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AIMrncl

‘1’hc  flexibility and robustnc.ss of a nmlilor and
comol (hf&C) syskm  arc a dirc~l mull of the
under lying inlc.r-procxxsor  cotllll}~lllicaliorls
arclli[cc.lure.. A ncw architcmm for M&C: at the.
l)cc.p Spare Communicat ions Complcxc.s
(lJSCX:S) has been dcvc.lo~)ccl based on tl)c
Manufacturing Message Spcxificalion  (MMS)
})rocc.ss control standard of the C)pcm Systcnl
llltcrcot)llczlioll(  OSI)suitco  fS)rolwols.  “1’his
arcllilcl.  turc Itas bcl.Jl tcstccl botlt in a laboratc)ry
cnviromncnlaad  undcropcralional  contlitionsat
the lkcp Space Network (IMN)  cxpcrimcntal
slaticm (IX  S-1 3).

‘J”hc1)SS-13 cxpcricmcc in Illc application of 0S1
standards to support M&C hajs bcm cxhcri~cly
succc.ssful.  MMS meets the functional I)c<dsof
the slalion aa[l provkics a lcvc.1 of flc.xibilily’and
rcsl)onsivcncss  previously  unknown  in that
cnvironmcnl.  ‘I’hcarchilcctur cisrobustcmough
(o n]c.ct CLI1 -rent opcra[ional  nczds  and ftcxiblc.
enough to provide a migration path for ncw
Subsyslclns. ‘J’his  paper  wil l  dcscribc  lhc
architcz[urcof  the J) SS-13 M&C sys~cm,discuss
lmw MMS was used and tllc.rc.(lllircr~~cnts  this
imposcxl  on other parts  of the systcm,  a n d
l)~ovidc  rcsulls  f r o m  systc.ms allcl o]mrational
tcs[ing at 1) SS-13.

lntrodudion

“l”lIc l~ccp Space Nc,lwork (I)SN)  ol)cratc.s  Lhc
IJSS-13  facility at the Go]dslonc  Ihcp  S]m.c
Colllrlltlrlicatiorls Collll)lc.x as arcscarch silcto
cm)ducl cxpcrirncmts in ncw tracking tcdniqacs,
c.ollll]ltlrlicaliorl t echno log i e s and
illstrLllllc.tllatioJl. in response 10 cxpan(linp,
dc.mancl on slalion  rcsourccs  gc.ncratcd  by lllc
nc.w M-mc,tcr Ilc,am Wavcgui(lc.  Antcma,  a nc.w
monitor  and control sys(cnl was dcvclol)cd and
installc.(i basccl on 0S1 protocols [1]. As an
cx~)crimc.  nlal facility, tllc 1) SS-13 site is
constantly changing. Ncw il~strll[l~c.lltalioll is
]llovcd to the. station arr(i tc.stcd on a wcc.kly
basis. ‘I’llc~)roc.cdLlrc.sI  osLll)I)orlo lJscrvatiol]sor
spacecraft activities change daily. llowcvcr,

1) SS-13 is also used to routinely for radio
asllononly olwc.rvalionsarrd  tllclliClll<csollltic)ll
Microwave Survey (11 Rh4S). ‘J’hc Station
Monitor and Control systcm was dcsigllcd to
supporl the constantly changing conditions at tlm
s(a[ion, whi]c lwoviding  reliable suplmrl for
ol)cralional Cxlminlcnts.

ltcquiremcn(s

‘1’hc basic ]cquircn~cnts  for Station Moni(or and
Control wcrcdc.rived from tl]crcqtlil-cll~c.lltsfor
monitor and control of Ihc DSN opc.rational
facilities. ‘1’hc opcraliorrai  facilities arc a
c.ollcc(ion  of mllll)ulc.ral]tonlatcd  antcmnas  and
suppor( cquiprncnt which arc lillkcd together
with a local Area Network (l/AN). q’hc, s(ation
isopcratcd  from asctofccmtral control consolcx
which sup~)orl the following rcquircrncnts:

1)

2)

3)

~ll~~~[i~n ~Jf.s[aliQn rcymurcc.s to provide
assignmcmt  of subsystems in SUJ)J)Or[  of
station activities.

sul)l)~rl da!a film arc. rcmivcd  at rllonilor
and control awl rc.dis[ritmtcd  to subsys[cms
asrciluircd.  ,

c)pcm(c?r  dircclivc.s c.ntcrc.d  on monilor ald
control supporl  lhc configuration and
operation of subsyslc.ms.

