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ne thing the real-time ap-
plication software developer
does early on, when a new
application comes along, is
to pick a suitable real-time executive,
otherwise known as a real-time oper-
ating system kernel. But all the indus-
try executive/kernel offerings present
different software interfaces to the out-
side world. So the knowledge of one
interface does little good when another
is needed; application porting to new
executives is inefficient, and applica-
tion software portability is minimal. In
these days of open systems architec-
tures, this situation is unacceptable.

A solution to the problem is to de-
fine a real-time executive/kernel in-
terface standard, much as the IEEE’s
POSIX effort and AT&T’s SVID work
define UNIX interfaces. Such an effort
would greatly benefit the UnIx com-
munity because it would allow close,
efficient coupling between UNIX sys-
tems and real-time executives. A real-
time executive interface standard
would allow, for example, the many
benefits of the UNIX development sys-
tem to be applied to real-time software
development.

A standardization effort open to all
parties interested in real-time execu-
tive software, the Real-Time Execu-
tive Interface Definition (RTEID) was
developed by Motorola with technical
input from Software Components
Group. It will facilitate the writing of
applications programs that are directly
portable across multiple real-time ex.
ecutive implementations. RTEID has
been submitted to the VMEbus Inter-
national Trade Association (VITA) for
consideration as a standard.

The RTEID defines a standard in-
terface for the development of real-
time software. This interface includes
source-code interfaces and run-time
behavior as seen by an application
program. It does not include the de-
tails of how a kernel implements these

functions. The RTEID serves as a
complete definition of external inter-
faces so that application code that con-
forms to these interfaces will execute
properly in all real-time executive
environments.

A real-time standard interface
would have the same strong user ad-
vantages that the UNIX standardization
effort enjoys; nevertheless, little has
been done until now to address the
needs of the real-time community for
such a standard. What is the reason
for this neglect that stands in sharp
contrast to the SVID and POSIX ef-
forts for UNIX standardization?

THE QUESTION ANSWERED

The development of real-time execu-
tives is a relatively new software in-
dustry, with most of the pdpular exec-
utives having been introduced within
the last six years. Thus standardiza-
tion efforts have not had a lot of time
to develop.

However, with ever more companies
opting for off-the-shelf software rather
than in-house designs, it’s now time to
define the interface to the critical
functionality in a real-time system’s
real-time executive. Furthermore,
with the push toward UnIx becoming
standardized, a new market environ.
ment for UNIX real-time applications
has emerged.

Today, among other reasons, UNIX
Is not used in real-time applications
because of the nondeterminacy of the
UNIX kernel. One way to move UNIX
applications to a real-time UNIX envi-
ronment is with a SVID-to-RTEID in-
terface library. Applications that are
SVID-compliant and run on UNIX may
be ported easily to a real-time system
with the addition of this interface.

Of course, not all unIx applications
are candidates for real-time execution.
But certainly many real-time applica-
tions could take advantage of the por-

tability of code developed for a SVID-

UNIXWORLD APRIL1988 75

pe—







Perspectives

76 UNINWORLD APRIL 1988

r pI
=

given to each task.

to-RTEID environment. For example, THE BEST CHOICE using a popular operating sy
applications such as communications UNIX for software developmeg
servers (that may have marginal per-  There are many advantages for appli- developer has access to a wide: B
formance on UNIX) may achieve ac-  cation developers who adhere tolegally of tools to enhance the capah o
ceptable performance running on a defined standards, de facto standards, the development environmen
separate processor in an integrated and even popularly accepted standards { In addition, by using a Wideh N
UNIX real-time environment. wherever possible. For example, by cepted language, the develg
access to a number of compile; .
mizers, and documentation z; \E
TABLE 1: RTEID functionality ing aids. All this is well and Nl
applications developed and my
Name Input Parameters UNIX. But what about the
t_create name superstk userstk priority flags enwronment?
a t_ident name node Since there are no standard
3 t_start tid mode saddr new real-time software develg
1 t_delete tid project must be ported to a new kefnal’
| t_suspnd tid environment (if for some reason T pew"
‘v t_resume tid kernel has been specified). Clearly He* s
? t_setpri tid priority opportunity is available for a standard.”
! t_mode mode mask ization effort that would allow
1 t_getreg tid regnum &regval velopment of real-time kernel
' t_setreg tid regnum regval that are completely portable beh
\ q_.f:reate name count flags ggt:iggg E;ggl:.ts regardless g
g name node The idea of the RTEID is
\ g—‘s’:f;e g:g uffer With the use of the RTEID, roufines
- . ek
| q_urgent qid buffer ?;i‘t ?ﬁgﬁ:e Memory segm ents%
l j ge message queues, v
\ q-broadcast | qid butter ) _ lish and use semaphores, and sendan
l g_receive qid buffer lags timeout receive signals need not be redeye i
| ev_send tid event oped for a different real-time enyire- .
ev_receive event flags timeout ment as long as the new environment
as_catch asraddr mode flags is RTEID-compliant. !
as_send tid signal flags The programmer need only
a8 FafG trate on the hardware depend
- the real-time system. And m
s_create name count flags ware'dependencies for real-time
s_ident name node cations can be localized to the
s_delete sid drivers. 3
s_wait sid flags timeout An RTEID-based software o
s_signal sid will have major advantages 11
tm_set timebuf overall software project develop \
tm_get timebuf cycle. There are still other agivax} it B X
tm_delay ticks in the testing phase of a project. Jmee b
tm_tick the re-used code has been fully uﬁ‘ -
and debugged, it saves time in te :
v_retum i D
m_create name length logpage paddr flags INSIDE THE RTEID ; D
m_ident name Table 1 identifies the RTEID fun .
m_delete mid ality. For example, with the RT, -
m_getseg mid size flags timeout set of task-management function$ @,
m_retseqg _ mid paddr rectives), it’s possible to implerm A
- pt_create name bsize bnum paddr flags wide Yarlety of real: tme a_ppll -
pt_ident " noide that involve manipulating u g
- What’s more important, there 1S
pLdsiEte | PLC iderable flexibility available B¢
| L
pt_retbuf ptid bufaddr task management. -
mm_12p tid laddr &pages For example, using t_setpr &
mm_pmap tid laddr paddr pages t_mode, the real-time programme.i§ |
mm_vmap | tid laddr flags has sufficient latitude to chang® B¢ |§ |
mm_unmap | tid laddr real-time characteristics of an 6@‘
mm_pread paddr laddr bytes system. In most real-time system$ %
mm_pwrite paddr laddr bytes - is common to have Several tasksgn
m_ext2int external peting for processor time, depend —
m_int2ext internal on the relative importance 0
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yforeover, the use of additional soft-
| .ire registers further extends the
‘wagw&ft register set and allows tasks
| ;o‘exchaﬂge pointers or globa! data
qariables quickly and conveniently
ough the use of the t_getreg and

