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1. GENERAL

1.0 1 This section provides a gene ral description of
network switching engineering princip les for

the cent ral processo r of t he No. 1A ESS switch. In­
clud ed in t his section is a discu ss ion of t he organ iza­
tion of the stored program and t he concepts
app licable to t he dete rmi nation of the call-processing
capacity of a No. 1A ESS switch. Th is sect ion supple­
ments Section 231-062-410 an d Sect ion 231-062-420
which desc r ibe precutover and postc utover call ­
processi ng capacity esti mation methods resp ecti vely.

1.02 . This sect ion is being reissued to in clude the
add ition of Im proved Over load Strategy (IOS )

a nd Essential Service Protection (ESP) as well as t he
la test processor ca pacity determinat ion mode ls. Re­
vision arrows are used to emp hasize significa nt
cha nges.

1.03 Part 2 of t his sect ion conta ins a descr ip t ion of
t he hardware components of t he cent ral pro­

cesso r community and a general discussion of real ­
t ime util izati on in th e No. 1A ESS swit ch.•

1.04 Part 3 descr ibes t he organizat ion of stored
prog ram contro l, including program struc­

t ure, wit h emp hasis on t he concepts of prog ram hier ­
archy, a nd scheduling.

1.05 Part 4 of this sect ion contains discussions of
var ious enginee r ing consider a tions applicabl e

to determining t he ca ll processing capacity of a No.
1A ESS switch.

1.06 References in t his sect ion to methods , plan­
ning, data requ ir ements, se rv ice levels, an d

equipment quantit ies a re based on Am erican Tele­
phone an d Telegraph Company recomm endati ons.

1.0 7 Th e t itle for eac h figur e includ es a number(s)
in parent heses which identifies th e para­

gr aph (s) in which th e figu re is re ferenced.
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2.01 Th e central processor community of t he No.
1A ESS sw itch is a stored prog ram control

sys te m (SPCS) . Thi s system employs memor y unit s
for stor ing instr uct ions a nd data and a logic unit
whic h monitors an d contro ls peripheral equipme nt.
Th e logic unit exerc ises its cont rol t hrough a set of
operations dicta te d by a seq uence of pr ogram in­
structions. Th e cent ra l pro cesso r commu nity (Fig. 1)
cons ists of a 1A pr ocessor, program store s, ca ll stores
(duplicate d an d und uplicated), fi le stores (disk
uni t s ), and an auxiliary data syst em (tap e units).
Begi nning with gener ic 1AE 7, t he file sto res are re­
placed by t he auxilia ry processor sys tem (APS ) in
new-start off ices and l A pro cessor retrofits. Th e cen ­
tra l processor community also includes th e system
cont rols (mas te r control center an d input-out put ter­
minals), th e processor peri phera l inter face fra me,
and t he power convers ion and distr ibu ti on fr ame
(neither of which is shown on Fig. 1).

2.02 Inpu t informat ion for t he l A pr ocessor is pro-
vided by scanning var ious points in t he pe­

ri ph era l syste m. These poin ts includ e lin es, trunk s,
and receivers. The scanners a re di rected periodica lly
to scan t he lin es to detect service requests, th e trunks
to det ect incom ing ca lls, and th e receive rs for detect ­
ing dialed digi t s and ot her control in formati on . Th e
process of collecting th is input inform ation in volves
peri odic sca nning and th e recording of resul t s of
t hese scans in tempor ary (duplicated call store)
mem ory.

2.03 Th e signal distr ibutor (SD) operates in re-
verse of the scanner. It is connected to t he va r­

ious points in t he peri pheral syste m whe re act ions
mu st be cont ro lled by th e processor . Th e processor
can di rect (address) th e SD to a parti cular te rmina l
to prepare it for receip t of an exec ution signal. At a
later time, t he processor can add ress th e SD to send
t he executio n signal.

CENTRAL PROCESSOR

2.04 Th e No.1 A !·:SS switc h contai ns two identi ca l
processors Ccn t ra l Control (CC) 0 and Cen­

t ra l Contro l (CC' 1 TI1l' t wo processors are contained
in a single, dou ble-hav fr ame, G feet 6 inches wide :
each bay contai ns one pro cessor .

2.05 Bot h processors oper a te simultaneously . One.
ca lled t he act ive processor , cont rols th e off ice,
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while th e other, call ed th e standby processor, decode s
th e same instructions as the active proc essor, but
does not perform any control actions. If the active
and stan dby pr ocessors decode an instruction differ­
ently, an interrupt occurs, and a fault recognition
program is call ed in to determine which one of the
processors is malfunctioning and should be switched
out of service. When the active processor is switched
out of service, the standby processor becomes active,
and diagnostic procedures are instituted to deter­
mine the location of the malfunction. After the mal­
function is corrected, the corrected processor
assumes standby status.

2.06 The processor is t he primary data processing,
controlling, timing, logic, and arithmetic unit

of th e central processor community. It receives in­
puts (from line, trunk, junctor, or master scanners),
initiates (via the central pulse distributor and the
signal distributor) the sending of pulses which estab­
lish and supervise network connections, and detects
and analyzes faults, using the program instructions
contained in program store. It is a word-organized,
24-bit data processor with a cycle time of 700
nanoseconds (0.7 microseconds).

MEMORY

2.07 The memory units contained in the central
processor community include: program stores,

.call stores (duplicated and unduplicated), file stores
or the APS, and an auxiliary data system.•

2.08 The program store is a read/write memory
uni t containing most of the generic program

which controls the operat ion of the system.

