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OBJ ECTIVE
The interconnection of computer components using bulky, expensive , parallel cabling

and manual  switches has been improved in shore-based complexes by use of parallel-to-serial
conver ters , solid-state matrix switches , and serial-to-parallel converters. The added versatility
realized in the matr ix switch is as desirable as are the savings in material , weigh t , and installa-
tion costs. Vir tual ly  any channel of any equipment can he connected to any channel of any
other equipment.  Automatic fault detection and correction in distributed switching systems
are feasible.

The objective of this NOSC task was to determine the requirements of a shipboard
combat computer/periphera l switching and distribution system and to demonstrate an
expandable converter-switching system for shipboard use.

RESULT S
An advanced model of the Shipboard Conversion and Switching System (SCSS) has

been designed and fabricated. Much of the demonstration model uses a modified shore-based
system to prove the recommended concepts. This does not endorse any particular system as
the desired one. Indeed , none of the present shore-based systems satisfies all of the shipboard
requirements. Additional work has been done in the areas where shortcomings exist. The
entire concept has been proven.

The need for a shipboard system has been shown in detail for two combatants , USS
RANGER (CV 6 1) and USS TARAWA (LHA 1). Savings in tons of hardware , thousands of
dollars in labor costs , and additional availabi lity for combat missions could have been realized
if t he S(’SS had been installed.

RECOMMENDATIONS
Future Tactical Data Systems which will be installed in Navy complexes , shipboard

a nd shore-based , will be impacted by the necessity to conduct serial interchange of data
through a versatile switching system.

The  switching conversion system must be such that the tactical system is expandable .
compartment ized , fault-compensating, reliable , and standardized. These attributes are dis-
cussed in the text as are the means of ’ implementing them. An engineering development model
of the SCSS should be created now. The applications of this system extend from Fleet
modernized carriers to new construction combatants.

I ,
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GENERAL INFORMATION

INTRODUCTION
This report is the result of ’ an NOSC exploratory development task. Work was con-

d u cted b y mem bers of ’ the Information Transfer Division (Code 834) during the period I Ju ly
1976 through 30 September 1977. This report provides the baseline information and recom-
mended action to guide the development of an engineering developmental model and to
demonstrate a laboratory prototype of ’ a shipboard switching and distribution system.

BACKGROUND
Solid-state conversion and switchin g systems are employed in three Navy computer

support facilities. System usage in one of these facilities has increased from 55 percent to
95 percent because of the improved versatility and reliability introduced by the switching
syst cfll .

The present technique of interconnecting shipboard computer complexes with dedi-
cated parallel cabling is proving to be inade quate for the following reasons: there is no pool-
ing nor sharing of backup equipments: recovery from a computer failure is slow: interconnect-
i ng cables are large and heavy : a large space is required for the SB-I 299 manual  switches
which have l imited cap abil i ty:  there is no real configuration management ; and there is no
real i st ic way lo use a lower priority computer in a critical system in case of a prime computer
failure.

OBJECTIVES
The objectives of this project were to determine the requirements , to develop the

operat ional scenarios of a shipboard com bat computer/peripheral switching and distribution
syste m , and to demonstrate a baseline system in the laboratory. This modular expandable
sy stem provides: ( a )  standard interfaces for the computer equipment groups: (h )  a means to
monitor di str ibut ion system status and rapidly reconfigure computers and peripherals:
( C )  reduced di st r ibut ion  system size and weight ; (d) on line , noninterf ’ering, monitoring and
rI. cord ing of any syste m part : and (e~ on-line training capabilities. This system is to include
control , monitor , test , d isplay, record-keeping and decision functions to provide total manage-
m ent  for the interconnected ADP systems.

APPRO A CH

The init ial  phase of this project addressed two tasks. One was to investigate computer
switching systems and techniques which now exist or are being developed. In this effort , an
analysis of the benef ’ils or shortcomings of the switching systems was to be conducted and a
summ ary of how the systems compare when applied to ship board configurations was to he
made. The second task was to compile a listing of current and future ship board ADP systems ,
their  related equipment , and their interconnection. The investigation addressed several classes
of ships including 1)1) 963 . C(~ 26 , (‘GN 36, CVA 59 , LIlA I , LC(’ 19 and CV 6 1. Systems
which were to he addressed included NTI)S, ATI)S , MPI)S , (‘DPS , ASIS , MIS , ACLS , TAI)IXS ,
Al)T . (‘V-TS( ’. ITAWS , IAI) T , I)TPI’W , and TECC. The second phase of this project was to
ana ly ic  the data accumulated in phase one and to outl ine the baseline switching system which
best satis fies pre sent and future  needs . A baseline system was to be demonstrated and evaluated
in th e laboratory.
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SHORE-BASED DISTRIBUTION SYSTEMS

SYSTEM DESCRI F TION
The solid-state switching system is a computer- contro lled . high-speed di g i ta l  switch.

used to automat ical ly  interconnect  Naval Tactical Data System (NT I) S) equipment  channels.
The system is designed for use at Fleet Combat Direction Systems Training Centers to facil i-
tate the simulation of actual shipboard Combat Information Center (Cl( ) ins ta l la t ions  for
the training of pe rsonnel. Unwieldy connectors and cabling at the switch /patchpane l  are
el iminated by converting parallel NTDS data channels to serial data channels.  Reconversion
to para llel data is required af ter  channel I/ O interconnection is accomplished at the switch.
The system requires three types of parallel-to-serial (P/ S) and serial-to-parallel (S/P) con-
verter s  to permit interface to the different  MIL-STD - I 397 para llel interfaces. Since all NTDS
computers do not have the same I/O control-word repertoire , a si mulator  is provided to com-
pensate for this difference and also to permit the computers to interface on peripheral desig-
nated channel s . An operator controls the automatic switching process by entering switch
I 0 interconnect data on the CRT/ pr int er  keyboard at the control console. The CRT DISPLAY
pe rmits the operator to moni to r  entered commands and also data responses from the Control
(‘omputer .  A particular swi tch 1,0 path is established within  milliseconds after data entry by
a n operator. Rapid configuration of multi-switch I/O paths , to reflect a particular installation.
ca n he accomp lished by call ing for stored configurations. The operator , by use of various
operatio nal and maintenance  test commands , can check any and all paths through the switch
matr ix .  A medium-speed pr in te r  provides a hard copy of all test results and faults , for a n a l ysis .
If the control console should fail , the switch paths can he controlled locally via pushbuttons.
If both the automatic and local control modes should fail , switchi n g can he ac com p li shed b y
manual ly patching around the switch mat r ix .  The system ’s hig h-speed , au tomat ic  verification
of interconnect and software test diagnostics permit rapid conf igura t ion and verif ’icat ion of a
give n system. The solid-state switching systems have replaced the slow cumbersome f au l t -
prone manual patching systems.

A COMPARISO N

( ;I~N I~RAL
Three solid- stat e switching systems are installed in Naval shore faci l i t ies .  They are

listed in table I . These sy stems are s imilar  in that  they perform parallel-to-serial conversion ,
pass t he signal through three-stage space-division switching networks , and then perform serial-
to-parallel conver sion. rhe conver s ion  un i t s  provide interfacing for the various NTD S MIL-
STI)- I 397 pa rallel in ter lace s .  The di f ferences  in these systems are in the conversion methods .
s~ nch rnn i , in g  tec hniqu es . and in the technologies used to implement  the mat r ix  netwo rk.  -
In-dept h  func t iona l  des cr ipt ions of these systems can he found in Appendixes  A through (‘.

The brief description included herein addresses the major a t t r ibu tes  which must he considered
for ship board use. Recommendat ions  based on this  comparison are includ ea in the final
section t S U M M A R Y , (‘ON( ’LUSIONS. A N I )  R I ( i ) M M E N I ) A T I O N S  of this report.

6 
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TABLE I .  EXISTING SOLID-STATE SWITCHING SYSTEMS

No m encla ture System Name Acronym Command Location

AN USQ-62 Conversion and CSS ~CDSSALANT Dam Neck , VA
Switching System

AN LJSQ-h7 Centrally CCIS CSMTF Vallej o , CA
(‘ontro l led
Information
System

AN IJSQ-6S High .Speed HSDS FCDSSAPAC San Diego , CA
Digital System

SYNCHRONIZATION
The AN/USQ -67 and AN/USQ-68 equipments are asynchronous systems. Synchroni-

,.ation at the receiving end of a channel is accomplished in the AN/USQ-67 by synchronizing
a trigg erable clock to the serial data. Synchronization in the AN/USQ-68 is accomplished b y
using phase-l ock loops to synchronize the receiver clock. The AN/USQ-62 is a bit-synchronous
system when in pulses from a central clock are distributed to the transmitting and receiving
converters .

B LOCKING (INABILITY TO PROVIDE A PATH)
The AN/USQ -62 and the AN/USQ-67 are functionally nonblocking switching systems.

A funct ional ly  nonh l ock ing system is one which uses software to guarantee a signal path
through the switch. The AN/USQ-68 is physically nonb locking. This requires a larger switch
with more in terna l  paths to guarantee a signal path.

PI-IYSI( ’AL CHARA CTI RISTI CS
The converters in the AN/USQ-62 and AN/USQ-68 are mult ichannel  converters wi th

si milar cabinets of various shapes which either fit onto equipments or stand alone as remote
uni t s . The AN/USQ- 67 converters are packaged as extensions of the connectors for the par-
t icular  equipments  on which they are placed. A power supply for these connector / converters
is located near each equipment .

I ’E(’HNOLOG Y
The AN/USQ-62 uses transistor-transistor logic : the AN/USQ-67 uses hy brid transistor-

transistor logic: and the AN/USQ-68 uses transistor-transistor and electron-coupled logic.

TRANSMISSION MI DI A
The transmission media for these systems are RG-59 coaxial or RG-8 triaxial cable.

I’he AN/USQ-62 and AN/USQ-68 pass digital signals in one direction per cable while the
AN/USQ-67 uses a duplex-digital-tr ansceiver (DDT ) to pass edge information in both direc-
tions simultaneously over tr iaxial  cable. Paths through all of the switches are unidirectional. 7



SHIPBOARD REQUIREMENTS

OPERATIONAL CONSID ERATIONS
The necessity for a combatant to he resistant  to batt le damage limits the degree to

wh ich individual  weapons systems can he interdependent .  Ideal ly ,  each syste m should stand
a lone and include a total ly redundant  backup system. Real is t ical ly ,  communicat ions bet~~eeri
these systems is e ssential .  They cannot  stan d alone nor is tota l  redundancy practical.  A ship—
hoa rd combat system should he :

I xpa ndah le so tha t  new systems can he added to the communicat ions  link wi th  no
apparent effect upon the rest of the system:
(‘o m p a r t m e n t a l i i e d  as stand-alone weapon systems which communicate  via a corn-
inn  ii ca t  11) 11 s l ink :
Fault-co m pensating , having the ab i l i ty  to se nse a system fa i lure  and automat ica l ly
compensate:

Reliable having r edundancy  in that  the primar s sy stem could use equipment  from a
lesser system to perfor m a f u n c t i o n  of the primary : and
Standardi zed to mak e use of standard inter l aces .

SHIPBOARD SYSTEMS
Several classes of sh ip ~ were st udie d in th is  project. In general , the sy st em s aboa rd

these c )mh ata n t s  can he grouped according to comput ing  power. One group is a large sy stem
having three or more large c o m p u t e r s  such as N i  I)S systems. The second group is a smaller
syste m having one or two large computers , and a third group uses a single computer system
of ’ the min icompute r  t ’, pc The U SS RAN ;ER ((‘V 6 1)  and USS TARAWA (LI -IA I )  have a
cross section of systems which fa l l  i n to  these various groups.

The systems in both ships are e x t r e m e l y  l imi ted , in terms of the given def in i t ion .
These systems are not expandab le  nor  are they fau l t  compensating, re liable , nor standardized.
There is very l i t t le  capa b i l i t s  for  using equipment  wi th in  the same system for backup much
less using tha t  e q u ipment  or backup of another  sy stem. Some examples are given.

USS R A N ( ~i R (CV ( I I )

The c o i n h a t  system in R A N ( F R  con si sts of several small systems which intert ’ace with
N I  I)S. The N I  DS sy s tem fu n c t i o n s  as th e display and decision element of ’ the combat system.
Smaller s s s t ems  which are tied t o  N I D S  include Carrier Approach Traffic Control Center
( A f( ( . I ac t ica l  Suppor t  (‘enter  ( TS(’ ), NATO Sea Sparrow Missile System (NSSMS ) . Ships

Inert ial  Nas  igat ion System ( SINS ) .  In te l l i gence (‘enter ( 10(C) , and other sensor and electronic
war f a re  equipments such as AN SPN-43A , AN SPS-37 . AN!SPS- l0 . AN , - S PS-48 . and AN ULQ-6 .
New systems w h i c h  will he added to RANG I R include Integrated Automat ic  Detection and
I racking ( IA I ) T ) .  Ih ’sign-t o-Pr ice Electronic W a r f a r e  ( 1)TPFW ), and Task Force Command and
(‘ontrol I F(’( t. The combat system on RAN ( FR u sed over 4008 yards of parallel cable
weigh ing over tour  tons to t ransfe r  di gi ta l  information between the various comput er s and
p eripherals . Limited reconfiguration of the N l’DS system is accommodated by a m a n u a l
switching system weighing one and one-halt tons. A block diagram of the interconnections in
the RANGER system is shown in figure 1 . (Note tha t  neither the peripherals nor the com-
put ers of one system can he used as a backup f ’or any  other system. )

S
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Tables 2 and 3 summarize the cab l ing  and swi tch ing  used in the N TI)S system (volume .
weight . and dollar a n a l y s i s ) .  A comparison is made in the t ah l e  for  a si m i lar  sys tem using
solid-state digi ta l co iversion and swi t ch ing  techniques. As will  he seen from the two tables .
the solid-state sy s tem cos ts  sonic 355 thousand dollars more t h a n  the present  sys tem hu t  i t s
i nstallation would result in we ight savings of almosf 5 I on ’ .

On R A N (  ;ER . compute r s  in the In t e l l i gence  ( cuter  sy stem are isolated fro m the
NT I) S ~~s t e tn  - There is no v a~ the co mput ing  power of lOI(’ ca n he used as hack  u p for
N F I ) S  or for ‘FS( . In  the RAN ( ER NT I) S sys tem.  two 2-channel m a g n e t i c  tape un i t s  ( SITUs)
are used ( hannel one of ei ther Mil l c.iii  he selected for connection to any  one of the sy s te m
co mpute r s  ( ‘h ann el two of ’ SI I ‘ — I goe s only to computer  (‘ and channe l  two of M ( ( 1 - 2  goes
o n l y  to computer  I) . Special in te r fa ces  for NTI)S fast and N I l ) S  slow must he inserted when-
ever a ne w sy st e m  such as TS(’ is to he joined to NTI)S. In this  case, the i n t e r l a c e  for a single
channel  costs 30 thousand dol lars.

TABLE 2. I S S  R A N ( ; E R  ( ‘A B L I N ( ;  ANI )  s w l l ( H I N ( ;  R E Q U I R I M F N l S
FOR N i I ) S  t w h l ( ; F -IT ANI )  VOLUME A N A L Y S I S )

Present Ss stem Sol id ’Stat e System
Length Weight Spa ce _______ 

Savi ngs

Item (y ards )  (pounds) ( f t ) Length Weight Space Weig h t  Space

Cable 4008 .3 8417 .5 N A 3333.3 370.0 N/A ~) ) 4 T .5

Sw Ii~ ties
Conver ters  ( 6 5 )  3000.0 96 1400.0 ( 2  600.0 ~4

TOTALS 4008 .3 1 1 4 1 7 ,5 3333.3 1770.0 12 1647. 5 64

I A B L I -  3 . USS RANt ~E - R CA B L I N ( ;  AN I) sW lT cF llN ; R I - Q U I R I y I L N I  S
FOR NTI ) S (D O L L A R  A N A L Y S I S )

Present System Solid-State Sv’~t e n i  
— 

S.l \ i i ig ~
Item Cost (dollar ~ I 0~ ) Nu m b er Cost N u m b er (‘osi \ u t i t h ~ i

( ab le
Procurement  28 .0 0.7 27.3
I .th m 24. 1) 3 ( 1 21 .0

( o n n e c t o r s  (80 .p in) 6 12 224.0 366 .1)
Procurement 3~~.7 I 3.4 23.3
Lahor ** 46 .0 2 1 . 1  27 .6

‘ w i m L iles (‘onverters 120.0 605 .0 —485.00
TTY Switch 1.0 0.0 1 .00

Specia l lnier fac e
1 S( ( t i ~ t slow I 30.0 0.0 30.0

J U l  ALS 288 .6 4 3  2 ) )  -3 S4 o0

‘I I  I t o 0.2 manhour per foot ( I  manhour = 
~ 

2 ) )
‘ 4 .0 manhour  per connector

10



Reconfigurat ion to accommodate  a reduced capa b i l i ty  program is accomplished us i n g
eight  banks  of swi tches  hav ing I S swi tches  per ha nk . [he t ime to accomplish th i s  is far in
excess of acceptable l i m i t s  for combatants .

E t S S l A R A W A  I i lA fl
The com bat  sy stem on F A R A W A  is b eing expanded . I lie i n i t i a l  sys te i u i  consis ted of

an AN tJ Y K —7 ( 3 — h a y )  c o m t u p u t e r  and associated peri p herals ,  This system was also used for
proce ssing s t i p p l v  da ta  and o ther  secondary uses . The modi f ica t ion  to TARAWA plans to
add an A N / V Y K - 7  2 — h a y ) .  T h e  i n t e n t  is to add on equ ipment  to perl’or ni the  supply and
othe r  f u n c t i o n s  and to act as a hac k a~ for the  or ig inal  combat  system.  A block d iagram 1) 1
(lie ‘I A R A ~ A sy stem is s l iow ru m i t  I igure  2.

I lue m a g n e t i c  tape u n i t s  are hardwired to the A N / U Y K — 7 s  wi th  the  except ion of one
c ltai ln el  wh ich  can he switched to an ex te rna l  communicat ions system. Loading of cabinets
one and two of the  th ree—hay  compu te r  is accomplished b y cabinet  zero. A f a i l u r e  in cabinet
iero w i l l  cause t I m e  en t i re  three-ha y sys te i u l  to he inoperable and a reduced two-hay program
cot i ld m int he loaded in to  the  three-hay  sy s tem.  The backup system could.  however , he
loaded ss i t l i  a tw o -ha ~ program. A unique  fea ture  of the LHA opera t ional  program is the
a b i l i t y  to chan g e  t h e  purpose of an i n p u t / o u t p u t  ( l ’ ( )  ) por t .  I f  an I ( ) port f ’a i l s , or ml a cable

ml conne c tor  fa i ls , it is possib le to change ( l ie  port address a l lowing  communica t ion  th rough
a l l  a l t e rna t e  port  and cable. ‘[lie conf igurat ion management  amid conf igura t ion  versa t i l i ty  01
the  I ’ARAWA s’ s t e m m m  are ex t re m el y l imi ted  and do not allow USC of t h i s  a h i I i t ~ - i’ah le s  4
and 5 s t imn ia r i i e  (lie c abl ing  and swi tching used Oil TARAWA combat  sy s tems  before and
.i f I c r  the s y s t e m m i  is expanded .  A comparison is made in the tables for a similar sys tem using
solid-state dig i ta l  conve rsion and switching techniques. The advantages which can be realiz ed
us ing  the  newe l  t echm i iq ues  are conta ined in a la ter  paragrap h of th is  r epor t .

