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Switching	system	works.	The	first	ever	automatic	telephone	switching	was	developed	by	Almon	B	Strowger.	As	the	operator	at	the	Manual	telephone	exchange	was	the	wife	of	his	competitor	and	was	diverting	all	the	business,	Strowger	thought	of	developing	a	switching	system,	which	does	not	require	an	operator.	This	led	to	the	invention	of	the
automatic	switching	system	developed	by	Strowger.	

The	Strowger	Switching	system	is	also	called	the	step-by-step	switching	system	as	the	connections	are	established	in	a	step-by-step	manner.	Automatic	Switching	System	The	Manual	Switching	system	requires	an	operator	who	after	receiving	a	request,	places	a	call.	Here,	the	operator	is	the	sole	in-charge	for	establishing	or	releasing	the	connections.
The	privacy	of	the	calls	and	the	details	of	the	called	and	the	calling	subscribers	are	at	stake.	Overcoming	the	disadvantages	of	Manual	Switching	systems,	the	Automatic	Switching	systems	come	with	the	following	advantages	−	Language	barriers	will	not	affect	the	request	for	connection.	Higher	degree	of	privacy	is	maintained.	
Faster	establishment	and	release	of	calls	is	done.	Number	of	calls	made	in	a	given	period	can	be	increased.	
Calls	can	be	made	irrespective	of	the	load	on	the	system	or	the	time	of	the	day.	Let	us	now	throw	some	light	on	how	a	call	is	made	and	how	dialing	is	done	without	the	help	of	an	operator.	Dialing	Unlike	in	Manual	Switching	system,	an	automatic	switching	system	requires	a	formal	numbering	plan	or	addressing	scheme	to	identify	the	subscribers.
Numbering	plan	is	where	a	number	identifies	a	subscriber,	is	more	widely	used	than	the	addressing	scheme	in	which	a	subscriber	is	identified	by	the	alpha	numerical	strings.	So,	there	needs	to	be	a	mechanism	to	transmit	the	identity	of	the	called	subscriber	to	the	exchange.	This	mechanism	should	be	present	in	the	telephone	set,	in	order	to	connect
the	call	automatically	to	the	required	subscriber.	The	methods	prevalent	for	this	purpose	are	Pulse	Dialing	and	Multi	Frequency	Dialing.	Of	them,	the	Pulse	dialing	is	the	most	commonly	used	form	of	dialing	till	date.	

Pulse	Dialing	As	the	name	implies,	the	digits	that	are	used	to	identify	the	subscribers	are	represented	by	a	train	of	pulses.	The	number	of	pulses	in	a	train	is	equal	to	the	digit	value	it	represents	except	in	the	case	of	zero,	which	is	represented	by	10	pulses.	Successive	digits	in	a	number	are	represented	by	a	series	of	pulse	trains.	These	pulses	have
equal	number	of	time	intervals	and	the	number	of	pulses	produced	will	be	according	to	the	number	dialed.	Two	successive	trains	are	distinguished	from	one	another	by	a	pause	in	between	them,	known	as	the	Inter-digit	gap.	The	pulses	are	generated	by	alternately	breaking	and	making	the	loop	circuit	between	the	subscriber	and	the	exchange.	An
example	pulse	train	is	shown	in	the	following	figure.	

The	above	figure	shows	the	pulsating	pattern.	The	pulse	rate	is	usually	10	pulses	per	second	with	a	10	percent	of	tolerance.	The	gap	between	the	digits,	which	is	called	the	Inter-digit	gap	is	at	least	200ms.	The	pulse	dialing	pattern	in	recent	times	employs	the	duty	ratio	(ratio	between	the	pulse	width	and	the	time	period	of	the	waveform)	of	the	pulse
as	33	percent	nominally	and	there	exists	an	upper	limit	for	the	inter-digit	gap.	Rotary	Dial	Telephone	In	this	section,	we	will	learn	about	what	the	Rotary	Dial	Telephone	is	and	how	it	works.	To	start	with,	we	will	discuss	the	drawbacks	that	were	prevalent	before	the	invention	of	the	Rotary	Dial	Telephone.	The	pulse	dialing	technique	is	where	there	is
making	and	breaking	of	the	subscriber	loops.	This	might	disturb	and	affect	the	performance	of	speaker,	microphone	and	bell	contained	in	the	telephone.	In	addition,	the	dialing	timings	should	not	affect	the	timing	of	the	pulse	train	as	this	will	lead	to	the	dialing	of	a	wrong	number.	The	Rotary	Dial	Telephone	came	into	existence	to	solve	the	problems
prevailing	then.	The	microphone	and	the	loudspeaker	are	combined	and	placed	in	the	receiver	set.	



The	set	has	a	finger	plate	the	arrangement	of	which	makes	the	dialing	time	appropriate.	The	below	figure	shows	how	a	rotary	dial	looks	like.	The	dial	is	operated	by	placing	the	finger	in	the	hole	appropriate	to	the	digit	to	be	dialed.	Now,	drawing	the	fingerplate	round	in	the	clockwise	direction	to	the	finger	stop	position	and	letting	the	dial	free	by
withdrawing	the	finger,	makes	a	number	dialed.	The	fingerplate	and	the	associated	mechanism	now	return	to	the	rest	position	under	the	influence	of	a	spring.	
The	dial	is	ready	for	the	next	number.	The	dial	pulses	are	produced	during	the	return	travel	of	the	fingerplate,	thus	eliminating	the	human	element	in	pulse	timings.	The	following	figure	shows	the	dial	holes	and	finger	stop.	A	rotary	dial	phone	uses	the	following	for	implementing	pulse	dialing	−	Finger	plate	and	spring	Shaft,	gear	and	Pinion	wheel
Pawl	and	ratchet	mechanism	Impulsing	cam	and	suppressor	cam	or	a	trigger	mechanism	Impulsing	contact	Centrifugal	governor	and	worm	gear	Transmitter,	Receiver	and	bell	by-pass	circuits	Internal	Mechanism	The	cam	mechanism	or	trigger	mechanism	helps	in	dialing.	This	mechanism	is	used	in	operating	the	Impulsing	contact.	Let	us	consider
the	operation	of	the	rotary	dial	telephone	using	the	cam	mechanism.	
The	following	figure	will	help	you	understand	the	internal	mechanism.	The	suppressor	cam	helps	in	keeping	the	Impulsing	cam	away	from	the	Impulsing	contacts.	
When	the	rotary	dial	is	in	rest	position,	then	the	Impulsing	contacts	are	away	from	the	Impulsing	cam.	When	a	number	is	dialed,	by	placing	the	finger	in	the	dial	hole,	which	means	the	dial	is	displaced	from	its	position,	then	the	Impulsing	contacts	come	near	the	Impulsing	cam.	This	rotation	of	the	finger	plate,	causes	the	rotation	of	the	Main	shaft.	As
the	dial	is	rotated	in	clockwise	direction,	the	pawl	slips	over	the	ratchet	during	this	clockwise	rotation.	
The	ratchet,	gear	wheel,	pinion	wheel	and	the	governor	are	all	stationary	during	the	clockwise	movement	of	the	dial.	When	the	dial	returns,	the	pawl	engages	and	rotates	the	ratchet.	All	the	gear	wheel,	pinion	wheel,	the	governor	rotate,	and	the	uniformity	in	the	speed	of	the	rotation	are	maintained	by	the	governor.	The	Impulsing	cam,	which	is
attached	to	a	pinion	shaft,	now	breaks	and	makes	the	Impulsing	contacts	that	in	turn	causes	the	pulses	in	the	circuit.	The	shape	of	the	Impulsing	cam	is	such	that	the	break	and	make	periods	are	in	the	ratio	of	2:1.	When	the	dial	is	about	to	reach	the	rest	position,	the	suppressor	cam	again,	moves	the	Impulsing	contacts	away	from	the	Impulsing	cam.
This	action	of	getting	back	to	the	rest	position	and	waiting	for	the	other	number	to	be	dialed	creates	a	gap	called	the	Inter-digit	gap,	the	timing	of	which	is	independent	of	the	pause	that	may	occur	between	two	successive	digits,	due	to	human	dialing	habit.	This	gap	is	also	provided	prior	to	the	dialing	of	the	first	digit	through	a	small	change	in	the
suppressor	cam	design.	The	Pulse	generated	through	this	mechanism	is	then	transmitted	to	the	switching	systems	where	the	connection	to	the	dialed	number	is	established.	The	procedure	of	switching	systems	is	discussed	in	a	subsequent	chapter.	Meanwhile,	let	us	have	an	idea	on	the	signaling	tones	that	are	used	to	indicate	the	condition	of	the
subscribers.	Signaling	Tones	In	this	section,	we	will	understand	what	are	signaling	tones	and	how	these	work.	As	the	manual	exchanges	were	replaced,	the	operator	who	used	to	communicate	the	calling	subscribers	regarding	the	situation	of	the	called	subscribers,	needed	to	be	replaced	with	different	tones	indicating	different	situations.	Consider	the
following	five	subscriber	related	signaling	functions	that	are	to	be	performed	by	the	operator	−	Respond	to	the	calling	subscriber	that	system	is	ready	to	receive	the	identification	of	the	called	party.	Inform	the	calling	subscriber	that	the	call	is	being	established.	Ring	the	bell	of	the	called	party.	Inform	the	calling	subscriber,	if	the	called	party	is	busy.	
Inform	the	calling	subscriber,	if	the	called	party	line	is	unobtainable	for	some	reason.	The	function	2	is	not	signaled	in	the	Strowger	switching	system.	The	signaling	function	1	is	fulfilled	by	sending	a	dial	tone	to	the	calling	subscriber.	Dial	Tone	The	dial	tone	is	the	signaling	tone,	which	indicates	that	the	exchange	is	ready	to	accept	the	dialed	digits
from	the	subscriber.	The	number	should	be	dialed	only	when	this	signal	is	heard.	Otherwise,	the	digits	dialed	before	this	signal	will	not	be	considered.	This	will	lead	to	the	dialing	of	a	wrong	number.	The	dial	tone	is	generally	a	33	Hz	or	50	Hz	or	400	Hz	continuous	tone	as	shown	below.	
Ring	Tone	After	dialing	the	number	of	the	called	party,	when	the	line	of	the	called	party	is	obtained,	the	exchange	control	equipment	sends	out	the	ringing	current	to	the	telephone	set	of	the	called	party,	which	is	a	familiar	double-ring	pattern.	Simultaneously,	the	control	equipment	sends	out	a	ringing	tone	to	the	calling	subscriber,	which	has	a
pattern	similar	to	that	of	the	ringing	current.	The	two	rings	double-ring	pattern	are	separated	by	a	time	gap	of	0.2s	and	two	double-ring	patterns	by	a	gap	of	2s,	as	shown	in	the	below	figure.	Busy	Tone	After	dialing	the	required	number,	if	the	called	subscriber	or	the	lines	at	the	exchange	are	not	free	to	place	a	call,	the	calling	subscriber	is	sent	a	busy
tone	indicating	that	the	lines	or	the	subscriber	is	busy;	this	is	called	a	busy	tone.	A	busty	tone	of	400Hz	signal	with	silence	period	in	between.	The	burst	and	silence	durations	have	the	same	value	of	0.75s	or	0.75s.	Number	Unobtainable	Tone	If	the	called	party	is	out	of	order	or	disconnected	or	if	an	error	in	dialing	leads	to	the	selection	of	a	spare	line,
such	a	situation	is	indicated	using	a	continuous	400Hz	signal,	called	as	Number	Unobtainable	tone.	The	following	illustration	shows	a	continuous	400Hz	signal.	Routing	Tone	or	Call-in-Progress	Tone	When	a	subscriber	call	is	routed	through	a	number	of	different	types	of	exchanges,	one	hears	different	call-in-progress	tones	as	the	call	progresses
through	different	exchanges.	Such	a	signal	is	a	400Hz	or	800Hz	intermittent	pattern.	This	signal	has	different	patterns	in	different	systems.	In	electromechanical	systems,	it	is	usually	800Hz	with	50	percent	duty	ratio	and	0.5s	ON/OFF	period.	
In	analog	electronic	exchanges,	it	is	a	400Hz	pattern	with	0.5s	ON	period	and	2.5s	OFF	period.	In	digital	exchanges,	it	is	400Hz	signal	with	0.1s	ON/OFF	periods.	The	signal	for	routing	tone	or	call-in-progress	tone	is	as	shown	below.	In	order	to	overcome	the	problem	of	recognizing	the	difference	in	these	tones	for	those	who	are	not	familiar	with
telephone	signaling	and	for	those	who	rarely	make	calls,	voice	recorded	messages	were	introduced,	later	on.	Electromechanical	telephone	switch	"SXS"	redirects	here.	For	the	flash	memory	standard,	see	SxS.	For	the	Microsoft	Windows	SxS,	see	Side-by-side	assembly.	For	the	Side	by	Side	all	terrain	vehicle,	see	Side	by	Side	(UTV).	This	article	needs
additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"Strowger	switch"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(February	2008)	(Learn	how	and	when	to	remove	this	template	message)	Western	Electric	7A	Rotary,	friction
drive	(Bird-cage),	No.	7001	Line	Finder.	Note	the	driven	bevel	gear	on	the	right-hand	side;	this	type	has	a	steady	rotary	motion	and	does	not	employ	an	electromagnet	for	stepping.	Bank	of	two-motion	switches	The	Strowger	switch	is	the	first	commercially	successful	electromechanical	stepping	switch	telephone	exchange	system.	It	was	developed	by
the	Strowger	Automatic	Telephone	Exchange	Company	founded	in	1891	by	Almon	Brown	Strowger.	Because	of	its	operational	characteristics,	it	is	also	known	as	a	step-by-step	(SXS)	switch.	History	Strowger,	an	undertaker,	was	motivated	to	invent	an	automatic	telephone	exchange	after	having	difficulties	with	his	telephone	service.	He	became
convinced	that	the	manual	telephone	exchange	operators	were	deliberately	interfering	with	his	calls,	leading	to	loss	of	business.	According	to	the	local	Bell	Telephone	Company	manager	Herman	Ritterhoff,	Strowger	swore	to	"get	even"	with	the	telephone	operators	and	"put	every	last	one	of	them	out	of	a	job."	Ritterhoff	claimed	that	the	real	cause	of
Strowger's	difficulties	was	a	metal	sign	hung	on	his	wall	over	his	telephone,	causing	an	intermittent	short	circuit	when	blown	by	the	wind.[1]	Strowger	conceived	his	invention	in	1888,	and	was	awarded	a	patent	for	an	automatic	telephone	exchange	in	1891.	The	initial	model	was	made	from	a	round	collar	box	and	some	straight	pins.[2]	While	Almon
Strowger	devised	the	initial	concept,	he	was	not	alone	in	his	endeavors	and	sought	the	assistance	of	his	brother	Arnold,	nephew	William,	and	others	with	a	knowledge	of	electricity	and	financing	to	realize	the	concept.	The	Strowger	Automatic	Telephone	Exchange	Company	was	founded	in	1891.[3]	In	the	original	design	patent,	four	keys	were	added
near	the	telephone,	one	each	for	thousands,	hundreds,	tens	and	units,	with	each	key	having	an	additional	wire	connection	to	the	central	exchange.	Each	key	had	to	be	tapped	the	correct	number	of	times	to	step	the	switch	and	make	the	desired	connection.	To	connect	to	number	1256,	the	user	would	press	the	first	key	once,	the	second	key	twice,	the
third	key	five	times	and	the	final	key	six	times.[4]	The	company	installed	and	opened	the	first	commercial	exchange	in	his	then-home	town	of	La	Porte,	Indiana	on	November	3,	1892.[5][6]	The	exchange	had	around	75	subscribers.	The	installation	followed	the	original	patented	design,	with	four	keys	and	four	additional	line	wires	connected	to	the
exchange,	but	not	all	of	the	keys	were	used.	Early	advertising	called	the	new	invention	the	"girl-less,	cuss-less,	out-of-order-less,	wait-less	telephone".[7]	In	1896	the	company	patented	the	finger-wheel	dial	as	an	improvement	to	the	existing	four-key	design.[8]	The	Strowger	Automatic	Telephone	Exchange	Company	became	the	Automatic	Electric
Company,	which	Strowger	was	involved	in	founding,	although	Strowger	himself	seems	not	to	have	been	involved	in	further	developments.	The	Strowger	patents	were	exclusively	licensed	to	the	Automatic	Electric	Company.	Strowger	sold	his	patents	in	1896	for	US$1,800	and	sold	his	share	in	Automatic	Electric	in	1898	for	US$10,000.	
