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HARRIS REAL TIME EXPRESS: 
A NEW CONCEPT FOR REALTIME CONTROL 
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AGENDA - ROCHESTER RTX SEMINAR 

INTRODUCTION/ 
ECHllOLO&Y OVERVIEW 

RTI 2000 ARCHITECTURE 

111 APPLICATIONS 
NTERFACIK 

RTIDS IACUROUND 

LUNCH 

&ulST SPEAKERS 

RTIDB 
TfORTH C:O..ILER 
l UTILITIES 

DEBUGGER 

AUDITORIUM 

AUDITORIUM 

AUDITORIUM 

AUDITORIUM 

AUDITORIUM 

MAY ROOM 

MAY ROOlll 

MAY ROOM 
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RTX 2000 ARCHITECTURE 

~--------- SEMICONDUCTOR PRODUCTS DIVISION ------------

(I) HARRIS--------------. 

RTX 2000 ARCHITECTURE 

O BASED ON NoVIX 4016/6016 ARCHITECTURE 

O ON-CHIP· PARAMETER AND RETURN STACKS 

0 ON-CHIP PERIPHERALS 

MULTIPLIER 

INTERRUPT CONTROLLER 

CouNTH/TIMERS 

0 ADDRESS 1 MEGABYTE OF MEMORY 

Architecture - 1 j 
~--------- SEMICONDUCTOR PRODUCTS DIVISION ----------
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AE'TUAN 
STACK 

Architecture - 2 

RTX 2000 BLOCK DIAGRAM 

INSTAUCTION 
DECOOE 

El(5...11 
INT SUP -IHTA 

------------ SEMICONDUCTOR PRODUCTS DIVISION -----------' 

m·HAFIRls 

O PARAMETEl STACK 

256 WORDS DEEP 

16HTS WIDI 

STACKS. 

TOP TWo ELEMENTS ARS AVAI~LI THROUGH ON-CHIP REGISTERS 

0 RETURN STAclC 

256 WORDS DEIP 

21 HTS WIDI 

- 15 BITS PROQRAM CoUMTER 
4 BITS CoDE PMI I BIT INTERRUPT STATUS 

BIT DATA PA81 FLA8 

TOP ELEMENT AVAIUUILE THROUGH ON~CHIP REGISTiR 

Architecture - 3 
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mJHARRls 

0 

0 

0 

0 

REGISTERS 

TOP - TOP ELEMENT OF PARAMETER STACK 

NEXT - SECOND ELEMENT OF PARAMETER STACK 

INDEX - TOP ELEMENT OF RETURN STACK. LOOP COUNTER. 

CONTROL/STATUS 
CONFIGURATION REGISTER CCR) 
INTERRUPT BASE/CONTROL REGISTER (IIC) 

0 MULTISTEP DIVIDE (MO) - USED FOR STEP MATH OR GENERAL 
PURPOSE 

0 SQUARE ROOT CSR) - USED FOR SQUARE ROOTS OR GENERAL 
PURPOSE 

0 MEMORY PAGE REGISTERS 
CODE PAGE - INSTRUCTION FETCHES 
DATA PAGE - MEMORY ACCESS (f I ETC) 
USER PAGE - USER MEMORY ACCESS 

0 I/0 DEVICES 
MULTIPLIER OUTPUT 
COUNTER/TIMERS 
INTERRUPT MASK INTERRUPT VECTOR 

TACK POINTERS 
TACK LIMITS 

Architecture - 4 

---------- SEMICONDUCTOR PRODUCTS DIVISION ----------"" 

;J)HARRIS 

ON-CHIP PERIPHERALS 

D STACK CoNTROLLERS 

PROGRAMMA•LI LIMIT RIGISTERS 

61NEIATE INTERRUPTS 011 OVERFLOW AND UNDERFLOW CONDITIONS 

0 INTERRUPT CoNTROLLER 

14 INTERRUPT SOURCES, INTERNAL AND EXTERNAL 

13 MASKASLE, 1 11011-MASKASLE 

SoFTWARE lllTIRRUPT 

0 MuLTIPLIER 

SINGLE CYCLE 16 X 16 MULTIPLY WITH 32-•IT RESULT 

FORTH * Ill 3 CYCLES 

0 COUNTER/TIMERS (3) 

16-•IT DOWN COUNTERS 

CLOCKED INTERNALLY (TIMERS) OR EXTERNALLY (COUNTERS) 

GENERATE INTERRUPTS ON 0 COUNT 

Architecture - 5 

---------- SEMICONDUCTOR PRODUCTS DIVISION ---------_.,, 
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MEMORY INTERFACE 

0 1 MEGABYTE ADDRESS SPACE 

16 321( PAGES 

O PAGE REGISTERS SELECT APPROPRIATE PAGE 

0 BYTE AND WoRD ACCESS 

Architecture - 6 
....., _________ SEMICONDUCTOR PRODUCTS DMSION ----------

CPR 

DPR 

UPR 

Architecture - 7 

MEMORY INTERFACE 

20-bit address 

El 16-bit data 
NEXT -

MallOry 
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ASIC Bus™ 

O DATA PATH BETWEEN TOP AND OTHER REGISTERS AND l/0 
DEVICES 

0 INPUT DATA IS FED THROUGH ALU BEFORE GOING INTO TOP 

O SIMPLE INTERFACE FOR MULTI-RTX APPLICATIONS 

Architecture - 8 
._ _________ SEMICONDUCTOR PRODUCTS DIVISION ----------" 

mHARRls 
RTX INSTRUCTION SET 

ALL PROCESSOR INSTRUCTIONS ARE 16 BITS, WITH THE FOLLOWING 
GENERAL FllLDS: 

15 12 11 8 7 

Class SC 

CLASS - &ENEIAL TYPE or INSTRUCTION: 
SUBROUTINE CALL 
BRANCHES AND LOOPS 
MATH/lo81C FUNCTIONS 
REGISTER AND 1/0 ACCESS 
SHORT LITERAL 
LONG LITERALS 
MAIN MEMORY ACCESS 
USER MEMORY ACCESS 

ALU - ALU FUNCTION TO H PERFORMED. 

