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( ~ MINICOMPUTER BASED . :

MICROPROCESSOR DEVELOPMENT SYSTEMS
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Richard Moses

’ Tailoring ones own development system for‘micro-
processor applications provides an alfernativé to pur-
chasing an existing system. With the ,aid of a mini-
computer,a systém may be configu}ed to the requirments
of the user while staying in the cost bound;;ies of
what would be reqﬁirga for 'investing @n an off-the-

shelf system. The main  feature is that the system is

© &

Tt

‘iadaptable to any microprbcesso;;family and may be up-
graded as technology advances.

Suéh a systgm has been developed at the micropro-
cessor,applicétionstlaboratory as part of the Depart-
ment of BlectriEal Engineering at Concordia qu ersi-
ty. Configurgd.around a-DEC PDP 11/45 miqicomputer
the system hgs be€n applied to the .RCA CDP1802 micro-
processor.

The 1802 mieroprocessor along with 1lKbytes of
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memory is incorporated into a Single board microcem-’
-

: . puter module. During'prototype development the.mipro:

B
-

. ' ' computer mo?ule is linked through an extender cabie tpv
the microbrocéssor development system via'a custbm"dél»; - ,;
SR signed hardware interface. Using RT-11 software, syéfi,‘

tem and application programs wriﬁteﬁ in RCA‘microp}64;

. cessor assembly language are editted, assembled linked , o

and executed by the PDP 11/45 minicomputer. Co- -
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CHAPTER 1
THE NEED FOR MICROPROCESSQOR DEVELOPMENT TOOLS
; !
1.1 INTRODUCTION . W .
The complexity of systems.have dictated the ‘uge .

of digital computers for computational agd‘decision
making processes in a real time environment. In this .
re'spect thg advenﬁ of the minicomputer offered.
designers an extensive rahge of hardware and software

capabilities to a wide range of engineering applica-

~
-

tions. Withnadvaﬁcing technology the minicomphter‘
had become more efficient ih terms of operagion and
costs to the point where they gained a relevant pop-
uiarity in all engiﬁeering disciplinés.\

The evolution ofahicroprécessor technology from
an applications point of view came as an eitgnsion of
the minicomputer to a wider and less costly area of
implementation, thus the adaptation fo microcomputers
from minicomputers is natural. Furthermore the coal-
ition of the two systems, both having similar fqunda— .-
tions_@ay be adyantageous¢ such’qs digtributed pro-

‘ ’
cessing and microprocessor development systems.

4
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Microproceséqrs«are displaying performance ca-~
pabilities previously matcﬁed by TTL and minicomputer
désiéns. The results h?ve been a wave of product
realizations with greater.cost «effectiveness and
complexity. . Future generations of microprocessors,
single co#ponent\microcomputbrs, memories and per-
ipherals will ultimately push performance and 1owéf
componéats costs. However the key problem thap will
remain in‘configurihg microprécessor systems will be
the generation of soféﬁare and in partiéular it;
integration with the system hardware. Firsﬁ geﬁéé-
ation designs were comﬁonly‘plagueévby lengthly de-
velopment times and insufficient jtesting capabilities.
Albeft a radical transition from traditional TTL

designs, new development. tools become a neccessity for
. L

any microprocessor based application. The effective-"

ness of producing a viable product will depend on the

efficiency of development as well as manufacture and

~

service, »

!

g€
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1.2 PRESENT MICROPROCESSOR DEVELOPMENT AIDS

. The intent of any microprocessor development aid
is for the simplification of a particular segment of

' the software and hardware design. Various aids are

offered by several manufacturers so that micropro-

spective user. Available in several packages these
items range in complexity;they include parts families,
single board computers, hardware development aides, in

circuit emulators and full development systems.
‘ In choosing one of .these packages for desighing a
specifi¢ microprocessor application the user need con-
‘sider the following; the complexity of the design in
terms of hardware and software, the amount of hardware

and goftware interaction, the amount of testing re-
3

quired. and the flexibility of the package for future

.
.

vices might give some insight to the requirements of a
general purpose development system.A detailed descrip-
ction of these deviées’may be found in (3).

A generalized range of development tools preseﬁt-
ly offered.is depicted in Figure 1.1.Due to the intgr-

: .
active hardware and software nature of microprocessor

cessors would be more accessable and usable by a pro-

use. A brief look at the contemporary spectrum of de- -

PIPVIVL NI T T S
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. ' * systems, it is not surprising that”the scope of aids :
range fromvlime-sharing and minicompdéer sysgems to
. hardware sequential’deVECesl The extreﬁé left of 'the
spectrum represéﬁts hardware subﬁbrthfor pulse tracing v
and static sgate testing. This equipment such as
. various oscilloscope; and logic testers thch normally
would be br;sent in most fesearch'Labs,are'pafticular-
ly'useful for ‘debugging specific. logic functions once:
- a problem has been pin-pointed. However for the
tracing of software 'flow in conjuction with monitoring
line aciivgty,'ihé use of these instruments’ is un-
ppactiqal. ‘ v . .

%H;gs an extension of the oscilloscope, logic state:
analyiers allowing multichannel synchronéus observa-
tion of bus linés: have been aimed for use with micro-

h, ' processor systems. Multiple diég}a§ formats (binary,
. hex,éctal,voltage levels) and ?&ofage capabilities,
’.allow the user to follow a partiéular segment of pro-

gram flow and line activity in real time.These instru-
.~ ments are rather sophisticated and are only useful for
testing and debugging logical functions and program

f segments. Although these devices are adaptable to any

.V “’; * .
microprocessor or logic system they are nevertheless

RIS ETE




e

expensive,

Development tools intended for the use for a par-
ticﬁlar cP include a range of microprocessor analy-
zers and In-Cfrcuit-Emulators(ICE). aggh systems
allow the monitoring of program flow,sdisplaying rn-
structlons, addresses, *and logical states for hand-
shake lines or other external loé\c. . Extra features
may includérobgérvation and alterétion of memory and
.regigter contents, setting'qf break points, ané system
capabilites for more than one make of micrprocessdr.A
desirable characterist!é of these systems is that Ehey
‘brovide the usef an easy to usé push button ipstrument,
ailowing ;pe deéigner to concentrate an the applica-
tion software and hardware. The main grawbackf(how-
ever is that the devices are unpractical for develop-
iﬁg complicated software, and AQaptability‘xo a
certain microprocessor family is dependant on the
"pefsohafzfy modhles;/offered by the instrument
manufactu?er. v

At the extreme software end of the spectrum are

s

the time-sharing systems run on a host computer, ﬁsing

~

, cross éséemblers, software deyelopmemt for a specificif

-
\

microprocessor is backed by the full softyare.support

of the host computer, i,e. editors, assemblers, link-

A
* «

"
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ers, high levll languages such as FORTRAN, etc. In
. ] ’

~ &
.
Ve, some cases time~sharing may be advantageous in that it

>

[
! ) L
1 may support séLeral programmers working in parallel.

‘ ¢

However, the u%e of time-sharing systems is parti-.
¢ularly uﬁeful ﬁor developing static software;i}e., v
program vériablgé are time independant. Debugging of

areal time functiéns may be achieved through the use of
of software simulatérs, however their perforﬁance only .

. seconds real timé.ekecution and monitoring. Further-

3. moresthe need for gimulators is unneccessary if ICE -

%

-

capabilities are existant.

The requiremenfs for a generél purpose USeﬁ
otientated development system falls towards.the middle
of the spectrum which is highlighted by the micro-

computer/ICE systems. Their area of application is
* 1 .

aimed at Hérdwafe and softwage devlopment and test.
: . | : ,
. 1 . » E
| » '
| -
& - ‘
. \ N
B
- \ .
. x
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1.3 MICRORROCESSOR DEVELOPMENT SYSTEMS

The microprocesser development system has evolved
to be a valuable tool in the design of aZy microéro—
cessor baseé application.Microcomputer system design-
ers haJe Qitngssed the growth‘of aﬁailable systems
over the last several vears, whe; Intel introduced thg,
first micrdcomﬁuter.development system for its 8080
family.Indeed development systems now exist for all
-establishggfﬁicrocomputer families supplied botﬁ by
the maigfxmanufqéturers of these lines and by in?epeq;
dan;’instrument manufaeturets. Naming a'few, develop-
@pht.;ystems are available in various formats from

Intel, Zilog, Motorola, RCA, TI, Rockwell, Signetics

and Tektronix .

-

, There exist two basic modes in which these devel-

opment systems may be utilized. The first method

entails using the development system for software

development. “~Once the software has been been devel-
oped and optimized the necéessary hardware design is
implemented into the final realization. The seéond
methoq involves the simultaﬁeous develpment of both

software and hardware reéuirements'using tﬁg'develop—

v

2
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9
ment system for diagnosis and control. For applica-
tions chatacterized by small;ef"dr less sophisti.ca'ted
systems. where there‘is not a cofisiderable’ amount of
interaction between-:the software and hardware, the
first method is-adequate. However, for mofe compli-
cated designs the user is apt to conform to tl;e second

method requiring an 1nteract1ve develpment system. A

/.4

¥

- .
Mg,emerallzed format for- 1mplement1ng such a system for!(

L=
a spec:.flc appllcatlon is deplcted in Figure 1.2.

Once the functiqnal requ\irementsiof the design have
been defined, software and hardware development

(i'ncluding, some intermediate testing) may proceed in

parallel. Program development inéorporates the sys-

e .
tem's software ‘support which would normallyqincludey
f

resident assembler, editor, and a reasonable amount

i

RAM with perliapé 'a‘ floppy disc operating system. An

-

overview may be found in (2). In circuit emulgtion .