His	patents	subsequently	sold	for	US$2.5	million	in	1916.	Company	engineers	continued	development	of	the	Strowger	designs	and	submitted	several	patents	in	the	names	of	its	employees.	The	Strowger	system	was	widely	used	until	the	development	of	the	more	reliable	crossbar	switch,	an	electromechanical	switch	with	a	matrix	of	vertical	and
horizontal	bars	and	simpler	motions.[9]	Patent	details	British	Strowger	exchange,	BPO	2000-type	equipment	Strowger's	patent[10]	specifies	dialing	equipment	at	the	customer	location	and	the	switching	equipment	at	the	central	office.	The	telegraph	keys	or	telephone	dial	creates	trains	of	on-off	current	pulses	corresponding	to	the	digits	1-9,	and	0
(which	sends	10	pulses).	
This	equipment	originally	consisted	of	two	telegraph	keys	engaged	by	knife	switches,	and	evolved	into	the	rotary	dial	telephone.	
The	central	office	switching	equipment	has	a	two-motion	stepping	switch.	
A	contact	arm	is	moved	up	to	select	one	of	ten	rows	of	contacts,	and	then	rotated	clockwise	to	select	one	of	ten	contacts	in	that	row,	a	total	of	100	choices.	The	stepping	motion	is	controlled	by	the	current	pulses	coming	from	the	originating	customer's	telegraph	keys,	and	later	from	the	rotary	dial.	Two-motion	mechanism	The	Strowger	switch	has
three	banks	of	contacts.	Toward	the	upper	end	of	each	shaft	are	two	ratchets.	The	upper	one	has	ten	grooves,	and	raises	the	shaft.	The	lower	one	has	long	vertical	teeth	(on	the	other	side,	hidden).	The	Strowger	switch	uses	two	telegraph-type	keys	on	a	telephone	set	for	dialing.	Each	key	requires	a	separate	wire	to	the	exchange.	
The	keys	are	tapped	to	step	the	switch	in	two	stages.	The	first	set	of	incoming	pulses	raises	the	armature	of	an	electromagnet	to	move	a	shaft	which	selects	the	desired	level	of	contacts,	by	engaging	a	pawl	with	the	upper	ratchet.	Another	pawl,	pivoting	on	the	frame,	holds	the	shaft	at	that	height	as	it	rotates.	The	second	set	of	pulses,	from	the	second
key,	operates	another	electromagnet.	Its	pawl	engages	the	(hidden)	vertical	teeth	in	the	lower	ratchet	to	rotate	the	shaft	to	the	required	position.	It	is	kept	there	against	spring	tension	by	a	pawl	pivoted	on	the	frame.	When	the	switch	returns	to	its	home	position,	typically	when	a	call	is	complete,	a	release	magnet	disengages	the	pawls	that	hold	the
shaft	in	position.	An	interlock	ensures	that	the	spring	on	the	shaft	rotates	it	to	angular	home	position	before	it	drops	to	its	home	position	by	gravity.	Development	Télégraphie,	Systeme	Strowger	The	commercial	version	of	the	Strowger	switch,	as	developed	by	the	Strowger	Automatic	Telephone	Exchange	Company,	used	a	rotary	dial	for	signalling	to
the	exchange.	The	original	final	selector	(connector)	switch	which	connected	to	100	customers	was	supplemented	by	preceding	group	selector	stages,	as	the	"cascading"	enabled	connection	to	many	more	customers,	and	to	customers	at	other	exchanges.	
Another	requirement	for	commercial	systems	was	a	circuit	to	detect	a	busy	connection	(line)	and	return	a	busy	signal	to	the	calling	subscriber.	Instead	of	dedicating	an	expensive	first-stage	selector	switch	to	each	customer	as	in	the	first	exchange,	the	customer	was	given	access	to	the	first-stage	switch	of	a	telephone	network,	often	by	a	line-finder
which	searches	"backward"	for	the	calling	line;	so	requiring	only	a	few	relays	(in	most	cases	two,	a	Line,	and	a	Cut-off	relay),	for	the	equipment	required	for	each	customer	line.	Later	Strowger	(SXS)	exchanges	often	use	a	subscriber	uniselector	as	part	of	the	line	equipment	individual	to	each	line,	which	searches	"forward"	for	a	first	selector.	This	is
more	economical	for	higher	calling-rate	domestic	or	business	customers,	and	has	the	advantage	that	access	to	additional	switches	can	readily	be	added	if	the	traffic	increases	(the	number	of	linefinders	serving	a	group	is	limited	by	the	wiring	multiple	installed).	Hence	exchanges	with	subscriber	uniselectors	were	usually	used	at	British	exchanges	with
a	high	proportion	of	business	customers,	e.g.	director	exchanges,	or	in	New	Zealand	where	the	provision	of	local	free	calling	meant	that	residential	customers	had	a	relatively	high	calling	rate.	The	fundamental	modularity	of	the	system	combined	with	its	step-by-step	(hence	the	alternative	name)	selection	process	and	an	almost	unlimited	potential	for
expansion	gives	the	Strowger	system	its	technical	advantage.	Previous	systems	had	all	been	designed	for	a	fixed	number	of	subscribers	to	be	switched	directly	to	each	other	in	a	mesh	arrangement.	This	became	quadratically	more	complex	as	each	new	customer	was	added,	as	each	new	customer	needed	a	switch	to	connect	to	every	other	customer.	In
modern	terminology,	the	previous	systems	were	not	"scalable".	
Strowger	switch	in	use	The	sound	of	a	step-by-step	call	reaching	a	busy	circuit.	Problems	playing	this	file?	See	media	help.	British	deployment	From	1912,	the	British	General	Post	Office,	which	also	operated	the	British	telephone	system,	installed	several	automatic	telephone	exchanges	from	several	vendors	in	trials	at	Darlington	on	10	October	1914
and	Dudley	on	9	September	1916	(rotary	system),	Fleetwood	(relay	exchange	from	Sweden),	Grimsby	(Siemens),	Hereford	(Lorimer)	and	Leeds	(Strowger).[11]	The	GPO	selected	the	Strowger	switches	for	small	and	medium-sized	cities	and	towns.	The	selection	of	switching	systems	for	London	and	other	large	cities	was	not	decided	until	the	1920s,
when	the	Director	telephone	system	was	adopted.	The	Director	systems	used	SXS	switches	for	destination	routing	and	number	translation	facilities	similar	to	the	register	used	in	common-control	exchanges.	Using	similar	equipment	as	in	the	rest	of	the	network	was	deemed	beneficial	and	the	equipment	could	be	manufactured	in	Britain.	References	^
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template	message)	The	Number	Five	Crossbar	Switching	System	(5XB	switch)	is	a	telephone	switch	for	telephone	exchanges	designed	by	Bell	Labs	and	manufactured	by	Western	Electric	starting	in	1947.	It	was	used	in	the	Bell	System	principally	as	a	Class	5	telephone	switch	in	the	public	switched	telephone	network	(PSTN)	until	the	early	1990s,
when	it	was	replaced	with	electronic	switching	systems.	Variants	were	used	as	combined	Class	4	and	Class	5	systems	in	rural	areas,	and	as	a	TWX	switch.	5XB	was	originally	intended	to	bring	the	benefits	of	crossbar	switching	to	towns	and	small	cities	with	only	a	few	thousand	telephone	lines.[1]	The	typical	starting	size	was	3000	to	5000	lines,	but
the	system	had	essentially	unlimited	growth	capacity.	The	earlier	1XB	urban	crossbar	was	impractically	expensive	in	small	installations,[2]	and	had	difficulties	handling	large	trunk	groups.	5XB	was	converted	to	wire	spring	relays	in	the	1950s[3]	and	otherwise	upgraded	in	the	1960s	to	serve	exchanges	with	tens	of	thousands	of	lines.	
The	final	5A	Crossbar	variant,	produced	starting	in	1972,	was	available	only	in	sizes	of	990	and	1960	lines,[4]	and	generally	delivered	on	one	pallet,	rather	than	assembled	on	site	as	usual	for	larger	exchanges.	Switching	Fabric	A	diagram	showing	the	line	link,	trunk	link,	and	junctor	layout	for	an	ideal	5XB	switch.	5XB	introduced	the	call-back
principle,	in	which	the	initial	concentrating	switch	train	from	the	line	to	the	digit	receiver	was	entirely	dropped	during	call	completion	so	its	links	could	immediately	be	reused	for	this	or	another	call.[5]	This	is	in	contrast	to	earlier	crossbar	systems	where	the	original	switch	train	was	simply	built	up	and	expanded	as	the	call	was	connected,	and	not
dropped	in	favor	of	a	completely	new	one.	It	also	uses	entirely	the	same	four-stage	switching	fabric	for	incoming	as	for	outgoing	calls,	instead	of	separate	fabric,	as	had	been	done	in	earlier	systems.	These	developments	had	the	overall	effect	of	simplifying	the	switch	fabric,	and	using	it	as	a	"service"	rather	than	as	an	immutable	part	of	the	call,	as	was
the	case	in	most	earlier	systems.	All	lines	are	terminated	on	line	link	frames	(LLF)	and	all	trunks	and	most	service	circuits	on	trunk	link	frames	(TLF).	Each	TLF	is	connected	to	all	LLF	by	at	least	ten	junctors.	Calls	from	subscribers	originate	at	line	link	frames	and	pass	through	trunk	link	frames	on	their	way	to	their	destinations.[6]	Line	Link	Frame
Part	of	a	bay	of	10x20	3-wire	crossbar	switches	in	a	LLF	Line	link	frames	(LLFs)	are	tiers	of	10x20	crossbar	switches	in	two	or	more	bays.	The	switches	in	the	first	bay	have	their	horizontal	multiples,	or	"banjo	wires",	cut	in	half,	effectively	dividing	each	switch	into	a	line	switch	and	a	junctor	switch.	Each	of	the	ten	junctor	switches	have	ten	junctors	on
its	ten	verticals,	and	each	of	its	ten	levels	was	wired	as	a	line	link,	to	one	of	the	ten	line	switches	of	the	LLF.	Thus,	the	line	link	frame	terminates	100	Junctors.	Each	junctor	has	full	availability	to	however	many	hundreds	of	lines	there	are,	via	the	hundred	line	links.	The	number	of	lines,	thus	the	line	concentration	ratio	(LCR),	was	engineered	for	the
expected	occupancy.	Each	line	switch	in	this	first,	mixed	bay	has	nine	lines	on	nine	of	its	verticals,	the	tenth	vertical	being	reserved	for	test	purposes.	In	addition	to	the	90	lines	on	these	switches,	each	LLF	has	at	least	one	simple	line	switch	bay,	with	ten	more	line	switches	carrying	200	lines.	Thus	the	minimum	size	of	a	LLF	is	290	lines	for	a	line
concentration	ratio	of	2.9:1.	
Optionally	it	has	still	another	frame,	with	ten	more	switches	and	another	200	lines,	and	so	forth,	up	to	a	maximum	line	concentration	ratio	of	5.9:1	since	they	all	shared	the	same	hundred	line	links.	The	line	circuit	is	much	like	that	in	1XB	with	a	line	relay	for	alerting	the	exchange	to	a	trip	condition,	and	the	vertical	off-normal	contacts	of	the	switch
vertical	serving	as	cutoff	relay.	For	control	purposes	the	subscriber	lines	on	the	switches	of	the	LLF	are	divided	into	vertical	groups	of	fifty,	being	five	line	units	on	each	of	ten	switches.	Each	vertical	group	is	divided	into	five	vertical	files	of	ten	lines,	important	because	class	of	service,	or	customer	group	identification	in	later	Centrex	offices,	is	shared
by	all	ten	lines	in	the	vertical	file.	Staff	in	Centrex	offices	spent	much	time	standing	on	ladders,	rewiring	the	Class	of	Service	data	fields	at	the	top	of	LLF.	Late	in	the	career	of	5XB,	junctor	group	size	and	thus	link	efficiency	of	the	largest	offices	was	increased	by	the	use	of	auxiliary	line	link	(ALL)	frames.	The	ALL	is	a	bay	with	ten	junctor	switches,
divided	as	usual	into	left	and	right	halves.	One	half	has	on	its	levels	the	line	links	of	an	even	numbered	LLF,	and	on	its	verticals,	the	junctors	of	the	neighboring	odd	numbered	one;	the	other	half	is	vice	versa.	By	this	means,	each	LLF	can	use	the	junctors	of	its	mate,	if	the	marker	failed	to	find	an	idle	path	on	the	first	try.	
Since	they	are	odd	and	even,	their	junctors	appear	on	opposite	sides	of	the	trunk	junctor	switches,	thus	giving	access	to	the	mate	trunk	links	as	well.	Connections	through	the	ALL	were	only	used	in	heavy	traffic	periods.	Trunk	Link	Frame	Junctors	are	wired	from	LLF	through	the	junctor	grouping	frame	to	the	levels	of	trunk	junctor	switches	in	the
trunk	link	frame	(TLF).	Unlike	earlier	designs,	the	junctors	have	no	supervisory	relays	or	other	active	hardware,	all	such	functions	being	assigned	to	trunk	circuits.	The	basic	design	of	the	TLF	has	ten	junctor	switches	with	their	horizontal	multiples	split	in	half,	hence	two	hundred	junctors,	and	two	hundred	trunk	links	to	the	ten	trunk	switches.	The
banjo	wiring	of	the	trunk	switch	was	not	split,	but	a	discriminator	level	trick	devoted	two	levels	to	doubling	the	use	of	the	other	eight,	thus	allowing	each	trunk	switch	to	connect	sixteen	trunks	to	its	twenty	trunk	links.	This	results	in	the	TLF	having	a	0.8:1	trunk	concentration	ratio	(TCR).	This	degree	of	deconcentration	eventually	turned	out	to
provide	too	few	trunk	appearances	for	the	variety	of	trunk	types	needed.	The	final	1970s	5XB	offices	had	type	C	trunk	switches	with	twelve	levels,	using	two	for	discrimination,	leaving	a	TCR	of	unity.	The	TLF	having	twice	as	many	links,	junctor	switches,	and	junctors	as	the	LLF,	there	are	always	twice	as	many	LLFs	as	TLFs.	As	first	designed,	the
maximum	number	was	ten	TLFs	and	twenty	LLFs,	known	as	10x20,	and	at	first	rarely	achieved.	
In	the	late	1950s	multiple	trunk	junctor	switch	bays	(ETL	and	SETL)	were	added	to	give	each	TLF	access	to	more	junctors.	The	first	expanded	version	allowed	each	office	to	have	20x40,	and	in	the	1960s	the	maximum	reached	30x60.	
Development	stopped	at	that	point	because	the	four-stage	layout	was	becoming	progressively	less	efficient	at	greater	sizes,	and	because	the	1ESS	switch	with	eight	stages	was	under	development.	A	channel	from	a	line	to	a	trunk	consisted	of	three	links	of	switching	fabric:	line	link,	junctor,	and	trunk	link.	In	a	10x20	or	larger	office,	ten	channels,
numbered	0	to	9,	were	available	from	any	line	to	any	trunk.	The	line	junctor	switch	number	and	the	trunk	junctor	switch	number	are	the	same	as	the	channel	number.	Logic	in	the	marker	compares	the	ten	links	of	each	kind	to	obtain	a	clear	channel.	
The	lack	of	a	channel	is	called	a	mismatch	and	resulted	in	picking	another	trunk,	or	another	line,	or	the	use	of	the	ALL	where	that	exists,	or	giving	up	and	letting	the	caller	try	again.	Trunk	circuits	As	in	previous	designs,	supervision	of	incoming	calls	is	handled	by	relay	sets	known	as	incoming	trunk	circuits,	which	sit	at	the	entry	point	just	outside	the
switching	network.	Unlike	in	previous	designs,	outgoing	trunk	circuits	are	used	for	the	equivalent	outgoing	functions.	This	means	that	the	junctors,	which	have	the	same	name	as	earlier	crossbar	systems,	are	simplified,	and	are	now	only	wires	providing	links	between	lines	and	trunks.	The	outgoing	trunk	circuits,	which	are	placed	at	the	outside	edge
of	the	switching	network,	are	responsible	for	originating-side	supervision.	Since	different	outgoing	trunks	are	connected	to	different	places	and	are	used	for	different	calls,	their	relay	sets	can	be	specialized	for	a	particular	kind	of	signalling	or	call	metering	(see	automatic	message	accounting)	or	other	peculiarity.	
