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INTRODU CT ION

The SENET- DAX Study described in  t h i s  report is d i rec ted  towards investi-

ga t ion of the concept of an integrated voice/data switching system u s i n g  t ime
division mul tiplexing and dynamic channe l allocation as first sugges ted by

Drs . G. Coviello and P. Vena of DCEC in [19] ,  and further devel oped by t h c ~ in [20].

( The ob jec t ives  of t h i s  s tudy task  have been:
a. To ana lyze  the f e a s i b i l i t y  of the SENLI-DAX concept in terms of

structure and performance characteristics

b. To address the translation of the concept into candidate hardware
and software techniques that  could be used for the  conceptua l
desi gn of an access area exchange

R’~su1ts of the analysis and techni ques studies are presented in thes~ two volumes.

Section 1 is a summary section that considers the impact ol the dynamic

allocation concept on those telecommunications areas where the most interesting

results have come to light : the precedence and preemption scheme , speech security,

call routing, service features, and network management. Sections 2 and 3 describe

in detail the master frame structure for digitized voice , packet data, and bulk data ,

and the requirements for processing and control of the integrated voice/dat a stream.

An analysis of systems requirements for si gnaling, synchronization , and error cont rol

is presented in Section 4. Functional allocations , covered in Section 5, are

initially examined for their impact on SENET- DAX architecture .

Tradeoffs towards selection of the distributed processor architecture ,

considered to be the most promising approach for realization of the concept , are

cove red in Section 6. Sections 7 , 8 and 9 contain detail ed descriptions of software

and processor structure and synchronization and error control techniques for this

archj tecture .

Section 10 presents the results of performance analysis , including flexi-

bi l i t v for interfacing with dissimilar trunk and terminal devices , the amount of

contro l overhead requiring transmission capacity, and an analysis of blocki ng and

delays . Section 11 provides a general assessment of system capabilities wi th regard

J to size and modularity, traffic handling capability, availability , interoperabi lity,

speech security, and system and technical control.

One year is insufficient to study to the maximum every aspect of perfor-

mance and tech ni que for a new and comprehensive concep t such as the SENET-DAX .

Study areas that have been identified as critical for basic evaluation of the concept ,

FR76- 1 I-i



such as control si gnaling, software and processor structure , synchronizaticn tech-

nique , and delay and blocking analysis , have been studied and described in detail .

Other areas , such as cOMSEC processing (including key distribution) and digital voice

conve rsion , have been addressed but remain to he studied in more depth . Areas such

as satellite link performance require initial investi gation . In addition , there is

need for a verification in software and hardware of the techni ques that have been

postulated. Sec tion 12 concludes the repo rt with recommendations for further analy-

sis and developmen t towards eventual realization of the SENET-DAX concept.
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SECTION 1

THE IMPACT OF DYNAMIC ALLOCATI ON

1 .1 PROBLEM

The SENET-DAX concept differs from conventiona l transmission multi plexing

schemes in allocating transmission capacity to a call in accord with the specific

information rate requirements of the call , and in allowing the location of the capa-

city allocated to the call to be dynamically variable. Both conventional SDMX (Space

Division Multiplex) and TDMX (Time Division Multiplex) transmission systems, by con-

( trast , allocate fixed portions of their capacity (a circuit , for SDMX ; a specific

allocaf i o n  of hit sl~ ts . equa l to all other allocations, for TDMX) regardless of the

actual requirements of the call. In fact , f or TDMX , the bit rate of the subscriber

instruments must he matched to that fixed by the transmission system , often resulting

in further inefficiencies. In neither of the traditional broad types of multiplexing

is there found any usefulness in dynamic variation of the location of the allotment

made t o  a call after the call has been connected .

-\ less obvious common characteristic of conventional multiplex transmission

s~’st.ms in current use is the necessity to commit transmission system resources to

an end-to-end connection. Prior to subscriber use of the connection , this commitment

i s  f u l l y  adequate to serve the subscribers involved , regardless of whether the con-

F T f 0 - ~~t ion w i l l  he used . In the Sl)MX case this is necessary for inband signaling, even

t h o u g h  such signaling ordinarily requires only a small part of the transmission

capa: ilit v of the connection. In a conventional TDMX system using Common Channel

Inter~~ itch Signaling , this would not he necessary , but is still commonly done. More-

r )\ ~~ r , the CCIS channel is frequentl y one of t he  f u l l  -si:ed communication channels ,

U r t ”.er.ed full-period for this purpose , and unavailable , even when idle , for subscriber

connections.

Conventional line or circuit -switching systems f lOW in use for voi ce trans .-

m i s s  b a  and aw itching in military and other governmental svstenis frequent ly provide

for preemption by precedence. In genera l , these systems have handled facsimile trans-

missions as pseudo-voice connections , and any precedence invo’ved was associated with

the level specified during the initial voice-instrument signaling process. Similarly,

w hil e ’ narrative/record data traffic has been message-switched in conventiona l Store-

and I-o r~ard systems such as AtJTODIN , with an established scheme for precedence and

FR76-l 1-i



preemption , the AtJTODIN was not designed to handle interactive , query/response , data

base update , or hulk data transfers . Consequentl y, no universal precedence structure

~or all types of data transmissions has been established , nor were satisfactory pro-

tocols established for the variety of modes of operation to be accommodated all at

once. The ARPANET was designed to improve this transmission involving interactive ,

query/response and data base updates , and has been demonstrated to be capable of bulk

data transfers , but u t ili: e s a simplistic precedence scheme , and is not designed to

operate with conventional narrat ive/record traffic. Additionally, neither AUTODIN

nor ARPANET provides a complete treatment of message security appropriate to all of

these various types of data transmission .

In addition to the potential inpact of the dynamic allocation concept on

transmission capaci ty and the precedence scheme , the integration of nan-homogeneous

subscriber traffic and its transmission and switching may well impact other areas.

For examples , routing of voice and pseudo-voice connections might use a common tech-

nique , but it will not necessarily be optima l for al l (or any) of the data trans-

missions; service feature requirements differ widely; with respect to network

management , a simple count of connections in conventional systetu~ c’~juates to usage ,

but in SENET-DAX , it does not , particularly when the system is simultaneously handl-

ing voice , v ideo , and data transmissions ; and subscriber terminal requiremern~s

could well be affected .

1.2 OBJECTIVES

The objectives of this section are to discuss and scope the technical impact

of the dynamic channel allocation concept on various system aspects such as preced-

ence and preemption , security, routing, service features , network management , and

subscriber terminal requirements. It is intended to summarize the insights gained

into the dynamic channel allocation concept during the study period and to highlight

significant areas of interest and concern . Specific details can be found in the

balance of this report . In this section , emphasis will be placed on differences

between the SENET-DAX concept and the more traditional types of multiple xing con-

cepts , and particularly on those aspects in which the dynamic channel allocation

concept appears to offer clear advantages over conventional approaches to the same

problems.

FR76-l 1-2
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4 1 .3 DISCUSSION

1 .3.1 Precedence and Preempt ion

1.3.1.1 Current Precedence Schemes

A system of precedence designations and preemption protocols is now in use in
military analog and digitized voice transmission and switching systems such as

AUTOVON, AIJTOSEVOCOM, and the AN/TTC-39 Circuit Switches. Presently, however, these

J 
precedence/preemption usages do not cover low-speed video, forward-error-corrected

facsimile , or sensor bulk data being circuit-switched via SDMX or TDMX systems. Sim-

ilarly, a system of precedence designations and preemption protocols is in use in

( military analog-equivalent digital data transmission and switching systems such as

— AUTOL)IN and ARPANET (the latter not strictly military). These precedence/preemption

usages are primarily limited to narrative/record data traffic , and only a simplistic
approach exists for interactive , query/response, data base update, and non-sensor

bulk data transmissions.

1.3.1.2 Precedence and Preemption Overview

The SENET concept is intended to handle all types of voice , pseudo-voice ,

and data transmissions , often simultaneously, in an integrated manner. Thus it be-

comes necesrary to extend the virtual real time precedence structure to include both

digitized voice and bulk data transferred in Class I, and to extend the data switch-

ing precedence structure to include interactive, data update, and other bulk data
traj~’-.fers, and to reconcile the two resulting precedence structures with each other .

F An additioi,~.~ considera tion from this study is the necessity to define-a precedence
structure for Common Channe l lnterswitch Signaling (CCIS) messages. These CCIS

messages , wh ich concern both Class I and Class II transmissions , have been found

best carried through the system as Class II transmissions . The CCIS precedence

structure must be reconciled with the previously identified pair of precedence

structures. Evaluation and analysis has led to the conclus ions that types of

traffic not previously subject to a precedence and preemption scheme should use

the precedence designations already developed - for the class of traffic within

which t hey  naturally fall. For example , forward-error corrected facsimile

FR76-l 1-3
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transmission over a virtua l connection in real time would use a voice precedence

leve l during the initial signaling phase. By contrast , an ARQ-protected facsimile

t ransmission sen t via packet-switched store-and-forward techniques would use the

appropriate precedence leve l of that type of data transmission (generated at the

subscriber-instrument) in a transaisslc’n header. Precedences of virtual connections

would be compared to each other during the queueing of packets for transmission .

However , hi gh precedence (e.g., CRITIC , ECP , or FLASH) data transmissions should

preempt low precedence (ROUTINE , PRIORITY , or IMMEDIATE) voice or other virtual

connections even though preemption by a relative ly brief data transmission could

result in termination of a typ ically much lengthier voice or pseudo-voice call.

With respec t to CCIS messages , we feel that each should be assigned a data

message precedence equa l to the precedence of the call that the CCIS message

controls , with the exception of Class I call release. After a call has terminated ,

better SENET network performance results if channel resources are reclaimed as

quickly as possible. This co~2ld be done by assigning a high precedence to each CCIS

cal l release message. However , alternative methods may be available that minimi ze

preemption of on-going calls.

1.3.1.3 Data Precedence for Class II Transmission

Our analysis has indicated that extension of the voice precedence structure

to cover non-voice virtually-connected bulk data would be satisfactory. With regard

to data procedures , it appeared initially that extension of the AUTODIN-type narra-

tive/ record precedence structure to interactive , query/response , and data base upda te

packet-switched transmissions posed a problem because of their greatly differing re-

sponse time requirements from narrative/record transmission such as ARQ-facsimile

and non-sensor bulk data. Delivery delays for fast-response interactive , query/re-

sponse , and data base update are normally required to be no more than a few seconds
to a couple of minutes. By contrast , delivery delays of a few minutes to a tew hours

can be permitted for narrative/record and ARQ-facsimile traffic , and many minutes to

many hours for bulk data transfers. For example , the AUTODIN-lI specification shows

the following requirements for that system.

FR76-l 1-4
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_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _-
I TYPE OF TRANSACTION DELIVERY DELAY

I 
MAIN CATEGORY SIJBCATEGORY MEAN MAX .

Human Interac tion I SEC 2 SEC

I Interactive Alarms/Status Indicators 1 SEC 3 SEC

L Monitor ing/Tel emetry 0.3 SEC 1 SEC

I Query/Response 36 SEC 2 MIN

Narrative/ Record ( CRITIC/ECP/FLASH 4 MIN 10 MIN

( IMMEDIATE 6 MIN 20 MIN
of 2 to 20 minutes) PRIORITY 9 MIN 3 HRS

1.. ROUTINE 
- 

16 MIN 6 FIRS

- 
Bulk-l Data Files/Programs/Results 5 MIN 20 MIN

Bulk-2 iata Data Bases, Sensor Data 4 HRS 12 FIRS

It seemed initially that if delivery time criteria for the fast-response

transmissions were to be met, these criteria would be excessively stringent for the

longer-delay narrative/record and bulk data transfers , resulting in an over-engineer-

ed system. On the other hand , if criteria for longer-delay items were met , even
comfortably, there would be little likelihood of meeting the interactive , query/re-

sponse , and data base update criteria except at times of very light data traffic

loading.

Further analysis has indicated that this problem can be resolved by handling

the non-Class I data transmission in two different modes of operation : interactive ,

query/response , and data base update traffic will utilize a “store-and-squirt” tech—

nique; and narrative/record , ARQ-facsimile , and non-sensor bulk data traffic will

utilize a more classical “store-and-forward” technique . Details of these techniques

will be found in Section 3.2, Traffic Control Procedures.

The store-and-squirt technique requires only momentary packet accountability

during the transmission of a message to an addressee who has been previously establish-

ed as available and able to be reached . Thus, transmission time through the SENET is

approx imately the sum of cross-office delays and l ink transit times , overlapped (in a

I
FR76-l 1-5



multiple-packet message or response) with message receipt by the originating SENET-

DAX from the or iginating subscr iber , and by message delivery by the terminating
SI NET-DAX to the receiving subscriber. By contrast, in the store-and-forward tech-

nique , the originating SENET-DAX must receive , validate , and make itself accountable
on a complete message basis for the entire message from an originating subscriber

prior to any transmission through the SENET. Similarly, the SENET-DAX on which the

first addressee is terminated must receive , val idate , and make itself accountable
for the enti re mess age , and transmit an end-to-end acknowledgement prior to delivery

of the message .

As a result of this difference in treatments , it is possible that those data

messages utilizing the store-and-forward transmission technique will have significant-

ly longer cross-network delays than will those messages transmitted in the store-and-

squirt technique. As a consequence , there appears no necessity to conceive of a pre-

cedence structure for interactive , query/response, and data base update messages that

would be different from (and ranked above) the precedence structure for narrative/

record traffic.

1.3.1.4 Reconciliation of Precedence Schemes

Figure 1-1 summarizes the current status of the recommendations offered for

the interrelationship of voice , data , and control precedence structures. The left

half of the figure shows the interrelationships found or suggested for precedence

of data packets requiring transmission in a Store-and-Squirt mode or in a Store-and-

Forward mode with respect to each other and to existing Class I virtual connections.

The qualification “existing” is intended to be significant . It is suggested that if

a Class I virtual connection must be allocated at the same instant as a Class II data

packe t is read y for transmission , and SENET-DAX capacity for the upcoming frame is
adequate for only one of the two requirements , then the data packet should be given
precedence over the Class I call , regardless of the relative precedence levels. The

result is a single frame delay added to the cross-office connection time of the Class

I cal l , wh ile the data packet is removed from the transmission queue . This is con-

sidered preferable to the opposite approach.

The direction of the arrow shown at each intersection in the figure indicates

which traffic is recommended to take precedence if a choice is necessary . Thus,

exis ting Class I calls should always cont inue if the queued Class II data packe t is
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of equal or lower precedence , but CRITIC data packets are of an order of precedence

higher than any used for Class I calls and hence would always preempt or interrupt

Class I calls of any precedence if transmission space is necessary in the next frame.

Note that the figure is not complete for all intersections. The ar’.as of

incompleteness fall into two categories. - For the plane representing coincidence of

Store-and-Forward and Store-and-Squirt data packets, one area represents coincidence

of equal precedence data packets. It seems likely that Store-and-Forward traffic

should defer to Store-and-Squirt traffic of equal precedence , considering the dif-

ferences found in their probable required response times (or delivery delays). The

second area is one diagonal removed from the diagonal of equal precedence. If the

same precedence structure is to cover both Store-and-Squirt and Store-and-Forward

Class II traffic , the decisions in this second category would seem to be both obvious

and unavoidable. However , it seems likely that a case can be made for permitting

Store-and-Squirt of given precedence to receive preference in transmission over

Store-and-Forward traffic of even one level higher precedence , again considering

their relative delivery delay requirements.

With respect to the planes that represent coincidence of the two types of

Class Ii tra ffic with on-going Class I calls , the areas of incompleteness shown can
again be divided into two categories , similar to although not identical with the

above two . In these cases , the areas of incompleteness include the diagonals once-

removed and those twice-removed from the diagonal o-f equal precedence , both towards
the Class II axis. The argument in these cases hinges on the differing effect of

preemption. A preempting data packet may terminate (or merely interrupt) an on-going

Class I c a ll. Affording preferential continuation of that lower precedence Class I

call simp l y delays the transmission of the Class II traffic . Within reason , and
quite probabl y with different tolerances with respect to the nature and precedence

of the data packets , or to that of the call likely to be preempted , it seems likely

that l~~tt e- r overall system performance will result if data traffic preempt ion of

Clas s I traffic is accomplished judiciously rather than ruthlessly as in curi ent

voice ~r~emption techniques.

l ht- right side of the figure represents similar results with respect to the

coin

~

idcii

~

e of Class II data traffic (of both major types)  with (‘CIS messages. It

wil l he noted that the areas of incompleteness on the right side of the figure are

simply the diagonal s of equal precedence. Contradictory arguments can be advanced
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with respect to these diagonals. First , it is arguable that both Store-and-Forward

and Store-and-Squirt Class II data traffic represent the subscriber ’s use of the

sy stem and tha t these usages should be gi ven preference over the system ’s own in-

ternal requirements. Alternatively, it is arguable that efficient maintenance of

the CCIS traffic is preferable , not only to service any one call , but to service

efficiently all calls in this “common user” system env i ronment . Finally, and per-

haps most convincingly, it is arguable that the Store-and-Squirt/CCIS diagonal should

be resolved in favor of the Store-and-Squirt traffic , while the Store-and-Forward/CCIS

diagonal should be resolved in favor of the CCTS traffic , considering the relative

delivery delay requirements involved .

Resolution of incomplete intersections in both halves of the figure remains

a task to be addressed . The ultimate precedence and preemption scheme will be prim-

arily a function of user desires , and only secondarily a function of SENET-DAX cap-

ability, since the powerful stored-program control in the system architecture appears

to lend itself to a variety of reconciliation schemes.

1.3.2 Security Considerations

The impacts of the SENET-DAX concept on Call/Crypto synchronization and on

end-to-end delays attributable to crypto signaling and control have not yet been com-

p letely evaluated. However , initial consideration given to these areas has already

indicated that crypto effects appear likely to affect two of the more interesting

capabilities made possible due to the SENET-DAX concept. These capabilities , both

directly attributable to the flexibility of the SENET-DAX concept , are the possibil-

ities of digitized voice conversion and of Time-Assigned-Data- m t ‘rpolation .

1.3.2.1 Digitized Voice Conversion

It is assumed that the likeliest application of the SENET-DAX concept will

result in the system handling both secure and nonsecure transmissions , quite possibly

i n  both classes of tra ffic , but almost certainly in Class 1 . Moreover , it is assumed

that initially most secure calls will be Crypto Stage I , i .e., l ink-by-link encrypted ,

probably in bulk over interswitch trunks. Ac the system and the subscriber equip-

ments mature and evolve , it is likely that mo n’ and more transmissions will be Crypto

st age II , i.e., end-to-end encrypted , after link-cncrypt thn or clear text signaling

and bulk super-encryption over interswitch t runks. Nothing has been noted so far in
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the evaluation and anal ysis of the SENET-DAX concept to indicate any difficulties

in handling clear , Crypto Stage I , and Crypto Stage I I  calls , independently or sAm-

ultaneouslv or both. This is particularly t rue of digitized voice calls using a

vaiiety of techni ques and transmission speeds . Howeve r, the potential simultaneous

existence of incompati hic digitized voice calls through the SENET-DAX network raises

the question of whether a capability to translate from one technique or speed to

another , simil ar to the capability for incompatible data subscribers , should be

offered.

The translation issue is discussed further in Section 1.3.4. If it is feas-

ible to map dire ctl y from one digitization algorithm to another (which is a separate

issue ), and if such a feature were to he offered , it is clear from the security stand-

point that translation is feasible for both clear text transmissions and for Crypto

Stage I calls , which are clear text within the switches traversed by the call. It is

e q u a l l y  apparent  t h a t  voice conversion could not be offered for Crypto Stage II calls ,

since by definition , switches would be unable to detect the appropriate symbols to be

convert ed . It is possible to conceive of an int ermediate Crypto Stage I/Il call ,

in which the transmission is end-to-end encrypted from the originating subscriber

equipment to a single (e.g., originating or terminating) SENET-DAX switch , decrypted

at that switch onl y long enough for voice conversion , and then end-to-end re-encrypt-

ed from the converting switch to the terminating subscriber equipment . If voice con-

version algorithm mapping were made a trusted process under a multi-level-security

software scheme , vulnerability of the cal l would seem to be not much worse than for a

true Crypto Stage II call. Note that this Crypto Stage I/Il treatment would only be

necessary when incompatible subscribers were to be interconnected ; compatible sub-

scribers could still be connected as Crypto Stage II calls as the system matures.

1.3.2.2 Time- .\ssi gned Data Interpolation

A situation analogous to voice conversion exists with respect to the Tine-

Ass igned-Dat a-Interpolation (TA[)I) capability. Briefly, this concept (discussed more

fully in Section 1.3.5) involves detection of unused directions of transmission in

digitized voice ca lls and of pauses in on-going speech . These portions of allocated

hut temporarily unused capacity could then be used for the transmission of data

packets. If such a feature were to be offered , it is again clear from the security

standpoint that it is feasible for both clear text transmissions and for Crypto Stage
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I calls . It is equall y apparent that TADI could not be accomplished in either Crypto

Stage I/li (as described above) or in Crypto Stage II calls. Consequently, if the

SENET-DAX system is l ikely to evolve steadily toward full Crytpo Stage II handling

for all di giti:cd voice calls , this feature would become less and less usefu l because

of 5ecuritv considerations. However , this evolution may take a significantly long

time . Because of the memory/software based SENET- DAX concept , it may be possible to

take adv in tag e of the increased capacity made accessible by TAD I , within the

constraints of the crypto environment , without unduly limiting the system.

1.3.3

1.3.3.1 Conventional Routing Methods

-\s indicated in Section 1.1 , a conventional Space Division Multiplex (SDMX)

system must commit (route and allocate) a fixed portion of its capacity to a potential

call in order to establish whether such a call can be completed . That is , the estab-

lished connection is used for the transmission of routing and signaling information

between ori ginating , intermediate , and terminating switches. For the time the cal-

ling party finishes signaling the originat ing switch until the receipt of an answer-

hack indicating that the called party has gone off-hook , the allocated channel carries

onl y sporadic , low-information-content signaling messages . The remainder of the full-

capacity channel is wasted , inaccessible to any other pending call (subject to the

precedence scheme , of course).

An analogous situation occurs in Time Division Multiplex (TDMX) systems , where

the allocation on behalf of a potential call is ordinarily a fixed increment of the

transmission system ’s resources , consisting of every n-th slot in an n-channel TDMX .

l~hi l e from a technical standpoint , these slots need not be committed prior to the

c a l l e d  party going off-hook , allocations are usually made when signaling is completed .

Interswitch si gnaling in a TDMX system is frequently accomplished over a common chan-

nel: that is , all interswitch signaling is accomplished on behalf of all calls via

one assi gned TDMX channel. Establishment and maintenance of this Common Channel

Interswitch Signaling (CCIS) channel reduces a’~ n-channel TDMX to a capacity of n-l

channels available fo~ subscriber traffic , even though instantaneous CCIS traffic

rarel y peaks near maximum channel capacity, and long term CCIS traffic is typically

a small portion of the available capacity of a full TDMX channel. Thus in a typical
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‘I I M X svstc~ , a ~rt a in amount  of t r a n su l  ss ion capacity i s wasted by ;u l loca t ion  of

fixed— size increments ( I f  t r a n s m i s s i o n  c a p a c i t y  to each call , regardless of the call’ s

actual requ i rements (in fact , TDMX systems demand that eac h call he matched to the

transmis sion rate of the channel , hv h i t - s t u f f i n g  i f  necessary) , an d an othe r portion

of the  sy s t e m  c a p a c i t y  is hasted because the  unused po r t i on  of the CCIS channel

capaci tv i s  i n a c c e s s i b l e  to s u b s c r i b e r  t r a f f i c .

3 . 3 . 2 Adv an t a f e s  of Rout i ri g t Inder l)yn ami c Al l oca t ion

The ~l~N E T - [)AX dynamic channel  a l l oca t ion c a p a b i l i t y  e l i m i n a t e s  the was te
ordinar ily incurred by the t r a d i t i o n a l  SDMX and typ ical TDMX t r an smi s s ion  sys tems.

Unlike conventional systems , the SENET-DAX can allocate to each call precisely the

transmission capacity that call requires. Transmission of CCIS messages as variable

length Class II packets , of no greater length than required for the particular call

function and transmitted onl y when necessary, results in optimizing both the CCIS

rosponse time — and efficiency of use of transmission resources. CCIS packets are

transmitted through the system as high-speed query/response type messages , yet trans-

mission capacity is required only when a part icular call function results in the

queueing of a CCIS packet . In that event , the capacity of each link is utilized

only for a single frame for each CCIS message. At all other times , that portion of

the master frame used for Class II transmission is fully aiailab le for data packets.

A more subtle advantage of the SENET-DAX dynamic channel allocation concept

over SDMX systems , and over most TDMX systems as p resen t ly  implemented , is the cap-

abil ity in the SENET-DAX concept to separate the cal l connection process into two

separate ari d independent  phases :  c a l l  res erv a t i o n and cal l allocation. By relying

on the very rap id transit of CCIS messages handled as Class II packets through the

network , there is no necessity to allocate Class I system capacity until the called

party has answered . Thus , from the time the calling party finishes signaling the

originating switch until the answer-hack from the called party reaches the originat-

ing switch , only Class II CCIS messages are required. Compared to immediate allo-

c~ition of channel capacity in an SDMX or in most TDMX systems , this permits channel

capacity to he assi gned to other traffic less the CCIS messages for the given call.

F-o r examp le , a s s u me t1~~t the average Class I allocation is lbo bits per maste r frame ,

the master frame s have a 10 m i l l i s e c o n d  per iod , f ou r CCIS message s f l ow in each

* It i s  shown in se c t i o n  10.2  t h a t  le ss  than 1 pe rcen t  of channe l capac i ty  is requ i red
for CCIS traffic.
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direction per link during signaling , and the average suh~criher delay in answering

is 12 seconds . Then for CCIS messages averaging 160 hits in length and Class 11

data messages averaging 7420 bits in length , the SENET-DAX can transmit over 25

average length messages while waiting for the called subscriber to answer. 

3 Effect on Class I Routing and Connection

The SENET-DAX efficiencies above those possible in conventional systems

affect the routing of Class I traffic in the following way . For a conventional SDMX

or TDMX system , transmission and handling of CCIS messages is often slow , usually

being based on the equivalent of 2400 B/S transmission . In addition , route reserva-

t ion  and a l l o c a t i o n  of resources occur simultaneously. This often results in se-

lection of a routing strategy based as much on meet ing  maximum connect ion t ime re-
qu i rements as on optimal routing of the call through the network. In the extreme ,

for example , this can result in unnecessary all-trunks-busy rejection of calls for

which the network as a whole has capacity , but which capacity cannot be found and

connected within the time permitted . By contrast , the SENET-DAX concept routes the

CCIS messages for cal l reservation along the route the call is expected to take , but

only if that route is currently available and is opt imum for Class II data packets

between the two modes involved . These CCIS packets can he alternately routed , if

n eces -~ary , a u t o m a t i c a l l y  and on a moment-by-moment opt imum bas is .  Answer-back and

call termination messages , and the SENET-DAX unique reallocation CCIS messages , will

in genera l , he Class II routed completely independently of the Class I call route.

Ihis adv-intage of the SENET-DAX dynamic channel allocation scheme can be util-

ized to permit quasi-associat ive routing of Class I calls in a dynamically optimized

fashion as described for Class II traffic in Section 3.2. This is expected to result

in call connection times equa l to or better than those found in the best-performing

conventional systems , combined with the advantages of a sophisticated routing scheme

that optimizes utilization of t ransmission system resources.

I
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1. 3 . 4  Service Features

1 . 3 . 4 .1 Range of Potential Service Features

The most significant impact of the SENET-DAX concept on service features is

that dyn amic channel allocation as structured in a stored-program distributed arch-

i t e c t u r e  p e r m i t s  an unprecedented degree of flexibility and efficiency in handling a

v a r i e t y  of subscr ib ers  and trunks differing in many characteristics. These include

urgency of connection/response time , security, precedence needs , digitizing algorithms ,

need fo r  multi -party communications , error-toleremce , and others. I t  also provides

flexibility for system necessities such as automatic alternate routing, intercept ,

preemption , journaling, retrieval and trac ing .

I .3. -1 . 2 Class I Service Features

Switches based on the SENET-DAX concept can feasibly offer to Class I sub-

scribers all of the service features commonly available in a high-capacity convention-

al circuit switch. These features may include such capabilities as precedence and

preemption , confe rencing, call transfer and forwarding , compressed and abbreviated

dialing, secu re  call node conversion (see Section 1.3.4.4), automatic line/trunk

grouping and hunting, direct access service , attendant recall/operator functions , and

~irt ua l o r ’ y ~~ t ion ot  hulk data calls (s u ch as sen sor data and long-duration computer

~nturconn ’~ ions) and forward error corrected facsimile and low-speed video .

The i mpact of the SI NI T-i)AX concept most visible in Class I feat ires will be

t ha t  s u b s c r i b e r  ~q I i1 p m e n t s  w i l l  not he cons t ra ined  to a few types of ioop appearances

or a ~u r n p i t i h l e f i m i 1 ~ of appearances , hut  a wide range of equipments may receive

~e r c i c e  fro m ~he SLNFF - F )- \X . less visible to an individual subscriber , but of obvious

si gn i f i  1 5 c c  on a o r i w o r k  b a s i s , is t h e  h ighe r  t o t a l  through put and improved network

g r i d t  o f rv i ce  pos s ib l e  becau se of the  :vn~im ic channel  a l l o c a t i o n  process. The
s u i h - ~~ r i b& ’ r w i l l  a l s o  see improvement  in  the  speed of call connection and of data

t r i n s f e r  t h r o u g h  - u i ~ 1 a n e t w o r k .

l . 3.~~.3 Cla ss [I Service Features

S w i t c h e s  based on the SENET-DAX concept can ilso feasibly offer all of the

service features commonly a l ab le  in  h i g h - c a p a c i t y  ~o n v e n t i o n a 1  store-and-forward

message -w itch es and f a s t - r esp o n s e - t i m e / h i gh c a p a c i t y  “c o n v e n t i o n a l ”  packet switches.
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These features may includ e such capabilities as message accountability, me ssage and
communications l ine security, precedence and preemption , multiple addressing , univer-

sal data subscriber interfacing , mode/code/speed/format conversion , archival storage,

intercept , retrieval and trace , bulk data transfer capability, automatic-repeat-re-

quest (ARQ) facsimile , including facsimile store-and-forward and facsimile multiple

address , and rap id query/response, interactive , and data base update services.

The impact of the SENET -DAX concep t most visible in Class II features will

be that subscriber equipments of not only different characteristics , but of quite

different demands for quality and speed of service, will receive such service simul-

taneously and non-interferingly. Less visible to an individual data subscriber , but

of obvious significance on a network basis, is the higher throughput capacity and

faster response/transit time possible for data messages traversing the network. Again ,

this is a direct consequence of the SENET-DAX dynamic channel allocation process. In

the case of data transmission , it is calculable that total data transmission require-

ments will approximate 5 percent of the total voice transmission requirements. In

essence this means that a network adequate in total capacity for projected voice

transmission requirements during peak periods will normally offer data a much greater

information transmission capacity than the peak data transmission requirements could

justify when considered alone .

1.3. 1 .4 Digital Voice Conversion

Another in te res t ing  potent ia l  service feature brought to l ight during the

course of this study is the conversion of voice calls between subscriber digital term-

inals that are incompatible in conversion algorithm , speed , synchronizat ion technique ,

or any combina t ion  of these . The SENET concept does not directly make such conversions

f e a s i b l e ,  I t  simply es tabl ishes  a communicat ion system environment in which incom-

p a t i b l e  voice ca l l s  can exis t  s imul taneous ly .  Given th i s  capab i l i ty , the question

ar i ses  whether  the  subscriber should be limited to communication only within a family

of compatible instruments. In the case of data  terminal  equ i pments , the answer has

for a long time been that mode/code/speed/format conversion was to be supplied in

orde r to permit intercommunication among incompatible data subscribers. The question

has not arisen significantly for voice networks. Terminal instruments tend to be

compatible in an analog world , and only signal ing compatibi lity has to be ensured .
In a digitized voice environment , it has long been accepted that all subscriber in-

struments would have to be compatible.
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Within the security constraints previousl y discussed (Section 1.3.2), wh ich
appl y equally to data terminal equipment interconnection , and given development of

practical algorithm -to-algorithm mapping techni ques , the SENET concept could rather

uniquely make effective use of such a conversion technique . This uniqueness is not

so much in the  p r o v i s i o n  of such a c a p a b i l i t y  ( t h i s  would be c l e a r l y  d es ir ab le  in

any n e t w o r k  t a sked  w i t h  in te rconnec t ing  incompat ib le  voice subscr ibers ;  for examp le ,
b i t  st u f f i n g  for speed c o m p a t i b i l i t y  between 1’DMX s u b s c r i b e r s ) ,  but rather in u s i n g
t h e  t e c h n i que to enhance t r ansmiss ion  e f f i c i e n c y  through the network . This  does not
appear to he t rue of e i t h e r  SDMX or of TDMX m u l t i p le xing .

E nhanc e me nt  of SEN ET-DA X network t r ansmiss ion  e f f i c iency  could be obta ined
whenever the v o i c e  suh sc r i i ) e r  t e r m i n a l  i n s t rumen t s  operate at different transmission
ra tes , and t he c a l l  i s  e i th e r  c l ea r  t e x t  or Crypto Stage I ( l i n k - b y - l i n k  encryp t ion) .
The improvement would be accomplished by a lways  app ly ing  the conversion between the
d i s s i m i l a r  ra tes  as near as p o s s i b l e  to the h igher  speed subscr iber .  For the  inter-
connection of a 32 kilohits /second CVSI) equipment and a 9600 bits/second APC equip-

ment . for example , the conversion would he done in the SENET-DAX on which the CVSD

sub scriber was  homed.  C o n s eq u e n t l y ,  the  call would be carried through the SENET-DAX

ne twork  ( i n  both d i r e c t io n s )  at 9600 bits/second , requiring only 30 percent of the
t r a n s m i s s i o n  b a n d w i d t h  necessary for a 32 k i loh i t s/ s econd  ca l l . Note that  th i s
approach would appl y regardless of which subscriber initiated the call. The flex-

ibility of the SENET concept also applies if the incompatibility between two digit-

iz(’d voice subscriber instruments is not one of speed , but one of technique or con-

version algorithm.

The rapidity with which CCIS is accomplished can also lead to enhancement of

system performance. For example , if conversion is required , and one of the SENET-

DAX s w i t c h e s  invo lved  has alread y busied all of its conversion units , the call need

not he denied.  Ins tead , the system can ar range via CCI S messages to transfer the

conversion process to a tandem SENET-DAX , or to the SENET-DAX at the opposite end of

the connect ion , if it  has a conversion unit available.

F i n a l l y ,  i t  should he noted (as pointed out in Section 1.3.2) that even whem
end- to-end encrypt ion (Crypto Stage I I )  is common , a s l ight  var iat ion in COMSEC

doctrine would still permit interconnection between incompatible subscribers by means

of algorithm conversion . The variation (Stage I/Il) would divide end-to-end encryp-

tion into two parts: from the originator to the converting SENET-DAX , and from the

converting SENET-DAX to the recipient .
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1.3.5 Network Management

T~”e most significant impact of the SENET-DAX dyn am ic channel allocation con-

cept on network i~anagement is that it permits extremely flexible and efficient hand-

l ing of the interswitch Eommunications necessary for the provision of alternate/

adaptive routing. traffic load control , and network technical cont rol functions for am

integr ated vo i ce and data communication s system. These are discussed briefl y in this

sect ion. In addition , the possibilitie s of Time-Assi gned-Speech-Int erpolation (TASI)

and Ti nie- .\ssigned-Data-Interpolation (TAD!) are cons idered  in  some d e t a i l .

1 .3 .5.1 ‘lanagement of Adaptive Routing

SENET-DAX capability for extremely short delivery delays for CCIS packets

hand ling virtual real time connections permits the improvement of transmission ef-

ficiency prevously described . A less obvious impact is that routing of CCIS messages

can be accomplished in a quasi-associative manner , thereby enhancing SENET-DAX se-

lection of the most effective alternate route. For exampl e, to determine whether

i t  is worthwhile preempting a link from A to C, system capability can be utilized by

routing CCIS messages from A to B to C requesting confirmation of availability of the

route from C on to the destination D. By contrast , conventional systems can usually

meet connection time requirements by blindly preempting each successive link in se-

quential order , even if a non-preemptable link is eventually encountered . Im this

case, not only is the new call ultimately bl ocked , hut other calls have been uselessly

preempted .

Similarly, it is suggested that SENET-DAX routing of Class II Store-and-Squirt

packets (Section 1.3.1.3) be adaptive , modeled on the ARPANET routing algorithm.

!h i c algorithm adjusts the routing from origin to destination by choosing the lowest

observed delay route between each node and the next towards the destination . The

SENET-DAX can utilize a similar algorithm , but need not base its operation purel y

on observation. During period s of relatively light traffic , the SENET-DAX could

act ively test transit time s to other nodes with which it has not recently been in

communication , us ing CCIS messages on a space-available basis. This would permit op-

t iai i~ ation of adaptive routing tables on a cont inuous basis , rather than occasionally

handicapping the transit time s of initial packets over an infrequently used route be-

cause of reliance on non-current information .

I
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1 .3.5.2 Management of Traffic Load Control

•rhe speed and efficiency with which imterswitch signaling can be accomplished

by the SFNEI-DAX network should permit traffic load control to be done in a modulated

fashion . Rather than each node either permitting all or no traffic entry , CCIS mes-

sages can he used to accept certain precedences of Class I traffic , while blocking

or alternately routing others. Simultaneously, certain precedences of Class II traf-

fic can be accepted , others delayed , and others routed alternately. These decisions

can he made at each SENET-DAX , which knows not only the status of its own links di-

rectly to other SEiNE’F-[)AX nodes , but also knows , when necessary , the status of remote

links f a r t h e r  on in the ne twork .  For example , in the case of a node outage , re-

routing could  be accomplished at switching centers one remove back from those direct-

ly connected to the inoperable node. This should have the effect of spreading out and

thereby minimi :ing the impact of such an outage.

1. 3 . 5 . 3  Management of Systems and Technical  Contro l

The f l e x i b i l i t y  of the  SENET-DAX concept should permit very e f f e c t i v e  network

tech ni cal an d system control and management. In particular , the SENET concept is

in tended  to he essentially transparent to many types of traffic , while affording them

ex t r eme ly  h igh  performance.  This capab i l i t y  should permit  economical technical and

sys tem control  communica t ions  for r e l a t i v e l y  infrequent  reports and commands , yet

perm it  v ery fast dissemination and response times.

1 3 . 5 . 4  T ime-Ass igned -Speech-In terpola t ion

An evaluation has been conducted during the study of the practicality of

making use of silent periods during transmission of dig itized voice calls for trans-

mission of other types of information . Silent periods occur during voice transmission

when one of the parties is listening , and as pauses while one party is speak ing (the
former tending to be considerably longer). In either case , the silences represent

periods , wh ich for a typical SENET-DAX may be from a few to many master frames , dur-

ing which the SENET-DAX has nothing to transmit in the allocation made for that voice

call in the Cla ss I region of its master frame . In current system s, techn iques have

been devised for detecting these silent periods and making use of them for other

active calls. One of these techni ques is called ‘rime-Assi gned-Speech-Interpolation

(1’ASI). One particular part of the study was concerned with the practicality of such

a technique in a SENET-DAX system.

FR7o-1 1-18



I
I

Upon examination , it quickly became apparent that application of a TASI-like

J technique in the SENET-DAX network would be sensitive to the crypto environment .

That is , detection of silent periods in near-real time could be accomplished (and

in fact would he much easier with the digitized voice which the SENET-DAXs are

specified to handle), only if voice tran smissions are unencrypted or link-by-link en-

crypted (Crypto Stage I). But even in this case , the dynamic allocation capability

of the SENET-DAX concept militates against use of these silences for speech inter-

polation . Because the makeup of each frame is based on a map of the Class I region ,

rather meticulous control of the alteration of these maps is considered necessary .

T r a n s m i t t i n g  and receiving SENET-DAX must agree exactly on what is located where , and

how much of the frame each allocation requires. Just as importantly, they must agree

on the exact timing of constantly changing allocation maps. The resulting coordin-

ation comp lexity makes it impractical to interpolate speech into the silent periods

of other speech.

In the case of end-to-end encrypted calls (Crypto Stage II), it would be

i mpossible to detect silent period s in either direction and interpolation of any kind

is not f e a s i b l e .  U n l i k e  the s i t u a t i o n  of conversion between d ig i t i z ed  voice tech-
ni que s (Section 1.3 .4), Crypto Stage I/I! (end-to-end encryption to and from a single

common point) would not be any more feasible than Crypto Stage II wi th respect to

i n t e r p o l a t i o n .

1.3.5.S Time-Acsigned-Data-Interpolation (TAD!)

Although TASI techniques do not appear feasible in the SENET-DAX concept ,

interpolation of packet-switched data (TADI) into the silent periods of clear

voice or Stage I encrypted voice appears a possibility. Consider the following hypo-

th etical technique. Immediately following the Start-of-Frame marker , each master

frame could include a Frame Silences Map (FSM). This map would contain one bit

position for each of the maximum number of Class I calls a master frame could contain.

For each Class I connection in a particular frame having silence , the FSM would con-

t am a zero-bit; for each connection in the frame having voice at the moment , the

FSM would contain a one-bit . Any unassigned allocations (including those beyond the

normal Class I/Class II boundary marker) would always have zero-bits at their posi-

ti ons in the FSM; Crypto Stage 11 calls would always have one-bits at their positions

in the FSM.

I
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The SENET-DAX would treat all silent allocations in each frame as a dispersed

string of sequential hit spaces , fol lowed contiguously by the formal Class TI region.
Using normal procedures, the SENET-DAX would start with the first packet of the old-

est message of the highest precedence , and would al loca te the b it s of this  pack et
sequentially into as many of the silent allocations in the Class I region of that

frame as are necessary . When a complete packet has been mapped into the region of

silences , the next  queued packet in order w i l l  be s imi l a r ly  and contiguously mapped
into the region of silences. If the bits available in the totality of s i l en t  al-
locations in a frame were not enough to contain all of the packets queued and ready

for transmission during that frame, the Class II region would be used as a contiguous

extension of the silent allocation .

On receipt of a master frame in which data packets were being interpolated

into silent periods of Class I digitized voice allocations , the receiving SENET-DAX

would utilize the received FSM to determine which allocations in that particular

frame should he handled as normal Class  I d i g i t i z e d  voice calls , and which ( s i l en t )

a l l o c a t i o n s  would be s t r ing processed as sequential dispersed bits , with the addition

of the l i t e r a l l y  contiguous Class II region b i t s  if necessary .

Anal y sis based on DOD projec t ions  of voice and data traffic during the 1980’s,

including typical digitized voice and data rates , indicates that a typical SENET-DAX

master frame , during a peak second in this time period , would comprise approximately

82.8 percen t Class I d i g i t i z e d  voice , and 17.2  percen t Class  I non-voice ( f ac s imi l e

and s low-scan  video)  and Class  I I  data t r a f f i c . These same t r a f f i c  analyses indicate

that  in a hypo the t i ca l  network projected for th i s  t ime  period , a single Ti carrier

may not s u f f i c e  for network links in some cases. However, for illustrative purposes.

consider u t i l i z a t i o n  of a s ing le  TI carrier link using TAD! of Class II  packets into

Class I dig itized voice silences. During each peak second , a SENET-DAX utilizing a

1.544 megabits/ second Ti ca r r i e r  to capaci ty without consideration of TAD! (Time-
As signed -Data -In te rpo la t ion ) would t ransmit  in each 10 mi l l i second master frame a

7-b i t  S ta r t -o f -Frame marker , approx imate ly  12 , 773 b i t s  of Class 1 digi t ized voice

(82.8 percent of n e t ) ,  a 7 -h i t  Class I/ C lass  I I  marker , and approximately 2 , 653 b i t s

of non-voice Class I and Class  II data traffic. In other areas of this  s tudy,  a

weighted average voice allocation was calculated to be approximately 155.4 bits per

10 millisecond master frame ; thus voice allocations during the peak second equate to

approximately 82 concurrent voice calls. In order to utilize the TAD! technique
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hypothesized , the Frame Silences Map must provide for the maximum number of voice

c a l l s  the mas te r  frame need handle. Nominally, thi s would be 643 (assuming an entire

master trame of 2~l0o bits/second vocoder calls), as opposed to the 99 which would be

it iiii red if the master frame were fully occupied by average length digitized voice

c a l l s .  A r b i t r a r i l y  (an d approximately)  s p l i t t i n g  the d i f f e rence , it is likely that

a ~-~~-hit Frame Silences Map will suffice. Assuming that this 384-bit FSM is trans-

“i tted i mmediatel y following the Start-of-Frame marker, and that the master frame is

s till handling the same 82 average length dig i t i zed  voice calls , there would be left

J 230~ hits for non-voice traffic in the peak second . Of these bits , approximately

l9 would be required for the non-voice Class I traffic (slow-scan video and FEC

facsimile) , leaving some 1587 bits to be used for Clas s II data traffic.