4) ~llb~yslc!l~.llcalltl  and. pcrfrdrmancc  i s
displayed on monitor and contro].

5) ~ubsys!vn  c}wu 12r alarn]. ccmdi(ions  arc
gcncratcd  arlrl rc.porlcd to moni(or  a n d
conlrol.

6) -M[)llitor data iscxcllarlgc~l l}ctw~c.c.rll l~cJllilor
andconkol  ad tllc. ac[ivc. slll)systcrl~s  t]:isc~l
on llcgotiatc.(i  in[crface.  agrc.clncrl[s.

in adrlitic)n  10 these. basic rcclllircl)]c]lts,  lhc
cmlslantly  changing cnvilorlrnc.n[ at 1) SS-13
Clc.alcd tlm following rcquircrncnls.

1
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1 ) ‘1’hc Smtion Monitor and Contro] systcm
IIlusl su})port (1IC a d d i t i o n  of a ncw
subsystcm  wilhoul  modif icat ion 10 the
Software.

2) ‘1’llc Station M o n i t o r  and Control  sys(crn
lnusl supporl nlociificalioll of displays and
construction c)f nc.w displays wilhou[  ncw
soflwal c de] ivc.rics.

‘J’hc additional rcquircmcm  rcficcl concmm  for
tkxibilily  and low life C.yclc c.osls. 3’lIC cic.sigll of
St:ilion Monilor and Control makes cxlc.llsivc  usc
of commercial soflwarc products wilh lhc 1001s
thal provide the rcqnirc.(i flc.xii)iiity.

Si;t(ion Mcmitor  anfi Control  Architeclurc

‘1’i\c. 0S1 basctt monitor and conlrol arci~ilccturc.
mablc.s opcmlion  of IJSS - 13 throu~i] a sinp,lc
operator workstation. 0S1 J)rotocols arc usczi to
link tile ol!crator workstation and [im various
stat ion subsyshms  across  Liic, 1,AN. Ckmmc,rc.ial
so f twa re  pacicagcs b a s e d  o n  ti]c OS1
Manufac.lurin.g  McssagcS pacification  (MMS)
protoc.o] were employed .Io support  a l l
intcrproccssor  communications, A c.ommc,rc.iai
Supervisory ,Control and I)ala  Acquisition
(SCAI JA) software. l)ackagc was incollJoratc<i to
Sulqmri  moslof Lhcopcratori  ntcrfaccf unctions
tllrou~it a  gra~)llicai uscrintcrfrrcc  (GUJ),  ‘1’hc
cx(cnsivc  application of commercial soflware
l)ackagcs made it possible to brriid ami instaii the
systcm illoncycaral  subslantialc os(savings  [?].

“I’l)cI-c: trctw~oa s])cclst oll]cOSll Jascd  moni(or
an(i conlrol  arcililcclurc. ‘1’im firsl  i s  Illc
colnnlullicatiorl  sarcllilcclur  cwilicil c.rnploysaii
s e v e n  l a y e r s  spc.cific.d in the OS1 llasic
Rcfcrcncc  h40(icl. Sul)J)orl f o r  lilt
Collll)lllr)icalic)rls  arci)ilcclurc  rc.sicics on all of the
sl:itiollcorl~])lltcrs.  l’hcsc~ondaspc,c(  invo]vcs
tiIc structure of tilcprograrn  (or programs) tilal
lun on cacil of  the  s(ation comlmtc.rs. ~’his
stwc.turcisca]icd  lllcsof[~~:irc. arclli[cctllrc  arldis
[i~:iltly cou])lc.d to the conlJ]ule.r  ilar(iwarc,  tile.
opc.raling  systc.rn  a n d  ti~c cornputc.r ]anguagc
c.rnl~loycd. Sincc98%ofl llcsoftwarcforSt  at ion
h40ni~or  an(i Control was purcilascd,  much of Lilt
software arcllitccturc  was sc,t by tim vc.r]dors.
I’llis discussion is thcrcforc, lirnilc(i to those
colnlmlcmts  usc(i t o  irllcp,ratc (Ilc columc.rciai
])lo(lllcls ill(c) a~~orkirlgs yslcrl].  }Iolhaspcttsof
[Ilc. arcilitcclllrca  rccic.j]ictc<i inl; i~urc  1 ard  tile
s(a(ion  nc.[work  configuration is SCCn irl l;igurc ?.,