Thus	a	TSPS	trunk	can	give	complete	control	to	an	operator,	while	an	E	and	M	signaling	trunk	can	do	the	kind	of	signaling	required	of	a	private	long-distance	line,	while	a	local	outgoing	trunk	can	be	simpler.	Thanks	to	this	more	complex	trunk	circuit,	outgoing	trunks	are	selected	by	a	quicker	and	more	versatile	method	than	the	sleeve	test	previously
used.	Each	trunk	circuit	provides	a	ground	on	an	FT	lead	to	indicate	idleness.	The	FT	leads	for	trunks	in	a	particular	group	are	cross-connected	to	a	FTC	(frame	test	common)	lead	for	the	trunk	link	frame	upon	which	it	appears,	to	indicate	that	the	TLF	has	one	or	more	idle	trunks	in	that	group.	The	route	relay	in	the	completing	marker	connects	sensor
relays	to	all	the	trunk	link	frames,	allowing	the	marker	to	choose	a	TLF	that	has	an	idle	trunk	and	then	connect	to	that	trunk	through	the	trunk	link	connector	(TLC)	to	choose	one	of	those	idle	trunks.	This	two	step	method,	along	with	the	mixing	of	incoming	and	outgoing	traffic,	distributed	traffic	more	evenly,	thus	alleviating	the	link	congestion
problems	that	often	arose	with	earlier	methods	that	restricted	a	trunk	group	to	one	or	two	outgoing	switch	frames.	This	method	is	less	efficient	for	coin	phones,	which	need	special	signalling.	In	urban	areas,	they	were	served	by	older	exchanges	that	had	separate	junctors	for	coin	phones.	
Where	the	5XB	was	the	only	exchange,	a	number	of	work-around	methods	were	devised.	Regular	and	coin	phones	shared	the	more	complex	and	expensive	coin	trunks,	or	else	separate	routes	were	established,	or	coin	trunks	connected	via	tandem	switches	including	the	5XB	itself	acting	as	its	own	tandem.	In	this	last	case,	the	call	had	to	use	two
connections	through	the	switching	fabric:	one	to	connect	the	line	to	the	coin	supervision	trunk	and	another	to	connect	that	trunk	to	the	outgoing	trunk.	It	was	also	less	efficient	for	tandem	calls,	since	the	fabric	is	unable	to	connect	a	trunk	directly	to	a	trunk.	Instead,	each	incoming	trunk	that	has	the	ability	to	make	tandem	calls	has	to	have	a	line	link
frame	appearance,	as	if	it	were	a	line.	To	avoid	expense,	incoming	trunks	were	divided	into	groups,	some	of	them	having	tandem	ability	and	some	not.	This	complication	was	avoided	in	places	big	enough	to	pay	for	a	separate	tandem	switch.	Revertive	Pulse	Incoming	Register	of	5XB	switch.	Each	vertical	unit,	from	right	to	left,	counts,	stores	and
converts	one	selection:Incoming	Group,	Incoming	Brush,	Final	Brush,	Final	Tens,	Final	Units	Connection	of	trunks	to	incoming	registers	and	outgoing	senders	is	not	through	the	four-stage	voice	fabric.	Rather	it	is	through	a	dedicated	single-stage	crossbar	network	known	as	incoming	register	link	(IRL)	or	outgoing	sender	link	(OSL)	respectively.
Registers	and	senders	are	in	groups	of	ten,	assigned	one	to	each	level	of	as	many	crossbar	switches	as	are	appropriate	to	the	traffic	they	can	handle.	
Different	trunks	are	wired	to	different	IRLs	or	OSLs	depending	on	what	kind	of	signaling	they	use;	i.e.	IRDP,	IRRP	(see	panel	switch),	or	IRMF.	Previous	systems	use	relays	in	the	incoming	trunk	circuit	to	control	ringing	and	to	return	busy	tone.	5XB	uses	a	ringing	selection	switch	(RSS):	a	crossbar	switch	with	ten	verticals,	serving	ten	trunks.[7]	The
various	levels	provide	various	tones,	and	ringing	current	of	various	durations	and	cadences	(especially	valuable	for	party	lines).	Levels	0	and	1	are	used	as	discriminating	levels	to	set	polarity	for	selective	ringing	on	tip	side	or	ring	side.	
An	especially	sensitive	wire	spring	RT	relay	is	used	to	detect	off-hook	from	a	line	being	rung,	release	the	RSS	hold	magnet,	and	engage	the	shielded	supervision	relay	so	reverse	battery	answer	supervision	would	be	returned	to	the	originating	end.	Common	control	Originating	Register,	with	reed	relay	reader	by	which	a	switchman	can	see	what	phone
number	is	stored	Flat	Spring	connector	relays	as	used	in	mid	20th	century	5XB	Call-back,	single-train,	and	other	sophisticated	methods	require	more	sophisticated	controls,	but	they	increased	efficiency	and	became	standard	for	later	designs.	5XB	also	separates	the	registers	for	receiving	digits	from	the	senders	for	sending	them.	This	complication
necessitates	more	transmission	of	data	among	the	control	circuits	but	greatly	shortens	the	holding	time	of	senders	and	increases	general	efficiency	and	versatility	without	having	to	put	the	versatility	into	large,	numerous,	and	complex	senders	as	in	earlier	systems.	Originating	registers	(OR)	are	wired	to	the	trunk	link	frame	(TLF).	In	the	original	5XB,
a	marker,	once	alerted	to	a	trip	condition,	picks	an	OR	by	the	same	mechanism	it	uses	to	pick	a	trunk,	identifies	a	clear	path	between	line	and	OR,	loads	the	OR	with	any	information	necessary	for	later	processing	(such	as	line	equipment	and	class	of	service)	and	releases	itself.	The	OR	then	receives	the	digits	(rotary	or	tone),	stores	them	in	reed	relay
packs,	and	used	the	pretranslator	to	determine	how	many	digits	to	receive	before	calling	in	the	marker	again	to	complete	the	call.	Larger	5XB	systems	were	built	in	the	1960s	with	more	markers.	
To	save	money	the	markers	were	separated	into	two	kinds:	simple	dial	tone	markers	(DTM)	just	to	connect	the	line	to	the	OR,	and	completing	markers	(CM),	many	times	more	complex	and	expensive,	to	complete	the	call	to	or	from	a	trunk.	CM	has,	among	other	features,	the	ability	to	translate	the	first	3	digits	of	a	phone	number	(or	6	when	using	a
separate	foreign	area	translator)	to	identify	the	correct	outgoing	trunks	and	handling.	Connectors,	similar	in	purpose	to	the	data	buses	inside	a	computer	CPU,	connect	the	markers	to	the	peripheral	equipment.	each	connector	is	made	up	of	large	relays	of	30	contacts	each,	to	connect	all	the	leads	by	which	the	marker	would	exchange	information	and
control	signals.	For	example,	each	of	the	oblong	reed	packs	in	an	OR	would	have	to	be	connected	by	five	leads	through	the	originating	register	marker	connector	to	transmit	the	two-out-of-five	code	representing	one	dialed	digit.	For	speed,	transfer	is	entirely	parallel,	requiring	many	large	relays	to	connect	so	many	wires.	Connectors	that	respond	to	a
peripheral	circuit's	request	for	action	are	given	the	name	of	the	requesting	circuit	and	"marker",	as	in	ORMC	or	IRMC.	Connectors	whose	use	was	requested	by	a	marker	are	named	only	for	the	circuit	to	which	they	connect,	as	in	outsender	connector,	line	link	connector,	and	trouble	recorder	connector.	One	of	the	drawbacks	of	step-by-step	and	other
early	systems	is	that	the	preference	for	choosing	trunks	or	selector	links	is	fixed,	and	the	most	preferred	links	are	used	more	often,	with	the	result	that	the	same	faulty	hardware	blocks	repeated	call	attempts	until	it	is	removed	from	service.	5XB	markers	were	designed	to	rotate	preferences	in	such	a	way	that	it	is	highly	unlikely	that	the	same	circuit
elements	will	be	used	in	the	next	call.	Thus,	if	a	call	encounters	an	equipment	problem,	a	second	try	will	probably	succeed.	Partly	because	of	this	deliberate	design	decision	to	help	shield	users	from	component	failures,	the	few	shared	markers	contain	a	great	deal	of	self-checking	circuitry.	This	is	feasible	because	there	are	only	a	few	markers,	and
beneficial	because	their	correct	function	was	critical.	Digit	codes,	for	instance,	are	checked	to	ensure	that	exactly	two	out	of	the	five	lines	are	activated.	When	the	built-in	self-test	circuits	of	a	marker	detect	an	error,	a	large	punch	card	is	produced	at	the	test	station	recording	the	failure	in	order	to	assist	the	switchmen	in	detecting	it	and	diagnosing
the	source.	The	card	punch,	with	some	cards,	is	visible	in	the	lower	left	of	the	test	frame	picture	below.	Testing	Master	Test	Frame,	1960s	version	with	locking-key	entry	for	phone	numbers	to	be	tested	To	a	greater	degree	than	in	previous	designs,	test	facilities	are	centralized	into	a	master	test	frame	(MTF).	This	complex	piece	of	equipment	is	wired
into	all	common	control	equipment,	and	can,	for	example,	automatically	exercise	the	abilities	of	digit	receivers	to	operate	at	different	speeds,	voltages,	and	other	parameters.[8]	The	MTF	can	select	particular	outgoing	trunks,	including	testing	the	ability	of	the	markers	to	select	different	lines	to	particular	trunks.	This	test	facility	became	more	valuable
as	Centrex,	direct	distance	dialing,	and	other	innovations	brought	more	complications	to	the	tasks	of	translation	and	trunk	selection.	When	used	for	testing	lines,	the	MTF	can	test	translations	and	conduct	voltmeter	tests	to	detect	impedance	imbalances	and	other	electrical	conditions	that	can	impair	service.[9]	Other	test	equipment	includes	a	line
insulation	test	frame	and	an	automatic	trunk	test	frame.	The	latter	was	operated	via	a	Teletype	tape	reader,	and	conducted	trunk	tests	based	on	instructions	encoded	in	5-level	punched	tape.	An	automated	AMA	translator	test	frame	checked	for	mis-wiring	that	could	cause	billing	errors.	A	non-automated	outgoing	trunk	test	panel	allows	voltmeter,	and
signaling	checks	on	trunks	to	distant	offices,[10]	freeing	the	MTF	from	this	tedious	job.	Each	outgoing	trunk	is	represented	by	two	jacks:	one	for	test	access	for	the	voltmeter	and	sender	circuits,	and	one	for	the	make-busy	operation.	The	master	test	frame	was	able	to	override	a	made-busy	status	when	necessary.	
Advanced	services	The	first	office	capable	of	international	direct	distance	dialing	(IDDD)	in	the	United	States	was	the	LT-1	exchange	on	the	10th	floor	of	the	435	West	50th	Street	exchange	building	in	Manhattan,	New	York.	A	group	of	its	MF	senders	was	equipped	for	the	unique	dual	outpulse	requirements	of	that	service.	Most	large	new	urban	5XB	in
subsequent	years	had	IDDD,	and	it	was	retrofitted	to	some	existing	ones,	but	most	omitted	the	dual	outpulse	capability,	that	job	being	handled	by	TSPS.	Also	taking	advantage	of	the	superior	versatility	of	5XB,	Centrex	was	invented	as	a	service	package.	Later	stored	program	control	exchanges	allowed	more	extensive	service	features.	Autovon
originally	used	a	four-wire	version	of	5XB,	with	a	more	complex	marker	to	implement	its	nonhierarchical	polygrid	routing	system.	Trunk	circuits	had	additional	logic	and	data	storage	built	in,	to	implement	multilevel	precedence	and	preemption.	Picturephone	arrived	in	the	early	1970s.	1ESS	switch	was	already	going	into	service	and	provided	a	more
sophisticated	basis	for	advanced	services,	but	was	not	yet	as	widely	available,	so	5XB	was	designated	as	the	switching	vehicle.	Every	Picturephone	line	has	six	wires:	the	old	talking	pair	plus	a	video	transmission	pair	and	a	video	receiving	pair.	A	new	wideband	switching	fabric	was	designed	using	a	6-wire	version	of	Type	B	crossbar	switches,	two	of
the	wires	being	grounded,	thus	diminishing	crosstalk	for	the	two	video	pairs.	When	completing	a	Picturephone	call,	the	completing	marker	first	picked	the	line	or	trunk	to	which	the	audio	portion	of	the	call	would	be	completed,	and	then	set	up	both	the	audio	switches	and	the	video	ones.	Wideband	remote	switches	(WBRS)	were	installed	in	smaller
exchanges,	as	video	concentrators	for	lines	that	were	beyond	video	range	from	a	larger	exchange	that	had	been	given	the	Picturephone	feature.	See	also	Panel	switch	1XB	switch	1ESS	switch	References	^	Fagen,	M.D.;	Amos,	E.Joel;	Schindler,	G.	E.	(1975).	A	History	of	Engineering	and	Science	in	the	Bell	System.	
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AT&T	Co.	1980.	^	Outgoing	Trunks	-	Tests	Using	Manual	Trunk	Test	Frame	SD-95476-01	(PDF).	AT&T	Co.	1979.	External	links	History	of	5XB	Retrieved	from	"	3The	Number	One	Crossbar	Switching	System	(1XB),	was	the	primary	technology	for	urban	telephone	exchanges	served	by	the	Bell	System	in	the	mid-20th	century.	Its	switch	fabric	used	the
electromechanical	crossbar	switch	to	implement	the	topology	of	the	panel	switching	system	of	the	1920s.	
The	first	No.	1	Crossbar	was	installed	in	the	PResident-2	central	office	at	Troy	Avenue	in	Brooklyn,	New	York	which	became	operational	in	February	1938.[1][2]	Evolution	The	predecessor	to	the	No.	1	Crossbar	was	the	panel	system,	which	was	used	in	many	large	metropolitan	areas	beginning	in	the	early	1920s.	By	the	1930s,	there	was	a	growing
need	for	a	new	type	of	switching	machine	that	did	not	have	the	drawbacks	inherent	in	the	panel	system.	Desirable	features	of	the	crossbar	system	included:[3]	Elimination	of	the	motor-driven	equipment	Reduction	in	the	number	of	unique	parts	Reduction	in	the	cost	of	maintenance	Bifurcated,	precious	metal	relay	contacts,	resulting	in	improved
contact	performance	and	reduced	noise	More	efficient	manufacturing	methods	The	development	of	the	multi-contact	relay,[4]	for	opening	and	closing	a	large	number	of	contacts	(usually	greater	than	30	at	once)	Architecture	The	No.	1	Crossbar	architecture	consists	of	an	originating	and	terminating	half.	An	intra-office	call	(from	and	to	the	same
office)	will	extend	from	the	beginning	of	the	originating	side,	to	the	end	of	the	terminating	side.	The	layout	of	the	Number	One	Crossbar	separated	incoming	and	outgoing	traffic	into	distinct	sections.	Each	section	had	its	own	central	control	elements	known	as	markers.	
The	originating	marker	handled	call	routing	up	to	the	outgoing	trunk,	and	the	terminating	marker	routed	calls	from	the	incoming	trunk	all	the	way	up	to	the	termination	point	at	the	line	link	frame	(LLF).	
Notably,	this	design	meant	that	interoffice	calls	were	handled	in	the	same	basic	way	as	intraoffice	calls.	
