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RTX 2000 ARCHITECTURE

[\] Basep on Novix 4016/6016 ARCHITECTURE
[\ ON-CHIP PARAMETER AND RETURN STACKS
(1] ON-CHIP PERIPHERALS

MULTIPLIER

INTERRUPT CONTROLLER

COUNTER/TIMERS

o ADDRESS 1 MEGABYTE OF MEMORY

k Architecture - 1
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INTSUP

N
INTA

- STACKS

(1] PARAMETER SrAcx
256 WORDS DEEP
16 8ITS WIDE

Tor TWO ELEMENTS ARE AVAILAIL! THROUGH ON-CHIP REGISTERS

o  Retums STACK
256 wonos oeer
21 B1Ts -wWIDE v
- 15'nxrs Pnoénnu‘COuuf:n
= & B1TS AGE

i BIT :ur:nnurr STATUS
BIT DA?A PAGE FLAG

TOP ELEMENT AVAILABLE THROUGH ON-CNIP REGIST!R
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REGISTERS

ToP - TOP ELEMENT OF PARAMETER STACK
NEXT - SECOND ELEMENT OF PARAMETER STACK
INDEX - TOP ELEMENT OF RETURN STACK. LOOP COUNTER.

© 0o o o

ONTROL/STATUS
ONFIGURATION REGISTER (CR)
INTERRUPT BAsE/ConTROL REGISTER (IBC)

(] MuLtisTepr Divioe (MD) - USED FOR STEP MATH OR GENERAL
PURPOSE .

(/] SauARE RoOT (SR) - USED FOR SQUARE ROOTS OR GENERAL
PURPOSE

0 MEMORY PAGE REGISTERS
"CoDE PAGE - INSTRUCTION FETCHES
DATA PAGE - MEMORY ACCESS (@ ! ETC) .
USER PAGE - USER MEMORY ACCESS

o I/0 pevicEs
MULTIPLIER OUTPUT
COUNTER/TIMERS
INTERRUPT MASK

NTERRUPT VECTOR
TACK POINTERS
TACK LIMITS

\ Architecture - 4 )
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ON-CHIP PERIPHERALS

() STACK CONTROLLERS
PROGRAMMABLE LIMIT REGISTERS
GENERATE INTERRUPTS ON OVERFLOW AND UNDERFLOW CONDITIONS

(] INTERRUPT CONTROLLER
14 INTERRUPT SOURCES, INTERNAL AND EXTERNAL
13 MASKABLE, 1 NON-MASKABLE
SOFTWARE INTERRUPT '

[ MULTIPLIER
SINGLE CYCLE 16 X 16 MULTIPLY WITH 32-8IT RESULT
FORTH * IN 3 CYCLES ‘

0  CounTER/TIMERS 3)
16-8IT DOWN COUNTERS
CLOCKED INTERNALLY (TIMERS) OR EXTERNALLY (COUNTERS)
GENERATE INTERRUPTS ON 0 COUNT

\ Architecture - 5

SEMICONDUCTOR PRODUCTS DIVISION




MEMORY INTERFACE

) 1 MEGABYTE ADDRESS SPACE
16 32K PAGES '

] PAGE REGISTERS SELECT APPROPRIATE PAGE

(/] BYTE AND WORD ACCESS

\\‘> Architecture - 6 ' .
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MEMORY INTERFACE

CPR 20-bit address
- |sel - > Memory
DPR .
UPR
TOP

16-bit data

NEXT| <

\\‘¥ Architecture - 7
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ASIC Bus™

(/] DATA PATH BETWEEN TOP AND OTHER REGISTERS AnD I/0
DEVICES

o INPUT DATA IS FED THROUGH ALU BEFORE GOING INTO ToP

] SINPLE INTERFACE FOR MULTI-RTX APPLICATIONS

\ Architecture - 8 /
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RTX INSTRUCTION SET

ALL PROCESSOR INSTRUCTIONS ARE 16 BITS, WITH THE FOLLOHING
GENERAL FI!LDS'

15 12 11 8 7 6 5 4 6
Class | aw | sc || npata

CLASS - GENERAL TYPE OF INSTRUCTION:
SUBROUTINE CALL
Bnnuinls AND LOOPS
MATH/LOGIC FUNCTIONS
EGISTER AND I/0 AccEss
HORT LITERAL
LONG LITERALS
MAIN MEMORY ACCESS
USER MEMORY ACCESS

ALU ALU FuncTION TO BE PERFORMED .

SC SuscLASS. FUNCTION DEPENDS ON CLASS FIELD.

: RETURN BIT. WHEN SET, CAUSES A RETURN-FROM-SUBROUTINE |

. DATA - DEPENDING ON CLASS, INDICATES SHIFT OPERATION
SHORT LITERAL DATA, G-SPACE ADDRESS, OR HEMRY ADDRESS.

\ Architecture - 9 ' ’ )
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RTX INSTRUCTION SET

gUBROUTINE CALL TAKES PLACE IN ONE CLOCK CYCLE

RETURN-FROM=-SUBROUTINE CAN BE PART OF ANOTHER INSTRUCTION

ﬁNCONDITIONAL BRANCH )

ONDITIONAL BRANCH BASED ON CONTENTS OF JOP REGISTER
ONDITIONAL BRANCH BASED ON CONTENTS OF INDEX REGISTER WITH
AUTO DECREMENT OF INDEX REGISTER

M‘Qﬁiﬁ""h -  AND OR NAND NOR XOR XNOR NOT
. Is AND §Q-IIT SHIFTS, EITHER DIRECTION

- SIGNED AND UNSIGNED SHIFTS
N BE COMBINED WITH ALU OPERATIONS

B

SQUARE ROOT

iEADiHRITE PROCESSOR REGIST‘R,OR I/0 oevice

CoMBINE ALU OPERATION WITH DATA FROM REGISTER

OAD VALUE 0 - 31 INTO TOP REGISTER
CoMBINE ALU OPERATION WITH DATA
LITERAL VALUE IS EMBEDDED IN INSTRUCTION

K Architecture - 10 o :
~ . SEMICONDUCTOR PRODUCTS DIVISION
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RTX Iusrabcr:ou SET