NTDS P E R I P H E R A L S

A N /  AN / AN t
U Y K ~7 UYK-7 UVK. 7
IOC-0 IOC.1

L I M I T E D NTDS

SWIT CHING 

IiE~ 

P E R I P H E R A L S

____________ WEAP ONS SYSTEM

AN /
U Y K 7
IOC.2

Li
NTDS PERIPHERAL S

I - mgmui t  2. Bloc k d ia gr a im i  ol IHSS I ’A R AW A c u u i n b a t  sys t em .
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TABL E S. USS TARAWA CABLING ANI ) SWITCHING REQUIREMENTS
FOR NTI)S ( 1)OLLAR ANALYSIS )

Present System Solid-State System Savings
ll en i  I CPU 2 CPU I CPU 2 CPU Old New

( ‘ .ih le
sLabor 66.1 26 .2 8.2 3.0 57 .9 23 .2

( ‘onr iectors ( 1 82 )  (4 6)  (49) (8)  ( 133) (38 )
Procurement 9 .0 2.3 2 , 5 0.4 6.5 1.9
Labor 14 .6 3. 7 3.9 0.6 10.7 3. 1

Swi idue s ,
(‘onver ters

Pr o cu r e m e n t  40.0 13.3 605 .0 20.0 —5 65 .0 —6 , 7

TOTA LS (do l l a r s  X I 0~ ) I 2 1 .7 45.5 6 19 .60 24.0 89 .9 2 1.5

*0.1 to 0.2 n m a m m t m m m i m t ooi

SHIPBOARD CONVERSION AND SWITCHING SYSTEMS ( SCSS)

SYSTEM I )ESCR II 7F ION
I h e  purpose of ’ SCSS is 1 c m  interconnect all tactical computers , pe ripherals , and

w e a p o i m s  sys tems on the shi p, thereby allowing any channel of any equipment to be electri-
c alI ~ com inected to any channel  of any other equipment .  Certain interconnects can be pro-
hibi ted  if desired. S(’SS provides electrical p orts  with a common in terf ’ace for new systems
when expans ion  is required . Individual  systems stand alone as compartmentalized uni ts  at
remote locations throughout  the sh ip ,  communica t ing  via coaxial cable and the computer-

~on t ro I I e d  s w i t c h .  S(’SS com mnt i n i ca t e s  wi th  all tactical computers , pe rforming fault  isolation
amid compem i sa t ion .  ‘i ti e r e l i ab i l i t y  of the entire tact ical  weapons system is improved because
the c o m n p a i  I menta l i ’zed , fau lt-c om pensating,  S(’SS also provides redundant  signal paths for all
e q u i p m e n t s . I he cost of a t , i c t  c a l  weapons system wi th  S(’SS is im l i t i a l ly  greater than  one
w i t h o u t , l l c w e ~ ei . the  costs of adding m iew systems or nuodif ’yi n g o ld on es are gre atl y reduced
t m e c a u se  of t he  serial s ignal  st m n d a r d i , a t i o n  which S(’SS provides. ‘I ’hese a t t r ibu tes  are dis-
cuiss ed imi gre at er  detai l  in t h e  hol lowing paragraphs.

F \ I ’ A N S I ( ) N

I he huh of ( l i e  S( ‘SS is t h e  cr ossp oint m a t r i x .  The size of the matr ix , Ic , number of
I n p u t s  and o t I t 1 m I i t s . depends up on the  s s i m n p l e x t t  v of the  tactical weapons system whic h is to
be m m m l i u nm i e c  t ed - I t  t he  sys tem is small , su ch as iii a l ) I (  . one crosspoint mat r ix  associated
wit  h i t h e  N 11) S s l i t  te is .ids ’u I i i a  te to allow t lie interconnect ion of al l  tac  I ical computers and
e c l t l l p m n e m i t s . If t h i s ’ ~~ s te i m i Is more co m p l i c a t e d . ses, e m a l  c m u s s p o i m u  I matrices may he required.
S~ stem exp ans ion  is . ie c oinm notfa te d  t m ~ t r u ink ing  the m uual  r i ces  as shown in f igure  3. The nodes
n i t  h i s  expand able  s~ ‘ h tml  are as t m c . c l l y  I he c r u s s s ;m o i m i t  mat r ic s  s . Note t h a t  alternate routes are

i l~ his ,’ I ru m nie node t .i not h er  I ’ igures 4 . 5 , . I mmd ~ reflect t he con cept of ’ e x pa n dahi l i t y .
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Note t h a t  the matr ix  controllers are inte rconnected.  This allows for local configuration con-
tro l . such as is desired in an intelli gence suite , and global conf ’iguration control , such as is
desired from display amid decision in (‘IC,

COMPARTMENTAT ION
SCSS l inks  the var ious  systems which comprise the tactica l  weapons system . Each of

the i ndividual  sy ste m s stands alone , per formning its  funct ion in a remote compar tment  best
suited for  the funct ion.  The imitercom inection is accomplished by redundant  coaxial cables
carrying serial data. Compartmentation of this type reduces the likelihood that the entire
system will fail as a result of a single catastrophe , eg, battle damage . Compartmentation
is also conducive to the “SEAMOD” modular approach which is desirable in new construc-
tion. The modular , compartmental concept is shown in figure 3.

FAULT ( ‘OMPENSATION
SCSS uses a control computer (Data General NOVA or equivalent )  to control the

tactica l weapons-system con f igura t ion .  The control computer carries on a dialogue wi th  the
tac t ic a l  computers . cont im lU ouSly inquiring into the “health” of the vario us systems. As shown
iii f igure  7 , whem i a system il has a fault  such as an I/O port failure or CPU f’ai lure , t he con tro l
co mpt i ter  compe misates for the fault  by instructing the tactical computer to use an unused I /o
po rt or by subst i tut ing a prede signated backup computer for  the faul t y  one. All cham ine l s of
the em i t i re tactical weapoi is system u i are available in SCSS. This means th a t  a computer  in a
lesser s y s t e m .  st i ch i  as l ntel l igem i ce . can he substituted (‘or a primary computer , such as in
Weapons Contro l , if the riced arises. The beauty of SCSS is that  the faul t  compensation is
au to mlia t ic and does not wait for a human decision. Of course , t he option to go automat ic  or
manual  is available.

COMPUTER 1
A 2 _ _ _ _

S

1: SWITCH 

~

__
~ 

PERIPHERAL

COMPUTER 1 — -‘

~ 
TRUNK

G 2— I
: r i  SWITCH
• I I  4

15—
SECONDARY

SYSTEM 16 -

Figure 7. Fau l t  compem csat ion imi S(’SS accommodating a faul ty  I/O port
UT comp uter by subst i tu t ing a funct ioning one.
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RELIA B I LIT Y
SCSS improves the re l iabi l i ty  of (lie tact ical  weapons sys tem by reducing the number

of ’ cab le dri ver s and receivers for  each imiput  or o u t p u t  port f ’rom 36 to two . Eac h of the two
cab les car ries idem it ica l .  red un dant  signa l s w h ich ~i re routed throug h dih ’f ’er emi t cable way s
I )ua l .  red undant  m i i a tr i ce s . cont rollers . and t rumi k t ies  are also provided in S( ’SS. In a ddi t tomi
to the  sy stem redundamicy ,  the  f a u l t  co t i ipei i sat iomi mem it i oned in the previous paragraph gre at l~
enhan ces the t ac t ica l  weap ons-sysh em re l i ab i l i t y .  F igure ~ shows how (lie computers  and
periph eral s are in ter faced u s i m mg the redundant  S(’SS. Dupl ica te  signal s heave f r o m  a port
(eg. computer  A )  on ident ical  cables ~ia r edundan t  switch mat r ices  to the des t ina t ion  (eg.
perip hera l ) .  At the recei ver . the hardware searches (‘or ei ther  signal amid locks onto  the  f i r s t
omie it detects . If ’ t he  signal being tracked drops o u t , the hardware again searches for a s ignal
amid locks onto the f ’i rst one it detects.

COS’[
A cost ana lys ts  of (lie NTDS system aboard USS RANGER indicates an addi t ional  cost

of 5354 9K would have been realized imi RANGER if SCSS had been installed whem i NTI )S s~as
mm r i g i i m ~c hl ~ p ut aboard. [his  figure does not include the saving which would he rea l i i ed bec ause
the original installat ion as well as the additions of new components to t h e  systemn would take
less ti me amid the ship would become operational sooner. A similar  analysis (‘or USS TARAW A
was s mn ducted.  Au NTDS modification has heemi proposed for TARAWA. Two analyses have
been per formed for th i s  purpose~ one for the system as it now exists and one to reflect t h e
proposed m od if ica t ion.  instal la t ion of SCSS on TARA WA would have originally cost art addi-
tio na l 490 thousand dollars while a saving of 25.5 thousand dol lars would have been rea li .’ed
imi the i ntended modif icat ion of the system. On R A N GE R . the  total weight saving is 4 ,8 tons
and on TARAWA . I .6 and 0.7 totis are saved for the two cases.

STANDAR I) IZAT ION
One of the advam itages of SCSS is its abil i ty to interconnect  equip m emits  which have

d i f f e r ing electrical in t e r f aces . MIL-ST I) -l 397 (NAVSHIPS)  defines three parallel  in te r faces
am i d one serial i n t e r t ace . These interfaces are not compatible . On RANGER . a special con-
~e r t e r  was buil t  to allow two channels  of th e TS( ’ (NTDS f a s t )  to imiterface with NTDS

N [[)S slow), These special  converters are not required in SCSS. Addi t ional  com ilments
regarding standardi z at ion are con tained in fol lowing sectiom is ( SYSTEM DEMON STRA 1’ION
A N I )  I 1ST , S U M M A R Y  ANI ) CONCLUSIONS ) of this  report.

COMPUTER 

[
COMPUTER 

I f COMPUTER 1 COMPUTER

~~~16 
~~~~~

t I l l  1 t I l l
MATR IX I / PERIPHERALS [ / MATR IX ~J______________ _________________ ______________ STBD4.. TRUNK

PORT TRUNK

I ’ igure 8. Redundan t  paths am i d matrices in SCSS.
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SYSTEM DEMONSTRATION ANI ) TEST

GENERAL INFORMATION
Three shi or ebase u f  a c t i v u h  te s are employing conversion and switching techniques.  These

s~ s k i n s , of th e t i i s e l~es . ds’mn o t i s t r a t e  this ’ tec t im l i ques  amid some hemief i ts  which are app licable to
ship board use I I  unc t u omia l  d e sc r ip t i ons  of the se systems are included in Appendixes  A , B , and
C.) All oh the  a t t r i b u t e s  citeu l in the previous sect iomi are p lan ned (‘or an SCSS demonstration.

Simi mme ad d i t i omia l  c om i i n i e n t s  cOm lcerfliflg s tandardizat ion need to he made. In each of
(lie shore-based s~ stems . .i comive rsion f rom NT I)S parallel to some nonstandard serial t’ormat
c u d  back to paral lel is a ccom i ip l ishe m.l . Since t h e  serial  f ’ormats  are nonstandard , it is n ecessary
to sh ow , iii a separate demonstrat iom i , tha t  the M l L-STI)- I 397 defini t ion for serial interface
cou~l d he app lied to S(’SS as well.  An a l te rna te  switch matr ix  has been designed and tested
w tm icli is capah le of ’ hamid l ing  bidirectio nal analog signals such as the MI L—STD- I 397 serial signal.

DIGITAL SYSTEM
T h e  d ig i t a l  sy s t em to he used to demonstrate the a t t r ibutes  of SCSS is the AN/USQ-

( m2) N ) .  ‘l ’ ti e AN :U S Q - 62 (X )  is augmented  by hardware designed as part of this project. The
sy s tem demii onstra t io n has not heem i accomplished at th is  wri t ing because of interference I’rom
cons t r t i c t i o mi  in t he  f a c i l i t y  wh ere the system is located . A discussion of the demonstra t ion .
ha rdware , amid sot t ware  developed for (lie demom i strat ion,  and related (‘acts in existing, func-
(h oning  s w i t c h i i n g  s~ sts ’m ii s are presented h ere . A supp lememi t to t hi s report wi ll be sub m itted
as an appendix  nu de r separate cover when (lie demonstration is completed.

SOETWARI ’ I)EVELOPM ENT
There are two software packages which have been developed for  the SCSS demiionstra-

tio n. One software package is fo r the Data General NOVA computer which controls the
s w m t c h  m a t r i x  and carries on dialogue wi th  the tactical computers. The other sof ’twa re pac k age
is for  t h e  t ac t ic a l  computers . I n i t i a l l y .  the i n ten t  was to use an unaltered tact i cal , ope ratiom i al
program i n which the dialogue allows (‘or t h e  cha nging of the I/ C) port usage. Such a program
e x m s t s  for  USS ‘[A RAWA ~ howeve r , it is wr i t t en  fo r m is c on a three-hay AN/ UYK - 7 com puter.
l’or th is  d em ii onstra t i om i . only one-bay A N ‘tJYK-7 s are available . Theref ’ore , a p rogra m has
been wri t ten  which will  allow the inter -compu ter dialogue , prov ide (‘or t h e ch angi ng of t h e
I/ O port , and drive a disp lay so t hat the e f f e c t s  of inducing t’ai lur es can he monitored .

I J A R I ) W A R F  I )FVE LOPM I ’ NT
h a rdware which has been developed to demonstrate the concepts of ’ SCSS is designed

to a u g m e n t  the AN/ USQ- 62 (X ) system. ( ‘ach oh ’ the t’ahrica te d element s performs a un ique
f unction which contr ibutes  to the implementa t ion  of S(’SS. Each us described briefly here
amid imi detai l in Appemidi xe s  I) thru F . The Data Gemi eral NOVA control computer has been
redesigned to accom m od ate a special I ’O s t ructure  whichi will  allow it to comi imunicate  wi t h
the t ac t i s a l  com puters and to perfor n i the control func t ion  required for  start-up, loading, amid
t he l ike . A special converter  card f or  the tac t m ca l  computer  comiverters has been designed
wh iu ’h al lows the control computer  ~o perform (lie SM!’ func t ions .  New converter cards , bot h
t r a nsmit  and receive . which  provide red u ndan t  signal paths , h ave been fabricated .

I 9



AN A L O G  SYSTEM
It is des i rable  to use the M l  I,—S i ’l )—I 397 sena l f o r m a t  as the  s tandard  serial f o r m a t  fo r

S(’SS. This format  requires h a l l — d u p l e x  operat ion over a single coaxial  l ine .  I n s e r t i n g  a solid-
state switching mat r ix  iii a h a l f — d u p l e x  pa t h  r e qu i t e s  tha t  t h e  so l m sl - s ta te  devices pass s i gna l s  in
bot h directions . A new dev iee h a s  heem i procured which can be cascaded to fo rm a large
bidi rectional switchin g miia t r i s . I lie device , a Sigu ietics Sl)350l D-MOS swi tch , has bee n cas-
caded to f ’or m a 1 6— b y-I  6 bidirect ional  am ’mal og ma t r ix , ‘l ’ ests h ave been comiducted on the
amiak)g ma t r ix  to determine whe the r  it can he used in the  S(’SS appl ica t ion .  I he tes t  r e su l t s
are contaimied in A ppe ndix G . The resul ts  indicate  tha t  the device tested is not adequate  to
perform i i the S(’SS t ’umictiom ’i . It is vem ’y close , however , and a similar device designed for h igh-
f requency  app licat i omi is f ’ea smbl e .  In lieu of t h is al ternative , a much simpler solution would he
to change the standard to omie wh ich caui he hamid led by the exist imig s w i t c h i n g  systeni.

APPLICAT IONS

ANALOG VIDEO DISTRIBUTION
‘[he Signetics device , SD53OI . while  not adequa te  ( ‘or SCSS is use fu t l  iii appl ica t ions  at

lower frequencies. One such use is cu r ren t ly  b eimig addressed in the  In tegra ted  Combat Systems
lest  Facility (ICSTF ) at San l)iego. In this  f a c i l i t y ,  it is desirable to switch t h e  analog video

s i g m i , i ls  which are distrib uted to many display u n i t s . In t h is application , the  amialog sigmials are
unid i rec t iona l  amid receivers and t ransmi t te r s  buffer  the switching devices , The switc h w i l l he
under  the  comi trol cml the AN - USQ-6 2( X) system.

ANALOG AND DIGITAL TECHNICAL CONTROL
I echnical  control of an ent i re  com l i munica t ion s  suite can he ach ieved by use of analog

and digita l  switching matrices. Figure  9 shows h o w  strings of devices can be created for Use
in a command—pm ist . s’ommunica t ions—su pj ’ ort f a c i l i t y .
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SUMMARY . CONCLUSIONS , AND RECOMMENI )ATIONS

SUMMARY
Shore-based s o l I d - s t a t e  swi tch ing  sys tems  have been examined amid comiipared . Ship-

hoard re q t i i re u i ie u i t s  (or .1 so l id-s ta te  s w i l e h t i m i g  system h ave heem i ident i f ied .  A m odel of a
so l id - s t a t e  swi tc h ing s\ st c ’ m m m  f ’or ship board UsC hmim s heemi assemble ul , An alterm i at e analog
swi t ch ing  model has also been desigmied , fabr ica ted , a nd tested (‘or misc withi the MIL-STD -l 397
ss’u t , m l t i c  I e r f ui . s ’ . O t h e r  app l i c a t I o n s  ( ‘or (lie analog switchi have been ident i t ’ied.
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CONCLUSIONS
The imi te rcomi u ie c t i o t i  of com pu te r  c o m n p m m n e u i t s  m i s l u m e  bu i k ~ . expens ive  paral lel  c ab l ing

amid manua l  s w i t ch e s  is arL ’h iaic .  Shore— b a sed c omi ip uu te r  coin p le ses h ave airead v bee n unproved
w i t h  pa ra l l e l - t o—ser i a l  s’ o m u v e r t e r s . soh id ’s ta te  ma tn x sw it ches , and sd i a l — I o — p a r a I l e l  conver ters .