No	distinction	was	made	between	calls	terminating	in	the	same	office,	or	a	different	crossbar	office.	Any	originating	call	that	was	to	terminate	on	the	same	machine	would	pass	through	the	entire	originating	section,	then	a	trunk	would	be	selected	to	the	terminating	section,	where	the	last	4	or	5	digits	of	the	telephone	number	were	used	to	determine
the	location	of	the	called	line.	Despite	the	division	of	the	system	into	two	logical	halves,	the	No.	1	Crossbar	placed	all	subscriber	lines	on	one	of	several	line	link	frames,	which	were	used	for	both	origination	and	termination.	This	simplified	administration	and	reduced	the	number	of	frames	required,	compared	to	the	earlier	panel	system,	where
subscriber	lines	were	split	between	distinct	frames.	In	addition	to	the	Line	Link	Frame,	the	1XB	consisted	of	a	series	of	additional	crossbar	frames	and	junctors	that	were	used	in	call	completion.	"Link"	frames,	including	the	district	link,	office	link,	and	incoming	link	provided	the	actual	switching	fabric	that	connected	calls	through	the	machine.	Other
frames	were	attached	to	the	link	frames	as	necessary,	and	provided	functions	including	supervision,	signaling,	and	control.	Examples	of	these	frames	included	district	junctors,	subscriber	senders,	and	originating	and	terminating	markers.	Markers	An	Originating	Marker	with	cross-connect	field	at	the	Connections	Museum,	Seattle	WA.	Unlike	the
motor	driven,	clutch	controlled	panel	switch	selectors,	crossbar	switches	using	the	link	principle	required	originating	and	terminating	markers	to	find	an	idle	path	and	set	up	the	switch	train	for	each	call.	A	marker,	being	a	complex	control	instrument	with	a	short	holding	time,	had	the	task	of	decoding	the	digits	of	the	seven-digit	telephone	number	to
determine	the	routing	required	to	set	up	the	switching	fabric	for	call	completion.[5]	Earlier	crossbar	exchanges	had	used	the	crossbar	switch	according	to	the	selector	principle,	with	one	input	and	typically	100	or	200	outputs,	similar	to	a	stepping	switch.	The	No.	1	Crossbar	pioneered	the	link	principle,	with	each	individual	switch	able	to	handle	as
many	phone	calls	as	it	had	inputs	or	outputs,	typically	ten.	
This	innovation	diminished	the	cost	of	switches,	at	the	expense	of	more	complex	controls.	The	complexity	of	the	circuitry	challenged	the	art	of	circuit	drawings,	leading	to	the	development	of	detached	contact	drawings,	which	in	turn	led	to	the	application	of	Boolean	algebra	and	Karnaugh	maps.	In	an	originating	marker,	a	cross	connect	field	had	a
terminal	for	each	two-	or	three-digit	office	code.	A	particular	office	code	terminal	was	cross	connected	to	the	coil	of	a	route	relay.	When	the	office	code	point	was	grounded,	it	operated	the	route	relay,	whose	contacts	were	wired	in	another	cross	connect	or	data	field.	These	cross	connects	were	in	turn	used	to	activate	relays	in	the	marker	that
controlled	the	treatment,	or	handling	for	the	office	code	dialed.	Using	the	output	provided	by	its	decoding	stage,	the	originating	marker	could	select	two	office	link	frames	to	search	for	idle	trunks	to	the	destination.	Once	the	originating	marker	established	a	path	to	the	called	office,	it	returned	pulsing	information	to	the	subscriber	sender.	The	sender
then	sent	the	remaining	digits	of	the	called	telephone	number	to	the	distant	terminating	office.	In	a	terminating	marker,	there	was	also	a	cross-connect	field	which	was	used	to	declare	which	frames	the	marker	had	to	access	in	order	to	complete	the	call	to	the	desired	line.	Subscriber	lines	were	terminated	in	arbitrary	locations	on	the	line	link	frame,
and	it	was	the	task	of	the	terminating	marker	to	locate	the	line,	and	close	the	required	crosspoints	to	connect	the	call	to	its	destination.	When	one	office	was	constructed,	retired,	or	changed,	staff	in	other	offices	received	a	Routing	Letter,	ordering	the	cross	connect	fields	to	be	changed	at	a	particular	date	and	time,	usually	after	midnight,	to
accommodate	the	change	in	the	network.	
Translation	cross	connect	fields	such	as	these	were	among	the	first	to	be	converted	from	soldered	terminals	to	wire	wrap.	An	outstanding	feature	of	the	originating	marker	was	route	advance,	where	if	all	trunks	were	busy,	the	marker	would	operate	a	different	route	relay	to	select	an	alternate	route	via	a	tandem.	This	feature	kept	trunk	groups	small,
and	more	heavily	loaded	with	traffic,	thus	saving	cost	in	outside	plant.	Senders	A	terminating	sender	frame	(right)	contains	five	senders	of	either	type,	revertive	pulse,	or	multifrequency.	
Several	such	frames	would	be	present	in	a	full	size	1XB	office.	Number	1	Crossbar	offices	made	use	of	complex	and	versatile	originating	and	terminating	senders	to	communicate	within	themselves,	and	to	other	switching	offices.	When	a	subscriber	lifted	their	phone	off	the	hook,	they	were	connected	to	an	originating	(also	known	as	a	subscriber's)
sender.	This	sender	received	and	registered	the	dialed	digits,	communicated	with	an	originating	marker	to	establish	the	path	for	the	call,	and	then	pulsed	the	dialed	digits	forward	to	the	terminating	office	in	whatever	format	was	required.	In	many	cases,	No.	1	Crossbar	central	offices	could	have	in	excess	of	100	subscriber's	senders,	as	each	sender
only	served	one	call	at	a	time.	When	the	call	setup	stage	was	complete,	the	sender	returned	to	normal	and	awaited	seizure	by	another	caller.	In	the	terminating	half	of	the	crossbar	office,	a	terminating	sender	link	circuit	connected	a	terminating	sender	to	the	trunk,	in	order	to	receive	the	information	from	the	originating	sender.	This	was	typically
done	using	Revertive	Pulse,	as	in	the	panel	switch.	Multi-frequency	terminating	senders	were	introduced	in	the	1950s	as	part	of	Direct	Distance	Dialing,	and	also	used	for	incoming	traffic	from	some	local	crossbar	exchanges.	Once	the	terminating	sender	received	and	stored	the	digits	of	the	called	telephone	number,	it	activated	a	terminating	marker,
which	then	used	a	Number	Group	Circuit	to	find	the	line,	marked	an	idle	path,	and	operated	the	crossbar	switches	to	use	the	links	to	connect	the	incoming	trunk	to	the	line.	The	revertive	pulse	system	as	used	in	1XB	had	a	"High	Five"	feature	by	which	the	"incoming	brush"	selection	could	be	incremented	by	five.	Thus,	the	new	IB	numbers	6	through
10	designated	a	second	ten	thousand	telephone	numbers,	known	as	a	"B"	office.	This	allowed	each	1XB	incoming	section	to	handle	twenty	thousand	lines,	whereas	a	panel	office	using	the	revertive	pulse	system	could	handle	a	maximum	of	10,000	lines	per	office.	Multifrequency	terminating	senders	accomplished	the	same	goal	by	accepting	a	fifth	digit
to	discriminate	among	office	codes	served	by	the	same	office.	The	originating	marker	told	the	sender	to	delete	the	first	two	of	seven	digits	in	these	cases.	Sometimes	the	two	office	codes	had	the	same	third	digit,	in	which	case	the	first	three	digits	for	the	"B"	office	were	deleted	and	replaced	with	a	single	digit,	indicated	as	AR	for	Arbitrary,	usually	a
zero.	The	potential	for	five	incoming	digits	to	address	a	100,000	line	office	was	not	exploited.	Maintenance	facilities	Maintenance	center	for	the	VErmont	No.	1	Crossbar	office	at	Connections	Museum,	Seattle.	This	switch	was	installed	in	1942	and	served	the	neighborhoods	of	northeast	Seattle.	The	No.	1	Crossbar	system	consolidated	maintenance
and	testing	activities	into	a	single	area	of	the	central	office,	sometimes	known	as	the	MTC	or	"Maintenance	Test	Center".	Whereas	earlier	systems,	such	as	the	panel	switch	had	maintenance	facilities	spread	throughout	the	office,	it	was	found	desirable	to	centralize	these	processes	into	a	single	space	so	that	technicians	could	work	more	effectively.
This	decision	was	also	driven	by	the	use	of	markers,	which	carried	out	their	individual	tasks	quickly,	and	interfaced	with	several	other	circuits	while	doing	so.	Because	of	the	nature	of	their	rapid	operation,	and	the	importance	of	consistency	and	correctness,	both	originating	and	terminating	equipment	had	trouble	indicators	which	illuminated	lamps	to
indicate	the	source	and	nature	of	trouble	when	it	occurred.[6]	This	allowed	technicians	to	quickly	identify	and	resolve	issues	with	the	equipment	without	taking	it	out	of	service	to	perform	lengthy	troubleshooting	routines.	Because	it	was	often	necessary	to	run	tests	on	other	equipment	while	locating	the	source	of	trouble,	other	test	frames	were
located	near	the	trouble	indicators.	Maintenance	facilities	were	standardized	in	No.	1	Crossbar	offices,	so	most	maintenance	centers	contained	one	or	more	of	the	following	frames:	Incoming	Trunk	Test	(ITT)	-	Tested	incoming	trunks	connected	to	this	office's	outgoing	trunks.	Incoming	trunks	under	test	could	be	located	in	the	same	office,	or	in	a
distant	connecting	office.	Terminating	Sender	Test	(TST)	-	Tested	Terminating	Senders	of	various	types,	including	full	selector,	multifrequency,	and	"B"-operator.	Terminating	Trouble	Indicator	(TTI)	-	Used	both	to	indicate	trouble	as	it	occurred	in	the	terminating	portion	of	the	machine,	and	to	test	the	operation	of	the	terminating	marker.	Originating
Trouble	Indicator	(OTI)	-	Used	to	indicate	trouble	as	it	occurred	in	the	originating	portion	of	the	switch,	and	to	test	the	operation	of	the	originating	marker.	Outgoing	Trunk	Test	&	Jack	Bay	(OGTT)	-	Tested	outgoing	trunks	to	distant	offices.	Facilities	were	provided	for	testing	voltage,	continuity	and	polarity,	and	also	for	making	calls	over	the	trunks	to
test	transmission	quality.	Sender	Make	Busy	Frame	(SMB)	-	Illuminated	lamps	to	indicate	senders	that	were	"stuck",	such	as	when	encountering	an	unrecoverable	error,	and	allowed	senders	to	be	made-busy	to	service	calls,	thereby	taking	them	out	of	service.	Originating	Sender	Test	(OST)	-	Ran	a	range	of	tests	on	originating	senders,	including	tests
which	exceeded	the	severity	of	conditions	they	were	expected	to	function	with	on	actual	service	calls.	District	Junctor	Test	-	Tested	district	junctors,	which	were	the	supervisory	and	billing	elements	for	the	originating	half	of	the	call.	Tests	could	be	placed	on	various	types	of	district	junctors,	including	flat-rate,	coin,	and	message	rate.	Tandem	A
tandem	version	of	the	1XB	omitted	the	incoming	section	and	Line	Link	Frames	and	replaced	the	junctor	circuits	with	incoming	trunks,	leaving	only	the	ability	to	connect	those	incoming	trunks	to	outgoing	trunks.	
In	many	cases	the	resulting	Crossbar	tandem	switch	(XBT)	replaced	a	Panel	Sender	Tandem,	because	its	multi-frequency	senders	were	able	to	receive	seven	digits	and	some	were	modified	to	accept	ten.	Sometimes	it	replaced	an	Office	Select	Tandem	as	well,	since	its	Revertive	Pulse	senders	were	able	to	accept	Office	Brush	and	Group	parameters.	In
big	cities,	some	XBT	were	strictly	incoming	Class	4	telephone	switches,	some	outgoing,	a	few	both-way,	and	some	only	for	tandem	traffic	within	the	metropolitan	area.	Specialization	was	less	marked	in	less	dense	areas.	XBT	served	local	telephone	companies	until	the	late	20th	Century	when	they	were	replaced	by	4ESS	switches	or	other	digital
switches.	Successors	The	No.	1	Crossbar	inspired	the	No.	5	Crossbar	switch	which	intensified	the	trend	towards	greater	efficiency	and	complexity.	No.	5.	Crossbar	installations	seldom	replaced	No.	1	systems,	but	were	operated	side	by	side	with	them,	or	in	towns	not	large	enough	to	warrant	a	No.	1	Crossbar.	Most	No.	1	Crossbar	switches	were
replaced	in	the	1970s	by	the	1ESS	switch	generation	with	stored	program	control.	See	also	Director	telephone	system	References	^	W.J.	Lacerte,	Field	Tests	of	the	Crossbar	System,	Bell	Laboratory	Record	18(4),	December	1939	^	Telecommunications	Heritage	Group	(UK)	Peter	Walker	on	history	of	Crossbar	^	The	No.	1	Crossbar	Dial	Telephone
System.	Western	Electric	Company,	Inc.	1959.	p.	1.	^	Freile,	Bruce	(May	1939).	"The	Multi-Contact	Relay".	Bell	Laboratories	Record.	17:	301–302.	^	C.	A.	Collins,	C.	H.	
McCandless	(October	1938).	
Crossbar	Dial	System:	Part	1.	Bell	Telephone	Laboratories,	Inc.	^	Bell	Telephone	Laboratories,	Inc	(1943).	
Crossbar	Toll.	{{cite	book}}:	|first=	has	generic	name	(help)	External	links	Telephone	Communication	Systems,	Vol	II,	Crossbar	Systems	Telephonecollectors.info	Video	of	No.	1	Crossbar	test	frames	being	operated	Retrieved	from	"	4Defunct	telecommunications	node	in	the	United	States;	part	of	the	Bell	System	This	article	needs	additional	citations
for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced	material	may	be	challenged	and	removed.Find	sources:	"Number	One	Electronic	Switching	System"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(March	2010)	(Learn	how	and	when	to	remove	this	template	message)	View	of	1AESS	frames	The	Number
One	Electronic	Switching	System	(1ESS)	was	the	first	large-scale	stored	program	control	(SPC)	telephone	exchange	or	electronic	switching	system	in	the	Bell	System.	It	was	manufactured	by	Western	Electric	and	first	placed	into	service	in	Succasunna,	New	Jersey,	in	May	1965.[1]	The	switching	fabric	was	composed	of	a	reed	relay	matrix	controlled
by	wire	spring	relays	which	in	turn	were	controlled	by	a	central	processing	unit	(CPU).	The	1AESS	central	office	switch	was	a	plug	compatible,	higher	capacity	upgrade	from	1ESS	with	a	faster	1A	processor	that	incorporated	the	existing	instruction	set	for	programming	compatibility,	and	used	smaller	remreed	switches,	fewer	relays,	and	featured	disk
storage.[2]	It	was	in	service	from	1976	to	2017.	
Switching	fabric	This	section	may	be	too	technical	for	most	readers	to	understand.	Please	help	improve	it	to	make	it	understandable	to	non-experts,	without	removing	the	technical	details.	(May	2020)	(Learn	how	and	when	to	remove	this	template	message)	The	voice	switching	fabric	plan	was	similar	to	that	of	the	earlier	5XB	switch	in	being
bidirectional	and	in	using	the	call-back	principle.[clarification	needed][citation	needed]	The	largest	full-access	matrix	switches	(the	12A	line	grids	had	partial	access)	in	the	system,	however,	were	8x8	rather	than	10x10	or	20x16.	
Thus	they	required	eight	stages	rather	than	four	to	achieve	large	enough	junctor	groups	in	a	large	office.	Crosspoints	being	more	expensive	in	the	new	system	but	switches	cheaper,	system	cost	was	minimized	with	fewer	crosspoints	organized	into	more	switches.	The	fabric	was	divided	into	Line	Networks	and	Trunk	Networks	of	four	stages,	and
partially	folded	to	allow	connecting	line-to-line	or	trunk-to-trunk	without	exceeding	eight	stages	of	switching.	The	traditional	implementation	of	a	nonblocking	minimal	spanning	switch	able	to	connect	n	{\displaystyle	n}	input	customers	to	n	{\displaystyle	n}	output	customers	simultaneously—with	the	connections	initiated	in	any	order—the	connection
matrix	scaled	on	n	2	{\displaystyle	n^{2}}	.	This	being	impractical,	statistical	theory	is	used	to	design	hardware	that	can	connect	most	of	the	calls,	and	block	others	when	traffic	exceeds	the	design	capacity.	These	blocking	switches	are	the	most	common	in	modern	telephone	exchanges.	They	are	generally	implemented	as	smaller	switch	fabrics	in
cascade.	In	many,	a	randomizer	is	used	to	select	the	start	of	a	path	through	the	multistage	fabric	so	that	the	statistical	properties	predicted	by	the	theory	can	be	gained.	In	addition,	if	the	control	system	is	able	to	rearrange	the	routing	of	existing	connections	on	the	arrival	of	a	new	connection,	a	full	non-blocking	matrix	requires	fewer	switch	points.
