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42 3ot uncommon to asscoiate the “erm Toxpert syvstem” woth
shomo used in medicing Lo help ano diagnosis. Such aveToms vospord
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poatee Jistribuiion o oan clectionic assembly. In o wmany
ciee joesible to Dt iy ithe mode of the faijure. Tl

Lo eperto o systen Like those gsed in medical diagnosis oo
e bt ibisad i thee deesigrn o ontirorm nt. The P oblem for a desig
Legins when the "cure” must be found. Comporient. rearrangemecnt,
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Sttep cooling, altornate components, and adding recdundancy are
ail possible. Thewe in turn must be balanced against cost,
producability, product ife, and time constraints. Creating an
expert sevstem to handle these situations is no less difficult than
developing one to identify the cause and suggest cures for a



medical problem which has never before existed.

This does not mean that expert systems for electronics design can
not be developed. On the contrary, RAMCAD is an attempt to do
just that using both procedural methods and Al techniques. RAMCAD
provides the clear and concise information necesssary to help the
designer make intelligent decisions. This decision support aspect
of the system is based on computaticnal methods which have been
tested against measurements of real designs. In some cases,
design solutions are provided. However, the design process from a
systems viewpoint is very complex and the software used to aid
the designery ig even more complex.

RAMCAD 1s most useful in giving decision support and suggestions
based on previously specified and quantitied goals. Decision
support and data context is provided by reporting menitors and
interactive graphic displays. In addition, the system presents to

1

the desigrer, information on how the data relates 1o the desirved
outcome. {riticail failures or design rule violations are brought
o the designer’s attention and suggestions for improving the
design are given. In effect, the - tem informs the Jdesigner on
how the design effort is proceoeding in the context of moving
toward an optimum, but not necessarily well defined design goal.

The RAMOCAD 1wr? jiecct was inittiated in 1 it 1s presen
i ; ‘estinghouse Defense icotronie in the dezign of the
slectronics for the Airborne Self Prorection Jammer (ASPJ). In
this paper focus js on the struciure of the syztem controller
and the use of RAMCAD in industry. Other acpects of the RAMUAD
architecture are treated in papers [4,8,7). The thermal and
reliabilitsy design concepts used in RAVMCAD are explained in
{2 rid OﬂpP” f1} discusses some of the troadeofis which
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TDULING AND CONTROL OF THE DESTGH

Dosign iz & creative activity, Tl dend SURIE (RO EC S ST
investionte alternative- and shoeuld et he forced atong
praedetermined path. For this rves«oun, the {f.ow of t ]

orocess must be left in the hands of ihe designer while the OAD
sofiware controls specific aotivities. roepopts the

thogse otivities, and evecutes= ali lower fevel funcii

error checking, data manageme:t, and computration.
cxpert system can oifer facilities for rotifying

any rule viclations and more imporiantly, offering

=iepert for design optimization.

The RAMCAD executive controller intezriates the «
presenting options and executing requests., o reflects our design
philosophy by permitting open-endsd choices of functions using a
consistent and easily learned user interfuce. it performs general
svstem tasks of maintaining a list of degsigns and verifying tiho
existence of data and code files. 1t schedules the program modules

required to carry out a request. [t verifies the existence of the




necessary data and program files required to carry out the request
and then initiates the sequence of program modules which perform
the desired function.

The RAMOAD oxe-at o0 controiter is primarily written in o
procedural lancucee. This i consistent with our idea that the

5 vip the orocess can be expressed as actions or
procedurcs, even thoudh the design process is open-ended. The user
interfoce consist- % o coerics of menus which ayre defined as
program constante, There is A single menu selection procedurs,
but each menu has te oun procedure which verifies and executes
the possible choicns. These procedures are linked to a central
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controller whioh 0 so--o wostom gbatus 1. Back menu dieplavs a
avaiiabio for o gspecified task. dnece a tool

i takes care of the details. The intent is
cvatem where tacks proceed in such a way that
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ce. lFurthermore, the data structures used

wppear to crm ise 2 =ingle action rather than a series of
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in the RAMCAD contioller are Flexible enough to allow us to add or
delete modules, change execution sequences, and rearrange options

sgent program modu

without major code rovision.,

Prior Lo the ecxecubion of a request, the system is checked for
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the presence of zil required program and data files. If all files
are present, the appropriaie moduies are scheduled. Otherwise the

names of the missing modulces are displayed. The flexibhility of
the system comes {rom the melhod we use to verity files and
schedule program modules. These functions are carried out us
identifiers whose values are defined in the program declaration
section. Fach program and data file identifier is mapped to an
actual file name and then grouped into sets which mav be
enlarged, changed or rearranged without affecting the code.