Studies made in conjunction with the TASI technique indicate that an average

j two- way four-wire connection would be active (i.e., non-silent) about 35 percent to

~~~~ percent of the tine during any given frame, allowing for listening periods and for

silence s during speech. Therefore, for the 82 voice cal l allocations , some 49 to 53

allocations , totaling 7,615 to 8,236 bits , would be available for Time-Assigned-Data-

Interpolation during a peak second in each master frame, exclusive of the nomina l

Class II region. Since the origina l 2,653 bits of non-voice Class I and Class II

data traffic include 719 bits of slow-scan video and FEC f ac s imi l e , there remain

some 1 ,934 bits of Class 11 data traffic to transmit in the master frame duri ng the

peak period. From 3.9 to 4.3 time s this many could be inserted into the silent por-

tions of the original 82 digitized voice connections , if the hypothetical TADI tech-

ni que were used . To this capacity could be added the nomina l Class II regi on (1587

b its) fo~ even more capacity, if this were necessary. The resulting total capacity

for Class II data , concurrent with the orig inal 82 dig itized voice calls and with

the calculated amount s of slow-scan video and FEC facsimile , would be from 9,549 to

l O , 1 c )  b i t s .

It appears , however , that for a SENET-DAX network which handles digitized
voice traffic that is preponderantly clear or l ink-by-l ink encrypted (Crypto Stage I),

a better use of the TAD! technique would be to expand the digitized voice capacity

of the network . Allowing the 7-bit Start-of-Frame marker and a 384-bit Frame Silences

Map, as above , and allowing the Class I traffic to fill the rest of the peak second
master frame, a typical master frame would include 15,049 Class I bits , or some 11.5

percent more than before. Of these bits, approximately 802 would be non-voice Class I

I
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(slow-scan video and FEC facsimile) and not subject to data interpolation . The

14 ,247 Class I di g iti zed voice bits would correspond to approximately 92 average

length voice allocations , 10 more than before. These 92 voice allocations would in

turn include , in an average master  f rame , from 55 to 59 silent allocations , totaling

8,~ -Y to 9 , 168 b i t s  available for TAP! of Class  II data packets. It appears there-

fore that uti li :ation of this TAD! techni que would , under peak second conditions ,

permit an increase of 11 percent to 12 percent in the amount of Class I traffic a

S) 1N I:T~~~\X ne twork  could hand le , w h i l e  concurrent ly  the amount of Class II data traf-

fic t h a t  co u l d  he handled would be from 4 .4 to 4 .8  time s as great as could be handled

w i t hout T i m e -A s s i g n e d - D a t a - I n t e r p o l a t i o n , barr ing excessive amounts of Crypto Stage

I I  d i g i t i z e d  voice t r a f f i c .

The TAI)I approac h is promising but , because of a s ign i f i can t  software impact ,

has no~ yet been explored in d ep t h .

1.3.6 Subsc r ibe r  T e r m i n a l  Reo~u ir ements

Althou gh stud s ’ of t he  SE NET-DAX concept at t h i s  point  is still an investi-

gation of techn iques , it i s  nonthe less  usefu l to begin conside rat ion of the tech-

nica l i mpact of the dynami c channel a l l o c a t i o n  concept on subscriber terminal require-

ments. Investigations to date indicate that there appears to be no direct impact

of the SENET-DAX concept on the requirejnents for subscriber terminal equipments

homed on a switching center. The only immediately evident indirect impact appears

salutary : the SE\l~T-I)AX concept seems well suited to integrating efficiently and

flexibly the transmission of communications between members of widely disparate sub--

scriber communities.

1. 3.(. 1 Sfl~~T Concept for Loops

~~s far as has been determined during the course of t h i s  study , i t  appears

improbable that the SFNE1 concept would  ever he used on the loop (subscriber) side

of a S1.NI 1-DAX. Er i s not anticip ated that subscribe r terminals would eve r exhibit

vary ing types of data communication aspects in dynami cally vary ing proportions .

Rather , it seems more probable that any individua l subscribe r terminal would presen t

an invariant aspect to the system at any one time.

r
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As a corollary to the foregoing , there does not appear to be any particular

usefulness in development of a subscriber terminal capable of generating its al-

located portion of a SENET-DAX master frame at the rate required for trunk trans-

mission , and with the coordination necessary for smooth integration into a master

frame with other portions of that master frame generated internally to the SENET-E)AX.

To begin with , this would require loops capable of the same transmission rates as

the trunks. This currently would be quite uneconomical . Of considerably more im-

port , the coordination of dynamic channel allocation would become very unwieldy , and

probably quite inefficient . Finally, the whole point of the SENET concept of soft-

ware-controlled multiplexing to and from a shared memory would be vitiated by such

direct connections.

1.3.6.2 Line Termination Units

Current communications switching systems ordinarily require line termination

units to facilitate the interfacing of subscribers on individual loops with the multi-

plexed transmission trunks. This is especially necessary when an analog subscriber

is to be multi pl exed onto a digital trunk. Similarly, since conventional store-and-

forward and packet switching data communication systems operate into and out of mem-

ory under software control , line termination units are required to interface widely

dissimilar types of subscribers with a shared memory. The SENET-DAX has requirements

similar , and of no greater or lesser complexity, to these conventional systems . A

SENET-DAX on an individual basis might require a greater variety of lime termination

units than amy sin~ le-subscriber type of communications switch now available , but

this is a simple consequence of the flexibility of the SENET-DAX concept.

I
I
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g SECTION 2

MASTER FRAME STRUC TUR E
2.1 FRAMING AND ENVELOPING

2 .1 .1  Problem

The transmt~~sion con cept we are studying Ic an integrated switched

lecc~ r ;~ul cat 
e ons network wh ich is to handle simultaneoucly, circu it

~
.
~~

t ch e d , packet sw itched , and some messag switched (Store & Forward )

t c u : f ~~c .  The concept Ic expoctei to p r r m ~~t a hiph level of trans—

m f ss Ior
~ 

effic iency not obtainable by separate systrms . The idea i’.~
r~asn :i ~~r i  the dynamic allocation of variable sized increments of the

tran :~~1sslon capacity of a master frame perIod as a fur~c ti on of tra f f ic
demand by class. This section will attempt to define the structure of

that master frame and the framing/envelope characteristics of the various

classes of traff ic served by the system. This structure , along with

:~~~tci’c affecting the selection of f r ame  pe r iod , w i l l  be analyzed

and redet~~ned , if necessary , to m inimi ze crosz—office and total cross—

network time delay and Impairment of system performance.

2.1.2 Objectives

We are Interested in achieving the following objectives as a

result of our solution of the framing/envelo~ e problem .

1. To su~~p c rt  c -ubsc r iber r  u s in g  e q u i p m e n t  c h a r a c t e ri z e d  by d i z it a l

data rates in the 8000N family, the 2 x 75
N fam i ly, commerc ial

common carr iers , and transm issIon systems now under develop—
• me n t .

2. Tn handle digitized voice rates re~ resentat ive of varL~us

c v o l u t l o n - -iry  stages of development slrrirl taneous ly with the

Jat a ru~ es above without mu~ nal interferences or prohibitive

~~~~~ c ien c y  d u e  to cat ering to the least e f f i c i e n t  t e c h —

3, To Improve the grade of service , I ncrease the capacity, or

~nth , as more efficient voice digitization , facsimile trans—

mL,slon , and video transmiss ion digitization techniques are
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m t  r n d u ce d  . These ir nrrnve rn nts s h o u l d  be inie p eronit

of ~- ieL ot h -s

14~ To ;:.I ze th e t -s—netw rk delays and tlm in~ z

~nv c~~ved  ~~i i  es~ aPi i s t i n t  c a l l s , c’ ,n r d I .r ;i tir i F c n n ~ i t i r n s

c r : p t  —s ; n c h r e n  -
~~i t -  ion , ~; r c - t a ga 4 Ion n I  r u nk  cigna I I rio

(CCI f ) r n e s s aO e s , e t - r uT’  cont cii anO ch arnel cuoIdi r .a f i r r:

- 
in n o i s y  er  d e l a y  en :  I :  c r : r~t s  , a r - I  e r d — t o — e r i r c e r t i o l

arid account . t i  11 • ; e t t L - c t s

5 . To :air i n i z e  csoss— ot ’N-e network c-lays and timi nos f-: r
im p J e a n ’ t : - r : - r n -  p U s  fo r  D A X ’ s e l  i n te i ~ra ’ ei t a n - i a

2.1.3 Analysis and Resul ts

2.1.3.1 Introduction to the Master Frame Format

Our ’ r i r n r o ach  w i l l  be to i~~vide wi :ieban c d i p l t a l  t r u n k  ca c ac~~t i e s
into master frames I~ i t h e  t l r r a  d o m a i n  ( see  FIj~ure 2—1). The period of

the mast er- frame , once sel ected , woul d he constant (e.g. 10 msec or

20 m s e c )  t hr o u f’~- n i t  a s y st n r n . However , w i t h i n  a f r ame , t r a ff  I - - c i ’

var:h. rig r — a n d w i d t h s  can  be acc i m o d a t e d  s i m u l t a n e o u s l y  by ailocati :o

I me shares as n e -  led , until the t ot a l  c a p a c i t y  of the  widetas :d rank

has been allocated. W i t h i n  a master frame , portions will be utilize i

as a :tar t cf i-t ame (SOF ) ~‘Ti rke r , ( lass I Reg ion , and Cla ss II i~e~’-ion ,

where CC1S es sa~o-s rep i -c en t a subset of the (i’lass Il allocat on.

Ou r’ cr o ice of form ats l e t  tIc- (‘lass { and Class II Regions , sri - he

CCIS Subregio n , I.; sl owr~ in Figure 2—2.

~he kactt :r’ -r’ame [“ - t r iut must be compatible w Ith terminal equipm~ nt

h- c ! t o  rates cha ra tt er lst I s of t he  D e f e n s e  C ommu n i cat ions System (555)

commer-- a I cnm m in -a a r’rler’c , al 1 1 tad ao~ ruun I cat ions systems C . . N T O

-an-I transm~ ss - n -c ,1s tems under ’ development - . There Is also a re qti i-ce-

ment t o support subs crib i-r ’ ; ut i l i z i r i ~ equipments charactnrized by di tc ital

data rates in the B0Oul~ f - i a  I ly ,  the 2 x 75
N family, and at r a t e s not
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CHANNEL
I~ 

CHANNEL 1 .4* CHANNEL 2 aj* CHANNEL 3—.4 N

Ii 12131.....1N~h]2 3~..1M1h12 1~1 IPI_ _ __ . 11 2 1...IQI

DURAT I ON

S T A R T I N G
POSITION

(A) FORMAT FOR THE CLASS I REGION

CCIS CCI S CCIS
CC’Sf.- PACKET 1 -“fe~ 

PACKE T 2 4. PACK ET 3’~ 
- k— PACKET K -44

L~IFFHCI I 1~frHCI ~
F IA1C~

I ~~~ [Fj~~ 
- - - - - - j F JA J C j

(B) FORMAT F OR THE CCI S SUBR EGION

DA TA DATA

~ø— PACK ET 1 .4* DATA PACKET 2 k— PACKET

IFT1~1C 1 I 1~31F1A 1C1 I u F 
_ _ _ _ FH dl I l~1F]Ml-

8444-75E

(C) FORMAT FOR THE CLASS II DATA REGION

F FLA G FCS FRAME CHECK SEQUENCE
A ADDRESS FIELD I INFORMA TIO N F IE LD
C~~CONTROL FIELD

Figure 2 — 2 .  Mas ter  Fr ame Formats for the Class  1 , CCIS and Class I I  Regions
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n c i t - t i -  fual ly. Because Class I calls must hr processed In

‘-eal-. t ime , while Cl ass I pa ckets will be speed—buffered , the per iod

J 5- - :’ t t e  m --~s~~cr’ frame will be chosen primarily as s :tisfactory to

C~ s s  I r u S t i c .  ‘l ass II traffic will be handled within this

f tt - t : - ~

2.1.3.2 Start of Frame Marker

The S ta st  of Sr - a me ( S O F ) M a r k e r  i s  used for synchronizing at UP:

t e gin n i r~ - of the  M a s t e r  Frame . It  c o n s i s t s  of t he  f i r s t  ~ b i t s  of a

frame and is expected to take on one of two possible forms. The first

is a relatively long N-bit coded sequence or a series of short N2-bit

coded sequences used to establish initial frame synchronization or to

reestablish synchronization after a loss of sync . This is a powerful

technique , verified to permit achievement of synchronous operation

under the worst conditions anticipated for the application of this

technique. The number of bits N1 
required in this case should not

exceed 100; N2 is on the order of 15 bits. The second form of SOF

would be a short control sequence on the order of 1 to 15 bits, which
would be used to monitor and maintain sync dur ing the time when both

transmission directions of a link are in-sync .

The adaptab ility of this scheme Is attractive from the roint of

v iew that It minimi zes transmission ove rh€ad  and makes use of the

considerable software capability of the DAX . Use of the sir~~le short

ca nt~r-oJ . sequence would seem to provide the most efficient frame aver’—

head utilIzation; however ,this results tn a less ranid sync a - :uisltion —

too high a price to pay for the increase in efficiency . Section 4.2 -

‘r-arne S:,’nchronization deals with the Start of Frame Marker In some

d e t a i l .

( 2.1.3.3 Class I Region

J 
The Class I Region will be utilized for transmission of’ Class I

circuit switched traffic , to Include dlpiitized voice , facsimile , and

low Speed digital video. Transmission rates utilized for voice will be

those of the 8000N family (LI kbps , 8 kbps , 16 kbps , 32 kbps) and ~f
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the 2 x 75
N 
(~~l1O0 bps , ~8oo bps , 9600 bps) as well as others - 

-

(50 ~t :). The range of speed for video commun ication will be

100 Kt ps t.o 200 Khps -and for facsimile will be 50 Khps to 6~4 Kbps.

f le  fornat of Class I traf~’ie is similar be t ha t  of a t im e- —d i v i s i c o

-demand assignment approach. Because Class I i s  defined to comprise

r e a l — t i m e  t r a f f i c , t he t i m e  slice to which each call Is assi~~r ’— I is

: -s-erv ed i u r t n~ su c c e e d i n g  f r ame  p e r i o d s  u n t i l  t he  t e r m i n at , I or
of the as-roe ct . lot- , or u n t i l  ter ’mi n a t i o n  of a ca l l  p laced e a r l ie r  ro:rr . r P t

r~~al~~o c a t i o n  of an on—going call. Time slices are allocated ari d
corY rolled t h r o u g h  s i g na l i i n o  and s u p e r v i s i o n  messages  in t h e  S f 1 5  Sub—
r esi o n .  T I e  m a i r ~ d i f f e r e n c e s  b e t w e e n  th is-  ap p r c a c h  and t hat  of standard

synchron ized TIJ11 are tha t allocations of time—shares are ‘iariah-le to

acc oc c-iat .e Class I traff ic at different bit rates and the iccatiar

of these allocations in the master frame are not fixed , nor is the-

t a t a l  information bandwidth limited (except by the capaci4 y of the trunk).

The t ime structure of the Class I Region is shown in Figure 2-2a.

~iti a 10 msec master frame as derived from a l.5L1 )4 M~bps Ti Common
Carrier , a total of l5, t4~ 0 bits is provided In each of 100 master frames

per second . Digitized voice at 8 Kbps would then require an 80 bit

allotrr c-r.t per frame . Taking this as the first channel in Figure 2—2a ,

bits 1 t h r ou g h  M = EU would be allocated for the call. A second char nel

at 2~400 b/s would be allocated the next NL = 214 bits , etc. Each c? ~~n re l

is uniquely indentifled In the frame by its start ing position and it - s

duration In bits.

The advantage to this approach is that the system can handle

s~ rrultane ously many different digitized voice rates representativ of

various evolutionary stages of development without mutual interferences

or inefficie ncy due to catering to the least efficient techniques. Al so ,

as mor’e efficient techniques of voice digitization , facsimile tran s—

mis ai m , and video digitization are introduced , these improvement s may

be introduced independent of one another and without changing the way

they are handled in the network.
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2.1.3.4 CCIS Messages

Folluw ing Class I traffic and occupying the first p ortion of’

Use Class II Region will be the Common Channel Interswitch Signal

( ~C l S )  messages .  CCIS messages w i l l  be sent  in packet form accordir~~
t o  ~he s

4 andard specified by Advanced Data Communication Control
*I r e c e c t i res ( A D C C P )  . This structure consists of a f l a g  wr ich  Is t he

I t  ra~ ter ri 01111110 , followed by an B bit address and E bit control

f ’i e l d . A variable information field follows the control field and a 16

it redur iancy field for error control precedes the closing flag . The

f la o . which closes a packet may also be used as the openi n g flag f r

t he next sequence.

CCIS messages will contain information necessary to estibli. -h ar d

r - i ~~~ - Class I calls through the network. CCIS arid Class ii Ja -a

messages are con t~~~uous and indistinguishable from each other e x ce p t

by an identification bit located in the address field. The choice of

packetizing data using ADCCP format was made because it Is- ver:; efficient
‘ for transmitting Class II data. The same procedure is used 5cr 5-515 ,

even though the overhead for the format is quite hIgh. The reason

is that tie convenience of using the same format throughout the Class II

E s ion far outweighs the overhead inefficiency involved with using

A DCCP procedures. for CCIS.

The CCIS re g ion will be used to map the Class I allocati r changes

of subsequent master frames at the earl iest. This is because processing

demand is considerably eased when connection time Is extended by one or

t o r e  f r am e ; r a t h e r  t h a n  r e q u i r e d  In the same f r a me  1-oriud as the (‘513

information transmitted. Thus the CCIS Region is positioned in the

frame after the Class I data since it refers to changes made in frames

subs dle nt . to it. Another advantage of do ing this is that CCLI and

-5 1-ass  II da t a  ar’e b o t h  a r ranged in ADCCP p a c k e t s  and f rom a p r o c e s s i n g
p o i n t  of v i ew  they  can be t r e a t ed  as one c l a s s .  T~~r s t he  p r o c e s s ir i s

ç ! r
_
voice and packets can be done separately and the boundary identifed

For further Information on ADCCP , see Section 2.4-CCIS fields and Formats.
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H -  f l a g  5 t b -  f i r s t  C5I5 packet following the Class I t r a f f i c .

It Is n u t  exr~~tt r- d that many CCLS messages will occur during the

dur at ion of ind ivi dua l Class I calls. CCIS messages  are sent  to
r i s ~~t a t e  c a l l s , term inat ’ calls , and reassign channel allocat ions tc

f i l l  in  Ca~-5 due to termi nation of other calls. Since many thousands

t fr ames , e.g ., 30 ,000 ir ames assuming an average h o l d i n g  t ime  of

5 m inute s ard a frarr; :- p e r i o d  of 10 msec , w i l l  occur  w i t h i n  t h e  d u r a t I o n

-af ~~~ . average c a l l , mos t -  of t h e  time no CCIS Information will be sent.

th is f a st s - s places an upper limit on the CCIS Region which will be

n€ ’c e ssa rv  t o  d e s c r ib e  (:i;tss II traffic.

2.1.3.5 Class II Region

So l l ow i r i g  t h e  -Y5L~ message will be Class II data in t h e  fo r m  of
;~: sCp pac kt -t s ,etrs h self— ident i fying and self—routing and generally of

*var~~ab1e s i z e  . This provides support to data terminals which o p - r a t e
over a wi le range of speeds. [ncorporated in the packet format will be

i r ; f n r t ’ a t i o r  r eces:-ary for routing , security, identity, and precedenc e.

P ke - r in g  t h i s  information short with respect to the packet length ,

eff’ia :ent utiliz ation of the transmission efficiency of the system I s
t o - a : ;  i t

Class II dat.a traffic will include two- categories; data charact er—

iz ’- 1 t-y short discrete messages r’equirlng near real—time delivery

( i n c l u d i n g  i nt e r a c t i v e  c o m m u n i c a t i o n s , q u e r y / r e sp o n s e  c o m m u n i c a t i o n s  and

d a t a  b a re  u p - h a t e s )  and bulk data characterized by long messages

wi’ . ~ ‘ he re-luirement for’ immediate delivery or on a FIFO (First—In ,

Firs t— ut .) ba sis by precedence level. Long bulk data messages with

-

~~~
th e p a c k -t  size is variable within th e limits of the ADCCF Fr om
:Iier; k 5e~ uen ce (FCS) to provide adequate error protection 1 - s  he
p a r t i c u l a r  e n vi r o n m e n t  e n c o u n t e r e d . Fur  e x a m p l e , fo r  Line-of-
Sight Communications , the maximum packet. size mi ght be on the
order of 1000 bIt ; while for Tropo It might be only 1100 bI t s.

2—8
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I
‘-yp I caily i W  precedence and s e c ur i l  y class tf ’I cat ic r , ma y be tempor—

ar-i 1 ,: inh~ f itt - d (probably at the terminal but po ssibly at other points

ts ‘fe  s-~-s tem ) when the demand on traffic is h ip ’h and rei ri t iated when

c o r a - i t  ; b e t u r i e : ;  available. Ju st i fI cat ~inn for conversion of bulk data

r-’ e o - k ~- t s for fliass II t r’;in ;rni s s h r i  ir; taker up in Section 2.2—

Packet Switched Bulk Data Transfers.

2 . 1 . 3. 6 Packet—Switched Class II Traffic

1; th is ,— e- ct ic- i we will consider a -a h - ’ -c lf ’ic case wh i ’h will

i l i s t . r a t e  ‘ r i -  advantages of using Ab °CP packet,r to t r- ; nsmj t. Class II

Pit a t t -~: ± f t i c .  i’ i gture 2-3 shows the structure of the two approaches we
[3 1i n v e s t  I “i t  - u  to  t r a n s m i t  C lass  I I  m e s s ; i r - y - s ;  A D S O P  packets ar-I SA SCIT

rne:sa c: b I r k ; [381 
tnt ADCCP , signals I -r data link cont ccl are f-az ’-- I on

L ia;’ and i qrae- f i r  patterns wh i le for SASS II cc - ut . s - -i signal ,- ‘- a r e based
*c-n 7 bI t ASC II code characters (with parit; f i t  ad -i ’d).

N o t h  m ’s S a g ’ -  types have overhead bit s asscc ¶ ~~t ed wit’ t I- - r n .  F r  he

A DCCP p ; i ;k e t , overhead consists of t h e  110 bits whi rh m a y - a rc  t h e

~“ iag (I’), A du res s ( A ) ,  Control ( C ) ,  and i” I arn Check ‘e - l u e n c e  (FC )

~i’ 1 - is . Tb H st-mains c- -u s tani rf-gardles ; - of the l ’nsth uS thu m t - it ’ —
ma t  icr I’ c-id ( u p  to t he  m a x i m u m  l en gt h  of the message ) . Overhead t :r

th ’: p;;~’’j I ~ scage  Inc  lu d e s  8 b i t ;  E a c h  f o r  t. Ii Sy n c hr o n i  ~ -a t, i on (s ’ 5)
-: St z i r f  or  •ies:;age (DLE),  Acidr-sz ( A ) ,  (Pa tr o l  ( C ) ,  End of  ¶i -s:’:ige ( F T P )

O r u  N i  oc ~‘ - N e ck Sequences  ( BCC ) cha  t a c t  em cc lAs one ar i t y  H f t  f ’ -r ’ ~~V - t V
**\,SCT I c- I -a r- is Per in the Information Field. t i n s  t b -  ADCCP p ay i - t is

mn c’c r’ el ’ t ’ I  i’:nt wit .h respect to overhead th at its 1P 1iSCTI count 

P o t -  1 c -  r- a c- i ra me ssage  t r a n s m i t t e d , tha- ratio cf informat t O t  b i t s  t o

~~~t - 1  t i l t s  t r a n s m i t t e d  is 110% f o r ’  A D C C P  w h I l e  for  I S A S C I I  I t  i s  i - a t - o x —

imat  ‘lv 3 0 % .  I n f o r m a t i o n  b i t s  are d e f i n e d  h ir e  tim Pc- those f -i t S c u t

— - _____

* It is w a  t h w h l  le to  p o i n t  ou t  t h a t -  t h e  : Io t .a c o m m u n i c a t  i on : ;  I f U s t  s’. h it ;

t ri - commended t h a t  b it  o r i e n t e d  A D C C P  b adop ted  as P1cc d a t  a I i i :  a - t - t  c l
s t a n -L a r d  for  c o m m u n I c a t i o n s  w i t h in  c o mP u t e r  n e t w i k s .

ar~~~ 
-__________

J E ; t c r  L - l d r i - s s  , Con t ro l  , and ln f o r ’m ’ it l o n  ~
- i old c h i a r ’ a c ’ t r  Is comp o s ed  o f

sc-v - r i — f - i t  A S C I I  c h a r a c t e r s  w i t h  a p a r i t y  b i t  a d d e d .
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-

I a s s o c i a t e d  w i t h  eIther message dellnüters or error correction . In

~“ igtire 2-3 this would include all the bits of the Information Field (I)

J plus those bits In the Address (A) and Control (C) Fields which concern

me s s ag e  h a n d l i n g . For A D C C P  fo rmat , t h e  f u l l  8 b lt : s of t he  A d d r e s s

I and C ont r o l  F i e ld s  w o u l d  be c l a s s i f i e d  as information while for’ USASCII

f o r mat  on l y  7 b i t s  would  qualify (the 8th  b i t  in each field is a parit,:-/

itt.).

- 

Transmission efficiency for each message type as the Information

f i eld Is va r i ed  is g iven  in Table 2-1. For equivalent  Autodin message
t :’a; s ra i s s ion , I . e. ,  when  the  t e x t  p o r t i o n  is composed of 80 — 8 b i t

- i n f o r m a t i o n  c h a r a c t e r s , ADCCP e x h i b i t s  an overhead percentage (3.6%) less

tnan half t h a t  of USASCI I  ( 9 . 1 % ) .  
-

1 TABLE 2-1. TRANSMISSION EFFICIENCY AS A FUNCTION OF INFORMATION
- - 

TRANSMITTED

• Information Bits Transmission Efficiency

- USA SCII  A D C C P

0 b i t s  29 ,. 2%
200 85 .3  89 .3

~4 00  92 . 1  914.3

600 9 11.1  9 6 . 2

800 95 .9  97 .1
1000 9 6 . 7  9 7 . 7

- 
1000 9 7 . 2  9 8 . 0

F
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h O - s i d e s  b e in g  mo l e e f f l u i e n t  , ADCCP has  rn i - i -  I n h e r e n t  c i i : s u r ’  I t i  vrc
w - r  t h a n  S. ’AS - I l .  I n  ADCCP t h e -  f u l l  Addr ’i- sc ; and ( -nctr ’ - l  f i e ld s  arc’

oval  u i , - I ’s’s use w h i l e  In S SA S C I I  , o nl y  t h e  f I r s t  r ; - ’ v I - n I  b i t s  an-
a v a il  ab l e  ( t h e  h t l  b I t  is for  p a r i t y )  . T l c u c ;  t wi  ci- is m a r : , ’ add ress’- s
(and  c - ; ’ r ’ o l )  L ’Otc be specified using AUC (’P as can be s p e c I f I i - -~ -~a 1ng

A t hu - - c r ’ t cornmendat  i-s r f o r  t h t - A D C C P  f ’ c - r - c ’ z i t .  - c ’ m r l e e r - r s ;  t h e  e r - c u r -

c - ’St c - - l  cap-: ib  l i ty .  C h e c k i n g  t b ’ - A S C I I  c i- o f ’  ‘ f e ‘A . ”I I v ar ’ I a f l~’
l r c s i  h c’ i - ~;s - ~; 5 , - c ’  i r-r ’ -:rs is -b rie ci s irs ’ hc c - m l z c - r , t a l  a r - - I  v - c t  - al par-it ,’

viii Ic  fo r  A DcP’ i  p o l : r - r n al cuii-: ; a r - I’ u - - f .  F~~ly r.orai -~ . che~’t v  Hg i s
g ’-resoll; a more o w e r - f ’ u l  t ’c- sb rc iq utm t han ‘ h e  AS - ’ II  t - - r ’ i z - - c - ’ al  di r .

v- - cal  c h e c k i ng , a l t h o u g h  the  cos t  of -r u- - I ins  and  cecod rug i - t - ~~~ rj r ’ s ’- a t
*

~s ~~~~~ r- . For e x — r t l e , u s in g  the  11- b I t  i - r om e  Cb ’~ck ‘s - h a ’ s c ’ t ’or
a ~- o ~ ion , :ir :ar t r u i r : ;n i t t l n g  f i x - u  length b l o cks  of ’ 8fl0 b i t s  over a ‘ e l - - —
r - u -ne l i n e  ~,S ‘ h : i ;- -‘- t i  f - -rn b it error r a t e -  r r c - b a b i l i t y  of 10 ~~, t he  pr~~~ab i  l i t y

s- f ’  of ‘ ai r- - s  on a c , c - u e c t e d  error on the block I:; of the  order  of 10

(see Reference 38). H a -  corrc ;n o n i in g  u n d e t e c t e d  e r ror  p r ob a b i l i ty  ?-~r
hoc  I s  er a  al - - c -  a - c - c t  cal r a r i t y  c h e c k i n g  is of t he  or’der of l0~~ (see
Reference 68). ‘Ohi :s A D C C P  e x h i b i ’ s  a h i g h e r  degree  of protect ion t h an it s

- ‘ - : c  e r - c .  - , t - t . .

2.1.3.7 Packet-Switched Bulk Data Traffic

A lthfu gh t h e  -r a c t i c a l i ~~~of u s i n g  packe t s  to t r a n s m i t  b u l k  d a t a

t r a f f ic  - ‘.111 f~~ t a lly coy - red in Section 2.2, we wi l l  b r i e f l y  touch on

r h ~- i u s t i t i c a ’ i - i  o f ’ t h i s  a p p r o a c h .  Bulk da ta  transmi t ted in messagi-

b l o c k s  s tan is a n t - f a t  iv e l y  h i h  p r o ba b i l i t y  of being interrupted

°r e - l a  r t b y  t h r o u g h  r - r ’~ . i p t i o n , e s p e c i a l l y  for  long da t a  r e c o r d s .  U s i n g

A 0 C C I  i - a c k e t s , W i ; acquIre a capability for long range transmIssion o f

b u l k  d at a  p a c k ’ - t  by pacl -:et , w i t h  each packet being transmitted to its

destinat ion independent of one another , o f t en a long  d i f f e r e n t  r o u te s ,

*
I’ should be noted that with L51 technology advances , t h e  cost
associat. - c wIth circultr’ -- t~~ Implement t he  more c o m p l e x  codes Is
1 - -corn I rtg much ra t- ’ f’ - o:; IS le .t 38]
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I
and in small blocks which are rarely , if ever , preempted . Even if they

are preempted , only one packet Is affected , not the whole message and

~b ii~ packet is only slightly delayed . At the r ’c-ceivlng end , the packet

can b e ’ r ea s sembled  o f f — l i n e  In  s torage  a c cor d i ng to. s e q u e n c e  n u m b e r  to
make up t-he original bulk message . This noninterruption of service leads

P . o  ;- ra c tic a l  method  of b u l k  data  t r a n s f e r  in a m i l I t a r y  p r e e m p t i v e
e n v i r on m en t and is the reason we chose this rar ticular method .

2.1.3.8 Dynamic Interaction Between Classes

he Class I and Class II Regions will be dynamically assigned

ca r - i ag successive master frames depending on the traffic demand and

r- ec’eclence of a call. Class I traffic is fI r s t  a l l o c a t e d  c a p a cit y ,

-h- -on -reman d , for  a l l  ca l l s  up to the  c a p a c I t y  of the  M as t e r  Frame .

He Class  I R e g i o n  w i l l  n o r ma l l y  he a large p o r t i o n  of t he  M a s t e r
Z: ram . . C al l ,s r e q u i r i n g  capac i ty  b eyond f u l l  c a p a c i t y  a l l o c a ti ’T r s  ar - i - -

tloc ke-c and do not receive servIce unless they are of preem~:tory

precedence. After CCIS messages are transmitted , Class II interactive

~rs’I b A l k data packets will be sent in FIFO order  by message  p r e c e d e n c e .

A ny portIon of the frame not allocated to Class I traffic due to low

Class I traffic Intensity , will be used to transmit Class II data

aci -cets. This dynamic assignment of the Class I arid Class II Regions

~~i l 1  per mI t on a continuous basis the grouping of these traffic classes

to m inimi se the Inefficiency of having unused space within a master frame .

It has been established by several investigations that a system which

sh ares Its transmission capacity i n  this manner among a mixture of

- r ’ c i f t c c lasses  r e q u i r e s  less  overa l l  c a p a c i t y  t h a n  sepa ra te  s y s t e m s  for

aS - - equ ivalent pert ,rmance~
19l The result is a system t-hat trades off

hi ghe r- ;;ct transmission capacity with greater organizational complexity

- omc d mem ory , arid t Is be lieved , lower net transmission cost.

2.1.3.9 Precedence/Preemption

Both Class  I and Class II traffic wIll feature various precedence

levels. One problem which now arises is how to equate precedence of

- b i f f e r e n t  t y pe s  of t r a f f i c  in order  to d e t e r m i n e  the r u l e s  gove rn ing  t h e

preemption of calls. The present approach is to equate the precedence of

FR76—1 2—13
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V- 1~~ - a ; . i  , i O t ’ t r - a t c ’ic on a OTit- _ f  O— u t c - basis , i.e., a dat a call

(Slass II) of ’ h i g h i - r  p r e c e d u - r u c e  can I n - - i - r a p t  a v o i c e  ca l l  ( Cl a s s  I )  ~~I

I S - w e ’ s  c ’ e c c e i t - u ey  , it nsa- es - an -v , aria v i  c - v e r sa .  howe ver , t a  en s o r - ’
in ’ ;e IS ,  -a ~J e t t i c  h e r - u t h - . u c r l i r  of c ’ia ’o;  I c al l , ; , t i e  CC1S m e ; s - a g e s

associated w i t h  these cal ls  could probabl y be given a u n i f o r m ,

a r b i t r a r y  precedence ensu r ing  the i r  propaga t ion .  One possibi l i ty is

to assign FLAS H precedence to Class I CCIS m e s s a g e s .  -

m u t r ue  case a n - re  b o t h  voi ce  and d a t . a  c a l l s  h o v e  equal p c - - a - cede r i ce
[l i i i CI’ ha- s - - a l l  : preem~ t a l le , the  d a t a  ca l l  a 11 be r u r e e - r a u p t e d  f i r s t .
‘O his ‘.: n - s c a u s e  - r u - ’ -  t i e r ,  of a v o i c e  c a l l  irta l i e s  a m ci -c  ca t ast r - a r h i c
e f f e c t- , s i  r i ce  it  n v o l i e s  b r e a k i n g  d a w n  t h e  ca l l  arid dr- u - a - c - i n s  i t , ah e reas ,
a h a ’ a c a l l  nay  be ae l a y e d  and queued tP r- transmission at a lot - er t im e .

2 . 1. 3 . 1 0  Slot Size

In Section 10.2 we w ill examine the eff icacy of standardizing
on a maximum transmission increment, or slot size , by which the bit
position and the bit duration within a master frame for Class I calls

could be specif ied . This approach eas assessed with respect to the

e f f i c i e n c y  of frame u t i l i z a t i o n  in terms of the overhead bits needed
to describe the positioning and allocation of a Class I call and the

bi t  s t u f f f ir i g necessary to handle  the wide var ie ty  of Class I data
rates served by the system . Slot sizes of 1 and 4 bits for a frame

period of 10 m s  and 1, 4, and 8 bits for a 20 msec frame period appeear
favorable from an implementation as well as a transmission efficiency

point  of view .

I
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2.1.3.11 Connection Time and Performance

In Section 10.3 , other factors are evaluated for the ir impac t
on cross-network timing and performance. These include accountability,

I d y n a m i c  a l t e r n a t e  rou t ing , crypto operat ion , multi-homing , buffering ,

and slot size as a function of efficiency. While connection times

f o r  t r a f f i c  should be minimized (to a few seconds at most), these
shou ld be t r aded o f f  aga inst processing load (Section 3) and t r a f f i c

I h a n d l i n g  requirements (Section 11). For example , it appears desi rable

to l i m i t  tne  to ta l  number of CCIS messages in a s ing le master f rame  so

i s to bound the network against random surges of traffic , even at the

cost of de lay  in hand l i ng  Class I t r a f f i c .

2 . 1 . 3 . 1 2  Error Control

Error control and correction (see Sections 4.6, 9, and 10 . 2 )
depend grea tly on the transmission path. A hybrid Forward Error

Controi ’Automatic Repeat Request (FEC/ARQ ) protect  scheme adequate

fo r  th e  worst l i n k s  (BER ’ s of l0~~ or g r ea t e r)  t u r n s  out to be ext remely

inefficien t for the best links. Automatic Repeat Request (ARQ), whi le

powerf ul and effective fo r moderate error and short ielay , falls apart

under high noise and/or long path conditions , due to the f requency  of

retransmits. These and other procedures , such as adaptable  approaches ,

require further evaluation in terms of capability and implementation

complexity as function of postulated realistic noise and network
e n v i r o n m e n t s .

I

I
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2.2 I’Au:Kt F—td ~i CLUNG L I I  h i \ l . \ fl-l\\’.} 1 10—

2 . 2 . 1  t- -) blc- m

The S~~ ET—DAX concept envl.s ages handling in an integrated fashion the trans—

mission of digitized voice , low—speed video, and Forward Error Correcting (F~X~) fac—

sirriile via variable , dynamically-all.ocated virtual coa)ections within a Class I region

of the Master ~~amne . Cornon Channel Interewitch Signaling (ccIs) messages arranging

for the establishment , reallocation, and termination of these virtual channels, and

-~igital data transmissions involving interacttve , query/response, data base ‘~pdate,

an-I narrative recor-1 traluic are to be transmitted in those portions of Master Frames

not requiirel for Class I virtual connections , on a First-in/First—.’)ut (FIFO) basis by

rn-ecadence; these transmissions are classified as Class TI in the SEIIET—DAX concept.

i)etails of the various for mats an-i procedures will be found in other sections of this

stur~r report.

In the 3ENE T— f~~X concept , very long dat a transfers of bulk data are catogoriz—

o 1 as Class III data transmissions. Appendix A to the SENET—JAX Study Statement of Work

lists the following characteristics for Bulk Data:

i~~ Cross network connection time of 30 to 60 seconds;

b. Variable input data rates from 100 kb/s to 1 mb/a ;

c. Error control is required;

d. P~rogative of By3tem to ter~ninate call temporarily;

Other DCA—providel infornv’~ti on (1) has been to the effect  that bulk data transfe rs

might be required by approximately 2(Y~ of the I/n terminals foreseen for the near

fu ture ; that two diffe rent types of bulk data transfer can be foreseen, and can be

conveniently labeled Bulk 1 and Bulk 2; that Bulk 1 transfers are expected to have

nominal ~~ssage lengths of lO,~ 0O to 1 million bits, occur up to ]1 tii~es per busy

I ,l- h a



I
honr (8 transmissions and 8 receptions , both typically at !~8O0 b/a ) at 19% of tk~ total

jo termina].s foreseen; and that Bulk 2 transfe rs are expected to have nominal message

lengths of 1 to 100 million bits, occur approxi~~tely once in ten busy hours (primarily

as transmissions, with negligible receptions, both typically at 9600 b/a) at. 1% of the

total I/O terminals foreseen. In this earlier DCA information, Bulk 1. was identified

as being typically the transmission of entire files, programs, or proceesing results;

Bulk 2 was identified as being typically the transfer of extremely lengthy in.to?mation

such as an entire data base or sensor data .

In order to analyse the practicality of packet—switching bulk data, some

estimation of the magnitude to be transferred, the rate of transfer required, arid the

degree of tolerance of connection time ai d/or temporary interruptions must be forme d~

acr’ combined with an estimete of the frequency of occurence of these transfe rs. In

addi tion, procedural requirements (e.g. error control, channel coordination, account-

abili ty, store-and-forward requireeente, etc ) must be aaseesed. rn addition, the

deman ds to be placed on the anticipated capacity of the SENET—t~.X utilizing realistic

trunk groups, by other classes of traffic such as the non—deferrable Class I virtual

connections must be assessed.

T a b l e  2 -2 su m m a r i z e s  the informa t ion drawn from both Appe ndix A to

T3E~~T—DA X Study Statement of Work, ard from the earlier DCA i n f o r ma t i o n  [21] as

apclled to a system hypothetically based on utilization of Ti carriers having trunk

group capacities of l.51.&Li millon bit per second information transfer rates. Table

2 . 2  h i g h l i g h t s  the virt u al c o n n e c t i o n  t i m e  for r ach  B u l k  data c l a s s  at the tr ans-

n’ission rates of interest, as well as the percentage of the nominal SENET—fl~X capacity

(based on the Ti carrier capacity) cons’.~med for tP~ t virtual connection time when the

‘bilk deta transfe rs are handled as Class I (virtual connection) calls, and when the

transfe rs are handled as Class II  (packet..-awit.ched) calls.