Station Monitor anti Contrnl  Irlll)icrllerltatioll

‘J’hc Slation h40ni[or and Control sys[c.11]  was
initially in~])lcn)cmtcd on an lntcl 80386, 33 h4}lz
com])utcr  running  lhc lntc.rac[ivc  U N I X
oI)cr-alin~ sys(cm.  ‘J’hc cornputcr plalform  w a s
provi(ic(i 10 lilt projcc( anti sclcztion  o f  tile
sof tware corn J)ormlls was govcracci  by tl)c.
platform. ‘I’llc. sc.lccliono  fthcU  NIX cq)crating
systc.rn was rna(ic to Jmvi(ic  a ficxiblc  nlulti-
tasking c.nvironrncnt, l’hc l)lalforl]~  arlri
operating systcrn  dire. ctc.d the sc]c<tion of tllc,
sl)c.cific MM SK)S1 soflwarc  ~]ackagc. 1 n
ad(ii(icm, ti~c. platform and opc.rating systcm lc.(i
to liic sclc~tiorl  of a Supc.rvisory  (kmlroi  and
l)ata  Acquisition (SCAIJA) soflwarc  package
calicdIkxtcrity.  ‘I’llcl )cxtcri[y~  ]l-o(illct nlct ali
of tJm basic rCIJUirCIllCIILS to support tiw opc.rater
iatc.rfacc and providcri  an Apl)lication I’rograrn
lntcrfacc (A1’1) to support software dcvclopmcnt,
l’tlcsoftwlarc( icvc.loJ)rllc.rlt  effort was lirnitc.d to
provi(iing a link i)ctwcm Dcx[crity  and lhc Mh4S
network scrvic.cs,

‘Jim MMS software l)ackagc  provi(icd [i set of
libraries and sample cotic to buiid h4MS scrvicc.
calis. Using this packagc arldtilc  IJcxtcrily  API,
tim foliowing  clcrncnls  w e r e  dcvclopc.d  to
suj)port  tile MMS/OSl nctworksc.rvicc,s:

, l’ilc  MM  S-I)cxtcrity N e t w o r k  S e r v e r
provides all of the network scrviccs  for
Slalion h40nitor  and Control. ‘] ’hcnc[work
server is a program tilat runs concurrcrr[  10
1 )c.xtc.rity undc.r tim lJNIX opcraling  systcrn
arxi by UNIX corwcn(ion is calicd a ciacrnon.

. ‘I’llcl )cx(erityl  rltcrfaccl’rogrartl isusc~ito
ini[iatc the h4MS-I)cxtcrity network sc.rvc.r
to take action. ‘I’ilc.  program is initiate.d to
run wilcn an oJ)cralor uses lhc mouse. or
kc.ybomi  to trif:gcr sornc nc.twork  actiorl.

● ‘J’t)c.  hlhf S-l)cxtcriiy  ’I’iri]cr I’ro~[”arll  runs
concur fc.rlt  to the. network serve.r anrJ
Jm)vidc,s  a ilcartbc.at to initiate polling  of
subsystcm  status data.

‘J’ilc kcy and m o s t  cornplcx clc.ruc.n[ of  tile
software. arcili[cc(urc  is tiIc Mh4S-I)cxtcrity
Nc.twork Serve.r. ‘1’hcnctwork server is s[artc.d
sir~]lll[allcot]siyv~i[i)  tl]c. I)c.x(crity  product and is
table {irivcll so cllangc.s  to the network can bc.
accomnmdatc.(i  witilout  chan~ing tile nc[work
sof[warc. ‘J’hc, nc.twork  sc.rvcr cstablisilcs  the,
environment loconln)unica  tcacrosstilcl.AN i)y
rc.a(iing a Iab]c wiiil ali of ti)c rmtwork a[i(irc.ss

?
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iIIfOI IImtiml. NC,XI, the network server reads a sc.t
o f  Mblcs 11]3[ idc.nlify all of llIC col]t[ol a n d
pcrforlnancc  paranm(crs  USMI 10 opcralc  t h e
Sut)syslclns, l;inally, [hc network serve.r
cs(ablislms colt]lllt]rlic:~(ior)s  with lhc 1 )c.xlcri(y
(Ialalmc.