The structure and operation of the controller is best explained
by an illustration. The coplanar thermal agnalysis function will
serve as our example,

i
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On the mair system menu, there is an "Analvsis” eption, which
presents the available analysis rouatines. The program definition
of that menu is shcwn below. The number of choices and the first
letter of each one is nart of the declaration. These are followed
by the choices as they are shown to the user. The ideniifier
shows the position of the menu in the system hierarchy. 71237
means the third level of choice number 2 of the main menu.

menul23 : menu_rec =
{ entries : 4;
choicestr : ’'CISE’;
title : ’'THERMAL/RELIABILITY ANALYSES’;
labels : (’Coplane’,
'"Inline’,
'Standard Electronic Module’,

'EXIT to the Previous Menu’,

)” 7), 71, 11));



The statement, ch =z Menu Choice(menul23) pertorms the operation
of menu disnlay and selection, and returns the selccted value to
the character variable, ch. The resultinge value of ch is passed
through & 7350 statement which determines (e acoion fo bhe

carvicd out. Th o 7¢ and TE? options of thise aratement ave shown

e fow:

CASTE oh O
YO BEGTN {Coplanar thermaz!l analyeis!
pnode = Check pgm list(coplane pem «);
enode 1= Check ext list{bd name,coplanc_axi &}
dnode 1z Check datfti list(coplane dat s);
Mark (node)
nodoe” inext iz Link nodesiynode,dnode,enoce);
¥ node” . next =z nil THEN BEGIN
Schedule{copliane _pgm s
complete 1z true;
END
FLSI BEGIN
Show _missing list{node” .next,chcice_name);
complete = false;
EXND;
Release(node)
END; {'C73
"E7 . BEGIN iExit menulld:
act menu := ’menuil’;
complete :z= false

END; {’E’}
EXD; {case}

These two choices illustrate the way that all menu selectjions are
handied in the controller. It a choice requires action, the
prescnce of the appropriate files is checked. If they exist, =
sequence of modules is scheduled. Gtherwise the missing file names
are shown and the menu returns a value of ’false’ for the variable
‘complete’, which informs the menu control procedure that the
choice can not be carried out and the active menu {(act menu)
should be displayed.

The method of changing menus is illustrated by the exit (’E’)
option. If the user chooses to exit this menu (menul23) the
value of the next menu is set (menul2) and ’complete’ 1s set to
false. This causes the menu controller to display the next menu
(menul?2) and await further action. The system control program
only exits when the value of ’complete’ is ’'true.’

Verification and scheduling are accomplished by passing pre-

defined values to Check and Schedule. The data structures for
these values are defined in the program’'s declaration section
which is illustrated below. Only identifiers relevant to this
example are listed.



{identitiers for executable programs)

pegm id type = (pgml,
ldb2ana, fiowrow, coplane, tem2ldb, reliahie,
pegml);

pam _id_arrasy = Array [pzm id tvpel of str20;
pegm _set Set of pagm id type;

]

{identifiers for datafile extensions}
ext tvpe {extF,ldb,uky,boa,pwb,layv,extL);

ext array = Array lext type] of gsirid;
et ert = Set of ext tvpe;
d.oot i type = {similtar o tie nbove declarations]

datfi_arraxy = Arraxr [datii type] of stri0;
datfi set Set of datd

_ones

The assignment of a file name to cach of the constant identifiers

ie done by means of the felloving program constant declarations.