I
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TRkNSP!R TCYFAL errs TRAN3Y~~ (1) VIRTUAL (2) Ti CARRIER UTILIZATION/FIANE

TTPE — ~~R RANSFER RATE 
~~ 

CONNE CTION TINE C LASS I XFR CLASS II XFR

BULK 1 10~ — 106 ~~~ ice/s 2.0~3 - 208 SEC . 0,3]. -~~ 0.32 ~

BULK i. io1
~ - io

6 100 KR/S 0.10 — 10 SEC. 6.!48 ~ 6,714 %

BUU 1 io~ — io6 1000 KR/S 0.01 — 1 SEC. 6)4,77 ~ 67.36 ~

3ULK 2 io6 — 108 9~~ KR/S l.71.& — 173.6 MIN. 0.62 % 0.65 %

~3ULK 2 1o6 — io8 ioo KR/s 0.17 — 16.7 MIN. 6,~8 ~ 6.Th %

BULK 2 io6 — io8 1000 K3/3 1.00 — 100 SEC. 6)t.77 % 67.36 %

N0T~~: (1) SENET—DAX SYSTEM P~ROGATIVE IS TO THROTTLE ?€SSAGE INPUT

(2) PLUS NE ’NORK CONN~CTION T~~ OF 30 TO 60 sEcoNDs/TRAI~sF~~
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2.2.2 Obj ective

~~~ _- objective of this teak is to determine the practicality of utilizing

I packet-switched envelopes for bulk data transfers. This requires consideration of

the following points :

1.. How may the permissible 30 to 60 seconds of cross network connection time

I be best utilized?

2. Basically, can the SENET-fl~X transfer bulk data at rates up to 1 million

I bits per second?

3. Assuming a bulk dat a transfer rate range of L.8 to 1000 KB/S, and a range

of nominal bulk data message lengths of 10,000 to 100 million bite, is

there a single optimum answer to this task?

~. What form of error c~ntrol should be utilized for bulk data transfers?

5. How mey the SENE’r-DAX system perogative of throttling (temporarily shutting

off the message inputs) be ut.iized?

6. If bulk data is packet—switched, what relation should exist between the

handling of Class III data vi~-a—vis Classes I ~~d II, and the CCIS

messages?

7. What degre of accountability should the various SENET-DAX ’ s processing

Class III data afford that data?

I
I
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2.2.3 A~~l’si~~~nd R e s u l t s

~ caaination of the problem parameters stated in ~~t t  ion 2. .l has led to the

initial cozx~lusion that the re is an answer to Question 3 of the Objectives stated in

Section 2. Assuming that the problem parazi~ters stated are adequately precise for this

study, it appears that mere than one technique for transmission of bulk data should

be provided by the SENET-DAX , or alternatively, that the SENET—DAX transmission of

bulk data should be constrained realistically. Consequently, the ~in ~ i y s  is has been

directed toward Wa goals: determination of a range of capabilities adequate to

handle the entire stated range of bulk data transfer requirements; and definition of

a subset of the stated requirements which the SENET—DAX can handle optimally. This

initial concl u sion has l~~rmed the basis on which the results reported in this

s e c t i o n  we re founded , ~nd a c c o u n t s  for  t he  qualit y of a n s w er s  found in res ponse

t o the q u e s t i o n s  s t a t e d  as t h e  o b j e c t i v e s  of t h i s  par t  of t h e  study .
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2.1.3.1 Utilization of Cross Network Connection Time

Establishment of a Class I virtual connection over which to transmit bulk data

should take no longer than the nominal 5 seconds specified in Appendix A to the

SENET—DAX 5(7.1. To establish a Claes II  t)ackot—switched path over which to transmit

$ packets of bulk data skould require no longer than establishment of such a path

for interactive packet data transmission, specified in Appendix A as a nominal

30 seconds. Since Appendix A also permits the SENET—DAX the perogative of

f throttling input data, it appears that the SENET-i~ X through which a bulk data

transfer is being originated should utilize its relatively relaxed call connect—

ion time to establish the availability of the subscriber station which is to

terminate the bulk data transfer prior to accepting any of the bulk data transfer,

This is considered practical on an end-to-end basis between SENET—DAXs, whether

the ensuing bulk data transfer is to be accomplished as a Class I virtual con-

nection, or as a Class II packet—switched call.

2.2.3.2 SENET-DAX Maxii:ium Bulk Data Transfer Rate

The SENET—1)AX concept has the capability to handle bulk data transfers at

rates up to 1 million bits per second, provided adequate trunk capacity exists
end—to—end betweon the originating and terminating S1~NET—DAXs. It should be

noted however (see Table 2-2) that  even with Ti carrier trunk groups,
Class I

I
I
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virtual connection of a 1 MB/S bulk data transfer would consume 614.77% of the

frame capacity, while Class U packet—switching at this rate would consume 67.36%

of the fra i~ capacity . For the more frequent Bulk 1 transfe rs, these demands

would persist for one second or less; for the relatively infrequent Bulk 2 trans-

fers, these demands could persist for 1 to 100 seconds .

2 . 2 . 3 .3 P r a c t i c a l i t y  of Packet - s w i t c h i n g  Bulk Data

It is considered practic al to pack et -switch bulk data; however , e v a l u a t i o n of

the ob j ec t ives  as o u t l i n e d  i n  Q u e s t i o n  3 of - e c t i o n  2 . 2 . 2  ( O b j e c t i v e s )  i n d i c a t e s

that t here is not a sing le optimum answer to the question . As noted in Sec t ion

2 .2.1 , Bulk 1 data t r a n s f e r s  a re  a n t i c i p a t e d  at ra tes  of up to 1e per busy hour ,

w h i l e  Bulk  2 data  t r a n s t e r s  are a n t i c i p a t e d  o n l y  once in ten busy hours.  From

Table 2-2 , it can be noted that a minim a l length Bulk 1 data transfer at the

maximum ra te  a n t i c i p a t e d  (1 MB / S) wou ld  requi re  approximate ly  2/ 3 of the to ta l  TI -

ba sed f r a me , but for only 1/100 second . Conversely, a maxi mum length Bulk 2 data

t ransfer at the minimum rate anticipated (9600 B/S) would require onl y 2/3 of 1%

of the frame capacity, hut would persit for nearly three hours.

It is considered practical , and is recommended , that a].l Bulk 1 data transfers

be accomplished as C1a8. U packet—switched calls, regardless of the transmission

rates involved, utilizing the deferability of Class II packets, and the SENET—DAX

Class III throttling perogative as necessary during peak conditions. With respect

to Bulk 2 data transfers, it is recommended that sensor data be l~ rward F~ror

correc ted and handled as Class I virtual connections at all rates up to 100 KB/s.

Fbi’ Bulk 2 data base transfers, Class II packet—switching is recommended at ail

rates up to 100 K9/S . Above 100 K3/s, and up to 1 MB/S, it is considered that

Bulk data transfe rs are not practical with the SENET-DA X concept during peak

I R76— 1 2 -2 2



periods , unless the magnitudes involved do not exceed those previously defined

(Section 2.2.1) for Bulk 1 data message lengths. To reduce both signaling and

processing complexity, it is recommended that Bulk data transfers be constrained

to 100 KB/ S or less for SENET-DAX transmission .

2.2.3.4 Error Control Techniques for Bulk Data Transfers

Based on the evaluation, analysis, and recoimnendationa given  above , the

control of errors in the transmission of Bulk 1 data, and in the transmission of

Bulk 2 data bases will be accon~ 1ished utilizing the error control techniques

described for Class II data packets in Section 3.2. Briefly, these

techniques entail the S~~ ET—DAX segmenting data messages (If necessary) Into

,/ moderate—sized packets (typically 1000 to 2000 bIts ) and enveloping these packets

based on the A~~CP technique. Each envelope includes individually self-identifying

information, and each packet is individually protected by a cyclically-coded

F~ame Check Sequence (the Frame in the FCS being the packet, not the SENET master

frame). These packet FCSs are utilized in an ARQ (Automatic Repeat Req uest)

protocol requiring definite ac iciowle dgua nt of receipt of valid packets. Fbr Bulk

2 sensor data transfers, it is suggested that error control be based on Forward

~ -ror Correcting the data transfers, utilizing redundant information generated

by each originating SENET—DA X, passed transparently (as a Class I virtual con-

nection through each tandem SENET—DAX), and correcting as necessary at the t.i’-

minating SENET-DAX.

2 .2.3 .5 Utilization of SENET-DAX Input Bulk Data Message Throttling

The SENET-DAX perogative of temporarily shutting off the input of Bulk data

me~’sagee wiU be utilized firs t, in the establishment of the avai1abilit~r of the

terminating subscriber for a bulk data tranafer j and secondly, in the control of

information transmission during peak traffic periods. In both oases, the intent

is to control the total amount of memory required at the SENET— DAX for message

storage.
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2.2.3.6 Packet-Switched Class 111 Handling Re Class I I  H~m d l i n g

It is suggested that Class III packet—switched data transfers be }*ndled

by consideration of their native precedence levels versus thoae of the Class II

data message packets, mud CCIS messages with which these types of bulk data

packets are reconmended to be grouped. While the inference might be drawn from

th~ descriptions of the various traffic classes in Appendix A of the S(Ys’l that

Class III data is of lower ~ rstem precedence than the other classes, there is

currently no Indication of such a relationship from the subscriber standpoint.

Similarly, for Rulk 2 sensor data transfe rs, it is suggested that thee. trans-

missions, recommended to be handled as Claas I virtual connections , be treated

at their native precedence levels versus those of the other Claa~ I virtual

connections (digiti zed voice, low—spee d video, and F~ C ’D facsimile).

2 .2 .3 .7  SI~~ET -DAX Packet-Switched Bulk Data Accountability

3a~ed on the raconinendations above, SENET-DAX accountability for Bulk 1 data

should be the same as for all other non—CCLS data (interactive, query/response,

data base update , and narrative record traffic). Th. degrees of accountability

sug~estsd as required for the Class II data are indicated in Section 3. 4;

broad l y,  these requirements include complete journal and reference recording

at both the originating subscriber’ a SENET.-DAX, and, as a minimum, at the ~~NET—

DAX on which the first addressee is homed (if not also at every SENET—flkX res—

posible for a delivery). Tandem SENET—DAXa would have only a momentary account-

ability for the individual packets of a Class II message, from acknowledgment of

validated receipt from a SENET-DAX in the direction of the originator, until re-

ceipt of ac~aiowledgment of validated reception of the packet by the next SENET-

!)AX toward the ad dressee . These degrees of accountability would also apply to

BUlk 2 data transfers handled as Class II calls (suggeste d to be typically the

transfer of mu entire data base). Should th. suggestion that Bulk 2 sensor data

transfers be accon~ lIshed as Class I calls be accepted, the SENET—DAXe would
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afford the calls the same degree of accountability as will be afforded any other

Class I calls , as indicated in Section 3.1 (CCIS Procedures). Broadly , these

I 
procedures insure virtual connection accountability, but do not maintain account-

ability for the information transferred via the virtual connection . It has been

I suggested that sensor Bulk 2 data transferred in this Class I manner be provided

with Forward Error Correction coding (as is suggested for Class I facsimile) ;

I however , no ARQ (Automatic Repeat Request) correction of errors in Class I Bulk

2 data transfers appears practical.

r

1

I
I
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2 . 3  SERVICE DISTINCTIONS

2 . 3 . 1  Problem

To determine methods for locating the start and end of each

class of traffic within a master frame as the boundaries between

classes shift dynamically in response to changes in traffic intensity ,

t r a f f i c  mix , etc .

2 . 3 . 2  Object ives

Any procedure for determining the boundary between classes must

comply with the following objectives :

a. Operate independently of the location of the Class 1/

Class II and Class li/Class III boundaries within each

master frame (non-fixed boundaries).

b. Operate with negligible error. As long as the master

frame remains synchronized , the location of the start

of each class of traffic must be known in order to

prevent the loss of data .

c. Operate with the minimum amount of channel overhead .

The number of bits per master frame required to locate

the start of each class of traffic should not be

excessive .

2.3.3 Analysis and Results

2.3.3.1 Class Divisions

If it is assumed that each link is master frame synchronized ,

then the start of a Class I region is uniquely determined and is
simply the first bit following the last bit of the coded sequence

used to obtain frame synchronization .

A determination of the boundary between Class I and Class II

t r a f f i c  is simpl i f ied  by the fac t  that s u f f i c i e n t  information is con-
tained within the master frame structure to locate this boundary
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I
withou t  us ing a special marker. In par ticular , the map of each Class I

region which must  exis t  at each DAX for  each l ink te rminat ing  at that

DAX provides the necessary in fo rmation  to determine each Class 1/

Class I I  bou ndary . The Class II reg ion could no rmal ly  be def ined  to

start with the first bit following the last bit of the last channel

in the Class I reg ion . As a check of the start of the Class II region ,

the f i r s t  e ight  bi ts  in th is  reg ion must be the Flag sequence 01111110

which signals the start of a data packet per ADCCP . I t  should be

noted that because of the self—identify ing feature of Class II data

packets , it would be possible for the DAX to detect their occurrence

anywhere within a master frame . Although this capability may be

exploited during an abnormal condition (e.g., during loss of master

f rame synchron iza t ion ) there are no plans to t ransmi t  data packets

in the Class  I reg ion dur ing  normal operation .

As a result  of Section 2 . 2 , the need for  a Class Il/Class  I I I
boundary is obviated since , as Section 2 . 2  proposes , all Class II and
most of Class I I I  t r a f f i c  wil l  be restricted to data packet form and
wi l l  be handled as a single class of t r a f f i c , denoted simply as
Cl ass II traffic*. That portion of the Class I I I  t r a f f i c  which is not
handled as Class II  t r a f f i c  wi l l  be handled as Class I circuit switched
data .  For f u r t h e r  elaboration of this  poin t , see Section 2.2.

The at tractiveness of the chosen techniques for rea l iz ing  the
di vis ion between classes resul ts  from the fo l lowing  f a c t s :

a. They are not d i r ec t ly  dependent on spec i a l  coded
seque nce s and , consequent ly , are not  d i i u c t ly  af-

fec ted by link error environment.

* All non-packet data terminals utilizing Class II service will have

t h t ir  da ta  converted to packet  form by the uriginiating DAX prior to
transmission through the network , and converted from packet form by
the terminating DAX prior to transmission to the called terminal.

FR7 6— l 2 — 2 7



b. They depend on f r ame  synch ron i za ti on  and the Class I

map - two system functions which are maintained with ex-

treme accuracy .

c. They can utilize DAX software and entail no additional

channel inefficiency .

2.3.3.2 Efficiency Considerations

it is unlikely that in each master frame the packets queued for

transmission will exactly fill the available Class II capacity . In

those cases where the total bit requirement due to queued packets is

less than the available Class II capacity , filler bits will be added

to pad out the spare capacity . These filler bits will probably be

ADCCP flag sequences or an all l’s bit pattern . In these situations
where the queue d packet b i t  requ i rements  exceed the available Class II
capacity and where an integral number of packets does not exactly fill
the Class II region (which should almost always be the case), there
will also be spare capacity. This spare capacity will always involve
fewer bits than contained in the smallest packet queued for transmis-
sion. Note however that the spare capacity could involve a significant
numbe r of bits since in any master frame the smallest packet available
for transmission could he hundreds of bits long. To avoid wasting

this available capacity in situations where packets are queued for

transmission , it is proposed that the next packet in the queue be

split such that ~he first section of the split packet exactly util-

izes tht spare capacity ava i l ab le .  sub jec t  to the cons t ra in t  that
the first seLtion of a split packet never contains than the F, A and
C fields. The remairiinq section would be transmitted in the next

master 4r rame at the beginning of the Class II region . If the subse—

quent master frame ’s Class II region is not large enough to contain the

packet section remaining, this section could also be split in the same

rnanner as the original packet. In fact , the splitting process could

continue over many master frames, if necessary
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A de scription of contro l procedure s required to handle this
partial or split packet concept is provided in Section 3.2. It is re-

commended there that an ADCCP flag sequence serve as a Class I/Class II

I marker so that certain t r a f f i c  conditions brough t on by sp litting
packets can be handled efficiently. This flag sequence marker would be

in addition to the flag sequence used to start the first unsplit packet

in the Class II region . The use of a Class I/Class II marker does not

impact significantly on the Class Division problem discussed in the

I previous sections since the marker to be used with splitting is the

same bit pattern the DAX would see if splitting were not used. It

I should be noted though that when packet splitting is used , if the

first packet in the Class II region is an unsplit packet then the

first si~~ een bits in this region will be two contiguous flag sequenc-

es

r

I
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2 . 4  CCIS FIELDS AND FORMATS

2 . 4 . 1  Problem

The Class  I reg ion of a m a s t e r  f r ame  is allocated to indi-

v i d u a l  subscr ibers  by a s s ignmen t s  made via Common Channel In terswi tch

(CCIS)  Messages. These CCIS messages are a sequence of short digital

control  messages used by the DAX ’ s to communica te  w i t h  each other  in

order to coordinate  and cont ro l  Class I swi tched t r a f f i c , e f f i c i e ntl y ,

conveniently , and in real time . Toward th is end , the various candi-

date CCIS message formats must be analyzed and the CCIS information

f i e lds  de f in e d .  One pos s ib i l i t y  is to t r a n s m i t  the i n f o r m a t i o n  in the

form of packe t s , w i t h  f i x e d  envelope and v a r i a b l e- le n g t h  data  f i e l d s ,

as suggested in the newly proposed Advanced Data Communication Control

Procedure (ADCCP). ADCCP is a bit oriented control procedure where

b i t s  and b i t  i t t er n s  are used fo r  cont ro l  s i g n a l s .  Another  approach

would be utilization of character oriented proôedures where the

con t ro l  s iqn a l s  ire based on USASC I I  characters. This section w i l l

examine t h e  suit ~b i1 ity o~ u s i n g  ADCCP to de f ine  the CCIS f i e l d  s izes

and f o r m a t  c~~n~~e n t s  f o r  i n t e r s w it ch  t r a n s f e r  of control i n f o r m a t i o n

1,et ween DAX ’s.

The choice  of the ADCCP-hased procedure is based in part on

the  d e s ir a b i l i t y  of u t i l i z i n q  the same procedure for  CCI S messages ,

and for  a l l  Class II da t a  messages , in order to m i n i m i z e  so f tware

design and process ing demands . An even stronqer reason for choosing

ADCCP r a t h e r  t h a n  USASCII procedures is the s i g n i f i c a n t l y  g rea t e r
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e f f i c i e n c y  of the ADCCP . Roughly , at minimum p r a c t i c a l  lengths ,

ADCCP , w i t h  5/6 ths of the b i t s  required  by USASCII  (40  vs 48 )  can

I convey double  the address in f o r m a t i o n  and double the control  informa-

tion (256 vs 128 in each case) with far greater error protection .

I
I
I
I

I

I
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2 . 4 . 2  Ob jec t i ve s

The ob j ec t i ve  of t h i s  task  is the e f f i c i e n t, convenient

coord ina t ion  and control  of Class  I t r a f f i c , in near  real  t ime . This

t equ i r e s  ach ievemen t  of t he  f o l l o w i n g :

1. A gene ra l  mapp ing  of the Class I reqion , which  is

e f f i c i e n t  in te rms  of f rame u t i l i z a t i o n  End  reasonable

in terms of processinq demand .

2 .  A d e f i n i t i o n  of the CCIS message i n f o r m a t i o n  f i e lds  and

t h e i r  s izes  and the formats  necessary for s i g n a l l i n g

between DAX ’ s.

3. A de te rmina t ion  of the l ink control  si gnals that  are to

be used for  rou ting , synchronization , error control ,

e t c . ,  and the sequence in which they are to be used to

perform these func t ions.
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2 . 4 . 3  A n a l y s i s  and Resu l t s

2 . 4 .3 .1  CCIS Region

ADCCP-format ted CCIS messages are proposed to be handled

id~ ntically to all other Class II  da ta  message packets.  C o n s e q u e n t l y ,

CC IS messages are technical ly Class II messages ; howe ve r , to ensure

e f f icient , timely processing of Class I traffic , the CCIS messages

may be ha ndled at FLASH procedence level. Since the only two higher

data  precedences , CRI TIC and ECP , can be expected to comprise less

than  one percent of the data t r a f f i c, the CCIS por t ion of the mas ter

f rame  wi l l  then directly fol low the Class I Region and precede all

other Class II data packets (see Figure 2-4.) CCIS messages contain

i n f o r m a t i o n  necessary to es tab l i sh, terminate , and rou te Class I cal ls

through  the network , and to make changes in Class I al locations as a

r e su l t  of call  t e rmina t ions. CCIS messages are also used for  o ther

purposes such as Class II coordinat ion, error control , s y n c h r o n i z a t i o n ,

recovery , maintenance , and accoun tab i l i t y, with respect to Class Ii

data message traffic. In this section we will deal mainly with the

fields and formats associated with Class I c a l l s .  I t  is not likely

t h a t  the CCTS messages for  Class II  calls w i l l  be a subset o~ the

messages we define for Class I operation . However , Class II CCIS

messages , and those of synchron iza t ion  and the l ike , wi l l  be the

sub ject of Traffic Control Procedures (see Section 3.2).

I
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The procedure to set up Class I ca l l s  involves ini tiat ing

the messages to set up and confi rm connect ions  and then a s s ign ing

f specific portions of the Class I reg ion to Class I subscribers. Since

Class  I cal ls  wi l l  have dura t ions  on the order of minu tes , several

thousand  master  frames could resul t  between the  o r i g i n a t i o n  and termi-

n a t i o n  of ind iv idua l  call  connect ions.  For ex ampl e, assuming an aver-

age holding time of 5 minutes and a frame period of 10 msec , 30 ,000

master frames will result during the duration of a single call.

Between the or ig ina t ion  and t e rmina t ion  of t h i s  call no informa t ion

need be t r ansmi t t ed  except tha t  caused by r e a l i g n m e n t  of the Class I

region due to terminat ions  of other ca l l s .  As cal ls  are released

the remain ing  calls are con t inua l ly  pushed up toward the beg inn ing  of

the mas ter  f rame to f i l l  in the gaps as they occur .  In the scheme a

complete mapping of the total Class I contents frame by f rame would

r e s u l t  in si g n i f i c a n t  t r ansmiss ion  i ne f f i c i ency . There fore , in order

to m i n i m i z e  th i s  i n e f f i c i e n c y, CCIS si gna l ing  w i l l  occur only  when

changes are required in the Class I reg ion and only  for  those alloca-

t ions  a f f e c t..d , b a r r i n g  i n t e r r u p t i o n s  in t r ansmiss ion/r ecep t ion .  In

the event of such an in te r rup t ion , the f i r s t  step taken by the DAX ’ s

w i l l  be to rees tabl ish  the maps of the Class I region ma in t a ined  by

the  DAX ’ s at each end of each i n t e r rup t ed  l i nk .

CCIS messages which are sent to (escribe changes to be made in

f Cl ass I channel  alloca tion are imp lement~ -~ in subsequent master  frames ,

a l t h o u g h  i t is desirable to make these changes at the earl iest  possible

time. One reason for pu t t ing  o f f  the changes un t i l  later f rames

is the stringent demand on processing time required by connec-

tion s and supervisory control made in the same f rame interval in

I
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w h i c h  the CCI S messages are  t r a n s m i t t e d. U s i n g  the approach mentioned

process ing  demand is cons i derab ly  eased because connection time is

extended by one or more f rames  per tandem l ine . }iowever , t h e  d e l a y

incurred may or may not be acceptable. A more impor tan t reason for
chan~ii ng the class I maps after receipt of the CCI S message is  the

necess i ty  for  c h a n g i n g  both the transmit and receive maps with respect

to ‘exactly the same frame . Procedures for accomplishing this are

described s e p a rat e l y  in Section 3.1.

2 . 4 . 3 . 2  Bi t  Or iented  Versus  Charac te r  Oriented Control Procedures

A data link between DAX ’s is shown in Fi gure  2-5 and provides

for the movement of information between computers , terminals , or bet-

ween computers & terminals. To accomplish this efficiently a control

proc edure is ne cessary to per fo rm such func t ions  as rout ing , synchron-

ization , error con trol , and f r aming  between stations on a l i n k .
Several l i n k  control  procedures have been developed for  t h i s  purpose;

many of these standards are based on two separate control philosophies.

One method uses control signals based on USASCII characters while the

other uses bits & bit patterns for control. The control signals made

up o f the uni que bit pattern s bear l i t t l e  rela tionship to the USA SCII
code c h a r a c t e r s .  The bi t  or ien ted  control procedure ( re fe r r ed  to here
as AD CCP ) p e rmi t  improved f e a t u r e s  & cha rac t e r i s t i c s  re la t ive  to t h e

U SASCII  c h a r a c t e r  o r i e n t e d  procedure . However , a -‘r imary a t t r a c t i o n
in u t i l i z i n g  the  ADCCP procedures and format  is the great.er e f f i c i e n c y

~u r  both  CCIS and d a t a  messaqu packet  t r a n s m i s s i o n  which these proce-
dures  and format permit , relative to comparable USASCII prcoedures (see

Sect ion 2 . 1 - Frami ng & Enve lop ing ).
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2.4.3.3 ADCCP Packet  St r u c t u r e

The frir e st j i s ’t ure  of an ADCCP packet  is shown in F igure  2 — 6 .

A l so  shown is  he s t r u ct ire of ~ USASCII  message block , the a l t e r n a t e
ipproach  we were  c o n s i d u r i n c  fe r  t r a n s m i s s i o n  of Class  II data messages

( in c l u d i nq  C C I S )  . Each ~PCCP packet is preceded and t e rmina ted  by an
eight-bit ‘liq which is the b i t  sequence 01111110. The f l a g  ( F )  se—

~uence w h i c h  closes a p a c k et  nay  also be the opening f l a g  sequence for
the  nex t  p a c ket .  An address  (A )  f i e l d  and control  ( C)  f i e ld  fo l low
the  o p e n i n g  f l a g .  The ad dr e s se d  n ar t y  accepts the  packet  and pe r fo rms
the function indicated by the control field. The control field may

c o n t a i n  connands , responses , or sequence numbers .  A variable informa-

tion (1) field follows the cont ro l  f i e l d  and may be used to t r a n s m i t

a d d i t i o n a l  da t a  needed fn r  s iqn a l l i n g  & control in addi t ion  to i ts
regula r information. A 16-bit frame check sequence (FCS) occurs just

pr io r  to the  c l o s i n g  f l a g  and is inc luded  for  error control .  In order
to prevent  data  in  the  A , C , I , or FCS f i e l d s  f rom s imula t ing  a f l a g
sequence , zero b i t  i n s e r t i o n  is used to p roh ib i t  greater than 5 con-
secutive bits in the address , control , information , and frame checking

sequence f i e l d s .

In Section 2-1 - Framing  & Enve lop ing ,  the reasons for  our choice

of ADCCP to t r a n s m i t  Class II  data  messages are covered . B a s i c a l l y ,

the re  is an advantage of ADCCP over USASCII  w i th  respect to t r ansmi s s ion
overhead , descri pti ve power , and error control capability. Some feeling

for  t h i s  can be seen f rom Table 2 . 3  where the d i f f e r e n t  message f i e l d s

for  each approach are  enumera ted  and the c a l cu l a t i o n  . fo r  t r ansmiss ion
overhead efficiency is shown for several cases .

F R76— l 2 — 3 8
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TABLE 2 - 3 .  FORMAT STRUCTURE ; ADCCP V S .  USASC II

ADCCP Functjoh USASCII

8— b i t  Flag ( F )  Paehut Synchronization 8—bit SYN*

S t a r t  of Message 8-bi t DLE*

8—bit Address (A) Address Field 8-bit Address (A)*

(1 of 2 5 6 )  . (net  i n f o r m a t i o n ) ‘ (1 of 128)

8-bit Cont ro l  (C)  Contro l Field 8 — b i t  Control (C)*

(1 of 2 5 6 )  ~ (net  i n f o r m a t i o n)  0 ( 1 of 128)

- End of Message 8-bit  ETB*

16-bit FCS Error  Pro tec t ion  8-bit  BCC *

40 b i t s  Min imum CCIS Message 48 b i t s

- not inc lud ing
I n f o r m a t i o n  Field ( I )

*includ ing 1 par it y L i t

T ransmiss ion  Overheal  E f f i c i e n c y

M inimum CCI S Messag e

16 I n f o r m a t i o n  bi ts **ADCCPMIN 40  T ransmi t t ed  b i t s  (gross )  = 40 %

14 I n f o r m a t i o n  b i t s ***USASCII M I N  = 

~T~~~~~~smi t ted B~Is (gross)  2 9 . 2 %

I n f o r m a t i o n  Field = 6 40  Bi t s

640  I n f o r m a t i o n  b it s **ADCCP 640 = 

~ 64 Transmi t t ed  bi ts  (gross) = 9 6 . 4 %

638 I n f o r m a t i o n  b i ts***USASCI I 640 = 

~~i~ i t ted bits (gross)  =

**One out of 256 possible  addresses , one out of 256 possible con trols
***One out of 128 possible addresses , one out of 128 possibl e controls

FR76- 1 2 — 4 0
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Among the advan tages  of u s ing  ADCCP packets as CCI S messages

inc lude  the f o l l o w i n g:

~a)  Line control  procedure can be de f ined  in wh i ch t h e

Informa tion Field is code insensi t ive  & t r anspa ren t  to
the text being t r a n s m i t t e d. Thu s , the I n f o r m a t i o n

Field  may con t a in  any b i t  pa t t e rn  & may be any number

of bits long . Character-oriented procedure can be

transparent & transmit any bit pattern ; however ,

messages must be transmitted in mu l t i ples of 8 bi ts .

(b) Reliable error control in which control & data are

protected by a 16-bit po lynomia l  code. Genera l ly  a
more powerful techniq ue than orthoqonal parity checking ,

the protect ion recommended in many  character-oriented

procedures.

( c)  E f f i c i e n c y  in transmission overhead over that obtained

using character-oriented procedure (see Section 2.1 —

Framing  & Envelop ing)

( d )  F l e x i b i l i t y  in t h a t  a d d i t i o n a l  l i nk  c~~ntro 1s or responses

can be added w i t h o u t  chang ing  the  t r a n s m i s s i o n  f o r m a t .

(e)  Use of the same f o r m a t  s t r u c t u r e  as recommended fo r

other  class I messages , e . g . ,  query/response , bu lk

da ta , e tc .

I
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2 . 4 . 3 . 4 S i q n al i n g  P r o c edu r es *

The general anureich oward siqna linq on the DAX nct~ierk will

be i l l u s t ra t e d  w i t h  t h e  a id  o 1 Figures 4 and 5~~** A ca l l  o r i g i n a t e s

at switch 1 m d  is t be corneleted to a s:I scriber homing on switch 6.

For i l l u st r a t i v e  purposes aesume  a commercial numberinci plan althoug h

- nr in c ip l e s  presented h r o  hold for m i l i t a r  n u m b e r i n g  p l ans  as

w e l l .  The s u b s c r i b e r s  d ia l  anc ’~~h e re  f r o m  7 to 10 d i g i t s  of the form

NAN - YYY - XXXX where  NR ~ 1s t h e  a r e a  code (A = 0 , 1 ) ,  YYY is the

s t a t i o n  1~, an d XXXX is the local subscriber #. At switch 1 , the

originating switch , tb dialed digits are examined to see i f  ( a )  the

ca l l  is to be completed to a foreign area code or (b) the call is to

be c o m p le t e d  to tha t  area code but  to a d i f f e r e n t  swi tch  w i t h i n  the

home are~~.

In e i t h e r  case , t he  ca l l ed  subscr iber  is not to be found  at

t h a t  s w i t c h;  however , each swi tch  con ta ins  an area code tab le  with a l l

the s t a t i o n s  i n  the network l i sted by ar ea code. Ther efore , if the

ca l led  s t a t i o n  is not in  i t s  l o c a l i t y  the  t ab l e  w i l l  provide p r imary

and a l te r n a t e  t r u n k s  by w h i c h  to route  the  ca l l  to the next  swi t ch  in

the  n e t w o r k  in the d i rec t i o n  of t h e  ca l led  s t a t i o n . Here the same

procedur is performed a quin. This is an example  of sp i l l  fo rward

* This is i brief introduction to routing and siqndinq procedures.
For a more d e t a i l e d  d i s c u s s i o n , ser Section 3 . l— C C I S  Procedures .

** This tec ini quc of routin’; on a s w i t c h — b y — s w i t c h  b - i s i s  is appl icable
t a r o u t i n g  scheme wh ich  an access s w i t c h  m iu h t  use . O the r  scheme s
would be app l i cab le  for  nodal  s w i t c h e s  in a backbone ne twork .

FR76— l 2 - 4 2
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I

r o u t i n g  control. The primary and alternate rou t ing  paths  are chosen

so that  the call  progresses through the network even tua l ly  reachi ng

r t he  t e r m i n a l  switch which  comp letes the ca l l .  As l i n k s  are

established they are reserved u n t i l  a complete path th rough the net-

work to the called subscriber is determined .

In Figure 2-7 assume tha t the call setup has progressed one link

f rom switch 1 to switch 2 .  The next  l i n k  to be es tab l i shed  is between

switches 2 and 4 .  In the procedure , swi tch  2 is termed the point of

depar tu re  of the messa ge ( DEPM) sent to es tabl ish the l ink  whi l e

switch 4 is the des t i na t i on  of th is  message.  Switch 1 remains  the

or :cinating switch throughout the call setup procedure . In Figure 2—7 ,

assume tha t the CC IS message has been block ed alon g the pr imary  rout e

f r o m  switch 2 to 4 .  T h e r e f oi e , the ca l l  has  been routed a l o n g  a

secondary route to switch 3 and from there to s w i t c h  4 .  dr . ..’eve r ,

when i t  came t ime to reserve the vcice ’dat a n i t h , t he  p r i m i r :  r

( 1 - 2 — 4 — 5 — 6 )  was not blocked and was used - I - - t a b l i sh  ~he nath. This

is an example of quas i -associa te  r o u t i ng  wh ere  Lh .~ s~~qn a 1 i r i a l at h

does not nec e s s a r i l y  coinc ide  w i t h  the voice ‘dli ’ u~ith. For this en

of r o u t i n g ,  in  add i t ion  to the cont  l e t  o ’ ei- :b mess. ~qe h e CCIS

message must contain information to pr e nt ‘e nussage rom coming

back on i t se l f  and/or  g e t t i n g  lost w i t h i n  th e  ne wI r k .

A f t e r  the path between 2 and 4 is e s t a b l i s h e d , swi tch  4

b c - m . s the  new po in t  of d e p a r t u r e  of  t h e  CCIS message ( I ~P~1) . The

same nrocedure is used to es t ab l i sh  the path between 4 and 5 and the

ca l l  . 1 t u p  p rogresses in th is  f a sh ion  un t i l  the destination of

-
~~~~

aqe switch becomes the terminating switch . The terminating switch
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then completes t h e  ca l l  t h r o ug h  t o  the cal led subscr iber  in  the

manner described in Section 3.1.

2 . 4 . 3 . 5  CCIS Message Types

Based on the signalinq procedure described in the previous

sec tion , and the trunk signaling messages used in the AN/TTC-39 ,

t h e  following signaling messages are some of those necessary to

esta b l i sh  and termi n ate Class I calls  in the DAX network .

1. Call Initiate •- used to reserve space for  a channe l  in

a trunk to the dis tant  o f f i c e  and to i n i t i a t e  s i g n a l i n g

to the  cal led pa r ty

2 .  Cal l  Complete  - sent by the cal led party ’s switch to

indicate that the called party is being rung . The

message is sent to the 1st tandem switch and then

progresses alon g f r om t andem swi tch  to tandem swi tch

until the switch which origin ated the  call  is reached .

Also al lows misrout i ng to be checked by repeating back

the ca l led  par ty ’ s # f rom termina tin g to or iginating

swi tch fo r comparison

3. Cal l  Answe r - indica tes th at the called par t~ ~as gone

off-hook and that space should be allocated ~ri the frame

for the previously reserved channel

4. Release •- specified trunk is released because one of t h e

parties hung up

FR76—l 2—46



I
5. Preemp t Release — spec i f i e d  trunk  is released because

the t runk  has  been pre-empted  w i t h o u t  reuse

6. Operator Recall - - the switch at which recall occurs

J sends a recall message to the or iginating or terminating

swi tch  to recal l  the opera tor to a call in proqress

7. Acknowledge •- acknowled ges the correct receipt of a

s igna l ing  message from t~ e sending switch . Message is

iden ti fied by the trunk and sequenc e number

8. Non-Acknowledge --- the message as received contains

erro rs

9. Glare -- sign i f i e s  tha t  a req uest to seize the same

trunk has been made by two swi tches at the same time

10. Out-of-Service - specific trunk is marked out of

service for  main tenance purposes

11. Al l  Trunks Busy , Equi pment Busy , Inval id  Route --

or ig ina ted  by a tandem switch in th e network in response

to a Call Initiate Messaqe if the call is blocked for

some reason in the network . The messages are sent back

• to the o r i g i n a t i n g  s w i t c h .  Tandem switches along the

rou te  cancel path reservations; the oriqinating switch

notifies its call ori ginating subscriber

I

I
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12. Unassigned or Invalid Number , Incompat ib le  Connection ,

Call ed Party Unavailable — same as for (11) only refers

to the call beinq incomplete due to line/subscriber

problems and not network problems .

13. Call Forwardinq - informs home switch that the local

subsc riber wants  h i s  cal ls  au tomat ica l ly  tr a n s f e rred to

annt . lier number. The switch directs his call to the new

number

14. Acknowled ge Ca l l  In i t i a te - - acknowl edges tha t a specif ic

trunk at the distant switch has been seized and a path

reserved in the link map

15. Synchronization Messages — used to synchronize sending

and receiv ing  sides of the transmission l ink  -

16. CCIS Keep Alive -- used to report that no changes have

occurred in the Class I region during the previous

in terva l (T frames)

17. M a i n t e nance -- messa ges used to report f a i l ures in power

supply , processor , trunk c a r r i e r , terminal , etc.

18. Tra ffic Statistics -- provides traffic data on trunk

seizures , completed ca l l s , blocking, m i s d i a l s , and other

tra f f i c  i n f o r m a t i on

19. Realignment realignment of the Class I region to fill

in missing gaps due to call terminations

7
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20. Reinitiate Synchronization — initiate the synchroniza-

tion procedure when out-of-synchronization is detected.

2.4.3.6 CCIS Message Fields and Format

- The CCIS messages will be sent in the form of packets accord-

ing to the structure specified in the ADCCP standard. This structure ,

shown in F igure  2 — 6 , consists of a f l a g  (the e ight  bit  pa t t e rn  01111110)

fol lowed by an address and control field . Information data follows

ti e con trol f i e ld  a od a 16 bi t redundancy check a lways  fo l lows  the

text (if any ) . Figure 2—9 indicates the message format and their field

sizes for  typ ical signal ing mess ages .

Consider the format for the Call Initiate Message . The

messaqe tields are described as follows :

1. Fli~ -- bi t sequence 01111110

2. Address Field — broken up into a 7 b i t  des tina tion of

message for which the message is bound and a 1 bit flag

which signifies whether this is a CCIS messaqe or a

Class I I  data packet

3.  Control  Field - uses in f o r m a t i on tr a n s f e r  format  which

will contain transmitting and receiving CCIS message

sequence numbers

J 

4. Message Type — up to 256 message types allowable

I
FR76— 1 2—4 9



cc OVid u.

3)N3I1O~ S In
U N— )I)JH) ]WV~Id u cc OV’d

Ct) ]OVS~3W J)NJflO]S In

~O ONJ 2 )D3HD 3WV~H

siioici ~L )
-~ 

/ 
]OVSS]WAI~IV d cc

d O ON ]• 0]11V)
S)IlSUfll)V~VH)

cc AIIIVd — — cc AflJV d
U,— O3llV) a)ONI11V) 

~~ISSVl) N
11Y) ]~lfl)]S A.LJ~flD3s osvi 

11V) ]~1fl)]S
Joo w N0IldA~)N] CO 300W N0IldA~DN3cc _ _ _ _ _ _ _‘Hi0I \G NVO - M~ ‘VlVa/])IOA

‘VIVG/3)IOA A]N ~ a)

A1I~1fl)]S ~ HiVd 1VIIOKJ ‘SSfl)V
jLI

,— cc i~~~ia ‘ ON N O R~Od
HIV 4 ivilola 

_____________ Z ‘])N]0])3~d —

SS]))V i)]~J IO NOISSIW X Viva :
0N NOI3~JOd IN)!

__________________  A1I1YflO ]JIOA ‘~~
-0< ____________  

LU 
_________________

cc IN)I — 0
_ _ _ _ _ _ _ _ _ _ _  0 o300W cc W 1d30cc INDi AiJ~lfl)Js 3:

_ _ _ _ _  O
z Ucc s-o~ o

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

NOISSIWX viva ~ ~~~ ~G I  )1Nfl~Ji U

~dAIcc W 1d]G cc ]OVSS3W
___________________ ° 3dM VI~’0 In

In 
_ _ _ _ _ _ _ _ _ _ _ _  a)w

0l] Id.0 . 1 N N f l~1i cc 
lO~iN0) U

-J ;14

-3dAl
OVid SD)cc 3OV SS]W 0 —

U______________ — 
~~~ N. W 1S3O

ccIn lOdIN O) _ _ _ _ _ _ _ _ _ _ _ _ _ _  -In

_ _ _ _ _ _ _ _  — cc OVid —

LU — OVid Si))
In 

_ _ _ _ _ _ _ _ _

E W IS3G —
z — U-

0- 
In

_J ,_
. . . J— c c  OVid U-

_ _ _ _ _ _ _ _ _ _ _  —

2—50FR76—l



I
I

Z
0
U
Luz
2
0
U
LU
-J
cc
I—
4
0~

_____ — 0
U

cc OVi d

S)d

_ _ _ _ _  

_ _ _ _ _  — w
_ _ _ _ _ _  —

3OV SS ]V ~ cc OVid U-
dO ON] 

_ _ _ _ _ _ _  —

> In
4 — — S)d Ucc 3)N]0])] ~d z —

Ovid U- _ _ _ _ _  —

( 

cc IN )! 4 — IN)!
0. C

-I
4 

_________  S)J__________ LUU U-LU _j
_____ — cc S O I~Occ S OUIO i—i U

0 IN)!
_ _ _ _ _ _  U

S OUIOLu
cc W id3O cc ~~Id3O

~~~~ cc W Id]O 
_ _ _ _ _ _

_ _ _ _ _ _  _ _ _ _ _ _  >w U zIn
4 > ‘-4 —

~ ~ G l ~~~Nfl~II 
- ‘~ ~C~~i NNfl~IILU 

~ O~ I~ 4Nfl~ ’ LU CN >- C”1-J r.~Lu In
U 

-

_ _ _ _ _ _  
_ _ _ _ _ _

0 - cc
- 

3dM.
cc 

3dM. Z ~ 
3dM

• 3OVSS]w 0 3OVSS3~’4 Lu ]OYSS3W
0~ ________________ — — _______________ — —

Lu -

0131J U cc 0i]Id U 2 -cc 
Ci3ld Ucc 

1O~INO D 0 lOdINO) iO~INO)
-J 

_ _ _ _ _ _  )- —LU — —

:- — ~~~~~~~~~~ 
SI)) .— SI)) .— SI))

4 0 cc
L u I n  W IS3Oi~ r-~ W IS3O r—. W IS]O
In 

_ _ _ _ _  _ _ _ _ _  — z —
7 — 0
4 7

-c OV1:I U- cc U- cc OVid U-
L 1

.
~~

I 
_ _ _ _ _  4 —_ _ _ _ _ _ _ _  — —

In In
t

cc ccIll —

cc U. U.

U- 0 0
0

I
FR76— l 2—51



5. Trunk I . D .  — i den t i fy ing number between the two communi-

cating switches which specifies the starting bit of the

Class I channel and its width

6. Dept M - i den t i f i e s  the sender of the message

7. Orig S. -- identifies the originating switch

8. FCNT -- counts  the times a busy indication is given as

the call progresses through the network toward the

f in al des t inat ion

9. TCNT •- counts the switches each message goes through

to establish a voice/data path

10. Precedence — 3 bits representing the level of precedence ,

one bit for whether called party # uses DAX numbering

plan or belongs to a commercial or foreign netwo rk ,

one bit for indicating a direct access call and one bit

indicating whether the # contains 7 or 10 digits

11. Binary  Indica t ion  of Voice or Data , Bandwidth , Mode of

Encrypt ion  and Secure Cal l

12. Data Type - indicates  l ine  type mode format , code ,

and the # of stop b i t s  for  asynchronous codes

13. Data Transmission Type - defines type of modulation ,

data  ra te , etc .

FR7 6— 1 2 — 5 2
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I
14. Security Mode - one character indicates one of 3 modes

I for all calls , end-to—end , link-by—link , or non-secure

1 15. Voice Quality -- estimates voice quality of a call based

on the # of security devices a call traverses . When a

threshold is exceeded , the cal l  is term inated

1 16. Secur i ty  Device & Key - secur i ty  device ( H Y -l l , KY- 3)

or key var iable  associated wi th  a cal l

17. Message Secur i ty  C l a s s i f i c a t i o n  — de fines the secur ity

c l a s s i f i c a t i o n  for  the call

18. Called Party — up to 12 characters  are permi tted to

allow for local or foreign numbers (commercial , NATO ,

e t c . )

19. End of Message — control character EOT - end of

t ransm ission

20. Frame Check Sequence -- 16 bit redundancy check .

The format and field sizes for other CCIS siqnaling messages

are indicated in Figure 2-9. In general , overal l  CC IS message leng th

is a func tion of message type and the ma nner each message is used in

th :~ CCIS procedures .

I
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One modi f i ca t ion  of th i s  f o r m a t  is to niace  the End of

Message f± e l d  •close to the beg inn ing  of the message r a the r  than  at

the end j u s t  p r io r  to the Frame Check Sequence. In t h i s  case , not

on ly  would the f ie ld  have to contain a de l imi ter  s i g n i f y i n g  end of

transmis sion , but , also , an indicat ion of the numbe r of total bi ts

in the  message .  A n advantage to this  change in format s t ructure  is

that  a comp lete message up till the Fram e Check Sequence can be

read in to memory qu ickly and checked for errors  before  any action is

taken on other bit f i e l d s .  Wi th  the format  indicated in Fi gure  2-9 ,

software would have to search bit by bit until the end of message

f i e ld  is iden ti f ied .
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2 . 4 . 3 . 7  CCIS Procedures

I Section 3.1 will involve incorporation of this material into

the development or- CCIS procedutes to establish and support Class I

1 service . As a result of the future impact of changes in other factors ,

such as r o u t i n g  or preempt ion , possible  r e d e f i n i t i o n  in the s i z i n g

of the CCIS fields or in the format content could result.

CCIS messages for  Class II  coordinat ion , sy n c h r o n i z a t i o n ,

I 

err or con trol , m a i n t enance , recovery and other  message types , w i l l

be analyzed for format and content in Section 3.2.) New message ty~-es ,

1 whi ch may only  become ev iden t as the DAX sys tem is spec i f i ed  in
greater detail , should be handled in the same fashion.

I
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SECTION 3

• 
ANALYSIS OF pRoCEss1N~

; REQUIREMENTS

3. 1 CCIS PROCEDURES

3.1.1 Problem

The Class I region of a master frame is alloc a t e d to the switched traffic

of individua l subscribers . The control and coordination of these individual

subscriber “channels” is accomplished throug h the use of Common Channel Inter-

office Signaling (CCIS) messages. The various individua l CCIS messa~ e fields

and formats are discussed in Section 2.4. The problem addressed in rhis sc~ - t  ion is

the  de te rm i n a t i on of t h e  CCIS message seque n ces r equi r ed t o ac~ ump l i s h  the

various contro l and coordination functions. -

3 . 1.2  Ob jec t ives

a. To develop a set of CCIS procedures which will satisfy the foll ~~s- in g

criteria;

1. Permi t processor software determination of the vary ing Class I/Class II

boundary on a frame-by-frame basis.