6 5 4 

Data 

SC - SUICLASS. FUNCTION DEPENDS ON CLASS FIELD. 

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

DATA - DEPENDING ON CLASS, INDICATES SHIFT OPERATION, 
SHORT LITERAL DATA, 6-SPACE ADDRESS, OR MEMORY ADDRESS. 

Architecture - 9 

0 
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RTX INSTRUCTION SET 

SMBR~UTINE CALLS 
UBROUTINE CALL TAKES PLACE IN ONE CLOCK CYCLE 

RETURN-FROM-SUBROUTINE CAN BE PART OF ANOTHER INSTRUCTION 

8BAN6HING ANO LOOPING 
NCONDITIONAL BRANCH 

CONDITIONAL BRANCH BASED ON CONTENTS OF 
CONDITIONAL BRANCH BASED ON CONTENTS OF 

AUTO DECREMENT OF INDEX REGISTER 

TOP REGISTER 
INDEX REGISTER WITH 

ALU 0PE~NS . 
+ - - AND OR NANO NOR XOR XNOR NOT 

SHIEi OPEBAJiPNS . .6 AND-BIT SHIFTS, EITHER DIRECTION 
SIGNED AND 'UNSIGNED SHI1TS 
CAN II COMBINED WITH ALU OPERATIONS 

STEP MATH 
OIVIDE 
SQUARE ROOT 

8EGI.TER-I/Q ACCESS . 
EADf WRITE PROCESSOR REGISTER OR I/Q DEVICE 

CoMltINI ALU OPERATION WITH DATA FROM REGISTER 

SHORl LITERALS 
OAD VALUE 0 - 31 INTO TOP REGISTER 

COMBINE ALU OPERATION WITH DATA 
LITERAL VALUE IS EMBEDDED IN INSTRUCTION 

Architecture - 10 
...._ _________ SEMICONDUCTOR PRODUCTS DIVISION ----------' 

mlHARRls 

RTX INSTRUCTION SET 

LONG LIUHLS 
(OAD-IIT VALUE INTO TOP REGISTER 
CoMeINI ALU OPERATION WITH DATA 

""H ACCESS DRESS IN TOP HGISTH, DATA IN NEXT REGISTER 
ACCESS MIMORY BY BYTI OR BY WOllO · 
Acc1ss Pll08RAM MEMORY, DATA MEMORY, OR USER MEMORY 
ACCESS MIMORY IN llTNIR MSB-LSI OR LSB·MSB BYTE ORDER 
COMBINE ALU OPERATION WITH MEMORY DATA 
MoVI BLOCKS OF MEMORY TO/FROM STACK WITH AUTO ADDRISS UPDATE 

STBl~lp INSTBQCTIQN MCIQI 
ICUTI INSTRUCTION REPEATEDLY WITHOUT EXTRA FETCH CYCLES 

Architecture - 11 
._ _________ SEMICONDUCTOR PRODUCTSDMSION ----------"" 
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HARRIS RTX2000 
PROCESSOR PINOUT 

MEMORY INTERFACE PINS 

ASIC BUS INTERFACE PINS 

INTERRUPT I RESET PINS 

CLOCK/WAIT PINS . 
----SEMICONDUCTOR PRODUCTS DIVISION----

I) HARRIS---------

ID HARR Is RTX2000 
INTERFACING THE RTX2000: PROCESSOR PINOUT 

<9000 MOOO 
Q.001 '1001 
GDD2 M002 
QD03 "003 
<9004 M004 
coos HOOl3 
G:D06 1'1006 
Q.007 11001 
<iiDDB M008 
<;009 1'11009 
i;o10 ~DlO 
t;OU MDU 
f.:;012 MOU 
GD13 1'1013 
19014 111'14 
GD1S MOU 

'°" A7 <9AOO .. .. t;AOl l'IAOl 
GA02 MA02 

,. no i:n 
MA03 

, f1A04 

--~" ' aR/11 
MAOS 
HAOi 

""' •< HA07 

""' MA08 
0 Ell 111\0~ 

' ~· 
EI2 MAlO 
EI3 P1All . EI4 1'1A12 .,. HA13 

, ...... '" 
11A14 

JJlllTSUP P1Al'5 ,.,. o< l'tA16 
INTA f'tA17 

OES<T ., !"liU8 
RESET HA19 

""' co 
MAIT 

u•n ,. 
LOS Ml 

"'" 0 uos 
JCLK • •n ~·· .,,,. ., NEW 
TCLK BOOT 

"" c 
PCLK MR/M' a,g 

.. ,., 
n <A<UUU 

----SEMICONDUCTOR PRODUCTS DllllSION ----
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HARRIS RTX2000 

MEMORY INTERFACE PINS 

MDOO TO MD15: MEMORY DATA BUS 
MA01 TO MA 19: MEMORY ADDRESS BUS 

LOS, UDS: LOWER I UPPER 
DATA SELECT (NOT STROBED) 

NEW: INSTRUCTION FETCH 
BOOT: GENERAL PURPOSE 

MR/W\: MEMORY READ/ WRITE 
---SEMICONDUCTOR PRODUCTS DIVISION----

. m) HARRIS-------~ 

HARRIS RTX2000 

ASIC BUS INTERFACE PINS 

GDO-GD15: G-BUS DATA 
GAO- GA2: G-BUS ADDRESS 

GIO\: G-BUS STROBE 
GRJW\: G-BUS READ/WRITE\ 

---SEMICONDUCTOR PRODUCTS DIVISION ----
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HARRIS RTX2000 
INTERRUPT /RESET PINS 