I ( me d r iv ing (‘nice for  in i p lenm ~’n t in g  s o l i d — s t a t e  ss~ i k h i u u i g  s\ s t ems  has been th e  tieed to rap id ly
r e c o m m i  cure t h e  shore-based c o m p u t e r  c om ii plex s ’s . A b~ ‘product  of t he  soli d-sI ~i te s w i t c h i n g
s\ stem is a s i g i m i f i c a m i t  r educ t i on  in t he  siz e ~m m m c i  we i gh t of t i m e  i m i t e u c o n l l e c  sv s t emi i  t i e , cables
and s w m t c b t s ’s . Sh ip board s~ s t e m m i s  .ir s ’ com i sid erah l~ smal l e r  and less compl ica ted  t l ia mi  t h e
sho re—based sv sten i s . I h cs ~ e~ ci . th ie  need (‘or a r ,m ‘id . a u t o m a t i c  i ec ~m ti f gu i  at  ion m e c ha n is m
is more crucia l .  In com m i h at  t he re  is no t m m n e  fo r  t ec h i m i i c ; c l  dec is i ons  t he made.  I n  combat ,
this ’ pro h ahm i  t ~ of . i n i eq u l ipn ie n t  f a i l u r e  is much  greater  t h u a n  no r m al. e~ . a h i t  or mi ear mi ss .
.ind thie mieed f o r  a u t o m a t i c  t a m i l t — d e t e c t i n g  m u d —c m ’m mp e i l s a t l m i g  is c r i t i c a l .

R E COMMEN I )A TIONS
I he need (or a ship bo ard com ms er sion and s~s m t c h i n g  s~ s te i n  has been ide m ’itif  k’d

Res ea i L i i  has stiowii t h a t  thiere  ame  se~ L’r a l ~m l t e r m i a t  i~ es in thie d e st g mi fo r  S( S~ On e a l t e r i m u t  ye
c e m i t e m  aro m im i d us i u ig  t h e  s’ur re n t  \1 I I  -S 1 1)— I ~~~~~~ f o r m a t  f o r  ser ia l  i n t e r f a c e  I his req lures
add i t iona l  research i amid de sign work s iu lc e  none of the  sh ore-based sv st emil s uses t h i s  s t a n d ar d .
Am i other  a l t e r m i a t i ~ e would be to change the s tandard and m i l i t a r i z e  omie of the  sh ore-based
s ys tems (‘or sh ip board use . Al though i  this  a l t e rna t ive  wo mml d he thie q u i c k e s t  to i m p l e m e n t ,  it
is not  re com nm ii em i ded because . while  each of the  shore—based sy stems has somne desirable at t r i -
but tes , eachi has also cer ta in  sh or tcomin gs.  The recommended a l t e r n a t i v e  is to adopt a mm cw
serial i n t e r f a c e  s tandard which is compat ib le  wi th i  an imnpr ove d version of one of the ex i s t ing
swi tching s~ stems. Specif ical ly ,  a un id i rec t iona l  as v um c im rom i ous  Manchester  encoded ver s ion
of t h e  AN USQ-~ 2 f o r m a t  is recommended.  1ii th i s  way ,  a redesign of t h e  m a t r i x  swi t ch  wi l l
not he required.  The SCSS should meet the f ’oll owim ig chi aracteris t ic s .

( ; F N h R A L

Automat i c  r e c m m v e r y  and or recon t  igurat io rm must  he Provided along w i t h  u mi iversa l
c o n f i g u r a t i o n  m n a n u g e m n e n t  and shiarim i g of b a c k u p  e q u i p m e n t .  As compared to e x i s t i m i g  s~
tems size amid weight  must  he g r e a t ly  reduced and costs mil ust he held to cur rem i t  in s~a l l a t io t i
levels . ‘[he S(’SS must  be desigm ied w i th  r e d i m m m d a n t  capab i l i t i e s .  be expa t i dab l e . amid use a
s tandard i n t e r f a c e  f o r m a t .

(‘O N \ ’I  R’l l RS
(‘onve r t e r  c locking shall  use a s vmic hu ron ou s  t eL h im i i q ue s  t Ic . nio separate clock cables ) ,

(‘om m ~ e r t e r  t u n i n g  shall  he m na x i un i i e m. l to permi t  the Us e of e x i s t i n g  sliagnos t ic or op e ra t i m ’m na l
sot (w a r e  w i t h o u t  the need b r  tuni m mig m i m m m d i f  is~i t l o i i s  to t h a t  s m mf ’twar e ,  ( ‘onverters shall be
m oumited in easily m. imm m ta im i ed  racks I m t l i  p rov i sion fo r  f u tu re  i u i s t a l l a t i o i m  “ it  t i i i i  e qu ip mi i en t  ) .
Loss m m ? s~ nc h i r on u ia t ion  or luck of s~ n c ht rom i i / , i  l ion bet  ‘veemi t r~mmi s mi t t im ig  and rece iv ing  com i—
ver ters  sha ll  disable aP m i t r o l  s m g u m a i s  and gene ra t e  ,i s y s t e m m i  a le r t .  C o n v e r t e r s  sh all  he capable
of in t e r f ac u mig  wi t h  equ ipment  u sin g al l  \1 I L-ST I ) — I 397 imi t e r f ’ace sigmi a ls.  ( I ’  x s t ing  e qu ipmi i e n t
nos~ mu i s ’et i ,ig cu r r emi t  \l I I, .~ 1 1)- I 39 7 s p e c i f i c a t i o n s  wil l he t r e a t e d  as special  cases.)

‘‘I



SWIT(’hl
The switch sh all have a nno du le size of 64 by 64 and be capable of expansion to 256

by .56 .  It  shall  be fu n c t iom l a l ly  nonh locking and shall be asynchronous (ie , data clock from
converters shall mi ot be required ) .  The switch shall contain Built-In-Test Equ ipmen t  (B I T E )
for  da t a -pa t h  var ia t ion , mm icorpora t e redundant  power supplies , and be computer-controlled
for l” .itti se lec t iomi .  Pulse w id th  dis tor t ion shall riot exceed Ml L-STD-l 397 or equivalent
spec i f i ca t ions .  Failed cards shall be capable of being removed from the switch wi th i out
re ino~ .il of power and the Mean I me to Repair ( MTTR) mnust  incorporate a n n i n im nal  ti m e
s p e c i f i c a t i o n .  Manual  bypass  of the switc h shall be provided.

23



APPENDIX A: A FU NCT 1ONAL DESCRIPTION OF THE AN/U SQ-62( XG -2 1
CON VERSION AND SWITCHING SYSTEM (CSS )

Appendix A is an ex cerpt , Chapter 5 , from the Tech nical M am iua l for Operation amid
M a i n t e n a n c e  of A N - ’uso-b: (x ( ;- :’( . Note that  the  term “high speed data  switc h ” (HSDS)
mmm y he used throughout to mean cit hier the (‘SS sys tem in gem i era l or , specif ’ica hi y .  the switch-
ing mat r ix .

—
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Ch APT ER 5

F U N C T I O N A L  D E S C R I P T 1 ’ N

5— i. INTRODUCTION . This chapter provides n f u n c t i o n a l  descr ip t i o n

of the AN/W ;Q-62(XG-2) (V) Corcversion and Switching System . The

d escr i~ ion is pre~;c’rmtc ~ a t two level s; over a ll , and d e t a i l e d. The

p u r p o s e  of thi s d iscussion is to p rov ide  th e techn i c ian  wi th  an

understanding of the function~m l capabilities of the HSDS system as

an ad j unct to t roubleshoot ing and cor rect i v e mai n t e n a n c e .  The level

of the description is consistent with th~ mai nt enance  philosophy,

i.e., troubles will be isolated to a sp’~’cific equipment  whereupon

thc~ respcctive equ i pnent manual is consulted to identify the defective

card or major cn:~j on (’nt to be rep laced . Hence , detailed descriptions

of individual equipments or circutt ei~~~ ’ ts are not included herein.

5-2. OVERALL FUNCTIONAL DESCRIPTION . The primary f unct ion of the

HSDS system is to permit rap id interconnection of equipment input

and output data cha nnels and also to permit rap id reconfiguration

of existi ng switch connections. In addition to switching , the HSDS

system also provides the function of simulation. The simulation func-

tion is ancillary . It rmc ’ed not be operational for the HSDS system to

perform its primary function. Figurm” 5-1 is a breakdown of the

various functions performed by the sy.;tem . A descri ption of how each

function contribut .s to the overall system function , and also the

ancillary function of sir ,’.la t iom’m , is d -’scribed in subsequent paragraphs.

5— 1
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a. Coi VL ’~ S i o r ,  a nd  T r d n e , , f er .  T im con’; ’ r r , i o n  dri d t r  a n sf er

f u n c t  I L ) f l  is r ~~~~~~~~ i t  .‘d to f a c  m l  i t a te  a m ax  i ~~u:r ’  r m m ,imber of da ta  c h a n n e l

I/ O  connec’ t i S  at  t h e  s~~i t  ch/p at .ch  p m l  u t i  L i Z i i j a m i n i m u m  numbe r

of d a t a  l i n ..s .  T h i s  i s  ~i :cc r- d 1 is he J  by convertir .g a NTDS p a r a l l e l

d at a  c h a n ne l  ( 4 0  l i nc ~~/ c ha n ne l )  to a s i ng le s e r i a l  l i n e  channe l

( 4 0  b i t  w : \ r i )  f o r  conn~~- t ion to t h ’  s w i t c h / pat c h  p a n e l .  See

f i g u r e  5 -2 .  The c o n v e r ter s  mus t  a lso  r econve r t  the s e r i a l  da t a

rcce~~ved f r o :n  th ( sw i t c h i / p a t c - h  panol bac ’r~ to p a r a l l e l  d a t a  f o r  inpu t

to the equi~~~. ’ I t .  Thr ’€ types of convur~ ers , as i l l u strated in

f i m ~~~r v ’  5— ., are re~ uired t o  interface with the different computers

usLJ in the NTDS sy eu~ Transfer of data to and from the switch!

patch panel is synchronized by use of 10 MHz central clock which is

genera ted  in the  s w i t c h/p at c h  panel  and dis tribu ted to the various

u n i t s  of the  HSD S sys tem .

NOTE

A special parallel—to—serial card is in-

stalled in the PCC to provide conversion

of control commands for communication with

the switch/patch panel. This card is

described in the Operation and Maintenance

Manual for the Con trol Console OJ-332(XG—2)/

USQ-62 (V).

b. Switching Function. The setting of a particular switch I/O

p :h is accomplished , or con t r o l l e d , in two ways : automatically

by the Primary Control Computer (PCC) at the control console , and

manua lly, utilizing coax ial patch cables at the switch/patch panel.

5— 3
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Figure 5-2. System Functional Block Diagram
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It is anticipated that in the future , a third method will be available

whereby switching is automatically accomplished by a Local Control

Computer (LCC ) at the switch/patch panel.

(1) Primary Control. In the normal mode of operation , the

setting of a switch path is controlled by the Primary Control Computer

(PCC) installed in the control console. An operator interfaces with

the system by entering cperational commands , status , and test requests

on the control console CRT keyboard . A medium speed keyboard/printer

serves as an alternate data entry device and also provides a means

of obtaining a hard copy of switch paths and test results for analysis.

The PCC maintains a record of all actual switch paths set and pre—

established stored configurations in memory . An operator can establish

an I/O switch configuration by using a stored configuration in the

computer memory . Switch configurations can also be punched on tape

for later re-entry via the tape reader .

( 2 )  Local Control .  This is an ant ic ipated f u t u r e  addition to

the system . If the normal mode of operation should f a i l , the connec-

tion of a switch I/O path would be controlled by a Local Control

Computer (LCC) installed in the switch/patch panel. An operator may

control the automatic setting of a switch path by entering the input

and output channel numbers to be interconnected on a pushbotton control

box mounted on the front of the switch/patch panel. Memory in the LCC

will be sufficient to maintain a record of all switch I/O paths actually

set. This feature would permit rapid return of control to the PCC

when the latter becomes operational. LCC control of the switch/patch

panel , with the exception of a few commands , will be e~~ ivalent to PCC

control.

5—5
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(3) Manual Patchin;. Connection of a switch I/O path can be

accomp lished manu all y by use of coax i a l  patch cables which bypass

the switching matrix . Serial inpu t lines at the switch input con-

nector matrix are patched directl y to the input of the repeater!

distributor amplifiers on the synchronizer assembly for output.

Manual p a t c h i n g  still requires DC power application to the syn-

chronizer. Identification of switch inpu t and output terminals for

manual patching is provided in the Operation and Maintenance manual

for the Electrical Equi pment Cabinet CY—7559(XC—2 )/USQ—62(V).

c. Simulation. The s i m u l a t io n  f u n c t i o n  permits interface of

N’:DS c o m p u t e r s  on computer channels designated for peripherals. The

simulator normall y works in conjunction with a simulation computer

which is software programmed to simulate peripheral equipment. The

simulator provides the required functions of interface , storage , and

co’trol conversion as illustrated in fi gure 5—1 .

5-3. DETA I LED DESCRIPTION , CONVERSION AND TRANSFER FUNCTION . This

p a r a g r a p h  describes the conversion and t r a n s f e r  of data between equi p-

me n t s  w h i c h  are inte rconnec ted  via the switch/patch panel . Fi gure  5—3

is a conversion and t r a n s f e r  function block diagram . Figure FO—l , at

the rear  of t h i s  document  shows the specific interconnection of control

and  da ta  si g n a l s  between I/O por ts .

a .  Computer  and Peri phe ra l  I n t e r f a c e s .  The i n f e r f a c e  between an NTDS

computer  and per i phe ra l  devices is in accordance with MIL-STD—l397 (SHIPS)

da ted  30 A u g u s t  1973.  This  document  identifies the control signals ,

timing and sequence of control word exchanges to accomplish a data word

transfer. Appendix B, in the above document , describes the special

requirements for computers CP-642A/B.

5—6
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b. HSDS Data Convers ion  Rate. Parallel data input to a HSDS

system must necessarily be converted to serial and then back to

parallel for outpu t to the NTDS equipment . See figure 5—3. The

time to accomplish this conversion and reconversion in the HSDS con-

verters may in some cases introduce delays which result in a reduction

of data transfer rate . The delays encountered in the transfer of data

through the switch are neg li gible in comparison to those introduced

in conversion. Therefore , the transfer of data through the HSDS system

is lunited primarily by the conversion function and is approximately

6.5 inegabaud .

c. Parallel Data Levels and Rates. The HSDS interface is

compatible with and can accommodate the parallel NTDS or ANEW

channel data levels and rates indicated below.

(1) Type A ( NTDS s low) . Para l le l  data transfer of up to 41,667

words per second on one cable. Binary voltage levels are 0 Vdc

(logical 1) and -15 Vdc (logical 0).

(2) Type B (NTDS fast). Parallel data transfer of up to 125,000

words per second on one cable. Binary voltage levels are 0 Vdc

(logical 1) and —3 Vdc (logical 0).

(3) ANEW. Parallel data transfer of up to 125,000 words per

second on one cable. Binary voltage levels are 0 Vdc (logical 1)

and +3.5 Vdc (logical 0).

d. Control and Data Formats. The serialized control bits used

to establish communications between two NTDS devices are illustrated

in figure 5-4. The meaning of each control bit is described in

tables 5-1 and 5-2. See MIL STD-1397 (SHIPS) dated 30 August 1973
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TABLE 5-1. FUNCTION OF OUTPUT CHAN NEL CONTROL LINES

Direction
Name of line of signal Function

Peripheral Set condition indicates readiness of the peripheral
EFR!J equipment to equipment to accept an EF code word on tha t

computer channel.

Computer to Set condition indicates the computer ha.s placed an
EFA peripheral EF code word on the OD lines of that channel .

equipment

Peripheral Set condit ion indicat es readiness of the peripheral
ODR equipment to equipment to accept a word of dat .a on that channel.

computer

Computer to Set condition indicates the computer has placed a wor d
ODA peripheral of data on the OD lines of that channel.

equipment

Not all computers have the EFR line; see individual equipment specification.

TABLE 5.2. FUNCTION OF INPU T CHANN EL CONTROL LINES

Directi on
Name of line of signal Function

j f  Computer to Set condition indicates readiness of the computer to
EIE peripheral accept an El code word on that channel.

equipment

Peri pheral Set condition indicates that the peripheral equipment
IDR equi pment to has placed a word of data availab le to the computer

computer on the ID lines of that chan nel.

Peripheral Set condition indicates the peri pheral eqwpme at has
EIR equi pment to placed an Inter rupt  Code Word available to the

compu ter computer on the ID lines of th at channel.

Comp uter to Set condition indicates that the computer his sampled
IDA peripheral the ID lines of tha t channel.

equi pment

.iil computers have the LIE lines , see indiv i d ual equipment specification.
5—1 0
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for sequence of control word exchange . The serial control bit stream

and interconnection of control lines are also illustrated in figure FO-1

at the rear of this manual. Once communication is established , the data

word follows the control word . Separation between the control word

and the data word mus t  be at least 5 nulls. To uniquely identify a

channel , a channel identification (CID) bit is added to each transmission

of a control word. After 10 transmissions , circuitry within the switch

matrix assembles the 10 CID bits into a 10-bit serial chain word for

transfer to the primary control computer. A comparison between the inpu t

CID bits of a channel and those appearing at the desired output channel

of the swi tch  permi ts  v e r i f i c a t i o n  of an I/O path connect ion by the

primary control computer . The results of the d O  comparison test are

sent to the CRT for display and also retained in computer control memory

as a switch path completion or as a f a u l t y  pa th .

e. Parallel-to-Serial Conversion. Parallel data from NTDS equipmen t

is converted to serial for transfer to the switch/patch panel. This

section of the converter , parallel—to-serial (P/S), converts the four

parallel control bits into a short format serial control word. ~See

figure 5-4). Each P/S circuit card also has switches that are preset

to identify the channel number assigned to that cari. The channel

identification bit (CID) is added to the short format control word an1

appears as bit 5 in the control word . The short forma t control word

is used to establish communications between NTDS equipments. Once

communication is established , the 32 bit parallel data word , which has

been converted to serial , follows a short format control word. (See

figure 5—4). All converter outputs to the switch/patch panel are TTL

level (0 to 3.5 Vdc). Details of the parallel to serial conversion

5—il
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process are contained in the applicable operation and maintenance

manuals  for  the conver ters.

f. Switch/Patch Panel Serial Transfer. The switch/patch panel

is unidirectional switch which does not alter the serial data . The

sw itch , under computer control, can connect any 1 or all 25 6 serial

inpu t channels to any 1 or all of 256 serial output channels. All

inputs to, and outputs from , the switch/patch panel are at the TTL

level (0 to 3.5 Vdc).

g. Serial to Parallel Conversion. Serial data input to the

converter from the switch/patch panel is converted to parallel data

for transfer to the NTDS equipment. See figure 5-3. The serial-to-

parallel converter circuit card also converts the signal level of

the data from TTL (0  to +3.5 Vdc) to NTDS level fast (0 to -3 Vdc),

NTDS slow (0 to -15 Vdc), or ANEW (0 to +3 Vdc), depenc i.ng upon the

channel use. See the applicable converter operation and maintenance

m a n u a l s  for details regarding the serial—to-parallel conversion process .

h. Converter Clock. In order to synchronize data transfer in

the HSDS system , a 10 M Hz central clock is located in the switch/

patch panel. The clock signal is distributed throughout the system

which can contai r multiple switch/patch panels. Only one switch/patch

panel genera tes the central clock. A clock adjustment is provided

in each converter.