2. Permit dy-namic remapping of the switched data channels in the Class I

region on a !)AX-to-DAX interactive basis .

3. Provide for the establishment and breakdown of switched data calls of

rout ine  precedence .
4. Provide for handling of pre-emptive switched data calls.

5. Provide for DAX- to -DAX t r a n s f e r  of a d m i n i s t r a t i v e  t r a f f i c , e . g .

Automa tic Message Accounting (AMA ) data , SYSCON messages , etc.

6. Mi n i m i z e  c ross -ne twork  time f ro m d i a l i n g  of the las t  di g i t  b y the

subscr iber  to I rov i sion of r i n g b a c k  to the  subscr iber .

7 . Max imize  u t i l i z a t i o n  of Class  I reg ion ; i .e ., a l l oca t ion  of channels
no la rger  and no ea r l i e r  than necessary , dropp ing of channels as soon
as poss ible  a f t e r  release of c a l l ( s ) ,  rep a c k i n g  o f C l a ss I rc~ ion as

soon as c h a n n e l ( s )  are dropped.

3. 1.3 .\jIj r ) a I )

j In the course of establishing the CCIS procedures , the need for t rade-offs

became apparent in the areas of si znaling and routing contro l and frame alloca-

~
io n ; these are discussed in succeeding p a rag r ap h s .

FRT~~- l 3-1
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3.1.5 .1 Or je in ating Office vs. Sp i ii l - a r i ~ar d  font m l

The m e t h o d s  con s~~de r c d  a re  d e s c r i b e d  he l o w :

3.1 . 3.1.1 Ori ginati ni ’ Office Lantro l

Pure a’ i g inat i ng oft ice C o a t  i ! 1  imp l i e s  t h a t  i i i - o r i g i n a t i n g

s w i t c h  c o n t r o l s  t h e  s i g n a l i n g  t o  each t - w I c m  a. tch (and ter :iinat iri g

s w i t c h )  -is the call progresses t h r ; u g l i  t he  network , s i t h  each t andem

swi tch at  t 
~

-
~h t ing to  run te  t h e en 11 o ver  a ~‘r ~: a r c  in l i t  e . In the

e ven t  that blockin g is enc! u n t  er ed on one of the p r i r a r y  routes , the

or i ginat ing s w i t  cli w i l l  t i -n r e i n i t i a t e  t he  c a l l  over one of i t s

a l t e r n a t e  r o u t e s .  i l u s , in a c o n v e n t  ional netw ork , each t a n d e m

SW i t  ~h c a n  ~it  t h  t a n i g h  t i c  speech pat 11 and release its en Ii proces —

s i n g  r e g i s t e r  i s  cuon as an out ~~o i r i g l i n k  i s  e s t a b l i s h e d  fron  the

s~ t c h . I h e  o r i g i n i i n g  s w i t c h , on the ot~ cr  hand . ou st  keep the

c a l l  p r o c e s s i n g  r c g i e t e r  d e d i e ; it  c!i to the call m t  I 1 the cal led

s ! i l ) s c r i h e r ’ s t e r m i n a l  is located it the terminating switch. One

i p a l ;id~ n l : l g e  of  ori ginating office contro l is t i l t t h e  si g-
n a l i n g  ‘0 an~ t a n d e m  .si~u t c h  need include onl y sufficien t di gits for

h e t  ss i t  cli t o  t m a ~l ; i t c and r ou t  e t h e  en 11 . In a i e t i ~ c rk wj th in —

hand si gnaling, that tandem swi tchi would t hen  L nnvc~ rh- voi ce path

th  ro io~ i t o  t o ’  n e x t  sw i t ch I n the r o u t e  and b ecome t r a n sp a  r e n t  • o

su b s equ e n t  Si g n a l i n g .  In a CC IS netw - rb hot~eve r , t h e m e  is no t rans —

p : ir e n c v  beca us e  the s gna i i  ng i c done  on a l i n k  — b y —  l i n k  has  i s and

t h e  n u m h e i -  01 CC I s  me ssages  r e qu i  red t a  set up a c a l  I h e c o m e - -; a n n e —

e :; t a b l e  h i gh a s  t h e  numb er  of t a n d e m  l i n k s  inc Fe ; ! -~es . A n o t h u r

: i d v a n t I~~ - of  o r i g i n a t i n g  at  Ce c o n t r o l  i s  t h a t  the al t~ i-n a t e  rout-

ing capabilit y is  g r e ; i t e r  t h a n  in a spi 11-- forward n e tw rk  , pa :’ -

Ia n y  w h e n  t h e  or  i l  n a t  ing office h i s  a hi gh degree o I conT! e - e
a other  nodes because i f blocking is encountered t h e  ca l  1 ii

hacked p t w a r d  the or i I i i  i t  i ng switch an i a 1 t e l  n a t e  Fyi -

there . h i s  l i v  i l i t a g e  h o l d s  t r u e  for  t b  s i g n a l  i n c

and CCI S .
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3.1.3.1.2 Spill Forward Control

I Spill forward control implies that the complete control of the

call, both signaling and routing, is spilled forward from one switch

to the next as the call progresses through the network. In a con-

ventional (analog) system this presents two advantages over origi-

I nating office control:

a. The signaling is reinitiated at each switch and is therefore

I not subject to the same degree of attenuation and distortion as

in originating office control , particularly on calls passing

through many links.

b. The call processing register (software) at the o~riginating

i switch can be released as soon as the control is spilled for-

I ward to the next switch , resulting in less demand on processor

resources, both in memory requirements and processor loading.

3.1.3.1.3 Suggested Approach

The approach that is suggested for the DAX is a modified origi-
I nating office control with spill forward signaling. In this method ,

any switch will forward digits (signal) only to an adjacent switch.

Each tandem switch will attempt to forward the call over alternate

links if the primary link is blocked . If no idle or pre-emptible

path is available out of the switch , both routing and signaling con-

trol of the call will revert back to the preceding switch . If no

alternate or outgoing paths are available out of that switch , the

call may either be dropped or revert back to the next preceding

switch , etc. Whether or not control will be allowed to pass back-

ward through more than one switch has not yet been decided , but

represents a trade-off between increased alternate routing capability

and increased CCIS message requirements and call processing register
holding time.

I
3.1.3.2 Class 1 Region Channe l Allocation

I A decision is required in the process of establishing a call , as to

when to insert in the Class I Region the channel that will eventually be

I required for the call. Several alternatives have been considered, each

having its own advantages and disadvantages.

I FR76-l
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a. Progressive Forward Channel Allocation

b. Delayed Forward Channel Allocation

c. Progress ive Backw ard Channe l A l loca tion 1
d. Del ayed Backward Channe l Al location

3.1.3.2.1 Progr (ssive Forward Channel Allocation

In this method , the channel for the call is allocated on a

link-by-link basis as part of the signaling spill forward process .

Differential delays can be introduced in both the sending and

receiving DAX so that the actual allocation in the Class I regions

of the link in both directions (DAX 1 to DAX 2 and DAX 2 to DAX 1)

wil l  be synchroni zed to wi th in one frame period.

The advantages of this method are :

a. Of the four alternatives considered , it is the simplest to

implement .
b. It insures that the speech path will have been cut through

before the start of subscriber ringing so that the calling

subscriber will hear ringback at the earliest possible time .

Disadvantages of the method are :

a. It does not maximize Class I region utilization because the

tandem links are loaded with the channel before it is known

that the call can be completed.

b. In addition , if a l location has been made and the cal l  cannot be

completed, the Class I region must be re-compacted when the

unused al location is dropped.

3.1.3.2.2 Delayed Forward Channel Allocation

In this method the channel for the call is not allocated until

the sending switch receives a message from the receiving switch that

it can either terminate or extend the call.

The advantages of this method are :

a. It insures that the speech will have been cut through before

the start of subscriber ringing so that the calling subscriber

w ill hear ringback at the earliest possible time .

FR76-1 3-4 1
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b. The allocation portion of the procedure can be overlapped with

I the process of forwarding the call to the next switch so that

minimal extra cross-office delay is incurred at tandem switches.

I c. The required frame capacity may be used for Class II data until

it is subsequently allocated to the Class I channel. (In the

I order of 100 frames in the case of a satellite link.)

d. It provides a one-link look ahead capacity to detect call

J blocking before allocation of the channel.

The disadvantages of the method are:

a. It is more difficult to implement than the method described in

3.1.3.2.1, although if blocked calls are permitted to back up no

I more than one switch , the additional complexity is not too
great.

b. It does not maximi ze Class I region utilization becau.~ the

I tandem links are loaded with the channel before it is known

that the call can be completed.( c. In addition, if allocation has been made and the call cannot be
completed, the Class I region must be re-compacted when the

unused allocation is dropped.

j 3.1.3.2.3 Progressive Backward Channel Allocation

In this method the channels are reserved as described in 3.1.3.2 .2 ,
but no allocations are made until the call reaches the terminating

switch, at which time the channels are allocated in both directions

a link at a time tracing backward along the path of the call.

The advantages of this method are:

I a. The required frame capacity may be applied to the Class II

region until it is subsequently allocated to the Class I

I channel.

b. A channel will not be allocated in any link until it has been

established that the called subscriber can be rung.

I
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I
The disadvantages of the method are :

a. It introduces an additional network delay (=100 frames for

satellite links) from time of dialing last digit to hearing
ringback.

3.1.3.2.4 Delayed Backward Channel Allocation

In th is method the channel s are reserved as in 3. 1 .3.2.3 but no

allocations are made until the called party answers the call.
In stead , when the call reaches the termina ting sw itch the switch

simultaneously starts ring forward to the called subscr iber and

transmits a quasi-associated message backwards towards the originat-

ing switch informing it that the called party is being rung. The

originating switch then connects the calling party to a ringback

tone.

When the terminating switch detects answer superv is ion from the
called subscriber, it then initiates the backward allocation

sequence as in 3.1.3.2.3.

This method has the virtue of not tieing up the Class I region

while the calling subscriber is being rung. For example , in a call

wh ich rings for 12 seconds before being answered, the delayed back-
ward allocation method would save 1200 frame intervals of channel

allocation per link over the method of 3.1.3 .2.3.

It is suggested that in each link the channe l allocations be

symmetrical in both directions . Although it is theoretically pos-

sible to delay the allocations in the forward direction until the
backward allocations are accomplished end to end, it is felt that
this would complicate the maintenance of the frame maps tremendously

as well as opening up the possibilities or such phenomena as uni-
directional link blocking or pre-emption . Also , the effect of end-

to-end encryption has not yet been addressed . This too might serve

to make di fferential alloca tion s inadvisable.

1

I
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3.1.3.2.5 Suggested Approach

It is proposed to incorporate both the methods described in

3.1.3.2.3 and 3.1.3.2.4 to be determined on a per call basis at the termi-

nating switch of each call as a function of terminal classmark.

Where advanced subscriber equipment is available from which both

ring supervision and answer supervision signals are available to the

switch, the delayed backward allocation method of 3.1.3. 2.4 will be
used ; otherwise the method of 3.1.3.2.3 will be employed .

3.1.4 Progress

This paragraph describes the CCIS procedures and message sequences currently

proposed for establishing and breaking down Class I calls.

3.1.4.1 Estab1ishing_~~ass I Calls

Class I calls will be established in two distinct phases. The call

set-up phase, described below, involves establishing a route through the

network to the called subscriber, ringing the called subscriber, and return-
ing ringback to the calling subscriber. The channel allocation phase,

described in 3.1.4.1.2, involves the allocation of channels (i.e. establishing

a bi-directional speech path) between the two subscribers. The latter

phase is normally delayed until the called subscriber goes off-hook (i.e.

answers the call). If the called subscriber’s equipment does not have the

capability of returning an answer signal to the terminating DAX then the

channel allocation phase will not be delayed but rather, initiated concur-

rently with ringing the called subscriber. The ringback will originate at

the called subscriber ’s equipment and will be propagated backwards towards
the calling subscriber over the newly allocated channels. The paragraphs

below consider a Class I call with delayed allocation .

3.1.4.1.1 Call Set-Up Phase

Figure 3-la depicts the overall CCIS signaling sequence used to

set up a Class I call through a hypothetical sub-network . The sub-

network connectivity and link availability and routing strategy have

been established so as to provide examples of blocking along the

FR76-l 3_7
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primary route and link pre-emption along the secondary route. The

sequence of events is shown on Figure 3-la but a few words here are

in order.

One basic ground rule of the proposed procedures is that a DAX

switch will never modify the Class I region of a link until it has

first notified the adjacent DAX of its intent to do so and has

received a confirming response from the adjacent DAX via CCIS and

has acknowledged the response via CCIS. This positive handshaking

approach is taken in order to prevent an error in any CCIS message

from causing perturbations (and therefore noise) in all portions of

the Class I region affected by the CCIS message. For example, pre-

empting or dropping the first channel can affect the starting bit

position of every other channel in the Class I region of that frame.

This approach results in a request, a response and an acknowledge

CCIS message in every tandem DAX to DAX transaction , except at the

terminating DAX where the first backward allocation request serves

as the response to the last forward reservation request. In general

there are two transactions between every pair of DAX in the route.

The acknowledge messages are not shown in Figure 3-la because they

would add more confusion than clarification . They do show up how-

ever in Figure 3- lb , about which more w il l be said.

The sequence of events described in Figure 3-la is:

1. DAX A accumulates the dialed digits , translates and finds the

primary route is to DAX B.
2. DAX A si gnals DAX B its intent to reserve a channel in the A-B

link , and waits for a response.

3. DAX B translates the dialed digits , finds primary route is to
DAX C. DAX B s ignals forward to DAX C its intent to r . serve a

channel in the B-C link and signals backward to DAX A its

agreement to reserve the channel in the A-B link. DAX A then

acknowledges DAX B’s response and both DAXs reserve the channel

j simultaneously in a subsequent frame.

4. In the meantime DAX C translates the dialed digits , finds the

primary route is to DAX E, signals forward and waits for a

response from DAX E.

FR76-l 3-9
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5. DAX E translates the dialed digits , finds both the primary and

alternate routes blocked and signals backward to DAX C that the

call is blocked , that it (DAX-E) won ’t reserve the C-E channel

and that DAX C should reroute the call.

6. DAX C receives the blocking message , attempts to reroute and

finds the alternate route to DAX F is blocked. DAX C then

signals backward to DAX B that the call is blocked , that the

B-C channel reservation should be canceled and that DAX B

should reroute the ca l l .
7. DAX B receives the blocking message , finds an alternate route

to DAX D requiring the pre-emption of a channel containing an

ex isting call , and signals forward to DAX D its intent to

reserve the channel in the B-D link .

8. DAX D receives the reservation message, trans lates the dialed

digits , finds a primary route to DAX F, signals forward to

DAX F its intent to reserve a D-F channel , and signals backward

to DAX B its agreement to reserve the channel in the B-D link.

9. DAX F translates the dialed digits , finds a route to DAX G,

signals forward to DAX F and backwards to DAX D.

10. DAX G translates the dialed digits and finds that it can termi-

nate the call. Since the called subscriber ’s equipment is

capable of sending an answer supervision signal back to DAX G,

DAX G then sets up to ring the called subscriber and sends a

quasi-associated message to DAX A , via DAX F , D and B , to

return ringback to the calling subscriber.

Figure 3-la depicts the timing of the, message sequences

described above. Examination of 3-lb reveals that the total cross-

network time to establish a cal l does not equal the sum of the

signaling sequences across individual links but is significantly

shorter due to overlapping sequences. For the call described in

Figure 3-1 , the sum of the individual sequence times would be

26N + 26M + 33.5 = 88.5 Frame Periods whereas the actual time to

establish the call is 14.SN + l3.5M + 17 = 45 Frame Periods or
450 MSEC, where :

N one way propagation delay across a link 1

M individual DAX processing time 1.

PR76— 1 3-11



3.1.4.1.2 Channel Allocation Phase

Figure 3-2 depicts the overall CCIS signaling sequence used to

allocate channels to the call set-up in the preceding paragraph.

Again , the acknowledge messages are not shown in order to avoid

confusion.

1. DAX G receives an answer supervision signal from the called

subscriber.

2. DAX C initiates the backward allocation sequence by signaling

backward to DAX F its intent to allocate the F-G channel which

DAX F had requested it to reserve.

3. DAX F receives the allocate message and signals backw ard to
DAX D to allocate the previously reserved D-F channel. DAX F

then signals DAX C its intent to allocate the F-C channel.

4. DAX 0 receives the allocation message , signals backward to DAX B

to pre-empt and reallocate the previously reserved for pre-

emption B-El channel and signals forward to DAX F its agreement

to allocate the 0-F channel. In addition , DAX D examine s the
Status of the pre-empted call , finds that the pre-empted call

utilized another channel in the 0-F link and signals DAX F to

pre-empt that channel. DAX F drops the channel and sends the

pre-empt tone to the pre-empted subscriber (who is local to

DAX F).

5. DAX B receives the pre-empt and re-allocation message from DAX D,

signals backward to DAX A to allocate the previously reserved

A-B channel , and signals backward to DAX El its agreement to pre-

emp t and reall)5.ate the B-D channel. In addition , DAX B

examines the pre—cmpted channel , finds that the pre-empted call

terminates locally and sends pre-empt tone to the pre-empted

subscr iber.

6. DAX A receives the allocate message from DAX B and signals DAX B

its agreement to allocate the previously reserved A-B channel ,

removes the ringback si gnal and connects through to the calling

subscriber , enabling two-way conversation to ensue.

ii
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3.1 .4.2 Breaking Down Class I Calls

An established Class I call may be broke” down due either to pre-

emption or to one of the parties releasing (hanging up) .

Figure 3-3 dep icts the overall CCIS signaling sequence used to break

down the call illustr ate d in  Fi gure 3-1 if the cal led subscriber hangs UI)

fi rst. Note that the forward/backward convention of Fi gure 3-3 is reversed

from Fi gure 3-1 since the sequence is initiated by an action at DAX C.

As in the case of establishing a call , three CCIS messages are

required per link :

a. Request to drop a channel and repack Class I region

b. Response agreeing to drop and repack

c. Acknowledgment of response.

3.1. 2 .3 Precedence and Pre-emption

The procedures discussed in Paragraph 3.1.4 .1 for establishing a Class I

call included a link in which pre -emption was necessary to route the call

over that link . This paragraph addresses the question of precedence and

pre-emption during the backward allocation phase in more detail.

3.1. 2 . 3 .1 Precedence Levels

The DAX network is presumed to handle both Class I and Class II

traffic of various precedence levels. It is our intent to equate

corresponding precedence levels of Class I and Class II traffic in

establishing the rules for pre-emptive Class I traffic. Assume

these corresponding levels to be as follows : (in order of descend-

ing priority)

Class I Class 11

CRITIC
Flash Override ECP

Flash Flash

Immediate Immediate

Priority Priority

Routine Routine

FR76-1 3- 1-1 
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Although the precedence levels are equated in Class I and Class II ,

in cases where calls of equal pre-emptibility exist in both classes ,

we intend to pre-empt the Class II  cal l  f i r s t  because of the dif-

ference in the impact of pre-emption in the two regions . When a

voice call (Class I) is pre-empted , the connection is broken and the

call is dropped , whereas a data call (Class II) is not dropped , but

the data packets are merely delayed and queued for later transmis-

S ion .

In the case of voice calls another question arises due to the

fact that the CCIS messages for handling the call are themselves

handled as Class II data. We intend to assign prece4ence levels to

the CCIS messages as discussed in Sectior 3.2.

3.1.4.3.2 Pre-emption and Frame Structure

Figures 3-4 through 3-9 illustrate the effect on frame structure of

a pre-emptive Class I call. The case discussed is a situation

wherein two consecutive voice calls must be allocated in the Class I

region. These are identified as Voice 51 and Voice 52. Note that

Figures 3-4 through 3-9 do not attempt to identify the CCIS messages

involved with voice calls 51 and 52 as they are considered to be

transmitted in other frames. The figures introduce the concept of

actual and virtual frame structures. Actual frame structure means

what it implies , namely the map of the frame as it is actually

transmitted (or received) on a given link . Virtual frame structure

means the instantaneous - map of the frame as it would have to be in

order to carry the desired t r a f f i c , both Class -I and Class II  and

represents the summation of a l l  allocated Class I calls , plus al l

Class I cal ls  ready for al location plus al l  queued (and ready for

transmission) CCIS and data Class II packets. The actual frame corn-

pr ises the a l lo cated Clas s I cal ls , plus the CCIS and Class II

packets transmitted in a particular frame. When desired frame

capacity is less than maximum frame capacity, the frame wi l l  be

equal in s i ze  and s t ructure to the vi r tual  frame . When the des ired
t r a f f i c  exceeds the maximum capacity of the link , the virtua l frame

w i l l  exceed the actual frame. In t h i s  case , the call either must be
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I
I
I

- -

MAJ V(~~~ START OF .LO MS~EC FRAME

I -

I
- 

- 

/

1 
/~

- - 

S

J ~ L~4SS~~~ ~: _______

-

/ ~tS /_~So /
/

1
I
I ~~~~~~~ FRA,14e 5TRt .dC?t’R~1 8’~PO#~~~ ALLOCAr# ’V’c VOlC~ C4L.1. 51

5022-76E

I Figure 3-4. Actual Frame Before New Class I Al 1c~oation

I FR76-l 3-17



_ / 4;;~\ 
.

-

$44
START OF LO MSEC ~RAM3

~Id “ .. /

~‘ a -  ~O1y~::q - - - 
_ _ _ i ~ ~~~~ 

%C# 
S

-
\ 

- 
-

CLASS m CLASS X.

- 
-5-

- . 
--

.

-5.-

- 
- ‘5

cfr “ q 
-

.40 -

I
1

y IRrwq i. 4$i~ Sr ’? uCrj ,~E /?EQ (.’/RE ~) 7~ ~4~L OCA rE CA~~ ci
5023..78E

Figure 3-5. Virtual Frame Without Overlap .

FR76- 1 3- 18 -

I



I
I.

I START OF LO MS€C FRA ME

I
i i ‘

I ,

‘

~i ,

I N p
N

/

O4 T,~~L
cLm s~~- m - - CLASS .X.-

I
-

-

, /
‘I’
.4” , - -

1! (,
41

‘p

I
I - 

-

r0A(. f,?4fl,e ~f/WCr~iR~ 4Fr&’~ A LLOCAT”VG C-4~ L SL

I ‘Fi gure 3-6. Actual Frame After New Class I Allocation

I
FR76- 1 3-19

- - - —-- —.5--- - . - - . -, -—-- —-



MARkE.*~
START OF LO MS~ C FRA ME

OVERLAP v/irs Nt*r F1~~ q4jf 

-

- 

4
3

•
~~~~~~

i ‘2i

~ I 
/
/ 

/

~~ Ls 4 S S~~~~~~~ I
_ _ _  

-

VO IC E ~ 2 
—

-5— 

-

yO~ 
-

6~ / ~
~~~~~~~~~~~ 

_ _ ,
S
-1
~ /

-

-

-I
_ _ _ _ _ _ _ _  - - ~ri ’c r~~~~ R Q ~’,,~~o 7~ ALL~~CArE c~~ & S2

(cAL~. ~~~~ ~~~~~~ ~‘~~-E~u’r ~~~~ .~c 8LOC?t~~D o& r~’/ ~ ~~ /AJ iC)

Figure 3-7. Virtual Frame wi th  Overlap 5025 76E

FR76-1 3-20

______ -- 
~~~~~~~~ .- ~ . . 

—______



I

I
. f SOF \

I START OF LO MSEC FRAME

I
I . 

-

: 1
- - - - P t

~~~~~

-

VOICE ,
~2 ~-.E~!~&.

e~A~~~ .r

1. v O~
c.
~

_

40r I

,

•)~ ,/

V

. 1
I SrR’.ICTw?( P4cw.~~r 3.

I ALLoc4 r~.v~ voicE C’IL& 5~2 
-

—— 5026—76E

Figure 3-8. Actual Frame After Class II Pre-emption/New Class I Al location

I
FR76 -1 3-21

I



. START OF LO M~EC FRAME

7I?4

/~ ~~~~~ 
-
,‘
:

~~~\ /
~~~~0 . t

- -

\

.1 
-— C~~~’S:I ,~~

_~~ 2 -
- -5-

‘Jo
-

~~~ “

I

c_cc, ‘

‘I

40 ,, ,~
/ -~- I
/ ~~ 

- ‘~- 
~~~~ / _~~

J

0 1

AC T(IA L FRAr~,E 5T,?uCTVR~ AFf~~ PRt.gA-7,~r,,V~ Vc?icl CA~~ .~~~

A4-Lo~~4rnv€ Vt,,C~ C~~L~ 52 -
5027-76E

Figure 3-9. Actual Frame After  Class I Pre-emption/New Class I Allocation

FR76-1 3-22

1
- 

~~~-rs~~~,~ r -- -



I
I

blocked or mus t pre-empt an ongoing call (or calls) in either the

I Class I or Class II region .

I In the example Figure 3-4 shows the actua l frame structure in
the frame period before voice call 51 is to be allocated , and

Figure 3-5 shows the virtual frame structure required to allocate

I voice call 51 in the subsequent frame period. Since the virtual
- frame can fi t satisfactor ily within the 10 msec frame period the

actual frame map is adjusted to conform to the virtual frame. This

is shown in Figure 3-6.

I Nex t, in a subsequent frame an allocation request is made for
voice call 52, resulting in the virtual frame structure shown in

I Figure 3-7. It can be seen that the virtual frame exceeds 10 msec,

resulting in frame overlap. Therefore, unless the new call can pre-

empt an existing call either in the Class I or Class II region, it

I must be blocked. If the call were to be blocked , the virtual frame

would revert to the configuration of Figure 3-6

I Figure 3-8 dep icts the virtual and actual frame structures that
would result if data call 3 were to be pre-empted to make room in

the frame for voice call 52. If, instead , voice call 2 were to be
pre-empted , the resulting virtual and actual frame structures would
be as shown in Figure 3-9.

3.1.4.3 .3 Selection of Calls to be Pre-empted -

A general criterion for pre-emption is that pre-elnption will be

f done in reverse precedence order. Within this framework several
t rade-offs may be identified.

I Given the overall system objective of maximizing frame utiliza-
tion, it would seem reasonable to attempt to pre-empt a call of the

I lowest precedence with the same baud rate as the pre-empting call.

This would minimize the pre-emption of more frame capacity tha n

I actually needed to accommodate the new call and would also minimize

the number of individual calls pre-empted .

I There is an undesirable aspect to this approach , however , in
that pre-emptibility would be inversely proportional to commonality

I FR76- l 3-23



of equipment . The subscriber with the most unique equipment need

fear pre-emption the least even though class-marked for low prece-

dence calling privileges. Given that the least important subscribers

in a networ re usually the last to receive advanced equipment ,

this aspect may t s. d to make the more important subscribers more

vulnerable ~o pri’ emption .

The approacn that is current ly proposed is to pre-empt at the

lowest precedence level starting from the beginning of the frame,

without regard to the baud rate. Given the drop/insert appraoch

discussed in task B3, this will result in pre-emption of the longest-

established calls first.

3.1.4.4 Preventing Precedence and Security Violations

Precedence and security classification violations will be prevented by

the use of classmarks . Each subscriber in the network will be assigned

both originating and terminating classmarks. Originating classmarks

describe the maximum precedence level at which the subscriber may initiate

a call and also the maximum security classification of the call. Terminat-

ing cl assmarks describe the maximum security classif ication of cal ls  wh ich
the subscriber may receive. Therefore, call- precedence is screened at the

originating switch when the call is initiated . Once the call is established

however , all terminat ions and interswitch channels involved in the call will

be protected against pre-emption at the precedence level at which the call

was placed. Call security classification is screened at both the originat-

ing switch and the terminating switch . Screening at the terminating switch

will be done prior to ringing the called subscriber.

Both precedence and security classification will be carried by
“traveling class-marks” contained in the CCIS messages . -

Inter-DA X trunks are assumed to be classmarked for unrestricted prece-

dence and security privileges.
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3.1.4.5 Route Selection for Class I Calls

In general , Class I voice calls are initiated by a subscriber dialing
a directory number into the DAX on which he is homed (orig inating switch).

The call must then be routed to the switch on which the called subscriber

iS homed (terminating switch). It is assumed that a uniform numbering plan

will be incorporated which permits the call to be routed deterministically,

rather than by a saturation search technique . A typical example might be a

number ing pl an , wherein the subscriber dials from 7 to 11 digits of the
form :

I
Where P is the precedence digit (e .g .  Immediate)

NAN is the area code -

YYY is the station code
XXXX is the individua l subscriber number

The originating switch would examine the dialed number starting with the
NM-i (Area Code) by searching the stored area code directory table for a
corresponding entry. If a match is found with the home area code , then the
station code exchange directory would be searched for an entry correspond-

ing to the YYY . If the NAN matched a fore ign ar ea code , the call would

have to be routed to an adjacent switch over a trun k (l ink) as ind icated by
addi tional information contained in the direc tory table for each fore ign
area code. If multiple routes to the terminating swii ch exist (usually

expected to be the case) , one of the routes out of the orig inating switch
wi l l  be designated as the primary trunk and another as the first al ternate
trunk and so on. Having ascertained the potential routes that may be taken,

the switch must then select one . The process of selecting the route ideally

wil l  be made powerfu l enough to permit flex ibil i ty in selecting the routes
not only on the basis of the called party directory number but also on the

basis of individua l call characteristics such as precedence level , securi ty
classification , ba ud rate , etc. For example , in one instance it may be
desi rable to search for idle channel capacity in the primary trun k , then in

the first  alternate trunk and then go back and search for a pre-emptible
channel in the primary trunk . For a differen t call  it may be desirable to
search fi rst for idle channel capacity and then a pre-emptible channel in
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the primary trunk before moving on to the secondary .

3.1. 1 .5.1 Routing in the Forward Direction

In the forward phase of a call a potential route is established

from calling to called party and capacity in the interswitch frames

along the route is reserved for that Class I call. That reserved

capacity must be taken into account together with all allocated

Class I channe 1 s (i.e., existing on-going voice calls) in forward

routing of other subsequent voice calls. The reserved capacity may

be used for Class II traffic until such time that a channel is allo-

cated for the call when the called party goes off-hook (answers the

call). -

The overall reserved route at the time the call reaches the

terminating represents the route over which the voice connections

will probabl y be established.

3.1.4.5.2 Routing in the Backward Direction

It is not until the called subscriber has been rung (or goes

off-hook if his equipment is capable of sending answer supervision

to signals to the DAX) that a channel must be allocated in the

Class I region of each trunk in the route starting at the terminat-

ing switch and work ing backward to the originating switch , thus

establishing a two-way voice path between the calling and called

subscriber. Generally speaking, this voice path will follow the

route wh ich was reserved dur ing the forward phase of the ca l l .

The situation can be complicated by the existence of Class II

data . Suppose for example that during the backward allocation one

of the switches finds that it cannot allocate the new Class I channel

because of a large amount of Class II data ready for transmission

over the t runk (link) and that the Class II data is of equal or

higher precedence level than the Class I call in question. At this

point severa l alternatives are available to the switch :
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p a. The switch may delay the channel allocation in anticipation

I that the Class II data will be rapidly transmitted and will

recover s lowly;

I b. The switch may alternate route the call over a different trunk

not previously involved in that call;

I c. The switch may block the call and send CCIS messages both for-

- ward and backward to free the channel capacity previously

‘ 
reserved for that call;

d. A sequential combinat ion of the above.

If alternative d is taken, the adjacent switch (toward the called

I party) could then also take alternatives b and c and this sequence

of events could cascade all the way back to the terminating switch

I at which time the cal l would have to be blocked and blocking tones

returned to both called and calling subscribers.

I
I
I
I
I
I FR76 - l 
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3. 2 TRAFFIC (:oN l W)I. PROCFDURES

3.2.1 Problem

‘I’he Class II reg ion of a master frame is used to carry both packetized CCIS

me~sages and packetized data traffic such as interactive data and hulk data trans-

fers . iThese packets , diffe r from the “voice channels ” of the lass I region , in

many respects. The major differences are :

a) The si~~tched channels of the  C las s  regions are established on

a call basis , i . e . ,  a fixed number of hits are transmitt d in the

(‘lass I region of every frame from the time the call is established

to the time the call is broken down . In contrast , the data packets

of the Class 11 region are established on an as-needed basis , i.e.,

as data messages are received a packet is formed and the required

number of bit slots is assigned in the Class II region on a First-

In/First-Out by precedence basis for only that frame in which the

message is to be transmitted .

h) The Class I switched channels contain no link or network contro l

information . The bits in each channe l pass through the switch

unaltered. (The control information is contained in CCIS Message

packets transmitted in the Class II region.) The Class 11 data

packets (including CCIS packets) are self contained in that each

pack-~t includes the necessary link and network control information

for handling that packet.

The problem addressed in this section is to analyze the, vari ous functional

requiremeats and define a set of contro l procedures which will permit efficient

interming ling of data traffic having mixed precedences and security classifications

without viol ation in either area.
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3.2.2 ~~j~’ctives

To define a set of data traffic control procedures which will permit:

1. Accurate transfer of packets across a link in a manner which

insures detection of and recovery from transmission errors .
- 

2. Distinguishing CCIS packets from data packets.

3. Routing of data packets towards their ultimate destination .

4. Minimizing the cross-network delay based on precedence level of

each data packet so that highest precedence data has the least

delay .

5. Handling of Class II traffic of mixed precedence levels .

6. Pre-emption of lower precedence calls (Class I and Class II) by

pre-emptive data traffic.

7. The prevention of precedence and security classification violations .
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3.2.3 ~pproach

The approach towards meeting the objective s stated above is

discussed below .

3.2.3.1 \ccuritc Transfe r of Packets Across a Link

In order to prevent the loss of data due to transmission errors , a positive

in t ra- l in k si gnalling scheme is required which provides for detection of trans-

mission errors and a means of receiving from such errors , either through forward

e r r o r corrc~ tion (FI C) techniques , automatic-repeat-request (ARQ) techniques or a

combination of both . The ADCCP packet format which has been proposed for use in

the D\X (Ref Sec . 2 1 )  permits ai’I ARQ capability which will satisfy this objective .

3.2.3.2 Distinguishing CCIS Packets from Data Packets

Because CCIS packets are processed differently by a DAX than are data

packets , a I)AX must be able to distinguish between the two types of packets . In

order to reduce the processing load , it is desireable to make the recognition pro-

cess as simple as possible. This will be true regardless of whether a distributed

or centralized processing architecture is implemented. The recommendation was

made in Sec. 2.4 to use a bit in the packet address field as a CCIS flag , and that

recommendation is also made here .

Another way in wh ich CCIS packets might be distinguished from data packets

is by their relative positions in the Class II region . In order to minimize the

number of packets headers that are examined in searching for cçis messages , it has
been suggested that a superprecedence leve l he assigned to the CCIS packets and

that they be located (continguousl y, in the case of multiple CCIS messages) in the

beg inning of the Class II region . Thus when the first non-CCIS (data) packet is

encountered , it could he assumed that there were no more CCIS packets from the

frame , thereby minimizing the search procedure . It is conceivable that in some

cases such a scheme could result in a one frame delay in transmitting a critic data

packet out of the  next  node due to the timing relationship of the incoming and out-

go ing  t runks .  Such a delay might or might not be tolerable.

FR7 6-l 3-30



I
I

I A refinement might be to assign the precedence level of the associated

Class I call to the CCIS packet when determining the availabil ity of capacity in

the frame and if capacity is available to assign an artificial precedence level

(perhaps FLASH) to the packet to determine where in the Class II region the mes-

I sage is placed. This scheme might represent an acceptable compromise between

mi,nimizi ng network delays of some intermediate-leve l data packets and minimizing

I 
processing overhead.

In summary , CCIS packets will be made identifiable by a bit in the second

I field of the ADCCP format with possible use of relative location in the Class II

region to identify the CCIS packets in a frame .

1 3.2.3.3 Routing of Data Packets

As in the case of Class I switched traffic , Class II packets must also be

I routed through the network from the originating (or source) switch to the ter-

minating (or destination) switch . This does not apply , of course , to calls bet-

f ween two subscribers homed on the same switch .

The routing function for Class II traffic diffe rs from that for Class I

traffic in two important aspects discussed below .

I

I
I
I
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3.2.3.3.1 Routing of Class I traffic is accomplished during the Call Initiation!

Channel Allocation Phase , and all subsequent conversation or data travels over

the same route through the network , i.e. over the same interswitch l inks , for

the duration or the call. Routing of Class II traffic is done on a per-packet

basi s , i . e .  each packet  may be routed independently of other packets associated

with the same call.

The routing scheme proposed for Class I traffic (Section 3.1) incorporates

an alternate routing capability accomplished through the use of routing tables

stored at each swi tch . These tables  define primary and alternate routes from that

switch to every other switch in the network . A Clas s I call will always be routed

over the primary route if pos sible , then the first alternate route , etc. The

routing table at each switch is unique to that switch and is fixed (i.e., the pri-

mary route to a given destination switch is always , the pr imary route , the first

alternate is always the first alternate , etc.).

The routing scheme proposed for Class II traffic will incorporate an

adaptive routing capability somewhat equivalent to the alternate routing for Class

I traffic . In this case however the Class II packets (except for CCIS) will be

directed to the route which has the smallest predicted delay from the switch in

question to the destination switch . The predicted delays to each destination switch

will he contained in a table which is updated periodically. A technique being

considered is the routing algorithm as it exists in the ARPA network today .
[33]

~~
[46]
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This technique which is still in the evolutionary stage might require further
- 

- I 
modifications or refinement to accommodate the precedence levels handled by DAX .

For example,  the ARPA algorithm uses quein g delays as a factor in calculating

predi cted overall delays. In a network carry ing data traffic of various precedence

I l evels , the actual queing delay would be dependent on the procedence level of the

packet being routed. It is not knowi~ at this time whether the algorithm should

be expanded to include this factor or whether it could be safely ignored. Further

analysis is necessary.

3.2.3.4 Minimizing the Cross-Network Delay Based on Precedence Leve l

Data packets will be serviced and retransmitted on a FIFO basis within

precedence levels. A packet que~ie will be constructed for each outgoing trunk and

I 
will be emptied out (transmitted) in order of decreasing precedence . The queue

wi ll be represen ted by a linked list for each precedence leve l in which each entry

will represent one data packet. The last entry of the list for each precedence will

l ink to the first entry of the list for the next lower precedence level. CCIS

packets w i l l  have precedence levels assigned as described in Paragraph 3.2.3.5.2 , and

thus will be merged into the Class II region of a frame after data packets of

h igher precedence level and before data packets of equal or lower precedence level.

3.2.3.5 Class II Precedence Levels

f As mentioned earlier, the Class II region can contain two types of traffic;

data packets and CCIS message packets . The question of precedence and pre-emption

for each type of packet is treated separately in the following paragraphs.

1 3 . 2 . 3 . 5 . 1  Data Packet Precedence -

r Since interswitch data packets are the vehicle for transferring the actual

cal l  data as well  as the in tersw itch/ne twork con trol informa tion , the precedence

level of the data packet is always the same as the precedence level of the Class II

J ca l l .  I t  is our intent to equate corresponding precedence levels of Class I

(switched) calls and Class II (Data) calls in establishing the rules for pre-emptive

I traffic. Assume these corresponding levels to be as follows:

(in order of descending precedence)

I
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Class I (Voice) Class II  (data)

- - - - (none)  W (critic)

FO (F lash Overr ide) Y (ECP)

F (Flash) Z (Flash)

I (Immediate) 0 (Immediate)

P (Priority) P (Priority)

- 
R (Routine) R (Routine)

3.2.3.5.2 CCIS Message Packet Precedence

CCIS packets are the vehicle for transferring only interswitch/network

control information about a Class I call. The actual call data is carried in the

Class I region . Thus, two separate precedences must be considered: -

- a) The precedence level at which Class I transmission capacity is

reserved, allocated , and protected from being pre-empted. This is

cal led the natural precedence level and is the level at which the

subscriber initiates (dials) the call.

b) The precedence level used in transmitting to another DAX , the CCIS

messages associated with the Class I calls. Figure 3-10 shows the

precedence levels that will be assigned to CCIS messages as a func-

tion both of dialed precedence levels and the type of CCIS message

to the transmitted. The rationale behind Figure 3-10 is discussed

below .

Let us start with the assumption that in general CCIS message-packets

associated with a (lass I cal l should carry the natural precedence of the call as

initiated by the calling subscriber. This can be justified by reasoning that the

signalling for a Class I cal l is neither more nor less urgent than the call itself.

Now let us further assume that if a CCIS message does not initiate an action that

will result in modifyi ng the map of the Class I region that Class I call s should

in general never be pre-empted in order to transmit that CCIS packet , but that

Class IT packets may be pre-empted if they are of lower precedence than the CCIS

packet. This is reflected in Figure 3-10 , columns 3 and 6 of which show that the

natura l precedence levels assigned to those CCTS messages apply to pre-empting Class

II packets only; the CCJS messages are of routine precedence with respect to the

Clas s I region .
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Next , consider the type of CCIS message that initiates an action that will

result in allocating a new channel in the Class I region , namely answer back
messages. I t  i s  proposed to assign the natural precedence level of the call to the
answer back messages , pre-empting in the Class I region if necessary. Since the

weighted Class I channel size is on the order of 150 bits and the answer-back CCIS

message packets is on the order of 120 bits , in most cases the Class I call that

is pre-empted for transmitting the CCIS message would have to be pre-empted to

fit the new channe l into the Class I region anyway .

Finally, consider call release messages , wh ich resul t in Cl ass I channe ls

being dropped. In this case , the natural precedence leve l of the released call

is meaningless because the call has terminated anyway . It is proposed to assign

an arbitrary level of FLASH to call release messages , to apply to the Class II

region only, so as to facilitate DAX retrieval of transmission capacity as quickly

as practical .

A unique situation can arise when the Class I traffic fills the entire frame

to the point where the Class II region is not large enough to contain a CCIS message .

In such a case the system would be locked up forever unless some prov ision were

made to transmit a CCIS message to handle release calls . This situation is called

the lock-up condition and is discussed in Paragraph 3.6.

3.2.3.6 Pre-emption

This paragraph addresses the problem of handling pre-emptive Class II

traffic. Pre-emptive data packets are discussed in 3.6.1; pre-emptive CCIS message

packets are discussed in 3.2.3.6.3. 
-

3.2.3.6.1 Pre-emptive Data Packets

A data packet of a given precedence level may pre-empt packets of lower

precedence levels or voice calls of lower precedence levels (Ref. 3.2.3.5.1). However,

pre-emption of a lower level data packet may cause that data packet to initiate pre- J
emption of a voice call in a subsequent frame . This situation is illustrated in

Figure 3-11 which  depicts a frame in which the Class II region is not large enough to

include all data packets which are queued for transmission . The data packet queue

to the right hand side of the figure contains the linked lists representing the

Class II data packets available for transmission at the first opportunity . Within
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each linked list , the data packets are time-ordered on a FIFO basis. Within

the queue , the linked lists are ordered by precedence from highest to lowest.

The transmitted frame is shown to the left of Figure 3-11. It can he seen

that only part of the data packets can be accommodated within the Class 11 region,

and that the remainder of the data packets must either be delayed or nvst pre-empt

a Class I call (or calls) of lower precedence level . If we assume that the pro-

cess of pre—empting an existing Class I call cannot be accomplished instantaneously I
due to the interswitch handshaking required to coordinate remapping of the Cl~iss 1

region (on the order of 8 frames), then it is evident that a date packet which I
pre—empts a Class I call is also delayed. Thus , two possibilities exist for handling

a delayed data packet. In order of preference they are~
a. The packet may merely be delayed until the hi gher precedence Class iT

data has been sufficiently cleared out (Transmitted) .

b. A Class I pre-emption sequence may he initiated.

Further study is required to evaluate the optimum usage of a and b. For example ,

assume there is insufficient room in the Class II region to transmit a packet of a

g iven precedence lev e l and si ze , but sufficien t room to transmit a smaller packet

of lower precedence level. Technically speaking, it is perfectly feasible to trans-

mit the lower precedence first if the higher precedence won ’t fit , but the accept-

ability to the customer of such a scheme can be a determining factor and must be

evaluated . Alternate methods of maximizing Class I I  u t i l i za t ion  are discussed in

Paragraphs 3.2.3.S and 3.2.3.9.

3.2.3.6.2 Pre-emptive CCIS Message Packets

The discussion of pre-emptive data packets in Paragraph 3.6.1 also applies

to CCLS packets with one important exception . Certain types of CCIS messages will

not he permitted to prc-emp t Class I (voice) calls , as indicated in the discussion

of CCIS message packet precednece (Ref Par 3.2.3.5.2) and in Figure 3-11 .

3.2.3.6.3 The Lo~ k - t J ~~ Cond i t i on

The lock-up condition would exist when the entire frame was filled with

CLiss I traffic t o the point where the available Class II region would not be

large enough t o  contain a CCIS message. In this situation , it is apparent that our

current method of pre— empting or dropping previously allocated voice channels via an
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exchange of CCIS messages across the trunk in question will not always work . While

it is true that quasi-associated cCIS messages could be exchanged over alternate

routes , there is not quarantee that an alternate route will always be available.

Therefore, either some alternate method of transmitting CCIS messages must be

devel oped , or ~1se the lock -up condition must be avoided in the first place. The

method of avoiding the lock-up condition is simple enough--never transmit a CCIS

message that will result in the entire frame being allocated to Class I traffic.

An alternate method of transmitting CCIS messages during a stress condition

has been considered. The CCIS message could be transmitted in the Class I region

by momentarily interrupting an appropriate number of contiguous voice channels , pre-

ferably of lower precedence levels than the CCIS messages . The affected voice calls

would appear to the associated subscribers as noisy channels for one frame interval

(10 msec) but the calls would not be dropped. This method conceivably could be

extended to data packets as well , thus making it unnecessary for a Class II data

call to ever permanently pre-empt (drop) a Class I voice call.

Transmitting Class II packets in the Class I region is a possibility hut

incurs certain drawbacks. The drawbacks relate to the problem of recogni zing a

data packet contained in the Class I reg ion by detecting the flag sequence and the

problem of rejecting false alarms caused by simulation of the flag sequence by the

random bit stream of the Class I voice calls 
- 
The first problem results in added

processing complexit ies at the receiving DAX (software and possibly hardware as

well). The second problem results in added processing load (time burden) at the

receivin g DAX. For these reasons, this approac h is not recommended at this time ,

although it can be given further consideration in the future, if this seems

desirable .

3.2.3.7 Establishing a Class II Call

This paragraph describes a procedure for establ ishing a typical  terminal

to computer Class II call through a hypothetical network . The network connectivity

and l ink ava i l ab i l i ty  was chosen to be the same as the example used in Figure 1 of

Section 3.1 to f ac i l i t a t e  a direct  compari son of Class I and Class II procedures.

The sequence of events is shown on Fi gure 3- 12 but a few words here are in order .

I
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I
Notice that Figure 3-12 shows an acknowled ge packet for every control and data

packet. This is because in our example we are considering the packets only for t - e

particular call in question . ADCCP procedures provide for summary acknowledgements

of groups of packets , wh ich would be the case if multi ple calls were being handled

simultaneous ly, but not in this example. In addition , note that the F)A~ F to DAX C

link is blocked initial l y, and then subsequently becomes available. In  our
examp le , the flAX F to I)AX F) link is also blocked , and so I)AX F delays

(queues) the call initiate packet for later transmission. The call illo s-

ti.s ted is from a terminal homed on flAX A to a computer homed on flAX C. ‘Ihe

sequence of events described in Fi gure 3-12 is:

1) The calling terminal homed on flAX A initiates a call to the computer

which is homed on flAX G. DAX A allocates a message buffer to the

r terminal , translates the dialed number , and determines that the

computer is located at flAX C. flAX A then looks in its routing table

and determine s i:hat the primary (mi~~iirthII delay) route is o~er the

DAX A--DAX B l ink . (Alternate routes out of flAX A are not shown in

Figure 3-12).

2) DAX A then generates a call initiate packet addressed to flAX G , and

transmits the packet to DAX B which acknowledges receipts of the

call initiate packet by transmitting dii acknowled ge packet backwards

to DAX A. The purpose of the call initiate packet is twofold:

a) It requests the terminating switch (flAX C) to allocate buffer

capacity to the call and to inform flAX A when the buffer

has been allocated.

b) It permits the originating switch (flAX A) to determine the
4

availability of the called computer before accepting a message

from the terminal. (The computer may he down or otherwise

u n a v a i l a b l e . )

3) DA~ R then examines the address contained in the call originating

packe t , indexes into its routing tables , finds t se primary ruute is

to DAX C, and transmits the packet to [‘AX C which subsequently

acknowled ges recei pt of the packet. flAX B then discards the packet.

4) flAX C in turn transmits the packet over the primary route to flAX F

md , after receiving an acknowledgement from DAX F , discards the

packet. Note that the tandem DAXs oi ly need retain the packet long

enough to determine that the packet has been received correctly by the

next switch . Message accountability is maintained only by the

ori ginating and terminating I)AXs (A and C).
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~) F A X F f i n d s  the  p r i m a r y  (F-C)  l i n k  blocked , and queues the c a l l

origi na ting packet for subsequent transmission . Eventuall y, frame

capacity becomes available for the queued packet and i t  is t r a n s m i t t e d

to [‘AX C which ~icknow l edges receipt of the packet. flAX E then

di scards the packet.

6) ‘Ax C detects that the packet is addressed to itself and finds the

dialed computer number in its local directory . flAX C then signals to

the computer and receives an answer. Upon determining that the con-

puter is avai lable , l)AN C allocates the buffers as required by the

c a l l  i n i t i a t e  p a c k e t .

7 )  I ) AX C then generat -; an answer packet addressed to I)AX A confirming

both  the  b u f f e r a l l o c a t i o n  and the  a v a i l a b i l i t y  of the compute r for

r e c e i v i n g  a call. The answer  p a c k e t  i s  then t r a n s m i t t e d  ove r the

p r i m a r y  route , in  t h i s  examp le  to FAX I .

8) [ A X  I routes  the  answer  packet  to FAX C , receives an acknowledgement ,

and d i s c a r d s  the p a c k e t .

9) [‘A X C routes the  answer  packe t  to I ) AX B , receives an acknowledgement ,

and d i s c a r d s  the  packe t .

10) FAX B routes the  ans~s’er packet  to flAX A wh ich  acknowled ges recei pt

of p a c k e t  to FAX R and  notes  the b u f f e r  a l l o c a t i o n  to FAX G.

1 1 )  ‘AX A t hen  removes the  o r i g i n a l  c a l l  o r i g i n a t i n g  packet  from i t s

a c k n o w l e d g e  t i m e - o u t  queue and sends an answer  message to the t e r m i n a l ,

a u t h o r i : i n g  t h e  t e r m i n a l  to send the  f i r s t  message .

12) Upon r e c e i p t  of the  f i r s t  message  from the t e r m i n a l , FAX A reforms

t h e  mess age i n t o  t he  r equ i r ed  number  of packe t s  (~ 1) and routes the

p a c k et s  i n t o  the  n e tw o r k  v i a  1)AX B.  Each packet  is rou t ed  i n d i v i d u a l l y .

and may a r r i v e  at t he  t e r m i n a t i n g  s w i t c h  ( [lAX C) n o n - s eq u e nt i a l l y

and o v e r  d i f f e rent  i ’out es d e p e n d i n g  on t r a f f i c  l o a d i n g  and dy n a m i c a l l y

up d a t e t .l r o u t i n g  t a b l e s  t h roughou t  the  ne twork . The i n d i v i d u a l  p a c k e t s

ar ’ a c k n o w l e d g e d  to the  t r a n s m i t t i n g  ( t andem)  L 1AXs as they a:c routed

ove r the various links.
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13) When DAX C has received all packets associated with the message ,

it reassembles and if necessary depacketizes the message and trans-

mits it to the computer. After transmission to the computer has

started , FAX C also trans inits a request for next message (RFNM) back

tcwards FAX A. If another message is waiting for transmission to

DAX A the RFNM may be piggybacked on it.

14) When the computer response to the first message is received at FAX C ,

( that message is packetized and sent through the network to [)AX A and

the call continues a message a~ a time as described above.

3.2.3.8 Partial Packets

Our approach thus far to transmission of Class II traffic has been to trans-

mit onl y whole packets in any given frame and to pad the remainder of the Class II

region w ith idle bit sequences. This approach has no adverse effect on frame

utilization as long as all of the Class II data and CCIS packets ready for trans-

mission will fit into the current frame. In cases where there is not sufficient

capacity in the Class 11 region of a given frame to hold all of the queued packets ,

some frame capacity will be wasted because only rarely will the number of available

hits be exactly equal to an integral number of packets. These wasted bits therefore

will decrease average frame utilization under heavy traffi c conditions. Even

worse is the fact that under some conditions of heavy Clas s I traffic , some long

packets may experience inordinatel y long queuing delLys due to long holding times

of C la s s  I c a l l s .

A concept has been formulated which would permit transmission of partial

packets. Unde r this concept , any residual Class II capacity too small to contain

the next whole packet would be used to transmit a portion of the next packet . At

a minimum , the partial packet would contain the flag (F), the address (A)’, and

control (C) fields in order to simplify processing at the receiving FlAX. At  a

maximum , the partial packet would contain F, A , C and part or all of the I fields;

the frame check sequence (FCS) would not he split across two successive frames.

An example of the partial packet concept is shown in Figure 3-13 . In the( exa~nple shown , data (or CCIS) packets 1 , 2 and 3 are queued for transmission a t  the

start of frame N in which there is sufficient capacity only for packet 1 with some

number of hits to spare . Packet I is transnitted in its entirety in frame N ,
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followed by the F, A and C f i e lds  and part of the I f i e ld  of packet 2 , followed by
the start of frame sequence (SOF) for frame N + 1. The receiving DAX will recognize

that P2 is a partial packet by virtue of the fact that an SOF was detected without

first seeing an end flag sequence (FCS, fo l lowed by F) for packet 2. The receiving

DAX will defer processing of packet 2 and will anticipate receiving the continuation

of the packet at the start of the Class II region in the N + I frame . When the

las t portion of packet 2 has been received in the N + 1 frame , the FCS is used to

I check the entire packet , and only then is packet 2 ACKed or ARQed , thus supporting

I standard link error control procedures.

I As indicated by Figure 3-13 the proposed concept involves the use of a flag

sequence as a delimiter between the Class I and Class II regions. This delimiter is

in addition to the flag sequences used to delimit the individual packets. The

reason for this is to facilitate handling of pre-.-emptive Class II traffic and to

- 
permi t pre-emption of the partially transmitted packet 2 by a newly arrived packet

of higher precedence level. Thus, if a double flag sequence were to be detected at

the start of the Class II region in the N + 1 frame, the receiving DAX would discard

the stored partial packet , and the transmitting FAX would have to retransmit packet

2 at the first opportunity .

It is interesting to note that in the case of extreme ly heavy Class I

traffic the transmission of a complete packet need not be limited to two frames,

but could ue stretched out over many frames . Further investi gation would be required

to make optimum use of this characteristic.

3.2.3.9 Split Packets

An alternate approach to the partial packet concept is the split packet

concept . In this approach a packet could be split into two or more smaller packets

to obtain a better packing of the Class II region . Each of the smaller packets

would have its own F, A , C and FCS fields . This approach migh t be advantageous

under conditions of high transmission errors or heavy pre-emptive traffic because

of reduced retransmiss ions , but does require more overhead , in addit ion to increased
processor complexity. This approach is not recommended at this time but may be

I reconsidered in the future .

I
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3.3 DROP / INSERT CAPABILITIES

3.3.1 Problem

The traffic—carry ing portion of a master frame will be

sstdivided Into two r e g i o n s — — t h e  Class I region which

~‘a~’nies circuit—switched data and the Class II region which

carr ies packetiz~’d data. This task addresses the problem

of’ - -sr,trollIns the Class I/Class II boundary as circuit— 
*

s t - ~ h ’ i  calls are established and cleared . Stated more

s~~ec ifically, ~~r problem Is to develop a concept for

