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fll REAL TIME EXPRESS 

0189-115 
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:II SUMMARY 

• Fast Processing - 10to'15 MIPS 

• 400ns Interrupt Latency 

• Predictable Operation 

• Low Power Static CMOS 

• Low Cost Development Tools 

• ASIC Migration Path 

• Software Support 

0189-116 

'.<;· ·.-, ...... ,.. . .. 
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