2.09 Call stores have read / writ e capability , and are
divided into two categor ies (duplicated and

und uplicated), eac h wit h a specific funct ion:

(a) Duplicated call stores are used primarily for
the storage of transient data related to call

pro cess ing .

(b) Undupl icated call stores contain translation
information as well as some parameter infor­

ma tion.

2.10 Th e filc store is a medium-speed da ta storage
sys te m used for those sit uations in which a

longer access ti me will not adverse ly affect the high­
speed performance of the 1A processor. These situa­
tions include:
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(a) Backup of program stores (generic)

(b) Backup of undupl icated call stores (t ransla­
t ions)

(c) Primary storage for pr ograms such as diag­
nostics.

'2.11 .The APS will replace the file store system
start ing with the lAE7 generic program. The

APS has moving head disk s and slight ly larger disk
delay and pump-up time. This will result in a slightly
increased processor time for processor diagnostics
and recent changes. The APS is available only for ini­
tial offices and lA processor retrofits with the lAE7
gene ric .•

2.12 The auxiliary data system is a flexible, me­
dium speed, data storage system employing

magnetic tape units with the following applications:

(a ) Automatic message accounting (AMA)

(b) System reinitialization

(c) Program updating

(d) Pe riodic documentation

(e) Other administrative and maintenance rou­
tines.

PROGRAMS

2.13 The stored pr ogram for the No. lA ESS switch
cons t itutes the operating in telligence of the

sys te m. The stored program must perform switc hing
fun ct ions re liab ly a nd promptly. In additi on, th e
stored program must hav e the capab ility to recog nize
mal fun ct ions within the system, diagnose th e prob­
lem, and di rect cor rective action in such a way that
th e primary wor k of processing call s is not signifi­
cantly affected.

2.14 The pr ocessor of the No. lA ESS switch uses
an executive cont rol main progr am . Th is pr o­

gram, commonly refer red to as th e main program ,
coordinates all work , including inpu t a nd output
work, by dispensing contr ol to appropr ia te applica­
t ion progr am s. Eac h appli cation program perform s
a specific type of work ca lled a task. Input and output
work involves application program s which receive or
transmit infor mat ion to or from an exte r nal source.
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SECTION 231-062-400

The dispensing of control by the main program is re­
ferred to as transferring to , or ca lling, an application
pr ogram. This is accomplished according to a sched­
ule, al so encoded in memory, which defines th e order
(whe n and how often ) in whi ch t he a pplicat ion pro­
gra ms should be called . Th e exec ut ion of all neces­
sa ry programs in the schedul e during a particular
pass through the schedule is call ed a schedule cycle
or main pr ogram cycle.

2.15 Th e No. lA ESS switc h employs a form of
multiprogramming. During th e execut ion of

an a pplicat ion program, th e a pplica t ion program re­
turns (t r ans fe rs) cont rol to the main program when
t he work is completed, or whe n it can do no more
until it receives th e result of some input or out put
opera t ion. Execution of th e init ia l a pplica t ion pr o­
gram cont inues whe n t he desired input is mad e avai l­
a ble (or th e desired output is compl eted ) by ot he r
ap plication pr ogram s call ed in by t he main program.
Thi s process of seemingly perform ing man y opera­
t ions at once by in terlea ving th em is ofte n referred
to as m ultip r ogrammin g, an d t he t ime spent in a
pa rticu la r ap plication pr ogra m before it t r ans fer s
control s to t he main progra m is referred to as a time
segment.

2.16 To give see ming ly instantan eous response to
input, cont ro l can be tran sferred from a pr o­

gram performing some less crit ica l function to a pro­
gram t hat mu st deal with a sit uation with a higher
priority. This transfer pr ocess is referred to as an
interrupt. Time is divided into time slot s, and at t he
end of a time slot, t he processor will in ter ru pt th e
current program and give control to anothe r pro­
gram.

REAL TIME AND PROCESSING CAPACITY

2.17 Th e organ iza t ion of t he progra m of t he No. l A
ESS switch is in fl uenced by the fact that it

must ope ra te in real tim e . That is, the pr ogram
must respond prompt ly to sign a ls a nd data submit ­
ted to it by custome rs and other switching systems.
Fai lure to do so may result in improper hand ling of
ca lls and a genera l degrada t ion of service. For exam­
ple, failu re to det ect d ia led digi ts ma y result in di­
rect ing a call to a wrong number, or failur e to
outpul se digi ts to anothe r office will cause the ot he r
office to retu rn overflow tone to t he ca lling subscr ib­
er. Delays in perfo rm ing some program tasks have
more im pact on t he quali ty of ser vice rendered t han
others. Ther efore, all progra m tasks arc organized
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into a hierarchy of exec ut ion; some tasks are exe ­
cuted on a strict schedule, while others may be de­
layed wit hout s ignificant adve rse effe cts on th e
se rv ice rendered.

2.18 . Anot her mor e import an t use of the te r m real
t ime relates to th e ava ila bility and use of pr o­

cessor cycles . Th e ba sic pr ocessor unit of measure­
men t used to describe the time required to exec ute a n
instructi on is call ed a processor cycle. Th e ba se pro­
cessor cycle time in a No. l A ESS switc h is 700
nan oseconds. To exec ute a spec ific program in struc­
ti on , a fixed amount of pr ocessor cycles a re expende d;
th e mor e complex th e instru ction to be exec ute d, t he
more processor cycles are requ ir ed to complete th e
instru ction . The relati ve complex ity of t he task to be
pe rfo r med by th e pr ogram can best be measured by
th e num ber of pr ocessor cycles required to pr ocess
t he task.