NMI: NON-MASKABLE INTERRUPT 
El1 -El5: EXTERNAL INTERRUPTS 
El3- El5: TIMER/COUNTER INPUTS 

INTSUP: INTERRUPT SUPPRESS 
INT A: INTERRUPTACKNOWLEDGE 

RESET: MASTER RESET 

._ __ SEMICONDUCTOR PRODUCTS DIVISION ---
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HARRIS RTX2000 

CLOCK/WAIT PINS 

WAIT: WAIT STATE INPUT 
ICU<: INPUT CLOCK 

TCLK: TIMING CLOCK 
FREE RUNNING 

PCLIC: PROCESSOR CLOCK 
HELD LOW FOR WAIT STATES 

---SEMICONDUCTOR PRODUCTS DIVISION ---· 
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HARRIS RTX2000 

. MINIMALSYSTEMTIMING 
ALLOWS THE USE OF THE 

SLOWEST MEMORIES 
· NO DECODE OR BUFFERING 

- - INADDRESSORCHIP 
_, ENABLEPATHS 

AT MAX SPEED: WE\ DELA YEO TO 
ASSURE ADDRESS SETUP TIME 

TM= TCY -TAV- TADS 
---SEMICONDUCTOR PRODUCTS DIVISION ---

;)) HARRIS·-. ---------.... 

I) 1HARRIS RTX2000 
INTERFACING TO RAMS: MINIMAL SYSTEM 

LOW BYTE HIG.H 8.YTE 
· WRITE ENABLE DECODER WRITE ENABL.E DECODER 

PCL.;K DELAY CIRCUIT 

~ 
74FQ4 : 74F04 . 

LOW BYTE RApt HICiH BYTE RAl"I 

OUTPUT ENABL.£ DECODER 

CRITICAL SPEED' PATH: USUALLY ADDRESS ACCESS !IME 

NOTE: 
FOR SPEEDS ABOVE Bl"IHz, ME' IS ~A:TED WITl-I CELAYEO PCLK: PCL.K•. 
AT e"Hz AHO BELOW. <;.AT ING WITH UHDEL.AYED PCLI( IS SUFFICIENT. 

---SEMICONDUCTOR PRODUCTS DIVISION.----
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0 II HARRIS RTX2000 
INTERFACING 10 ROMS: MINIMAL SYSTEM 

HIGH BYTE RAM 

i 

CRITICAL SPEE.O PATH: USUALLY ADDRESS ACCESS TIME 

TAA : TCY - TAV. - TRD,S 

0 
~------------ SEMICONDUCTOR PRODUCTS DMSION 

mHARRIS 

mHARRIS RTX2000 

/ / 
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HARRIS RTX2000 
UNBUFFERED SYSTEM TIMING 

.. ALLOWSGREATER 

. ·DECODING RANGE 
LOWER SYSTEM POWER · 

ONLY ONE DECODER 
INCRITICALPATH · 

TM= TCY-TAV-TPD-TRDS. 
WE\ REQUIRES GAEA TER 

DELAYATFULLSPEED 
._ __ SEMICONDUCTOR PRODUCTS DIVISION----

mJ HARRIS--------

111 HARRIS RTX2000 
INTERFACING TO RAMS: UNBUFFERED SYSTEM 

. CHJP ENABLE DECODER OUTPUT ENA8LE DECODER WAITE ENAILE DECODER 

LON IVTE •AM Hl;H IVTE ·•AM . . 

AO DO 
Al 01 . 
A2 02 
A3 . 03 ... .. 
M D'i 
... 06 

. A7 07 ... 
A9 
AlO 
AU 
A12 

CRITICAL SP'EED P'lllTH: USUALLY CHUt ENA•LE ACCESS TUC 

TA,_ ::: TCY - TAY - T"D - TROS 

P'CL~ D!'LAY CllltCUIT 

._ __ SEMICONDUCTOR PRODUCTS DIVISION _.....____ _ _. 

0 

0 

0 



0 

0 

a 
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IJ HARR,IS RTX2000 
INTERFACING TO ROMS: UNBUFFERED SYSTEM 

CHtf' ENABLE DECODER 

LON IYTE "OJlll 

oo~--llll'l'-0111 02 
O! 
o• •• •• 01 

OUTPUT [NABLE. DECODER 

MICH 9YTC "OM 

'<!U< DEL~Y CUtCUIT 

CIUTlCAL SP~ED 'AfHI USUALLY CHIP ENAILE ACCESS TIHE 

NOT El · 
ADDftlESI "AY II IU,rEftlD ONE LEVEL MlTHOUT A SJtl:EO l'UtALTi', 
MRITE ENABLE "AY BE ~ATED MITH UNDELAVED PCLI< WHEN F'REQUENCY 
~5 U::SS THAN Ollt EQUAL TO 91'111Mz. . 

SEMICONDUCTOR PRODUCTS DIVISION 

\&J HARRIS 

l)HARRIS RTX2000 
UNBUHTRED SYSTEM: 10MHz TIMING 

. ~ 
··-·· .... 

PCLW 
I I 

_; --J 
·-

I 

l--
'" 

'" ./ ·" 
--

I 

I 
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HARRIS RTX2000 
BUFFERED SYSTEM TIMING -

FULLY BUFFERED FOR LARGE 
. MEMORY ARRAYS · 

DATA BUFFER DELAY IN 
CRITICAlSPEED PATH 

BOTH WE\ AND DATA BUFFER 
ENABLE DELA YEO FOR . 

WRITE CYCLE AT FULL SPEED 
TAA = TCY-TAV-TDD- TBD-TRDS . 

