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ABSTRACT 

A Manufacturing cOMpany point of view on End-to
End and on Link-by-Link GOS specification is pre
sented . SiMple reference siMulation Models for 
subscriber behaviour, trunking network and e x
changes are devel oped to help proposals for na
tional and international specifications. 
St atistical, traffic and econoMical criteria are 
presented as guidelines in the choice of GOS spe
~ificatio n sets. 

1 • INTRODUCTION 

1.1. Position 

The int e rest of a Manufact uring COMpany in 60S 
studies arises frOM the iMpact that GOS standards 
have on the switching faMilies (a switching faMily 
being a coherent range of switching systeMS with 
different capacities and capabilities). This iM
pact can be analyzed in t e rM S of: 

- iMpact on each switching systeM (~rc hitectu

re, diMensioning, introduction, growth, over
lay, t~ eplaceiYlent.) 

- overall iMpact on a SWitching faMily (archi 
tecture , global nUMber of lines served . ) 

Modern SWitching systeMS 

- can co-operate in adopting advanced network 
ManageMent technique s to cope with overloads 
and/or faults, both through the identifica
t10n of abn0rMal conditions, through their 
contro l and through an ext ensive trac ing of 
ca ll serV Ici ng . 

- have, In general, blockIng switching network 
and control structures introducing non negli
gible waiting tiMes. 

- have an high sensitivity to overloads: the 
throughput increases when the offered traffic 
increases, until a Ma x iMUM capacity has been 
reache d, then it can drop draMatically. 

1.2 ProbleM definition 

On the basis of an e x tensive review o f GOS stu
dies (frOM Mo e up to now ) [1] the following con
c lUSIons are r eached: 
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- The COMMon interest of the three parts invol
vo l ved in switching business (operating COM
panies, subscribers and Manufacturing COMpa
nies ) would be to set GOS standards for e x
c hanges at s uch le vels that a global econOMi
cal criterion wi ll be kept at a MiniMUM tr e nd. 

- the choice of 60S paraMeters ( end-to-end, 
link-by-link and node-to-node ) and of their 
optiMal values wouldn't be confined to tra
diti onal traffic engineering aspects 

- the optiMisation would be a dynaMical one 
(i.e. e xtended over a period of y years) and 
not a static one ( i.e. liMited to year by 
year snapshots) . 

The econOMical criterion used f or Many year s 
has been the cost of the network in terMS of ca
pital e xpenditures needed to face the network 
growth. This criterion can be iMp roved taking 
into account the operation costs ( particular l y 
Maintenance) and the rearrangeMent costs incurred 
in order to profit frOM technological progress. 

But, in our opinion, a More global cr iteri on is 
needed (c fr. littlechild [2], Freidenfelds [3]) 

that should consider also 

- the revenue losses of operating COMpanies 
t o the end-to-end grade of service values 
to the ineffective occupation of network 
source s by unsuccessful atteMpts 

due 
and 
re-

- the revenue l oss es of subscribers due to the 
"waiting" or to the "abandon" in obtaining re
quit~ ed serv i ces . 

The optiMal investMent seq uence , corresponding 
to the optiMUM trend of the chosen Global Econo
Mical Criterion (GEC) would be sensitive to parti
cular dependance of 60S paraMeters on "loads" of
fered and network availabilities. 

The More significati ve COMbinations of load 
conditions and of availabi lit y co nditions will be 
naMed "referenc e cas es" 

The optiMal values of GOS paraMeters would be 
also sensitive to the network ManageMent techni
ques adopted duri ng the planning period. A net
work ManageMent evolution scenario is needed. 

The probleM of optiMal value s of GaS paraMeters 
can now be forMalized in the following way 

P: find MIN(GEC) 
versus node-to- node and link-by-link 

service le ve l va riables 
given 

a network ManageMent scenario 
a reference case set C 
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subject to 
a set of end-to-end service level 
constraints defined on C 

over a y years period 
in a repeated call atteMpt environMent. 

,The forMulation of P will be cOMpared with 
the present state of the art. 

