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1.0 INTRODUCTION

Our modern Nav y uses computer  t echn ok)g~ in v i r t ua l l y  every phase of operations.
F rom the r e quis i t ioning of a part for a diesel engine to the checkout of an aircraft ’s navigatio n
electr onic s . au tomat ion per lorms fast and accurately and relieves operators for dut ies  w h i c h
urgent l y  r equire their  a t tent ion.  But procedure s to change or modify co inmuni ca t  ions using
t h e  orders~ ire arc neither modern nor e ffective.

In response to adverse atmospheri c condition s . lailure of communicat ion security,
and enemy communications countermeasures. operator s mu st manually reroute communica-
tion channels. Normally,  manual  rerouting is merely slower and less accurate than automatic
rerouting. hut  in a combat s i tuat ion slower and less accurate can be catastrophic.

The automated system not only averts catastrophic nonreadiness through faster rea c-
tion , hu t  provides additional capabilities as well. One of these is the capability of responding
to ionosp heri c changes , whether natural or art i ficial. Sensors checking for changing propa-
gation conditions allow the automated orderwire to change frequencies or routing to best
adapt to the situation. More importan t , a secure automated orderwire is an improvement
over an orderwire use r employing noncovered channels. It ’ the orderwire is operated in the
uncovered mode , a clear and present danger exists from enemy passive courite imeasures.
Long-term enemy monitoring of t h e  orderwir e could compromise major portions of the sys-
ten i by making them vulnerable to active jammin g at a most critical time. The automated
system denies the enemy the uncovered fixed channel by providing orderwire information
on all channels and in a covered fashion. In addition to this improvement provided by the
automated orderwire on a day-to-day basis , there is a benef i t deri ved in times of crisis. These
periods of increased communications traffi c perhaps arising from actual or imminent  at tack
place great demands on communication personnel and facilities. Personnel in the automated
orderwire system are fre e to carry out higher -priority tasks instead of being tied to the
manuJ rerouting of channels. These demands on communicat ion personnel are presently
heavy: in the future they will he even more severe .

Projections of communicat ions requirements indicate that  the Navy must become more
f rugal wi th  channel capac ity .  W i th  in ternat ional  agreements restr ict ing expansion in the fre-
quency spectru m, no choice is left hut to make better use of channels. Current practice is to
select for the orderwire a channel having low traffic. Severa l networks now exist that have low
traffic because of requirements for noninterfe rence. Since these special channels are used only
in te rmi t t en t ly ,  the monopo ly of this channel capacity would he a luxu r y  that the Navy could
ill a ff ord.

Other develop m en ts in communicat ions  w i l l  make fur ther  demands on the orderwire .
I or e\amp le .  . i l t ho ugh the development of the laser and optical  line—of — sigh t communi cat ions
wil l  pr ovide greater channel capacity.  servicing the addi t ional  channels will increase the demands
on the orderwir e . The problem is aggravated by the possibilities of communica t ing  optically
beyo nd the line of sight.

l ime adven t  of in in iatu r i ,ed electronics has change d cost and space l imi ta t ions  for dat a
processi ng and memories so tha t  radical departures from conventional  design are now possible
for th e  orderwire. Micioproce ssors together w i th  comp act high capaci ty  memorie s can i~~ ees~
order s~ ire in t ’ornia t ion at the communication equip me nt . giving distr ibuted control wi th
ver~ hig h system survivabi l i ty .

Aknig with har dware developments have come gaills in system contro l technology ,  and
this  reporl outime s the developinen t of the concept ot an au tom ated  orderwir e . including
la nguJgc . knowledge base , desirable unana ge nten t , syste i l t  properties . aii~1 implem enta t ion
con~idc rat ions.



The general s t ruc ture  of nava l commun ic at  ions and some current  areas of concern can
best be presented through an i l l u s t r a t i v e  scenario. l’ict nrc a fleet of esse ls ste aming in t ö r nia —
lion. Because of the de st ruc t ive  power of today ’s weapon syst ems .  the se f o rma t ions  are ii.

lo nger the t i gh t  format ions  of the  pren uclear era. R at h er .  they are spread out over  a gr ea t
n ianv square miles of ocean. There is a real need for ships on opposite sides of a very large
formation to be able to communicate extensively and very, very q u i c k ly .  For example , it ’ the
formation suddenl y came under a t t ack , every ship in the formation w ould  need the complete
tacti cal p icture as it developed : Are there incoming m issiles? Are th ere enemy submarine s?
What are the threats  and where are they coining from? It is ex a c t l y  th is  environment for which
naval communica t ions  must  he designed.

In I t s  norm al operating s ta te ,  the communication system attempts to main ta in  r ea di —
h ess in an t i c ipa t ion  of a t t a ck.  Let us add a few more factors to o u r  scenario to better  under-
stand this s i tua t ion ,  Firs t , whi le we have ti le technical  cap ab i l i ty  to communic ate  between ships
that  are a hundred miles apart~ we must assume that  the enemy has the technical  capabi l i ty
to intercept and monitor  or jan i these communications. Second. th e  greater the dis tance
across which we must communicate , the greater the power that  is required to accomplish t h e
co r i i n iu n ica t io n .  and the  higher the probability of enemy intercep tion. Third. it  can also be
assumed that  the enemy does -not have technical capabil i ty to successfully moni tor  the ent i re
electromagnet ic spectrum in all combinations and patterns of frequency. Last ly . atmospheric
anomalies are constant ly  occurring, sonic with a life span of only a very few minu te s . which
could he advantageous to our communications.

Returning to our fleet , we would like a communicat ion  system tha t  accommodates
j ll the above factors . Consider two people sitting silently in the same room. The capability
to communicate  is present even though it is h o t  being exercised . A Il that  is neces sary is f ’or
one of them to begin speaking. This is analogous to the ant ic ipa tor y  Period f i r  our fleet. f low-
eve r , unl ike the two people in the room, the fleet ’s mere pres ence does not automat ic al ly
create the capabili ty to communicate.  With the fleet, it is much m ore diff icul t .  The sender and
receiver have to agre e as to when and how the communication wil l occur . which equipments
will he involved , what  frequencies will he used . etc. Because of the factors mentioned above .
a tactic is to use intervening ships as relay stations between the outermost ships to minimiz e
power requirements: and to change frequencies to make enemy interception more di f f icul t .
The idea is to pres ent a small , rap idly moving communica t ions  target to the en em~ - I h owever.
th is places a t remendous burden on the communications operators who must manually
c~t ahhic h  and disestabl ish t he  communicat io n s  l inks.

The fu ture  of global naval com nnlU n i cat io ns  lies in a communica t ion  system which is
secure and self-orga nizing , has au tomat ic  rer outing . and has a high degre e of ’ survivabil i ty.
The s~ ‘~eni must  he transparent  to the user, That is . the user should he concerned onl~ w i t h
func t iona l  oper ation and have l i t t le  or no involvement with the technical electronic details.
The cofl imu nm c at ion sy Sts ~’iii should present the user with the cap ab i l i ty  to accomplish his pri—
mam’~- goal: namely ,  to transmit  a message between two or more point s or nodes with high
probabil i ty  of ’ succe ssfu l t r~insmissio n. Fur ther , the t’utur e n aval c o m n m n u n i ’ ’at ion sy stem should
he highly automated  and able to t rans m it  iii fo rmat ion via various media at di fl~rent dat a rates.
autom at i cal ly re rout ing t raf f i c ,  if required.

The under lying concept of such a global c on im Lm nic at i on system architecture is the order—
wire . The orderw ire is defined as a body of in formation or a set of speci fications required to

* I statute m ile = approx 1.6 kin
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establish ne~ communica t ion  channels or routin gs or modes of operation , or assignments
~ i t h m n e\ st i i i g  c l i a n ne ls .* (‘on i mu n i ca t  ions i i i  t i m e  con t e \ t  of th is  document  have a tw olol d
me an ing  data  a nd orderwir e .  I I n s  report is concern ed s~ i t h  orderwire , I h e r e  must  be at least
t w o  t~ pes of orderw ir e one to service the user and the other  b r  use by the sy ste m to upda ’-’ it se l f.

The user requirement would generally consist of the transfe r of a set of speci f ’icatior ms
to set up speci t’ic communicat ion equipment parameters and define the selected transmission
medium.  The user must not be require d to wait for the l ink to he established. It should al-
ways appear to be available for his use.

The tactical  requirement calls for the communications system to have a fluid struc-
t ure , wi th  l inks continually being established and disestablished to take op t imum advantag e
of existing atmospheric conditions and command structure and to confuse the enemy , This,
coupled wi th  the user requirement . dictates a system requirement to be able to very rapidly
establish a communication link in anticipation of use. Therefo re , the orderwire must have
the capability to automatically establish multiple communicatio n links and to determine
compatibil i ty prior to transmission. This establishes the need for the second type of order-
wire , that which the system uses to update itself.

Orderwire dialog implies the need for the transmission of data and acknowledgement
of receipt of those data. The type of data to be tran sferred can range fro m specific equipment
characteristics , tables , procedures , and dictionaries to funct ional  network graphs. Finally, the
underlying concept of the orderwire is the automatic buildin g of structures in communications
networks from stored knowledge under the guidance of a centra lized contro l system.

2.0 CONCEPTS

2.1 BODY OF KNOWLEDG E ~ONCEFF

~~. 1. 1 DI S( ’RIPTION

Let us hegi n our description of orderwire data wi th  a steady-state channel conveying
no information.  A single pulse — a bit — - arrives at a specific t ime. This is the shortest possible
ordetwire . We now have a single-entry orderwire sentence comprising one pair — hit and
time of transmission. The bit  may be either a one or a ze ro , and there mus t be agreement
between the originator and the destination of that bit of information as to the action desired
in either case. In very simp le systems, such as turning a light on amid off, the switching can
represent the action to he taken. But , in general . when dealing with a system as complex as
orderwir e t’or Navy comm unications , the hit  of informat ion must be supported by a body of
knowledge , a certain part of which is found at both the generating node amid the destination
node, For example . the hit may represent turnin g a switch on or off , hut  the body of know-
led ge must describe which switch is to he turned oii or oft ’. If there is more than one switch
in the node , it will  take more than one hit of info rmation to select the  appropriate switch.
An unders t anding between the two nodes must exist as to whi ch switch is to he turned on or
off. That agree m ent m ust ei ther have been establish ed by a previous orderwire sentence or
have been the orig inal  system convention. Further , the t ime wh en the pulse shotmkl a rrive
must also have been previously established by orderw ire seit tenees . These im i i t i a l  states or
agreem ent s iii nsf he capable of being mod i lied by suhseq Lien I orderwi re co in manti s.

* t h i s  d efli iitu ’n is dmt t e r en t  I r , , i i i  m ham given h~ M ili la n Standard I 88C. ‘~ li mc h defin es orderwir e as a circuit.



Since an~ t i ud e m w ire  is co mm ipo s ed of colle ~ t i o r i s of sing le—h i t  or derwir es . a dcpcndci ic ~
e x i s t s  b e tween previous ordeiwire  s e n t e n c e s  .in d t i l L ’ c u r r e n t  one.  t a c It node has c on t ro l  of

i t s  os~ 1 e q t i i p m e n t .  It  also ha s knowledge  r ega r i i i n~ i t s  e ( l n i p m t i e f l t  sl)e~. f i c a l i o t i s . c a p a b i l i t i e s .
. i i id t he  sp e c i I I ~ s e t t i n g s or ~i l l  i t s  own e q u i p m e n t  t o  ~m e e o n ip h i s l t  c o n h m n i h i l i e , i t i o n s . t . m ~ Ii
node mfla\  r e ( l t mm re  s i m n i k i r  i n f o r m a t i o n  f o r  som e or a l l  o t he r  nodes in the  s’~ st ein .

2 .1 .2  STRUCTURE

Knowledge as communicated in Navy  sy stems is general ly  structured as hits hound
i nto characters , words , phrases . clauses , s tat e ments.  paragraphs , etc The m i n i m u m  am ount
of knowledge that  can he conveyed is a s ta t eme nt . i

A string of characters has no value unless there is an implied at tachment  between
the str ing of characters called word s and an exis tent ia l  or im i ten t iona l  existence to which
the words ret~ r. 2

The s ta tements  in turn must he l inked to the generation of connections between
the words. There is an immediate connect ion in tha t  the word s are all grouped together
in the s ta tement , b r mt this rather tr ivial  connect ion is not adequate. The operations of
reasoning and command cannot he applied to this  sequence of connected words. A set ~..f
conventions must exist  that  trans lates those s ta te m en ts  in to  a knowledge repres entation
that  has aspects anti rules whereby the operations of reasoning and command can he applied.

The niost appropriate representation of knowledge is an ordered graph each nod e and
arc of which is m ianiabie and some arcs of whi ch are related to objects ot itside the gr aph. *
The system will interpret this graph to generate act iv i ty  associates with the names leg. turn
on modem type K n u m b e r  5 power ) .

Sonic t imn es a part has an implied meaning of cx is t Cti ~e . In t h ese cases aim m im plied Statement ex i s t s .
2 f u r  examp le . “ships ” is an in tem i t io na l  reference where s imips  s tands f u r  t I m e  col lect i on of uh 1ccis in a f rame
of knowled ge such as LJSS N I M IT?. and USS OKLA h OMA (‘ITY. The LJ SS N I MI TZ om i tIme other hand
lies outside this t r L m n m e  of reference. In ano iher  knowl ed ge I r . mi i i e  ol releren t ’e the hiSS N I M I TZ I an
ni i eim ( io n al  ub j eL t  and propulsi on sy s t e n i  567S4 . i m u s i g a t i u u m  s~ s t e in  47~~5O , etc . are the existential  reference ,
*Geiierafl y this conne~t iun will he made only through na it ies : ie . time grap h wi ll not have pomh m ie r s  to these
ex t e r i o r ohj ccm s , hut will have ~~intcr s to names.
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2.2 O~ 1)E RW I R E LANGUAGE CONCEPTS

2.2 . 1  O RI ) !  R~k I R I ’ I A N ( ;t ..\ ; l~ R E Q U I R E M E N T S

l Im e orderwire Wa’ de f ined to he a body of information or a set of specif icat ions
t e x t r acted I’rotu the  bod~ of kn owledge described earl ier )  require (l to esta b l ish  new commnu-
ni cat i o im s channels and rout ing .  [he body of knowledge , ho weve r , is not static.  Changing
conditions necessitate enlarging or ex tend ing  the body of knowledge . To enlarge the exist ing
body of knowledge can he th o tmg h t of as updating a file of specifications. The extension of
knowledge may he thought of as enlar getnent of the total communicat ion sy ste m ;  ie . increasing
the number  of nodes in the  system. This situation can occur very freq u mently.  For exa m ple ,
a new ship can join au existing task force (a permanent node ) or an aircraft can come under
temporary command of a ground controller.

The enlargement or extension of a body of knowledge presupposes an e \ i s t i n g  body
of knowledge with a language capable of describing it.

2.2.2 ORD ERWI RE LANGUAGE CHARACTERISTICS

The orderwire language requiren m emits do not require a cont inual ly  changing la t i g uage.
However , they do require that  changes in the language occur to address partic ~i l ar channel
requirements. Provisions for these changes must be well formulated iii the de~igti of the sys-
tern.  They are finite in number  amid generated by the human designers and m aintainers. For
t h i s  reason , it is conjectured tha t  the orderwire requirements will need total ly nested sets of
lan gu ages. That i s, from any form of the language used , a miew language can he formed that
is derived from the old language and provides a more condensed notat ion.

SWITCH
DEMULT I PLEXE R . etc

OR D ERW I RE CHANNEL
(ORDERWIRE SEQUENCE )

S Y N T A X
R E W R I T E

INORMAL ORDE RW I RE SENTENCE )

SYNTAX
I RA NSL ATE H

(SEMANTIC HEPR ESENTATI O N)

SE MANT mc
IN FE RI’ RET E H

ACTION OR CHANGES TO EQUIPM ENT .
S W I T C H E S , OR STATU S OF DAi A BASE )

Fi gm i re 2 . 1.  Orderwire sequ ence flow.
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ilture tU L i s t he a I an g1ia ~e .i t t ached to au a c t I v e  ord e rv~ P~’ t h a t  permit  i t s  t he orderw i re
t o i  he I n t c r p r e f c L l .  I roni t he  i l es igu i  p o in t  of icts . i t  is desired t h a t  the  or i ’ !i u l a l  i u i t e r p r e t ~i I i o n
of t i l e  r i le r ~ ire wi l l  he u n i ~ ersj l  fo r  all or~l e rw m r e  ch a n n e l s  and t h a t  the  ba s ic order w ir e
I m l t e r p r L t a t m o m m  w i l l  he t i s~d ~s l i en  a p r i n u i t i s e  ex p an d e d  ~~~ r i p t i on  is desired. When  an co rder—
wire  s en ten c e  con f o r m s  to t i u u s  p r i m i t i v e  i n t e r p r e t a t i o n ,  we wi l l  sa~ t h a t  t he  orderw ir e  is
~s r m t  t e n  it t t ie p r i m m t m ~ e order ss ire lang u age .

I h ie p r i m m t l \ c  o r d e r w u r e  l a t u e n a i ~e must  have se~ era i  e s s e n t i a l  c i t a r a c t . ’ r is t ic s .  I t  m u st
he able  to describe and n ani e  act  i nu s  or p ar ts  of act i ons.  I t  mt t st  be amenab le  to p a r t i t i o n i n g
me . t i i ~i T I V  short  seol tence s lead to one large act ion.  ‘[his t a t t e r  r e qu m i r e m e n t  arises b e c ause  short
se i i t e tkes  cdli he received b e t t e r  t h a n  long s e i i t enee s , In t h i s  c o n t e x t .  I ) r d c l  i n c  of t h e  short
se n t c iuc  cs should no t  be of u1reat imp or tance .

‘ l i m e  nor m al or i lerwire l am l g t lage  is One t h a t  has been const ructed  f rom the p r i i n i t R e
or der ~ I r e l ,u ng u lge hil t s t I l l  cont a i t i s  t he  s~ n t a x  b r  t h e  p r i n u i t i v e  orderwire l anguage , Hence .

\ f a t e n i e n t  ~s r : t l en  in t h e  p r i m i t i v e  o rde rwi re  language  wi l l  s t i l l  he i n t e r p r e t e d  correet l~
the  i i l t ) s t  pa r t .  t he  normal  orde rss ire language wi l l  he tailored to the p a r t i cu la r  orderwire

cha i t  nd and tuta ~ r u u a ~ not share parts  w i t h  o the r  orderwire  channe l s .  t h e  pr in t  l ive  order—
~s I r e  l an g l i . i ee  is common to al l  n or i t ia !  orderwire ch an t i e i s

\ n c o r m i i a l  l angu a ge  may he modif ied  to cre ate a special—purpose language. \~ i ie n  a
o f  l a t u e m i oy c  h , i s bc cul  c r e a t e d ,  a n i e c h a n i s m u m  t i t l i s t  be b u i l t  in to  t he  special  la m ig u a g e  a pp l i —

L , I t i o t m  b a  p e i m n i t  a r c t u r m i  t o )  t h e  m i or mn a l  language .  l i u i s  IS k n o w n  as a language escape. i l i e
escape meL h l m n i s m u  at lows fo r  the  r e tu rn  of ’ the p revious l y used lam i gu a ge.  r equ i r im u g  I ~ ..it a
lm wm ( r\ o f t h e  past n I ) r n l a l  l anguage  he ma in t a ined .  When the escape mechanism is used a
I i i  i i  ~ ‘ r ~t I i  T Ih i ’5 , it  w i l l  ret ur t i  the  orderwire l l in g imIige to the  p r imi t ive  l anguage .

3.0 G E N E R A L  PROPERTIES

h i s  i l l) ’ res u c wed the  general  con cept of atm au toma ted  orderwire fo r  net  ~s ork coil I ro l
let us now u n d e r t a k e  a more de ta i l ed  exam ina t ion  of its general prop erties.

3.1 PROPERTIES OF TH E OR I ) ERWIRE NETWORK*

3 .1 . 1  l ’ Q U I I ’ \ l t N F  ( ON ’l ’ROL

l ac h i  miode ha s i t s  own e q u i p m e n t  complement  to mani mge . Whi le  if I s  ex pec te d  t h a t  a
s t . i I t o,I a m’dt/ l .’d su i t e  1)1 e I l i t I l ) u i t e m u t  ss i l l  c s e i u f t m a h l ~ he u sed. ea ci l  node m a y  possess some f u m i u c -
t i omta l h un ique  ~i h m l i t i e ~ which  m i n p l ~ f l u e  use of ’ d i f k rem ml  classes of e q t i i p i u u e n t .  I3e slde s t i l e
lo ems t cs aspec ts . t l t  is gives  rise to the pr obl em of ’ where the  e( lu ipm ent  knowledge sho im IL l
r e su d ~ . ‘\s evi L let ic ed in ( l ie p r ece i l i i u ~ sect ion .  it m s t namm dator v  t h a t  the  s v s t e t m m  c o n t r o l  has e
, l v lu i l l ib l e  a I ro.’t n e t u ( f o l i s  a m o u n t  oh i n f o r m a t i o n  about  nodal  equ ipment .  ‘ l ’he su i t e  of ~‘ l l l l f t
u t i e m u t s  p re sen t ly  im ivo l vc d co n s I s t s  of at t en n a  control lers , crypto s , i u m t i l f i p l e x e r ~. modem s .
c oi n i puter s , e tc .  I lie com np u t e r s  .ind t ime a t t e n d a n t  storage f a c i l i t i e s  wil l  c o n t a i n  iL m a bases
and p r o cet hu mra l  s l ) e c i f u a t m o n s .  I lowe~ er . fo r each of these e t h i m i p i m m e m i t s  which exercise s
t’u i n c t t o i m  wh ic h h a s  t i ~ he con t ro l l ed ,  t Ime  our dcrwi r e  m nu st  h ave t ime  re qu misi te  capab ih i t ~ so t h a t