(h)cc. illitializ.c4i, the nc.twork  serve.r is ready to
sul)por i all of the, network corl~r~~llr)icatic)l]
scu vices required 10 cy)c.rate the crmplcx  fr oln
(IIC Stalion Mcmilor and Control  workstation.
Slat ion ~>cr sollal opctatc. tlm coInl)lcx lhrou~h a
fy a])hical user intcrfacc  (GUI) managed hy .Ihc
I Wxtc.ril y software. ‘1’l]c.  l)cxlc.rily  soflwarc
su]]porls crpc.ratot acliolis lhrough the kcylmard
or a mouse. 7’hc. I ~cx(c.ri[y da[abase. sc.rviccs the,
user smms. In addition, the. Dexterity proclucl
lmvidcs a scl of [001s 10 build and rnalla~c tllc
GUI scrccns. q’hc basic o~mra[ion of the. sla(ion
is accornp]ishcd  as follows:

1 )  Station  rcsmmc~ arc alloca[cd 10 suppmt
stalion aclivilic.s b y  e s t a b l i s h i n g  a
collncclion  bc.twc.c.n Stalion hlol]itor a n d
Conlrol  a n d  t h e  sc.lcctc,d sulmysmns.
Rcmurms arc rclc.asc(l by concluding tllc
cormc.c.liorl.  ‘1’hc process of cslablisl)irlg and
rc.lcasillg  a Collncction  is accomplished Iliing
the mouse..

2,) j+tI~systcIn h~alth amd ~m.rfon~!oncc  is rc;id by,
or rcpor-tcd  to Stalicrn Moni(or and Control
using the h4 hfl S variable rcarl service. or the.
infornlalion  report scrvicc. (Wrngcs in
subsyslcm  stalus a n d  pcrfol[nancc  a r c
cchocd  on Station h40ni Lor and Contlol
using lhcsanlcMMS scrviccs.

3) OI)cr;ilc)rs..c0r]UQ!  a subsystcm  by crllcring
configuration parameters ttlrougll the CiUl

i n t o  lhc IJc.xtcrily da(abasc.  ‘Ihc. opcralor
action  lriggcrs  lhc l)c.xlcrily Intc.rfac.c
l’mgram to cxcculc  and J)ass lhc. sclcclcrl
parameters to lhc, I)cx[c.r ity NctwoIk Server.
‘1 “t m ]Icl work scrrvcr c.xtrac.ls [hc sclcclcd data
f[onl tlicI~c.xtc.rity  tlatabascanrl  wrilcsthc.
(lt]t:i:icross tt]cllclwt{)rk [o IIIcsLll)sysIcI1].

4)~alIJJfw[  ~al? filc$ a r c  rcccivcd by Stalion
h4011itor al)d Con(rol  flonl J} ’I, acvoss  tlIc.
N A S A  Scic,ncc  Irllcrnc.t. Opcra(ors
dislribu[c supporl  f i l e s  t o  illdividua]
subsyslc.ills using lhc h4h4S file t(:illsfc.r
scjrvicc.s. ‘1’hc O]mrator  uses a l)cxtcri[y
scrc.cil t o  cntc.r lhc f i l e  narnc t o  bc
lrallsfcrJc{l,  lllcdcslir}aliol  ]fllc.  rl:tlllcall(l  lIIC
dcstirm[ ion subsys[c.rn.

5 )  fjul)sys[prrl  .Cvcll[ ~~alatm colI(lfli(yIs zirc
supporlcd  irl two w a y s . JIolh rllc.lho(is
c.ombillc  t h e  hflh4S il~formation  r-c]mrt
scrvicc. with IIIc. l)cxlc.ri(y alarln scrvicc.. ]rt
lllc f i r s t  rncthod,  t h e  subsystc.m  i s
l)rograrnnlc.d  t o  rc.l)ort  dala based  o n
changirl~  corlditions. ‘1’hc subsystem
sof(warc engine.cr can rcporl  on ct)arl~c,
rcporl  on cri(ical conditior) arK1/orrc~)or(  on
return 10 nominal condilior). q’hc lkxlc.rity
database is then configured to alarln lhc.
operator whc.rl  a rcjmlc.d dala c.lcrnc.rlt  Coc.s
outsidcilslilnits. Ill ttlcsccorl(l rllctllo(l, ltlc
suhsyslcnl is IIrograrnnlcx!  to rcporl  a text
rncssagc.  to Stalion  Morlitor  altd Contrc)l.
‘1’hc conditions that warrant a lc.xt mcmaf,c
arc left Kr lhc. discretion of the subsystc.rn
software cngincc.r. ‘1’hc.  lc.xt mc.ssagc. is scmt
to Station Mollitor  and Conlrol usirig tllc
h4h4S i n f o r m a t i o n  rcporl  scrvic.c,.  ‘1’he
I)cxlcrity d:ilal)asc iscorlfigllrc(l lo display
the.sc. lc.xl mc.ssa~cs as events or alarm as a
function of the message tyj)c.