The probleM 

PI: AI) Find mN( total cost in circuits) 
versus node-to-node nUMber of circuits 
subject to a last choice traffic serviGe 

level constraint 
stationarity conditions 
poisson sources 
lost calls cleared 
negligible link-by-link losses and 

waiting tiMes 

81) Reference Cases: norMal loads, full 
network availability 

Monodirectional trunks 
trunk Modularity = 1 
no layout diversity 

has been solved, for HNDR (Hierarchical Non Dyna
Mical Routing), both in the static and in the dy
naMic<:il forM. 

Partial solutions of the probleM 

P2: A:) = Al 
82) Reference case: norMal load, partial 

network availability, 
both Mono - and bi-directional trunks 
trunk I'lOdularity 1, 6, 3,0, ... 
layout di ver sity 

have been presented for SOMe HNDR network with 
service protections, on ly in the static forM. 

The State of the art evolves towards an unified 
study of the following ' aspects: 

1) non-negligible link-by-link losses and 
waiting tiMes 

2) repeated call atteMpts 
3} advanced network ManageMent techniques 

and towards the adoption of a Global EconOMical 
Criterion. 

1.3 The Specification ProbleM 

In the forMalization of the probleM P a refe
rence has been Made to the set of reference cases 
and to the set of end-to-end service level con
straints. The second set is obViously defined 
on the first, but in the sense of probability 
theory. As shown, for exaMple, by Jacobaeusl 
Elldin [4],- Molnar [5] and Erke/Rahko [6], this 
definition is not SiMple. 

The real cases (traffic environMents and avai 
lability configuratiOns) fluctuate around bench
Mark cases. 

The values of perforMability paraMeters for the 
real cases fluctuate around the values of per for
Ma bility paraMeters for the benchMark cases. 

SOMetiMes the distributions are narro~, SOMeti
Mes they are very broad. 

FurtherMore the, set of end-to-end service le
vel constraints MUSt be developed aa Multipoint 
GOS specifications according to , aMong others, 
l~right [7], Horn [8] and Kodaira/Har'ada [9] ' and 
Must take into account the cOMposition of block
ing and waiting effect, as pointed out by Katz 
[10] (inadequately handled call atteMpts in CCITT 
X I ?). 

The probleM of reference cases definition and 
of Multipoint 60S specification can be forMali
zed as follows 

S Given 

ruL the set of all realizations of end
to-end traffiC Matri x and of all net
work availability conditions, with a 
probability function defined on it, 

8 (u) the duration of the realization u 

~(u) the set of all end-to-end rela
tions whose probability of blocking 
doesn't exc eed €Tl 

~(u) the set of all end-to-end rela
tions for which the probability that 
the end-to-end post-dialling delay 
exceeds t doesn't exceed E~ 

l5- tu. } the probability faMily that an 
end-to-end relat ion belongs to ~(u) 
and to d..,rfi ( ~} during a period T(19) 

find 
a set of reference cases e and a set 
of end-to-end service level constraints 
~ defined on ,e' such that J.5 (e} would 
select a significant saMple of )j.. fl.V 
frOM the point of view of a criterion K 
(for exaMple: COMparison between sy
steMS, diMensioning, provisoning crite
ria) . 

A practicable approach to this COMplex probleM 
could be to forMulate SOMe work hypothesis as sy
steM qualification benchMarks (CCITT XI) or as 
criteria for the optiMal utilization in the net
work (CCITT 11). 

Anyway the goal is to choose the MiniMUM set of 
specifications rules (perforMability paraMeters 
values vs traffic en'vironMents and availability 
configurations) that allows a definition of the 
optiMal utilization of the systeMS in the net
work. 

, 1.4 This Paper 

The probleMS P (1 .2) and 5 (1 .3) are very hard. 
On the basis of our experience this isn't the on
ly reason of dif f iculties in 605 standards defi
nition. SOMe of the difficulties Met arise frOM 
the lack of reference ~odels of offered loads 
(subscriber behaviour ete), of network (in fault 
conditions) and of switching Machines. 

In this paper we present SOMe Models (network 
Models in § 2, subscriber behaviour Models in 
§ 3 , exchange Models in § 4), that we hope to be 
general enough not to privilege any particular 
architecture or any particular iMpleMentation, 
specific enough to be useful and SiMple enough 
to be practicab l e (few deeisional variables). 