(ICE) is partiéu}arily useful for debugging software

and testing software and hardware interactions.
At the present stage of development, various

firms oﬁfer their own respective family of devices so

\ that no' two microprocessors are completely compatible

with each other. Although such versatllxty in archl-

[3

tecture and languages offers the usér a w1de range of

N ’

Ao s e gty R
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* Program Hardware
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4. Source Schematic N
Program A
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. Fiqure 1. 2 Parallel hardware and aoftware development for a,

3

3

-

specific application, Not indicated is the feedback
process for discovering errors at the different‘

stages, L
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devices to best suit the need, it boses problefms to

those who wish to configure systems around more than
, . o

one brand of microprocessor. Thus with the-aquirement

of a dedicated development system, the designer is

committed to a particular make of microprocessor. In

I o

terms of’financial resources, resorting to numerous

development systems for several microprocessors is

3
hlghly unpractlcal. ‘

s Mantfacturers have been aware of this problem and

<

their responsensignifies the latest trend,which offers

aptional personality modules fot use with various pro-

L 4

cessors. These ~ personallty modules usually take the -

-

" form of hardware lnterfaces and cross assemblers for

adapting the sytem to a number of microprocessor dev-.

ices.. A good example of such a system is that offered
by fektrohix which has the capability of sdpportiﬁg
the 8080, 8085, 2-80 and.6800'micgoprocessors. Al-
though these systemsxare an improvement over dedicated

systems they are nevertheless qulte expen51ve,

usually in the $15,000- $20 000 bracket.

v
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CHAPTER 2 . oo i - ’ , -,
S’ ALTERNATIVE APPROACH TO THE DESIGN ‘OF A - : S .
MICROPROCESSOR DEVELOPMENT SYSTEM ' ‘
! ‘e
. ‘ . ‘
2.1 USINGWMINICOMPUTERS FOR MICROPROCESSORS SYSTEM * y

DEVELOPMENT | , A -

i

If the aids provided for a.specific system are

unsatlsfactory the alternatlve remains to de51gh orte s

[

own personal system. The procurment of a development ,

.system around alminlcompqter,ggtalls.the design of Q ’
“hardware interfaces ;hd\thé writing'of the development - \
M e - \

.on the availabilit§ and ‘experience of the personel

system software. 'The ihitial design time before the R

N * ¥

system becomes operable, 1s an 1mportant factor to be ‘ .

consxdered when adoptlng the bulldlng rather than .

) buying approach.The choice will depend;to some extent

’

"required §§§ the pro;ect' The m;nlmum requirement
J

would probably 1nclnde a reasonable amount of, know-

ledge 1n$programm1ng and H&rdware loglcal de31gn. _—

The 1n1t1a1 cost outlay for a m1n1computer and
- - > (

addltional hardware falls within the ball park rangé

of what would be expected for inxfstment into an ex- .

L] -

” a

N
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isting system. ReCEntly.minicomputer manufacturers
have off%red systgms for lower end applications at
lower costs yet maintain system compatability ‘with the
family line. As an exsmple the acquisition of a PDP

s 1
11/03 system carries the f411 software support of the

11 family of minicomputers as well as a host of peri-’

" pherals. All told a suitable system, as indicated in

Table 1 could be purchased for approximately $15 000.

\

. Lfonsiderable cost savings could be achieved 1f an

existing mxnlcomputer is already available, as is the

’

case with!many groups entg£§h9~the field of.micrprof'

‘cessor design.The concept of developing microproécessor

software~on a host computer has existed hpw for a
number o} years and is well documented in the liter-
ature(l,4,5,6,12). 051ng the mlnlcomputer software
capabllltles (e.g. MACRO 11. Assembler) such develop-
ment should pose no real problem to de51gner who has

some experlence in assembler programm1ng, As far as

implementing tHe hecessary hardware, microprocessor

>

: msnhfecturers usudlly-provide a- generous amount of

&

information on.the device operation, interfacing as
well as applications. Furthermore, the interfacing

of the dev1ce into the overall develoPment system

*

provides “the des1gner with expetience that{j; useful

. 1 ' 13 -

4
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50 ok v - o e




ITEM ' PRICE ‘ o

"naked" Minicomputer  $3,000

o . Cartridge Disk $8,000
. CRT terminal .$1,000
~ Line Printer .$1,000 :
Interfaces $2, 000' .
TOTAL ‘ $15,000

v -

[
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later on when ag, actual application is in mind.

AN

In summary, although the approéch to such a
desién involves the extra effort until the development
system becomes on-line, the solutibn for a flexible

and efficient- system pays off in the long run.The

L)

intent of the design goes beyond the notion of simply . -

building and running an operational system but also
keeps the following objectives -in mind.

FLEXIBILITY-thg flexibility of the system configura-

tion makes -it adaptable to any current microprocessor
device; thus the system is 'upgradable as technology
produces enﬂanced‘devices. Functional modules could
further be annexed such as PROM}programmers and a mon-
itor memory for use in real time ré circ@it monitor-
‘ing,as demonstrated in ?&l). ’The ma;ter7slave'conéept
may be extended for multiprocessor devélbpment(i.e.
each_microprocéssor defined.by its own hardwa;é and
séftware modules) as well aé time sharing Caéabili-
ties, These ideas are important conside;ations for
implementing the system in an educational environment

¥

as proposed in (10).

‘ ‘ .
SOFTWARE SUPPORT~the extent of the minicomputer soft- °

ware ‘support exceeds that of pregent day development '

systems. Granted existing systems have been aimed at
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a specific application, but on a per dollar basis the..

minicomputer operating system offers a more flexible

)

/

and proficient software package. K

The operating system is incorporated for the
development §f system and applibatiop programﬁing.
Higher level languages may find their,use‘in the con-
struction of handlers, monitors eté. Editors and as-
semblers are manipulated,éor'application sofﬁWare

development. The file management system offers com-

plete storage and referencing capabilities fof all

files. The extension of the software support allows

-

various functions such as a foreground/background

monitor for tiﬁeTSharing and multiprocessor applica-

tions. Naturally the minicomputer could be incorpor--

ated in numerous other domains as wel{, so thgt the
system is not tied down only to microprocessor devel-
opment.

SPEED-the interactive nature of'tbe minicomputer CPU
and disk controller allows for fast assembly of the

source' application program. During software develop-

ment, modifications to the microprocessor source pro-

gram is achieved fhrough editting and reassembly.The
inherent spéed of the system thus avoids the program-

mer being subjected to lengthy assembly times and

T
»
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probable frEEtrations.

EASE OF OPERATION-the complete sytems serves as a

valuable tool for micfoprocessor applications. The-

prospective user need not be concerned with the opera-

tion of the system but on how to manipulate it\for a
given application. Eventually the usér would require a
minimal knowledge of the system editor as well ‘as

basic protocol for assembly loading and monitoring.

.Complete activity may.be channelled via standard CRT

terminal offering visual push button interaction bet-

ween the user and system.
o
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2.2 SCOPE OF THESIS
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The thesis presented herein concerns itself with

one possible implementation of a minicomputer based '

microprocessor devélopment system. Specifically our
discussion will revolve around a PDP 11/45 mini-
computer and the RCA 1802 microprocessor; By delving
into the global operation and detailed hardware and
software aspects of the désign,an overall appreciation
of the system organization as well as a funtional

?
description:of the various elements are supplied.

Presently the laboratory at éoncogdia incorpo-
rates a PDP 11/45 minicompufer with refresh graphics
teFminial, Decwriter, two EKDS disk drives, and line
brinter. For a number éf years the computiqg syste@
had been involved in several analytical as well as
real ﬁime\applications. Considering the advantages of
using a minicomputer as a microprocessor development
tool, the incorporation of the 11/45 was for us at
least the most direct-and economical approagh. How=-
ever, sincg the 11 family is software compatible down

the line,the system is adaptable to any member of the

PDP 11 family. .
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The generaii_zed 'system configuration is illust=
rated in Figure 2.1. Transfer and, control of parallel
data to and from the PDP is handled by the DR-11C
general purpose interfgce. The module which is'pur-
chased from DEC for approximately $800 can easily be
confiqured for a wide range of I/O use. ‘Via the Con-
troller the input and output buffer registers of the
DR-11C (DRIN, DROUT) are channelled onto a single 16
bit bidirectional bus. Bus control méy be re.quisiti-'
oned to anir of 1 of 8'peripherals I/0 cards and reta-
ins control until deselected. - As an extension of the
DR11C, selection and transfer of\ data to the periphe-
ral 1/0 cards is under comple{:e software control. -

In the case of the microprocessor development

system one of the I/0 cards will be rebresented by a

particular microprocessor Monitor module. Its prim-

airy function is for the control, loading and monitor-

ing of the microprocessor. Associated with each micr-

oprocessor Monitor card will be its appropriate soft-
ware module.Thus several micro processors whether id-
entical or not will run with their own Monitor inter-
fa\ces! software modules and card addregses on the

\
Controller bus either singularily or simultaneously

&
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; .
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1/0 Card ©
- — ¥
. KX ' ‘
. 2l ' .
Yo iy
S E 50 conductor ribbon cable
238 - 4
l Y l
* Monitor cPU

"
ﬁ % 1

Prototype Bus

Figure 2.1 System configuration. By linking the mini-
computer and prototype, application programs .
are 1oaded, monitored -and run. .
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multi-user env ironment) .

The development system is built around a modular

_ bagis, i.e. CPU and Monitor printed circuit cards are

designed for prototype integration. Additional plug
in moduleé for various support functions and I/0 may

be developed and retained for future applications.

The same principle holds for commonly used software

routines and macros which are linked }nto the final

application routine. During development the monitor
modulg is part of the prototype sy.!:.tgm ~and is useful
for loading programs, in-circuit-emulation and d;bug-
ging.Once the hardware and software have been devel;-
oped and optimized the monitor -is removed ‘and is re-

tained for future applicatiohs or maintenance check‘s

L]
on the product.
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CHAPTER 3 ‘
THE HARDWARE ' K o
3.1 INTRODUCT}ON .

The hardware requirements for the éevelbpment
system may be subdivided into three basic groups;
these include 1) 1/0 from the master, 2) target ma-
chine , and 3) lir;k with the prototype system.