~~~~~~~~~ and i n s e r t i n g  c i r c u i t — s w i t c h e d  channels  In the
Class I region.

3 . 3 . 2  Objectives

Any ~~~ceiure for accomplishing Drop/Insert Capability

msst :‘ors~ J y  ;~it~, the following objectives:

a. pLra~~c ,~rtth negl igible error . AS long as the

m a s t~~r’ ?ramc - remains synchronized , the location

a~;~l w i~~th of each circuit—switched channel must

be known in order to prevent spurious cross—

connec t~ ons between subscriber calls.

h. Cr -rate ~~thout disrupting the time transparency

of the DAY 1j  ongoing circuit— switch calls.

~-x i sting calls should not be in te r rup t ed  whil e’

a~ding or dropping a channel or compacting the

Class i r~:gion. To do so would Inti’oduce noise

and risk losing cr’ypto synch.

c. Operate with the minimum amount of transmission

overh ead . The average number of bits per master j
frame required to Identify each circuit—sw itched

channel should not be excessive.

d. Operate with the minimum amount of processor

overhead . The processing resources required to

maintain t h e  glass I region map should not be
exce ssive.
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I
e. Operate with max imum expediency: circuit—switched

ca l l s  should be inserted as quickly as practical

so as to minimize connection time; on termination ,

calls should be dropped as quickly as practical

so as to permit the system to reclaim and reassign

the previously—required bandwidth. (Information

capacity)

3.3.3 Approach/Progress

The current concert for providing drop and insert

capab i l i t i e s  is based on the following assumptions which

are consistent with the arproaches of Section 2.1 , 2.3, 2.4

and 3.1:

a. Circuit—switched chanrs~-ls will be continguously

located In the Class I region of a master frame .

b. The Class I region will contain only circuit—

switched channels , i.e. No data packets.

c. Dropping and insertion of Class I channels will

be accomplished through the use of CCIS message

packets transmitted in the Class II region.

d . Strict inter—DAX protocol will be observed in

maintaining the Class I maps for a given link

in each transmission direction . A DAX will

never modify the Class I region without first

notifying the adjacent DAX and receiving confir—

matlon from the adjacent DAX of its agreement to

the change . -

The proposed Drop/Insert procedures are discussed

below :

3.3.3.1 Channel Insertion

When a s w i t c h e d — n e t w o r k  c h a n n e l  mus t  be a l loca ted  to
a new call , it Is proposed to always add that channel to the

end of the Class I region , thus displacing the Class 1/

Class II boundary toward the end of the frame by a number

I
FR76-1



of bit slots equal to the number of bits (per frame) of

the new channel. This approach minimizes the amount of

control information that must be transferred across the

l i n k , and also minimizes the amount of internal bookkeeping
at each DAX , since the Class I map need not be modified ,

tut only extended . Note , however , that the Class I region

will never be permitted to extend beyond the point at which

frame lock—un would occur (Ref. Section 3.2).

In addition to specifying the width of the new channel

In the CCIS Allocation Message , we propose to also include

the starting address (bit position in the master frame).

Although the starting address is redundant , it will be used

for on—line detection of Class r map errors. The CCIS message

sequence for channel insertion (allocation) is described in

Section 3.1.

3.3.3.2 Channel Dropping

When a switched—network channel must be dropped , the

Class I region will be recornpacted at the same time the

channel is dropped . The recompacting will be accomplished

by subtracting the width of the dropped channel from the

starting bit position of each channel in the Class I reg ion
w h ich  Is later than the dropped channel. Thus the Class I

r - gton wi ll always be compacted toward the start of frame .

n t’~o cont iguous channels must be dropped , channels later

than tl~ second dronped channel will be advanced by the

comb tr width of both dropped channels , and so on. In the

case of chanr~ ’l dropping, only the inter—DAX ’channel number

need h~ pecified , but it is proposed to also include the

starting ar i c l I ’eSS arid channel width for use In on—l ine d~ tec—

tic- ri eC rririr -rrel’s

The CCIS message sequence for channel dropping is

de scribed in Section 3 .1. It should be noted that reallocation J
of c-n— geing channels due to the dropping of a t e rmina t ed

channel requires CCIS messages only with respect to the

FR76-1 3-48

- - -

~~~~~~~~~~~~~~~~~~~~~~~ 1



I

terminated channel; the reallocations ar’e accompli:r~~ i

I automatically by both originating and termir.at~~r~~ P -A X ’ s
w i t h o u t  n e c e s s i t y  of a d d i t i o n a l  OCIS rnecs;iges.

3.3.3.3 Channel Pre-emption

In handling pre— emptive traffic ~t wIi l . :‘-  i ’~ s ~e

I necessary to pre—empt (drop) one cx - rrs~~’e ch a t . r ’- i s  al~ - ‘~~~~~e ’j

to existing calls in order to m a k e  room ~~~ a c b o r r s -  I

a l l oca t ed  to a cal l  of h i g h e r  p r e c e d e n c e .  L c ’  5-

for  pre—empting channels for reuse will be to ir rp ~ r,e

p re —empted  channe l s  and compact  t he  frame  r ’ e -  p~ r’agrar h

3.3.3.2 and to insert the new channels at the end of the newly

compacted Class I region as de-scr~ ° i  ~n~~~- ’ - ~’srh 3 .3 .3.1.
V

however , a unique CCIS message will be ief’ine- d for’ Pr’- —

ernpt For Reuse ” to avoid hav ing to ~‘x’hong e sec~~ r~~~ i]

T message sequences for both the drop and t h e n  t h e  in se r ’
1. functions.

r For reasons of processing economy it h: nlan:c~-i to

search for channel capacity wh ich can be p r - —en ~~~e i  wit’ h~
the lowest precedence levels starting Iron 4be b e g ir nitg

of t h e  f rame .  (flven t h e  inse r t  and h’on r roce- -cur :s of *

;r e ceed ing  p a rag raphs , t h i s  means  tt;a wi th in any n ec - —

J dc-nce level  on a g iven t r u n k , th~ lon ge s  es~ a b - l i s h e J  c a l l s
W i l l  b e nr’’’e r:nted f i rst .  Cthe r  ap~ ~ ‘~~~:t - h e r  ‘~ i ’ e (~~Si b 1 e
however , and can be examined if der~~r ’ i .  C:-r’ ex -’osr , e , ‘he

o~ dn s t  c a l l  of low~ enough p r e c e d e n c e  t u  be I’Lu n: t y r i  n~
r L ~ ~- r o v ] C enough  c a p a c i t y  r n  t h e  n t ’ * — ’  r:c r ,~ cal  I
w h er e as t i ,  n e x t — o l d v ~~t n i g n i ; the r r e ~- n r - t  i n g  :~ i o r ~~’
n i g ht  cons ide r  adequacy  as we ]  1 as age , w I t  H i  r ea--~h i’ec~ C-nc e

level.

3.3.3.4 Background Testing of the Class I Map

In a d d i t i o n  to the  o n — l i n e  map error i n t e c t i o n  e l c h

I will he done on a per—allocation and per—drop basis , it

seems advantageous to consider a mechanism for excha nioi r~g

I 
Class I map information between DAX’ s. Such an exchange

3-49
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W(. , - ) ‘  r- —- .t ne’i~’ ~~~r le  iri the background on a non—interfering

Lanln . The :‘eqoh J (7CIS messages could he assigned a

S - e c ’~rsu level lower t han routine , meaning that they

r :ln :o!’ r c - l on a r~ riodic basis when frame capacity

Is ava~ i~~ le 
-.:~~ h no t~ ~ - i ’  packets queued for transmission.

f~ nc~: some r r-t of rram~ map update messages will

~: io-~b ’ t-~ ly t~~ - r e n s~~r~~d for error recovery (reference Section

3.~5), the background testing function could use essentially

t r - ~ ~or,’ nor’ -.-::n’e niiar isn.

3 , \ i : RJ\i - \R l  L i l y

3. ~.1 i ’1’~) b l e m -
I

l’he t ransmission concept being studied is an integrated switched tele-

~onununications network wh i ch is to handle simultaneously, circuit switched , packet

switched , and some message switched (store f~ forward) traffic. Accountability

requirements must be identified and analyzed for each type of traffic. The pro-

blem addressed in this section is to evaluate the impact of accountability on each

class of service of enroute communications from the viewpoint of:

a) Dynamic alternate routing

b) Recovery from interruptions to service , both transient and

catastrophic

3.  . 2 Ob~ ecti ves

To establish a set of accountability criteria which will provide protection

against loss of data due to:

1) Transmission failures either transient or permanent

2 Failures of the DAX to which the calling subscriber is connected

( o r i g i n at i n g  flAX )

3) Failures of a DAX carrying tandem traffic

4) Failures of the flAX to wh ich the called subscriber is connected

(terminating flAX)

FR76-l 3-50
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3.4.3 Approach and Progress

3.4.3.1 Accountability of Class I Traffic

Several types of accountability will be maintained for Class I traffic:

a) Overal l call accountability

b) CCIS Message Accountabili ty

c) Routing Accountabil i ty

d) Channel Accoun t abi l i ty
e) Preced ence Ac countabil ity
f) Security Accountability

g) Trunk Group Accountability (Traffic Statistics)

These are discussed below .

3.4.3.1.1 Overall Call Accountability

Overall call accountabil ity can be ma in tained by wha t is commonly known
as an Automatic Message Account ing (AMA ) Function . A history of each call would be

recorded containing the following information :

Time of Call Initiation

Calling Party Identification

Called Party Identification Block 1

Precedence Level

Security Classification

Time call was answered - Block 2

Time call was released - Block 3

The block containing the first five items would be recorded at the time

the call is initiated at the originating DAX . The second block (sixth item) would

be recorded when the called subscriber wen t off-hook to answer the call. The third

block (seventh item) would be recorded when the call is released , dud” to either

subscr iber  going on-hook or the cal l being pre -empted.

I
I

FR76- l 3-51



AMA data can he recorded at a central switch handling data for the entire

network , at the nearest regional switch , or even locally at each originating DAX .

If it is not recorded locally the  data is sent via quasi-associated CCIS messages

to the appropriate regional or central flAX where it is recorded on magnetic tape

or d isk.

t

3. 4.3 . 1. 2 CCIS Message Account abilit y

CCIS Message Accountability is maintained by ADCCP packet accountability

procedures as described in paragraph 3.1. 3.2.3. In addition , CCIS messages affecting

the f rame map require  a response and acknowledge procedure as described in Section

3.1. No recording requ i rement i~ forseen for this type of CCIS message .

3. 1 .3.1. 3 ing co - l i t y

Routing accounta b ility for a C1a~s I call is maintained either until the

call reaches the called subscriber ’s home flAX or until all of the potential routes

(as defined by the deterministic routing tables) have been searched and the call

is blocked. No recording requi remen t is foreseen for Class I call routing although

the traffic statistics may include a total count of blocked calls at each DAX

(ref. paragraph 3.-l .3.l.~h .

3 . -) . 3 . 1 - 4  Channe l  -\cceun tah 11 itv

Although the data contained in the switched channels is neither recorded

nor checked for accuracy , accoun tability of the Class I region maps is maintained by

the I1AXs at both ends of every link as described in Section 3.3. This confirms both

the number of hits allocated to each channel and the location of the channel in the

frame . Detection of errors will result in appropriate recovery procedures (Ref.

c c t  ion 3.5).

3 . 1 . 3 . I .5 Precedence -\ c coun t  a b i l i t y

Preceden .’e violation will he prevented as described in paragraph 3.1.4.4

calls ;ittempted i t a precedence higher than the maximum level allowed for the

ca llinr sLibse riber (defined hr classma rk) will be refused by the originating

flAX , and an errn ’~ ~ .r’c returned to the subscriber. Recording of such events ,

a l though p o s s ib l e , is  n-~t tor ’~’ea.
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I
3.4.3.1.6 Security Accountability

Security violations will be prevented as described in paragraph 3.1.4.4

Calls attempted at a security classification higher then either the calling

or called subscriber will be refused at the originating or terminating flAX ,

and an error tone returned to the calling subscriber. Requirements for recording

such events have not yet been determined.

3.4.3.1. 7 Trunk Group Accountabili ty (Traffic Statistics)

Traffic usage statistics , data collection and printout are common features

of a conventional telephone network . Traffic meters are implemented in the pro-

cessor memory at each switch . Information is recorded on a predetermined schedule ,

on demand , or when a meter overflows . The types of statistics generally include

summary information for each trunk group (link) such as call attempts , completed

calls , link blocking, trunk group usage in CCS (hundred call-seconds), etc. The

traffic statistics may either be printed or recorded locally or forwarded to a

cen tral sw itch via CCIS messages.

3.4.3.2 Accountability of Class II Traffic

Several types of accountability will be considered for Class II traffic.

a) Overal l  Call  Accountabi l i ty
b) Message Accountab i l i ty

c) Packet Accountabi l i ty

d) Precedence and Security Accountability

These are discussed below .

3.4.3.2.1 Overal l Call Accountability

It is proposed to maintain overall call accountability by means of journal

entries at both the originating and terminating DAX ’s so th at buffer  allocations

may be reestablished by the appropriate receovery procedures (Section 3.5) in

the event of a failure at either DAX. In the case of a call addressed to more than

one subscriber , a journal entry will be made at each terminating flAX.

I
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3.4.3.2.2 Message Acco lit

~t is proposed to maintain message accountability by means of reference

en t r i e s  at both the orig inating and terminating DAXs. This will increase the

cross-netwo rk delay by the cumulative amount of time to record the message at both

D \ X ’ s. ~1essage accoun tability at tandem DAXs is not feasible in view of the pro-

posed dynamic alternate routing proposed for Class II traffic (Ref. Section 3.2)

because the various packets of a multi ple-packet message are each routed through

the network individually and no tandem flAX can he guaranteed to handle the entire

messag e.

It  is  c-~nceiva hle, however that various routes of a message could be traced

by means of packet a c c o u n t a b i l i t y  as described below . Message accountability

w i l l  prevent  loss of any part of a message due to failure of any flAX through

t h e  u~e of app rop r i a t e  recovery procedure s (Ref . Sect ion 3 . 5 ) .

3. 1 . 3 . 2 . 3  Packet A c c o u n t a b i l i t y

Dynami c accountability of packets across individual links will be provided

by the ADCCI’ packet acknowledgement procedures which permit recovery from transient

or permanent link transmission failures. When used for this purpose these procedures

do not add to the cross-network delay since the packets need not be transferred to

mass memory as long as there  is room for them in the queue within the modulus of

the link sequence numbers . In a hi gh error environment the time to record and

re t r ieve  th e  packet  from mass storage in order to attempt a retransmission must be

considered. Consh!eration should be given to journal recording the header block of

every packet  i f  the message tracing capability mentioned in the paragraph above is

required. -

3. 1 .3.2. ) Precedence ~~~~~~~~~~~~~~~~~~~~~~~~~

Precedence and Security violations for Class II calls will be prevented

in the same manner as Class I traffic (Ref. Paragraphs 3.4.3.1.5 , 3.4.3.1.6) .

Each individual packet will he routed at the precedence level at which the call

.~;is initiated .
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3.4.3.2.5 Message Storage at Terminating Switches

The fo l lowing  procedures are proposed concerning storage of Class I I
messages at the terminating switch in the event that the messages are not deliver-’

able when received.

3.-).3.2.5 .1 Interactive Messages or Queries

The approach proposed in Paragraph 3.2.3.7 obviates the need for

long term storage at the terminating switches since the messag -s are not accepted

into the network until it has been determined that the called subscriber is

- t v a i lab 1 e.

3 .4 . 3 . 2 . 5 . 2  1) :ita _Basej~j , ~~ es

I t  i s  proposed to hand le  data base updates in the same manner (store - and-
squi r t )  as interactive and query/response messages. This will help to eliminate

the p rob lem of synch ron i z ing  a new data base update w i t h  an ea r l i e r  data base
up~iate (of lower precedence) which is still stored in the netwo rk pending delivery.

3.4.3.2.5.3 Narrative Messages

If narrat ive messages cannot be delivered immediatel y, the terminating

switch will store them for later delivery . No advisory message will be sent to the

originator.

3. 1 .3.2.5.4 Bulk Data Transfers

Whether or not bulk data will be stored at the terminating switch will be

dependan t on the size of the transfer. Medium size data blocks will be stored for

de layed delivery with no advisory messages to the originator. Extremely large

data blocks will not be stored , but an advisory message will be returned to the

subscriber.

I
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3.5 Ri-cov I-RY PROChDURl~S

3.3.1 Problem

The flAX Communication switching network must he designed with a high

degree of system availability and maint ainability as an integra l part of the

overall plan. This is necessary to insure that traffic can be provided continuous

hi gh quality service without unnecessary delay . To accomplish this goal requires

good error protection , service with a minimum of interruptions , fast restoral

of service , and minimum loss of info rmation when in ter rupt ions  do occur .

This repo r t d isc usses the hardware and software imp lications foc detec-

ting a~id sectionali zing troubles in the DAX network , and the recovery procedures

used ‘-o re-.tore service quickl y. The impact of these recovery techniques , for

transient as well as catastrophic interruptions , will be investigated as a func-

tion of traffic class.

3.S. Ob jectives

1. Identification of the hardware ~ software features necessary to

detect and isolate faults.

2. Recovery procedures which provide a minimum disruption of

servi ce and preseA ’o mc~ sage information while testing ~
configuring the system around faulty units.

3. Consistency with the overall reliability, availability, and

servivability goals of the network .

3 . 5. 3 \p1 r oach an~~~Pro gre sS

3 . 5 . 3 . 1 ii e ra 1 -

-\ successfu l military communication system is measured by its ability

tc provide c o n t i n u o u s , ec o n o m i c a l , and accurate service in fulfilling the communi-

cations mission , without causing unreasonable delays . To meet these objectives ,

as part of thu overall design , the system mus t exhibit a high degree of reliability,

availab i lity, and maintainability . The availability of continuous hi gh quality

service throughout the design life of the system is of vita l importance for

custome r satisfaction. Typical objectives are system downtime not to exceed 2

Fk76-  1 ~~ - 
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hours over a 10-year  l i f e  span and calls handled incorrect ly not to exceed .02

p e r c e n t .  In orde r to p r o v i d e  th is  service c a p a b i l i t y ,  a system mus t contend wi th

such t h i n g s  as t r a f f i c  ove r load ing ,  t r ansmiss ion  - related p henomena ( e . g . ,  error

bursts), powe r anomalies and failures , sabotage , and other factors wh ich tend

to degrade performance .

- Built-in reliability in itself is insufficient to insure that a system

w i l l  exh i b i t  th i s  degree of a v a i l a b i l i t y , p a r t i c u l a r l y  when equipment  must be

- l e f t  una t tended  for extended periods of r ime . Consequen t ly ,  ma i n ta in a b i l i t y  - the

a b i l i t y  to detect , diagnose , an d correct f a i l ures - must be integrated into the

ove ra l l  system design . Maintenance features provided would include in-service

performance monitoring , protection switchover , redundancy , alarms , and the cap-

ability of rap id fault isolation and repair.

3.5.3.2 Types of Failure Encountered

We will he concerned with two types of failure - transient and catas-

trophic. -\ catastrophic failure refers to prob l ems which deny some portion of the

l)AX network the ability to provide bas ic communication services to subscribers

Such would be the case when a t r ansmi s s ion  l i nk  becomes unavailable or a DAX is

not funct i oning due to enemy ’ ac t ion  or powe r f a i l u r e . On the other hand , transient

f a i l u r e  is  con cerned with problems wh i ch restrict the ability of the network to

provide effective high quality communications for a limited time hut do not ne .-

ess irily eliminate it altogether. Examples of this would be loss of synchroniza-

tion due to error burs ts  or sof tware  malfunction due to processor error . Table 3-1

lists examples of typ ical failures encountered under each category . In each

instance the procedure w i l l  be to i d e n t i f y the p a r t i c u l a r  prob l em , dete rmine the

probable cause , and take remedial ac t ion.

Survivability of the flAX network refers to the ability’ to satisfy the

ba sic communication needs of surviving terminals after disruptive forces have

occurre d on the network . These forces may be the resu l t  of enemy ac t ion , d i s rup t ions

in  the transmission environment , or equipment breakdown . ‘lhe survivability of a

ne twork  is dependent  on its topology , e.g., are nodes located far enough apart so

t hat  two or n~ re nodes cannot be easily destroyed , are offices multi-homed , is

there a diver sity of path connections? Although these are important considera-

tions , we w i ll only be concerned here with the a b i l i t y  to rapidly reestablish
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T-\BIE 3-1 . Types of Failure Encountered

Cata st rophic

Power F a i l u re

Ex t r e me T r a f f i c  Conges t ion

Enemy Act i on

Transmission I - acu ity Failure

Contro l Transfe r Fa i lu re

Transi t

Processor Bi t  or Word Error

T ra f f i c  De mand

Transmission Related Error - Fadi n g,
Error  Burs ts , Impulse  Noise , Phase
Jitte r , Envelope Delay

Loss of Synchronization

Environmental Failure - Li ghtning hits ,
Storm Damage

the route after disruptions have occurred. A more detailed investigation of

su r v i v a b i l i t y  w i l l  he the subject  of a fu tu re  report .

3 .5 .3 . 3 M a i n t e nance P l a n

M a i n t a i n a b i l i t y  of the  swi tch should be incorporated as an integra l part

of the overall configuration . The maintenance goal is to recover from faults

before se rv ice  is appreciably affected so that the user is unaware of trouble.
To RC O~ip 1ish this goal , errors and faults must be detected qu ick ly  before
incorrect information p r o p a g a t e s  th rough  the  system m a k i n g  detect ion that  much

h a r d e r .  D i a g n o s t i c  so f tware  and reconfi gurab le  hardware  are the means by w h i c h

to do this .

(:ontinuous hardware checks provide for detection of faults in the pooled

c i r c u i t s  and proce ssing u n i t s .  When a f a u l t  occurs , it is automatically detected

and an i n t e r r u p t  i n  the cen t ra l  processor causes program contro l to be trans-

f rred to a s e r i e s  of f a u l t  r ecogni t ion  programs . These programs attempt to
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isolate and localize the faulty unit and provi de for automatic swithover of the

functional operations of the perturbed and/or failed element to an identical

operationa l element . The standby duplicate unit is immediately available for use

since it has been run in synchronism with the active uni t to keep its contents

up to date. Thus redundancy and switchover are protective features which make

the system less vulnerable to failures in individua l units , hence increasing

uptime by insuring that the system will operate in the presence of troubles.

In  a s im i l a r  manner , an a l ternate  protect ion channe l or path diversi ty is provided

for in the event of a valid signal loss or extrenie fading .

Diagnostic software is separated into on-line and off-line programs .

On-lime programs are resident and operate concurrently with the operational

program . ‘They are used for recognizing that a fault has occurred and restori ng

system capability as quickly as possible to avoid destroying information that is

currently being transmitted . The programs will cause removal of a faulty unit

from service , if necessary, however, in some cases no action need be taken other

than to record that an error has occurred. An attemp t is made to resume normal

processing at the point where the fault occurred in as smooth a manner as possible.

Off-line programs are stored in cassettes/discs and are manually loaded

into the processors as required by the maintenance or technical control operators .

They are used when the on-line fault recognition programs experience difficulty

in restoring service . They consist of analysis and diagnostic routines which

exhaustively test suspect units and record system interrupts and troubles in an

attemp t to isolate units in order to locate faults.

Table 3-2 lists the major phases of the maintenance philosop hy used to assure

system availability. Figure 3-14 shows the task assignments and allocation of equip-

ment at a typical maintenance position . Our concern at this point is mainly

w i t h  respect to recovery procedure . When irregular operation is detected , the

control subsystem must react in such a way that will veri fy the fault , eliminate

the f aulty hardware , and restore the system to fault free operation .

In summary the maintenance plan exhibits the following characteristics:

j  

a) Redundant un i t s  are used to provide service in the presence of

fa i lu res  and for rout iae  prevent ive main tenance .

I
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TABLE 3- 2.  MAINTENANCE METJIOD0I o(;Y

Establishment of a Fal lu re  Occurrance

- Detection of the Failure

- Veri f i ca t i on t hat  a F a i l u re has occ u r red

- Classification of the Failure as Catastrophic
or T r a n s i e n t

- F a u l t  L o c a l i z a t i o n  to a Point or Points in
the Network and Communication to Centra l
Node

- Indication of Points in - the Network
where Fault had an impact

Reconfiguration to Restore Full Operation

- D i s a b l i n g  the Unit  in which the Existence
of a Failure has been Establ ished

- Removal of Failed Unit

- Re p lacement with a Spare Unit (or
Switchover)

- Initialization of Replacement

- Resumption of Normal Operation

R epai r of the  Fa i l ed E le ment

- Loca l i za t i on  of Fa i lure  Indicat ions

- Isolation of a Unit which is replaceable

- Replacement and Power-Up

- Initialization Checkout

- Restorat ion and/or Recovery
- Enahiement of Switch-In (if applicable)

p
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b) Rapid detection of faults by continuous hardware and software

checks.

c) Recovery procedures by on-line maintenance software desi gned

to preserve message information while testing and configuring

the system around faulty units.

d) Off -line maintenance software designed to detect malfunctions

in a unit wh i ch has been switched out of the on-line system .

3.5 . 3. 1 E x a m p l e s  of R ecov er Proced ur es

A combinat ion of severa l techniques - Restart , Switchover , and Recovery -

is employed in the  I)AX to he lp  ensure the requis i te  l eve l s  of a v a i l a b i l i t y . -

Restar t  is def ined  as the resumption of normal operation , usually of the same

unit which has been subjected to a temporary non-catastrophic , external or inter-

nal perturbation . Switchover , as mentioned previously, is the transfer of func-

tiona l operation from a catastrophically perturbed and/or failed unit to an

identical operation element . Recovery procedures are used to restore operation 
-

‘

after failure and use restart to overcome transient problems . More elaborate

recovery , involving initialization and restart , are used following switchover and

for catastrop hic failures. Typ i c a l  software programs used for store ~ forward , 4

circuit ~ packet switching are described in detail in Re ferences 43 and 66.

In the following examples we outline the general recovery procedure

followed during the occurrence of various types of failure .

3. 5 . 3 . 4 . 1  C a t a s t r o p h i c  F a i l u r e  - TIAX Cannot Process Calls

The loss of a flAX may be the  resul t  of a variety of reasons. These include

power failure , control transfer failure , extreme traffic congestion , or enemy

action. Failure is ind i cated by a series of major visua l and audible alarms which

alert maintenance personne l as to what has happened . In the event that the

alarm at the switch is not detected promptly, the fai lure may be detected by

congestion at other switches .

I
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When a switch has failed or can no longer process calls , off-lime main-

tenance programs must be used. The four primary functions of the off-line main-

tenance process are detection , isolation , repair, and verification . Since

detection has been accomplished by alarms , the next step is to identify the
probable cause of the failure . There are a variety of causes which could pro-

duce the condition that was identified . Hence it is necessary to eliminate

those causes which could not produce the fault data. This process is then

extended to those causes which could not influence or contribute to the fault

data. Finally, our consideration is reduced to a small number of causes from

which a probable cause can be chosen (subject to veri fication). The objective

is to isolate faults to a single replaceable unit -and in most cases to a replace-

able cords . After a faulty unit or card has been isolated , it can be removed

and replaced manually and the good unit can be verified. Verification is

accomplished with monitor , test , and supervisory programs, some of which may

also have been used in the isolation portion of the process .

While all this is going on System Contro l (SYSCON ) could be reconfi guring

the network to patch around the faulty flAX and operate as if that node had never

been present . Subscribers ori ginall y serviced by the failed DAX would be ser-

v iced by al ternates. It is assumed that multihoming of subsc ribers is prevalent
so that a simple change in classnark is necessary to accomplish this . Class I

calls in progres s at the time of the outage are as sumed to be los t unless prov ision
is made to fail “sof tly”. This would imply independence of the memory portion of

the flAX used for call connection from the main processor . Under this condition

connections would be frozen during the outage interval. No calls would be lost;

however , no new calls could be initiated to these parties unless the calls were
broken down . This las t problem could also be overcome if the supervision of calls
for on-hook and an off-hook indication and or ig ina t ion  and terminat ion of ca l l s

were done in a microprocessor which also operated independent of the main pro-

cessor. Thus it is possible to conceive of a situation where none of the Class I

ca l l s  are lost during an outage .

Class II  cal ls  are relat ively unaffected by a flAX outage. DAX ’ s receiving

Class II pack?ts from a failed DAX can assume that the rest of the message is lost

and pass the information forward along the route. It is then the responsibi l i ty

I
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of the switch preceeding the failed flAX to route the remaining packets through the

portion of the network not affected by the outage . Packets lost at the time

of the outage can be identified by the terminating switch and resent via ARQ.

flAX’ s transmitting Class II packets to a DAX which suddenly fails must alternate

route these packets around the outage to their destination . In this case , packets

f~r which acknowledgements have not been received must be retransmitted.

3.5 .3.1.2 Transient Failure - Loss of Master Fra’~e Synchronization

Loss of frame synchroni zation can occur due to a transient error in the

Frame Maintenance Unit (FMU) or under extreme fading conditions . When framing

bit errors exceed a specified threshold , a status alarm will indicate the out-of-

sync state to the contro l processor. This causes a Request-For-Frame pattern

to be transmitted from the flAX wh i ch is out-of-sync which notifies adjacent DAX ’s

that sync between it and the affected flAX should be reinitiated. The processor

then commands the FMIJ to initiate a frame search and transmits an out-of-sync

pattern consisting, for example , of a sequence of N-bit codes in the framing bit

positions and “zeroes” in all the other bit position s*. If necessary , framing bits

are sen t in the return direction also. When synchronization is achieved normal

data flow is resumed and an in-synchronization message is sent to the processor

status indicator .

3.5.3.4.3 Transient Failure - Processor Word or Bit Error

In this example we assume that a word or bit error has affected the Class I

memory map in the processor. The DAX could become aware of this situation by (a)

the Class II region not start i ng where it should , (b) an inconsistency brought

out by a periodic verification message , or (c) notification by Tech Control.

Under this condition one flAX is designated master control and an algorithm is

invoked where the first step consists of a message sent to validate the allocation

of Class I calls . In Figure 3-15 , the error has occurred somewhere within the range

of bits allocated to channe l j; therefore , the memory map will be verified up

until the point corresponding to the start of this channel. Call allocations

*See Frame Synchronization (Section 4.2) for more detail.
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prior to this (channels 1 to i ) are unaffected by the error and are left alone.

Call allocations after this point (channel j+ l) are reconfigured to rapidly re-

connect the calls which are affected in order to keep service loss at a minimum .

It is also possible that the Class II region is affected by the error in the

Class I region; in this case the Class II region would be disturbed . If it is

nat possible to identify in w h i c h flAX , A or B , the error has occurred , an o f f - l i n e
memory map may have to be made available to insure that the correct information

used in the call setup can he addressed.

In the situation where only a few call allocations are affected (e.g.,

channels J+1 to J+3) , i t  should be poisible to reconfigure these channel assign-

ments and leave the others untouched.

7

I
(
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SECTION 4

SIGN ALLING , SYNCHRONIZATION , AND ERRO R CONT R OL

4.1 SUBSCRIBER SIGNALLING

4.1.1 Problem
The DAY must b~ capable of providing service to a wide

vrirlety o~ subscr il-er t~ rminals . These numer~o~~; types of

terminals , however , fall into three ~erieral categories:

A. Telephone instruments — transmitting at various

data rates (21~IOO b/s to 50 kb/s) and empic:jing

either digital or analog signallinF~ and super vis ion.

B. Data terminals — transmitting at various data rates

(75  b/s t e  200 kb/s), using either character or

message formats , various procedures , and op-~ratin~
either synchronously or asynchronously by character or

message .

C. Computers — transmitting at various data rates

(~~800 b/s and above), using either message or packet

formats , various procedures and cn e r o ~ ing asynchron—

ousl:j by messa~~ or packet.

In order to obtain service , a DAX subscriber must be

capable of three phases of operation , call initiation , data

transfer , and call termination. The means by which these

three phases are accomplished will vary by data terminal

category . Therefore , t h i s  r ’te will serve the following

rarposes.

A . I d e n t i f y  t he  t y p e  o1~ vo i ce  and d a t a  t e r m i n a l s  w i t h

w h i c h  the  DAX ~s r~~qu ~ s’- i to i n t e r f a c e .

B. I d e n t i f y  t h e  v a r i o u s  s i g n a l l i n g  and s u p e r v i s i o n

schemes appropriate for each subscriber c o t e ~~or y .

I
C. I d e n t i f y  the DAX interface for each subscriber category .
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4 . 1 . 2  Objectives

he s ~ua I r~~ and Inte r f ~ac’- schem es discussed i i i  t h i s
ayes ’ i~~a~ - - n , whe ther they currently exist , are proposed or (

a cerni. ¶ na~ i o n  ci ,  ox st in ~ and proposed schemes , ar ’ - I n t e n d e d

to reall so the C i  1 w I n~ objectives:

A . Result In a short call—setup ti-me.

B. t -Llis e control signals which are easily distins ’iish—

able Coom each other and fr om data , which are reliable

and which have a low probability of false detection .

C. Fiace no limitations on subscriber bit patterns or’

C rs a t s , .e. , n e t w o r k  t r a n s p a r e n c y .

4.1.3 Analysis and Resul ts

4.1.3.1 Subscriber Services

I
To place th e problem in perspective , let us first outline

the tvpe of services available from the DAX. Basic switchin~
services -r’ v i l e d  by the DAX include the following :

A. class I .~wItched Service

T
— v i t’ t u’ tl circui t switched digitized v ice or d a t a .  I
— r’u i l — d u p l e x  t r a n s m i s s i o n
— ~ :v r- .’~ ronous  t ime transparent opo r’-Ot ion.

*
— .~uhscr’fl er dialed call initiat ion and signailinr’

* In some cases i ~oomat (I dialing, or out—of— band onalling
na y I -  necessary , e.g. , as w i t h  h l ~~~b — s p o e d  bat a t t - I ’ n i i n a ls .

I
F R 7 6 — l  4 — 2

I



I B. C las s  I I  S w it c h e d  y e rv~~’e

— P a~ ket  s w i t c h e d  s e r v i c e  (p  acke~ l z i n r  of’ s uhscr i~ or’

I da ta  tc~rf ’ormed by DAX , If  n e c e s s a r y) .

— F u l l — d u p l e x  t r a n s m i s s i o n  ( ,‘~u b scr ib e r  may choo se  t o

I op~’r a t n  half—du~-lex or one- —way .

— ~,ynchron-aus or’ a sy n c h r o n o u s  o~ r-rat ~~( ) 1I

I — ~I~~rnti ling ~-erCa’me i by s€’lI—addr’ essc ’d

pa cke~ hon -b r’s.

C. Class  I/ I l  Swi - ched , - o r ’ v i c e

— Sa me  as ‘lass II e x c t - p t  s u b s c r i b e r  d i a l e d  ca l l

i n i t i a t  i o n .

Relating tb- ’ thr’ce classes of switched serv ice to tb ’ three

c - i ~.er c i ’ ie s  of subscribers results in Tab le 4—1:

TABLE 4-1. COMI’ARISON O~’ CLASSES OF SWITCHED SERVICE WITHSUBSCRIBER RESULTS

C l a s s  of ~‘ o r ’v i c e  y t i l i z e d  by  ~‘b : s c r i b r r  c - o~~°c’:.

I A , P

H B , C

I/lI A , B

I 
_________________ _________________________
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3.1.3.2 DAX Loca l Area Description

U h ’ ’ D A X  a l  , i  b~ t ’ l - ; o i m ’ ’ u  13  i lo m’ f an e w i t h  var’iou :; tyr-es

i ca l  an d  s ’ r a L - ~~i c  lu l l s - m i t .  in i~ n- w o r k i n g  e r i v i r o n m - c t .

- C tb -so’ as ’- sho~’;n in  Fi gure 4—1. We will concern ourselves

her e on ly  w t b  t n o n ’ -  su t s c r  I s- -r s  wh ch as ’ d c i  icat i to a D A X

ln~ - r  t ’ -OC fl t~ w i s h  tea t s-~H ches , cer tral o f t i c - s , ‘~ c .  , w i l l  he

repor ted on in b e d  iOfl 10.

The cc a 1 are- i a r  on n~~e m n e r  f f o r  dod cated subs n o  b r s  is

sb wo ~~i Figu re 4-2 for the three classes of service offered.

i. ’rc are t ree c - mt t~~~ at - ant s to t h o  local  access  l i n e  : he

s d- :’c m ’ - ‘ -r ’ ‘ ‘ t i c  baa l , t i e  local  l o o p ,  and t h e  DAX i nt e r f a c e .  in

the C c l i —  ‘.‘ : in t -i par’acraphs , each oC t h e s e  cos t o n en t s  is described

~n more d e ’ a l .

4 . 1 . 3 . 2 . 1  Subscrib e r Ter mi nals

C i’~. ~- r - t ’ i n c t ls c o n s is t  of’  e i t h e r  t e lep h o n e  in st  r o s ~o r , t s

or - t - a ’ ‘ : - ,‘‘m inn is I L - i t  I t  ~ ci  r c u  t sw I t c h e d  s e r v i c e  (0  .

: a n s :m i i e , r n - ’ L I- ~ ta~ eq ~~- m e r t ) . ‘:el -phones t r ’ - i n i t t n i t  Cl I g i  tally

en ‘ - -a ’ i vo ce s~~gna 1s b i t ,  tiny iCnal u s i nd  o l t  - i  i r s t  log or

- i 1 ~~! t ai  ‘ i ’n i n i q - o - n .  Table 4 — 2  summar izes  the s i g n a l l i n g  and

su~ ‘ r ’ v i s i o t i  (‘haI’nct~ -r’ i st I c s  of t dj e d i f f e r e n t  t - l e p h o m es w i t h

i . e  DA Y w~.l l  I n t r ’f ’~~n ’ ’ . The CVCI) class i ’ t el o r ione ,

whiot is c ltr ’ t ’ o’mi ly u r lu-x ’  b - V 0 1 0 1 m nt  , Is the t.y~ e ¶ r I , ie c  ed

t o o  m o st  DA Y v o i c e  su b s c r l b ’ - r ’ s . I i . n-~ ’s d l 1~ 1 t al signalling In

t h e  f o r m  01 n y c  I i  cu 11 y p ’ t ’m u t a b  le CO 1 -words  . I - at a  f o r m i r o  is

FR76—l ‘~~
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TABLE 4 -2 .  TELE PHONE INTE RFACES

1. Interface Supervision Signalling

1. TA—~~~l 2250—Hz Seize , 2600—Hz , DTMF , 12 Dlcit
RLSE , 570—Hz ACK , or DC
Phantom Loop Pius 570—Hz

- Ring

- 2.  TA—236 DC Common Battery Loop , Dial Pulse , 10 pulses
20—Hz High Level HIi~~ per sec. 6s% br ”-n~~,

140% Make

3. ‘,~iYO ?500 series Same as (2) D i N i  , 12 i i ~~i s

1,• A i ’F( VCN Telephone DC Common Battery -Loop L~’I y I ’ , 15 b i C i ’ .
F (local operation) on t r a n s m i t  Pa i r .  DC Loop
I Controlled Ring ai Receiver

p a i r

5 . AUTOVON Telephone 2600—Hz SF Seize/helcase DTMF , 15 D ig i t
• (remote operation )

‘~~~. tA— 720 Same as (1) h i’liI ” , 16 DIgit

7 . Tf— 3l2 2 0 — H z  f l i ng d o w n  2 0 — H a  R i n g d o w n  A d a r t e r

Common Battery Supv Common Battery DTMF
Local Battery Talk Terminal Ckt.
20—Hz Ring

Common B a t t e r y  y , 10y  & Ta lk  Common B a t t e r y  DT~~i”
20—Hz Ring Terminal Ckt.

8. i A - C  ) ,  ~‘V.~ D D i g i t a l  I : i g i l a l

9 .  K Y — 3  2 6 0 0 — H z  bF SI ’  is t i P u l se
1000—Hz RI r i p

10. IHC~T Same as (
~

) , s , ~ as (14 )
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r” iuir iag Class I service will likely have hi~~h bit rates and

conse~~-u n t l y  w I l l  use  o u t — f — h - - n d  s t ’ m i a l l n g  ( v o ic e  c o o r d i n a t i o n )

or’ Class II type s i p n a l i n p  ( h u t  classmarked for Class I service-).

‘lass II t -r’tninals ax ’ - com posed of’ message and packet
x - c e du t ’a l  equ  id- sI m I .  wh i ch include , for example , teletype ,

tac ci a I le , pajer t a t e , an d c o m p u t e r s .  There are seven modes of

- T p e r a t i- t .  w h i c h  w i l l  to ’ 1 t ’ ~~y I d e d  f o r  Class  II t r a f f i c  in the

P A Y  r i ’~~ w o r k .  The t~~r st -  six  are message o r i en t ed  and are

e~~u i v - a l e n ~ to  t h e  six modes used i -n  AUTODIN . The seventh will

be ‘ . ‘ : j  by  p a ck -t .  i r - i ’ rd~~’ s .  A d e f i n i t i o n  of t h e s e  modes Is as

A .  i’locl e I — D u p l e x  s y n c h r o n o u s  o p e r a t i o n  w i t h  a u t o m a t ic

r - r ’ x ’ o l ’  and channel controls allowing independent and
simultaneous two—way operation. Control characters

are use -i t )  a c kn ~~w l e d g e  receipt of valid line blocks

and messa~~es or to r e t u rn  error  i n f o r m a t i o n .  The
t ’ r ’ nii r ii l (or ’  DA Y ) responds automatically to the control

c h a r t - n t i s  ~y c ntinuing or s topp ing t r a n s m i s s i o n  or

lisp I ty I action 1 rf ’ n x ’n ;rit Ion to the operator. -

B. Node’ II — Du~ lex a sy n c h r o n o u s  o p e r a t i n g  allow ing
si m u l’  aneous  I W — W t ,’ o~ - e r - nt i o n  without automatic

error and ch-anr i - 1 controls.

C . :-Iod - III — Du~-lex synchronous operation with automatic

eide r - n i  channel controls utilizing one—way message

tr ansmission wif h the return direction used exclusively

for error coat - te l and channel coordination response.

i l - f. r’ -versltc - lo- on a message b rn ’is. Control characters

used i n  same mann r’ as Node I.

I
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D. Mode IV — Unidirectional , asynchronous operation

without automatic error and channel controls. Hot

reversible on a message basis.

I
E. Node V — Duplex asynchronous operation allowing inde—

I pendent and simultaneous two—way transmission. Control

characters are used to acknowledge receipt of message ,

I perform limited channel coordination and display

limited informat ion to the operator.

F. Mode VI — Extended Mo de I, suitable for high—speed

operation over satellite , LOS or tropo links. Simul—

taneous , two—way operation with ARQ and /or  FEC .

Control messages are sent on high priority transmis-

sions. Block sequence control and sequencing

c a p a b i l i t y  — no wait for validation before next trans-

mission . Acknowledgment of delivery.

G. Mode VII — Packet mode equivalent to Mode I. Duplex
I synchronous operation with ARQ and simultaneous two—

way operation. Supervisory packets are used to

acknowledge rece ipt of valid data packets and for

c o n t r o l .

It , s h o u l d  be noted t h a t  all Inter—DAX transmission of

5lass II data will be in packet form *. To achieve this , all

DAXs will be required to convert non—packet Class II data (Mode

-71) into p a c k e t  form and to conver t  p a c k e t  data leaving the

network into a format which is compat ible with the t -rrni na l to

which the dat.a Is to be sent.

( *Al1 internal network packet,s w~~ 1 conform to ADCCP as describedIn Section 2 — 1 .

I
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TermInals in Class I/Il consist of dual mode t,r’l(’p tio ries

which will provide either normal  voice  c o m m u n ic a t i o n  or Into

commun1c at~ un when used with a suitable data adapter. C ~~r n 1 —

i r i i f - n - s v o i c e  ca l l s  w i l l  be 4 h e  same as f o r  the  “;uiva~~-r t ~
Cl-ass I vo ice call. When used i-n the data mode , huwe i,’r , ‘h

operator ‘aunt f i r s t  cal l  t he  Class  II s w i t c h  u s l r o ’  a n i ’ - - i a i

n u m b e r  rn - T I thereafter he will operate under nor mal Class TI

procedures.

4.1.3.2.2 Local Loop

The local loop is the transmission system use - i to cor ne - ‘

a ded icated subscriber terminal to the DAX. A r n u I - ’~ .~ill i ’ -

used to convert dipi tal baseband signals out i-ut t o- :I by -a cut - —

scriber terminal into quasi—analog form suit,nble for * r ar .- -

mission ove r the loop . A compatible modem at ‘he bA Y viii

c o n v e r t  the quasi—analog signals back into digital form ~~~~~ C-S

to processing by the DJ½X . If the local loop uses bas-Wa rd

iigita l transmission , no modems will be necessary ; however ,

r’egene ra t~~on of t he  d i git a l  s igna l  at i n t e r m e d i a t e  p o in t s  may

be r e q u i r e d .

It should be rioted that the actual loop interface seen

by a ( l a t ’l  subsnrlber Is the Line Interface Unit (LIU) of which

t h e  rrici cie:n r’ r e t a - r i e r a t o r  it ;  t he  loop t e r m i n a t i o n  p o r t io n .  A

- i - t a i l e d  I’~sc r i ~ -
4 i on  of the LIU functions is given in Section 4.3.

4.1.3.2.3 DAX Interface J
basically , t w o  t ypes of interfaces must be provided by

‘,he DAX . I :  t o  lot - rf”:ice voice subscribers (telephones) and

‘-he o1,h ’ t ’  * o Interface data subscribers (terminals and corn—

l h i t r s ) .  , rni ’ at ’ tb ’ i - o s s i bl e  local area arrangements and

i i . ’ ‘ - n t . - “~ : a r ’ - i l l u st l ’c t ’cJ in Figure 4—2. Voice subscribers

I
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wrtether receiving Class I or Class I/IT service will use one

of the signaling scheme s listed in Table 4—2. Each of the

scheme s l i s t e d  t her e  can be c a t e g o r i z e d  as either analop or

dig i t a l  si~~n a 1 in g .  The functional operation of the v’i r i o - u s

Iriterfades required tar vet o;e su~ soribers wi - i l be Ind - r o-ma l”nt

or ’ 4hc sipnalino form (analog or dIgital). Spe cifica ll y, a

tlra - —shared scanner wi ll scan each vot ce le’op ~er’~~~d i c a i / for

O H / C F I ”  hook signals and a time— shat”-r nender/x”ceiver will be

conr ,ec~ c l to all off—hook subscribers at. the star 4 of each

call in order to communicate necessary s c t r I e r ’ v ~~s- r ’:,’ sipnals .

The cede of oneration of the sender/receiver and scanner cir-

cuits , however , will depend on the si rna lint - fcrrrc . i-c r

examp le , analog signaling will re—~uI re that scanners sc’arTh

t’cr ’ DC levels and/or tones while d~ gital s ipnial in - will

requir’e that scanners search for va l id cndewc r ’ds. The exact
I ’ u n c t  ions of t h e , s c a n n e r  and sender/rec— ivers wi ll not be

discussed here ; their technology an-i variations are well b r ; a w n r

and doc umented

The suggested procedure for interfacing data terminals is

illustrated in Figure 4-2. As may be seen, each data terminal

receiving Class II service is interfaced by a Line Termination

Dolt (PTU) at the DAX . The functl-cns of this device Include

buffering, reclockinp’ , and possibly error ca i’kinp (using

r arity bits for Nodes I threluph VI and the A D C C P  f rame  c h e c k

r se4uerice for l acket data) . ‘~ten the LTU determines it has a

c i m r le t e  message  ( c h a r a c te r , b l o c k  or p a c k e t)  it sets a flao.

w h i c h  is s u b s e q u en t l y  det . -c t . ’ i  i - /  a c a n n e r .  The s c a n n e r  then

‘ n t ,  ifi~-s t h e packet processor to input the mnessage . The speed

of I nìe scanner ar-ni packet rucessor must be such that here is

no q u e u e - l n g  of messap i ’s  It , the LTU. The fu n c t i o n s  o f  t h e

pa ck ’-t ~-r .cess r ’ i n c lu d e  t~he f a l l w~~n p :

I
I
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1. ( l e n e r i l t in the proper code and format all hand—

shakinìc si-nals required by data terminals.

2. Conv ert the messages and packets received from the

data t ’r’rn i nals into data packets suitable for trans—

r’~~ssion thrruc -h the n etwork . That is , perform all

necessary -n o d e  and format conversions. I
3. ‘rriv -r - t data packets intended for data terminals I

into ‘Ic proper code and format .

A hybrid procedure may be used to interface terminals

r• ’ceiving Class I/TI service . It is suggested that the ir loops
scanned in the norma l Class I manner; however , when the

receiver .1- ’tcr’ r ni r ;c s i.hat they are addressing the Class II

switch ai d not - i r r n t h ’r voice subscriber , they would be connec—

ted via ar i r ; ~~~- x ’ r a J  DAX trunk to the packet processor. There—
after , t h ey  would be treated as a normal Class II subscriber.

I

I
I
I
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4.2 FRAME SYNCHRONIZATION

:4.2.1 Problem

Data transmission in a digital network can be accomplished syn-

chronously or asynchronously. When digital switching is included as

‘ 
a network function , it has been shown that synchronous operation is

preferab1e~~
4 9 1 . In this l igh t , i t  wi l l  be assumed tha t  the DAX net-

work is frequency synchronized and that the problem to be addressed

is transmission synchronization on a link-by-link basis. More speci-

f i c a l l y ,  the problem of acquiring and maintaining master frame syn-
c h r o n i z a t i o n  in a communication link between DAXs will be examined .

4 . 2 . 2  Objec t ives

The phi losophy on which the DAX structure is based is that the
transmission facilities of the digital network are to be utilized as

e f f i c i e n t l y  as possible. To accomplish this aim , a synchron iza t ion

plan should be employed which minimizes frame acquisition time. Such

an ob jec t ive  must be in tegra ted  in~to a s y n c h r o n i z a t i o n  plan which also
meets overall synchronization objectives . However , at this point in
time , these overall objectives have ~not been de f ined . Consequen t ly ,

only general synchronization procedures which meet the following

shor t  term objec t ives  wi l l  be discuss~ed:

a. Minimize resynchronization time

Realize a cost effective hardware implementation

c. Define software superv ision which does not overburden

the DAX p rocessor( s )
ci. Minimize transmission overhead

In Section 9 .2 the specif ics  nf these general procedu res
will be defined and the capability of the overall synchronization

plan t o  meet a range of specifications will be analyzed . For pur-

poses of immediate analysis , the synchronization specifications used

for the AN/TTC— 39 (see Table 4-3) will be employed.

I

I
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TABLE 4-3. AN/TTC- 39 SYNCHRONIZATION SPECIFICATION S

1. Noise Model. The AN/TTC—39 shall meet the specified synchroni-

zation performance in a random error environmen t of 0.1% BER

and in an error environment of 20% random burs ts in terspersed
with a randomly distributed 0.1% BER . The burst rate shall be

random with an equiprobable distribution between 1 Hz and 20 Hz ,

and the burst length shall he 5% of the time between the start

of that burst and the start of the next burst.

2. Loss-of-Frame Detection. With random data on all channels , loss

of frame shall be recognized within 100 iris with a minimum prob-

ability of 0.9.

3. Frame Acquis i t ion .  In-synchronization or Frame Request framing

pattern shall be acquired within 20 ms with a minimum probability

of 0.9 in an error environment of 0.1% BER random errors . In the

burst error environment , In-Synchronization or Frame Request
framing pattern shall be acquired within 40 ms with a minimum

probab i l i t y  of 0 . 9 .

I

I
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4.2.3 Analysis and Results

A br ie f  review of the TDM synchronization literature available

demonstrates a multiplicity of ‘optimum ’ f r aming  codes and procedures
currently extant. The following paragraphs describe a procedure which

i t  is f e l t  merges some of the f i n e r  points of these myriad  procedures

with technology developed for the AN/TTC-39. It is not claimed that

th,e following algorithm is optimal , only that it is very efficient in
complying with the above short term objectives .

Those portions of a DAX concerned with frame synchronization are

shown in Figure 4-3. The frame maintenance unit (FMU) illustra ted is

the hardware  which rea l izes  the chosen synchroniza tion procedures
under software control. An FMU is associated with each full-duplex

inter-DAX link and has the following responsibilities .

a. Mon itoring the link for loss~ o
c
~ sync on the received

channel.

b. M o n i t o r i n g  the l ink  for  n o t i f i c a t i o n  by the d i s t an t  DAX
of its loss—of-sync.

c. Generation and detection of all synchronization sequences.

d. Coordinating resynchronization with the distant FMU .

e.  Advi s ing  the DAX p r o c e s s o r( s )  of the  sync s ta tus  of i ts

associated link .

The overal l  l ink  f r a m i n g  process operates as fol lows . The

firs t N bits of each master frame comprise the Start of Frame marker

(r-(’ F). When both transmission directions of a link are in-sync , the
nu rr~er of bits allocated to the SOF will be small , probab ly  on the

order of 5 to 15 bits . When either transmission direction goes out-of-

sy rt , the a p p r o p r i a t e  FMU w i l l  increase  N ( implement  a new and longer
SOF) so that synchronization can be reacquired with great confidence

within two frames . The number of bits N required in this case should

not exceed 100. The attractiveness of this variable SOF approach is

t hat i t  minimizes channel overhead and makes use of the powerful

~o f t w a r e  c a p a b i l i t y  of the DAX p r o c e s s o r( s ) .  F u r t h e r  j u s t i f i c a t i o n
of this procedure may be obtained by considerinq the fact that when a

link goes out-of-sync , transmission of diqitized voice over that link

FR76—l 4—15



I
_ _ _ _ _ _ _ _

FMU

I
I~~

J
~~ _ _ _

‘~~ 
[ 

.
~~~~~~~~SSOR~~~~~— j F M U

