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~~The microprocessor revolution has produced a capable computer on a
single printed circuit board.

The design and development of a real-time operating system for a
distributed system of Single Board Computers is presented in this paper.

‘ 
There are user manuals and program descriptions for the operating

system, a debug module, a CR1’ module and a line printer module.
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system has been designed specifically for Nava l Tactical Data
Systems appl ications and the feasibility of such applications are
evaluate d with respect to currently available Single Board Computers and •1with respect to Single Board Compute rs that should be available in the
near fut ure.
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A BST RACT

The mic roprocegsor  revo lu tion  has oroduced a capable

comouter on a singl e printe d circu it board.

the design and develooment of a real — t ime operating

system for a distr ibuted system of Sinqie Boara Computers i s

oresentea i n  this paper .

There are user m anuals arid orogram descri ptions for the

operat ing sys te m,  a debug module, a CRY module and a line

pr inter module.

Ihe operat ing system has been developed for a Mu ltibu s

system with three INTEL Single Roard Computers SBC8O/2OaU

and b4K bytes of common memory .

the system has been designed soeci ficafl y for Naval

Tact i cal Data Systems aup lications arid the fe a s ib i l i t y of

such app li cat ions are evaluated w i t h  resoect to currentl y

avai lab le Single ~loar d Computers and w i th  respect to Single

Board Computers that should he available in the near future.
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1. INTRO D UCTION

An es a m ,na t ion  of c u r r e n t ly  ins t a l l ed  Nave l  Ta c t i c a l

O~ t .  Sys te m s  revea ls  that  the heart  of  t he sys t • m , the

computer,  does nc’s ? represent ?ød~
y ’s advanced tec hnology .

Even in rece nt l y im p le me nted sy s tems large ‘s pace . we~ Qht ,

Dower and maintenance cost corsum ~ no ’ second g e n e ra t i on

eomo uters are found. The use of second generation techno logy

~s caused by lengthy lead tim e s in sy s t e ms  acq uis it i on .

sys tem conversion and esp e ci al ly software conversion cost,

educat io nal  cost  e t c .  however ,  in the age

micro co mputers ,  w h i c h  nrov ides f e a t u r e s  Hke low hardware

cos t .  h igh deg ree of v e r s a t i l i t y  and the re fo re  a po te n t ia l

for standardization , h i g h  r e l i a b i l i t y ,  low maintenance cost

and low power, space and wei ght consumption , it should be

th. time to develoo new systems in order to make use of

these features w h i c h  see” to he tailored so ecif i cal ly for

m i l i t a r y  app lications.

IPie r e a l — t i m e  operat ing sy s t e m  dev~~lo~~~i in t h i s  t h e s i s

shou ld be unclerstooc as a steP In t he d i r e c tio n  of making

USC of the new technplogy . he operating system is designed H

for a distr ibuted $vsten of concurr ent ly operating Single

Board Computers.

a
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A f t e r  it l e r t i f y i r s o ty p ic a l  computin g req ui rements for

Nava l  T a c t i c a l  Data  Sys tems ,  a d is t r i b u t e d  com puter Sy s t e m

us ing Sing le Board Computers and a rea l—t ime operatin g

system are develooed . Three user modu les, a debug, CR?, and

a lin e p rinter modu le, are introduced. In the conclusi on of

this paper a comparison between the identified reQu i rements

and the develooed system is made arid poss ible exten sions are

indicated.

9 A ,  
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II. COMPUTING WtOtl1~ EM ENlS FOR NAVA L TAC t IC A L DA 1A SYSTEMS

jr th i s section the basic requirements for a Computer

syStem whi ch is to dr ive a Naval Ta ct i cal Data System are

conside red.

In qen~~r a l  i t  cars he said th at the Computer system ha~

to be able to hand le the ’ workload dictated by the

operatio nal sp ecificat ion s en~1 to cooc w i t h  peek situat ions

w ith O u t a system fa ilure.

T yp ic a ll y . Naval T actic al Data System s are dedicated

sys tems. ~iecause of this fact , system requirements for the

CPU, memor y arid i nput/outout are known. It is therefo re not

necessary to carry a vast amount pf overhead in order to he

preparea for unkn Ow ri worst cases. However, when decid ing on

a computer system, futu re øxte n sions of the system w it h

hardware consequences should be taken into account.

Unfortu na~ ely it is very ~~f fiCult to oredict the poss ible

enhancements durin g the l if e  time of a Naval Tacti ca l Data

System . Therefore, the’ Chosen computer system should be

espandab ) e.

Since Naval Tact ica l Data Systems are rather comple*

systems w ith many ji ff er eri t system functions, the equipment

4 used in an i”o l .mentation is orot~uced by many di ffere nt

manufacturers. A lth ough there are  some standard i n t e r f a c e s

a 



- —--- -- — - —.~~~~~ •~ -~~_ , 7~ ------- ---  -v_ _,--~_-, ~-._~~__ _~~_ -r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ “ •

~~

fo r Naval T a c t i c a l  O~ita 5y~~te ’m , the computer. w h i C h  Is t o

d riv e t1’e c’seri~”’seral I’arlware’ l a s  t o  re v e r s a t i l e ’  i rs or~~e r

to be conrsectei to d i f f e r e n t  ICV1CCS w i t h  dif fe ren t

i nter faces.

In OrdCr to re luce cost by la r~ e series and s i m p l i f i e d

m aint enance a standardiz ation h e t w e er  different Systems is

h igh l y des irable.

Th~ instruction rep ertoir e of the computer system has

to p rov ide instruct i ons w h i C h  al lo w the e f f i c i e n t

programm ing of t yp i c a l  op erations in ~g~ v al lact ica ) Data

Systems. Typ i cal os p r at i on s are

— t i’s. solution of com olex mathematical problems

i n a reasonable t i m e ’  (quasi real—time )

- r s i t m a n i i u l a t  ions

— fast data base access

- comp lex and test inp ut /out p ut ooerations

— ex tenSive in terru p t ha r d li n q .

Many comm and and cont ro l op erations and decisions

depend on the oroner fun ct i o nin g of the Naval Tactical Data

System . P~,gPs r e l i a b i l i t y ,  even under extrem e ph y sical

conditi on s , are therefore a top requiremen t for th i s  *ind of

System. In case o f a breakdown, the tactical infor m ation

of ten is lost or it takes some t im e  to recreate a vali d

tact ica l situation. l~ecause of the ’ ,moOrt ensce ~ f the Naval

T a c t i c a l  Data  Sy s te m w i t h i n  a larger system (ship or

i t

- --- —-~~ . —
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aircraft ), a comolete back—up for the computer system is

desirable.

The major requ i rement to be met by the oPeratina system

is to run the system under r eal—time conditions. Dependant

on the computer system , this leads to operating system s of

differin g sizes where the ratio cf time used by the

operating system to total time should he ootim ized.

Basically, the ooerating system has to support an

overal l program struct ure which simplifies

— software development

— software maintenance

— software extensions

— use of components from other systems

(standardi zation).

I
- I

12
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— III. A COMPUTEN SYSTEM USING SINGLE BOARD COMPUTERS

in th i s section the hardware Concept of a Computer

system consisting of Sin gle Board Computers is developed .

Basic buildin g block of this computer system is a INTEL

Single Boa rd Computer , SRCBO/20— 4.

A. INTEL ’S SINGLE BOARD COMPUTER SHC$O/20—4 
*

- 
INTEL ’ s Sing le board Compute r, 514C80/20—4, represents a

co mple te  mic rocom puter  on a s ingle o r in ted  c i rc u i t  board.

T he SIICBO/20—4 includes:

— 8080A CPU

— 4Pi static Random Access Memory (RAM)

— uo to ~Pi Read Only Memory (ROM)

— 46 programmable p arallel i nput /output lines

— a oroqrammab le serial input /output Interface

programmable interval timers

— programmable , eight p riority level , vectored

In terruot structure

bus Interf ace for external system bus.

An in—d epth descr ip tion of hardware , function and

programming of the SBC~ O/2O—4 is given in the SBC8O manual

(INTEL SBCB O/20 HARDWA RE REFERENCE MANUAL 98-~~t ?cl .

I— ---  

13 

- - - --



r

I. $OfiOA CPU

4-
-

The $0$OA Is a sin gle LS1 chip CPU. It has ~~~
$— bi t general ourpose’ registers ~nr1 an accumu lator. The six

general purpose regist ers may he addressed ind i vidu a lly or

as r e g i s te r  p a i r s ,  prov iding tb — bit operations.

A Ib b lt stack pointer contro ls the addressing of an

external stack which can be located in general memor y .

The ~080A h~ s an address range of e~1K bytes.

The CPU Set consists of the 8080A CPU,clock

generator and a system contro ller . it performs all system

— processing functions and provides a stable timin g reference

for a)- ) other ci rcu it r y on tPe board.

?. Random Ac cess  Memor y/R ead Onl y Memory

The 4 K Random Access Memory on the S ing le  board

Comouter can be jumper assigned to the toø address soace In

any one of t he four tbK address blocks.

The Read Onl y Memory Is  l oca ted  s t a r t i n g  at add ress

0000 and has a size of ‘1K or BK depending pn the tv~ e of me-

mory dev i ces usCd.

Tb. full CPU cap ab i lit y of sddr*ssinq b’1K bytes can

be ut i l iz ed by adding exter nal memory hoards wh ich are

ac c e s s i b l e  v i a  t he system hue . The respective parts In this

mem ory are ‘-S hadoweø ’ by t h e  on— board memory.  th* CPU Set

Is capa b l e of determin ing whe th er  an addressed

- 

,
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memory location is on—board or not .

&
3. Paralle l Inout/Outnut

The SBC prev$oes 418 I nput/output lines whiCh can be

configured by software In combinations of uni—direct iona ) or

b i—directio na l I nput/output norts. 
- 

-

‘1, Serial Input /Output

The SBC inc l udes a programmable

sync hronous~ asynchronous RS232C communication interface

which is capable of operatIng with al l common communication

frequenc ies .

S. Interva l Timers

The SBC contains two full y programmable and

Indep enden t BCD or lb hi t binary in terval timers/event

Coun ters.

b. In terrupt Structure

The on—board interrunt contro ller provides vectoring

for UP to eight interru pt leves in four different p riority

process ing modes. Operat ing mode and oriority assignment

are under software control .

1. System Bus Interface

T h i s  Interf ace is comp atible with INTEL ’s Mul tibu s

system and allows the combination of s eve ra l  Single Board

15
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Computer s,memory arid other  u t i l i ty  boards on one s y s t e m  bus.

4
Two bus p r i o r i t y  sy s t e m s  are available: serial (u~

to three master contro ller) end p aralle l (uo to sixteen

master controller).

B. SYSTE M CONCEPT

The development of a Computer sy s t e m  consisting itself

of rather independent Single board Computers auto matic a lly

leads to the concept of a distributed system . A distr ibute d

system in this context is a computer system in which seve-

ra l orocessors are work ing on more or ~-“ss i ndependent tasks

connec ted by a common system bus. The Computer System to be

developed is a direc t realiz ation of this concept.

Bas icall y the system consists of Single Board Computers

and b~IK bytes of Random Access Memory external to the Single

Board Computers. The external memor y resides on four printed

circu it boards which are bus compatible w i t h  the Sing le

Hoard Computers. This memor y represents a common memory to

al l Single board Comøuter s attached to the same bus. Th is - :

concept in Connection w i th the on—hoard memor y of the Single

Board Compu ters ooens up software o oss - lblli t i e s wh ich are —

explored in Chapter IV.

Infor mat ion interchan ge between Sin gle Hoard Computers

can be rea l i zed us ina th ree  different concepts.

lb



Conc ept (1):

Storage of infor m ation in common memor y and periodic

Checks of the agreed upon ‘m ai l boxes . This

concept can be used in systems where al l processing

is organized in a hierarchical ‘producer — consumer ’

structure. In this structure basic processing is

loca l to a Single board Computer . Data is gathered

and processed at a hi gh rate. The output, reduced

data and upoates of common data bases, is required

by others processors at a lower frequency . Since

external events can occur asyricronously, an extra

data path through common memor y for such messages

has to be provided.

- 

- 

Concep t (2):

Storage of Infor m at ion in common memor y and

interru ption of the inform ation receivin g Single

Board Computer. The addition of interru pts to

Concept (1) allows both synchronous and asynchronous

transfers of data sets between Single board

Computers. The disadvantage of th i s conceot is the

number of interrupt lines required with an

I ricre asInq number of p artic ip atin g Single Board

Computers fri order to address each other . The -~ 
-

al ternat ive of having only one inte rruot common to

all Single Boar d Computers would cause an

In terruption of all processors and requires a

ool)Ing scheme to determine the rece iving Sing le

17 
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I -
Hoard Computer.

Concep t (3):

Direct transfer of infor m ation between Single Board

Computers uSing i nput/OutPut ports and Interrupts.

This concept can be used to exchange time critical

information between orocessors. Since It directl y

involves the CPU of both the sender and receiver the

amount of aeta passed has to be keot small.

However, larae data sets can he transferred wit h the

use of pointers to common memory. The limitations

of conceot (2). extended for data lines between

inpu t/output pores, also apply for concept (3).

The Input/output structure of the Single board Computers

allow the connec t ion  of a v a r i et y  of per ipheral devices to

the computer system . Each Connection represents a hardware

modification or sp ecializat ion of a Sing le Board Computer,

i.e. the dedicatio n of a part of the comouter system to a

s~ ec$a) task.

C. SYSTE M BUS ORGANIZ ATION

The system bus, which is the main com m unica t ion  l ine

between several Single Board Comouters , common memory arid

other u t i l i t y  pr inted circuit boards. is imp lemented using

INTEL ’ s Mul tibu s . Thi s bus system allows master—maste r and

mester slave relationsh ip s between various system hardware

modules,

— 18
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Transfers via this bus oroceed asynchronously , i.e. the

transfer speed is dependent on the soced of the transmitting

and rece ivin g devices. Once a modu le has gained cont ro l  of -L
the bus. t r a n s f e r s  can proceed w i t h  a maximum rate of S

m i l l i o n  bytes /second .

Maste r  module s can gain access  to the bus using a se r i a l

or parallel pri orit y resolv ing scheme . The seria l scheme is

lim ited to three maste rs because of the signal propagation

delay, but uo to sixteen masters may be connected to the bus - -

using the o a rall e l p riorit y scheme.

The bus system provides an override faci l i t y  which

allo ws a hardware module to keen control of the bus until

the operation Is comoleted. This feature can be used under

software control.

D. MEMORY ORGAN IZATION

The total memory of the computer system Consists of

— common Random Access Memory

- on—board Random Access Memory

— on—board Read Onl y Memory.

The on-board Random Access Memory portions are located

in the same region on all Single Board Computers. This

leaves the respective portion in common memory unused,

however, it is now possible to run ide ntical programs on the

Single Board Computers. Identical programs allow the access

19 - 
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of common data arid execution of shared code. The location

of on—board Random Access Memory can be changed because all

programs are re locatable.

A l l  va r i ab l e  da ta  has to be keot in on—board memory for

two reasons:

I) Fas ter access by CPU and Increased overall

performance because use of the system bus is

avo ided.

On—board memory access does not require bAIT states

of the CPU.

~) No data conflicts in the executio n of shared code.

Although the variable data has the same logical

address space, its phys ical representation is local

to the Single Board Comouters and there fore

‘invisible ’ to other CPUs.

On—board Read Only Memory Contains the exe cutive and

frequently executed program parts. Other orogram parts,

esoec i -all y when they are i dent ical in all Single Board

Compu ters are located in common memory in order to allow P
shared execution.



E. INPUT/OUTPU I FA C IL TIIE S

Each Single Board Computer provides seria l and p arallel

i nPut /OutpUt facilities wh i ch can be como lete l y driven by

interrupts.

The serial interface is ready to be used with a CRT-.

p ith the addit ion of an adaoter a TTY can also be connected

to a Single Board Computer.

Each Single Board Computer provides six b i-o ire c t i onal

8—bit ports.These ports can be configured by software to be

8—bit data input /output ports or 4 b i t  bit addressable

inout/output ports. The latter can be used to receive and

gend itatuS b it informa tion in Conjunction w i t h  the 8—bit

inpu t/output ports.

The hardware provides three basic modes of operation

that can be selected by software:

— Mode 0 : Basic Input/Output

Mode 1 : Strohed Input /Output

— Mode 2 : B i -di r ec t i on al Bus

Mode 0 can be usea for simple, status driven device

interfaces. Since this kind of interface is not comp atible

with the real—t ime reouirement s it is not considered here.

Mode 1 and Mode 2 generall y require the support of

interrupts . Mode 1 provides a means for transferring data

to or from a s pe c i f i c  port in con j unct ion w i t h  st robe or

L.~. ~~~
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‘hand—shake ’ signals. Th i s mode can he used for a variet y of

P di fferent peripheral devices.

Mod e 2 provides commun ication w Ith a peripheral devic e

on a 8— b i t  bus for  bo t h  re c e i v i n g  and t r a n s m i t t i n g  data.

‘Hand—sha ke ’ are prov ided to maintain proper bus flow in a

simil ar manner to Mod, I.

The driv er/t ermi na tio n connections of the p aralle l

input /output section are left open aria have to be inserte d

depending on the actual imo lemen tat ion .

The prim ary user considerations in determinin g how to

use each of the six input /output oorts are

— choice of oPerating mode

— direction of data flow

- choice of driver /termi nator netwc~~ks

— jumper confi gura tion s

— m utua l port restrictio n s.

F. INTERRU PT STRUCTURE

The interru pt Controller accents jumper selecta b le

I nterrupt requests f rom

— p arallel input /output

- se r i a l  inout/out r~ut

— interva l tim ers

— sy stem bus

22
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— directl y 1rpm exter nal devi ces - .

The contr olle r r e s o l v e s  p r i o r i t y  among the eight

possible interr upt leve l s accordinQ to an a lg ori th m w h i C h  Is

selectab le by software. ilie pr i or it y assi gnm ents and

alg orit hm s can he changed d yn am icall y at any tim e durin g

system operation .

Of the four possib le in terru p t modes onl y the ‘fully

nested ’ mode is consiorred here. In this mo~ie p r i o r i ties are

fixed such th at level 0 h a s  the hioPi est pri or i t y and level 7

the lowest.

Ihe interrupt hardware nrovides vi~ctored inter rup ts

where t h e  interrupt vector is riot fi~~-.d in its location and

site (41  or 8 bytes /interrupt ). fhe interr upt con troller has

to be programmed w i t h  location and steP width of the

interru pt vector.

The interru pt controller allows th~ setting of a one

byte interru pt mask by software. Ihi - s feature -allows the

inhibit i on of not wanted interru p t s i n  any combi nation of

the eight interru Pt levels.
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IV. A W~ AL T IM E O P E RAT ING S Y S T E M  FUR SINGLE ~OARL ) COMPUTIRS

Ihe objectives for the op erat ing system to be aeveloped

in t h is  sec t  ion are

1) The operating system has to be ab le to control NIDS

app lications under rea) t ime condit ions.

2) The host Computer system is the m u l ti processor

microcom pute r system aescribed i n  the previous Section.

3) The existing ~icroComo uter Development System and

the associated support software (ISIS—I1 , PL/M— 8O ) has to be

used for  program developme nt .

11) The operatin g system must orov i-le debugging tools

that allow system debuggino and system test ing under real

ti m e conditions.