I1/0 from ti’ie masters defines‘how status,control
and data are transmitted from the master minicomputer.
The target machine defines the structure of the micro-

processor or microcomputer under development.  Finally

~linkage specifies how information is passed between

«

the master I/0 and the target machine.’
In our application the I/O fr{*om the master is
handled by the Controller and the specialized DR-11C
interface to the miniébmputer. Our ta'x.:get machine":':s : {”
represented by the RCA CDP 1802 microprocessor, inte-
grated into the CPU module. Linkage is acc‘omplished

\

via the Monitor module. A complete description of the

various hardware elements are given in the following

~

sections. -
L ]
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3.2 THE DR-11C
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The-. DR-11C (Figure 3.1) is a general purpose in-
tgrface between the PDP-11 bus and a,user‘é device.,
The intergace provides buffer/registers for input and
output progfa@ controlled parallel data transfer, as
well as for status éhd control fundtions. The séatué
lines may bg‘cqntrolled ?y either the program or ex-
ternal device for command,.monitoring and interrupt

]

functions. 'The interface congists of three registers;

%3

control and_status (DRCSR), inut Suffer (DRIN) and -
output buffer/ register (DROUT). Operation is initial-" -
ized under program control .by addressing the DR-liC to
specify the register and type of operation to Qe per-
formed .In order to synchronize timing of data t;ans-

) fers‘to and from the interface, two control signais o
New Data Rea&? (1DR) aﬁd Data Transmitted (DTR) are
available to the user. 4 ’

Upon software transfer of data to the DROUT the

NDR pulse is strobed indicating the user's device @hat 5
data has been loaded. When an input from the DRI ‘has
been executed the DTR liﬁe is strobed indicating th\&

data has been read by the 11/45 CPU. The six bits of\\

-3
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25
the,,D_R(;SRJ‘a};e used for cpntrsl and monitoring func-
tionms. of the device. The two requ?st lines REQ A and
REQ B, whlich can only be read by the p;:ogram, are
marripulated either to ‘initiate interrupts (depending
whether INT A and/or INT B are set))or'to provide flags

that may be mo}xitored by the program. The bits CSRO

@

"and CSRl are set unde@ogram control to provide

commands to the external device. -A complete descrip~

tion of the DR-11C Ty be found in (8).
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3.3 THE CONTROLLER’
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)

The transformation from a sepai‘ate I/0 structure

of the DR-11C to a more compatible bidirectional bus

structure is achieved by -the Controller. Housed in the

»

. - ] »
minicomputer mainframe,the Controller channels the I/0O
" ‘ and status registers of the DR-11C (DRIN, DROUT,DRGSR).

6n.to,the bidirectional bus of the Controller chassis. "

' " The detailed schematic of the Controller is given in

- I

) "“the :appendix.' .

;k , . Bidirectional traffic control as well as bus
/o e . .

-~ driving capabilities are handled by the 8216 drivers..

N\ . ’Normally the direction of the drivers;are in the out-

4¢yput mede wi'th respect to the DR-11C “r i‘.e.theh DIEN

input is.low and the ,Controller bus is hooked to the

DROUT. 'Uiién a éroqfi:'am Data: In seguence the DTR line?

N

is strobed, = On the fis'pg‘;“edge of the strobe two

. events ocour;i) .the DRiiﬂ bhwffers are enabled, 2) di=

.\ : s : ¢ N » » ’ .‘
\! rection of the 8216 drivers is switched so that the
i ' .

. 4 3\ \ - .
Controller bus is channelled into ‘the DRIN buffers.

3

! g At the ‘same .time a stretched’and .inverted version of

’
4

. :_' DATI is issued to the Controller bus.

B

The Controller has the opt'idn of supporting up to

-~ .
LY t “

. .
. . @ >,
A .

-
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8 I1I/0 peripherals. Selection of a peripheral or 1/0
* Card fequires the appropiate decoding of a three bit

o

address. The format of the- address word is shéwn in . . )

Figure 3.?.
Thé address byte is organized -around 8 bits of - ,
" which bifs_3-5 are decoded fo; I/0 Card selection.
The remaining.5 bits may be used éor control functions,
or for selecting one of 32 ports on the selected 1/0
card. Address bytes are- trans itted on the Controlller
bus to each card for‘decodi¢§$ Only one of the cards
will match the 3 bif card adgress and consequently
gain control of the bus or perform some function de-
‘ pepaing on the setting of the remainind address pits. '
lﬁata (up .to 16 bits)land addfess (8bits) words are L
. -

‘mltiplexed on the Controller bus in accordance with

the appropiate pulsing of the DATOfand ADDR strobe

;}nes. To differentiate between an address or dita
word Being tranﬁmitted the CSRO and CSR1l bits of the .
DRCSR are gsed. Thus during a Data Out program se- ‘
quenqe; depending on how these two bité have’ been set

4 .
will determine whether to.issue a DATO or ADDR strobe.
. p .

This is

eccomglishéd by decoding the two CSR bits

-

L]
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with the NDR Signal hy means of the 7242 decoder. The
remdining bit combinations\éf the CSR bits allow for
two more functions. The first, INIT, will generate a
strobe which may bg used for the initialization or
resetting of a dét!ie or operation.The second, DATA
HOLD, will reverse the normal direétion of the Con-
troller*bus drivers i.e. place the 8216 drivers on
the‘input mode with respect to the DR-11C. This par-
ticular functioh is useful ?or observing the Control-

ler's bus lines uRder static conditions. A summary of
-

the CSR functions are given in Table 3.1.

Lastly the Controller buffers and inverts the REQ

A and REQ B lines before feeding thém into the DRCSR.

Linkage between the Controller chassis and the DR-11C

Berg connector is accomplished via a 40 connector rib-
' »

' bon cable . The Controller has the_ capabilities of

supporting 8 (8"X 1P",4U pin) plug-in modules, and

maintains its own 5V, 15V@1A power supply.
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3.4 THE RCA CDP 1802 MICROPROCESSOR

,The first step in any microcomputer sy§tem design

_is to develop a set of criteria for microprocessor se-
lection.Some of these criteria include; ‘
-flexibility '

-performance

-cost

:pefipgeral compatability

-reliability '

While the development system is adaptable to any
devick, our intention was to carry the basic philoso—
phy of flexibility one step fﬁrther by cﬁﬁosing a
microprocessor that would be compatible to a wide
spectrum of appiiéations. In considering various de-
vices the RCA CDP1802 8 bit CMOS microprocessor was
chosen as cgntral control ;nd processing unitt

The range of microprocessor families &and their
immediate application domains is shown in Figure 3.3.
In contrast to the 4 bit and 16 bit devices, sy<tem

architecture around 8 bit machines appear to cover the

most ground. Nevertheless, enhanced 8 bit devices can

. et
o o
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handle 16 bit ﬁata, making it possible for the user to
upérade his system . |

+In. the applications spectrum éhe.Intel 8080 and
Motorola 6800 are very popular processors. Both are
similarily organized with bus configurations typical

of 8 bit syétems. Such bus organization allows inter-

face and peripheral IC's to use these lines, ensuring .

the user a well formulated method of des{gning his
basic system. : . . -

.Our decision was<to‘proceed with the 1802 éicro-
processor manufactured by the RCA Solid State Divi-
sion., The device possesses many of the adéantagés of

the older established families as well as several of

its own useful characteristics.\ In brief RCA 1802

. features include:

-single chip CPU

;single 5V supply required
-65K hemory accegs . .
-CMOS technology L

-2.5 microsecond instruction cycle

?.

-16 scratéhpad‘registers(may point to either address

or data) .

UUUUNIR
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~-91 instruction set

-on board DMA facilitf

-interrupt and programmed 10 capabili}ies.

The block diagram of éhe.leoz architecture is shown' in
Figure‘3.4. Furthermore the device will be 'pin to pin

compatible to an enhanced SOS (Silicon On Saphire)

version to be released 6y RCA at some later date. The

S0S device promises to push speed through-put by ¥
factor of two. Complete performance specifications and

#

functional description of the 1802 microprocessor is
N . ‘ .

given in (9);

3
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3.5 CPU MODULE .

N /
The 1802 microprocessor is incorporated into the

CPU module. The module also contains lKbytes of on
board memory which may be.configured .as either RAM
and/or PROM. The CPU module block diagram is illus-
~trated in Figure 3.5. For initial éevelopment,RAM may

be used and upon final prototype development the re-

quired software may be permanently loadeg into PROM.

The module is pafkaged on a staﬁdard size PC board and
comprises .the fundamental Pnit for the application
deveiopment and final product.The schematic for the
CPU module is given iﬁ the appendix;‘Maximum component
density was - considered in the initial design. - The
result is a high density single board micrpcomputer.
Although the 1802 contains-an on chip clock oscillator
(requiring and external crystal), an external clock
may also be provided.The latter course was taken in
the design (usihg the 74123) the intent béing that the
user may 'set and adjust the operating clock frequency
(v{a an adjustable trim-ng)fof optimum berformance;
1802 specs allow for a maximum 6.4 MHz clock frequency

(operating at a 10V supply). All data and control

s R e
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I/0 | BUFFER >
ADIRESS RCA 1802 | DATA
BUS
QOONTROL
'BUFFER | | DECODING ——1 BUFFER
Y
1K X8 .
RAM/PROM DATA
ADDRESS BUS
J B
* ]
Figure 3.5 CPU module block diagram. Based on .
the 1802 microprocessor. and 1K memory ’
(RAM and/or PROM) the module serves as
common denominator for all .applications,
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outputs are buffered . Control inputs (flags, inter-
rupts, DMA requests, mode control) are pulled up to 5V
through pull up 3251stor networks.

On board memory is configured around 256 X 4bit
static devices.Eight components are incorporated to
yeild 1Kbytes of memory. The Intel 2112 RAM and 3641
PROM are useé. Pin compatability of two devices al= by

lows for interchangability and offers various combi-

nations of RAM and /or PROM configunations.