a. 1’ v e t  ~ sta te  of t ime e qum p mm t en t  . i n c l u d i n g  power t u r n o f f . CIII ) he im mu ed l a t ch
S&’hi ’c te L l fo r  t h a t  eq uipm nen  I Iw a re i l mot e Co n i t  rol through one or more p~ r I s

~~~~~ also SIGN I ‘I . set . I mu mi 2,0 , appe mi d ix I
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h. ‘[tie state of the equipment  can he ascertained by interrogation wi thou t  moth-
fvin g t he f ’unct iom m in g s tates  of t h e  equipment .

c. Loch change of s ta te  of the equipment  shall he availa b le for monitoring if de sired.
An interrupt shall he activated by any change of ti le equ ipment  s ta te .

o.i. Certain important  s ta te  changes shall cause a special * inter rupt  to be ac t iva ted .
e. Any in ter rupt  f’or the control functions cami be inhibi ted  at the option of the sys-

tem operator or control executive.
I’. Each interrupt  can he reset individual ly or in groups.
g. Two separate control litie ports should be available in which the latest control

from either port will always be honored.
Ii. (‘ontrols froun either of ’ t h e  control ports can turn off the other. Time state in which

all control ports are turned off is rrohibited .
i. Every significant state of the  system sh ould be controllable by manual  operation

of the equipment switches.
j. All controls including mam m al are e ffective at initial power up.
k. The remote control cami imi h ibi t  or reinstate manual controls except for the power-

off switch.
I . All manipulation of manual controls causes capture of t h e  manual switch settings

and an interrupt to be activated. This should be tru e whether nianual controls
are inhibited or not.

m. All instruments on t h e  equipment shall show t h e  tru e state of the equipment.
n. Each equipment shall h ave a number  of stat u ms indicators that reflect t he  contro l

sta tus  in addition to the equipment status indicators . Seven al phanumeric  digits
would probably be adequate.

o. In addition to the equip mei it  control switches , each equipment  shall also have a
set of manual switches t h a t  do not control the function of the equipment .  hut
are capable of being read reniotely. This is for the purpose of allowing a dialog
between a central com itro ll er and the local station concerning system control actions.

p. Except for the ini t ia l  power-on switch and the set of switches described in item o,
the manual controls need riot he physically mounted on the eqt mipment .  If they
lire not mounted on the equ ipm ent . they should he capable of displ aying the set-
tings of the  switches described in i f e m m i  o am id he able to override these set t i i ig s .

t i . Any sequencing tha t  is normally a fun c t ion  ot’equipn ment self-control can be in-
h i i’m ite d or stepped at lii i~ step by remote control. (Excep t ions  are mmi1 m de w i t h
regard to cascade steps tha t  have mio internal ly well defim ied states. ) This is to
allow time s le ppim i g t l iro u gh of a system to deter m im ine system flow and faults.

* A ii c i iii  P° lent nua y 1111 ye 1111111)’ Si l t )  s i C ps wI t md i am ~’ si gmm i flea i t t  F m  lie eq ii ( p t  Ic i t t  is bein g c ite ck L ’d . Th ese cit amiges
at e  I i  a t i~~d h i s  t lie m eq u m i r c m t m c n t  cx pi i’sscd iii p a m ag r l m p hi c. Rut  wheit I lie eq u m i pmmm em m I is iii aciual  use , it  is not
dcsm , ,p to le  t h a t  cacti sub ste p  cause an i i m m e m r u p m  to te l l  t im e  co m m m ro l  t h ai t h e  s tat e h a s  clt a uogc d , t Io~~’v ci , a numn ~
her of st eps are si gmuib ’mcan t  in Its (opeTatio otl  am id these changes should he uii on itor ahle by t ime control .  A second
i n t e i  i upt ty p e  is required for t l iesi ’ ch iamu ge s of s t a te .  ‘ l l i i s  i c ( lu i r c i i i e l t t  iS specified in paragra p h d. Fxa imip les

if ’ t h i ts  ty 1~ o ’t c l m a n pe ~mr e : time t o  l i i i  ~It tCti  t was lii ru ed on : I he l’t h tl i p m c m t i is read y to receive coltt rol : the
eq o p p iiwi  it  h as receiv e d a frc qu e i IL’ y clm.i m ige con 1111.0 id ; the eq ii i  l i i  lie mit Ii as u itade tI m e frequem icy e lm ait ge : tIme
equ i~1ltlCmi I h a s  mccc ived a t r~i n s m i ii  I co m tt i i i a n d m it e eq im i pmt te ~i t h a s  stored t ram m s mti it  t ing : e tc
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l’tie foregoing list provides :1 good indicat ion of the level of a tmto in ati o m i which  w i l l
be requ i red  at the  e q u i p t m i e m t t s  t h e m selves. \%hi le  the l is t  itppe ar s c o m t m p l e x  . t he re  are omi lv  tI m ree

~)CS 1) 1 e le t t i en tab  act io ns involved in equ ipmen t  comi t rol.
‘l ’hue fir s t e l e n m e n t a l  act iom i is t i m a t  act ion which wil l  cause power to he app lied to t I me

e q u i i p n m e n  L in such a m u ant ie r  th ia t  it becomes, in terms of the n e t w o r k . an opera t ing  u n i t .
‘l her c are a c t u a l l y  two parts to the power—oi l phase , only one of w h i ch  is considered an
e h e i t m e r t  tab ac t ion .  ‘[lie two parts may be considered to he “ni t as te r on ’’ a nd ‘‘cont ri dIed omi ’

) n ly  t u e  h a l t e r is au e l ement :m l  a c t io m i i i i  t h e  au tomated  orderwire s slem. Time “master  on ’’

~Ie t i on is a m mia n t i a l  operation wh ich applies power to the  system arid sets cer ta in  con h i t u o m t
l ines so t bm ~mt t h e  au tomated  system can r emn otc ly  control a “turmi Ott wh ich allows for t he
s\ s t e m to h e powered up t o t h e point at which  it  is useful .

‘I hu e reverse act io n would he slig h t l y  d i f f e r en t .  Tho.’ au tom ated  sys tem wotm l d he capable
of r e m n o t e l s  e f fec t in g  eit h er a “control o f t ”’ or a “nm aster  off. ’’ It should he pointed out t h a t
t h is and t ime  fol lowing e lementa l  actions in ip lv tha t  the system must have the capa b i l i ty  of
r o u t lt i g  the  iomn man d from ii t h e  control e lement  involved in the orderwire to the specif i c
c q u i p m t i e m m t  in order to send it a signal tha t  turns the equipn iemit on or off ’. The following
~mct io m 1s  m i t tms t  also have t h is routing capabi l i t ~ .

3.1 .. l I N K  G ENERATION

The establishment of a link between two nodes may be init iated either by one of the
t w o )  nodes involved or by a central  mmdc t h a t  has been assigned network responsibilities.
W i t l t o u t  a t t e n t i o n  to how it was determined t h a t  a l ink  should be established, the n ne c iua m i i es
involved iii its establishment will he examined .

Firs t . the two nodes h ave to acknowledge each other and agree to establis h a l i nk .
\ s s l l it i e  t I l l i t  a hf  r adio l ink is to he established Af ter  t ime agreement to establish a l ink  ha s

been c om t m p l e te d , t r ansmi t t i ng  node must  ask for certain info rmation. What is the  s t a tu s  of
reception conditions ? Wh ich freq u te r icie s are operative? Which are best to use? f ile reed s im i g
node wi l l  respond. A riot unusual  occure t ice is t ha t  time receiving node is h a v i n g  frequen e~
s~~l~~~t ion I ) r obl eu ims amid as a result is l imited in selectiomis. The receiving node indic a tes  which
frequencies wi l l  he mi ionitor e d. The two nodes get the proper receivers , t ransmit ters , multi-
cou plers etc . interco nn ected ,  Sonic lest im i g oh ’ time links is necessary. The t ransmit t ing  node then
seiids a signal. TIme receiving node analyzes the signal to determine whether the level of qual i t y
is s . i m i s t a c t o ry for  the type  of tram m sm is sion to he perf ’ormed. The two nodes niay sen d ati
mi t t i o cu io t i s  signal (lesigned for error :mt i al ~ sk.  The two nodes have to conuii ium ii cate wi th  each
cot i t c r  am i d  acknowled ge receipt of’ the  c o t mimut mm m ic a t iom m ab out t h e  s e t u p  and t e s t i ng  of a num-
ber of ’ parameters , such as the  kind of error detection and correction to he employed. the
k. ’~ set t  t ip  to he used, and at what  p otn t  in t ime t ime  firs t h i t  of a t ime lock s mi chro n i ia t ion
code is to arrive. After  1111 this has been accomplished Imm id tested and the fact h a s  heemi veri-
fied t h a t  a working lin k ex is t s ,  t im e workin g li n k cliii he made livlmila b le to the user.

All  t I m e above it m ush  occur for esen l ink  established in a mant ’al system. All the above
f l u s h  also occur for every l in k e stah l i shme d iii ai m autom mia ted system. The auto mnat io t i  of a

~ o ; i t i t t L I u t l c 1 I f  I o u  net work does h o t  e l imina te  time need for ex c lm at m ge of kmiowled ge it simpl y
~h , t i tgc s  t he  residence of t ha t  knowledge and time m imlmmm ner  of access. Time auton m ated sy stem ,
lt , ms ing uiml u d e Ii del ern m i ima t io n (p er lmap s by Ii s t i i t ’tu l t i s  itij ected by a com imnmi u n icat io nm s Operator
Il m .uI  .m given li i mk should be esta bli s lm e d ). must per t ’ormm m a ll time same imiterrogations , testing,
.mnd “h.mnd shaking ” that OCcLI f iii the manual syste m . ‘l’his forces a certai n kind of structure 8
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amid m n ulo’l lmg e n c e to tI mlI l part of ’ f l u e  au t o im i ated orderwire tha t  perf ’ornis m i etwork control.
It  also to orc e s a cc r ta i i m  k ind of sf r u ic t  tire amid i m m t e ih igence to heconie embedded in tIme net—
ss ork I t . i r ~h w a r e  cq u ip u l i e n  ts.

I lie analysis  of ’ arc geni erat iom m on Ii f b elow gives an ex ample  of a prod t ict  ion rule
descr ip t i o n of the a c t i v i t i e s  of cr el i t i mig a new hi f ale for the co nui im iu n ic a tiot i  sy s t em ,  The rules
in e a c lm top—level  seL m ion are atm independent  rule system w i t h  ac t iva t ions  exp lic i t l y  nm ient io n ed.
I t t  t u e  im ex t level a l l  rule s are ac t ive  s im t i u m l ta n eo us ly .  l Ime ‘‘ t h e n ’’ poi n ts are eX ec u ted  in  nk ’r .

1.0 ‘\ requiest for arc gener atio n arrives w i t h  par~i mule t e rs ;
So ur ce n ode
Sink or des t ina t ion
I l l ’
What capacity or re l i ab i l i ty

2.0 \rc genera t ion proce ss for Ii f
2 , I I f  cu r ren t  node does mi ot equal  source node , then  set id the  reque st to sou r L e  um ode

and t er t ’ninate this agent at th u s node.
2.2 I t  cuirrent node equ a ls  sotmrce node , clear frequency register. i f  t i l led. l!nm d t l mem i :

Scu d request  to s i m mk node for cooperati se dialog
2. Send an i tem of clear f ’reo~u en icy to sink arid mark
3. Request transmission test from sink miode
4. Req~iest A(’K on test f ’re quen cy applicat ion
~~. Request NAK on reje e tiomm of ’ freq ti en mcy
(‘o . Act ivate  3.0 ( E sta ld ish i Exc imange ) .  cancel 2.0
7. Set t ime out

2 .3 If cle ar f ’re quenmcy register h a s  been e”.hia ust e d.  t h en consult h f  media “exp ert . ”*
2 ,4 if I t f mmm e d i a  expert produices no new f requencies  on :i call , thme n

I ,  Notify requesting node of failure
2. (‘ance l request

3.0 Establish I’ xchange
3. I I t ’ t im u me out of ’ 2.2 of ’ NAK ,  then

I .  Send cancel order to sink
2. Activate 2.0 and cancel 3.0

3 .2  It ’ ,\( ‘K arid receiver mmot on . t l m e m m
I .  Set up receiver and turn on
2. Set t ime out

3.3 If  receiver on , t h mem i set up test and l ur i m on.

3.4 It ’ test is ott and sign al present . f lien :
Set UI) capaci ty  i l l o .’lisIil e sub sys tem and t u f lm on if not alre ady on.

2. Turn t ime out ot’f
3.5 If ti i t m e out of 3.2 occurs , th en :

I .  Send cancel order to sink
2. Act ivate  2.0 lund can cel 3.0

*1 xpcr t as used here refers  to aim autoimm a tic  callable pro gi’ amum .
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3.6 It ’ capacity results are determined , t l men activate 4.0 and canted 3.0.
4.0 Set tip arc.
4. 1 it ’ capacity < request capacity,  thien activate 2.0 and 5.0 ( u t i l i z a t i o n  ev a lumat ion )

amid cancel 4.0
4.2 If capacity > requested capacity, then call Modem EDAC expert if not alread y

called.
4.3 If Modem EDAC expert has determined a scheme , then :

I .  Send that  schem mie to transmitter
2. Set up E DAC on arc
3. Activate 7.0 and cancel 4.0

5.0 Util ization and memory
This adds the ktiowledge to the conmiectivity knowledge mod imle that  a potential
arc exists at this  frequ ency . ari d sends similar info rmation to t ransmi t t ing  node.
If equipment and req umest eva lumation determines ut i l i ty ,  then a connecting arc
may be set up on this arc connector even though it does not meet the present
requirements for which an arc was generated.

6.0 Commiplete connection of arc
7.0 Cover Link

7.1 If Modeni EDAC is operating and no key, then activate AKDS expeli .
7.2 If key is available and not applied , then :

I . Time and insert key
2. Send conimand to t ime amid insert key at transmitter

7.3 If arc covered. t h mem i :
I.  Activate arc ut i l i i ; I t i on system with request comm ip h ian ce
2. Kill 7.0

3,1.3 NE1’WORK ( ‘ONTROL

Mu ltinod e networks are generated it t accordance with  a set of specifi ca tiom is . TIme
impetus behind network growt h can he twofold. Firs t , it can he generated by u se r demand
which can he described in ter m s of ’ tr aum stn ission media re q u i re m mmei i t . t ime amid d is ta i mce re—
u luiremn en ts , and tra ffic loads. Second . growth can he spurre d oii by tIme need to establis h
goal tests and eval ua t io u m procedures.

Network control coimsists of those activities of ’ time sys tcnm that  h andle time dcse loptiient
of a user network , be it a sinm pk ’ network , such as one node to an other , or a n iu i t t i u s e r  net-
work with many users. 1 m m e i ther case . t h ere are a nu im m h er  of activit ies t h at mi tu st be accomp lished
iii order for  arm automated net work co imtro l to he realizable.

a. Bui ld i m mg User Networks. Time network is cotmiposed of a number  cot’ chann els
in a system. I ’ :ac hm channel must have a p aUl in wht ich to lie. TIme fi rs t
activity of network control is to build thie paths into which time ch an nel
can be placed . The bui ld ing of paths is essentially the bui lding of a sequence
of arcs or links in order to establish an act ivi ty hetween two poi imts. Oimce
the need for a network is established , it is generally considere d to be a n etwork
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for a set of users . Tha t set of users , time protocol, and f l u e  st~~cture of the corn-
mUn i&’a tj ons between the uscr .s are considered to he the definition of the net work.
Once that  def initio u i is km m own , the cystenm can Omen contigure itself in order to
build a s tructur e that  is compatible wm t l m t h at def ini t ion of the network.  This is
acco mnp h shmed essentia lly by firs t bui lding t i me pat h s between the user nodes of ’ time
syst enm and then bu ilding the necessary protocol t h a t  allows the user to speak j im
the manner that is desired by the user netw ork .

b. Building Protocol for Use r Networks. Protocol is ti m e set of rules and regulations
that  governs time actions of the various pieces of ’ the network withm respect to each
othi er and the data system. For example , it  may determine whi ch users are imi terr o-
gated at which point in time and what result that  interr ogation should have as far
as f ’ur t h er  action of the network is concerned. if  t h ere is a net work controller ,
protocol defines what functions the ne twork  controller has , what scanning st rt mc-
tures exist for the purpose of ident if ica t ion , which user is n ext , etc. 1mm order to
construct a usefu l network , the protocol must he buil t  into time systemum amid be
ru m or e or less invisibl e to the user. An example of such a system woum l d he the
N TI ) S Link 11 type of system.

A tremendous number of actions and activ ities are required of the network
cont ro l ,  The network essent ia l ly is a col lect ion oh ’ all  t ime umsing a c t i v i t y  am id
connec t iv i ty  of tIme network. ‘I’Iie control of the  netw ork generally im iv o ves tIme
collecting of data and sonic ev aluat ion struct u ire in order to m a i n t a i n  the  net-
work itt a peak performance comi dit ion.  In order to accomplish th i s . :1 ce r ta in
numumher  of e le mental  act ivi t ies  are required. St tc ce et.h im ig i temmis l is t  these :tct i v i t i c s .

c. Reques t Arc Generatio n , This is a step in the st ruc t ure  of bu i ld in g  t ime user p a t lm s .
The request for arc gem ieratiomi essential l y s ta te s  t h at t h ere is rio t a pa th  and I here-
tore a mm e w I ) at l m m iiu st be gemier l ited. ‘flue b u i ld ing  n i e c hi a mu isu um is d il ’t ’ere n t  l’roim m the
actual  steps f’or link generation and t l mere t’ore time elemem i l Il l acti on we are t a l k i n g
abo t it  h ere is t ime re qumest for  tIm e arc nece ssary to i mu ak c  a pat it .

d. Request ( ‘ha mmnels. The ne twork i tse l f  is coniposed of c h i l im i m m eis and the  c lmanmi e hs
are embedded in paths , ‘[h is a c t i v i t y  esse iitia lly causes tIme c l i am m ne l s  to be iden ti-
tled w i t h u m n  time p at h s tha t  Imav e been bui l t .

e. Mainta in  ( ‘locking Stru m c ture for the Network.  A network generall y consists of
a conden sation of act ivi t ies  tha t  norm a lly would lie required for a collec tio u i
of insta n ces of comn iunicatiom i conmie ct ivi t ’, . Am id in f lu e  process t h is conde ums a-
t ion ge imera l ly r equ ires  tha t  a cl ocking s t r u c t u r e  be imicor p or l i te d im m to  t Ime sys-
te r m m of imetwork ing  so as to allow f ’or t h is co t ’ i de ml s l t t iom m , ‘Flue c locki t ig  sI r L m c t n i r c
must be maint a ined by this  orderwire sysf e n mi .

f~ Add Nodes and Arcs to flue Networ k , Once flue  n etwork is es l a hhj shued . t luc r e ;ire
requ mre nments  front t ime to tin e to add n e w  nodes to l Ime network . :t nd in fh c
Process n e w  arcs im u ay also he re quired.

g. Kc nm i ovc Nodes and Arcs f’ro n mm tIme Networ k ,  Once imodes am m d arcs arc iii Ii uio. ’two rk .
ag auu m oil I he basis of’ positive di ssolut ions , if  mi i~u v he desire d t I m a t  a c o m m m m i m a m m t l  he
given to re m ove a node and arc f ’r o mum t lie m u efwork  so f h m a t  I l ie  sys tem can m n a i m m t a i t m
its ef f in a timel y rmia nn er.
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hi . Monitor Current Network Performance. At any instant , some type of s tructure
of n’naintenance of the status of time system must be considered. Th at is . the
systeni is really coniposed of a hog of act ivi ty.  Some type of mech anism should
exist so t hu at in any instant we ni might  be able to detern mine what  each part of time
system was doing. I f this is not possible because of the complexi ty,  at least from
time local level the status should be maintained in some form.
‘l est Network Reliabili ty.  Once a network has beemi put toget h er , time systeni’ m
must have an elementary activity which tests the reliabil i ty of the netw ork ,
and determines whether the network is operating properly, and imidicates cor-
rective action if defects are detected.

j. Meas umre Network Performance. Som e mechanism must be in existence for
measuring the performance of the system. This may be a set of collective struc-
ture s, each one nieasumring a di f ferent  thing,  or just simply the collection of all
good transmissions. Or it mm iay be one overal l umiifying parameter which indicates
the level of perfor m ance of the system. Whatever the case might be , a mech anism
for measuring this performance tnust  he provided. Two alternatives are the collec-
tion of a lot of pieces of data together with a formula for generating a single value
or a vector wiiere consolidating into  a sing le value is mandato ry.

k. Req umest Arc Stan dby. When bui l dim i g a user n etwork , the entire network is not
being utilized at all times. There fo re . some mechanism must exist to allow time sys-
tem or network control to identify a comm unicat ion (set of comnnium lication arcs)
for its tmse . Wimeth er that ut i l izat ion sh io umi d be exclusive is a matter of system
utilization , Many times , as long as time arc can he recalled at a mom ent ’s notice ,
it is not necessary th at t u e  arc he utilized solely for the purposes of the network.
There is quite  a bit of activity tha t  goes on that  would conceivably say that  some
act ivi ty ,  such as orderwire trans ummis sion . coum ld he transmitted when the arc was
riot being used as part of t h e  network ,
Maintain Network. Once a network has been in operation , a requirement exists
to ensure ti -mat t u e  m ief work maintains its existence unti l  it is dissolved. This
maintenance operat ion is not trivia l iui an adverse environment.  The problems
are such t h at even in a natural  environment there is deter ioratiomi of some arcs
because of cimange s in distance h etw cen the nodes or interference in the media ,
‘I’herc fore , a mechanism for mainta ining the network must he incorporated in
time network control. Th is mnec h ma im i sm would essentially h ave to go through pro-
cedures of t e stim ig, r cr out iimg . amid reestablis h ing vario ums arcs of time network struc-
t u re.
For the maintenance of system control one has to maintai n time orderwire
capability. That is , the orderwire capability nmust be in itself self-sustaining. Whemi
the users are usimmg time systermi , the orderwire capability shiould still be in the back-
groummd and sh ould he able to he resurrected wh enever necessary . Therefore , the
orderwire capability must he maim u tain ed in some form . Whether in residual or
active form is immaterial at ti mis point of the discussion.

n m . Dissolve Network.  i t  is not par t icular ly  easy for a system to know wh at is available
and what is niot available. One could comiceive of a garbage collection type of action
which essentially says “Alt , these thin ugs are not being used , therefore , they are re-
assigned. ” I however , t h is is Imi ghl y imm ef ’t ic ient in a system as cormiplex as the order-
wire structure that  is beimi g discussed lucre . Positive discontinuation should he the
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normal oper at ing pr t~cedu re. t h e  garbage collection funct ion occurring only in-
f requent ly ,  l ’her efore. an e l emen t a l  actiot i  nu m u st  ex i s t  co decide on the d i s so lu t ion
of ’ a n e twork.  Time ac t iv i t i e s  e n t a i l e d  here would ess cm m tia h l y  nu l l i fy  time c i ma nm ne hs
available or on s tandby  amid the  paths  of whic h are no !onger re quired . Time sys-
tem in tf i i s  s i t l ua t ion  should reco n figure itself ’  in :mccor dance w i t h  o the r  criteria.

3 .1.4 SYSTF. M BALANCING

3 , 1.4 , 1  Sy st et im Balanci n g Procedures and Process . lo acquire a h ac kgrou n u l  for u im ’ier ’
sta n ding time value of the comu m i u munica t io m i  system to the user , see 3. 1,7 . Serv i ces.

To achieve a balanced m m cl work , m u l t imed ia  transmission patims are essent ia l .  Opt ic l i l ,
uhf  , and line— co f-sight t t ra ni smn ms s i o mm med ia arc good examples. ‘r Ime dri~ imi g fun  ct ion be h ind net-
work ba lanc ing  is survival :  t h a t  is . m ax i m i z ing time pro b abil i ty of succe~sf ’ul message tr an sm is-
siOti .  The factors w h mi c h  t enm d to d im in i sh  mmcl work survival are n ua n my and v a r i ed ,  Th ey can he
exempl i f ied  it t  terms of ’ direct  enem y action such as overt f ronta l  a t t a ck ,  indirect  en e i i i ’ ,  act ion
such as the  disruptiom i of ti m e iom isp he ric layer via nuclear blast ,  weather-related nia l fuu ’m ct io ns.
~n te r m i ah  degradatiom i such as equi pnmient fai lure , improper ident i f ica t ion . bad locat ion ,  moving
sta t ions . etc .

In coiu sidcrin g time orderwire re qum irem ei m t s  for balancing the ne twork  or time coumit i muimmi—
cation system , we can commsider two separate aspects of time p roh l em .  Firs t , time sys tem may riot
he mn equil ibriu m ; ie , set t i rmg at the opt ini um m state such as in ti - me i n i t i a l  tu rn—on of ’ t ime system.
[he problem is iiow to get to t u e  optiu nuim state in a reason able ni ua n mmi e r .  Secommd . t I me system
may have been in an opt i m miu m n i  s ta te .  Timcse are two quite d i f f e rent problems. and time set of
procedure s to optim ize the systen im fro m the in i t i a l  position s ta te  o f ’ f l u e  sys tem is qumite  diffe rent
From the set of procedure s necessary to br ing the system buck to ar m o p t i n i m u m m m  s t a t e  l i f ter  a
f i m m i t e  ch ange . We n i i i i s t  lilso consider  t ime i n te r ac t io r t  of time two sets of proc edures iii the  ease
in which the sVst ern has not yet achieved the o p t i m u m  state a f t e r  a c t m lmm m g e occurs w l m ie bm calls
into operation time procedures to bring the system hack into  the opt in mm ni  state.  i h e  desired
solution would he to h ave t ime two sets of ’ procedure s ident ical . iii  w h ich case we woum l d not
have to worry about ti -m is type of inter l i et ion.  However , very likely they are riot time same set ,

(‘omusider th at the s~ stem i m is in an opt imum state prior to time chm :ing e. In th i s  sit u ation
what are time procedure s that  br ing time syste imm back into op t in i ah i tv ’? Can su i cl u procedure s be
linearly related ’! That is. cant a fixed amount of work distr i b uted over :i fit -mite mmu mi if , er  of
nodes a ccommmp h ish the task of re tu rn imm g the system to an op ti t n a l  s t a t e .’ Or is time anio nmnml  of work
at each imode i f t Ime syst em proport ional  to the  l ogar i th m it u  of the  n i u m n i b e r  of node s . l i nea r  ~vit hm
the  number  uI nodes , or solut e h i gh e r  t’un m ct i onm , such as qu a dra t ic ,  cubi c , or e x p o i m e n t ia l ’?  These
questio ns have to he answered .

Consider sommw of ’ ti mu ’ cit ammge s that  can create a no no pf im al  s l a te  co t ’ the sy s te tm i .

a. A new user r em iL lesI s t h e  use of time system. ilt ’re time ss ’ slemmm nu m .m y rio longer he op—
ti u m ma l  because tIme  sy s tem i m is not cu r re n u t ly  sc rvimug t h is user.

b. A user of ’ Ome s~ ste in  discon ti n ues t i me uisc of the s~ s fe lmm .  I here f lue  s~ s t e m u  may
ito l om mge r he opt i m al  be cauus c an unused chan i mel  exists .

c. An arc ( l i n k )  of ’ t ime system degrades. A n o t h e r  solution mna ~ tu ow exist t h at is
better.

d. A link improves. In th is  case bet ter  ut i l izat ion of ’ tIm e l i nk may be possible.
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c. \ new oppor tuni ty  for est l i h i is imi ng a h immk ex I s t s . l’he .sv s ten mi  i mmay he niiore
n e , i r l ~ o p t i n m a l  it ’ t i t i s  oppo rt uun i t y  is pursued.

f. A h e w  com nm u mm i cat io n m t h reat ari ses. ‘[lie syste mi m mi -may be less su~cept ih ie i f
th is  t hmr e at  is encountered rallier t hua nm s tay ing in the exist ing s ta te :  ie , the  figure
of nmer i I fiunction ch anges.

g. A n i e qu ip ni ue n m t fai ls ,  lime sy stem i l  nuay have to reconf iguire to provide servIce ,

ii, A new piece of equipment  is made available. Time sys tem un ay he able to readjust
i ts  resources to a numo r e nearly opt i im iu mm state wi t h  the imew equ m pmm i ent .

i. A connn iunic ation t h reat v~mn is hes, See f.
j. A change in avai lable  um iedia occurs . This d i t ’t’ers (‘rom um the opportuni ty  cr iterio n

in tha t  it  is miot a discrete change and it m a y  be f ’or time worse : mc. one may h~mv e

available six 3-kH z  s to t s  and then or -me of the slots is rem oved by someone connin g
uup i n t h at sl ot .

k . . ‘\ no de is rcmmuoved f ’rom im ti -me system.
I .  A node is introduced in to  t ime system.
n i .  New m m  formation is lmv a iiabl e to thìe system.

ii . A new c onmm m ’il ind tree is established. Time survivabi l i ty  of t h e  system depem ids
str ongly on the command tr ee. Survivabil i ty here is related to time ab i l i ty  of time
communicat ion systemmi to carry out the coi imn iam ids of time command control
syste m.

o. A new data collection system confi gur lmtion is establis h ed: ie, tI m e pat terns of
require d communicat ion n eeds chatige and time systeni is most eft ’ect i ve i f i t  h a s
conf igured  to an t i c ipa te  comm i m u m nicat ion needs.

p. Syste m co mms tra inmts  are added or removed. EMCON is muiposed.

The fo l lowing  are fummctio n m s and elementa l actions of the system:

a. H emer ’m ta l Act io m ms of ’ Syste m (‘ontrol. Time system essentiall y is a collection of ’
all time usi n g ac t iv i ty  and con nectivit y of time systenmi . Time control of ’ ti m e syste nm
generally involves t h e  collecting of data  and some eva hi uation structure m m  order
to maintain time systemmu iii a peak perfo rmance condition. In order to accommi-
p lish this . t ime f’ohl owin g e lemental  activit ie s arc required :

b . \f a i ni  t a i n t ing  I l istory Records. A r m y lm ct ioru i n t ime system involves a nmovcmn i,’mu f
of ’ da ta i n a system.  1mm order to ascertain flue el ’t’ect iv enm ess of ’ t ime sy s t em.  some
type of measuring device or tm iecha ni sm for storit ig data  mnu st exist so t h m l i t  t ime
dat lm can he studied for  l im iproving the system later on. Son ic type of arc lm iv a l
syste m there fo re is require d in order to ensure tha t  the syste nmi clm n be u mp d a ted
and i t i up roved. W i t i m o L i t  t i u i s  i imfo rma t io im . it is d o tmh ) t  f’ul t i mat  tIme sy s t en u m would
surv ive for 1mm - my l engthm of t ime.

c. By the same token som e mmi ec l m a nis m mm n is t he in ex is t ence  for m um e as uri m m g f lue  per—
f ’ormi m an c c of time sys te lm u ,  ‘[his i m ma y he a set oi ’ collective structures , each comic of
t h i e rmi  r u m e asuring a diffe rent th i m m g,  or simply the collection of ’ al l good tra it s—
m issions. Or it nm m ay he omuc overall tm nif ’y ing parameter w l mic lm states time
p erfor imm anc e of time syste im u . Wim a tever time case i m ul m y be , ii m m le c imlmn m isnm for
measuri n g this performance must exist.
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d. At anm ~ im i s tant  some typ e o f st ru ct ur e of main tenance  of ’ the  s t a tu s  of the
s~ s ter tu  must be considered. Th at is . time system is reall y conmiposed of a lot
ot ac t ivi t y. Sonic type of mec lm an mism should ex i s t  so tha t  in an - m y in s t an t  we
migh t he able to determine what eachm part of the system was doing. Th is
n ot be in g poss ib l e becau se of ’ the conmplexi t y .  at least from a local teve l time
sy stem status must he nu aintairme d.

e. l’hmc status of time system is really a state of existe n ce. If something should
happei i to t h e  system , it is necessary that  we retrie ve and build up the
syste mmi f’rom somiie previous point.  This means that backup status must be
maintained in order that the system or part of t u e  system can he rebumi l t , to
continue on with the functions when some drastic e ffect has disrupted the
sys tem.  ‘there fore , some mear ic ~ “ .‘- i ain taining a backup status must he
incorporated into the system co~ trol . Orderwire to do th is mest he
considered.

I’. For the maintenance of system control we huave to maintain time orderw i re
capability. The orderwire capability must be , in itself , self-sustainin g. When
the users are umsin g the system , the orderwire capability should st i ll he in the
background and should be able to be resurrected wluene ver nmece ssary . Th ere-
fore , time orderwire capability must be maintained in son-me form . Wimet h er it
be residual or inactive form, is imi mmaterial at th u s point of the discussion.

g. Expanding Connectivity. The system , in r)rder to provide some level of
survivability and availabilit y to the utser , mi -must provide some mech anismi u for
ensuring that the connecti vity is as complete as the equipmnent in the syste m
will allow , There fore , the systeni control must have the abil i ty to expand
time connectivity independe mmt ly of user requiests solely upon the basis of
possible avai labi l i ty  to thue user and survivability of the system in a n i t i c i p a t i o n i
t h at the orderwires need to he t ransm it ted later on. Thus, the system
control must be able to uti h i i.e the capability of the system in order to bui ld
muew connectivity so as to expand the connectivit y.  By the same tokemm the
system must be able to evaluate and remove connectivity t i mat  is no t o mm g e r
effective.

b m. (‘ontrol Priorities. The hmierarc hm y of priorities for the user can be est :mb l i shmed
more or hess i i idepc ndent ly of’ time concept of the syst emmm. But the system
has to main t a in  t h at im u m pk ’m mm ent at ion tha t  command cou mtro l would iuumpress
upon time system for  ti me concept of priority. But t there is another  im mo re
mn m portant  concept ot ’ priority that must be considered. Th ere is commtenf io n
h etweem i the users of the system itself. Time only nmec hian is m mm wh ereby a sys-
tenu can ensure timat  it is capable of con t in u ed  support of time users is time
ab i l i ty  to control ti me priorities in such a m mi aiui mer tha t  its OWl i com muii u uIm ic l m t i o n
r ct~uir cm m u e n t s  c amu he met in so n mm e forum t h at is in accord amid con t mp c t i t i on m
wi th  time P r ior i t ies  ol the u ser, ‘l’I mu s . t ime sys temum nuu st  he ab le to com e to
con t ro l  thmis  re lat i o i ms h mi p  between its own needs and time s t ructures t l u l l t  t I me
user requests . ‘l ’her e lire certain cases , h owever . in wh ich t h e  pr ior i ty  of tIme
system does u uo h override the  user s pr ior i ty .  in  these cases , t ime  sy stem t imust
he able to take on the ins t ru ct iom i t h at even at the expense of the sy stemm m
i t se l f  these p a r t i c u l ar  co ,nm umni c a t i o i m s  must lie mnai n ta i im ed
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\ l a i mmt a i m m Al teru i a te  Sy s te m um Control  (‘enters.  L n d e r l y i n m g  time concept  of ’
s’. s t e imu  co m mtro l  is t i n e  conicept of cou t temi t io n  r e s uh uu t io n .  i t  h a s  h eem i s hi owm m
t i ua t  t he re  is only comic way to resolve comute n ut iomu c u mip l e te ly .  ar id  t i i l i t  I s

l’roiiu cenm t r . I f  i,cd commtro l .  h ’hme cen t ra l ized  control does riot Itave to be
p a r t i c u l a r l y  e laborate .  In i tm a rmy  tu t  t i me  smal ler  sy s temmis  it is imot l u  i m i g more
t h amm a ro um imd—ro i ui m m t es t—do—tes t—do—tes t—do.  In t h i s  sy steni , of course , it
V~ oum l d pr ohahi~ be more c o t implex  t h an t h m a t .  Nevert imeless . at some ce im t ral
poin t in time en t i re  sy s tem a system control m muust  e x i s t .  All l i c t iv i ~’j  call be
cn um tro l l ed  in theor fro n mu t i - m at  sinugie po in t .  Th ere is r io con ten t ion  dead-
lock, When t h at syste mi m requ ests or de itu ands s om u m e tt t immg,  all oth er par ts  t h at
t h a t  e erute r  comu mm na n ids or directs  nu must  comply . using time hig hest -pr ior i t y
s t n m c t u r e .  Thik is time on ly way t h at con flict of equ ipment  can he resolved ,
‘fime only kni ownm rime thod of comu ip le te comm tlic t resolution exis ts  wIn cm i t ime
comn i am u d contro l  s t r u c t u r e  of time syste nu m is a tree (a s t ructure  i n wh i ch  t l mere
are mu o c~ des ) .  ‘[his is acco ni mp h is h ie d o imhy if such a tree exists and there is
sin ~ le po in t  of control ,  However , if such a ccm tra i  point of control  ex i s ~s .
time rel iabi l i ty of the system can he degraded if something sh ould happen to
t h a t  ceiitr lil  control.  There fore , the  systeun must  have secondary or alt e rum l i-
t ive s y s t e m  control centers that  can he act ivated if the first  sy ste m im fails  to
respond to sonic pa r t icu l a r  interrogation.  In essence , t h e to ta l  s~ stem sh ou ld
he constructed in sm ,m c im a manner tha t  army node of signi f ica n t si/c mu s t . m m
itsel f , he an a l ternat ive  s~ ste nm m control center f ’or a su mb gr ot mp of c o n n m u u n i i c a —
tu on m nodes. Wh i en we break tip a control tree by rennovinig the highest- l evel
m uode , a mmu ni ber  of trees are left , each luaving a h i g hes t-level node. i t  t he re
is still connectivity betwee n time nodes between two diffemnt  trees of ’ com’i tro i .
time n m sonrm e type  of imi crarchy n mu ist  exist  to en suure tha t  omme of time u ew
control  tree Im eads wi l l  be con flgured as if it were time h ead of t ime  ~ hole tre ’ ,
Alternate control centers would t i me mm exist. Th is way , thue total  cu mm fl ict
resolution system would cont inue  to ex is t .  Therefore . one of time f ’unc t io m m s
of the control systemmu is to en sure tha t  som e co m mtent iouu r e soh t mtion s t r u c t u r e
would take over if  tIme pr i lu m ary cotitrol center  were r emmmoved.
The sy s te n im nmm i s t  m m u a m n t a i m t  a sy s tem control cem i ter ,  Time control e e i mfer  mi - must
contain enough knowledge to ensure t l ma t  it can properly control the ac t i v i -
ties of time rem ru a i r ’m i ni g control syste m .

k [he  syste m con trol m m m u i s t  h ave sort -me cap abi l i ty  of co n im niun ic at  j u g  w I t  Ii I l i e
operato rs of time sys tem.  ‘l ’h iere t’ore , a display of the s y s t em u m s t a t u s  to the
ope r ator I s required. I’h e operator sub system u i , of course, may in t e rp re t  arm
ex i s t i ng  s t a tu s  s t r u i c t i m r e  f ’or time operator , but t n ’.,ve rtiue les s a uh i sp la~ must  he
provided.

I ’hi ere mm u ui s t  lIe a c t i v i t i e s  ho m um a i n i t a i m i  f lue  sys femm m imm f ’or ii ia tio mt arid ii si r ibu e
it in s tm ctm a t u t lm nner  t h at control is ef ’f’ec tive.

in. Orte of ’ t ime I ’u mic t io n s  of sy s te i mm c o mmt rol is t ime dist  r i h ut  ion of keys.
n. One of the f ’u ru e t  ions of ’ s y s t e m u m  c orm t rol is to mi m ain f a in  sec umr i f  y l i l m d int tegrif  ~

lime i ) rmn ci p ah p r oh hemm m is ho lum l ike  sure t i u a t  no knowied ge of time s y s f e n m i  c a mm
he capture d and,  t h u s , co i tmprom i.se the  em i t i re  sy stemum. ‘[hat ca lm be :mssured
on ly ml som e i m w c h a m i i s m m t  cx i sh S fo r  det ec t ing  w l me um a m m o he is 110 longer per-
io rm ing  In accord ammce w i t h  t ime  r eq u i re i m m ent s  of t im e security amid / or i m m t c g r i t y
of the system.
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Time basic idea of ’ system control is thuat  control  is d is t r ibuted .  There is
proces sing capab i l i ty  at each major node . I deal ly ,  t ime sy stem woum id do the  processing
at each of time node s to enm su r c that  time system provided appropriate op t imiza t ion .  If a
solut ion cant be t ouimd t h at is h immear  in its da ta  proce ssing r e ( h u i r e n m u e n t s . t hen  ti - m e a d d i t i o n
of a new node to time sys tem - mu does m u ot increase the proces sing load of ’ the  nodes already
mmu t Ime s~ stem m m. ‘I’ime desire to h ave such a so lut i o nm does not immake suuch a solut ion ex i s t .
i t  a l inear so lut iomi does not ex ist , then other solution s must he sought. A hog— l inear
so lu t ion  is desired if a l inear  solution does not exis t .  I f  a log—linear solution does not
e x i s t ,  then an mu 2 solution is needed. An n 3 solut ion is unworkable except in a very
stm m ai l  sys tem.  An n 2 solution exists for the transportation problem. Whether ti -me trans-
portat ionu problem arc lutype can be made to fix system opt imiza t ion  is not known at
th u s t ime.

Backing away from thue centralized picture of ’ ti u e system , t u e  prohlen ha s t ’e~I-
tures t h at resemble the Koop man ’s Welfare Economy: ie , a fixed set of assets to he used
to t h eir n t ax imu m usefulness. The welt ’are eco n uo mny problem has an a t t rac t ive  so l t i f i om u
space , in t h at glott al opt i m ization can be ac hui e~ed by local opt imm u iza t ion  once a set of
prices has been establish ed. Time set t ing of the prices is a global problem , however. If a
nmod el  can he established tha t  allows for de m ern t i nu ing  prices on a distr ibuted ha s is , or it
prices do muof ch an ge rapidly wi t h  ti -me detailed u se  of the system , then a part ial  sol u ti om i
ii ia ~ ex i s t  for time opt i m ization of the system.

These questions have to he addressed more care fully to deter mni ume wimether a
workab l e  solution can be found. Opt im u mizat iomu is a global property. We must eomusider
time total  system in the opt imizat ion disc iussiont. At a n y  ins tan t , time systenu is in a desig-
nated state and each of the e qumip m emuts  in time entire system is set to a particular setting.
Also, at tha t  im ustant , a set of users has active req u ests  to he satisfied. Based on the  state
of the system, t u e  envi rom u ment , the positionu of time muodes . amud t ime con utuect ivi ty  of time
s~ st ern , a bet ter  opt im m m t mumm m a y  he possible. ‘rIme set of user requests. together w i t h  time
nt ew desired state of the sy ste n im . will  prod uu ce a value  to nmm l mk e changes to time sy s teum u .
Front time s tate of ’ t ime syste imi. amid requested serv ices and potemit ia ls . a prograni of c hm amt ge
c. imm he devised to make an improvement .  These ch uamm g es are t l ue m m carried out to acconmu-
p h ishu time desired results ,

Time problem with’ , th is  scenario is t i ta t  it a ssu nmies t h at sonic overheing exists wi th
t ime  appropriate knowledge to formulate time require d set of cim aum ges to acc omm’ i p l is lm t ime
desired goal. This overheing is the system i t se l f ’. and ,  fu r the r , time kr mow he dge for  mz i k i mm g
time ch anges is distr ibuted.  We could conceive of a plan whmere hy all knowledge is conu-
nmmum i  le afed to time appropriate nodes . Suchm a nue c hua n i sm n  wo t mid be t tmmw i eh d y amid slow and

~ could presumab ly generate great er overh ead t h1m mm some othei ’ m efhmo d s  of ’ d i s t r i h u t im mg
~ont ro h .  Fur ther , sortie oper at ioumal  scenarios will  r iot permit com m mm u ’ , u m ui catio m u im m bot h
du r eL t io ns .

\(
l i m e  num eth o d of ’ conn ec t ing  n odes wi t h  t ime c omnn m um m m ieaf i omms wi l l  be th roug h

spelled n am iu c s.  Qu ahi  h ’ie rs wil l  he used to cx p1 imid aitd iOu t rac t  t’r a mm me s of re t’e rc m mc c.
If no orderwire is taken , th memm u seful c o m u u m m m u m m i c a t m o m m  is l t o t  a ccom im pi is h med.
if  al l t ime  di m l mmi mm eh capacity is used f ’or orderwire . no u ms el ’u h c o m m m m m m u l m i c l m t  ion is

acconmph i siu ed.
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if a comnmun ic a t  ior m pat  t e rn  is e s t ab l i s h ed amid r io orderwir e c l i pan i h i t  v is presem l I
t ime I o h l owin ig  is t rime :

a. I t  Is riot a d a p t m v e  t o  n e w  re qu i ret u m en i  t s,

b. Na ture  and time enu em im ~ w i l l  cause ser~ ice to de te r io ra t e .

‘Flue p r nnie l ! ’ e of use is s t a t ed  j s  t’ol lows :
l i m e  expected s . i lue of ’ t u e  use of t ime  coin n m u i m m i c a t  ion derived fro m t ime e x e c u i t i o m u

of t ime  ordcr s~ ire c o n u u i m u u n i c a t i o n m  e\c eeds  t ime  e x p e L l e d  “cost ” of time ordcrwire.
in ;  t h is ‘‘

~ ml t ie is a cr i ter ion which  is con tp acted  in termi i s  of bits tr a m smit ted and
d e n s  i’d fromim u s e r  ~‘value ’’ ju m dg m ’nen i s . (‘ost is the  value  placed on the d at a  h i t s  t h a t  could
iu a s c beem u t r a n i s i m m i t t e d  if  f l ue  orderwire  had not been t r amusmi t t ed .

If  the  orderwire had riot  \ et es tab l isbued a c o m m u n i c a t i o n  l ink .  t h meim the value  of
the bm ts could h a t  e hee nm lent . whcr e ;ms the  value derived from t i me orderwire is cer ta i n  t~
l u l iv e  sotmte posit ive va lue ,  i ’he rc f ’ore , t r de r ss  ire wil l  d e h n i t e ly  imave sonic posit is e
and sh ould he execu t ed .

I n a c o m i m m u t t m m u c a t i o m i  s~ ste in  t h u . t t  ceases to t’u m n m c t i o n . am - m y act iomu . r io m a t t e r  how
st mm a hl . is b e t t e r  t li a mm no ac t io n .

R an idom im processes w i l l  p r o h a h l ~ be j i require d part  of time system ’s hehav ior .
[)che m u l l  st ii . rules wi l l  gemuera l l y  p r  d u ice deadlocks  ami u i i rme fleet Lua l a dap t a t i o n .

Value to time act ion of ti - me orderss ire ou u fs ide  the  s t r ic t  value of the user can be ne ga I se
if it is possible for the syst em mu to fail by act ions of the  orderwire communicat ions.

The value of sys te m knowledge is t ’in i t e .  T u e  integrated value of the knowl edge can he
de te rn t u in ed , in comuc ept at least,  b~ con sidering time improvemnent  in time overa ll  t r a n s n m i f  ted
value if ’ the  kmuow ledge were ava i l ab l e  ss abse n t The value of t ime u se r knowledge is general ly
indica ted  by the  priori ty of the  t r a n sm i s . s i o nu ,  i lowever , other f iner  shades of value  can also
he considered , For mnm stamuce , iii blocked t ransmiss ion , ti - me value associated w i t h  n h- me la ter  h i t s
is larger t i man t ime va lue  of time f ’Ir s t h i t s . This Is derived f ’ro nu u the ge imeral commcept t h at if ’ a
block is in i te r u mpted in  i t s  t r a n sm ission, t ime t ’irst part of time block s~ i l l  have to he re t r a n s m i t t e d
to get the data  across , Thus , the value ot ’ t ime la te r  bi ts  of t ime  b lock af ter  n h i t s  i~ nP ( B — n i ,
where B is time muu unm h er  ot h i t s  i n t h e  block amid P is the  value per hit  at t h i s  pr i or it~ , (‘ on-
sider bi t  v a l u e s  s~ i t  hi a p r io r i t y  sch eme. 1 m m t i m e for nmi u ui a t i o n m , bothu val u e anud cost are expresse d
in t er i t i s  of the  same q u m a n t n t i e s  amid a balan ce can he considered. in the theore t ica l  sense , it
appears t h a t  value an d cost cam t he re la ted to money in terms of dollars per h i t .  Bui t t ime re-
i a t n o m m s h i p  is elusive in the sense tha t  i t  is derived from -m i t ime t a c t i c a l  values ot dollars per ac t io n ,
f l ums  n v p e  of re la t ion is not ava i lab le to the  communica t ion  systenu maimager n ent  arid , there-
fore , does not serv e as a uusef ’u i mm ue: isur e .  However , it is s t i l l  desii ’able to have a u n mif ’orm mi nmmeas-
t ire of I Im e a lu e  oh t i m e hi is wi t  h m i m m  i lie sy s tem.

3. 1.1.2 l m i t e r a c t i o m m  of S~ s ie nn i  Nodes , him order to u mmd e r s ta nm d orderw ire
m t t . m n m a g c  I t  l ent . i i  is necessar~ f ~t e \ , inu i n c  t lie t l eci s i omms ~ IsSi He at ai my givemm node. (‘ert aiim
f a c t o rs mumus t  he considered. i ’ i rs t .  use rs place req u ests in to  time s \ s fe i m i  imu a s toc l ia s t  ic

i u i a m m m m e r  at a p a r t i cu l a r  node , ~ .it tire amid t Ime  emme my can place obstacles to time u t  i h i t a t iomm
of aim a1reaul~ cst ; mbi m s hm ed arc , or open i mp t i m e  n mmedia  to permni t  t ime creation of n mew arcs.
(‘o i t i m~~mnd coumiro l si r u i c t  tire cant change thmro ugh  cor tmm mta nd  in i t i a t i v e  or t lmr ou igh m e n e m m uy

m i t  mo nm. F i u mal l y. e q u i p u t m i ’ m m  t s ca u m ce .isc IL ) operate properly. l ’lie sc factors can be con—
s m t hi ’r ed inputs to time s~ s tem si n mc c they are riot t inder  direct control am -m d no decisi otm
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s t ruc tu re  w i t h i n  t ime system a ffects t lue m . With tim e f u r e g  ur ug rim u mmind . deci s it ns at a
given tiode can be coumsidered.

Some of t ime de c isiomms co mm act onus th at must  he n i i a dc . l re

l ime re imm ov a l of um sers from im arcs
ilue readju stm eu mt of traff i c h o w  over arcs
‘l’he can ice l la t ion of users
Tim e ch ange of user pr iori t ~
Time ch an ge of equ ipnten t
Time eh im i uinat iomm of arcs
Time alteration of arc ut i h iz a t io m ’m
Th e t’ormuiat ion of new arcs

Other decisions that  can he mumad e are :

What data siuould be trans nmi it ted regarding ownsystenu structure ’?
What nm-messages or info rnmitioru shmou ld be store d and forwarded at a later
time ’?
Whmat mmiessages whould be forwarded innmmmedi  at ely ’?
Should paths continue or he altered?
What is the general striuctur e of a new arc compo~ition ’?

Consider the decisions associated with a single arc . The node can mi -make decisioums
as to:

Which user data siuou id be c h a u m m me l ed th rough (lie arc
Whet h er time arc simo uUj co m mtimm u ie to exist
Wh at degre e of error control shotu ld he placed upon the arc
Whether  infornm ation can be of amu orderwire nature or mmm u st he trans m itted
over this  particular arc

It may he possible to create a grap h iii which each vertex is associated with ’ ,  one
of the elements  f ’or which decisions u mmust he m u made arid further to gemmerate a pricing amid
paY s t ruc ture  for the opt i u mmi z a t ion  of time network.

(‘onsider a par t icul ar  vertex of such a graph. Th is vertex represents the u t i h i ia t i om ’,
of a comnmun i cat ion arc. Time graph represents time exchange of services for a token.
When ii service is perfor ummed . a mmdc pays ior time service to other vertices of time gra p im.
In e f f e c t , a token of appropriate value is t ra m i st ’erre d if a comum nuuu nicat io m m arc util izes a
p~m r t i c u I a r  piece of e qu ip m mmenmt .  ( Jsmn m g timese ps eudo prices amid i n mco u m me . time system im ev al —
t i a t e s .. for instance , time ef fectiveness of arcs.

‘(h is analysis is based on Koo pn ua m ms ’ a c t i v i t y  anm a lysis  f ’or eco mmo nmmie considerati omi s
( ref I ). In th i s  s tudy ,  lie simows t h at eveum imm a mmo mml in e a r  sy ste m mm there is a way to iou —
sidc r a pricing s t ruc ture  aumd t lmer e by separate dci ’ i smo mm mum a ki n i g  reg ardimug otme part of t Ime
s y st em  wi th  respect to time ot l mer parts  of f lue  sys t e u mu .  ‘ i ’ iu is t echnique p r o mmmm sc s to have

Ktiop mu m an s . I hrcc I ’.ssays on time Stafc oh Fc’o mmomm u ic Scii ’rm c c , Mc( ;r aw ~h i m l h . N cs~ York . New York , l~ 57 .
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app h ica l iou m f’or d e te rnmi n m i mu g  t ime s ; i l u m e  of ares arid wh e t h e r  I h e~ should conti n ue I i  up e r—
;m t e or it ew lines s iuo u hd be created to provide t ime  service. ftc i m i f e n  t is to t ’r agn in i ’n n  t he
opti m m mi / , a t i o mi  t e c i mimi t h ue  to tIme poin t  t mat  it cart he ef ’t ’ect ively i m p l e n u u e n i  f ed via lo cal
decisiom u u m u a k i n u g  si m e t  lures .

\\ het  h e r  t he k o o p m u i a n s  t e e l u n u i t l  u ie ns adequate  ( ‘or conm ’mn iunications op t imiza tmomi  is
r iot clear. It  dues have de f i u mi f e  c h m , I r a c t  en i s t  ics t h at are appropr ia te  f’or a c o n i m u m i m i L  at ions
~~ st (‘ ni l . ‘l i i i ’ pr im u c ipa l  comic is t ime a h i l i  t \ to decentra l i z e  decision mi m ak ing  so t h at it  is
t u ni r re c e s sa rv  to hmav e Ii si n gle point  n uak i nu g  all time decisions for al l  move m ents  of ihata  i i i

t ime sv stc mlu .  I n is t e ad.  a pricing sI ruc t  u nre  is set ump to nuake opt i n muu mn mm L it i h i t a t  ion of t i m e
s~ s te l t i  w i i i c i t  is sel l  — o r g a m u u t u n g  in ’ , t I m e  sense t h at prices ch amu ge wi th  demm’ m am’ m d and av~i il a—
hi hi t ~ oI i tem s of co umui m ut mimi ca t i omi  e qu ip n i e n mt  . Wh ile time tech mn iq u e offers rewards im ’i
s\ stei n u p t i u t m u z a t i o t i  . t ime problem m ust he exa nmi n ued m m  more deta i l  before it w i l l  be
kniowm i s~ l ie t i u er  t ime t ec iun iq t i e  Is  appropr i a te  f ’or t ime  o p t i u m u i t a t i o r m  of 1t i’onu t rol s~ stem.

3. 1.4.3 A t — N o d e  Ba l am i cim ig .  A n u mber of ’ use rs. each w ; i i i t i mi g  a part icu l ; i r  serv ice.
lire co rm u pet i uug f ’or a fixed number  of chanm i els.  in addit iomu . time s~ stem p rovide s a
m e cha nu isnu m (‘or storage tha t  som uuc users sv i ll tolerate a short period of ’ del ay before
service is require d.

Ass um iu c somu me value has bee n ;issign ed to a n y  u s er / chm ~m nmnu e h  e o nm th i mm at io n  w i t l u
highest value for time sh ortest path  arid proportiom ia l ly lower values t’or longer pa t h s. f lue
method by wh ich values are assigned is still  an opemm questiomu amid will  he disc u ssed la ter.

As an approach to allocation con sider time comm ’i m ui r t ica t io n sy stem as a K oo p nuia m u ’s
economy (sometimes called a welfare ec onio nmmy ) wh ere iii ti - me pro hl e m mm re qun ires o p t i r m u u m n u
allocation of a fixed set of ’ assets. \\ i t i m  t h is approach , a set of ’ values camu per h aps he
de rived am id the emuti re  sS ste lui o p t inumi z ed  h~ time collection of op t i miz a t i on s  for each
node.

I achi u s e r  requires a cert a im i c . i p a h i h i t y  to service h i s  needs. bu t  each c h m a n ne t  h a s
h inmited  capaci t y .  ‘[he user does not want  his data  cimopped imp. hut  imm special c,Ise s t h is
uima ~ he desirable. Pen alt ies can be seen h~ co u ms i der m mmg time resul ts  of i m m u l t i p le ,Ir es Or
ch ma rm imels  heimug establishe d to serv e a par t ic u lar user. ‘l’wo penalt ies  ,ire paid. ‘I ’hm e fi rst
pe na l ty  is t h a t  orderw ires are lmec ess ar \  to e s t l mh hi s h m time i m i t i l t ip l e  arcs or c hi amtm m ehs  to
re con sh ruct t ime d a ta  at  I lie receuv in i g end , anmd t h is peum al ty n mu a y he su b s t a n t i a l  . ‘l’h i e
sectin id pe na l t y  is time rmsk t h at t ime tw o  parts of ti - me da ta  uio miot arrive s in imtmh t anmeot i s i ~
wutim time re q uiremm uemit  (or It mne c i mam m i s i m m to  re commst ruct time da ta .  Because of t I ne  p e n m a l t i . ’s
inu i , u h s e u h ,  ti uis d i sc u ssmui i  wi l l  , i s s i l i i i & ’ t h a t  t l te  tec h nique of chmop ping t ip  mi ser t l a n . i  w i l l  lot
be used.

n t i s  restrict ion i i m i m i f s  t ime p roh le i mu hut  does h o t  ret imove i t .  Now users anid in
sonic cases n m u u l t i p l e  t i ser s c a m m be a ssigmued to c i m a m un me l s  or :mr es . Arcs c ; mii  he s t i b d i v i L f i ’d
in to  nm u u l t ip l e  c i t aum n e l s . AIlocl I t  io m m eve uu t inder  time s i m iip h i fyi u mg restri ct io n s is com p licated.
In sortie cases . t r a c t iommal  users ;ire not p e r i m m i t t e d . so users m mm t ms l  he stacked j im sIl L~h I Ii
m an n e r  as to op t i u tm iz e  s1’rv mic

‘lime opt u m I mi / a t  ion pr o blei tu  mmtus t  ;m ls o be coumsidered t om two cases, l i m e  f ’ir st ease
r equi res the s t a r t— t ip  s i t  i i . i t  i t  t im w i t h m  r io ex is t ing  so lu tiomm sf r t ie t t i r e . ‘ l i m e  secomid . I s s l i n i m e s
t ime syst i’mn h~s bee n t> ~) ( ’ m , . t m m ) g l it  Itmu o p h m m m u u m n , h ui f a cha n ge iuas i’m’e~itet h a muom t op t iu iua l
soluti On . Allocat ion m mll i s t  he . ‘~i m is ted  to ret ur u m t he  syste u m u to o p t i i t m a i .

Ano the r  ;m sp . ’ i’t of the  ; i i lo ~’at io mm p ro hl em t u t i t a t  i im nm st  be comms idcred is t ime qu me s ti ou u
of imys (cr e si s . t im is addresses t i m e  h . i c f  of a chu ~mnm g e iii  c imam u mm e l costs ( re duct i omm i ll th e
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. i s smgm ’ied j it ie s I heca u ise ti - me c h ma umni e l  must  m u d  ude time orderwire funct ion .  For a chm l m ng e
to h , , ve a net i u u ’rease iii v a lue , if nm u s t  cause an increase of ’ mu m o re fh ia mm t he  i~~ss eli te to
u s m ng flue ’ charm much t’or time oru ierwire.

Ahl o ca t io nm mu uum s t  also be able to consider a stor e ’’and—f orward n i mec im a mu i s n im  . ‘F lue
user m um a ~ he able to tolerate a decrease in thro u gh put  if data  are bu ffered t h rough sucim a
n mec ha rui sn u . hu t  changes j ut assigned values must  reflect these s~ stern changes. For
e x . m i i m p le. a us e r  n u ma he co ru ti u ug iii wit h data. at 2400 baud , hut  the ou i i~ channel  avail—
.mhl e (‘or t r an snmi t t in i g  forward is I ~00 baud. Ah locatiomu procedu ires must  corusider assign-
m u g  values  to sto re-arud— l orward at t h ue sanue rate and at a reduced rate.

hi order to effec t ive ly  elet erum i in e whether  a partic u lar configurat ion is op t i n mmun .
a m ethodology is iueeded t i mat  shuows wh en arm opt im i ma l  solution is obtained.  ~1arm y of time
techni ques t imat  can he easily i m p lemented cannot compare different opt imal  solutions
one against t u e  other. Assig nm nu ent of ’ a hi gh -valued user to an arc may lock out two
lesser optin al solutions wh ose co mn h imue d service would hmave a value exceedimug tim e value
of time service to time comic high-valued 115cr because thuis  user takes too m u mc im ch ma niu e l  or
arc. A umuethodo lo gy is required wimic i m mu -moves fro n mu a suhopti rmm a l to amu opt imal  solu tion
in a snmu oot im and con isistemu t f’as h miomu . It  is desired th at the solution approac h opti mu mumnu
mouuoton ’i ica hl y.

3. I .4.4 Start-up Proceduires. ‘Flu e following outline presents ti -me steps to be
followed in start- map.

1.0 Note t i mat th ere are only two ways to start up:
1.1 Through a magnetic tape or disk pack (Fixed common procedures )
1.2 Tiuro u ghu a ph y sically secure wire line

Time operator must select w it ic h m m u met h od will be ums ed.
2.0 At time node. omm l y omue ciuanume l is open: all oth ers are dead. For t h is ouue

channel:
2. 1 A fixed lamugu age structure exists
2 .2 Knowledge of out-hoard e q u ipmuuerut  is emumbedded
2.3 Variou s “exp er ts” are available
2.4 No knowledge of world or local com i mm u mummmieatiouu is available except f ’or

ti -me omme c l m au t n e l
2.5 Single c i m lm i uu ue l is omue— w ay on ly (necessary by tape or disk operation )

3.0 Data kntow le dge emutered imuto t ime new imode:
3. 1 1)ata for crypto to key variable
3.2 Storage t’or cry pto
3.3 Nece ssan spe c iticatiorm of par an mueter s and procedura l in fo r nmua t ioru  to

e st ah ) his h a t r ~m u m s m u u i f t c d  signal to a v i r t u a l  receiver soimm ewimere.  l u c r e
m u m a y be seve ral Options . In t ime wire line e ase’ t ime  p ar eu mt node uum ak es
a special % m i t  um ~i l are for time operi ut molt.  I i i  t i m e  f ’ixed disk or m m m a g m m e t i c
tape , several options wi l l  he coum sid ere d .

3.4 Nec ess ,mr~ sp ec i l ica tuomus  to e s t ab h i s im a v i r f t m a l  receive arc or arcs
3.5 ‘lime mmew umo de mumommitors  for  a t m i u i qu e  receive f ’or itself ’ w i t h  t ime original

u n  mi u i t  ly e l~m u mgtma g e .
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3. n ‘fl -me wire or tape Is ac cep t e d  t’u r t l n e r  to give as nm u i chm of the  world
mimo de ts as prac t ica l .  Whm eum t ape  is c o i i i p l etc ’I\ read correc t l y  . i t is
e’r :isett , Wire l i n e  e’On t in i  u l es w i t  it ex c l t lmni g es  u i m i t i l  i i i anu ua l i y  in t e r rup te d .

3 . Wimem ’m a r ece’I\e comunec l i o n u  is foumi d , t h e  i le ’W mmo ele a t t e m p t s  to sol ic i t
atm ack nmo w leelg e ch unu mme l  f u r  i ts  tr an u smiS si o il  at t e n m pt s  by t ra i l s i  u t  t i n m g
appropriate  in format  ion .

3. ~ When a h i m ik  has beem ,u f ’u l l v  e stab l isimed. a d ia log is  set up to t e ’ st amid
opt i r mu i z e  bot h arcs ol t ime  l i nk .

3, L) Systenu tel ls  operator  of conup i e t ion  of one ’ l i nk ,
3. 10 N ew n ode sy s tem act i~ ates a searchu (‘or m n , m x i n m a l  spread of co i mm i ec t iomi

space (using one l ink .
3, I I Time users of ti - me c o : n n n u n i c a t i o n i  sy s te mmi  n m ua y begin using time ’ s~ s t e l m i  at

this po l iut. but thC s\ st e’iui ~v ilh  give itse l I a it ig h priori I ~ f’or se c oi iu l l i r ~
i n f o r m a t i o n ,

3. 1 2 Af te r  several co nm ec’ tron s  lire mm i ade , ti -me n iew rmode call s a I a iug i i a i ~e c om n l —
pressor f ’u n mctn o m i  wh ie l t  tr ies to op t inmize  niani mes an -md sy i i  t a x e s  to re’( t t mc e
orderwmre overh ead:  ie , s t abi l ize  a no rmal language.

3, I 3 At [h is poi n t , the  ~ ire ’ lit - me cart be discomirtected w i t i m o u f  too r u m u i c h i  dis ’
adva n t age . It is d esire d tI’iat  the wire  line be ru u a i n t 1u inee i  u n t i l  t u e  101:11
knowledge base or s\ s te n mi i ni t’o rnua f i o n  of t ime  p arent  node is commip le t e l ~
tran m sferred to the new nodes.

3. 14 The new sys tem sen ds req ume st  to a coordinator node (‘or pr ice-cost  v , m l u i e
it should use in u t i l i , . a t ion  of i t s  system.

3. I S  The new sys t en m se m md s a ree huest for inf ’or nma t io n u  0mm i ts  p ’.rt in f l ue  corn-
mand line.

3, I ( The muew sysfe mm u begin s to ac t iva te  its “expe rt ’’ s~ ste u t i s  such ,is h f  s~.’ . i t h m e r
ami d satel l i te  po si t io m ms .

3. 17 ‘[hue new sy steni  sends i t s  a v a i l a b i l i t y  s tate to time e nmt i r e  i’ o r u u r t u u n m i c a l i o n
system for d i rect ion up ei a tes .

4. 1) At t i t u s  p oimi l .  t i m e ’ m uew n o d e’ Is e sse ii t ia hl y not sigumi t t canu t lv  d i f f ’ere mm t f rom any
a ny otimer miodes w i t h m  respect to state if time new mmo d e imas a f ’uu r t lu e r  f ’u m m c t i o m i
to meet , it m u ma y begin e col lec t im u g the knowledge it needs to carry out  thu i s
funct ion.  It  m u m a y tueco ui me a c oord immat ing  node . for  iumsta t mee .

Op t imum solutions are not , m m  general , conti n uous functions of the values of time
cont ro lh i  r ig para m eters. To say t l mis  iii a no t  luer way, if ’ an o p t i n m m u u m m  solution is f ’ou nmeI t’or a
gi~en set of pa r a mete rs, and it ’ one of those para meters is altered by a very snma ll amount , a
r mew o p t i m u m  solut ion may be a con siderable distance from the  original opt imu umm solution.
I h o w e v e r ,  in real syst e ’um ms t o m w h m i c l u  i t  cost s ho e lmange (‘rormi one s o lu f iomm t o I m u mot h er .  such
.IS t h e  r e q u m r e m n l ’nt for r eallocation hU t ch re r o t i t i m t g  orderw ire ’ , it is riot always ItdV ltmttage ous
to un~ike the ci r anmg e , Ma n y fi iu mes , t ime firs t so lu t ion is st i l l  h ear  o p h i m n i u m u t  ammd f lue :md ~ , iiu —
t~mg e of t i me ’ n e w  solt i l iomi iS s i t i a l l ,  Im i t h is case’ , t ime cost change can ot mtw e i gi m th e ;id~’ ,i nt . i ~e’
th at  might  he gained.

If the opt ima h i ty  space (feasih i~ity region ) mx convex, then iuu cr ementa l  chan ges to lime
new optimum on a va lu e—g ai um ed basis ~s i l l  provide a sm o ofh m tra nmsi t ionm f ’rom one solution to
thme ncxt , with l i t t le  cost disa dv amut ag e . II ’ lime region is not conve x . t im en all the cimanuges ni -may
have  to he ru -made at onmc c. l i t  t h i s  sit  uaf i o um ,  ‘‘ t i t na s hm i n m g ’’ mu m : ’ y occur to generate’ a loss equ al
to or greater than time benefit tha t mm uigh t t  he g h mi u med.  1mm such a s i tuat ion , care unust he exer-
cised to ensur e that the new solution is stab le.
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Another pro b l enu ~ i thu  time consideration of optimal solu u t ion s is tha t  the para-
nueter s do muot in gen eral change continuously, but in discreet steps. For example , a
user requests a service , ,mn arc becommmes j anmm ed . a user gives up a c l m aum ne l . or an ionosp h er ic
layer u s s tab i l ized ,  I ) epe n ud m rm g on time point of view , these nuay he sn muah l ch anges or large
changes. ‘[lie d i sa e iv aninae e  wh ich results when a use r gives up a c h uam un me l  and lime sy stem
clues h o t  take advantage of ’ it is time value ot that  chm auu m ue l .  On time other  lu anm d . if time
syst e rmu does umot r esponud n o a user req u mes t , time effect nmay he ca tas t rophic  to time use r amid
time s~ stem . in time l a t t e r  .be . n move n mm ent  to a nmuore opt imm u al solution is mamud atory .

3 .1.4. 5 Quadra t ic  Adaptive Rout ing Algorithms. A technique tha t  appears to offer
improvement in tra ffic r outing is t h at of quadratic adaptive routing. In a recent artica l , C. E.
Agnew ’ of Stanford Un ivers i t y  contrasted the routing performance of ’ two sinuple models
m um a store-and-forward eoti ’i n mu nic a t io m ms ruetwork ,  Res umits simowed t imat  adaptive roumtim g.
which assign s mi - message ’s to c l u mi pu t  channels so as to minin uize the appare mu t mu -message delay,
im m du ces equi l ihr iu um m in t h e  ruetwork wh ich does not minimize the average message delay.
1 hu s , time aggregate of mn an % local opti nmization s does not yield a global o p t i m u m  because
adapt ive rout ing does not take umm to account time e ffect of its current decision on ti -me fut ture
state of time ne tw u r k ,  However , time form -mu of flue opt ima h ity conditiomu suggests tiuat a mod-
m f i cat i o u m of ti - me ada pti ~e .i l gori thurmu will result in optim ali ty.  Thi s mmmodif ieat ion woul d comu-
sist of a subst i tut ion of a quadrat ic  bias term instead of a linear one in t u e  routing table
maintained at each net~~ork node. Better routing strategies have to he developed.

3 .1.5 S U R V I V A B i L I T Y

3 .1 .5 . 1  Syste m Sur ~u v a b i h i t y .  Survival is dependent umpo mu several aspects of tIme
com iumun i cat ionu s~ stem. S~ st enuu parameters are those para uum et ers emmib ede l ed in t ime sy stem ’s
body of knowledge . TI -me bod~ of ’ knowledge contains descriptions of the ph ysical para-
mimeters of time e qu mi pn u e m l ts  and media w h mic i m are ti uu ue—dep e u m demut.  Time tint - me dep end enuc ~deals with the e s t ab l i sh men t  of specifi c equ ipmnent  settings in a certai um sequence , at a
predefuned time , as well hiS t I me gemm eral alloc ation of eq umipment assets at certain times to
estab lis im m edia p aths. This s~ stemmu knowledge is mach in e-resident. This mmmay he described
as system policy re la tm ~e to au tomat ic  syste m umuanage m ent.

Disti uuct t’rom m m f i um s  is knowledge re siden t iii a maim but  n ot  iii a im i ’ach ui mu e .  ‘I’ l mi s  im m a
be described in ter ui u s of a Im u mumua n policy u mmaker ’s decisioim reg~irdin g co um mim m an d com t tro i aspects
of system uti l iz a t io u m. Both s e t s  of knowledge, m u m acimine and I m u nmamu.  iumupact  upo iu sy s temmi
survivabi li ty.  Further.  v~ l m e t h u e r  kmt owledg e resides m u  a friend or a foe’ w i h l  also eruhar t c e  or
degrade syste m survival.

It us thu er e ’fore i m u . u i u j a n  or~ to establish s onume type of ’ figure of n i t e ’ri t h~ w hu ich i  a sy s—
tem um may h)c g naded ae’c’o r ehum m g to i t s  su rvival potent ia l .  ‘U mis  in tunum must be weighed against
basic system -mm l i m m u i t a t  lo tu s na t  t i ral  . generic , him - mel h uc t t m a l .  I here a u tat  unal  h i t u u i f  is one iuu mp o sed
l~ the Jaws of ph y sic s a generi c li m ~ i t us one iutipo sed by time class or i~u m m u i l v  of e q u i pmmu e m m I
amid arm actual  i imni t  is oute .ir isiuug whem i t r a n s i u m i t t e d  da ta  dif ’t’er I ’ro m tu received data .  To
obtain sonume in dic at io u m ~~ time tm magu ui tude  of tIme l i u m m i t s , it is umece ssar \ to det ”im ie t ime capac i ty
of ’ t i m e graph , the uuod es .mitel .mrc ~ . e I c , Fo r all numedi a ,  itS well as time eq t i i p mmmemmt  i i mv olv e ’t l at
any si~~ci1ic time.

‘ Agnew , (‘h , 0mm Quadratic Ad aptiv e Rouunig Al g oni t l u mn i s . (‘omn nm i u , mk’ am mom is of ’ ACM . v I ~~, n l , p  I
Ja n u ary 1976
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\‘Jf l Ot i s  uu te ’as ( ir e ’s of ’ suir s ’ m v a b m  I t t v  shou ld he ’ e xa n i i i n i ed .  I equipnmenf  perfo rmancedee r . i ct e s , t ime f igure of nu merit  should reflect t im e degradat i on ,  I e ’ q u i p m e n m t  t t ) t a l l y  f . m l s ,t h e ’ nuode migh t  t be con sidere d dehid , if coordi nation hetw ee n i mmoe l e s is lost , due ei ther  toenc nmm ~ ~ic t ion i  or to f~i , lure  of in t e rmma l  t im immg s t a tuda rds . etc. t Ime n -mode is dead . A policyim :s t  he p r onu mu i ga te d mu m order to reestab lish eonmumm m ut iu ic at io n u.  If an e n ue nu my destroy s ore.ipt ures a rmode , it mx dead, I f an enenmy j auuu s all med ia and co nulmut nic at i on can he res umn edt I m e ’ suir s ms ah mh u t ~ of a node n-may not be impaired . There fore , the va lue of ’ hi syst em ca n bee let e r u mitr ued b~ its quua l i ty  of service or the c r i t i ca l i t y  of time irm for nuua ti on.
Surs ’ms a l in con bat require s that  the u n it he ab le to receive intelligen ce and ordersor c e t u m m n t i a m u d s  fr om t ime co nu mm ande r .  Ti -mis requ ires ti - me ab i l i ty  to receive a nm e’ssagc from -micom umni u u ind.  Time current  command structure must exist i n essence in a single tree graph aridt he c’ om nm unu me a t io n u  systen must  know this  single tree grap hm to et ’fect ive ly accommodate . timec’Ofl mflua fl ei st ru ctur e ,
\mn ~ pos subl e ch anges to tim e conu n muan d tree need to be kno w n SO t h at n e ce sshu r \

~ ~u r u m t u u i n m ~,’,~ 10mm wi t iu re gar d to the  chh mnges can be arm t i c ipa tee l . An orderw i re nudist  he ccii ’erate ’d to up da te  time co mm mn mu h t umd tree ’s,
Stirs m c l i i  is depe n udemu t  on t imely  message dehic erv . Tim e value of a luiessage’ to su m-deca~ s w it h deliver y l ime  in some exponent ia l  fashuio nu , T l m i ms , the value for survival isere ,u tes t whefl t i me of de liv ery is sh ortes t:  ar id as t i r u e  passes to take action (‘or system - mi st ir-vus Ill , t Ime value becomes less and less.

3. I .t OPFRA ’!’OR iNrLRFA(’E

TI -me (bi howium g list covers stamudards for a l p l m an m uumn e r i e s  amid grap h ics :
. M u h i t a r y  Stam m el ard 188 , Appe n md n x F. Tah le 2. for A S C I I  am -m d OCRA etn rr emm t I ~h. M i l i t a r y  Standard 1472 f’or l I u n ua u u Eu mgineer ing (a lways)

c. Mil i tary  Staumd ard 454 for Saf ’et~ ( a lwa y s )

3. 1.7 SFRVI(’F S

l) eh iver ~ of Message. Delivery is time proces s of tra n sferring data fron m -m one users i t e ’ to anot iuer.  This t ramusf e r camu he co mm the basis of ’ a con t inu ou s  or near—co n m t inmn o t i s  typeof connection , as in ordinary speech : or it may he considere d to he discreet as m u  ut -messag edelivery . The princip al rea .sonm for existence of a co uu unuu umic at ion system is the delivery ot ’data ,U m ide r  time category of the delivery of ’ data , there are severa l types o(’delivery processes. First .tim e r e , us ( h u e specialized deliv ery for  which a receipt is r equired. A receipted system is onein c~. im ic i m thu ene ’ are two—w ay c o m uuhu i tmm mi e ’~,t i ou ms. I’ irs ! , t h e d a t a  ~ire’ t ram - ms (‘erred f ’roni i omme s i t e ’to a m m othe r :  t l men a mit essage is generate d at the re ceiving site ~m uu d I r a i ms i tmi t  ted back to imme h i—c i te ’ th at t h e  mnue ss, ig e ’ has been received , Time ~ deg ree 01’ mece ’i pt c ; iuu be re duced bc ee mm u s id e riu u gt h at t i r e  s~ st e ’rt i  wil l  enm sure t h a t  time message wil l  he delivered w i t l u o u t  ~m receip t: t h at is . t i meu ise ’n puts  i i i  a mn mes s a g e ’ a ime l h a s  an assuraumce t h m a t  t ime m i ue ’ssage will  be delivered. However . I medoc~ 1101 nec~z.s;iri Iy Imave to receive the receipt to kmtow f l m a t .  T l mi s is a poi umt -o f ’-entryr .i l huer fl u a rm a I ) O iflt —of ~de livery receipt system, Also , t imere is t im e general typ e of del ive rys~ s t e ’ i t i  in which the m m m e s sag e is put  ium to f lue syst e m armd t h ere is a concept t im a t  i t  prob abl ywill bt’ delivered ii it is a discrete ummessag e. I t mm -may he a “m m u m m h er  of times tried” type of ’
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s ’. sle ’ mm m. I lere th ’ic s~ stem - mm cc i l l  t ry to d el iver  flue ’ mu m e ssage not ri -more t l uamm mm ti ni’ mes. It will
I e mnuu immatc  a f t e r  U trues , or earl ier  i t  successful .  Wi t h  respect to et e l i s er . on time cont inuous
s~ stemmu s which,  like speech , are nuore or hess sel f-receiptimug. since they are generally full or
hhm l f - d u mp i ex . the xvs t enm essentially returns a signal by virtu mr e of a feedback link , for instance .
t h at te lls tIme se’nder ti - mat  he has got throug h . ‘l ’hm is is not a formal hu t  an informal delivery
sy s f t ’l t ) ,

Ti mn c hi i m es s  ot ’ l ) e h i s e r v ,  ‘rime secomud user value is t i nnehim - me s s~of d elivery ; for insta n ce .
delh1~ or blo ckage . w iu i c lue ver  is ni more approp ri ate.  Timel iness re fe rs to the time to deliver
t ime  mm -message. Sor tue  ru messages have to be delivere d in less t ime th an others . In ti -me case of
the blockage s t ruc ture ,  time blockage has to be renuoved prior to a certain point. T h e  time-
li mm es s  of deliver is tied very closely to delivery itself. If delivery t ime is i n f in i t e ,  of course ,
muo mne ssim ge is d eh ic ered.  Time concept of delivery require s thm a t  [lucre exist some timeliness.
imu t Ime case of time coum mm mmu n ica t ions  systemuu , we can suppose t h at there exists an absolute
delivery [mimic re h at i i u g  to the ph ysical co mnm m u munications :  t h at is . hi deliv ery in approxinma t e ly
a tm mo m mt ii .  Howes ci . th us is uu ot part icularly use fu l wh en n-most users require delivery in far
less than a uu uo nm t l m. First , we start out with delivery timmue s of hess titan a second. A second
category would he delive r y t i mumes in ti - me order of a second, of 5 seconds, of 10 seconds, of
30 seconds . of I rmmi um umte . of 5 nu i m m u tes . of 10 muu inutes , of I h mo u mr.  ot ’ 6 h ours , of I day, of
1 week , of I u n m o m mth .  h - ,ic lu of ’ t l uese teve ’ls puts a particular requirement on the systenm and
time system m um ust be commt ig ured to relate to eachm specified d eliv er til t -me requi re mmuent.  Ammot h uer
question relating to delivery times renuain s. Shall the delivers tin -me be the point at whic lu
the message hegi nu s to be delivered or the point at w i michu eieli ceu ’v is couuup leted ? Now , in
time case of comut imm u ou x  connections , ti -me concept of time t i n l ue  at sc hic im [hue nuessage imas arrived
has l i t t le  nuue aru i u mg.  The’ con cept of whu en the message imm i t ih d l v  s t a r t s  delivery is the criterion

whmic h must be used , since ti -me otimer has no uset ’ul mmueauuimu g . However , in the case of discrete
ui-message type s . or iii soumme types of m uetworki m mg. tIme immo i m m em u t  of e lel ivery is considered to
be t imely iuu re la t i omu to flue t i i t ue whu eiu ti -me mi-message is com iu plet e d j i m its delive ry.  muot to tIme
timmue it  starts. Th is implies relations h ips between timume h iutess and dur at ion.  For instance. t u e
duration of t ime ut -message ma~ he 5 r - mui nufes ,  1mm which case f l ue  t in ne ’l inm ess would imave to be
5 minutes or greater.  Th is structure of ’ wimat is meant b> t ime l ine s s  would h ave to be re-
solved in order to adequatel y  define time value to tIme user. hlocc ever , tIme resolutionu is more
of a semantic reso lutio m m tha u u systeumm cou cept reso lutiom m .

Data Rate of the Transmissi~ n , Th is is probabl y nu more corr ectly described as data
rate of imutake . since tIme data rate of tra n sm ission can be inide ’pe mmden t of ’ the data rate
of reception. h owever . t h e re are some relations h ips e x i s t immg im i t ime setuse t i m a t  time data
mate of ’ t raums ni uiss io uu m umust  i ii sorume way he greater t lu hm u m t ime e lh it a rate of reception of time
data. Time da ta  rate his seeum by time user is time pr imicipal user alue quant i t y .  Time data rate
cal m be varied. lii pre seutt Navy systems , for i iustammce. We’ n i ig iut comusi der da t a  rates on time
order of 50 baud. 75 X n baud , 16k baud , 50k baud , l OOk baud . NX lOOk baud , 5 mega-
baud , and lui gl mer.  i ’aclm of ’ t h ese rates puts a dif ’f er emmt meq uire t mu e m m t omm time system. Some
of the re q u i r e m m ueumts c annot  be met by any existing c o mm m m im uuu iea t i o nu syst c tmms . Whe mm the
user specifies a part ict u h ar  rate . wimeum ime emmter s  or is ori g iu ta hlv imit roe lut ced imuto the system .
the rate must he cou tipatibte wit i m the systenm. I t is possible t o con ceive of a systemmm mum
wh ich  time usc i’ ca im chi atug e his rate dy nia nut ica hl y .  This need h o t  he considered at this
numome n t. The point is that  the user of ’ the systenm has a part icular rate amid has to talk
wi th  the sy stenm to cimam ige t Imh u t mate. ‘rhis rate is ge imer a lly dictated by the equipumment .
suchm as a 75-baud eletype . for ium s fanc e .  1m m tIme case of 5-imm egab aud mates require d in certain
types of tra mms m is sion . delivery in a t im u mely  m anner throug im tiue electronic eom tm nm uumi c a-
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tm o mms system um is un h ike l~ e .\e ’ept for sh or t  d is tance s ,  ‘[h at m~my he adequa t e ’ i mi sonic cases . I t
r m i av th m I~e hi spe’el h ll p h y s i c a l  mi u e) s ’ e’ u i u e n u t  of da ta  to ac c on -mmnu’uocla te f Im o s e  miser s  I a n  r e c h u i i r e  V cr ~
hug h dat a  r at e’s. l ikewise , ti - me da ta  r~mte ’ im :i s great  imnpa ct  upo~i t i m e ’ s t o r e — a m i d — f  orsc ar c h re q ui re—
nm - meri t s  of t i m e s~ stern , if it iS a store—a m ue l-f ’orward type of va lue  as sociated w i t h  t h u d , users , t h u e m i ,
t’or h igh da ta  ra t  c’s . t ime ’ iommger t ime mn e ss zm g e ’ hin d t ime longer I lie de lh l% pc ’ r i im i  t t ed ,  mime  gr e .i te r  I lie
h i m m uou l i t  of storage c a p a b i l i t y  req cu re d in t Ime sy s tem,

Select iou of l ) c s t i n a t io n i  ari d Rou t i n ig .  I t  goes w i t h out s a y i m t g  t h u a t  . e \ce ’pt f o r  t i l e ’ s i r u mp h e —
omue —a rc s~ st etuu . the  user must hi av e t ime eap abi i i ty  of es t ab l i sh ing  s orm u e ’ se’lect io i i  OVc’i’ t i m e  e lest i n a-
[mon and possibl y over time ro t i t i l ug .  However , the  comice pt pres emmt e d l um t h is o r d e r w u r ~’ s t Tl ic ’tuire
is based omi the htS suniip ti on t h a t  t I m e  s~ stem will  ( leter ni m ine the r o u i t m m i g ,  r iot  t ime  umser .  i lowe c er ,
th ere is a second type of rou t in g wh ic h n mmust  be cons i d ere d . ‘l ’hmi s is t Ime selection of t h e ’ e l. ’ s ti n h m -
t i omm amid t i ie ~ se’iect ion of h tflV s i t e ’ copies  or ot h er addresses t ha t  ti - me da th i  sh ou ld co to i n m e l e p e n m —
d e n t l y  of , or in addi t ion to, the p r unil ars  dest ination.  Tlmis could be cai led secouudar’c’ r o u l i u - m g .
Secomu char v n o u t i u m g .  of cours e , is impor tan t  to time User and s luo ti le l  he considere d as t o ‘~V i ih i t

irm ipact i t  should h ave on time sys ne nm ’u . in p ar t icular  the c ommcept of c om ifer e ncin g m m  speech.
Here , we have the s m tu at ionm in cc hmic l i  the da ta  are t ramms n i i i t t ed  to ,m n u mber of u ser s :uni j  an y
one of the  users would also h ave i - m is data t ransmit ted to the others of t imat  group. Ti-mi s comu-
fe reumcimug ch i ph ih i lu ty  is a m u m u l t i r o u t i n g  f unc t ion , j i m whmic hm even time p ruhi mar y se’lect ee l d e s t i n a t ion
is nmot uised hu t  a gro u mp of e h e s t i m u a t i o i i s  is used. Now , time a imuo u u t t  of s t r u c t u i r e  asso ciated w i t h u
t ime se lect io n r out i iug is lange. ‘Flue st r u ic t  tires eam he design ate d i m m e h if ’fe re n mt cc :i~ s u i u t i l t i s t r u i c —
ture or simugje -de st i na t ion .  h o n  inu s ta n m ce.  a broadcast is a n m u u i t i s t n m c t u r e  f ’or wh ich t i - me e h es t im ua-
t ion is uu many—val u ted .  We can also con sue ler  tIme ’ din r memusion of seleet iorm a s s o c i a t e d  w i t h  hi local
e lc ’s t i n tat ior ’i : a dest inatiomm iii t ime local group : or a des t imua r io n i  m u  t ime  task force,  j i m t I m e  opera t io n
area , or in time world, l ach of th ncse ’ has tIme proh i emm i of ’ control o f i m m t’or nmia t io n m tl occ’ hi s eI:~ ta teeh
by the coni ti nan el com mtro l sy s tem.  For e’xam - m - m p l e, t ime ’ e’ommu m rm ane l  comitrol  s~ stemi i  iii hi ~ ’ d ie t  h i te  to
t im e  eo i t i m nu m u m ica t i on  sys tem t h at cer th t i tm d a f a  m iut is t  he restr icted imm d i s t r i b u t i o i m .  t h a t  hi ls u )  cc ou h d
h ave to be part of [hue sy s t e  mum concept .

Error Rate.  TI -me error rate e f ’ a utmessage is a n o t h e r  arehi in cv h ie lm t Ime  us er in i a \  wa iu t  to
e \e r t  sem ite control. Time s stem wil l  . u l t e r - m m p t  to deliver tIme message at  t ime best error rht te  . i c hi i ! -
able wi t iu tm i  t ime con s t ra in ts  of time o p er a t i uu ~ capabi l i t ies  of t ime sys tem.  Whe u m a user  specifies
aru error r at e , it  us assumed t h a t  t i - me use r is spe d (‘yi u m g tI me n m a x i n m t m m m m  error rate [ mat  Ii I s eq t mip—
m ume u ut or s~ ste I n car l toler ate . iii w h u i c h  case the svst e’nn umia y Itave to recom ’if ’igti re to en sui re  t i t h i t
t ime error rat e seen by ti -me user is hess t I t an that  d ictate d h~ ti - me user. Tiuer e is also [hue  corucep t
of dmf ’t ’e reuit  types of error. The s~ stem may have to consider h o w  to r eco nul i guir c .  f o r  i l t s t a u u e e ’.
to avoid ht m rst error~, Tim is iitvo lves providirm g some nm m et im o d of comm tro l over re’rc ’m u t i mug n iuc ’ssl mg es
t h at ~ire clobbered mmu t r h mmmsm is si o n ,  Another  p roble imu is t h at  t ime  sy stem l i m h u \  h o t  he ab le to
e le te n m u m uu me real error rate exact l~ t in t  oumly to es t iummafe  it ami d camu on ly  give t h e ’ user .u coumce l) t
for a u t i imi a t i on i  of the system wi t h  a probable error rate : ~umu d t ime systemm u uuh iy  i m o f kn o c~ timat  t he
cnn  in rate us i m u g h uer  or lower t luai i  t h at whic h time sys [e i t t  est imitated.  t h i s  is t I m e case cc i t l u  a svs—
te’ mu m wit  m e lt  h a s  to probe flue  cha u mu m e l s  i i i  order to d eter n m m iume aum e’rnor rate .  ‘Flue proh ’i i mig of
c uuir sc m u m t c ’m’ fere’s wi t h  time t r au msn u is s io u m i tself  amid thue re fore’ h a s  to be h imm m i ted  i l l  SO it i e ’ w:iv so
as nmot to t i pse I t lie cut t i re c’ Iihi um im e l ,  ‘I ’ht e ’ e rror rates t i ta t  co mi c carm co mtc ’ e’iVe of his beiimg re hm l i , a t m he
are I ‘ . onue error u t  1 000 , Olte il l 1 0000, co mic imm 100000 , one in a u m u i l h i o u i . Ouie’ iii 10 ru u i hhi o i i .
one in 100 u mm ul l i on , oume iti hi tho t i s a mm el  rmui h i i o rm ( b i l h ior t ) ,  arid oime iii 1( 1 b i l l ion.  i: lTor rates
b etter than co mic uu I 0 hi ll i onm cami tie a c i m ie’ved f lm ro ugl m A RQ te c lm rmi q ues . him f wi t im red u ced
t lm r oug l ipuuf .
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De hi ver \  Protoco l . A certai ni anu uount of protocol is necessary f’or time exc h ange of ’
im m t ’or m uia t ionu . ,.~ s indicat ed ehsew iuere , t l m i s  protocol actual ly  emb eds a coru siderah l e nu nu u h er  of
re la t i om i s l i i ps  cc u t h i m m  t ime d a t a  of time t r arms niu is s i onu . The si nu uplest  types of ’ p rotocols are essentihi l .
w i th  respect to what  tIme use r wamuts :  timese are timin gs such as b i t s , b y t e s , and block data ,  These
are s n u n i p le locc -level protocols : nuuan y of time im igii er—I ev e ’l protocols are embedded in t h e  u ser
s\ s te nu m and riot in time co u m m nm nn ica t io u ms  syste num . ‘Fl -me lower—level protocols are essentiall y th uose
of cOordimm hi timug del iver y of data.  Mucim of th is work is h o t  re ahi ~ per t inent  to t h e  co n mim u mummi-
cat i omu s~ stem or u m uder  [hue orderwire operatiouus. i-iowever , some of it is: for instance . imu u u i a f l )

s\ st et ims bi t  couru t in tegr i ty  is required from em md to end. If th i s  is the ease , tIme system has
to emmsure that no extra  hits are in serted into time bit stream hind uuo hits are removed. So time
s~ steIn n eeds to have somm ue knowledge of this. For instance, in a byte-oriented system . the
s~ s tem i m knows it is dealing wit h hytes and can et ’fective ly chop t h e  d ata , for purposes of re-
rout i i t g am - m d t’or purposes of store-and-forward , in to  integral u n mits  called bytes. It is inmporth mn ut
I’or time sy stem to kumow it cant deal with the d ata m u  terms of ’ bytes rat b uer thau i hits and we
::‘i i gi mt t h meu ’i h ave the problem of byte count in utegri t ies .  However , i n a few sys t em im s t im ere us
a problem -m i of ch aracter conversion.

While not a primary function of time co um u muuui cation systenm . anot h er type of iu mfor-
rmmatio n u couucerning protocol is ti -me data grouping. For instance , many vocoders now hie ing
co mmstruc ted  use blocks of information.  TIme hreakinmg of time blocks is in mmpor t a n mt ,  especia hl ~
iii eomuf ’erencing,  whu cuu one system -mu m ust be in ter rupted  to put  iii t u e  data from anot i ter  sou irce.
m u thi s case , it is necessary that the systenm know ti - me l imits of time blocks. 1mm systems in w i u ic l u
emud-to-end security is required , the blocking infon u mation still  must he available to e ffectively
accomplish secure voice conferencing in time at immosp htere of emud-to-end security.  if  t h is
arrammg ement is possible , it can be accommup h isiued only if ti -me blocking infor n mm ation is delivered
to tIme system separately fromm i the data itse l f. Thuer e are also hig h er-level protocol s t ruc tures :
f’or instance . streuctures associated withm a net t i r mg operation. Here , t ime protocol is asse ciated
sc it im tIme ordering as to wh at kind of hits go wh ere amid when. In the mmm es sa ge delivery system.
we luave to deal with time actual contents of time umuessage as t’ar hiS time b l ocki uug of ’ ti -me numessa ge
is commcer ned. Sometimes tIme n-message header itself comuta im i s t h e  des t inat ion of ’ t Ime mmu essage.
lii t h ese types of systems , [hue commum u ic a tioum systent  h a s  to becom u me more i rm t i u i uate l y  lu iv o lved
wit h time d~ [a , and time delive ry protocol is absolute ly require d at a h igher level: uuaumme l y , t ime
em muders tanding of wiu at is being transmitted to time extent  of heir -mg able to interpre t tIme h eader
of a nm-message. Delivery protocols , however , are not as involved in time overall belmavior of time
sy ,stcit i . since all time data can be reducee l to tIme simple bit-by-bit  deh ic cry t’or tIme purposes of
conummiut m nica t ions  from one place to another. l)eh ivery protocols . the ret ’ore. h ave va lue to time ’
user au -m d muma y incr e ase ’ time cost of co u i t u m i tm uu i ea t io n  s\ stems by v i r t u e ’ euf r equ i r uu mg t h m e r u t  ho process
mimore conip h icated protocols , However . t i uey ca i mmuot l’ornu an i n mt i m i mate  restri dtiomt up oum time
u~e of ’ [hue system , since the ’ syste n im is valued more mum t h e  area of data tra u ms u imi s s iomm. ami d t h i s
is in te m nmm s of hits , rat h er [ I ma m m imm t er mims of protocol.

Dm m rat ion  of [lie ’ Message . ‘Fh me d u rat icoi m of hi message is re’late el to tIme e l ath i r a te ’ of
tr am m smmiis s ion anue l [m u mm ei iness of delivery . ‘flue d um r h u t i o um oh ’ t ime numessage . hocc eve’r. is an immc lep emt d em u t
di uuiemmsion.  We cant commceiv c of several kimmd s of d u i r a t iomm , and timese are , i i i  SOfli e ’ respci. ts ,
re’lat e ’e I 1( 1 piotoc~ l . ‘I’Iue ’ dur a f iouu  of ,m I mue ’sshmg e ’ c’aiu lie h mmmyw i mere  f ’romr u somim e ’thuimu g less tlu a mt  hi

se’e’omie h to hi seciund , 5 secoimds , 10 se conds , 3 u m m i u m u t e s . hO m i min u te s . I huour , (i  l m o u mrs , 1 2 h ours.
I ~h .mv , I week , or I mo r mttm.  or tIme syste mim is s i i i l h i l y  a e’outute e ’ted sv s te ’ i um imm w imic h i  t ime c i u a um i me l
goes fron t one’ end to time o t h e r  e n d  and time ’ d tm r a t i o um is j i m f i n i t e  f ’or all p rae’t idhi l Pthrp0s es l ime
it m r , i tion esse’n t m a ~’y tells Im ow lo n g time u u i e ’ssagc ’ wi ll be t i t n h m i i u m g  t ime capabil i t ies  oF f l u c ’ s~ ste i n .
I lt e duration f ~ m essage us s inmphy t i mat  port i t m m m of a mn d ’sshIge w h michu te l ls  imow long flue m iser
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cc i l l  he u t m h i i i m m g  thme I’a c ih i t i e’s of ’ the  s\ s t e in .  I ’h ua t . m m  e’oumj un ucf  m u  w i t h  t ime  d a t a  r u ne , wi l l
t ..’:l ho cc u t uu c ’h u eh ipaci t y t ime sy ste um m hi a s to h ac  e’ u t  order to acc’om i t m o e h ate  t he  t ran smm u i ss iomu

~l~ irc ’ m u e m t t ~ • h im t ime ease’ of in fi r - mite c hui ra ( i o n m . [ hue s~ stel t i  hu h is  t o el e ’d l ic ’hil e ’ son ic e h i a m i n e l  to
t hui ~ p . m r t i c u h h m r  user . and , f ’u mr [h e ’r mni ore . w lterm t Ime  error rate ’ h’ m econmi es su f ’f ic i em i t  Iv h igh . t Ime “s-
e m uiiui s t  swi tc h  f ’ro nmm one e’hia mmuue l  ro t i t in g  to atm o t  l i en  to lf lh l k e’ s u i re’ t l u h i t  the nule ’ss h ig e ’ or t lie

du i i  ‘m u of ’ t Ime  c o m i u m u m t m u m m e h i t i o m u  us co n t i um u c ’d  t m n i m - m t e r r u p l e d .
A v a m l a h i lj t ~ cot ’ Sc s t e m  to se’r , A n o t h m e r  d i n i u e n s i t u n u  of ’ t h e  e’o n i u i u u m i i e a t i o n  p ro b l e nu u

t h e ’ use r se’e’s , Is  , m c , u i l a h i I i t ~ , Ac u u I a b i h i t ~ e’ ;i i i he reo ni e n i t c’d in t c ’ r u i i s  at ’ t i m i m c ’h i u iess  of d e h ic’ —
~‘r\ or mum cort c’ c’pts of ’ a v h , i h h i h m i h i t ~ or f l u e  b l o c k i n g  of ’ [ hue ’ s~ s t e i n ,  i t  us s l ig h t l y  eh i l ’ f ’er e ’ui t f ’rm iiui
i i i u e h u ; i e s s  of d~’h i ce r v  . si n c e ’ We ’ c o uu l e l  he t a l k i n g  about  time blo ckage co t ’ the s y s t e n u i  in t ime  semu se’

:,it t he  u i se ’r mus t , i i i  t a c t ,  h i an ig  i mp ar - mel s t a r t  over agaimu.  ‘Fl -me un ser comes in t o  t ime s~ s t em uu , u i t
n c  ‘o~ s tem shi \  s it is h o t  h l c a i l h i h l e  for use’, [‘his jç h hoe ’k i i i g .  Th u s as a i l a b i l i t v  is r i - modif ied  bc
‘o r niL ’ c’O nic ’ e’pt of t i m e’ . l o r  m n s t a m u c e , ccc ’ can consider tc’ h m i l a b i h i t \  in [hue e ase ’ i n wh ic h t h ie ’ use r
~‘~~es on t h e ’ sv s t e ’nim amid  [lie svs [enu wi l l  :ul cc avs [hike m is  nn ie ’ssag e in hi si o r e —h i m ld l —f o r cc  .tr d mit t  ale

[ h u e  us e r f e ’e’t t ime  s\ st e ’m is a l w a y s  a v h m i l h m b l e .  The s~ ste m i tse l f ’ ma~ e h i l i s e ’ hi b h o e k i i t g
st t : : c t u i re ’ t hi h i t S h i\  5 t h i a t  t I m e  u ser camimio t  d is c ’ th u e  sy s tem,  and . t h erefore . f l u e ’ user iu ’iu i s t  wa i t  a r m u l
t r~ .ie au u u . ‘lime c ommc ept  of a v a i l ab i l i t y ,  imowever . meist he m o d i f i e d  to sonue st r t i e ’t l i re  ass c i a t e d
w r t i u  a’ . t l l h i h i i u t v ,  E:or i n s t ance , we’ m ni gh’i t con usi d er the case in whuic h u  t i - me svs tem uu h a s  a pen~ d

I se ’ e’ c ’t u iel grace i i i  cc h t i c hu  to resporm d. If t ime s ys t c ’ u n t  h a s  t ime a v a i h a h i h i t ~ of ’ unuI ~ ur ic  h i t  t i m m i e ’,
r re n t  [ h ue  s~ s t e ’ uu i  r u i a ~ sa\ ( Imat  t l u is  syste imu is m o t  available : whuer e a s ,  if t ime ’ sys t e ’ n u u i s h ih le  to
: :ac e a dialog cc i t h i n  I second , timemu some t ime with - mimi  t iuat second time sy stem wil l  respond.
\ t u n i c  s p u t  m i i t o  t h e  s t ruc tu r e  of ’ a v a i h a b i l i f y  ava i l ab i l i ty  w i t h i m u  I SedOuid l , c v i t i u i n m  5 seeon ic is ,

cc n t h u i i u  I t )  seeoumds . c v m t h i m m  5 n i m i n u t e s .  ‘Fl -mis type of av : mi l a h i i i ty  . i tow ever . means  t h a t  the sv s—
re r un c c i i i  h ave ’ to h ave sonic type  of dialog wit i m time uiser to imu form -mi h im of whemu the  svs t e u i i
cc ill  ~ ‘ e o nu ie ’ : i c :ui la b l e .  h u m f l ue  case of ’ I secumud or S seconds . [ hue ’ e h ihi h og nu u a y  he sinu m t ile. In f l u e ’

ise ot S mm miii u tes , h oweve r , a r ing—h a ck  c a p a b i l i t y  m u may he ree f umre ’eh i t )  circler to h is su i re  t Ime  use r
:a t t h i e ~ s\ s tem is rm o cc ava i la b le ,  If  it is a I tardware sy stem - mm . however , it nuu h i ~ he t h at of l e t t i n g

r h ,  ~‘ s te’ nul e’sse’ n u t i a f h v  take out t ime eih mta as soorm hi s the sv st e ’i i i  is a v a i l a b l e . hi nd t hus  t i m e ’ t i n u m e ’
i s  i mmc ’ h i m u iu u g l e ’ss . However , it  was desi red t h at t ime svste ’m i ’ i hi l cc ’a s ha c e a v h u i l a b i h i f \  w i t h u i u

~ ~i m n u i t e ’s ( o r  souiu e fixed t ime) .
Snore—am m d—i ’orward  Re q u i r emm i en t s  of t ime Syste m . Ma mm ~’ hie’ t i V i t i e s  of c o m m u u m u u m m i c a t i o m t s

i re  f lu e  e le hi ver )  of a n-message bu t  umot umecessarily i n s t an t aneous l y ,  Th um s . f lue  svsteuu - m huas  to
sto r e  t he  message in some f ’orm for  a period of t inue.  Storage locat ion is dependent

r rc’k t i p orm t ime dvn anuics  of [he syste mu ’i i tself ’. For imustanee .  i t  m u av he ah ul e  to t r h m m m s u t m j t
t h e  nl m c ’ssage to time f i r s t le’g of ’ its journmey ,  ar - mel store at tIme u uex t  n o d e down in [lie system. lr - m

‘ : i ~ case ’ st ur hig e ’ is imot loc’al h u t  rer ’mm ove eh ouie s tep .  ‘l ’hie s tor c—h ml m dl —forcc ’ aneh r equ u i l ’ eummeuu t  is \e ’r\
i~:i~’ o r t , i r u t  mmi mimo st record —type  t raf f i c , arid to hi l imi ted  degree j u t so u mme s t ore— and l -forward

c ’L c -n Pc’ tr a f fic, Store—and—forward in t ime  m mef ted s i f u a t i o u m ,  of course’ , is per u iu i t te e l  l i t i t  oui l~
i i i .i e e r t . t m r t  cc a~ , ‘t Ime store— a nmd —f ’orward h u i lowec h m m  voie’e could a l leviate  t ime sv s te u iu  require—
u~ ’nt ~ to l r . i c e ’ a cou t t i nmuou s  chua n une l  between t ime  t lsc’rs of ’ t ime s v s f e m i i . ‘l ’ imis cc ou i l c l  a l low hi

~‘ r m a i n i  l a tu t u ie l e ’ co mm t Ime h i a r t  of’ time s~ s t e m n u  to respon d [0 voice ’ am id! , th ins . avoi d f lue  re’ q u m i n e i t u e i m t
tL~r t h e  sc sle ’ m n t  provide a I’u h l — t i n u m e  c ima u m i mel  foi’ hi siu mg l e um s e’r. lum o r d e r  to u m t i l i t e  t ime capabil i -
t i e s  ~‘t ~iie’ s~ stc ’ umu a long t l mi s  hi ume , it wo ul d be r e ( I tmi re ’d th m h mt  f l u e  blocks of Oie ’e’ w l u ichm d o  m a t

O n t  .Ini su g m i n h ie ’ , im r I in t o r m u m a t i o n  :iss iduted wit  it speech he so i d e m m t i t i e ’et so f lue  s st e ’i um cant
~~~~~~ i m.it I ~ al m sw e ’r for  t lmo s e :m nud condense t l meu m m i mm soumi e kium d of ’ codi m u g st m et tire . w hm ic l m woul d
r h c n  h~lIO W for t ime imm o re—etf i c ient  tise’ of time c imau mu mels  in elepemm eheim t of f lue  user. TIme capaci ty
e’t t ln ~ ‘~ stc ’ nm i to store’ arid forward is a p ar amumet er ove r wh elm tIm e mise r shi ot uld have sommm e ’ say .
h i  cc c~ ~~~ for time m imost part t h mi s capabi l i ty  wi l l  he bu i l t  i rm to  t ime  sv~ te’mfl and will  umot al loW [hme
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ut se r  to st i pu la t e  uui tme h i  m u  the store — and-f ’orward s tn ic tur e .  in f l u e  construct io n of ’ the sy s tenmm .
t ime  u se r cc’ould h ave to provide t ime req u mire imuents  for tIme sys tem.  h howe ver. t h ere is so nu uet hi imm g
to he s ,ij d I on a l lowin e ti -me tise r to s t ipu la te  some type of restraint  upon store—amid—forward
u t ih i i :m t ion  of a sy s te n i i .  For example , the emser may say ti - mat  hue wants  r u u i n i m u m  store-anud-
forward structure , sil uc e ’ timere are going to he a few hi ts  imere and t b u e’re n - mo m a t t e r  what  you
d O  at he ) Wu m ig  for a sniu a ll delay in the transnuuis sionm of the da ta :  I bit . perhuaps 4 hits , eve n as
much as 10 hits.  Thueu i , for instance in speech , thme use r mmu av st ipulat e t h at store-and-forward
rna ~ not he gre hu ter tI tan I OU hits,  thus  causing no signif ’ican [ hag in the behavior of the system - mm
as far as the  coicc goes . Even 100 bits can he ii ernm itt ed if  t ime user system does not require
i u i im u m e d i j t e  responsiveness of time system. The user could spec if ’y 1 000 bytes. 1 0000 bytes .
1 00000 h~ tes . a n mih h ion by tes , or several imiega b its , In time case of several nuuegabits , signif ”ic au ’it