5-4. DETA ILED DESCRIPTION , SWITCHING FUNCTION . This paragraph provides

a func t ional  description of the three methods of switch control ; pri-

mary , local and manual. Figure 5-5 is a block diagram of the switching

function.

5—12
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a. Primary Computer Control. In the primary mode of operation ,

sw itch sett i n g , pa th v e r i f i cat ion , recording of set paths and test-

ing of defective paths is controlled by the primary control computer

( PCC ) ins ta lled in the control  console. An operator controls  the

automatic process by entering cominarid data to the PCC via the control

console CRT key board. An alternate control entry device is the

printer keyboard. Rapid setting of a complete switch I/O configura-

tion can be accomp l ished by entering the configuration data via memory-

stored configuration or the tape reader.

( 1)  Swi tch  Path Set t ing . The PCC , upon receipt of the i n s t r u c t i o n

word L INK , will connect i den t i f i ed  input  and output  t e rmina l s  to pro-

vide a dup lex , simp lex , end-around , or p lural  path . (See chapter 4,

section II for a description of switch path types and operation commands.)

The PCC executes the command by first checking memory to determine

whether the switch inpu t and output ports are in use. If they are ,

the PCC causes a message to be displayed on the CRT informing the

operator that the requested port is in use and the path cannot be set.

The operator can designate a different switch path or break the existing

path. If the input and output ports are not in use, the PCC will search

for  an available mid-stage module in the switch to complete the I/O

path. When an available mid—stage module is located , the PCC issues

a 3-word switch command . The switch command output from the PCC is

converted to serial form . (The P/S conversion is accomplished by

means of a modifica tion of the PCC consisting of an added circuit

board.) Control bits are generated by the PCC to identify which

switch/patch panel (1 of 4) is to execute the command . The computer

5—14
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in t e r f a c e , in each switch/patch panel , receives the ser i a l sw atc h

command and conver ts  i t  to three  p a r a l l e l  i n s t r u c t i o n  words.  Only

the addressed swi tch/pa tch  panel w i l l  process the i n s t r u c t i o n  w o r d s .

Details of how the switch/patch panel electrically connects the I/O

term i n a l s  in accordance wi th the ins t ruc t ion  words received from

the  PCC a re  c o n t a i n ed  in  the Operation and Maintenance Manua l for

the E l e c t r i c a l  Equi pment Cabin et CY—7559(XG-2)/USQ—62(V).

( 2 )  Swi t ch Pa th  V e r i f i c ation .  As each path  is set , the computer

program enables  a test  s igna l  genera tor  in the switch/patch panel ,

w h i c h  i n j e c t s  a coded signa l  in to  the inpu t  i n t e r f a c e  card previously

selected by the swi t ch  I/O command. The output  signal  f rom the

selected output  interface card is then compared to the input  signa l

in the test signa l  genera tor ca rd , and the compa rison result  is

issued to the PCC via the computer interface. In addition , the CID

bi ts used to i den t i f y a channel are assembled and are output as part

of the serial word sent to the PCC switch matrix interface. See

Fi gure  5-5. The serial word from swi tch/pa tch  panel $1 is converted

to pa ra l l e l  for  ou tpu t  to the PCC data bus. The PCC evaluates the

compar i son  r e s u l t  and the CID to determine if a switch I/O path has

been set successfull y. A message is issued for display on the CRT

t h a t  the swi tch  pa th  is set , or t h a t  s e t t i n g  of the  path cannot be

v e r i f i e d  or accomplished .

(3) Recording of Switch Paths. The PCC, upon evaluating whether

a switch path is set correct l y or not , w i l l  cause the i n f o r m a t i o n  to

be stored in memory. I f  the path is set correctl y it is so recorded ,

as in the type of path set (duplex , simplex , etc) . I f  the pa th

cannot be set , i t  is recorded and is p laced in  the t ab le  of f a u l t s .

5—15
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Operator command entries are available which will display all used

and unused switch I/O ports on the CRT, or will cause the list to

be printed on the printer. The PCC will refuse to set a path if

the I/O ports on the switch matrix are already in use , and will

generate a display to that effect.

(4) Testing of Switch Paths. Operation command s are available

for maintenance testing of switch paths. These commands permit the

connection of any input to any output via any mid—stage (stage 1)

module if the required modules are not already in use. Use of the

maintenance commands are described in chapter 6. All maintenance

commands can be used during normal operating hours except the TEST

SWITCH subcommand in the MAINTENANCE mode. This subcomxnand injects

a test signal into switch paths.

b. Local Control. If the primary mode of operation should fail ,

it is anticipated that the HSDS system will be controllable by a

local control computer (LCC) installed in the switch/patch panel.

Commands to set a switch path will be entered via front panel push-

buttons. The setting , verification , and recording of a switch path

will be accomplished in the same manner as described in the previous

paragraphs for PCC control. The LCC should also be valuable in

troubleshooting switch control problems . (It should be noted that

this local control capability does not yet exist.)

c. Manual Patching. An I/O path can be established manually

by use of coaxial patch cables which connect a port On the input

connector panel to a repeater/distributor amplifier on the syn-

chronizer assembly. Identification of I/O channels , and procedures

5—1 6
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to manually connect them , are provided in the Operation and Mainte-

nance Manual for Electrical Equipment Cabinet CY—7559(XG—2)/USQ—62(V)

5-5. FUNCTION DIRECTORY . The function directory , table 5—3 , lists

and describes the various control and data signa l s  used to set a

switch pa th  in the HSD S system , and also those used to establish a

communication channel between NTDS devices. This table is a summary

of the information given in tables 5-1 and 5—2 , and contains some

additional functions discussed in detail in the Operation and Mainte-

nance manual for the Electrical Equipment Cabinet CY-7559(XG—2)/USQ—

62 (V )

5-6. DETAILED DESCRIPTION , SIMULATION FUNCTION . Communications

between NTDS computers on peripheral—designated channels requires

a special inte r f a c e .  The s imula to r  may be used as tha t  i n t e r f a c e .

~‘i gure 5-6 is a simplified block diagram of the simulation function

showing no rma l  data  f l ow .

a. Simulation, System Computer  I n t e r f a c e .  The system computer

interface section of the simulator converts the control word received

from one computer (called the system computer) to one which another

computer (called the simulation computer) interprets as originating

from a peri pheral. In this manner communications between computers

can be accomplished on channels  normally used as peripheral channels.

The top portion of figure 5-6 illustrates the conversion of control

bits as they enter and leave the simulator when data flow is from

the system computer to the simulation computer. Although figure 5-6

illustrates several I/O control bits , it should be remembered that

only a sing le serial line for input , and one for output , (full duplex)

5—17
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SYSTEM SIMULATOR SIMULATION
COMPUTER COMPUTER

svs SIM

EFR FIE
4- — 4- -

EFA EIR
XM IT — 4 — —+ REC

ODR IDA
DATA 4— — 4— —

OUTPUT ODA IDR INPUT
_________ — 

CHANNELC H A N N E L  —

DATA svs SYS DATA
_ _ _ _ _ _  

IN OUT 
_ _ _ _ _ _

DATA
SYS 4 —SIM

EIE [FA
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EIR EFR
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IDA ODRDATA — —~ — —p DATA
INPUT IDR ODA OUTPUT

CHANNEL — 4— — CHANNEL
DATA 

— 
SIM SIM 4_ DAT A 

—4- OUT IN 
_________

NOTE: THIS DIAGRAM SHOWS IN DIVIDUAL LINES FOR CONTROL BITS AND DATA TO
PORTRAY FUNCTIONAL FLOW. ACTUAL INTERCONNECTION BETWEEN THE

S I M U L A T O R  AND A COMPUTER IS V IA  TWO SE R I A L  C O A X I A L  L IN E S ~ ONE FOR

INPUT AND ONE FOR THE OUTPUT CHANNEL

Figure 5-6. Simulation Block Diagram
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are u t i l ized . Therefore , the f i gure represe nts I/O control words

which exis t  at d i f f er en t  times when processing d i f ferent  data words.

See tables 5-1 and 5-2 for correlation and meaning of data control

bi ts .  The bottom portion of figure 5-6 illustrates data flow from

the s imulation computer to the system computer . Observe that the

control bits between the top and bottom por tions of figure 5-6 are

interchanged . When t r ans fe r r ing  data between computers on peripheral

channels , it is possible to transfer data when the receiving computer

is not ready to receive the data . To prevent loss of data , the

simulator stores data until the receiving computer acknowledges that

it has received the data. Details on how the simulator performs the

conversion and storage functions , including data transfers , are

described in the Operation and Maintenance Manual for the Electronic

Equipment Simulator SM730 (XG-l)USQ—62 (V).

b. Simulation, Simulator Computer Interf ace. The simulator

computer interface section of the simulator functions in the same

manner as the system computer interface previously described , when

control data bits are interchanged and data flows from the simulation

computer to the system computer.
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47
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INTRODUCTION

The purpose of this paper is to describe the principles of design and
development of the CSMTF Centrally Controlled Interconnection System
(CCI S) .  The CCIS is the backbone of the CSMTF and performs the major
portion of tra ining schedule rearrangem ent functions.

This Engineering Report provides a general description of the Centrally
Controlled Interconnection System (CCIS) and its design criteria. The
interconnection system t9 be employed will satisfy only the digital data
network of the CSMTF program . Since many of the digital data  equipments
(e .g . ,  central  processors and peripheral equipment) have application in
several t raining systems , the abili ty to interconnect them into the var-
ious systems increases equi pment ut i l izat ion, and reduces equipment quan-
tities and , consequently , cost.

The interconnection method selected for CSMTF use is a serial data trans-
mission 3—stage (A,B,C) array. (See Fig. 1). This method allows a total
access system (i.e., any input to this system may be connected to any out-
put) while signif icant ly reducing its size and cost over conventional
single stage ar rays .  This system will be controlled from a central con-
trol station located in the same room with it.

The CCIS will initially interconnect the digital data channels of 23
digital computers and 240 peripheral equipments (which equates to an
array having 594 digital input cables and 586 digital output  cables)
with the capability of being expanded to 640 x 640 array. The CCIS is
non—blocking (in the wide sense), meaning any one of the 594 inputs may
connect to any one of the 586 outputs not already assigned. However ,
care must be exercised in loading the array so as to prevent blocking
before total access (i.e., 594 x 586) is achieved. The same statement
holds true when the CCIS increases to a 640 x 640 array.

In order to provide computer—to—computer (inter—computer) interconnection
in the same manner as computer—to—peri phe ral , the scheme for connecting
digital data channels to the switching matrix is different than that of
usual conventions. In the CCIS, all data input cables will be connected
to the A—stages and all data output cables will be connected to the C—
stages. Then, since the CCIS will interconnect any A—stage input to any
C—stage output , computer—to—computer and computer—to—peri pheral are hand-
led in an identical manner ,

Also considered part of the CCIS are a series of IJnderdeck Interconnect
Panels. These panels are to be located on each of the four decks under
the raised floor . They will be plugged and jacked for coaxial digit al
data cables. These devices will be permanently mounted to the deck and
will provide a junction point for the digital data cables of each peri-
pheral or computer requiring connection to the CCIS switching matrix .
Provision for approximately 120 peripheral data cables per deck will be
provided.

1
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BACKGROUND

The Combat Systems Maintenance Training Facility (CSMTF) will consist of
multi ple general—purpose dig ital computers of several types and over 200
pieces of supporting perip heral equipment. To effect the most efficient
and economical use of all this equipment , the various pieces of hardware
will be electrically reconfigured at appropriate tines to provide opera-
tional systems configurations corresponding to the m.air,ter,ance training
courses being taught. This equipment sharing concept , which has already
been employed at other Naval training facilities~ will result in decreased
initial capitalization costs and more efficient utilization or the various
types of equi pment.

There fo re , it is i mpe ra t ive  that the CSMT F switching system incorporate
automatic or semi—automatic techniques to the extent that these methods
f a l l  wi th in  the programmed funding limits.

The overall CSMTF system switching complex must be capable of configuring
the various equ ipm en t s  into predetermined training course configurations
which w i l l  allow sinultaneous independent training, when required , on dif-
ferent functional systems. The digital data switching complex will configure
the equipner~t into system segments where each system segment is specifically
related to one or more training courses. The design of such a switching
complex , is specified in the p e r f or ma n c e , desi gn , test , qualification re-
qui rements , ir .st al la t i or i  and checkout  f o r  the “CENTRALLY CONTROLLED INTER-
CONN ECTION SYSTEM (CCIS)” procurement package contract N66314—74—C—7l95
with Univac.

The fol lowing criteria have been specified:

a. The designed complex must be modular  in nature  in order to accom-
modate either small or large incremental increases in quantities of equipment.

b. The complex is basically a support system and , as such , must have
appropriate reliability, safety and convenience to enhance usage of the
training course hardware.

c. The complex must provide rapid , convenient and compatible equipment
reconfiguration at a frequency commensurate with course support requirements.

The development and design of the final switching scheme utilized by the
CCIS must be guided by high performance in the form of minimal degradction
of all defined signals , easy control and maintainability (high MTFB , low
MTTR) .

The large size and expandability requirements impose strict modular con—
sidera’ions or the equivalent , a means by which the monumental number of
switchpoints is reduced. In addition , it is desirable to implement a sys-
tem such that documentation is min imal , and downtime is obviated during

2
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system expansion. Therefore, a graphic clarification of tradeoff constraints
(viz., the weighting of cost , size, MTTR, MTBF , reliability, exp andabili ty,
installation ease , etc.) was necessary so that the switching technique would
be optimum for the CSMTF requirements.

TABLE 1

Raq ’d. Digital Data Channels
Amount Devices Input Ou tpu t

3 CP—642A computers each with 14 I/O channels 42 42

2 CP—6428 computers each with 16 I/O channels 32 32

4 CP—789 computers each with 8 I/O channels 32 32

3 11—1616 computers each with 16 I/O channels 48 48

11 A14/UYK-7 computers ea. with 16 I/O channels 176 176

* 2 S~~ control cables @ 3 channels each 6 —

* 1 SMP control cables @ 2 channels each 2 —

4 K~MX @ 4 channels each 16 16

240 Peripheral I/O channel requirements 240 240

TOTALS 594 586

* Direct computer interface in parallel transmission

PARALLEL DATA RATES

The parallel data rates and corresponding pulse (bit) transition times were
considered in determining transmission—line requirements for computer I/o
distribution. The transmission--line band width is governed by pulse transi-
tion time (rise/fall time) rathe r than data rate. Table 2 summarizes the
aforementioned characteristics.

3
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TABLE 2 PARALLEL DATA RATES

Slow Interface Fast Interface
Computer Type

Data Rate Transition Time Data Rate Transition Time
(K—words) (Microsec max.) (K—words) (Microsec max.)

CP—642B 40 6.0 125 0.4

CP—642A 30 6.0 — —
CP— 789 40 6.0 125 0.4

CP-967 40 6.0 125 0.4

AN / UYK- 7 33 6.0 167 0.4

As will be noted , the transition times are given at their maximum time .
It is felt that manufacturer ’s equipment design will be close to this
maximum value , since to decrease rise time is to increase bandwidth ,
which r e q u i r e s  more s t r i n g e n t  circuit tolerances , and an increased band-
width is an invitation to additional noise pickup .

SWITCHING NETWOR.K

The CCIS three—stage switching network is a non—interrupting, re—arrangeable
switching matr ix ; i.e., any idle input terminal of matrix can always be
connected to any idle output terminal by rerouting the existing connections ,
if necessary. This matrix will maintain one—to—one full access with non—
blocking features , shown in Figure 1.

The CCIS matrix connecting 640 input terminals and 640 outp lt terminals
abbreviates as 640 x 640 network . The three—stage switching matrix con-
sists of 46,080 basic swi tching cable crosspoints elements (CCE’s). The
crosspoint is defined as a two—state (ON or OFF) switching device posses-
sing a low transmission impedance in one state (ON) and a very high impedance
in the other (OFF). The CCE ’s are to be assembled into an 8 x 8 basic
switching module (BSM), each BSM containing 64 CCE ’ s and each CCE capable
of serial  t ransmission swi tch ing  f u n c t i o n . The BSM ’s are assembled into
substage s (see Figure 1), forming assemblies of 256 CCE ’s on each substage
for stages A and .C. Stages A and C consist of 40 subst ages each.  Stage B
is composed of 16 substages with 1600 CCE ’s each. Each A substage shall
have through all B stages , sixteen (16) data paths to each C substage of
the matrix.

The stages in Figure 2 are composed of identical CCE ’ s. Two adjacent
stages art~ connected by a pattern of links . Alon g w it h t he CCE ’ s , the

6
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link pattern s are responsible for the distributi ve characteristics of
the CCIS network. They afford an inlet (da ta input ) ways of reachin g
many outlets (data outputs) (Figure 3 ) .  Obviously , each output on the
CCE in a given stage is some input of the next stage for the chosen
path . The switch matrix input 640 ports on the stage A a~:e numbered
in a sequential order , and that the 640 output ports on the stage C
are also numbered in a sequential order ( i . e . ,  from 1 through 640) .
This makes it clear th at each link pattern , and each permitted way of
closing the largest possible num ber of cros spoints in a stage are inter—
related signal paths throughout the matrix . Henceforth , 640 port arrange-
ment of A and C stages can be viewed abstractly as a permutation on
(1 , .. .,  640).  The network in Figure 1 has the property that all maximal
stages have the same number of 640 data paths in progress, and any such
maxima l state (i.e., states in which no additional data paths can be
transmitted) realizes a permutation which is a product of certain of the
permutat ions represented  by the link patterns and the stages A , B and C.
A matrix of this structure can always achieve any arbitrary permutation
controlled by algorithm that consist of decomposing a given permutation
in to 16 (wher e 16 x 16 is the base of the network) permutation for the
16 (40 x 40) subnetworks , thus determining the connections for the 40
(16 x 16) networks in the input and output  stages.

PARALLEL / SERIAL AND SERIAL /PARALLEL CONVE RS ION

Figure 4 illustrates the CCIS serial transmiss~ou configuration. Each
I/O channel has Parallel/Serial  (P /S)  conversion logic at the channel
source. Communication with the switch matrix is via bidirectional coax-
ial cable. The matrix is not sensitive to the data patterns or data
rates of the serialized data transmission flow , therefore , an instan-
taneous passage of fast and slow rated data in a simultaneous mode will
be operated without interference (see Figure (5 ) .

All P/S converters are designed to operate with data words up to 36 bits
or less. When a converter is operating with a data word less than 36
bits, the remaining bits are disregarded. Each data word is synchronized
by appearance on the channel of a transition which has been preceded by
a minimum 832 nanoseconds of no transition (quiet period). This “quiet
period ” signif ies an end of data word . The first transition after the
832 nanoseconds period , starts the 36—bit (or less) data word in which
the four control bits are interleaved (see Figure 3). Control line
status is transmitted more frequently than the data bits to preserve
the “handshaking” requirements described in Specification DS—4772.