The 1802 provides 8 memory address lines, supply- .

ing a 16 bit addr word in the form of two succes-
sive address, bytes. Tu\\ﬁrgh order byte (Al)appear5r
on -the address lines first followed by thellow order
gdd;éss bytg (AZS. Two ﬁiming signalsC?BA aud TBB are
supplied by\gge’mioroprocessor each machine'cycie for
synchronizing external events to internal 1802 events.
The relationship between TPA,TPB and the  memory ad-

dress lines are shown in Figure 3.9.

The CMOS 4042 latch is used to record the most

significant as. well as lower 3 bits of the high ad- -

dress byte (clocking occuriing on the falling edge of

.

TPA).. Decoding of the lower three bits of Al.is-ac:

,complished by the 8205 selection switch ko choose the

;e
?
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\ ' ‘appropriate memory page{l page equals 25@ bytes) .

»
T
.

\ ‘Although up to 2Kbyte of memory may bsAaccessed only
\ 1Kbyte of on board memory is -actually available. Bit
\ . . \

. \ 7 'of the high add}ess‘bYte, if set deactivates” the

d : ' . ‘ . . .\
I 8205 decoder and drives the IOEN line active low. ¥ e

\ B The memory data output (see Figue 3.9) is lafched;ﬁ\ ‘ a
Y ihto-the CPU on %hé falling edge of TPB . For a 3.2;
TN MHz clock frequency (max.at 5V) the,ailéwahi@:memory
\ { epéess time is in the order of 1. 4us which is suitable
i for the maximum access time of lus of the' 2112 statlcu
1 RAM dev1ce (the 3621 PROM wlll have a fa%ter access . . 4;

1

. 1 time of approximately 60 ns). N
-1 Setting of S1 switch accordingly for each page
i‘ debermines whether RAM or PROM configuration ie being ‘ _”
used. For the PROM configuration S1'for the specific
) ) page is set‘in the OPEN co;dition andachip selects the ‘ _
v device. 'Page selection via chip sel¥#t is deriyed
from the 8205 decoder. For the RAM conflgutation S1
!br the specxflc page is set in ‘the C{QSED positf&Q\

Consequently the MWR line is fed to the R/w line of of

the 2112; when low indlcatee a Memory Write‘operation.

L
7

Note from Figure 3.6 that data from the CPU.is stable

on the bus prior to activation of the MWR lineﬁ.Normh '
‘ » . L
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ally the<2112 is in the READ state i.e. the R/W line
% \
is maintained high. Orice again page selection is

accomplished through the chip select derived from the

8205 decoder. Data may be loaded from the CBU to an

*

external device in the same manner as it is loaded

into memory. An .I/O device may be characterized by a

specific address or‘a@iblock and progprammed data

‘ .
*  transfers to these lopctidn -will transmit\datyto ‘the
device. Presently, the most significﬁt"add ess bit

!
)

Tbit 7 of Al) is used to determine¢ whether an address

i%s referencing memory or an 1/0 device, The MSB of

the 16 bit-address is latched at TPA time which in

turn enables. the IOEN li/ne (active low) and deselects
the on board 1K’ of memory.
’ The 64K (65,535) memory referencing éapability of

r0

" scheme . Full memory is diwided via bit 16 into 32K

o

“for memory and 32K for 1/0.Should the full memory .

, address space be required the IOEN optioq may be
disabled through jumper J1l.

Memory is organized arpund \pp\ﬁes 256: bytes long.

Eight pages are-integrated into a mem'ory bank (;ZK) .

Memory extension cards are organjized around memory

the 1802 is sectored in the following memory mapp;'.ng .

T it

N
N
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‘banks, and possess the appropiate decoding for .page

T 2 .
/ﬂ\\ \\u’{ﬁggigsy;on. Recall the address bits 8-10 of the ad-

dresg word are used to .select the proper page.. The

i

N ‘
remaining address bits 11-14 will choose 1 out of the °

16/$ossible memory banks.
ST ’ ° ,
~~" = The on board 1K memory on the CPU card represents

— one half the capacity of a possible memory bank. The

i

/fl full pémory bank mqy'be completed by stationing the

T remainig 1K elsewhere.: An added input line to the

.

’ ' module is supplied, MEMDIS which when activated de-
RN selects the on board memory. Presently the 1802 will

address the first 1K of memory directly "to the on
’ r )
board memory; however through the use of the MEMDIS

.

line this- 1K may be relocated elsewhere. In situations
« X

where external meméry (bgnks) are being utilized an

1

’ external decoding circuitry will define the relative

locations of the various memory banks. Thus each

" memory bank module may possess a similar MEMDIS input.

p and bepending on the state of the line decides if the
given bank is selected. - " o
Under normal operation the 1802 may be in one of

' any four machine states. Each machine state designated

N ; [

%’LS4,lasts the duration of 8 clock cycles, comprising

LN

LS »_w.mx,,a« hmas K s v

R
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one machine cycle. Two state code lines SC0, SCl are

A v -

available to the user and indicates that the CPU is ;

|

l)fetgh{ng an instruction, or 2)egecuting an instruc-

tion, or 3)processing a DMA rgqﬁest, or 4) ackowledg;

ing an interrupt reqﬁest. The State Code truth table

is shawn in the i802 siénal description chart in Fig-

ure 3.7, ' ‘ ' ‘ .
5C0,SC1,9Q anddu lines are buffered via the 7432

gates. The Q line is a software generated output

signal and the N lines are activated by COSMAC 1/0

ﬁnStructions. The 8 data‘lines of the 1802 are confi—.

gured in the bidirectional mode.‘Data output is chan-

nelled through the 8216 bidirectiﬁnal bﬁs drivers. 'Al-"

éhough outputs from the 1802 device can interface di-

rectly to a single TTL load, the 50ma drivjhg capabi=

lities of the 8216 drivers are well suited  for bus \\
driving. The.diregtion of the data traffic is depen-
dant oﬁ’the‘type of instruction being executed. 1In
geﬂeral when the MRD line is active data is being read

from memory or an I/O device. Under such conditlons

the 8216 transceivers are in the input mode with res-
\
pect with the CPU. An exeption to the rule is 'the

INPUT instruction which loads memory and an internal.

-

) B

°

4
) AN
{ . .
—m e e m e w « - - - — -
‘.
. ' ' .




F- - )

[~ .

44

CPU registertsimultaneously from the data bus. In such

a situation MRD is high, however the 8216 must be in

the input mode (i.e. the bus lines must be connected

to the 1802 data bus). Extra logic hés been provided
to switch bus directions for ,the IN N instructions.

During DMA (S2) cycld® data is channelled direct-

ly to and from memory via.the data bus. The source or

destination of. the data 1is from to or from some

-
-

external peripheral, however the 1802'yeilds the
corresponding memory addresses and monitors the
transactions. Once a DMA cycle has been ascertained
the.microprocessor data lines afe disabled frém the
card data bus via the CS line on the 8216 bus drivers.
State decoding logic‘is activated during an S2 cycle
to disable the D4 and C3 drivers. Furthermore S2

cycles are indicated by the S2 active output line.

I3

1

In order to inform any extern;j;aevice the pre-

sent direction of data flow on the\CPU data bus, The

- DATIN ouput is provided. Direction of the bus will be

L}

instruction and/or state dependant.
Nine input lines allow for I/0 controllers to
transfer status or commands to. the central processor.

All inputs are pulled up to<5V via resistor networks..

/
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Active low inputs to these lines may be derived from
one or more devices through the use of open collector
-drivers. ’
| Four input‘flags enable a device to transfer
status information to the‘microprocessof. The flags
are internally sampled.at the begining of each Sl
cycle and may be tested by conditional branch instrué—
tions. .

14

Activation of‘the INTE interrupt line ‘causes the
machine to'enter thé S3 state. During this cycle the
present érogram counter 1is stored.and replaced wigh
the stafting address of the interrupt rbdutine. _Inter-
rupt requegts may be enabled 6r disabled by an inter-
nal flip-flop set or reset through the software. As
soon as the microprocesor enters an the interrupt
state the interrupt enable flip~flop is enabled to
inhibit any further interrupts.

Direct memory transfer signals DMAIN .and DMAOUT
are user geﬁerated s@gnafs that may be ascerted at any
time. Data is transferred directly via mémory data
'bus, and address locations are stored and incremented
‘autémgtically by an internal register (R0O). The DMA

as well as the INTE lines may request service inde-

~

i adie
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pendant of the microprocessor internal eventé, however
the CPU will first complete its present S1 execution
cycle. before going into either, an $2 or S3 state.

The remaining two inputs CLEAR and WAIT are de-
coded by the i802 to place the CPU in one of any four
operaticonal modes. The four modes of operation; LOAD,
RESET, PAUSE, and RUN and corresponding CLEAR and WAIT
truth table are 1istod in Figure 3.7

In the LOAD mode a program may be loaded directly
into memory. The process islgimilé% to a DMAIN opera-
tion with éhe exception Eﬁat the inte;vais/betweeo
transfers are filled with IDLE (no-op) operations.

RESET resets the\internal registers, TPA:and TPB

are suppressed and the the CPU is placed in the 51

state. . : L

I

PAUSE stops the internal CPU timing geﬂerator on
" the falling edge of the clock (of the upoomming full

.clock period). Although the clock may,/be left run-
f

ning, the CPU is frozen in the state as/which time the

PAUSE occured. Resumption of operabion occurs when
" /
the PAUSE condition is removed. ¢

. RUN places the machine in its/4unning state. When

initiated from RESET, RUN will befin program execution
£

H
¢
4
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Signal Descriptions

BUSoe»
8-bil bidirectional data bus for CPU -
memory - VO transfers.

No2

11O selection lines. The 3 lowest-order
bits of the N register appear on these
lines when an input or output instruction
15 executed They are used 10 uniquely
‘select the desired /O port. Different /O
instructions generate different signals
on the N- ines (op codes 61-67 are
outputs, 69~6F are inputs).