[ 4I _ _

H~uJ

— 

~~~~~ A..... DAX ~2 (TANDEM SW ITCH I

F U L L  D U P L E X  L I N K

DAX ~1 (ACCESS SWITCH)

_  

-

MAINTENANCE
FMU: FRAME 

~~~~~~~SSOR~S~~~~— FMU
UNIT

8550-75E

OAf

Figure  4 — 3 .  DAX Syn ch r o n i z a t i o n  Equipmen t

FR7 6-l
4— 16

I



I

i_s not n cnible untIl the link ~~r i ’ :, ’’u~ ’I~~on oed. n - - r -n t  ly ,  x p : t n i i n ~ tI- c

o.- r r p t t ,  of the ~eP en’ails no r I - i t t i  1 0 1  1 u i - nP-rI -I-, and , in t ’rir L , recult .; in r-~at~r-

i cv ~cin ’t-’ lt ,;H nt ‘~c; frame anqu in tioni t Dcc

The fo l low ing parag raphs provide further elaboration on spec i f ic
ar eas of the synchron i z a tion pl an .

4 .2.3.1 FMU Procedures

The FMU performs two basic functions. It maintains sychroniza-

tion on its receive channel and aids the distant FMU in maintaining

s y n c h r o n i z a t i o n  on t h a t  FMU ’ s receive c h a n n e l .  In orde r to accompl ish

these f u n c tions , three  bas ic SOF’ s are proposed ; N1, N2, and N3. N1
and N

2 
are chosen to he of equal length and represent the short se-

quence mentioned in Section 4.2.3. Similarly, N3 is the long SOF

mentioned previously. The significance of these SOF ’s is as follows :

N1 : In-sync pattern . When 1-’ ransmitted from DAX 1 to

DAX 2 (see Figure 4-3) , it provides a synchroniza-

t ion pa tte rn  fo r  DAX 2 and informs DAX 2 tha t
DAX 1 is in-sync on the channel from DAX 2 to

DAX 1;

N
2: Request-for-frame pattern . When transmitted from

DAX 1 to DAX 2, it provides a synchronizatic’n

pattern for DAX 2 and informs DAX 2 that DAX 1 is

out-of-sync on the  channel  f rom DAX 2 to DAX 1;

N
3
: Out-of-sync pattern. When transmitted from DAX 1

to DAX 2 , i t  pe rmit s  DAX 2 to resynchronize with-

in a small number of frames.

I
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The reason for makinq the l e n g t h  of N 1 and N2 equal is so tha t

they can be based on the same basic code word (e.g., complements or
mirror irc aqes) and therefore have the same auto-correlation character-

is tic. This simplifies the hardware implementation of the FMU . With

the above definitions in mind , the two basic FMU procedures required

are flowcharted in Figure 4-4. Procedure 1 is used by an FMU to

determine when its receive channel is out-of—sync . Procedure 2 is

used by an Ft-lU to detect an out-of—sync condition at the distant EMU .

The sync and resync algorithms indicated in Figure 4—4 are taken

up further in Section 9.2.

In the even t that: both direction- of a link lose synchronization

si mu l t aneous ly, it will be necessary to have the capability of syn-

chronizing on SOF N 2 .  An al terna tive or dual  procedure mig ht  be to

have a DAX which has lost synchronization transmit a loss—of-sync data

packet (CCI S messa ge) to the approp riate di sta nt DAX over an a l t e r n a te
route in order to cause the transmission of SOF N3. It should be
noted that in this DAX scheme , loss—of—sy nc prohibits successful

mul tiplexing/demultiplexing of digitized voice calls , as in an y other
TDM scheme ; unlike these other TDM schemes , however , the DAX r e t a ins

the capability to exchange CCIS messages and to continue packet data

transm ission .

4.2.3.2 Frame Code Sequences

For purpo .~es of frame synchronization , a master frame is com-

posed of a SOF and random data* . The SOF enables the demul t iplexer to
detect the start o~ the data portion of each master frame . Demulti-

plexing of Class I data is then accomplished by simply counting bits

from the SOF with respect to previously allocated Class I bits .

C1~i~ s II packets are inherently sel~ —demu1tip1exing .

I
* I t  is assumed that except for the SOF , all hits within the master

frame have an equal probability of beinq a 1 or 0.
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For the type of data links being considered , it is known that

the SOF should possess an auto-correlation with a single high peak and

low sidelobes . Experimenta l results (50) have already shown that when

the SOF is longer than approximately 25 bits , any pseudo-random SOF i~
approximate ly  as good as any o the r .  In f ac t , the cr i t ica l  parameter

in this case is the length of the code. Specifically, the length of
the code must be chosen so that the probability of a random data se-

quence t r iggering the out—of-sync or resync algorithms is made neg-
ligibly small. In the present case, the probabil i ty tha t the SOF N

3
(any 100 bit sequence) described in Section 4.2.3.1 is duplicated in the

random data section of a master frame of length 15440 bits is conserv-

atively bounded by (assuming no bit errors) (

15241
P < 2 100 

= 1.2 x i0 26
L= 1

- 
-
~~~~ 

(
~~t t ~~~~: f l ( c. :. - ~ uYI ( r0 t~~c: r~~-C : ~~~~~~~ C~ t nC- 1 t O n  5

~o . -c’: each  is the  event that a duplication sequence start s in

it o n i t i o n  I , 101 ~ I ~ l53~~l .  ~~~v ioutly, t h e  cho ice  of a e c i ? i c

~r - d r
~ Icr I.~ it not c ni t i n a l .

The choi ce of codes f o r  SOF’ s N 1 and N
2 is also not difficult

since they are to be short codes and several codes would be well

suited for this purpose . An example is the Barber code (6) although

a better choice is presented in Section 9.2. The design of the

synch ronization algorithms which utilize N 1 and N2 is somewha t corn-
p lica ted. These algorithms are a function of the expected bit error

rates , li nk fade s, synchronization specifications , etc. , and are
considered in Section 9.2.

1 -
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4.2. 3.3 FMU Hardwa re

The FMU is responsible for generating and detecting all SOFs.

It is expected that detection will be accomplished using some form of

the optimum correlation detector (48). Although this detector is

iJ€ally suited for the short sequence 
~~ 

and N 2 ,  the length of N
3

might make it impractical to incorporate an N3 
detector in each FMU.

A cost-effective approach wo uld be to time share a single N3 
detector

among the FMUs under the supervision of the DAX processor(s)

4.2.3.4 Trunk Encryption

The impact of trunk encryption on the overall frame synchroniza-

tion Dlan has been ignored for the time being . This aspect of syn-

chron i zat ion is examined in Section 4 . 5 , 3.- . It may be noted tha t  the

DAX can handle encrypted Class I calls easily, as can a convent ional  TDM
scheme . However , application of modern encryption techniques will

have the effect of converting a character , block , or packet-oriented

data terminal into a psuedo-Class I terminal (i.e., one emi t t ing  a
cont inuous , synchronous , binary-symmetric bit stream) . At least two

possibilities warrant exploration; one is to handle encrypted Class II

calls as psuedo-Class I calls ; the other is to treat the encrypted bit

stream as pure text , and to “super-packetize this “text” data , analog-

ously tc trunk super-encryption of a Stage II call. Additionally , a

corTr I - r omi se  is conceivable such that high speed cry pto bit streams
(e . g . ,  2.4 Kb/s through 32 Kb/s) would receive Class I handling, and
to~ speed crypto (e.g., 45 B/S through 1200 B/S ) would be converted

into :-o:kets.

4.2.3.5 S y n c h r o n i z a t i o n  Imp l emen ta t ion

In Section 9.2 the relative cost effectivity of the short , short
comp lement  an~~-1ong SOF approach is weighed agains t the cost effec—

t ivi~-v of a shor t , sho r t compleme nt , and iterated short or short

on rp iel rent  approach .

I
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4.3 TRUNK/LOOP SYNCHRONIZATION

4 . 3 . 1  Problem

Wi t h in  its local serv ing area , the DAX must be capable of

communicating with a wide variety of subscriber terminals. This Task

examines the f o l l o w ing aspects of th is communi cat ion problem :

(a) Specif y app ropria te means fo r  mai nta in ing b it

integrity in the local loop , where the local

loop is def i n e d  to be any t ransmiss ion system (
connecting a dedicated subscriber to the DAX ;

(b )  - t e r m i n e  the impact  of var ious  local loop and

subscriber terminal operating characteristics

and control functions on bit synchronization ;

(c ) De t n e the t iming and contro l required to

transfer information bits between a local loop and

an in ternode l ink by DAX class of service

4.3.2 Obj~~c tivr s

( a)  To in tegrate local loop synchron iza tion in to  overall

n etwork synchron iza t ion , thereby providing end-to-end

bit integrity .

(b) To identif y the system f u n c tions to be performed by

the loop terminating dev ice at the subscr ibe r loca t ion . F
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(c)  To identif y the type of signals required at the

interface between the subscriber terminal and the

loop termination device .
4.3.3 Analysis and Results

4 . 3 . 3 . 1  Backgr o un d

A prerequisite for reliable digital communications between a

dedicated subscriber and its assigned DAX is a common time scale ;

that is both the DAX and the subscriber must possess local timing

supplies which operate , to a high degree of accuracy , at the same

frequency . All timing signals at a DAX are derived from a nodal

clock . it may be assumed that the nodal clock is an extremely ac-

curate and stable oscillator and that any timing signal requ ired

whose f requency di f f e r s  f rom the nodal clock frequency is digitally

synthesized with the same accuracy and stability as the nodal fre-

quency. Nodal clocks main tain long-term frequency stability through a

ne twork  s y n c h r o n i z a t i o n  p lan as described in Section 4 . 4 .

Subscriber timing for synchronous operation can either be

locally generated or slaved to network timing. In the vast majority

of cases (which include s all voice terminals and most data terminals)

s-ibsc~~iber terminals accept timing from the network. In th is mode ,

t he subscriber terminal equipment uses clock signals prov ided

by a line interface uflit* (LIU) to time both its transmit and receive

~1igital signals. If the terminal equipment cannot slave to external

t i m i n g ,  as is the case with most asynchronous terminals , it will be

*A device which interfaces the local loop and the DTE.
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necessary for the network to buffer all data passed between it and the

subscriber in order to insure bit integrity . This buffering when

necessary wi l l  be accomplished w i t h i n  the LIU.

It may also be necessary to establish other types of synchro—

nization before communications can occur; these other synchronizations

may require ident i f y in g charac ters , bit pattern s (codewords) , messages
or packe ts. As an example , AUTOD IN message oriented term in als require

- establ ishin g both charac ter and message synchronization pr ior to data
tr a n s f e r .  However , the exact nature of these synchronizations

depend upon the code , format and mode of operation used. Similarly,

packet oriented terminals operate under a multiplicity of packet

synch ron iza t i on  schemes. The particular packet protocol used in the

DAX network for CCIS and Class II data requires identifying the 8—bit
I codeword (flag sequence) 01111110 as signaling the start of a packet.

Charac ter synchron iza tion is not necessary here since the pro toco l is
— bit oriented (see Section 2-4). A number of other packet systems are

based on ASCII characters and therefore require both character and

packet synchron izat ion .
/

Altho ugh these othe r types of synchronization are an important

aspec t of local loop transmission , they are basically software exten-

s ions of bit synch ron iza t ion  and are more correctly conside red as part
of the subscriber protocol. Obviously, the DAX w i l l  conform to all
subscribe r protocols on an individual basis as described in Section 4.1.

Section 4.3.3.2 discusses in detail the subject of bit synchronizing

subscriber terminals.

Anothe r aspect of access synchronization concerns the timing

and coor dinat ion requ ired to t r a n s f e r  Class I informa tion bits between
loca l loops and in ternode l inks , so as to maintain the integrity of

Class I virtual circuit switched service . In a conventional synchro-

nous TDM/d ig ita l swi t ch ing  system , once a subscriber is allocated a

channel  in a link ou t of h is  local node , the a l locat ion remains f ixed
for the duration o-f the call. Consequently, the timing and cross—

o f f i c e  delay associated wi th tha t call , as established during the con-
nect ion phase , also remains fixed. However , with the FTDM scheme

emp loyed in the DAX , the channel allocation of a particular call

FR76—l 4-24
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within its master frame may change many times during the course of the

call. As a result , nodal channel coordination is considerably more

comp licated than in the conventional TDM . Section 4.3.3.3.1 examines this
subject in greater detail.

I
4.3.3.2 Bit Synchronization

As described in Section 4.3.3.1 , it is necessary for the network ar

subscribe r terminal to be in bit synchronism . There are two approaches

for  ~chiev ing th is  requirement , either the subscriber terminal slaves
to network timing or the network , in e f f e c t , slaves to subscriber
timing . In the latter case , the LIU would buffer data received from

the subscriber in order to absorb clock differences.

It is assumed that the LIU provides the hardware and , if

necessary , software to achieve bit synchron ization . Strictly speak-
r ing though the LIU would only i n t e r f a ce data terminal  equi pment ;

for voice service , a di gi tal  telephone would te rminate the loop .

As described in Section 4.1, it is assumed that the DAX will inter-

face with all telephone si gna l ing  an-d supervision schemes (analog or

digital) as required. To simp l i f y matters f u r ther , bi t synchron i-

zation in the local loop will only be discussed with regard to data

terminals. It can be assumed that synchronization for digital tele-

phones can be and is achieved in much the same manner.

The remainder of Section 4.3.3.2 examines a proposed LIU in order

to demonstrate its required functional operations and the impact of

various loop and subscribe r requirements on synchronization .

4.3.3.2.1 Line Interface Unit - System Operation

A block diagram for a proposed LW is shown in Figure 4-5.
Because the dev ice is intended to be applicable to all  Class 1 . Class
II arid Class 1/11 data terminals , more operations are shown than migh t

*The interface circuits shown in Figure 4-5 are not being proposed as a
standard DAX interface at the subscribe r level; they are only inten-
ded to demonstra te the type of signals that must be exchanged.
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be required by a particular subscriber. The following subsections

describe how these ope rations vary by subscriber and loop
characteristics.

4.3.3.2.1 Modem/Regenerator

A modem wi l l  be used to convert digital baseband signals out-
pu tted by a subscriber terminal into quasi-analog form sui table for
transmission over the local loop. A compatible modem at the DAX will

convert the quasi-analog signals back into digital form prior to

processing by the DAX . If the local loop uses baseband digital trans-

mission , the modems wi l l  be replace d by di gital regenerators.

For Class I or Class II  service , the modem/regenerator will

provide a transmission capacity equal to the DTE data rate . For Class

1/11 service , however , the modem/regenerato r must be compatible with
the da ta rate of th e DTE and the di gi tal telephone (e . g .  16 kb/s
CVSD) , since both are shar ing  the same local loop . If the DTE

and telephone do not transmi t at the same data rate , the modem will

t ransmi t  and receive at the h igher  of the two rates . When the slower
device is operating, the LIU w i l l  provide speed b u f f e r i n g .

4.3. 3.2.2 Timing Recovery

Basical ly, th i s  w i l l  be accomplished by phase lock ing a local
oscillator to local loop timing. This r~ covered clock will be the
primary base for controlling LIU logic and control circuitr~~, da ta
t ransm ission and re cept ion , and DTE t iming ( i f  the DTE is e x t e r n a l l y

~imed ). Stabil ity and accuracy of this  time base is derived f rom DAX
timing.

4.3.3.2.3 Crypto S~ nchr on iza tion

It ‘is assumed that all local loops will be required to provide

c-i mplete Communications Security (COMSEC). To this end , compatib il i t y

with encryption and description equipments have been included as LIU

requirements. It is further assume c~ that the LIU will be capable of

encrypted operatior~ on a link-by-link basis (LIU to LKG at the DAX )

or an end-to—end basis (LIU to LIU) for either local or internode calls.
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Current and future crypto devices as planned by the military

are bit-by-b it substitution devices. That is , a pseudo random bit
stream is combined with a plain text bit stream via a reversible oper-

a ti on.  Consequent l y ,  slipp ing a s ingle  bi t in the loop modems wi l l
cause loss-of-crypto sync. To minimize the effects of such an occur-

ence , the LIU should be provided with the capability of automatically

detecting and correcting loss—of—crypto sync. As an added precaution ,

the L IU shoul d be abl e to accept a resync command from the DTE.

4.3.3.2.4 Framing/Speed Buffering

This  f u n c t i o n  w i l l  l i ke ly  be employed only when neces sa ry .

Examples of circumstances requiring its use are as tollows :

( a ) For Class I/ Class II opera t ion , speed b u f f e r i n g  (b i t
s t u f f i n g )  and/or f rami ng may be necessary to ma tch the
subs cr iber termina l  or te lephone transmission rate to the
modem rate.

(b ) Asynchronous ter minals will be made ‘pseudo synch ronous ’

by speed bu f f e ring so that  a synchronous cry pto device
can be employed. For example , a teletypewrite r signal

betwee n characters would appear as an encrypted steady
MARK signal  on the local loop.

(c) As a general  means of de tec t ing  loss-of-crypto sync ,

f raming  all loop si gnals is a possibility . Loss of

crypto sync would then appear to the LIU controller as

l o s s - o f — f r a m e .

4.3.3.2.5 Forward Error Correction

It is proposed that this function be provided in noisy environ-

ments in order to increase throughput. A likely candidate for FEC is

the (16 , 8) quasi-cyclic code which corrects up to two errors in a

16-bit codeword which contains 8 information bits and 8 redundancy

bi ts. The code performs well in an error environmen t of 0.1 percent or

less and has the added advan tage of ac cep t ing and out pu t t i n g  individual

8-bit characters , thus providing the character sync function for ASCII

characters.
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4.3.3.2.6 Frequency and Phase B u f f e r

I The LIU wi ll be capable of opera ting from the sub scribe r
terminal clock when transferring data between the LIU and the subscriber

t e r m i n a l .  However , all  da ta transm it ted from the LIU to the DAX will
be timed by the LIU clock . In order to bring subscriber data into

synchron ism with network timing when the DTE is not timed by the LIU ,

I a buffer will be used to read subscriber data into the LIU.

1 4 . 3 . 3 . 2 . 7  Con t ro l l e r

The controller coordinates all operations within the LIU and

I generates and receives all interface signals require d i~ - the sub-

scr iber  termi na l (e. g . ,  Data Se t Ready,  DTE Ready , Re sync , Disconnect ,

etc .). During the data transfer phase of a call the LIU will provide

a transparent interface ; all line protocol required of the network will

f be unde r the control of the LTU or DAX packet processor as described in

Section 7. Add itiona l functions likely to be included under control-

ler supervision include :

(a) On-Hook/Off-Hook supervision : For Class I/Il  service
the control ler  w i l l  genera te all codewords requi red by
its associated telephone in order to initiate or termi-

nate a call. This mode of operation is analogous to that

provided by the TENLEY DSVT/Data Adapte r combination

where the LIU would be the data adapter equivalent.

(b )  Loopback: The controller will detect and initiate all

loop back commands directed to the LIU by the DAX nework
I should this be required as part of the overall maintenance

p l a n .

(c) Pré-emption : The controller must detect the codeword

indicating a pre-empt or forced clear condition . It

will then in form the subscriber terminal over the

appropr iate interface circuit.

1 4.3 .3.2.8 Interface Circu its

As shown in Figure 4-5 , the DTE/LIU interface consists of six

I functional intorface circuits , one pa i r for  e x c h a n gi n g  timin g , one

i 
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pair for exchanging clear data , and one pair for  exchan ging ccn~~:~~i
i n f orma tion .  Basic elec trical  in ter f a c e  ci rcui ts such as power and

ground have been ignored. As mentioned previously, this is not a pro-

posed interface , it is only being used to illustrate the system

requirements placed on the LIU. At this point in time , it would not

be appropriate to attempt to define a general DAX/subscriber interface

which w o u l d  he s u f f i c i e n t l y  f l e x i b l e  to handle all present and future

DTE needs , espec ia l ly g iven the uncertainties relating to the shift

fr~~- charuct.er-oriented to packet-oriented data link control procedures

being proposed by most Standards committees.

4.3.3.3 Local Loop/Internode Link Data Trans fer

Class I virtual circuit switch data undergoes a forma t change

at both the originating and terminating nodes due to the multip lexing

and s w i t c h i n g  func tions per fo rmed  at these nodes. To il lustra te th is
point consider the following : Class I data transmitted to the network

traverses the local loop in the form of a continuous bitstream . At

the or igin atin g node th i s  bi t stream is f ragmented  into  sections , a

masterframe period in length , consistent with the FTDM concept as

desc ribed in Section 2. 1. These sections of data are placed in sequence

in the appropriate outgoing link , one sect ion pe r al loca ted chan nel

p-~- r each outgoing master frame . The channels then sequentially tra-

verse the network and arrive at the term.~nating node , each subject to

the same fixed cross—network delay . At this terminating node the

chu~ nels are , in effect , unfragmented and transmitted over the

appropriate local loop as a continuous bitstream .

As descri bed , th is f r a gmen ti ng procedure is the same as would
be required in any convent onal TDM/digital swi tching system . What

comp lica tes the procedure with respect to the FTDM concept is
the fact that channel allocations in each master frame may be dynamic-

~ii1 y reassigned on a link—by—link basis. In order to assure that these

reassi;nments do not cause loss of network transparency (i.e., loss of
bi t integrity) all data is delayed (buffered) at each node . The extent

FR76—1
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of ~he delay at tandem nodes is examined in Sect ion 4.3.3.3.1. The ex-

t~-nt of the delay at both the oriqinating and terminating nodes is ex-

amined below . It should be noted that since the Class II region of the

m- st -r frame provdes pseudo real time packet switched service , it is not

affected by this particular timing problem.

4.3.3.3.1 Ori ginating Node Timi ng

Class  I dat a during the data transfer phas e of a call ar rives
at the DAX in the form of a continuous bit stream . The data is frag—

mented in s e c tio n s  (a m a s t e r  f r a m e  pe r iod  in l eng th ) in real time by

the DAX and each segmen t is sequentially placed in its outgoing channel

allocation on a frame-by-frame basis. The process is illustrated in

Fiqure 4—6. To simplify the figure , it is assumed that there is no Class

II data and that the entire master frame is composed only of variable

leng th Class I channels. As shown , section ~n is  p laced  in m a s t e r
f rame ~n , sec tion ~n+l is placed in master frame ~n±l , and so on.

-)bserve that iri master frame #n+l , calls 1 throcqh 3 terminate . In the

subsequent master fr~ nie , the master frame contents are compacted per

the FTDM c o c - ~- t. Due to the random temporal relationship between seg-

ments and master frames, in master fra-me #n+2 the data for channel 4

-~;h ich is now adjacent to the start of ~rame marker is requir3d before
j t  has  been compl etely  r eceived.  Th is cha nn el sl ip would result in a
loss of bit inti qrity for this call since the DAX would have to repeat

sect ion un+l in mast~~r frame #n+2 , as is sh own .

To avoid this ‘hiccup ’ effect , it is necessary to delay each

sect ion at the  o r i g i n a t i n g  node one master f r a m e  period b e f o r e  p l a c i n g
in its outgoing channel allocation. This assures that a channel

ulloc i i — r  can neve r he reassigned (moved up in the master frame ) to

~he ex t~~nt that its data is re~~u i r e d  be fore  i t  is  received f rom t h e
]oca l loop . In effect , this delay aligns the master frames and sec-

t~~ins s n:h that each section ends as the master frame in which i’ is

to be pl aced be; ins . This is i1lus~ rated in Figure 4—7.

~jLserve in Figure 4—7 , thai the cross ol fice delay at the

na~~~ng node is not f i x e d .  At the s~ rt  o f a ca l l , the sect1ou~ ~~~i L

p r - ;h a b l y  be p laced n e a r  the  end of t h e  m a s t e r  t rame (d ep~-~
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I
traffic load) resulting in a maximum cross-office delay of two master
frame periods. However, as the channel allocation for the call moves
toward the start-of-frame marker, due to other calls terminating, the

delay can become as small as one master frame period.

4.3.3.3.2 Terminating Node Timing

Local loop/link timing and coordination required at the ter-

minal node of a virtual circuit switched Class I call are similar

in concept to those required at the originating node and therefore

will not be described in detail. The major considerations here are

(1) provisions must be made to store a channel for one master frame

period before transmitting it over the local loop; (2) the cross-

of f ice delay at a terminating node will be no less than one and no

greater than two master frame periods. These results are analogous

to those obtained in Section 4.3.3.3.1.

I

I
I
1

1
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4.4 NETWORK SYNCHRONIZATION

4.4.1 Problem

The problem being considered is to define the means by which the

DAX network synchronizes switching and multiplexing functions so that all

data which is received at a node from a connected node and is to be trans-( mitted to a connected node, is delivered to the proper destination, in
the proper sequence, and without the addition of extraneous bits. The

problems of synchronizing communications between a DAX and a dissimilar

system such as AN/TTC-39 or a NATO switch, or between a DAX and a dedi-

cated subscriber are examined in Sections 10.1 and 4.3, respectively.

There are two aspects to DAX network timing, internode and intra-

node synchronization. The first includes bit synchronization (network

bit integrity) and master frame synchronization on a link-by-link basis.

The second concerns master frame alignment and coordination at each

node. Maintenance of bit integrity in the DAX network constitutes the

same problem it does in any digital network and is discussed in detail

in this section. Frame Synchronization is examined in Section 4.2 and

will not be considered here. Frame alignment and coordination in the

DAX is somewhat more complicated than in a convention TDM/digital switch

due to the dynamic nature of the DAX master frame. This problem is

considered in Section 4.4.3.2.

Throughout this discussion , it will be assumed that all links

connecting nodes transmit at the same data rate and possess the same

master frame period. The impact of variable l ink transmis3 ion rates
and master frame periods on network synchronization is discussed in

Section 4.4.3.5.

4 . 4 . 2  Objectives

To choose a network synchronization scheme out of the various

synchronous and asynchronous plans available which is attractive with

respect to the network factors of survivability , cost, reliability ,

and complexity.
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I
4.4.3 Analysis and Results

4.4.3.1 Background I
The network under consideration consists of a set of nodes

(DA X’ s or similar systems ) interconnected by various tr  ismission
systems (e.g., LOS radio , coaxial cable, satellite 1 , e t c .) .
Because all data passing through a node undergoes synchronous multi- I
plexing and switching , it is necessary to keep this data in f requency
and phase synchronism with the local nodal clock. It is not possible I
however to have all nodes within a network in perfect synchronism .

Consequently,  any data i~eceived at a node from a connected node must
be brought into synchronism with the local clock. There are two

primary methods for performing this internode synchronization :

a. A synchronous or clocked approach where each nodal
clock is controlled so that all clocks maintain 1the same average frequency .

b. An asnychronous or unclocked approach where all
nodal clocks are independent, extremely stable
and free running , and buffers  are used to absorb
frequency errors.

(
I
I
I
I
I
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Within each primary method there are numerous timing schemes available. This note

will specifically consider the four major internode synchronization methods and
possible combinations:

~: 
~~~e~~~~;~~g

Atomic Clocks } Asyn chronous Clocks
c. Master/Slave 

. Synchronous Clocksf d. Frequency Averaging

In addition to internode synchronization, the necessity for intranode synch-

J ronization or coordinating the transfer of Class I channels from input master frames
to output master fr ames at a node is also add ressed . Most of the problems considered
withi n this subject are unique in that they have no analogy in the conventional TDM/
digital switching system.

