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Abstract

Within the militarized cempurer disciplinen,
several significent tyends have emerged within the
recent past which have substantially affected both
the development snd application of cowputzra Eo
the aerocpace envircomment. Thess Lnclude govern=
sental standardization in most major areas of
computer design including sarchitecture, 1/0,
programming methodology, and packaging. Additiom-—
ally, the applicatiom of cozputers into aystems
have come under the affects of governmental
standardizacion chrough the wse of data buses.
Frogramming languages are beginning to experience
significantly imcreassed use despite some inicial
concerns about afflclency. From a technology
perspective, the broad uw-z of custom 151 has not
yet impacted computer devalopment; however, the
use of devices such as microprocessors mmd Frogras—
mable Logic Arrays (PLAs) have received an
ingreasing asount of use and will probably be the
interis wehicle betwesn current medium scals
integration (MSI) and the eventusl use of custom
LE1. In this paper the trends in these miltary
computers will be examined by briefly comsidering
the directiom of each of the aress Iindicated
above. Additionally, becsuse of their associatiom
with the general purpose militarized computer,
slgnal processors will alse be briefly examdined.
Sigmnal processors are a class of general purposs
processor which have been tallored to s specific
application in order to achieve substantially
higher performance over s limited class of appli-
cations. As such, the signal processor im waually
controlled by a general purpose (GP) processer or
is organized as an "actached processor™ and is
architecturally viewed as simply snother CPU engine
in & larger computing system.

Righ Order =

In the recent past, computer requiresents
have been tending to include the need for high
order languages (HOL8). There is a coatinulag
debate as to the benefits of the use of HOLa
versus their clajimed inefficiencies. The auther
does not intend to resolve such a debate within
this papar but rather to indicate some considers-
ticms which one sust be sensitive to when using
HOLs and to try asd indicate the forward tremd.

The principal attribute of BOLs over assemhly
language is that the HOL presents sn interface to
the programser which is such like English text and
is at a much higher semantic level than assembly
langusge. Soch an advantage may be apparent when
developing code im that fewer lines of code need
be written for a givem fumction (this implies
greater prograseer productivity). Additiomally,
from a software maintensnce perspectiwve, maintain-
ing sn HOL-based software system s clalmed to
cost less because of the English text-like formar
of B0ls, and comsequently, their cendemcy to be
salf-documenting. PFrom & trainisg viewpoint, once
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a programmer knows a given HOL, they can vrite
programs in that language independent of the
eventual host machime srchitecturs. On the

tive side, opponents to the use of BOLs claim chat
even though & progtem 1s written in an BOL, tne
debug of that program will eltimately be done ac
the assesbly language level. Conssfuently, the
galns for wee of an HOL are limited to coding,
which 18 & relatively small percentage of the
total development cycle. Additionally, a key
consideration ia the wse of an BOL is the efficlency
of the HOL cospiler. An inefficient compller cam
have an extreme negative effect on the ssount of
memory stovage required, and conseguently, have a
negative effect on machine performance aomd reli-
ability.

While the HOL comtreversy is not resolved at
thim point in cime, it is clear that the trend
will be toward increased uee of HOLs. Because of
their pelatively recent widespread application,
there is no universal stendard HOL. However, each
of the major weer groups or services are standard-
izing within their areas of influence. The Kavy
is standardizing om CM8-2; the Alr Force om JOWIAL,
and HASA on HAL., Eventually thare say be a broad-
based stendard such as DOD-1. Additiosally, in
wach of the computer development-relsted areas of
test and support software host languages there may
also be standard HOLas.

General EBAG

For the purposes of this paper, militarized
general purpose processor will be defined as o
soderate performance (e.g. 500 KOP3), meevolacile
menoty (e.g. 64K x 18b of core memory), siagle CFU
engine packaged in a volume comsistent with ATR
specifications (e.g. toll ATR or ome-half ATR).

The peed for this eype of definition is to restrict
the scope of discussion and to eliminate, for the
moment, processing systems made up of collections
of mleroprocessors or very large sultiproceseing
aystems, These areas will be sddressed later in
this paper.

The CF machine of this clase is curremtly
recalving a considerable smount of attention from
a governmental standardization viewpodee. While
the focus is on standardization, the exact
definition of the level of standardization is not
yet agreed to. There I8 & level of standardization
which holds that the standarde should be extended
to the major subassembly or growp of subassembliss
level. This implies that a set of standards for &
GPF machine would conélst of CFU modules, memory
modules, 1/0, power supply, and structurs. This
implies & level of saintenance and second-source
procurement at this major subassesbly level.

An aleernate approach to the standardization
level would be to standardize at the box level.
This would imply a standard box form factoar such
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as full ATR, standard I/0 interface at the box
level guoh as & 1553 data bus, and a standard
software or architectural interface. Such a
standardizacion approsch would potentially imwolve
box level maintenance such as is used with a
Reliability Teprovesent Warrasty (RIU).