Q

Bit-serial output line that can be set or
reset under program control via two
dedicated instructions (7B, 7A).

INTERRUPT '
input to the CPU that initiates execution
of the user’s interrupt service program.

DMA IN

DMAOUT

Direct Memory Agcess request lines.
Initiates DMA da‘fa transfer action within
the SCP1802

EF:a

Four External Flag ines Conditionally
tested by branch instructions to convey
external information to the CPU,
priortize multiple interrupts, etc.

SCo, SCy
The Stale Code lines output the
SCP1802's current machine state.

STATE SCo SCy
S0 Instruction Fetch o -0
S1 Instruction Execute 0 1
S2 DMA Transfer 1 0
S3  Interrupt 1 1

MRD

Memory Read signal. Can be used to
control 3-state outputs from addressed
memory if it has 8 common data injout
bus. Also used to indicate direction of
data transfer during an /O instruction.

CLOCK
input for externa! one phase clock
signal.

XTAL :

A crystal is connected between XTAL
and CLOCK (typically with a 10
megohm resistor} when the on-chip
oscillator is used.

WAIT
CLEAR

Control lines to determine the
SCP1802's mode:

MODE CLEAR WAIT
Run 1 1
Pause 1 0
Reset 0 1
Load 0 0

Run:  Normal CPU instruction
axecution.

Pause: Stops CPU operation at the
next high-to-low clock input;
only the oscillator continues to
operate.

Reset: I, N, Q, X, P, R (0), BUS %0
IE ¢ 1 (interrupts enabled) .

Load: Allows an /O device to load
memory from location 0000
without a “bootstrap loader”.

vDD- vCCn v“ R

The /O voltage supply level Ve is
isolated from the internal CPU voltage
fevel Vpp This allows for simple
interfacing bewteen the SCL 1802 and
TTL, NMOS, etc. Vss is ground,

Figure 3.7 1802 signal descriptions.

-
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TPA

Timing Pulse for strobing high order
memory address byte into external
latch or ROM.

TPB
Timing Pulse used by external I/O
deviLas to time interaction with CPU.

MA; ;

8-bit Memory Address bus carries the
multiplexed 16-bit memory address,
high-order byte first followed by the
low-order byte.

MWR

Memory Write. A puise appearing after
the memory address lines have
stabilized.

N
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starting at location 0.
The CPU module is integrated on a 4.5" X 8"

double sided printed circuit board. Maximum density

is achieved through the use LSI components as well as

resistor networks. Power and ground busses are well

distributed and decoupled so as to maintain a rela-

tively noise free environment. CMOS components have

been used extensively so as to reduce power require-~

ments and increase noise immunity.
¢

Operating at 5V the module consumes in the order

X
of 80ma.The module may be produced in small quantities
. . S

for under $100.00.

»

-
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3.6 MONITOR MODULE

The CPU module is interfaced to the I/0 Control- N }
ler via the Monitor module. The Monitor is respon- g
sible for the transfer of data and commands to the :
mici:oprocessor as well as for mopitoring the status,
address and cgntrol lines of the microprocessor.The

module is linked by a 40 line ribbon cable .to its )

associated card on the I/O Controller chasis.The gen-

eralized configuration is illustrated in Figure 3.8.
*

. The .I/O card is a simplified version of the ad-
dfess selection logic . Basically it contains a com-
parator for address matching és ‘well as line drivers
for the cable to the Monitor module. The schematic
for &he monitor is gi;ren in the appendix.

Upon card selec;:ion the 8216 3—st§tle drivers are
enabled thereby hooking the monitor onto the Control-

ler bus, the remaining bits of the address word are

latched and finally the individual ports on the Moni-

tor are enabfled. Note the 8216's are in the input °
L ] A

mode by default and change direction only on the is- ' .

suance of the DATI strobe.
The Intel 8255 PPI(programmable peripheral int-

~
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" a software command word.’' For our application the PPI |

51

erface)is used extensively for tramsfer of I/O. The
40 pin package may be gonfigured indseverai—wﬁgysadé:_“
pending on the application im mind.

Bits 7 and 6 of the address byte are used for se-
lgcting one of the three ports of the 8255 via the Al
and A0 inpﬁtg. The lower thrgs bits pf the address
byte are decoded through the 4028 to choose one of'
five functions. Four are used in conjunction with the

DATI strobe to read one of four input ports.The fifth

is incorporated for single stepping the microprocessor

-

through consecutive machine cycles.
Essentially the 8255 muliiplexes the Monitor bi-
directional data bus to one of three ports (A,B,C).

' N t
sefection and configuration of the ports is done via

f
]
1

is configured in Mode 2 and Mode 0 (Figure 5.9). Port |
A is used as a‘bidirectibnal port forndata transfer
to and from the the CPU module data bus.PC4-PC7 l}nes
from Port C are used for handshaking oﬁ data trans-
mission.Port B is used as a input read only port, mon-
itoring the status of the microprocessor bMA,INTE, N, -

and state code (SCl,SC0) lines. The remaining three

output Port C lines (PCO-PC2) are used in conjunction
" 3

A

e
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MODE 2 AND MODE 0 (INPUT)

< , | ) -
5 N et
. " 0,

CONTROL WORD o fo——— X,
¥ 0, 0,0, O, 0y B 0, 0

: .. XX ef—mm,
. o s,

— . \ o 1
. 1= NPT
S~ OUTPUT s
. . 'c,‘-—f——-w R
, B =ty
- : . na K3
. ) M iy N "
!
{
c ) .
g -
- Q

 Figure 3.9 8255 mode configuration. Fort A (mode 2)
is a bidirectional 8 bit bus using five
lines from Fort C for handshaking. Fort B
(mode 0) is set as an input 8 bit port.
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with the mlcropﬁocessor WAIT and CLEAR lines. Writing
data from the Cohtroller bus into the PPI occurs dur-
ing_the_DATO-strQbe. aAll incoming control signals are
buffered . l

The destinat{én of the incoming data is determ=-
ined by the portJﬁelection bits Al and A0 .An inEom-
,bing byte may eftheﬁ be. data (which will.be directed to
one of the ports) o# a control word. The ;oqtrol word
is used for initializing the 8255 into its confi-
guration and for setting or resetting 8255 intetngl
’fllp—flops. % ! |
- Selection of the 8255 itself as well as any of
its internal ports is aqcéﬁélished using the address
byte format (Figure 3.2)., P0-P2 set to 0 will select
the 8255 via the 4028 deéoder. C2-C0 is..the actual
card address and is strap\selectable on the various
cards. For our purposes tﬂe Monitor module has beeen
assigned the address 1.

The mlcroprocé550r operational mode, set by the

WAIT and CLEAR llheS are set by writting the appro-

priate bit code to PCO and PCl of Port C. PClis wired,

through a buffer to the CLEAR line. The WAIT line is

tapped from two sources; one is PCO on the B255 and

5
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secondly the simgle stepping circuitry via a NAND:
gate. Normally 51ngle stepping is disabled and the

1802 opé”étlbnal mode is derived from PCO “and -and PCl

of Port C . ‘ A i

-

‘Single stepping is accomplished b& placing the
- ;

'CPU in the RUN mode fof a single machine cycle and

" then haltimg it ( pleced in the PAUSE mode).until
R

another single step is requested. Refering to Figure.

¢ ®

3.7 we note that the:RUN’and PAUSE states may al

nately be achiyved by flipping the WAIT ling between

hlgh and low states. — . )
Inltlally the CPU is placed 1n1§§e PAUSE mode. A

l'd

51ngle step 1s initiated by ut ing the address .byte

. command. PO-P2 ;?\the address byte.are decoded\forc1ng

[

the. associated output pin of the 4028 decoder to a

high level. The low to high transition is transformed

¢

to a positive going pulse which presets the D flip

floél Consequéntly the Q output falls low puiiing the
WAIT bine high and the CPU isgypresently 1n the. RUH

mode. As sgSn as TPB appears (ocurrlng at the end of
B L
each cycle) its r151ng gdge forces Q U%ck to a high

level Haltlng of the CPU will occur on the first fal-

-

" ling edge‘of@Fhe full clock pulse whiqh fo}lows

t
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“ of port C (PCO, PCl) are altered appropriately. .
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the falling of the WAIT lin;. With respect to TPB,
halting of the CPU -falls directly on the end of the

| current machipe cyclé. Subsequénﬁ single stepping will
occur when the functional addreés byte is retransmit-
ted.Repeated transmission of the sihglg stepping ad-
dress byte will cause incremental siggle stepping.Note
ghat before and aftgr a single step has been exgzuted
the machine is in the PAUSE mode for an indefinite

- h Y
amount of time. To exit the maghine from the single

,‘stepping~mode of operation the correspnding contents

]

'
i

b N
Continuous sdingle stepping will allow program ex-

ecution}hgyever at a slower rate aé\yould be if }he

» machine were operating in the RUN mode.This pseudorun

1

state of the machine will ulgimately depend on the
" rate at which thé single step command‘'is supplied to

the Monitor module. This in turn is dependant on the

the software module issuing the commands.The. objective
of the’sing}e step mode ' is that it serves as an im-
» ’ B

‘ . portant debugging tool. Afiter each increment of "the
. - . . S

. %, .
program counter the user may observe the status of the
addx',ve‘ssfaqt.:a, and control lines. Consequentiy program °

. ¥ ' ' “
flow -may-be followed step by stép .and be compared
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with its functional flowchart. Anomalies may(be pin
po;nted to a certain instruction sequence or condition
on the status and control lines. The monitor accesses
all data, address and .control lines of the micropro-
cessor. Theée are subsequently felayed to the user by
the master software‘monitor modhle. Information is
tapped from.the Monitor's addressable ports. éeading
portg A and B of the 8255 would require the app;o-
priate adardss byte followed by a Data In software

sequence (DATI strobe generated by. the Controller).