LOAD Ee-IIT VALUE INTO TOP REGISTER

ComasINe ALU OPERATION WITH DATA

R%DIESS IN TOP REGISTER, DATA IN NEXT REGISTER

ACCESS MEMORY BY BYTE OR BY WORD

ACCESS PROGRAM MEMORY, DATA MEMORY, OR USER MEMORY ,
ACCESS MEMORY IN EXTHER MSB-LSB onr LSB-MSB mYTE oRrDER
Comszne ALU OPERATION WITH MEMORY DATA '

MOVE BLOCKS OF MEMORY TO/FROM STACK WITH AUTO ADDRESS UPDATE

QQICﬂTI INSTRUCTION REPEATEDLY WITHOUT EXTRA FETCH CYCLES

K Architecture - 11 :
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HARRIS RTX2000
PROCESSORPINOUT

MEMORY INTERFACE PINS

* ASICBUSINTERFACE PINS
INTERRUPT/RESET PINS
CLOCK/WAITPINS
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& HARRIS RTX2000

INTERFACING THE RTX20@@: PROCESSOR PINOUT

o _
G000 000
4 G001 ooy 44
Vi G002 D02 [Btd
G003 n003
oo n004 Het N
G0os npos [dd
ooe 006
Goo? npo? P44
éooe DGR
oo HDO9
GDLO MDLO
011 HO11
012 012
013 013
® GDia MD14
ais "015

SRAWN _ CL e AT MAOE
MAO? Jﬁ—_—
NMI nAG8 H
EIL HAOY
=5 EX2 MAL0
B4 E13 MALL
B4 E1a HAL2
EIs MA13
HMAl4 R
INIGUP €3 ) InTsSuP HALS e
HALE (RAE
INTA A% lrna saL?
HAL8
BESET 82 lreser waig [KAL

Halt. . 2 | WALT Los ﬁi:b&
uos

ICLK . Bl Jreix
TCLK 8oor

BCLK  Glllpcik MR/ a2 MRAAN

RTX2000
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( HARRIS RTX2000
MEMORY INTERFACE PINS

MD00 TO MD15: MEMORY DATA BUS
MAO01 TO MA19: MEMORY ADDRESS BUS
- LDS, UDS: LOWER/ UPPER
DATA SELECT (NOT STROBED)
NEW: INSTRUCTION FETCH
BOOT: GENERAL PURPOSE
MR/W\: MEMORY READ / WRITE

OOOOOOOOOOOOOOOOOOOOOOOOOOO

HARRIS RTX2000
ASICBUS INTERFACE PINS

GDO-GD15: G-BUS DATA
 GAO- GA2: G-BUS ADDRESS
~ GIO\:G-BUSSTROBE

GR/W\: G-BUS READ/WRITE\

IIIIIIIIIIIIIIIIIIIIIIIIIIIII
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~ HARRISRTX2000
INTERRUPT/RESETPINS

' NMI: NON-MASKABLE INTERRUPT

El1-EI5: EXTERNAL INTERRUPTS
EI3-EI5: TIMER/COUNTERINPUTS

~_INTSUP: INTERRUPT SUPPRESS

INTA: INTERRUPTACKNOWLEDGE
RESET:MASTERRESET

\_

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO

~

HARRIS RTX2000
CLOCK/WAITPINS

~ WAIT:WAIT STATE INPUT
ICLK: INPUT CLOCK
TCLK:TIMINGCLOCK
 FREERUNNING
PCLK: PROCESSOR CLOCK
HELD LOW FORWAIT STATES

ICONDUCTOR PRODUCTS DIVISION
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HARRIS RTX2000
MINIMALSYSTEM TIMING
ALLOWS THE USE OF THE
- SLOWESTMEMORIES
NO DECODE ORBUFFERING
- INADDRESS OR CHIP
- ENABLEPATHS
AT MAXSPEED WE\DELAYEDTO

ASSUREADDRESS SETUPTIME
‘TAA=TCY-TAV-TRDS

N\

_J
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M -ARRIS RTX2000

INTERFACING TO R’QMS MINIMAL SYSTEM

Lo HIGH BYTE
HaT1E ENABLE DECODER . HRITE ENABLE DECODER
- A Yo
s i H
PCLK DELAY CIRCUIT < M3 £
i H
Y

. 39 Y5 PAg— ]
G2a Y6 D&
G228 Y7
. . i u
e Al

74F04 . 74FQ4
LoM BYTE RAM IGH BYTE RAM .
4—4igda0  Deo A0 D@0 .
) 4 a1 - DQl1 AL Dol
, 2 g | %
( : A Q -
OUTPUT ENABLE DECODER a3 e a3 o val
- as pas H AS  DQS -
A6 0q6 H A6 D46 -
A? D7 . a7 D@7
A8 A8
a9 A9
Al '
A4 A1l L34 A1l
M A12 1 Ai2
a13 < Py TN
ALd ] a14

CRITICAL SPEED PATH: USUALLY ADDRESS ACCESS TIME

TAA = TCY - TAV = TRODS
. ; A0HHZ (]
Cv: PCLK CYCLE TIME . I - laé
AV: PCLK HIGH TO ﬁDDRESS VRLID
RQSi READ DAIA Y4 PCLK HIGH
Y R HL