{setreg directives.

MESSAGE, EVENT, AND
SIGNAL MANAGEMENT

0”;‘,': of the most important features of
4 yeal-time system is its ability to re-
== 1t external signals and events
g&mrﬂbnly generated by hardware
interrupts. The system must also re-
“ssnd to messages, events, and sig-
‘aals generated by other tasks execut-
ing in the real-time environment.
“Many real-time applications are
“built entirely on a message-passing
tocol. Here, hardware interrupts in-
dicate the existence of some external

deterministic message-passing mech-

anism is necessary to allow one task to

Send a messdge or an event to anotier

(which could cause a task switch).

The message queue is the data
structure supporting intertask commu-
nications and synchronization. One or
more tasks may send messages to
the message queue, and one or more
tasks may request messages from the
queue. Typically, with the RTEID, the
g—create and q_ident calls are done at

Many real-time
applications are

buiit entirely on a
message-passing
protocol. s

The functions of the RTEID’s mes-
sage manager that have real-time re-
quirements are g_send, g_receive,
and q_urgent. The performance char-
acteristics of these functions must be
deterministic for a given run-time
environment. The message queue
could be a global object that is not spe-
cifically connected to any task or
Processor.

The RTEID, in addition to its mes-
sage management function, provides a
very fast synchronization method via
its events mechanism. Events are sim-
ply bits encoded into a event mask. A
task can send one or more events to
another task using the ev_send direc-
tive. The target task receives events
with the ev_receive directive.

Another important function some-
times used in real-time .applications is
the asynchronous routine. Asynchro-

avent that must be handled immedi-
ately. Clearing and arming the inter-
rupt are of primary importance; pro-
dessing the data associated with the
interrupt may be handled some time
lafer by another task. An efficient and

task initialization time and, as such,
have no real performance criteria. The
g—delete call is needed for cleanup
purposes when a task is either going
away or no longer needs the message
queue.

nous intertask communications is com-
monly used to process software sig-
nals that may occur at a random rate
but that must be acted upon when they
occur. Similar in function to hardware
interrupts. asynchronous signals allow
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tasks to do normal processing while
awaiting a signal.

When a signal occurs, the task is
activated at an appropriate routine to
handle the signal and then return to
normal processing. A task can send
one or more signals to another task
using the as_send directive.

If the receiving task has set up an
asynchronous signal routine using the
as_catch directive, the task will be dis-
patched to the signal routine. The
as_return is executed at the comple-
tion of signal processing to return the
task to its previous dispatch address.

SEMAPHORES TCO

Semaphores are a widely accepted
method of arbitrating access to shared
resources. The RTEID semaphore
manager defines a set of directives to
implement this functionality. The
semaphore primitives provided meet
different sets of requirements.

To control access to a single re-
source (either available or not), the

user creates a semaphore with a unity
initial value. To control access to a re-
source pool (at any moment some re-
sources are available and some are
not), the user creates a semaphore
with an initial value equal to the avail-
able resources.

The set of directives provided by
the semaphore manager are s_create
to create the semaphore, s_ident to ob-
tain the id of a semaphore, s_delete to
delete a semaphore, s_wait to wait for
a semaphore, and s_signal to freeit.