Bidirei:}onal data in Port A may ‘be latched in

. both directions. Data on the CPU module data bus is

laichgd into Port A on each rising‘edge of TPB. Strob-.
ing of igta may be disable by the S2(DMA)condition via
the Nahd gate . | \ '
_Dﬁring each single step new data from the CPﬁ
modu1é~which is in fact the microprocessgr data bus is
latched on the rising edge of TPB.DUring the PAUSE
interval,Port A may be read by the software monitor
program funning on th PDP 11/45. Thé actual data
latched into Port A :;;l be dependant on the machinke

cycle being executed. Note,;howevig,tﬁét during a

~ fetch(S0) or DMA (S2) cycle data may either be‘0qtput

o




57
from the CPU mehory, external device or the data bus

.

may be in the high impedance stsate. . oo

] w ooy
N N\.'"‘_Dq .
b

During a fetch cyclé, the memory loactiggwcon-
taining the nex£ instr@Gctiuon is accessed. ﬁﬁgﬂ and
low address bytes are'strdbed into the two 4508 8 bit
latches on the falling edge of TPA and TPB respectiv-

¢ ely. Whet‘eg the internal 16 bit address accumulator
of the 1802 is the actual prograﬁ counter or any of
the other 15 remaining'general pupose register§ during
a 1 or S2 or §3 cycle,low amd high address bftes are
latched into the 4508. As an exémple, if the instruc-
tion INC R9 (increment register 9) was being éxecuted,
the contents of register 9 would appear in the address

_ accumulator and consequently be latched. kﬁigh and'l?w
address bytes are read by a Data In sedui;ce using
their réspective address bytes. The complete list of
possible address bytes for the Moniton\module is giveﬁ
in Table‘3.2. \\ ) i

' fThe present state of the EFl-EF4'fla§\lines and. Q

line are read through the the 14503 hex baﬁfer. Nor- R
mally the output of the,b?ffers are‘in the high impe-
dance state until enabled by the appropriate q?dress

byte. No latching is neccessary for these od;puts

4
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n . ‘ | ] | }
‘ A}
X ADDRESS FUNCTION
| A0 Al C2 Cl CO P2 P1 PO
. 0 00 0100 0  Write PORTA ;
000100 0  Write PORTC \ o
1100100 0 Write CONIROL
' 0.0 001000 Read PORT A \
| 01001000 RadPORTB .
I
| ) X X 001001 Read HI ADER
. X X001 01 0  ReadLO ADR
X X 0010 1\1 Read EF1-4,Q
1 . X X 00110 0  SINGLE STEP
| .
’ P -
- .
o a4 where X demotes don't care
o \ v
~ ~ -
\ - -
¥ ./
, X ¢
v . ,
“«

Table 3.2 Monitor Mdule Address map.

*
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»

since the 1802 holds all output lines constant during
the PAUSE comndition. The state codes SCO‘and scl are
strobed into the 4042 latches at TPB time., This was
done in order to correlate the address and data infor-
mation latched to the corresponding machine cyéle.
The latched values of SCO0 and SCl as well as the sta-
tus of the DMAIN,DMA&UT and N0-N2 lines afe read via
Port B on the, 8255.(configured.in the input mode 0).
During the PAUSE interval between two consecutive
single steps ‘'the input ports may be read by ﬁhe moni-
tor software rou;ines running on the master PDP- 11/45.

continuous stepping and readout of the Monitor enables

the user to follow the microprocessor program flow as

well activity on the I/O liﬁ%s. The only drawback is

that monitoring is not performed during real time(due
to interleave@/ﬁaN and PAUSE cycles). 1In several
instances errors ¢in a design may arise from the pre-
sence of glitches or the failure of a respﬂ%se due to
a fast strobe. Such errors would -be difficult to
deéect using the stepping routine, however alternate
techniques do exist for discovering such errors, such
as placing the machine in a continuous loop and obser-
ving éhg lineg'wiéh an oscilloscope, or using a logic

\

~

v ’

. 0 N . N
AN

°
P4
—— s —

g =




60
p ./

analyzer(ehé. Biomation 920D).

The BéQA line of. the Controller bus‘is fed to the
Q ‘output, ot the stepping flip flop. Basically its
functijﬁ is  to in@orm the monitor software whether the
the R?ﬂ CPU is in the PAUSE state. When the REQA
falls/low the PDP is informed that tﬁe 1802 has halted
and that reading of the various ports  may proceed.
Essentially(lhe‘PDP CPU is placed in a wait loop, con~
tiéﬁously ﬁBnitoring ;Qe state of the REQA line while

. , " the 1802 is‘currentiy'runniné through its machine cy-
\\fle.

‘ ‘ The final function to be discussed is the actual -
progfam loading. Via Port A on the Monitor 8255 PPI °
the RCA\object code is down line loaded froq the 11/45
to the CPU module. With'the 1802 in the LOAD mode,
data bytes are autoﬁ;tically and sequentially loaded
into the CPU module's on board memory. Thé timing
representation for: the load sequence is illustrated in
. f Figure 3.10

'Initially the microprocessor is RESET and placed
. \ .

in the LOAD mode set by a command words sent to Port C

‘ of the 8255. In the LOAD mode the 1802 is maintained

LES

in an IDLE ‘execution state.Essentially the CPU is in a

)

EAY
‘%. +




61

*suiojoses Butury Burpeol weibaig 01°€ aanbig
A7 - “sng
andano agosmmx \X and3no y 3404 ﬁﬁapzo rosmsﬁ « f.g
| L | o
i

-

=
Al NIVH
e

R TIPS

=,

-0

%

K

: A

T

A SN
am




62
continuous Sl state and is waiting for a DMAIN re-
quest, initiated when the DMAIN line is pulled low.

With the m?croprocessor in IDLE,.the master PDP
sendgrout a data byte to Port A (configured in the bi-
directional mode) of the 8255. Following the write
sequence,the OBF line falls low indicating to the CpU
module that the output buffer is full,The falling edge
of the OBF line clocks the Q\QEEPPEWQF the 4013 D flip -
flop 1low thereby pulling down‘thevaAIN line via the
hex buffer. For an S2 cycle to be executed the DMAIN
line must be helé low at least for the intqrval bet-
yeen TPA and TPB. pnce the S2 cycle has begun,this
condition is relayed back to the 8255 by decoding the
SCO0 and SCl lines to drive the %Fknowledge ACK line
input. Whep ACK is low the tr1 state output buffers
of Port A are enbabled so that Port A hs an open win-
dow to the microprocessor data.bus.

With the window to Poft A open the microprocessor

will write the data o;‘ihe bus into memory location

“

pointed to by its program counter (RO). This occurs
during the time interval when the MWR liﬁe‘of the 1802 .
is low. Furthérmore the falling edge of MWR is used

to preset the flip flop thereby removing the DMAIN
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request line. It is important that only one S2 cycle

is executed for each ou%put byte from £he PDP; had the

DMAIN line not been removed another S2 cycle would
have been executed and consequently the same‘byte frdﬁ

£
Port A would have been loaded twice into contiguous

memory locations. After éomgletion of the 82 cycle
the machine returns to its IDLE execution state until
the next DMAIN request. Note that throughout the
entire loading process the WAIT aﬂé CLEAR lines are
held in the LOAD condition.

T@e REQ B line tied to the DMAIN line is used to
inform the PDP about the status of the loading ée—
quence. \Whem REQ B is negated it informs the PDP
that the transmitted byte has been entered into Port A
and that a DMAIN cycle has been requested from tﬂe
micéoprocessér. . The low state of the REQ B line dis-
ables the Monitor software from sending the next byte
until £he present byte has been read into the CPU
memory.On completion of the S2 cycle the ACK line and
hence the winéow intoypogt A is removed.

Nbrmally the TPA clock is disabled during IDLE
stateg however ' is enabled by the micropraéesor during

|
an 82 cycle., Furthermore TPB is used to strobe the

L
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data bus of the CPU data bus imto Port A; hence dur-

x

ing the interval S2 and TPB, Port A is both in the

input and output conditions. 1In order ‘to disallow

such contention TPB is djisabled during a DMAIN cycle

by the NAND operation with the S2 state.

An interesting feature of the loading sequence is

‘ 4
that on the following S1 cycle the byte that has just

‘been stored in the CPU meméry is loaded back - into Port

A by-virtue of the TPB strobe. As Port A is a RN

port the same byte is fead into the PDP by the Moni-

tor software and compared loglcally w1th the Qyte just

transmltted ‘Although the re* and compare seduences

slows down loading,the technique allows for detection

-
of transmission errors.Should an error occur the user

is not'fied by the monitor software and another load-

.

1ng at empt is required.

Th Monisor module ls packaged 1dentlca11y as the

CPU modu;e off a double 'sided 4x\¥f8“ PC board. 1FMOS

*
components are used extensively’'for power consymption

reduction. : .
J .

»%r . .
. i

ba Y




65

3.7 SUMMARY

3

Eying into the PDP via the DR-11C allowved effec-

tive access to the PDP. Unibus and interface with the

11/45 system software. The Controller satisf®d the
r = '

input and output needs of the design,yet left ample
room for improvements and enhancements.

. At the time of the desigﬁ~thé RCA 1802 micropro~

L

cessor offered architectural and power requirement
7~ -

advantages over other available procgssors. It appears

that with sécond sourcing and speed improvementé due, -

the device will maig&ei? its availapility for several

years. Incorporation of the 1802 micrprocessor into
———

the the CPU module offered a cost' efféctive,powerful :

and compact computing package. Linkage of ‘the CPU
module'aﬁthhe Minicomputer provided by the -Monitor
module gave adequate control and functionality for

prototype.develdpmenp. The main feature is highlighted

by the fact that linkage is totally transparent to the

overall system, >

7 . ©

a_tn
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CHAPTER 4 ‘ o

SOFTWARE DESCRIPTIOHN

<

4.1 INTRODUCTION

*

Control, monitoring and program loading is hand-

led by software programs from the master minicomputer.