i nu mpac t  upon s~ ste n im design is in volved . It is clear that requirements f’or megabit capabil i ty
b r  store-ar id-forw ard are not really going to he answerable by t h e  normal part of the syst en m .
It ma~ be u u ecessa r~ to essentially put these off on sonume type of arch ival storage for transmmuis-
sioni h~ ph y sical  t ransport. h owever , th u s is an option. Furthermore , ti -mere is some require m en t
t ha t  all dath i hiave sonme aspect of store-and-forward structure in the sense of arc imivalness. How
much store-and-forward should he done is unknown at this time. This is a system dev’~Iop umm em i t
hi nd s~ ste um bu i ld ing  f ’eunction ti -mat has to be answered at sonic level in the manmage m lme n ut for t I me
s~ stem - mi r equirenue u tt s  for time design of [hue cot uu mm iunu icatiomus system.

Distance. Time user generally selects a destination hum -m d IS not part icularly intereste d in
luow f ’ar away it is. However , from t h e  point of view of thue system , there is impact wit im dista n ce
inm vo lved distance lucre being not so much the p luys ica l miles associated wit h the source ant i
t ime s in k of ti -m e im i fo r n mma [io n hi S [h u e types and time miummuhers of steps necessary to trat u sn u it  time
data froumu one point to time oth er. The real consideration h -mere is to transmit the data tro n im omme
poiru t to ti -me other , The capability niust he given the user to someh ow or anot h er bound time
d istance wit h out pe mnuui t t in g hinm to excessively stress [hue system, In ot h mer words , time user
nu ui d mt  say make hmis call provided it is not a greater distance or greater complexi ty  thu h t um as
sp ecified. This is somuueth ing that  has to he worked out as to exact ly wi -mat kin - mel of behavior time
s\ s te rn  should respond withm . Also , the distance aspect may be a comnmand control typ e of
t’u nc t ioum.  in wimich one level of system control tells the com im nuu m.un i cation system - mu to hinmu i t  t ime cbs—
tant ee of an oth er user ’s structure of time system: and tIme co m mand control say s thmat  th is partic-
u m l ar  user can call anybody within this framework. For instance , a distance contro l is provided
t h a t  is perhuaps not considered a user hut is dictated outside flue system -mu nevertheless.

Tim e user has to consider a p riori t y value associated with the system m m pri ori ty .  A syst e’u mm .
Of eoumm’se . does not know a priori h o w  nu ’u uc h m value it shmould give any particular user. l ’hmi s h a s
to be cc orked otit by c ormiummand conmtro l . Duice it is cvorked out . t i meum a p r io r i ty  is hi Ssoe ’i~it edl
cc m m i i  t ime p ar t icular  mi ser. Priority lucre is immore a sof ’tware concept tiua ni the p r io r i t y  generally
t i t i h i i ed  in the cout ’i mumm i c a t ion i  noni tenc iature  of time present Navy systenm. However , prue )n ty
of se ) i i te  type  is required. I lie p flOrtty of time present system is essential ly sonic type  of imu c li -
d’, i t i e i i i  and th ia t  t ype  of t iming will  s t i l l  h ave to he sup iul ice l to time ’ system - mm to spec i fy  tIme priority
of anm~ p ar t icu l a r  user. Ti-me s ys te mum . of course . m u m t m s t  res p oumd to solute type of ’ priority si ruc t t mr e .

he r ~’ is mt o way for time sys t c ’lu i to ope rate i t  p r ior i ty  is h o t  a c r i t i c a l  gove’rmmimtg f’actor. Now ,
te ’r m m is th um u ce , iii t ime  U( mi mi n m uh m i ca [ i oml  sy s te’ n m i ca lled t ime  Bell Telep imorme sys te u mu . thuere is very
l i t t l e  p nio r i t ~ involved at all .  All users are of ’ e qtm al  priority . Hut  in a coum m rmuamud coiu [roi sy ste ’rul
equal pri ority imas no muean i mu g .  Timere hire certain rmuessages t l m a t  have d e f inmi te l ~ greater value

iman i  either messages. That value ju dg mume um t mmm u st  esseum t i a i l y  lie d ictate e l by [he corn mmuaumd coit—
t rol s~ st e ’m i m , Anot l me r aspect of f lue  prio ri ty  proh l e um i . w l mic hi  is not  mmecessar ily user relate d .
i~ t h e ’ lu at ture of the tradeoff amim ong priorities. If  one iu : is uri c level of prio ri ty and aumo [ lu e r lihis
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ar i e i t bu er .  I e ’ce ’t of ’ p r i o r i t y ,  f lue  quest iomu concerns [lie sacrifice re quired. For in stance , a h ighe r
pr mo rmt ~ uum h i ~. sacri fice ’ a t i mot isamud f u m e ’s time u t i l i za t ion  of a lowe r p r io r i ty .  is thuere a tr ad e’of ’f

m ere ’ I t  sa’ s 1 000 tium u es  sacr i f ice of thme low er ~)r i ori ty is acceptable  on muo t acceptable .  I hui s
s t r u ic t  u i re ’ of re la t i c enmess  of ’ p f l or i f ~ is com u ip ie [e’ly u n mk im owmu ,  Th ere is some indica t iorm , f ’or
i n s t a n ce , m m  the  c’his e ’ e f  i n t e r r u p t  iou . t h a t  [lie ’ concept p resent !, ex is t ing  iu m ce r ta in  syste n im s is
t h a t  thue  high c’r p r iorit ~ muot com m l~ in te r rup t s  time lower prior i ty  bu t  i n t e r rup t s  iii s u c h  a nu i an n me ’r
as to chi s r  ip t  t I le ’ con t m n i t m i t \  of data  at time lower level. Whiereas . nt some poim m [ ,  as priori t
Je’cr e’ ,is e ’ s , t ime  ci rcuit (hoe’s not I n t e r r u p t  lowcr priori ty.  it s imm i ply waits umut i l  a na tura l  break
occur s in f lue li m i e of con mnu e m tu ica l io m u s t ruc ture . Sonic of t h ese prob lems have to he ad el ne ’ssed
~c ) ehe te rmum m ne  time r e l a t i omishmi p  between priori ty levels anti t ime  result  in tegrated i n t o  the  s~ s-
[em b~ ti me ’ coin mmmand  control s truct  tire.

Securit y of ’ time Data. Th ere are vh m r i ou s ways  of t a lk ing  aho t ut  se’cu r it~ of da t : t ,  l i t e r e ’
is t h u e  secur i t Y of [lie Protection of time t raff ic ti -mat is flowing : tha t  is . of ’ t i -me da ta  h i c t u h i h l y  f r a n c-
te rre e l .  T h e n  [h ere is the concept of time see t mri ty  for time cover of [he i n u f ’o ru iua t i on  w i m e m u  t ime
t r , u t ’tic flows . \ n o i l u e r  p r o blem -mu is t i - mat  ot ’ different  levels of ’ a cee’ss. For i misham i ce . i t us hi chi re ’e-
t i c  e t l ihm t  al l  c’ or t um nuu u mc a t i o n s  simall he covered, and , pre fe rabl y .  h i m a t  al l  t r a f f i c  s luould be’ e’oc -

er e ’J in t r a f f i c  f low sense. Ti-me questio n is hiow to restr ict  i n u for u umhmt i o u u  fr om conic set of use rs w h u i  h e
proc iel t m u g it  to another set of users , ‘Flue system itself is ge’are el to tra nsmmmit  d ata t’rom m m omue set
cii ’ m i s ers  to a n o t h er, hu t  t h e r e  is t I m e  dhm n i g e r  th ua t  t i -me co i mmm u muuu i e ’hi [ i onm s~ s tem - mi  i t s e l f  ch i l i  lie’ ( t i ’ s-
te i rted iii su chm a ni m u u m u mer [hiat  in formu m at io n  can be extr acted w i t h out  f lue  k im owhec l ge of t ime  u ser,
1m m ord er to facil itate system ut i l iza t ion , a type of end—to—end securit\  is bei n g d evelope d and l
wil l  be part of [hue ‘sc s tein.  TIme question r eu na im u i rm g is t ime problem of traf ’fie flow secu ir i t~in t e r n a l  f raf ’f ic h o w  securi ty  m s not uuump o rt ~m m ’i t as b u g  his ext e rnmal [ r , ih ’h ic flow secur i t y  us m a ci
It L fe ie s imot appear t i mat  t r a f f i c  flow covering with in the ‘syStCi ii ~ts~(t ’ shoemlet be required .
Tine r hm nu ui uc a t i o rm s  ass ocu: ite el with u [hi ts  par t icular  chuoice arc w l met h c’r or muof f lue t r a f f i c  f low
n m u m s t  be se’cured wi t hu m u m the system - mu i t se l f  h u m md f ’roumu o thuer  users i n t ime  s~ s t e ’m, The s~ stemmm camu—
not e f f e c t i v e l y  u t u h i z e  its capaci ty  to its best h udvh mn ut a ge it ’ it h a s  to h ave i i ut e r mu : i h t r a t ’t’ic flow
sc ’~ ’ t i r i t  ~ . I ’lue so lut i omi to [ luis  prob lemim is to lirovide ’ ti - me caph ub i h i t ~ cv it hi  the  r e h m h i / h m t i u m i t h at
t i l e’ pen a l t y  fo r  t m s u n n g  t r a f f i c  flow securt t~ is costh , ‘Fiu~it the  t rh i t t i c  flow se ’eem ri [y as se’e’ n m f romim
t bu ~’ cc or ld e’’c te ’ruma l to time s~ s f e n u i  s imotulel he mn a i i i t a i ne d  for time to th i l  svs te ’ni itse lf is pre t’crre el .
[‘hums  t r a f f i c f low m u u l o r u n a t i o n i  is s t i l l  muot available to t h ose ex t ermia l  to t I me s~ ste i u i. Tr affic
‘1~’’~s iii l o m u mat i u m i  ln t h i \  he’ avai lable to oth er umuemmu h ers  of tIme s~ s t e i n .  b t m t  riot outside f l u e ’ sv s—
t e ’ nu m. lime user place’s a c hil u e in [lie c l ass i f i e at ionm of tIme ’ dh at a .  I ’ Iu is e’la ssi ti cat ion i . h owever hu as
e m’ l i t t l e  ini mp a ct  111) 0mm time p n u imar ~ fuumet ions  of t I m e  c o n u u m m m u i l u u e a t  ion s~ stem.

Noc~ tIme user iii t e ’rfh i e ’e’ It as to lie’ comust rtmc ’teel ium s tm e ’hm a unarm m m cm as to allow eiassi f l ea—
ti on i . i n id t ime ’ cont rol cot’ d’ l h i ’ s s m t i e a h i o m m .  l ’ hmn s  doe’s mio t Imave p a r t i c u l a r l y  great i iu ip a e l  t i pou m t i i e ’
haia rel of time sy st em w u t l u  respect to t n ami su imission . siu mce c l a s si t icatiotm does h o t  cha n ge p r i or i—

ie ’~ or c’I ia n m g e ’ f lue  cle c u s i on m rmu a ki r mg as far ,is f lue  p r inc ipal  n e n i t i m i g  of ’ i n mf ’or u imat io im is concer rued.
It is p r i u muh i r i l y  associated wi t Im t ime  t i roble imu of eu i d—u se ’r ac c e s s , c v l t i c h  is of l i t t l e  in ter est  his
f.m . m s t ime orde’m w u re s t n u i e ’t t i re is corm cerni ed , l ’lmere is so ium e colmce ’ nuu.  Inowever , abo ut e l a s s i t i -
cJ t iou i  im u ( l ie sI rue ’t t i re  of error comutrol .  l ’ ime ’ sy s t eu im i m u a v  l m r uv e ’ to do s o n u m e t h u i m i g  special imi o r d er
t o  i s s u i r e ’ t t i h m t  e I ~i’, s i I I e ’ h I f i t ) u I  Of uu me ’sshi g e ’s is um ot  i t i  so lu te ’ W a ~ i n t t m t i l , i t e ’ch h u t ch f l u ’ n m i e ’sshige r ec e ’m c e ’s
, i t  l o c c e m  cot h m igl i e ’i e’ h h m s s m t ’ic’h u h ion  ~I5 a result  of ’ t he  u m m u t i l a h i o u m .  l ime ’ s~ s t e ’l i t . fh m eu’ ef ’ome , m u t tu s t
coru ~ider m uie ’t i m u ( Is oh dec oding ammd elassil ’y i u t g  to e’lis tmn’ e’ I l m h m t  f l i t ’ c l h i s s i f ’id ’h m t i o m - m  is el ehi veu’ e’d i n
e: n ~r - free c i  mimtlut m aui  re’ghl rd less of wh it ,’ then t h e  message us m ee’(’m v e ’dh iii enr or—f ’re’e c’, ’l(l if iouu ,

Spe~:iai (‘omm m m imetmts  (‘ur m c erumirmg t h e  l ) ir ecti omms to tIme I se’rS . ~I hum y of ’ tI m e di scu ssiomus iii
t Ime ptecedimi~’ paragraph h ave been mmtad e u im d er the hisstm mmmpt io n I l uh i t  tIme commm u mmamm d comm tmo i s~
t eimu h a s  su imm e comitrol over w imat the user um i ust  a cco m np h is lm a mmd c omu se qu eumt l~ solute co imtro l

32



oc c t  i i n / u t  io u i  of t i m e  ‘sys te m . I t us p h i rh iu n o tm n i t  t hu ~i t t ime  e o mt m ntam i e l  cu r l  f ml sys tem hac  e’
t h i s  L~ r ir o l  FIme ’re’ is an issue. howe ’vc ’r. of w h m c ’f lu c ’r t I m e ’ h uctu hi l user of [hue sy ste nu is  sh ould
h u s h  h~ ce’ some in formation about  f lue  e \ t em l [  of t h e  pen u a l ty  , or c mst , ot ’ t ime eh t pa hi h i t ie s
t h a t  im ~ N u s i n g ,  Users of t h e  systeum shoul d he hm c vare ’ of f l u e  d h i f f m c u l t i e s  t h ey can impose
ar m t i i c ’  sc s tem so t lu a t  t h mey  use it in a cc .m~ t h a t  does it o h  d i s r tm p t  (IT degrade ’ t i me  sy stem
urn nuuc e ’ ’~s .m ru I s  [lucre is a certairm am ou n t of e o u u u i u u u u m m i c a t  ion t i mh i t  is re e i tu ire ei bu t  is not
~‘e’ i I e T a l i ~ On i s i de red to he necessary h u t any i n s t h m n m [ .  TIue sy ste l iu  does riot ku ow t h is k i n d
of m u t o m t n u a t i o n  unless it is gi ven to f lue ’ s

~ s te i i t .  i-or i n u s t a n e ’e, iru a storc’— a i md—forward sys tem.
i f t lie’ m i se r sa~ s [imat t ime t i n m m e h i m ’iess e f  elc’l iver c sh ould be less t hmhl nu I h o u r , t he n e s sen t i a l l y
time ’ s v s t cmiu  d ecides as to whuen in t h at Im o e mr to del iver  t ime mul essage. Th is nieans t i - mat  the user
u ui i ms t  t i h u c e  hi f ’eeh ing for ti -me system -mu so t h a t  he d oes riot  specify that  t ime t in eh iness of del ive~”y
sIn u l d h - me 1 ‘second arbitrari ly.  Ti -mis is inu po rt ar ’mt iii t Ime seumse that  time overload of the  sys-
I c ’ m n i  or t Ine  undesire d u t i l i za t io n  ot ’ t h e  sy stem sh ould he considered. Now tIme principal
p r o i i l c n i i  h ere is t h a t  a crisis may be c~oi mug on imu one part of ’ the system u m amid a n o t h e r  part of
t Ime s~ s t e m n u  us riot aware of time crisis.

i )mnectory . This is a fuuuc t io iu wl uu c l m trhu islates con mnmuon references to expl ic i t  references
I ’or te lep h momue com mum muum icat io ns .  it is general ly  a translat ion of pe rsons ’ (en t i t i e s )  n ames

to te ’h e ’p h -m o n t c m m urn bers .

~ ‘7)SI,~~~ 
A R G -J-f I VALUE = DO ECTORY FUNCTI ON

WEAK CONNECTION
= STRONG CONNECTION

~ ~~~A’ 
RP ~~ E 

PN 
= 

PERSOSJ’ S NA ME
h id. R RP ROUTE SELECT ION PROCESS

T ExR EXPLICIT  ROUTE
SS = SYSTEM STATE
= N U M B E R

LOC LOCATION

1 mm general , time variances of re fere n ce arid the size (n iumber  of bi t s )  s p e c i f y i n u g  t Ime ten-
t m u t m u . m h  p~ t m i t  are ’ too vague or too Iomug to be prhmc ti ca l .  TI -me directory is :u doc u m m euut  whmic i u aids

b m i i t l t h l f l  to select ti -me proper terminal  point I person . commm rn and )  frourm arn ommg f l i t ’ c’ mr i o t i s  ways
m i t  s h i c ’~ I k uimg t ha t  poimmt and to compre ’ss t ime no ta t ion  to a size stmi [ah le t’or c’or t t ro l .

R h u t e  of (‘ luange of 1)irec[ory . Since tIme directory is to aid h u m a n s  iii f lue ’ selee ’h i ou ot ’
.I; ’ ;~I °b~~ i i t  c ’ c’Ol i t nob code’s to ro u m fc ’ ui ie s s ag e s . it should  be a el oc u n mie mu [ t h at is c’ i u h i u u ge’cI oft  en

~‘tt ~’ i i e i m  lo e’ m t s h m r e  ef ’fi c iemmt tuse of t h e  con u i uum um’ i ic a t io m u system.

a. I f ’lic ie ’itc~ d rops w l t e mm proper rou t ing  ot’ nmessages (cal ls)  is muot accom plis h ed
because a person c h mmm l m o t tim - mel t I me  proper l is t ing in time ehi r e’ctur ~ .

Ii . I f f ’mc m e ’ uic ~ drops cc hue um ‘ 1mm te i mni mat  iomm ’’ is called to acquire imut ’om mmu h mtiomm m m o r n t n h m h l y
h n u m m d  iii f lue ’ d i r e c to r y

I hue  c ,muse s oh e ft i ci eum c ’~ loss hire:

a . I umu pr oper ly  desigmt etl ci i re ’ctor~
I miss or dc’st riu cti o m i of ’ direct or~ boo ks

e Not c o ntu i nm i i m g recemmt (ime cs 1 pe’r sous/ comnniiand s . etc ( t ’a i lu u m e to upd ate dir ecl or ~
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el. Incorrect entries
e. (‘o n m m u i - m u m m i i c a t i o n i s s5s [e r u i  re ’quu ires too—spe cif i c  ael el re s sinu g
f. 1_ ack of ’ comum i t m om ’t ah i ( v  in ‘‘in lon iu ma t ton ~’ fat -me t iot’i
g. Global l ink  being use d fe ) r task thuat  chi n he clone loca l ly
hi. Too rma ciu transn ’m issio u u of directory info rmatio um

h l u urma n  l imi ta t ions  m u  usi n g hi directory cont r ibut ing  to i rue f l i c i en ey :

a. N ot  en ough cross ref ’er em ue irug.
h . (‘ategor i /hu t ion lackin g.

c. Too nm any entries.
eh. In dex ing  not ade qt matc ly  ch anneled (page l imi t s . e tc ) .

Not enough c onut imniu in ~ im - m fomnui atio n in i tem : ful ly  qua l i f i ed  vs el lipsis specifi-
cation -m s.

Probku n s of directori es:

a. h ) i rectory un u f ’omn iua t i on  has to i - m e a v a i l a b l e  to ever\ user.
h. ‘[hu e quest iomi of use of conunmon refe re iuce instead of ’ d i rec tor  in fo rni a lion iii

a u t o u m m a t i c  d i recto ry.

e. TIme pro h ,l eu u m of p r in t ing  mud col lat ing.
d. Users generally use the same items over again .
e. Users gem -mcnally tuse rec ent ref erences agaiu .
f. I ’ f ’t ’ec t ive  total  d i r ~’c t ion is required.
g. Person al (h i rection uses stat i on directories.
Ii, Proble nmu of scanning iuu au tom im a t i c  directories.
m. Prob leun of feedback imm au toum i at i c  directories ,

Ord erwire Directories:
An orderwire directory differs fr n nm a hu m an dire ctory in t h a t :
a. Orde’rwire directory is riot pn umted
h. ( ) n d erwmre chi n c l l . I nmg e  t ’rormu clay to day .
c. Aun b igu i ty  is mmo t in tent i on ally pre sent.
d. (‘ormmpres si omm is not necessar~ ( it m s already con iipress edL
e. (‘on firming in fomnmation is stab ili ,.ed.
I:u fl ctio fl of ’ time orderw i re directory is to select appropriate  r o tmt inu g  and mumet h modo l ogy.
A t mto ma tm c  direc t or y h i hi s uumore clt ~uu mce ( i f  use in t i mis  e m m v iromi  mum en mt .

3 . h .~ FLi~Ml~N ’rAE . A( ’TiONS

An ele m ruent a l  action is the lowest level of act iv i ty  expected at a part icul ar  level.  i t ’
ant act i~ mt y can he conceived t h at can he distuu mg ui s l med from ot lmer act ivi t ies and is imot nu ade up
of ’ sm um a l k . parts at a given level of orgarm ii a [ion , fhmen t h at a c t i v i t ~ is aim e l e nmm en ta l  ac t iv i ty .
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.-~mu e l e n mme n t a l  a c t iv i t y  hut  conic level may he rnaei e up of mi ia n i v  a c t i v i t i e s  at hi lower level.  These
t\  pc’s of e l em i me n mta l  actions are enuum m merateel  in [lie ’ first of the h istinmg ’s t h a t  f ’ohloc m , . [lie suc’ceeehing
h ist imugs er m t m m u mer a te  t ime e l e m m m e n t h m l  ac t i o mm s .  Time purpo se’ of time e le m en ta l  a c t i o n s is f r i  aid iii
forn nmla ting w hu a t  is to he tr a uus i mmi [ tee l  in time orelerwire ’ systenu . Conuposite act ions are sums
of t fmes e l ist ed ele nm uenta l  act ior ms.

‘[ype ot’ l ’ l enmemmta l  Act io n s  t i  A sI

E t lu i  pnui en t control
Arc co umtroh
I ch it p nmmeuu t schued uh ing
Network control
Syste m cor ’mtro l
Orderwire
Path sc he du u h i n mg
Media expert
Tu ne seq u eu ucinmg
Operation control
Operator control
Maintenance control

EAs of Equipment Control
Turn equipment on
Set para m eters
Test if working properly
Ru n
Si-make down for maintenamuce
Turn off

LAs of Arc Control
Steen data into and out of eqt i ipm u menmt
Tesf com in ectivity
(‘ontrol equipment
Generate orderwires
Receive orderwires
Measure e rrot rates
Optimi ze error rates
Rep ort connec t iv i ty  I’aih tmr e ’s

LAs of Eqcuipi ume n mt Schm e du l iumg
h - etc h a um e ’ I l L u i h ) f l m c l m [

Release an i ’t iu ipm cnt
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l’ .A ~ ( i f ’  1 ( h t i i h ) m i l e i m t  S c hu ed u m h immg ((‘oumt inmued  I

Status of e qu ipm um en t  t ’et ch

Re in n icc ’ e quu i pnn i en

Plhuce ’ equ i pu mment  u mmto  sys [e ’ni i
Re port equ ip m e n t  pe r fo r m ammce

les t  e q u i p n u u e n t

Resolve prmortt  me ’ s of equ i p um m en t  use

Recall eq tuipm n en

Report recall of ’ equ ip u i men

Qtme ue of e ( lu i pn i uen t  requests

I’ A~ of N e t w o r k  (‘on mtro l

Build user pat h is

Build user n e tv ~ ,)r ks
Build protocol for user uuet c~ co rks

Request e bu hi numm cls
Requu est arc germ erat ion

Request  arc s t a m i d h ys

fest v i a b i l i t y  of muetwork

I ) ns s o lve  n e twork

Adel iuO(leS andi :itcs to network

Rem m uov e nodes amid arcs fro m umetwork

Mai nm fa i nu  n e t  work
Mh i i n u [ ainu clockimug posture f ’or n met c v or k

LAs of System u m Control
%l a i ru t a in  imistory record

\le’asure perf ’ormance

~t 1 a i u m t a i m u  sf ~i t t i s  Of sys te ’tt m

M a m n t a im m b acku p st atu s

Ma m n t a i n m  orderwire capab i l i t y
- X bland c oum nect  ivi ty

(‘ou itro l p riori t ies
Mh u i r mt a ium a l t e rnm ~mt e syste m mu comut rol ceum fe~
~1aun t am sy ste ’ u um con I nab c’e’t ut cr s
I)ispiay sy s lc ’n m s t h i f  u s  to operators

~m,1, m imm t a in  sys te m um i r mf ’o r n m a tior m di st r ib u f  iomm

I ) i s t r i hu (e  keys

M hu i u m [ a imm security m m  f e gni t y
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h - A s  of ’ Orderc c ire

Translate  speci al coumd ezu se d lamiguage to normal language

Tramuslate nmor i uma l language to sem umantics control language
l’rauus late seuna n [ic  hamugumage to exee t ut iomu sequences
Tra m uslate  sentau m t ic language to umor ma l Ihul uguag e
Translate muo n immal language to special language
Sed lemem i ce imuputs

Separate outputs

EAs of Path Scheduling
Generate status of path uti l izat ion
Request renuote arcs
Request create arcs
Load arcs
Create channels
Delete channels
Maintain channels
Make chuannels
Create paths
Determine possibilities of elm an nels

h A s  of Media Expert
Request weather (iuf and othmer )
Determine effect of wea timer omi miuc di a
Determine joining env i romunu e imt
Create jamming
Recommend AJ techniques

LAs of Timing Sequencing
(‘o co rdimuate dif ferenm t rate processes

Provide time-out function
Provide time—out clocks aumd freq iue nie v St amm d ards

h A s  of Opera tion (‘oiutro l
h’s [abl i sh h - ~M(’ON
h ’st ahl i si m user connectivity eommst r~mi m mts

h A s  of Operator (‘omu trol
I)isplay stat us
(‘all up status details
( ;emicr ate reports
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I -\s c i i  Operator (‘omi t rol ( Com u [iii cu ed I

f~a ns hate trommi ‘se’ m i m h u i i t i cs  c lescrup t iou’t s to h i e m uu man l amiguage
T rans la te  t’r omui l u u m i u h u u i  la m guage to se’ i t m h l f l t i e  dese n i p t iomi  of e’reat ion

h As of \ la in tem ian mce  (‘omit  rol

Proc mdc h u l te ra t ioum of co r mtr ol  of s\ ’ s [cu iu

Provide test  tools

Proc ide eh e ’sc riptio u m tools
Pro vid e eq Ui p m ii e nt  reports
Proc ide equ i p u mme n i  t i um ject io nm and removal

3.2 PROPERTIES OF THE K NOWLED G E BASE

3.2 . 1 T i lE  STRUCTURE OF KNOWLEDGE

Knuowbcd lge . :us c o i t m u u u u u m i c a t c d  , is g emuera lby  st ruct t i red  as a se ries of hi I s h i o u miel i n to
~‘h . i r . i c t c ’rs . cc ri n d s . p i i rh l s e ’ s . c  I h u t u s e ’S , s t a t e r u i e n t s , phu rag r h i p h is~ sect iom i s ,  e h i h u p t e r s , b ooks , s h e l v e ’s ,
tcTics . arid libraries ,  l ’hme rm u iuu i rn u nm h imou u i t  t n t  kum ow l echge t ma [  caim be ccinve ’5 c’ch IS hi s t h u t e n m m e n u t ,
Parts  l es s  t h i , i n m  a St h i t e ’u i i e’ i i t  r i o u m o t i i h l V e  [lie h is l ’( e’e’t of ’ t r u [ hu  0r fa l s i t y ,  Som m uet iu tm es hi part has
aim m u u u l r l m e ’ct ium c ’a i i i l t g o f e \ i s t e u i c e ’. iii cv im i c i u  chise’ h u m  i m p l ied s t a t e n - m e r i t  e’ \ i S t S  T I m e s t r in g  ( i f

cI~~r~ ders does n to t  h i a c e  au my value u nless there us aim i t m i p h i e d  a t t a c h m n e n i t  b e tweemu t h e  s t r i uu g
of ci. i r . i c t e rs chi lh c ’ dt word s and e \ i s t e n u t i a l  or i n te n t ional  ex is tence  to w imich time worel re fe rs ,
I :r i r  a t mv given trhummme of ref ’ere u mee.  t ime  ex i s t e m u t u a l  ret ’ereuie es are t h ose outsi d e [ h im ’ s  f ranue ~if

r L ’ I e ’rence . I hue ’ m m t t e ’mmt i o i i a l  ref ’eremm ees are [itose w h m i c h m  are described i i i  f lue  kmu o cvlec bge re’p re-
sc’f l t a t i o n m . c’g. ‘‘sh u ips  is arm i n t e n t i o n a l  ref ’ereuuce t h at is . s imi p s s tamuel s  for [hue coll e ctionu of
ei h i ~’~ t s in t ime frame of knmow l ed g e  su ch as USS N IM 1TZ and USS OKI, A h l ( ) M A  (‘l ’l ’Y. ‘l ’hu e
t S ~i NI ~c1 ITt . on time o t h mer  h a mud , lie’s outs ide’  t h is f ’r auum e of ref ’ereui ce .  bum a rm othe r kno wl e ’clge’
f r a n c of retc ’reu ce’ t ime tJSS N I M I T Z  is an i rmte n mt iomia l  object. Prop t i ls ion sys teutu  ~(i7~ 4 . navu-
cat ion 5’, s tem - mm 47~ 3Q , etc , are the exis [emut iab  ref ’erenmces.

Takimig all [lie frames of reference toget h er , [hue atouuuic exis tent ial  re ferences are time
signals fimat  go to chmhum ug e a piece of cq uipnmeuu t or time nammues giveu l to tIme seumsor dathi .

li-me s ta tement  in turn must be linked to [hue ge u meraf ionu of co uun e ct i onms b e t w e e n  t Ime
cc cords. ‘l ’hiere is h u m  i n imi tmedia te  con nue ’ctiomm iii t h f  t l ie  cc oi d~ hire h i l l  gr ou j ied [oge t i m e r  i i i  [hue
s la t e i muemmt .  ‘[his nhut li er tr ivial  connection is riot adee luate. I ’h me ope nhi t i ons  of reasommimug arid
L e r i n m a n d  ca r m u mot he applie d to time sequence of ’ comunected words tb ma t  a s [ a te u m me uut  f o rmmus ium
t ime m u m p u t  s t rehummi . A set of ’ convent ions  u iu u st ex is t  thua t  t raums la tes  tIme s t a te nu em i t s  in to  a knuocv -
ledlg d ’ repres enmfatio i :  t h at bmas aspects amid rules wlm e’ rchy the  op e r h ut i ou m s of re as ormimm g amm e l
c e i m i n u m u a m i d  cam i be applied.  ‘h ’hme m u mosf  appropriate  represe ’nt h i f ioum i i i  t ime miue nu m o ry is tIme repre—
Sc ’f l th l t l O f l  of an orde’red graph wi th  e~u cI m n ode and hITc m i a m u t a h b e .  Somtue hire ’s of [he gr hu p h m
re fe r  to objects  outs ide time grap it .  G emuera h ly ,  t imi s conumee ’t i om m will  he mmu a e l e ’ omu l v th i roughm
nma um ud ’s. The ‘ra ph m will  not h ave pointers to t h e s e  c’s te n or ob~ec’ls . hu m f t Ime grap lu wi l l  h ave
poinlers to n anmme s . Time syste nul wil l  inmter p r et  this  st ruc tu re  to geumer h m t e ac t iv i ty  associated
wit h, ttm~ mmame ; eg, (turn  on ( numode m type K mmuuim b er  5 powens~ I. ‘l ’hme inmter p r e ter w imemu it
t im n c k  an operalioum word suc h as “[urmm on ’’ calls a ~ir ogr am m m I h m a t  c hil i  geimerate tIme appro priate
~iu !mu ak to time indicated e qu ipnm ent .
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1 ceo issue ’s arise w i t h  re.s l ie et  to re’pr c ’s e n i t i m n g  k n owledge’ itt terms of a grh m piu The ’
first  issue us ‘‘l)oes the grap iu h ave to be pru n i t  ab le ’?’’ I t  not , aim an ci l lary quest  ion mu igh t be
‘‘ I lose’ doe’s co mic chueck out t h e ’ s~ s t e n u u ? ’

~ Only  i nec ’ g r h mp l u s are h i r inut ~Ih ) Ie ium f l ue  p r e t i c h i l
se nse ’ of t ime word . l) ire ’cted ac~ chic  g r i p h u s  I I)AGs 1 can lie’ pr imutc ’d in t hm eor ~ h u t  n - may t ake
‘ea rs of ’ t m nmie’  hun - mel t o ru s  of paper. ( ~ elk grap h s e’ h mnuu u ( i t  be’ p r in ted  at al l .  The sec ’ c i nic l i ssu e
i s  which h m er b othi the ’ u modes eo r re sp inl e l ifl d! to t i m e ’ uio eh e s in tIme c o m u l r n u n i c h i t i o u u  mmetcv o rk  h i m - md
t Ime arcs corresponding to f lue  c o m m - m m u r u c h u t i o n  i inuk ’ s must he uuamm’ ied. Time second i s Su e is
rebated to t ime fir s t iii [hmat  l)AG~ and ec d i e  gr . iphm s camm be repre sented i f  ccc are h uibo wee i  to
i mamime  [ lie’ umo ul e’s . ~mn e l hire ’ a l lowed to pr int  on l~ ti m e trees , ul sinig t ime mua mn es to si h u mid f o r  t ime
nodes amid t h eir descem ’u ul an [s . ‘Flue gre ’h i t e ’st d i f i i e u l t  w i t h  [lii ’s t echn ique  us t h at succe ssive
p n m n m t m n g  of time graph s will r io t  nu ec ess :inh~ produce the sau ime print  even wh en time g raphs  are
of ed lual st ruucture , Time rmaune ’s cisc ri se to clut ’f e rem mt hre’ak m umg points and l t luerefo rc’ t ime
pr i mmt  mm - mg ’ s  are ehit ’f ’erent.

However , siumce time c om us i d e r a l i cm n lucre is for  a se’bf—organmi zi mug.  a u t r  r n i u a t u c  re r o u t i n g
sys teu m m , we ui uust he able tu ) b ui le h  and des t ro y  arcs hu nud nodes of [he graphu.  T h u c ’ref ’ore. cve
must he’ able to i demmt i f ’y a nod e on ar L , an -md I h m u s  son ic mmamuming  is iie’ces shu r~ , I u r t l ie r .  for
purposes of ’ c i mecko cut .  [hue c!rh up h m s n i iust  be pri n table .  Again , naming is required. F u r t h e r
h iu to m nat i c  nau m ’u im m g wi l l  sou n e t i mnc ’s he r ec~uir eel : ie . a su hgrap hm mi -may he ge ’nuerh uted h ac’inm g
no muh u t uu ra l  n u h mm i u e s  au -mc i t h ere fore ri ot  prm m ’u thm h he .  I ’ inu m s . t ime system mum u st  genmerate  n a m es f l )  thug
t ime appropriate um odie s . Time m m a u u - m i m g of ’ n -modes is strhm igh m t f ’orward ami d h a s  hee mm done for nn m a n u

eh irs imu compilers . ‘Flue na uu mimmg cot’ arcs is an moth m er  n mmatter .  Even t h ough a nod e is n a m ed.
hi process can exam u mimme the t m a m mi ee l u -m ode am - m d timid it d i f f icul t  to deten ’nmi uue whuat f lue name is .
or cccii wh met iu er it h a s  a nua nue. l i mis  I h u t t e r  problem -mi sometimes is umot too immipor tan t ,  since
time incoming orderwire has tI - me names m u d  thums e’auu identify the node. Bu tt when a desem’ i p-
tiomu of ’ a set of node rd ’ l a t io ns h m i ps  is re c !u irec h to be t ra u ms u m i i t [ e d ,  ti -me selectio n pr oce ss t i - m i t
picke d a umoele may not krmow the  name of ti -me node ,

‘[Ime m h uu i t i n m g of ’ a n ode is ~ ‘ m m , ,’r . i l ly ae’e’o num p hi she d  h~’ his ” ( ’)c’ i h u t m n i g  a p o i n t . ’ f ’r c” n n t im e ,

m i d dl e’ to time ’ st m’ in ng c u f  c’hmhi rh u c ’t e r ’  nhi . i t spell  the ’ n i h im i me ,  the ’ flOdle ’ b eing a c i n m n q u c ’ . te i e ire ss e)t t im e
s\ s t e rn , Somne aspects of tim e nod e .urc in m~en era i  r iot avai lable  t unle ss  ti -me i t e m 5 .u

chi l le d atonu of tim e system , in w l mic hi  d. i5c’ po i n te rs ,  features . val t ies , propert ies . hun - mel s pe l l i n g
are avai lable .  In a knowledge s stem th i at  is to he update d by orde’rcc ire , eac h pr incipal
n ode mumust  h ave time s t r u c t u r e  of ’ an at on m i . Time apparent  s tnuc tu m ne  of time ares le.is rug
t ime muode is thmat  of hi l ist  of ’ i f eu mms in cc lu i c ~h m the  ord e riu ig is arc ore len inmg. Tra e i i t i on .u l I ~ . a res
h ave riot been named , but  it is km u owm u th h l t  i f  we hire to represent grap lus wi t l m nua n mmee l ares i i i
hi k n owled ge system , t l ueuu t ime k iuo wlc ’ilg e sy stem should also have time m’ ia ruu ed hire fe at  t ire b u m i h i
u n t o  i ts  s t ructure . F:ti r t i ie ~r once see ~‘onsider m ihmn i immg hires . t luemm t Ime hire ’s ln .ic’ e t Ime  aspect d i !
hooking like nodes.

lime represem ’utat iomm of ’ kuuow ie d gc couhel he time collectio um of inpu t  kumow led g e ’ st rc ’ , uu i i s
togetimer wit h all derived knowledge ex pres sue rn us.  A far differeuut  arr au mg e mmm en m t w c r u l c l  be to
comp letely digest all t ime kimowbedg e iii son ic h m i g i u l y  interconnected repr e se u mtat io um . Iii h otlu
t lm c se cases we are faced wi th  a serious pro hleum m : too u mmuc h i mumeimmory is required. I n t ime firs t
d,isc . t h e  derive d expre ssiomis wi l l  h ecomn e nu uu miero t is  as tIme sy stem is be immg used . h m m r t h m e r .
s m e n t  i f i c ’au i t re l at ioiu s hire mmot a pph mr e mi t at t i m e  ti  flue’ f l u e new iii for u im ,mtioum is arrivi mug. I n i t ime
sc’d’omi el ease , t ime growt h of miuem u ior c  n s i mi g hu  hit t ime arrival of ~m nuv immforumm a t ioum.  T h e ’ se’conel
e . i ’ s d’ nay not be possible s l i t c e ’ .umm i u m f i m u i t e  u mummm h e ’r of deri ved q u a mmt i t i e s  m mi ~my be possible ami d
uto criteri a are posited to control flue gre ise thu of time grapim. If time firs t ease is ummodit ied to
ele ’ie ’te all derived knowledge hi t te r  hi m t evh u b tu , u t i o n  has iakem ’u pl a ce, time mmi e’mmu or y s u e  beco m es
m u.mmu h mgeabhe , but time cxe’cut iou m ti m m me be’c o mu m es unumm a nageah lc .  One of time adv amit ages of thn u s
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mimet hmo d us t ime as a i l , m b u l u t y  of ’ t e c h n i q u e s  w i t h  W i l i e h i  to e’o n i l e ’eture . lii t ime grap h nu mod lc h ,  t ime ’
sc’e’omud ease ’ is t u e ’d lu te ) t ime ’ gr ap h hun - mel us not  eas i l y  re’m n i ov eel . I hie ’ pr o h ) lcnu u d i scuussee l lucre ’  is
umot t ime same his t ime in f’or u mma t i o n  r e t r i e s a l  pr ohl enm . hil t  h ou gh m i t  h a s  ‘s om u me of t ime ‘ s h u mi l e t e a t  Lu res.
[hue u n t f d n r n n t h u t i o n  storage’ hi m ie l re t ries hil is a ele’ge ’i ierate form of time p roh i er mu.

flue sccouu el mm u e th u od  h a s  q u i t e  an advamutage in t ime  qum ic kiuess  wi t h  wh u ich s igmm i f i ea n t
im ’u t ’ormmuat i o n m e’ h it i be detected.  ‘Flue me t h odo logy  by w h ui cl u  t h u i s  pr oh l cnm is rcsohvc ’cI h a s  to
lie ad d ressed in [lie design of the  orderwire s y s t e n u m .  We are muot t’ree td ) dis m im iss i t  Sonic pos-
sible d i rec tuon u s  for hi pra ct ical  so lu t ion  are to coumsider  sou uue of time be t t e r  par ts  of ehuc h u n i e t h u o d .

lime met i mo e l  of umsing i n p u t  sta te nu m e umts  wi th  their  sy n tax  t’or [lie storage of ’ knowledge
is a t t r ac t i ve  bec h ium se t ime process is l inear ly  ordered hind caum be’ easi ly t iumme—la h eled ,  b o  i t a rme l l e
d e r i v a t i o n s  an d conjectures. we’ simply aci d umew iu mfo r m nal i o u i  i m m t h e  ‘sanie symutax  aS time original
in put  or ieiel ne’ cs cd )uijeefure s  i i i  ti -me san -me s y n t a x .  ‘[lie mn et i moe l  of ge t t i ng  rid of faile d comi-
tc ’d t t i re s is s imp l y  to hack up the  st hick of conjectures arid derived i n puts .

‘[lie hmi e ld ci u pr oble nmu s of [his nu ethmod hire large. l ime most muotab l e  is the pr ob le nu i  of
c i e t e n u i u n u i l u g  cviuet imer nuecv s t a t enmmenmts  are s i g m i i t i c h m u u t ,  Time ’ se’conef is t h at f lue m e t h o d  of
d e r i v i n g  s i g n i f i c a n c e  can take  cup enuo rn mou t s an io tm n ’u t ’s of processin g [m m mc and space. Time
removal cot outdatee i  amid chuanged s tatus  is re la t ively si m p le: however,  time resolut ion of contra-
c hu c t iomus  b~ v intuuc  of ’ i - mew irt forrmiationm is d i f t i ceul t .  A mm ccc s t a f e n m e n t  m a y  oumly  con t radic t  part
of a p ie ’s mou s  s t a t en u uem u [ , but  if we reummove the previous s t a t e u u m e n [ , [h - me sys tem is incorrect :
and if see l eave  t ime comi f rad i c l io u m imu , t ime system wil l  cease ’ to fu ui e t io u m ,  i l owev er , omice hi

decisio ru is uu mae l e to remuuov e a s[aten ent , i ts  consequme nmee s chum be rem imovee l wi thout  too u u mumch
eh i f t I c t u l ty .  This caum he acconnpiish ed by scanning forward arud e l i i u u i m m a t i n g  all derived state-
im ue nts  wi th  [lie given state m ent  his a base. The lahe i euh grap h represe ntat ion of kn owledge h a ’ s
great power to deci d e wh ether  au inco mimug statenmem i [  ii as rn c h mn ming and , i f ’so .  w h a t  to do
ah out i t .  However , i f eve r y  input  stat etmi ent is au alyzed auu d put  in t to  [hue graphm of kumowlee lge .
the  derived i unfo nu muat  mon from -m i t h at new in for m a [ioum can 1-me enormu m ous.  l i - me  t o t a l i t y  of [he
dcrn c e ’et u mmt o r r t u h l t i e ) m m cannot  be stored iii t ime grap im . for  t h e r e  is mmci comm i p t i te r  thua t  h h us  I hurge—
enuoug hu storage hunch t ’a s l -eno cugtu com pu ta t iona l  speed to ~uec o m m m m o uI a t e  t h is t’ea ture .