Th is chapter describes the ooerating system i n  more

general terms. An in deøth descri~~tion is given in the

user ’s manual (Appendix A) and in the program descrip tion of

the operatin g system (Apn ~ nd ix B).

A TASK is a part of the program whi c h handles a

sp ecific functio n of the system and Consists of one or more

procedures.
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A MOUUL~ is a separate tas~ or S e Pa r a t e  g roup o f
(

related tasks whi c h  are considered to he independent in

terms of software developm ent and system integr ation.

The EX E C U TIV E is the kern el of the cp er a t in 1 system and

controls the schedulin g and execution of tasks.

The OPERA T ING Sy STEM Cons ist s of ex ecut ive, system

ca lls and system data.

A . SYSTE~’ CONCE PT

In contrast to an operati ng system for general usage in

wh ICh the nature of the runnin g tasks is not oredictab le

th is real—ti m e operati ng system drives a dedicated system.

Dedicate i, in this cont ext , means t h a t  the im p lem ented tasks

do not change at run time of the s~ stem. This Concept al lows

dr300ing much of the hook—ke ep ing overhead wh i C h  is t yp ical

for ooereti nci systems for general usage. Tasks in th i s

system are not Dhvsi~~a l l y  moved in memo ry, they are onl y

activ ated -and suspended.

Exe cut ion of tasks is under contr ol of the xerne l of the

ooerat ing system , thp exe cut ive. T he executive contr ols the

CPU assignment to the various task s activated by interr upts ,

to process a message from another task or at a oreset point

I n  time .

— i L~~
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B .  MO D U L A R STRUCTU RE
- I-

T he operatina system supPorts a s t r i c t l y  modular program

structure. Modules are integral parts of the overall program

wh ich usuall y handle a sp ecific function or a group of

related functions. ihis organization not onl y eases program

development and m ainter iace , It a 1 so allows eas y—to—i mpl ement

changes of the system. T yp ical l y, a module is comp iled

separately and then intearated into the rest of the system.

Because of the independent nature of modules they can be

removed or replaced without influencing the remaining

system. Not onl y user programs represent modules , the

operating system it s elf Consists of independent modules.

Module s are identified bY a number. The number depends

on the number of the Sm oTe Board Computer w h ich hosts the

module. Ma xim um number of modul es ocr Single Board Computer

is 8. Modules in Sin gle Board Computer 1 have numbers 0 to

7, in Single Board Computer 2 numbers B to 15 etc. The

lowest module number in a Sin gle Board Computer is reserved

for the executive of the oøera ting system while the highest

number represents the debug module .

C. FA CILIT IES OF THE OPERA T ING SYSTEM

I. Priorit y Tasks

Pr io r it y tasks represent the hig hes t pr iority level

a task can have in the system , Pri orit y tasks are executed

as soon as processor control is returned from the Current
- ~i.

26
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P active task.

A pri orit y task has to be entered into the list of

pri ority tasks w i t h  a system ca l l. A single execution of

that pr iorit y task can then be scheduled w i th another system

cal l.

The primary purpose of priority calls is the process

of interrupts. The call of the pri orit y task has to be

scheduled in the interrupt servi ce routine. The high

p r i o r i t y  of that task ensures th at it is exe cu t ed  as soon as

the processor becomes a v a i l a b l e .

2. C o m m u n i c a t i o n  between Modules

- - - - Since modules are separate and independent parts of

the system the operatin g system has to provide a function

wh ich allows the tasks or modules to communicate with each

other. This Comm unication uses the form of messages wh i ch

are sent from one m odule to another. A message is sent with

system call and entered into a FIFO list. The receiving

module ’s message entry is Called if no pri orit y task is

pending and the message is to he processed next in the FIFO

list.

A message Cânsists of message control block and

possibly data bytes. The message cont rol block identifies

receivin g module , senoinq module , message number and length

of the message. The message number depends entirel y on an

agreement between sending and receivin g module and serves

27
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the Purpose of identi fying the message. If the message

control block Itself is not sufficient for the transmission

of information , data bytes can be added to the message.

A message is always sent from one modu le to another

module regard less in w h~~ch Single Board Computer they

reside. The operatin g system decodes the number of the

rece iv ing  module and routes t he message to  another Single

Board Computer if necessary .

3, Time Dependent and Periodic Tasks

R e a l — t i m e  env i ro nments  and esp eci all y Naval Tactical

Data Systems requ i re the execution of certain tasks at a

predefine ci ooint in time or oeri od ically wi th a specified

time interval. In this operating system these tasks range

in the pr iorit y hierarch y below the p riorit y tasks arid the

process of messages.

Period ic tasks have to be Identified to the

operating system with a System call. w it h this system call

the task and the specif ied time interval is entered into the

list of periodic tasks. The exe cutiv e uses the system ’s

real—time clock to determine the exact t ime of the call. A

period ic task can he suspended or the soeci fied time

interva l can be chanoed w i t h  system calls.

2R
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‘4 , Bac kground Tasks

Background tasks represent the lowest p rior it y level

in the system. They are executed only If no p riority task

is pending, no messaoe is t~ he orocessed and no periodic

cal l is necessary, I.e. the processor is id l inc j . Ih Is idle

tim, can be used to perform h*rdware checks on a t $m v sl i c e

basis or to per form data reduct ions for s t a t i s t i c  and t es t

purposes.

If a Single Roard Computer is comp letely interrupt

driven. (i.e. not p eriodicall y activated ) the processor can

enter the HALT state to free the - system bus. The next

Interrup t w i l l  ‘awake ’ the processor and the executive.

- 
-

S. System C a l l s

The operating sy s t e m  prov ides sy s tem ca l l s  for t as k

management, communication between module* and functions

whic h are commonly used by several modul es.

6, Real—ti me Cloc k and Count Down Clock

The operatin g system provides two different clocks ,

a continuousl y running real—time c l o c k  and a Count down

cloc k whI ch can he started with a sp ecified run time. There

is only one real — t im e clock In common memory w h i c h  is used

by all Sin gle Board Computers in the sy stem. The real—time

clock Is driven by the Single Board Computer w ith the number

I. Both real—t ime clock and count down cloc k make use of

20
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the interval timers on the Single Board Computers.

A count down clock is impl eme nted in each Single

Board Comouter . The count down clock can be started at any

tim e and generates an interrupt when the speci fied time is

elapsed. The count down clock can be used to control time

c ritical processes. It has a size of lb bi ts where the least

signi ficant bit reoresents 1.86 micro seconds.

The real—time clock has a size of LT bytes, the least

s i on i f ic a n t  b i t  has the value of I m u l l second and the

— maximum run time is appr oximatel y 50 days.

D. REA L—TI ME E X E C U T i V E

The real—t ime executive represents the kernel of the

opera ting system . The exe cutive continuousl y checks for

pending tasks on four pr iorit y levels:

1. p rIorit y tasks

2, messages to be processed

3. perIo dic tasks

1, background tasks.

The processor is assigned to the next task w i th highest

pr iorit y in this scheme. The executive only proceeds to the

next lower level If no task is pending at the current or a

hi gher level. -

i
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Each Sinole doarci Computer runs its own, Identical

executive. An executive is tailored to its enviro nment wI th

spec ial comp ile parameters.

The executives in different Single Board Computers

communi c a t e  w i t h  each o ther  using normal messa ges v i a  an

exchange in an absolutely located buffer in common memor y .

Because the code of the executive is executed most often

it is located in on—hoard memory.

E. INTEWR UPT HANDLING

A l l interrupts are handled entirel y by the operating

) sys tem.  The operat ing sys tem i n i t i a l i z e s  the interrupt

con tr o ller and sets up the interru pt vector.

There are four special interru pts which are handled by

the operating system: rea l—ti m e clock interru pt , count down

cloc k interrupt , system resta rt interru pt and an interrupt

which causes the system to enter the monitor , if

Imp l emented.

User modules can -activate Interru p ts wit h a system call

and passing the requested inte rrupt level and the Index of a

pri orit y task to process the interru pt. In case of an

interru pt, a call of the priority task is scheduled by the

ooerat$ng system. The de—act ivat ion of an inter ru Pt is also

performed w i th a system ca ll.

31 
- -
~~~~~~ 



n

F .  SYST EM MONITOR

The sys tem monitor is implemented as a sy s t e m  c a l l .  It 
- 

-

I s  called when internal program li m i t s  are exceeded. An

add ress value and two byte values are passed w i th the system

c a l l .  The address can point to the loca t ion  of the error

and the t w o  by te  values c-an fu r ther  spe c i f y  the nature of

the error .

The s y s te m m onitor generates the disp lay of an

approprIa te message for the operator.

This feature is primar i ly designed as an aide in the

program develooment -and test ohase and to cover undefined

orogram s t a t e s .

C. SYSTEM I NTE G R A T IO N

User modules to run under the operating system are

in dependent with resPect to other user modules and the

operatina sys tem.  In order to prov ide the necessary  l inks

to the operating system, a user module needs to be compi led

together wit h some system data arid external declarations of

the system call s. Furthermore the module ’s en try for the

process of messages has to be ident i fied to the operating H

system.

The linkin g of a module to the operating System ii

imp l emented us ing the public /external declarat ion feature of

PL/M—BO and t he LIN K program in ISIS II. Basicall y, a

32
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( system integration is the executio n of this LINK program .

Inc l uded in the li nking process are the operating system

I t se l f  and the user mo dules of the soecial confi guration to

he in tegrated.

Dependin g on t h e ao o l i c a t i o n ,  t he linked and located

code can be kept e x t e r n a l l y  and loaded into R ndom Access

Memory or transferred into Erasable and Programmable Read

Only Memory.

33
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V .  AVAILA b L E USER MODULES

Three user modules have been develooed and are

avai lable to run i n  the presented system confi guration: a

— CR1 module , a line p rinter module and a debug module. The

software docum entation . a program descri ption of each module

and a user ’s manual for the debug functions. is part of the

App~nd$x.

A. CRT MODULE

This module i-s a t yp ic -a l user module. It drives a CR1

connected to a Single Board Computer. The CRT , via the CRT

module , may be used by any other module in the system,

regardless in which Single Board Computer it is located.

Messages are used for the communication between the CR1

module and a CRT user ’ modul e.

The CR1 module provides two different kinds of outputs

to the CR1 arid the f a c i l i t y  of obt aining inputs from the

connected keyboard.
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B. LINE PRINTEN MUOULE

The line printer module is the driver for a lin e 
- 

-

p rinter . Any mod ule in the system can transfer tex t w ith a

message to the line pr inter module in order to have it

orinted.

C. DEBUG MODULE

Thi s module al l ows the debugging of the entire system

under re al—ti m e condition s . i.e. without infl ue n cin g system

operation durin g the debugging process. Ihe provided debug

functions are designed to ease debugning of malfunctions

which are t yp icall y encountered in real—time systems and

spe cificall y in Naval Tactical Data Systems.

The debuqging concept allows several users to debug

different program parts at the same time. Any Single Board

Computer can be debugged from -any other Single Board

Computer w i th the restriction that only one user is allowed

to debug a Single Board Computer at a time.

Input /output media for the debug module are a ~R T or

equivalent device ana a high soeed p rinter for output only .

Both devices are driven by modules described in previous

sec tions.

- - - -~~~~~-- - -~~~~ --- -~~~~~~ 
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VI. CONCLUSIONS

In this section a comparison is made between the

proposed computer system (harjware concept and operating

system) and the reQuirements establishe d in Chapter 11.

It is emphasized that no attem pt is made to exam ine the

cap abi l ities of the prev iousl y described computer system to

drive a typi cal Naval Tactica l Data System. Obvi ousl y the

CPU, INTEL’ s 8080A . fails to qualif y for thi s tad k because

of its restricted instruction reoerto ire (esoec-i - all y the

lack of ar ithmetic instructions ), eight bit word size and

64K byte -address space.

fl i th the recent Introducti on of a single chi o lb—bit

microprocessor with

— Instruct ions to oPerate on 8— ,lb— ano 32 bit

q uan tit i es

— signed and unsigned a r i t h m e t i c  o pe ra t i ons

inc l uding m u l t ip l i c a ti o ns and divisio ns

— address space of I meoabyte

t h e  oroposed mode l  w i t h  minor adaptive changes in the

operating system becomes realisti c , provided that the

concept of Sinal~ Board Computers w i l l  be keot, Considering

the s uccess a-f I r e EL ’ s SBC 8O series , t Piis is very likely.
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A . HA Rt )wA R~ DES I G N

I. Standa rdiza t i on  and Cost

The oroposed hardware design , distributed system

with Single Board Comouters on a common bus system, is very

flexible. It can be used in Naval Tactical Data System

app l icatio ns which recuire extensi ve Computing power as well

as in very small and simpl e systems. Because of this

f l e x i b i l i t y ,  the proposed concept would reduce the number of

di fferent computer architectures currentl y in use. This

reduction is equivale nt to an increase in standardization

whic h besides lower hardware cost has a strong influence on

cost i n  terms of software development, maintenance and

training of oersonnel .

2. Excandab ili ty

The oroposed concept has special advantages as far

as future changes or extensions of the system are concerned,

A hardware change is kept local to one or a few Single Board

Computers. Extensions are accomo lished easi ly by adding

Singl e Board Comouters~ to the system. However, it should be

noted that the utilization of the system bus may turn out to

be the ‘bottleneck ’ of such a system. The cap acit y of the

system bus clearly dictates the l i m i t s  for the proposed

compu ter design .

A solution to this problem is thinkable in form of a

‘super bus ’ structure consistina of two or more of the

37
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p reviously cieveloped system s and a connecting ‘sup er ’ bus

— system. Thi s structu re woul d lead to a strictl y  h ierarc hi cal

system Concept in w hi ch infor mati on is reduced before being

transfe rred to the next hi gher bus level. - ‘

3. Interfaces with Peripheral Equipm ent

The imp lemented input /output interfaces in Single

Board Computers are not fixed. The input /output and

interrupt controller are software p rogrammable and~ in

conne ction with easy to impl ement jumper connections , allow

the tailorin g of the input/ output and interru pt f acilities

accord ing to the app lication.

4. Maintena nce and R e l i a b i l i t y

The most astonishing effects of the new technology

used in Single Board Computers can be found in the area of

maintenance and re l i a b i l i t y .  A computer system consisting of

Single Board Comøuter s is p ractically maintenance—free.

Altho ugh re l i a b i l i t y  tests of the new technology are st i l l  
—

In progress, it is already known that there is a great

increase in reliabilit y . In case of a failure parts of the

compu ter would no longer be replaced: the computer would be

reolaced itself.

5. Physi cal Requirem ents

The proposed computer system drasticall y reduces

weight , so-ace and environmental (power, coolin g etc.)

38
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requirements of cu r r en tly im olem ented Naval Tactical Data

Systems. Thi s reductio n is especially imp ortant for air—

borne system s.

b. Syst em Redundanc y

Up to now a complete hack up computer system is not

found in Naval Tactica l Data System app licat ions. Reasons

for this are mainl y costs and sometimes soace and weig ht.

wit h an impl em entatio n of the oroposed system conceot these

constraints could he eli min ated. Alth ou gh r e l i a b i l i t y  is

alread y great ly increased a redundant system design can be

cons idered.

1~~~ 
8. OPERATING SYSTEM

1. Naval Tactical Data System Requirements

The proposed operating system has been designed - —

spec if i c a l l y  for an aop li ca t ion i n  Naval Tactical Data

Systems. It provides fa c i l i t i e s  w h i c h ensure the real—ti me

operation of the entire system . ‘Real—time ’ is a relative

exoression w i t h  resoect to Naval Tactical Data Systems. An - -.

operator expects a system reaction in real—ti me after

compl et ion of his inputs. In this case the system h-as to

provide an ‘instantenous ’ reaction i n  terms of human speed.

However, i n  the case of a high frequency radar interface,

‘jngtanter,ous ’ represents a considerabl y shorter tim e

between input and reaction. The structure of the operating

3q 
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system w i t h  different p riori t y levels supports thi s

inter p retation of ‘real — tim e ’ as well as other comm onl y

found Nav al Tactical Data System operations.

2, Software Developm ent, Me,ntenance and Extensions

Because of the modular structure supoorted by the

operat ing sy s t e m ,  i t is possible to run tes t  v e h i c l e s  e a r ly

in the program develo pm ent phase. The modules in the test

ve h icle are replaced by the original mod Oles as soon as they

are compl eted or the simulated equipment is installed. This

concept of a continuous test of the growing system involves

some simulatio n overhead but it avoids ‘big bang ’ tests and

leads to a be t t e r  tes ted  sy s tem .

The modular structure also eases program

maintenance , because modules are easil y changed -and re—

integrated into the system.

Extens ions to the system are impl emented by adding

modules. Hardware f a c i l i t i e s  of the computer system can be I :
extended by increasing the number of Single Board Computers.

In order to f i nd  an o pt i m a l  d i s t r i b u t i o n  of the extended

program it may be necessary to re—distribute the modules —

over the Single Board Computers.

3. Standardization

The structure of the operating system basicall y

reflects a si m i l a r  structure used in various real—ti m e Nav al

_ _ _  
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T a c t i c a l Data  Sys t e m s .  T h i s  a l l o w s  the use of a l ready

developed s o f t w a r e  ana knowledge .

4. Simu lation

Simulat ion in Naval Tactical Data Systems is needed

mainly for three reasons: software development , software

test and operator training. The mod ular software structure

in connect ion wit h the di str ibuted Single Roard Computer

concept allow sim ulation not only of missing modu les or

equipment, it allows the sfmu )-atic1n of the operation of

ent ire Single Board Computers as well. No hardware changes

are necessary since the simulation takes place entirel y

i n s i d e  the computer system.
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G e n e r a l

‘ .1 Introduct ion

This seament of text describes the function of the operating
system. The use of the fa cilit ies is documented in the user ’s
manua l for the operatin g system.

In cases where system functions are wel l exp lained in the

:1 program listing itsel f no oescri ption is given here.

The executive is considerea to be a module. It has the lowest
possible m odu le number in a SBC and the module identification
EX .

.2 Abbreviations -and Conventi ons

All  numbers in this segment of text are decimal except as
o t h e r w i s e  ind ica ted.

Task — part of the program whi ch handles a soecific
function of the system and consists of one or
more orocedures -

Module — part of the program wh Ich consists of one or more
(related ) tasks and can be compiled separately

Executive — part of the operating system whic h controls the
schedulin g -and execution of tasks

H 
- 

Operating
System — consists of executive , system calls and system data

S y s t e m  — consists of operating system and all integrated
user modules

SBC — Single Board Computer -

MOS — Microcomputer Develooment System (INTEL )

MCB — Message Cont ro l  B lock
RMN - Receiving Module Number
SMN — Sending Module Number
MN - Message Number
ML - Mes~ aqe Leng th

• U executive, m odule number in SBC 1/2/3 : 00/08/lb
LP — line p rinter m~ dule ,module number in SBC 1/2/3 : OS/13/21
CS — CRT module , m odule number in SBC 1/2/3 : 06/14/22
08 — debug module , module number in SHC 1/2/3 : 0 7 /1 5/ 2 3

RTC — Real Time Clock
CDC - Count Down Clocx

145
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~-iI2 Ex e c u t I v e

The executive is the kernel pt the operatinu system.
It controls the process of

— p r iorit y tasks

rea l—time messages

— time dependent (periodic) tasks

— background tasks.

2.1 Inputs

EX receives two real—time ressages from any debug module, ’start
message extraction ’ and ‘stop message extraction ’.

Format: H

RMN : U
SMN : any debug module
MN : 10 — st ar t

11 — stop
ML : 04

-

~~~ 

T his message ront rols the state of the flag MSGEXTRACT ION .
It is set to ‘TRUE ’ uoon receipt of the ‘star t m essa ge
extract ion ’ messaoe and reset to FALSE ’ when ‘stop message
ex t ra c t i o n ’ is received.