4.2B-3-2 
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In § 5 the structure of the hypothetical sets 
of specification rules is described, alongh with 
the structure of e xperiMents undertaken in or der 
to che ck the optiMality power of each hypotheti
cal set. The concept of Reference Connection, 
proposed by Molnar [5] and iMproved by Harveyl 
Hill [11] has also been adopted to evaluate each 
hypothetical set. 

SOMe provisional results are also r eported (syn
thetical results will be presented at the Con
gress ). 

2. NETWORK MODELS 

2.1 Network Topology 

Network topology is Modeled by the Incidence 
Matrix with exchanges, (or subscribers' groups) 
as nodes and trunks, (or subscriber's line groups) 
as arcs. 

The Incidence Matrix is Modified as follows: 
each entry corresponding ~o an existing arc has 
the follOWing values 

. - for first level trunks (saMe area) 

2 . - for second level trunks (saMe region) 

3 .- for third level trunks (different re
gion) 

2.2 Network Resources (diMensioning) 

Networ~ diMensioning is Modeled by a Capacity 
Matri x : to each oriented arc, identified by the 
pair (originatig node, terMinating node) are as
signed two values; naMely the nUMber of circuits 
of the Monodirectional and of the bidirectional 
trunks. 

2.3 Network ManageMent 

All the networ k ManageMent techniques based on 
local control May be Modeled. 

The routing is Modeled by a Multilevel Matri x : 
the first plane shows the direct routings, the 
second plane the routings through an high level 
e xchange, and so on. If the entry value is equal 
to the colUMn index value, the routing is COMple
ted. 

Hierarchical Non DynaMical Routings are Model
ed fi x ing the sequence of routing trials . 

2.4 Subscribers' Groups Modeling 

Each subscribers' group A( i) assigned to an e x
change X is Modeled as a reMote concentrator 
without 1055. 

2.5 Network DeCOMposition 

The Modeling of a very large network in a re
peated call atteMpts enVironMent, the analysiS 
of design alternatives and the selection of the 
best ones can be helped by a deCOMposition of 
the network and by an adequate recoMposition of 
the results [12] . 

3. SUBSCRIBER'S BEHAVIOUR MODELS ' 

3.1 Initial Call AtteMpt s Generation 

Interarrival rates between initial call atteMpts 
for each origin-destination pair of nodes (o,d), 
Modeled by the Matri x .i\ (o ,d ), are indepen-dent 
stationary stochastic variables, distribut~d ac
cording to a negexp . The Matrix ~(o ,d ) is generat
ed starting frOM the Matrices of interarrival ra
tes between initial call atteMpts fo r each source
destination pair of subscribers classes, through 
an assigneMent procedure of t ·he subscribers to the 
nodes. Each source-destination pair originates a 
sequ~nce of repeated atteMpts if the initial one 
hasn't been successful, whichever the reason. 

3.2 Holding TiMes Generation 

Holding tiMes for each COMpleted call after an
swer are independent stationary stochastic varia
bles distributed according to a two exponential 
(p .exp(-t/ e1 ) + (1-p)exp(-t/e2), Modeled by the 
following three Matrices pCo,d), e l(o,d), e Z(o,d), 
where (o,d) stands for an origin-destination pair 
of subscriber classes ( Liu [13]). 

Holding tiMes on busy tone and on ringing tone 
are generated according to the experiMental di
stribution of subscriber's patience versus these 
events, truncated by network tiMe-outs. 

Holding tiMes on dialling and dialling habits 
are generatea according to experiMental distribu
tions. 

Holding tiMes on any other reason failures are 
generated frOM a 10gnorMal distribution with pa
raMetric values. 