2.19 Genera llv speaki ng. to ta l rea l t ime may be
segmented in to t he follow ing categor ies :

• Ca ll processing wor k

• Overhead wor k

• Fill work.s

3. PROGRAM PHILOSOPHY AND ORGANIZATION

GENERAL

3.01 Th e stored program for the No. lA ESS switc h
constit utes th e operating intelligence of t he

sys te m. The stored program mu st direct switchi ng
funct ion s reliably and promptly, require minima l
mem ory space and exec ut ion tim e, and accommodate
off ice gro wt h easily. In addit ion, th e store d pr ogram
mu st have the cap a bil ity to recognize ma lfunc tio ns
within t he system, diag nose th e pro blem, and dictate
cor rect ive ac ti ons in such a wav t ha t th e prima ry
work of processing calls is not s igni fica nt ly a ffec ted .

3.02 t The stored prog ram is conside re d g eneric in
the sense tha t t he inst ruct ions which control

t he ope ra t ion of t he system a re the same for anv of­
fice with th e same ge ne ric prog ram and selected fea ­
tu res . Spec if ic equipment qu a ntities, subscr iber
features, rout ing patterns, etc, which a re uniq ue to a
particu la r office, are looked up in separate tabl es
(t ranslat ion s a nd pa ramet ers ) and a re not embedd ed
in t he program it self. Therefore, du r ing of'f'ic e

..
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gr owth, the centra l pr ocessing community is abl e to
recogniz e equipment add itio ns and new subscriber
lines by changes in the translation and parameter
tab les and updates in the call sto re to accommodate
the additional demand. No modifications to the exist­
ing generic pr ogr am are required.

3 .03 Historically, th e generic program of the No.
1A ESS switch has undergone modifications

which affect the call proces sing capacity of the sys ­
tem. These modifications include new feature capa­
bility and improved programming and scheduling
strategies. Furthermore, effec tive with generic pro­
gram 1AE4, it is possible to "customize" the generic
program selected for an office using the concept of
feature loading. Feature loading is a concept whereby
certain features of the generic program are desig­
nated as "base" and are required for all offices using
the No. 1A ESS switch, whil e others are obtained via
"feature groups" which are optionally loaded, based
on the particular needs of the off ice. Feature loading
differs significantly from previous programs which
required that all featu res offered be installed in all
offices with the same issue of a generic program,
whether required or not.

CATEGORIES OF WORK AND PROGRAMS.

3 .04 The total amount of time uti lized by a 1A pro­
cessor ca n be divided into one of the four fol­

lowing classifications.

(1) Fixed overhead is th e time used by the pro-
cessor which is independ ent of the amount of

traffic (number and type of calls), th e amo un t of
equi pment , and memory conf iguration. Examples
of tas ks included in fixed over head are: basic logic
time ut ilized by the ma in program schedule, and
time utilized to increment certa in standard t raffic,
network maintenan ce, or admi nistrative measure­
ment counters.

(2 ) Var ia bl e o verhead is the time ut ilized by
functions which are constant for a particular

No. l A ESS switch but may vary office to office
dependen t upon equipment conf iguration. An ex­
ample of variabl e overhead time is time uti lized
for scanning line or t runk equipments.

(3) Call proces s ing is the t ime uti lized by all
tasks whi ch a re generated by the call load on

the office. When th ere is no dema nd for service,
there is no requirement for call-processing time.
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Thu s, ca ll-p rocessi ng t ime required is compl etely
dependent on th e offered load.

(4) Fill is that amount of time wh ich rema ins
after a ll t he above classifica t ions (fixed an d

var iab le overhea d, and call processing ) have been
satisfied. During fill time, deferrable tasks such as
audits are performed.

SCHEDULING

3 .05 . The 1A processor opera tes within it s pro-
gram hierarchy to use its tim e among the four

basic classifications of use described in paragraph
3.04. Figure 2 illustrates the overall plan of base-level
programs (interject and A through E) and the inter­
rupt programs (A through F and Hand J) . Table A
presents the source condit ions for the interrupt lev­
els for No. 1A ESS switch!'.' .

3.06 All base-level programs are controlled by the
executive control main program. The inter­

rupt levels and their associated programs are ar­
ranged in a hierarchy of ten (in descending
alphabetical order).

3 .07 The call pr ocessing function of the processor
is associated mainly with the J -level interrupt

and base level (L). Th e No. lA ESS switch, un like the
No.1 ESS switch, does not follow a predetermined
or der for base-level program execution. The No. 1A
ESS switch has refin ed and enlarged the des ign of
base-level progr ams. Th e base-level fr equency
clas ses are ret ain ed ann remain internally intact
fr om a fun ctional viewpoint. However, th e method of
visi t ing the classes is changed. In general, a given
class is not entered unless a flag has been set by a J ­
level routine to execute th at parti cular class or job.
This results in performing or looking for work "only
when it is time to do so." See Section 231-045-000 for
more deta ils on proc essor operation. See Secti on 231 ­
061-400 for a descr ipt ion of hierarchy of visitation of
the No.1 ESS switch, for comparison.•

3.08 Input work involves th e detect ion of inputs
(such as on-hooks, off-hooks, and dig it pu lses)

via th e per ipheral equipment scan ners, and reporting
the occurrence of these inputs to call processing pro­
grams. Out put work involves th e t ra nsm ission of out ­
put information, ofte n in th e for m of requests for
equipment relay actions from other pr ograms (such
as call processing ) to th e periphera l equipment. Th e
deferrable (base level ) progr ams process da ta which
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are a lre ady regi ster ed in the system and, on thi s ba­
sis, a re not as cr it ica l with respect to real time as
nondeferrable programs.