2.2 Function

2. 2.1 Sy stem I n i t i a l i z a t i o n

The system is Init i a l ized with a call of procedure EXSTAW T
at system start. Prior to this call the variables SAVESTACKPTR
and RESTART are set.

SAVESTACKPT R contains the value of the stack pointer at initial
system start. It is saved for a-s y stem restart without loading
and sy s tem RESET .

RESIART is set to ‘FALSE ’ at the in i t i a l start of the system.
In case a sys tem restart is Init iated w i th INTo, RES1A RT is set
to ‘TRUE ’. At the same time the stack pointer is reset to the
saved value.

RESTART is used by all modules to determine whether the Current
start is a system start with or with out hardware reset.

kG 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~—~~~~~



_ _ _ _ _  ____________________

IL
In order to prevent overlacp ing program action caused by
erroneous int erru p ts , the i~~terrunts are locked out for the
tIme of sys te m i n i t i a l iz a t i o n .  -~~ -

A l )  sys te m t a b l e s  are reset  and a ‘start ’ messaoe for each
module in the same SBC is pecked into the system ’s message
buffer.

EXS TA RT ends wit h the in i t i a l i z a t i o n  of the inter rupt control—
Icr and an ENABLE instruction.

SRC I has additional tasks at system init i a l i z a t i o n .  It resets
the RTC, starts the RIC update and gives the start signal 

-~ -~

to all other SBCs in the system.
Al l  other modules in the system check their sp ecific start
variable STA RT 1, S1ART 2 etc. to take on a value other than 0.
After comp)Ction of the initializ a tion , SBC 1 sets the respective
SBC number into START I , STA RT 2 etc. and all SACs start their
initialization.

2.2.2 P r i o r I ty  C a l l s

In the context of priorit y calls there are two relevant
i tems of system data: PRIORLIST and PRIORSCHEDULE.

PRIORLIST is an address vector of length 8 and contains the H
addresses of priority procedures entered.

PRIORSCHEDULE is a byte variable wh i ch indicates the scheduled
p riori ty calls,e .q . bit 0 ~ I means that a p riority call of
t he p riorit y procedure in PRIORLIST (0) has been scheduled.
Prior to the call of t h i s  procedure the r e s Pe c t i v e  b i t  in
PRIORSC HEDULE is reset to 0.

The executive keeos checking PRIORSCHEDULE until all calls
have been made before proceedin g to the process of real—time
messages.

2.2.3 Communication Between Modules

Commun icat i on  betwee n modules uses r e a l — t i m e  messa ges.
These messages can be sent from any module to any other module —

in the system.
A message is considered to be ‘internal’ if it is sent to a
module in the same SHC . An ‘external’ message is sent to a
module In an other SBC.
Internal and exte rnal messages have the same format ,only the
treatme nt by the executive is different.

— 5 —
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A message is sent w i th a c all of SEND. In thi s system procedure
the message is placed into MSGBUFFER, a circu l ar FIFO list.

MSGBUFFER is controlled by two pointers MSGIN (next to f i l l )
and MSGOUI (next to orocess).

H, The var iable NUMMSG contains the number of messages currently
in MSGBUFFER .

2.2.3 .1 Internal 
- 

-

The e x e c u t i v e  checks NUMMSG fo r  a messaoe to  be processed.
If NUMMSG = 0 then the executive proceeds to check for external
messages.
MSGOUT points to the next message to be processed.
The e x e c u t i v e  com p utes the index of the next message in
MSGBUFFER (new MSGOUT = MSGOUT + PAL of current message).
After this update, the executive examines RMN of the message. — -

If the receivin g module is in the same SBC the procedure
MSGENIxx is called ( x x  = relative module number in

H a SBC : 0 — 7). - .

This procedure is the message entry of the recei vin g module .

2.2.3.2 Ex te rnal

If the rece iv ing  module of a message is not i n  the own SBC,
the e x e c u t i v e  c a l l s  SEN DEXT to process t h i s  message .

There Is a bu ffer for external messages (EXTMSGBUFFER) wh ich
has a very similar structure to MSGBUFFER .
The onl y excePtion ~S that the receive r of the iressaqe
is the number of the SBC whi ch hosts the receivin g module.

An external message is kept into EXTM SGBUFFER until it is
processed by the resp ective S€IC and transferred into the local
message bu ffe r .

Since al l  SB Cs operate in EXTMSG BUFFE R there  is a lock mecha-
nis m tha t  prevents  t w o  SA Cs f rom w o rk i ng  in EXTMSGBUFFER at
the same t ime.

Every  t ime a message is taken out of EXTM SG BUFFER or when the
first message is writte n into the empty EXTMSGBUFFER the van —
able EXTMSG i s  se t t o the number of the rece iv ing SBC of the
messa ge cur ren t ly  at the to P of EX TM SGB UF FER .
If EXTMSG = 0 then no exter nal message is waiting to be
processed.

Af ter checkino the external messages PRIORSCHEDULE is examined
again.

- - - - - - -~~~~~ — -.
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2.2 . 4 Periodic Ca lls

A l l  activated periodic calls are kept in PERLIST.

~~
. - - PERLIST is a vector of records.

The variable NUMPEpQ conta ins the number of activated periodic
c a l l s .

PE~ Xll3 L , a list of pointers to PERLIST , is alwa ys kept
comPact, i.e. i f a oeriodic ca ll is suspended ,entries in PE.RXIBL
are moved to become comPact again. This technique reduces
execution t ime when the executive is checkin g for necessary
per iodic calls.

— it the executive finds a ‘next call ti me ’ <: RTC then a new
‘next c a l l  t i m e ’ i s  computed (RTC + time interval ) and the
periodic procedure is called.

if no peri odic procedure is to be ca lled, the executive proceeds
to the background tasks.
Otherwise the p eriodic procedure is called and upon return of
program control the pri orit y ca lls are checked again.

2.2.b Bac kground Tasks

Background tasks represent the lowest pr iorit y level within
the e x e c u t i v e .
They are executed on ly i f no other task is pending, i.e. the
processor is idlin g.

2.2.0 Message Extraction

Befo re processing a real—time message, the executive calls
EXMSGEXTR if the flag MS UEX TRACT ION is ‘TR UE’ .
In this procedure the current message is checked against
the message control block contained in t)Li3UGMC8.
it DERUGMCB matches the current message, the message entry
of the debug module is called with a faked ‘message extrac
tion ’ message.
Upon return the current message is processed.

- i .  ‘1.9
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2.3 Outpu ts

At system start , after its own i n i t i d l i z a t i o n ,  EX sends
L ‘s t a r t ’ messages to a l l  mncules in the same SAC .

For mat:

WMN — a l l  modules in Own SAC
SMN -

MN - 0 0
ML — 04 —

Ap art  from the ‘star t ’ message, EX senas an ‘ext ratti on ’
message to DA if message extraction is activated and a match—
ing message was detected. This message is ‘sent ’ by directly
callin g the message entry of DA.
Thi s special procedure is chosen in order to avoid an cx—

— cessive l oad of the System ’s message bu ffer since each ex-
t r a c t e d  message wou ld  be represented t w i c e : as o r ig ina l
message and as data bytes of the ‘extraction ’ message.

S Interru pt Handling

All  interr upts are handled entir e ly by the operatin g system.

There are four system interru p ts and three user interru pts.
The system interrupts are:

— RIC interru pt

— CDC interrupt

— system restart

- enter monitor.

The RTC interru Pt (tNT?) is activated in SAC 1 only.
This interrupt is generated b~ counter 0 of the interval
timer arriving at the terminal Count of 0.
Counter 0 is first set in procedure E.X STA R I to the equiva—
lent of 1 msec and started.
Upon occurrence of the interrup t th~ RIC is uodated ano the
counter is s t a r t e d  again w i t h  a t ime  i n t e r va l  of 1 msec,

A CDC interrupt may be initiated in each SBC. The COC inter-
rupt is s t a r t ed  w i t h  t he  system cell SETCDC .
At terminal Count the interru ot (INTO) is generated and
the address passed w i t h  the s y s t e m  c a l l  is c a l l e d .

The sys tem can be r e s t a r t e a  w i t h o u t  Rt SE r by genera t ing
INTO at the front panel of the MUS. From the in ter rupt
process the procedure SYSRE SIA RT is called where the restart
is initiated.

L -- - - 1 - 50
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The SAC monitor can be ente red  st any time b~ press ing INT2
at the front panel. - -
T his interru pt is jumpered on the SACs to cause an interru pt - -

on level 1.
Upon occurrence , the monitor is entered at location U740H .
The same oroceaure when activ a tin g the m onit or w i t h  RESE T
appl ies , i.e. tyoino cap ital ‘U’ to i n i t i a l i z e  the USARI .

Note: Since the monitor changes locations in on—board Random
Access Memory, the system cannot be restarted without
loadin qt

User interru p ts can be activated on levels 3,4 and 5. They are
activated and ac— act ivated w it h  system calls (ENTERINT and
REMINT) .

The interru pt vector is locatc~ at 300011 and has a length of
b4 bytes, i.e. eacr~ interru p t occupies ~ by tes.
This structure is comp atible w i t h  PL/M—S0 .

The interru pt routines are written in PL/M—80 and therefore
located at 0000 — 003F11.
Af ter SAC I is loaded , the loader transfers the code for
interru ot processing to its final locatio n in the interrupt
vector.
Since the user interru p ts are restricted by PL/M—80 to
INT3 — 1N17, only ~ interru pts Can he programmed this way .
These are the three user interru p ts and RTC and COC interru pt.
The code for the orocess of monitor and restart interru pt is
written into the interru p t vector in procedure EX SIART .

The book—keeping of user activated interru pts takes place in
table INTTBL .
1NI TA LC 3 ) Contains FF1 I if interru pt i is not activated.
An a ctivated interru pt is indicated by INTTBL(j) k, where
j is the interru pt level and k is the index of the p riority
task to be scheduled upon occurrence of the interru p t.

4 System Data

System data are divided in two parts:

— data to be compil ed with each module -

— data to be compil ed w ith the executive , system calls
and the debug module. —

The first data set is in the source tiles SYDAT P.SRC and
SYDATE .SRC.
The exec utive has to be com p il ed with the PUBLIC declarations
of this data in SV DATP .SNC whereas all other components of
the system are compi led w i t h  the EXT NAL declarations in
SYD AT E .SRC.

51
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Since thi s data set is well exp lained in the program lis t i n o
(see Section l1 in the operatin g system user ’s ma nual ) it
is not described here.

The second da ta  set is in the source fil es EXDATP.S RC and
EXDATE.SRC.
It Cont~~ins all data necessary for the operat ion of the execu—
tive and the system calls.
The executive has to he comp iled w i t h  the PU (3L1C declarations
in LXDAI P .SRC . All other comp onents which need to operate on
t hese data  ( s y s t e m  c a l l s ,  inter rupt  hand lin g, debug module ) can
he comp iled w i th the EX TE RP~AL declarations in EXDA IE .SRC.

All oper ational data of the system are li sted and described
in Section 9.

S Sy s tem C a l l s

The code of t he sys tem c a l l s  has been s o l i t  u~ in to  seven
parts in order to ease program develooment and maintenance
under iSIS— Il. These orogram parts are named SCPUB I — SCPUB 7 .

The object code of the System ca l ls is keot in the object
library SC.LIfl.

Each module can be comp ilea with the set of EXTERNAL decla-
rations of all system calls in the source fil e  SCEXT .SRC .
The m atc hin g of the PUt3LIC and EX TERNAL de clarations takes
place in the LINK step durin g system generation where the
objec t librar y SC.LIb has to be included.

The function of the system calls is exol ained in the source
program li sting.

- 

~
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Neal —t ime Clock and Count Lown Clock

RIC and CDC are imp lem e n te a  using counter  0 and I of the
on—board interval timer.

Ao th Counters are ‘down Counters ’ with a terminal count o f 0
and driven by a cloc k inout of 1.8o micro seconds.

The ‘te rminal count ’ outout line is jumoered to the interru p t
control ler .
Counter 0 generates a leve l 2 interru p t w h i l e  counter 1 is
tied to INTO .

Counter 0 (RTC) i-s dri ve n by SAC I only. SAC 1 loads Counter 0
w i t h the eguiva lent of I msec (LSFI 1.Rb mi cro seconds) and
uodates the NTC (LI byt e vector i~ common mem ory ) by 1 upon
occurrence of the interru p t , i .e.termi na l count of Counter 0.

A CUC interru pt is imp lemented ,i n  each SAC. Its in i t i a l i z a t i o n
is by a system ca l l (SETCDC). “
In the process of this systenv call the followin g actions take
p lace:

— save the address to be called at CDC interru p t

— enable interru p t level 0

— load counter 1 with the transferred value
(LS8 1.8b mic ro seconds).

Upon occurrence of the COC interru ot , the interru p t on level 0
is disab led and the indi cated address is called.

1. 
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Loade r

The system is loac$e 1 ar~(1 st~~r t e~1 t~r,~ier control of a separate
loader.

The loader runs in the MDS and is start ed together wit h  the
SACs, it in teracts w i t h  the SACs throuq h four ab solute ly located
var iables:

— LUAD SAC (~~1fUH )

— S T A R t )  (fIFIlI )

— SIA RI2 (F % F 2 H )

— b I A W I3 (FLFSH ).

At Start i l l  tour va r ia til e s are reset to 0. (he SACs conti-
nuousl y check LUAD SAC to take on the value of their SAC number
(1 — 3).
(he loader loads the code for SAC ) from the disk with an
offset(b ias) of b000H.Ari ISI S—il system call is used to load
the f~~lp LOAD).
Af ter com p leti o n of the loading LOADS13C is set to 1 .The loa-
der now w a its u n t i l  LOAOSAC becomes 0 agaIn.

SAC ) detects the ‘1’ in LOA DSAC and starts moving the code
from the temporary storage into on—hoard memory for which it
was located before by the LO CATE program of ISIS—li .
Af ter comp let ion of the move , LOA DSAC is set to 0 end then the
SAC waits for the variable ST AR I I to h~ Com~ 1.

The loaoer now rePeats the process for SHC2 and SDC3.

Af ter having loaded a l l SACs, the loader st~~res a I in START ) .
Ih iS is the s ignal  fo r  SA C )  to  s t a r t .
After i n i t i a l i z i n g  system a~ t.i and the RIC the v aria b les
SIA NI2  and S T A H I 3  are set to  2 and 3 res p ectivel y .
This effects the start of the entire system.

The loader issues infor m ative messaaes on the CR1 as it
proceeds through the loadi ng process .

It should he noted that a load ing process is not necessar y
In a pr actical app lication because the program woul d reside
in Read Onl y Memory .

- 12 - 
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8 Memory Map

In this sect ion all absolutel y located data and code is des
crihed. Further m ore al l  PROM changes of the SAC monitor are
l isten .

Absol ute Date

Ab solutel y located data is necessary for communicat ion between
SACs and loadin g and starting of the SACs.

Absol ute syste m data are locate d in the region F000H —

These data include :

— m odule status table (MUOSTA1US)

— real —ti me clock (RTC)

— message bu ffer and message control variables for
external message exchange.

FOOl )
MO D S T A I U S

f O i l
FO I-S

RTC
Fl) 113
FOI C EXIMSGLOC K
F OlD EXIMSU
1-Ol E EXTM SG IN
FO IF LX IM SGOU I
1 020 NUME x~ frSG
F021 EXT LA S IM S~
F022

EXT M SGAUFFER
F I i9

Ab solute date for loadin g and starti n g are located in the
region FIFO — F IF?:

FL FO LOADSFIC
F I F I ST A RT )
F I F2 ST A R T 2
F1F3 STA R 1~
F 1FLI

key for the system operat ion (key is OAACL)H)
F T F S

Since the sn~ pghot functio n is imp lemented w i t h  the trap
instruction R STLI , it is necessary to define the
entrance of the snapshot ex ecution in an absolute location.
Ihe entry adøress is storea in 30L10H and 30’I1H .