3.3 Subscriber ReatteMpt Behaviour 

For each source-destination class of subscri
bers the follOWing retrial characteristiCS are 
considered: 

- atteMpt dispositions probabilities 
COMplete atteMpts and unsuccessful at
teMpts due to: network congestion blocking, 
excessive dial-tone and post-dialling de
lay, network tiMe-outs, network faults and 
busy called subscriber: Modeled through 
real-tiMe network and subscribers Models. 
unanswered atteMpts: Modeled through a 
truncation of ringing tone by subscriber 
iMpatience or by network tiMe-outs . 
any other reasons : Modeled by a lognorMal 
randOM generation 

- probabilities of the (k+l )-th atteMpt and 
- retrial tiMe intervals between the failure 

of the k-th atteMpt and the origin of the 
(k +l )-th atteMpt, 

if the k-th atteMpt disposition is il k), 
the initial atteMpt disposition is i( 1), 
the total elapsed tiMe after the initial 

atteMpt is T; 
Modeled through Marginal distributions, 
choosing the highest outCOMe. 

3.4 Service Attributes 

The following attributes can be assigned to 
each initial call atteMpts: local calls, district 
calls, intertoll calls. 

4.2B-3-3 
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4. EXCHANGE MODELS 6) clearing request queue 

The aiM of the exchange Models is to generate 
the blockings and the delays due to the intera
ction between the instant~neous traffic and the 
state of the exchange, the network surrounding 
the exchange being siMulated by Mono- or bi-di
rectional trunks. 

The cho ice of the Models depends on: 
- the search for a large independence frOM 

each particular iMpleMentation 
- the capability to cope with different ca

ses of overload and unavailability 
- the capability of discriMination between 

traffic flows (internal, ex ternal outgoing, 
ex ternal inCOMing, external trahsit). 

4.1 Switching Network 

The switching network is Modeled as shown in 
fig.!. 

The Xl,X2,X3,X4 switches Model the blocking on 
each flow; the general Call Intensity Function 
('A. Jensen) l\.U1-Me) Models the blocking on sub
stages; the WallstroM functions [14) WeN-ne) MO
del the blocking in trunk stages and the blocking 
genera ted by the COMMon SWitching resources is 
Modeled by a transforM frOM the pair (n inCOMing 
trunks and ' M subscribers busy) to the pair (ne, 
Me) . The introduc tion of ne in Wand of Me in 
j\ Models the interaction between all the flows. 

An Y switch for each trunk Models the protection 
of trun ks against overloads and or faults . 

Overload conditions are Modeled increasing of
fered t r affic. 

Faul t conditions May be Modeled by "worsening" 
one or More of the Internal Loss 'Functions (X I, 
X2,X3,X4,Ys, i\,w ). 

8 A 1 
A{M-me) 

1" (m,n) 

X2 1 
[IT] 1, (me,ne) W(N-ne) 
[IT] 

x. y 

FIG.1 SWITCHING NETWORK MODELING 

4.2 Control Structure 

The control structure is Modeled by the MUlt i-

queue one-server systeM of fig. 2 . 
The following classes of queues are Modeled: 

1) dialling tone queue 
2) inCOMing respose queue 
3) exchange-call-set-up queue (4 queues, 

I for each traffic flow) 
4) through-connection queue (4 queues, 

1 for each traffic flow) 
5) connection output queue 

4.2B-34 

7) disconnection ,output queue 

Priorities are assigned to the queues. Flow 
controls are Modeled also on the queues, and 
they can generate a rejection of atteMpts and a 
subsequent busy tone (equivalent to busy tones 
frOM the switching network). Queue visiting 
disciplines are adopted to avoid the e xhaustion 
of service on a high priority queue in case of 
unbalanced traffic conditions. The ser v ice ti
Mes for iteMS belonging to the different queues 
May be different. 

Fault conditions are Modeled by "worsening" 
the service tiMe and the flow controls paraMe
ters . 

Flow controls MechaniSMS are activated and 
deactivated on the basis of a progressive pro
cedure (GiMpelson [15]). 

-~ ARRIVAl TO -> 1.th QUEUE 

] 
-~ ARRIVAl TO -> q.th QUEUE t----~ 

r ARRIVAl T~~ (q+l)th QUEUE 

DEPARTURE TO q+ 1 

r ARRIVAl TO AN OUTPUT QUEUE MATCHING WITH THE fiRST QUEUE OF 

THE SUBSEQUENT EXCHANGE FOR A CAlL-SET-UP PROCEDURE TO AN 

OUTPUT QUEUE MAT.oHING WITH THE CLEARING REQUEST QUEUE OF 

THE PRECEEDING EXCHANGE FOR A HANG-OFF PROCEDURE. 