3.09 Th e exec ution of t he steps necessary for ca ll
processing is under t he direc tio n of the execu­

t ive contro l (main) program. Input work (scanning of
lines and t runks) is sc heduled at a vari ab le interval
in relationship to the offe red load. Figure 3, di scussed
later in greater detail , de picts t he tasks assoc ia ted
with in pu t/ou tpu t and ca ll-process ing which may be
included in a main pr ogram cycle. Th ese tasks, en­
te red a t t he J-level interrupt, include high pr iority
t runk sca ns , base-leve l work (ca ll processing), addi­
t iona l lin e and trun k scans, and fill wor k. Figure 3
also depict s t he change in t he scan interval of lines
and t r unks, as t he offered load increases. During pe­
riods of a very high volume of t ra ff ic (load), only th e
ma ndatory tasks (A-A I) may be performed wit h a
lin e scan int er val of 1000 ms and a t runk scan inter­
va l of 200 ms. The tasks, depict ed in F ig. 3, are ar­
ran ged in descend ing orde r of prio rity.

3.10 A large number of per iph eral equ ipm ent
items must be mo nitored a t pr ecisely defin ed

inte rvals by inpu t-outpu t programs a t t he J level.
Two programming tec hn iques have bee n incor po­
rated in to t he sto red program t o sa tisfy the str ict
t iming requiremen t s:

(a) Th e indi vidual tasks performed by input/
output program s a re of relatively shor t dura­

ti on in compa r ison with t ask s performed in ba se
level.

(b) Bas e-l evel programs are perio dica lly in ter-
ru pted so t he system ca n t ransfer control to

t he J level for input / out pu t work. A clock inte r ­
r upt cont rol t rigge rs th e in t errupt sequencing cir ­
cuit every 5 mi lliseconds. Thi s allows th e cur re nt
ba se level instr uction to be completed, inhi bits t he
next instr uction, store s t he address of t he next in­
st r uction, and trans fers cont rol to th e J level. Th is
t ime -table inter rupt seh eme, for exa mple, ens ures
that d ia l pul se receiver s in volved in a ca ll are
sca nned for pulse dete ction at a l Ovmi llisecond
ra te. Wh en al l input/output work has been com ­
pleted , control is return ed to ba se level at th e poin t
at wh ich th e in terru pt occu r red .

3.11 A t th e begin ning of t he J -level interrupt (Fig.
3) in t he ma ndatory ra nge of tas ks is t he high­

priori ty trun k scan. Th is is rela ted to th e va r ia ble
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t r unk sca n, and is gi ven t his priori ty to ens ure t hat
th e trunk scan rate does not exce ed 200 milliseconds.

3.12 Next in th e orde r of pr ior it ies a re the base-
level pr ogram s. Most of t he nond efer r able

work performed in t he base level is ca ll processing
work in iti a t ed by input programs. Due to delay to ler­
ance of t he va r ious applicatio n programs, t he base
level tasks a re categor ized in to one of five classes,
design ated a, b, c, d, and e.

3.13 During peri ods of a low volume of tra ff ic, t he
va r ious base-level clas ses a re sched uled to

provi de a mi nimu m in ter val between successive exe­
cut ions of a pa rticula r task . These mi nimum int er ­
va ls are: class a, 10 milliseconds; cla ss b, 20
mill iseconds; class c, 40 mill iseco nds; cla ss d, 50
mi lliseconds; and class e, 100 mil lis econds. Thus,
when t raffic is light , t he rem aining rea l time is used
by t he processo r to sca n addit ional line s, trunks, and
to perform main ten an ce and adm inistrat ive (f ill)
t ask s.

3.14 During per iods of low t ra ff ic volum e, th e pro-
cess or time avai lab le a llows add it iona l line

sca nning (item B, Fig. 3), and lines in t he off ice will
be scanned once every 300 milliseco nds. Wh en proces ­
sor t ime pe r mi ts item C to be completed , a ll lin es in
t he off ice are sca nned every 200 millisecond s and a ll
trunks eve ry 100 milli seconds, wit h the exce ption of
oper ator trunks whi ch a re sca nned at a 50­
millisecond in terval.

3.15 Th e scheduling of programs util izes t he fol ­
lowin g concepts to ac hieve the ca ll processin g

design objective:

(a) Fixed minim um interva l between ba s e­
level cla s s exe cution r a te s - to ach ieve

maxim um addit iona l sca nning an d ma int en ance
activities durin g perio ds of low t raffi c.

(b ) Variable lin e and trunk sca n-to main­
tain bal anc e between these tasks and t he ca ll

processing ca pa bility .

(c ) High priority trunk sca nning an d line
scann ing-to ensure a minimum lin e and

t runk scan interva l.