— 1 3 — 55
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Absolute Cone

Apart from the code for the SAC m on it or,whic Pi is located
t

~~~~ 
absolutel y because it resioes in ROM ,-(he i nterrupt vector
has to be located absolutel y .

Ihe interru pt controller is programmed to expect the interruo t
v e c t o r  of 3000 1$ w i t h  14 bytes /interrupt ,
(he Code for INto , IN1 -2.lNl j ,1l114 and 1N1~ is moved into the
vector by the loader , the rest of the vector is set in the
st ar t routine (LX S $AW l ), These are INT l (entry of mon itor ) and
iNt o (system restart ).
iNt l currently is not imp ’em ented.

3000.. COC interru pt
3007
3008
.. ‘enter SAC m onito r ’ interru pt

300F
r 3010

RIC interru ot
30 17
3018.. 1N 13 (user interru p t )
301F
3020
.. INI LI (user interru pt )

302 7
30 28
., INTS (user interrupt )

302F
3030

‘system restart ’ interru p t
3037
3038

INT l (not implemented )
30 iF

I
~1~~~~~

— i~~ — 56 

—~~~- -~~~— i- - - -  -~~~~



Changes of the SAC Moni tor

T h is  s e c t io n  l i s t s  and co m ments the changes of the SAC moni
tor in PROM.

The monitor needs to be moo i fied in orøer to allow the
automat ic loadi ng of the system .
At System start the monitor checks a key w h ICh 15 on address
value located in F1F4A .
for  opera t ion  of operat ing sy s t e m  the user has to s to re  t he
the he~ edecimal value AAC D in this location. i f the contents is
dif feren t from tn-i -s value the m onitor w i l l  operate in normal
mode.

0000 JM~ 0100 Ci 00 07 g umo to 0700(1 at Rt SL 1

0700 LXI H,P~~Y 21 1-4 Fl check kPy
0703 Mv I A ,OA I3 H jE AB
010’) CMP N tIE
07Db JNZ 0740 C2 40 07 start monitor
0709 iNx H 23
0704 MVL A ,OCDI$ SE CD
070C CMP N
0100 JNL 0740 C2 40 07 start mo ni tor
0710 DI F3 disable interru pts
0711 IX1 H,LOADSUC 21 FO Ft we lt until ready to load
0714 MV 1 A ,SAC 3E nn SAC nn
071b CMP N
lUl/ JNZ 071b C2 lb 07 not ready yet
Q u A  LXI 13,9000 01 00 90 begin of temporar y coae
Q u o  LXI 0,3042 ii 42 30 begin on—hoard RAM
UI2U LOAX 13 04
012) STAX 13 12 move code into own RAM
0722 IN* 13 0-5
072 3  INx 0 13
0724 MV 1 A ,O~.FH 3E f - F  last byte to he moved
072b CMP C 89
0727 JNC 0720 02 20 07 continue move
0724 MV ! 4,0 3E 00 

-

072C STA LOADSAC 32 Fl) Ft reset LUADSAC
072F Lx i H ,$TAPTn 21 Fn Fl check for start SAC n
0132 MV ! 4,0 3E 00
0734 CMP N tIE
013’) JL 0134 CA 34 07 no start yet
0138 STA SIAR In 32 fri F- I reset SIARIn
015 ( 1 JMP 30’12 Ci (12 30 start SAC —

0740 MV I A,41 JE LIE replaced monitor
0142 OUT EU 03 EL) instruct ions
0144 JMP INUST C3 OH 05 0000 — 000b
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0021) DI F3 execute snapshot
0021 PUSH H ES upon ei~ecution of
0022 PUSH I) OS a RSTLI instruction

t 0023 PUSH A CS
0024 PUSH PSh FS save reqis~ er%
0025 LHLO 304011 2A 40 30 address of snapshot
0028 PCHL E9 transfer contr ol
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Genera) -

( 
.1 Introduct ion

This manuea l describes the use of the real—time operating system
for dedicated mul t i  processor micro computers.
The operat ing system is designed to uSe INTEL ’ s sin gle board
computers SRCAO /20 14,therefore it is assumed that the reader
is f a m i l i a r  with

— single board compu ter hardware

— PL / M — 80

— operatin g system ISIS—I T for INTEL ’ s MDS.

- 
1.2 Abbr eviations and Conventions

A l l  numbers in this seomers t of text are decimal except as
otherwise Ind icated.

Task — part of the program wh ich handles a sp ecific
function of t he System arid consists of one or
more procedures

Module — part of the program which consists of one or more

( 
(related ) tasks and can be com p iled separately

Executive — part of the operatin g System whic h conitols the
schedu lin g and executio n of tasks

— Operating
System Consists of executiv e ,system calls and system data

Syste m — consists of operating system and al l  integrated
use r modu l es

SBC — Single Board Comouter

MDS — Micr ocomputer Development System (INTEL)

MCB — Megsag~ Control Block
RMN — Receivin g Module Number
SMN — Sending Modu le Number
MN - Messaoe Number
ML - Message Length

— execut ive , m odule number in SBC 1/2/3 : 00/08/b
LP — line pr inter module,modul- e number in SRC 1/2/3 : 05/13/21
CS — C R1  module, mod~~1~~ number ira SRC 1/2/3 : 06/114/22
DB — debug m odule , m odu le number in SbC 1/2/3 : 07/15/23

RTC — Real T im e Cloc k
COC — Count Down Clock -
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1.3 Facilities of the Operatin g System

The operating system is sp ecificall y designed to control
complex real—time environments .
In order to meet these requ i rements the operating system
prov ides:

— pr iorit y task schedulino 
-

~ 
- -

— communication between modules

— time dependent (periodic) schedulin g of tasks

— rea l—ti me clock and count down clock

— Sy s tem monitor

— common ly needed functions in form of system calls

— Interru pt hand ling.

The operating system is able to control all possible SBC hard—
ware configurations. INTEL ’ s rn ultib u s system can handle up to
lb master cor a tro ll er ,theoret i cal l y all SBCs.

Code in memory may be shared by several SBCs, however, care
should be taken that there is no interference wit h data access.
By simp ly keeoing a l l  data in on—board memory no data con fl icts
can occur.

For efficiency reasons the execut ive and time c r i t i c a l  func
tions should he kept in on—board memory , whereas the code of
the system calls can be located in common memor y where it can
be shared.

-
~

A module can take on the identities of several modules.
The ~ody of the module is shared in common memory. The kernel -

~ 
-

of the module , I.e. the entry for real—time message,is special in
each SBC as expressed by di fferent module numbers.

— 
Communication between modules a llow the sending of messages
fro m a module to another module. regardless of where these
modules are located.
Since message between SBCs as well as code executed from common
memory make use of the system bus the actua l distribut ion of
the modules In the entire computer system should he such that
system bus access is minim iz ed.

Al l  executives Ira the SBCs are ident i cal , the bindin g of an
executive to the host SRC takes place durin g the comp ile with
two comoile oaremeters: number of SBC and module number of - -

first module in the SBC.

• 4 1 — 71
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2 System Or ganiz ation

Modular Structure

The operating system Supports a strictl y mociular structure.
-
~~ Modules are inte gral oarts of the overa ll system whi ch usu

a l l y  handle a soecific task or a group of related tasks.
This organization not onl y eases program ,ev~~lopment and - —

maint enan ce it also allows eas y—to—im p lement chanoes of the
system.

The links between a module and the rest of the system are
the system data and the entr y for real—time messaoes of the
module.
These links require

— the inclu sion of system data in the com p ilation of a
module 

- 
-

— the marki ng of the message entry procedure as a PUBLIC
procedure and a prede finaed name to allow access by
the executive. ~- 

-

The example of a compl ete user module is aiven in Section 9.

A module has a unique number which is used to identif y it
ira the system.
The number of a module depends on the number of the SBC which
hosts the module. Each SBC can have a maximum of 8 modules
(0—7), e.g. module 3 in SBC 2 has the module number 11 ,
The lowest module number in each SBC is reserved for the
executive. Im o lem ent ing the executive as a module allows
user modules to send message to the executive.

Eac h possible module in the system has a reserved byte
in the system table MOOSTATU S. This table contains the status
of all modules. If the entry is 0 for a module the module
is not existent.
MODSTATU S is updated w i th the system call UPD STAT
(se e Section o.12).

Each module is ira one of three states: nonexistent, existent
or activated.

11 72
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2.2 Priority Tasks

• - Priority tasks Consists of one or more procedures w i t h  one
entry procedure . The call of t h i s  procedure can oe scheduled.
A scheduled pri orit y task w i l l  be considered by the execu—
tive as soon dS the processor becomes available.

Usua lly the process of an interrupt is implemented as a priority
task where the schedulin g is done ira the interrupt procedure.

-~~ In Connection with pr iorit y tasks there are four related
-H sys tem calls: PRIUtflTY, PRI ORIT Y INT , ENTERPRIOR and REMPRIOR

(see Section 6 for formats).

A pr ior ity task has to be entered into the l ist of pri orit y
calls p rior to its first scheduling. This is done with the
sys tem call ENIERPR1UW . ENIERPRIOR returns an inoex which is
used to schedule a ca ll of the task (PRIORITY or PRIOR ITY INT )
or remove the task from the priorit y list (REMPRIOFI).

PRIUR ITYINT and PRIORITY perform the same function, however ,
PRIORITY may not he called from an interru pt procedure arid
vice versa. This prevents erroneous program action in the
case that the processor is interru pt ed while executin g the
p riorit y schedu linq system cal l .
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2.3 Comm unicatio n Between Modul es

Since modules are separate and independent parts of the
system, the operati ng system has to provide a function wh iCh
allows the modules to commun icate w i t h each other.
This communication takes p lace in form of a messaqe exchange .
Messages are sent and received by modules and the sender
and receiver are id e ra tifieo by their module numbers.

A message consists of a message control bloc k (MCB) aria, ~f
necessary, data bytes.
The MCB has a length of L$ bytes and the following structure: •

* * * * * * *A A * *
A RMN * Receivin g Module Number

* SMN * Sending Module Nu mber

* * MN * Wessaqe Numbe r

* ML. * Wessaae Length

The MN is an agreed upon number between sender and receiver
of the message in order to ident i fy the meaning of the message .
ML determines the total number of bytes of the message
(Mcli + data bytes ) and has a mini m um va lue of 14 (message without
data bytes).

A messaoe is sent with the system call SEND. This routine requires
the address of the first byte of the MCB to be passed to it.
SEND re turns a ‘TRUE ’ if the message has been sent and a ‘F ALSE
otherwise. The latter can happen when the receiving module is
not activated or not existent .
If the message has been sent, data bytes may he stored in the vec—
tor MSGDATA. SEND has reserved space for as many data bytes as
indicated by ML Ira the MCB.
In the case that more data bytes than speci fied are written
into MSGDAT A they w i l l  be aisreaarded.
The message is inserted into a cir cu lar FIFO list.
The executive Checks the too of the list and transfers control
to the message entry of the module sp ecified by RMN ira the MCt1.
Prior to calling the module the message to he processed is set -;
into the vectors MSG and MSG DAIA to allow access by the pro
cess ing modu le.

L 
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2.14 lime Dependent (Periodic) Scheduling of Tas ks

A Common requireme nt of real—ti m e app lications is the time
dependent execution of tasks, e.g. a display h as to be up—
dated every two seconds or a orocess has to be tr -i gaered
once after a certain amount of t ime has elapsed.
The opera tin g System oroviaes the functions - for executi ng
tasks of thi s kind.

—I - a
The ti me dependent scheduling of tasks is implemented with
three sys te m c a l l s : P ERACT , PERCHC I and PERSUSP (see Sec t ion  6
for formats).

A procedure can be entered into the list of oeriodi c tasks
by call ing PERACT and passing 2 parameters: the address of
the orocedure entry and the time interval.
PERACT returns an index which identifies the task in the
System calls PERCHG and PERSUSP.

The tim e interval can be changed with the system ca ll PERCMG
and a periodic task can be removed from the list with a call
of PERSUSP .

The executive cont inous ly checks the list of periodic tasks
and cal ls t h e  respective procedure when the sp eci fied time
is less than or equal to the value in the real—time clock.

.5 Bac kground Tasks

In order to uti lize the processor in case that no pr io—
fl rit y call Is scheduled, rio message is to be to processed and no

-
~~ 

— periodic call is necessary, background tasks can be called
by the executive.

- - Typica lly . not time dependent hardware checks are performed
- - 

- 
as a background tasks on a time sl ice basis.

3 Interru ot handlin g - -

All Inter rupts are handled by the oPerating system .
User interru p ts currently can ~e activated on three levels:
1N13, INT 4 and iNIS.

An interru pt is activated with the system call ENIIRTPJT .
Parameters for this system call are the requested interru pt
level and the index of the pr i o r ity task to be scheduled upon
occurrence of the interru ot .

An activat ed inte rru pt can be dc—activated with the system call
REMINT.
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4 Sys tem Data

The set of EXTERN A L system data declarations as listed in
Section 11 has to be ind uced in the com p ilation of a module.
The PUBLIC definitions of the same data are comp iled to—
gether with the executive.

Care should be taken in the use of the system work variab les.
Since a l l modules are allowed to use them (exceot in interrupt
routines ) the ir contents is not preserved from one call
to the next.

S Execu tive

This section describes the function of the executive and
the interface between executive and user module.

the executive of the operating System ~ -S a program
l ooi~ wh ich checks for pend ing tasks on ~1 le vels:

— pr iorit y tasks

— messages to be processed

— periodic tasks

— background tasks.

The executive only proceeds to the next lower level if rio
task is pending at the current or a higher level.

The only link between the executive arid a user module is the
message entry of the module.
The executive is compiled w i th all possible message entries
declared as EX TERNAL oroceaures while the respective PUBLIC
declaration is part of the module.
During the linkin g orocess of iS IS— Il the two declarations
are matched and the ececutive can ca ll the message entry of
the module at system start. It is up to the module to i n i t i —
a l ize itse l f , enter pr iorit y ca l ls, ac tivate p eriodic calls
arid set Its own status.

Prior to calling a mod ule ’s message entr y, the executive sets ’
the message in to the based vec to rs  MSG and M SGDATA where  MSG
con ta ins  the MCli and MSG DA IA the date hyt~~s, if any.

Each SBC runs I t s  own. i d e n tic a l  e x e c u t i v e .  Th e on ly
d i f f e r en ce betwee n the ec e c u t i v e s  is t he module number.

I
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6 System Ca l ls

This sectio n describes format and function of the system

1. 
cal ls .

Al l  system calls are given in the form

NAME TYPE (parameter list ) .

A TYPE i ncluded after the name means that the system c a l l
returns a value of the indicated type.

An/ lin in the oerameter list indicate address /byte values.

6.1 ENTLRPRIOR

For mat : ENTERPR IOR BYTE (Al)

In put : A l — address of priorit y oroceaure

-
~~ Outout : • index of the p riorit y task

(may be used for schedulin g and removing the
t a s k )

• FF if the task could not be entered into the
list of pr ior ity tasks (overflow )

Function : The indicated priority orocedure  i s  e n t e r e d  in to
the list of p riority tasks. The index to this l ist
is returned. The l i - t  can hold uo to 8 tasks/SBC.

b .2 PR I UR I T Y IN T / PR I O R I IY

Format : PRIOR IIY INT /PR IORIT Y (81)

Input : 81 — index of priority task

Function : A single call of the indicated p riority proce—
dure is i nitiated by the executive. The cal l
occurs as soon as the CPU becomes available.

Remarks : PR IORIT Y INI is to be called from interru p t proce—
dures onl y and PRIOR ITY is not to be called f rom
interru pt procedures l
Prior to scheduling a priority task it has to be
entered with ENTERPR IOR , oth erwise erroneous pro—
gram action w i l l  occur.
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6.3 ~EM P RT O R

Format : REMPRIUR (81)

Input : dl — inde x of p r io P it y task

F unction : The indicated pr i o r i t y  task is removed from the
l i s t of priority tasks arid can rio longer be
sche duled.

b.14 SENI)

Format : SEND BYTE (Al)

Input : Al — address of first byte of MCB

OutPut : TRUE if message sent
* 

FALSE otherwise
MSGDATA is set to contain the data bytes of the
message.

Funct ipri : A message is sent to another m odule w i t h  thi s
system ca ll .
I f  the output is TRUE the message is sent arid the
data bytes can be written into MSGDA TA , i f any .
If the output is FALSE the message could riot he sent.
This may he caused by a not activated receivi ng
module or an overflow in the system ’s message buffer.

6.5 PERA C T

Form.t : PERACT BYTE (Al,A2)

Input : Al — address of entry procedure for periodic task

A2 — address of first byte of time interval
(The time interval is expected to be in NIC

• format. )

Cutout : • index of periodi c task
FF if task could not he activated because of an
overflow in the list

Function : The call of the indi cated periodic task is active—
ted with the inPut time interval.

Remark : The task is called as soon as oossihle and f rom
then on wit h the tim e given in terval.

Il — 78
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6.6 PERCHG

Format : PERCHG U3l,A 1 )

Input : 131 — index of peri odic task
Al — address of firs t byte of time interval (in WTC

format) 1 - -

Function : The time inte rval of the oer-jodic task is changed.

Remark : The p eriodic task i-s called next at RTC + new
, time inte rval.

6.7 PERSUSP

Format : PERSUSP (Bi) 
-

* 
Input : 81 — index of p eriodic task

Function : The p eriodic task is removed from the list of per-
iodic tasks ano is not called any more.

6.8 ACTIVATE

Format : ACTIVATE BYTE (B1,b2)

Input : 81 — number of m odu le to be activated
82 — number of callin g module

Cutout : FALSE if module to be act ivated does not exist or
callin g module not authorized

h TRUE otherwise

H Functio n : The indicated module is to be activated.
The module receives a restart ’ message to indicate
that it has to r einitialize itse lf.

6.9 ACTIVE

For mat : ACTIVE BYTE (lii)

Input : t~l — m odule number

3ut~ ut : TRUE if the indicated module is active
FALSE otherwise

funct ion : The Sy s t e m  c a l l  c he c k s  the s t a t u s  of the input
module and retur ns a TRUE if the module is active.
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6.10 SUSPEND

Forma t : SUSPEND BYT E . (t31,B2)

Input : 131 - number of m ooule to be suspended
82 — number pf callin g module

Cutout : FALSE i f the modu le cannot be suspended or callin g
module not authorized

TRUE otherwise

Functio n : The ind icated module receives a ‘suspend’ message.
Its status is changed from ‘active ’ to ‘existent ’.

6.11 PR OCADR

For mat : PROCA DR ADDRESS

Output : first address ot callin g procedure

Functio n : This system call is used to determi ne the location
of a orocedure at run time.

Remark : Since PROCA DR examines the system stack, it onl y
returns a correct value i f called wit h the
following sequence of code:

X Y Z :  P R O C E D U R E ;

IF F L A G  = 0 THEN
D O ;
XYZA DR ~ PROC A DR;
FLAG = 1;
RETURN ;
END;....

procedure body

END XYZ ;

80
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6.12 UPOSTAT

Format : UPDSTAI (61.62)

Input : 81 — m odule number
82 — status

bit 0 : 0 — m odule does riot exist
1 — m odule exists

bit I : 0 — m odule not acticated
— module activated

bit 2 : 0 - module may not be suspended
1 — module may be suspended

bit 3 : 0 — module not authorized to
suspend /activate others