6) ~foni(~r~al~  iscxcllangcd bctwc~n  dircrtly
bclwczn subsystems based on negotiated
intcrfacc. ag(c.clnc.rlts  using the h4h4S  read
varial)lc sc.rvicc or the MMS illforll~atioll
rc.j)or[ sc.rvicc.

SuhsystCnl integration

All of the subsystc.ms at 1) SS- 13 arc hasc.d on the.
lntcl 80x86  cornlmlcr  arid Ihc lXIS oJm3tir)g
Systcm. I)c.rsonal computers and the, DOS
o p e r a t i n g  systcm  arc. f requent ly  USC.(I by
cx])crirncnlal  suhsys(c.ms  Imausc tllcy a r c .
irlcxJmlsivc  and sinlp]c to program, lK)S is a
“ s i n g l e t usc,r” o}lcrating systcm and su])~mts
cxczution of only orm Jwogram at a lime., ~“t]c
sul)sysLc.m  pro.fyam  is strut.turcd tocstablish the.
subsyslcrn configuration and slalus on cxcmtion,
and to run in a continuous loop until an opcralor
irltc.rmption triggers termination.

“1’hckcyclclncllt  in the application of Mh4S is
t h e  a b s t r a c t  motlcl  ca l l ed  the  Virlual
h4anufacturirlg Dcvicc  (VMI)).  ‘1’hc.  Vh41J
model is used (o dcscritm the cxtcwlally visible.
charactcris[ics  of a  r ea l  (lcvicc. Software
modules  w]lich rnani~mlatc  a real dc.vicm arc
called Vh41)  objects. ‘1’hcsc objccls  can hc
rll:{rliI)lllatc.(l  llsi1}gh4h4S  scrvicc,s such ascor][cxt
]narla~c.  rrlcnl, variable. ac.c.c. ss, domain
Inarmgclacrl(,  scrna])tmrc.  rnanagcmcmt  and c.vclll
rllzirl;tgc.[llc. rllscrvic.c.s,  Stzztcc.hangcs  (Ictc.c.lcd ill



lIIC ]cal dcvim  anti dcfiml in [Im Vfvll)  Itlo(ic.1
c a n  Iriggcr h’lh4S sclviccs. l:or llic
il]li}le.lllclllaliorl  al 11 SS- 13, a mininmm of effort
was rc. quiwd to Inakc lim subsyswms ap}wiir as
VMI)S.

‘1’0 tl~iilitaiz,c  tltc  impac(  of the monilor  anti
cmnltol cffor(  o n  subsyslrm (icvcloi)lilc.rl[,
sof(warc  roolincs  were.  cic.vc.iopcd 10 provicic,
rmtwo[k  intcglation  with a mit~ill~ulil of in]~mt to
(Ilc subsysmn  co(ic. I’hc il]ipacl 10 suhsyslcln
co(ic. is rc.ftcdcd in tim Jmu(io-code below:

rnaino
(

{isa- init- mmso; /* rout ine caiicxi 10
Sc[  up lilt l)clwcrl’k
cmvirormlcml  */

SC, L- uI)- sul)syslc.nl.  crwirormcnto;

wi~iic( llot_illtcrri]~llcd. by. operator )
{

monitor- subsyslcm- opcrationso;
c.xcmlc_ sulmystc.m.  conmamiso;

[Isrl-cotlllil-scri’ero;
/* routine caiicd to’
check for rmlwol k
alcssagcs */ ‘

) ’

scl. subsystc.rn_irl. safe. shut_ rlnw).
conciilionso;

flsrl-lcrlllillatc_  Jlllllso;
/* routine caiicd to
tcminatc tile nclwork
Crwirorunc.tlt */

cxilo;
)

A sumnlary  of the MMS scrviccs  and routiacs
(iCJVClO]JCd  for tile sobsys[cms  and Iilcr Station
Mcrllitor all(i rlu~tro!  workstation is providc(i
bc.tc m’.

MMS Conlcxt  Managcracmt  Scrviccs

‘l’ilcrc)lllil}crd,~~~  if~il-cllanoi  suscdl>yaclicrlt
suhsysicm  to ir;itiatc  colllrllllrlicatiorls wilh a
serve.r.