'-__..;.. ___ SEMICONDUCTOR PRODUCTS DIVISION ____ _..,., 

m HARRIS----------------

EB HARR I 5 RTX2000 . 
INTERFACING TO RAMS: BUFFERED SYSTEM 

Ct:iIP ENABLE DECODER OUTPUT ENABLE DECODER 

DATA BUS IUF,ER 
· l OF 2 

CRITICAL_ SPEED PATH: USU ALL V: CHIP ENABLE ACCESS TI Pot( 

TAA ::: TCY - TAV "7 r-oo - TBD - TRDS 

NOTE: 
ADDRESS 11AY BE BUFFERED ONE LE~EL WITHOUT A SPEED PENAL TY. 
HRITE ENABLE f"IA'r' BE t;ATED MITH UNDELAYED PCLK WHEN FREQUENCY 
IS LESS THAN OR EQUAL TO 131iHz, 

WRITE ENABLE, DECODER 

· HIQM BYTE RAM 

PCLK DELAY CIRCUIT 

'-----.---"-· SEMICONDUCTOR PRODUCTS DIVISION -------
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I) HARRIS 

3) HHRRIS RTX2000 
INTERFACING TO ROMS: 8UF~ERE~ 5~5TEM 

CHIP ENABl..E DECODER ou:rPUT ENAiLE DECODER 

DAHll 8U5 IUFFEA 
1· or z 

Lo.- .. 1{.TE ROM 

g~l'.j'li=:I:= 
. g~ m=tm:= 

g; m:::m!J::: 
g~~~!'t: 

CRITICAL SPEED PATM: USUALLY CHIP ENABLE ACCESS U"E 

TAA = rev, - TAY .... TDD - TIO_.-. TRO:S 

TA\/ i PCLK HICH TO ADDRESS VALID 
TOD: DECOOE DELAY .TI"E 
TBO: BUFF'ER DELAY TI"E 
TAD~: READ DATA VALID TO PCLK HIGH 

n• 
·'53n• 

Sn•· 
7n• 

12n• 

n• 
.16n• 

&no 
7n• 

.12n• 

NOTE: 
AOQRESS 11AY BE BUFFERED ONE LEVEL WITHOUT A S'°EED PENALTY, 

HICH avn: ROM 

00 
01 
02 
03 o• o• 
06 
07 

PCLK DELAY CIRCUIT 

~· 

SEMICONDUCTOR PRODUCTS DIVISION. __ .....;. __ ...;... ___ _.,., 

.. m;)HARRIS 

llJHARRIS RTX2000 
BUFFERED SYSTEM: 10MHz TIMING 

·--
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HARRIS RTX2000 . 

ASIC BUS INTERFACE 

OUTPUT PORT 
· STROBED WITH GIO\ 
TIMING NOT CRITICAL 

INPUT PORT 
TIMING CRITICAL 

STROBED EVERY READ CYCLE 
ON 7 4F540 OR 7 4AC540 

.__ ___ SEMICONDUCTOR PRODUCTS DIVISION -----

m:J HARRIS--------------.. 

I) HARR IS RTX2000 
TYPICAL ASIC BUS INTERFACES 

OUTPUT PORT 

oUTttUf ;01n OICODlNC 11 Q;ATED WITH GlO• 
TO ASsu,iit THAT OUTttUT LATCHl5 AAE ONLY 

. STROICD AT t0M£CT TIMI:. 

INPUT PORT 

INPUJ POAT DECODING IS QATEO W1TM ltCLK 
TO ALL.OM MXl"Uf'I DATA SET UP' ll"E. 

----SEMICONDUCTOR PRODUCTS DIVISION -----
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THE RTXDS DEVELOPMENT SYSTEM 

'---------- SEMICONDUCTOR PRODUCTS DIVISION ----------" 

:J)HARRIS-------------
OyERylEW 

0 THI ENVIRONMENT IN WHICH THE HARRIS RTX2000 WILL IE USED IS 
REAL-TIMI EMBEDDED PROCESS CONTROL. 

0 THE REQUIREMENTS FOR THESE SYSTEMS AS COMPARED TO 
CONVINTIONAL COMPUTER SYSTEMS ARE UNIQUE: 

0 CUSTOM DESIGNED HARDWARE AND UNIQUE I/0 DEVICES AND 
INTIRFACES. 

0 INTERRUPT DRIVEN, RIAL-TIME AND TIMI CRITICAL APPLICATIONS. 

0 ROM BASED CODE AND LIMITED AVAILASILITY OF RAM AND ROM 
STORAQI!. 

RTXDS - 1 

----------- SEMICONDUCTOR PRODUCTS DIVISION ---------_.,, 
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DEVELOPMENT SYSTEMS 

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

0 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), 

0 LACK OF MATURE SOFTWARE SUPPORT AND DEVELOPMENT TOOLS. 

RTXDS - 2 

---------- SEMICONDUCTOR ~ODUCTS DIVISION ---------~ 

IJ HARRIS--------------
TESTING AHR FAULT ISOLATION 

0 EXCESSIVE COST, IN BOTH DOLLARS AND IN ELAPSED TIME, 
ASSOCIATED WITH THE IMPLEMENTATION OF SOFTWARE HAS IECOME OF 
OVERRIDING CONCERN IN THE DESIGN AND DEVELOPMENT OF COMPUTER 
SYSTEMS. 

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

0 THESE PROILEMS ARE COMPOUNDED IN THE TESTING OF COMPLEX 
'REAL•TIME EMllDOED SYSTEMS. 

RTXDS - 3 
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0 

0 

0 

RTXDS .,.. 4 

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 
8E 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 DE8UG. 

"'---------- SEMICONDUCTOR PRODUCTS DIVISION ----,.-------"' 

m!HARRls---------------
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0 

0 

TESTING Qf Eft8EQQEQ SYSTEMS 

THE PROGRAMMER OR OPERATOR HAS LITTLE VISI8ILITY INTO THE 
SYSTEM UNDER TEST. UNLIKE MORE CONVENTIONAL COMPUTER 
SYSTEMS, THI RESPONSES OF AN EMllEDDED SYSTEM OFTEN REFLECT 
SECOND OR THIRD LEVEL EFFECTS THAT MAY IE NEAR USELESS IN 
ISOLATING PROGRAMMING ERRORS. 