I — module authorized to susoend/
activa te others

Function : The current status of module Ri is repla ced by 82.

Remark : The status of a module has to be set wh~~ri the
module receives the ‘start’ message in order to
change its status from ‘not existent’ to ‘exis-
tent ’ or ‘act ivated’ .

6.13 CLEAR OATA

For mat : CLE 4RDATA (A1, A2)

Input : Al — address of fi rs t byte
A2 — address ~f last byte

Funct ion : Clear data from Al to *2.

6.114 811

Format : BIT BYTE (8l,B2) - -

Input : 81 — number pf bit
82 — byte to be checked

Output : TRUE if bit 61 in B2 is set
FALSE otherwise

6.1S CLEAR BIT

For mat : CLEARB IT (Bl, A l )

Inpu t : 81 — number of bit
Al — address of a memor y locatio n

Function : Bit 61 in memory loca Pieiri Al is set to 0.

— 1-14 —
81
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$
SET IIIT j
For mat : SE IB ET (bI, A I )

Input : Ill — number of bit
Al — address of me qiorv location

Func t ion : bi t 13 1 i n  memory locati on A l  is set to I.

6.17 SEICDC

l ormat : SETCOC bYTE (AI ,Afl

Input : Al — time interval (LSB 1.86 micro sec )
A2 — address to be called at CDC interru p t

Outøut : FALSE if CDC alread y activated
TRUE otherwise

6.18 ILLEGAL MSG

Forma t : ILLECALMSG

F unction : Process undefined message for a module.
- An asynchronous messaoe givin g the MCB of the unde—

fined message is in i t i ated at the CR1.
The undefined message is taken out of common vector
MSG.

6.19 ENT E RINT

For mat : INTE RIN T BYTE (8 1, 1 32 )

Input : 81 — interru nt level -

82 — index of p r i o r i t y  task

Output : FALSE i same interru p t already occup ied
TR UE otherwis e

Funct ion : The interru p t o.’ level 81 is enabled.
Upon occurrenc e of the interru p t the call of p riority
task w i t h  inde x T3c~ is scheduled.

wE M INT

F p C~~4f  : REM INT (81)

li t — int~~r r u o t  level

: ~~~. .rlat’I l -pti Interruot on level 81 is dis abled.

82
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7 System Monit or

-~~ The system monitor is imp lemented as a system cal l and may be
cal led when an inte rnal  error cond i t i on  occurs ,  program

1 l i m i t s  are exceeded etc.

The system mo ni tor generates an ‘asynchronous output ’ message
to a CR1 m odule to in d icate nature and location of the sp ecial
Condition.

- Form at : CALL SYSMON (*1,81,82);

-1 Al any address valueI 131 end 132 are any b yte values

The ~,-enerated asynchronous CR1 output has the followin g format:

*** SYSTEM MONITOR : *XXx YY ii

- I 
w here XXXX (Al )

YY = (81)

I = (Be)

It is recommended to set A l to the stack pointer when calli ng
the system mo nit or. In this case the displayed value XXXX w i l l
point to the memory locati on from where the system monitor

- I was called.
81 and 82 can he used to further specif y the condition.

UP to now the system monitor is called with 81 representing
the module number and 82 a sp ecification w i t h i n  the module.

81 132 conditio n

0 1 i nternal message buffer ov e r flo *~
— 0 2 p riority l i s t  overflow

0 3 p eriodic li s t  overflow
o 14 use of ill e g a l  peri odic index
0 5 use of i l l e gal priorit y index
0 8 external message buf fer overflow
0 7 double occupation of interruot level

5 0 line pr inter output t~~ffer ove rfl ow

— 16 - 83
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8 Re al—t ime Clock and Count Down Clock

The ope rating sytem orovides two system clocks:

Rea l—ti m e Clock (RTC):

IPi e RTC is a oub lfc ‘3 byte vector. The least s-’ qnifi cant
byte is RTC(3).
The value of the least signifi ca n t hit is 1 millisecond.
Max imum 1-ice value is 142949o7 sec ll5Rc~ m m 1193 hrs

• app rox . 50 days.
The R IC is located in common mem ory and.updated by SBC 1.

Coun t Down Clock (CDC):

The operating system provides a COC for each SBC.
The CDC can be activated by any module with the system
c a l l  S ETCDC .
The COC has a len gth of two bytes and the least signi fi-
cant h it is 1.86 micro Sec .

- 17 - 
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9 System Loader and System Start

The system is started automatically after the loading is
completed.

To load and start the system the following steps have to be
performed :

— RESET and load ISIS— Il

— enter monitor and change locations FL F L I and F1FS to
0*811 and OCDH resp ectivel y

— RESET and load ISIS—Il

— load and execute the loader by typ ing ‘LOADER’

— the loader issues infor m ative messages as it proceeds in
the loadin q process.

- 
- The l oader expects the code to be loaded into the SBCs to be in

the files LUAOI.LOAD2 and LOAD3 respectivel y.
These f i l e s  are read f rom a i sk  d r i ve  0.

In case a file Cannot be found, a warnin g message is typed and
and the l oading process continued. -

The loader terminates i f file LOAD1 cannot be found because the
system Cannot be started without SBC1 in this configuration. - -
(In a genera l ap pl ication , however , any number of SBCs can be
loaded and started in any sequence.)

• It Should be noted that in a p ractical app lication of
the operating system the on—board code would reside in RUM .
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tO Exam ole of a User Module

This section describes an ex ampl e of a ty p ical user module. 
- 

-

It
’ The examp le is given in form of a source list inq in PL/M 80

to be com p i led  under ISIS LI.

DEMO: DO;

$INCLUOE (:F l :SYDATE .SRC)
/* include external definitio ns of system data *1

/ *
*0 *0 *0 *0 0*0*0*0*0*0*  * * ** ** A 0* -A A *0 0 0 0 0* **  0 0 0 0 0* ** ** ** *  * *0*0*0

**
** DEMO SUBSTITUTIONS

DCL DM L IT  ‘03 ’ , 1* module number of DEMO *l..
..
ENDSUBST LIT ‘0’ ;

/ 0

0*
*0 DEMO VARIABLE DATA
0 /

DCL V A R DA T A R E G  B Y T E ,
-

- 
- (DMPERX,OMPRIORX) BYTE,

/ 0  storage for DM periodic and p riorit y
in dices *1

(DMPERFL,D MPR IORFL ) BYTE ,
- IA flags controlling execution of OMPER

and OMPR IOR Al

(DMPERAOR,D MP RJORA DR ) ADDRESS,
/* storage for entry addresses of peri odic

• and pri orit y procedures 0/ —

..

..
vAR DATAEN D BYTE;

- 19 - 86 
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/ 0
0000*****00000******** 0 * * * * * * 0 0 0 0 0 0 0 * 0 0 0 * 0 0 0 * A * * * * * 0 0 0 * 0 0 0 * * *
*0

** DEMO CONSTANT DATA
*1
DCL DMT IME IN T (4) BYTE INITIAL (O,0,3,OE8H),

/0 time interval for OM periodic : 14 sec *1

DMMSG ( 1 4 )  BYTE INITIAL (4,DM ,10,7),
/* MCB for message to module ~1 */

..
DMENDCONST BYTE ;

SINCLUDE (:F1:SCE XT.SRC) - 

—

/0 include external definitions of system calls */

* * 0 0 0 0 * * 0 0 0 * * * * *0 0 0 0 0 0 * 0 0 0 0 0 0* 0 0 0 0 * * *  *0 * 0  A******************
0* -

*0  DEMO UTILIT Y ROUTINE S

DMUT1 : PROCEDURE;..
..

END OMUT I ;

..

DMUT n: PROCEDURE ;

..
END DMUTn ,

/ A
A *000000000**1000**_000*0000 * *0 0 0 0* * * * * ** * * * * *0 0 0 0* *0 0 0 * * * * * *
*0

0* DEMO PRIOR iTY PROCEDURE(S)

DMPRIOR: PROCEDURE;

IF OMPRZORFL = 0 TI-tEN
/* first c all ,fi nd entry address of DMPRIOR *1

oo;
DMPRIORA DR PROCADR ;
DMPRIORFL = 1;
RETURN; -~ 

-

END;

END OMPRI OR;

87
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/ *
0 0 0* 0 0 0 0* * *0 0 0 0 0 0* * ** * * ** ** * * *  0 0 0 0 0 0 0 0 0* *0 0 0 0 0 0* * 0 0 0 0 0 0* *A *

0*
*0  DEM O PERIODIC PROCEDURE(S)
0/

DMPER: PROCEDURE;

IF DMPERFL = 0 THEN
/A first ca ll- ,find entr y address of DMPER */

DO;
DMPE RADR = PROCA DR;
DMPERFL 1;
RE TURN ;
(NO;

END OMPER;
/ 0

*0

DEMO START Pi~OCEDURE
Al
DMSTART: PROCEDURE;

CA LL C L E A R D A T A ( . V A R D A T A B E G , . V A R D A T A E N D )  .
-

/0 clear variable data *1

CALL DMPRIOR;
CALL DMPER ;

— /A determine entry addresses of procedures 0/

DMPRIO RX ENTERPRIOR (IWPRLORADR);
/0 enter p r i ority call of DM PRIOR */

OMPERX = PERACT (DMPERADR ,.DMTIMEINT(0)); 
- 

-

/* activate oeriodic call of DMPER */

CALL UPDSTAT (DY,3);
/* Set module ’s status

3 — existent and activated */

IF NOT SEND(.DMMSG (O)) TMEN RETURN;
1* send demo message to module £4 w i t h  data

by tes  0,1, 2 */
DO 81 0 TO 2~MSGDA TA(51 ) 81;

END;

S .

END DM STAR I;
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i
’- -)  *1

- MSGENTO3 : PROCEDURE PUBLIC

IF MSG (MN) 0 THEN
/ 0  s ta r t  message 0/

Do;
CALL DMSTART;
RET URN;
END;

S ...
/* process of other defined real—time message 0/

..
END MSGENTO3;
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I,eneral

1.4 - Ir it r o.l u ct i on

Th e im p lem ente d debug fun cti on s ire scec,f,C~~Hy iecior~ed
to ease the debugging of user mod u l~~

g runnin g under the
con tr ol of th e rej) t i m p  op e rat ing sy stem W l t P I O U t  interference
w i t h  th e op erat ion Of the sy ste ” .
Since th e aebuo m ogule (~)b) is a user mo~ju)e its ~~l t , the t u n CtiO ns
are a v a i l a b l e  only i f  t h i s mo~1ule is inte g r a t e g into the system.

The debu g m o d u l e  com m uni ca tes w i t h  the user us in g the CR T ,
therefore the in te g rat i o n of th e CR1 module Its ) is also
necessary .
If th e user ,, -i S PieS to obt a in hard co~~ies of the aebu gging
results , the li n e  p r i n t e r  ~o~iu l e (LP) has to he inte grate d , too.

Inp uts at th e CR1 are t e rm i n a t e ~i w i t h  th~ R1. TURN key.

T he  l i n ~ ed i t i n g  tu n ctto nS a-P the CS mo (lule can he used.

1.2 Ah~~r evi a tio n s ari d Conventions

A l l  inputs and outputs of the debug funct io ns are in the hexa-
dec im al number System.

Numbers in this text are deci mal, he x a d ec imal numbers are tr a i l e d
by the l ette r ‘H’ .

- module i d e n t i f i c a t i o n  of dehu~ mod ule
CS mo dule i d e n t i f i c a t i o n  of CR1 m oøu le
LP — mod ule i d e n t i f i c a t i o n  of line  p r i n t e r  m odule

- receiving m oaule nurn~’-er
SMN — sending m odule number
MN — message number
ML - message length

MCII — message control bloc k
MC~ consi sts of 4 bytes:

RMN
SMN
1-N
ML

SHC - sin gle hoari computer

harl cory — p rinter out i~ut of debug functio n

L 
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2 I n i t i a t i o n of the Othug -‘~oce

Th~ ae b ’.ig mode is enteretl w i t h  the inp u t of ‘Cor itro l t ’ at the
C~~T x~~yho -x r 1 . the UehuQ n~’Oul ~~, i f i nt egr ated , responds w i t h

‘D~~MuG i P T R : ’ and exp e cts the inpu t of th e number of the Sti Lt
w h i C h  t h e use r  w is he S to iehijg .
Depenjing on th e inpu t the f o l l o w i n g  sy sten react ion s are
Possib le:

- SHC nu~ hpr not si.’ec ,f,ei :
A ‘ ? ‘  i~~ typC ’1 arid ‘C~~t3IJt C PTR : ‘ is reu ’eate~1.

— Requested S14t. i~~ riot a c t i v a t e l :
‘CPI R NUT A C I I ~~A I~~O, ~ 3L’t 1 M 1 N A T t t ~ ’ is tyoe i an~ the
debug mOd e is l e f t .

— Requesteg St4C al r ea~~y clet - ugg e l  f r ~~n a not h er S~~~:
‘CPl’~ ALi .~F Ao, v€HuG (;~ o,I~ThI~t~L. T L R M 1 N A I ~~i)’ is typ eo arid th e
debug mode is l eft.

— Input accepted:
the system respo nds w i t h  .1 f lCw l i n e and t”e prO m pt  charac
ter of the debug fu n ct iO n ‘ > ‘.

Now any of t h e  debug c o — ~~.inci s d e s C r i b e d  in S e c t i o n  3 may he
entered.

Use o f the Debug Fu n ctio ns

In t hi s section th e inp uts and outputs of al l  debug functio n s
are described.
Furtherm ore, some h i n t s  for the usa~ e are given.
In the followin g de scr ic ’ti cn , SYS tem out Puts are g iv en p refaced
by : ‘SYSTEM IJUIP UTS’.

Debug comm ands are oromotea w i t h  ‘ ) ‘ .

If a debug comm and requires more than I inp ut , these comm ands are
oromoted w i t h  ‘ :‘ .

Illegal inp uts are reportea w i t h  the outout of ‘i’ .

_____________  
—~~~~~~~~~~
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1’s~~eCt  an~ Cha nge

T ’~is funct i o n at lOw S the •nsp la~ c~ b y t e an, atl • reSS values ~~~~
i S i n ~ Ok ~ I t v  A ‘ ( to r u.I i r e s ~ ) or 

‘ ‘ ( o r by  t e I
The ‘L ’ C~~nm and at lOwS the Ch.inlC of t h e  address pr b~~te v alu ~
d i s p l a y e d  last.

Ad dress In sp ect io n:

>A  ~~~i*c r ‘ A ~~i~*i~ :
> 4

No te: The C o ntents of the ali res s va l u e is d i sp l a y e d
in the fo rm3 t a user w øu l d read i t .  The i n t e r n a l

rep rese n ta t ion in mem o ry is in the reverse byte for ” .

th~t e in sp ectio n:

>~~ ~~ ‘~icr ‘~ix~~x~ :

Ch ang e of contents: —

>A ~XX *c r ‘ A * . k X ~ : Y Y ~~Y
> ‘ C Z Z Z L c r ‘ A ~~X X x  : ~~~~

4 ~~t ~ *t~~c r ‘~~k* X * : ~~~~

> ‘CZZcr ‘ t~~~~*x  : ~ Z
> 4

Note: A change comm and cu he repeated, i t a l w a y s refers
to the last i nspected mem ory l o c a t i on  (address or
byte ).
The ~h anqe C ommincl i~ onl y le gal o ) l c w i n g  an in

soec t cOmm an~I.
4-ti e i n pu t  of aliress values is in user reacable
format ari d riot i~~~ in t e rna l machine rep resentat ion .

Note: If the last comm and has been ‘A’ , ‘ H ’  or ‘ C ’  then the
i nput of RE TU RN on l y w i l l  d is p la y the n ex t b yt e or address
value.

‘Ir~
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3.2 TMemor y Dump

a it h t h i s  functi on the user can dis p lay a contiguous p ortion
of memory ~pecifi .d by a begin and end address.
Th~ dump all ows the dis pl ay of e ither by te or address values.

The range of the dump can be sp ec i fied in 2 different ways:

DPTX XX x, Z or O 1IX XXX YYYY

where XXXX is the begin address
Y Y YY is the end adaress
1 i s  t h~ number of values tci be dumped

Dump of byte values:

OB X XXX ,Zcr
‘I3XXX X : VV VV VV VV ... (uP to L~ byte values/row)’

Dump of address values:

DAX XXX,?c r
‘AXXX X : V V V V  VVVV VVVV ... (up to ~ address values /row )’

3.3 Sn ap sh ot

T h i s function allows the d ispl ay (‘snapshot ’) of

— CPU registers /flags

— u~ to lh/3? co nti guous address/byte memory loc at ions

— Independently sp eci fied address or byte memory locations

befor, t he ex ecut ion of a sp eci fied instru ction.
Furth .rmore, the ta kin g of the snapshot can he conditional in
the sense that a soecified memory locat ion has to have a sped —

- 

- 

tied value at the t ime of the snapshot. - -

The tak in g of the snapshot and the di sp lay of the results do
not Influe nce the operation of the system.

T he snapshot remains activated un t i l  terminated as descr ib ed
I n Section 4. The function is executed each t ime the spec i—
fled snapshot Instru ction i-s executed.

Note: Because of t he anapshot method of inserting a trap Instruc-
ti on it is riot p oss ible to activate a snapshot in a P01-
section of the program .

- 5 -  100
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Input form at

5 X X ~~X t~arame ter l i s t  cc

where ‘5’ is th.’ debug Command Ond ~. X X X  the address

o the f i r s t  byte of the snapshot in t r u c t i O n .

Note: It th e snaoshot a1~1resc is not set to the f i r s t
b yte of an ins tructio n, an erroneous program
ac tion may occur.

Th, parameter l i s t can he any Comb i n a t i o n of the
fo l l o w i n g  innut s :

- R
T h i s  oarame ter requests the dis p la y of a l l  CPU
registers ano flacis.

- 0
T h I s  na ”ameter 5peci ?I~~s a Contiguous region in
memor y whose contents at the t i m e  of the snapshot
is to he li spl ay ed. The format of the paramet er is
ide n t i c a l  to the debug fun ction ‘dump ’ descr ibed
in Section 3.’.
The region to be dumped is l i m i t e d  to 4 - O H / 2 0 H
address /byte values.

— A o r H
These p arameters have th . form A X X X X  or I4XXXX
and cause the d is olay gf address/byte val ue at
locat ion X X X X  re sp ectivel y . A m a x i m u m  o f ’, loca-
tions, eithe r address or byte, can be specified.

- M
T h i s  p arameter has the form at

MX XX X Y  ‘V

where XX X X  is a b yte locati o n in mem ory ari d YY the
sp ec i fied contents.
If this cond itio n is set and the contents of X X X X
is riot YY , then t h e  snapshot is not taken.
Th is feature allows to check the state of
the sys tem at a p~~~i f i e d  i t e r a t i o n  of a loop
(1- p arame te r is the index v ar iabh~) or to monitor
t h, occurence of a sp ec i fi ed i nput to the system .

101
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OuUut forma t:

The snapshot fu nction has no outputS u n t i l  the spe ci fied
instruction is executeo .
If no parameter was sp eci t ieø in the ‘S’  comm and t hen only
t he standard output occurs

‘SNAPSHOT AT XXXX : YY Yy YY ’

where X X X X  is the snapshot address and
‘ V Y  YY VY is the snapshot inst r u c t i o n  (max 3 bytes).

The outout i n i t i a t e d  by the paramete rs is self—ex p lanator y .

If durin g the outout orocessing of the snapshot results
another snapshot occurs , i t w i l l  be suppressed .The number
rif suppresse d snapshots is tyoed.

I’
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Mes ac,e S im u l a t i o n

T h i s  fun ction a l l o w s  the gen erat ion of r e a l — t i m e  me ssages and
is useful to trig g e r processes for w h i c h  the i n i t i a t i n g
m odule is not inte gr ated or th, i n i t i a t i n g  in Put is not
avai Tab le.

Af t e r  the inp ut of the d~ buq comm and ‘MS’ , the function pr ompts
the user for inp uts in or (Ier to Construct the message to he
simu la ted.

the input form at is shown by the f o l l o w i n g  exam p le.

Input format:

>1-Sc r
‘R MN :’lF c r  ‘SMN: ’t ~cr ‘MN: ’IOc r ‘ML : ’ocr
‘DATA ti YTE S: ’ t O c r  ‘:‘~~Ocr
‘M SG S E N T

H The above commands would cause the sending of a message
wi t h  the receiv in g module number I/H , the SCridinO module
number 8, message number 1014 , message len gth b w i t h  two data
by tes 1dM and 2DM.

The m i n i m u m  message len gth i~ LI (length of MCB).

M a x i m u m  message le ngth is 24H: MCB and 2 dM dat-a bytes.

T he input of data bytes is promoted a u t o m a t i c a l l y  depending
• on the spe cified message length . T he message is sent as soon

as the input is como leted .

Af ter th e pr ompt symbol reaoears the same messaoe can he
reoeeted w i t h  the input of the RETU RN key onl y .

In the case gf an i l l e g a l  inp ut durin g the inp ut of the
messaae, th. same (wrong) input is orompted again.
If the spe cified message Cannot he sent by the systCm

j  because the re ce iv in g m odule is not a ct iv a ted ~ then
‘MSG NUT SEND ’ is typec.

— 8 — io~
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‘.5 MC5sôq~ E x t r a c t i o n

T h i s  functio n allows the int er ceo t ion of any spe c i fied r e a l — t i m e
message at any tim e.
The user can specif y any comb i nati on of RMN ,SMN, MN aria ML .
If the sp e c ified message is to be processed by the receivin g
mod ule .the message (in cl u ui n g dat -a bytes ) is  typed on the CRT.

The inp ut /outp ut format s are i l l u s t r a t e d  w i t h  the fo l l o w i n g
examp le.

i nput format:

)MXcr
‘RMN : ’)lcr ‘S MN: ’lOcr ‘MN: ’cr ML: ’cr

An i nput request answered w i t h  the input of RETURN onl y
has the meaning of ‘not spec i fied ’. In the above ex mp le
a l l  messages from module lOPI to module 1/l I are extracted
because MN an d ML are riot sp~ c i f i ~~d and can ta ke on every
value.

Uut~ ut format :

‘RMN: 17 SMN: 10 M~~: II ML : l b DATA: VV VV
V V V V  .....
(L- to lb b y tes /line )

Periodic Inspect /Dump

This feature reneats the output of an ‘inspect ’ or ‘dump ’
fu nction at maximum system speed and allows therefore a cori

,tinuou s ‘look ’ into memor y in order to observe changes of vari-
ables, status bits etc.

These functions are i nitiated by the same commands described in
Section 3.1 and 3.2 w i th the difference th ot the y are preceded
by the letter ‘P’ (for periodic ).

exampl es:

PO8XXXX, Zicr

PL)A XX X *cr

Note: The number of values to be dumped by the p eriodic dump
Is restricted to IOH/20H addre ss/byte value s .
A larg er range is cut down to this maximum length by the
debug function.

‘Max imum system soced ’ is u susa l l y determined by the SoCed of the
OutPut m edia.

i0~~~~~~~~~~~~~~~~~~~~~~
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Hard Cony

This function - a l l o w s  the user to obtain hard copi es of the
debu gging results.

I f a hard copy is requesteo ,the outp uts of