- 01
S0l

FOR SPEEDS ABOVE BMHz, WEN IS GATED WITH DELAYED PCLK: PCLK
AT B8MHZ AND BELOW, GATING WITH UNDELAYED PCLK 1s SUFFIC!EN‘

_
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M ARRIS RTX2000

INTERFACING TO ROMS: MINIMAL SYSTEM

LOW BYTE ROM

X~

HIGH BYTE RAM

PaLK

ma

= i
A2 02 Hee— a2 02
OUTPUT ENABLE DETODER a 3 - o
As 05 - As o5
A6 - 06 % A6 06
a7 07 a? o7
Qg A
a3 A9
A10 Al
ALl ALL
bt a12 * at2
-,:;;: a1s g8 a1
Alde Als
vee vee vee vee
CRITICAL SPEED PATH: USUALLY ADDRESS ACCESS ‘TIME
TAA = TCY - TAY - TROS . :
- 10MHz SMHz
TYTPLIR TYELE TIRE 88 T 12
s3 5
H
4 .
SEMICONDUCTOR PRODUCTS DIVISION
3 HARRIS -
15 RTX200
Wrerr1s RTX2000
MINIMUM SYSTEM: 10WHE TIMING 7 :
AQOne
Se/S20a 48/44ns
+ RN
Sing -
,/ K
: 35ns i2ns

"o
aur
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HARRISRTX2000
UNBUFFEREDSYSTEMTIMING

* ALLOWS GREATER
DECODING RANGE
LOWERSYSTEMPOWER
ONLY ONEDECODER
INCRITICALPATH
TAA=TCY-TAV-TPD-TRDS
WE\REQUIRES GREATER
DELAY AT FULL SPEED

(— m HARRIS.
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) HARRIS RTX2000

INTERFACING TO RAMS: UNBUFFERED SYSTEM

CHIP ENABLE DECODER OUTPUT ENABLE DECODER . HRITE ENABLE DECODER

=
=

RN ¢ w43
2 URy—or
My ] A

PCLK DELAY CIRCUIT .

74F04 74704
B ns ne . S
TAV: PCLK HIGH 70 ADDRESS VALID S3ns Séns
TPD: 74F 138 PROP DELAY TIME 8ns B8ns B
TRDS: READ DATA VALID TO PCLK HIGH i2ns 12ns 74F0

CRITICAL SPEED PATH: USUALLY CHIP ENABLE ACCESS TIME
TAR = TCY = TAV ~ TPD - TROS

NOTE:
ADORESS MAY BE BUFFERED ONE LEVEL WITHOUT A SPEED PENALTY. .
WRITE ENRBLE MAY BE GATED WITH UNDELAYED PCLK WHEN FREQUENCY 74F04 © 74F04
IS LESS THAN OR EQUAL TO 8MHz. -

SEMICONDUCTOR PRODUCTS DIVISION
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M HeRRIS RTX2000

INTERFQCING TO ROMS: UNBUFFERED SYSTEM

CHIP ENABLE DECODER

A, Yo 4§
8 Vi
1
vee M .
$a BS
é2m 7 p-L A

LOW BYTE ROM

OUTPUT ENABLE DECODER

YUY
il
%%

7
1
M

] AY,

AQ 00 |44 a0 00 |44
AL o1 [44 a1 o1
A2 02 {4y A2 02
A3 o3 a3 03
A4 04 a4 04
as 0s As % Hi
A6 o8 a8 06
a7 o7 A7 07 |43
a8 Ae
ato : alo
1
ALl $4—<3- A1l
p12 n12
vee vee
VPP VPP
TR T
PELK DELAY CIRCUIT
CRITICAL SPEED PATH: USUALLY CHIP ENABLE ACCESS TIME
TAA = TCY - TAV =~ TAD = TROS ' ' N
74F04 74r04
PCLK NIGR To. noon:ss VALID
TPD: 74F 138 PROP DELAY
TROE: REAB DATA VALID T0 RELK HIGH 74K Q.
NOTE:
AODRESS MAY BE BUFFERED ONE LEVEL WITHOUT A SPEED PENALTY.
MRITE ENABLE MAY BE GATED UITH UNDELAYED PCLK WHEW FRESUENCY 74F04 74F04
Iz,

\ - LESS THAN OR EQUAL TO

& HARRIS

‘SE»MICONDUCTOR PROﬁUCTS DIVISION

WJHARRIS RTX2000

UNBUFFEPED_SYSTEM: 19MHz TIMING

ADgna

363208 1 me—d844n8
PCLK '_7" x5 :_—_.___—’

[ 3799 -
»a
o« LTI IR TN
oeN R - /I

arny e dATIA. :

Ll AN \Tllllaan ~ \ ALY VAN ‘“\\.\\\ SO WIS OTIIIIINSS III}I Illlllg
™ 22222 2. 2202227 S LRSS
7774 AN MAINNNNNNNN
bed AN - - Ve o <& s -
our 2 2. 222 <
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HARRISRTX2000
BUFFEREDSYSTEMTIMING

FULLY BUFFERED FOR LARGE
- MEMORY ARRAYS
- DATABUFFERDELAY IN
CRITICAL SPEED PATH
BOTHWE\AND DATA BUFFER
ENABLE DELAYED FOR
~ WRITE CYCLE AT FULL SPEED
TAA = TCY -TAV -TDD-TBD -TRDS

\ - SEMICONDUCTOR PRODUCTS DNIQION

(- % HARRIS _
&) HARRIS RTX2000

INTERFACING TO RAMS: BUFFERED SYSTEM

CHIP ENABLE DECODER QUTPUT ENRBLE DECODER WRITE ENABLE. DECODER

la Yo
8 Yi
g G1 ;; Gi 'YS x
< | he_ 0 ’
& e ¥ P
DATA BUS BUFFER } L an HIGH BYTE RAM
: i
aMDO i31a0 00 ‘e A0 00
1ol 1AL B1 A Al DL Al D1
wilk A2 B2 A2 D2 |44 - A2 02
1ol A3 B3 A3 D3 di R3 03
Tl A4 Ba [ A4 04 H A4 pa
. B RS BS [H4 AS DS H: - AS DS
a1 A6 86 A6 06 (4 A6 06
s 5o 5 50
- A9 i 1 A9
OIR ALl 4 ALl
s A12 Al12
: T 3T
& &
K112 E—— K325 N—