THERE ARE FEW PERIPHERAL DEVICES ON AN EMaEDDED SYSTEM THAT 
ARE 'SEFUL IN TESTING. THERE IS NO OPERATOR INTERFACE 
(CRT UYHARD) A1tD LIMITED INTERNAL STORAGE. 

A DIGITAL ANALYZER IS A USEFUL TOOL 8UT IS SOMETIMES AWKWARD 
8ECAUSE Of THI MICROSCOPIC LEVEL OF DETAIL PROVIDED. 

LASTLY, THERE IS NO ON-IOARD SOFTWARE TO FACILITATE TESTING 
OF THI PROGRAMS. 

RTXDS - 5 

'---------- SEMICONDUCTOR PRODUCTS DIVISION ----------"' 



A.....a..ci:iJ,OPMENT ENVIRONMENT FOR EMIEQPEP SySTEMS 

RTXDS - 6 

iHE SYSTEM MUST PROVIDE A FORTH INTERACTIVE SUPPORT 
ENVIRONMENT. 

THE TOOLS SHOULD IE INTEGRATED TO. FORM A SEAMLESS DEVELOPMENT 
ENVIRONMENT. 

THE PROGRAMMER SHOULD II AILE TO USE SYMBOLIC REFERENCES. 

THE TARGET PROCESSOR MUST IE AILE TO OPERATE AT EULL SPEED. 

---------- SEMICONDUCTOR PRODUCTS DIVISION ----------.,,, 

EIJHARRls 

THI HoST 

0 To IUILD APPLICATIONS SOFTWARE IN A PRODUCTIVE AND COST 
EFFECTIVE MANNER, WE HAVE CHOSEN TO IMPLEMENT MUCH OF THE 
SOF'IWARI SUPPORT ENVlllONMINT ON A HOST COMPUTER SYSTEM. 

0 THI APPROACH IS All ACCEPTED AND EFFECTIVE MEANS OF 
IMPLEMENTIN8 IMSIDDED COMPUTER SYSTEMS. 

0 THI HOST AllD TARGET ARI CONNECTED THROUGH A SERIAL INTERFACE. 

0 THI APPROACH ALLOWS A UNIQUE SOFTWARE DESIGN INYlllONMENT; ONE 
THAT IS A RELIAaLE COMllNATION OF HARDWARE AND SOFTWARE-AND 
ONI THAT IS RICH IN IOTH HARDWARE FACILITIES AND IN SOFTWARE 
SUPPORT TOOU. 

RTXDS - 7 
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mHARRls 
RTXDS DEVELOPMENT ENVIRONMENT 

8!~~~or , 
TForth Cross-compiler 
Disassembler 
File Interface 

Serial link 
< 

RTX 
Target System 

. Host PC 
Target Monitor 

RTXDS - 8 
----------- SEMICONDUCTOR PRODUCTS DIVISION ----------_, 

mf HARRls 

THE HOST 

O WE SELECTED AS A HOST THE IBM (OR COMPATIBLE) PC WITH A FULL 
COMPLEM•NT OF FACILITIES: 

0 

ExTSNSIV• INTERMAL STORAGE, 

HIGH VOLUMll IXTEIJtAL (DISK) STORAGE, 

CoNVllllENT HUMAN INTERFACE (CRT/KEY80ARD), 

A SOPHISTICATED_~QFTWAR' IUIJ.0 ENVIRONMENT AND MATURE 
SUPPORT TOOLS (LMl'S PC FUKTHJ. · 

THE TARGET 

THI_ TARGET SYSTEM CAN 8E ANY BOARD CONTAINING THE HARRIS RTX 
2000 PROCESSOR ALONG WITH MINIMAL SUPPORT HARDWARE 

RTXDS - 9 
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RTXDS STRUCTURE 

PC/FORTH kernel 

RTXDS module Editor 

Compiler Disassellbler Debuqqer File Interface 

RTXDS - 10 
---------- SEMICONDUCTOR PRODUCTS DIVISION ---------.-' 

m) HARRIS-------------.....;_---~ 
DEVELOPMENT TOOLS 

0 IN THE RTXDS DEVELOPMENT ENVIRONMENT, HARRIS PROVIDES A 
COMPLETE SET OF PROGRAMMING SUPPORT TOOLS TO AJD THE 
PROGRAMER • 

.IfQBIH 

THE TFORTH CROSS COMPILER PROVIDES THE SOFTWARE DEVELOPMENT 
ENGINEER WITH A SYSTEM TO CONVENIENTLY HANDLE SOURCE PROGRAMS 
AND TO GENERATE ROMAaLI 011.JECT CODI FOR THE PROCESSOR. 

QJSASSQILIR 

THE 0JSASSIM8LIR JS A SOFTWARI DEIUG TOOL THAT CONVERTS 
IJNARY 011.JECT COOi INTO A SIQUINCI OF THE CORRESPONDING FORTH 
CODI. 

FILE INTERFACE 

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

RTXDS - 11 
"---------- SEMICONDUCTOR PRODUCTS DIVISION ----------" 
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0 

0 

0 

Ho$T/TABGET SEBJ:AL LINK 

A DIRECT SERIAL LINK FROM.THE HOST TO THE. TARGET 
FACILITIES Tiii SOFTWARE BU.ILD PROCESS. 

THI LINK PROVIDIS A MEANS OF TRANSFERRING 011.JICT CODE FROM 
THI.HOST TO THI TARGIT TO FACILITATI RAPID PROTOTYPING OF 
APPLICATIONS SOFTWARI. . . 