‘J’hcroulinc  d,s~l concllirlco isuscdbyaclicll(
sui)syslc.rn  to cl&c an association with a server
subsyslcm.

‘1’l]c roalinc  d.rtl Iislcfto i s  used by a  sc.rvcr
sai)systcm  t o  crp:m  a  colllll)(lllicatiorl” rcscmrcc.
‘1’iIc  Cc>llltllllr)icatioll rcsourccs  f o r  e a c h
s(ll)syslcrll,  collllllc~I]lyr cfcrlc4i toaschaanc.ls  arc
Cslablishc.(i  wllcn the s u b s y s t e m  illiliatcs
olma[ion, AsulMysIc.In  th:itcriwralcs asascrvcr
wili aiiocatc. listen cilanncls forclic.nlsc statdisil
contrllll(lic:l~ic~lls. ‘1’ilc. (isn.  listcllo  routine. is
provi(ic(i  to llc.rnlil  a  subsystcm to aiiocatc
a(iciitionai  ctlarlrlc.ts as serve.r chaaac.ls while.
opcratiag,  ‘I’l)c. d.frl_,Y/o~~- /i.?fcnoi sllscdtoclosc
a cimllrmt irl tllc Iistc.1) rno(ier.

‘1’hcd,fn (~l~c~r(oi stlsc<il )yacliclltl  c)tcrlllirlatca
ciic.nt-s&vcr association witilout regard for
JJc,nriing rc.quests. “J’llis scrvicc is intcmkl for
uscun(ic.r sl)cc.ial con(ii[ions  and not tol)c usc.(i
in p]acc of tile dsrl_ cor]clu(ic.()  service.

MhlS  l~iic Man;\  gcmm}t  Services

l’llcroulirlcd  .r~lco]~y-fileo  is used by 8 clicnl
subsystc,m  to copy a f i le .  from a server
Sllbsystcnl.

I’hcroutinc  d,Trl_,$er/d-~f  lcoisllscdb  yaclicrlt
s~ll)systc.r~~  toii~\~okc tile. MhIS obtain file, scrvicc.
ill which ascrvcrs  ul~syslcmc opicsafiic from a
client sabsystcm.

‘1’lm routirm d.$n- fielcIe-filco  is used by a Clic.rlt
subsystcm  to dc.ic.tc a file, from a sc.rvc.r
Subsyslc.m ,

MMS Variab]c  Scrviccs

‘J’llcroLltillc~  rca[c d.rrl-rtllrls-tyilc,!()  is used to
cstab]ish a  var’i~blc a s  a  nclwork ol)je.ct.
Subsystem iln])lcrncmtms  usc lilis routine to
rcgislcrv ari:il)lc.st  lla[w’ill  t)crnarla~cda crossthc
network. l’lmrc~istration  process idcmtifics  the
ad(trc.ss of the variable, its ty~warl(i  sim to tile.
sllbsystclllllctw’ork  software..

‘1’hcroatinc  rcg wrilc wr indic-fmcoisuscci
Ioiric.rltify  a furl; :lion jobc.-callc.{iby tllc. sc.rvcr,
When asJ)cciflc namc(i variablcis  writtcrl  acIoss
thcnctwork.  lior c.xallI1)lc, a server sal~systcxn
coul(illal~cai)llysicai  sw~itcil ~llatis sclaccclr(iillg
lotllcvalllco farl:lrllc.(iv:  iriat~lc. llydcsi~tl,ltm
switch must bc reset to its ncw c.onditim)  on
chaagc of [Ilc r~amc.ci variable.. ‘l’hc server
Subsyslclll soflwarc cngincm car) write. a furlclion
that affects tlm l)hysica] Clmlgc,  of tim switcl) an(i
use. the reg. wj-itc-var-  inciic_funco routine to
associate tile. function witil lhc. named variable.
Whcm the write illciication is rcccivc{i  for tllc.
assoc. i:\tc(i lialllcti \!:tl-ialllc, tllcfllllctiorl iscal]c.(i.