One data bit is transmitted during each 104 nanoseconds clock period.
Du r ing t h is t ime f r ame , one or two transitions take place . The first
transition always occurs and is called a CLOCK transition . The second
one is conditional and indicates the data bit. The clock transition
for the data bit occurs 104 nanoseconds after the last clock transition ,
therefore , the stream of “1” and “0” bits is generated within the 104

9
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nanUseconds t ime span by the occurrence or absence of 42 nanoseconds
transition . The serial data stream is then routed to the duplex digital
tr a nsceive r (DDT) as shown in Figure 6 , where it is differentiated for
t ran smission via coaxial cable to another  DDT at the matr ix in te r face .
The process of transition is carry ing the in f o rm a t ion , not the log ic
level; therefore , p o l a r i t y  of the t rans i t ion  has no s ignif icance w h a t e v e r .
Thus, the occurrence of transitions only are detected at a receiving
converter (Figure 7 ) .

DATA WORD FORNA T

The serial word format , as shown in Figure 8, represents the basic art
of s e r i a l i z a t i o n  and convers ion  of d i g i t a l  da ta .  The slow i n t e r f a c e  ——
serialization where bits A , B, C and D r e f e r to cont r ol si gna ls; i . e . ,
A is o u t p u t  d a t a  acknowledge (ODA) and B is ex te rna l  f u n c t i o n  acknowledge
(EFA) con t ro l  b i t s .  S i m i l a r l y ,  C and D would correspond to input  acknow-
ledge (IA ) and ex t e rna l  input  enable (EIE)  b i t s , r espec t ive ly ,  f rom the
peri phe ra l .  LA and EIE signals are t r ansmi t t ed  in the opposite direct ion
from all  o the r  b i t s , t h e r e f o re C and D lir.es to  and f rom each connector
are rou ted  to the  o the r  conncct or  of the c onver ter  set (pai r )  as shown in
Figure  7 .  O p e r a t i o n a l l y ,  t h i s  enables all mu l t i p lex ing  to be p e r f o rm e d
in one connector  and all  denu lt i p lexiri g in the other  connec tor .  The f a s t
interface differs somewhat from the slow in te r face , where the word trans-
fer rate is much higher and the samplIng delay is o~uch shorter. To
transmit three data bits it takes only 163 nanoseconds and total  36 bits
is t rans fe r r ed  in 2 .8  microseconds.

DUPLEX DiGITAL TRAN SCEIVER (DDT )

The DDT al lows s i m u l t a n e o u s  b i d i r e c t i o n a l  ( f u l l  duplex)  d i g i t a l  ser ial
mode t ransmiss ion  on a single coaxial cable . This allows two—bi t  streams
travelling in opposi te  d i r ec t ions  to be t r ansmi t t ed  on the same cable .
The DDT i n t e r f a c e s  the b id i rec t ion~~. t r ansmiss ion  cable wi th  unidirec-
tional TTL logic circuits (see Figure 6). The characteristic impedance
of the coaxial cable is 50 ohms, and it is used as one clement of a Wheat—
stone brid ge of the DDT schematic. The input impedanc e of each brid ge
is also 50 ohms , thus it ensures t ha t  the cable is p r o p e r l y  t e rmina ted
on each end of the  ne twork .  The DDT logic inpu t  is differentiated and
then appears across the brid ge (V~~) .  A portion of tha t  s ignal  appea r s
as VCB and drives the cable. Ri~ and R7 are selected so that VCB~

VDB,
therefore , the output of the differential amp lifier (VEB) will always
equa l to zero .  Thus , the t r a n s mi t t e d  s ignal  wi l l  never be received
locall y .  Si gna ls received from the cable appear ac r oss R5, R6,  and R 7
as VcB . A port ion of these signals appear as V CD , d r iv ing  the differ-
ential amplifier. Again , the signal from the transmission line is
ampl i f i ed  and appears as VEB. It becomes obvious that the received
signal is routed through the in t eg ra to r  and appears  as the DDT logic

14
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output. Because the bridge is a linear element of the DDT network , the
incoming and outgoing signals cause no interference between same , nor do
they tend to cancel each other out. Even though a positive input pulse
and a negative output pulse may produce a net zero vol tage at the cable
interface , the s u p e r p o s i t i o n  of bo th  si gnals at the ampl i f i e r  input s t i l l
produce a net differential voltage . In the event of balancing the br idge
for dc , the baseba nd signals are always d i f f e r e n t i a t e d  for  transmission .
There are f o u r  DDT ’ s f o r  each f u l l  duplex  I/O passage in the CCIS ne twork ;
i . e . ,  320 x 4 — 1280 DDT ’ s.

SERIALIZED DATA TRAN SMISSION RATES

By d e f i n i t i o n , the da ta  t r ans fe r s  are measured by pulse t ime limits of
the h ighes t  f r e q u e n c y  component of the response which the di g i ta l  computer
pro~ran can faithfully reproduce. Reaction tine (delay)  represen ts  a
transfer lag in the signal loop through the digital computer. Both the
pulse time and the delay tim e are determined by the execution time of the
dig it a l  compute r  p rogram .  In the CCIS ful l  duplex I/ O transmission link ,
the fol lowing delays are involved.

a. Transmission delays (in microseconds t yp . )

b. Cable delays

c. Matrix delays

d. Serialization delays

e. Driver—Receiver delays (Al l these delays contributing impedance
to the systems data words transmission rates. There are two modes of data
transmission involved in the NTD S use:

1. Handshaking mode with elements of computer reaction time (CR),
peripheral reaction tine 

~~~ 
and transmission delay (TD) .

2. Forced mode wi th  elements of computer reaction time (CR) only;
i . e .,  in this mode data words are t ransmi t ted  at computer I/O transmission
rate.

Therefore , one should derive “Transmission Rate Equat ion s” as fol lows :

a. Handshaking work rate 1
CR + 

~R 
+ TD1 -+- TD2

Where:

— Computer Reaction Time

18



— Peripheral Reaction Time

— Transmission Delay between cotaputer and peripheral

— Transmission Delay between peripheral and computer

b . Forced Mode • 1
CR

SYSTEM DELA Y CAL CULATIONS

a. CABLE DELAY (CD)

Assuming d is tance  200 fee t  from computer to matr ix  and 200 feet from
matrix to pe r ipheral. Therefore, 400’ x l.5NS/FT 600 nsec. and
600 x 2 1200 nsec. delay .

b. MATRIX DELAY (See Figure )

Wire + 2 DDT ’s + 3 stages 90 nsec. and 90 x 2 180 nsec. delay.

c. SERIALIZATION DELAY

Where serialization 2.48 + 0/2.48 + 1.40 2 .48/3.88 microseconds delay .

d. DRI VER-RECEIVER DELAY S (in microseconds)

SLOW FAST
CONy . R/A CONy . R/A

Driver/Receiver 4.6 8.4 0.24 0.90

Reset/Misc. 3 . 6 / 4 . 4  5 . 6/ 6 . 4  0.20 0.20

CONCLUSI ON

The decision to acquire CCIS and associated maintenance support equipment
primarily based very largely on a dollar and cents matter. Both reduction
of large operational and maintenance personnel costs in the switching net-
work , and the value of better state—of—the—art technology evolvement were
used to estimate the net dollar effect of CCIS network utilization in CSMTF
complex.

CCIS and allied equipments represent just one area in which NTDS manage-
ment may have opportunity in receiving technological assurance for investment.
While switching networks may undergo substantial revision after operational
experience is gained with the CCIS network , the CCIS Itself will have rela-
tively long operational life. It would not matter if less expensive , more
powerful , or otherwise more enticing switchers are developed , the CCIS will
provide productive service over an extended period (projecteu 25 years).
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APPENDIX C A I U ~~~TIO~~AL I ) E SC RI P T I ON OF THE AN USQ-6~
HiGh SPELL) DIGITAL SWITCH (HSDS)
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SECTION 3

FUNCTIONAL DESCRIPTION

3- .]. GF~ :E RA L .

3-2 . Thi s s e c t i o n  d e s c r i b e s  the funct ional  operat ion of the p a r a l l e l - t o -

ser i al and s e r i a l-t o - p a r a l l e l  c o n v e r t e r  units , and the high speed digital

switch.  A de sc r i pt ion of the majo r  charac te r i s t i c s  of the D- 116 rnini com-

pu te r  is a lso g iven  f o r  quick r e f e r e n c e , however , detailed functional data

and  s ignal  f low contained in the D- 116 Computer Handbook are  not included.

Func t iona l  desc r iptions of the remaining components of the opera tor  console

and of the SPES are  also not included in thi s section. Detailed informati on

f o r  these  units may be foun d in exi sting manuals ( see  table 1-3 ) .

3-3. SYSTEM FUNCTIONA L INTERFACES.

3-4 . Figure 3- 1 i l lus t ra te s the functional interconnectivi ty and ph y s i c a l

i nt ’ r f a c e s  that  exis t  between the computer/per i phera l  equipment , the con-

v e r t e r  u r .it s, the HSDS , and the opera tor  console.

3- ~~. The P/S converter units conver t  the parallel output f rom or ig ina tin~

compu t e r s  or peripherals to a serial bit stream which is forwarded to t h e

HSDS. At the switch it  is  connected to the S/P unit located at the destination

equipment .  The S I P  uni t converts th e serial bit stream back to p a r a l l e l

fo rmat for  inpu t to the receiving compute r /pe r iphera l  equi pment.

3-6. The HSDS is a c o m p u t e r - c o n t r o l l e d , all solid state , hig h speed se r i a l

switch , with a capability of connechm; any one of ~1?. inputs to any on of z ] 2

outputs .  Patch connections within the  1-ISDS a re~ cont ro l led  f r o m  the op cr ~~t o r ’ s

console . The on~ rator onfigures rtojuired intc ’  rconrections between t~’~ n~i’:-

at’-d cornputer~i/p r ip h :r~i1~ h r o u ~~~
., : .e 1) - i l  £ nhio : c o i - oc’c r cith .
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s to re d conu igura t ion ~. on tapes , or by us ing the Model 3300 CRT te rmina l  to

manua ll y i n s e r t  de s i r ed  l inks.  Each configurat ion selected is always avail-

able to the .o p er a t o r  and he may determine f rom his remote position , on

a channel-b y-channel basis , the exact paths of data that have  been inte r-

conne c ted . Individual paths can be added or broken without d i s tu rbin ~ ~-~e

r e m a i n d e r  of the data  i n t e r change  path s between compute r s/pe riphe ra l s ,

3-7. NTDS CHANNEL CONTROL COMMUNICATIONS.

3-8. The P/S  and S/P converter units are designed to in te r face  with equi p-

ment  using s tandard  NTDS input/output channels. The s tandard  NTDS channel

provides  f o r  paral le l  t r a n s f e r of up to 32 data bit s plus four control signals

at data rates of up to a nominal 40K words per channel (“ slow’s i n t e r f a c e ) ,  or

at rates of up to 167K words per channel (ufast!t interface). These maximum

r a t e s  a r e  reduced to some extent by the P/S and S / P  conver te rs  and by the

s w i t c h i n g  ne tworks  at the hig h speed digital  switch (HSDS). The P/S and S/P

c o n v e r t e r  PC boards  a r e  equipped to handle either in t e r face  by changing a

r e f e r e n c e  vo l tage  f r o m  - 15 vdc (slow in t e r f ace )  to -5 vdc ( fa s t  i n t e r f a c e ) .

3-9. NTDS Channel Control Signals. The NTDS channel uses a d -c  level

inpu t/out pu t  sys tem.  The d-c level s ignals  may change upon the in t e rchange

of cont ro l  i n f o r m a t i o n  and may exist fo r  microseconds  or for  days , depending

on the natu re of the pa rticular exchange involved. ~‘he control signals used

f o r  p e r i ph e r a l - t o - c o m p u t e r  i npu t /ou tpu t  and thei r  mean ing  a re  l is ted in table

3-1. Con t r o l  s i g n a l s  used  fo r  i n ter c o m p u t e r  i n p u t / o u t p u t  a r c  d e s c r i b c -~ belou’

in pa r a g r a ph 3 - i 6 .  The con t ro l  l i ne 3  t ha t  c a r r y  the c o n t r o l  si gna ls  a r t . ~iv e f l

the same names  anr ~ ar e  c a r r i e d  in the sam ~. cabins o~ the data lines.

> — — ,

73



M-5087
Volume I

Table 3-1 . CONTROL SIGNALS USED IN INPUT/OUTPUT -

COMPUTER-TO-PERIPHERAL

SIGNAL N A M E  ORIGIN MEANI NG

Input I nt e r r u p t  Computer “I have enabled my input
Channel  E n a b l e  ( E X E )  sec t ion to hono r an inter-

~upt on your channel.”

Input Data Pe riphe ra l  “I have a data word  on my
Reques t  ( I D R )  Equipment output l i ne s  read y for you

to accept. ”

In pu t Compu er “I have sampled your  data
Acknowledge (IA ) lines.’

Ex te rna l  Pe riphera l  “I have an in te r rup t  code
Inter rupt  (EIR)  Equipment word  on my ou tpu t  l ines

r ead y for  you to accept . ”

Output Output Data Pe riphera l  “I am in a condition to
Channel Reques t  (ODR) Equipment accept  a word of data  f rom

you. ”

Output Computer “I have  put a data word f o r
Acknowled ge (ODA) you on the data line., ;

sample them now.”

Ex te rna l  Function Pe riph e r a l  “I am in a condi t ion to
Reques t  ( E F R )  Equ ipment accept  an Exte rnal Function

message  on my da ta  lines. ’

E x t e r n a l  Computer  “I have  put an Exter~~a1
Funct ion  ( E F A )  Funct ion m e s sa g e  for  you

on the data  l ines; sample
them now .’

Nc~tc~ In computer-pcr~pheral comm unications , the cont ~~ol s igna l s  f r o ~u
the  co:op~~t ’ r  a re  a~ u-a v~, PU 1SCS , i.e. , the c omp a l e r  c ont r o l  si~~nal
onl y has  to be ‘‘ se t ’ f o r  some m in im u m  t~ mn , d ’ p ~~nding o~ t:~~ t1~~ .

of i n t e r f a c e  and t- ~~p~~ip ~~~i c r t  to - .vhich c o n n e c t, r~. The p e r i u h o r a l  mu s t
be ab le to act  on t lu ccmp ’c ’’. : con t ro l  si gnal  ~vi t .hin t .his m i ni m u m  rime.

The c o n t r ’- l  si~~na 1s f r o m  th e  ~eripherals are levels , i.e. , once th e
p er  ~~

‘ 1 ; r ‘1 s is c ntr~ l si~~~ ~1 , t h a t  su~n u 1  remal ~~S set  un~-i Lt 1

a c~ 1mw! ~-d .te d ~y th c ~npu  t~

3-4
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3- 10. At the S/P and P/S i n t e r fa c e s  the NTDS control  si gnals  a re  a s s igned

acronym s that are unique to the converters. These acronyms serve as

in tegral  r e f e r e n c e s  fo r  conver te r  uni t  log ic and provide  c la r i ty  and ease in

fol lowing the de t a i l ed  log ic  flow descr i ptions conta ined  in Section 5.

F igure  3-1 and the following table show the in t e r r e l a t i o rl sh i p be tween  th ese

acronym s and the NTDS control signals to which they equate.

P/S INPUT CONTROL SIGNALS

INTER-
P/S COMPUTER PERIPHERAL COMPUTER

SDB ODA I D R  READY
SCB EFA Em EFA Line
ARB LA ODR R E S U M E
ECB EIE EFR EIE Line

3 - I l .  Compu te r -Pe r iph e r a l  Input/Output. The sequence of event s f o r  each

of the four  cases  of com m un ica t ion  descr ibed  in table 3 -1  ( i . e . ,  data outpu t ,

data  input , external  func t ion  commands and external  i n t e r rup t s )  a r e  de ta i l ed

in the f oll owing pa r a grap hs.

3- 12.  Data Output .  A no rma l  output  sequence  f o r  data t r a n s f e r f r o m  compu te r

to pe ri pheral  is as follows (it is to be unders tood that  the t r a n s f e r  f o r  each

sequence of e v e n t s  in this and the  fo l lowing d e s c r i p t i o n s  is via the c on v e r ~ i r

un i t~ ari d the  }iSi)S) :

a. The c o m p u t e r  pro ,~ram c o n t r o l  i n i t i a t e s  the output buffer for t h e  givcu

channel.

h. Pc r ip h e r a l  eqei p m ent  se ts  i t s  Output Data Requ ’ st (ODR) lint \.h’:n it is

j r  a ‘iodi t ion to ac c~~pt n a t  ~

3-
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c. The compute r , at i t s  conven ience , d e t e c t s  the ODR and c l ea r s  the

in fo rma t ion  l ines  if any d ata  ex i s t .

d. The compute r p laces  data on th e  output in fo rma t ion  lines.

e. The compute r  se t s  the Outpu t  Data Acknowled ge (ODA ) l ine , i nd i ca t ing

th at da t a a r e  rea dy fo r  sampling.

f. Peri pheral equipment detects the Output Acknowled ge.

g. Pe r i ph e r a l  equi pment  may drop  the ODR any time af te r d e t e c t i n g

the  O u t p u t  Acknowledge .

h . Per i p1 eral  equi pment  samp les the data on the output  l ines .

i. C o m p u t e r  d rops  Output Acknowledge  and the data  l ines .

S tep s  b th roug h i of thi s sequence a r e  repeated for  e v e r y  data word until

the n u m b e r  of words  spec i f i ed  in the output b u f f e r  have been t r a n s f e r r e d .

3- 13.  Da ta  lnD,lt . A normal  input sequence  for  data t r a n s f e r to the computer

fr~ m pe -ipheral equi pment is as follows:

a . The p r o g r a m  c o n t r o l  i n i t i a t e s  input  bu .ffer fo r  a g iven  channel.

b . Pe r iph e r a l  equi pment places  data word  on i n fo rma t ion  lines.

c . Per i ph e r a l  equi pment  sets  the Input Data Request (IDR) line to

ir ~di a~e thai i t  has  data  read y f o r  t r a n s m i s s i o n .

d. The computer detects the ID H .  at i t s  cont  e n ien c e .

e~ The c omp u t e r  s amp les the i n f o r m a t i o n  l ines .

f. The c o m p u t e r  s e s  t h e  Inpu t  A c k n ow l e d g e  (LA ) l ine , ind ica t ing  tha t  it

has  samn p1et~ t he da ta .

g. l” r i p hn  ral  eq u i ~~r~ien t senses  r h e  Inpu t Ac~~n n wlcd ge l ine.

‘rI . l’e r i ; h e r a l  e q u i p m e n t  d rops  the IDR l i n e .

~ c ,
r 

~~~~ ‘j~:~’f l cc  a r  r , ’n~~~~~d :~o r  .~ r f l ’ r ~ entil H~
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number of words specified in the input buffer have been t r a n s f e r r e d .