I~ ALSO ALLOWS US ~O LI.HK . THE TWO SUBSYSTIMS Ill SUCH A WAY 
THAT WI NOT.ONLY PROVIDI THI DISIGN ENGINEER WITH All 
IFFECTIVE MEANS FOR BUI.LOIN& SOURCI PROGRAMS AND GENIRATING 
TARGIT COOi, BUT IN ADDITION THI LINK SUPPORTS A POWERFUL 
TISTING AND FAULT ISOLATION CAPABILITY. 

RTXDS .'."' 12 
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Y131Bn1u · 11p. COMiloL . 

0 

o· 

A MA.JOB FUNCTION OP' RTXDS IS TO PROVIDI A PROGRAMMIR/OPIRATOR 
WITll VISIBILITY INTO A CONTROL OF THI SYSTIM UNDIB TEST. THI 
SYSTlll.PROYIDIS A POWIBP'UL Sit OP' UTILITIES TO SUPPOBT THI 
APPLICATION D.VILOPIB IN DEBUGGING SOFTWABI~ 

THI DIBua· FACILITIES ARI DISl&NID AND IMPLENEMTID USlll8 Tiii 
HOST AND TARGIT SUBIYSTIMS Al AN lllTl&RATID SOF1WABI 

.DIVILOPMlllT FACILITY·•TAKlll&ADVANTMI OF THI CAPA81LiTllS OF 
EACH SUHYSTIM IN THI DISl&N, 

RTXDS -. 13 ._ _____________ SleMICONDUCTORPRODUCTS DMSION __ ...._ ______ _,,, 
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!FORTH EMULATOR 

0 

0 

0 

0 

THE TFORTH CROSS COMPILER IS AS CLOSE AS POSSIBLE JO A 
FORTH-83 SYSTIM. 

THE !FORTH EMULATOR PROVIDES A METHOD OF TESTING APPLICATION 
SOURCE CODE WITH PC/FORTH ON THE HOST PC. 

THE FACILITY IS USEFUL FOR PRELIMl.NARY TESTINQ OF AN 
APPLICATION. 

THE EMULATOR MODELS THE BEHAVIOR OF THE RTX REGISTERS AND THE 
ASIC BUS. . .• . 

RTXDS - 14 
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0 THE SYSTEM PROVIDES HIGHLY INTERACTIVE CONTROL TO THE 
PROGRAMMER TESTIN& SOFTWARE ON THI IAR&IT SUBSYSTIM. 

. 0 THI PROGRAMMER HAS THI CAPABILITY TO TEMPORARILY STOP THI 
EXECUTION OF PRO&IUIMS IN A UNIT TEST, AllD TO EXAMINE AllD 
CHAll&E THE STATUS OF THI TAR&ET SYSTliM. 

0 PROGRAMMER CONTROL IS AT THI CONSOLE OF THE HOST. THE 
PR06RAMMER IS ABLE TO SELECTIVELY TRACE THE ACTIONS OF 
PR06RAMS l!XICUTIN& ON THI TAR&IT, JO EXAMINE AllD TO CHANQE 
PROCESSOR Rl&ISTIRS AND STORA&E ON THI TAR&IT SUBSYSTIM. 

0 REFERENCES TO THI VARIABLES AND DEFINITIONS WITHIN THI TARGET 
ARI SYMBOLIC. A DICTIONARY IS MAINTAINlD IN THI HOST TO MAP 
THI SYMBOLS TO THI TAR&ET ADDRESSES. . 

RTXDS - 15 
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>ti >Ctl 

>! >Cl 

>.S >MOVE >CMOVE 

>DROP >DUMP >EXECUTE 

>FILL >. >U. 

>.REG >.RR >PUSH >POP 

>SET.BREAK >CLR.BREAK 

>D<HllLOAD >UPLOAD 

>&ti >&! >GO 

>LOAD 
>· 
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VISlllLITJ INJO THI JA!UjET 

0 DISPLAY FACILITIES THROUGH THI HOST ALLOW THI PROGRAMMER TO 
VIEW THI PROQRISS OF IXICUTION OF A PROQRAM UNDIR TIST ON THE 
TAIMllT SU8SYSTIM. 

0 THISI FIATURIS ARI INCORPORATED INTO THI TFORTH 
CROSS-COMPILER AS STANDARD FORTH FUNCTIONS. . 

0 THI FEATURES ARI IMPLEMENTED SUCH THAT THESE Dl8UG UTILITIES 
GENERATE NllTHIR EXECUTION OVERHEAD NOi STOR"81 REQUIRIMINTS 
IN THI FINAL TARGET SYSTIM. 

RTXDS - 17 
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!FORTH DISPLAY UTILITIES 

II EMIT 

CR 

.S .RE& 

. DUMP 

MEMQRY REFERENCE TMCE 

>RANGE 

RTXDS - 18 
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BRE6KPOINT FACILITY 

0 

0 

0 

0 

WI ASS ... I THAT IN A TEST ENVIRONMENT, THAT CODE AS WELL AS 
DATA WILL RISIDI ON THI TAR81T SUISYSTEM IN RAM. 

WI INCLUDI A CAPAllLITY TO ALLOW THE PROGRAl9tlR TO INSERT A 
IREAKPOINT INTO THI CODI lllNe TISTID. 

WHEN A IRIAICPOINT IS INCOUNTIRID DUBIN& PROGRAM EXECUTION, A 
TRANSFER TO THI MONITOR IS INITIATID AUTOMATICALLY THAT 
ALLOWS THI OPIRATOR TO MIN CONTROL AT THI HOST CONSOLI. 

THI OPERATOR HAS THI OPTION TO: 

ExAMINI THI TAR&IT SYSTEM STATUS, 

RES ... I EXECUTION, OR 

CANCEL THI IRIAICPOINT. 