Software modules for the various operatidns are writ-’

ten in PDP 11/45 Assembler, the protocol predefined in
conjunction with the implemented hamgdware design. The

prototype 'software is presented in this chapter;

simple in structure these basic routines allowed for

14

&
testing of the hardware in real time’execution and

offer a more complete understanding of the hardware/

software interaction. .
? \ ' ' b
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4.2 DR~11C PARALLEL I/O

5

Transfer of data and status to and gyom the Cont-
roller is accomplished via the the three buffers/re-

. [} N .
gisters of ther DR-11C general purpose interface. The

/l

three registers are defined by their absolute address.
g

. Yas follows;- | L.
"y, . _ )
' DRIN=167764 )

DROUT=167762"
J “ DRCSR=167760

e

o

~/ Here and in all following discussions all abso-

lute values are specified ih octal base. In using an

«

1/0 mempry-mapping écheme the PDP CPU treats the DRI11C
registers as memory thereby facilitating the use of
< ’thesé registers within the software. .
The DRIN.is a read~5nly buffer for data transfets

~

from the'Controller to the DR-llC.'An example of an

input lnstruction would be MOV DRIN, Rl in whlch the
\

/ the data from the DRIN buffer is moved £ Rl an inter-
nal PDP register. *
The DROUT is a reaﬁ/write register which handles

L data transfer from the DR-11C to the Controller. A
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typlcal output 1nstruct10n is Mow (R1) D@UT in which -
“the’ contents of the address pointe \to by Rl is moved ;
<€ -
"to the DROW. . v
' The DRCSR is a G‘bi’t read/write register for two
Way transfer of status and cont"rol&etween the DR-11C ,
- . o N
-and the I/0 Controller, - . - - -,
\ L 3 ; b .
'1 ’ ;ﬁ * o - i ) L
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o . 4.3 DATA/ADDRES§ MULTIPLEX ING - . )
‘ N
! M Data and address words are multiplexed onto the
\ S 'comm'o‘n'bidirectional fbu:s of "the 1/0 Contr:-oller. The

. proper interpretation of the information sent from the

" ‘DROUT as being either data or an address is made by

e T ) appropn?ately decoding the CSRO and CSR1 blts ‘of the

~ DRCSR. Depending on how the CSR bits are set by soft-

o 3 ware determlnes whether an ADDR or DATO strobe is
! : ~N- )

issued. As an example an instruction sequqke for

f ' - - transmitting the data byte 55 to the address 342 woutd

. be as. follows; .
- - ) [ ]
S , MOV #0,DRCSR .  ;ADDRESS MODE
! - ‘ i 4
N r ’ MOV #342,DROUT - s TRANSMIT ,ADDRESS
. . ‘ v MOV #I,SRCSR : DATA MODE
Ll A . M *‘
b, R 4 ' MOV '$55,DROUT b s TRANSMIT DATA
: [l L e | \ “
T o ) .
. ) T . .

“~

.
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1
4.4 8255 INITIALIZATION

Tqané?er of data and ggntrol to thé micropro-

cessor is done via the 8255 Programmable Peripheral

.

Interface chip on the Monitor module. 1Initially thHe

- 8255 must._be set’in its operatioaal mode accomplished

by loadin thg apéropriate cont;of worgs. * The re-
quired $equence is as follows; : .
L e : .
¢ " MOV. 40, DRCSR )
. ) ‘ . MOV#310,DRCSR ;SELECT 8255
) . MOV#1,DRCSR I
) ' MOV#302, DROUT ;8255 MODE
\ MOV#15, DROUT - $SET IN?EI'
- . ‘Mov#l;,DROU? _SBT INTE2 o |

t P

Notice that once the bus is deditated to data

transmissiod (MOV#f DRCSR) it remains in the gsame mode
e.
until changed. Similarly once an address is selected

it remains so until another address is issued.

4 -~

N

L 23




4.5 MICROPROCESSOR MODE CONTROL

¥

With the &255 initialized, data may be trahq-

mitted or read to any of the various ports on the
-~y

chip. The four operational modes of the microprocessor

and CLEAR lines via port C bits 'l and 0 (PCl1l,PCO) of
i L

» \the 8255. As an example the following instruction
{ & . ~ . ¥
v sequence is used to set the 1802 microproceesor in the
LOAD mode; ' ’
. n' K [
‘ I . v
o
A -MOV#0 ,DRCSR .
at . .
RO MOV#210, PROUT> ;SELECT POR? C
. o ""”;' \ T \ . .
Lo . MOV#1,DRCSR ¢ .
‘ . f
1 “ ' 4 s
) MOV#1,DROUT ' ;1802 RESET
' ) ~ MOV#0,DROUT é 1802 LOAD .
: i .
‘ . - ) : 1) ,
'y !
r . /
" . - ‘-
' ' - . . —~
: . /
” ‘\ ‘.\. e } 4
- ;i ) . . ]
& . . ’ . 1 " . "H B {
;\ ‘ . ) e I "
o ' ;] *®

(LOAD, RESET, RUN, PAUSE) are controlled through the WAIT.

L
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4,6 PROGRAM LOADING . - N

Data to and from the microprocessor is channelled.

through Port A of the 8255, Loading of a program into

th CPU module is done sequentially using the LOAD mode

of the microprocessbr. Presently, on board memory

allows for 1024 bytes of RAM storégé. _The program

loading flowchart is given in Figure Afl. ‘Note that
the assertion of the REQB flag (bit 15 DRCSR)-enabies
% e software to output thé next data byte.

\ In the following example data bytes 63 and 64 are

loaASd consecutively into memory.

“
4 3

4
MOV#0,DRCSR
L] v . .
1
\ X MOV#10, DROUT ;SELECT PORT A
] \/} ~ \ "k ’
MOV#1, DRCSR R/ -
MOV#63, DROUT . ;OUTPUT DATA =
[ ]
WAIT:- TST DRCSR ~ ;TEST REQ B
BPL WAIT | fWAIT IF REQ B LOW
' ~ MOV#64, DROUT ;OUTPUT DATA
* /
’ ) \
\ ° ) “‘
R .
A . ( +
\ N "

A
h .

LR PN
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Select Port C
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) » Loading is handled automatigally by the 1802 LOAD mode \
¢ . v ) .
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4.7 SINGLE STEPPING

Single stepping of the microprocessor allows for
a program sequence to be executed in a pseudorun man-
ner. Single stepping occurs by alternately enabling

the 1802 to run through single machine cycles. Step-

-

‘'ping is handled by .the Monitor module' hardware but is

Elways initiated by a software command. Initially the
1802 must be set in the PAUSE mode;’a single step is
performed each time the SINGLE STEP address is issued

and allows for a single madﬁine cycle to run. The

' sequence may be coded.as follows:

t

MOV40,DRESR '
; MOV#14, DROUT ;1802 STEPPED
"WAIT: TESTB DRCSR ;TEST REQ A
| BMI WAIT. JWAIT IF RCQ A HI

4
'

-

Following a single step the microprocessor enters

the PAUSE mode indicated by the REQ A asserted low.

By testing the coddition;of the REQ A the master soft-

-
.

ware is informéd of the CPU state and may perform a -

data input sequepce‘And/or continue single stepping,

1

- \
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4.8 INPUT PORTS ‘ L
.
The data~in sequence may be used to read data

from any of five input ports on the Monitor module.

P

’

Each port latches relevant information from the micro-

‘procéssor I/0 lines. The five port contents and their
absolute addresées-were given ih Table 3.2. A typical . )
read sequence from the Monitor modunle may be as * ‘ .
£0118ws: ' | e . Q.
MOV#0, DRCSR <
T . Movslo,DizOt;T $SELECT PORT A "
ﬂ MOV:DRFN,RO ;READ DRIN INTO RO '

Lo .
“ . Puring the’PAUSE period the master software* may

’nformation from ‘the! Monitor module poris and L

‘read the
' conseggd/:ly sea;ph for :a specific break point’ and/or

3

/
display the information to the user on an output de-

vice(CRT) . Flgure 4.2 illustrates a simplified’

flowchart for continqous single stepfing, with line
’ : {

1

gpnitoring and break point functions.
p . . “ 5 . Coa , :‘ ' ~

o/
’e
[N
R
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4.9 SUMMARY ¥ ]

~

bl

@

Using MACRO-11 software/theb\necceséary protocols

Y -

4 £fOr control, monitoring and loading functions for the

\Nmonitor module have been implemented into separate mo-

dules. By interfacing dirgotly with the hardware these

modules form the direct link between the developmenit
. s;'stem software and hardware. In essence the modules
form the lower layer of the development system soft;
ware package; the upper layers “or supervisory software
nee.c] only to reference theée“modules in terms of subb
routine ca}‘ls qr macros. Moéulari;y and simpli;:'}ty’in
structure allowed easy interfacing between software

and hhrdware ,“thereby effectively reducing development

time.! ' .
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CHAPTER 5 ’ .
SYSTEM IMPLEMENTATION
. .- ’
5.1 INTRODUCTION . AN

(N , Lo | , .

, The predeeaing cha}éters has;e éivgn ‘a Sej:aile'd
description of the va'ri_ous hardware and software mod--
ule elements of the target development system. We now
proceed with a generallzed descrlpt‘.mn of the use of
these modules in an 1802 microprocessor development
pack:age and its use in a particular application. The
application called for the d:esi.gn of a microprocessor
based waveform analyzer to be used, m a real t1me in-,
dustrlal env1ronment.\ Complete perf mance specifi-
) 'cat'ions of the development system software and and the

application may be found in the.?ef.ferences(nl,s,?).

.

e o -
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5.2 DESIGN TARGET - }( o
’ - ‘{ ’ N .  d
. o
The target desn;n cofprises cﬁ, a Microprocessor
\ 2

( controlied portable desk top 1nstrument. The- mstru-'.

3 :

ment's electronics were broken down mto functlonal
) ! .