) PCLK DELAY CIRCUIT
CRITICAL SPEED PATH: USUALLY. CHIP ENABLE ACCESS TIME g

TAA = TCY - TAY - TDD - 18D - TRDS . . o PSLKN
- - ToEEE

+ PCLK CYCLE TIWI ns 74F04
B K HI TO ADDRESS VALID 53 Séns

TDD:  DECODE "DEL

TBD: BUFFER DELAY T

RDS: READ DATA VAI

ELAY -TIME l 8ne
ME . 7n- 7ns .
LID TO PCLK HIGH 12ns
ZO 42ns K
4F

N
D ESS MAY BE BUFF ED ONE LEVEL WITHOUT A SPEED PENALTY.
R T N BLE MAY B ATED l H UNDELRYED PC WHEN FREQUENCY
IS LESS THAN OR EQUAI L To emi

K - . — SEMICONDUCTOR PRODUCTS DIVISION
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RTX2000

CINTERFACING TO ROMS: BUFF‘ERED‘ SYSTEM

CHIP ENABLE DECODER

OUTPUT ENABLE DECODER

Yo AN
8 vl
v2
3
a1 Ve
Y
G2a Y6 P&
G28  v7
BUS BUFFER HIGH BYTE ROM
A 4—Ai8 a0 00
AL B A A1 o1
Az B2 A A2 02
a3 B3 A A3 03
A4, ‘B4 a Aq 04
AS B85 A AS 05
a6 - B6 A 'Y 06
a7 87 A a? . o7
A8 B8 A A8
a9 as
G o at
OIR e m a1
YITIAS ALz A12
.WC% §§H vee
i VPP VPR

CRITICAL SPEED PATH: USUALLY CHIP ENABLE ACCESS TIME

TAA = TCY - TAV = TDD - TBD -.TROS

E1ER

t PCLK CYCLE TTHI
PCLK HIGH TO ADORESS VALID

DECODE DELAY TIME .

BUFFER DELAY T
READ DATA VAL

ME
D TO PCLK HIGH

NOTE: o o
QODRESS MAY BE BUFFERED ONE LEVEL WITHOUT A SPEED PENALTY.

3 HARRIS
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PCLK DELAY CIRCUIT

R 74F04 . 74FD4

@HARRIS RTX2000

BUFFERED SYSTEM: 10MHz TIMING

a

[

"o -
I~

wes

"o
our

0
AT

i00ns

S6/s2ns

A8/44ns

S3na

2008
78 Z
N SSESSSSS
108 o 2208 lo2Of_
v L A,
T
0085 W
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(O HARRISRTI2000
 ASICBUSINTERFACE

OUTPUTPORT
STROBEDWITH GIO\
TIMING NOT CRITICAL
INPUTPORT
TIMING CRITICAL
STROBED EVERY READ CYCLE
ON74F540 OR74AC540

\ SEMICONDUCTOR PRODUCTS DIVISION
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M HERRIS RTX2000

TYPICAL ASIC BUS INTERFACES

k. SEMICONDUCTOR PRODUCTS DIVISION
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THE RTXDS DEVELOPMENT SYSTEM

& SEMICONDUCTOR PRODUCTS DIVISION

OVERVIEW

[\] THE ENVIRONMENT IN WHICH THE HArRrIS RTX2000 wriLL BE USED IS
REAL-TIME EMBEDDED PROCESS CONTROL.

-] THE REQUIREMENTS FOR THESE SYSTEMS AS COMPARED TO
CONVENTIONAL COMPUTER SYSTEMS ARE UNIQUE:

) CuSTOM DESIGNED HARDWARE AND UNIQUE I/0 DEVICES AND
INTERFACES.

4] INTERRUPT DRIVEN, REAL-TIME AND TIME CRITICAL APPLICATIONS.

o ROM BASED CODE AND LIMITED AVAILABILITY OF RAM anD ROM
STORAGE.

K "~ RTXDS - 1
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RTXDS - 2

Dev M

EMBEDDED (OR TARGET) SYSTEMS ARE GENERALLY INAPPROPRIATE
ENVIRONMENTS FOR THE DEVELOPMENT OF APPLICATIONS SOFTWARE.

THE TARGET SYSTEM MOST OFTEN LACKS SUPPORT FOR PROGRAM
DEVELOPMENT AND TESTING:

NO AUXILARY STORAGE (DISK),

NO INTERFACE TO A HUMAN OPERATOR (CRT/KEYBOARD),

LIMITED MAIN STORAGE (RAM), .

LACK OF MATURE SOFTWARE SUPPORT AND DEVELOPMENT TOOLS.

(—@HARRIS

RTXDS -

N

-~ SEMICONDUCTOR PRODUCTS DIVISION

Testing Anp FAULT ISOLATION

EXCESSIVE COST, IN. BOTH DOLLARS AND IN ELAPSED TIME,

ASSOCIATED WITH THE IMPLEMENTATION OF SOFTWARE HAS BECOME OF
OVERRIDING CONCERN IN THE DESIGN AND DEVELOPMENT OF COMPUTER

SYSTEMS. ‘

THE SOFTWARE DEVELOPMENT PHASE MOST OFTEN UNDERESTIMATED,
LEADING TO COST AND TIME OVERRUNS, IS THAT OF SOFTWARE
TESTING AND FAULT ISOLATION.

THESE PROBLEMS ARE COMPOUNDED IN THE TESTING OF COMPLEX
‘REAL-TIME EMBEDDED SYSTEMS.

3

SEMICONDUCTOR PRODUCTS DIVISION
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TESTING OF EMBEDDED SYSTEMS

] DEVELOPMENT AND TESTING OF SOPHISTICATED EMBEDDED SYSTEMS IS
OFTEN EXCEPTIONALLY COSTLY AND TIME CONSUMING.

] BOTH THE HARDWARE AS WELL AS THE SOFTWARE IN SUCH SYSTEMS MAY
BE UNIQUE AND UNDER DEVELOPMENT. THE SYSTEM IS BEING
INTEGRATED AS TESTING IS CONDUCTED. AS A RESULT, FAULTS ARE
DIFFICULT TO ISOLATE. .