Line	and	trunk	networks	Each	four	stage	Line	Network	(LN)	or	Trunk	Network	(TN)	was	divided	into	Junctor	Switch	Frames	(JSF)	and	either	Line	Switch	Frames	(LSF)	in	the	case	of	a	Line	Network,	or	Trunk	Switch	Frames	(TSF)	in	the	case	of	a	Trunk	Network.	Links	were	designated	A,	B,	C,	and	J	for	Junctor.	
A	Links	were	internal	to	the	LSF	or	TSF;	B	Links	connected	LSF	or	TSF	to	JSF,	C	were	internal	to	JSF,	and	J	links	or	Junctors	connected	to	another	net	in	the	exchange.	All	JSFs	had	a	unity	concentration	ratio,	that	is	the	number	of	B	links	within	the	network	equalled	the	number	of	junctors	to	other	networks.	Most	LSFs	had	a	4:1	Line	Concentration
Ratio	(LCR);	that	is	the	lines	were	four	times	as	numerous	as	the	B	links.	In	some	urban	areas	2:1	LSF	were	used.	The	B	links	were	often	multipled	to	make	a	higher	LCR,	such	as	3:1	or	(especially	in	suburban	1ESS)	5:1.	Line	Networks	always	had	1024	Junctors,	arranged	in	16	grids	that	each	switched	64	junctors	to	64	B	links.	Four	grids	were
grouped	for	control	purposes	in	each	of	four	LJFs.	TSF	had	a	unity	concentration,	but	a	TN	could	have	more	TSFs	than	JSFs.	Thus	their	B	links	were	usually	multipled	to	make	a	Trunk	Concentration	Ratio	(TCR)	of	1.25:1	or	1.5:1,	the	latter	being	especially	common	in	1A	offices.	TSFs	and	JSFs	were	identical	except	for	their	position	in	the	fabric	and
the	presence	of	a	ninth	test	access	level	or	no-test	level	in	the	JSF.	Each	JSF	or	TSF	was	divided	into	4	two-stage	grids.	Early	TNs	had	four	JSF,	for	a	total	of	16	grids,	1024	J	links	and	the	same	number	of	B	links,	with	four	B	links	from	each	Trunk	Junctor	grid	to	each	Trunk	Switch	grid.	Starting	in	the	mid-1970s,	larger	offices	had	their	B	links	wired
differently,	with	only	two	B	links	from	each	Trunk	Junctor	Grid	to	each	Trunk	Switch	Grid.	This	allowed	a	larger	TN,	with	8	JSF	containing	32	grids,	connecting	2048	junctors	and	2048	B	links.	Thus	the	junctor	groups	could	be	larger	and	more	efficient.	These	TN	had	eight	TSF,	giving	the	TN	a	unity	trunk	concentration	ratio.	Within	each	LN	or	TN,	the
A,	B,	C	and	J	links	were	counted	from	the	outer	termination	to	the	inner.	That	is,	for	a	trunk,	the	trunk	Stage	0	switch	could	connect	each	trunk	to	any	of	eight	A	links,	which	in	turn	were	wired	to	Stage	1	switches	to	connect	them	to	B	links.	Trunk	Junctor	grids	also	had	Stage	0	and	Stage	1	switches,	the	former	to	connect	B	links	to	C	links,	and	the
latter	to	connect	C	to	J	links	also	called	Junctors.	Junctors	were	gathered	into	cables,	16	twisted	pairs	per	cable	constituting	a	Junctor	Subgroup,	running	to	the	Junctor	Grouping	Frame	where	they	were	plugged	into	cables	to	other	networks.	Each	network	had	64	or	128	subgroups,	and	was	connected	to	each	other	network	by	one	or	(usually)	several
subgroups.	The	original	1ESS	Ferreed	switching	fabric	was	packaged	as	separate	8x8	switches	or	other	sizes,	tied	into	the	rest	of	the	speech	fabric	and	control	circuitry	by	wire	wrap	connections.[3][4][5]	The	transmit/receive	path	of	the	analog	voice	signal	is	through	a	series	of	magnetic-latching	reed	switches	(very	similar	to	latching	relays).[6]	The
much	smaller	Remreed	crosspoints,	introduced	at	about	the	same	time	as	1AESS,	were	packaged	as	grid	boxes	of	four	principal	types.	Type	10A	Junctor	Grids	and	11A	Trunk	Grids	were	a	box	about	16x16x5	inches	(40x40x12	cm)	with	sixteen	8x8	switches	inside.	Type	12A	Line	Grids	with	2:1	LCR	were	only	about	5	inches	(12	cm)	wide,	with	eight	4x4
Stage	0	line	switches	with	ferrods	and	cutoff	contacts	for	32	lines,	connected	internally	to	four	4x8	Stage	1	switches	connecting	to	B-links.	Type	14A	Line	Grids	with	4:1	LCR	were	about	16x12x5	inches	(40x30x12	cm)	with	64	lines,	32	A-links	and	16	B-links.	The	boxes	were	connected	to	the	rest	of	the	fabric	and	control	circuitry	by	slide-in	connectors.



Thus	the	worker	had	to	handle	a	much	bigger,	heavier	piece	of	equipment,	but	did	not	have	to	unwrap	and	rewrap	dozens	of	wires.	Fabric	error	The	two	controllers	in	each	Junctor	Frame	had	no-test	access	to	their	Junctors	via	their	F-switch,	a	ninth	level	in	the	Stage	1	switches	which	could	be	opened	or	closed	independently	of	the	crosspoints	in	the
grid.	
When	setting	up	each	call	through	the	fabric,	but	before	connecting	the	fabric	to	the	line	and/or	trunk,	the	controller	could	connect	a	test	scan	point	to	the	talk	wires	in	order	to	detect	potentials.	Current	flowing	through	the	scan	point	would	be	reported	to	the	maintenance	software,	resulting	in	a	"False	Cross	and	Ground"	(FCG)	teleprinter	message
listing	the	path.	Then	the	maintenance	software	would	tell	the	call	completion	software	to	try	again	with	a	different	junctor.	With	a	clean	FCG	test,	the	call	completion	software	told	the	"A"	relay	in	the	trunk	circuit	to	operate,	connecting	its	transmission	and	test	hardware	to	the	switching	fabric	and	thus	to	the	line.	Then,	for	an	outgoing	call,	the
trunk's	scan	point	would	scan	for	the	presence	of	an	off	hook	line.	If	the	short	was	not	detected,	the	software	would	command	the	printing	of	a	"Supervision	Failure"	(SUPF)	and	try	again	with	a	different	junctor.	A	similar	supervision	check	was	performed	when	an	incoming	call	was	answered.	Any	of	these	tests	could	alert	for	the	presence	of	a	bad
crosspoint.	Staff	could	study	a	mass	of	printouts	to	find	which	links	and	crosspoints	(out	of,	in	some	offices,	a	million	crosspoints)	were	causing	calls	to	fail	on	first	tries.	In	the	late	1970s,	teleprinter	channels	were	gathered	together	in	Switching	Control	Centers	(SCC),	later	Switching	Control	Center	System,	each	serving	a	dozen	or	more	1ESS
exchanges	and	using	their	own	computers	to	analyze	these	and	other	kinds	of	failure	reports.	They	generated	a	so-called	histogram	(actually	a	scatterplot)	of	parts	of	the	fabric	where	failures	were	particularly	numerous,	usually	pointing	to	a	particular	bad	crosspoint,	even	if	it	failed	sporadically	rather	than	consistently.	Local	workers	could	then	busy
out	the	appropriate	switch	or	grid	and	replace	it.	When	a	test	access	crosspoint	itself	was	stuck	closed,	it	would	cause	sporadic	FCG	failures	all	over	both	grids	that	were	tested	by	that	controller.	Since	the	J	links	were	externally	connected,	switchroom	staff	discovered	that	such	failures	could	be	found	by	making	busy	both	grids,	grounding	the
controller's	test	leads,	and	then	testing	all	128	J	links,	256	wires,	for	a	ground.	Given	the	restrictions	of	1960s	hardware,	unavoidable	failure	occurred.	Though	detected,	the	system	was	designed	to	connect	the	calling	party	to	the	wrong	person	rather	than	a	disconnect,	intercept,	etc.[7]	Scan	and	distribute	The	computer	received	input	from
peripherals	via	magnetic	scanners,	composed	of	ferrod	sensors,	similar	in	principle	to	magnetic	core	memory	except	that	the	output	was	controlled	by	control	windings	analogous	to	the	windings	of	a	relay.	Specifically,	the	ferrod	was	a	transformer	with	four	windings.	Two	small	windings	ran	through	holes	in	the	center	of	a	rod	of	ferrite.	A	pulse	on
the	Interrogate	winding	was	induced	into	the	Readout	winding,	if	the	ferrite	was	not	magnetically	saturated.	The	larger	control	windings,	if	current	was	flowing	through	them,	saturated	the	magnetic	material,	hence	decoupling	the	Interrogate	winding	from	the	Readout	winding	which	would	return	a	Zero	signal.	The	Interrogate	windings	of	16	ferrods
of	a	row	were	wired	in	series	to	a	driver,	and	the	Readout	windings	of	64	ferrods	of	a	column	were	wired	to	a	sense	amp.	Check	circuits	ensured	that	an	Interrogate	current	was	indeed	flowing.	Scanners	were	Line	Scanners	(LSC),	Universal	Trunk	Scanners	(USC),	Junctor	Scanners	(JSC)	and	Master	Scanners	(MS).	The	first	three	only	scanned	for
supervision,	while	Master	Scanners	did	all	other	scan	jobs.	For	example,	a	DTMF	Receiver,	mounted	in	a	Miscellaneous	Trunk	frame,	had	eight	demand	scan	points,	one	for	each	frequency,	and	two	supervisory	scan	points,	one	to	signal	the	presence	of	a	valid	DTMF	combination	so	the	software	knew	when	to	look	at	the	frequency	scan	points,	and	the
other	to	supervise	the	loop.	
The	supervisory	scan	point	also	detected	Dial	Pulses,	with	software	counting	the	pulses	as	they	arrived.	Each	digit	when	it	became	valid	was	stored	in	a	software	hopper	to	be	given	to	the	Originating	Register.	Ferrods	were	mounted	in	pairs,	usually	with	different	control	windings,	so	one	could	supervise	a	switchward	side	of	a	trunk	and	the	other	the
distant	office.	Components	inside	the	trunk	pack,	including	diodes,	determined	for	example,	whether	it	performed	reverse	battery	signaling	as	an	incoming	trunk,	or	detected	reverse	battery	from	a	distant	trunk;	i.e.	was	an	outgoing	trunk.	Line	ferrods	were	also	provided	in	pairs,	of	which	the	even	numbered	one	had	contacts	brought	out	to	the	front
of	the	package	in	lugs	suitable	for	wire	wrap	so	the	windings	could	be	strapped	for	loop	start	or	ground	start	signaling.	The	original	1ESS	packaging	had	all	the	ferrods	of	an	LSF	together,	and	separate	from	the	line	switches,	while	the	later	1AESS	had	each	ferrod	at	the	front	of	the	steel	box	containing	its	line	switch.	Odd	numbered	line	equipment
could	not	be	made	ground	start,	their	ferrods	being	inaccessible.	The	computer	controlled	the	magnetic	latching	relays	by	Signal	Distributors	(SD)	packaged	in	the	Universal	Trunk	frames,	Junctor	frames,	or	in	Miscellaneous	Trunk	frames,	according	to	which	they	were	numbered	as	USD,	JSD	or	MSD.	SD	were	originally	contact	trees	of	30-contact
wire	spring	relays,	each	driven	by	a	flipflop.	Each	magnetic	latching	relay	had	one	transfer	contact	dedicated	to	sending	a	pulse	back	to	the	SD,	on	each	operate	and	release.	The	pulser	in	the	SD	detected	this	pulse	to	determine	that	the	action	had	occurred,	or	else	alerted	the	maintenance	software	to	print	a	FSCAN	report.	
In	later	1AESS	versions	SD	were	solid	state	with	several	SD	points	per	circuit	pack	generally	on	the	same	shelf	or	adjacent	shelf	to	the	trunk	pack.	A	few	peripherals	that	needed	quicker	response	time,	such	as	Dial	Pulse	Transmitters,	were	controlled	via	Central	Pulse	Distributors,	which	otherwise	were	mainly	used	for	enabling	(alerting)	a	peripheral
circuit	controller	to	accept	orders	from	the	Peripheral	Unit	Address	Bus.	1ESS	computer	The	duplicate	Harvard	architecture	central	processor	or	CC	(Central	Control)	for	the	1ESS	operated	at	approximately	200	kHz.	It	comprised	five	bays,	each	two	meters	high	and	totaling	about	four	meters	in	length	per	CC.	Packaging	was	in	cards	approximately
4x10	inches	(10x25	centimeters)	with	an	edge	connector	in	the	back.	Backplane	wiring	was	cotton	covered	wire-wrap	wires,	not	ribbons	or	other	cables.	
CPU	logic	was	implemented	using	discrete	diode–transistor	logic.	
One	hard	plastic	card	commonly	held	the	components	necessary	to	implement,	for	example,	two	gates	or	a	flipflop.	A	great	deal	of	logic	was	given	over	to	diagnostic	circuitry.	CPU	diagnostics	could	be	run	that	would	attempt	to	identify	failing	card(s).	In	single	card	failures,	first	attempt	to	repair	success	rates	of	90%	or	better	were	common.	Multiple
card	failures	were	not	uncommon	and	the	success	rate	for	first	time	repair	dropped	rapidly.	The	CPU	design	was	quite	complex	-	using	three	way	interleaving	of	instruction	execution	(later	called	instruction	pipeline)	to	improve	throughput.	Each	instruction	would	go	through	an	indexing	phase,	an	actual	instruction	execution	phase	and	an	output
phase.	While	an	instruction	was	going	through	the	indexing	phase,	the	previous	instruction	was	in	its	execution	phase	and	the	instruction	before	it	was	in	its	output	phase.	In	many	instructions	of	the	instruction	set,	data	could	be	optionally	masked	and/or	rotated.	Single	instructions	existed	for	such	esoteric	functions	as	"find	first	set	bit	(the	rightmost
bit	that	is	set)	in	a	data	word,	optionally	reset	the	bit	and	tell	me	the	position	of	the	bit".	Having	this	function	as	an	atomic	instruction	(rather	than	implementing	as	a	subroutine)	dramatically	sped	scanning	for	service	requests	or	idle	circuits.	The	central	processor	was	implemented	as	a	hierarchical	state	machine.	Memory	card	for	64	words	of	44	bits
Memory	had	a	44-bit	word	length	for	program	stores,	of	which	six	bits	were	for	Hamming	error	correction	and	one	was	used	for	an	additional	parity	check.	This	left	37	bits	for	the	instruction,	of	which	usually	22	bits	were	used	for	the	address.	This	was	an	unusually	wide	instruction	word	for	the	time.	Program	stores	also	contained	permanent	data,
and	could	not	be	written	online.	Instead,	the	aluminum	memory	cards,	also	called	twistor	planes,[5]	had	to	be	removed	in	groups	of	128	so	their	permanent	magnets	could	be	written	offline	by	a	motorized	writer,	an	improvement	over	the	non	motorized	single	card	writer	used	in	Project	Nike.	All	memory	frames,	all	busses,	and	all	software	and	data
were	fully	dual	modular	redundant.	