RTXDS - 19 
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S!JtNBY 

O RTXDS PROVIDES THE PROGRAMMER WITH AN INTEGRATED FORTH 
ENVIRONMENT. 

. 0 IT IS SPECIFICALLY DESIGNED TO SUPPORT THE DEVELOPMENT OF 
BIAL•TIME EMaEDDED SYSTEMS. 

O OUR EXPERIENCE INDICATES THAT RTXDS OFFERS A FLEXIaLE AND 
PRODUCTIVE ENYIBDllMENT FOB THE PROGRAMMER. 

RTXDS - 20 
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HARRIS RTX SEMINAR 

REAL TIME EXPRESS DEVELOPMENT BOARD 

( RTXDB > 

. TIM DWYER 
LEAD ENGINEER 

HARDWARE SUPPORT DEVELOPMENT 
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OVERVIEW 

0 FEATURES 

0 BLOCK DIAGRAM 

0 MIMORY MAP 
0 I/0 PORTS 

0 SERIAL PORT 

0 PROTOTYPE AREAS 

0 BoARD OPERATION 

Real Time Express Development Board 2 of 11. 
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FEATURES 

o BASED ON THE HARRIS RTX2000 PROCESSOR 

0 FLEXIBLE AND EXPANDABLE 

o 16K BY 16 ZERO WAIT STATE STATIC RAM 
0 SK BY 16 SYSTEM PROM 

0 UP TO SK BY 16 USER PROM 

0 16-BIT INPUT AND OUTPUT PORTS 

O HIGH SPEED SERIAL PORT 

0 PROTOTYPE AREAS 

Real Time Express Development Board 3 of 11 
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0 
MEMORY MAP 

"' QUADRANT 3 QUADRANT 4 .. .. - I ~ 

i I ~ I :II 
! a 

il 
I Ill 
i 

t1i ! I 

QUADRANT 1 QUADRANT 2 

FIRST FOUR PAGEi 
FUUY ECOOED 

I 

J i i J ~ : i : : 
ll i I ll G) i. ll i '" '" • ! • i .. .. .. .. .. .. 

! ! • .. .. .. • • 

f I I I I 

Ii I 
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MEMORY MAP, PAGE ZERO 

OFFFE 

INSTALLED RAM 
( UIK WORDS) 

PROVIDED FOR 
APPLICATION 

SOFTWARE 
0830(). . - ' - . - . - . - -

RESERVED FOR 

08000 sVSTEM use 
07FFE 

RESERVED FOR 
USER PROM 
( 8KWORDS) 

0<4000 

03FFE 
SYSTEM PROM 

INSTALi.ED 
( 8KWOROS) 

( r ARGET MONITOR) 
. 00000 0 
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I/0 PORTS 

O THREE 16 BIT OUTPUT PORTS (LATCHED) 

O THREE 16 BIT INPUT PORTS (SAMPLED) 

Real Time Express Development Board 7 of 11 
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SERIAL PORT 

o STANDARD BAUDRATES UP THRU 19,200 BAUD 

0 STATUS LEDS FOR DATA AND HANDSHAKE SIGNALS 

0 HEADER ALLOWS CONNECTOR PINOUT TO BE CHANGED 

Real Time Express Development Board 8 of 11 
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PROTOTYPE AREAS 
0 ALLOWS RTxi>B TO BE USED AS FOUNDATION FOR USERS .PROTOTYPE . 

O ALLOWS EXPANSION OF RTXDB 

0 20' OF T~TAL BOARD AREA 

0 MEMORY AREA 
O HEADER WITH MEMORY ADDRESS, DATA, AND CONTROL 

SIGNALS 

0 UP TO FOUR 28-PlN DEVICES 

0 ASIC Bus AREA 

0 

0 

0 

HEADER WITH 6 ADDRESS, DATA AND CONTROL SIGNALS 

24 BY 28 ARRAY OF PLATED HOLES 
FOR PIN &RID ARRAY 'AND OTHER PACKAGE TYPES 

DUAL INLINE PACKAGE (DIP) AREA 
FOR STANDARD LOGIC lN DIPS 

Real Time Express Development Board 9 of 11 
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lloARD OPERATION 

O &HEN LED 
0 POWIR ON, FUSI INTACT 

0 RESIT SWITCH 

o. RTX2000, 82CSOA, PARALLEL OUTPUT PORTS 

o RID LED 
0 BLINKlllCI - AFTIR RISET, RTXDB WAITING FOR HOST TO 

ISTMLISH COMMUNICATION 

0 ON • RTXDI WAITING FOR A C~ FROM THI HOST 
0 OFF - RTXDI IS IXICUTING INSTRUCTIONS 

0 RS232 CoNNECTOR 

0 POWER CONNICTO.R 

Real Time Express Development BC>ard 10 of 11 
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TfORTH COMPILER 

~--------- SEMICONDUCTOR PRODUCTS DIVISION ----------' 

;JI HARRIS------------

TfORTH CoMPILER 

0 fORTH-83 CoMPATIBLE 

0 CROSS-COMPILES TO RTX MACHINE CODI 

0 OPTIMIZES FOR RTX ARCHITECTURE 

0 DESIGNED TO SUPPORT.IEM81DDID CONTROL SYSTEMS 

HIADIRLISS CODI 

DEIUGGING SUPPORT 

TForth - l 
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TfORTH FEATURES 

0 DIRECTIVES CONTROL COMPILER ENVIRONMENT 

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

0 PROVISIONS FOR GENERATING CUSTOM RTX INSTRUCTION.I 

E842 UCOOE tl2+ => DUP ti SWAP 2+ 

0 CAN IE USED INTERACTIVELY FROM HoST MONITOR 

TF·. : - 2 
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Tf ORTH MEMORY STRUCTURE 