c



‘J ‘I)c mu[i IIC. rcg- wri(e var cot[r- fmco is used
10 idcvl[ify a funcliol[ io b; Called by (IIC Clicxll,
wllc.[] a slmcific nanwd variable. is wri((cm  ac] 0ss
llie. llctwor’k  and tl)c wr i t e  Corlfililla(ion  is
lcccivcd  by lhc clicm. lixlc.ndins the cxallq~lc
above., a clicllt could have a scqucmcc of actions
10 ]Jcrforn)  tha[ arc dcpcntlcml  of the sc.rvcr
subsys[cw  switch posi(ioll. ‘l”hc.  clic.n[ subsys[cm
softwrrrc c.ngillccr  can w r i t e .  a  funclion that
affms aclion thal can only occur aflc.r the switch
reset has bml affcr.lc.(i. ‘I”hc clicn( funclion Can
bc associa[c.d  with [hc named variahlc  write
con f inn at ion using [}IC
rcg.w’rite._v ar_corlfr.fllllco roulincf. Whc.n the,
wlilccc)llfirfllatic)rl is rcccivccl for lllcassocia[r4i
llarllcd  variab]c., [lIC funclicrn is called.

‘I’llcrotllirlcr cg-read-v~~r itldic-jtlrlc{)isllsc(ltc~
idcrltify a function to bc; callcfi by lhc sc.rvcr,
when a sj)ccific nmncd variable is read across (IIC
nc{work. lior cxarml)lc,  Ihc. stalus  of sornc
clcnwnl of a server subsystcnl is rcflcctcd by a
named variab]c. ‘1’hc  subsystem soflwarc
C.ngilmrcm  wrilcafunclion  to~lJ)(latctllc.s[attls
rrn{i associate that function with the, specific
II a m C d v a r i a b l e u s i n g [ h c
r-cg. read. var-inriic.  funco  rol!linc. Whcrl’the
read indication is rcccivcd,  (IIC  funclion  will bc
c.allcd rrntl  the rcacl response will rcflcz[ [he. IMcst
Sla[lls.

‘I’llc. rcg-rcad_var-  co~lfr-~~irlco  i s  usc.d [0
iclc.n(ify a function to bc callccl by ll)c clicml,
whc.ri  a sI)ccific  narncd variable is read across  k
lwlwork  and tllc confirmation isrcccivcd  by lhc
c]icnt. };x[cmling the example. above., [he. clicllt
subsyskm  soflwarc  cngir]c.c,r w i l l  wri[c a
furlc[irm  10 take aclion on lhc status rc.turl)ccl  by
lllc server suhsystcln. ‘]hat func.lirm is associa[cd
with Ihc spc.cific  name.d variable  usin~ llic.
r e g .  rc.ad. var-confr-funco roll[ir]c.  W]lc.rl lhc,
read corifirnla[icm is rcc.civcjd by the c.licl}t,  lhc
funclion  is called.

“I’l)crcg. in~o re[ml furlco is mcd 10 idcrllifya
flrnc.lion to-be calicd  by lhc clicnl, when a
sf)ccific  nnlncd variable is rclmrlcxl by a server
using lllc. d.rrl_,rcr~d-  ir~~o_r[Jlos  c.rvicc..

Sulnmary

‘1’hc Stat ion hfrrni[or  and Con[ro]  sys[cm lI:is
l)c.cn opcraling on a daily basis al IN S-I 3 sirlcc
IJcccmbc.r,  1992. ‘I’t~co  ]]cra~iorll) crsor~iicll~avc
dc. vclopcd  a n  cxlcnsivc knowlmlcc  a n d
urldcrslarlding  o f  tl]c. systcm. ‘1’hc S[atior)
l)cl-sonrlcl pcrforrn roulinc configuration

nlarlagcrnc.  nt, dcvclo~)  lIcw  (001s  arid r]cw
displays as condi[iorls cllarlgcs.

‘I’tlc. irrll)lclllcrl[ alic)rl of 1) SS-13 S[a[ion N40rli[or
and(kmho]  llas(lc.rl~orlstr:itcd  [hat thch4h4S/OSl
]mloco]s  can bc wscd to supporl intcrproccssor
cc~llllll{lllic.ali{)lls  ii) a s~)ac.c.c.l-afl tr:ickirlg slation.
‘1’hc inlc~ralion of a cornmcrcirrl  user intc)rfacc.
l~ackagc w i t h  arl h4h4S nc.twrrrk  scvvc.r Ilas
crcalcd a powerful, flexible 1001 [0 supl)ori  the.
corlsian[ly  chan~ing  rrxluircmcnls  al lJSS-13.
Most of the cost savings (lcrivc.d  from the
h4h4S/C)Sl allJ)~oacll crrnmfmrn  tlmal)l]lica[iorl
of commercial J~roducts. ‘1’hc soflware
(Icvclopc.d in this activity to supImrl  the h4L4S
nc.[work  scrviccs  on Station Moni[or  and Control
islcsst l]a[20,0001ir  lcs[)fcdc.” ‘J’ilccc~llllllcJcial
softwar-c  lmduc.ts  rcJ)rcscrlt mor-c.  thal 750,000
lines of code. ‘1’hc furlclic)n:il Capabili[ics
provided through lhc. combination of the.sc two
[cchnologics  offer  grcal potcmtial f o r  cosl
savings.