[} THE DEMANDS OF A REAL-TIME, INTERRUPT DRIVEN SYSTEMS, OFTEN
WITH MULTI-TASKING, MAY INTRODUCE RACE CONDITIONS THAT CAN BE
EXCEPTIONALLY DIFFICULT TO REPRODUCE AND TO DEBUG.

\\‘> RTXDS - 4
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TESTING OF EMBEDDED SYSTEMS

] THE PROGRAMMER OR OPERATOR HAS LITTLE VISIBILITY INTO THE
SYSTEM UNDER TEST. UNLIKE MORE CONVENTIONAL COMPUTER
SYSTEMS, THE RESPONSES OF AN EMBEDDED SYSTEM OFTEN REFLECT
SECOND OR THIRD LEVEL EFFECTS THAT MAY BE NEAR USELESS IN
ISOLATING PROGRAMMING ERRORS.

(/] THERE ARE FEW PERIPHERAL DEVICES ON AN EMBEDDED SYSTEM THAT
ARE tlns:rm. IN TESTING. THERE IS NO OPERATOR INTERFACE
(CRT/KEYBOARD) AND LIMITED INTERNAL STORAGE.

] A DIGITAL ANALYZER IS A USEFUL TOOL BUT IS SOMETIMES AWKWARD
BECAUSE OF THE MICROSCOPIC LEVEL OF DETAIL PROVIDED.

] LASTLY, THERE IS NO ON-BOARD SOFTWARE TO FACILITATE TESTING
OF THE PROGRAMS.

\ RTXDS - 5

SEMICONDUCTOR PRODUCTS DIVISION




(—@HARRIS

B

\ RTXDS - 7 ’ .
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RIXDS
A DEVELOPMENT ENVIRONMENT FOR EMBEDDED SYSTEMS
GoaLs ’
THE SYSTEM nusr PROVIDE A FORTH INTERACTIVE SUPPORT
ENVIRONMENT.
THE TOOLS SHOULD BE INTEGRATED TO FORM A SEAMLESS DEVELOPMENT
ENVIRONMENT.
THE PROGRAMMER SHOULD BE ABLE TO USE SYMBOLIC REFERENCES.
THE TARGET PROCESSOR MUST BE ABLE TO OPERATE AT FULL SPEED.
\\\¥ RTXDS - 6
SEMICONDUCTOR PRQDUCTS DIVISION

Iue Host

TO BUILD APPLICATIONS SOFTWARE IN A PRODUCTIVE AND COST
EFFECTIVE MANNER, WE HAVE CHOSEN TO IMPLEMENT MUCH OF THE
SOFTWARE SUPPORT ENVIRONMENT ON A HOST COMPUTER SYSTEM.

THE APPROACH IS AN ACCEPTED AND EFFECTIVE MEANS OF
IMPLEMENTING EMBEDDED COMPUTER SYSTEMS.

THE HOST AND TARGET ARE CONNECTED THROUGH A SERIAL INTERFACE.

THE APPROACH ALLOWS A UNIQUE SOFTWARE DESIGN ENVIIONN!IT, ONE
THAT IS A RELIABLE COMBINATION OF HARDWARE AND SOFTYWARE-AND
ONE THAT IS RICH IN BOTH HARDWARE FACILITIES AND IN SOFTWARE
SUPPORT TOOLS.

N
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RTXDS DEVELOPMENT ENVIRONMENT

EdEtor L Serial link

TForth Cross-compiler =g <
Disassembler .

File Interface RTX

Target System
Host PC J
Target Monitor
\ RTXDS - 8 -
SEMICONDUCTOR PRODUCTS DIVISION
I4E Host

(/] WE SELECTED AS A HOST THE IBM. (OR COMPATIBLE) PC WITH A FULL
COMPLEMENT OF FACILITIES:

. EXTENSIVE INTERNAL STORAGE,
HIGH VOLUME EXTERNAL (DISK) STORAGE,
CONVENIENT HUMAN INTERFACE (CRT/KEYBOARD),

A SOPHISTICATED SOFTWARE BUILD ENVIRO T R
SUPPORT ToOLS (LMI's PC?FORTﬁ?. NHENT AND MATURE

THE TARGET

0 Tgsorunezr SYSTEM CAN BE ANY BOARD CONTAINING THE HARRIS RTX
2 PROCESSOR ALONG WITH MINIMAL SUPPORT HARDWARE

\\\‘¥7 RTXDS - 9
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RTXDS STRUCTURE

PC/FORTH kernel
[ il ]
| mrxos module | | Editor |
— .

I Compiler I , Disassenbler1‘l Debugger I Ilile Interface

- 10

\\“ RTXDS

r‘—@HARRIS

.

\\~> ~ RTXDS - 11
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DEVELOPMENT ToOLS
IN THE RTXDS DEVELOPMENT ENVIRONMENT, HARRIS PROVIDES A

COMPLETE SET OF PROGRAMMING SUPPORT TOOLS TO AID THE
PROGRAMER. ,

IFORTH

Tue TFORTH CROSS COMPILER PROVIDES THE SOFTWARE DEVELOPMENT
ENGINEER WITH A SYSTEM TO CONVENIENTLY HANDLE SOURCE PROGRAMS
AND TO GENERATE LE OBJECT CODE FOR THE PROCESSOR.

DisassEMBLER
THE DISASSEMBLER IS A SOFTWARE DEBUG TOOL THAT CONVERTS

:‘I’::RY OBJECT CODE INTO A SEQUENCE OF THE CORRESPONDING FORTH

FILE INTERFACE
THIS SET OF MODULES PROVIDE THE PROGRAMMER WITH CONVENIENT
ACCESS TO DISK FILES.