In add u t ioum to f lue proh lcuu m of p laci rm g bot h inu f ’o r u m m at i on u  humid derived iuu to rum ia t i o um im i t o
ti m e s~ s t e m ,  [l ucre is t ime problem tha t  onuce ti -me m u  i’ormm i h u t  10m m is i i i  t ime grap h imu a d iges te d  u mua r t—
ncr . it ca nnot  be el imin ated easily. First , it nnmust he date d , fo r  ibis will  he t i me only sea to
te ll wh et h er time dat h u  h ave been tup elhi t e d.  Secondly . [h u e ebul a wil l  h ave to he packeti z ed.  t’or
this  is t i me mim a nmumer of um l e immory storage devices. It is mmcii hit all  clear huow to p acket iz e kumow-
ledge grap h s in a rehusommably ef ’fici eumt u mmaumuuer.  Anot h er problemm u is thua t  if ’ we use conuject ure
analysis , t i ueuu f lue  in m f ’or m nat i omu or commj e cture  w h mether  tr euc eir u mot is placeel iii tim e grap h . ‘l’he
u i u u d ’ s t  i on t h eui  h in ise ’s his to h o w  to nemuu co vc commje ’ct tu rcel c la t . i  t i t h i t  hire ’ fh ul s e .  ‘[hue mm o rnmuhuh m u m e t  hod
of grh ip hu i mm g k n owledge ’ imm mp l ic ’s [ h a t  p arts  of t ime grap h svill  lio i u m t to time m u e w rei h ut iomi s .  miof
t hat the ’ mievv r elations wuil  point fo  time ’ gr ap im. If the u iew data were to point to time graph .
t hme u ’u garh iage ’ c o l l e c t ion could  he use’el to re’mmmove i t .  h’e r im h up s a mmccv ki m mc i of garbage collector
el  m uiel he devised fo h andle the problem. ‘l Ime ’ ne lation m ai el~ la base’ offers a third method of
c’o u m s iel er ui mg f lie knmowhe elg e sysfe nu u.  I t  us s iummi l a r  to time commce ’pt of gr hl phm aum ~u Iv s i s  buit  h ihu s t hue
icl s ’ , inm f h u ge’ of ’ ahhowirm g for e’~isy m n ot i i f i c a t  iouu of ’ t ime  im m f ’or uui at iom i ,

I Imer e ,ur d ’ t i n ree  ways of appro a chuiim g t i m e pro hl emmm. First .  le’a ve’ t ime f ’orm u m of t I me i um put
s[a t e ’ m i t e m t t s  his i ’s . h i ut s u upp lc m u memm t wi t h  derive d s [ a t c m mm eimt f ’o rmmms. hum order to use’ th u s type . cx-
tc’um s ive ..l l c t lor mh ini e ’ ’s would be required. ‘ I ’hu e ’sc’ st ructures  would ht , uv c  to he ed ite d f’rommm t inmme
to tune j ust as time grap h us edited , a nd the exec u t i o mm rate of ’ Mmcli  a syst em u n ig i mt he low . ‘lime
sc ’C’() fld met h o d  m ’ s to ;inimi y z e inputs  am md ex tenul  tIme grap h co t kmm ow le ’ehge t~ commimect wi t h  t ime
ime w knowledge. (‘onje c [ure ’ and t im u me would h ave to be ad ded to time graph , fd ) allow I’or reso-
lution of contradiction aiud fa lsit ies. A garbage collector tha t  removes h midde n or covere’d
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d i huta  from t h e  grap iu wi l l  be requ ired ,  i’hu r ts  of ’ t ime graph can be embedded in program ’s which
wi l l  allow f o r  ve’r ~ r apid cc , u i u i a t i e u , i  n t ’ thme effect of time knowledge . ‘[he t h mird  nm -method would
be to et mub o ct ~ time grhu p h m w i t h i m u  hi rc l hu t i ce  da ta  base’ . [his t e c i m n i qume would h- me required for
t m ue n uuor r  ef ’t i ciemmc ~ amid wh e m m oumh ~ mmuoe fc r a te speeds are necessary . it us possible tha t a l l th ree
of these’ ruie tbiods could he use d to address ti -me total  pro blcn m -m .

h u e  proh lc uim of dier ivc ’di iuut ’ornmation is serious. If ’ [he systenu does mmot derive sot~ue
im u t o rnmat i omm . t h memm [he re sp ommse ’ t i t h e e) f t ime sys tenmm wilt  he stow. However. i f ’ a ll derived in—
for m hutm on is ste rcd. t h ere u s rio imope f ’or implementat ion.  hum nu athematic s.  a similar problem
arose. I nu t h i s  case. mi - many derived expre ssiomus are generated amid , when one us found [hat is of
small t’oru u m . it is stni reeh h i mi c l  f lue  longer derived expressions are rem oved from f’urther consider hu-
[ion, Or if a umammme cau i he tu sed to uni fy  large nuu mt m b ers of sinmilar expre ssions , ti -men a new form
is generated with  a new n h uumme. Time name is defined. Then t h ese new t’ornus are used , when
po ssibh e . ra t huer  [h an deriving the relations f’romi ’u the origi n u al expressions . Unfor tunate ly  the
m umathenm a t  meal model is not wholl y applicable to t b -m is case. Th ere are no signif icant event-
related aspect s to the m na th e mat ic a l  nmmode l as in [hue knowledge problem. Fornim s ti - mat are
derived at onme tiumme do not h ave to he removed later because of time ehuan giu mg si tuation ,  Ilere.
as i mu [lie mn i ,unagenu ent problem [‘or [he comnmunicat ions . events occur t h at require the removal
of previo us forms: ic , the appropri a te  knowledge changes. Since the knowledge base cant
chi a nt ge , mumu i ch of time derive d knowledge will have to be discarded frotmu ti tne to ti u mme. Thuere fore.
it does umot pay to carry tIme derived kmuow Ie dge too far. Some balance between derived k iunc e ’-
ledge a mid re qum e st e ’ei in clusion and questions must he achieved. i:ur t h er  techniques are
required to dete r nmine whi chi piece of derived knowledge h a s  changed.

The s in mup iest type of knowledge ch ange is one iuu whic h time nue w data directl y contra-
d iet one ~mel only on -me i tem um of’ time data base . However. ir u dea l in g with the organization of
the data base and time contents  t ransmit ted over [he orderwire . occasioius arise in w l mmch  time’
mue ce knowledge us not comumpatible wi t h  the pre sent data base . but nm o su mmg le data i [ cmmm is c lm al i emmg c ’eh
d i rec t ly  () um l y at ’ter am ma lysis can it he sh mo w im t h a t  certai mu k m mo wl ee l ge is su i ’spe m ’t or erron eous.

Fx tc n i s i on  of Knowledge . The enlar ge m ent or extemi si on of a bod y of knowledge pre-
supposes ex is t ing  knoss ledge wit h  a language capable of ’ ele scri hm m ’u g it .  h’n la rging time ex is t ing
bod y of k n owledge can be thoug h t of as upelatii ug a tile of specit ica t iomu s . Time ext ensuon i of ’
knowledge , h owever , may he t h ough t of as cn l ar gc u i m emmt of ’ time total c omn m lu um u icat m om m sy s te u mm : ie.
increasing time num uher of ’ noe es in the system. To incorporate oth er nodes into time system
requires time consideration of several points. (‘an time new u-mode co mmum nunic ate in an existing
la n gu age ’.’ If ’ umot.  a specialized language must he created het ’orc any communfluflicati on can Occur.
h aving shm t is fme d the  language conu pat ih i h i ty  re quir c tmment .  hi U m mk to time umew nm -mode must he
es th ih h ls imed , On m e e ’ t h is hthis  been ac c omump hi s h ee i , orelerwire e hh m th t  u mm hm y be tra ns m mmit ted , t hus
cxtem u d m uug time bod y of knowledge to a mmew umode . Wlt cmi time orderwire data have beemm frans-
mitta ’d. this link can be math’ available for tuser traftic.  This sit t mat i o iu ca u m occur often : for
exanuphe . when a new ship joiums an existin g task force (a p erm u mau m em i t u -m ode ) or an aircraft
comuies unde ’r temporary comii m and of a ground controller.

3.2. 1. 1 l~qu i p mncnm t Knowledge . Eq uipmnen [ (‘oimtr ol I’rocedcmre s h u mue l Processes , Fach
umo de tu as comu t ro f of ’ i ts owrm equipment.  It a lso has k :mowie ’cige’ r cgardiim g its  equipment Sp Ce’i’

fi c~utio ns, ca p abi l i t ies . iund time specific settings for all its own eqt ui piumeiu [ necessary to accommu-
pu s h  comnumiun ication s .
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Control  an - mel se tuup of cq uu ipn ui c n mt n mm u st he a stepwise procedu ire w h u i c h u  is es t abl i shed
it i ,l~’ e’OT dlhifl c ’e’ w i t h  c’ e)nui m imt un mi e ’:i t i o i i s  sliee ’ i t i c h i t i o n l s  his we’ll  ~us i m m e h i c  i du h u l  c q u i p m u l c u m f  specif i e ’hu-

ionm .
Ordenwire ln m m p l e um ie um t a t io n i  artd l ’ q u i p u n i e r t t  l” u n u c t i o m u s .  While it is expe ’~ fed t h a t  a

st , in el a rc luz e el  su i te  of e q u i p u t m e m u t  wi l l  be used . eachu i-mode mmiv posse ss t’u n w t u o n a l l y  umu i que
ab i l i t i e s  w i mic i m i m m m p l v  t ime cisc of di ft ’c renu t c ihu sse’ s of c’q tu ip u iuent .  ‘f l u ’ s  give ’s rise ’ to time pro h he n mu
of where eq cii r nue n u t knmow l eel ge shoube l reside ,

3.2, 1.2 Local Kmuow h eelg e .  [here hire two aspec t s  of t ime sy s tem knowledge  t h a t  h ac e
i iuupo rt an ce in [hue sy stem. First t h ere are time sure kui ow ledg e of time i nf ö rmmu h mt i on  huh out  self-
node ’ hun -mel t ime umuore or less seure knowledge about the  eom rnu uuu icat ion’ i  s t ruc t um re  of t ime n’ u ei g im hor—
ing nodes t thmosc mmodc s t i mat  imavc a direct arc connection I. TI-me secomu d type  of knowle dge ’ is

th u hut  of the ’ mm ot— n eig lub om’s of which ti -me sycuenu has only p art iah kmu ow led ge . ‘flue local kmmow l ed g e
req u i rem n emu t is h ig h , since timere tumu s t  he expl ic i t  correspondemuce b etwe c ’mu the ord e rwire
langu m ages and eachm hire and cimanmmu el .  Also, the local neigh bors can be considered to imave t ime
ru -most importanu t kniow ledge as t ’ar as rouuting and condit ion are concerned. hu e  orderwire
exchange is h m i g i uer  between neighbors timan between remote umodc ’s . Time knowledge ahou u t
nte ’ughh ors  u s t ime larg est  ot lmer umode km -m ow l eu i ge . Lesser kmmow l ee lge is stored huhout  rem u uote i -m o de’s,

A Special Note  of ’ Knowle d ge About  ( ‘h ma nm n els: There is a su h t l e  d i f ference h e t weemm a
umsed channel a u d  hi comustructed chan n el. A used chan n el is a con st ruc ted  ch an nel whic h  ui - must
he assignmee l to a par t icular  defined cou m ’m mmu u nicat ion function.  A ceinstructee l channel is one
tiu hut singly exis ts  and can he assigned, A cim~unn e l  has end—to—end c o n u n m u u u u i e ’at i ou m capab i l i t y ,
A path is a set of connuectiomus t hmhl t canm support a con st ru cted cha n m u el beut m m  which there
m a y  or may not be hi ch anmnue l .  A eommstn m cted channel can he manipula ted  in such a way as to
divide or re co mmm b iume. Orderwire will  cisc a coumstru u eted ch uanuue l because it is already present,
Fro m time n uom u ue n m [ of creation it luas aim orelerwire la mmg c uage or ope’rhi t i o i m sy ’.te ’n m m a t t a e ’h - med.
Refe r to figure 3-3.

3.2.1.3 Global Krmow ledge. Knowled ge about time emmtire  stem - mm is required but  u m o f
i n th ’u e detail  req emire d for the nucigiuhors. More knowledge is ree iu ired ah oui t  time groum p s to wh ic h
t i - mis node belongs. These groumps could be coummmand control groups or sen sor groups . Simuce
time entire systemm m is ummore or less chamugeabie, change s [C) time to thu l  ‘ s y s t e n m u  caum he accom umplis h med.
‘[ hums co n s t i tutes  ~Jobal krmow ledge timat the node must remmme u mmher.

3.2 ,2 CONNF( 1’IVITY RULES

(‘onsider time connectivity of a communicat ions  network 1m m t e rnu t s  of tIme ’ com mnec t iv i t ~
of a conmn i tm rm i chu t i oums  graph :  a node in the graph repre senmts hi umo ele j i m the nmetwork  au -m d hurm hire
in the grap im re presents a co nummn un i cat ion link in time nm e twork At ami ~ imm s t h u n t  [lucre e x i s t s

in the real world a true connective of’ the graph. ‘l ’hmat co m m im c ct i vi t ~ ui m t i sn  he r epresemmte ’d b~
the collection of all t ime kumowledg e graphs of’ cacti of’ time c o u m m m m m u m m m i e ’a t i ou u mm o dd ’s, (‘omi m i ec ’t i vu t
is cusefu l only if it is represented in n the graph kum owledge.

Since time c om m mmnunm i cat i on is by p ’.uirwise connections , the’ knowledge u m mus t be douhi~
‘stored in time coum um e etive graph. This kumowl ed ge n -must he dis t l iu g um sl mee l  f ’rom um derived kuu ow-
ledge. We will call t h is knowledge about the tru e commn c ’ctiv e .m ’s se’e u i by [lie e u mds of e’h l c h m arc
the pu ’inuary knowledge of the con nectivity.  The sce oumd ary k imow le dge of time c ou mmmech i v i t y
is t iu at which us co i uiu mm u mm i c a tcd to other nodes to eum sur e tha t  t h eir k mmow l e ei ge is cou mm pl efe
enough to carry out t l m e ir  responsibilities.
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l ’ h l e lm node n - must  h ave c i t imer  exp l i c i t  or i u m m p l u e i t  knowledge of the en t i r e  c o um nm ectu c  i ty .
Sin m e ’e a c e) u mn ect iv i t \  of the ’ em ut  ire’ g rap h u mmus i  ex i s t , t ime  repre se’ n u t h i t i o m ’m of t h at kn ow l ce tg c ’ nm c mst
be e o n m s i e t e ’red. ‘lime kmmow l e’dge of time c o u m u u c c t m v u t v  of t ime mmd c cc tim I t s  n ehure ’st c o m u m u u m u n i c h u t i o n
umeu g hmbors mn ust he sl”e’e’i fic. [hue knuo ce  le’el ge hit ehuchu node should be e’o nm s i el e re’eI se’h f - c  cnn ter ed
me. t ime kno wle’elge is sp eci lmc abou ~ time ’ conmnections to ti - me’ nuei g hbors hun c h gen era l  I on d i s t an t
nodes ot’ time s~ s tem - m m ,  Specifi c knowle d ge is straig hmtfo r cc a rd  : on-me hire e)f t Ime grap h fo r  ca ct t
arc of time c onmmm ect i v i t ~ . ‘[ime concept of ge mmcr hu l kuu owh e dge must  he m un o ru ’ e x p h i e i t l ~ expiored ,

Time eou cept of comm u mmmuunuicat ion  graphing is [luat a gro cup is a eo i hec t io n m of n -modes and
the ~,‘ohie c tu ) rm Ima s a n~unme . ‘ h u e  zm an u e can then sthu n d for h ill t ime um odes 1 mm t Ime  group. ‘J ’lue member—
slui p of c.ie ’It grou p nmlt i s t  be’ gemm e’ral ku ’uowiedge for t h ose i-modes t h at wi l l  umse ’ [he nu anme t’or
hui l e h ir ig f h ic i  r owum e’oi uu i ecf iv i t y .

Rul es ’

hi. ‘[lie k nuowledge of eon nmectivi [y of ’ time emut i r e ’ syste m nmu st  he re p resented in the
graph at cacti u -mode ,

h . ‘[h e vertices of the knowledge grapiu uu u ust be eit h er expl ici t  or a group n anme . The
total of all muames of the explicit  nodes and of time group nm cmb crs nudist  con ta in  all
time mma nrm e s of every node e)f the conim em u -mic a tion systenu.

c. Kumowledge of nu me n u b en ’sh mip of a groemp is not necessary . but if hi grou mp is given with-
out st~it im mg m embership. sommi c h mig i mer— l eve l mmo el e of time sys te m nuu u st  h ave a kumow-
ledge graph containing th at group to eums iure t h at ti -me lower level has hi properl y
connecteu h graph.

d. Time specifi c knmow ledge of connectivity with at le h ust  o n e  tne tnber of a group is
req cu red.

e. A group must be totally connected.
t ’. ‘lime r epre seuutat i on of the com nect iv i ty  at a i-mode c hu m m umot  use time group n-m a n-me ’s of

which timi ’ s i-mode is a member , h-me reason t ’or t h is is obvious, Sin ce the node m ust
have explici t  knowledge of [he mue ig lmbors , it camunot use a ummecluanism [i -mat represents
o nml ~ general knowledge of the neighbors whmicim t ime group uma m e provides.

hue very simple nodes ( the pendant nodes) have t h eir knowledge represenmted as a
single c o u m mm ect i ou ’i to their  cou mu m nu uu iication superior. It repr ese imt s a groum p of ’ all other nodes
cx c lud iuug time pendant node.

9

GRAPH P GENERAL TO SIJ P S

SO GENERAL TO P’