— memory inspectio n

- m emory dump

— snapshot

— messaoe extractio n

— oeriodic functions

a re  directed to the l i n e  p ri n~~er .

The user may switch at any t im e between the CR1 arid line prin ter
out Put.

Defaul t outnut device is the CR 1 .

Inp ut form at:

>Hcr

The first ‘H’ command switches outout to the line pr int er,the
next ‘H’ command switc hes bacx to CRT arid so forth.

If Ou tput is switched to the line p rinter,t h e p r int head is
posi tioned at the top of a new page.

In case the line pr inter is not connected proper ly ,an
asynchronous message ‘LINE PRINTER NOT CONNECT ED’ is typed
on the CR1 and t i e  ‘H’ command is disreaarded .

— T O  — 
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LI e rm in ati on of a Oehuq Funct ion

A selected debug function terminates in 3 different ways:

a) Th, fun ction termin ates i t s e l f  after th e in sp ection of a
m emory loc at ion .In thi s  case the system shows the
Prompt character ‘>‘ .

h) If a debug fun ctio n requires more than I i nput or is
executed p e r i o d i c a l l y , i t  can ~e terminated w i t h  the
input of ‘C o ntro l—I’ at any time. The syste m responds
with the prompt character.

C) A t any time w i t h I n  the debug mode the CMI interru p tion
‘Co n t r o l — I ’  can be used to disconnect the debuo module
from the CMI . In this case. however, not on ly the currentl y
activated debug function is stopp ed ,the debug mode is
termi nated as w e l l .
The onl y system reaction is the p ositionin g of the cursor
to the beginning of a new line ,

Termination of Debug Mode

The debug mode can he terminated in 2 differ en t ways:

a) Use of the debug comm and ‘1’ .
This inp ut can be made when the oromot character is di s—
p layed arid a regular command is expected.
T he system resoonas w i t h  ‘DEBUL TE RMINATED’ and l e a v e s
the debug mode.

b) A t any time the procedure decribe ci in LI c) can be used.

I
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o Summ ary of l)ebuq Commands

Debug Functions:

A — insp ect address va lue

B — inspe ct byte va lue

C — change address or byt e value

D — m em ory clump

H — hardcopy

MS — message simulatio n

M x  — message extra ct i o n

P — inspect /dump in oer-i odic mode

S — snapshot

I — terminate debug mode

Ot her Debug Inputs:

Contrcl-D - in i t i a t e  debug mode

Con t r o l — T  — terminate debug function

Cont rol l — CR 1 inter rup tion (term inates debug mode )
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t eneral

1.1 Int roductio n

The debug moøule (module i c e n t i f i c a t i o n :  043) allows the
debugging of a l l  m odules i n  a l l  sin g le hoard comp uters under
r e a l — t i m e  condi t ions.
Th i s means that the use pf a defltjn furict ion does not inf luence
the opera tion of the system .

Since each single board comp uter has i ts  own kernel of the
debug m odule, i t is p ossib le that several users debug different
program par ts at the same time.

There are no sp ecial require ments for the integration of 043
except that at least one CRY mo dule has to he inte grated , too.

The CPT end the l ine p rinter are the I/O iredia of the debug
module. R e a l — t i m e  me ssaoes are used to commu ni cat e w i t h  the
resp ective modules.

1.2 A bbr ev iatio ns and Conventions

A l l  numbers in t h i s  segment of text are decimal excep t as
indicate d otherwise.

SBC - sin gle hoard computer —

MCB - message contro l bl oc k
RMN — re ceivi ng mo dule number
SMN - sending m odule number
MN - message numb er
ML — message length

CS — CMI module, m odule numb er in SFIC 1/ 2 / 3  : 0b /IQ /dd
— executive , module number in SI3C 1/2/3 : 0O/0~~/1b

043 - debug module, modu le number in SBC 1/2/3 : 07/15/23
LP lin e p r inter m odule , m odule number in S43C 1/2/3 : 0 5 / 1 3 / 2 1
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2 .3 f a c i l i t i e s  of t h e  Ochud Uocul e

The debuG module offers t h e  f o l l o w i n g  debug functions under
r e a l — t i m e  CdnCl i t ions

— insp ect ion and chan-i e of b yt e and address values

— m emor y (lump of b yte and address valu es

— snapshot w i t h

• regi ste r ~1um p

• dump of sp e ci f iec stng)e mem ory locat ,ons
. dumP of one cont idu ou s region of memory
• spec i fiea c o r i 1 - i - t i o n

- message s i ii u l at ion

- message extr a c t i o n

— p er i od ic insp ect ion/ aump

I — ch oice between CR T ~~~ l i n e  p r int e r out Put

1. 14 Module Urganiz t i c ~n

Because of i ts size the ~~ m odule has been s p l i t  up into
9 parts in order to ease Program development and program ma in—
teriance uo~1er the ISIS—Il op eratin g system .
The single parts of 0(3 are Program mo dules in the sense of
P L / M — ~~0 and isis — Il.

Each of the 9 p arts has a seperate source f i l e  w h i l e  the object
Code IS kept  in one object librar y w h i C h  repr esents the object
code of t he  D14 m odule.

In the followin g the parts of Dl4 are descrihe (l b r i e f l y :

DBMOD1 : Th i s  part is the entr y for r e a l — t i m e  messages in OH .
It also i nc ludes the PU~ LIC d e f i n i t i o n s  of al l  D~ data
and the S TA R T proce~1ure.

DBr’iUD2: Th is cart processes al l  i nput messages from the CR1 module.
It

— p erforms the i n i t i a l i z a t i o n  of the debug mode

— rela ys debug requests to resp onsib le debug modu’es
in other SBC’ s if necessary

— d istributes cehuci inp uts ano m e s s a g e s  to t h e
resp ect ive debug functio n.

The program and data org ni z a t i o n  of DRMUD2 allows easy
to imp l ement additions to the debug functio n s.

— 4 —
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D B M ~-1U ~3: Memory ins p ection and chang e

DBNODq : ~emo ry dump

043M005: Snapshot

L)BMOD6: Messa~,e si m u l a t i o n  and extraction

DB MOD7: System test

DBMODS: D~ u t i l i t y  routi nes

OHMUD9: 043 u t i l i t y  rout ines

15 
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2 Input M e a l — t i m e  Messages

DB obta ins al l  inp uts from the CR1 m odule.
The fo rmat of the dehu~ inputs is described in the user ’s
manual for the debug function s.

In this sect ion the format and contents of all  input messaces
is described , The respective process can be found in Section
3.7.

2.1 S t a r t

RMN : 013
SMN : EX
MN : 0 0
ML : OLI

T h i s message informs 043 that the system has been started.

2.2 Input Text from CMI

RMN : 06-
SMN : CS
MN : 20
ML : deoen ds on length of input text
DATA O—
DATA i ,  : ASC I I  input c h a r a c t e r s

Th i s message tran smits input tex t from the CR1 to OB.

2 ,3 T e r m i n a t e  I /O

RMN : 08
SMN : CS
MN : 2 2
ML : 04

- 
- T h i s  message is rece ived  when the CR 1 i n te r rupt ion  input was

made during a c t i v a t e d  debug mode.

2. ’4 S t a r t  Debug

RMN : OB
SMN : CS

- MN : 2 3
ML :0 4

This messaoe is received when a ‘Co ntro l— O ’ inp ut was legally
made at t he CMI keyboard: a user wishes to activate the
debug mode .

Li 
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2.5 ex t er n al Start

RMN : OH
SMN : 043 module in other SI3C
MN : 2 1 4
ML. : 05
DA IA O : numb er of CS module for debug inputs and outputs

This message is received when the host 513C is to he debugged from
another S13C .
DATA O contains the modu le number of a CS m odu le to communi cate
wit h .

2.6 Terminat e Debug Function

R MN : DB
H SMN : cs

MN : 25
ML : 04

This message informs 08 that a ‘Control —I ’ input was made at the
CR 1 keyboard.
w i th this inpu t the user wishe s to terminate the currentl y
selected debug fun ctio n.

2.7 Output A cknowled ge

RMN : 08
SMN : CS or LP
MN : 26
ML : 05
D A I A O  : te llba ck code

T his message is sent by CS or LP in order to indicate that the
output requested by DR has been comple ted.
The returned acknow ledge code is the code sent to CS or LP with
the ‘output wi t h  acknowledge ’ message.

2.8 Message extraction

RMN : 013
SMN : EX
MN : 2 7
ML : depends on length of extracte d message
D A T A —

DATAn : MCI3 and dat a b ytes of extracted message

Th i s message is received when message extraction is activated end
the executive has interce p ted a message snec i fied for extraction.
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2.9 Line Printer not Connecte d

MMN : 0(3
SMN : LI’
MN :2 8  -

ML : 014

This message inf orms 0(3 that the line pr inter is not connected to
the system.

116
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S Processing

This section describes the function of the cieh~ g f a c i l i t i e s
and the process of the received r e a l — t i m e  messages.

3.1 Inspect ano Change

The process o f th i s function !S Contained i n  f)t~4MOD3 ~nid con-
sists of 3 procedures:

DHINSPECI , D43CHANL~ and 1Y I~EINSP .

DBINSPECT is c a l l e d when

a) a 4,8,PA or PB command has been entered at the CMI

b ) RETURN onl y was entered at the keyboard and the
las t activated function was A ,B o r C

c) an acknowled ge messa ge was received and the last
command was PA or PB,

In case a) the address of the memor y location is decoded
fro m the input message .
lf the inp ut was not leg al , the error indication ‘? ‘  is
sent to the CM T mod ule.

— If a p eriodic outpu t was reguested, the cursor is p osit ioned
at the be ginning of the input line and TYPEINSP is called w i t h
acknowled ge request.
Otherwise TYPEINSP is called w i t h  t he ou t Pu t f o l l o wed by
the prompt character.

DBCHANGE is called for the execution of the ‘ C ’  command.
If the previous inp ut has not been A , 43 or C, then the change
is not le gal and an error is indicated.
O therwise the new conten ts is stored and TV PEIN SP is calI co
to type address and new contents.
D8CHANCE terminates w i t h  the issue of the prompt character.

TYPEINSP perfor ms the output of the current ‘inspect and
change ’ address and the re sp ective contents (byte or
address).
Dependi ng on the state of the flea DHIELL HA CK th i s  is done
w i t h  or w ithout ackno~~l e~ qe request.
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5.2 Memory Dump

The memory dump is performed by DHMOD’4 and consist s of 5
procedures:

OROU MP, DUMPDECODE, INITDUMP , OtIMPL INE and DUMP.

DHD UMP is the ent ry procedure. From here the resp ective
rout ines to set ~~~ execute or repeat the dump (in case of
perio dic r1ump~ are c a l l e d.

UUMPDECUDE leterm ines the mode, b yt e or address, and the range
of the dump.

i n case of an i l l e g a l  input , a lo g ic a l ‘FALSE ’ is returned,
otherw ise a ‘TRUE’ is returned.
DUMPDECODE is cal led from OBDUMP and DHSNAP (see 3.3).

DUMP is the procedure w hich a c t u a l l y  p erform s the dump from
-
~~ 

- DUMPBEG to DUMPEND .
DUMP is called f rom DI3DUMP and SNAPSHOT.
The p rocedure keeps c a l l i n g  DUMPLINE u n t i l  the flag DUMPDONE
becomes ‘ T R U E ’.

INITOUMP sets u~ the format of the output line. It packs the
address of the fir st value tyøed on a line and determines
t he number of values typed on a line depending on the mode
of the dump.

DUMPLINI oac ks the Contents pf the memory locations startin g
at the current address. Uo to ENOLINE values are packed for
a line. DUMPLINE uses the u t i l i t y  procedures PACM3YTE and
PACKA UR to convert the contents of memory locations into
A SCII codes and pCck into DB output buffer.

3.3 Snapshot

T h e  snapshot function constitutes DBMOD5 ari d Consists
14 procedures.

Bas i c a l l y  the snapshot is enabled by rep lacing the operation
code of the instruction at the snapshot address by the trap
instruc tion RST4. The actual snapshot is taken when this
instruction is executed and an ‘interrupt ’ occurs.

The disp’ay of t he snapshot data is pe rformed w i t h  a
p riority call scheduled durin g the process after the execution
of the trap instruction.

The snapshot remains acti vated until it is te rminated by a
command, At this time the ori g inal instruction is restored
at the snaoshot address.

— 10 — 118
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If the syStem is stopped w i t h  an act iv att ’d snapshot and
start ed again wit h out new loading, the sn~ psho t address s t i l l
contains the RSI14 instruct ion .
T he start procedure of DR checks for an ac t iv a t e d snaoshot
before system ston and restores th e o r i g i n al instruct i o n
it necessary .

DHSNAP i n i t i a t e s  the snapshot and per forms the f o l l o w i n g

functions:

— reset al l  relevant sneoshot data

— process CMI input

• ‘R’ — set REGFL

‘M’ — set SNCONDAI)R to Co ndi tio n adaress and
4 SNCONDSAV E to the condit i on

set

. ‘D’ — deter mine address and type of dump
(procedure DUMPOICUDE is used )
set OUMPFL

— determine address and type of the reques-
ted variab les end store in SNVA R
update SNVARX (index to SNVAR)

In case that an il l e g a l  input is encountered during
t he process of the CMI i nput , the disp l ay of ‘? ‘  and the
prompt character is i n i t i a t e d  end program control is
returned.

— deter m ination of the length of the snapshot instructio n

— insertion of the instr uctio n in the exec uti on tab le
SNE XT 1-4 L C see structure of SNEXTBL bel ow )

— insertion of the address of the next inst ruction into
SNEX I43L (: snapshot address + instruction length )

— insertion of RST’i at the snapshot address

I
- I I  — 
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Organization and function of the snapshot execution tah le

* , a a a a a a a a

0 a El a P(JP H
a a a a a a a a a a

4 a FL * POP PSw - -

a * * a a * a * * *
2 a c~ * POP I3

* a a a a a a a * a
3 01 a POP D

* a * a a a * * * a
14 a El a POP H

-

~—I 5 a 35 a INX SP
a a a a a * * * a a

6 a 53 a INX SP
a a * a a a * a a a

7 * F R * El
a a a a * a a * * a

43 a 00 * replaced
a * * a a a * a a a

9 a 00 * snapshot
a * a a a * * a a a

10 * 00 * instruction
* a a * a - * a a * a

11 * C3 a J M P
* a * * a * * * * *

12 * * address of instruction

13 * a after snapshot instruction

A t the end of the snapshot ‘int erru ot ’ orocess, p rogram control
is transferred to the first b yte of the execution tab le
w here

— the stack is updated

— interru p ts are enabled

— the replac ed instruction is executed

— program control is transferred back to the ‘interrupted ’
program.

SNA PINT is t he orocedure which services the snaoshot inter—
rupt. T he return from th i s  procedure takes place as described
above. 

- -

If the sp ecifie d conditio n is not, met control is returned.

If there is already a snapshot in progress, i.e. SNAPFL is
‘ T R U E ’, a Cou nter ~ S incremented in order to count m u l t i p l e
occurrences of the same snap shot.

- 12 - 
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If none of the above ap olies, SNA PFL is set and the current
va lue of the reQuested param eters are Saved i f the respec—
tive flag (SNVAMX,DUMP FL or MEGFL) is set.

After savin g of the soec if ied values and schedulin g a
pr io rity c a l l  for procedure SNAPSHOT ,SNEXT43L is executed.

The p rocedure SNAPSHOT Outputs the snapshot data to the CMI.
Th i s is done wi t h  ‘synchronous outout w i t h  acknowledge ’ m essa ge
to the CS module.
The acknowledge mode pr events a possible overflow of the CMI
output buffer.
The returned acknow)edae code is used to distribute the process
sequ entiall y th rough SNAPSHOT.
Since this process is straightforward , it is not described
in detail.
At th~ end of SNAPSHOT the flag SNAPF L is reset to al l ow
the Output of the next snapshot.

Procedure SNAPTER M has the task of terminating the snapshot
func tion, it is called when the ‘term in ate debug fun ctio n ’
message is received or at system start when the system was
stopoed before w i t h  an activated snapshot.

4 SNAPT ERM restores the ori g ina l instruction at the snapshot
add ress.

3.14 Message Simulation /Extraction

DBM (1Db Consists of the functions message simulation arid message
extract -ion. These functions are handled in the procedures
DRMSX, DBMSXINP and OBEX IRACT .

-
‘ DBMS X is the entry procedure for DBMOD6 and is called from

t he message entry of the DR module.
If flag DBTELL BA CK is ‘TRUE ’ the procedu re OBEX TRA C I is
called , ot herwise DL3MSX INP is called.

OBMSXINP orocesses t he CR1 4n~ ut message for sim ulation arid
extraction .
In order to obtain a l l  necessary inputs , the procedure initi-
ates a dialog w i t h  the operator at the CRT .
A l ) input /output is performed wi t h  real—time messages to and from
the CS module.

In both cases. sim ulation and extraction, the dialo g yiel ds a
message cont rol block.
Illegal i nputs are rejectec and orompte~1 again.
The MCB Is stored in ~)EBUGP’CB, a table located in the system
data area to allow access b~ t he execut ive in order to Check
for messages to be extracted.
Af ter compl etio n of the MCH input, the process sp l i ts.

— 1 3 —  121
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Message si m ulatio n:

The dia lo g continues unt i l  the inPut of data bytes as
sp ecified in the MCR is comp leted. Af ter this , the con-
structed messa ge is sent.
If the message could not , he sent the out Put of ‘MSG NOT
SENT’ is issued.
If the send inQ of the messaue was success ful ‘MSG SENT’ is
typed.
The function terminates w i t h the sendina of the prompt
character.

if the last function has oeen ‘message sim u lation ’ and
the input of RETURN only is received, the sending of the
same message is repeated.

Message extractio n:

The extraction is i n i t i a l i z e d  wit h the sending of an
extraction message to the executive.

DRE XTR ACI processes extracti o n messages from the executive.
The CR1 output is done using output w i t h  acknowledge messages.
T he process is straightforward and is not described here.

3.5 hardcopy

The ‘H’ command is orocessed in the procedure DBHAR DCOPY
-
, I 

wh iCh is part of DRMOD8.

If flag HARDCOPY is ‘TRUE’ then it is set to ‘ F A L S E ’.

If flag HAR DCOPY is ‘F A L S E ’ an ‘ i n i t i a l i z e  line printer ’ message
is sent to the LP module and HARDCOPY is set to ‘TRUE ’.

Before leaving the procedure, a new debug command is prompted.

In case the line pr inter is not connected to the system, a
‘l ine p rinter not connectea ’ message w i l l  be rece ived by 08.
Upon rec eipt of this message the fla g HAR DCOPY is set to ‘F A LSE’ .

HARDCOPY contro ls the output m edia in procedure UHSYNCPRH.
Depending on the state of HARDCOPY, the rece ivin g m odule for
the ‘synchronous outout ’ message is LP or CS.

- 114 - 122
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Periodic Lnspec t /Dump

The insPect and dumo functions can also be executed as
p er io dic functio ns, i.e. the outout is repeated w i t h  t h e
hi g hest fregue ncy the system al low s.

The outøut of the functions is sent to LP or CS w i t h  acknow-
le dge request. Upon recei p t of the acknowledge message the same
requested output is repeated w i t h  the Current contents of the
specified locatio ns.

3.7 Real—time Messages

In this section the orocess of the r e a l — t i m e  messages is —

described. - - 
-

3.7.1 Start

This message is orocessed in orocedure OR STAR T.
The following operations are performed:

— i f a snapshot has been a ct iv a t e d before the last
system stoo (DBFUNC 1ION 14), then call SNA PTERM
(restore snapshot instruction )

— clear DR variable data

— clear snaPshot data

— set module Status (existing and activated )

— determine start address of orocedumes OHINPUT and
SNAPS HOT

— enter pr i o r i t y  call for SNA PSHUT .

- 

- 

The DR module is then ready to be used.

5.7.2 Input Text from CR1

— 
T his message is processed by the orocedure DRIN PUT which const i—
tutes DBMOD2 .
The execution of DRINPUT is controlled by a case statement
and the variable CR TLNPU T .

CRTINPUT = 0:

Inout from CMI must he the i n i t i a t i o n  of the debug mode .
‘C PTR: ’ is typed on the CRT ,LM T INPUT is set to 1 and a
‘CMI input request ’ messaoe is sent to CS.