, ' .
analog and digitalr subsystems;i.e., CPU module, A/D

, o
and Dm\modules, keyboard contro‘fler, etc. Each sub-
‘ ;’ . 3 '
system was dgpigned- as an individual hardware module

", 3y Y

: along w1th its a55001ated software driver modul'e.

¢

¢ . »

Such modularity was absolutely neccessary for testlrfg

and debugging, field support, and flexlblllty for re-p
& «

use and enhancements. .

°

The J.ntellegence of the system is contalned in

tfe CPU module.

. Data, address\and control t1m1ng of’
k,

the othy{ sub-systems were designed with respect to

H ‘ &
ing programs an

1

—

the CPU module. An extra .slot in the card cage was

v !
alloted for th§ monitor module.

itor module during development allowed for down load-
!
(i testing hardware and software inter-

actions. Its presence was neccessary only for initial

developmentJand test and was totally transparent to

the overall gsystem operation.
. ' Y s

f R . .

Integrating the mon- '

AY

~ M

]




.5.3 DEVELOPMENT SYSTEM SOFTWARE
. 1 . A

Y - . 5 )
A -
Usmg standard RTall software,\ applmatlon pro-

grams wrltten in the RCA mlcroprOCessor assembly lan-
-—’\'/

guage (COSMAC) are edltted, assembled,linked and 1oad-

s
¥ ed by the PDP 11~ 45 m1n1computer. Source program&are

prepared .in the COSMAC lnstructlon set us:.ng the RT-ll

K2

‘ ‘ edltor/ Thus in developing an applkcatlon micropro-

Ty

2

¢ + o - 4
. cesﬁr_ program the user has access ‘td the full. capa-

bilities of the RT-11. editor résources.’ Source appli-’
e r , r , N °

cation programs may be e;tored' and accessed ~from .the
N, ! , 0

'RKO5 disk operatlng system. “In coinparison w1th o%r

storage medwms found on several developmer{t sytems it/
' /
. 1s apparent that the hard cartridge disk is a favor~

Ay

able alternatrive in terms of cost/bly}:\end speed. A

oo
v

, cross assembler (RCA. SML) pe%ms the’ translatxon of "§‘

47 the RCA\‘assembly’ language into PDP 11-45 asse’mbly by
[N

defining the complete COSMAC mstructlon set in terms .

+ -

of macros. The BDP 11 1i~ke most. n;lnicomputers, has a -

. -
macro asembler. Mac‘ros allow the user to define a

s ~

desired sequence of instguctions by a particular ‘user

defined name. Dufing the machine assembly of a’

program, each time the macro name - is éncountered hhe
e

v . ! . \
, ;. \
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4

assembler will automatically insert the instruction
set -defined by-tne macro name. Using tnis technique
to assemble RCA (or any other ﬁicroproce%@or lanquage)
instruction set, a macro.definition of each instfuow

tion is made which instructs the PDP assembler how to

%

;construct the RCA machine code for that -instruction.

Thus MACRO 11 (the PDP 11 assembler) is enabled| to act

F

as the COSMAC assembler; whatmore the MACRO. 11 as-

sembler becones a virtual assemoler for any other
microprocessor. Due to the interactive nature and
ease of cross-assembler development, the capabilities
for 1mp1ementat10n to almost any microprocessor makes
this method both flex1b’e and very cost effectlve.

The cross assembler is an 1mportant aspect of the
development system, however: the prospective user need
not be concerned with the‘details of assemoly, but
merely requ1res the basis of operating - it. ‘Using the

cross~assmbler, complexity of application software is

no drawgack to final asembly. Furtheimore due to the

nature of the minicomputer CPU and disk controller;

assembly times are relatively fast thereby reducing
s
development times and costs.

The concept of macro generation may be extgnded

»

s e e i ot w0 eyt
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by allowing for the generation of COSMAC instruction *
; s ) ;

macros. By setting up nested macro routines, -duiring . ) .
‘ b .

a;sembly.time, a given macro may further be defined by

LY

M e

another set of macros.Thié option of macro generaéion
in the miqroproce;sor appiicdtion software is a pa;ti-
cularly useful feature fo; p%ogram development. K Com-~,
mon instruction sets may be defined once, thereby eas-
ing program writing. Furthermofe, comﬁonly used
mac;os may be linked with the cross assembler for
future use, and may egsily be added or deleted at wili
by the programmer. '

Oﬁce assembled the program is ready"for loading
and teéting. The main monitor programA(MonIT) is res—~

o
posible for the down line loading of the application.

- - .
program and provides an on line real time execution of.
the program in the prototype . Program execution may -
proceed in either continuous mode (real time execu-

tion) or single stepping. In the single step mode the

various lines of the microprocesor are read by the PDP
: e

minicomputer. Break points at the occurance of a data
or address byte is accomplished by repeated single’
stepping and monitoring of the address or data lines.

The .sofware modules for the various functions are part

o




.
r* e .
.

> ; 8'4
of a MACRO-11 program RCALOAD.. The actual monitor

program MONIT is written in standard FORTRAN and ac-

cesses the various modules within RCALOAD through

subroutine calls. Programs MONIT and RCALOAD are com-

~

bined during link time to produce the neccessary core
image executable module. WUser-machine interaction is

channelled through the DEC-writter and GT 50 graphic

' .
v

terminal.
The monitor program is called- directly from the
PDP system monitor. Once initiated the monitor program

is entirely intrecative; that is the program directs

y " ‘ .
-the user in loading programs, requsts commands and may

be interrupted at any time by the user. Exiting from

N {
the monitor returns control once again.to the PDP sys-

J

tem monitor. . ¢

In ordér to.%?éd a program the user must specify
the name of the object module (residing on disk) and
thg length of the program in tefms of pages ( 256
bytes).During loading from the disk- file into the pro-

totype memory, transmission errors are continuously

" checked for, providing a guarantee that the proper

program has been loaded. If a transmission error does

occur, a PARITY ERROR statement is output'to the ‘ter-

) I3
T e et s o bbb et ity

y
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mimal. Under such conditions the user would attempt a

reicad. : y
Once loaded the monitor program offers the user:
\varlous modes of operatlon- these 1nclude NEW,RESET,

RUN STEP LOAD,ADDR and DATA. Under RUN the loaded pro-

—

gram is run in real time. The uset may find 'it useful

to observe various timing activities with either an

- oscilloscope or logic analyzer.

Entering the STEP mode the mi;roprocessor-is con-

- .
N .

tinuously stepped through one machine cycle at a time.
Each cycle is displayed as a single line on the outpuk
,termiqal in scroll fashion during sinéle step’execu=
tion. The address lines,data lines,program pointer,

mnemonics, along with the state of the machine and

coptrol lines-are displayed; thereby aliowing the user

a detailed obervation of the machine *state at any time

throughout program execution.

The ADDR and DATA commands are incorporated for

the setting of a break point at the occurance of a

parthular address or data. In searchlng for - the
break point the program'sequﬁyces (psuedorun speed)
the microprocegsor. until a match is made, During the

" search the graphic output is disabled in order to

s A,

R PN
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speed up the search process. Both these commands are )
very useful, especially the ADDR command in following
1
. : : ‘ !
program flow thrdugh subroutines and interrupts. - ' . h,
. 4 - {
The RESET command causes a dead}xa‘t and reset of - f
the microporcessor. Finally, The NEW command allows ’ f
~ R ’ Lt . . Q. i
: the user to load a new file from di{sk and proceed with ) v
: I3 N . - 1 i
monitoring. fynctions., . _ . i
. . !
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5.4 SUMMARY

a 87

An application called for tﬁe design of a micro-

© processor controlléd portable instrument. The intelli-

gence required for the .processing of data and handling

I/OIGSed the resources of the CPU module. The monitor

module allowed linkage of the prototype to the devé=

‘lopment system. Co i -
Using the function software modules(defined in

Chapter 4) an-effective dévelopment system package ‘has

been developed. Using RT-11 software COSMAC dpplica-

tiﬁn programs are editted, assembled, linked and load-

°

ed by the PDP 11/45 minicomputer.

Thfs system offered a vital tool ¢for the -develop-

ment of the neccessary application hardware . Further-:

]
- ~
v -

. . T - .
more it offers the user tZ:¢;7ﬁl resources of the "RTI11

Y,
operating system,

pr—
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CHAPTER 6
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CONCLUSIONS .

Confronted with & wide range of developmenf sys-

tems the concept of configuring a system around a min-

icomputer is attractive for several reasons. The built
in flexibility makes the system adaptable to any 8 or

16 bit microprocessors, thus Qhe system is upgradaﬁle

as new devices appear. 'The user is not forced to re- .

invest thousands of dollars each time development for

‘a new processor is desised.’ Furthermore, the operat-

ing system of the minicomputer offers performance and
épeed capabilities that cannot be matghed by any of

the current off-the-shelf development systems.

We have proposed one possible configuration re-

volving around a PDP 11/45 minicomputer .and RCA 1802

microprocesor. An important achievement of the over-

all system has been modularity. CPU and Monitor PC
boards have been designed for easy proto%yp? integra;

tion. (Additional plug in modules for various support

-

functions and I/0 may similarily be configured. The
same principle holds for commonly used software rou-

tines which are linked into the final development sys-

A}
4~
- [y
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tem routines. On conversion to varying:- processors

only the lower software layers, i.e.,those interfacing

1directly‘with the'hardwarg, need be reconfiqgured while

retaining the supervisory uppér layers.

Performance figures-and comparisons among mic-

?

roprocessor development systems are difficult to com-

pile. One can only judge ones own experience with a’

-

given system and compare with others. In terms of our

design performance, from the initial design of the

L]

Controller to~tﬁe time the final prototype was de-

-

livered, involvedoapproximately a 1 man-year perioa.’

Although additional effort was required"in.getting‘the

system operational, in the long run we feel the ap-

proach we have taken has outweighed that of-acdﬁisi-

tion of a ready made paékage.
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