3- 14. External Function Messages. The following sequence of events

occurs when the compu ter is transmitting External Function messages to

external  equi pment.

a. The computer i n i t i a t e s  the E.~terna l  Function buffe r f o r  given channel.

b. Peripheral equipment sets the External Function Request (EFR)  line

indicating that it is in a condition to accept External Function messages .

c. The computer (at i ts convenience) detects the EFR and clears  the data

lines if any data exist.

d. The computer places the External Funct ion message on the data lines~

e. The computer sets the External Fun ction (EFA) line indicat ing that an

Ext e rnal Function message  is ready for  sampling.

f. Pe ri pheral  equipment detects  the External Fun ction.

g. Pe riphera l  equ ipment may drop the EFR at any time afte r de tec t ing

the Exte rna l  Function.

h. Pe riphe ra l  equipment samples the External  Function message  on the

data lines.

i. Computer drops the External  Function line and the External  Function

code.

Steps b throug h i of this sequence are repeated for every E x t e r n a l  Function

message until the numbe r of words specif ied in the External  Funct ion b u f f e r

have been transferred.

3- I S. External Interrupt. The secuence for tranrmitting an i n t e r r up t  from

per i ph er a l  eaui pment  t o  the computer is as follows:

a . The c omp u t e r  se t s  the I n t e r r u p t  Enable  (EI ~~) l i ne  when i t  is  r e a d y to

3-7
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acce pt an E x t e r n a l  I n t e r r u p t  Reques t  ( E I R ) ’.

b. Per iph e r a l  equi pment  d e t e c t s  the I n t e r r u p t  Enable .

c. Peripheral equ ipment statu s requires the computer to be interrupted.

d. Per iph e r a l  equ ipment  p l aces  the i n t e r r u p t  word  on the data l ines.

e. Peri pheral  equi pment  sets  th e i n t e r r u p t  l ine  to i nd ic a t e  that the

i n t e r r u p t  word is on the data  l ines .

1. The compu t e r  d e t e c t s the  in t e r rupt si gn al and , at its convenience ,

accepts  the i n t e r r u p t  w o r d  and se ts  the Input A cknowled ge (LA).

g. The c o r np ;t t r drops the Interrupt Enable.

h. Per iph e r a l  equ ipment  d e t e c t s  the IA and clears  the i n t e r r up t  l ine

and the data lines.

3-16. I n t e r c o m p u t e r  Input /Output .  The control  si gnals  and l ines govern-

ing i n t e r c o m p u t e r  communication a re  shown in the following d iagram.

— 

~~~F~~te~~~al Func~~ Dn RequJs t~~~~~In t er r u p t  Enable— 1

(on ~p~~er ~ 
r-— —— External Function Interrupt 

~ 
Computer

Outpu t Read y Input Data R e q u e s t — 4  Input

Resume Input Acknowledge—1

.~~- Output Data (30 Lines) Input Data (30 I
~
ines)

~ CO\~~~UTr R ~

When a ccr -np’~ter is s e n d i n g  data  or ex t er n a l  function m e s s a g e s  to a gi v en

pe r iphe ra l  equ ipment , i t  hoi~is the  data in its output  reg i s t e r s  f o r  a f ixed

m i n i m u m  t i m e  p( r i od , a f : r which  any other output or EFR on any char ’:iei

can cau ce  the t to be char.~ t d. V’I eu , ho w e ver , th n  coi-nputer is ~~~~~~~~

I 
! ~‘j ~) L ’ r . 1 l  ec~~ in r n c n ’ n o t  en~~ipp ed ~.‘i’.h i nter .’e ;~ en ab l e  !o~~ic  m ay

:~ :r~ o ’i n~ s n u n ce  ~~ eps c , d , c, 1 , t n ’ :  h .

3 - S
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data or exte rnal  fun ction messages  to another compute r , it must hold the

i n fo rma t ion  in i t s  output reg is ters  until the receiving computer acknowled ges

receipt  of those  data.  Thi s acknowledge signal is received on what is kn own

as the Resum e l ine.  When the compute r is ready to t r ans f e r  data , it sets

what is kn own as the Read y line . The sequence of events for  each of the two

eases  of i n t cr c ornpu te r  communication appears below.

3- 17.  Com mand Word Transfe r .  I nt e r  computer command word  t ransfe r

f rom Computer  A to Computer B is as foilows :

a . Computer B sets the Interrupt Enable when it is ready to accept

a command word f rom Computer  A.

b. Computer A recognizes the Interrupt  Enable as an External Function

Request  and places the External Function code on the information lines.

c. Computer A sets the External Function to indicate that the External

Funcfion code is on the informat ion  lines.

d. Computer  B r ecogn izes  the Externa l  Function as an inte r rupt and

accepts  the command word at its convenience.

e. Computer B clears the Interrupt Enable line and sets the Input

Acknowledge line.

I . Computer A recognizes  the In?ut Acknowledge as a Resume and c l e a r s

the External Function line .

3-18. I nt c rc omp u t e r  Data T r a n s f e r , Intercomnpute r data t r a n s f e r  f rom

Computer A to Computer  B is as fo l lows:

a . Compu er B in i t ia tes  an input buffe r and C o m p u t e r  A in i t i a te s  an

output buffer for the required channel.

b . Compute r  A pla c e s  dat i on t h -~ i n f o r m a t i o n  l i ne s .

3-9
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c. Computer A se ts  the Read y l ine  to i n d i c a t e  that  the da ta  a r e  on the

lines.

d. Computer  B r ecogn ize s  the Read y s igna l  as an Input Da ta  Request

signal  and , at  i ts  convenience , acce pts  the data word .

e. Computer B sets  the input  Ackn owledge .

f. Computer A r e c o g n i z e s  the Input Acknowled ge as a Resume signa l

and c l ea r s  the Read y l ine and the data l ines .

Steps b throug h f of thi s sequence are repeated for every data word until the

number of words specified in the output buf fer  have been t r a n s f e r r e d .

3-19.  HSDS SYSTEM F U N C T I O N A L  DESCRIPTION.

3-20. C O N V E R T E R  UNITS.

3-2  1. Output Formats .  The Para l le l -To-Ser ia l  (Pf S)  conver te r gene ra t e s

a s e r i e s  of 7-bi t  f r a m e s , f o r m a t t e d  e i t he r  as the control format (one frame)

or the data f o r m a t  ( seven  f r a m e s )  ( r e f e r  to f i gu re  3 -2 ) .  The f i r s t  bit of each

f r a m e , the START bit , is a lways a logic hig h , and the last  bit of each f rame ,

the  STOP bit , is a lways  low . The t rans i tion be tween the STOP and START bit

p rov ides  synchron iza t ion  f or  the Phase Locked Loop (PLL)  sect ion of the

r e c e iv i n~’ S e r i a l - T o - P a  ra l l e l  ( S / P  conve r t e r.

3 -22 . C o n t r o l  F o r m a t . This f o r m a t  conta ins  the f ive  b i t s  that  compr ise  the

contrel information. The Ou tput Data Acknowledge  (ODA )  bit , the Input

Acknowled ge (IA ) bi t , the  E x t e r n a l  F u n c t i o n  Acknowled ge ( E F A )  bit , the

E x t e r n a l  Interrupt Enable  ( E I E )  bit , and  a t iming bit  (PLB - Pulse Length }~it)

a re t r a n ~ m i t t e d  w i t h i n  thi s f r a m e .  The P/S c o n v e r t e r  r e m a i n s  in thi s c o nt r o l

f o r m a t  mode u r l i l  an  i n p u t  r eque s t  or an output acknowled ge control s ign ~~l is

g en e  r a t e d  by t h e  t ransmit ttn~ computer ( o r  p er i p he  r a t ) .  The P/~ con ve et ~~r

~~~~~ shifts 1nt~ t~ d a t o  f u r n l r t k mode .
3 -10
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CONTROL FORMAT