3.16 A fixed amount of overhead per cla ss visit is
spen t scanni ng hop pers, queues, etc , for wor k

during per iods of low volume of t raffic. As t he t ra ffie

..
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volume increases, more work is found in each class,
there fore more tim e is spent in each class. During
peak loads, a limi tat ion on the number of originating
an d incoming ca lls per ma in program cycle is im­
posed, which reduces the work to be processed per
class visit, t hus reducing the ti me spent in each clas s.
As class intervisit ti mes decrease, due to less work
per class, th e tra ff ic allowed into the system in­
creases; thus, pr oducing a self-regula ting control
mechanism or dynamic pr ocessor equilibrium.

4. ENGINEERING CONSIDERATIONS

GENERAL

4.01 The primary goal of processor traffic engi-
neering is to realize the maximum number of

main stations and/ or t runks, with given calling char­
acterist ics, that can be handled by th e processor
without exceeding serv ice constraints placed upon
th e system.

4 .02 The call proces sing cap acity (hereafter
referred to as capacity) of the processor is the

maximum number of or iginating plus incoming (0 +
1) call s which the processor can process in some fixed
inte rval of real time whi le all service cri teria, such as
dia l-tone delay ha ve been satisfied. The fixed interval
of t ime used in capacity estimation is the peak hour.
The capacity of a processor also may be defined as th e
number of calls which th e processor can proce ss as
spa re real time approaches zero (tha t is, as spare real
ti me is exha usted). Thi s level of capaci ty is expressed
as a per centage term ed 100 percent occupancy. Be­
yond this level, t he processor can st ill process calls ,
but se rvice cr ite r ia may not be met ; if service cr ite r ia
cannot be met, the pr ocessor is sa id to be over loaded.

4.03 The projected or forecasted main station and
trunk call volumes (types and mixes ) for a

control group may exceed the capacity of t he proces­
sor. In this case, consideration must be given to
changing the offi ce call and equipme nt mix by mov­
ing some types of traffic (coin, etc) to anoth er switch­
ing entity, res tric ting t raffic, or es tablishing a new
cont rol group.

4 .0 4 Service criteria have been establis hed provid-
ing a standard measu rement of system perfor­

ma nce, as discussed in Section 231-060-100. As with
all t ra ffic (load) sens it ive components, th e selection
of ser vice objec tives for processors is the result of
adjustments balancing customer performance re-
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quire ments and the economics of achieving specific
service objectives.•The maj or service objective that
lim its processor cap acity is a ma ximum of 20 percen t
dia l-tone delay gr eater th an 3 seconds in the busiest
hour of the highest day of the year.•

4 .05 When the demand for service requires more
processor t ime tha n is avai lab le to process the

demand , pulses a re missed, an d ringing and recogni­
tion of trunk and line ser vice requests are delayed for
unacc eptable per iods. To avoid such a situat ion, over­
load controls are design ed into th e processor. When
it is determined that cer tain cons t raints are not
being met, the number of ser vice requests accepted
by t he processor is decreased until an equilibrium
point is reached . See paragraph 4.11 for a description
of lOS and ESP.

4.06 Although overl oad st rategies are not the sub­
ject of this document, they, in conjunction

with serv ice cr iteria, ha ve a maj or influence on the
program organizat ion.

INFLUENCING FACTORS

A. Types of Ca lls a nd Equipme nt

4.07 For a given office, the cap acity of the proces-
sor is dependen t upon the types and relative

pr opor tions of calls (aggregately refer red to as th e
ca ll mix) offered to the office, th e quantity and types
of lines and trunks , and the associated switc hing
equipment in the off ice.

4. 08 A major por t ion of real tim e is used for scan-
ning equipment for changes in state , ie, scan­

ning for line or igina t ions or disco nnects on exist ing
connections. The amount of ti me uti lized by t his
fun ct ion is directl y related to the amou nt of equ ip­
ment in the office. A n o v erpro vision of equip ­
m ent has an advers e e f f ec t on real-time
cap a ci ty ; thus, it is importan t that th e am o un t
o f equipm en t p ro vided be in h armony with the
total de s ign of th e office, par ticularly as a n
o f fice approaches r e al-time cap acity .

4 .09 The call mix offe red to an off ice determines
the average amount of real ti me that is uti ­

lized pel' call by the processor . The average tim e
spent per ca ll cor responds to th e slope of th e ca ll pro­
cessing line on Fig. 4. The average amount of real
ti me uti lized per ca ll is directly rela ted to t he number
of processor cycles that must be executed to process
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t he ca ll. In gen eral, t he mo re com plex t he ca ll t h e
greater t he num ber of processor cycles requ ired. The
fewer processor cycles required for the average ca ll,
t he g reater t he call capacity. This accou nts for t he
capacity di ff er ential between a n office se rving an
area wh ich co ns ists mainly of ce ntrex, co in, a nd othe r
more com plex se rvices, a nd a n off ice wh ich se rves a
primari ly res identia l a rea.

B. Generic Program

4.10 The ge neric progra m in s t a lled in a n office wi ll
a ffect the ca ll -processi ng capacity. The num­

ber of cyc les required fo r a pa r ti cul ar type ca ll is de­
penden t on t he program a nd m ay va ry from one issue
of t he ge ne ric progra m to t he next. . A h istory of ca ll
proc essi ng capacities of t he No . 1A ESS switch is
shown in Fig. 5. The capacities a re shown as ra nges
that cor res pond to some hypothetical , bu t real istic,
call mixes. T he real t im e im pact of optional features
is not reflected . The most s ignif ica n t im provemen t in
ca ll ca pacity occur red with t he in t rod uct ion of fa st
256K program store a nd ca ll st ore frames. The ca ll
ca pac ity improvement may onl y be obta ine d in a pure
community of fast 256 K ca ll stores . Se e Section 231­
062-473 for a detailed di scussion on fa st 256K stores.