Within either approach to the level of
standardization, a key questicn is: "What should
be the software standard interface!” In the case
of the Havy AYE=14 computer, the selected inter-
face is the UYK-20 assembly langusge. The Adr
Force DAIS program has selscted a BOL interface in
che fors of JOVIAL. The joint Army-Navy Military
Computer Family (MCF) originally focused om the
POP-11 architecture; but is currently considering
an approach levolving multiple assesbly language
interfaces. In geperal, it appears that whem an
ansembly laguage Interface is selected as &
standard, {: is because there is an existing
afsembly langeage with a substantial support and
application software base which must be supported.
With time, as the existing software systems are
updated via A0La, then cthe HOL interfsce may
become the standard.

Data Bus Systems

The government standard which is having an
affect on both the CFU and the entire eystem
integration philosophy is the 1553 Data Bus. Deta
bus aystems have been flown and proven om seweral
ayatens duch as B-1, F-15, F-16, and will be om
most newly developed aircrafc. The attribute of
1553 which makes fre affect significant, is that
1553 is becoming an operatiosal stamdard. The
1533 definicion sxtends beyond the bus and bus
protocel. 1553 dincludes several fusdamental
aysten architectyre comcepts and implementation
approaches. Included in the 1533 architecture 1s
the concept of master-slave relationship between
the priscipal processor (or Bus Comtrol Imterface
Unit - BCIV) and che comtrolled subsystem [or
Remote Termipal Unite - Rila). Comcepts for bus
and systén redundancy are included although not
specified in detall. The standard bus concept

will continue to be fundamental to svionlc systens
in the future.

1533 does, however, tend to be technology
dependent im that most implemestations are valid
for 1 MiEs serial, wire bus structores. The bus
techoology may be trending toward fiber spris
implesentations whert mamy of the 1953 definitions
do not apply. Consequently, the 1553 definitions
msat contimge to be detailed our and extended far
new tachaology. Therfe are other bus structures
such as MIL-5TD-488C and RS-237 which are also
becoming popularly used by the government in areas
such a8 test equipsent interfaces and im applics=
tions such as shipboard mystems.

Mic BEOT

Perhaps the area which has seen the greatest
dynamics im the past one to twoe vear period is
that of "microprocessors.” The defimition of this
GF processor is mot at il precise. The liters-
turs includes im this category B-bit devices sech
ms the INTEL 8080, 16~bit devices 1iks the TI
§900, and bit slices such as the AMD 2900, While
one can collectively speak of all these types of
devices as microprocessors, the application sreas

to which the devices are applisd csuse the user to
differentisce carefully betwecn the warious
fumctions and perforsance ranges of “mioro-
proceagors.”

There has been sn axtressly broad-bassd
application of microprocessors in aress such as
L/0 controlleis of CFUs, intalligent cerminals,
display processors, snd genaraily, in the srea of
imbedded processors. Usually, a microprocessor is
used as & replacemsnt for a collection of random
logic performing a dadicated functiom. The

over random logic
sbility to changs or
insreass funcelon with minima] hardesrs impact;
high circuit snd fumctional density in a small
ares; multiple applications of the same part
number devices over & wide renge of applicatioms.

3 Processors

Signal processors are & form of genaral
purpose processor which has been optimizsd te
support signal processimg functions such as FPT
and digical filtering. Becauss signal processors
are programmeble, all the issues relating te GP
processing are equally relevant to sipnal
processors. There are three key slesents effect-
ing the design of a signal processor: (1) the
algorithms supported, (2) the architecturs of the
processcr, and (3) che programming systems hosted
by the processor. Each of these is briefly
discussed in terms of the current state-ol-the-art
and trends.

The transform is basic to all of signal
processing. The Fourder tramsform is the principal
time to fréquency dosain transfarm. Once in the
frequency domsin functioms such digital filtering
and power spectfum analysls can be applisd tao
extract sigoature inforsation for emample.
Computationally, to date, the msost afficient
tranaform has been the Fast Fourler Transform
{FFT). Eacently, new results using sn integer
ring trensforms approach which, for the class of
applizations te which it appliss, has & more
afficient computational characteéristic than the
FFI. These results are stated in terms of complex
sultiplies and adde and are sumsarized in Table 1.

Architecturally, the tremd is signal processcrs
is townrd a contrel function with cme or more
aritheetic unit. The arithestic anits are
struccured typlcally im some form of “pipeline.”
Pipelined architectures are charscterized by
having several functional sections vhere esch
section performe a different subfumeriom snd the
totel fusction is achieved sequentially passing
data from subfusction to subfunctiom. This type
of architecture is illuscrated in Figure 1.

Frogramming signal processors is following
many of the trends previously established in the
salution of GPF m_iummu:' bz-inhu of
signal processor proge. was £
various forms of assembly languages. The racionale
for use of the assesbly language was twofold: (1)
& strong concern for programmisg efficiency, and
(1) no standardizstion or wide acceptabllity of &
single high order lsnguage (HOL). The current
trend is townrd the incresssd use of BOls.
Specifically, within Mevy applicatica, the use of
8FL-1 signal processing lenguags 8 increasing in
application.



TABLE 1

IBM

NEW INTEGER RING SPECTRU'M METHODS
HAVE SIGNIFICANTLY REDUCED COMPUTATION
FOR CONVOLUTION AND CORRELATION

Convolution M. mhbor of

Method Complex Multiples
Generally N = 1,024

Direct Time Domain N2 1,048,576

Fast Fourier Transform -gm logy N+ N 16,584

Integer Ring Spectrum <N <1,024
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