FIG.2 CONTROL STRUCTURE MODELING 

5. DESIGN OF EXPERIMENTS 

Networks of growing COMplexity are exhaMined 
Measuring and COMparing the following variables 
for each origin-destination pair: 

Ml) ~md-to-end probability of loss 
M2) end-to-end post-dialling delay 
M3) revenue loss as SUM of ineffective 

holding tiMes and of tiMes spent 
in trials or waiting by the subscri
bers 

M4) contribution of arc and link con
gestions to the failure probabi
lity for the initial atteMpt, to the 
probability of abandon and to the 
nUMber of atteMpts for each initial 
atteMpt 

MS) resources capacities <cfr Machine 
Capacities in GiMpelson [15]) for no
des and trunks 

for different reference cases and different as
signeMent of perforMability paraMeters to the 
links and to the flows in the nodes. 

5.1 Reference Cases 

Given a traffic Matrix, the follOWing load 
conditions can be generated: 

80 .- no overload = norMal load 
81 .- hOMogeneous diffuse overload 
82 .- local overload 
83 .- focused overload on one origin 
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B4 . - focused overload on one destination 
B5 . - focused overload between an origin

destination pair 

Given an assignMent of perforMability paraMe 
ters the following availability conditions can 
be generated 

CN0 .- full availability 
CN1 . - extreMe value partial (evp) degrada

tion of one terMinating or origin 
function 

CN2 .- CN1 + B2 or B3 or B4 
CN3 . - evp degradation of a transit function 
CN4 . - CN3 + B2 or B3 or B4 or B5 

regarding flows in the nodes, and 

"CLl .- evp degradation of first choice trunks 
CL2 .- evp degradation of interMediate choice 

trunks 
CL3 .- evp degradation of last choice trunks 

regarding li nks 

A cas e is a cOMbination of one B, one CN and 
one CL condition. The C conditions can be 
generated by an adequate diMensioning of the 
trunks or an adequate c hoice of the node Models. 

5.2 PerforMability ParaMeters 

Switching network block ing: 
Bi .- f or in ternal flows 
Be .- for incoMing flows 
Bo . - for outgoing flows 
Bt . - for trans it flows 

Control structure delays: 
dtd .- dial-tone delay 
ird 
csud ;~ 

tcdx 

.- incoMing response delay 

.- call-set-up de l ay for x flows 

. - through-connection delay for 
x flows (x=i,e,o,or t) 

Ma XiMUM node capacity : 
Cx . - (coMpleted-per-tiMe-unit atteMpts) 1 

(offered-per-tiMe-unit atteMpts) in 
the node (x=i ,e .o, or t) 

Link blocking: 
P( ik) .- for the link between node i and 

node k 
Plc .- for t he last choic e " trunks 

Ma x iMUM link capacity: obvious 

Arc blocking: 
n ( ik ) ;= SUM of all Quotas that will bloc k 

an atteMpt between the node 
and the node k 

. - SUM of all quotas that will block 
a last choice atteMpt 

Ma x iMUM arc capacity: obvious 

5.3 Specification Hypothetical Set 

In the traffic design of the UT LINE (a faMily 
of electronic digital exchanges that covers the 
capaCity network needs up to 100K subscribers/60K 
circu its, and the capabilities needed in the range 

frOM the local to the intertoll e xchanges) a set 
of national specifications has been used accord
ing to CCITT 11 and CCITT XI recoMMandations . To 
check the optiMal utilization of the faMily, the 
hypothetical set illustrated in tables 1 and 2, 
has also been used and its optiMality power has 
been evaluated. 