4.4.3.2 Master Frame Alignment and Coordination

In a conventional synchronous 1DM/digital switching system, master frames

are aligned at each node in order to simplify switching and multiplexing func-

tions. This is illustrated in Figure 4-8. As may be seen, two sub-multip lexed

channels A and B are to be multiplexed together. Each signal is first bit and frame

synch ronized and then frame ali gned using a frame reference signal provided by the
nodal timing system. The frame alignment process assures that channels la and lb
2a and 2b , etc., are in time ali gnment prior to multiplexing . An alternative to
frame alignment is to multiplex the channels in the order in wh ich they are received
and to transmit this order via a control channe l to the demultiplexer in order to
insure proper demultiplexing. This alternate method is considerably more compli-
cated th an frame alignment and this complexity is the major reason it is not used .

The master frame structure employed in the DAX is shown in Figure 4-9a. For
the purposes of this discussion , it is assumed that there is no Class II data and
that the entire frame is composed only of variable length Clas s I channels. The DAX

master frame is dynami c in that a channel allocation (its position in the master

frame) can change from frame-to-frame ; this is illustrated in Figur e A—9a.  Note how-
ever that after the initial allocation, a channel can only move toward the start-of-
frame marker and never away from it.

I
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At any DAX , the start-of-frame markers in all outgoing links are in time

alignment and the start-of-frame markers in all incoming l inks are randomly aligned

with respect to outgoing links. See See Figure 4—9b. This is the same timing relation-

ship that exists in the conventional TDM described above. Unlike the conventional

TDM, there is no absolute need to align master frames in the DAX since the Class I

region map which exists at each DAX for each terminating link uniquely defines the

location of each channel within its master frame. In effect, the CCIS messages pro-

vide the control channel which is required when frame alignment is not used.

Related to frame alignment is the timing or coordination problem generated

by the reass ignmen t of channels within a master frame. To illustrate the nature of

this problem , consider the procedure required to establish a call at a tandem node .

Referring to Figure 4-lOa , a Class I call is allocated channel 6 on the incoming link

and channel 5 on the outgoing link . Note that the master frames on the incoming and

outgoing links are out of alignment. Data bits for the call first appear in in-
coming master frame #1 and are placed in outgoing master frame #1. They could have

been placed in outgoing master frame #2 but this would have added additional cross-

office delay , a situation which , if possible should be avoided. Similarly, data

bits received in incoming master frame #2 are placed in outgoing master frame #2;

this procedure continues frame -by-frame until the conclusion of the call.

The problem with this particular channel assignment is that if the first

four calls in the outgoing link were to terminate while all calls in the incoming

link were to continue , channel S would be moved to a position adjacent to the start-

of-frame marker; consequently, in the frame in which this move were effectuated, the

call bits to be placed in channel 5 in the outgoing link would be required before

they were received on the incoming link. The probable reaction of the DAX to this

situation would be to repeat the previous frames call bits , as shown in Figure 4-lOb.

This channel slip would appear to the customer as a repetition or ‘hiccup ’ of data,

a channel period in length.

There are two ways to avoid this ‘hiccup ’ effect. One is to delay the cal l

bits from each incoming channel one master frame period before placing them in an

outgoing channel; the other is to never place the call bits from an incoming chan-
nel in an outgoing channel whose corresponding start-of-frame marker begins prior

to the end of that incoming channel. Both methods assure that at any tandem mode an

outgoing channel can never be moved forward to the extent that it slips by

(precedes in time) its corresponding input channel. An examination of both

FR76- l
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assignment approaches did not show either to possess a significant advantage over I
the other , except that the fixed delay approach appears to require somewhat less

processing time .

As a consequence of either assignment approach, there exists the possibility

that the cross-office delay for a particular Class I call at a particular node could

increase by as much as one master frame period during the course of that cal l , and

could become as large as three master frame periods . This phenomenon is shown in

Figure 4-11. Incoming channel 6 first appears in master frame #1 and is placed in

ou~~ ‘ng master frame #2, as would be required by either assignment method. Due to J
the ali gnment of master frames, the delay between input and output is two master

frame periods . If channel 6 on the incoming link moved completely forward , as would

be the case if calls #1 through #5 on the incoming link terminated while all calls

on the outgoing link remained , the delay would increase one master frame period , as (
shown in Figure 4-11 . At this point , the cross-office delay is at the maximum , three

master frame periods. It does not appear that this worst case cross-office delay

can be reduced without placing constraints on channel reassignments.

4.4.3.3 Frequency Dri ft and Transmission Delay I
Before examining the candidate bit synchronization techniques des-

cri bed in Section 4.4.3.4, we must consider the two basic pr~~1 ems with which

a bit synchronization plan must content : nodal clock frc’~ui~ncy drift and S

link transmission delay variations .

4.4.3.3.1 Nodal Clocks 
S

Two type of clocks are pr imar i ly  used in digital networks ; crystal and

atomi c clocks. Each is characterized by a stability (or aging rate) given usually in

I
I
I
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pa rts/f 0/day , where f is the clock ’s nominal frequency. The stability of a commer-

cial crystal clock may vary, depend ing on cos t, between io
_6 

and the stabili ty

of a commerc ial atomi c clock is on the order of io
_1.2 . Because of the greater sta-

bility of atomic clocks , they are usually used as the master clock(s) wi thin a net-

work . Crystal clocks are usuall y used for ba ckup purposes or as nodal clocks
(poss ibly ph ased locked to a master) at lower leve l nodes. Because all  clocks
exhibit frequency drift , network timing is usually recalibrated once or twice a year

against a primary standard.

1 .3.3.3.2 Buffers
*

When data is received at a node , any freq uency difference be tween recovered
timing and nodal timing will necessitate buffering the data. Buffer operation is as

follows. The buffer is initialized to the half full position . Data is first

clocked into the buffer at the recovered frequency and then clocked out at the nodal

frequency . If the nodal frequency is greater than the recovered frequency , the

buffer tends to empty; if the reverse is true the buffer tends to fill. Whenever a

buffer overflows or underflows data is lost . If the average frequency of the nodal

clock can be kept equal to the average recovered frequency, loss of data can be
prevented .

The difference between nodal and recovered frequency is due to two sources ,

nodal clock frequency differences and transmission delay variations. For the pres-

ent , it will be assumed that transmission delay variations are negligible . Subject

to this assumption , the buffer size B required for a link connecting to independently

timed nodes is given by

B = 2 x 86,400 x (S1 
+ S2 ) x F x C x D = 172 , 800 + S

2
) FCD

Where :

S. : stability of each nodal clock in parts/f0/day

F: link transmission rate

C: days since la st network timing calibra tion

D : days before loss of data (time between buffer resets)

I
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Implicit in the above fo rmul a is the worst case assumption that the nodal clock s
drift in opposite directions . Figure 4-12 illustrates the relationsh ip between buffer

size and differential clock stability (S1 + S
2
) for the following case :

I a. Network timing recalibrated every 180 days
b. Link transmission rate of 1.544 x 106 b/ s

I ~ c. Buffers reset every 24 hours
d. Network to be recalibrated within one hour

I 4.4.3.3.3 Transmission Delay Variations

Transmission delay variations also cause timing problems ; however, their

effects manifest differently than do the effects of nodal clock variations . To see

this consider two interconnected and independently timed nodes A and B. If the

I 
transmission delay between A and B increases (decr eases) in both directions , then
more (less) bits are stored in the link and the receiver buff ers at each end of the
link will empty (fill) simultaneously. On the other hand , if the nodal clock at A

is faster (slower) than the noda l clock at B , then the buffer  at A w ill empty (f il l )

while the buffer at B will fill (empty). It should be noted that by comparing buffer

J changes at both ends of a link , it should be poss ible to determine whether buffer
changes are due to clock or transmission delay variations.

There are two common approaches for handl ing disturbances caused by trans-
mission delay variations , inserting adj ustable delay s in the transmission path or
allocating sufficient buffer space to absorb maximum delay variations. The latter

method is simpler to implement but not as flexible as the former. Wh ich of two
methods is preferable depends on the magnitude and rate of change of the delay vari-

ations. Estimates of these quantities* for LOS radio and coaxial cable are as

follows :

a. Coaxial Cable

1. The dominant cause of delay variations is linear expansion
cause by temperature change ;

-S 
2. Changes in transmission delay occur slowly;

3. For a path leng th of 3000 mi les and a transmiss ion rate of
S 1.544 x 106 b/ s , the change in the number of bits stored in a

cable due to a 22°C temperature change is, approximately , 10 bits.

j *Based on data in Referer.ce (1).
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I
b. Microwave Radio

- 
- 1. Delay variations are due to changes in temperature , pressure ,

humidity and probably rain;

2. Rapid and long-term delay variations are possible;

3. Average variations in link bit storage are (1) daily, 0.49 bits;
(2) monthly, 2.5 bits ; (3) yearly, 7.4 bi ts.

It appears from these estimates that, at least for LOS radio and coaxial cable

lLnks , the less complicated and less costly buffer appraoch is more than adequate
for absorbing delay variations.

With tropospheric transmission , short term delay variations are to be expec-
ted , but the magnitude of these variations are not significantly greater than those

I experienced in LOS radio links. Consequently, buffers, as opposed to variable delay

elements should be used to absorb delay variations in these systems.

f Delay variations in a satellite link during a period of 12 hours can be

qui te severe , due primarily to orbital eccentricity. Buffer requirements for such

links on the order of 5000 to 6000 bits are possible. However, th is buff ering is

r provided by the transmission system and need not be considered a DAX requirement.

I 4.4.3.4 Techniques for Bit Synchronization

F 4.4.3.4.1 Independent Atomic Clocks

I In this approach , each node in the DAX network is equipped with an atomic
clock . During normal operation a crystal clock slaved to the atomic clock provides

all nodal timing. If the crystal clock should fail , the atomic clock provides

f timing directly. If the atomic clock should fail, the crystal clock is slaved to

one of the incoming links. If all links were to fail , network timing is not neces-
sary since communications to other nodes is impossible; however, service to dedica-

ted subscribers would continue in this mode using the now free running crystal clock

as the nodal timing supply.

There are presently two types of atomic clocks commercially available , one
based on cesium beam technology and the other on the rubidium gas cell technology .

I 

The cesi um beam clock is a primary standard . It  offers a s tabi l i ty  of ti x io ’2

k parts/f 0/day and at least that performance for longer averaging times . The rubidium

j standar i offers approximately the same short term stability but exhibits finite

1: long- term drift, typical ly ± 1 ~ par ts/f 0/year . Based on these stabilities ,

r DAX buffer requirements to con~ ~ate for rubidium or cesium clock frequency drift

I ~~
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can be computed using the buffer size formula given in Section 4.4.3.3.2. Assuming

network recalibration every 180 days , buffer reset every 24 -hours and a transmis-

sion rate of 1.544 x 106 b/s, the buffer lengths requ iredt are given by

Rub idium : 172 ,800 x (2 x lo
_
~
2) x 1.544 x 106 x 180 x 1 “ 96 bits

Cesiurn*: 172,800 x (2 x l0
12 ) x 1 .544 x l0~ x 1 x 1 ‘~. 1 bit

The chief advantages of independent atomic clocks over other internode synch-

roniza tion scheme s are

a. conceptually simple and a proven technique
b. good rel iabili ty S

c. good survivability/low risk

The primary disadvantages include

a. moderately costly
b. periodi c loss

c. atomic clocks are complicated devices and require trained personnel
to maintain them

4.4.3.4.2 Bit Stuffiflg
I

In this method , all nodes possess independent , moderately stable crystal

clocks. In order to prevent loss of data due to frequent buffer overflow/underflow,

all data received at a node is retimed as follows. If an incoming bit stream is

slower than the local clock , stuff bits are added to the b it stream to bring the
two into synchronism. If the bit stream is faster, bits are removed or unstuffed

and transmitted over a separate control channel. Extensive control signaling is

required in order to unstuff and reassemble bit streams at each node.

Because digital switch ing occurs at each node in the network , all Class I
channels would have to be stuffed and unstuffed individually at each tandem node as

well as at the originating and terminating node . This requirement in conjunction

wi th the dynamic master frame structure of the DAX makes bit stuffing probably
unrealizable in terms of processing time and undesirable in terms of cost. This

S technique is therefore rejected and will not be given further consideration .

of transmission delay variation considerations.
*Assuming ±1 x 10-12 parts/f0/l80 days.
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4.4.3.4.3 Master/Slave

In this synchronization plan , a particular node is designated master for the
entire network and all other nodes slave their timing to this node. The master

clock is usually a primary standard while all other timing supplies are moderately

I stable crystal clocks. For reliability , all clocks are made fully redundant. The

choice for master node is usually based on geographical considerations. Network

timing is disseminated via a timing tree whose links are a subset of the network

links. The timing tree must be carefully maintained and fully redundant since loss
t

of a single link can have catastrophic results .

The major objection to this scheme is that loss of the master clock severely

cripples network timing. To illustrate this point , assume that the mas ter fa ils and
that the following optimistic assumptions apply: -

[ a. All crystal clocks are at the identical frequency when the master
fails and they free run at this last remembered frequency;

b. The drift  rate is ± 1 x l0~~ parts/f0/hr;

C. Buffer capacity is 1000 bits.

Then using the buffer size equation in Section 4.4.3.3.2, the amount of time that passes

before loss of bit integrity occurs on the average link is given by

1000 = 172800 x (2 x 10~~ ) x 1.544 x 106 
~ D

D “i. 1.9 hours

Because 1.9 hours is not considered a very large margin of safety and because of the

vulnerability of such a scheme, the master/slave concept as described is not con-

sidered viable.

It is possible to reduce the risk involved in the master/slave method by

modifying it in the following manner. The network is functionally divided into

.~everal smaller networks, each with its own master node. Synchronization in any

subnetwork may be maintained as in the conventional master/ slave concept or , as is

usually the case, via a hierarchical timing tree. The latter approach requires that

each node within a subnetwork be assigned a level and that the nodal timing at
each node be obtained by slaving to a node one level above. At the top of the hier-

- - archy is the master node; therefore, all timing within a subnetwork is directly or

indirectly slaved to the master. Synchronization between subnetworks is assured by

synchronizing the master nodes through atomic clocks or frequency averaging
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This hybrid approach is considerably less risky than the straight master/slave

scheme since it uses many masters clock s and since t im ing at any lower l evel

node can theoretical ly be maintained by slaving to any incoming link .

4.4.3.4.4 Frequency Averaging

Frequency averaging requires that the frequency of a nodal clock be main-

taIned at the average frequency or phase of all incoming links. This is accomplished

as follows : For each incoming link at a node, a control signal is generated which

is proportional to the buffer fill at that link . All control signals at the node

are appropriately weighted’ and added together. This combined signal is then used to

control the nodal clock frequency. For stability purposes, satellite links are

permanently removed from the averaging process. Links which are out-of-service (out-

of-frame, down, excessive error rates, etc.) would be automatically detected and
temporarily removed from the averaging process.

This synchronizing scheme is attractive for many reasons

a. crystal clocks are adequate

b. no periodic buffer reset

c. relatively inexpensive

d. easily implemented using digital techniques and therefore easily
maintainable

However, frequency averaging is not without its major drawbacks. Although theory

predicts that the network will reach a single steady state frequency, frequency

transients caused by natural (link failure, clock failure , start-up) or man made

(jamming) disturbances ripple through the entire network. Studies have shown that

transients caused by natural disturbances die out quickly and the system remains
stable; however, jamming must be detected and counteracted in order to prevent
catastrophic results.

4.4.3.4.5 Conclusions

Based on the foregoing discussions, it would appear that internode synchro-

nization in the DAX network can be accomplished by any of the above schemes with the

probable exception of bit stuffing. The choice of an ‘optimum’ scheme would depend

on the criteria used. If vulnerability is the major concern, independent atomic

clocks are the only choice. If this criterion is tempered by cost considerations ,
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the modi fied master/slave approach is a likely candidate . If cost and maintain-
ability are the major considerations, frequency averaging appears very attractive.

Network synchronization is considered further in Section 9.1.

4.4.3.S Transmission System Flexibility

• lip to this point, it has been assumed that all transmission links provide

the same digita l capacity. This Section will examine the impact on network synch-

ronization of interconnecting nodes with links operating at various transmission
rates, such as NATO group rates based on 256 kb/s or TRI-TAC group rates based on

576 kb/s.

With regard to bit integrity, there is no dependence on l ink transmission
rate. This is especially true given the state-of-the-art in digital signal proces-

sing. As long as a single accurate and stable frequency source is available at each

node , regardless of whether the source is an atomic clock or a crystal clock slaved
to an incoming link , all required frequencies can be accurately synthesized with the
same stability as the source .

The method of coordinating input and output channels at a node as described
in Section 4.4.3.2 is independent of link transmission rate as long as the master frame

period for all links is a constant. This is true because the only factor affecting

the width of a Class I channel for virtual circuit switched operation is the period

- - of the master frame. For example, assuming a master frame period of 10 ins, a 16 kb/s
dig ital Class I connection would receive a 160 bit channel allocat ion 

•
in each link

transversed by the connection regardless of the link ’s transmission rate.

When the master frame period is allowed to vary from link-to-link , channel
coordination at a node becomes considerably more complicated . However, there

• appears to be no advantage to be gained by building this capability into the DAX , S
thus the implications of a non-uniform master frame period will not be considered.

~ I

I
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4.5 COMSEC SYNCHRONIZATION

4.5.1 Problem I
The SENET-DAX system must be capable of supporting encrypted digital signals

from a wide variety of users . A major constraint imposed on the total switching

and transmission system by typical modem comsec equipment is the need to establish
aRd maintain end-to-end bit integrity .

4.5.2 Objectives

The objective of this task is to inve stigate the impact of providing bit
integrity as a function of traffic class for a variety of user end-to-end configur-

ations . Although the SENET-DAX may interface with other switching systems as

illustrated in Figure 4-1 (Section 4.1) this study is limited to DAX local

subscribers and to trunks between DAX switches . The detailed treatment of the 1
necessary monitoring and control interfaces between modem comsec equipment and the

DAX switching system is very complex and is not attempted at this time . Interest Iis focused primar ily on those un ique concep tual aspects of the DAX switching and
multiplexing system that dis tinguish it from other digital switching systems such
as the AN/TrC-39.

4.5.3 Analysis and Results I
4.5.3.1 Cryptographic Synchronization Problem - 1

The general nature of COMSEC equipment assumed to interface with the

SENET- DAX system is characterized by the stream-cipher technique whereby a 1
binary keystre am is added bi t -by-bi t  modulo two to each successive bit of plain
te xt.  The resulting encrypted digital sequence which appears to be random is I
transmitted to the destination where, in order to recover the plain text, it is

necessary to add an identical binary keystream to the received sequence. If the

keystream at the sending and receiving ends are not identical and/or are not

synchronized the plain text cannot be recovered.

I
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Encryption devices are provided for individual subscriber loops for

handling digitized voice or data at a variety of rates and also for high rate
trunk (or bulk) encryption. A secure voice or data call may be individually
encrypted on a link-by-link basis or on an end-to-end basis. If the call tra-

verses several t runks between DAX switches , some or all  of the trunks may be bulk

encrypted. From the point of view of an individual subscriber secure call , a

single bit sli p anywhere from the originat ing termi nal to the destina tion can cause
disruption of service. The transmission system design , the switch and mul tiplex ing

sys tem design and the procedures and protocol for detecting and corre cting
syn chronization errors must al l funct ion effic ient ly to minimi ze the amoun t of
time lost to synchronization errors.

• 4.5.3.2 Trunk Encryption

Since trunk encryption impacts on all classes of traffic and on individually

secure subscribers as well as non-secure subscribers, it is appropriate to con-

sider this particular problem first. Trunk encryption of the master frame between

DAX switching nodes may be necessary to provide traffic flow security. Such

encryption will randomize the entire frame making it impossible to distinguish the

Start-of-Frame Markers and the Class II packet envelopes in the event of inter-

ception of the encrypted trunk. Crypto synchronization is a prerequisite for

obtaining and maintaining DAX frame synchronization. A similar state of affairs

is common to other time division multiplexing systems. The DAX frame synchroniza-

tion scheme differs from that used in the AN/TFC-39 and DGM families of digital
mul tiplexing equipment in that it uses a multi-bit frame word to idei~tify the

start-of-frame rather than a single framing bit per frame. For maintaining frame

— sync and for signaling “loss-of-frame” or “request-for-frame sync,” the DAX system

uses a relatively short word on the order of 16 bi ts .  For achieving master frame

synchronization , the start-of-frame marker is a longer word , on the order of 48
bits . The use of multi-bit start-of-frame markers provides for rapid framc sync
acquisition in the presence of random data on the remaining time division multi-

plexed channels. Thus the DAX concept does not require the setting to zero of all
data channels during frame acquisition and the additional signal ing necessary to
coordinate the removal and replacement of d~ita as in the above mentioned systems.

I
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Wha t is ne~essary of the DAX system is to provide frame sync subsystem perfor-
mance under expected transmission bit error rate environments (including fading

radio channels) that is adequate to provide low false alarm rates while also

being able to rapidly and reliably detect true loss of frame sync. As in the

AN/TTC-39 and DGM systems the procedures designed and implemented for the DAX

frame sync management will differ depending upon whether or not a trunk encryption

device is in the link and the nature of the transmission medium .

The loss of crypto sync on a trunk between switches will cause loss of

traffic on all channels unt i l  crypto resyn c is achieved. The loss of sync
must be recognized at the switch as a loss of master frame sync at the receiving

end and the COMSEC equ ipment must be caused to enter a resync mode by an external

command. The ful l duplex exchange of bits between COMSEC equipment to achieve

re-synchronization must be reliable and typical ly requires several thousand bit

intervals plus several round trip transmission delays. As soon as the COMSEC

equipment has established crypto-sync. the traffic mode is cont inued using the

long master frame marker. During the first few DAX master frames used for acquiring

frame sync, Class II packet switched data and signaling may be transmitted over

the trunk. Ideally the time delay from the loss of trunk crypto-sync until full

duplex traffic is restored should be as short as possible compatible with the

trunk bit rate, the transmission channel bit error rate characteristics , and the

logical reliability required of the decision making algorithms . On some trunks,

because apparent loss-of- frame sync may be due to a momentary high bit error rate,

procedures can be provided to delay the crypto resync comi”and by a fixed or selec-

table amount of time . If frame sync recovers during the waiting interval , the

resync command is withdrawn.

4.5.3.3 Secure Voice Subscriber

As an example of a Class I user we consider the impac t of crypto synchron-
ization on a secure digital voice subscriber. For comparison we also consider a

parallel non-secure digi tal voice subscriber. Assume for example that calls have

been established and that voice communication is progressing normally. One of

the more simple kinds of malfunction one might expect from a highly dynam ic and

I
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flexible multiplexing scheme such as DAX is that during a master frame when

channels are being reassigned due to rapid changes in Class I traffic some indivi-

dual user channel may occasionally lose or gain a bit. For most non-secure digital

voice terminals, an occasional lost of extra bit would go unnoticed. If the bit

integrity is disrupted on a secure channel , the subscriber loses crypto sync and

hence voice communication . In this situation the switch itself may have no way

of knowing that crypto-sync has been lost on a particular subscriber channel

and simply continues to process the call. The user in this case must initiate

the resync process. In the case of end-to-end encryption , as long as the switch

maintains the connection , the COMSEC equipment at each user terminal can exchange

the necessary on-line control signals to re-establish crypto-sync. Although

end-to-end encryption involves fewer interfaces with COMSEC equipment and maintains

continuity of message security , the procedures for key aistribution throughout

I the entire switching network must be provided.

Link-by-link encryption can be used to connect subscribers having different

area COMSEC keys and perhaps diffe rent terminal equipment . The DAX switching

centers must be equipped with the necessary dedicated or pooled COMSEC equipment

to decrypt and re-encrypt messages with the proper compatible crypto keys . The

subscriber loops at each end switch may have crypto keys differing from each other

and from those used on intermediate links between switches. The individual channel

encryption is independent of any trunk or bulk encryption that may also be employed .

When loss-of-crypto-sync occurs on a link-by-link encrypted call , the fault may

lie in any segment and the problem of resynchronization is compounded. A crypto

resync command initiated at a subscriber terminal must be recognized by the local

DAX switch and a COMSEC sync procedure similar to that used in initially setting

up the call must be exercised on each link even though all but one may already

be synchronized.

On a voice call the subscriber becomes aware of the loss of crypto-sync

1 immediately and can initiate action to re-establish the call. The user terminal

for secure calls will have appropriate mode control buttons or switches which the

user can manipulate. If resync procedures fail , the subscriber has the option

to go On-Hook and later try to re-establish the call.

I
I
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4 .5.3.4 Secure Data Subscriber I

The DAX Class I service may be used to support secure data links where

the loss of crypto-syn c may have to be recognized by a machine rather than a human .

Many standard data formats provide me~ns for detecting character errors and/or

gross violations of message format . Loss of crypto sync woul d general ly result in

random bits not satisfying any prescribed format . If the data being transmitted

over the switching network is of sufficient timeliness and importance , it may be

necessary to provide redundant service over parallel or alternate routes. Alter-

natively all or parts of the data may have to be repeated with the aid of human

intervention.

4.5.4 Conclusions -

This has been on initial examination of the impact of crypto synchroniza-

tion on the DAX system. The detailed specifi c requirements and procedures for

interfacing with various existing COMSEC equipment is very complex. Certainly

the synchronization and key distribution problems are of primary concern to users I
of secure links independent of the particular multiplexing scheme employed in the

switch. Detailed examination of the interface requirements and operating procedures I
for spec if ic fam il ies of COMSEC equipment must be integrated into the design of

the DAX switch subscriber loop interfaces . I

I
I
I
I
I
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4.6 CCIS ERROR CONTROL

4.6.1 Problem

In order to control and coordinate the flow of traffic through the DAX

network , it is necessary for DAXs to exchange control messages. These CCIS

messages typically provide information relating to cal l originations and terinin-

ations , Cl ass I channel reass ignments , call preemptions , and synchronization ,
as examples. For reasons discussed in Section 2-2 , CCIS messages will be in the

form of data packets and will conform to ADCCP, a bit oriented data link

¶ control procedure.

ADCCP packets are inherent ly sel f-checking; that is, they utilize a
16 bit polynomial code for error detection . This task will examine the suit-

ability of this form of error control with respect to the following DAX network

parameters : type and average transmission rate of CCIS messages ; noise environ-

ment; and retransmission scheme. The need to augment ADCCP error control with

forward error corre ction (FEC) will also be discussed.

4.6.2 Objectives

There are three basic techn iques avai1able for error control in a data

network :

a. E rror detection and retransmission of the data found to

con tain errors (usual l y alluded to as Automatic Repeat
Request , or ARQ) ;

b. FEC (errors remaining after the correction phase are pasred

on along with the good data);

c. FEC followed by error detection and retransmission (ARQ) ;

These three techn iques alon g w ith poss ib le var iations of fer  vary ing

degrees of reliability (probability of an undetected error) at the expense

of throughput and complexity. The objective of this section is to examine these

t rade-offs with respect to error control techniques applicable to the DAX.
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4 .6 .3 Anal ysis and Results

4 .6 .3 . 1 Back ground

Neglecting FEC for the moment , error contro l in the DAX network will

he accomplished using the technique of continuous automatic repeat request

When a packet is received at a DAX from a remote DAX , it will be tested for

errors using the frame check sequence (polynomial code) contained within the

packet. If no errors are detected , a CCIS contro l packet will be transmitted

to the remote DAX specifying that it may erase from memory , subject to DAX

accounting procedures per Section 3, the data packet in question. If an error(s)

is detected , a CCIS contro l packet will be transmitted to the remote DAX

requesting a retransmission of the erroneous packet . Retransmission of a packet

will also occur if the packet “times out” . That is , if a DAX does not receive
an acknowledgement , positive or negative , in a specified time for a previously

tran smitted packet , the packet will be retransmitted. This “time out” appl ies

to both control and data packets.

Because all DAX packets are sequence numbered , it will only be necessary

to retransmit erroneous packets. Thus this particular ARQ implementation is

superior to both stop and wait ARQ and complete retransmission/continuous ARQ*

in that it provides greater throughput . For elaboration of this point see Section

10.3.2.

FEC with no ARQ does not provide sufficient reliability to be considered

a viable alternative for CCIS error contro l ; however , when used in conjunc tion
with ARQ (henceforth denoted FEC/ARQ) it does merit consideration . In this

latter context , each packet received at a DAX would first be FEC decoded using

hardware and then error checked using either hardware or software. FEC is employ-

ed with the intention that for most packets it would correct all errors thus

obviating the need for retransmissicn and , in turn , increas ing throughput . It

should be pointed out that this hybrid error control procedure is not necessarily

superior to stra i ght ARQ , as w i l l be seen shortly.

* Complete retransmission/continuous ARQ requires that the I
system backup and retransmit the erroneous packet and
all pac kets subsequent to that packet.

I
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I 4.6.3.2 Noise Model

Error environment plays an important role in determining the error

I contro l to be employed on a channel. To illustrate this point assume the

following applies to a typical inter-DAX link :

a. Bit errors are caused by a binary symmetric channel (BSC) ;

b. All errors are independent (random);

I c. The BER is approximately lO
_2

.

Then if the average CCIS control packet is 150 bits long, the average

number of bi t errors per packe t is 150 x 10 2 
= 1.5. Thus, this error environ-

ment appears well suited to FEC/ARQ since an average of 1.5 errors per 150 bits

is well within the capability of most FEC codes .

On the other hand, if the bit errors on the channel occur in bursts

I and if errors within these bursts exhibit an average BER of 10
1 , then the

suitability of FEC is not so clear . In this case, the average number of bit errors

occurring in a packet caught in a burst is iSO x 1O~~ = 15. Although there are

many FEC codes which can handle 15 errors randomly distributed among

j 150 bits , there are likely to be man y cases where the number of errors would
1 considerably exceed 15 or where the errors would be bunch ed occurr ing in a

i span of say 25 to 50 bits. Al though PEC codes can be designed to fit a particular

I burs t no ise model , it is rare that a real channel obli ges by prov iding errors
which fit the assumed noise model with any consistency .

i Obviously a val id noise model is required in order to develop an adequate

error control system. Unfortunately, error statistics applicable to wideband

links of the size and multiplicity required to interconnect DAX ’s are not avail-

able. To circumvent this problem , the noise model employed in the AN/TTC-39

will be used. Since the AN/TTC-39 is a tactical switch probably comparabl e in
capacity to a flAX, the DAX noise environment although possibly no better than the

I AN/TTC-3Y’ s , should certainly  be no worse. The assumed noise model is already
given in Table 4-3.

F
I
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4.6. ~~. 3 CIS P ~ k t t Statist ics

-\s described p r e v i o u s l y ,  C C r S  messages are required for the  e f f i c i e n t

contro l of traff ic. These messages will be transmitted in-band in the form

o f  packets. They will he carried in the Class  II region of the master frame,

a1 thou ~ h during abnormal condi t ion s they may he t r ansmi t t ed  in the Class I

region . A detailed description of CCIS message structure and procedures is

pr ovi ded in Sections 2.4 , 3 .1 , and 3.2. CCIS packet stat i - ~tic s are derived in

S e c t i o n I l L  2 ;  the ~t o tisti cs pertinent to the problem at hand are as f o l l o w s :

a. CC IS packet si ze varies from , approximatel y, 100 to 230 bitz.

The ~e ig hted average p a c k e t  s i z e  is  150 b i t s ;
b. The i~or  ~ t c 1 5 C  equiv~~1en t Bli channel requ red to handle

CCIS packet s is approximately 5500 b/s.

Based on these statistics and the assumpt ion  tha t  the average inter-

DAX link provides a t ransmission rate of 1.544 x i06 b/s , the fo l lowing  results

are obtained:

a. An average packet period of (5500 b/s)/(l50 b/packet) =

36. 7 packet/ s  or one packet every 27.3 ms.

b. An average packet duration of (150 b/packet) x (1/1.544 x io
6 b/ s) “..

0.1 ms.

It is interesting to contrast the burst noise model assumed with the

equivalent CCIS channel described above. This is done in Figure 4-13. Note that

the duration of a packet is short compared to the duration of a noise burst ,

regardless of the frequency of the noise burst . I
I
I
I
I
I
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4.6.3.4 Error Control Analysis

The two candidate error control systems , ARQ and FEC/ARQ will be evaluated

with respect to their performance in the noise environments assumed (non-burst

and bursts). The criteria to be employed in their comparison are probability

of an undetected error and throughput , where throughput is given by the ratio
of the equivalent CCIS channel (as defined in Section 4.6.3.3, 5500 b/s) to the

equivalent channel required to compensate for channel errors.

4 . 6 . 3 . 4 . 1  Non- Burs t Environment

In the non-burst noise environment , errors are assumed to occur

randomly and at a rate of l0~~ . I
4.6.3.4.1.1 ~~~ 

-

Polynom ial codes wh en used for error detection can , if properly cho sen ,
provide extremely good reliability. It can be shown (see Reference 36) that for

any polynomial code of order 16, containing (x + 1) as a factor , and containing
another factor having at least 3 terms, the following protection is aff orded :

Error Type Probab il ity of Detection
a. Singl e Erro r 1

b. Double Erro r 1

c. An odd number of bits in error 1

d. An error burst less than 17 bits 1
in length

e. An error burst exactly 17 bits 1- (3 x 10~~)
in length

f. An error burst greater than 17 1- (1.53 x Lc15)
bits in length

where it has been assumed that all error patterns are equally likely (although

not a realistic assumption , it is certainly not a terrible assumption).

By applying these results to CCIS packets, it is possible to estimate

the probability of an undetected error. Since ADDCP calls for the use of a 16th

order polynomial code for error detection , the probabil ity that a burst greater

I
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( than 17 bits in length goes undetected is 1.53 x 10~~ and the probability that a

burst exactly 17 bits in length goes undetected is 3 x 10
g
. The probability

I of a burst greater than 17 bits in length in a received packet (150 bits) for

the as sume d random error environment is conservatively bounded by P (burst >

1 17 b its) ISO 150 ) (001)k(999)150-k
k=2,4...

J which follows from two facts: a burst must contain at least two errors; and

all bursts with an odd number of errors are detected. This last equation may be

evaluated as follows:

1 150 ( iso ) ( 001) k (999)
150_ k

1

= - 
150 ) (~001)k(~999)l50-k - 

~~ ( ‘~° )(.OOl)k(.999)150~~
• k=0 k=3,5...

1 - ( (~999)l50~ 150 (.001)1 (,999)l49)_ ( (~~0) (.001)
3(.999)147+ ..)

= 1 -(9.8987 x l0~~)- (4.76 x lO~~ + ...)

9.65 x l0~~

Similar ly ,  the probability of a burst exactly 17 bits in length in a received

packet is bounded by

133 (10 3)2 (l~1O
_3
)133 = 1.16 x l0~~

Therefore, the probability of an undetected error in a received CCIS packet is

pessimistically upper bounded by

1 (1.16 x 1O~~) (3 x l0~~) + (9.65 x 1O~~) (1.53 x lO
s) = 1.51 x l0~~

To estimate the throughput obtained using straight ARQ , we observe that

a packet is retransmitted only if it contains one or more errors. The probability

of this event is given by

1 - ( .999) = 1- .861 = 0.139
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Therefore, if n CCIS packets are transmitted from one flAX to another, the average

number of retransmissions required after the first transmission of these n packets

r is 0.139 n. Neglecting those packets required to initiate the retransmissions, I
the total number of packets required to transmit without error the original n

packets is given by I
n (1 + .139 + (.139)2 + (.l39)~ + . ..) = n ( 

1- .139 ~ 
‘~~ 1.16 n I

wh ich equates to a packe t throughput of 1/1.16 = 0.861.

Another way to interpret this last results is in terms of the increase I
in the equivalent Busy-Hour CCIS channel required to offset channel errors . Us ing

the worst case channel estimate 5500 b/s given earlier , the equiv alen t CCIS channe l I
increases to 5500 x 1.16 = 6380 b/s.

______ 

I4 .6. 3.4.1. 2 FEC/ARQ

The impact of FEC in a random error environment is to effectively I
improve the BER . To illustrate this it will be necessary to assume an FEC

code. The most suitable FEC codes to be used with DAX CCIS type messages are Iblock codes as opposed to convolutional codes. Within the block code class ,

there are many codes from which to choose. It will be assumed that the 1/2 rate

Golay code * w i ll be used. Th is is a very pow er fu l code and f inds wide usage 1
in this type of application.

I
If all CCIS packets are Golay encoded prior to transmission, then

after reception and decoding the probability of a packet error is less than it I
would be without FEC cod ing. The probability of the second event is .139 ,

as calculated in the Section above. The probability of a packet error when FEC I
is employed may be calcul ated as follows:

a. The probability of four or more errors in a 23 bit code word I
is

23pcc E ( 23 )(.OOl)k(.999)
23~~= 1- 5 (23 \(•001)

k
(~999)

23k Jk=4~~ !~ k=O~ k )

= 8.72x ~~~ I
* The Golay code is a (23, 12, 3) code which means it can correct Iup to 3 errors in a 23 hit codeword derived from 12 information

— bits.

1
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b. The probability of one or more of these erroneous codewords in

I a CCIS packet is approximately given by

~ ~~ce~ 
13 

= 1- (1- 8.72 x 1O -
~ ) 13 

= 1.13 x

I
i where it is assumed that the average CCIS packet encodes into 13 codewords.

As may be seen , FEC has decreased the probabili ty of a packet error (one
or more bit errors) from .139 to 1.13 x 10~~. When FEC is used with ARQ it

• would be safe to say then that the probability of an undetected error is, for
all practical purposes, zero. It should be recalled that for straight ARQ , the
probability on an undetected error was conservatively estimated to be less than
1.51 x l0~~.

If we make the simplifying assumption that with FEC the probability of a

retransmission of a CCIS packet is zero, then the throughput realized by FEC/ARQ

is st i l l  no better than 1/2 , since FEC utilizes 1/2 rate encoding. This

translates into an equivalent CCIS channel of 5500 x 2 = 11 ,000 b/s.

4.6.3.4.1.3 Discussion

• For the random error enviren.~ent just considered, there are two signi-

ficant results:

1 1. Both ARQ and FEC/ARQ provide excel l ent reliability;
2. ARQ has the advantage over FECIARQ in throughput (0 .862 to 0.5

fo r a BER of lO~~) .  It can also be shown that as BER improves
(BER < 10~ ), the ARQ advantage increases since FEC/ARQ throughput

J never exceeds 0.S. This is illustrated in Figu re 4-14.

It would appear that ARQ without FEC is adequate in a random error

environment. It should be noted though that if the BER increases past

ARQ throughput decreases dramatically (See Figure 4-14). If such an occurrence

is to be expected on a long-term basis, the decision to use straight ARQ would
It have to be re-evaluated.

1:
I;
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4.6.3.4.2 Burst Environment

In th is environmen t, the errors occurr ing dur ing a burs t are assumed to

I occur randomly and at a rate of 2 x 10 1. Between bursts the errors are also

assumed to occur randomly bu t at a rate of l0~~ . The frequency of the bursts is

I un i forml y distributed between 1 and 20 Hz and the burst duty cycle is 5%.

It can be shown that the conclusions reached for the non-burst environment

also apply here. By referring to Figure 4-13 it may be seen that a CCIS packet be-

I cause of its short duration as compared to a noise burst wil l in the great majority

of cases e i ther  be hi t  by a noise burst (BER = 2 x l0~~ ) or by an inter-burst  gap

1 (BER - lO ’3 ) but not both . I t  also appears l ikely  that most of the time a packet

will be hit by an inter-burst gap rather than a burst, but this is of lesser

importance. What is important though is the fact that when a packet is hit by a

burst , the average number of errors expected is given by 150 x 2 x l0~~ = 30. If

straight ARQ is uzed , a packet caught in a burst will certainly have to be retrans-

mitt ed. However , it is almost certain that a packet that is FEC-protected and

caught in a burst will have to be retransmitted. Consequently, the only portion of

the burst noise environment which impacts on the error contro l technique is the

inter-burst gap which is, in fact, the same as the non-burst environment (BER = l0~~) .

It follows then that the same conclusions apply; that is ARQ does not need to be

augmented with FEX in this case.

)

1 ’
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SECTION 5

FUNCTIONAL ALLOCATIO NS IN THE SENET — DAX SYSTEM

5.1 SUBSCRIBER SERV I ( t -. H -Vt U R I ~-

5 . 1 . 1  ~~oHem

Service t~~ a t u ’  • a~. app lied to telecommunication switching systems fron

today ’s ~~~~~~~~ 
!e,hn~~~gv . are many and varied . To a great extent the applicat ion

and deployment ~f the ~~i’ch ind i .itc~ the type of features to be imp lemented . In

I a commer. ial envir t~~ r t hE’ t ype of service provided for a PABX would vary from

th it of  a central r t i . e , and th c t~ .itures of a central office would not be the

same av ail able t o z  a tandem or ~at&’~ay ~~itch . Similarly, the deployment of switches

within T r~c milit a r~ ~~~~~~~~~ i rid~ ,. ate different types of features at each hierarchical

level , or if not in t~~; , , c r t a i n lv in quantity of application of individual features.