FX ( i UWNG P S U PERV ISOR P
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l ’im i s ~rh uph re p re sc iu t s  t ime knowledge at a pem udanut nmode.  I t  is nu o t necessary t h a t  a

~~~~ r~ pre se’ n m t h u t i o u u  of time’ grap h he storeei at thue p ei mdant  nmode exce pt for tIme represen i-
01 n s e ’i t ’  and superv isor S t .  The fornm of time grap h is iden t i ca l  f ’or every pene ih unt  node ,

I:  th~ pendant  imode is umot con is [ numc te e l hi ’ s hi peni d hu i ’u t muo ei e ( a  el e’grhud ed h ig luer — le ’vel u n i t ) ,
more l’orm ima l representa t io u m is required. Since menu hers hu ip reiautions lm ips form a

BooL,’ ,m la t t i c e .  t ime concept of “not set ’’ i-mode hm a s meanin g : ie , all ti -me nod es exc lc uding (hue
fl , i t Cel set ( I n node.

t h i s  graphu has at! time properties that have been described. Firs t , it contains every

:‘hod ~ b~ vir t eu e  of [h u e f ’huc [ tha t  the group P ami d P by de im nit io u u contain all nodes. Second .
P i~ a n m metm h e r  of V. Third. SU is a member of P. Note t h at tIme det Ini t ion of specific

~ire~ ,i~ theme arcs whose details are kimown cannot be made between a n-mode and a group
I r’ e:cc eeiu P and Pt .  An internmed iary is required that is a nuue m nber ot’ the group. Note also

Lit  general ares can exis t  between two groups. Every arc to or from a node in the know-

~‘ie~’ base that is i tself  in reality must be specific. Arcs to or frotu ’u u-modes that are not thmenn-
•Cl ~Cs nua~ he spec i f i c  or general .

\‘er’s’ l i t t le  util i ty can be attached to a group name unless it is tota lly connected. If
it t otally connected , then connecting to a member of a group ensuires that  there is a

~on nu ec t iv i ty  pat t i to eaciu of its nnembers .

3.2.3 TIll’ REP KES E~ TATION OF KNOWLEDGE

These issues are discussed imu D3 .2 .4:
Fr imes of reference
T inme and space (luaii ficr ’s
(‘l,i.”s q ualif iers

3 y ) “There exists ”
(V v ) “There is hi cun i e lue one that ”
( L  y ) “All”
( r  y )  “It is not tru e tha t ”
Facts

Qualm tiers for probabilistic functions
Conditions probabilit y
h ’ ’sti nmm a t e eh prob h uhi h it i e s
~slchu sured probabilit ies

H~ pothesis generation
Syste ’nm conject cmres
Operator cotmj ccture s

Scare lies

Com ’ut ’licts

I ~ulsdmood anuel i r i c l ev ar mt s
Proble m s of insert ion of nmew knowled ge

Prohknm ’s of deletion of falsehoods
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Proh lenus ol’ removal of irre lev ancies

Problemmus of not en oug h knowledge
Proble m s of ’ too mmmcli kn iowledge
Pro hl emns of veri fication of knowledge
Problems of comunu m n ’i icating knowledge

3 .2. 4 TH E REP RE SF NTA ’FION OF KN OW LI  DCI-,

Frannes of Reference , In a communication system such as has been studied in th u s
doc un n e imt , it is necessary to consider the knowledge carefully in sonnue frame of re fe rence ,
l o r instance , the knowledge concerning syntax on a part icular  ch ma nm ne l is really only time
s~ n t a x  for ti - mat part icular chamunel.  It is miot umecessari ly the san -me syntax t’or any othier
ch m a nnme l .  i f  aim (nr eI er c~mr e message el-manges the syntax on-m a chan u mel , then it  will be chmanged
for only timat  channel. The frame of re ference for tha t  channel has been detailed to he more
expl ic i t .  This is particularly true of abbreviation in the orderwire language. In some other
inus ta nmce of the language for some other channel atm enmt i re ly  d ifferent  set of abbreviat ions
maY ex is t .  Furt h er , time f rame of reference ch anges wi t i m ti -m e medium timat  is being ut i l i z ed ,
Terminology use d to control an hf are is di ffe renut t’rom ti - mat used to cou trol a satel l i te  ~u re’

Time and Space qualifiers. Wi-men an event  occurs in the system that  is even remotely
,i~sociated wi th  a nuode. an arc , or a channel , (lucre is generally specific info rmation about
that  event. This kmmow le dge has quua h i f i ” r s  associateei wi th  it th u at  ind ica te  t ime and loc ation
of time event that  gives rise to the knowledge. An action audi t  mmuay require t i -m is in f ’orm at io nm ,
But more important , knowledge can be elated and located. Knowledge represenmts stable
conditions of the world whmic im has trut h in time frammue of re ference tha t  is valid only for a
l i m i t e d  portion of the eart lm . Vh I l d  wehuther  ium f o r n u m a t i o n  hi t  one node may be we )rt hhess for  a
itod e a lommg d i s tance  a way  hu t  good f ’or a close nuoe le .

The Concept of Time, A lonug with every umew piece of ’ knowledge are various aspects
d) f knowledge. Time following tin -me ’s hire associated with i  a piece of knowledge~

Time of arrival at tIme system
‘[ime that  [h - m e knowledge was originally created

Tin e of deletion f ’ron ’m u the systenm

Ii the  kumowledge us nm u h u ul e up of parts hum i d i f ’ t ime ’ pa rts arc at icreel . f hm enm these 1 m m t u rn
hiave associated ti lmu cs.  There also must  he a way e) f r e l a t immg [ m i m e s  to time associated kimow-
ledge. l e l entif m cationm of knowle d ge by assignming a miami - me provi d es a re leremuce hum - md a u mme h utus
of ’ t a lk ing  about it .  Without  a name , a p iece of knowledge ch unmmot he talked ah ouut at -mel
t in -me or other knowledge cannot he relate d to it.  Fr ouum h ull t h i s , it  hecom i-mes clear that  timume
nnu st be related to a n~anne. Also , a t ime line for a u - man -me is a uscf ’ul ide ’;u , ‘l ’lmi s l iume it b u s a ti u mme
for when the e n t i t y  e,omes into existence , wtmeum imew h r ammc h m cs or umew re la t i o nsimi ps a re crea-
te d, and wlmen time em i t i ty is destroyed.

Some conucc p [s or mianues do nmot have hi m m h u t u v  :i h eg i m ui m i m ug or eu m e l . l’or thmese ease’c
[lucre must be a provisi omi to name not ou m l y the time . but  also time ’ type of time. If time
“ m ut i t y  has no i)egj nnhn)g or no end , or nei ther , cn explici t  [m mm c is m o t  required.

Now in addit ion to time intrinsic relationships of timm e to name , thuere hire ’ also t i m m ues
re lating to the arrival ot inf orn ma tion.  Eactu piece of in form ation hu rr u v in g [h at tells sonme-
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t i m i n g  about , uu u e m u t u t  mu st  of mi e ’ee ’ss u t \  l i , i ~ e’ a t i m e  a s s o e i ;u t ee l  w i t h  i t s  ere ’a t ion u  . so t h at
c(’~ r , h u n a n u o n )  of ’ t i m e d a t a  e’ani be n m hue l c ap p n o pr ih i t e ’ h v .  ‘flue ’ [n h u u m s m i t n a l  of i n u t o n u m m a t i u n i  f ’ronmi
one si ‘ur Le ’ t ike ’s less t i i r t e’ t hu : unm t ronu u , u n m o t h m c n  soumr e ’e , a u - mel . h is a e’Iins edh Ue ’n le i ’ , l a te r  L’ lmh th ge s
to t h e ’ s t . t t  iN of ’ an e’ u m f i  t v  u mm huv ,u rr i~ e he’ f~ re chur l i e r  ones, ‘F lue sy s tem wou ieh muot he able to
d c ’ t e r m i t m r m c  rc lh i t iou -msl i ip s  if the  soeirce ’ of time chan ge we’re not i r td i e ’ated ifl s( i n n ie ’ m a nn e r  h~
tIm e ’ t ut i l e  it se ’h t 

, l ime’ mu mu ust  phhu \  anu i m m m p o r t a n t  part in t ime b u i l d i n g  of a kno~’ ledge base and
be’ an i m m t n n u s i c  part of time ’ e’on i i i tm uim ic a t io f l  orderwirc .

Renmurks per t a u m um nug  to t i m e  canu also apply to eq u i puuuen t .  Wh ie mm a piece of equ i puimemut
ms in t ro d uced in to  [h - me ’ sys tem,  it  begin -ms i t s  exi stence hi m - m d mu -must he giveni hi tu n i qume nua m e. ‘ l ’ l m u s
mu ~ume can he used ,is a basi s ton m n t r u u sie’ t im n e ,  Sitnila r l~ 

, wi -m en amu ac t iom u genmerates  a n -mew
.m e, time .ir ~ has e x m s t e m ce by v i r tue  of e x i s t e m m e e  of a n maumue anuel t iumme of crea [ion ,

When an e n t i t y  is in t roduced in to  time systenu . the muame giveui to i t  must  i)e t un ique
to prevenmt comufu i su o n  amid a i t uh u i gu u i t y  w i t bm a previous e n t i t y .  In addition to being un iqu te ,
gc’n ie f le  re l h i tu o mms h uup s  shmo u id  be e~ u cl emu t by ehuaracterist ics in [he um h ummme.  Thmums . (hue gu t id ing
c o m m m n u m u u m m c a t m v n i s  omu anu i temm i wi l l  always describe it e i ther  in ip h ic i t l y or exp l i c i t l y .

( ‘hannuel s hu lso require  m m m c’s l ike the are ’s ti -mat contain thmenu.  Times of c rea t ion .
t ime s  ~i f ann ih i l a t io n  of ~un arc , and t imes of ann i h i l a t ion of a channel  w i t h i n  anu hire all ree luire
nmaum i es . If a ct - man - mu - mel us goim ig th iro c ughu an arc au -md ti -me arc is ann ih i l a ted ,  then t ime chm h unuue l
m ush hua ~c hee um a u m m m i l u i l . u t e d  also , huu [  if time systeun was able to ree h irect  t ime chm a nume l  before
time arc ~ea s h u m u t m i h i l a f e d . t i - me ch anune l  and its name would cont inuuue to ex i s t  hif ter  ti m e a rc
dusappeared. l ’hus , thue c o mut inmui ty  of the name is preserved along wit h  the ch annel i tself ’,
and the new modifications canm he ta lke d about by use of the assigned name.

It is fore se’eu m f hm ~u t , for cacti d i f fe ren t  i tem , hi re , channel , or eq mm ipn u cn t . a t imu m e him - me
us reeju ined to record time hmistory of ’ the i te m . if  this  history is recorded. [hue gemuerati on and

~un m m m hulat i on of re lat i onships between nodes or entit ies of tI me knuowledge base can he traced.
‘lime u m ne i e r s t a n d mng us t h a t  time ehu ta hire related by virtue of behoumg uu mg to tIme same

ore ierw ire semuteim e e humid t ime same orelerwire iu m terpret h ut ionm envinomunmuemut .  T h e  orderwire m u t e r -
pre ta t n onu env i r or mmimenu t us hunot h uer  way to [hulk about time state of time s~ sten uu regare t in ig time
orderwire cb m ann cl .

For time purpose of d iscussion , [he pairs of an orderwirc c ha nmnme l  wil l  he asseumed to
he ordere d in accord wi th  imu e rehis i m u g t ime. When wri t ing  ti -me sedl umeu lce e) f dath i timmme pairs
on paper . pamr s on time ri gh t sh ould he considered to h~ later in a rrivh ul t h m a u pairs on ti -me left .
Further , i f ’ [hue t ime of ’ arrival is not a fixed increnmuent . i t is assu numed t h at preparato ry proees sinug
has ensured that  all pai rs arc present. In general , it is not necessary to carry along the ’ ti u mme
in all ord erw ire words: h u i t [lucre arc inup o rt anf  cases 1mm wlmicim ti m e is [lie ’ key to ore lerwire
uu ut e rpre ’ ta [m oui .  ‘[‘imese , i Fe ’ m m o t t ime gem m eu ’ al chuses hun c h sito t ile l he co imsieheree l to be orele ’rw i re
coimstru e’ts whic im hure I r h iums i h i t ed  to [h ue um orma l  s y m l t h u x  a t t u ’n arr ival .  Even m m  um o rmu i hul  order—
wire . I inne us s t i l l  ar m im - m ipor tan t  aspect of [he orderwire control. h i owe ’ver . t ime shotule l  not
he con ms ide re ( l  to be ,mn impor ta n t  t i~~rt of the syru ta e ’f Ii ’ [rh m n i s l a t i on i ,  For e’\ .I n u ipl e ’. clthm m m g ii lg
the state of [hue r eceiv ut lg u m u h u c l u u m u e  or synu tac t i c a l  t rans la t ion procc eleure wi l l  require th i a t
orelerw m ne ar ruv iu ug  la te  does h o t  c~u use huu i ummimmtemmd e d  a l te ’r , i t ionm.  We could hur gue ’ thm hu t  t h is is
hi sen i uh uum t i e  problem h u mid u o t  a sy nu t a c t i c  pro hlc m t - m ,  ‘UI -me genuer hul s y m ’ fhmct ie ’ t r aums l a t io uu is I i i i
p ar t  of ti - me pr oee ’eiure ’ t h a t  [~ik e ’s [h u e scq uue n mce of words ammd c ommst ru cts  a nep rd ’s emmth i t i o um ium
[ h ue  mm od c proce’ss( i n ( If  t Ime :uc l ii in [ f u h u t  u s to he pet l ’onu m m e d his de’se’ri heel b~ t lie ’ sequic rm ce ’ of
words. ‘[‘he const ructed ne’ p r e s e u u t a t u o m m  is chilled the  se’ u u u h u n m t i e  r epre sen t hu t i e ) m i . l Ime re h u hu/ h i -
t i on of time s c ’ u m m h u n t i c  re p lc s eu mtat io n m is I hu e  exerd’u sc of’ comif wI by the  uu mhm d ’ hm i mme ’ [ C)  chur n’ out
t u e  actions t h a t  were ’ desc ribe d by flue ’  orderwire st h i t e mmm em mt  , ‘l ’ o suu m m m u mm hu r i / e ’ , t ime se’qui ence
of symbols or words us received oven [he oreie r wiuc cluamummel.  This sequence of ’ words ehoes
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m i of iii i t s e l  t ~n s e ruse ’ to the  , m c l  louis f c ’ suneeh.  I h i s  se qu eumce ’ of ~sords is n u o t ,  m i  genera l , a
good re r re s enmt  .m t i o nm of t h m e  act lou is to bc p e r lon i m n cd .  I t  hack ’s n uuhun y impor t h i nu t par a m im e’t cns
f t t , u f  arc ree iui r e ’eI t e )r t ime ’ e’ \e’e’t ut  iorm of t i n e ’ ac t  iou m . ‘I r h m n m s h h u t i o m l  to :u gooel re’prese’nn t h u  l ion  is
re’qem ire ei  a nm eh in nmman ~ eases binmelmiug  of n i a n umes ,  l ime re’su l t nng  51 r u e tu r e  of [lie [r a m -ms l a [ io n
us in general  a tree or grap h ’u h ind not  a see h lu ence of words. This is time se n ’u auutic t ree ,  also
called the  s c n m , m n t u c  reprcsem itat io m i .  Time seman i t i c  t ree is s t i l l  u moth u ng um uore ti - maim a s ta te
of time m uie ’ i lu O n’ \  e)f t i me ’ i- most processor. ‘I’d) perform the actions d esire d by [hue orelerw ir e .
hi s e n m m . m n 1 t u ~ i n t e r p r e t e r  is ree iuui red th at causes switches to he cimammged iii [he c o m m u m u i c a t i o n
e’ i n  i i  pu n e n t

( l a s s  Qual i f i ers. W lme rm dealing wit h  knuow ledge , we Juave to deal w i t h  ru les arid col-
lect ions of relat ionships.  Ou m e ’ aspect of suchu collections is [i-me scope of ti -me rule or ‘state-
u t i en t .  The t~ pucah  qua l i f iers  arc :

(3 v ) ‘‘ ‘I~lucre ex i s t s  hi y t ii~ut ’’

(V~ ‘‘TI -me un u ique s t i - mat ”

(<~ “Every y is ”

I ,— y )  ‘‘It  is not trume t i - ma t  y ”

I’ a c t :  ‘‘A us I~~~~~ r elh u [edl to B”

‘lime problem w i t h  thmese qual i f iers  is t i - m a t  t ime frame of re ference is muot a lways  c l e a r .  Also ,
a [flue s t a t e m e n t  nnay not he ku uowmu to be true. More important , t ime n mu unmu h er  of s t a t e ’m emufs
thuh u t  may he t rue may he so great  t i - mat  storage in tIme systenu is uuot possible t un ic s ’s  exp l ic i t l y
entere d manua l ly .  Soumme s t h utem n ent s  caum he so close to other ’s in t lmeir  scope of appl ica t ion
tiuhut  t h m e ~ ire r iot e f f e c t i v e l y  d i f t ’erent ,  hui [ their  forni s arc dis t inguishuah i e .  Tb-me .s s s t c ’nu m h ia s

r ou ih l e tc mm i’, ui - mg t ime reel mun m ei ~uum f one.
Qua l i f i e r s  f ’or Probabilistic Funct ions.  A Ihi rge n tu mm u hwr of d ecisions hire base d omi hi

best est num a [e of wi -mat co~u l d be. ‘Ui -me nume asure of the value or criterion is ti - me p ro b a buh i t ~ t h at
su ch :m nmd such is t~flme. The q u ues t i cm m (lien arises as imow to I th i ume i he t ime p robab i l i t i e s  an -md
eon i e l i t i o nm . i l  p robab i l i t i e s  t h a t  one enm eounters in time know l edge r epres ” i mt hu t i o n m . S ta t i c
e . u i c u m h a t i o n  models do not.  i u m general , work f ’or un e ert h uin data.  Baye sian tec lmn mi qu ues  hire
ge n ena hly  preferred since, as i-mew data h)eeonme available , t h e  assur h unuces e)f ti - me e1eri~’e eh iii fo r-
ni hut i o mm can be inm cre ased e)r decreased. 1 o do t h is , imowever . sommw inf creuuce t rail m i must  e’xu s t
to determine  [he descendants of hi probabi l i ty  change . m u  a e ld i t i om u , ti - me i m m i t i a l  va lue ’s fo r the
d i s t n ib uu t i on  are generally nuot too well fornm u m l a ted ,  One of t ime tee ’hmuiq ues  is t he  g rchu t e ’ s t
umk’t ’r th u in  t~’ hfl t ( i  ano the r  is t l uhu t  ou operator eval eu h ut ion.

I l y p o t h m e s m s  G ener h uf ioum ,  W lm eum the  system is require d to h ue ’e’Om i m phiSl u  so n m m e ’ jc ’t i v i t \
it mu - may have to act on a uuoe le l emf t ime world (ha t  may be’ inuc on sistt ’n( or uncc’ r t a im m ,  A
h ypothesis  of w h a t  is pr obh uh uly correct numu s t  he ge u m er h utcel him - m c i t h m e n  Iu ’stcel , 1mm so n mm i ’ eh if ’-
hie ’ t i lh  s i t u a t i o n s  ti - me s~ st emn r - m mhuy decide t h hu t  t t me operator i- m m~m~ he a goodi source t’or a liv-
pothe sis , In th u n ’s ‘ s i t  na t  ion tIme operator us aske ’el hi quest i om h uiiel t he ’ op erh ut or gives ad v ice ,
Al so. the sys t e r u m n u u ~uy l m h mve ge’m m e’rhuf e ’d several Imypof  hese’s as to t ime worl d kumo w ie d ge  or to
h - m ow time ac t  ‘ni sitould he h ie ’ eom mm phms hu e d .  I I  t i m u m e  pe r uu m i l s . ti - m e’ sy’ste ’ui i  m u n a ~ ask fl - me  opera tor
to reject ~m ) ! l i u  ~m t f l u e  hypot  f i e ’ses omu t ime basis of f l u e  operator ’s i u dgmmme ’umt 

, 
l i -me q u est ionu

of wit~u l km mmd and how m m iau i ~ hy potheses shim om t el he gem m er a fe d h mn u s e s  zm l oum g se if hm t lie quest io mm
m u f  wl m e t hic r  th e  ope rat or sl t ould be con su l  ted ,  Somuu e h uct i ou ms u nh uy be e xpc ’u m sk e to tes t ,  It
u m in y be a dv a nmt age ’ nm ’ s for  f lue  op er ator  to sug~,’e’ st or reject f ’o r u i t uu l a t ed  lmypo lh e ses .  Somne
hypotheses hur e g em i erh u te d i  w i t h  inm eorrect f r ; uu mme ’ s  of ref ’erence . hi n d f l u e  operator is umuorc l ikely
I lu au  time system to spot f h ie ’ se’ i m le tmu m s i s tu ’ nmc ie s ,
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Searches. When d i c h u h in g wi th  hi knuowlee lge base wi thm d erived and i m us f o r i ea l  knu o w l e ’d g e ,
i t  i.’~ so u imct i n i e s  d esirable to sehunchu tIme ’ knuss ledge for s i ummi l a r  s i t ua t i onms .  I’or ~‘ x h i u i m p f e ’. i t ’ t u e
s\ s teu t u  ‘‘rece)gflizes a s inn i i i an t  y between t h e  current s i tuat i on hillel hi pr evious s I t U h i t i D f l .  i t  ma~
examim in i e t i n e  previous s i t t u a t iom u to see wh et h er advice was guvenu amid adj uist tIme h m y p o t h u e s m s
bum ~ld inm g ‘ s t rhm ( egy  aecordi i’igIY ~ I- ur thuer ,  t ime operator  may ask a d h tu e s t iomu of tIme sy steu n ti -mat
r c e ltui rc s t ime ‘ systenum te) searc h i ts  knowledge ’ fo r  t i me appropriate information.

Goals. Mum m y of the operat ion -ms necessary for  [h u e executiomu of time autot imate ci order-
wire ree luire t lu hu t t Ime re quuest he ‘set up as goals.. In this manuuer  present tee imflie l dies of Al  can
he used to formmm t u l ate st nh ule ’gie ’s f ’or sat us f ~’ing the request that  arrived. Also , it provmdes i n msig h mt
ui mt o el-manges ti - mat would be require d to be made to huec u mp l i sh the desire d goal.

(‘onmt l icts. Ti-mere is a normal set ofeonf l ict s  and contentions that  arise in a busy sys-
t em - mm. Somm e of these cami he resolved by priority. i-however , ni -many conflicts  will h ave tIme same
priori ty  level. Time resolutioum of conflict has to be done by oth er un eamus , hu t  resoluition of the
con mtl ie t  wil l  h ave to he ni -made. One technique exis ts  in the conumand control area: namely ,
time rank of time ot’fieer. or date of rank if two hiave ti -me same rank , resolves the comm fi ic t .
Wheth er extensions of t i - mis n -method or similar resolution by organization can be used is uunc iear.

Falsehood and lrre l eva zuts.  It  is impossible to keep contradictory and irrelevant info r-
una t ion  t ’ronn heimug entered iruto time sys[enu . Very h it ~he of ti -me data will be intentionally false ,
hu t , by the nat eure  of ’ sen sors, t h e  improper scopiuug of frhumes of reference, inexact advice of
users ~unm d operators , hum i d errors m m  trauusm ission , sonue dhuta will  be incorrect. Other data  will
be correct hut co umup i ete ty irre lev auut. A question irises as to i-mow much screeniuug will be
necessa . How are ti -me effects of false info rmation kept to a minimum ’?

Proh lemm ’m s wi t h  insertion of New Knowledge . Wh en new knowledge is untroduced .
ei ther  by thi e orderwire coummumuunuications received , by operator entry . or by extractions from
measur ing or sensing equu ip i mm eu mt.  this knowledge nnust be integrated witim ti -me knuowledge al-
ready present to mu - ma ke a mmuea num mgt ’ul addition to time km u owiee l ge base. Unu for tumnate ly .  t his is
r u o f a ~i nmu p Ie f .usk. ‘Fl-me knowledge mi -may not Imave “hooks ’’ which allow for i inn me di ai e
coim nections to kumow l edg e al ready present. Ti-me system imuy have to set ump goals tha t  permit
ii hui i l e l immg of the  exi st inug knowledge system to fo rm possible relations imips between old
km mo w i edge a m - md mu ew knowledge. This may fail , Time u ode n a y  have to gemuerate requests to
o t h e r  umodes to c lar i f y  time meai u iumg of [hue new knowledge , Ti-me new knowledge m u uay be
irre I evauu t at this point ,  or irre levauut altogether. The “h ooks ” are names , part ’s of names .
s i t u a t i o n s  hearing upomm the e u mtr s  of new knowledge , s tructures ofna n mmes .  and pure strcuc-
tunes. Also . wlmen new knowledge is added to time ‘sys fem .  that  knowledge ni -ma y he false ,
‘m -m~u~ heco imme obsolete ,  or un a~ bee onne in correct by v i r tue  of changing circumstances ,  When
th u s h i . ipp en ms.  t Ime ki m o ’s~ lede e utm os t  be mum . urkee i  : m m me i  possibly re ut uoveel t’re u m m the ’ sy ’ s te tmm.  In
ade l i t ioum.  it  is umot enough ‘ rc~m t ( ”.C ti -me kmt o ’ss led ge . all i t s  descene lamit s mm - must  be exhtuumiumed
to ensure t hm h u f  f hi &’\ .ure ’ fl~’ , mh ~i i t i  ‘r ree m I f  ac t ion was thuken on time ba si s of ’ incorrect
knowle d ge , I hu e pos su b uh un  ~ .i t i s ’~ t h a t  4 n u m m  h e ’r .u c t m oim u s required.

R eut m o ’ s  ml ot I .ulsc I t~ i’ ‘ T ( I t t  , in tl  l m i d  I i mts i s l e m i c ’ue s , W i me u m hi knowle d ge’ base is con—
s1r uu ~ ted , i t  is possib le’ t h a t  ~e 1 . ~r t s  ~ t t h e ’ knoes ledge base fornmm hi e’O m t t rh ud l i c t i o tm . The
sy s t e ’ umm m mm . m ~ dt ’he ’~ I t h i s  ~i m u m  r , m di ~ I u om m or it  un ’ s m i ot  , I f  it dlOes umot detect th t c  c ou mtr h udie t iomu .
i t ti i , i5 ch uuis e ’ t h e ’ s\ s l e’ i t i  t o .i~ t l ’ r r , , mic ( ius l ~ l n u  f ’,uc ’f . if  c’bj r c’ is nof t h i k e u m .  h unm ~ c’u ) f l f r h i d h i d ’t io uu
iti l i i i ’ 5\ s k i l l  ~.i it ~‘ . l t i sd ’ t h m ~’ s ’s st et t i  1( 1 go w i l d .  I hue ’ disc of p robabi l i t ies  of ’ t r u [ im c’Uti h el p
h u t  c~ i mu1ot  soh~e f h i ~ ~‘i i h i l c m u u  \ IosI s~ s t e m m m s  t I i h i t  I thu t mel l e  Ln m ow l ee l ge are based on f ’or im ai

~nmd f or i u i . ih  h i ’~’ m ~ is g1 m ’ i . i l f s  i u s u ’ m i s u l u ’ s e  to r ; u t i o u m a l u t  , I! ’ the lu iece ’s hire ’ n ; u t u o u i a i , time ’
res uml t s .u m e  u , l n u u l n m h u i  b u t  it m i i ’ s  p . ur t  I I I  the  k i - m i n ’ s  le ’tl pe’ us i i i  e’n ror , ti - me resul t  c~un he i i i

d ’ m i m m r  also , I lu cre ’ ts ito u i i e ’, . f i , u i m i s u i t  t o e h u t c i t  l i t  , m n h u t i ( t ,n at  ~umd ir r u ’k ’vaumt r ’ e h u ’ smmnuunng .  Only
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where there is h ilSo hi fea ture  t im a t  eont r a l s  t ime logic to ensure t h at ti -me e lements  of t i n e
in um pi  i i a  t ion are re l evam i t to time r e as o umimm g e’a mm thmerc h)e soil -me comm t rol over the  gem erh u t ionm of
i rrhut io mma l results muot h ms s oc nh mte dl  w i t h  t ime er rommeous knowledge. Once falsehood is known
to e sist  1mm t h m , ~ svs t euui , t ime p roblem - mu beconumes h -mow to ren ove t I me f ’alsehood . amid t h i s  is not

t r i v ia l proble m . If ti -me falsehoo d is dete cted by amu inconusis temmcy.  wimat is fa ls e ’? Time
in eon si ste ’uu ey eauu he formn ed in a very intr icate un h un i muer. A false s ta tement  is not easi ly
detecte d . Ommee a s t a t e n m e m u t  is de te n unimued to he I’a lse. h - mow dio we re m ove it ’? To im m t ro—
eluec ;i ness s t hmfcu u l en t  t i - ma t  is a eont rad i e t iomm to the given s t a t e u m u e n t  eioes not help.  ‘Fl -me
c t c le t io i t  o f ’ t ime s t a tement  nius t  he accompanied by an exaunina t ion  of time descendants of ’

ti -me s t a t e u m m e m u t ,  Care fu l at ud i t  t rai ls  are nmeeded to d o  ti - m is .  1mm addi t ion , results t h a t  were
derive d m uhuy h ihuv e been correct , New data will support time s ta tement .  Wher an-m d i-mow
tb - mis u -mew support  for the resul t s  siuouid he introduced into t ime system is not clear.
Obviously. removal of a good statemenu t should not take place because i ts  ancestry was a
hhud s t hu tcm l u c mut  of knowledge. If a derived s ta teme u mt  of knowledge is known to he false .
t h a t  is suuf t l c i en t  to conclude that  or -me of the ancestors of the knowledge was f~m l s e:  but  it
d oes miot tell which one.

Problems of ti -me Renmoval of Irrelevant Knowledge . The knowledge base is a lways
h uc qu u ir l mmg new s ta tem u ments  f’or tb -me system , but t time memory and processing power of time
sv ste ’ m m l  are f in i te ,  It is ehesired to remove uuu y iul forn u m h u t io n fro m time system tha t  is nm ot
uusefu i i i i  a short tinmue.  Removal need not he destruuct ive , because tb - me informat iomu can be
placed somcwhmere else in tIme communicat ion systenu , It will  not he i n imn im ediately avail-
able . huowever.  Enough knowledge mtust renmain to carry out ti - me funct ion of the nude ,
l dcumt i t i eh u t i onu  of ’ irrelevant iu formation is almost as inmuportaumt as ti - me removal. Once it is
iden [itied. one st i l l  has the  problem of removing i t ,  It is not desirable to imave to contra-
dict knowledge to remove i t :  wi -mat is needed is a forgett ing fuunct ion t h a t  depends on
si /c , pernuh uu eney,  and date  of time knowleeige. Also , simple reummoval of time origimua l
s t h u t e i m m e n t  u s r iot  huiW h u ~ 5 appropr ia te , simuce ~i ‘ s t h m t e m m u e m t mimay carry n m - more ti -man on -me re lat ional
s t r t uc t t u re . ouu ly ommc of wimich is still being used. A garbage collection fuuni ction is re ett u ired.

Problems of Not Enough Knowled ge. In present systems m u  whi c im timere is not
eumouglu kmuow led ge , hi human  is interfaced wi th  t ime system to supply time judgmen t
mu e ces shu ry . in soumme systems [hue desigumer s kumow emuoughu ahotut t ime sys tem - mm to bui ld de-
cision n i uhuking in to  it  to ensure that  hufl adequate decision is mumhue ie . In ti -me last analysis
botit  t imese teeh uni e lues’  hire employed in ti -m is concept of a eo m - m - m u mu un ui e at i ouu system. Time
eii f ’f ’c renee bet sse’en time subject system - mm an -mel preseni t system ums is t h ue nuat e mre of ti -me kumowiedge
t h at is u u u s s i n m g .  Time knowledge in ti - m is sys tennu bias huspeets wh mi e l m are eummeer ta imu and for
wh ich  imo ‘ss e lb e’oeiitie u i rules ,mre knmowum.  ( h u m  a system - mm of t h is e o n m u p h e x i t y  it is possible
ti - mat  t ime eod i t i ea t ioum of time nile’s ca mu umever he to ta l ly  accoimup h is imed.  ) But once a si t t ua—
t ionm arises t h a t  needs hummman i r -mterven [io im. it  camu be studie d , amud nules eaum he generated
to t ake  care e) f ’ t i - me s i tua t ion .  It is necessary U) nmiake allowances t’or thuc detect io n of ’
s u m c hm imme ’omnp let erwss of knowledge hunch p lat  for time in t roduet io tu  of rules tiuhu t camu [hike
care of ’ f l u e ’ s i t ua t i o n .

Probl em u m of ’ To, M tue l i Ku owle’dge’ . Om -me way of lo okimm g at t l mis  pro hhe nu is td ) view
i t  as the ’ pre sence of too num uic h m irre le’vh ul m f kum ow lcd gc .  J ’imis e’ou -med’pt im ~us b ecmm huddr esSedl
.uh ov e ,  Tim e hui terumhu t is’e us to recogul l/e t hi af  d a f a  collect ioi -m e’amm gemmerh i te as ui m u eim d a t a  his

we’ de” sun e hu t  t ime e ihi t a  hire u ’selc ’s~ unless t imey caum he processed ami d d igested . ‘Fl -m e ummost
puss e’rf t m l t echnique  of d iges t ing  lots  of k umowled ge is to d igest small  por t ion ’s  on ly
It t  hi d’ o n n m m m u m u i c a t i o n  sys te ’uim i t  m mta y hue h e ’sir e’ui to m i make ’ t i - me sc’l eet iomm h ut t Ime source
rhm f l ien f l i h in  f my to move hull  f l - me  k nmow led ge to t ime  imod e hit wit ie ’lt t lie decisions hire
? ‘i eiu tg m l m h u dle .
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lkohlenus of \‘e’ri f le hi t iotm of knossled ge. 1m m connp os iuig an ae t i o mu . know h e d ge is
used I i i  f n r m n m t m l a t e  f h -me h u p p ro p rmate ’ Course ’ of a c t i o n ,  It is onmu ’ t h i n g  t o  kcc’p var ious
possibk’ a l n e r u m a t e  s t a t e t l u e u i t s  iii a k u mowleelge base amid an ot imer  to execute a no u m [ri ’. ua l
ac t iomu hi s hi nd ’suu l t  of ’ t l m h u [  k u iowhee l ge, To carry out all t ime d i f fe ren t  a l t enma t i ve s  is general-
lv m e i t iuer  ehesirhu h ie umor possible. As hi result ,  eertaim i s ta tem u memuts  of t ime kmmow l edge base
take  oni a vh u hu i e  dep cuue iing onu the  va l id i ty  of ’ t ime s [hu tenuuen t .  A met h odology us needed
to u i c te r n muimme whue t i mer  some o [hu er action can take place t h at veri f ies the cri t ical  s ta te-
nm - mci - m t ’ s .

Proble m s ot’ (‘o uu mimmeunie h ut ing  Km iowlee lge. Generhu lly.  whemu knuowhedge is available
.at oume ui ode ami d need ed at huno [h er node , some im uet imod ol’ co in n mu u niea t ing  is needed to
cause’ li - me appropriate decisiomus. Ti-mere are several ways that  t h is can be accomplished.
Fir st , t ime knowledgeab le node sends [hue knowledge to ti - m e u -mode requiring the knowledge .
This m u  t u rn  presc ;mts problems in fl - mat  t i - me n -mode requiring the kmuow ledge may not have
time appropriate frame of re feremmee to receive and interpret ti -me knowledge s ta tements
p roperly. Secon d , time knowledgeable muode may not be able to extract the key feature s
e) f t i - me knowledge thhu [  mueed to he t ransmit ted.  Timird , the node requiring the knowledge
n n uhu ~ send [he problenmm to the knowledgeable node and ask the knowledgeable node to
SOlV e ’ i t .  But thmis  has time same problenus in that the node requ mirim ig the knowledge has
o t h e r  ku -mowleelge t Im hu [  hears ouu ti -me prob lenn . How to extract  t h is knowledge from ti -me
i-mode requ irim ig tIme kumowledge to t r ansnmit  to the knowledgeable node is [he samn e problem
as d iscussed t’or time fi rs t ease. Final ly ,  there are no eonmpronmising and anticipato ry
umet h moel s tha t  t ry to coordinate the knowled ge before the appropriate decision is made.

3.3 PROPERTIES OF TH E ORD ER W I R E  LANGUAGE

3.3.1 lN ’I ’RODU(’TION

3.3.1 .1 Overview. The general ‘synmtac t i e  translation is tha t  part of [he procedure
ti - mat  takes hi sequence of words in the orderwire language and constructs a represenmtat ion
iii the u-mode processor of the action to he perfornued. The com i strueted representation us
chille d time senn ant ic  representation , ‘[he rea l izh it ion of time senmuatutic  representation is the
exercise of eo umtro l  by time m a e hm inme to carry out time aet ionus t i - mat  were described by [hue
orderwire s t a tem n emmt .  To sumnnar ize , tb -mere is tb - me sequ ence of synumbols or words received
over the orelerwire channel. Timis seeiu enmce in i tself does u m o t give rise to the actions
desired. ‘i ’luis sequence of words is not . ium ge’uue r hul , a good emme nm g lm repres emutat iomu of the ’
.ie ’ lmo ums  to he p er f oru m u ed .  i f  lae’ks many i u u u p o r f a u u t  p a ra uu mct e ’rs t h a t  are required for t ime
e~ c eu t i o um of t ime huet iomm.  l ’huese ’ parameters are conm [ained wit imium ti -me eon imuu -mi ca [ion
5’, s t e u i t  s bod y of knowledge a r d  an extract ion and h i mmdin g process is required. This
process us performm te d by tb - me semant ic  inmferpre te r .  l ’hmc seq umemmee is depicte d in figture

I’ h e n m e u t t h u l  Act i omms of tb - me Orelerwire. ‘I’he ore lerwirc h m c t i v u t u e ’s hir e essd’ n t u h u l t v  t imose
of I r . u m i s u u m i t  I in g sy im i bo l ie  st r u c [u m re s .  Al t  I eh id f to a se’qu eume ’e of ’ exee’t i t  ions . h u i te l te ) hi e’O m l —
s u d c r , u t  u o m u  of t Im e r equ ests  ~u u u I  t ra nm sh a t iouu in to  hifl or e lerw ire I .u um g u h uge ’ for receptioum hut f lue’
o I l m e n  end. ‘[he ei em i meum [ u ury  hu c t  i v i t  ies of [lie ’ or t i erw ire . t l ie re’fore. ch u m be considered an -md
c . ute go nied in the I o l Iow i u ~ t Y flc ’s of h u C t i v i l  ic’s,

it. I r h um is ihu t e  t b m e special eo iu d e ’mmse d la mmg u uhu ges i n to  a miormi n.l  la mmg t ua g e , ‘[his
a c t i v i t y  consists of conve rt imug h i t s  his t h ey arrive ’ to [lie ’ umoru nal lamugu huge of ’
ti -me orderw ire .
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SWITCH
[) EMUL ’ I IPLEXE R , eli

O R D E R W 1 R E  CHA NNEL
( O R D E R W I R E  SEQUE NL E)

S Y N T A X
REWRITE

INORMAL O R D E R W I R E  SENTENCE)

S Y N T A X
TEn A NSL AT E H

(SEMANTIC REPRESENTAT ION)

SEMANTIC
INTERPRETER

(ACTION OR CHANGES T O EQUIPMENT ,
SWITCHES , OR STATUS OF DATA BASE)

Figure 3.4. ‘l’ran us lau io n  steps in i n m t e r p r e ’ m h i u i u n l  u i  o re f e rwi r e  l an i gu u a ge .

b. (‘onuvert t ime n mornm - m~u I oreierwire to a se u mma ul t i e  com tno l hh u u ’u g tu age.
e. Genmerate fronu ti -me se immant u c  eomutro i lanuguage the  uueees shm ry execut ion

sequence whereby time ac t iv i t ies  to he requeste d . in e iu m d iu u g  exec tu t io u i . hir e
carried out.

el. Since the activi t ies of tIme syste lum will he ium p l emmmeumteel  ium t ime eOmu eept of
scmn ant i e  language , a request f ’or act ivi t ies  of any part of time sys tem - mm f’or t ime
peurpose of t rans l a t imug da t h u  for another  node would convert from -mu the sf flue’
ture of time semanut ie  language in to  the  imorm iuah lamuguage of (hue orderwire ,

e. him i nd iv idua l  e’hi ’sd’5 im w iu ie ’h [he nonui m ~u l Ih im i guhuge is u mot he’imu g u t i h i i c d  . s i ie ’h t hi ’ s
in n etwork in g, the  orderwire sh r e ich tire um mus t  t r h u m m shhi t e  t ime u ori ma l iam m gu ~uge
into ti - me special language for a phi r t icu la r  ehanmmue l .  Anot lmer  elenm ue u ut a r ~ activi-
ty  oh ’ the orde ’rwire s y s f c ’i,i would be to se que mme ’c time i u m p u t s  im fo  a e lm ~un n m cl
and sephurate time on f pu t s  of ’ ti - me cii an i - mel in to ti -me various su hc h mauu mme Is and
act iv i t ies  required.

3.3. 1.2 Usua l Syn tax  of ’ t ime Orderwire 1.h uum g u h ug e . S y m m t a x  us t h e  expression of time
st r u c t u r a l  r e l at iom ish t ip s  between t ime  pieces of hi se ’queumee of symbols ( s t a r t immg imm t Ime ehuse ’
of th e ordurwi re prob lenm wi th  time seqtm ence of ’ bits  eomi mmg over fl - me orderwire c h mh u mu u m el
(0 “ otfl C seq uence of act io nms called the sen m h umm ti c s of ’ fl ue la nug e mage , ti m part . t i t u s  lhuu mg ua g e
us deve loped f ’ronn bu um r mamm usage of conu i mnummicat  iou chani ue ls  dealing wi t h  sy umb o l Ic f ’oru ius.
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‘l ’bme ,ielvitii t ,ueL ’ of ’ eo utf  i n u i m u e  to use the  s h u u i u e  s~ n m mho l ie  hu! p l m a h ) et  as t h at n u ss used is p ri —
nu la r i  i~ m u  t i me ntu . i u  m u t e ’n m h u nL ’e’ ~u mud ~he ’~ e’ lop mum c ’n u t I I I  ( li e’ order ss Ire ’ net  work ,  langu age . au -m d
pr ocesses. I t  is  ton t t us reason t i a t  b othu t h c  n ornmi al  ami d exphmu - mdee i  orderwire langu ages
use •\~~

( ‘ I i  a’ t i - me p n u u u m a r \  .u lp lm ab et  , w i t l u  [hue s~ n iu b o l s  imiterpreteel  in t ime u sual mm mh i mmumer
wher e  appropr ia te .  It u s conceivable  t h a t  a be t t e r  a lphabe t  ami d encod mnug eouul el u uu mpr o ve
ti - me s~ s t e m i  from ru a the ’oret ie al  p e ) iuut  of view. h owever. the  loss of ’ the  a h i h m t ~ to conm i umu—
l u i c a t e ’ ss i t i m  t he ’ t e’ e tmmuic i , un i s  h um el e’mm g ium ee r s  t h at mainta imu au -md develop time syst e ’n u would he
too great  to eveu ~o n m su de r  su ic ’im hu h ammguage at ti -mis t ime.

A for i mmal  s~ i ix us absolu te l y  required for amu au [onnated order wi nc ,  An mum fo rmal
s~ n t ,u\ such as time Fmm gLis hm I . i n uge u ag c h a s  too man -m y ambigui t ies  to hw practical f’or an auto-
mated sy stem .  A Il nui te arm moum t of anm h igu i ty  may he to lerated or even desirable if the
au mmhigu i t ~ cam u he removed by fr au mme ’s of references. Mach ines are not capable of remov-
ing all [he i n f i n i t e ’ forms of ’ ij m h ig t u i ty  in time info rmal lauuguages.

‘The gem u eral overall str euct tire of time normal orderwire language is as follows:
The iangu iage is layered : time results of syntactical analysis of one suhconmmpo m uent

of (lie language arc phu s s e’d onu to become the input  of time next  component of syntax
u n m a h \  sis , l ’bte nmost no thub l e ’ Lu~ cr is t i mat  in wh ich ‘a translation of the hit streanu of the

orderwire in to  a eIm ar ~m et e r  s tr immg of ASCII ehuh iracters takes place. in systems t h ua t  use
H~uu uel o t .  f irs t t ime h i t s  f rom time bit  streammu of tb - me orderwire hire t ranslated immto  Bau ido t  and
t h uenu the o e mtp t m [  of ’ th is  layer  is t rh u uus l h i t e d  imut o  AS(’iI characters. Ti-me nex t  Liver  of syn-
t a x  seeks info rmation on time fra nme switc h ing syntax.  The layers beyond thuat consist of
a suiblanguage . f ’olloweel by hi l h u y e ’r of lexical analysis.  The next  layer of time I am ’ugeuage
s\ n t , u x  cont rols  n tu mmmer i ca l  analysis .  ri ere is at least omue h ’u ig imer layer tiu hut liii ’s control:
h u o s s e~ er , there nm - may he higher layers yet.  it is not importhunt  to consider whatever higher
layers exist  at this  point.

Time pr incipal  su hiamuguh i ge s  of time uuor mal orderwire l~mngumag e are time meta  lan-
guage , the knowledge languages. tb -me change languages , ti -me senua m utic languages , ti - m e elata
la n gu ages , and the connputer langu ages. Th ese classif ications break down into t’eurther
suhianguages. The st ructure  ea mu he seen ium the following o cut h ine of languages :

Knowledge
i ’xecu t ive
Knowledge u ipdat e
Formulate frame of re fe rence

~4am u mi m u g
Screening

Data

Raw data

(,rap h connpl’e’ssi on
(‘i ange

Re m ote comm [roh
Request action
Ree1 nest inf ’ort tma t ion

Se e’ figure 3—5 . ‘1 lie ’ u mmeta  langu ~uge us f i te  h h uu m g uu h ug e in wi i lc h - m new s y n t a x  c : umi he ele’s c i i be’e b ,
‘ I’hc kn m owh c u i ge lang u ages arc thmo se t imat  ~u I bm w I or i ) U i l d i mm g him - mel e’li~inging t u e  dat  ,u base ’ ,
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desk r m hm n g the emuv i rommm t meum t ,  or eic ’ s e n i b u i m g  th e desired act ionu . I hue  clu img c language is t i e
han g :  .~ee t h a I  mm m ~ ok c’s a c t  iom i . Flue ’ se’ m imaum f m e I anug u a ge ’s .ur c spec u ,ul l . un ~ u i . iges  ( h - mat  cai -m dl i )

l ’ ar t  iL u l a r  f u n c t i o n s ,  l i m e ’ e o m l mpuu t e r  languages are t im ’ose t h at ~ au be’ cou m ip i le el  t i  g e u m c r h i t c
m u m a c h i n e’ C md c w l t e r eb v  a um ew s e u m u a m u t u c  process can h)e inm iroduceel .

3 .3 .2  hilT LAN G UAGE

The ordering input  us a sequence of bits. However. f’or time consideration of
pr o~e ss ing.  it  nmay he required to consider time input as a vector comusis t i mug of bi t  va le me .
t ime , and environ m em mta l d escription.

Onul v the bit value is received. The tin -me will  normally be available ,  Messages
t h a t  r e L e u v e  nm - meaning  by vi r tue  of the t inme of arrival are thuose t i mat  mnuust have clock to
e l e te r m u u i mme numeaning and require this  ad di t ional  f’aetor. The envi ron u uuenfa i  picture n -may or
m mm a ~ riot he usef ’ul . Time transmission of i umf ’or u mmation bma s omm ly aspect : it is tim e eo n uvey iu n ce
of ’ surpnse. If there hir e environmental factors that  affect [hue semantics and symm [ax of
time da ta ,  time factors must have the following proper ties:

They n -must be known by all parties of ’ time eon -mmun i eat ion.
They must have a change eiu araeter wh ose change ’s take place on a t ime se’huhe of
approxinuately the time of bit arri val .

‘l ime clock has this ch aracteristic . b tm t it is h ard to conceive of any aspect (other
timan Jock-related [hu i mmg s ) [h at has timis ch aracteristic. Som eth ing ti -mat mu - may be known to
both partues t h at varies slowly would not provi d e time necessary semantic interpretat ioum ,
sinC e the change would have [0 be m ade qu i c k l y  arid the surprise of the se l eetionm is unmore
t h an one h) it ’s wor th.

The conclusion is tiiat the synt ax-seumma u mtic imiterpr etation must be restricted to time
h it values , ti me , and functions of time.

If we examine conumunication in n-more detail , it is clear ti -mat co mmunich it ionu is
deruved f rom observation of time environment. For time purposes of orderw ire , i t is
assunmed that the deriv ation has al ready taken place and that  we are dealing w i th  a
coherent package of bits . Some comnmunication camu be tho u ght  of as arriving s in uu l tanme-
ously. such as that derived from freq umen ey division multiplexing. In this ease , we are
dealing with a word rather th an a hit.

In summary , ti - me input  to the synthu x aimalyzer of an orderwire channel is repre-
‘sem’ uted b y a sequence of pairs , time fi rs t mn e um uh i er ot ’ wluich is d a t a  received in [lie f ’or mmm eu f
h i word of one or mm ore bits and the secomme l u m - memmuber time t inme of d iscrimiumation ( t inmue of
arrmv :u l  ( I f t ha t  worth ).

(firs t woni , time)
(second word , tinume 2)
(th i rd  word , t ime 3)
(nth word , time n)

It is pos.sible to eouieeive of parts of (he data  ar rivinug by di t’fe re mi t e’i re n i t s . I f thu i s
is t he case , we still have to coorul u m ma t c t Ime elata i i i  to a sm nug l e  st reamum of pairs . i f  tb - me two
soli r e’s hu re not coord i mm~ut ed and bm ave in div i d  tm ~u i mei u n inm g,  tbm en we are mmot deal lug w i t  Ii hi
suru gl c orderwire bu t with two orderwires. Eon ti - me purposes of ’ design , t h e  possi b il i t ies of
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in terweaving of bits f ’ronm t~~o or mm ore sou mrc e ’s does not  a l t e r  ti -mu’ d iscussion of ti - me
.i ti~i h y s m s  of order wnr e’ because ’ l ime ’ c o h ue ’rem i t  st t eam n t t l i s f  be’ ~iu s t  rue tee l  prior to time i n f e r —
pre’ thu t i on .

I t us not euu oug l m t h at t i me re is hi co l l e c t  ionm of pairs . It  would appezu r at fi rs t sig h m
t i th i t be cause ’ s~e huave t ime t i m u e  e x p l i e i t f v .  t h a t  is all  t l m m u t is n m e ce ’sshur ~ for  proper inuterpre-

,u t moum. ‘F iu ms us [r tu e mum omue se’muse , h se ut ne)t m u  an ot imer .

3.3.3 CHARACTER LANGUA G1

U SAS(’Il . t ime USA Standard (‘ode for  I n f ’o rmat ion  In terc h ange , is contain -med iii
\I I L-STI)- I ~t~(’. l ’h -me following bias he emm abst r a cted to def i ne ti - me eh m~ura e t c r  language.

(‘on mtro l  (‘haracters :
\ t f L :  The all-zeros character.
SOH ( Start  of H eadimig : A coum mn u t unicat ion control character used at time
b egmuu n in g of a sequemmc e of ’ chu an acters which const i tu t e  a n-maci -mine-sensible
address or routing in l ’ornmmatiomm. Sucim a sequence is re ferred to as ti -me “i ueh uul-
i ng. ’’ Aim S’l’X ci m~ur ae [er huas f lue effect of te rn u mi n a t imug  a heading.
S I  X ( Star t  of ’ Text ) :  A eo mniu u uiea t io r m eouutroI u l marhu e te r  w lmie lu precedes a
sequence of elm arhu c ters tb - mat is to he treated as an ent i ty  and entire l y t rans-
m n i t ted  t lm rotu gh to the u ul t iu m uate  dest inmatiomu . Such a sequence is re ferre d to
:us “ te x t. ” S FX nmay be umsed to terummi u mate a ‘sequem -mee of characters starte d
by SOH.
I I X I b utch of ‘L’ex [ ): A eomm mn iun iea [ i O n control ch u arh u eter  uised to terumminate ’ a
Se’ I luefl ce of e Im ar ~ueters s tar te d w i th i  STX hi t -m d f ransuuu i t t e d  as atm e m m t i t y .
1:01 (End of ‘I ra t msmiss iomu )‘. A cou n uu mu n i c a t ion m control ehuaracter use d to
i ndicate tb - me coumc lusion of hi t r a nsumuss i on . whic h n -may have eommtained one Or
nmore t e X t s  and any associate d lm e~id iumgs ,

ENQ ( E n q u i r y ) :  A co umm n m uuimicat io u m control character used m u  d ata con m unm mu mmi-
cation systems as hi request for  a response from a remote sth it i on.  i t  n a y  be
u se d as “Wbmo Are You ” (WRU I t o  obtain identif icat ion , or m u may he used to
obta in stat ion status , or h ot im ,
A(’K (Aeku mw ledg e):  A eonm i u -m unic a tion control chmara cter f ra u msmmuit t e d  by a
recei~er as hi D hi f h i ru n at  ive respo umse [em hi sender.

Hi I A ch aracter for use ~ h eim t h ere is a u eed to call for h i umuuan a t tent iomu.
it ru -may control al arnm or at temmtiou devices.

hiS (Backspace): A f’onmn at ef ’f ’eetor w l uic im comm t rols ti - me mmmove u mmeum [ of time
p r i n t i n g  posit ion one pri ul t ing space backward on time same pn imuti t ug l imm e ,
(Appl icable  to displ ay devic es ,)

I i i  ( h Iori zonf h i1 l b ’ h u l h u t j o m t  ) ‘, A l ’o r i i i huf  c f ’Iecfor  w imiclu coumt ml’s time mmm o ve—
ment of time p r iumf ing  i ositi ou to time next  in a series of prede ’ter mimmeel posi-
tions along time ’ p r in t ing  l ium e . ( Applic able also to displ ay devices kind time
skip lu nct i o m i om punched e’a rds,



IF L ine  h eed I .\ o rm u ua t  e f f ’eetor s~ h i c h  eom tro l s time m ovement of the
p r in t i n g  p o si t  ion to time mme ’x t p n i n u t i n u g  h i u e .  ( Appl icab le  aI M ) to d isp l h i \  ele ’vmces . 1

\~‘ her e h ipp ropr ihute .  t imi s  charac te r  m mm a y h i hu v e ’ t ime  m n e h uning ‘‘New Line ’’ I N L) .
a Im ’ru f l h i t e ffeetor  w i micim Comm t T i l l ’ s  t ime m nmove m ttcn i  t of ’ th e pnin tu r i g  p Oiu l t to t i m e
firs t p n i mut ing  positio n otu [he nuext pr int ing line , Use of thin s  eom ’uve uutno m ’i re-
qu i re s  agreen iu e’ nmt h etweemu sen d er  amid re e m piemmt of dh uta.  (So I ou g hi s t Ime cur-
rent operhu t ing procedure of ’ em i ding ton  hegium um in g )  hi l ine wit im ( ‘R_ (’R .U : us
observed. u mo operationual proh ietim arise ’s t’roun in t e reouun e e t u ng  ~‘N L ” aumd “Non-

N L” machines. )

VT (Vertical Tabulat ion ):  A fornmat effector which eoumtro i s t ime mn o v en uent
1) 1 the pr inti uug position to time nu ext in a series of predetermined pr in t i ng  l i nes.
i App licable also to display devices. )

I F  Form Feed) : A fornmat effector which controls the nmov emen l of t h e
pr in t ing  position to t i -me first pr edeternmuin ed printimug line on ti -me next  t’onu mu
or page . ( Applicable also to display devices. )
( ‘R (Carriage Return ) :  A format effeetor which controls the move m ent  of ’

the pr int ing position to the firs t pr imut in g p ’ sition on the same pr in t i ng  him - me ,
(A p p licable also to display devices.)

SO ( Shi f t  Out):  A control ch aracter immd i eat in g t h a t  the code combi n at ions
which follow shall be interpreted as outside the character set of tiue standard
code tabie u n t i l  a Shift In cbmaraet er (s) is reached.

SI ( S h i f t  In ) :  A control charact er  indicat ing ti - mat  the code co mb in at ionus
which follow shall be interpreted accordin g to ti -me staiudard code table ,

DIE (Data Link Escape ) : A co u mumm uu nic a t i ou u eonm [rol cimaracter w i uie hm wi l l
change the me aning of a limited umumm i her  of cou mt iguuo usl y t ’ohi owimmg e im arhueters .
It is used exclusi ve ly to provide supplem umentary controls in data c o m mi mem nic ~i-
tion networks. DLI is usually termu - minated by a Shif t  In eima r a eter ( s ) .

D(’l . D(’2 , D(’3 , I)(’4 ( Device (‘ou ’u fr ol s ) :  Character ’s for time control of ’ an-
cil lary devices associated with  da t a  processing or t el ecomn -munie a [ion systems.
more especially switc i iiumg devices “on ” or “off. ” ( I f  a simu gle “stop ” com mtro l is
require d to interrupt or turn oft ’ ancilla ry devices , DC4 is time pre ferred hussiglu-
inent . )
NAI( (N egat i~e Acknowled ge ) : A eoimm muni cati ofl  con t rol ehmara et er t r~u m ms-
n n i t t e d  i)y a receiver his a negat ive  re ’spomise to t i me seum d er .

SYN (Syn cbmrono us Idle ) :  A eo , u mmu muu - mica t i on  eonmtro l ehua racter used by a
synchronous tramus m iss i oum s\ ste mf l  m m  t i - me hub senee of ammy otl uer ch aracter he )
provide a signal fro m which ~s uuc l ur on ismmm n -may be ac h ieved e)r retained ,

I ‘lB ( End of ’ ‘I rh i mm s n m m iss io nt  Block ) : A e oim muu m un ic a t io uu  eou itr ol c h m hi r h ucter  used
to i ndicate [hue ’ end of ’ a block of ’ e l a thu fo r eou mm m u un m i ehi t i o um purposes h’ l B  is

useet [or b locking dat a  where t I me block stn uc teur e is not necessarily rel h u ted
to th e ’ procu’ssi up f ’o rm na f
( A N (( ‘ h uncel  I :  A control e lmhl rh u e ’te r use’d to i m - mdi ea te  t h a t  the  da ta  wi t lu  wh luc l u
i t  is semut a re imm error or are td) he disre garded ,
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1 M ( E umd of Mee l i uumm ), A control chmar h ue te r  associated w i t l u  t i m e  sent  da thu
se h i e Im n umav  he used to id e m mt i  f ’y the  p imysie al  c u d  of ’ t l t e ’ m e d i u u m u u  , or the  c u d
of ’ the  ‘u mseul . or wanted . portiom u of im m for u i ’matiouu r e co r d e d  on a numed iu m num ,  ( l ’ hme
pos i t i omm of time e l uhur a et e r does muot n u eees s ar i lv  corres p onme l to f l u e ’ p h u y s i e h i l  em - m d
of [hu e n medium u u . )

SUB ( Suuh s [ i tu [e ) :  A elmar h ueter that  mmiv be ‘ s u h ’ s t i t u m t e d  for a e lmarac te r  w i uic h u
us eleter tu mined to he inval i d  or in error.
1:S(’ ( f ’s ch u p e : A control  character  in t eu ’i eled to pros i d e  code ex tenusi omu (suup-
pl en m en mtar y ch aracters ) in gemuer al imufornum at i ouu iuu [ercha umg e. Time Escape charac-
ter i t s e l f  i ’s a prefi x af fec t i n g the interpreta t ion of hi hi n ’nited nuu uu uber  of cont ig uou ~,-
I~ k h i o w i n g  cim ar ~ueter s .  i’S(’ is uu s ua hl y  t e rmina ted  by a Simift  in c im a rac ter ( s .
ES t File Sep h urh l tor , US (Group Separator ) . RS ( Record Separator).  amud US
( t J u m u t  Separator ) :  Tiuese in f b rnm m at i omm separator ’s may be uused wi t iminu  da ta  m u
opt iom ua l f’as Iu ion. except [luat their  hu ierarchuie h u l  re l a t io u ms lmip shall  be: ES is tIme
mu most in e lusive , theum GS, ti -menu RS. anud US is least imielusive.  ( Ti-me contemu t an -md
length of hi File , Group, Record . or Uni t  are not specified. )
l ) h ’  I . ( Delete): This character is used pri mmu h u ni l y to “erase ” or “obl i te rate ”
erroneouus or unwanted  characters  in per fora te d  t h upe.  ( 1 m m  [hue strict sense Dl ’ I.
is not a control ebmaraeter , )

Note: SO, ESC, and DIE are all chu arhu c t e rs wimie h u can be used . at t u e  ehiscre-
[ion of the designer , to indie h ut e the beginning of a sequence of digits hav ing
special significance.

in serial by bit transmission, time coded ch aracter will be transnuit ted low order
first : ie , time bits will appear on- h imue in the order h i , b2 , b3 , h4 , hi S, ho , b7 ,
b8 (pa r i ty ) .

3 ‘I’he’ following tab le shows mnemonic abbreviatio n s and print ing s~ mhol s use d
in AS( ’hl .
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1 COLt , ’~1N 0 1 2 3 4 5 6 7

0 0 0 0 I 1 1 R
0 0 1 i 0 0 I 1 0

bS 0 0 0 i 0 1 0 1 W

h4h3 h2b i  — NON -PR INT ING- l4-— ’ 96-SYMBOL PRINTING SUBSET’—

0 0 0 0  NUL \ DLE e SP U P P 0

0 0 0  I SOH E DCI ® I I A Q a q I

0 0 1 0  STX ..L DC2~~~~ 2 B R b r 2

0 0 1 1  ETX J DC3~~~~ # 3 C S c s 3

0 1 0 0  EOT J DC4~~~ $ 4 D I d t 4

O i O h  ENQ — NAK ® % 5 E U e u 5

0 1 1 0  ACK — SYN D 8 6 “ F V I v 6

0 I I I BEL L~ ETB ~ (APOS) 7 G W g w 7

I 0 0 KS ~ CAN ~ ( 8 H X h x 8

1 0 0 1 lIT > EM ~ ) 9 I V I y 9
1 0 1 0  IF SUB m * : J Z j z 10

l O l l  V T V  ESC 8 + K I k I i

1 1 0 0  F F V  FS 1~ , < I I
1 1 0 1  CR ’4~z US Pi - = M J nu 1 3

I I I 0 SO ~ RS El ,~ > N A mm — 14

i i  I I SI ‘V US 1~ / 0 o DEL I S

Fi gure 3—6. Amrie r ic a i i s tandard code for i i m f ’oruut a t iomm i umt erch m a mt ge .
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3.3.4 P R i ~% 1i I WE LA N ( ; t A ( ; i

3.3.4 , I I tm t rodu e i i o n .  The p r i n u m i t m ~ e’ l anguage  muuu i s ~ lie locally ergoduc. I h a l  is . i f

c a mu m mof  de’peu ud onu ah is ohute ’ t ime fo r  proper m n m t e r p r e t a t i o n ’i . ‘I ’hme i m u t e r p r e t a t i o m u  hut orm e n m u o —
m i u em u f n n u u s t  he the  same as the iu te ’r p r e t a t iOl m hi t  ~iuiv o t h e r  to wi t h i n  sem i t e ; n e ’ ’  bo um ndan e s ,
1’Ime ’ s, uuu ue se’m i t em mee t r anusnu i t t eu l  hut two  e h uf f ’ereumt t ime s  ss i l l  ha~ e tIme s a mume m e a mu im ’ig. Time s~ ay
t o  ~icco i i up l i sli  f i u i s  is to require’ e h uc h m sen temuec  to lmave as a first  e l m h urh ie te r  hi s t a r t  code , or a
hie~ u m u m m i m m g  of ’ t ex t  code. i o r  docum n enta t io uu 1) urposes . i t  k too d i f f i c u l t  to h a v e  binary
sv m m t a .\, l i ieret ore.  a c lmarac te r  syn tax  v~ ill  be used , Each  c luaracter  w i l l  be bou in u de e l wi t im
sthur t  and stop codes. ASCII will  tue u sed wi t , spec i a l  inu te rp re t hutiomu of the  c i u h i rh i e t e r s .
It is clear ti -mat  AS(’ ll is not t ime m ost eftieiem u t e luhurac t e r  set t’or c o i m m u u u n i c h u t i o n , hu t  it is
adee luhute .  i t  lua s the advantage of hul l ow imig Li ’s to ta lk  .ih ’out the  eiuar ~i c t e ’rs hun - m el have tb - me
re a d e r  under st amid .  A Barker code eanu hu l so lie used k r  a s ta r t  code whenu synuc l i  ro umous
tec h ni que s  ~ure used to inuprove eff ic iency a,md r e l i a b i l i t y .

Rewri te  nate’s coulul be used to reduucc f lue  A S(’ hi chmaraet ers  to a set of character s
for l m u g lm er  e f f ic iency.  Time tec lummi q ues  for  coimu p ress ing c l mhurac t e r  s tr ings are km ’uown and
ume eel not he d iscussed further  lucre . The - f ’fl cm en e~ imp r ovem ’nen[ by using eluaracter  conm-
pre ssie )n is :ib ouu t hi factor of thmree. The e fficiency of time nmor m a l orderwire language over
fl - me  p r i n u i t u v e  orderwirc  languu age is, hi fac tom be tween IOU am id 2000. Time firs t problem is
e des .ru  be’ th e  ni eehani sm s and requirements  of ’ f l u e  pr i m i t i v e  l h i n i g u h u g c  anmd the ’rm de’scrj he

t I me nu e th -mo e ls of ’ reel umeing to a nornuhu l orderwire l atu gu ~ge.
in i 1ese ’nihing t ime pr imitive languma g e. it is desired to use word s rather ti - maim sy n uh i o l s

~ lu cr e .uppr oprm ate . hut ti -me iatuguage itself wouil ei ums e the svt u mb ol s ,  ‘flue word ’s give f lavor
tc the ’ Lunuguage.

lii t ime following description , a lettere d word ~ ill re fe r to h~ ~ymhol  a cap i t a l
le t te red  word wil l  re fe r to [i -me word s his spelled. i f  [ h - me ch ip i t a l  let tered word is u u m id e r —
s~ oreci . it re fers to a cihus s of capi ta l  le t tere d word s ,u nue l s~ il l p robably muot be tIm e ac t u h u l
weird used in hufl orderwire n-message.

3 .3 .4 .2  l) i sjoimmt Suuhl angu uages

\ i ’x c cu mt i ve  Iammge iage
I ’h me executive language is one ti - mat  eouit ro ls  r Ime suuhl angu mage omm time orelerwire .

B. Meta

I ’h m~’ h u e ’ f a lau -m g ua g e proposed here u s umot  as f le ’\ ibie ’ h i s  t ime  Vi enu u ia l)e [1mm it ion
I .ur u m ~ u.u g e , h iowever ,  ti me lang u ih i ge ’ l uc re is s ui m i lar to t hu os e ’ t h a t  hmh i ve been i u - mm p len u m en fed by
u s m m m g  ‘sh i r t  in Kh u~ p ars umug him - m d tbmeref ’ore t l ere is uss u r b umu e ’e’ it c . ium he hue l opte d . The n u o thu -
ion i’s ‘ s i n m u i L i r  to ti - mat umsed in the  RI ’  I . sy s te m um of h30/e’m’ ihl h i emmis ,  l)ostert am - mel Frederic k

B I I m ’ ~m up ’s ou t  h u t  (‘hil i t ’o r m m ih u I m m t i t u t e  of ’ ‘l ’ e’e’ lu u ologv .
Fl u e  m u m  u n i u m m u n m u  e l eummeimt  of ’ c oi ms i der h ut  ion is I l m a t  Of .u h i t  at a giveum I immue .  Time nor—

u u i . ih  . u h i ’ h i . i b em is t i h h u t  of t ime AS(’ l l e lm a r a c l e r  set. l ’ lu e ’ h i t  h, is to be i d e n t i f i e d  w i t l u  ~om e’
e xi~ t u m m ~ c l c m m m e u m t  of t Ime  AS( ‘II  ehm ar ~ue t er  se t . Yet I lme ’~ c ai m iuot  he pe’ r m m - m a m u c m m t  l~ h o u mume l to

~‘ I i , u n . t ~ t c r ~ bee h uuu s e ’ other s ym - mt h ix e’s e h u m u m ( i t El se ’ [ im e ’se’ c l r . i r .uc t  er ’s . ftc t e e lmmu iu. i u e [ha t  w i l l
, u i f ~ s~ ih e b indu m ug  wil t  be’ e;ulk ’d p o sif i onm h m:n l im ug .  In g e m me rh u l .  ( l ie ’ i m m e f h u  hu mmgu a ge S~ n m t hu  S
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ha y  erect also. The fi rs t lay er  a t t empts  to reeogmuize one of t I me fol lowing list:

SY N:  (‘HK: Si”F: (‘ND: TIM: SE M:  S~’s~N. R U N :

I aef u  of t h ese’ lii ’s i t s  own s~ n t h u x .  Fu mrther , each imas its o~~tu r ua m e.

SYN. Ti -mis is ti - me s y n t a x  production nule.

( ‘ I lK :  ‘liii’s is tIme test for  ti -me featutres in the elernet -mts of time production rule ,
SET: Tlui s us the f o r m u l a t i o n  of ti -me new feature s given ti - me synutax is found.
( ‘Ni ) :  TI - mis ex teuuds  [he language to handle left and riglut conutexts  of the rule.

m u  p ar t ic uuhar , it is used to imand le negative contexts :  ti -mat is , time absence
of so i mme characteristic.

TIM: Tb -mis part of ti -me rule controls the time of arrival part of ti -me syntax. In u
character type symutax , it is norm ally not present. Buut . in bit-by-bit syn-
[ax and special language syntax , it becomes very important.

SEM: Ti -mis part of the syntax statement caumses imnmed i ate  activity in ti -me system.
It is a trap mechanism to cause shifts in ti -me fran -me of re ference so ti -mat
fuurt lm er languuage development will be done in ti -me appropriate frame of
re fere tmce , It is also used for statistic gathering.

SMN : This is time part of the statement that  controls the generation of the ap-
propr iate huction when time statement is parsed.

R1’N: Thuis is a part of the statement that  allows for time r e tur mu to time execu-
tive t b a t  sonmme part of ti -me syntax has been completely parsed.

C. Ra~s Dh lta Language

Since ti -me co n m i u n um m i .at ion ch annel is for time pumrp ose of tra umsfer n ing data from -mm one
n ode to au other . a language mecbuanis n mm is required to deternuine the starting point and some-
time ’s ti -me e x teu - mt  of time data to be communicated over [he cl -mann -mel. This lauuguage is for
the transit ion u iumg from u m the orderwire language to t h e  user data. If ti -me user data are of fixed-
si ze block s. ( lii ’s lammgu ,ig e keeps track of how much of time block has been transmit ted.  If
there is a ummarker in time data to indicate end of data , ti -mis languu age mechanism looks for time
marker. I t ’ time data are to be controlled by an alternate chmanu ie l . t l uemm after ti -me start of [hue
data trh t ns m nm ss momm on time cimannel , the language transfe rs its inpu i t  to the al ternate ebman m nmel .

D. Graph (‘ompression Language

Se um met u m m ue s  i t  is immore expedient to transmmuit time part of f l u e  immf ornuation f or  [lie uip-
da t ing  oi orderwire knowle d ge by means of a compressed format. This compression rumee lm-
. u i m u s m n u  e o m u s t i t u u t e ’s .u ham gu,u ~’e wit h i t s  appr opnhute  sy mmtax  and ‘s e mumanties .

h ’ . Ku mo wlee hge U pd hi te Language

l Ime knoss I e eI ~’e upd ate language is uhesi gmmee l to fac i l i ta te  time ae lelim i g of new kmmow-
le ’dee , t h e  r e mum os  .u l of  out el . i t cd knowledge , amu e l tIme elmaum gi uu g of kmm owh ee ig e i i m h un et ’f len e ’n[
iu m ~un mrm er .  I t  u s imot f o r  I l ie ~uirposc of ’ ere a [ium g requests or hu e [ io mu s . but  for thme  pumrp o se of
urn pro~u u m g ( l i e ss orid u i u tn d e l  •i( t ime node’ ru’ccivinug i t .  ‘ [‘ii us t a lmg ui. ug c sh ould use t i me (‘r hu nume
of Ic te’rcuice’ , u mm tl  um .u i n n i n g  l huu1 gu~i [’ e’ to deter m ine time ap propri hufe plhice at w iu icim t i m e  u mew
h i m  ow l e t lg e’ u s to Ir e m t  ro ctu ce’d. It sh ould Ima v e a syn tax  t i u h u l  can hm i So eleter um ’u ine w ime t imer
( h - me ’ mn f o rmmm a [ iou m us .u dclet io mm , replacement , 01 i u u [rodu c [uomu so t lm h l t  appropriate h ue t iomu chun
t h uke l’LI ce ’ w it lu  re asonab le eh ’ticme ’mucy.  A special s t ruc ture  should ex ist  iii this lamugua ge’ to
i e l emmt i t v  so t l m h m t  d upl i c a t ion m ~mnd ordering of ’ arrival wi l l  not  cause iuueorm ’ect knowledge’.

61



F. Grap lm Ma m ui pula t ion La.iguiage
‘rI m e grap im n u manu piu la t ioum I h u nuguage pr ovi d e’s time t’un ction of ai l owinm g a new grap h  m m mdi—

ficationi humid co ordinhutio u m operation m u  m mi ue l m the s~u u uie way as time un et h u lang u ih u ge al lows for
a chanuge m u  t ime sy r u ta , x . It is tie) t a common language of time orderwire , bu t  it  provid es time
neeessar\ s t r u c t u r a l  e lmaruge s tb - mat  cannot he accomplished by ami~ of ’ time o tbuer  lanuguag e fune-
[ions. l [ is stromug l y reco tmmn u cnded th i at INTERLIS P 10 or anu equiva l em it he uzsee l for t h is
feu nuction wit i m [h u t ’ appropriate changes in tb -me naming and execution to acco nm nm uo e l at e ti -me
com nmuniea t i onu  sy ste m’n m. It would not he hi part of time universal orderwire lan ~ uage. It
we ul d he broug iut imuto operation by a specifi c orderwire.

G. Reumiote Control Lanuguage
This laimguage si -mould be inutegr ated with com uu ma n d ami d request and update la tm gl i h u g e s .

The exact fonmu should be an item for study. It is a specialií ,ed language that  allow s e ffi-
cient i mmanipulat ionu of specifi c ee~uipnu ent . It  will probably he tb - me same as thuat  tused by a
node to eonmtro l its own equipment.  Time system executive talks to time lower levels of
t h u e u-mode sy stem with this language. The need for the capabil i ty of remote u,.on t rol l an u g uuages
anses in that  some channel creation processes are mnore effectively accompl ished by a con-
tro lh inmg node. Thus , while an arc is being set up, one emmd of ti -me are re linquis lues control
to flue  o t l mer  for hi specific set of equipment .  In this ease ti -me orderwire is e ffectively a re-
nmmote termumimial to time umode t lua [ is imu control of time equuip m en i t coord ination hind setup. At
tb - me same time, since it is part of the node ’s language for ti -mat orderwire channel , it is proper-
ly coordinated with ti -me naming and usages of the node systems.

ii .  Command Language
The matter  of command vs request is mmmore a u m i at ter  or priori ty and expediency .

The communn and language is used only in lmig iul y cr itical si t u matiomms , in whic h time system mmmay
stuffe r consie lerabl e elannage , to support a drastic action. It is cimaracter ized by a shi or te u mtt ing
of nian y of ti - me system safegu mar ds. (There is a definite risk t lmat  it will cause the system -mu at
a node to fai l to perfo rm at all .)  I t  is also used wimen a safegt :hu rd u m m ’eist he modified or
hrmdged.

I. Request Action Language
‘The reeluest action language is the language of an orderwire ti -mat gives time receivimug

node a goal to seek and expects sonne result at ti -me appro pr ihute t ime. A pri ority is generally
tr an smuu it ted wit h the action request. Time receiving node takes ti -me request and aelju mst s i t s
ac t iv i t i es  to ,u c ’co mmm unodate time r c (I eu e st .  Time act ionms u im u mst he logical w i t h i n  [hue f r hu mmmew o rk
of the systenu. If they are not , or if t h ere is an uuni r esolved aumibig uu i t y .  a returnm request b r
fu rther informm -ma ti on mm -may be necessary in order to contin uue. Loss of integrity of time node
sy s tenmm never occurs .

J. Request In for ru mation Language

The request in format ion  language is the counpienm ent to time knowledge u mpdate  lhun-
guage. it m ’s a re u lumest for i mm forrnatio n from the receivi nmg node tiuat  time node numay or mm -may
nu o t have. It  ummay h)e able to send out furtim er queries [0 ot h mer nod es or just to t h at speci-
fic n ode. Tb -me correspon ding syntax in a na tura l  language is calle d the qumestio n.
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K. l onn u ul ate  Fran -me of Ref ’erem -mce L~u n gu m age

~Vhien c o n u u m u n i c a t i m i g .  e’venm whe u m using f lue  same syn tax , t h e’ kn ~~whed gc whic h
is hre u ig l ut  to hear u i s i mi g  [hue s y n t a x  is iuu mportant .  In con i up u i te r  ~ys temn s thmms process is
acco mm ip li ’shed by suc iu meehanisnums as log-in procedure ’s and job eom u tro l Iaumguu ages.
N e i t b mer of these two exanm m p l e s  really applies to tb -me orelerwire pro b lem m u , butt  the u n d e r -
l~ m iu g  rationale of li m nit in u g t i -me semantic world on time inco imui mug orderwire is needed. In
a two-party arran genuent we could consider all knowledge to be vh uli d.  hu t  even lu cre there
are tummies  tb -mat the senmuantic base needed is smaller th anm every knowledge fact that  hh is
ever •uec uu uii u l ated on ti -me chuannel . Histori cal information is imnp ortant  to reduce [hue
necessary communications to in prove error control.

In a imuu ltich annel systemn such as t I e  Navy system , it is even more impor tant  to
have mechanisms to contro l the meaning of a dialog. Thus, a frame of re ference language
is needed.

When the channel is set up, the node systenu associated with it is given a previousl y
‘structure d language system am -md a related knowledge base upon which to operate. We
could assume that the orderwire that is transmitted over a channel is abount that ciuanne i .
It is automatically set to have a frame of reference that consists of knowledge about itself ,
eh ma u une l , and the initial language system. At t i -me beginning of the channel no other know-
led ge base i-mas appropriate meaning. However , the n-mode operating system will not leave
time chann el to contimmue to have ti -mat knowledge base. Time node operatiuug system - mu will
wan -mt to use that orderw ire channel to talk about users or othuer channels.

The norm al na m ing system does not work too well at this point , since cimoice of
dictionary is uuud .h r discuu ssion. Thus, a special namin g systenu mrnust exist for this , the
framing language. It couuid be the fully expam u de d names , since these are uni que no m m mh ut t e r
which framn e of re ference we are in. However , ti -me fully expanded na m es are still too
costly in channel uu ti hii . a t ion. A better approach is a symbol string ti -mat traps tb -me iamuguage
m u t e )  a higim-ievel allocation system. 1mm ti -mi s system short namnes may be avhui l ab l e to
imandle long-namned items. Naming is umecessa ry even at this level. Time topics of diseussmo n m
in time fr am m ii ng language are decisions as to which sublanuguages will be used amud wh -m i eh know-
ledge basis will he connb ined for use. Ti-me changing of the fran -me of re fe rence lauugua ge is
a procedure ti - mat needs definition , but ti -me cl-man ge will not he ex ecumt ed umuut i l  after lunisluing
with time present conummun ication that evoked the change . Ti -mis does not mean time changing
of ti - me structure of time language , but selecting which of ti -me existing semb lammguage dialects
should be used.

The frame of re fe rence language helps in flue ‘5fr anme of re feren ce” problem in tha t
b o cu mme lh uri e s of act iv i ty  are det iu ed , buu t fur t lmer  eouu tro l  of f’ra m mmc of ’ re ference is um ee el ee l to

c om mm p le [e l y handle the problem.
Ti-me naming language can greatly contro l time frame of reference pro hl emm i . .\ name

is oumly given if there is a def immite  s tabili ty or hu b stract i oum required. A f’rh u um w of re feremuce
for atm action is Ui W hi ~~’s related to stabi l i ty  or abstract ion.  There fo re . in (heory we would
suuppo se th i hu t  na i mmes could he given to a f ’ram n e of re fe r emuce. ‘I ’ imi c is easier said t huh u n u  clone.
It is umot known wbmeth cr  a nan iue c~uu u be ge uu r ; ufe c l  i mm hi m m - m a t i m e m n a t m e a l  seums e ’ fo r  eve r ~ t rh i m m m e

re ’ I’erenec , since the set of m u n u m me s:  of necessity, mmmu s h lie’ cou ntab le . h u nc h t rh u nu ie ’s of ref ’er —
emmee ’ iimhuy not he countable .  But fro u mm a practical  p a immt  of view , a system - mm cannot  be ele—
signed ti -mat espouses a nmo n co em n [abi e set of fr h mmm m e s of re feremu ce. I nn order to a c e on umph is tm
. in i h1 ppropriat~ n u a m m m i n m g  st r u i e t  nrc to lm a i ell e t ime  control  oh f’rh umne ’s oh re fe re r me ’e . i t  is nme ’e’ess. ir \

to , iI least u m a uui c a Boulcan cl i ’s ’ s  operator. N h u m u m i l m g  s t r e uc tu ures form hi l)AG rat lm e ’r f h u : u u m  hi

free.
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L. Naming Language

Time u ’u ann ing language is used to comunect i tenuu s of tb - me sen m uanm t ic net to itenu ms of t I me
orelerwir e s ta tement .  Almost every language has a syn utax different fronm [luat of [hue actiomu-
knowledge syntax. The uus u m al n amim ug language as found iuu languages su mch as FORTRAN
u s an alphanumeri c string with t l e  fi rs t symbol a let ter  and time inuuu u m e e l iat e neighbors of
time s t r ing nona lphanu u mm eric . Wi -men systems were designe d . t h ese n amuuing conventions
were too restrictive. Other characters ti -mat interacted ‘ s vi t b - m ti -me system were introduced such
as < . . . > . . . in Tenex. This allowed nam e s to be u mumi qu e to a program with -mont bein g
a w k w a rd l y iou -mg. This feature is also required of our systenu.

Features of ti -me naming language ;
Mostly alphanumeri c
Delimited by nonnarn e symbols
Composite names are permitted
Numbers are always some type of index
Versions are permitted
Contro l of version is permitted
Version time control (part of senmantics )
Lockin g position in call-up
Normal visibility
Visibility control
Minimum confusion
Minimum required specification

Consider the ruan e to be conmposed of
Al ph abet part s
Number parts

Example of a Naming Language (tentat ive)

< mjnim e >; = < namu e string > I < naumme string > . < namume s tring >

< nanne string >: < name char ~
‘ 1 + name string > < name char >

< i-maine char >: = + all print symbols except “<“ = “ “

anmd all single syimmbo l operator ’s >

< named >; = +name > ”< “= “ “<“

Notes on Syntax
I .  Lower and upper case will he immt erpr et e d as tipper ease letter ’s.
2. Symnbois tbmat have nucaning m u  any sub language hire exclude d.

Comments on assignment in naming processes. Note [hat nmost process h ave m - mh um n es
that are used for the purpose of bridging over the stepping procedur e of a simig le-c h hun m n el
input , or in a process to bridge back in a loop. TI -mere is i-mo desire to save each step his
a new version , but many times , for obtaining systeum u historie s and troubleshooting , it
is desired that h istories be created. At every level of ’ a s s i gnumucu mt . a method of ’ turning
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a n u e~ version assi gni mmenmt on is d esired . At other times, to avoid excessive overhead , this
new vcr su t n should he turned o f f ,  In some svste n m u s.  version n - mu iu m b ers are used as indexes .
in this  sy steun version nuui mm h er s  s l iou lu l  be used actively only on slowly ch anging uuo u mcyc l ic
nam u me s  proce’ssed 1mm time order of hours and not mmor m a ily on operation -ms th:u t cause hu ssign -
n ments  of less tima um 10 secoumuls. Old ~ersions will be off-loaded at regular intervals , eac h
seve ral nmuinuutes.

Possibly tb -me fo ll owimmg nmm ode of action should he considered.

a. A specific fram ’mue of ’ re fe rence is kept for those uma mn es wi -mere version update is
always require d at each new assignment.

b. At times during a specified network every assignment causes only one new
version to he formed. —

c. Special operators will cause the system to not create a new version but to
keep a rumnu u ing set of versions not to exceed “n ” copies with the latest as the
current version and previous ones corresponding to older ones in order.

d. Time of last active retrieval should be stored on all named items.
e. The concept is that if it is locked into the naming structure , tb -men it is impor-

tant enough to have some action monitoring.
f. if a variable is so te m porary ti -m at monitoring is not desired , ti -men it should be

coummpi led into the system in sumch a way that the naming structure is not evoked.
g. Variables that  are part of the orderwire descri ption are always considere d to be

important enougim for somuie monitoring.

h. Example of a type of name that one may have though t about is polling bit of
a rotund- robin network protocol . By time rewrite concept , t h at one bit is writ-
ten in ter m s of a normal orderwire language . These sections will be added over
and over again. Monitoring the name may be desired or it nm - may be consid ered
too mmmuch overimead.

Note that a name description is considere d as a class, If ’ it con t a inus no semantic
value , it is an unbounded variable. If  th ere is one and onl y one se m muantic re feren ce, it is an
item. If it has more than one semantic re fe renc” , i is time class of all timose referemuces.

Every item of the sys[emn has a unique name. ‘lime collectiomi of all uniq u me names
is a tree.
Ver’,i omm refers to im i st u ry and dispositio n of reuse.
Index refe rs to order of items of a group of i tems org aumi ,ed by nam n e.
Tim e symbols : ; shall n -mean index.

No spac’~ is p ermu it [cdi in a iua uu m e .

Indirect uuammme s hur e p erum - mitted.
Floating-point  numbers  or fractional number s  are io [  p e r m m - mi [[ ee l his im ie l ex es ,
Float ing-point  extract  ion is clone prior to na u ming.
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Exa m impi e s of a namm u imug laum gua ge s v n i a x :

SYNTAX 01’ SYNTAX TERMS
1 =  or
< > li nmu im s for new noun

defl mu e as
prefix context

I—

<octa l> 0 J I I 2 I .~ I 4 I 5 I 6 I 7 post context

<dc c> : <octal> ~
<upper> : all uppe r ca se letters

<lower> : all lower case letters

<lem ter s~~ : <up per> J <lower>

<letsub> := otimer special char that act like let ter
<~~>

<all char> : <~~> <ascii>

<let> : <letters> <letsub> <all char>
<le tter str inm g> :r i’ <let> ~

- <let> <letter stri ng> <let>

~~ln teg> : r <dec> — <dcc> <Integ> <dcc>

<atomic name> : <letter surm u mg > -+ r(<dec> I <atom ic name>
<lette r st r imm g> < inm m eg name> <atomic name>

<big name> : r <at oum ui c name> <atomic name> I <big naune> <atomm mic nma lmme>

<ver m anic> : <big nanmme> -
~~~~( “ : “ <atomic n ame>) <big na ulme> “:“ <inm eg spec> “ h”