program map : pgm_id _array
(77, "LDB2ANA.COM’, ’'FLOWROW.COM’, 'COPLANE.COM',
TTEMZ2LDB.COM’, CRELTABLE.COM’, i ) ;

extension map @ ext _array =
(T LULLBY, TLUURY T, T LROAT, T UPWBT, T LAY, Y Y

datafile map : datfi _array = {as above}

The program, extension and datafile identifiers are used to build
sets of values for each of the sequences in the system. Each set
iz defined as a program constant and given a name that identifes
the function it carries out. The constant sets for the thermal
analysis coplane program are

coplane pgm_s @ pgm_set = [ ldb2ana,{lowrew,coplane,temzidb,relizble};
coplane ext s : ext set = [idb,uky,boa,pwb,layl;

coplane _dat s : datfi set = [];

The main program’s Check pgm list function scans the set of
values (in our example, coplane pgm_set) to see if the
corresponding file names exist. If not, a pointer to the missing
name({s) is returned. Otherwise the ’'nil’ wvalue is returned.
Check ext list appends the file extensions to the board name
gince this is the method we uge to identify data files belonging
to a particular design. The Check_dat_list function checks for
data files which are required by the program modules. If all
files exist, coplane pgm s is sent to the Schedule procedure
which writes the names of the files to a text file. As soon as
the control program ends, a background program executes the



programs in the text ffile and finally runs the controller to
coemplete the cxvele.

example, the tolloving programs are evecuted for & beavrd
G

FESTU

[[dbZ2ana @ extract data from the local database  (TRST.LDB)
and put 1t in an ASCIT file (TEST.ANA)Y for the next
progryam to pick ap.

TEST.ROA

HORIS I

Flowrow : show a graphic dispiay of the PWB {usi

nd TEST.LAY) and preprocess geometric parsmeters.  Place

hee roanlts g TRESTOANAL

Coplane @ read data and 2ot Lhermad
Execute therma
resulis in oan

parameters ffrow the nsor.
analrsis and disaplaxy the results.  FPut the
SCTE D le (TESTOTEMY .

P

Tem2idh : pick up the dats produced by Coplare and puat it
into the local database,

Reliable :  Perform a failure rate calculation for each
component based on temperatures generated by the
coplanar analveis. Calculate the total failure rate for
the board and display the results.

These programs excoute in sequence. The user intertace is the

came in aill of them so one is not really avare that the
controllier has stopped and that five programs are evecuted before
it resumes.

bae)

If @« module fails to operate, the suhseaguent modules check this
- means of a "state” data structure that all programs access
before and a“ter operating. Tf & program fnils, the next are in
line determines this from the "state” record and does not
excoute. Thus "nothing” happens until the controller becomes
active. At this time error messages are presented.

"
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The flesibility of this preogramming methoa is apparent, in that
any series of programs can be executed by grouping the
appropriate identifiers into a set. A new module is added by
creating an identifier and a file name, and by appending them in
the appropriate declaration sections. For example, a report
module for reliability analysis can be introduced into the
coplane sequence with the declaration

coplane pgm_s :
pgm_set = [ldb2ana,flowrow,coplane,temZidb,reliable,report];

The identifier ’report’ and its associated name ’'REPORT.EXE'
would be added to the respective lists. No other program
modification is necessary. A module is removed by taking its name
out of the list.

ITntroducing a new menu requires the addition of a procedure (e.g.



Domenul23). This is not difficult since all menus use the same
Check and Schedule routines. A new menu is easly inserted into
the main conurolier, a portion of which is given below:

1.

Procedure Menu controller (VAR bd nomeikeystrg

VAR active menu:str20; VAR 1nitok : boolean);
i

{Central controiler for menusi

VAR
completed  boolecan;
BEGIN
TF NOT (initol) THEN ({no active board, =zselect or initinalize one)
active menu = ‘menull’; ifirst time throughi
REPEAT
N completed 1z [ilse;
IF active mera = "monul’ THEN {Outermost Men.il
Domenul {aciive menu,completed,bd name,initok)
FLSY T active menu = ’“menulil’ THEN {Board Manager)

Doemenull{active menu,completed,bd name,initok)

ELSE IF aciive menu = ’‘menul23’ THEN {Thermal Menu}
Domenul2i3(active menu,completed, bd_nama)

LLSE
active menu = ’'menul’ {default to main menu)