The	dual	CCs	operated	in	lockstep	and	the	detection	of	a	mismatch	triggered	an	automatic	sequencer	to	change	the	combination	of	CC,	busses	and	memory	modules	until	a	configuration	was	reached	that	could	pass	a	sanity	check.	Busses	were	twisted	pairs,	one	pair	for	each	address,	data	or	control	bit,	connected	at	the	CC	and	at	each	store	frame	by
coupling	transformers,	and	ending	in	terminating	resistors	at	the	last	frame.	Call	Stores	were	the	system's	read/write	memory,	containing	the	data	for	calls	in	progress	and	other	temporary	data.	They	had	a	24-bit	word,	of	which	one	bit	was	for	parity	check.	They	operated	similar	to	magnetic	core	memory,	except	that	the	ferrite	was	in	sheets	with	a
hole	for	each	bit,	and	the	coincident	current	address	and	readout	wires	passed	through	that	hole.	The	first	Call	Stores	held	8	kilowords,	in	a	frame	approximately	a	meter	wide	and	two	meters	tall.	The	separate	program	memory	and	data	memory	were	operated	in	antiphase,	with	the	addressing	phase	of	Program	Store	coinciding	with	the	data	fetch
phase	of	Call	Store	and	vice	versa.	This	resulted	in	further	overlapping,	thus	higher	program	execution	speed	than	might	be	expected	from	the	slow	clock	rate.	
Programs	were	mostly	written	in	machine	code.	Bugs	that	previously	went	unnoticed	became	prominent	when	1ESS	was	brought	to	big	cities	with	heavy	telephone	traffic,	and	delayed	the	full	adoption	of	the	system	for	a	few	years.	Temporary	fixes	included	the	Service	Link	Network	(SLN),	which	did	approximately	the	job	of	the	Incoming	Register
Link	and	Ringing	Selection	Switch	of	the	5XB	switch,	thus	diminishing	CPU	load	and	decreasing	response	times	for	incoming	calls,	and	a	Signal	Processor	(SP)	or	peripheral	computer	of	only	one	bay,	to	handle	simple	but	time-consuming	tasks	such	as	the	timing	and	counting	of	Dial	Pulses.	
1AESS	eliminated	the	need	for	SLN	and	SP.	The	half	inch	tape	drive	was	write	only,	being	used	only	for	Automatic	Message	Accounting.	Program	updates	were	executed	by	shipping	a	load	of	Program	Store	cards	with	the	new	code	written	on	them.	The	Basic	Generic	program	included	constant	"audits"	to	correct	errors	in	the	call	registers	and	other
data.	When	a	critical	hardware	failure	in	the	processor	or	peripheral	units	occurred,	such	as	both	controllers	of	a	line	switch	frame	failing	and	unable	to	receive	orders,	the	machine	would	stop	connecting	calls	and	go	into	a	"phase	of	memory	regeneration",	"phase	of	reinitialization",	or	"Phase"	for	short.	The	Phases	were	known	as	Phase	1,2,4	or	5.
Lesser	phases	only	cleared	the	call	registers	of	calls	that	were	in	an	unstable	state	that	is	not	yet	connected,	and	took	less	time.	During	a	Phase,	the	system,	normally	roaring	with	the	sound	of	relays	operating	and	releasing,	would	go	quiet	as	no	relays	were	getting	orders.	The	Teletype	Model	35	would	ring	its	bell	and	print	a	series	of	P's	while	the
phase	lasted.	For	Central	office	staff	this	could	be	a	scary	time	as	seconds	and	then	perhaps	minutes	passed	while	they	knew	subscribers	who	picked	up	their	phones	would	get	dead	silence	until	the	phase	was	over	and	the	processor	regained	"sanity"	and	resumed	connecting	calls.	Greater	phases	took	longer,	clearing	all	call	registers,	thus
disconnecting	all	calls	and	treating	any	off-hook	line	as	a	request	for	dial	tone.	
If	the	automated	phases	failed	to	restore	system	sanity,	there	were	manual	procedures	to	identify	and	isolate	bad	hardware	or	buses.[8]	1AESS	Head	on	view	of	1AESS	Master	Control	Center	Most	of	the	thousands	of	1ESS	and	1AESS	offices	in	the	USA	were	replaced	in	the	1990s	by	DMS-100,	5ESS	Switch	and	other	digital	switches,	and	since	2010
also	by	packet	switches.	As	of	late	2014,	just	over	20	1AESS	installations	remained	in	the	North	American	network,	which	were	located	mostly	in	AT&T's	legacy	BellSouth	and	AT&T's	legacy	Southwestern	Bell	states,	especially	in	the	Atlanta	GA	metro	area,	the	Saint	Louis	MO	metro	area,	and	in	the	Dallas/Fort	Worth	TX	metro	area.	In	2015,	AT&T	did
not	renew	a	support	contract	with	Alcatel-Lucent	(now	Nokia)	for	the	1AESS	systems	still	in	operation	and	notified	Alcatel-Lucent	of	its	intent	to	remove	them	all	from	service	by	2017.	As	a	result,	Alcatel-Lucent	dismantled	the	last	1AESS	lab	at	the	Naperville	Bell	Labs	location	in	2015,	and	announced	the	discontinuation	of	support	for	the	1AESS.[9]
[10]	In	2017,	AT&T	completed	the	removal	of	remaining	1AESS	systems	by	moving	customers	to	other	newer	technology	switches,	typically	with	Genband	switches	with	TDM	trunking	only.	The	last	known	1AESS	switch	was	in	Odessa,	TX	(Odessa	Lincoln	Federal	wirecenter	ODSSTXLI).	It	was	disconnected	from	service	around	June	3,	2017	and	cut
over	to	a	Genband	G5/G6	packet	switch.	Other	electronic	switching	systems	The	No.	1	Electronic	Switching	System	Arranged	with	Data	Features	(No.	1	ESS	ADF)	was	an	adaptation	of	the	Number	One	Electronic	Switching	System	to	create	a	store	and	forward	message	switching	system.	It	used	both	single	and	multi-station	lines	for	transmitting
teletypewriter	and	data	messages.	It	was	created	to	respond	to	a	growing	need	for	rapid	and	economical	delivery	of	data	and	printed	copy.[11]	Features	The	No.	1	ESS	ADF	had	a	large	number	of	features,	including:[12]	Mnemonic	addresses:	Alphanumeric	codes	used	to	address	stations	Group	code	addresses:	Mnemonic	codes	used	to	address	a
specific	combination	of	stations	Precedence:	Message	delivery	according	to	four	levels	of	precedence	Date	and	time	services:	Optional	date	and	time	of	message	origination	and	delivery	Multiline	hunting	groups:	Distribution	of	messages	to	the	next	available	station	in	a	group	Alternate	delivery:	Optional	routing	of	all	messages	addressed	to	one
station	to	another	station	See	also	Nonblocking	minimal	spanning	switch	SP1	switch	TXE	4ESS	switch	5ESS	switch	References	^	Ketchledge,	R.:	“The	No.	1	Electronic	Switching	System”	IEEE	Transactions	on	Communications,	Volume	13,	Issue	1,	Mar	1965,	pp	38–41	^	1A	Processor,	Bell	System	Technical	Journal,	56(2),	119	(February	1977)	^	"No.
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1965.	Retrieved	from	"	5This	article	includes	a	list	of	general	references,	but	it	lacks	sufficient	corresponding	inline	citations.	Please	help	to	improve	this	article	by	introducing	more	precise	citations.	(February	2012)	(Learn	how	and	when	to	remove	this	template	message)	Telephone	switching	system	The	No.	4	Electronic	Switching	System	(4ESS)	is
a	class	4	telephone	electronic	switching	system	that	was	the	first	digital	electronic	toll	switch	introduced	by	Western	Electric	for	long-distance	switching.	It	was	introduced	in	Chicago	in	January	1976,	to	replace	the	4A	crossbar	switch.[1]	The	last	of	the	145	systems	in	the	AT&T	network	was	installed	in	1999	in	Atlanta.	Approximately	half	of	the
switches	were	manufactured	in	Lisle,	Illinois,	and	the	other	half	in	Oklahoma	City,	Oklahoma.	At	the	time	of	the	Bell	System	divestiture,	most	of	the	4ESS	switches	became	assets	of	AT&T	as	part	of	the	long-distance	network,	while	others	remained	in	the	RBOC	networks.	Over	140	4ESS	switches	remained	in	service	in	the	United	States	in	2007.
System	architecture	The	4ESS	Switch	is	often	considered	as	a	switching	network	and	its	controlling	processor.	The	major	functional	equipment	areas	include:	1B	processor,	the	4ESS	primary	controlling	processor	3B	computer	and	associated	attached	processor	system,	which	provides	disk	storage	and	additional	functions	CNI	ring,	a	group	of
peripheral	processors	serially	interconnected	with	each	other	in	a	dual	ring	configuration,	and	a	3B20D	processor	that	functions	in	a	distributed	input/output	processing	architecture.	Terminal	equipment	provides	the	interface	between	metallic	trunk	facilities	in	the	toll	network	and	the	4ESS	Switch.	Two-wire	and	4-wire	voice-frequency	trunks
terminating	at	metallic	terminal	facilities	and	equipment	which	provides	an	interface	between	digital	carrier	equipment	and	the	4ESS	switching	network.	The	switching	network	contains	the	equipment	which	actually	switches	pulse	code	modulated	data	from	one	trunk	or	service	circuit	to	another.	
The	switching	network	also	contains	timing	equipment	that	generates	the	precise	timing	signals	required	to	switch	traffic.	The	switching	network	is	also	used	to	connect	test	equipment,	announcements,	and	various	tones	to	trunks	when	required.	Processor	The	processor	acts	as	the	CPU	for	the	switch.	The	processor	includes	a	central	control,	call
stores,	and	program	stores.	In	addition	it	had	access	to	additional	units	through	the	auxiliary	unit	bus	(AUB)	and	peripheral	unit	bus	(PUB).	A	master	control	console	(MCC)	provides	office	technicians	access	to	the	switch	through	the	processor	peripheral	interface	(PPI).[2]	Early	versions	used	the	same	1A	processor	as	the	contemporaneous	improved
1AESS	switch.	All	existing	switches	have	been	subsequently	upgraded	to	use	the	1B	processor.	4ESS	emergency	action	interface	(EAI)	displayed	on	the	MCC	File	store	and	CNI	ring	The	file	store	provides	long	term	storage	(disk	storage)	of	the	processor	programs	(program	store)	and	office	data	(call	store).	It	was	first	implemented	using	disk
technology	but	was	replaced	by	the	4E	attached	processor	system	(4EAPS).	The	4EAPS	is	a	3B	computer	running	4EAPS	application	software	on	the	DMERT	operating	system.	The	4EAPS	interfaces	to	the	4ESS	processor	via	the	attached	processor	interface	(API)	units.	The	"1A	file	store"	became	partitions	on	the	3B	computer	disks.	At	first	the	4EAPS
just	provided	"file	store"	but	soon	it	also	provided	access	to	the	common-network	interface	ring	(CNI	ring)	to	provide	common-channel	signaling	(CCS).	The	4EAPS	originally	used	the	3B20D	computer.	These	were	all	converted	to	the	3B21D	around	1995.	Peripheral	units	The	peripheral	units	include	units	that	interface	to	the	central	control	over	the
peripheral	unit	bus.	This	includes	the	common	channel	interface	signaling	(CCIS)	terminal,	signal	processors,	time-slot	interchanges	(TSI)	and	time	multiplexed	switches	(TMS).[3]	It	also	includes	equipment	not	directly	on	the	PUB	including	terminating	equipment	used	to	connect	the	switch	to	the	transport	network	and	the	TSIs	and	TMSs,	which
actually	perform	the	"time-space-time"	switching	function.	Timing	is	provided	by	a	high	speed,	high	accuracy	network	clock.	
History	4ESS	development	began	circa	1970,	mainly	in	Naperville,	Illinois	under	the	direction	of	Henry	Earle	Vaughan.	AT&T	Long	Distance	was	the	primary	customer	for	the	switch.	Driving	development	from	the	customer's	perspective	was	AT&T	VP	Billy	Oliver.[4]	Previous	tandem	switching	systems,	primarily	the	No.	4	Crossbar	switch,	used
analog	voice	signaling.	The	decision	to	switch	in	a	digital	voice	format	was	controversial	at	the	time,	both	from	a	technical	and	economic	viewpoint.	Nevertheless,	visionaries	such	as	Vaughn	and	Oliver	recognized	that	the	network	would	eventually	become	digital,	requiring	digital	switching	technologies.	The	last	4ESS	was	installed	in	suburban
Atlanta,	GA	in	1999	as	a	toll	tandem	for	AT&T.	At	the	peak	of	the	product's	life	time	in	1999,	AT&T	employed	145	4ESS	switches	in	its	long-haul	network,	and	several	were	owned	by	various	Regional	Bell	Operating	Companies	(RBOCs).	AT&T	replaced	or	supplemented	the	4ESS	toll	tandem	switches	with	5ESS	switches,	which	featured	an	advanced
design,	and	are	used	as	edge	switches	in	the	network.	
Most	RBOCs	who	used	4ESS	tandems	have	replaced	them	with	Class	5	systems	of	other	manufacturers,	e.g.,	Nortel.	As	of	2014,	AT&T	operates	and	maintains	approximately	one	hundred	4ESS	switches	in	the	public	switched	telephone	network.	Next-generation	4ESS	The	Nokia	N4E-N1B	(New	4ESS)	is	the	ATCA-based	next-generation	toll	switch	for
AT&T.	The	N4E-N1B	includes	the	4E	APS	and	4ESS	software,	but	replaces	the	1B	processor	and	the	peripheral	units	which	run	in	emulated	environments	on	an	ATCA	blade	or	commercial	off-the-shelf	servers.[5]	The	N4E-N1B	is	based	on	the	Alcatel-Lucent	(now	Nokia)	gateway	platform	(7520	Media	Gateway	(MGW)),	1310	Operations	and
Management	Console	–	Plus	(OMC-P)	and	the	5400	Linux	Control	Platform	(LCP)	and	includes	other	elements	such	as	MRV	console	terminal	servers.	
Starting	in	the	late	2010s	and	continuing	in	the	early	2020s,	AT&T	is	replacing	older	4ESS	switches	with	N4E-N1B	switches,	and	is	also	adding	new	N4E-N1B	switches	in	places	where	there	was	no	4ESS	previously.	It	is	assumed	that	these	new	N4E-N1B	switches	are	taking	over	Class-4	functions	that	were	previously	handled	by	5ESS	switches	acting
as	"edge	tandems."	See	also	1ESS	switch	5ESS	switch	Telephone	exchange	Bell	System	Practices	References	^	Bell	System	Technical	Journal:	4ESS	Switch	1977,	Prologue.	^	Bell	System	Technical	Journal:1A	Processor,	page	needed.	
sfn	error:	no	target:	CITEREFBell_System_Technical_Journal:1A_Processor	(help)	^	Bell	System	Technical	Journal:	4ESS	Switch	1977,	Peripheral	System.	^	IEEE	biography	of	Billy	Oliver	^	4E	Replacement	Alcatel-Lucent	customer	support	"1A	Processor".	Bell	Labs	Technical	Journal.	56	(2).	February	1977.	Archived	from	the	original	on	8	September
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September	1977.	Archived	from	the	original	on	5	September	2012	–	via	Internet	Archive.	External	links	Bell	System	commercial	about	the	4ESS	switch	on	YouTube	AT&T	4ESS	Tandem	crash	of	1990	Retrieved	from	"	6This	article	includes	a	list	of	references,	related	reading,	or	external	links,	but	its	sources	remain	unclear	because	it	lacks	inline
citations.	Please	help	to	improve	this	article	by	introducing	more	precise	citations.	(June	2019)	(Learn	how	and	when	to	remove	this	template	message)	5ESS	used	in	a	mobile	telephone	network	The	5ESS	Switching	System	is	a	Class	5	telephone	electronic	switching	system	developed	by	Western	Electric	for	the	American	Telephone	and	Telegraph
Company	(AT&T)	and	the	Bell	System	in	the	United	States.	It	came	into	service	in	1982	and	the	last	unit	was	produced	in	2003.[1]	History	The	5ESS	came	to	market	as	the	Western	Electric	No.	5	ESS.	It	commenced	service	in	Seneca,	Illinois	on	March	25,	1982,	and	was	destined	to	replace	the	Number	One	Electronic	Switching	System	(1ESS	and
1AESS)	and	other	electromechanical	systems	in	the	1980s	and	1990s.	The	5ESS	was	also	used	as	a	Class-4	telephone	switch	or	as	a	hybrid	Class	4/Class	5	switch	in	markets	too	small	for	the	4ESS.	Approximately	half	of	all	US	central	offices	are	served	by	5ESS	switches.	The	5ESS	was	also	exported,	and	manufactured	outside	the	US	under	license.