4 .11 Starting with the 1A E6, Issu e 5B generic,
Improved Overload St r ategy (lO S) wi ll be

a va ilable in t he offices of t he No . 1A ESS switc h. The
lin e se rvicing strategy in t he No. 1A ESS switc h prior
to lOS is random -in-random-out (RIRO) with a
queue avai lable when t here a re no available cus to mer
d igi t r ecei vers (CDRs ) for d ial to ne service . Wi th t he
imple me ntation of lO S, a line se rvice request hopper
(LSRH) will be in st it u t ed in t he No. 1A E SS sw it ch .
'the lOS consists of Last -In-Fir st -Ou t (LIFO)
servicing of t he LSRH a nd t he elim ina t ion of t he
CDR queue. The lO S in t he No. 1A ESS switch main­
tains the lin e sca n rat e at a ma ximum in t erval of one
second. F igure 6 illustra tes a comparison of t he prob­
a bili t y of providing dial- t on e dela y at less t han t h ree
seconds under t he th ree cond it ion s, LIFO, f ir st in ­
fi rst out (F IF O ) (No .1 ESS swi tc h prior to lO S) and
RIRO. Incl ude d wit h lOS is pri ori tv se rv ice for esse n­
tia l lin es. Essential Se rvice Protection ( ESP) , t hat
provides dyna mi c and con tinuou s ove rload protecti on
and repl aces lin e load control. See Feature Documen t
Section 231-090-195 for more details on lOS/ESP.•

C. Network and Trunk Blocking

4.12 Net work block ing also ma y aff ect processor
ca pacity. Blocking crea tes excessive path
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hun t s, r esu lt ing in the use of mo r e real t ime to es tab­
lish ca lls . In additi on , excess ive a lt e rnate rout in g
reduces t he ca pac ity of the processor. Assum ing
proper traff ic eng ineer ing of bot h networks a nd
t runk groups, network blocking a nd a lternate rout ­
ing no rmally ha ve a small eff ect on processo r capaci ­
ty, a nd a re ign ored in t he processor capacity
estimat ion proced u res.

D. False Cross and Ground and Restore-Verify Tests

4.13 A fal se cros s and ground t est is made by t he
proc essor on new network paths to ch eck fo r

damagi ng vo ltages (fo re ig n poten ti a ls ). In addition,
t he processor makes a restore- veri fy t es t a fte r a lin e
d iscon nect s to ensure that t he conn ect ion between
the lin e and it s ferrod have been properly restored.
Both of t hese tes ts a re preventi ve mainten ance t ech ­
niques. They are not cons ide re d to be essent ia l during
a period of hi gh- tra ff ic volu me and a re tempora ri ly
suspende d as t he processor approaches it s ca ll ­
process ing ca pacity. Thi s has t he e ffect of red uci ng
the a ve rage work time pe r ca ll , ie, the num ber of pro­
cessor cyc les pe r cal l.

CALL PROCESSING CAPACITY ESTIMATION AN INTRO­

DUCTION TO ESTIMATION AIDS

A. Precutover Aids

4.14 . P recutover aids, al so referred to as mo del
methods, use mathematical mo de ls and us er

supp lied ca ll type, ca ll m ix, a nd eq u ipment da t a to
estimate t he ca ll processing ca pacity of a processor .
Precutover a ids ca n be used for in iti al off ice install a­
tion planni ng , for offices scheduled for gen eric
retrofi ts , a nd for in -service offices an ti cipating sub­
stantial amounts of add it ional equip ment or a ca ll
mi x di fferent from t hat cu r rently being se r ved . Com ­
pute rized precutover a ids exi st wh ich m in imize the
pos s ihi lity of ca lculation er rors, a nd a llow inves t iga­
tion of the effe cts of a lte rn a te ca ll m ixes (ofte n to re­
flect t he unce r t a in t ies of pred icti on s l. T hey a lso
allow for ease of upda te of int ernal coefficients fo r
new generI C progra ms.

4.15 For 1A processor precut over capac ity es tim a-
tion , manual met hod s are not av a ila ble. T he

GO CA LL CAP AC IT Y fun ct ion of the Cent ra l Of fice
Equipm ent Engin eering Syste m (COE ES) is t he
mechani zed tool available. T hi s method is descri bed
in Sect ion 2:31 -062-4 10.



B. Postcutover Aids

4 . 16 Postcutover aids, also refe r red to as meas ured
data an alysis meth ods, use measured data

from the processor of an in-service office to deter­
mine the call processing capacity of that processor.
Postcutover aid s are used for in-service office ulti ­
ma te capaci ty estimation when there is no signifi­
cant change contemplated in the call mix, t he
equipment relat ionsh ip, and the generic program
issue from that exist ing during t he data collecti on
periods. Postcutover aids are available in both a com­
puterized and manual version. The computerized ver­
sion reduces calcul ation errors, removes
unacceptable data, and reduces the amount of admin­
istrator work time that is required with the manual
method.