UNTIL conmpletad;
FND; {Menu _conireller)

Each time this is run, the svsiem controller checks the state of
initia

the active board, updates the status of each lized bhoard in
the syvstem and picks up the most recently active menu (if any)
This value is passed to the Menu Controtller which cdisplays the
menu which was last selected. A closing procedure does system
houselkeeping and stores the active menu’s name so 1

accessed when the sistem controller becomes active agald

MONTTORING AND DECTISTON SUPPORT

Progress towards a desired design state can be monitored and
supported by examining both individual and system parameters and
comparing them to allocated values, optimum values, and values
obtained by conducting tradeoff studies. The creative and
exploratory nature of the design process requires that competing
and sometimes conflicting subgoals be balanced in order to achieve
the best design. This means that more than simple optimizing
routines must be employed.

The monitor and decision support modules in RAMCAD are based on
representing the state of the data in relation to desired goal
states and allowing the designer to examine alternatives.
Movement towards a desired goal is not limited to a linear
sequence of processes. Rather it is represented by data states
which result from the flow of data through various program
modules. The designer is allowed to experiment with alternatives



which may produce a less desirable state. Such a condition, once
reported, helps strengthen confidence in decisions which produce
positive results

Feodback on the dess

rnoprogress 1o provided by wodules which
cheek the data against design paramcters. Some of the decision
support modules are executed as part of a sequence, usualiv after

an anal hw: Leen completed.  Others are themselves sequences
whioh ‘crm iterations of analyses for different parameters.
'he de i support system is enhianced through the use of
“1314 ic representations which allow the designer to ewamine Ll
data in the context of the tot ‘1 dﬁ&i{n and T he coxditions that
have been swecified.  This not oniy prorotes hetter decisiorna hap
roduces tl e chanea of forgotting o an:r}crd<ixg detailas, o

Yive module d o shase 0 o praontsd o cirend Foarc

defined rave ond octumnas to ehow how the

eI drnamic data display ecan be used to
A I spots on the uOH“i. 1ho system has colaor
coded dreplaye of the pover, temperatures and failure rates of
components on the bhoard., Thegse displayvs can bhe used to examine
rogionys of ‘h power density, hoard bot :

=uotra and components
ure rates. This is important, since in many

i
the highest faj}ure rates do not ccerrespond to the

The MTRD versus temperature frado-off madulse ie another evample of

decision suppori. The
T

L - PR . U A R N X 1y R Ly . AN L
's measn Lime between failurves MTHREY P2 pile >T,‘u>(- as a tunotion

mon . toring, dynamic data display ong

O enperature. The designer can use the arrow keys to move along
~ither avis. The movement is reproduced on the graph and at the

sam: Fime the values for the vesulting ccordinates are displayed.
At a2l times th& calecutlated MTREF, the allocated MTBY and th

tal temperature are conpared. This makes 1t eacy tce sec
o

ppen 17 the asscmbly ed o1y whether oy not

.i)‘l.o [

value d1s in a Tsate’” r‘e;_irm ot the curve. The same
display can he accessed afler the boarsd has been analyzed for
zotual component temperatures. This not only gives immediate

hack, but it facilitates decision making by putting the design
ters In o wide context.

The operaiion of the RAMCAD =ystem is based heavily on exact
2nalvsis of the data. Although military standards allow for
approximations in the early stages of design we have taken pains
.o make the analytical results as close to the actual situation as
possible. In many cases exact analvses is conducted even though
they may take slightly more time than the approximations. The
reasoning stems from potential inaccuracies which can arise is
multi-goal tradeoffs between nonlinear (often exponential)
objective functions and constraints

As an example, the coplanar analysis module treats components as
distributed rather than point-source heat producers. Thus, the
thermal effects of one component on its neighbors is taken into
account and the junction temperatures of the components more
closely simulate the real situation. Row locations, ~1r—flow rate,



“in conductance, inlet temperature, and location of the inlet are

all cpecified by the user. Our goal in this analysis iz to
produce o temperaturae paticrn that will resemble those genernted
by dntfrared thermographs taken in our test lab.

o temperatures have Hoeorn determined for ench component, the
il ture rates are cotoulated from the formulas given in the MITL-
T Hendboek . Tach component's data record contains 2ll o the

ML -2T1TE con=stants noceded to calenlate reliability. All ot the

peccteration constants, shaping parameters, and stress constants
are used in the cxleulation. Thias is 1in contrast to the method of
as v Jook-uan tabics o ffatiure rates. The coplianar and
el iahility anniyacs oan be completed in less than three minutes

N

oo homed acit b D00 Comso e b, vLiny an 18M-AT.