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C RTIN PUI 1:

The inp ut of the number of SI-IC w h i c h  the user wishes to
debuo is exp ected now.

If the inPut is not legal. then ‘?—CPTR : ’ is tyoed and the
input request repeated.

If the number is 0 or its own SBC number, the procedure
DBR€tJ is Ca l led to i n i t i a t e  the debug mode.
In DL3REQ the contr ol varia b l e  is set to 2 and a pr ompt

- for a debug command is issued.
Otherwise the number of the debug module in th e target 

—

SBC is como uted.
If the resp ective module is not activated , ‘DE RUI MODULE
NOT AC UV ATED ’ is tvoea.
If the module is active ~ a ‘start debug exte r n a l ’  messa ge is
sent to the external debug module.
The module number of the Own CS mouu le is tra n sm itted in
the first data byte.

The control variable is reset to 0.

CRTINPUT 2:

The input is the selectio n of a debug functio n.
DBINPUT decodes the fun ctio n i d e n t i f i e r  and c a l l s  the
respect ive procedure to process the input.

The variable DRFUNC I1O I~ contains an index which deter-
mines the selected debug functio n.

CRTINPU I is set to 3.

CNT INPUT 3:

This inout is caused by the selected debug function it-
s e l f .
Program control is routed to the process of the currently
activated function.

3.7.3 Term inate I/O

This message informs the Dt~ mo dule tha t the connection to
the CRT has 10 be terminated (input pf ‘Control—I’ at
t I-ic CMI ).

The input control va ri able is reset to 0 in Order to
accept a new i n i t i a l i z a t i o n  of the debug mode.
Any oending debug function and the debug mode are ter—

L
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5 . 7 .14 Start Debug

Th i s message informs 013 th at a ‘Control —I ) ’ input has been
made at the CMI.

This inp ut is processed in procedure DBINPUI w i t h co nt r o l
var iabl e CRTIM P (J I 0 (see Section 3.7.2).

3.7.5 External Start Debug

This message is sent by a oebug m odule in an other SI3C and in-
forms DB that there is an exter nal debug request from an
other SRC.

The message is processed in procedure DIIEX TMEQ .
After saving the module numbe r of the connected CR1 in the
other SRC in DRCRI Procedure, DF3RED is called to further
process the debug request.

3.7.6 Terminate Debug Fun Ction

T his message is received a ft er a ‘Contr o l— I ’ input at the CR1
and it serves the purpose of ter minating the currently acti
vated debug function.

The process takes olace in procedure DMTERMPER .
If rio debug functio n is activated (i.e. the pr ompt character
is disp laye d), an error message is sent to Cs.
If the activated fun ctio n is ‘message extractio n ’, a message is
sent to LX to stop the extraction.
An activated snapsh ot is terminated w i t h  a ca l l  of SNAP TERM.

After resetting of a l l  relevant flags , th e pr ompt character is
di sDl aved.

3.7.7 Outout Acknowledge

This message is received when an output w i t h  acknowl edge i n i t i a t e d
by DB is compl eted.

T he returned acknowledge code is saved in IWTRCOOE and the flag
OR 1ELLaAC~ is set to ‘TRUE ’.
T hen DL3IN PUT is called which passes program control to the
activated functio n co ntrol l ed by CRTINPUT and DF5FUNCTION.
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3.7.I-~ t.x t r a c t i o n  Messag e

This message transmits an extracted message from LX to the
‘message ex tractio n ’ function in DII .

If an ex tractio n out Put is currently acti ve (OB EXT RACT =
‘TRUE ’) a Counter ~S incremented and DBEX TRA CT is not cal le d .
Otherwise O I4IXTMA CT is c a l l e d  in order to i n i t i a t e  the ty p ing
of th e extracted message.

5.7.9 Line Print er not Connected

The orocess of this message consist s of resetti n g the flag
HARDCOPY to ‘FALSE ’, i.e. outPut is not directed to the

J line p rinter because it is not in or,eration.
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Output R e a l — t i m e  ~~~~~~~~

In t h i s  section the format of the r e a l — t i m e  messages sent by 1)13
is described.

14.1 Synchronous Outrut

RMN : CS or LP
SMN : DR
M N : 11
ML : depends on length of outPut text
DA TA O : 0 — no roll screen/cr,lf a fter output

I — ro l l screen /cr,l f after output
DATA 1—
DA T A n  : text to be typ ed /printed

T his message is used to type text on the inp ut li ne of the CR1
or on the -line orinter.

4.2 CR1 Inout Request 
-

R M N : CS
SMN : DR
MN : 1 2
ML : 0 5
DA TA O : 0 — no ro l l screen after input

-
- 

1 — roll screen aft er inout

-
: T his message requests a keyboard inp ut from the CR1.

ZI .3 Terminat e CMI Input

RMN : CS
SMN : DR
MN : 1(1
ML : 04

This message disconnects DR from the CMI.

4
14 .14 A c t i v a t e  Debua

RI-AN : CS
SM N : DR
MN : I S
ML :0 4

T his message is used to establish a connection between DR and
the CRT at which the debug request was made.
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‘1.5 New Line

RMN : CS or LP
SMN : 08
MN : 16
ML : 0(4

This message rolls the CR1 screen once and pl aces the cursor at
the be ginning of the inPut line or p ositions the p rint head of
the line p rinter at the beginning of the next line.

‘1.6 Begin of Line

RMN : CS o r LP
SMN : DR
MN : 17
ML : 014

This message p osit ions the CR 1 cursor at the b eginning of the i nput
line or t he prin t head of the line pr inter at the beginning of
the next lin e.

4,7 Synchronous Output wit h Output A cknowledge

RMN : CS or LP
SMN : DR
MN : 18
ML : depends on length of output text
DA IA O : ac knowledge code
DATA I : 0 — no roll screen/cr ,lf after output

1 — roll screen /cr,lf after output
DATA 2—
DA IA n : text to be typed/printe d

This message is used to type text on the input line of the CMI
or to print on the line orinte r and requests an acknowledge
message when the Output IS completed.

‘4.8 External Start Debug

RMN : any external aebug module
SMN : 08
MN : 24
ML. : 0 5

4 DATA O : module number of connected CMI module

4 This message informs an external debug module about a debug
request from the CR1 module determined by DA TA O.
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‘4.9 Start Møs~~~g~ Extract i on

RMN : Ex
SMN : DR
MN : 10
ML : 0 ’ 4

This message informs the execu t ive that a message extraction is
started. The message to be extracted is described by the MCII
currentl y in DEBUGMCH .

‘1.10 Stoo Message Extraction

RMN : Ex
SMN : DR
MN : II
ML : 04

This message causes the termination of message extraction by
t he execut ive.

‘1 .11 I n i t i a l i z e  Li ne Printer

RMN : IP
SMN : DR

: 13
ML : 04

Th i* message is sent when the Output of DR is to be switched
to the l ine printer.

I.
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Ge ne r a l

I I  In tr oductio n

The CMI module (moau le i d e n t i f i c a t i o n :  CS) is the driver for 1:
the CMI under the r e a l — t i m e  ooeratinq system .
Al l  I/O is interru p t driven in order to meet the r e a l — t i m e
requirements.
T I-ic CS m oaule ‘co nne cts ’ a l l  other mod u les in the system to
the CMI , i.e. the interfac e w i t h  the ooerator is co n tro lled by
th~ comm unicating module. ihe CS mod u le merel y oasses data in —

and out for other modules. Ixcept for some line e d itin g funct
ions CS does not have its own interf ace.
Th, interface between CS and a user module takes p lace with
the use of r e a l — t i m e  messages.

The m odule may he shared b y several SBC ’s. In this case only the
message entry procedure ano the CS data have to be local to the
SBC ’s.
Depending on the number of the host SIIC the module numbers of
the CS m odule vary.

CS is designed to communicate w i t h  a 1 )AT AM LDIA E l i t e  2500 CMI
and keyboard.

.2 Abbrevia tions and Conventions

A l l  numbers in this segment of text are dec imal except as
indicated ot herwise.

SBC — single board computer

MCB — message control block
RMN - receiving module number
SMN — sending module number
MN — message number
ML — message length

S
I 

CS — CMI module , m odule numbe r in SRC 1/2/3 : 0 8 / 1 4 / 2 2
LX — executive , modu le number in SBC 1/2/3 : 00/08/lb
013 — debug m odule , m odule numbe r in SI-IC 1/2/3 : 07/15/d~

INACTMOI) — m odule number of module currentl y connected to CMI
(IN pu t A C t i v e  M O D u l e )

i nput l ine — last line on CR !
l ine for asynchronous outp ut s — l i n e  7 on CMI
li ne for synchronous rutp uts — last l i ne on CMI (- input line )
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_ _ _ _ _  _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

1.3 F a c i l i t i e s  of the CS MOdUIC

1 .3.1 input

The CS module all o w s  any m odu le in the system to obtain data
from an op erator at the keyboard .

In Order to ease keyboard input, CS provides two li n e e ditin g
fu nctions:

— delete last inp ut character

— delete entire input.

CR1 input for a module is i n i t i a t e d  w i t h an ‘ac tivate CMI
input ’ msq to CS. I hi s  msq is acknowledged w i t h  a msg sent back.
The first data byte of th i s  msq determines whether the request
is ac knowledged or not.
T he case that CR1 control is not granted can onl y occur i f
several modules attem p t to obtain inout s at the same tim e.
Once the connection to the CMI is established , the user module
has to send an ‘input request msq to CS. CS then sends the next
input terminated w i t h  the RETU RN key to the requesting module.

A l l  keyboard inputs are disp layed on the input line.

Upon compl etion of the b outs, the connected module has to re-
lease t he CMI w i t h  a soeci-a l msq .

1.3.2 Ou tPut

There are  2 distinct types of CR 1 output:

— asynchronous and

— synchron ous.

Asyn chronous outputs are typed on line 7 of the CR 1 .
The text tyoed here is sent to CS using the ‘asynchronous out—
out ’ msg. Th is msq may he sent by any module at any time and
serves the pu rpose to reoort errors , spe cial internal cond itions
etc.
the output of t his message is accompanied by the h el l .
For t he time of the Output all input is blocked and a ‘t• ’ is
disp layed at the positio n of the next input. After typ ing the
asy nchronous message the ‘t’ is erased wi t h  the next input.

Sync hronous outøut s are typed on the inout lin e and al l o w  the
modul e cu rrently in control of the CM T to interact w i t h the
operator.
‘Synchronous outout ’ messages are acceoted from the connected
module on ly.

— ‘1 13k
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T here are two messages wh i C h control the screen i t s e l f .  They S

cause the cursor to be p ositioned at -

— the beginning of a new lin e (roll screen once) -

— the beginning ot t t~e cu rrent line.
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2 I nputs

T he CS module receives inputs from the keyboard of the CRT and
fro m other mod u les w i t h r e a l — t i m e  messaqes.

2.1 Input from CR1

Keyboard inp uts are transmitted in form of A SC II characters.
See DA TA MIDIA E l i t e  2500 ma nua l for details.

Ap art from the norma l character set ther e are inputs which have
spec ial meanings. They are listed below:

‘Co ntr ol —I’ — CR ! inter r up tion
T his input forces the termination of any
existing connection between a module and
the CR1 .

‘Cont rol— D’ — enter debug moae

‘Con tr o l - T’ — termin ate debug function

‘Bac k Space ’ — delete last character

‘Ru b Out ’ - delete entire input

‘CR ’  — term i nation of current inp ut

T he inter p retation of these inputs is described in Section 3.2.

2.? Inp u t Peal—time Messa ges

In this sectio n the format of the in coming r e a l — t i m e  messages is
given, Ihe process of these messaoes is described in Section 3.14.

2.2.1 Start

RMN : CS
SMN : LX
MN : 00
ML : 014

This msg is sent by the executive when the system is started.
Upon receipt the CS m odule i n i t i a l i z e s  i t s e l f
(see Section 3.4.1).
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2.2.2 A synchronous Output

RMN : CS
SMN : any module
MN : 10
ML : depenas on len gth of text
04140—
OATAn : text to be typed

this message is received when a module is i n i t i a t i n g  an
asy nchronous output (see Section 3.4.2).

2.2.3 Sy nchronous Output

NMN : CS
SMN : m odule currently connected to CR 1 (INACIMOD)
MN : 1 1

* ML : depends on leriqt h of text
DA TA O : 0 — no roll screen after output

1 — r o ll screen after output
DAT A 1—
DATAn : text to be typed

The module curre n t l y  connected to the CR1 trans mits text to be
typed on the i nput line w i t h  th is message (see Section 3.14.3).

.2.4 CMI Input Request

R MN : CS
r SMN : INACTMOO

MN : 12
ML : 05
DATA O : 0 — no roll after next input

I — roll screen once after next input

This message is sent by the module currentl y connected to the
CMI to reques t an inout from the keyboard (see Section 3. 14.4 ) .

H 2.2.5 Activate CMI Input

RMN : CS
SMN : modu le requesting conne ction to the CMI
MN : 1 3
ML : 0 1 4

W i t h  this message each m odul e can establish a connection to
t he CMI (see Section 3.14.5), -
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2.2.b Terminate CMI Input

MMN : CS
SMi\~ : INACTMOL )
MN : 114
ML : 04

This message is used by the modu le currentl y connected to the 
S

CMI to release the CMI (see Section 3.’4.b). - -

2.2.7 A ctivate Debug

RMN : CS
SMN : any debug m odu le
MN : iS
ML : 014

S 
W ith this message the user selected debug module connects
itself to the CMI (see Section. -’4.7).

2.2.8 N e w  Line

RMN : CS
SMN : INACTMOD
MN : lb
ML : 0 1 4

This message causes th. roll of the screen by 1 line and the
p ositioni ng of the cursor at the beginning of a new line
(see Section 3.4.8).

2.2.9 Be g i n  of L i n e

R MN : CS
SMN : INAC IMOD
MN : 17
MI. : 0 1 4

This message p ositio ns the cursor at the beginning of the current
i nput line (see Sect ion 3.14.9).

— 8 — 158

LL~~~~~ _



— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- T~ I ’ ~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~ 
-

2.2.10 Synchronous Output w i t h  A ckn owledge

RMT S : CS
SMN : INA CIM OD
MN : 1 8  -

ML : depends on len gth of text
DA TA O : ack nowledge code
DA T A 1 : 0 -‘ no roll screen after outout -

I — r o ll screen once after output
DAIA2—
DATAn : text to be typed 

-

T his message i n i t i a t e s  a synchronous output on the input line
and requests an acknowledge message when this output is corn— S —

pleted (see Section 3.4.10). 
-
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S Processino

In thi s section the orocess of CMI inp ut /Out p ut and real—time
message is described.

5.1 USART Interface

The ope ration of tli e USAR T is controlled by a mode control
word and a command control word .

Af ter a hardware reset, the first Output has to be a mode
contr ol word . After h avin g received t~’e moae contro l word
the USA RI accep ts any number ~ f Command contro l words.
If it is required to output a mode contr ol word wi t hout a
hardware reset, the USAMI can be reset w i t h  a sp ecial con-
tro l word.

lhe formats pf the control words and the inp ut /outp ut ports
are given below.

Mode Control mord:

bIt  7, b : 01 — 1 STOP BIT
‘ 5, 4 : 00 — NO PARIT Y
N 3. 2 : 10 — 7 BIT CHARACTER LLN~~1H
N 1, 0 : 10 — HAUl) RATE FACTOR 1-b

Comm and Control word :

b i t  7 : 0
N b : 0 — NO RESET

RESET USART
N S : I — REUuEST 10 SEND
N 4~~ 0
N 3 :  0N 2 : I — REC E IVE ENABLE
N 1 : I — DATA TERM INAL READY
N 0 : I — TRANS MIT ENABLE

Inpu t/Output port for status inf o rmation is OEF- H, for data
OELH .
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I nput from CR T

A l l  CRT input is interru p t dr iven.

Upon sys tem sta rt, the USA PI (CMI input) is i n i t i a l i z e d  and the
resp ective inte rrup t is activa ted.

If a key on the keyboard is h i t ,  an interru p t occurs. The inter-
rupt procedure decodes m e  interrupt and sch edules a cal l  of the
the p r i o r i t y  procedure CS II~PUT.~
A f t e r  the c a l l  of CS IN PU I ry the executive , an input instruction
is executed to Obtai n the input character.

W i t h øut any f i l t e r i n g  the f o l l o w i n g  inp uts are consioered in the
the ind i cat ed sequence and processed:

— ‘Con t r o l — I ’  : CR1 interru p tio n

— ‘Con t r ol— D’ : i n i t i a l i z e  debuo mode

— ‘C ontr o l-i ’ : termi n ate debug funct i o n

‘Contro l—I ’ :

This input forces the term ination of the Current connectio n
between a module and the CMI.
If a module is currently connected to the CMI
(INACTMO D <> FFH), then a ‘terminate 1/0’ msg is Sent tO this
module.

- ‘ If no mo dule is connected , no actions take place.

‘Co nt r o l— D’ :

This inPut i n i t i a t e s  the debug mode.
If debugg ing from this CMI is already activated , the error
indication ‘?‘ is written into the output bu ffer.
if the request is legal , any current connec tior~ between a
module and the CMI is termin ated w i t h  tri e ‘terminate I/O’
message and a ‘start debug ’ message is sent to the debug
mo dule in the  same Sl3C.

‘Con t r o l — I ’ :

This input causes the sending of a ‘t er m in a te debug func-
tio n msn to the connected debug module. If not in debug
mode, a ‘?‘ is w r i t t e n  into the output bu ffer.

A l l  other keyboard inouts are considered only if

— rio outøut is active

— an ‘input request ’ m~~g h-as been received.
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‘Bac k Sn ace ’:

This input causes the oe le t i on of the last inp ut charact er
on th e screen and in the inp ut buf fer.
T he cursor is moved hack and the last input is erased.
A n attem p t to move the cursor past the be ginn in g of th~ l a s t
i nput request is not accented and answered w i t h  t ht ~ h e l l .

‘R ub  Out ’

Wi t h thi s key the e n tir e  input of the la st inp ut request ccn
be erased. The cursor is moved back to the first p osition of
the las t input request and the rest of the lin e  is delete d
so t hat a correct input line can he generated.

‘MI~T U RN ’ :

This key terminates the current input.
The input collected sta r ti n g at th~ po sition of the cursor
a t the last input request is sent to the connected module
with a ‘transfer input text ’ message.
Depending on the sp ecificat i on in the last ‘i nput request ’
message, the screen is roll. ’d once or not.

Al l  ot her Inputs:

The i nout ASCII character is checked for l e g a l i t y .  Legal
codes have to be w i t h i n  the range of lfH < input code SAM

S end w i t h i n  the length of th~ input line.
If the inp ut is i l l e g a l  a ?‘ is written into the output

S buffer, otherw ise the input is stored, the input bu ffer
pointers are upda ted and the input character is w r i t t e n
into t he OutPut buffer.
before retur nin g program control to the execut ive, the outpu t
of the current outout buffer contents is i n i t i a t e d .

Ii
~
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5.2 Uutøut to CMI

A l l  CMI output is inte rrupt driven.

At System start the following codes are w r i t t e n  in to the
outPut buffer:

— clear screen

• - 
— se t r o l l  m ode

— outPut ‘ *~~* SYSTEM START’ and bell on the line for
asy nchronous output s

— p osition cursor at the be oinninq of input line .

Then the output is activated by ex ecuti ng an output instruction
for the first character in the output buffer.
Upon compl etion of the output, an interrupt occurs whi ch is
processeo by the interru p t routine. Af ter determining the source
of the interru pt , a pr i o r i t y  call of CSOUT PUT is scheduled.

If there are no more characters for outout, the outPut buffer
poi nters are reset to 0 ano an acknowledge message is sent to
INACTMOD if requested.

S Otherwise the next character from the output buffer is trans—
ferred to t he USAR T and the buffer p ointers are updated.

The Outpu t buffer CM TOU T has 2 pointers:

— OUTP IM (next character for output )

— OUIX (next character to f i l l ) .

CRTOUT is em oty if OUTPTR : ()UTX. In this case both pointers
are reset to 0.