4.17 For the 1A processor estimation of ultimate
capacity, CAPFIT is the mechanized system

and C~'l:Tl :ln: is the manual procedure. The CAPFIT is
the more accurate method and is the preferred, rec­
ommended method, but is available only in those of­
fices with the Engineering and Administrative Data
Acquisition System/Network Operations Report
Generator System (EADAS/NORGEN). For those
offices without EADAS/NORGEN, the manual cal­
culation of CFlm:IIE must be used . The CAPFIT uses
half-hourly data collected for the entire day and in­
ternally produces a peak hour call capaci ty state­
ment. CFI:Tl :lU : requires the use of quarter-hour da ta
and produces a peak quar te r-hour call capacity state­
men t. The CAPFIT is available in the Stored Pro­
gram Cont rol System-Central Office Equipment
Reports (SPCS-COER). Both methods are discussed
in detail in Section 231-062-420.•

RECOMMENDATIONS AND DATA CONSIDERATIONS

A. Processor Occupancy

4.18 To measure the load on a processor of the No.
1A ESS switch, a meas urement called pro­

cessor occupancy has been developed and incor po­
rated on th e TC-15 output message format, as defi ned
in t he OM-6A001-01. Prior to 1AE4, this value is
stated as a 2-digi t number ; wit h 1AE4, this value is
expanded to include a decimal value, eg, 82.64. Pro­
cessor occupancy, expres sed in te rms of a percent, is
defi ned as the amount of t ime utilized in the manda­
tory range of tasks, divided by t he total t ime in the
real -ti me peri od. This value reflec ts the processor
real time ut ilized in relation to the total real tim e
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available, based on th e exist ing off ice configurat ion.
To illustrate, as the amount of time spe nt in the loop
A-AI t (F ig. 3) incr eases, less tim e is spent in the loop
AI -A.• When all ava ilable ti me is ut ilized by A-AI,
th e processor is at l OO-percent occupa ncy.

tB. Processor Busy Hour

4 .19 Data used in processor capacity estimation
should include the processor busy periods; the

period of highest per cent occupancy for the proces­
sor. Periods ofhighest percent processor occu­
pancy may not necessarily correspond to
periods of highest originating plus incoming
calls. This may be true when such call types as plain
old telephone serv ice (POTS), coin, tandem, centrex,
and bylink are served by the same office but have
noncoinciden t busy peri ods.

4.20 The data collection and validation used by
CAPFIT ens ures the inclusion of the processor

busy hour with the observat ion of man y hours. For
the C~'l:T I ' Il ~: ca lculat ion, the period of highest percent
processor occupancy and its corresponding 0+1 calls
must be used as explained in Section 231-062-420. It
is t he responsibility of th e network administrator to
furni sh this information.

4.21 For pr ecutover estimat ion, th e call mix corre-
spondi ng to th e busy hour wit h the highest 0 +

I calls may be used for initial office installations or
for grow th situations where the mix will change sig­
nificantly. In this case, ot her hours with different
call volumes and mixes should also be analyzed when
possible. For oth er growth situat ions using
precutover estimation aids , th e mixes corres ponding
to the known processor busy periods can be used.•

C. Quarter-Hour-to-Hour Conversion Factor

4 .22 t It is desirable to express the processor 0+
I call capacity of a cent ral office in terms of a

peak hour . When manu al capacity dete rmination
methods are used, the input data is pea k quar ter­
hour and the capacity is stated as pea k qua r ter -hour
capacity. In order to obtain peak-hour capacity out ­
put, the peak quarter-hour calls must be converted to
peak -hour calls.

4 .23 When it is necessary to make convers ions
fro m quarter-hour calls to peak hour ca lls, the

following exa mple illustrates th e calculation. If a
pr ocessor has a capacity of N calls in a quarter hour,
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it would see m that it has a capac ity of four t imes N
calls for th e hour . However , ca ll volume is generally
not uniformly distributed over th e four quarter hours
in an hour. Th a t is, there would never be four quarter
hours wit h exactly N ca lls each, whe re N ca lls are t he
max imum that ca n be handled in a quarter hour and
still satisfy serv ice cr ite r ia. Thus, the peak hour
cap acity is less than four t imes N ca lls .

4 .24 To compensate for t his problem, a quarter-
hour to hour conve rs ion factor is applied when

using CF1 :'ITln:. The peak-hour capac ity is es t imated by
mu lt ip lying t he peak quarter -hour est imate d cap ac­
ity by this conve rsion fa ctor. A method of ca lculating
thi s quarter-hour conversion factor from measured
ca ll volum e data for an in-ser vice off ice is descr ibed
in Section 231-062-420 .•

D. Peak Factor

4.25 To determine t he equiva lent Average Busy
Season (ABS) call pr ocessing capac ity fro m

t he peak-hour estimated capacity, a conve rsion fac­
tor is required.

4.26 Fo r an exist ing office, t he high day (HD)/ ABS
peak fa ct or is derived from data listed on t he

Off ice Count Data outpu t from COE R. .The da ta se­
lected should be obtained from t he pro cessor busy
hour.•

4.27 For an ini t ial offic e, data ga the red from an
off ice with similar cha racte rist ics may be

used. Wh en da ta are un available, an H D/ ABS peak
factor of 1.3 is recommended.