[citation	needed]	The	5ESS–2000	version,	introduced	in	the	1990s,	increased	the	capacity	of	the	switching	module	(SM),	with	more	peripheral	modules	and	more	optical	links	per	SM	to	the	communications	module	(CM).	A	follow-on	version,	the	5ESS–R/E,	was	in	development	during	the	late	1990s	but	did	not	reach	market.	Another	version	was	the
5E–XC.[citation	needed]	The	5ESS	technology	was	transferred	to	the	AT&T	Network	Systems	division	upon	the	1984	breakup	of	the	Bell	System.	The	division	was	divested	by	AT&T	in	1996	as	Lucent	Technologies,[2]	and	after	becoming	Alcatel-Lucent	in	2006,[3]	it	was	acquired	by	Nokia	in	2016.[4]	The	5ESS	switch	is	still	in	widespread	use	in	the
public	switched	telephone	network	(PSTN)	in	the	United	States	and	elsewhere,	but	they	are	being	replaced	with	more	modern	packet	switching	systems.	5ESS	switches	in	service	in	2021	also	included	several	operated	by	the	United	States	Navy.[5]	Architecture	The	5ESS	switch	has	three	main	types	of	modules:	the	Administrative	Module	(AM)
contains	the	central	computers;	the	Communications	Module	(CM)	is	the	central	time-divided	switch	of	the	system;	and	the	Switching	Module	(SM)	makes	up	the	majority	of	the	equipment	in	most	exchanges.	The	SM	performs	multiplexing,	analog	and	digital	coding,	and	other	work	to	interface	with	external	equipment.	Each	has	a	controller,	a	small
computer	with	duplicated	CPUs	and	memories,	like	most	common	equipment	of	the	exchange,	for	redundancy.	Distributed	systems	lessen	the	load	on	the	Central	Administrative	Module	(AM)	or	main	computer.[citation	needed]	Power	for	all	circuitry	is	distributed	as	–48	VDC	(nominal),	and	converted	locally	to	logic	levels	or	telephone	signals.[citation
needed]	Switching	Module	Each	Switching	Module	(SM)	handles	several	hundred	to	a	few	thousand	telephone	lines	or	several	hundred	trunks	or	combination	thereof.	Each	has	its	own	processors,	also	called	Module	Controllers,	which	perform	most	call	handling	processes,	using	their	own	memory	boards.	Originally	the	peripheral	processors	were	to
be	Intel	8086,	but	those	proved	inadequate	and	the	system	was	introduced	with	Motorola	68000	series	processors.	The	name	of	the	cabinet	that	houses	this	equipment	was	changed	at	the	same	time	from	Interface	Module	to	Switching	Module.[citation	needed]	Peripheral	units	are	on	shelves	in	the	SM.	
In	most	exchanges	the	majority	are	Line	Units	(LU)	and	Digital	Line	Trunk	Units	(DLTU).	Each	SM	has	Local	Digital	Service	Units	(LDSU)	to	provide	various	services	to	lines	and	trunks	in	the	SM,	including	tone	generation	and	detection.	Global	Digital	Service	Units	(GDSU)	provide	less-frequently	used	services	to	the	entire	exchange.	The	Time	Slot
Interchanger	(TSI)	in	the	SM	uses	random-access	memory	to	delay	each	speech	sample	to	fit	into	a	time	slot	which	will	carry	its	call	through	the	exchange	to	another	or,	in	some	cases,	the	same	SM.	T-carrier	spans	are	terminated,	originally	one	per	card	but	in	later	models	usually	two,	in	Digital	Line	Trunk	Units	(DLTU)	which	concentrate	their	DS0
channels	into	the	TSI.	These	may	serve	either	interoffice	trunks	or,	using	Integrated	Subscriber	Loop	Carrier,	subscriber	lines.	Higher-capacity	DS3	signals	can	also	have	their	DS0	signals	switched	in	Digital	Network	Unit	SONET	(DNUS)	units,	without	demultiplexing	them	into	DS1.	Newer	SM's	have	DNUS	(DS3)	and	Optical	OIU	interfaces	(OC12)
with	a	large	amount	of	capacity.	SMs	have	Dual	Link	Interface	(DLI)	cards	to	connect	them	by	multi-mode	optical	fibers	to	the	Communications	Modules	for	time-divided	switching	to	other	SMs.	These	links	may	be	short,	for	example	within	the	same	building,	or	may	connect	to	SMs	in	remote	locations.	Calls	among	the	lines	and	trunks	of	a	particular
SM	needn't	go	through	CM,	and	an	SM	located	remotely	can	act	as	distributed	switching,	administered	from	the	central	AM.	Each	SM	has	two	Module	Controller/Time	Slot	Interchange	(MCTSI)	circuits	for	redundancy.	In	contrast	to	Nortel's	DMS-100	which	uses	individual	line	cards	with	a	codec,	most	lines	are	on	two-stage	analog	space-division
concentrators	or	Line	Units,	which	connect	as	many	as	512	lines,	as	needed,	to	the	8	Channel	cards	that	each	contain	8	codecs,	and	to	high-level	service	circuits	for	ringing	and	testing.	Both	stages	of	concentration	are	included	on	the	same	GDX	(Gated	Diode	Access)	board.	Each	GDX	board	serves	32	lines,	16	A	links	and	32	B	links.	Limited
availability	saves	money	with	incompletely	filled	matrixes.	The	Line	Unit	can	have	up	to	16	GDX	boards	connecting	to	the	channel	boards	by	shared	B	links,	but	in	offices	with	heavier	traffic	for	lines	a	lesser	number	of	GDX	boards	are	equipped.	ISDN	lines	are	served	by	individual	line	cards	in	an	ISLU	(Integrated	Services	Line	Unit).	Administrative
Module	The	Administrative	Module	(AM)	is	a	dual-processor	mini	main	frame	computer	of	the	AT&T	3B	series,	running	UNIX-RTR.	AM	contains	the	hard	drives	and	tape	drives	used	to	load	and	backup	the	central	and	peripheral	processor	software	and	translations.	Disk	drives	were	originally	several	300	megabyte	SMD	multi-platter	units	in	a	separate
frame.	Now	they	consist	of	several	redundant	multi-gigabyte	SCSI	drives	that	each	reside	on	a	card.	Tape	drives	were	originally	half	inch	open	reel	at	6250	bits	per	inch,	which	were	replaced	in	the	early	1990s	with	4	mm	Digital	Audio	Tape	cassettes.	The	Administrative	Module	is	built	on	the	3B21D	platform	and	is	used	to	load	software	to	the	many
microprocessors	throughout	the	switch	and	to	provide	high	speed	control	functions.	It	provides	messaging	and	interface	to	control	terminals.	The	AM	of	a	5ESS	consists	of	the	3B20x	or	3B21D	processor	unit,	including	I/O,	disks,	and	tape	drive	units.	Once	the	3B21D	has	loaded	the	software	into	the	5ESS	and	the	switch	is	activated,	packet	switching
takes	place	without	further	action	by	the	3B21D,	except	for	billing	functions	requiring	records	to	be	transferred	to	disk	for	storage.	Because	the	processor	has	duplex	hardware,	one	active	side,	and	one	standby	side,	a	failure	of	one	side	of	the	processor	will	not	necessarily	result	in	a	loss	of	switching.	Communication	Module	The	Communications
Module	(CM)	forms	the	central	time	switch	of	the	exchange.	5ESS	uses	a	time-space-time	(TST)	topology	in	which	the	Time-Slot-Interchangers	(TSI)	in	the	Switching	Modules	assign	each	phone	call	to	a	time	slot	for	routing	through	the	CM.	CMs	perform	time-divided	switching	and	are	provided	in	pairs;	each	module	(cabinet)	belonging	to	Office
Network	and	Timing	Complex	(ONTC)	0	or	1,	roughly	corresponding	to	the	switch	planes	of	other	designs.	Each	SM	has	four	optical	fiber	links,	two	connecting	to	a	CM	belonging	to	ONTC	0	and	two	to	ONTC	1.	Each	optical	link	consists	of	two	multimode	optical	fibers	with	ST	connectors	to	plug	into	transceivers	plugged	into	backplane	wiring	at	each
end.	CMs	receive	time-multiplexed	signals	on	the	receive	fiber	and	send	them	to	the	appropriate	destination	SM	on	the	send	fiber.	Very	Compact	Digital	Exchange	The	Very	Compact	Digital	Exchange	(VCDX)	was	developed	with	the	5ESS-2000,	and	marketed	to	mostly	non-Bell	telephone	companies	as	an	inexpensive,	effective	way	to	offer	ISDN	and
other	digital	services	in	an	analog	switching	center.	
This	avoided	the	capital	expense	of	retrofitting	the	entire	analog	switch	into	a	digital	one	to	serve	all	of	the	switch's	lines	when	many	wouldn't	require	it	and	would	remain	POTS	lines.	An	example	would	be	the	(former)	GTE/Verizon	Class-5	telephone	switch,	the	GTD-5	EAX.	Like	the	Western	Electric	1ESS/1AESS,	it	served	mostly	medium	to	large	wire
centers.	The	standalone	VCDX	was	also	capable	of	serving	as	a	switch	for	very	small	wire	centers	(a	CDX-	Community	dial	office)	of	fewer	than	~400	lines.	However,	for	small	wire	centers,	400-4000	lines,	that	function	was	usually	served	by	RSM's,	a	5ESS	"Remote	SM",	ORM's	or	Wired	ORM's.	The	RSM	is	controlled	by	T1	lines	connected	to	a	DLTU
unit.	The	first	2	T1's	are	the	control	of	the	RSM	and	are	necessary	for	any	Recent	Changes	to	take	place.	RSM's	can	have	up	to	10	T1's.	There	can	be	multiple	RSM's	in	an	office.	An	ORM	can	be	fed	via	direct	fiber	or	via	coax	thus	called	Wired	ORM's.	An	RSM	or	ORM	can	have	many	of	the	same	peripheral	units	that	are	part	of	a	full	5ESS	switch.	An
RSM	has	a	limited	distance	and	can	serve	parts	of	a	larger	metro	area	or	rural	offices.	An	ORM	or	wired	ORM	can	be	anywhere	technically,	and	preferred	over	the	RSM	once	the	ORM	became	available.	Both	the	RSM	and	ORM	is	often	used	as	a	Class-5	wire	center	for	small	to	medium	towns	hosted	from	a	5ESS	located	in	a	larger	city.	
The	Wired	ORM	is	connected	via	coax	from	a	MUX	unit	and	fed	to	a	TRCU	which	converts	the	coax	to	connection	to	the	DLI,	There	was	also	a	two-mile	ORM	that	was	used	when	an	office	was	broken	out	or	took	an	area	from	another	office.	The	distance	on	this	was	2	miles	from	a	host	office	and	fed	direct	via	fiber.	As	with	any	SM,	the	size	is	dictated
by	the	number	of	time	slots	needed	for	each	peripheral	unit.	ORM's	are	linked	with	DS3,	RSM's	are	linked	with	T1	lines.	The	VCDX	was	also	used	as	a	large	private	branch	exchange	(PBX).	Small	communities	of	less	than	400	lines	or	so	were	also	provided	with	SLC-96	units	or	Anymedia	units.	The	standalone	VCDX	has	a	single	Switching	Module,	and
no	Communications	Module.	Its	Sun	Microsystems	SPARC	workstation	runs	the	UNIX-based	Solaris	(operating	system)	that	executes	a	3B20/21D	processor	MERT	OS	emulation	system,	acting	as	the	VCDX's	Administrative	Module.	The	VCDX	uses	the	CO's	normal	telephone	power	sources	(which	are	very	large	uninterruptible	power	supplies),	and	has
connections	to	the	CO	Digital	cross	connect	system	for	T1	access,	etc.	Signaling	The	5ESS	has	two	different	signaling	architectures:	Common	Network	Interface	(CNI)	Ring	and	Packet	Switching	Unit	(PSU)-based	SS7	Signaling.	Software	The	development	effort	for	5ESS	required	five	thousand	employees,	producing	100	million	lines	of	system	source
code,	mostly	in	the	C	language,	with	100	million	lines	of	header	files	and	makefiles.	Evolution	of	the	system	took	place	over	20	years,	while	three	releases	were	often	being	developed	simultaneously,	each	taking	about	three	years	to	complete.	
The	5ESS	was	originally	U.S.-only	and	the	international	sales	resulted	in	a	complete	development	system	and	team,	in	parallel	to	the	U.S.	version.	The	development	systems	were	Unix-based	mainframe	systems.	There	were	around	15	of	these	systems	active	at	the	peak.	There	were	development	machines,	simulator	machines,	and	build	machines,	etc.
Developers'	desktops	were	multi-window	terminals	(versions	of	the	Blit	developed	by	Bell	Labs)	until	the	mid	1990s,	when	Sun	workstations	were	deployed.	Developers	continued	to	login	into	the	servers	for	their	work,	using	X11	on	their	workstations	as	a	multi-window	environment.	Source	code	management	was	based	on	SCCS	and	utilized
"#feature"	lines	to	separate	source	code	between	releases,	between	features	specific	to	US	or	Intl,	and	the	like.	Customisation	around	the	vi	and	Emacs	text	editors	allowed	developers	to	work	with	the	appropriate	view	of	a	file,	hiding	the	parts	that	were	not	applicable	to	their	current	project.	The	change	request	system	used	the	SCCS	MR	to	create
named	change	sets,	tied	into	the	IMR	(initial	modification	request)	system	which	had	purely	numeric	identifiers.	An	MR	name	was	created	with	subsystem	prefix,	IMR	number,	MR	sequence	characters,	and	a	character	for	the	release	or	"load".	So,	for	the	gr	(generic	retrofit)	subsystem,	the	first	MR	created	for	the	2371242	IMR,	destined	for	the	'F'
load,	would	be	gr2371242aF.	The	build	system	used	a	simple	mechanism	of	build	configuration	that	would	cause	makefile	generation	to	occur.	
The	system	always	built	everything,	but	used	checksum	results	to	decide	if	a	file	had	actually	changed,	before	updating	the	build	output	directory	tree.	This	provided	a	huge	reduction	in	build	time	when	a	core	library	or	header	was	being	edited.	A	developer	could	add	values	to	an	enum,	but	if	that	did	not	change	the	build	output,	then	subsequent
dependencies	on	that	output	would	not	have	to	be	relinked	or	libraries	built.	
OAMP	Main	article:	Operations,	Administration,	Maintenance	and	Provisioning	The	system	is	administered	through	an	assortment	of	teletypewriter	"channels",	also	called	the	system	console,	such	as	the	TEST	channel	and	the	Maintenance	channel.	
Typically	provisioning	is	done	either	through	a	command	line	interface	(CLI)	called	RCV:APPTEXT,	or	through	the	menu-driven	RCV:MENU,APPRC	program.	RCV	stands	for	Recent	Change/Verification,	and	can	be	accessed	through	the	Switching	Control	Center	System.	
Most	service	orders,	however,	are	administered	through	the	Recent	Change	Memory	Administration	Center	(RCMAC).	In	the	international	market,	this	terminal	interface	has	localization	to	provide	locale-specific	language	and	command	name	variations	on	the	screen	and	printer	output.	
See	also	PRX	(telephony)	–	an	earlier	switch	acquired	by	AT&T	in	Europe	References	^	"Western	Electric/Lucent	Modern	Telephone	Switching	Systems".	Telephone	World.	Retrieved	January	27,	2022.	^	"History	of	Lucent	Technologies	Inc".	FundingUniverse.	Retrieved	January	27,	2022.	