SEMICONDUCTOR PRODUCTS DIVISION
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A DIRECT SERIAL LINK FROM THE HOST TO THE TARG!T
FACILITIES THE SOF'I'HARE BUILD PROCESS.

THE LINK PIOVID!S A MEANS OF TRANSFERRING OBJECT CODE FROM
THE HOST TO THE TARGET TO FACILITATE RAPID PROTOTYPING OF
APPLICATIONS SOFTWARE.

IT ALSO ALLOHS US 1’0 LINK THE TWO SUBSYSTEMS IN SUCH A WAY
THAT WE NOT ONLY PROVIDE THE DESIGN ENGINEER WITH AN
EFFECTIVE MEANS FOR BUILDING SOURCE PROGRAMS AND GENERATING
'TARGET CODE, BUT IN ADDITION THE LINK SUPPORTS A POWERFUL
TESTING AND FAULT ISOLATION CAPABILITY.

~ RTXDS - 12

-

RTXDS - 13

SEMICONDUCTOR PRODUCTS DIVISION
3 HARRIS
RIXDS

A MAJOR FUNCTION OF RTXDS 1s 1o novxb: A PROGRAMMER/OPERATOR
WITH VISIBILITY INTO A CONTROL OF THE SYSTEM UNDER TEST. THE
SYSTEM PROVIDES A POWERFUL SET OF UTILITIES TO SUPPORT THE
APPLICATION DEVELOPER IN DEBUGGING SOFTWARE.

THE DEBUG FACILITIES ARE DESIGNED AND IMPLEMENTED IISI“G THE

HOST AND TARGET SUBSYSTEMS AS AN INTEGRATED SOFTWARE

- .DEVELOPMENT FACILITY -TAKING ADVAI‘I'AB! OF THE WAI!I.!TI!S OF

EACH SUBSYSTEM IN THE D!Slﬁl. .

SEMICONDUCTOR PRODUCTS DIVISION




@HARﬁls

JFORTH EMULATOR

0 Tne_TFORTH CROSS COMPILER IS AS CLOSE AS PO
FORTH-gg SYSTEM. ‘ POSSIBLE TO A

(] Tue TFORTH EMULATOR PROVIDES A METHOD OF Tasr:us APPLICATION
SOURCE coDE wITH PC/FORTH on THE HosT PC.

0 THE FACILITY IS USEFUL FOR PRELIMINARY r:stxue OF AN
APPLICATION.

0 THE EMULATOR MODELS rus BEHAVIOR OF THE RTX REGISTERS AND THE
ASIC Bus.

_\ RTXDS - 14

N

SEMICONDUCTOR PRODUCTS DIVISION

T HARRIS

RTXDS

] THE SYSTEM PROVIDES HIGHLY INTERACTIVE CONTROL TO THE
PROGRAMMER TESTING SOFTWARE ON THE TARGET SUBSYSTEM.

(4] THE PROGRAMMER HAS THE CAPABILITY TO TEMPORARILY STOP THE
EXECUTION OF PROGRAMS IN A UNIT TEST, AND TO IXM!II AND
CHANGE THE STATUS OF THE TARGET SYSTENM.

(] PROGRAMMER CONTROL IS AT THE CONSOLE OF THE HOST. THE
PROGRAMMER IS ABLE TO SELECTIVELY TRACE THE ACTIONS OF
PROGRAMS EXECUTING ON THE TARGET, TO EXAMINE AND TO CHANGE
PROCESSOR REGISTERS AND STORAGE ON THE TARGET SUBSYSTENM.

(] REFERENCES TO THE VARIABLES AND DEFINITIONS WITHIN THE TARGET
ARE SYMBOLIC. A DICTIONARY IS MAINTAINED IN ‘I’ll! HOST TO MAP
THE SYMBOLS TO THE TARGET ADDRESSES.

\ RTXDS - 15
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>@ >(C@

>l >C!

>.§ >MOVE >CMOVE

>DROP >DUMP  >EXECUTE

>FILL >. >U.

>, REG >.RR >PUSH >POP
>SET.BREAK  >CLR.BREAK
>DOWNLOAD  >UPLOAD

>Gé >6! >60

>LOAD
>3

\ RTXDS - 16
: SEMICONDUCTOR PRODUCTS DIVISION
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VISIBILITY INTO THE TARGET

[\ DISPLAY FACILITIES THROUGH THE HOST ALLOW THE PROGRAMMER TO
» VIEW THE PROGRESS OF EXECUTION OF A PROGRAM UNDER TEST ON THE
b TARGET SUBSYSTEM. )

(] THESE FEATURES ARE INCORPORATED INTO THE TFORTH
CROSS-COMPILER AS STANDARD FORTH rFumcTIONS.

Q THE FEATURES ARE IMPLEMENTED SUCH THAT THESE DEBUG UTILITIES
GENERATE NEITHER EXECUTION OVERNEAD NOR STORAGE REQUIREMENTS
IN THE FIMAL TARGET SYSTEM.

\ RTXDS - 17
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CR

. DUMP

EMIT

>RANGE

K RTXDS - 18
- SEMICONDUCTOR PRODUCTS DIVISION

(—%HARRIS

\\\~7 RTXDS - 19

BBEAKZQIHI;EASILIII

WE ASSUME THAT IN A TEST ENVIRONMENT, THAT CODE AS WELL AS
DATA WILL RESIDE ON THE TARGET SUBSYSTEM IN RAM.

WE INCLUDE A CAPABILITY TO ALLOW THE 'PROGRAMMER TO INSERT A
BREAKPOINT INTO THE CODE BEING TESTED.

WHEN A BREAKPOINT IS ENCOUNTERED DURING PROGRAM EXECUTION, A

TRANSFER TO THE MONITOR IS INITIATED AUTOMATICALLY THAT
ALLOWS THE OPERATOR TO GAIN CONTROL AT THE HOST CONSOLE.
THE OPERATOR HAS THE OPTION TO:

EXAMINE THE TARGET SYSTEM STATUS,

RESUME EXECUTION, OR '

CANCEL THE BREAKPOINT.