The henef it of sach anolawes to the destgner is censiderabl

Fotentinl flaws in o desiin appear carly enovgh to altow for
jue toss of time or effort. Of

inportance is the lovel of corfidence praduced. Sincoe

able npot oand simulation data,

the hest datn helns one mahe the best decisjons.,
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There are problemrs with jeaving decisions up to the
th sich a particular inetituticn deals
with the design tasis, The d

- relate to the war ir w
eovelopment of independent design
tools has led to the partitioning of design tasks and decision
making within an institution. Fov example, 1t is commen practice
to divide the electirical, thermal and reliability aspe
design among J fferent groups, wiith each group functioning
varately and somet

1

imes ir. conflict. This reality has s
nlications for thaoce whe =1 creating integrated expert design
H g 23 ¥ 2

Software which prevides electirical-thermal tradeoffs is of little
vajue if there Is ny one with the authority to make a tradeoff
decision. For example, a reliability engineer does not rearrange
or substitute electrical components to meet reliability criteria.
Rather, a report is given to the electrical engineers who are
responsible for rearranging or changing components.

To address this problem, the RAMCAD expert system uses a modular
approach which aliows for data access and sharing by means of a
network or workstation cluster. This does not adversely affect
the institution’s decision making hierarchy. Furthermore, it
promotes communication among various design groups and raduces
the lag time that is caused by separation of electrical, thermal
and reliability tasks in the design cycle,

In some instances management may impose new methodologies for
design but introducing integrated design software in a modular
fashion permits a more gradual transition to new ways of treating
the design problem in the institution. Just as separate design



tooleg gave rise to speacialist ', integrated design tools will
prodiuce generalists
software vilt not {ind a \a»}@tun place in the design community.

. Without th latter, integrated decsigr

o

The use of integraiod 4D sofivware for eleoet

).

: ~onte aseemiblics not
only requires changes in the i

nstitutions that use 1L but a

the methede used to write 1t. Our evpericnce has shown that
computer atded design e more than a programming problem. Good

programmers ars necescarys but oot sufficient fﬁr the task.

Fngineers must be involved 1 all stages of development.,
Tdeally, each a2roupn =should have some knowle the othera’
diCﬁ1o‘ine in order {o sroducs software flay accouratix desoribes
Fhestate of oodonio

Ty CAD softiaee to be e safub, 1r omuasto b o orend-woria
sifusztions as carix o pozsible.  This provides fecdbask on the
the enginecring probilems Aand on the human intorfa nroblems that

=t inghouse has

the software miset acddroesas. Our ascociation with
i _ruetires which

“his vegard. The

proven very g
we used early on were sound Trom a computer science point of view
hbut theyv were not as adaptable 1o indusiry reoguirements as our
present structures. The extensive use of text {iles which the
programmers inhitially resisted has proven to bhe a

flexibility eupecially with regard to interfacing with other
decien software. Were it not for this industry feedbzcik, one of
the tasks initially scet forth by IDA, the ahility to interface
to the

1

with other systems, might not have been accomplishe
extent 1t has been.

.\
(e

ITn the best of all possible worlds, tha companies that design
91901”011 equipment for the government would share resources and
techr o1<g)%s. NOD’s initiative to encourage itne formation cof
consortia for initial proposal development showse that such
coaperation is possible and thal there are alternatives
traditional view of "winner take all” that has characte

defense industiry In this regard, industyry can bo cha

alter its »nroprietary attitude toward the software it do

uses. Tt is pogsible for separate groups to developy int:e

cvetems bul i1 is more efficient to integrate the many

tecols that already exist. Thig requires some sharing of

t>?h l ogy but is the only way that a comprehensive system can be
jeve ed in a reasonable length of time.
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