<integ name> : <i mmt eg> —*~~ (<dc c>)

<inte g spec> : <tr u e’ L ua mm ie> <inumeg nanme> I <expression> I
<mmmdc x lis u> := i” < i mmte g spec> - <inmeg spec> f <index list> <space> <inte g spec>

<pre iumdex> : “ i” ~~iu m dex list> f <pre m mdcx> “, “ <index list>
<index> : <“ r e im md cx> ” J ”

<,iumde xed imauu uc > : <ver n ua umm e> -* r’(” I “ I <esc> ) <ver mma n me X m mdcx>

<name spec> :=r ~<indexed nanme > — <indexed nuame > <nan -me spec>” .” < inde x ed ruau u ue >
<escape d na mmm e > : ~imu d e ’xc d nan -me > <csc>

mua m um e spec> : r~’~ <unmde x e d name> <e” sch up e’d mua m mue> ~
— <escaped man ic>

<name spec>” .” <escape d i-maine >
<escape d mu a uuu c ’ spec> <esca ped muanme>

<m mu n mu c spec> : r ( < i m m d e x c d  n - maim - me > I <escape d name >) ~-‘ <ini dcx nm a uu c>
I <escaped mua ni e spec> <unudexc d nm an n e> I < nu a m m me spec>”.” <indexed n - maim - me >
I <escape d m u an m e spec> -~r’ (< imu dex m l anmmc > <escape d nmau m m e>~

< le f t  anchored n am ume > “$ ‘ <u mh u n u c spec>
<ri g iu m amm ch u o r e d Im h ul mm c > <muan me spec> —* ‘‘(<let> I <dcc>)
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H er.  a muic ’c l u~m n ; s n u i  u s i n t r (  duced to ailos ~ fo r  reummaim ui i mg mum s i t u . Ot i mer  Part ’s of ti - me
ian u .t . e ‘

~~ i l l  all os’, f o r  .uss igm u mu m en t  of n -mew values to variables.  ‘l’hese will  l ike ly  have o ther
e f e l i n m . u e ’  ‘~ t t e n u m e n t s  nu o f  l i k e ’ t h u s  one ,

~n .L’ d : n flue nammue > “( “ “ =“ “<“ “<
a’ <true nan-me>

<i rue t~~’~h : <nanme spec> “ “<class nan m - me spec>”

<Ja s\ fl.mlc spec> <true name> <class name spec> <space> <true nan -me>
<.~~ ,isS niu mume spec> “, 

“ <tR ue nm a nue> J <class mma n um e spec> “ “ <true name>

Ord m n - mari ly the semm u antic re fe rences work from the las t frame reference set and work
ngh t to left  ( fi rst arrived) . h owever , $ means that the identifica tion works from left to
right ,

$DOG

will tr\ to match DOG to liigiuest level of ti - me node systenu . If not found. then it assumes $
SELFNODE .DOG and tries again. If still not found , it assumes the highest level of the order-

wire language in e ffect for that channel. —5 SF LFNOI )E .N F5.l)OG. If tha t  is not found.  it
assumes last suublanguage in operation .

~SLL 1:NODl ...N F 5 .NORM AL. D OG . if  t hhu t k nuot t’o u u u ’i’l . it assuimes last t’ra m uu e opera-
tion u of th e orde’rwire .

S SI’ E, FN ODLN F5. N O R M A I . .KNO WUD.1 )OG . If [hat  is muot found ,  it  ;us sd unue s  close-
ness in semantic tree last referenced.

Functions relating nodes:
Find individuals of the name
Final value for the names
Set value for the na m e

Final total specification of name

Final level specification of name

Set display commnunicat ion level

fest on uniqueness
Force uniqueness
Find the shortest abbre viation
Control versions
Cont rol indexes
Name namm ies
(‘ont roi case

Special cimaracter
OR jo in ing  avb (in s y u m t h u x  re presemutee l by space ) Notes on Se n uammti e s

T Ime presence u f  a u aumme is adequate t’or rec a ll .  Pture numbe rs are eonelemiseel is im u d es e s .

Repeated mmammme stri n gs are collapse d : ie . Jo l u mm— Jo l mn is eq tu v h m l enm t to Joh n i .

Setting wi thou t  arm m m d cx will increment iu mde x f i rs t .  If i u dex is not speci fied . i umgl m c ’ s t
m mdc x is retr ieved.
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If — = mmmimmus is intended , a space must  be present.
S c t t iu mg sets at lowest level of nam ime s t ruc tur e ,
Retrieve will a t tempt at each level up unt i l  found or block ed.

Am m index of ’ 0 will force to im igi mer level.
Ex t ra  specificat ionm will not cause probl ems.

Ex ampl es in System
John

John-D ave
Dave-Jol un
Bob

Joe- Don-Carl
Joe-Don-Jack

Joe-Don-Dave
Cat- Horse-John
Joe- Don-Dave-i olu n

J O H N  DAVE JOEBOB 

DOG

D A V E

Stuppose language eiept im is at I
(‘an will  get Al pha
John wi ll get Beta
Dave wil l get Gamma
Dave-John will get Epsilon
Dave 0 Johun . 0 will get L aunbd a
L)ave 0 will get n oth immg
Setting Date — 0 will put a new branch at 2.
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\l Scr een ium g [ amuguage

~ n ue c o u m m u m u u m i e  a t n o n u  fu m mctmons  require a bro aelc~us [ operat io nu.  In t h i s  sit  iua t io m u  ‘son ime
~~ unfornm at i o n  over the ci -mannel is r iot to the node in discussion. A special nm ecl u h u m misn m is

r :~~, .ure d to ensure that the d .;stination is aware timat a particular part of the transmission is
t~;e i-mode m m  qu uest io mu . This nueciuanisum ’i has to be inserted and screened m u  order for time

n ~de ~ know that  the im - m fo r m u uat iom u was to [lie node. It iuas s imilar  ch aracteristi c ’s to the
I T ~~~~ C t re ference language in t h a t  it de l imits tiue acceptance of time info rmatiomi .

3.3.3 INTERACTION OF SUBLANGUAGES

TIue aspects of language change in severa l ways.
A language can be composed of several interacting sublanguages. A new language can

~~ . h t a ined from an old language by ciman ging time syntax.
This section presents an outline si-mowing ti -me interactio im of ti -me various sublang umages.

( See fig 3-7. )

(~~~~~~~M N  G Th~,,,J B I T [J BYTE U FORM
DATA J”] LANGUAGE [“ 1 LANGUAGE fl 1~ R E W R I T E

_ _  
t _ _ _  _ _ _

C_ T IME 
~) 

01 LANGUAGE F REFERENCE

TIME NAM ING
KNOWLEDGE LANGUA GE

META -1 EXEC
LANGUAGE LANGUAGE

~~~çP~~~~~ 1O~~~~~ L
*J~~ E~~~~ I~*~1~~~~~~~RES SION

I S~~O 
..pJ~~~~~~~~ iRE~~~~~

J4
~

.4j~~~~~~~~~i RE~~~~~ 4~

Ii EMOTE
CONT AOL

F igure 3.7 . Drawing of interaction of the sublangumagc s.

69



3.3.5 N OR~1AL LANGUAG E

flue pr i uu m i tm ve  orderwire language must have several essential ch hu r a cten st ic s . It  lu t i s t

he able to describe and nam n e action -ms or parts of actions. It mm - must  he amena b le to p a r t i t i o n u m n u : ’
ic. immamm y sluort sentemuces will lead to ouue large action. Ti -mis la t ter  r eq u ire m enut  aris es because
sh ort scimf ej uc es can be received better tiua iu long sentences. Iii t i -mis c o m i t e s t .  t i -me oru erini g of
time sl m em r f  senutences should u -mot be of great importance.

‘ri me nuor nual orderw i re language is one ti -mat h a s  been constructed fr o nmu the  pr imi t ive ’
orderw ure lamiguage but contains time syntax  for ti -me pr imitive orderwire lhm~ uage. TI - mat is .
a s ta tem n en t  wr i t ten  iii time p r inm u it i ve  orderwire language will still be in terpre ted  ~orre~’t I y .
For ti -me most part , t ime norm ua I orderwire laumguage will be tailored to the  p ar t i ~’ul . i r  order-
wire ch manune i  and mu - may or may not sh iare parts wit h otimer orderw i re c lma nne l .~. Time p r inmmi t ive
orderwir e lau ugu a ge is comn u -mmon to all nornual orderw ire channels.

It is desirable t l mh i [ the noru ima l orderwire Ihunguage , toget her wi t l u  ti - m e ~ri i u m i t ive  e)rder-
wire lauiguage. be a cor text- t ’ree Ih un iguage or at least have t u e  nuom woca hui ary part c o imt ex t -
free: ie . a symm mb o l may be substi tuted for a string of clua ract er s . if couu [exts  are re qitireel , then
only left contexts  and feature s should be utilized. Le ft conutex [s de fimie those characters
t h at are to the right. Since one reads from left to righ t , whatever is to the left precedes
whatever is to the righ t and modifies its meaning and content.

3.3.6 SPECIAL LANGUA ( ;E S

Special orderw i re lanuguage falls out of ti -me commtext semisitive languages . It  is desired
that t i ue y have two feature s if possible. First , is that they have bu ilt  in to  th em a t rh ip  t h a t
ret u rn s to a n uorummal orelerwire language : hind second , t l at t l mey chun he t nai -msl~it e~l ha ck imuto
a nuormumal orelerwire lamugu h uge un ique ly  by u msimmg rewrite rules (Ia mmguage escape ) . We ca mu t i -men
organize tI m e special orderw i re in two different  ways. in certain h m p p liea ti oi u s . hi renumote mm i h u m ui —
pula t or concept can be formulated wherein orderw i n, in f or nm hutio n does n mo f c.iusc .i d’h hm umge
in the se m i - mamutuc tree that  is mm u ade t ip of all emnb edded ini t ia l  s ta tes  pl u ms t ime  k imo s~ ledge. The
second type is simply a condemusee l orderwire . In ti - mi s case , ti me rewrite rule ’s hire s im um ply used
to reduce ti - me vo lu m e of data being tr a nsmmm i t [ed.  It can be sluowum t luh i t t Ime r enmmote n iuh umm ip u-
lator coimcept s arc a special case of ti -me second type.

A urnrm al language may he miuudi f ied to create a special-pturpo se lam ugi ia ge .  V* i m e u m hi
special lauiguag e imas been created , a nmechani sm mmuust  be bu i l t  immto t ime speci h il I auug t u hm ge to
1 c r n i u i t  t ime ne t t u  ru m to a um onm u ma l  language.  This is km -m own his hi I~ungtuag e escape . This u n e h iums
ti at a m um e i m m ory of [hue past n o r u m m a l  la mu gm u a g e must  he main ta ined .

A nmor n m m a l language will usually he ricii enougi m to describe itself as well as special
language ’s , w hereas si)ecial languages are m m ot uus ua l l y r i cim enougim to describe o ther  languages.
It timere fore nm ake s no ‘semm se to build t ime necessary struct rure s wi thm special lhuu ~ u u hi ges . since
these structure s hire desigimed solely for t ran~.nu i ssiouu conmp r e ssioum hind are not su i f f ic i e n u t ly
rich or general to be self-modifying. A sel f-modif ’yi ng language lmh i s f lue  property of ’ bei ng
able to change itself ’ or change imu to other Ia mmg u a ge s w i mic i m um m ay or m mm i uy not he seIf ~im m od i fy imm g.

TI-me orderwire Iaumguage re q uiremm u en i ts  do not require ~i c o imtini uh i l l y el m a umgi i m g language .
Wh at is require d is that changes in the language occur to address par t ic u l ar  c l mhuu ine l require-
umm ent s . Timese dianges must  be well formulated j im the design of t h e  system. Tlm ey arc finite
in numbe r and generated by the i u uum m an designers hm n ( l  ma inmfa ine rs .  E o n  fl - mis  reason , it is
coumj edtired t h at orderwirc require m ents wi l l ume ed a totally nested set ( ml ’ languages. Tim at is ,
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fr o nm any formm u of t i e  Ih u l u g u h u g e used , a new language canm be formed derived fro m flue  old I an-
eu.ice .ume t each f l ew derived language provides a mi -more condemu sed Imothi t i e ) u u . The escape num e c lu-
, uu uusnuu .ull ows for the ret u urmu to time previous old lamuguage . Whe iu time escape n m e chu anisu mm is u sed
a :‘ u u u m h e r ) f t i  ines . it  will return time orderwine to the pr i m u ui [ ive la img ua gc .

A re e l t u i renuent  ex is t s  for [he capability of the primit ive lang u ma g e for nuanuing .i Ian-
gt h a ~ c amid for [hue i u mple mume ii ta t io u u of that  language. A mua mu ied lang tuage ca u m be gener ;ite el fromum
time curre n t lamiguage or by ade l i [iouu s to a named language. TI-me orderwire si -mall be used to
un - m ike these immodifications to itself or other orderwires.

Tluer c um mu ms [ he a language attached to amu y active orderw ire wh ereby ti - mat orderwire is
in terpreted.  Orderwire languages are considere d to be slowly changing struuctures , h u nd , timere-
fore. chmauu ge s in orderwire language for a particular orderwire apph ichution must h ave state-
im uenuts care fully checked. Verification of changes will  be required in the orderw i re that  makes
ci anges to time orderwire language .

4.0 IMPLEMENTATION CONSID ER ATI ONS

4.1 CONDENSATION OF ORDERWIRE INFORMATION

Time basic ft unction of a conmm munications netwo rk is to communicate information. Any
overhead function such as orderwire info rmation reduces the amount of info rmation a comnn iu-
nic~ut io n s network is able to acconm -mmodate. There fore , we are encouraged to minimize time
n u mumber  of’ hits oforderwir e information that must be transmitted to convey the orderwire
message .

4 .1 .1  (‘OMPRE SSION OF GRAPHICAL REPRESENTATIONS

4. I . I . I Linear Graph Copying Techni que

a. Copying of Graph
I .  A techni que exists which will allow tus to copy a graph in a number of steps

proportional to ti -me nunnb er  of ares.

2. The technique require s th at ti -me area beimug used to copy be nueasura hly dis-
ti m uct fronu t lue area wi-mere ti -me origi n al graph exists.

3. ‘rime t e c lmn m iq ue re quu ire s fewer steps if  time original eioes nmot have to be
preserved.

4. ‘Fl-me tecim n ique conisists of generating an immiage of a nod e of ti -me origimmal
graph , and comuv erting its hr anc iu to point to the n-mew muode. If . iuo we ’ve r ,
[he hr a mmc l m already poi n ts  to a nmew area . i t is umot copieel ht mt mu ih u d le to poi mit
to new nlO(le i m ages.

h. Wit h time above h ilgor i t im um i , time tr ans u mmission of graphs copying hi h iumeh i r  gr apl u is
possibl e usinug only a ni uu mmber of ’ steps l) enl m mc m i i  to l ime mu tm mmm h er  of arcs .
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4. 1 . 2  TIl E GRAP h REPRESENTATIONS IN COMPRESSION

We envision the graptu conumpress ion prob h em m m as a two-stage procedure :

I .  The conversion of grap h to digita l data
2. The digital or probabilistic coding of the digit al data

(‘omnp ression u can occur in either stage or both stages of the coding procedure . In general .
t ime more compression ti -mat takes place in stage I .  t i e  less will be possible in stage 2. Also.
ii stage I iuu corporate s relatively little data conmupre ssion , stage 2 can provide relatively
greater compression. It the digita l data compression scheme to be used is optimal , it may
he wisest to let ti -me second stage handle all ti -me compression while ti -me goal of the first stage
should he to convert fronu gr aplu to digita l data as fa ithfull y as possible. In general , the n-more
compression achieved m u  the firs t st age. ti -me greater the loss of info rmation ti - mat is irre-

nc vhuh he.
Another  point to be considered involves ti -me coding of ti - me d igital data. It may be

d esirable to perfor m-mu a on-me-to-one tranusfo rum iation on time bit stream before it is processed
h~ the data compressor. The purpose of t i-m is compression is to reduce ti -me “apparent ”
en mtropy of ti -me hit stream: ie. time bit stream the data compressor sees. If ti - me data compressor
conniprc sses h it  sequucnces on ti -me basis of the relative number of oumes and zeros contained
m i  ti -me see lUem ice -- ie . compressing sequences with un -mostly zeros or ni - mostly ones to a greater
extent  th an sequences of approxin ma te ly equal num bers of ones and zeros -

~ ti -men it would
be advamuta geous for transformed data to contain a greater disparity between tiue nuum hcr
of zeros and ones [h a n  [h ue original data. Such transfo nuumation is possible when ti -mere is
some inherent su ructure in ti - me graph. In other words , ti -me branches are not conuiected to
time n-modes entirely randoml y. For inst amuce , let us assume that m an y of the nuodes have branches
ter m inating on a specific i-mode , say node P. Furthermore , kt us assum iue ti - mat it is the firs t
branch em a iuatiuug fro nuu a node that  is likely to termmuimmate on node P. Also. let us assume
t h a t , on ti -me average, ti -mere are ttm ree br anchm es emanating from eaclu umod e . Th en, in accord amuce
wit h th is coding scheme, the bin -ma ry code for node P will he occuin’ring periodically in the
data stream in some statistical sense . Assuming i-mo nodes are labeled , time code for n -mode P
is likely to occur as every fou rt h syunhol for the conversion ti - mat separates the node.
There fore , if we perfo rmed a transfo rmation on the original data in which we subtracted
the code for node P from each fourt h symbol in ti -me original sequence. we si -mould
generate a zero for every fourth symbol. The transformed data sequence would ti -men
contain f a r  more i.eros than the original sequence. In this case , tIme “apparent ” entropy
of f lue  data will h ave been decreased anmd the Potential conmupressibility ot ’ ti - me Jh ita will
h ave been increased.

Time characterist ics of time grap h structures that we wish to elehu l w i t h  in general are
depict ed in figure 4-1. l’here arc a number of nodes , and each i-mode may have auiy number
of b n~un ci u es conming into it or going out f’roim it .  Br amu ciuc s go immg im it o a u -mode Iu av e aiu arrow
po im m ti m m g toward time node. au - m e l b r auuc lm es goiiig o t mt h ave aim arrow po i mi t in i g  away fro m ti -me
imode’ . Time braim elm es going ot it from -mu the miode hire n mu nu mbered c onusectufively s tar t ing wi th  I
1m m addition , a b ram i chu u mm i uy or umma y uuot he labeled. All branc h es start amu d d uel on nodes.

W~ want to compress tIme iii for mna t iou represented by the grap h as mm m uc l m as possible
Il l  onuk ’r to co m n um mt m n ic a l e  it m m - most e t fu c iemi t ly  fr o iim one point to another.  Ti -me m nf o rnmu a t io n
m u m tIme graph is to he coded in b i imary t’ormiu im m such a way as to umminimmui z e  time muunm mb er of hits
r~’( inui r e ( i  to conve y time in Ior mm m ~i t io nm .
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Figure 4.1. Gr ap h struue ture.

Time following coding scheme was developed to solve ti -mis problem. Label all nodes
stur t thg with 0. Timus , if ti -m ere are N nodes , the nodes will be labeled 0, 1 , 2 , ... N-I .  There-
fore , log N (log to base 2) bits are require d to specify a node. In addition to specifying ti - me
nodes , we also with to specif y a comma , which is used to prevent ambiguity . anud a labe l flag.
These terms will he explaine d hater. There fore , a to th u l of log (N+2) hits are needed.

The coding scheme works as follows. We list , i-mu order , the binary cod es for ti - me nodes
at which the branches eman ating from node 0 tenm u in ate.  In other words , the node umpon
which branch nun u mber I emanating from -mu node 0 terminates is listed first : the node upomu
which bran ch nuunuber 2 eummanating from um node 0 tern u mimiates  is listed secomud , etc. W hmcnu caclm
outgoing branch froiui node zero has been accouim ted for in thuis nmi auune n . ti - me binary cod e for
t ime comma is inserted. TI-me binary codes for all nodes upon which outgoing branches from
node I terminate are ti -men listed in order , followed by a coninua , and ti -men all nodes cominec-
ted by outgoing branches from node 2 are Iisteti . etc.

in addition , after time specifucationu of each node , if time bramuc hi c o imm i img in to  t l u hu t  node
la s a labe l , then the binary code for ti - me label tiag is imu sert ee l . This is followed by hi hiuu ary

code . M hits  in length , whic im r cpre semm [s tIme ~u l p l m au m unm er i c  label for t h at hranc lm wimi e l u  conu -
nects time two nodes under consideration. TI -mis sc imemume res cults in ti - me greatest connpres siomu .
grovi ded umuos t of the hranc lues are not labeled. I f mmmost branches are labeled , it would he
.ussunmed ti -mat the specification of eaclu flag coum ld be oummitte el .

Timis scimeme could be simp lif i e d  evemm f u mr t lme r  by e h i m u m i m u a t i m u g  t ime e o u m m m m m h u .  I f  it e%e re
imot possible for a bran cim to eum anate Ironn huu me l t e r u m m i u m a l e  oi -m t ime s hu ummc i-mode, there would be’
n -mo need to specify th e code t’or the com imua. I m ms t e~md , hi fter all th e nod es commecte d by
hr . un che s emana t i n g fronm node 0 ima c h been specified . ti - me code for umoele 0 w ou m l c l be i n serted
.u~ an end-of-node-0 immark e r.  ‘Fl -men all nodes comm iuecfed by br ancim es cu m l a um a t imu g f ’ro n mm node
I would be specifled , followe d by time code for umoc le I as the enmd —oi- rmode— I muh urker , etc.
~se)  ambiguity could result hec a tmse a hr a nmc i m could mm o t e m an a te from ~un eh ter im u inate ’ on ti - me
s,jnme node.
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Let us construmct an ex an imple of ti - me codiumg scimenme using time graph si-mown in figure
4- I .  Th ere are 10 nodes. so 4 hits are require d to specify a node. Si m ce no br ’anc iu es ci mmam m a t e
t’r o imm aru d t ermmuium at e  on time saimue nuode , we do muot umeed ti - me co um mmmua. Let us assuumme t h at all
labels cani be specified mu 30 hits. Timerefore. t ime specification of time label flag will  also misc
only 4 hits. We use the following code:

NODE BINARY CODE

0 0000
000 1

2 0010
3 0011
4 0100
5 0101
6 0110
7 01 1 1
8 1000
9 100 1

Libel Flag 1 1 1 1

TIme code would appear as follows:

NODE EMANATING BRANCH TERMINAL NODE CODE LABEL

NO Bl N7 011 1
NO B2 N3 0011 Horse
NO B3 Ni 0001 Dog
Ni (None)

(None)
N3 B4 N2 0010
N4 B6 N9 1001
N5 B5 N3 0011
N5 B7 N7 01 1 1 Cat
N6 B8 N5 0101
N7 B9 N6 0 1W
N 7 BlO N8 1000
N8 (Nor -me)
N9 B l I  NO

Vie code would appear as follows:

.N~ 
label 

~~ 
l~ hel N I  label fl ag

0 111 0011 1 1 1 1  (30 bits fo specify h orse) 0001 1 1 1 1

label bud of node 0 Fume 1 of’ i-mode I End of n-mode 2 N2

(30 bits to specify Dog) 0000 0001 0010 0010

End of umode 3

001 ; etc
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After  time graph h a s  be’e’iu eui -m v er [ed in to  a st ri nug of binary nu m bers , it may he pos~ih lc
to con upre ss t h i s  h i t  st r i n g  even fur t h uer  by usinug a bi n -mary  source coding tec h m uiq tme .  in p h ur t i—
~u la r . if  [here us an m ~ st r u c t u r e  m ui hu e re n t  in ti - me grap h , such as a preponderant  n u m b e r  of bra uu ch mes
end ing  0m m the sauli c ui oele. thus  red tu n i e l amm cy would  he re flected in t l e  hi t  st r ing .  Tine bit  st r ing
h a s  anu e n t r ( - m p \  of i t s  ow mu.  aru d  th i s  enu tropy will  allow the bit s t r n n m e  to he’ converte d inuto hi

sho rter bit string co n taii u in u ~z the sa mume infor u mmh i t io n w imich can be reprod u iceel exact ly .
l ijus t  one siunp le gr ap iu is to he t ra musn u itted or stored , it probably will muot he wortim

t h e  e ffort to Use cod ing on [I -me bit str iuug, butt if large nu u mn ber s of grap hs a re im ivo lvee l , or one
‘er~ ~. omp lm cat ee1 graph . ti-me effort will be justified.

Time [echnieiues ti -mat could he used for this coding are described by J Lawrence, of
the Naval Electronics Laborato ry (‘enter (ref 3).

4 .1 .3 METHOD OF CONDENSATION OF LANGUAGE COMPRESSED
LANGUAGE

a. The compressed language consists of using context and time to reduce ti - me
volume of data in ter mius of the number of bits necessary to convey the order-
wire nue sshuge . The advantage of connpression is that  it reduces mu essage d el ivery
time and increases commi mnunic ation efficiency.

b. Ti-me tiumme of transmission of data is generally not used for interpretat ~u of the
ordenvire because ti-me orderwire arrival of generation tiuuu e is not well reihuted.
However, in some special instances, as in the Link Ii muet. ti-me cyclic muature of
the orderwjre is obsem~ed. Communication overhead can be greatly reduced hy
u sing a compressed lammguage tied to time of transm ission.

The criteria t’or establishiimg a time-syncluronized orelerwire are, first, ti -mat an
order of events is well related into a tinming scheumme. Ti-me cyclic aspect oVa net
is au exaummp le. Second, ti-mat the orderwjre infonuuation is scufficiently rel)etitive
in structure that only a small fractiomu of ti-me data has to he tranismitted tut eaciu
occurrence of time orderwire: and to set up the use of the time-related orderwire
is sufficiently simphe that ti-me settup peu alty is significantly less ti-man ti-me gaimi.
And, third , the errors in the transmission are of a fonim [i-mat allows for reasonable
recovery.

c. TIme cn [eria wimereby [he systemmm can recognize an opportunity to utilize time ti m e-
related orderwir e ~o advauitage will luave to be gemmer hited in ti -me growtim (-ml ’ time
systeur by thu~ sys[enum analysts.

ti . Time ceneral struct tmre ol the e’omm pie’ssed orderwire is such timat ti -me ti umme of [rans-
mm umsslo n -m is knowni ‘ y hotim tram i ..mmm itt im ig and receiviuu~’ sites . A!so, ehue ’l u b i t  fol-
lowing time imm eh icated [inu c has  atm exp licit mumeanimig tim at us tra ums lhuta hie i n m t o  a part
of time imor mn al l.u uuguuiug e statem uuent. TIme tranus latioum process imm umsf hulso he k n mown i
by hotlu f Ihu imsium i tt 11mg amid ree’e’ivimig ends of time cii~ui m mm eI .

c. ‘flue mum e thiod of’ csthib lisi iuim g ti i~ couiipresseel Iammguagc is that time c.ou [roli:mm g node
ctn - mm mmmt i m uue at c ’~ to cacti node m ’iV Oive ( f  hi l u m n e  function , hi s t h t r t i l u g  t i m m m e ’ amid hi h i t
transl,itionm l-m roceol umre , ,iml that ‘he’ cumu impresse’ d iangtmage pR ’ecss is invoked.

Ni l ( ‘ Techimie:ul Note 2X01 , A jip hii. . t i i ~n ol S~iia Iw lj k Si ’ tut ~c (‘shui it’ Tt ’et m mi ques  Ri rk- t omm hu h S i i l l r L e ’s , h~
I .j wrcn~,~ 4 ( )

~~ , i l i i r I ~~~ (‘si I ( I N s  ale u i i t o r i i i a !  , h , i o u u i i c m i c s  i i i l c i i d e d  Iiie’t1~ t oc  i~~’ w i t h i n  NI ( ( ‘ .1
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f. Time s~ nuta x of ti-me compressed iauig uu age is as follows:

SYN: a descnption of wi-mat is to he don-me by t lue orderwure if the h i t  sequenm ee
is x : xl , x2. x3 . d c

TIM: time of the first hit is eq ual to “time ”
(‘ilK: cl -meek to deternuin e if flags ~ugree wi th  this sequence of flags. “—hit seq

mode.” + “compression mm -mode ”

Si r: I + “h i t seq m ode”
S i M :  Clear prior string, and advance time time function. Tri m time hit data.

Pass resum lt to next parser.
SMN: Trim - mm input  hit string prior to syu itax universe .
N.
(‘ND :

Tiuere will be one of thiese for each x. In sonuue situations some elements of time
sy n u t ax descri ption will be missing. SYN is time syntax descriptiomu : TIM is ti -me
tiu ’uue-miu atciuing function; CHK checks the features for botiu tiuc presence and ab-
sence o f t’lags ; SF 1 sets time new features or changes some of ti-me old features:
SI \l t ’lls [he s y s t e n m u  wh at to de) if ti -me syu tax is founuel ; SMN tells time system
wh at to do if the syntax is not found at ti-mis point. SMN is a general function
not necessarily related to ti -me specific syntax equation. It is not repeated for
each x. (‘ND can be used when peculiar tests are nuceded. ‘rime SYN stateuuwuuts
can handle prior (left) contexts, but not posterior contexts (r igh t ) .  The descrip-
tion in the SYN statenuent is a rewrite of wi-mat is to be done. in ti -me forumu of a
character string. In sommue sinmuple cases ti -mis part of ti-me rewrite camu be eh ium u in a ted
entirely. and arm action , elescribeel imu ti-me SEM part of time rules action of exis ting
equm ipru ueuu t in ten-mis of ti-me forumuhuhized equation , may take this form.

g. Oth er compressed language mimecimanmis nims hire permit ted ti -mat do not iim’iol ve’ th e ’
timing fu nction. l’Iuese are umsed to increase efficiency of transiuuission of cer-
[am types of user or orderwire dath u .  The d ata are generally decompressed i!u t~-m
the normal orderwire lamugdagc prior to imiterpretation . Ti-me transnuission of
data in muon-start-stop tornm ams su ch his serial data , 1-loffunan codes. anel grap im amuel
table trans umm issiomus wouild mu o rm umall y mot use [he normumal l anuguage for the [rhuns—
nil issi on u. These comm1prcsse~. langu age issues are not imutr insic to time auttomnateel
orderwire prob lemum . l’.irt ie’tifhir conmpressiouu mmmec luamm isi mms will be d iscussed eke’—
where wiuen appropriate.

4.1.4 (‘OMPR i’.SSION OF l)l(”l’IONARIFS (OR TRANSMISSION

Assuimne th ere are N words of’ varying  lemu gtiu . They are commuposed of .il phmh u h et m c clmhmr hlc -
ters am-md are to be [rhunsnmit [ed. It wouuld be advantageous if ’ time words could be coded iii such
a way as to mir1im mmite storage re (ituircurueruts . Flue following ~~TOP OSCS one’ suiehm cook.

If time alphabet used consists of M symbols, ti-men log2 M bits hire reqtumrc d te) e\pli.’ss
eac h symbol. And if [lucre are in all ‘F characters imm time list , T log (M) (log to base 2) huts
are requi red , if coding is not used.
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The followin g n u e t l oel has bec .n devisee ! and i l lus t ra tes  h o w  compression c~un he
aJ u i e s e ’d. First. list all words in alphabetic  order , N e x t .  I u t  all word s in a line a nd  r c t ainl
the  ongm m ud ordering a-mid separ ate ti ’ie words wit lu senmu ico lon s. A nuew symbol , ai m a sterisk ,
is in t r oduced to indicate ti - me omissionu of cert ain letters. Thuese pre l imm - m iimar ics  are followed
h~ t hue app hi c a t ionm of certainu nile’s:

a. if a series of mui ore ti -man three words begins with the same symnbol . indicate
h~ an asterisk following ti - me first let ter  of ti - me first word of the series hind
delete t u e  sym i mbol from ti -me remaining words in the series.

h . Indicate end of coding by aim asterisk preceding ti -me firs t word not belonging
to t he series.
An example of ti-mis codimug is as follows:

Original form : ARM ARMY; ATTORNEY : AZTEC; BOON
First-pass coded form : A*RM; RMY;  TTORNEY; ZTEC: *BOON

These steps are ti -men repeated until  no more compression is possible.
Since each symbol is replaced by three symbols (two asterisks and the letter).
tiue same synubol must occur in the san-me position for mu-more thanu tlu ree sticcessive
words in order to realize a redtuction. A fur ther  example illustr ates ree luct i omu
with mult ip le passes.
In this exam ple the list of w~reIs was taken from the dictionary:

•\MI ND
AMENDATORY

.\M I’ .NDMI .NT
AMENI)S

AMENITY
A M E N O R R H E A
AMENSAI ’I’TIIORO

AMENT
AMENT 1A
AMENT IL E ROUS
A M I R( E

A M E R I C A N
A M E R I ( ’ ANA
A.\ l l ,RI ( ’AN 13I’ .AVTY
A M I Ri ( ’A N (‘Ili.l .SI’

l u c r e ’ us a to ta l  of I 5 word s humu el I 37 sy iumho l s .  A d t h i i m g  .i s emumico l omu  w~~ii lo l  °i~ e hi

Li l el I 52 sy um ih o i s  am i d I)rod um e e t Ime I d l ow u iug  e nie cl f ’o rm mm
. \ M l  *N *D , A I ( ) RY:  S . ~li’y ( ) R R I I I A; SAE ’J” l ’hiORO ; I ,  l ’I A: I lEE R ( ) I . S .

~( ~ A ’ N~~, A: III AU ’l ’Y ; ( ‘ I l l  I SE’.; ~~~~~
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137
The total numm u mber  of coded sym bols is 99 so ti -me coumi pression us —