In designing a telt’commii nication switching system/network , it is necessary

to take account of the ~on’,trajnts imposed by user requirements. The constraints

imposed by the subscrihcr . are determined by what ends the subscribers of the tele-

communication system pursue . Some want to transmit an urgent message rapidly

irrespective of network traffic loads or have some processing of messages carried

out in the s~ itching/transit centers. Othcr subscribers want to transmit large

volumes of data without any code restriction . For others still , response t ime is

all-important . Subscriber requirements can be summarized as follows :

a. Short transmission time , systematically or occasional ly

b . S implex , conversa ti ona l , or inquiry/response-type communications

c. Transmission of large volumes of data

d. Temporary storage of data received outside office hot.irs and automatic

retransmission at office opening time

e. Automatic transfer of incoming traffic to an alternative terminal

f .  Pos sib i l it y of carry ing out some simple processing in the switching

centers

~ ~
• g. Low error rate

h. Security of transmission

1’
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i. Mode/code/speed/format conversions

j. Data operation facilities

The resulting constraints are numerous , varied , and often not easil y reconcilable.

This is definitel y one of the reasons for the proliferation of custom-designed

networks for the militar y and commercial world.

Two genera l classifications of service features can be delineated . These

are subscriber-related features and system control/management features. This section

is devoted to an assessment of the applicability and impact of subscriber-related

service features for the DAX as an access exchange. The impact of subscriber-related

service features for the DAX as a network nodal element in an integrated telecommuni-

cations network is discussed in Section 5.2. Assessments of system control/management

features appea r in Section 5.3

5.1.2 Objective

Many subscriber service features are available today in both circ ait and

message strategic and tactical switching systems . Several features useful for both

classes of DAX subscribers have been iuentified from Current switching systems

(AN/TTC-38 , AN/TTC-39 , AUTOVON , AIJTODIN , ARPA network), as well as those desirable

with  COMSEC operat ions .  There are i d e n t i t i e s  and s i m i l a r i t i e s  between the service

features useful for both classes of subscribers , even though sonic features applicable

to one class have no equivalence in the other. In some cases redefinition of the

feature would make it serve both classes.
1

The objective of this scction is to assess the desirability, feasibility,

and impact of an optimized , cost-effective DAX being designed to offer particular

services to data and voice-type subscribers of various classes . f
5.1.3 Progress

Subscriber service features for each of the three main categories of switch

services (circuit switch , packet switch , and store-and-forward) are assessed in

terms of their impact on the DAX system architecture for both Class I and Class II

subscribers. These features and their voice/data equivalents are listed in Table

I
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5.1.3.1 Class I (circuit-Switch) Service Features

There are approximatel y 10 basic subscriber service features available in

varying degrees ii~ strateg ic/tactical circuit switches today [23] and [60]. These

service features inc lude: precedence and preemption , conference capabilities , ca l l

transfer and call forwarding, compressed and abbreviated dialing, automatic line !

t runk grouping and hunting, attendant services , direct access service , intercept ,

data service , and secure mode conversion .

5.1.3.1 .1 Precedence and Pre-emption - DAX subscribers given this feature i j i l  be

capable of establishing local , inter-switch , and ext ra-switch calls (with precedence

compatible switches) using up to a 5-leve l precedence and pre-emption service .

hhen a call (any tvp t ’ ) is established , all connection s are maintained at the prece-

dence leve l assigned by the ori ginator of the call , regardless of the precedence

level authorized to other participants in the connection .

The five levels , in order of descending precedence , are F LASH OVERRIDE (FO) ,

FLASH (F), U+IEDIATE (1), PRIORITY (P), and ROUTINE (R). Calls to switches employing

no precedence , or non-compatible precedence levels , should be afforded the desired

precedence level within the local switch and have the selected precedence translated

to a level compatible with the switch serving the called terminal.

The operational concept of the precedence and pre-emption service should

approach the following :

a. ,\ call shall not be allowed to pre-empt a line , trunk time slot , or

DA\ function handling another call of equa l or higher level precedence.

h. For a precedence call to a lower-precedence in-progress connection

such as subscriber-to-subscriber , conference , t runk time slot , or

subscriber partici pating in a conference , the existing connection

shall be released and the called party shall be connected to the

hi gher precedence ori ginator.

c. Both subscribers involved in lower-precedence pre-empted calls shall

be informed of the pre-emption by a “pre-emption tone”, (or a pre-

empt indication to the data subscriber) after the connection is broken .

The called subscriber shall then be immediately connected to the

I
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hi gher precedence caller , while the third party is returned busy tone

for specified time limit , after which his line is locked-out until

( he returns to the on-hook condition.

If the calling party requests precedence for a call , the routing control

function can check his classmark for the maximum precedence level assigned to his

line to make sure that it is not exceeded .

I
5 .1 .3.1 .2 Conferenc,~~~ - Four types of conference service are normall y employed :

progressive , preprogrammed , meet-me , and broadcast . Conference privileges can be

assigned to subscribers through a classmark service , which is readily alterable.

I Various numbers of simultaneous conferences (of any type), of a fixed size , can be

specitied for a given DAX configuration . These numbers are generally linearly pro-

port innal to the switch size. When a conference consists of more than this fixed

size , the number of independent , simultaneous conferences may be reduced according ly,

or several conference bridges can be interconnected .

Appropriate si gnalling from the subscriber is used to request a conference

connection . If the calling party is properly classmarked , the processor connects

the calling party to a conference bridge . Special numbers can be keyed to indicate

a preprogrammed , meet-me , or broadcast conference, If a preprogrammed conference

number is detected by the signal-receiving function , the called numbers are retrieved

from the processor ’s memory . For a progressive conference , the calling party dials

the number of the first conferee. In either case , the call processing function s pro-

ceed in their normal manner to ring the called party and connect him to a conference

bridge. Broadcast conferees are also processed normally except that only the receiv-

ing pair of all called conferee lines is connected to the conference bridge. For a

m eit -me conference , the requestor is connected to a designated brid ge.

5 . 1 . 3 . 1 . 3  call Transfer and Call Forwarding - The operational concept for call

transfer is as follows :

a. Any one of the assigned subscribers on a DAX is capable of having

calls to his directory number transferred to another directory number.

b. The subscriber or an attendant is capable of initiating this service

from his telephone instrument by first dialing a special access code

with in the constraints of the numbering plan of the DAX and then

FR76-J 5-S



I
dialing the directory number to which he desires calls to be transferred .

This telephone instrument may still provide the capability to place out-

ward calls while in the call transfer condition.

c. This feature is negated by the subscriber dialing the special access

code and then dialing his own number. The negation is possible only

from the subscriber ’s telephone .

For call transfer , the signal-receiving control function of the DAX can

recognize the access code which is dialed by the party who wishes to have his calls

transferred , then receive the numbers to which calls are to be transferred . A sub-

routine can check the calling line ’s classmark to be sure that he has transfer pri-

vileges , if these are restricted to selected subscribers.

5.1.3.1.4 Coi~pressed and Abbreviated Dialing - Compressed and abbreviated dialing

subscriber features are normally as described in the following paragraphs.

With abbreviated dialing, the switch completes local calls when the sub-

scriber dials a portion of the full directory number, usually only the last few

di gits. Preemption may be effected by dialing the appropriate prefix dig it(s).

Compressed dialing allows subscribers so designated to dial a special 2-digit

number , plus a prefix or an “end-of-dial” , to reach another subscriber . The DAX can

translate the 2-digit code and route the call to the called party. If the calling

party desires preemption service , he must dial the appropriate precedence digit

first. The compressed codes may be applied to any directory number in the numbering

plan as desi gnated by the subscriber .

The signal-receiving control function of the DAX can recognize compressed and

abbreviated dialing by examining the pattern of digits or by detecting the prefix

or “end-of-d ial” . For compressed dialing , th e program searches’ the compressed

dialing table for the full directory number of the called par ty.  For abbrev iated
dialing , no further action is required , because the program recognizes the digit

pattern and infers the local area and office code during translation . In either

case , translation , routing, and call comp letion proceed normally. - 
—

I
I
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I
5.1.3.1.5 Secure Call Mode Conversion - The DAX may provide secure mode conversion

and key change functions for properly classmarked loops and trunks employing incom-

patible voice security equipment by the use of crypto loop-arounds under control of

the processor. Initial signaling needed by loops and trunks to establish the call

may be transm itt ed and processed in the clear. Some vo ice security gear may signal
in encrypted mode. A special dial code consistent with the numbering plan of the

switch in conjunction with classmarking may be used in initiating a secure call to

inform the switch of the need for secure call service and poss ible mode convers ion
or key change .

All secure calls requiring trunking may be routed over approved or appropri-

ately encrypted trunks. The requirement for security can be conveyed from node to

node v ia the CCIS channel.

5.1.3.1.6 Automatic Line/Trunk Grouping and Hunting - The DAX may provide automatic
idle line hunting service for properly classmarked switch subscribers. Each group

is usu al ly  capabl e of accepting from two to fiv e subscriber l ines. The features
provided by this service are as follows :

a. The subscriber addresses in a hunting group need not be arranged in

an orderly numer ical sequence.

b. Hunting for an idle line in the group will occur whenever the called

number in a group is busy.

c. In the event all lines in a group are busy, the calling party shall be

returned a line busy tone .

d. When a pre-emptive call experiences an “al l l ines busy” condition

within the called group and the calling precedence is higher than

at least one of the busy l ines, the lowest precedence busy l ine shall
- 

be pre-empted and the higher precedence caller connected to it.

A directory in the DAX processor ’s memory can store tables that list all

members of each automatic line and trunk group.

FR76-l 5-7



5.1.3.1.7 Direct Access Service - The DAX should be able to afford designated sub-

- - - scribers with direct access service via the switched communication network . The

switched direct access service can comply with the following requirements :

a. The direct access capability is designed for assignment to any of

the subscriber terminals.

b. The scanning contro l function of the switch checks the classmarks of

all lines originating a call to see if they have direct access ser-

vice.

c. The switch , upon detecting an off-hook signal from an appropriately

classed subscriber , immediately establishes a connection to a pre-

desi gnated subscriber anywhere in the network .

d. The address and associated prefixes (e.g., precedence , route digit)

are stored at the switching center.

e. The direct access subscriber is suitably protected against false

seizure caused by misdirected control and routing signals and agains t

nDn-seizure due to glare .

f. If an established direct access connection is disturbed for any rea-

son , the connection can be reestablished by either one or both sub-

scribers going “on-hook” momentarily, and then “off-hook” to initiate
a new call. Alternatively “full-period” serv ice will automatically

re-establish a broken connection unless the release is detec ted at

either party ’s terminal.

5.1.3.1.8 Attendant Recall/Operator Functions - The DAX may allow telephone sub- (
scribers to call or recall the local DAX attendan t for assistance. The request is

stored in the attendant’ s appropriate queue . The attendant extends either or both

parties of a connection to any other termination to which they are normally allowed

access. The attendant may extend calls or recalls at any level of preceden ce.
Either connected party may release himself from the connection without releasing the

connection between the attendant and the remaining party.

If the operator is busy at the time he is called , the calling party is placed

in a queue that cam be maintained by the software. When the operator releases , the

first call of the highest precedence in the queue can be automatically connected by

the software .

FR76- 1 5-8
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A special “release” subroutine can be used when the operator “hang s up”.

This w i l l  connect two parties on the bridge to each other . The two parties can now
converse while the operator ’s bridge is available for other calls.

The operator ’s “hold” function can be implemented through use of the pro-

cessor ’s software. Memory space can be provided to store those calls that are being

held. The connections between the held parties and the operator ’s br idge are re.

served . The processor can reconnect these calls in accordance with the operator

controls.

Any other operator functions which may be required can be added by modular

addition- to the common control function .

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
5.1 .3.1.9 Data Service - The DAX can provide real-time data switching for certain

bulk data subscribers (See Section 2.2). This service is provided to properly

classniarked lines of the switch who require large-volum e transmission over long

periods of time (e.g., sensor data). Data service can be provided for terminals

opera t ing  w i t h  a variety of signaling and supervision plans.

The DAX processor must recogn ize when a Clas s I bulk da ta ca l l is being

processed so that it can select functions capable of handling the data rate of the

calling party, compare sending and receiving data terminals for compatibility, and
inform the called party tha t he w ill  be rece iv ing data ins tead of vo ice. If da ta

service is requested , the program exam ines the call ing l ine ’s classmarks to deter-

mine data terminal characteristics , and alloca tes time slo t channels accord ingly .

5.1. 3.1.10 Intercept - An intercept feature provides for the return of a recorded

announcemen t or connection to the operator when the number dialed does not exist ,

is unassigned , or is mark ed out of serv ice.

Intercepted calls may be connected to the operator or they may be connected

to a recorded announcement . If connected to the operator , they can be proc essed as
descr i bed for calls to the operator after the intercept condition is recognized . If

con nect ed to a recording , they can be connec ted to a bu s, similar to a tone bus , by

the call completion program .

FR76-l 5-9
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I
5.1 .3.2 Class II Packet Switch and Store-and-Forward Service Features

There are approximately nine basic subscriber service features available to

varying degrees in strateg ic/tactical packet/store-and-forward switches

today. ~ ~~~~~~~~~ These service features include : message accountability, message

and communications line security, connection/interruption by precedence and pre-

emption , multiple addressing, universal data subscriber interface capability, model

code/speed/format conversion , archival storage , intercept , and retrieval and trace.

5 .1.3 .2 .1 Message Accountability - Accountability in packet and store-and-forward

switching concerns the establishment of very low probabilities that a packet or

message , once acknowledged by a switch , will be lost or not transmitted , and to

equally low probability that a leg itimate packet or message w ill not be recognized

on input , and therefore not serviced .

The flAX operationa l concept calls for messages to be broken up into packets

of a fixed length, optimized for network throughput . These are the Class II data

t ransmissions.  Note that  an exception exists  for l arge quan t ities of bulk data ,

which will be treated as Class I data transmission (see Section 2.2).

The packets forwarded from node to node must be stored in the sending node

until they have been acknowled ged by a special control indicator . Within the packet

envelope a numbering scheme and frame check sequence are provided . The numbering

scheme gives an identification number so that the packet is uniquely registered and

messages can be reassemb led at their terminating node. The frame check sequence

all ows the receiving node to detect transmission errors. f
In case a transmission error is detected , the incorrect packet is discarded .

The send ing node , after having received a negative acknowledgement link control f
indicator , or a time-out without having received a positive acknowledgement , can

repeat the incorrect or any subsequent packet .

When a DAX has accepted and acknow l edged a packet it is responsible for that

packet until it in turn receives an acknowledgement from the next DAX on the trans-

m ission route , in which event it can discard the packet . Thus, tandem DAX ’s need only
retain the packet long enough to determine that the packet has been received by the

next switch.  Fu l l  message accountability is maintained by the originating and ter-

minating VAX ’s.
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5.1.3.2.2 Message and Communications Line Securi~~ - Digital transmission facilities

of the future DCS will be encrypted with equipment of the TENLEY type. Several

possibi l i t ies  exist for the protection of t r a f f i c  from the data terminal equipments

(DIE) to the DAX . If both the VAX and the DTE being serviced are in a secure area ,

or connected via approved circuits , then no COMSEC equipmen t is needed on the DTE
loops . In add it ion , where COMSEC equipment is located at the DTE , it would be

poss ible for the VAX , via its l ink pro tocol , to transfer encrypted traffic without

decrypting it at the VAX. If netted crypto variables are utilized for local secure

ca l l s , it is also conceivable that the VAX may connect an appropriate device upon

receipt of a distinctive signal . It may also prove practical to locate some TENLEY

AKDC /LKG capab i l ities at the VAX .

5.1.3.2.3 Precedence and Pre-emption - As discussed in Section 3.2 it is our present

intent to equate corresponding precedence levels of Class I and Class II traffic

(shown below) in establishing the rules for pre-emptive traffic. The operationa l

concept for these pre-emptive rules is discussed in Section 3.2.

EQUIVALENCE OF CLASS I/CLASS II PRECEDENCE

Cl ass I (voice) Class II kdata)

(none) W (Cr i t i c )

FO (Flash Ov’3rride) Z (ECP)

F (F la sh )  F (F 1ash)

I (Immediate) I (Immediate)

P (Priority) P (Priority)

R (Routine) R (Routine)

As the system arch itectur e evolves , the intent is to minimize the complexity

of these rules in order to minimize the impact on the VAX software and hardware as

well. It is also intended to minimize the processing load (time burden) while pro-

j viding a reasonable pre-emptive service.

5.1.3.2.4 Multiple Addressing - Multiple addressing with single input will have a

significant impact on VAX storage and processing capability. A network handling

multiply-addressed messages will have to work out some alternative to the source-to-

j destination flow contro l (i.e., not transmitting until receiving-storage is guaranteed

at the destination) that works wel l for point-to-point traffic as in the ARPA network .
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In such a network , one would neither want to repeat the message individuall y to each

dest ination , nor (probably) to suspend transmitting it until all destinations had

guaranteed storage . The likely alternative is to provide more buffer storage at

nodes--significant high-speed storage for short , top-priority messages , and d isk or

tape--slower but cheaper--for longer messages that can tolerate more delay . A net-

work of this type would thus combine packet switching with customary store-and-for-

ward operation.

5.1.3.2.5 Universal Data Subscriber Interface - The DAX should be capable of inter-

facing with a famil y of universal data adapters. The TRI-TAC Data Adapter (VA) is

representative of this family. The VAX should be capable of full-duplex operation

with the DA at a variety of loop and data rates 
(59) The DAX shou ld be capable of

operation with the family of DA’s directly on a dedicated basis using the Dedicated

Loop Encryption Device (fiLED) or on a switched basis using a Digital Subscriber Voice

Term inal (DSVT) .

This interface would impact the transmission control hardware/software

architecture of the VAX . Message information transfer between the DAX and the DA

(and between DA’ s) would be controlled by means of a Data Adapter Control Block

(DACB), which is used to establish the parameters of the ensuing data transmission .

The processing of these parameters and the subsequent synchronization/contro l pro-

tocol must be considered in design of the VAX interfaces.

5 . 1 . 3 . 2 . 6  Mode/Code/Speed/Format Conversion - The DAX should be capable of inter-

operability with a wide variety of Class II data terminals/sources. Table 5-2

summarizes the various types of modes/codes/speeds/formats with which the DAX should

be compatible. The extent of the mode/code/speed/format conversion required will

certainl y impact VAX architecture .

5.1.3.2.7 Archival Stora,&e - It is suggested that regiona l VAX or AIJTODIN type

centers have the capability for archival storage of large amounts of bulk data for

predetermined times. Through the use of a data communication protocol this archival

bulk data may be accessed by any VAX in the network .

The impact of this feature is primarily the bulk memory storage required at

the regional VAX centers. Also , access and retrieval data communication protocols

must he hand l ed by the DAX contro l function/processor .
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- - - TABLE 5-2. TYPES OF MODES/CODES/SPEEDS/FORMATS

—

MODES CODES

I . MODE I - CONTINUOUS/BWCK-BY-BLOCK . ASCII

• MODE II e BAUDOT (ITA -2)

• MODE Ill - CONTINUOUS/BLOCK-BY-BLOCK . CONT. RANDOM BIT STREAM

I • MODE IV - RECEIVE/TRANSMIT . 4 OUT OF 8 CODE (I BM)

• MODE V • EBCD IC

I • MODE VI . FIELDATA

. BINARY NONSTANDARD

I PARITY MAG TAPE (AUTODIN )
. BINARY STANDARD MAG TYPE

(A(JTODIN)

• DATA FORMAT MAG TERMINAL

(AUTODI N)

I . FAX

SPEEDS (BPS) FORMATS

• 8000N N = 1 ,2,4 . ACP-l27
r N

. 75 x 2 N = 0,1 ,2.. .7 . JANAP-1 28, DATA

. 45.5 • ACP-l27 , MODIFIED

I . ~o . JANAP-128 , TELETYPEWRITER

. 2000 • NO FORMAT

• 4000 . SPECIAL FORMAT 1

• FUTURE HI-SPEED FAX . SPECIAL FORMAT 2

r

r
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5.1.3.2.8 Intercept - Among the more common message handling requirements in a I
strategic/tactical message switching environmen t is the capability to intercept

temporarily all traffic for specific routing indicators. This necessity typ ically I
occurs due to the mobility ~f subscribers and the occasional difficulty in main-

taining communication with stationary subscribers in tactical env i ronments. When

these situations are encountered , the norma l message switch respon~e , upon super-

visory command , is to intercept any traffic that would otherwise be delivered to a

temporarily inaccessible subscriber; to store this traffic temporarily; and when

informed administr atively that the subscriber can he reached again , to deliver to

that subscriber any received traffic that has been stored . I
The capability of executing this function would impact the VAX memory storage.

One possibility is to have a set of regional intercept centers with enough buU: I
storage to satisfy the intercept function for all the DAX ’s in a given region. Inter-

cept data communication protocols would then have to he developed to remotely store I
and access from these regional intercept centers.

5.1.3.2.9 Retrieval and Trace - Among the capabilities offered to subscribers of

strategic/tactical message switches are the capabilities to trace or retriev e a

message. Trace alludes to the capability to specify a message (by various identifi-

cation criteria) and to receive in return a notifi cation of the time of receipt

or time of delivery of the message . Retrieval is a capability wherein a copy of I
a similarly identified message is retrieved from archiva l storage , and upon super-

visory approva l , is t ransmitted to the requestor. (
I t  is suggested that these capabilities could be made available to the DAX

in that the retrieval and/or trac e messages would flow to the VAX which would auto- I
m a t i c a l l y  route  them to an associated regiona l center  (such as an AUTODIN center) ,

and would similarl y route the returned trace and/or retrieved m~ssage back to the I
subscriber , as directed by the switch supervisor at the regional center . Other than

a delay measurable in seconds , there would be no apparent difference to the data sub-

scriber in a retrieval or trace accomplished via a DAX , and a similar action taken

as  a dedicated or switched direct subscriber of a regional AUTODIN center .

I
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5.1.3.3 Relation of Subscriber Service Features to Switch Size

ln practice , the serv ice features described have shown an increase in kind ,

magnitude , and soph i s t i ca t ion  as switches have grown in size. This is often because

the “cost” of a feature (in complexity or d o l l a r s )  is usually not directly propor-

tional to the number of terminals serviced , and thus this cost can be amortized over

more subscriber and trunk terminations. Today ’s develop ing technology leads us to

bel ieve that the “cost” of features will decrease such that more varied and sophis-

ticated features will be practical in smaller switches. However , the relative scaling

of features among switches of various sizes will probably continue.

For illustrative purposes, Table 5-3 list s the type and quantity of Class I

service features according to switch size for three tactical milita ry -.witches--aow

in dc~elopment and production by GTE Sy!~ ania . 
- — 

-

An initi a l assessment has been made of the impact of switch subscriber service

features on DAX system architecture. With the possible exceptions of dig ital voice

convers ion , which remains to be explored further , it appears thatthese featu~-es

can be provided within the SENET-DAX concept. Each feature contributes to software

complexity (queue structure , list processing variations , etc.), to processor loading

and consequent throughput , and to interswitch signaling time . Additional program ,

random-access , or bulk memory at each switch is often required , as well as the pro-

vision for digital control signaling between line and trunk terminations and the

switch itself. The overall impact of each feature in SENET-DAX system software and

hardware architecture must be evaluated in conjunction with the requirements

of other service features , taking full advantage of comnionalities among them .

Besides the general impacts described above , there are specific switch hard-

ware impacts associated with many subscriber features. These include conference

bridging facilities , operator/attendant positions , other common equipment for voice

intercept announcements or signaling , and COMSEC transmission facilities. System

tradeoffs must be made on the use of bulk or core storage , and optimal bu ffer utili-

zat ion , for Class II multiple addressing and intercept . The provision for bulk

archival storage leads to consideration of whether this can be provided at the on-

ginating (or terminating) VAX , or whether it is better provided at some regiona l

center.

I
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I
TABLE 5-3. SERV~~L FEATUR E S VERSUS SWITCH SIZE

SWI FCU DESIGNAT I ON SB-36 1 4 AN/TTC-38 AN/1TC- 39**

Number of Terminations 30-90 300-600 300-2400

1. Precedence and 2 levels 5 levels 5 levels
P r e - em p t i o n  P r i o ri t y  and

Routine

2~. ~i i fe r e n c i i i g

a. t rogre s~ ive 2 at 10 parties 4-5 party lU-S party con-
Conference bridges ference brid ges

per 750 lines;
max. of 20 part i es
per conference

h . Preprogrammed No 1-9 party confer- 20 list per 750
ence brid ge: 10 lines ; max . of
lists of conferees 20 conferees per

list

c. Broadcast No No Max . of 32 ~unferees

3. Call Forwarding No Yes , up to 25 sub- Yes , max . of 40
scribers subscribers per

750 l ines

4 . Compressed [)ialing No No 2 di gi t  + end-of-
dial ; up to 100 sub
sc r i her~ per 750
l ines  may have 16
codes each

5. Abbreviated I ia l ing Yes Yes Yes

6. Ca l l  Trans fe r  Yes , v i a  Yes , via attendant Yes , via attendant (
attendant recall recall
reca l l

‘. Secure Call Mode No No * Yes I
Conversion

8. Automatic Line/Trunk 2 groups of L i n e : 30 groups 32 groups , 2 to S
Group ing 4 trunks with up to 5 lines lines (terminations)

per group . per group
Trunks: 120 groups
of any size (

9. Attendant Services Yes Yes Yes

10. Data Service No No Yes , Real-time
variety of inter-
face s

11. Intercept To Attendant To operator , in- Recorded annoi.mce-
formation attend- ment

______________  

an t , or error tone

*The AN/TTC-38 is equipped to recognize requests for and connect subscribers to
wideband trunks.

**AN/fl’C 39 Features are as called out in Reference [60].
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With  regard to mode conversions , the possibility certainly exists for the

VAX to provide translation , as well as key change functions where required , for con-

I nectior~s between incompatible voice equipment . Appropriate control information

would he conveyed via CCIS procedures and signaling. Obvious impacts exist in the

areas of translat ion needs in software , as well as in the possible use of hardware

conversion devices utilizing microprocessors or other integrated circuitry .

S~ 2 NETWORK iM PACT OF SUBSCRIBER FEATURE S

5.2 .1 Pr~blem

As described in Section 5.1 , current circuit swit chin t~, packet switching,

and store-and-forward systems offer vari ed services to their respective types of

subscribers. Some subscriber service features have an impact onl y on the local VAX

switch equipment and processing, while others have a measurable impact on network

performance and equi pment that must be evaulated .

_ _ _ _ _ _ _ _ _
5.2.2 Objective

This section is devoted to an assessment of the impact of subscriber-related

service features for the VAX as part of an integrated network. There are two main

J types of network impact which are evident. One of these is the impact on the switch

it s elf , and the other is the impact on the network with the switches considered as

nodes in the network configuration . These are somewhat interrelated ; however , this

section will primarily look at the VAX network , and only secondaril y at the VAX

itself.

5.2.3.1 Definition of Network Impact

By the term “network impact” , we are referring to a measurable effect on the

network , indicating a change in performance of some kind that can be shown to occur

because of the use of a feature , or when network equipment must be provided (e.g.,

COMSEC transmission facilities) that would not normally he required . This effect , or

measure , is a way of evaluating how a certain subscriber-related service feature

enhances or restricts the performance of the network.

e
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Speci fic measures ot performance are usually related to the capacity, speed

and “cost ” of the network as affected by the individual services of interest. Mea-

sures t h u s  far identified are :

a. Traffic Throughput : number of non-blocked voice calls and packets

(excluding overhead traffic) existing simultaneousl y in the network

h. Network Grade of Service: fraction of offered traffic in the entire

network that will he rejected before a connection is established , or

delayed before data is transfcrred

c. Link Grade of Service : t nict ion of offered traffic between two switch-

ing nodes that will he rejected or delayed

d. Call Comp letion and Data Transfer Speeds: time needed to establish a

voice call , from end of calling terminal signaling to beginning of

notification to called terminal , or to transfer a data packet through

the network

e. Network Control Complexity: this determines the “cost” of a network ,

as measured not only in design and implementation dollars , but in

maintenance needs and modification possibilities and in the often

intangible factor of subscriber acceptance

f. Special Equ i pment : This includes COMSEC transmission equipment for

l ine/trunk security and data adapters for interface flexibility.

It should he noted that a comprehensive estimate of network performance can-

not usually he made until subscriber density, available trunk facilities , and similar

descri ptive factors are considered in the ana l ysis.

5.2.3.2 Impact ot Class I Service Features

5.2.3.2.1 Precedence and Pre-emption - This service provides preferential treatment

of a call by the network , whereb y calls to busy stations will pre-empt a conversa-

tion existing at a lower precedence level . Multi-level precedence protection of

calls and pre-emption of lower precedence calls when idle circuits are not available

provides privileged subscrihers a high call completion assurance , tending to decrease

t runk use due to retries. However , the burden is merely shifted in the network ,

since a high percentage of the pre-empted calls are retried by lower-privileged sub-
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scribers. An additional network impact of this feature is that users with high

precedence privileges tend to call each other at that high precedence level , thus

encountering the same number of station busies (non-pre-emptable) as calls at lower

precedence.

5 . 2 . 3 . 2 . 2  Conferencing - Conferencing tends to have beneficial effect on network

performance , since discussion with many subscribers can be held over a period of time

1e~ s than the sum of that for individual discussions. The increased si gnaling time

for sequential calling of conferees is usually small in relation to the voice holding

time on trunks.

5 . 2 . 3 . 2 . 2 . 1  Prog~ ess ive  Conference - P r iv i l eged  subscribers or the operator should

have the capability of progressively calling subscribers into a conference call.

If each call made to bring a new conferee uses another trunk , then thi s can have a

s i g n i f i c a n t  impact on the VAX network loading . As with a preprogrammed conference ,

this feature is usually operated at a high precedence level in order to increase the

probability of reaching all conferees using pre-emption to accomplish thi s , if

necessary). The time needed to dial up and contact subscribers is greater than tha t

of the preprogrammed conference , where it is all done automatically, and trunks and

links are thus busied longer in the network .

I
5.2.3.2.2.2 Pre~programmed Conference - A preprogrammed conference , initiated by

removing the handset or by dialing a special code , is automatically completed by

the switch to a number of predesignated subscribers. Since the demand for trunks

and processing loading is simultaneous rather than random , a heavy instantaneous

signalling burden may be placed on the DAX network and on the DAX itself during con-

ference setup . The originating subscriber has available his hi ghest allowed pre-

cedence to provide protection for the conference circuit and all conferees. This

level of precedence should be relativel y high since the value of a preprogrammed

conference would be greatly reduced if the probability of reaching all conferees at

once were low .

5.2.3.2.2.3 Broadcast (and Meet-me ) Conferences - The network impact of these ser-

vices is similar to those progressive and preprogrammed conferences. The broadcast

feature is different from the other conference features only in that it may have a

much greater number of conferees.
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I
5.2.3.2.3 Call Transfer/Call Forwardin~ - When VAX subscribers are temporarily

located at another station , incoming calls can be forwarded to a selected station

within a local area , or by an outgo i ng trunk to a distant location. The latter

situation implies a network impact. This feature has the benefici al effec t of allow-

ing the user to complete the call either to the desired party or to someone who can

either take messages or provide the pertinent info rmation . This diminishes the

number of call repeat attempts in the VAX network .

5.2.3.2.4 corn
~
ressed and Abhrev i :Ited Vialin1 - The main impact of this fe~~ ’re is

in the reduced holding time for registers at the DAX itself. This featu r . is usually

provided for local nodal subscribers onl y, and thus impacts at the s~ i tcn . not the

network.

5.2.3.2.5 Secure Call Mode Conversion - The requirement for interoperability with a

wide variety of digitized voice instrument s will impact the VAX itself (as discussed

in Section 5.1) and the VAX network. All secure calls requiring network access must

be routed over approved or approrpiatel y encrypted trunks. The requirements for

security will impact the network throughput as the requirement for security will be

conveyed from node to node via CCIS traffic.

5.2.3.2.6 Automatic Line/Trunk Grouping and Hunt~~~ - When a called station is not

idle or pre- emptable , the call can he routed to an alternate station . Ths hunting

may be performed in a sequential , predetermined or random fashion either by equipments

or by directory number . This feature decreases the number of call repeat attempts

since there is a hi gh likelihood of being connected to someone who can either take

a message or provide the desired information .

5.2.3.2.7 Direct Access Service - The main impact of this feature is the reduced

demand on signalling registers at the VAX itself. The network impact is the same

as for ordinary call placement .
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5.2.3.2.8 Attendant Recall/Operator Functions - The attendant operator can be used

to provide a wide variety of subscriber requests and services. These include pro-.

viding genera l call assistance , trouble reporting , inform ation , or last resort rout-

ing of the switching equipment. There are two types of operator calls; local and

remote. Only the remote operator calls will affect the network.

Used e f f e c t i v e l y ,  a t tendant  recall with attendant/operator service can reduce

the, number of wrong calls in the network , thereby increasing the grade-of-service.

Steps should be taken , however , to ensure that the increased volume of traffic in

the network , due to opera tor serv ice, is minimal.

Calls to the remote operator can cause an increase in traffic on the links

as well as at the switch. There is also the possibility of tying up trunk links for

some time while the call is being assisted . This occurs since the use of an operator

ordinarily increases the time necessary to process a call.

5.2.3.2.9 Data Service - The DAX will provide real-time data switching for certain

bulk data subscribers. Assigning a Class I time slot for data subscribers with large

amounts of bulk data will increase the network throughout since individual packet

overhead s can be el im inated. However , the adaptive routing aspects of the network
will not then be utilized .

5.2.3.2.10 Intercept - An intercept feature provides for the return of a recorded

announcement , or connection to the attendant when the number dialed does not exist ,

is unassigned , or is marked disab led . Although it can tie up network trunk circuits

br iefly, this feature can often serve to keep users from repeating call attempts by

prov id ing speci f ic in forma t ion when the cal l  is not comp leted . This improves the

network grade-of-service.

5.2.3.3 Impac t of Class II Service Features

5.2.3.3.1 Message Accountability - The VAX network concept for message accountability
calls for packet accountability at the tandem DAX ’s and fu l l  message accoun tab i l ity
at the originating DAX and the terminating DAX . Packet numbering and network book-

keeping will impact the network throughput . However , high throughput alone is of no

val ue if packet/message accountability is of pr ime concern .
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5.2.3.3.2 Message and Communication Line Security - Digital transmission facilities I
of the future DCS will be encrypted with equipments of the TENLEY type . There is

a significant network impact of providing this feature. The main impacts are the I
cost of the cryptograph ic equ ipmen ts requ ired for transmission COMSEC and the network
management required to ensure that communications links requiring security receive it

without an excessive amount of key chang ing and d igi tal processing/synchron iza tion

delays.

5.2.3.3.3 Precedence and Pre-emption - The main network impact of Class II precedence

and pre-emption processing is that of providing Network Control/Managemen t for tandem

traffic. Providing this feature has an impact on the control/memory architecture for

the backbone DAX network. As the system architecture evolves , the intent is to I
minimize the complexity of these pre-emptive rules in order to minimize the impact

on the VAX network processing load (time burden), while providing a cost-effective

network pre—emptive service.

5.2.3.3.4 Multiple Addressinl - Multiple add~ess ing w i l l  have a s ign ific ant impac t I
on the DAX network storage and processing capability . A network handling multiply-

addressed messages will have to be designed differently from single source-to-single (
destination flow control such as currently exists in the ARPA network.

Multiple addressing will impact the network grade-of-service (especially in

the case of the geometric progression of linked multiply addressed messages).

Packet switching techniques do not lend themselves to elegant solutions of

the multiple message copy issue. Pure packet switches generally provide no long-

term storage, so impl ementation of the store-and-forward automatic multiple-message J
generator technique is not consistent with the design objectives of pure packet

switch ing.

The l ikely alternative is to provide more buffer storage at nodes -- suffi-

c ien t hig h-speed storage for short , top-priority messages , and d isk or tape - slower 
I

but cheaper - for longer messages that can tolerate more delay . A network of this

type effectively combines packet switching with customary store-and-forward opera-

tion .
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5.2.3.3.5 Universal Data Subscriber Interface As discussed in Section 5.1.3.2.5

the TRI-TAC Data Adapter (VA ) is a representative universal data subscriber inter-

face. Through the use of a hardware/software processing function the VAX must inter-

face the DA ’ a operating at several transmission rates, with or without forward error
correction (of several different types), with or without multisampling, or w ith bo th
forward error correction and multisamp ling combined , This data communication flexi-

bility would impact the nodal/network message processing load and certainly would

increase the network “cost” .

5 .2 . 3 . 3 . 6  Mode/Code/Speed/Format Conversion - Since the VAX will be capable of

interoperability with a wide variety of data terminal/sources , the amount of the mode/

code/speed/format conversion provided will certainly impac t the nodal/network message

processing load by increasing the number of potential connections among data networks.

___________________________________________________________5.2.3.3.7 Archival Storage, Intercept, and Retrieval and Trace - Among the many

common message handling requirements in a strategic/tactical message switching

environment are the capability for archiva l storage , message retrieva l and trace ,

and temporary interception of all traffic for spec i fic routing indicators. They are

treated together here, since the network solution for these services is similar.

Reg ional archive and intercept centers , along the AUTOVIN line , having enough bulk

storage to satisfy the storage function for all the VAX ’s in a given region , cou ld

be provided . Data communication protocols would then have to be developed to remotely

store and access from these centers. Network “cost” would certainly be increased by

providing this communication and by providing the bulk memory storage required at the

reg ional DAY :enters.

5.3 SYSTEM SERVICE FEATURES

5.3.1 Problem

System control management service features are those services not directl y

associated with individual subscribers but related to the overall control of the

switching center and its related switching network. The concepts associated with

VAX system control/management are illustrated in Figure 5-1. The problem is to

assess the applicability and impact of these system/control management service

fea tures on the VAX and the DAX ne twork.
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5.3.2 Objective

f The objective of this section is to assess the desirability and feasibility

and impact of providing system service features at the VAX . Three main system ser-

vice features will be assessed :

1 a. Alternate/Adaptive Routing

I b. Traffic Load Control

c. Network Technical Control Functions.

5.3.3 Progress

5.3.3.1 Alternate/Adapt ive Routing

Switching network routing schemes recommended for the SENET-DAX concept can

be divide d in to two ca tegor ies:

a. Al ternate Routing (Class I) - based on a fixed average input traffic

f matr ix of the network

b. Adaptive Routing - (Class II) - based on the dynamic load of the

ne twork.

5.3.3.1.1 Class I Traffic - Alternate Routin& - The routing scheme proposed for

Class I traffic (Sections 3.1 and 3.2) incorporates an alternate routing capability

1’ accomplished through the use of routing tables stored at each VAX . These tables

define primary and alternate routes from a given switch to every other switch in a
- network. A Class I call will always be routed over the primary route if poss ible ,

then the f irst al ternate , etc. The routing table at each switch is unique to that

switch and is fixed , i.e., the primary route to a given destination switch is always

the primary route, the first alternate is always the first alternate, etc.

The size of these tables will determine the amount of memory required at

J each VAX . Also the size of the tables will determine the ~ omp1exi ty of th e search
algorithm and , hence , the amount of processing time consumed by the switch processor.

I
I
I
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5.3.3.1.2 Class II Traffic - Adaptive Routin~ - The routing sch eme proposed for
Class II traffic will incorporate an adaptive routing capability. Class II packets

hi ll be directed to the route which has the smallest predicted delay from the VAX

in question to the destinat ion VAX . The predicted delays to each destination

switch will he contained in an adaptive ‘routing table which is updated periodically.

~\ techn ique being considered is an adaptive routing algori thm similar to that used

in the ARPA network . The ARPA network operates with only two levels of precedence :

priority for single-packet segments (which includes system control packets), and

no priority for everything else. The ARPA algorithm will require modification to

handle the multi -leve l DAX precedence and preemption. For example , the ARPA

al gorithm uses queuing delays as a factor in calculating predicted overall delays .

In a ne twork  ca r ry ing  data  t r a f f i c  of various precedence levels , the actua l queuing

delay would he dependen t on the precedence level of the packet being routed.

Furthe r an:tl vsis of these priority ~ueuing delays will be necessary .

Again , the size of the adaptive routing table will determine the amount of

memory required at each switch. The size of the tables will determine the complexity

of the search algorithm and , hence , the amount of processing time consumed by the

pro~.essor. The frequency of adaptive routing table updating will also affect the

DAX proces :;ing overhead .

5.3.3.2 Traffic Load Control

There are in princi ple two different modes of operating telecommunications

switching networks : free-wheeling traffic control and complete traffic control. We

say “in principle ” , because in practice a network is generally operated by a combina-

tion of these modes.

In a free-wheeling env ironment a terminal or a switching center is able to

generate or forward data at any time and the receiving side has to be ready at all

times to accept this data , i.e., the receiving side is able to cope with every

traffic peak without rejecting any incoming traffic . The alternative mode of

operating a telecommunications facility is to completely contro l the amount of

incoming traffic. A typica l example of comple1~e traffic control is a centralized

computer network , in which widely spread terminals are polled directly by the

central processor. Terminals which have messages to send have to wait until they
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are solici ted , that is , until the receiving center signals that it is ready to

accept t r a f f i c .  In the event that the processor is nearing an overload situation ,
in terms of running short of storage or of processing c ipacity, it is able to reduce

the poll ing rate, thereby slow ing down the receipt of messages , or it can stop polling

I completely.

The traffic load control procedure for the DAX network will of course lie

I son~ep1ace between complete traffic control and free-wheeling traffic control. By

moni toring a sw itch ’ s send , receive and task queues , buffers , storage and line utili-

zation a traffic load control procedure can be implemented . Note that Class II

(packet/message) traffic will be throttled (delayed) and Class I (voice) traffic

I will be blocked by denying access to the switch either at the terminal or the trunk/

time slot ailocation level. Further analysis will be required to determine the opti-

mum traffic load control strategy .

5. 3.3.3 Ne twork Techn ical Control Func t ions

I The technical control functions performed by the DAX will probably be of

the communic ation equipmen t suppor t type. The normal interface of th is fun ction wi th

( transmission equ ipment is through a communications nodal control function ; however ,

it should have the capability to interface switched trunks and groups directly with

j transmission equipment . When the DAX is in an emergency bypass condition , the equip-
men t suppor t func t ion should probably in terface up to 10 perc ent of the circu its

I d i rec t ly to the transm ission equipmen t .

The DAX equipment support function will be responsible for patching, executing

I reconf igura ti on , r estoration , testing and status repor ting of al l  loops and sw itched
1 trunks and groups. Line conditioning should also be provided by this function .

I The main impact of these technical control functions is the memory storage

required for diagnost ic/status repor ting sof tware , redundant hardware for rapid

I 
res tora tion , and the transmission overhead required to communicate the status of the

DAX to the next level in the technical control hierarchy .

I
I
I
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5. ~.4 ~on~ lus~ons

It appears that the use of system contro l and service features discussed in

this section will impact processor loading and memory requirements at each switch ,

and the amount of contro l overhead sent through the network . It appears that they

will also affect time slot allocation , buffer allocation , use of control storage , Jand the kind and magnitude of traffic measurements , among others.

Other system control features requiring investigation in the future arc

remote data base interrogation and interswitch mast er frame synchronization. Remote

data base interrogation and change from remote Syscon centers is obviously a desirable

5 stem feature . The a b i l i t y  of the remote centers to ‘~vnchron i ze master frames

among the DAX switches , if feasible , may decrease network call completion times and

data transfer delays .

System contro l is obviously a function of the sw i tc hing network structure

and complexity, as well as of the routing scheme , anticipated magnitude of data

changes arid traffic reporting, required system availability, and the like. A rea-

sonable system contro l structure , hierarchical if that seems indicated , must be

hypothesi:ed in order to perform further analysis. Sophisticated computer processing

and d isp lays at the Syscon centers must also be considered .

Further development of system and technical contro l in a SENET-DAX network

sy st e m  i l so  requires tha t  t he  n a t u r e , format , and periodicity of the basic data base

information and changes that must be provided to and received from system control

centers must he determined . In addition , the accumulation of traffic data , its

preprocessing in a background mode , and its distribut i on to system control centers

is also a consideration. This informa tion exchange wil l impact the frame contents

in the basic switching concept , and the software required for associated data pr’~-

ce~ sing . The cffec~ of the alternate/adaptive routing technique on the switching

concept , inc l uding software impact , must also he stud i ed further .

A reasonable digit al interface between a t’AX and a Syscon control center is

a necessity. Initi a l l y, Syscon data will be assumed to be routed among switches over

the common-user trunks as packetized data , with dedicated Syscon channels between

a Syscon center and its associated VAX.
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Some degree of technical control , interrelated with system control and inte-

grated swi t ch coni rol itself , is anticipated to be required . This technical control

will incorporate measurement , although not necessarily feedback control , of trans-

mission qualit y parameters such as noise , s ignal lev el s, delays , etc. Distribution

of the data obtained will be made in the same manner as system contro l data.
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