‘I’tlc. irltcgra~iorlof  lhclwocornnlcrcial products
rcquirc,d  three. rncrrl[hs with an additional tllrc~
months of conllmchcr]sivc tcs~irlg bc.fore dc.livery
to the station. Wc have. rcccnlly  intc.grate.d a
diffcrcrl~  SCAI>A1~rc)(l~\  c.tw!itl~ thcsrrn~cMMS
~)rodlrct orla SLlrl SJ’Al<C2.  l’t]ol]gl)  [llc AI’I for
the ncw SCAIJA product was diffcmnt,  the.
procc.ss only rcquirccl two months. q’hc tab]c
drivcrl approach to the nclwwrk  intc.rfacc.s and the.
SCAIJA prrxluc.ls  p~ovidc a flexible cnvironn)c.n~
for station  personal to respond 10 C.llangirlg
conditions.

“J’l~c Mh’lS/C)SI  cornmunica[ions architcdurc also
provides a flexible cnvironmcn[  10 changing
rc.quircmcnts. ‘1’hc  Virlua]  Manufac[urirlg
lkviccrnoclcl fcwsubsyslcnls]  )rovidcsa  sirlglc
intcrfaccr  10 nc.lwork  sc.rviccs.  When the. Iligll
Rcsolrr[ion  h4icrowavc  Survey ]wojc.ct discovc.rcd
l)roblcrns  with tllcir illlcrfacc  10 lhc a n t e n n a
cquipmc.nt,  lhc irll])lc,r~~c<Iltalioll  of a network
gateway was a straight forward procc.ss,
requiring no modifications 10 tl]c network.

‘]’hc  most d i f f i cu l t  parl  of lhc cfforl  w a s
upgradirt[~  lIIC individurr] subsystems to crlablc.
Ihc.rn 10 o])cralc  ovc.r [hc I ,  A N .  IIccausc  [hc
d e c i s i o n  [o procc.cd w i th  an  in(c.gla(c.d,
ccntrali~cd h!&C systcm was ]nadc after I}IC.
subsys[c.  nts bc.gan dcvcloprnc,nt,  (1IC  subsystc.  ms
were, in csscncc, Ic[rofi[[cd  to suly~orl  tl]c ncw
architc~lurc,. l~if[yl)c.rccr~[  of[llcS[atiorl hfoni[or
& Control  cfforl  w a s  s p e n t  moclifyirlg  [llc
subsyslc.rns ( o  inc]udc  a  IAN ill[c.rpacc,
addrcssirlg  prohlcms which occurred dm to IIIC



lill)ita[imls  of (I)C I )0S ojmrat illg sys[cm  choscm
by lIIC. Subsyslc.ms,  and il)[c.gla(ilig a vaticty of
com mcrcial  pack ag,c.s to supjmrl  suMystc.n]-
spc.ci fic jmblcms.

‘1’hc. 1) SS- 13 Arc.lli~cz.~urc.  is now scrvillg  as a
lmclillc f o r  tcsling arrlonlatioli conccj)[s. ‘1’hc
open, flcxib]c  archilcclurc  has grcally rcduccd
il}tc.gmtion time. 1) SS-13 is serving as an
o]wxatimlal tcxllmi  for (I]c 1,ink Mon i to r  R
Corl[ro] Opcramr Assistant ,  an Art if icial
IIjtclligc.llcc.-t) asc(l 1001 w h i c h  arrlortlalcs
col]figut  a[ion, calitwa[ion, test, and Operation of
groun[i sla[ion cquilmcnt  [3],

‘1’lic work ficscribcd  in [his papc.r was c.arl icd out
at tiIc  Jet Propulsion 1,abora[ory,  California
]I]slilulc  of’1 ‘uhno]ogy,  uncicr  ccrnlract  wiiil tiw
Na[iollal  Acronau[ics and Space Ariniiniskation.
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