AlA 

CASE LOCAL REGIONAL 

OF XF I.F RF OF XF IF RF 

A B0+CN0+CL0 0 0 0 0 0 0 0 0 

B1 B1+CN0+CL0 4 4 4 4 4 4 4 4 " 

B2 B2+CN0+CK0 NO NO NO NO NO NO NO NO 

83 B3+CN0+CL0 25 4 4 4 10 8 4 4 

B4 B4+CN0+CL0 4 4 20 20 4 8 10 10 

B5 B5+CN0+CL0 25 6 20 20 10 15 10 10 

Cl CN1+B5+CL0 25 6 25 25 NV NV NV NV 

C2 CN2+CL0 30 10 30 30 NV NV NV NV 

C3 CN3+a Bl+CL0 NV NV NV NV 6 6 6 6 

C4 CN4+CL0 NV NV NV NV 10 10 10 10 

legenda OF . - OUTGOING FLOWS 
XF .- TRANSIT FLOWS 
IF .- INCOMING FLOWS 
RF .- INTERNAL FLOWS 
NO .- NOT DEFINED 
NV . - NOT VALID 

TAB.1 REFERENCE CASES AND AlA REFERENCE VALUES 

FLOW TYPE 
CASE 

OF RF IF XF 

A 1.5 2. 6 . 5 0.2 

Bl 3. 5. 1 . 5 3. 

B3 12. 5. 1 . 5 5. 

B4 3. 10. 3. 5 . 

85 12 . 10 . 3. 5. 

Cl 25. 20. 20. 5 . 

C2 30 . 30. "30. 5. 

C3 4. 6 . I!. • 3 . 

C4 8. 8. 
.., 
I!. • 5. 

TAB.2 HYPOTHETICAL SPECI FICATION 
SET FOR 8LOCKING REFERENCE 
VALUES 

4.2B-3-5 
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5 . 4 Data Collection Procedure 

1 Given a HNDR network ManageMent technique 
without protection MechanisMS 

2 the initial GOS assigneMents 

3 'and an in i t ial (B0 ,CN0 ,CL 0) case Ma
tri x 

4 find optiMal network without repea ted call 
a tt eMp t s 

S siMulate the networks with repeated call 
atteMpts and Measure Ml , M2, M3, 
M4, MS 

6 reiterate 5 for different reference cases 

7 rei terate frOM 5 to 6 with different net
work ManageMent techniques 

8 reiterate frOM 4 to 7 with other initi al 
Matri c es having the saMe total 
traffic 

9 re i terate frOM 3 to 8 with different GOS 
assignMents 

10 re iterat e frO M 3 to 9 with different ini
tial Matrices having a higher 
total traffic 

5.5 Growing CO Mp l exit y Network 

Networ ks of growing COMpl ex ity (fig. 3) are 
studied with and without deCOMposition to assess 
the deCOMposi tion Methodology. 

FIG.3 ANALYZED NETWORKS 

6 . RESULTS OF EXPERIMENTS 

The Measures are reorganized to obtain, for 
each referenc e cas e 

4.2B-3-6 

- an Overall GOS/SUM Of Design.Vs.Mean Percent 
Of End TraffiC chart (Harvey-Hill [11])( see 
fig . 4 in which the transition frOM dotted to 
broken lines is due to the repeated call 
atteMpt effect (RC), and the transition frOM 
broken to unbroken lines, to the GOS reparti
ticn between nodes and links (~». 

1..4 ... ~-----------, 

IJ) 

z 
l!) ..... 
IJ) 

w 
o 
u..s---...-:::---__ 
o 
L 
~ 
IJ) 

"
IJ) 

o 
l!) 

MEA N Y. END-TO-END TRAFFIC 

FIG.4 HARVEY-HILL CHART 

100 

- a GEC Sensitivity Map ( see fig. 5), shoWing 
the sensitivity of MiniMUM GEC <A%) .Vs. 1055 

assignMent, where 1055 assignMent paraMeters 
are: 

1) ST .- the end-to-end SUM of design 
2) SL .- the lower level network SUM 

3) ~ 

1.5 

of design 
. - the Mean ratio between link 

blocking and arc blocking for 
all node-to-node links of the 
lower level networ k (generali
zation of Gavassuti-Giacobbo 
charts: [16]) 

FIG.S GEC SENSI TIVITY MAP 

2. 2.5 10? ST (0/0) 
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