SEMICONDUCTOR PRODUCTS DIVISION
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SUMMARY
0 RTXDS PROVIDES THE PROGRAMMER WITH AN INTEGRATED FORTH

ENVIRONMENT.

] IT IS SPECIFICALLY DESIGNED TO SUPPORT THE DEVELOPMENT OF
REAL-TIME EMBEDDED SYSTEMS.

0 OuR EXPERIENCE INDICATES THAT RTXDS OFFERS A FLEXIBLE AND
PRODUCTIVE ENVIRONMENT FOR THE PROGRAMMER.

\ RTXDS - 20 '
SEMICONDUCT OR PRODUCTS DIVISION
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HARRIS RTX SEMINAR

ReaL TiMe ExPRESS DEVELOPMENT BOARD

( RTXDB )

Tim Dwyer )
LEAD ENGINEER
HARDWARE SUPPORT DEVELOPMENT

\
/—@HARRIS

SEMICONDUCTOR PRODUCTS DIVISION J

OVERVIEW

o FEATURES
V BLock DIAGRAM
Memory Mar
I/0 Porrs
SERIAL PoRT
PROTOTYPE AREAS
BoArRD OPERATION

K Real Time Express Development Board 2 of 11 ‘ j
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-

FEATURES
0 BASED ON THE HARRIS RTX2000 PROCESSOR

FLEXIBLE AND EXPANDABLE

16K 8y 16 ZERO WAIT STATE STATIC RAM
8K By 16 SysTem PROM :
Up To 8K By 16 User PROM

16-Bxr INPUT AND OUTPUT PORTS

HiGH SPEED SERIAL PORT

PROTOTYPE AREAS

© 0 06 0 0 o ©

Real Time Express Development Board 3 of 11

(—%HARRIS
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MeMORY MAP

~ QUADRANT 1 QUADRANT 2 QUADRANT 3 QUADRANT 4 §
; FIRST FOUR PAGES : : E I' §
; FULLY DECODED : : ! : g
N i e

Real Time Express Development Board 5 of 11
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MEmORY MAP, PAGE ZERO

'OFFFE
INSTALLED RAM
( 16K WORDS )
PROVIDED FOR
APPLICATION
SOFTWARE
08300 - - = — — -
RESERVED FOR
08000 SYSTEM USE
O7FFE ~
RESERVED FOR
USER PROM
( 8K WORDS )
04000
O3FFE
SYSTEM PROM
" INSTALLED
({ 8K WORDS )
(TARGET MONITOR)
K Real Time Express Development Board 6 of 11
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I/0 PorTs .
0 THREE 16 BIT OuTPUT PORTS (LATCHED)

0 THReg 16 BIT INPUT Pogrs (SAMPLED)

k Real Time Express Development Board 7 of 11

SEMICONDUCTOR PRODUCTS DIVISION
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SERIAL PORT
0 STANDARD BAUDRATES UP THRU 19,200 BAuo
1] STATUS LEDS FOR DATA AND HANDSHAKE SIGNALS
o HEADER ALLOWS CONNECTOR PINOUT TO BE CHANGED

\ ) Real Time Express Development Board 8 of 11
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PROTOTYPE AREAS

[} ALLOWS RTXDB TO BE USED AS FOUNDATION FOR USERS
PROTOTYPE :

0 ALLOWS EXPANSION OF RTXDB
20% OF TOTAL BOARD AREA
0 MEMORY AREA

() HEADER WITH MEMORY ADDRESS, DATA, AND CONTROL
SIGNALS :

.o UP TO FOUR 28-PIN DEVICES
o ASIC Bus AREA v
(/] HEADER WITH G ADDRESS, DATA AND CONTROL SIGNALS

o 24 BY 28 ARRAY OF PLATED HOLES
FOR PIN GRID ARRAY AND OTHER PACKAGE TYPES

o DuaL INLINE PACKAGE (DIP) AREA
FOR STANDARD LOGIC IN DIPs

\ Real Time Express Development Board 9 of 11

SEMICONDUCTOR PRODUCTS DIVISION

o
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BoARD OPERATION
o Green LED
0  Power On, FUsE INTACT
o RESET SwitcH ‘
. 0. RTX2000, 82C50A, PARALLEL OuTPUT PORTS
o  Reo LED -

0  BLINKING - AFTER RESET, RTXDB wAITING FOR HOST TO
© ESTABLISH COMMUNICATION

0 - On - RTXDB WAITING FOR A COMMAND FROM THE HOST
(] OFF - RTXDB 1$ EXECUTING INSTRUCTIONS .
RS232 ConnecToR

o PoweER connecTOR

\ Real Time Express Development Board 10 of 11
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TForTH COMPILER

K,

SEMICONDUCTOR FRODUCTS DIVISION
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»TFontu COMPILER

0  FORTH-83 CoMPATIBLE

o CrosS-COMPILES TO RTX MACHINE CODE

o  OpTIMIZES ron‘RTx ARCHITECTURE

0 DESIGNED TO SUPPORT EMBEDDED CONTROL SYSTEMS

HEADERLESS CODE
DEBUGGING SUPPORT

K TForth - 1
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TFOrRTH FEATURES

0 - DIRECTIVES CONTROL COMPILER ENVIRONMENT

(] COMPILES IN SEPARATE BLOCKS TO SUPPORT INTERRUPTS,
VECTOR TABLES, ETC.