‘ I ~1~ 
-‘

STOP START I SDB i SCB I ECB p ARB PLB ‘ STOP START
_________ L I

DATA FORMAT

Control

_ _ _ _

r____n

~~

[ ~L~~~IL~TO! 
~~~~~~ 2

of Data
Form at

Frame I - y _

STOP START - BIT 3 BIT 4 i BIT 5 BIT 6 BIT 7 STOP { START
~~ Frame 2 I Frame 3

Frame 2
STOP START- BIT 8 BIT 9 BIT 10~ BIT 11 BIT 12 ‘ STOP START

Frame 3 1 Frame 4

Frame 3
STOP START- BIT 13’ BIT 14’ BIT 15’ BIT 16 i BIT 17 STOP START

Frame 4 I Fram e 5

Frame 4 
STOP START- , BIT 18 BIT 19’ BIT 20’ BIT 21 I BIT 22 STOP START

Frame 5 ‘ Frame 6

Frame 5 —r —r ________

STOP START- I BIT 23’ BIT 24’ BIT 25 BIT 2 6 ’  BIT 27 ‘ STOP START
~ Frame 6 1 I Frame 7

Frame 6
STOP START - BIT 28 ’ BIT 29 BIT 30 BIT 31 , LOW ‘ STOP START

Frame 7 ‘ Control
Frz n~ e

Fi2 u r  3 -2 .  C O N TR f l~~. A N D  DA TA F OR M A T S

— ) I
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3-23. Data Format .  The da ta  f o r m a t  mode c o n s i s t s  of seven  f r a m e s , each

of which i s  se ven i i t s  wide  w i t h  the  f i r s t  bi t  be ing  the  s t a rt  bi t  of e ac h  I ra rn e

and the seven th  being the stop bit  of each f r a m e .  The data fo rmat con t a in s

32 bits of data (maximum ) plus two f i l l e r  ( L O W )  b i t s  and a n  END bit. The

E N D  bi t  is  s en t  to  the  r e c e iv i n g  S / P  c o n v e r t e r  to i n d i c a t e  a sh i f t  back to t h e

control format.

3-24.  P a r a l l e l - T o - S e  rial  C o n v e r t e r .  The P/S c o n v e r t e r u nit c o n v e r t s  the

compute r  or per i ph e r a l  p a r a l l e l  outputs (data  or command bi t s  and c o n t r o l

s igna l s)  to a se r i a l  s t r i n g  in which each bit r e p r e s e n t s  one of the paral le l

outputs  ( r e f e r  to fj r  u r e  3 - I ) .  The lol~ic elements  of the P/S c o nv e r t e r

include the c locking and fo rmat t ing  c i rcui ts  (see  fi gure  5-4) ,  the pa ra l l e l

inpu t c i r c u i t s  ( see  f i g u r e  5-2 , Sheet I ) ,  and the con t ro l  and output  c i r c u i t r y

(see  f i g u r e  5-5) .

3-2  5. Input C i r c u it s .  The P /S  c o n v e r t e r  uni ts  p r o v i d e  f o r  r ecep t ion  of

32 parallel inpu t bi t s .  The input section includes N TDS r e c e iv e r ’ ~,p e

in teg ra t ed ci r cuits  tha t  a r e  u s e d  to co nv e r t  the e x t e r n a l  l ine vola tages  to

the vo l tage  l eve l s  used  by the P/S TTL c i r c u i t s .  The incoming para l le l

bi ts  a r e  sh i f t ed  out t h rough  p a r a l l e l - i n p u t  - ser ia l  ou tpu t  shi f t  r e g i s t e r s

f o r  f o r m a t t i n g  and i n c l u s i o n  as the  data  bit ou tpu t s  when the P/S c o nv e r t e r

sh i f t s  to the data f o r ma t  mode.

3 - Z ( ~. Clock ing  A n d  Formatting Circuits. The 16 ~~Hz c lock s ignal  i~

used t u  g e n e r a t e  the v a r i o u s  frarnin4 clock ( F R  C LK )  s i g n al s  ~,b2 , ~~4 . ,

ari d ~~~) t h a t  load a n d  c lock  t h e  p a r a l l e l  i n p u t b i t s  t h r o u g h th e  in~~ut Cjrct~it

sh :~ t r e g is t e r s .  T he  4.~ 
a n d  ~~ F T  CLR s i gn a l s  a r e  al so  u s e d , in  eon~ lnct1 n

~ ~~T ~ co n ’r o l  r i ~~n a I , s . i t c h  i ’; ,  P/~ C . ‘ : t e - t ) Ir ~~’ ir ’n

3— i -

82



M - 50 8 7
Vo]ume I

control format to the data format mode.

3-27. Control and Output Circuits .  The output logic control elements

continually generate the control output format until either (a) A computer

sets its ODA (SDB) signal or its EFA (SCB) , or (b) A peripheral sets its

IDR (SDB) line or its EIR line (SCB).  Receipt  of e i ther  of these two sig-

nals generates a logic high PLB (see figure 5-5) which causes the converter

to shift into the data format.

3-28.  SERIAL-TO-PARALLEL CONVERTER.  The two components of the

S/P converte r are the Phase Locked Loop (PLL) section , which der ives

its clock from the inpu t data stream , and the control logic , which strips

the data and control bit s from the input f rames  and provides them as parallel

data to the receiving computer. The PLL section generates a stable clock

fo r the opera t ion  of the res t  of the logic in the unit.

3-29. Phase Locked Loop Section. The phase locked ioop section of the

S/P converte r uses the frequency of the serial bit stream to extract and

generate a clock signal which is used by the remaining logic. Th e PLL

sectio n makes use of the concept that the data rate or frequency of the

serial bit stream will be a constant for some period of time and that this

frequency can be recovered at the S/P converter and converted to a clock

s igna l .  To accomplish this , the PLL synchronizes  the osci l la tor  in th .~

S/P converter to the fr e q u e n cy  of the incoming ser ia l  hit s tream . Thc

PLL consists of a x-i oscillator and a phase detector (s e e f i g u r e  5 — 1 3 , Sbe e~

I). The phase detector compares  the f r e q u e n c y  of the i~icoming bit r a t e

to the oscillator in the S/P converter. The oscillator is a voltage con-

t r o l l e d  o s c i l l a t o r  (VCO )  .vh ich m ean s  the o~~ci 1l o t o r  f r e l j u  ~ncv is controll~ ’~

3 - 1 2
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by a dc voltage apj.~ied ~o a control te rminal. Thus, the ph a s e  d e t e c t o r

por t ion  of the PLL g e n e r a t e s  a dc correction voltage to the VCO por t ion

of the PLL. This ad jus t s  the f r e q u e n c y  of the VCO to tha t  of the ser i a l

bit s t r e a m .

3-30. Control  Logic .  The des ign  of the remaining log ic of the  S/P con-

v e r t e r  is based  on the forma t of the ser ial  bit s t ream.  This logic s t r i ps the

data and control bits from the inpu t f r anleb  and provides  them as pa ra l l e l

da ta  to the receiving computer/peripheral. It includes circuits for clocking

the ser ia l  bit s t r eam (SB CLK) into shift r e g i s t e r s , and for  clocking the

control  bi ts  (SFF CI K) and data fo rmat (LFF  CLK) th rough . hift r eg i s t e r s

and o u t l o t  c i r cu i t s.  Selectable  delay c i rcu i t s  provide  synchroniza t ion  of

timing with external  devices .

3-31. HIGH SPEED DIGITAL sWiic~:. The HSDS functional switching

elements , t e rmina t i on, control , buifer , and built-in test equipment (BITE)

c i rcui t s  a re  contained on a total of 337 PC cards , mounted in eig ht ca rd

cages , A throug h G (see figure 3-i). The PC card assemblies are grouped

in functional elements as follows (refer to f igure  3-4) :

a. Input c i rcu i t s  - These are located it  card c a g e s  A and B.

b. Basic Matrix M o du l e  (BMM) PC cards - A total of ~56 BMM PC cards

are installed in the eig ht card cages .

c. Output circuits - These are located in card cages G and H.

d. T e r m i n a t i o n  and  c on t r o l  - These two PC c a r d s  a re  loca t ed  in s lots

42 and - 3  of card cage C.

~~‘j. / / .~c. BITI . transmit , receive and de lay  PC cards - These are loc~~ed ~~:

slots 41 , 42, and 43 of card cage E. e n d  in slot 41 of card cage F .
I s )  ~, ‘~‘ s / J

(~
) I / I T t  ~ 
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f. Buffe r circuits - Ei g ht b u f f e r  c i rcu i t  PC cards  are used in each of

the card cages C, D. E, and F.

3-32 . input C i r c u i t s .  T h e r e  a r e  a to ta l  of 22 input  c i rcui t  PC cards  in ca rd

cages A and B. i w e : 5 t y  of these  t c r r u i : a t e  24 inpu t  channe l s  (4~~0 channels)

while the 11th  c a r d  in each  cege ( s € - ~ - f i~~ur e  3 - 4 )  is used to termth~ te l~ chan-

nels ( i .  e. , 8 of t he  24 inputs  are  not u s e d ) .  Twisted wire  p a i r s  are  used to con-

nect the ou tpu t ~s of the input  c i rcui t  PC cards  to the BMM c a r d s  in cages A and B.

3-33.  Matrix Switching. Any one of the ~‘l Z  input channels to the HSDS may

be switched to any one of the 512 output channels via groups  of module s in

each of three  s tages .  A “ modul e , ” as defined for the HSDS, is a g r o u p i n g

of two B M M  PC cards for stages 1 and 3. and four BMM PC cards for stage

2. The allocation and distribution of the BMM PC cards is such that each

st a g e  con ta ins  32 “modules” (r e f e r  to fi g u r e s  3-4 and 3-5) .  Each Stage 1

module is v.-ired to accept ]6 inputs and to provide 32 outputs; each Stage 2

mod -ale  provides  f o r  32 inputs  and 32 outputs;  and each Stage 3 module accep t s

32 inputs and is wired  to output  to 16 channels.

3- 34. Stage 1. Since each input circui t card contains 24 inputs and each

Stage 1 module  is i n t e r c o nn e c t e d  to provide  for  onl y 16 inputs , t wo input

circuit PC cards are u sed  with three Stage 1 modules to enable input of the

ei g }~t a d d i t i o n a l  c h a n n e l s  on each of th e  two input ca rds  (see  f i g u r e  3 - E / A ) .

~ 
series of live of these groups in each of the ca rd  cages A and B p r o ; ul t h s

f o r  480 i n p u t  c han n e l s  (10 x 4~’) . Tht’ last three c a r d s  of each card cage.

A and  B , a r e  counec t ed  as shown in f i g u r e  3 -6 /B  to provide fo r  in p u t / o u t T l - I t

of t h e -  r c m a i n i n~ 32 c h a nn e l s . A n y  ~ ne n f  the 16 i n p u t s  t~ a mod ul e ca n ~~~~~
-

c-  n n e c  t e d  t~ any  on~ of the 3~ 
r~ut p~t s  ( ‘ - e e  f~~:~u r e  3 — ( I ) ,  i . e .  , any on~’ ~~~~~:: ‘

3— 17
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si gr :a l  has  a c h o i c e  of 3~ poss ib l e  pa ths  f o r  output  f r o m  Stage 1. Each of

the 32 o u t p ut s  is phy s i c a l l y con n e c t e d  by t w i s t e d  w i re  pa i r  to the n u r n b e r e r ~

in put of each Sta~~c 2 m ,du~ e t h a t  c o r r e s pond s to t h e  o r i g i n a t i n g  Stage 1

m o d u l e  n u r n he r .  The f i r s t  o u t p u t  f r o m  S t ag e  1 , N l u c l u l e  0 , f o r  example ,

is v.~ red t o  t h e  f i r s t  i l : :  :t of M o d u l e  0 , S tage  2 ;  the  second output  f r o m

Stage 1 . Mod ie 0. is wired to the first inpu t  of Module 1 , Stage 2 , e t c . ,

t h r o u g h t - s the  32nd  output  of Module  0 , Stage 1 . whic h is c o n n e c t e d  t o th e

f i r s t  i np u t  of t ! : , - 32nd module in Stage 2. Similar ly,  th e f i r s t out put of

Stage 1 , t5-Iod ule 1, goes to the second input of Module  0 , Stage 2; the

second out put of S tage  1 , Modu l e 1 goes  to the second inpu t  of Module  1,

Sta~’e 2, etc. , throug h to the 32nd o u t p u t  of Modu le  1 , Stage 1 , which is

c o n n e c t e d  to the second input  of the 32nd St~.-~e 2 modul e This wiring

a r r a ng e m en t  r e p e a t s  f o r  all 32 Stage 1 mo d u l e s  such that the f i r s t  output

of Stage 1 , Module 31 , is w i r e d  to the 32nd input  of Modul e 0, Stage 2;

the second  output  of Stage 1 , Module 31 , goes to the ?-2n d input  of Module

1 , Stage 2, etc., through to the 32nd output of Stage 1 , Modul e 31 , which

is wi red to t h e  32nd ir : -’ut of the 32nd module in Stage 2. The wiring

arran~~ement f-o r t h e  Sta~~e I to Stage 2 i n t e r c o n n e c t i o n s  is i l l u s t r a t e d  in

f i g u r e -  3-7.

3-35 .  ~~t i c  2, The fou r B ’~tM cards in each of ti-u’ Stage 2 modu les  a re

inter ccr :nected as shown in f i g u r e  3-8 to enable any one 01 the 32 inputs

(of each n-i ~dul .-) tc be coori -cted to ~nv ore of iu- 32 c u u ~ut : . . There arc

eig ht grouPs of jnt crc onrc- ct i.~nS as s h - , ’- ’- n  in f i g u re  ~—8 , i. , t h e r e  a r e

‘-i-:~~• t rxi o’lul’- s in e a c h  a~~e 2 ca r d - a F ~e (C , D , F and F l . Each out put  ~-f

t ’r ’ 32 ‘n’ ’: : b o s  
~s co n n e c~ ed by t v.’’.~- - t - - (1 ‘-‘ i r e  p o i r  t o  t h e  o t - - ~~~ 3 in : ’du 1~’s ,

~-20
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following the same pa t t e rn  as those be tween  Stage I and Stage 2 modules.

3-36. Stage 3. Since each ~ tput circuit card contains 24 outputs and &-ach

Stage 3 module is i n t e r c o n n e c t e d  to provide for  onl y 16 outputs , three Stage

3 modules are used with two output circuit cards (see figure 3-9/A). A

series of five of these groups in each of the card cages G and 1-1 prov ides

for 480 output  channels. The last three cards of each card cage , C and I T ,

are connec ted  as shown in f i gu re  3 - 9/ B )  to provide for  input/output  of the

remaining 32 chann e l s . Any one of  32 inputs  to a module can be connected

to any one of 16 outputs. Each of the 16 outputs is phys icall y connected to an

output circuit card by twisted wire pair. Th e out put s a r e connec ted  by

R G 17 9 B / U  coaxia l  cable from jack-pin terminations on the output cards to

matrix locations on the HSDS coaxial cable connector  panel.

3-37. Path Configurat ions .  Any one inpu t may take one of 32 paths throug h

Stage 1 to a Stage 2 module , any one of 32 paths through Stage 2 to a Stage

3 module , and  any one of 16 paths throug h a Stage 3 module , for a total  of

16 , 384 possible paths through th HSDS (1 x 32 x 32 x 6 = 16, 384). The

t otal num b e r  of paths th rough the I -ISDS is the number of input channels

t imes this number , i . e .  • 512 x 16 , 384 8,388,608.

3-38.  Es t ab l i sh ing  Path Connec t ions .  A complete l i s t  of external

equipments and the HSDS input/outpu t chaon e l s  to which  they are  connec ted ,

is maintained in the D-116 as  p a r t  of the HSDS program data base . Thi s

i n f o r m a t i o n  may be read  out  to  the CRT t er m i n a l  screen through an

ap p r o p r i a t e  e n t r y  at t h e  key b o a r d  by the operator. To connect a computer

channel t o  a peripheral de’.-ice by the HSDS, the operator first determTnes

the inpu t t o  w h ic h  ~he compu
t er output channel is cenrected and the s w i t c h

3-:’ ~
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ou tpu t  to w hic h  the  p e r i ph e r a l  equi pment  is c onnec ted .  When t h e s e  h a v e

been determined and have been entered by the operator , the program

determines whether the input and/or output is in use , i.e. , if either the

c o m p u t e r  or  the perip heral equipment is already connected to some oti-u r

piece of e qu : p r ~:1 - n t .  If n e i t h e r  is in use , the p r o g r a m  then  s e a r c h e s  f o r

a Stage 2 module that has both a free inpuj f r o m  the Stage 1 module to which

the computer is connec ted  and an unused output to the Stage 3 module to

wh ich  the p e r ip h e r a l  is connected. The program progresses numerically

from the lowest  numbered module in Stage 2. Il, fo r example , it is desired

to connect the Channel 155 input from Module 10 in Stage 1 to the Channel

330 output of Modul e 20 in Stage 3, the p rog ram f i r s t  de termines  which of

the Stage 2 modules that have a free 1 1th input f r c - ~ Module 10 in Stage 1,

also have a free output path (th 2 1st) to Modul e 20 in Stage 3. Assuming an

available path is found via Stage 2 , Module  3, the links as diagrammed

below are established. Sta e 2

11th Mod 21st
Inpu t 3 Output

Stage 1

Chan r Mod
l~~ 

- 

10 Output

Stage 3

In put

-
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output to which the peri phera l  equipment is c onnected. When these have

been de te rmined  and have been entered by the operator , the program

dete rmines  whether  the input and/or  output is in use , i. e.,  if e i ther  the

computer or the peri phera l  equipment is already connected to some other

piece of equipment .  If ne i the r  is in use , the program then searches for

a Stage 2 module that has both a f ree  inpuj f rom the Stage 1 modul e to which

the computer is connected and an unused output to the Stage 3 module to

which the peripheral  is connected. The program progresses  numerically

fr om the lowest numbered module in Stage 2. If , for example , it is desired

to connect the Channel 155 inpu t from Module 10 in Stage 1 to the Channel

330 output of Modul e 20 in Stage 3, the program f i r s t  determines which of

the Stage 2 modules that have a f ree  11th input f rom Module 10 in Stage 1,

also have a f ree  output path (th 21s t )  to Modul e 20 in Stage 3. Assuming an

available path is found via Stag e 2 , Module 3, the link s as diagrammed

below are established. Sta e 2

11th Mod 2 1st
Input 3 Output

Stage 1

1~~~d 

Output

Stage 3

Mod Chan

~~L J ~~~erj p~~rai
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3-39. Bui l t - In  Test Equipment . The basic func t ion  of the Bui l t - In  Test

Equipment (BITE)  is to check the possible  paths through the switch to

ensure  that valid throug hput connections a re  available 1 i. e.,  that the

output s ignals  on a g iven  path a re  the same as , or match , the input data

for  that path. The HSDS control program provide s for continuous checking

of paths by the BITE subsystem, on a non- in te r fe rence  basis. The types

path s the BITE checks are:

a. Paths being established by the operator. In the event data input/

output mis-matches, or “ no compares” are discovered on a path jus t

established by the operator , the program searches for  another available

path and the faulty path notation is entered in an error  log.

b. Already established path connections , to ensure continued e r ror -

f ree  operation.

c. Input channels that are not connected to any switch output. In thi s

case , the program ensures that the BITE ci minates checking any output

channel that is already connected to a dif ferent  input

3-40, Two modified Serial-To-Parallel  converters  (BITE receiver cards)

and a delay circuit  are  used  in checking established path connections. The

data at the input to the path is tapped and routed through the delay circuit

to one of the BITE rece iver  cards .  The data at the output of the path is

tapped and reouted  to the other BITE rece ive r  card. The delay card is

used to s imulate  the delay  a s ignal  exper iences  in going th rough  the t h r e e

s tages  of the switch. The signals  at the two BITR rece iver  cards  a re

compared , f r a m e  by f ra me , and an e r r o r  f l ip-f lop is set if they are  not

eq’~al .

C)
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3-4 1. To check inputs that do not have established path connections to

switch outputs , a special test signal is injected by a BITE transmitter

ca rd into the path prior to where the BIT E receiver/delay cards are tapped

in. The input path is switched from the normal input path flow to the

BITE t ransmi t  connection as shown in the following diagram. The BIT E

test signal is then received by both the f i rs t  and the second BIT E receivers

and the two output s compared as is done fo r ser ial da ta on established

path connections. The BITE test signal has a unique configuration to

ensure non-re cognation by equipment that may be connected to the switch

outputs.

Switch
Input 

________________  

Matrix Output
• ~

- —• 

~1
BITE BITE

Transmi~j 
Delay

BITE Corn 
~~J BiTE

Rcvr L~
cvr

3- ._: /
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3-42 . D- 116 MiN ICOMPUTER. The D -l 16  is a genera l  purpose computer

system uti l izing a 16-bit word length. The computer includes  four accumu-

lator s , two of which may be used as index reg i s te r s .  The central p rocesso r

governs all peri pheral  input / output equipment and the operation of the inter-

face modules. It performs all the arithmetic, logical and data handling

operations and sequences the program. It is connected to the memory by

a rnemory bus and to the peripheral equipment by an in-out  bus (see fi gure

3-9). The processor  handles words of 16 bits , which are stored in memory

with a maximum capacit y of 64 , 336 words. The bits of a word are numbered

o to 15 , left to right , as are  the bits in the registers  that handle the words.

Regis ters  that hold addresses are 15 bits , numbered according to the pos-

ition of the address  in a word , i. e. , 1 to 15. Words are used either as

computer ins t ruct ions  in a prog ram , as addresses , or as ope rands , i.e. ,

data for the program.  The program can interpret  an operand as a logical

word , an address , a pair of 8-bit bytes , or a 16-digit signed or unsigned

binary number. The ari thmetic instructions operate on fixed point binary

numbers , either unsigned or the equivalent signed numbers us ing twos com-

plement convention.

3-43. Operation. The processor  performs a program by executing in-

stru ctions re t r ieved  f r o m  consecutive memory locat ions as counted by the

15-bit p rog ram counter  (PC) . At the end of each ins t ruc t ion , PC is incre-

mented by one so that the next instru ction is normal ly taken f r o m  the next

consecut ive  location. Sequential program flow is al tered by changing thc

contents  of PC , either by inc rement ing  it an ext ra  time in a test  skip

3. ~ R
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inst ruct ion or by replacing its contents with the va lue  specified by a jump

inst ruct ion.  The othe r in te rna l  reg i s t e r s  a r e  four 16-bit accumulators,

ACO to AC3. Data can be moved in e i ther  direct ion between any memory

location and any accumulator .  Althoug h a word in memory can be incre-

mented  or decremnented , all other ar i thmet ic  and logical operations are

perfo rmed on operands  in the accu mulators , with the result  appearing in

an accumulator .  The left  and right halves of any accumulator can be

swapped , the contents  of any accumulator can be tested for  a skip, ~nd the

17-bit word contained in any accumulator combined with CARRY can be

rotated rig ht or left .  An instru ction that re fe rences  memory can address

ACZ or AC3 as an index regis ter , and t r ans fe r s  to and from peripheral

devices are also made th r ough the accumulators.

3-44. The processor  console contains a set of data switches through

which the operator can supply words and addresses  to the program.  The

console also has a number of control switches that allow the operator to

start and stop the p ;ogram. to deposit the contents of the data switches in

any memory location or accumulator, and to display the contents of any

location or accumula tor  in the data lights. The address  lights display the

contents of PC; the remaining lights display the CARRY flag and a number

of i n t e r n a l  con t ro l  condi t ions  that are use ful  in program debugging .

3-45. Standard  I n t e r fa c e  Circui ts .  To connect to the in-out bus , every

device m u s t  have  c e r t a i n  fundamenta l c i rcui t  ne tworks .  Each device

must  have a 6-b i t  s e l ec t ion  net to gua ran tee  that the device will respond

when and onl y when i ts  dev ice  code is given by the p rogram;  a “b u sy - d an e ”

ne~ t ’~ sp e c i f y t h .~ device 5ta te  and  regue~~t i n t e r r u p t s ;  a ne t  to d et e r min ~

100
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the in ter rupt  pr ior i ty  in t e r m s  of the device position on the bus ; and a net

to suppl y the devic ’~ code when an in te r rup t  is acknowledged (INTA).

3-46. Signals on the control  l ines from the processor  to peripheral

devices synchronize all t r a n s f e r s  on the data l ines , s tar t  and stop device

operations , and cont ro l  the p rogram interrupts . In addition , signals on

the control lines f rom the processor  not onl y specif y particular functions

but also supply all timing informat ion  needed for execution of those func-

tions as well as supp ly all other timing functions that may need to be per-

formed by the cirucits that connect to the bus.

3-47. Signals  on the control lines from a device to the processor indicate

the states of its BUSY and DONE f lags , or may request a program inter-

rupt . A given de vice needs to connect only to those control line s that

correspond to the function s the device requires.  The BUSY and DONE

flags together denote the basic state of the device. When both are clear ,

the device is idle. To place the device in operation , the program sets

BUSY. If the device is to be used for  outpu t , the program must give a

data-out instruction that sends the f i rs t  unit of data , a word or characte r ,

depending on how the device handles information. When the device has

processed a unit of data , it clears BUSY and sets DONE to indicate that

i t  is read y to receive  new data for output , or that is has data read y for

input. In the fo rmer  case , the program responds with a da ta-ou t  in-

struction to b r i n g  in the data that is read y. If the INTERRUPT DISA I3LF

flag is c l e a r , se t t ing  the DONE flip-flo ’  (FF)  si gnals  the prog ram by

r e a u • s t i r g  an i n t e r r up t ;  if the  pr ogram has set INT ER f l~~PT DISABLE , th en

i t  m us t  l~~e~n t~~s~~ n~ DON ! u r  BUS~L~ to de t e rmir ~e when the d ev ic e  is rc~t~~v.

10 1
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3-48. Data Transfe r .  For in-out data t r a n s f e r  the p rog ram senses

BUSY or DONE or allows the device to i n t e r rup t  when it requires service .

The t r a n s f e r  of data to or f rom peri pheral  equi pment is gove rned by the

in-out class  of ins t ruct ion words. These ins t ruct ions  also cause variou s

operations to be pe r fo rmed  withi n the centra l  processor .  The following

diagram i l lus t ra tes  an ins t ruct ion word used for  data output as well as

request ing performanc e of a processor  fun ction.

DOA DATA OUT A

[o l ijA c  O l o f  F 
, I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(This instruction di rects  the contents of accumulator AC to the A buffe r

in device D and performance of function specified by F in device D.)

3-49. An in-out instruction is designated by “ 0 l l ~ in bits 0-2. Bits

10- 15 are  used to encode the 2-di g it octal address  of the device that is to

respond to the ins t ruc t ion .  Bits 8 and 9 either control or sense BUSY

and DONE. In those instructions in which bits 8 and 9 specif y a control

function , the mnemonics and bit confi gura t ions  and the functions they

select are as follows:

Mnemonic Bits 8-9 Control function

00 None

S 01 Start the device by c lear ing Done
and se tt i ng  Busy

C 10 Clear both Busy and Done , idl ing
the device

P 11 Pulse the special in -ou t  bus cont ro l
l ine - the e f f e c t , if any , depends
on the  de v i c e

3 — 3 2
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3-50. The overall  sequence of BUSY and DONE states is determined by

both the p rog ram and the internal  ope ration of the device. The data- in

or data-out instr ict ion that the program gives in response to the setting

of DONE can also re s t a r t  the device. When all data has been t r a n s f e r r e d ,

the program usually clears DONE so the device neither requests  f u r t h e r

interrupts  nor appears to be in use. Bits 5-9 specif y the complete funct ion

to be per fo rmed. If there is no t ransfe r (bits 5-7 all alike ) bits 3 and 4

are ignored and bits 8 and 9 may specif y a control funct ion or a skip con-

dition.

3-5 1. In-Out Bus. The central processor governs all peripheral equip-

ment and is connected to peripheral equipment by an in-out bus which

contains 16 bidirectional data line s , six device selection lines , 19 control

lines from the central processor to devices, and six control line s from

devices to the central processor (see table 3.2). Within the computer

chassis the in-out bus consists of printed circuit connections on a vertically

mounted PC board. These circuits connect l ike-numbered A and B recept-

acle pins of the PC board slots to one another .

3-52 . For each slot that requires external connection , the in-out bus is

extended to the chassis jacks by means of 52-wire cables. The pins for  the

in-out  bus s ignals  are  as shown in f igu re  3- 10. (Viewed f rom the rear  of

the PC board , the A connector  is on the l e f t , ) Shaded posit ions are used by

the memory bus and blank posi t ions have been used for  the i n t e r fa c e  and

HSDS data and control  s ignals .
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Table 3-2. IN-OUT BUS DATA AND CONTROL SIGNALS

SIGNAL DIRECTION LEVEL EXPLA NATION

DATIA To device Hig h Data in A. Genera ted  by the p roces so r
during a DIA to place the A buIfer in
the device selected by DSO - DS5 on the
data lines.

DATOB To device High Data out B. Genera ted  by the processor
after  AC has been placed on the data
lines in a DOB to load the data into the
B buffer in the device selected by DSO-
DS S.

DATIB To device High Not used in HSDS System application.

DATOC To device High Data out C. Genera ted  by the p rocessor
after  AC has been placed on the data
lines in a DOC to load the data into the
C buffer in the device selected by DSO -

DS 5.

DATIC To device High Not used in HSDS System application.

STRT* To device High Sta rt. Generated by the processor  in
any nonski p 10 instruct ion with an S
control function (bit s 8-9 = 01) to clear
Done , set Busy,  and clear the INT
REQ fli p-flop in the device selected
by DSO - DS5.

CLR* To device High Clear. Generated by the processor  in
any nonski p 10 instruct ion with a C
control func t ion  (hits 8-9 = 01) to clear
Busy, Done , and the INT REQ flip-
flop in the device selected by DSO -

DSS.

1OPLSr ~ To device  Hig h 10 Pulse. G e n e r a t e d  by the processor
in any nonskip  10 ir ~s tr uc t ion  with a P
control  funct ion (b i t s  8-9 11) to pe r-
form some specia l  func t ion  in the de -
vice  selected by 1)50 - DS5 (thi s s ignal
is for  custom app lications).

Not  used  in H.SDS Sy s t e m  app l i c a t i on

3-.
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Table 3-2 . (Cont inued)

SIGNA L DIRECTION LEVEL EXPLANATION

SELB* To processor  Low Selected Busy. Generated by the dev ice
selected by DSO - DSS if its Busy f lag
is set.

SELD* To processor  Low Selected Done. Genera ted  by the device
selected by DSO - DS5 if its Done flag
is set.

RQENB* To device Low Request  Enable. Genera ted  at the be-
ginning of eve ry  memory  cycle to allow
all devices on the bus to request  p rogram
interrupts or data channel access .

In any device RQENB sets the INT
REQ fl ip-f lop if Done is set and Inter-
rupt Disable is clear. Otherwise it
clears INT REQ.

INTR * To processor  Low Interrupt Request. Generated by any
device when its INT REQ flip-flop is set.
This informs the processor  that  the
device is waiting for  an interrupt to
start.

DSO To device Low Device Selection. The processor  places
to the device code (bits 10 - 15 of the in-

DSS struction word) on these lines dur ing
the execution of an in-out instruct ion.
The lii~es select one of ~q devices
(codes 8 04 - 76) that may be conn ected
to the bus. Only the selected device
responds to control signals genera tc~d
during the instruction.

**DA TAO Bidirect ional  Low Data. All data and a d d r e s s e s  a re  trans-
to f e r  red between the p r o c e s s o r  and th e

DATA 15 devices at tached to the bus via these
16 lines.

For p rogrammed output , the proces-
sor places  the AC speci f ied  by the  i :~-
s t ruc t ion  on the data lines in to  the cor-
respondin g buffe r in the dev i ce  sei~:cted

‘
~ Not used  in HSDS Sy s t e m  ap? lica t ion .

I)~~TA 0  t h r o u gh  DATA 3 ~~~~ us e d.  
-
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Table 3-2.  ( C o n t i n u e d )

SIG NA L DIRECTION LE V E L  EXPLANATION

by DSO - DSS , or g e n e r a t e s  MSKO t o  set
up the Interrupt Disable f l ag s  in all of
the de ice3 according to the mask on
the data lines. For data channel output,
the processor places the memory buffer
on the data lines and generate s DCflO
to load the contents of the lines into the
data buffer in the device that is being
serviced.

For progra m med input , the proces-
sor genera tes  DATIA , DATIB , or
DATIC to place  informat ion f r o m  the
correspondin g buffer in the device se-
lected by DS0-DS5 on the data lines , or
generates INTA to place the code oi
the nearest device that is requesting
an interrupt  on lines 10-15. The pro-
cessor then loads the data from the
lines into the AC selected by the instruc-
tion. To get an address for data channel
access , the processor generates DCHA
to place a memory address from the
nearest device that is requesting access
on lines 1- li and then loads the address
into the memory  add re s s  reg is te r .  For
data channel input , the processor  gen-
era tes  DCHI to place the data buf fer  of
the device being se rv iced  on the data
lines and then loads the contents  of the
lines into the memory buf f e r .

DATOA To device High Data Out A . Generated by the proces-
sor after AC has  been placed on the
data line s in a DOA to load the data
i nto the A buffe r in the device selected
by DSO - DS5.

INTP~ To device  Low I nt e r r u p t  P r i o r it y .  G e n e r a t e d  by t he
processor for t~~an .~miss ion  s cr i a U v
to ft devic~ s on the bus .  Li the  IN T
REQ f i i ~~- f i ~~-~ i n a dcv~~. C is clea r~ .’h~ r~
the dt~v~ c e  r e c e i v e s  IN TI ’ , t im si~~i.~1 is
t r a n s r r i i t t (~( ! 