~~~
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5.4 M e a l — t i m e  Mpssaies

.4.1 Star t

This message informs CS that the system has been started.
CS pe rforms the f o l l o w i n g  i n i t i a l i z a t i o n  steps:

— reset USART ~ f no system reset has been performed

— clea r a l l  local variable data

— determine begin addresses of p r i o r i t y  procedures CSINPUT
and CSOUIPUT ari d store in CS INAD M and CSUUTA DR
res p ectivel y

— set module status:
• module exists
• module activated

module auth oriz eo to suspen d /activate other modules

— reset p ointers and flags

— enter pr i o r i t y  c a l l s  of CSINPUI and CSOU IPUI

— i n i t i a l i z e  USAMI

— pack ‘start output ’ in to  ou tøu t b u f f e r

— i n i t i a l i z e  output to USA RT

5.4.2 A synchronous Output

S W i t h  th i s messages te x t to he tvned on the lin e for asynchronous
outPutS (line 7 on CMI ) is sent to CS.

For the duratio n of the outnut , an uparr ow (‘t’) is dis pl ayed
at the Current p osition of the cursor on the input line.

Af ter comoleti on of the asynchronous outp ut, the cursor is
returned to its last p osition on the inp ut line. The next
key board input erases the ‘t ’ .

‘
~~

-

~~~~~~ 
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The fo l l o w i n g  output is i n i t i a t e d :

— I t ’

- move cursor to the be ginn ing of l ine 7

— clear line

— pack h e ll

— pack ‘* * *

— pack output text (from message)

— pack code to return cursor to the last inp ut p osition.

After pa cking the outp ut buffer , the output is i n i t i a t e d  w i t h
t he call of STA R IOUT .

I
5.4.3 Sync hronous Output

This message causes the tyr-in g of the trans ferred te x t on the
input line.

If SMN of this message ~~ cif ferent from INAC IMOD, then the
syste m routine ILLEG~ 

- - is c alled arid the message rejected.

If the message is leg al, the text of the message startin g at
data byte 1 is moved into the outPut bu ffer.

If data byte 0 is TRUE , then the roll of the screen after the
output is requested end the respective characters are entered
into the outpu t bu ffer .
If no roll is requested, the p osition of the cursor on the input
line is in cremented cy the number of characters in the trans-
ferre d text.

The outou t to the CMI is i n i t i a t e d  w i t h  a c a l l  of procedure
ST AR T OU I

5. 4 .4 CR1 Inout Request

Th is message requests an input from the CMI keyboard .

S 
If SMN is not INACT MOO , then the system rout ine ILLEGALMSI ; is
calle d and the request is rejected.

1 The cursor oos it ion ari d the input b uffer pointer are saved in
order to mark the b eginnin g of this input for line editin g.

T he va riab l e ROLLSCMEEN is set accord ing to data byt e (1 of the
rsg.

- 15 - 
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5.4.5 Ac t ivate CMI Inout

Th i s message is sent by a rrodu le which wishes to establish a
Connection to the CR1.

Th i s request is answered w ith an acknowledge message in which
the first data byte indicates whether the request is acknowledged
or not.

SMN of t his message is saved in the variable INACTMO D.

3. 4 .6  Ter minate CMI Input

Ihis message terminates the connection between the sending
module (SMN INACTM OD) aria the CRT .
CS rese ts INACTMOD to FFM .

3.4.7 A ctivate Debug 
-

This message connects a debug module to the CMI. No acknowledge
message is sent in this case since this request is alwa ys
granted.
INACTMOD is set to the m odule number of the debug module.

5.4.8 New Line

This message is internally converted to a ‘synchronous Output ’
message and the procedure for synchronous output is called.

5.4.9 Beginning of Line

See Section 3.4.8

3.4.10 Synchronous Output with  A cknowledge -

The Process of this message is essentially identical to the
process of a synchronous message without acknowledge
(see Section 3.4.3) with the exception that the sending module
requests a message to indicate the compl et ion of the initiated
Ou tput.

This feature can be used to avoid overwriting of text arid
buffer overf lo ws.

The first da ta byte contai n s the acknowledge code which has to
be returned with  an acknowledge message after completion of
the ou tput.
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L~~~~~~~~~L



— — ‘-~~ - ‘ S ~~~~~~~~~~~~~~~~~~~~~ -~~~~~ - -!~2~~~:~~~~ -~~ - .- - :~z- ~~~ ~~~~~ ~ r~~i~~~~w~~~- :  -
~~ - -

LI Outouts

T he CS module outputs data to the CR1 and sends real-time
messages to other modules in the System.

4.1 OutPut to CMI

Out puts to the CMI are transm itted in form of ASCII characters.
See DA TA MED IA E l i t e  2500 manual for details.

The onl y A SCII exce p tion is the use of the XY addressing
fea ture of the DA IA M ED IA.
This mode allows the a rbitrary p ositionin g of the cursor.
T he XV mode is i n i t i a t e d  w i t h  ‘0CM’ . The follow i n g  two characters
(coded according to the manual ) are considered to be a location
on the CMI. The first determ ines the p os ition in a row and the
second Character determines the row.

If CS detects an i l l e g a l  inp ut character , then th i s  is indicated
w it h the Output of ‘

~~~~
‘ . -

4.2 Re a l-tim e Messages

In this section the format of the r e a l — t i m e  msg sent by CS is
descri bed .

4.2.1 Tra nsfer Input Text

RMN : INA CTMO D
SMN : CS
MN : 2 0
ML : deoends on length of input text
DA IA O—
DA TAn : inPut text

This message is used to send b out text to the requesting
modu 1 e.

4.2.2 A ctivate CR1 Inou t Acknowled ge 
it

RMN : INA C IMOD
SMN : CS
MN : 21
ML : OS
DATA O : TRUE — request acknowledged

FALSE — o th e r w i s e

This message informs the m odule w hich wants to activate CM I

-: 
input whether th e request is granted or not.
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‘1.2.3 Termin ate I/O

RMN : INA CTMO D
S SMN : CS

This message is sent to the module currentl y in control of
the CRT when the CMI interru p tion input (Control—I ) is detected.

4.2.4 Start Debug

RMN : OB
SMN : CS
MN : 23
ML : 04

T his msg informs the debug m odule that the legal input
‘Control—D’ has been generated .

4.2.5 Ter m inate Debug Function

RMN : Ob
- 

S SMN : CS

This message info rms the debug m odule th at the input of
‘Contro l—I ’ has been detected.

4.2.5 Acknowled ge

RM N : INACT MOD
SMN : CS
MN : 2 6
ML : 0 5
DAT A O : acknowledge code

T his message indicates the compl etion of an output w i t h
acknowledge request.
The ac knowledae code is ide nti cal to the code received with the
‘synchronous output with acknowled ge ’ message.

— LA 148
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Ge ne r a l

.1 Int roductio n

The line p rinter mo dule (LP) is the driv er f~~r t l’ie CENTR ONIX 101
line p rinter under the real-time op erating system.

A l l  outPut is interru p t drive n in order to meet the r e a l — t i m e
requirem ents.

T he code of the LP mo oule may be shared by several single
board comouters ~f more than I l i n e  printer is to be connected
to the System.

4 A l l  m odules in the system can i n i t i a t e  print outs on the line
printer by transferring text to LP w i t h  a r e a l — t i m e  message.

1.2 Ab b reviatio ns and Conventions

A l l  numbers tn t his segment of text are decimal except when
indicat ed otherwise.

SBC — single board computer

MCB — message control block
RMN - receiving mo dule number

9 SMN — sending mo dule number
MN - message number
ML — message length

CS CR1 module , m odule number in SHC 1/2/3 : 06/14/22
EX execut ive , mo dule number in SAC 1/2/3 : 00/08/18
Db debug m odule , m odule numbe r in SAC 1/2/3 : 07/15/23
LP l ine p rinter module, m odule number in S1~C 1/2/3 : 05/1~~/21
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1.3 Fac i l i t i e s  of the LP Module

in order to allow the s,,itchinq ~ f outPut between LRT and
line pri nter, the usaqe of t P~e line pr in ter is very s i m i l a r
to the CMI output, i.e. is controlle d by the same messages.

4 (Exceotion: the ‘beginnin g of line ’ message is inter p reted as
‘new line ’ message. )

LP allows to p rint any text sent to the m odule w i t h  the
‘prin t ’ message. The text is transferred in the data bytes of
the message and has to ne A SC II coded.
Th i s text can be p rinted w It h  or without the generation of
a acknowledge msg to indicate the comp let ion of the pr intout.

Ap art fro m the ‘pr int ’ and ‘pr int w i t h  ackr ,owledqe ’ m essa ge
there are 3 form control message:

— new page

i~ — new lin e

— beginning of line (interp reted as new line ) .

U’ accepts an ‘ i n i t i a l i z e  line orin ter ’ messaoe. Upon recei pt
S of th i s mes~saQe the proper connection of the l i ne printer is

checked.
If the check is positive, the p rint head is p ositioned at the
beginning o f a new oaoe.
Other wise a warning message is typed on the CR1 and a ‘ l i ne
pr int er not connected ’ message is sent to the module which re—
quested the check.

2 Inputs

T he LP mo dule receives inputs from

— line printer (status inout s )

— other m odules (real—t ime messages).

2.1 Status Inputs from Line Printer

Iwo status bits from the line p rinter are made availabl e
for LP on input port 16:

— b i t LI : ‘S ILECI ’

S 
— bit 3 : ‘ LP I  I~U S Y ’ .

— 4 —
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2.2 Input Meal-ti m e Messages

In th i s section th~ fo rmat of the incoming r e a l — t i m e  message is
S 

give n.
The process of these messages is described in Section 3.4.

2.2.1 Sta rt

RMN : LP
S’
~
N : Ex

MN :0 0  5

ML :0 4

This message is sent by the executive when the system has been
started.
Upon receiot the LP mo dule i n i t i a l i z e s  i t s e l f
(see Section 3.4.1).

2.2.2 Print

RMN : LP
SMN : any m odu le
MN : 11
ML : depends on lenq th of text to be orinted
DAIAO : 0 — no new li ne aft er output

I — new line after output
D A T A L —
DA TA n : ASCII characters to he prin ted

The text transferred wi t h  t h i s  message is to be printed on the
li ne printer (see Section 3.4.2).

2.2.3 New Page

RMN : LP
SMN : any m odule
MN : 1 2
ML : 04

Th i s message requests the p ositioning of the p rint heaa at
the beginning of the first line on a new page (see Section 3.4.3).

2.2.-Il i n i t i a l i z e  L i ne P r i nt er

WMN : LP
SMN : any m odule
MN : 1 3
ML :0 4

Th I s message causes LP to check the status of the line or-inter
(see S e c t i o n  3. 4. 4 ) .

— 5 -
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2.2.5 New L ine

R M N : LP
SMN : any m odule
MN : 16

:~ 
ML : 04

This message p os itions the p rint head at the beginning of a
new line (see Section 3.-’4.S).

i

2.2 .6  Beg inning of Line

RMN : LP
-j - SMN : any m odule

MN : 1 7
ML : 04

Th is message is processed as being a ‘new line ’ msg
(see S e c t i o n  2.2.5) .

2 .2.7 Print w i t h Acknowledge

RNN : LP
SMN : any m odule
MN : 1 .
ML : depends on len gth of text
DAT AO : acknowledge code

A DATA 1 : 0 — no new line after or int
5_i 1 — new line after print

DAT A 2—
DA TA n : A SCII characters to he orinted

The transferred text of this message is to be p rinted and upon
comp letion of the printing an acknowledge message wi t h  DATA O
has to he returned to the sending module (see Section 3.LI .o).

U
II
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3 Processing

.1 Line Printer Interface

Line Pr inter Status Input

Upon receip t of the ‘ i n i t i a l i z e  line or - inter ’ message, LP reads
the ‘SELECT’ status hit of the line printer.

S 

If the line printer is Connected (‘SELECI’ bi t  ‘FALSE’)
the procedure L PN E W P A G E is called.
if the line printer is not connected p rop erly:

— an ‘as ynchronous output ’ rnsq is sent to CS to type a
warning ‘ *** LINE PRINTE R NOT CONNEC 110’

— a ‘lin e printer not connected’ msg is sent to the module
which sen t the ‘ i n i t i a l i z e  line pri nter ’ msq.

3.3 Li ne Printer Output

A l l  line pr inter outPut is int erru pt driven.

The outpu t characters are written into the output buffer
L P O U T B U F . LPOUT8UF is controll ed by two pointers:

— LPOUTX (next to f i l l )

- LPOUTPTR (next to p rint).

LPUUTBUF is em pty i f LPOUIPIR >: LPOUTX . in t h i s  case both
pointers are reset to 0.

An overflow occurs i f LPOUTX > last -index of LPOUTaUF . T h i s
condit ion causes a ca l l  of the syStem monitor and output
Characters are rejected u n t i l  there is space in LPOUTFftJF.

S When all text is transferred from the ‘print ’ message into the
Output buffer , or an over flow occurs , tP’e output is started by
c a l l i n g the output procedure .

When the output of a character is compl eted , an interru p t is
generated and the p riori t y  c a l l  of the procedure LPOU IPIJ T is
scheduled by the interru pt procedure.
Af ter LPOUTPUT c a l l e d by the executive , the next Character is
is Put on the output line  or the p rintout is terminated
(if LPOUTt5UF is empty).
In the latter case the flag LPTELL8AC ’c ~5 Checked and an ack-
nowledge message is generated if necessar y .

— 7 —
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3. -LI R eal— time Messages

.4.1 Start

- j This message in forms I_P that the system has been started.
I_P perfo rms the following coerations :

— clear a l l  local variables

— determine start address of nroc.dure LPOUT PUT

— enter pr i o r i t y  call for LPUUTPUT
(to be called i f a line pr inter outPut inter rupt occurs)

— set module status
. module exists

module activated.

3.4.2 Print

Th is message is processed in procedure LPPRINT .

The data bytes of the msg are moved into the output bu ffer until
all characters are moved or an overflow occurs.
In case of an over flow, the  move of cha racters is terminated
and the  OutPut is in tiateo .
When the remainin g space is sufficient and all characters are
moved, then DM40 of the msq contr ols the insertion of code for

-

- a ‘carriage return ’ and a ‘line feed’ . Then the output is i r i i t i —
ated.

3.4.3 New Page

The cod e for ‘form feed’ is packed into the output buffer and
the output is activated.

5 

3.4.4 Ini t i a l i z e  Line Printer

LP reads the ‘SELECT’ status h-i t and determines whether ou t-
put is possible or not .
If no pr intin g is possible , i.e. the pr inter is not connected
properly, the typing of a warning message at the CMI is generated
with an ‘asynch ronous outp ut’ rnsg to CS.
Otherwise , t he ‘ne w page ’ pr o c e d u r e  i s  e x ecu t ed
(see Section 3.4.3).

3. 4 .5 New Line

The code for ‘carria ge return ’ and ‘line feed ’ is packed into
the outPut bu ffer and the Cutout is activated.

— 8 —
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S.LI .b Prin t w i t h  A cknow led q~

- This message is orocessei by the orocedure LPPRIN T (see 3.4.2)
- after the acknowle dge code his been removed from the msg .

The code and the sending n~odu le is saved.
Af ter com p letion of the outPut an acknowledae message is Sent

5 back together w i t n  the reQuested acknowledge code.
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4 Outp uts

The I_P module outPuts data to the line p rinter and sends
messaaes to other modules in the System.

4.1 Outout to the Line Printer

Outouts to the li n e pr inter are trans mitted in form of A SCiI
c haracters .
Let ters are printed as cap ital letters onl y.

See the av a ilable CENT RONIX 101 interface sp ecificatio n.

Ou tout port is port E’4H .

4.2 Rea l— ti me Messages

4.2.1 Asynchronous Output

R MN : CS
SMN : LP
MN : 10
ML : 30
DA TA O—
DATA2S : text ‘LINE PRINTER NOT CO NNECTED ’

‘4.2.2 Ack nowledge

S 
RMN : module which sent ‘p r i n t  w i t h  acknowledge ’ message
SMN : LP
MN : 2 6
ML : 05

S DAT AO : acknowledge Code transferred w i t h  ‘print w i t h
ac knowled ge ’ m essa ge

l~~2.3 Line Printer not Conr’ected

RMN : m odule which sent ‘ i n i t i a l i z e  l ine print e r ’ message
SMN : LP
MN : 28
ML : 04

This message infor ms the reguesting mo dule th at the 1- in c p rinter S

Is not connec ted p rop erly to the System.
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