0  PROVISIONS FOR GENERATING CUSTOM RTX INSTRUCTIONS
EB42 UCODE €2+ =>  DUP @ SWAP 2+

(4] CAN BE USED INTERACTIVELY FROM HOST MONITOR

\

K TF. @ =2 -
> - SEMICONDUCTOR PRODUCTS DIVISION
' \

(—@HARRIS
TFORTH MEMORY STRUCTURE

0 COMPILES CODE INTO PC MEMORY SEGMENT

0 MAINTAINS HEADERS IN SEPARATE TARGET DICTIONARY

\ TFc¢. *h - 3 :
: SEMICONDUCTOR PRODUCTS DIVISION
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TFORTH MEMORY MAP

PC Memory

PC/FORTH dictionary
TForth
Editor

Target memory

Target
Monitor

Debugger

PC/FORTH stack

Target dictionary

Target code buffer

RAM

SEMICONDUCTOR PRODUCTS DIVISION
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CoMPILER DIRECTIVES

'

o COMPILER INVOCATION

START-TFORTH -
ENDTFORTRTY - TURNS COMPILER O,

] MEMORY CONFIGURATION

RAM-ONLY - aLL RAM
RAM/ROM - SEPARATE MEMORY SPACES

o MEMORY ADDRESSING

ROMORG - SET CODE ADDRESS
RAMORG - SET DATA ADDRESS

K TForth - 5

SEMICONDUCTOR PRODUCTS DIVISION

] ALL DIRECTIVES HAVE DEFAULTS, SOME CONFIGURABLE




TFORTH EXAMPLE

\ TForth Example 1

\ Calculates 2a + b - c

START-TFORTH

HEX 0000 ROMORG

: WORDL ( abc --res)
- SWAP DUP + + ;

: WORD2 2 3 4 WORD1 ;

| END-TFORTH

\ TForth - 6

- %'HARRIS

: \\;_ TForth - 7

SEMICONDUCTOR PRODUCTS DIVISION

DISASSEMBLER

0 DecompiLES RTX cODE TO FORTH PRIMITIVES

(4] USEFUL FOR INSTRUCTION SEQUENCING AND TIMING

SEMICONDUCTOR PRODUCTS DIVISION
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DISASSEMBLER INVOCATION

(V] ADDR COUNT DASM
© ADDR DASM; DISASSEMBLES ONE WORD

0 FULL DASM DISASSEMBLES ALL COMPILED CODE

\ . TForth - 8

SEMICONDUCTOR PRODUCTS DIVISION

(—@ HARRIS
DISASSEMBLER EXAMPLE

Harris Semiconductor RTXDS Disassembler V1.0

Page 1

K TForth - 9

06/10/88 07:38 class.scr
Address Opcode Operations
0000 ¢ WORD1
AC40 -
0002 AES80 SWAP
0004 A0CO DUP
0006  A840 +
0008 A860 +
! 000A ¢ WORD2 ‘

000C BE43 LIT 03
000E BE44 LIT 04
0010 0000 WORD1
0012 A020 H

SEMICONDUCTOR PRODUCTS DIVISION
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RTX EXTENSIONS

(] REGISTERS AND PERIPHERALS
IBC@® - READS INTERRUPT BASE/CONTROL REGISTER
TC1l! - WRITES VALUE TO TIMER/COUNTER 1

0 ' INTERRUPTS
DIRECTIVES FOR GENERATING VECTOR TABLES
SOFTINT - SOFTWARE INTERRUPT

o ASIC Bus
G G@ - READS DATA FROM PORT G
N G G! - WRITES DATA TO PORT G

K TForth - 10
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OPTIMIZATION

(1] COMBINES SUBROUTINE RETURN WITH LAST WORD OF DEFINTION

] CoMsINES ALU AND SHIFT OPERATIONS WITH PREVIOUS
INSTRUCTION

k I

o COMBINES STACK OPERATIONS
SWAP DROP = NIP

\ TForth - 11
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OPTIMIZATION EXAMPLE

\ Optimization example

START-TFORTH
HEX 0000 ROMORG

~]: WORD3 2 SWAP - SWAP DROP DUP ;
: WORDA 18 G@ + ;

END-TFORTH

0000 : WORD3
BCC2 LIT 02 SWAP -
0002 AOAO SWAP DROP DUP H

0004 : WORD4
B8

B8 18 G@ + 3

\ TForth - 12

-
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/— 3 HARRIS
 DEBUG SUPPORT

o TErMINAL I/0 SUPPORTED THROUGH TARGET MONITOR
. ENIT KEY ’

0  CONDITIONAL COMPILATION v
SWAP  {{ ."” Execurine READ-DATA. Svack: " .S }} 2«

] MEMORY ACCESS TRACE

ALL MEMORY REFERENCES (@ ! C@ C!) ARE ROUTED THROUGH THE
MONITOR

\ ' TForth - 13
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FILE IurznrAc;

0  WRITE-HEX FILENAME »
GENERATES INTEL HEX FILE

[\] WRITE-IMAGE FILENAME
GENERATES OBJECT FILE

0  READ-IMAGE FILENAME -
READS IMAGE FILE '

(] READ-HEX FILENAME
READS MEX FILE

0 FTYPE FILENAME
| SiMrLar 1o DOS TYPE COMMAND

0 FDUMP FILENAME
HEX/ASCII oume

TForth -~ 14

(—%HARRIS
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Exercise

OBJECT: WRITE A PROGRAM WHICH FLASHES "SOS"™ IN MORSE CODE ON THE
LED ON THE FRONT OF THE BOX.

Hinvs: - Tue LED 1 RNED OM BY WRITING 8000H TO ronf 18H:
, §600" s "¢1"" |

Tue LED 13 TURNED OFF BY WRITING 0000H TO THE PORT.

SOS 13 3 SHORT FLASHES, FOLLOWED BY 3 LONG FLASHES,
FOLLOWED BY 3 SHORT FLASHES

GturL:uauI START YOUR CODE AT 8300H:

IF YOU HAVE TIME

WRITE THE FOLLOWING SO THAT THEY MAY BE COMPILED WITH EITHER
PC/FORTH or TFORTM.

‘1. Hntss A rnoinau TO CALCULATE THE NTH FIBONACCI NuMBER Fi:
=Fx-1+Fx-2 FoRKk>1

2. MWRITE A PROGRAM TO CALCULATE N! FOR ANY N, 0 <= N <= 8

SEMICONDUCTOR PRODUCTS DIVISION -