~~~~~ 1 .37.

To ac lmie ve eve rm greater conmpression , eh u cim synm ho l  coudd be l h u f f ’m an  cod ed
hucc orelim mg to its statistical frequ ency. Then shorter hi t  sequmences would be
ass igu-med to ti - me nuuore com monly occuirr ing symbols , such as the vowels and
tlue aste risk am-md s~ n icolon synibols.

4.2 EQUIP MEI~TS

4 .2. 1 IN TRODUCTION

Each iuode in tui e orderwire system has its own equipment complement to mnamuage. WI -mile
it is expected that a standardized sumite of equipment will be used, each node tm -may possess sonme
tun ’u c t i o nhu l l y  umuuiq u e abilities wh ich imply ti -me use of different classes of equ mip m ent.  Besides ti -me
log istics aspects . this gives rise to the problem of where the equipment knowledge should reside.

Tlue su ite of orderwire equipments presently involved consists of antemuna conutro ller ,
cryptos , nuu lt ip lexers , modemns , computers , etc. The conuputer s ani d t i meir  a t tendant  st orh ige
f a c i l i t i e s  will contain data bases and procedumra l specification.

For each of these equ ipn muents wh ich exercises a fum i c t ion m which has to be controlled ,
the orderw ire syst eiuu mm - must h ave ti -me requisite capabili ty,  suc i -m t i - mat :

c. Every state of ti-me eq uipm ’uuent.  im u cl ui e h ing power tunu-off, can be in-munuedmate ly
selected for ti -mat equu i pm -me n [ by r e m muote control throug h one or more control
lines , except for init ial  power turn-on.

d. ‘Flue state of [i-me e q u ui pmmuent  earn be a se er th uin e ’ei by inmt e rr o ghut ion l  fron ui ti - me cou —
tr o l sy stenu witi -mout modi fy ing  the  fu u - mct iom u i n g s th i t e ’ s  of ’ tIme systenuu.  I lowever ,
status response states n -might not l)e accessible du ring ti - mis type of operh ution.

e. Each change of sta te  of ti - me equip ment sh a ll  be available for monitor ing I)y the
co imt rol system it ’ it so desire s . Auu i nu t er rum p t  l inue shRil l be activated by amuy chauu ge
of [he e quu ip u m ie n i t state.

f’. Significant state cimaumg e s si -mall cause a different internupt  line to he activate d .
g. Any interrupt hines to ti -me control systenmi can be iu~iu ib ited by ti -me ceuntrol system.
I m. Eaciu in te r rup t  limue can be reset indivi d umally , or in groups, by the comutro l systemmu.
i. I w o  separate  com tro l  him - me ports shotmi d be ava i lh ih l e  m m  wluich the latest  comut rol

Irouum ei t lmer port will  always i)c Imom u ored. For reliable operation , two comu t ro l
syste u uus are needed. I ’~h u ci - m must he able to get to time eq uuipmmient separately. To
h icc o mu m l )h i s i u [iris , two ports are needed at each i ee l u u ip m um ent .

j , (‘ommtro ls from either of ti-me couutrol ports calm turn  [lie otiier off. TI-me state in
wimicim al ! control port s are [urnee l off ’ is prohibited.

k. Every s igni f i cant  state of tIme sys temum s lu otul d be co imtr o lla h le by m u m anua l  oper~mti ou u
at time equipunent switcimes whemu not commn ec ( e d  to remote coufirol or when re-
mote contro l makes themum act.

I . All co ,mtro ls , immc l uding umu an um im l , are e ffective at init ih m l power up; ie . elefat m it or
, mm ~u m mua l  control is to I m manuh u l .
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m. Rem mi ote  co n mtroh c~un inh ib i t , or reinustate , ti - me manua l  controls except for the
~ cr -o f f  sw i t c h .

mm. All m uia n i p u ml a [ ion  of ’ mmmh u muuu al  controls causes capture  of the nu u anu u a l switc im
s et t i nu es ari d arm interrupt  him - me to he activated. Thu s is tru e’ wimetiuer the manual
c on tro ls are inhibited or not.

o , All visual indicators simow true state of [he nuachine equipment .

p. I~a cb m equipment  shall luave a number  of s tatus indicators that  re flect the s t a t u s
of ti -me control system -mu am -md indicate nmothing concerning time equ ipmnent  to whic h
it is associated.

dl. Each equipment si-mall Imave ‘a manually aL~ustab le set of switches that do not
control the function of the equipmem it but are capable of being read by time remote
control system. Seven aiphantumeri c di gits would probabl y be adequate.

r. Except for the initial power-on switch and ti -me set of switches described in item
n. the manual syste m need not be attached to the equipment. If it is not attached
to the equipment , i t  should be capable of displaying the settings of the switches
described in item n , and be able to override these settings .

s. Any see~uueu cinig ti -mat is norm ally a function of ti -me equipment self-control can be
inhibited or stopped at any step by ti -me remote control system. (Exceptions are
made with regard to cascade steps that have no internally well defined states.
This is to allow the stepping through a system to determine system flow and
fau l t s . )

A con umu uunicatio uu system consists of nuovi rug data from place to place. Wi-men sharing
assets , it is sometimes required to switch , combine , and separate data streams to effectively
ut i l i z e  tu ue given equip u u ent. T u e  philosophy th at has been considered for this syteimu is t h at
th is  eh d [h i transfe r us effected by somne kin d of unultiplexers whether they are separate equi p-
r um e i u t s  or another fuunction huu i l t  into time software of time systemn . If time data transfe r is eft ’ee’teel

a conmm p uter  of the system , ti -men data are delayed and t I me capability of ti -me computer is
greatl y reduced. General-purpose computers are not eff icient for data shuffling.

4.2.2 MULT 1PE 1:X E RS

There are two basic types of  mult iple xer s  
- -  those t lu a t  imamid l e analog data and those ’

tha t  ma nud l e  d ig i tal  d lata. For muiost of ti - mi s s tuidy .  the  concept is es sential ly thuat  of e’oi u [r oh
ci d igi ta l  data. Since voice is an iuiuportant part of ’ Navy comn nu mu m nicat i omus , voice will  gre-
s u i r n . u b I ~ he converted to eligita l infornuation already.  Thie system re qumest for a voice h imu k
wil l  have been for nnu la [ed  in some way so his to provid e time system w i t h u  dig it a l  conutrol imilor-
n u u . u t u o n n . humid ti -me voice i t se l f  will h ave beenu conver [eeh [ I )  ( l igith ul hy m u - me an s of a vocu~ier. lii
order n o he e ffec t ive , the sy ste im i will have to switc iu t ime hun al og voice so ti - mat an analo g swif cii !

ii i u ple’xer would he involved in th e total comm L mni c h j t i e ) um sys te ’ m u m .
Digital swi t c h / u mmum l t ip l exer s  hire of par t icu i la r  i u mte ’re ’sl sinice all data  mmmove mu u e m ’u t m u  t ime

‘~ st e ’mfl is L ) m u t r o l lc d  by such numultiplexers. (Note t i uh ut  for e ffe e’t ive voice couu t ’eren c inmg it will
he rc~!wr c dh ti - mat  vocn) elers provide ti -me n -mcce ’ssa ry s i guma l to t lc t er u mui nc a block of data  fo r
wl m uch i  t ime vocoder ch u nu do rational processing).
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Ti-me concept of the orderwire systemm - m presentee i in this do cu m muent assumes timat  a
netw ork or ed luiv ale m it of completely program mable  nm u lt ip l exer s  is availabl e and part of
time syste m m u is ou a noum hl ocking redundant  arra n ug emu ient.  Time nmu lt ip l exers  can be used in
a mod e to semmd data to ilmexpensive store-am id-forward menmories wi -menu appropriate. Also .
the eiat a can be cha u ummel ed im uto time control compumter for orderwire amid other co ummmuni-
catio nm nieeds. With tuie mmi umi tipiexers external to the computer , voice channeling can easily
be set up in hi manner sucim [h iat [i ere is no perceptible d elay a m d  no reset is needed in
establishing conu ferencimug. Time nnu ml t ip l e xe r  s luould be asynchronously connecte d in to  ti - me
network wi th  a clock controlled by ti -me nuu lt ip l exer .  Notice tha t  in ti -mis discussionu ti - me
completely programmmma b l e mul t ip lexer  is also a conmupietely progranimable de rn u lt ip l e  xer.

Analog switchi uug and frequency division mul t ip lex ing  are also needed in t u e  sys-
[em , hut  these processes are nearly invis ible  to the orderwire system. Ti -m is equipm u uent
re p re sents one aspect of the set of ’ processes and procedures that miust be nian ipuhated to
gemuera t e connuect u vi ty  between nodes of the system. To the orderwire system they do
not represent n ued l ia comunectivities of time system. As far as ti -me orderwire system is con-
cerned . the elata are pumt in to  a port of a modem and n-mag ically appear at a port of anot iuer
nuode nm on another node of the communication system or on one of the moderns of its own
node. In ti -me process of setting up a connection between two nodes iii a subsys tenm m , ti -me
i-mode techcom itro l  sys t e umu . in conj u inctiomu wi t im  t ime orderwire system. cou n imuu mn icates  to set
up ti -me appropriate t u ummin ig  to affect system b eimavior so that  a bit sent into one rn oden uu
appears appropriately at ti -me other n-modem. Once this is done , the orderwire management
sys tenmu considers t i -mis a n-mew connectivity of the system to he used to transmit orderwire
ar -mel / or data.  Ti-me syste m mi -may couusult an “expcrt ” to determine whether  anotime r connec-
tivity can be fornumed for internal reasons,” or , because of degradation mn easuu reu n e mmts reported
by the techcontro l , it n u may release control over a connection. A valid data connection is
considere d to be betwe en two iuuodems.

If , for example , it is decided ti -mat i-mo block data sh ah be received amudl t hen  imm i umi eel i a te i y
retransmitted , the p oim -m t of connectivity then mumoves to time red interface of tim e crypto.
Thus is not an inmportan t difference in t im e nature of the orderw i re .

4 .2.3 EVEN T CONTROLLER

In a communication system of this type mnany actioums imm ust be precisely ti nued. m u
the control system time , this is difficult .  A special device is needed ti - mat canu he instructed
by the systemn to generate a pulse on a par t ic u lar  lit - me at precisely ti - me correct ti uu ue.  At
other times , ti -me system -mm needs an alert ing clock t i m a [  tells time systemmu t i - mat  i t  was asked to
respond at t i mus tu ne. Tim e-outs can be acconmp lisiued by ti - m i s uneans.

4.2.4 O R DE RWIRE (‘ONTROL l , QU I PM i ~NT

The possibility of an auto mna ~cd co u umn uu uu u ication sy stem - mm is based om -m t ime coumcept ~ima [
a controlling syste n mm exists that  can carry out the elesire d action after analyzing time collected
knowledge. The exact architecture is not im m u portamu t at t h is r umoum i emut  mi  concept fo r n u u mlh ution .
it  is dear that the syste um will have to have a reasonab le capability . Slow channels need to
have instant comutro l and fhlst channels nmeed not Imave overly com pressed orelerwire. It is clt ~ur
that the system needs a large nuediurn -acce ss mneu n ory am -md a reasomma bly sized iu m mui med i a [ e
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memory w u t i m  hi large lmh r hu r~ of sem ip e r u l u ancn t  nm - m emory (photograph ic .). Accessible ar c lu iving
is  re quired fo r  app rop r i at e ’ p erform u ihu nuc e ’ ana ly si s  ari d ev a lu m at ion.

4 . 2 . 5  ANTi N N A ,  \1 ULT I ( ’O UPL I R. RECEIVERS , TRANSMITTERS

These eejuu ip nU ’~mi ts already exis t .  but  in ti -me future t luey need to be remote controlled.

4 .2. 6 MO [)LMS

A number of diffe rent types of modem functio ns are needed to handle the different
baud rates available and the diffe rent noise characterizations that exist.

4.2.7 CRYPTO

Ti-me character of ti me crypto has been covered in othuer places. Th ie principal coumcern
lucre is th at  the crypto s m ust imave the cap ab iI i t ~ to interact witiu an AKDS.

4.2.8 COMPRESS ORS AND EDAC

EDAC is needed to contro l errors in the digita l stream. Conmpression tec imn iques are
needed to reduce transummission requirements and th us counununicate with fewer bits.

4.2.9 FREQUEN CY SCANNER

In order to make the orderwire system as transparent as possible to ti - me miser , a frequency
scanner uni t  muist he incorporated. It should consist of a highly sophisticated , counpu iter-
controlled frequency sch mn nuer with a memory storage system so ti - mat [ransnuission picked up
by the scanner will be store d for future re ference.

Tiue scanner will randomly, but  e ffectively, monitor selected possible transm nission
channels and be able to ‘automatically recommend tran summissions to best suui t exist ing atmu mos-
imli eric ~on dit iomm s.

1mm tIme eveumt t l ue scan umer picks up a strange or fore i gn tramm s nmmi t ta l . ti is imufor uu matiomu
causes a request for i c l emu t i t i ca t io n .

El iminat ing i ” ’ user f’ron im tui e system as nm u i c i m as possi ble cu t s clown elmances for
human error hind also reel uuces manpower require nn ents iii a cou n m n tm i mica t io n i  roe) flu.

The se aumner  u m m u u st  be conu t rolleel by its own separate com um pu i ter  to red iuu ee overload
on time ’ main computer s y s t emmu , hind to ensure a working s ch ium ner  syst e ’num mi t i - me even - mt of hi

• n u main system breakdown.  T i me la t ter  reasom i is probably mu more immupOr ta n t  thh u i l  [lie fo rnumer .
because i n f o r m u m a t i o n  ga t imere e i  through time scanner c~unm be’ tu t i l i zed  by oti -mer s .

In pre sen t  cou l um l mt m m mica t iou - m ‘y st c r n s it is possible fo r  two parties tei s i nm u m l t h uneo u s l y
• t r an s mit  0mm the sa m e t’requc’nmcy . ‘r iui ’~ imappens evemi t imough a third p ar ty  is involved as a

network controller. , \ i i o t h m e ’ r  I r c s ’ m l t  d r a w b a c k  is the  i m m a h i i i t y  of ’ a t ranus u m mi t t i nm e  s ta t ionu  to
know that a message Im as failed to get to its destinatio n because of stations tr . unsmmmit  t im - mg
simultaneou sly except when imoti t i ed of t i mi s  t a c t  hiy hifl observer s ta t i o um.  me fre qt u enmcy
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sc h inmuer  computer  systenmm will alert of ti - m is.  A s anm m p l e signal wil l  first he transmitted i-my t ime
senu ele r. and ti - me receiver .schun ni er will pick it up am - md respond.

r u e ’  stanudare l sa m m ple signu al will have to be lou - mg enough for ti - me scauiner sy s temmu to
c onmu p i etc a fu l l  random sampling cycle so ( lu a t  nmo siguma ls are nmi ssed.

4 . 2 . 10  MEMORY STORAGE FOR STORE-AND-FORW ARD

,\ menuorv storage uni t  si-mould be incorpora teel in t i -me fi rs t stage of the ord erwire
s~ s tem ,  It  si -mould h ave ti - me chipabi l ity to store . at least temp orarily, all receiveel informna t ion ,

The inmfor mation nu iust be available onu in sta u utane ouus recal l , and ti -me system -mi mm - must he
capable ( i t  pu t t ing  out informatio n at a rate compatible with ti -me orderwire system.

It must  he ch i 1~h uhle  of storing information at a rate at least equal to time fastest anti-
ciphi t ed t r ans iluission.

It nnust be abk to act as a two-way bumffer between inco m ing transmissions anmd ti - me
main ord erwire system. Ti -mat is , if i mu fo rma [iom ’u conies in at a rate faster than ti -me cormtro l
suhss  ‘ter m chun i  receive , ti - me memory section must he able to store all the data and , wi -men t ime
mh un O~ st~~fl chills for the data, feed the ree ium ired data at a rate compatible with the unain
s~ s ( e i f l ,  If m nf o r nn a t mo u’u  cj nues in too slowly, ti - me nm me m u u o ry will  store it , and later f ’ccd it
a’ a I hes te ’  r i t e  to time ni -main ~“ s t e m mm .

5.0 A PPLI CABLE TECHNOL OGIES

5 . 1 INTRODUCTION

‘rime design amid deveiopu ume m m t of aim auito m ate d ( ‘3 system -mi r equuir es ti - me cooperative
in te rac t ion  of a large m m u m u im ber  ot’ t eciuno!ot~ies. TI -me following paragraphs describe brie fl y
a m - mu m m n ber  of tec imnuo logies tha t  have to play a part in the elevelopment of a Navy autonu ated
n e t w o r k ,

5.2 MEDIA TRANSMISSION TECHNOLOG I ES

The first requirement of any communication capability is ready availability of a
omn uu u un ic a t ion  muu edi u mn n.  in time Navy there are nm - many such media ea chm l u av inmg its own role

to p l ay  in the total co u ummu m r uic at ion m pict t ure . Sum -m e ’ imave l ong range , ot h ers simort r iunige ;
sonmu e have wide bandwidth , oth ers narrow h a n dwi di thm.

5.3 AUTOMATED NARROW ë~AND HF . SA1ELL I TE , UHF , OPTICAL , PA CKET RA DI O etc

In an automated system , metimods are r equmir e d to autom uuati cahl y m easure time capa-
h m J~ty of any medium. Special equipments are needed for this function . Aim exanuple ot su~ iu
equmipm ent is the sounder.
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5.4 t)IGI TAL SYSTEM TECHNOLOGY

Time primucipa l type of ’ equipment  involved in the control eeluipmen [ design hind imp le-
nuen t h u t ion  us digital electronic. This type of equipnnent su pports all ti -me control fu muctions
and nmu :i muy of ti -me communication media functions.

5.5 M ODULATION AND EDAC TECHNOLOGY

The conv ersion of the an alog to digital and the improvement of the comumuunication
data invc’lve utilization of mu -moderns and EDAC.

5.6 FORMAL LANGUAGE TECHNOLOGY

To represent the communicated control , a language of advanced form of control proto-
col is required. An understanding of computer languages greatly aids in the developn uent of
such a system control language.

5.7 KNOWLEDGE REPRESENTATION TECHNOLOGY

Inu formation about th ie state of the system is required at each node of the communi-
cation system. The representation of information is important in accomplishing ti -me auto-
nuation .

5.8 COMMUNICATION PROTOCOL TECHNOLOGY

The language of the orderwizv can describe the protocol , but step-by-step processes
must also be understood to effect communication. Many step-by-step processes have been
developed in previous Navy sy stems and n-much has been lea rned in their development. Th ese
processes , together with newer protocols , must be embedded in the system.

5.9 NETWORK MANAGEMENT TECHNOLOG Y

Once a n-metwork has grown to more than a few nodes , connectivity manage mn ent is
no longer a trivial problem.

5.10 MACHINE HEURISTIC FUN CT ION “EXPERTS”

Much of the expertise available to el ’fect co mmmml mu u umich l t i o u m is foumm el m u  t i e  people ti -mat
operate a mme [work , an d [his is true ’ also of Lime Navy. Metimods h ave to he devised to tr ansfer
thie h ui m i am i knowled ge of c omnim uumm i ca t ionus  tc chnmiq ues to nm m ac i uin me knowledge . Time technology
to do this has been recently developed. it ima s he emm called building “expert ” sy stennm s .
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5 . 1 1  R ESOURCE MANAGEMENT TECHNOLOGY

E vemv n -mode has only a lixed plan t of e qu uipmn em u t  and these are the onl y equipments
av.u m i ab ie  for commm munica ti ons. The resources n ium st be n-managed by t im e automated systems
to acco nm m pii s l  optimnal behavior of ti -me systemn.

5. 12 CR I SiS MANAGEMENT TE CHNOLOGY

.\ pri n cipal reason for ti -m e exi stenuce of ti -me Navy C3 network is to provide com mumuni-
c at m om u iii hi crisis sutuat ion.  Time nuature of crisis n -must be understood in order to properly
design and adequ m atel y control ti - me commmnu um nica t ions function in th e t ime of crisis.

5.13 MAN-MACHINE INTERACTION TECHNOLOGY

Th ese are three form s of mn an-machine interaction. First , there are ti -me imiter a ctiomus
of ti - me system wit h i the people (or equi pment directl y interacting with peop le) that  con-
s t i t u t e  time users of time system. The second arises f ’romn the fact tha t  time system is nmo t
perfect and umnust be supported by people to ensure that it m aintains fun -m c [ i om u al capabil i ty.
The third is the control operator.

5.14 TECH CONTROL TECHNOLOGY

The system must provide (or consult with a te cimcontro l system u m t l u a t  provi d es) ti -me
techni cal control over ti m e ’ pat im and eqtu ip u im cnt switching wit lu in a node.

5.15 SURV iVABILITY ANALYSIS TEC HNOLOGY

A clear unders tanding of survivability requi reuu -ments and their iuumpacts on control
must be gained befo re an appropriate design and maintenance of the system can be accom-
plisfued.

5.16 COMMAND CONTROL INFORMA TION EXCHANGE REQUIREMENTS TECHNOLOG Y

Th e pr incipal function of a comm -mmun ic ation capability in mil i tary operations is to
provide the necessary connectivity to the command control element of’ time forces. In a
comnmuu crcia l system a demand-responuse system is adequate , but in n -m il i tary operation it is
riot. If we wai t for a demand mnaumif e st atio n in a crisis , it is then too late t’or e ffective control.
i lm er elor e , tIme commnand control structure mu st be available anti imm te gr a l to ti - me network
independent of a demand manifestation.
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5 1 7  DATA COMMUN IC .-~TlON SECURITY TECHNOLOGY

t i m a mi - mi l i t a ry  operation , data  concerning communica t ions  and operations must  be
hidde ii t ’r onu [lie ene m y.

5.18 COMMUNICATION ROUTING TECHNOLOGY

ri -me ( ‘3 system must know how to move messages from -mi one node to any other.

5.19 CIRCUIT SWITCHING AND STORE-AND-FORWARD SWITCHING TECHNOLOG Y

Since not every node is connected to every other node , some messages must be
routed , switched , and stored-and-fo rwarded to other nodes. The technology for doing t i -m is
is currently available.

5.20 SYSTEM BUILDING TECHNOLOGY

To build a communication network , powerfu l tools must be brought to bear on time
design and maintenance of the system. System building technology is usefu l in accomplishing
th u s.

5.21 SRI ULATION MODELING TECHNOLOGY

One of [he key syst eu m iui lding tools is the sinu ulhu t ion modeling of ti -me system.

5.22 I MP ’ .EMENTAT ION PLANNING TECHNOLOGY

Techniques applicable to inm u p l ementa t ion  of any iarge system must be app li ed also
to time i m plementation of an automated orderwire system -mu .

6.0 RE COMMI NI)EI) STU I)IE S

6.1 EXPANDING STUDY

To design an automated orderwi ie syste imm for ti -me Navy C3 system -mu will require hi

Limoro u ugim examinat ion of ti -me concepts  and possib le t r a d e o f f s  inmvo l v ed. Timis do cu nmme t u t .
as it mu ow stands , is one snna il  par t  of time total nuee ded. A m mm ore eomn p lete st tue ly of [h ue
i i u to m uia t e d  orderwire concept u s required beiore p lann ing  for  a design effort. Mam m y of
the t ’ol lo w im ug reci mn m nmended  st i dies will  exp~unu et vari ouu s aspects of ti -me at utonu a tee t  order—
wire concept. They will  also I or mn h i ba sis tmp oiu w im icim de ’ s i gm m can tue in i t ia ted . l’hme i m m t e ’gra-
t ed simulation nmo (l c l wi l l  l i k e l y  evolve inito ti -me in i t ia l  design.
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6.2 CONSTRUCTION OF SIMULATION MODEL

Time nmm o st powertu l  tool exc ludimug the bui ld ing  of a pr ototyp e systenm u is time bui ld ing
of ’ a smm m uu l a t i o m model as conuplete as possible. An h i elvantage ’ of ti - me s i m u l a t i o n  m u - mode l  i vc r
a prototype is [lie low cost of a change to ti - me model and ti -me shorter tin - me ’ befo re such a
c imanmge can he imni p i enuen ted .

6.3 DETAILING OF P RIMITIVE AND NORMAL LANGUAGES

Oru ly directions in the development ot ’lamug u ages were mentioned in ti -m is docu im enmt.
The actual ( ic v ei opmn ent of the languages in an environment simulating ti -me C3 systenu is nueee ied
to better umuders tand ti -me tradeoffs m u  the design of ti -me languages in the are a of coiuipar isons
and good speci f ic a t ion.

6.4 DETERMIN ATION OF A FAMILY OF ROUTING DISCIPLINES

Fi mere hire manuy rout inug disciplines ti -mat chin be coumsidereel for ti -me com itrol of hi system.
I) eci siomus nu l ist be n i -ma c i c as to which comuib inations should be used , and criteria for ch ange of
ti - me routing discipl ine n-must be established.

6.5 DEVELOPMEN T OF CENTRALIZA TION VS DISTRIBUTION PHILOS OPHY

lime proble nu of exac t ly  wimer e the control of tim e systenn s luoumid reside has nuot be ’enu
~s e f l  answer ed.  There i., re asoi m to elie ve t h m a t ~n d i s t r ibuted corutrol is require d for a I J l i — h h m c k
pos i [ion ~ut least. But  it is km - mown th at centr alized control is ree luired in sonme networks.  The
a m u m o u n t  of centraliz ed com m tro l that  is necessary amu d ti - me n atumre of’ it are question -ms not t o t a l l y
.mimsw e red . ~ form of centrali zed control was cliscu issed in ti -mis document wi-mere centrh u l  con-
trol onl y  c ’m it r dled time “pr i cimig ” str u uctu m re for the ut i l iza t ion of the system commuponen u l s .
i ffec tmve control ~s;is giv e ’n i to time local nodes~ numotivational control was centralized. Ti -me
optin umum combination rem ains ummi answered.

6.6 I )E VELOP I NG APP ROPRIATE SEM ANTIC KNOWLEDGE SYSTEMS

in a large sy stem m m  whic lm decisions are im mae l e on th ie basis of available knowieehge , th at
knowledge unu i st be represented mu a muman ner  ti - mat is usefum l and si ows the appro priate re~~tion-
ships needed to control tim e systemm u . A detailed knowledge design is needed to umm iderst and
the type and access questions for the knowledge. Ammotimer aspect of ti -m i s problem is h o w  to
make decisions omu kmm ow le dge that is not current , not exact , not complete , and ne) t umecessarily
consistent.
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6.~’ I NTEGR A T I NG 6.3, 6.4. 6.5, 6.6 SYSTEMS INTO THE SIMU LATION MODEL OF 6.2

In p aragraph 6. ~ a sin n ulat ionu nioelel was eiisc ii ’scd. ~\ot only mm - must  hi nu model he de~ cfopeel
hu t  the concepts  of 6..~ 6.4 . o S .  and 0.0 ar md many others nnu st  be integrated in to  ti - me s i nmm u h hu—
ti on ~vst e ’n and exercised in tha t  cv st cm to cl et e rn uim m e the lu c iuhi viora l tra d eoffs. Onl~ in n t h i s
wa y ,  can the interact ions  of the  designi decisions become clear. An analyt i c a l  model of su c im
a c om in p iex ~ s tem is impossmb le .

6.8 DEVELOPING STANDARDS FOR E QUIPMENT PROCUREMENT

One of ti -me factors clearly visible in t i -m is s tudy was ti -mat we do not have automated
orderwire when control of most of ul ue equipnnent is in a manual manner with no provis mo m i s
for remot e  au tor na t e tm conutro i . A f e w  pieces of equu ipment  can be contro lled remotely,  such
as the radio gear on the LHA , but for the n i -most part even new developments in equipn -m en [
have no mechanisms to hil lOW for re rm iote control. It is noted that ti -me rt ’qu ire nm’u ent for remote
control does not , in general , reduce ti -me requirement for local contro l of the same equ ipm ent .
\ia i nt ~ nance of equipmne nt is dif f i cu u lt  wi t h otmt local control.

6.9 DEVELOPMENT OF SPECIAL EQUIPMENT

Digital equipment has reached a pl ateau in processing capability. flue spl i t t ing of
funct ions  appears to provide increased capacity.  For this reason , the removal of -a nu n u i h e r
of ’ functions from the central controlling ei enuent is suggested. These fu nctions are unu l tm-
p l cx ing.  store-and-forward t’or sim m uple channels , even -mt tinm u ing control , am - md media s c a n m u i n ig
amid measuring. A elesi g im specification for these equipments should be generated. In f lue
s imu la t i on  model these functions must be part of time simulation model and not hi f tmmi c !i om i ~u l
added on.

6.10 DEVELOPMENT OF PROTOCOL

A number  of n e twork disciplines presently exis t  tha t  solve problems of narrow scope.
Time reason for the existence of these di scipl ines does not disappear with the advent of an n
au t o u n a t c i ord erwire  system -m m . l i - mere  fore , t h e y  nmmust  also he im p l emi iemm t a b le  iii t ime  a u t o m n h u t e d
sy stem. I or t im e sann e ’ reason , they nm - must  be implemented in time simulation model wi t lu  t he
or der wir e ’ ~ stem languages to ensure  ti at some hi d den quirk  doe’s mmot appear la ter .

6 . 1 1  DEV ELOPING CONTROL OPERATOR CONTR OL LANGUAGE ANt ) PROTOCOL

At each node ti -mere must be at least on -me operator wimose fun ct i e im is to c o mm m m u’u tm rui c a t e
w i t h  the e x c L i t i v c  of ti -me system to im n p le i m memm t control , answer questions c o muc er n mi r mg ei~ita
t ime system cannot gel di rect ly ,  and receive trouble s t a t u s  from ti -me sy stem u .  l’he e’.x t e ’ i m l  of
imr otoco i and language needed for the mach -m ine to te ll tIme operator about  ti m e system -mu hun 1
t h e  ex t en t  of t u e  la t i tud e of ti - me co i u t r o l  s ta [e imi emm [s  mm - must be explored.
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6. 12 DEVELOPING SYSTEM MEASUR EMENT AND PERFORMANCE CRITERIA

Anm auto mu matic systenn requires ti - mat  knowledge about how the system functio n s he
available to the system. Certain  data  parameter s need to he measured. coh lecte e m , store d ,
and centrali ,ed. A set of operation is m umus t be developed to imm a ke nu uea n ingfu l conmtro l
decisions usimug these parau n eters .

6.13 DEVELOPING UTiLIZATION VALUE SYSTEM

A value system has to be designed to deter nuir m e wi -men a set of h i ctio n s simou lel he taken ,
wi -mat ti -me expected value will he , ari d what ti -me penalty will be for such an action.

6.14 DEVELOPING COMMAND CONTROL EXPERT

Since ti -me system -mi is for co imumand control , ti -me order of ~o’iun iuan d a ffects ti -me behavior
of ti - me systenmu. Given a command structuire , how does t i -m is knowledge affect ti - me parameters
h ind heh u avior of ti -me syste m s? Wh at hire the rules ti -mat t r anuslate ti - mis commamu d s t r u c t u r e  imfto
mu me a m uini gfu l ~u c t i o r m s? 1 low do con st ra ining rules ~nt cr act iii ti -me sys te ’n m ?

6. 15 I)EVELOPING \1EE)IA AVAILABILITY EXPERT

Ti-mere are certain constraints to the utilization of hiny giveni nu ed i umn m . For eacii
med ium these comu str aints amud ruml e s of operation nu u umst be entere d m mut o ti -me syst emm u wmt tm
an appropriate proc essiimg sy stemn to allow for re qum e ’st for op e r a t i mug  p . m r u n - m u c t e r .  f o r  requ est
for operat ;iug complianc e , a nd for  a larming if certa ini p a ram -mu eters t h h u t  c i uh im i ge the ava i l ab i l i t y
of ti -me ch amune l are substant ial ly altered. TI -mis knowledge eamm he b u i l t  i n t o  [hue s st en -m by
ti m e inclusion of ti -me mn -machine “e x pe r t. ”

6.16 DETAILING ELEMENTAL ACTIONS

1mm this document , a number of e lenmenta l actions were described. A more care ful
stu idy of wi - mat t h ese e l emmuemit a l  action s s im o u u ie l he . t l mei r  im ut e ra c tuo n s . .m n nd Imow :ire t tm e~’ c onuu h imued
into corum p osit e actions si -mould be undertaken.

6.17 DETAIL ING EQUI PM ENT SCH EI)U LING EXPE RT

The techni ques of organizing the availab le e qu i pi m m emut to provi d e the desire d capabili-
ties and the nnakim u g and cima nging of assignmuients slmou ld be build iumto aim expert sy stem lu. Also ,
alarming ofequipmmuent failure should he muu a d e a part of th is  fu m nm c tio m .
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6.18 L ) E VFL O P IM (11 ~N \ i  F E V A L .  ~TlO~ EX P ERT

lii h ud ul i t lon  to ~Iie media experts . we nu ee d an exper t  t i - mat  dete rmi nues the n i s c f u l i i e s s
of a el uan m u e l t i - mat has heen set up by mn easuirimu g test d h uth u t l ma t  h ave bee mu t r am i su n i t t e d  ‘ver i t .

6.19 DEVELOPING IMPLEMENTATION PLANS

In [he fo regoing, a nu mben of technical studies were reconnmended to gain fumrther
knowledge about the technology . However , if t h ie  Navy is ever to Oui ld an automated order-
wi re sy stem, hi plan m u s t  be devised that  allows for the smooth transit ioning from time curre n t
sys tem to ti -me automated system -mu wit h fumu d i m ug increments smnall en nmg h so ti -mat they are not
prohibitive.

6.20 DETERMINING COSTS

In conjunction with the development of ti -me plan , a development of the measure of
cost and value must take place to deter m imu e e ffectiveness and util i ty.
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