4.28 .To state t he peak-hour processor capacity in
terms of ABS calls, divide the peak -hour ca lls

by the HD / ABS pea k factor .•

E. Capacity Utilization

4.29 Capac ity uti lization is t he relat ionship of the
actua l (or expecte d) 0 + 1ca lls processe d to the

maximum number of 0 +1 calls which could be pro­
cesse d, meeting established service obj ecti ves. To
dete r mine t he per cent utilization of t he call­
pr ocessing capacity for an off ice, divide t he highest
. number of hourly 0 +1 ca lls pr ocessed (or expe cted
to be pr ocessed ) by the ultimate peak-hour ca ll capac­
ity and multiply by 100. Using postcutover data,
should th e resu lt differ greatly from th e precuto ver
uti lization figur e,. it is likely that th e ca ll mix of the

Page 10

offi ce diffe rs fr om th at used as input to th e
prec utove r capacity determination procedure. If t his
occurs, an analysis of the call mix should be
undertak en to resolve t he discrepancy.

.F. Cutover Capacity Recommendations

4.30 It is importan t that da ta used in estimati ng
t he ca ll capac ity of t he pr ocessor represent t he

true calling cha racte r istics of t he off ice. Th is is ex­
t re me ly cr it ical in t hose cases wher e a subs tantia lly
la rge portion of t he processor ca ll capac ity is ex­
pect ed to be utilized duri ng th e enginee ring interval.
Becau se of t he relative uncertain ti es and inaccura­
cies which are part of any data projection, guidelin es
rela t ing to proc essor loading for new offices (a nd
some growth jobs) have been established. Th ese
gu idel ines pr ovide a safet y ma rg in to minimize t he
poss ibility of overloading a processo r at cuto ver , or
shortly t hereafte r . Th ese guidelines, which vary by
office function are as follows:

• A loca l-only off ice is any end off ice which
serves no class 4 or higher switchi ng func ­
t ions a nd whe re tw ice the total t runk to
t ru nk j unctor CCS is less than 20 percent of
t he tot al trunk link net work CCS load. All
local off ices should be cut over wit h that
qua nt ity of main stations and trunks which
will ut ilize no more than 90 percen t of t he ca l­
culate d peak-hour processor ca ll capac ity.

• All ot her off ices, ie, those that serve a class
4 or highe r functio n or where twi ce the total
trunk to trunk ju ncto r CCS is 20 percent or
more of the total trunk link network CCS
load (loca l/tandem ), should be cut over with
that qua ntity of mai n stations or t runks
which will utilize no mor e than 80 percen t of
t he ca lculated peak-hour proc esso r call ca ­
pac ity.

4 .31 The same loading t hres ho lds discussed above
for init ia l offices are al so appl icabl e to large

growth ad ditions in cases whe re t here is doubt as to
t he applicability of t he data available. Th e growth
ad dition should be planned such that t he forecasted
pr ocessor utili zati on does not exceed t he recom­
mend ed per centages of processor capac ity uti liza ti on
discussed above for th e correspondi ng off ice ty pe.

4 .32 Th ere may be sit uations where enough confi ­
dence in the enginee r ing data exists to per mit



• t

.
r

initial cutovers or large growth additions to exceed
the recommended percentages of processor utiliza­
t ion. This may be possible where the. engineering
data can be compared to a similar working No. ' l A
ESS switch. However, due to the severe service im­
pact caused by an overloaded processor, this should
be done with extreme caution.

4.33 Once the cutover of the initial job or large
growth unit has been completed, and accurate
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machine data are available to permit validation of
processor call capacity, additional growth may be
planned to fully utilize the processor capacity. The
precutover call capacity forecast should be validated
by comparison with CAPFIT outputs when sufficient
data is available. Care should be exercised not to ex­
ceed the engineered main station capacity of other
machine components.•
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NETWORK INTERFACE A~I NISTR AT I VE INTERFACE

CO"""UNICATIONS CENTRAL PULSE SCANNER
BUS TRANSLATOR OISTRIBUTOR ANSWER
ADDRESS BUS ENABLE ADDRESS BUS
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t ~ t
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I I
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I
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I
,....--- OR --...,

FILE
STORE
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SYSTEI'I

Fig. 1-No. 1A ESS Switch-Processo r Community Block Diagram (2 .0 1)
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Fig. 2-No. 1A Processor Program Control Plan (3 .06)
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Fig. 3-No. 1A Processor Program Priority Structure (3 .10, 3 .12, 3.15)
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Fig. 4-No. 1A ESS Switch-Division of Total Real Time (4.09)
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"

,.

CALL CAPACITY* (PEAK CALLS/HOUR X 1000)

350r-------------------------------....,

300
WITH

FAST STORES

240 1AE 1 1AE5 1AE6

180

120
DEVELOPMENT

GOAL
60

0
1977 ' 78 ' 79 ' 80 '8 1 '82 ' 83 1984

* TYPICAL OFFICE SIZES AND BASE FEATURE CALL MIX ARE ASSUMED

Fig . 5 -No. 1A ESS Switch-Processor Capacity History (4 .10)
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Fig. 6-Service Improvement with 105 (4. 11)
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TABLE A

INTERRUPT LEVELS - NO. 1A ESS

. Pap 1.
1.1tops

LEVEL SOURCE CONDITION

A Manually Initiated

B Processor Configuration

C Central Cont rol Mismatch

D Call Store Read /Write Failure
Auxiliary Unit Read /Write Failure
Protected Area Violation
Pushdown Stack Violation

E Program Store Read/Write Failure

F Peripheral Unit Failure

G Maintenance Clock Tim e-Out
Special Match Function
Utility Computer

H Inter rupt J Level After 5 ms

J Inter rupt Periodically After 5 ms