~~~) t ’he ne’:t d~~’’ice.

~~it ~~~~~~~~~~ ~~ i~s:~ ; $— ‘~ .;t c rr1 : . : i~~a~~i~~n .
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Table 3-2 . (Continued)

SIGNAL DIRECTION LEVEL EXPLANATION

INTA* To device High I n t e r r u p t  Acknowledge. Genera ted  by
the p rocesso r  dur ing  the INTA instruc-
tion. If a device rece ives  INTA while
it is also rece iv ing  INTP and i ts  f l ip -
flop is set , it places its device code on
data lines 10-15.

MSKO To device Low Mask Out. Generated by the processor
during the MSKO instruction after AC
has been placed on the data lines to
set up the Interrupt Disable flags in
all devices according to the mask on
the lines.

DCHR To processor Low Not used in HSDS System application.

DCHP To device Low Not used in HSDS System application.

DCHA To device Low Not used in HSDS System application.

DCHM O To p rocessor  Low Not used in HSDS System application.
DCHMI

DCHI To device High Not used in HSDS System application.

DCHO To device High Not used in HSDS System application.

OVFLO To device  High Not used in HSDS System application.

IORST~ To device High 10 Rese t .  Genera ted  by the p r o c e s s o r
in the IORST ins t ruc t ion  or when the con-
sole reset  switch is p re s sed  to c lear  the
control flip-flops in all interfaces con-
nected  to the bus. This s igna l  is also
genera ted  d u r i n g  power  t u r n- o n .

~ Not used in 1-ISDS Sy s t e m  app l i ca t ion .

3— 37
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APPENDIX D: REDESIGN OF DATA GENERAL NOVA CONTRO L COMPUTER

The Data General NOVA Control computer is a I 6-bit machine which normally
exchanges data on 16 bidirectional data lines usin g six device selection lines and nineteen
control lines. A redesign of the NOVA board provides a serial interface with the tactical
computers. The timin g and functions for this interface are described in Append ix A. In
addi t io n , circui t ry has been added which allows the NOVA to interface with the SMP con-
verter card . This allows the NOVA to perform the SMP funct ion .  Drawing 000980 1 is a
schematic of the redesigned NOVA to NTDS interface , Sheet three of the schematic is the
SMP interface.
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APPENDIX E: SYSTEM MAINTENANCE PAN E L ( SMP)  CONVERTER

The SMP converter is a parallel-to-serial and serial-to-parallel converter. It is used in
SCSS to allow a serial interface of the SCSS contro l console wi th  the tactical computers in
the system. All func t ions  which are normally perfor med at the SMP pa n el ca n be per for med
at t h e  SCSS control console. Drawing 0004700 is a schematic diagra m of the SMP converter.
Th i r t ~ -two h i t s  of data a re exchanged between the SMP converter and the control computer .
Data from the SMP card is latched into the control computer and is treated as a priori ty
interrupt .  Data from the control computer is latched into the SMP card where the standard
pa rallel signals are generated . Note that  the SMP card is used for ei ther the AN I UYK-7 or
the (‘P-642 computer.
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APPENDIX F: REDUNDANT-PATH DUAL I/O CONVERTERS

Two converter devices are required for each serial channei; a parallel-to-serial tran s-
mitter and a serial-to-parallel receiver. The parallel-to- serial converter diagram shown in
drawing 0004682 shows the dual serial drivers which feed two coaxial cables. The t i m ing
functions of h h i i s  device are the same as those of the p arallel—to-serial converter described in
Appe nd ix  A. The serial-to-parallel converter diagram shown in drawing 0004685 sh owS the
~lu.i ! seri a l  i npu t  ports. Integrated circuit one—shot devices are fed by these ports. When a
signal arrlscs at one of th e ports , the one-shot devices lock out the alternate port uiid allow
only the incoming sigiial to pass. If the signal ceases, both ports are again opened for a new
signal.
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APP E NI ) I X (,: BII)IREC11ONAL ANALOG SWITCH TEST RESULTS

INTRO I)UC11 ON
Ihe  results I)?  seSI.’I1I1 Ies ts on analog switching matrix 1irc presented here .

PROBLL~1
A sigIi.II ‘.Ys it ehing  matr ix  that can route analog signals in a bidirectional fashion h a s

heeis Lsl ns tr t lc t ed and te s ted (se e drawing (JO 1 0065). The basic switch point is a Signetics

~ 3() I integ rated circuit conta ining a 2 by 8 switch array. This 2 by 8 form at is expanded by
LOll I S C C I  1)11! SpO L i t i c  inputs ,IISII out puts to build an array having 1 6 inputs and I( O U t p U ts .

An output or in p u t  in the “ oi l ’’ s t a t e  on the 5301 c i r c U i t  can he modeled as a cap aci—
tanee .  As a result , the f r e q uenc y  response of an  “on ’’ ch annel is a f u n c t i o n  of the number of

LI rallehe d inputs and outputs. ilie actual  frequency response is also af fected by str ay ca paci —
1,115cc. a 1111 there tore  Iii is para m eter , and others , were measLi red.

RESULTS

~I l~ AVG MAX tiN hiS OF PATHS 1l~STU)

• i -r equenc ~ Respon se ~~~~ S 9 9  13  M U,.  3 1

~~ . Iii put SwIng 3 ‘- 1 4.65 4.8 Volts I ~
o I l  Isol,,tioii II! 3dB 1 1 L ’lI 33 36.3 43 dB

tIlIJ11111l Sv t lc h 11 3d B I- req . 2 3. 7 4 dB 30

ross I .IR, 33 3 f t 3  43 dB 29
l)is tortIII I l  Prod uLt s —40 dB (~1 5~ Swing

I K u ,  ~ I1’ , I S I I I I .’ I ’ S C I I t 5  F~ lo La1
Ot t  lsol,IIII)I) - , I khhi ‘)O dB

I. oss IIIIIIugII s~~~i t 0 h  111 KU, 0. 75 dil

1)1 S(’USSION
I he st ~ i tc h ~ a is  be IJlodek’d in i t s  ts ~ II s t a t e s as shown below.

Z A2

Z A1~~~~~ ~
° I “ON” STAll-

T
p
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and

. 1 1 ~ -°I I J I “O FF ” STATE
z81[ I ~

p______

At these frequencies Z A I ,  ZA3, Z B I ,  ZB3 are capacitive elements det ’ined by the circuit
geometry, The data sheet lists the following values.

M m .  Ty i’ical Max. Units

ZA ~
, 1B I I 50 Input Capaci tance (pF)

Z A3. ZB3 -- 8 -. Output  Capacitance (pF)
7 I I  15 ON Resistance (~2)

ZB ’ No Specification OFF Resistance (
~‘2)

In a 75 ohm system the complete circuit model in the on state is:

75 11~~ V
_ _ _ _ _  

_________ 0
CT SSO PF CT 8PF 75~~

In this c ircuit , t he output 3 dB frequenc y can he found from the equation

t V 1 ~ R3 i
“ 0

= 1(R I + R 2 + R 3 — w R 1 R2R 3(’ lCi) + jw IR I( l( R 2 + R 3 ) + R 3 C:( R I + R 2 ) f

With the aho~e paramet ers , thi s is :

t 3dB = 25 ~1Hz

This potential bandwidth would 1111k he reali,e~t in a siiiip le on—o t t switching applica-
tion 5111cC ’ only one input an d one output capacit ance are loading the signal path. An addi-
t ional factor is that the o f t  isolatioll is degraded at higher f requenc ies .

For the basic 16 by 16 array, eac h analog Input IS connected to two 5301 inputs . and
each analog output is connected to outputs fro m eight 5301 circuits.  This raises the switc h
model parameters to. Typ Units

lÀ I .LB I 300 Input (‘apac itance iF )
ZA3. ZB3 ( 4  Output  Ca pac itance ~1 H
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The actual values of input and output capacitance measured with a Tin s e-[)oma in

Retlectometer are :

• 1A 1’ 1B1 436 pF
1A3 1B3 230 p F

• These measured values sh ow an accumulated wiring capacitance of about 30()
picofarads .

CIRCUIT 1)E SCRIPTION
W hen power is t’irst app lied to the 530 1 switch ar ray ,  t he switches assume random on

and o f f  state s . For th i s  reason, the prototype matrix includes an automatic mode tha t  is used
to set all the swi tches  open or closed.

In the automat ic mode. ho address hits are generated by f o u r  4—hit s llchronous
counters. The least significant 4 hits are rou ted to a shift register where they are parallel
loaded with a f i f t h  hit tha t  collies from a simple toggle switch. This f i f th  hit is the command
bit to open or close one of 1(1 s w i t c h e s  in the 530 1 circuit.

The ( R e  bits are clocked ou t  of the shift register and sent to ever~ 530 1 circuit on
t’S er\  card . On ly the 5301 circuit  tha t  has been enabled by the remaining 12 addres s b i t s  will
respond to the 5-bit data  word.

A swi tch  path will he opened or closed by su pplying the 5—bit data word to the 530 1
c ircuit onI~ if the two e nable inputs to the circuit are activated. One enable input f rom each
of the I 6-5301 circuits on a card is connected to an on-card decoding circuit . The other
enab le input is activated just prior to the data arrival to complete the select ion process.

A 4 to 1(0 line demu ltiplexer is used to select one of sixteen 530 1 c i r cu i t s  on a card .
,.\ii additional pair of 4 to 1(1 line demultiplex ers are used to select one of 25(1 card~,. A total
(It I ( address hits are thus used to select a switch.

Each s~~ i tc h in every circuit on every card is addressed and set in this fashion. After
t i l l s  process has been completed , the matrix can he operated in the Manual Mode.

In t h e  Manual Mode, the I 6—hit address is generated by thum hwheel swi tches , and t h e
ex ec U i t i o l l  of a command is done on a contact closure of a momentary contact swi tch.

[ he best wa to o p e l a t e  the 5 301 circui t  for  analog signals that swing plus and minus
is to power the circu it t r om split power sup phie~~. Since t h e  swi tch ing in the circuit is done b~
I 1 - h  ‘s that has. ’ been biased on or o f f , t he off  isolat ion is not retained if the analog voltage is

t Ill c lose to the c i rcu i t supply voltages. Operating from split supplies assures proper switch
operation s~ ith the largest permissible bipolar range.

I 2~)



V.
MATRIX

ANALOG p ANALOG OUTPUTS
INPUT S

32 LINES

S LINE II CHIP ENABLE
4 LINES CARD ENABLE

______________ LOGIC

5 BiT SHIFT
REGISTER

_______________ 
8 LINES

4 L I N E S

~~~~~ AUTOMATIC OR
cf 0 MANUAL ADDRESSING

OPEN/CLOSE 
__________________

BIT

16 LINES

16 LINES

THUM BWHEEL
SWIT CHES

TEST CONDITIONS

F R I  QU I  \( V R1- .SPO\S1-

SINE WAVE 50 TO 75 ~1
OSCILLATOR MATCHING
WAVET EK RESISTOR MATRIX  OSCILL OSCOPE

_  
RG-59 

~ 50 10 15 _

_____________ 
MATCHIN GRES ISTOR 5o~~l
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.4
The ( )U110t T vol tage  Is set to sonic level V 1 at I kilohiertt. The frequenc y is increased until
the OUi t t ) U i t  S Il lt.i( ~L’ drops t (l O.~ O7 V I - The I requenc~ is recorded as the hal l—power fre—
qu&’n c .  es en though the ac t  tial power iiissipa ted in the load is slightly less than half the

• power delivered (1~ t he source . About 0.75 dB is lost in t h e  f inite switch resistance .

• \I -\X I~I L~\I INPUT SWIM

W A V ET E K  MODEL
SINE WAVE
OSCILLATO R OSCILLOSCOPE

50 T O

75
MATCHING RG - 59

C O A X I A LRESiSTOR CABLE 

~~~~~~~~~~~~~~~~~~~~ —

~~~~ 2

\ SIL!I).ll at I K h i  Is applied to one input . All swi tch e s  are in t h e  oil state.  All out -

• lo uts .11 e m~ ~1i1 to red . and the input sIgnal is increased until 1 in V of teed t hrough is observed -

[f i ts level Is I ix ed the sss itch is close .! , and the voltage appearing acros s the 5-ohm Had is

recor ded.

• Since t u e  511111cc Is unterminated when t h e  ss ~ i tc h is opened , t he .ac tual  o t t a ge  ss~ 110.!

at t lie iiiptit is greater f o~ a I .i~ to l  ~~ 2. IS .

ON COND ITION OFF CONDITION

ON
V MAXt~9~

75  ~ 75 + ISO + 1on1) 11
—- ______

, I L I I I , i i  111. 15 75

55 I t  Ii

= I I  U I~ pic il

.t ~ Iua l ~~~ V 11115

1 hIs means I hat it the s lu ree Lou Id he tern i i  isa ted whe is t lie switch is opened , I he
iii ,i~~i ,iitim input swing fi gures measured could he eas1l~ doubled i t  the 5301 circu it diss ipation
is not e SC C - e l i c I t

I i l



OFF ISOLATION
OSCILLOSCOPE

WAVET EK 50 TO 75fl MATCHING RESISTOR

50~~~~~~%4\, —‘vV~ RG-59 RG.59 
~~~~~~~

0 SC IL L A TOR

All switches in the circuit under test are set open. The oscillator is set tor the upper
3 dB frequency ol the path under test. The off isolation is defined as

‘off20 log
oil

See also the discussion on crosstalk.

LOSS THROIt ~H SWI TCH

50 TO 750
WAVETEK 

MATCHING __________

50�l RE SISTOR

~~ 
‘

~~~~1INPUT COAX OU TPUTCOAX
RG/59 RG .59

75 ~

_________ 
SWITC H ___________

OSCI LLATOR 
M A T R I X  OSCILLOSCOPE

The I I5L illa tIll is set at the tipper 3 dB t req/ l i  iic~ and the loss through the switch
defined as

t os s = —2 !) log
‘1

where V 1 = so ltage appearing across ‘S-oh m load with sw itc i l  in path . and V , = voltage appearing
acr i ~ss load with the sss 1tL Ii relnos ed tro m (lie path.

CROSSTALK
Crosstalk is the level of signal ~ouphing to an ad t a cen t  channel. The worst case coupling

occurs when the adjacent channe l is in the oft s t a t e  since the voltag e swing at the input is
doubled. For this reason.  LI I l s s t a l k  b r  th is 555 i l c l l  is defined as.

V
-20 log —1-V.,
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w here

= adj acent channel voltage across 75-ohm load w ith switch open
— V = v ol tage across 75—ohm load with switch closed.

WAVE TEK
• _____________ DUAL

OSCILLOSCOPE
M A T C H I N G  R E S I S T O R
50 TO /5~~

V 2

MATRIX
SWITCH _____________________

h i l l s  Illeasuremeni is done at the upper 3 dB of the switch.

PRODUCTS

~ 

RG 59 1
4vW

____________ 1 RGf59 L50 T0 I
75~~ __________ _____________

MATCHING SWITCH SPECTRUMOSCILLATOR RESISTOR UNDER A N A L Y Z E R
TEST

[he oscillalo r is sL ’I to pr~~& i t i ce  5 V pea k—t o — peak sine wave o u t p u t  at 2 me g aher t , .
\ ph otograph ~ot the t m  iii alI.Il~ icr is taken.

()NE. -K ILOHERT/ MEASUR EMENTS
1 5 5 ( 1  me . isu rement s ide istical to t hose described earlier are m ade ol the of f  isolation

and loss t h rough the s~~ te ll , a t  a f reqtIe nc~ ~ I kilohert,. Ihiese measurements g~ s e an m d i—
cal i o i~ of the r es i s t i ve  le,ik. igi - through t h e  sss I lL  Ii

I 3 3
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