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external	links,	but	its	sources	remain	unclear	because	it	lacks	inline	citations.	Please	help	to	improve	this	article	by	introducing	more	precise	citations.	(June	2019)	(Learn	how	and	when	to	remove	this	template	message)	5ESS	used	in	a	mobile	telephone	network	The	5ESS	Switching	System	is	a	Class	5	telephone	electronic	switching	system
developed	by	Western	Electric	for	the	American	Telephone	and	Telegraph	Company	(AT&T)	and	the	Bell	System	in	the	United	States.	It	came	into	service	in	1982	and	the	last	unit	was	produced	in	2003.[1]	History	The	5ESS	came	to	market	as	the	Western	Electric	No.	5	ESS.	It	commenced	service	in	Seneca,	Illinois	on	March	25,	1982,	and	was
destined	to	replace	the	Number	One	Electronic	Switching	System	(1ESS	and	1AESS)	and	other	electromechanical	systems	in	the	1980s	and	1990s.	The	5ESS	was	also	used	as	a	Class-4	telephone	switch	or	as	a	hybrid	Class	4/Class	5	switch	in	markets	too	small	for	the	4ESS.	Approximately	half	of	all	US	central	offices	are	served	by	5ESS	switches.	The
5ESS	was	also	exported,	and	manufactured	outside	the	US	under	license.[citation	needed]	The	5ESS–2000	version,	introduced	in	the	1990s,	increased	the	capacity	of	the	switching	module	(SM),	with	more	peripheral	modules	and	more	optical	links	per	SM	to	the	communications	module	(CM).	A	follow-on	version,	the	5ESS–R/E,	was	in	development
during	the	late	1990s	but	did	not	reach	market.	
Another	version	was	the	5E–XC.[citation	needed]	The	5ESS	technology	was	transferred	to	the	AT&T	Network	Systems	division	upon	the	1984	breakup	of	the	Bell	System.	The	division	was	divested	by	AT&T	in	1996	as	Lucent	Technologies,[2]	and	after	becoming	Alcatel-Lucent	in	2006,[3]	it	was	acquired	by	Nokia	in	2016.[4]	The	5ESS	switch	is	still	in
widespread	use	in	the	public	switched	telephone	network	(PSTN)	in	the	United	States	and	elsewhere,	but	they	are	being	replaced	with	more	modern	packet	switching	systems.	5ESS	switches	in	service	in	2021	also	included	several	operated	by	the	United	States	Navy.[5]	Architecture	The	5ESS	switch	has	three	main	types	of	modules:	the
Administrative	Module	(AM)	contains	the	central	computers;	the	Communications	Module	(CM)	is	the	central	time-divided	switch	of	the	system;	and	the	Switching	Module	(SM)	makes	up	the	majority	of	the	equipment	in	most	exchanges.	The	SM	performs	multiplexing,	analog	and	digital	coding,	and	other	work	to	interface	with	external	equipment.
Each	has	a	controller,	a	small	computer	with	duplicated	CPUs	and	memories,	like	most	common	equipment	of	the	exchange,	for	redundancy.	Distributed	systems	lessen	the	load	on	the	Central	Administrative	Module	(AM)	or	main	computer.[citation	needed]	Power	for	all	circuitry	is	distributed	as	–48	VDC	(nominal),	and	converted	locally	to	logic	levels
or	telephone	signals.[citation	needed]	Switching	Module	Each	Switching	Module	(SM)	handles	several	hundred	to	a	few	thousand	telephone	lines	or	several	hundred	trunks	or	combination	thereof.	Each	has	its	own	processors,	also	called	Module	Controllers,	which	perform	most	call	handling	processes,	using	their	own	memory	boards.	
Originally	the	peripheral	processors	were	to	be	Intel	8086,	but	those	proved	inadequate	and	the	system	was	introduced	with	Motorola	68000	series	processors.	The	name	of	the	cabinet	that	houses	this	equipment	was	changed	at	the	same	time	from	Interface	Module	to	Switching	Module.[citation	needed]	Peripheral	units	are	on	shelves	in	the	SM.	
In	most	exchanges	the	majority	are	Line	Units	(LU)	and	Digital	Line	Trunk	Units	(DLTU).	
Each	SM	has	Local	Digital	Service	Units	(LDSU)	to	provide	various	services	to	lines	and	trunks	in	the	SM,	including	tone	generation	and	detection.	
Global	Digital	Service	Units	(GDSU)	provide	less-frequently	used	services	to	the	entire	exchange.	The	Time	Slot	Interchanger	(TSI)	in	the	SM	uses	random-access	memory	to	delay	each	speech	sample	to	fit	into	a	time	slot	which	will	carry	its	call	through	the	exchange	to	another	or,	in	some	cases,	the	same	SM.	T-carrier	spans	are	terminated,
originally	one	per	card	but	in	later	models	usually	two,	in	Digital	Line	Trunk	Units	(DLTU)	which	concentrate	their	DS0	channels	into	the	TSI.	These	may	serve	either	interoffice	trunks	or,	using	Integrated	Subscriber	Loop	Carrier,	subscriber	lines.	Higher-capacity	DS3	signals	can	also	have	their	DS0	signals	switched	in	Digital	Network	Unit	SONET
(DNUS)	units,	without	demultiplexing	them	into	DS1.	Newer	SM's	have	DNUS	(DS3)	and	Optical	OIU	interfaces	(OC12)	with	a	large	amount	of	capacity.	
SMs	have	Dual	Link	Interface	(DLI)	cards	to	connect	them	by	multi-mode	optical	fibers	to	the	Communications	Modules	for	time-divided	switching	to	other	SMs.	These	links	may	be	short,	for	example	within	the	same	building,	or	may	connect	to	SMs	in	remote	locations.	Calls	among	the	lines	and	trunks	of	a	particular	SM	needn't	go	through	CM,	and
an	SM	located	remotely	can	act	as	distributed	switching,	administered	from	the	central	AM.	Each	SM	has	two	Module	Controller/Time	Slot	Interchange	(MCTSI)	circuits	for	redundancy.	In	contrast	to	Nortel's	DMS-100	which	uses	individual	line	cards	with	a	codec,	most	lines	are	on	two-stage	analog	space-division	concentrators	or	Line	Units,	which
connect	as	many	as	512	lines,	as	needed,	to	the	8	Channel	cards	that	each	contain	8	codecs,	and	to	high-level	service	circuits	for	ringing	and	testing.	Both	stages	of	concentration	are	included	on	the	same	GDX	(Gated	Diode	Access)	board.	Each	GDX	board	serves	32	lines,	16	A	links	and	32	B	links.	Limited	availability	saves	money	with	incompletely
filled	matrixes.	The	Line	Unit	can	have	up	to	16	GDX	boards	connecting	to	the	channel	boards	by	shared	B	links,	but	in	offices	with	heavier	traffic	for	lines	a	lesser	number	of	GDX	boards	are	equipped.	
ISDN	lines	are	served	by	individual	line	cards	in	an	ISLU	(Integrated	Services	Line	Unit).	Administrative	Module	The	Administrative	Module	(AM)	is	a	dual-processor	mini	main	frame	computer	of	the	AT&T	3B	series,	running	UNIX-RTR.	AM	contains	the	hard	drives	and	tape	drives	used	to	load	and	backup	the	central	and	peripheral	processor	software
and	translations.	Disk	drives	were	originally	several	300	megabyte	SMD	multi-platter	units	in	a	separate	frame.	Now	they	consist	of	several	redundant	multi-gigabyte	SCSI	drives	that	each	reside	on	a	card.	Tape	drives	were	originally	half	inch	open	reel	at	6250	bits	per	inch,	which	were	replaced	in	the	early	1990s	with	4	mm	Digital	Audio	Tape
cassettes.	The	Administrative	Module	is	built	on	the	3B21D	platform	and	is	used	to	load	software	to	the	many	microprocessors	throughout	the	switch	and	to	provide	high	speed	control	functions.	It	provides	messaging	and	interface	to	control	terminals.	The	AM	of	a	5ESS	consists	of	the	3B20x	or	3B21D	processor	unit,	including	I/O,	disks,	and	tape
drive	units.	Once	the	3B21D	has	loaded	the	software	into	the	5ESS	and	the	switch	is	activated,	packet	switching	takes	place	without	further	action	by	the	3B21D,	except	for	billing	functions	requiring	records	to	be	transferred	to	disk	for	storage.	Because	the	processor	has	duplex	hardware,	one	active	side,	and	one	standby	side,	a	failure	of	one	side	of
the	processor	will	not	necessarily	result	in	a	loss	of	switching.	Communication	Module	The	Communications	Module	(CM)	forms	the	central	time	switch	of	the	exchange.	5ESS	uses	a	time-space-time	(TST)	topology	in	which	the	Time-Slot-Interchangers	(TSI)	in	the	Switching	Modules	assign	each	phone	call	to	a	time	slot	for	routing	through	the	CM.
CMs	perform	time-divided	switching	and	are	provided	in	pairs;	each	module	(cabinet)	belonging	to	Office	Network	and	Timing	Complex	(ONTC)	0	or	1,	roughly	corresponding	to	the	switch	planes	of	other	designs.	Each	SM	has	four	optical	fiber	links,	two	connecting	to	a	CM	belonging	to	ONTC	0	and	two	to	ONTC	1.	Each	optical	link	consists	of	two
multimode	optical	fibers	with	ST	connectors	to	plug	into	transceivers	plugged	into	backplane	wiring	at	each	end.	CMs	receive	time-multiplexed	signals	on	the	receive	fiber	and	send	them	to	the	appropriate	destination	SM	on	the	send	fiber.	Very	Compact	Digital	Exchange	The	Very	Compact	Digital	Exchange	(VCDX)	was	developed	with	the	5ESS-
2000,	and	marketed	to	mostly	non-Bell	telephone	companies	as	an	inexpensive,	effective	way	to	offer	ISDN	and	other	digital	services	in	an	analog	switching	center.	This	avoided	the	capital	expense	of	retrofitting	the	entire	analog	switch	into	a	digital	one	to	serve	all	of	the	switch's	lines	when	many	wouldn't	require	it	and	would	remain	POTS	lines.	An
example	would	be	the	(former)	GTE/Verizon	Class-5	telephone	switch,	the	GTD-5	EAX.	Like	the	Western	Electric	1ESS/1AESS,	it	served	mostly	medium	to	large	wire	centers.	The	standalone	VCDX	was	also	capable	of	serving	as	a	switch	for	very	small	wire	centers	(a	CDX-	Community	dial	office)	of	fewer	than	~400	lines.	However,	for	small	wire
centers,	400-4000	lines,	that	function	was	usually	served	by	RSM's,	a	5ESS	"Remote	SM",	ORM's	or	Wired	ORM's.	The	RSM	is	controlled	by	T1	lines	connected	to	a	DLTU	unit.	The	first	2	T1's	are	the	control	of	the	RSM	and	are	necessary	for	any	Recent	Changes	to	take	place.	RSM's	can	have	up	to	10	T1's.	There	can	be	multiple	RSM's	in	an	office.	An
ORM	can	be	fed	via	direct	fiber	or	via	coax	thus	called	Wired	ORM's.	
An	RSM	or	ORM	can	have	many	of	the	same	peripheral	units	that	are	part	of	a	full	5ESS	switch.	An	RSM	has	a	limited	distance	and	can	serve	parts	of	a	larger	metro	area	or	rural	offices.	An	ORM	or	wired	ORM	can	be	anywhere	technically,	and	preferred	over	the	RSM	once	the	ORM	became	available.	Both	the	RSM	and	ORM	is	often	used	as	a	Class-5
wire	center	for	small	to	medium	towns	hosted	from	a	5ESS	located	in	a	larger	city.	The	Wired	ORM	is	connected	via	coax	from	a	MUX	unit	and	fed	to	a	TRCU	which	converts	the	coax	to	connection	to	the	DLI,	There	was	also	a	two-mile	ORM	that	was	used	when	an	office	was	broken	out	or	took	an	area	from	another	office.	The	distance	on	this	was	2
miles	from	a	host	office	and	fed	direct	via	fiber.	As	with	any	SM,	the	size	is	dictated	by	the	number	of	time	slots	needed	for	each	peripheral	unit.	ORM's	are	linked	with	DS3,	RSM's	are	linked	with	T1	lines.	The	VCDX	was	also	used	as	a	large	private	branch	exchange	(PBX).	Small	communities	of	less	than	400	lines	or	so	were	also	provided	with	SLC-96
units	or	Anymedia	units.	The	standalone	VCDX	has	a	single	Switching	Module,	and	no	Communications	Module.	Its	Sun	Microsystems	SPARC	workstation	runs	the	UNIX-based	Solaris	(operating	system)	that	executes	a	3B20/21D	processor	MERT	OS	emulation	system,	acting	as	the	VCDX's	Administrative	Module.	The	VCDX	uses	the	CO's	normal
telephone	power	sources	(which	are	very	large	uninterruptible	power	supplies),	and	has	connections	to	the	CO	Digital	cross	connect	system	for	T1	access,	etc.	Signaling	The	5ESS	has	two	different	signaling	architectures:	Common	Network	Interface	(CNI)	Ring	and	Packet	Switching	Unit	(PSU)-based	SS7	Signaling.	Software	The	development	effort
for	5ESS	required	five	thousand	employees,	producing	100	million	lines	of	system	source	code,	mostly	in	the	C	language,	with	100	million	lines	of	header	files	and	makefiles.	Evolution	of	the	system	took	place	over	20	years,	while	three	releases	were	often	being	developed	simultaneously,	each	taking	about	three	years	to	complete.	The	5ESS	was
originally	U.S.-only	and	the	international	sales	resulted	in	a	complete	development	system	and	team,	in	parallel	to	the	U.S.	version.	The	development	systems	were	Unix-based	mainframe	systems.	There	were	around	15	of	these	systems	active	at	the	peak.	There	were	development	machines,	simulator	machines,	and	build	machines,	etc.	Developers'
desktops	were	multi-window	terminals	(versions	of	the	Blit	developed	by	Bell	Labs)	until	the	mid	1990s,	when	Sun	workstations	were	deployed.	Developers	continued	to	login	into	the	servers	for	their	work,	using	X11	on	their	workstations	as	a	multi-window	environment.	Source	code	management	was	based	on	SCCS	and	utilized	"#feature"	lines	to
separate	source	code	between	releases,	between	features	specific	to	US	or	Intl,	and	the	like.	
Customisation	around	the	vi	and	Emacs	text	editors	allowed	developers	to	work	with	the	appropriate	view	of	a	file,	hiding	the	parts	that	were	not	applicable	to	their	current	project.	The	change	request	system	used	the	SCCS	MR	to	create	named	change	sets,	tied	into	the	IMR	(initial	modification	request)	system	which	had	purely	numeric	identifiers.
An	MR	name	was	created	with	subsystem	prefix,	IMR	number,	MR	sequence	characters,	and	a	character	for	the	release	or	"load".	So,	for	the	gr	(generic	retrofit)	subsystem,	the	first	MR	created	for	the	2371242	IMR,	destined	for	the	'F'	load,	would	be	gr2371242aF.	The	build	system	used	a	simple	mechanism	of	build	configuration	that	would	cause
makefile	generation	to	occur.	The	system	always	built	everything,	but	used	checksum	results	to	decide	if	a	file	had	actually	changed,	before	updating	the	build	output	directory	tree.	This	provided	a	huge	reduction	in	build	time	when	a	core	library	or	header	was	being	edited.	
A	developer	could	add	values	to	an	enum,	but	if	that	did	not	change	the	build	output,	then	subsequent	dependencies	on	that	output	would	not	have	to	be	relinked	or	libraries	built.	OAMP	Main	article:	Operations,	Administration,	Maintenance	and	Provisioning	The	system	is	administered	through	an	assortment	of	teletypewriter	"channels",	also	called
the	system	console,	such	as	the	TEST	channel	and	the	Maintenance	channel.	Typically	provisioning	is	done	either	through	a	command	line	interface	(CLI)	called	RCV:APPTEXT,	or	through	the	menu-driven	RCV:MENU,APPRC	program.	RCV	stands	for	Recent	Change/Verification,	and	can	be	accessed	through	the	Switching	Control	Center	System.
Most	service	orders,	however,	are	administered	through	the	Recent	Change	Memory	Administration	Center	(RCMAC).	In	the	international	market,	this	terminal	interface	has	localization	to	provide	locale-specific	language	and	command	name	variations	on	the	screen	and	printer	output.	See	also	PRX	(telephony)	–	an	earlier	switch	acquired	by	AT&T	in
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