The RTEID supports two different
memory allocation schemes. A region
provides for allocation of variable sized
memory areas or segments. And a par-
tition provides for allocation of fixed
sized buffers.

With these two memory-manage-
ment schemes, applications have the
flexibility to acquire various memory
areas, depending on their needs and
performance requirements. Large,
variable-sized memory areas may be
allocated for data processing, or small,
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Today’s software developer may b
luctant to generate code for a realifms
kernel interface because all the foq
time kernels on the market ha
ferent interfaces. Still, most reaf§
kernels implement a basic set of fm‘
tions for applications such as tasi(“*
port, memory support, and m
semaphore, event, and time supper

These basic functions differ htﬂe&
tween implementations, but thexr
ing sequences are different. \do
some implementations have as
language interfaces and some hzveE
interfaces.

Within the software mdusm, a_nm
particular, in the UNIX commu"ﬁify
there is substantial movement {oward
automating the software developmem
environment. For example, Computer
Aided Software Engineering (CASE)
tools are available that aid in theSpe
ification and documentation of the soft-
ware project, the specification of code
modules, data definition, and, finally,
even the automatic generanon of sys-
tem code. :

In essence, the software mdush‘y s
evolving toward a standard sof
project- development envxronmen
What is missing in this proj
ronment are the tools necessary {
development of real-time software..
True, there are efforts underway {c y toin-
tegrate the higher level functlona]hy

of CASE environments with real* time
executives. But these are for_specft
executives and CASE tools. * %

In the future, we must consxd
benefits to the project manag el

is evolving toward *
a standard software
project- developmen
environment. - :

tem designer, and programrn
real-time system if a highly aut
CASE tool could generate theé T¢
time code necessary to impleme
creation of tasks, message que
semaphores, signals, and all the’ " o
functions needed by most re
applications. T
The programmer, under a
known and comfortable environmedk .
could develop documentation sudi® g
control flow and data definition,
struct the logic diagram for the’







e 1: This application development system example shows how to
sine the capabilities of unix with those of a real-time executive
gh the use of the Real-Time Executive interface Definition (RTEID).
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un'ently, this scenario is highly
kely because of the wide variety
lifferent interfaces to real-time
nels. The RTEID could be the
hanism by which CASE tool de-
generate highly reusable and

le code for real-time systems.

;’”5 potentlal of this method for real-

ystem designers is great. They-

have the ability to define the
qunrements design the

TR g,

’MEbus boards make a
nvenlent platform for
moplng integrated
and real tlme

eal-tlme project.

Lthe use of the RTEID, there
e _Xradvantages to having UNIX
SSaIn the target application sys-

quires a processor and some special-
ized I/0 process control board and that
needs a connection to some higher-
level computation power. It turns out
that more applications (even in the
real-time process control world) could
use the capabilities UNIX offers—
especially in the area of data proc-
essing, report generation, and user
interfaces.

THE VME EXEC PROJECT

VMEbus boards make a convenient
platform for developing integrated
UNIX and real-time system applica-
tions. But there are a number of prob-
lems that must be overcome before a
successful application environment
can be set up.

The system shown in Figure 1 illus-
trates the “VMEexec” UNIX-to-real-
time executive strategy and is one ex-

ample of how the RTEID may be used.

The real-time development system
comprises standard Motorola VME
boards. The UNIX processor with suffi-
cient. memory and a disk controller
make up the host development system.

The target system is built from two
68020-based processor boards (each
with 1 megabyte of memory). The
purpose of this configuration is to dem-

CRAS FRUSW BE o

onstrate a real-time executive/UNIX
integrated system with application
development for real-ume systems
convenient for the system programmer.

From the UNIX system console, the
system programmer first compiles the
application program. The programmer
then builds the target system image
by executing a make file that links the
applications with the RTEID kernel
(and device drivers) into a single ob-
ject file. At this point, the system
image has been developed and stored
on the UNIX disk.

The image is then loaded into the
memory of one of the target processors:—
This is accomplished by starting a
UNIX process (from the console), which
transfers the system image file to the
target processor. The starting address
and dual-ported memory offset for the
target board are needed to transfer the
image.

This specific configuration has the
target real-time processors in the same
chassis as the UNIX host. Further en-
hancements will allow the software
download to take place over an RS-232
link or a network connection to the tar-
get system.

The system start involves sending a
command to the resident firmware
monitor on the target processors to ex-
ecute the downloaded code at the spec-
ified address. Run-time communica-
tion between tasks running on the
target processors and processes run-
ning on the UNIX host is through I/O
calls to the Inter Processor Communi-
cation Driver (ipcdrvr). Tasks on the
target make use of the RTEID execu-
tive for real-time functions.

This configuration is useful for
CPU-intensive applications requiring
little I/O and minimum use of the sys-
tem bus. Any results of calculations
are passed to a UNIX process via the
ipcdrvr for subsequent storage.

Monitoring or debugging the target
system involves sending specific
debug commands to a target-resident
component of a UNIX-based debugger.
These commands are translated to
cause breakpoints, and the tracing and
display of target task memory occur
on a multi-windowed debugger run-
ning on the UNIX host. O
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