0 COMPILES CODE INTO PC MEMORY SEGMENT 

~ MAINTAINS HEADERS.IN SEPARATE TARGET DICTIONARY 

TFr. ':'h - 3 
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TFORTH MEMORY MAP 

PC Me11ory Target memory 

PC/FO~ dictionary Ta~et 
TForth Mon tor 
Editor 
Debugger > RAM 

I PC/FORTH stack I 
I Target dictionary I 

Target code buff er 
r 

TForth - 4 
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COMPILER DIRECTIVES 

0 ALL DIRECTIVES HAVE DEFAULTS, SOME CONFIGURAaLE 

0 COMPILER INVOCATIDN 

START-TFORTH - TURNS COMPILER ON 
END-TFORTH - TURNS COMPILER OFF 

0 MEMORY CONFIGURATION 

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

0 MEMORY ADDRESSING 

ROMOR6 - SET CODI ADDRESS 
RAM0R6 - SIT DATA ADDRESS 

TForth - 5 
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TForth - 6 

TFORTH EXAMPLE 

\ TFortjl Example 1 

\ Calculates 2a + b - c 

START-TFORTH 
HEX 0000 ROMORG 

WORDl ( a b c -- res 
- SWAP DUP + + ; 

WORD2 2 3 4 WORDl ; 

END-TFORTH 

----------.SEMICONDUCTOR PRODUCTS DIVISION ----------"' 
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DISASSEMBLER 

O DECOMPILES RTX CODE TO FORTH PRIMITIVES 

0 USEFUL FOR INSTRUCTION SEQUEllCIN&AJID TININ& 

TForth - 7 
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a 
DISASSEMBLER INVOCATION 

0 ADOR COUNT DASM 

0 ADDR DASM; DISASSEMBLES ONE WORD 

O FULL DASM DISASSEMBLES ALL COMPILED CODE 

TForth - 8 
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DISASSEMBLER EXAMPLE 

Harris Seaiconductor RTXDS Disassellbler Vl.O Paqe 1 
06/10/88 07:38 claaa.acr 

Address Opcode Operations 

0000 : WORDl 
AC40 

0002 AE80 SWAP 
0004 AOCO DUP 
0006 A840 + 
0008 A860 + 
OOOA : WORD2 

BE42 LIT 02 
oooc BE43 LIT 03 
OOOE BB44 LIT 04 
0010 0000 WORDl Call 0000 
0012 A020 

TForth - 9 
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RTX EXTENSIONS 

0 REGISTERS AND PERIPHERALS 

IBCI - READS INTERRUPT BASE/CONTROL REGISTER 

TCll - WRITES VALUE TO TIMER/COUNTER 1 

0 INTERRUPTS 

DIRECTIVES FOR GENERATING VECTOR TABLES 

SOFTINT - SOFTWARE INTERRUPT 

o . ASIC Bus 

G 61 - READS DATA FROM PORT G 

N G 61 - WRITES DATA TO PORT G 

TForth .- 10 
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OPTIMIZATION 

0 CoMaINES SUBROUTINE RETUaN WITH LAST WORD OF DEFINTION 

0 COMHNES ALU AND SHIFT OPl!llATIOHS WITH PREVIOUS 
INSTRUCTIO!.t 

3 + 

0 CoMalNIS STACK OPERATIONS 

SWAP DROP => NIP 

TForth - 11 
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OPTJMJZATJOM EXAMPLE 

\ Optimization example 

START-TPORTH 
HEX 0000 ROMORG 

/ WORDJ 2 SWAP - SWAP DROP DUP 

WORD4 18 GI + 1 

EHD-TFORTH 

0000 : WORDJ 
BCC2 LIT 02 SWAP -

0002 AOAO SWAP DROP DUP 

0004 : WORD4 
8888 18 GI + 1 

TPorth - 12 
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DEBUG SUPPORT 

0 Tl .. llAL l/0 SUPPORTIO THROUGH TARGET MONITOR 

.• EllIT KEY 

0 CoNDITIOIAL COMPILATION 

SWAP {( .• EX1CUTIN8 READ-DATA. STACK: n .S)) 2• 

0 MEMORY ACCESS TRACI. 

ALL MEMORY .RIFIRUCES (I I Cf CU ARI ROUTIO THROUGH THl 
MONITOR 

TForth - 13 
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FILE INTERFACE 

0 WRITE-HEX FILENAME 

GENERATES INTEL HEX FILE 

0 WRITE-IMA&E FILENAME 

GENERATES OBJECT FILE 

0 READ-IMAGE FILENAME 

READS IMAGE FILE 

0 READ-HEX FILENAME 

READS HEX FILI 

0 FTYPE FILENAME 

SIMILAR TO DOS TYPE CO..cAND 

0 FDUMP FILENAME 

HEX/ASCII DUMP 

TForth - 14 
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ExERCISE 

OBJECT: WRITE A PR08RAM WHICH FLASHES "SOS" IN MoRSE CODE ON THI 
LED ON THI FllOllT OF THE llOX. 

HINTS: THE &11aT1ra ON aY WRITINS 8000H TO PORT 18H: 

THI LED IS TURNED orr aY WRITIN8 OOOOH TO THE PORT. 

50$ IS 3 SHOIT FU.SHH, FOLLOWU 8Y 3 LOllQ FLASHES, 
FOLLOWU aY J SHOaT FLASlllll 

&uTU"olNlollr YOUR COOi AT 8300H: 

IF YOU .HAYI TIMI 

WRITE THE FOLLOWlllCi SO THAT THEY MAY 8E COMPILED WITH EITHER 
PC/FORTH oa TfoaTH. . . 

1. WRITE A PRQGRAM TO CALCULATE THE NTH flllONACCI NUMllER fN: 
FO = 0 fl = 1 
fK : fK-1 + fK-2 FOR K > 1 

2. WRITE A PROGRAM TO CALCULATE NI FOR ANY N, 0 <: N <= 8 
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